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and acid-protected formulations later), use of antisecretory drugs and/or antacids, and changing the timing
of enzyme administration. Because considerable lipid is
emptied in the first postprandial hour, it is prudent to
start therapy with enteric coated microbead prior to the
meal so that some enzymes are available during that
first hour. Patients with hyperacidity may benefit from
adjuvant antisecretory therapy to reduce the duodenal
acid load and possibly also sodium bicarbonate to prevent duodenal acidity. Comparative studies of clinical
effectiveness of different formulations as well as the
characteristics of dispersion, emptying, and dissolution
of enteric-coated microspheres of different diameter
and density are needed; many such studies have been
completed but not yet made public. We discuss the history of pancreatic enzyme therapy and describe current
use of modern preparations, approaches to overcoming unsatisfactory clinical responses, as well as studies
needed to be able to provide reliably effective therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Restitution of normal fat absorption in exocrine pancreatic insufficiency remains an elusive goal. Although
many patients achieve satisfactory clinical results with
enzyme therapy, few experience normalization of fat
absorption, and many, if not most, will require individualized therapy. Increasing the quantity of lipase administered rarely eliminates steatorrhea but increases the
cost of therapy. Enteric coated enzyme microbead formulations tend to separate from nutrients in the stomach precluding coordinated emptying of enzymes and
nutrients. Unprotected enzymes mix well and empty
with nutrients but are inactivated at pH 4 or below. We
describe approaches for improving the results of enzyme therapy including changing to, or adding, a different product, adding non-enteric coated enzymes, (e.g. ,
giving unprotected enzymes at the start of the meal

WJG|www.wjgnet.com

Key words: Pancreatic insufficiency; Pancreatic enzyme
replacement therapy; Lipase; Clinical trials; Steatorrhea; Fat malabsorption; Chronic pancreatitis
Core tip: In the last two decades, a number of studies comparing pancreatic enzymes and placebo have
confirmed that pancreatic enzymes are superior to placebo for treatment of pancreatic malabsorption. While
many patients achieved a satisfactory clinical response,
individualization is often needed. Studies conclusively
show that dose escalation is not a reliable method of
obtaining further improvements and instead results in
increased costs. Here, we describe alternate strategies
for obtaining a satisfactory clinical response including changing to, or adding, a different product, adding
non-enteric coated enzymes, use of antisecretory drugs
and/or antacids, and changing the timing of enzyme
administration.

11467

September 7, 2014|Volume 20|Issue 33|

Trang T et al . Therapy of pancreatic steatorrhea
Trang T, Chan J, Graham DY. Pancreatic enzyme replacement therapy for pancreatic exocrine insufficiency in the 21st
century. World J Gastroenterol 2014; 20(33): 11467-11485
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i33/11467.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i33.11467

BIOGRAPHY
David Y Graham (Figure 1), MD is a Professor in the
Departments of Medicine and Molecular Virology and
Microbiology at Baylor College of Medicine, in Houston, TX. He received his undergraduate degree from the
University of Notre Dame in South Bend, Indiana, his
MD degree with honor from Baylor University College
of Medicine in 1966. He board certified in Medicine and
Gastroenterology. Dr. Graham is a Past President of the
American College of Gastroenterology. He is the Editor of the journal Helicobacter. His primary interests are
related to infections of the gastrointestinal tract tract
including Helicobacter pylori, Norovirus infections, and the
infectious etiology of inflammatory bowel disease.
Dr. Graham is internationally recognized for his
expertise in medicine and gastroenterology and is the
author of more than 900 scientific papers, several books,
and more than 100 chapters in medical text books. One
of his papers is listed as one of the three most important
papers in gastroenterology in the first 80 years of the Annals of Internal Medicine: (i.e., Landmark Papers in Internal
Medicine: The First 80 Years of Annals of Internal Medicine. Harold C Sox and Edward J Huth (Eds), 2009 (paper
cited: Effect of treatment of Helicobacter pylori infection
on the long-term recurrence of gastric or duodenal ulcer.
A randomized, controlled study. Ann Intern Med 1992;
116: 705-8.).
He is a Master of the American College of Gastroenterology and a Fellow of the American College of
Physicians, the American Academy of Microbiology, the
American Association for the Advancement of Science,
the Infectious Diseases Society of America, and World
Innovation Foundation. He is a past president of the
American College of Gastroenterology and the winner
of many prestigious awards. He previously was a physician to NASA astronauts during the Apollo program. He
is listed as among the Top 50 Most Influential Gastroenterology Professionals of the 20th Century by Gastroenterology.com, as one of ISI’s Highly Cited Researcher
in Clinical Medicine, and as one of the Best Doctors
in America. He has patents regarding development of
diagnostic tests for Helicobacter pylori infection, the cause
of peptic ulcer and gastric cancer and for vaccine development of Norwalk virus infection, the most common
cause of food borne and cruse ship associated diarrhea.

INTRODUCTION
Orally administered pancreatic enzymes have been avail-
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Figure 1 David Y Graham, MD, Professor, Department of Medicine, Michael E. DeBakey Veterans Affairs Medical Center and Baylor College of
Medicine, 2002 Holcombe Blvd, Houston, TX 77030, United States.

able since at least the 19th century, when many formulations were available as digestive aids. At that time it was
known that orally administered enzymes were destroyed
in gastric juice and that they were most effective when
given in alkaline media[1]. A review of early 20th century
research on the use of pancreatic enzymes for treatment
of steatorrhea secondary to exocrine pancreatic insufficiency reported a wide variation in efficacy, yielding an
overall 50% approximate reduction in steatorrhea[2]. The
goal of pancreatic enzyme therapy is to restore normal
fat absorption by delivering “a sufficient amount of active lipase at the right place, i.e., duodenum and proximal
jejunum, and at the right time, i.e., in parallel with gastric
emptying of nutrients”[3]. Achieving this goal has remained elusive despite the introduction and use of modern potent enzyme preparations[3-9].
Normal fat absorption requires integration of nutrient delivery with pancreatic and biliary secretions to accomplish hydrolysis and solubilization of ingested fats
and fat-soluble dietary constituents. The normal process
is finely tuned and requires coordination of many steps
including controlled delivery of nutrients to the intestine,
neutralization of acidic gastric contents, and secretion of
pancreatic enzymes and bile to promote optimal digestion and solubilization of digestive products. These products of digestion then require a sufficient luminal intestinal surface area for absorption. Normally, the intestinal
tract is able to process and absorb approximately 95%
of ingested fat. There is considerable reserve capacity
with all of the elements such that major anatomic alterations are required for weight loss surgery to be effective.
The pancreas provides the bulk of the lipase needed for
hydrolysis of triglycerides as well as bicarbonate to neutralize the acidic gastric contents. Pancreatic steatorrhea
generally does not occur until lipase secretion is reduced
by 90% or more[10].
Pancreatic steatorrhea is caused by disruptions of the
normal process in which pancreatic enzymes are either
inactivated or are otherwise unavailable (e.g., blockage of
the pancreatic duct, or resection or destruction of the
glandular pancreas). Fungal, plant, and animal (especially
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Table 1 Reasons for a poor response to supplemental enzyme
therapy

Table 2 Myths regarding modern microbead enzyme therapy
Currently available formulations will reliably correct steatorrhea
Increasing the dose of microbeads increases the effectiveness
Choice of dose depends on fat content of the diet
Proton pump therapy generally improves success with microbead
therapy
Microbeads are fully protected in applesauce
Uncoated enzymes have no place in modern pancreatic enzyme therapy

Inactivation of the enzymes in the stomach by acid and/or proteases
Inadequate mixing of the enzymes and nutrients during delivery to the
small intestine such that a proportion of the meal is not exposed to
appropriate concentrations of enzymes
Separation of enteric-coated microspheres from meal contents in the
stomach
Low duodenal and small bowel pH fail to provide optimal conditions for
lipase and bile salts to provide optimal digestion of the ingested nutrients
Delayed dissolution of enteric-coated enzyme microspheres in the small
intestine
Incorrect or incomplete diagnosis

any will reliably eliminate steatorrhea. We also do not
consider potential alternate indications for pancreatic
enzymes such as abdominal pain in patients with chronic
pancreatitis[18] or irritable bowel syndrome[19,20].

porcine) pancreatic enzymes are available, and theoretically the simple addition of these enzymes with meals
should resolve the deficiency and restore normal absorption. Despite this hypothetical possibility, the administration of large doses of replacement pancreatic enzymes
generally has not resulted in complete restoration of normal fat absorption[2,9,11-14].
One early approach was the use of enteric coating to
protect the enzymes during passage through the stomach,
but this was met with limited success[2,15]. Subsequent
studies of normal gastric and pancreatic physiology identified many other barriers to successful treatment with
pancreatic enzymes[16,17] (Table 1). This paper discusses
the current status and clinical effectiveness of pancreatic
enzyme therapy as well as possible approaches to overcoming the barriers to successful therapy. We also discuss
the many myths and common misconceptions regarding
therapy (Table 2). We begin with a historical review of the
use of pancreatic enzyme therapy in the treatment of malabsorption due to chronic pancreatitis and cystic fibrosis;
this historical perspective also provides the physiologic
basis for the use of supplemental pancreatic enzymes and
adjuvant therapies. We focus on overcoming the limitations of common strategies used to improve outcome,
such as increasing the amount of lipase per meal, use of
enteric-coating, the timing of enzyme administration in
relation to meals, and use of antacids and antisecretory
drug as adjuvant therapy. Success requires a strategy that
is targeted to identify and overcome the specific barriers
preventing correction of steatorrhea (Table 1). Currently,
many patients achieve a satisfactory clinical response but
few experience complete normalization of fat absorption;
more than half often require individualized therapy to obtain symptomatic and nutritional relief[3-8].
The review is based on understanding the underlying
physiology and the results of clinical trials in patients. It
does not seek to comprehensively review all studies but
rather to illustrate key principles and to show consistency
of the results (typically failures to achieve correction of
steatorrhea). Although meta-analyses have confirmed
that enzyme therapy is superior to placebo, there is no
evidence that one product is superior to another or that

WJG|www.wjgnet.com

MODERN ERA OF PANCREATIC ENZYME
THERAPY
In 2004 the United States Food and Drug Administration (FDA) issued a requirement for manufacturers of
prescription pancreatic enzyme products to submit new
drug applications (NDAs) for all pancreatic enzyme
products[21]. The FDA provided guidance on the minimal
standards regarding the amount and stability of enzymes
and the studies needed to establish efficacy (http://www.
fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071651.pdf). The
companies were told that only products receiving a new
FDA approval would be allowed to remain on the market
by 2008; this was later extended to 2010. The primary efficacy requirement was based on the comparison of the
active product with placebo, which set a relatively low bar
for efficacy. The FDA also requested, but did not require
for approval, additional information about each product
in terms of studies addressing gastric emptying, mixing, and dissolution time. The majority of products now
available in the United States are enteric coated and formulated as microbeads, microtablets or microspheres (we
use the terms “microbeads”, “microtablets” and “microspheres” interchangeably). A non-enteric-coated product
(Viokaze®, Forest Pharmaceuticals) was approved in 2012
(Table 3).
Most of the formulations are marketed in different
strengths based on enzyme activity per capsule or tablet.
Increasing the activity/dosage unit has generally been
achieved by re-packaging the basic enzyme product into
larger capsules, using different diameter enteric-coated
beads, or both (Figure 2, Table 3).
The available prescription products are relatively expensive (Table 3). However, because “health food” stores
still offer pancreatic enzymes as non-prescription “digestive aids” at a relatively low cost, many patients are likely
to also use them. As noted, none of the currently available approved formulations have been shown to reliably
achieve normal absorption irrespective of the quantity of
lipase administered.
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Table 3 Currently available United States Food and Drug Administration approved pancreatic enzyme preparations
DRUG

1

Stregth
Lipase USP

Preparation

Diagmeter\e

pH

CREON
Creon 3000

3000

0.71-1.6 mm

Creon 6000

6000

Creon 12000

12000

Creon 24000

24000

Creon 36000

36000

Capsule with enteric coated
minimicrospheres
Capsule with enteric coated
minimicrospheres
Capsule with enteric coated
minimicrospheres
Capsule with enteric coated
minimicrospheres
Capsule with enteric coated
minimicrospheres

Pancreaze®
Pancreaze 4200

4200

1

Cost per tablet (United States)

Cost per 1000 units

5.5

$1.18

$0.39

0.71-1.6 mm

5.5

$1.30

$0.22

0.71-1.6 mm

5.5

$2.32

$0.19

0.71-1.6 mm

5.5

$4.56

$0.19

0.71-1.6 mm

5.5

$7.90

$0.22

Capsule with enteric coated
microtablets
Capsule with enteric coated
microtablets
Capsule with enteric coated
microtablets
Capsule with enteric coated
microtablets

2 mm

5.5

$0.92

$0.22

2 mm

5.5

$2.29

$0.22

2 mm

5.5

$3.68

$0.22

2 mm

5.5

$4.58

$0.22

3000
5000
10000
15000
20000
25000

Capsule with enteric coated beads
Capsule with enteric coated beads
Capsule with enteric coated beads
Capsule with enteric coated beads
Capsule with enteric coated beads
Capsule with enteric coated beads

1.8-1.9 mm
1.8-1.9 mm
2.2-2.5 mm
2.2-2.5 mm
2.2-2.5 mm
2.2-2.5 mm

5.5
5.5
5.5
5.5
5.5
5.5

$1.27
$1.21
$2.39
$3.47
$4.71
$5.83

$0.42
$0.24
$0.24
$0.23
$0.24
$0.23

13800

Capsule with enteric coated
minitablet
Capsule with enteric coated
minitablet
Capsule with enteric coated
minitablet

2 mm

5.5

$3.01

$0.22

2 mm

5.5

$4.46

$0.22

2 mm

5.5

$5.47

$0.24

Capsule with bicarbonate buffered
enteric coated microsphere
Capsule with bicarbonate buffered
enteric coated microsphere

0.8-2.2 mm

5.5

$1.99

$0.25

0.8-2.2 mm

5.5

$3.99

$0.25

$2.92
$5.76

$0.28
$0.28

®

Pancreaze 10500

10500

Pancreaze 16800

16800

Pancreaze 21000

21000

Zenpep®
Zenpep 3000
Zenpep 5000
Zenpep 10000
Zenpep 15000
Zenpep 20000
Zenpep 25000
Ultresa®
Ultresa 13800
Ultresa 20700

20700

Ultresa 23000

23000

Pertyze®
Pertyze 8000

8000

Pertyze 16000

16000

Viokase®
Viokase 10440
Viokase 20800

10440
20880

Non-enteric coated
Non-enteric coated

1

pH at or above which enzyme is designed to release most of the enzyme based on the package insert.

QUANTITY OF LIPASE REQUIRED TO
ABOLISH STEATORRHEA
Normal pancreas
Normally, lipase is secreted early in the postprandial period and reaches a maximum within the first hour; the
majority of fat digestion and absorption normally occurs
within the proximal small intestine[22]. The ability to measure lipase activity led investigators to ask whether there
was a best, appropriate, or minimum amount of lipase
needed to correct steatorrhea. The available data are confusing in part because lipase units are often presented in
different units, making direct comparisons difficult. Many
basic and clinical studies use either international units (IU)
or United States Pharmacopeia (USP) units. Commercial
products in the United States are rated in USP units (1

WJG|www.wjgnet.com

IU = 3 USP units). We will provide the results whenever
possible in USP units. When the units are not clear (as in
some older papers) we will simply state the units as lipase
units or provide the units name used for that study. The
strength of current products ranges from 3000 USP units
to 36000 USP units of lipase per dosage unit (e.g., per
capsule) (corresponding to a range of 1000 to 12000 IU)
(Table 3). The amount of postprandial lipase secreted under normal physiologic circumstances has been estimated
at between 9000 to 18000 USP units/min[22,23] Measurements from a patient with a pancreatic fistula suggested
that a 60 kg man would produce 192000 Cherry-Crandall
units[24]. Overall, the results of such studies depend on
the experimental methodology and may explain the wide
variation noted[25]. As noted previously, the pancreas has
a tremendous reserve capacity, and perfusion studies have
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None CFA 61.6 ± 9
Tablet 1 CFA 83.4 ± 5
Enteric Tab
Capsule CFA 68.9 ± 10

80

Creon 24000

60

Zenpep 25000
Fecal fat (g/d)

Creon 36000

Zenpep 20000

40

20

Creon 12000

Zenpep 15000

Creon 6000

Zenpep 10000

Creon 3000

Zenpep 5000

0

1

2

3
4
Subject number

5

6

Figure 3 Results of different pancreatic enzyme preparations, tablets,
enteric-coated tablets, and capsule in adults with exocrine pancreatic
insufficiency. Approximately 30000 USP units of lipase were given with
meals. Steatorrhea was corrected in those with low acid secretion. From[28]
with permission.
110
100

suggested that approximately 5% of normal output is
the threshold to maintain normal fat absorption[26]. Other
studies report somewhat higher amounts[10,27].

80
Fecal Fat (g/24 h)

Figure 2 Pancreatic enzyme capsule size and contents increase as the
pancreatic enzyme preparation dosage increases, suggesting that dose/
unit increases are achieved by packaging the same basic pancreatic enzyme formulation into a larger capsule and/or larger beads.

60

40

20

Clinical results
Because it is difficult or even impossible to exactly simulate the normal integrated response of gastric emptying
and pancreatobiliary secretion, estimates of the amount
of lipase required to prevent steatorrhea are best determined clinically based on results of clinical trials. Trials
using unprotected enzymes theoretically provide the
most useful clinical measure, as they provide real time examples of pancreatic enzymes mixing and emptying with
ingested nutrients coordinated with the function of the
small intestine. However, interpretation of such studies is
complicated by intragastric destruction of administered
enzymes and by acidification of the duodenum, both
of which can inactivate lipase and precipitate bile acids.
Nonetheless, the available results probably provide our
best estimates.
We performed studies with patients with varying
degrees of acid secretory capacity and showed that we
could abolish steatorrhea with approximately 30000 USP
units of unprotected lipase given with meals (discussed
in more detail in the section on the gastric pH barrier
below). That study showed that a relatively small quantity
of lipase was sufficient as long as the enzymes were able
to mix with the meal and the lipase was not destroyed by
gastric acidity (Figure 3)[28]. In a subsequent study with an
enteric coated preparation, 2 of 6 patients experienced

WJG|www.wjgnet.com

0

0

3

6
12
3
Tablets Microspheres

Number administered

Figure 4 Effect of increasing the enzyme dosage on fecal fat excretion on
a 100 gram fat diet. Enzymes were given 3 times per day with meals providing
approximately 30000, 60000, or 120000 USP lipase units with each meal or as
18000 USP lipase units as enteric coated microspheres (i.e., 3 tablets, 6 tablets
or 12 tablets and 3 microsphere capsules with each meal). Each rectangle encloses the mean ± the standard deviation of the mean. The normal fecal fat is <
6 g/24 h. From[29] with permission.

complete resolution of steatorrhea with only 18000 USP
units of lipase with each meal when the enzyme was administered throughout the meal as enteric-coated microspheres (Figure 4)[29]. Overall, it seems reasonable to conclude that between 18000 and 30000 USP units of lipase
per meal will result in resolution of steatorrhea, provided
that lipase is delivered to the small intestine along with
the nutrients and that low gastric and duodenal pH are
not present. Achieving these coordinated events, however, to “deliver a sufficient amount of active lipase at
the right place, i.e., duodenum and proximal jejunum, and
at the right time, i.e., in parallel with gastric emptying of
nutrients”[3] (Table 2) has proven difficult.
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Figure 5 Correlation between percentage reduction in steatorrhea based on the median obtained
with 30000 USP units of lipase given in tablets
or capsules compared with the time of the postprandial gastric pH was > 4 (A) and in those same
subjects compared with the mean post prandial
duodenal pH (B). From[28] with permission.
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Figure 6 Results of a study comparing the response of enteric coated
pancreatic enzyme in a cystic fibrosis patient population. Different doses
of enteric coated pancreatic enzymes were taken four times daily immediately
before meals and the corresponding average % fat absorption/d[11].

Gastric pH barrier
Lipase is irreversibly inactivated at a pH of 4 or less.
Trypsin and the other enzymes are more acid stable but
are also destroyed by pepsin in an acid environment[30,31].
Reliable enzyme therapy is therefore easiest to achieve in
achlorhydric patients where the gastric pH barrier is absent. For example, we compared different enzyme formulations (2 tablet formulations and one capsule formulation produced by three different manufacturers, including
one enteric coated tablet) in 6 patients who varied greatly
in terms of their ability to produce acid[28]. The enteric
coated tablet was effective only in one subject who also
had hypo-/achlorhydria. We assessed the gastric barrier
as the average time the gastric pH remained above 4 and
the small intestinal pH barrier as the mean duodenal pH
during meals. The effect of therapy on steatorrhea was
almost identical for each individual subject (Figure 3) but
varied between individuals with respect to gastric and
duodenal acidity (i.e., increasing acidity had a negative effect on reducing steatorrhea) (Figure 5)[28].
In subsequent studies with a different set of subjects,
we examined whether the traditional approach of in-
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8

creasing the amount of unprotected enzymes would improve the effectiveness of therapy (in essence-was there a
dose-response effect?)[29]. Doubling the amount of lipase
from approximately 30000 USP units per meal to 60000
USP units per meal did not provide an improvement in
fat malabsorption (Figure 4). However, quadrupling the
lipase dose to 120000 USP (i.e., 12 tablets per meal) did
result in improvement in fat absorption (i.e., decreased
fat loss) but in only 2 of the 4 subjects tested (Figure 4).
Importantly, none of these subjects had resolution of
steatorrhea. As noted previously, in another study with
different subjects, administration of only 18000 IU of
lipase/day as an enteric-coated microbead preparation resulted in resolution of steatorrhea in 2 of the 6 subjects
tested (Figure 4)[30].
As unprotected enzymes likely mix well with the
nutrients, their effectiveness depends more on acid
secretion and gastric emptying than on the quantity administered[30,32-34]. The window of effective unprotected
enzyme therapy is defined as the time between ingestion
and the time at which the gastric pH falls below 4 which
inactivates lipase. Gastric contents tend to layer with
the lowest pH being concentrated at the periphery of
the meal. Thus, any lipase within the bulk meal may be
protected and remain active, but will be inactivated upon
mixing with acid contents in the antrum during emptying
into the small intestine. Overall, our results confirmed
longstanding clinical experience that, although increasing
the amount of enzyme administrated may result in an
improvement in fat absorption, it generally will not consistently eliminate steatorrhea (Figure 6)[11,12,29,35].

GASTRIC EMPTYING AS A BARRIER TO
SUCCESSFUL PANCREATIC ENZYME
THERAPY
The initial barrier is the acidic gastric environment that
can inactivate pancreatic enzymes. The enzymes also
must also mix with the nutrients to be delivered together
to the duodenum. The normal gastric antrum grinds and
returns food to the body of the stomach. Most nutrients
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Figure 7 Randomized cross-over study in patients with cystic fibrosis and
pancreatic insufficiency that compared plain uncoated enzymes (Pancrex
V Forte n = 14) and 3 different enteric coated preparations [EC1:Pancreatin Merk, EC2: Creon and EC3: Pancrease (n = 19)] using the same lipase
dosage. The median and range are shown of fecal fat absorption. With the
numbers above the columns ( ) indicating the percent of patients with > 90% fat
absorption. None reliably resulted in normalization of fat malabsorption[42].

are emptied as small particles (< 1 mm) suspended within
the liquid layer[36]. Depending on their size and density,
enzyme microspheres may separate from bulk nutrients
and empty separately, thus impeding the interactions
critical for digestion[37-39]. Normally, the stomach sieves
and retains large particles until after the meal is emptied.
This sieving occurs both in the proximal and distal stomach[36,37,40,41]. Currently available enteric coated enzyme
beads vary with respect to enzyme content and diameter
(i.e., larger doses contain more units of enzyme per bead
and may reach up to 2.5 mm in diameter) (Table 3). The
dissolution and emptying characteristics of the different
enzyme preparations and sizes remains unknown, as the
FDA-requested studies have yet to be published. However, based on prior studies, each preparation is likely to
have a different emptying profile. There is limited information available regarding the dispersion and emptying
of enteric coated microspheres of different diameter
and density, particularly in relation to fat malabsorption
in humans. Comparative studies of 4 older preparations
(Pancrex V Forte, Pancreatin Merk, Creon and Pancrease) showed differences in effectiveness, but it remains
unknown whether the differences were primarily related
to differences in the emptying of the beads or related to
other factors (Figure 7)[42].
The ideal therapy is one that coordinates emptying of
the meal and pancreatic enzymes. A significant proportion of ingested fat is emptied during the first hour of
the meal, and normal physiologic lipase secretion is highest during this time[38,43-45]. However, enteric coated enzyme microbeads administered with meals tend to remain
in the proximal stomach during the first hour, allowing
a considerable proportion of fat to escape contact with
enzymes and thus escape digestion[38,44]. Gastric emptying
of enzymes and nutrients is better coordinated after the
first hour, which is likely responsible for the improve-
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ment in absorption seen[38,44].
Overall, it is likely that a mismatch of emptying of
fat and enzymes is a major contributor to the failure of
currently available microbead preparations to fully correct steatorrhea. Bruno et al[39] administered microbeads
before meals and noted that they separated from the
meal and tended to clump in the antrum, although some
of the beads emptied even prior to the meal. This finding suggests that one approach to improving therapy is to
optimize the timing of the administration of microbeads
to reduce or eliminate periods of dissociation of emptying of fat and microbeads.
Although the FDA requested that companies perform studies regarding kinetics of enzyme release of
approved products (namely, the when, where, and how
much enzyme is released), none of the studies performed
to date have yet to be published (e.g., clinicalTrials.gov
NCT00676702, Pancrease MT, Johnson and Johnson
Pharmaceutical, NJ, United States; NCT00744250,
NCT00749099 Pancrecarb MS16, Digestive Care, PA,
United States; NCT00559052, Viokase 16, Axcan Pharma, Canada). We requested this and other information
such as the median and range of fat absorption from
each manufacturer; however, the manufacturers were
unresponsive. Importantly, no head to head comparative
studies of current FDA approved products from different manufacturers or different formulations of a single
product are available. It therefore remains unclear how
much, if any, interchangeability there may be between or
even within products. It is also not known whether the
source of porcine pancreatic enzymes used by different
manufactures comes from one or a number of sources.

SMALL INTESTINAL PH BARRIER
Normal lipid digestion and absorption involves hydrolysis
of triglycerides as well as solubilization of the products
of digestion for subsequent absorption[46,47]. These processes are pH dependent and are disrupted when pancreatic bicarbonate secretion fails to neutralize acidic gastric
contents and prevent lipase inactivation and precipitation
of glycine conjugated bile salts. In some patients this low
pH environment extends far down the small intestine and
impairs both digestion and solubilization[13,46,48]. In addition, enteric coated microbeads are designed to dissolve
only when intraluminal pH is 5.5 or higher and may not
dissolve until reaching the distal small intestine or even
the colon[27,33,49-54].

USE OF ANTACIDS AND/OR
ANTISECRETORY DRUGS TO EXTEND
THE HIGH PH WINDOW
Successful use of unprotected enzymes requires the
ability to prevent or reduce inactivation of administered
lipase by gastric acid. Antacids have been used for this
purpose since the 19th century. More recently the strategy
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Figure 9 Randomized cross-over comparison of similar amounts of lipase
administered as unprotected capsule (Cotazyme®) or enteric coated microspheres (Pancrease®) in cystic fibrosis patients with pancreatic insufficiency. Although the enteric coated preparation was better in those with the
greatest degree of malabsorption, neither resulted in resolution of steatorrhea[61].

has shifted to antisecretory drugs; however, a combination of both may be the best option. The strategy to
prevent inactivation of lipase differs from treatment of
acid peptic disease. In peptic ulcer disease, the goal is
to reduce gastric and duodenal acid load sufficiently to
eliminate pain and heal the ulcer. In contrast, protection
of lipase requires the much more stringent target that the
gastric pH never fall to 4 or below (Table 2).
Early investigators reported only limited success in
improving the effectiveness of enzyme therapy with
co-administration of sodium bicarbonate or aluminum
hydroxide[27,32,48,55-57]. We compared different antacids
and the antisecretory drug cimetidine for their ability to
improve the outcome of therapy with unprotected pancreatic enzymes[58]. We randomized subjects who had an
incomplete response to 30000 USP units lipase per meal
to receive commonly used doses of sodium bicarbonate
(1.3 g; 12 mEq), aluminum hydroxide (30 mL; 57 mEq),
magnesium-aluminum hydroxide (30 mL; 72 mEq), or
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calcium carbonate (1 g; 21 mEq). Each antacid was administered before and immediately after each meal (100
g fat per day)[58]. A final randomization was the 300 mg
of the H2-receptor antagonist, cimetidine, given 30 min
before meals. Overall, cimetidine had no noticeable effect on fat absorption (Figure 8). In contrast, adjuvant
therapy with either sodium bicarbonate or aluminum
hydroxide resulted in a further reduction in steatorrhea
(Figure 8). Strikingly, the highly effective antacids calcium
carbonate and magnesium-aluminum hydroxide tended
to reverse the beneficial effects of the enzyme therapy
(Figure 8)[58]. Subsequent studies showed that the calcium
and magnesium-containing antacids were effective in increasing intragastric and intraduodenal pH and improving
the duodenal delivery of lipase and lipolysis[59]. However,
both calcium and magnesium reacted with the fatty acids
liberated to produce poorly soluble calcium and magnesium soaps that were poorly absorbed[59,60].

ENTERIC-COATING TO OVERCOME THE
GASTRIC PH BARRIER
Using enteric coating is useful to bypass the gastric pH
barrier and prevent gastric inactivation of pancreatic enzymes. The use of enteric coated microbead/spheres has
resulted in more reliable results than had been obtained
with enteric coated tablets (Figures 7 and 9)[42,61], but still
fails to abolish steatorrhea for most patients[1,11,29,62-67].
The most common reasons given for an inadequate response to modern enteric coated enzyme therapy include:
insufficient dosage, dissociation of the emptying of the
microbeads and nutrients, premature opening of the microspheres in the stomach allowing intragastric destruction, long dissolution time which shifts the absorption
sites distally, and rapid small intestinal transit which reduces mucosal contact time[33,36,37,43,44,51,68,69]. The benefits
of modern enteric coated bead therapy appear greatest
amongst those with the poorest responses to unprotected
enzymes, most likely due to protection against rapid in-
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Figure 10 Box plot showing median and 25% and 75% and range for a
randomized cross-over study comparing the effect of 1200 mg cimetidine
or 60 mg of omeprazole on the effectiveness of pancreatic enzymes. Six
tablets of unprotected enzymes (Cotazyme Forte® 36000 FIP units/meal) given
1/2 before meal and 1/2 during the meal). Both antisecretory agents improved
outcome but neither reliably resolved steatorrhea. Data from[72].

tragastric inactivation of unprotected lipase[33,42,49,61,66,70,71].
Attempts to improving the efficacy of enteric coated
microbead enzyme therapy
Few studies have provided sufficient details to develop
hypotheses for testing or insights into why success or failure occurs. The Mayo clinic group tested an early enteric
coated microsphere formulation with and without adjuvant acid suppressive therapy[34]. They found that of the 2
of the 6 patients had complete resolution of steatorrhea.
Both these patients had high acid secretion and the intragastric pH remained below 5.5. The remaining 4 patients
with incomplete responses had higher gastric pH, suggesting that the poor responders may have released the
enzymes in the stomach where they were subsequently
inactivated when the pH fell[34]. Bruno et al[72] compared
adjuvant cimetidine or omeprazole with an enteric coated
microsphere preparation (Cotazyme Forte®). Normal fat
absorption was not observed, but they reported a progressive improvement with increasing suppression of
acid secretion (Figure 10), suggesting that antisecretory
drugs may be useful adjuvants. A possible mechanism is
sufficient reduction of acid secretion to increase the duodenal and small intestinal pH and thus enhance dissolution and effectiveness of enteric coated microbeads[72].
Data to support this hypothesis comes from Regan et
al[34] who showed that following cimetidine administration, the duodenal pH remained above 6 for up to 200
min postprandial.
The pH burden is related to emptying of acidic gastric contents into the duodenum, which can respond
poorly because of abnormal duodenal/pancreatic bicarbonate secretion. Antisecretory drug therapy is potentially most useful in those with gastric acid hypersecretion to
reduce the duodenal acid load and allow acid neutralization despite impaired pancreatic secretion of bicarbonate.
In one study, Heijerman et al[67] compared different doses
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Figure 11 Box plot showing median and 25% to 75% range for a randomized cross-over study comparing the effect of doubling the dose of pancreatic enzyme microspheres (Pancrease®) and the effect of omeprazole
in patients with cystic fibrosis and pancreatic insufficiency. Enzymes were
taken 1/2 just before and 1/2 after meals. Omeprazole 20 min before breakfast[67].

of enteric coated pancreatic enzymes with and without
omeprazole in patients with pancreatic insufficiency due
to cystic fibrosis with persistent steatorrhea. Increasing
the dose of enzymes did not produce further improvement; however, increasing the enzyme dose and addition
of omeprazole did (Figure 11). Overall, most studies with
currently available preparations have not shown a consistent benefit for adding antisecretory therapy to enteric
coated microbead therapy, except possibly among those
with very poor response to enzyme therapy due to high
gastric acid secretion[63,72-74]. Recent expert recommendations for use of pancreatic enzymes advise against the
routine use of adjuvant proton pump inhibitor therapy[17].
Use of timing of dosing of pancreatic enzymes to
improve outcome
In 1959, Jordan et al[12] compared 2 regimens in which 8
grams of unprotected enzymes (Viokase®) per day was
given in 3 doses with meals or as 8 grams administered
hourly from 8 a.m. to 7 p.m. (over 12 h). All 11 patients
reduced their fecal fat excretion while taking pancreatic
enzyme. Two patients failed to respond to the “with
meals” regimen but experienced reductions in fat excretion with the hourly enzyme administration schedule. In
contrast, Kalser et al[27] reported that administration of
enzymes with meals (with adjuvant aluminum hydroxide)
or on an hourly basis produced similar results. DiMagno
et al[13] tested unprotected Viokase® (average of 10551
USP units lipase per tablet) administered either as eight
tablets with each meal (2 tablets at the beginning, 4 tablets throughout the meal, followed by 2 tablets at the end
of the meal) or as 2 tablets every hour for 4 doses at the
onset of meal. In their study, irrespective of the dosing
schedule, postprandial gastric pH fell below 4 after 40
min, the duodenal pH fell below 4 after 100 min, and less
than 9% of lipase reached the duodenum.
Domínguez-Muñoz et al[73] performed a randomized
three-way crossover study of 24 patients comparing
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40000 USP units of Creon® enteric coated microbeads
administered as 4 tablets before meals, 4 tablets just after
meals, or 4 tablets throughout meals (as 1 before, 2 during, and 1 tablet after meals). Enzymes were administered
only with the 3 main meals of the day given immediately
before or after meals or given throughout the meal (as
described above, with 10000 USP units before the meal,
20000 USP units during the meal and 10000 USP units
after the meal). The authors used the 13C-mixed triglyceride breath test as a surrogate for fat absorption. The
percentage of patients who normalized fat digestion was
50%, 54% and 63%, respectively. There were no statistically significant differences and no definitive conclusions
can be drawn.
Other issues related to enteric coating
In 1905, Chase wrote that “it is a well-known fact that
pancreatin in substance, solution, or simple tablet, is
soon rendered inert by the gastric juice when taken into
the stomach. The recognition of this fact has led to the
manufacture of pills and tablets of pancreatin coated
with keratin, salol, etc. While such coatings do protect the
ferment from the action of gastric juice, it is a question
if they are dissolved early enough in the intestine to allow
the pancreatin to be of any service in digestion”[15]. The
issues raised by Chase in his 1905 review remain unanswered more than 100 years later. Patients with pancreatic
insufficiency have alterations in gastro-intestinal motility
as well as a reduction in bicarbonate secretion resulting
in low intestinal pH, and both of these mechanisms may
lead to unpredictable transit and dissolution of the different products. Current formulations are designed to
release the enzymes when the pH allows their survival.
However, failure to achieve an adequate pH at which
dissociation of the coating can occur may delay the site
of dissolution to the distal small intestine or even the colon[33,51]. Guarner et al[68] compared duodenal and ileal enzyme content of normal controls and patients with pancreatic insufficiency. When normal patients and patients
with pancreatic insufficiency received placebo, there was
a gradient of higher lipase enzyme activity in the duodenum and lower activity in the ileum. When given enzyme
therapy as 5 enteric coated capsules each containing 8000
FIP lipase units (total of 40000 FIP lipase units), the gradient was reversed.
Current enteric coated preparations are available as
microspheres or microbeads whose dissolution rate was
established using standard FDA-approved in vitro dissolution tests. However, little is known about their dissolution
or potential differences in dissolution rate in vivo, especially at different pH and different luminal environments.
Available products generally contain microbeads/spheres
of uniform size within a specific dose. However between
products and even among products at different doses,
the beads may differ in shape, size, and surface area and
all of these physical characteristics may affect the kinetics
of release of the enzymes[75]. In vitro studies such as those
described by Löhr et al[75] on previously available products
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would be welcome, especially if the results were directly
compared to the results of in vivo studies. As noted previously, any data the pharmaceutical companies have has
been withheld. Even when or if these data are provided,
to be fully useful they must include comparison studies in
the same patients to determine the effects of size, shape,
differences in coating, or other factors on bioavailability.
Such studies may require support by agencies dedicated
to exploration of important scientific question without a
vested interest that might result in withholding the results.
There are a number of considerations regarding evaluation of the dissolution characteristics of enteric coated
enzymes. The rate of dissolution of the enteric coated
beads at any particular pH would likely be an important
measure in determining where the enzyme is delivered
in the small intestine. Aloulou et al[51] evaluated the dissolution times in relation to pH of three preparations
including the non-coated Eurobiol 12500 and 2 enteric
coated preparations, Eurobiol 25000® and Creon 25000®.
Uncoated Eurobiol 12500 had essentially instant bioavailability. The half dissolution time of Eurobiol 25000® at
pH of 5.2 was 19.2 min, contrasting markedly with Creon
25000® whose half dissolution time at pH of 5.4 was
49.2 minutes. Importantly, this in vitro study did not take
into account the effect of other confounders such the
presence of bile and other substances normally present
in vivo. Overall bioavailability is likely determined both by
the threshold pH of dissociation as well as the rapidity of
dissolution.
We tested the dissolution time on Creon 24000®, Zenpep 25000®, and Ultresa 23000® in informal studies using
ileal fluid obtained from a patient with an ileostomy. One
capsule of each enzyme preparation was placed a 15 mL
conical tube containing 7 mL of ileal fluid obtained from
a patient with an ileostomy and then centrifuged. The pH
was adjusted to approximately 7.5. The experiment was
done using a water bath at 38 Celsius. The test tube was
manually inverted 3 times every 1.5 min and visually inspected for onset and time to complete dissolution of the
capsule. pH was measured at each time interval (Table 4).
Each experiment was done in duplicate. The results suggest there are likely differences in dissolution time among
the different products and possibly between the same
product as different size microbeads. Formal in vitro and
in vivo comparisons are warranted.
Because clinical assessment is a notoriously imprecise
measure of effectiveness, a simple, non-invasive measure
of overall effectiveness is needed to allow comparisons
between and among products[76]. The 13C mixed triglyceride breath test currently appears to be the best option[77,78]
as it provides dynamic data regarding gastric emptying,
dissolution, and effectiveness of enzyme therapy. It has
the added benefit of being simple, non-invasive, inexpensive, and allows for efficient repeated testing of the same
subjects. Using a validated breath test allows hypothesis
testing and rapid evaluation of different combinations
such as timing administration of enzymes in relation
to meals, effects of dosage, acid suppression, etc. These

11476

September 7, 2014|Volume 20|Issue 33|

Trang T et al . Therapy of pancreatic steatorrhea
100

Table 4 Dissolution time for pancreatic enzyme in ileal fluid

Creon® 24000
Ultresa® 23000
Zenpep® 25000

Initial pH Start to dissolve Completely dissolved
(min)
(min)
7.73 pH
7.52 pH
7.60 pH

9.0
10.5
15.0

45.8
30.0
33.0

Fat absorption (% intake/d)

Pancreatic enzyme

7.28 pH
7.48 pH
7.59 pH

Fat absorption (% intake/d)

100

80

60

40

20

80

40000 U meals
20000 U snacks

72000 U meals
36000 U snacks

80000 U meals
40000 U snacks

0
Creon 10000

60

40

n = 33

n = 33

35000 U/d

140000 U/d

Figure 13 Summary data from 3 different randomized studies of different
formulations of an enteric coated microbead product (Creon®). None of the
formulations at the different doses given reliably resolved steatorrhea. Mean
plus standard deviation of the different doses are shown[5,8,81].

20

0

ZENPEP 5000
ZENPEP 20000
Enzyme preparation given

Figure 12 Effect of increasing the dose of enteric coated microbead therapy;
seven 5000 USP unit tablets vs seven 20000 USP tablets (Zenpep®) on steatorrhea are shown (mean plus standard deviation). Increasing the dosage
4-fold resulted in no significant improvement in steatorrhea and did not result in
correction of steatorrhea[4].

overall conclusions could then be tested in a traditional
clinical trial. Breath testing also allows for easy and effective monitoring of therapy[77]. Unfortunately, despite being used in research for more than three decades, the test
is not widely available outside of Europe and even there
it is infrequently used.

APPROACHES TO THERAPY IN
2014-2015
Results with currently FDA approved enzyme
preparations
The primary goal of enzyme therapy is to abolish steatorrhea. If this goal cannot be obtained, at the very least,
one would like to achieve a coefficient of fat absorption
>85% (e.g., 15 g/d on a 100 g fat diet)[17,71]. The mean
coefficient of fat absorption with modern enteric coated
microspheres based on available data has typically been
between 80% and 88% (i.e., such that one third to more
than one-half fail to achieve even this minimal desired
outcome). Since at least the 19th century, the knee jerk
response to inadequate results has been to increase the
dosage. The “increase the dosage” strategy has carried
over to the use of modern microbead therapy and the
availability of high potency products[4,8,79] (Table 3). The
published trials with currently available regimens were
primarily designed to obtain regulatory approval for new
products and for marketing purposes. The studies have
therefore used similar protocols based on input from
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the FDA (http://www.fda.gov/downloads/Drugs/Guidance ComplianceRegulatoryInformation/ Guidances/
ucm071651.pdf). These studies have been done well
from a technical standpoint and used reliable methods
for fecal collection and for analysis. The results are most
often presented as the mean coefficient of fat absorption (CFA), which is calculated as [(fat intake - fat excretion)/fat intake] × 100 on a 72-h stool sample often
collected in a controlled environment, plus the standard
deviation. However, this presentation is of limited value
to clinicians, as it does not provide definitive clinical data
that would be useful in predicting clinical and symptom
response, especially among patients with a previously
unsatisfactory clinical response. For example, one would
like to know the proportion of patients achieving a coefficient of fat absorption of at least 85%, as well as the
median and range or 25%-75% values. Such data provide
a clearer picture of what might be expected in clinical
practice[42]. These data were requested from the manufacturers but not provided.
In some studies the patients may also not be representative. For example, Stern et al[80] included only patients
who achieved at least 80% coefficient of fat absorption
during a run-in phase on therapy, thus excluding the difficult to manage patients and improving the odds of an
overall good outcome. In another study, approximately
one-half of the subjects had minimal or no steatorrhea
with placebo[4]. At least the data for the subgroup with
significant steatorrhea was also provided separately in the
outcome table[4]. Most trials have been relatively small
because as they were powered only to detect a difference
from placebo; however, the results may not extrapolate
well to clinical practice. As shown in Figures 12 and
13[4,5,8,81] and Table 3, different formulations and lipase
dosages have tended to provide similar results irrespective
of the quantity of lipase administered. These results are
consistent with the notion that only some of the lipase
in the formulation was biologically available and overall
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Figure 14 Effect of increasing the dosage of enteric coated microsphere
preparation on fecal fat excretion is shown. Sorted by treatment groups and
individual data for all subjects. Increasing the dosage from 8000 IU 4-fold (24000
to 128000 USP units) failed to show a clear dose response effect or to reliably
resolve steatorrhea. The box shows the mean and standard deviation for each
group. From[65] with permission.

was in excess of a threshold amount required to achieve
the results reported. Importantly, these studies confirmed
prior experience with enteric coated enzymes which also
failed to show evidence of a dose response in terms of
a reduction in steatorrhea[42,65,67,82] (Figures 7, 11, 14 and
15). Current products are priced in terms of dollars per
units of enzyme (Table 3) such that the administration of
more lipase than necessary serves only to increase cost to
the patient without a corresponding increase in efficacy.
A good example was a study that compared 7 capsules
of Zenpep® 5000 (i.e., 35000 USP units per day) a dose at
which the authors expected “little or no effect on steatorrhea”, with 7 capsules of Zenpep® 20000 (140000 USP
units per day). The low and high doses produced similar
outcomes (Figure 12)[4]. However, although the efficacy
with high and low dose therapy did not differ, the cost of
therapy per year was $11000 for high dose and $3000 for
the equally effective low dose. These results confirmed
that currently available products show (1) there is general
lack of a dose-response effect; (2) increasing the dosage increases the cost more than the effectiveness; (3) a
significant proportion of patients will still have clinically
significant malabsorption despite enzyme therapy; and
(4) a poor response to one dose generally signifies poor
responsiveness to dose escalation.
One new preparation contains pancrelipase and sodium bicarbonate as a buffer to protect the enzymes and
theoretically improve the pH in the small intestine (Pancrecarb®). It is called “highly buffered” although each
capsule contains only 2.5 mEq of sodium bicarbonate. In
clinical trials it was shown to be at best slightly better to
not different from unbuffered capsules, and neither study
achieved resolution of steatorrhea[83,84]. Currently, the
FDA-approved Pertyze® is the only bicarbonate buffered
pancreatic enzyme available. As noted above, studies of
new concepts would probably be more efficiently initially
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10000
Lipase (units/meal)

20000

Figure 15 Effect of acid suppression with 60 mg of omeprazole on effectiveness of enzyme therapy with an enteric coated microsphere preparation (Pancrease®). Comparison of 2 dosing regimens 10000 (2 capsule of 5000
USP Pancrease®) or 20000 USP (4 capsule 5000 USP Pancrease®) lipase units
per meal. The results were the same and neither resolved the steatorrhea[82].

evaluated using the 13C-mixed triglyceride breath tests
than through the use of expensive clinical trials.
Use of unprotected enzymes in the 21st century
An acid unprotected formulation of enzymes (Viokaze®)
was recently FDA approved. While unprotected enzymes
have limitations in relation to the relatively brief window
in which the gastric pH is above 4, they may have a role
in combination with enteric coated microbeads. In years
past when H. pylori-associated atrophic gastritis was common, many adults had low acid secretion such that patients with pancreatic insufficiency often varied greatly in
gastric secretory ability. In the modern era, H. pylori has
become infrequent, and most adults exhibit normal acid
secretion such that their intragastric pH falls to below 4
soon after eating and almost always within 60 min[54]. For
these patients it is difficult to achieve or maintain an intragastric pH above 4 for a prolonged period using only
antacids or antisecretory drugs. In the peptic ulcer era the
goal of antacid or antisecretory therapy was to reduce
acid output and thus the duodenal acid load. H2-receptor
antagonists typically reduce acid secretion by approximately 50%, which increases the average gastric pH for
ulcer patients from approximately 1.4 to approximately
2, but increases the duodenal pH to above 4. Standard
doses of proton pump inhibitors (e.g., 20 mg of omeprazole) produce approximately a 90% reduction in acid secretion and an intragastric pH of 3 to 4[85]. A double dose
(e.g., 40 mg of omeprazole) provides 99% inhibition of
acid secretion with narrow confidence intervals but will
not reliably maintain the pH at 6 or above (which is the
rationale for continuous infusion proton pump therapy in
treatment of upper gastrointestinal ulcer bleeding)[85].
Studies of intragastric pH during meals have shown
that the intragastric pH rapidly increases to the approximate pH of the meal, typically about pH 5, which stimulates the stomach to secrete acid maximally[54]. Initially, se-
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creted acid is largely consumed by the buffering capacity
of the meal such that average volume in the stomach remains relatively constant despite emptying. By 1 h, the intragastric pH falls to approximately 3, resulting in downregulation of acid secretion allowing gastric emptying to
exceed secretion such that the intragastric volume and
the pH to continue to fall[86-91]. In normal subjects, one
can expect the intragastric pH to fall below the threshold
for lipase destruction between 30 min and one hour after
eating. The longer the acid secretory rate is suppressed,
the longer the lipase can remain active. In peptic ulcer
disease, the recommendation was to administer antacids 1
and 3 h after meals in order to reconstitute the buffering
capacity of the meal and achieve the maximum benefits
for treatment of peptic ulcer disease. When used as an
adjuvant to enzyme therapy, the goal is to maintain the
pH above 4 or above for as long as possible in order to
prevent inactivation of lipase.
pH is measured on a log scale such that each unit
of change signifies a 10-fold change in acid concentration. Thus, a pH of 1 is equal to 100 mEq/L and a pH 6
equals 0.001 mEq/L. Parietal cells secrete acid at a high
concentration (e.g., 140-160 mEq/L); hence only a few
active parietal cells secreting a small amount of concentrated acid can drop the pH below 4 and inactivate lipase[85]. Since high intragastric pH stimulates the stomach
to secrete maximally, it is practically impossible to provide
sufficient sodium bicarbonate or aluminum hydroxide to
reliably maintain the intragastric pH above 5. However,
the combination of an antisecretory drug to inhibit parietal secretion, coupled with an antacid to increase the pH
and neutralize the small amount of acid secreted after inhibition of the majority of parietal cells, should be effective. Sodium bicarbonate is probably the ideal antacid as it
is “natural,” widely available in 325 mg (4 mEq) and 650
mg (8 mEq) tablets, and cheap. Although the ideal strategy remains to be determined experimentally, we recommend use of a proton pump inhibitor such as 40 mg of
omeprazole daily along with 650 mg sodium bicarbonate
tablets administered whenever unprotected enzymes are
administered (i.e., 1 tablet 2 or 3 times with the enzymes
during the meal) and 1 and 2 h after meals. Current technology using the Smart Pill®[92] or Bravo®[93] to measure
pH in the stomach and duodenum should rapidly identify
the ideal timing and dosage of administration of the sodium bicarbonate.
Use of unprotected and enteric-coated enzymes in
combination
Another approach to improve the results of enzyme
therapy is to take advantage of the benefits of both unprotected and enteric coated formulations. Unprotected
enzymes mix well with the meal and initially provide high
duodenal lipase activity and fat digestion. However, depending on the acid secretory ability of the patient, when
the gastric pH falls below 4, lipase will be inactivated
providing a pattern of “effective early-ineffective late”
therapy[32,33,51]. This pattern can be overcome by inhibit-
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ing acid secretion and using antacids to raise the pH to
extend the duration of high pH gastric contents.
The pattern of effectiveness of enteric coated beads
is one of “ineffective early - effective late”. Combining
the two approaches by starting therapy with unprotected
enzymes followed by coated formulations would theoretically achieve a pattern of “effective early and effective late” and provide enzymes in parallel with gastric
emptying of nutrients. We previously recommended
this approach based on our experience[94]. The concept
is supported and was given a firm physiologic basis by
the exquisite studies by Gow et al[32] and Delchier et al[33]
who used gastric and duodenal intubation to evaluate
duodenal pH, enzyme and bile acid concentrations, and
intraluminal digestion combined with fat balance studies. Meyer et al[37] also recommended the combination of
unprotected and coated enzymes based on their elegant
studies of emptying of enteric coated microbeads. To
our knowledge no one has taken up the challenge of
further investigating the combination approach, possibly
because the recent focus has been on obtaining regulatory approval for new products rather than optimizing
their effectiveness. More efficient use of available products would also require less enzyme and thus lower sales.
The recent availability of an approved uncoated product
(Viokaze) now makes testing the hypothesis possible.
Putting it all together
Based on perfusion studies and on theoretical grounds
it has been suggested that 25000 to 50000 USP units of
lipase should be administered per meal to achieve normal
fat digestion and absorption[22]. As shown above, experience with pancreatic enzyme therapy with individual
patients has shown that 18000 to 30000 USP lipase units
per meal is probably the minimum needed for complete
resolution of steatorrhea. Clinical trials with patients
always trump laboratory experiments, and theoretical
models and trials are needed to test and confirm hypotheses regarding most efficient use of enzymes. The one
common feature of studies that has shown complete
correction of steatorrhea is the presence of active lipase
in the intestines for long periods, either because of the
administration of unprotected enzymes or dissolution
of enteric coated products in the stomach and their continued activity because the pH remained high[13,28,33]. The
enteric coated product studied by Delchier et al[33] (Eurobiol 25000®) was very slow to dissolve after it reached the
small intestine such that the amount of lipase measurable
at the ligament of Treitz was similar to that following
placebo. In contrast, those with high intragastric pH and
rapid gastric emptying had high levels of intraduodenal
lipase as well as intraduodenal absorption of triglycerides.
Because a significant proportion of fat is emptied during
the first 30 min of the meal, it is critical to provide exogenous lipase during that period. Potential approaches to
solving this problem include: (1) the use of antacids and
antisecretory drugs to prevent intragastric acidification;
(2) administration of uncoated enzymes and possibly
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and how to best use the available products.
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Figure 16 Data from 4 studies in children with cystic fibrosis comparing
375 USP lipase units/kg/meal to higher doses for the effect on steatorrhea.
The results did not show a consistent effect on increasing the lipase dosage of
an enteric coated preparation (Pancreaze®). Mean plus standard deviation are
shown[79].

some sodium bicarbonate at the start of the meal; or (3)
identify a strategy of emptying enteric coated products
in the earliest portion of gastric emptying (for example,
administer them before and during the meal). The dissolution characteristics of enteric coated products need
further evaluation to examine when, where, how rapidly,
and how completely the enzymes are released, and how
these data relate to their clinical effectiveness.
Similarly, further studies are needed to address which
changes in the timing of administration of pancreatic enzymes best coordinate pancreatic enzymes with emptying
of gastric contents. For example, in three recent reviews
the recommendations vary from 50% at the beginning
of the meal and 50% at mid-meal[95], to during or immediately following the meal[96] and 25% with the first
bite, 50% during the meal and 25% with the last bite[97].
From the available data and the data showing that a considerable amount of fat is emptied in the first hour, it is
prudent when using enteric coated microbeads to start
therapy just before the meal so that some microbeads are
emptied during the first hour, then distribute the remaining enzymes throughout the meal. Those with hyperacidity may also benefit from adjuvant antisecretory therapy
to reduce the duodenal acid load. However, it may not
be possible to find an ideal schedule if one is restricted
to using only enteric coated microbead therapy. Below
we will discuss the available experience with currently approved therapies.
It has been known since the earliest days of pancreatic enzyme therapy that the patients who reliably
experience good response are those with limited or no
acid secretion. While the research focus has long been
on duodenal lipase levels[22] one must now also consider
how much and whether intragastric lipolysis due to the
exogenous lipase contributes to the outcome. It should
be clear that we have moved beyond the current “better
than placebo” era of research aimed at obtaining regulatory approval for commercial products, and now need to
focus on understanding how to reliably provide therapy
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More is not better using modern formulations
As a general rule for both unprotected and enteric-coated
beads, the effect on steatorrhea is not directly related to
the amount of lipase administered (namely, that after a
threshold response, any further increase in the amount
of enzyme given provides little or no additional benefit).
This phenomenon has resulted in misinterpretation of
many studies. For example, consider an experiment where
the same dose of lipase is given using two different formulations (e.g., 10 capsules are compared to 1 of another)
with both formulations providing the same quantity of
lipase. If both produce the same reduction in steatorrhea,
the investigators would be tempted to conclude that one
could use the formulations interchangeably, provided that
the same quantity of lipase was administered. However,
if they had included controls with one-half and with
double the quantity of enzyme, they would likely have
achieved the same result. This trap was revealed by studies examining whether there was a lipase dose - fecal fat
responses (e.g., Figures 12-16)[4,5,8,65,79,81,82]. For example,
administration of 8000, 20000 or 32000 units of lipase
using three different preparations of an enteric-coated
commercial product produced no consistent change in
fat malabsorption[65] (Figure 14). Figures 12, 13, 15, and
16 show more recent examples with a variety of entericcoated products[4,5,8,81,82,98]. Figure 16 is especially revealing: in this study 4 subjects per group (children with cystic fibrosis) received therapy with 375 units of lipase/kg
per day and then were given a different dose of 375, 750,
1125, or 1500 units/kg per day[79]. Clearly, the results with
increasing to higher doses were almost identical.
Marketing strategies of companies selling pancreatic
enzymes include attempts to link the amount of lipase required to fat intake and suggest that providers or patients
increase the dosage in response to an unsatisfactory clinical response. Except for the low dosage products (which
are priced about twice as high), enteric-coated pancreatic
enzymes are currently priced between $2 and $4 per
10000 lipase units (Table 3). The lack of studies showing
“more is better” and lack of head-to-head comparisons
makes choice of therapy a matter of judgment.
Adding microspheres to food or putting them down
feeding tubes
Enteric coated products to be taken orally are designed
to dissociate when the pH is 5.5 or greater. The Cystic
Fibrosis Foundation recommendations are consistent
with the current package inserts: for infants and patients
that are unable to swallow, recommended administration
is to open the capsules and sprinkle its contents onto soft
food mixtures with pH of 4.5 or less (e.g., applesauce).
The recommendation is based on theory rather than analysis of interaction of the enteric coating with complex
formulations such as food. Sackman et al[99]. addressed the
issue of mixing enteric-coated pancreatic enzymes with
various food contents at various pH. They incubated en-
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Table 5 Data needed to understand how to use new enzyme
formulations

Table 6 Recommended clinical trials
Head to head comparisons of different formulations within a product
line as well as between commercial products
Comparative trials using different patterns of administration in relation
to meals of enteric coated products (e.g., before and during)
Studies combining unprotected and enteric coated preparations
Studies of unprotected preparations combined with maintenance of the
intragastric pH constantly above 4
Initial pilot studies using 13C-mixed triglyceride breath testing to test
proof of concept may be the most efficient means of identifying which
studies to test in human clinical trials

Results of all studies should not be withheld but should be published
and/or placed on Clintrials.gov within 1 yr of completion
Trial data should provide the primary efficacy endpoint (e.g., coefficient
of fat absorption) as mean, standard deviation, median, range, and
proportion with coefficient of fat absorption > 90% as well as proportion
with coefficient of fat absorption < 85%
Gastric emptying of enteric coated pellets studied for all products are
needed and the data should be published and/or placed on Clintrials.
gov within 1 yr of completion
Kinetics of dissolution of enteric-coated microbeads in intestinal fluid
or simulated intestinal fluid are needed and should include data pH's
starting at approximately pH 5 through 7 at increments
(e.g., approximately 0.2 pH units)

teric coated enzymes in saline, various food products with
pH ranging from 5.6 to 6.5, and applesauce with pH of
3.4 and measured dissolution time as a surrogate for the
integrity of the enteric-coating. Trypsin activity was used
as a surrogate for lipase release. Among the foods tested,
only applesauce reduced the integrity of the enteric-coating[99]. That study was conducted in 1982 with an older
formulation but showed that theory is always subject to
confirmation by experimentation. Studies with newer
formulations are needed. Until that time it is likely that
mixing with any food would be safe, although applesauce
should probably be avoided. Shlieout et al[100] in an in vitro
study mixed Creon 12000® in various baby foods with
pH 4.5 or less to study use of pancreatic enzyme activity
after passing it through various G-tubes. They found that
the 16F Kimberly-Clark MIC-KEY tube was the smallest
diameter tube that allowed passage of all food mixtures
without clogging. Using tubes from other manufactures,
they found that only 18F and larger tubes were able to
pass all food content without clogging. All preparations
retained 89.9% to 96.9% of the expected lipase activity.
Nicolo et al[101] published 4 cases of patients dependent
on enteric feeding and pancreatic enzyme supplementations. They reported that mixing pancreatic enzyme in
all vehicles, including saline, applesauce, and fruit juices
resulted in clogging of the tube; however, mixing the
pancreatic enzyme in 8.4% solution of bicarbonate was
effective. Interestingly, the combined use of pancreatic
enzymes and bicarbonate is a common method used to
unclog feeding tubes[102].
Recommended therapy
For the average patient, we recommend three, approximately 10000 USP units of lipase containing enteric
coated microbead capsules/tablets per meal and one with
snacks (e.g., approximately 40000 USP units for an adult).
The first dose is given before meals and the others during
the meal. Following an unsatisfactory response one might
consider adding approximately 20000 units lipase during
meals. There are no data that increasing the dosage further increases effectiveness and is likely “beating a dead
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horse”. Instead one should consider changing to a product with different characteristics (e.g., from a microsphere
to a minitablet), adding a unprotected enzyme product
at the start of the meal, and/or adjuvant therapy with an
PPI and/or sodium bicarbonate. As noted previously,
one-third to more than one-half of patients will require
therapy to be individualized. One should also consider
the possibility of a second cause of malabsorption such
as celiac disease or bacterial overgrowth. Treatment success should be assessed clinically and whenever available
by an estimate of fat absorption. Longer term success
should also be monitored in terms of maintenance of
normal levels of fat soluble vitamins.

CONCLUSION
Hopefully, the current era of studies primarily targeted
to obtaining FDA approval and marketing new products
will soon transition into an era focusing on overcoming
the remaining barriers that have limited the overall effectiveness of pancreatic enzyme therapy. In many ways
we have not progressed beyond what was known in the
1980’s. There are many options that potentially would
improve current therapy and we have outlined a number
of possibilities (Tables 5 and 6). A number of options
need further testing, including the effects of combining
unprotected enzymes (given with the first few bites and/
or with sodium bicarbonate to buffer residual acid) in
combination with enteric coated enzymes given throughout the meal. Hopefully comparative studies and studies
of gastric emptying and dissolution of each formulation
during normal meals will be done, and that results of
those studies will be published in a timely manner.
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Core tip: This review of the literature on small bowel
carcinoma associated with Crohn’s disease specifically
addresses the incidence, risk factors, and protective factors which have been identified. It also reviews the clinical presentation, the current modalities of diagnosis, the
pathology, treatment, and surveillance. Finally, the prognosis and future direction are addressed. Our experience
with small bowel adenocarcinoma in Crohn’s disease is
reported. Readers will be provided with a better understanding of this rare and often poorly recognized complication of Crohn’s disease.
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Abstract
This review of the literature on small bowel carcinoma
associated with Crohn’s disease specifically addresses
the incidence, risk factors, and protective factors which
have been identified. It also reviews the clinical presentation, the current modalities of diagnosis, the pathology, treatment, and surveillance. Finally, the prognosis
and future direction are addressed. Our experience
with small bowel adenocarcinoma in Crohn’s disease is
reported. Readers will be provided with a better understanding of this rare and often poorly recognized complication of Crohn’s disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Over the past several decades it has become increasingly recognized that small bowel adenocarcinoma is an
undeniable complication of Crohn’s disease of the small
intestine. The exact magnitude of this risk is virtually
impossible to determine. The first case of small bowel
carcinoma in Crohn’s disease was reported by Ginzburg
in 1956. Since then, there have been countless published
case reports as well as numerous retrospective reviews
and cohort studies which have attempted to define the
occurrence of small bowel carcinoma in Crohn’s disease.
This review of the literature on small bowel carcinoma associated with Crohn’s disease specifically addresses
the incidence, risk factors, and protective factors which
have been identified. It will also review the clinical pre-
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sentation, the current modalities of diagnosis, the pathology, treatment, and surveillance. Finally, the prognosis
and future direction will be addressed. Our experience
with small bowel adenocarcinoma in Crohn’s disease is
reported. Readers will be provided with a better understanding of this rare and often poorly recognized complication of Crohn’s disease.

INCIDENCE
The relative risk of developing carcinoma of the small
bowel in patients with Crohn’s disease has been estimated to range from 6 to 320[1]. Jess et al[2] studied a
population-based cohort of 374 patients with Crohn’s
disease in order to determine the long term risk of intestinal and extra-intestinal malignancies. The risk of small
bowel adenocarcinoma was increased by more than 60
fold as compared to the general population. On the
basis of 5000 cases of Crohn’s disease reported in the
world literature, Amman[3] calculated an association with
carcinoma of 0.08%, which, he emphasized, was lower
than the incidence of carcinoma of the small bowel in
the absence of Crohn’s disease, which he estimated at
0.098% in 137124 autopsies. However, the incidence in
Crohn’s disease may be higher than reported as the associated carcinoma may have been missed due to inadequate
histopathologic study. These observational series serve
to underline the possible fallacies of mass statistics collected from the literature.
Our review of the literature revealed 220 reported
cases of adenocarcinoma associated with small bowel
Crohn’s disease. Since we do not have the number of
patients who suffered from Crohn’s disease of the small
bowel from which those patients were extracted, the actual incidence of carcinoma associated with Crohn’s cannot be calculated. These numbers were obtained through
a Medline search from the years 1975 to 2013. Some of
the reports were reviews and hence there may be some
duplication of cases in the series reported.
There is nevertheless a general consensus that the risk
of developing small bowel adenocarcinoma is greater in
patients with Crohn’s disease than in the general population. The exact magnitude of the increased risk is difficult to determine because information derived from
population-based studies, case-controlled studies, physician surveys, and case reports have been combined.
Many reports have documented that adenocarcinoma
of the small bowel is a complication of Crohn’s disease
and this has been well reviewed by Kerber[4] and Frank[5].
Sometimes the patients who develop an adenocarcinoma
are those with small bowel-limited Crohn’s disease but
most often there is a combination of those with both
small and large bowel Crohn’s disease. Patients with
longstanding small bowel Crohn’s disease are thought to
have an increased risk of small bowel carcinoma[6-9].
In a meta-analysis by von Roon et al[10], the relative risk
of developing small bowel carcinoma in the 9642 patients
was 28.37. The incidence rate of small bowel carcinoma
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in 12740 patients was 1.55 per 100000 patient years. In
the review by Von Roon, the mean duration of Crohn’s
disease before the onset of carcinoma was 9 years (range
0.8-41). The relative risk of developing small bowel carcinoma compared to the background population was higher in North America (RR = 41.23), the United Kingdom
(RR = 40) and Scandinavia (RR = 21.3).
Shaukat et al[11] studied all cases of small bowel carcinoma in persons 67 years and older in the Surveillance Epidemiology and End Results catchment area.
They identified 923 cases of small bowel carcinoma and
142273 controls and found a strong association between
Crohn’s disease and small bowel carcinoma [odds ratio
(OR) = 12.02]. The prevalence of Crohn’s disease in patients with small bowel carcinoma was low (1.6%) so the
absolute risk remains low.

RISK AND PROTECTIVE FACTORS
Numerous risk factors for developing small bowel carcinoma in Crohn’s disease have been postulated in the
literature. Many purported risk factors surfaced as a result
of observed trends across case reports such as previous
strictureplasty[12-15] and excluded/bypassed bowel segments[16-18]. Approximately 30% of reported small bowel
carcinomas in Crohn’s disease occurred in patients who
had bypassed loops[19]. This complication stresses the
need to encourage resection rather than bypass. Lashner[20] reported a case control study of carcinoma of the
small bowel in Crohn’s disease in which each case was
matched to 4 randomly selected controls from an inflammatory bowel disease registry. The following factors were
significantly associated with small bowel carcinoma in
Crohn’s disease: (1) occupation, with three cases having
had exposure to halogenated aromatic compounds and
aliphatic amines, asbestos, and cutting oil solvents and
abrasives; and (2) 6-mercaptopurine use (OR = 10.8).
Several studies reported that the risk of developing
small bowel carcinoma was according to the anatomic
location of the Crohn’s disease (Table 1). For example,
the odds ratio of developing small bowel carcinoma was
found to be much higher in 363 patients whose disease
was confined to the small bowel (RR = 158.5) than in the
507 patients with ileocolic Crohn’s disease (RR = 83.8)[10].
Table 1 displays a review of the studied risk factors
for small bowel carcinoma in Crohn’s disease in the literature, highlighting which authors agree and disagree with a
purported risk factor. Clinicians should perhaps be more
vigilant for small bowel carcinoma in patients with inflammation restricted to the small bowel versus ileocolic
inflammation.
Protective factors against development of small bowel carcinoma in Crohn’s disease have been less frequently
studied, but available information is cited in Table 2. In a
study of 29 patients with Crohn’s disease and small bowel
carcinoma Piton et al[21] found that small bowel resection and prolonged use of salicylates may protect against
small bowel carcinoma in Crohn’s disease patients.
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General risk factors
9
Gender

Table 1 Risk factors for small bowel cancer in Crohn’s disease
Risk factors for small bowel cancer?
Yes

Crohn's related risk factors
1
''Long" duration
Greenstein et al[68] (mean 33.5
Jess et al[73]
of CD
yrs)
Laukoetter
Greenstein et al[24] (mean 22 yrs)
et al[63]
Jess et al[2] (median 16 yrs)
Kamiya et al[69] (one case 18 yrs)
Kersting et al[65] (one case 16 yrs)
Kvist et al[70] (mean 29 yrs)
Mellemkjaer et al[71]
(mean 22 yrs)
Michelassi et al[55]
(mean 19.6 yrs)
Mizushima et al[72]
(mean 14 yrs)
Munkholm et al[8]
(mean 13.5 yrs)
Palascak-Juif et al[27]
(median 15 yrs)
Petras et al[46] (mean 20 yrs)
Ribeiro et al[1] (mean 26.5 yrs)
Savoca et al[62] (one case 20 yrs)
Sigel et al[48] (median 12 yrs)
Solem et al[26] (median 21 yrs)
Widmar et al[23] (mean 25.3 yrs)
2
Area of CD
Jess et al[2]
Laukoetter
Michelassi et al[55]
inflammation
et al[63]
Mizushima et al[72]
Munkholm et al[8]
Palascak-Juif et al[27]
Ribeiro et al[1]
Savoca et al[62]
Solem et al[26]
von Roon et al[10]
3
Jejunal CD
Lashner[20]
Palascak-Juif
et al[27]
Solem et al[26]
4
Strictures
Jaskowiak et al[15]
Solem et al[26]
Kersting et al[65]
Lakatos et al[74]
Petras et al[46]
Ribeiro et al[1]
5
Fistula
Kersting et al[65]
Lashner et
Laukoetter et al[63]
al[20]
Ribeiro et al[1]
Solem et al[26]
6
Bypassed
Greenstein et al[75]
Lashner[20]
Palascak-Juif
segment
et al[27]
Ribeiro et al[1]
Solem et al[26]
1
7
CD Medications
Lashner[20]
Canavan et
al[76]
Solem et al[26]
8
"Young" age
Freeman et al[60] (mean 45.7 yrs) Jess et al[73]
Hoffman et al[7] (mean 46 yrs)
(median 66
Kersting et al[65]
yrs)
(one case 34 yrs)
Munkholm
Laukoetter et al[63]
et al[8]
(20 yrs earlier)
(mean 70.5
Michelassi et al[55]
yrs)
(mean 47.7 yrs)
Palascak-Juif et al[27]
(median 47 yrs)
Petras et al[46] (mean 46 yrs)
Savoca et al[62] (mean 38 yrs)
Sigel et al[48] (median 42 yrs)
Widmar et al[23] (mean 55.4 yrs)
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10

No

11
12
13
14

15

16
17

Male

Female
Black race
Past
corticosteroid use
Past use of
radioactive
medication
Liver disease
(cirrhosis/
hepatitis)
Gallstones

19
20
21
22
23

Previous
cholecystectomy
Prior history
of peptic ulcer
disease
Celiac disease
Prior malignancy
Blood type B
Rh type
Tobacco

24

Alcohol

25

Diet

26

Lower education
level
Geographic location
Hazardous
occupation
Marital status
Religion
Room type

18

27
28
29
30
31

Lakatos et al[74]
Michelassi et al[55]
Shaukat et al[11]
Sigel et al[48]
Ribeiro et al[1]
Widmar et al[23]
Freeman et al[60]
Shaukat et al[11]

Jess et al[2]
Petras et al[46]
Lashner[20]
Palascak-Juif
et al[27]

Kaerlev et
al[67]
Kaerlev et
al[67]
Kaerlev et
al[67]

Chen et al[64]
Chen et al[64]

Kaerlev et al[67]

Chen et al[64]
Lakatos et al[74]
Chen et al[64]
2

Negri et al[25]
Chow et al[77]
Kaerlev et al[67]

Kaerlev et
al[67]
Kaerlev et
al[67]
Kaerlev et
al[67]

Solem et al[26]
Chen et al[64]
Chen et al[64]
Chow et al[77]
Negri et al[25]
Chow et al[77]
Negri et al[25]

3

4

von Roon et al[10]
5

Lashner[20]
Chen et al[64]
Chen et al[64]
Chen et al[64]

1

6-MP; 2Bread, pasta, rice, sugar, red meat; 3Red meat, salt-cured foods,
smoked foods; 4North America higher risk; 5Exposure to halogenated
aromatic compounds and aliphatic amines, asbestos, solvents, oils,
abrasives. CD: Crohn’s disease.

CLINICAL PRESENTATION
Obstruction is the most common presenting manifestation in small bowel carcinoma in Crohn’s disease with
symptoms of nausea, vomiting and abdominal pain.
Other possible presentations are hemorrhage, fistula, or
perforation[22-24]. Unfortunately, all of these symptoms are
hard to differentiate from those of a Crohn’s exacerbation, which partly explains the challenge of detecting small
bowel carcinoma in this patient population and results in
the majority of diagnoses being made at the time of operation or postoperatively. In fact, only a small minority (<
5%) is diagnosed preoperatively[22]. Furthermore, Collier et
al[19] described that over 50% of small bowel carcinomas
in resected Crohn’s disease segments were unsuspected or
incidentally found by the pathologist.
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Table 2 Protective factors for small bowel cancer in Crohn’s
disease
Protective factor against small bowel cancer?
Yes
1
2

Diet
5-ASA

3

CD medications

1

Negri et al[25]
Piton et al[21]
Solem et al[26]

No
2

Chow et al[77]

Canavan et al[76]
Solem et al[26]
(other than 5-ASA)

1

Coffee, fish, vegetables, fruit; 2 Fruits and vegetables. 5-ASA:
5-aminosalicylic acid.

Two important clinical indicators of malignancy are
recrudescent symptoms after long periods of relative quiescence and small bowel obstruction that is refractory to
medical therapy[23]. Therefore, it is prudent to consider a
surgical assessment of patients with longstanding symptomatic Crohn’s disease who fail to respond to conservative management.
The usual age of diagnosis of small bowel carcinoma
in Crohn’s disease patients is 45 to 55 years[4,6,7,22,23]. This is
in contrast to small bowel carcinoma de novo which is usually diagnosed between 60 and 69 years of age[25]. Crohn’
s disease will often predate the carcinoma diagnosis by 20
to 25 years[4,22-24,26].
Palascak-Juif et al[27] studied 20 patients with Crohn’s
disease-associated small bowel carcinoma recruited from
French university hospitals and compared them to 40
patients with small bowel carcinoma de novo recruited
from a population-based registry. Small bowel carcinoma
occurred after a median time of 15 years of Crohn’s
disease and was located within the inflamed areas of the
ileum (19) or jejunum (1), whereas in patients with small
bowel carcinoma de novo it was distributed all along the
small intestine. The median age of diagnosis of small
bowel carcinoma was 47 years (range 33-72 years) in
patients with Crohn’s disease and 68 years (range 41-95
years) in those with small bowel carcinoma de novo. The
cumulative risk of small bowel carcinoma was 0.2% and
2.2% after 10 and 25 years of small bowel Crohn’s disease,
respectively. The diagnosis was made preoperatively in 1
of 20 patients with Crohn’s disease and 22 of 40 patients
with small bowel carcinoma de novo. Signet ring cells were
found in 35% of Crohn’s disease cancers but not in patients with small bowel carcinoma de novo. Relative survival
at 2 and 5 years was not significantly different between
these two categories of patients (54% vs 37% and 35% vs
30%; with and without Crohn’s disease, respectively).
In a retrospective review from 1993 to 2009, Widmar
et al[23] identified 29 patients with small bowel carcinoma
(22 ileal and 5 jejunal) in Crohn’s disease. There were no
carcinomas in excluded intestinal loops. The median age
of onset of Crohn’s disease symptoms was 25 years and
the median age at cancer diagnosis was 55.4 years, for a
mean interval of 25.3 years. Widmar found that 75% of
carcinomas arose in the terminal ileum, a location that
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only accounts for 13% of sporadic small bowel adenocarcinomas[28]. Patients with Crohn’s disease developed
adenocarcinoma at an average age of 48 years versus 65
in the general population, with a male to female ratio of
3 to 1.
Solem et al[26] described the clinical features, outcomes,
and risk factors of small bowel carcinoma in Crohn’s
disease. Nine cases (4 males) were identified. The patients
presented with abdominal pain (89%), obstruction (89%),
and weight loss (78%). The carcinoma was located in the
ileum in 8 patients (89%) and in the jejunum in 1 patient
(11%). All cases but one had advanced disease with either
lymph node involvement or metastases. The mortality
rates at 1 and 2 years were 42% and 61%, respectively.
Floch et al[29] reviewed 47 previously reported small
bowel carcinomas in Crohn’s disease. The average age
of the Crohn’s carcinomas was 46.5 years while that for
the de novo group was 55 years. The sexual ratios were
2.46:1 and 2:1 males to females for the respective groups.
The de novo carcinomas had a slight predilection for the
duodenum (4.7%) while the latter group had a heavy
predilection for the ileum (70.8%) and contained no duodenal carcinomas. The prognosis of the Crohn’s group
appeared to be much worse than that of the de novo group
with five year survivals of 3.7 and 20%-22%, respectively.
Late diagnosis in the enteritis group was felt to be the
major reason for this.
Hoffman et al[7] also reviewed the literature and found
49 cases and added two of their own. The Crohn’s associated carcinomas differed from carcinoma not associated
with Crohn’s in that (1) mean age of carcinoma discovery
was less (46 years vs 64 years); (2) more carcinomas arose
in the ileum (76% vs 27%); (3) diagnosis and cure were
less successful; and (4) they occurred more frequently.
The review by Fresko et al[30] of 59 reported cases
of carcinoma of the small bowel in Crohn’s disease, to
which they added three of their own cases, revealed that
(1) carcinoma develops at a younger age than in carcinoma de novo; (2) there is no difference in incidence of carcinoma in the first, second and third decades after onset
of symptoms of Crohn’s disease; (3) 73% of neoplasms
arose in the ileum; (4) in all but one case it developed in
inflamed segments of bowel; and (5) in 31% of cases carcinoma developed in a bypassed segment of bowel. They
concluded that Crohn’s carcinoma is a complication of
Crohn’s disease and not a chance co-existence of the two
diseases in the patient.

DIAGNOSIS
The clinical diagnosis of small bowel carcinoma in
Crohn’s disease patients based on symptoms and physical
examination is quite difficult, if not impossible. Indeed,
many patients with carcinoma of the small bowel are not
suspected of having a malignancy even at time of operation[5,6,31-33]. Most cases of small bowel carcinoma have
been in segments involved with Crohn’s disease. These
malignancies were indistinguishable radiologically from
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longstanding Crohn’s disease. In two of the patients described by Kerber[4] and Frank[5], there was “shouldering”,
destruction, and a mass.
In general, imaging techniques may miss small lesions
and may not be able to differentiate areas of small bowel
carcinomas from those of severe Crohn’s disease. Routine
computed tomography (CT) exposes patients to radiation,
and although magnetic resonance (MR) imaging does not,
it is time consuming and costly[34]. Buckley et al[35] found
CT staging of small bowel carcinoma to be 47% accurate
but errors occurred in patients with Crohn’s disease. Enteroclysis is invasive and requires special training[36]. The
usefulness of FDG-PET is limited by the background
chronic inflammation of Crohn’s[37].
Video capsule endoscopy is challenged by issues of
visualization (i.e., limited field of vision, non-continuous
image capture, lesions hidden in folds), inadequate preparation, and the stenosing nature of Crohn’s disease[36] that
may prohibit a capsule from passing. Furthermore, lesion
localization can be difficult and it does not allow for tissue sampling[38].
Enteroscopic techniques do allow direct visualization
and tissue sampling but are invasive, labor intensive, and
may be limited by the length and tortuosity of the small
bowel. Intraoperative endoscopy is now reserved for lesions which are not accessible by balloon enteroscopy[39].
Despite their disadvantages, there are published cases
demonstrating the utility of some of the techniques listed
above. Placé and colleagues[40] observed two different
patterns using MR-enterography: the first was a long, circumferential, asymmetric, and heterogeneous thickening
of the ileum with a visible nodule on free induction echo
stimulated acquisition images, and the other was a mass
of the terminal ileum showing restricted diffusion on
diffusion weighted MR imaging. Soyer et al[41] evaluated 7
patients with small bowel carcinoma, and on CT enterography the carcinoma was visible in five patients. Four different patterns were individualized including small bowel
mass (2 patients), long stenosis with heterogeneous
submucosal layer (2 patients), short and severe stenosis
with proximal small bowel dilatation (2 patients), and sacculated small bowel loop with irregular and asymmetric
circumferential thickening (1 patient). Stratification, fat
stranding, and comb signs were present in 2, 2, and 1
patient(s), respectively. Nevertheless, adenocarcinoma
may be completely indistinguishable from benign fibrotic
or acute inflammatory strictures.
A case reported by Kodaira et al[42] highlighted the
unique successful combination of PET/CT and double
balloon enteroscopy for the diagnosis of small bowel
carcinoma in a Crohn’s disease patient. Van Weyenberg
et al[43] found both MR enterclysis and video capsule endoscopy useful but they believe that MR enterclysis is the
better option. Ultimately, a combination of methods is
likely the present day solution.
On the basis of their study of patients in whom adenocarcinoma of the small bowel developed as a complication of Crohn’s disease, Kerber[4] and Frank[5] concluded: (1) the development of adenocarcinoma is more likely
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to be seen in patients with longstanding disease; (2) classical radiographic appearance of carcinoma may not be
seen; (3) a progressive change in radiographic appearance
over time with the development of masses, fistulas, strictures and obstruction should raise the suspicion of coexisting carcinoma; (4) malignancy should be considered
when there is a longstanding quiescent disease activity
followed by a recrudesces of symptoms with concurrent
radiographic changes; and (5) fistulas may be associated
with carcinoma in two ways: a mass produced by carcinoma or carcinoma arising in chronic fistulas from Crohn’s
disease. Contrary to prior recommendations, they suggest
that obtaining radiographic examinations to document
changing patterns of disease displays an important role
in the management of patients with Crohn’s disease and
may lead to earlier detection of complicating carcinoma
thus improving prognosis in such patients.

PATHOLOGY
In contrast to de novo small bowel carcinomas which are most
often in the duodenum (55%)[28], 75% of Crohn’s related
small bowel carcinomas are ileal[22,28]. Miller et al[44] noted
that all small bowel carcinomas associated with Crohn’s
disease were ileal in location. Watanabe et al[45] published
a summary of small bowel carcinoma within Crohn’s disease up until 1991 documenting only adenocarcinomas
and signet ring cell carcinomas (Table 3). Petras et al[46]
reported four patients with small intestinal carcinoma:
three with poorly differentiated or signet ring cell type
carcinomas and one with mucinous type. All four patients
had high grade dysplasia in the mucosa immediately adjacent to the carcinoma, supporting the dysplasia-carcinoma
sequence believed to occur in Crohn’s disease as with
ulcerative colitis[47,48]. A wider variety of malignancies have
been reported and are noted in Table 3, including sarcomas, lymphomas, and carcinoids.

TREATMENT
The treatment of choice is wide resection of the small
bowel segment harboring the carcinoma as well as resection of the corresponding mesentery and lymph nodes[22].
Pancreaticoduodenectomy for lesions of the second or
third portion of the duodenum and right colectomy for
carcinoma of the distal ileum would be required[49].
Evidence regarding the value of adjuvant chemotherapy for small bowel carcinoma is sparse and consists
mostly of small retrospective reviews. Most available data
is from experience in managing ampullary adenocarcinoma. Fishman et al[50] reported response rates upwards
of 30% in the palliative setting: 33% with Gemcitabine,
50% with 5-FU or Capcitabine, and 42% with Platinumor Irinotecan-based therapy.

PROGNOSIS
The prognosis of Crohn’s associated small bowel carcinoma varies among reported studies but has been noted
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Table 3 Histopathology of small bowel cancers in Crohn’s
disease
Watanabe et al

Histology

[45]

Adenocarcinoma 61 cases reported up
until 1991 as quoted
by Watanabe

Sarcoma

Local lymphoma
Carcinoid

Poorly
differentiated
Signet ring

Update since 1991
Barwood et al[14]
Chan et al[78]
Chen et al[64]
Christodoulou et al[79]
Dossett et al[22]
Feldstein et al[49]
Fell et al[80]
Fielding et al[9]
Gillen et al[81]
Gusakova et al[82]
Jaskowiak et al[15]
Jess et al[73]
Kamiya et al[69]
Katsanos et al[83]
Kersting et al[65]
Koga et al[84]
Kronberger et al[85]
Lindgren et al[86]
Mellemjaker et al[71]
Menon et al[12]
Michelassi et al[55]
Palascak-Juif et al[27]
Partridge et al[13]
Ribeiro et al[1]
Richards et al[54]
Rubio et al[87]
Sammartino et al[88]
Sigel et al[48]
Solem et al[26]
Gollop et al[89] (leiomyosarcoma)
Jess et al[73] (leiomyosarcoma)
Fielding et al[9]
(reticulum-cell sarcoma)
Jess et al[73]
Chen et al[64]
Kvist et al[70]
Mellemkjaer et al[71]
Savoca et al[62]
Petras et al[46]
Savoca et al[62]
Simpson et al[47]

8 cases reported up
until 1991 as quoted
by Watanabe

to be poorer than the de novo small bowel carcinomas[24].
Most small bowel carcinomas in Crohn’s disease present at
a younger age and are more diffusely and distally located
than de novo carcinomas, usually making them undiagnosable at a curable stage. Indeed, two-thirds of cases present
with intestinal obstruction. Greenstein[51] reported two
year disease survival for small bowel carcinoma in Crohn’
s disease as 9% compared with 15%-25% for de novo carcinomas. Mortality for carcinoma in excluded bowel has
been reported to be as high as 100%[51]. One report of
carcinomas developing in small bowel Crohn’s strictures
found only 9 such cases[52]. All patients had Crohn’s disease for more than ten years. The average age of patients
was 48 years compared to 65 years for de novo carcinomas.
In patients with Crohn’s disease, carcinoma affects the
ileum twice as commonly as the jejunum and four times
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as commonly as the duodenum. Fifty-nine percent of all
carcinomas complicating Crohn’s disease were discovered
incidentally during pathologic examination of resected
specimens. If small bowel alone is considered this figure
rises to 70%.
Small bowel carcinomas associated with Crohn’s disease tends to be poorly differentiated and are associated
with a poor prognosis[4,5,19,33,53]. Two year survival rates
have been found to be as low as 27%[22]. In a report by
Richards[54] with three ileal carcinomas, survival ranged
from 8 to 44 mo.
Michelassi et al[55] reported 14 cases of intestinal carcinoma complicating Crohn’s disease, 7 occurring in the
small intestine and 7 in the large bowel. Two thirds of
patients were male. The average age at time of diagnosis
of Crohn’s disease and carcinoma was 28 and 48 years respectively. In five patients with small bowel carcinoma the
diagnosis was made at laparotomy. In the remaining cases
only careful histologic examination revealed the carcinoma. Six small bowel carcinomas were located in the ileum.
Two small bowel carcinomas were multi-focal and had
surrounding mucosal dysplasia. No patient with regional
or distal metastases survived five years in comparison with
an 83% five year actuarial survival rate in patients with
carcinoma confined to the intestinal wall. Mean survival
was 6 mo for patients with small bowel carcinoma.
Hawker et al[53] reported the clinical and pathological details of three cases diagnosed between 1968-1980
with a review of 58 patients from the literature. Of the
61 cases, 41 carcinomas occurred in the ileum, 18 in the
jejunum, 1 in the duodenum and ileum, and 1 in the ileum and colon. Eighteen occurred in bypassed intestinal
loops. The prognosis was poor: 44 patients (72%) died
with a mean interval of only 7.9 mo from the diagnosis
of their malignancy.
Widmar et al[23] reported significant differences in the
two year survival for node negative versus node positive carcinomas (79.3% vs 49%) and for localized versus
metastatic disease (92.3% vs 33.3%). Overall, 36 mo survival was 69.3% compared to 40% among those without
excluded loops. Sixteen patients had long periods of
quiescent disease before the diagnosis (7-45 years) and 16
required operation for bowel obstruction that was refractory to medical management.

OUR EXPERIENCE
From 1990 to 2013, 10 patients with underlying Crohn’s
disease and small bowel adenocarcinoma were treated at our
institution. In our series, there were twice as many males as
females. The median age of Crohn’s diagnosis was 28 years
and the median age of small bowel adenocarcinoma diagnosis was 57 years; this interval is consistent with the literature.
In none of the 10 patients was the diagnosis known preoperatively. Nine patients presented with a clinical picture of
obstruction that did not respond to steroid treatment and
required operation. Of the nine, two were found to have
metastatic disease secondary to small bowel adenocarcinoma
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at the time of operation, while the diagnosis for the remaining seven was made on final pathology examination. The
tenth patient in our series had refractory Crohn’s disease and
was incidentally found to have terminal ileal adenocarcinoma
on final pathology.
An equal number of patients had Crohn’s disease
isolated to their small bowel as concomitant small and
large bowel disease. None of our patients had bypassed
loops of small bowel. In fact, only three patients had had
previous operations for Crohn’s disease. All but one of
our patients had terminal ileal adenocarcinomas; the exception was one jejunal carcinoma. Moreover, all patients
had either stricturing and/or fistulizing Crohn’s disease.
Four of our 10 patients had been treated with 5-ASA, a
reported protective factor. All patients had a history of
remote immunomodulator use but none were on maintenance immunomodulators at the time of presentation;
if they were receiving medical therapy, it was solely high
dose steroids. This is consistent with the conclusions
made by Kerber[4] and Frank[5] concerning the development of a small bowel adenocarcinoma after a period
of quiescent Crohn’s disease. As reported by others, the
prognosis for small bowel adenocarcinoma in our series
was also quite poor: the carcinoma-related mortality in
our series is 70%.

SURVEILLANCE
It has become increasingly recognized that the risk of developing carcinoma of the colon in patients with colonic
Crohn’s disease is comparable to those with chronic ulcerative colitis. Hence, regular colonoscopic surveillance
in search of dysplastic changes is in order. However, no
similar surveillance for patients with small bowel Crohn’s
disease is possible.
Greenstein[24] suggests that surveillance should consist
of regular abdominal examinations and that the recurrence of obstructive symptoms as well as the development of new symptoms should not be ignored especially
after long quiescent periods.
CEA levels, found to be elevated in up to 38% of patients with active Crohn’s disease[56,57], have not been found
to be useful in monitoring for small bowel carcinoma[19,58].

late 70’s and 80’s, late in the observation period of most
cohorts[59]. Furthermore, the majority of reports did
not have small bowel carcinoma as a primary outcome.
Analysis did not routinely address incidence and discussions were sometimes not exclusive to the small bowel
(e.g., “intestinal”[60], “upper digestive tract”[61], or discussing risk factors for small bowel and colorectal carcinomas
together[62]). Studies rarely controlled for immunosuppressive agents, tobacco or alcohol[63], and those that did
examine such exposures did not provide quantitative
data[64]. Finally, multiple biases inherent of retrospective
and single-centre studies exist in the available literature.
For example, a high incidence of small bowel carcinoma
in Crohn’s disease may reflect a bias in tertiary hospitals[65]
or a surveillance bias due to close monitoring of Crohn’
s disease patients[66], and reported risk factors may be a
result of recall bias[67]. These limitations are inherent to
the challenging problem of a rare disease that is difficult
to diagnose.

CONCLUSION
In this review, we highlighted the available current evidence and the gaps of knowledge, technology, and clinical
guidelines required for improving care of Crohn’s disease
patients at risk of this devastating problem. Although the
association of carcinoma in Crohn’s disease and the need
to screen Crohn’s disease of the colon is well established,
carcinoma associated with Crohn’s disease of the small
bowel is difficult to diagnose and indeed is often not
identified until operation for what is believed to be an exacerbation or non-response to medical therapy. Sadly, the
diagnosis is often made after careful examination of the
resection specimen by the pathologist. Over the decades
there has been a lack of significant improvement in prognosis. There is a need to elucidate screening modalities to
facilitate earlier diagnosis and treatment.
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Abstract
Ulcerative colitis (UC) is a condition at increased risk
for colorectal carcinoma (CRC) development. Nowadays, screening and follow-up programs are routinely
performed worldwide to promote the early detection of
CRCs in subjects with well known risk factors (extent,
duration and severity of the disorder). The diffusion of
these procedures is presumably the main reason for
the marked reduction of cancer incidence and mortality in the course of UC. In addition, chemoprevention
has been widely investigated and developed in many
medical fields, and aspirin has shown a preventive effect against CRC, while mesalazine has been strongly
invoked as a potential chemopreventive agent in UC.
However, available studies show some limitations due
to the obvious ethical implications of drug withdrawal
in UC in order to design a control group. The estrogen
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receptors (ER) alpha/beta balance seems to have a
relevant influence on colorectal carcinogenesis and ER
beta appears to parallel apoptosis, and hence an anticarcinogenic effect. Phytoestrogens are compounds
acting as ER beta agonists and have shown a promising
chemopreventive effect on sporadic as well as genetically inherited CRC. There is evidence suggesting a
role for ERs in UC-related carcinogenesis. In this perspective, since these substances can be considered as
dietary supplements and are completely free from side
effects, phytoestrogens could be an interesting option
for CRC prevention, even when the disease is a consequence of long-term chronic inflammation, as in the
course of UC. Further studies of their effects are warranted in both the basic research and clinical fields.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Epithelial dysplasia;
Colorectal cancer; Estrogen receptors; Chemoprevention; Phytoestrogens; Dietary supplementation; Inflammatory bowel disease
Core tip: The present work outlines the main data regarding a possible involvement of estrogen receptors
in colorectal carcinogenesis, paying particular attention
to cancer arising in the course of ulcerative colitis. A
protective role for beta receptors has been suggested
by many studies. The challenge for the future could be
to devise chemopreventive strategies against colorectal
carcinoma employing estrogen receptor beta agonists,
such as phytoestrogens.
Principi M, Barone M, Pricci M, De Tullio N, Losurdo G, Ierardi
E, Di Leo A. Ulcerative colitis: From inflammation to cancer.
Do estrogen receptors have a role? World J Gastroenterol 2014;
20(33): 11496-11504 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11496.htm DOI: http://dx.doi.
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ULCERATIVE COLITIS: FROM
INFLAMMATION TO CANCER

↓p53

Ulcerative colitis (UC) is associated with an increased risk
of colorectal cancer (CRC), which has been related to the
long-standing chronic inflammation[1]. However, the magnitude of the risk is difficult to estimate, as many factors
may bias study results[2] (i.e., patient selection, number of
patients, completeness of case recruitment and ascertainment and duration of follow-up)[2,3].
Castańo-Milla et al[4] reported an overall incidence
rate of CRC in UC of 1.67/1000 per year of disease
(PYD) and incidence rates per decade were estimated at
1.01/1000, 3.75/1000 and 5.85/1000 PYD for the first,
second and third decades, respectively. In a meta-analysis
of prospective population-based studies, Jess et al[5] found
that an average of 1.6% of patients with UC were diagnosed with CRC during the first 14 years of follow-up,
and the estimated standardized incidence ratio (SIR) was
2.39 (2.1-2.7). Recent time-trend studies also demonstrate
a decreasing risk of CRC in UC patients[6]. In a recent
meta-analysis[4] the incidence rate was found to have
decreased from 4.29/1000 PYD in studies published in
the 1950s to 1.09/1000 PYD in the studies published between 2000 and 2011.
As known, reported risk factors for CRC include extensive disease[7,8], young age at diagnosis[9], a family history of CRC[10], co-existing primary sclerosing cholangitis
(PSC)[11] and persistent inflammation of the colon[12,13].
The pathophysiology of colitis-associated cancer
suggests the action of numerous positive and negative
regulators[14]. Positive regulators are pro-carcinogenic cytokines such as tumor necrosis factor alpha (TNF alpha),
that is over-expressed in a murine model of carcinoma
arising on colitis[15], interleukin (IL)-6[16] and IL-21[17] and
chemokines such as CCL2, whose expression is enhanced
by TNF alpha, causing the recruitment of macrophages
and monocytes[18]. Negative regulators include IL-10[19,20],
transforming growth factor beta (TGF beta) [21] and
MyD88, a Toll-like receptor adaptor, that has been found
to significantly reduce tumor number and size in the Apcmin/+ mouse model of intestinal tumorigenesis[22,23].
The progression from UC to CRC is a multistep
process in which the accumulation of genetic mutations
leads to the sequential evolution to low-grade dysplasia
(LGD), high-grade dysplasia (HGD) and finally to cancer[24]. The p53 tumor suppressor gene appears to be a
key factor in the initial steps of UC-associated colorectal
carcinogenesis, being the most frequent single founding
mutation in UC associated CRC[25]. p53 is overexpressed
in 33%-67% of patients with dysplasia and in 83%-95%
of patients with UC-associated CRC[26,27]. Other genes
that undergo mutation in the following stages of carcinogenesis are kRAS, DCC, cyclin D, COX, iNOS, APC
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Low-grade
dysplasia

Ulcerative
colitis

ER-b

High-grade
dysplasia

↓APC
↑kRAS
↑Cyclin D

Colorectal
cancer

↑COX
↑iNOS
↑b-catenin
↓DCC

ER-a

Figure 1 progressive steps of ulcerative colitis-related carcinogenesis,
genetic pathways and estrogen receptors alpha and beta patterns.

and beta-catenin (Figure 1), in a sequence that is substantially different from the classical adenoma-carcinoma
pathway[28,29].
The essential morphological features of dysplasia,
are (1) nuclear alterations such as increased nuclear to
cytoplasmic ratios and hyperchromasia; (2) depletion of
goblet cells; and (3) abnormal architectural patterns corresponding to dysregulated cellular proliferation, such as
glandular crowding, a villous architecture and diminished
surface maturation. HGD differs from LGD in that there
are additional alterations, i.e., impaired cellular polarity
including loss of nuclear parallelism, stratification of
nuclei patterns such as a cribriform architecture. In most
cases, the nuclei in HGD show severe cytological aberrations such as irregular nuclear membranes, abnormally
prominent nucleoli or atypical mitotic figures[30]. The
progression of such alterations is accompanied by both
a progressive increase of epithelial proliferation and a reduction of apoptosis. This phenomenon starts as alterations of glandular architecture (i.e., shortening, loss of
parallelism, ramification and branching) which anticipate
the dysplasia onset[31].
The potential risk of malignant degeneration of UC
to CRC has made it necessary to institute surveillance
protocols to achieve early recognition and treatment of
dysplastic lesions. The current evidence-based consensus
for endoscopy in inflammatory bowel disease[32] suggests
that surveillance should start when the risk starts to increase, i.e., after 8-10 years from the onset of disease[7].
This first colonoscopy also aims to reassess the extent
of disease, since this parameter has an impact on the
risk of CRC. After this first colonoscopy, patients with
high risk features (stricture or dysplasia detected within
the past 5 years, PSC, extensive colitis with severe active inflammation, or a family history of CRC in a first
degree relative aged less than 50 years) should undergo
surveillance colonoscopy annually. Conversely, patients
with intermediate risk factors should have surveillance
colonoscopy scheduled every 2 to 3 years and those
without risk factors every 5 years. Biopsy sampling is fundamental: the American Gastroenterological Association
recommends extensive sampling, of a minimum of 33
specimens[33], while, according to the British Society of
Gastroenterology[34],two to four random biopsies every
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proliferation[45,46]. These experiments demonstrated that
ER alpha is a positive regulator of cellular growth, while
ER beta has an antagonist inhibitory function, mediated
by the down-regulation of proto-oncogenes (c-myc and
cyclins) and up-regulation of oncosuppressants (p21 and
p27), resulting in cell cycle arrest[47] (Figure 2). Experiments showing that in various cancers ER alpha is overexpressed and ER beta is down-regulated confirmed in
vitro studies and demonstrated that cell proliferation is the
result of a balance of ER alpha and ER beta[48,49].

ER-b

mRNA
-

+

p21 (Cip1) and p27 (Kip1)

c-myc and cyclins (A; D1)
G2

M

S
Cell cycle arrest
(phaseG2)

ESTROGEN RECEPTORS AND
COLORECTAL CANCER

G1

Figure 2 Estrogen receptors beta and interactions with genes involved in
the regulation of cell cycle. Estrogen receptors (ER) beta has an antagonist
inhibitory function, mediated by the down-regulation of proto-oncogenes c-myc
and cyclins (as indicated by minus sign next to the arrow on the left side) and
up-regulation of oncosoppressants p21 and p27 (as indicated by plus sign next
to the arrow on the right side). In the lowest part of the figure is indicated the
cell cycle phases and the site of its interaction with ER beta induced mediators
(G2 phase).

10 centimetres should be taken.
Compliance to surveillance protocols, as well as a
correct clinical overview of UC and the adequate pharmacological management of the disease, have led to a
decreasing CRC incidence and mortality in UC[35,36]. In
1971, de Dombal[37] reported a 5% cumulative risk of
CRC in a population from Leeds with extensive UC after
10 years and 41.8% after 25 years. Thirty years later, the
cumulative risks reported by Lakatos et al[38] had dropped
dramatically: 0.6% after 10 years, 5.4% after 20 years and
7.5% after 30 years of disease duration. These data testify
to the exceptional impact of surveillance in the natural
history of UC[39], but we must consider that it is not the
only prevention strategy: other routes, such as chemoprevention, may have a remarkable effect.

ESTROGEN RECEPTORS
Modern medicine and oncology have been profoundly
affected by the discovery of the estrogen receptors (ERs),
a potential marker that plays a pivotal role in the pathogenesis, prognosis and therapy of various cancers, such
as breast, prostate and colon. Estrogens can regulate the
growth, differentiation, and function of various target tissues both within and outside the reproductive system[40,41].
The most relevant event after the initial discovery of
these receptors[42] was the identification of two subtypes,
ER alpha and ER beta, that are expressed at different
levels in each organ of the human body[43]. Variations in
the phenotype of knock-out mice lacking ER alpha or
ER beta suggested that these receptors have different
biological activities[44]. Moreover, in vitro and in vivo studies
in ER beta knock-out mice demonstrated that ER beta
is a modulator of ER activity, as it is able to reverse the
effects of ER alpha and to inhibit estradiol-dependent
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The hypothesis of a possible link between CRC and ERs
was advanced after the publication of epidemiological
studies showing that females have a lower rate of colonic
adenomas and cancers than males before menopause
and that the differences progressively lessen after menopause[50]. Similarly, both observational and interventional
data have shown that hormone replacement therapy decreases colonic adenoma and cancer risks[51,52]: in the last
40 years, a reduction of deaths from large bowel carcinoma has been observed in the United States. This reduction
was significantly higher in women (30%) as compared to
men (7%). In the same study, a link was observed between
oral contraceptive use and a reduction of colorectal cancer, whereas there was a higher than expected frequency
of colorectal tumors among non users[53].
After the demonstration by our group that ERs are
expressed in the colonic mucosa[54], Konstantinopoulos
et al[55] demonstrated that ER beta is highly expressed in
normal colonic mucosa in humans, while it is significantly
reduced in CRC; this reduction is more pronounced in
the case of poorly differentiated tumors. Since the majority of CRCs are derived from adenomatous polyps (a
precancerous condition) our group recently evaluated the
expression of ER alpha and ER beta in the colonic tissue of 25 patients with adenomatous polyps of the colon
and in 25 normal subjects[56]. ERs expression was then
correlated to proliferation and apoptosis. Our data confirmed that ER beta is the prevalent estrogen receptor in
normal mucosa and shows a significantly reduced expression in adenomatous polyps (Figure 3). In a successive
study, we confirmed that ER beta plays a primary role in
the regulation of colonic mucosa proliferation in patients
affected by Familial Adenomatous Polyposis (FAP)[57],
an inherited disease characterized by an early inclination
to develop hundreds of polyps and consequently CRC.
Furthermore, ERs can even influence the prognosis of
CRC, as it has been demonstrated that patients affected
by CRCs with a minimal ERs expression had poor prognosis and short survival[58].
All these data confirm that sex steroid hormones are
involved in CRC development and suggest that ER beta
could play an important role in the early phase of the
carcinogenic process and hence could be a target in the
primary prevention of CRC[59].
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Figure 3 Alpha and beta estrogen receptors balance in normal and neoplastic colon.

ESTROGEN RECEPTORS EXPRESSION
IN THE PROGRESSIVE STAGES OF
ULCERATIVE COLITIS-RELATED
CARCINOGENESIS
ER beta has been suggested to exert anti-inflammatory
and anti-tumorigenic effects in the colon, providing a
translational potential to prevent and/or treat inflammatory bowel disease (IBD) and its progression to colitisassociated CRC[60,61]. Most studies in this field used a
consolidated animal model which accurately mimics the
carcinogenic model related to chronic bowel inflammation in mice (i.e., Azoxymethane/Dextran Sodium Sulfate
- AOM/DSS)[62,63].
Saleiro et al[64] demonstrated that ER beta-deficient
mice developed more severe clinical colitis compared
to wild type mice, as evidenced by a significantly higher
disease activity index after DSS treatment, as well as the
inflammation score and grade of dysplasia. ER betadeficient colons presented a greater number and size of
polyps, and were characterized by a significant increase
in IL-6, IL-17, TNF alpha and interferon-gamma mRNA
levels as compared to wild type mice organs. Furthermore, higher protein expression levels of nuclear factorkappa B, inducible nitric oxide synthase (iNOS), beta
catenin, proliferating cell nuclear antigen, mucin-1, and
significantly lower caveolin-1 and mucin-2 protein levels,
were shown in ER beta knock-out mice compared to wild
type. These data suggest a possible anti-inflammatory
and anti-neoplastic mechanism of action of ER beta in
UC-arisen CRC. These results suggest that ER beta may
be protective in the AOM/DSS-induced CRC model in
mice, supporting a preventive and/or therapeutic potential for the use of ER beta-selective agonists in IBD.
Fujii et al[65] performed a study to clarify whether
methylation analysis of the ER gene in non-neoplastic
epithelium can contribute to the prediction of an increased neoplasia risk in UC patients. The study was
based on the assumption that the ER gene shows an agerelated methylation in the colorectal epithelium and this
phenomenon is frequently found in sporadic colorectal
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neoplasia, suggesting that it may predispose to colorectal
neoplasia. The results suggested that the analysis of ER
gene hypermethylation may be a potentially useful marker
for identifying individuals at increased risk of neoplasia
among those with long-standing and extensive UC. The
same group confirmed that the quantitative analysis of
ER gene methylation in non-neoplastic epithelium is a
marker for identifying individuals at increased risk of
neoplasia in long-standing and extensive UC[66].
A preliminary report by our group[67] assessed the pattern of ER-alpha/beta expression in relation to epithelial
apoptosis and cell proliferation in long-lasting UC. We did
not observe significant variations in ERs and their ratio
in UC compared to UC-low degree dysplasia. However,
there was a statistically significant progressive increase in
apoptosis in UC and in UC-dysplasia that, despite Ki-67
expression, revealed a more marked significant increase at
the same stages. This result, despite the small sample and
the inclusion of only low-grade dysplasia, suggested that
a possible ER-beta overseer of apoptosis/proliferation
is operative until the investigated stage of carcinogenesis
(Figure 1). In fact, in LGD we observed a high increase
in cell proliferation with invariable levels of ER beta, accompanied by mild increased apoptosis, that was presumably unable to completely counter Ki-67 over-expression.
Further, we investigated ER beta, ER alpha expression
and their ratio in normal mucosa, in UC and in UC-low
and high grade dysplasia and CRC. ERs did not show significant changes until LGD, while in HGD and UC-carcinoma there was a dramatic loss of ER beta expression
and the ER beta/ER alpha ratio. Apoptosis and the TUNEL/Ki-67 ratio demonstrated a statistically significant
progressive decrease from LGD to UC-carcinoma[68].

IS THERE A ROLE FOR
CHEMOPREVENTION?
The main risk factors for colorectal cancer are not suitable targets for therapeutic intervention, but primary
chemoprevention is an intriguing therapeutic option.
The question whether mesalazine could exert a chemopreventive effect has been raised and various studies have
investigated this aspect.
The mechanisms by which aspirin or non-steroidal
anti-inflammatory drugs (NSAIDs) act in the chemoprevention of CRC in non-IBD patients have not been entirely elucidated. However, data on the chemopreventive
effect of aspirin and NSAIDs and CRC are supported by
a series of independent lines of evidence. Indeed, several
epidemiological studies have shown an inverse correlation
between aspirin intake and the risk of CRC[69-71]. Furthermore, studies on secondary chemoprevention reported
that aspirin intake was associated with a decreased risk
of adenoma recurrence[72,73]. Aspirin and NSAIDs seem
to act by inducing apoptosis in the colonic epithelium
through the inhibition of cyclooxygenase (COX) activity
and arachidonic acid accumulation[74]. Recent evidence
suggests that COX inhibition can also change the activity
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of mitogen-activated protein kinases and NFkB[75,76].
The analogies between acetyl-salicylic acid and mesalazine (5-amino-salcylic acid), and the results obtained
by using acetyl-salicylic acid as a chemopreventive agent
in patients with sporadic colorectal cancer have prompted the study of potential chemopreventive effects of
mesalazine in inflammatory bowel disease. The results
of both epidemiological and experimental studies have
shown that long-term 5-amino-salicylic acid treatments
appear to have a chemopreventive effect. We can cite
two studies, by Eaden and Lashner, in which the relative
risk of CRC was estimated to be 0.18 and 0.88, respectively[77,78]. In a group of patients affected by UC and
PSC, the risk was 0.88[79]. The evidence for this effect is
provided by retrospective and case-control studies, however, whose results do not reach the highest grades for
evidence-based recommendations. Indeed, not all clinical
studies reported favorable results regarding CRC in IBD
patients. Negative results were mainly reported in studies that elicited positive results with other drugs such as
folate or ursodiol[80]. The peculiarities of the cohorts enrolled in these studies (disease refractory to conventional
therapy, consideration for treatment with experimental
therapy, consultation for surgery) may account for the
negative outcome.
Positive results are supported by a series of experimental studies demonstrating the multiplicity of actions
of 5-amino-salicylic acid, although data regarding the
chemopreventive effect of 5-amino-salicylic acid may not
be rigorous enough to meet the criteria for the highest
evidence-based medicine recommendations. A final consideration is that suitable evidence may not be rationally
gained in this case, because discontinuation of 5-aminosalicylic acid treatment would be unethical in patients
with UC[81].

FUTURE PERSPECTIVES OF
CHEMOPREVENTION BY BETA
RECEPTOR AGONISTS
The data summarized in the previous sections suggest the
hypothesis that the loss of ER beta expression could be
a marker of colonic mucosa at increased risk for colonic
neoplasia and that the induction of ER beta with ER
beta-selective phytoestrogens could exert a chemopreventive effect against CRC.
Observational data also suggest that phytoestrogen
intake may be associated with a decreased incidence
of advanced lesions in both men and women[82-84]. The
mechanism of the putative protective effect of estrogens
and phytoestrogens on colonic neoplasia is not fully
understood, but it seems to be markedly different from
the one underlying the detrimental effect of estrogens in
breast cancer. In the breast, it is well established that the
detrimental effect is due to estrogen binding to the proproliferative ER alpha, since a similar effect is not found
in women with ER-negative breast cancers[85].
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Barone et al[86] have shown that the ER beta/ER alpha
ratio was lower in the normal small intestinal mucosa of
APCmin/+ mice than in syngenic APC wild type and this
phenomenon was associated with a decreased apoptotic
activity. The ER beta/ER alpha ratio and apoptosis were
normalized by supplementation with a combination of silymarin and insoluble fibers. The combination also markedly decreased the number and size of intestinal tumors
in APCmin/+ mice[86]. Silymarin displays a full ER beta
agonist activity[87,88] and lignans also exert phytoestrogenic
activity[89]. Another study by our group[90] was a randomized, double blind placebo-controlled trial in patients undergoing surveillance colonoscopy for previous sporadic
colonic adenomas. Sixty eligible patients were randomized to receive a placebo or active dietary intervention
with phytoestrogen supplements twice a day, for sixty
days before surveillance colonoscopy. The phytoestrogen
administration group showed a significant increase in
ER beta protein and a general trend to an increase in ER
beta, ER beta/ER alpha, TUNEL/Ki-67 ratio. Moreover,
a significant increase of ER-beta protein, mRNA and
labeling index (i.e., the percentage of ER-beta positive
cells at immunohistochemistry) and a decrease of ERalpha protein, as well as an increase in ER beta/ER beta
protein were observed in phytoestrogen versus placebo
group in patients without recurrent polyps. Therefore,
the role of ER beta on the control of apoptosis, as well
as its amenability to dietary intervention, were supported
by this study.
Finally, 90-d supplementation with phytoestrogens
was efficacious in reducing polyp number and size in recurrent duodenal adenomas of patients with FAP with an
ileal pouch-anal anastomosis[91].

CONCLUSION
UC is a condition that increases affected patients’ risk
for CRC development. Nowadays, specific screening and
follow-up programs, based on epidemiological and clinical parameters, are routinely performed to promote the
early detection of CRC onset. This practice has induced
a marked reduction of the cancer incidence and mortality
in subjects with UC.
Chemoprevention is an interesting topic which has
been widely investigated and developed in many medical
fields[92]. Aspirin has shown a preventive effect on CRC
onset, and mesalazine has been strongly invoked as a potential chemopreventive agent against carcinoma arising
in UC[93].
The ER alpha/beta balance seems to have a relevant
influence on colorectal carcinogenesis and ER beta appears to parallel apoptosis, thus exerting an anti-carcinogenic effect[94]. In preliminary studies phytoestrogens,
which are able to act as ER beta agonists, have shown
promising chemopreventive effects on sporadic as well
as genetically inherited CRC. In view of the strong evidence of a role for ERs in UC-related carcinogenesis,
and taking into account the fact that phytoestrogens can
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be considered as dietary supplements and are completely
free from side effects, they offer interesting prospects for
CRC prevention even when the disease is the long term
consequence of chronic inflammation.
In conclusion, ERs have a role in the development of
all different types of CRC[95] (sporadic, genetic and postinflammatory). Their targeted use is, therefore, a fascinating field for both basic and clinical investigations in order
to elucidate the underlying pathophysiological, prognostic
and therapeutic aspects.
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Abstract
It has been presumed that aberrant immune response
to intestinal microorganisms in genetically predisposed
individuals may play a major role in the pathogenesis
of the inflammatory bowel disease, and there is a good
deal of evidence supporting this hypothesis. Commensal enteric bacteria probably play a central role in
pathogenesis, providing continuous antigenic stimulation that causes chronic intestinal injury. A strong biologic rationale supports the use of probiotics and prebiotics for inflammatory bowel disease therapy. Many
probiotic strains exhibit anti-inflammatory properties
through their effects on different immune cells, proinflammatory cytokine secretion depression, and the
induction of anti-inflammatory cytokines. There is very
strong evidence supporting the use of multispecies probiotic VSL#3 for the prevention or recurrence of postoperative pouchitis in patients. For treatment of active
ulcerative colitis, as well as for maintenance therapy,
the clinical evidence of efficacy is strongest for VSL#3
and Escherichia coli Nissle 1917. Moreover, some prebiotics, such as germinated barley foodstuff, Psyllium or
oligofructose-enriched inulin, might provide some benefit in patients with active ulcerative colitis or ulcerative
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colitis in remission. The results of clinical trials in the
treatment of active Crohn’s disease or the maintenance
of its remission with probiotics and prebiotics are disappointing and do not support their use in this disease.
The only exception is weak evidence of advantageous
use of Saccharomyces boulardii concomitantly with
medical therapy in maintenance treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gut; Microbiota; Inflammatory bowel disease; Probiotic; Prebiotic
Core tip: Intestinal microbiota seems to play an important role in the pathogenesis of inflammatory bowel
disease. There is very strong evidence supporting the
use of certain probiotics and prebiotics in the therapy
of ulcerative colitis and pouchitis, whereas their beneficial role in Crohn’s disease has not yet been proven.
This article describes the role of gut microbiota in the
pathogenesis of inflammatory bowel disease and delineates the possible mechanisms of certain probiotics
and prebiotics in disease treatment and maintenance of
remission.
Orel R, Kamhi Trop T. Intestinal microbiota, probiotics and prebiotics in inflammatory bowel disease. World J Gastroenterol
2014; 20(33): 11505-11524 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i33/11505.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i33.11505

REVIEW OF THE FACTS ON GUT
MICROBIOTA IN INFLAMMATORY
BOWEL DISEASE
A variety of factors, which may be environmental, genetic, immunological, and microbial in nature, contribute to
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the development of inflammatory bowel disease (IBD)[1].
Although the exact etiology of IBD remains unclear, it
is believed to be the result of complex aberrant immune
responses to as yet undetermined environmental factors
(most likely intestinal microorganisms) in the gastrointestinal tract of genetically susceptible hosts[2].
The human gut normally hosts roughly 1014 bacterial
organisms of up to 1000 different species; this bacterial
community can add up to 1-2 kg[1]. In total, the number
of intestinal bacteria is approximately ten times the number of cells constituting the human body, with the collective bacterial genome, also referred to as the microbiome,
containing 100-fold more genes than the entire human
genome[3,4]. More than 99% of the gut microbiota is composed of species within 4 bacterial divisions: Firmicutes,
Bacteroidetes, Proteobacteria, and Actinobacteria[5,6]. Greater
variations exist below the phylum level, and certain butyrate-producing bacteria, including Faecalibacterium prausnitzii, Roseburia intestinalis, and Bacteroides uniformis, have
been identified as key members of adult gut microbiota[7].
The predominant species in the proximal small intestine
are aerobic and Gram-positive. In the distal small bowel,
Gram-negative species begin to outnumber Grampositive bacteria[8]. Distally to the ileocecal valve, bacterial
concentrations increase sharply[8], and the most densely
populated region of the gastrointestinal tract is the colon,
with up to 1012 bacteria per gram of intestinal content
and a population consisting predominantly of the Bacteroides, Bifidobacteria, Fusobacteria, Clostridia, and Peptostreptococci groups[1]. The majority of intestinal bacteria belong
to the phyla Bacteroidetes (64% of attached colonic species)
or Firmicutes (23% of normal species)[1,5]. Enterobacteriaceae
such as Escherichia coli are relatively minor components of
the Proteobacteria division (8% of all bacteria)[5].
There is plenty of evidence supporting the hypothesis of the involvement of intestinal microbiota in IBD
pathogenesis. Crohn’s disease (CD) and ulcerative colitis
(UC) tend to occur in the colon and distal ileum, which
contain the highest intestinal bacterial concentrations[5].
A pathogenic role of luminal constituents is suggested by
the prevention and treatment of Crohn’s disease by the
diversion of fecal stream and reactivation of inflammation within one week following reinfusion of ileostomy
contents[9]. In patients with CD, division of the fecal
stream proximally to the inflamed mucosa results in
reduction of inflammation and induction of healing in
the excluded parts of the gut, while relapse occurs with
restoration of fecal stream and re-exposure to luminal
contents[9,10]. Similarly, ulcerative colitis patients who undergo ileal pouch-anastomosis surgery develop mucosal
inflammation after bacterial colonization of the pouch[11].
A recent meta-analysis by Khan et al[12] has shown the
significant beneficial effects of antibiotics over placebo
for induction of remission in both CD and UC. Antibiotic treatment also appears to provide clinical benefits in
patients with CD and inflammation of the ileal pouch[13].
Furthermore, there are many studies on animal models
supporting the role of gut microbiota in the development
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of IBD. In experimental animal models of IBD, genetically-engineered animals developed spontaneous colitis
under standard laboratory conditions, but remained
colitis-free when they were raised in a sterile, germ-free
environment, thus indicating that bacterial exposure and
colonization are essential for the development of colitis[13-16]. Additionally, it has been shown that animal models with chemically induced colitis do not develop intestinal inflammation if they are pretreated with antibiotics[17].
The majority of genes found to be associated with an
increased risk for the development of IBD are those encoding proteins that act to preserve the mucosal barrier
and/or regulate the host immune system. A major breakthrough in understanding the linkage between genetic
predisposition and IBD development was the discovery
of the NOD2/CARD15 gene, which encodes a protein
belonging to the family of pattern-recognition receptors
responsible for microbial recognition, induction of antimicrobial genes, and control of the host adaptive immune response[18]. The genetic defects found in IBD CD
patients might make these individuals particularly susceptible to infection by intracellular bacteria such as Mycobacterium avium paratuberculosis, Listeria monocytogenes, and
adherent-invasive Escherichia coli[19]. Mutations in genes for
toll-like receptors, as well as for the CARD4/NOD1 receptor, may also be associated with increased susceptibility for IBD[20-23].
Patients with CD have increased intestinal permeability, which could reflect mucosal barrier defects that
promote bacterial translocation through the intestinal
mucosa[24]. The intestinal mucus barrier is significantly
altered in UC patients, particularly in terms of mucus
composition and phospholipid concentration[25]. Altered
function of defensins, antimicrobial peptides with bactericidal activities, might also be involved in IBD[1,24].
Despite much evidence that intestinal microorganisms are required for the triggering and perpetuation of
inflammation in IBD, it still remains enigmatic whether
a single specific microorganism or a group of microbial
agents sharing distinctive characteristics could be responsible, or if it is actually the aberrant immune response to
the dysbiosis of the commensal intestinal microbiota that
plays the most major role.
Mycobacterium avium paratuberculosis used to be a particularly strong candidate as the single etiologic agent in CD
in the past, since it has been shown to cause granulomatous enterocolitis in cattle that closely resembles CD in
humans[26]. However, a two-year trial of combined antibiotic therapy with clarithromycin, rifabutin, and clofazimine (drugs efficient against Mycobacteria) did not reveal
any difference in disease activity in CD patients with or
without antibiotic treatment[27]. Increased numbers of invasive mucosa-associated or even intramucosal Escherichia
coli (E. coli) have been reported in patients with CD and
UC; a new potentially pathogenic group called adherentinvasive E. coli (AIEC)[20,22,28-30]. AIEC are able to adhere
to and invade intestinal epithelial cells with a macropinocytosis-like process. They are capable of surviving and
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replicating within macrophages, and are known to induce
the release of large amounts of pro-inflammatory cytokines, such as TNF-a, by the infected host cell[23].
Although microbial pathogens have been postulated
to cause Crohn’s disease and ulcerative colitis since their
original descriptions, it is now generally accepted that
commensal enteric bacteria, either incidentally or specifically, play an important or even central role in the pathogenesis of inflammatory bowel disease, and provide the
constant antigenic stimulation that continuously activates
pathogenic T cells to cause chronic intestinal injury[1,5].
Four broad mechanisms have been proposed to drive
pathogenic immunologic responses to luminal microbial
antigens: microbial pathogens inducing intestinal inflammation, dysbiosis of commensal microbiota with a decreased ratio of protective/aggressive commensal bacterial species, host genetic defects in containing commensal
microbiota, and defective host immunoregulation. These
mechanisms increase exposure of bacterial antigens to
mucosal T cells or alter host immune responses to commensal bacteria[5].
In normal hosts, commensal bacteria activate a sequential program of homeostatic responses by epithelial
cells, macrophages, dendritic cells, and T and B lymphocytes that permit coexistence with microbes and their
products[5,31,32]. In IBD, genetically predisposed individuals appear to lose the normal tolerance to commensal
bacteria, leading to a chronically active inflammation
process in which the microbiota provide constant stimulus for the host immune system, causing perpetuation
of the disease[17]. Tissue damage might result from an
immunologic misperception of indigenous flora as dangerous organisms or from the failure of normal regulatory constraints on mucosal immune responsiveness to
intestinal bacteria[33]. There is growing evidence that the
interplay between intestinal microbes and the mucosa
of susceptible individuals triggers a cascade of reactions
that starts with the interaction of microbes with specific
receptors on intestinal epithelial cells, dendritic cells, and
other antigen-presenting cells, followed by the interaction
of these activated cells with lymphocytes, resulting in
their differentiation into different subsets, driving either
Th1 or Th2 inflammatory responses with the production
of a wide range of inflammatory mediators, and consequently leading to mucosal damage[34]. CD is regarded to
be a Th1 immune reaction driven state, whereas UC is
a Th2 immune state. Bacterial recognition is dependent
on transmembrane pattern recognition receptors of intestinal epithelial cells, including toll-like receptors (TLR)
and the intracellular NOD-like receptor family[5,31,35,36].
Ligation of these bacterial receptors stimulates central
signaling cascades that include the nuclear factor-kappaB
(NFκB) pathway, one of the key pathways in mucosal
homeostasis that is shown to be elevated in the chronic
inflammation tissue of the IBD[5,37].
Composition of gut microbiota in patients with IBD
has been extensively studied over the last decade. Although methodologies and results may differ, some gen-
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eralizations are possible[38]. Numerous studies revealed
that fecal microbiota has a different composition in IBD
patients compared to healthy controls, and some differences between microbial populations in CD and UC
were found. Similar findings were described for mucosaassociated microbiota, a bacterial population present
on the mucosal surface that is in direct interaction with
intestinal epithelial and immune system cells[39-42]. Moreover, differences were observed between active and nonactive stages of the disease as well as between inflamed
and non-inflamed regions of the intestine[41,43,44]. When
studying intestinal flora in IBD, it is important to keep
in mind certain facts. Firstly, only up to 30% of the total
microflora can be identified using conventional bacteriological techniques[38], however using molecular techniques
has greatly improved the detection rate, though significant numbers of bacteria can still be left undetected[38,45].
Secondly, many strains found in IBD do not belong to
major phylogenetic groups represented in healthy individuals[38,46]. Furthermore, a distinction should be made
between mucosal flora and fecal flora. The composition
of these two domains is unique, which seems to be important in IBD[38,47].
Concentrations of mucosal bacteria are high in patients with bowel inflammation, especially those with CD,
whereas they are low in healthy controls. Bacterial invasion of mucosa was evident in up to 83% of biopsies
from IBD patients, while no bacteria were detected in
tissue samples from controls[45,48]. Functional alterations
are most evident in adherent, invasive Escherichia coli that
colonize the ileum of Crohn’s disease patients[49]. Fluorescent in situ hybridization studies demonstrate dramatically
increased mucosa-associated bacteria in active Crohn’s
disease, and to a lesser extent in ulcerative colitis[48]. The
fecal microbiota differs from the mucosa-associated microbiota[6], with the latter probably being more relevant
for intestinal immunomodulation[48].
Reduced microbial diversity in inflammatory bowel
disease has been previously reported[50-52]. Ott et al[50]
demonstrated that mucosal inflammation in IBD was
associated with a loss of normal anaerobic bacteria; the
reduction in diversity in IBD was due to a significant loss
of Bacteroides, Eubacterium, and Lactobacillus species. The
reduction in mucosa-associated Bifidobacteria and increase
in E. coli and Clostridia in patients with IBD supports the
hypothesis that an imbalance between potentially beneficial and pathogenic bacteria may contribute to its pathogenesis[50,53-55]. Manichanh et al[52] used a metagenomic
approach to demonstrate the reduced complexity of the
bacterial phylum Firmicutes, in particular Clostridium leptum,
in CD patients compared to healthy controls. In general,
fewer Bacteroidetes and Firmicutes were found[56,57], including Faecalibacterium prausnitzii and bacterial species with a
large butyrate-generating and anti-inflammatory capacity[39,42,57,58], as well as a reduced diversity within this phylum[59]. The counts of other short chain fatty acid (SCFA)
producing bacteria such as Bifidobacteria are also reduced
and consequently concentrations of SCFA in the intes-
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tine decrease[60-62]. Other studies have shown, however,
that the number of mucosa-associated bacteria increased
with the increase of Enterobacteriaceae, including adherentinvasive E. coli[43,62-64].
A comprehensive study of 190 resected tissue samples by Frank et al showed decreased numbers of the
phyla Firmicutes and Bacteroidetes with concomitant increases in Proteobacteria and Actinobacteria[59]. In a study of adult
patients, Gophna et al compared the tissue-associated
intestinal microbiota in biopsy samples from patients
with CD and UC, as well as from healthy controls. Their
findings showed a significant increase of Proteobacteria
and Bacteroidetes in CD patients and a decrease in Clostridia
in this group. Comparison between the ulcerative colitis
and healthy control groups displayed no significant differences. Based on the finding that the microbiota was of
similar composition in samples from inflamed and noninflamed tissues within the same individual, they concluded that imbalance in microbiota in CD is probably
not sufficient to cause inflammation[64].
Nwosu et al[65] investigated correlation of age dependency and IBD. Their findings demonstrated an apparent
opposite age-related trend for Bacteroides and Escherichia
between UC and CD, suggesting an immunological effect
of Bacteroides on promoting CD at early age while later
having a protective role, suggesting that these differences
reflect underlying immunological disorders for CD and
UC.
Up to 95% of patients with active colitis may harbor
sulfate reducing bacteria (SRB)[55,66,67]. Fecal samples of patients with UC have been shown to have greater than normal levels of SRB and it has been suggested that SRB may
play an important role in UC pathogenesis. Theoretically,
the impairment of butyrate metabolism within colonocytes
may lead to increased villous atrophy, which is one of the
features of active inflammation of colonic mucosa[54].
Pediatric populations are useful for research into gut
microbiota in IBD, as most pediatric patients are treatment-naïve or newly diagnosed. Although most research
has been performed on adults, microbiota of pediatric
IBD has been increasingly investigated over the last few
years. The first larger pediatric microbiota investigation
in IBD patients by Conte et al[29] showed a higher number
of mucosa-associated facultative-anaerobic and aerobic
bacteria in the ileum, cecum, and rectum of children with
IBD than in controls, with the highest numbers found in
patients with indeterminate colitis and Crohn’s disease.
They also found a good deal of individual variability in
the concentrations of mucosa-associated bacteria within
the different groups of patients examined, although the
highest heterogeneity of species was found in the ileal
mucosa of patients with Crohn’s disease.
Microbial dysbiosis was also demonstrated using fecal samples in 19 children with newly diagnosed Crohn’
s disease. This study showed significantly lower concentrations of Firmicutes, mainly due to changes in detection
within the Clostridia class, and higher concentrations of
Proteobacteria and Bacteroidetes, whereas the concentration
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of Actinobacteria was similar in CD patients and controls.
Furthermore, Kaakoush et al[68] concluded that the ratio
of Bacteroidetes to Firmicutes increased with the PCDAI activity index of the patients.
Lionetti et al[69] suggested that a possible mechanism
of action of enteral nutrition in inducing disease remission in pediatric patients with Crohn’s disease is the
modification capacity of the gut microbiota. This was
supported by the findings that in 8 out of 9 pediatric
Crohn’s patients, enteral nutrition alone induced disease
remission. In all children with CD, analysis of gel band
distribution revealed profound modification of the fecal microflora after exclusive enteral nutrition therapy,
whereas in healthy controls no modification of microflora was detected and a bacterial profile analysis remained
stable during the 3-mo observation period.
Horizontal distribution of the fecal microbiota in
adolescents with IBD was investigated by Gosiewski et
al[70], who demonstrated that distribution of the microbiota in the colon is layered. Their results demonstrated
that the quantitative composition of the bacterial microbiota changed in the consecutive fecal fractions and tissue samples of patients with CD and UC, whereas in the
control group there were no differences in microbiota
composition in consecutive fecal and tissue samples. The
largest differences in the total proportion of bacteria
were visible in the Bifidobacterium genus, whose number
declined with consecutive fractions, whereas in controls it
remained high in all fractions. Also, in patients with CD,
the percentage of bacteria from the Streptococcus genus
and Enterobacteriaceae in subsequent fractions increased in
comparison to the control group, and in patients with UC
similar findings were described for Lactobacilli. Investigation of the Bacteroides spp. showed that their percentage
dropped in the consecutive fecal fractions in CD, similarly to the control group, whereas in patients with UC it
increased. Only in the UC group was the bacterial flora
attached to the mucous layer found to exert degrading
action on the protective mucin[70]. Mucus layer thickness
in adolescents with IBD was studied in a group by Fyderek et al[71]. They demonstrated that the mucus layer in
the inflamed sites was significantly thinner as compared
to controls and to non-inflamed sites in IBD patients.
Furthermore, they reported that Streptococcus spp. were
predominant in the inflamed mucosa in CD patients, and
Lactobacilli spp. were predominant in UC patients.
In a study of 15 treatment-naïve pediatric patients
with CD and 26 healthy controls, Kellermayer et al[72]
investigated mucosal microbiota with high-throughput
methodologies. Using distance-based redundancy analysis, they showed that there was significant separation
between the CD-associated colonic mucosal microbiota
and the microbiota of controls. They also showed that
patients with granulomatous CD had a higher number of
genera and species, significantly differentiating the colonic mucosal microbiota from controls and patients without
granulomas. The most prominent genera distinguishing
granulomatous CD from non-granulomatous were Rumi-
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nococcus, Roseburia, Eggerthella (all three decreased), and Porphyromonas (increased). There was a trend for the genera
Faecalibacterium to be decreased in the transverse colonic
mucosa of granulomatous patients with CD compared
with non-granulomatous disease[72].
A Scottish group by Hansen et al has been intensively
investigating pediatric gut microbiota in IBD patients
over the last few years. They have reported differences in
colonic mucosal bacteria between pediatric UC patients
and controls. Contrary to findings from previous studies,
they reported a reduction in Bacteroidetes and an increase
in Firmicutes[73]. They also described a reduction in bacterial diversity and an increased concentration of Faecalibacterium prausnitzii in de-novo pediatric CD patients, a
finding contradicting the current protective role model
of F. prausnitzii in CD[74]. In the latest study by this group,
microaerophilic microbiota of pediatric IBD onset has
been researched. Campylobacter appears to be commonly
isolated from pediatric colonic biopsies, but does not
seem to be strongly associated with IBD. As a common
commensal in pediatric gut microbiota, Sutterella wadsworthensis has also been reported[75]
Despite many discoveries in the last two decades,
it remains unknown whether the intestinal microbiota
triggers and maintains the chronicity of inflammatory
response in IBD, or is altered as a secondary response to
intestinal inflammation[76].

PROBIOTICS AND PREBIOTICS
Probiotics are specific live microorganisms which, when
ingested in sufficient amounts, can promote health in
the host[77]. In order to qualify as probiotic, microorganisms must fulfill a number of criteria[78]. They should be
strictly specified at the genus, species, and strain levels,
and specific strains should be registered and disposed in
an international culture collection. Thus, generalizations
concerning the efficacy of a whole species or even genus
might be misleading. Probiotics should be extremely safe;
their safety is supported by the fact that many strains
are of human origin and have a long history of safe use.
Many probiotics and their applications have been granted
GRAS (generally regarded as safe) status. Although this
classification should not be generalized, it does not warrant permanent surveillance for potential risks, such as
invasiveness and potential for transfer of antibiotic resistance to other microorganisms[79,80]. Because the effects
of probiotic microorganisms are generally dependent on
their viability, their stability during processing and storage, as well as their ability to survive intestinal transit
through the stomach and proximal small bowel to finally
adhere to mucosa and colonize the intestine, should be
demonstrated[78]. The final, but perhaps one of the most
important, criteria for specific microorganism to be qualified as probiotic is a scientifically proven effect on the
promotion of health or prevention and treatment of a
specific disease[78].
Prebiotics are non-digestible food ingredients that
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selectively stimulate favorable bacterial growth and/or
promote activity of a limited number of health-promoting bacteria, hence benefiting the host[81,82]. However,
prebiotics can also be applied to enhance the survival and
action of ingested probiotic bacteria. When probiotics
and prebiotics are combined in one product to achieve
synergistic effects they are usually called synbiotics. The
vast majority of prebiotic substances are carbohydrates
that are indigestible for human digestive enzymes but
can be fermented by beneficial bacterial genera in the colon and serve as a substrate for their metabolism. Some
of them can be found in natural foods, such as human
milk oligosaccharides in mother’s milk, while others are
added to food. Good examples of prebiotics are fructooligosaccharides (FOS), inulin, galacto-oligosaccharides
(GOS), soybean oligosaccharides, and complex polysaccharides that constitute dietary fiber[81].
Probiotics or prebiotics may achieve their therapeutic
effect in IBD through many different mechanisms. They
influence the composition of intestinal microbiota and
alter the metabolic properties of the microbiome[76]. By
increasing the production of short-chain fatty acids, they
may lower the pH of the colonic environment and thus
inhibit the growth of potentially pathogenic microorganisms. Butyrate plays a trophic role as a nutrient for colonocytes and enhances repair of injured gut epithelium in
IBD. Moreover, evidence shows that butyrate acts directly
as an anti-inflammatory agent by inactivating the intracellular transcriptional factor NFκB pathway, consequently
attenuating synthesis of inflammatory cytokines[8]. A large
number of probiotic strains are able to produce antibacterial substances, such as hydrogen peroxide, hydrogen
sulfide, lactic acid, and specific bacteriocins[83], as well as
displace deleterious microbes from the luminal-mucosal
interface by competing for binding sites on the epithelial
cell surface or mucus layer[84,85].
Probiotics communicate with epithelial cells and different sets of cells implicated in both innate and acquired
immune response via pattern-recognition receptors[3].
They can enhance gut barrier function and reduce intestinal permeability for intestinal microorganisms and other
antigens[86]. For example, several strains of Lactobacilli can
up-regulate MUC3 gene expression, resulting in increased
mucus production by intestinal goblet cells[87,88]. Several
probiotic strains can induce the production and secretion
of different anti-microbial peptides by epithelial cells,
such as defensins, lysozyme, lactoferrin, or phospholipase, and directly decrease permeability of the epithelial
layer by enhancing tight junctions and reducing epithelial
cell apoptosis[85,89,90].
Each probiotic strain may have distinct immunoregulatory properties, thus probiotics can indirectly or directly
modulate intestinal immune response. In very simplified
terms, probiotics can be classified into two groups with
regards to their influence on the immune system: one
exhibiting immunostimulating activities and the other
anti-inflammatory properties[91]. Numerous studies have
revealed the mechanisms by which probiotics down-reg-
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ulate the inflammatory immune response, including those
with proven clinical efficacy in the therapy of IBD. Some
probiotic strains may induce maturation of intestinal
dendritic cells, an important part of antigen presenting
and immune regulation, and extend their survival[92]. Several probiotics act through strengthening the regulatory
T cell (Treg) response. Tregs are antigen-specific T cells
which prevent autoimmunity and preserve tolerance towards harmless antigens, including intestinal commensal
microbiota[84]. They can control excessive NFκB pathway
activation, decrease production of pro-inflammatory
cytokines (e.g., TNFa, INFγ, and IL-8), and induce the
production and secretion of anti-inflammatory cytokines
such as IL-10 and TGFβ[3,91,93,94].
It is possible that there are further mechanisms of
probiotic action that have not yet been demonstrated. Regarding the fact that pathogenesis of each type of IBD
differs and that mechanisms of action of probiotics are
strain-specific and very different, we might expect that
different probiotics would be effective for each type and
phase of the disease.
Over the last two decades, several interventional clinical studies comparing the efficacy of probiotic therapy
against placebo or standard therapy with drugs have
been published. The use of different study designs (e.g.,
concomitant use of other forms of therapy) and various probiotic strains and doses, with only a few studies
resembling one another in such a manner to be able to
uniformly compare the results, makes it very difficult to
derive any firm conclusions.

TREATMENT OF ACTIVE ULCERATIVE
COLITIS
Clinical studies on the efficacy of probiotics for the induction of remission in ulcerative colitis gave encouraging, albeit conflicting, results. Bennet and Brinkman first
reported a successful induction of long-lasting remission
by a single enema of the fecal microbiota of a healthy
donor in a patient with active UC[95]. Borody et al[96] published six cases of patients with UC resistant to medical
therapy with steroids and immunomodulators who underwent transplantation of fecal microbiota from healthy
donors by repeated enemas after 7-10 d of pre-therapy
with vancomycin, metronidazole, rifampicin, and bowel
lavage with polyethylene glycol. Complete reversal of UC
was achieved in all patients, and they were all able to stop
anti-inflammatory therapy after 6 wk. After 1 to 13 years
of follow-up, all patients remained in complete clinical,
endoscopic, and histologic remission without any adjunctive therapy.
Several studies investigated the efficacy of multispecies probiotic VSL#3 containing four strains of Lactobacilli (L. casei, L. plantarum, L. acidophilus, and L. delbrueckii
subsp. bulgaricus), three strains of Bifidobacteria (B. longum,
B. breve, and B. infantis) and one strain of Streptococcus (S.
salivarius subsp. thermophilus). Tursi et al[97] compared the
efficacy and safety of low-dose balsalazide (2.25 g/d)
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plus 3 g/d VSL#3 (group A, n = 30), with medium-dose
balsalazide alone (group B, n = 30), and with mesalazine
(group C, n = 30) in the 8-wk treatment of mild to moderate active ulcerative colitis. Efficacy was assessed by assessment of symptoms, endoscopic appearance, and histological evaluation. Balsalazide/VSL#3 was significantly
superior to balsalazide alone and to mesalazine in obtaining remission (85.71% vs 80.77% vs 72.73%, respectively;
P < 0.02). The balsalazide/VSL#3 combination was
faster in obtaining remission than balsalazide alone or
mesalazine (4, 7.5, and 13 d, respectively), and was also
better in improving all parameters evaluated. Moreover,
balsalazide with or without VSL#3 was better tolerated
than mesalazine. The authors concluded that balsalazide/
VSL#3 might be a very good choice in the treatment of
active mild-to-moderate active ulcerative colitis. Bibiloni
et al[98] studied the efficacy and safety of VSL#3 for induction of remission in an open-label study in 34 ambulatory patients with mild to moderate active UC. Among
32 patients who completed 6-wk treatment with VSL#3
3.6 × 109 CFU/d, remission (defined as UCDAI < or = 2)
was achieved in 53% and response (decrease in UCDAI
> or = 3, but final score > or =3) in 24%. In 9% of patients there was no response, in another 9% worsening of
the condition was observed, and in 5% there was no final
endoscopic assessment. The investigators reported no
biochemical or clinical adverse events related to VSL#3.
In addition, they confirmed the presence of VSL#3 species by DNA sequencing of 16S rRNA in biopsies collected from patients in remission. A small open-label pilot study on 18 pediatric patients between the ages of 3-17
years with mild to moderate acute UC using VSL#3 for 8
wk was performed by Huynh et al[99]. The simple clinical
colitis activity index (SCCAI) was used to assess disease
activity. Remission (defined as SCCAI ≤ 3) was achieved
in 56% and response (decrease in SCCAI ≥ 2, but final
score ≤ 5) in 6%, with no change or worsening reported
in 39% of patients. Five patients were withdrawn due to
lack of improvement and only 13 patients completed 8
wk of VSL#3 treatment. VSL#3 was well tolerated, and
no biochemical or clinical adverse effects attributed to
VSL#3 were identified.
Tursi et al[100] compared the efficacy of VSL#3 in a
dosage of 3.6 × 109 CFU (n = 65) with placebo (n = 66)
in achieving remission in UC patients on concomitant
therapy with aminosalicylates and/or immunosuppressants. After 8 wk of treatment, the decrease in UCDAI
of 50% or more was significantly higher in the VSL#3
group (63.1%) than in the placebo group (40.8%) (P =
0.010). A decrease of three points or more in the UCDAI score was achieved in 60.5% in the VSL#3 group vs
41.4% in the placebo group (P = 0.017). They also found
a significant difference in rectal bleeding (P = 0.014) but
not in stool frequency, physician’s rate of disease activity, or endoscopic score. Remission was slightly higher in
the VSL#3 group than in the placebo group (47.7% vs
32.4%; P = 0.069).
In a randomized, multicenter, double-blind, controlled
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trial, Sood et al[101] compared the efficacy of VSL#3 applied twice daily in a dosage of 3.6 × 109 CFU (n = 77)
to placebo (n = 70) for induction of remission of mild to
moderate UC. The primary endpoint was a 50% decrease
in the ulcerative colitis disease activity index (UCDAI) at
6 wk. The secondary endpoints included remission by 12
wk and reduction in total individual UCDAI parameters
from baseline at 12 wk. At week 6, the percentage of
patients with an improvement in UCDAI score that was
greater than 50% was significantly higher in the group
given VSL#3 (32.5%) than the group given placebo
(10%) (P = 0.001). At week 12, 42.9% patients given
VSL#3 achieved remission, compared with only 15.7%
patients given placebo (P < 0.001). Furthermore, significantly more patients given VSL#3 (51.9%) achieved a
decrease in their UCDAI that was greater than 3 points,
compared with those given placebo (18.6%) (P < 0.001).
The VSL#3 group had significantly greater decreases in
UCDAI scores and individual symptoms at weeks 6 and
12 compared with the placebo group.
Miele et al[102] performed a 1-year prospective, placebo-controlled, double-blind pediatric study to assess the
efficacy of VSL#3 on the induction and maintenance
of remission in children with active UC. A total of 29
consecutive patients (mean age: 9.8 years; range: 1.7-16.1
years) with newly diagnosed UC were randomized to
receive either a weight-based dose of VSL#3 (n = 14) or
placebo (n = 15) in conjunction with concomitant steroid
induction and mesalamine maintenance treatment. The
Lichtiger colitis activity index and a physician’s global
assessment were used to measure disease activity. At
baseline (within 6 mo, 12 mo, or at the time of relapse),
all patients were assessed endoscopically and histologically. All 29 patients responded to the induction therapy.
Remission was achieved in 92.8% children treated with
VSL#3 and standard therapy compared to only 36.4%
treated with placebo and standard therapy (P < 0.001).
Moreover, only 21.4% patients treated with VSL#3 relapsed within 1 year of follow-up compared to 73.3%
patients from the placebo group (P = 0.014). At 6 mo,
12 mo, or at time of relapse, endoscopic and histological scores were significantly lower in the VSL#3 group
than in the placebo group (P < 0.05). There were no
biochemical or clinical adverse events related to VSL#3.
This study demonstrated the efficacy of VSL#3 both in
the induction and maintenance of remission in pediatric
UC patients.
In a small open-label study by Tsuda et al[103], the effectiveness of another multispecies probiotic preparation
BIO-THREE (containing Streptococcus faecalis, Clostridium
butyricum, and Bacillus mesentericus) was tested for treatment
of mild to moderate distal UC refractory to conventional
therapies. Twenty patients were treated for 4 wk. Clinical
symptoms and endoscopic findings were evaluated, and
UCDAI scores calculated before and after treatment. In
addition, fecal microbiota was analyzed by the terminal
restriction fragment length polymorphism (T-RFLP)
method. Remission (UCDAI score ≤ 2) was observed
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in 45% and response (decrease in UCDAI ≥ 3, but final score ≥ 3) in 10%, however in 40% there was no
response and in 5% they found worsening (UCDAI > 3)
of the disease. T-RFLP analysis indicated an increase in
Bifidobacteria.
In a single-center, randomized, double-dummy study,
Rembacken et al[104] examined whether the addition of a
non-pathogenic strain of E. coli Nissle 1917 to standard
medical therapy increased the chance of remission of
active ulcerative colitis and whether this probiotic strain
was as effective as mesalazine in preventing relapse. Of
a total of 116 patients, 59 were randomized to the mesalazine group and 57 to the E. coli group. All patients
received concomitant standard medical therapy with
tapering steroids together with a 1-wk course of oral
gentamicin. After remission, patients were maintained on
either mesalazine or E. coli, and followed-up for 1 year.
The investigators found no significant differences between the mesalazine and E. coli groups in percentage of
patients that achieved remission, mean time to remission,
percentage of patients who relapsed, and mean duration
of remission. Although the addition of E. coli to standard
therapy did not increase the induction rate of remission,
the results suggested that treatment with this probiotic
might have an equivalent effect to mesalazine in maintaining remission of ulcerative colitis.
Kato et al [105] conducted a randomized placebocontrolled trial using Bifidobacteria-fermented milk (BFM)
(containing Bifidobacterium breve strain Yakult, B. bifidum,
and Lactobacillus acidophilus) supplementation as a dietary
adjunct in treating active ulcerative colitis. Twenty patients with mild to moderate active UC randomly received
100 mL/d of BFM or placebo for 12 wk with conventional treatment. The clinical activity index was significantly lower in the BFM than in the placebo group, and
the endoscopic activity index and histological score were
significantly reduced in the BFM, but not the placebo
group, after treatment. They also observed an increase
in fecal butyrate, propionate, and short-chain fatty acid
concentrations in the BFM, but not the placebo group.
Therefore, the authors concluded that supplementation
with this Bifidobacteria-fermented milk product is safer and
more effective than conventional treatment of active UC
alone.
Ishikawa et al[106] compared a group of patients with
BFM supplementation 100 mL/d (n = 11) and a control
group (n = 10), both receiving standard medical treatment of ulcerative colitis. Colonoscopies, general blood
markers, and examinations of intestinal flora, including
the analysis of fecal organic acids, were performed at the
initiation of the study and after one year. Exacerbation
of symptoms was observed in 3 out of 11 subjects in
the BFM group and in 9 out of 10 in the control group.
Statistical analysis of the cumulative exacerbation rates
showed a significant reduction in exacerbations for the
BFM group (P = 0.0184). A significant reduction in the
relative proportion of B. vulgatus in Bacteroidaceae and butyrate concentration was observed after supplementation
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with BFM in comparison with before.
Recently, Oliva et al[107] published a prospective, randomized, placebo-controlled study comparing the effectiveness of Lactobacillus reuteri ATCC 55730 enema and
placebo in children with active distal UC. A total of 40
patients (median age 7.2 years; range 6-18 years) were enrolled. They received an enema solution containing 1010
CFU of L. reuteri or placebo for 8 wk, in addition to oral
mesalazine. Clinical, endoscopic, and histological scores,
as well as rectal mucosal expression levels of pro- and
anti-inflammatory cytokines, were evaluated at the beginning and at the end of the trial. Mayo score (including
clinical and endoscopic features) as well as histological
score decreased significantly in the L. reuteri group (P <
0.01), but not in the placebo group. Moreover, the evaluation of cytokine mucosal expression levels revealed that
IL-10 significantly increased (P < 0.01), whereas IL-1β,
TNFα, and IL-8 significantly decreased (P < 0.01) only
in the L. reuteri group.
In a small non-controlled pilot study, Guslandi et al[108]
treated 25 patients with mild to moderate clinical flareup of ulcerative colitis with Saccharomyces boulardii 250 mg
three times a day for 4 wk during maintenance treatment
with mesalazine. Of the 24 patients who completed the
study, 17 attained clinical and endoscopic remission.
Furrie et al[109] explored the efficacy of a synbiotic
combining a probiotic strain of Bifidobacterium longum and
a prebiotic (Synergy 1), a preferential inulin-oligofructose
growth substrate for this probiotic strain. Treatment was
used in a double-blinded randomized controlled trial in
18 patients with active UC for a period of one month.
Although the subsequent sigmoidoscopy score decrease
in the synbiotic group was not statistically significant
compared with placebo (P = 0.06), they found that biopsies in the test group had reduced inflammation, and
increased regeneration of epithelial tissue and mRNA
levels for beta defensins 2, 3 and 4 (which are strongly
up-regulated in active UC), tumor necrosis factor alpha
and interleukin-1 alpha were also significantly reduced in
the test group after treatment (P = 0.016, 0.038, 0.008,
0.018 and 0.023, respectively).
In another study by Ishikawa et al[110], the investigators examined the effects of a live Bifidobacterium breve
strain Yakult and GOS as synbiotic in active UC. Fortyone patients with mild to moderate UC were assigned
to two groups; one was treated with the synbiotic (1 g
of the probiotic powder (109 CFU/g) three times a day
and 5.5 g of GOS once a day) and the other was not
(control group). After one-year treatment with the synbiotic, the clinical status of the UC patients as assessed by
colonoscopy significantly improved, and the amount of
myeloperoxidase in the lavage, a marker of inflammation,
decreased. The synbiotic also significantly reduced the fecal counts of Bacteroidaceae and fecal pH.
Several reviews and meta-analyses have been performed over recent years concerning the induction of
remission in ulcerative colitis by probiotics. In a Cochrane Collaboration review from 2007, the authors as-
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sessed the efficacy of probiotics compared to placebo
or standard medical treatment with 5-aminosalicylates,
sulfasalazine, or corticosteroids[111]. Only 4 randomized
controlled trials met the criteria, and a formal metaanalysis could not be performed because of heterogeneity in methodology, probiotic strains, and outcomes. The
authors concluded that combining conventional therapy
with probiotics did not improve overall remission rates in
patients with mild to moderate UC. However, they found
limited evidence that the addition of probiotics might
provide modest benefits in terms of disease activity. The
negativistic opinion shared in this early review can be at
least partially attributed to the low number of high quality studies published at the time. In a meta-analysis later
performed by Sang et al[112] and published in 2010, both
the induction of remission and maintenance were compared between probiotic and non-probiotic treatment in
ulcerative colitis. Thirteen randomized controlled studies
met the selection criteria. Seven studies evaluated the remission rate, 8 the recurrence rate, and 2 both remission
and recurrence rates. The remission rate for probiotics
compared with non-probiotics therapy was 1.35 (95%CI:
0.98-1.85), while when compared with the placebo it was
2.00 (95%CI: 1.35-2.96). Although these differences were
not statistically significant, the authors concluded that
these results were probably subject to heterogeneous bias.
Regarding maintenance of remission, the recurrence rate
of ulcerative colitis in patients who received probiotics
was 0.69 (95%CI: 2.47-1.01) and 0.25 (95%CI: 0.12-0.51)
in patients with mild to moderate UC compared with
the non-probiotic group. The group who received Bifidobacterium bifidum treatment had a recurrence rate of 0.25
(95%CI: 0.12-0.50) compared with the non-probiotics
group. The authors concluded that probiotic treatment
was more effective than placebo in maintaining remission
in ulcerative colitis.
In contrast with these reviews, a meta-analysis performed by Zigra et al[113] showed a significant benefit of
probiotic use for UC remission induction with pooled
relative risk 2.27 (95%CI: 1.00-5.14, P = 0.049).
In a more recent review by Jonkers et al [56], only
subgroup-specific meta-analyses per probiotic were
performed. The only probiotic with several published
randomized controlled studies for induction of remission
in adult patients with UC was VSL#3. The calculated
pooled RR for VSL#3 was 1.69 (95%CI: 1.17-2.43), indicating a significant benefit of VSL#3 over control in
inducing remission in active UC.
Interestingly, in the 2011 recommendations for probiotic use from the 3rd Yale Workshop, both VSL#3 and
Escherichia coli Nissle 1017 were rated B, meaning that recommendation of their use for induction of remission in
UC is based on positive controlled studies, but with the
presence of some negative studies that did not support
the primary outcome[114].
In conclusion, the results of several clinical studies
suggest that the addition of specific probiotics to conventional therapy in active UC may be beneficial. The
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strongest evidence exists for multispecies preparation
VSL#3, with several studies both in adults and children
supporting its efficacy.

MAINTENANCE OF REMISSION IN
ULCERATIVE COLITIS
There have been several published studies in which efficacy of the probiotic strain of Escherichia coli Nissle 1917
was compared to either placebo or standard therapy for
maintenance therapy in UC. In a double-blind, doubledummy study by Kruis et al[115], 120 patients with inactive
ulcerative colitis were randomized to mesalazine 500
mg three times daily or to an oral preparation of E. coli
Nissle treatment for 12 wk to compare their efficacy in
preventing a relapse of the disease. Study objectives were
to assess the equivalence of the two therapeutic modalities by comparing the clinical activity index (CAI), relapse
rates, relapse-free times, and global assessment. The start
and end CAI scores demonstrated no significant difference (P = 0.12) between the two treatment groups.
Relapse rates were 11.3% under mesalazine and 16.0%
under E. coli (N.S.), and the relapse-free time was similar
for mesalazine and E. coli (103 +/- 4 d and 106 +/- 5
d, respectively). Global assessment was also similar for
both groups. Tolerability of the treatment was excellent
in both groups. Conclusions of this study were that probiotic treatment with E. coli Nissle 1917 offered another
option for maintenance therapy of ulcerative colitis.
Subsequently, the same group performed another, albeit
larger, double-blind, double dummy trial to confirm the
equivalent efficacy of Escherichia coli Nissle 1917 and
mesalazine in the maintenance of remission in UC[116].
Patients received either the probiotic drug 200 mg once
daily (n = 162) or mesalazine 500 mg three times daily
(n = 165) for 12 mo, and were assessed by clinical and
endoscopic activity indices (Rachmilewitz) as well as by
histology. The per-protocol analysis revealed relapses in
40/110 (36.4%) patients in the E. coli group and 38/112
(33.9%) in the mesalazine group (significant equivalence
P = 0.003). Subgroup analyses showed no differences
between the treatment groups in terms of duration and
localization of disease or pretrial treatment. Safety profile
and tolerability were very good for both groups. By the
end of this second study the authors concluded that E.
coli Nissle 1917 showed the same equivalent efficacy and
safety as mesalazine in maintaining remission in patients
with ulcerative colitis.
In another trial by Rembacken et al[104], both the capacity of induction and maintenance of remission by E.
coli Nissle 1917 were evaluated. In this single-center, randomized, double-dummy study, patients were maintained
on either mesalazine (n = 59) or E. coli (n =57) and
followed up for a maximum of 12 mo. A comparable
percentage of patients relapsed in the mesalazine (73%)
and E. coli groups (67%), and the mean duration of remission was practically similar in both (206 and 221 d,
respectively). Again, the authors came to the conclusion
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that treatment with non-pathogenic E. coli was as equivalently efficient as mesalazine in maintaining remission of
ulcerative colitis.
Zocco et al[117] studied the efficacy of a probiotic
strain of Lactobacillus rhamnosus GG for maintenance therapy in UC. They randomized patients into three groups:
Lactobacillus GG 18 × 109 CFU/d (n = 65), mesalazine
2400 mg/d (n = 60), or a combination of Lactobacillus
GG and mesalazine (n = 62). Overall analysis of UCDAI
scores and endoscopy and histology results showed no
difference in relapse rate at 6 and 12 mo among the three
groups. However, treatment with Lactobacillus GG alone
or in combination seemed to be more effective than standard treatment with mesalazine in prolonging relapse-free
time (P < 0.05).
A non-controlled trial using multispecies preparation
VSL#3 in 20 UC patients in remission, intolerant, or allergic to 5-aminosalicylates for 12 mo was performed by
Venturi et al[118]. They reported that 15 out of 20 patients
remained in remission during the study, 4 relapsed, and
one was lost to follow-up. They suggested that VSL#3
might be useful in maintaining remission in UC patients
intolerant to standard therapy.
In the previously mentioned pediatric study by Miele
et al[102], the investigators observed that only 21.4% of patients treated with VSL#3 (compared to 73.3% patients
from the placebo group) relapsed within 1 year of followup (P = 0.014). They also found significantly lower endoscopic and histological scores in the VSL#3 group than
in the placebo group (P < 0.05). The results of this study
confirmed the efficacy of VSL#3 in the maintenance of
remission in pediatric UC patients.
Cui et al[119] randomized 30 patients with UC in remission achieved by treatment with sulfasalazine and
glucocorticoids into two groups: one that received bifid
triple viable capsule (BIFICO) (1.26 g/d) for 8 wk and
the other an identical placebo group. The patients were
evaluated clinically, endoscopically, and histologically
after 2 mo of treatment or in the event of UC relapse.
Only three patients (20%) in the BIFICO group relapsed
during the 2-mo follow-up period compared with 14
(93.3%) the in placebo group (P < 0.01). Moreover, the
microbiological and immunological analyses revealed that
the concentration of fecal Lactobacilli and Bifidobacteria
was significantly increased only in the BIFICO-treated
group (P < 0.01). The expression of pro-inflammatory
NFκB p65 and DNA binding activity of NFκB were significantly attenuated, and the mRNA expression of antiinflammatory cytokines was elevated in the treatment
group in comparison with the control group (P < 0.05).
The authors concluded that oral administration of probiotic preparation BIFICO was effective in preventing
flare-ups of chronic UC.
Shanahan et al[120] performed a double-blind, placebocontrolled study on 157 patients to compare the efficacy
of Lactobacillus salivarius subspecies salivarius UCC118,
Bifidobacterium infantis 35624 (1 × 109 CFU/d), or placebo
for maintenance UC therapy. They found no difference
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in relapse time between probiotics and placebo.
Wildt et al[121] performed a small double-blind placebocontrolled study using probiotic preparation Probio-TecAB-25 (containing the two probiotic strains Lactobacillus
acidophilus La-5 and Bifidobacterium animalis subspecies lactis
BB-12) or placebo in patients with left-sided UC in remission for 52 wk. 25% of patients on probiotics and 8%
of those on placebo maintained remission after 1 year of
treatment (P = 0.37). The median time to relapse was 125
d in the probiotic group and 104 d in the placebo group (P
= 0.683). The authors concluded that no significant clinical benefit of Probio-Tec-AB-25 in comparison with placebo for maintaining remission in UC was demonstrated.
In the recent Cochrane Collaboration review of probiotic efficacy and safety for the maintenance of remission in UC by Naidoo et al[122], only 4 studies met the inclusion criteria. Three of those trials compared probiotics
to mesalazine, and one to placebo. The pooled analysis
was performed and revealed no statistically significant
differences in the efficacy of probiotics over mesalazine.
Relapse was reported in 40.1% of patients treated with
probiotics and in 34.1% of those on mesalazine therapy.
No statistical difference in the incidence of adverse
events between the two groups was demonstrated. In
only one placebo-controlled study was the relapse rate
between probiotic and placebo groups considered nonsignificant. The authors concluded that, given the relatively small number of patients included in the clinical
studies, the evidence was insufficient to make conclusions
about the efficacy of probiotics for the maintenance of
remission in UC.
A subgroup probiotic-specific meta-analysis by
Jonkers et al[56] revealed that pooled relative risk for E.
coli Nissle compared to mesalazine was 1.08 (95% CI
0.86-1.37), indicating that this strain of E. coli was not inferior to mesalazine in preventing relapses.
The American Recommendations for probiotic use
from 2011 state very strong “A” recommendations for the
use of the two specific probiotics Escherichia coli Nissle
1917 and multispecies mixture VSL#3 for the maintenance of remission in UC[114].
In conclusion, specific probiotics such as Escherichia
coli Nissle 1917 and multispecies mixture VSL#3 are
probably as efficient as standard maintenance therapy
with mesalazine, and can therefore be used instead of
mesalazine in patients intolerant or allergic to 5-aminosalicylates, or as adjunctive therapy to standard therapy, to
potentially increase the duration of remission.

TREATMENT AND PREVENTION OF
POUCHITIS
In some patients with UC in whom the disease does not
respond to medical therapy or who develop dysplasia or
cancer, proctocolectomy with the construction of ileal
pouch-anal anastomosis (IPAA) is required. Inflammation of this ileal reservoir (pouch), referred to as pouchitis, develops in between 15% and 50% of such patients.
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Although the exact etiology of pouchitis is not clear, host
genetic factors, fecal stasis, mucosal ischemia, and bacterial dysbiosis in the pouch seem to be involved[56,87]. Most
patients develop pouchitis in the first year after the procedure. Antibiotic therapy is generally successful; however, discontinuation of antibiotics is often followed by
recurrence of the disease. Treatment and prevention of
pouchitis with probiotics has thus been studied extensively, and only a few studies addressing the use of probiotics
for the treatment of active pouchitis were published.
Kuisma et al[123] performed a double-blind placebocontrolled trial to investigate the efficacy of Lactobacillus
rhamnosus GG supplementation as primary therapy for ileal pouch inflammation. Twenty patients with a previous
history of pouchitis and endoscopic evidence of inflammation were randomized to Lactobacillus GG 0.5-1 × 1010
CFU twice daily or placebo for 3 mo. Clinical efficacy
was assessed by a change in the pouchitis disease activity
index (PDAI). In addition, quantitative bacterial cultures
of fecal samples and biopsies taken from the pouch were
performed before and after probiotic supplementation.
No differences were observed between the groups with
regard to the mean pouchitis disease activity index. Lactobacillus GG supplementation changed the pouch intestinal
microbiota by increasing the ratio of total fecal Lactobacilli
to total fecal anaerobes (P = 0.03) and enhancing the frequency of Lactobacilli-positive cultures in the pouch. The
authors concluded that although probiotic supplementation with Lactobacillus GG changed pouch microbiota,
it was clinically ineffective as primary therapy for active
pouchitis.
In an open-label study, Laake et al[124] treated 51 UC
patients with IPAA, 6 UC patients with ileorectal anastomosis without pouch, and 10 patients with IPPA because
of familial adenomatous polyposis with a fermented milk
product culture, containing probiotic strains Lactobacillus acidophilus La-5 and Bifidobacterium animalis subspecies
lactis BB-12, in a dosage of 5 × 1010 CFU/d for 4 wk.
Stool samples were cultured for examination of Lactobacilli, Bifidobacteriae, fungi, and pH before, during, and
after intervention. In addition, before, during, and after
intervention, symptom assessment and endoscopic evaluation was performed. Symptoms, such as involuntary
defecation, leakage, abdominal cramps, fecal number and
consistency, mucus, and urge to evacuate stools were significantly decreased during intervention in the UC/IPAA
group. The median endoscopic score of inflammation
also significantly decreased. The number of Lactobacilli
and Bifidobacteriae significantly increased during intervention and remained significantly increased one week after
intervention.
Gionchetti et al[125] evaluated the efficacy of high-dose
VSL#3 in the treatment of mild active pouchitis in an
open-label non-controlled study. Twenty-three patients
with mild pouchitis were treated with VSL#3 (3.6 × 109
CFU/d) for four weeks. Symptomatic, endoscopic, and
histologic evaluations were undertaken before and after
treatment according to PDAI. Remission was defined as
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a combination of a PDAI clinical score of ≤ 2, an endoscopic score of ≤ 1, and a total PDAI score of ≤ 4.
Patients in remission after initial treatment were treated
with a maintenance dose of VSL#3 (1.8 109 CFU /d) for
an additional six months. Sixteen out of 23 patients (69%)
were in remission after treatment. The median total PDAI
scores before and after therapy were 10 (range, 9-12)
and 4 (range, 2-11), respectively (P < 0.01). The median
Inflammatory Bowel Disease Questionnaire score also
significantly improved (P < 0.001). All 16 patients who
went into remission maintained remission during maintenance treatment. The authors conclude that high doses
of the probiotic VSL#3 were effective in the treatment
of mild pouchitis. As pouchitis is a recurrent state, many
studies evaluated the potential of probiotics in preventing exacerbations. The most profoundly studied probiotic
for this indication was multispecies preparation VSL#3.
In a randomized, double-blind, placebo-controlled trial,
the same group evaluated the efficacy of VSL#3 in the
remission maintenance of chronic pouchitis compared
with placebo[126]. Forty patients in clinical and endoscopic
remission achieved by antibiotic therapy were randomized to receive either VSL#3 3 × 1012 CFU/d or placebo
for 9 mo. Patients were assessed clinically every month,
and endoscopically and histologically every 2 mo or in the
event of relapse. In addition, bacterial stool cultures from
fecal samples were performed before and after antibiotic
treatment and each month during maintenance treatment.
Only 3 patients (15%) in the VSL#3 group had relapses
within the 9-mo follow-up period, in comparison with 20
(100%) in the placebo group (P < 0.001). In the VSL#3treated group (but not in the control group), fecal concentrations of Lactobacilli, Bifidobacteria, and S. thermophilus
increased significantly from baseline levels during treatment (P < 0.01). Therefore, the authors concluded that
oral administration of VSL#3 is effective in preventing
flare-ups of chronic pouchitis.
In another double-blind, placebo-controlled study,
Gionchetti et al[127] evaluated the effectiveness of VSL#3
therapy in preventing the onset of pouchitis immediately
and during the first year after ileal pouch-anal anastomosis. For this purpose, 40 patients who underwent IPAA
for UC were randomized to receive either VSL#3 9 ×
1011 CFU/d (n = 20) or placebo (n = 20) immediately
after ileostomy closure for 1 year. The patients were assessed clinically, endoscopically, and histologically every
few months, and health-related quality of life was assessed using the Inflammatory Bowel Disease Questionnaire (IBDQ). Only 2 (10%) patients from the VSL#3
group, compared to 8 (40%) from the placebo group, had
an episode of acute pouchitis (log-rank test, Z = 2.273;
P < 0.05). As expected, treatment with VSL#3 (but not
placebo) produced a significant improvement in IBDQ
score.
In a study by Mimura et al[128], the researchers evaluated the effectiveness of a single daily high dose probiotic
preparation of VSL#3 in maintaining antibiotic-induced
remission. All patients included in this study had pouchi-
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tis at least twice in the previous year or required treatment
with continuous antibiotics. After remission was induced
within four weeks of combined metronidazole and ciprofloxacin therapy, the patients were randomized to receive
either VSL#3 (9 × 1011 CFU) (n = 20) or placebo (n =
16) once daily for one year or until relapse. Symptomatic,
endoscopic, and histological evaluations were made before and 2 and 12 mo after randomization or at the time
of relapse. Remission was maintained for one year in 17
patients (85%) on VSL#3, but in only one (6%) on placebo (P < 0.0001). The IBDQ score remained high in the
VSL#3 group but deteriorated in the placebo group (P =
0.0005). Therefore, the authors concluded that the once
daily high dose probiotic VSL#3 was effective in maintaining antibiotic introduced remission in patients with
recurrent or refractory pouchitis.
In an open-label trial by Pronio et al[129], 31 patients at
different periods after surgery without signs or symptoms
of pouchitis were randomized to VSL#3 9 × 1011 CFU/
d or no treatment for 12 mo. Pouchitis activity was evaluated by PDAI, with different immunologic parameters
being studied in peripheral-blood mononuclear cells and
mucosal biopsies to reveal the mechanisms of probiotic
action. During the study period, none of the patients
from the probiotic group and only one from the placebo
group developed active pouchitis. Because of the extremely low relapse-rate, even in the non-treated group, it
was impossible to derive any firm conclusions regarding
the efficacy of probiotic treatment from this study. However, a significant reduction in PDAI score was observed
in VSL#3 treated patients.
In contrast with these studies, Shen et al[130] reported
much more disappointing results. In an open-label uncontrolled trial, they gave VSL#3 9 × 1011 CFU/d for 8
mo to 31 patients after being treated for pouchitis with
ciprofloxacin for 2 wk. Baseline PDAI scores were calculated and patient symptoms were reassessed at week 3 of
VSL#3 therapy and at the end of the 8-mo trial. Some,
but not all, patients underwent repeat pouch endoscopy
at the end of the trial. At the 8-mo follow-up, only 6 patients were still on VSL#3 therapy while all others had
discontinued the therapy due to either recurrence of
symptoms (n = 23) or development of adverse effects (n
= 2). All six patients who completed the 8-mo course had
repeat clinical and endoscopic evaluation. Their mean
PDAI scores were not statistically different to those before probiotic intervention (P = 0.27). However, this trial
had several methodological drawbacks. The patients were
pre-treated with only one antibiotic and the success of
this therapy of acute pouchitis was not regularly evaluated by endoscopy. Therefore, it remains unclear whether
all patients were really in remission before the start of
maintenance therapy with VSL#3.
In an open-label study by Gosselink et al[131], 39 patients given a fermented milk product containing Lactobacillus rhamnosus GG in a dosage of 1-2 × 1010 CFU
immediately after IPAA operation were compared to 78
patients without any maintenance treatment. The first
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episodes of pouchitis were observed significantly less
frequently in the Lactobacillus GG group than in the untreated group (cumulative risk at 3 years: 7% vs 29%, P =
0.011). Therefore, the authors concluded that daily intake
of the fermented product containing Lactobacillus GG
provided significant clinical benefits without side effects,
and recommended its use for the primary prevention of
pouchitis.
In the Cochrane Collaboration review by Holubar
et al[132] published in 2010, different modalities for the
treatment and prevention of pouchitis after ileal pouchanal anastomosis for UC, including different antibiotics,
probiotics, glutamine, butyrate, and budesonide, were
meta-analyzed and reviewed. They concluded that Lactobacillus GG was not superior in effectiveness compared
to placebo for the treatment of acute pouchitis, while
VSL#3 was more effective than placebo in the maintenance therapy of chronic pouchitis (97% vs 3%, P <
0.0001). The number needed to treat with VSL#3 to
prevent one additional relapse was 2. Similarly, in a strainspecific meta-analysis performed by Jonkers et al[56], the
authors calculated the pooled relative risk for prevention
of relapses of pouchitis for VSL#3 compared to placebo
as 0.17 (95%CI: 0.09-0.33). As a result of these conclusions, the multispecies probiotic preparation VSL#3 was
granted the A level recommendation for the primary prevention and maintenance of remission of pouchitis after
IPAA according to the American Recommendations for
probiotic use from 2011[115]. Furthermore, they suggested
that there was some evidence (C level) supporting its use
even for the therapy of active pouchitis.
Finally, clinical guidelines for the management of
pouchitis from 2009 suggest the use of VSL#3 in patients with recurrence of pouchitis following antibiotic
treatment or having several recurrences despite antibiotic
therapy[133]. However, they do not suggest probiotics for
the treatment of acute pouchitis.

TREATMENT OF ACTIVE CROHN’S
DISEASE
Clinical studies investigating the treatment of active
Crohn’s disease with probiotics were scarce. Gupta et
al[134] reported a very small open-label pilot study of four
children with mildly to moderately active Crohn’s disease
who were treated with entero-coated tablets containing
Lactobacillus rhamnosus GG (1010 CFU) twice daily for 6
mo. Clinical activity was monitored by pediatric Crohn’s
disease activity index (PCDAI) and changes in intestinal
permeability were measured by a double sugar permeability test. A significant improvement in clinical activity
was observed 1 wk after starting Lactobacillus GG. Median
PCDAI scores at 4 wk were 73% lower than baseline.
Intestinal permeability improved in an almost parallel
fashion. The authors concluded that the findings of this
pilot study showed that Lactobacillus GG might improve
clinical status and gut barrier function in children with
mildly to moderately active Crohn’s disease. Schultz et
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al[135] performed a small randomized, placebo-controlled
trial to determine the efficacy of Lactobacillus rhamnosus
GG in the induction or maintenance of medically-induced remission. Eleven patients with moderate to active
Crohn’s disease were enrolled to receive either Lactobacillus GG (2 × 109 CFU/d) or placebo for six months. In
all patients, a tapering steroid regimen was applied for the
induction of remission, and all received antibiotics the
week before probiotic/placebo intervention was initiated.
The primary end point was sustained remission; defined
as freedom from relapse after 6 mo. Only 5 patients finished the study, with 2 patients in each group in sustained
remission. The median time to relapse was 16 +/- 4 wk
in the probiotic and 12 +/- 4.3 wk in the placebo group (P
= 0.5). In contrast with the results of Gupta et al[134], this
study did not demonstrate any benefit of Lactobacillus GG
in inducing or maintaining medically-induced remission
in CD.
Although Butterworth et al[136] in the Cochrane Collaboration review concluded that there was insufficient
evidence to make any conclusions about the efficacy of
probiotics in inducing remission in CD because of a lack
of well-designed clinical studies, the two studies using
synbiotics that were not included in this review revealed
very promising results[137,138]. Fujimori et al[137] performed
an open-label uncontrolled trial using a synbiotic for the
therapy of active refractory Crohn’s disease. Ten active
CD patients who had failed to achieve remission via an
initial therapeutic regimen of aminosalicylates and prednisolone were given synbiotic therapy consisting of two
probiotic preparations that both contained Bifidobacterium
breve 3 × 1010 CFU, Lactobacillus casei 3 × 1010 CFU, and
Bifidobacterium longum 1.5 × 1010 CFU, as well as a prebiotic comprised of 3.3-9.9 g of psyllium (Plantago ovata).
Patients were free to adjust their intake of probiotics or
prebiotics throughout the trial. For the assessment of
disease activity, Crohn’s disease activity index (CDAI), International Organization for the Study of Inflammatory
Bowel Disease (IOIBD) score, and blood sample variables were evaluated and compared before and after the
trial. The duration of the trial was 13.0 +/- 4.5 mo. Of
the ten included patients, 6 had a complete response, one
had a partial response, and three were non-responders.
Two patients discontinued treatment and four decreased
their corticosteroid therapy. Both CDAI and IOIBD
scores were significantly reduced after therapy (255-136,
P = 0.009; 3.5-2.1, P = 0.03, respectively), however the
laboratory markers of inflammation did not change. With
the exception of some abdominal bloating disappearing
with discontinuation of psyllium ingestion, there were
no adverse events. The authors concluded that a combination of high-dose probiotics and prebiotics could be
safely and effectively used as a co-therapy for the treatment of active CD.
Recently, Steed et al[138] conducted a randomized, double-blind, placebo-controlled trial including 35 patients
with active CD using a synbiotic therapy comprised of
probiotic Bifidobacterium longum 4 × 1011 CFU and prebiot-
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ic Synergy 1 (oligofructose and inulin) 12g daily. Patients
were requested to continue on stable doses of conventional medication they were receiving at initiation of the
trial. The patients’ clinical status was scored by CDAI
and endoscopies with biopsies were performed at the
start, and at 3 and 6 mo of therapeutic intervention. Six
patients from the synbiotic group and 5 from the placebo
group were lost from follow-up. Upon comparing preand post-treatment CDAI, there was a significant clinical
improvement in the synbiotic group (start 219 ± 74.6,
finish 147 ± 74; P = 0.020) but not in the placebo group
(start 249 ± 79.4, finish 233 ± 155; P = 0.81). Similarly,
there was a significant improvement in mean histological
scores in the synbiotic group (start 6 ± 5, finish 3 ± 4; P
= 0.018) but not in the placebo group (start 6 ± 5, finish
5 ± 6; P = 0.75). A significant reduction of pro-inflammatory TNF-α and an increase of mucosal Bifidobacteria
was also observed in the synbiotic group.

MAINTENANCE OF REMISSION IN
CROHN’S DISEASE
Only a few high-quality studies have been performed
to assess the efficacy of probiotics for the maintenance
of remission achieved with standard medical therapy or
surgical resection in Crohn’s disease. Currently, the use of
probiotics for the maintenance of remission in Crohn’s
disease is not recommended.
In a trial by Guslandi et al[139], 32 patients with Crohn’s
disease in clinical remission (CDAI < 150) were randomized to treatment with either mesalamine 1 g three times
daily or mesalamine 1 g two times daily plus probiotic
yeast Saccharomyces boulardii 1 g daily for six months. Clinical relapses were observed in 37.5% of patients receiving
mesalamine alone but in only 6.25% of patients combining mesalamine with the probiotic (P = 0.04). The authors
hence concluded that Saccharomyces boulardii might be useful in the maintenance treatment of Crohn’s disease.
Bousvaros et al[140] conducted a randomized, placebocontrolled trial of the probiotic Lactobacillus rhamnosus GG
(LGG) to see whether the addition of LGG to standard
therapy prolonged remission in children with CD. Seventy-five children and adolescents from 5 to 21 years old
with CD in remission were randomized to receive either
LGG (n = 39) or placebo (n = 36), and followed for up
to 2 years. Concomitant medications, including aminosalicylates, 6-mercaptopurine, azathioprine, and low-dose
alternate day corticosteroids were allowed. The percentage of patients that relapsed did not significantly differ
between the LGG and the placebo group (31% vs 17%;
P = 0.18), neither did the median time to relapse (9.8 mo
vs 11.0 mo; P = 0.24). In conclusion, LGG did not prove
to be effective for maintaining remission in children with
CD when given as an adjunct to standard therapy. The
ineffectiveness of probiotic strain Lactobacillus rhamnosus
GG for maintenance therapy in CD was also supported
by a study by Prantera et al[141], who performed a randomized placebo-controlled study in patients operated for
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Crohn’s disease in whom all of the diseased gut had been
removed. The patients received 1.2 × 109 CFU of Lactobacillus GG or placebo for one year. Ileocolonoscopy was
performed at the end of the trial or at the onset of symptoms. Clinical recurrence was ascertained in 16.6% in the
LGG group and in 10.5% in the placebo group. Sixty
percent of patients in clinical remission on LGG had
endoscopic recurrence compared with 35.3% on placebo
(P = 0.297). There were no significant differences in the
severity of the lesions between the two groups. Marteau
et al[142] studied the potential of Lactobacillus johnsonii LA1
for prevention of recurrence in operated CD patients.
This was a randomized, double-blind, placebo-controlled
study. Patients were randomized to receive Lactobacillus
johnsonii LA1 4 × 109 CFU/d (n = 48) or placebo (n = 50)
for six months. No other treatment was allowed. There
were 4 clinical recurrences in the probiotic group and 3 in
the placebo group. In patients with symptomatic remission, endoscopic recurrence was observed in 64% in the
placebo group compared to 49% in the probiotic group (P
= 0.15). Endoscopic score distribution did not differ significantly between the two groups. A similar double-blind
placebo-controlled study was performed by Van Gossum
et al[143], who randomized 70 patients who had underwent
elective ileocecal resection for CD to daily treatment
with either Lactobacillus johnsonii LA1 1010 CFU (n = 34)
or placebo (n = 36) for 12 wk. The primary objective of
this study was to assess the effect of probiotics on the
endoscopic recurrence rate at 12 wk. Clinical relapse rate
was 15% in the probiotic group and 13.5% in the placebo
group (P = 0.79). The mean endoscopic score at 3 mo
was not significantly different between the two groups (P
= 0.48), nor was the percentage of patients with severe
endoscopic recurrence (P = 0.33). According to the results of these studies, it seems that, like LGG, Lactobacillus
johnsonii LA1 has no effect on remission in CD.
With the intention of preventing postoperative recurrence of CD, another two double-blind placebocontrolled trials were performed. Chermesh et al[144] investigated the use of a synbiotic cocktail of 4 probiotics and
4 prebiotics (Synbiotic 2000), and Madsen et al[145] used
multispecies probiotic VSL#3, which proved to be efficient in the therapy of ulcerative colitis and pouchitis.
In the 2006 Cochrane Collaboration review regarding
probiotics for maintenance of remission in CD by Rolfe
et al[146], the authors identified 7 eligible studies. They
found no statistically significant benefits of E. coli Nissle
for reducing the risk of relapse compared to placebo, or
for Lactobacillus rhamnosus GG after surgical or medicallyinduced remission. There was no statistically significant
benefit of probiotics for reducing the risk of relapse
compared to medical maintenance therapy employing
aminosalicylates or azathioprine. Moreover, they found
more adverse events in Lactobacillus GG treated patients.
However, a small study using Saccharomyces boulardii demonstrated a difference in favor of its use combined with
medical maintenance therapy in comparison with standard medical therapy alone, although the difference was
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not statistically significant. They concluded that there
is no evidence to suggest the use of probiotics for the
maintenance of remission in CD. In the second Cochrane
Collaboration review analyzing different interventions for
the prevention of post-operative recurrence of Crohn’
s disease, the authors came to the same conclusion that
probiotics were not superior to placebo[147].
Similarly, a meta-analysis performed by Rahimi et al[148]
also failed to demonstrate the efficacy of probiotics in
maintaining remission and preventing clinical and endoscopical recurrence in CD. Moreover, in a meta-analysis
performed by Shen et al [149], researchers came to the
conclusion that not only were Lactobacilli inefficacious,
but also that administration of Lactobacillus GG might increase the relapse rate.

PREBIOTICS AND IBD
Compared to probiotics, there is considerably less clinical
evidence regarding the use of prebiotics for IBD therapy.
In an early trial by Hallert et al[150], the ingestion efficiency of Psyllium (Plantago ovata, ispaghula husk) for 4 mo
compared to placebo was studied for relieving gastrointestinal symptoms in patients with UC in remission. Regarding the symptom’s score, ispaghula was consistently
superior to placebo (P < 0.001) and was associated with
a significantly higher rate of improvement (69% vs 24%;
P < 0.001). Based on these results, the authors suggested
that ispaghula could be helpful in the management of
gastrointestinal symptoms in UC.
A Spanish group performed a multicenter open-label,
randomized clinical trial to assess the efficacy and safety
of Plantago ovata seeds as compared with mesalamine in
maintaining remission in UC[151]. A total of 105 patients
with UC in remission were randomized into three groups
treated with Plantago ovata (10 g twice daily), mesalamine
(500 mg twice daily), or Plantago ovata plus mesalamine at
the same doses for 12 mo. Three patients, all from the
Plantago ovata group, were withdrawn because of adverse
events (i.e., constipation and/or flatulence). After 12 mo,
the treatment failure rate was 40% in the Plantago ovata
group, 35% in the mesalamine group, and 30% in the
Plantago ovata plus mesalamine group. The probability
of continued remission was similar (P = 0.67). A significant increase in fecal butyrate levels was observed in
the groups using Plantago ovata (P = 0.018). The authors
concluded that Plantago ovata seeds might be as effective
as mesalamine for maintenance therapy in UC patients
in remission. Furthermore, Casellas et al[152] conducted a
prospective, randomized, placebo-controlled pilot trial
comparing the effect of oligofructose-enriched inulin 12
g/d (n = 10) and maltodextrin used as placebo (n = 9) for
2 wk in patients with mild to moderately active UC. Concomitant treatment with mesalazine (3 g/d) was allowed.
A significant reduction of fecal calprotectin, a marker
of intestinal inflammation, was observed in the group
receiving oligofructose-enriched inulin (day 0: 4377 +/659 μg/g; day 7: 1033 +/- 393 μg/g, P < 0.05) but not
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in the placebo group (day 0: 5834 +/- 1563 μg/g; day 7:
4084 +/- 1395 μg/g, n.s.).
Hafer et al[153] investigated the clinical and histological
efficacy of lactulose in patients with both UC and CD. In
a pilot study, 14 UC and 17 CD patients, most of whom
were in a clinically active state, were randomized either to
receive 10 g lactulose daily or placebo, adjuvant to standard therapy for 4 mo. No significant improvement of
clinical activity index, endoscopic score, or immunohistochemical parameters was observed in CD or UC patients
receiving lactulose in comparison to the control group.
Several clinical trials were performed in Japan using germinated barley foodstuff (GBF), which mainly
consists of dietary fiber and glutamine-rich protein, for
the therapy of UC. Kanauchi et al[154] investigated the efficacy of long-term administration of GBF in the treatment of active UC in a multi-center open trial. Twentyone patients with mild to moderate UC received 20-30 g
of GBF while baseline treatment with 5-aminosalicylates
and/or steroids was continued. After 24 wk of treatment,
the GBF group showed a significant decrease in clinical activity index compared with the control group (P <
0.05). No side effects related to GBF were observed. The
same group published results of another study in which
GBS was used for maintenance therapy in UC[155]. Patients were randomized into two groups: GBF 20 mg/d
(n = 22) and control (n = 37). Response to treatment was
assessed by monitoring the clinical activity index (CAI)
and endoscopic score. Significantly better CAI values
and a significantly lower recurrence rate were observed
in the GBF group at 3, 6, and 12 mo compared with the
controls. No side effects related to GBF were observed.
According to the results of both studies, GBF could reduce the clinical activity of active UC, and appeared to be
effective as a maintenance therapy in patients with UC.
Moreover, a small open-label trial was performed by
Lindsay et al[156] in which they treated 10 patients with
active ileocolonic Crohn’s disease with 15 g of FOS for
three weeks. FOS induced a significant reduction in the
disease activity index from 9.8 ± 3.1 to 6.9 ± 3.4 (P <
0.01). They also observed a significant increase in fecal
Bifidobacteria concentration, in the percentage of IL-10
positive, and TLR2 and TLR4 expressing dendritic cells
in mucosal biopsies.
In contrast to previous findings, the results from a
randomized double-blind placebo-controlled trial performed by Benjamin et al[157] did not confirm the efficacy
of FOS for therapy of active CD. In this study patients
were randomized to 15 g/d FOS (n = 54) or placebo (n =
49) for 4 wk. More patients receiving FOS (26% vs 8%; P
= 0.018) withdrew before the 4-wk end point and there
was no significant difference in the number of patients
achieving a clinical response between the FOS and placebo groups (22% vs 39%; P = 0.067).
Considering all the above facts regarding the use of
prebiotics, there is very little evidence to support their use
in IBD therapy. However, supplementation with germinated barley foodstuff, Psyllium (Plantago ovata, ispaghula
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husk), or oligofructose-enriched inulin might provide
some benefit in patients with active UC or UC in remission, but more high-quality clinical studies are needed to
confirm their effectiveness.

12

CONCLUSION

13

Probiotics and prebiotics definitely have great potential for future therapeutic approaches in inflammatory
bowel disease. However, further research is required to
identify specific probiotic strains or their combinations
and prebiotic substances that will be most efficient for
therapies of different types and stages of activity of intestinal inflammation.
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Abstract
Inflammatory bowel disease (IBD) is a chronic, relapsing intestinal inflammatory disorder with unidentified
causes. Both environmental factors and genetic aspects
are believed to be crucial to the pathogenesis of IBD.
The incidence and prevalence of IBD have recently
been increasing throughout Asia, presumably secondary to environmental changes. This increasing trend
in IBD epidemiology necessitates specific health care
planning and education in Asia. To this end, we must
gain a precise understanding of the distinctive clinical
and therapeutic characteristics of Asian patients with
IBD. The phenotypes of IBD reportedly differ considerably between Asians and Caucasians. Thus, use of the
same management strategies for these different populations may not be appropriate. Moreover, investigation
of the Asian-specific clinical aspects of IBD offers the
possibility of identifying causative factors in the pathogenesis of IBD in this geographical area. Accordingly,
this review summarizes current knowledge of the phenotypic manifestations and management practices of
patients with IBD, with a special focus on a comparison
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of Eastern and Western perspectives.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Over the past two decades, the incidence and
prevalence of inflammatory bowel disease (IBD) have
changed with a trend toward increasing across Asia,
especially East Asia. This increasing trend in IBD epidemiology necessitates specific health care planning and
education in Asia. To this end, we must gain a precise
understanding of the distinctive clinical and therapeutic
characteristics of Asian patients with IBD, compared to
Caucasians patients with IBD. Accordingly, this review
summarizes current knowledge of the phenotypic manifestations and management practices of patients with
IBD, with a special focus on a comparison of Eastern
and Western perspectives.
Park SJ, Kim WH, Cheon JH. Clinical characteristics and treatment of inflammatory bowel disease: A comparison of Eastern and Western perspectives. World J Gastroenterol 2014;
20(33): 11525-11537 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11525.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11525

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic, idiopathic
inflammatory disorder of the gastrointestinal tract without
identifiable causes. It comprises primarily Crohn’s disease
(CD) and ulcerative colitis (UC). IBD was traditionally
regarded as being prevalent in mainly Western countries.
Over the past two decades, however, the incidence pat-
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Table 1 Clinical characteristics of inflammatory bowel disease
in Asian and Western countries
Differences

Asian characteristics

Peak age at disease onset
Sex distribution of CD
Cigarette smoking in CD
CD distribution and behavior
UC distribution and behavior
Familial aggregation in IBD
Extraintestinal disease
Medical treatments
Surgical treatments
UC-associated CRC

Smaller second peak
Male predominance
Lower prevalence
Ileocolonic predominance
Similar behavior
Similar distribution
Milder disease course
Lower prevalence
Lower prevalence
Lower use of thiopurine and anti-TNF
therapy
Comparable in CD
Lower in UC
Comparable cumulative risk

CD: Crohn’s disease; UC: Ulcerative colitis; anti-TNF therapy: anti-Tumor
necrosis factor therapy; CRC: Colorectal cancer.

tern of IBD has changed. The incidence in the West has
remained relatively stable, while that in Asia has increased
markedly[1]. This recent change in the incidence and prevalence of IBD is attributed to environmental changes.
The growing incidence of IBD in Asia has important
implications for those who formulate health care policy
plans; these individuals should provide specific health
care planning, services, and education while balancing
the health needs and social burdens of a given country.
However, it also has important implications for clinicians
and researchers. According to the published literature,
the IBD phenotypes differ considerably between Asians
and Caucasians. Nevertheless, most strategies for the
prevention and treatment of IBD flare-up in Asia have
followed Western guidelines. Gradual accumulation of
data on IBD in Asians will facilitate the formulation of
Asian-specific practice guidelines; however, direct comparisons of the clinical characteristics of IBD in Asian
and Western countries are few. Formulation of appropriate strategies for Asian patients with IBD must begin
with an accurate understanding of the different clinical
characteristics of the two populations. These include
clinical manifestations and therapeutic aspects, as well as
epidemiology. To this end, this review summarizes and
compares current knowledge of the phenotypic manifestations and management of patients with IBD in Eastern
and Western countries. Furthermore, investigation of the
Asian-specific clinical aspects of IBD offers the possibility of identifying causative factors in the pathogenesis of
IBD, which will also be covered in this review.

DIFFERENCES IN CD BETWEEN THE
EAST AND WEST
Clinical characteristics of CD
Peak age of disease onset: Early studies from Western
countries reported that CD was characteristically associated with a bimodal age distribution pattern, peaking at
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the ages of 20 to 39 years and showing a second smaller
peak at the ages of 50 to 79 years[2-4]. Various peak ages
of CD onset have been reported in Asia. A Korean study
reported a smaller second peak in the incidence of CD[5].
There was also a trend toward a second peak in the Hong
Kong population[6]. A recent prospective, populationbased study from the Asia-Pacific region also indicated
a smaller second peak in the incidence of CD, albeit at
a younger age (40-44 years) than that in Western countries[7]. However, this bimodal presentation has not been
uniformly identified in other Asian studies[8,9]. The reason
for the bimodal distribution remains unclear, but some
environmental factors are known to be associated with
this phenomenon. One hypothesis is that it may be due
to certain age-specific environmental factors, such as passive smoking in childhood and active smoking in adulthood. It may also be caused by the different sensitivities
of different age groups to certain infectious factors[10].
We speculate that Asian people with genetic susceptibilities could develop CD at the early peak ages of 20-39
years; however, the later second peak might be smaller
than that in the West because environmental factors are
less prevalent in Asia. Accordingly, it is expected that the
second peak in the incidence of CD in Asia will increase
as the region becomes increasingly westernized over time
(Table 1).
Male predominance in Asians
European and North American studies have consistently
revealed that the incidence of CD in females is equal to
or greater than that in males[2,4,11,12]. In striking contrast, a
male predominance in Asian patients with CD has been
reported. In all recent studies from Korea, China, and
Japan, the male-to-female ratios ranged from 1.67:1 to
2.9:1[9,13,14]. A recent prospective, population-based study
from the Asia-Pacific region also demonstrated a male
predominance[7]. Interestingly, a recent European study
indicated a slight male predominance (60%) in adult Eastern European patients with CD[15]. Smoking, vaccination,
or other factors (e.g., geographic, ethnic, and social) might
account for this sex difference[10]. Some Western researchers have suggested that the smoking rates, exposure of
social life, or Westernized lifestyles were more prevalent
in males than in females in Asia and that males might
have more opportunities to receive medical services,
including endoscopy, than females in Asia. However, if
male predominance is in fact present in Asia, it is possible
that changes in susceptible genes in sex chromosomes or
changes in sex hormones might be involved in the pathogenesis of CD.
Cigarette smoking
Smoking represents one of the most consistently observed environmental risk factors for CD. Studies in
Western countries have shown that smoking is a strong
risk factor for the development of CD, but that it protects against the development of UC[16-20].
Based on recent prospective, population-based cohort
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studies, the proportion of current or ex-smokers among
Asian patients with CD (11.8%-28.0%)[7,21] is substantially lower than that among Western (57%) and Eastern
European patients (62%)[15]. A study comparing patients
between Melbourne and Hong Kong also reported that
fewer patients were current or ex-smokers in Hong Kong
(8%) than in Melbourne (50%)[22].
Western patients with CD who smoke have a worse
disease course and are more likely to relapse after medically and surgically induced remission[23-25]. In terms of
flare-up rates and therapeutic needs, disease severity is
similar in patients who have never smoked and those who
have stopped smoking, and both have a better course
than continuing smokers[23]. Progression to stricturing
or penetrating disease and subsequent surgery rates are
reduced by smoking cessation[26]. However, smoking may
not have the same effect in CD in different ethnic groups
or geographic regions as in Western populations. For example, studies among Israeli Jews showed that smoking is
not associated with the risk of CD[27-29]. More studies on
Asian patients with CD are warranted to determine the
impact of smoking on the development and progression
of disease and its association with the disease phenotype
in this population. Our hypothesis is that the lower rate
of cigarette smoking among Asians may be one of the
factors related to their better prognosis, as indicated by
the lower rate of surgery in Asian than in Western patients with CD.
Familial aggregation
Previous studies have suggested that patients with IBD
have less family clustering in East Asia. Studies from Asia
have collectively reported that familial aggregation rates
range from 0.0% to 3.0%[6,30-35], which is clearly lower
than that in the Western population (13.4%)[36]. However,
familial aggregation rates appear to be higher in West
Asia, ranging from 12.9% to 19.0%[1,37]. Recent studies
from Korea have suggested that the familial aggregation
rate of IBD may increase with time, in parallel with the
increase in the prevalence of IBD within the country[1,5,31].
Data on the familial clustering rates in other Asian countries must be validated by a longitudinal prospective cohort study. Moreover, it should be tested whether patients
with family history of IBD would have a worse disease
outcome than those without. Our own study showed no
difference in clinical characteristics and outcomes between them[38]. We speculate that both environmental and
genetic factors contribute to the low familial aggregation
rates among Asian patients with CD. It might be valuable
to elucidate the Asian-specific pathogenesis and establish
prevention methods by investigating Asia-specific lifestyles or environmental factors, including breast feeding,
tonsillectomy, childhood vaccination, infectious disease,
or dietary intake of fiber and sugar.
Disease location
In the West, CD has been found to occur in the ileum,
colon, and both the ileum and colon in equal proportions
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of patients[15,39]. However, a number of studies from the
West have reported isolated colonic disease to be the
most common type of CD[11,40,41]. A study comparing
patients in China and the US also reported that American
white patients have more colorectal involvement[32]. However, ileocolonic disease appears to be the most common
type of CD in Asia[5,7,21,33,34,42,43]. CD confined to the small
bowel is also common in Asia. Western guidelines suggest a follow-up colonoscopy to assess mucosal healing
or recurrence after biologic therapy or surgery. However,
routine ileocolonoscopy for therapeutic monitoring or after surgery might be less useful in Asian patients. Instead,
radiological evaluation might play a role in such cases
because isolated ileal or ileocolonic disease is not entirely
visible by ileocolonoscopy.
Upper gastrointestinal tract involvement, which is
significantly associated with disease prognosis such as
changes in behavior[44] or the need for early surgery or
hospitalization[45], has been rarely reported in Asia. This
might be due to the lack of consensus regarding the
performance of routine gastroduodenoscopy in patients
with newly diagnosed CD in real practice. A study from
China found that 23.5% of patients had upper gastrointestinal tract involvement at the time of diagnosis[14], but
other studies[3,7,11,46,47] from both the Asia-Pacific region
and the West have reported lower proportions. In a recent Korean study, jejunal involvement was observed in
14.1% of patients with CD at the time of diagnosis[48].
This markedly different result compared to China might
be an overestimation. Thus, further larger studies are
needed to determine the proportion of upper gastrointestinal involvement in patients with CD in Asia.
Disease behavior and course
Studies from the West have shown that the rates of inflammation, stricture, penetration, and perianal fistulas
in CD at the time of diagnosis are 62%-81%, 5%-27%,
8%-14%, and 10%-27%, respectively[11,44,47,49,50]. Similarly,
Asian studies have reported inflammatory disease in 40%
to 69%, stricturing disease in 20%-29%, and penetrating
disease in 10%-31% of patients with CD[13,21,33,34,45,51,52].
Interestingly, several studies documenting the disease
behavior at the time of diagnosis have reported higher
proportions of perianal fistula at the time of diagnosis
in Hong Kong (33.3%)[33], Korea (36.7%)[34], and China
(58.8%)[14] than in the West. Perianal fistula is known to
be a poor prognostic factor in patients with CD[44,47]. In
general, however, the prognosis of Asian patients with
CD patients is reportedly better than that of Western patients with CD. Whether the presence of perianal fistula
is actually a poor prognostic factor of CD remains to be
determined and warrants further study. Actually, perianal
fistula is described as independent from the penetrating
type in the Montreal classification.
The evolution from inflammatory behavior to a more
complicated disease behavior (stricturing or penetrating)
is well demonstrated in the Western literature[46,47,53], and
has also been shown in Asian studies from Hong Kong[33]
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and Korea[54].
Based on long-term follow-up studies from Japan, it
appears that Japanese patients with CD have a long-term
prognosis similar to that of their Western counterparts
regarding cumulative operation rates[43]. However, compared with Western patients with CD[55], a recent study
from Korea showed a better prognosis with respect to
the incidence of surgery[13,34]. This can be partly explained
by the conservative attitude regarding bowel surgery
among Korean physicians and patients or the smaller
numbers of patients with a severe phenotype because of
the short history of CD in the Asian region, including
Korea.
Extraintestinal manifestations
Extraintestinal manifestations (EIM) have been reported
in Asian patients with CD with widely variable rates:
19.0%-58.8% in China[14,52,56] and 25.0% in Hong Kong[6].
Among EIM, a high rate of ankylosing spondylitis (9%)
among patients with CD has been reported[6]. A study
comparing patients between the US and China reported
that American white patients developed more EIM (40% vs
20%; OR = 2.63; P = 0.013)[32], especially chronic arthralgia
(32% vs 4%; OR = 13.07; P < 0.001). However, it is difficult to directly compare the prevalence of EIM between
Asian and Western patients with CD because most Asian
reports were hospital-based (not population-based) retrospective studies or prospective cohort studies involving
small numbers of patients (n = 17, 58.8%)[14]. Moreover,
they were performed under different diagnostic criteria
for EIM. Generally, the prevalence of EIM in Asia is accepted to be similar or slightly lower than that in the West
(19%-25% vs 21%-41%, respectively)[57-60]. Less frequent
EIM may be associated with the relatively better prognosis
among Asian patients than in Western patients because
EIM, especially ankylosing spondylitis, is known to be associated with a poorer prognosis in patients with IBD.

TREATMENT OF CD: COMPARISN
BETWEEN THE EAST AND WEST
Medical treatments
Conventional therapy: The use of corticosteroids for
CD is variable in studies from Asia. In one study, Asian
specialists used corticosteroids as the first-line treatment
in 50% of patients with mild CD and 84% of patients
with moderate CD[61]. Moreover, they used corticosteroids as a maintenance therapy in approximately 25%
of patients with CD[61], which might appear to be inappropriately high because corticosteroids have more side
effects than placebo or low-dose 5-aminosalicylic acids
(5-ASA) [62]. In a recent prospective European study,
54%-55% of patients with CD received corticosteroid
therapy as an initial treatment during the first 3 mo of
disease in Eastern and Western European centers, but did
not during the maintenance phase[15].
Among patients with CD, the overall response rates
to corticosteroids in Asia were similar to or better than
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those in the West. The short-term response rates at 1 mo
were > 80% in both Asia and the West (Figure 1A), and
56.6% and 32.0% of patients, respectively, were corticosteroid-free without the need for surgery at 1 year (Figure
1B)[63,64].
The use of thiopurines in Asia also varies among
countries. A Korean single-center study reported that
thiopurines were used in 63% of patients with CD[34].
A separate Korean study showed that 42% of patients
received thiopurines and that the cumulative thiopurine
requirement was 9.1% at 1 year, 32.2% at 5 years, and
51.6% at 10 years[65]. Another cross-sectional study from
Hong Kong noted that thiopurines were used in 63.6%
of patients[22]. The authors of this study stated that the
use of thiopurines was significantly less frequent in Hong
Kong patients than in Melbourne patients (63.6% vs
82.1%, respectively, P < 0.001). A single-center review
from East China found that 61 of 227 (26.9%) patients
had indications for immunomodulator use. However,
such agents were prescribed to only 34.0% of the patients, and of these 34.0%, 38.0% received a subtherapeutic dose with no attempt to increase the dose[66]. A recent
prospective, population-based study from the Asia-Pacific
region reported that only 35% of patients with CD received immunomodulator therapy[7]. Taken together, these
results indicate that Asian physicians have a tendency to
inappropriately use large amounts of corticosteroids and
insufficient amounts of thiopurines. It is important to
educate physicians regarding these medications.
There appears to be a higher rate of adverse events,
particularly leukopenia, in Asians than in Caucasians
when taking thiopurines. Up to 40%-56% of Asian patients may reach the criterion for leucopenia, namely a
white blood cell count of < 4000/mm3[67,68]. The cumulative incidence of myelotoxicity in the Western population was reported to be about 7%[69]. In Asia, however,
thiopurine methyltransferase genotyping itself may not
be as helpful in identifying patients who are expected to
develop myelotoxicity as in Western countries[70], and the
metabolites of thiopurines are not widely measured in
real practice in many Asian countries. In Korea, therefore, physicians usually start a thiopurine at a smaller
dose (e.g., 25 or 50 mg of azathioprine) and gradually
increase the dose with regular evaluations of the white
blood cell count instead of determining the metabolite
concentration. Alternatively, they may maintain lower
doses of thiopurines than recommended in the Western
guidelines[71].
Biologics: In a recent prospective, population-based
cohort study from Europe, the rates of biologics use as
an initial treatment during the first 3 mo of disease were
reportedly 7% and 2% in Western and Eastern European
centers, respectively[15]. This approach was interpreted as
top-down therapy or rapid accelerating therapy. However, the economic burden or the reimbursement system
can be obstacles to the use of biologics in the very early
phase after diagnosis of CD in many Asian countries. An
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Figure 1 Comparison of the response to corticosteroids between Asia and the West[63,64,112]. A: Crohn’s disease, 1 mo; B: Crohn’s disease, 1 year; C: Ulcerative
colitis, 1 mo; D: Ulcerative colitis, 1 year.

Asian survey of IBD management practices in different
countries found that no IBD specialists would consider
anti-tumor necrosis factor (anti-TNF) agents as the first
choice for the treatment of CD. Moreover, only 20%
considered anti-TNF agents as the second choice[61]. In
a cross-sectional study comparing the management of
CD between Melbourne and Hong Kong, a significantly
higher number of patients in Melbourne had been on
anti-TNF agents than in Hong Kong (40% vs 11%)[22]. A
retrospective study from Korea reported that 8.6% of
patients with CD used infliximab[34].
The response rates to infliximab in Asia are similar to
or higher than those in the West. Although it is difficult
to directly compare the results of responses to infliximab
in Asia and the West because of their different designs,
the response rates at 2 wk after beginning induction
therapy were 72% and 62% in Korea (unpublished retrospective data) and the West[72], respectively. Moreover, the
response rates at 30 and 54 wk after beginning maintenance therapy were 91.7% vs 50.0% and 74.7% vs 39.0%
in Korea (unpublished retrospective data) and the West[72],
respectively. A similar pattern was reported in patients
with fistulizing CD between Korea and Western countries. In Asia, anti-TNF agents are used less frequently
because of the limited, strict indications under insurance
coverage rules, and because of the social economic burden. Moreover, many Asian physicians have not accepted
the latest treatment trends, such as rapid accelerated stepup or top-down therapeutic approaches. Again, it is nec-
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essary to educate Asian physicians regarding the adequate
use of the latest medical treatments for IBD.
Complementary and alternative medicines: There are
diverse rates of use of complementary and alternative
medicines (CAMs) across Asia. One study from China reported that 90% of patients used concomitant traditional
Chinese medications[73]. Moreover, various proportions
of Western patients with IBD use CAM, ranging from
23% to 49% in recent studies[74-77]. In seven randomized
controlled trials of patients with CD, Artemisia absinthium
(wormwood) and Tripterygium wilfordii were superior to
placebo in terms of inducing remission and preventing
clinical recurrence of postoperative CD, respectively[78].
In two systematic reviews, omega-3 fatty acids did not
appear to be effective for the maintenance of CD remission[79,80]. Effective anti-inflammatory moieties have yet to
be defined.
Another problem is the indiscriminate use of various
CAMs without sufficient evidence in patients with IBD.
More studies are needed to determine the efficacy and
safety of CAM in such patients. In addition, the development of new CAMs from natural products would be
helpful in situations in which few drugs are available for
patients with IBD.
Surgical treatments
The cumulative operation rates for CD in Japanese studies are comparable to those of Western cohorts, ranging
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from 25.9% to 44.4% at 5 years and 46.3% to 80.1% at
10 years, respectively[43,81]. The surgical resection rate for
patients with CD in Hong Kong (29% at 10 years)[6] is
similar to that in a population-based study from Norway,
which reported a 10-year cumulative surgical rate of
37.9%[55]. In a cross-sectional study, there was also no significant difference in the proportion of patients with CD
who underwent surgery in Melbourne compared with in
Hong Kong (55.1% vs 46.0%, respectively, P = 0.065)[22].
Similarly, the cumulative probability of intestinal resection in Korea was reported to be 15.5% after 1 year,
25.0% after 5 years, and 32.8% after 10-15 years. Asian
patients with CD are currently considered to have a similar or slightly lower rate of surgery than that among their
Western counterparts[34]. The lack of long-term follow-up
studies in Asia makes it difficult to draw a concrete conclusion regarding the cumulative surgical resection rates
between Asia and the West.

DIFFERENCES IN UC BETWEEN THE
EAST AND WEST
Clinical characteristics of UC
Age and sex: The median age at the time of diagnosis
of UC among patients in Asia is similar to or slightly
older than that among patients in the West (35-44 years
in Asia[5,9,51,82-85] and 30-40 years in the West[39,86,87]). In a
cross-sectional study, patients with UC in Hong Kong
were diagnosed at an older age than Caucasians in Melbourne (median age, 38 years vs 30 years, respectively).
The authors suggested that this may be partly explained
by a delay in diagnosis in Hong Kong[22]. Another possible explanation would be a weaker influence of genetic
factors in Asian patients, which delays disease occurrence
(Table 1).
The majority of studies from the West have shown
an equal sex distribution for UC, although some reported
a male predominance[86,88]. A growing number of studies
in Asia have shown an equal sex distribution[5,84,85,87,89] or
slight male predominance[9,35,52,82,90]. Collectively, the age
and sex distributions of patients with UC are not largely
different between the East and West.
Family history: Studies in Asia have reported a family
history in 0.0%-3.4% of patients with UC[35,82,85]. This
figure is lower than the 10%-25% reported in Western
countries[37]. A recent population-based cohort study conducted in the Asia-Pacific area showed a family history
in 3% of patients in Asia and in 17% of patients in Australia (P < 0.001)[7]. Interestingly, in Korea, an increase in
the prevalence of a positive family history from 1.3% in
2001 to 2.7% in 2005[5] paralleled the increased incidence
of IBD. This suggests that the low prevalence of a family
history may be a reflection of the low population prevalence and will probably change with time.
In terms of genetic associations, a previous Japanese
genome-wide association study (GWAS) and a recent
Korean GWAS showed considerable overlap of genetic
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associations for UC between Asia and the West. Despite
the overlap of genetic associations of Asian and Western
patients with UC, as can be seen by the lower proportion
of patients with a family history of UC in Asia compared
with the West, we realize that UC is one of the principal
forms of IBD with complex manifestations, and genetic
factors that account for only a portion of the overall disease development. This indicates a need to better explore
gene-environment interactions or Asia-specific environmental factors of etiological importance in the development of IBD.
Disease extent: In UC, the extent of disease is classified
into three types: proctitis, left-sided colitis, and extensive colitis. In Western population-based studies, these
three types comprise 30%-60% of cases, 16%-40% of
cases, and 18%-35% of cases, respectively[91-93]. In Asian
population-based studies, they comprise 25.0%-43.7%,
31.0%-31.4%, and 24.9%-39.0%, respectively[5,42]. Most
hospital-based studies in Asia have shown a trend toward
a lower proportion of proctitis (8.5%-38.4%), higher proportion of left-sided colitis (29.7%-70.2%), and similar
proportion of extensive colitis (21.3%-42.4%) compared
with population-based studies[35,52,84,85,94], indicating that
more severe cases were recruited into the hospital-based
studies.
In terms of age and disease extent, several studies
have reported that the extent of UC at diagnosis differs
significantly according to age at diagnosis[83,95]. In one Korean study, proctitis was more common in elderly patients
(28.9% in the young group vs 33.8% in the elderly group)
and extensive colitis was more common in younger patients (35.1% in the young group vs 22.5% in the elderly
group), suggesting a poorer clinical outcome in younger
patients (P < 0.05)[83].
In a recent comparative epidemiological study of IBD
across Asia and the Pacific, the extent of UC was classified as proctitis in 37%, left-sided colitis in 32%, and extensive colitis in 31%. These results are not significantly
different from those in a study from Australia, which
classified UC as proctitis in 32%, left-sided colitis in 27%,
and extensive colitis in 41% (all P > 0.05)[7]. A recent
population-based cohort study from the West and East
Europe showed that the ratios of disease extent for UC
from Western and Eastern European centers were proctitis in 20% and 22%, left-sided colitis in 41% and 46%,
and extensive colitis in 38% and 32%, respectively[15]. Collectively, a slightly higher proportion of extensive colitis
is observed in Western countries than in Asia, suggesting
a more favorable prognosis of UC in Asia.
Disease course: Although definitions of clinical relapse
and measurements of disease severity vary among studies,
most suggest that Asian patients with UC have a milder
disease course than do patients from Western countries[82,90,96]. In Asian studies, most patients with UC had a
chronic relapsing disease course rather than continuous
active disease[84,97], similar to Western data[98]. In a Malay-
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sian study, the rate of maintaining remission was reported
as 64.3% of patients with UC at 10 years after diagnosis,
the rate of a chronic relapsing disease course as 25%, and
the rate of chronic persistent disease with low or high
activity as 3% after 10 years[97]. In a Norwegian study, the
rate of maintaining remission was reported to be 55%
of patients with UC at 10 years after diagnosis, which are
slightly lower than the Malaysian data[98], and the rate of a
chronic relapsing disease course to be 37%. In a Korean
study, the cumulative relapse rate at 10 years after diagnosis (88.4%) was similar to that of a Western study (83%).
However, the cumulative probabilities of colectomy
(2.0% after 1 year, 2.8% after 3 years, and 3.3% after 5-15
years)[96] were lower than those in a Western study (3.5%
after 1 year, 7.6% after 5 years, and 9.8% after 10 years)[98].
Based on the larger numbers of patients with a remission status, lower numbers of patients with a chronic
relapsing or persistent active disease course, and lower
cumulative operation rates, Asian patients with UC appear to have a milder disease course than that of Western
patients with UC. However, the above-mentioned lower
cumulative surgical rates may also be associated with
diversity in management strategies or different levels of
acceptance of colectomy by physicians and/or patients
between Asia and the West in addition to disease severity.

Extraintestinal manifestations
Although there are limited numbers of long-term prospective cohort studies and variations in the definition
of EIM in Asian studies, the prevalence of EIM in
UC seems to be lower in Asian than in Western countries[58,59,73]. The most commonly involved sites of EIM
differ between Asia and the West. The most commonly
involved site of EIM is the joints in Asian patients with
UC (2.0%-19.5%). Next, eye and skin involvement
accounts for 0.0%-4.2% and 0.0%-4.2%, respectively[35,52,82,90,97]. In contrast, eye involvement (iritis/uveitis) in
females (3.8%) and primary sclerosing cholangitis (PSC)
in males (3.0%) were the most commonly involved sites
in a Western population-based study[58].
PSC associated with UC is less prevalent in Asia
(0.0%-1.7%)[52,84,96,97,106] than in the West (1.6-7.0%)[59,107].
Because PSC is associated with a risk of CRC in patients
with UC, a diagnosis of PSC should not be neglected in
real practice despite the low prevalence of PSC in Asia.

Incidence of colorectal cancer
The overall prevalence of colorectal cancer (CRC) associated with UC is reportedly 3%-5% in the West[99] and
0.0% to 2.2% in Asia[35,52,85,90,96,100-103]. In a previous metaanalysis from the West, the cumulative risk of CRC associated with UC was reportedly 1.6%, 8.3%, and 18.4%
at 10, 20, and 30 years, respectively[104]. In Asian studies,
the cumulative risk of CRC in patients with UC was reportedly 0.70% to 1.15% at 10 years, 3.56%-7.90% at 20
years, and 14.4%-33.2% at 30 years[100,103], which is comparable with Western cohorts. However, considering the
hospital-based design of most Asian studies, the actual
corresponding risks might be lower than estimated.
Recently, however, a Western report showed that the
risk of CRC decreased from 1979 to 2008 (RR = 1.34
in 1979-1988 to 0.57 in 1999-2008) and that the overall
risk of CRC among patients with UC was comparable
with that of the general population (RR = 1.07; 95%CI:
0.95-1.21). These findings suggest that a diagnosis of UC
no longer seems to increase patients’ risk of CRC. However, subgroups of patients with UC, including those diagnosed with UC in childhood or as adolescents, those with
a long duration of disease, and those with concomitant
primary sclerosing cholangitis, remain at increased risk[105].
Current evidence indicates that the risk of CRC in
Asian patients with UC is slightly lower than that in Western patients. There is a chance that the prevalence of
CRC will increase with the rising incidence and increasing
proportion of patients with a longer follow-up in Asian
countries. A very recent single-center study in Korea
showed a substantial increase in CRC among patients
with long-standing UC, which is comparable to Western
data (unpublished data). Long-term prospective follow-

Medical treatments
Conventional therapy: In a recent population-based
cohort study in the Asia-Pacific area that compared UC
treatments in the first year between Asia and Australia[7],
treatment with antibiotics (22% vs 14%, P = 0.15) and
immunomodulators (thiopurine or methotrexate) (18% vs
9%, P = 0.05) did not differ between Asia and Australia.
Mesalazine (79% vs 62%, P = 0.012) and corticosteroids
(62% vs 28%, P < 0.0001) were more commonly prescribed for IBD at the time of diagnosis in Australia than
in Asia. Topical therapy (mesalazine or corticosteroids)
for UC was also more frequently prescribed in Australia
than in Asia (55% vs 28%, P = 0.04).
In a recent population-based European study, 69
(44%) patients with left-sided colitis and 19 (23%) with
extensive colitis in Western Europe received more frequently receive combination therapy with oral and topical
5-ASA compared with 21 (42%) and 6 (22%), respectively, in Eastern Europe[15]. In this study, 26%-33% of
patients with UC received corticosteroid therapy as initial
treatment during the first 3 mo of disease in Eastern and
Western European centers.
In an Asian survey of management practices for IBD
in different countries[61], 83%, 75%, and 61% of respondents preferred 5-ASA, a combination of topical and
oral 5-ASA, and corticosteroids, respectively, as induction
treatment of mild-to-moderate UC. Almost all respondents agreed that maintenance therapy should be recommended for patients with IBD in remission, with most
recommending the use of 5-ASA to maintain remission
in UC (91%). However, they also replied that thiopurines
and corticosteroids were needed to maintain the remis-
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up studies are warranted to estimate the actual risk of
CRC in Asian patients with UC.

TREATMENT OF UC: COMPARISN
BETWEEN THE EAST AND WEST
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Figure 2 Comparison of the response to infliximab in patients with ulcerative colitis between Asia and the West[113-115].

sion in approximately 30% and 13% of patients with UC,
respectively.
In one cross-sectional study, there was less use of corticosteroids (15.3% vs 46.5%, P < 0.001) and thiopurines
(19.7% vs 55.3%, P < 0.001) for UC in Hong Kong than
in Melbourne, which also reflects differences in practice
according to region[22]. The authors suggested that Asian
physicians prefer to manage UC with less intense medical
treatments despite more extensive UC and that they use
less thiopurines for maintenance therapy compared with
the physicians in Melbourne. Again, it is important to
educate Asian physicians in terms of following the adequate use of medical treatments according to the practice
guidelines for IBD.
Among the UC patients who receive 5-ASA or sulfasalazine therapy, 49.6%[108] and 72.0% to 75.0%[109,110]
experienced disease relapse in Asia and the West, respectively. The cumulative relapse rate was 21.5% after 1 year,
36.5% after 2 years, 46.9% after 3 years, and 59.8% after
5 years during maintenance therapy with 5-ASA/sulfasalazine, and both the disease extent at diagnosis and
anemia were major predictive factors for clinical relapse
after 5-ASA/sulfasalazine therapy for Korean patients
with mild to moderate UC[108].
The overall response rates of Asian patients with UC
to corticosteroids are similar to or better than those of
patients in the West. Short-term response rates at 1 mo
were more than 89.2% and 84.0% in Asia and the West
(Figure 1C), and 59.4% and 49.0% showed a prolonged
response at 1 year, respectively (Figure 1D)[64,111]
Biologics
A significant difference in the use of anti-TNF inhibitors between Hong Kong and Melbourne has been
shown (2/203 vs 12/159, P = 0.001)[22]. An Asian survey
of IBD management practices in different countries
found that < 15% of Asian physicians would use antiTNF therapy in the management of UC[61]. In many
countries in Asia, the use of biologic agents is selffinanced, making the high cost an obstacle to their wider
use. However, a short-term population-based study
showed that treatment with biological therapy in the ﬁrst
year after diagnosis (2.0% vs 0.0%, P = 0.21) did not dif-
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fer between Asia and Australia[7]. Long-term follow-up
studies are needed to show the chronological trends in
the use of anti-TNF therapy in Asia. Emerging studies
suggest that anti-TNF therapies are effective and safe in
Asian patients with UC. The rates of clinical response
and remission to infliximab were 87% and 45% in patients with UC at week 8[112], which is slightly higher than
the rate of clinical response in the West (69.4%-64.5% at
week 8)[113] (Figure 2). Data on long-term efficacy were
obtained from 85 of 134 Korean patients who were followed up for more than 6 mo after the first dose of infliximab, and 44 of them (52%) were in remission, which
is compatible with UC data in the West[114]. An another
recent Korea study reported that 66.3% of patients demonstrated a clinical response at week 8, 32.6% of whom
were determined to be in clinical remission[115]; this is
similar to the response rates in previous Western reports.
Collectively, a similar or slightly higher response rate of
infliximab in patients with UC is observed in Asia than
in Western countries. In the future, it is expected that
other anti-TNF agents, such as adalimumab and golimumab, will be used more widely in addition to infliximab
in patients with UC in Asian countries.
Complementary and alternative medicines
In 14 randomized controlled trials of patients with UC,
aloe vera gel, Triticum aestivum (wheat grass juice), Andrographis paniculata extract (HMPL-004), and topical Xilei
San were superior to placebo in inducing remission or
response, and curcumin was superior to placebo in maintaining remission. Boswellia serrata gum resin and Plantago
ovata seeds were as effective as mesalazine, whereas Oenothera biennis (evening primrose oil) was not effective and
had relapse rates similar to those of omega-3 fatty acids
in the treatment of UC[78]. Larger controlled studies with
stricter endpoints and better-deﬁned patient groups are
required to obtain more conclusive findings regarding the
use of CAM in IBD.

CONCLUSION
Over the past two decades, the incidence and prevalence
of IBD have changed with a trend toward increasing
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across Asia, especially East Asia. A younger second peak
age of disease onset has been shown in Asian populations with CD compared to in Western populations.
There is a predominance of male sex and ileocolonic
involvement among Asian patients with CD. In patients
with UC, the age and sex distribution are not different
between Asia and the West. The proportion of current
or ex-smokers among Asian patients with CD is lower
than that among Western patients. The familial aggregation rates of patients with CD and UC are lower in Asia,
but appear to be higher in the West. The disease extent in
Asian patients with UC is not significantly different from,
and may be slightly less severe than, that in Western populations. Asian patients with UC seem to have a milder
disease course than do patients in Western countries. PSC
associated with UC is less prevalent in Asia than in the
West. Cumulative surgical resection rates in patients with
CD do not appear to be different between Asia and the
West despite the lack of large-scale, long-term follow-up
studies in Asia. Whereas the cumulative surgical resection
rates in Asian patients with UC are lower than those in
Western patients, the cumulative risk of CRC associated
with UC among Asian patients with UC is reportedly
comparable with that among Western patients. The use
of thiopurine or biologics in patients with IBD remains
less frequent in Asia than in the West. There appears to
be a higher rate of adverse events, particularly myelotoxicity, in Asians than in Caucasians prescribed thiopurines.
The treatment responses for corticosteroids, thiopurines,
and biologics of Asian patients with IBD are slightly better than or comparable to those of Western patients.
Several recent prospective, population-based cohort
studies were conducted in Asia. Long-term follow-up
results from these cohort studies are warranted to help
clinicians and researchers further objectively compare the
disease prognosis between Asian and Western countries,
provide specific health care planning and education, and
offer the possibility of identifying causative factors in a
population with a rapidly increasing incidence in Asia.
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Abstract
Total mesorectal excision (TME) is the standard treatment for rectal cancer, but complications are frequent
and rates of morbidity, mortality and genitourinary
alterations are high. Transanal endoscopic microsurgery (TEM) allows preservation of the anal sphincters
and, via its vision system through a rectoscope, allows
access to rectal tumors located as far as 20 cm from
the anal verge. The capacity of local surgery to cure
rectal cancer depends on the risk of lymph node invasion. This means that correct preoperative staging of
the rectal tumor is necessary. Currently, local surgery
is indicated for rectal adenomas and adenocarcinomas
invading the submucosa, but not beyond (T1). Here
we describe the standard technique for TEM, the different types of equipment used, and the technical limitations of this approach. TEM to remove rectal adenoma
should be performed in the same way as if the lesion
were an adenocarcinoma, due to the high percentage
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of infiltrating adenocarcinomas in these lesions. In spite
of the generally good results with T1, some authors
have published surprisingly high recurrence rates; this
is due to the existence of two types of lesions, tumors
with good and poor prognosis, divided according to
histological and surgical factors. The standard treatment for rectal adenocarcinoma T2N0M0 is TME without adjuvant therapy. In this type of adenocarcinoma,
local surgery obtains the best results when complete
pathological response has been achieved with previous chemoradiotherapy. The results with chemoradiotherapy and TEM are encouraging, but the scientific
evidence remains limited at present.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Rectal cancer; Rectal adenocarcinoma;
Transanal endoscopic microsurgery; Transanal endoscopic surgery; Colorectal cancer
Core tip: This review describes the indications for local
surgery for rectal cancer using transanal endoscopic microsurgery (TEM). Careful selection of patients with T1
adenocarcinomas is required. We describe the promising results obtained in T2 adenocarcinoma with a combination of TEM and preoperative chemoradiotherapy.
Serra-Aracil X, Mora-Lopez L, Alcantara-Moral M, CaroTarrago A, Gomez-Diaz CJ, Navarro-Soto S. Transanal endoscopic surgery in rectal cancer. World J Gastroenterol 2014;
20(33): 11538-11545 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11538.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11538

INTRODUCTION
Total mesorectal excision (TME) is the standard treatment for rectal cancer. It achieves locoregional control
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of the disease, and the rate of local recurrence is below
5%[1]. TME involves low anterior rectal or coloanal resection, very often combined with a protective ostomy, or
abdominoperineal resection (Miles operation) and definitive colostomy. However, complications are frequent;
associated morbidity is around 33%, mortality 2%[2], and
20%-30% of patients present genitourinary alterations
and sexual dysfunction[3,4].
The capacity of local surgery to cure rectal cancer
depends on the degree of lymph node invasion. The risk
of possible metastatic lymph nodes has been reported
to range between 0% and 12% in T1, between 12% and
28% in T2 and between 36% and 79% in T3[5]. In local
surgery, endoanal excision is limited by the height of the
lesion with respect to the anal verge; it is difficult to control the resection limits and to perform complete removal
of the rectal wall. Local surgery via trans-sphincteric
exposure as described by Mason[6] has been used to treat
lesions in the middle third of the rectum located in the
anterior face, but the sectioning of the sphincters raises
the morbidity rate. Kraske’s trans-sacral rectal excision[7]
made it possible to reach the upper third of the rectum,
but it has also been abandoned due to its high morbidity
and mortality.
Transanal endoscopic microsurgery (TEM) provides
a solution to these problems. First described by Buess et
al[8], this endoscopic procedure allows preservation of the
anal sphincters and, through its excellent viewing system,
allows access to rectal tumors as far as 20 cm from the
anal verge. TEM facilitates the maneuvers of dissection,
cutting, coagulation and suturing. Postoperative morbidity rates are below 10%, and no mortality, genitourinary
alterations or sexual dysfunction have been reported[9,10].
So what is the place of local surgery using TEM in
rectal cancer? In this review, we examine the following
aspects of its use: patient selection; surgical technique
and types of equipment; risk of adenocarcinoma in rectal
adenomas; its indication in T1 rectal adenocarcinomas,
and its application in T2 tumors.

SELECTION OF PATIENTS FOR TEM:
TREATMENT GROUPS
All possible candidates for TEM must undergo full preoperative staging of the tumor: total colonoscopy with
multifocal biopsy, and rigid rectoscopy prior to endorectal
ultrasound (EUS), to confirm tumor size, the distance of
its lower and upper edge from the anal verge, and location by quadrant (anterior, posterior, right or left lateral).
EUS allows staging of the lesion according to Hildebrandt’s criteria[11] and pelvic magnetic resonance imaging
(MRI) is an important complement, although MRI is not
more accurate than EUS, in rectal adenocarcinomas it is
needed to confirm the tumor stage and the absence of
metastasis to lymph nodes.
If adenocarcinoma is either suspected or has been
diagnosed, abdominal and chest computed tomography
is performed to rule out distance metastasis and to de-
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termine tumor markers carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9. All patients are administered the Wexner sphincter function questionnaire[12], if
there are signs of fecal incontinence, anorectal manometry is performed to obtain baseline parameters. We have
found that TEM causes manometric alterations but does
not affect clinical continence scores[13].
After these complementary examinations, patients are
classified into preoperative indication groups from Ⅰ to
[10,14]
. Group Ⅰ, with curative intent, includes rectal leⅣ
sions with biopsy revealing adenoma and staged uT0, uN0
by EUS and pelvic MRI. Group Ⅱ, also with curative intent, includes adenocarcinomas [either well differentiated
(G1) or moderately differentiated (G2)], and staged uT0-1,
uN0. Group Ⅲ, indication by consensus, includes adenocarcinomas [either well differentiated (G1) or moderately
differentiated (G2)], with staging uT2, uN0[15]. Group Ⅳ
includes palliative indications regardless of the tumor
stage. Therefore, it is patients in groups Ⅰ and Ⅱ who
are candidates for TEM.
Certain rectal and pelvic pathologies are habitually
treated by laparotomy or laparoscopy via an abdominal
approach. The use of TEM by expert groups allows
some of these surgeries to be performed using a less aggressive approach which achieves lower morbidity rates.
These indications are termed “atypical”, as they do not
involve removal of rectal tumors[16,17].

SURGICAL TECHNIQUE
On the day prior to surgery all patients undergo mechanical preparation of the colon and thromboembolism prophylaxis. With the induction of anesthesia, they
are administered the standard antibiotic prophylaxis in
colorectal surgery.
In the classical technique of TEM[8], correct positioning of the patient on the operating table is vitally important. In TEM the surgeon works with the tumor visible
in the lower part of the rectoscope at all times, so the
positioning of the patient depends on the location of the
rectal tumor. The TEM equipment comprises a 4 cm diameter rectoscope with two different lengths (12 and 20
cm) selected according to the location of the tumor. The
pneumorectum is maintained at a constant pressure (10-12
mmHg). The rectal distension created in this way exposes
the tumor and the rectal wall. Our group[10] begins the
dissection by making a dotted line with the monopolar electric scalpel 10-15 mm from the tumor. We then
open the mucosa over the dotted line and begin the full
thickness excision of the rectal wall using an ultrasound
scalpel (Ultracision, Ethicon, Endo-Surgery, Cincinnati,
OH, United States). The defect of the lesion in the rectal
wall is sutured to avoid stenosis of the rectal lumen and
postoperative bleeding due to feces. The suture is made
transversally so as not to compromise the rectal lumen.
Oral diet is initiated on the day after surgery and increased progressively depending on tolerance. Standard
analgesia is administered with non-steroid anti-inflamma-
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Figure 1 Transanal endoscopic microsurgery equipment.

Figure 3 Transanal minimally invasive surgery or transanal single port
microsurgery equipment.

Figure 2 Transanal endoscopic operation equipment.

tory drugs and morphine as rescue medication. The bladder catheter is withdrawn after surgery and the patient
is mobilized after eight hours. The patient is discharged
from hospital between days 2 and 4 post-surgery.
Different types of transanal endoscopic surgery
As noted above, TEM[8] is an endoscopic procedure with
three-dimensional vision (3-D) (Figure 1). Transanal
endoscopic operation (TEO) provides two-dimensional
vision also through a 4 cm diameter rectoscope of various lengths (7.5, 15 and 22 cm) and on-screen vision.
The introduction of a high-definition camera and its application in a panoramic thin-film transistor screen provides an image that is very similar to 3-D. The surgeon
is seated in front of the monitor, as in laparoscopy; this
makes the learning process easier (Figure 2). Like Nieuwenhuis et al[18], we performed a comparative study of our
experience with the 2-D system (TEO) and the classical
3-D system (TEM). Our results with regard to surgical
difficulty, postoperative morbidity, quality of surgical
resections were similar for the two approaches, but the
economic cost was lower in the case of TEO[19].
Recently a new transanal endoscopic surgery technique has been introduced termed transanal minimally
invasive surgery (TAMIS)[20] or transanal single port microsurgery (TSPM)[21], which uses a single laparoscopic
port via the anus (Figure 3). We have considerably less experience with TAMIS/TSPM approaches than with TEM
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or TEO. TAMIS/TSPM requires an assistant to hold and
move the camera. From the technical point of view, the
introduction of the single port into the anal canal is more
complex than in TEM/TEO; a further disadvantage is
that the rectoscope cannot be mobilized at the site of the
lesion, a maneuver that can be performed with TEM/
TEO.
We carried out an economic study comparing TEM/
TEO/TAMIS based on the following assumptions: The
economic aspects are analysed annually [estimating 50
surgical interventions (SI) per year and a useful life of the
non-expendable material of 5 years], divided into variable
and fixed costs; The variable annual costs are determined
by applying the equation (1): n annual surgeries × (surgical
time + hospital stay + consumable material). Consumable
material: Ultracision scalpel, single port, sutures…; The
annual fixed costs are determined by applying the equation (2): non-expendable equipment/time of useful life;
The annual cost for each technique is given by the equation (3): annual fixed costs + annual variable costs; the
estimated cost of the use of the operating theatre is 10
€/min and the cost of hospitalization in a conventional
ward is 220 €/d.
The variable annual costs calculated are [equation (1)]:
TEO: 93000 €/year [50 SI × (700 €/SI + 660 €/SI + 500
€/SI)]; TEM: 104500 €/year [50 SI × (830 €/SI + 660
€/SI + 600 €/SI)]; TAMIS: 111000 €/year [50 SI × (760
€/SI + 660 €/SI + 800 €/SI)].
The fixed annual costs calculated are [equation (2)]:
TEO: 3000 €/year (15000 €/5 years); TEM: 11000 €/
year (55000 €/5 years); TAMIS: 0 €/year.
The total annual costs calculated for each technique
are [equation (3)]: TEO: 96000 €/year (93000 €/year +
3000 €/year); TEM: 115500 €/year (104500 €/year +
11000 €/year); TAMIS: 111000 €/year.
Finally, under these assumptions, we obtain the following mean costs: TEO: 1920 €, TEM: 2310 €, TAMIS:
2220 €.
Technical limitations of TEM: Height and morphology
Limitations due to height: The distance of the upper edge of the lesion from the anal verge is of vital
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importance. Conventional endoanal excision is limited
to lesions at distances of up to 7-8 cm. With TEM, classically the limits were set by the risk of perforation of
the peritoneal cavity: it was possible to perform the excision with a low risk of perforation at a distance of up to
18-20 cm when the tumor was located in the posterior
quadrant, and up to 15 cm when its location was anterior
or lateral. Today, perforation of the peritoneal cavity is
not considered a contraindication for TEM[22]. There are
no limits in terms of the location of the lesion (i.e., anterior, posterior, or lateral). The limit due to height is determined by the length of the rectoscope, and on occasion
by anatomical features: narrow rectosigmoidal junctions
with a small rectal ampulla (below 10 cm), or a history of
abdominal surgical interventions that immobilize the rectosigmoidal junction and impede the progression of the
rectoscope further than 10 cm. The limit for low lesions
is the anal verge itself.
Limitations due to morphology: It is possible to excise
adenomatous lesions that cover up to three quadrants of
the circumference (10-12 cm Ø). In fact all four quadrants can sometimes be reached if the lesions are not particularly wide and if the size does not exceed the height
permitted. The problem presented by large lesions is the
need to suture the defect, due to the risk of stenosis. If
the defect cannot be completely closed, it should be reduced to the maximum - especially the upper part, due to
the risk of perforation.
Follow-up protocol for rectal adenocarcinomas after TEM
In accordance with international guidelines, in our treatment group Ⅱ we recommend strict follow-up of these
lesions. The follow-up schedule comprises rectosigmoidoscopy-biopsy, EUS and CEA determination every four
months during the first and second years; rectosigmoidoscopy-biopsy, EUS and CEA every six months from the
third to fifth year; complete colonoscopy, abdominal CT
and pelvic MRI annually until the fifth year; and from the
fifth year onward, the standard follow-up protocol for
colon polyps. The usefulness of EUS after TEM is limited due to the difficulty of interpreting the scar fibrosis,
and so it is substituted by pelvic MRI.

HIGH FREQUENCY OF
ADENOCARCINOMA IN LARGE RECTAL
ADENOMAS
Colorectal adenomatous polyps are considered premalignant lesions with a risk of developing into adenocarcinoma[23]. Early detection and removal are the best means
to avoid the appearance of adenocarcinoma[23,24]. In our
series and in the study by Absar and Haboubi[25], the rate
of invasive adenocarcinomas in adenomatous polyps of
the colon was above 18%. Therefore, almost one of every five rectal tumors with a biopsy of adenoma is likely
to be an invasive adenocarcinoma. For this reason, piece-
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meal endoscopic resection or mucosectomy is insufficient
treatment[26]. In the case of large rectal adenomas we
advocate full-thickness rectal wall resection using TEM,
leaving adequate safety margins for correct staging by the
pathologist[27]. In our series, half of the infiltrating adenocarcinomas resulting from adenomas were pT1[26]. This
means that, with adequate resection and pathological
diagnosis, in the absence of factors of poor prognosis,
these patients will not require radical rescue surgery[14,28,29].
The factors associated with malignancy in rectal adenomatous tumors have not been clearly established.
Among epidemiological variables, it has been postulated
that male patients aged under 65 may present a higher risk
of adenocarcinoma. Nonetheless, multivariate analyses
have not identified age or sex as predictive factors[30,31].
Among morphological factors, an association between lesion size and malignancy risk has often been proposed. Years ago, Muto et al[32] reported that with lesion
size above 2 cm the risk rises to 53%. Other authors have
suggested an association between the size of colorectal
adenomas and the risk of adenocarcinoma, but have not
been able to demonstrate it[33]. Several studies have also
established that villous adenomas present a high risk of
malignancy. In our series we have not found differences
with respect to tubular and tubulo-villous adenomas;
however, the sessile type presents a higher risk of adenocarcinoma than other morphologies[30,31,34]. As for dysplasia, it is natural to assume that lesions with high-grade
dysplasia present a higher risk of malignancy[30,33].
If the preoperative study of these lesions includes
only rigid rectoscopy and/or colonoscopy with biopsies there is a high risk of understaging, because these
techniques do not provide information on the extent of
the invasion of the wall and the possible lymph node involvement in the case of infiltrating adenocarcinoma[35].
For this reason, the preoperative study of these lesions
should include EUS and pelvic MRI[34]. Preoperative EUS
identifies lesions with invasion beyond the submucosa
(T1)[11,36], and we regard pelvic MRI as an important complement to endorectal ultrasound, even though it is less
effective in discriminating between lesions affecting the
submucosa and the muscle layer (T1 and T2), it identifies
lesions of stages above T2, and can also detect the presence of lymph nodes in which metastasis is suspected[37].

T1 RECTAL ADENOCARCINOMA:
TUMORS WITH GOOD OR POOR
PROGNOSIS
The treatment of rectal tumors depends on several factors of prognostic significance: the penetration of the
tumor in the thickness of the rectal wall, the involvement
of the mesorectal fascia, and the presence of lymph node
and distance metastasis[38]. According to the TNM classification, T1 rectal adenocarcinoma presents invasion of
the submucosa, but not beyond[39-41].
Local surgery is an alternative to TME for treatment
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of T1. In long-term series using classical endoanal resection, local recurrence rates are as high as 29%[9,42,43].
TEM has demonstrated its effectiveness in treating these
tumors[44] and achieves initial results for local recurrence
below 10%. Recently, however, some alarming figures for
local recurrence of T1 with TEM have been published[45],
and Doornebosch et al[46] also reported a rate of 20.5%.
Tytherleigh et al[39] offered a possible explanation for these
high rates by classifying T1 rectal adenocarcinoma according to good or poor prognosis, which may be related
to surgical and pathological factors.
The depth of the submucosal invasion is considered
the most important predictor of locoregional lymph node
involvement[39,41]. Several methods have been described
to assess submucosal invasion. All of them present advantages and disadvantages, and there is no single system
based on scientific evidence that can be recommended
for all situations. At present the Haggitt classification is
proposed for polypoid lesions and the Kikuchi classification for non-polypoid lesions[39,40,47,48].
Haggitt et al[48] staged polypoid lesions according to
the invasion of the carcinoma, as follows: invading the
mucosa (level 0), invading the submucosa but limited to
the head of the polyp (level 1), invading the neck (level
2), invading any part of the stalk (level 3), or invading beyond the stalk or base (level 4). Level 4 is associated with
a high risk of locoregional lymph node involvement.
Kikuchi et al[47] divided the invasion of the submucosa
into three levels: Sm1, submucosal invasion that does not
extend beyond 200-300 µm from the muscularis mucosae; Sm2, intermediate submucosal invasion; Sm3, submucosal invasion near the surface of the muscularis propria. In this classification, the frequency of locoregional
lymph node involvement varies according to the depth
of the submucosal invasion: 2% in Sm1 lesions, 8% in
Sm2 lesions, and 23% in Sm3 lesions. So, in the absence
of other risk factors, Sm3 is sufficient to indicate radical
surgery.
The Kikuchi classification can be related to the Haggitt levels: levels 1, 2 and 3 correspond to Kikuchi Sm1,
while Haggitt level 4 may be Sm1, Sm2 or Sm3[39].
In addition to the depth of submucosal invasion,
other predictors of locoregional lymph node involvement
have also been reported in the literature. These include
the degree of tumor differentiation, vascular invasion,
lymph node invasion, perineural invasion, involvement of
the resection margin (≤ 1 mm), lymphocyte infiltration,
tumor budding (presence of neoplastic cells below the
invasive front), demarcation of the submucosal invasive
front, and tumor differentiation at the leading edge of
the lesion[38-41].
Adequate selection of patients for local surgery on
the basis of pathological criteria is essential. In addition,
the surgical procedure must comply with a series of standards to ensure its effectiveness: complete excision of
the lesion in a single piece (i.e., without fragmentation),
complete rectal wall excision, and tumor-free resection
margins of at least 1 mm from the lesion[38,39,46,49].
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In conclusion, if the histological and surgical characteristics are favorable the risk of local recurrence is
below 5%, and the lesion is considered to be a T1 rectal
adenocarcinoma with good prognosis[39]. T1 with poor
prognosis are lesions with predictors of lymph node involvement and deficient surgery (for example, fragmentation, surgical margins affected, or less than 1 mm from
the lesion). In these circumstances the risk of local recurrence can rise to 29%.

LOCAL SURGERY IN T2 RECTAL
ADENOCARCINOMA
According to the NCCN-2013[50], the standard treatment
of rectal adenocarcinoma T2N0M0 (ADC-T2) is TME
without adjuvant therapy. These guidelines no longer propose local surgery associated with adjuvant therapy as an
alternative, as they did in 2008[51]. The local surgical approaches for ADC-T2 described in the literature are simple local excision (either via endoanal excision or TEM),
local surgery with postoperative chemoradiotherapy (CTRT), and preoperative CT-RT and local excision[14,49,52-55].
As we noted above, radical surgery (TME) reduces quality
of life and may lead to death due to causes not directly
related to cancer. So it is important to be able to assess
the results obtained with these alternatives in order to
choose the most suitable approach in each case.
Describing simple local excision with TEM for
ADC-T2, Borschitz et al[49] reported a local recurrence
rate of 35%. In our study of a series of 11 patients and a
mean follow-up of 59 mo, local recurrence was recorded
in 22.2%. These results suggest that local excision alone
at this stage of the disease should only be used with palliative intent.
The possibilities of postoperative adjuvant therapy
have received considerable attention. This is not surprising, since with adequate pathological diagnosis of the
lesion (avoiding understaging or overstaging) adjuvant
care can control the disease at a lower cost than radical
surgery. However, the review of the literature on CT-RT
after local surgery presents disappointing results, with
local recurrence ranging from 0% to 45%[56]. Our experience has been unfavorable, with two out of six patients
(33%) presenting local recurrence despite adequate surgical resection and with tumors defined as low risk on the
strength of histological findings[15]. We agree with Baxter
et al[56] that although postoperative adjuvant therapy appears to reduce local recurrence compared to simple local
excision, the rate still remains higher than with TME.
In a review of the literature on preoperative CT-RT
and local surgery in ADC-T2, Borschitz et al[55] observed
that when complete pathological response (CPR) is
achieved (that is, ypT0), local recurrence (LR) was 0%
and systemic recurrence was 4%. With ypT1 tumors, LR
was 2% and systemic recurrence was 7%. In ypT2, LR
rose to 7% and systemic recurrence also to 7%. However, when there was no response to neoadjuvant therapy
(ypT3), the LR rate was 21% and systemic recurrence
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12%. Although the experience is limited, promising results have also been reported in T3, although the reports
do not specify whether the lesions were superficial or
deep[57,58].
The main objective of neoadjuvant treatment is to
achieve CPR. The CPR rates reported for T2 and T3
range widely, between 11.7% and 73% [59,60]. The immense majority of CPRs are obtained with a long CT-RT
regimen (5-fluorouracil or capecitabine, combined with
radiotherapy of 50.4 Gy for five weeks). The adverse
effects (AE) due to the toxicity of the CT-RT should
be borne in mind. In 11 of the 40 patients (26.5%), Yu
et al [57] reported toxicity following neoadjuvant treatment; ten of them had AE grade ≥ 2, although none
abandoned treatment. In attempts to improve the CPR,
adjuvant treatment regimens have been modified. GarciaAguilar et al [59] proposed the association of standard
doses of capecitabine and oxaliplatin with radiotherapy,
and achieved a CPR of 48%. However, 44% of patients
had AE grade ≥ 3, which obliged a reduction in the
capecitabine dose; with the new dose the CPR rate was
36%, and 30% presented AE grade ≥ 3.
Complete clinical response (CCR) is not always the
same as CPR. Attempts have been made to determine
clinical and radiological predictors of CPR, but no definitive conclusions have been reached[59,61,62]. Due to the lack
of correlation between CCR and CPR, the combination
of CT-RT and local surgery is not suitable for all types
of rectal cancer that present CCR. For this reason, we
advocate exhaustive selection of patients by a multidisciplinary team[63,64]. The most favorable results reported
in the literature were in adenocarcinomas staged by EUS,
MRI and abdominal CT as T2N0M0 with degrees of differentiation G1-2[50], size ≤ 4 cm, and CPR after CT-RT.
Adequate excision of the lesion is most important,
avoiding fragmentation of the specimen and involvement
of the surgical margins (> 1 mm)[49]. As noted above,
TEM also achieves better results than conventional local excision with regard to the resection margins and the
quality of the specimen[44].
The results obtained so far with TEM are promising.
However, the scientific evidence is still limited, and these
findings need to be confirmed in prospective randomized
control trials.
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Abstract
Racial and ethnic disparities in cancer care are major
public health concerns and their identification is necessary to develop interventions to eliminate these disparities. We and others have previously observed marked
disparities in gastric cancer outcomes between Eastern
and Western patients. These disparities have long been
attributed to surgical technique and extent of lymphadenectomy. However, more recent evidence suggests
that other factors such as tumor biology, environmental
factors such as Helicobacter pylori infection and stage
migration may also significantly contribute to these observed disparities. We review the literature surrounding
disparities in gastric cancer and provide data pertaining
to potential contributing factors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Race; Ethnicity; Disparities; Gastric cancer;
Gastric adenocarcinoma
Core tip: Our prior investigations and review of the
literature suggest that racial and ethnic disparities in
gastric cancer outcomes in Eastern and Western pa-
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tients may not be solely attributed to surgical technique
and extent of lymphadenectomy. More recent evidence
from the Asian population of Los Angeles County and a
broad spectrum of the United States suggests that racial
disparities exist independent of the number of lymph
nodes harvested. Our data suggests that gastric cancer
outcomes are not comparable among different racial and
ethnic groups. Therefore, a one size fits all approach to
gastric cancer management appears to be inappropriate.
Merchant SJ, Li L, Kim J. Racial and ethnic disparities in gastric
cancer outcomes: More important than surgical technique? World
J Gastroenterol 2014; 20(33): 11546-11551 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i33/11546.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11546

INTRODUCTION
Cancer health disparities are “differences in the incidence,
prevalence, mortality and burden of cancer and related
adverse health conditions that exist among specific
population groups”[1]. Such disparities related to race and
ethnicity are well described and are major public health
concerns. Indeed, cancer incidence and death rates vary
considerably among select racial and ethnic groups[2,3].
For example, when considering all cancer sites combined,
black men have higher incidence and death rates compared to white men; black women also have higher death
rates compared to white women[2-4]. These disparities
apply to much of the United States, where whites and
blacks are the predominant racial groups. However, in
states such as California that have a large population of
immigrants, racial disparity investigations have included
the Asian population.
Our research group and others have previously investigated gastrointestinal cancer outcomes in Asians
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Table 1 Investigations performed by our group demonstrating racial and ethnic disparities in gastrointestinal cancer outcomes
Ref.

Histology

Cancer
registry

Groups

Findings

Hepatocellular
carcinoma

SEER

white, black, Hispanic,
and Asian

Kim et al[7], 2011

Rectal cancer

LAC CSP

Lee et al[8], 2012

Rectal cancer

LAC CSP

white, black, Hispanic,
and Asian
white, black, Hispanic,
and Asian

Lee et al[9], 2012

Colon cancer

LAC CSP

Blacks have shortest OS
Race/ethnicity independently predicts OS
Asian race independently predicts improved OS
Asians have longest OS
Race/ethnicity independently predicts OS
Of patients who received neoadjuvant radiation, blacks have the
poorest survival
Race/ethnicity independently predicts survival
Asians have longest OS

Kim et al[16], 2010

Gastric cancer

LAC CSP

Kim et al[59], 2009

Gastric cancer

LAC CSP

Nelson et al[18], 2013

Gastric cancer

SEER

Artinyan et al[5], 2010

white, black, Hispanic,
and Asian
white, black, Hispanic,
Asians have longest OS
Asian race independently predicts improved OS for surgical patients
and Asian
Korean, Chinese, Japanese,
Koreans have longest MS
Filipinos have shortest MS
Filipino, and Vietnamese
Japanese and Filipino ethnicities independently predict worse OS
Korean-Americans and
Korean-Americans have prolonged OS independent of LNs
whites

SEER: Surveillance, Epidemiology, and End Results; LAC CSP: Los Angeles County Cancer Surveillance Program; MS: Median survival; OS: Overall
survival.

revealing better survival outcomes in a variety of cancers including hepatocellular carcinoma and rectal and
colon cancer[5-9] (Table 1). In addition to differences in
incidence and survival, there are differences in the type
of treatment received. This is more prominent in the
management and subsequent outcomes of gastric cancer,
one of the most common cancers in Asia[10]. Disparities
in gastric cancer outcomes has been an area of active
investigation, with many striving to explain the dramatic
differences in survival between Eastern and Western patients. Here, we explore the literature on racial and ethnic
disparities in gastric cancer and the factors that may contribute to this phenomenon.
Racial and ethnic disparities in gastric cancer
Despite a decreasing incidence in the United States,
gastric cancer remains a leading cause of cancer-related
death worldwide[11]. In the United States, the estimated
new number of gastric cancer cases was 21600 with a
corresponding estimated number of deaths of 10990[2].
Although the number of deaths from gastric cancer has
been steadily declining since 1930, the disease continues
to be common in Asian countries where nearly 60% of
new cases occur[12]. Notwithstanding the higher prevalence of gastric cancer in Asia, significantly better outcomes have been reported in Asian compared to Western
countries[13]. For example, 5-year gastric cancer survival
in Japan is 60% compared to the much lower 20% in the
United States and Europe[10]. However, the outcomes disparities are not limited to survival alone. In fact, important differences have also been observed in gastric cancer
presentation and anatomic location and patient receipt of
multi-modality therapy and surgery.
When considering disease presentation and location (proximal - cardia, fundus; distal - body, antrum,
pylorus), Asian patients are more likely to be younger at
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initial diagnosis and to have a higher proportion of distal
gastric cancers[14,15]. Our group’s investigation of gastric
cancer in southern California revealed that Asians, Hispanics and blacks had the lowest percentage of proximal
tumors, whereas whites had the highest percentage of
proximal tumors. Furthermore, Asians were more likely
to have localized disease[16]. When examining receipt of
therapy, our group also observed that Asians were more
likely to undergo curative intent surgery[16]. Gill et al[15]
observed that Asians also received chemotherapy more
often than non-Asians. Regarding the quality of surgical resection, Al-Refaie et al[17] demonstrated that Asians
were less likely to have inadequate lymphadenectomy
compared to whites. It is no surprise then that studies
have repeatedly demonstrated that Asian patients have
better gastric cancer survival compared to other racial
and ethnic groups[10,15,16,18]. This disparity in survival when
viewed in a larger context between Eastern and Western
countries has been attributed largely to surgical technique
and extent of lymphadenectomy[19-21]. However, our investigations suggest that other factors such as differences
in tumor biology[14,22,23] and infectious etiologies such as
Helicobacter pylori (H. pylori)[24] may influence these disparities to variable extents. We discuss these factors below.
Surgical technique and extent of lymphadenectomy
One of the historical areas of controversy in the surgical
management of gastric cancer is the extent of lymphadenectomy. Lymph node disease is an independent prognostic factor in gastric cancer[19,20,25,26] and prospective
randomized trials have shown mixed results pertaining
to the value of extended lymphadenectomy. One such
study performed by the Medical Research Council in the
United Kingdom[27] examined gastrectomy with D1 vs D2
lymph node dissection (LND) and the results showed
higher morbidity and mortality in the D2 LND group.
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Furthermore, 5-year overall and recurrence-free survival
were not significantly different between the 2 groups[28].
The Dutch Gastric Cancer Group also conducted a
major investigation, randomizing patients to undergo
gastrectomy with D1 vs D2 LND[29]. The analysis demonstrated that D2 LND was associated with significantly
greater peri-operative morbidity and mortality compared
to D1 LND. Although there was no survival benefit initially observed with D2 LND[30,31], a 15-year analysis of
the data showed that D2 LND was associated with lower
locoregional recurrence and gastric cancer-related death
rates[32]. Nevertheless, Western data is generally different
from studies performed in Eastern countries. In Japan,
numerous retrospective, observational, and prospective
studies have shown improved survival in patients undergoing extended lymphadenectomy[19-21]. As such, D2
LND is regarded as standard of care and nearly all centers in Asia have embraced the routine performance of
extended LND, whereas its performance in the United
States and Western centers is likely to occur only at specialty centers.
The degree of LND is based on the Japanese staging
system in which nodal stations are categorized as N1, N2,
N3 or N4[19,20]. For example, D1 dissection entails removal of the N1 lymph node basin (i.e., perigastric, lesser and
greater curvature, suprapyloric and infrapyloric), whereas
D2 dissection involves D1 dissection plus removal of
nodes along the major named arteries (left gastric artery,
splenic artery, common hepatic artery and celiac trunk).
More extended lymph node dissections involve the removal of lymph nodes in the hepatoduodenal ligament
and retropancreatic and para-aortic regions. In a randomized controlled trial comparing D1 and D3 LND, the
more extensive LND was associated with higher 5-year
overall and recurrence-free survival[21].
The adoption of D2 LND in Western countries has
been slow and may contribute to the reported differences in survival outcomes between Eastern and Western
patients undergoing surgery for gastric cancer. Interestingly, our own data suggests that the superior survival
outcomes noted in Eastern populations may not be directly related to extent of lymphadenectomy. Using the
National Cancer Institute’s Surveillance, Epidemiology
and End Results (SEER) registry, we observed that the
outcomes of Korean-American gastric cancer patients
were independent of lymph node number[18]. Remarkably,
despite a consistently low number of examined lymph
nodes for Korean-American patients, survival rates were
comparable to previously reported outcomes from East
Asian centers with higher lymph node yields. These findings suggest that the higher gastric cancer survival in the
East may not be attributed solely to surgical technique.
However, our own group firmly adheres to the routine
performance of D2 LND dissection in our patients with
gastric adenocarcinoma.
Stage migration
Variability in the extent of lymphadenectomy and the
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number of lymph nodes examined may affect nodal staging[33-35]. Thus, the comparison of outcomes between
Eastern centers with extended LND and Western centers
with inadequate LND may produce disparities because
of potential under-staging in Western patients. Originally
described by Feinstein et al[36] as the Will Rogers phenomenon, there is a migration of disease into more advanced
stages by the identification of lymph node disease with
more extensive dissection (in Eastern patients) that would
otherwise remain unidentified (in Western patients) with
inadequate surgical dissection. Therefore, stage migration
associated with more radical lymphadenectomy in the
East may contribute to the disparate survival differences
between Eastern and Western patients.
Tumor biology
The different patterns of gastric cancer in the East and
West are so apparent that many have suggested inherent
differences in biologic behaviour. This theory may be supported by the distinct anatomic patterns of gastric cancer
location between Eastern and Western patients. Distal
cancers constitute the majority of stomach cancer cases
worldwide[10] whereas the incidence rates of proximal
cancers have increased in Western countries[10,37,38]. While
the distinct anatomic patterns and histologic subtypes of
cancer may suggest differing tumor biology, studies have
been unable to consistently support this notion.
From a molecular perspective, McCulloch et al[39,40]
showed that the oncogenes c-erbB2 and TP53 were expressed in a similar fashion in gastric cancers from Japanese and British patients, but Theuer et al[23] demonstrated
higher frequency of microsatellite stability in gastric
cancers from Japanese compared to American patients.
Theuer et al[22] demonstrated that normal E-cadherin expression was more common in Japanese intestinal-type
gastric cancer whereas c-erbB2 expression was higher in
American gastric cancers. These findings are relevant because abnormal E-cadherin expression is associated with
adverse features in gastric cancer such as loss of cellcell adhesion (a more common feature of diffuse-type
gastric cancer)[41,42] and increased c-erbB2 expression may
correlate with depth of invasion and metastasis[43]. Furthermore, tumors in British patients have a significantly
greater mean cell nuclear antigen proliferation index
than Japanese tumors and increased levels of an “antimetastasis” factor have been reported in specimens from
Japanese compared to British patients[44].
Different genetic backgrounds in various ethnic
populations may alter susceptibility to developing gastric cancer. More recently, there has been a plethora of
information pertaining to genetic polymorphisms in gastric cancer. Various genes, including but not limited to,
CD14[45], glutathione S-transferase T1[46] and XRCC3[47]
have been shown to alter gastric cancer susceptibility in
ethnic groups, particularly Asians and Caucasians. These
molecular studies suggest that differences in tumor biology among various ethnic groups exist and may contribute
to racial disparities in gastric cancer outcomes.
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H. pylori
Globally, H. pylori infection affects 50% of the worldwide population[48]. In addition to its indisputable role
in chronic gastritis and peptic ulcer disease[49,50], the association between H. pylori and gastric cancer is also well
accepted[25,50-52] and epidemiologic studies estimate that
the risk of gastric cancer in H. pylori-infected individuals
is increased by 20-fold[53]. In general, the seroprevalence
rates in less developed or developing countries are higher
than in developed countries[24]. Compared to the United
States, Asian countries have higher seroprevalence rates
and Asian immigrants have much higher rates of H. pylori
seropositivity than whites[24,54]. Thus, the high rates of
gastric cancer in Asia may occur from a complex interaction between host factors, environmental factors and H.
pylori infection[24].
Different H. pylori strains occur across diverse geographic regions and differences in these strains have correlated with variations in gastric cancer epidemiology[24].
For example, cytotoxin-associated gene A (CagA) and
vacuolating cytotoxin A are major pathogenic factors
that may dysregulate host intracellular signalling pathways
and lower the threshold for neoplastic transformation[50].
Strains that produce CagA are more likely to cause cancer[55,56]. Finally, differences in H. pylori genomes have
been demonstrated between East Asian and non-Asian
populations[57] and may also conceivably contribute to
disparities in gastric cancer outcomes.

namese populations, with the greatest difference between
Koreans and Filipinos, who had the best and worst
overall survival, respectively. Korean patients were least
likely to have nodal or distant disease and had a lower
rate of proximal tumors; conversely, Filipino patients had
amongst the highest rates of nodal and distant disease
as well as proximal gastric cancers. These results suggest
that there are differences in gastric cancer presentation
and survival among Asian ethnicities and that combining
diverse Asian ethnic populations as one single race may
be grossly inappropriate.
In a more recent study utilizing the SEER registry, we
compared characteristics of Korean-American patients
who had high or low lymph node counts and attempted
to determine whether extent of lymphadenectomy during
curative-intent gastric surgery would impact survival[18].
Remarkably, overall survival was not different in KoreanAmerican patients undergoing excision of 1-15 lymph
nodes compared to 16+ lymph nodes for all stages of
disease. A similar analysis was conducted for whites,
which showed that overall survival diverged according to
examined lymph node groups. Specifically, white patients
with 16+ examined lymph nodes had significantly longer
overall survival than for 1-15 examined lymph nodes for
all stages of disease. These findings suggest that extent
of lymphadenectomy may not contribute to survival outcomes in Eastern patients as much as previously believed
and that it may be more important in Western patients.

Our research observations
Our group has taken great interest in racial and ethnic
disparities in gastric cancer. Within the state of California, Los Angeles County is an ethnically diverse population in which the percentage of Asians is approximately
3-fold higher than in the general United States population
and where Hispanics comprise the largest ethnic group[58].
This milieu provides a unique opportunity to study the
potential association between race and ethnicity and
gastric cancer outcomes. Using the Los Angeles County
Cancer Surveillance Program database, we demonstrated
that Asian patients with gastric cancer demonstrated
longer survival than whites, Hispanics and blacks[16].
Furthermore, in patients that underwent surgical resection, superior survival was again demonstrated in Asian
patients compared to whites, Hispanics and blacks[16] and
remained significant even when cancer location and extent of lymphadenectomy were taken into account. Even
more intriguing is the observation that there was no improvement in 5-year survival for patients with increased
lymph node retrieval. Our results support the presence
of persistent racial and ethnic differences despite controlling for technical factors
We subsequently compared outcomes among the different Asian ethnic groups and discovered differences
in gastric cancer survival among Asian ethnicities[59].
Again using the Los Angeles County Cancer Surveillance
Program database, we showed stark survival differences
between Korean, Chinese, Japanese, Filipino and Viet-

DISCUSSION
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Much literature shows that the issue of racial and ethnic
disparities and cancer outcomes remains important and
thus it continues to be under active investigation. These
disparities are likely influenced by a number of different
factors (e.g., access to screening, quality of surgical care,
access and response to multimodality therapy, etc.) and a
better understanding of these disparities can lead to interventions that may help to abolish these disparities.
Stark differences in gastric cancer outcomes between
Eastern and Western patients have been investigated and
debated. Although many Eastern surgeons are convinced
that these disparities are largely secondary to surgical
technique, the importance of race and ethnicity in impacting these disparities has gained traction. As a surgical
unit, we strongly advocate the routine performance of
D2 lymphadenectomy for curative resection of gastric
adenocarcinoma, but we also strongly suspect that factors
beyond surgical control influence outcomes.
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Abstract
The high incidence of gastric cancer in Japan initially
resulted in establishment of a country-wide gastric
cancer screening program to detect early and treatable
cancers. In 2013 countrywide Helicobacter pylori (H.
pylori ) eradication was approved coupled with endoscopy to assess for the presence of chronic gastritis. Current data support the notion that cure of the infection
in those with non-atrophic gastritis will prevent development of gastric cancer. However, while progression
to more severe damage is halted in those who have
already developed, atrophic gastritis/gastric atrophy
remain at risk for subsequent development of gastric
cancer. That risk is directly related to the extent and
severity of atrophic gastritis. Methods to stratify cancer
risk include those based on endoscopic assessment of
the atrophic border, histologic grading, and non-invasive methods based on serologic testing of pepsinogen
levels. Continued surveillance is required because those
with atrophic gastritis/gastric atrophy retain considerable gastric cancer risk even after H. pylori eradication. Those who have already experienced a resectable
early gastric cancer are among those at highest risk as
metachronous lesions are frequent even after H. pylori
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eradication. We review the role of H. pylori and effect
of H. pylori eradication indicating the incidence and the
predictive factors on development of metachronous
cancer after endoscopic therapy of early gastric cancer.
Studies to refine risk markers to stratify for risk, surveillance methods, intervals, and duration after successful
H. pylori eradication, and whether adjuvant therapy
would change risk are needed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Atrophic gastritis; Pepsinogen; miRNA; Intestinal metaplasia; Cancer prevention
Core tip: For the patients with a history of endoscopic
resection of early gastric cancer, Helicobacter pylori (H.
pylori ) eradication followed by continued surveillance
for gastric cancer is generally required because those
with severe gastric atrophy retain considerable gastric
cancer risk even after H. pylori eradication. We review
the role of H. pylori and effect of H. pylori eradication
indicating the incidence and the predictive factors on
development of metachronous cancer after endoscopic
therapy of early gastric cancer.
Shiotani A, Haruma K, Graham DY. Metachronous gastric cancer
after successful Helicobacter pylori eradication. World J Gastroenterol 2014; 20(33): 11552-11559 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11552.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11552

INTRODUCTION
Gastric cancer is the fourth most common cancer and
second leading cause of cancer deaths worldwide with
more than 700000 deaths annually[1]. There are marked
geographic differences in gastric cancer incidence both
within and between countries and regions with the high-
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est incidence occurring in Japan, Korea, China, Eastern
Europe and parts of Central and South America[2]. An attempt to reduce gastric cancer mortality led Japan in the
1950’s to establish secondary cancer prevention programs
to detect malignant lesions in an early and potentially
treatable stage. Improved detection of early lesions using
double contrast roentgenography of the stomach, gastrocamera and most recently endoscopic examination with
biopsy of suspected lesions has resulted in improved survival of patients receiving operative therapy[3].
Endoscopic methods to remove premalignant as
well as superficial malignant gastric lesions such as endoscopic mucosal resection and endoscopic submucosal
dissection have now become the standard of care in Japan and Korea for management of early gastric cancers
with no evidence of lymph node metastasis. This program has been highly successful and currently more than
half of Japanese gastric cancer cases are diagnosed at an
early stage[4]. Because endoscopic submucosal dissection
involves removal of both the mucosa and submucosa,
large lesions can be resected en bloc yielding an improved
histopathological diagnosis compared to endoscopic mucosal resection. However, both methods result in greater
post-interventional quality of life compared to surgical
resection[5].
While endoscopic removal of an early gastric cancer
only solves the problem of that particular lesion it does
not affect the overall cancer risk. The stomach in patients with early gastric cancer typically exhibits extensive
chronic atrophic changes with multiple areas with preneoplastic changes and often contains microscopic foci
of intramucosal cancer[6,7]. Prior studies that examined
stomachs of patients with early gastric cancer reported
that detailed histologic examination will reveal foci of
intramucosal cancer in up to 15%[8-10]. The presence of
these lesion is likely at least partially responsible for the
fact that the risk of developing a metachronous lesion
following endoscopic removal of an early gastric cancer
has ranged between 1% and 4% per year[8,11-13]. Because
of the high risk of metachronous lesions it is recommended that these patients are enrolled in a life-long endoscopic surveillance program.
The factors that influence the rate of appearance of
metachronous lesions remain unclear, however some
studies have shown that Helicobacter pylori (H. pylori) eradication results in a lower risk of developing a metachronous lesion[14]. Based on prior studies and the cancer field
effect, it should not be surprising that either metachronous lesion remains a risk. For example, H. pylori eradication in patients with H. pylori infection and atrophic
gastritis but no evidence of cancer has been shown to reduce but not eliminate that risk suggesting a role for the
organism itself, for continuing H. pylori-induced inflammation, or both in relation of cancer risk.
H. pylori and gastric cancer
In 1994, the International Agency for Research on Cancer (IARC) of the World Health Organization classified
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H. pylori as a definite carcinogen[15]. Two decades then
passed before this knowledge was translated into the decision to approve population-wide H. pylori eradication
for any population[7]. During this interval a number of
misconceptions regarding the attributable risk of H. pylori
infection in gastric cancer were corrected and the role of
atrophic gastritis as a surrogate for cancer risk was confirmed[16]. It is now accepted that H. pylori infection is responsible for more than 95% of gastric cancers (e.g., one
study in Japan demonstrated that H. pylori-negative gastric
cancer accounted for less than 3% among all gastric cancers)[17]. H. pylori infection causes progressive damage to
the stomach that may eventually result in atrophic gastritis/gastric atrophy with a rapidly increasing risk of gastric
cancer. It is this progressive nature of the process that
makes it so dangerous and many have been lulled into
compliancy when deciding what to do with a patient with
mild or non-atrophic gastritis without recognizing that
the current histology is actually an early stage of a progressive process and the subsequent changes are largely
irreversible. However, progression can be prevented or
halted by H. pylori eradication but the cancer risk associated with atrophic damage can at best be only partially
reversed. As such, H. pylori infection has been likened to
infestation with termites which also cause typically silent
put progressive damage. As with termites, the best results
are obtained when the problem is discovered before permanent and extensive damage has occurred. The failure
to recognize the progressive nature of the process can result in compliancy during which an individual cancer risk
progressively increases[18] .
H. pylori induced gastritis is typically acquired in childhood. Initially the inflammation and damage is most
severe in the non-acid secreting gastric antrum. Over
time the damage progresses into the gastric corpus as an
advancing atrophic border which can be recognized endoscopically, and the damage clinically progresses more
rapidly along the lesser curve than the greater curve[19,20].
Chronic inflammation related with H. pylori affects differentiation and promotes metaplasia[21-23]. As the damage
advances into the corpus along the atrophic border it
leaves behind a lawn of pyloric metaplasia (also known as
pseudopyloric or mucus metaplasia) now recognized to
be similar or identical to spasmolytic polypeptide/trefoil
factor family 2 (TFF2)-expressing metaplasia (SPEM)
described in animal models of gastric cancer[24,25]. The
recognition that pyloric metaplasia could be easily recognized by immunostaining as SPEM rather than the previous cumbersome process of identifying it on the basis
of corpus location and pepsinogen I staining allowed
many older observations to be rapidly confirmed and
extended[16]. It is now believed that intestinal metaplasia
arises from SPEM and SPEM may also provide the cell
of origin of gastric cancer[25,26]. Intestinal metaplasia is no
longer thought to be the precursor of gastric cancer but
rather is an easy recognized surrogate for the presence
and extent of gastric mucosal atrophy[27-29]. The concept
of multifocal atrophic gastritis actually represents scat-
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tered areas of intestinal metaplasia arising within a lawn
of SPEM-type atrophy damage[30-32]. The ease of diagnosing pyloric metaplasia has allowed development of a
new gastric cancer risk stratification system, the corpuspredominant gastritis index, to join the Operative Link
for Gastritis Assessment (OLGA) and OLGA-M histology systems of stratifying gastric cancer risk[33].

SERUM MARKERS FOR GASTRIC
CANCER RISK ASSESSMENT
Pepsinogen
For population wide testing it is important have efficient
and cost effective practical mass screening methods that
correlate with the risk of developing gastric cancer (i.e.,
non-invasive risk stratification). Since H. pylori infection
is the necessary but insufficient cause of gastric cancer,
identification and eradication of H. pylori is the most
important step; eradication H. pylori infections which will
ultimately eliminate gastric cancer. There are a number
of validated non-invasive methods to identify H. pylori
infection ranging from serologic methods, through the
urea breath test and stool H. pylori antigen testing[34].
However in populations where gastric cancer is common, H. pylori eradication alone is often insufficient as
many individuals will have already have experienced
irreversible gastric damage and thus carry an ongoing
risk for development of gastric cancer despite H. pylori
eradication. In the past when the emphasis was on identifying incidence cases of gastric cancer in high prevalence countries such as Japan, a number of approaches
(secondary cancer prevention) were tested. Measurement of serum pepsinogens proved to be a useful noninvasive method of identification of patients at risk and
also proved cost effective for enriching the population
with gastric cancer in screening studies[35-37]. The concept
is based on the fact that pepsinogen Ⅰ is produced by
the chief and mucous neck cells in the fundic glands
whereas and pepsinogen Ⅱ is produced throughout the
stomach as well as by Brunner’s glands[38,39]. Damage to
the gastric corpus results in a progressive decline in both
pepsinogen Ⅰ levels and the ratio of pepsinogen Ⅰ to
pepsinogen Ⅱ (pepsinogen Ⅰ/Ⅱ). Pepsinogen testing
thus allows a non-invasive assessment of the presence
and extent of atrophic gastritis and can be used to risk
identify patients endoscopic cancer screening programs
or for possibly needing endoscopic surveillance after
H. pylori eradication[6,29,35,37,40-42]. While this approach has
been shown to be useful, the cumulative data have shown
some limitations. Probably the most important limitation
is that H. pylori eradication can significantly change pepsinogen levels with a decrease of pepsinogen Ⅰ and pepsinogen Ⅱ and an increase of pepsinogen Ⅰ/Ⅱ even
among those at high risk for gastric cancer[43,44]. Thus, at
least as currently used, serum pepsinogen testing cannot
be used as a reliable marker of atrophy for patients who
already have been treated by eradication therapy.
Japan has a large cadre of endoscopists experienced

WJG|www.wjgnet.com

in detection of atrophic gastritis and early gastric cancer
and the decision was made that H. pylori eradication therapy should be accompanied by endoscopy to examine the
extent and severity of gastritis. In countries where gastric
cancer risk is lower and a large number of experienced
endoscopists is lacking, it would probably be more prudent and cost effective to use pre-therapy pepsinogen
testing to risk stratify patients into those possibly at higher risk for subsequent gastric cancer and those with little
or risk post H. pylori eradication. Those in the higher risk
category could then undergo endoscopy using a validated
risk stratification system to identify those with indications
for continued surveillance.
Micro-RNA
Micro-RNAs (miRNAs) are 18-25 nucleotide noncoding
RNA sequences that are transcribed but not translated
into proteins. Some miRNAs have been shown to possess oncogenic or tumor suppressor activity and relate to
apoptosis, proliferation, differentiation, metastasis, angiogenesis, and immune response, which are all potentially
involved in cancer initiation, progression and treatment
response[45,46]. MiRNAs can also be detected circulating
in a cell-free form in blood, most probably in exosomes
which protect them against degradation by ribonuclease, and their signatures in blood are similar in men
and women, as well as individuals of different age[47,48].
Furthermore, miRNA levels are similar in plasma and
serum, and freeze/thaw as well as prolonged storage at
room temperature does not affect their levels[48]. Thus,
serum miRNAs have the potential of a novel biomarker
for many cancers. Lawrie et al[49] first discovered tumorspecific deregulation of circulating miRNAs and subsequently, circulating miRNAs have been suggested great
potential as biomarkers for many cancers including gastric cancer[48,50,51]. Moreover, accumulating reports suggest
the potential of miRNAs in the early detection of gastric
cancer.
We investigated serum miRNAs as markers to individuals at high risk for gastric cancer not only before H.
pylori eradication but also after eradication. The serum
levels of miR-106b and let-7d before and after H. pylori
eradication; miR-21 after eradication were significantly
higher in the high-risk group than in controls. H. pylori
eradication significantly changed serum pepsinogen levels
even in the high-risk group, whereas eradication did not
significantly alter miR-106b and let-7 levels in the highrisk group. These results suggest that serum miRNAs
may be equivalent or even superior to serum pepsinogen
as a biomarker to detect those at high risk for gastric cancer before and after H. pylori eradication[52].

EFFECT OF H. PYLORI ERADICATION ON
CANCER INCIDENCE
In the first half of the 20th century it was recognized
that gastric cancer risk was related to atrophic gastritis[7,53]. The late 20th century brought new information
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and identified that gastric cancer was an inflammationrelated cancer caused by chronic infection with H. pylori.
It was initially unclear whether H. pylori eradication alone
would suffice to eliminate or greatly reduce gastric cancer risk or whether some form of surveillance would be
still required. The fact that those with atrophic gastritis
whose H. pylori had disappeared spontaneously following destruction of the normal gastric niche for their
growth still retained a high risk of gastric cancer suggested that H. pylori eradication alone was likely to prove
insufficient[6]. Many clinical studies have subsequently
examined the effect of H. pylori eradication on the subsequent incidence of gastric cancer. For example, Take et
al[54] in a prospective non-randomized eradication study
among more than1100 Japanese patients with peptic
ulcers showed that H. pylori eradication reduced the risk
of subsequently developing gastric cancer. A followup for a mean of 3.9 years of these patients found that
gastric cancer developed in less frequently among those
who had had successful H. pylori eradication compared
to those with persistent infection (0.23% vs 0.70% at 1
year, p = 0.04, log-rank test)[54]. While eradication did not
completely eliminate the risk, and the risk was related to
the extent of atrophic gastritis at the time of eradication
therapy[54]. The remained risk of developing gastric cancer was reported to be 0.30% per year[55]. The Shangdong
intervention trial failed to find a difference in gastric
cancer incidence after 7.3 years but did find a significant
fall 14.7 years post H. pylori eradication therapy[7,56]. The
latest meta-analysis has confirmed that successful eradication reduced the risk for gastric cancer and included 6
randomized controlled trials including four from China,
one from Japan, and one from Colombia. The median
follow-up period was 6 years. The pooled analysis yielded
a relative risk for gastric cancer of 0.65 (95%CI: 0.43-0.89)
following successful eradication therapy[57].
One effect of H. pylori eradication therapy is to stop
the progression of damage and thus lock in or reduce the
gastric cancer risk present at the time of H. pylori eradication[6]. Thus, those with non-atrophic gastritis would be
expected to have negligible risk of subsequently developing gastric cancer whereas those with atrophic gastritis
would be expected to have a risk equal to or somewhat
lower than others with the same pattern of gastritis but
definitely lower than an untreated cohort whose risk
would increase yearly as the disease progressed[6]. The
available data confirm these expectations[6,41]. However,
there are few studies that have followed patients who
were matched based on risk stratification. A longitudinal
cohort study of 9.3 years in Japan reported significant
reduction in cancer incidence after eradication in H. pylori
positive patients with mild atrophic gastritis as evaluated
by serum pepsinogen testing. The incidence per 100000
person-year in those with persistent infection was 111
compared to 69 among those the infection was eradiated.
However the cancer incidence was not significantly different (237 vs 223) among the patients with more severe
atrophy[58].
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Eradication of the infection stops the inflammatory
process, promotes healing of gastritis and resolution of
inflammation. Nonetheless, the link between H. pylori
and cancer runs through atrophic gastritis and intestinal
metaplasia, and eradication cannot reverse the severe
atrophic damage and intestinal metaplasia, especially incomplete type or SPEM that has already occurred. For
examples, H. pylori eradication prior to development of
intestinal metaplasia improves corpus gastritis enhancing
sonic hedgehog (SHH) and its downstream regulators
and diminishing SHH methylation and aberrant CDX2
expression, which inhibit intestinal development and
differentiation and reverse gastric phenotype. However,
eradication in patients with high risk such as atrophy with
intestinal metaplasia, especially incomplete type or a history of endoscopic treatment for gastric cancer does not
result in much if any improvement[22,59,60]. The ability to
predict the point of no return for the development of
the malignancy is of particular interest and whether the
presence of severe atrophy, SPEM, or some intestinal
metaplasia subtypes alone or together correspond to this
point, still need to be investigated[61].

CUMULATIVE INCIDENCE OF
METACHRONOUS CANCER AFTER
ERADICATION
The group with the highest risk of gastric cancer includes
those who have already had one cancer cured by upper
gastrointestinal endoscopy. Several studies have reported
incidence of metachronous cancer after successful H.
pylori eradication (Table 1).
Uemura et al[62] were the first to show that H. pylori
eradication could reduce the risk of development of gastric cancer in this group of patients when, in a retrospective study, 132 patients with early gastric cancer were followed after endoscopic resection; metachronous gastric
cancer developed only in 6 of 67 (9%) patients without
eradication over a follow up of 3 years. A later multicenter prospective randomized study in Japanese patients
followed for 3 years after endoscopic removal of an early
gastric cancer found metachronous gastric cancer in 9 of
272 (3.3%) patients with H. pylori eradication vs 24 of 272
(8.8%) controls[14]. The incidence of metachronous gastric cancer was reduced significantly (OR = 0.35, 95%CI:
0.16-0.78; p = 0.009) consistent with H. pylori eradication
having a benefit in delaying the onset of new cancers in
the same stomach.
In contrast, a Japanese retrospective study reported
that H. pylori eradication did not reduce the incidence of
metachronous gastric cancer. Baseline severe mucosal atrophy and a follow-up of more than 5 years were found
to be independent risk factors for the development of
metachronous gastric cancer[63]. Moreover, a recent Japanese multicenter retrospective cohort study from 12 hospitals detected metachronous multiple cancers in 65 of
1258 (5.2%) during a mean of 26.8 mo. The cumulative
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Table 1 Incidence of metachronous cancer after successful Helicobacter pylori eradication
Ref.

Country

Subject No.

Study design

Mean follow-up
periods

Incidence (%)

Eradication effect
(95%CI)

Uemura et al[62], 1997
Fukase et al[14], 2008

Japan
Japan

65/67
272/272

3 yr
3 yr

0 vs 9
3.3 vs 8.8

Shiotani et al[12], 2008
Hanaoka et al[66], 2010
Maehata et al[63], 2012

effective P = 0.011
effective 0.35
(0.16-0.78) P = 0.009

Japan
Japan
Japan

80
82
177/91

NR
Multicenter openlabel RCT
single arm

11.3
14.6
8.5 vs 14.3

OR = 1.71 (0.72-4.03)

Kato et al[64], 2013

Japan

263/105

3.5/Y

NS

Seo et al[65], 2013

South Korea

61/13

33 mo
55 mo
3 yr
1.1-11.1 yr
26.8 mo
2-5 yr
27.2 mo

9.8 vs 23.1

Chon et al[69], 2013

South Korea

129
85/44

26 mo
16.5-30 mo

4.7 vs 11.4

OR = 0.36
(0.08-1.70),
effective HR = 0.143
P = 0.008

retro NR
Multicenter retro
cohort
retro cohort
Retro NR

Subject No.: Number of subjects with eradication/without eradication and with failure of eradication; RCT: Randomized controlled trial; NR: Nonrandomized; Retro: retrospective; NS: Not significant.

incidence of metachronous cancers increased linearly and
the mean annual incidence rate was 3.5%. The incidence
rate did not differ between patients with or without H. pylori eradication[64]. A recent study from Korea also reported that metachronous gastric cancer showed a decrease
in the eradicated group, but this did not reach statistical
significance (or = 0.36, 95%CI: 0.08-1.70, p = 0.189),
although metachronous gastric cancer was significantly
decreased in the eradicated group (OR = 0.108, 95%CI:
0.016-0.726, p = 0.035) among the subgroup who were
followed-up for more than 18 mo[65].
These recent studies have all confirmed that the presence of one early gastric cancer identifies a group of
patient at extremely high risk of metachronous cancer
consistent with the histologic analysis of the remaining
gastric mucosa in patients with early gastric cancer undergoing gastric resection. The risk of a metachronous
cancer among those not having H. pylori eradication appears to be in the range of 3%-4% per year (e.g., 3000 to
4000/100000 per year) (Table 1). Overall H. pylori eradication appears to reduce that risk but this is not seen in
all studies and studies are needed to identify risk factors
that correlate with subsequent risk such as pattern and
extent of atrophy as well as better characterization of the
mucosa in terms of inflammation, presence and extent
of SPEM, different types of intestinal metaplasia, gastric
microbiota, etc..

PREDICTIVE FACTORS FOR
METACHRONOUS GASTRIC CANCER
AFTER H. PYLORI ERADICATION
Previous studies have looked at factors that helped
predict development of gastric cancer after H. pylori
eradication and those data might provide clues to risk
stratification after endoscopic removal of an early gastric
cancer and H. pylori eradication. H. pylori eradication will
thus produce two populations: those with minimal to no
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risk and those with some residual risk for cancer. Those
with residual risk can likely be assured that their risk will
not increase as they age and although it will probably
decrease somewhat, some risk remains[7]. Our previous
study showed that atrophy in biopsy specimens from the
lesser curvature of the corpus was strongly associated
with gastric cancer risk[12]. The frequency of severe atrophy assessed by histology (100% vs 53.2%, p = 0.03) was
higher and the serum pepsinogen Ⅰ/Ⅱ ratio before H.
pylori eradication was significantly lower in the group that
developed metachronous cancer compared to the group
that did not. A pepsinogen Ⅰ of < 25 ng/ml before
eradication was significantly associated with development
of a new lesion[12]. Moreover, extensive atrophic gastritis
diagnosed by autofluorescence imaging (AFI), which is
new endoscopic imaging technology using illumination
of different wavelength light through a filter in a light
source[21], was a significant predictor for metachronous
cancer developed after successful eradication and could
possibly be useful to identify patients undergoing endoscopic submucosal dissection who still required intensive
surveillance after eradication[66].
For many individuals H. pylori eradication equates with
cancer prevention whereas for others it only produces
a reduction in risk. This difference in outcome depends
on the level of risk when the eradication is performed.
For those with history of endoscopic resection of one
cancer, H. pylori eradication followed by surveillance for
gastric cancer is generally indicated (i.e., a combination
of primary and secondary prevention), because the risk
of gastric cancer remains high even after H. pylori eradication[6,53]. The previous study indicated that levels of
hMLH1 promoter hypermethylation, which is a frequent
cause of the microsatellite instability (MSI) -H phenotype, are similar in the surrounding non-cancerous tissue
compared to cancer tissue[67]. In addition, another study
indicated that MSI and hypermethylation of hMLH1
in cancer lesions were detected more frequently in the
patients with multiple gastric cancers than those with
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solitary gastric cancer[68]. These results indicate that inactivation of hMLH1 through promoter hypermethylation
seems to be involved in the development of multiple
gastric cancers following the MSI pathway. MSI or hypermethylation of hMLH1 as well as serum miRNA might
be potential predictive markers for metachronous cancer.
Studies are required to establish appropriate markers irrespective H. pylori eradication for gastric cancer screening.
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Abstract
Recent studies show that ion channels/transporters play
important roles in fundamental cellular functions that
would be involved in the cancer process. We review
the evidence for their expression and functioning in human gastric cancer (GC), and evaluate the potential of
cellular physiological approach in clinical management.
Various types of ion channels, such as voltage-gated
+
K channels, intracellular Cl channels and transient receptor potential channels have been found to express
in GC cells and tissues, and to control cell cycles. With
regard to water channels, aquaporin 3 and 5 play an
important role in the progression of GC. Regulators
of intracellular pH, such as anion exchanger, sodium+
hydrogen exchanger, vacuolar H -ATPases and carbonic
anhydrases are also involved in tumorigenesis of GC.
Their pharmacological manipulation and gene silencing affect cellular behaviours, suggesting their potential
as therapeutic targets for GC. Our studies indicate the
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intracellular Cl concentration could act as a mediator
of cellular signaling and control cell cycle progression
in GC cells. Further, we demonstrate the cytocidal effects of hypotonic shock on GC cells, and indicate that
the blockade of Cl channels/transporters enhances
these effects by inhibiting regulatory volume decrease.
A deeper understanding of molecular mechanisms may
lead to the discovery of these cellular physiological approaches as a novel therapeutic strategy for GC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Ion channels; Water channels; Intracellular pH; Intracellular chloride; Osmolality
Core tip: This article aims to systematically review the
current knowledge on expression and functioning of ion
transporters in gastric cancer (GC). Various types of ion
channels, water channels and regulators of intracellular
pH have been found to express in GC, and to control
tumorigenesis. Our studies indicate the intracellular Cl
concentration could control cell cycle progression in
GC cells. Further, we demonstrate the cytocidal effects
of hypotonic shock, and indicate that regulation of ion
transport enhances these effects. A deeper understanding of molecular mechanisms may lead to the discovery
of these cellular physiological approaches as a novel
therapeutic strategy for GC.
Shiozaki A, Ichikawa D, Otsuji E, Marunaka Y. Cellular physiological approach for treatment of gastric cancer. World J Gastroenterol 2014; 20(33): 11560-11566 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11560.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11560

INTRODUCTION
Gastric cancer (GC) represents the second most common
cause of cancer-related deaths in the world[1]. Recently,
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the prognosis of GC has been improved with advances in
surgical techniques, adjuvant therapy, chemoradiotherapy
and molecular targeted therapy[2]. However, long-term
outcomes of patients with GC remain dismal, especially
for advanced disease. An improvement in the treatment
of recurrent or metastatic GC depends on understanding
of the molecular mechanisms regulating the tumorigenesis and the progression of the disease.
Over the past few decades, many reports have revealed that ion channels and water transporters play important roles in fundamental cellular functions. Particularly, their physiological roles in cell proliferation have been
considered since cell volume changes, which require the
participation of ion and water movement across the cell
membrane, are indispensable in cell cycle progression.
Recently, the roles of ion and water channels/transporters have been studied in cancer cells[3-7] and various types
of transporters have been found in cancers of digestive
organs.
This article aims to systematically review the current
knowledge on expression and functioning of ion and
water channels/transporters in GC cells and tissues. The
ultimate objective is to evaluate the potential of cellular
physiological approaches, such as regulation of ion channels, water channels, intracellular pH, intracellular ion
concentration and osmolality, in clinical management of
GC.

REGULATION OF ION CHANNELS
Recent studies have demonstrated that several subtypes
of K+ channels are expressed in human GC cells, and are
associated with cell proliferation. Altered expression of
several voltage-gated K+ channels (Kv) has been observed
in GC. Lan et al[8] have demonstrated that Kv1.5 protein is
frequently detected in GC tissues and down-regulation of
the expression of Kv1.5 in SGC7901 cells inhibits their
proliferation and tumorigenicity. Further, Han et al[9] have
shown that up-regulation of Kv1.5 increases the K+ current density and sensitivity of SGC7901 cells to multiple
chemotherapeutic drugs, such as adriamycin or 5-fluorouracil. Expression of Kv4.1 has been found in human GC cell lines, and its down-regulation inhibited cell
proliferation via the blockage of G1-S transition[10]. Eag1
(Kv10.1) was aberrantly expressed in GC tissues and associated with cancer lymph node metastasis and stage[11].
Human ether-a-go-go-related gene (HERG) encodes one
of the components of delayed rectifier K+ currents. In
GC, HERG channel has cancer-limited expression and
its blocker diminishes the G1-S transition[12,13]. Ding et
al[14] have shown that the survival rates for the hERG1positive expression group are significantly lower than
the negative group, and hERG1 expression is found to
be an independent prognostic factor. Further, HERG
expression has been reported to be essential for cisplatin
to induce apoptosis in human GC[15]. Disruption of K+
channel protein, voltage-gated K+ channel subfamily E
member 2 (KCNE2), has been shown as a possible risk
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factor for gastric neoplasia[16]. Kuwahara et al[17] have analyzed the expression of KCNE2 in surgically excised tissue from human GC associated with gastritis cystica profunda and confirmed that reduced KCNE2 expression
correlates with disease formation. It has been proposed
that atrial natriuretic peptide modulates the proliferation
of human GC cells via voltage-gated K+ channels, KQTlike subfamily member 1 (KCNQ1)[18]. Inwardly rectifying K+ channels (Kir) have been also implicated in GC.
Lee et al[19] have demonstrated that knockdown of Kir2.2
suppresses tumorigenesis by inducing reactive oxygen
species-mediated cellular senescence.
There is evidence also for Cl- channels involvement
in GC. Overexpression of chloride intracellular channel
1 (CLIC1) is shown to be a potential prognostic marker
for GC[20]. Elevated CLIC1 expression is strongly correlated with lymph node metastasis, lymphatic invasion,
perineural invasion and pathological staging, suggesting
that it is a potential prognostic marker[20]. Zheng et al[21]
have shown that PA28β regulates cell invasion of GC by
modulating the expression of CLIC1. On the other hand,
Ma et al[22] have shown that high CLIC1 expression inhibits proliferation and enhances apoptosis, migration and
invasion of GC cells.
The transient receptor potential (TRP) superfamily
consists of a highly diverse group of ion channels that
are mostly permeable to monovalent and divalent cations.
TRP channels may be divided into seven subfamilies,
including the classical (TRPC), the vanilloid receptor
related (TRPV) and the melastatin related (TRPM) channels. In GC, Cai et al[23] have shown that Ca2+ elevation
regulated by TRPC6 channels is essential for G2/M phase
transition and suppresses growth in human GC cells.
TRPV6 has been implicated in capsaicin-induced apoptosis in GC cells[24]. Further, several reports have shown
important roles of TRPM7 in apoptosis and cell viability
of GC cells[25-28].
There is significant evidence for involvement of these
ion channels in GC cell proliferation and disease progression. Hence, their clinical potential would be worth investigating further.

REGULATION OF WATER CHANNELS
Aquaporins (AQPs) are transmembrane proteins that
facilitate transport of water and, in some cases, small solutes across membranes; charged species are not permeated. Thus, AQPs are important for cell volume regulation and electrolyte balance under both physiological and
pathophysiological conditions. To date, 13 AQP subtypes
and their pathophysiologic roles have been characterized
in humans. In GC, several reports indicated the role of
AQP3 in signal pathway. Huang et al[29] have shown that
AQP3 plays a critical role in human epidermal growth
factor (hEGF) -induced cancer cell migration and proliferation and that hEGF induced AQP3 expression via
ERK signal transduction pathways. Wang et al[30] have
demonstrated that c-Met regulates the expression of
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AQP3 via the ERK signalling pathway in GC. Xu et al[31]
have shown that AQP3 positively regulates matrix metalloproteinases (MMPs) proteins expression through the
PI3K/AKT signal pathway in human GC cells. Recently,
the microRNA-mediated gene repression mechanism
involved in AQP3’s role has been investigated in GC[32].
AQP5 also plays an important role in the tumorigenesis,
progression and differentiation of human GC cells[33,34].
Shen et al[35] have reported expression profiles of multiple
AQPs in human GC and their clinical significance. AQP3
and AQP5 are detected remarkably more strongly in carcinoma tissues than in normal mucosa by immunofluorescence. They have shown that both AQP3 and AQP5
expression are associated with lymph node metastasis and
lymphovascular invasion in patients.
These results indicate that AQPs play important roles
in the tumorigenesis and progression of human GC and
suggest that, especially, AQP3 and 5 can become potential therapeutic targets against GC.

REGULATION OF INTRACELLULAR PH
Anion exchanger (AE) proteins facilitate the electroneutral exchange of Cl- for HCO3- across the plasma
membrane of mammalian cells and thus contribute to
regulation of intracellular pH. The AE family is now
comprised of three members, AE1, AE2 and AE3. AE1
is frequently expressed in GC, where it fails to traffic to
the plasma membrane, but interacts with the tumor suppressor p16 in the cytoplasm. Down-regulation of AE1
in gastric cancer SGC7901 cells is shown to inhibit cell
growth and clinical analyses have indicated that AE1 expression is associated with a low survival rate of GC patients. Suppression of AE1 induces cell death in human
GC cells[36-39]. Expression of AE2 in human GC has been
also investigated, and AE2 is associated with gastric carcinogenesis and achlorhydria[40]. Wang et al[41] have shown
that early growth response protein 1 is critical for gastrindependent up-regulation of AE2 in GC cells.
The sodium-hydrogen exchanger (NHE) mediates a
coupled counter-transport of one H+ ion in exchange for
one Na+ ion. The basic role is to maintain intracellular
pH, but NHE proteins are also important for regulation
of cell volume and growth. Liu et al[42] have shown that
the NHE1 antisense gene significantly suppresses cell
growth and induced cell apoptosis in SGC7901 cells. Nagata et al[43] have shown that rapid and extensive decrease
of intracellular pH caused by NHE1 inhibitors leads
MKN45 and MKN74 cells to apoptotic and cytotoxic
events.
Vacuolar H+-ATPases (V-H+-ATPases), as the specific
proton pump of the cell, play an important role in maintaining intracellular pH. Proton pump inhibitors (PPI),
mainly treating acid-related diseases, inhibit the expression of V-H+-ATPases. Chen et al[44] have shown that
PPIs decreased the intracellular pH of SGC7901 cells, by
inhibiting V-H+-ATPases, and enhanced the cytotoxic effects of antitumor drugs.
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The carbonic anhydrases (CAs) are a family of zinc
metalloenzymes that have an important role in cellular
pH regulation through reversible hydration of carbon
dioxide to carbonic acid. To date, 16 isozymes have been
identified, which differ in tissue distribution, subcellular
localization, and catalytic activity. Expression of CA IX
has been found at the invasion front of gastric cancers[45].
Kato et al[46] have shown that the CA IX expression level
is significantly high in cases of type 4 GC and diffuse
type GC, and significantly correlates with the invasion
depth in lymph node metastasis. The prognosis for CA
IX-positive patients is significantly poorer than that of
CA IX-negative patients.
These results suggest that pH regulators, such as AEs,
NHEs, V-H+-ATPases and CAs are potentially key therapeutic targets and the silencing of their expression could
provide a new therapeutic approach for treating GC.

REGULATION OF INTRACELLULAR ION
CONCENTRATION
Several reports indicating the important roles of Clchannels/ transporters on cell proliferation suggest that
the intracellular chloride concentration ([Cl-]i) regulated
by them would be one of the critical messengers. We
have investigated roles of the [Cl-]i in cell cycle progression of human GC cells[47]. We have found that furosemide, a blocker of Na+/K+/2Cl- cotransporter (NKCC),
diminished cell growth by delaying the G1-S phase progression in GC cells with high expression and activity of
NKCC[48]. NKCC is one of the important transporters
controlling the [Cl-]i via uptake of Cl- into the intracellular
space and, therefore, furosemide decreases the [Cl-]i[49]. Clchannels also contribute to the regulation of [Cl-]i which
is related to cell volume. When cell shrinkage occurs isosmotically, [Cl-]i decreases because the major membranepermeable anion is Cl-[50]. Furthermore, we have found
that the decrease of the [Cl-]i inhibits cell growth of GC
cells and that this inhibition of cell growth is due to cell
cycle arrest at the G0/G1 phase caused by diminution of
CDK2 and phosphorylated Rb[51]. The decrease of the
[Cl-]i significantly increased expressions of p21 mRNA
and protein[51]. In addition, we revealed that the [Cl-]i affects cell proliferation via activation of MAPKs through
up-regulation of p21 in GC cells[52]. Similar phenomena
are also observed in GC cells with low [Cl-]i caused by inhibition of NHE[53]. These findings suggest that the [Cl-]i
regulates important cellular functions in GC cells, leading
to the development of novel therapeutic strategies.

REGULATION OF OSMOLALITY
Several previous studies have indicated the cytocidal effects of hypotonic stress on cancer cells. Lin et al[54] have
reported that peritoneal lavage with distilled water improves the survival rate in patients with spontaneously
ruptured hepatocellular carcinoma. Huguet et al[55] have
discussed the optimal method for peritoneal lavage with
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Figure 1 Blockade of Cl- movement (channel) enhances the cytocidal effect of hypotonic solution via the inhibition of regulatory volume decrease in cancer cells. RVD: Regulatory volume decrease.

distilled water during colorectal cancer surgery. In GC,
Mercill et al[56] have reported that exposure to distilled water reduces the number of surviving gastric cells. Tsujitani
et al[57] have shown that hypotonic intraperitoneal cisplatin treatment with distilled water at the time of a gastric
resection is well tolerated for patents with GC. Recently,
we have analyzed the changes in the cellular morphology
and volume of GC cells subjected to hypotonic stress using several unique methods and apparatus, such as a differential interference contrast microscope connected to a
highspeed digital video camera and a high-resolution flow
cytometer[58]. Video recordings by high-speed digital camera have demonstrated that hypotonic shock with distilled
water induces cell swelling followed by cell rupture. Measurements of cell volume changes using a high-resolution
flow cytometer indicate that severe hypotonicity with
distilled water increases broken fragments of GC cells
within 5 min. In addition, we treated the GC cells with
5-nitro-2-3-phenylpropylamino)-benzoic acid (NPPB), a
Cl- channel blocker, to enhance the cytocidal effects of
the lavage by increasing their cell volume during hypotonic stress via the inhibition of regulatory volume decrease
(RVD)[59,60]. RVD occurs after hypotonicity-caused cell
swelling. RVD is caused by activation of ion channels and
transporters, which cause effluxes of K+, Cl-, and H2O,
leading to cell shrinkage. NPPB is the broad spectrum
Cl- channel blocker which is fat-soluble and inhibits both
Cl- channels in cell membrane and CLIC. In MKN45
and Kato-Ⅲ cells, treatment with NPPB increases cell
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volume by inhibiting RVD and enhances the cytocidal
effects of the hypotonic solution (Figure 1). We have
found similar phenomena in esophageal[61] and pancreatic
cancer cells[62]. AQPs also contribute to RVD[63]. On the
other hand, NKCC plays some roles in regulatory volume
increase (RVI)[64].
These findings demonstrate the cytocidal effects of
hypotonic shock on GC cells, and suggest that the regulation of ion transport enhances these effects. A deeper
understanding of ion transport mechanisms in gastric
cancer cells during hypotonic shock could lead us to the
development of novel therapeutic strategies.

CONCLUSION
This review shows a variety of ion channels, AQPs and
pH regulators are expressed in human GC cells and tissues. Their expression relates to the pathological character of the GC tissues. Pharmacological manipulation
and gene silencing affect their activities and fundamental
cellular functions that would be involved in the GC process. Overall, we can suggest that ion, water channels and
pH regulators are functional biomarkers and therapeutic
targets in GC. A deeper understanding of molecular
mechanisms may lead us to the discovery of these cellular physiological approaches, such as regulation of ion
channels, water channels, intracellular pH, intracellular
ion concentration and osmolality, as a novel therapeutic
strategy for GC.
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Abstract
After a long history of Dark Age of adjuvant chemotherapy for gastric cancer, definite evidences of survival
benefit from adjuvant treatment have been reported
since 2000s. These survival benefits are likely attributed
to something new approach different from pervious
studies. In 2001, South West Oncology Group INT0116
trial yielded survival benefit in curatively resected gastric
cancer patients with postoperative chemoradiotherapy
[5-fluorouracil (5-FU) + Leucovorin + radiotherapy], followed by positive result by MAGIC Trial, employing perioperative(pre- and postoperative chemotherapy with
Epirubicin, cisplatin (CDDP), 5-fluorouracil (ECF) regimen in patients with curative resection. A novel drug
[S1: ACTS-GC (Adjuvant chemotherapy trial of TS-1 for
gastric cancer) in 2007], or new drug combination chemotherapys [CDDP + 5-FU: FNCLCC/FFCD (Federation
Nationale des Centres de Lutte contre le cancer/Federation Francophone de Cancerologie Digestive) in 2011,
Capecitabine + Oxaliplatin: CLASSIC in 2012] also produced positive results in terms of improved prognosis.
Neoadjuvant or perioperative chemotherapy, novel anti-
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cancer drugs, and chemoradiotherapy might be the key
words to develop further improvement in the adjuvant
treatment of resectable gastric cancer. Moreover, it is
not new but still true to stress the importance of D2
surgery as the baseline treatment in order to minimize
the amount of residual tumor after surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Resected gastric cancer; Phase Ⅲ clinical
trial; Adjuvant and neo-adjuvant therapy; Chemoradiotherapy; Review
Core tip: Recent positive results of adjuvant clinical trials for gastric cancer are attributed to new approaches
different from previous negative trials. Inclusion of novel effective drug (S-1: ACTS-GC) and new combination
of drugs (capecitabine and oxaliplatin: CLASSIC/Cisplatin and 5-fluorouracil: FNCLCC/FFCD), combination of
chemotherapy and radiotherapy (SWOG INT0116), and
combination of different timing (pre- and postoperative: MAGICC), might have contributed to yield positive
results after curative D2 surgery. D2 surgery is going
to be adopted as recommended treatment in Eastern
and Western countries, and should be the baseline
treatment to minimize the amount of residual tumor in
future trials of adjuvant treatment.
Nakajima T, Fujii M. What make differences in the outcome of
adjuvant treatments for resected gastric cancer? World J Gastroenterol 2014; 20(33): 11567-11573 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11567.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11567

INTRODUCTION
Previous review articles on the adjuvant treatment for
gastric cancer have commonly stated that the prognosis
of gastric cancer patients still remains poor even after
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Table 1 Recent epoch making adjuvant trials showing survival
benefit
Reporter/group

Regimen

Patients

Macdonald/2001
FL + (Rad. + FL) Curat. D2
(SWOG INT0116)
Cunningham/2006 EPF (peri-op.)
Curat.
(MAGIC)
Sakuramoto/2007
S-1
Ⅱ-Ⅲ
(ACTS-GC)
Ychou/2011
CDDP + 5-FU
Curat.res.
(FNCLCC/FFCD)
(peri-op.)
Bang/2012
Cape. + Oxal.
Ⅱ-ⅢB
(CLASSIC)

3 ysr/
treated

3 ysr/
control

50

41

361

231

80.1

70.1

381

241

74

51

1

Five year survival rate. 3 ysr: 3 year survival rate (%); FL: 5fluorouracil +
leucovorin, Rad.: Radiation; Curat.: Curative; EPF: Epirubicin + CDDP +
5-FU; Cape.: Capecitabine; Oxal.: Oxaliplatin; peri-op: Peri-operative.

curative resection was performed, and that adjuvant treatment almost failed in improving the prognosis of gastric
cancer patients[1-3]. However, in resent years, a few clinical
trials reported a certain survival benefit from adjuvant
treatments[4-7]. What make differences in the outcome of
adjuvant treatment for resected gastric cancer? Possible
reasons may be attributed to the emergence of new effective drugs, new combination of chemotherapy, radiation
or hyperthermia, different delivery timing (pre-, post- or
perioperative) or route of drugs (intravenous, intra-arterial, or intra-peritoneal) which might increase the local drug
concentration at tumor sites, less amount of residual tumor due to improved surgical technique, modified surgical
indication for advanced diseases, or elaborate trial design,
or increased compliance of drug administration.
Recent improvement in adjuvant treatment has been
evaluated by the literature review in relation to the factors
mentioned above with an aim of getting promising suggestions for future trials.

LITERATURE RESEARCH
Evaluation of treatment effect needs proper selection of
endpoints. Survival benefit is principally evaluated by the
phase Ⅲ trials with overall survival (OS), relapse free survival (RFS), or median survival time (MST) as primary endpoints. On reviewing the previous literatures through electronic database (PubMed), or referring to previous systemic
reviews, inclusion criteria are as follows: (1) prospective
randomized phase Ⅱ or Ⅲ trials with sufficient number of
patients based on the statistics, elaborated analysis based on
well-managed data, and clear conclusions as to the survival
benefit in relation to the endpoints stated above; and (2) literatures published later than 2000 with a few exception for
important reports published before 2000.

RESULTS AND DISCUSSION
Recent state of the arts in adjuvant treatments of
resected gastric cancer
Adjuvant chemotherapy had failed in improving the
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prognosis of gastric cancer patients until the report of
SWOG INT-0116 trial[4] with adjuvant chemoradiotherapy in 2001 (Table 1). This is the first report that the largescale phase Ⅲ clinical trial in patients with curatively
resected gastric cancer yielded the significant survival
benefit from postoperative adjuvant chemoradiotherapy.
Combination of chemotherapy (5-fluorouracil and leucovorin: FL) and radiotherapy + FL, a new approach to
the adjuvant treatment, might decreased the amount of
residual tumor after surgery. Although there are several
criticisms that the results of this study could not be extrapolated to Asian countries where surgery alone produced better survival in curatively resected patients, the
chemoradiotherapy has become the standard treatment
of locally advanced gastric cancer in the United State.
Clinical significance of postoperative chemoradiotherapy
is to compensate underpowered surgery (D0 surgey in
54%)[3,8]. This success was followed by a perioperative adjuvant chemotherapy with ECF (epirubicin + cisplatin +
5-fluorouracil) in patients with curatively resected gastric
cancer (MAGIC Trial)[9] in 2006. This treatment is new
in terms of the combination of pre- and postoperative
adjuvant chemotherapy. Comparing with ordinary postoperative chemotherapy, neoadjuvant chemotherapy has
some theoretical advantages[10,11]: relatively high dose intensity available, down-staging of the tumor, eradication
of micro-metastasis, reduction of residual tumor burden
after curative surgery. Postoperative chemotherapy might
also diminish minimal residual tumor after surgery. Low
dose-compliance of this postoperative chemotherapy was
the target of criticism, but it has become an European
standard for locally advanced resectable gastric cancer.
In 2007, a large-scale clinical trial in Japan compared S-1
(combined drug of tegafur, gimeracil, oteracil potassium)
plus D2-surgery and D2-surgery alone in patients with
Stage Ⅱ or Ⅲ gastric cancer, and reported significant
survival benefit at the median follow-up time of 3 years
(ACTS-GC trial)[5]. S-1 is a new oral drug: tegafur (5-fluorocuracil derivative), gimeracil (an inhibitor of dihydropyrimidine dehydrogenase) and oterasil (inhibitor of
orotate phosphoribosyltansferase), and it is reported to
be highly active with mild toxicities in advanced gastric
cancer[12,13]. In 2011, another perioperative adjuvant chemotherapy with Cisplatin and 5-fuorouracil also reported
a significant survival benefit in patients with curatively
resected lower esophageal, esophago-gastric junction, and
gastric cancer. The two drugs themselves were not new,
but they were used before and after surgery (FNCLCC/
FFCD)[6]. A new combination of adjuvant capecitabine
and oxaliplatin (Adjuvant capecitabine and oxaliplatin for
gastric cancer after D2 gastrectomy: CLASSIC Trial)[7]
also yielded a significant survival benefit at 3 years after
surgery in patients with stage Ⅱ-ⅢB gastric cancer after
D2 surgery in Korea in 2012. Survival benefit in both
ACTS-GC and CLASSIC trials continued later than 5
years after surgery[14]. Thus, these successful trials seems
to commonly share something new in terms of a new
drug or new combination regimen, or pre- and postoperative adjuvant chemotherapy, or a new combined
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Table 3 Phase Ⅲ Neoadjuvant chemotherapy trials

Table 2 Postoperative adjuvant chemotherapy
Reporter/year
Nakajima/1984
Coombes/1990
Krook/1991
Macdonald/1995
Lise/1995
Grau/1998
Nakajima/1999
(JACOG8801)
Neri/2001
Bajetta/2002
Nashimoto/2003
(JCOG9206-1)
Chipponi/2004
Bouche/2005
(FFCD)
De Vita/2007
(GOIM 9602)
Nakajima/2007
(NSAS-GC)
Di Costanza/
2008 (GOIRC)
Sasako/2011
(ACTS-GC)
Miyashiro/2011
Noh/2013
(CLASSIC)
Kang/2013
(AMC0201)

Lee/2012
(ARTIST)

Regimens vs
Surgery alone

Patients

MFC + F/MF’
C + F’
FAM
FA
FAM
FAM2
MMC + FT
MF + UFT

Curat. Res.

68.4/62.5

Curat. Res.
Curat. Res.
Ⅰ-Ⅲ
Ⅱ, Ⅲ
Curat. Res.
S(+)

45.7
32
37
42 mo1
672
85.8

35.4
33
32
36 mo1
45
82.9

ELF
ELF
MFC + F

N(+)
N(+)
Curat. Res. S(-)

30.22
52
91.2

12.6
48
86.1

FLP
FP

S(+) or N(+)
Ⅱ-Ⅳ

39
46.6

39
41.9

ELFE

ⅠB-ⅢB

48

43.5

UFT

T2/N1−2

862

73

PELF

ⅠB-Ⅳ

47.6

48.7

S-1

Ⅱ-Ⅲ

71.72

61.1

CDDPip +
CFiv
Cape. + Oxal.

S(+), curative

62

60.9

Ⅱ-ⅢB

782

69

MMC + 5’
FUDR (MF’)
vs MF’ +
CDDP
Cape. +
CDDP(XP) vs
XP + Rad. +
XP

Ⅱ-Ⅳ

61.1

57.9

Curative, D2

78.23

74.2

OS 5ysr (%)
Treated

51.4

Regimen

Patients

Songun/1999
Stahl/2009

FAMTX
PLF + rad. vs PLF

Curat. Res.
Curat. Res.
(E-G J)
Curat. Res.

Schumacher/2010

PL

Survival benefit
Trial

Control

15/271
47.42

18/29
27.7

72.73

69.9

1
R0 surgery rate; 2Three year survival rate, P = NS; 3Two year survival
rate. FAMTX: 5-FU + Adriamycin + Methotrexate; PLF + rad.: CDDP +
Leucovorin + 5-FU and radiation; E-G J: Esophago-gastric junction; Curat.
Res.: Curative resection.

why curative surgery (D2) combined with appropriate adjuvant treatment is the minimum requirement for better
treatment results[16]. Since 1960s in Japan, D2 surgery has
been adopted as the standard treatment choice in primarily resectable cancer[17]. D2 surgery has been accepted not
only in Eastern but also in Western countries (NCCN
and EORTC guidelines: http://www.nccn.org/professionals/physician_gls/f_guidelines.asp; http://www.medscape.com/viewarticle/751024).

1

Median survival time (month); 2Statistically significant; 3Three year
Disease free survival. OS 5ysr: Overall 5 year survival rate; MFC/F:
Mitomycin C (MMC) + 5-FU + Cytosine arabinoside(CA) iv, and oral
5-FU; MF’C/F’: MMC + Ftoraful (FT) + CA iv and oral ftoraful; FAM: 5-FU
+ Adriamycin + MMC; FA: 5-FU + Adriamycin; FAM2: Modified 5-FU
+ Doxorubicin + MMC; MF+UFT: MMC + 5-FU iv and oral UFT; ELF:
Etoposide + Leucovorin + 5-FU; FLP: 5-FU + Leucovorin + CDDP; FP: 5-FU
+ CDDP; ELFE: Epirubicin + Leucovorin + 5-FY + Etoposide; PELF: 5-FU +
Leucovorin + CDDP + Epidoxorubicin; CDDPip + CFiv: CDDP ip + CDDP
+ 5-FU iv; S(+): Serosa involved; Curat. Res.: Curative resection.

modality of chemotherapy and radiotherapy after high
compliance D2 surgery.
What have made differences in the outcome of adjuvant
treatments?
As stated above, reviewing previous papers is important
to elucidate the reasons of obtaining survival benefit.
Type of surgery: Incomplete surgery does not produce
permanent cure, and the treatment results seems inversely
correlated with the amount of residual tumor behind
surgery. There is no definite evidence for D2 superiority to D1[15], but D2 surgery has been accepted in recent
adjuvant trials as base-line treatment. This is the reason
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Reporter/year

Control

Postoperative chemotherapy with new drugs: Curative resection and postoperative adjuvant chemotherapy
has been the ordinary treatment modality for a long time.
Table 2 shows the summary of recent phase Ⅲ trials of
postoperative chemotherapy [14,18-34]. Most of adjuvant
trials reported around 2000 were using mitomycin C-,
5-fluorouracil- or Adriamycin-based regimens, most of
which failed to produce survival benefit. Statistically
significant survival benefit was reported in a trial done
before 2000[35], but the sample was too small to confirm
the survival benefit. However, a new drug such as S-1, or
a new combination such as Capecitabine and Oxaliplatin
yielded positive results in terms of survival benefit in
the ordinary settings of postoperative adjuvant chemotherapy. It suggests that previous treatment failure is not
always attributed to the trial setting itself, but to ineffective drugs. Clinicians’ pessimism in 1990s led statisticians
to make meta-analysis of phase Ⅲ trials of adjuvant chemotherapy[36-41], which somehow encouraged clinicians by
showing a marginal survival benefit, and at the same time
caused a paradigm shift from postoperative to neoadjuvant chemotherapy in 1990s[3,42,43].
Neoadjuvant chemotherapy: According to the delivery
routes of drugs, neoadjuvant chemotherapy employs
systemic[44-49], intra-arterial (ia), or intra-peritoneal (ip)
delivery, or combination of different deliveries. Though
numerous small size phase Ⅱ trials have been reported
in 1990s, but large scale phase Ⅲ trials are not so much
done as shown in Table 3[48,50]. It is because that neoadjuvant chemotherapy has generally been indicated to
patients with high risk of relapse. Ia or ip chemotherapy
has advantage to increase in the local drug concentration
at the tumor site[51]. Ia chemotherapy through hepatic
artery has been used to control hepatic metastasis, and
sometimes induce drastic tumor shrinkage. Ip chemo-
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therapy is sometimes done at the time of surgery, or via a
catheter placed into the peritoneal cavity connected with
a delivery device implanted in the subcutaneous tissue[52].
These local delivery methods rarely be done in single use,
but they were combined with systemic administration (iv
or oral), and ip administration was sometimes combined
with hyperthermia[53].
Combination of different delivery timings, or delivery routes: Past postoperative adjuvant chemotherapy
failed to improve the prognosis, but as stated before,
MAGIC trial used a combined regimen of pre-and postoperative (peri-operative) adjuvant chemotherapy regimen and succeeded to yield survival benefit. Referring
to the result of INT 0116 study and Magic trial, a phase
Ⅱ trial of combined preoperative chemotherapy and radiotherapy was done for locally advanced gastric cancer
with favorable results[54], and a phase Ⅲ trial by EORTC
(CRITICS) is now conducted to determine which chemotherapy or chemoradiotherapy should be chosen in
postoperative treatment[55]. Combination of systemic and
local delivery (ia or ip chemotherapy) is sometimes employed in adjuvant or neoadjuvant settings[32,56-63]. Some
of them produced favorable results in terms of local effect and survival benefit. Ia chemotherapy was seldom
used as neoadjuvant setting for resectable gastric cancer,
but was sometimes applied to patients with unresectable
diseases such as large T4, liver metastasis, or peritoneal
dissemination[64-66]. The author tried a combined systemic and ia chemotherapy[67] (FLEP regimen: 5-FU +
leucovorin, systemic, and etoposide + CDDP, ia ) for
preliminarily unresectable gastric cancer associated with
hepatic metastasis, paraaortic lymph node metastasis, or
peritoneal dissemination. Response rate was 50%, and
some of responders were subjected to radical surgery,
and survived more than 5 years. Phase Ⅱ trials generally
reported good local response which sometimes resulted
in prolonged survivals, but survival benefit of neoadjuvant chemotherapy had not been confirmed by phase Ⅲ
setting until Magic trial.
Clinical response to chemotherapy is reportedly correlate with postoperative survival [43,68], but histologic
response to chemotherapy was not always the surrogate
endpoint of better survival[46,69,70].
Improvement in the methodology of clinical trial:
Clinical trial design has been elaborated during the long
history of adjuvant treatments. Proper selection of subjects, appropriate sample size, adequate endpoints, adherence to protocol, elaborate follow-up schedule and excellent data management, proper interim and final analyses
are important elements to carry out high quality clinical
trials.
Previous trials often failed to show positive results in
terms of survival benefit due to underpowered sample
size. Recent collaboration between physicians and statisticians has opened the right way to statistical basis of clinical trials.
Five-year survival rate has been employed as the true
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endpoint of survival benefit in the past trials. In recent
trials such as ACTS-GC or CLASSIC trials, three-year
survival rate was employed as the early predictor of survival benefit based on the result of interim analysis. Later
follow-up study revealed that the survival benefit has
been kept later than 5 years.
In AVAGAST trial71], significant survival benefit was
observed by RFS (relapse free survival), but not by overall survival (OS). OS is influenced by the effect of subsequent treatment, but RFS is not. It is a difficult issue
whether to choose RFS or OS as the primary endpoint,
but recent trials tend to choose RFS.
Future perspective
Recent positive results in adjuvant treatment of gastric
cancer after resection have encouraged physicians to
develop further effective treatments. It may be rational
and efficient way to employ in adjuvant setting a drug
or combination of drugs which yielded good response
in advanced gastric cancer. Combination of chemotherapeutic drugs and molecular targeting drugs, such as
trastuzumab[28], bevacizusmab[71], or apatinib[72] may be
promising in adjuvant trials.
Determination of proper duration of adjuvant chemotherapy[49] is another important issue in a positive regimen. It is important from the point of patient’ quality of
life, and medical economics, if shorter or less aggressive
regimens are equivalent or superior to standard regimen.
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Abstract
Gastric cancer is considered one of the most deadly
tumors worldwide. Even with the decline in its incidence, the mortality rate of this disease has remained
high, mainly due to its late diagnosis and to the lack of
precise prognostic markers. The main purpose of this
review is to present genetic, epigenetic and proteomic
molecular markers that may be used in a diagnostic and
prognostic manner and to discuss the pros and cons of
each type of marker for improving clinical practice. In
this sense, we observed that the use of genetic markers, especially mutations and polymorphisms, should
be carefully considered, as they are strongly affected
by ethnicity. Proteomic-based markers show promise,
but the higher costs of the associated techniques con-
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tinue to make this approach expensive for routine use.
Alternatively, epigenetic markers appear to be very
promising, as they can be detected in bodily fluids as
well as tissues. However, such markers must be used
carefully because epigenetic changes may occur due to
environmental factors and aging. Despite the advances
in technology and its access, to date, there are few defined biomarkers of prognostic and diagnostic use for
gastric tumors. Therefore, the use of a panel of several
approaches (genetic, epigenetic and proteomic) should
be considered the best alternative for clinical practice.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Molecular markers; Epigenetic; Genetic;
Proteomic; Diagnosis; Prognosis; Gastric tumors
Core tip: Despite the advances in technology and its
access, to date, there are few defined biomarkers of
prognostic and diagnostic use for gastric tumors. Therefore, a combination of several approaches (genetic, epigenetic and proteomic) should be considered the best
alternative for clinical practice. Considering this point of
view, this review aims to discuss the most studied biomarkers, discussing the pros and cons of each type of
marker and their use in the clinical practice.
Pinheiro DR, Ferreira WAS, Barros MBL, Araújo MD, Rodrigues-Antunes S, Borges BN. Perspectives on new biomarkers in
gastric cancer: Diagnostic and prognostic applications. World J
Gastroenterol 2014; 20(33): 11574-11585 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11574.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11574

INTRODUCTION
Despite the decline in its incidence since World War Ⅱ,
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gastric cancer remains the fourth most common type
of cancer worldwide and is tied with lung cancer as the
second leading cause of death from cancer[1,2]. The global
incidence of gastric cancer for 2008 was estimated to be
989000 new cases and 738000 related deaths[3].
It is known that gastric cancer is a multifactorial disease involving environmental factors, such as Helicobacter
pylori infection, and genetic susceptibility[4,5]. Histologically, gastric cancer is classified according to Làuren[6] into
two types, diffuse (or undifferentiated) and intestinal (or
differentiated), with the majority of cases being of the
intestinal type[7].
Despite improvements in medical technology, such
as the development of new diagnostic imaging methods,
gastric cancer remains a silent disease that is frequently
diagnosed in advanced stages, which is responsible for its
elevated mortality[8]. Additionally, the presence of metastasis in the lymph nodes is a frequent event in this type
of neoplasia and is considered an important prognostic
marker because it may contribute to the high rates of recurrence and/or gastric cancer mortality[9].
Considering the increasing level of understanding of
the molecular basis of tumor biology, several biomarkers
have been identified for many types of tumors[10]. These
biomarkers or molecular markers are molecular entities
(DNA, RNA or protein) that can be isolated from biological materials and are useful in the five main areas of
cancer study and medicine: cancer screening, diagnosis,
tumor classification, prognosis and prediction of a therapeutic response[11]. Despite its importance in translational
medicine, some important factors determining the efficiency of a molecular marker assay are the levels of sensitivity and specificity[12], which currently limit their use in
clinical practice.
Due to the above-mentioned factors, it is very important to establish molecular markers that can help health
professionals in the diagnosis and prognosis of gastric
cancer, including those that can be used in a non-invasive
way. In this sense, this review aims to present the biomarkers of diagnostic and prognostic use with a broad
spectrum of biological samples and detection methods,
including genetic, epigenetic and proteomic approaches.

GENETIC MARKERS
Genomic instability
Genomic instability is considered one of the hallmarks
of cancer[13]. It can be classified into chromosome instability (CIN) and microsatellite instability (MSI), with the
latter being a major pathway involved in gastric carcinogenesis and occurring in at least 20% of all gastric cancer
(GC) patients. Several studies have assessed the MSI status of GC patients around the world; however, to date,
there are no conclusive studies regarding its significance
in the diagnosis and/or prognosis of sporadic or familial
gastric cancer[14,15].
MSI usually results from alterations in the genes responsible for DNA repair, such as MLH1 and MSH2,
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both of which are associated with the development of
Lynch syndrome and gastric carcinogenesis[16,17].
In general, the occurrence of MSI in GC is associated with any change (genetic or epigenetic) in DNA
repair genes[18]. To define the MSI status of an individual,
researchers must assess a panel defined by the National
Cancer Institute (BAT25, BAT26, D2S123, D5S346
and D17S250). In this sense, MSI can be considered a
prognostic marker, as GC patients who are positive for
microsatellite instability (MSI+) have certain features and
prognosis, such as tumors located in the antrum and an
intestinal phenotype with an expansive growth pattern,
especially when associated with MLH1 methylation[19].
Direct invasion of adjacent organs and extensive nodal
metastasis have both been reported, along with a lack of
distant metastasis and chemoresistance to fluorouracil
treatment[20-22], but with a better prognosis[23], especially in
cases of the intestinal type[24,25].
The presence of MSI consequently influences the
emergence of mutations in other genes that are important for the maintenance of cellular homeostasis.
To date, this association has been reported in genes involved in cell cycle regulation and apoptosis (TGFβ RII,
IGFIIR, TCF4, RIZ, BAX, CASPASE 5, FAS, BCL10
and APAF1) and in the maintenance of the genomic
integrity (MSH6, MSH3, MED1, RAD50, BLM, ATR
and MRE11). Consequently, changes in these genes lead
to the accumulation of mutations that can result in the
development of a malignant phenotype[15,26].
In addition to MSI, another well-studied phenomenon is the CIN phenotype, the most common type of
genomic instability observed in solid tumors and a major
source of genomic instability in GC. This phenotype is
characterized by gross chromosomal abnormalities, such
as the gain or loss of entire chromosomes (i.e., aneuploidy) and/or fractions of chromosomes (i.e., loss of
heterozygosity, amplifications and translocations)[27-30].
In contrast to MSI, for which the same markers are
analyzed in any population, CIN analyzes the entire genome of the individual tumor. In this sense, a common
characteristic observed is that several markers may be
influenced by the patient’s ethnicity. One example is the
description of a loss of chromosome 11q observed in
diffuse-type GC, which is unique to the population of
North Brazil[31].
However, in a broader sense, the results of CIN suggest that several altered chromosome regions are shared
independent of the studied population. Therefore, we
can observe that losses of chromosome 4q, 9p, 18q, 21q
and 22q and gains of chromosomes 5p, 8p, 8q, 17q, 20p
and 20q are frequent events in GC and are related to the
patient’s clinical outcome, as this depends on the amount
of DNA copy number alterations[30-33].
It is worth noting that the rearranged chromosomes
are always involved with important genes, such those
controlling the cell cycle machinery. This was explored by
the work of Fan et al[32], who used array Comparative Genome Hybridization and found several events of losses
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Table 1 Main genetic and epigenetic alterations in gastric cancer tissues and their clinical application as biomarkers
Alteration

Type of alteration

Clinical application

Ref.

Genetic
Genetic
Genetic
Genetic
Epigenetic
Epigenetic

Prognostic and therapeutic
Progression and metastasis
Risk predictor, prognostic
Risk predictor
Prognostic, metastasis
Diagnostic, prognostic and therapeutic

[34-40]
[52]
[63-67,69-72]
[76-78]
[167,170,171]
[156-160]

HER-2 amplification
MYC amplification
TP53 Arg72Pro
CDH1 -160 C>A
CDH1 hypermethylation
p16 hypermethylation

and gains of entire chromosomes and amplifications and
deletions of parts of the genome. All of these alterations
involved or harbored regions of 321 known or candidate
oncogenes (e.g., MYC, HER2, TGFB1), frequently showing copy number gains, and 12 tumor suppressor genes
(e.g., p16, SMAD4, SMAD7), showing frequent copy
number losses.
Another common feature of gastric tumors is the
presence of gene amplification. It is known that the increased production and amplification of HER2 can be
observed in various types of cancer. Several clinical studies have been able to identify HER2 protein overexpression or HER2 gene amplification in gastric cancer, with
great variation in the number of patients with HER2positive tumors[34]. Although the prognostic value of
this biological marker remains questionable for resected
gastric cancer[35-37], it is well documented that this amplification event is more frequent in intestinal-type GC[38-40]
and is significantly associated with a poor prognosis[34-40].
Furthermore, this gene amplification is considered an
important biological marker for guiding clinical decisions
regarding adjuvant chemotherapy with trastuzumab, especially in patients with lymph node metastasis, as it predicts sensitivity to this chemotherapeutic agent[34,36,38,41-45].
The overexpression of the MYC gene, especially due
to gene amplification, was described as a frequent event
in GC, ranging from 15.6% to 100% in primary tumors,
especially those of the intestinal type[46-51]. In a recent
study, de Souza et al[52] demonstrated the overexpression
of MYC in gastric tumors, linking it to tumor progression (deeper tumor extension and the presence of distant
metastasis).
Mutations and polymorphisms
As genetic alterations have a clear influence on the development and outcome of cancer treatment, it is expected
that gene-based markers have a significant impact on
tumor control. Among the most prevalent and common
genetic alterations in GC are mutations in the TP53 and
CDH1 genes (Table 1). However, in terms of biomarkers
of diagnosis and prognosis, there is some divergence in
the results with respect to the occurrence of mutations
and their relationship to the histological characteristics of
the tumor or stage in GC[53-55].
In addition to mutations, other important genetic
alterations influencing gastric tumorigenesis are singlenucleotide polymorphisms (SNPs), which are responsible
for over 90% of the variation in the human genome[56]. It
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is known that infections and nutritional, environmental
and genetic factors have a direct link with gastric carcinogenesis. However, individuals exposed to these factors
that actually develop gastric cancer belong to a small
group, suggesting that the genetic susceptibility, mainly
SNPs, of the host must be taken into consideration[57-59].
The number of studies linking genetic polymorphisms and GC has increased exponentially over the past
decades, in parallel with major advances in sequencing
and genotyping, and polymorphisms may be useful indicators for assessing the risk of gastric cancer[60]. However,
it is worth noting that the results derived from polymorphism studies still need to be carefully interpreted, as
these biomarkers are generally population dependent,
with a strong ethnic influence.
One well-studied polymorphism is TP53 Arg72Pro,
which remains controversial with regard to its potential
as biomarker. Although no association with GC risk was
observed in Turkish[61] and Korean[62] populations, several
meta-analyses indicate its potential use as a risk predictor
for Asian but not Caucasian populations[63-67]. According
to Francisco et al[68], this difference must be related to ethnicity, as it may modulate the penetrance of Arg72Pro in
cancer susceptibility.
In addition to its application as a risk predictor, this
polymorphism has recently been used as a prognostic factor because it may be correlated with the clinical outcome
of patients receiving chemotherapy, though with contradictory results. Wang et al[69] observed that the Arg allele
is related to an unfavorable effect on patients treated with
5-fluorouracil (5-FU). However, different results were
obtained by several other works in which the Pro allele
was related to poor survival in patients using 5-FU[70], oxaliplatin[71] or a combination of paclitaxel and cisplatin[72].
Therefore, although promising, the use of the Arg72Pro
polymorphism in this sense should be carefully analyzed.
Another studied polymorphism is -160C>A, which
is located in the promoter region of CDH1, a gene that
encodes a transmembrane glycoprotein responsible for
mediating intercellular adhesion and cell polarity and
plays an important role not only in the regulation of
morphogenesis of normal and neoplastic tissues but also
in tumor invasion and metastasis[73].
It has been described that the A allele of this polymorphism results in an approximately 68% reduction in
transcriptional activity in comparison to the C allele[74,75]
and has been associated a with the negative regulation of
CDH1, which can lead to the loss of cell-to-cell adhesion
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mediated by E-cadherin, resulting in increased susceptibility to tumor development and subsequent tumor invasion and metastasis[76]. Thus, the variant allele was suggested to be a likely genetic marker for an increased risk
of GC[77,78].
A considerable number of studies have been conducted to investigate the association between this polymorphism and susceptibility to GC in humans, with conflicting results, which may also be explained by the ethnic
composition of each population studied[55,60,79-84].
Although the AA genotype is related to an increased
risk of GC in the Oman population [74] and Caucasians[73,76], several meta-analyses did not find any influence
on the overall risk for the studied populations (Caucasians,
Asians and mixed). However, when stratified by ethnicity,
the results suggest a protective effect of the A allele in
Asian populations[75,85,86].
Two other genotypes in CDH1, 347G>GA and
+54T>C, were significantly associated with the risk of
GC in a study conducted in China[87]. However, two
studies in Japan[88] and Italy[89] did not confirm this relationship. According to Pan et al[90], to reach a definitive
conclusion, further studies with better designs are needed
to explore the association of CDH1 gene polymorphisms
with GC susceptibility.

PROTEOMICS
Proteomic-based techniques in cancer biology, such as
2-DE (two-dimensional electrophoresis), iTRAQ (isobaric tags for relative and absolute quantitation), ICAT
(isotope-coded affinity tag), protein chip array and liquid
chromatography, have been used to identify and quantify
proteins that can be used as biomarkers in bodily fluids
and tissues in GC[91].
Human serum contains a complex array of peptides.
Some of these may function as biomarkers, with their
presence/absence or relative abundance being correlated with health status and thus useful for prognosis or
diagnosis[92]. To date, the most common fluid biomarkers available for GC include carcinoembryonic antigen
(CEA), carbohydrate antigen 19-9 (CA 19-9), carbohydrate antigen 72-4 (CA 72-4), Cytokeratins (CYFRA
21-1, TPA - tissue polypeptide antigen, TPS - tissue
polypeptide-specific antigen), E-cadherin, pepsinogen,
cytokines and the β-subunit of HCG. However, although
some authors suggest that the sensitivity and specificity
of these markers are not sufficient for the diagnosis of
GC[93,94], their use in clinical practice is recommended by
most authors because they are useful as prognostic, diagnostic and peritoneal recurrence markers[95-100]. The use
of CEA and CA 19-9 as prognosis markers, for example,
is recommended because their levels increase according
to the tumor stage; these markers are especially useful
when a cutoff ratio (divided in three stages: negative, low
and high) is applied[94-96].
An expansive bibliography about new biomarkers in
biological fluids of GC has accumulated over time[101-106].
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These biomarkers include, for example, tubulin beta
chain, thymosin beta-4-like protein 3, cytochrome b-c1
complex subunit 1, aromatic amino acids (tyrosine, phenylalanine, tryptophan), S100A9/AAT and S100A9/GIF,
collagen type IV, hyaluronic acid, prostaglandin E2, EGF,
TGFα, epidermal growth factor receptor (EGFR), proapolipoprotein A1 (proApoA1), apolipoprotein A1,
transthyretin (TTR), D-dimer, vitronectin (VN), interleukin-6, a-2 macroglobulin, C-reactive protein and plasminogen activator inhibitor-1[107]. However, most of these
biomarker candidates still need to be extensively validated
in large clinical cohorts because they have been identified
in many studies with different methods over time.
It is worth mentioning that other sources of proteins,
such as tissue samples and cell lines, have been used in
the discovery of new GC biomarkers. To date, tissue
samples have not been widely used for this purpose due
to poor reproducibility and the small overlap between
studies as well as conflicting data. Moreover, in most of
these studies, etiological differences between diffuse and
intestinal tumor subtypes were ignored because finer
sample classification was not possible with the limited
patient materials[107]. Due to these difficulties, modern
techniques in proteomic studies have enabled a much
higher number of proteins in GC tissues to be described,
including selenium-binding protein 1, ENO1, ADHIC,
ETFB, VDAC, DMBT1, LTF, GRP78, GRP94, PPIA,
PRDX1, PTEN, CRIP1, HNP-1, S100A6, S100A8,
S100A9, α-defensin-1 and α-defensin-2[107-111]. Other proposed candidate biomarkers include CRIP1, HNP-1, and
S100-A6[112] and human neutrophil peptides 1-3 (HNPs
1-3) and MIF[113]. In summary, the detection and verification of tissue biomarkers through the application of various proteomic methods can promote the more robust
clinical evaluation of patients with gastric cancer.
As reported, the majority of tumor biomarkers in GC
diagnosis are glycoproteins[114], with the most common
being mucin-5AC (MUC5AC), IgG, mucin-1 (MUC1),
IGHM, LRG1, haptoglobin (HP), albumin (ALB), TF,
kininogen-1 (KNG1), alpha-1-acid glycoprotein (AGP),
ceruloplasmin (CP), A1BG, vitamin D binding protein
(GC), alpha-1-antitrypsin (SERPINA1), antithrombin
(SERPINC1), angiotensin (AGT), CFB, serpin peptidase
inhibitor, Clade A (SERPINA3), alpha-2-HS-glycoprotein (AHSG), Zn-alpha-2-glycoprotein (AZGP1), CLU,
ITIH2, complement factor H (CFH), interalpha-trypsin
inhibitor HCRP, SERPING1 and C4A variant protein
(C4A)[115-118].
Recently, Li et al[119] studied two multidrug-resistant
cell lines and their parental drug-sensitive GC cell line to
characterize the multiple drug resistance (MDR)-related
cell surface glycoproteome. These authors successfully
identified 56 cell membrane glycoproteins, 11 of which
(Mesothelin, EGFR, Integrin alpha-3, CD59, Folate receptor alpha, Peptidyl-prolyl cis-trans isomerase FKBP9,
Laminin subunit alpha-5, Dihydropyridine receptor alpha
2, Multidrug resistance protein 1, Prostaglandin F2 receptor negative regulator and Golgi apparatus protein 1) were
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Table 2 miRNAs differently expressed in gastric cancer tissues and their clinical application
miRNA
miR-301a
miR-29 family
miR-146a
miR-10b
miR-107
miR-345 + miR-142
let-7i
miR-221
miR-148a
miR-155
miR-129-2-3p
miR-181b
miR-21

Level of expression

Clinical application

Ref.

Up-regulated
Down-regulated
Down-regulated
Up-regulated
Up-regulated
Up-regulated (miR-345) and Down-regulated
(miR-142)
Down-regulated
Up-regulated
Down-regulated
Down-regulated
Down-regulated
Up-regulated
Up-regulated

Progression and prognostic
Prognostic and therapeutic
Metastasis
Progression and prognostic
Prognostic
Recurrence and progression

[127]
[128]
[129]
[130]
[131]
[132]

Prognostic and therapeutic
Progression, prognostic and therapeutic
Prognostic
Progression and metastasis
Progression
Prognostic
Prognostic

[133]
[125,134]
[135]
[136]
[137]
[138]
[138,139]

found to be differentially expressed with the same trend
in both the drug-resistant and sensitive cell lines. This
report was the first concerning the relationship between
glycoprotein alterations and MDR in gastric tumors and
was also helpful for better interpreting the sophisticated
mechanisms of MDR in gastric cancer, which, of course,
still require further investigation and verification.
Given the current multiplicity of proteomic studies
in GC, due to the vast amounts of data generated, it is
important to maintain an up-to-date and searchable index
of the lists of biomarkers obtained in different studies.
Finally, it is essential that future studies focus not only on
identifying the disease-associated alterations in proteins
but also on determining the cellular functions of the
proteins identified as well as the mechanistic networks in
which they participate. The biomarkers identified experimentally should serve as entry points for investigating the
mechanisms of carcinogenesis and tumor progression.

EPIGENETICS
MicroRNA
MicroRNAs (miRNAs) are small (typically about 22 nt in
size) regulatory RNA molecules that modulate the activity of specific mRNA targets and play important roles
in a wide range of physiologic and pathologic process.
miRNAs generally disrupt gene expression by inhibiting translation or through the cleavage of the target
mRNA[120]. When associated with the tumor process,
miRNAs are called oncomiRs; they may act as oncogenes
or as tumor suppressor genes. As a result, oncomiRs can
be used in the diagnosis and treatment of cancer, as the
expression patterns of miRNAs in human cancer appear
to be tissue specific[121]. In addition, genome-wide studies have shown that miRNA genes are frequently located
within regions of heterozygosity loss and amplification
and fragile sites, suggesting the vital role of miRNAs in
tumorigenesis[122].
miRNAs have shown great potential as tissue-based
markers for cancer definition. The presence of a miRNA
signature in gastric cancer has been suggested by some
authors, with specific genes being up- and down-regulat-
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ed, which can be useful in the diagnostic process[123-125].
Moreover, due to their size, abundance, tissue specificity
and relative stability in the circulation of biological fluids,
these molecules can serve as accessible biomarkers to detect and monitor GC[126] (Tables 2 and 3).
Recently, miRNA studies have focused on the prediction of chemotherapeutic resistance, as some of
those molecules, such as miR-19a/b and miR-106a, accelerate drug efflux, acting as a barrier to the success of
GC chemotherapy[146,147].
Methylation and histone modifications
DNA methylation is an epigenetic modification in both
prokaryotes and eukaryotes and occurs at carbon 5 of
the cytosine ring within CpG dinucleotides, especially in
the promoter region of several genes and in noncoding
genomic regions[148,149]. Because DNA methylation has a
tissue-specific pattern, is involved in a variety of cellular
processes, such as gene expression regulation, genomic
imprinting, transcriptional regulation and cellular differentiation, and can be modified during tumorigenesis, it is
used as a molecular marker of the tumor-development
process[150-152].
In GC patients, it is suggested that the methylation
pattern of some genes is dependent on environmental
factors, such as the presence of H. pylori[153-155], as well as
on the patient’s age[153]. Therefore, biomarkers should be
carefully selected to avoid false results in a prognostic and
diagnostic approach.
An aberrant methylation pattern of several genes is
currently associated with GC (Table 1). One of these
genes is the classical tumor suppressor gene p16, which
was identified as a diagnostic[156,157] and prognostic biomarker in several populations because it can be related to
better survival in patients who received 5-fluoracil therapy[158], to metastasis and poor survival in patients without
neoadjuvant therapy[159] and to tumor location[160].
Several other genes with altered methylation patterns
were identified as potentially useful prognostic biomarkers, including RKIP[161], ADAMTS9[154], XAF1[162],
BCL6B[163], miR34b and miR129-2[164] and HOXD10[165],
but studies have only been performed in a few Asian
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Table 3 miRNAs differently expressed in body fluids from gastric cancer patients and their clinical application
miRNA
miR-200c
miR-421
miR-21
miR-106a
miR-129-1-3p
miR-129-2-3p
miR-335
miR-221
miR-744
miR-376c
miR-199a-3p

Body fluid

Level of expression

Clinical application

Ref.

Blood
Gastric Juice
Gastric Juice
Gastric Juice
Gastric Juice
Gastric Juice
Blood
Serum
Serum
Serum
Plasma

Up-regulated
Up-regulated
Up-regulated
Up-regulated
Down-regulated
Down-regulated
Up-regulated
Up-regulated
Up-regulated
Up-regulated
Up-regulated

Progression and survival
Screening
Screening
Screening
Screening
Screening
Recurrence and prognostic
Screening
Screening
Screening
Progression, screening

[140]
[141]
[142]
[142]
[137]
[137]
[143]
[144]
[144]
[144]
[145]

populations.
Some of the markers analyzed to date have methylation patterns that are related to the patient’s chemosensitivity, such as MGMT, MLH1, BNIP3, DAPK and
BMP4[166-168]. As a result, these genes may be useful for
predicting the best treatment for each patient.
One of the most interesting features of methylation
markers is the fact that many of them may be used as
non-invasive makers, as they can be detected in body fluids such as serum, plasma and peritoneal wash.
One of the most commonly used markers in body
fluids is the CDH1 gene methylation pattern, the main
mechanism responsible for CDH1 down-regulation[169].
The altered methylation pattern of this gene may be detected in peritoneal fluid and used as a marker of tumor
recurrence, metastasis and tumor stage[167,170] or in serum,
where it is used together with the APC methylation status
as a marker of prognosis[171].
Some other markers may be detected in serum, such
as SFRP2[172] and SLC19A3[173], or gastric washes, such
as a combination of MINT25, ADAM23 and GDNF[174];
these are useful as diagnostic markers.
Although studies associating the methylation status of
a particular gene and tumorigenesis are frequent, those associating histone modifications, as well as the enzymes responsible, are still few. The majority of such studies are related to histone deacetylase enzymes, which are considered
molecular markers of prognosis, with the expression of
HDAC 1 and 2 being related to tumor aggressiveness[175,176].
Concluding remarks
Advances in technology have allowed the development
of several methods to understand the mechanisms underlying gastric carcinogenesis, resulting in the identification of a large number of molecular targets that can be
used as biomarkers with diagnostic and prognostic potential. Several of these (especially HER-2 amplification,
miR-19a/b, miR-160a and p16 hypermethylation) can
also be used for the prediction of therapeutic response,
which is a tremendous help to clinicians. Despite this,
many of these biomarkers, especially genetic markers,
have been tested in only one or a few populations. We
must consider that GC, as with other types of tumor, is
influenced by ethnic and environmental factors, which
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can result in the following question: how universal can a
prognostic/diagnostic genetic marker be? Thus far, there
is unfortunately no answer to that question, and we believe that it will be a long time until this question may be
conclusively answered. Therefore, the simplest approach
at present is to validate the discovered markers in the
target population and to use several biomarkers for each
patient. One alternative could be the use of a proteomic
approach, which only analyzes protein expression and is
independent of the cause (genetic or epigenetic) of any
altered pattern. However, there are some limitations to
that approach, such as the availability of studies in only
a few populations and the cost of the analysis, which remains very high.
Conversely, epigenetic markers appear to be much
more tumor specific, as their pattern has been confirmed in
all of the studied populations. Moreover, epigenetic markers are more prone to become target markers for therapeutics trials, as these types of alterations are reversible.
Therefore, one might carefully select molecular markers depending on their use. We must bear in mind that
genetic markers are much more dependent on the ethnic
component than epigenetic markers, making the latter a
currently much more reliable option for clinicians.
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Abstract
Gastric cancer is one of the most frequently diagnosed
cancers worldwide. Although the rate of gastric cancer has declined dramatically over the past decades in
most developed Western countries, it has not declined
in East Asia. Currently, a radical gastrectomy is still the
only curative treatment for gastric cancer. Over the
last twenty years, however, surgery alone has been
replaced by a multimodal perioperative approach. To
achieve the maximum benefit from the perioperative
treatment, a thorough evaluation of the tumor must
first be performed. A complete assessment of gastric
cancer is divided into two parts: staging and histology.
According to the stage and histology of the cancer,
perioperative chemotherapy or radiochemotherapy can
be implemented, and perioperative targeted therapies
such as trastuzumab may also play a role in this field.
However, perioperative treatment approaches have not
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been widely accepted until a series of clinical trials were
performed to evaluate the value of perioperative treatment. Although multimodal perioperative treatment has
been widely applied in clinical practice, personalization
of perioperative treatment represents the next stage in
the treatment of gastric cancer. Genomic-guided treatment and efficacy prediction using molecular biomarkers in perioperative treatment are of great importance
in the evolution of treatment and may become an ideal
treatment method.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Pre-therapeutic evaluation;
Perioperative chemotherapy; Perioperative radiochemotherapy; Perioperative target therapy
Core tip: Multimodal perioperative treatment of advanced gastric cancer is playing an increasingly important role in patient treatment. Different strategies,
including preoperative and postoperative chemotherapy
and radiochemotherapy, are implemented in clinical
practice and a new concept of perioperative-targeted
therapy is emerging. Although many randomized clinical trials have been performed to determine the effectiveness of these therapies over surgery alone, little
evidence exists regarding the comparison of the different therapies. Personalized treatment should be based
on the results of randomized clinical trials as well as
subgroup analyses, tailored by histology, demography,
and predictors, including tumor markers and genomic
profiling.
Miao RL, Wu AW. Towards personalized perioperative treatment for advanced gastric cancer. World J Gastroenterol 2014;
20(33): 11586-11594 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11586.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11586
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INTRODUCTION
Gastric cancer is one of the most frequently diagnosed
cancers around the world. Until the mid-1990s, it was the
first cause of cancer death in the world and now it represents the fourth most common cancer[1,2]. While gastric
cancer is the 14th most common cancer in the United
States, it is the 2nd most common cancer in China[3,4].
Although the effects of geography on the incidence and
prognosis are still not clearly understood, factors of gastric carcinogenesis, diagnosis, and therapeutic strategies
may contribute to the differences[5].
Radical gastrectomy, the complete surgical resection
of macroscopic and microscopic tumors (R0 resection),
is still currently the only way to cure gastric cancer. The
extent of lymphadenectomy, however, has been controversial between the East and West until recent years. Radical gastrectomy with extended D2 lymphadenectomy is
considered the standard surgical practice in East Asia and
has been accepted in the West. Nevertheless, limited D1
resection with radiochemotherapy is still more frequently
implemented in Western countries[5-7].
In contrast to those with early gastric cancers (EGCs),
patients diagnosed with advanced gastric cancers (AGCs)
typically have a poor prognosis. According to the 7th
edition of the American Joint Committee on Cancer
(AJCC) tumor-node-metastasis (TNM) staging of gastric
cancer, the 5-year survival rate of patients with AGCs
was 9.2%-45.5% in the United States[8], and 40%-60%
of patients with local AGCs experience recurrence after
surgery[9]. Over the last few decades, surgery as the sole
form of treatment has been replaced by different forms
of multimodal treatment of AGCs around the world[10-12].
To achieve the most benefits from the perioperative treatment of AGCs, a thorough evaluation of the tumor is
required. Different stages and histological types of gastric
cancers have different biological behaviors and thus respond differentially to treatment, a factor that hits at the
core of personalized perioperative treatment for gastric
cancer.
This article will review the current strategies towards
personalized perioperative treatment of gastric cancer
and discuss the appropriate indications for perioperative
treatment, multidisciplinary approaches for AGCs, as well
as the future questions that remain in the tailored management of gastric cancer.

PRETHERAPEUTIC EVALUATION OF AGC
According to the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology of Gastric Cancer and other guidelines worldwide,
a complete endoscopic evaluation of the esophagus,
stomach, and duodenum with a biopsy of any suspicious
lesion is considered the gold standard for detection and
histological verification of gastric cancer[11,13,14]. Because
the number and location of the biopsies are still controversial and limited evidence-based data exist to address
the controversy, a variety of recommendations in national

WJG|www.wjgnet.com

guidelines have been suggested. Aside from verifying
malignant disease histologically, the goal of biopsies is to
evaluate the histological tumor type and examine the biological behavior of the tumor, if possible, by appropriate
sampling. Different types of gastric cancer may respond
differentially to chemotherapy or radiotherapy. For example, hepatoid adenocarcinoma, a rare form of gastric
cancer, responds poorly to chemotherapy and the best
strategy is to operate as early as possible[15]. However,
several different histological classifications of gastric cancer currently exist and include the Lauren classification,
Japanese Gastric Cancer Association classification, and
World Health Organization (WHO) classification[16,17].
The lack of consensus in histological classification reveals
an insufficient understanding of the biological behavior
of gastric cancer. Inconsistencies between the biopsy and
postoperative histology occur frequently, which limits the
implementation of personalized treatment by histology
alone. Therefore, TNM stage-oriented treatment is the
gold standard for preoperative treatment of gastric cancer. The heterogeneity of gastric cancer greatly contributes to the personalized treatment and represents one of
the main challenges in perioperative treatment.
Evaluation of the tumor infiltration stage (T-stage)
is the main parameter to distinguish AGCs from EGCs.
The current gold standard for T-staging is endoscopic ultrasound (EUS), which has an accuracy between 65% and
92%[18] and a sensitivity and specificity of 88% and 100%
for T1, 82% and 96% for T2, 90% and 95% for T3,
and 99% and 97% for T4, respectively[19]. Multi-detector
computed tomography (MDCT) for T-staging is less accurate than EUS, though the sensitivity and specificity
of serosa involvement are similar to EUS[18,19]. A metaanalysis involving nine studies utilizing positron emission
tomography (PET) to evaluate gastric cancer reported
that, despite the inability to stage gastric cancer by tumor
depth, PET has a pooled primary tumor detection ratio
of 80% in identifying the existence of gastric cancer[20].
Lymph node involvement (N-stage) represents the
greatest challenge in gastric cancer staging. N-staging is
currently achieved by evaluating the number of metastatic lymph nodes according to the 7th AJCC TNM staging
system[8]. Currently, lymph node size is the primary parameter used to define nodal involvement. Micrometastasis without lymph node enlargement is not detected by
imaging methods such as MDCT or EUS. The sensitivity
and specificity for N-staging with EUS is approximately
50%-60% and 85%-95%[19], respectively, and MDCT is
not superior to EUS[18,19]. PET can evaluate node metabolism using the standardized uptake value (SUV) in addition to acquiring the size of the lymph nodes. However,
the mean SUV noted for N-staging can also vary, with
overall values ranging from 4.5 to 6.8, and an overall accuracy of 17.7% to 79.2%[20].
Distant metastasis (M-stage) is predominantly evaluated with thoracic, abdominal, and pelvic MDCT with a
sensitivity and specificity of > 70% if performed using
a biphasic protocol (including a portal venous contrast
phase) and a slide thickness < 3 mm[14,21]. Thus, MDCT is
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considered the gold standard approach for assaying solid
organ metastasis. PET is also one of the best methods
to assess the M-stage of gastric cancer with an overall
accuracy of 88%[20], but studies comparing PET with
MDCT for M-staging are still lacking[20]. Because of the
high prevalence of peritoneal carcinomatosis, additional
attention must be paid to T3 and T4 patients[22-24]. Laparoscopic exploration should be employed to exclude liver
metastasis and peritoneal carcinomatosis. Detection of
free cancer cells by peritoneal lavage cytology can predict
the risk of peritoneal carcinomatosis with high specificity
and this patient category may also benefit from hyperthermic intraperitoneal chemotherapy (HIPEC), which
has been shown to improve overall survival and decrease
peritoneal local recurrence[25]. Metabolic imaging represents another advantage of PET in evaluating gastric
cancer, as it may provide clues to predict treatment responses, which will be discussed later in this article.

MOLECULAR AND RADIOLOGIC
ASPECTS OF PERSONALIZED
PERIOPERATIVE TREATMENT

PERIOPERATIVE CHEMOTHERAPY

Researchers worldwide have been working to identify the
molecular subtypes of gastric cancer and their differential
responses to chemotherapy. Lei and colleagues identified
three subtypes of gastric adenocarcinoma: proliferative,
metabolic, and mesenchymal. In the study from Lei et
al[26], cancer cells from the metabolic subtype were more
sensitive to and reaped greater benefits from 5-fluorouracil (5-FU) than the other subtypes. Meanwhile, tumors of
the mesenchymal subtype contained cells with features
of cancer stem cells, and cell lines of this subtype were
particularly sensitive to phosphatidylinositol 3-kinaseAKT-mTOR inhibitors in vitro. This study has been
touted by some experts in the field as a new direction for
personalized therapy of gastric adenocarcinoma and they
are finding ways to apply this information to identify tumor subsets and develop molecularly tailored, individualized therapies[27]. Although many other studies have been
conducted, there is still no consensus on the molecular
subtypes of gastric cancer[28-31]. Recently, several studies
have focused on predicting the efficacy of chemotherapy
using genome-guided chemotherapy. Molecular biomarkers including VEGFR-1 and ERCC1/TS mRNA levels[32]
were reported in the 2013 International Gastric Cancer
Congress[33]. While there is still a long way before these
studies can be translated into clinical practice, clinical trials may provide some clues for the choice of treatment
regimen in the postoperative setting.
Diffusion-weighted MRI (DW-MRI) is a promising
imaging technique to evaluate cancer treatment response,
as it is sensitive enough to detect the macromolecular and
microstructural changes that occur at the cellular level
prior to anatomical changes during therapy[34]. Studies
have shown that successful treatment of many tumor
types can be detected using DW-MRI to measure the
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early increase in the apparent diffusion coefficient (ADC)
values[35-38]. Additionally, a low pretreatment ADC value is
often predictive of a better outcome[34], which may provide an important opportunity for individualized therapy,
minimizing unnecessary toxicity associated with ineffective therapies and improving overall patient health care at
a lower cost. The efficacy of DW-MRI in gastric cancer,
however, has only been evaluated in a few cases[39,40].
Because of the nature of metabolic imaging, PET can
provide information on the metabolic response of gastric
cancers. A series of studies have been performed to assess the utility of PET in predicting the response to gastric cancer treatment[41-49]. In these studies, a metabolic response was defined as a decrease of ≥ 35% in the tumor
glucose SUV after preoperative chemotherapy, which can
be predicted by fluorodeoxyglucose PET. These studies
suggested that the metabolic response may correlate with
tumor response, ultimately translating into improved patient survival[41-48].

Over the past decades, gastric cancer treatment by surgery alone has been replaced by a multimodal treatment
approach consisting of surgery and pre- or postoperative
chemotherapy or radiochemotherapy. In addition to the
wide clinical application of multimodal treatment, personalized perioperative treatment represents the future
of gastric cancer treatment.
Postoperative chemotherapy
The survival benefits of postoperative chemotherapy differ in clinical trials between Eastern and Western countries. In 1993, Hermans and colleagues performed a meta-analysis on 11 clinical trials from 1980 and found that
postoperative chemotherapy for resectable gastric cancer
did not, in general, improve survival[49]. In contrast, the
Global Advanced/Adjuvant Stomach Tumor Research
International Collaboration Group conducted a metaanalysis on 17 randomized clinical trials (RCTs) including
3838 patients with resectable gastric cancer and reported
that postoperative chemotherapy was associated with a
statistically significant benefit in terms of overall survival
(HR = 0.82, 95%CI: 0.76-0.90; P < 0.001) and diseasefree survival (HR = 0.82, 95%CI: 0.75-0.90; P < 0.001)[50].
This meta-analysis supports the utility of postoperative
chemotherapy in resectable gastric cancer.
In contrast to the small benefit observed on overall
survival in the Western clinical trials, favorable outcomes
were observed in RCTs in the East. A large RCT from
the Adjuvant Chemotherapy Trial of S-1 for Gastric
Cancer (ACTS-GC) in Japan randomly assigned 1059 patients with stage Ⅱ or Ⅲ gastric cancer who underwent
gastrectomy with extended (D2) lymph node dissection
to groups with or without S-1 adjuvant chemotherapy[51].
In this study, the 3-year overall survival rate was 80.1% in
the S-1 group and 70.1% in the surgery-only group (HR
= 0.68, 95%CI: 0.52-0.87; P = 0.003). However, the high
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overall survival rate at 3 years in both groups has not
been replicated in any Western trials. The United States
multicenter phase Ⅲ study comparing cisplatin/S-1 with
cisplatin/infusional fluorouracil in advanced gastric or
gastroesophageal adenocarcinoma stratified more than
1000 patients to compare the overall survival between the
postoperative chemotherapy regimens of cisplatin/S-1
and cisplatin/5-FU but failed to confirm the results from
the ACTS-GC trial and showed that cisplatin/S-1 did not
prolong overall survival of patients with advanced gastric
or gastroesophageal adenocarcinoma when compared
with cisplatin/5-FU[52].
In addition to S-1, capecitabine, another form of oral
fluoropyrimidine, with oxaliplatin (XELOX) was evaluated in the Capecitabine and Oxaliplatin Adjuvant Study
in Stomach Cancer (CLASSIC) study, which was a multicenter, randomized, phase Ⅲ trial occurring across 37
centers (n = 1035 patients) in South Korea, China, and
Taiwan[53]. The 3-year disease-free survival was 74% in the
chemotherapy and surgery group in comparison to 59%
in the surgery only group (HR = 0.56, 95%CI: 0.44-0.72;
P < 0.0001). A recent update of the CLASSIC trial has
also been reported. After a median follow-up of 5 years,
a 34% reduction in the risk of death with chemotherapy
versus surgery alone was observed (HR = 0.66, 95%CI:
0.51-0.85; P = 0.0015)[54]. The 5-year overall survival rates
were 78% in the XELOX group and 69% in the surgery
alone group (P = 0.0029). This update further proved the
efficacy of XELOX as a treatment regimen for postoperative chemotherapy.
A meta-analysis from Janunger et al[55] also found that
there was a significant difference in the effect of chemotherapy on AGCs between Asian and European patients.
This study has raised the issue about whether there are
ethnic differences between gastric cancer patients in the
East and West. RCT results should always be tracked
back to the population from whom the study group was
sampled, which is an important principle of personalized
medicine.
The results of the above clinical trials and meta-analyses indicate that 5-FU (or its derivatives) postoperative
chemotherapy may bring selected patients with resectable gastric cancer a higher probability of survival, but
the studies are insufficient at predicting how individuals
will respond. Thus, there is still a long way to go towards
achieving personalized postoperative chemotherapy.
The subgroup analysis of the ACTS-GC and CLASSIC trials highlights the future direction of personalized
postoperative chemotherapy. In the ACTS-GC trial, male
patients < 60 years of age with stage Ⅱ (6th TNM classification), stage T2 (tumor invades the muscularis propria
or the subserosal connective tissue), stage N1 (1-6), and
undifferentiated histological tumors may benefit most
from postoperative S-1 chemotherapy, although it is important to note that the difference was not statistically
significant. In a similar analysis performed in the CLASSIC trial, male patients < 65 or ≥ 65 years of age with
stage Ⅱ (6th TNM classification) and stage N1 or N2 (1-15
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involved nodes) respond more favorably to postoperative
XELOX chemotherapy when 3-year disease-free survival
was examined. A comparison between the two treatment
regimens suggests that patients older than 65 years of age
or with lymph node metastasis in 7-15 nodes may benefit
more from the XELOX regimen than S-1. This type of
comparison between different trials, however, does not
provide solid evidence of one treatment having an advantage over another; RCTs are still required to provide
additional evidence for personalized perioperative chemotherapy.
What is the best chemotherapy regimen and course
of treatment? Dozens of clinical trials including the
NCT01426646, NCT00343668, and NCT01531452 are
currently being performed to address this question. It
seems be an answerless question with the increasing number of cytotoxic drugs being developed. Studies must also
find a way to predict the effects of different treatments.
Moreover, there is currently no way to assess how these
treatments affect individuals, rather than populations.
Preoperative chemotherapy
Preoperative chemotherapy is commonly applied in Europe and this clinical practice is based on the results of
three major RCTs. The Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) trial, a
British multicenter RCT, randomly assigned over 500 patients with histologically verified adenocarcinoma of the
stomach or gastroesophageal junction to either surgery
alone or surgery following chemotherapy with epirubicin, cisplatin, and 5-FU[56]. With a median follow-up of
four years, the preoperative chemotherapy group had a
higher likelihood of overall survival (HR = 0.75, 95%CI:
0.60-0.93; P = 0.009; 5-year survival rate: 36% vs 23%)
and of progression-free survival (HR = 0.66, 95%CI:
0.53-0.81; P < 0.001). This trial was limited by the heterogeneous inclusion criteria, which included patients with
gastric cancer, gastroesophageal cancers, and cancers of
the distal esophagus, as well as the lack of quality control
of surgical and pathological operations. Moreover, more
than half of the patients in the preoperative group did
not complete the chemotherapy regimen, making it difficult to evaluate the effects of preoperative chemotherapy
from postoperative chemotherapy. Thus, it is important
to remember that the results of the MAGIC trial are not
sufficient to confirm the effects of preoperative chemotherapy on gastric cancer following curative gastrectomy
with D2 lymphadenectomy.
The ACCORD07/FFCD-9703 French trial obtained
similar results to the MAGIC trial[57]. Two hundred and
twenty-four patients with resectable cancer of the lower
esophagus, gastroesophageal junction, or stomach were
enrolled to either a surgery alone group or to the preoperative chemotherapy group, which received two or
three preoperative cycles of intravenous cisplatin and a
continuous intravenous infusion of 5-FU for five consecutive days every 28 d and three or four postoperative
cycles of the same regimen in addition to the surgery.
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Compared with the surgery alone group, the preoperative
chemotherapy group had better overall (38% vs 24%; HR
= 0.69, 95%CI: 0.50-0.95; P = 0.02) and disease-free (34%
vs 19%; HR = 0.65, 95%CI: 0.48-0.89; P = 0.003) 5-year
survival rates. In a multivariate analysis, preoperative chemotherapy (P = 0.01) and stomach tumor localization (P
< 0.01) were favorable prognostic factors for survival,
and preoperative chemotherapy significantly improved
the curative resection rate (84% vs 73%, P = 0.04). The
same limitation of heterogeneous inclusion criteria still
exists in this trial and does not answer the remaining
questions from the MAGIC trial.
To address the questions remaining in the trials mentioned above, the EORTC 40954 trial was performed[58].
This trial used stringent inclusion criteria to include only
locally advanced adenocarcinoma of the stomach and
gastroesophageal junction (SIEWERT Ⅱ and Ⅲ). Patients in this trial were randomly assigned to either undergo surgery alone or receive surgery in combination with
preoperative chemotherapy consisting of cisplatin, 5-FU,
and leucovorin. In contrast to the above trials, rigorous
preoperative staging and quality control of surgery were
applied in this trial. However, this trial was halted due to
poor accrual after 144 patients were assigned. Out of the
144 included patients, 52.8% had tumors located in the
proximal third of the stomach (including SIEWERT Ⅱ
and Ⅲ) and the R0 resection rate was 81.9% after preoperative chemotherapy, as compared with 66.7% with surgery alone (P = 0.036). After a median follow-up period
of 4.4 years and 67 deaths, a survival benefit could not
be shown (HR = 0.84, 95%CI: 0.52-1.35; P = 0.466). An
overall survival of 64.6 mo was observed in the chemotherapy group in comparison to 52.5 mo in the surgery
alone group. This trial showed a significantly increased
R0 resection rate, but failed to demonstrate a survival
benefit. Possible explanations of why a survival benefit
was not observed in the study include a low statistical
power, a high rate of proximal gastric cancer and a better
outcome than expected after radical surgery alone due to
the high quality of surgery, which included resections of
regional lymph nodes outside the perigastric area. Another limitation that needs to be considered is the possibility
of increased morbidity and mortality of the operation
after preoperative chemotherapy.
The differing results from these three trials might be
associated with the quality control of the surgery. Only
the EORTC 40954 trial applied the D2 lymphadenectomy and may render the negative effects of preoperative
chemotherapy more apparent. The specific treatment
regimen used for preoperative chemotherapy is another
caveat that must be addressed. The regimens used in the
three trials above are not recommended in East Asia, despite being included in the NCCN and European Society
for Medical Oncology guidelines[10-12]. Clinical trials to
compare different regimens have been performed worldwide. There are currently more than 50 clinical trials
registered on the clinicaltrials.gov website, with a broad
spectrum of regimens and drugs.
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Proper imaging evaluation should be performed at
the appropriate time to achieve the utmost benefit prior
to surgery. Currently, the Response Evaluation Criteria
In Solid Tumors 1.1 criteria, WHO criteria, and many
other sets of criteria are used to evaluate the effectiveness of preoperative treatment[59], but limitations still exist. None of these criteria can accurately predict a gastric
cancer patient’s response to chemotherapy. New imaging methods like diffusion weighted imaging and PET
may provide clues for this problem. As to the pathology
evaluation, the widely applied Tumor Regression Grade
was developed from patients with rectal cancer and is still
not specific enough for gastric cancer. Patients diagnosed
as M1 may benefit from preoperative chemotherapy due
to the free cancer cells in a peritoneal lavage cytology examination. These patients received HIPEC together with
preoperative chemotherapy, which converted some patients to ypM0 when a second peritoneal lavage cytology
examination was performed, giving them a potential R0
operation[24]. This modality is now being evaluated in our
center (NCT01471132).

PERIOPERATIVE RADIOCHEMOTHERAPY
Although postoperative radiochemotherapy is currently
used in the United States as a standard treatment of
AGCs, it is not widely accepted in other parts of the
world. In 1984, a small prospective clinical trial that included 60 patients evaluated the value of postoperative
radiochemotherapy for the first time, and a significant
5-year survival benefit was observed (23% vs 4%)[60].
Based on this small trial, the larger South West Oncology
Group/Intergroup trial was established to further evaluate the utility of postoperative radiochemotherapy in the
treatment of gastric cancer[61]. In this trial, a total of 556
patients with resectable adenocarcinoma of the stomach
or gastroesophageal junction were randomly assigned to
surgery alone or surgery plus postoperative radiochemotherapy. The postoperative treatment consisted of fluorouracil/leucovorin, followed by 4500 cGy of radiation (180
cGy for five days). The median overall survival in the
surgery-only group was 27 mo, as compared with 36 mo
in the radiochemotherapy group; the HR for death was
1.35 (95%CI: 1.09-1.66; P = 0.005). The HR for relapse
was 1.52 (95%CI: 1.23-1.86; P < 0.001). The trial showed
promising results for postoperative radiochemotherapy
in the treatment of gastric cancer, but the quality control
for surgery was still poor, with only a 10% rate of D2
lymphadenectomy. As a result, the value of postoperative
radiochemotherapy after D2 lymphadenectomy remained
unclear and was not fully accepted in East Asia. Based on
the results of this trial, only patients with D0/D1 lymphadenectomy or non-R0 gastrectomy should be assigned
to postoperative radiochemotherapy.
Preoperative radiochemotherapy is not currently used
as a standard treatment for gastric cancer anywhere. The
Chemoradiotherapy for Oesophageal Cancer Followed
by Surgery study evaluated the utility of preoperative

11590

September 7, 2014|Volume 20|Issue 33|

Miao RL et al . Personalized perioperative gastric cancer treatment

radiochemotherapy for esophageal or gastroesophageal
junction cancer and reported significant overall survival
improvement in the preoperative radiochemotherapy
group (49.4 mo vs 24 mo; HR = 0.65, 95%CI: 0.495-0.871;
P = 0.003)[62]. This trial, however, primarily focused on
esophageal cancer and does not provide strong evidence
for gastric cancer. Other ongoing trials are currently evaluating the safety and utility of preoperative radiochemotherapy (NCT01924819, NCT01815853, NCT00512304,
NCT01523015), but a large phase Ⅲ RCT has not yet
been reported. The main caveat of this treatment is the
potential for radiotherapy to cause tissue damage, leading to undesirable healing of the anastomosis. Before
the results of these trials are reported, administration of
preoperative radiochemotherapy should be applied with
additional attention and care. Based on the results from
esophageal cancer studies and small trials, preoperative
chemoradiation may bring a favorable survival benefit
though a definitive answer requires analysis of the results
from the ongoing clinical trials.

PERIOPERATIVE TARGETED THERAPY
Recent advances in molecular therapies have developed
a new weapon against AGCs through the use of antihuman epidermal growth factor 2 (HER2) therapies.
Trastuzumab, a HER2 monoclonal antibody, was the first
drug in the metastatic setting that showed a benefit in
overall survival when combined with 5-FU chemotherapy. Assaying the HER2 status of a tumor is imperative to
achieve the utmost treatment efficacy. Only HER2 positive (immunohistochemistry [IHC] +++ or fluorescence
in situ hybridization +/IHC ++) gastric cancer is eligible
for trastuzumab treatment. HER2 treatment is a good
example for targeted therapy as well as personalized medicine. Although there are not any trials reporting results
on the role of trastuzumab in the preoperative setting, a
number of case reports with trastuzumab-containing preoperative chemotherapy regimens have been published
with promising outcomes, and complete remission has
been observed occasionally in these cases[63,64]. The value
of perioperative-targeted therapy in clinical practice still
needs to be thoroughly evaluated, in addition to the rapid
development of molecular oncology.

CONCLUSION
Perioperative treatment is playing an increasingly important role in the multimodal treatment of AGC. Current
large-scale RCTs have laid a solid foundation for the
utility of perioperative treatment. Several questions still
remain. How do we translate these results into clinical
practice? How can we present the individual patient with
the best benefits and least amount of damage? How do
we predict the efficacy of preoperative treatment as early
as possible to reduce further damage and decrease costs?
Pretreatment evaluation, consisting of a systematic review of tumor stage, location, and biological behavior, is
essential to clinical decision-making. Different strategies
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may be applied on different patient subsets that have
been classified by stage, location, biology, and other parameters. Here, we recommend that clinical trial results
should be adopted on the appropriate patients based on
study inclusion criteria, with regard to age, stage, surgery,
and even ethnicity. In addition to the traditional pretreatment workup, new imaging techniques such as PET, diagnostic laparoscopy and DW-MRI, can provide additional
information on efficacy prediction and patient selection.
Different therapies including preoperative and postoperative chemotherapy and radiochemotherapy are applied in
clinical practice and new concepts of perioperative-targeted therapies are starting to play a role in this field. The
core of individualized treatment is to use the appropriate
strategy on the right patient. Development of molecular
biomarkers, molecular and functional imaging techniques
will be of great help.
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Abstract
This review analyzes progress and limitations of diagnosis, screening, and therapy of patients with chronic
hepatitis B infection. A literature review was carried out
by framing the study questions. Vaccination in early
childhood has been introduced in most countries and
reduces the infection rate. Treatment of chronic hepatitis B can control viral replication in most patients today.
It reduces risks for progression and may reverse liver fibrosis. The treatment effect on development of hepatocellular carcinoma is less pronounced when cirrhosis is
already present. Despite the success of vaccination and
therapy chronic hepatitis B remains a problem since
many infected patients do not know of their disease.
Although all guidelines recommend screening in high
risk groups such as migrants, these suggestions have
not been implemented. In addition, the performance
of hepatocellular cancer surveillance under real-life
conditions is poor. The majority of people with chronic
hepatitis B live in resource-constrained settings where
effective drugs are not available. Despite the success
of vaccination and therapy chronic hepatitis B infection
remains a major problem since many patients do not
know of their disease. The problems in diagnosis and
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screening may be overcome by raising awareness, promoting partnerships, and mobilizing resources.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic hepatitis B; HBsAg; Screening; Liver cirrhosis; Hepatocellular cancer; Entecavir; Tenofovi;
Telbivudine; Adefovir; Lamivudine; Interferon
Core tip: This review analyzes progress and limitations
of diagnosis, screening, and therapy of patients with
chronic hepatitis B. Treatment can control viral replication in most patients today. It reduces risks for progression and may reverse fibrosis. However, screening
recommendations have not been implemented, and the
performance of hepatocellular carcinoma surveillance
is poor. Many patients with chronic hepatitis B live in
resource-constrained settings where effective drugs are
not available. Despite the therapeutic progress, chronic
hepatitis B remains a problem since many patients do
not know of their disease. These problems may be
overcome by raising awareness, promoting partnerships, and mobilizing resources.
Niederau C. Chronic hepatitis B in 2014: Great therapeutic
progress, large diagnostic deficit. World J Gastroenterol 2014;
20(33): 11595-11617 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11595.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11595

INTRODUCTION
Infection with the hepatitis B virus (HBV) is a major
health problem in many countries around the world. It
can lead to chronic hepatitis, liver cirrhosis, hepatocellular
cancer (HCC), liver transplantation (LTX), and death[1,2].
Great progress has been made in particular in the fields
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of vaccination and therapy. In many industrialized countries three interferons and six nucleot(s)ides (NUC) are
now approved for treatment of chronic hepatitis B[3-5].
Oral administration of recent NUC leads to effective,
long-lasting suppression of HBV replication[3-5]. In most
patients this treatment is without major side-effects;
however, it usually does not lead to HBsAg seroconversion and therefore these drugs have to be given for many
years or even indefinitely[3-5]. Interferons may lead to
HBsAg seroconversion slightly more often when compared with NUC, but they are associated with more sideeffects and cannot be given to patients with advanced or
even decompensated cirrhosis[3-5]. Overall, treatment of
chronic hepatitis B can effectively control viral replication in the long run in almost all patients today[3-5]. It
thereby reduces the risk for progression and deterioration
of liver disease[6,7] and can even reverse liver fibrosis and
initial cirrhosis[8,9]. The treatment effect on reducing the
incidence of HCC is less pronounced in particular when
cirrhosis is already present[10-14].
Patients with chronic hepatitis B are in general at risk
for development of cirrhosis and HCC[15,16]. This risk is
associated mainly with serum HBV-DNA (viral load),
length of infection, and degree of fibrosis and inflammation. Most cases of HCC develop in cirrhotic livers,
but some cases are also seen in patients without cirrhosis.
Mortality in patients with HCC is high in particular when
the HCC already presents with symptoms. However,
despite screening programmes in patients with HBV
infection, HCC is often detected at an advanced stage.
NUC can be given in patients with advanced or even
decompensated cirrhosis and in patients after LTX[3-5].
Unfortunately, the most effective NUC are not approved
or reimbursed in several countries with a high prevalence
of HBV for economical reasons[17,18].
Despite the success of vaccination and antiviral
therapy, chronic HBV infection remains a major problem
since many chronically infected patients are unaware of
their disease[19-26]. Most of these patients have been born
in countries with a high HBV prevalence and have been
infected perinatally or in early childhood. In many industrialized countries the majority of patients with chronic HBV
infection are migrants from such countries[27]. Even in
most industrialized countries there is no systematic screening of high risk groups such as migrants, and in those with
screening programs still many patients with chronic hepatitis B are not diagnosed and treated for various reasons.
The present review will focus both on the great therapeutic progress and on the large deficits in diagnosis
and screening. It will not discuss vaccination and LTX in
greater detail. Also, co-infections with hepatitis C virus
(HCV), human immunodeficiency virus (HIV), and hepatitis D virus (HDV) are not covered systematically.

GLOBAL IMPORTANCE AND
EPIDEMIOLOGY
Globally, more than two billion people are estimated to
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have been infected with HBV while more than 240-400
million have chronic HBV infection[1,3]. Approximately
600000 to 1 million people die every year from its consequences[1,28-32]. It is estimated that 15%-25% of perinatally infected subjects will die from HBV related liver
disease[1,3]. Because of the global importance of chronic
HBV and HCV infection, the WHO organizes the “World
Hepatitis Day” on July 28 every year to increase awareness and understanding of viral hepatitis[1]. Many patient
support groups and scientific organizations participate in
this important event.
The World Health Organization (WHO) has identified three types of regions according to the prevalence
of chronic HBV infection: high (> 8%), intermediate
(2%-8%), and low (< 2%)[33-35]. High endemicity areas
include south-east Asia and the Pacific Basin (excluding
Japan, Australia, and New Zealand), sub-Saharan Africa,
the Amazon basin, parts of the Middle East, the central
Asian Republics, and some countries in Eastern Europe.
In these areas 70%-90% of people are infected with
HBV before age 40, and 8%-20% are HBV carriers[33].
In countries such as China, Senegal, and Thailand, infection rates are very high in infants and in early childhood
with HBsAg prevalence exceeding 25%. In Panama, New
Guinea, Solomon Islands, Greenland, and in populations
such as Alaskan Indians, infection rates in infants are relatively low and increase rapidly during early childhood[1].
China is estimated to have 120 million people with
chronic HBV infection, followed by India and Indonesia
with 40 million and 12 million, respectively. North America, Western and Northern Europe, Australia, and parts
of South America are considered low endemicity areas
with carrier rates < 2% and with < 20% of the population being infected with HBV[1,33,34]. The rest of the world
falls into the intermediate range of HBV prevalence with
2%-8% being HBsAg positive[1].
A recent systematic WHO review[36] showed that the
prevalence of chronic HBV infection decreased from
1990 to 2005 in most regions of the world, in particular
in Central sub-Saharan Africa, Tropical and Central Latin
America, South East Asia and Central Europe. The decline of prevalence may be related to the success of HBV
immunization. Despite this decrease in prevalence, the
absolute number of HBsAg positive persons increased
worldwide from 1990 to 2005[36].

DIAGNOSIS AND DEFINITIONS
Acute HBV infection is a clinical diagnosis characterized by symptoms, high serum aminotransferases, and
the presence of HBsAg. Usually IgM antibodies against
HBc can be detected and HBV-DNA is present. HBeAg
can also be detected in most acute infections, but is of
little clinical value in this situation. Chronic infection is
defined by the persistence of HBsAg for more that 6
mo[3-5]. Patients with chronic HBV infection are usually
not diagnosed by clinical disease but by laboratory means.
HBsAg is the major tool for screening and diagnosis of
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Table 1 Subjects with high risk for HBV infection who should be screened irrespective of symptoms and alanine aminotransferase values

[1-5]

All individuals born in areas with high and intermediate HBV prevalence (> 2 % HBsAg positivity) including immigrants and adopted children
Further subjects who belong to a high risk group and should generally be screened
Individuals with elevated ALT/AST or others signs of liver disease
Household and sexual contacts of HBsAg-positive persons
Persons who have ever injected drugs
Persons with multiple sexual partners or history of sexually transmitted disease
Men who have sex with men
Inmates of correctional facilities and jails
Individuals infected with HCV or HIV
Patients undergoing renal dialysis
Patients undergoing chemotherapy or immunosuppressive therapy
All pregnant women
HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; ALT: Alanine aminotransferase.

chronic HBV infection. HBV-DNA is usually not measured for screening purposes, but determines the risk
for major liver disease and the indication for therapy in
HBsAg positive subjects. Screening may also include antiHBc in order to detect rare cases of HBsAg escape variants. Most recent practice guidelines[3-5] recommend HBV
screening in the most important risk groups (Table 1).

MODES OF INFECTION AND NATURAL
HISTORY
Acute infection with HBV in early childhood is usually
asymptomatic and often results in chronic infection.
Infection after childhood is usually self-limited and may
lead to acute illness with or without jaundice[37-40]. Incubation time varies from 30-180 d with a mean of 75 d. In
highly endemic regions perinatal infection is predominant
whereas in regions with low endemicity sexual transmission and Ⅳ drug abuse are common modes of infection[38-41]. In most countries blood products are today not
a significant risk for HBV infection.
The natural history of chronic HBV infection ranges
from an inactive carrier with a good prognosis to progressive chronic hepatitis B with high risk for cirrhosis,
LTX, HCC, and liver-associated death[1-5,15,16]. Liver cirrhosis develops in 20%-30% of patients with chronic
HBV infection[15,16]. Cirrhosis is associated with an HCC
risk of approximately 25%, and HBV infection causes
10%-15% of all HCC cases[42]. HBV infection is therefore also associated with an increase in total mortality[43-45]
which is due to HCC in about 50% of deaths. Vaccination may reduce disease burden and mortality in industrialized countries[41,46,47]; however, the increased flow of
migrants counteracts this trend[1,2]. The prevalence of the
HBeAg-negative form of the disease has increased in
many areas including Europe over the last 10 - 20 years
due to migration processes and predominance of specific
HBV genotypes[1,29-32,48-52].
The complication rate of chronic hepatitis B is associated with the degree of viral replication, inflammation, and fibrosis. The risk for cirrhosis is also increased
in the presence of fibrosis, a long disease duration, male
gender, co-morbidities like alcohol consumption, diabe-

WJG|www.wjgnet.com

tes mellitus type 2, obesity, and co-infection in particular
with HDV or HIV[53-63]. The community-based REVEAL
study showed that presence of HBeAg and the detection
of HBV-DNA values > 2000 IU/mL are important risk
factors for cirrhosis and HCC in an adult Asian population[60-63]. The incidence of HCC is further increased in
the presence of cirrhosis and in patients with elevated
alanine aminotransferase (ALT) or ALT flares[56-58]. The
5-years cumulative incidence of cirrhosis ranges from
8%-20% after diagnosis, and the 5-year incidence of
decompensation is 20% for untreated patients with compensated cirrhosis[29,32,49-52,64-68]. Decompensated cirrhosis
is associated with a 14%-35% 5-years survival rate when
patients remain untreated[49-50,65]. The yearly incidence of
HCC ranges from 2%-6% when cirrhosis is present[63,58,59].
HBV infection may also cause extrahepatic complications such as membranous glomerulonephritis, membranoproliferative glomerulonephritis, IgA-mediated
nephropathy, polyarthritis, polyarteritis nodosa, bullous
pemphigoid, lichen ruber planus, and cryoglobulinaemia
which may be associated with neuropathy (further literature in[69]).

VACCINATION AND FURTHER
PREVENTION
A vaccine against hepatitis B has been available since
1982. HBV vaccination has been introduced already in
1982; it is safe and effective. In many countries it is now
applied in early childhood in the general population[70].
For regions with high HBV prevalence the WHO recommends that all infants receive active and passive HBV
vaccination as soon as possible after birth, preferably
within 24 h in order to minimize the risk for perinatal infection. The vaccination after birth should be followed by
2 or 3 doses to complete basic vaccination which induces
immunological protection in more than 95% of subjects independent of their age for many years and often
lifelong. Hepatitis B vaccine is safe and only rarely has
side-effects[71-73]. In countries with a low HBV endemicity WHO and local authorities recommend to vaccinate
children and adolescents if they have not been previously
vaccinated, as well as all adults with an increased risk of
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Table 2 Vaccination recommendations for risk groups

[1,35,70]

i.v., drug users
Potential household and sexual contacts with HBV infected people
Subjects frequently requiring blood products, dialysis patients
Patients with organ transplantation
People who are in prisons and correctional facilities for a longer time
People with multiple sexual partners and men who have sex with men
Health-care workers with frequent blood contact
Travellers who are go to highly endemic regions often or for longer time
intervals
Clients and staff at institutions for the developmentally disabled
Persons with a history of sexually transmitted infection (STI)
Person without immunoprotection who undergo chemotherapy or immunosuppressive therapy
HBV: Hepatitis B virus.

HBV infection (Table 2).
The WHO states that over one billion doses of hepatitis B vaccine have been used worldwide since 1982. This
is a major increase compared with 31 countries in 1992
when the WHO first recommended global HBV vaccination in children. In 2011 a total of 179 WHO Member
States regularly vaccinate against hepatitis B, and 93
Member States vaccinated already at birth[1,70]. This progress has decreased perinatal and childhood HBV infection in high endemicity countries from up to 15% to less
than 1%. The vaccine is also effective in reducing both
the incidence of HCC and mortality from HCC[74-80].
In many countries HBV screening is recommended
for all pregnant women. If tested positive for HBsAg,
the newborn should receive active and also passive vaccination as soon as possible after birth. In particular the
active vaccination markedly reduces the risk for infection
from an HBsAg positive mother to her child. The vaccination after birth should be followed by 2 or 3 doses
to complete basic vaccination. In pregnant women with
a very high HBV replication, it is recommended to consider NUC therapy in the last trimester because in the
presence of a high HBV-DNA perinatal infection may
occur despite regular vaccination procedures.
For three decades there have been increasingly rigorous blood safety strategies that drastically reduced corresponding HBV infections. In drug users, education and
the practice of safe injections significantly reduce the rate
of HBV infection. In addition safer sex practices protect
against HBV infection; the latter advice is important in
particular for sex workers, subjects with multiple sexual
partners, and men having sex with men.

SCREENING FOR HBV INFECTION
Although the recent European Association for the Study
of the Liver (EASL) and American Association for the
Study of Liver Diseases (AASLD) guidelines[3,4] mention
important unresolved issues and unmet needs in subjects
with chronic hepatitis B infection, they do not focus on
the largest deficit; i.e., the high rate of HBV infected
patients who do not know of their infection and the
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corresponding failure of implementation of diagnostic
and screening recommendations. As stated by EASL and
other guidelines[3-5] little is known as yet about the natural
history and indication for treatment in immunotolerant
patients with normal or almost normal ALT. There is also
a need to better identify those patients in whom NUC
therapy can be discontinued. Lastly, there is still a need to
develop drugs to enhance the as yet unsatisfactory rate in
HBsAg seroconversion.
HBsAg prevalence markedly differs not only between
continents, but also in smaller regions like Europe; in
the general population it ranges between 0.1% and 5.6%
among European countries with high levels seen in particular in Greece and Romania[1,25,81-90]. The Centre for
Disease Control (CDC) recommends HBsAg screening
for subjects born in countries with a HBsAg prevalence
> 2%[91,92]. Similar recommendations have been published
for Australia and New Zealand by the local Digestive
Health Foundation[93]. Indeed in the USA HBsAg prevalence is 5% higher than in many important migrant populations[22]; prevalence of HBsAg was even 17.4% higher
in subjects born in Vietnam[22].
Recent studies estimate that a total of 1.3 million foreign-born persons live in the United States with a chronic
HBV infection whereas HBV infection is seen in only
300000 persons born in the United States[94]. Despite the
fact that there are up to 2 million patients with chronic
HBV infections in the United States, less than 50000
people receive prescriptions for HBV antivirals per year
(2.5%). This is probably largely due to the fact that many
HBV infected persons remain undiagnosed and/or have
no access to the health system[17]. Chronic HBV infection
is rarely symptomatic. HBV has been called ‘the silent
killer’ because infected adults often remain undiagnosed
and thus untreated until it is “too late”[2]. Among several
European countries only approximately 20%-40% of
patients knew of hepatitis B at the time of diagnosis[19-26].
In addition, only 27% knew they belonged to a high risk
group[19].
The majority of the 240-350 million people with
chronic HBV infection, however, live in resource-constrained settings. Here, the problems of missed diagnoses
are certainly even higher when compared to industrialized
countries. In addition, effective antiviral drugs are not
widely available or utilized for HBV infected persons in
these regions. Most antiviral agents used for treatment of
HIV infection do not adequately suppress HBV, which is
of concern for the 10% of HBV/HIV-coinfected subjects in Africa[18]. HBV/HIV-coinfection is often associated with progressive liver disease[18].
To date routine screening recommendations from
the NIH (National Institute of Health), the AALSD, and
the CDC for all high-risk groups (Table 2) have been expanded to include individuals born in regions with intermediate (28%) and high prevalence (> 8%). Indeed, 45%
of people worldwide live in regions with high prevalence
and a further 43% in regions of intermediate endemicity[92]. Although health authorities and scientific organiza-
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Figure 1 Percentage of HBsAg positive individuals in host versus migrant populations among various countries[27,131-136].

tions recommend to better identification of chronically
infected patients born in foreign countries[95,96], as yet
such recommendations have not been implemented in
systematic or mandatory screening programs.
Chronically infected immigrants are also a reservoir
for new infections in host countries[92]. Hepatitis B testing
is reliable and inexpensive[92]. HBsAg screening among
migrant populations has been shown to be cost-effective[97-100]. Studies have also shown that HBV screening
and vaccinating is also effective in infants, children and
selected high-risk groups[101].
Similar data have been described for other countries
with large migrant populations such as Germany where
more than two-thirds of patients with chronic HBV
infection have been born in foreign countries with an intermediate or high prevalence of HBsAg[102-107]. Migrants
from Turkey account for 22%-33% of all HBV infected
people living in Germany. The HBsAg prevalence in the
general Turkish population is about 4%; its prevalence
may be as high as 7% in Turkish migrants living in Germany[102,103]. Similar data come from the Netherlands, Italy
and other European countries[23,107-109]. It has also been
shown that HBsAg prevalence is particularly high in large
cities and emergency units[110,111]. In all these countries
there is no national strategy to implement the screening
guidelines[105,106] into daily practice, however.
It is in addition necessary to implement recent guidelines which recommend to screen for HBV (and HCV)
in subjects with elevated ALT[3-5]. It has been shown that
even this recommendation is not followed by the majority
of general practitioners in industrialized countries[112,113],
although a large part of undiagnosed HBV infections
could be detected by this approach[114]. A recent literature analysis[115] has identified several deficits in migrant
screening for viral hepatitis in the European Union (EU).
This review and another recent study showed that key
factors for a successful screening are support from the
local ethnic communities[115,116]. There are obviously also
barriers for some migrant populations with already diagnosed HBV infection to have access to treatment and
monitoring in industrialized countries[117].
Recent studies showed that knowledge gaps of physi-
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cians in hepatitis B diagnosis and management translate
into missed opportunities to screen for HBV infection[118-121]. Several studies have shown that antenatal HBsAg screening is cost-effective even in regions with low
HBsAg prevalence[122-126]. One study even suggests that
general population screening for HBsAg is cost-effective
in populations with a prevalence above 0.3%[127]. This
study, however, has methodological problems and cannot
fully prove its conclusion. Recently it was criticized that
immigrants in the United Kingdom are now screened
for tuberculosis, but not for HBV infection[128]. In 2007,
194000 of the total of 326000 people with chronic HBV
infection in the United Kingdom were born in other
countries[129]. In 15 United Kingdom liver centres, 81%
of all HBV-infected people were born outside the United
Kingdom[130].
Prevalence of HBsAg in migrants from regions with
intermediate or high HBsAg prevalence is 5-90 times
higher than that in the host population[27,131-136] (Figure
1) and may range up to 15.4% in Albanian refugees in
Greece[137-154]. In asylum seekers and refugees in the United Kingdom the HBsAg prevalence ranged from 5.7%
to 9.3%[155]. HBsAg prevalence may be even higher than
10% in some migrant ethnic minorities[146-150]. All studies agree that a large proportion of immigrants would
benefit from screening for chronic HBV infection given
that recent studies have shown that it is cost-effective to
screen for chronic HBV infection at a seroprevalence as
low as 1%[97-100]. Furthermore, over half of all migrants
were found to be susceptible to HBV and could benefit
from HBV immunization programs. It was also shown
that HBsAg prevalence is even higher in refugees compared to immigrants probably due to experienced violent
acts[137,138]. The largest estimated number of HBV-infected migrants live in the United States (1.6 million), Canada
(285000), Germany (284000), Italy (201000), the United
Kingdom (193000), and Australia (176000)[27].
Immigrants from high endemicity regions are not
routinely screened prior to or after arrival in most low
endemicity immigrant-receiving countries[139]. Probably
due to a high rate of undetected and untreated HBV
infection. HCC incidence and mortality are higher in mi-
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grants when compared to subjects born in the host country[140,141]. The proportion of immigrants being screened,
however, remains low despite these recent recommendations[99,142].
A recent study identified several problems in prevention and control of HBV infection, such as knowledge
and awareness gaps in parts of health care and social
service providers, high-risk populations, and in the public and policymakers. Ignorance regarding the seriousness of this health problem results in inadequate public
resources allocated to HBV prevention and screening
programmes[22,143].
Antenatal screening for HBsAg has been introduced in many countries [156-160]. The proportions of
pregnant women screened have usually been higher
of 90%[135,139,161-166]. All published analyses showed that
screening of all pregnant women for HBsAg in order to
prevent perinatal infection is highly cost-effective[122-124].
In most countries and regions including the EU there
are directives on blood safety including one for screening
for HBV[167-169]. This EU report states that in all 33 reporting member states, each donation is tested for HBV
and HCV. Some countries have put some effort into
increasing the testing for HBV among drug users[170,171]
and in men who have sex with men[171]. A study from the
Netherlands showed that only 4% of the eligible migrant
population with chronic hepatitis B receives treatment
also because there is no active screening done[98]. It was
further demonstrated that screening for HBV infection
in migrants is highly cost-effective[98].
In 2012, the CDC updated its recommendation[172]
that HBV infection alone should not disqualify infected
persons from the practice or study of surgery, dentistry,
medicine, or allied health fields. For those healthcare
professionals requiring oversight, the CDC has published
specific suggestions for the composition of expert review
panels and the threshold value of serum HBV-DNA
considered “safe” for practice (< 1000 IU/mL). For most
chronically HBV-infected providers and students who
conform to current standards for infection control, HBV
infection status alone does not require any curtailing of
their practices or supervised learning experiences[172].

THERAPY
Acute hepatitis B
There is no specific treatment for acute hepatitis B. There
are some hints that patients with severe acute hepatitis
B and liver failure may profit from administration of
NUC (for further literature please see[173]. Although this
concept has not definitely been proven, such treatment is
often carried out in many liver centres for patients with
acute hepatitis B and liver failure. LTX also still needs
to be performed in some patients with fulminant acute
hepatitis B.
Treatment goals in chronic hepatitis B
The best treatment goal as yet is HBsAg seroconver-
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sion which is considered the closest outcome to clinical
cure[3-5,26,174,175]. However, HBsAg seroconversion is infrequently achieved with the current antiviral drugs[3-5,175,176].
In HBeAg-positive patients seroconversion of HBeAg is
also considered a desired goal because it is often associated with a low replicative state and an improvement of
prognosis[3-5,177]. The long-term, effective suppression of
HBV replication is today the most realistic goal and in
general is associated with normalization of ALT, histological improvement of inflammation and fibrosis, and a
reduction of complications[3-5].
Indications for treatment
Indications for treatment slightly differ between recent
EASL vs Asian-Pacific Association for the Study of the
Liver (APASL) and AASLD guidelines[3-5] (Table 3). In the
EASL guidelines, indications for treatment are generally
the same for both HBeAg-positive and HBeAg-negative
patients; in patients without cirrhosis therapy is considered if HBV-DNA is > 2000 IU/mL for both HBeAg
positive and negative patients. In contrast to the EASL
consensus, the APASL and AASLD guidelines still differentiate between HBeAg positive and negative patients.
In the APASL and AASLD guidelines[4,5] HBeAg positive patients should be considered for treatment if ALT
is greater than two times the upper limit of normal (ULN)
or if there is moderate/severe hepatitis on liver biopsy,
and if HBV DNA is above 20000 IU/mL (Figure 2).
In contrast, in HBeAg-negative patients therapy should
be considered if the serum HBV-DNA is above 2000
IU/mL. The APASL and AASLD guidelines recommend
consideration for liver biopsy in HBeAg negative patients
with HBV-DNA between 2000 and 20000 IU/mL and in
those with borderline normal or minimally elevated ALT.
In the latter patients, treatment may be initiated if there
is moderate or severe inflammation or significant fibrosis
on biopsy.
In all guidelines treatment indication is based on the
serum HBV-DNA and ALT and on the severity of liver
disease which is usually assessed by liver biopsy. Treatment should be considered if HBV-DNA exceeds 2000
IU/mL, ALT levels are above the ULN, and moderate
to severe inflammation and/or at least moderate fibrosis
is documented by histology. It is mentioned that noninvasive markers may be used instead of liver biopsy once
they have been validated in HBV infected patients. Treatment may be initiated also in patients with normal ALT if
HBV-DNA is above 2000 IU/mL and if histology shows
at least moderate inflammation and fibrosis.
In the EASL guidelines[3], need for liver biopsy and
treatment should be considered separately in immunotolerant patients. These patients, defined as HBeAg positive subjects under 30-40 years of age with persistently
normal ALT levels and high HBV-DNA levels without
evidence of liver disease and without a family history of
HCC or cirrhosis, do not require immediate liver biopsy
or therapy. These patients should, however, be monitored
every 3-6 mo[178,179]. Liver biopsy and therapy should be
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HBV-DNA > 2000 IU/mL
and ALT > 2-times ULN
and/or at least moderate
inflammation and fibrosis

HBV-DNA > 2.000 IU/mL
but ALT normal

Antiviral
therapy

HBV-DNA < 2000 IU/mL
and ALT normal
or no/minimal
inflammation and fibrosis

Monitor
without
therapy

Liver biopsy

HBV-DNA positive

Severe fibrosis
or cirrhosis

HBV-DNA < 2000 IU/mL
and ALT > 2-times ULN

Co-morbidity?

Figure 2 Treatment algorithm modified from recent guidelines[3-5].

Table 3 Indication for treatment in European Association for the Study of the Liver, Asian Pacific Association for the Study of the
[3-5]
Liver, and American Association for the Study of Liver Diseases guidelines
EASL
Indication similar for both HBeAg-positive and HBeAg-negative patients
Consider therapy if HBV-DNA is > 2000 IU/mL, ALT is > ULN and there is moderate to severe active necroinflammation and/or at least moderate
fibrosis on liver biopsy
Consider biopsy and therapy separately in immunotolerant patients: HBeAg-positive patients < 30 yr with persistently normal ALT and high
HBV-DNA, without evidence of liver disease and family history of HCC or cirrhosis, do not require liver biopsy or therapy. Follow-up is mandatory
Consider biopsy or therapy in patients > 30 yr and/or with a family history of HCC or cirrhosis
HBeAg-negative patients with persistently normal ALT and HBV-DNA of 2000-20000 IU/mL and without evidence of liver disease do not require liver
biopsy or therapy. Follow-up is mandatory
Patients with ALT > 2 times ULN and HBV-DNA >20000 IU/ml may start treatment without biopsy
Therapy indicated in compensated cirrhosis and detectable HBV-DNA even if ALT is normal
Patients with decompensated cirrhosis and any detectable HBV-DNA require urgent therapy
APASL
HBeAg positive: consider therapy if ALT >2 times ULN and HBV DNA > 20000 IU/mL
HBeAg-negative: consider therapy if ALT > 2 times ULN and HBV DNA > 2000 IU/mL
Consider therapy in advanced fibrosis or cirrhosis with any ALT level
Therapy in all patients with decompensated cirrhosis independent of HBV-DNA
Therapy in compensated cirrhosis if HBV-DNA is > 2000 IU/mL
In the absence of cirrhosis/severe fibrosis patients with persistently normal or minimally elevated ALT should not be treated irrespective of the height
of HBV-DNA. Follow-up is mandatory
AASLD
HBeAg-positive: consider therapy if ALT >2 times ULN with moderate/severe hepatitis on biopsy and HBV-DNA > 20000 IU/mL
In general no therapy if ALT is persistently normal or minimally elevated (< 2 times ULN); consider biopsy in patients with fluctuating /minimally
elevated ALT especially in those > 40 yr; consider therapy if there is moderate or severe necroinflammation or significant fibrosis on biopsy
HBeAg-negative: consider therapy if HBV-DNA > 20000 IU/mL and ALT > 2 times ULN
Consider biopsy if HBV-DNA is 2000-20000 IU/mL and ALT is borderline normal or minimally elevated. Consider therapy if there is moderate/severe
inflammation or significant fibrosis on biopsy
HBV: Hepatitis B virus; EASL: European Association for the Study of the Liver; APASL: Asian-Pacific Association for the Study of the Liver; AASLD:
American Association for the Study of Liver Diseases; ALT: Alanine aminotransferase.

considered in those immunotolerant patients older than
30-40 years and/or with a family history of HCC or cirrhosis[4-5,180,181]. More frequent monitoring and/or liver
biopsy should be performed when ALT levels become
elevated[4,182-185].
Thus, differences in the guidelines particularly refer
to patients with a HBV-DNA between 2000 and 20000
IU/mL and minimally elevated or almost normal ALT
(Figure 2). All guidelines[3-5] actually recommend that such
patients should be monitored closely and also should
be considered for liver biopsy in order to further clarify
the need for treatment. Patients with persistently normal
WJG|www.wjgnet.com

ALT often have minor histological changes and due to
the APASL guidelines may not need treatment[5] urgently
unless they have advanced fibrosis or cirrhosis[186,187]. All
guidelines[3-5] agree that these patients should be monitored every 3-6 mo in order to not to oversee ALT flares.
Patients with HBV-DNA > 20000 IU/mL and normal
ALT should be monitored even more closely than those
with lower HBV-DNA.
HBeAg negative patients with persistently normal
ALT and HBV-DNA levels between 2000 and 20000
IU/mL and without any evidence of liver disease also do
not require immediate liver biopsy or therapy. Monitoring
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every 6-12 mo is considered mandatory in this group.
HBeAg-positive and HBeAg-negative patients with
ALT above two times ULN and serum HBV-DNA above
20000 IU/mL may start treatment even without a liver
biopsy. In such patients, liver biopsy may provide additional useful information, but it does not usually change
the decision for treatment[3-5]. A non-invasive method for
the estimation of the extent of fibrosis and most importantly to confirm or rule out cirrhosis is considered useful in patients who start treatment without liver biopsy.
If liver biopsy is not feasible, noninvasive assessment of
liver fibrosis is an alternative[4,56,57,188,189]. Age, health status, family history of HCC or cirrhosis, and extrahepatic
manifestations also need to be considered when treatment indication is evaluated.
Indications for treatment also slightly differ between
recent EASL vs APASL and AASLD guidelines for patients with compensated cirrhosis. In the EASL guidelines these patients must be considered for treatment
if HBV-DNA is detectable even though ALT levels are
normal. In contrast APASL and AASLD guidelines[4,5]
recommend treatment in patients with compensated
cirrhosis only if HBV-DNA is above 2000 IU/mL.
This difference in guidelines is due to the fact that it is
unknown whether cirrhotic patients with a HBV-DNA
between 20 and 2000 IU/mL will benefit from antiviral
therapy. There is no doubt that cirrhotic patients have
the highest risk for decompensation and HCC; thus the
author strongly supports the EASL recommendation[3]
to treat all cirrhotic patients with detectable HBV-DNA
independent of the level of HBV-DNA and ALT.
All guidelines[3-5] recommend that patients with decompensated cirrhosis and detectable HBV-DNA require
urgent antiviral treatment with a NUC with a high antiviral efficacy and a high resistance barrier. Such effective
antiviral therapy in some patients may lead to improvement in those with decompensated cirrhosis, while other
patients still need evaluation for LTX[190,191].

TREATMENT STRATEGIES
In general, there are two different strategies to treat
chronic hepatitis B[3-5]: (1) pegylated Interferon (PEGIFN) may be used with a finite duration; or (2) NUC
are usually given without a finite duration as a long-term
treatment.
Although EASL guidelines[3] mention that NUC may
also be used for a finite duration, in many patients these
substances have to be given for an indefinite duration.
EASL guidelines recommend that NUC aimed for a finite
treatment should have the highest barrier to resistance to
rapidly reduce levels of viremia to undetectable levels and
avoid breakthroughs due to HBV resistance[3]. In HBeAg
positive patients NUC (as well as interferons) may lead
to HBeAg seroconversion which may be associated with
a decrease of HBV-DNA to a low replication state. In
such patients there may be no need for further antiviral
treatment if they remain in a low replicative state after
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HBeAg seroconversion. In most series, however, less
than 30% of patients will have such seroconversion during and after treatment with NUC or interferons[3-5,192-198];
in addition, some seroconverted patients will later either
reseroconvert to a positive HBeAg or may have a level
of HBV-DNA and ALT requiring further treatment.
When HBeAg seroconversion occurs during NUC treatment, therapy should be prolonged for an additional 12
mo[194]; a durable off-treatment response (persistence
of anti-HBe seroconversion) may then range from
40%-80%[192-198]. In any case, all patients require close virological monitoring after treatment cessation following
HBeAg seroconversion.
There are some hints that HBeAg seroconversions
after interferon therapy are more frequent and may be
more durable when compared with NUC due to a better
immune-mediated control of HBV infection[199-204]. Rates
of HBeAg seroconversion due to therapy with PEG-IFN
approach 30% and those due to NUC 20%[190,191,205-221]. In
patients adherent to treatment, virological remission rates
of > 90% can be maintained with ongoing entecavir or
tenofovir for up to 8 years[222-224].

PEG-INTERFERON
Only PEG-IFN a 2a is approved for treatment of
chronic hepatitis B; it has largely replaced standard interferon (IFN) mainly due to practical and convenience
reasons (injection only once weekly). Recent guidelines
recommend that PEG-IFN should be given in general
for 48 wk, preferably in HBeAg positive patients with
good chances for HBeAg seroconversion. It is probably
less effective in HBeAg-negative patients. Because of a
higher risk of side-effects and inconvenience associated
with (PEG)-IFN vs NUC, the decision about the antiviral
agent should be discussed with the individual patient in
detail. Combinations of interferon or PEG-IFN with
NUC has not shown long-term advantage over corresponding mono-therapies[225,226] and are neither approved
by the drug agencies nor recommended by guidelines[3-5].
Since interferon often has side-effects, one would
like to stop treatment if there is only little probability
for response. Such predictors of response to IFN-based
therapy include baseline and on-treatment factors. High
baseline ALT and low baseline HBV-DNA are associated
with a higher response rates; HBV genotypes and IL28B
genotypes are also associated with HBeAg and HBsAg
seroconversion[191,199,202,224]. On-treatment HBsAg levels
and the kinetics of its decline are good predictors of sustained response to Peg-IFN.
HBeAg seroconversions at 6-mo post-treatment are
higher in patients with HBsAg levels < 1500 IU/mL at
weeks 12 and 24 when compared with those with HBsAg
levels > 20000 IU/mL at the same time points (57%
vs 16% at week 12, and 54% vs 15% at week 24)[215,222].
Patients without a decline of HBsAg at week 12 had
a 82%-97% probability of non-response during posttreatment follow-up[227-231]. Therefore, stopping PEG-IFN
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therapy may be considered in the latter situation[3,4].
Peg-IFN treatment is probably less useful in HBeAg
negative patients since treatment goals are ill defined;
only some patients remain in a low replicative state after
treatment with PEG-IFN for 48 wk. HBeAg negative patients who are treated with PEG-IFN and fail to achieve
any decline in HBsAg levels or have a HBsAg > 20000
IU/mL at week 12 have a very low probability of response; therefore, PEG-IFN therapy may be stopped at
that time[232,233].
(PEG)-Interferon(s) are associated with more sideeffects than NUC and they are contraindicated in decompensated HBV-associated cirrhosis, autoimmune diseases,
severe depression/psychosis, and in pregnant women[3-5].

ORAL THERAPY IN HBV INFECTION
Today entecavir and tenofovir are the most potent HBV
inhibitors with a high barrier to resistance[210,213,221,223,224,234]
in treatment-naïve patients. Thus, they can be confidently used as first-line monotherapies[3-5]. Patients with
resistance or failure to lamivudine or telbivudine should
receive tenofovir if treatment is indicated[3,4].
According to EASL guidelines[3] the further three
NUC lamivudine, telbivudine and adefovir may only be
used if more potent drugs with high barrier to resistance are not available. Similar to the EASL guidelines[3],
AASLD guidelines[5] also state that PEG-IFN, tenofovir
or entecavir are preferred for initial treatment. APASL
guidelines[4] recommend that the decision as to which
agent to be used should be an individual one, based on
disease severity, history of flares, hepatic function, the
rapidity of drug action, resistance profile, side effects,
drug costs, and patient choice. Cost-effectiveness of drug
therapy is specific for each country and should be studied
independently to guide the choice of drug. The EASL
also states that entecavir or tenofovir is the preferred
NUC[3].
According to guidelines[3-5], IFN-based therapy is preferred in younger patients. IFN-based therapy has more
side effects and requires closer monitoring. For patients
with ALT level > 5 times ULN, NUC are recommended
if there is a concern about hepatic decompensation[4].
IFN-based therapy is also effective in patients with a
higher ALT level if there is no concern about hepatic decompensation. For HBeAg-positive patients with an ALT
level between 2 and 5 times ULN, the choice between
IFN-based therapy and NUC is less clear, and either
agent may be used[4].
Lamivudine was the first NUC approved for treatment of hepatitis B and it is now the most inexpensive
agent. However, it is associated with high rates of resistance[235-238]. Thus, the European Medicines Agency
(EMA) advises to not use lamivudine any longer for initiation of therapy.
Adefovir was the second NUC approved for treatment of hepatitis B; it is also associated with risks of
resistance. Thus, for some time the combination of lami-
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vudine and adefovir was used for patients with resistance
problems[213,224,239].
Similar to lamivudine, telbivudine has a relatively low
barrier to resistance. Resistance rates are high in particular in patients with high baseline HBV-DNA levels and
in those with detectable HBV-DNA after 6 mo of therapy[211,220]; resistance rates to telbivudine are relatively low
in patients with a baseline HBV-DNA < 2 × 108 IU/mL
for HBeAg-positive and < 2 × 106 IU/mL for HBeAgnegative patients who achieve a negative HBV-DNA 6
mo after beginning treatment[220,240].
In most patients NUC need to be given as a longterm treatment. Only 20%-30% of HBeAg positive patients have an HBeAg seroconversion and some of them
may not need long-treatment. HBeAg negative patients
require long-term treatment because most of them have
a relapse of HBV replication after stopping of therapy.
The rate of HBsAg seroconversion in HBeAg negative
patients under treatment with NUC is very low. Longterm treatment is also recommended for patients with
cirrhosis irrespective of HBeAg status or anti-HBe seroconversion on treatment. EASL guidelines[3] recommend
that the most potent drugs with the optimal resistance
profile, i.e., tenofovir or entecavir, should be used as firstline mono-therapies. Whatever drug is used, HBV-DNA
should effectively be suppressed[3-5].
There are as yet no data to indicate an advantage of
de novo combination treatment with NUC in NUC-naïve
patients receiving either entecavir or tenofovir[241].
In patients with lamivudine resistance a switch to tenofovir is recommended[3]. In patients with adefovir resistance recommendations consider the prior treatment: If
the patient was not previously treated with NUC a switch
to entecavir or tenofovir is recommended with entecavir
preferred in patients with high viraemia: if the patient
had prior lamivudine resistance, a switch to tenofovir
and addition of a nucleoside analogue is recommended.
In the presence of telbivudine or entecavir resistance a
switch to or addition of tenofovir is feasible. Tenofovir
resistance has not been described as yet.

MONITORING UNDER NUC TREATMENT
The monitoring under NUC treatment is described in
detail in current guidelines[3-5]. In general HBV-DNA and
other laboratory values need to be checked every 3 mo
after after the beginning of therapy. Undetectable HBVDNA by real-time PCR (i.e., < 10-15 IU/mL) should be
achieved to avoid resistance. Once HBV-DNA remains
undetectable and ALT normal, the regular interval may
be expanded to 6 mo. Treatment with tenofovir or entecavir is preferred in all guidelines because of their potency and minimal risk of resistance[3-5,242,243]. The dose
of NUC needs to be adjusted if the estimated creatinine
clearance is reduced. Thus, renal function and serum
phosphate need to be monitored in particular with adefovir and tenofovir treatment[244].
Patients with cirrhosis require intensively careful
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monitoring for resistance and flares in order to stabilize
patients and to prevent the progression to decompensated liver disease[245,246]. Regression of fibrosis and even reversal of Child A cirrhosis have been reported in patients
with prolonged suppression of viral replication[8,9].
Patients with decompensated cirrhosis should be
treated in liver centres with a backup of liver transplantation. Antiviral treatment is indicated irrespective of the
HBV-DNA level in order to prevent reactivation[190,191,205].
Entecavir or tenofovir should be used since they are effective and safe in this subgroup[190,191,205]. If patients with
decompensated cirrhosis show clinical improvement LTX
may be avoided. In such patients indefinite treatment
with entecavir or tenofovir is recommended. Patients
who need LTX should also be treated continuously with
entecavir or tenofovir to ensure maximal suppression of
HBV-DNA at the time of LTX and thus to reduce the
risk of HBV recurrence[247-249]. Long-term monitoring
for HCC is necessary despite virological remission since
there is still a risk of developing HCC in particular in patients with pre-existing cirrhosis[7,10,250].

SURVEILLANCE OF HCC
HCC is the sixth most common cancer in the world and
the third most common cause of cancer mortality[251].
HCC is the most devastating outcome of chronic HBV
infection and it is often diagnosed in late stages with
little curative chances. Overall 5-years survival is only
approximately 5%; in subgroups of HCC patients with
an early diagnosis, 5-year survival may be improved to
40%-70%[252]. However, only a small number of patients
are diagnosed at stages early enough to have a chance
for cure. In population-based U.S. studies, only approximately 10% of HCC patients receive treatment with such
a curative approach[253]. Therefore, HCC surveillance has
been advocated to detect HCC at an early stage in order
to assure a curative approach[3-5,254]. All three current major international HCC guidelines[255-257] and all three major
international HBV guidelines[3-5] recommend to perform
surveillance for HCC in high-risk populations. These
recommendations also consider the cost-effectiveness of
such screening which depends on the HCC incidence in
the target populations. According to the AASLD guidelines surveillance is cost-effective if the expected HCC
risk exceeds 1.5% per year in patients with hepatitis C
and 0.2% per year in patients with hepatitis B[257].
The efficacy and cost-effectiveness of surveillance depend on the incidence of HCC in the target population.
The HCC risk increases in HBV-infected patients with
the degree of fibrosis, age > 40-50 years, duration of
infection, level of HBV-DNA, inflammatory activity, coinfections, co-morbidities, and a family history of HCC.
Thus, it is rather difficult to exactly identify all subgroups
of HBV-infected patients who should be screened[258]. In
addition, thresholds for cost-effectiveness of surveillance
programs vary according to the economic situation of
each country[257]. In any case, all guidelines agree that all
patients with HBV infection and cirrhosis or severe fibro-
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sis should be included in HCC surveillance programmes.
One large controlled randomized study from China has
proved the benefit of surveillance in more than 18000
patients with chronic HBV infection [258]. Surveillance
with ultrasound and alpha fetal protein (AFP) measurement every 6 mo reduced HCC mortality by 37% despite
of the fact that the compliance of scheduled tests was
only 58.2%[258]. Former guidelines recommended HCC
surveillance using ultrasound and serum AFP every 6 mo
for high-risk HBV-infected individuals (cirrhosis, males,
age > 40 years, positive family history of HCC, high viral
replication)[31,254].
Most recent studies have shown that the sensitivity,
specificity, and diagnostic accuracy of ultrasound are
higher than those of AFP (for detailed literature please
see[25-257]. Ultrasound is the most widely used imaging
technique used for HCC surveillance with an acceptable sensitivity (58%-89%) and a specificity of up to
90%[259,260]. A meta-analysis including 19 studies showed
that ultrasound surveillance detected the majority of
HCC tumours before they presented clinically with a
sensitivity of 94%[261]. However, ultrasound was less effective for detecting early-stage HCC with a sensitivity of
only 63%[262]. In contrast, in a Japanese cohort ultrasound
surveillance performed by skilled physicians resulted in a
mean size of the detected tumours of < 2 cm with less
than 2% of the cases exceeding 3 cm[263]. The widespread
use of ultrasound relies on its non-invasiveness, good
acceptance by patients, and moderate costs. However,
detection of a small HCC in a cirrhotic liver may be difficult even for a skilled investigator[255].
AFP is still the most widely tested tumour marker in
HCC. It is known that persistently elevated and increasing AFP values indicate a risk for HCC development[264].
However, AFP is not very useful for surveillance purpose.
AFP is often unreliable in patients with chronic hepatitis
B because of fluctuating levels which also depend on
the inflammatory activity[265]. In addition, a considerable
proportion of HCC is not associated with any AFP elevation[266-269]. For diagnostic purposes, an AFP cut-off
of 20 ng/mL showed good sensitivity but low specificity,
whereas a cut-off of 200 ng/mL was associated with a
sensitivity of only 22%[270]. A randomized study[271] and
a population-based observational study[265] showed controversial results concerning the use of AFP measurements. The randomized study showed that screening with
AFP resulted in earlier diagnosis of HCC, but not in any
overall reduction in mortality, because therapy for the patients found by screening was ineffective[271]. The second
prospective population-based study determined HCC
screening in HBV-infected Alaskan natives with AFP
determination done every 6 mo[265]. Subjects with an elevated AFP level were then evaluated for the presence of
HCC by ultrasound[265]. In the latter study screening with
AFP every 6 mo was effective in detecting most HCC
tumours at a resectable stage and significantly prolonged
survival rates when compared with historical controls in
this population[265].
Most recent studies agree that AFP determination
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Table 4 Surveillance of hepatocellular carcinoma in subjects
[3-5,31,255-266]
with chronic hepatitis B virus infection
Surveillance all patients with cirrhosis and severe fibrosis
Including those treated with NUC
Surveillance in individuals with increased HCC risk, even without
cirrhosis or severe fibrosis
High HBV-DNA
Males
Age > 40-50 yr (in particular in Asia and Africa)
Long duration of infection
Significant inflammation
Co-infection with HIV, HCV and HDV
Co-morbidities (e.g., diabetes mellitus, high alcohol consumption,
NASH/NAFDL)
For surveillance: Ultrasound done every 6 mo by a skilled physician
Determination of AFP (in combination with ultrasound) still recommended
by APASL[257], but not by EASL and AASLD guidelines[255-256]
AFP is less useful than ultrasound for surveillance of HCC
HCC: Hepatocellular cancer; HCV: Hepatitis C virus; HIV: Human
immunodeficiency virus; HDV: Hepatitis D virus; AFP: Alpha fetal protein.

lacks adequate sensitivity and specificity for surveillance
as well as for diagnosis[262-264,266-273]. Thus, according to
AASLD and EASL guidelines[255,256] surveillance has to be
based mainly on ultrasound examination. Better tumour
markers need to be developed for HCC surveillance[255,256].
As yet, AFP-L3 and DCP are also not considered useful
for routine practice[255,256].
The recommended surveillance interval is still 6
mo [255,256]. Candidates for surveillance include HBVinfected subjects with cirrhosis or severe fibrosis, Asian
men > 40 years and Asian women > 50 years, subjects
with a family history of HCC, Africans > 20 years, and all
subjects > 40 years with persistent or intermittent ALT
elevation and/or HBV DNA level > 2000 IU/mL[256].
Screening with AFP should be considered only when
ultrasound is not readily available[256,265]. When combined
with ultrasound, AFP led only to HCC detection in an
additional 6%-8% of cases not identified by ultrasound
alone[265]. The best interval of HCC surveillance for HCC
depends on the rate of tumour growth and on the tumour incidence in the target population. According to the
estimated doubling time of HCC volume[274-277], a 6-mo
interval is most often used in clinical practice and recommended by recent guidelines[3-5,255-257]. Some studies comparing the efficacy of 6-mo vs 12-mo intervals showed a
similar efficacy[265,278,279] whereas other studies showed a
better one with the 6-mo intervals[280,281]. A shorter 3-mo
interval has been proposed for patients with a very high
HCC risk and by Japanese guidelines[282,283]. In contrast to
the latter guideline recommendation, there is no evidence
that surveillance with a 3-mo interval is better than with a
6-mo interval[284].
Groups at high risk include all patients with severe
fibrosis or cirrhosis in all guidelines [3-6,255-257]. In general,
however, all patients with chronic HBV infection are at
some risk of HCC development. Unfortunately, the risk
of HCC development is less well established in noncirrhotic individuals[255-257]. In Caucasian patients the HCC

WJG|www.wjgnet.com

risk is mainly restricted to patients with cirrhosis[285,286].
According to EASL and AASLD guidelines[255,256] is it
unclear whether these patients should have any HCC surveillance. Thus, surveillance is not generally recommended in Caucasian non-cirrhotic patients when viral replication and inflammation are low[255,256,287-291]. The HCC risk,
however, is increased also in non-cirrhotic Caucasians
with older age, higher viral replication, co-infection (such
as HCV, HDV and HIV) and concomitant other liver
diseases[255,256]. Such subgroups of adult non-cirrhotic
Caucasian patients should also undergo surveillance in
addition to all cirrhotic patients[255,256] (Table 4).
In contrast to Causasians, Asian patients without cirrhosis, however, appear to have a higher risk for HCC
regardless of the HBV-DNA values[58,287,292,293] and thus
should undergo surveillance[256,294]. The annual HCC risk
in Asian patients exceeds 0.2% when HBV-DNA is >
2000 IU/mL[295].
The incidence of HCC in male Asian patients starts
to exceed 0.2% at age 40[296]; therefore HBV-infected
Asian men above age 40 should undergo surveillance;
according to AASLD guidelines Asian women should
undergo surveillance above age 50[256]. Interestingly, the
APASL guidelines recommend general surveillance only
in cirrhotic patients[257]. In the presence of a history of a
first-degree relative with HCC, surveillance should start
at a younger age[296,297] while the exact age still needs to be
defined. Africans with hepatitis B also seem to get HCC
at a younger age than Caucasians and thus should undergo surveillance at a younger age[298,299].
Risk scores have been developed to better identify
those HBV-infected patients who should have surveillance. The score by Yuen et al[300] includes factors such as
male gender, older age, higher HBV-DNA levels, core
promoter mutations, and cirrhosis. A similar score has
been based on the data from the REVEAL study[301,302].
Both scores are not ready to be used in clinical practice[256].
The need for surveillance under long-term antiviral
treatment with NUC is not well defined as yet. Several
studies suggest that long-term effective NUC treatment
will reduce but eliminate the HCC risk which is still present in males, in patients > 40 years of age and in those
with cirrhosis[10-14,303-305]. Thus, the latter patients should
undergo HCC surveillance even if the HBV-DNA is undetectable and ALT values are normal under long-term
NUC treatment[255,256].
In summary, the more recent EASL and AASLD
guidelines[255,256] recommend to use ultrasound as the
only surveillance tool; AFP is not considered useful for
this purpose. Only the recent APASL guideline[257] still
recommends to carry out both ultrasound and APF measurement every 6 mo for HCC surveillance in cirrhotic
patients with chronic HBV infection.

PERFORMANCE OF HCC SURVEILLANCE
UNDER REAL-LIFE CONDITIONS
The performance of HCC surveillance under real-life
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Abstract
Hepatitis B virus (HBV) infection is one of the major
causes of liver diseases, affecting more than 350 million people worldwide. The interferon (IFN)-mediated
innate immune responses could restrict HBV replication
at the different steps of viral life cycle. Indeed, IFN-α
has been successfully used for treatment of patients
with chronic hepatitis B. However, the role of the innate
immune response in HBV replication and the mechanism of the anti-HBV effect of IFN-α are not completely
explored. In this review, we summarized the currently
available knowledge about the IFN-mediated anti-HBV
effect in the HBV life cycle and the possible effectors
downstream the IFN signaling pathway. The antiviral
effect of Toll-like receptors (TLRs) in HBV replication is
briefly discussed. The strategies exploited by HBV to
evade the IFN- and TLR-mediated antiviral actions are
summarized.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis B virus (HBV) infection is one of the
major causes of liver diseases affecting more than 350
million people worldwide. Interferon (IFN)- and Toll-like
receptors (TLR)-mediated innate immune responses
could restrict HBV replication at the different steps of
viral life cycle. Though a great number of publications
in this field appeared during the last years, there is
no review to discuss the progress. Here, we summarized the currently available knowledge about the antiHBV effect of IFNs and TLRs and the possible effectors
downstream the IFN signaling pathway. This review
provides an overview for scientists working on HBV and
related fields.
Pei RJ, Chen XW, Lu MJ. Control of hepatitis B virus replication
by interferons and Toll-like receptor signaling pathways. World J
Gastroenterol 2014; 20(33): 11618-11629 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11618.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11618

INTRODUCTION
The hepatitis B virus (HBV) is a member of the Hepadnaviridae family and an enveloped virus with a partially
double stranded DNA genome[1]. Primary HBV infection in about 90% of infants infected at birth, 20%-50%
of children, and 5% of adults will progress to chronic
course of infection[2]. Chronic HBV infection is a global
public health problem, affecting more than 350 million
people worldwide[3]. The risk of developing severe liver
diseases such as cirrhosis and hepatocellular carcinoma is
increased in patients with chronic hepatitis B[3]. Interfer-
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ons (IFNs) and nucleoside analogues are the commonly
used drugs for anti-HBV treatment.
The innate immunity is the first line of active host
defense against viral infection. The recognition of viral
pathogen-associated molecular patterns (PAMPs) by
pattern recognition receptors (PRRs) such as Toll-like
receptors (TLRs), RIG-I like receptors (RLRs), NODlike receptors (NLRs), and others triggers signals to activate intracellular pathways and leads to the production
of antiviral and immune regulatory effector molecules.
However, HBV was believed to be a stealth virus since it
did not trigger or only triggered a limited innate response
in infected Chimpanzees and patients during the acute
phase of infection[4-6]. The HBV-specific T cell response
is thought to be essential for the control of HBV infection. Besides the classical way to remove infected hepatocytes by cytolytic mechanisms, HBV may also be cleared
via noncytopathic mechanisms involving antiviral cytokines such as IFN-γ and TNF-α[7-9]. Though HBV does
not trigger type I IFN production in hepatocytes and in
the infected liver, IFN-α and -β are shown to be able to
suppress HBV replication in vitro and in HBV transgenic
mouse models. Recombinant IFN-α has been approved
and successfully used as a standard treatment for chronic
HBV infection. Here, we summarize the available data
about IFN-mediated anti-HBV actions and the control
of HBV by TLR activation.

HBV LIFE CYCLE
The full HBV infection cycle could only be studied in
primary human and Tupaia hepatocyte cultures before
the recent discovery of the HBV receptor[10]. The viral
entry is supposed to be a receptor mediated endocytosis
process or a membrane fusion process[11]. Two elements
of the envelop protein are required for HBV infection,
the receptor binding site located within the N-terminal
pre-S1 domain and the infectivity determinant in the
surface-exposed antigenic loop[12-14]. Recently, sodium taurocholate cotransporting polypeptide (NTCP) was identified as a functional receptor mediating HBV entry[15].
After the entry, the endosomal vesicles play an important
role in uncoating and release of viral capsids containing
HBV genome. The transport of viral particles to the late
endosomes is required in the early step of HBV infection[16]. After uncoating, HBV capsid is actively transported to the nucleus in a microtubule-dependent manner[17].
It is proposed that HBV capsid is disassembled in the
nuclear basket to release HBV genome into the nucleus[18,19]. In the nucleus, HBV genome, the partially doublestranded viral relaxed circular DNA (rcDNA), is repaired
by both viral and cellular enzymes and converted to covalently closed circular DNA (cccDNA). The cccDNA is
in complex with cellular proteins like histones and other
regulatory proteins and organized as a viral minichromosome[20]. The episomal cccDNA then serves as template
for viral transcripts, including the 3.5 kb (pregenomic (pg)
RNA), 2.4 kb, 2.1 kb, and 0.7 kb mRNAs. The transcrip-
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tion is under the control of four promoters (the core,
pre-S1, pre-S2/S, and X promoters) and two enhancers
(EnⅠ and EnⅡ). The HBV mRNAs encode different
proteins: the 3.5 kb mRNA for HBV polymerase (pol),
HBcAg and HBeAg, the 2.4 kb and 2.1 kb mRNAs for
the large, middle, and small surface proteins (L, M and
S HBsAg), and the 0.7 kb mRNA for HBx protein[21].
HBcAg encapsidates the pgRNA and pol protein and
forms the immature nulceocapsid. Within the capsid, the
pgRNA is first reverse transcribed to minus strand DNA;
meanwhile, the pgRNA is degraded by a ribonuclease H
which is a domain of HBV pol protein. The plus strand
of HBV DNA is only partly synthesized using the minus
strand as the template to form the relaxed circle DNA
form of HBV genome. The mature HBV capsids may
be either recycled to the nucleus for amplification of the
cccDNA pool or be enveloped in HBsAg to form infectious virions and released from hepatocytes[22,23].

CONTROL OF HBV REPLICATION BY IFNMEDIATED ANTIVIRAL MECHANISMS
IFNs act through binding to the cellular receptors and
are able to induce a great numbers of genes termed as
IFN-stimulated genes (ISGs)[24]. The ISGs have diverse
functions and could inhibit HBV replication at different
steps as discussed in detail below. Due to the lack of efficient in vitro infection system for HBV, the antiviral effect
of IFNs on the entry and uncoating steps of HBV life
cycle has not been studied so far. IFN-mediated antiviral
functions against HBV were mainly examined in human
hepatoma cells transiently or stably transfected with replication-competent HBV genomes and HBV transgenic
mouse models. In addition, IFNs have immunomodulatory functions which will not be discussed in the present
review[25,26] (Figure 1 and Table 1).
IFN-α induces epigenetic modification of cccDNA
minichromosomes and inhibits cccDNA transcription
HBV cccDNA can persist in the liver of infected patients
and serves as the template to initiate HBV replication.
Thus, cccDNA is an important factor for HBV persistence and the recurrence of HBV infection in resolved
patients. To study the role of IFN-α in HBV cccDNA
transcription, Belloni et al[27] utilized a transfection system
using the monomeric linear full length HBV genome to
show that IFN-α suppresses HBV cccDNA transcription. The HBV interferon-sensitive response element
(ISRE) segment mediates STAT1 and STAT2 recruitment on the cccDNA and transcriptional repression by
IFN-α. The recruitment of HDAC2, Sirt1, Ezh2, and
YY1 to HBV cccDNA was increased by IFN-α treatment, indicating the epigenetic control of HBV cccDNA
minichromosome. However, future studies are needed to
determine whether and how IFN-α influences the stability of HBV cccDNA and thereby controls HBV replication, as indicated in the clinical studies[28]. The acetylation
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Figure 1 Hepatitis B virus life cycle and the control of hepatitis B virus replication by interferons and interferon stimulated genes. The hepatitis B virus
(HBV) life cycle is described in detail in the section 2. The figure summarizes the mechanisms underlying the interferon (IFN)-mediated anti-HBV actions. IFNs have
been reported to target multiple steps of HBV life cycle including the epigenetic modification of cccDNA minichromosomes, the enhancer or promoter activity, the
RNA stability, and the nucleocapsid formation. Several IFN-stimulated genes (ISGs) represent the effector molecules downstream of IFN signaling: Apolipoprotein B
mRNA editing enzyme (APOBEC) family members interfere with HBV capsid formation and maturation and regulate HBV promoter and enhancer activity; MxA affects
the HBV RNA export and capsid formation; myeloid differentiation primary response protein 88 (MyD88) was reported to reduce HBV RNA export and the stability of
pgRNA; indoleamine 2,3-dioxygenase (IDO) suppresses HBV translation; tripartite motif-containing protein 22 (TRIM22) was reported to control HBV core promoter
activity; IFN-induced proteins with tetratricopeptide repeats 1 and 2 (IFITs) limit HBV replication at the transcriptional and posttranscriptional levels.

Table 1 Summary of the anti-hepatitis B virus effects of interferons and interferon stimulated genes

IFNs

APOBEC

cccDNA minichromosome

Promoter and enhancer

Posttranscriptional control

Nucleocapsid formation

Modifying the
composition of HBV
minichromosome[27,29]
Suppressing cccDNA
transcription[27,29]
accelerating cccDNA
decay[29]
Blocking nucleocapsid
maturation[65]

Suppressing HBV EnI and
EnII activity[35-37]

Stimulating HBV RNA
degradation[42,43]

Inhibiting nucleocapsid
formation[48]
Accelerating nucleocapsid
degradation[49]

Inhibiting the nuclear export Blocking HBV nucleocapsid
of HBV RNAs[77]
formation[78]
Accelerating the decay of
HBV pgRNA[83]
Inhibiting the nuclear export
of the HBV pre-S/S RNAs[83]
Inhibiting translation through
tryptophan depletion[88]

MyD88

IDO
TRIM22
IFITs

Editing HBV genome[70]

Suppressing HBV S
promoter activity[57]

MxA

Others

Inhibiting HBV core
promoter activity[92]
Inhibiting HBV S promoter Inhibiting HBV replication at
activity[96]
posttranscriptional steps[96]

HBV: Hepatitis B virus; IFN: Interferon; APOBEC: Apolipoprotein B mRNA editing enzyme: catalytic polypeptide; MyD88: Myeloid differentiation primary
response protein 88; IDO: Indoleamine 2:3-dioxygenase; TRIM22: Tripartite motif-containing protein 22; IFITs: IFN-induced proteins with tetratricopeptide
repeats 1 and 2.

and methylation status of HBV bound histones upon
IFN-α treatment needs to be further analyzed. More
details about the control of HBV minichromosome by
IFNs will be uncovered once the compositions of the
HBV cccDNA minichromosome are better defined.
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In a recently published study, the antiviral functions of IFN-α on duck HBV (DHBV) cccDNA were
analyzed in detail[29]. Base on a chicken hepatoma cell
line with tet-inducible DHBV replication, experimental
conditions were established where cccDNA was the sole
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source for pgRNA transcription and DNA replication.
Based on this cell culture system, Guo et al[30] demonstrated that IFN-α suppresses cccDNA transcription, which
is associated with the reduction of acetylated histone H3
lysines 9 (H3K9) and 27 (H3K27) in cccDNA minichromosome. Their experimental data suggest that IFN-α
may induce accelerated cccDNA decay. Although the
DHBV cccDNA metabolism and transcription regulation
may differ from that of mammalian hepadnaviruses, the
study on DHBV cccDNA still provided important clues
for HBV cccDNA biology and the antiviral mechanism
of IFN-α. Nonetheless, the stability of HBV cccDNA
is different in vivo and in vitro, as hepadnaviral cccDNA
decayed within days in cell culture while probably significantly longer in the liver[30-33]. Thus, the mechanism regulating the cccDNA stability should be examined in an in
vivo model in the future.
IFN-α suppresses the activity of HBV enhancers
Two enhancer elements En Ⅰ and En Ⅱ were identified
in the HBV genome and were found to be critical for
HBV gene expression and replication[34]. By transient
transfection of human hepatoma cells with reporter
plasmids under the control of HBV regulatory sequences, several groups have confirmed that type I IFN
reduces the activity of En Ⅰ and En Ⅱ[35,36]. Nakao et
al[37] identified an ISRE-like sequence in the En Ⅰ region
and experimentally confirmed that this region could interact with the protein complex containing p48 (ISGF3γ) and mediate the suppression of En Ⅰ activity by
IFN-α. However, the antiviral effect of both IFN-α
and p48 was similar in the complete HBV genomes with
the wild-type or a mutated ISRE sequence, indicating
that the ISRE within the En Ⅰ region is not required
for the antiviral effect of IFN-α[38,39]. Despite the lack
of functions of the ISRE in the En Ⅰ region in the cell
culture, it is not excluded that the interaction between
ISGF3 and IFN responsive factors with the ISRE in
En Ⅰ could modulate HBV replication in vivo. By deletion/mutation analysis, two segments nt 1703-1727 and
1746-1770 within the En Ⅱ sequence were identified to
be responsible for the suppressive effects of IFN-α[36].
Evidence shows that IFN-α suppresses the EN Ⅱ activity in a PKC-dependent way. However, the exact function of these segments in the context of replicationcompetent HBV genomes remains to be uncovered.
Posttranscriptional control of HBV replication by IFNs
A large body of publications indicated that IFNs control the HBV replication at the posttranscriptional level.
Chisari’s group demonstrated that the secretion of IFN-γ
and TNF-α by cytotoxic T lymphocytes (CTLs) could
inhibit HBV replication by a posttranscriptional mechanism[8,40]. This could explain the noncytopathic inhibition
of HBV replication by CTLs and the reduction of HBV
replication in HBV transgenic mice during lymphocytic
choriomeningitis virus (LCMV) and murine cytomegalovirus (MCMV) infections[7,41]. Three cellular proteins (p45,
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p39, and p26) were identified to bind HBV RNAs in
association with IFN-γ and TNF-α-induced down-regulation of HBV RNAs[42]. These three proteins were the
full length or cleaved products of La protein, a well-described RNA-binding protein, whose membrane expression could be induced by IFN-γ and TNF-α. La protein
could bind to the segment nt 1275-1291 of HBV RNA
sequence and may contribute to HBV RNA stability[43].
The association between La protein and HBV RNA was
further demonstrated by co-precipitation of HBV RNA
with human La protein in human hepatoma cells. The
modulation of HBV RNA stability by La protein was implied as the half life time of HBV RNA with mutations
in the La binding site was reduced[44]. These findings
provided evidence for the posttranscriptional control
of HBV by IFN-γ and TNF-α through the disruption
of La protein that acts as an HBV RNA stabilizing factor. More factors that either stabilize or degrade HBV
RNA might also be involved in this process. In fact, the
interaction between La protein and HBV RNA is likely
modulated by accessory factors in a phosphorylationdependent manner[44]. Furthermore, the endonucleolytic
activity that cleaves HBV RNA near the La protein binding site was upregulated in the liver by CTL injection or
MCMV infection.
Inhibition of HBV nucleocapsid formation
The HBV replication in the liver of HBV transgenic
mice could be abolished by poly(I:C) injection in an IFNdependent manner[45]. Further analysis showed that the
pgRNA containing capsid in the liver tissue of HBV
transgenic mice was eliminated by poly(I:C) injection,
either by inhibition of the assembly or acceleration of
the degradation[46]. A similar conclusion was reached by
experiments with immortalized HBV-transgenic hepatocytes in vitro[47]. Later on, IFNs were shown to be responsible to reduced HBV pgRNA containing capsids by the
inhibition of HBV capsid assembly[48]. The inhibition
of the capsid formation by IFNs might occur at one or
several steps in the process of the virion assembly, such
as the core protein dimerization, the interaction between
polymerase and HBV pgRNA, the encapsidation of polymerase-pgRNA, and the icosahedral capsid formation.
Another report showed that HBV DNA containing capsid was affected by IFN treatment. Xu et al[49]
explored a cell system derived from immortalized mouse
hepatocyte (AML12) with tetracycline (Tet)-inducible
transcription of HBV pgRNA and viral DNA replication
to examine the antiviral effect of IFN-α and -γ. Compared with Bay-4109 and AT-61, two drugs inhibiting
HBV capsid assembly or preventing the incorporation
of pgRNA into nucleocapsids, IFN-α and -γ accelerate
the decay of HBV DNA containing nucleocapsids in a
proteasome-dependent manner. However, the influence
of IFNs on the formation of HBV pgRNA containing
capsids as described above was not confirmed. This discrepancy probably caused by the different experimental
systems and strategies used by the two groups to deter-
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mine the influence of IFNs on HBV pgRNA containing
capsids. Xu et al[49] treated cells with IFN-α and -γ after
the establishment of HBV replication, while Wieland et
al[48] treated cells with IFN-β and -γ prior to the initiation
of HBV replication. However, IFNs may interfere with
the different steps of HBV capsid formation by activation of the downstream effectors. The ISGs like APOBEC3G and MxA may be involved in the inhibition of
HBV nucleocapsid formation as discussed below.

ISGS INVOLVED IN SPECIFIC ANTI-HBV
MECHANISMS
Upon binding to the receptors, IFNs activate a variety of
IFN-inducible genes through the Janus tyrosine kinaseSTAT (JAK-STAT) pathway, which mediate the antiviral
effects against HBV[50,51]. Some ISGs are able to trigger
common intracellular antiviral pathways. However, the
absence of three major antiviral factors IRF1, PKR, and
RNase L did not impair the anti-HBV effect of IFN-α/β
or -γ[52]. In contrast, the cellular proteasome activity was
required for IFN-mediated inhibition of HBV replication [53]. The inducible nitric oxide synthase was also
required for the anti-HBV effect of IFN-γ in HBV transgenic mice[54]. To identify the genes linked to the antiHBV effect of IFN-α/β and -γ, hepatic gene expression
profiles were compared in HBV transgenic mice before
and after the IFN treatment. Twenty-nine genes were
identified and supposed to be associated with the IFNinduced inhibition of HBV replication[55]. However, the
role of these identified ISGs is still not fully understood.
Other studies focused on ISGs which were reported
to possess antiviral activities. We summarize the available
information about those ISGs published so far.
APOBEC family
Apolipoprotein B mRNA editing enzyme, catalytic polypeptide (APOBEC) is a family of cytidine deaminases
that edit DNA and/or RNA sequences by deaminating
a cytidine base and thereby generating a uridine base. At
least 11 members of this family were found in humans,
including activation-induced cytidine deaminase (AID)
and APOBECs 1, 2, 3A, 3B, 3C, 3DE, 3F, 3G, 3H, and
4. APOBECs are IFN-inducible and play an important
role in the innate immune response against many viruses.
The antiviral activity of the APOBEC family was first
found in HIV infection, and then extended to other viruses including HTLV, HCV, HBV, HPV, HSV-1, and
EBV (reviewed in[56]). The control of HBV by members
of the APOBEC family, such as AID, APOBEC 1, 3B,
3C, 3F, 3G, and 3H[57-62], could be editing-dependent and
independent[63]. In the first report extending the antiviral
spectrum of APOBEC3G (A3G) to HBV, A3G was supposed to block HBV DNA accumulation in a way independent on its catalytic activity[64]. Nguyen et al[65] further
confirmed the deamination-independent inhibition of
HBV DNA synthesis by A3G and provided evidence that
A3G inhibits the very early steps in viral reverse tran-
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scription and blocks DNA strand elongation within the
nucleocapsid. Thus, A3G is thought to be incorporated
into HBV nucleocapsids. It could be demonstrated that
the incorporation of A3G into replication-competent
HBV nucleocapsids is specifically dependent on both the
viral RT and the packaging signal ε[66]. Thus, A3G likely
exerts its anti-HBV activity within HBV nucleocapsids
and blocks HBV DNA synthesis and the maturation of
viral particles. Another member of the family, APOBEC3B (A3B), was reported to inhibit the binding of
hnRNP K (ribonucleoprotein K), a positive regulator
of HBV gene expression, to the EnhⅡ and to directly
suppress HBV-S gene promoter activity[57]. Though the
deaminase activity of APOBECs may not represent the
main mode of the anti-HBV action since the frequency
of edited genomes in cell culture supernatants or patient
sera is low[64,67-69], it is unknown whether the majority of
edited HBV genomes are able to be secreted. Recent
data suggested APOBEC3G (A3G) as the dominant deaminase restricting HBV in vivo with up to 35% of HBV
genomes being edited[70]. All APOBEC family members
except A3DE were able to edit the HBV genome in vitro
at levels from 10-2 to10-5 based on the assessment by the
3DPCR technology[71], implying the potential significance
of the deaminase activity of the APOBEC family in
HBV restriction.
Most of the mutations in vivo caused by A3G editing were deleterious, however, a small fraction of genomes could survive and might promote viral evolution
and eventually viral evasion of host immune responses.
A3G editing might be responsible for the G1896A and
G1897A mutations in the HBV precore region which
result in the loss of HBsAg synthesis, and for the HBsAg mutations G145E and G145R which are the wellknown vaccine escape mutations[70]. It was also suggested
that a subset of A3G-edited genomes can be repaired in
vivo. Kitamura et al[72] pointed out that uracil DNA glycosylase could initiate base excision repair of cccDNA
and counteract A3G-induced hypermutation of HBV
genomes. Though the APOBEC family plays a role in
the control of HBV replication, its relative contribution
in the IFN-mediated anti-HBV action is still a subject of
debate[61,73,74].
MxA
MxA is an interferon-induced dynamin-like GTPase,
which has antiviral activity against a wide range of RNA
viruses and some DNA viruses including HBV. Though
the interaction with viral nucleoprotein is the most likely
common mechanism of the antiviral function of MxA[75],
its anti-HBV effect might be achieved through more than
one pathway. The anti-HBV effect of MxA was firstly
demonstrated by Dremsdorf ’s group by using a Huh7 cell
line stably expressing MxA and HBV/MxA transgenic
female mice lacking a functional IFN-α/β receptor[76,77].
The MxA expression led to the inhibition of HBV replication and gene expression. MxA inhibits the nuclear
export of viral RNAs through the HBV PRE sequence
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in Huh7 cells but not in the transgenic mouse model, indicating that MxA exerts the antiviral effect through different mechanisms in vitro and in vivo[76,77]. The anti-HBV
effect of MxA was also verified in HepG2.2.15 cells[78].
Using coimmunoprecipitation and the fluorescence resonance energy transfer (FRET) technique, the authors
provide evidence for the direct interaction between MxA
and HBcAg. The interaction with MxA causes the immobilization of HBcAg in the perinuclear structures and
subsequently the loss of capsid assembly[78]. Thus, MxA
is another candidate molecule blocking HBV nucleocapsid formation.
On the other side, HBV developed specific mechanisms to counteract the antiviral activity of MxA. The
induction of MxA by IFN-α was impaired in PBMCs
isolated from chronic hepatitis B patients, compared with
healthy donors[79]. Rosmorduc et al[80] showed that HBcAg
inhibits the induction of MxA expression. Further investigation confirmed these results and identified the interaction of precore/core proteins with MxA promoter,
which was responsible for the downregulation of IFNinduced MxA expression[81].
Myeloid differentiation primary response protein 88
Myeloid differentiation primary response protein 88
(MyD88) is an important molecule in the signaling cascade of the innate immune response mediated by Tolllike receptors (TLRs). Besides, it could be induced by
IFNs and is involved in the anti-HBV effect of IFNs.
HBV replication is reduced in MyD88-expressing cells
and MyD88 overexpression inhibits HBV replication in
hepatoma cells HepG2.2.15 and the mouse model[82,83].
MyD88 accelerates the decay of HBV pgRNA and inhibits the nuclear export of the HBV pre-S/S RNAs via
the posttranscriptional regulatory element[83]. Though the
inhibition of HBV replication by MyD88 is evident, the
induction of MyD88 upon IFN stimulation is only moderate and not comparable with other ISGs such as MxA.
Therefore, its role in the IFN-mediated anti-HBV effect
might be limited. On the other side, HBV polymerase
blocks the IFN-induced MyD88 expression by preventing nuclear translocation of Stat1 and thereby reducing
the activity of the MyD88 promoter[84].
Other ISGs
Indoleamine 2,3-dioxygenase (IDO) is an essential enzyme for tryptophan catabolism, which could cause the
tryptophan depletion and suppress adaptive immune response[85]. IDO expression was increased in hepatocytes
of HBV transgenic mice after adoptive transfer of HBVspecific CTLs, indicating that HBV infection facilitates
the induction of IDO in response to proinflammatory
cytokines, particularly IFN- γ [86]. Furthermore, IDO
was reported to play a role in the immune tolerance in
patients with chronic hepatitis B [87]. Recently, Mao et
al[88] examined the role of IDO in HBV replication and
found that IDO overexpression in HepG2 cells could
suppress HBV replication through tryptophan depletion
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and is likely to be a major factor mediating the anti-HBV
activity of IFN-γ since supplementation of tryptophan
restores HBV replication inhibited by IFN-γ. Since the
conclusion was drawn on the basis of experiments in
HepG2 cells, experimental data from in vivo models are
needed to confirm the role of IDO in IFN-γ mediated
anti-HBV effect.
TRIM22 belongs to the tripartite motif (TRIM) family, is inducible by IFNs and has been reported to possess
anti-viral activity against HIV, encephalomyocarditis virus
(EMCV), HBV, and influenza A virus (IAV)[89-92]. The
antiviral effect of TRIM22 had been demonstrated in
HepG2 cells as well as in the mouse model and was supposed to inhibit HBV replication through the inhibition
of HBV core promoter activity[92]. Previously, Mao et al[88]
did not observe anti-HBV effect of TRIM22 during the
screening of ISGs for their ability to inhibit HBV replication. The discrepancy between these studies is currently
not known and needs further clarification.
The IFN-induced proteins with tetratricopeptide
repeats 1 and 2 (IFIT1 and IFIT2) are related genes
which can be strongly induced by type I IFN. IFIT1 and
IFIT2 suppress cellular translation by binding to the
translation initiator eIF3 subunits[93,94] and were shown
to block viral replication by the sequestration of pppRNA (5’ triphosphate RNA)[95]. IFIT1 and IFIT2 were
identified in a siRNA screening approach to block HBV
replication. It was supposed that the baseline expression
of IFIT1 and IFIT2 restricts HBV replication at both
the transcriptional and posttranscriptional steps[96]. The
majority of ISGs with anti-HBV effects were identified
by overexpression strategy. We found a drastic enhancing
effect of siRNAs targeting IFIT1 and IFIT2 on the HBV
replication, though IFIT1 and IFIT2 were only expressed
at a relatively low level without IFN-α stimulation. Thus,
the baseline expression of ISGs might already contribute
to the restriction of HBV replication. This fact probably
explains the discrepancy of the anti-HBV effect of the
same molecule in different cell lines and in the experiments of different groups. An increasing number of
ISGs are identified as restriction factors for HBV replication. However, their relative contribution to the IFNmediated anti-HBV action remains to be determined.
Likely, the anti-HBV function of IFNs is a sum of different ISG functions at different stages of HBV life cycle.

TLR ACTIVATION INHIBITS HBV
REPLICATION
Though HBV itself does only trigger innate immune
responses to a limited extent, the activation of TLR signaling inhibits HBV replication and is considered a novel
therapeutic strategy for the treatment of chronic HBV
infection (reviewed in[97]). The ligands specific for TLR2,
TLR3, TLR4, TLR5, TLR7, and TLR9 had been examined for their ability to control HBV replication in HBV
transgenic mice[98]. All the ligands except for TLR2 could
inhibit HBV replication in the liver of HBV transgenic
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Table 2 Control of hepatitis B virus replication by Toll-like receptor activation
HBV transgenic mice
TLR1/2
TLR3
TLR4
TLR5
TLR7
TLR9

[98]

Chimpazee

[99]

[100]

[102,103]

PGN and Pam3Cys, (-)
Poly(I:C), (+)
LPS, (+)
Flagellin,(+)
R848, (+)
CpG oligodeoxynucleotides, (+)

Hepatoma cell line

LTA , Pam2CSK4
,
Pam3CSK4[103], (+)
Poly (I:C), (+)
LPS, (+)

GS-9620, (+)

R848, (+)
cpG DNA, (+)

Nonparenchymal liver cells

[104]

Macrophages

[105]

Pam3CSK4, (-)

Unpublished data, (+)

Poly (I:C), (+)
LPS, (+)
Flagellin, (-)
Single-stranded RNA 40, (-)
CpG oligonucleotides, (-)

Unpublished data, (+)
Unpublished data, (+)
Unpublished data, (+)
Unpublished data, (+)
Unpublished data, (+)

The ligands of different Toll-like receptors (TLRs) used in different experiment systems were shown. Their effect on hepatitis B virus (HBV) replication was
presented by ‘‘+’’ which means inhibitory effect or ‘‘-’’ which means no inhibitory effect.

mice in an IFN-dependent manner. Recently, GS-9620,
an agonist of TLR7, was administered in chimpanzees
with chronic HBV infection and effectively decreased
HBV DNA loads in the serum and liver[99].
The antiviral effect of TLR ligands might be mediated by the activation of TLR signaling either in hepatocytes, nonparenchymal liver cells, or extra-hepatic macrophages and dendritic cells, or by the modulation of the
adaptive immune response. In hepatoma cells (HepG2),
ligands of TLR2, TLR3, TLR4, TLR7, and TLR9 were
reported to suppress HBV replication[100]. In the same
line, the overexpression of adaptor protein TRIF and
IPS, as well as MyD88 mentioned above, could inhibit
HBV replication[98,101]. Other groups also showed that
stimulation of human hepatoma cells with TLR2 ligands
inhibits the HBV DNA replication and nucleocapsid
formation[102,103]. For the role of nonparenchymal liver
cells in the anti-HBV effect of the TLR ligands, Wu et
al[104] showed that the local innate immune system of the
liver such as Kupffer cells (KCs) and sinusoidal endothelial cells (LSECs) is the mediator of anti-HBV activity
of TLR agonists. Guo’s group[105] reported inhibition of
HBV replication in a murine hepatocyte cell line (AML12HBV10) by conditioned media from a murine macrophage cell line treated with ligands to TLR1/2, TLR3,
TLR4, TLR5, TLR7, or TLR9, indicating a potential role
of extra-hepatic macrophages in TLR ligand-triggered
anti-HBV effects. Lately, we demonstrated that pretreatment of LSECs with TLR1/2 ligand stimulates the maturation of antigen-presenting LSECs and enable them to
activate virus-specific CD8+ T cells[106]. TLR ligands do
not only activate the innate immune response but are also
involved in modulating the adaptive immune response.
Besides the innate and adaptive immune responses, TLR
stimulation also modulates the expression of various microRNAs (miRNAs)[107,108]. Since miRNAs were shown to
control HBV replication either through direct binding or
through indirect mechanisms[109-111], the control of HBV
replication by TLR ligands might also be partly achieved
through miRNAs (Table 2).

HBV INHIBITS PRR AND IFN SIGNAL
TRANSDUCTION
HBV was thought to be a stealth virus; nonetheless, the
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lack of PRR activation in the liver could be due to the
inhibition of PRR and IFN signaling by HBV. Clinical
evidence suggests that the expression of TLR2, TLR3,
TLR4, TLR7, and TLR9 in PBMCs was reduced in
chronically HBV infected patients[112-116]. The reduction of
TLR expression might be induced by HBV infection or
a result of the exhaustion of TLR system under continuous activation. TLR signaling could be blocked by HBV
components through different mechanisms. First, the
activation of TLR signaling might be blocked by HBV infection since the activity of TBK1/IKKε, a key molecule
downstream of the TLR signaling pathway, was inhibited
by HBV pol through disrupting the interaction between
IKKε and DDX3[117]. Further, recent findings suggest that
the activation of TLR signaling in nonparenchymal liver
cells, extra-hepatic macrophages, and dendritic cells is
inhibited by HBV. Wu et al[118] found that pretreatment of
hepatocytes and nonparenchymal liver cells with HBsAg,
HBeAg, or HBV virions significantly reduced the TLRinduced antiviral activity, and this was correlated with the
suppressed IRF3, NF-κB and ERL1/2 activation in pretreated cells. The response of pDC to TLR9 ligand was
reduced by HBV through the blockage of the MyD88IRAK4 axis[113], or through the HBsAg-mediated upregulation of SOCS-1 (suppressor of cytokine signaling-1) expression and BDCA-2 (dendritic cell lectin B) ligation[119].
Wang et al[120] reported that HBsAg inhibits TLR2 ligand
(Pam3csk4)-induced JNK activation and IL-12 production in monocytes/macrophages.
Above, we discussed the role of ISGs in the control
of HBV replication. However, HBV is able to evade
the functions of ISGs by counteracting IFN signaling.
HBV pol protein was reported to inhibit TBK1/IKKε
activity by disrupting the interaction between IKKε and
DDX3[117]. The downstream of JAK-STAT signaling
pathway activated by IFNs which resulted in the induction of ISGs could be blocked by HBV. As discussed
above, HBV pol inhibited STAT1 translocation in
HepG2 cells and thus impaired the IFN-induced MyD88
promoter activity[84]. The response of HBV-infected human hepatocytes in chimeric mice was also reduced compared to that of uninfected human hepatocytes, as shown
by the reduced STAT-1 nuclear accumulation[121]. Recently, Chen et al[122] explored the mechanism by which HBV
impairs IFN-induced STAT1 translocation. They demon-
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strated that HBV pol suppresses IFN-α–induced STAT1
serine 727 phosphorylation through the interaction with
the catalytic domain of protein kinase C-δ (PKC-δ).
HBV pol protein interferes also with nuclear transportation of STAT1/2 by binding to importin-α5[122].

4

5
6

HBV GENOME MUTATION AND IFN
RESPONSE
HBV genome mutation might be one factor determining the response to IFN treatment. In vitro studies in
hepatoma cell lines showed a lower sensitivity of HBV
with precore or BCP mutations to IFN-α[123,124]. In a recent clinical investigation[125], 214 HBeAg-positive CHB
(Chronic hepatitis B) patients were recruited and treated
with PEG-IFN ± lamivudine for 52 wk, and the relationship between the response to IFN treatment and the
presence of wild type or non-WT were calculated. It was
concluded that the presence of only WT virus at baseline
is a strong predictor of response (HBeAg loss with HBV
DNA < 10000 copies/mL) to PEG-IFN for HBeAgpositive CHB. Patients with detectable PC (precore)
and/or BCP (basal core promoter) mutants have a lower
probability of response and are less optimal candidates
for PEG-IFN therapy. The same cohort was followed
to 78 wk. The relationship between HBsAg levels and
response to IFN depends upon the presence of PC/BCP
mutations[126]. Besides, the mutation in HBV ISRE was
supposed to influence IFN response in CHB patients[127].
On the other hand, HBV variants can be selected during
IFN-α therapy[128].

CONCLUSION
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It is well accepted that activation of TLR and the production of IFNs contribute to the control of HBV replication. Due to the complexity of TLR and IFN signaling
and functions, the antiviral actions of these pathways are
not completely understood. The stimulation of IFN and
TLR signaling pathways may be explored as therapeutic
approaches for chronic viral infections. Recently, several
preclinical studies were presented to show the potential
usefulness of TLR ligands (e.g., TLR7) for the treatment
of chronic HBV infection. Furthermore, the identification of the effector molecules downstream of IFN and
TLR signaling pathways, especially those involved in
HBV cccDNA elimination, will provide more options for
the development of anti-HBV drugs.
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Abstract
Hepatitis B virus (HBV) infection is a global public
health problem with approximately 2 billion people that
have been exposed to the virus. HBV is a member of a
family of small, enveloped DNA viruses called hepadnaviruses, and has a preferential tropism for hepatocytes
of mammals and birds. Epidemiological studies have
proved a strong correlation between chronic hepatitis
B virus infection and the development of hepatocellular
carcinoma (HCC). HCC is the fifth most common malignancy with about 700000 new cases each year, and
more than 50% of them arise in HBV carriers. A large
number of studies describe the way in which HBV can
contribute to HCC development. Multiple mechanisms
have been proposed, including the accumulation of genetic damage due to immune-mediated hepatic inflammation and the induction of oxidative stress. There is
evidence of the direct effects of the viral proteins HBx
and HBs on the cell biology. Integration of HBV-DNA
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into the human genome is considered an early event
in the carcinogenic process and can induce, through
insertional mutagenesis, the alteration of gene expression and chromosomal instability. HBV has also epigenetic effects through the modification of the genomic
methylation status. Furthermore, the virus plays an important role in the regulation of microRNA expression.

This review will summarize the many mechanisms
involved in HBV-related liver carcinogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Hepatocarcinogenesis; Hepatitis B Virus; Chronic hepatitis B infection;
Cell biology
Core tip: Hepatitis B virus (HBV) infection is a global
health problem. There is evidence that HBV have a
causal role in the development of hepatocellular cancer, but the mechanism leading to the transformation
of normal hepatocytes into cancer cells is still intricate.

This review will summarize the many mechanisms
involved in HBV-related liver carcinogenesis.
Tarocchi M, Polvani S, Marroncini G, Galli A. Molecular mechanism of hepatitis B virus-induced hepatocarcinogenesis. World J
Gastroenterol 2014; 20(33): 11630-11640 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11630.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11630

HEPATOCELLULAR CARCINOMA
Hepatocellular carcinoma is a highly prevalent and lethal
neoplasia. It is the fifth most common cancer in men and
the ninth in women with respectively about 500000 and
200000 new cases per year; looking in detail the major
number comes from Asia (76%), followed by Europe
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(8.1%), Africa (7.5%), North America (4.2%), Latin
America and Caribbean (3.8%) and Oceania (0.4%)[1].
The global distribution of these new cases is uneven
and reflects the differences in the exposition of the local
populations to the different etiological factors: in Eastern
Asia and Sub-Saharan Africa the dominant risk factor is
chronic HBV infection, while in North America, Europe
and Japan HCV infection together with excessive alcohol
intake are the main risk factor. Furthermore in developed
countries the increasing incidence of obesity and consequently of non-alcoholic steatohepatitis is becoming an
important risk factor for cirrhosis and HCC as well[2,3].
Other risk factors include type 2 diabetes, hemochromatosis, Wilson`s disease, alpha-1 antitrypsin deficiency, glycogen-storage diseases, autoimmune hepatitis, tyrosinemia
and some porphyries[4-6]. Independently from the etiologic
factor underlining the presence of chronic liver disease,
cirrhosis should be consider major risk factor, in fact
70%-90% of HCC develop from these group of patients.
Even if in the last decades the management of HCC
is improved due to the increase diagnostic capacity, the
development of evidence-based staging system and the
availability of new effective treatments the prognosis is
still very poor (overall ratio of mortality to incidence of
0.95)[1] suggesting that a deeper comprehension of the
molecular pathway involved in the hepatocarcinogenic
process is necessary to improve the outcome of HCC
patients.

HBV BACKGROUND
Hepatitis B virus (HBV) infection is a major global public
health problem with approximately 2 billion people that
present evidence of contact with the virus. Considering that more than 350 million individuals in the global
population are chronic HBV carriers, this virus stands as
one of the most common human pathogens[7]. The risk
of developing chronic hepatitis B (CHB) infection after
an exposure seems to depend on the age at which the virus is first contracted[8]. Infection within the first year of
life has a 90% chance in developing a CHB; infections in
childhood represent a risk of 20%-30%; less than 1% of
the exposure in adults go on to develop CHB[8]. Chronic
infection may progress to cirrhosis and ultimately hepatocellular carcinoma (HCC). CHB infection remains the
major etiological factor of HCC worldwide with more
than one half of HCC patients being HBV infected[9].
Several observations indicate an etiologic association
between CHB and the development of HCC including a high prevalence of HBV surface antigen (HBsAg)
among HCC patients. CHB increases up to a 20-fold the
risk of developing HCC also in the absence of cirrhosis.
The REVEAL-HBV study found that serum HBV DNA
levels and HCC risk correlate in a linear relationship[10].
Furthermore the presence of HBV-DNA integration
within the hepatic cells increases about 100 times the
relative risk for HCC among HBsAg carriers compared
with negative individuals[11].
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Specific viral and host factors can contribute to an increased risk of HCC among patients with CHB: increasing age, male gender, and longer duration of infection, all
increase the risk of HCC and the presence of cirrhosis is
the single most-important risk factor for HCC[12].
Host genetic background is known to have an influence in the story of the disease; in fact belonging to a
specific ethnical group increases the susceptibility of
HBV carrier to develop HCC. Among all Africans have
the worst outcome, followed by Asians[13]. In these two
geographic areas more than 70% of HCC develop in
patients with HBV infection[14]. In Asia annual incidence
among HBV carriers is more than 0.2% with a risk of
HCC development before the cirrhotic stage[15]. In Africa
of great importance is the potential aflatoxin exposure
that increases highly the risk, obliging to start HCC surveillance in youth. The synergic effect of HBV infection
and aflatoxin exposure increases the risk to develop HCC
by 60 time compared to healthy individuals[16].
Several meta-analysis tried to associate genetic polymorphisms with an increased risk of HCC in CHB carriers; contradictory evidences are present in literature.
While more studies are needed to unveil the mechanisms
connecting some of these genetic changes to HCC,
current results suggest a positive correlation of TNFα
and GSTT1 polymorphisms with HCC[17]. On the viral
side, for a long time the attention has been focused on
high viral load as predictive for HCC development, but
other viral risk factors have been found including the
viral genotype. Until now 11 HBV genotypes (A–J) have
been identified, based on differences in their genome sequence[18]. HBV genotypes have distinct geographical and
ethnic distributions: genotype A is pandemic but most
prevalent in northern Europe, North America and central Africa; genotypes B and C are found in eastern Asia,
Korea, China, Japan, Polynesia and Vietnam; genotype D
is also pandemic but is predominant in the Mediterranean
area, the Middle East and India; genotype E is typical for
Africa; genotype F is found in Native Americans and in
Polynesia; genotype G is present in western Europe and
North America and genotype H is found predominantly
in Central America. The epidemiological evidences indicate that the genotype C has a higher risk of causing
HCC than B, and D has a higher than A[19]. Furthermore the presence of enhancer II/basal core promoter
mutations (A1762T/G1764A), and mutants with preS
deletions are associated as well with increased risk of
HCC[20,21]. External cofactors that can also promote HCC
development in CHB carriers are concomitant infection
with human immunodeficiency virus (HIV), hepatitis
C or D virus, cigarette smoking, environmental pollution, chronic alcohol consumption, aflatoxin exposition,
and metabolic syndrome[12,17,22]. HCC is the third leading
cause of cancer-related death worldwide[23]. Recent epidemiological data have demonstrated that liver cancer incidence is continuously rising and will continue to do so
for more than a decade, not only in Asia and Africa but
also in North America and Europe[9]. Despite the avail-
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ability of an efficacious and safe hepatitis B vaccine[24]
about 600000 people die worldwide every year due to either the acute or chronic effects of the virus, with a high
proportion dying of HCC. In this context, advances in
our understanding of the molecular basis of HCC are urgently needed to develop early tumour markers and novel
targeted agents with improved therapeutic efficiency[25].
Here we review the molecular mechanisms linking CHB
to malignant transformation of liver cells.

HEPATITIS B VIRUS
HBV is a member of a family of small enveloped DNA
viruses called hepadnaviruses, which infect a restricted
number of mammals and birds. These viruses share a
narrow host range and preferential tropism for hepatocytes. The genome of hepadnaviruses is a circular, partially double-stranded DNA genome that replicates via
an RNA intermediate[26]. The HBV genome consists of
two asymmetric DNA strands, which forms a partially
double-stranded relaxed circular DNA structure that is
around 3.2 kb in length. The HBV genome is organized
into 4 overlapping open-reading frames (ORFs) that give
rise to 5 messenger RNAs (mRNA). The largest one is
a 3.5 kb mRNA strand that is composed of two subspecies: a 3.5 kb precore/core mRNA that is translated
into the e antigen (HBeAg), and a second 3.5 kb strand
termed the pregenomic mRNA that is translated into the
core and polymerase proteins. The remaining mRNAs
include the 2.4 kb large and 2.1 kb small surface mRNAs,
which encode the three viral surface proteins. The 0.7 kb
small mRNA gives rise to the hepatitis B X (HBx) protein that is essential for virus replication and appears to
play an important role in HBV-induced HCC. The HBV
genome encodes also a 2.2 kb singly spliced pre-genomic
RNA producing the newly discovered hepatitis B spliced
protein (HBSP) involved in proliferation and viability of
HBV-infected cells[27,28].
The HBV enters the hepatocytes and releases, by disintegration of the nucleocapsid, the relaxed circular DNA
(rcDNA) that can be transported to the nucleus, where it
is converted into covalently closed circular DNA (cccDNA). It is present in the nucleus of infected hepatocytes
bound to both histone and nonhistone proteins, in a stable freestanding episomal conformation. cccDNA serves
as the template for transcription of all viral mRNAs and
is unaffected by all current nucleotide analog antivirals
because they inhibit DNA replication, which occurs after cccDNA formation. In fact cccDNA persists during
therapy even after the clearance of HBsAg, and this is
the reason why disease recurrence is possible even after
successful treatment[29,30].

MECHANISMS OF HBV-RELATED HCC
INDUCTION
HBV can promote HCC in many ways. There is a large
amount of data describing the multiple pathways involved in this process, including the accumulation of
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genetic damage due to immune-mediated hepatic inflammation, the induction of oxidative stress, a virus-specific
mechanisms involving the viral proteins HBx and HBs,
the insertional mutagenesis with integration of HBV
DNA into the host genome that alters the expression of
endogenous genes or induces chromosomal instability,
epigenetic modification through the modification of the
genomic methylation status and also the regulation of
microRNA (miRNA) expression.
Immune and inflammatory factors
In many different tissues chronic inflammation is known
to play a vital role in cancer development. In the liver,
repeated cycles of inflammation induced apoptosis and
hepatocyte regeneration, increasing the risk of hepatocarcinogenesis. T cell dysfunction, cytokine production,
and inflammation-mediated alteration of specific signaling pathways play important role in the development of
HCC. During inflammation, the activation and interaction between STAT3 and nuclear factor (NF)-κB play
vital roles in controlling the communication between cancer cells and inflammatory cells. NF-κB and STAT3 are
two major factors that keep in check the ability of preneoplastic and malignant cells to resist apoptosis-based
tumor-surveillance and regulate tumor angiogenesis and
invasiveness. HBV infection and inflammation induced
NF-κB activation, that in turn promoted immune escapes, facilitating the development of HCC. STAT3 activation induced by interleukin (IL)-6, IL-6 cytokine family,
and IL-22, also promoting the development of HCC[31,32].
In the immune system, CD4+Th1 and CD8+ T cells
play an important role in the growth inhibition and the
death of cancer cells. This ability seems to be related to
their capability to secrete INF-γ, but other cytokines may
be involved; in several experimental studies have been
proved that the depletion of these population of T cells
impaired the immune response against the cancers and
the rejection of the implanted tumor cells suggesting
theirs involvement in the immune response against cancer[33]. Differently the regulatory T cells (Treg) are a subpopulation of T cells (CD4+, CD25+and Foxp3+) which
maintain tolerance to self-antigens, and abrogate autoimmune disease by suppressing immune responses of other
cells. Treg cells have been reported to play a key role in
the immune impairment involved in HBV-related HCC.
Elevated TGF-β activity, associated with the persistent
presence of HBV in the liver tissue, suppresses the expression of miRNA-34a, leading to enhanced production
of chemokine CCL22, which recruits Treg cells[34]. HBV
infection was found to increase the immunomodulatory
activity of Treg by up-regulating the expression of forehead box P3 transcriptional regulator (FoxP3), cytotoxic
T lymphocyte-associated antigen-4 (CTLA-4) and glucocorticoid-induced tumor necrosis factor (TNF) receptor
family gene (GITR). The expansion of Treg cells and
the enhancement of their suppressor function prevent
the anti-tumor immune response against HCC tumor
antigens and inhibit tumor immune surveillance against
HCC[35]. Finally, Li et al[36] were able to investigate Treg
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cells in the circulatory blood and tumor tissues of patients with HBV-related HCC and their data indicate that
an increased amount of Treg cells either in peripheral
blood or in the tumor tissue correlates to poor prognosis.
HBV and oxidative stress
In literature, there are many indications that HBV can
induce a pro-oxidative status. In fact, increased level of
oxidative stress, sulfhydryl and lipid peroxidation were
found in CHB patients[37]. Additionally, typical products
of reactive oxygen species (ROS) are enhanced in carriers
with high HBV DNA titers[38].
Oxidative stress is a disturbance in the cellular equilibrium that can result from a lack of antioxidant deference capacity or by an increased production of ROS. The
excess of ROS can damage lipids, proteins or DNA, and
consequently alter different cellular pathways and influence gene expression, cell adhesion, cell metabolism, cell
cycle and cell death. ROS-induced oxidative DNA damage can increase chromosomal aberrations associated
with cell transformation[39]. ROS may also activate cellular
signaling pathways, such as those mediated by mitogenactivated protein kinase (MAPK), NF-κB, phosphatidylinositol 3-kinase (PI3K), p53, FOXO, β-catenin/Wnt,
COUTFII and others associated with angiogenesis[40-42].
Because of the role of these pathways in mutagenesis,
tumor promotion, and progression, ROS are considered
potential carcinogens[43].
In vivo and in vitro experiments have shown that HBV
infection is able to induce oxidative stress by reproducing
the same increase found in CHB patients. Furthermore,
to demonstrate that oxidative stress plays a critical role
in hepatic injury, several studies showed that the total
peroxide levels, a parameter of oxidative stress, as well
as alanine aminotransferase (ALT) levels are significantly
higher in patients with chronic hepatitis compared to asymptomatic carriers[44].
Interestingly, transgenic mice that produce and accumulate HBsAg inside the hepatocytes have increased
levels of inflammation and oxidative stress before the
development of dysplastic foci and HCC[45,46]. Moreover,
transgenic mice that express HBx protein[47] have high
levels of ROS, suggesting that the viral induction of oxidative stress occurs through many mechanisms.
Mitochondria are a major source of ROS inside the
cells, which can be produced through electron leakage
from the mitochondrial respiratory chain[48]. HBx targets
mitochondria binding to the voltage-dependent anionselective channel protein 3 (VDAC3), and alters the
mitochondrial membrane potential and increases endogenous ROS levels[49-51]. HBx also induces oxidative stress
through cytosolic calcium signaling, resulting in Ca++ accumulation into mitochondria, consequent increased levels of ROS and activation of cellular kinases (PYK2 and
SRC kinases), leading to the activation of transcription
factors NF-κB and STAT3 which promote HBV replication and early steps of HCC[52-54]. The increased level
of Ca++ in presence of ROS can trigger endoplasmic
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reticulum (ER) stress and the unfolded protein response
(UPR). In fact, if the ER stress remains constantly elevated, UPR signaling cannot be maintained and the cell
activates the autophagic process to restore ER integrity,
which is important for viral replication[55]. HBx alone in
the context of whole viral genome transfections caused
the mitochondrial translocation of mitogen-activated
protein kinase Raf-1. This event induced by oxidative
stress involves the Src- and the PAK-mediated phosphorylation of Raf-1, leading to its activation[56]. HBx
also influences the lipid peroxidation via downregulation
of SeP expression, resulting in increased expression of
TNF-α as shown in an in vitro study in the human hepatoblastoma cell line HepG2[57].
Other HCC cell lines (human HuH7 and murine
ML1-4a), stably transfected with the pre-S mutants (truncated forms of preS/S polypeptide), exhibited enhanced
levels of ROS through endoplasmic reticulum (ER) stress
pathways. The oxidative DNA damage has also been confirmed in the livers of transgenic mice carrying the pre-S
mutant[58].
HBV-DNA Integration
Another proposed mechanism of induction of HCC by
HBV is through its integration in the host genome. HBVDNA integration into human host chromosomes occurs
in the infected liver since early stages of natural acute
infections. Multiple integrations have been detected in
chronic hepatitis tissues, and integrated HBV sequences
have been seen in 80%-90% of HBV-related HCCs[59].
HBV insertions have been associated with major genetic
alterations within the cell genome, including generalized
genomic instability, gene and chromosomal deletions and
translocations, amplification of cellular DNA, and generation of fusion transcripts[60-61]. These alterations in the
host genome may alter the expression of miRNAs, oncogenes, and tumor-suppressor genes, events that could
lead to the development of HCC.
Early studies suggested that viral integration into the
host gene occurred randomly, but in the last decades with
the introduction of whole genome sequencing, several
groups were able to identify some preferred site for HBV
integration, typically close to or inside of certain target
genes, such as TERT (telomerase reverse transcriptase ),
FN1 (Fibronectin 1), SMAD5 (SMAD family member 5),
MLL4 (Myeloid/lymphoid or mixed-lineage leukemia 4),
ARHGEF12 (Rho guanine nucleotide exchange factor
GEF 12), CYP2C8 (Cytochrome P450, family 2, subfamily C, polypeptide 8), PHACTR4 (Phosphatase and actin
regulator 4), PLXNA4 (Plexin A4), RBFOX1 (RNA
binding protein, fox-1 homolog), ADH1B (Alcohol dehydrogenase 1B), CPS1 (Carbamoyl-phosphate synthetase
1), ESRRG (Estrogen-related receptor gamma), LRFN2
(Leucine rich repeat and fibronectin type III domain
containing 2), MYOM1 (Myomesin 1), RAI1 (Retinoic
acid induced 1), CTDSPL2 (CTD small phosphatase like
2), LRP1B (Low density lipoprotein-related protein 1B),
SENP5 ( SUMO1/sentrin specific peptidase 5), ROCK1
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(Rho-associated, coiled-coil containing protein kinase
1), PDGF receptor and CCNE1 (cyclin E1)[59,62-64]. The
identification of these and other recurrent sites of viral
integration inside or in the proximity of genes controlling cellular proliferation, survival, differentiation and
immortalization, suggests that this process may indeed be
involved directly in hepatocarcinogenesis.
However, evidence for fusion proteins came from
a direct promoter insertion mechanism that was first
provided in HBV-related HCC where insertion targeted
either the retinoic acid receptor-β (RAR-β) gene or the
human cyclin A gene, resulting in tumour-specific chimeric proteins endowed with novel, pro-carcinogenic
functions.
Finally, although integrated viral sequences are defective for replication, they might also contribute to
tumorigenesis through the production of truncated and
mutated HBx or preS2/S proteins. These proteins may
act on HCC development by disrupting the control of
cellular gene expression or by activating oncogenic signaling pathways[65,66].
DNA methylation
DNA methylation is one of the most intensely studied
epigenetic modifications in mammals. Aberrant DNA
methylation patterns - hypermethylation and hypomethylation compared to normal tissue - have been
associated with a large number of human cancers. Hypermethylation typically occurs at CpG islands in the
promoter region and is associated with the inactivation
of certain tumor-suppressor genes. The enzymes responsible for the maintenance of methylation patterns
are the DNA methyltransferases (DNMT) and a large
body of evidence shows that HBx upregulates DNMT1,
DNMT3A1 and DNMT3A2[67]. Conversely, global hypomethylation has also been reported to induce genomic
instability and contribute to cell transformation and progression of cancer.
In HCC, alteration of DNA methylation occurs in the
early stage of cancer development, and in these patients
the increased risk of cancer development was due both
to genomic hypomethylation with related increased chromosome instability and localized hypermethylation with
decreased tumor suppressor gene expression[67].
Lately, DNA hypermethylation in the promoter region
of specific oncosuppressor genes was found in HBVrelated HCC[68-70]: RASSF1A (Ras association domain
family member 1), p16INK4A and P21WAF1/CIP1 are
involved in cell cycle maintenance and their altered expression is an early event in the development of HCC;
CDH1 (E-cadherin) is involved in cell adhension and
metastatization; GSTP1 downregulation exposes cells to
oxidation damage and electrophilic carcinogens; ASPP1
and ASPP2 have an important role in apoptosis. Alterations were found also in the promoter region of hTERT,
maintaining its expression and increasing proliferative capacity of the cell, and in the promoter region of COX-2
leading to a more proinflammatory state.
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HBx protein
The viral protein HBx is a 154 amino acids long protein
acting as a pleiotropic transactivator; it does not bind
directly to DNA but rather acts on cellular promoters by
protein-protein interactions and modulating cytoplasmic
signaling pathways.
Interestingly HBx is expressed at low levels during
acute and chronic hepatitis and can induce a humoral
and cellular immune response[71,72]. Thanks to viral DNA
integration into the host genome, the HBx gene is maintained and transcribed in human HCC tumor cells even
if complete HBV replication is absent[73,74].
In the cytoplasm, it activates mitogenic signaling cascades while in the nucleus it modulates gene expression
via interaction with numerous transcription factors. The
large body of evidences suggests its central function in a
large number of signaling pathways involved in oncogenesis, proliferation, apoptosis, inflammation and immune
response. Furthermore, HBx may act as a paracrine factor and activates stellate cells[75,76].
HBx play a role in chromosomal instability by targeting centrosome dynamics and mitotic spindle formation
through its binding with different cellular partners implicated in centrosome formation. HBx has been suggested
to induce multipolar spindle formation, chromosome
segregation defects, and appearance of multinucleate
cells by inducing aberrant centrosome duplication; these
biological actions might be due to sequestration of the
nuclear transport receptor Crm1 in the cytoplasm [77],
and/or HBx binding to the hepatitis HBx interacting protein (HBXIP), a regulator of centrosome duplication[78]
or to the UV-damaged DNA binding protein 1 (DDB1)[79]
and induction of lagging chromosomes by binding to
BubR1[80].
HBx may increase the expression of matrix metalloproteinase and facilitated cellular migration[81-83].
HBx transactivates a number of cellular promoters
and enhancers containing binding site for NF-kB, activator protein 1 (AP-1), AP-2, CCAAT-enhancer-binding
protein (c-EBP), RNA polymerase and nuclear factor of
activated T-cells (NF-AT), cellular promoter of genes
associated with cell proliferation as IL-8, TNF, transforming growth factor (TGF) beta and epidermal growth
factor receptor (EGRF) and cytosolic signal transduction
pathways as Ras/Raf mitogen-activated protein kinase,
Src kinases, cJun Nterminal kinase, Jak1/STAT and protein kinase (PK)[84,85], which have overlapping effects on
cell proliferation and viability.
HBx interacts with the acetyltransferases CBP/p300,
and this interaction induces the activation of CREBdependent transcription. The activation of CREB/ATF
trans-activation function by HBx appears redundant since
HBx has been shown to increase CREB/ATF DNAbinding affinity as well as to enhance the recruitment of
CBP/p300 to CREB/ATF bound to cellular DNA[86,87].
The modulation of CREB/ATF plays an essential role in
liver metabolism and proliferation, and CREB has been
implicated in hepatocarcinogenesis[88].
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Important targets of HBx are p53 and p53 family[89].
In fact, the viral protein directly binds to p53 and impairs
its function. HBx, through the interaction with p53, can
alter p53-mediated apoptosis, transactivation properties
of p53[90], cell cycle regulation[91], DNA repair genes[92,93],
and tumor suppressor genes[71].
In the mitochondria HBx interacts with the heat
shock protein 60 and 70[94] and the voltage dependent anion channel (VDAC) isoform VDAC3[50].
HBx seems to regulate the angiogenic process in
HCC[95-98]. Indeed, HBx expression induces transcriptional up-regulation of the vascular endothelial growth
factor (VEGF) and the proangiogenic growth factor
angiopoietin 2 (ANG2). It also plays an important role in
the hypoxia inducible factor HIF-1 cellular level. In fact
HBx binds to and stabilizes HIF1α and at the same time
stimulates HIF1α transcription, thus promoting angiogenesis.
HBx can activate Wnt/beta-catenin signaling in
two different ways: by up-regulating cytoplasmic betacatenin[99] or alternatively by hypermethylating E-cadherin
promoter and consequently repressing its transcription[100].
HBV preS/S proteins
The preS/S ORF encodes three different, structurally
related envelope proteins refered to as the large (L),
middle (M), and small (S) proteins that are synthesized
from alternative initiation codons. These three proteins
share the same carboxy-terminus part but have different
amino-terminal extensions. In particular, the S protein
corresponding to the HBV surface antigen (HBsAg) consists of only 226 amino acids (aa), the M protein contains
an extra N-terminal extension of 55 aa, and the L protein
has a further N-terminal sequence of 108-119 aa compared with the M protein. Until now, few mechanisms of
action of preS/S encoded proteins have been known to
be involved in the hepatocarcinogenic process. During
HBV replicative cycle, HBsAg can accumulate into the
ER, induce ER stress and consequently increase the cellular level of oxidative stress. This process happens also
in presence of pre-S2 mutants in which the viral proteins
amass in the ER. The induced ER stress upregulates
the cytoplasmic Cyclin A, increasing infected cell proliferation; at the same time, Cyclin A upregulation can
promote, through centrosome over-duplication, chromosome instability which is a well-known mechanism in
HBV-related hepatocarcinogenesis[101].
Additionally, HBsAg seems to have an effect on the
mitochondrial function: on one hand it binds to enoyl
coenzyme A hydratase short chain 1 (ECHS1) and can
induce cell apoptosis by decreasing the mitochondrial
membrane potential (MMP)[102], while on the other hand
HBsAg could inhibit JTB (jumping translocation breakpoint), leading to increased cell motility and decreased
apoptosis[103]. Interestingly, pre-S2 mutant protein in type
Ⅱ ground glass hepatocytes (GGHs) could directly interact with the c-Jun activation domain-binding protein 1
(JAB1), inducing an hyperphosphorylation of the tumor-
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suppressor retinoblastoma (RB) and its inactivation[104].
Futhermore, pre-S2 protein can act as a transactivator
and, interacting with the hTERT promoter[105], increase
telomerase activity, a key step in the development of
HCC and other cancers. Interestingly, HBV is also able to
upregulate of telomerase activity by HBV DNA integration in proximity of the promoter[106] or by HBx capacity
to increase the SP1 binding to hTERT promoter and
induce its transcription[107]. Despite hTERT activation,
telomere in HCC cells remain shorter than in normal
somatic cells, predisposing to occasional telomere and
chromosomal instability, and polyploidy[108]
miRNAs
MiRNAs are small non-coding RNA molecules (19-25
nucleotides in length) that regulategene expression at
transcriptional and post-transcriptional levels, usually
resulting in gene silencing via translational repression or
target degradation of gene mRNA. Since their discovery
in the early 1990s, over 1000 miRNAs have been characterized in human cells. In the last decade, many groups
have investigated the role of this biological entity in
patho-physiological processes; several publications have
unveiled the function of miRNAs in the development,
progression and metastatization of HCC. Specifically, a
growing number of studies were able to identify specific
miRNAs modulated in CHB patients; some of them are
regulated by HBV infection and have a role in hepatocarcinogenic process.
miR-143, miR-34, and miR-19 have been found to be
upregulated in HBV-related HCC and to promote a more
aggressive cancer phenotype, while Let-7a downregulation by HBx increased cell proliferation[109]. HBx also
downregulates miR-152 with the consequent upregulation
of DNMT1, which methylates the promoters of many
tumor suppressor genes. Interestingly, other publications
reported additional miRNAs that are involved in HBV-related HCC[110]: miR-221, which is downregulated in acute
HBV infection, normally expressed in chronic HBV
infection and upregulated in HCC; miR-101, which is
constantly downregulated in HBV infection and in HCC
tissues, has been associated with HCC development;
miR-18a/miR-18b and miR-106a may be key effectors
for the progression of HCC. Very recent data suggest
other possible miRNAs involved in HCC development
in CHB patients: miR-224 that is inversely correlated to
autophagy in HBV-related HCC specimens[111], miR-122
that is regulated by HBx through PPARg[112], miR-15a and
miR-16-1 directly downregulated by HBx[113], miR-132
regulated by the hypermethylation status induced by
HBx[114], or miR-148 that is also downregulated by HBx
through the suppression of p53-mediated activation[115].
Recently, Xu et al[116] reviewed the HBV-HCC correlation
and reported miR-602, miR-143, miR-29a, miR-148a,
miR-373, miR-101, miR-152, miR-16, and miR-661 as
miRNAs possibly implicated in the carcinogenic process.
In the future, more extensive analysis will be able to create a precise profile of HBV modulation of miRNAs and
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their function in the different phases of the hepatocarcinogenetic process.

FUTURE THERAPEUTIC STRATEGIES
Up today HCC remain a devastating cancer, so the safest strategy remain the prevention, through the control
of the risk factors. Prevention of HBV infection among
them can be accomplished by large scale vaccination or
in patients with preexistent CHB a continued suppression of HBV replication with antiviral (e.g., entecavir and
adefovir dipivoxil) can prevent complications of HBVrelated liver disease and decrease the risk of HBV-related
HCC development[117]. In fact the REVEAL-HBV study
suggests that the degree of HBV viremia predicts HCC
risk independently of cirrhosis, HBeAg+ or ALT levels, introducing the concept that virologic suppression
through antiviral therapy may have a major impact on the
prevention of liver cancer. After the rise of HCC then
the treatment selection follows the Barcelona Clinic Liver
Cancer (BCLC) staging system that assigns the prognosis
and proposes the therapeutic strategies for each stage. In
the proposed strategies only one systemic chemotherapeutic molecule (Sorafenib) is approved as first line of
treatment. Since the emergence of Sorafenib as the new
standard for the systemic treatment of HCC, the idea of
targeting specific molecular pathways implicated in the
pathogenesis and progression of HCC, has promoted
a revolutionary change in the treatment of this disease.
Genetic modifications and alteration of critical molecular
signaling pathways have been identified as contributing to
the tumor development and progression. Among the numerous signaling pathways implicated in the development
and growth of HCC are worth to be noted Ras/Raf/
MAPK, Wnt-b-catenin, EGFR, insulin-like growth factor receptor, VEGFR, NF-KB, AKT-mTOR, Notch and
Hedgehog. Thanks to the acquired knowledge on altered
pathways in HCC several promising novel anticancer
agents are currently under evaluation (56 drugs)[118] including tyrosine kinase inhibitors, monoclonal antibodies
and oligonucleotide antisense. Furthermore monotherapy
can be very effective in vitro but targeting one pathway
may result in the activation of other pathways in HCC
cells suggesting that the most attractive strategy for the
future should be the combination of different targeted
agents to improve the efficacy of these molecules[119,120].
Research will permit a more comprehensive understanding of hepatocarcinogenic process and to identify new
molecular targets for therapeutic intervention.
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Abstract
Rescue antiviral treatment for patients with resistance
to preexisting nucleos(t)ide analogues remains a clinical
challenge. The correct choice of a first-line treatment of
high potency and with a high genetic barrier to achieve
sustained long-term suppression of viral replication provides the best chance of preventing treatment failure
and the emergence of drug resistance. The management of treatment failure and drug resistance requires
a precise and accurate clinical and virologic monitoring.
Combination treatment with antiviral drugs that belong
to different groups is associated with a lower chance
of developing resistance to rescue drugs. To guarantee better control of viral replication in patients with
drug resistance, the addition of another drug without a
cross resistance profile should be given as early as possible, preferably at the time when genotypic resistance
emerges. Long-term surveillance for treatment efficacy
and possible emergence of drug resistance should be
continued to prevent the emergence of multidrug-resistant strains.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Proliferation of hepatitis B virus (HBV) is the
key driver of liver injury and disease progression, and
thus sustained HBV suppression is of paramount importance in the management of chronic hepatitis B. Longterm antiviral treatment is usually required to achieve
sustained suppression of HBV. However, antiviral drug
resistance is a serious problem of long-term antiviral
treatment, and this poses a critical challenge. Prevention and proper management of antiviral drug resistance are decisive to long-term success of treatment.
Bang KB, Kim HJ. Management of antiviral drug resistance
in chronic hepatitis B. World J Gastroenterol 2014; 20(33):
11641-11649 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11641.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11641

BACKGROUND TO THE DEVELOPMENT
OF ANTIVIRAL DRUG RESISTANCE
Although potent antiviral agents for the treatment of
chronic hepatitis B (CHB) are currently available, total
eradication of hepatitis B virus (HBV) remains practically impossible. Data on the natural history of CHB and
the clinical effectiveness of long-term antiviral treatment
emphasize the paramount importance of prolonged viral
suppression to very low levels. Though, nucleos(t)ide
analogues are associated with good viral suppression, as
shown by the reduction of serum HBV-DNA levels, viral
resistance still is a problem in long-term treatment.
Replication of HBV-DNA occurs via a RNA intermediate. In the nucleus of the hepatocyte, host and viral
polymerases repair the partially relaxed circular genome
of HBV to a fully double stranded covalently closed cir-
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Table 1 Classifications and context cross-resistance profiles of antiviral drugs in chronic hepatitis B
Classification
LAM + LdT resistance
ADV resistance
LAM + LdT + ADV
(multi-drugs) resistance
ADV + TDF resistance
ETV resistance
TDF resistance

[8]

Amino acid substitution in the rt domain

LAM

LdT

ETV

ADV

TDF

Wild-type
M204I/V
N236T
A181T/V

S
R
S
R

S
R
S
R

S
I
S
S

S
S
R
R

S
S
I
I

A181T/V + N236T
L180M + M204I/V ± I169 ± T184 ± S202 ± M250
A194T

R
R
R

R
R
S

S
R
S

R
S
NA

R
S
R

Adapted and modified from reference [8]. LAM: Lamivudine; LdT: Telbivudine; ETV: Entecavir; ADV: Adefovir; TDF: Tenofovir; S: Sensitive; I:
Intermediate; R: Resistant; NA: Not available.

cular DNA (cccDNA). The cccDNA serves as a template
for the transcription of all the HBV messenger RNA
(mRNA). The viral RNAs include the pregenomic RNA,
which serves as both the template for reverse transcription and for the core and polymerase synthesis, as well as
the 3 subgenomic mRNAs necessary for the translation
of the envelop protein and X protein[1,2].
The error-prone HBV reverse transcription (rt)polymerase causes a high nucleotide substitution rate,
generating a population of viral variants or quasispecies capable of rapidly adapting to endogenous (host
immune response) and exogenous selection (antiviral
treatment) pressures. The spontaneous mutation rate for
HBV is estimated to be 1.4 × 10-5-3.2 × 10-5 nucleotide
substitutions per site and per cycle[3,4]. Concerning the
high viral replication rate of more than 1011 virions per
day[5], at least 1010 point mutations could occur in a HBV
genome every day. Given the whole genome length of
3.2 kb, all possible single base changes can be produced
in a day. The error-prone process of HBV replication,
in which errors occur due to the absence of a proofreading mechanism during the intermediate step of viral
replication through reverse transcription, is responsible
for the frequent incorporation of inaccurate nucleotides. A major obstacle for the generation of a new viral
strain in this background of extremely high mutational
frequency is the intrinsic frameshift overlapping organization of the four open reading frames of the HBV
genome. However, due to the high mutational rate, it is
not unusual to observe drug-resistant HBV already present in a viral population that has not yet been exposed to
any nucleos(t)ide analogues.
Effective treatments have been developed for CHB
that significantly reduce the morbidity and mortality.
Treatment efficacy can be affected by factors such as
the development of adverse effects, compliance to the
drug, previous treatment with suboptimal regimens,
infection with drug resistant viral strains, inadequate
exposure due to the pharmacological properties of the
particular drug(s) and individual genetic variation. Five
drugs belonging to the nucleos(t)ide analogues have been
approved for treatment of CHB in most parts of the
world[6]. The nucleos(t)ide analogues directly inhibits the
reverse transcriptase activity of the HBV polymerase.
The approved nucleos(t)ide analogues include lamivudine
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(LAM), a synthetic deoxy cytidine analogue with an unnatural L-conformation, and related L-nucleoside, telbivudine (LdT; β-L-thymidine). A second group, the acyclic
phosphonates include adefovir dipivoxil (ADV), a prodrug for the acyclic 2’-deoxy adenosine monophosphate
analogue adefovir, and the structurally similar tenofovir
(TDF). A third group contains a D-cyclopentane sugar
moiety and has the most potent anti-HBV drug discovered to date, the deoxy guanosine analogue entecavir.[7]
This structural subgroups of the nucleos(t)ide analogues
is clinically useful because it helps subgrouping the classifications of drug resistance of nucleos(t)ide analogues
and guides rescue antiviral treatment according to the
cross-resistance profile (Table 1)[8].
Antiviral drug resistance is defined as the decreased
susceptibility of a virus to the inhibitory effect of a drug,
which results from a series of adaptive mutations under
the selection pressure of antiviral treatment. Two types
of mutations have been identified: primary resistance
mutations, which are directly responsible for the associated drug resistance, and secondary or compensatory
mutations, which occur in order for the virus to facilitate
replication competence, because the primary resistance
mutations may be associated with a reduction in replication fitness[9]. Replication fitness refers to the ability of a
virus to replicate under the selective forces. Usually, mutant viruses show less replication fitness; however, over
time, secondary mutations, such as rt80, rt180, and rt173
develop after the initial primary rtM204I/V mutation,
which restores the functional defects of viral polymerase
caused by the primary resistance mutations[10-13].

FACTORS ASSOCIATED WITH THE
EMERGENCE OF ANTIVIRAL DRUG
RESISTANCE
The likelihood of the emergence of drug resistance
depends on the baseline characteristics of the patients,
viral factors, drug properties, and treatment regimens.
Male gender, older age, high body mass index, high
alanine aminotransferase (ALT) level, high HBV-DNA
concentration, high histological score (indicating a higher
degree of necroinflammation), and the presence of core
promoter mutations are reported to be associated with
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a higher risk of LAM resistance[14-19]. A few studies have
shown that the HBV genotypes A and D are associated
with higher rates of LAM-resistant and ADV-resistant
mutations, respectively[20-23]. Some correlations between
the genotypes of HBV and the selection of specific mutations might exist; however, most studies have shown
that HBV genotypes have no relevance to the treatment
response and the rate of emergence of drug resistant
mutations[24-27].
Another important factor associated with the emergence of drug resistance is the persistence of viral replication during antiviral treatment. Yuen et al[28] found that
the rate of emergence of LAM-resistant HBV strain was
directly proportional to the HBV-DNA concentration
at week 24 after treatment (8%, 13%, 32%, and 64% for
patients with 24-wk HBV-DNA concentration lower
than 200 copies/mL, 3 log10 copies/mL, 4 log10 copies/mL, and 4 log10 copies/mL and higher, respectively,
at a median follow-up of 29 mo). Fukai et al[29] also found
that patients with undetectable HBV-DNA by PCR at
week 24 of LAM treatment had a substantially lower rate
of virologic breakthrough. Multivariate analysis including the variables of pretreatment ALT level, pretreatment HBV-DNA level, and HBV-DNA level at week 24
showed that the HBV-DNA level at week 24 was the only
independent variable associated with the occurrence of a
virologic breakthrough. The GLOBE trial, the phase Ⅲ
multicenter trial of LdT, also showed the importance of
HBV-DNA suppression at week 24 for the emergence
of antiviral resistance. Eighteen of 203 (9%) hepatitis B
e antigen (HBeAg)-positive patients and 11 of 177 (6%)
HBeAg-negative patients with undetectable HBV-DNA
at week 24 had LdT resistance at year 2, compared to 46
of 107 (43%) HBeAg-positive patients and 7 of 10 (70%)
HBeAg-negative patients with an HBV-DNA concentration of more than 4 log10 copies/mL at week 24[30].
Because of the slower and less potent antiviral activity of
ADV, the on-treatment HBV-DNA concentration was
assessed at week 48, instead of week 24. Five of 89 (6%)
patients with an HBV-DNA concentration of less than
300 copies/mL at week 48 had ADV resistance at 192
wk, compared to 17 of 35 (49%) patients with an HBVDNA concentration of more than 3 log10 copies/mL[31].
All of the above-mentioned studies stressed the importance of rapid and profound suppression of viral replication to minimize the emergence of drug resistant HBV
during long-term treatment with nucleos(t)ide analogues.

MANAGEMENT OF ANTIVIRAL DRUG
RESISTANCE
The management of treatment failure has changed significantly in recent years. Actually, treatment failure can be
expanded to include a partial virologic response as well as
the classic virologic breakthrough with the availability of
potent antiviral drugs and precise virologic monitoring
tools. Compliance to antiviral drugs in all patients should
be closely monitored and reinforced when necessary and
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antiviral drug resistance should be managed according
to the resistance testing profile of the patient’s specific
HBV polymerase DNA sequence, in the context of the
available cross resistance data (Table 1).

LAM-RESISTANT HBV
The treatment strategy for LAM-resistance can also
be applicable to LdT-resistance because of the shared
drug-resistance profile (rtM204I/V) between LAM and
LdT. The rtM204I and rtM204V mutations refer to the
substitution of methionine with isoleucine or valine, respectively, at codon 204 of the reverse transcriptase gene.
Previously these mutations were called YMDD mutations, but the terminology is no longer recommended[32].
rtM204V mutation emerges during LAM treatment;
however, rtM204I can develop during the administration
of LAM, LdT, or clevudine[30,33-35]. A rtM204V mutation
may commonly be associated with rtL180M, but not with
rtM204I mutation[36]. These mutations are sensitive to
ADV and TDF, but they exhibit cross-resistance to ETV
and show an eight-fold decrease in sensitivity. Kim et al[37]
have shown that the biochemical response at 12 mo of
ADV add-on LAM combination treatment was better
in patients with an rtM204I mutation than rtM204V+
rtM204I/V mutations. Additionally, early treatment failure was more common in patients with rtM204V+ rtM204I/V mutations than with an rtM204I mutation. The
rtA181T mutation has been detected in 5% of LAMresistant patients. This mutation exhibits cross resistance
to ADV, but remain sensitive to ETV[38].
A pilot study which compared the antiviral efficacy of
ADV monotherapy with ADV add-on LAM combination
therapy against LAM-resistant HBV infection found a
comparable reduction of the viral load (-4.4 log10 copies/
mL vs -3.59 log10 copies/mL, respectively) and normalization of the serum ALT level (53% vs 47%). However, a
transient ALT flare was found in 37% of the patients in
the ADV monotherapy group[39]. Therefore, switching to
ADV monotherapy or short-term (2-3 mo) ADV-LAM
combination treatment during rescue ADV treatment to
prevent a transient ALT flare was recommended. The
rate of ADV resistance in LAM-resistant patients was
shown to be as high as 18% at 1 year, compared with 0%
in LAM-naïve patients[40]. A study by Yeon et al[41] for 67
patients with LAM-resistance who were switched to ADV
reported a cumulative ADV resistance rate of 6% and
25% at years 1 and 2, respectively. According to a study
from Hong Kong, for 56 patients with LAM-resistance,
the cumulative occurrence rate of ADV-resistance at 2
years was 18% for patients who had switched to ADV
and 7% for patients who had ADV added to LAM[42].
A recent study of ADV add-on LAM combination
treatment for patients with preexisting LAM-resistance
showed that the cumulative ADV resistance rates were
1%, 2%, 4%, and 4% for the first 4 years[43]. Therefore, it
seems likely that the ADV-resistance rate in patients with
preexisting LAM-resistance can be greatly reduced by
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ADV add-on LAM rather than switching to ADV.
The timing of the ADV add-on for patients with
preexisting LAM-resistance is another crucial factor for
better viral suppression. A study performed by Lampertico et al[44] showed that the addition of ADV at the time
when the HBV-DNA concentration was 3-6 log10 copies/
mL and the serum ALT was normal resulted in 100% of
the 74 HBeAg-negative patients with preexisting LAMresistance achieving an undetectable HBV-DNA level at
3 mo. This was compared with only 46% of the patients
with an HBV-DNA concentration of more than 6 log10
copies/mL and a high serum ALT level at the time of the
addition of the ADV. Thus, the addition of ADV as early
as possible (at the time of the detection of genotypic
resistance, if possible) is the best strategy for the rescue
treatment of patients with LAM resistance.
ETV has also been evaluated as a rescue treatment
option for patients with Lam resistance. A study by Kim
et al[45] showed that ETV 1.0 mg daily for 24 patients with
preexisting LAM resistance had a mean log10 HBV-DNA
concentration reduction of 2.89, 3.34, and 3.71 at 6, 12,
and 24 mo from the baseline. In comparison, ADV addon LAM combination for 36 patients with preexisting
LAM resistance had a mean log10 HBV-DNA concentration reduction of 4.17, 4.63, and 4.86 at 6, 12, and 24 mo
from the baseline. This result was statistically analyzed
and it was concluded that ADV add-on LAM combination therapy significantly suppressed log10 HBV-DNA to
a greater extent than ETV monotherapy at 3, 6, and 12
mo after the initiation of rescue antiviral treatment. Additionally, viral breakthrough and genotypic resistance were
detected in six (25.0%) patients receiving ETV monotherapy, whereas no case of genotypic resistance was
detected in the ADV add-on LAM combination therapy
group 24 mo after the initiation of each antiviral treatment. Although the genotypic resistance rate of ETV is
as low as 1.2% at year 5 in treatment-naïve patients, it has
been reported that the cumulative rates of ETV genotypic resistance in patients with preexisting LAM-resistance
are 6%, 15%, 36%, 46%, and 51% from years 1 to 5[46].
ETV is probably inferior to early ADV add-on for the
treatment of LAM-resistant HBV.
TDF has shown potent antiviral activity against LAMresistant HBV as well as against wild type HBV[47,48]. In
a study of 53 patients with LAM-resistance and HBVDNA of more than 6 log10 copies/mL who received
TDF, there was a reduction in the HBV-DNA concentration of more than 5 log10 copies/mL at week 48
compared to 3 log10 copies/mL in those who received
ADV[47]. An HBV-DNA concentration of less than 400
copies/mL was achieved in all TDF-treated patients
compared with only 44% of patients treated with ADV.
In a recent study with a longer follow-up period of 23
mo, TDF monotherapy resulted in 100% HBV-DNA
undetectability among LAM-resistant CHB patients[49].
Therefore, treatment strategies which include TDF
seems to be more effective than those involving ADV for
rescue treatment in patients with LAM-resistance. However, there is a report of TDF resistance in patients with
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LAM-resistance who received TDF monotherapy, so the
efficacy of TDF monotherapy requires further verification[50]. One recent study showed that among 109 LAMresistant CHB patients, TDF plus LAM combination
treatment was more efficacious in reducing the HBVDNA level than TDF monotherapy, ADV monotherapy,
and ADV add-on LAM combination therapy[51]. More
recently, combination treatment of TDF plus LdT produced a higher rate of virologic response (defined as a
HBV-DNA reduction of more than 2 log10 copies/mL)
than combination therapy of TDF plus LAM after 12 mo
of treatment[52].

ADV-RESISTANT HBV
Development of resistance to ADV is slower compared
to LAM, with the reported rate being 2% at 2 years and
29% at 5 years[31,53]. The primary mutations associated
with ADV-resistance are rtN236T and rtI233V in the D
domain and rtA181T/V in the B domain[21,31,54-56]. The
rtN236T mutant remains sensitive to LAM, LdT, and
ETV with less than 3-fold change in the IC50 and has
a moderately decreased replication capacity compared
to wild type HBV[53,57]. The rtA181T/V mutation is associated with decreased susceptibility to LAM, LdT, and
ETV (8- to 16-fold) but is sensitive to TDF (about 2-fold
change in IC50)[58,59]. TDF is effective in suppressing HBV
replication in patients who exhibiting LAM-resistance
who have failed to respond adequately to ADV, and in
patients resistant to both LAM and ADV[60]. However,
reduced sensitivity to TDF was demonstrated in ADVresistant HBV, indicating potential cross-resistance[49].
Therefore, adding emtricitabine (FTC) or LAM to TDF
could be a more appropriate treatment strategy than TDF
monotherapy in patients with ADV resistance. Actually, the addition of FTC led to a further decrease in the
serum HBV-DNA level in patients with ADV resistance
and a suboptimal response to TDF monotherapy[61].
ETV has been demonstrated to be effective in suppressing the replication of HBV in patients with ADVresistance. ETV is effective against both rtA181T/V and
rtN236T mutant HBV strains[62-65] because ETV does
not possess cross-resistance with ADV[38]. Combination
treatment of ADV plus ETV is considered to be a better
treatment option because the selection of LAM-resistant
strains during ETV-monotherapy can result in subsequent ETV-resistance[66]. Combination treatment of ETV
and TDF can also be a treatment option for multidrug
resistant HBV infection which includes ADV resistance
(especially rtA181T/V) [67].

ETV-RESISTANT HBV
Few clinical studies have investigated the treatment of
ETV-resistant HBV. ETV-resistant HBV is still sensitive to ADV, and ADV can be considered to be an initial
treatment option in CHB patients with ETV-resistance.
Clinical studies indicated that ADV was effective in suppressing the replication of ETV-resistant HBV[68,69]. Com-
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Table 2 Recommendations of guidelines for rescue therapy in chronic hepatitis B patients with antiviral drug resistance
Drugs to which antiviral
resistance developed

[74]

AASLD (2009)

LAM

Add ADV or TDF
Stop LAM, switch to Truvada®1

LdT

Add ADV or TDF
Stop LdT, switch to Truvada®
Add LAM2

ADV

Stop ADV, switch to Truvada®
Switch to or add ETV2

ETV

Switch to TDF or Truvada®

[6]

EASL (2012)

[75]

APASL (2008)

Switch to TDF
Add ADV, if TDF is not available

Add-on ADV therapy
Switching to ETV therapy (1 mg/d) is an option
Switching to interferon-based therapy is an option
Switch to TDF
Add-on ADV therapy
Add ADV, if TDF is not available.
Switching to interferon-based therapy is an option
If nucleoside-naive before ADV For LAM-naive patients who develop drug resistance while
then switch to ETV or TDF
on ADV, add-on or switching to LAM, LdT, or ETV is
indicated
If the patient has high viremia then
Switching to interferon-based therapy is an option
switch to ETV
If there is prior LAM resistance
then switch to TDF or add a
nucleoside analogue
Switch to or add TDF
Add ADV, if TDF is not available

1

Truvada® = combination pill with emtricitabine 200 mg and TDF 300 mg; 2Durability of viral suppression unknown, especially in patients with prior LAM
resistance. AASLD: American Association for the Study of the Liver Diseases; EASL: European Association for the Study of the Liver Diseases; APASL:
Asian-Pacific Assocation for the study of the Liver Diseases; LAM: Lamivudine; LdT: Telbivudine; ETV: Entecavir; ADV: Adefovir; TDF: Tenofovir.

bination treatment of ADV plus ETV would be a more
appropriate treatment option for reducing ADV resistance and improving antiviral efficacy[66]. TDF is reported
to be effective in suppressing the replication of ETVresistant HBV. In most of the CHB patients with ETVresistant HBV who showed persistent viremia after LAM
plus ADV treatment, HBV-DNA became undetectable
after 6 mo treatment of TDF[70].

TDF-RESISTANT HBV
There are no data on the management of TDF resistance. An in vitro study showed that replication of the
rtA194T mutant was suppressed effectively by ETV and
intermediately by LdT[71].

MULTIDRUG RESISTANCE
Although most HBV strains are resistant to a particular
nucleo(t)ide analogue, this resistance can be effectively
suppressed by using a nucleo(t)ide analogue from a different structural group. However, multidrug resistance
might become a problem in the future. Prolonged and
sequential exposure to nucleo(t)ide analogues promotes
the formation of clusters of mutations such as rtA181T/
I233V/N236T/M250L, all on the one dominant HBV
genome, and these clusters are associated with multidrug
resistance[72]. To avoid the development of multidrug
resistant HBV, efforts should be made to achieve maximal viral suppression with a selection of drugs that have
complementary cross-resistance profiles.

RECOMMENDATIONS OF GUIDELINES
FOR RESCUE THERAPY IN PATIENTS
WITH ANTIVIRAL DRUG RESISTANCE
Guidelines can provide evidence-based framework of
judgement for determining the most appropriate rescue
therapy in CHB patients with antiviral drug resistance;
however, individualized and flexible approaches are
needed in each patient, considering the patient’s preference, physician’s experiences, socioeconomic and reimbursement environment of each patient and physician,
and progress in knowledge for chronic hepatitis B. Recommendations of guidelines for rescue therapy in CHB
patients with antiviral drug resistance are summarized in
Table 2.

SUMMARY OF ANTIVIRAL DRUG
EFFICACIES IN RESCUE SETTINGS

SAFETY OF RESCUE ANTIVIRAL
TREATMENT
The frequencies of the occurrence of serious adverse
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events among the ETV 1.0 mg monotherapy, ADV 10
mg monotherapy, and ADV add-on LAM combination
treatment were reported to be similar and most of the
adverse events were mild-to-moderate in severity[45]. Reported serious adverse events included abdominal, nausea
and diarrhea on ETV 1.0 mg monotherapy, and elevation of serum creatinine level in ADV monotherapy and
ADV add-on LAM combination treatment. No patients
with TDF rescue treatment were reported to develop
renal toxicity, defined as a decrease of eGFR more than
20% from baseline. No cases of hypophosphatemia or
other adverse events associated with TDF therapy were
observed[73].

Virologic and serologic responses to various rescue therapies were summarized in Table 3.
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Table 3 Antiviral drug efficacies in rescue settings
Virologic, serologic, and biochemical responses

Patients with undetectable HBV-DNA (%)
1 yr
2 yr
3 yr
4 yr
5 yr
Cumulative probability of genotypic resistance (%)
1 yr
2 yr
3 yr
4 yr
5 yr
Cumulative probability of HBeAg seroconversion (%)
1 yr
2 yr
3 yr
4 yr
5 yr
Cumulative probability of ALT normalization (%)
1 yr
2 yr
3 yr
4 yr
5 yr

ADV
[76]
monotherapy

ETV
[45,46]
monotherapy

22.8
48.9
56.8
60.3
60.3

54.5
50.0

4.4
18.4
34.3
52.3
65.6

6
15
36
46
51

7.3
12.7
15.0
17.0
17.0

0
0

80.3
83.2
86.7
88.2
88.2

77.3
80

ADV + LAM
combination
[43]
therapy
61
70
79
82

0.7
0.9
1.3

ADV + LdT
combination
[77]
therapy

ADV + ETV
combination
[78,79]
therapy

70.3

88.8
97.8

0

0
0

9.67

15.6
26.7

24

84
87
89

64

100
100

ADV: Adefovir; ETV: Entecavir; LAM: Lamivudine; LdT: Telbivudine; TDF: Tenofovir; HBV-DNA: Hepatitis B virus deoxynucleic acid; HBeAg: Hepatitis B
e antigen; ALT: Alanine aminotransferase.

patients with CHB.

CONCLUSION
To prevent and minimize the emergence of drug resistance, nucleo(t)ide analogues that cause rapid viral suppression with a high genetic barrier to resistance should
be the treatment of choice. Clinical studies have shown
that drugs with a high genetic barrier to resistance, such
as ETV and TDF, have significantly lower rates of resistance compared to those with a low genetic barrier to
resistance, such as LAM, ADV and LdT. The first choice
of an antiviral drug should include a highly potent agent
with a high genetic barrier in order to achieve sustained
long-term suppression of viral replication, thereby providing the best chance of achieving the primary goal of
treatment - the prevention of liver disease progression.
Management of treatment failure due to the emergence
of antiviral resistance requires precise clinical and virologic monitoring and rescue treatment with the appropriate complementary drug(s), with checking of their crossresistance profile as early as possible. To achieve a better
clinical response in CHB patients with antiviral drug
resistance, the addition of another nucleo(t)ide analogue
from a different structural group without cross-resistance
should be given, preferably at the time when genotypic
resistance emerges. Although antiviral drug resistance
remains a major clinical concern, continuous virologic
monitoring with sensitive and quantitative tools and the
development of a new generation of antiviral agents with
a better potency and high genetic barrier to resistance
have brought major improvements in the management of
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Abstract
Hepatitis B virus (HBV) has killed countless lives in huth
man history. The invention of HBV vaccines in the 20
century has reduced significantly the rate of the viral
infection. However, currently there is no effective treatment for chronic HBV carriers. Newly emerging vaccine
escape mutants and drug resistant strains have complicated the viral eradication program. The entire world is
now facing a new threat of HBV and human immunodeficiency virus co-infection. Could phage display provide solutions to these life-threatening problems? This
article reviews critically and comprehensively the innovative and potential applications of phage display in the
development of vaccines, therapeutic agents, diagnostic reagents, as well as gene and drug delivery systems
to combat HBV. The application of phage display in
epitope mapping of HBV antigens is also discussed in
detail. Although this review mainly focuses on HBV, the
innovative applications of phage display could also be
extended to other infectious diseases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Phage display; Hepatitis B virus; Epitope
mapping; Drug delivery; Gene delivery; Antiviral drug;
Therapeutics; Diagnosis; Hepatocellular carcinoma;
Virus-like particle; Vaccine
Core tip: Hepatitis B virus (HBV) poses a major health
problem worldwide and currently there is no effective
treatment for HBV infection. Treatments of patients
with nucleoside analogues have resulted in the selection of vaccine escape and drug resistant mutants.
Most frightening, HBV is now linking arms with human
immunodeficiency virus to threaten the world. Phage
display has been employed extensively to solve these
life-threatening problems. This article reviews critically
the innovative applications of phage display in epitope
mapping and the development of vaccines, therapeutic
agents, diagnostic reagents, as well as gene and drug
delivery systems.
Tan WS, Ho KL. Phage display creates innovative applications to combat hepatitis B virus. World J Gastroenterol 2014;
20(33): 11650-11670 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11650.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11650

INTRODUCTION
Hepatitis B virus (HBV), which causes liver cirrhosis and
hepatocellular carcinoma (HCC), is one of the greatest
killers in human history. It is 200 times more infectious
than human immunodeficiency virus (HIV) and so far
has killed more people than HIV. HBV poses a serious
global health problem, about one third of the world’s
population have been infected by this virus, of which 370
million are chronic carriers and about one million people
die each year[1]. The virus is commonly present in human population, at least 7% of the people in South East
Asia, China and Africa are chronically infected by HBV.
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Figure 1 Schematic representations of hepatitis B virus virion (A), spherical (B) and filamentous (C) particles. The envelope of hepatitis B virus (HBV) virion
or the Dane particle (A) contains three forms of hepatitis B surface antigen (HBsAg): large (L-) HBsAg has the PreS1, PreS2 and S domains; middle (M-) HBsAg contains the PreS2 and S domains; and small (S-) HBsAg has only the S domain. The representations of the L-, M-, and S-HBsAg have no quantitative or positional significance. The L-HBsAg interacts with the viral capsid which is made of many copies of the core protein (HBcAg). The capsid encapsidates a partially double stranded
DNA molecule, a DNA polymerase containing the primase and reverse transcriptase activities. The protein kinase C phosphorylates the capsid protein. The diameter
of HBV virion is about 42 nm when it is stained negatively and observed under a transmission electron microscope, but it appears bigger in cryo-electron microscopy.
The spherical (B) and filamentous (C) particles have a diameter about 22 nm in negative staining and appear bigger in cryo-electron microscopy. The length of the
filamentous particle varies. Both the non-infectious particles contain the L-, M-, S-HBsAg and lipid.

The virus is now classified in the family of Hepadnaviridae
and it has a narrow host range, infecting only human and
other higher primates such as chimpanzees and orangutans. The modes of HBV transmission include blood
transfusion, unprotected sexual contact, contaminated
needles and syringes, and via perinatal transmission from
an infected mother to her baby during childbirth.
Hepatitis B surface antigen (HBsAg) was accidentally
discovered in 1960’s by an American doctor, Baruch
Blumberg, in the blood of an Australian aborigine, when
he was studying the inherited variations in human beings[2]. In 1970, for the first time, Dane et al[3] reported the
observation of the virus particles under a transmission
electron microscope. The infectious particle or known
as the Dane particle, is roughly spherical with a diameter

WJG|www.wjgnet.com

about 42 nm (Figure 1). This particle can be found in
the blood of a chronically infected patient and its threedimensional structure has been determined by cryoelectron microscopy[4]. The virion is enveloped by a lipid
bilayer derived from the host cell membranes[5]. Associated with the lipid are three distinct but related forms of
surface protein (HBsAg): S- (small), M- (middle) and L(large) HBsAg.
Inside the envelope is the viral nucleocapsid which
is made of many copies of core protein or commonly
known as core antigen (HBcAg). Within the capsid is a
partially double-stranded DNA genome. The polymerase
protein (P) which has reverse transcriptase and DNAdependent DNA polymerase activities is covalently linked
to a partially double-stranded circular DNA genome of
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about 3.2 kb.
Apart from the virion, another two distinct forms of
non-infectious particles are also observed in the serum
of a chronic carrier. They appear as spheres or filaments
with a diameter of about 22 nm when observed under
an electron microscope (Figure 1). The filamentous particles have different length. The amount of these noninfectious particles is about 1000- to 100000-fold in excess compared to the virion[6] and it is thought to serve as
decoys to fool human’s immune system.
On the other hand, not all viruses are harmful to human beings. Viruses that infect and replicate in bacteria
or known as bacteriophages (phages) are believed to
control bacterial populations on this planet. They are distributed in oceans, rivers, soils, animals, insects and places
populated by bacteria. These useful viruses were discovered separately by Frederick Twort and Félix d’Hérelle in
1910’s[7], about 50 years earlier before HBV was discovered. They occur in a wide variety of different sizes and
shapes with DNA or RNA as their genomes. One may
not be aware of phages’ impacts on the global economy
and the advancement of science and technology. In fact,
they were used widely as anti-bacterial agents in the early
and mid-20th century before antibiotics were discovered.
Phages also contributed significantly in understanding the
fundamentals of DNA replication, transcription, translation, recombination and regulation. Some modification
enzymes used in molecular biology, including ligase and
RNA polymerase are isolated from these viruses. Phages,
such as M13 and lambda, are employed as DNA cloning
vectors for protein productions and determination of
nucleotide sequences in organisms, including the human
being[8].
On June 14, 1985, the Science, published an article by
George P. Smith, describing an innovative method to display peptides on a filamentous phage by fusing their coding sequences to the phage’s genome[9]. This article marks
the beginning of phage display, so simple that it links a
genotype and a phenotype physically in a single phage
particle, and so powerful that it allows the amplification
of these two elements in billion folds in bacteria. Immediately, phage display ignited a spark of interest among
scientists around the world, who incorporated, refined
and applied it to almost every field of biological sciences,
which include drug discovery, antibody engineering, epitope mapping, vaccine development, gene and drug delivery, development of diagnostic reagents, organ targeting,
enzyme technology, protein-protein interactions and protein-DNA interactions. At the time of writing this manuscript, there are more than 20000 scientific articles about
phage display on Google Scholar, demonstrating the impact of this method on current global economy, science
and technology. Phage display has now developed into
one of the most important tools in biological research,
and of course it has also been employed extensively to
study HBV particularly its innovative applications to control this virus. However, to the best of our knowledge, so
far there is no review paper summarizing the applications
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of phage display on HBV research. Therefore, the main
aim of this paper is to provide a comprehensive and critical review on the innovative applications of phage display
to combat HBV. In order to achieve this aim, this article
is divided into five sections based upon the main strategies that have been used to control and manage HBV.

VACCINE DEVELOPMENT
Edward Jenner’s brilliant idea about small pox vaccination
in 18th century, also worked effectively for HBV vaccination in 20th and 21st centuries to prevent the spread of
HBV, and of course this has saved countless lives worldwide. The first HBV vaccine was prepared by Baruch
Blumberg and Irving Millman by using the non-infectious
HBV particles (Figure 1) purified from infected sera[10].
This invention was patented by Fox Chase Cancer Center, licensed to Merck and Company, Inc. and approved
by the U.S. Food and Drug Administration (FDA)[10]. In
1981, Merck marketed the first hepatitis B vaccine, Heptavax, but was discontinued in 1990 and replaced by a
recombinant DNA vaccine[11].
The invention of recombinant DNA technology in
1970s allows the genetic materials from different organisms to be joined together, artificially introduced into
an organism and expressed in the host. This innovative
technology was quickly employed by Kenneth Murray,
from the University of Edinburgh and also a co-founder
of Biogen Inc., to insert the HBV DNA in a bacterial
plasmid and to produce the recombinant proteins in
Escherichia coli (E. coli)[12,13]. The experiment was successful
and the first patent applications were filed in December 1978[14]. In early 1980s, the HBsAg was successfully
produced in yeast by using recombinant DNA technology[15-17] and was demonstrated to protect chimpanzees
from HBV infection[18,19]. This second generation vaccine
is safer compared to the non-infectious particles purified
from the sera of infected patients as the latter may be
contaminated with other human pathogens. Production
of this recombinant vaccine, when compared with the
plasma-derived vaccine, is less laborious and less timeconsuming. From the commercial aspect, Biogen Inc. licensed the patent to SmithKline Beecham, and almost at
the same time Chiron Corporation, founded by William
Rutter[20], worked with Merck to commercialize the vaccine. The recombinant vaccine manufactured by Merck
(Recombivax HB®) and SmithKline Beecham (Engerix-B
®) was eventually approved by the United States FDA in
late 1980s[21]. The mass immunization of infants worldwide as recommended by the WHO has dramatically
reduced the rate of HBsAg carrier in many countries[22].
For instance, in China the prevalence of HBsAg carriers
dropped from 14.6% to 1.4%[23]. In addition, the incidence of HCC also declined by 4-folds in children after
the implementation of mass immunization in Taiwan[24],
indicating that HBV vaccine could prevent liver cancer.
Currently, there are effective vaccines in the market
to prevent HBV infection. Is there a need to invent and
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Table 1 Phage display in vaccine discovery
Strategy
Display of
immunogens on
phage particles

Phage (carrier)

Vector (target)

Epitope/mimotope/gene

T7 (10B)

T7 Select 415-B

“a” determinant of HBsAg
(residues 111-156)

M13 (pⅧ)

pC89 with helper
phage VASM13

HBsAg28-39

M13 (pⅢ)

pCANTAB5E
with helper phage
M13KO7
pCANTAB5E
with helper phage
M13KO7
(Selected from
HBV-infected sera)

PreS1

M13 (pⅢ)

Identification
of epitope or
mimotope
mimics

Phage-delivered
DNA vaccine

HBcAg

Vaccination

Results

Rabbit
Anti-HBsAg antibody
(subcutaneous)
induced
Freund’s complete
adjuvant
Mice (intradermal
MHC
and intraperitoneal)
class Ⅰ restricted
no adjuvant added HBsAg specific CTL
response
NA
NA

Mice (intraperitoneal)
Anti-HBcAg
incomplete Freund’s
antibody induced
adjuvant
Mice (intraperitoneal) Anti-HBsAg antibody
no adjuvant added
induced

Ref.
Tan et al[78]

Wan et al[40]

Kok et al[41]

Bahadir et al[42]

Φ13 CRTCAHPGEHA
Folgori et al[54]
Φ17 CIPFYLSAPQC
Φ30 CGPFFLSPTSC
Φ41 CGPFFLAASVC
M13 (pⅧ and pⅢ)
(Selected from
Φ13, Φ35 (CVTCDTPPTY)
Mice (intranasal/ Anti-HBsAg antibody Delmastro et al[56]
HBV-infected sera) ΦⅢ/17, ΦⅢ41 and ΦpⅢ/13 oral) cholera toxin as
induced
adjuvant
HBsAg gene
Mice
Anti-HBsAg antiboClark et al[59]
λ
λ-gt11
(subcutaneous)
dy induced
HBsAg gene
Rabbits
Anti-HBsAg antiboClark et al[61]
λ
λ-gt11
(Intramuscular)
dy induced
M13 nonapeptide
library (pⅧ)

NA: Not applicable; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; MHC: Major histocompatibility complex; HBcAg: Hepatitis B core antigen;
CTL: Cytotoxic T lymphocyte.

formulate new vaccines? Yes, or at least until the virus
is totally eradicated from this planet. Immune-escape
mutants with amino acid substitutions, deletions and insertions across the immunodominant region or the “a”
determinant of HBsAg have been reported widely[25-28].
Besides, a prolonged treatment of chronic hepatitis B
patients with nucleotide or nucleoside analogs have resulted in the selection of vaccine escape mutants harboring nucleotide substitutions in their polymerase (pol) and S
genes[29]. Most frightening, millions of people worldwide,
particularly sub-Saharan Africa and East Asia, are coinfected by HBV and human immunodeficiency virus
(HIV)[30]. These people have a higher rate of liver-related
mortality compared to those only infected by HIV-1
or HBV alone[31]. In addition, only 20%-70% of HIVinfected patients developed an anti-HBsAg response after
a standard HBV vaccination compared to 90%-95% in
healthy adult individuals[32]. All the above scientific and
medical evidences as well as the viral genetic diversity,
justify strongly a continuing need for the development
of new HBV vaccines. We believe that phage display can
provide alternative solutions to these life-threatening
problems. In general, up till now, phage display has been
employed extensively to address these problems and can
be grouped into three categories based on its applications: (1) display of immunogens on phage particles; (2)
identification of epitope or mimotope mimics from sera;
(3) phage-delivered DNA vaccine. These applications are
summarized in Table 1 and discussed separately in the
following sections.
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Display of immunogens on phage particles
Several polypeptide carriers have been developed to display or serve as a fusion partner for HBV immunogenic
regions. These include HBV capsid (reviewed by[33,34]), ice
nucleation protein (INP) located on the outer membrane
of Pseudomonas syringae[35], heat shock protein 70 from Mycobacterium tuberculosis (TBhsp70)[36] and heat shock protein
65[37]. Apart from these potential carriers, phage particles
provide an alternative means to display HBV epitopes
and mimotopes.
Tan et al[38] demonstrated that the T7 phage is an efficient carrier for the highly conformational immunodominant region or denoted as “a” determinant of HBsAg
(residues 111-156). This region was fused to the C-terminal end of the 10B capsid protein of T7 phage and about
1016 copies of reasonably pure immunodominant region
can be produced and purified from 1 L culture within 6
h. The recombinant phage, namely T7-HBsAg111-156, was
demonstrated to be highly immunogenic in rabbits and
the immune response was as good as that of humanderived HBsAg, illustrating the potential of the whole
recombinant phage particle as a vaccine candidate. The
biological and physical features of T7 phage make it an
excellent choice to display polypeptides: (1) the robust
structure of the phage particle with an icosahedral head
allows it to survive in extreme conditions; (2) the icosahedral head is composed of 415 copies of 10B proteins,
enabling a high copy number of polypeptides, up to 50
residues, to be displayed on the surface of the phage particle[39]; and (3) T7 phage propagated faster than filamen-
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Figure 2 Envelope proteins of hepatitis B virus. The translation products of the HBsAg gene are shown as lines of different thickness. Small (S-), middle (M-) and
large (L-) HBsAg are translated from a common open reading frame of the HBsAg gene by the use of three in-frame initiation codons (1) at the N-termini of PreS1,
PreS2 and S. G: Glycosylation; MYR: Myristic acid; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

tous bacteriophages and its progenies assembled in the
cytoplasm of E. coli cells and are released by breaking the
host cells, thus the displayed peptides do not have to possess the capability to secrete through the periplasm and
the cell membrane, as required by filamentous phages.
Several HBV immunogenic epitopes have also been
displayed on filamentous phages as reported by Wan et
al[40], Kok et al[41] and Bahadir et al[42]. In the first article,
Wan et al[40], fused a 12-mer epitope, HBsAg28-39, to the
pⅧ coat protein of M13 phage. The vector, phagemid
pC89, was used in the cloning of the coding sequence
and the hybrid phage particles were produced by coinfecting with a helper phage, VASM13. The recombinant phage particles were inoculated into BALB/c (H-2d)
mice in the absence of an adjuvant. Interestingly an MHC
class Ⅰ restricted HBsAg specific cytotoxic T lymphocytes (CTL) response was observed after 8 days of inoculation, demonstrating the potential of the recombinant
M13 phage particles as potent immunogens without an
adjuvant. The pⅧ protein allows a very high copy number of display because an M13 phage particle is made up
of about 2700 copies of this major coat protein. On the
other hand, the pⅢ protein can only display up to 5 copies of foreign peptides at the tip of a filamentous phage.
Kok et al[41] displayed the PreS region (163 residues) on
M13 phage by using the pCANTAB5E vector with the
help of the M13KO7 helper phage. The expression level
of the fusion protein, PreS-g3P, was very low, most likely
due to the low copy number of the pⅢ protein. Nevertheless, the fusion protein was shown to be antigenic. Recently, Bahadir et al[42] fused a larger protein, a full-length
HBcAg (about 180 residues), to the pⅢ protein of M13
phage, by using the vector and helper phage as described
by Kok et al[41]. The recombinant phage particles were
shown to be highly immunogenic in BALB/c mice.
The filamentous phage is an excellent immunogenic
carrier because: (1) its DNA can be manipulated easily
and the viral particle can be conjugated chemically; (2) it
does not lyse its host cells and these two major components can be separated easily by a simple centrifugation
or any separation methods; (3) it elicits strong antibody
responses at low doses and in the absence of an adjuvant[43-45]; (4) its immunogenicity is also enhanced by host
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lipopolysaccharide (LPS) associated with the purified
phage preparation[46,47]; and (5) it elicits T cell responses[48]. The high immunogenicity of the phage particle
itself may mask the immunogenicity of the displayed
peptides. In order to reduce the phage’s immunogenicity, van Houten et al[49] deleted the immunodominant
region of the pⅢ protein which enhanced and focused
the antibody response against the chemically-conjugated
synthetic peptide. This approach plus other mutagenesis
techniques, amino acid substitution and insertion, can be
employed to reduce the immunogenicity of phage particles, be it λ, MS2, P4, T4 or T7.
The use of T4 phage to display HBV epitopes has
yet to be reported. Interestingly, the ability of this phage
to co-display two immunogenic components on a single
phage particle by exploiting two different capsid proteins,
Hoc and Soc[50], would be an advantage to display HBV
and HIV epitopes together, to prevent the co-infection
by these two life-threatening viruses. The limitation of
phage display is that the displayed peptide is not posttranslationally modified as in eukaryotic systems, but this
can be overcome by identification of epitope or mimotope mimics from sera as described below.
Identification of epitope or mimotope mimics
HBsAg are glycoproteins; the S-HBsAg is either glycosylated or un-glycosylated at Asn-146 of the S region (Figure 2) and the M-HBsAg has an additional glycosylation
site at Asn-4 of the PreS2 region[51]. A myristyl group is
linked to the glycine residue at the N-terminus of L-HBsAg[51], which is required for the virus infectivity[52]. The
phosphorylation of HBcAg, the sole monomer of the
viral capsid, is believed to facilitate the transport of the
viral genome into host’s nucleus[53]. All these post-translational processes plus the formation of cysteine bonds
and others have yet to be discovered processes, may play
significant roles in stimulating both humoral and cellular
immune responses. This poses a major challenge to the
current recombinant DNA technology and chemical synthesis technology. Our understanding about the diversity
and complexity of the cellular and humoral responses of
HBV infection is still limited. For a start, the complexity
of a random peptide library displayed on phages (about
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1 billion different peptide sequences for a 6-mer peptide
library), provides a practical approach to dissect the immune response of HBV infection. Both monoclonal and
polyclonal antibodies from human sera can be used as
substrates for the selection of epitopes or mimotopes
that mimic antigen-antibody contact sites (molecular
mimicry). For instance, Folgori et al[54] successfully identified mimotopes of HBsAg using HBV-infected sera.
Some of the selected peptides share similarity with the
amino acids located at positions 121-127 of HBsAg.
Subsequently, immunization of mice and rabbits with the
selected phages harboring the mimotopes mounted cellular[54] and humoral[55] responses resembling those induced
by HBsAg. This discovery provides a method to map
an immune response by using phage displayed peptide
library, without any information about the infected agent.
Delmastro et al[56] further demonstrated that the mimotope mimics induced specific antibodies when administered orally to BALB/c mice, suggesting the potential of
phage display in oral vaccine development.
Phage-delivered DNA vaccine
A direct injection of a plasmid DNA encoding the HBsAg into mouse muscles has led to the production of the
viral surface antigens in the tissues which eventually induced both humoral and cell-mediated immune responses[57]. This finding provides an alternative means for HBV
vaccine development, apart from the well established
virus-based and protein-based vaccines. The application
of this DNA-based vaccine was further extended by
Mancini et al[58], who demonstrated that the HBsAg transgenic mice representing HBV chronic carriers, mounted
an immune response after a single intramuscular injection which resulted in a complete clearance of circulating
HBsAg. This result opens new inroads in designing more
effective ways in treating HBV chronic carriers. A clinical
trial of the DNA vaccine in hepatitis-naive human volunteers using a gene gun (PowderJect™ system) as a delivery means into skin cells showed that the vaccine induced
protective antibody titers as well as humoral and cell-mediated immune responses. However, up till now, there is
no DNA vaccine available in the market to prevent HBV
infection or treatment of chronic carriers. Perhaps, a longer time is needed, to overcome all the shortcomings of
a DNA vaccine, before it can be used practically for mass
inoculation in human. It is hope that phage display could
play some roles in leading us towards this ultimate aim.
A novel concept to deliver DNA vaccines by using
phage particles was introduced by Clark and March[59].
The HBsAg gene was inserted into a phage λ vector containing a DNA vaccine expression cassette and the cytomegalovirus promoter (PCMV). The whole phage particles harboring the recombinant DNA, rather than the
naked DNA, were used to immunize mice and rabbits.
Interestingly, the anti-HBsAg antibody levels were found
to be higher than the standard plasmid-based DNA immunization in these animals[59,60]. Recently, the researchers
have compared the phage-delivered HBsAg DNA vac-
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cine with commercially available protein-based vaccine,
Engerix B (GlaxoSmithKline Inc.). Amazingly, the results
showed that phage-mediated DNA vaccination gave rise
to anti-HBsAg antibody levels that were higher than the
commercially available recombinant protein vaccine in
rabbits immunized intramuscularly[61].
The advantages of phage DNA vaccines include: (1)
the DNA is encapsidated by phage coat proteins, thus it
is protected from degradation by nucleases; (2) phages
are stable at room temperature, which are convenient
for storage and transportation; (3) phages grow rapidly
in bacterial hosts, hence production and purification of
phages are relatively faster, simpler, and cheaper compared to protein- and virus-based vaccines; (4) they can
be delivered orally as demonstrated by Delmastro et al[56];
(5) the genomes of certain bacteriophages including
phage λ can carry a large foreign DNA fragment (up to
15 kb), which allow several genes from different etiological agents to be packaged in single phage particle; and (6)
potential vaccine candidates for newly emerging diseases
and mutants, particularly those of veterinary importance,
could be developed easily and rapidly. Nevertheless, in
spite of these advantages and promising results of phagedelivered DNA vaccine in small animals, it is of utmost
importance to investigate the distribution, cellular uptake and expression of the DNA at cellular lever as well
as their subsequent mechanisms in stimulating cellular
and humoral responses. A potential HBV DNA vaccine
should also be tested and validated in primates closely
related to human, followed by thorough clinical trials.

DEVELOPMENT OF DIAGNOSTIC
REAGENTS AND ASSAYS
The life-threatening complications posed by HBV and
its global economic impact have always been the driving
force for the development of streamlined diagnostic assays. From past to present, and perhaps in the future, the
assays for detecting HBV infection focus on the viral antigens, nucleic acids and the antibodies produced by the
human body. The appearance of these serological and
genetic markers during acute, chronic and occult infections is summarized in Figure 3. The serological markers used routinely in clinical practice are HBsAg, antiHBsAg, HBeAg, anti-HBeAg and anti-HBcAg (including
total anti-HBcAg antibodies and anti-HBcAg IgM). In
an acute HBV infection, the HBsAg is the first detectable viral antigen to appear during infection, followed by
HBeAg. About three months after the viral infection, the
anti-HBcAg is the first antibody to appear, followed by
anti-HBeAg and anti-HBsAg[14]. The primary markers for
the identification of acute HBV infection are HBsAg and
anti-HBcAg. For some lucky people (about 90%-95%),
the infection is utterly controlled and resolved by their
immune systems. This is observed by the disappearance
of the HBsAg, but the anti-HBcAg and anti-HBsAg
remain positive which protect the body from further infection. If the infection is not resolved completely, these
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Figure 3 Hepatitis B virus markers in sera during acute (A) and chronic (B) infections. The periods in months (acute infection) and years (chronic infection) are
indicated below the boxes containing the markers. The presence of the markers indicated in boxes with broken lines varies in individuals. HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBcAg: Hepatitis B core antigen.

individuals become chronic carriers with the presence of
HBsAg and anti-HBcAg. A repeat HBsAg test after six
months will determine whether the infection is resolved
or chronic. For chronic carriers, HBeAg and anti-HBeAg
are tested to measure the level of viral infectivity and seroconversion status[62]. Anti-HBcAg (total) normally indicates a prior infection and it also provides evidence of an
occult HBV infection, in which the viral DNA is present
without detectable HBsAg[63]. Apart from detecting occult
infection, the amount of viral DNA is commonly used to
monitor HBV replication, disease progression and also to
investigate the responses to drug treatment[62].
A highly sensitive and specific radioimmunoassay
(RIA) involving antigen-antibody interaction on a solid
phase and radioisotopes was developed in early 1970s for
the detection of HBsAg and anti-HBsAg[64-66]. Due to the
drawbacks of RIA which involves radioisotopes, special
precautions, licensing and equipment are required, therefore it was quickly replaced by ELISA for detecting HBsAg[67], HBeAg[68,69], anti-HBcAg IgM[70], HBcAg[71] and
anti-HBeAg[72]. Today, the quantitative real-time PCR is
able to monitor the replication of HBV DNA and quantify its amount in different stages of the viral infection[73].
In the advancement of these methods, phage display has
demonstrated its potential in generating antibodies and
diagnostic reagents. There is no doubt in the importance
of phage display in the development of diagnostic assays
in the 21st century to combat HBV.
Phage displayed antibodies as diagnostic reagents
Polyclonal antibodies produced in animals have been
used widely for the detection of HBV antigens before the
introduction of hybridoma technology for the production of monoclonal antibodies. This revolutionary technology involves the fusion of antibody producing spleen
cells from mice with immortal myeloma cell lines[74]. The
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use of monoclonal antibody that interacts with a single
epitope on an antigen has increased the specificity of a
diagnostic assay and thus reduced cross-reactivity with
other antigens. However, the production of monoclonal
antibody by using hybridoma technology is time consuming and laborious. In addition, the application of mouse
monoclonal antibodies as therapeutic agents is limited
by the fact that they are highly immunogenic and cleared
rapidly by the human immune system. All these limitations can now be overcome by the rapid advancement
of recombinant DNA technology, in vitro isolation of
antibodies from a combinatorial library and large scale
production of antibodies in bacteria. Phage display fulfills
these criteria and it is commonly used to display single
chain fragment variable (scFv[75]), fragment antigen binding (Fab[76]), the variable heavy domain of camels (VHH)
and humans (dAb[77]). These antibody fragments which
are smaller than the immunoglobulin (IgG) are illustrated
in Figure 4.
A phage-displayed scFv that interacts specifically with
HBcAg was constructed by Tan et al[78] and the whole
phage particle was used to establish a phage-ELISA for
detecting HBcAg in human sera. The HBcAg is one of
the markers of HBV infection because it is correlated
with the infectious particles and also proportional to the
level of HBV genome in a serum[71,79]. For the construction of a scFv library, mice were first inoculated with
purified HBcAg and total RNA molecules were extracted
from their spleens. The genes encoding heavy (VH) and
light (VL) chains were amplified by PCR and linked by
a linker to generate scFv coding regions. These coding
regions were then inserted into the pComb3x vector and
introduced into E. coli. The resultant phage displayed
scFv library was panned against HBcAg immobilized on
a solid phase and a phage clone that interacted tightly
with the immunodominant region of HBcAg was iso-
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Figure 4 Recombinant antibodies displayed on bacteriophage compared
with an immunoglobulin G molecule. Chain structure of a human immunoglobulin G (IgG) molecule. V: Variable region; C: Constant region; H: Heavy
chain; L: Light chain; VH: Variable region of heavy chain; Fab: Fragment antigen
binding; scFv: Single chain fragment variable, the VL and VH are linked by a
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lated. The selected phage was used to establish a phageenzyme-linked immuno sorbent assay (ELISA) for detecting HBcAg in human serum samples. This assay was
able to detect as low as 10 ng of HBcAg and it did not
cross react with HBsAg and HBeAg[78].
A phage displayed Fab that interacts tightly with the
PreS1 (residues 37-45) of HBsAg was developed by Kim
et al[80]. The library was generated by immunizing mice
with a PreS1 epitope fused to the N-terminal domain of
human thrombopoietin. Phagemid vector pC3-na was
used in the construction of the cDNA library. A phage
clone harboring the Fab was selected from a biopanning
process and demonstrated to bind tightly to the PreS1
region with a KD of 1.2 nmol/L. The recombinant phage
was also shown to interact with HBV particle by an immunoprecipitation assay.
Up till now, the phage displayed antibodies against
HBeAg and HBxAg have yet to be reported. In principle,
the methods described above can be employed to generate
specific recombinant phage antibodies against these two
important antigens of HBV. The phage-based diagnostic
assays that can be developed are not limited to ELISA,
the phage antibodies can also be incorporated into other
diagnostic technology such as lateral flow strip assays,
proximity ligation assay and flow cytometry. Production
of monoclonal antibodies and their related fragments
via phage display technology are without doubt, simpler,
cheaper and faster compared with hybridoma technology.
Phage displayed peptides as diagnostic reagents
The key feature of a diagnostic assay is molecular interactions. In most cases, particularly ELISA, the main
interaction involved is between antibody and antigen. To
be more precise, the paratope of an antibody interacts
with an epitope or a mimotope (discontinuous epitope)

WJG|www.wjgnet.com

Substrate

Figure 5 Phage-ELISA for detecting hepatitis B virus surface antigen. A:
Major steps used in an assay for detecting hepatitis B virus surface antigen
(HBsAg) by immobilizing phage carrying the peptide on a solid support. The
phage harboring the peptide is immobilized on a solid support. The unsaturated
area of the solid phase is blocked by 10% milk diluent. The sample containing
HBsAg is added to interact with the peptide. Mouse anti-HBsAg antibody is
added to interact with the captured HBsAg. Then anti-mouse antibody conjugated to an enzyme is added to interact with the anti-HBsAg antibody. Finally,
substrates for the enzyme are added to produce a measurable signal; B: Major
steps used in an assay for detecting HBsAg immobilized on a solid support using a phage carrying the peptide. A sample containing HBsAg is immobilized on
a solid support. The unsaturated area of the solid phase is blocked by 10% milk
diluent. The phage harboring the peptide is added to interact with immobilized
HBsAg. Anti-M13 phage antibody conjugated to an enzyme is added to interact
with the bound phage and substrates for the enzyme are added to produce a
measurable signal. ELISA: Enzyme-Linked Immunosorbent Assay.

on the surface of an antigen. The contact region in an
antibody-antigen interaction could be less than 10 residues, therefore, in principle the antibody can be replaced
by a peptide which can be selected from a random phage
displayed peptide library. This principle was proven correct by Tan et al[81] who successfully isolated a phage-displayed cyclic peptide bearing the sequence ETGAKPH
that interacts tightly with the immunodominant region of
HBsAg. The paratope mimic, ETGAKPH, was selected
from a disulfide constrained random heptapeptide library
displayed on the pⅢ of phage M13 by panning against
HBsAg purified from human plasma. The phage harboring the peptide was shown to bind tightly to HBsAg with
a KD of 2.9 nmol/L. The whole phage was then employed as a diagnostic reagent to establish a direct and an
indirect phage-ELISA to detect HBsAg in HBV infected
patients (Figure 5). Both assays were able to detect HBsAg down to 1 pg/ml. Most recently, the three-dimensional structure of this paratope mimic was elucidated by
nuclear magnetic resonance (NMR) and demonstrated to
interact with the “a” determinant of HBsAg[82]. These cumulative data prove that an antibody can be replaced by a
short peptide and a phage harboring this peptide can be
used as a sensitive diagnostic reagent.
Along the same lines, an M13 phage displaying a paratope mimic that interacts tightly with HBcAg was used as
a diagnostic reagent to develop a phage-ELISA, dot blot
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assay and immunoprecipitation assay[83]. The paratope
mimic with the sequence WSFFSNI was isolated from
a disulfide constrained random heptapeptide library by
panning against the purified recombinant HBV capsid
immobilized on a solid phage[84]. The recombinant phage
with a KD of 2.5 nmol/L, was able to detect a minimum
amount of 10 ng HBcAg in both the phage-ELISA and
dot blot assay. These assays can also be used to detect
HBcAg released from the virion in HBV positive serum
samples[83]. The sensitivity of the phage-based diagnostic
assay was further improved by Monjezi et al[85] by combining TaqMan based real-time PCR and ELISA. The resultant phage display mediated immuno-PCR (PD-IPCR) is
10000 times more sensitive than the phage-ELISA.
The vast diversity of a combinatorial phage displayed
peptide library also allows one to select epitopes by panning against antibodies, be it monoclonal antibodies or
polyclonal antibodies from sera. The selected epitopes,
on the other hand, can be used to diagnose antibodies in
sera. The advantage of this strategy is that prior knowledge about a newly emerging etiological agent inducing
disease-specific antibodies is not required.
Compared with phage displayed antibodies, the isolation of phage born peptides is faster, cheaper and less
tedious as no immunization of animals is involved. The
affinity of a selected peptide towards an antigen or antibody can be increased by displaying the peptide on the
major coat protein of a bacteriophage, such as the pⅧ
in the filamentous phage. Apart from HBV, phage born
peptides have also been employed extensively as diagnostic reagents for cucumber mosaic virus[86], Newcastle disease virus[87,88], Salmonella enerica Serovar Typhi[89,90], Nipah
virus[91] and HIV-1[92]. All these remarkable examples
demonstrate the potential of phage displayed peptides as
diagnostic reagents for detecting etiological reagents and
of course this can be further extended to detect an unknown microorganism.

DRUG DISCOVERY
HBV has killed millions of innocent people in this century and the previous one. Currently, there are about 370
million chronic HBV carriers worldwide, and their major
hope is a rapid discovery of an effective treatment for
HBV. Therefore, searching for a cure is no doubt will
change human history. The introduction of mass vaccination of infants worldwide with HBV vaccines has
significantly reduced the incident of liver cancer and
chronic infection. Despite of effective vaccines against
HBV, mutations of the viral genome have resulted in
vaccine escape mutants. Treatments of HBV chronic
carrier with nucleoside or nucleotide analogs have also
given rise to mutants that are resistant to anti-viral drugs.
Most frightening, HBV is now associated with HIV to
threat the world. Treatments of patients co-infected with
these two viruses, either by using drugs against one or
both viruses, have led to the selection of resistance mutations. Therefore, there is always a continuing need for the
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discoveries of a new therapeutic agent to control HBV
infection particularly for the newly emerging mutants.
Traditionally, drugs and therapeutic agents are discovered through isolation of active ingredients from
medicinal plants or microorganisms following effective
treatments of the illnesses with the crude extract of these
sources. In modern drug discovery, structural bioinformatics allow in silico screening of chemical compounds
that ‘fit’ the binding pocket of a targeted protein from
virtual chemical libraries. The actual dynamic and physical properties of the in silico selected compounds always
end in disappointment due to the difficulties in chemical
synthesis, poor solubility, affinity and specificity, although,
in some cases, the binding mechanism can be explained
by structural analysis using X-ray crystallography and
NMR. The emergence of phage display technology has
offered a powerful and rapid method to identify novel
peptides and antibodies from phage fusion peptide/antibody libraries that bind to wide range of antigens ranging
from whole cells such as bacteria, parasites and viruses
to macromolecules for instances proteins, carbohydrates
and lipids. DNA recombinant technology enables peptides to be fused either to the major or the minor fusion
coat proteins and eventually displayed on the surface of
various bacteriophages[93]. Vast peptide libraries can be
screened for specific ligands that bind a targeted protein
through a biopanning process[94]. The isolated phages can
be easily propagated by infecting E. coli and the peptide
sequence can be deduced by nucleotide sequencing. The
corresponding peptide can be chemically synthesized or
produced using bacterial expression systems. Owing to
the stringency multiple cycles of selection, the selected
peptides always display high specific and affinity towards
their targets, however for some peptides, stability and solubility are the main problems. Nowadays, peptide binding
mechanism can be studied by structural approaches and
binding assay using ELISA.
For the past two decades, phage-displayed combinatorial peptide libraries have been used widely to select
anti-viral peptides against many viruses (see review in[95]).
Similar to other anti-viral discoveries, the major processes
in HBV life cycle are the potential targets for drug discovery. Specific ligands that bind the key players of the
viral life cycle would interfere with HBV replication intracellularly or extracellularly. The potential extracellular
targets include (1) neutralization of matured infectious
virion; and (2) viral-host cell receptor interaction. The infectious viral particles can be neutralized easily by specific
antibodies. By screening combinatorial phage display Fab
fragment libraries against HBsAg, several groups have
successfully isolated Fab fragments that neutralize infectious HBV particles[96-103]. In addition, the PreS1 region
which possesses a dual function in the viral assembly
and infectivity has also been targeted for anti-viral drug
discovery by panning with phage display peptide libraries[81,104-107]. Intracellularly, HBcAg forms the viral nucleocapsid and interacts with the PreS region during the viral
assembly, therefore, HBcAg is a common target for the
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discovery of HBV inhibitors[84,108]. In addition to the intracellular inhibition of viral assembly, HBV release from
the infected hepatocytes can be blocked by Fab fragments
of intrabodies that could be selected easily from phage
displayed antibody libraries. Intrabodies are intracellular
antibody fragments that are expressed and functional
inside a cell[109]. Several studies have shown that these
phage derived intrabodies fragments bind immature HBV
particles or proteins and potentially inhibit the viral secretion in vivo[78,110-112]. Targeting the extracellular steps of the
viral cycle is relatively simpler and more straightforward
compared to those of the intracellular steps, in which the
anti-viral compounds must enter the membranous barrier of the liver cells. Nevertheless, selection of peptides
against the association of HBcAg and L-HBsAg has been
studied extensively and intensively, however, in vivo antiviral activity has yet to be characterized in depth.
Intracellular targeting
HBcAg is an attractive target for the discovery of novel
therapeutic agents. In the process of nucleocapsid formation, one copy of the viral pre-genomic RNA (pgRNA)
is encapsidated in the cytoplasm[5]. Following the conversion of pgRNA to a mature viral genome (partially
double stranded DNA), the nucleocapsid moves to the
endoplasmic reticulum (ER) where it interacts with the
ER membrane embedded with HBsAg which results in
the envelopment of nucleocapsid. The mature virion is
either secreted into the bloodstream or moved back to
cytoplasm. This process is followed by disassembly of
the nucleocapsid into individual HBcAg at the nuclear
pore complex and the viral DNA is released back to the
nucleus[113,114]. HBcAg has been shown to function as a
transcriptional activator which enhances the viral replication[115]. The enrichment of HBcAg in this manner
correlates with the high level of viral replication. Several
anti-viral agents such as aptamers[116], heteroaryldihydropyrimidines[117], and single-chain variable fragment
intrabodies[118] have been developed to target HBcAg. Using phage display technology, peptides were successfully
selected from phage display peptide libraries to prevent
its interaction with HBsAg[84,108] and Fab fragments of
intrabodies neutralize HBcAg inside liver cells were also
selected from phage display antibody libraries[78,110-112].
HBV was the first virus used in the selection of peptide inhibitors from a 6-mer linear phage display peptide
library[108]. A phage bearing amino acid sequence LLGRMK that interacts specifically with the immobilized
HBcAg particles with a KD of 0.17 µmol/L was selected
and the corresponding synthetic peptide ALLGRMK
was shown to block the association of L-HBsAg and
HBV nucleocapsid in vitro. Interestingly, neither peptide
21
LLTRIL27 of S-HBsAg nor GRMKG (C-terminal part
of the selected peptide) inhibited the binding of L-HBsAg
to HBcAg but this interaction was partially inhibited
by the PreS1 amino acids 19LDPAFR24, the epitope of
monoclonal antibody 18/7[108]. This indicates that the
peptide mimics the internal region of HBsAg comprising
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distal amino acids which are brought into close proximity
upon protein folding. Cell culture experiment also proved
that the synthetic peptide was able to reduce HBV replication in vivo and the peptide binding site was later located
to the tips of the spike that formed by amino acids 78-82
(78DPASR82) of HBcAg[119]. Mutations of D78 and E77
to an Alanine, in turn, dramatically reduced the binding
affinity. Cross-linking study also proved that these residues are essential for the peptide-HBcAg interaction[120].
Although the 3-dimensional structure of the complex of
HBcA-peptide was solved by cryo-electron microscopy,
the detailed binding mechanism remains elusive due to its
poor resolution[119]. In 2003, a modified biopanning approach using a disulfide-constrained heptapeptide library
was employed. This approach has led to the isolation of
cyclic peptide CWSFFSNIC and CWPFWGPWC exhibiting a higher affinity (> 10-fold higher than LLGRMK)
towards HBcAg and similarly, the synthetic peptides
blocked the association of HBcAg and L-HBsAg or
monoclonal antibody C1-5, which has an epitope located
at amino acids 78-83 of HBcAg, from interacting with
its epitope[84]. These findings indicate that the linear and
cyclic peptides bind different set of amino acids close
to the tip of the spikes. The conformational constraint
cyclic peptides were composed of mainly hydrophobic
amino acids and it is believed that they interact with the
hydrophobic amino acids located at the immunodominant region of HBcAg. Interestingly, the N-terminal half
of peptide LLGRMK also contains hydrophobic amino
acids, however it is unclear whether these residues interact with the same amino acids as the cyclic peptides. The
3-dimensional structure of the cyclic peptides in complex
with HBcAg has yet to be identified. Further characterizations with the synthetic cyclic peptides were hampered
by their hydrophobicity. Therefore these peptides need to
be further modified in order to improve the solubility and
bioavailability.
In 2009, Serruys et al[111] demonstrated for the first
time that viral secretion in mammalian cells can be inhibited by intrabody-mediated inhibition. They constructed
a single-domain antibody (VHH)-phage display peptide
library and biopanned it against human plasma derived
HBsAg. Up to 85% of the isolated phages are associated with S-HBsAg in relative to only 45% of the soluble
VHHs expressed intracellularly. These intrabodies were
shown to reduce HBsAg particles in plasma when they
were expressed in the ER and shown to reduce the viral
load up to 100-fold in a mouse model[111]. In the following year, similar approach was used by the same research
group to isolate VHH intrabodies that bind HBcAg
of ayw and adw subtypes[110]. As demonstrated in HBV
transfected HepG2 cells, the nucleotropic targeted intrabodies reduced intracellular HBcAg, but interestingly,
two out of six isolates increased the detection levels
of intracellular HBeAg, which is likely due to HBeAg
antigenicity displayed by the non-particulate HBcAg or
retention of HBeAg inside the cells as a result of interaction with these intrabodies[110]. This hypothesis is in

11659

September 7, 2014|Volume 20|Issue 33|

Tan WS et al . Combating HBV with phage display

good agreement with that of Walsh et al[112], who isolated
intrabodies by screening a naive single variables domain
(VNAR) display phage library against HBV precore antigen
(preHBcAg) and proved that these intrabodies reduced
the extracellular amount of HBeAg and intracellular
preHBcAg[112]. HBeAg is believed to function as an immune tolerogen that could lead to the establishment
of chronic infection[121]. Therefore, down-regulation of
HBeAg should improve clinical outcome. In an earlier
study, Tan et al[78] isolated single-chain variable fragment
(scFv) against HBcAg from a phage display scFv library.
Although the initial aim of this study was to develop
an antibody system to detect HBcAg, expression of the
ScFv inside liver cells particularly in the ER membrane
could possibly convert the antibody fragments into potent therapeutic agents that could neutralize and inhibit
viral secretion in vivo.
Extracellular targeting
The first step of HBV replication is the attachment of an
infectious HBV particle with a receptor on the surface of
hepatocyte. Molecules that mimic the structural elements
of a host cell receptor could block subsequent infection
steps. The major problems to study HBV infection are
attributed to its narrow host range and the absence of a
susceptible cell line for virus infection[122]. However, biochemical studies with purified components of duck HBV
(DHBV) have revealed several candidates that involved
in DHBV infection[123]. Several glycoproteins have been
identified as potential DHBV receptors such as glycoproteins gp180/p170 that bind DHBV and E. coli derived
GST-PreS polypeptides. These glycoproteins are later
classified as the prototype members of membrane bound
carboxypeptidase D (CPD)[124,125]. Urban and coworkers
showed that DHBV PreS region binds duck CPD with a
KD of 0.46 nmol/L[126] and also demonstrated that CPD
plays pivotal roles for the virus entry and attachment via
its carboxypeptidase-like (A and B) and non-enzymatic (C)
domains, respectively[127]. Although these host proteins
have been identified as the cellular receptor of HBV,
identification of a promising inhibitor has yet to be reported. On the other hand, the PreS1 region that plays
pivotal roles in the viral infectivity and assembly has been
the main focus of many anti-viral studies using phage
display technology[81,104,107].
Tan et al[81] biopanned the HBsAg (subtype ad) purified from human plasma with a disulfide constrained
phage display peptide library and identified a predominant M13 pⅢ fusion heptapeptide CETGAKPHC that
binds to the immunodominant region of HBsAg (amino
acids 111-156) with dissociation constants 2.9 ± 0.9
nmol/L and 0.83 ± 0.63 nmol/L[81]. NMR study indicated that the peptide adopts cis/trans conformations due
to Pro rotamerization and in silico analysis revealed two
binding sites which correspond to the first (amino acids
107-137) and second (amino acids 138-149) loops of the
immunodominant region[82]. This finding indicates that
the peptide could be further developed as a therapeutic
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agent that blocks the entry of HBV into hepatocytes.
Instead of using the purified HBsAg from an infected
human serum as a substrate for affinity selection, Deng
et al[104] biopanned the thioredoxin tagged-PreS using an
M13 pⅧ 12-mer fusion cyclic peptide library. The recombinant PreS1 is more soluble and stable compared with
the PreS region alone[105]. Following 5 rounds of biopanning, Deng et al[104] isolated peptides with a common sequence motif of W/FTXWW/F that interact with amino
acids 21 to 47 of the PreS1 region. Biotinylated peptide
bearing an amino acid sequence SGSGWTNWWST
(amino acids SGSG is a linker) was able to precipitate the
HBV particles produced by HepG2 cells[104]. Several other
HepG2 proteins were also bound to the same PreS1 region[128,129]. Among others, homology search has identified
a lipoprotein lipase; a key enzyme involved in the lipoprotein metabolism; which contains amino acid sequence
SWSDDWWS at its C-terminal region and this sequence
was conclusively shown to interact with the PreS1 amino
acids 21-47 and HBV particles. Alanine mutation scanning of the tryptophan residues of this peptide abolished
the binding of the PreS1 and HBV particles; however,
these activities were retained if tryptophan was replaced
with phenylalanine. The authors speculated that the tryptophan/phenylalanine may mediate interaction of protein
and lipid/aqueous interface during the viral attachment
due to its amphipathic character. Overall, this PreS1 binding peptide displays anti-viral activities by blocking the viral attachment to a hepatocyte and potentially reduces the
viral infectivity. Independently, Wang et al[107] and Deng
et al[106] isolated a dodecapeptide (KHMHWHPPALNT)
and a disulfide-constraint heptapeptide (SRLLYGW),
respectively, against the PreS1 region from phage display
peptide libraries[106,107]. Although both peptides were
shown to bind the PreS1 region and capture HBV virion
produced by HepG2 cells, no sequence consensus was
found between these peptides and also those isolated by
Tan et al[81] and Deng et al[104]. Variability in the construction of phage display library and biopanning procedures
may lead to identification of different peptides that might
potently block viral-host cell interactions. Diversity of the
selected peptide sequences indicates that various cellular
proteins are involved during the viral attachment. Targeting these proteins particularly the cellular receptor could
potentially reduce the viral infectivity in vivo.

EPITOPE MAPPING
HBV can be easily transmitted from asymptomatic carrier
mothers to their newborn babies. Such perinatal transmission is commonly caused by an exposure to HBV contaminated blood during birth. To reduce the risk of such
mother to baby transmission, passive immunization has
been introduced in which babies born to HBsAg positive
mothers are immunized at birth with hepatitis B immunoglobulin containing antibodies against HBsAg. These
antibodies are effective in preventing HBV infection in
infants who do not have sufficient time to develop their
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own immune response. Apart from preventing perinatal
transmission, these antibodies could also be used in acute
exposure to blood containing HBsAg, sexual exposure
to HBsAg, positive carriers and household exposure to
people with acute HBV infection. After intramuscularly
administration, the antibodies interact specifically with
HBsAg epitopes and neutralize the virus. In other words,
the paratopes of the antibodies interact with the epitopes
on HBV. Antigenic epitopes are the region of an antigen
that interacts specifically with an antibody or a T-cell
receptor. In general, epitopes are divided into linear (continuous) and conformational (discontinuous) epitopes. A
linear epitope is defined as a minimum stretch of continuous amino acids that are recognized by an antibody
while the conformational epitope or mimotope are composed of discontinuous amino acids that brought into
proximity as a result of 3-dimensional protein folding.
A detailed study of epitope is the fundamental basis for
the development of epitope-based vaccines, therapeutics,
viral inhibitors and diagnostic reagents.
Various methods have been used to map the epitope
of a specific antibody. Most of these methods rely on the
ability of the antibody to recognize a linear or conformational epitope displayed on the surface of an antigen.
The earliest method for epitope mapping known as the
“pepscan method” was developed by Mario Geysen and
coworkers in 1984[130]. With this method, a peptide library
consisting of different lengths of overlapping oligopeptides covering an epitope is scanned over immobilized
antibodies. Peptide array that interacts with the coated
antibodies corresponds to certain aspects of the epitope.
The major limitation of the pepscan method is that it
only allows the identification of linear epitopes instead of
conformational ones. X-ray analysis of antigen-antibody
complexes is capable to identify the precise location of
epitopes up to atomic resolutions, however, not all antigen-antibody complexes are readily crystallizable[131]. To
date, about 70 co-crystals of antigen-antibodies have been
solved by X-ray crystallography, demonstrating an exceptionally low efficiency of this method[132]. On the other
hand, NMR is an alternative approach to achieve similar
purpose but this method is limited to antigen-antibody
complexes with molecular weight less than 30 kDa[133].
Nevertheless, NMR provides the thermodynamic characteristics of antigen-antibody complexes in solution. Overall, the accuracy and precision of the above mentioned
biophysical approaches towards epitope mapping are
restricted by the tedious and laborious techniques and the
requirement of advanced instrumentation and expertise.
In 1990, Scott and Smith[94] demonstrated that epitope
mapping can be accomplished easily by screening a random peptide library against sera or monoclonal antibodies
that immobilized on a solid surface. Epitope mapping using phage display technology offers the advantages of (1)
identifying both continuous and discontinuous epitopes;
(2) independent of advanced instrumentations; (3) cost
effective and simple experimental protocol; and (4) exploring the variety of binding sequences by screening with
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phage display peptide libraries containing fusion peptides
with different lengths or conformations such as linear
or disulfide-constrained fusion peptides. Precise epitope
mapping of sequential or conformational epitopes recognized by monoclonal or polyclonal antibodies is important
to understand the mechanism of immune response, hostvirus interactions and development of vaccines and diagnostic tools. Such mapping requires the identification of
shortest amino acid stretches within the polypeptide that
is still capable to bind to the target antibody.
Generally, immunological studies have identified three
HBV antigens to be clinically relevant: (1) HBsAg; (2)
HBcAg; and (3) HBeAg. HBsAg has been extensively
used to induce protective immune response in immunized individuals while HBcAg and HBeAg have served
widely as diagnostic markers. Due to the vaccination
value, be it an active or passive immunization, most of
the early epitope mapping of HBV proteins was focused
on the PreS regions particularly the PreS1 region that associates with the viral host cell receptors. With the development of phage display technology, epitopes of various
antibodies raised against the PreS1[96,134,135], PreS2[136] and
S regions[137-140] have been mapped by screening phage
display peptide libraries. The strategies and outcomes of
the epitope mapping are summarized in Table 2, and reviewed critically in the following sections.
Epitope mapping of the PreS1 region
Germaschewski and Murray[134] biopanned the first established monoclonal antibody MA18/7 that interacts
specifically with the PreS1 region. Following four rounds
of biopanning, phage bearing pⅢ fusion hexapeptides
with amino acid sequence motif LDPX (F/Y), in which,
X represents small side-chain amino acids such as alanine, glycine or valine were selected. The dipeptide DP
was conserved from rounds 2 to 4 among all the analyzed
phagotopes. This sequence motif mimics three or four
residues of 19LDPAF23 of the PreS1. Recently, the 3-dimensional structure of monoclonal antibody MA18/7 in
complex with epitope 19LDPAF23 fused to HBcAg immunodominant region was determined by cryoelectron microscopy[141]. Interestingly, this short amino acid sequence
was also identified as the receptor-binding domain of
L-HBsAg although similar motif was also found in some
bacteria and cellular adhesion molecules[133].
This conserved motif was also reported when a
15-mer phage display peptide library was biopanned
against the monoclonal antibody MA18/7 that had been
immobilized on polystyrene beads[135]. Diversity of the
longer flanking amino acid sequences around the tetramer [DPX(F/Y)] suggests that these adjacent amino
acids do not contribute to specific binding. Alignment of
the selected sequences with the PreS1 amino acids 28-35
(28HQLDPAFGAN35) indicates that all the phagotopes
contained the core motif DX1X2F, with X1 constituted
of either proline or arginine although leucine and serine
occurred once each and X2 encompassed by small sidechain residues such as valine, alanine, glycine and serine,

11661

September 7, 2014|Volume 20|Issue 33|

Tan WS et al . Combating HBV with phage display
Table 2 Epitope mapping of anti-hepatitis B virus antibodies
Antibodies against

Phage library used

Epitopes

PreS1 region
MA 18/7

M13 pⅢ 6-mer

ALDPAY, SLDPGF,
PDPGFN, QLDPGF

MA 18/7

M13 15-mer liner

SDTRGDPVFNLPFQ
APVDSVFDRAFSAYL
SVPPPHTRSASG

MA BX-182

M13 pⅢ 12-mer linear

Remarks

Ref.

The dipeptide DP was conserved from rounds 2 Germaschewski et al[134]
to 4 among all the analyzed phagotopes. Selected
peptides were mapped to amino acids 19-23 of the
PreS1 region
Isolated peptides contain motif similar to LDPAF
D'Mello et al[135]
Peptide matched amino acids 17SVPNP21 of the
PreS1
Peptide spatially matched some amino acids
within the same region but in a C- to N-terminal
direction

Zhang et al[144]

M13 pⅢ 7-mer
disulfide constrained

CTNPVLRSC

M13 pⅢ 12-mer linear

TANGFYRLPSGS

Peptide sequence mapped to amino acids 135-146
of the PreS2 region

Zhang et al[136]

M13 pⅢ 15-mer linear

TSNTHAC(R/K)TCSNPSR

Motti et al[140]

MA BA1

M13 pⅢ 15-mer linear

MA 6H6B6

M13 pⅢ 12-mer linear
M13 pⅢ 6-mer linear

PHDGNRAFPRTKVTM
HMPRDANRHHQHPST
SSLGSDHNARWVKRF
WPHNWWPHFKVK
QGFLPQ

The peptide sequence is similar to amino acids
115-129 of the S region
Low sequence homology with the S region

PreS2 region
HBsAg polyclonal
sera
S-region
MA RFHBs6

1
MA H166, H5, H35, M13 pⅢ 30-mer linear
Peptide Xn-CXTC-Xn
H53
IgG derived from
M13 pⅢ 6-mer linear TRVPRR, SRLPLR, SRLPKR
S-HBsAg immunized
chimpanzee

Peptide sequence homology not found
Jolivet-Reynaud et al[137]
Peptide sequence mapped to amino acids 101-105
of the S-region
Sequence motif of CXTC was mapped to amino
Chen et al[138]
acids 121-124 of the S-region
Sequence motif SxxPxR was mapped to amino Germaschewski et al[139]
acids 117-122 of the S-HBsAg

1

xn represents random flanking amino acid sequences. Position X is constituted either by arginine, lysine or valine. MA: Monoclonal antibody; HBsAg:
Hepatitis B surface antigen; IgG: Immunoglobulin G.

which is consistent with Germaschewski and Murray’s[134]
earlier finding. The biopanning results either using 6or 15-mer phage display peptide libraries are consistent
with those of epitope mapping by using the bidirectional
shortening of the PreS1 with exonuclease digestion,
which conclusively defined the minimal epitope of the
PreS1 to be DPAF[142]. Searching through the Protein
Databank (PDB) revealed that the amino acid sequence
DPAF adopts either a β-turn or as part of an α-helical
structure. The main-chain carbonyl of the aspartate is
always hydrogen bonded to the main-chain nitrogen of
phenylalanine[143]. Therefore, it is not surprising that the
alanine cannot be replaced with amino acids bearing
bulkier side-chains.
In a separate study conducted by Zhang et al[144], a
monoclonal antibody raised against HBsAg of adw subtype (monoclonal antibody BX-182) was used to select
phagotopes from two different random peptide libraries.
An early study demonstrated that a monoclonal antibody
preferentially neutralized infectivity of HBV adw subtype
in a chimpanzee model and this prompted the authors to
map the neutralization epitope of adw HBsAg. Initial affinity selection using a disulfide-constrained heptapeptide
library successfully identified phage bearing a cyclic heptapeptide CTNPVLRSC. In a separate experiment, affinity selection with a 12-mer phage display peptide library
identified a linear dodecapeptide SVPPPHTRSASG.
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Sequence homology search showed that part of the dodecapeptide (SVPPP) matched the N-terminal region of
the PreS1 between amino acids 17SVPNP21 with a replacement of proline with asparagine. On the other hand, the
disulfide-constrained loop of CTNPVLRSC also spatially
matched some amino acids within the same region but
in a C- to N-terminal direction, indicating that 18VP19 are
the core amino acids for monoclonal antibody BX-182
binding as they are conserved in both isolated sequences.
Sequence homology search also revealed that the Val/Pro
motif is conserved among genotypes A, B, C, F and H
of ad subtype but it is absent in most genotypes of ay
subtypes or in genotypes D, E, and G of ad subtype, in
which these antigenic residues are replaced with Thr/Ser,
Thr/Thr or Ala/Ser, respectively. This result indicates
that the binding of monoclonal antibody BX-182 is
subtype-specific and the isolated peptide can be used to
discriminate ad/ay subtypes in the diagnosis of potential
HBV escape mutants.
Epitope mapping of the PreS2 region
The PreS2 region possesses significant clinical importance and it contains T-cell and B-cell epitopes which
confer protection by inducing strong immune response
in immunized chimpanzees[145,146]. To our knowledge,
epitope mapping against the antibodies that recognize
the PreS2 region was scarcely reported particularly with
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phage display peptide library. This is most probably
due to its short amino acid sequence comprises only
55 amino acids. Nevertheless, Zhang et al[136] biopanned
a phage display library of dodecapeptides against the
HBsAg polyclonal human sera. Following 3 rounds of
affinity selection, phage bearing the fusion p Ⅲ peptide TANGFYRLPSGS; which mapped to amino acids
135-146 (135RVRGLYLPAGGS146) of the PreS2 region;
was selected. This region was previously proved to be the
antigenic epitope of monoclonal antibody 25-19, which
has been shown to display neutralizing and protective
activities[147,148]. Several epitope mappings of the PreS2 region were conducted by using the pepscan method[149-152].
Epitope mapping of the S region
Two antibodies namely monoclonal antibodies RFHBs6
and BA1, were pooled from HBV chronic carriers and
used as targets for biopanning using a 15-mer phage display peptide library[140]. Single round of affinity screening
against the monoclonal antibody RFHBs6 successfully
isolated phage carrying pⅢ fusion peptide TSNTHAC(R/
K)TCSNPSR, which is strikingly similar to amino acids
115-129 of the S region (115TTSTGPCKTCTTPAQ129).
The two cysteine residues of the peptide are believed
to be disulfide bonded and antigenically mimicking the
natural epitope. On the other hand, similar approach was
applied to isolate phagotopes that recognize monoclonal
antibody BA1. Three peptides bearing the amino acid
sequences PHDGNRAFPRTKVTM, HMPRDANRHHQHPST and SSLGSDHNARWVKRF were identified. Multiple sequence alignment indicated a low sequence similarity among these sequences with amino
acids 127-135 at the N-terminal region of S-HBsAg
(127PAQGNSMFP135). Interestingly, phagotopes selected
against monoclonal antibodies RFHBs6 and BA1 did not
cross-react with their counterpart’s target, indicating that
the antigenic determinants are distinct.
Epitope mapping of monoclonal antibody 6H6B6
which recognizes specifically the S-HBsAg was carried
out by biopanning the 6-mer and 12-mer phage display
peptide libraries[137]. A selected phage bearing the fusion
dodecapeptide WPHNWWPHFKVK did not share similarities with the primary sequence of the S-HBsAg as well
as the PreS2 sequence but reacted with the monoclonal
antibody 6H6B6, indicating that the selected phagotope
mimics the epitope conformation. In contrast, biopanning with a 6-mer phage display peptide library had selected a pⅢ fusion hexapeptide QGFLPQ that shared
4 identical amino acids localized between amino acids
101-105 (101QGMLP105) of S-HBsAg. Overlapping peptides (99DYQGMLPVCPLI110 and 102GMLPVCPLIP111)
corresponding to this region blocked the binding of
monoclonal antibody 6H6B6 to the phage bearing pⅢ
fusion peptide QGFLPQ. Furthermore, peptides coated
on an ELISA plate were not recognized by monoclonal
antibody 6H6B6, suggesting that amino acids 101-105
is part of a conformational epitope that corresponds to
the N-terminal region of the major hydrophilic domain
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of the S-HBsAg. Peptide affinity selection against monoclonal antibodies 27E7F10 and 2G2G10 isolated highly
hydrophobic peptides which were localized to amino
acids 214-219 and 199-208, respectively, of the S-HBsAg.
Antibody-peptide competition assay, however, was not
carried out due to hydrophobicity of the flanking peptide
sequence.
Affinity selection using a 30-mer phage display peptide library against monoclonal antibody H166 identified
phagotope bearing a sequence motif CXTC, which localized to residues 121-124 of the S-HBsAg[138]. Coincidently,
in the same year, Germaschewski and Murray[139] selected
hexapeptides that bound to serum IgG derived from the
S-HBsAg immunized chimpanzee. This ‘shotgun’ approach selected 20 different pⅢ fusion hexapeptides with
some common motifs that match groups of 3 or 4 amino
acids along the S-HBsAg. In an additional round of selection (micropanning using a phage sandwich ELISA),
the number of tight binders had been reduced to 7 with
pⅢ fusion peptide bearing the motif SxxPxR, which
corresponds to amino acids 117-122 of the S-HBsAg
(117STGPCR122)[139]. It is believed that the two cysteine
residues within this region cyclized to form a disulfideconstrained loop conformation that resembles the native
structure of HBsAg. Biopanning with other monoclonal
antibodies (H5, H35 and H53) also identified fusion peptides flanking by cysteine residues that are separated by
2 to 15 amino acids[138]. Some selected peptide contained
two separate regions that matched the S-HBsAg sequence,
indicating that these segments are brought together into a
close proximity as a result of protein folding.

DRUG AND GENE DELIVERY
HBV carriers have an increased risk of developing liver
cancer or HCC. Worldwide, HCC is the fifth most common cancer that contributes to 5.6% of all human cancers and ranks third among cancer-related mortalities[153].
Recently, gene therapy has become a promising approach
to treat cancers and virus-based nanoparticles, particularly bacteriophages, have been proposed as gene and drug
delivery vectors.
Filamentous bacteriophages have been at the cutting
edge of new developments in nanotechnology which
create innovative applications in gene and drug delivery
to target specific cell types. The M13 phage particle has
a diameter of about 6 nm and about 900 nm long, which
looks like a long thread under an electron microscope.
This flexible nano-scale filament has been exploited as a
template for the synthesis of semiconducting nanowires
and lithium ion battery electrodes[154]. Several studies have
shown that filamentous single-stranded bacteriophages
can transfer genetic materials into mammalian cells in
the presence of DEAE dextran and lipopolyamine[155]. In
1994, Hart et al[156] demonstrated that filamentous bacteriophages can be targeted to the cell surface and shown
to be internalized with peptides. Larocca et al[157] showed
that bacteriophage harboring the gene for growth fac-
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tors are capable of delivering the gene into mammalian
cells. Phages are potential gene and drug delivery systems
for several main reasons. They lack tropism for eukaryotic cells; therefore phage vectors are safer than animal
viruses. They are also physically stable and can be produced in large amount at lower cost. Besides, they can be
cultured easily up to industrial scale, their coat proteins
protect internal genetic materials from cellular degradation and they are physically stable within a wide range of
temperature and pH[158]. Before a phage can be used as a
drug or gene delivery vehicle for human, the specificity
of the phages towards bacteria in human must be studies in depth. This could prevent or reduce the change of
microbiome patterns in a healthy individual.
An interaction between HBV envelope protein, particularly the PreS regions, and a specific cell surface receptor is believed to be the initial step of HBV infection
through attachment to hepatocytes. In order to develop
a gene delivery system, the PreS regions were displayed
on the pⅢ protein of phage M13[41] and used to transfect
human hepatocarcinoma cell line HepG2[159]. The recombinant phage, namely M13-PreS, was shown to transfect
HepG2 cells but the efficiency was very low, which could
be attributed to the low valency of the displayed ligands.
In order to improve the level of transfection, two fragments of the PreS1 region, residues 1-47 and 60-108,
were fused separately to the 10B protein and 415 copies
of these fragments were successfully displayed on the
surface of phage T7. The recombinant phage displaying
the amino acids 60-108 was shown to be the most effective in transfecting and internalizing into HepG2 cells in
a dose- and time-dependent manner[160]. The capability of
the phage to transfect HepG2 cells indicates the potential
of the phage display system as a gene or drug delivery
system for HCC. In an in vivo study, Zhang et al[161] further
demonstrated that a filamentous phage bearing the amino
acid sequence FQHPSFI bound to tumor cells following
intravenous injections into BALB/c mice. This reaffirms
the potential of phage display as a drug or gene delivery
system to target HCC.
A combination of phages and other virus-like particles, for instance HBV capsid, has broadened their applications in gene and drug delivery. HBV capsid is made
of 240 or 180 copies of HBcAg which form large and
small icosahedral structures with triangulation number T
= 4 or T = 3, respectively[162]. For the past 30 years, HBV
capsid has been used extensively as molecular carrier for
foreign epitopes in the development of multi-component
vaccines (for reviews, see[33,34,163]). In addition, Lee et al[164]
demonstrated that HBV capsid produced in E. coli can
be dissociated into dimers by urea and guanidine hydrochloride (GdnHCl) and reassembled when the denaturing agents were removed by dialysis. This feature allows
the capsid to package molecules in its empty inner cavity
and can be further developed into a vehicle for delivering therapeutic molecules into a targeted organ. Cryoelectron microscopy[162] and X-ray crystallography[165,166]
revealed that both the large and small HBV capsids are
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spiky and each spike is formed by four α-helix bundles,
two from each HBcAg monomer. Affinity selection of
HBV capsid with a hexapeptide phage display library,
has successfully isolated peptides with the core motif
LLGRMK[108]. Subsequently, the binding site of peptides
containing this motif sequence was located precisely at
the tip of the spike of HBV capsid by using cryoelectron
microscopy[119] and mass-spectrometry[120]. A 12-mer peptide GGGSLLGRMKGA containing this motif sequence
was designed as a ‘‘nanoglue’’ to display cell-internalizing
peptides (CIP) of HeLa cells on the surface of HBV capsid[167]. Astonishingly, the HBV capsid delivered its cargo,
be it oligonucleotides or fluorescein molecules into HeLa
cells specifically[167]. Thus, a combination of phage display, viral-like particles (VLPs) and the nanoglue concept
creates innovative applications, not only to combat HBV,
but other diseases.

CONCLUSION
In general, mass immunization of world population with
the recombinant HBV vaccine produced in yeast is an
enormous success. HBV prevalence has now dropped
dramatically and of course countless lives have been
saved. For pharmaceutical industry, the recombinant vaccine has grown into a multi-billion-dollar business. Initially the market was monopoly by two giant pharmaceutical companies, but now many biotechnology companies
are mushrooming and penetrating into this industry. Are
these newly established companies employed the conventional technology to produce the same vaccine or are
they going to invest and introduce a novel vaccine which
is cheaper and more effective? If innovation is the only
solution, phage display provides an alternative means for
scientists and entrepreneurs to invent and introduce a
novel HBV vaccine into the market. The strategies that
can be used to achieve this aim are not only limited to;
(1) display of immunogens on phage particles; (2) identification of epitope or mimotope mimics from sera; and
(3) phage-delivered DNA vaccine. Although, the phagebased immunogens yielded promising results in animal
immunizations, could they survive the stringent test of
the time (about 10 years) and cost of clinical trials as well
as product development, which would at least amount to
about US$ 300 million? Economically, can they compete
with the existing effective recombinant vaccine?
HBV is commonly used as a proof-of-concept target for novel diagnostic technologies due to its threat
on global public health. The ultimate aims of these new
technologies are: (1) to attain the highest sensitivity and
specificity in the shortest time; (2) to obtain as much
information as possible in a single test with the cheapest cost; and (3) to achieve simplicity. For the detection
of HBV antigens in sera by using ELISA, the type of
antibody mostly used is the IgG molecule, either raised in
animals or produced via hybridoma technology. The IgG
is a relative large and complex molecule with disulfide
bonds and glycosylation which reduce its stability during
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storage and transportation. In addition, its production is
laborious, time consuming and costly. These limitations
can be overcome by phage display technology which allows the antigen recognition fragments of antibodies to
be engineered and selected from a combinatorial library.
Many studies have demonstrated the potential of phage
display antibodies and peptides as diagnostic reagents for
detecting HBV serological markers. Most recently, we
have proven that phage-ELISA can be combined with
real-time PCR for the detection of HBV antigen.
Phage display technology offers the opportunities to
display vast number of peptide sequences on the surface
of the minor or major coat proteins of bacteriophages.
Affinity selection through biopanning has led to the
identification of ligands that interact with the target
molecules. Using liver cell lines, anti-viral activities of the
isolated peptides/antibody fragments were demonstrated
to inhibit intracellular and extracellular steps of HBV life
cycle and subsequently reduced the HBV replication rate
significantly. To date, most of the isolated therapeutic
agents and their derivatives are targeting the viral proteins
particularly the PreS1 region and HBcAg instead of the
host cell proteins, although several authentic host proteins were discovered. These host cell proteins involved
directly or indirectly in the viral attachment and penetration. It is believed that a set of periplasmic and cytoplamic proteins is involved in a cascade of reactions that lead
to the internalization of the viral particles. In addition to
current anti-viral therapeutics, discovery of therapeutic
agents targeting the host cell proteins involved in the viral
infection process is another potential strategy to combat
HBV replication and infection.
The most heavily mapped HBV protein is the PreS1
region due to its clinical importance in vaccine design,
diagnostic and therapeutic purposes. The S-HBsAg was
also mapped considerably due to its abundances in the
serum of HBV infected individuals. Although HBcAg
is important for diagnostic purposes, its epitope has not
been mapped extensively particularly with phage display
technology. This is partly due to the availability of the
3-dimensional structure of HBcAg capsid which provides structural basis for the understanding of antibodyantigen binding. The epitopes of HBcAg capsid have
been mapped extensively and precisely by examining the
complex of core shell with antibodies using cryo-electron
microscopy[168-171]. In contrast, the 3-dimensional structure of HBsAg has not been elucidated, probably due to
its heterogeneity owing to high lipid content and extensive disulfide linkages. Thus, biophysical determination
of epitope with other means is essential to map the epitope of HBsAg. Without the ‘golden standard’ mapping
approaches such as X-ray crystallography, cryo-electron
microscopy and NMR analysis, the pre-defined peptide
epitopes have to be validated by various means which
include mutagenesis, peptide scanning, cell culture and
animal immunization. Furthermore, interaction between
the phages and the antibody provides a means in terms
of physical dynamics, which is greatly affected by physi-
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cal parameters such as pH, temperature, ionic strength,
and the peptide sequence polarity. It is common that a
synthetic peptide alone behaves differently from the corresponding phage fusion peptide. Optimization of the
internal or flanking sequence, sometime, is required to
improve the binding efficacy.
The ultimate aim of drug or gene delivery is efficient
conveyance of bioactive compounds to a specific target.
The activity of the delivered substance is maintained for
a desired length of time. The delivery vehicle must be
biologically stable under physiological conditions. The
packaging materials must be carefully chosen in order to
protect the cargo. HBcAg with its unique capability to
self-assemble into VLPs under permissive conditions is
an excellent packaging material for foreign substances.
Denaturing and renaturing of HBcAg VLPs allow therapeutic molecules to be packaged and protected inside
the VLPs. These therapeutics molecules can be targeted
specifically to an organ or a tissue by displaying CIPs on
VLPs via the nanoglue concept. Nevertheless, the stability, solubility, specificity, and bioavailability of the nanodelivery vehicles and their therapeutic compounds must
be studied thoroughly.
The innovative applications of phage display in epitope mapping and the development of vaccines, therapeutic agents, diagnostic reagents, as well as gene and
drug delivery systems are not limited to HBV, they can be
further extended to other microorganisms.
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Abstract
Hepatitis B virus (HBV) infection is a major global health
challenge leading to serious disorders such as cirrhosis
and hepatocellular carcinoma. Currently, there exist
various diagnostic and therapeutic approaches for HBV
infection. However, prevalence and hazardous effects
of chronic viral infection heighten the need to develop
novel methodologies for the detection and treatment of
this infection. Bacteriophages, viruses that specifically
infect bacterial cells, with a long-established tradition in
molecular biology and biotechnology have recently been
introduced as novel tools for the prevention, diagnosis
and treatment of HBV infection. Bacteriophages, due
to tremendous genetic flexibility, represent potential to
undergo a huge variety of surface modifications. This
property has been the rationale behind introduction of
phage display concept. This powerful approach, together with combinatorial chemistry, has shaped the concept
of phage display libraries with diverse applications for
the detection and therapy of HBV infection. This review
aims to offer an insightful overview of the potential of
bacteriophages in the development of helpful prophylactic (vaccine design), diagnostic and therapeutic strategies for HBV infection thereby providing new perspec-
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tives to the growing field of bacteriophage researches
directing towards HBV infection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bacteriophage; Hepatitis B virus; Phage display; Phage library; Biopanning; Diagnosis;Treatment;
Vaccine development
Core tip: Gaining insight into the role played by bacteriophages, viruses with prokaryotic hosts, in the development of helpful diagnostic and therapeutic approaches for hepatitis B virus (HBV) infection is of paramount
importance. Natural presence of bacteriophages in the
human body, as a major constituent of the gut flora,
creates new opportunities in directing the developed
approaches towards HBV infection. Undoubtedly, exploitation of this hidden potential of bacteriophages paves
the way for introduction of novel methodologies for the
detection and therapy of prevalent infection of HBV.
Bakhshinejad B, Sadeghizadeh M. Bacteriophages and their applications in the diagnosis and treatment of hepatitis B virus infection. World J Gastroenterol 2014; 20(33): 11671-11683 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i33/11671.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11671

INTRODUCTION
Hepatitis B virus (HBV) infection constitutes a significant health challenge worldwide and is considered as one
of the most prevalent chronic viral infections in human.
Chronic hepatitis can lead to a variety of liver disorders
such as cirrhosis and hepatocellular carcinoma (HCC).
HCC, one of the most common malignancies, is a leading cause of cancer-associated death in the world [1].
Human HBV belongs to the Hepadnaviridae family of
viruses and human and higher primates are known as
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Table 1 Names of the seven distinct proteins encoded by four
overlapping genes contained in the genome of hepatitis B virus

Vaccine
development

Development of
diagnostic assays

List of HBV proteins
Large surface antigen
Medium surface antigen
Small surface antigen
Core antigen
Generated by proteolytic processing of the
pre-core protein (non-structural protein)
Reverse transcriptase activity
Unknown function (non-structural protein)

L-HBsAg
M-HBsAg
S-HBsAg
HBcAg
HBeAg

Applications of
bacteriophages in
HBV infection

DNA polymerase
HBx protein
Development
of therapeutic
approaches

HBV: Hepatitis B virus; HBsAg: Hepatitis B virus surface antigen; HBcAg:
Hepatitis B virus core antigen; HBeAg: Hepatitis B e antigen.

the exclusive hosts for viral infection. The intact virion
is composed of viral genome that is a 3.2 kb partially
double-stranded circular DNA - enclosed in a nucleocapsid - and an outer layer. The nucleocapsid is made up
of a large number of core antigen (HBcAg) molecules
residing in the internal section of viral envelope. The
outer layer contains surface antigen (HBsAg) molecules
situated at the external portion of viral envelope. There
are three different but related forms of HBsAg including
large (L), middle (M) and small(S)-HBsAg. HBsAg harbors sets of epitopes known as immunodominant region.
These highly conformational epitopes are positioned
within a double-looped structure and trigger protective
antibody responses in human. The antigenicity of immunodominant region can be used for detecting HBsAg.
PreS1 (presurface 1) region - with 108 or 119 amino acids
dependent on serotype - in the longest surface antigen
(L-HBsAg) and on the outermost division of viral surface has been demonstrated to be implicated in the interaction of viral envelope with a specific receptor on the
surface of hepatocytes. This HBV-hepatocyte attachment
is known to be the initial step of viral infection. Furthermore, PreS1 region has been reported to play roles in the
assembly and budding of virions[2-4]. Given the importance of PreS1 in viral assembly and infectivity, development of reagents with great affinity and specificity to this
region of HBsAg is of particular importance for both
diagnosis and treatment of HBV infection.
In general, HBV genomic DNA has four overlapping
open reading frames that encode seven distinct proteins
(Table 1). DNA polymerase, located within the nucleocapsid, is covalently attached to viral double-stranded
DNA. Covalently closed circular DNA (cccDNA) which
functions as the chief transcriptional template makes
an essential contribution to the durability of infections
caused by HBV and persists as an episome in HBVinfected hepatocytes. It can remain following antiviral
therapy and even following apparent elimination of viral
infection[5,6].
Currently there exist various diagnostic and therapeutic approaches for HBV infection. However, prevalence
and also threatening consequences of HBV chronic
infection emphasize the need to develop novel method-
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Figure 1 Various potentials of bacteriophages for hepatitis B virus infection.

ologies for the prevention, diagnosis and treatment of
viral infection. Within the recent several years, numerous
reports have revealed the potential of bacteriophages in
this regard. These studies have shed light on the fact that
one category of viruses called bacteriophage (with prokaryotic hosts) can serve as powerful tools to take prophylactic, diagnostic and therapeutic measures towards
another category of viruses called hepatitis B virus (with
eukaryotic hosts). The current review tells the tale of
these two viruses. This review aims to provide opportunity for readers to gain a novel insight into the potential
of bacteriophages in the emergence of new approaches
for the prevention, detection and treatment of HBV infection. To this end, we discuss various applications of
bacteriophages in three areas related to HBV infection.
These areas include development of bacteriophage-based
diagnostic tools, bacteriophage-based treatment modalities, and bacteriophage-based vaccines for HBV infection (Figure 1). In view of the paramount importance of
phage display concept in presenting numerous bacteriophage-mediated diagnostic and therapeutic platforms for
HBV, we address in detail phage display technology and
phage display libraries and also provide description to
various aspects of this powerful technology in order to
formulate helpful diagnostics and therapeutics for HBV
infection.

BACTERIOPHAGES AS TOOLS FOR
MEDICAL PURPOSES
Bacteriophages are naturally-occurring viruses that specifically infect bacterial cells. These prokaryotic viruses are
the most abundant life forms in the biosphere. In comparison with bacterial cells, the number of phage virions
is 10 fold higher and estimations of phage frequency
approximate their number to 1030 particles. They can be
tracked down in an innumerable variety of environments
ranging from oceans’ depths to hot springs. One of the
most attractive habitats of phages is the body of human
and animals particularly their gastrointestinal tract[7,8]. Di-
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gestive system of human is home to a huge number of
phage particles. These phages, along with their bacterial
hosts, hold a major role in forming the gut flora. Interestingly, phages exhibit tremendous diversity in a manner
that a large number of newly sequenced phage genes are
lacking recognized homologous counterparts deposited
in databases[9]. This is a reflection of the fact that the
phage world is a terra incognita and many regions of this
vast territory remain a mystery.
Structurally, bacteriophages harbor DNA or RNA as
their genetic material which is surrounded by a protein
coat or capsid. Being metabolically inert, bacteriophages
take advantage of their host bacterial cells for growth
and amplification. Based on the life cycle, they can be
placed in two categories of lytic and lysogenic. Lytic or
virulent phages multiply within the bacterial host, and
subsequently release their assembled particles through
lysis of the host cell. On the contrary, lysogenic or temperate phages integrate their genetic material into the
host chromosome leading to their replication together
with the host bacterium for generations[10]. In response to
harsh conditions such as ultraviolet (UV) irradiation, the
genome-residing prophage can undergo induction and
change into lytic phage.
When tracing back to the era of emergence of molecular biology, it becomes clear that from the very beginning bacteriophages have played a leading role in the
field. They have made an essential contribution to solving
many fundamental questions of molecular biology and
genetics. With the elapse of time, this role has expanded
and triggered developments in a variety of biotechnological and medical areas. Some of these achievements have
revolutionized the view of researchers towards biological
issues. The ongoing advances in bacteriophage research
have attracted tremendous attention to the potential applications of these bacterial viruses in the clinical context.
These progresses have paved the way to use bacteriophages for the prevention, detection, and treatment of
various pathological disorders.

PHAGE DISPLAY
Bacteriophages indicate a high level of genetic flexibility. This characteristic established ground work for the
formulation of phage display methodology. The initial
concept of phage display was presented in the pioneering
work of George P Smith conducted at the University of
Missouri in 1985[11]. In this molecular selection technique
a foreign DNA fragment is inserted into the gene encoding one of the phage coat proteins. The DNA-encoded
peptide/protein is then displayed as fusion to the coat
protein on the surface of phage particle, where it is available to be involved in binding interactions with target
molecules. In this manner, a physical linkage is formed
between the surface-expressed peptide/protein and the
DNA that encodes it. This genotype-phenotype connection is one of the most significant aspects of phage
display[12,13]. This technique has served to display a variety
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of molecules such as short peptides, individual protein
domains, whole proteins, antibody fragments, receptors
and enzymes on the surface of phage particles[14-16]. It is
now well established that phage display as a robust and
powerful technology represents huge potential to be used
in a wide spectrum of biomedical and pharmaceutical
areas including drug discovery, vaccine development,
isolation of cell/tissue/disease-specific biomarkers (e.g., a
variety of cancers), protein-protein interactions, receptorligand characterization, gene/drug delivery and targeting,
bioimaging and biosensing, neurobiology, proteomics,
functional genomics, and antiviral research[17-25].
All five structural capsid proteins of M13 phage have
the capacity to be exploited for expression of heterologous (poly)peptides. Each of the coat proteins has its
own benefits and pitfalls. However, the most frequently
used proteins for this purpose are minor coat protein (p
Ⅲ) and major coat protein (pⅧ). pⅢ is a 400 amino acidlong protein implicated in binding of the phage particle
to the host bacterium during infection. pⅧ with its 50
amino acids is recognized as the most abundant protein
of M13 (about 2700 copies per phage virion) and plays a
very critical role in shaping the long filamentous morphology of the phage. Generally, pⅧ is suitable for display of
smaller proteins and pⅢ is proper for display of larger
proteins. On the other hand, the abundance of pⅧ on
the phage surface makes it possible for display of a higher
number of protein of interest. But, pⅢ has fewer copies
(3-5 copies) on the phage surface and is appropriate for
display of a less number of protein of interest[26,27]. Other
proteins of M13 are less matched for display purposes.
This impaired capability for efficient display is due to the
lack of full accessibility of these proteins in the context
of intact phage particles. For example, some parts of pⅥ
and pⅦ are not accessible in intact phage. Furthermore,
the adverse effects of the displayed peptide/protein during phage assembly can, to some extent, result in low
efficiency of display[28]. Choosing the coat protein (as fusion partner) on which the peptide or protein of interest
will be displayed depends upon the type of the displayed
ligand as well as the objective which is pursued.
Various bacteriophages such as filamentous phages,
lambda, T4 and T7 have found application for surface
display of foreign ligands. Platforms based on M13 (as
a filamentous bacteriophage) constitute the most-widely
used bacteriophage-based display tools. Filamentous
bacteriophages (M13, f1 and fd) are rod-shaped bacterial
viruses that are assembled at the membrane of the host
bacterium where the phage genome is extruded through
membrane pores. When assembled, the phage particle is
composed of a single stranded, circular DNA enclosed in
a proteinaceous coat with five different coat proteins[13,29].
Filamentous bacteriophages represent some advantages
to be used as cloning vehicles and phage display technology platforms. Their genome can tolerate insertion
of large DNA fragments in the nonessential regions
without disrupting phage packaging. This high degree of
adaptability is reflected by the fact that an increase in the
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genome size is accompanied by a parallel increase in the
length of the phage particle as well as the number of p
Ⅷ molecules. Furthermore, M13 genome can be isolated
as both single and double stranded forms. On the other
hand, non-lytic multiplication of M13 phage leads to the
accumulation of high concentrations of phage particles
in the infected bacterial host[13,26].

PHAGE DISPLAY LIBRARIES
Combinatorial chemistry has proven to be a growingly
potent and insightful methodology in modern drug development. This basic discovery technology can be used
to generate combinatorial chemical libraries. In a general
sense, combinatorial libraries are a diverse repertoire of
molecules synthesized both chemically and biologically
(genetically). This rich source of molecular collection can
be screened for a function or affinity of interest. Genetically-encoded combinatorial libraries such as phage display libraries have taken a special place in the flourishing
field of combinatorial technology particularly for the development of novel classes of tumor-avid molecules[30,31].
Genetic encoding makes it possible for molecules of a library with specific binding properties to be resynthesized
and rescreened.
Construction of phage display random libraries has
been one of the most fascinating and impressive developments in the area of phage display technology. In fact,
phage display as a high throughput approach provides a
robust basis for the production of massive libraries of
molecules with different structural properties. Random
peptide libraries are known to be one of the most frequent types of phage display libraries. These random
libraries are made via cloning degenerate oligonucleotide
sequences into a gene encoding one of the phage coat
proteins. Each phage clone expresses a unique amino
acid sequence on its surface, but the whole library may
harbor billions of peptides[12,32,33]. Peptides in these random libraries have a length ranging from 5 to 20 amino
acids. However, heptapeptide and dodecapeptide libraries - being commercially available - are the most broadly
used peptide libraries.
These huge random libraries offer the advantage of
using affinity selection to identify ligands with great specificity and affinity to any desired target. Interestingly, this
procedure eliminates the need for any prior knowledge of
characteristics of the target molecule. Multiple rounds of
affinity selection are an extremely efficient and powerful
strategy for the selection of very rare but highly specific
binders from a huge pool of variants. To date, phage libraries have been applied to identify ligands against a wide
variety of targets including purified proteins, antibodies,
enzymes, cell surface receptors and in particular cancerassociated antigens[30,34,35]. Screening of phage libraries can
be performed both in vitro against cultured cells and in
vivo within the body of living animals through systemic
circulation thereby leading to the isolation of cell-specific
or organ-specific ligands, respectively[36-38].
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Screening of a phage library over the desired target
is carried out through an affinity selection-based process
called biopanning. This process provides a means for
selective enrichment of target-binding phages. In this approach, a library of phage-displayed peptides is passed
over a plate coated with the target for which a binding
ligand is sought. Bound phages are captured, while nonbinders are eliminated by several washing steps. Due to
the stability of phages, specifically bound phages can be
eluted by acidic pH, denaturants (reducing agents) or ionic
strength. Recovered phages are then amplified by infection of E.coli cells and undergo several - typically three
to five - additional cycles of binding/amplification. This
cyclic process of binding, washing, elution and amplification ultimately results in selective enrichment of high
affinity binding sequences to the target. These enriched
phage clones obtained from the last round are subjected
to DNA sequencing in order to characterize and identify
peptides with the highest affinity and specificity towards
the target[39-41]. Because biopanning is a multistep selection
procedure, very rare specific binders can be selected and
amplified from a large background of phages with irrelevant binding property. One considerable benefit of phage
display-based biopanning is that this screening modality
provides various routes for the presentation of target to
the library. This enables researchers to conveniently adapt
screening protocol to the distinctive requirements of different targets. Target molecules can be immobilized onto
a support such as coated tubes or plates, columns or magnetic beads and phage library is subsequently exposed to
the immobilized target. Although being time-consuming,
in this strategy only the target molecule is presented to
the library. Targets can also be elements on the surface of
cells either cultured in vitro or existent in different organs
of the body of living animals. In this platform, target
molecules are exposed in a (quasi)-natural position to the
displayed library. But, the likelihood of binding of displayed peptides to many non-target molecules is an issue
deserving further consideration[26,41].
Peptide ligands identified from phage libraries can be
employed as leads in drug design and in vaccine development. Furthermore, some isolated peptides are bioactive
and can inhibit the function of their target molecule (e.g.,
enzyme inhibition). Therefore, these ligands represent
potential to be used for various diagnostic and therapeutic applications. One of the most significant aspects
of biopanning through phage libraries is searching for
ligands - for example peptide ligands-specific to target
molecules over-expressed on the surface of malignant
cells. Peptides selected through phage libraries have been
utilized for imaging, diagnosis, and treatment of a wide
range of tumors such as glioblastoma, melanoma, leukemia, prostate and thyroid cancer[30,42-44]. These tumorhoming ligands are of great relevance for biomedical
purposes and provide a means for selective delivery of
various gene therapy vectors and chemotherapeutic drugs
into neoplastic cells. Molecularly targeted delivery of anticancer agents enhances the therapeutic index and mini-
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mizes the toxicity of these compounds.

BACTERIOPHAGE-BASED DIAGNOSTIC
APPROACHES FOR HBV INFECTION
HBcAg, a major protein that forms the inner core of
HBV virions, is regarded as one of most critical markers
for detecting viral infection. The quantity of this protein
demonstrates viral load as well as viral genomic DNA.
HBcAg concentration in the serum correlates well with
the amount of HBV genome implying its potential to
be employed as a marker for viral load. Existence of
anti-HBcAg antibodies in the serum can find utility as
a specific serological marker for the diagnosis, monitoring of infected individuals, differentiation between acute
and chronic forms of viral infection as well as epidemiological evaluations[45,46]. On the other hand, detection
of antibodies generated against HBcAg is of particular
importance in the identification of infected patients who
are negative for HBsAg. Identification of this category
of patients is crucial to impede HBV contamination of
blood transfusion products[47].
Phage display has been used for surface display of
HBcAg as a novel approach for the production of antiHBcAg monoclonal antibodies. In this framework,
HBcAg-displaying phage serves as an immunogen for
immunization purposes and potential development of
HBcAg-specific monoclonal antibodies. This bacteriophage platform also represents promise for the production of anti-HBV vaccines. Bahadir et al[48] applied phage
display to express full-length HBcAg protein on the surface of M13 phage as fusion to minor coat protein. This
recombinant phage was found to be largely immunogenic
in BALB/c mice with antibody responses comparable
with that of commercial HBcAg. In this work, pⅢ protein - with only three to five copies on M13 surface - was
chosen as the fusion partner of HBcAg. This is due to
the fact that HBcAg is approximately too large for proper
display in full-length form on pⅧ protein.
Also, phages displaying surface ligands (such as peptides or antibodies) with tight binding ability to HBcAg
can be used as diagnostic tools for the detection of
HBV presence in biological samples. M13 bacteriophage
bearing a surface peptide sequence that interacts tightly
and selectively with HBcAg has been demonstrated to
have the capability of detecting this viral antigen using
phage-ELISA, phage-dot blot and immunoprecipitation
assays[49]. This peptide was isolated via biopanning of a
phage display cyclic peptide library and further analysis
revealed that it can specifically bind to HBcAg but not
to HBsAg and HBeAg (Hepatitis B e Antigen). HBeAg
is the extracellular form of HBcAg[50]. In addition, this
bacteriophage system represented the ability to detect
HBcAg released from virions in HBV-positive serum
samples. In another report, the aforementioned fusion
phage (displaying a selective peptide towards HBcAg)
was used to develop a TaqMan based real-time method
as a diagnostic assay for HBV detection in positive serum
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samples[51]. This special strategy was formulated based on
the idea of phage display-mediated immune-polymerase
chain reaction (PD-IPCR) originally introduced by Guo et
al[52] PD-IPCR had previously been shown to be a highly
sensitive method for the detection of viruses such as
Hantaan virus nucleocapsid protein. Generally speaking,
detection of HBcAg in blood samples can be performed
by radioimmunoassay, ELISA and enzyme immunoassay[45,46,53]. The necessity of using monoclonal or polyclonal antibodies in these assays renders the procedure
of HBV detection challenging, laborious and timeconsuming. Development of a bacteriophage-based diagnostic method - with the capacity of rapid propagation in
bacterial cells within several hours -immensely facilitates
detection of HBV infection. PD-IPCR hugely increases
detection sensitivity (100 to 10, 1000 fold) compared to
conventional phage-ELISA. This enormous rise in sensitivity arises from remarkable amplification power of
PCR[54]. The results of this study suggest that PD-IPCR
can be used as an alternative to phage-ELISA for HBcAg
diagnosis.

BACTERIOPHAGE-BASED THERAPEUTIC
APPROACHES FOR HBV INFECTION
Initial efforts for bacteriophage-mediated transduction
of mammalian cells date back to several decades ago. At
the outset, chemical transfection (by using DEAE -diethylaminoethyl - dextran and lipopolyamine) was applied to
transduce cultured mammalian cells with both filamentous (single stranded DNA) and lambda (double stranded
DNA) phages[55-57]. Later on, Hart et al[58] demonstrated
that filamentous bacteriophages displaying the RGD
(arginine-glycine-aspartic acid) tri-peptide sequence can
be selectively targeted to and subsequently internalized by
mammalian cells. Although there was not any report on
the capacity of bacteriophages for gene expression in eukaryotic cells, this study suggested cellular internalization
of these viral agents via expressing surface ligands and led
to the speculation that bacteriophages can be exploited
as tools for the delivery of foreign genetic material into
specific mammalian cells. Larocca et al[59] provided the
first proof of principle of bacteriophages as a targeted
gene delivery vehicle. They showed that M13 filamentous bacteriophages bearing a CMV (cytomegalovirus)controlled green fluorescent protein (GFP) gene and genetically displaying fibroblast growth factor (FGF2) can
target COS-1 cells in a FGF2 receptor-mediated manner
triggering the expression of the phage encoded reporter
gene in mammalian cells.
Targeting of various gene carriers towards specific
cells is one of the most complicated issues in gene therapy that dramatically reduces toxicity concerns. To achieve
successful outcomes in gene therapy, it is necessary for
the therapeutic transgene of interest to be exclusively
expressed in target cells sparing normal non-targeted tissues. Larocca’s pioneering study laid the groundwork for
potential application of bacteriophages as a unique novel
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Figure 2 Cell-specific targeting of bacteriophages. Attachment of a ligand,
with specific binding ability to a receptor on the surface of target cell, leads to
targeted delivery of bacteriophage to the cell of interest. This ligand is fused to
one of the phage coat proteins.

class of gene therapy vectors and provided strong support for the notion that bacteriophages, although having
no tropism for mammalian cells, can be adapted for cell
type-specific delivery of therapeutic genes into mammalian cells when properly targeted. This proper targeting
can be made feasible through linking of a ligand -with
binding capability to the desired cell surface receptor to the surface of phage particles (Figure 2). Engagement
of specialized cell surface receptors potentiates targeted
bacteriophages to deliver their cargoes to cells through
receptor-mediated endocytosis (RME)[60,61]. The use of
RME potential presents a new perspective to the landscape of gene delivery. Within the past years, a variety
of molecules including growth factors (basic fibroblast
growth factor and epidermal growth factor), antibodies,
and viral capsid proteins have been utilized for targeting bacteriophage vectors towards mammalian cells[62,63].
Phage display technology offers a powerful approach
for targeted delivery of therapeutic cargoes. Bacteriophage-based surface display of peptides, poplypetides
or antibodies that show preferential binding to specific
receptors on the surface of target cells, organs or tissues
is a highly valuable modality in the discovery of new targeting methodologies. This strategy establishes new opportunities for the design of gene delivery vectors with
improved targeting properties. Combination of diseaserelated receptors and their corresponding ligands forms
a foundation based on which new systems for targeted
delivery can be developed. In this regard, natural or artificial ligands with the capability of binding to receptors
distinctively expressed on the surface of target cells might
be used to direct therapeutics towards sites of interest.
Hepatitis B virus makes interactions with the surface
of liver cells resulting in virus binding to the cell surface.
This surface binding allows subsequent internalization
of viral particles into hepatocytes. Hepatitis B virus uses
some surface molecules- peptides or proteins- for interacting with hepatocytes. As previously noted, PreS1 is
one of the most crucial elements underlying the attach-
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ment of HBV particles to hepatocytes. One potential
means for bacteriophage-based targeted delivery into
liver cells - as the host cell of hepatitis B virus- is display
of surface components of HBV that are necessary for
binding to hepatocytes. This approach makes it possible
to exploit phage display technique for the development
of targeted platforms in order to treat HBV infection.
Tang et al[64] took advantage of this strategy to develop
a bacteriophage vehicle with potential application in human gene transfer and gene therapy. They fused several
polypeptides of the PreS1 region of HBV in frame to
the C-terminus of 10B capsid protein of phage T7. Their
experiments demonstrated the efficacy of PreS160-108 polypeptide in transfection of HepG2 (Hepatoblastoma G2)
cells. Also they found that higher phage concentrations
and longer incubation periods trigger higher transfection
efficiency highlighting the fact that phage internalization
through displayed polypeptide of the PreS1 region occurs in a dose- and time-dependent manner. This study
suggests that PreS160-108 region can be used as a targeting
ligand to confer hepatocytic tropism to bacteriophages or
any other gene and drug delivery vehicle. These targeted
delivery vehicles offer a means for the delivery of therapeutic cargoes into liver cells thus providing a platform
for the treatment of HBV infection, liver cancer and
other hepatocyte-related disorders.
Another framework represented by phage display for
the treatment of HBV infection is the utilization of random phage display libraries - both peptide and antibody
libraries - in order to obtain ligands with selective binding
to surface molecules of hepatitis B virus. These HBVbinding ligands might prove useful in targeted delivery of
various carriers into HBV-infected haptocytes and also
as antiviral drugs against HBV infection. Wang et al[65]
screened a commercial phage display dodecapeptide library against purified PreS1 protein of HBV. This library
contained peptide variants as fusion to minor coat protein (pⅢ) of M13 phage. They identified several distinct
PreS1 binding peptides among which one peptide was the
most enriched with the tightest ability for binding to the
target protein. Further analysis revealed that this peptide
strongly decreased the attachment of HBV virions to the
PreS1 antibody in a dose-dependent manner exhibiting its
capability in effective blocking of the relevant epitope of
PreS1 protein. Peptide ligands or motifs obtained from
phage display libraries with the merit of recognizing and
blocking the surface molecules of HBV offer promise to
be a candidate for the treatment of HBV infection. As a
result, they can be utilized for the design of novel drugs
against HBV. In another study, Deng et al[66] reported
screening of a random peptide library against the PreS
region of HBV as target. In contrast to the previous case,
in this work peptides were displayed as fusion to major
coat protein (pⅧ) of M13 phage. On the other hand,
peptides of this library were structurally constrained in
which random peptides were enclosed in a loop flanked
by a pair of cysteine residues. Five rounds of biopanning
gave rise to the enrichment and selection of PreS-binding
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constrained peptide ligands.
Antibodies with the ability of being internalized into
HBV-infected cells hold enormous potential for the development of treatment methods against hepatitis B infection. Park et al[67] constructed a large nonimmunized/
naive human antibody phage library in scFv (singlechain variable fragment) format. Peripheral blood mononuclear cells (PBMC) of nonimmunized healthy donors
were used as a source of lymphoid tissue. Subsequent to
screening of this phage library, two functional anti-PreS1
scFvs were obtained. Survey of biological activity of the
isolated scFvs established that they can recognize PreS1
and neutralize the binding of PreS1 protein and HBV
virions to a human hepatoma cell line. As interaction
between PreS1 (on the surface of HBV) and hepatocyte
is vital for HBV infection, inhibition of this interaction
via the identified scFvs may be promising in immunoprophylaxis and immunotherapy against HBV infection.
Furthermore, this type of phage library can be an advantageous and applicable source of antibodies to any viral
or malignant cell target. Wen et al[68] exploited screening
of a natural immune antigen binding fragment (Fab)
antibody phage library against HBsAg. This library had
been constructed from the lymphocytes of a volunteer
immunized with HBsAg. A number of Fab fragments
with considerable ability for binding to the target antigen
were identified following several rounds of biopanning.
Subsequently, these Fab fragments were reconstructed
into scFvs for further analysis. This reconstruction of
display format of the isolated antibodies was due to
the fact that scFvs represent interesting features including low molecular weight and convenient permeability
while retaining binding capacity. All scFvs maintained a
high affinity against HBsAg on the membrane of HBVinfected cells. Further analysis revealed that one of scFvs
is heavily internalized into HBsAg-positive HepG2.2.15
cells. On the other hand, as transferrin is a marker for
clathrin-mediated endocytosis, colocalization of this scFv
with tranferrin suggests the possible role of clathrinmediated endocytic pathway in the trafficking of scFv
into infected cells.
It is interesting to note that phage display technology
presents the possibility for affinity maturation of HBVbinding ligands. In this context, phage display can find
utility as a tool for the production of a mutant antibody
library with the intention of augmenting affinity of an
antibody. Yang et al[69] made use of phage display library
to enhance the affinity of an anti-PreS1 antibody with
HBV-neutralizing activity in chimpanzees but inadequate
affinity for clinical application in human. They generated HCDR3 (heavy chain complementarity determining
region)-randomized library in scFv-phage display format.
Biopanning of phage-displayed library against the PreS1
antigen resulted in selecting several affinity-matured scFv
variants of the original anti-PreS1 antibody. These antibody mutants, with higher affinity towards target antigen,
present improved potency in neutralizing HBV infection
in comparison with wild type antibody thereby providing
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more efficacious tools for anti-HBV immunotherapy.

BACTERIOPHAGE-BASED VACCINE
DEVELOPMENT FOR HBV
Many vaccines are designed based on recombinant viral
and bacterial carriers. One major complication of these
vaccines in translation to the clinic is their ability to generate strong immune responses that result from previous exposure of human cells to these bacterial and viral
agents[70]. The use of bacteriophages as viruses whose
naturally occurring hosts are non-human prokaryotic
cells can bring new opportunities to the field of immunotherapy and vaccine development. Bacteriophages have
recently been introduced as efficient vehicles for vaccine
delivery. Bacteriophage-carried antigens have the capacity
to trigger humoral and cell-mediated immune responses.
Various bacteriophages including filamentous phage,
lambda phage, T4 and T7 can be exploited for vaccination purposes[71].
Bacteriophages represent some advantages for the
development of vaccine delivery systems. Bacteriophagebased antigen delivery platforms are low-cost and stable
under relatively extreme environmental conditions. They
can be readily and simply produced in large quantities
because of their exponential multiplication on a simple
bacterial host. These vaccine vehicles offer an approximately large cloning capacity; for example up to 20 kb for
lambda-phage-based vaccines[71-73]. This provides potential for the delivery of multiple different constructs (different vaccines or multiple copies of the same vaccine)
by a single phage particle, inclusion of adjuvant (cytokine
and chemokine) genes on the phage vaccine, and also
cloning of large intron-harboring genes of eukaryotes.
The latter property is of considerable significance to tailor bacteriophage vaccines for eukaryotic parasites such
as Plasmodium falciparum (causal pathogen of malaria) or
Trypanosoma brucei (causal pathogen of trypanosomiasis);
disease-causing agents with complicated life cycles or
antigen switching activity[73]. In contrast to vaccines based
on eukaryotic viruses, bacteriophages are lacking ability
to propagate in eukaryotic cells that excludes the possibility of vaccine replication in human cells. With the
birth of phage therapy concept in the initial decades of
the 20th century, there have been a multitude of studies particularly in Eastern Europe countries - in which these
prokaryotic viruses were safely utilized for the treatment
of bacterial infections[74,75]. This implies the fact that there
is a long tradition of safe application of bacteriophages
in human for clinical purposes.
There are two main strategies for the exploitation
of bacteriophages as vaccine delivery platforms: phage
DNA vaccines and phage display vaccines[76]. In phage
DNA vaccines, the sequences necessary for the synthesis
of vaccine antigen under the control of an appropriate eukaryotic expression cassette are inserted into the
phage genome. Following DNA packaging in vitro and
propagation of phage virions on the bacterial cells, the
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whole recombinant phage particles are used as a delivery
carrier for DNA vaccination and immunization of the
host. When introduced into APCs (antigen presenting
cells) of the host immune system, the phage protein coat
is removed and the vaccine-encoding DNA is expressed.
Compared with standard plasmid DNA vaccination,
phage DNA vaccines have been indicated to mount enhanced antibody responses in mice and rabbits[10]. March
et al[72] used lambda-phage DNA vaccine containing HBsAg (λ-HBsAg) for immunization of rabbits and mice.
Compared with those vaccinated with equivalent plasmid
construct encoding HBsAg, λ-HBsAg-immunized animals presented a higher titer of anti-HBsAg antibodies
and this antibody response did not show any sign of reduction more than six months post-immunization. Clark
et al[77] incorporated an expression cassette containing
HBsAg of hepatitis B virus into the genome of lambda
phage and used this phage-based vaccine for vaccination
against HBV in rabbits. Furthermore, they compared the
immunization capacity of λHBsAg with a commercially
available protein vaccine, EngerixB, that is made up of
HBsAg recombinant protein. They demonstrated that the
phage construct in comparison with Engerix B protein
vaccine is able to produce significantly higher antibody
responses. This difference can be ascribed in part to the
adjuvant effects of lambda phage particles. Immunostimulatory effects of bacteriophage particles have been
previously shown in several studies[74,78]. In another study,
Clark and March intramuscularly injected mice with
[71]
λ-gt11 phages harboring HBsAg of hepatitis B virus .
Mice groups vaccinated with λ-HBsAg were found to
yield elevated anti-HBsAg responses in comparison with
unmodified λ-gt11 phage or HBsAg-containing plasmid
(naked DNA). Additionally, a potent antibody response
was observed against the coat protein of the carrier
phage lambda. This phenomenon leads to the formation
of immune complexes that play a critical role in effective
targeting of antigen presenting cells thereby boosting
efficiency of the delivery system. Although this finding
reflects momentousness of initial priming of the immune system against the phage carrier, investigation of
the impact of anti-phage response on the efficacy of the
delivery system remains to be elucidated.
In phage display vaccines, bacteriophages are engineered in order to display a specific peptide or protein
with antigenic property on their surface. A number of
studies have revealed the potential of phage displayed
antigens for the development of vaccines against pathogens such as hepatitis C virus[79], HIV-1 (Human Immunodeficiency Virus-1)[80], Plasmodium falciparum[81], Neisseria
meningitidis[82], as well as diseases including Alzheimer[83]
and cancer[84] in animal models. These reports have successfully exhibited the capability of these vaccines in the
activation of immune responses. In this regard, a vaccine
against Taenia solium pig cysticercosis is known as the
first vaccine developed through phage display for a large
animal like pig[85]. Tan et al[86] displayed major antigenic
region of HBV, the immunodominant region (amino ac-
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ids 111-156) of S-HBsAg, on the surface of T7 phage as
fusion to the C-terminal end of 10B capsid protein. This
region has proven to be capable of eliciting protective
antibodies. T7 phage-HBsAg construct was indicated to
generate desirable antigenic responses with the guinea pig
anti-HBsAg antibody and human anti-HBsAg serum in
ELISA tests. This observation implies the merit of this
phage construct for the detection of antibodies produced
against HBsAg in infected individuals. Moreover, the sera
purified from rabbits immunized with T7 phage-HBsAg
exhibited high levels of anti-HBsAg antibodies suggesting the potential of these phage particles as candidates
for vaccine production. The results were in support of
antigenic and immunogenic characteristics of the immunodominant region of HBsAg displayed on T7 phage.
This antigenicity and immunogenicity represent the potential of T7 engineered phage particles to be employed
as immunological reagents in detection assays for HBV
infection also as immunogens for the development of
economical vaccine platforms.
In the aforementioned reports, the capacity of bacteriophage-based vaccines in inducing humoral immunity
was brought into focus. However, specific cellular immune responses also play substantial roles in generating
anti-virus immunity thereby taking a special place in the
establishment of bacteriophage-based vaccines against
HBV infection. Keeping this in mind, it is of particular
importance to explore whether vaccines developed based
on bacteriophage particles can stimulate T cell responses
especially antigen-specific cytotoxic T cell (CTL) responses. Wan et al[87] displayed a MHC (major histocompatibility complex) class I molecule (H-2d)-binding peptide
called HBs28-39, an epitope generated by exogenous processing of hepatitis B virus surface anigen, on the surface
of filamentous phage particles (as fusion to the pⅧ coat
protein) and injected the constructed phage into BALB/c
mice without adjuvants. Several days following injection
of low doses of phage particles into mice, a specific CTL
response for MHC class I-restricted HBS28-39 epitope was
found. This study suggested that filamentous phage particles can be processed by macrophages for presentation
by MHC-I molecules. In another report, Manoutcharian
et al[88] grafted a T-cell epitope that was predicted through
analysis of the Taenia crassiceps proline-rich protective antigen KETc7 into immunoglobulin heavy-chain CDRs and
displayed it on the surface of filamentous bacteriophage
particles. The CD4+ and CD8+ T cells isolated from mice
immunized with this phage display vaccine stimulated
the generation of interferon gamma (INF-γ). The results
indicated that phage particles can be efficiently processed
and presented by MHC class I molecules eliciting strong
CTL responses that yield ultimate resistance to challenge by infection. In the study conducted by Hashemi
et al[89]recombinant filamentous phage particles containing the expression cassette of HSV-1 (Herpes Simplex
Virus 1) glycoprotein D were used for vaccination of
mice. Glycoprotein D is necessary for viral entry, mediates fusion of membranes following viral attachment
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and is considered as an important target for the immune
system[90]. After inoculation of mice with different titers
of phage particles, both humoral and cell-mediated immune responses were measured in the immunized mice.
In this work, antigen specific cellular response was evaluated through ELISA measurement of secreted granzyme
B in the supernatant of effector-target cells co-culture.
Granzyme B, a serine protease, is regarded as one of the
most significant cytotoxic mediators exocytosed by CTLs
upon specific recognition of antigens presented by self
cell surface MHC class Ⅰ molecules and triggers granulemediated apoptosis through cleavage of different cellular
substrates. The results of the study exhibited that there is
a dose-response relationship in both antiviral neutralizing
antibody and specific cellular immune responses. Therefore, phage virions displaying a fusion antigenic peptide
can be taken up and subsequently processed by both
MHC class Ⅰ and class Ⅱ in antigen presenting cells and
in this way stimulate the immune response to the phagedisplayed epitope. In another work, it was revealed that
fd virions that displayed peptide RT2 (corresponding
to residues 309 to 317 of the reverse transcriptase of
HIV-1) harbor the capability of priming a CTL response
specific to RT2 epitope in human cell lines[91]. A T-helper
epitope (pep23 corresponding to residues 249 to 263 of
the reverse transcriptase of HIV-1) is required for successful priming of specific CTL response against RT2
epitope. This results in the activation of antigen specific
CD4+ T cells. Furthermore, HLA-A2 transgenic mice
that were immunized with bacteriophages displaying RT2
peptide mounted an efficient and specific anti-HIV-RT2
CTL response.
These studies reflect the fact that bacteriophages offer
potential to elicit T cell-mediated immunity in particular
antigen specific cytotoxic T cell responses. The ability of
bacteriophages for inducing cellular immunity, together
with humoral immune response, can have significant implications for the development of bacteriophage-based
vaccine platforms.
In addition to phage DNA and phage display vaccines previously mentioned, phage display methodology
can also be used in another manner for vaccine development. In this approach, a specific antiserum or the serum
of convalescent individuals is employed as a means for
screening phage peptide libraries to recognize new protective antigens or mimotopes - peptides mimicking secondary structure and antigenic characteristics of a protective protein, carbohydrate or lipid, although bearing a
different primary structure - as novel potential vaccines
against a certain disease[92-94].
Another practical framework for the use of bacteriophages in vaccine design, inspired by combining phage
DNA and phage display vaccines, is development of
hybrid phage vaccines. This more recently established
methodology, as its name represents, takes advantage of
both previously mentioned approaches of phage DNA
and phage display vaccines. In this strategy of vaccine
development, a DNA vaccine is inserted into the phage
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genome, while a phage display variant of the antigen
encoded by the incorporated DNA vaccine is expressed
on the phage surface. This vaccine type exhibits a more
considerable efficacy in targeting of both humoral and
cellular components of the immune system[10,76].
Targeting of bacteriophages towards APCs is another
important issue which is worthy of consideration in the
development of bacteriophage-based vaccines. Surface
modification of bacteriophage vaccines through specific
molecules can be used as a means for preferential targeting of these vaccines towards certain types of immune
cells such as APCs. With regard to targeting of bacteriophage vaccines towards cells of the immune system,
dendritic cells (DCs) as the most important category of
professional APCs have received considerable attention.
DCs make essential contribution to the initiation of the
immune response. These specialized immune cells are
able to sample antigens from their surrounding environment, process the antigens that have entered the endocytic pathway, and ultimately present the processed antigens
as immunostimulatory peptides to T lymphocytes in the
context of MHC antigens. DCs, in addition to playing
roles in priming naive T cells, are also involved in the
growth and secretion of immunoglobulin molecules by
B lymphocytes. As a consequence of these diverse functions, DCs support a major role in battle with viral infections and other pathogenic conditions through inducing
both humoral and cellular immunity[95]. Previous studies
have demonstrated the potential of DCs as effective vaccines in human clinical trials[96].
Currently, the lack of DC-specific molecules has made
the design of DC-targeting strategies challenging. Great
efforts have been made to develop optimal means for the
delivery of immunogenic antigens to DCs. Targeting of
molecules to DCs is considered a potentially helpful vaccination strategy in eliciting anti-virus immune responses.
Undoubtedly, the efficacy of bacteriophage-based antigen
delivery systems can be improved through targeting of
bacteriophage particles to DCs. It has been demonstrated
that phage peptide libraries can be exploited to identify
ligands with specific binding ability to DCs. These peptides make it possible to specifically guide immunogenic
antigens to DCs through molecules expressed exclusively
on the surface of these immune cells. In line with this,
Curiel et al[97] screened a PhD.12-mer peptide phage display library to obtain human DC-homing peptides. The
isolated DC-binding peptides were subsequently fused
to the NS3 (nonstructural protein3) of hepatitis C virus
- as a model immunogen and as an antigen proposed for
HCV vaccines - to facilitate DC capture and presentation. This genetic fusion also preserved the selectivity
of DC targeting and antigen immunogenicity. The NS3DC-peptide fusion was efficiently presented to CD4+ and
CD8+ T cells obtained from HCV-positive blood cells
and induced antigen specific activation and proliferation
of T lymphocytes. In chimeric NOD-SCID (Nonobese
Diabetic/Severe Combined Immunodeficiency) mice
transplanted with human cells, NS3-DC-peptide fusion
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was able to prime naive CD4+ and CD8+ T cells for potent antigen specific proliferation and cytokine secretion.
The capacity of DC-targeting peptides isolated from
phage display libraries to direct immunogenic antigens
to dendritic cells may present a novel platform for vaccine development. In another report, selective targeting
ability of the above mentioned DC-targeting peptide was
used to deliver a therapeutic siRNA into DCs. In this
study, DC-specific 12-mer peptide was fused to nona-Darginines (9dR) to selectively direct siRNA - specific to an
envelope sequence of dengue virus - to DCs[98]. Dendritic
cells and macrophages are the major in vivo targets of
dengue virus being regarded as the predominant infected
cell types. The results of the study indicated the potential
of this DC-targeting approach for targeted delivery of
specific therapeutic siRNA to dendritic cells. This effectively suppressed dengue virus replication leading to
simultaneous decrease of viral load and aberrant cytokine
responses in DCs. In another study, a semi-synthetic scFv
antibody phage display library in combination with fluorescence-activated cell sorting was employed to isolate
antibodies that bind to subpopulations of DCs present in
human peripheral blood[99]. These DC-targeting scFv antibody fragments can be genetically fused to antigens or
chemically coupled to nucleic acids thereby providing an
immunotherapeutic means for targeted delivery of vaccines to DCs.
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Abstract
Alcohol is a hepatotoxin that is commonly consumed
worldwide and is associated with a spectrum of liver
injury including simple steatosis or fatty liver, alcoholic
hepatitis, fibrosis, and cirrhosis. Alcoholic liver disease
(ALD) is a general term used to refer to this spectrum
of alcohol-related liver injuries. Excessive or harmful
alcohol use is ranked as one of the top five risk factors
for death and disability globally and results in 2.5 million deaths and 69.4 million annual disability adjusted
life years. All patients who present with clinical features
of hepatitis or chronic liver disease or who have elevated serum elevated transaminase levels should be
screened for an alcohol use disorder. The diagnosis of
ALD can generally be made based on history, clinical
and laboratory findings. However, the diagnosis of ALD
can be clinically challenging as there is no single diagnostic test that confirms the diagnosis and patients may
not be forthcoming about their degree of alcohol consumption. In addition, clinical findings may be absent or
minimal in early ALD characterized by hepatic steatosis.
Typical laboratory findings in ALD include transaminase
levels with aspartate aminotransferase greater than alanine aminotransferase as well as increased mean cor-
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puscular volume, gamma-glutamyltranspeptidase, and
IgA to IgG ratio. In unclear cases, the diagnosis can be
supported by imaging and liver biopsy. The histological
features of ALD can ultimately define the diagnosis according to the typical presence and distribution of hepatic steatosis, inflammation, and Mallory-Denk bodies.
Because of the potential reversible nature of ALD with
sobriety, regular screening of the general population
and early diagnosis are essential.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholic liver disease; Diagnosis; Alcohol
screening; Histology; Mallory-Denk bodies; Prognosis
Core tip: The diagnosis of alcoholic liver disease (ALD)
can be challenging and in most cases, the diagnosis will
be established by thorough history, clinical and laboratory findings. However, in uncertain situations, it can be
supported by imaging and liver biopsy results. Histological features of ALD can ultimately define the diagnosis
according to the typical presence and distribution of
hepatic steatosis, inflammation, and Mallory-Denk bodies. Clinical and laboratory parameters can help with
establishing the prognosis of ALD in more advanced
and severe cases and with determining the therapeutic
approach.
Torruellas C, French SW, Medici V. Diagnosis of alcoholic liver
disease. World J Gastroenterol 2014; 20(33): 11684-11699 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i33/11684.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11684

INTRODUCTION
Alcohol is a hepatotoxin that is commonly consumed
worldwide and is associated with a spectrum of liver
injury including simple steatosis or fatty liver, alcoholic
hepatitis, fibrosis, and cirrhosis. Alcoholic liver disease
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(ALD) is a general term used to refer to this spectrum of
alcohol-related liver injuries[1,2].
Excessive alcohol consumption is a risk factor for a
multitude of adverse health consequences and is indeed
one of the leading causes of preventable morbidity and
mortality worldwide[3] with a significant burden attributable to ALD[4,5]. Excessive or harmful alcohol use is
ranked as one of the top five risk factors for death and
disability globally[6] and results in 2.5 million deaths and
69.4 million annual disability adjusted life years[7]. In the
United States, almost 9% of adults meet criteria for an
alcohol-use disorder[8] with alcohol use disorders ranking
in the top 20 leading diseases contributing to disability
adjusted life years[9] and resulting in approximately $223.5
billion of societal costs annually[10].
There is a strong correlation between the prevalence
of ALD, specifically cirrhosis, and a country’s annual per
capita alcohol consumption. Levels of alcohol consumption vary geographically with Eastern European countries
having the highest annual per capita consumption (15.7
L per person), while North Africa and the Middle East
have the lowest annual per capita consumption (1.0 L per
person)[11]. In the United States, the estimated annual per
capita consumption of alcohol is 8.4 L per person[12].
Rates of ALD are highest in countries with the highest
rates of alcohol consumption including Eastern Europe,
Southern Europe and the United Kingdom. In 2010, ALD
resulted in 493300 deaths worldwide and 14.5 million disability adjusted life years with alcoholic cirrhosis comprising 47.9% of all liver cirrhosis deaths[11]. In the United
States, 31522 adults died from liver cirrhosis in 2009, with
48.2% of these deaths attributable to alcohol[13].
While alcohol is a well established hepatotoxin with
higher levels of consumption associated with increased
risk of development of ALD, no absolute threshold of
alcohol consumption is necessary for the development of
liver injury, and no direct linear correlation between level
of alcohol consumption and severity of ALD has been
established.
Approximately 60%-90% of individuals who drink
more than 60 g of alcohol per day have been shown to
have hepatic steatosis[14,15]. However, less than half of individuals with alcoholic steatosis, who continue to drink
alcohol, will progress to fibrosis and only 10%-20% will
eventually progress to cirrhosis[16,17]. Nonetheless, once
steatohepatitis has developed, the risk of development of
cirrhosis is increased compared with simple steatosis[18].
In addition, individuals who have demonstrated steatohepatitis who continue to drink alcohol or who develop
symptomatic alcoholic hepatitis have higher rates of
progression to cirrhosis compared with those who subsequently abstain from alcohol consumption or who have
never had an episode of symptomatic alcoholic hepatitis.
Alcoholic cirrhotics who abstain from alcohol consumption for at least 1.5 years have improved survival rates
compared to those that continue to drink[19].
The underlying mechanisms which make some individuals more susceptible to severe forms of ALD are
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not entirely well understood and are likely multifactorial. Several risk factors have been identified that appear
to be correlated with development and progression of
ALD including amount and pattern of alcohol consumption, gender, ethnicity, age, obesity, co-existing
chronic viral hepatitis, iron overload, smoking, and host
genetic factors[20-27].

GENERAL DIAGNOSTIC APPROACH TO
ALD
The diagnosis of ALD can generally be made based on
clinical and laboratory features alone in patients with a
history of significant alcohol consumption after other
etiologies for chronic liver disease have been ruled out.
However, the diagnosis of ALD can be clinically challenging as there is no single laboratory or imaging study
that can confirm the diagnosis. Furthermore, patients
may be completely asymptomatic, have no clinical signs
of early ALD or early cirrhosis and may have normal
liver enzymes. In addition, patients may have co-existing
risk factors for non-alcoholic fatty liver disease such as
obesity and diabetes and some may not be entirely forthcoming as to their degree of alcohol consumption.
In general, ALD should be suspected in patients with
a significant history of alcohol use who present with abnormal serum transaminases, particularly if the level of
aspartate aminotransferase (AST) is greater than that of
alanine aminotransferase (ALT), hepatomegaly, clinical
signs of chronic liver disease, radiographic evidence of
hepatic steatosis or fibrosis/cirrhosis, or who have had a
liver biopsy showing macrovesicular steatosis or cirrhosis.
Patients with ALD may or may not have elevated serum aminotransferase levels. The absolute level of liver
enzyme elevation does not correlate well with the severity
of ALD, however, the pattern of elevation in transaminases is helpful in making a diagnosis of liver injury due
to alcohol as AST is typically two to three times greater
than ALT in alcoholic liver injury[28]. They will also typically have an elevated serum gamma-glutamyltranspeptidase (GGT)[29]. However, it is important to rule out other
etiologies for the patient’s liver disease before making a
definitive diagnosis of ALD, including chronic viral hepatitis, autoimmune hepatitis, hemochromatosis and drug
related hepatotoxicity. In some cases, when the diagnosis
is unclear, a liver biopsy may be warranted.

SCREENING FOR ALCOHOL USE
DISORDERS
To review, one standard alcoholic drink is considered
any alcoholic beverage that contains 14 g of alcohol. Examples of a standard drink include 12 ounces of regular
beer, 8-9 ounces of malt liquor, 5 ounces of wine and
1.5 ounces of distilled spirits. Men who consume more
than 4 standard drinks in any single day (or more than 14
drinks per week) and women who consume more than 3
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Table 1 Typical clinical features of alcoholic liver disease
Spectrum of ALD
Alcoholic fatty liver
Alcoholic hepatitis

Compensated cirrhosis

Decompensated cirrhosis

Clinical presentation
Asymptomatic
Jaundice
Anorexia
Fever
+/- RUQ/epigastric pain
+/- Abdominal distention due to ascites
+/- Proximal muscle weakness
+/- Confusion due to HE
Asymptomatic
Anorexia
Weight loss
Weakness
Fatigue
Muscle cramps
Amenorrhea or irregular menses
Impotence, infertility, loss of sexual drive
Jaundice
Pruritus
GI bleeding
Weight gain
Abdominal distention due to ascites
Lower extremity edema
Easy bruising
Sleep disturbances
Confusion

ALD: Alcoholic liver disease; GI: Gastrointestinal; RUQ: Right upper
quadrant; HE: Hepatic encephalopathy.

in any single day (or more than 7 drinks per week) are at
increased risk for alcohol-related problems[30].
Worldwide, approximately 20%-30% of patients who
present in primary care settings engage in hazardous or
harmful drinking[31]. Hazardous drinking is defined as a
pattern of drinking that increases the risk of physical or
psychological problems[32] and harmful drinking is defined
as a pattern of drinking that results in such problems[33].
Persistent drinking despite adverse health or psychological consequences constitutes an alcohol-use disorder
which includes a spectrum of disease ranging from alcohol abuse to alcohol dependence[34]. At the severe end of
the spectrum, individuals who are alcohol dependent suffer from a brain disorder characterized by loss of control
over their drinking, alcohol craving, frequent drinking,
continued drinking despite negative consequences, tolerance, withdrawal and disability[35]. It is recommended that
health care providers screen for and counsel risk drinkers
as part of routine medical and preventive care[35].
All patients who present with clinical features of
hepatitis or chronic liver disease (Table 1) or who have
elevated serum transaminase levels should be screened
for an alcohol use disorder. Denial of alcohol abuse and
underreporting of alcohol intake are common among
alcoholics [41] and thus, clinicians should have a low
threshold to screen their patients for alcohol abuse. In
the United States, routine alcoholism screening is widely
recommended and is now re-imbursed on an annual basis
by Medicare[42]. The US Preventive Services Task Force
(USPSTF) recommends routine screening of all adult
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primary care patients followed by a brief counseling intervention of persons who engage in risky or hazardous
drinking (grade B recommendation: high certainty that
the net benefits is moderate or there is moderate certainty
that the net benefit is moderate to substantial)[43] and the
National Institute on Alcohol Abuse and Alcoholism recommends annual screening of all adults with the use of a
validated self-reporting tool[44].
Several validated screening tools that can easily be
administered during a clinical visit are available to identify patients at risk for alcohol abuse. The USPSTF prefers the use of alcohol use disorders identification test
(AUDIT), AUDIT-consumption (AUDIT-C) and single
question screening in the primary care setting. Of the
available screening instruments, the AUDIT is the most
widely studied for detecting alcohol use disorders in the
primary care setting[45]. The AUDIT comprises ten questions with a specific scoring system (Table 2) and requires
approximately 2 to 5 min to administer. An optimal score
for detecting unhealthy alcohol use in men is 5 for men
(sensitivity 77%, specificity 76%) and 3 for women (sensitivity 86%, specificity 74%). A score of 6 or more for
men (sensitivity 84%, specificity 76%) and 4 or more for
women (sensitivity 88%, specificity 76%) is highly suggestive of alcohol dependence[47].
The AUDIT-C questionnaire, an abbreviated version of
the AUDIT performs as well as the full 10 item AUDIT,
and significantly better than self-reported risky drinking or
the CAGE questionnaire[48]. The CAGE questionnaire, the
name of which is an acronym of its four questions, is considered positive if a patient answers yes to two or more of
the following questions: (1) Have you ever felt you needed
to cut down on your drinking? (2) Have people annoyed
you by criticizing your drinking? (3) Have you ever felt
guilty about drinking? or (4) Have you ever felt you needed
a drink first thing in the morning (eye-opener) to steady
your nerves or to get rid of a hangover[49]?
The AUDIT-C is comprised of three questions with
a specific scoring system (Table 3) ranging from 0 to 12
and takes approximately 1 to 2 min to complete. A positive screening result is a score of 3 or more for women
and 4 or more for men. A score of 7 to 10 has been associated with increased risk of alcohol dependence[50].
The AUDIT-C screening tool has been shown to be 73%
sensitive and 91% specific for an alcohol-use disorder and
85% sensitive, 89% specific for alcohol dependence[51].
The AUDIT-C score also serves as an excellent marker of
alcohol misuse severity[52]. A positive result should prompt
a more in-depth assessment of the patient’s alcohol use
pattern and formal evaluation for an alcohol-use disorder.
A second validated brief screening tool available with
adequate sensitivity and specificity involves a single question asked of patients: “How many times in the past year
have you had five (four for women) or more drinks in a
day?” If a patient responds to this as one or more times,
this is a positive screening result. This question has been
demonstrated to be 82% sensitive and 79% specific for
unhealthy use of alcohol[53].
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Table 2 Alcohol use disorders identification test

[46]

1 How often do you have on a drink containing alcohol?
(0) Never (skip to questions 9-10)
(1) Monthly or less
(2) 2 to 4 times a month
(3) 2 to 3 times a week
(4) 4 or more times a week
2 How many drinks containing alcohol do you have on a typical day
when you are drinking?
(0) 1 or 2
(1) 3 or 4
(2) 5 or 6
(3) 7, 8, or 9
(4) 10 or more
3 How often do you have six or more drinks on one occasion?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
4 How often during the last year have you found that you were not able
to stop drinking once you had started?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
5 How often during the last year have you failed to do what was
normally expected from you because of drinking?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
6 How often during the last year have you needed a first drink in the
morning to get yourself going after a heavy drinking session?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
7 How often during the last year have you had a feeling of guilt or
remorse after drinking?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
8 How often during the last year have you been unable to remember
what happened the night before because you had been drinking?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
9 Have you or someone else been injured as a result of your drinking?
(0) No
(2) Yes, but not in the last year
(4) Yes, during the last year
10 Has a relative or friend or a doctor or another health worker been
concerned about your drinking or suggested you cut down?
(0) No
(2) Yes, but not in the last year
(4) Yes, during the last year
Skip to questions 9 and 10 if total score for questions 2 and 3 = 0.

The last brief screening tool available is a set of three
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questions that evaluates the typical quantity of drinks
consumed on one occasion, frequency of drinking per
week and maximum number of alcoholic beverages consumed on any given occasion in the past month (Table
3). A positive screen result is greater than 14 drinks consumed per week or more than 4 drinks consumed on one
occasion for men and greater than 7 drinks consumed
per week or more than three drinks consumed on one occasion for women or persons older than age 65. This tool
has been shown to be 83% sensitive and 84% specific for
alcohol abuse or dependence in the past year[54].
Validated self-report questionnaires have been shown
to have both greater sensitivity and specificity for detecting alcohol abuse than blood tests for biochemical markers[55]. No single reliable diagnostic biomarker has been
identified which has adequate sensitivity and specificity to
be useful for general screening of alcohol consumption
or abuse[56,57]. Nevertheless, biochemical markers may
play a role in alcohol abuse screening when the clinician
suspects heavy drinking in a patient who denies it (see
laboratory studies section).

PHYSICAL EXAMINATION
A detailed physical examination should be performed to
evaluate the patient for evidence of chronic liver disease
(Table 4). The physical examination findings in patients
with ALD will vary depending on the severity of disease
and range from a completely normal examination to physical signs of cirrhosis with severe decompensation (Table
4). Physical findings may be normal and non-diagnostic
particularly in patients with mild ALD, steatosis or early
cirrhosis. Patients with cirrhosis and portal hypertension
may exhibit stigmata of chronic liver disease and if concomitant hepatic decompensation exists, may also exhibit
ascites, peripheral edema, asterixis and/or mental confusion. Patients with alcoholic hepatitis will have scleral
icterus and jaundice as well as tender hepatomegaly with
or without ascites and if their hepatitis is severe will have
asterixis and exhibit mental confusion on examination. In
addition, patients with ALD typically have co-morbidities
due to the concomitant toxic effects of alcohol on other
organ systems and may have signs of peripheral neuropathy, muscle wasting and heart failure[68,69].

LABORATORY STUDIES
While no single laboratory test will confirm the diagnosis
of ALD, common laboratory abnormalities in alcoholics
have been identified and certain biomarkers are highly
suggestive or indicative of ALD. Additional laboratory
testing can aid in the identification of hepatic inflammation, portal hypertension, assess hepatic synthetic function and potentially aid in identifying chronic alcohol
abuse.
As part of initial testing, all patients being evaluated
for ALD should have a complete blood count, hepatic
panel (transaminases, bilirubin, alkaline phosphatase, al-
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Table 3 Brief screening tests for alcohol use disorders
Test

[44,48]

Questions

AUDIT-C

Scoring

Q1: How often did you have a drink containing alcohol in the past year?

Single question
screening test from
NIAAA
Three question
screening test from
NIAA

Positive result
For women ≥ 3 points; for men ≥
4 points

Never
0 points
Monthly or less
1 point
Two to four times a month
2 points
Two to three times per week
3 points
Four or more times a week
4 points
Q2: How many drinks did you have on a typical day when you were
drinking in the past year?
One or two
0 points
Three or four
1 point
Five or six
2 points
Seven to nine
3 points
Ten or more
4 points
Q3: How often did you have six or more drinks on one occasion in the past
year?
Never
0 points
Less than monthly
1 point
Monthly
2 points
Weekly
3 points
Daily or almost daily
4 points
How many times in the past year have you had five (four for women) or
One point per
more drinks in a day?
time
Q1: On average, how many days per week do you drink alcohol?
Q2: On a typical day when you drink, how many drinks do you have?
Q3: What is the maximum number of drinks you had on any given occasion
during the past month

≥ 1 time

For men, > 14 drinks per week
or > 4 drinks per occasion; for
women or person older than 65
years, > 7 drinks per week or > 3
drinks per occasion

AUDIT-C: Alcohol use disorders identification test-consumption; NIAAA: National Institute on Alcohol Abuse and Alcoholism.

bumin), gamma-glutamyl transferase, and an international
normalized ratio (INR) checked.
If a patient has evidence of hepatocellular injury as
indicated by elevated serum transaminase levels, he or she
should be screened for chronic viral hepatitis with measurements of hepatitis B surface antigen, hepatitis B core
IgG and hepatitis C antibody; autoimmune hepatitis with
anti-nuclear antibody, anti-smooth muscle antibody and
IgG4 or gamma-globulin levels; hemochromatosis with
serum ferritin, serum iron and transferrin with percent
iron saturation; alpha one anti-trypsin deficiency with
alpha one anti-trypsin level; and serum ceruloplasmin
levels and 24 urinary copper for Wilson’s disease.
Common hematological findings in patients with
ALD include thrombocytopenia, macrocytic anemia,
lymphopenia, elevated erythrocyte sedimentation rate and
an elevated INR[70,71]. Macrocytosis suggests chronic disease and may be secondary to toxicity of alcohol on bone
marrow, folate or vitamin B12 deficiency, or increased
lipid deposition in erythrocyte membranes. Thrombocytopenia is present in about a third of alcoholics admitted
to hospitals and with abstinence will tend to normalize
within 1-3 wk[72]. High density lipoprotein cholesterol,
serum ferritin, and urate levels also increase as a consequence of alcohol consumption[73-76]. In addition to an
elevated INR, patients with poor hepatic synthetic function will also have low serum albumin levels. Interestingly,
patients who engage in chronic alcohol consumption but
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who do not have underlying ALD may have an elevated
serum albumin level possibly secondary to effects of acetaldehyde[77].
Patients with ALD frequently demonstrate evidence
of iron overload as reflected by elevated serum iron indices (ferritin and transferrin saturation) and hepatic iron
concentration[75,78]. Nearly 30% of patients with ALD
have increased hepatic iron stores[79] and serum transferrin saturation may approach or even exceed 60% in some
cases[80]. The etiology of iron accumulation in alcoholics
is unknown but may be due to alcohol suppression of
liver transferrin synthesis or deregulation of hepcidin
synthesis in the liver[81]. Regardless of the etiology, iron
overload in ALD may be difficult to differentiate from
hereditary hemochromatosis, and in fact, prior to the
widespread availability of HH genetic testing, often led
to misdiagnosis. In cases of significantly elevated ferritin
or transferrin levels, additional testing, including a DNA
analysis for HFE gene mutations, is warranted to rule out
hereditary hemochromatosis.
The biochemical markers for chronic alcohol consumption that have been most commonly studied are
serum GGT, AST, ALT, mean corpuscular volume
(MCV) and carbohydrate-deficient transferrin (CDT)[82-84].
An AST to ALT ratio over 2 is highly suggestive of
ALD[85,86]. Most patients with non-ALD have AST to
ALT ratios below one. Specific IgA antibodies directed
towards acetaldehyde-derived protein modifications are
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Table 4 Physical findings in alcoholic liver disease
Spectrum of ALD
Fatty liver
Alcoholic hepatitis

Cirrhosis

Decompensated
cirrhosis

[58-67]

Physical examination findings
Normal examination
+/- Hepatomegaly
Jaundice
Tender hepatomegaly
+/- Ascites
+/- Hepatic bruit
Proximal muscle wasting
Decreased grip strength
+/- Hepatic encephalopathy
(confusion, asterixis, hippus)
Spider angiomata (face, trunk, upper extremities)
Parotid gland enlargement
+/- Fetor hepaticus
Gynecomastia
+/- Hepatomegaly
Firm liver edge with nodular contour
+/- Splenomegaly
Caput medusa (abdominal wall collaterals)
Cruveilhier-Baumgarten murmur
Testicular atrophy
Palmar erythema
Digital clubbing
Muehrcke nails (paired horizontal white bands)
Terry nails (large white proximal nail bed)
Hypertrophic osteoarthropathy
Dupuytren’s contracture
Cirrhotic physical finding plus:
Jaundice
Ascites
Peripheral edema
Hepatic encephalopathy
(confusion, asterixis, hippus)

ALD: Alcoholic liver disease.

frequently seen alcoholics and thus IgA levels are increased in chronic ALD. An increased ratio of IgA to
IgG is highly suggestive of ALD[87-89].
Chronic alcohol consumption is known to induce a
rise in serum GGT and is a widely used index for excessive alcohol use[90,91]. However, elevated GGT alone has
both low sensitivity and specificity for alcohol abuse[92,93].
GGT is not specific to alcoholism and is increased in
many conditions such as obesity, advanced age, moderate
alcohol consumption, all forms of liver disease including
fatty liver and in particular intra and extrahepatic biliary
obstruction, hepatocellular carcinoma and phenytoin
use[94-97]. The sensitivity of GGT as a marker for alcohol
consumption in young adults has been showed to be
particularly poor even in cases of documented alcohol
dependence[98].
Transferrins which have a low degree of bond with
carbohydrates are collectively called CDT and are increased in the serum of alcoholics [99]. However, the
mechanism in which the presence of ethanol in vivo
causes this alteration in transferrin is largely unknown.
CDT is a more sensitive marker of chronic alcohol consumption in men than women who may express higher
levels of CDT under natural conditions and produce less
CDT in response to heavy drinking[100,101]. In addition,
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some studies have shown elevated CDT levels in cirrhotic
patients regardless of their alcohol consumption[102] while
other studies have shown normal CDT levels in patients
with chronic liver disease who abstain from alcohol[103].
No single biomarker has both adequate sensitivity and specificity for detecting chronic alcohol abuse.
However, when certain biomarkers are combined, they
may provide improved diagnostic yield[104]. For example,
while CDT has the highest specificity for harmful or
heavy alcohol consumption, combining this biomarker
with GGT and/or MCV, improves sensitivity significantly (Table 5). In addition, combining CDT testing
with screening questionnaires, particularly for patients in
which alcohol abuse is strongly suspected but who have
a negative screening questionnaire result, has also been
shown to be cost effective[108].
Ethyl glucuronide (EtG), ethyl sulfate (EtS) and phosphatidylethanol (PEth) have been used with increasing
frequency in the past decade to monitor abstinence from
alcohol in outpatient and treatment settings[109,110]. In a
study on forty patients, PEth was compared with CDT
as a biomarker for active alcohol consumption and was
found to be positive twice as often as CDT in patients
who relapsed from abstinence while in a voluntary outpatient treatment program[111]. However, considerable interindividual variability in PEth levels have been observed
in clinical studies which may create problems with the
interpretation of results and may limit the usefulness of
PEth to identification of relapse from abstinence[112,113].
The utility of urinary EtG and EtS, similar to measurement of blood alcohol level, is limited to detecting recent
intake of even small amounts of alcohol.
Patients with alcoholic hepatitis will typically have
moderately elevated aminotransferases (less than 500 IU/
mL), an AST:ALT ratio of two or greater and elevated
serum bilirubin (greater than 5 mg/dL)[114,115]. Patients
with severe alcoholic hepatitis may also have a leukocytosis and elevated C-reactive protein indicative of acute
liver injury or concomitant infection[116].
While there are no ideal non-invasive biomarkers currently available to differentiate between simple steatosis
and alcoholic steatohepatitis, newly discovered biomarkers for non-alcoholic steatohepatitis (NASH) may be
potentially applied to ALD in the future. For example,
serum cytokeratin-18, a marker of hepatocyte apoptosis,
is a promising and accurate non-invasive test for the diagnosis of NASH [area under the receiver operating curve
(AUROC): 0.83-0.91][117,118] particularly when used in
combination with fibroblast growth factor-21[119]. However, additional research of the utility and accuracy of these
biomarkers for use in the setting of alcoholic steatohepatitis (ASH) is necessary.

IMAGING
Current widely available imaging modalities for the liver
include ultrasonography (US), computed tomography
scan (CT) and magnetic resonance imaging (MRI). While
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Table 5 Sensitivity and specificity of biomarkers in detecting harmful or heavy alcohol consumption

[105-107]

Biomarker

AST

ALT

MCV

CDT

CDT + GGT

CDT + GGT + MCV

Sensitivity
Specificity

47%-68%
80%-95%

32%-50%
87%-92%

45%-48%
52%-94%

63%-84%
92%-98%

83%-90%
95%-98%

88%
95%

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; MCV: Mean corpuscular volume; CDT: Carbohydrate-deficient transferring; GGT:
Gamma-glutamyltranspeptidase.

each of these imaging studies are useful for determining the presence of underlying liver disease, they cannot
confirm alcohol use as the etiology of a patient’s liver
disease. Nonetheless, imaging studies can be useful for
excluding other causes of abnormal liver tests in patients
who abuse alcohol such as infiltrative disease, obstructive biliary pathology and neoplastic diseases of the liver[120]. Imaging can also aid in the diagnosis of cirrhosis
and can be used to screen for and identify hepatocellular
carcinoma.
US is a non-invasive technique that is routinely used
in the initial evaluation of liver. The appearance of fat in
the liver is highly variable on US, however, in general, a
fatty liver will have a hyperechoic texture and macroscopic fat will appear as hyperechoic masses[121]. The sensitivity and specificity of a hyperechoic pattern on ultrasound
for hepatic steatosis in patients with a liver replaced by at
least thirty percent steatosis is 91% and 93% respectively.
In patients who have less than thirty percent hepatic steatosis, the sensitivity is only approximately 64%[122].
Hepatic steatosis is more easily detected by a noncontrast CT scan which can be a particularly useful technique to detect macroscopic fat in the liver[123]. Measurement of attenuation differences between the liver and
spleen is used to identify a fatty liver. A liver-to-spleen
attenuation ratio greater than 10 hounsfield units is highly
predictive of hepatic steatosis[124] and the liver attenuation index has been shown to closely predict the degree
of hepatic steatosis in patients with living related liver
transplantation[125]. MRI techniques in which water and
fat are imaged in and out of phase may be the most sensitive and specific imaging modality for detecting hepatic
steatosis (95% sensitivity, 98% specificity)[126]. However,
in patients with hepatic iron overload, opposed phase
MRI imaging may not be able to detect the presence
of fat in the liver and MR spectroscopy may be a more
useful imaging modality in these patients. As with CT
imaging, MRI imaging can be prohibitively expensive as
an initial study and may not provide additional diagnostic yield when compared to ultrasound in the setting of
macroscopic steatosis. A newer imaging modality is currently under investigation that is controlled attenuation
parameter used with transient elastography which shows
promising performance for detection and quantification
of steatosis but which is still not widely available[127,128].
On US, patients with fibrosis may have a coarsened
echo pattern to their liver and patients with cirrhosis may
have a nodular liver contour. The sensitivity of US for
significant fibrosis is about 57% and 71% for patients
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with established cirrhosis. Overall, specificity is approximately 88%[129]. CT findings in patients with cirrhosis may
include atrophy of the right lobe of the liver, hypertrophy of the caudate lobe, hypertrophy of the lateral segment of the left lobe, parenchymal nodularity, attenuation
of hepatic vasculature, splenomegaly, venous collaterals
and ascites[130]. Imaging features on ultrasound and MRI
that may be suggestive of alcoholic cirrhosis include an
enlarged caudate lobe, visualization of the right posterior
hepatic notch and smaller size regenerative nodules[131,132].
Improved imaging modalities have been developed
over the past decade in order to detect and quantify hepatic fibrosis and cirrhosis. These include transient elastography (FibroScan), acoustic radiation force impulse
and magnetic resonance elastography. These imaging
techniques measure liver “stiffness” by utilizing a transducer to transmit and measure vibration (elastic shear
wave) as it propagates through the liver. The velocity of
this wave as it passes through the liver correlates directly
with tissue stiffness. These non-invasive radiologic studies may replace the more invasive liver biopsy in the
future for accurate staging of hepatic fibrosis[133,134]. To
our knowledge, however, the sensitivity and specificity of
these new imaging modalities for diagnosing fibrosis and
cirrhosis in patients with ALD have not yet been fully
evaluated.

ROLE OF LIVER BIOPSY
A liver biopsy is not necessary for the diagnosis of ALD
in most patients. Clinical findings in patients with chronically elevated characteristic liver enzymes together with a
history of significant alcohol use have been found to be
91% sensitive and 97% specific for the diagnosis of ALD
when compared to liver biopsy[135]. However, a liver biopsy may be useful for establishing the diagnosis in some
patients if the diagnosis of ALD is not clear according to
clinical presentation and laboratory studies and in patients
in whom the clinician suspects more than one type of
underlying liver disease. Approximately 20% of patients
with a history of chronic alcohol abuse have a secondary
or co-existing etiology for their liver disease[136]. A biopsy
can also be useful in establishing the stage and severity
of liver disease. A recent study of patients with acute
deterioration of alcoholic cirrhosis suggests that early
transjugular liver biopsy in these patients can also provide
important diagnostic and prognostic information for the
identification and treatment of a subset of patients with
superimposed alcoholic steatohepatitis which can be dif-
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A

B

C

Figure 1 Histology of alcoholic fatty liver. A: Macrovesicular steatosis in alcoholic fatty liver (HE stain, × 218); B: Ballooned hepatocyte (arrow) containing a Mallory Denk
body in alcoholic hepatitis (CAM5.2 stain for cytokeratins 8 and 18, × 218); C: Collagen surrounds nodules of hepatocytes in alcoholic cirrhosis (Serius red stain, × 872).

ficult to differentiate from decompensated cirrhosis on
the basis of clinical and laboratory evaluation alone[137].
Currently, liver biopsy is the gold standard for the
diagnosis and assessment of severity of hepatic steatosis,
staging of fibrosis and is the only modality available to
differentiate between bland steatosis and steatohepatitis.
Liver biopsy can facilitate the differentiation between
simple steatosis and steatohepatitis based on distinct histological features as described in the next section. This
differentiation is of clinical significance in that it provides
important prognostic information for the patient. Clinical experience with large numbers of ALD patients has
demonstrated that it can be difficult to clinically predict
the stage of liver disease before the development of decompensated cirrhosis[138].
Nevertheless, the liver biopsy does have limitations.
It is an invasive procedure to which patients may be adverse, can cause complications, is prone to sampling error
and a firm etiology for underlying liver disease may not
be achieved based on histology[139]. If no treatment of
ALD is being considered other than alcohol abstinence
and adequate nutrition, then a histologic diagnosis is usually not warranted. Furthermore, the role of liver biopsy
in making the diagnosis of alcoholic hepatitis is controversial as it carries significant risk of bleeding in the setting of coagulopathy and thrombocytopenia when using
a standard percutaneous approach.

HISTOLOGY OF ALD
The histologic features of ALD on liver biopsy vary
based on the extent and stage of hepatic injury. Steatosis
is the most common and earliest manifestation of ALD.
Steatosis in ALD is typically macrovesicular in nature
(Figure 1A) in which large lipid droplets occupy nearly the
entire cytoplasm of hepatocytes and displace the nucleus
and other organelles peripherally[140]. The pattern for macrovesicular steatosis in ALD is typically centrilobular but
it can progress to include the entire lobule in severe cases.
Other early changes seen in ALD include proliferation of
smooth endoplasmic reticulum, distortion of mitochondria[141] and, if severe, can be associated with giant mitochondria[142]. Giant mitochondria have been associated
with all types of ALD from fatty liver to cirrhosis, and
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although they are not specific to ALD, the presence of
giant mitochondria favors alcohol-related disease and is a
good indicator of recent heaving drinking[143,144].
Steatosis may progress to steatohepatitis (ASH). ASH
is characterized by liver cell damage, inflammation, and
fibrosis. The typical histologic characteristics of ASH
include centrilobular accentuated steatosis, hepatocyte
ballooning eventually associated with Mallory-Denk bodies (MDB) (Figure 1B), a mixed inflammatory reaction of
neutrophilic, lymphocytic and mononuclear cells, hepatocyte necrosis and perivenular fibrosis which can progress
to spider-like pericellular fibrosis[145,146]. MDB are cytoplasmic accumulations of hepatocytic keratin intermediate filaments and are characteristic features of ASH and
NASH[147,148]. In general, however, MDB are less prominent and more difficult to identify without immunohistochemistry in the non-alcoholic variant[149]. MDB can also
be found in patients with amiodarone toxicity, primary
biliary cirrhosis, chronic cholestasis syndromes, idiopathic
copper toxicosis, Wilson’s disease, Indian childhood cirrhosis, alpha-1 antitrypsin deficiency, and hepatocellular
carcinoma[150-152].
Steatosis and ASH are present in approximately one
third of patients with alcoholic cirrhosis and their presence usually indicates persistent alcohol abuse. Histologically, a cirrhotic liver will have fibrous septae made of
collagen surrounding hepatocytes resulting in pseudolobule formation (Figure 1C) which produces a nodular
appearance to the liver and which may progress from
micronodular to macronodular cirrhosis over time[153,154].
Bile duct proliferation may also be prominent in the cirrhotic stage of ALD[155].

ASSESSMENT OF PROGNOSIS
Several demographic, clinical, laboratory and histologic
findings can provide prognostic information for patients
diagnosed with ALD. While not all patients that drink
heavily will develop ALD, continued alcohol use often
leads to progressive liver disease once clinical and histological evidence for ALD has developed[156,157]. Other
patient factors that are associated with increased risk of
progression to cirrhosis included female sex, tobacco
use, binge drinking, obesity and concomitant chronic

11691

September 7, 2014|Volume 20|Issue 33|

Torruellas C et al . Diagnosis of alcoholic liver disease

viral hepatitis[23,158-162]. Demographic and clinical factors
associated with increased mortality in patients with ALD
include persistent alcohol use, increasing age, tobacco
use, cirrhosis with a higher Child-Pugh score (based on
bilirubin, albumin, INR, grade of encephalopathy and ascites), degree of malnutrition, severe deficiency in 25-hydroxyvitamin D, development of cirrhotic complications,
and concomitant chronic viral hepatitis infection[163-168].
Overall, patients with alcoholic cirrhosis have a poor
five year prognosis. However, alcoholic patients who develop complications from their cirrhosis do significantly
worse than those with well compensated alcoholic cirrhosis. In a recent study, patients with well compensated
alcoholic cirrhosis had an estimated 5-year mortality rate
of approximately 58%. The presence of ascites only
increased mortality by 1%, however, patients who developed both ascites and variceal bleeding had a significantly
increased 5-year mortality of 80%. Patients who developed hepatic encephalopathy fared the worst with an estimated 5-year mortality of 85%[157]. Patients who develop
hepatorenal syndrome (HRS) and who do not receive a
liver transplantation, have a dismal prognosis. In a recent
study of cirrhotic patients with type 1 HRS, patients with
alcoholic cirrhosis had a median survival of only 8 d[169].
The degree of protein-calorie malnutrition (as measured by percent ideal body weight, tricep skin fold thickness, mid-arm muscle circumference, creatinine height
index, albumin, transferrin, total lymphocyte count and
delayed cutaneous hypersensitivity) in patients with ALD
correlates closely with the development of serious complications from liver disease (ascites, encephalopathy, and
hepatorenal syndrome), as well as overall mortality[166]. In
patients with AH, those with moderate protein malnutrition had a significantly better 6-mo survival rate (75%)
than those with severe malnutrition (55%)[166] as well as a
significantly better 1-year survival rate (57%) than those
with severe malnutrition (24%)[170]. In addition, cirrhotic
patients with poor nutrition have a 3-fold greater probability of developing hepatorenal syndrome[171].
There is limited evidence that laboratory studies can
have predictive prognostic significance for ALD. However, in a recent study of ALD patients, a decreased
α-aminobutyrate/ cystathionine ratio predicted the presence of ALD on liver biopsy and cystathionine levels
correlated with the stage of fibrosis in ALD patients[172].
The stage of liver disease is an important prognostic
factor for patients with ALD. In a VA study, 281 alcoholic patients were followed prospectively over a 48 mo
period and their ALD was staged with liver biopsy. Simple steatosis, an early stage of ALD, was associated with
a 30% mortality at 4 years. Alcoholic hepatitis alone, the
next stage along the ALD spectrum, carried an estimated
40% 4-year mortality rate. Stable cirrhosis without alcoholic hepatitis carried a 50% mortality rate, and, lastly, the
combination of cirrhosis and alcoholic hepatitis was the
most deadly and carried the highest mortality rate of approximately 65% at 4 years[173].
Several specific histological findings are important
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prognostic indices in ALD. For example, the presence of
MDB is an important marker of alcoholic related liver
injury in alcoholics. MDB have been found in 76% of
patients with alcoholic hepatitis and in 95% of patients
with concomitant alcoholic cirrhosis[174] and the presence
of MDB is associated independently with progression of
fibrosis[175]. Pericellular fibrosis, a progression of perivenular fibrosis[176,177], and the presence of ASH on biopsy[178]
are also independent predictors of progression to fibrosis
and development of cirrhosis in patients with ALD.
In a recent study of Danish men and women with
biopsy verified alcoholic steatosis or steatohepatitis,
patients with alcoholic fatty liver disease had markedly
increased 5 year risk of cirrhosis (6.9%) and mortality
(16.7%) compared with a matched reference cohort from
the general population (0.3% and 4.3% respectively). In
addition, the cirrhosis risk was more than twice as high
for patients with steatohepatitis than those with pure
steatosis and was higher for women than for men[179]. In
another European study of patients with histologically
documented ASH, a liver biopsy with the presence of
marked intraparenchymal cholestasis was an independent predictor of poor short term outcome in addition
to the patient’s age and Maddrey’s discriminant function
score[180].
Several scoring systems have been developed and
validated to assess the severity and prognosis of patients
with alcoholic hepatitis. Maddrey’s discriminant function
(MDF), a calculation based on prothrombin time and
total bilirubin level (MDF = 4.6 × prothrombin time control prothrombin time + serum bilirubin), has been
used in clinical practice for over three decades to identify
patients with severe alcoholic hepatitis who might benefit from corticosteroid therapy[181]. Patients with a MDF
score of 32 or greater have been shown to have a high
short-term mortality with improved clinical outcomes
after receiving corticoidsteroids[182].
The model for end stage liver disease (MELD) score
(based on serum bilirubin, creatinine, and INR) was initially developed to predict survival in patients with cirrhosis and was later found to accurately predict short-term
survival in patients hospitalized for alcoholic hepatitis
with some evidence that it is a better prognostic model
for alcoholic hepatitis than the MDF score or Child-Pugh
(CP) score and classification[183], which is based on bilirubin, albumin, prothrombin time prolongation, degree of
ascites and degree of hepatic encephalopathy. The sensitivity and specificity of the MELD score (12 or greater)
for predicting 30-d mortality in ASH has been shown
to be 86% and 81% as compared to the MDF score (32
or greater) which has a sensitivity of 86% and specificity of 48%[184]. A higher MELD score cut off value (21
or greater) has been shown to have improved sensitivity
(75%) and specificity of (75%) for predicting 90-d mortality in AH[185].
The Glasgow alcoholic hepatitis (GAH) score identifies a subgroup of patients with a MDF score of 32 or
greater who will recover without corticosteroid therapy[186].
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The GAH is a multivariable model that includes age, serum bilirubin, blood urea nitrogen, prothrombin time, and
peripheral white blood cell count. In a study of 225 patients with AH and a MDF score of 32 or higher, patients
with a GAH score of 9 or greater who received corticosteroids had improved survival rates when compared with
those who did not receive therapy (78% vs 52% survival at
28 d; 59% vs 38% survival at 84 d)[187]. No survival benefit
was observed in patients with a GAH score of 8 or less
who received early corticosteroid treatment.
The Lille score evaluates a patient’s serum bilirubin
response to corticosteroid treatment after 7 d and can
aid the clinician in determining whether or not to continue corticosteroid therapy for a full 28 d course. The
model includes age, albumin, change in bilirubin over 7
d, prothrombin time and creatinine. A score > 0.45 suggests that a patient is not responding to therapy. Interestingly, the Lille model outperformed CP, MDF, GAH and
MELD scores in predicting survival at six months[188].
The age, serum bilirubin, INR and serum creatinine
(ABIC) score was developed to stratify patients with AH
based on their prognosis. Patients were categorized into
low, moderate and high risk groups based on their risk
of death at 90 d and one year (25%, 70% and 100% respectively). This model could potentially be used in order
to identify patients who may benefit from clinical trials.
The ABIC score performed equally well as compared to
MDF, MELD and GAH in predicting 90-d survival (AUROC 0.80-0.81) in a confirmatory cohort[189].
A recent study evaluated the utility of CP, MELD,
MDF, GAH and AIBC scores in predicting short-term
and long term survival in 44 patients with histologic confirmation of AH and found that all scores, with the exception of CP, had similar accuracy in predicting short-term
prognosis. All models were poor predictors of survival
beyond six months with none of the model’s AUROC exceeding 0.74[190]. The only factor that was significantly associated with survival after one year was abstinence from
alcohol within 3-6 mo of diagnosis of AH (AUROC of
0.83).

CONCLUSION

ing and liver biopsy results. In most cases, the histological
features of ALD can ultimately define the diagnosis according to the typical presence and distribution of hepatic steatosis, inflammation, and Mallory-Denk bodies.
Consideration should be given to non-invasive methods,
including FibroScan and magnetic resonance elastography, which have the potential to diagnose early ALD but
they have not been evaluated yet in this condition.
In addition, clinical and laboratory parameters are
important for predicting the prognosis of ALD in more
advanced and severe cases and for determining the
therapeutic approach. Because of the potential reversible
nature of ALD with sobriety, regular screening of the
general population and early diagnosis are essential.
Currently, there are no clear, uniform definitions
available for ASH and alcoholic hepatitis, particularly in
the presence of chronic liver disease or cirrhosis. It is
unclear if they represent the same entity or if they are
different conditions along the spectrum of ALD. The
status of ASH and alcoholic hepatitis in the spectrum of
ALD represents a gap in current research and an area of
needed further investigation.
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Abstract
Malignant peritoneal mesothelioma (PM) is an infrequent disease which has historically been associated
with a poor prognosis. Given its long latency period and
non-specific symptomatology, a diagnosis of PM can be
suggested by occupational exposure history, but ultimately relies heavily on imaging and diagnostic biopsy.
Early treatment options including palliative operative
debulking, intraperitoneal chemotherapy, and systemic
chemotherapy have marginally improved the natural
course of the disease with median survival being approximately one year. The advent of cytoreduction
(CRS) with hyperthermic intraperitoneal chemotherapy
(HIPEC) has dramatically improved survival outcomes
with wide median survival estimates between 2.5 to 9
years; these studies however remain largely heterogeneous, with differing study populations, tumor biology,
and specific treatment regimens. More recent investigations have explored extent of cytoreduction, repeated
operative intervention, and choice of chemotherapy but
have been unable to offer definitive conclusions. CRS
and HIPEC remain morbid procedures with complication
rates ranging between 30% to 46% in larger series. Ac-
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cordingly, an increasing interest in identifying molecular
targets and developing targeted therapies is emerging. Among such novel targets is sphingosine kinase 1
(SphK1) which regulates the production of sphingosine1-phosphate, a biologically active lipid implicated in
various cancers including malignant mesothelioma. The
known action of specific SphK inhibitors may warrant
further exploration in peritoneal disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Peritoneal mesothelioma; Mesothelioma;
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Core tip: Peritoneal mesothelioma (PM) historically has
been associated with a very poor prognosis. Cytoreduction with hyperthermic intraperitoneal chemotherapy
improved survival outcomes but carries significant
morbidity. Increasingly, research has focused on identifying molecular targets and only a handful have been
described; even fewer directed therapies have been
evaluated. We review the role of sphingosine kinase 1
and sphingosine-1-phosphate (S1P) signaling in PM and
discuss the possibility of targeting it with FTY720, a
functional antagonist of S1P Receptor 1. Further investigation is warranted in this new avenue of interest.
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INTRODUCTION
Epidemiology of peritoneal mesothelioma
Peritoneal mesothelioma (PM) represents the second
most common site of malignant mesothelioma and ac-
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counts for 10% to 20% of reported cases[1,2]. Of the
10589 patients with mesothelioma identified in the SEER
database between 1973 and 2005, 1112 or 10.5% had disease which was abdominal in origin. Modest differences
in incidence rates have been reported among Western
countries ranging between 0.5 to 3 cases per million[3].
In the United States, the overall incidence has remained
unchanged but age adjusted rates have demonstrated a
stepwise increase per decade with 15000 cases projected
to occur by 2050[3-5]. Males constitute 56% of cases; compared to those with thoracic disease, patients with PM are
more likely to be female[6] and younger[7]. No racial predilection has been recognized[2,4].
Asbestos exposure is the strongest known risk factor
for the development of malignant mesothelioma[5]. The
association with peritoneal disease, while observed in
various epidemiological reports, however, is weaker and
not conclusive[3,8]. Factors abating this relationship have
included long latency periods of 20 to 50 years from
exposure to disease and lack of pathogenesis directly
implicating asbestos fibers[8,9]. There is some evidence,
however, to suggest that cumulative exposure has been
associated with increased prevalence. Berry et al[10] studied
the exposure of crocidolite among miners over several
decades. More than 67% of identified cases of peritoneal
mesothelioma occurred with an exposure of greater than
50 fibers per mL years; this was in contrast to only 16%
subjects who developed disease with less than 10 fibers
per mL years of exposure. Likewise, no cases of PM
were observed within 20 years of exposure. Various other
environmental factors have been implicated and include
thorotrast, erionite - volcanic ash, therapeutic radiation,
and chronic peritonitis[3,11]. In the absence of environmental exposures, familial Mediterranean fever, mesothelioma genetic susceptibility syndrome with BRCA germline mutations, and simian vacuolating virus have been
postulated to contribute to PM[2,12].
Presentation and diagnostic workup
Symptoms and signs are non-specific with most relating
increasing abdominal girth, ascites, or pain[12,13]. Other
reported findings have included weight loss, fevers, night
sweats, early satiety, anorexia, emesis, constipation, and
presence of umbilical hernia; an abdominal mass was appreciated in 10%-30%[13,14]. Computed tomography (CT)
imaging is the most common initial imaging modality and
can reveal moderate to extensive ascites with peritoneal,
visceral, or omental involvement. Yan et al[15] reported
that CT radiographic findings of large tumor burden
with significant bowel distortion or the presence of a
small bowel obstruction to be predictive of incomplete
resectability. MRI imaging may more accurately quantify
the extent of disease, however, its routine use is not supported yet[16]. The role of PET scan is not well defined
and may be have some limited use in the detection of
recurrent disease[17]. Biopsy is required to establish a diagnosis and can be performed radiographically or surgically.
Paracentesis with fluid cytology has a variable sensitivity
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of 32% to 76% with the major limitation being difficulty in distinguishing benign from malignant lesions[2,18].
Various serum tumor markers have also been explored.
CA-125 and CA15.3 were noted to be elevated at baseline
in 53.3% and 48.5% of patients; their role, however, may
be more important in monitoring disease recurrence or
progression than at initial diagnosis[19,20].

TREATMENT
Outcomes of conventional treatment
Traditional treatments for peritoneal mesothelioma have
historically yielded modest survival ranging between 6
and 16 mo with median survival being approximately
one year[21,22]. Operative therapies have largely centered
around palliative cytoreduction. Rogoff et al[23] reported
one of the earliest series with 6 of 12 patients undergoing debulking with a median survival being no greater
than 13 mo for the entire cohort. More recent series
have reported similar median survival periods of one
year[13,24,25]; compared with operative biopsy alone, however, debulking offered a modest survival improvement of
7 mo[24]. The use of conventional systemic chemotherapy
likewise has not greatly impacted the natural course of
PM with response rates between 11% and 28% [26-28].
More recent novel cytotoxic agents like premetrexed have
improved response rates to as high as 37% with median
survival ranging between 7.6 and 12.1 mo with dual agent
regimens; Simon et al[29] reported an improved survival
period of 26.8 mo with gemcitabine combination therapy
in 20 patients but regimen was accompanied with a 60%
incidence of grade 3 or 4 neutropenia[27-29]. Monotherapy
with intraperitoneal chemoinfusion has likewise not offered any significant benefit with reported outcomes of 9
to 12 mo[30,31].
Cytoreduction with hyperthermic intraperitoneal
chemotherapy
Cytoreduction (CRS) with hyperthermic intraperitoneal
chemotherapy (HIPEC) has been more widely adopted
over the last 15 years and has been campaigned as the
standard of care for patients with operable disease[1]. Ma
et al[32] was the first to report its technical efficacy in ten
patients in 1997; he reported no treatment related mortality and symptomatic ascites palliation in 7 patients. Two
years later, Park et al[33] reported on 18 patients undergoing CRS + HIPEC with a two year survival rates of 80%
and progression free survival of 26 mo. In studies reporting at least 2 year outcome data, median survival has
varied greatly ranging between 29.5 and 100 mo and five
year overall survival between 30%-90% when reported
(Table 1). The wide range of these findings reflects the
heavily heterogeneous nature of differing study populations, eras of treatment, institutional follow-up protocols,
chemotherapy regimens, operative techniques, and tumor
biology. The most numerous reports have been coordinated or originated mainly from two principal centers:
the National Cancer Institute of Milan (Milan, Italy) and
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the Washington Cancer Center (Washington, DC, United
States). Larger series, however, have relied on appropriate collaborative approaches[20,34-45]. Yan et al[42] published
the largest longitudinal series with 405 patients in a multiinstitutional review between 1989 and 2009. Here, 92%
of patients received HIPEC most commonly with cisplatin and doxorubicin and an additional 23% subsequently
received early post-operative chemotherapy between
postoperative day 1 and 5, most commonly with paclitaxel. Overall median survival was 53 mo and five year
survival was 47%. Such multi-institutional registries have
gone onto be utilized in assessing large-population based
prognostic factors[43,46,47].
Reports describing long term survival at 10 years are
slowly emerging. Two studies listed survival estimates
as secondary outcomes and ranged between 26% and
44.6%[35,47]. Baratti et al[34] reported on 10 year prognosis
in 108 patients undergoing complete cytoreduction and
HIPEC at two centers. Chemotherapy regimens included
cisplatin and doxorubicin in the vast majority of patients
and cisplatin or mytomycin-C in six. At five and ten years,
overall estimates were 52.4% and 44.6%, respectively, and
median survival was 63.2 mo.
The most optimistic, large series survival estimates
were reported by Feldman et al[48] in 49 patients. More
than half of patients had previously undergone debulking surgery, and thereafter, all subjects underwent HIPEC
with cisplatin. Thirty five patients or 72% additionally received a single postoperative intraperitoneal (IP) dose of
fluorouracil and paclitaxel. Median overall survival was 92
mo and 1, 3, and 5 year survival was 86%, 59%, and 59%,
respectively. Worse survival was associated with deep tumor invasion, age greater than 60 years, absence of prior
debulking, and residual disease greater than 1 cm. Of
note, 36% of patients had lower grade histology which
impacted survival on univariate analyses. Baratti et al[36],
likewise, reported an exceptional 5 year survival estimate
of 90% with median survival not being reached; however,
this study sought to describe borderline malignant subtypes of PM in 12 patients.
Chemotherapy agents used for HIPEC
No randomized clinical trials exist that assess which
HIPEC chemotherapy regimen is superior. The majority
of retrospective reports have described cisplatin monoor dual therapy (Table 1). Blackham et al[49] investigated 19
patients receiving monoagent mitomycin and 15 receiving cisplatin in a retrospective review; he found patients
administered cisplatin were more likely to be alive at 1,
2, and 3 years with a nearly 30 mo median survival advantage. Similarly, Alexander et al[47] identified the use of
cisplatin over mitomycin-C to be associated with favorable survival; this however was noted only in optimally
cytoreduced patients. The choice of agents seems largely
driven by an institution’s experience more so than empiric
evidence.
The role of peri-operative systemic chemotherapy
in addition to HIPEC with CRS was examined retro-
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spectively by Deraco et al[50] in 90 patients. Sixty of these
patients received preoperative chemotherapy most commonly with a platinum-based agent and premetrexed or
gemcitabine; 12 patients underwent triple agent therapy
and two received more than three drugs. An additional 30
patients naïve to systemic therapy received post-operative
treatment with platinum with premetrexed or gemcitabine. These cohorts were compared to 26 patients who
underwent a logoregional approach only. No significant
difference was observed in overall survival among groups
with the survival estimate being 49% at 5 years for the
entire series. A trend towards improved progression free
survival, however, was observed in those receiving preoperative treatment, and overall 3 year survival favored
those treated with preoperative pemetrexed and platinum
chemotherapy (63% vs 42%-48%, non-significant). No
differences in prognostic factors were identified among
groups and the epithelioid histological was most common subtype. Yan et al[42] similarly reported on 22 patients
receiving pemetrexed dual agent therapy after cytoreductive surgery and demonstrated no significant influence
on survival. To date, combination regional and systemic
therapies for PM remain largely unexplored.
Role of aggressive cytoreduction regimens
The extent of cytoreduction has repeatedly shown to impact survival[40,51,52]; a handful of studies have gone onto
better define the role of aggressive cytoreduction. The
underlying principle of cytoreduction is to remove all
the macroscopic disease and use HIPEC to address any
remaining microscopic disease[1]. Baratti et al[53] attempted
to address the benefit of patients undergoing resection of peritoneum free of gross disease in addition to
macroscopic disease. In a case-control study, 30 patients
undergoing selective resection of macroscopic disease
were compared to a cohort of 30 individuals undergoing “complete” parietal peritonectomy, which included
abdominal regions uninvolved by disease. The five year
overall survival was significantly greater at 63.9% vs 40%
in the “complete” resection group. The median overall
survival was not reached in the “complete” group despite
a follow-up of 50.3 mo and was 29.6 mo in the selective
resection group. Progression free survival was likewise
significant being 54.3% vs 24.9% in favor of more aggressive peritonectomy. Interestingly, “complete” resection carried no significant increase in operative risk and
was associated with a shorter length of stay by 8 d. A
subsequent pathologic review revealed peritoneal disease
involvement in 54% of samples deemed grossly negative
at exploration which may warrant more aggressive cytoreduction approach.
More recently, previously abandoned and multi-stage
modalities have been re-explored with the use of CRS
and HIPEC. Wong et al[52] addressed the outcomes of
repeated CRS with HIPEC. Twenty six of 29 patients underwent debulking with cisplatin-based HIPEC. Eight or
31% then went on to have one or more repeated HIPEC
procedures. The median overall survival for the re-opera-
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2003

NM

2003
2003
2006
2013
2007

2007

Deraco et al[39]
Deraco et al[38]
NM
Deraco et al[40]
NM
Deraco et al[50]
NM
Baratti et al[20]

NM

Baratti et al[36]

NM

NM

Deraco et al[37]

2013
2013

Schaub et al[59]
Wong et al[52]

2013

Alexander et al[47]

2008
2008

Hesdorffer et al[55]
Passot et al[114]

2010
2012

2007

Gómez Portilla et al[113]

Kluger et al[54]
Cao et al[46]

2007

Elias et al[60]

2010

2006

Brigand et al[6]

Blackham et al[49]

2003

Costamagna et al[61]

2009

2001
2003

Loggie et al[112]
Feldman et al[48]

Chua et al[115]

1999

Year

Park et al[33]

Ref.

1995-2006

1995-2005
1995-2011
1997-2005

1995-2002

1994-2010
2004-2012

1992-2010

1997-2004
1989-2009

1993-2008

1997-2008

1997-2000
1989-2006

1998-2005

1996-2005

1989-2004

1995-2003

1993-2002

1993-1998

Era

12

28
61
49
116
60

19

104
26

211

47
294

34

20

27
22

7

26

15

24

12
49

18

Sample
No.

38

511
521
54.41
53.5

491

50.9
64

52

491
50

54.91

55.71

531

501

461

53.6

511
47

47

Age

100%

48%
60%

61%
49%

53%

39%
38%

60%

36%
46%

32%

30%

26%

43%

46%

29%

8%
43%

28%

Gender
(female)

CDDP + DOXO

CDDP + MMC or DOXO
CDDP + DOXO or MMC
CDDP + DOXO or MMC

CDDP + MMC or DOXO

CDDP
CDDP

CDDP or MMC

CDDP + MMC
CDDP + DOXO2

CDDP or MMC

CDDP + DOXO

oxaliplatin + irinotecan, single
agent oxaliplatin or DOXO
CDDP + DOXO, single agent
MMC or oxaliplatin
CDDP + MMC
CDDP + MMC

CDDP + DOXO, single agent
MMC or DOXO
CDDP + MMC

MMC
CDDP

CDDP

HIPEC Agents

43 E, 6 B
105 E, 11 B/S
43 E, 6 B
5 MC, 6 P
4 MC, 8 WD

23 E, 4 S
16 E, 3 B
3 MC
16 E, 1 B, 2 S
1 MC
29 E, 4 B
1 Unk
43 E, 4 B
259 E, 27 B/S
8 Unk
113 High,
54 Low
44 Unk
90 E, 14B/S
15 E, 3 B
1 MMF
3 WD, 1 cystic
3 Unk
13 E, 1 S, 1 mixed
2WD, 2MC

12 E, 2 B
1 MC
13 E, 1 B
11 TP, 1 MC
5 E, 2 B

9 E, 3 mixed
1 MMF
1 cystic
4 Unk
Not stated
26 E, 4 S
16 TP
1 adenomatoid

Histological Subtype or
Grade

Table 1 Selected studies examining overall survival with cytoreduction and hyperthermic intraperitoneal chemotherapy

27

20
20.31
32.91
23

27

49.4

54
25

72

18.1

47

11

55

46.7

45.2
28.3

19

Followup

NR

NR

52
41.2

38.4

54.9
67

40.8

29.5

70
36.9

NR

100

35.6

40

34.2
92

NR

Median
survival

80.9
83

61

78.2

69

43

88

69.3

78

60
86

1 yr

62

62

43

83

57.7

70

60
77

80

2 yr

69

58

61.7
52

56

46.3

67%
52

43

68

43.3

70

50
59

3 yr

90

70
54
57
49
53.7

46

41

48.9

17

31

43

63

28.9

52

33
59

5 yr

33

7 yr

26

10 yr
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2007
2007
2009

2011

WC

Yan et al[44]
Yan et al[41]
WC
Yan et al[42]

WC

Yan et al[43]

WC

1989-2009

1989-2005
1989-2005
1989-2009

1996-2008
1996-2012

294

70
62
401

83
108
100

501

471
471
501

54
56.5
501

46%

43%
45%
44%

55%
46%
40%
CDDP + DOXO
CDDP + DOXO
CDDP + DOXO2 or MMC,
single agent CDDP or MMC
CDDP + DOXO2

CDDP + MMC or DOXO
CDDP + DOXO or MMC
CDDP + DOXO

72 E, 10 B, 1 S
93 E, 14 B, 1 S
86 E, 7 B/S
7 Unk
65 E, 5 B
57 E, 5 B
318 E, 48 B/S
35 Unk
259 E, 27 B/S
8 Unk
24

35
37
33

52
48.8
48

67

59
79
53

44
63.2
52

83

82
84
81

78

62

67

52

57
58
60

55
49
50
47

49.5
52.4
46
39

45.5
44.6
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Prognostic factors in CRS with HIPEC
More than half of the studies reporting on prognostic factors have reported completeness of cytoreduction to be associated with improved survival on multivariate analyses[35,38,40,42,43,45,50-53]. Nodal status, histological subtype, nuclear grade, and mitotic count have also been cited[34,35,40,42,43,45,47,51-54] (Table 2). Concordant findings were reported in the
large multi-institutional series by Yan et al[42]. Interestingly, 29 patients did not receive HIPEC; a subsequent multivariate sub-analysis demonstrated that HIPEC correlated with
improved survival. Baratti et al[53] similarly identified another surgical factor, “complete” peritonectomy, as positive influencing survival.
Female gender was shown by Cao et al[46] to be among patient factors to positively influence survival; the female cohort accounted for 46% in the study population and was
more likely to have lower peritoneal cancer indices and earlier stage compared to males[41,46]. Interestingly, the presence of the nuclear estrogen receptor beta was shown to be an
independent predictor of survival in peritoneal disease[58]. Schaub et al[59] found pre-operative CA-125 to influence survival; a prognostic nomogram was proposed by incorporating this marker along with peritoneal cancer index and histological subtype as clinical assessment tool for 3 and 5 year survival; positive predictive values have been reported
as 73.1% and 73.9% respectively.

Role of laparoscopy
Diagnostic laparoscopy with biopsy has been previously described as a safe alternative in obtaining a histological diagnosis[13,56]. Its role in assessing resectability before CRS with
HIPEC in PM was explored in 33 patients. Patients with potentially resectable disease on pre-operative imaging underwent exploration. Ninety one percent of patients were
deemed likely to obtain complete cytoreduction; of these, only one patient was not on subsequent laparotomy, yielding an overall specificity of 75% and accuracy of 97%[57].

tion group was far superior at 80 mo compared to 27.2 mo in the single treatment cohort. The median time to the second operation was 15.6 mo and most (77%) received early
postoperative chemotherapy with Taxol and 5-fluorouracil. Both groups otherwise had similar completeness of cytoreduction scores, demographics, and similar overall number
of complications. Kluger et al[54] reported on two-stage operative cytoreduction with intraperitoneal chemotherapy in 47 patients. Subjects initially underwent partial cytoreduction with peri-operative intraperitoneal therapy with single or dual regimens of cisplatin, gemcitabine, doxorubicin, or gamma interferon. A second laparotomy with CRS and
HIPEC was performed in 35 using cisplatin and mitomycin C; median survival was 54.9 mo with 1, 3, and 5 year overall survival being 81%, 62% and 49%, respectively. Hesdorffer et al[55] reported on multi-modality treatment in 27 patients who underwent operative debulking with post-operative IP therapy followed by HIPEC with mitomycin and
cisplatin and then followed by whole abdominal radiation between 3000 and 3080 cGy. Overall median survival was 70 mo and three year survival was 67%. The retrospective
nature of these reviews limits drawing any firm conclusions, but a multi-modality approach may offer the most aggressive treatment for patients with PM.

Mean values are indicated with an asterisk. Follow-up and survival are reported in months; 2Most common chemotherapy agent reported. The principal centers including the National Cancer Institute of Milan and the
Washington Cancer Center are noted with superscripts NM and WC, respectively. NR: Not reached; CDDP: Cisplatin; MMC: Mitomycin or Mitomycin C; DOXO: Doxorubicin; E: Epithelial or epithelioid subtype; B: Biphasic;
S: Sarcomatoid or sarcomatous; B/S: Biphasic or sarcomatoid; MMF: Malignant or epithelial with mucinous features; MC: Benign multicystic; TP: Tubillopapillary; P: Papillary or mixed papillary; WD: Well-differentiated; Unk:
Unknown or not specified.

1

2010
2013
2006

Baratti et al[35]
Baratti et al[34]
WC
Yan et al[45]

NM

NM
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Table 2 Prognostic factors in cytoreduction and hyperthermic intraperitoneal chemotherapy procedures
Ref.

Year

Sample No.

Deraco et al[38]
Feldman et al[48]
Nonaka et al[51]
Deraco et al[40]
Yan et al[45]
Baratti et al[20]
Yan et al[41]
Yan et al[42]
Baratti et al[35]

2003
2003
2005
2006
2006
2007
2007
2009
2010

61
49
35
49
100
60
62
401
83

Kluger et al[54]
Yan et al[43]
Cao et al[46]
Baratti et al[53]

2010
2011
2012
2012

47
294
294
60

Alexander et al[47]
Baratti et al[34]
Deraco et al[50]
Schaub et al[59]
Wong et al[52]
Pillai et al[58]

2013
2013
2013
2013
2013
2013

211
108
116
104
29
33

Prognostic factors overall survival (multivariate only)
Completeness of cytoreduction
1
No prior debulking, deep invasion, age > 60, residual disease > 1 cm
Completeness of cytoreduction, low mitotic count, lower nuclear grade
Completeness of cytoreduction, low mitotic count/50 HPF
No lymph node metastasis, female gender, epithelial type, adequate cytoreduction
1
High-grade histology, WHO performance status > 0, Inadequate cytoreduction
Mesothelioma nuclear size
Epithelial subtype, absence of lymph node metastasis, completeness of cytoreduction 0/1, HIPEC
Pathologically negative lymph nodes, epithelial subtype, mitotic count ≤ 5/50 HPF, Completeness of
cytoreduction
1
Biphasic histological subtype
1
Biphasic/sarcomatoid subtype, completeness of cytoreduction score of 2/3, proposed TNM Stage Ⅱ or Ⅲ
Female gender, TNM staging
Complete parietal peritonectomy, complete cytoreduction, negative lymph nodes, Epithelial histology, low
MIB-1 index
Age < 60 yr, R0-1 vs R2-3, low histologic grade, use of cisplatin vs mitomycin-C
Epithelial histology, histologically negative lymph nodes, Ki-67 < 10%
Histological subtype, completeness of cytoreduction, absence of morbidity 3-5 grade
Histological subtype, pre-CRS PCI, preoperative serum CA-125
Lower peritoneal carcinoma index, completeness of cytoreduction
Presence of nuclear estrogen receptor beta

1

Variables that have negatively impacted overall survival.

Morbidity and peri-operative mortality
Overall morbidity rates have varied widely between 14%
and 71% (Table 3). Larger series with at least 50 subjects have reported 28%-41% incidence of grade 3 or
greater complications[35,42,44,45,50,53]. When reported, perioperative mortality has ranged between 1% and 11% and
re-operation rates up to 20% with the most common indication being hemorrhage[6,34,37,42,44,46,47,52,60-62]. Complications related to fistula formation, perforation, dehiscence,
abscess formation are significant and in large series
have been reported in up to 18% of cases[42]. Cardiopulmonary complications are the second most frequently
encountered followed by those related to infection. It
remains difficult to distinguish those complications stemming from operative intervention and those related to
chemotherapy regimens. In terms of long-term survival,
Deraco demonstrated worse survival with patients with
grade 3 to 5 complications[50]. Length of stay has been
investigated in a handful of reports and has ranged from
9 to 41.5 d; Wong et al[52] reported on a median stay of
only 8 d for patients undergoing repeat HIPEC. Surprisingly, morbidity rates only have a weak association with
the duration of inpatient admission; other factors such as
administration of early post-operative chemotherapy may
be involved but are not reported.

FUTURE DIRECTIONS; MOLECULAR
TARGETED THERAPY
Investigated molecular targets and therapeutic agents
A variety of molecular targets have been identified in PM
and of these, a handful of respective therapeutic agents
have been investigated. Foster et al[63] discovered mutations in the epidermal growth factor receptor (EGFR)
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in a subset of 29 patients, which were associated with a
higher rate of optimal cytoreduction and a trend towards
improved 3 year overall and progression free survival.
Erlotinib, an EGFR inhibitor, was then investigated using COS-7 cell lines transfected with mutant EGFR at
different drug concentrations along with EGF; based on
subsequently decreased EGFR phosphorylation, it was
postulated that erlotinib may warrant further exploration.
Kalra et al[64], however, questioned any wide spread role
of EGFR targeted therapies because none of 33 peritoneal mesothelioma tumors he interrogated expressed
EGFR sensitizing mutations.
Varghese et al[65] identified up-regulation in genes
related to the phosphatidylinositol-3 kinase (PI3K) and
the mammalian target of rapamycin (mTOR) signaling
pathways to be associated with poorer survival among 41
patients undergoing CRS and HIPEC. Under-expression
was associated with an 80% 3 year survival with a median
period of 69.5 mo compared with 47.4 mo for the entire
cohort and 24 mo for over-expressers. Using an in vitro
model, cells were treated with a dual PI3K and mTOR
inhibitor, NVP-BEZ235, demonstrated significant suppression of cell proliferation[65].
Mesothelin, glycosylphosphatidylinositol-anchored
glycoprotein, has also been recognized to be highly expressed in malignant mesothelioma along with pancreatic,
ovarian, and some lung cancers. Three agents targeting
mesothelin have been tested to date; SS1P, a recombinant immunotoxin targeting mesothelin; MORAb-009,
a chimeric anti-mesothelin monoclonal antibody; and
CRS-207, a live-attenuated Listeria monocytogenes vector encoding human mesothelin[66]. Of these, SS1P has
undergone phase Ⅰ testing in 24 patients including five
with peritoneal mesothelioma and has shown short term
resolution of ascites in one patient[67,68]. The second trial
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1999
2003
2003
2006
2007
2007
2008
2008
2009
2009
2010
2012
2013
2013
2003
2003
2003
2006
2013
2007
2008
2010
2010
2012
2013
2006
2007
2009

Year

18
49
24
15
26
7
27
22
20
17
47
294
211
29
19
28
61
49
116
12
5
83
12
60
108
100
70
401

24%
25%
26%
40%
54%
71%
30%
47%
65%
41%
34%
33%
30%
65%
25%
14%
23%
15%G3
41%G3
8%G3
20%G3
28%G3
8%G3
28%G3
39%
36%G3
41%G3
46%G3
2.6
0
0
2.4
0
0
1.9
5
3
2

0
0
1
5.8
2
2
2.3
4
0
0
0

0
11
0
4

8
14
6
3
74

7

4

1
1

4
10
8
4
57

2

3
6
7
3

4

1

9
6

11
2

5

2
9

1

0
4

1
1

Other
infection

7
9

2

2
3

Wound
Infection

1

2

2

1
2

Sepsis

3
50
20
4
3

1
1

20
1

1

5
2
9
38
25
1

2

1
1

1

0
4

1
5

2

1
4

1
2

Sample No. Complication Peri-operative Re-operation Abdominal Cardiac/
rate
mortality
pulmonary

39

7
10

4

2
1

2
26

1

0
1

1

Renal

5
4

2

6

1
1

1

3

Vascular

5
7
8
5
25

3

15
8
10

1

2

Hematologic

10
3

1

5

11
4
3

3
3
1

3

0
2

1
2

Other

221
231
221

18

241
25

161
231
11
9
321

16.51

16.3
281
41.51

LOS

demonstrated a partial response with SS1P in two of 12 patients with PM[67,68]. Hassan et al[69] reported on a regimen of SS1P, pentostatin, and cyclophosphamide in eleven patients with mesothelioma; two patients with peritoneal disease had a significant tumor reduction up to 8 and 14 mo, respectively. More recent studies have reported on newer
mesothelin-targeted agents including the immunocytokine IL12, which has shown comparable anti-tumor activity to SS1P in a murine model of PM[70].
Molecular targets on the horizon include MUC1, a glycoprotein associated with various cancers including breast, colon, and pancreatic adenocarcinoma; recently, Pillai
demonstrated that MUC1 was expressed in 90% of patients with PM and may have some prognostic value in predicting poorer survival[71]. Bromelain, a complex of proteolytic
enzymes, has been postulated to target glycoproteins including MUC1, and initial experiments have demonstrated that chemo-resistant peritoneal mesothelioma cells lines have
increased chemotherapy sensitivity with bromelain combination therapy[72]. Some skepticism exists as no studies have directly examined the effect of this agent on MUC1 in
peritoneal disease.

Mean values. Cells with the superscript G3 represent grade 3 or above complications. Abdominal complications include perforation, abscess formation, dehiscence, and fistula. "Other" complications include neurological and
musculoskeletal complaints, emesis, and dehydration. Numerical values represent cases or patient number unless otherwise stated.
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Figure 1 Role of sphingosine 1-phosphate in peritoneal mesothelioma. Inflammation is critical to the development of peritoneal and sphingosine 1-phosphate (S1P) plays an essential role linking it to cancer. Targeting S1P, therefore,
with agents like the pro-drug FTY-720 may suppress this process.

Sphingosine kinase 1 as a novel target for mesothelioma
Sphingosine kinase 1 (SphK1) is the lipid kinases that
phosphorylate sphingosine to generate sphingosine1-phosphate (S1P), a lipid mediator. S1P is an important
bioactive lipid that has been implicated in multiple physiologic and pathologic processes such as, inflammation,
atherosclerosis, asthma, osteoporosis, diabetes, obesity,
and particularly cancer, due to its role in cell survival,
proliferation, migration, angiogenesis, and lymphocyte
trafficking[73,74].
The molecular functions of S1P can be divided into
its intracellular action and extracellular signaling, which
is coined “inside-out” signaling[73,74]. Intracellular S1P
can directly regulate its target proteins, which are histone deacetylases (HDACs) and the E3 ubiquitin ligase
tumor-necrosis factor (TNF) receptor-associated factor 2
(TRAF2)[75,76]. Through the regulation on these proteins,
S1P involves epigenetic regulation of gene expression of
NF-kB signaling, which play key roles in cancer biology.
As for the inside-out signaling of S1P, transporters such
as ABC transporters and Spns2 have been identified[77,78].
These transporters allow S1P to be exported outside the
cell and act as a ligand on membranous five S1P specific
G-protein coupled receptors (S1PR1-5), which activate
multiple downstream signaling pathways regulating cell
differentiation, migration, and survival in an autocrine,
paracrine, and/or endocrine manner[79].
Owing to the role of S1P in cancer cells, studies investigating SphK1 as an oncogene have steadily increased[80].
It has been known that S1P possesses a strong angiogenic
property[81]. Considering a critical role of lymphangiogenesis in cancer progression[82], our group reported on a new
aspect of the SphK1/S1P axis by its involvement in breast
cancer-induced lymphangiogenesis which precedes breast
cancer metastasis[83,84]. Recently, we have also further demonstrated the indispensable role of the SphK1/S1P axis
in colitis and colitis-associated cancer[85-87] .
The role of the SphK1/S1P axis in mesothelioma
has not been reported only until recently. Kalari et al[88]
demonstrated elevations in SphK1 expression in both
the epithelial and sarcomatoid subtypes of human pleural mesothelioma compared with non-tumor specimens.
They further delineated the function of SphK1 in vitro
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and in vivo. Examining mesothelioma cell lines, SphK1
mRNA and protein expression were higher in malignant
cells, and this over-expression correlated with cellular
proliferation. The possible mechanism was S1P regulation on expression of cell cycle-related genes via histone
acetylation. The SphK2 isotype was not implicated in
tumorigenesis.
Using the SphK1 inhibitor, SphK-I2, or gene silencing, S1P production and cell proliferation were likewise
reduced. The authors additionally conducted an alternative in vivo model in which they exposed the peritoneal lining of mice to mesothelioma inducing agents, specifically
long multiwalled carbon nanotubes (MWNT). Exposure
to MWNTs have been reported to cause development
of granulomas in p53-knockout mice[89]. Compared to
wild type mice, the Sphk1 knockout mice demonstrated
significantly less MWNT-induced granulomatous inflammation. This result suggested the in vivo role of SphK1 as
promoting mesothelioma development.
Recently, studies investigating agents targeting S1P
signaling have been tested in various settings[90]. Among
these, FTY720 has shown some promise; FTY720
(Fingolimod; trade name Gilenya, Novartis) is a FDAapproved drug for treating relapsing forms of multiple
sclerosis[91]. It has been shown FTY720 acts as a pro-drug
which is mainly phosphorylated in vivo by SphK2[92-94].
The phospho-FTY720 mimics S1P action by binding
to S1PR1 which is then internalized and degraded[95,96].
S1PR1 signaling, itself, is important for lymphocyte
egress from thymus and secondary lymphoid organs to
the periphery[97,98]. The down-regulation of S1PR1, therefore, through the known action of FTY720, is considered
as immunomodulatory by inducing lymphopenia without generalized immunosuppression[96,99]. In addition to
the immunosuppressant property, several reports about
FTY720 as an anti-cancer drug in various malignancies
have rapidly accumulated[100,101]. We recently reported, in
a murine colitis-associated colon cancer model, the administration of FTY720 dramatically reduced tumor size,
multiplicity, and tumor load via the reduction of SphK1
and S1PR1 expression[85,86]. Others have gone onto also
characterize FTY720 as a SphK1 inhibitor in multiple
cancer cell lines[102-104]. In hematopoietic malignancies
or lung cancer, FTY720 acts as an activator of tumor
suppressor protein phosphatase 2A (PP2A) and shows
promising preclinical activity[105-108]. In hepatocellular carcinoma, FTY720 was found to decrease recurrence after
liver transplantation via down-regulation of S1PR1[109].
FTY720 was additionally suggested in combinational
therapy with sunitinib for breast cancer, with milatuzumab for lymphoma, and radiotherapy for prostate
cancer[103,110,111]. Taken together, targeting S1P signaling
by FTY720 might be a potential strategy for pharmocotherapeutics for peritoneal mesothelioma (Figure 1).

CONCLUSION
Peritoneal mesothelioma remains a rare, infrequent disease which historically has been associated with a poor
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prognosis. Demonstrable improvements in survival have
been made with the wider employment of cytoreduction
and HIPEC and a generally more aggressively-focused
treatment regimen. Yet despite these advances, significant
morbidity still persists and a few options exist for those
not amenable to operative intervention. Novel molecular
targets such as SphK1 have only recently been associated
with PM and represent a potentially promising venue for
drug therapy in the future.
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enteropathy and restoring intestinal health are still not
available. An accumulating body of preclinical studies
has demonstrated that oral administration of plasmaor serum-derived protein concentrates containing high
levels of immunoglobulins can improve weight, normalize gut barrier function, and reduce the severity of enteropathy in animal models. Recent studies in humans,
using serum-derived bovine immunoglobulin/protein
isolate, demonstrate that such protein preparations are
safe and improve symptoms, nutritional status, and
various biomarkers associated with enteropathy. Benefits have been shown in patients with HIV infection
or diarrhea-predominant IBS. This review summarizes
preclinical and clinical studies with plasma/serum protein concentrates and describes the effects on host
nutrition, intestinal function, and markers of intestinal
inflammation. It supports the concept that immunoglobulin-containing protein preparations may offer a
new strategy for restoring functional homeostasis in the
intestinal tract of patients with enteropathy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
The gastrointestinal tract is responsible for a multitude
of digestive and immune functions which depend upon
the balanced interaction of the intestinal microbiota,
diet, gut barrier function, and mucosal immune response. Disruptions in one or more of these factors can
lead to intestinal disorders or enteropathies which are
characterized by intestinal inflammation, increased gut
permeability, and reduced capacity to absorb nutrients.
Enteropathy is frequently associated with human immunodeficiency virus (HIV) infection, inflammatory bowel
disease, autoimmune enteropathy, radiation enteritis,
and irritable bowel syndrome (IBS), where pathologic
changes in the intestinal tract lead to abdominal discomfort, bloating, abnormal bowel function (e.g. , diarrhea, urgency, constipation and malabsorption). Unfortunately, effective therapies for the management of
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Core tip: This review article summarizes previous preclinical and clinical studies with serum- or plasmaderived protein preparations with an emphasis on potential benefits for intestinal health and recovery from
intestinal disorders. Specifically, how serum-derived
bovine immunoglobulin/protein preparations may be
useful in restoring intestinal homeostasis (e.g. , gut barrier function, immune regulation) following episodes
of enteropathy associated with various human disease
conditions, such as human immunodeficiency virus infection, inflammatory bowel disease, or irritable bowel
syndrome.
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INTRODUCTION
The intestinal epithelium is contiguous with the external
environment and adaptively organized to both amplify
surface area for nutrient absorption and provide a barrier
against harmful microorganisms and toxins[1]. The lumen
of the gastrointestinal (GI) tract is occupied by a complex assortment of microbial species, the gut microbiota,
which changes in response to diet, age, disease, and medical or pharmaceutical intervention[2,3]. This complex array
of bacteria and other microbes exist in symbiosis with
the intestinal mucosa and play an important role in nutrient absorption, immune regulation, and gut barrier function. At the same time, a variety of immune and physiological adaptations exist within the GI tract to maintain
constant vigilance against potentially harmful pathogens
and luminal antigens, while preventing the development
of uncontrolled inflammation[4].
A variety of factors, both host-related and environmental, can disrupt intestinal homeostasis and lead to development of intestinal disorders or enteropathies. Such enteropathies are characterized by inflammation in the epithelium
and lamina propria of the intestine and occur in association
with a variety of human conditions or disease states, including: gluten-sensitivity[5], protein-losing enteropathy[6], environmental enteropathy[7,8], radiation-induced enteropathy[9],
drug-associated enteropathy[10], irritable bowel syndrome
(IBS)[11,12], inflammatory bowel disease (IBD)[13], and human
immunodeficiency virus (HIV) infection[14]. In the small
intestine, pathologic mucosal changes include blunting
of villi and deepening of the crypts, both associated with
inflammation that reduces absorptive capacity and tends
to increase gut permeability. In the colon, inflammatory
changes may be associated with overt epithelial damage or
loss. Clinical signs associated with inflammatory mucosal
changes may include abdominal pain or discomfort, nausea, bloating, and abnormal bowel function (e.g., urgency,
diarrhea, constipation). The pathophysiologic mechanisms
leading to enteropathy are not well understood but may
involve the effects of exposure to luminal antigens, toxins,
or alterations in intestinal microbiota, as well as host diet,
genetics, or dysregulated immune responses.
Certain genetic mutations may also predispose to conditions that are associated with enteropathy. For example,
more than 200 polymorphisms have been linked to Crohn’
s disease. These polymorphisms may predict disease manifestations (stenosis, fistulization, or inflammation), location,
and need for surgery[15]. The mutations fall broadly into
categories reflecting toll-like receptor-mediated bacterial
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recognition, autophagy, organic cation transport, lymphocyte differentiation, and barrier function[16,17]. There is
some evidence that genetic polymorphisms also play a role
in ulcerative colitis[18,19] and IBS[20]. Metabolomic studies
have found that malabsorption leads to depleted levels of
alanine, glutamine, glutamic acid, isoleucine, leucine, valine,
choline and select dietary organic acids, including formate,
lactate and succinate, in patients with ulcerative colitis[19,21].
Interestingly, altered expression of genes involved in the
production of metabolites from tryptophan through the
kynurenine pathway has also been associated with IBS.
Clarke et al[22] found significantly higher kynurenine: tryptophan ratios in IBS subjects compared to controls, and acute
depletion of tryptophan has been associated with higher
levels of abdominal pain and lower levels of serotonin
production in IBS[23,24]. Altered tryptophan metabolism
through the kynurenine pathway has also been implicated
in the events leading to intestinal inflammation in HIVinfected individuals[25] and in IBD[26]. In summary, a variety
of enteropathies occur with various human health conditions which are governed by a harmful and continuing cycle
of gut barrier dysfunction, immune activation, altered gut
microbiota, and impaired nutrient absorption[1,13](Figure 1).
Unfortunately, available therapies are often directed
at symptoms and not causative factors and include such
things as dietary modifications or restrictions, steroids,
broad spectrum antibiotics, antidiarrheals, or supportive
Ⅳ fluids. Due to a broad range of potential causes, multidimensional approaches may be needed, including nutritional interventions alongside current drug treatments to
manage these complex disorders. It is well established that
plasma-derived protein concentrates (PPC) from bovine,
porcine and other sources, when added to the diets of several species of animals, leads to improvements in appetite,
weight gain, intestinal growth, and gut barrier function
in a number of intestinal disorders[27-30]. Serum-derived
bovine immunoglobulin/protein isolate (SBI), speciallyformulated to increase IgG and other proteins, has been
extensively studied in animal models and recently has
been found to be safe and effective in the management
of the enteropathy associated with diarrhea-predominant
IBS (IBS-D) and HIV infection[31,32]. The purpose of this
review is to summarize the scientific evidence supporting the benefits of orally-administered, immunoglobulincontaining protein preparations for host nutrition and
protection of gut barrier integrity, particularly as it relates
to conditions associated with enteropathy. Studies on the
impact of these protein preparations [PPC, bovine serum
concentrate (BSC), serum-derived bovine immunoglobulin (SBI)] on host nutrition, gut barrier function, tight
junctions, and immune regulation will be summarized.

COMPOSITION OF BOVINE
PLASMA- AND SERUM-DERIVED
PROTEIN ISOLATES
Plasma-derived protein concentrates are commonly used
in animal husbandry to promote growth and modulate
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Figure 1 Factors involved in the pathogenesis of enteropathy associated with certain human disease states or conditions (e.g., diarrhea-predominant irritable
bowel syndrome or human immunodeficiency virus infections).
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Figure 2 Proposed mode of action for serum-derived bovine immunoglobulin protein isolates to aid management of enteropathy.

intestinal inflammation in immunocompromised young
animals[27-30]. Agricultural PPC products are prepared
from blood obtained from abattoirs using hygienic collection and processing procedures to ensure high quality
plasma products. Preparation first involves the addition
of an anticoagulant with subsequent centrifugation to
separate the cellular fraction. The plasma is then concentrated by filtration, using inverse osmotic membranes
or ultrafiltration and then spray-dried to create a plasma
protein powder. During spray drying, plasma proteins are
exposed to high temperatures for a very short period of
time to avoid denaturation of proteins and to preserve
their biological activity[33,34]. In contrast, SBI is produced
through a series of shifts in pH and specific salt additions
to chilled, edible grade plasma [United States Department
of Agriculture (USDA) approved] to reduce the albumin
and fibrinogen content and increase the concentration of
immunoglobulins and other proteins[35].
Plasma protein concentrates used for animals typically
contain over 80% protein on a weight basis, with over
15% of the protein consisting of immunoglobulins (Ig),
mainly IgG. In contrast, SBI preparations are specially
formulated to increase protein content and reduce levels
of albumin and fibrinogen, which results in proportionally higher levels of immunoglobulins. EnteraGam™
is a specially formulated commercial SBI preparation,
manufactured according to FDA good manufacturing
practice guidelines and intended for human use as a prescription medical food product. It contains about 92%
protein (> 50% IgG) with high levels of essential amino
acids, including lysine, threonine, tryptophan, and leucine,
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and is indicated for the clinical dietary management of
enteropathy for patients under physician supervision[36].
Arginine and glutamic acid are also found in relatively
high levels compared to common dietary sources of protein and the total caloric content of EnteraGam™ is 372
Kcal per 100 g. Although the exact mechanism of how
plasma proteins, and SBI in particular, work in patients
with chronic loose and frequent loose stools is unknown,
findings from both preclinical and clinical studies demonstrate that plasma proteins or SBI has nutritive benefits,
binds bacterial endotoxins, supports immune homeostasis, preserves gut barrier function, and promotes a stable
microbiota (Figure 2).

NUTRITIONAL BENEFIT
While the purpose of this review is not to provide an
extensive summary of all studies conducted on this
topic, several representative studies are summarized in
Table 1 and the reader is referred to review articles on
this topic[27,30]. Torrallardona reviewed the results from
75 trials in 43 publications, to evaluate the feeding and
nutritive benefits of PPC from a variety of sources for
weaning piglets[30]. Most studies evaluating PPC showed
improvements in caloric intake, growth and metabolism,
as well as utilization of feed nutrients. Replacement of
several high quality protein sources (e.g., meat extracts,
soy, pea, potato, skimmed milk, whey, and fishmeal) with
PPC at comparable levels led to improved weight gain
and feed intake in piglets. Jiang et al[37] evaluated growth
performance in piglets after pair-feeding a diet containing
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Table 1 Weight gain and growth following dietary supplementation with plasma protein concentrates
Animal Model (age)
Piglets: 14-21 d
Piglets: Varying age
groups
Piglets: Weaned at 14 d

Piglets: Weaned at 21 d,
infected with ETEC K88

Impact of dietary supplementation with SBI

Ref.

Superior growth and feed intakes during the first week in 4 of 5 experiments
Growth performance improved by the IgG-rich fraction
Consistent improvement in growth, feed intake and sometimes feed conversion; similar results with spray
dried plasma from porcine, bovine, and mixed origin
Significantly increased mean daily body weight gains and food conversion efficiencies; no difference in
protein intake
Significantly greater lean body mass and total carcass mass (P < 0.05)
Significantly lower circulating urea concentrations (P < 0.05), indicating greater retention of nitrogen and
reduced amino acid catabolism
Increased average daily weight gain and food intake
Protected against E. coli-induced inflammation

Pierce et al[28]
Torrallardona et al[30]
Jiang et al[37]

Bosi et al[44]

SBI: Serum-derived immunoglobulin/protein isolates; E. coli: Escherichia coli; ETEC K88: Enterotoxigenic E. coli, K88 strain.

soy protein or PPC for 24 d. Protein intake was similar
among groups while the rate of weight gain and protein
conversion efficiency was significantly higher in the PPC
group, especially during the early weaning period. Pigs
fed PPC also had improved body weight and absolute
mass of protein with no difference in fat mass, suggesting a higher efficiency of dietary protein utilization for
lean tissue growth. Feeding PPC reduced the circulating
concentrations of urea, arginine, citrulline and ornithine,
suggesting a reduction in the catabolism of amino acids
to urea and increased availability of dietary amino acids
for lean tissue mass. In addition, there were also significant increases in bone mineral content and bone mineral
density in the PPC-fed compared to the soy protein-fed
group.
Pierce et al[28] conducted several experiments to evaluate the growth and feed intake of weaned piglets fed
porcine PPC, bovine PPC, or different molecular weight
fractions of PPC. Collectively, the results demonstrated
that both porcine and bovine PPC enhanced growth rate
and feed intake of weaned piglets, while the IgG fraction of porcine or bovine plasma appeared to stimulate
growth performance that was comparable to intact PPC
and superior to the albumin or low MW fractions of
PPC. These data suggests that a distinct nutritional role
may exist for the IgG-rich fraction of PPC to support
growth performance.

SAFETY AND DIGESTIBILITY
Plasma-derived protein concentrates (e.g., PPC, SBI)
are composed of > 50% IgG and other proteins and
peptides that reflect the composition of plasma and are
similar to other serum proteins present in colostrum and
milk. Such products typically do not contain milk ingredients such as lactose, casein, or whey, so adverse reaction rates would be expected to be minimal. However,
patients who have an allergy to beef should not take SBI
or PPC products. The rigorous process used to prepare
commercial forms of SBI meets strict industry standards
to ensure that finished products do not become contaminated with infectious agents, including the bovine spongiform encephalitis (BSE) agent. In addition, SBI has been
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self-affirmed as Generally Recognized as Safe (GRAS)
with no safety-related questions by the US Food and
Drug Administration (FDA) for doses up to 50 g/d. SBI
has not yet been tested in pregnant or nursing mothers or
immunocompromised individuals, so use in such patients
should be at the discretion of the patients’ physician.
The safety of SBI has been evaluated in both pediatric and adult subjects. Tolerance and digestibility of SBI
was evaluated in 12 healthy adult volunteers by Hanning
et al[38]. Volunteers were administered 10 g of SBI orally
and blood samples were obtained at various time points,
which showed elevated levels of plasma total amino acids
and leucine at 1-2 h following SBI administration. Bovine
IgG was not detected in serum samples from study subjects, suggesting that bovine IgG remains in the intestinal
tract and does not pass the luminal barrier into the blood
stream. Subjects then consumed 5 g of SBI daily for 2
wk and completed daily diaries for general health and
adverse events (AEs). No serious AEs were reported by
test subjects. The following AEs were reported: increased
urination (3); stomach cramps (3); fatigue (2); headache
(2); sore throat, softened stools, nausea, constipation, and
irritability (1 each). Bovine IgG was detected by enzymelinked immunosorbent assay (ELISA) in stool samples
from test subjects on day 14 but not at baseline (day 0),
suggesting survival of some IgG following GI transit,
which is similar to previous reports[39,40].
A standard diet with graded amounts of PPC about
0.9 to 2.5 mg/kg BW/d was also fed to infants 9 to
25 mo of age at entry (n = 10) recovering from severe
protein-energy malnutrition to evaluate acceptability,
safety, and digestibility[41]. Study diets were well accepted
by study subjects with no evidence of intolerance and no
AEs were reported. In another study, malnourished infants (age 6-7 mo of age at entry; n = 107) fed a diet containing PPC (about 3.5 g/d) for up to 8 months showed
no side effects or adverse impact on growth or morbidity
rates when compared to infants fed supplemented with
whey protein concentrate[42]. Studies in HIV+ patients
(n = 8)[31], a longer term open-label exposure in HIV+
patients (n = 35) (data on file), and subjects with IBS-D
(n = 66)[32] also showed only minor or non-medication
related adverse events, as well as no clinically relevant
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Table 2 Effects of plasma-derived protein concentrates on intestinal function in animal models
Species
Pig

Rat

Model/indication

Impact of dietary supplementation with SBI

Postweaning

Reduced colonic paracellular permeability
Reduced ileal permeability
Fewer lamina propria cells in ileum and colon
Reduced transepithelial electrical resistance in the colon - improved tight junction
Significantly improved fecal scores
Rotavirus infection
Significantly reduced clinical signs of diarrhea
Significantly greater intestinal mucosal protein and lactase activity
Infection by ETEC K88 Decreased inflammatory cell infiltration and mucosal damage
Increased crypt depth, reduced intestinal expression of proinflammatory TNF-α and IL-8
Exposure to SEB
Improved ion transport function, as measured by reductions in the potential difference
across the jejunum and Na-K-ATPase activity
Improved mucosal permeability (dextran flux and HRP paracellular flux)

Ref.
Peace et al[46]

Corl et al[43]
Bosi et al[44]
Pérez-Bosque et al[47]

SBI: Serum-derived immunoglobulin/protein isolates; ETEC K88: Enterotoxigenic Escherichia coli, K88 strain; TNF-α: Tumor necrosis factor alpha; IL-8:
Interleukin 8; SEB: Staphylococcus aureus enterotoxin B; Na-K-ATPase: Sodium-potassium adenosine triphosphatase; HRP: Horse radish peroxidase.

changes in blood chemistries or hepatic or renal markers in any studies. Collectively, the results from available
clinical studies suggest that SBI is safe and well-tolerated
when consumed up to 8 mo in doses ranging from 0.18
to 10 g per day in infants, children and adults.
In order for PPC supplementation to provide benefits
to dysfunctional intestinal mucosa, the immunoglobulin
and other active protein components must resist digestion and remain active in the lumen of the intestine. Morel et al[39] used radial immunodiffusion to evaluate survival of IgG at various points along the intestine in weaned
piglets fed PPC. They found 50% undigested IgG located
in the proximal small intestine, 17% in mid-small intestine and 10% in the distal small intestine, but none in the
cecum and colon. Rodriguez et al[40] found IgG survival
through the intestinal tract at 8% and 5%, in adult dogs
and cats fed PPC or purified IgG, respectively, which suggests partial resistance to digestion. The authors found
that the immunoglobulin fraction present in the feces of
these animals was the Fab fraction.

IMPACT ON GUT BARRIER AND
INTESTINAL RECOVERY
The ability of PPC and SBI to modulate intestinal barrier function, permeability, and malabsorption has been
evaluated in a number of preclinical and clinical studies.
Preclinical studies
Studies on the effects of bovine immunoglobulin isolates
(PPC or SBI) on inflammation in the GI tract have primarily come from preclinical models in which animals were
challenged by infection or exposure to bacterial toxins
(Table 2). In one study of piglets infected with rotavirus,
PPC was effective at reducing diarrhea, improving intestinal recovery and maintaining growth[43]. Infected soy-fed
pigs had significantly greater diarrhea scores (P < 0.001)
from day 1 to 7 post-infection, while diarrhea scores of
infected pigs fed PPC ranked the same as scores from uninfected controls. Administration of PPC was not able to
attenuate the reductions in intestinal villus height and the
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villus height/crypt depth ratio caused by rotavirus infection. Nevertheless, oral feeding of PPC maintained greater
intestinal mucosa protein and estimated total lactase activity than infected, soy protein-fed piglets. In a second
study, weaned pigs were challenged with enterotoxigenic
Escherichia coli K88 (ETEC K88), used as a model of in
vivo pig IBD, to investigate whether PPC could improve
growth, immune defense and reduce intestinal inflammation[44]. Compared to a diet based on fish protein, ETEC
K88 infected pigs fed PPC showed higher calorie intake
and daily weight gain, less intestinal mucosal damage and
inflammatory cell infiltration, and reduced expression of
pro-inflammatory cytokines.
In a third study of infectious enteritis - Cryptosporidium parvum infection in neonatal calves, a disease which
produces moderate intestinal inflammation, watery diarrhea, and increased intestinal permeability - Hunt et al[45]
showed that the daily addition of a bovine serum product
(compared with a soy protein control) reduced diarrheal
volume, oocyte shedding, and intestinal permeability,
while facilitating villus re-growth and increasing mucosal
surface area. Lactase activity was significantly improved
in response to bovine serum concentrate.
Other data in preclinical models have specifically
evaluated tight junction protein expression in response to
early weaning and toxin challenge. Peace et al[46] evaluated
the effects of PPC in piglets undergoing early weaning, a
condition known to induce impairment in intestinal epithelial barrier function. Piglets were fed a control diet containing PPC for 7 or 14 d to evaluate impact on ileal and
colonic barrier function. Co-administration of PPC with
radiolabeled nutrients reduced paracellular permeability
as indicated by significant reductions in colonic 14C-inulin
permeability on day 7 post-weaning and reduced ileal 3Hmannitol and 14C-inulin permeability on day 14. Protein
plasma concentrate also reduced the predominantly lymphocytic cellular infiltration in the lamina propria in both
ileum and colon, concomitantly reducing levels of proinflammatory cytokines in colon (see below). As shown by
immunofluorescence staining, claudin-1, a tight junction
protein was more highly expressed and localized to tight
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Table 3 Human studies with serum-derived immunoglobulin/protein isolates to evaluate intestinal benefits and quality of life
Species

Model/indication

Impact of dietary supplementation with SBI

Ref.

Human n = 8, HIV positive
adults

HIV-associated
enteropathy

Asmuth et al[31]

Human n = 66 adults

IBS-D

Human n = 10 infants or
children (9-25 mo)

Malnutrition

Human n = 259 infants
(6-7 mo)

Malnutrition

Significant reduction in mean bowel movements/day and improvement in stool
consistency scores after 8 wk (P = 0.008)
Significant reduction in GI questionnaire scores from 17 at baseline to 8.0 at 8 wk
(P =0.008)
No change in gut permeability (disaccharide absorption); increase in D-xylose
absorption in 7/8 subjects
Maintained stool frequency and consistency for an additional 9 mo (n = 5)
10 g/d showed significant decrease in # symptom days with abdominal pain, flatulence, bloating, loose stools, urgency or any symptom over 6 wk (P < 0.05)
5 g/d showed significant improvements in loose stools, hard stools, flatulence and
incomplete evacuation (P < 0.05)
Significant reductions in fecal wet and dry weights, and lower fecal fat and energy
losses compared with the control diet (P < 0.05) in relation to the amount of SBI in
the diet during three randomly ordered 7-d periods
Trends toward weight gain and upper arm circumference (a measure of lean body
mass) increases were found in the SBI + micronutrient group vs SBI alone

Wilson et al[32]

Lembcke et al[41]

Bégin et al[42]

HIV: Human immunodeficiency virus; IBS-D: Irritable bowel syndrome, diarrhea predominant.

junctions in animals fed PPC.
The protective effects of spray-dried porcine PPC in
a rat model of intestinal inflammation were also evaluated[47]. Weaned rats were fed a diet with or without PPC
for 14 d then exposed to intraperitoneal challenge with
Staphylococcus aureus enterotoxin B (SEB) known to disturb
barrier function and ion transport. Addition of PPC to
diets significantly ameliorated SEB-induced increases in
intestinal permeability as measured by dextran flux (P <
0.05) and horseradish peroxidase (HRP) paracellular flux
(P < 0.05) across the intestinal epithelium. Plasma protein
concentrate was also shown to increase β-catenin expression, part of the adherens complex positioned adjacent
to the tight junction. These data suggest that PPC beneficially promoted endogenous repair of the tight junctions,
modulated inflammation, reduced permeability, and improved diarrhea in pigs challenged with enterotoxin B.
Collectively, the results of these experimental studies
suggest that dietary plasma protein preparations strengthen intestinal barrier function and prevent alterations in
intestinal epithelium during inflammation. Two reviews
have been published on the effects of PPC and the proteins in SBI on intestinal barrier function in animal models of human disease[48,49].
Clinical studies
Two clinical trials evaluated the efficacy of dietary SBI
for improving intestinal absorption, GI symptom scores,
and quality of life measures in patients with HIV-associated enteropathy or IBS-D (Table 3). An open-label
study was conducted by Asmuth et al[31] to evaluate the
impact of oral SBI on GI symptoms and systemic markers of immune activation in patients with a diagnosis
of HIV-associated enteropathy. To qualify, patients with
enteropathy were given an extensive evaluation to exclude
other GI disease. Eight patients were enrolled in the
study and received 5 g of SBI/d for 8 wk followed by a 4
wk washout period. Administration of SBI led to consistent improvement in GI symptoms associated with HIV
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enteropathy. After 8 wk of SBI administration, bowel
movements per day decreased from 5.8 to 2.0 (P = 0.008)
and stool consistency scores (1-formed to 6-watery)
improved from 5.3 to 3.0 (P = 0.013). A GI symptom
questionnaire showed a marked decrease in score from 6
to 0.5 (P =0.008). After a 4 wk washout period, 5 patients
continued on SBI to week 48 maintaining similar bowel
movements and stool consistency and GI symptom questionnaire responses. An additional open-label, in-market
analysis of 31 patients taking various nutritional formulas
which contained 2.5 to 5.0 g SBI showed improved management of loose stools, thus providing further evidence
for the management of HIV-associated enteropathy (data
on file).
A randomized, double-blind, placebo-controlled study
was conducted in individuals with IBS-D to investigate
the efficacy of SBI on decreasing gastrointestinal symptom scores and improving the quality of life[32]. Study
subjects (n = 66) with a diagnosis of IBS-D for at least
6 mo prior to enrollment met the Rome II diagnostic
criteria for IBS. Test groups received placebo (10g /d soy
protein isolate), SBI 5 g/d + 5.0 g/d placebo or SBI 10
g/d for 6 wk and completed an IBS-36 questionnaire at
baseline (day 0) and at the end of the study (week 6). The
daily symptom diary assessed the presence and severity of the following symptoms: nausea, abdominal pain,
flatulence, bloating, hard stools, loose stools, urgency,
straining, incomplete evacuation and mucus. Forty-five
subjects completed the study per protocol and were included in the analysis: 10 g/d SBI (n = 15), 5 g/d SBI (n
= 15), and placebo group (n = 13). Results showed that
subjects receiving 10 g/d of SBI experienced significant
within-group reductions in the number of days with abdominal pain (P < 0.01), loose stools (P < 0.01), bloating
(P < 0.05), flatulence (P < 0.01), urgency (P < 0.05) and
any symptom (P < 0.01) at EOT vs baseline (Table 3).
Subjects receiving 5 g/d of SBI (n = 15) reported statistically significant within-group reductions in days with
flatulence (P < 0.035), incomplete evacuation (P < 0.05),
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Table 4 Effects of serum-derived immunoglobulin/protein isolates administration on immune and inflammatory markers
Species
Pig

Model/indication

Impact of dietary supplementation with SBI

ETEC K88
Postweaning

Reduced expression of TNF-α and IL-8 in the gut
Reduced TNF-α in the colon
Reduced IFNγ levels in the ileum and colon day 7, but not day 14 post weaning
Rat
SEB
Prevented the SEB-induced increase in IFN-γ, IL-6, and LTB4 in Peyer's patches and in
the mucosa
Increased anti-inflammatory cytokines (IL‑10 and mature TGF-β) in intestinal mucosa
Reduced SEB-induced increase in cytotoxic lymphocyte populations of γδ-T cells,
natural killer cells, and the number of activated T lymphocytes in lamina propria.
Mouse
Mdr1-/- knockout mouse Reduced the percentage of activated Th lymphocytes
Reduced INF-γ and TNF-α expression in the colon
model of spontaneous
Significantly reduced the expression of cytokines IL-2 and IL-17, chemokines MCP-1
colitis
and MIP-1b, and iNOS in the mucosa
Mouse
2% DSS-induced IBD model Reduced elevation of IL-1α, IL-4, IL-6, IL-10, MCP-1, and KC
Human
HIV enteropathy
I-FABP fell below baseline in 4/5 patients who continued receiving SBI (P < 0.12) out
(HIV+ adults)
to 48 wk
MMP-9/TIMP-1 ratios in subjects were significantly lower than controls at baseline
(P < 0.007)
MCP-1 levels decreased in 5/5 patients who continued receiving SBI (P < 0.06) out to
48 wk

Ref.
Bosi et al[44]
Peace et al[46]
Pérez-Bosque et al[69]
Pérez-Bosque et al[68]

Moretó et al[48]

Jiang et al[67]
Asmuth et al[31]

ETEC K88: Enterotoxigenic Escherichia coli, K88 strain; TNF-α: Tumor necrosis factor α; IL: Interleukin; SEB: Staphylococcus aureus enterotoxin B; IFNγ:
Interferon-γ; LTB4: Leukotriene B4; TGF-β: Transforming growth factor β; MCP 1: Monocyte chemotactic protein 1; MIP-1b: Macrophage inflammatory
protein; iNOS: Inducible nitric oxide synthase; KC: Keratinocyte-derived cytokine; HIV: Human immunodeficiency virus; I-FABP: Intestinal-fatty acid
binding protein; MMP-9: Matrix metalloproteinas-9; TIMP: Tissue inhibitor of metalloproteinase.

and ‘‘any symptom’’ (P < 0.01). No significant within
group improvements were seen in the placebo group.
There were no significant changes in quality of life (QoL)
scores or in hematology or clinical chemistry values
among the therapy groups.
Studies have also been performed in infants and children recovering from malnutrition. A standard diet with
graded amounts of SBI was also administered to infants
or children 9 to 25 mo of age at entry (n = 10) recovering
from severe protein-energy malnutrition to evaluate acceptability, safety, and digestibility during three randomly
ordered 7-d dietary periods[41]. Replacing 50% of the protein in the standard diet with SBI led to significant reductions in fecal wet and dry weights, and lower fecal fat and
energy losses, suggesting greater absorption of fat and
energy compared with the control diet (P < 0.05) (Table
3). Investigators suggested that SBI enhanced intestinal
recovery from severe malnutrition.
Another randomized, controlled, community-based
intervention study evaluated the effects of SBI and/or
multiple micronutrients on children’s growth, morbidity,
and micronutrient status[42]. A total of 259 children who
were initially 6 to 7 mo of age received 1 of 4 maizebased dietary products daily for 8 mo with or without
protein supplementation. Groups studied: SBI, whey
protein concentrate (WPC, control group), SBI plus
multiple micronutrients, or WPC plus multiple micronutrients. Two hundred and 25 (225; 86%) children completed ≥ 60 d of observation, 184 (71%) completed ≥
180 d of observation, and 132 (51%) distributed among
the 4 treatment groups finished the full 8 mo of observation. There were no significant differences in growth
or morbidity by treatment group for those children who
completed 8 mo of observation. Although not statisti-
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cally significant, there were trends toward weight gain
and mid arm circumference (a measure of lean body
mass) increases in the SBI+ micronutrient group suggesting better utilization of these nutritional substances
(Table 3).

EFFECTS ON GUT MICROBIOTA
Changes in gut microbiota has been identified as one potential factor in causing inflammation that leads to alterations in gut barrier function with associated increases in
mucosal permeability. An increase in firmicutes over bacteroidetes bacteria has been reported in IBS patients[50-52].
Another study in IBS-D patients found an increase in
bacteroides and clostridia with an associated reduction in
bifidobacteria[53]. Pediatric IBS-D patients were reported
to show significant differences compared to healthy
controls having statistically greater numbers of gammaproteobacteria[54]. There is also a well-recognized dysbiosis that occurs in IBD, although the colonic bacterial
imbalances are less well-characterized for ulcerative colitis
compared to Crohn’s disease[55-58]. Recently it was also
reported that the microbiota in both ulcerative colitis and
Crohn’s disease was relatively unaltered, but metabolism
by bacteria in the microbiota was significantly changed[59].
There were notable shifts in fecal metabolome showing
reduced carbohydrate processing and alterations in various amino acid biosynthesis pathways. This alteration in
gut microbiota may contribute to increased tight junction
permeability with associated decreases in barrier function,
and changes in bacterial metabolic products and host nutrient malabsorption. Diet may play a role in the causality and/or in the progression of both IBS and IBD[60,61].
Therefore, it is reasonable to assume that diet may play a
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role in restoring a natural balance to the gut microbiota
and metabolome.
In the HIV-associated enteropathy population treated
with SBI, the firmicutes and bacteroidales were the dominant phyla in all 8 patients[62]. When SBI was administered
to these patients, proinflammatory gammaproteobacteria
decreased from 0.70% to 0.12%. Clostridium (genus) decreased from 6.5% to 3.4% in the stool and correlated
with duodenal CD3+/CD4+ density (r = -0.63; P < 0.01).
Ruminococcus and the bacteroidetes/firmicutes ratio,
which increased in 6/8 SBI-treated subjects in the study,
have been shown to contribute to better calorie utilization
from the diet[63,64]. Changes in gut microbiota in the study
also correlated with local lymphocyte populations that increased significantly with short-term SBI administration
over 8 wk. These results suggest that some component in
the formulation may be normalizing gut bacteria, perhaps
the IgG fraction. Work is underway to further characterize these interactions.

EFFECTS ON INTESTINAL
INFLAMMATION
The release of inflammatory mediators, such as reactive
oxygen species, prostaglandins, leukotrienes, and cytokines, from mucosal leukocytes is associated with the altered barrier function and increased permeability caused
by intestinal inflammation. Cytokines such as interleukin
(IL)-1β and tumor necrosis factor (TNF)-α play an important governing role in such inflammatory responses,
while other cytokines such as IFN-γ, IL-12 and IL-18
affect the production and cellular response to IL-1β and
TNF-α[65]. In models of inflammation where several cytokines are produced, specific blockade of IL-1β and/or
TNF-α results in a reduction in the severity of the inflammation[65]. Dietary PPC has been shown to reduce
the expression of proinflammatory cytokines and alter
the lymphocyte response during immune activation in
weaned piglets[46] as well as experimental models of intestinal inflammation in mice[66,67], rats[68-70] and pigs[44] (Table
4). For example, a study by Pérez-Bosque et al[71] investigated the effects of dietary SBI on immune responses of
mucosal-associated lymphoid tissue in mice with a genetic predisposition to IBD. Wild type (WT) mice and mice
lacking the mdr1a gene (KO) were fed diets supplemented
with either SBI (2% w/w) or milk proteins (control diet)
starting on day 19 (weaning). At day 56, SBI reduced the
production of the proinflammatory cytokines and chemokines IL-17, IL-6 and CCL4 (P < 0.05), prevented the
expression of IFN-γ (P < 0.05), and blocked the increase
in colon crypt permeability that was found in the mdr1a
KO model. SBI treatment produced increases in mucosal concentrations of anti-inflammatory TGF-β and in
the percentage of regulatory T lymphocytes (both P <
0.05), thus reducing the activated Th1 to regulatory Treg
lymphocyte ratio. PPC and immunoglobulin-enriched
protein isolates have also been demonstrated to affect
Peyer’s patch lymphocyte populations in weaned rats
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challenged with S. aureus superantigen B (SEB)[70]. In this
study, it was shown that the mild intestinal inflammation
associated with the SEB model was reduced by dietary
PPC as measured by decreased diarrhea. Furthermore,
the administration of PPC significantly increased the
number of T-helper cells, while reducing the number of
activated T-helper cells as compared with animals not
fed PPC or immunoglobulin-enriched protein isolates[70].
This same trend was observed for changes in the population of γδ-T cells and natural killer (NK) T cells in the
Peyer’s patches of rats fed diets containing PPC or immunoglobulin isolates.
In an initial clinical trial in HIV patients with decimated lamina propria CD4+ counts, SBI ingestion significantly increased jejunal CD4+ lymphocyte densities over
8 wk, but had no effect on circulating CD4+ counts[31].
In addition, levels of I-FABP, a marker for enterocyte
damage, initially rose in 7/8 subjects after 8 wk, but then
fell below baseline in 4/5 who continued taking SBI after
48 additional weeks on product, suggesting that damage
to enterocytes caused by inflammation had ceased (Table
4). Collectively, data from these preclinical and clinical
studies support the hypothesis that the distinctive protein
composition of SBI can play a role in the modulation of
the immune response in the intestine.

MECHANISM OF ACTION
SBI contains immunoglobulins, particularly IgG, that are
directed against a wide array of pathogens and foreign
antigens due to the fact that SBI is prepared from plasma
obtained from thousands of animal donors. The Fab
regions of IgG recognize antigenic targets and provide
diversity to antibodies, while the Fc region interacts with
Fc gamma receptors on certain immune cells to enhance
phagocytic activity by macrophages, monocytes, and
polymorphonuclear neutrophils (PMNs). Several mechanisms may explain how oral immunoglobulins modulate
intestinal inflammation and support gut barrier function.
For example, immunoglobulins in SBI may simply bind
directly to specific microbial pathogens or their toxins,
thereby interfering with their ability to migrate through
the mucus layer and enter or damage epithelial cells.
A more likely explanation of how oral immunoglobulins work to maintain intestinal homeostasis may
involve binding to highly-conserved microbial antigens
such as bacterial lipopolysaccharide (LPS), also known
as microbe-associated molecular patterns (MAMPs), and
interfere with signaling pathways that lead to inflammation (Figure 3). Under normal conditions, cells of the
innate immune system play a crucial role in maintaining
intestinal homeostasis through a highly-regulated process
involving the recognition of MAMPs through pattern
recognition receptors (PRRs), such as toll-like receptors
(TLRs). TLRs are differentially expressed by various cells
of the GI tract (e.g., macrophages, dendritic cells, endothelial cells, myofibroblasts)[72,73] and play a key role in
signaling the recognition of MAMPs by activating several
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cytokines
Inflammatory
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Altered functions

Figure 3 Summary of the postulated mode of action for serum-derived immunoglobulin/protein isolates. Immunoglobulins in SBI support intestinal homeostasis by binding MAMPs (endotoxins, etc.), toxins or other antigens in the lumen of the intestinal tract. Immunoglobulin binding interferes with downstream antigen detection by cell surface receptors on IELs or APCs such as DCs and macrophages that influence T cell activation, cytokine production, and barrier fortification. Additionally, biologically active compounds in immunoglobulin isolates may interact directly with mucosal immune cells in the lamina propria to influence mucosal inflammatory
responses and epithelial cells to influence barrier function. SBI: Serum-derived immunoglobulin/protein isolates; MAMP: Microbe-associated molecular patterns; IEL:
Intraepithelial lymphocytes; APC: Antigen presenting cells; DC: Dendritic cells; T-reg: Regulator T-lymphocytes; Th1: T helper type 1; Th2: T helper type 2. Reprinted
with permission from Moretó et al[48].

inflammatory pathways, including the NF-kB pathway
which is a key regulator of proinflammatory TNF-α,
IL-1β, IL-6 and IL-8 cytokine production[74]. Prolonged
recognition of MAMPs can lead to a persistent state of
inflammation associated with numerous chronic inflammatory disorders such as IBS, IBD, and HIV enteropathy.
Studies have shown that the IgG, IgA, and IgM contained
in SBI bind to bacterial endotoxins and a wide array of
other bacterial, viral, and fungal MAMPs[75,76]. Therefore,
it is possible that SBI binding of microbiota components
results in less binding of MAMPs by macrophages and
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dendritic cells which may interfere with release of IL-1,
IL-6, and TNF-α[77]. Similarly, less presentation of antigens by dendritic cells and macrophages may result in a
decrease in activated T cell populations and more regulatory cell phenotypes that produce IL-10 to dampen inflammation[70].
Alternatively, SBI may contain a large fraction of
natural antibodies that work in other ways to maintain
immune homeostasis. For example, studies with intravenous immunoglobulin (IVIG) have shown that binding
of the Fc portion of IgG to Fc receptors on target cells
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may govern some of the anti-inflammatory mechanisms involved with IVIG therapy by up-regulating the
expression of inhibitory classes of Fc receptors and
down-regulating the activating class of Fc receptors[78].
Autoreactive antibodies in IVIG have also been shown
to modulate Th1 and Th2 cytokine production[79], trigger the production of interleukin-1 receptor antagonist,
abrogate the capacity of mature dendritic cells to secrete IL-12 upon activation in vitro, and enhance antiinflammatory IL-10 production [80]. Collectively, such
immune modulating effects of SBI might explain previous reports of reduced expression of pro-inflammatory
cytokines and altered lymphocyte response to immune
activation in weaned piglets[46] and experimental models
of intestinal inflammation[66-69].
The ability of SBI to modulate inflammation may
also benefit the patient with enteropathy by improving
gut barrier function. A developing body of evidence
indicates that intermittent or even minor inflammation
in the intestinal mucosa can elicit changes in intestinal
structure and function, leading to increased mucosal
permeability[12,81]. For example, increased production of
pro-inflammatory cytokines such as TNF-α, IFN-γ, and
various interleukins during certain chronic inflammatory
disorders[4,82,83] have been shown to increase paracellular
permeability by impacting the expression or degradation
of claudin and occludin tight junction proteins[84,85]. Conversely, certain anti-inflammatory cytokines such as IL-10
and TGF-β appear to maintain tight junction barrier and
protect against intestinal inflammation[82].
In addition to the IgG content of PPC and SBI, the
effect on lean body mass may also be in part due to the
amino acid content of the complex protein mixture.
Plasma protein concentrate and SBI contain amino acids
which have been identified to be important for recovery
after intestinal damage from infectious agents[43,44,47]. For
example, glutamine serves as a preferential energy source
for rapidly proliferating immune cells and enterocytes, is
a nontoxic transporter of ammonia, and has been linked
with maintenance of gut barrier function and cell differentiation[86]. Amino acids absorbed into the blood from
PPC or SBI may also play an anabolic role in the body;
for example, tryptophan may support the generation
of serotonin or metabolite formation in the kynurenine
pathway[22-24].

CONCLUSION
Chronic intestinal disorders or enteropathies occur in a
variety of human disease conditions such as IBS, IBD,
and HIV infection which are characterized by intestinal
inflammation, increased gut permeability, and reduced
capacity to absorb nutrients. Most therapies used to treat
enteropathy are aimed at managing symptoms or target
single pathways. However, a multifaceted approach may
be needed to manage enteropathy associated with these
complicated disease states, or in some cases the side effects of pharmaceutical treatment protocols.
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There is a developing body of evidence indicating that
intermittent or even relatively minor inflammation can
lead to changes in intestinal structure and barrier function[87]. Translocation of bacterial antigens may result in
increased production and secretion of pro-inflammatory
cytokines, including TNFα, IFN-γ, and interleukins[4,82],
which contribute to processes that degrade structural
tight junction proteins (e.g., occludins[84], claudins[85]), and
contribute to symptoms associated with enteropathy.
Inflammation-driven disruption of barrier function has
been shown to negatively influence growth in young
animals, and also has a range of health consequences in
humans[1]. For example, post-infectious IBS is recognized
to have inflammatory involvement which may persist
months after the initial resolution of infection[88,89] with
associated intestinal histological changes and increased
intestinal permeability[12,83,90,91]. HIV-associated enteropathy has long been associated with inflammatory damage,
decreased barrier function, increased permeability and
malabsorption of nutrients[92-94]. Due to increased permeability, microbial translocation markers in HIV patients
have been shown to be significant predictors for disease
progression and death[95,96]. Serum-derived bovine immunoglobulin/protein isolate may provide a distinctive protein composition to counter intestinal inflammation and
the resulting changes in barrier function as well as tight
junction permeability to help maintain proper functioning of the intestine. Enteropathy is also associated with
chronic undernutrition[97,98]. Malabsorption of nutrients
such as bile acids, polyols, fructose, and lactose has been
reported to contribute to increased symptoms in patients
with IBS[99-101]. A nutritional deficiency of vitamin B6 may
also be correlated with IBS symptoms[102]. Nutritional interventions may be needed alongside current drug treatments to effectively manage these complicated disorders.
Results from numerous research studies consistently
demonstrate beneficial physiological effects for IgG-containing PPC and SBI protein preparations[27,28,30,33]. SBI
contains distinctive nutritional factors that may impart
growth and protective benefits by several different mechanisms including binding endotoxin, supporting intestinal
barrier function, fostering the growth and maintenance
of the normal microbiota, reducing pro-inflammatory
cytokine production, and maintaining epithelial tight
junctions. In environmentally stressed or disease states,
increased cytokine production can promote an increase in
enteric epithelial tight junction permeability with resultant
antigenic penetration of the gut barrier. These effects
may be ameliorated through PPC and SBI preparations
via the reduction of pro-inflammatory cytokine expression, including TNF-α, IFN-γ, IL-1β, IL-6, IL-8, IL-17,
thus facilitating restoration of normal GI function and
improved nutritional utilization of accompanying SBI
proteins[44,66-70,103].
Safety in humans has been confirmed in five clinical
studies in which SBI has been administered. Four clinical
trials have reported results that are consistent with the
hypothesis that SBI may improve intestinal dysfunction.
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The study of SBI in HIV-enteropathy patients[31] in which
D-xylose uptake was increased and in infants with malnutrition[41] where fecal wet/dry weights as well as lower
fecal fat and energy losses were prevented suggest that
this distinct and specially formulated protein mixture is
able to restore intestinal structure and functional damage
caused by proteolytic enzymes, lymphocytic cytokines, or
chemokine-induced damage. Oral SBI may represent a
safe and effective option with multiple modes of action
to provide for distinctive nutritional requirements in patients with disease-related enteropathy to increase digestion, absorption, metabolism, and utilization of a variety
of macro- and micronutrients and facilitate resolution of
their gastrointestinal symptoms associated with enteropathy, compared to other protein sources.
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molecule multi-kinase inhibitor regorafenib. One of the
major problems for the management of CRC is the inherent or acquired resistance to therapeutic approaches. The discovery of microRNAs (miRNAs), a class of
small, endogenous, non-coding, single-stranded RNAs
that play a role as post-transcriptional regulators, has
added new dimensions to the diagnosis and treatment
of cancer. Because miRNAs are important regulators of
carcinogenesis, progression, invasion, angiogenesis and
metastases in CRC, they might serve as potential predictive and prognostic factors and even as therapeutic
targets themselves. Several miRNAs are already known
to be dysregulated in CRCs and have been linked to
biological processes involved in tumor progression and
response to anti-cancer therapies. This review summarizes current therapeutic approaches for treating CRC
and highlights the role of miRNAs as novel predictive
biomarkers and potential drug targets in CRC patients.

Abstract

Core tip: In this review article, we summarize the status quo of the current literature regarding microRNAs
and their role in resistance against anti-cancer drugs
in colorectal cancer. This Review Article explains how
microRNAs influence colorectal cancer, and how these
small molecules might be useful as predictive factors
and drug targets by themselves.

Colorectal cancer (CRC) is the third most common cancer in western countries. Despite significant improvement in available treatment options, CRC still remains
the second leading cause of cancer-related death.
Traditionally, 5-fluorouracil has been used as the main
chemotherapy drug for treatment of metastatic CRC
(mCRC). However, during the last two decades more
effective chemotherapeutic agents such as oxaliplatin,
irinotecan and the monoclonal antibodies cetuximab,
panitumumab and bevacizumab have been used in
clinical practice. More recently, the therapeutic armamentarium has been supplemented by the monoclonal
antibodies bevacizumab, cetuximab and panitumumab
as well as the protein-trap aflibercept and the small
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in western societies with about 1.2 million new cases
and 608700 deaths estimated to have occurred in 2008[1].
Outcomes for patients with mCRC still remain poor,
with an average survival of less than 30 mo[2]. The majority of CRC cases arise from dysplastic adenomatous
polyps. The process of transformation includes a few
essential events characterized by the activation of oncogenes such as KRAS (Kirsten rat sarcoma viral oncogene
homolog), c-MYC (v-myc avian myelocytomatosis viral
oncogene homolog) and NRAS (neuroblastoma RAS
viral oncogene homolog) and by inactivation of tumor
suppressor genes [e.g., p53 (tumor protein p53) and APC
(adenomatous polyposis coli)] or DNA repair genes such
as hMSH2 (human mutS homolog 2) or hMSLH1 [3].
Although 5-fluorouracil (5-FU) has proven to be moderately effective in CRC as a monotherapy, its combination
with the chemotherapeutic drugs oxaliplatin and irinotecan improved the therapeutic outcome. During the last
few years, the combination of chemotherapeutic agents
with more effective systemic agents such as bevacizumab,
panitumumab or cetuximab has been established in clinical practice and improved survival rates in patients with
CRC[4,5].

CURRENT COLORECTAL CANCER
TREATMENT REGIMENS
5-fluorouracil
5-FU is one of the main chemotherapeutic drugs used
for treatment of CRC[6,7]. It exhibits its cytotoxicity by
incorporating fluoronucleotides into RNA and DNA
molecules, but its main toxic effects are mediated by
inhibiting the nucleotide synthetic enzyme thymidylate
synthase (TYMS)[7]. However, one of the major problems
in managing progressed colorectal cancer is both the
inherent and acquired failure of 5-FU-based therapy. Several analyses of 5-FU resistance in CRC have focused on
genes involved in pharmacodynamic and pharmacokinetic
pathways. One main point has been the activity of TYMS,
a key therapeutic target of 5-FU. CRCs that are resistant
to 5-FU-based chemotherapy have been shown to possess
greater TYMS enzymatic activity than cancers that are
sensitive to this therapy[8]. High levels of TYMS mRNA
or protein expression in liver metastases have also been
linked to lack of clinical response to 5-FU in vivo[9]. Moreover, a meta-analysis of 24 studies demonstrated that low
expression levels of TYMS in metastatic colorectal tumors
are associated with greater sensitivity to fluoropyrimidinebased chemotherapy[10]. Additionally, the activity of thymidine phosphorylase (TP), a key enzyme that catalyzes
the transformation from 5-FU prodrugs of 5′-deoxy5-fluorouridine (5′-DFUR) to 5-FU, is closely linked to
failure of 5-FU and targeted therapy in CRC cells[11].
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EGFR inhibitors
The epidermal growth factor receptor (EGFR) belongs
to the ErbB family of receptors that are able to promote
tumor cell proliferation in diverse epithelial malignancies[12]. For this reason, EGFR has become an important target in oncology. Monoclonal antibodies against
EGFR are used as a standard therapy for some types of
solid tumors. The chimeric IgG1 mouse/human antibody cetuximab and the human IgG2 antibody panitumumab are considered to be equally effective in mCRC.
However, it has been extensively reported that primary
resistance to these agents is mediated by mutations in
downstream signaling molecules[13]. Misale et al[14] showed
that the development of resistance to anti-EGFR treatment in CRC is associated with molecular alterations of
KRAS. Although KRAS mutations confer strong resistance to anti-EGFR antibodies, not all CRC patients with
KRAS wildtype (KRASwt) benefit from these agents.
Therefore, there is a need for novel biomarkers to better
identify which KRASwt patients would benefit from this
therapy[15]. A few studies have shown that high EGFR
gene copy number could be a potential favorable marker
for anti-EGFR therapy in CRC, as patients with low
gene copy number are unlikely to respond to anti-EGFR
agents[16,17]. Very recently, rare mutations in exons 3 and 4
in the both the KRAS gene and NRAS gene have demonstrated predictive potential in regards to panitumumab
treatment[18].
VEGF targeted therapy
Angiogenesis is widely regarded as an important therapeutic target in many different types of cancer, including
CRC[19]. It has been suggested that inhibition of angiogenesis in tumors can influence the development of new
tumor blood vessels and probably lead to normalization
of the existing tumor vasculature. The vascular endothelial growth factor (VEGF) is a pro-angiogenic factor
that plays a key role in tumor vascular development[20].
VEGF-neutralizing antibodies can prevent the binding to
and activation of VEGFR1 (vascular endothelial growth
factor receptor 1), VEGFR2 (vascular endothelial growth
factor receptor 2) and the co-receptors NP1 (Neuropilin
1) and NP2 (Neuropilin 2). Bevacizumab, a humanized monoclonal antibody that binds to all isoforms of
VEGF, is the first anti-angiogenic therapy approved for
treatment of CRC[21,22]. It has also been used in combination with common chemotherapeutic agents, such as 5-FU
and capecitabine as well as irinotecan and oxaliplatin[23].
Resistance to combinatorial therapy in CRC treatment
may be due to resistance to bevacizumab, resistance to
the chemotherapeutic with which bevacizumab was administered or a resistance to both. As observed, several
pathways in addition to the VEGF pathway are involved
in angiogenesis. Therefore, mechanisms of resistance to
anti-angiogenic therapy may also include VEGF-independent anti-angiogenesis pathways[24].
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MIRNA BIOGENESIS AND FUNCTION
MiRNAs are a class of small, endogenous, non-coding,
single-stranded RNAs that play a role as post-transcriptional regulators by suppressing the translation or inducing the mRNA degradation of their target genes[25].
Dysregulated miRNA expression in human cancers plays
a role in carcinogenesis mainly by regulating their mRNA
targets, which could be oncogenes or tumor suppressors[26]. Various combinations of miRNAs are expressed
in different cell types and regulate cell-specific target
genes. MiRNAs regulate about one-third of all human
genes and a single miRNA can target around 200 or more
transcripts that are key regulators of multiple signaling
pathways in the cell[27,28]. Aberrational miRNA expression
patterns, commonly seen in human diseases including
various types of cancer, can serve as prognostic factors
and may have implications for cancer stem cell regulation [29-32]. More than 50% of known human miRNA
genes are localized in fragile chromosomal regions that
are susceptible to amplification, deletion or translocation
during cancer development[33].
MiRNAs are transcribed as long primary transcripts
called pri-miRNAs and are processed into precursor
miRNAs (pre-miRNAs) in the nucleus by the enzyme
Drosha. These short hairpin RNAs of approximately
70 nt are then translocated to the cytoplasm where they
are cleaved by the enzyme Dicer to generate the miRNA
duplex[34,35]. Afterwards, the miRNA is unwound by a
helicase and one of the strands is defined as the mature
strand while the other one is quickly degraded. The mature miRNA is incorporated into an RNA-induced silencing complex (RISC) that mediates gene silencing[36].
MiRNAs are important regulators of oncogenesis,
progression, invasion, angiogenesis and metastasis in
colorectal cancer. Both upregulation and downregulation
have been linked to carcinogenesis in CRC[37]. Many proteins that play a role in key signaling pathways of CRC
seem to be influenced by miRNA regulation, such as
members of the Wnt/beta-catenin and phosphatidylinositol-3-kinase (PI-3-K) pathways, KRAS, p53, extracellular matrix regulators as well as epithelial-mesenchymal
transition (EMT) proteins and transcription factors[26,38,39].
New findings suggest that miRNAs could be linked
to sensitivity to chemotherapeutic drugs in tumor cells.
For this reason, researchers are interested in the potential role of miRNAs in pharmacogenomics[40]. A recent
study by Pardini et al[41] provided evidence that a modulation of the expression of base excision repair (BER)
genes, such as a post-transcriptional change caused by
microRNAs, could influence the efficiency of this repair
system. Single-nucleotide polymorphisms (SNP) within
the 3′-untranslated regions (UTR) of target genes could
lead to an alteration in binding of specific miRNAs that
modulate gene expression. Such changes could affect
cancer prognosis and therapy outcomes. Hence, characterization of polymorphisms in miRNA-related genes
or target sites might afford a basis for miRNA-based
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therapy approaches.
In the next few pages, we will discuss particular miRNAs which have been experimentally proven to play a
role in drug resistance in the past few years.

MIRNAS AND THEIR INVOLVEMENT
IN RESISTANCE TO ANTI-CANCER
THERAPIES
let-7
Clinical trials have demonstrated that KRAS mutations
are negative predictive biomarkers for EGFR-targeted
therapy in CRC. Mechanisms of post-transcriptional
downregulation of mutated KRAS might therefore be
of clinical relevance in patients with mCRC[42,43]. The
members of the let-7 family are known to target KRAS
and their involvement in response to EGFR-targeted
therapy has already been reported[44]. Upregulation of
let-7 expression levels might provide a survival advantage by inhibiting mutated KRAS under EGFR-targeted
therapy. In addition, let-7 may reveal further favorable
effects by regulating other genes such as the cell cycle
regulators, Myc, Bcl-2 (B-cell CLL/lymphoma 2), integrins
and signal transducers. Ruzzo et al[45] analyzed the expression levels of let-7a in colorectal carcinomas with mutated
KRAS and in mCRC patients treated with cetuximab and
irinotecan. Their study revealed that intra-tumor expression of let-7a correlates with tumor response and overall
survival in mCRC patients treated with anti-EGFR-based
therapy in both KRAS mutant and wildtype populations.
Moreover, they showed that downregulation of let-7e and
let-7b can potentially be used to predict resistance to the
monoclonal antibody cetuximab. Cappuzzo et al[46] investigated whether microRNAs can predict sensitivity to
EGFR-targeting monoclonal antibodies in patients with
mCRC. They identified the cluster Let-7c/miR-99a/miR125b as a signature linked to an outcome different from
that of EGFR targeting therapies. In the first cohort,
patients with high-intensity signatures showed a significantly longer progression-free survival and longer overall
survival. Moreover, in the KRAS wild-type population,
high-intensity signature patients had a significantly longer
progression-free survival, as demonstrated in the validation cohort. Therefore, the miR-99a/let-7c/miR-125b
signature could improve the selection of patients with
KRAS wild-type mCRC for treatment with EGFR targeting therapies.
Salendo et al[47] performed a genome-wide miRNA
profiling in 12 colorectal cancer cell lines and established
an individual in vitro signature for chemoradiosensitivity. Their study demonstrated that high expression of
let-7g was linked with a good prognosis in rectal cancer
patients. This finding suggests that let7g expression may
serve as potential predictive biomarker.
miR-126
An increasing number of studies proposed miR-126
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as a player in the regulation of angiogenesis, a process
that has already been considered as a target for development of novel drugs. High expression of miR-126 has
already been associated with increased vascular endothelial growth factor A (VEGF-A) mediated signaling in
endothelial cells and a higher blood vessel integrity[48].
Additionally, miR-126 has been identified as a putative
tumor suppressor in primary tumors[49-51]. Hansen et al[48]
investigated the role of miR-126 as a predictive marker
in patients with CRC in relation to first-line treatment
with capecitabine, a precursor of 5-FU, and oxaliplatin
(XELOX). They demonstrated a significant relationship
between expression of miR-126 in the primary tumor and
sensitivity to first-line XELOX treatment. Low expression of miR-126 might therefore lead to tumor vessels
with decreased integrity followed by an increase in interstitial pressure, which may explain the lower sensitivity in
patients treated with XELOX. A recent study by Hansen
et al[52] revealed that high expression of miR-126 in mCRC
patients was strongly related to a longer progression-free
survival. Their results confirm their previous findings on
the prognostic value of miR-126 in mCRC. As VEGF-A
may be a target of miR-126, the results of their study
might provide predictive information in regards to nextgeneration anti-angiogenic therapy approaches.
miR-31
Several studies revealed that miR-31 is upregulated in
CRC, but there is little known about its role in modulating tumor cell response to chemotherapeutic drugs. Wang
et al[53] showed that the treatment of HCT-116 colon cancer cells with an anti-miR-31 inhibitor increased the sensitivity to 5-FU as early as 24 hours after exposure without
affecting cell proliferation. Combination of 5-FU treatment with a respective negative control did not lead to a
reduction in cell viability. The apoptosis rate of HCT-116
cells treated with both 5-FU and the anti-miR-31 inhibitor
was the highest among respective control groups, indicating that these agents inhibited proliferation via the apoptotic mechanism.
miR-192/miR-215
The expression levels of miR-192 and -215 were shown to
be significantly reduced in CRC tissues compared to nontumor counterparts. Furthermore, Chiang et al[54] demonstrated that low expression levels of miR-192 and -215 are
related to increased tumor size in CRC. Thus, miR-129
and miR-215 could be useful biomarkers in the carcinogenesis of CRC. In addition, miR-192 and miR-215 were
reported to negatively regulate CRC cell proliferation[55].
Boni et al[40] showed that miR-192 and -215 downregulate
TYMS expression and thus increase resistance to 5-FU in
CRC cell lines. TYMS plays a role in normal cell function
and is a potential target for chemotherapeutic drugs such
as 5-FU. Transcriptional and translational regulation of
TYMS most likely affect cell chemosensitivity. Additionally, they demonstrated that miR-192 and miR-215 inhibit
progression into the S phase, play a role in cell cycle con-
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trol and prevent sensitivity to 5-FU. Zhang et al[56] identified a set of 6 miRNAs including miR-215 which could
serve as an authentic prognostic and predictive tool for
determination of disease recurrence in patients with stage
Ⅱ colon cancer. miR-215 could potentially predict which
patients would benefit from adjuvant chemotherapy,
which can in turn facilitate patient consultation and help
individualize management of patients with this disease.
miR-148a
It has been shown that miR-148a is a pro-apoptotic miRNA in CRC which acts by targeting Bcl-2, a regulator of
apoptosis. In addition, several in vitro studies have demonstrated that miR-148a functions as a tumor suppressor
by targeting several genes such as PXR (nuclear receptor subfamily 1, group Ⅰ, member 2), TGIF2 (TGFBinduced factor homeobox 2), MSX1 (msh homeobox
1), CDC25B (cell division cycle 25B), DNMT1 [DNA
(cytosine-5-methyltransferase 1)] and DNMT3b [DNA
(cytosine-5-methyltransferase 3 beta)][57]. Takahashi et al[58]
showed that low expression of miR-148a is significantly
linked to an unfavorable outcome in treatment of stage
Ⅲ CRC patients with 5-FU. They also demonstrated the
link between decreased miR-148a expression and poorer
sensitivity and survival rate in patients with stage Ⅳ
CRC treated with oxaliplatin combined with 5-FU. Stage
Ⅳ CRC patients that showed a high miR-148a expression level were shown to benefit from chemotherapeutic
drugs, indicating that miR-148a may have predictive value
in the assessment of response to CRC treatment. In addition, their data suggested that downregulation of miR148a is mediated by DNA methylation. Takahashi et al[58]
showed that there is a significant and independent association between miR-148a methylation and poor survival
in stage Ⅳ patients. Therefore, the methylation status of
miR-148a might be a potential prognostic marker in CRC.
Kjersem et al[59] investigated microRNAs in plasma as
potential predictive markers for sensitivity to oxaliplatinbased chemotherapy. Their study revealed that a high expression level of miR-148a is associated with a decrease in
progression-free survival. The results of their study suggest that miR-148 could serve as a non-invasive biomarker
for predicting outcomes in mCRC patients treated with
5-FU and oxaliplatin-based chemotherapy.
miR-21
Upregulated miR-21 expression is associated with some
types of human cancer, including CRC. It has been
demonstrated that miR-21 regulates several tumor suppressors such as p21, TGF-beta receptor Ⅱ and B-cell
leukemia/lymphoma 2-associated X protein. Moreover,
overexpression of miR-21 is linked to poor response to
5-FU-based chemotherapy. Valeri et al[60] found an inverse
expressional correlation of miR-21 and the tumor suppressor hMSH2. They demonstrated that miR-21 directly
targets the 3’ UTR of hMSH2 mRNA and significantly
reduces its protein expression. CRC cells that showed
high expression levels of miR-21 have decreased hMSH2
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protein expression and revealed significantly reduced
5-FU-induced G2/M damage arrest and apoptosis. This
indicates a characteristic defect in the core mismatch repair system, suggesting that miR-21 might act as a regulator of genes associated with cell-cycle arrest and/or drug
resistance. In addition, Deng et al[61] showed that forced
miR-21 expression in HT-29 colon cancer cells significantly inhibited apoptosis, enhanced cell proliferation and
invasion and increased resistance to the chemotherapeutic agent 5-FU. Moreover, they demonstrated that silencing of miR-21 inverted these effects on HT-29 cells and
restored the sensitivity to 5-FU.
miR-129
Reduced miR-129 expression levels have been reported
in several tumor cell lines and primary tumors including
CRC[62]. Karaayvaz et al[63] demonstrated that miR-129 expression was clearly lower in CRC patients. There was no
significant difference between adenoma and stage I and Ⅱ
carcinomas. They observed that miR-129 expression was
dramatically reduced in stage Ⅲ and Ⅳ cancers. Hence,
their results suggested that loss of miR-129 is linked to
progression in CRC. Additionally, they identified miR-129
as a novel regulator of Bcl-2 expression. The expression
of miR-129 promoted apoptosis, inhibited cell proliferation and caused cell-cycle arrest in CRC cells. miR-129based therapies could help to achieve a multi-targeted anticancer therapeutic strategy. 5-FU-based chemotherapy still
remains the main option for advanced mCRC treatment,
but the possibility of miR-129 restoration may lead to a
new strategy in reducing resistance to chemotherapeutic drugs. Furthermore, Karaayvaz et al[63] showed that
miR-129 is a suppressor of the 5-FU target protein TYMS
and therefore enhances chemosensitivity to 5-FU. In their
in vivo tumor xenografts, they demonstrated that increasing
miR-129 expression to normal levels using synthetic miRNAs made tumors more sensitive to 5-FU-based drugs.

including CRC[66]. Moreover, miR-34a was observed as one
of the most downregulated miRNAs in the 5-FU-resistant
DLD-1 CRC cell line. Akao et al[67] showed that exposure
to 5-FU activated the PI3K/Akt signaling pathway in the
resistant DLD-1 cell line in comparison to the parental
cells and led to an apparent increase in growth. In addition, miR-34a expression in the 5-FU-resistant cell line was
prolonged at a low level, whereas it showed an upregulation in the parental cells after treatment with a 5-FU-based
drug. They observed an upregulation of Sirt-1, a target
gene of miR-34a which is associated with drug resistance,
in the 5-FU-resistant cells and also that silencing of Sirt-1
significantly increased the sensitivity to 5-FU in the 5-FUresistant cells. This suggested that miR-34a is a negative
regulator of 5-FU resistance in the CRC cell line DLD-1.
miR-143
A few studies showed that miR-143 expression is low in
tumors compared to their normal counterparts, both at
adenomatous and cancer stages of colorectal neoplasia,
as well as in CRC cell lines[68]. In addition, miR-143 has
been identified to directly target the KRAS mRNA[69].
Borralho et al[70] investigated the role of miR-143 in the
HCT116 CRC cell line. They showed that transient overexpression of miR-143 led to a 60% reduction in cell
viability and stable overexpression of miR-143 resulted
in decreased viability and increased cell death after treatment with 5-FU. These changes were linked to increased
nuclear fragmentation and caspase -3, -8 and -9 activities.
Furthermore, they demonstrated that exposure of miR143-overexpressing cells to 5-FU resulted in downregulation of the extracellular-regulated protein kinase 5 and
Bcl-2 protein expression. In addition, miR-143 led to increased sensitivity to 5-FU- based drugs, suggesting that
miR-143 is involved in CRC development and plays a role
as a chemosensitizer to 5-FU.

miR-19b
MiR-19b is one of the 6 miRNAs which are encoded by
the miR-17-92 cluster. The activation of this cluster is
mediated by the transcription factor E2F1 which accumulates early in the G1 phase of the cell cycle, suggesting
that miRNAs generated from this cluster might play a
role in the G1 phase. Kurokawa and collegues found that
miR-19b expression is upregulated in the DLD-1/R colon
cancer cell line, but they did not observe any changes in
the cell cycle profile after 5-FU treatment. In addition,
they demonstrated that miR-19b expression correlated
with response to the widely-used anti-cancer drug 5-FU[64].
Likewise, a recent study showed that miR-19a, a paralogue
of miR-19b, is upregulated in HCT-119 and HT29 cells in
response to 5-FU-based treatment[65].

miR-203
Zhou et al[71] recently showed that miR-203 is upregulated in three oxaliplatin-resistant CRC cell lines. They
demonstrated that exogenous expression of miR-203
in chemonaïve CRC cells reduced sensitivity of cells to
oxaliplatin treatment. Silencing of miR-203 expression
led to increased sensitivity of CRC cells to oxaliplatin.
Furthermore, they performed an in-silico analysis and
identified ataxia telangiectasia mutated (ATM), a primary
mediator of the DNA damage response, as a potential
target of miR-203. Their study showed that mutation of
the putative miR-203 target region in the 3’ untranslated
region of ATM mRNA eliminated the inhibitory effect
of miR-203 on ATM. In addition, they demonstrated that
stable knockdown of ATM led to resistance to oxaliplatin in chemo-naïve CRC cells.

miR-34a
MiR-34a is a member of the miR-34 family which also
includes miR-34b and miR-34c. Low expression levels of
miR-34a have been identified in various types of tumors,

miR-200c
Hur et al[72] reported that miR-200c expression modulates EMT in colorectal metastasis. In their study, they
demonstrated for the first time that the miR-200c/429
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cluster was significantly overexpressed in liver metastasis
in comparison to primary CRC and that the expression
of these miRNAs was specifically regulated by aberrant
methylation of their promoter regions. A recent study
by Toiyama et al[73] revealed that the serum levels of miR200c might serve as potential prognostic and metastaticpredictive biomarkers in CRC patients. They showed that
miR-200c expression in serum is strongly associated with
a metastatic phenotype in CRC; in particular, expression
of miR-200c in serum was a good predictive marker for
lymph node metastasis. Moreover, they demonstrated that
miR-200c expression in serum can be used as a prognostic
and predictive marker of tumor recurrence in patients
undergoing curative surgery.

6

7

8

CONCLUSION
Currently, therapeutic agents including 5-FU, oxaliplatin, irinotecan, bevacizumab cetuximab, panitumumab,
aflibercept and regorafenib are widely used in clinical
practice for CRC treatment. However, many patients are
resistant or develop secondary resistance to these agents,
highlighting the necessity for the development of novel
prognostic markers for drug resistance. As important
regulators of gene expression, miRNAs possess high
potential as predictive markers for therapeutic response
to chemotherapeutic drugs. On the other hand, targeting
miRNAs that are involved in the resistance mechanism
may improve the therapeutic efficacy in chemo-resistant
patients. We foresee that in the near future, miRNAbased prognostic tools could be developed to aid in patient selection for certain treatments, and miRNA-based
therapeutics may finally reach the clinical stages.
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Abstract
Although a considerable number of studies support a
substantial increase in incidence, severity, and healthcare costs for Clostridium difficile infection (CDI) in
inflammatory bowel disease (IBD), only few evaluate
its impact on IBD outcome. Medline and several other
electronic databases from January 1993 to October
2013 were searched in order to identify potentially relevant literature. Most of the studies showed that IBD
patients with CDI present a greater proportion of worse
outcomes than those without CDI. These patients have
longer length of hospital stay, higher rates of colectomies, and increased mortality. Patients with ulcerative
colitis are more susceptible to CDI and have more severe outcomes than those with Crohn’s disease. However, studies reported variable results in both short-
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and long-term outcomes. Contrasting results were also
found between studies using nationwide data and those
reporting from single-center, or between some NorthAmerican and European studies. An important limitation
of all studies analyzed was their retrospective design.
Due to contrasting data often provided by retrospective studies, further prospective multi-center studies
are necessary to evaluate CDI impact on IBD outcome.
Until then, a rapid diagnosis and adequate therapy of
infection are of paramount importance to improve IBD
patients’ outcome. The aim of this article is to provide
up to date information regarding CDI impact on outcome in IBD patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clostridium difficile infection; Ulcerative
colitis; Crohn's disease; Outcome
Core tip: This review summarizes the impact of Clostridium difficile infection (CDI) on inflammatory bowel

disease (IBD) outcome. Most of the studies showed that
IBD patients with CDI have more of the whole range of
short- and long-term worst outcomes than those without
CDI. Patients with ulcerative colitis have more severe
outcomes than those with Crohn’s disease. A prompt
diagnosis and adequate treatment of CDI are of paramount importance to improve IBD patients’ outcome.
Trifan A, Stanciu C, Stoica O, Girleanu I, Cojocariu C. Impact
of Clostridium difficile infection on inflammatory bowel disease outcome: A review. World J Gastroenterol 2014; 20(33):
11736-11742 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11736.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11736

INTRODUCTION
Over the past 15 years, both incidence and severity of
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Clostridium difficile (C. difficile) infection (CDI) have increased dramatically worldwide[1,2]. In addition to broadspectrum antibiotic therapy[3,4], other potential risk factors such as advanced age, prolonged hospitalization,
immunosuppression, multiple co-morbidities, the use
of proton pomp inhibitors, and the occurrence of a hypervirulent strain of C. difficile known as NAP1 (North
American pulso-type 1) in some North-American and
European areas, have been identified[5-10].
Referring to the same period, several studies clearly
demonstrated a significant increase in CDI incidence in
patients with inflammatory bowel diseases (IBD)[11-17].
Both ulcerative colitis (UC) and Crohn’s disease (CD)
present high-risk for CDI, although patients with UC are
more susceptible than those with CD[11,12,15,16]. Overall,
IBD patients with CDI show more of the whole range of
short- and long-term worst outcomes than those without
CDI or with CDI alone[11-13,16-19]. However, studies report
variable results concerning mortality and colectomy rates,
length of hospital stay, and healthcare costs for IBD patients with CDI[11,13,14,16,18-21].
This review aims to summarize available literature
regarding CDI impact on both short- and long-term outcome in adult IBD patients.

RESEARCH
A systematic literature search was performed on Medline/PubMed, EMBASE, Scopus, Science Direct, CINAHL, and Web of Science (ISI Web of Knowledge)
databases from January 1993 to October 2013 using
various combinations of the following key words: “inflammatory bowel disease”, “ulcerative colitis”, “Crohn’
s disease” and “Clostridium difficile infection”, “Clostridium
difficile-associated diarrhea”, “pseudomembranous colitis”.
We included only English written studies carried out on
adults, from all geographic regions. A manual search of
references from the identified studies was also undertaken to identify any additional studies that may have been
missed in the computed-assisted literature search. As our
objective was to assess the impact of CDI on IBD patients’ outcome, only studies reporting outcome of IBD
patients co-infected with CDI were taken into analysis.
The following data were extracted from each study included: length of hospital stay, colectomy rate, mortality,
and healthcare costs. In addition, given the increased
need for surgical intervention in UC patients with CDI, a
short review of Clostridium difficile enteritis and pouchitis
has also been made.

SHORT-TERM OUTCOMES
Length of hospital stay
Studies report different results concerning the length
of hospital stay in IBD patients with CDI: some report
similar stays[12,19], some shorter ones[14], while others (Table
1)[11,13,16,17,21] refer to longer stays than in patients without
CDI or with CDI alone. Jodorkovsky et al[19] reported
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a similar mean length of hospital stay in days for IBD
(UC) patients with superimposed CDI and those without CDI (11.7 vs 11.0, P = 0.70), while Bossuyt et al[14]
found significantly shorter stays in IBD patients with
CDI (mean 15.2 d) as compared to non-IBD patients
co-infected with C. difficile (mean 27.7 d) (P < 0.001). By
contrast, other studies reported longer length of hospitalization in IBD patients with CDI than in those with
IBD alone[11,13,16,17,21]. Thus, Issa et al[11], in a retrospective,
observational study evaluating IBD patients followed in
the Inflammatory Bowel Disease Center, Medical College
of Wisconsin, Milwaukee, United States, found a mean
length of hospital stay of 13.5 d for their UC patients
admitted with CDI as compared to 6 d for those without
CDI. From the same center, in a study using nationwide
data (including over 2000 IBD patients with CDI, over
44000 with CDI alone, and more than 77000 with IBD
alone) was found a 3-d longer hospital stay in IBD patients with CDI. Nguyen et al[16] using the Nationwide
Inpatient Sample (NIS) reported a 65% increase in the
number of days for CD and 46% for UC patients with
CDI as compared to non-IBD patients. A recent study
using Hospital Episodes Statistics (HES) which covers all
in-patient activity delivered by NHS hospitals in England,
reported a 27.9 d longer hospital stay in patients with
IBD complicated by hospital-acquired CDI than in those
with IBD alone[17], much higher than in the above two
mentioned North-American studies using similar national
datasets[13,16], the difference being partially accounted for
by data collection methods. From Canada, a retrospective
population-based cohort study of 181 UC patients with
CDI and 1835 without CDI hospitalized in Ontario, between 2002-2008, reported a significantly increased mean
length of hospital stay in UC patients co-infected with C.
difficile (11 d vs 6 d, P = 0.0001)[21].
Colectomy rate
Contrasting results have also been reported regarding
colectomy rate in IBD patients with superimposed CDI.
Analysis of the NIS HCUP (Healthcare Cost and Utilization Project) data containing more than 90% of United
States community hospital discharges[22], showed a six
fold (OR = 6.6; 95%CI: 4.7-9.3) increase in colectomy
rate in IBD patients with concomitant CDI in comparison with CDI patients without underlying IBD[13].
It should be underlined that this analysis also includes
IBD patients admitted for elective surgery, a fact which
contributed to such a high colectomy rate[23]. However,
other studies too reported higher colectomy rates in IBD
patients with CDI than in CDI-free IBD population or
in patients with CDI alone[11,17-19]. One case-control study
reported a 23.4% emergent colectomy rate in patients
with both CDI and IBD (UC) as compared to 13.5% (OR
= 2.09, 95%CI: 0.72-6.1; P = 0.17) in those with IBD
alone[19]. Another study reported a rate of urgent colectomy as high as 45% in hospitalized patients with IBD
colitis and co-existing CDI in 2004, which decreased to
25% in 2005, probably due to changes in the treatment
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Table 1 Main short-term outcomes in inflammatory bowel disease patients with Clostridium difficile infection as compared to those
with inflammatory bowel disease alone or Clostridium difficile infection alone
Ref.

Journal and year
of publication

Study design and time
frame

Outcome

Murthy et al[21]
Canada

Aliment
Pharmacol Ther
2012
J Crohns Colitis
2012
Aliment
Pharmacol
Ther 2012
Aliment
Pharmacol Ther
2011

In-patients, Ontario,
Canada, 2002-2008

Increased LOS (11 d vs 6 d, P = 0.0001), similar rate of colectomy (12% vs 9.8%;
P = 0.30), and higher mortality rate (3.3% vs 0.38%, P < 0.0001) as compared
with UC patients without CDI
No significant difference in the colectomy risk within 3 months of index
admission between UC patients with CDI and those with UC alone
4.4% colectomy and 15.2% mortality rates

Navaneethan et al[24]
United States
Ananthakrishnan et al[28]
United States
Jen et al[17]
United Kingdom

Out-/in-patients;
2002-2007
In-patients; 1998-2010

Case-control analysis of
Increased mortality (OR = 6.32), higher risk for surgery (OR = 1.87), and 27.9
United Kingdom Hospital
d longer LOS than patients with IBD alone
Episodes Statistics, out-/inpatients; 2002-2007
Ananthakrishnan et al[18]
Inflamm Bowel
Case-control analysis of
Increase in colectomy rate from 1998 (OR = 1.39, 95%CI: 0.81-2.37) to 2007
United States
Dis 2011
NIS database, out-/in(OR = 2.51, 95%CI: 1.90-3.34) (P = 0.03), and in mortality risk (1998: OR = 2.38,
patients; 1998, 2004, 2007
95%CI: 1.52-3.72) (2007, OR = 3.38, 95%CI: 2.66-4.29) (P = 0.15)
Kaneko et al[25]
Clin Res Hepatol
Out-/in-patients;
No association between CDI and colectomy rate in UC patients
Japan
Gastroenterol 2011
2006-2009
Kariv et al[20]
J Crohns Colitis Out-/in- patients with UC; No difference in colectomy rates (48% vs 50.9%, P = 0.81) between infected
United States
2011
2000-2006
and non-infected UC patients, no mortality in UC patients with or without
CDI
Jodorkovsky et al[19]
Dig Dis Sci 2010
In-patients;
Similar mean LOS for IBD patients with CDI and those without CDI (11.7 d
United States
2004/06-2005/06
vs 11.0 d; P = 0.70); similar use of cyclosporine therapy (48% vs 47%); higher
emergent colectomy rate (23% vs 13.4%, P = 0.17)
Bossuyt et al[14]
J Crohns Colitis
In-patients; 2000-2008
LOS shorter as compared to non-IBD patients (15.2 d vs 27.7 d, P = 0.001);
Belgium
2009
one patient with UC+ CDI had a semi-urgent colectomy; no mortality in IBD
patients, 2 deaths in non-IBD patients
Ricciardi et al[15]
Dis Colon Rectum Case-control analysis of
Increased case fatality in UC+CDI patients but not in those with CD+CDI;
United States
2009
NIS database, out-/inoperative mortality for UC+CDI patients reached 25.7%
patients; 1993-2003
Ben-Horin et al[26]
Clin Gastroenterol Multi-center, in-patients;
Low colectomy rate (6%) in IBD patients with CDI
Israel and some European
Hepatol 2009
2000-2008
countries
Ananthakrishnan et al[13]
Gut 2008
Case-control analysis of
Four-fold higher mortality rate (OR = 4.7, 95%CI: 2.9-7.9) compared with
United States
NIS database, out-/inIBD alone and twice higher than in those with CDI alone (OR = 2.21, 95%CI:
patients; 2003
1.4-3.4); 3-d longer compared with IBD alone; six-fold greater risk of bowel
surgery than those with CDI alone (OR = 6.6, 95%CI: 4.7-9.3); 11406 higher
hospital adjusted charges
Nguyen et al[16]
Am J
Case-control analysis of Increased mortality in UC (OR = 3.79, 95%CI: 2.84-5.06) but not in CD patients
United States
Gastroenterol 2008
NIS database, out-/in(OR = 1.66, 95%CI: 0.75-3.66); increased LOS with 65% for CD and 46% for
patients; 1998-2004
UC, and increased hospital charges compared with non-IBD patients
Rodemann et al[12]
Clin Gastroenterol
In-patients, 1998-2004
LOS similar to non-IBD patients
United States
Hepatol 2007
Issa et al[11]
Clin Gastroenterol Observational study, out-/ Increased LOS (13 d vs 6 d); the colectomy rate in UC+CDI decreased from
United States
Hepatol 2007
in-patients; 2004-2005
45% in 2004 to 25% in 2005
C. difficile: Clostridium difficile; CDI: Clostridium difficile infection; CD: Crohn's disease; IBD: Inflammatory bowel disease; LOS: Length of hospital stay; NIS:
National Inpatient Sample; OR: Odds ratio; UC: Ulcerative colitis.

regimen (use the vancomycin as a primary antibiotic, and
a rapid decrease in steroid dosing)[11]. Using data from
NIS, Ananthakrishnan et al[18] reported a significant increase in total colectomy odds from 1998 (OR 1.39, 95%
CI: 0.81-2.37) to 2007 (OR = 2.51, 95%CI: 1.90-3.34)
(P = 0.03) in IBD patients with CDI compared to IBD
patients without CDI. Jen et al[17] using HES data for
2002/03 to 2007/08 found that IBD patients with CDI
were exposed to a risk of undergoing gastrointestinal surgery or emergency colectomy 1.2 to 3 times higher than
those with IBD alone.
In contradiction with previously mentioned studies,
others communicated low rates of urgent colectomy in
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IBD patients with CDI. Thus, according to two recent
studies from Cleveland Clinic’s Digestive Disease Institute, United States, CDI in UC patients had no negative
impact on colectomy risk within 3 mo of CDI diagnosis.
In one study[20] including 78 patients (39 patients with UC
and CDI, 39 with UC alone), 25 underwent colectomy,
12 of whom (48%) were among those with UC and CDI,
and 13 (50.9%) with UC alone (P = 0.81). Also, in the
second study[24], including 146 patients (45 with UC and
CDI, 101 with UC without CDI), within 3 mo of index
admission there was no significant difference concerning
colectomy risk between UC patients with CDI and those
without CDI; however, on long-term follow-up (one
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Table 2 Long-term outcomes in inflammatory bowel disease patients with Clostridium difficile infection compared to those with
inflammatory bowel disease alone
Ref.

Journal and year of
publication

Study design and time
frame

Murthy et al[21]
Canada
Navaneethan et al[24]
United States

Aliment Pharmacol Ther
2012
J Crohns Colitis 2012

In-patients; 2002-2008

Jodorkovsky et al[19]
United States

Dig Dis Sci 2010

Chiplunker et al[27]
United States

Gastroenterology 2009

Outcome

UC patients with CDI was associated with increased adjusted 5-yr risk of
mortality, but not of colectomy, as compared with UC without CDI
Out-/in-patients;
One year following CDI: increased rates of ERV (37.8% vs 4%, P = 0.001) and
2002-2007
colectomy (35.6% vs 9.9%, P = 0.001); escalation in medical therapy in 58.8% as
compared to the prior year (12.9%) (P = 0.0001)
In-patients; 2004-2005
One year following CDI: UC patients with CDI had increased rate of ERV (8
vs 1, P = 0.012), higher number of UC– related hospitalizations (58 vs 27, P =
0.001), and two-fold higher rates of colectomy (44.6% vs 25%, P = 0.04) compared to UC alone
Case-control, in-patients; One year following CDI: over half required an escalation in their IBD medical
2005-2006
therapy, 46% had more hospitalisations, colectomy occured in 10.3% , and no
mortality

CDI: Clostridium difficile infection; ERV: Emergency room visits; IBD: Inflammatory bowel disease; OR: Odds ratio; UC: Ulcerative colitis.

year), UC patients with CDI showed a significantly higher
rate of colectomy than those without CDI. Kaneko et
al[25] in a retrospective study from Yokohama City University Medical Center, Japan, reported that CDI did not
have an impact on colectomy rate in their hospitalized
UC patients with active disease, the difference in colectomy rate between UC+CDI patients (33.6%) and those
without CDI (23.1%) being statistically insignificant (OR
= 1.03, 95%CI: 0.41-2.63; P = 0.94). Two European studies[14,26] also reported low rates of colectomy (5% and 6%,
respectively) in IBD patients co-infected with C. difficile.
Recently, Murthy et al[21] found a similar rate of colectomy
between UC patients with and without CDI (12% vs 9.8%,
P = 0.30).
The different colectomy rates between single-center
studies and those using nationwide data could be partially
accounted for by differences in healthcare practice and
threshold for surgery, response to CDI medical therapy,
and data collection methods used[23].
Mortality rates are higher in IBD patients with CDI
than in those without CDI or with CDI alone[13,16,17,21].
Among IBD patients, mortality is higher in UC than
in CD [16]. All studies analysing nationwide databases
reported high rates of mortality in IBD patients with
CDI [13,16,17,21]. Nguyen et al [16] analyzed NIS discharge
records from 1998 to 2004 and found that CDI was associated with a nearly four fold increase in mortality
among hospitalized patients with UC (OR 3.79, 95% CI:
2.84-5.06) unlike those with CD (OR = 1.66, 95%CI:
0.75-3.66) as compared to non-IBD patients. Similarly,
Ananthakrishnan et al [13], using also data from NIS,
found that IBD patients with superimposed CDI had
a four fold increase in mortality compared to patients
hospitalized with IBD alone (OR = 4.7; 95%CI: 2.9-7.9)
and twice higher than those with CDI alone (OR = 2.2,
95%CI: 1.4-3.4). In contrast to Nguyen et al[16] study,
where mortality was higher only in UC, this study reported an increased mortality rate in both UC and CD
patients. Jen et al[17] using HES data, reported that for the
studied period (2002-2008), IBD patients with CDI were
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approximately six times more likely to die in hospital
than those admitted for IBD alone (adjusted OR = 6.32,
95%CI: 5.67-7.04), and suggested that such high mortality rate may be partially due to increased number of all
emergency gastrointestinal surgery and colectomy rates
during admissions. Murthy et al[21] also reported a higher
mortality rate in hospitalized UC patients co-infected
with C. difficile than in uninfected UC patients (3.3% vs
0.38%, P = 0.0001).
Nevertheless, other studies showed a mortality rate
for IBD patients with CDI similar to or not statistically
higher than what was reported for non-infected IBD
patients[14,18]. Thus, Bossuyt et al[14] registered no deaths
among their patients with UC and CDI, while Ananthakrishnan et al[18] found a non-significant increase in the
relative mortality risk in IBD patients with superimposed
CDI from 1998 (OR = 2.38, 95%CI: 1.52-3.72) to 2007
(OR = 3.38, 95%CI: 2.66-4.29; P = 0.15).

LONG-TERM OUTCOMES
Few studies reported on long-term outcomes after an initial episode of CDI in IBD patients (Table 2)[19,21,24,27]. In
a retrospective study including 47 patients with UC and
CDI and 52 with UC without CDI, Jodorkovsky et al[19]
reported that, over the year following the initial infection
episode, a significant increase in the number of visits to
the emergency room (8 vs 1, P = 0.012) was registered, as
well as a higher number of UC-related hospitalizations
(58 vs 27, P = 0.001) and a two-fold increase in colectomy
rate (44% vs 25%, OR = 2.38, 95%CI: 1.01-5.6; P = 0.04)
as compared to UC patients without CDI. Murthy et al[21],
in a retrospective cohort study of UC patients with and
without CDI, found that CDI was associated with higher
adjusted 5-year risk of mortality [adjusted hazard ratio
(aHR) = 2.40, 95%CI: 1.37-4.20], but not of colectomy
(aHR = 1.18, 95%CI: 0.90-1.54). In another retrospective
study[24], UC patients with CDI had significantly more
UC-related emergency room visits (37 vs 4, P < 0.001)
and a higher rate of colectomy (35.6% vs 9%, P < 0.001)
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than those with UC alone in the year following initial
infection. In addition, 55.8% of patients with UC and
CDI had an escalation in medical therapy in the year after
index infection admission as compared to 12.9% in the
previous year (P < 0.0001). In a multivariate analysis for
risk factors of colectomy, severe disease on endoscopy
(OR = 16.7, 95%CI: 4.1-67.9; P < 0.001) and CDI (OR
= 10.0, 95%CI: 2.7-36.3; P < 0.001) were found to be
independently associated with colectomy within 1 year.
Chiplunker et al[27] in a retrospective, case-control study
on 81 patients with IBD comparing disease progression
1 year before and 1 year after the initial infection with C.
difficile, found that 46% of patients had more hospitalizations and over a half of them (53%) required an escalation in medical therapy during the year following CDI.
No deaths occurred during the 1 year follow-up.
Healthcare costs are higher in IBD patients with CDI
than in those with IBD alone due to longer hospital stay,
higher number of IBD-related hospitalizations, increased
need for surgery, and hospital care charges[13,16]. Nguyen
et al[16] found a mean cost increased by 46% and 63% for
UC and CD patients, respectively, while Ananthakrishnan
et al[13] reported higher increased hospital adjusted expenses of US$ 11406.

DISCUSSION
The majority of published studies (90%) found by
searching Medline and other databases aim to assess CDI
incidence in IBD patients, while only 10% of them report on outcome following infection. All studies reporting on outcome in IBD patients with concomitant CDI
were retrospective, small single-center cohort studies or
large nationwide database studies mostly conducted in
North America and Europe. Apart from being retrospective, available studies on outcome have several other limitations such as incomplete information on disease severity, absence of reference to C. difficile diagnosis, antibiotic
and immunomodulatory therapy. It should be underlined
that most of analyzed studies relate to hospitalized IBD
patients in the early 2000s, when enzyme immunoassay
of stool for C. difficile toxins A and B has dominated the
laboratory diagnosis of CDI, despite its low sensitivity.
Though few in number, studies reporting outcomes
associated with CDI in IBD patients most often show
that CDI has a negative impact both on short- and longterm IBD outcomes, increasing the need for surgery,
morbidity and mortality rates, as well as healthcare
costs[11,13,16-18,21,24,27]. Both major forms of IBD are under
increasing risk for CDI, although patients with UC are
most susceptible to infection and have more severe outcomes[15,16,19]. Short-term outcomes, defined as those measured within 30-90 d of index admission, include length
of hospital stay, colectomy and mortality rates. Longterm outcomes, measured at least 1 year following index
admission, include emergency room visits, UC-related
hospitalizations, escalation in medical therapy, colectomy
and mortality rates.
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Studies report conflicting results on the length of hospital stay in IBD patients with concomitant CDI: some
found similar stays[12,19], others shorter ones[14], while most
of them reported longer hospitalization periods than in
IBD patients without CDI or with CDI alone[11,13,16,17,21].
Similar or shorter hospitalization periods were reported
by single-center studies[12,14,19], while longer stays were
found in studies using nationwide databases[13,16,17,21]. Discrepancies between studies may be explained by disease
severity and response to medical therapy in IBD patients
included in the analyses.
Contrasting results have also been reported with regard to colectomy rates in IBD patients with CDI[11,13,14,17
-21,24-26]
. Thus, some studies analyzing nationwide data (US
NIS HCUP, UK HES) reported high colectomy rates[13,18],
while other single-center ones[20,24,25] found CDI to have
no negative impact on colectomy rate in UC patients.
There are discrepancies in what concerns colectomy rates
even between studies using nationwide data in North
America[13,18] and Europe[17], probably due to differences
in data collection methods and threshold for surgery[23].
In addition, studies analyzing nationwide data for colectomy also include IBD patients admitted for elective
surgery, a fact which can contribute to high colectomy
rates[23]. Lower risks for colectomy, as reported by singlecenter North-American[20] and European[14,26] studies, may
be partially explained by CDI prompt response to medical therapy, followed by clinical remission of IBD flare,
thus preventing surgery[20].
Variable results regarding mortality rate in IBD
patients with concomitant CDI are also to be noted[13,14,16-18,21]. High mortality rates reported by some studies using nationwide data[13,16,17] may be accounting for
by to the increased use of colectomy in IBD patients
with CDI[20], and also by the inclusion of all hospitalized
patients who presumably have more severe disease than
those from cohort studies[17,23].
Few studies reported long-term outcomes after an initial CDI episode in IBD (UC) patients. Two[19,24] reported
an increased number of visits to the emergency room
and in UC-related hospitalizations, and higher colectomy
rate than in patients with UC alone in the year following
initial infection. UC patients with CDI had an escalation
in medical therapy 1 year after index admission as compared to the previous year[24,27]. Another study including
UC hospitalized patients with and without CDI, found
that those with associated CDI had a higher adjusted
5-year risk of mortality, but not of colectomy[21].
We may add that only one study aimed to identify
predictive factors for severe outcomes (colectomy, death)
associated with CDI in IBD patients[28]. Ananthakrishnan
et al[28] in a retrospective study using multi-institutional
electronic medical record database from two large referral hospitals over the period 1998-2010, reported a 4.4%
colectomy and 15.2% mortality rates during 180-d follow-up of 294 IBD patients with CDI (mostly with UC),
and found that among several demographic variables
and laboratory parameters, only serum albumin below 3

11740

September 7, 2014|Volume 20|Issue 33|

Trifan A et al . Outcome of IBD patients with CDI

g/dL, hemoglobin below 9 g/dL, and serum creatinine
above 1.5 mg/dL were independent predictors of severe
outcomes[28].

4

5

CDI IN IBD PATIENTS FOLLOWING
SURGICAL INTERVENTION
Clostridium difficile enteritis usually occurs in IBD
patients who have undergone colonic surgery, mainly
proctocolectomy[29-31]. C. difficile enteritis is generally rare,
although the number of cases reported in literature has
recently increased[32]. The predisposition of IBD patients
with previous colonic surgery to C. difficile enteritis may
be accounted for by the colonization of the neo-terminal
ileum with colonic-type bacterial flora[33], and phenotypic
changes in the epithelium of pelvic ileoanal pouches[34].
C. difficile enteritis diagnosis and treatment are similar to
that for colonic CDI. If some studies reported increased
mortality among patients with C. difficile enteritis[35], other
ones found low or even no mortality[29].
Clostridium difficile pouchitis has been reported
in IBD patients with ileal pouch anal anastomosis
(IPAA)[36-38]. Shen et al[36] found that 18.3% of their 115
patients with IPAA had CDI. Morphologic changes in
the pouch epithelium secondary to prolonged exposures
to fecal stream may favor CDI[34]. In addition, frequent
antibiotic treatment for acute or chronic pouchitis is
another risk factor for CDI in such patients[36]. Recently,
Tyler et al[39] reported that genetic polymorphisms, particularly the NOD2insC risk allele, are associated with
increased risk of developing pouch inflammation among
patients with UC and IPAA. Treatment with vancomycin, tinidazole, or rifaximin has been used with benefit in
many patients[37,38].

CONCLUSION
IBD patients with CDI are under a higher risk of worse
outcomes than those without CDI. Because the available
data are often conflicting and obtained from retrospective studies, further prospective multi-center studies are
required to evaluate the impact of CDI on IBD outcomes. Until then, to improve patient outcome, clinicians
should have a high index of suspicion for CDI in all IBD
patients presenting with a disease flare in order to rapidly
establish diagnosis and prompt treatment of infection.
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Abstract
AIM: To investigate the impacts of gender, age and
factors of life style (alcohol, overweight, coffee and
smoking) on serum liver enzymes.
METHODS: Serum alanine aminotransferase (ALT)
and gamma-glutamyltransferase (GGT) were measured
from 6269 apparently healthy individuals (2851 men,
3418 women, mean age 45 ± 12 years, range 25-74
years) in a national cross-sectional health survey. All
subjects underwent detailed clinical examinations and
interviews including the amount and pattern of alcohol
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use, coffee consumption and smoking habits.
RESULTS: In this population with a mean ± SD alcohol
consumption of 65 ± 105 g/wk and body mass index
2
(BMI) of 26.1 ± 4.3 kg/m , both ALT and GGT were
significantly influenced by alcohol use (P < 0.001) and
BMI (P < 0.001), whereas smoking increased only GGT
(P < 0.001). A significant effect of age on ALT was
seen in men (P < 0.001) whereas not in women. Significant two-factor interactions of alcohol use in men
were observed with age (ALT: P < 0.01; GGT: P < 0.001)
and BMI (GGT: P < 0.05). For ALT, a significant interaction also occurred between BMI and age (P < 0.005).
In contrast, women showed significant interactions of
alcohol use with BMI (GGT: P < 0.05), smoking (GGT: P
< 0.001), and coffee consumption (GGT: P < 0.001).
CONCLUSION: Life-style associated changes in liver enzymes may reflect health risks, which should be considered in the definition of normal limits for liver enzymes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcohol; Obesity; Aging; Smoking; Liver enzymes; Oxidative stress
Core tip: The present study among 6269 apparently
healthy individuals shows that the early changes in
serum alanine aminotransferase and gamma-glutamyltransferase levels show distinct age- and genderdependent variation according to the amount of alcohol
drinking and the presence or absence of overweight.
Coffee consumption and smoking also modulate the
enzyme levels with different sensitivities between genders. The data should be implicated in the assessment
of health risks associated with such factors of life style
and when revisiting the concept of normal limits in the
clinical use of liver enzymes.
Danielsson J, Kangastupa P, Laatikainen T, Aalto M, Niemelä
O. Impacts of common factors of life style on serum liver en-
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INTRODUCTION
Since an increasing percentage of the general population
consists of heavy drinkers[1,2], and over half suffer from
overweight[3-7] adverse health effects resulting from such
reasons constitute an inescapable problem in our society.
Elevated serum liver enzymes and accumulation of fat in
hepatic tissue are among the first manifestations in the
sequence of events leading to morbidity and mortality
due to alcohol drinking or excess body weight[8,9]. Consequently, there has been growing interest on the biological
significance of the early-phase changes in serum liver
enzyme activities and their clinical value as biomarkers of
health and disease.
Recently, changes in serum alanine aminotransferase
(ALT) and gamma-glutamyltransferase (GGT) have also
attracted interest as prognostic parameters in a variety
of extrahepatic conditions[10-15]. In both prospective and
cross-sectional studies these enzymes have been observed
to associate with diabetes, metabolic syndrome, and
overall mortality[9,15-21]. Studies on the individual and joint
impacts of various common factors of life style on ALT
and GGT levels have, however, so far been limited. Similarly, the definitions of normal limits for these enzymes
have remained as a matter of controversy and hampered
the interpretation of the data in clinical trials.
In this work we measured serum ALT and GGT levels from a large age- and gender-stratified population of
apparently healthy individuals with varying body mass
index (BMI, kg/m2) and with different levels of well-documented consumption of ethanol, coffee, and cigarette
smoking. We also determined the normal limits for both
enzymes based on the present sample of alcohol nondrinkers with normal body weight.

MATERIALS AND METHODS
Study protocol
The present data was collected from a cross-sectional
population health survey (The National FINRISK studies) carried out in six different geographic areas in Finland. An age- and gender stratified random sample of
13437 individuals was first drawn from the population
register according to an international WHO MONICA
(Monitoring trends and determinants in cardiovascular
disease) protocol. The survey included physical measurements, laboratory tests and detailed questionnaires on
health status and alcohol intake, covering also information on current health behaviour, medical history and
socioeconomic factors. The medical examinations were
conducted using a previously described standardized
protocol[22,23]. Measurements of height and weight were
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carried out and BMI was calculated as a measure of relative body weight. Serum ALT and GGT were measured
by standard kinetic methods following recommendations
of the European Committee for Clinical Laboratory
Standards (ECCLS)[24] on an Abbott Architect clinical
chemistry analyser (Abbott Laboratories, Abbott Park,
IL, United States). Measurements of serum lipids [total
cholesterol, high density lipoprotein (HDL) cholesterol,
Low Density Lipoprotein (LDL) cholesterol, triglycerides] were carried out by enzymatic methods (Thermo
Electron Corporation, Waltham, Massachusetts, United
States). Serum C-reactive protein was measured using a
sensitive immunoturbidimetric method (Orion Diagnostica, Espoo, Finland). All surveys were conducted in accordance with the Declaration of Helsinki according to the
ethical rules of the National Public Health Institute. The
approval for this study was received from the Coordinating Ethics Committee of the Helsinki Hospital District.
The present sample included data from the subjects
who both filled out the questionnaire and attended the
medical examination. The response rate was 65.5%. All
participants were devoid of any apparent clinical signs of
liver disease. In order to obtain a representative sample
of apparently healthy individuals, exclusions were made
for the following reasons: diagnosis of myocardial infarction (n = 236), stroke, cerebral haemorrhage or embolism
(n = 193), diabetes or glucose-intolerance (n = 476),
hypertension (n = 985), use of statins or lipid lowering
agents (n = 364) or signs of active infection at the time
of the study (n = 342). In addition, exclusions were made
due to missing variables (n = 866). The final population
thus comprised 6269 individuals: 2851 men and 3418
women (mean age 45 ± 12 years, range 25-74 years).
Alcohol consumption was assessed with detailed
questions on the type of beverage consumed, the frequency of consumption, and the amount of ethanol-containing drinks consumed regularly during the past weeks
and one year prior to the data collection. The amount of
ethanol in different beverages was quantitated as follows:
beer 12 g (1/3 L), strong beer 15.5 g (1/3 L), long drink
15.5 g (1/3 L), spirit 12 g (4 cL), wine 12 g (12 cL) and
cider 12 g (1/3 L). A dose of 12 g of pure ethanol was
considered as one standard drink. The persons who reported no current alcohol consumption were referred to
as non-drinkers (n = 2048), moderate drinkers (n = 3993)
consumed less than 280 g of ethanol (men) or less than
190 g of ethanol (women) per week, heavy drinkers (n =
228) consumed > 280 g per week (men) or > 190 g per
week (women). Smoking and coffee consumption were
assessed with a set of standardized questions. The data
on smoking was expressed as the amount of cigarettes
per day and coffee consumption was recorded as the
number of cups of coffee per day.
Statistical analysis
Values are expressed as mean ± SD or mean ± 95%CI.
Significance tests were carried out using ANOVA for
multiple factors, Bonferroni post hoc test and appropri-
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Table 1 Distribution of study participants (n = 6269) in subgroups according to age and gender n (%)
Age group (yr)
Men
n
Alcohol, g/wk

BMI, kg/m2

0
< 280
≥ 280

< 18.5
≥ 18.5 and < 25
≥ 25 and < 30
≥ 30
Smoking, cigarettes/d
0
1-10
≥ 11
Coffee, cups/d
0
1-4
≥5
Women
n
Alcohol, g/wk
0
< 190
≥ 190
BMI, kg/m2
< 18.5
≥ 18.5 and < 25
≥ 25 and < 30
≥ 30
Smoking, cigarettes/d
0
1-10
≥ 11
Coffee, cups/d
0
1-4
≥5

25-29

30-39

40-49

50-59

60-69

70-74

325

714

727

671

345

69

86 (26.5)
222 (68.3)
17 (5.2)

166 (23.2)
510 (71.4)
38 (5.3)

169 (23.2)
515 (70.8)
43 (5.9)

156 (23.2)
466 (69.4)
49 (7.3)

108 (31.3)
219 (63.5)
18 (5.2)

27 (39.1)
39 (56.5)
3 (4.3)

4 (1.2)
171 (52.6)
113 (34.8)
37 (11.4)

1 (0.1)
260 (36.4)
331 (46.4)
122 (17.1)

2 (0.3)
236 (32.5)
375 (51.6)
114 (15.7)

1 (0.1)
208 (31.0)
322 (48.0)
140 (20.9)

0 (0.0)
101 (29.3)
162 (47.0)
82 (23.8)

0 (0.0)
20 (29.0)
37 (53.6)
12 (17.4)

189 (58.2)
68 (20.9)
68 (20.9)

446 (62.5)
94 (13.2)
174 (24.4)

476 (65.5)
67 (9.2)
184 (25.3)

469 (69.9)
49 (7.3)
153 (22.8)

274 (79.4)
22 (6.4)
49 (14.2)

65 (94.2)
3 (4.3)
1 (1.4)

62 (19.1)
143 (44.0)
120 (36.9)

81 (11.3)
248 (34.7)
385 (53.9)

55 (7.6)
239 (32.9)
433 (59.6)

59 (8.8)
246 (36.7)
366 (54.5)

24 (7.0)
180 (52.2)
141 (40.9)

5 (7.2)
39 (56.5)
25 (36.2)

461

861

860

795

365

76

190 (41.2)
267 (57.9)
4 (0.9)

356 (41.3)
492 (57.1)
13 (1.5)

308 (35.8)
533 (62.0)
19 (2.2)

289 (36.4)
489 (61.5)
17 (2.1)

155 (42.5)
203 (55.6)
7 (1.9)

38 (50.0)
38 (50.0)
0 (0.0)

23 (5.0)
305 (66.2)
92 (20.0)
41 (8.9)

12 (1.4)
508 (59.0)
245 (28.5)
96 (11.1)

7 (0.8)
488 (56.7)
245 (28.5)
120 (14.0)

1 (0.1)
311 (39.1)
325 (40.9)
158 (19.9)

0 (0.0)
126 (34.5)
153 (41.9)
86 (23.6)

1 (1.3)
25 (32.9)
31 (40.8)
19 (25.0)

314 (68.1)
109 (23.6)
38 (8.2)

616 (71.5)
157 (18.2)
88 (10.2)

616 (71.6)
141 (16.4)
103 (12.0)

652 (82.0)
75 (9.4)
68 (8.6)

326 (89.3)
21 (5.8)
18 (4.9)

71 (93.4)
2 (2.6)
3 (3.9)

145 (31.5)
235 (51.0)
81 (17.6)

152 (17.7)
440 (51.1)
269 (31.2)

71 (8.3)
409 (47.6)
380 (44.2)

62 (7.8)
445 (56.0)
288 (36.2)

22 (6.0)
240 (65.8)
103 (28.2)

5 (6.6)
59 (77.6)
12 (15.8)

ate covariates as indicated. Logarithmic transformations
of ALT and GGT data were used to obtain non-skewed
distributions with homogeneity of variance. Correlations
were calculated using Pearson product-moment correlation coefficients. The differences in partial correlations
were analyzed with the Z-test for correlation coefficients.
Calculations of reference limits based on the population
of normal-weight non-drinkers were carried out according to previously described nonparametric methods and
Dixon’s test for detection and exclusion of outliers[25,26].
Age of 40 years was used as a cut-off for group stratification based on previous findings showing an increase
in the 97.5 percentile of GGT in both genders at the age
of about 40 years[26]. The analyses were carried out with
the use of Analyse-it v 2.21 for Microsoft Excel (Leeds,
United Kingdom) and SPSS 21.0 (SPSS Inc., Chicago, IL)
for Windows statistical software. A P value < 0.05 was
considered statistically significant.
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RESULTS
This study cohort of apparently healthy individuals consisted of 2851 men and 3418 women, who participated
in a national cross-sectional health survey. The data on
alcohol consumption indicated that 32.7% of the population were non-drinkers, 63.7% were moderate drinkers
and 3.6% were heavy drinkers. The mean ± SD alcohol
consumption was 65 ± 105 g/wk: men 99 ± 137 g/wk,
women 37 ± 53 g/wk. In this material with a mean BMI
of 26.1 ± 4.3 kg/m2 (men 26.7 ± 3.9 kg/m2; women 25.6
± 4.5 kg/m2), 16.4% of the subjects were obese (BMI
> 30 kg/m2) and 38.8% showed BMI levels between 25
and 30 kg/m2 indicating overweight. Smokers comprised
28.0% of the population. The demographic characteristics of the study participants, as further classified according to age and gender, are summarized in Table 1.
The lower and upper normal limits for ALT and
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Table 2 Lower and upper normal limits for alanine
aminotransferase and gamma-glutamyltransferase based on
non-drinkers with normal weight
Normal weight non-drinkers

n
ALT
Men
Women
GGT
Men
< 40 yr
≥ 40 yr
Women
< 40 yr
≥ 40 yr

Reference

Table 3 Summary of main effects and two-factor interaction
statistics for alanine aminotransferase and gammaglutamyltransferase

1

Men

Lower limit Upper limit Lower limit Upper limit
U/L
U/L
U/L
U/L

162
523

10
8

47
37

162
55
107
522
228
294

11
10
12
8
8
9

52
48
53
42
34
47

10
10

70
45

10
15

80
115

10
10

45
75

Main effects
Ethanol
BMI
Age
Smoking
Coffee
Two-factor interaction
Ethanol × age
Ethanol × BMI
Ethanol × smoking
Ethanol × coffee
BMI × age
BMI × smoking
BMI × coffee
Age × smoking
Age × coffee

Commonly used values in Nordic countries based on NORIP data[26].

1

GGT as defined here by calculating 2.5th and 97.5th percentiles of the data based on normal weight non-drinkers
are shown in Table 2. The observed upper normal limits
for both enzymes were found to be significantly lower
than the currently used limits in Nordic countries used as
reference in the present comparisons[26].
In the total study material, significant effects of alcohol consumption (P < 0.001), BMI (P < 0.001), and
age (P < 0.001) were noted for both ALT and GGT. In
the analyses for main effects and interactions between
the study variables, the levels of ALT and GGT in both
genders were found to be significantly influenced by alcohol use (ALT: P < 0.05 for men; P < 0.001 for all other
comparisons) and BMI (P < 0.001) (Table 3). There was
also a significant main effect of age on GGT (P < 0.001)
and on ALT in men (P < 0.001), whereas not in women
(Figure 1, Table 3). Highest ALT levels in men occurred
in those aged 25-50 years whereas in women such agedependent variation was not observed (Figure 1). The
highest GGT values were observed in age groups 50-60
years (men) and 60-70 years (women) (Figure 1). Smoking significantly influenced GGT levels in both genders (P
< 0.001) (Table 3).
The impact of ethanol intake in men was found to
become significantly more pronounced upon increasing
age (Figure 2, Table 3). In men over 40 years alcohol consumption exceeding 16 drinks per week was a stronger
determinant of GGT activities than in those below 40
(Figure 2). In women, such interaction was not observed.
The effects of increasing body weight on ALT and
GGT levels in the different age-categories are shown in
Figure 3. Interestingly, in men below 40 years, overweight
was found to be a stronger inducer of ALT activities than
in those above 40 years. In contrast such interaction between BMI and age was not found among women (Table
3). The analysis of the effect of alcohol drinking in the
different BMI-based subgroups showed that the presence
of overweight or obesity significantly potentiates GGT
activities both in men and women who consume alcohol
(Figure 4). Analyses of two-factor interactions between
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Women

ALT

GGT

ALT

GGT

< 0.050
< 0.001
< 0.001
NS
NS

< 0.001
< 0.001
< 0.001
< 0.001
NS

< 0.001
< 0.001
NS
NS
NS

< 0.001
< 0.001
< 0.001
< 0.001
< 0.050

0.008
0.301
0.398
0.534
0.003
0.878
0.430
0.831
0.095

0.001
0.038
0.094
0.260
0.067
0.342
0.653
0.089
0.117

0.295
0.537
0.794
0.138
0.502
0.904
0.261
0.558
0.018

0.197
0.048
0.001
0.001
0.788
0.690
0.090
0.342
0.061

The analyses of main effects and two-factor interactions were carried out
using ANOVA on SPSS 21.0 for Windows statistical software. Alcohol use,
BMI, smoking and coffee consumption were used as covariates, as appropriate. NS: Not significant; LT: Alanine aminotransferase; GGT: Gammaglutamyltransferase; BMI: Body mass index.

the study variables also showed statistically significant interactions of alcohol use and smoking (GGT: P < 0.001)
as well as between alcohol use and coffee consumption
especially among women (GGT: P < 0.001).
The correlations between ALT, GGT and various
metabolic and inflammatory markers are summarized in
Table 4. Significant correlations emerged between the
liver enzymes and the lipid profile, C-reactive protein
and indices of overweight. However, there were also distinct differences in the correlation coefficients observed
between the liver enzymes and the other biomarkers
when comparing men and women or subjects below or
above 40 years of age. Stronger correlations between
liver enzymes and indices of lipid status (cholesterol,
triglycerides) were found in men. Significant correlations
also occurred between the liver enzyme levels and waist
circumference, which especially in case of GGT among
men over 40 years was slightly stronger than the corresponding correlation with BMI (Table 4).

DISCUSSION
Our data among a large cross-sectional sample of apparently healthy individuals shows age- and gender-dependent interactions between alcohol use, BMI, smoking and
serum liver enzymes, which have recently been suggested
as important disease risk markers in both hepatic and extrahepatic conditions[12,27]. The data also suggests distinct
differences in the reactivities of ALT and GGT towards
the metabolic burdens created by the various factors of
life style.
In current societies, alcohol and obesity-related health
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50

40

40

30

30

GGT (U/L)

ALT (U/L)

Men
50

20

20
10

10
0

25-29

30-39

40-49
50-59
Age (yr)

60-69

0

70-74

P < 0.05

25-29

P < 0.01

30-39

40-49
50-59
Age (yr)

60-69

70-74

60-69

70-74

P < 0.001

50

40

40

30

30

GGT (U/L)

ALT (U/L)

Women
50

20

20
10

10
0

25-29

30-39

40-49
50-59
Age (yr)

60-69

0

70-74

P < 0.05

25-29

P < 0.01

30-39

40-49
50-59
Age (yr)

P < 0.001

Figure 1 Alanine aminotransferase and gamma-glutamyltransferase levels (geometric mean ± 95%CI) in men and women classified to subgroups according to age. Horizontal lines indicate significant differences between groups, as assessed by ANOVA with Bonferroni post hoc test. Alcohol intake (drinks/wk), BMI
(kg/m2), smoking (cigarettes/d), and coffee consumption (cups/d) were used as covariates. ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.
70
60

P = 0.008 for ethanol × age interaction

< 40 yr
≥ 40 yr

70
60

< 40 yr
≥ 40 yr

50
GGT (U/L)

ALT (U/L)

50

P = 0.001 for ethanol × age interaction

40
30

40
30

20

20

10

10

0

0
0

1-5

6-10
11-15
Drinks/wk

16-24

> 24

0

1-5

6-10
11-15
Drinks/wk

16-24

> 24

Figure 2 Interactions of ethanol intake with age on alanine aminotransferase and gamma-glutamyltransferase levels in men. An aggravated effect of ethanol
was seen in those who were over 40 years of age and consumed over 16 drinks of alcohol per week. In women, the interaction between alcohol use and age was not
significant (Table 3). Smoking and coffee consumption were used as covariates. ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.

problems are often co-existing and may function in a
synergistic manner[9,16,21,28]. GGT has previously been
shown to readily increase among alcohol consumers with
obesity[16] as well as in heavily smoking alcohol users[17],
which may be related with the pivotal role of GGT in the
metabolism of glutathione (GSH)[29-34]. Mild GGT eleva-
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tions may be considered a sign of a need to maintain
intracellular GSH levels under conditions of oxidative
stress[14,29,30,32-34]. In turn, alterations in ALT activities likely
reflect disturbed liver cell integrity[27].
According to the present data the upper normal limits
of ALT and GGT enzymes in their clinical use as disease
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< 40 yr
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P = 0.067 for BMI × age interaction
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P = 0.003 for BMI × age interaction

20
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2
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2
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Figure 3 Interactions of body mass index with age on alanine aminotransferase and gamma-glutamyltransferase levels. A significant interaction was noted only
on alanine aminotransferase (ALT) levels in men below 40 years of age. Alcohol intake, smoking and coffee consumption were used as covariates. BMI: Body mass index.
Men

A
80

P = 0.301 for ethanol × BMI interaction

≥ 18.5 and < 25
≥ 25 and < 30
≥ 30

B
80

60
GGT (U/L)

ALT (U/L)

60

40

40

20

0

P = 0.038 for ethanol × BMI interaction

≥ 18.5 and < 25
≥ 25 and < 30
≥ 30

20

0

1-5

6-10
11-15
Drinks/wk

16-24

0

> 24

0

1-5

6-10
11-15
Drinks/wk

16-24

> 24

Women

C
80

P = 0.537 for ethanol × BMI interaction

≥ 18.5 and < 25
≥ 25 and < 30
≥ 30

D
80

40

40

20

0

≥ 18.5 and < 25
≥ 25 and < 30
≥ 30

60
GGT (U/L)

ALT (U/L)

60

P = 0.048 for ethanol × BMI interaction

20

0

1-4

5-8
Drinks/wk

9-16

0

> 16

0

1-4

5-8
Drinks/wk

9-16

> 16

Figure 4 Interactions of ethanol intake with body mass index on alanine aminotransferase and gamma-glutamyltransferase levels. Significant interactions in
both men and women were noted for gamma-glutamyltransferase (GGT), whereas not for alanine aminotransferase (ALT). Covariates used were age (years), smoking,
and coffee consumption. BMI: Body mass index.

biomarkers should be markedly lower than those currently used in most countries[35,36]. Despite of the fact that
biomarker reference intervals are crucial tools to differentiate between healthy and diseased subjects, as yet we
share no widely accepted upper normal limits even for
these most common liver enzymes. This may have been
due to lack of knowledge on dose responses between
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ethanol intake and biomarker levels, inconsistencies regarding the definition of safe levels of ethanol intake
and ignorance of excess body weight in different sample
populations. For successful implementation of early treatment programs to reduce alcohol- and obesity-induced
morbidity, correct definitions of reference intervals and
greater harmonization of analytical goals for biomarkers
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Table 4 Correlations between study variables

ALT
Total cholesterol
HDL
LDL
Triglycerides
CRP
BMI
Waist circumference

ALT
Total cholesterol
HDL
LDL
Triglycerides
CRP
BMI
Waist circumference

ALT
Total cholesterol
HDL
LDL
Triglycerides
CRP
BMI
Waist circumference

Men
(n = 2851)
ALT
GGT
0.543a
1,a
0.182
0.3471,a

Women
(n = 3418)
ALT
GGT
0.483a
0.1051,a
0.1931,a

-0.163a
-0.017
0.151a
0.2521,a
0.2661,a
0.3271,a
a
0.142
0.280a
0.3781,a
0.3511,a
1,a
0.367
0.3951,a
Men < 40 yr
(n = 1039)
ALT
GGT
0.592a
0.2971,a
0.3911,a
-0.201a
-0.083b
0.2821,a
0.3321,a
0.322a
0.3731,a
a
0.180
0.267a
0.4511,a
0.4461,a
1,a
0.459
0.4631,a
Women < 40 yr
(n = 1322)
ALT
GGT
0.450d
0.050
0.087b
-0.114d
-0.054a
0.082b
0.104d
0.0831,b
0.1151,d
1
0.044
0.1541,d
0.267d
0.291d
0.242d
0.292d

-0.098a
-0.045b
a
0.118
0.1821,a
0.1781,a
0.2291,a
a
0.104
0.238a
0.2561,a
0.2841,a
1,a
0.253
0.3031,a
Men ≥ 40 yr
(n = 1812)
ALT
GGT
0.538a
0.1641,a
0.2981,a
-0.139a
0.003
0.1101,a
0.1781,a
0.256a
0.3011,a
a
0.137
0.273a
0.3511,a
0.2841,a
1,a
0.352
0.3361,a
Women ≥ 40 yr
(n = 2096)
ALT
GGT
0.495d
0.099d
0.154d
-0.096d
-0.057b
0.106d
0.139d
0.2171,d
0.2491,d
1,d
0.148
0.3021,d
0.231d
0.236d
0.244d
0.267d

a

P < 0.05 vs Control, bP < 0.01 vs Control, dP < 0.001 vs Control. 1Statistically
significant differences (P < 0.05) in correlation coefficients between men
and women or those below or above 40 years of age (Z-test). ALT: Alanine
aminotransferase; GGT: Gamma-glutamyltransferase; HDL: High density
lipoprotein; LDL: Low density lipoprotein; CRP: C-Reactive protein; BMI:
Body mass index.

with predictive value should be of utmost importance.
In the present study population, 40 years of age was
used as a cut-off for group stratification based on previous findings, which have shown an increase in GGT levels in both genders at this age point[26]. Among men over
40 years, alcohol consumption even in amounts which
were below the current limits of heavy drinking appeared
to pose a risk towards elevated ALT and GGT levels,
suggesting an increased susceptibility to ethanol-induced
adverse health effects upon increasing age[31,37]. Intriguingly, a recent large United States population-based study
also suggested relatively high mortality rates among older
men consuming ethanol[38]. Although women in general
are known to be more susceptible to ethanol-induced
morbidity, the concept of safe limits for ethanol intake in
different age categories of men also appears to need further attention.
The present findings also underscore the impact of
excess body weight in the biological interactions influencing liver enzyme status. Young men presenting with
overweight or obesity were found to show rather high
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baseline ALT levels even in the absence of any other apparent risk factors. The correlations between the lipid
status and liver enzymes were also strong among young
men, possibly indicating accumulation of adverse health
effects due to a lifestyle involving overconsumption of
the Western diet[39-41]. Previously, a high risk of liver injury in combination of obesity and alcohol use has been
observed in studies among older age groups[42]. In experimental animals aging also promotes the development
of diet-induced steatohepatitis and induction of serum
amino transferase levels[39]. It is likely that alcohol intake
by subjects with overweight stimulates oxidative stress in
an additive and more striking manner, as also supported
here by the findings in GGT activities[43,44]. Alcohol has
a high energy content and in experimental animals the
adverse effects of ethanol are aggravated by high-fatdiets [45]. Moreover, genotypic differences in alcoholmetabolizing enzymes could also contribute to the risk of
gaining body weight in some alcohol consumers[46].
In accordance with previous data[10,17] the present observations also point to a significant synergistic effect of
smoking and alcohol use in increasing GGT levels. However, while previous work reported such effects in male
construction workers[10] our data suggests even stronger
interactions among women. This could, however, be explained by the relatively lower quantities of smoking in
the present material. In addition, coffee consumption was
found to interact with GGT levels such that a high intake
of coffee (≥ 5 cups/d) in those with the most abundant
amounts of ethanol intake was more likely to be associated with atypically low GGT levels indicating a possible
protective effect of coffee towards alcohol-induced liver
damage and oxidative stress[47-49].
Increased ALT and GGT levels commonly co-occur
with accumulation of triglycerides and liver steatosis
and compelling evidence from the past decade have also
linked such phenomena with extrahepatic health risks,
such as type 2 diabetes, metabolic syndrome, insulin resistance and cardiovascular morbidity[12,15,21,50-54]. Serum liver
enzyme activities may even predict mortality from cardiovascular or cerebrovascular events[11,15,41,51]. While the
specific mechanisms underlying such observations have
remained unclear, it should be noted that recent studies
have indicated a role for GGT as a link between fatty
liver and development of early atherosclerosis due to the
ability of GGT to trigger iron-dependent oxidation of
LDL also in coronary plaques[51]. Therefore, it is notable
that the present data also indicates a strong correlation
between LDL cholesterol and GGT levels, especially in
men.
The cross sectional setting of the survey can be kept
as a limitation of this study as some of the biomarkers
used may have day to day variation. Lack of follow-up
data also prevents analyses on the specific relationships
between enzyme elevations and duration of drinking or
obesity status, which clearly warrant future prospective
studies. Also disease status was self-reported and thus the
exclusions might not be fully accurate causing conserva-
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tive estimate of healthy population. It is also possible that
the alcohol recall techniques overestimate the proportion
of those not drinking alcohol at all[55]. However, all these
issues most likely have diluting effects to the observed
results and the real associations and interactions might be
even stronger. It should also be noted that due to both
financial and ethical considerations, analyses of hepatitis
serology were not carried out in the present material.
However, due to the low prevalence of viral hepatitis in
Finland (observed rates of 1-2 cases/10000 blood donors
per year) this should not create a significant confounding
factor here.
Taken together, the present data provides novel information on the individual contributions of various factors
of life style on the early-phase activation of liver enzymes
and shows that even moderate drinking may lead to significant enzyme elevations in an age-, gender-, and BMIdependent manner. Current data should be considered
in the definition of more accurate safe limits of ethanol
intake in different demographic categories and in the definition of normal values for liver enzymes. The possible
mechanistic roles of liver enzymes as pathophysiological
links between hepatic and extrahepatic disease manifestations warrant further studies.
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performed on liver tissue extracts after animal sacrifice at 14 wk. SREBP1c, FAS, SCD-1, PPAR-α, CROT,
MCP-1, IRS-1, and IRS-2 mRNA expressions were assessed with reverse transcription-polymerase chain
reaction.
RESULTS: HE staining revealed that, compared with
the NAFLD group, the osthol group showed significantly decreased intrahepatic fat content (39.4% vs
21.0%; P = 0.021). SREBP1c expression in the NAFLD
group increased compared to controls (P = 0.0001),
while osthol treatment decreased SREBP1c expression compared with the NAFLD group (P = 0.0059). In
the osthol group, intrahepatic FAS and SCD-1, which
act downstream of SREBP1c, decreased significantly
compared with the NAFLD group. Moreover, PPAR-α
expression in the osthol group was also significantly
higher than in the NAFLD group (P = 0.0147).
CONCLUSION: Osthol treatment attenuated liver steatosis by decreasing de novo liver triglyceride synthesis
and had nominal effects on insulin resistance and liver
inflammation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To evaluate the effects of osthol on intrahepatic
fat synthesis, β-oxidation, inflammation, and insulin
resistance by multifaceted analysis.
METHODS: Sprague-Dawley rats (n = 30) were randomly divided into control, non-alcoholic fatty liver
disease (NAFLD), and osthol groups. NAFLD and osthol
groups were fed with a high-fat diet for 14 wk. After 8
wk of the high-fat diet, the osthol group also received
osthol 20 mg/kg orally 5 times/wk. To assess the insulin resistance, oral glucose tolerance was performed
at the end of 14 wk. Immunohistochemical (4-HNE,
F4/80) and hematoxylin and eosin (HE) staining were
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Key words: Osthol; Non-alcoholic fatty liver disease; Sterol regulatory element binding protein
Core tip: Nonalcoholic fatty liver disease is considered
as a consequence of “multi-hit” processes. Osthol, a
coumarin compound, has anti-inflammatory effects on
various diseases. However, there is no multi-faceted
and comprehensive evaluation of its effects. The current study evaluated effects of osthol on intrahepatic
fat synthesis, β-oxidation, inflammation, and insulin
resistance by multifaceted analysis.
Nam HH, Jun DW, Jeon HJ, Lee JS, Saeed WK, Kim EK.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) has a worldwide prevalence of about 20%-30% and is among the
most common causes of chronic liver disease[1,2]. Approximately 50%-60% of non-alcoholic steatohepatitis
(NASH) patients have accompanying complications
such as diabetes mellitus, cardiovascular disease, and
hyperlipidemia[1]. NAFLD and NASH are also strongly
associated with insulin resistance and obesity[3]. In hepatocytes, increased fatty acid oxidation increases oxidative
stress and leads to apoptosis, which is also thought to
be involved in NASH pathophysiology. However, until
recently, it is thought that a cell’s response to oxidative
stress is more critical in determining its fate than the
amount of oxidative stress. Furthermore, NAFLD is
also regarded as a “multi-hit” disease[4,5] and could be the
consequence of multiple highly entwined mechanisms
such as insulin resistance, oxidative stress, mitochondrial
insufficiency, endoplasmic reticulum stress, and apoptosis. Understanding these intricate mechanisms leading to
NAFLD progression could provide a useful insight to
understand NAFLD.
Insulin resistance together with oxidative stress has
an important role in NAFLD pathophysiology[6-8]. An
improvement in insulin resistance could decrease the
incidence of NAFLD and NASH; however, hepatic
insulin sensitizers have not provided significantly beneficial results in clinical trials[9-11]. Moreover, although
antioxidant treatment improved NAFLD histology in
clinical trials [6], the long-term effects of antioxidant
treatments need further evaluation[12]. Cnidium monnieri
fruits are used in traditional Chinese medicine. Osthol,
the active constituent of Cnidium monnieri extracts, has
anti-inflammatory and hepatic fat oxidizing properties.
For instance, in a rat model of fatty liver, osthol not
only decreased the fasting blood glucose and hepatic fat
content, but also improved insulin resistance[13]. Zhang
et al[14] also reported that osthol treatment decreased hepatic fat content by increasing the expression of hepatic
peroxisome proliferator-activated receptor (PPAR)-α/γ.
In the alcoholic fatty liver model, osthol treatment led
to increased superoxide dismutase (SOD) activation and
decreased oxidative stress[15]. These results suggest that
osthol treatment not only reduces hepatic fat content
and oxidative stress but also improves insulin resistance;
however, the histological improvement in inflammation
and fibrosis still requires further evaluation. Although
the fat oxidizing effects of osthol have already been
well studied, none of the previous studies evaluated the
effects of osthol on liver inflammation and fibrosis si-
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multaneously with the fat oxidizing effects. As multiple
cellular mechanisms, such as hepatic fat synthesis, oxidative stress, inflammation, insulin resistance, and cellular
adaptation, could all be involved in NAFLD pathophysiology, a comprehensive evaluation of osthol efficacy in
NAFLD pathophysiology is needed. Therefore, the aim
of the current study was to evaluate the precise mechanism and effects of osthol treatment on these multiple
mechanism simultaneously.

MATERIALS AND METHODS
Experimental design
A total of 30 Sprague-Dawley (SD) rats (4-wk-old) were
purchased from Orient Animal Laboratory, Seoul, South
Korea and were randomly divided into 3 groups: control,
NAFLD and osthol. The control group was fed normal
chow while a combination of 60% high-fat (HF) diet
and 20% fructose was provided to NAFLD and osthol
groups. The fructose was provided in drinking water to
NAFLD and osthol groups. From the 9th to 14th wk the
NAFLD and osthol groups were treated orally 5 times/
wk with normal saline (200 μL) and osthol 20 mg/kg, respectively[14,16,17] (dissolved in sodium carboxymethyl cellulose and later in normal saline to make 200 μL volume).
After 14 wk, anesthetized animals were euthanized by
thoracotomy and blood samples were withdrawn by cardiac puncture. The liver tissues were extracted for polymerase chain reaction (PCR), hematoxylin and eosin (HE)
staining and immunohistostaining analysis. The experimental protocol was approved by Hanyang Institutional
Animal Care and Use Committee (HY-IACUC-11-064).
Body weight assessment
The body weight of the animals was measured weekly
from the start of the experiment to just before sacrifice
to evaluate the changes in body weight.
Oral glucose tolerance test and serum aspartate
transaminase/alanine transaminase
An oral glucose tolerance test (OGTT) was performed
as follows[18]: briefly, after overnight fasting, the blood
glucose level was measured through the tail vein at 0, 30,
60, 90, and 120 min after an oral glucose load of 2 g/kg
body weight. After 14 wk, serum aspartate transaminase
(AST) and alanine transaminase (ALT) were measured
from the blood of sacrificed animals using a biochemical
analytical system (Hitachi-747; Hitachi, Tokyo, Japan).
Histology and immunohistochemistry
Formalin-fixed paraffin embedded sections of liver tissue samples were stained with HE for microscopic analysis. To assess hepatic steatosis, the tissue sections were
scored for activity (degree of inflammation) and stage
(degree of fibrosis) of disease according to the histological grading and staging systems, respectively. Hepatic steatosis was graded as follows: < 5% (score, 0); 5%-33%
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Figure 1 Changes in body weight of control, non-alcoholic fatty liver disease and osthol groups. NAFLD: Non-alcoholic fatty liver disease.

Figure 3 Changes in serum glucose levels following the oral glucose tolerance test. NAFLD: Non-alcoholic fatty liver disease.
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activity, 0-4; and fibrosis, 0-4. For immunohistochemistry, the sections were stained with 4-hydroxynonenal
(4-HNE) antibodies (Abcam, Cambridge, MA, USA) to
assess lipid peroxidation. The macrophages were stained
using F4/80 antibodies (Santa Cruz, CA, USA).
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Figure 2 Effect of osthol on serum aspartate transaminase/alanine transaminase and glucose levels. Changes in serum ASLT/ALT of control, nonalcoholic fatty liver disease (NAFLD) and osthol groups (A and B). Osthol treatment decreased serum glucose levels (C). AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase. aP < 0.05.

(score, 1), > 33%-66% (score, 2) and > 66% (score, 3);
steatosis, 0-3; lobular inflammation, 0-4; portoperiportal
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PCR expression of SREBP1c, FAS, SCD-1, PPAR-α ,
CROT, IRS-1 and -2, and MCP-1
The total liver tissue RNA of each group was acquired
using the Trizol Reagent (Invitrogen, United States).
The RNA purity (1.9-2.0) was measured based on ration A260-280 with the Nano drop ND-2000 spectrophotometer (Thermo Fisher Scientific Inc., USA). The
PCR had an incubation time of 10 min at 95 ℃ then
35 cycles (10 s at 95 ℃, 59 ℃, and 72 ℃ each) and 15 s
at 65 ℃ for the final step. Image density was measured
with Image J (http://rsb.info.nih.gov/ij/index.html).
The primer sets used were as follows: GAPDH (Gene
Bank ID: 24383) forward, 5’-TGC CAC TCA GAA
GAC TGT GG-3’; reverse, 5’-TTC AGC TCT GGG
ATG ACC TT-3’; SREBP1c (Gene Bank ID: 78968)
forward, 5’-CGT TGT ACT GCA GCC ACA CT-3’; reverse, 5’-TGT GCT GTA AGA AGC GGA TG-3’; FAS
(Gene Bank ID: 50671) forward, 5’-GAG TCT GTC
TCC CGC TTG AC-3’; reverse, 5’-CCC TCC AGC
ATG TAG ACC TT-3’; SCD-1 (Gene Bank ID: 246074)
forward, 5’-ACC TTG CTC TGG GGG ATA TT-3’;
reverse, 5’-GAT GAA GCA CAT GAG CAG GA-3’;
PPAR-α (Gene Bank ID: 25747) forward, 5’-GAC AAG
GCC TCA GGA TAC CA-3’; reverse, 5’-GTC TTC
TCA GCC ATG CAC AA-3’; IRS-1 (Gene Bank ID:
25467) forward, 5’-ACA CAG CTG CAC AGA CCA
AC-3’; reverse, 5’-CCC AAC TCA ACT CCA CCA
CT-3’; IRS-2 (Gene Bank ID: 29376) forward, 5’-CAT
CCA TGG CCT TCT CTC TC-3’; reverse, 5’-CCA
TGA GAC TTA GCC GCT TC-3’; CROT (Gene Bank
ID: 83842) forward, 5’-TCC GGA TGC TGT TTT
CTA CC-3’; reverse 5’-GTT GCA TGT GGA CTG
GTG TC-3’; ATF6 (Gene Bank ID: 304962) forward, 5’
-CCC ACC AAA GGT CAG ACT GT-3’; reverse, 5’-
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Figure 4 Effect of osthol on liver histology. Hematoxylin and eosin staining showing the difference in periportal inflammation and fat content between control,
NAFLD and osthol groups (A-E). aP < 0.05.
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Figure 5 4-hydroxynonenal immunohistostaining comparing control, non-alcoholic fatty liver disease, and osthol groups (A-D). The NAFLD group shows
increased 4-hydroxynonenal (4-HNE) immunohistostaining compared with the osthol group. NAFLD: Non-alcoholic fatty liver disease.

CTT GGG ACT TTG AGC CTC TG-3’; MCP1 (Gene
Bank ID: 24770) forward, 5’-TAG CAT CCA CGT
GCT GTC TC-3’; reverse, 5’-GCT TGA GGT GGT
TGT GGA AA-3’.
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Statistical analysis
All experiments were independently repeated 3 times. The
values are expressed as mean ± standard deviation. Statistical analysis was performed using SPSS for Windows
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Figure 6 F4/80 immunohistostaining comparing control, non-alcoholic fatty liver disease, and osthol groups showing no significant difference between
the groups (A-C). NAFLD: Non-alcoholic fatty liver disease.

version 18.0 (SPSS Inc., Chicago, IL, USA). One-way
analysis of variance was performed to compare the means
of different values, and a P-value < 0.05 was considered
significant.

RESULTS
Physical and biochemical parameters
The average body weight of both NAFLD and osthol
groups were higher than in the control group. However,
there was no statistically significant difference in body
weights of NAFLD and osthol groups (695.4 ± 61.2 g
vs 685.7 ± 86.62 g, P = 0.78) (Figure 1). Moreover, the
serum AST and ALT levels among the 3 groups also did
not show any statistically significant difference (Figure
2A and B). The fasting blood glucose levels of both
NAFLD and osthol groups were higher than controls.
However, compared with the NAFLD group, fasting
blood glucose was lower in the osthol group (258.3
mg/dL vs 175.8 mg/dL, P < 0.04) (Figure 2C). Glucose
intolerance was assessed using the OGTT. In NAFLD
and osthol treatment groups, the area under the receiver
operating characteristic curve for the osthol group was
lower than that for the NAFLD group, but this difference was not statistically significant (Figure 3).
Hepatic fat content, intrahepatic inflammation, and
fibrosis
On HE staining the osthol group showed a statistically
significant (P = 0.021) decrease in hepatic fat content
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compared with the NAFLD (21% and 39.44% respectively). However, there was no difference in periportal
inflammation and degree of intrahepatic fibrosis between
the NAFLD and osthol groups (Figure 4A-E). 4-HNE
immunohistochemistry was performed to evaluate the
extent of lipid peroxidation. 4-HNE staining revealed
that the osthol group had a decrease in lipid peroxidation
compared with the NAFLD group, but the difference
was not statistically significant (Figures 5 and 6).
SREBP1c, FAS, SCD-1, PPAR-α , and CROT expression
The transcription factor sterol regulatory element binding protein-1c (SREBP1c) regulates several lipogenic
enzymes including acetyl-CoA carboxylase, pyruvate kinase, fatty acid synthase (FAS), and stearyl-CoA desaturase (SCD-1)[19-23]. SREBP1c, FAS and SCD-1 expression
is increased in NAFLD[24,25]. We assessed the mRNA
expressions of SREBP1c, FAS and SCD-1 to evaluate de
novo intrahepatic fatty acid synthesis. SREBP1c expression increased in both NAFLD (P < 0.0001) and osthol
groups compared with the control group. However, the
expression of SREBP1c was lower in the osthol group
compared with the NAFLD group (P = 0.0059) (Figure
7A). Similarly, the expression of both FAS and SCD-1
also increased in the osthol and NAFLD groups, but the
expression was lower in the osthol compared with the
NAFLD group (P = 0.001 and P = 0.059 respectively)
(Figure 7B and C).
The mRNA expression of PPAR-α and carnitine octanoyltransferase (CROT) was assessed to evaluate intra-
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Figure 7 Polymerase chain reaction expressions of SREBP1c, FAS, SCD-1, PPAR-α and CROT. Compared with the NAFLD group, osthol treatment decreased
SREBP1c, FAS, and SCD-1 expression (A-C), and increased PPAR-α and CROT expression (D and E). aP < 0.05.

hepatic lipids metabolism. The PPARs transcriptionally
regulate certain genes including PPAR-α and PPAR-γ,
which in turn regulate lipid metabolizing enzymes[14].
In the osthol group, PPAR-α expression significantly
increased compared with that in the NAFLD group (P
= 0.0147) (Figure 7D). Similarly, mRNA expression of
CROT, which controls the transfer of fatty acids to mitochondria for β-oxidation, also increased in the osthol
group, although it was not significantly different from
the NAFLD group (Figure 7E).
IRS-1, IRS-2, ATF6 and MCP-1 expressions
There was no statistically significant change in insulin receptor substrate-1 (IRS-1) and IRS-2 expressions (Figure
8A-B). Moreover, there was also no significant difference
in expression of monocyte chemo-attractant protein-1
and activating transcription factor-6 (ATF6), an endoplasmic stress marker, between the osthol and NAFLD
groups (Figure 8C and D).
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DISCUSSION
NAFLD usually has a benign clinical course[26]; however,
its inflammatory counterpart, the NASH can progress to
chronic liver disease and fibrosis. Therefore, a reduction
in hepatic inflammation and fibrosis is considered more
important than a reduction in hepatic fat content. NASH
is a “multi-hit” disease process which results from intrahepatic fat accumulation, increased oxidative stress,
and abnormal hepatocyte adaptation[4]. The increased
oxidative stress is an important risk factor leading to the
progression of simple steatosis to steatohepatitis. In the
current study, osthol treatment decreased the hepatic
fat content mainly by decreasing de novo hepatic fat synthesis. Previous studies also reported that osthol treatment decreased hepatic fat content in NAFLD[15,27]. The
decreased hepatic fat content is mainly due to improved
insulin resistance and increased fat oxidation by PPAR-α
activation.
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Figure 8 Polymerase chain reaction expressions of IRS-1, IRS-2, ATF6 and MCP-1 (A-D) showing no statistically significant differences between the groups.

Qi et al[13] reported that osthol treatment decreased
HOMA-IR in NAFLD. In our study, osthol treatment
lowered fasting blood glucose levels; however, there was
no significant difference in OGTT between osthol and
NAFLD groups, suggesting that osthol treatment did
not affect the hepatic transcription factors involved in
the insulin signaling pathway. SREBP1c is a key molecule in triglyceride synthesis. SCD-1 acts downstream
of SREBP1 and FAS in the triglyceride synthesis pathway. In the current study, osthol treatment significantly
decreased SREBP1c, FAS and SCD-1 expression. Moreover, compared with the NAFLD group, osthol treatment also increased PPAR- α and CROT expression,
suggesting that osthol increases fatty acid oxidation.
ATF6, an ER stress marker, was also decreased in the
osthol group, but this was not statistically significant.
Zhang et al[16] reported a decrease in tumor necrosis
factor-α, SOD and malondialdehyde following osthol
administration. Moreover, previous studies also reported
the possibility of decreased intrahepatic inflammation
because of a reduction in surrogate markers of inflammation. However, none of the previous studies showed that
osthol could attenuate intrahepatic inflammation as well
as hepatic apoptosis. In our study, osthol administration
did not decrease hepatic inflammation, fibrosis, and aminotransferases. Moreover, the MCP-1 and Kupffer cells,
which have a crucial role in NASH development, were
also not changed (Figures 6 and 8D, respectively). Furthermore, only Sun et al[27] showed that osthol decreased
intrahepatic oxidative stress using an alcoholic fatty liver
model. However, the oxidative stress has a different role
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in NAFLD and alcoholic fatty liver disease; therefore,
these results cannot be compared directly.
Our study had the following limitations: First due to
small size of the study, we used blood glucose, OGTT
test, and total IRS to assess insulin resistance; however,
the euglycemic clamp test is the gold standard for measuring insulin resistance[28]. Second, to induce liver inflammation and fibrosis, an HF diet was applied for 14
wk. However, to further evaluate the efficacy of osthol
on liver inflammation and fibrosis, the duration of the
HF diet should be extended, or genetically modified
animals along with diet model should be used. Third,
we did not evaluate the decrease in hepatic fat synthesis
caused by decreased SREBP1c due to hepatocyte adaptation or apoptosis. Further studies are needed to evaluate
the efficacy of osthol in improving liver inflammation
and mitochondrial β-oxidation.
In conclusion, osthol administration for 6 wk decreased de novo hepatic fat synthesis and improved fatty
liver by decreasing SREBP1c and increasing PPAR activation; however, the osthol treatment did not attenuate
intrahepatic inflammation and fibrosis. Osthol may be
used as a potential therapeutic agent to prevent NAFLD
progression as a result of its ability to decrease de novo
hepatic fat synthesis and to increase fatty acid oxidation.

COMMENTS
COMMENTS
Background

The “two hit’’ theory is the widely accepted theory to explain non-alcoholic fatty
liver disease pathophysiology. The first hit comprises accelerated lipidsaccumula-

11759

September 7, 2014|Volume 20|Issue 33|

Nam HH et al . Effects of osthol on NAFLD
tion, while the second hit comprises increased lipid oxidation in the liver. Osthol,
a coumarin compound, possesses anti-inflammatory and fat oxidizing properties.
The authors aimed to evaluate the effects of osthol on hepatic fat content.

Research frontiers

Osthol has anti-inflammatory and fat oxidization effects. In this study, the authors to simultaneously evaluated the effects of osthol on fat oxidation, inflammation, fibrosis and insulin resistance pathways.

Innovations and breakthroughs

The fat oxidizing effects of osthol have already been well documented. However, interestingly, none of previous studies evaluated the effect of osthol on liver
inflammation and fibrosis in addition to the fat oxidizing effects. This is the first
study to evaluate simultaneously the effects of osthol on inflammation, fibrosis,
fat oxidation, and insulin resistance.

11
12

Applications

13

Terminology

14

By understanding the mechanism of osthol effects on various pathways involved in NAFLD pathology, this study provides useful information for future
studies and also highlights the potential use of osthol to slow progression of
NAFLD.
Cnidium monnieri fruits are used in traditional Chinese medicine. Osthol is the
active ingredient of Cnidium monnieri extracts.

Peer review

In this study Ho Hyun Nam et al investigated the effects of osthol on intrahepatic fat synthesis, β-oxidation, inflammation and insulin resistance by
multifaceted-analysis in a group of 30 rats randomly divided into control, NASH
and osthol groups.

15

16

REFERENCES
1

2

3

4

5
6

7
8
9

10

Lazo M, Hernaez R, Bonekamp S, Kamel IR, Brancati FL,
Guallar E, Clark JM. Non-alcoholic fatty liver disease and
mortality among US adults: prospective cohort study. BMJ
2011; 343: d6891 [PMID: 22102439]
Wong VW, Chu WC, Wong GL, Chan RS, Chim AM, Ong
A, Yeung DK, Yiu KK, Chu SH, Woo J, Chan FK, Chan HL.
Prevalence of non-alcoholic fatty liver disease and advanced
fibrosis in Hong Kong Chinese: a population study using
proton-magnetic resonance spectroscopy and transient elastography. Gut 2012; 61: 409-415 [PMID: 21846782]
Targher G, Byrne CD. Clinical Review: Nonalcoholic fatty
liver disease: a novel cardiometabolic risk factor for type 2
diabetes and its complications. J Clin Endocrinol Metab 2013;
98: 483-495 [PMID: 23293330]
Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic fatty liver disease: the multiple parallel hits hypothesis. Hepatology 2010; 52: 1836-1846 [PMID: 21038418 DOI:
10.1002/hep.24001]
Koteish A, Mae Diehl A. Animal models of steatohepatitis.
Best Pract Res Clin Gastroenterol 2002; 16: 679-690 [PMID:
12406439]
Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl
AM, Bass NM, Neuschwander-Tetri BA, Lavine JE, Tonascia J, Unalp A, Van Natta M, Clark J, Brunt EM, Kleiner
DE, Hoofnagle JH, Robuck PR. Pioglitazone, vitamin E, or
placebo for nonalcoholic steatohepatitis. N Engl J Med 2010;
362: 1675-1685 [PMID: 20427778]
Angulo P. Nonalcoholic fatty liver disease. N Engl J Med
2002; 346: 1221-1231 [PMID: 11961152]
Bugianesi E, McCullough AJ, Marchesini G. Insulin resistance: a metabolic pathway to chronic liver disease. Hepatology 2005; 42: 987-1000 [PMID: 16250043]
Ratziu V, Charlotte F, Bernhardt C, Giral P, Halbron M,
Lenaour G, Hartmann-Heurtier A, Bruckert E, Poynard T.
Long-term efficacy of rosiglitazone in nonalcoholic steatohepatitis: results of the fatty liver improvement by rosiglitazone therapy (FLIRT 2) extension trial. Hepatology 2010;
51: 445-453 [PMID: 19877169 DOI: 10.1002/hep.23270]
Ratziu V, Giral P, Jacqueminet S, Charlotte F, Hartemann-

WJG|www.wjgnet.com

17

18

19
20
21
22

23
24

25

26

11760

Heurtier A, Serfaty L, Podevin P, Lacorte JM, Bernhardt C,
Bruckert E, Grimaldi A, Poynard T. Rosiglitazone for nonalcoholic steatohepatitis: one-year results of the randomized
placebo-controlled Fatty Liver Improvement with Rosiglitazone Therapy (FLIRT) Trial. Gastroenterology 2008; 135:
100-110 [PMID: 18503774]
Mehta K, Van Thiel DH, Shah N, Mobarhan S. Nonalcoholic
fatty liver disease: pathogenesis and the role of antioxidants.
Nutr Rev 2002; 60: 289-293 [PMID: 12296456]
Miller ER, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel
LJ, Guallar E. Meta-analysis: high-dosage vitamin E supplementation may increase all-cause mortality. Ann Intern Med
2005; 142: 37-46 [PMID: 15537682]
Qi Z, Xue J, Zhang Y, Wang H, Xie M. Osthole ameliorates
insulin resistance by increment of adiponectin release in
high-fat and high-sucrose-induced fatty liver rats. Planta
Med 2011; 77: 231-235 [PMID: 20717873 DOI: 10.1055/
s-0030-1250268]
Zhang Y, Xie ML, Xue J, Gu ZL. Osthole regulates enzyme
protein expression of CYP7A1 and DGAT2 via activation of
PPARalpha/gamma in fat milk-induced fatty liver rats. J Asian
Nat Prod Res 2008; 10: 807-812 [PMID: 18696335 DOI: 10.1080/1
0286020802102303]
Zhang J, Xue J, Wang H, Zhang Y, Xie M. Osthole improves
alcohol-induced fatty liver in mice by reduction of hepatic
oxidative stress. Phytother Res 2011; 25: 638-643 [PMID:
20981870 DOI: 10.1002/ptr.3315]
Zhang Y, Xie ML, Zhu LJ, Gu ZL. Therapeutic effect of
osthole on hyperlipidemic fatty liver in rats. Acta Pharmacol Sin 2007; 28: 398-403 [PMID: 17303003 DOI: 10.1111/
j.1745-7254.2007.00533.x]
Zhang Y, Xie M, Xue J, Gu Z. Osthole improves fat milkinduced fatty liver in rats: modulation of hepatic PPARalpha/gamma-mediated lipogenic gene expression. Planta
Med 2007; 73: 718-724 [PMID: 17611927 DOI: 10.1055/
s-2007-981552]
Ota T, Takamura T, Kurita S, Matsuzawa N, Kita Y, Uno
M, Akahori H, Misu H, Sakurai M, Zen Y, Nakanuma Y,
Kaneko S. Insulin resistance accelerates a dietary rat model
of nonalcoholic steatohepatitis. Gastroenterology 2007; 132:
282-293 [PMID: 17241878 DOI: 10.1053/j.gastro.2006.10.014]
Tessari P, Coracina A, Cosma A, Tiengo A. Hepatic lipid
metabolism and non-alcoholic fatty liver disease. Nutr Metab
Cardiovasc Dis 2009; 19: 291-302 [PMID: 19359149]
Brown MS, Goldstein JL. The SREBP pathway: regulation of
cholesterol metabolism by proteolysis of a membrane-bound
transcription factor. Cell 1997; 89: 331-340 [PMID: 9150132]
Browning JD, Horton JD. Molecular mediators of hepatic
steatosis and liver injury. J Clin Invest 2004; 114: 147-152
[PMID: 15254578]
Shimomura I, Shimano H, Horton JD, Goldstein JL, Brown
MS. Differential expression of exons 1a and 1c in mRNAs for
sterol regulatory element binding protein-1 in human and
mouse organs and cultured cells. J Clin Invest 1997; 99: 838
Adams LA, Angulo P, Lindor KD. Nonalcoholic fatty liver
disease. CMAJ 2005; 172: 899-905 [PMID: 15795412]
Shimomura I, Bashmakov Y, Horton JD. Increased levels
of nuclear SREBP-1c associated with fatty livers in two
mouse models of diabetes mellitus. J Biol Chem 1999; 274:
30028-30032 [PMID: 10514488]
Kohjima M, Higuchi N, Kato M, Kotoh K, Yoshimoto T,
Fujino T, Yada M, Yada R, Harada N, Enjoji M, Takayanagi
R, Nakamuta M. SREBP-1c, regulated by the insulin and
AMPK signaling pathways, plays a role in nonalcoholic
fatty liver disease. Int J Mol Med 2008; 21: 507-511 [PMID:
18360697]
Teli MR, James OF, Burt AD, Bennett MK, Day CP. The natural history of nonalcoholic fatty liver: a follow-up study.
Hepatology 1995; 22: 1714-1719 [PMID: 7489979]

September 7, 2014|Volume 20|Issue 33|

Nam HH et al . Effects of osthol on NAFLD
27

28

Sun F, Xie ML, Xue J, Wang HB. Osthol regulates hepatic
PPAR alpha-mediated lipogenic gene expression in alcoholic fatty liver murine. Phytomedicine 2010; 17: 669-673 [PMID:
20042322]
Skrha J, Haas T, Sindelka G, Prázný M, Widimský J, Cibula

D, Svacina S. Comparison of the insulin action parameters
from hyperinsulinemic clamps with homeostasis model assessment and QUICKI indexes in subjects with different endocrine disorders. J Clin Endocrinol Metab 2004; 89: 135-141
[PMID: 14715840]
P- Reviewer: Mohn A, Sanal MG, Qu S
S- Editor: Qi Y L- Editor: Cant MR E- Editor: Liu XM

WJG|www.wjgnet.com

11761

September 7, 2014|Volume 20|Issue 33|

World J Gastroenterol 2014 September 7; 20(33): 11762-11769
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i33.11762

© 2014 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Comparison of Abbott and Da-an real-time PCR for
quantitating serum HBV DNA
Ning Qiu, Rui Li, Jian-Guo Yu, Wen Yang, Wei Zhang, Yong An, Tong Li, Xue-En Liu, Hui Zhuang
Ning Qiu, Rui Li, Tong Li, Xue-En Liu, Hui Zhuang, Department of Microbiology and Infectious Disease Center, School of
Basic Medical Sciences, Peking University Health Science Center, Beijing 100191, China
Jian-Guo Yu, Wen Yang, Wei Zhang, Yong An, Department of
Internal Medicine, Liver Disease Center, No. 88 Hospital of People’s Liberation Army, Taian 27100, Shandong Province, China
Author contributions: Qiu N and Li R performed the majority
of experiments; Yu JG, Yang W, Zhang W and An Y managed
the clinical therapy and collected serum samples; Qiu N and Liu
XE performed the analysis and interpretation of data; Liu XE
designed this comparative study and was involved in writing and
editing the manuscript; Li T and Zhuang H revised the manuscript critically for important content.
Supported by A Major Science and Technology Special Project
of China Twelfth Five-year Plan, No. 2013ZX10002004 and No.
2012ZX10002003
Correspondence to: Xue-En Liu, MD, Associate Professor
of Microbiology, Department of Microbiology and Infectious
Disease Center, School of Basic Medical Sciences, Peking University Health Science Center, No. 38 Xueyuan Road, Haidian
District, Beijing 100191, China. xueenliu@bjmu.edu.cn
Telephone: +86-10-82802413 Fax: +86-10-82802413
Received: December 2, 2013 Revised: March 27, 2014
Accepted: April 21, 2014
Published online: September 7, 2014

RESULTS: The HBV DNA values measured by the Abbott or Da-an assay were significantly correlated with
the expected values of HBV DNA standards (r = 0.999,
for Abbott; r = 0.987, for Da-an, P < 0.001). A BlandAltman plot showed good agreement between these
two assays in detecting HBV DNA standards. Among
the 180 clinical serum samples, 126 were quantifiable
by both assays. Fifty-two samples were detectable by
the Abbott assay but below the detection limit of the
Da-an assay. Moreover, HBV DNA levels measured by
the Abbott assay were significantly higher than those
of the Da-an assay (6.23 ± 1.76 log IU/mL vs 5.46 ±
1.55 log IU/mL, P < 0.001). A positive correlation was
observed between HBV DNA concentrations determined
by the two assays in 126 paired samples (r = 0.648,
P < 0.001). One hundred and fifteen of 126 (91.3%)
specimens tested with both assays were within mean
difference ± 1.96 SD of HBV DNA levels.
CONCLUSION: The Da-an assay presented lower sensitivity and a narrower linear range as compared to the
Abbott assay, suggesting the need to be improved.

Abstract
AIM: To compare the performance of the Da-an realtime hepatitis B virus (HBV) DNA assay and Abbott RealTime HBV assay.
METHODS: HBV DNA standards as well as a total of
180 clinical serum samples from patients with chronic
hepatitis B were measured using the Abbott and Daan real-time polymerase chain reaction (PCR) assays.
Correlation and Bland-Altman plot analysis was used
to compare the performance of the Abbott and Daan assays. The HBV DNA levels were logarithmically
transformed for analysis. All statistical analyses were
performed using SPSS for Windows version 18.0. The
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correlation between the two assays was analyzed by
Pearson’s correlation and linear regression. The BlandAltman plots were used for the analysis of agreement
between the two assays. A P value of < 0.05 was considered statistically significant.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Hepatitis B virus DNA
quantitation; Real-time polymerase chain reaction;
Chronic hepatitis B; Antiviral therapy
Core tip: The hepatitis B virus (HBV) DNA values measured by the Abbott or Da-an real-time polymerase
chain reaction assay were significantly correlated with
the expected values of HBV DNA standards. A BlandAltman plot showed good agreement between the assays. For clinical evaluation, HBV DNA levels derived
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from the Abbott assay were significantly higher than
those of the Da-an assay.
Qiu N, Li R, Yu JG, Yang W, Zhang W, An Y, Li T, Liu XE,
Zhuang H. Comparison of Abbott and Da-an real-time PCR for
quantitating serum HBV DNA. World J Gastroenterol 2014;
20(33): 11762-11769 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11762.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11762

INTRODUCTION
An estimated 350 million people worldwide are chronically infected with hepatitis B virus (HBV) and about
one-third of these live in China [1]. The spectrum of
disease and natural history of chronic HBV infection
are diverse and variable, ranging from an inactive carrier
state to progressive chronic hepatitis B (CHB), which
may evolve to cirrhosis and hepatocellular carcinoma
(HCC)[2]. Longitudinal studies of untreated patients with
CHB indicate that the 5-year cumulative incidence of
developing cirrhosis ranges from 8% to 20% following
diagnosis. The 5-year cumulative incidence of hepatic
decompensation is approximately 20% for untreated
patients with compensated cirrhosis. Untreated patients
with decompensated cirrhosis have a poor prognosis,
with only a 14%-35% probability of survival at 5 years.
The annual incidence of HBV-related HCC in patients
with cirrhosis ranges from 2% to 5%[2]. Antiviral therapy
against HBV is an important measure for preventing and
delaying progression of the disease from CHB to cirrhosis, end-stage liver disease, HCC, and death[3]. During
therapy, quantification of HBV DNA plays a crucial role
in the management of CHB by allowing criteria to be
established for determining patient eligibility for antiviral
therapy, monitoring treatment response, and identifying
the emergence of resistance in order to adapt therapy[4].
Sensitive and accurate quantification of HBV DNA is
necessary to monitor patients with CHB who are receiving antiviral therapy[5]. An assay with good sensitivity and
accurate detection for quantitating HBV DNA level will
contribute to optimal monitoring of antiviral therapy,
early confirmation of drug resistance, and timely treatment adaption. Measurement of viral load is mostly accomplished by detection of HBV DNA in serum or plasma with nucleic acid amplification or signal amplification
technologies. Real-time polymerase chain reaction (PCR),
one of the target (HBV DNA) amplification techniques,
has been developed with more sensitivity and broader
dynamic range when compared to signal amplification
technique[4]. Several real-time PCR-based commercially
available tests for the quantitation of HBV DNA in serum or plasma specimens are routinely used in diagnostic
laboratories in China. The Da-an real-time HBV DNA
assay (Da-an Gene Co. Ltd, Sun Yat-Sen University,
Guangdong, China) is one of them. However, interna-
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tionally ubiquitous real-time assays, including the COBAS TaqMan HBV test (Roche Molecular Diagnostics,
Pleasonton, CA, United States), Abbott RealTime HBV
assay (Abbott Molecular, Des Plaines, IL, United States),
and the Artus RealART HBV LC PCR kit (QIAGEN,
Hamburg, Germany) are rarely used in clinical practice in
China due to their high cost.
The present comparative study was carried out to explore the difference and correlation between a domestic
assay (Da-an assay) and an internationally accepted assay
(the Abbott assay). The performance of the two assays
was evaluated, and the correlation and agreement between them were analyzed.

MATERIALS AND METHODS
Clinical samples
A total of 48 patients with chronic hepatitis B aged 17-65
years (35 male and 13 female) was enrolled in this study.
These patients had received adefovir as antiviral therapy
at the hospital since 2010. A hundred and eighty serum
samples were obtained at week 0, 12, 24, 36 and 48 during antiviral treatment. All samples were stored in the
laboratory at -70 ℃.
This study was approved by the Ethics Committee of
Peking University Health Science Center in accordance
with the Helsinki Declaration. Informed consent was obtained from each patient.
Standards (reference sera)
A panel of reference sera for quantitating HBV DNA
was provided by the Chinese National Institutes for Food
and Drug Control. The HBV DNA reference panel was
used to evaluate the sensitivity of the assays, which consisted of eight negative controls (N1-8), nine positive
controls (P1-9), and seven sensitivity standards (L0-6).
The sensitivity standards L0-6 were made from a dilution
series of a single serum sample with HBV-marker-negative serum. This panel of reference sera was standardized by the WHO international standard for HBV DNA
(NIBSC10/264) and was measured with several internationally accepted commercial assays for quantitating HBV
DNA. The range of concentrations of the sensitivity sera
L0-6 are listed in Table 1, and the logarithmic mean concentrations of standards L0-6 were 2.04, 3.64, 4.72, 5.67,
6.65, 7.62 and 8.34 log IU/mL, respectively. The HBV
genotype of the sensitivity standard (L0-6) is genotype B.
The panel was produced by the Chinese National Institutes for Food and Drug Control and data were provided
by the package insert instruction of the panel. The panel
was stored at -70 ℃.
Abbott realtime HBV assay
The serum samples were processed using m2000sp, an
automatic nucleic acid extraction apparatus that uses a
magnetic microparticle-based principal for DNA purification. Amplification was performed on an Abbott
m2000rt real-time instrument. An initial serum volume
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were shown as 40, 0 or blank.

Table 1 Inter-assay analysis of hepatitis B virus DNA levels
of reference sera measured by the Abbott and Da-an assays
Expected concentration Abbott assay
of HBV DNA standard (log IU/mL)
(mean ± SD)
(log IU/mL)
L0: 8.34 (7.89-8.79)
L1: 7.62 (7.17-8.07)
L2: 6.65 (6.20-7.10)
L3: 5.67 (5.22-6.12)
L4: 4.72 (4.26-5.17)
L5: 3.64 (3.18-4.09)
L6: 2.04 (1.59-2.49)

8.64 ± 0.07
7.91 ± 0.04
6.89 ± 0.05
5.89 ± 0.01
4.92 ± 0.08
3.85 ± 0.24
2.33 ± 0.07

CV

Da-an assay
(log IU/mL)
(mean ± SD)

CV

0.8%
0.5%
0.7%
0.2%
1.7%
1.1%
3.0%

8.13 ± 0.17
7.65 ± 0.10
6.79 ± 0.01
6.53 ± 0.65
5.27 ± 0.21
3.96 ± 0.04
2.19 ± 0.01

2.0%
1.3%
0.2%
10.0%
3.9%
1.0%
0.4%

CV: Coefficients of variation; HBV: Hepatitis B virus.

of 200 μL was used for the nucleic acid extraction, and
the final elution volume was 70 μL. Fifty microliters of
elute was used as an amplification template. 15 IU/mL
(1.18 log IU/mL, for 200-μL sample) of the limit of
detection (LOD) in the Abbott assay was determined by
testing dilutions of the WHO International Standard for
HBV DNA (NIBSC97/746). The upper limit of quantitation for the Abbott assay was 109 IU/mL and the lower
limit of quantitation was equivalent to LOD (15 IU/mL
for 0.2-mL sample). A specimen with a result of “not
detected” was defined to be negative and a result of “<
15 IU/mL” was presumed to be under the limit of detection. Samples with HBV DNA levels above the upper
limit (109 IU/mL) were diluted and remeasured at appropriate concentrations.
The Da-an real-time PCR HBV DNA assay
The procedure of the Da-an real-time PCR HBV DNA
assay (catalog number: DA-D051) consisted of extracting nucleic acid manually followed by DNA quantitation
with real-time PCR. Nucleic acid extraction in detail: (1)
serum sample with a starting volume of 100 μL was prepared in an Eppendorf tube, then 100 μL concentrated
solution was added and mixed by pulse vortexing for 5
s; (2) centrifugation at 12000 rpm for 10 min; (3) discard
the upper liquid, then add the extraction reagent 20 μL
to the precipitation and mix by pulse vortexing for 5-10 s,
centrifuge for 5 s; (4) the tube was placed in a water bath
at 100 ℃ for 10 min; and (5) centrifugation at 12000 rpm
for 5 min, and the final 20 μL of extracted nucleic acid
was used as the template. Two microliters of the purified
nucleic acid was added to the real-time PCR mixture (for
a final volume of 45 μL) for amplifying the target HBV
surface gene. The TaqMan probe was used in this realtime PCR amplification system, which was performed
on a LightCycler 480 system (Roche) by incubating the
reaction mixture at 93 ℃ for 2 min, followed by 40 cycles
of PCR amplification at 93 ℃ for 5 s and 57 ℃ for 45 s.
The dynamic range of the Da-an assay was 103-108 IU/
mL for the first-generation products. The result of HBV
DNA level “< 3 log IU/mL” was also reported and considered as an inaccurate result because it was beyond the
linear (dynamic) range. It was reported as negative while
the CT (the cycle of threshold) values of the samples
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HBV genotyping
HBV DNA was extracted from 200 μL serum using
a QIAamp DNA Blood Kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instructions.
Nested PCR was used to amplify the entire reverse transcriptase (RT) region of HBV. The PCR conditions and
the sequences of the nested PCR primers were the same
as described by Yang et al[6]. The product of PCR with
approximately 1195 base pairs was visualized on 1% agarose gel, purified, and sequenced commercially (Shanghai
Invitrogen Biotechnology Co. Ltd., Shanghai, China)
HBV genotyping was determined using the NCBI Viral Genotyping Tool (http://www.ncbi.nlm.nih.gov/projects/genotyping/formpage.cgi) and phylogenetic analysis
with MEGA 4.0 software.
Statistical analysis
The HBV DNA levels were logarithmically transformed
for analysis. All statistical analyses were performed using SPSS for Windows version 18.0 (SPSS, Chicago, IL,
United States). The correlation between the two assays
was analyzed by Pearson’s correlation and linear regression. The Bland-Altman plots were used for the analysis
of agreement between the two assays. A P value of < 0.05
was considered statistically significant.

RESULTS
Analytical evaluation
A total of eight negative references and nine positive
references from the HBV DNA standard panel sera were
correctly detected by the Abbott or Da-an assay. For the
seven sensitivity references, as shown in Figure 1, HBV
DNA values measured by the Abbott or Da-an assays
were significantly correlated with the expected values of
HBV DNA standards (r = 0.999, P < 0.01, for Abbott; r
= 0.987, P < 0.01, for Da-an, respectively). Furthermore,
good agreement between the results of the two assays
for detecting HBV DNA standards was observed by the
Bland-Altman analysis (Figure 2). All of the difference
values of the paired viral loads were within the range of
mean difference ± 1.96 SD (log IU/mL). The mean value
of differences of the paired viral loads, 95% confidence
interval, and maximal difference were -0.01 log IU/mL,
(-0.77, 0.75) log IU/mL, and 0.64 log IU/mL, respectively, thus indicating that there was no significant difference
between these two assays.
The reference sera L0-6 were tested three times with
the Abbott and Da-an assay over a period of 3 d. All of
the means of quantitative results obtained with the Abbott assay were within the range of the expected values
with the inter-assay variation ranging from 0.2% to 3.0%.
For HBV DNA levels detected with the Da-an assay,
two of the seven mean values were out of the reference
ranges with the inter-assay variation ranging from 0.2%
to 10% (Table 1).
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B
r = 0.999, P < 0.001

r = 0.988, P < 0.001
8.00
Standards HBV DNA (log IU/mL)

Standards HBV DNA (log IU/mL)

8.00

6.00

4.00

R Sq Linear = 1

2.00

6.00

4.00

R Sq Linear = 0.976

2.00
2.00

4.00
6.00
Abbott assay HBV DNA (log IU/mL)

8.00

2.00

4.00
6.00
Da-an Assay HBV DNA (log IU/mL)

8.00

Difference between HBV DNA levels measured
with Abbott and Da-an assays (log IU/mL)

Figure 1 Correlation analysis. Correlation analysis between the expected hepatitis B virus (HBV) DNA concentration (log IU/mL) in the sensitivity references (standards) and the corresponding test results in the Abbott (A) and Da-an (B) assays. Each point represents the mean log IU/mL of three data points tested over 3 d.

+1.96 SD
0.75

0.80

Table 2 Comparison between hepatitis B virus DNA levels of
180 serum samples from 48 patients with chronic hepatitis
B measured with the Abbott and Da-an real-time polymerase
chain reaction assays

0.40

Abbott RealTime
assay result
(log IU/mL)

Mean
-0.01

0.00

-1.96 SD
-0.77

≥ 3.00-< 8.00

< 3.00
(negative)

Total

0
3
0
0
3

3
120
1
0
124

0
52
0
1
53

3
175
1
1
180

HBV: Hepatitis B virus.

2.00
4.00
6.00
8.00
Mean of HBV DNA levels measured with Abbott and
An-an assays (log IU/mL)

Figure 2 Bland-Altman analysis. Bland-Altman analysis of hepatitis B virus
(HBV) DNA level measured with the Abbott and Da-an assays in seven sensitivity references of HBV DNA standards. The difference between the Abbott
and Da-an measurements is plotted as a function of the mean of the two values. The area between the dashed lines corresponds to the mean difference ±
1.96 SD.

Clinical evaluation
All of the 48 CHB patients were infected with HBV
genotype C. This genotype dispersal conformed to the
HBV genotype distribution profile in Northern China[3,6].
Among the 180 clinical serum samples, 126 had a detected value by the Da-an assay while 178 were quantitated by the Abbott assay. Comparison of HBV DNA
levels measured by these two assays is shown in Table 2.
The only discrepancy with the results is that one sample
was below the detection limit of the Abbott assay, but
was detectable when quantitated by the Da-an assay. This
serum sample was taken at week 36 of adefovir therapy
from patient No. 1. The HBV DNA levels of this patient
at week 24, 36 and 48 of treatment were 4.77, < 1.18 IU/
and < 1.18 IU/mL, respectively, for the Abbott test, and
3.23, 4.99 and < 3 IU/mL for the Da-an test. It could be
deduced that a false-positive result with the Da-an assay
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≥ 8.00

> 9.00
≥ 1.18-≤ 9.00
< 1.18
Negative
Total

-0.40

-0.80

Da-an real-time HBV DNA assay result (log IU/mL)

may have occurred.
The paired HBV DNA levels of the 126 samples detectable by both assays were analyzed. The mean logarithmic level of HBV DNA quantitated by the Abbott assay
was significantly higher than that by the Da-an assay (6.23
± 1.76 log IU/mL vs 5.46 ± 1.55 log IU/mL, P < 0.01).
As shown in Figure 3, correlation analysis showed that
a significantly positive correlation was obtained between
HBV DNA concentrations (r = 0.648, P < 0.01). In addition, samples were divided into two groups (≥ 5.00 log
IU/mL and < 5.00 log IU/mL) according to the viral
load detected by the Abbott assay. There was a positive
correlation between the paired HBV DNA levels in the
group with a higher viral load (r = 0.665, P < 0.01), but
no correlation in the group with the lower viral load (r =
0.321, P = 0.073).
The agreement analysis for the HBV DNA levels in
126 clinical samples tested by these two assays was shown
in Figure 4. The largest differences in the HBV DNA
values of the paired samples were located in the range
of mean difference ± 1.96 SD (115/126). The proportions of specimens with < 1 log, 1-2 log, and > 2 log
difference of HBV DNA levels between the assays were
44.5% (56/126), 42.0% (53/126) and 13.5% (17/126), respectively. The mean difference value of the paired viral
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Mean of HBV DNA levels measured with Abbott
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Figure 3 Correlation analysis. Correlation analysis between hepatitis B virus
(HBV) DNA levels tested with the Abbott and Da-an assays in 126 paired serum
samples of patients with chronic hepatitis B. HBV DNA levels (log IU/mL) measured with Da-an assay were plotted against viral load (log IU/mL) determined
with the Abbott assay.

loads, 95% confidence interval, and maximal difference
were 0.77, (-1.97, 3.51) and 4.72 log IU/mL, respectively.
Fifty-two samples were detectable by the Abbott assay
but below the detection limit of the Da-an assay. HBV
DNA levels of these 52 samples ranged from 1.26 to 8.39
log IU/mL. The distribution of HBV DNA concentrations were 1.18-2 log IU/mL, 12 samples; 2-3 log IU/
mL, eight samples; 3-4 log IU/mL, nine samples; 4-5 log
IU/mL, four samples; 5-6 log IU/mL, three samples; 6-7
log IU/mL, 10 samples; 7-8 log IU/mL, four samples;
and 8-9 log IU/mL, two samples; respectively.
At the baseline of adefovir dipivoxil therapy, the entire RT region of HBV in serum samples from 48 CHB
patients was amplified and sequenced commercially. Lamivudine resistants (L180M, M204V and M204I) were
found in two of the 48 patients (Nos. 23 and 41). The
HBV DNA levels of patient No. 41 during treatment
follow-up were 8.26 log, 3.91, 3.63, 3.91 and 2.57 log IU/
mL for the Abbott assay; 6.32 log, < 3, < 3, < 3 and < 3
log IU/mL for the Da-an assay. The same trend was observed in another patient. Based on the dynamic changes
of HBV DNA levels, adefovir dipivoxil was an effective
antiviral drug for both of the lamivudine-resistant patients. At the same time, the differences of HBV DNA
levels measured by both assays were also observed.

DISCUSSION
The three major liver societies, the American Association
for the Study of Liver Diseases[7], the European Association for the study of the Liver[2], and the Asia-Pacific
Association for the Study of the Liver[8], have all issued
guidelines for the management of CHB that specify certain HBV DNA thresholds to determine which patients
are candidates for antiviral treatment. Viral load measurement is used not only in the diagnosis of HBV but
also in the monitoring of patients for effective antiviral
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6.00

Figure 4 Bland-Altman analysis. Bland-Altman analysis of hepatitis B virus
(HBV) DNA level measured with the Abbott and Da-an assays in 126 clinical serum samples from patients with chronic hepatitis B. The difference between the
Abbott and Da-an measurements is plotted as a function of the mean of the two
values. The area between the dashed lines corresponds to the mean difference
± 1.96 SD.

treatment, although the respective guidelines differ in the
recommended intervals for such testing. In China, HBV
DNA levels should be detected every 3 mo in patients
with CHB during antiviral therapy[3]. The quantitation of
viral load is a routinely performed molecular test in clinical laboratories. The Da-an real-time HBV DNA test,
produced domestically and approved by the State Food
and Drug Administration, China for in vitro diagnostic
use, is widely used in China. Therefore, it is necessary to
compare the domestic assay to the international standard
assay.
The real-time PCR-based commercial assays for HBV
DNA quantitation used in clinical practice have been
available worldwide for several years. There are some
differences in sensitivity, specificity, dynamic range, and
reproducibility among the assays. Based on our results,
the Abbott RealTime HBV assay has a higher sensitivity
as compared with the Da-an real-time HBV DNA assay
(15 IU for 0.2 mL sample vs 1000 IU for 0.2 mL), and the
dynamic range of the Abbott assay is also broader than
that of Da-an assays (1.18-9.0 log IU/mL vs 3-8 log IU/
mL). Among the 180 clinical serum samples, 126 were
detected by both assays; 52 samples with viral load below
the detection limit of the Da-an assay were detectable by
the Abbott assay; one sample was below the detection
limit for the Abbott assay but detectable by the Da-an
assay; and one sample was negative for both assays. Numerous factors affect the accuracy of quantifying HBV
DNA, such as sample volumes used for HBV DNA isolation, enzyme inhibitors in samples, different methods
for extracting nucleic acid, and diversity in primers and
fluorescent markers for real-time PCR. Several reasons
for differences in sensitivity, the linear range and other
differences between the two assays are analyzed in detail
as follow.
The first difference between these two assays is that
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they use different methods to extract nucleic acid. A boiling method applied in the Da-an assay could affect the
purity of nucleic acids and the efficiency of HBV DNA
isolated. In addition, the manual specimen preparation is
labor-intensive and can cause run-to-run variability and
specimen-to-specimen contamination[9]. A false-positive
result with the Da-an assay may be due to sample-to-sample contamination. For the Abbott assay, HBV DNA is extracted from serum samples by the m2000sp, an automated sample preparation system designed to use magnetic
microparticle-based reagents for the purification of nucleic
acids from samples. One of the major advantages of automating the HBV DNA extraction is the ability to provide
a standardized process among the samples. At the same
time, the automated sample preparation system (m2000sp)
combined with the m2000rt analyzer significantly reduces
hand-on work time and labor intensity while reducing the
risk of contamination and human error[10].
Furthermore, factors include the differences in sample volumes, final elution volumes, template volumes, and
PCR volumes: i.e., 100, 20, 2 and 45 μL for the Da-an assay, and 200, 70, 50 and 100 μL for the Abbott assay, respectively. Besides the sample and PCR volumes, the difference in the ratio of the final elution volume over the
template volume also matters (70/50 μL for the Abbott
and 20/2 μL for the Da-an), which means the lower the
ratio of elution/template volume the higher HBV DNA
concentration in the final PCR mixture. Thus a higher
concentration of DNA template could enhance the detection rate. The effects of the sample volume and HBV
DNA concentration in the template on the sensitivity of
HBV DNA detection were also reported in a previous
study[11].
Another concern is the target regions for PCR amplification. The Abbott assay selected the highly conserved
region in the S gene of the HBV genome as the target
region, which located in the N-terminal third of the S
gene ensuring that the assay is not affected by YMDD
mutants, HBsAg escape mutants, or drug-resistant mutants, because this region is essential for the assembly and
secretion of subviral particles, and tolerates minor structural changes. Therefore, the Abbott assay provides for
the detection of genotypes A-H. The Da-an assay also
selected a relatively conserved target region within the S
gene of the HBV genome. However, the manufacturer
did not specify the range of genotypes for the assay.
As a final point, the effect of the internal control
applied in monitoring PCR amplification was demonstrated. One prerequisite for the PCR-based quantitative
approach is to avoid PCR inhibitory substances, such as
hemoglobin or heparin, in clinical samples. There are no
external controls that can adequately control for these
conditions, thus, false-negative test results can be generated[12,13]. In the Abbott assay, a DNA sequence unrelated
to the HBV target sequence is introduced into the sample
preparation procedure and processed with the calibrators,
controls, and specimens. It serves as an internal control
to compensate for the differences in DNA extraction ef-
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ficiency between specimens and possible PCR inhibition
in the reaction mixtures[14], which further controls for target isolation and amplification. The Da-an assay does not
include such an internal control, thus, it does not control
for the loss of nucleic acid during the process of extraction, causing suboptimal amplification or false-negative
results.
We showed a strong correlation and good agreement
between HBV DNA levels quantitated with the Abbott
and Da-an assays in HBV DNA standards but not in
clinical samples. Especially, 52 serum samples were detected by the Abbott assay but not by the Da-an assay.
The reason may be that the Da-an assay could perform
relatively well when testing the HBV DNA standards
whose genotype is B. For all clinical samples with genotype C, the Da-an assay performed poorly. The Abbott
assay provides for detection of genotype A-H. However,
the Da-an assay did not declare that. It is possible that
the Da-an assay could perform well, testing some genotypes of HBV but poorly when testing other genotypes.
In addition, sequences of HBV DNA may change during
antiviral therapy. The Abbott assay selected the highly
conserved region in the S gene of the HBV genome as
the target region and ensured that the assay is not affected by YMDD mutants, HBsAg escape mutants, or
drug-resistant mutants. The Da-an assay also selected a
relatively conserved target region within the S gene but
did not exclude the impact of HBV DNA mutation.
Zheng et al[15] reported that 200 serum samples were measured by the three real-time PCR reagents. Six out of 200
serum samples were underestimated or undetected by
the Da-an assay. The sequence of the fluorescence probe
binding region (FPBR) in HBV DNA genome of six
serum samples was determined and compared with the
sequence of HBV wild type. The mutations of the FPBR
sequence were found and clarified that the mutations affected the measurement of HBV DNA.
Based on the above analysis, the manufacturer producing the Da-an real-time PCR HBV assay should improve their molecular technique, increase the sensitivity,
and extend the dynamic range of the assay. As the related
guidelines for managing chronic hepatitis B mention, the
current standard of care is to adapt antiviral therapy in
patients with drug resistance as early as possible, namely,
at the time of viral breakthrough, which is defined by an
increase in HBV DNA level by 1 log IU/mL compared
to the nadir value[2,7,8,16]. It is important to detect lower viral load accurately, especially in viral breakthrough occurring when HBV DNA levels change from 10 to 100 IU/
mL. The Abbott assay, with a sensitivity of 15 IU/mL
for 200-µL serum samples, will be adequate for the detection of viral breakthrough at an early stage and allow
for the rapid addition of a rescue therapy before clinical
breakthrough[17]. An assay with good sensitivity and wide
detection range for quantitating HBV DNA concentration is a crucial measurement to allow optimal monitoring of antiviral therapy and timely treatment adaption.
The Da-an assay is not suitable for this clinical applica-
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tion because it has inadequate sensitivity. Therefore, it is
urgent to improve the quality of the Da-an assay for the
manufacturer.
Although the Abbott assay has a higher sensitivity (15
IU vs 1000 IU), shorter assay time (4 h vs 8 h), and wider
dynamic range (1.18-9.00 log IU/mL vs 3-8 log IU/mL)
as compared with the Da-an assay, the costs of the Abbott assay are extremely high (approximately 50 US
dollars/Abbott test vs 7 US dollars/Da-an test), which
limits their routine use in clinical molecular laboratories
in China. With respect to the Da-an assay, more improvements, including an automatic nucleic acid extraction
apparatus and introducing an internal control, are needed
for clinical practitioners. The disease burden of CHB is
heavy in many developing countries. The patients with
CHB receiving antiviral treatment are increasing annually.
The domestic assays for quantitating HBV DNA were
widely used not only in China but also in other developing countries. This comparative study would be helpful
for manufacturers who have produced the products for
HBV DNA quantitation in their countries.
In this study, the performance of the Da-an real-time
HBV DNA assay and the Abbott RealTime HBV assay for
quantitating HBV DNA levels were evaluated and compared. A strong correlation and good agreement between
HBV DNA levels quantitated with the Abbott and Da-an
assays was observed for testing the HBV DNA standard
panel but not for clinical samples. As compared with the
Abbott assay, the Da-an assay had lower sensitivity and a
narrower linear range that needs further improvement.

Applications

This comparative study will be helpful for domestic manufacturers in developing
countries to improve the quality of their products.

Peer review

The authors compared the sensitivity and linear range of two HBV DNA quantification assays, the Abbott assay presented a relative higher sensitivity and a
wider linear range in clinical samples. The conclusions will be beneficial for physicians to select the appropriate assay to quantify HBV DNA levels in chronic
HBV- infected patients, especially in developing countries.
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Abstract
AIM: To explore the mechanism of abnormal Connexin
(Cx ) 32 and Cx43 expression in the gastric mucosa after Helicobacter pylori (H. pylori ) infection.
METHODS: Biopsy specimens of gastric mucosa in
different gastric carcinogenesis stages with H. pylori
infection, that is, non-atrophic gastritis (NAG; n = 24),
chronic atrophic gastritis (CAG; n = 25), intestinal
metaplasia (IM; n = 28), dysplasia (DYS; n = 24), and
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gastric cancer (GC; n = 30), as well as specimens of
normal gastric mucosa without H. pylori infection (NGM;
n = 25), were confirmed by endoscopy and pathological examination. Cx32 and Cx43 mRNA expression was
detected by real-time polymerase chain reaction (PCR).
Cx32 and Cx43 promoter CpG island methylation status
was determined by methylation-specific PCR (MSP), bisulfite PCR sequencing (BSP) and MassArray methods.
RESULTS: The relative mRNA expression levels in the
gastric mucosa of patients with NGM, NAG, CAG, IM, DYS
and GC were 0.146 ± 0.011, 0.133 ± 0.026, 0.107 ±
0.035, 0.039 ± 0.032, 0.037 ± 0.01 and 0.03 ± 0.011 for
Cx32 ; and 0.667 ± 0.057, 0.644 ± 0.051, 0.624 ± 0.049,
0.555 ± 0.067, 0.536 ± 0.058 and 0.245 ± 0.121 for
Cx43 , respectively, which were gradually decreasing and
significantly different (GC vs NGM: P < 0.001 for Cx32 ,
P < 0.001 for Cx43 ). The promoter methylation levels in
the gastric mucosa from NGM to GC stages by MSP were
38.8% ± 9.0%, 43.1% ± 9.4%, 56.5% ± 3.1%, 64.4%
± 9.7%, 72.5% ± 4.2% and 79.6% ± 6.8% for Cx32 ;
and 49.0% ± 3.9%, 58.1% ± 5.0%, 66.5% ± 7.9%,
74.0% ± 8.8%, 78.3% ± 3.6% and 88.7% ± 6.2% for
Cx43 , respectively, which were gradually increasing and
significantly different (P = 0.039, P = 0.019). The promoter methylation levels by BSP and MassArray exhibited
similar trends. Cx32 and Cx43 mRNA expression was
negatively correlated with promoter methylation status
and gastric carcinogenesis stages (P < 0.001, P = 0.016).
CONCLUSION: Cx32 and Cx43 mRNA expression decreased gradually during H. pylori infection-associated
gastric carcinogenesis, and it is associated with hypermethylation of these genes’ promoter.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Helicobacter pylori ; Cx32 ;

Cx43 ; DNA methylation
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and Cx43 mRNA expression and gene promoter methylation at different gastric carcinogenesis stages with H.
pylori infection, that is, non-atrophic gastritis, atrophic
gastritis, intestinal metaplasia, dysplasia, and gastric
cancer, is not clear. Here, gastric mucosa biopsy specimens from these carcinogenic stages, as well as normal gastric mucosa without H. pylori infection, were
examined for Cx32 and Cx43 mRNA expression and
promoter methylation by real-time polymerase chain
reaction and methylation detection. Cx32 and Cx43
mRNA expression decreased gradually during gastric
carcinogenesis, and it is associated with hypermethylation of these genes’ promoter.
Wang Y, Huang LH, Xu CX, Xiao J, Zhou L, Cao D, Liu XM,
Qi Y. Connexin 32 and 43 promoter methylation in Helicobacter
pylori-associated gastric tumorigenesis. World J Gastroenterol
2014; 20(33): 11770-11779 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i33/11770.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i33.11770

INTRODUCTION
Helicobacter pylori (H. pylori) infection is an important risk
factor for gastric cancer (GC)[1], with its carcinogenic
mechanisms not yet fully understood[2,3]. Connexin (Cx)
32 and Cx43 are key members of gap junctions between gastric epithelial cells, showing a gradual downregulation trend from normal mucosa to precancerous
lesions and GC[4]. We have found that the decrease in
Cx32 and Cx43 expression in precancerous lesions and
GC is associated with H. pylori infection[5], coculture of
gastric epithelial cells with H. pylori reduces expression
of Cx43[6], and eradication of H. pylori upregulates Cx32
and Cx43 expression in precancerous lesions[7]. However, the mechanisms by which H. pylori infection decreases Cx32 and Cx43 expression are unclear. Inactivation of gastric tumor suppressor genes, such as CDX2,
RASSF1A and P16(INK4A), is induced by promoter
hypermethylation[8-10]. In this study, we observed Cx32
and Cx43 mRNA expression and its relationship with
the promoter methylation status in different stages of
GC, and from the Cx32 and Cx43 gene methylation perspective, to explore the mechanism of abnormal Cx32
and Cx43 expression after H. pylori infection and its role
in the occurrence and development of GC.

MATERIALS AND METHODS
Patients and tissues
A total of 1550 patients underwent endoscopic and
pathological examinations because of upper gastrointestinal symptoms between September 2011 and April 2012
in the Third Xiangya Hospital, Central South University,
Changsha, China. Fifty cases at each stage of gastric
carcinogenesis with H. pylori infection, i.e. non-atrophic
gastritis (NAG), chronic atrophic gastritis (CAG), intesti-
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nal metaplasia (IM), atypical hyperplasia (dysplasia, DYS)
and GC, were screened; and 50 cases of normal gastric
mucosa from age-matched subjects without H. pylori
infection (NGM) in the same period were chosen as
controls. Patients with gastric surgery or those taking antibiotics, nonsteroidal anti-inflammatory drugs, protonpump inhibitors (PPIs), or histamine receptor (H2) antagonists within 1 mo before endoscopy were excluded.
Signed informed consent was obtained from all patients
and controls, and the study was approved by the hospital
medical ethics committee. Endoscopic and pathological diagnosis was made according to the 8th edition of
the Cecil Essentials of Medicine[11], Chinese consensus
on chronic gastritis[12] and Chinese guidelines for diagnosis and treatment of gastric cancer (2011 edition)[13].
Generally, the endoscopic findings of NAG included
mucosal congestion and edema, accompanied with little
hemorrhage and erosion, and those of CAG included a
thinning mucous layer, shallowing or disappearing folds,
visibility of the submucosal vascularity, and fine granules on the surface. The pathological findings of NAG
included necrosis of the superficial mucosal epithelium
and infiltration of lymphocytes and plasma cells in the
lamina propria, and those of CAG included shrinking
gastric glands with a reduced number and shallowing of
gastric pits. IM was identified by replacement of gastric
epithelium by intestinal epithelium, accompanied with
goblet cells secreting acidic mucus, absorptive epithelial cells with striated edge, and Paneth cells. DYS was
identified by proliferation of atypical cells, but it was not
sufficient to be diagnosed as cancer. GC was identified
as cancerous tissues infiltrating the mucosal, submucosal
or entire layers, taking on polypoid, ulcerous, and diffuse
infiltrative types.
Any two positives of rapid urease test, 14C-urea breath
test and histological examination, or positive H. pylori by
culture were identified as H. pylori infection, and if these
four tests were all negative, the patient was identified as
being without H. pylori infection. Four pieces of lesioned
or normal gastric mucosa biopsies were taken by gastroscopy, and mRNA and DNA were extracted for Cx32
and Cx43 mRNA expression and methylation detection.
According to the quantity of mRNA and DNA, as well
as no significant difference in sex, age and disease duration, there were 25 cases of NGM, 24 of NAG, 25 of
CAG, 28 of IM, 24 of DYS, and 30 of GC, which were
screened for Cx32 and Cx43 expression and methylation. Table 1 shows the clinical characteristics of the
study population.
Reagents
Total RNA extraction and reverse transcription reagents
were purchased from Toyobo (Osaka, Japan); Wizard
Genomic DNA purification kit was purchased from Promega (Madison, WI, United States); the EpiTect Bisulfite
Kit was purchased from Qiagen (Germany); and methylase (M.SssI) was purchased from New England Biotech
(United States).
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Table 1 Sex, age and disease duration of cases of each stage (mean ± SD)
Stage
NGM without H. pylori infection
NAG with H. pylori infection
CAG with H. pylori infection
IM with H. pylori infection
DYS with H. pylori infection
GC with H. pylori infection

n

M

F

Age, yr

Disease duration (yr)

25
24
25
28
24
30

14
13
11
12
12
17

11
11
14
16
12
13

54.12 ± 8.21 (45-60)
56.44 ± 11.29 (47-65)
55.90 ± 7.80 (45-66)
52.16 ± 8.59 (48-68)
54.05 ± 7.36 (48-69)
55.43 ± 10.33 (46-73)

0.85 ± 0.64 (0.12-1.23)
0.85 ± 0.35 (0.37-1.03)
0.73 ± 0.24 (0.13-0.90)
0.90 ± 0.65 (0.47-1.04)
0.73 ± 0.57 (0.56-1.15)
0.60 ± 0.46 (0.10-1.04)

NGM: Normal gastric mucosa; NAG: Non-atrophic gastritis; CAG: Chronic atrophic gastritis; IM: Intestinal metaplasia; DYS: Dysplasia; GC: Gastric cancer.

Table 2 Cx32 and Cx43 primer sequences, amplified fragment size and annealing temperature
Method

Gene

Real-time RT-PCR

Cx32

Primer sequence (5’→3’)

Cx43

β -actin
MSP

Cx32

M
U

Cx43

M
U

BSP

Cx32
Cx43

MassArray

Cx32
Cx43

F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:

ATGAACTGGACAGGTTTGTAC
ATGTGTTGCTGGTGCAGCCA
TGCAGCAGTCTGCCTTTCGTTG
CCATCAGTTTGGGCAACCTTG
TGGACTTCGCAGCACAGCAGATGG
ATCTCCTTCTGCATCCTGTCG
GGGGCGGGTGCGGCGAT
CTCCGCGCCTACGTCCC
GGGGTGGGTGTGGTGAT
CTCCACACCTACATCCCAA
AAATTGTAATATTTGGGTTTCAGCGC
AATAACGCCATCTCTACTCACCG
TTTTAAAATTGTAATATTTGGGTTTCAGTGT
AATAACACCATCTCTACTCACCACA
GGTTATTTTTTTGGTGGGGTTATG
ACCCAAACAAATCCCCTATAATCTC
TGTTTTTTAAAATTGTAATATTTGGGTTTA
AAAAACAAACTCATCTAACCTTCCTATTC
CAGTTT CAGCAGTTTTTGGGTTTTTTGG
TAACTCCCTATCCCCTAACTCCTTA
ATGTTTTTGCAGGTTGGATCAGGAAAT
ACCAACAAATAAAAACAAAATTATTCC

Primers
The primers for detection of Cx32 and Cx43 expression
and promoter methylation were designed with Primer5
[for real-time reverse transcription (RT)-polymerase
chain reaction (PCR), including internal reference
β -actin], MethPrimer [for methylation-specific PCR
(MSP) and bisulfite sequencing PCR (BSP)], and EpiDesigner (for MassArray). The primers were synthesized by
Shanghai Sangon Biotech (China) (Figure 1, Table 2).
Detection of Cx32 and Cx43 mRNA expression by real-time
RT-PCR
The biopsy tissues of gastric mucosa were ground in
liquid nitrogen, TRIzol was added to extract total RNA,
and 1 μg total RNA was reversely transcribed to cDNA.
With 2 μL cDNA as a template, real-time RT-PCR was
carried out using SYBR qPCR Mix under the following conditions: 94 ℃ 4 min; 94 ℃ for 30 s, 56 ℃ for
45 s, 72 ℃ for 45 s, for 45 cycles; and 72 ℃ for 5 min.
β-Actin was used as an internal reference, and nucleasefree water as a negative control. The relative mRNA expression was calculated according to the 2−ΔCt formula.
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Amplified fragment size (bp)

Annealing temperature (℃)

302

56

219

56

289

56

245

64

245

64

156

58

161

56

313

58

377

56

484

60

447

60

Detection of Cx32 and Cx43 promoter methylation
DNA was extracted from the tissue with Wizard DNA
purification kit, and then bisulfite-modified according
to the steps in EpiTect Bisulfite Kit. DNA of normal
human peripheral blood lymphocytes was methylated
by M.SssI methylation enzyme (thus all the GC-sites
were methylated), bisulfite-modified and acted as an allsite methylation positive control. The following three
methods were used to detect Cx32 and Cx43 promoter
methylation.
MSP method: After the tissue DNA was bisulfite modified, PCR was carried out using MSP primers under the
following conditions: 95 ℃ for 10 min; 94 ℃ for 15 s,
annealing temperature for 30 s, 72 ℃ for 30 s, for 38 cycles; and 72 ℃ for 10 min. The PCR products were electrophoresed on 2% agarose gel and imaged. From the
gray values of methylation and unmethylation bands, the
methylation level was calculated by the formula [M/(M
+ U) × 100%].
BSP sequencing method: The PCR reaction mixture
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Cx32
GC percentage

80
BSP 313 bp

60
40

MSP 245 bp

20

MassArray 484 bp

0
0
100 bp
(-403 bp)

200 bp

300 bp

400 bp

500 bp

600 bp

700 bp

800 bp

900 bp
(497 bp)

Cx43
GC percentage

80

BSP 377 bp

60
MSP 161 bp

40

MassArray 447 bp

20
0
0
(-2000 bp)

500 bp

1000 bp
CpG positions

1500 bp
(-500 bp)

Figure 1 Location of primers for polymerase chain reaction for methylation detection.

(25 μL) contained 2 μL bisulfite-modified DNA template, 12.5 μL TaKaRa Premix Taq HS, 1 μL each 10
μmol/L forward and reverse primers, and 8.5 μL deionized distilled water. The PCR products were identified by
electrophoresis, and sent to Huada Biotechnology (Shenzhen, China) for sequencing. The peak height ratio of
the sulfonated methyl-CpG site still as C to the sum of
C and the sulfonated non-methylated CpG site changed
as T was calculated as the degree of methylation [i.e.,
C/(C+T) × 100%].
MassArray method: Genomic DNA after bisulfite modification was amplified with MassArray primers. The PCR
products were introduced with T7 promoter sequence
in the Beijing Bio-Miao Biotech Company, then in vitro
transcribed to RNA products, processed by T-base-specific cleavage, and small RNA fragments were obtained.
Flight mass spectrometry (MALDI-TOF) was used to
detect the molecular weight of each fragment, and the
methylation data were outputted with EpiTyper software.
Statistical analysis
All data were processed with SPSS 16.0 software and
shown as mean ± SD. Averages of multiple samples
were compared using univariate analysis of variance,
and correlation analysis of ranked data was tested by the
Spearman rank correlation method. P < 0.05 was considered statistically significant.

RESULTS
Cx32 and Cx43 mRNA expression profiles at different
gastric carcinogenesis stages with H. pylori infection
For cases with endoscopic and pathological confirmation and high mRNA quality (25 NGM, 24 NAG, 25
CAG, 28 IM, 24 DYS and 30 GC), the relative mRNA
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expression in the gastric mucosa was 0.146 ± 0.011, 0.133
± 0.026, 0.107 ± 0.035, 0.039 ± 0.032, 0.037 ± 0.01 and
0.03 ± 0.011 for Cx32; and 0.667 ± 0.057, 0.644 ± 0.051,
0.624 ± 0.049, 0.555 ± 0.067, 0.536 ± 0.058 and 0.245
± 0.121 for Cx43 (Figure 2). Cx32 and Cx43 mRNA expression decreased from NAG to GC stages with H. pylori infection (P < 0.001), and that at CAG, IM, DYS and
GC stages was lower than that at NGM (P < 0.008; the
largest in these comparisons), and that at IM, DYS and
GC stages was lower than that at NAG and CAG stages (P
< 0.036). Specially, Cx43 mRNA expression at GC stage
was lower than that at IM and DYS stages (P < 0.001).
Cx32 and Cx43 promoter methylation at different gastric
carcinogenesis stages with H. pylori infection
MSP: Eight DNA samples of good quality were selected from 24 cases in each group for MSP detection, and
the actual number of samples whose methylated and unmethylated bands were significant was six for NGM, six
for NAG, seven for CAG, six for IM, seven for DYS and
eight for GC. Their promoter methylation levels were
38.8% ± 9.0%, 43.1% ± 9.4%, 56.5% ± 3.1%, 64.4% ±
9.7%, 72.5% ± 4.2% and 79.6% ± 6.8% for Cx32; and
49.0% ± 3.9%, 58.1% ± 5.0%, 66.5% ± 7.9%, 74.0% ±
8.8%, 78.3% ± 3.6% and 88.7% ± 6.2% for Cx43 (Figure
3). Cx32 and Cx43 promoter methylation levels gradually increased from NAG to GC stages with H. pylori
infection (P = 0.039, P = 0.019), and those at CAG, IM,
DYS and GC stages were higher than that at NGM (P
= 0.018, P = 0.013), with the highest at GC stage. Cx32
methylation level at GC stage was higher than those at
NAG, CAG and IM stages (P < 0.031), and Cx43 methylation level at GC stage was higher than those at NAG
and CAG stages (P < 0.027).
BSP sequencing: The samples with good MSP bands
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Figure 2 Real-time polymerase chain reaction results for Cx32 and Cx43 mRNAs. A: The amplification curve and melting curve of the real-time polymerase chain
reaction; B: The relative expression of Cx32 and Cx43 mRNAs at different stages. aP < 0.05 vs NGM; cP < 0.05 vs NAG; eP < 0.05 vs CAG; gP < 0.05 vs IM; iP < 0.05
vs DYS. NGM: Normal gastric mucosa; NAG: Non-atrophic gastritis; CAG: Chronic atrophic gastritis; IM: Intestinal metaplasia; DYS: Dysplasia; GC: Gastric cancer.

were selected for BSP reaction and sequencing. The
BSP-amplified fragment from the Cx32 gene CpG island
had a length of 313 bp, containing 15 CpG sites, and the
5-15th CpG sites were detected by sequencing. The BSP
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amplification fragment from the Cx43 gene CpG island
had a length of 377 bp, containing 12 CpG sites, and the
5-12th CpG sites were detected by sequencing (Table 3).
The peak height ratio of the sulfonated methyl-CpG site
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Figure 3 Methylation-specific polymerase chain reaction results for Cx32 and Cx43 promoters at different gastric carcinogenesis stages with Helicobacter
pylori infection. A: The agarose gel electrophoresis of the methylation-specific polymerase chain reaction (MSP) bands. Marker: 50bp ladder; M: Methylated; U: Unmethylated; MP: Methylation positive control; UP: Unmethylated positive control; DW: Negative control. B: The methylation levels of Cx32 and Cx43 promoters at different stages by MSP method. aP < 0.05 vs NGM; cP < 0.05 vs NAG; eP < 0.05 vs CAG; gP < 0.05 vs IM; iP < 0.05 vs DYS. NGM: Normal gastric mucosa; NAG: Nonatrophic gastritis; CAG: Chronic atrophic gastritis; IM: Intestinal metaplasia; DYS: Dysplasia; GC: Gastric cancer.

still as C to the sum of this C and the sulfonated nonmethylated CpG site changed as T was calculated as the
degree of methylation. Cx32 and Cx43 methylation levels showed an increasing trend from NAG to GC stages
with H. pylori infection (P = 0.031, P = 0.040), and those
at CAG, IM, DYS and GC stages were higher than that
at NGM (P < 0.029, P < 0.03), with the highest at GC.
Cx32 methylation level at GC stage was higher than
those at NAG and CAG stages (P < 0.018), and Cx43
methylation level at GC stage was higher than that at
NAG stage (P = 0.032) (Figure 4, Table 4).
MassArray detection: The methylation of the CpG
island was validated by MassArray method using one
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sample from each group. As shown in Figure 5, the amplified fragment with MassArray Cx32 primers contained 18
CpG sites, the first, second and 15th CpG sites were not
detected by the MassArray method, and the 3-4-5, 6-7,
8-9, 13-14, and 16-17 loci were in close proximity and
only measured on average, so a total of nine data were obtained. For the 12 CpG sites in the Cx43 amplified fragment, the second site was not detected, and the 6-7 and
10-11-12 loci were in close proximity and only measured
on average, so a total of eight data were obtained. The
average of the methylation levels of these loci is shown in
Table 5. The average of the methylation levels at all Cx32
loci showed an increasing trend from NAG to GC stages
with H. pylori infection (P = 0.037), and that at IM, DYS
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Table 3 Cx32 and Cx43 CpG loci detected by bisulfite polymerase chain reaction sequencing
Cx32

CpG
bp

Cx43

CpG
bp

1
28
○
1
32
○

2
34
○
2
34
○

3
37
○
3
37
○

4
45
○
4
44
○

5
49
●
5
71
●

6
83
●
6
127
●

7
86
●
7
134
●

8
120
●
8
143
●

9
132
●
9
159
●

10
155
●
10
190
●

11
227
●
11
198
●

12
231
●
12
280
●

13
247
●

14
253
●

15
255
●

“●” denotes the detected CpG site; “○”denotes the undetected CpG site.

Cx32

NGM

155 bp

155 bp

GC

Cx43

190 bp

198 bp

NGM

190 bp

198 bp

GC

Figure 4 Screenshots of bisulfite polymerase chain reaction sequencing of the Cx32 and Cx43 promoter CpG islands. The upper two show the 10th Cx32
CpG site (155bp), with the C/(C+T) ratio of 60% in NM and 80% at GC stage. The lower two shows the 10th and 11th Cx43 CpG sites (190bp, 198bp). Dark arrow indicates the peak of the sulfonated methyl-CpG site still as C; red arrow indicates the sulfonated non-methylated CpG site changed as T.

Relationship between GC stages and Cx32 and Cx43
expression and methylation levels
Spearman rank correlation analysis showed that Cx32
and Cx43 mRNA expression at different stages of gastric carcinogenesis with H. pylori infection was negatively
correlated with the methylation level of their promoters (r
= -0.653, P < 0.001; r = -0.367, P = 0.016, respectively),
and negatively correlated with gastric carcinogenesis
stage (r = -0.796, -0.852, respectively, P < 0.001 for
both).

Table 4 Cx32 and Cx43 promoter methylation status at different gastric carcinogenesis stages with Helicobacter pylori
infection by bisulfite polymerase chain reaction sequencing
method

NGM without H. pylori infection
NAG with H. pylori infection
CAG with H. pylori infection
IM with H. pylori infection
DYS with H. pylori infection
GC with H. pylori infection

n

Cx32 (%)

7
6
7
7
6
9

60.1 ± 5.9
67.3 ± 4.9
74.5 ± 7.5a
84.2 ± 6.8ace
82.3 ± 6.0ac
85.3 ± 9.7ace

Cx43 (%)
75.5 ± 4.3
82.9 ± 6.3
87.1 ± 5.4a
90.5 ± 9.3ac
91.6 ± 8.3ac
92.0 ± 7.1ac

a

P < 0.05 vs NM; cP < 0.05 vs NAG; eP < 0.05 vs CAG. NGM: Normal gastric
mucosa; NAG: Non-atrophic gastritis; CAG: Chronic atrophic gastritis; IM:
Intestinal metaplasia; DYS: Dysplasia; GC: Gastric cancer.

and GC stages was higher than that at NGM (P < 0.028);
the methylation level at the 10-12th loci had an increasing
trend from NAG to GC stages, while the methylation level of the remaining CpG sites did not change significantly.
The average methylation levels at all Cx43 loci showed an
increasing trend from NAG to GC stages with H. pylori
infection (P = 0.045), and those at DYS and GC stages
were higher than that at NGM (P < 0.041). The methylation levels at the 3-5th loci tended to increase from NAG
to GC stages, while the methylation levels of the remaining CpG sites did not change significantly.
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DISCUSSION
Many studies have shown that expression of Cx32 and
Cx43 shows a gradual downward trend from normal
gastric mucosa to precancerous lesions and GC. Cx32
and Cx43 expression progresses from a high to a low
level or no expression in the development of GC, and
Cx32 and Cx43 abnormalities are an important molecular mechanism in the inhibition of gastric gap junction
intercellular communication (GJIC)[4,14-16].
The relationship between Cx32 and Cx43 expression
and H. pylori infection is less reported. The results of our
previous clinical studies[5-7] have suggested that eradication of H. pylori infection may improve Cx32 and Cx43
expression, promote recovery of cell GJIC function, and
delay or prevent development of precancerous lesions.
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Figure 5 Methylation levels of Cx32 and Cx43 promoters at different gastric carcinogenesis stages with Helicobacter pylori infection by MassArray method. The validated length for Cx32 gene was 484 bp, containing a total of 18 CpG sites (15 detected); the validated length for Cx43 gene was 447 bp, containing a total
of 12 CpG sites (11 detected).

Table 5 Methylation levels (%) of Cx32 and Cx43 CpG islands at gastric different stages with Helicobacter pylori infection detected by MassArray method
Cx32 (9 loci)

Cx43 (8 loci)

55.0 ± 14.9
61.2 ± 17.9
69.9 ± 16.2
72.4 ± 19.2a
72.6 ± 19.2a
76.0 ± 20.1a

77.9 ± 16.8
86.0 ± 12.5
88.6 ± 9.9
89.1 ± 9.6
90.0 ± 9.3a
91.6 ± 8.2a

NGM without H. pylori infection
NAG with H. pylori infection
CAG with H. pylori infection
IM with H. pylori infection
DYS with H. pylori infection
GC with H. pylori infection
a

P < 0.05 vs NGM. NGM: Normal gastric mucosa; NAG: Non-atrophic
gastritis; CAG: Chronic atrophic gastritis; IM: Intestinal metaplasia; DYS:
Dysplasia; GC: Gastric cancer.

However, the pattern and mechanism by which H. pylori
infection causes the change of Cx32 and Cx43 expression in gastric epithelial cells in the development of the
inflammation-carcinoma chain are unclear.
In this study, we found that gastric Cx32 and Cx43
mRNA expression was downregulated from the initial
CAG stage of H. pylori infection to latter carcinogenesis stages, which may have caused the decline in GJIC
function, leading to the development of GC. H. pylori is
deemed to be the first category of carcinogen for gastric
cancer[17], and current studies suggest that eradication
therapy of H. pylori should be carried out at early stages
of GC. Treatment before the occurrence of precancerous lesions can reduce the risk of GC, and treatment at
the precancerous stage significantly decreases its role in
prevention of GC[18-20]. From the profiles of Cx32 and

WJG|www.wjgnet.com

Cx43 mRNA expression, we provide a rationale that H.
pylori eradication therapy should be carried out before
the occurrence of CAG, that is, before the decline in
Cx32 and Cx43 expression and GJIC function (NAG
stage), thus the effect of preventing the occurrence and
development of precancerous lesions and GC may be
improved.
H. pylori infection can cause promoter CpG island
hypermethylation of a variety of genes, such as CDH1,
p14, p16, APC and COX2, and the methylation can be
reversed after H. pylori eradication[21,22], suggesting that
gene hypermethylation is associated with H. pylori infection[23-25], or H. pylori infection may be an inducer for
some gene hypermethylation[26,27]. However, it has not
been reported whether H. pylori infection causes Cx32
and Cx43 methylation.
Our research showed that Cx32 and Cx43 promoter
methylation exhibited an increasing trend from NAG to
GC stages with H. pylori infection, with the highest at the
GC stage. Data from the MSP method were more significant than from those BSP or MassArray methods, mainly because MSP used direct PCR of several CpG sites in
the primer regions, while different fluorescence or mass
spectrum quantification and many CpG sites were considered in BSP sequencing or MassArray method. Cx32
and Cx43 mRNA expression was negatively correlated
with methylation and gastric carcinogenesis stage, suggesting that Cx32 and Cx43 promoter hypermethylation
may be an important mechanism for the reduction of
Cx32 and Cx43 expression and occurrence of GC. Hypermethylated promoter binds specific chromosome

11777

September 7, 2014|Volume 20|Issue 33|

Wang Y et al . Connexin promoter methylation in gastric tumorigenesis

remodeling proteins and suppresses the transcription of
genes[8,28-30].
Currently, many molecular technologies are being developed and applied for cancer epigenetics[31]. In GC patients,
TGF-β 1 promoter is methylated[32], and in colorectal cancer,
underexpression of LATS1 is associated with promoter
hypermethylation[33]. Intervention with demethylation
drugs has been reported to reactivate the expression of
gastric tumor suppressor genes such as CDX2, RASSF1A and P16 (INK4A), and restore their functions[8-10]. H.
pylori infection may cause Cx32 and Cx43 promoter hypermethylation to decrease their expression, then inhibit
the GJIC function, and induce GC. Promoter methylation can be reversed, thus, it is expected that we can treat
against promoter methylation to restore GJIC function,
providing new therapies for H. pylori infection-related
GC. Based on our research, the treatment of GC may
include eradiation of H. pylori, adding DNA-demethylation agents (e.g., 5-azacytidine), and overexpression of
Cx32 and Cx43 to compensate the decrease of Cx32
and Cx43 in the carcinogenesis.
In summary, Cx32 and Cx43 expression at the CAG
stage of H. pylori infection began to decrease, suggesting
that H. pylori eradication therapy before the CAG stage
could effectively prevent the occurrence of precancerous
lesions and GC. Cx32 and Cx43 promoter hypermethylation may be an important mechanism of the decrease
of Cx32 and Cx43 expression after H. pylori infection,
and provides a new target for the demethylation treatment of GC.

promoter methylation to restore GJIC function, providing new therapies for H.
pylori infection-related GC.

Terminology

CpG islands: CpG rich areas located in the promoter regions of many genes;
CpG island methylation: the addition of a methyl group to a cytosine residue
that lies next to guanine within CpG dinucleotides. Cx32 and 43: key members
of gap junctions between gastric epithelial cells. Gastric carcinogenesis stages:
graded according to the diagnoses by endoscopy and pathology, including nonatrophic gastritis, chronic atrophic gastritis, intestinal metaplasia, dysplasia, and
GC.

Peer review

The hypothesis was sound, the experiments were well designed and the results
supported the conclusions. This is a well written manuscript about new therapeutic targets for treatment of GC and its different carcinogenesis stages with H.
pylori infection. The analyses were performed well and are clearly described in
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was assessed in necropsies from 80 cases of HCC. Data
were stored and analyzed using the IBM SPSS statistical
software (version 19, IBM Company, Armonk, NY). All
comparisons were examined for statistical significance
2
using Pearson’s χ test and Fisher’s exact test (when n
< 5). The threshold for significant P values was established as P < 0.05.
RESULTS: Plasma membrane expression of MCT4 and
overall expression of GLUT1 showed progressively higher expression from non-neoplastic to primary HCC and
to metastases. In contrast, overall expression of MCT2
was progressively decreased from non-neoplastic to primary HCC and to metastases. MCT1 (overall and plasma membrane expression), MCT2 and CD147 plasma
membrane expression were associated with absence of
cirrhosis, while plasma membrane expression of CD147
was also associated with absence of HBV infection.
MCT2 overall expression was associated with lower liver
weight, absence of metastasis and absence of abdominal dissemination. Additionally, MCT4 plasma membrane
positivity was strongly associated with Ki-67 expression.
CONCLUSION: MCT4 and GLUT1 appear to play a role
in HCC progression, while MCT2 is lost during progression and associated with better prognosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To assess the immunoexpression of hypoxiarelated markers in samples from cirrhosis and primary
and metastatic hepatocellular carcinoma (HCC).
METHODS: From a total of 5836 autopsies performed
at the Pathology Department - University of Sao Paulo
School of Medicine Hospital - from 2003 to 2009, 188
presented primary liver tumors. Immunohistochemical
reactivity for monocarboxylate transporters (MCTs)-1,
2 and 4, CD147 and glucose transporter-1 (GLUT1)
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Core tip: This paper describes, for the first time, the
role of monocarboxylate transporters in hepatic carcinoma. The characterization of monocarboxylate
transporter activity in acidic metabolism of primary and
metastatic hepatocellular carcinoma microenvironment
was studied in necropsy material and allowed us to
precisely evaluate the impact of the more acidic microenvironment that is potentially maintained by monocar-
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boxylate transporter 4 and glucose transporter-1 during
hepatocellular carcinoma progression.
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with aggressiveness parameters[3,12-14].
Considering the susceptibility of liver to hypoxia, the
growing relevance of hepatocellular carcinoma (HCC)
worldwide[15,16] and the potential impact of MCTs in the
development of several solid tumors, we sought herein to
investigate the expression of MCT1, 2 and 4, the MCT
chaperone CD147 and the glycolytic marker GLUT1 in
a necropsy series of 73 well-characterized cases of advanced HCC and corresponding non-neoplastic samples,
searching for a possible role of glycolytic metabolism in
the development of advanced hepatocellular carcinoma.

INTRODUCTION

MATERIALS AND METHODS

Oxygen is the essential final electron acceptor of energy
metabolism. Under physiological conditions, the mean
oxygen tension (dissolved free oxygen concentration)
is 74-104 mmHg in arterial blood and 34-46 mmHg in
venous blood. The “double vascular pattern” in the liver
results in a physiological oxygen tension gradient, from
60-65 mmHg in peri-portal blood falling to approximately 30-35 mmHg in centrilobular regions, thus rendering
liver parenchyma especially vulnerable to hypoxia[1]. Hypoxia inducible factor 1α (HIF-1 α) is the major regulator hypoxia modulation and targets many enzymes of
the glycolytic pathway, including glucose transporter-1
(GLUT1), lactate dehydrogenase A (LDH-A) and monocarboxylate transporters, and especially monocarboxylate
transporter (MCT)-4[2,3] .
The microenvironment of solid tumors tends to become acidic due to the high rate of glycolysis maintained
by cancer cells, thus resulting in the production of high
amounts of lactate and leading to acidification of the
extracellular milieu[3]. Warburg[4] was the first to suggest
that cancer cells prioritize the glycolytic pathway for energy production, even in the presence of sufficient oxygen, a phenomenon that is now known as the “Warburg
effect”.
MCTs have been recognized to play a key role in the
maintenance of this glycolytic metabolism by mediating
lactate efflux from cancer cells. Overexpression of one
or more MCT isoforms, especially MCT1 and MCT4, has
been implicated in tumor prognosis, and MCTs have thus
been suggested as potential therapeutic targets[3,5]. Our
group has been studying the expression of these MCT
isoforms as well as their chaperone, CD147, known to be
essential for MCT activity and plasma membrane expression, in different types of human cancers[3]. We found upregulation of MCT1 and MCT4 in the plasma membrane
of colorectal cancer[6], upregulation of MCT1, MCT4
and CD147 in cervical cancer[7,8], upregulation of MCT1
in breast cancer[9] and upregulation of MCT1 and CD147
in glioblastomas[5], when compared to the corresponding
non-neoplastic tissues. In contrast, there was a downregulation of MCT4 in gastric cancer[10] and a downregulation of MCT1 and CD147 in prostate cancer[11]. We also
found important associations between MCT overexpression and the clinicopathological data of the cases, mostly

Autopsy samples and data
From a total of 5836 autopsies performed at the Pathology Department - University of Sao Paulo School of
Medicine Hospital - from 2003 to 2009, 188 presented
primary liver tumors. Excluding 65 cholangiocarcinomas,
one combined hepatocholangiocarcinoma, one epithelioid hemangioendothelioma and 13 other malignant neoplasms, 108 cases were diagnosed as HCC. A review of
these cases was performed in accordance with the investigative protocols of the Institutional Review Boards of
the University of Sao Paulo’s School of Medicine as part
of the doctoral thesis recently presented by one of the
authors[17]. Sufficient viable tissue samples as well as clinical data (gender, age, viral hepatitis, alcoholism, previous
treatment) from medical records and from autopsy reports were retrieved in 80 HCC cases. Detailed pathological data were recorded - liver weight, gross appearance,
number/size of primary tumors or metastases and large
portal or hepatic vein invasion - and complemented by
slide review (histological grade and pattern). Paraffin tissue blocks from these 80 HCC cases were used for tissue
microarray (TMA) construction and immunohistochemistry studies.
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TMA construction
Primary HCC and extra-hepatic metastasis samples were
selected upon microscopic review (ASFS) and 3 cores of
each sample were spotted in two TMAs (1.0 mm cores).
For heterogeneous tumors, different areas were separately
cored. When more than one primary HCC was present
in a single case, all tumors were sampled, but data were
computed for the largest one. Fewer spots were used only
when the size of the metastasis was limiting (< 0.5 cm).
Available non-neoplastic liver samples were selected as
far from the tumor border as possible, usually in a different paraffin block, and cored in one TMA.
Immunohistochemistry reactions
Primary antibodies: As depicted in Table 1, primary
antibodies against MCT1, MCT2, MCT4, CD147, and
GLUT1 were standardized in our laboratory, as previously published[6,8,12].
Briefly, deparaffinized and rehydrated sections were
subjected to specific conditions of heat-induced antigen
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Table 1 Immunohistochemistry protocols used to characterize the proteins expression
Code

Industry

MCT1
Santa Cruz Biotechnology, Santa Cruz,
(sc-365501)
CA, United States
MCT2
Santa Cruz Biotechnology, Santa Cruz,
(sc-14926)
CA, United States
MCT4
Santa Cruz Biotechnology, Santa Cruz,
(sc-50329)
CA, United States
CD147
Santa Cruz Biotechnology, Santa Cruz,
(sc-71038)
CA, United States
GLUT1
Abcam, Cambridge, United Kingdom
(ab15309)
Caspase 3
Diagnostic BioSystems (DBS) Pleasanton,
(3C SP03)
CA, United States
Keratin 19
Novocastra Laboratories Ltd, Newcastle
(K19, b170)
Upon Tyne, United Kingdom
Ki-67
(Dako, Glostrup, Denmark)
(MIB-1)
EGFR human
(Dako, Glostrup, Denmark)
(DAK-H1-WT)

Dilution

Epitope retrieval

Amplification system

1:500

EDTA (1 mmol/L, pH = 8);
98 ℃; 20 min
Citrate buffer (10 mmol/L,
pH = 6); 98 ℃; 20 min
Citrate buffer (10 mmol/L,
pH = 6); 98 ℃; 20 min
EDTA (1 mmol/L, pH = 8);
98 ℃; 20 min
Citrate buffer (10 mmol/L,
pH = 6); 98 ℃; 20 min
Citrate buffer (10 mmol/L,
pH = 6); 98 ℃; 40 min
Citrate buffer (10 mmol/L,
pH = 6); 98 ℃; 40 min
Citrate buffer (10 mmol/L,
pH = 6); 98 ℃; 40 min
Citrate buffer (10 mmol/L,
pH = 6); 98 ℃; 40 min

Vectastain® Elite ABC reagent
(Burlingame, CA, United States)
Ultravision Detection System Anti-polyvalent, HRP,
Lab Vision Corporation, Fremont, CA, United States)
Ultravision Detection System Anti-polyvalent, HRP,
Lab Vision Corporation, Fremont, CA, United States)
Vectastain® Elite ABC reagent (Burlingame, CA,
United States)
Ultravision Detection System Anti-polyvalent, HRP,
Lab Vision Corporation, Fremont, CA, United States)
NovoLink (Novocastra Laboratories Ltd, Newcastle
Upon Tyne, United Kingdom)
NovoLink (Novocastra Laboratories Ltd, Newcastle
Upon Tyne, United Kingdom)
NovoLink (Novocastra Laboratories Ltd, Newcastle
Upon Tyne, United Kingdom)
NovoLink (Novocastra Laboratories Ltd, Newcastle
Upon Tyne, United Kingdom)

1:200
1:500
1:400
1:500
1:160
1:300
1:400
1:200

MCT: Monocarboxylate transporter; GLUT: Glucose transporter; EGFR: Epidermal growth factor receptor.

retrieval. After inactivation of endogenous peroxidases,
tissue sections were incubated with protein blocking solution for 20 min and incubated with the primary antibody
under the conditions specified in Table 1. Sections were
then sequentially washed in PBS and incubated with
biotinylated secondary antibody and enzyme-coupled
reagent from R.T.U. Vectastain® Elite ABC (Burlingame,
CA, United States) for MCT1 and CD147 or Ultravision
Detection System Anti-polyvalent, HRP (Lab Vision Corporation, Fremont, CA) for MCT2, MCT4 and GLUT-1.
All reactions were developed with 3,3’-diamino-benzidine
(DAB+ Substrate System, DakoCytomation, Carpinteria,
CA, United States) for 10 min. Negative controls were
performed by using an appropriate serum control for
the primary antibodies (n1698, DakoCytomation, Carpinteria, CA, United States) and colon carcinoma tissue
was used as a positive control for MCT1, MCT2, MCT4
and CD147, and squamous cell laryngeal carcinoma for
GLUT1. All tissue sections were counterstained with hematoxylin and permanently mounted. Immunoreactions
for EGFR, Ki-67, Keratin 19 (putative markers of molecular classification of HCC recently proposed by Hoshida
et al[18]) as well as for the apoptosis marker Caspase 3 were
previously performed[17] and were herein compared to
MCTs expression.
Immunohistochemical evaluation
Sections were semi-quantitatively scored for immunoreaction as follows: 0: 0% of immunoreactive cells; 1: < 5%
of immunoreactive cells; 2: 5%-50% of immunoreactive
cells; and 3: > 50% of immunoreactive cells. Additionally,
staining intensity was scored semi-qualitatively as follows:
0: negative; 1: weak; 2: intermediate; and 3: strong. The
final score was defined as the sum of both parameters
(extent and intensity) and grouped as negative (score 0
and 2) and positive (score 3-6), as previously described[6].
Because being located in the plasma membrane is es-
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sential for the activity of these proteins, the presence
of plasma membrane expression of MCTs, CD147 and
GLUT1 was recorded. Immunohistochemical assessment
was blindly performed by two independent observers
(VAFA and ASFS) and discordant cases were discussed
using a double-head microscope in order to determine
the final score.
The semi-quantitation of each marker presented
above was compared with the clinical-pathological variables and with the quantitative assessment of EGFR,
Ki-67 and caspase 3 expression[17]. EGFR semi-quantitation assessed both the percentage of positive cells (0-100)
and intensity of staining (1-3), thus leading to the score
0-300 and to the categories: negative < 10, positive ≥ 10
and positive ≥ 200 (hyper-expression), as recently published[19]. Ki67 values were assessed after counting 1000
cells; and caspase 3 expression was considered positive
when more than 10 bodies were stained/10 HPF; or “loss
of expression” (negative) when 10 or less bodies were
stained/10 HPF. Keratin 19 expression was dichotomized
in Positive or Negative reaction.
Statistical analysis
Data were stored and analyzed using the IBM SPSS statistical software (version 19, IBM Company, Armonk, NY).
All comparisons were examined for statistical significance
using Pearson’s χ 2 test and Fisher’s exact test (when n < 5).
The threshold for significant P values was established as
P < 0.05.

RESULTS
Figure 1 illustrates positive immunoreactions for the different markers analyzed in the different hepatic lesions.
Data presented in Tables 2 and 3 show that the proteins
were found in both the cytoplasm and the plasma membrane regions of cancer cells, at different frequencies. All
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Figure 1 Representative positive immunoreactions. A: Hepatocellular carcinoma (HCC); B: Monocarboxylate transporter 1 (MCT1); C: MCT2; D: MCT4; E:
CD147; F: Glucose transporter 1. Original magnification 400 ×.

Table 2 Association of overall expression of cell metabolism markers with the neoplastic (including metastasis) and non-neoplastic
status of the liver n (%)
MCT1
Non-neoplastic
Primary tumor
Metastasis

MCT2

MCT4

CD147

n

Positive P value

n

Positive P value

n

Positive P value

n

Positive

26
73
16

25 (96.2)
46 (63.0)
9 (56.2)

26
74
16

23 (88.5)
52 (70.3)
6 (46.2)

26
76
17

3 (11.5)
31 (40.8)
11 (64.7)

26
75
17

22 (84.6)
36 (48.0)
10 (58.8)

0.003

0.02

0.001

P value

GLUT1

n
26
76
17

Positive P value
0 (0.0)
7 (9.2)
5 (29.4)

0.005

0.007

MCT: Monocarboxylate transporter; GLUT: Glucose transporter.

Table 3 Association of the plasma membrane expression of cell metabolism markers with the neoplastic (including metastasis) and
non-neoplastic status of the liver n (%)
MCT1
Non-neoplastic
Primary tumor
Metastasis

MCT2

n

Positive P value

n

Positive

26
73
16

25 (96.2)
40 (54.8)
9 (56.2)

26
74
16

0 (0.0)
9 (12.2)
1 (7.7)

0.001

MCT4

P value

CD147

GLUT1

n

Positive P value

n

Positive P value

n

26
76
17

1 (3.8)
29 (38.2)
8 (47.1)

26
75
17

20 (76.9)
32 (42.7)
9 (52.9)

26
76
17

0.169

0.002

0.011

Positive P value
0 (0.0)
4 (5.3)
3 (17.6)
0.052

MCT: Monocarboxylate transporter; GLUT: Glucose transporter.
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variables assessed herein, MCT4 expression in the plasma
membrane was strongly associated with Ki-67 positivity (P
= 0.004) and also tended to associate with K19 expression (P = 0.087). CD147 plasma membrane expression
was more frequent in HCC unrelated to cirrhosis (P =
0.038). Additionally, cytoplasmic (P = 0.008) and plasma
membrane (P = 0.005) CD147 positive staining were
associated with the absence of HBV infection. Finally,
GLUT1 positive expression was higher in HCC affecting women (P = 0.041 for cytoplasmic positivity and P =
0.033 for membrane positive reaction).

Table 4 Association of the plasma membrane expression of
monocarboxylate transporters with the plasma membrane
expression of the chaperone CD147 and the glycolytic
protein glucose transporter 1 n (%)
CD147

n
MCT1
Negative
Positive
MCT2
Negative
Positive
MCT4
Negative
Positive

Positive

P value

GLUT1

n

Positive

< 0.001
40
74

4 (10.0)
56 (75.7)

102
10

56 (54.9)
5 (50.0)

80
36

46 (57.5)
15 (41.7)

P value
1.000

40
74

2 (5.0)
4 (5.4)

103
10

5 (4.9)
1 (10.0)

81
38

1 (1.2)
6 (15.8)

0.766

0.434

0.114

0.004

DISCUSSION

MCT: Monocarboxylate transporter; GLUT: Glucose transporter.

of the markers were more highly expressed at the plasma
membrane, with the exception of MCT2, which was expressed at a higher level in the cytoplasm. Importantly,
expression of both MCT4 and GLUT1 were progressively increased from non-neoplastic to primary HCC,
reaching a maximum frequency in metastases (Tables 2
and 3). In contrast, MCT2 expression was progressively
decreased from non-neoplastic to primary HCC, reaching
a minimum frequency in metastases (Table 3). MCT1 and
CD147 were also significantly different among the hepatic lesion groups, showing a higher expression in the nonneoplastic samples compared to primary HCC and metastasis (Tables 2 and 3). Additionally, plasma membrane
expression of MCT1, but not MCT4 or MCT2, was associated with plasma membrane expression of CD147 (P
< 0.001; Table 4), while plasma membrane expression of
MCT4 was associated with plasma membrane expression
GLUT1 (P = 0.004; Table 4).
No significant association of the total expression or
plasma membrane expression of MCTs with the clinicalpathological data was observed. Examinations of the relationships between total and plasma membrane expression of CD147 and GLUT1 with the clinical-pathological
data have shown that the gender and architectural pattern
of the lesions are important factors in these associations. MCTs, CD147 and GLUT1 were not associated
with EGFR, Ki-67 and Keratin 19, which are important
markers in a recently proposed molecular classification
of HCC[18]. Associations of MCTs, CD147 and GLUT1
with the apoptosis marker caspase 3, were not significant
as well. The exception was the significant correlation
between MCT4 expression and Ki-67 counting. MCT1
expression, both in cytoplasm and plasma membrane,
was higher in the absence of cirrhosis (P = 0.044 and P
= 0.015, respectively). Cytoplasmic MCT2 positive staining was associated with liver weight lower than 1.5 kg (P
= 0.027), absence of distant metastasis (P = 0.036) and
absence of abdominal dissemination (P = 0.010), while
plasma membrane MCT2, similar to MCT1, was associated with absence of cirrhosis (P = 0.036). Despite the fact
that MCT4 did not correlate with the clinical-pathological
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The role of MCTs in tumor biology has been explored in
recent years[3,6-9]. We have previously addressed MCTs expression in different malignancies compared to respective
non-neoplastic parenchyma[3,6-9,10-12,20]. From those studies,
we have learned that members of the MCT family may
behave heterogeneously in each type of tumor and, especially MCT1 and/or MCT4, are highly expressed selected
and, in some of them, are associated with worse prognostic markers[11,12,21]. Additionally, in vitro and in vivo evidence
favors the hypothesis that some MCT isoforms might
even be considered potential therapeutic targets[5,22,23].
The present study is the first to assess the possible
role of MCTs in hepatocellular carcinoma. Our decision
to approach our large autopsy series of HCC in this first
study before assessing our series of biopsies or surgical
specimens was based on the unique opportunity to compare MCT expression in non-neoplastic vs primary vs
metastatic HCCs. However, inherent to autopsy studies,
many of the tumors of the present series were advanced,
thus reducing the impact of the assessment of clinicallaboratorial variables that might reflect initial steps of
hepatocarcinogenesis. Because molecular integrity is not
always assured in autopsy specimens, we did not perform mRNA studies, but the positive and negative controls performed herein assure that protein preservation
was good enough to yield reliable immunohistochemical
studies.
The most frequent patterns of HCC, as studied in
the present necropsy series, show only a minor stromal
component; therefore, in the current study, we did not
particularly focus on stroma. Future studies should specifically address stromal-rich HCC subtypes, especially
fibrolamellar HCC and sclerosing HCC.
The observed activity of MCTs 1, 2 and 4, CD147
and GLUT1 in HCC is partially aligned with most of
our previous observations in adenocarcinomas from
other organs[3]. Membrane expression of MCT4 and, less
frequently, GLUT1 was found almost restricted to neoplastic liver and was higher in metastases. MCT4 expression was significantly related to a higher Ki-67 Ag index
and also tended to associate with K19 expression (data
not shown). Also, MCT4 was more frequent in higher
histological grades (36.4% in g.1, 37.2% in g.2 and 63.6%
in g.3), although this relationship was not statistically
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significant. These relevant data link MCT4 activity with
high proliferative index and possibly to the “progenitor
cell component” of HCC, pointing to a role of MCT4 in
HCC progression and/or more aggressive course.
As previous studies have extensively shown, the transition from high-grade dysplastic nodule to early HCC, as
well as from “small, well-differentiated, indistinct border
HCC” to “progressed HCC”, runs in parallel with an
abrupt shift in the vascular pattern[24]. We speculate that
this fact could lead to important neo-angiogenesis that
is immunohistochemically identified by diffusely CD34positive microvessels, which might correspond to the
shift to a preferably glycolytic pattern of energy source
through the Warburg effect. At this point, MCT4 and
GLUT1 would become overexpressed, in accordance
with previous evidence that MCT4 is highly expressed
in response to hypoxia, mostly mediated by HIF-1 α[3,25].
Interestingly, due to the double arterial and portal vein
blood inflow, the liver is per se an organ normally exposed
to “hypoxia”, which is potentiated in cirrhosis and in
malignant transformation[26]. In the cirrhotic liver, inflammation, hepatocytic lesion formation and regeneration,
and neo-vessel formation are associated with the hypoxic
setting, and stem cell activation is stimulated because
these cells are able to resist this acidic/hypoxic microenvironment where cancer development and progression
are strongly favored[24]. In livers chronically infected by
HBV and HCV, the consequent cirrhosis is associated
with a remarkable decrease in oxygen supply and, as such,
the microenvironment induces stabilization of HIF-1α,
which promotes angiogenesis by activating the transcription of vascular endothelial growth factor and cyclooxygenases and activating matrix metalloproteinases[26]. In
summary, hypoxia induces cell damage and inflammation,
limits liver regeneration and is strongly associated with
HCC development[27]. Additionally, hypoxia was proved
to be associated with glycolysis upregulation[28]. This
result was partially demonstrated in the present study,
as MCT4 and GLUT1 were more frequently expressed
in primary HCC and metastasis than in non-neoplastic
hepatocytes, thus corroborating previous evidence that
GLUT1 is not detectable in normal epithelial tissues and
benign epithelial neoplasms[28,29]. GLUT1 expression was
previously demonstrated to be increased in HCC and
promotes hepatic carcinogenesis[29].
MCT1 and its chaperone CD147, as well as MCT2,
were found in this study to be more frequently expressed
in non-neoplastic tissue than in HCC. Among the hepatocellular carcinomas, these proteins were significantly
most commonly expressed in cases not related to HBV
infection and in those occurring in non-cirrhotic livers.
These observations warrant additional studies. This evidence points to the possible important role of MCT1
and CD147, and possibly MCT2, in the liver cell energy
system. In contrast, MCT4 seems to be responsible for
maintaining the glycolytic and acid resistant phenotype
of cancer cells during the progression of HCC, with
higher expression in advanced stages. In this context, it is
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important to highlight that while MCT4 affinity for the
substrate makes this protein a transporter specialized in
lactate efflux, MCT1 affinity for the substrate allows this
isoform to promote both uptake and efflux of lactate.
Therefore, the expression of MCT1, associated with its
chaperone CD147, in non-neoplastic hepatic tissue may
be related to one or both lactate transport directions, but
most likely with the uptake of lactate because this tissue
is a gluconeogenic tissue. Following this rationale, it was
also expected to find plasma membrane expression of
MCT2 (the isoform specialized for substrate uptake) in
non-neoplastic hepatic tissue, as previously described for
normal liver[25]. However, plasma membrane expression
of MCT2 was not found in non-neoplastic tissue. Instead,
MCT2 was highly expressed in the cytoplasm of nonneoplastic tissue and progressively decreased towards metastasis. This important cytoplasmic expression of MCT2
might be related to mitochondrial pyruvate transport, as
MCTs were already described to be present in the mitochondria[30]. Because the metabolic behavior of liver cells
in cancer will be adapted towards glucose consumption
instead of glucose production, the expression of MCT2
will no longer be required, explaining the progressive decrease of MCT2 expression in the cytoplasm. In fact, the
portion of tumors that maintains MCT2 expression in
the cytoplasm should have a metabolism more similar to
that found in normal tissues and therefore be less aggressive. This result explains the association between MCT2
cytoplasmic expression and variables related to a less
aggressive profile, such as lower liver weight, absence of
metastasis and absence of abdominal dissemination.
Interestingly, the increase in plasma membrane expression of MCT4 was not accompanied by CD147,
similar to what was observed and expected for MCT2,
but in contrast to what was observed for MCT1 (since,
as expected, MCT1 was co-expressed with CD147).
This information points to the existence of another
MCT chaperone, as already hypothesized by our group
in other studies[20]. Therefore, further studies will be
important to search for the additional MCT chaperone, as it is essential for MCT activity and may also be
regulating its expression. It is important to emphasize
that MCTs and their chaperones are predominantly
expressed in plasma membrane, their natural location,
in both normal and neoplastic cells. Thus, it is not surprising that the hyper-expression of MCTs and CD147
corresponded more consistently with clinical data in different solid tumors[3].
In conclusion, our results assessed for the first time
the role of MCTs in the liver and in HCC. In the present
autopsy series, mostly representative of advanced HCC,
MCT4 and GLUT1 were progressively highly expressed
from non-neoplastic to primary HCC to metastatic
hepatocellular carcinoma, in contrast to MCT2 that decreased towards malignancy and was associated with less
advanced tumors. In addition to pointing to an important role of the hypoxia pathways in the progression of
HCC, these data might add HCC to the list of possible
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beneficiaries of anti-MCT therapies. Moreover, MCT4
was strongly associated with augmented Ki-67 expression, showing also a relevant trend to association with the
“progenitor-cell component-related” keratin 19 and to
higher histological grades. Future studies should further
assess morphologically and molecularly the interactions
related to the hypoxia and metabolic pathways in the development of HCC, especially approaching surgical samples representative of the sequence cirrhosis - dysplastic
nodules - HCC.
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Abstract
AIM: To identify gene mutations in PRSS1 and SPINK1
in individuals with early onset idiopathic chronic or recurrent acute pancreatitis.
METHODS: The cationic trypsinogen gene (PRSS1 ;
exons 2 and 3) and the serine protease inhibitor Kazal
1 gene (SPINK1 ; exon 3) were selectively amplified and
sequenced from blood samples of 19 patients admitted to the Pancreas Clinic at our institution with chronic
pancreatitis and/or idiopathic recurrent acute pancreatitis that were diagnosed or with onset before age 35.
Fifty healthy volunteers served as controls. Whole blood
samples were collected and gene specific sequences
were amplified by polymerase chain reaction (PCR). All
PCR products were subsequently sequenced in order to
identify the presence of any mutations.
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RESULTS: Nineteen patients with pancreatitis (14
males; median age 24 years, range 15-48 years) were
included in this study, of which five showed the presence of gene mutations. Direct sequencing results
indicated the presence of two previously unidentified
mutations in exon 2 of PRSS1 (V39E and N42S) in two
patients with recurrent acute pancreatitis. Two cases
had the N34S SPINK1 mutation. Analysis of the relatives of one patient homozygous for this mutation
showed that five of the six family members carried the
N34S SPINK1 mutation. Of these members, three were
healthy heterozygous carriers and two were homozygotes (one sibling had diabetes, the other was healthy).
Another patient was heterozygous for a novel SPINK1
mutation located on exon 3 (V46D). All members from
this patient’s family had normal genotypes, indicating
that it was a de novo mutation. No mutations in either
gene were present in the control subjects.
CONCLUSION: Two novel PRSS1 mutations and one
novel SPINK1 mutation were identified in Mexican
patients with early onset idiopathic recurrent acute
pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cationic trypsinogen; SPINK1 ; PRSS1 ;
Chronic pancreatitis; Recurrent acute pancreatitis; Hereditary pancreatitis
Core tip: Chronic and recurrent idiopathic pancreatitis
has been associated with mutations in genes responsible for the synthesis of pancreatic proteases (PRSS1 )
and protease inhibitors (SPINK1 ). The distribution of
these mutations varies among countries, but has not
been examined in detail in Latin American countries.
This study examined PRSS1 and SPINK1 in 19 Mexican
subjects with chronic pancreatitis and/or idiopathic
recurrent acute pancreatitis and identified two novel
PRSS1 mutations and one novel SPINK1 mutation.
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INTRODUCTION
Chronic pancreatitis (CP) is a progressive inflammatory
disease that leads to fibrosis and different degrees of exocrine and/or endocrine insufficiency[1]. There are many
factors contributing to disease development, including
alcohol use[2], though some cases do not present any
known risk factors and are classified as idiopathic. Hereditary pancreatitis is diagnosed in the case of a positive
family history[3]. As early as 1952, the observation that
CP clustered in certain families suggested a genetic component. However, identification of such genetic factors
did not occur until 1996, when mutations in the cationic
trypsinogen gene (PRSS1) were discovered in families
with hereditary CP and in some cases of idiopathic
CP[4,5]. Later, mutations in the cystic fibrosis transmembrane conductance regulator (CFTR)[6,7], trypsin inhibitor
(SPINK1), and chymotrypsinogen C (CTRC) genes were
described in both idiopathic CP and alcoholic CP[8,9].
PRSS1 mutations have been linked with hereditary
pancreatitis, whereas mutations in the SPINK1 gene have
been associated with pancreatitis of different etiologies[10].
However, mutations in SPINK1 are not always sufficient to induce pancreatitis, and additional pancreatitisassociated factors must be present in order to express the
disease. For example, the commonly observed N34S mutation in SPINK1 by itself has no apparent functional effect[11,12]. CTRC mutations have been identified in patients
with idiopathic CP and hereditary pancreatitis[13,14], as well
as in subjects with alcoholic CP. The effect of these genes
on pancreatitis likely results from an imbalance between
normal mechanisms of protease activation and inhibition
and pancreatic fluid composition[15,16]. Functional analysis
of several identified gene mutations has shown that they
result either in a gain of trypsin function (PRSS1)[17,18],
loss or decreased protein expression or function (SPINK1
D50E and Y54H)[19,20], and/or altered ductal secretion
(CFTR mutations)[21].
The distribution of these identified mutations varies among countries[22-25]; although, reports from Latin
America are scarce, with only information from Brazil
available[26,27]. Furthermore, there is no available information about the role and characteristics of CP-related genetic mutations in Mexico, a population characterized by
a broad genetic admixture[28]. However, a previous study
by our group found that a large proportion of CP cases in
Mexico are idiopathic[29]. Therefore, the aim of the present
study was to identify mutations in the PRSS1 and SPINK1
genes in Mexican subjects with early onset idiopathic CP
or idiopathic recurrent acute pancreatitis (IRAP).
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MATERIALS AND METHODS
Subjects with CP and/or IRAP that were diagnosed or
with onset before age 35 were prospectively and retrospectively enrolled in the study. For retrospective enrollment, the outpatient and inpatient database from the
Pancreas Clinic at our institution was searched, and all eligible subjects were contacted by telephone. For prospective enrollment, all consecutive patients seen at our institution either as inpatients or at the outpatient Pancreas
Clinic for CP or IRAP were included. Informed consent
was obtained from the patients and 50 healthy volunteers
who agreed to participate, and 20 cc of whole blood
samples were then collected by peripheral vein puncture.
Blood was stored at -70 ℃ for subsequent DNA extraction. This study was approved by the Institutional Review
Board of the Instituto Nacional de Ciencias Médicas y
Nutrición Salvador Zubirán.
Definitions
Acute pancreatitis was defined by the presence of two of
the following: typical abdominal pain, three-fold elevation
of serum pancreatic enzymes (amylase and/or lipase), and
imaging evidence of acute pancreatitis. CP was considered
if patients had any of the following predetermined criteria: histologic evidence (when available), imaging evidence
from endoscopic retrograde cholangiopancreatography
and/or magnetic resonance cholangiopancreatography
with definitive evidence of CP according to the Cambridge classification, presence of pancreatic calcifications
on computed tomography scan, plain abdominal X-rays,
five or more CP-related findings on endoscopic ultrasound, and definitive pancreatic exocrine insufficiency
according to a pancreolauryl test. IRAP was defined as the
presence of two or more attacks of documented acute
pancreatitis with no evident etiology after a thorough
work-up and without imaging evidence of CP.
DNA extraction and gene- and exon-specific
amplification
Whole blood (20 cc) was collected in K2EDTA BD
Vacutainer tubes (Beckton Dickinson and Company,
Franklin Lakes, NJ, United States). All blood specimens
were processed at the Genomic Medicine Unit at the
Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán. Genomic DNA was extracted using a
standard salt precipitation protocol and assessed for quality and quantity by agarose gel electrophoresis. Exons 2
and 3 of the PRSS1 gene were amplified using primers
and PCR amplification protocols previously reported by
Nishimori et al[30] and Pho-Iam et al[31], respectively. Exon
3 of the SPINK1 gene was amplified using primers and
polymerase chain reaction (PCR) amplification protocols
as previously reported by Witt et al[8].
DNA sequencing
The PCR products from all samples were purified using a
QIAquick PCR Purification Kit (Qiagen, Venlo, Limburg,
The Netherlands) according to the manufacturer’s proto-
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Table 1 Clinical characteristics of subjects with early onset chronic pancreatitis and/or idiopathic recurrent acute pancreatitis
Patient case
No.
1
6
8
15
19

Sex

Age, in years

Age at symptom onset or
diagnosis, in years

Female
Male
Female
Male
Male

45
26
26
20
15

8
20
26
16
12

Clinical presentation

Mutation

IRAP, pancreatic calcifications at age 15, Puestow procedure at age 22 V39E PRSS1
IRAP, pancreatic calcifications at age 22
N42S PRSS1
IRAP, pancreatic calcifications and dilated main pancreatic duct
N34S SPINK1
IRAP, pancreatic calcifications
V46D SPINK1
Abdominal pain, jaundice, pancreatic calcifications
N34S SPINK1

IRAP: Idiopathic recurrent acute pancreatitis.

col. Gene sequencing was performed using the Applied
Biosystems Inc. (ABI) Prism BigDye Terminator Ready
Reaction Cycle Sequencing Kit and the ABI Prism DNA
Sequencer (model PE; ABI of Thermo Fisher Scientific,
Waltham, MA, United States). All PCR products were
sequenced in both directions using the same primers that
were employed for the PCR amplification.

RESULTS
Nineteen subjects with either early onset CP or IRAP
were identified and agreed to participate (14 males; median age 24 years, range 15-48 years) with a total of five
instances of PRSS1/SPINK1 gene mutations (Table 1).
Two mutations in PRSS1 were found: V39E in case 1
and N42S in case 6, both of which were in exon 2. The
N34S SPINK1 mutation was identified in cases 8 and 19.
The family of one of these patients, who was homozygous for the N34S mutation and had early onset chronic
calcifying pancreatitis, was also examined, and six of the
14 additional members agreed to participate and provide
blood samples for sequencing. Although no PRSS1 mutations were found in these family members, five of the six
carried the same N34S SPINK1 mutation. Of these, both
parents and one sibling were healthy and heterozygous
for this mutation, whereas two siblings were homozygous
(one was healthy and the other had developed diabetes
at an early age). The other studied sibling had a normal
genotype and was otherwise healthy. The fifth mutation
was found in case 15, who was a heterozygote for a new
SPINK1 mutation located on exon 3 (V46D). The family members of this patient were also studied, though no
PRSS1 mutations were found, and the V46D or other
SPINK1 mutations were not present. Moreover, no
PRSS1 or SPINK1 mutations were identified in samples
from the 50 healthy controls.

DISCUSSION
The results of this study identified two previously undocumented PRSS1 mutations. The first mutation, N42S,
represents the substitution of one polar hydrophilic amino acid with another similar one. However, the second
novel mutation identified, V39E, represents the substitution of a non-polar hydrophobic amino acid to a negatively charged polar one, which could induce a conformational change in the final synthesized molecule. Although
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functional studies are needed to elucidate the effect of
these mutations on protein structure, expression and/or
secretion as well as their contribution to the pathogenic
mechanisms of pancreatic injury, the results from the
current study suggest that mutations in the PRSS1 gene
are sufficient to induce pancreatic disease. Indeed, PRSS1
gene mutations have been directly implicated in the
pathophysiology of hereditary and idiopathic CP by producing an autolysis-resistant trypsin and/or facilitating
auto-activation[17,18]. However, the presence and contribution of mutations in other exons, genes or environmental
factors remains unclear and should not be ruled out.
Recent reports from India[22] and Japan[23] indicated
that SPINK1 mutations confer strong genetic susceptibility to developing CP, but alone do not cause the disease.
Some SPINK1 mutations alter peptide expression or
binding affinity, though the disease-causing biochemical
defect of the N34S mutation remains unknown[11,12,19,20].
In the current study, one case with the SPINK1 N34S
mutation had apparently unaffected family members,
two healthy siblings who were homozygous for the same
mutation, and another sibling and both parents who were
heterozygous. Thus, SPINK1 mutations may require other associated genetic and/or environmental risk factors in
order to promote pathogenicity. It is possible that these
mutations impact the phenotypic presentation of the disease, with patients developing CP at earlier ages[8,9,12], as
seen in this early onset CP population.
The sequencing results of this study identified a novel
SPINK 1 mutation (V46D) in a patient with established
calcific CP and no other evident predisposing factors.
Computational simulations could indicate if this mutation likely aborts SPINK1 protein synthesis, in contrast
to other previously described mutations that reduce the
enzymatic activity[32]. It appeared to be a de novo mutation,
as none of the family members had it nor did they present any clinical manifestations of pancreatitis, though no
paternity tests were run. In addition, neither the family
members nor the affected individual had prior history of
exposure to pancreatic disease-related risk factors. As the
presence of mutations in other exons or genes remains
unknown, a direct causal effect of this new mutation
needs to be validated.
In agreement with previous studies worldwide[24,25], the
current study provides further support that the frequency,
nature and type of mutations vary among populations.
This is the first Mexican study to explore the genetics of
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early onset idiopathic CP in Hispanics. Although still a
minority in the United States[33] and European countries,
the Hispanic population has shown a steady and continuous growth rate, and thus the results provide valuable
information to health care workers responsible for the
medical attention of such minorities. The main limitations of this study include the small sample population,
incomplete sequencing of the entire PRSS1 and SPINK1
genes, and absence of testing for CFTR and CTRC mutations. However, the findings of this study are consistent
with previous reports and identify new pancreatitisrelated mutations.

trypsinogen secreted by pancreatic acinar cells. Trypsinogen is then converted
to trypsin by enterokinase within the duodenum, which then activates the digestive enzyme cascade. Pancreatic secretory trypsin inhibitor, or serine protease
inhibitor Kazal type 1, is a protein encoded by the SPINK1 gene that competitively binds to and inactivates trypsin.

Peer review

The present study provides new information concerning genetic contributors to
chronic pancreatitis in the Mexican population, which has been largely unstudied to date. Patients and relatives were sampled to allow for direct sequencing
to promote an understanding of the impact of the occurrence of identified mutations in the development of pancreatitis. The inclusion criteria were restricted to
the defined characteristics of an uncommon disease, allowing for the selection
of patients most likely to have relevant genetic mutations.
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Abstract
AIM: To investigate the association of the functional
monocyte chemotactic protein-1 (MCP-1 ) promoter
polymorphism (A-2518G) with spontaneous bacterial
peritonitis (SBP).
METHODS: Fifty patients with post-hepatitis C liver cirrhosis and ascites were categorized into two groups;
group Ⅰ included 25 patients with SBP and group Ⅱ included 25 patients free from SBP. In addition, a group of
20 healthy volunteers were included. We assessed the
MCP-1 gene polymorphism and gene expression as well
as interleukin (IL)-10 levels in both blood and ascitic fluid.
RESULTS: A significant MCP-1 gene polymorphism
was detected in groups Ⅰ and Ⅱ (P = 0.001 and 0.02
respectively). Group Ⅰ was associated with a significantly higher frequency of AG genotype [control 8
(40%) vs SBP 19 (76.0%), P < 0.001], and group Ⅱ
was associated with a significantly higher frequency
of GG genotype when compared to healthy volunteers
[control 1 (5%) vs cirrhotic 16 (64%), P < 0.001]. Accordingly, the frequency of G allele was significantly
higher in both groups (Ⅰ and Ⅱ) [control 10 (25%) vs
SBP 27 (54%), P < 0.001 and vs cirrhotic 37 (74.0%),
P < 0.001, respectively]. The total blood and ascetic fluid levels of IL-10 and MCP-1 gene expression
were significantly higher in group Ⅰ than in group Ⅱ.
Group Ⅰ showed significant reductions in the levels of
MCP-1 gene expression and IL-10 in the whole blood
and ascetic fluid after therapy.
CONCLUSION: MCP-1 GG genotype and G allele may
predispose HCV infected patients to a more progressive
disease course, while AG genotype may increase the
susceptibility to SBP. Patients carrying these genotypes
should be under supervision to prevent or restrict further complications.
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Core tip: Monocyte chemotactic protein-1 (MCP-1 )
polymorphism was investigated in hepatitis C virus
(HCV) infected patients because of the higher susceptibility of cirrhosis and ascites patients to bacterial
infections. MCP-1 secretion is up-regulated during
chronic hepatitis and correlates with the severity of
hepatic inflammation. Inheritance of MCP-1 GG genotype and MCP-1 G allele may predispose HCV infected
patients to a more progressive disease course, while
AG genotype may be a risk factor for spontaneous
bacterial peritonitis (SBP) in patients with decompensated post-hepatitis C cirrhosis. MCP-1 expression and
elevated IL-10 levels may be related to the development of SBP. HCV cirrhotic and SBP patients carrying
the above genotypes should be under supervision and
monitoring.
Salama MK, Sabry D, Al-Ghussein MAS, Ahmed R, AbdAllah
S, Taha FM, Fathy W, Wadie MS, Nabih M, Abul-Fotouh A, Darwish T. Molecular detection of monocyte chemotactic protein-1
polymorphism in spontaneous bacterial peritonitis patients. World
J Gastroenterol 2014; 20(33): 11793-11799 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i33/11793.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11793

INTRODUCTION
Patients with cirrhosis and ascites show higher susceptibility to bacterial infections, mainly because of the inadequate defense mechanisms[1-3]. Factors influencing the
development of spontaneous bacterial peritonitis (SBP)
in patients with liver cirrhosis are poorly understood. Previous studies have indicated that peritoneal macrophages
of cirrhotic patients might contribute to the control
of SBP or influence its associated pathology in human
cirrhosis by producing high quantities of angiogenic
peptides and nitric oxide[4,5]. SBP can be caused by many
reasons due to the alterations of the immune system that
are very common in patients with end-stage liver disease
and associated with an increased risk of infection and
death[6,7]. Consequently, elevated concentrations of proinflammatory cytokines are found in ascitic fluid of these
patients[8,9]. In addition, hepatitis C virus (HCV) infection
is associated with increased hepatic expression of monocyte chemotactic protein-1 (MCP-1)[10].
MCP-1 acts as a chemotactic factor for monocytes/
macrophages, activated lymphocytes and neutrophils during infections[11,12]; thus, these cells migrate to the ascitic
fluid. Monocytes and macrophages release TNF-a and
other cytokines, which in turn induce the expression of
adhesion molecules on endothelial cells, thereby mediat-
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ing a systemic reaction to the infection[11,12]. TNF-a has
been shown to be elevated in the ascitic fluid of SBP
patients, stimulating the release of interleukin-8 (IL-8),
growth-related oncogene-α (GRO-α), and MCP-1 by
mononuclear cells or endothelial cells. This release propagates the inflammatory reaction[13]. MCP-1 secretion is
up-regulated during chronic hepatitis and correlates with
the severity of hepatic inflammation[14,15]. Furthermore,
a previous study showed elevated MCP-1 levels in ascitic
fluid of cirrhotic patients with SBP compared to patients
without SBP[13].
The aim of this work was to study the association of
the functional MCP-1 promoter polymorphism (A-2518G)
with SBP and investigate the expression of MCP-1 in
blood and ascites as well as serum and ascitic IL-10 levels.

MATERIALS AND METHODS
The case-control study protocol was performed in accordance with the ethical guidelines of the 1975 Declaration
of Helsinki. After being approved by the Institutional Review Board of Kasr El-Aini Hospital, the present study
was conducted on 50 patients with post-hepatitis C liver
cirrhosis and ascites attending the Kasr El-Aini Cairo
University Hospital from February 2012 to September
2012. The study population is illustrated in Figure 1. Patients were categorized into two groups according to the
presence of SBP or not as follows; group Ⅰ (n = 25) included patients with SBP proved by ascitic fluid polymorphonuclear leukocyte (PMN) count ≥ 250 cells/mm3,
and group Ⅱ (n = 25) included patients without SBP. Patients with alcoholic liver cirrhosis, Wilson’s disease, hemochromatosis, glycogen storage disease and malignant
or tuberculous ascites were excluded from this study. As
an additional control group (group Ⅲ), 20 healthy volunteers (15 males and 5 females) with a mean age of 48.28
± 4.56 years were included in the study, and they were
recruited from the members of the Medical Biochemistry
Department, Faculty of Medicine.
Written informed consent to participate in the study
was obtained from all participants. After that, they were
subjected to a detailed medical history assessment and
laboratory investigation (complete blood count, liver
and renal function tests). Serum IL-10 level assessment,
quantitative assessment of MCP-1 gene expression in
blood and detection of MCP-1 gene polymorphism
were performed. The ascitic fluid of patients of both
groups Ⅰ and Ⅱ was analysed for IL-10 level and the
quantitative assessment of MCP-1 gene expression. Appropriate antibiotic medication therapy was prescribed
for patients of group Ⅰ and after the ascitic fluid PMN
count became less than 250 cells/mm3, they were reassessed by measuring the MCP-1 gene expression in the
whole blood and in the ascitic fluid in addition to the
IL-10 level in both serum and ascitic fluid.
Detection of MCP-1 polymorphism
Genomic DNA was prepared from venous blood sam-
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Healthy controls and post-hepatitis C liver cirrhosis
and ascites patients (n = 70) (randomization step)

SBP patients (group Ⅰ),
n = 25

Patients without SBP (group Ⅱ),
n = 25

Healthy controls (group Ⅲ),
n = 20

7 mo of therapy

Figure 1 Algorithm for the study design. SBP: Spontaneous bacterial peritonitis.

ples using the Innu PREP blood DNA mini kit (Analytic
Jena, Germany) following the manufacturer’s instructions. The identification of the polymorphism was carried out using polymerase chain reaction (PCR), followed
by a restriction fragment length polymorphism (RFLP)
assay, using a PvuII site, which is introduced by the presence of the G nucleotide. The regulatory region of the
MCP-1 gene (from -2746 at -1817) was amplified by PCR
using a forward primer (5′-CCGAGATGTTCCCAGCACAG-3′) and a reverse primer (5′-CTGCTTTGCTTGTGCCTCTT-3′)[16].
PCR was performed in a 40 μ L reaction system
containing 10 × buffer (10 mmol/L Tris-HCl pH 9, 2.0
mmol/L MgCl2, 50 mmol/L KCl), 200 μm dNTPs, 2.5
pmole of each primer, 5 μL of DNA, 0.5 U Taq polymerase (Amersham Pharmacia Biotech, Piscataway, NJ, USA)
and ddH2O. The following thermal profiles were run:
95 ℃ for 40 s, 56 ℃ for 30 s, and 72 ℃ for 4 min. After
a final extension of 10 min at 72 ℃, 7 μL of the PCR
products were resolved on 2% agarose gels and stained
with ethidium bromide to visualize the expected 930-bp
band. After visualization, 8 μL of the PCR products were
digested with 10 U of PvuII in 10× buffer and H2O up
to a final volume of 20 μL at 37 ℃ for 2 h. The resulting products were separated by electrophoresis on 1.5%
agarose gels, containing ethidium bromide at a final concentration of 0.5 g/mL. Samples showing only a 930-bp
band were assigned as A/A, those showing two bands at
708 and 222 bp were considered G/G and those showing
three bands at 930, 708 and 222 bp were typed as A/G.
Quantitative assessment of MCP-1 gene expression by
real-time PCR
RNA extraction from blood and ascitic fluid samples: SV total RNA isolation system (Promega, USA)
was used to extract RNA.
Primer design and selection: All primers were designed
based on target sequences obtained from the reference[17].
cDNA synthesis: The extracted RNA was reverse
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transcribed into cDNA using RT-PCR kit (Stratagene
USA)[18].
Real-time quantitative PCR using SYBR Green Ⅰ
Real-time quantitative PCR (qPCR) amplification and
analysis were performed using an Applied Biosystem
with software version 3.1 (StepOne™, USA). The qPCR
assay with the primer sets were optimized at the annealing temperature. All cDNA including previously prepared
samples, internal control (for glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) gene expression as housekeeping gene), and non-template control (water to confirm
the absence of DNA contamination in the reaction mixture), were in duplicate. The sequences of the primers
used for amplification of the GAPDH gene were forward, 5’CGCTCTCTGCTCCTCCTGTT 3’ and reverse,
5’ CCATGGTGTCTGAGCGATGT 3’[19].
Estimation of serum and ascitic fluid IL-10 by enzyme
linked immunosorbent assay
IL-10 was analysed using kits produced by Orgenium
Laboratories Business Unit (Vantaa, Finland)[20].
Statistical analysis
The results were analysed using the SPSS software package version 9.0 (Chicago, IL, USA). Quantitative data are
expressed as mean ± standard deviation (SD). Differences between two groups were compared by the Student’
s t-test. Genotype and allele frequencies were reported
as percentages and the differences between groups were
determined by χ 2 test. Correlations between data were
performed using Pearson and Spearman correlation tests
as required. Differences were considered significant at P
< 0.05.

RESULTS
The demographic and clinical data of the studied groups
are presented in Table 1. Patients of both groups and the
healthy controls were age and sex matched. There was no
statistically significant difference between both studied
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Table 1 Baseline demographic and clinical characteristics of the studied groups
Group Ⅰ (SBP)
(n = 25)

Control group
(n = 20)
Age (yr)
Sex (male)
BMI (kg/m2)
DM (Yes)
GIT bleeding (Yes)
Hepatic encephalopathy (Yes)
Duration of liver cirrhosis (yr)
Duration of ascites (yr)
Hemoglobin (g/dL)
Platelets (103/µL)
TLC (103/µL)
Serum albumin (g/dL)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Urea (mg/dL)
Creatinine (mg/dL)
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
INR
MCP-1 gene expression in whole blood
Serum IL-10 (pg/mL)
PMN count in ascites (cells/mm3)
Serum-Ascites Albumin gradient (SAAG) (g/dL)
Ascitic IL-10 (pg/mL)
Ascitic MCP-1 gene expression

48.28 ± 4.56
15 (75)
28.42 ± 2.33
0
0
0
0
0
12.6 ± 1.6
158.4 ± 12.8
6.3 ± 0.97
4.34 ± 0.62
1.036 ± 0.064
0.176 ± 0.078
17.4 ± 3.3
0.86 ± 0.208
47.96 ± 7.7
23.79 ± 7.5
95.5 ± 19.8
0.996 ± 0.13
0.131 ± 0.0367
14.48 ± 3.29
-

51.24 ± 9.3
18 (72)
27.94 ± 2.1
5 (20)
5 (20)
9 (36)
4.46 ± 5
1 ± 2.01
10.27 ± 1.95b
146.6 ± 90.2
5.82 ± 3.05
2.26 ± 0.39b
5.42 ± 8.7b
3.07 ± 5.3b
59.45 ± 26.6a,b
1.96 ± 1.79b
69.86 ± 38.03a
39.7 ± 16.03b
167.9 ± 69.49b
1.84 ± 0.59b
1.04 ± 0.119b,d
29.26 ± 7.037b,d
1194.6 ± 1187.6d
1.34 ± 0.107d
60.07 ± 12.67d
2.251 ± 1.039d

Group Ⅱ (cirrhotic)
(n = 25)
47.08 ± 12.9
15 (60)
28.2 ± 1.8
8 (32)
5 (20)
7 (28)
4.04 ± 3.26
1.71 ± 1.54
9.5 ± 2.22b
118.6 ± 35.9b
6.7 ± 2.58
2.3 ± 0.46b
2.69 ± 2.65b
1.44 ± 1.58b
42.8 ± 24.49b
1.5 ± 0.95b
85.8 ± 52.99b
40.17 ± 24.76a
101.4 ± 39.67
1.66 ± 0.40b
0.112 ± 0.046
15.91 ± 4.53
110.3 ± 60.89
1.67 ± 0.32
16.86 ± 5.2
1.5 ± 0.59

a

P < 0.05, bP <0.01 vs control group; dP <0.01, group Ⅰ vs group Ⅱ. Results are expressed as mean ± SD or frequency (%) as required. BMI: Body mass
index; DM: Diabetes mellitus; GIT: Gastrointestinal; TLC: Total lymphocyte count; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase; INR: International normalized ratio; MCP-1: Monocyte chemotactic protein-1; SBP: Spontaneous bacterial peritonitis.

Table 2 MCP-1 genotypes in the studied groups

Genotype
AA
AG
GG
Allele
A
G

Control group
(n = 20)

Group Ⅰ (SBP)
(n = 25)

Group Ⅱ (cirrhotic)
(n = 25)

11 (55)
8 (40)
1 (5)

2 (8.0)b
19 (76.0)b
4 (16.0)

4 (16)b
5 (20)b,d
16 (64)b,d

30 (75.0)
10 (25.0)

23 (46.0)b,d
27 (54.0)b

13 (26.0)b
37 (74.0)b,c

a

P < 0.05, bP <0.01 vs control group; cP < 0.05, dP <0.01, group Ⅰ vs group
Ⅱ. Results are expressed as frequency (%). MCP-1: Monocyte chemotactic
protein-1.

groups of patients regarding the studied laboratory data,
except for significantly higher levels of the MCP-1 gene
expression in whole blood (cirrhotic 0.112 ± 0.046 vs SBP
1.04 ± 0.119, P < 0.001) and serum IL-10 in SBP patients
(cirrhotic 15.91 ± 4.53 vs SBP 29.26 ± 7.037, P < 0.001).
MCP-1 polymorphism in all the studied groups is presented in Table 2. Our results showed that the genotype
frequencies in the healthy controls did not depart from
those expected on the basis of Hardy-Weinberg equilibrium (P = 0.76). However, in cirrhotic patients without SBP
(group Ⅱ) and those with SBP (group Ⅰ), the observed
and expected frequencies were significantly different (P =
0.02 and 0.001, respectively). When compared to normal
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healthy volunteers, a significantly higher frequency of the
GG genotype was reported in cirrhotic patients without
SBP (group Ⅱ) [control 1 (5%) vs cirrhotic 16 (64%), P
< 0.001], while a significantly higher frequency of the
AG genotype was reported with cirrhotic patients with
SBP (group Ⅰ) [control 8 (40%) vs SBP 19 (76.0%), P <
0.001]. When comparing the two groups of patients with
each other, a significantly higher frequency of the GG
genotype was reported with cirrhotic patients without
SBP (group Ⅱ) [SBP 4 (16%) vs cirrhotic 16 (64%), P <
0.001], while a significantly higher frequency of the AG
genotype was reported with cirrhotic patients with SBP
(group I) [SBP 19 (76.0%) vs cirrhotic 5 (20%), P <0.001].
Accordingly, there was a significantly higher frequency of
the G allele in both groups of patients (Ⅰ and Ⅱ) when
compared to healthy volunteers (control 10 (25%) vs SBP
27 (54%), P < 0.001 and vs cirrhotic 37 (74.0%), P < 0.001
respectively). When comparing both groups of patients
with each other, it was revealed that the G allele represented 54% in those with SBP (group Ⅰ) vs 74% in those
without SBP (group Ⅱ) [SBP 27 (54.0%) vs cirrhotic 37
(74%), P < 0.001], while the A allele represented 46% in
those with SBP (group Ⅰ) vs 26% in those without SBP
(group Ⅱ) [SBP 23(46.0%) vs cirrhotic 13 (26%), P <
0.001], and these differences were statistically significant.
Ascitic fluid analysis
Results are presented in Table 1. Our results revealed
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Figure 2 Cirrhotic patients with spontaneous bacterial peritonitis before and after therapy. A: Blood and ascitic MCP-1 gene expression; B: Serum and ascetic IL-10 concentrations. Results are expressed as mean ± SD. Asterisk denotes a significant difference in measured parameters at diagnosis and after resolution.
MCP-1: Monocyte chemotactic protein-1; IL-10: Interleukin 10; SBP: Spontaneous bacterial peritonitis.
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Figure 3 Agarose gel electrophoresis analysis of polymerase chain reaction products for MCP-1 gene (930 bp) before digestion with restriction
enzyme. Lane M: DNA ladder (100, 200, 300 to 1000 bp); Lane 1: polymerase
chain reaction (PCR) product for MCP-1 gene in a healthy control; Lane 2: PCR
product for MCP-1 gene in a cirrhotic patient with SBP; Lane 3: PCR product for
MCP-1 gene in a cirrhotic patient without SBP; Lane 4: Negative control. MCP-1:
Monocyte chemotactic protein-1; SBP: Spontaneous bacterial peritonitis.

that the ascitic fluid levels of the IL-10 and MCP-1 gene
expression were significantly higher in patients with SBP
(group Ⅰ) than those without SBP (group Ⅱ).
Cirrhotic patients with SBP (group Ⅰ) showed significant reductions in the levels of MCP-1 gene expression and IL-10 in the whole blood and ascitic fluid after
therapy (Figure 2A and B). In cirrhotic patients with SBP
a significant positive relationship was detected between
the MCP-1 gene expression in the whole blood and the
duration of liver disease (r = 0.46, P = 0.02). Also, a significant positive relationship was detected between the
serum IL-10 and both the SAAG and the serum albumin
level (r = 0.623 and 0.472, P = 0.023 and 0.02, respectively). In addition, a significant positive relationship was
detected between the ascitic MCP-1 gene expression and
the total bilirubin level (r = 0.535, P = 0.03). Contrarily,
a significant negative relationship was detected between
the ascitic MCP-1 gene expression and the total leucocytic count (TLC) (r = 0.671, P = 0.003). However, these
relationships were statistically insignificant in cirrhotic
patients without SBP. On the other hand, a significant
positive relationship was detected between the serum
IL-10 and the urea level (r = 0.449, P = 0.036), as well
as between the ascitic MCP-1 gene expression and the
serum creatinine level (r = 0.57, P = 0.01). A significant
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222 bp

Figure 4 Agarose gel electrophoresis analysis of polymerase chain reaction products for MCP-1 gene (930 bp) after digestion with restriction
enzyme. Lane M: DNA ladder (100, 200, 300 to 1000 bp); Lane 1: polymerase
chain reaction (PCR) product for A/A genotype (930 bp); Lane 2: PCR product
for A/G genotype (930, 708 and 222 bp); Lane 3: PCR product for G/G genotype (708 and 222 bp). MCP-1: Monocyte chemotactic protein-1.

negative relationship was detected between the ascitic
IL-10 and the duration of the liver cirrhosis (r = 0.39, P
= 0.048). PCR products for MCP-1 gene (930 bp) before
digestion with restriction enzyme for different groups are
shown in Figure 3. PCR products for MCP-1 gene (930
bp) after digestion with restriction enzyme in Figure 4
showed A/A genotype at 930 bp, A/G genotype at 930,
708 and 222 bp and G/G genotype at 708 and 222 bp.

DISCUSSION
Interestingly, a significant MCP-1 genotype polymorphism was observed in cirrhotic patients with and without SBP in our study, which was not observed in the
healthy Egyptian volunteers. Further analysis showed
that cirrhotic patients without SBP were associated with a
higher frequency of GG genotype, while those with SBP
were associated with a higher frequency of AG genotype.
Also, it was found that the G allele frequency was significantly higher in both the cirrhotic patients with and
without SBP than the healthy volunteers as well as being
higher in the cirrhotic patients without SBP than in those
with SBP. This result is in agreement with the finding by
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Gäbele et al[21], who reported that carriers of the G allele
of the MCP-1 polymorphism were more frequent in patients with alcohol induced cirrhosis than in heavy drinkers without evidence of liver damage (controls). Also, in
a previous study, carriers of the G allele were significantly
more frequent in HCV patients with more advanced
fibrosis and severe inflammation[14]. In vitro stimulated
monocytes from individuals carrying a G allele at -2518
produced more MCP-1 than cells from A/A homozygous
subjects[22]. Carriers of the G allele were significantly
more frequent in HCV patients with more advanced fibrosis and severe inflammation[15].
In patients with SBP, MCP-1 acts as a chemotactic factor for monocytes and macrophages; thus, these
cells migrate to the ascitic fluid. These monocytes and
macrophages release TNF-α and other cytokines, which
in turn induce the expression of adhesion molecules
on endothelial cells, thereby mediating a systemic reaction to the infection[11,12]. This explains the significant
increase, reported in our study, of the mean level of the
MCP-1 gene expression in both blood and ascetic fluid
of cirrhotic patients with SBP compared with cirrhotic
patients without SBP, which was in agreement with
previous studies[21-23]. These findings suggest that this
potent chemokine plays a pathophysiological role during
the development and the course of SBP. As well in our
study, the SBP patients showed a significant increase in
the mean level of PMN count compared with cirrhotic
patients without SBP. In the present study, the mean level
of MCP-1 gene expression in blood was higher in control
subjects than in cirrhotic patients without SBP. However,
this difference was not statistically significant. This is in
concordance with what was reported by Nischalke et al[24],
who found that the MCP-1 was markedly lower in HCVinfected patients than in controls, and it was explained
by the down-regulation of MCP-1 expression by viral
proteins and the inhibition of activity of the MCP-1 gene
promoter by HCV core protein.
In agreement with the results of previous studies[13,25,26], our research reported a significant increase in
the serum IL-10 level in the SBP patients than those in
the healthy volunteers and cirrhotic patients without SBP.
Also it was higher in cirrhotic patients without SBP than
in healthy volunteers, but the difference was not statistically significant. This goes with the assumption that the
elevated IL-10 levels in both cirrhotic patients with and
without SBP have a regulatory role in the inflammatory
process in liver cirrhosis patients[25].
Our study reported that mean level of serum ascites
albumin gradient (SAAG) was significantly higher in cirrhotic patients than in SBP patients, and this is in agreement with the results of Khan et al[26] who found that the
SAAG was higher in cirrhotic than SBP patients.
Changes in various cytokines levels after SBP treatment were previously observed, e.g., MCP-1 and IL-10
levels showed a significant decrease during follow-up after
treatment[13], and this is in agreement with the result of
our study that SBP patients showed significant decreases
in the mean levels of blood and ascitic fluid MCP-1 gene
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expression and serum IL-10 after SBP treatment.
In conclusion, inheritance of MCP-1 GG genotype
and MCP-1 G allele may predispose HCV infected patients to a more progressive disease course, while AG
genotype may be a risk factor for SBP in patients with
decompensated post-hepatitis C cirrhosis. MCP-1 expression and IL-10 levels in blood and ascitic fluid may be related to the development and the course of SBP. Further
randomized controlled trials with greater sample size are
recommended.
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Abstract
AIM: To explore whether clinical presentations of gastric small gastrointestinal tumors (GISTs) mimics gastrointestinal dyspepsia symptoms.
METHODS: The endosonographic data of 167 patients
who underwent endoscopic submucosal dissection at
the Tianjin Medical University General Hospital, China
between 2009 and 2011 were analyzed. GISTs and leiomyomas had a similar intragastric distribution and similar locations within the gastric wall. Therefore, patients
with GISTs were chosen as the study group and those
with leiomyomas were chosen as the control group.
Dyspepsia symptom questionnaires were used to investigate and compare the gastrointestinal symptoms of
patients with GISTs and those with gastric leiomyomas
before and after endoscopic submucosal dissection
(ESD). The questionnaires evaluated symptoms such as
epigastric pain, heartburn, regurgitation, epigastric discomfort, nausea and vomiting, abdominal bloating, and
eructation. Symptoms were assessed using a four-point
scoring scale.
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RESULTS: GISTs were the most common gastric submucosal lesion (67 cases, 40.12%), followed by leiomyomas (38 cases, 22.75%). Both groups were similar
in terms of gender distribution (P = 0.49), intragastric
location (P = 0.525), and originating layer within the
gastric wall (P = 0.449), but leiomyomas were more
commonly found in the proximal fundus (P < 0.05).
Overall, 94.2% of the patients with small GISTs and
93.5% of those with gastric leiomyomas experienced
some dyspepsia; however, total symptom scores were
significantly lower in the GIST group than in the leiomyoma group (1.34 ± 1.27 vs 2.20 ± 1.70, P < 0.05).
Each component of the symptom score demonstrated
a statistically significant improvement in the GIST patients after ESD (P < 0.05), including epigastric pain
(0.80 ± 0.90 vs 0.13 ± 0.46), heartburn (0.63 ± 1.08
vs 0.13 ± 0.41), regurgitation (0.55 ± 0.87 vs 0.22
± 0.57), epigastric discomfort (0.70 ± 0.98 vs 0.32 ±
0.47), nausea and vomiting (0.27 ± 0.62 vs 0.05 ±
0.21), abdominal bloating (0.70 ± 0.90 vs 0.27 ± 0.49),
and eructation (0.36 ± 0.61 vs 0.21 ± 0.46). For leiomyoma patients, symptoms such as heartburn, nausea,
vomiting, and eructation improved after treatment;
however, these improvements were not statistically
significant (P > 0.05). Thus, the pathophysiology of
dyspepsia symptoms may be different between the two
groups.
CONCLUSION: Symptoms of gastric small GISTs may
mimic those of functional dyspepsia. An alternative diagnosis should be considered in patients with functional
dyspepsia and treatment failure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric small gastrointestinal stromal tumor; Gastric leiomyoma; Clinical presentation; Endoscopic ultrasonography
Core tip: We compared the clinical presentations and
endosonographic characteristics of gastric small gas-

11800

September 7, 2014|Volume 20|Issue 33|

Yu QX et al . GISTs and functional dyspepsia

trointestinal stromal tumors (GISTs) and gastric leiomyomas. Specifically, we compared the change in the
clinical presentations of these two groups before and
after endoscopic submucosal dissection. We found that
the symptoms of small GISTs may mimic those of functional dyspepsia, and that small gastric GISTs may produce more severe symptoms than gastric leiomyomas
due to the different histological origins. This study is
novel as there has been no report regarding the clinical
symptoms of dyspepsia caused by small gastric GISTs.
Yu qx, He ZK, Wang J, Sun C, Zhao W, Wang BM. Clinical presentations of gastric small gastrointestinal stromal tumors mimics
functional dyspepsia symptoms. World J Gastroenterol 2014;
20(33): 11800-11807 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11800.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11800

MATERIALS AND METHODS

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumor of the gastrointestinal
tract[1], with an annual incidence of 12.7-14.5 cases per
million[2,3]. GISTs occur throughout the gastrointestinal
tract, but they are preferentially located in the stomach
(60%-70%). Recently, micro-GISTs [also called GIST
tumorlets and interstitial cell of Cajal (ICC) hyperplasia,
≤ 1 cm in size] have been found in 9.1%-35% of stomachs that are thoroughly examined after surgical removal
or at the time of autopsy[4-7]. Therefore, the incidence of
gastric micro-GISTs is higher than that of gastric clinical
GISTs.
It is widely accepted that GISTs originate from the
ICCs[8] or mesenchymal stem cells that can differentiate
into ICCs[9]. ICCs are specialized cells in the gastrointestinal tract that generate the rhythmic electrical and contractile activity that exists from the stomach to the rectum,
and mediate enteric motor neurotransmission[10]. ICCs are
essential for gut peristalsis.
The symptoms of GISTs are variable and depend on
the size, site, relationship with the gastrointestinal wall,
and malignancy[11,12]. When tumors grow to a certain size,
gastrointestinal bleeding may result from ulceration of
the mucosal surface or abdominal pain may arise from
the compression of surrounding tissues or organs. However, small tumors may be asymptomatic or only present
with nonspecific gastrointestinal symptoms[12]. It has been
reported that a 62-year-old female patient was diagnosed
and unsuccessfully treated for irritable bowel syndrome
(IBS) for 11 years and was eventually found to have an
obstructing small-bowel GIST. After operation, all of her
persistent gastrointestinal symptoms including abdominal
pain, nausea, bloating and constipation disappeared[13].
The case suggested that GISTs that conserve the function of ICCs could alter the motility of the gastrointestinal tract, especially when the tumor is sufficiently small.
The symptoms may mimic those of functional gastro-
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intestinal disorders. However, there has been no report
regarding the clinical symptoms of dyspepsia caused by
small gastric GISTs.
This study was designed to assess the change in symptoms before and after endoscopic submucosal dissection
(ESD) among gastric small GIST patients using a dyspepsia symptom questionnaire, and to explore whether
some dyspepsia symptoms would be associated with gastric small GISTs - the neoplastic transformation of ICCs.
GISTs are one type of submucosal lesions, which
arise from tissue under the epithelial layer and include
leiomyomas, lipomas, and ectopic pancreas. Various submucosal lesions have different site characteristics, layer
of origin, and appearance under endoscopic ultrasound
(EUS). Thus, the endosonographic features of gastric
submucosal lesions were investigated for choosing the
appropriate control group, to explore whether other submucosal lesions would cause some dyspepsia symptoms.

Diagnosis
A total of 167 patients with a diagnosis of gastric submucosal lesions underwent ESD at the Endoscopy Center
of Tianjin Medical University General Hospital between
September 2009 and December 2011. Prior to ESD, all
the patients underwent EUS to determine tumor location
within the gastric wall, size and morphology, sonographic
characteristics, and tumor margins. After ESD, all tumor
specimens were examined by two experienced pathologists. Immunohistochemical analyses for CD117, CD34,
smooth muscle actin, desmin, S-100 and DOG-1 were
performed to determine the pathological diagnosis. GIST
diagnosis met the criteria of the 2008 Chinese Consensus on the Diagnosis and Treatment of GIST[14]. The
risk stratification of the GIST cases followed the 2008
National Institutes of Health (NIH) Consensus Classification System[15]. All patients voluntarily gave signed informed consent before ESD, and the study was approved
by the Medical Review Ethics Committee of Tianjin
Medical University.
The pathological diagnoses of the gastric submucosal
lesions and their location in the stomach are shown in
Table 1. GISTs were the most common gastric submucosal lesion (67 cases, 40.12%), followed by leiomyomas
(38 cases, 22.75%). GISTs and leiomyomas had a similar
intragastric distribution and similar locations within the
gastric wall, as shown in Table 1. Therefore, patients with
GISTs were chosen as the study group, and the patients
with leiomyomas were chosen as the control group.
Study of gastrointestinal symptoms
Prior to ESD, a symptom questionnaire was obtained
from each patient, who had undergone EUS with a diagnosis of gastric submucosal lesions at our endoscopy
center between September 2009 and December 2011.
The symptom questionnaire was completed by welltrained physicians in face-to-face interviews. Another
symptom questionnaire was obtained from the patients
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Table 1 Pathological diagnoses of gastric submucosal lesions and their location
Gastric fundus
Muscularis
mucosae
GIST (n = 67)
Leiomyoma (n = 38)
Neurilemmoma (n = 1)
Ectopic pancreas (n = 30)
Lipoma (n = 8)
Carcinoid (n = 4)
Inflammatory fibrous
polyps (n = 9)
Others (n = 10)1
Total

Submucosa

Gastric body
Muscularis

Muscularis
mucosae

Submucosa

46
30
1
3

0

2

76

0

4

Gastric antrum
Muscularis

Muscularis
mucosae

16
6

1

2

8

1

1
1

8

1
12

4
30

1
26

Submucosa

13
5

Muscularis
4
2
1
6
2

15

1

Other lesions include vascular malformation, myoepithelial hamartoma, tuberculosis, lymphoma, and gastritis cystic profunda. GIST: Gastrointestinal
tumor.

four leiomyoma patients were lost to follow-up. After
exclusion, 52 patients remained in the GIST group (24
males; age range: 30-78 years; median: 60 years). In the
leiomyoma group, 31 patients were included (14 males;
age range: 27-70 years; median: 53 years).

Table 2 Patient baseline features and endosonographic
characteristics
Leiomyoma
(n = 38)

GIST
(n = 67)

P value

Gender
Male
15
30
0.597
Female
23
37
Age (yr, mean ± SD)
51.73 ± 11.16
58.83 ± 8.52
0.001b
Tumor size (cm)
Median
1.00 ± 0.44
1.22 ± 0.22
0.057
Range
0.6-2.5
0.4-3
Intragastric location
Gastric antrum
2
5
0.525
Gastric body
6
16
Gastric fundus
30
46
Distribution in the gastric fundus
Proximal to cardia
24
14
< 0.001d
Distal to cardia
6
32
Site within gastric wall
Muscularis mucosae
0
1
0.449
Muscularis propria
38
66
Sonographic characteristics
Homogenous
36
50
0.010d
Hetrogenous with
2
17
hyperechogenic spots
Echogenicity in comparison with the surrounding muscle echo
Isoechoic
38
54
0.004b
Hyperechoic
0
13
Margin of the tumor
Regular
37
61
0.212
Irregular
1
6

Questionnaires
The questionnaires were the Gastrointestinal Symptom
Rating Scale[16] and Dyspepsia Symptom Rating Scale[17],
which evaluate symptoms such as epigastric pain, heartburn, regurgitation, epigastric discomfort, nausea and vomiting, abdominal bloating, and eructation. Symptoms were
assessed using a four-point scoring scale, ranging from 0-3
points based on severity with a total score of 0-21 points.

b

P < 0.01, dP < 0.001, leiomyoma group vs GIST group. GIST: Gastrointestinal
tumor.

by a physician who was blinded to the pathological diagnosis 6-12 mo after ESD. Endoscopy was repeated for
each patient to determine whether tumor residue or recurrence could be observed at the same time.
As mentioned above, the symptom questionnaires
of the patients with GISTs and leiomyomas were investigated. During follow-up, 10 cases were excluded from
the GIST group, and three from the leiomyoma group
because of accompanying gastric polyps, peptic ulcers,
cholecystitis, and myelocytic leukemia. Five GIST and
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Statistical analysis
The differences in gender and EUS findings between
leiomyomas and GISTs were determined. The distribution of gastrointestinal symptoms and the number of patients who recovered completely or remained unchanged
were analyzed using the χ 2 test or Fisher’s exact test (n <
40 or t < 1), and the patient age and tumor size were assessed using the independent t test. An independent t test
or Mann-Whitney U test was performed to compare the
gastrointestinal symptom scores between the GIST and
leiomyoma groups. The paired t test or Wilcoxon signedrank test was used to compare the gastrointestinal symptom scores before and after ESD in each group. Statistical analyses were performed using SPSS for Windows
version 13.0 (SPSS, Chicago, IL, United States). A P-value
< 0.05 was considered statistically significant.

RESULTS
EUS characteristics of gastric small GISTs
Patient and EUS characteristics of the two groups are
described in Table 2. In this study, the sizes of all GISTs
were < 3 cm, classifying them as gastric small GISTs.
The average age in the leiomyoma group was lower
than that in the GIST group (P < 0.05). Both groups
were similar in terms of gender distribution (P = 0.49),
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Table 3 Comparison of total gastrointestinal symptom scores
of gastrointestinal tumors and leiomyomas before and after
endoscopic submucosal dissection

GIST
Leiomyoma
P value

n

Pre-ESD

Post-ESD

P value

52
31

4.02 ± 2.54
4.40 ± 2.81
0.57

1.34 ± 1.27
2.20 ± 1.70
0.043

< 0.01
< 0.01

ESD: Endoscopic submucosal dissection.

intragastric location (P = 0.525), and originating layer
within the gastric wall (P = 0.449). The most common
site for these two tumors was the muscularis propria in
the gastric fundus. As the gastric fundus is divided into
proximal fundus to cardia and distal fundus based on
the lowest point of the gastric fundus observed through
retroflexing the tip of the scope, we found that leiomyomas were more common in the proximal fundus (P
< 0.05). Leiomyomas tended to be smaller than GISTs
(P = 0.057). Both groups appeared as spherical, semispherical or nodular lesions under gastroscopy. Endosonographic characteristics of leiomyomas showed homogenous hypoechoic masses and appeared as round or
oval lesions with well-defined margins. However, GISTs
showed heterogeneous hypoechoic masses with defined
margins and hyperechoic patches (P < 0.05), which had
higher echogenicity than the muscularis propria (P <
0.05).
Risk stratification of GISTs
The tumor diameters of the 67 GISTs ranged from
0.4 cm to 3 cm with an average of 1.22 ± 0.22 cm: 26
cases were ≤ 1 cm, 30 were 1-2 cm, and 11 were 2-3
cm. Postoperative histopathological results showed that
all 67 GISTs were of the spindle cell type, which were
occasionally accompanied by fibrosis or hyalinosis. Immunohistochemical analyses revealed that 87% were
CD117 positive, 44% were CD34 positive, and 100%
DOG-1 positive with mitotic counts ranging from 0 to
3 per 50 high-power fields. Based on the malignancy potential classification of GISTs, 56 cases were at very low
risk and 11 were at low risk. None of these patients were
given targeted drug therapy. At the end of the follow-up
(6-12 mo after ESD), no tumor residue or recurrence was
observed.
Comparison of total gastrointestinal symptom scores
As shown in Table 3, both total symptom scores decreased significantly after ESD (P < 0.01). The changes
suggested that the symptoms of both groups were relieved by the procedure.
Before treatment, total symptom scores were similar
in both groups (P > 0.05). After treatment, total symptom scores were significantly lower in the GIST group
than in the leiomyoma group (P < 0.05), indicating that
symptomatic relief by ESD was significantly greater for
the GIST patients.
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Gastrointestinal symptom distribution of both groups
before and after ESD
Before treatment, the most common symptom of GIST
patients was epigastric pain, followed by bloating and
discomfort, regurgitation, heartburn, eructation, nausea,
and vomiting. The duration of symptoms ranged from
1 mo to 6 years. Three (5.8%) patients were incidentally
found during routine physical examinations and one was
admitted for upper gastrointestinal bleeding. The most
common symptom of leiomyoma patients was discomfort, followed by bloating, epigastric pain, eructation,
regurgitation, heartburn, nausea, and vomiting. The duration was from 2 wk to 20 years. Two (6.5%) patients were
incidentally found during routine physical examinations.
Before treatment, leiomyoma patients more often had
epigastric discomfort (P = 0.021).
After treatment, symptoms of 13 (25%) GIST patients disappeared completely. However, two (3.8%)
of 52 patients with no change in total symptom scores
presented with discomfort, bloating, and eructation. Five
(16.1%) leiomyoma patients had complete relief of their
symptoms, but there were five (16.1%) patients with
unchanged total symptom scores who had discomfort
and regurgitation. There were no significant differences
in symptom distribution between the groups (P > 0.05)
(Tables 4 and 5).
Comparison of symptom scores between GIST and
leiomyoma patients before and after ESD
Comparison of each component of the symptom scores
between GISTs and leiomyomas before and after ESD
revealed no difference (P > 0.05) (Table 6). Each component of the symptom score demonstrated a statistically
significant improvement in the GIST patients after ESD
(P < 0.05). For leiomyoma patients, symptoms such as
heartburn, nausea, vomiting, and eructation improved
after treatment; however, these improvements were not
statistically significant (P > 0.05), while other symptoms
were significantly improved (P < 0.05).

DISCUSSION
The clinical presentations of GISTs are variable, ranging from asymptomatic to abdominal discomfort, early
satiety, bloating, abdominal pain, gastrointestinal bleeding, and abdominal masses[18]. The symptoms of GISTs
correlated with tumor size, site, relationship with the gastrointestinal wall, and malignancy[11,12]. Previous reports
have revealed that 70% of the GIST patients presented
with different levels of clinical symptoms; 20% were
asymptomatic and were found incidentally during routine physical examinations or other surgeries; and 10%
were found during autopsy[3]. However, small tumors are
usually asymptomatic or only present with nonspecific
digestive symptoms[12]. Huang et al[19] reported that 55.7%
(59/106 cases) of the symptomatic gastric GIST patients
presented with dyspepsia. Besides the case mentioned
above, a female patient with refractory gastroesophageal
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Table 4 Symptom distribution of gastrointestinal tumor and leiomyoma patients before and after endoscopic submucosal dissection

GIST
n = 52
Leiomyoma
n = 31

Pre- ESD
Post- ESD
Pre- ESD
Post- ESD

Epigatric pain

Heartburn

Regurgitation

Discomfort

Nausea and
vomiting

Bloating

Eructation

50% (26/52)
9.6%a (5/52)
38.7% (12/31)
16.1% (5/31)

28.8% (15/52)
11.5%a (6/52)
32.2% (10/31)
25.8% (8/31)

34.6% (18/52)
17.3%a (9/52)
32.2% (10/31)
25.8% (8/31)

38.5% (20/52)
26.9% (14/52)
64.5%c (20/31)
41.9% (13/31)

19.2% (10/52)
3.8%a (2/52)
16.1% (5/31)
6.4% (2/31)

44.2% (23/52)
19.2%a (10/52)
45.1% (17/31)
19.4%a (6/31)

28.8% (15/52)
17.3% (9/52)
35.5% (11/31)
16.1% (5/31)

a

P < 0.05 vs the same group before treatment; cP < 0.05 vs GIST group. GIST: Gastrointestinal tumor; ESD: Endoscopic submucosal dissection.

Table 5 Comparison between complete symptom resolution
and unchanged health status after endoscopic submucosal
dissection
n
GIST
Leiomyoma
P value

Resolved
completely

52
31

13
5
0.5

Unchanged
2
5
0.124

GIST: Gastrointestinal tumor.

reflux disease (GERD) was reported to have a small
GIST (1.4 cm × 1 cm) in the gastric fundus 6 years after
GERD diagnosis. Her symptoms of regurgitation and
heartburn resolved after laparoscopic surgery. O’Riain
et al[20] described a familial GIST patient with recurrent
small intestinal diverticulosis with perforation, and the
authors assumed that diffuse and nodular ICC hyperplasia led to abnormal small intestinal motility, which caused
decreased small intestinal peristalsis associated with small
intestinal diverticulosis and perforation. These cases suggest that small GISTs may alter normal gut motility, resulting in gastrointestinal symptoms. However, there are
no reports regarding the clinical symptoms of dyspepsia
caused by small gastric GISTs.
Currently, it is believed that submucosal lesions are asymptomatic or produce nonspecific symptoms[21]. However, based on the data from our gastrointestinal center,
most patients with submucosal lesions underwent gastroscopic examinations due to epigastric bloating, epigastric
pain, regurgitation, and heartburn. Most of them were
not found to have any associated gastrointestinal diseases
or other diseases; therefore, the correlation between submucosal lesions and symptoms still needs to be clarified.
The mechanisms underlying the symptoms are complex.
The common mechanism for the symptoms of submucosal lesions may involve abnormal gastric wall distention
because of the space-occupying lesion and compression
of the superficial mucosa. However, different submucosal
lesions may have different mechanisms for the vague and
nonspecific symptoms due to their different histological
origins. For example, patients with ectopic pancreatic tissue complain of abdominal pain, bloating, nausea, and
vomiting. The mechanism underlying these symptoms is
thought to be related to the digestive enzymes and vasoactive substances produced by the ectopic pancreas, or
epigastric pain or gastrointestinal spasms resulting from
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the inflammation associated with gland duct obstruction
of the ectopic pancreas[22].
According to the results of our study, GISTs are the
most common gastric submucosal lesion, followed by
leiomyomas. They are similar in size, morphology and site
of origin, and are found in similar locations within the
gastric wall. However, heterogeneous hypoechoic masses
with hyperechoic patches, and higher echogenicity than
muscularis propria are helpful for identifying gastric small
GISTs. In the gastric fundus, leiomyomas are closer to
the cardia, while GISTs are mainly located in the greater
curvature of the fundus. The reason for this distribution
is unclear. It may be related to the density of ICCs reported in the prior study[23].
Recently, the endoscopic removal of small GISTs
by ESD has become technically feasible[24-26]. ESD is the
most minimally invasive treatment for tumors arising
from the muscularis propria; therefore, it has also the
smallest effect on symptoms.
In this study, the fact that only 5.8% of GIST patients
and 6.5% of leiomyoma patients were found incidentally
during routine physical examinations suggests that most
of these patients presented with gastrointestinal symptoms. Total symptom scores of both groups decreased
significantly after ESD, suggesting that the symptoms
were probably caused by the submucosal lesions. After
ESD, total symptom scores were significantly lower in
the GIST group than in the leiomyoma group, and each
component of the symptom score demonstrated a statistically significant improvement in the GIST patients after
ESD (P < 0.05), including epigastric pain, heartburn,
regurgitation, epigastric discomfort, nausea and vomiting, abdominal bloating, and eructation. For leiomyoma
patients, symptoms such as heartburn, nausea, vomiting,
and eructation improved after treatment; however, these
improvements were not statistically significant (P > 0.05).
These data suggest that GISTs may have more impact on
the symptoms.
GISTs are thought to originate from ICCs or their
precursors because they share similarities such as cellular
ultrastructure[27]. High levels of CD117, CD34, protein
kinase Cθ, and nestin are expressed in both GISTs and
ICC cells[8,28-30]. Diffuse ICC hyperplasia has been described with c-kit mutation, and is associated with the
development of multiple GISTs[31,32]. In addition, some
expressed genes of GISTs are related to the electrophysiological activity of ICCs, such as the potassium ion channel gene KCNK3, KCNK2[33], and the calcium-activated
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Table 6 Comparison of symptom scores between gastrointestinal tumors and leiomyomas before and after endoscopic submucosal
dissection

GIST
n = 52
Leiomyoma
n = 31

Pre ESD
Post ESD
Pre ESD
Post ESD

Epigatric pain

Heartburn

Regurgitation

Discomfort

Nausea and
vomiting

Bloating

Eructation

0.80 ± 0.90
0.13 ± 0.46a
0.64 ± 0.86
0.24 ± 0.52a

0.63 ± 1.08
0.13 ± 0.41a
0.60 ± 0.82
0.32 ± 0.56

0.55 ± 0.87
0.22 ± 0.57a
0.60 ± 0.82
0.32 ± 0.56a

0.70 ± 0.98
0.32 ± 0.47a
1.00 ± 0.82
0.52 ± 0.65a

0.27 ± 0.62
0.05 ± 0.21a
0.20 ± 0.50
0.08 ± 0.28

0.70 ± 0.90
0.27 ± 0.49a
1.00 ± 0.82
0.40 ± 0.64a

0.36 ± 0.61
0.21 ± 0.46a
0.56 ± 0.92
0.32 ± 0.69

a

P < 0.05 vs before treatment. ESD: Endoscopic submucosal dissection.

chloride channel gene DOG-1[34-36]. Furuzono et al[37] have
found that malignant GIST cells preserve several, but
not all, ionic mechanisms underlying pacemaker activity
in ICCs. However, leiomyomas originate from smooth
muscle cells. Based on these data, we suggest that GISTs,
especially small GISTs, likely retain partial biological features of ICCs and somehow induce or aggravate abnormal gastrointestinal electric activity, resulting in gastrointestinal dyspepsia symptoms. This mechanism differs
from that of leiomyomas.
In addition, the symptoms of only 25% of GIST
patients and 16% of leiomyoma patients completely
resolved after ESD. The incomplete resolution of symptoms for the other patients suggests that the mechanism
for the gastrointestinal symptoms is complicated and may
relate to the formation of postoperative scar, visceral hypersensitivity, and psychological factors.
The symptoms of small gastric GISTs may mimic
those of functional dyspepsia. Small gastric GISTs may
have more impact on symptoms than gastric leiomyomas,
due to their different histological origins. The incidence
of gastric micro-GISTs is higher than that of gastric clinical GISTs. We suggest that some symptoms in patients
with functional dyspepsia are the result of functional
alteration of gut peristalsis due to the increased number
of ICCs in a slow-growing GIST, even when the tumor
is small and difficult to detect by routine investigations.
Thus, an alternative diagnosis should be considered when
treating patients with functional dyspepsia who fail to
respond for a prolonged period. However, multicenter
studies with a larger cohort of patients, and more research about gastric myoelectrical activity and the physiology of gut motility related to GISTs are needed.

GISTs are related to the electrophysiological activity of ICCs. Furuzono et al
have found that malignant GIST cells preserve several, but not all, ionic mechanisms underlying pacemaker activity in ICC.

Innovations and breakthroughs

Several case reports have suggested that GISTs which may conserve the function of ICCs could alter the motility of the gastrointestinal tract, especially when
the tumor is sufficiently small. The symptoms may mimic those of functional
gastrointestinal disorders. However, there are no reports regarding the clinical
symptoms of dyspepsia caused by small gastric GISTs.

Applications

The symptoms of some small gastric GISTs may mimic those of functional dyspepsia. The incidence of gastric micro-GISTs is higher than that of gastric clinical GISTs. The authors suggested that some functional dyspepsia symptoms
result from functional alteration of gut peristalsis due to the increased number
of ICCs in a slow-growing GIST, even when the tumor is significantly small and
thus difficult to detect by routine investigation. Therefore, an alternative diagnosis should be considered when treating patients with functional dyspepsia who
fail to respond for a prolonged period.

Terminology

GISTs are mesenchymal tumors derived from the ICCs. The incidence of
GISTs is 10-20 cases per million and the stomach is the most common location
(60%-70%). ICCs are specialized cells in the gastrointestinal tract that generate
the rhythmic electrical and contractile activity that exists from the stomach to
the rectum, and mediate enteric motor neurotransmission.

Peer review

The manuscript submitted by Yu et al addresses an important topic related to
GISTs and the symptom severity following removal of the tumor. In general, the
manuscript is well written. There are some minor sentence structure issues that
should be resolved by the authors when reading through the manuscript. The
statistics are sound and the overall methods section is well written.
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Abstract
AIM: To evaluate the impact of medical therapy on
Crohn’s disease patients undergoing their first surgical
resection.
METHODS: We retrospectively evaluated all patients
with Crohn’s disease undergoing their first surgical resection between years 1995 to 2000 and 2005 to 2010
at a tertiary academic hospital (St. Paul’s Hospital,
Vancouver, Canada). Patients were identified from hospital administrative database using the International
Classification of Diseases 9 codes. Patients’ hospital
and available outpatient clinic records were independently reviewed and pertinent data were extracted.
We explored relationships among time from disease
diagnosis to surgery, patient phenotypes, medication
usage, length of small bowel resected, surgical complications, and duration of hospital stay.
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RESULTS: Total of 199 patients were included; 85
from years 1995 to 2000 (cohort A) and 114 from years
2005 to 2010 (cohort B). Compared to cohort A, cohort
B had more patients on immunomodulators (cohort A
vs cohort B: 21.4% vs 56.1%, P < 0.0001) and less
patients on 5-aminosalysilic acid (53.6% vs 29.8%,
P = 0.001). There was a shift from inflammatory to
stricturing and penetrating phenotypes (B1/B2/B3
38.8% vs 12.3%, 31.8% vs 45.6%, 29.4% vs 42.1%,
P < 0.0001). Both groups had similar median time to
surgery. Within cohort B, 38 patients (33.3%) received
anti-tumor necrosis factor (TNF) agent. No patient in
cohort A was exposed to anti-TNF agent. Compared
to patients not on anti-TNF agent, ones exposed were
younger at diagnosis (anti-TNF vs without anti-TNF:
A1/A2/A3 39.5% vs 11.8%, 50% vs 73.7%, 10.5% vs
14.5%, P = 0.003) and had longer median time to surgery (90 mo vs 48 mo, P = 0.02). Combination therapy
further extended median time to surgery. Using timedependent multivariate Cox proportional hazard model,
patients who were treated with anti-TNF agents had
a significantly higher risk to surgery (adjusted hazard
ratio 3.57, 95%CI: 1.98-6.44, P < 0.0001) compared to
those without while controlling for gender, disease phenotype, smoking status, and immunomodulator use.
CONCLUSION: Significant changes in patient phenotypes and medication exposures were observed between the two surgical cohorts separated by a decade.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Surgery; Medication; Phenotype; Biologics; Anti-tumor necrosis factor; Immunomodulators; Inflammatory bowel disease
Core tip: Comparing two cohorts separated by a decade of Crohn’s disease patients who required surgical
resections, this study showed significant changes in
patient phenotypes and medication usage. Those that
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required surgery shifted from more inflammatory to
stricturing and penetrating phenotypes, and had more
immunomodulators but less 5-aminosalysilic acid exposures. Patients treated with biologics had significantly
longer time from Crohn’s disease diagnosis to surgery.
However, they were at increased risk for surgery, suggesting that biologics were often used too late in the
patients’ treatment courses.
Fu YTN, Hong T, Round A, Bressler B. Impact of medical
therapy on patients with Crohn’s disease requiring surgical
resection. World J Gastroenterol 2014; 20(33): 11808-11814
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i33/11808.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i33.11808

INTRODUCTION
Crohn’s disease (CD) is a chronic idiopathic inflammatory condition affecting the gastrointestinal tract. It often
takes a relapsing and remitting course. Despite advances
in medical management, many patients eventually develop complications requiring surgical interventions[1-3]. Up
to 60% of CD patients require surgery within ten years
of their disease diagnosis[3,4]. Although surgical resection can be associated with long-lasting remission, it has
many inherent complications[5]. Therefore, it is usually
reserved for cases where medical management fails. To
avoid or delay surgery while keeping patients in remission is a desirable goal in CD management.
Medical management of CD traditionally involved
a step-up approach[6,7]. Once in remission, patients are
maintained with an immunomodulator (IM) or antitumor necrosis factor (TNF) agent. Infliximab was approved by Health Canada for use in CD treatment in
2001 and adalimumab was approved in 2008. They have
demonstrated efficacy in inducing and maintaining CD
remission in patients who have previously failed conventional therapy[8-13]. However, due to costs and reimbursement restrictions, early use of anti-TNF agents is limited
in Canada. The usual treatment approach remains in
a step-up fashion. This study evaluated the impact of
medical treatments on CD patients undergoing their first
surgical resection at a tertiary academic hospital. In particular, we assessed time from disease diagnosis to their
first surgical resection.

MATERIALS AND METHODS
We retrospectively evaluated all patients with Crohn’s disease who had their first surgical resection in years 1995
to 2000 (cohort A) and years 2005 to 2010 (cohort B)
at a tertiary academic hospital (St. Paul’s Hospital, Vancouver, Canada). These two time cohorts were selected
based on the availability of anti-TNF agents in Canada.
We intended to further delineate the impact of anti-
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TNF agents on surgical resections. Only patients with
excisional intestinal surgery were included in this study.
Stricturoplasty, bypass, and elective surgical treatment of
abscess were not considered. The surgical approach over
the study time period did not change at this hospital. Patients were initially identified using an electronic search
of the hospital’s medical records using the International
Classification of Diseases 9 codes. Trained abstractors
(Fu YTN, Hong T, Round A) conducted standardized
chart reviews on all patients. Both hospital and available
outpatient clinic charts were reviewed. The diagnosis of
Crohn’s disease was accepted if standard radiographic,
endoscopic, or histological criteria were documented in
the medical record. All diagnosis was confirmed with
surgical pathology specimens. Crohn’s disease phenotypes at the time of surgery were recorded. Pertinent
information regarding the patients’ baseline demographics, disease phenotypes, medication exposure, time from
disease diagnosis to surgery, and details surrounding the
first surgery specifically amount of small intestine resected, post-operative complications and length of hospital stay were retrieved from their charts. Azathioprine,
6-mercaptopurine and methotrexate were designated as
IM. The Montreal classification was used to denote disease phenotypes[14]. This study received full institutional
ethics approval.
Statistical analysis
We performed χ 2 or Fisher’s exact tests for categorical
variables and t-tests or Wilcoxon rank-sum test for continuous variables. Kruskal-Wallis test was used to compare the time from disease diagnosis to surgery among
three patient groups; patients in the 1995-2000 cohort
(cohort A), patients exposed to, and not exposed to antiTNF agent in the 2005-2010 cohort (cohort B). Timedependent adjusted multivariate Cox proportional hazard model was used to assess risk to surgical resection.
We performed all statistical analyses using SAS Version
9.2 (SAS Institute, NC, United States). All statistical tests
were two-sided with a 0.05 significance level.

RESULTS
Eighty five patients with Crohn’s disease had their first
surgical resection between the years 1995 to 2000 (cohort
A) and 114 patients had first surgery between years 2005
to 2010 (cohort B).
Comparing the two time cohorts, the patients had
similar median age at the time of surgery but there
were more males in 2005-2010 (cohort B) (Table 1).
Significantly different disease phenotypes were identified. There was a shift from inflammatory to stricturing and penetrating diseases as well as a change from
ileal and colonic to ileocolonic diseases (Table 1; cohort A vs cohort B: B1/B2/B3 38.8%/31.8%/29.4%
vs 12.3%/45.6%/42.1%, P < 0.0001; L1/L2/L3
32.9%/28.2%/38.8% vs 26.3%/14.9%/58.8%, P = 0.01).
The patients also had significantly different medication
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Table 1 Demographic and surgical details for Crohn’s disease patients with first resections in years 1995-2000 (cohort A) and
years 2005-2010 (cohort B)

Age
Gender (M/F)
Montreal classification
Age at diagnosis (A1/A2/A3)
Disease behavior (B1/B2/B3)
Disease location (L1/L2/L3)
Medication exposure
5-ASA
CS
IM
Surgical details
Time from diagnosis to surgery (mo)
Amount of small bowel resected (cm)
Length of hospital stay (d)

Cohort A 1995-2000 (n = 85)

Cohort B 2005-2010 (n = 114)

P value

33 (± 12.1)
30.6 (26)/69.4 (59)

31.5 (±13.9)
54.4 (62)/ 45.6 (52)

0.440
0.001

9.8%/74.4%/15.9%
38.8%/31.8%/29.4%
32.9%/28.2%/38.8%

21.1%/65.8%/13.2%
12.3%/45.6%/42.1%
26.3%/14.9%/58.8%

0.110
< 0.0001
0.010

53.6 (45)
69.1 (58)
21.4 (18)

29.8 (34)
75.4 (86)
56.1 (64)

0.001
0.320
< 0.0001

72 ± 83.8
21 ± 12.6
10 ± 16.7

72 ± 89.5
23 ± 17.5
9 ± 8.0

0.710
0.820
0.050

Data are expressed as absolute numbers (percentage) or mean ± SD. 5-ASA: 5-aminosalysilic acid; CS: Corticosteroid; IM: Immunomodulator; M: Male; F:
Female.

Table 2 Demographic and Surgical details for patients treated with and without anti-tumor necrosis factoragents in years
2005-2010 (cohort B)

Age
Gender (M/F)
Smoking status (yes)
Montreal classification
Age at diagnosis (A1/A2/A3)
Disease behavior (B1/B2/B3)
Disease location (L1/L2/L3)
Medication exposure
5-ASA
CS
IM
Surgical details
Time from diagnosis to surgery (mo)
Amount of small bowel resected (cm)
Length of hospital stay (d)

Anti-TNF (n = 38)

Without Anti-TNF (n = 76)

P value

29.5 (± 13.14)
60.5 (23)/39.5 (15)
26.3 (10)

33.5 (± 14.05)
51.3 (39)/48.7 (37)
23.7 (18)

0.10
0.35
0.82

39.5%/50%/10.5%
18.4%/39.5%/42.1%
23.7%/29%/47.4%

11.8%/73.7%/14.5%
9.2%/48.7%/42.1%
27.6%/7.9%/64.5%

0.003
0.33
0.01

29 (11)
81.6 (31)
79 (30)

30.3 (23)
72.4 (55)
44.7 (34)

0.88
0.28
0.001

90 ± 63.1
23 ± 12.4
9 ± 8.6

48 ± 100.2
21.5 ± 19.3
10 ± 7.7

0.02
0.92
0.76

Data are expressed as absolute numbers (percentage) or mean ± SD. 5-ASA: 5-aminosalysilic acid; CS: Corticosteroid; IM: Immunomodulator; M: Male; F:
Female.

exposure. The later cohort B had significantly less 5-aminosalysilic acid (5-ASA) but more IM exposure (Table 1;
cohort A vs cohort B: 5-ASA 53.6% vs 29.8%, P = 0.01;
IM 21.4% vs 56.1%, P < 0.0001). There was no difference in corticosteroid exposure, surgical details, median
length of hospital stay, post-operative complication rate,
and median time from disease diagnosis to first surgical
resection. The median time from disease diagnosis to
surgery was 72 mo.
Within the 2005-2010 cohort (cohort B), 38 patients
(33.3%) received anti-TNF therapy; 18 treated with infliximab, five with adalimumab, and 15 with both agents
sequentially. Only eight subjects were treated with antiTNF agent alone, and all others were treated concomitantly with IM. No patient was exposed to anti-TNF in
the earlier cohort A. Patients treated with and without
anti-TNF agent had comparable median age at the time
of surgery and gender distribution (Table 2). However,
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those received anti-TNF agent were younger at disease
diagnosis (Table 2; anti-TNF vs without anti-TNF; 39.5%
vs 11.8%, 50% vs 73.7%, 10.5% vs 14.5%, P = 0.003),
had more colonic diseases (23.7% vs 27.6%, 29% vs 7.9%,
47.4% vs 64.5%, P = 0.01), and higher IM usage (79%
vs 44.7%, P = 0.001). No difference was seen in corticosteroid and 5-ASA exposure, median length of hospital
stay, and post-operative complication rate.
Patients who received anti-TNF agent had longer median time from disease diagnosis to first surgical resection (Figure 1; 90 mo vs 48 mo, P = 0.02). Combination
therapy with anti-TNF and IM lead to much extended
median time to surgery when compared to anti-TNF or
IM alone (Figure 2; 96 mo vs 60 mo, 96 mo vs 54 mo, P
= 0.03). There was no difference in smoking status (P =
0.82) or disease behavior (P = 0.33) in ones treated with
and without anti-TNF agent (Table 2). The median time
to surgery for patients not receiving anti-TNF therapy in
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Median time to surgery
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Figure 1 Patients treated with anti-tumor necrosis factor agents had significantly longer median time from Crohn’s disease diagnosis to surgery.
TNF: Tumor necrosis factor.
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Figure 2 Combination therapy using immunomodulator and anti-tumor
necrosis factor agent further extended the median time from Crohn’s disease diagnosis to surgery for patients requiring surgery in years 2005 to
2010 (cohort B). TNF: Tumor necrosis factor; IM: Immunomodulator.

the 2005-2010 cohort (cohort B) was shorter compared
to those in the 1995-2000 cohort (cohort A) (Figure 1;
48 mo vs 72 mo).
Risk for surgical resection for patients in the 2005-2010
cohort (cohort B) was assessed using time-dependent
multivariate Cox proportional hazard model controlling
for gender, disease phenotype, smoking status, IM, and
anti-TNF use. Patients who were treated with anti-TNF
agent had a significantly higher time-dependent risk
to surgery (adjusted hazard ratio (HR) = 3.57, 95%CI:
1.98-6.44, P < 0.0001) compared to those without. The
median time from disease diagnosis to administration of
anti-TNF agent was 66 mo and the median time from
administration of anti-TNF agent to surgery was 14 mo.
This suggests that anti-TNF agent was used too late in
the treatment course.
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The recent shift in medical management of Crohn’s disease has decreased the cumulative surgical rate of CD
patients[15-20]. Our study echoed the observed trends that
more IM but less 5-ASA products are currently used in
CD management[18-22]. Immunomodulators are effective
maintenance medications and azathioprine has been
shown to modestly lower the risk of surgery[23-25]. A recent meta-analysis showed a combined pooled HR of
0.59 for first intestinal resection with thiopurine use[26].
Therefore, selecting patients who are most likely to benefit from IM may change the surgical rate of patients
with CD.
Anti-TNF agents are very efficacious in treating refractory luminal and fistulising CD[8-13]. However, once
CD is complicated with strictures and stenosis, surgical
resection is typically the best therapeutic option. Our
study confirmed that anti-TNF agents are the best for
treating inflammatory CD[3,19,20,25,27]. We observed a significant shift in disease phenotypes from inflammatory
to stricturing and penetrating phenotypes in patients requiring surgical resection. This shift in phenotypes suggests that the changes in medical management have lead
to more success in managing patients with inflammatory
CD, but the therapies are less effective in structuring and
penetrating diseases. Additionally, our study infers that
younger patients had more aggressive disease and they
were more likely to require anti-TNF agents as rescue
treatment.
The reported time from CD diagnosis to surgery varies widely in literature, ranging from one to 19 mo[17,27,28].
Our two cohorts had the same median time to surgery
of 72 mo, much longer than reported in literature. Such
discrepancies may be due to differences in regional surgical referral pattern. Interestingly, patients who did not receive anti-TNF therapy in our later cohort B (2005-2010)
had shorter time to surgery than those in the earlier cohort A (1995-2000) (48 mo vs 72 mo). This suggests that
either patients in the later cohort had more aggressive
disease, or the phenotypes of the patients being seen in
this tertiary centre were more prone to surgery. Stricturing and penetrating phenotypes were more common in
the later cohort which is the likely cause of the shorter
time to resection. Patients with disease status that may
warrant surgical resection in the earlier decade were, instead, being placed on more aggressive medical therapy
such as anti-TNF agent. Additionally, surgeons in the
later time cohort may be more selective in operating on
only the sicker patients although the overall surgical approach to CD management did no change throughout
the study period.
A recent meta-analysis showed infliximab reduces
hospitalization and major surgery[29]. Our study found
that anti-TNF agents and combination therapy extend
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time from CD disease diagnosis to first surgical resection
in CD patients. However, patients who received antiTNF agents in the later cohort had a higher time-dependent risk to resective surgery. This suggests that antiTNF agent was used too late in the patient’s treatment
course at our center. With earlier introduction of antiTNF agent, the patients may have a different time course
to surgery. In Bouguen and Peyrin-Biroulet’s review, the
surgical risk for adult CD within 5 year at a referral centre ranged from 17% to 35% in pre-anti-TNF era and
18% to 33% in anti-TNF era[4]. Our study reflects the
changes described that, with wider and earlier use of IM
and anti-TNF agents, we begin to see how these medications can alter the natural history of CD[4].
There are limitations to our study. As this is a singlecentered, retrospective study with a relatively small sample size, we are unable to establish causal relationships.
Although there were only 38 patients who received antiTNF therapy in this study, it is proportionally higher
when compared to the literature[18,20,21,30,31]. We found
no significant difference in confounding variables to
surgery such as smoking status and disease behavior in
anti-TNF exposed and unexposed patients. A significantly higher proportion of patients were diagnosed at
a young age in the anti-TNF exposed group. Younger
patients with CD often have more aggressive disease
that may lead to early surgery and requirement of antiTNF agents[32-35]. Despite this, anti-TNF exposed still
demonstrated longer median time to surgical resection.
Studies conducted in tertiary centres may have skewed
patient populations with more aggressive phenotypes as
our study demonstrated.
Significant changes in patient phenotypes and medication exposure were observed between the two surgical
cohorts separated by a decade. Patients received antTNF agents had prolonged time to surgery and those
on combination therapy had the longest median time to
their first surgical resection. However, the study result
suggests that anti-TNF agent was often used too late in
patient’s treatment course.

had the longest time from disease diagnosis to their first surgical resection. Biologics were likely used too late in the patients’ treatment course.
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Abstract
AIM: To assess whether non invasive blood flow measurement by arterial spin labeling in several brain regions detects minimal hepatic encephalopathy.
METHODS: Blood flow (BF) was analyzed by arterial spin labeling (ASL) in different brain areas of 14
controls, 24 cirrhotic patients without and 16 cirrhotic
patients with minimal hepatic encephalopathy (MHE).
Images were collected using a 3 Tesla MR scanner
(Achieva 3T-TX, Philips, Netherlands). Pulsed ASL was
performed. Patients showing MHE were detected using the battery Psychometric Hepatic Encephalopathy
Score (PHES) consisting of five tests. Different cognitive
and motor functions were also assessed: alterations
in selective attention were evaluated using the Stroop
test. Patients and controls also performed visuo-motor
and bimanual coordination tests. Several biochemical
parameters were measured: serum pro-inflammatory
interleukins (IL-6 and IL-18), 3-nitrotyrosine, cGMP and
nitrates+nitrites in plasma, and blood ammonia. Bivariate correlations were evaluated.
RESULTS: In patients with MHE, BF was increased
in cerebellar hemisphere (P = 0.03) and vermis (P =
0.012) and reduced in occipital lobe (P = 0.017). BF in
cerebellar hemisphere was also increased in patients
without MHE (P = 0.02). Bimanual coordination was
impaired in patients without MHE (P = 0.05) and much
more in patients with MHE (P < 0.0001). Visuo-motor
coordination was impaired only in patients with MHE (P
< 0.0001). Attention was slightly affected in patients
without MHE and more strongly in patients with MHE (P
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< 0.0001). BF in cerebellar hemisphere and vermis correlated with performance in most tests of PHES [(number connection tests A (NCT-A), B (NCT-B)and line tracing test] and in the congruent task of Stroop test. BF
in frontal lobe correlated with NCT-A. Performance in
bimanual and visuomotor coordination tests correlated
only with BF in cerebellar hemisphere. BF in occipital
lobe correlates with performance in the PHES battery
and with CFF. BF in cerebellar hemisphere correlates
with plasma cGMP and nitric oxide (NO) metabolites.
BF in vermis cerebellar also correlates with NO metabolites and with 3-nitrotyrosine. IL-18 in plasma correlates
with BF in thalamus and occipital lobe.
CONCLUSION: Non invasive BF determination in cerebellum using ASL may detect MHE earlier than the
PHES. Altered NO-cGMP pathway seems to be associated to altered BF in cerebellum.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Arterial spin labelling; Neurological impairment; Blood flow; Cerebellum; Minimal hepatic encephalopathy
Core tip: Patients with minimal hepatic encephalopathy
(MHE) show neurological impairment in specific tasks
to which selective regional alterations in blood flow (BF)
could contribute. Arterial spin labeling (ASL), a noninvasive magnetic resonance technique, quantitatively
measures cerebral perfusion. We analyzed BF by ASL
in different brain areas of controls and cirrhotic patients without and with MHE. We found that BF is more
affected in cerebellum than in other areas of cirrhotic
patients and that BF determination in cerebellum using ASL may detect MHE earlier than the Psychometric
Hepatic Encephalopathy Score battery. Altered nitric
oxide-cGMP pathway seems to be associated to altered
BF in cerebellum.
Felipo V, Urios A, Giménez-Garzó C, Cauli O, Andrés-Costa MJ,
González O, Serra MA, Sánchez-González J, Aliaga R, GinerDurán R, Belloch V, Montoliu C. Non invasive blood flow measurement in cerebellum detects minimal hepatic encephalopathy
earlier than psychometric tests. World J Gastroenterol 2014;
20(33): 11815-11825 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11815.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11815

INTRODUCTION
Patients with minimal hepatic encephalopathy (MHE)
show selective alterations in specific functions and tasks
such as visuo-spatial orientation and perception, complex
tasks requiring attention and motor abilities[1-5]. This suggests that the brain areas modulating these tasks are more
affected than others in patients with liver disease and
MHE. The reasons for this “region selective” sensitivity

WJG|www.wjgnet.com

may include selective alterations in blood flow (BF)[6].
Invasive positron emission tomography (PET) and
single photon emission computed tomography (SPECT)
techniques have shown altered cerebral blood flow (CBF)
patterns in cirrhotic patients, but there is a large variability between the results published[6-9]. Some studies show
redistribution of the BF from cortex to thalamus and
cerebellum[6]. However, Iwasa et al[7,8] reported reduced
BF both in cortex, cerebellum and cingulate gyrus of
cirrhotic patients. These differences may reflect different
grades in the progression of the disease.
The possible contribution of alterations in BF in
specific brain areas to neurological alterations in patients
with MHE remains unclear. Ahl et al[6] found that there
was no association between changes in CBF and neuropsychiatric status. However, Catafau et al[9] reported a correlation between altered BF in basal ganglia and reduced
performance in the “Luria Motor Alternances” and
“Purdue Pegboard” tests. Iwasa et al[7,8] did not find correlations between reduced BF in frontal lobe and neuropsychological alterations, but later reported a correlation
between reduced BF in cingulate gyrus and performance
in psychometric tests. This suggests that BF alterations
in some specific regions could be involved in the mechanisms leading to certain cognitive and motor alterations.
The above studies were performed using invasive
techniques. It would be useful to have non-invasive procedures to analyze regional CBF and evaluate if BF in
some region is useful to detect MHE and/or specific
neurological alterations. This would allow early treatment
and follow-up of the eficiency of therapeutic treatments.
Arterial spin labeling (ASL) is a completely noninvasive magnetic resonance technique that quantitatively
measures cerebral perfusion by magnetically labeling protons in arterial blood water. The labeled protons travel
through the vascular tree and exchange water with non
labeled cerebral tissue. The perfusion cerebral image is
obtained by substracting the images with the labeled and
unlabeled protons[10].
An important modulator of CBF is the nitric oxide
(NO)-cGMP system [11], which also modulates some
forms of learning and memory. Altered function of the
glutamate-NO-cGMP pathway in brain is responsible for
some types of cognitive impairment in animal models of
MHE. Normalizing this system by pharmacological treatments restores learning ability[12-14]. It is therefore likely
that altered NO-cGMP system could contribute to alter
BF in some brain areas which could contribute to cognitive impairment. Detection of altered CBF by magnetic
resonance could serve as an indicator of mild cognitive
impairment in MHE. Identifying some parameter in
blood reflecting altered CBF in patients with liver disease
would be also useful.
The aims of this work were to: (1) analyze by ASL
the BF in brain areas of patients with liver cirrhosis; (2)
assess whether patients with or without MHE show similar or different alterations; (3) assess if BF in some brain
area may be a good indicator of MHE or of specific neu-
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Table 1 Composition of the groups and clinical data (mean ± SD)
Range
Total individuals
Age
Alcohol
Ascitis
Child Pugh A/B/C
MELD
AST (mU/mL)
ALT (mU/mL)
GGT (mU/mL)
Uric acid (mg/dL)
Creatinine (mg/dL)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin time (s)
Fibrinogen (g/L)
Alkaline phosphatase (mU/mL)
Erythrocytes
Leucocytes
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Basophils (%)

1-37
1-41
10-49
2.5-7
0.5-1.3
140-200
40-160
0.1-1
3.5-5
2-4
50-250
4.2-6.1
4.8-10.8
55-75
17-45
2-8
1-4
0.05-0.5

Control

Patients without MHE

14
55 ± 9

24
58 ± 6
24
2
21/3/0
8.9 ± 3.5
73 ± 56b
77 ± 24b
86.4 ± 60b
6.2 ± 2.0
1.1 ± 0.2
175 ± 44
111 ± 64
1.7 ± 0.7b
3.7 ± 0.6b
24 ± 4b
3.3 ± 1.3
216 ± 77b
4.3 ± 0.7
6 ± 2.6
54 ± 6.2
29 ± 10
8.4 ± 3.0b
2.4 ± 1.2
0.6 ± 0.3

20 ± 4.0
18 ± 6.0
26.7 ± 5.0
4.0 ± 1.0
0.92 ± 0.1
172 ± 22
95 ± 32
0.6 ± 0.2
4.4 ± 0.2
13 ± 1.3
3.1 ± 1.0
147 ± 53
4.6 ± 0.4
6.5 ± 1.3
55 ± 7.4
35 ± 6.0
6.0 ± 1.3
3.3 ± 2.0
0.5 ± 0.2

Patients with MHE
16
65 ± 9
16
5
11/3/2
9.5 ± 3.4
82.5 ± 58b
90.1 ± 24b
106 ± 64b
5.73 ± 2.3
1.2 ± 0.2
167 ± 55
119 ± 64
2.3 ± 0.6b
2.9 ± 0.6b,c
30 ± 4b
3.6 ± 1.2
314 ± 96b,c
3.4 ± 0.6
5.5 ± 2.0
59 ± 9.3
27 ± 9.4
10 ± 2.6b
1.7 ± 1.0
0.6 ± 0.1

b

P < 0.01 vs control, cP < 0.05 vs without minimal hepatic encephalopathy (MHE). MELD: Model for end stage liver disease. Values that are significantly different from controls are indicated by superscripts.

rological alterations; and (4) assess whether some peripheral parameter correlates with BF. As possible peripheral
indicators we determined parameters of the NO-cGMP
system in blood. We also measured ammonia levels, parameters related with inflammation and 3-nitrotyrosine[15].

MATERIALS AND METHODS
Patients and controls
Forty patients with liver disease and 14 controls were enrolled after written informed consent. Inclusion criteria:
patients were recruited from the outpatient clinics at Hospitals Clinico Universitario and Arnau de Vilanova, in Valencia and were included if they had clinical, biochemical
and histological evidence of liver cirrhosis. For controls
liver disease was discarded by clinical, analytical and serologic analysis. Patients were excluded if they had evidence
of overt hepatic encephalopathy (HE) by the West Haven
criteria, decompensate diabetes, renal dysfunction, hyponatremia, neurological disease, cardiovascular disease or
antibiotic use. Patients had to be abstinent from alcohol
for six months. Patients were not on any specific therapy
for HE. After a standard history and physical examination, blood was drawn for biochemical measurements.
The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by
the Ethical Committee of the Hospital. After performing
the psychometric tests, patients were classified as without
or with MHE (see below). The study includes therefore
three groups: (1) controls; (2) patients without MHE; and
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(3) patients with MHE. MRI examination was performed
one week after the psychometric tests. The composition
of groups, age, analytical data and aetiology of the disease are in Table 1.
Assessment of neuropsychometric status
Diagnosis of MHE: Patients showing MHE were
detected using the battery Psychometric Hepatic Encephalopathy Score (PHES). Classification of patients as
“with” or “without” MHE was based only on PHES performance, considered as the “gold standard”[16]. PHES
comprises 5 psychometric tests: digit symbol test (DST)
evaluates processing speed and working memory, number
connection tests A (NCT-A) and B (NCT-B) mental processing speed and attention; serial dotting test (SD) and
line tracing test (LTT) visuo-spatial coordination. The
scores were adjusted for age and education level using
Spanish normality tables (www.redeh.org). Patients were
classified as having MHE when the score was less than −
4 points[17].
Evaluation of attention with the Stroop test: The Stroop
task evaluates selective attention. We used a colour-word
version of the Stroop task[18]. Each individual performed
sequentially the congruent, neutral and incongruent tasks,
45 s per task. The number of items correctly named was
quantified and adjusted by age[19].
Visuo-motor coordination: This task was performed as
described in reference[20].
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Bimanual coordination: This task was performed as
described in reference[21].
Critical flicker frequency: The CFF was measured as in
reference references[22,23].
Obtention of plasma and serum
Venous blood (5 mL) was taken in BD Vacutainer tubes
with or without EDTA (plasma and serum, respectively)
and centrifuged at 500 g for 10 min. The supernatant was
collected, and stored frozen at -80 ℃.
Biochemical determinations in blood
Nitrates + nitrites in plasma were measured as previously[24]. Serum IL-6 and IL-18 were determined using ELISA kits (Pierce Biotechnology, United States) and Bender
MedSystems GmbH (Vienna, Austria), respectively.
Plasma cGMP was determined using the BIOTRAK™
cGMP enzyme immunoassay kit (GE Healthcare, United
Kingdom). Ammonia was determined with the Ammonia
Test Kit Ⅱ (Arkay, Inc., Kyoto, Japan). 3-nitrotyrosine in
serum was determined by HPLC as in reference[15].
Blood flow determination by arterial spin labelling
Images were collected using a 3 Tesla MR scanner
(Achieva 3T-TX, Philips, the Netherlands). Pulsed ASL
was performed using EPISTAR strategy for tagging and
control images with 150 mm thick slab of tagging pulse
30 mm far from the imaging region. The plane resolution
was 3.5 mm × 3.5 mm. Multi-Slice (10 slices) multiphase
(11 phases) acquisition was performed with a phase interval of 350 ms. No rest slabs or fat suppression pulses
were applied during acquisition. Thirty repetitions were
acquired in order to increase the signal to noise ratio.
ASL data were processed using homemade analysis software written in Interactive Data Language 6.3 (Research
System, Inc.). This analysis program fit the multi-phase
data of every pixel to the Günther model[25] for a locklooker ASL acquisition, and estimation of blood flow
was performed with equation [A2] from reference[25]. The
analysis program calculated automatically the M0 image
from ASL data. After image analysis CBF maps are generated.
Statistical analysis
Values are given as mean ± SEM. Results were analysed
by one-way ANOVA followed by post-hoc Bonferroni’s
multiple comparison test. Differences between groups
were analyzed by Games-Howell test for multiple comparisons in the parameters with non-homogeneous variances. Adjusted P values are shown. Variables that were
not previously age-adjusted (bimanual coordination and
visuo-motor coordination) were analysed using univariate analysis of covariance (ANCOVA) with age included
as covariate, followed by post-hoc Bonferroni. Bivariate
correlations among variables were evaluated using the
Pearson correlation test. The diagnostic performance for
MHE was assessed using a logistic regression analysis,
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followed by receiver operating characteristic (ROC) curve
to determine sensitivity and specificity and to identify the
optimal threshold value. Analyses were performed using
SPSS Version 19.0 (SPSS Inc, Chicago, United states) and
two-sided P values < 0.05 were considered significant.

RESULTS
Sixteen (40%) of the 40 patients showed MHE according
to PHES performance. The composition of groups, age,
analytical data and aetiology of the disease are in Table 1.
Blood flow is increased in cerebellum and reduced in
occipital lobe in MHE
BF was increased in cerebellar hemisphere and vermis in
patients with MHE and reduced in occipital lobe (Figure
1). BF in cerebellar hemisphere was 22 ± 2 mL/min per
100 g in controls, 32 ± 3 mL/min per 100 g in patients
without MHE (P = 0.02) and increased further in patients
with MHE (36 ± 5 mL/min per 100 g) compared to control group (P = 0.03). BF in vermis were 38 ± 5 and 51
± 5 mL/min per 100 g in controls and cirrhotics without
MHE respectively, and increased in patients with MHE
(75 ± 11 mL/min per 100 g) respect to control group
(P = 0.012) and to patients without MHE (P = 0.03). In
occipital lobe, BF was 16.6 ± 1.2 mL/min per 100 g in
controls and 17.4 ± 1.7 mL/min per 100 g in cirrhotics
without MHE, and decreased in patients with MHE (11.7
± 1.1 mL/min per 100 g) compared to controls (P =
0.017) and to patients without MHE (P = 0.02).
MHE increases blood cGMP, 3-nitrotyrosine, IL-6 and
IL-18
Cirrhotic patients with or without MHE show increased
blood levels of cGMP, NO metabolites, 3-nitrotyrosine,
IL-6, IL-18 and ammonia (Table 2). The increase in
cGMP (P < 0.05), 3-nitrotyrosine (P < 0.0001), IL-6 (P
= 0.001) and IL-18 (P < 0.05) was higher in patients with
than without MHE (Table 2).
Performance in the psychometric tests
Controls completed the bimanual coordination test in
1.73 ± 0.05 min. Patients without MHE needed 2.16 ±
0.05 min (P = 0.05) and patients with MHE 2.8 ± 0.1
min, more than controls (P < 0.0001) or patients without
MHE (P < 0.001) (Figure 2A, Table 3). In the visuo-motor coordination test, controls completed the task in 2.15
± 0.08 min. The score was not affected in patients without MHE (2.61 ± 0.08 min). Patients with MHE needed
more time (3.9 ± 0.3 min, P < 0.0001) (Figure 2B, Table
3). In the congruent task of the Stroop test of selective
attention, controls read 102 ± 5 words. Patients without
MHE read 90 ± 2 words (P = 0.03) and patients with
MHE even less words (76 ± 4) which was lower than for
controls (P < 0.0001) and patients without MHE (P =
0.009) (Figure 2C, Table 3). In the neutral task controls
named 75 ± 3 colours. Patients without MHE named 67
± 2 colours (P = 0.07) and patients with MHE 54 ± 3 co-
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Figure 1 Blood flow in the different brain regions studied. A: Blood flow in frontal lobe, parietal lobe, occipital lobe, vermis, cerebellar hemisphere and thalamus in
controls and cirrhotic patients without and with minimal hepatic encephalopathy (MHE); B: Blood flow in cerebellar hemisphere and vermis including the patients (n = 7)
showing Psychometric Hepatic Encephalopathy Score (PHES) = -3, considered as borderline. Data are expressed as mL of blood per minute per 100 g of brain tissue
(mean ± SEM) of 14 controls, 24 patients without and 16 with MHE. aP < 0.05; bP < 0.01 vs control, Values significantly different between patients with and without
MHE are indicated by cP < 0.05.
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Table 2 Biochemical parameters in blood (mean ± SE)
Parameter

Controls

Patients without MHE

Patients with mHE

Patients with MHE

(n = 14)

(n = 24) P vs control

(n = 16) P vs control

P vs without MHE

cGMP in plasma (pmol/mL)

0.64 ± 0.1

Nitrates + Nitrites (μmol/L)

18 ± 1

3-Nitro-tyrosine (nmol/L)

3.5 ± 1.2

IL-6 (pg/mL)

0.7 ± 0.2

IL-18 (pg/mL)

103 ± 13

Ammonia (μmol/L)

6.1 ± 0.6
P < 0.0001
38 ± 4
P = 0.004
10 ± 1

39 ± 4

2.3 ± 0.3
P < 0.05

8.7 ± 1.1
P < 0.0001
44 ± 9
P = 0.004
43 ± 6
P < 0.0001
4.4 ± 0.5
P < 0.0001

268 ± 39
P = 0.02
84 ± 14
P = 0.04

404 ± 44
P < 0.0001
103 ± 33
P = 0.006

P values

< 0.05

< 0.0001

NS
< 0.0001

0.001
< 0.0001

0.001

< 0.0001

< 0.05

< 0.0001

NS

0.005

One-way analysis of variance (ANOVA) followed by post-hoc Bonferroni’s multiple comparisons test were performed. Adjusted P values are shown. NS:
Not significant.
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Figure 2 Performance in the Stroop, bimanual and visuo-motor coordination tests. A: Bimanual coordination test; B: Visuo-motor coordination test; C: Stroop
congruent task; D: Stroop neutral task; E: Stroop incongruent task. Values are the mean ± SEM of 14 controls, 24 patients without and 16 with MHE. aP < 0.05; bP < 0.01
vs control, Values significantly different between patients with and without MHE are indicated by cP < 0.05; dP < 0.01.
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Table 3 Psychometric tests and attention and coordination tasks in the different groups of cirrhotic patients and in controls (mean
± SD)
Test

Sub-test

Patients without MHE

Patients with MHE

Patients with MHE

(n = 24)

(n = 16)

P vs without MHE

P vs Control

P vs control

43.2 ± 0.7

40.5 ± 0.7

-0.13 ± 0.25

-1.23 ± 0.30

Symbol digit test

-0.07 ± 0.12

-0.11 ± 0.08

NCT-A

-0.07 ± 0.15

-0.04 ± 0.07

NCT-B

-0.07 ± 0.18

-0.27 ± 0.14

Serial dotting test

0.00 ± 0.00

-0.57 ± 0.17

Line tracing test

-0.07 ± 0.07

-0.15 ± 0.07

36 ± 1
P < 0.001
-6.31 ± 0.72
P < 0.001
-0.87 ± 0.12
P < 0.001
-1.19 ± 0.28
P < 0.001
-2.07 ± 0.30
P < 0.001
-1.19 ± 0.29
P = 0.001
-1.25 ± 0.33
P < 0.001
76 ± 4
P < 0.0001
54 ± 3
P < 0.0001
28 ± 2
P = 0.001
2.83 ± 0.15
P < 0.0001
3.89 ± 0.28
P < 0.0001

CFF
PHES Global score

Stroop

Controls
(n = 14)

Congruent task

102 ± 5

Neutral Task

75 ± 3

90 ± 2
P = 0.03
67 ± 2

Incongruent Task

42 ± 2

36 ± 2

Bimanual coordination

1.73 ± 0.05

Visuo-motor coordination

2.15 ± 0.08

2.16 ± 0.05
P = 0.05
2.61 ± 0.08

P values

P = 0.001

< 0.001

P < 0.001

< 0.001

P < 0.001

< 0.001

P < 0.001

< 0.001

P < 0.001
NS

< 0.001
0.002

P < 0.001
< 0.001
P = 0.009

< 0.0001

P = 0.003
P = 0.030

< 0.0001
0.001

P < 0.0001

< 0.0001
< 0.0001

P < 0.0001

Statistical analysis: One-way analysis of variance (ANOVA) followed by post-hoc Bonferroni’s multiple comparisons test , except for Bimanual and Visuomotor coordination tests, in which univariate analysis of covariance (ANCOVA) was performed, with age included as covariate, followed by post-hoc Bonferroni. Adjusted P values are shown. Stroop test: Congruent task: number of words read in 45 s; Neutral task: Number of colours read in 45 s; Incongruent
task: Number of items completed in 45 s. Bimanual and Visuo-motor coordination tests: Score in minutes. CFF: Critical Flicker Frequency; PHES: Psychometric Hepatic Encephalopathy Score; NCT-A, NCT-B: Number Connection Test A and B: respectively; NS: Not significant.

lours, which was lower than for controls (P < 0.0001) and
patients without MHE (P = 0.003) (Figure 2D, Table 3).
In the incongruent task, controls named 42 ± 2 colours.
Patients without MHE 36 ± 2 colours and patients with
MHE 28 ± 2 colours, which was lower than for controls
(P = 0.001) and patients without MHE (P = 0.03) (Figure
2E, Table 3). Performance in the 5 individual tests of the
PHES battery is shown in Table 3.
Correlation analysis between performance in each
psychometric test and BF in each brain area
BF in cerebellar hemisphere and vermis correlated with
performance in most tests of PHES (NCT-A, NCT-B
and line tracing test) and in the congruent task of Stroop
test. BF in frontal lobe correlated with NCT-A (Table 4).
Performance in bimanual and visuomotor coordination
tests correlated only with BF in cerebellar hemisphere.
BF in occipital lobe correlates with global performance
in the PHES battery and with CFF but not with any individual psychometric tests (Table 4). Global performance
in the PHES correlated with BF in frontal lobe (P = 0.007,
r = -0.36), occipital lobe (P = 0.031, r = 0.309), cerebellar
hemisphere (P = 0.01, r = -0.348), and especially in vermis (P < 0.001, r = -0.504).
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Correlation analysis between BF in each area and
biochemical parameters
BF in cerebellar hemisphere correlates with plasma
cGMP and NO metabolites (Table 4). BF in vermis
cerebellar also correlates with NO metabolites and with
3-nitrotyrosine. IL-18 in plasma correlates with BF in
thalamus and occipital lobe (Table 4).
Blood flow in cerebellar vermis is predictive for MHE
To assess whether altered BF may be useful to predict
MHE we performed logistic regression analyses. Univariate logistic regression using the presence of MHE as the
dependent variable and blood flow in vermis as independent variable shows that BF significantly predicts MHE,
with an OR of 1.042 (95%CI: 1.006-1.078, P = 0.021).
ROC curve analysis were performed to determine the
cut-off, the area under the curve (AUC), and specificity and sensitivity for MHE detection. The ROC curve
has an AUC of 0.714 (95%CI: 0.54-0.88, P = 0.027) for
BF in vermis. At the cut-off of 46 mL/min per 100 g,
the specificity was 57% and the sensitivity was 69%. Although these values are not excellent for diagnosis, the
data show that BF in cerebellum is altered in patients
with MHE and also in some patients without MHE who
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Table 4 Correlations between tests and biochemical parameters and blood flow in the brain areas
Studied parameter/test

Sub-test

Frontal lobe

Parietal lobe

Occipital

Vermis

Cerebellar hemisphere

Thalamus

NS

NS

NS

NS

NCT-B

NS

NS

Serial dotting test
Line tracing test

NS
NS

NS
NS

NS
NS

Congruent task

NS

NS

NS

Neutral task
Incongruent task

NS
NS

NS
NS

NS
NS

r = -0.348
P = 0.01
NS
r = -0.320
P = 0.018
r = -0.307
P = 0.027
NS
r = -0.364
P = 0.007
r = -0.354
P = 0.012
NS
NS

NS

NS
NS

r = -0.326
P = 0.025
r = -0.504
P < 0.001
NS
r = -0.530
P < 0.001
r = -0.531
P < 0.001
NS
r = -0.330
P = 0.018
r = -0.320
P = 0.027
NS
NS

NS

r = -0.36
P = 0.007
NS
r = -0.469
P < 0.001
NS

r = 0.353
P = 0.017
r = 0.309
P = 0.031
NS
NS

Bimanual coordination

NS

NS

NS

NS

Visuo-motor coordination

NS

NS

NS

NS

cGMP in plasma (pmoles/mL)

NS

NS

NS

NS

Nitrates + Nitrites (mmol/L)

NS

NS

NS

3-Nitro-tyrosine (nmol/L)

NS

NS

NS

IL-6 (pg/mL)
IL-18 (pg/mL)

NS
NS

NS
NS

Ammonia (mmol/L)

NS

NS

NS
r = -0.353
P = 0.041
NS

r = 0.339
P = 0.043
r = 0.358
P = 0.011
NS
NS

CFF
PHES Global score
Symbol digit test
NCT-A

STROOP

NS

r = 0.362
P = 0.011
r = 0.335
P = 0.017
r = 0.301
P = 0.034
r = 0.362
P = 0.023
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
r = -0.405
P = 0.032
NS

PHES: Psychometric Hepatic Encephalopathy Score; NCT-A, NCT-B: Number Connection Test A and B, respectively; CFF: Critical flicker frequency; NS:
No significant correlation.

also show impaired bimanual coordination. This supports
that altered BF in cerebellum detects some motor deficits earlier that the PHES battery. To get further insight
on this matter, we sub-classified the patients showing a
PHES of -3 (who are usually classified as without MHE)
as “borderline” patients. There were 7 patients with
PHES-3. BF in vermis was 60 ± 12 mL/min per 100 g,
which was nearly significantly different (P = 0.055) from
controls (Figure 1B). BF in cerebellar hemisphere of
these “borderline patients” was 37 ± 6 mL/min per 100 g
which was significantly different (P < 0.01) from controls
and not different from patients with MHE (Figure 1B).
This supports that altered BF in cerebellum detects some
motor deficits earlier than the PHES battery in its present
form.

DISCUSSION
The results reported show that CBF is increased selectively in the cerebellar vermis and reduced in the occipital
lobe in patients with MHE compared with patients without MHE. CBF was increased in cerebellar hemispheres
in cirrhotic patients irrespective of the presence of MHE
as defined according to PHES. This suggests that (1)
cerebellar hemisphere is the most sensitive region in cir-
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rhotic patients; and (2) non invasive determination of BF
in cerebellum using ASL would be useful for early detection of MHE even before it is detectable with PHES.
Treatment of HE is associated with lower hospitalization frequency and duration, better clinical status, and
fewer adverse events[26]. We show that non invasive BF
determination in cerebellum by ASL would allow early
detection and treatment of MHE. This would reduce
societal costs by reducing the number of motor vehicle
accidents[27], improve quality of life and prevent progression to overt HE.
The data reported show that some motor alterations
may appear before MHE is detectable using the PHES
battery. This agrees with previous reports suggesting that
impairment of some motor coordination functions are
early markers for cerebral dysfunction in some patients
with MHE even prior to neuropsychometric alterations
becoming detectable[4]. These motor functions are mainly
modulated in cerebellum, supporting that cerebellar alterations would contribute to these early alterations.
In addition to increased BF in cerebellar hemisphere,
patients with MHE also show increased BF in cerebellar
vermis and reduced BF in occipital lobe. Changes in BF in
specific cortical areas are sensitive early markers of progression of mild cognitive impairment in Alzheimer’s disease[28].
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Changes in regional BF could also serve as markers of
the presence and progression of MHE. Altered BF may
contribute to neurological impairment and to impair performance in the PHES and in bimanual and visuo-motor
coordination and/or in attention tests. BF in cerebellar
hemisphere correlates with performance in most tests,
suggesting that increased BF in cerebellar hemisphere
may be an early relevant contributor to neurological impairment in MHE.
BF in cerebellar hemisphere is also increased in cirrhotic patients without MHE, who also show impaired
bimanual coordination and performance in the congruent task in the Stroop test. This suggests that increased
BF in cerebellar hemisphere is an early event which may
contribute to neurological deterioration and reduced performance in bimanual coordination and the congruent
Stroop task and predisposing to impair visuomotor coordination, executive functioning (NCT-B) and cognitive
processing speed (NCT-A).
BF in cerebellar hemisphere and vermis correlate with
performance in NCT-A and NCT-B (also known as trail
making test). NCT-B examines executive functioning and
NCT-A cognitive processing speed[29]. Cerebellar alterations result in impaired executive function and performance in NCT test in schizophrenia[30,31], Parkinsonism[32]
or Cerebellar Cognitive Affective Syndrome[33]. Altered
BF in cerebellum may contribute to impair executive
functioning and performance in NCT tests in MHE.
Bimanual coordination correlates with BF in cerebellar hemisphere but not in other areas. This agrees with
functional magnetic resonance imaging studies showing
that cerebellum is a critical site for the control of bimanual coordination[34] and that intercerebellar coupling is key
for execution of simultaneous bimanual movements[35].
Moreover, both bimanual coordination and BF in cerebellar hemisphere are impaired in patients without MHE
according to PHES, supporting the idea that altered BF
in cerebellar hemisphere would contribute to impair bimanual coordination.
The data reported show that patients which are classified as “without MHE” according to the PHES battery
have significantly reduced bimanual coordination. We
have previously shown that patients who do not show
MHE as detected using the PHES already have some
psychomotor slowing and impaired bimanual coordination, indicating that some mild neurological alterations
are not detected with the PHES but can be detected by
more sensitive procedures[5]. Butz et al[4] also showed that
ataxia, tremor, and slowing of finger movements are early
markers for cerebral dysfunction in at least a subgroup of
cirrhotic patients even prior to alterations in performance
in the PHES become detectable. These data suggest that,
although the PHES battery is currently the gold standard
for detection of the presence of MHE, and it has been
very useful to unify the assessment of neurological alterations in cirrhotic patients, is not sensitive enough to
detect some mild alterations in motor coordination and
mental processing speed.
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Alterations in both bimanual coordination and BF in
cerebellum are early events, occurring before altered performance in the PHES, this suggests that bimanual coordination tests should be also performed for early MHE
detection and that non invasive determination of BF in
cerebellum using ASL would detect MHE earlier than the
currently used PHES battery.
Visuo-motor coordination also correlates with BF in
cerebellar hemisphere but not in other areas. This could
be expected, as cerebellum is crucial in visuomotor coordination[36]. This further supports that many functions
modulated by cerebellum are affected in patients with
MHE and that cerebellum is more susceptible than other
areas in cirrhotic patients.
Magnetic resonance studies show that cerebellum is
involved in the Stroop task[37]. Nabeyama et al[37] showed
that in patients with obsessive-compulsive disorder reduced performance in the Stroop test is associated with
reduced cerebellum activation. Moreover, patients with
Cerebellar Cognitive Affective Syndrome show reduced
performance in the Stroop test[33]. This suggests that altered BF in cerebellum could also contribute to impair
performance in the Stroop test in patients with MHE.
To shed some initial insight on possible mechanisms
involved in altered CBF in each area in MHE we also
assessed the correlations between CBF and some biochemical parameters in blood. Ammonia or IL-6 levels
do not correlate with CBF in any area, suggesting that
hyperammonemia and IL-6 related inflammation are not
main direct contributors to alterations in CBF. Serum
IL-18 correlates with CBF in occipital lobe and thalamus,
but not in cerebellum. This suggests that some inflammatory factors would contribute to alter CBF in these areas
but not in cerebellum.
CBF in cerebellar hemisphere correlates with NO metabolites and cGMP, suggesting an association between
alterations in the NO-cGMP system and in BF in cerebellum but not in thalamus or cortex. This agrees with
the role of NO in CBF modulation. Neuronal NO plays
an essential role in coupling neuronal activity with CBF
in cerebellum but not in cortex[38,39]. NO modulates BF
in cerebellum via stimulation of soluble guanylyl cyclase
and cGMP formation[38-40]. This suggests that altered
NO-cGMP pathway could contribute to increase BF in
cerebellum in patients with MHE and even in cirrhotic
patients without MHE.
The NO-cGMP pathway is strongly altered in
blood[25,41-43] and cerebellum[44] of cirrhotic patients with
MHE or died in HE. Moreover, altered activation of guanylate cyclase by NO in lymphocytes correlates with the
MHE grade in cirrhotic patients. It has been suggested
that altered NO-cGMP pathway contributes to cognitive
impairment in MHE[42]. The contribution of altered NOcGMP pathway in cerebellum to cognitive impairment
has been clearly established in animal models of MHE.
Rats with MHE have reduced ability to learn a Y maze
task, which is a consequence of impaired function of the
glutamate-NO-cGMP pathway in cerebellum. Learning
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ability is restored by treatments that restore the pathway
and cGMP levels[12-14,45].
These data suggest the idea that, in patients with
MHE, altered NO-cGMP pathway is associated with altered CBF in cerebellum which, in turn, may contribute
to induce MHE, impairing bimanual and visuo-motor
coordination, executive functioning, cognitive processing speed and performance in the PHES. If this were
the case, treatments normalizing the NO-cGMP pathway
could improve CBF in cerebellum and cognitive function
in cirrhotic patients with MHE.
In summary, the data support that: (1) CBF is more
sensitive in cerebellum than in other areas of cirrhotic
patients; (2) altered CBF in cerebellum is an early event
contributing to initiate neurological deterioration, impairing bimanual coordination and the congruent Stroop task
and predisposing to impair visuomotor coordination,
executive functioning and cognitive processing speed;
(3) altered NO-cGMP pathway would contribute to alter
CBF in cerebellum; and (4) non invasive determination
of CBF in cerebellum using ASL may detect MHE earlier
than the currently used PHES battery.
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were included in our study when they had undergone
stent placement as a bridge to surgery in acute leftsided malignant colonic obstruction due to primary colon cancer.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To identify risk factors for surgical failure after
colonic stenting as a bridge to surgery in left-sided malignant colonic obstruction.

Key words: Colorectal neoplasms; Endoscopy; Intestinal obstruction; Risk factors; Stents

METHODS: The medical records of patients who underwent stent insertion for malignant colonic obstruction between February 2004 and August 2012 were
retrospectively reviewed. Patients with malignant
colonic obstruction had overt clinical symptoms and
signs of obstruction. Malignant colonic obstruction was
diagnosed by computed tomography and colonoscopy.
A total of 181 patients underwent stent insertion during the study period; of these, 68 consecutive patients
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RESULTS: Out of 68 patients, forty-eight (70.6%)
were male, and the mean age was 64.9 (range, 38-89)
years. The technical and clinical success rates were
97.1% (66/68) and 88.2% (60/68), respectively. Overall, 85.3% (58/68) of patients underwent primary
tumor resection and primary anastomosis. Surgically
successful preoperative colonic stenting was achieved
in 77.9% (53/68). The mean duration, defined as the
time between the SEMS attempt and surgery, was 11.3
d (range, 0-26 d). The mean hospital stay after surgery was 12.5 d (range, 6-55 d). On multivariate analysis, the use of multiple self-expanding metal stents (OR
= 28.872; 95%CI: 1.939-429.956, P = 0.015) was a
significant independent risk factor for surgical failure of
preoperative stenting as a bridge to surgery. Morbidity and mortality rates in surgery after stent insertion
were 4.4% (3/68) and 1.5% (1/68), respectively.
CONCLUSION: The use of multiple self-expanding
metal stents appears to be a risk factor for surgical
failure.

Core tip: When self-expanding metal stents (SEMS) is
used as a bridge to surgery, the goal is a successful
surgical outcome. When surgical results are not good
after colonic stenting in patients with malignant colonic
obstruction (MCO), many physicians have wondered
about the risk factors of surgical failure and wanted to
improve their results. Our results show that the use of
multiple SEMS was an independent risk factor for surgical failure on multivariate analysis. The identification
of this risk factor might help physicians make decisions
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regarding an appropriate modality for patients with
acute left-sided MCO and should provide a foundation
for establishing a consensus on treatment strategies in
these patients.
Kim JH, Kwon KA, Lee JJ, Lee WS, Baek JH, Kim YJ, Chung
JW, Kim KO, Park DK, Kim JH. Surgical failure after colonic
stenting as a bridge to surgery. World J Gastroenterol 2014;
20(33): 11826-11834 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11826.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11826

INTRODUCTION
Approximately 8%-29% of colon cancer patients present
with obstructive symptoms on diagnosis[1]. Malignant colonic obstruction (MCO) requires urgent decompression
because it may result in colonic necrosis and perforation
due to colonic mucosal friability, which is the result of
massive colon distension[2].
Conventionally, MCO has been managed by emergency surgical procedures, including loop colostomy followed by colostomy reversal. The formation of a stoma
is known to have a negative impact on aspects of healthrelated quality of life in patients, and the stoma is eventually left unclosed in many patients[1,3,4]. Furthermore,
emergency colonic surgery in this setting often leads to
higher mortality (8%-24%), morbidity (46%-62%), and
incidence of stoma retention than elective surgery due
to the poor general condition and lack of bowel preparation of the patient[2,3,5,6].
It is necessary, therefore, to identify other alternatives
for MCO decompression in order to avoid emergency
surgery. One effective method is the use of self-expanding metal stents (SEMS) in patients with MCO. Previous
reports have offered strong evidence of their advantages,
such as high effectiveness and fewer complications[7-10].
Recently, however, increased emphasis has been placed
on using colonic stents as a bridge to surgery (BTS). Additionally, there is an increasing controversy regarding
the efficacy and long-term outcomes of stenting as a
BTS compared to emergency surgery for MCO[3,11].
When a SEMS is used as a BTS, the goal is the achievement of a successful surgical outcome. However, there
has been no report on the predictors of poor surgical
outcomes after stenting as a BTS. The aim of this study
was to identify the risk factors for surgical failure after
colonic stenting as a BTS in patients with acute left-sided
MCO.

MATERIALS AND METHODS
Patients
The medical records of patients who underwent SEMS
placement for MCO at Gachon University Gil Medical
Center (Incheon, Korea) from February 2004 to August
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2012 were retrospectively reviewed.
SEMS as a BTS was attempted in eligible patients
with acute left-sided MCO. Patients with MCO had overt
clinical symptoms and signs of obstruction. MCO was
diagnosed by computed tomography (CT) and colonoscopy, whereas CT confirmed the presence of obstructive
lesions by identifying upstream colonic dilatation, with
colonoscopic confirmation if an inability to pass the endoscope proximally was noted.
A total of 181 patients underwent SEMS insertion
under endoscopic and fluoroscopic guidance during the
study period. Patients were excluded if they fell within
any of the following categories: stenting for palliation (n
= 55) or for obstruction caused by metastatic colon cancer (n = 20) or a benign disease (n = 1); anastomosis site
stenosis (n = 7); refusal of further treatment and evaluation or loss during follow-up (n = 12); right colonic
obstruction (n = 15); distal tumor margin of less than 10
cm from the anal verge (n = 2); and partial obstruction
allowing endoscopic passage (n = 1). A total of 68 consecutive patients were included in our study after having undergone SEMS placement as a BTS in acute leftsided MCO due to primary colon cancer (Figure 1). The
study was approved by the Institutional Review Board
of Gachon University Gil Medical Center (IRB No.
GDIRB2013-09).
Procedure details
Informed consent was obtained from patients after an
adequate explanation of the procedure. Enema was
performed in all patients several hours before the procedure. A two-channel therapeutic endoscope (GIF-2T240;
Olympus Optical Corp., Tokyo, Japan) or colonoscope
(CF-Q240L; Olympus) was used. For stenting, ComVi
Enteral Colonic Stents (Taewoong Medical Co., Seoul,
South Korea) and Niti-S Enteral Colonic Stents (Taewoong Medical Co.) were used.
As previously reported[7,10,12], SEMS were inserted by
the following process. The colonoscope was first introduced to the obstruction site, followed by the passage of
a guidewire through the stricture under endoscopic and
fluoroscopic guidance. After measuring the length of the
stricture with CT and/or barium enema and/or fluoroscopy using water soluble contrast, a stent at least 3 cm
longer than the stricture was chosen to adequately bridge
the stricture. Covered or uncovered stents were selected
depending on the endoscopists’ preference. To confirm
the appropriate stent positioning and expansion, repeated simple radiograms were made during hospitalization.
Balloon dilatation of the stricture was not performed.
After SEMS insertion as a BTS, a pre-operative evaluation was performed, and the time of elective surgery
was determined by the attending surgeon following an
assessment of the patient’s bowel function and clinical
condition. Two surgeons specializing in coloproctology
performed the operations, and the type of procedure
was determined by the surgeon depending on the location of the primary disease and the intraoperative con-
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181 Patients assessed for eligibility
55 Primary colorectal cancer for palliation
20 Metastatic colorectal cancer
12 Refuse to further treatment and evaluation or lost to follow-up
7 Anastomosis site
1 Benign lesion
86 SEMS insertion for bridge to surgery
15 Right colon
2 Low rectum
1 Partial obstruction
68 left-sided colon, included

2 Technical failure

66 Successful SEMS insertion
6 Emergency surgery
2 Perforation
3 Insufficient decompression
1 Re-occlusion
60 Elective surgery

53 Surgical success

7 Surgical failure

Figure 1 Flowchart showing patient selection in this study. SEMS: Self-expanding metal stents.

ditions of the patient. Patients with successful SEMS
placement were deemed eligible for elective surgery and
received a bowel preparation using 2-4 liters of polyethylene glycol in the evening before surgery and a single
dose of first-generation cephalosporin for antibiotic
prophylaxis 30 min before anesthetic induction. At the
surgeons’ discretion, continuous antibiotic therapy was
employed as deemed necessary. Primary tumor resection and primary anastomosis (PTRPA) were performed
when possible.
Definition
The technical success rate was defined as the ratio of
patients with correctly placed SEMS upon stent deployment across the entire stricture length to the total number of patients. The clinical success rate was defined as
the ratio of patients with technical success and successful maintenance of stent function before elective surgery, regardless of the number of SEMS deployed to the
total number of patients.
The surgical success rate of SEMS as a BTS was defined as the ratio of patients with successful surgical
outcomes, such as successful PTRPA, to the total number of patients. Unsuccessful surgical outcomes were
defined as the failure of PTRPA or subtotal/total colectomy due to insufficient colonic decompression. Surgical
failure was thus inclusive of technical failure, unplanned
surgery, and total/subtotal colectomy due to insufficient
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decompression.
PTRPA was defined as the surgical procedure used to
reconnect two sections of the colon following primary
resection of the tumor. Multiple SEMS was defined as
having at least two stents deployed at the first session or
undergoing more than two stenting sessions.
Statistical analysis
Statistical analysis was carried out using SPSS 12.0 (IBM
SPSS Statistics, IBM Corporation, Armonk, NY) for
MS Windows®. Continuous data are presented as means
(range) and categorical data as absolute numbers and
percentages. For univariate analysis, continuous data
were analyzed using the independent t-test, and other
categorical data were analyzed using the χ 2 or Fisher’
s exact test. Multivariate analysis by logistic regression was performed using the statistically significant
variables found in the univariate analysis. Two-tailed
P-values of 0.05 or less were considered to indicate statistical significance.

RESULTS
Baseline characteristics
The baseline data for the patients are summarized in
Table 1. Out of 68 patients, forty-eight (70.6%) were
male, and the mean age was 64.9 years (range, 38-89
years). None had received prior chemotherapy, and each
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with clinical failure and 12.6 d (range, 4-26 d) in those
with clinical success.
Successful PTRPA was achieved in 85.3% (58/68) of
patients, including one following technical failure and 57
following technical success. In detail, failure in PTRPA
occurred in five patients (5/8, 62.5%) following clinical
failure and five (5/60, 8.3%) following clinical success.
In patients with clinical success, 7 patients did not
achieve surgical success. In three, stent-related complications were the cause of surgical failure. The remaining
four failed surgically due to unsuccessful surgical outcomes. The surgical success rate of SEMS as a BTS was
77.9% (53/68).

Table 1 Baseline demographic and clinical characteristics of
patients n (%)
Total (n = 68)
Age (yr)
Male/female
BMI (kg/m2)
Previous IA surgery
Laboratory findings
Hemoglobin (g/dL)
White blood cells (/mm3)
Albumin (g/dL)
ASA classification
1
2
3
TNM Stage of tumor
Ⅱ
Ⅲ

IVA
Histology
WD
MD
PD
Location of obstruction
Sigmoid flexure
Descending colon
Sigmoid-descending area
Sigmoid colon
Recto-sigmoid area

64.9 (38-89)
48 (70.6)/20 (29.4)
22.9 (17.7-31.9)
19 (27.9)
12.4 (7.2-17.3)
8471.7 (3050-19850)
3.8 (2.5-5.2)
11 (16.2)
50 (73.5)
7 (10.3)
22 (32.4)
26 (38.2)
20 (29.4)
8 (11.8)
57 (83.8)
3 (5.6)
5 (7.4)
7 (10.3)
9 (13.2)
22 (32.4)
25 (36.8)

BMI: Body mass index; IA: Intra-abdominal; ASA: American society of
anesthesiologists; WD: Well-differentiated cancer; MD: Moderate-differentiated cancer; PD: Poorly-differentiated cancer.

first presented as acute obstruction due to primary colon
cancer. The most commonly obstructed site was the rectosigmoid junction (25/68, 36.8%), and the second most
common site was the sigmoid colon (22/68, 32.4%).
Covered SEMS were used in 50.0% (33/66) of patients
with technical success. The mean duration, defined as
the time between SEMS attempts and surgery, was 11.3
d (range, 0-26 d). The mean hospital stay after surgery
was 12.5 d (range, 6-55 d).
Success rate
In the first attempt, 66 of 68 patients (97.1%) achieved
a technically successful placement of SEMS. SEMS insertion was not successful in two patients, in one due
to failure of guide wire passage through the completely
obstructed stricture (descending colon), and in the other,
due to acute angulation of the colonic flexure, which
caused difficulty in guide wire passage (rectosigmoid
junction) (Table 2). They eventually underwent emergency surgery.
Clinical success was achieved in 88.2% (60/68) of
patients. Clinical failure occurred in 8, who then required
emergency surgery (Figure 1 and Table 2). Six patients,
not counting the two who experienced technical failures,
encountered clinical failure due to complications: two
with perforation, one with re-obstruction, and three with
insufficient decompression. The mean time from stent
placement to surgery was 2.1 d (range, 0-8 d) in patients
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Complication and surgical outcomes
Complications were observed during the first 60 d after SEMS placement, including both stent-related and
surgery-related complications (Tables 2 and 3).
Procedure-related complications were observed in
12 cases. Of these, two patients experienced perforation and underwent emergency surgery. The stent was
observed to be in situ during elective surgery, except
in two patients in whom clinically silent migration had
occurred; they both underwent successful PTRPA.
Another two patients with re-obstruction due to stool
impaction underwent a second stent placement 1 and 3
d after the first stent insertion, respectively. One of the
patients with re-obstruction was successfully re-stented 1
d after the first stent insertion; an emergency Hartmann’
s operation was subsequently required due to insufficient
decompression. The other patient, who underwent stent
reinsertion 3 d after the first stent insertion, received
an elective operation; however, subtotal colectomy was
required due to inadequate colonic decompression 13 d
after the first stent placement. The remaining six patients
with insufficient decompression included three who underwent emergency operations and three who underwent
elective surgery.
Postsurgical complications occurred in 3/68 of patients; these patients underwent elective surgery (Table
3). These three patients experienced anastomosis leakage, wound infection, or pneumonia. The patient who
underwent a segmental resection en bloc after successful
stenting developed anastomotic leakage three days after
surgery and had to undergo a re-operation for colostomy
of the transverse colon. The patient with wound infection recovered after antibiotic treatment and was discharged 10 d after surgery. The patient who had pneumonia eventually passed away 6 d after elective surgery
(left hemicolectomy); he had underlying medical conditions including hypertension and previous subarachnoid
hemorrhage.
Univariate and multivariate analysis of risk factors for
overall stent failure
Comparisons between patients with surgical failures and
successes following technical success are summarized
in Table 4. There were no differences between the two
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Table 2 Etiology of surgical failure in patients undergoing stenting as a bridge to surgery n (%)
Emergency surgery (n = 8)
Surgical failure
Technical failure
Stent-related complications
Perforation
Re-obstruction
Insufficient decompression
Unsatisfactory surgical results
PTRPA not feasible
Subtotal colectomy
Surgical success
Stent-related complications
Insufficient decompression
Migration
Satisfactory surgical results

Elective surgery (n = 60)

Total (n = 68)

PTRPA(-) (n = 5)

PTRPA(+) (n = 3)

PTRPA(-) (n = 5)

PTRPA(+) (n = 55)

1

1

0

0

2 (2.9)

1
11
2

1
0
1

0
0
21

0
11,2
0

2 (2.9)
2 (2.9)
5 (7.4)

0
0

0
0

3
0

0
1

3 (4.4)
1 (1.5)

0
0

0
0

0
0

11
2
50

1 (1.5)
2 (2.9)
50 (73.5)

1

Multiple SEMS was defined as a number of stent ≥ 2 at the first session or a session number ≥ 2; 2Patients undergoing subtotal colectomy. PTRPA: Primary tumor resection and primary anastomosis.

Table 3 Types of and complications due to operations after
colonic stenting as a bridge to surgery n (%)
Complications
Type of operation (n = 68)
Anterior resection
Left hemicolectomy
Low anterior resection
Hartmann’s operation
Subtotal colectomy
Stoma creation
Quadrantectomy
Anterior resection with ileostomy
Total colectomy
Low anterior resection with ileostomy
Segmental resection en bloc
Surgery-related complications (n = 68)
Wound infection
Pneumonia
Anastomosis leakage

Table 4 Comparison of factors related to surgical failure
and success in patients achieving technical success n (%)

Value
27 (39.7)
13 (19.1)
12 (17.6)
7 (10.3)
3 (4.4)
1 (1.5)
1 (1.5)
1 (1.5)
1 (1.5)
1 (1.5)
1 (1.5)
1 (1.5)
1 (1.5)
1 (1.5)

groups in terms of age, gender, or history of previous
intra-abdominal surgery. Anemia (male < 13 g/dL, female < 12 g/dL) and hypoalbuminemia (albumin < 3.5
g/dL) were more common in the surgical failure group,
and leukocytosis (> 10000/mm3) was more common in
the surgical success group, although there were no significant differences. Body mass index (BMI) < 18.5 kg/
m2 was significantly more common in the failure group
(23.1% vs 1.9%, P = 0.004).
Advanced stages, defined as stages Ⅲ and ⅣA, were
significantly more common in the surgical failure group
than in the surgical success group (92.3% vs 60.4%, P =
0.029). The flexure area was more frequently obstructed
in the surgical failure group than in the success group,
but there was no significant difference.
Variables related to stent characteristics, including length
or diameter of stent and stent type, were not identified as
risk factors for surgical failure. However, the use of multiple SEMS was significantly more common in the surgical
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Patient-related factor
Age > 70 yr
Male
BMI < 18.5 kg/m2
Previous IA surgery
Anemia
Leukocytosis
Hypoalbuminemia
ASA 1-2
Tumor-related factor
WD and MD cancer
TNM stage Ⅲ-ⅣA
Obstructive site
Sigmoid flexure
Descending colon
Sigmoid-descending area
Sigmoid colon
Recto-sigmoid colon
Flexure area
Stent-related factor
Uncovered
Diameter ≤ 22 (mm)
Length ≥ 10 (cm)
Multiple SEMS
Interval from SEMS to surgery (d)
Hospital stay after surgery (d)

Surgical
failure
(n = 13)

Surgical
success
(n = 53)

P value

6 (46.2)
10 (76.9)
3 (23.1)
3 (23.1)
9 (69.2)
2 (15.4)
6 (46.2)
12 (92.3)

20 (37.7)
36 (67.9)
1 (1.9)
16 (30.2)
28 (52.8)
14 (26.4)
11 (20.8)
47 (88.7)

0.578
0.727
0.004
0.612
0.286
0.406
0.061
0.703

13 (100)
12 (92.3)

50 (94.3)
32 (60.4)

0.380
0.029
0.511

0 (0)
0 (0)
2 (15.4)
5 (38.5)
6 (46.2)
8 (61.5)

5 (9.4)
6 (11.3)
7 (13.2)
17 (32.1)
18 (34.0)
30 (56.6)

0.747

6 (46.2)
9 (62.5)
8 (61.5)
4 (30.8)
9.8 (0-26)
15.4 (7-44)

27 (50.9)
34 (64.2)
27 (50.9)
1 (1.9)
12.1 (4-26)
11.7 (6-55)

0.757
0.731
0.493
< 0.001
0.354
0.151

BMI: Body mass index; IA: Intra-abdominal; ASA: American society of
anesthesiologists; WD: Well-differentiated cancer; MD: Moderate-differentiated cancer; SEMS: Self-expanding metal stents.

failure group (30.8% vs 1.9%, P < 0.001).
On multivariate analysis, only multiple SEMS was a
significant risk factor correlating to surgical failure (OR
= 28.872; 95%CI: 1.939-429.956, P = 0.015) (Table 5).
In five patients who underwent multiple SEMS, only
one patient (1/5, 20%) who received two SEMS in the
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Table 5 Multivariate analysis of risk factors for surgical failure in patients achieving technical success
OR

95%CI

P value

1 (reference)
9.759

0.784-121.527

0.077

Ⅲ and IVA

1 (reference)
7.685

0.666-88.722

0.102

Multiple SEMS
No
Yes

1 (reference)
28.872

1.939-429.956

0.015

BMI
≥ 18.5
< 18.5
TNM stage
Ⅱ

BMI: Body mass index; SEMS: Self-expanding metal stents.

first session due to insufficient decompression met with
surgical success (Table 2). Two of the remaining patients
who underwent elective surgery received two SEMS in
the first session due to insufficient decompression and
eventually underwent Hartmann’s operation. The remaining two patients underwent a second stenting session due
to re-obstruction; one underwent emergency surgery, and
the other, a subtotal colectomy.

DISCUSSION
In this study, the technical success rate was 97.1%, which
is comparable to the rates of previous studies, which
range from 70.7% to 96.2%, according to systematic reviews and pooled/meta-analyses[2,9,13]. The definition of
a clinically successful stent deployment differed slightly
among these studies. Several of the previous studies
defined clinical success based on intestinal transit or flatus/stool passage within 1-3 d after the procedure[13-15].
In this study, clinical success was defined as the achievement of colonic decompression with stool passage
between stent placement and elective surgery, which
conforms to the intention of deploying colonic stents as
a BTS. Based on this definition, the clinical success rate
was 88.2% in this study, which is consistent with the reported rates of 69.0%-92.0%[2,16].
When a SEMS is used as a BTS, the purpose is to
obtain a successful surgery that facilitates optimal outcomes and permits PTRPA. Therefore, unlike in other
studies, surgical success, defined as the feasibility of
PTRPA as elective surgery except for subtotal/total colectomy caused by poor bowel decompression, was also
assessed. BTS stenting allowed for surgical success in
77.9% of all patients; this result is relatively high compared to the rates in the range of 55.3%-64.9% that have
been reported in previous studies[17,18]. The reason for
this may be that the denominator in the success rate of
the SEMS group (defined as patients with SEMS insertion as a BTS) included patients with technical failure
(who actually underwent emergency surgery) for analysis
on an intention-to-treat basis, and the technical failure
rates in other prospective studies were higher than in this
study.
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SEMS as a BTS showed conflicting outcomes in a recent meta-analysis and in randomized trials[2,14,18-20]. The
endoscopists who participated in these trials had some
differences in their levels of experience and skill[21,22].
Low technical success in SEMS placement might have
been the main cause of their negative results for the
deployment of SEMS. It would not be reasonable, therefore, to generalize the conclusions of some of the reports that SEMS is not advantageous as a BTS because
an endoscopist’s experience and skill are important factors in colonic stenting. For patients in whom SEMS
placement was attempted as a BTS in MCO, previous
studies have reported that the factors associated with
technical failure included the severity of obstruction,
the extra-colonic origin of tumor, the proximal colonic
obstruction, and the presence of carcinomatosis[14,23]. In
this study, the factors associated with technical failure
could not be analyzed because the incidence of technical
failure (2 cases) was too low.
In patients undergoing emergency surgery without
SEMS insertion before surgery (the surgery group), the previously published stoma formation rates are 32%-57%[4,15,24].
When the SEMS group included patients with technical
failure, the initial stoma formation rates for the SEMS
group were 40%-53%[4,15]. No difference is apparent between the two groups. However, the primary stoma formation rate in the present study was 14.7% (10/68), with
only 5 patients (5/60, 8.3%) requiring a diverting stoma in
patients with clinical success. The remaining 5 patients (5/8,
62.5%) with clinical failure underwent stoma creation due
to stent-related complications (n = 4) and technical failure (n
= 1). This result suggests that BTS stenting is advantageous
if SEMS insertion is technically successful and if function
is well-maintained up to surgery[5,15].
The focus of this study was to identify risk factors
for surgical failure in patients with technical success. The
use of multiple SEMS was an independent risk factor for
surgical failure on multivariate analysis. Currently, when
strictures are not adequately covered or decompressed
by a single SEMS or in a single session, the option is to
immediately place a second stent or to undergo another
session, as needed[25]. In the present study, out of the five
patients who had undergone multiple SEMS placement,
clinical success was achieved in four, allowing for elective
surgery. However, only one patient achieved surgical success. Repeated attempts at colonic decompression using
SEMS increased the clinical success rate, but the surgical
success, the essential purpose of BTS stenting, was unachieved. Although the present study has found that the
use of multiple SEMS is an independent risk factor for
surgical failure, this may not necessarily mean that, upon
the clinical failure of a single SEMS, surgery should be
immediately considered as the next course of action.
There is still no consensus in the literature regarding this
relationship and further data is required to establish it.
When using stents for palliation of MCO, the stent
length (≥ 10 cm) and diameter (≤ 22 mm) are reported to be risk factors for poor long-term outcomes
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of SEMS[26,27]. Patient- and tumor-related factors and
characteristics of SEMS were not identified as risk factors for surgical failure in the present study. BTS stenting
differs from palliative stenting in that, for the former,
the functionality of the SEMS must be maintained until
elective surgery.
In this study, one case (1/68, 1.5%) of intra-procedural complications and eleven cases (11/68, 16.2%) of
post-procedural complications were observed, which is
comparable to the results of other studies on colonic
stenting as a BTS with rates of 7%-24%[14,24,27]. Two patients in whom covered stents were inserted experienced
migration. This may have been due to the smooth surface of the stent and their less severe colonic obstruction. Although the potential for tumor cell dissemination
due to perforation is unclear, perforation is the most
significant complication of SEMS[15] .Balloon dilation,
specifically designed stents, and chemotherapy are considered contributing factors associated with stent-related
perforation[8,28]. Two cases of perforation occurred in 68
patients in the present study. This result is lower than the
3%-9% reported in previously published studies[16,24,27,29],
most likely because none of the patients in this study
were associated with these factors.
Morbidity and mortality rates in surgery after SEMS
insertion were 3/68 (4.4%) and 1/68 (1.5%), respectively, and are comparable to the respective reported rates
of 0%-36% and 0%-9% from other studies on colonic
stenting as a BTS[5,6,17,24]. All of these data represent patients who underwent elective surgery. However, it is difficult to analyze the contributing factors because of the
small sample size and rarity of such events in this study.
The mean duration between successful stenting and
elective surgery [12.1 d (range, 4-26 d)] was relatively
longer than that reported in other studies[14,24], and the
increase in the complication rates may have been due to
this short interval (5-16 d). A sufficient interval between
SEMS placement and surgery is required to allow for
optimal decompression and improvement of the patient’
s clinical condition[14,24]. However, there is no consensus
on the optimal stent-to-surgery duration for bowel decompression and improvement under clinical conditions.
The beneficial efficacy of the SEMS as a BTS on rightsided colon cancer is obviously controversial. Obstructive
right sided colon cancers can be treated by PTRPA, even
in emergency settings, which is why we did not include
right-sided obstructions in our study[30].
This is a retrospective study at a single tertiary center,
and thus the possibility of selection bias cannot be ruled
out. In addition, patients with severe obstruction would
have been more likely to receive emergency surgery than
stent insertion as a BTS. The confidence interval was so
wide that the statistical power was not high enough to
interpret and generalize the study results. Additionally,
the use of multiple SEMS most likely suggests a difficult, severe stricture. This may be explained by the fact
that the number of patients included in this study was
relatively small. Despite these limitations, this study sug-
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gests that the use of SEMS is an effective BTS with an
acceptable complication rate in most patients.
In conclusion, the finding that the use of multiple
SEMS is an independent risk factor for surgical failure
may aid in therapeutic decision-making between surgery
and endoscopic stenting in patients with acute left-sided
MCO. Larger, prospective studies on the clinical impact
of multiple SEMS as a BTS appear to be necessary to
confirm the findings presented in this report.
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It is necessary to identify other alternatives for the decompression of malignant
colonic obstruction (MCO) in order to avoid emergency surgery. One effective
method is using self-expanding metal stents (SEMS) in patients with MCO. Previous reports have offered strong evidence of their advantages, such as high effectiveness and fewer complications. However, there has been no report on the
predictors of poor surgical outcomes after stenting as a bridge to surgery (BTS).

Research frontiers

Most of the previous studies have been focused on the technical and clinical
success of SEMS. However, when SEMS are used as a BTS, the goal is a successful surgery that enables the optimal outcome to be achieved and permits
primary tumor resection and primary anastomosis (PTRPA). Therefore, unlike
other studies, the aim of this study was to identify risk factors for surgical failure
after colonic stenting as a BTS in patients with MCO.

Innovations and breakthroughs

The focus of this study was to identify the risk factors for surgical failure in patients with technical success. In this study, repeated attempts at colonic decompression using SEMS increased the clinical success rate, but surgical success,
the essential purpose of BTS stenting, remained unachieved. These results
constitute very important and interesting findings. Still, although the present
study has found the use of multiple SEMS to be an independent risk factor for
surgical failure, this may not necessarily mean that, upon the clinical failure of
single SEMS, surgery should immediately be entertained as the next course of
action.

Applications

The use of multiple SEMS was an independent risk factor for surgical failure,
upon multivariate analysis. Currently, when strictures are not adequately covered or decompressed by a single stent or in a single session, the option is to
immediately place a second stent or to undergo another session, as needed.
These findings may aid in the therapeutic decision-making between surgery
and endoscopic stenting in patients with acute left-sided MCO.

Terminology

The surgical success rate of SEMS as a BTS was defined as the ratio of patients with successful surgical outcomes, such as successful PTRPA, to the
total number of patients. Unsuccessful surgical outcomes were defined as the
failure of PTRPA or subtotal/total colectomy due to insufficient colonic decompression. Surgical failure was thus inclusive of technical failure, unplanned surgery, and total/subtotal colectomy due to insufficient decompression. Multiple
SEMS was defined as having at least two stents deployed at the first session or
undergoing more than two stenting sessions.
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CONCLUSION: Parallel TIPS is an effective approach
for controlling portal hypertension complications.
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Abstract
AIM: To evaluate the feasibility of a second parallel
transjugular intrahepatic portosystemic shunt (TIPS) to
reduce portal venous pressure and control complications of portal hypertension.
METHODS: From January 2011 to December 2012,
10 cirrhotic patients were treated for complications of
portal hypertension. The demographic data, operative
data, postoperative recovery data, hemodynamic data,
and complications were analyzed.
RESULTS: Ten patients underwent a primary and parallel TIPS. Technical success rate was 100% with no
technical complications. The mean duration of the first
operation was 89.20 ± 29.46 min and the second operation was 57.0 ± 12.99 min. The mean portal system
pressure decreased from 54.80 ± 4.16 mmHg to 39.0
± 3.20 mmHg after the primary TIPS and from 44.40
± 3.95 mmHg to 26.10 ± 4.07 mmHg after the parallel
TIPS creation. The mean portosystemic pressure gradi-
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ent decreased from 43.80 ± 6.18 mmHg to 31.90 ± 2.85
mmHg after the primary TIPS and from 35.60 ± 2.72
mmHg to 15.30 ± 3.27 mmHg after the parallel TIPS
creation. Clinical improvement was seen in all patients
after the parallel TIPS creation. One patient suffered
from transient grade Ⅰ hepatic encephalopathy (HE)
after the primary TIPS and four patients experienced
transient grade Ⅰ-Ⅱ after the parallel TIPS procedure.
Mean hospital stay after the first and second operations
were 15.0 ± 3.71 d and 16.90 ± 5.11 d (P = 0.014),
respectively. After a mean 14.0 ± 3.13 mo follow-up,
ascites and bleeding were well controlled and no stenosis of the stents was found.

Key words: Transjugular intrahepatic portosystemic shunt;
Portal hypertension; Portosystemic pressure gradient
Core tip: We retrospectively reviewed 10 patients treated in our institution who underwent a second parallel
transjugular intrahepatic portosystemic shunt (TIPS) to
reduce portal venous pressure and portosystemic pressure gradient to an acceptable level and control the
complications of portal hypertension. We also present
our experience evaluating the feasibility and safety of
this technique. Parallel TIPS is an effective approach for
controlling portal hypertension complications.
He FL, Wang L, Yue ZD, Zhao HW, Liu FQ. Parallel transjugular
intrahepatic portosystemic shunt for controlling portal hypertension complications in cirrhotic patients. World J Gastroenterol
2014; 20(33): 11835-11839 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i33/11835.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i33.11835
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INTRODUCTION

Table 1 Patient data

The transjugular intrahepatic portosystemic shunt (TIPS)
is an effective way for controlling complications of portal hypertension, including gastrointestinal bleeding and
refractory ascites in patients with cirrhosis. TIPS was
first described by Rösch et al[1] in 1969, and it is currently
considered to be one of the most important improvements in interventional therapy and represents a major
contribution to treatment of patients with cirrhosis and
portal hypertension syndrome[2]. TIPS can reduce portal
vein pressure and portosystemic pressure gradient (PSG;
pressure difference between portal vein and the cava) in
90%-95% of cases, while a small number of patients do
not benefit from TIPS and portal vein pressure remains
high after one shunt due to insufficient PSG reduction[3].
Here, we retrospectively reviewed 10 cases out of 205
treated in our institution who underwent a second parallel TIPS to reduce portal venous pressure and PSG to an
acceptable level and control the complications of portal
hypertension. We also present our experience evaluating
the feasibility and safety of this technique.

Characteristic
Sex (M/F)
Age (yr, mean ± SD)
Child-Pugh classification
B
C
Indication for TIPS
Refractory ascites
Gastrointestinal bleeding

7/3
52.30 ± 4.52
8
2
9
1

TIPS: Transjugular intrahepatic portosystemic shunt.

A

B

C

D

MATERIALS AND METHODS
Patient data
Between January 2011 and December 2012, 10 patients
with cirrhosis (7 males) with a mean age of 52.30 ± 4.52
years underwent a parallel TIPS in our institution (Table
1). All the patients were infected with hepatitis B virus
and had complications from cirrhosis and portal hypertension. The indications for TIPS were refractory ascites
(n = 9) and gastrointestinal bleeding (n = 1). A second
shunt tract was established due to insufficient relief of
symptoms and unsuccessful reduction of portal vein
pressure. The patients underwent portosystemic shunt
twice within 3-6 mo. The hepatic function status evaluated by Child-Pugh classification was class B in eight cases
and class C in two. The follow-up time was 9-18 mo and
the mean time was 14.0 ± 3.13 mo.
TIPS placement technique
The first TIPS procedure was performed in the Interventional Radiology Suite under local anesthesia. The RöschUchida Transjugular Liver Access Set (Cook, Bloomington, IN, United States) was used for every patient. Right
jugular venous access was established with a 10-F sheath.
A 5-F multipurpose catheter was used to engage the right
hepatic vein and perform angiography, and a curved cannula was then advanced with the guidewire into the right
hepatic vein. A sheathed needle was advanced into the
portal vein through the liver parenchyma and the guide
wire was placed into the portal vein through the sheath.
Portal vein angiography was performed with a 5-F pigtail
catheter and portal vein pressure and right atrium pressure were measured. Subsequently, the shunt tract was
dilated with an angioplasty balloon ranging from 8 to 10
mm, and a covered stent with a diameter of 8 or 10 mm
was utilized. If the distal shunt was not sufficient for the
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Figure 1 Transjugular intrahepatic portosystemic shunt. A: Angiography
showed that the primary transjugular intrahepatic portosystemic shunt (TIPS)
tract was patent; B: In the same patient, the parallel TIPS tract was successfully
built; C: Parallel shunt tract was directly established from the vena cava to the
portal vein; D: In the same patient, the parallel TIPS tract was successfully built.

shunt tract, an additional stent was utilized to extend the
length. The varicose coronary gastric vein was embolized
to prevent future gastrointestinal bleeding and the portal
vein angiography and pressure measurements were performed again. The PSG was measured before and after
the shunt creation.
In nine patients, ascites was not relieved and recurrent
gastrointestinal bleeding occurred in the other patient,
even though ultrasound proved the patency of all the first
shunt tracts. Therefore, a second TIPS was established
3 mo after the first procedure. The right jugular venous
access was used for the second shunt tract. Through
the first shunt tract, portal vein angiography was carried
out (Figure 1A) and pressure was measured. The RöschUchida Transjugular Liver Access Set was used and the

11836

September 7, 2014|Volume 20|Issue 33|

He FL et al . TIPS for controlling portal hypertension complications
Table 2 Hemodynamic changes
Primary TIPS

Parallel TIPS

Before (mmHg, After (mmHg, t value P value
mean ± SD)
mean ± SD)
Portal venous pressure
PSG

54.80 ± 5.16
43.80 ± 6.18

39.00 ± 3.20
31.90 ± 2.85

21.73
9.38

Before (mmHg,
mean ± SD)

After (mmHg,
mean ± SD)

t value

44.40 ± 3.95
35.60 ± 2.72

26.10 ± 4.07
15.30 ± 3.27

11.70
67.67

< 0.001
< 0.001

P value t value1 P value1
< 0.001
< 0.001

18.35
20.01

< 0.001
< 0.001

1

Comparison of hemodynamic findings before primary and after parallel transjugular intrahepatic portosystemic shunt (TIPS). PSG: Portosystemic pressure
gradient.

systemic vein to portal vein parenchymal tract was attempted with the previous technique. With the stents of
the first tract as the mark, puncture of the portal vein
with the sheathed needle was more targeted and efficient.
In four patients, the shunt tract was directly advanced
from the vena cava to the portal vein because the right
hepatic vein was not available for both tracts. The shunt
tract was dilated, the stents were deployed and the varicose coronary gastric vein and other collaterals were
embolized as described in this article. Portal vein angiography (Figure 1B) and pressure measurements were once
again performed. The PSG was measured as described.
We compared perioperative and postoperative data
in all the patients who underwent both TIPS procedures.
This study was approved by ethics committee of Shijitan
Hospital, Capital Medical University.
Complications and clinical follow-up
All the patients were under close monitoring during the
perioperative period. Complications including abdominal
cavity hemorrhage, hepatic failure and hepatic encephalopathy (HE) were observed. The patients remained in
contact with the doctors who had performed the procedures. Clinical observations included reduction of ascites,
gastrointestinal bleeding and HE. They were subjected
to ultrasound imaging at 1, 3 and 6 mo after TIPS placement. Evaluations included stent patency, blood flow of
the shunt tracts, and presence of ascites.
Statistical analysis
SPSS for Windows version 17.0 was utilized for data processing and statistical analysis, with paired-sample t test
for data measurement. Data are summarized as frequencies and continuous variables as mean ± standard deviation (SD). P < 0.05 was considered statistically significant.

RESULTS
TIPS procedure
All the patients underwent a primary and parallel TIPS
procedure, which were successful in all cases, with no
technical complications. In six patients the second shunt
tract was advanced from the hepatic vein to the portal
vein and in the other four patients, the shunt tract was directly advanced from the vena cava to the portal vein (also
named direct intrahepatic portacaval shunt; DIPS) (Figure
1C and D). The second tracts were created 3 mo after the
first ones. In nine patients, the varicose coronary gastric
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vein was embolized. The mean duration of the first operation was 89.20 ± 29.46 min and the second operation
was 57.0 ± 12.99 min, with a significant difference (P =
0.001).
Hemodynamic changes
TIPS altered the portal pressure in all patients after the
second operation (Table 2). The mean portal system pressure prior to TIPS placement was 54.80 ± 4.16 mmHg,
which decreased to 39.0 ± 3.20 mmHg after the first
shunt tract was established (P < 0.001). The mean portal
system pressure prior to the second TIPS was 44.40 ± 3.95
mmHg and decreased to 26.10 ± 4.07 mmHg after the
procedures (P < 0.001). The mean PSG prior to the TIPS
placement was 43.80 ± 6.18 mmHg, which decreased to
31.90 ± 2.85 mmHg after the first shunt tract was established (P < 0.001). The mean PSG prior to the second
TIPS was 35.60 ± 2.72 mmHg and decreased to 15.30 ±
3.27 mmHg after the procedures (P < 0.001).
Clinical effects
Clinical improvement was seen in all patients after the
parallel TIPS procedure. Ascites was not relieved sufficiently after the first procedure, but it disappeared
completely in seven patients and decreased obviously in
two patients within 7-14 d after the second procedure.
Recurrent hemorrhage was not seen in the patient with
gastrointestinal bleeding.
Complications
Complications occurred during the procedures and postoperative complications including hepatic failure and HE
were observed after the first and second operations. No
surgery-related complications such as abdominal cavity
hemorrhage or subcutaneous hematoma were found. One
patient suffered from transient grade Ⅰ encephalopathy
after the first operation and four patients experienced
transient grade Ⅰ-Ⅱ HE after the second procedure,
which were relieved after medical treatment. One patient
with Child-Pugh class C suffered from hepatic failure
after the first operation. He and the other Class C patient
and one with Child-Pugh class B had hepatic failure after
the second operation, which was cured within 1 wk. Two
patients suffered from both HE and hepatic failure. The
duration of hospital stay for the parallel TIPS procedure
was longer than for the primary TIPS procedure: mean
hospital stay after the first and second operations was
15.0 ± 3.71 d and 16.90 ± 5.11 d, respectively (P = 0.014).
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Follow-up
The patients were followed for a mean of 14.0 ± 3.13
mo without loss to follow-up. Two patients with ChildPugh class C were hospitalized several times due to poor
liver function and the other eight patients were followed
in the outpatient department. Ascites and bleeding were
well controlled during follow-up and no stent stenosis
was found by ultrasonic examination. The incidence of
transient HE was 30% at 3 mo, 40% at 6 mo and 50% at
12 mo. All patients survived during follow-up. No patient
underwent liver transplantation.

DISCUSSION
TIPS is an effective method of treating complications
of portal hypertension due to cirrhosis, and has been
utilized widely in clinical practice as a safe and minimally
invasive procedure[4]. Liver transplantation has not yet
been popularized, therefore, TIPS is of major importance worldwide[5]. TIPS has been proven to be effective
in 59.4%-91% of cases for secondary prevention of
variceal bleeding and in 38%-84% of cases in controlling
ascites[6]. The symptoms improved after the parallel TIPS
procedure in our study. We believe that uncontrolled
ascites and gastrointestinal bleeding after the first TIPS
procedure were due to high portal vein pressure and insufficient PSG reduction. In our study, the mean portal
vein pressure prior to TIPS was 54.80 ± 4.16 mmHg,
which was 10-15 mmHg higher than that in patients who
underwent TIPS reported before[6]. The symptoms were
controlled after the second procedure when the mean
portal vein pressure decreased to 26.10 ± 4.07 mmHg
and the mean PSG decreased to 15.30 ± 3.27 mmHg.
In 2006, a Brazilian doctor, Néstor[7] reported one case
with a second parallel TIPS tract when the first shunt was
patent, which reduced the PSG to 9 mmHg and relieved
clinical symptoms. Parvinian reported two cases of parallel TIPS for treatment of complications of cirrhotic
portal hypertension, with reduction of PSG to 12 and
10 mmHg[8]. The American Association for the Study
of Liver Diseases (AASLD) recommends reducing PSG
to < 8 mmHg to improve quality of life[9]. Reducing the
portal vein pressure and PSG to an acceptable level is the
key point of TIPS procedures.
In our study of 10 cases, the technical success rate of
a second parallel TIPS tract was 100%. The mean duration of the first procedure was 89.20 ± 29.46 min and the
second operation was 57.0 ± 12.99 min, which showed
a statistically significant difference. The procedures were
all carried out by the same group of doctors, therefore,
the reduction in procedure time resulted in more targeted puncture of the portal vein from the vena cava. In
TIPS operations, the most critical and time-consuming
feature is puncture of the portal vein. In 10%-30% of
cases, percutaneous transhepatic portal vein angiography
is performed to guide the procedure, and consequently
increases the risk of injury to the biliary tract and hepatic
vein, and abdominal cavity hemorrhage[10]. In building the
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parallel tract in this study, with the first tract as the mark,
no percutaneous transhepatic portal vein angiography
was performed. In four patients, the shunt tract was directly advanced from the vena cava to the portal vein, and
the procedures is also named DIPS, due to the absence
of the hepatic vein as a shunt outflow. DIPS was first described in 2001 by Petersen et al[11]. The hallmark of the
DIPS procedure is the use of the caudate lobe as the parenchymal tract to create a side-to-side portocaval shunt.
The advantage of the DIPS procedure is not using the
hepatic vein as a shunt outflow[12,13]. In a previous study,
DIPS was performed by an intravascular ultrasound
probe introduced via a femoral vein approach[14]. However, no intravascular ultrasound was utilized in our study
because the stents of the first tract were a marker for the
portal vein. DIPS was the first choice for creating a parallel TIPS tract in cases with an insufficient hepatic vein. In
9 patients the varicose coronary gastric veins were embolized because gastrointestinal bleeding was mainly caused
directly by rupture of these vessels in patients with portal
hypertension.
Covered stent grafts have been routinely applied in
TIPS procedures and have increased the patency rates.
Yet, utilization of covered stent grafts in TIPS procedures
also increases the risk of HE[15,16]. In our study, 4 of 10
patients experienced transient grade HE, which may have
resulted in a significant increase in outflow or large PSG
reduction. In cases with a parallel TIPS, close attention
should be paid to HE, and treatment against encephalopathy should be given before and after the procedure.
In conclusion, the parallel TIPS procedure is an effective approach for controlling complications of portal
hypertension in patients with cirrhosis in whom primary
TIPS does not reduce portal vein pressure or PSG to an
acceptable level. The parallel TIPS procedure takes less
time by using the stents of the first tract as a marker for
the portal vein. DIPS is an option for avoiding using the
hepatic vein as a shunt outflow. HE is the main complication of the procedure and treatment against encephalopathy should be given before and after the parallel TIPS
creation.
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Background

The transjugular intrahepatic portosystemic shunt (TIPS) has been proven to
be an effective way for controlling complications of portal hypertension. TIPS
can reduce portal vein pressure in 90%-95% of cases, while a small number of
patients can benefit from TIPS, and the portal vein pressure remains high after
one shunt procedure.

Research frontiers

In 2006, a Brazil doctor, Néstor Hugo Kisilevzky, reported one case with a second parallel TIPS tract when the first shunt was patent, which reduced the portosystemic pressure gradient (PSG) to 9 mmHg and relieved clinical symptoms.
Parvinian reported two cases of parallel TIPS for treatment of complications of
cirrhotic portal hypertension, reducing the PSG to 12 and 10 mmHg.

Innovations and breakthroughs

This study investigated the demographic data, operative data, postoperative
recovery data, hemodynamic data and complications of this new technique in
10 patients.
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Applications

The authors presented their experience evaluating the feasibility and safety of
this technique. However, randomized controlled trials with more patients should
be considered.

Terminology

TIPS is a procedure performed in which a shunt is placed between the portal
and hepatic veins.

Peer review

In this manuscript, the authors retrospectively analyzed 10 patients who underwent a parallel TIPS in order to reduce the portal venous pressure and PSG to
an acceptable level and control complications of portal hypertension between
January 2011 and December 2012 at their hospital. Although the results of the
manuscript can assist in present their experience evaluating the feasibility and
safety of parallel TIPS to reduce the portal venous pressure and PSG to an acceptable level, there remain major concerns.

REFERENCES
1
2
3

4

5

6

7

8
9

10
11
12

Rösch J, Hanafee WN, Snow H. Transjugular portal venography and radiologic portacaval shunt: an experimental
study. Radiology 1969; 92: 1112-1114 [PMID: 5771827]
Wang J. Clinical utility of entecavir for chronic hepatitis B in
Chinese patients. Drug Des Devel Ther 2014; 8: 13-24 [PMID:
24376343 DOI: 10.2147/DDDT.S41423]
Parvinian A, Omene BO, Bui JT, Knuttinen MG, Minocha
J, Gaba RC. Angiographic patterns of transjugular intrahepatic portosystemic shunt dysfunction and interventional
approaches to shunt revision. J Clin Imaging Sci 2013; 3: 19
[PMID: 23814691 DOI: 10.4103/2156-7514.111237]
Parvinian A, Bui JT, Knuttinen MG, Minocha J, Gaba RC.
Transjugular intrahepatic portosystemic shunt for the treatment of medically refractory ascites. Diagn Interv Radiol 2012;
20: 58-64 [PMID: 24004975 DOI: 10.5152/dir.2013.13131]
Li SW, Wang K, Yu YQ, Wang HB, Li YH, Xu JM. Psychometric hepatic encephalopathy score for diagnosis of minimal
hepatic encephalopathy in China. World J Gastroenterol 2013;
19: 8745-8751 [PMID: 24379595 DOI: 10.3748/wjg.v19.i46.8745]
Darcy M. Evaluation and management of transjugular intrahepatic portosystemic shunts. AJR Am J Roentgenol 2012; 199:

13
14

15

16

730-736 [PMID: 22997362]
Néstor HK. Tips for controlling portal hypertension complications: efficacy, predictors of outcome and technical
variations. Radiol Bras 2006; 39: 385-395 [doi: 10.1590/
S0100-39842006000600004]
Parvinian A, Gaba RC. Parallel TIPS for treatment of refractory ascites and hepatic hydrothorax. Dig Dis Sci 2013; 58:
3052-3056 [PMID: 23625294 DOI: 10.1007/s10620-013-2688-8]
Harrod-Kim P, Saad WE, Waldman D. Predictors of early
mortality after transjugular intrahepatic portosystemic shunt
creation for the treatment of refractory ascites. J Vasc Interv
Radiol 2006; 17: 1605-1610 [PMID: 17057001]
Eesa M, Clark T. Transjugular intrahepatic portosystemic
shunt: state of the art. Semin Roentgenol 2011; 46: 125-132
[PMID: 21338837 DOI: 10.1053/j.ro.2010.08.006]
Petersen BD, Clark TW. Direct intrahepatic portocaval
shunt. Tech Vasc Interv Radiol 2008; 11: 230-234 [PMID:
19527850 DOI: 10.1053/j.tvir.2009.04.006]
Hoppe H, Wang SL, Petersen BD. Intravascular US-guided
direct intrahepatic portocaval shunt with an expanded
polytetrafluoroethylene-covered stent-graft. Radiology 2008;
246: 306-314 [PMID: 18096542]
Petersen B, Binkert C. Intravascular ultrasound-guided direct intrahepatic portacaval shunt: midterm follow-up. J Vasc
Interv Radiol 2004; 15: 927-938 [PMID: 15361560]
Peynircioglu B, Shorbagi AI, Balli O, Cil B, Balkanci F,
Bayraktar Y. Is there an alternative to TIPS? Ultrasoundguided direct intrahepatic portosystemic shunt placement in
Budd-Chiari syndrome. Saudi J Gastroenterol 2010; 16: 315-318
[PMID: 20871209 DOI: 10.4103/1319-3767.70633]
Sajja KC, Dolmatch BL, Rockey DC. Long-term follow-up of
TIPS created with expanded poly-tetrafluoroethylene covered stents. Dig Dis Sci 2013; 58: 2100-2106 [PMID: 23381105
DOI: 10.1007/s10620-013-2578-0]
Maleux G, Perez-Gutierrez NA, Evrard S, Mroue A, Le
Moine O, Laleman W, Nevens F. Covered stents are better
than uncovered stents for transjugular intrahepatic portosystemic shunts in cirrhotic patients with refractory ascites:
a retrospective cohort study. Acta Gastroenterol Belg 2010; 73:
336-341 [PMID: 21086935]
P- Reviewer: Genesca J, Murata S, Sharma V, Shen SQ
S- Editor: Ma YJ L- Editor: Wang TQ E- Editor: Wang CH

WJG|www.wjgnet.com

11839

September 7, 2014|Volume 20|Issue 33|

World J Gastroenterol 2014 September 7; 20(33): 11840-11849
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i33.11840

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Identification of differential proteins in colorectal cancer
cells treated with caffeic acid phenethyl ester
Yu-Jun He, Wan-Ling Li, Bao-Hua Liu, Hui Dong, Zhi-Rong Mou, Yu-Zhang Wu
Yu-Jun He, Wan-Ling Li, Hui Dong, Zhi-Rong Mou, YuZhang Wu, Institute of Immunology of PLA, the Third Military
Medical University, Chongqing 400038, China
Yu-Jun He, Bao-Hua Liu, Department of General Surgery, Daping Hospital and Research Institute of Surgery, the Third Military
Medical University, Chongqing 400042, China
Author contributions: He YJ and Mou ZR designed the research; He YJ, Li WL and Dong H performed the research; He
YJ, Liu BH and Mou ZR analyzed the data; He YJ, Liu BH, Mou
ZR and Wu YZ wrote the paper; Mou ZR and Wu YZ contributed
equally to this work.
Supported by National Natural Science Foundation of China
No. 30872466 and No. 30801096, the Natural Science Foundation of Chongqing No. 2011BB5032, and PLA Logistics Science
Research during the 12th Five-Year Plan Period No. BWS11J041
Correspondence to: Zhi-Rong Mou, PhD, Institute of Immunology of PLA, the Third Military Medical University, Chongqing 400038, China. mouzr@yahoo.com
Telephone: +86-23-68752680 Fax: +86-23-68752789
Received: January 2, 2014
Revised: March 18, 2014
Accepted: April 28, 2014
Published online: September 7, 2014

RESULTS: CAPE induced human colorectal cancer
cell apoptosis. Four up-regulated proteins and seven
down-regulated proteins in colorectal cancer cells
treated with CAPE were found. The identified downregulated proteins in CAPE-treated colorectal cancer
cells were Triosephosphate Isomerase (Tim), Proteasome subunit alpha 4 (PSMA4) protein, Guanine
nucleotide binding protein beta, Phosphoserine aminotransferase 1 (PSAT1), PSMA1, Myosin XVIIIB and
Tryptophanyl-tRNA synthetase. Notably, CAPE treatment led to the down-regulation of PSAT1 and PSMA1,
two proteins that have been implicated in tumorigenesis. The identified up-regulated proteins were Annexin A4, glyceraldehyde-3-phosphate dehydrogenase,
Glucosamine-6-phosphate deaminase 1 (GNPDA1),
and Glutathione peroxidase (GPX-1). Based on high
match scores and potential role in cell growth control,
PSMA1, PSAT1, GNPDA1 and GPX-1 were further validated by Western blotting and immunofluorescence
assay. PSMA1 and PSAT1 were down-regulated, while
GNPDA1 and GPX-1 were up-regulated in CAPE-treated colorectal cancer cells.

Abstract

CONCLUSION: These differentiated proteins in
colorectal cancer cells following CAPE treatment, may
be potential molecular targets of CAPE and involved in
the anti-cancer effect of CAPE.

AIM: To investigate the molecular mechanisms of the
anti-cancer activity of caffeic acid phenethyl ester (CAPE).
METHODS: Protein profiles of human colorectal cancer
SW480 cells treated with or without CAPE were analysed using a two-dimensional (2D) electrophoresis gelbased proteomics approach. After electrophoresis, the
gels were stained with Coomassie brilliant blue R-250.
Digital images were taken with a GS-800 Calibrated
Densitometer, and image analysis was performed using
PDQuest 2-D Analysis software. The altered proteins
following CAPE treatment were further identified by
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry following a database search. The
identified proteins were validated by Western blot and
immunofluorescence assay.
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Key words: Caffeic acid phenethyl ester; Colorectal
cancer; Proteomics; Two-dimensional electrophoresis;
Mass spectrometry
Core tip: To investigate the molecular mechanisms of
the anti-cancer activity of caffeic acid phenethyl ester
(CAPE), CAPE-treated colorectal cancer SW480 cells
were analysed by a 2D-gel based proteomics approach.
Four up-regulated proteins and seven down-regulated
proteins in CAPE-treated SW480 cells were found and
further identified by matrix-assisted laser desorption/
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ionization time-of-flight mass spectrometry following a
database search. The down-regulated proteins, PSMA1
and PSAT1 and up-regulated proteins GNPDA1 and
GPX-1 were validated by Western blotting. The two
tumorigenesis associated proteins, PSMA1 and PSAT1,
were further confirmed by immunofluorescence assay.
These differentiated proteins in colorectal cancer cells
following CAPE treatment, may be potential molecular
targets of CAPE and involved in the anti-cancer effect
of CAPE.
He YJ, Li WL, Liu BH, Dong H, Mou ZR, Wu YZ. Identification of differential proteins in colorectal cancer cells treated
with caffeic acid phenethyl ester. World J Gastroenterol 2014;
20(33): 11840-11849 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11840.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11840

INTRODUCTION
Colorectal cancer (CRC) is one of the most commonly
diagnosed malignancies and the third deadliest cancer in
humans. In 2012, it was estimated that 143460 people
in the United States had been diagnosed with colorectal
cancer and that 51690 will die from this disease[1,2]. In the
last few decades, enormous advances in the diagnosis and
treatment of CRC have been made, and molecular biology has clarified some of the mechanisms involved in the
carcinogenic process. However, patient prognosis is still
poor; after curative resections, approximately 50% of patients succumb to recurrent and metastatic disease during
the first 2 years of follow-up. For this reason, novel anticancer drugs for CRC are urgently needed.
Caffeic acid phenethyl ester (CAPE), a component
of propolis is a phenolic antioxidant. CAPE has been
shown to help in host defence through its anti-viral and
anti-bacterial activity. In addition, the immunoregulatory
properties, anti-inflammatory activity and anti-cancer activity of CAPE have been reported. Several studies have
demonstrated that CAPE has anti-proliferative effects by
inducing apoptosis in various tumour cells in vitro[3-7] and
in vivo[8,9]. CAPE also inhibits the development of azoxymethane-induced aberrant crypts in the colon of rats[10].
Multiple molecular mechanisms seem to be involved
in the anti-cancer effects of CAPE. We have previously
shown that decreased β-catenin and associated signalling
pathways may mediate the anti-cancer effects of CAPE[2].
It has been reported that CAPE inhibits tumor necrosis
factor alpha-dependent nuclear factor kappa beta (NFκB)
activation via direct inhibitory protein kappaB kinase inhibition and Nuclear factor-erythroid 2 p45 (NF-E2)-related
factor 2 pathway activation[11]. Previous studies have also
shown that Mcl-1 down-regulation, Bcl-2 expression, and
Bax up-regulation, as well as activation of caspase-8, caspase-3, and PARP, are associated with CAPE-dependent
cellular apoptosis[12,13]. However, the exact anti-tumour
mechanism of CAPE is not fully understood.
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To understand the mechanism of the anti-cancer activity of CAPE, CAPE-treated colorectal cancer SW480
cells were analysed by a 2D-gel based proteomics approach. Differentially expressed proteins were identified
by mass spectrometry and then validated by Western
blotting and confocal microscopy.

MATERIALS AND METHODS
Cell culture
The human CRC cell line SW480 was purchased from
the American Type Culture Collection. The cells were
cultured in RPMI-1640 medium supplemented with penicillin G (100 U/mL), streptomycin (100 µg/mL), and
10% foetal calf serum. The cells were grown at 37 ℃ in
a humidified atmosphere of 5% CO2 and were routinely
sub-cultured using 0.25% (w/v) trypsin-EDTA solution.
All cell culture reagents were purchased from GIBCO
(Carlsbad, United States). For CAPE treatment, CAPE
was dissolved in DMSO and adjusted to a working
concentration with culture medium before use (DMSO
concentration was 0.1%). CAPE was added to the culture
medium on the second day at a working concentration of
10 µg/mL.
TUNEL staining
SW480 cells were grown on poly-L-lysine coated slides in
a six-well plate. After treatment with or without CAPE
for 48 h, the slides were gently washed three times in 0.1
mol/L PBS (pH = 7.4) and fixed with 4% paraformaldehyde. To determine cellular apoptosis, terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL)
assays were performed using the TUNEL Detection kit
(Boehringer Mannheim, Mannheim, Germany) according to the manufacturer’s instructions. All samples were
observed under a microscope. Cell apoptosis was determined by counting TUNEL positive cells under a light
microscope at × 40 objective.
Protein separation by 2-D electrophoresis
SW480 cells were cultured in RPMI 1640 medium with
or without CAPE (10 µg/mL) for 48 h. The cells were
carefully collected using a cell scraper. All reagents for 2D
electrophoresis were obtained from Amersham Pharmacia Biotech (Uppsala, Sweden), except those otherwise indicated. To perform 2D electrophoresis, SW480 tumour
cells were suspended in lysis buffer containing 40 mmol/
L Tris, 8 mol/L urea, 4% CHAPS, 60 mmol/L DTT,
0.8% IPG buffer (pH = 3-10), and protease inhibitor
cocktail (Roche, Mannheim, Germany). Protein concentration was measured with the DC Protein Assay (BioRad,
United States). Proteins (500 mg/gel) were loaded into
IEF gels (pH = 3-10). The gels were immersed overnight
in hydration buffer containing 8 M urea, 4% CHAPS, 60
mmol/L DTT, and 0.5% IPG buffer. After sample loading, IEF gels were run at 200 V for 1 h, 500 V for 1 h,
1000 V for 1 h and then were gradually increased to 8000
V for 5-6 h. Focusing was carried out at 35000 V·h. After
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IEF, IPG strips were equilibrated twice in equilibration
buffer (50 mmol/L Tris-HCl (pH = 8.8), 6 mol/L urea,
30% glycerol, 2% SDS). In the first equilibration, 100 mg
of DTT was dissolved in 10 mL of equilibration buffer,
and 400 mg of iodoacetamide was added in the second
equilibration. The strips were then transferred onto vertical slab 12.5% SDS-PAGE gels and sealed with 0.5% low
melting point agarose.
Image analysis
After electrophoresis, the gels were stained with Coomassie brilliant blue R-250. Digital images were taken with a
GS-800 Calibrated Densitometer (BioRad, USA), and image analysis was performed with PDQuest 2-D Analysis
software (BioRad, United States).
Protein in-gel enzyme digestion and identification
In-gel digestion was performed as described by Rosenfeld[14]. Briefly, spots were excised from the stained gel,
destained with 25 mmol/L ammonium bicarbonate/50%
acetonitrile (ACN), and then dried with a SpeedVac plus
SC1 10 (Savant Holbook, United States). The dried gels
were rehydrated in trypsin solution (Promega, United
States) at 37 ℃ overnight. After rehydration, peptides
were first eluted with 5% trifluoroacetic acid (TFA) at
40 ℃ for 1 h, and then eluted with 2.5% TFA/50% ACN
at 30 ℃ for 1 h. ACN was removed by centrifugation in a
vacuum centrifuge. The peptides were concentrated using
C18 pipette tips (Millipore, Bedford, MA, United States).
Analysis was performed primarily using the matrix-assisted laser desorption ionisation time-of-flight (MALDITOF) mass spectrometer (Bruker, Germany). Peptide
mixtures were analysed using a saturated solution of
a-cyano-4-hydroxycinnamic acid (Sigma, United States)
in acetone containing 1% TFA. Peptides were selected in
the mass range of 800-4000 Da. The peptide sequence
was determined with MASCOT software. Sequence homology was analysed using the MASCOT program and
the NCBI BLAST online search service. The database
NCBInr 20060731 was used.
Western blotting
SW480 cells were treated with or without CAPE (10
µg/mL) for 48 h. The cells were lysed in SDS-sample
loading buffer and boiled at 100 ℃ for 5 min. The cell
lysates were then subjected to SDS-PAGE. Proteins in
the gel were then transferred onto PVDF membranes.
The PVDF membranes were incubated for 2 h in blocking buffer (5% milk in 10 mmol/L Tris-HCl (pH = 7.5),
2.5 mmol/L EDTA (pH = 8.0), 50 mmol/L NaCl). The
membranes were then incubated in antibodies against
PSMA1, PSAT1, GNPDA1 or GPX1 (Sigma-Aldrich,
United States) at a dilution of 1:1000 for 2 h at room
temperature. After washing three times with washing
buffer (TBS buffer containing 0.01% Tween 20), the
membranes were incubated with HRP-conjugated antihuman IgG antibodies (Zhongshan Inc., Beijing, China)
at a dilution of 1:5000 for 1 h at room temperature. Im-
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munodetection was determined using the ECL-plus kit
(Roche, United States) and autoradiography.
Immunofluorescence assay
SW480 cells grown on glass coverslips were treated with
or without CAPE (10 µg/mL) for 48 h under standard
culture conditions as described above. The cells were
washed with PBS and fixed with methanol for 20 min. Incubation with anti-PSMA1, and anti-PSAT1 monoclonal
antibody (1:500) was carried out overnight at 4 ℃. This
step was followed by incubation with FITC-conjugated
secondary antibody (1:1000) for 1 h at room temperature.
DAPI was used to stain the nucleus. Images were captured using a laser scanning confocal microscope (Leica,
Germany).

RESULTS
CAPE inhibits tumour cell growth and induces apoptosis
To set up the cell culture system with CAPE treatment,
SW480 cells were treated with CAPE at 5 µg/mL or
10 µg/mL, and cell growth was monitored daily by cell
counting for a few days. Similar to a previous study[2], 10
µg/mL of CAPE effectively inhibited cell growth when
compared to untreated control cells (data not shown).
To determine if cell growth inhibition was caused by cell
apoptosis, TUNEL assay was performed. We found a
dose-dependent increase in cell apoptosis following treatment with CAPE (Figure 1A-D). Our data suggest that
the growth inhibitory effect of CAPE may be associated
with an increase in cell apoptosis.
Identification of differentially expressed proteins by the
proteomics approach
To investigate the molecular mechanisms of the anticancer activity of CAPE, CAPE-treated colorectal cancer
SW480 cells were analysed by a 2D-gel based proteomics
approach. We used a cell viability assay to determine the
optimum CAPE concentration of 10 µg/mL for cell
treatment over 48 h.
Protein expression profiles in SW480 cells with or
without CAPE treatment were compared by 2D electrophoresis (2-DE). Approximately 250 protein spots in
untreated (Figure 2A) and treated cells (Figure 2B) were
detected on the Coomassie stained gels. All spots were
matched by gel-to-gel comparison using PDQuest software, and the difference in the relative abundance of each
protein spot was analysed. Four up-regulated and seven
down-regulated protein spots in the treated SW480 cells
were found repeatedly (Figure 2C). Those eleven highly
repeatable proteins were excised and then identified by
MALDI-TOF mass spectrometry and a database search.
The seven down-regulated proteins in response to CAPE
treatment were Triosephosphate isomerase, PSMA4
protein, guanine nucleotide-binding protein, PSAT1,
PSMA1, myosin WVIIIB, and human tryptophanal-tRNA
synthetase (Table 1). The up-regulated proteins were Annexin A4, glyceraldehyde-3-phosphate dehydrogenase,
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Figure 1 Caffeic acid phenethyl ester induces colorectal cancer cell apoptosis. SW480 cells were treated with caffeic acid phenethyl ester (CAPE) in 24-well
plates. For TUNEL staining, cells were treated without (A), with 2.5 µg/mL (B), or 10 µg/mL (C) CAPE for 48 h and cell apoptosis was examined using the TUNEL
detection kit. Cell apoptosis was determined by counting TUNEL positive cells under a light microscope at × 40 objective (D). Results are representative of 3 independent experiments with similar results. aP < 0.05 vs controls; bP < 0.01, CAPE (2.5 µg/mL) vs CAPE (10 µg/mL).
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Figure 2 Protein profiles of SW480 cells treated with caffeic acid
phenethyl ester by two-dimensional PAGE. SW480 cells were treated
without (A) or with (B) 10 µg/mL caffeic acid phenethyl ester (CAPE) for
48 h and then harvested for 2D-PAGE analysis. 500 mg of cellular protein
was applied to the IEF gel. After electrophoresis, the gels were stained with
Coomassie brilliant blue R-250 and the proteins were analysed by PDQuest
2-D analysis software. The marked spots shown on the gels were the downregulated proteins (shown by numbers 1-7) and the up-regulated proteins
(shown by numbers 8-11). The relative abundance of each differentially
expressed protein in the 2 gels was analysed by PDQuest (C). The first bar
shown in the graph is the relative abundance of the proteins in untreated
cells and the second bar is the relative abundance of the proteins in CAPEtreated cells. Results are representative of 3 independent experiments with
similar results.
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Glucosamine-6-phosphate deaminase 1 (GNPDA1), and
glutathione peroxidase (GPX-1) (Table 2).
Validation of differentially expressed proteins
To validate the above proteomic findings, the expression levels of some identified proteins were examined by
Western blot analysis. Proteins were selected for further
analysis based on both their high match score and their
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probable role in cell growth control. Similar to our earlier
observation (Figure 2), the expression of PSMA1 and
PSAT1 was down-regulated, and the expression of GNPDA1 and GPX-1 was up-regulated in CAPE-treated cells
(Figure 3A and B). The identity of the two tumorigenesis
associated proteins, PSMA1 and PSAT1, were further
confirmed by immunofluorescence assay. PSMA1 and
PSAT1 were mainly expressed on the cell membrane and
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Table 1 Identification of down-regulated proteins in SW480 cells treated with caffeic acid phenethyl ester
No.

Protein name

Accession No.

Matched peptides

Protein sequence
coverage

Mascot score

MW/pI

1

Triosephosphate
Isomerase (Tim)

gi|15079533

79%

131

26.8/6.51

2

PSMA4 protein

gi|34783332

50%

70

29.6/7.56

3

Guanine nucleotide
binding protein
(G protein), beta
polypeptide 2-like 1

gi|5174447

80%

154

35.5/7.6

4

Phosphoserine
aminotransferase 1
(PSAT1)

gi|17390289

38%

79

40.9/7.56

5

Proteasome (prosome,
macropain) subunit,
alpha type, 1 (PSMA1)

gi|18490859

FFVGGNWK
KQSLGELIGTLNAAK
VPADTEVVCAPPTAYIDFAR
IAVAAQNCYK
VTNGAFTGEISPGMIK
DCGATWVVLGHSER
RHVFGESDELIGQK
HVFGESDELIGQK
VAHALAEGLGVIACIGEK
VVLAYEPVWAIGTGK
TATPQQAQEVHEK
SNVSDAVAQSTR
IIYGGSVTGATCK
ELASQPDVDGFLVGGASLKPEFVDIINAK
TTIFSPEGR
LLDEVFFSEK
LNEDMACSVAGITSDANVLTNELR
YLLQYQEPIPCEQLVTALCDIK
RPFGVSLLYIGWDK
HYGFQLYQSDPSGNYGGWK
ATCIGNNSAAAVSMLK
QKEVEQLIK
KHEEEEAK
GHNGWVTQIATTPQFPDMILSASR
DETNYGIPQR
GHSHFVSDVVISSDGQFALSGSWDGTLR
LWDLTTGTTTR
DVLSVAFSSDNR
YTVQDESHSEWVSCVR
FSPNSSNPIIVSCGWDK
FSPNSSNPIIVSCGWDKLVK
VWNLANCK
TNHIGHTGYLNTVTVSPDGSLCASGGK
DGQAMLWDLNEGK
HLYTLDGGDIINALCFSPNR
YWLCAATGPSIK
IIVDELKQEVISTSSK
AEPPQCTSLAWSADGQTLFAGYTDNLVR
VWQVTIGTR
QVVNFGPGPAK
LPHSVLLEIQK
GVGISVLEMSHR
CADYVVTGAWSAK
FGTINIVHPK
FGTINIVHPKLGSYTK
GAVLVCDMSSNFLSKPVDVSK
NVGSAGVTVVIVR
DDLLGFALR
SQTIYEIIDNSQGFYVCPVEPQNR
ASLYNAVTIEDVQK
NQYDNDVTVWSPQGR
IHQIEYAMEAVK
IHQIEYAMEAVKQGSATVGLK
ILHVDNHIGISIAGLTADAR
LLCNFMR
FVFDRPLPVSR
HMSEFMECNLNELVK
DLEFTIYDDDDVSPFLEGLEERPQR
AQPAQPADEPAEKADEPMEH

50%

81

29.8/6.15
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6

Myosin XVIIIB

gi|51317366

7

Chain B, A
Short Peptide
Insertion Crucial
For Angiostatic
Activity Of Human
Tryptophanyl-tRNA
Synthetase

gi|42543731

DRQGTRPQAQGPGEGVRPGK
EGAEPTNTVEKGNVSK
STTGKAGESWDK
MGQPQGKSGNAGEAR
AGDGAGALETELEGPSQPALEK
AGDGAGALETELEGPSQPALEKDAERPR
RDQSIVALGWSGAGK
QKAAAAFAQLQGAMEMLGISESEQR
AAAAFAQLQGAMEMLGISESEQRAVWR
QIIQQMTFGPSR+ Oxidation (M)
SFSSHHLSMASIMVVDSPGFQNPR + 2
Oxidation (M);Pyro-glu (N-term Q)
LQLLFYQRTFVSTLQR
AVAGLEGTSQQALQR
LQMDALTSMIK+ 2 Oxidation (M)
NPTGGADEWQMR + 2 Oxidation (M)
FDLQLAQALGESVFEK
WELGQLQQQLKQK
FELEIERMK+ Oxidation (M)
RTHALLSDVQLLLGTMEDGK
HKLQEQLQVAQMR+ Oxidation (M)
DSLIKMGEELSQAATSESQQR+ Oxidation (M)
CMELEKYVEELAAVR + Oxidation (M)
INEEAGDTERTQSALALSR + Oxidation (M)
DMLLSPTLRPR+ Oxidation (M)
DMLLSPTLRPRR
EDFVDPWTVQTSSAKGIDYDK
ATGQRPHHFLR
GIFFSHR
GIFFSHRDMNQVLDAYENK
KPFYLYTGR
GPSSEAMHVGHLIPFIFTK
WLQDVFNVPLVIQMTDDEK+ Oxidation (M)
TFIFSDLDYMGMSSGFYK + Oxidation (M)
HVTFNQVK
GIFGFTDSDCIGK
ISFPAIQAAPSFSNSFPQIFR
IGYPKPALLHSTFFPALQGAQTK
MSASDPNSSIFLTDTAK
ALIEVLQPLIAEHQAR
KLSFDFQ

in the cytosol (Figure 3B and C). After CAPE treatment,
the expression levels of PSMA1 and PSAT1 were altered,
although the cellular localisation of these proteins did not
change (Figure 3B and C).

DISCUSSION
Propolis has been used in folk medicine since ancient
times and has been noted to exhibit immunoregulatory,
anti-bacterial, anti-inflammatory, and anti-tumorigenic
activities in different models[15-17]. CAPE is a component
of propolis and is therefore implicated in the activity of
propolis. CAPE has been shown to selectively target tumour cells and to inhibit tumour cell proliferation. In addition, CAPE has been demonstrated to induce apoptosis
in different types of tumours including breast cancer[18],
myeloid leukaemia[13], cervical cancer[12], hepatocarcinoma
cell[19], cholangiocarcinoma[7], and glioma[20].
In our previous studies, we demonstrated that CAPE
could inhibit colorectal cancer cell proliferation by inducing cell cycle arrest and apoptosis[2]. Recently, it was
shown that CAPE was a specific inhibitor of nuclear
factor kB, inducing apoptosis via activation of the Fas

WJG|www.wjgnet.com

14%

75

28.7/6.45

56%

79

44.9/6.41

signalling pathway in human tumour cells[21]. Other signalling pathways may also be involved[2,11,13,19]. To investigate the molecular mechanisms of the anti-cancer activity
of CAPE, we compared the protein expression profiles
of treated SW480 cells using 2D electrophoresis. Highly
repeatable protein spots were selected and identified by
MALDI-TOF mass spectrometry and online database
searching.
PSAT1 belongs to subgroup Ⅳ of the aminotransferases and plays a crucial role in linking the central catabolic pathways (glycolysis) and amino acid biosynthesis
pathways. PSAT1 catalyses the second step in the biosynthesis of the amino acid, serine, which in turn, is the
crucial carbon source for purine nucleotides, phosphatidylcholine, phosphatidylserine, and other cellular metabolites. PSAT1 is weakly expressed in the normal colon, but
overexpressed in colon cancer with increased expression
as disease progresses[22,23]. PSAT1 expression was shown
to be up-regulated during the colorectal adenoma-to-carcinoma sequence by proteomic technology[24]. Recently,
it has been reported that the overexpression of PSAT1
stimulates cell growth and increases the chemoresistance
of colon cancer cells[25], indicating that overexpression of

11845

September 7, 2014|Volume 20|Issue 33|

He YJ et al . Differential proteins in CAPE-treated CRC cells
Table 2 Identification of up-regulated proteins in SW480 cells treated with caffeic acid phenethyl ester
No.

Protein name

Accession No.

Matched peptides

8

Annexin A4

gi|12652859

9

Glyceraldehyde3-phosphate
dehydrogenase

gi|31645

10

Glucosamine-6phosphate deaminase
1 (GNPDA1)

gi|18490843

11

Glutathione
peroxidase 1 (GPX1)

gi|14717805

AASGFNAMEDAQTLR
GLGTDEDAIISVLAYR
GAGTDEGCLIEILASR
ISQTYQQQYGR
SLEDDIRSDTSFMFQR + Oxidation (M)
SDTSFMFQR+ Oxidation (M)
VLVSLSAGGR
DEGNYLDDALVR
QDAQDLYEAGEK
FLTVLCSR
NRNHLLHVFDEYK
NHLLHVFDEYK
NHLLHVFDEYKR
SETSGSFEDALLAIVK
NKSAYFAEK
GLGTDDNTLIR
VMVSRAEIDMLDIR+2 Oxidation (M)
AEIDMLDIR
LVINGNPITIFQERDPSK
WGDAGAEYVVESTGVFTTMEK
RVIISAPSADAPMFVMGVNHEK
IISNASCTTNCLAPLAK
VIHDNFGIVEGLMTTVHAITATQK
GALQNIIPASTGAAK
VPTANVSVVDLTCR
LISWYDNEFGYSNR
VVDLMAHMASK+2 Oxidation (M)
IIQFNPGPEK
YFTLGLPTGSTPLGCYK
TFNMDEYVGLPR
AAGGIELFVGGIGPDGHIAFNEPGSSLVSR
TLAMDTILANAR
VPTMALTVGVGTVMDAR
EVMILITGAHKAFALYK
AIEEGVNHMWTVSAFQQHPR
TVFVCDEDATLELK
ETEKSQSSK
GLVVLGFPCNQFGHQENAK
YVRPGGGFEPNFMLFEK
CEVNGAGAHPLFAFLR
EALPAPSDDATALMTDPKLITWSPVCR
LITWSPVCR
FLVGPDGVPLR
FLVGPDGVPLRR
RFQTIDIEPDIEALLSQGPSCA

PSAT1 may be involved in tumorigenesis and promotes
cell growth. In contrast, down-regulation of PAST1 in
CAPE-treated colorectal cancer cells may be associated
with cell growth inhibition.
Proteasomes are distributed throughout eukaryotic
cells at a high concentration and cleave peptides in an
ATP/ubiquitin-dependent process in non-lysosomal
pathways. PSMA1 is a subunit that is strategically located
at the mouth of the core of the proteasome barrel.
While PSMA1 is not part of the catalytic machinery of
the proteasome, it likely plays a role in gating the entry
of proteins into the barrel. PSMA1 has been shown to
bind specifically with Notch 3 protein in a yeast twohybrid assay, which results in the inhibition of proteasome activity[26]. PSMA1 has been reported to be overexpressed in breast cancer tissue compared to adjacent
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Protein sequence Mascot score
coverage

MW/pI

56%

105

36.2/5.65

46%

76

36.2/8.28

54%

90

32.8/6.42

56%

70

22.2/6.15

normal tissue[27], suggesting that PSMA1 may be involved
in tumorigenesis. Similar to PSAT1, PSMA1 was downregulated in CAPE-treated CRC cells, suggesting that
PSMA1 is not only an important regulator of biological
processes, but also involved in the anti-cancer activity of
CAPE.
GNPDA or glucosamine-6-phosphate isomerase
(GNPI) is an allosteric enzyme that catalyses the reversible conversion of D-glucosamine-6-phosphate into
D-fructose-6-phosphate and ammonium[28]. Although
GNPI has been found to be expressed in human tissues and some cancer cell lines ubiquitously[29], its role
in tumorigenesis and the anti-cancer effect of CAPE is
unknown. However, lower expression of another upregulated protein, GPX1, a selenium-containing antioxidant enzyme, is associated with aggressiveness and poor
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Figure 3 Validation of differentially expressed proteins in SW480 treated with caffeic acid phenethyl ester. SW480 cells were treated without (control) and with
10 µg/mL CAPE for 48 h and then harvested for Western blotting (A and B) or immunofluorescence assay (C and D). For Western blotting, beta-actin was included
as the internal control. Densitometric analysis was performed and the integrated density values are presented as the ratio of each protein over the beta-actin protein
(B). For the immunofluorescence assay, SW480 cells were grown on glass coverslips and treated without (control) or with CAPE (10 µg/mL) for 48 h. The cells were
washed with PBS and fixed with methanol. Anti-PSMA1 (A), and anti-PSAT1 (B) monoclonal antibodies were applied as the primary antibodies, and then, FITC-conjugated secondary antibodies were used. DAPI was used to stain the nucleus. Results are representative of 2 independent experiments with similar results. PSMA1:
Proteasome subunit alpha 1; PSAT1: Phosphoserine aminotransferase 1.

survival in patients with cancer[30-32]. GPX-1 may have
cancer-supressing effects and up-regulation of GPX1 in
CAPE-treated colorectal cancer cells might also be associated with the anti-cancer effect of CAPE.
In conclusion, we found that CAPE induced cell apoptosis and a differential protein expression profile. In
particular, CAPE treatment resulted in down-regulation
of proteins previously implicated in tumorigenesis.
Down-regulated PSAT1 and PSMA1 and up-regulated
GPX-1 in CAPE treated-colorectal cancer cells may be
potential molecular targets of CAPE and involved in the
anti-cancer effect of CAPE.
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COMMENTS
COMMENTS
Background

Colorectal cancer is one of the most commonly diagnosed malignancies and
the third deadliest cancer in humans. Caffeic acid phenethyl ester (CAPE) is a
phenolic antioxidant, which is known to suppress the growth of tumor cells and
induce cell apoptosis. However, the molecular mechanisms of the anti-cancer
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activity of CAPE are unclear.

8

Research frontiers

CAPE is an active component of propolis and has various biological and pharmacological functions including immunoregulatory, anti-inflammatory, anti-viral,
anti-bacterial, and anti-cancer activities. Several studies have demonstrated
that CAPE has anti-proliferative effects by inducing apoptosis in various tumour
cells in vitro and in vivo. CAPE also inhibits the development of azoxymethaneinduced aberrant crypts in the colon of rats.

Innovations and breakthroughs

Based on a proteomic approach, several altered proteins were identified in
CAPE-treated human colorectal cancer cells. Phosphoserine aminotransferase
1 (PSAT1) and Proteasome subunit alpha 1 (PSMA1), have been shown to be
overexpressed in human cancer tissues, while low expression of Glutathione
peroxidase (GPX-1) is known to be associated with aggressiveness and poor
survival in patients with cancer. Down-regulated PSAT1 and PSMA1 and upregulated GPX-1 in CAPE treated-colorectal cancer cells may be potential
molecular targets of CAPE and involved in the anti-cancer effect of CAPE.

9

10

11

Applications

These findings suggest that CAPE mediates its anti-cancer effect by regulating
the expression of important molecules.

Terminology

Proteomics is the study of the structure and function of proteins in a cell or tissue at a specific time under certain pre-defined conditions. CAPE is a natural
phenolic chemical compound. It is found in a variety of plants and is also a
component of propolis found in honeybee hives.

12

13

Peer review

The authors of this paper studied the mechanism involved in the inhibition by
CAPE of colorectal cancer cells, and identified differential protein expression
with or without CAPE-treatment. They concluded that CAPE-treatment downregulated 7 proteins including PSAT1 and PSMA1 that played important roles
in tumorigenesis but up-regulated 4 proteins including GNPDA1 and GPX1.
The article is well written. Experimental design was logically followed through.
Method and results were well presented.
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Abstract
AIM: To evaluate the usefulness of three-dimensional
(3D) shear-wave elastography (SWE) in assessing the
liver ablation volume after radiofrequency (RF) ablation.
METHODS: RF ablation was performed in vivo in 10
rat livers using a 15-gauge expandable RF needle. 3D
SWE as well as B-mode ultrasound (US) were performed 15 min after ablation. The acquired 3D volume
data were rendered as multislice images (interslice distance: 1.10 mm), and the estimated ablation volumes
were calculated. The 3D SWE findings were compared
against digitized photographs of gross pathological
and histopathological specimens of the livers obtained
in the same sectional planes as the 3D SWE multislice
images. The ablation volumes were also estimated by
gross pathological examination of the livers, and the
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results were then compared with those obtained by 3D
SWE.
RESULTS: In B-mode US images, the ablation zone
appeared as a hypoechoic area with a peripheral hyperechoic rim; however, the findings were too indistinct
to be useful for estimating the ablation area. 3D SWE
depicted the ablation area and volume more clearly. In
the images showing the largest ablation area, the mean
kPa values of the peripheral rim, central zone, and nonablated zone were 13.1 ± 1.5 kPa, 59.1 ± 21.9 kPa,
and 4.3 ± 0.8 kPa, respectively. The ablation volumes
depicted by 3D SWE correlated well with those estimat2
ed from gross pathological examination (r = 0.9305,
P = 0.00001). The congestion and diapedesis of red
blood cells observed in histopathological examination
were greater in the peripheral rim of the ablation zone
than in the central zone.
CONCLUSION: 3D SWE outperforms B-mode US in
delineating ablated areas in the liver and is therefore
more reliable for spatially delineating thermal lesions
created by RF ablation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Radiofrequency ablation; Liver; Ultrasound;
Shear-wave elastography; Three-dimensional
Core tip: Three-dimensional shear-wave elastography is
a reliable noninvasive technique that may be useful for
the real-time assessment of treatment efficacy immediately after radiofrequency ablation procedures. It is superior to B-mode ultrasound in delineating the ablated
areas in the liver. The threshold value for determining
remaining cell viability was found to be 13.1 ± 1.5 kPa.
Sugimoto K, Oshiro H, Ogawa S, Honjo M, Hara T, Moriyasu
F. Radiologic-pathologic correlation of three-dimensional shear-
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Radiofrequency (RF) ablation has recently been reported to be useful for the treatment of malignant liver
tumors[1,2]. Because of its ease of use, widespread availability, potential for repeated use in solitary or multifocal
hepatic disease, and low cost compared with laparoscopic
and open surgical approaches, the range of applications
of RF ablation has been expanding to include the treatment of malignancies in a variety of organs.
On the other hand, a notable disadvantage of RF
ablation is its lower success rate for complete local tumor
eradication compared with more invasive surgical methods[3]. The ability to perform evaluation during or immediately after ablation procedures would therefore be very
helpful, making it possible to determine the completeness
of ablation in real time and to perform further intervention if remaining viable tumor is found.
In recent decades, there has been an increasing interest in assessing the viscoelastic properties of tissues using
ultrasound (US) elastography. Among the various techniques employed in US elastography, shear-wave elastography (SWE) is a highly reproducible method for measuring the propagation speed of shear waves within tissues
to locally quantify tissue stiffness in kilopascals (kPa) or
meters per second[4]. Three-dimensional (3D) SWE has
also recently been developed. This method can provide
3D color-coded elasticity maps of tissue stiffness and
quantitative 3D elastography volume images in a single
acquisition[5].
Moreover, elastography has recently been shown to be
useful for monitoring the effects of ablative therapies on
tumors. Early investigations at other laboratories as well
as a number of clinical studies suggest that US elastography may be superior to conventional US for monitoring
the lesions created by RF ablation[6]. If this is found to be
the case, US elastography may prove to be a more useful
method for precisely assessing ablated areas. As additional advantages, the administration of contrast agent is not
required and real-time observation is possible.
The goal of the present study was to investigate in
detail how closely the boundaries of thermal lesions
observed by 3D SWE correspond to the actual boundaries of tissue ablation determined by histopathological
examination. Specifically, we first determined a threshold
kPa value that is correlated with the presence of viable
cells indentified in histopathological specimens. Next,
based on this threshold value, we compared the volumes
of the thermal lesions depicted by 3D SWE with those
estimated by gross pathological examination.
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Figure 1 Experimental setup employed in this study. Radiofrequency ablation of the liver was performed in 10 rats under laparotomy.

MATERIALS AND METHODS
Animals
The Animal Care and Use Committee of Tokyo Medical
University (TMU) approved the use of animals in this
study. Ten male Wistar rats weighing 300-400 g at the
time of purchase were studied. All rats received appropriate care from properly trained professional staff in compliance with both the Principles of Laboratory Animal
Care and the Guide for the Care and Use of Laboratory
Animals as approved by the Animal Care and Use Committee of TMU.
Before RF ablation, the rats were anesthetized by the
intraperitoneal injection of sodium pentobarbital (10
mg/kg body weight). The liver was accessed via open
laparotomy with packing to ensure adequate hepatic exposure. The experimental setup is shown in Figure 1.
RF ablation system
An electrosurgical device (RITA Medical Inc., Mountain
View, CA, United States) was used for the RF ablation
procedures. The RF ablation electrode of this device consists of a 15-gauge shaft through which multiple sharp
tines, each with a diameter of 0.053 cm (0.021 inches, 25
gauge), can be deployed. Fully extended, the tines assume
an “umbrella” configuration with the tines spaced at 45º
intervals. The electrode was inserted into the liver to a
depth of 5 mm and the tines were then deployed, taking
care to ensure that the tines remained within the liver parenchyma. RF ablation of the target tissue was performed
for 3 min, with the tissue heated to a set temperature of
90 ℃ using a maximum power level of 10 W (Figure 1).
US examinations
US examinations were performed using an Aixplorer US
system equipped with a 4-15-MHz linear-array transducer
(SuperSonic Imagine, Aix-en-Provence, France) by one
hepatologist with 10 years of experience in abdominal
US. Fifteen minutes after RF ablation, 3D B-mode US
and SWE were performed with a 5-16-MHz dedicated
volume transducer. Volume imaging was automatically
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A

B

Figure 2 B-mode ultrasound image and shear-wave elastography image of a thermal lesion. A: B-mode ultrasound image of the liver obtained 15 min after ablation shows a poorly defined hypoechoic lesion with a hyperechoic rim (arrows); B: Corresponding shear-wave elastography image of the liver clearly delineates the
ablated area (arrows).

performed by slow-tilt movement of the mechanical sector transducer with a sweep angle of 30º. After the US
examination was completed, the acquired 3D volume
data were rendered and saved in the US system console
as a multislice display (interslice distance: 1.10 mm) for
off-line analysis, including ablation volume measurement.
Tissue collection and histological analysis
The animals were sacrificed after completion of the US
examinations, and the livers were harvested. To permit
radiologic-pathologic correlation, US was used to guide
cutting of the livers in the proper sectional planes along
the course of the ablation electrode. After formalin fixation, the livers were cut by total segmentation and digitized photographs of the cut surfaces were obtained. The
photographs were used to estimate the volume of the 10
thermal lesions. For histopathological examination, the
liver specimens were embedded in paraffin and cut with
a microtome to obtain 3-μm sections. The sections were
then stained with hematoxylin and eosin (H-E) or an
anti-heat shock protein 70 (Hsp70) antibody (sc-24; Santa
Cruz Biotechnology, Dallas, TX, United States) according
to the manufacturer’s instructions.
SWE and pathological volume measurements
The estimated volumes of the 10 thermal lesions were
used to assess the correlation between SWE findings and
the digitized photographs of the gross pathological specimens. The estimated volume of each lesion in the gross
pathological specimens was calculated by summing the
values obtained by multiplying the area of the thermal lesion in each section by the section thickness (3 mm). For
SWE, the volume of each lesion was automatically calculated by summing the values obtained by multiplying the
area of the thermal lesion in each 2D SWE image by the
scan plane interval (1.10 mm). All RF ablation areas in
the SWE images as well as in the digitized photographs
of the gross pathological sections were manually delineated based on the consensus of two observers.
Statistical analysis
All data are presented as mean ± sd. The differences in
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the detectability of RF ablation lesion boundaries between
SWE and B-mode US imaging were evaluated using the
McNemar test. A value of P < 0.05 was considered to
indicate a statistically significant difference between the
groups. The accuracy of the various volume measurements was compared with the reference standard (pathological findings) using multiple linear regression analysis.
All statistical analyses were performed with the SPSS 11.0
computer software package (SPSS, Tokyo, Japan).

RESULTS
US findings after RF ablation
For each SWE image, the tissue stiffness of each pixel
was displayed as a semitransparent color overlay with a
range from dark blue, indicating the lowest stiffness (just
over 0 kPa), to red, indicating the highest stiffness (set at
30 kPa). SWE images after RF ablation clearly delineated
the ablated area, which is seen as a red area surrounded
by a yellow-green area (Figure 2B). The surrounding
yellow-green area, which exhibited sinusoidal dilatation
accompanied by congestion in the H-E sections, was
observed in all RF-ablated lesions. On the other hand,
B-mode US after RF ablation showed a poorly defined
hypoechoic lesion with a hyperechoic rim (Figure 2A).
All RF ablation areas in the maximal plane of the
SWE images as well as in the B-mode images were manually delineated based on the consensus of two observers.
Table 1 shows a comparison of the detectability of RF
ablation lesion boundaries between SWE and B-mode
images. The boundaries of all 10 thermal lesions (100%)
were completely delineated by SWE, while only 3 lesions
(30%) could be completely delineated in the B-mode images. The other 7 lesions (70%) could only be partially
delineated in the B-mode images. The difference in lesion
detectability between the two techniques was found to be
statistically significant (P = 0.001).
In each shear-wave image of the RF ablation area,
circular regions of interest (ROIs) measuring 3 mm in
diameter were specified in the central red zone, the surrounding yellow-green zone, and the non-ablated zone (3
ROIs in each zone). The mean tissue stiffness values of
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Central zone: n = 30

90

Peripheral zone: n = 30

Non-ablated zone: n = 30

59.1 ± 21.9 kPa

Mean tissue stiffness (kPa)

80
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Non-ablated zone

Figure 3 Liver tissue stiffness values of the thermal lesions. Mean tissue stiffness of the central zone, peripheral zone, and non-ablated zone of the livers after
radiofrequency ablation. The images at the top show examples of how the regions of interest in each zone were selected.

picted by SWE and those estimated by gross pathological
examination (r2 = 0.9305) (Figure 5).

Table 1 Boundary detection of thermal lesions using B-mode
ultrasound and shear wave elastography n (%)
Boundary detection
Complete
Partial

B-mode (n = 10)

SWE (n = 10)

3 (30)
7 (70)

10 (100)
0 (0)

DISCUSSION

All radiofrequency (RF) ablation lesions visualized by shear-wave
elastography (SWE) and B-mode ultrasound were manually delineated
based on the consensus of two observers. Complete: Complete delineation
of RF ablation lesion boundaries; Partial: Partial delineation of RF ablation
lesion boundaries.

the central zone, the peripheral zone, and the non-ablated
zone were 59.1 ± 21.9 kPa, 13.1 ± 1.5 kPa, and 4.3 ± 0.8
kPa, respectively (Figure 3).
Pathological findings after RF ablation
In the gross pathological specimens, the regions affected
by RF ablation could be easily distinguished from unaffected liver tissue based on their colors after formalin
fixation. The heat-coagulated lesions appeared light tan
to gray and were consistently observed to have a dark
brown rim of vascular congestion (Figure 4A). These
gross pathological changes correlated well with the histopathological findings. Specifically, the rim of vascular
congestion identified by gross pathological examination
was histopathologically characterized by sinusoidal dilatation, hemostasis, hemorrhage, and overexpression of
Hsp70 in hepatocytes, which accurately discriminated the
heat-coagulated lesions from the unaffected normal liver
tissue in all samples (n = 10) (Figure 4B, C, and D). A
high correlation was observed between the volumes de-
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The results of the present study using normal rat livers
demonstrate that the depiction of thermal lesions by
SWE agrees closely with the findings of gross pathological examination. SWE is therefore expected to be useful
for clearly visualizing thermal lesions and obtaining quantitative volume estimates. Comparison between the ablation volumes depicted by SWE and those estimated by
gross pathological examination showed a high correlation
(r2 = 0.9305). These findings suggest that 3D SWE may
prove to be an accurate and convenient tool for monitoring early treatment effects after RF ablation.
At present, contrast-enhanced US [7], contrast-enhanced computed tomography[8], and magnetic resonance
imaging[9] are considered to be suitable methods for depicting ablation zones by demonstrating the absence of
contrast enhancement when performed at an appropriate time after the ablation procedure. However, in order
to perform virtual real-time monitoring of an ablation
procedure, repeated contrast injection is required because
there is only a short time frame in which the lesion is detectable before equilibrium is reached. These modalities
are therefore unsuitable for real-time monitoring during
RF ablation procedures, making it difficult to precisely
evaluate the ablation zone at the time of treatment.
Moreover, an enhanced rim is usually observed in contrast images, which may be difficult to differentiate from
an enhanced rim indicating an area of residual untreated
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A
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B
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Figure 4 Histopathological findings of a thermal lesion. A: Gross pathological examination of a radiofrequency (RF)-ablated liver shows a core area of white coagulation and a surrounding dark rim of hemorrhagic tissue (arrows). Scale bar: 5 mm; B, C: H-E staining of an RF-ablated liver shows a hemorrhagic rim surrounding
the ablated area (arrows), with sinusoidal dilatation and congestion associated with cellular dissociation. Scale bar in (B): 5 mm, and in (C): 200 μm; D: Hsp70 staining
of the hemorrhagic rim in (B) shows a clearly demarcated band of Hsp70 expression (arrows), which is suggestive of the presence of thermally damaged cells within
the rim. Scale bar: 5 mm.
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Figure 5 Correlation between shear-wave elastography and gross pathological findings. The correlation between the volume of liver ablation depicted
by 3D shear-wave elastography and that estimated by gross pathological examination was 0.9305, which is highly significant.

tumor. For these reasons, SWE may prove to be a more
useful method for real-time monitoring in RF ablation
procedures.
The H-E staining technique relies on visual examination of the cell membranes and intracellular structures to
assess cell viability. Morimoto et al[8] have shown that H-E
staining provides inconsistent results regarding the extent,
or completeness, of tissue necrosis when performed less
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than 24 h after the application of the necrosis-inducing
agent. Therefore, histochemical staining methods, such as
those employing lactate dehydrogenase, malate dehydrogenase, and nicotinamide adenine dinucleotide phosphate
(NADPH) diaphorase, are thought to be superior to H-E
staining for identifying irreversible cellular damage after
RF ablation. Accordingly, Morimoto et al[8] also evaluated
heat-coagulated lesions after RF ablation by analyzing
cell viability within the lesions using histochemical staining (lactate dehydrogenase, malate dehydrogenase, and
NADPH diaphorase). They found that the regions of heat
coagulation (i.e., the central areas of the ablated lesions)
were not stained in any of the samples, suggesting 100%
cellular destruction within the lesion. Moreover, the surrounding hemorrhagic rim (i.e., the peripheral part of the
ablated lesion) was also not histochemically stained in any
of the samples, suggesting the disappearance of viable
cells from the rim as well. Based on these findings, we also
assumed that viable cells were absent from the surrounding narrow rim of vascular congestion observed in our
study. Interestingly, a thick rim of Hsp70 staining, which is
a marker of thermal damage, was noted in the area peripheral to the ablation zone, which corresponded to the congestive rim. Hsp70 may therefore be a useful biomarker
for assessing cell viability after thermal damage[10].
In our study, the mean tissue stiffness of the hemorrhagic rim was 13.1 ± 1.5 kPa, and our findings suggest
that this may be an appropriate threshold value for deter-
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mining irreversible cellular destruction. This value may
also be of clinical significance because an incompletely
ablated area should be softer (i.e., less than 13.1 kPa)
and show higher contrast than surrounding completely
ablated areas, which may provide useful information for
guiding a second round of RF ablation to treat the incompletely ablated area.
It should be noted that our study suffers from a
number of limitations. First, the study was performed in
normal rat livers. Similar studies should be performed in
a liver tumor model or in cirrhotic livers to increase the
clinical relevance of the findings. Second, cell viability
was assessed only by H-E staining and by immunohistochemical analysis of Hsp70. Assessment of cell viability
using more reliable methods should be performed in
future studies. Third, at present, contrast-enhanced computed tomography and magnetic resonance imaging are
considered to be suitable methods for depicting ablation
zones by demonstrating the absence of contrast enhancement, but we did not compare SWE against these modalities in our study. Nevertheless, SWE has been shown to
be an effective, safe, and cost-efficient tool for evaluating
tumor treatment in the interventional suite immediately
after ablation.
In conclusion, 3D SWE is a reliable noninvasive technique that may allow the real-time assessment of treatment efficacy immediately after RF ablation procedures.
The threshold value for determining remaining cell viability was found to be 13.1 ± 1.5 kPa.

pascals or meters per second.

Peer review

The manuscript titled “Radiologic-pathologic correlation of three-dimensional
shear-wave elastographic findings after radiofrequency ablation” regards the
evaluation of RF ablation with the SWE compared to simple B mode, which is a
generally well-written paper focused on an important topic.

REFERENCES
1

2

3

4

5

6

COMMENTS
COMMENTS
Background

The ability to assess the completeness of radiofrequency (RF) ablation during
or immediately after the procedure would be of great clinical value. If threedimensional (3D) shear-wave elastography (SWE) is found to be superior for
precise assessment of the ablation area, it would be a better method for assessing the completeness of RF ablation because the administration of contrast
agent is not required and both 3D assessment and real-time observation are
possible.

7

Research frontiers

To the best of our knowledge, no other investigators have reported on the usefulness of 3D SWE for evaluation of the ablated area after RF ablation procedures.

8

Innovations and breakthroughs

3D SWE is a reliable noninvasive technique that may allow the real-time assessment of treatment efficacy immediately after RF ablation procedures. It is
superior to B-mode ultrasound (US) in delineating ablated areas in the liver.

Applications

9

Terminology

10

By providing a clearer understanding of how closely the boundaries of thermal
lesions visualized by 3D SWE correspond to the actual boundaries of tissue ablation determined by histological examination, this study may lead to improved
local ablation therapy in patients with hepatic malignancies.
Among the various techniques employed in US elastography, SWE is a highly
reproducible method that allows measurement of the propagation speed of
shear waves within tissues for the local quantification of tissue stiffness in kilo-

Livraghi T, Goldberg SN, Lazzaroni S, Meloni F, Solbiati L,
Gazelle GS. Small hepatocellular carcinoma: treatment with
radio-frequency ablation versus ethanol injection. Radiology
1999; 210: 655-661 [PMID: 10207464]
Shiina S, Tateishi R, Arano T, Uchino K, Enooku K, Nakagawa H, Asaoka Y, Sato T, Masuzaki R, Kondo Y, Goto T,
Yoshida H, Omata M, Koike K. Radiofrequency ablation for
hepatocellular carcinoma: 10-year outcome and prognostic
factors. Am J Gastroenterol 2012; 107: 569-577; quiz 578 [PMID:
22158026 DOI: 10.1038/ajg.2011.425]
Huang J, Yan L, Cheng Z, Wu H, Du L, Wang J, Xu Y, Zeng Y.
A randomized trial comparing radiofrequency ablation and
surgical resection for HCC conforming to the Milan criteria.
Ann Surg 2010; 252: 903-912 [PMID: 21107100 DOI: 10.1097/
SLA.0b013e3181efc656]
Ferraioli G, Tinelli C, Dal Bello B, Zicchetti M, Filice G, Filice
C. Accuracy of real-time shear wave elastography for assessing liver fibrosis in chronic hepatitis C: a pilot study. Hepatology 2012; 56: 2125-2133 [PMID: 22767302 DOI: 10.1002/
hep.25936]
Youk JH, Gweon HM, Son EJ, Chung J, Kim JA, Kim EK.
Three-dimensional shear-wave elastography for differentiating benign and malignant breast lesions: comparison with
two-dimensional shear-wave elastography. Eur Radiol 2013; 23:
1519-1527 [PMID: 23212276 DOI: 10.1007/s00330-012-2736-3]
Kolokythas O, Gauthier T, Fernandez AT, Xie H, Timm BA,
Cuevas C, Dighe MK, Mitsumori LM, Bruce MF, Herzka DA,
Goswami GK, Andrews RT, Oas KM, Dubinsky TJ, Warren
BH. Ultrasound-based elastography: a novel approach to assess radio frequency ablation of liver masses performed with
expandable ablation probes: a feasibility study. J Ultrasound
Med 2008; 27: 935-946 [PMID: 18499853]
Inoue T, Kudo M, Hatanaka K, Arizumi T, Takita M, Kitai
S, Yada N, Hagiwara S, Minami Y, Sakurai T, Ueshima K,
Nishida N. Usefulness of contrast-enhanced ultrasonography to evaluate the post-treatment responses of radiofrequency ablation for hepatocellular carcinoma: comparison
with dynamic CT. Oncology 2013; 84 Suppl 1: 51-57 [PMID:
23428859 DOI: 10.1159/000345890]
Morimoto M, Sugimori K, Shirato K, Kokawa A, Tomita N,
Saito T, Tanaka N, Nozawa A, Hara M, Sekihara H, Shimada
H, Imada T, Tanaka K. Treatment of hepatocellular carcinoma with radiofrequency ablation: radiologic-histologic
correlation during follow-up periods. Hepatology 2002; 35:
1467-1475 [PMID: 12029632]
Koda M, Tokunaga S, Miyoshi K, Kishina M, Fujise Y, Kato
J, Matono T, Okamoto K, Murawaki Y, Kakite S. Assessment
of ablative margin by unenhanced magnetic resonance imaging after radiofrequency ablation for hepatocellular carcinoma. Eur J Radiol 2012; 81: 2730-2736 [PMID: 22137612 DOI:
10.1016/j.ejrad.2011.11.013]
Faroja M, Ahmed M, Appelbaum L, Ben-David E, Moussa M,
Sosna J, Nissenbaum I, Goldberg SN. Irreversible electroporation ablation: is all the damage nonthermal? Radiology 2013;
266: 462-470 [PMID: 23169795 DOI: 10.1148/radiol.12120609]
P- Reviewer: Rossi RE, Ruzzenente A S- Editor: Ma YJ
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

11855

September 7, 2014|Volume 20|Issue 33|

World J Gastroenterol 2014 September 7; 20(33): 11856-11864
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i33.11856

© 2014 Baishideng Publishing Group Inc. All rights reserved.

OBSERVATIONAL STUDY

Role of multi-detector computed tomography for biliary
complications after liver transplantation
Xiao-Chun Meng, Wen-Sou Huang, Pei-Yi Xie, Xiu-Zhen Chen, Ming-Yue Cai, Hong Shan, Kang-Shun Zhu
Xiao-Chun Meng, Wen-Sou Huang, Pei-Yi Xie, Xiu-Zhen
Chen, Ming-Yue Cai, Hong Shan, Kang-Shun Zhu, Department of Radiology, the Third Affiliated Hospital, Sun Yat-Sen
University, Guangzhou 510630, Guangdong Province, China
Author contributions: Meng XC, Shan H and Zhu KS designed
research; Meng XC, Huang WS, Xie PY, Chen XZ, Cai MY and
Zhu KS performed research; Xie PY and Cai MY performed statistical analysis; Meng XC and Zhu KS wrote the paper.
Supported by National Natural Science Foundation of China,
No. 81201090, No. 81371655; Guangdong Natural Science
Foundation, No. S2012010008367
Correspondence to: Kang-Shun Zhu, MD, Department of
Radiology, the Third Affiliated Hospital, Sun Yat-Sen University,
600 Tianhe Road, Guangzhou 510630, Guangdong Province,
China. zhksh010@163.com
Telephone: +86-20-85252066 Fax: +86-20-85252616
Received: February 19, 2014 Revised: April 29, 2014
Accepted: May 25, 2014
Published online: September 7, 2014

strictures in 21, biliary stones in nine (5 with biliary
strictures), anastomotic bile leak in five, and biloma
in six (all with nonanastomotic strictures, and 2 with
biligenic hepatic abscess). Twenty-one patients had no
detection of biliary complications. The sensitivity, specificity, accuracy, positive predictive value and negative
predictive value of MDCT for detecting biliary strictures
were 90.6%, 86.7%, 89.2%, 92.3% and 83.9%, respectively. For detecting biliary stones, anastomotic bile
leak and biloma, the sensitivity, specificity, accuracy,
positive predictive value and negative predictive value
of MDCT were all 100%.
CONCLUSION: MDCT is a useful screening tool for detecting biliary complications after OLT.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver; Transplantation; Biliary; Complications; Computed tomography

Abstract
AIM: To investigate the diagnostic performance of
multi-detector computed tomography (MDCT) in detecting biliary complications after orthotopic liver transplantation (OLT).
METHODS: Eighty-three consecutive OLT recipients,
who presented with clinical or biochemical signs of
biliary complications, underwent MDCT examination.
Two experienced radiologists assessed MDCT images
in consensus to determine biliary complications. Final
confirmation was based on percutaneous transhepatic
cholangiography or endoscopic retrograde cholangiography in 58 patients, surgery in four patients, liver biopsy in 10, and clinical and sonography follow-up in 11
patients.
RESULTS: Biliary complications were eventually confirmed in 62 of 83 patients (74.7%), including anastomotic biliary strictures in 32, nonanastomotic biliary

WJG|www.wjgnet.com

Core tip: The value of multi-detector computed tomography (MDCT) in detecting biliary complications after
orthotopic liver transplantation (OLT) is conflicting.
This study, with 83 OLT recipients suspected of biliary
complications, suggests that MDCT is a useful screening tool for detecting biliary complications after OLT.
MDCT presented a sensitivity of 90.6% and specificity
of 86.7% for biliary strictures, and both sensitivity and
specificity of 100% for biliary stones, anastomotic bile
leak and biloma. So far, this is the largest sample population to investigate the diagnostic accuracy of MDCT
for biliary complications after OLT, which will help us
make a treatment decision.
Meng XC, Huang WS, Xie PY, Chen XZ, Cai MY, Shan H, Zhu
KS. Role of multi-detector computed tomography for biliary
complications after liver transplantation. World J Gastroenterol
2014; 20(33): 11856-11864 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i33/11856.htm DOI: http://
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MATERIALS AND METHODS

INTRODUCTION
Orthotopic liver transplantation (OLT) is a widely accepted treatment for end-stage liver disease and selected
cases of hepatocellular carcinoma. Despite significant
improvements in surgical techniques, biliary complications after OLT are still associated with high morbidity
and mortality, and still constitute one of the main causes
of graft dysfunction or loss of recipients[1]. According to
available data, the reported rates of biliary complications
range from 5.8% to 30% of liver transplants[2-6], and early
detection of these complications and adequate management are crucial for graft and patient survival.
However, early detection of biliary complications
after OLT is challenging. Clinical manifestations (such as
fever, abdominal complaints, and signs of cholangitis) or
biochemical findings are often nonspecific[7], which may
relate to a wide range of potential complications, including graft rejection, hepatic arterial thrombosis or stenosis[8,9]. Imaging techniques play a key role in differentiating
and evaluating biliary complications after OLT[8-11]. Direct cholangiographic procedures, including endoscopic
retrograde cholangiography (ERC) and percutaneous
transhepatic cholangiography (PTC), are widely accepted
as the gold standards for the diagnosis of biliary complications, which could offer potential therapeutic options
simultaneously[9]. However, they are both invasive and
carry potential risk of complications, such as bleeding,
perforation, sepsis, and even death[3]. Magnetic resonance
cholangiography (MRC) is a noninvasive imaging technique, which has been considered as an alternative to
invasive cholangiography in many clinical settings for its
detailed visualization of the bile duct tree without exogenous contrast[8-13]. However, in some cases, MRC cannot
be used for routine examination, especially for patients in
poor condition who need to carry monitoring equipment
or who cannot hold their breath well. Besides these, the
scanning techniques are also important factors that can
affect the imaging quality of MRC and the diagnostic accuracy of biliary strictures[3]. These limit the application
of MRC in the follow-up of OLT recipients.
With fast scanning speed and high imaging quality,
multi-detector computed tomography (MDCT) is considered as the main choice for detecting vascular complications after liver transplantation[11,14,15], which reveals the
biliary system at the same time. So, there is the potential
to detect biliary complications in one-step MDCT examination, which may help with early detection of biliary
complications. However, to the best of our knowledge,
there are only a few reports focusing on the role of
MDCT for biliary complications after liver transplantation[16,17], and the number of patients was small. Therefore, the aim of the present study was to evaluate MDCT
for detecting biliary complications following liver transplantation and comparing findings with ERC and PTC.
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Patients
Between October 2003 and October 2012, 83 consecutive OLT recipients, who presented with clinical or
biological signs of biliary complications, underwent
contrast-enhancement MDCT examination at our institution. All patients presented with abnormal liver function
tests and a variety of clinical symptoms such as fever and
cholangitis. Among these 83 patients, 64 were men and
19 were women, with an age range of 27-63 years (mean,
46.2 years). This study was approved by our Institutional
Review Board. Informed consent was obtained from all
patients.
In liver transplantation procedures, bile duct continuity was established in all cases by a primary duct-to-duct
anastomosis (choledocho-choledochostomy) without
T-tube stent. The interval between OLT and clinical onset of biliary complications ranged from 7 d to 68 mo
(mean, 13 mo). Indications for liver transplantation were
as follows: hepatitis B liver cirrhosis (n = 54), hepatitis C
liver cirrhosis (n = 3), hepatocellular carcinoma (n = 21),
sclerosing cholangitis (n = 2), idiopathic cirrhosis (n = 2),
and Budd-Chiari syndrome (n = 1).
MDCT techniques
From October 2003 to December 2008, 46 patients underwent CT scans on a GE LightSpeed Qx/I CT scanner
(General Electric Medical Systems, Milwaukee, WI, USA)
(early-stage MDCT). After December 2008, 37 patients
underwent CT on a Toshiba Aquilion ONE CT scanner (Toshiba Medical Systems, Otawara, Tochigi, Japan)
(late-stage MDCT). Patients routinely received plain and
double-phase contrast-enhanced CT covering the entire
craniocaudal extent of the liver and all the vascular anastomoses. After the plain scan, non-ionic iodinated contrast medium (iopromide, Ultravist 300; Schering, Berlin,
Germany) was injected via an antecubital vein at a dose
of 2 mL/kg at a rate of 4 mL/s through a power injector. Contrast-enhanced CT images were obtained during
the hepatic arterial phase with a 25-s delay and the portal
venous phase with a 65-s delay after initiation of contrast
injection.
Technical parameters for the CT examinations on GE
LightSpeed Qx/I were as follows: beam collimation 16
mm, high-speed scan mode (pitch, 6), 5.0-mm slice thickness, 2.5-mm reconstruction slice thickness, and 1.0-mm
intervals. Technical parameters on the Toshiba Aquilion
ONE CT scanner were as follows: beam collimation 16
mm, 0.5-mm slice thickness and intervals, 1.0-mm reconstruction slice thickness, and 0.5-mm intervals. All CT
scanning was performed in the supine position at 240
mA and 120 kV with a standard algorithm.
Further data processing was performed on an Advantage workstation 4.0 (General Electric Medical Systems)
or a prototype workstation (Toshiba) equipped with software allowing generation of the oblique reformat. One
radiologist experienced in the oblique reformat processed
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nostomy in 2); liver biopsy in 10; and clinical and sonography follow-up of at least 6 mo in 11 patients. The ERC
and PTC images were interpreted in conference by two
other observers (a radiologist and a surgeon), who used
all the clinical, laboratory, endoscopic and PTC imaging
data during the review.

Table 1 Multi-detector computed tomography and final
diagnosis in patients with orthotopic liver transplantation with
clinical or biochemical evidence of biliary complications
Diagnosis

MDCT (83 patients) Final (83 patients)

Normal
Anastomotic strictures
Nonanastomotic strictures
Anastomotic bile leakage
Biliary stones
Other complications
Rejection of the
transplanted liver
Recurrent viral hepatitis
Transplantation-related
lymphoproliferation
Postoperative hilar and
portal fluid
Pancreatitis

21
34
18
5
4

7
32
21
5
4

0

6

0
0

4
1

0

2

1

1

MDCT: Multi-detector computed tomography.

all images to reveal the biliary system. All these images
were stored on the hard disk memory of the workstation
for subsequent image analysis.
Image interpretation and analysis
The MDCT transverse images and the oblique reformat
images were interpreted in conference by two experienced abdominal radiologists who were blinded to patient
identification and all the surgical, pathological and cholangiographic findings. All images were retrospectively
evaluated to detect the presence of biliary dilatation, biliary strictures, intra- or extrahepatic fluid collection, and
biliary stones. Intrahepatic bile ducts were considered
dilated if the maximum diameter was > 3 mm[10,13]. Extrahepatic bile ducts (common hepatic and common bile
ducts) were considered dilated if measuring > 8 mm[10,13].
For biliary strictures, the site (anastomotic or nonanastomotic) was decided. A round or irregular slightly high or
high-density focus inside the bile duct was termed biliary
stones. In the case of inter-observer disagreement, a final
diagnosis was reached by consensus.
On the basis of MDCT findings, biliary complications were classified as biliary strictures, anastomotic bile
leakage, biloma, biliary stones, and other complications.
Biliary strictures were further subclassified as anastomotic and nonanastomotic. Anastomotic strictures were
defined as a focal stricture at the site of the biliary anastomosis[8,13]. Nonanastomotic strictures were defined as
one or multiple strictures of the extrahepatic bile duct,
intrahepatic bile ducts (including the hepatic duct confluence), or both[8,13]. Anastomotic bile leakage was defined
as a variable amount of pericholedochal fluid collection
having direct communication with biliary anastomosis.
Biloma was defined as an intrahepatic fluid collection
communicating with dilated intrahepatic bile ducts.
Diagnostic confirmation was obtained by direct cholangiography in 58 patients (PTC in 35 and ERC in 23);
surgery in four (retransplantation in 2 and hepaticojeju-
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Statistical analysis
The MDCT findings were compared with the PTC, ERC,
surgical, liver biopsy or imaging follow-up results and defined as true positives when they correctly detected biliary
complications confirmed by the final diagnosis reference
standards; false positives when they were not confirmed
by PTC, ERC, surgery, liver biopsy or imaging followup; false negatives when complications were detected by
PTC, ERC, surgery, liver biopsy or imaging follow-up
were not detected by MDCT; or true negatives when the
absence of complications was confirmed by PTC, ERC,
surgery, liver biopsy or imaging follow-up. The sensitivity,
specificity, accuracy, positive predictive value and negative
predictive value of the MDCT findings were determined
by the reviewers.

RESULTS
Final diagnostic confirmation
A total of 62 biliary complications were eventually confirmed in the 83 patients (74.7%) by PTC, ERC, surgery,
liver biopsy or clinical and sonography follow-up, including anastomotic strictures in 32 patients (38.6%), nonanastomotic strictures in 21 (25.3%), biliary stones in nine
(10.8%; 5 with biliary strictures), anastomotic bile leakage
in five (6.0%), and biloma in six (7.2%) (2 of the 6 patients with nonanastomotic strictures developed biligenic
hepatic abscess). Twenty-one patients had no detection
of OLT-related biliary complications: seven showed no
abnormality, and 14 had other clinical problems, which
raised clinical suspicion of a biliary condition, including
graft rejection (n = 6), recurrent viral hepatitis (n = 4),
transplantation-related lymphoproliferation of hilar and
portal area (n = 1), fluid collections in hepatic hilar and
portal area (n = 2), and pancreatitis (n = 1) (Table 1).
MDCT findings
Biliary strictures: In 32 patients with anastomotic
strictures, 30 were correctly detected by MDCT, who
presented with a short stricture at the anastomosis, with
notable biliary dilation above the stricture (Figure 1). The
site of the dilated bile duct was intrahepatic in 30 patients
(93.8%) and extrahepatic in 27 (84.4%). Two patients
with anastomotic strictures were missed at early-stage
MDCT (false-negative) due to the absence of biliary dilation. However, ERC confirmed both of them. False-positive findings also occurred in two patients in early-stage
MDCT, who presented with mild intra- and extrahepatic
biliary dilation and fluid collection in the hilar and portal
area. Among 32 patients with anastomotic strictures, five
(15.6%) had biliary stones concomitantly, and three (9.4%)

11858

September 7, 2014|Volume 20|Issue 33|

Meng XC et al . MDCT for post-OLT biliary complications

A

B

C

Figure 1 A 36-year-old man with obstructive jaundice due to anastomotic biliary strictures 5 mo after orthotopic liver transplantation. Computed tomography oblique reformat images (A, B) display biliary dilation at the intrahepatic and hepatic hilar bile ducts, biliary stone (arrow) and anastomotic strictures (arrowhead);
C: Percutaneous transhepatic cholangiography demonstrates biliary dilation, anastomotic obstruction, and filling defect (arrow) in the common bile duct and the left
hepatic duct which caused by biliary stone or sludge.

were complicated with hepatic artery stenosis.
MDCT correctly identified 16 of the 21 cases with
nonanastomotic strictures (Figure 2) who presented with
one or multiple strictures at the extrahepatic bile duct,
the intrahepatic bile ducts (including hepatic confluence),
or both. MDCT detected dilation of the intrahepatic bile
ducts in 18 patients (85.7%), extrahepatic bile ducts in
seven (33.3%), and none in three. Three patients without
dilatation were missed (false-negative) by MDCT (one of
them occurred in early-stage examination), whose strictures only involved the confluence sites of bile ducts with
or without biliary sludge in ERC. Two patients with extrahepatic nonanastomotic strictures were interpreted as
anastomotic strictures in early-stage MDCT. There were
two false-positive results in two patients with normal bile
ducts, who presented with slight intrahepatic biliary dilation in early-stage MDCT. Of the 21 patients with nonanastomotic strictures, 6 (28.6%) were complicated with
biloma, and 12 (57.1%) had hepatic artery stenosis.
Biliary stones: MDCT correctly detected all of the cases
with biliary stones (n = 9). The stones were typically seen
as a round or irregular slightly high or high-density focus
inside the dilated bile ducts (Figure 3), and were identified
alone (n = 4) or associated with anastomotic strictures (n
= 5).
Anastomotic bile leakage: In five patients with anastomotic bile leakage, the observers accurately described the
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presence of fluid collection adjacent to the anastomotic
region (Figure 4), but could not demonstrate active leakage. Anastomotic bile leakage was eventually confirmed
by PTC in all five patients.
Biloma and biligenic hepatic abscess: Biloma was
found in six patients. It was an intrahepatic bile collection (bile lakes), which appeared as a well-circumscribed
rounded lesion with fluid-density of variable size on
MDCT. MDCT revealed the communication between the
biloma and the dilated bile ducts. Among the six patients
with biloma, two developed biligenic hepatic abscess due
to biliary infection (Figure 5). All six patients with biloma
had nonanastomotic biliary strictures and concomitant
hepatic arterial stenosis.
Global results
Of the 53 patients with biliary strictures, 48 were correctly identified by MDCT (sensitivity, 90.6%) and 5 were
missed (false-negative). MDCT correctly identified the
absence of biliary strictures in 26/30 patients (specificity, 86.7%) and 4 were misdiagnosed (false-positive). The
accuracy, positive predictive value and negative predictive value of MDCT in detecting biliary strictures were
89.2%, 92.3% and 83.9%, respectively. In differentiating
anastomotic from nonanastomotic strictures, 46 of 53
patients (86.8%) with biliary strictures were correctly
identified by MDCT. Missed diagnosis occurred in 5
patients. The other 2 patients with nonanastomotic stric-
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A

B

C

D

Figure 2 A 66-year-old women with obstructive jaundice due to nonanastomotic biliary strictures 11 mo after orthotopic liver transplantation. A: Transverse
computed tomography (CT) image on the portal venous phase shows marked stenosis of the hepatic hilar bile duct (arrow) and dilation of the intrahepatic bile ducts; B,C:
CT oblique reformat image shows biliary stenosis at the hepatic bifurcation (black arrow) and the donor common duct (white arrow); D: Percutaneous transhepatic
cholangiography demonstrates the stenosis of intrahepatic bile duct and hepatic bifurcation (white arrow), and complete occlusion of the donor common duct (black
arrow).

A

B

Figure 3 A 57-year-old man with jaundice due to biliary stones and anastomotic biliary strictures 13 mo after orthotopic liver transplantation. A: Transverse
plain computed tomography image shows a high-density focus at the hepatic hilar region (arrow); B: Percutaneous transhepatic cholangiography demonstrates filling
defect (arrow) caused by biliary stone or sludge in the hepatic hilar bile ducts, and anastomotic biliary strictures (arrowhead).

tures were misdiagnosed as anastomotic strictures by
MDCT. In evaluating other biliary complications, including biliary stones, anastomotic bile leak and biloma, the
sensitivity, specificity, accuracy, positive predictive value
and negative predictive value of MDCT were all 100%.
The value of MDCT in detecting biliary complications in
OLT patients is shown in Table 2.

DISCUSSION
Biliary strictures are the most common type of late biliary
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complications after transplantation, which account for
85.5% (53/62) of biliary complications in our study. Elevation of liver enzymes and hyperbilirubinemia in OLT
recipients may be caused by a variety of reasons, such
as graft rejection, recurrence of underlying liver disease,
biliary strictures and/or biliary stones. Imaging evaluation
is always necessary to rule out biliary strictures in these
patients. Usually, biliary strictures occur from 3 to 5 mo
after transplantation, so direct cholangiography via postsurgical T-tube is always impossible. Although sonography is a simple method for noninvasive screening test,
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A

B

Figure 4 A 32-year-old man with fever due to anastomotic bile leakage 12 d after orthotopic liver transplantation. A: Transverse computed tomography image
in the portal venous phase shows a bulk of fluid collection at the hepatic hilar region (arrow); B: Percutaneous transhepatic cholangiography demonstrates anastomotic bile leakage.

A

B

C

D

Figure 5 A 46-year-old man with jaundice and fever due to biloma or biligenic hepatic abscess 4 mo after orthotopic liver transplantation. Transverse computed tomography (CT) image in the portal venous phase (A) and oblique reformat image (B) show multiple biloma or biligenic hepatic abscess (white arrow) communicating with the dilated bile ducts (black arrow), and stenosis of the hepatic hilar bile duct (arrowhead); C: Percutaneous transhepatic cholangiography demonstrates
biliary dilation, necrosis, and abscess cavity (contrast medium pool) (arrow); D: CT angiography shows hepatic arterial anastomotic stenosis (arrow).

its low sensitivity and high rate of false-negative results
in detecting biliary strictures[18-20] limit its usefulness in
evaluating biliary complications for OLT recipients. Sensitivity and specificity of MRC for post-transplant biliary
complications are reported to be high, however, its diagnostic performance in detecting biliary strictures is often
affected by the technique and patients’ conditions[8-13].
It has been reported that MDCT can demonstrate biliary complications after liver transplantation, however,
the detailed results are not available[11,14]. To the best of
our knowledge, only one study reported the diagnostic
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value of CT on biliary strictures after liver transplantation, however, the small study population could not sufficiently illuminate the potential role of CT[16]. Therefore,
the performance of MDCT in detecting biliary strictures
needs to be further established.
In our study, MDCT presented a sensitivity of 90.6%,
specificity of 86.7%, accuracy of 89.2%, positive predictive value of 92.3%, and negative predictive value of
83.9% for the detection of biliary strictures in 83 postOLT recipients who received MDCT examination. Compared with Zoepf et al[16], our study revealed a higher
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Table 2 Value of multi-detector computed tomography in detecting biliary complications for orthotopic liver transplantation
recipients
Biliary
complications
Biliary
strictures
Biliary stones
Anastomotic
bile leakage
Biloma

True-positive True-negative False-positive False-negative Sensitivity Specificity Accuracy
(n )
(n )
(n )
(n )
90.6%

86.7%

89.2%

Positive predictive Negative predictive
value
value

48

26

4

5

92.3%

83.9%

9
5

74
78

0
0

0
0

100%
100%

100%
100%

100%
100%

100%
100%

100%
100%

6

77

0

0

100%

100%

100%

100%

100%

The reference standards used for the final diagnosis are given in the text.

sensitivity and specificity. This may be attributed to the
improvements of MDCT techniques, which allow the
thinner scans and post-processing of bile ducts in any desired planar with oblique reformat. The combination of
the transverse MDCT images and oblique reformat images can help to visualize the bile duct tree and the sites
of biliary strictures.
Suprastenotic dilation of the bile ducts is an important sign for the detection of biliary strictures on MDCT.
In this study, among the 53 patients with biliary strictures,
48 (90.6%) presented with suprastenotic biliary dilatation
with a variable degree on MDCT. However, the absence
of dilatation on MDCT could not completely deny the
existence of biliary strictures. All five patients who were
missed (false-negative) by MDCT in this study did not
present with biliary dilation. This may have been due to
the fact that the marked thickened bile duct wall limited
its dilation, or that a denervated donor liver that developed reperfusion or ischemic injury during preservation
may show no physiological response to the intraductal
pressure[21-23]. Some recipients with biliary strictures do
not develop bile duct dilation even in high-grade stenosis
after OLT[23]. Therefore, if biliary strictures are highly
suspected and MDCT does not provide any evidence of
biliary dilation, direct cholangiography (ERC or PTC)
should be performed to rule out biliary strictures. It is
worth noting that, in some patients, slight biliary dilation
is not associated with biliary obstruction. In our study,
four patients with slight biliary dilation on MDCT were
misdiagnosed as biliary strictures. Fluid collection in the
hilar area may be attributed to two of them, which affected the visualization of biliary anastomosis. The cause of
biliary dilatation in the other two cases was unclear. Some
researchers presumed that this might result from papillary
dyskinesia due to devascularization or denervation of the
papilla of Vater during transplantation[24].
Biliary strictures are classified as anastomotic or nonanastomotic strictures according to their site. The identification of the type of biliary strictures can help us determine the therapeutic schedule. For the patients only with
anastomotic strictures, balloon dilation or stent placement through endoscopic or percutaneous transhepatic
methods often can bring good therapeutic results[25,26].
However, for most of the patients with nonanastomotic
strictures, endoscopic and/or percutaneous transhepatic
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biliary drainage or balloon dilation may not reverse the
bile duct injuries, and retransplantation may be eventually
required for a large portion of them[27,28]. In our study,
MDCT could correctly identify the type of strictures in
46 of 53 patients (86.8%), including 30 patients with anastomotic strictures and 16 with nonanastomotic strictures,
which provided useful information for the treatment.
Our study further demonstrated that hepatic artery
stenosis was an important cause of biliary strictures. In
our series, MDCT found hepatic artery stenosis in 57.1%
of patients with nonanastomotic strictures, and in 15.6%
of patients with anastomotic strictures. MDCT can accurately detect hepatic artery complications, with a sensitivity of 100%, specificity of 89%, and accuracy of 93%[29].
Early diagnosis of hepatic artery stenosis by MDCT may
allow successful treatment, with urgent surgical revascularization of the graft or with percutaneous angioplasty,
and avoid retransplantation before the development of
severe hepatic failure[30-32].
Biliary stones are another important complication
after OLT, which usually occur with biliary strictures.
MDCT was effective in detecting biliary stones, whose
sensitivity, specificity and accuracy were all 100% in our
study.
Most anastomotic bile leakages occur in the early period after OLT, and > 70% occur within the first month.
In our study, all the anastomotic bile leakage appeared
as pericholedochal circumscribed fluid collections on
MDCT. It was difficult to distinguish a circumscribed
perianastomotic ascitic or postoperative fluid from bile
leakage. However, if a fluid collection adjacent to the
anastomotic region is detected, anastomotic bile leakage
should be considered and ERC or PTC performed for
the straight demonstration of active leakage[8,10]. In our
study, five patients with anastomotic bile leakage were
eventually confirmed by PTC.
Biloma mainly relates to the necrosis of bile duct wall
due to hepatic arterial insufficiency, which usually occurs
with biliary strictures. In this study, MDCT correctly revealed all six patients with biloma and their complicated
nonanastomotic strictures and hepatic arterial stenosis.
Two of them presented with biligenic hepatic abscesses
due to secondary infection of biloma, and both received
retransplantation after CT.
The major drawback of MDCT is that MDCT cannot
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directly display the bile duct tree and the sites of biliary
strictures, as MRC, ERC or PTC can. However, this does
not affect the ability of MDCT in the diagnosis of biliary
strictures, especially for a CT scanner with 0.5-mm quantum detector, which can achieve 0.35 mm × 0.35 mm ×
0.35 mm isotropic voxel size for fine-detail imaging. In
our study, for all patients who received late-stage MDCT,
raw data were acquired with 0.5-mm slice thickness and
intervals. Based on those, bile duct reconstruction on any
desired planar with oblique reformat could clearly visualize the bile duct tree and the sites of biliary strictures, although they are not as intuitive as those on MRC images.
This might be the reason why false-positive and falsenegative cases of biliary strictures were fewer in latestage than early-stage MDCT (7 patients vs 2 patients).
Similar to MRC, it is still difficult to measure precisely the
length and degree of strictures based on MDCT images.
In contrast, ERC and PTC demonstrate more advantages
in showing the site, length and grade of the biliary strictures. Besides these, the inherent drawbacks of MDCT
are the applied radiation dose and intravenous application
of iodinated contrast medium, which are harmful to the
recipients, especially in those with graft or renal dysfunction after transplantation.
In conclusion, MDCT is a useful imaging procedure
in the detection of biliary complications after liver transplantation. Biliary dilation is an important sign for the
detection of biliary strictures on MDCT, but the absence
of dilation cannot rule out biliary strictures. For those who
present with symptoms of biliary obstruction but without evidence of biliary dilation on MDCT, ERC or PTC
should be considered as early as possible. Fluid collection
of bile leakage, biliary stones and biloma can be clearly detected by MDCT, but it is difficult to reveal active leakage.
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Abstract
AIM: To investigate the association between serum
alpha-fetoprotein (AFP) levels and fatty liver disease
(FLD) in a Chinese population.
METHODS: A cross-sectional study was performed
among subjects who presented for a health examination
at the First Affiliated Hospital, College of Medicine, Zhejiang University in 2013. FLD was diagnosed based on
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an ultrasonography examination. Serum AFP levels were
measured with a chemiluminescence immunoassay.
RESULTS: Of the 9800 subjects enrolled, 2601 were
diagnosed with FLD. Subjects with FLD had higher serum AFP levels than those without the disease. Subjects
with high serum AFP levels had a higher prevalence of
FLD, metabolic syndrome, and its components. Univariate logistic analysis showed that elevated serum AFP
levels were associated with an increased risk of FLD (OR
= 1.057, 95%CI: 1.031-1.084). However, after adjusting for covariates, AFP no longer remained significantly
associated with the risk factors for FLD.
CONCLUSION: Our results suggest that serum AFP
levels are significantly associated with FLD and that
AFP acts as a cofactor, but not as an independent factor, for FLD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fatty liver; Alpha-fetoprotein; Association;
Obesity; Risk factor
Core tip: Fatty liver disease (FLD) is a common liver disease that may progress to cirrhosis and hepatocellular
carcinoma. In this study, we observed that serum alpha-fetoprotein (AFP) levels are significantly increased
in subjects with FLD, and that AFP levels are significantly associated with metabolic parameters. Univariate
logistic analysis showed that elevated serum AFP levels
are associated with an increased risk of FLD. However,
multivariate logistic regression analysis showed that
AFP is not independently associated with the risk factors for FLD. Our results suggest a significant association between AFP and FLD, as well as suggesting that
AFP acts as a cofactor, but not as an independent factor, for FLD.
Xu P, Xu CF, Wan XY, Yu CH, Shen C, Chen P, Xu GY, Li YM.
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INTRODUCTION
Fatty liver disease (FLD) is a common condition that is
characterized by significant lipid deposition within the
liver parenchyma. FLD could be induced through both
alcoholic and non-alcoholic pathways. Non-alcoholic
fatty liver disease (NAFLD) is also called metabolic fatty
liver disease, and is closely associated with obesity and
metabolic syndrome[1]. Alcoholic fatty liver disease, on
the other hand, is caused by excessive alcohol consumption[2]. In parallel with the epidemic of obesity, NAFLD
has become an epidemic around the world. More than
30% of adults are affected by NAFLD in the United
States[3], with a prevalence as high as 20% in developing
countries such as China[4]. With increasing consumption
of alcohol, alcoholic fatty liver disease has also become a
growing public concern worldwide[5].
FLD includes a wide clinical and histological spectrum, including simple steatosis, steatohepatitis, fibrosis,
and cirrhosis. Simple steatosis is generally considered to
be a benign condition, while steatohepatitis may progress
to cirrhosis in up to 20% of patients[6]. FLD may progress to hepatocellular carcinoma (HCC) as well[7,8]. Nonalcoholic steatohepatitis has recently been reported to be
the second leading etiology of HCC requiring liver transplantation, and is recognized as the most rapidly growing
indication for liver transplantation in patients with HCC
in the United States[9].
Alpha-fetoprotein (AFP) is a well-established tumor
marker for HCC. The potential association between AFP
and FLD has been examined in recent studies. Babali et
al[10] observed that patients with fatty liver had a significantly increased serum AFP level, with said level being
positively correlated with the grade of hepatic steatosis.
Kara et al[11] compared serum AFP levels in 130 male
NAFLD patients with those in 57 healthy male controls,
but did not observe any significant association between
AFP and histopathological findings in NAFLD patients.
Polyzos et al[12] did not observe any positive association
between AFP and NAFLD. The inconsistency of these
studies may arise from differences in study population,
sample size, and diagnostic methods for FLD.
In this study, we performed a large-sample, crosssectional survey to analyze the association between AFP
and FLD in a Chinese population.

MATERIALS AND METHODS
Study population
This study was performed among adults who presented
for their annual health examinations at the First Affili-
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ated Hospital, College of Medicine, Zhejiang University
in 2013. The analyses were limited to participants who
had full records of anthropometric and biochemical data,
as well as results of hepatic ultrasonography examination. Pregnant women and subjects with a self-reported
history of chronic viral hepatitis, cirrhosis, or malignant
disease were excluded from the analysis. A total of 9800
participants (5880 men and 3920 women) with a median (interquartile range) age of 46.0 (39.0-53.0) years
were included in the final analysis. All participants were
informed verbally about the purpose and design of the
study. Written informed consent was not required due
to the observational nature of the study. The personal
information of each participant was anonymized both at
collection and prior to analysis. The study was approved
by the Ethics Committee of the First Affiliated Hospital,
College of Medicine, Zhejiang University.
Clinical examinations
Clinical examinations were performed following standard
procedures as previously described[13,14]. All participates
were instructed to complete an overnight fast. Body
weight (kg) and standing height (cm) were recorded in
light, indoor clothing without shoes. Waist circumference
was measured using a non-stretchable standard tape at
the minimum circumference between the iliac crest and
the rib cage. Blood pressure was recorded using an automated sphygmomanometer with the subject in a sitting
position.
Approximately 10-ml whole blood samples were
collected from each subject, with serum samples being
separated for further analysis without freezing. Serum
biochemical values were measured using a Hitachi 7600
AutoAnalyzer (Hitachi, Tokyo, Japan) using standard
methods. Serum AFP levels were determined with a chemiluminescence immunoassay using an Abbott-Architect
Immunoanalyzer (Abbott Laboratories, Abbott Park, IL).
Diagnosis of FLD and metabolic syndrome
FLD was diagnosed based on ultrasonography criteria
suggested by the Chinese Liver Disease Association[15].
The criteria are described as follows: FLD is considered to
be present if the ultrasound examination shows a diffuse
enhancement of near-field echo in the hepatic region and
gradual attenuation of the far-field echo combined with
any of the following: (1) unclear display of intrahepatic lacuna structure; (2) mild-to-moderate hepatomegaly with a
round and blunt border; or (3) color Doppler ultrasonography showing a reduction in the blood flow signal in the
liver or a blood flow signal that is difficult to display even
when the distribution of the blood flow is normal.
Metabolic syndrome was defined according to the revised ATP Ⅲ criteria of metabolic syndrome in an Asian
Study[16]. Metabolic syndrome was considered to be present if subjects fulfilled any three of the following five factors: (1) central obesity: waist circumference ≥ 90 cm for
males and ≥ 80 cm for females, and/or BMI ≥ 25 kg/m2
for both genders; (2) hypertriglyceridemia: triglycerides
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Table 1 Comparison of clinical characteristics between the subjects with and without fatty liver disease
Without FLD
Age (yr)
Gender (male/female, n)
Body mass index (kg/m2)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Gamma-glutamyltransferase (U/L)
Direct bilirubin (μmol/L)
Indirect bilirubin (μmol/L)
Triglyceride (mmol/L)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Fasting blood glucose (mmol/L)
Serum uric acid (μmol/L)
Alpha-fetoprotein (μg/L)

1

With FLD

45.0 (39.0–53.0)
3748/3451
22.92 (2.71)
80.4 (8.9)
123.8 (17.0)
75.4 (10.9)
17.0 (13.0–24.0)
20.0 (17.0–24.0)
19.0 (13.0–31.0)
3.0 (2.0–4.0)
9.0 (6.0–11.0)
1.10 (0.80–1.58)
4.75 (0.90)
1.19 (0.29)
2.54 (0.62)
4.72 (4.44–5.02)
317.7 (85.3)
2.90 (2.20–3.90)

2

48.0 (41.0–55.0)
2132/469
26.72 (2.72)
92.7 (7.7)
134.9 (16.1)
83.3 (10.5)
29.0 (21.0–43.0)
23.0 (19.0–29.0)
39.0 (25.0–64.0)
3.0 (2.0-4.0)
9.0 (7.0–12.0)
1.92 (1.40–2.68)
5.08 (0.96)
1.02 (0.23)
2.63 (0.66)
5.04 (4.67–5.56)
390.8 (83.3)
3.10 (2.40–4.10)

t value

P value

8.248
712.0053
61.262
58.903
29.053
31.739
42.1944
25.3394
39.8464
2.113
4.7064
41.7974
15.839
26.529
6.19
26.2504
37.671
7.6534

< 0.001
< 0.0013
< 0.001
< 0.001
< 0.001
< 0.001
< 0.0014
< 0.0014
< 0.0014
0.053
< 0.0014
< 0.001
< 0.001
< 0.001
< 0.001
< 0.0014
< 0.001
< 0.0014

1

n = 7199; 2n = 2601; 3χ 2 value; 4Z value. The data are expressed as the mean ± SD or median (interquartile range) depending on the data distribution. FLD:
Fatty liver disease; HDL: High-density lipoprotein; LDL: Low-density lipoprotein.

≥ 1.7 mmol/L; (3) reduced high-density lipoprotein cho-

lesterol (HDL-C): HDL-C < 1.03 mmol/L for males and
< 1.29 mmol/L for females; (4) elevated blood pressure:
systolic blood pressure ≥ 130 mmHg or diastolic blood
pressure ≥ 85 mmHg; and (5) elevated fasting blood glucose: fasting blood glucose ≥ 5.6 mmol/L or previously
diagnosed type 2 diabetes.
Statistical analysis
Data were expressed as the mean and standard deviation
or the median and interquartile range as appropriate. Student’s t-test, Mann-Whitney U test, and χ 2 test were used
for comparisons between the groups. Spearman’s analysis
was used to determine the correlations between serum
AFP levels and other metabolic parameters. Univariate
and multivariate logistic regression analyses were applied
to assess the factors associated with the presence of fatty
liver. All of the analyses were performed using SPSS 13.0
software for Windows (SPSS Inc., Chicago, IL). P < 0.05
(2-tailed) was considered to be statistically significant.

RESULTS
Clinical characteristics of the subjects
Of the 9800 subjects enrolled in this study, 2601 (26.5%)
and 3110 (31.7%) fulfilled the diagnostic criteria of FLD
and metabolic syndrome, respectively. The prevalence of
metabolic syndrome parameters including central obesity,
elevated blood pressure, hypertriglyceridemia, reduced
HDL-C, and elevated fasting blood glucose was 45.1%,
44.3%, 31.4%, 52.7%, and 11.3%, respectively.
Clinical characteristics were compared between subjects with and without FLD. As shown in Table 1, subjects with FLD are older and predominantly male. Significantly more unfavorable anthropometric and biochemical
variables are observed among subjects with FLD com-
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pared with those without FLD. A notable finding is that
serum AFP levels are significantly increased in subjects
with FLD compared with those without FLD (Table 1),
suggesting a potential association between AFP and FLD.
Correlations between AFP and metabolic syndrome
To better understand the association between AFP and
FLD, we analyzed the association between AFP and the
features of metabolic syndrome, which are closely associated with FLD. Spearman’s analysis showed that serum
AFP levels are significantly and positively correlated with
body mass index, waist circumference, systolic and diastolic blood pressure, triglyceride level, and fasting blood
glucose, whereas they are negatively correlated with high
density lipoprotein cholesterol (Table 2). These results
suggest that subjects with higher serum AFP levels are
associated with more unfavorable metabolic parameters.
We also analyzed the association between serum AFP
levels and the prevalence of metabolic syndrome and
its components. We divided all of the subjects into two
groups according to the median level of serum AFP (3.0
μg/L), and observed a significantly higher prevalence of
FLD, metabolic syndrome, and its components including
central obesity, elevated blood pressure, hypertriglyceridemia, and elevated fasting blood glucose in subjects
with serum AFP ≥ 3.0 μg/L compared with those with
serum AFP < 3.0 μg/L (Figure 1). These results suggest a significant association between AFP and metabolic
syndrome, while also indirectly supporting an association
between serum AFP levels and FLD.
Risk factors for the presence of FLD
We further applied both univariate and multivariate logistic regression analyses to assess the risk factors for FLD.
In the univariate model, elevated serum AFP levels were
observed to be associated with an increased risk of FLD
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Table 2 Correlations between alpha-fetoprotein and features
of metabolic syndrome
BMI
r value
P value

WC

SBP

DBP

TG

HDL-C

Table 3 Univariable analysis for factors associated with fatty
liver disease

FBG

Variables

0.101
0.17
0.11
0.135
0.17
-0.043
0.086
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Age (yr)
Male gender
Body mass index (kg/m2)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Gamma-glutamyltransferase (U/L)
Direct bilirubin (μmol/L)
Indirect bilirubin (μmol/L)
Triglyceride (mmol/L)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Fasting blood glucose (mmol/L)
Serum uric acid (μmol/L)
Alpha-fetoprotein (μg/L)

BMI: Body mass index; DBP: Diastolic blood pressure; FBG: Fasting blood
glucose; HDL-C: High density lipoprotein cholesterol; SBP: Systolic blood
pressure; TG: Triglyceride; WC: Waist circumference.

60%

AFP < 3.0 μg/L
AFP ≥ 3.0 μg/L

P < 0.001
P < 0.001

Prevalence

50%
40%

NS

P < 0.001

P < 0.001
P < 0.001

30%
20%

P < 0.001

10%
0%

OR

95%CI

P value

1.017
4.185
1.667
1.187
1.038
1.068
1.050
1.039
1.013
1.006
1.020
1.992
1.462
0.079
1.248
1.828
1.010
1.057

1.013-1.021
3.748-4.672
1.629-1.706
1.177-1.197
1.035-1.041
1.063-1.073
1.047-1.053
1.033-1.045
1.012-1.015
0.982-1.031
1.010-1.030
1.898-2.091
1.392-1.534
0.065-0.097
1.163-1.340
1.724-1.938
1.009-1.010
1.031-1.084

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.631
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

HDL: High-density lipoprotein; LDL: Low-density lipoprotein.
FLD

Metabolic Central
syndrome obesity

Raised HyperTG Reduced Raised
BP
HDLC
FBG

Table 4 Multivariable analysis for factors associated with
fatty liver disease

Figure 1 Prevalence of fatty liver disease, metabolic syndrome, and its
components in subjects with different serum alpha-fetoprotein levels.
Subjects were classified into two groups according to the median level of serum
alpha-fetoprotein (AFP) (3.0 μg/L). Significantly higher prevalence of fatty liver
disease, metabolic syndrome, and its components including central obesity,
elevated blood pressure (BP), hypertriglyceridemia (hyperTG), and elevated
fasting blood glucose (FBG) were observed in subjects with serum AFP ≥ 3.0
μg/L compared with those with serum AFP < 3.0 μg/L. FLD: Fatty liver disease;
HDLC: High-density lipoprotein cholesterol; FBG: Fasting blood glucose.

(OR = 1.057, 95%CI: 1.031-1.084; Table 3). However,
after adjusting for the 17 variables listed in Table 4 using
a multivariate stepwise logistic analysis (Backward: Wald;
Entry: 0.05, Removal: 0.10), AFP no longer remained significantly associated with the risk factors for FLD. This
result indicates that the relation between AFP and FLD is
somehow influenced by other variables.

DISCUSSION
In this study, we aimed to investigate the association between serum AFP and FLD in a Chinese population. Of
the 9800 subjects enrolled, the prevalence of FLD was
26.5%. Subjects with FLD exhibited higher serum AFP
levels than those without FLD. A significant association
between serum AFP levels and metabolic syndrome indirectly supports the link between AFP and FLD. Univariate logistic analysis showed that elevated serum AFP
levels are associated with an increased risk of FLD. However, multivariate logistic regression analysis showed that
AFP is not independently associated with the risk factors
for FLD. These results suggest a significant association
between AFP and FLD, as well as suggesting that AFP
may act as a cofactor, but not as an independent factor,
for FLD.
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Variables
Age (yr)
Male gender
Body mass index (kg/m2)
Waist circumference (cm)
Diastolic blood pressure (mmHg)
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Triglyceride (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Fasting blood glucose (mmol/L)
Serum uric acid (μmol/L)

OR

95%CI

P value

1.011
1.408
1.268
1.064
1.020
1.043
0.953
1.293
0.411
1.318
1.338
1.004

1.004-1.018
1.160-1.709
1.218-1.321
1.049-1.080
1.014-1.027
1.036-1.051
0.940-0.966
1.226-1.362
0.307-0.550
1.189-1.461
1.251-1.430
1.003-1.005

0.003
0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

HDL: High-density lipoprotein; LDL: Low-density lipoprotein.

FLD is a common liver disease that affects approximately 27% of the urban adult population in China[17]
and an even higher proportion of adults in developed
countries[18]. FLD may progress to end-stage liver diseases
such as cirrhosis and HCC. A recent study reported that
FLD, both alcoholic and non-alcoholic, accounted for
9.2% of all HCC cases diagnosed in Japan between 2006
and 2009[19]. Another recent study also reported that nonalcoholic steatohepatitis was ranked as the second most
common etiology of HCC requiring liver transplantation
in the United States[9], and non-alcoholic steatohepatitis
is the most rapidly growing indication for liver transplantation in patients with HCC in the United States[9].
Postoperative morbidity and 30-d mortality rates were
significantly higher in the FLD-related HCC patients
than viral hepatitis-associated HCC patients[20]. Based on
these findings, screening for HCC in FLD patients would
be beneficial, and this may be particularly applicable for
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steatohepatitis patients.
AFP is a major serum protein produced by the liver
of a fetus. Serum AFP levels peak around the 12th week
of gestation and then decline to negligible levels during
the first year of life. AFP is observed to be elevated in
several non-neoplastic hepatic disorders[21]. A statistically
significant increase in serum AFP levels was also observed in patients with fatty liver compared with healthy
controls (4.09 ± 1.68 ng/mL vs 2.95 ± 0.41 ng/mL, P
= 0.008) by Babali et al[10], and their correlation analysis
showed that serum AFP levels positively correlate with
the grade of hepatic steatosis[10]. However, there have
been other studies which not observe any difference in
serum AFP levels between subjects with or without fatty
liver[11,12]. The inconsistency among these studies may
be explained by the differences in the study population,
sample size, and diagnostic methods for FLD.
By analyzing 9800 subjects who presented for their
health examination at a large medical center, we observed
that subjects with ultrasonography diagnosed FLD have
higher serum AFP levels than those without FLD. We
also observed that serum AFP levels are significantly and
positively correlated with metabolic syndrome and its
components. Our univariate logistic regression analyses
showed that AFP is significantly associated with the risk
factors for FLD. However, AFP no longer remains significantly associated with the risk factors for FLD in the
multivariate model. Our results suggest a significant association between serum AFP levels and FLD.
It is interesting to consider why serum AFP levels
are elevated in subjects with FLD. Hepatocyte necrosis
and subsequent hepatic regeneration is hypothesized to
be responsible for the increases in serum AFP levels[21].
Hepatocyte proliferation during liver regeneration is also
observed to be associated with dedifferentiation of mature hepatocytes and temporarily increased expression of
AFP in the liver[22]. Serum AFP levels may also increase
as a result of altered hepatocyte-hepatocyte interaction
and the loss of normal architectural arrangements[23].
Although the precise mechanisms remain unclear, our
results still have significant clinical implications. Based on
the fact that FLD may progress to HCC and that serum
AFP levels are elevated in subjects with FLD, monitoring
serum AFP levels to screen for HCC in FLD patients has
significant clinical importance. Indeed, a study reported
that AFP combined with prothrombin induced by a lack
of vitamin K or a vitamin K antagonist-Ⅱ (PIVKA-Ⅱ)
may be considerably valuable for surveillance of HCC in
FLD[24].
Several limitations are acknowledged in this study.
First, FLD was diagnosed based on hepatic ultrasonography, which is not sensitive for mild hepatic steatosis; neither is it sensitive for diagnosing steatohepatitis or fibrosis. Therefore, the association of serum AFP levels with
histopathological findings in FLD could not be analyzed
in this study. Liver biopsy is the gold standard for the diagnosis of FLD, but such a procedure is invasive and may
cause complications[25]. Ultrasonography is widely used in
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large sample studies of FLD because it is widely available,
safe, and has acceptable diagnostic value for detecting
hepatic steatosis[26]. Second, FLD can be caused through
both alcoholic and non-alcoholic etiologies. In this study,
we did not record alcohol consumption information in
all subjects. Whether AFP is differentially associated with
alcoholic and non-alcoholic fatty liver disease remains
to be determined. Third, serum insulin levels have not
been analyzed in this study. It remains unclear whether
serum AFP levels are associated with insulin resistance.
Nevertheless, our correlation analysis showed that serum
insulin levels were significantly associated with metabolic
variables, and subjects with higher serum AFP levels had
a higher prevalence of metabolic syndrome and its components. Our results indirectly suggested a potential positive association between serum AFP levels and insulin
resistance. Moreover, the degree of apoptosis in hepatocytes is known to be elevated in steatotic livers[27,28]. Thus,
it would be valuable to correlate AFP levels with markers
of hepatocyte cell death, such as cytokeratin 18 fragments. Further studies are needed to clarify these issues.
In conclusion, our large cross-sectional study shows
that serum AFP levels are significantly association with
FLD and may act as a cofactor, but not as an independent factor, for FLD. Our results indirectly suggest that
it may be worthwhile to monitor serum AFP levels to
screen for HCC in FLD patients.
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alpha-fetoprotein (AFP) levels and FLD remains controversial in the literature.

Research frontiers

The factors associated with the development and progression of FLD have
been extensively investigated during recent years.

Innovations and breakthroughs

The authors observed that serum AFP levels are significantly increased in
subjects with FLD, and AFP levels are significantly associated with metabolic
parameters. Univariate logistic analysis showed that elevated serum AFP levels
are associated with an increased risk of FLD. However, multivariate logistic
regression analysis showed that AFP is not independently associated with the
risk factors for FLD.

Applications

This results show that serum AFP levels are significantly associated with FLD
and may act as a cofactor, but not as an independent factor, for FLD. This results indirectly suggest that it may be worthwhile to monitor serum AFP levels
for screening of hepatocellular carcinoma in FLD patients.

Terminology

AFP is a major serum protein produced by the liver of a fetus. Serum AFP level
may be elevated in patients with hepatocellular carcinoma and several nonneoplastic hepatic disorders.

Peer review

This large cross-sectional study was well-designed, and the methods are valid.
The results suggested that serum AFP levels are significantly associated with
FLD and that AFP acts as a cofactor, but not as an independent factor, for
FLD. Although there were several limitations in this study, as the authors have
mentioned in the discussion, the observations are useful and, based on the
findings, it is recommended that physicians monitor serum AFP levels to screen
for hepatocellular carcinoma in FLD patients.

11869

September 7, 2014|Volume 20|Issue 33|

Xu P et al . AFP and FLD
15

REFERENCES
1

2
3

4
5
6

7

8

9

10
11

12
13

14

Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM,
Cusi K, Charlton M, Sanyal AJ. The diagnosis and management of non-alcoholic fatty liver disease: practice Guideline by the American Association for the Study of Liver
Diseases, American College of Gastroenterology, and the
American Gastroenterological Association. Hepatology 2012;
55: 2005-2023 [PMID: 22488764 DOI: 10.1002/hep.25762]
Szabo G, Mandrekar P. Focus on: alcohol and the liver. Alcohol Res Health 2010; 33: 87-96 [PMID: 23579939]
Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL, Harrison SA. Prevalence of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis among
a largely middle-aged population utilizing ultrasound and
liver biopsy: a prospective study. Gastroenterology 2011; 140:
124-131 [PMID: 20858492 DOI: 10.1053/j.gastro.2010.09.038]
Wong VW. Nonalcoholic fatty liver disease in Asia: a story
of growth. J Gastroenterol Hepatol 2013; 28: 18-23 [PMID:
23094755 DOI: 10.1111/jgh.12011]
O’Shea RS, Dasarathy S, McCullough AJ. Alcoholic liver
disease. Hepatology 2010; 51: 307-328 [PMID: 20034030 DOI:
10.1002/hep.23258]
Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu
YC, McCullough AJ. Nonalcoholic fatty liver disease: a
spectrum of clinical and pathological severity. Gastroenterology 1999; 116: 1413-1419 [PMID: 10348825]
Stickel F, Hellerbrand C. Non-alcoholic fatty liver disease
as a risk factor for hepatocellular carcinoma: mechanisms
and implications. Gut 2010; 59: 1303-1307 [PMID: 20650925
DOI: 10.1136/gut.2009.199661]
Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty
liver disease and hepatocellular carcinoma: a weighty connection. Hepatology 2010; 51: 1820-1832 [PMID: 20432259
DOI: 10.1002/hep.23594]
Wong RJ, Cheung R, Ahmed A. Nonalcoholic steatohepatitis is the most rapidly growing indication for liver transplantation in patients with hepatocellular carcinoma in the
U.S. Hepatology 2014; 59: 2188-2195 [PMID: 24375711 DOI:
10.1002/hep.26986]
Babalı A, Cakal E, Purnak T, Bıyıkoğlu I, Cakal B, Yüksel O,
Köklü S. Serum α-fetoprotein levels in liver steatosis. Hepatol Int
2009; 3: 551-555 [PMID: 19890679 DOI: 10.1007/s12072-009-9156-8]
Kara M, Genc H, Tapan S, Meral C, Ercin CN, Erdal M,
Dogru T. Alpha fetoprotein levels and its relationship with
histopathological findings in patients with non-alcoholic fatty
liver disease. Eur Rev Med Pharmacol Sci 2013; 17: 1536-1541
[PMID: 23771543]
Polyzos SA, Kountouras J. Serum alpha-fetoprotein in patients with nonalcoholic fatty liver disease. Eur Rev Med Pharmacol Sci 2013; 17: 2411-2412 [PMID: 24065238]
Yu C, Xu C, Xu L, Yu J, Miao M, Li Y. Serum proteomic
analysis revealed diagnostic value of hemoglobin for nonalcoholic fatty liver disease. J Hepatol 2012; 56: 241-247 [PMID:
21756851 DOI: 10.1016/j.jhep.2011.05.027]
Xu C, Yu C, Ma H, Xu L, Miao M, Li Y. Prevalence and risk
factors for the development of nonalcoholic fatty liver disease in a nonobese Chinese population: the Zhejiang Zhenhai Study. Am J Gastroenterol 2013; 108: 1299-1304 [PMID:
23567356 DOI: 10.1038/ajg.2013.104]

16

17
18
19

20

21
22

23

24

25
26
27

28

Zeng MD, Fan JG, Lu LG, Li YM, Chen CW, Wang BY, Mao
YM. Guidelines for the diagnosis and treatment of nonalcoholic fatty liver diseases. J Dig Dis 2008; 9: 108-112 [PMID:
18419645 DOI: 10.1111/j.1751-2980.2008.00331.x]
Fan JG, Saibara T, Chitturi S, Kim BI, Sung JJ, Chutaputti A.
What are the risk factors and settings for non-alcoholic fatty
liver disease in Asia-Pacific? J Gastroenterol Hepatol 2007; 22:
794-800 [PMID: 17498218 DOI: 10.1111/j.1440-1746.2007.04952.
x]
Fan JG. Epidemiology of alcoholic and nonalcoholic fatty
liver disease in China. J Gastroenterol Hepatol 2013; 28 Suppl 1:
11-17 [PMID: 23855290 DOI: 10.1111/jgh.12036]
Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev
Gastroenterol Hepatol 2013; 10: 686-690 [PMID: 24042449 DOI:
10.1038/nrgastro.2013.171]
Tokushige K, Hashimoto E, Kodama K. Hepatocarcinogenesis in non-alcoholic fatty liver disease in Japan. J Gastroenterol Hepatol 2013; 28 Suppl 4: 88-92 [PMID: 24251711 DOI:
10.1111/jgh.12239]
Wakai T, Shirai Y, Sakata J, Korita PV, Ajioka Y, Hatakeyama K. Surgical outcomes for hepatocellular carcinoma in
nonalcoholic fatty liver disease. J Gastrointest Surg 2011; 15:
1450-1458 [PMID: 21512848 DOI: 10.1007/s11605-011-1540-8]
Bloomer JR, Waldmann TA, McIntire KR, Klatskin G.
alpha-fetoprotein in noneoplastic hepatic disorders. JAMA
1975; 233: 38-41 [PMID: 48562]
Dabeva MD, Laconi E, Oren R, Petkov PM, Hurston E,
Shafritz DA. Liver regeneration and alpha-fetoprotein messenger RNA expression in the retrorsine model for hepatocyte transplantation. Cancer Res 1998; 58: 5825-5834 [PMID:
9865742]
Goldstein NS, Blue DE, Hankin R, Hunter S, Bayati N, Silverman AL, Gordon SC. Serum alpha-fetoprotein levels in
patients with chronic hepatitis C. Relationships with serum
alanine aminotransferase values, histologic activity index,
and hepatocyte MIB-1 scores. Am J Clin Pathol 1999; 111:
811-816 [PMID: 10361518]
Beale G, Chattopadhyay D, Gray J, Stewart S, Hudson M,
Day C, Trerotoli P, Giannelli G, Manas D, Reeves H. AFP,
PIVKAII, GP3, SCCA-1 and follisatin as surveillance biomarkers for hepatocellular cancer in non-alcoholic and alcoholic fatty liver disease. BMC Cancer 2008; 8: 200 [PMID:
18638391 DOI: 10.1186/1471-2407-8-200]
Joy D, Thava VR, Scott BB. Diagnosis of fatty liver disease: is
biopsy necessary? Eur J Gastroenterol Hepatol 2003; 15: 539-543
[PMID: 12702913 DOI: 10.1097/01.meg.0000059112.41030.2e]
Sanyal AJ. AGA technical review on nonalcoholic fatty
liver disease. Gastroenterology 2002; 123: 1705-1725 [PMID:
12404245]
Wieckowska A, Zein NN, Yerian LM, Lopez AR, McCullough
AJ, Feldstein AE. In vivo assessment of liver cell apoptosis
as a novel biomarker of disease severity in nonalcoholic fatty
liver disease. Hepatology 2006; 44: 27-33 [PMID: 16799979 DOI:
10.1002/hep.21223]
Ribeiro PS, Cortez-Pinto H, Solá S, Castro RE, Ramalho RM,
Baptista A, Moura MC, Camilo ME, Rodrigues CM. Hepatocyte apoptosis, expression of death receptors, and activation
of NF-kappaB in the liver of nonalcoholic and alcoholic steatohepatitis patients. Am J Gastroenterol 2004; 99: 1708-1717
[PMID: 15330907 DOI: 10.1111/j.1572-0241.2004.40009.x]
P- Reviewer: Kucera O, Ma H, Ruan XZ S- Editor: Ma YJ
L- Editor: Rutherford A E- Editor: Ma S

WJG|www.wjgnet.com

11870

September 7, 2014|Volume 20|Issue 33|

World J Gastroenterol 2014 September 7; 20(33): 11871-11877
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i33.11871

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate the relationship between low immediate postoperative platelet count and perioperative
outcome after liver resection in patients with hepatocellular carcinoma (HCC).
METHODS: In a cohort of 565 consecutive hepatitis
B-related HCC patients who underwent major liver resection, the characteristics and clinical outcomes after
liver resection were compared between patients with
9
immediate postoperative platelet count < 100 × 10 /L
9
and patients with platelet count ≥ 100 × 10 /L. Risk
factors for postoperative hepatic insufficiency were
evaluated by multivariate analysis.
RESULTS: Patients with a low immediate postoperative
9
platelet count (< 100 × 10 /L) had more grade Ⅲ-Ⅴ
complications (20.5% vs 12.4%, P = 0.016), and higher rates of postoperative liver failure (6.8% vs 2.6%,
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P = 0.02), hepatic insufficiency (31.5% vs 21.2%, P <
0.001) and mortality (6.8% vs 0.5%, P < 0.001), com-

9
pared to patients with a platelet count ≥ 100 × 10 /L.
The alanine aminotransferase levels on postoperative
days 3 and 5, and bilirubin on postoperative days 1, 3
and 5 were higher in patients with immediate postoperative low platelet count. Multivariate analysis revealed
that immediate postoperative low platelet count, rather
than preoperative low platelet count, was a significant
independent risk factor for hepatic insufficiency.

CONCLUSION: A low immediate postoperative platelet
count is an independent risk factor for hepatic insufficiency. Platelets can mediate liver regeneration in the
cirrhotic liver.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Thrombocytopenia; Hepatic insufficiency;
Hepatocellular carcinoma; Hepatectomy; Hepatitis B
Core tip: Recent animal experiments suggested that
platelets not only have a role in hemostasis and thrombogenesis, but can also improve liver function by mediating liver regeneration. Our study found that patients
with a low immediate postoperative platelet count <
9
100 × 10 /L had more grade Ⅲ-Ⅴ complications, and
higher rates of postoperative liver failure, hepatic insufficiency and mortality. In addition, these patients had
worse liver function after liver resection, with higher
alanine aminotransferase and bilirubin and lower albumin levels. This indicated that platelets could mediate
liver regeneration in cirrhotic liver.
Wang HQ, Yang J, Yang JY, Wang WT, Yan LN. Low immediate postoperative platelet count is associated with hepatic
insufficiency after hepatectomy. World J Gastroenterol 2014;
20(33): 11871-11877 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11871.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11871
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third most common global cause
of cancer-related deaths[1]. Liver resection is performed
as ﬁrst-line treatment in almost all HCC patients[2]. With
the refinement of surgical techniques and perioperative
management in liver surgery during the last few decades,
outcomes after liver resection have improved substantially in recent years, with the operative mortality less
than 5% in high-volume centers[3]. However, liver failure
or hepatic insufficiency, which usually results in severe
outcomes, is more common after liver resection, with an
incidence ranging from 1.2% to 32%[4,5]. In Asia, about
80% of HCC cases occur in patients with cirrhosis derived from hepatitis B virus (HBV) infection[1]. Concomitant portal hypertension and thrombocytopenia usually
increase the risk of postoperative liver failure and hepatic
insufficiency[6,7]. Recent studies on animals demonstrated
that platelets had a role not only in blood coagulation[8],
but also in liver regeneration[9-12], tissue repair[13] and ischemia/reperfusion injury[14]. Several clinical studies[15-18]
have also indicated that preoperative thrombocytopenia
is a risk factor associated with postoperative complications and mortality. In addition, immediate postoperative
low platelet count has recently been proved to be associated with delayed liver function recovery after partial liver
resection for colorectal liver metastases, which indicated
that platelets play a critical role in liver regeneration after
liver resection[19]. However, the role of immediate postoperative low platelet count in underlying liver damage
derived from HBV infection has not been investigated.
Here, we report a cohort study to determine the relationship between immediate postoperative platelet count
and outcome after partial liver resection in patients with
HBV-related HCC.

MATERIALS AND METHODS
Study population
Between January 2009 and March 2013, 574 consecutive
HBV-related HCC patients who underwent major liver
resection were included in this study. All included patients
were diagnosed with HCC by histology and with HBV
infection (or a history of HBV infection). All patients underwent surgery when Child-Turcotte-Pugh (CTP) class
was A. Medical records containing patient demographics,
comorbid conditions, laboratory values, intraoperative
parameters and postoperative outcomes were obtained
from the West China Hospital of Liver Cancer Registry
Database. The protocol was approved by the West China
Hospital Ethics Committee and written informed consent was obtained from all patients before inclusion. We
excluded 9 patients due to synchronous biliary obstruction, splenectomy or platelet transfusion. This resulted in
a total of 565 patients included in the study. All patients
had major liver resection which was defined as the resection of more than three liver segments. The platelet
count was obtained immediately after surgery (usually
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upon arrival at the intensive care unit or liver department
after surgery, and referred to as the immediate postoperative platelet count), and the patients were stratified into
the Low Platelet Group (platelet count < 100 × 109/L)
and High Platelet Group (platelet count ≥ 100 × 109/L).
The aim of this study was to evaluate whether immediate
postoperative platelet count was associated with hepatic
insufficiency and mortality.
Perioperative management
All patients were managed by the same surgical team.
The patients underwent a thorough history, physical
examination and routine preoperative laboratory measurements. Routine preoperative imaging examination
to evaluate the tumor included contrast computed tomography or magnetic resonance imaging of the abdomen. Echocardiography, chest radiography or computed
tomography and pulmonary function tests were carried
out if necessary. Patients were operated on under general
anesthesia and were explored through an extended right
subcostal incision, and intraoperative ultrasonography
was used routinely. Hemihepatic vascular inﬂow occlusion[20] or the Pringle maneuver[21] was used according to
the surgeon’s preference in most patients. Liver parenchymal transection was performed using the Hooking
with ligation method[20] or an ultrasonic dissector with
coagulator. Based on preoperative and intraoperative
condition, patients were transferred to the intensive care
unit for treatment if necessary.
Deﬁnition of the parameters measured
The 50-50 criteria[22] defined as prothrombin time < 50%
and serum bilirubin level > 50 µmol/L on day 5 after
liver resection, were used to deﬁne liver failure. Based
on the 50-50 criteria, hepatic insufficiency[19] was defined as bilirubin > 50 µmol/L or prothrombin time <
50% at any time point between postoperative day 1 and
postoperative day 5. Hepatic insufficiency was used as a
surrogate marker for poor liver regeneration[19]. The liver
volume removed was calculated as follows: segment Ⅰ:
2%, segment Ⅱ: 8%, segment Ⅲ: 8%, segment Ⅳ: 17%,
segment Ⅴ: 17.5%, segment Ⅵ: 15%, segment Ⅶ: 15%,
segment Ⅷ: 17.5%. Immediate postoperative platelet
count indicated the platelet count obtained on the day of
surgery. Mortality was defined as death within 30 d after
surgery or death before discharge involving a hospital
stay of more than 30 d. The Clavien-Dindo complication
classiﬁcation system[23] was used for postoperative complication grading, and grade Ⅲ-Ⅴ complications were
defined as severe complications. Extrahepatic procedures
included all other operations, except liver resection, such
as bowel resection, adrenalectomy, diaphragm resection
and adhesion separation due to reoperation.
Statistical analysis
All statistical analyses were performed using SPSS v17
software (SPSS Inc., Chicago, IL, United States), and
statistical signiﬁcance was set at P < 0.05. Continuous
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Table 1 Patient characteristics in patients with low or high
platelet count after major liver resection n (%)
Clinical characteristics

Male
Age > 65 yr
Preoperative platelet
< 100 × 109/L
ASA grade
Ⅰ-Ⅱ
Ⅲ
Ⅳ
BMI (kg/m2), mean (SD)
Esophageal varices
Hypertension
Cardiovascular disease
Pulmonary disease
Diabetes mellitus
HBsAg
HBeAg
HBV DNA > 2000 U/mL
AST (U/L) > ULN
ALT (U/L) > ULN
Total bilirubin (µmol/L),
median (IQR)
Albumin (g/L), median
(IQR)
Hemoglobin (g/L), median
(IQR)

Low platelet
group
(n = 146)
131 (89.7)
23 (15.8)
79 (54.1)

High platelet
group
(n = 419)
353 (84.2)
51 (12.2)
28 (6.7)

Table 2 Intraoperative and postoperative parameters in
patients with low or high platelet count after major liver
resection n (%)

P value
Intraoperative parameters
0.104
0.269
< 0.001

Liver volume removed
< 35%
35%-65%
> 65%
Extrahepatic procedures
Liver resection with
Hooking with ligation
Ultrasonic dissection
Inﬂow occlusion
Anatomic resection
Blood loss (mL), mean (SD)
PRBCs transfusion
Total complication
Ⅲ-Ⅴ grade complication
Mortality
Liver failure
Hepatic insufficiency
ICU stay (d), median (IQR)
Hospital stay (d), median (IQR)

0.058
117 (80.1)
24 (16.4)
5 (3.4)
22.93 (2.80)
22 (15.1)
30 (20.5)
3 (2.1)
3 (2.1)
22 (15.1)
124 (84.9)
22 (15.1)
51 (34.9)
68 (46.6)
49 (33.6)
14.5 (10.3-18.6)

369 (88.1)
42 (10.0)
8 (1.9)
22.90 (2.83)
47 (11.2)
66 (15.8)
12 (2.9)
9 (2.1)
26 (76.2)
330 (78.8)
58 (13.8)
135 (32.2)
194 (46.3)
133 (31.7)
12.9 (9.9-18.0)

0.941
0.221
0.184
0.822
1.000
0.001
0.106
0.714
0.548
0.954
0.685
0.145

40.9 (43.1-37.6)

40.5 (37.6-43.2)

0.538

141 (129-150)

140 (127-152)

0.913

High platelet P value
group

(n = 146)

(n = 419)

61 (41.8)
38 (26.0)
47 (32.2)
33 (22.6)

215 (51.3)
91 (21.7)
113 (27.0)
90 (21.5)

35 (24.0)
111 (76.0)
60 (41.4 )
94 (64.4)
765 (1011)
58 (39.7)
63 (43.2)
30 (20.5)
10 (6.8)
10 (6.8)
46 (31.5)
0 (0-1)
14 (12-18)

103 (24.6)
316 (75.4)
191 (45.6)
293 (69.9)
583 (436)
105 (25.1)
150 (35.8)
52 (12.4)
2 (0.5)
11 (2.6)
89 (21.2)
0 (0-1)
13 (11-16)

0.140

0.777
0.883

0.347
0.214
0.036
0.001
0.114
0.016
< 0.001
0.020
0.012
0.129
0.011

PRBC: Packed red blood cell; IQR: Interquartile range; SD: Standard deviation; ICU: Intensive care unit.

BMI: Body mass index; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; SD: Standard deviation; ULN: Upper limit of normal;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ASA:
American Society of Anesthesiologists category; IQR: Interquartile range.

variables were reported as mean (SD) or median (range),
and were compared using the Student t test for continuous variables with parametric distribution, and the MannWhitney U test or Kruskal-Wallis H test for those with
nonparametric distribution. Categorical variables were
reported as numbers and percentages, and compared using Pearson’s χ 2 analysis or Fisher’s exact test. To identify
risk factors for hepatic insufficiency, only significant factors associated with hepatic insufficiency in the univariate
analysis were entered into the forward stepwise logistic
regression analysis.

RESULTS
Patient characteristics and operative details in the low
platelet group and high platelet group
In our cohort, 146 (25.8%) patients had immediate low
postoperative platelet count (platelet count < 100 × 109/L)
(Table 1), of whom 79 (54.1%) had low preoperative
platelet count. A total of 419 patients had postoperative
platelet count > 100 × 109/L immediately after surgery.
All these patients were in CTP class A when surgery was
performed. Patients in the Low Platelet Group had a
significantly increased rate of preoperative thrombocytopenia (P < 0.001) and diabetes mellitus (P = 0.001). The
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Low platelet
group

two groups had similar operative procedures (Table 2),
except that the Low Platelet Group required more packed
red blood cell transfusion (P = 0.001) because of greater
blood loss (P = 0.036). There were no significant differences between the groups regarding the other analyzed
parameters (Tables 1 and 2).
Postoperative outcomes in the low platelet group and
high platelet group
No significant differences were found in total complications between the two groups. However, compared with
the High Platelet Group, the Low Platelet Group had
more grade Ⅲ-Ⅴ complications (20.5% vs 12.4%, P =
0.016) and longer hospital stay (14 d vs 13 d, P = 0.011).
In the whole study group of 565 patients, 21 (3.7%) patients developed irreversible postoperative liver failure
and 135 (23.9%) had hepatic insufficiency. Postoperative
liver failure (6.8% vs 2.6%, P = 0.02) and hepatic insufficiency (31.5% vs 21.2%, P < 0.001) occurred more
frequently in the Low Platelet Group. Postoperative mortality within 30 d was 2.1% (12 patients). Mortality in the
Low Platelet Group was 6.8%, which was almost 14 times
higher than that in the High Platelet Group with a mortality rate of 0.5% (P < 0.001). In addition, more patients
in the Low Platelet Group had delayed recovery of liver
function. Statistically signiﬁcant differences were noted in
alanine aminotransferase (ALT) levels on postoperative
day 3 and day 5 (Figure 1), albumin level on postoperative
day 5 (Figure 2) and total bilirubin on postoperative day 1,
day 3 and day 5 (Figures 3 and 4). No significant differences were found in the other perioperative parameters.
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Figure 1 Alanine aminotransferase level in patients with low and high
immediate postoperative platelet count. aP < 0.05. ALT: Alanine aminotransferase; PLT: platelet count.
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Figure 3 Bilirubin level in patients with low and high immediate postoperative platelet count. aP < 0.05. PLT: platelet count.
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Figure 2 Albumin level in patients with low and high immediate postoperative platelet count. aP < 0.05. PLT: platelet count.

Risk factors for delayed postoperative recovery of liver
function
In order to identify the risk factors for postoperative
hepatic insufficiency, a univariate analysis of patients
with and without hepatic insufficiency was carried out.
Univariate analysis (Table 3) showed that 11 variables
were significantly associated with the occurrence of
hepatic insufficiency. Both low preoperative platelet
count and low postoperative platelet count were significant risk factors. The other 9 variables were male sex,
esophageal varices, HBsAg, aspartate aminotransferase,
ALT, total bilirubin, hemoglobin concentration, liver
volume removed, and blood loss. These significantly different variables were included in a multivariate logistic
regression model to identify whether low postoperative
platelet count was an independent risk factor for hepatic
insufficiency. The logistic regression analysis (Table 4)
indicated that male sex, low postoperative platelet count,
esophageal varices, total bilirubin, and liver volume removed were independent risk factors for hepatic insufficiency. Low platelet count remained a strong and independent risk factor for hepatic insufficiency, rather than
low preoperative platelet count.
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Day 1
Day 3
Time interval (d)

Day 5

Figure 4 Aspartate aminotransferase level in patients with low and high
immediate postoperative platelet count. AST: Aspartate aminotransferase;
PLT: platelet count.

DISCUSSION
The perioperative outcomes after liver resection such
as liver failure, hemorrhage and mortality are major
concerns in hepatobiliary surgery, especially in HCC
patients who usually have underlying liver diseases due
to HBV infection. Many preoperative and intraoperative
parameters affecting morbidity and mortality after hepatectomy have been evaluated, however, the effect of low
postoperative platelet count on postoperative morbidity
and mortality is not well known. We carried out a cohort
study of 565 HCC patients undergoing major liver resection to assess whether immediate low postoperative platelet count affected postoperative outcomes. In our study,
a low immediate postoperative platelet count was associated with liver failure, hepatic insufficiency and mortality
in univariate and multivariate analyses. This demonstrated
that low platelet count is an independent predictor of
postoperative hepatic insufficiency.
To date, several studies have evaluated the role of
platelets on morbidity and mortality. In addition, their
short-term importance and positive significance have
been confirmed. Three large high-volume studies[16-18]
indicated that preoperative thrombocytopenia was as-
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Table 3 Patient parameters in patients with or without liver dysfunction after major liver resection
Liver dysfunction (n = 135)

Parameters
Male
Age > 65 yr
Preoperative platelet < 100 × 109/L
Postoperative platelet < 100 × 109/L
BMI (kg/m2), mean (SD)
Esophageal varices
Hypertension
Cardiovascular disease
Pulmonary disease
Diabetes mellitus
ASA Ⅲ-Ⅳ
HBsAg
HBeAg
HBV DNA > 2000 U/mL
AST (U/L) > ULN
ALT (U/L) > ULN
Total bilirubin (µmol/L), median (IQR)
Hemoglobin (g/L), median (IQR)
Liver volume removed
< 35%
35%-65%
> 65%
Extrahepatic procedures
Liver resection with
Hooking with ligation
Ultrasonic dissection
Inﬂow occlusion
Anatomic resection
Blood loss (mL), mean (SD)
PRBCs transfusion
Hospital stay (d), median (IQR)

No Liver dysfunction (n = 430)

OR (95%CI)

P value

357 (83.0)
62 (14.4)
70 (16.3)
100 (23.3)
22.5 (20.9-24.5)
33 (7.7)
74 (17.2)
11 (2.6)
10 (2.3)
38 (8.8)
62 (14.4)
335 (77.9)
56 (13.0)
139 (32.3)
187 (43.5)
127 (29.5)
12.5 (9.6-17.4)
139 (127-150)

2.87 (1.42-5.79)
0.58 (0.30-1.11)
1.94 (1.23-3.07)
1.71 (1.12-2.60)
Not available
4.38 (2.60-7.37)
0.94 (0.56-1.58)
1.16 (0.36-3.71)
0.63 (0.14-2.92)
0.83 (0.4-1.70)
0.86 (0.48-1.52)
2.11 (1.19-3.73)
1.44 (0.86-2.44)
1.12 (0.74-1.68)
1.62 (1.1-2.40)
1.64 (1.10-2.50)
Not available
Not available

0.001
0.097
0.004
0.012
0.147
0.001
0.805
0.799
0.802
0.603
0.594
0.009
0.167
0.591
0.014
0.015
< 0.001
0.001
< 0.001

15 (11.1)
32 (23.7)
88 (65.2)
37 (27.4)

145 (33.7)
97 (22.6)
188 (43.7)
86 (20.0)

1 (reference)
3.19 (1.64-6.20)
4.53 (2.51-8.15)
1.51 (0.97-2.36)

38 (28.1)
97 (71.9)
54 (40.0)
98 (72.6)
770 (1049)
47 (34.8)
14 (11-19)

100 (23.3)
330 (76.7)
197 (45.8)
289 (67.2)
585 (433.0)
116 (27.0)
13 (11-16)

1.29 (0.84-2.0)
0.77 (0.5-1.20)
1.27 (0.86-1.88)
1.29 (0.84-1.98)
Not available
1.45 (0.96-2.19)
Not available

127 (94.1)
12 (8.9)
37 (27.4)
46 (34.1)
22.9 (21.2-25.0)
36 (26.7)
22 (16.3)
4 (3.0)
2 (1.5)
10 (7.4)
17 (12.6)
119 (88.1)
24 (17.8)
47 (34.8)
75 (55.6)
55 (40.7)
16.1 (11.4-20.5)
146 (131-157)

0.069
0.248

0.236
0.240
0.003
0.080
0.001

BMI: Body mass index; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; SD: Standard deviation; ULN: Upper limit of normal; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; IQR: Interquartile range.

sociated with increased mortality or morbidity. Ishizawa
et al[15] found that low platelet count was an independent
risk factor for postoperative ascites. A study by Maithel
et al[6] suggested that low preoperative platelet count may
better serve with liver resection as a modified Child score
which incorporates preoperative platelet count as a substitute for encephalopathy. However, with regard to the
long-term effects of low platelet count, only one study
has been carried out which suggested that the 3-year cumulative survival rate of HCC patients was comparable
to those without thrombocytopenia[24]. Many studies
have proved that a low preoperative platelet count was
related to portal hypertension and its resulting hypersplenism and hepatic fibrosis[2,25]. Portal hypertension is
considered a contraindication for liver resection because
it signiﬁcantly impairs liver function[2,7]. This is the reason
why preoperative thrombocytopenia is associated with
higher mortality and morbidity.
However, to our knowledge, few reports have been
published on the effect of postoperative platelet count.
Lesurtel[26] conducted a study in liver transplant patients
with thrombocytopenia and found that a platelet count <
60 × 109/L on postoperative day 5 was an independent
risk factor associated with severe complications and poor
early graft and patient survival. Alkozai et al[19] reported
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a series of 216 patients with liver resection and demonstrated that a low immediate postoperative platelet count
was an independent predictor of delayed postoperative
liver function recovery and was associated with an increased risk of postoperative mortality. The study only
included liver resection for colorectal liver metastases
with normal liver parenchyma, however, the effect of low
postoperative platelet count in HCC patients with underlying liver disease has not been studied.
The underlying mechanisms involved in the postoperative platelet count affecting postoperative liver function are not well understood. However, accumulating
evidence from experimental and clinical studies indicated
that platelets do not only have a role in hemostasis and
thrombogenesis, but can also improve liver function by
mediating liver regeneration[9]. Recent animal experiments
suggested that platelets, or rather platelet-derived serotonin, contribute to cell cycle progression and metabolic
pathways to prevent acute liver failure[9,11-13]. Other studies
also proved that thrombopoietin[11] or platelets infused via
the portal vein[10] can stimulate regeneration after hepatectomy in rats. This phenomenon in animal experiments
was also confirmed in clinical practice. A retrospective
study showed that transfused platelets were signiﬁcantly
associated with graft regeneration in liver donors[27].
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Table 4 Multivariate analysis of independent risk factor for
hepatic insufficiency
Variables
Male
Postoperative platelet
< 100 × 109/L
Esophageal varices
Total bilirubin
Liver volume removed
(%)
35%-65%
> 65%

P value

Regression
coefﬁcient (β)

OR (95%CI)

-0.993
0.597

0.393 (0.179-0.864)
1.816 (1.138-2.899)

0.020
0.012

1.446
0.072

4.244 (2.405-7.491)
1.075 (1.042-1.108)
1 (Ref)

< 0.001
< 0.001

1.185
1.704

3.271 (1.601-6.683)
0.001
5.498 (2.908-10.394) < 0.001

The role of platelets in the promotion of liver regeneration has been clinically confirmed in patients undergoing liver resection for colorectal liver metastases[19].
In Asia, in contrast to the liver with metastatic tumors,
the liver with HCC usually has cirrhosis or fibrosis and
secondary hypersplenism due to HBV infection. There
is not only the well-known feature of thrombocytopenia,
but also decreased platelet function in chronic HBV liver
diseases and cirrhosis[8]. It is not known whether postoperative thrombocytopenia also has an effect on liver function recovery after liver resection for HBV-related HCC.
Therefore, in the present study, we selected low immediate postoperative platelet count instead of preoperative
platelet count as the criterion for thrombocytopenia, as
platelet count usually changes due to intraoperative blood
loss or platelet transfusion. In addition, preoperative
platelet count appeared to be a surrogate for the preoperative severity of a patient’s liver disease[26]. In our study,
low immediate postoperative platelet count was associated with a greater likelihood of liver failure, hepatic insufficiency and mortality. Compared with patients with a
high platelet count, the mortality rate was almost 14 times
higher in patients with a low postoperative platelet count,
and the rate of liver failure was 2.6 times higher. As there
were a few cases involved, independent risk factors for
liver failure and mortality were not analyzed by multivariate analysis. For hepatic insufficiency, multivariate analysis
showed that liver volume removed was the strongest independent risk factor, followed by esophageal varices and
platelet count. This differed from a previous study which
found that low immediate postoperative platelet count
was the strongest independent risk factor. A possible
reasons for this difference was that patients in our study
also had esophageal varices and underwent major liver
resection. Portal hypertension (represented by esophageal
varices) and major liver resection mainly contribute to
hepatic insufficiency[5].
Our findings are instructive for surgeons to ensure
that they take positive measures to increase platelet
count to prevent hepatic insufficiency. These treatments
should include platelet transfusion and administration of
thrombopoietin and serotonin. One study[11] showed that
administration of thrombopoietin reduces liver ﬁbrosis
and stimulates regeneration in the cirrhotic liver. This is
suitable for HCC patients as most have different degrees
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of liver fibrosis which has a strong impact on morbidity.
However, further research is needed before this treatment
can be considered for use in the clinic.
Our study has several limitations mainly due to the
retrospective analysis. It is important to point out that
some of the patients in our study were highly selected
for surgical safety. Secondly, the immediate postoperative
platelet count may not be exact as it may have been affected by hemodilution or hemoconcentration after surgery. In addition, increased consumption of circulating
platelets occurred due to subsequent bleeding and hemostasis after surgery. This was different in each patient and
was not considered in our study.
In conclusion, our study found that a low immediate
postoperative platelet count was associated with postoperative hepatic insufficiency, liver failure and mortality. A
low immediate postoperative platelet count is an independent risk factor for hepatic insufficiency. These ﬁndings
indicated that platelets can mediate liver regeneration in
the cirrhotic liver.
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ﬁrst-line treatment in patients with HCC. However, postoperative liver failure
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Recent animal experiments suggested that platelets not only have a role in
hemostasis and thrombogenesis, but can also improve liver function by mediating liver regeneration. Liver regeneration after liver resection can supply
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A low immediate postoperative platelet count was an independent risk factor for
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treatment period) vs those on placebo. Furthermore,
subjects on the probiotic combination had significantly
higher faecal counts of L. acidophilus ATCC 700396
and B. lactis at Day 15 (end of probiotic treatment) vs
those on placebo. Lactobacillus counts remained stable
in the probiotic group over the course of the study,
while Clostridium XIV group was higher at the end of
the study and closer to baseline levels; this in contrast
to the placebo group. Beta-lactam resistance in creased
after antibiotic exposure and was not different between
both treatment groups. Gastrointestinal symptoms were
generally mild and did not differ between the treatment groups, which correlates with the generally small
changes in the microbiota.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To study the effect of probiotic consumption on the
faecal microbiota during and after antibiotic exposure.
METHODS: A randomized, double-blind, placebo-controlled, parallel group study with a two species probiotic
combination [Lactobacillus acidophilus (L. acidophilus )
ATCC 700396 and Bifidobacterium lactis (B. lactis ) ATCC
SD5220] on healthy adults during and after antibiotic
treatment (amoxicillin 875 and 125 mg clavulanate).
The dominant faecal microbiota was studied by real
time-polymerase chain reaction to determine if this probiotic preparation could facilitate restoring the microbiota to its pre-antibiotic state and influence the prevalence
of beta-lactam resistance. Gastrointestinal symptoms
were recorded by questionnaire and Bristol stool scale.
RESULTS: Subjects on the probiotic combination had
significantly higher faecal counts of L. acidophilus
ATCC 700396 and B. lactis at day 8 (end of antibiotic
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CONCLUSION: Consumption of the probiotic combination mainly leads to an increase in the faecal levels of
the species included in the preparation.

Key words: Probiotic; Antibiotic treatment; Amoxicillin/
clavulanate; Microbiota; Beta-lactamases; Lactobacillus
acidophilus ; Bifidobacterium lactis
Core tip: The influence of a probiotic combination on
the stability of the intestinal microbiota was studied using molecular techniques. Most published studies have
relied on culturing or have only looked at symptomology. Furthermore, this was studied in a antibiotic challenge setting to limit variability.
Forssten S, Evans M, Wilson D, Ouwehand AC. Influence of
a probiotic mixture on antibiotic induced microbiota disturbances. World J Gastroenterol 2014; 20(33): 11878-11885
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i33/11878.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i33.11878

11878

September 7, 2014|Volume 20|Issue 33|

Forssten S et al . Probiotics and antibiotic induced microbiota disturbances

INTRODUCTION
Although the antimicrobial properties of antibiotics have
provided great medical benefits, they may also affect the
composition and activity of, in particular, the intestinal
microbiota. This disturbance in the balance and diversity
of the composition of the normal intestinal microbiota
has been identified as the major factor involved in the
pathogenesis of antibiotic associated diarrhoea (AAD)[1].
The magnitude of these changes is influenced by the
dose, type and duration of antibiotic use, along with the
capability of the intestinal microbiota to resist colonization changes.
Treatment possibilities for AAD are limited, but probiotics have been suggested as a potential way to counteract the potential negative effects of antibiotics. The Food
and Agricultural Organization of the United Nations
and World Health Organization have defined probiotics as “live microorganisms which when administered in
adequate amounts confer a health benefit on the host”[2].
Various strains of probiotics have been shown to protect
against bacterial and viral enteropathogens by producing
inhibitory antimicrobial substances such as organic acids,
hydrogen peroxide and bacteriocins, and demonstrating competitive inhibition for bacterial adhesion sites on
intestinal epithelial surfaces[3]. Such properties may make
probiotics good candidates for stabilizing the intestinal
microbiota during antibiotic challenge. Selected probiotic preparations have been shown to reduce antibiotic
induced microbiota disturbances[4]. Furthermore, many
strains of probiotics have also been found to reduce the
incidence of AAD; a recent meta-analysis concluded that
probiotics are associated with a reduced risk for AAD[5].
The primary objective of the present study was to
investigate the effect of a specific combination of probiotic strains on the incidence of antibiotic induced microbiota disturbances. The secondary objectives were to
investigate the influence of probiotics on quality of life
and stool consistency during and following antibiotic use.

MATERIALS AND METHODS
The study was reviewed and approved by the Therapeutic Products Directorate, in consultation with the Natural Health Products Directorate, Health Canada, and Institutional Review Board Services (Aurora, ON, Canada),
and conducted in accordance with the Declaration of
Helsinki.
Study design
The study was triple-blind, randomized, placebo controlled with two parallel study groups. Participants were
stratified by gender at a ratio of 1:1. After successful
screening, all volunteers received amoxicillin and clavulanate daily from day 1 to 7 and were randomly allocated to
receive either probiotic or placebo daily from day 1 to 14,
where after the volunteers had a 7 d follow up period.
For the study, 111 participants were screened; 80 were
enrolled (Figure 1). The inclusion criteria were male or
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female aged 18 to 50 years; if female, either not of child
bearing potential or using a medically approved method
of birth control; body mass index 18.0: 29.9 kg/m²;
healthy as determined by laboratory results, medical history and physical exam; agreed not to change current dietary habits (with the exception of avoiding pro- and prebiotics) and activity/training levels during the course of
the study; gave voluntary, written, informed consent to
participate in the study. Exclusion criteria were - women
who were pregnant, breastfeeding, or planning to become
pregnant during the course of the trial; body mass index
≥ 30 kg/m²; average number of formed bowel movements > 3 per day or < 3 per week; smokers (ex-smokers
must have quit at least 3 mo prior); participation in a
clinical research trial within 30 d prior to randomization;
use of antibiotics within 60 d prior to randomization; habitual use of pro- and/or prebiotic products; followed a
vegetarian or vegan diet; unstable medical conditions; history of chronic gastrointestinal disorders; alcohol use > 2
standard alcoholic drinks per day and/or alcohol or drug
abuse within past year; allergy or sensitivity to test product ingredients or antibiotic (amoxicillin and clavulanate),
allergy to any penicillin antibiotic or cephalosporin antibiotic; individuals who were cognitively impaired and/or
unable to give informed consent; any other condition
which, in the investigator’s opinion, may adversely affect
the subject’s ability to complete the study or its measures
or which may pose significant risk to the subject.
Study products
The study products consisted of 12.5 × 109 CFU/d Lactobacillus acidophilus (L. acidophilus) ATCC 700396 and 12.5
× 109 CFU/d Bifidobacterium animalis (B. animalis) ssp. lactis
ATCC SD5220 (Danisco USA, Madison, WI, United
States) in a hypromellose capsule. Maltodextrin was used
as an excipient. The placebo consisted of the same capsule with only maltodextrin. At the end of the study, viable counts were determined and found to have deviated
less than 10% from the target count.
The antibiotic used was Augmentin (Apotex, Toronto,
Canada); 875 mg amoxicillin and 125 mg clavulanate.
Compliance
Compliance was assessed by counting the returned study
product and antibiotic at each visit. Compliance was calculated as a percentage by determining the number of
dosage units consumed divided by the number expected
to have been taken multiplied by 100%. In the event of a
discrepancy between the information in the subject diary
and the amount of study product returned, calculations
were based on the product returned unless an explanation for loss of product was provided. Participants found
to have a compliance of < 80% or > 120% at any visit
were counselled. A compliance of < 70% or > 130%
was considered as non-compliant and any subject demonstrating non-compliance for two consecutive visits was
to be withdrawn from the study. Compliance rates over
100% were explained by a visit later then intended and
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n = 111
Subjects screened

n = 31
Screening failures
Reasons:
Did not meet inclusion criteria (n = 9)
Meet exclusion criteria (n = 11)
Lost to follow-up (n = 1)
Enrollment filled/closed (n = 10)

n = 40
Assigned to Probiotic

n = 40
Assigned to placebo
Baseline

n = 4 withdrawn

n = 1 withdrawn

Reasons:
Subject relocated (n = 1)
Unable to commit to time requirements (n = 1)
Adverse event (n = 1)
Lost to follow-up (n = 1)
n = 1 (Lost follow up)

Reasons:
Subject relocated (n = 1)

Visit 3 day 8 ± 1

n = 1 withdrawn
n = 0 withdrawn

Reasons:
Lost to follow-up (n = 1)

Visit 4 day 15 ± 1

n = 0 withdrawn

n = 0 withdrawn

Visit 5 day 22 ± 1
Subjects completing all
study visits: n = 36

Subjects completing all
study visits: n = 38

Number of subjects included in analysis: n = 80

Figure 1 CONSORT patient flow diagram.

additional consumption of study product.
Outcomes
The primary objective was to evaluate the maintenance
of the intestinal microbiota composition during antibiotic (amoxicillin and clavulanate) treatment by quantitative real-time polymerase chain reaction (qPCR). To this
end, the following commensal and potential pathogenic
microbial groups were analysed from the faecal samples:
Lactobacillus spp.[6], L. acidophilus ATCC 700396[7], Bifidobacterium[8], B. lactis[9,10], Bacteroides[11], C. difficile[6], Clostridium
cluster XIV[12] and Enterobacteriaceae[13] by qPCR; using a

WJG|www.wjgnet.com

ABI 7500 FAST sequencing detection system (Applied
Biosystems Foster City, United States). Ten-fold dilution
series (10 pg and 1 ng) of DNA from the standard strains
were used for the standard curves. For the determination
of DNA, triplicates of each sample were run, and the
mean quantity per gram faecal wet weight was calculated.
The total bacterial count was analyzed by flow cytometry
as described previously[14].
Prevalence of antibiotic resistance caused by the
extended-spectrum beta-lactamases (ESBL) was analyzed
by a PCR and hybridisation combined method using a
commercial Multiplex ESBL kit (BIORON Diagnostics

11880

September 7, 2014|Volume 20|Issue 33|

Forssten S et al . Probiotics and antibiotic induced microbiota disturbances

112 randomizations were provided (56 males and 56 females), to account for additional recruitment, lost bottles,
etc. The unique randomization numbers (112) were created using randomizer.org for each test product and divided over 28 blocks of 4.

Table 1 Demographic description of the enrolled volunteers
n (%)
Probiotic (n = 40) Placebo (n = 40)
Female
Male
Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m²)
Hispani or Latino
African American
White
Other
Alcohol use
None
Occasionally
Weekly
Ex-smoker
n

20 (50)
20 (50)
33.7 ± 9.4
72.5 ± 12.9
171.2 ± 8.7
24.7 ± 3.5
4 (10)
3 (7)
29 (73)
4 (10)

20 (50)
20 (50)
30.9 ± 10.3
71.5 ± 12.1
170.5 ± 10.3
24.5 ± 2.7
6 (16)
1 (2)
32 (80)
1 (2)

8 (20)
28 (70)
4 (10)
2 (5)
38 (95)

14 (35)
15 (38)
11 (28)
4 (10)
36 (90)

P value

Statistical analysis
Data was analyzed on the basis of intention-to-treat.
Frequency counts and proportions were used to describe categorical variables. Subject demographics were
compared between groups using unpaired Student t test,
Fisher exact test or χ 2 test as appropriate. For outcomes
with continuous variables, comparisons of changes over
time were analyzed by paired Student t test of Wilcoxon
signed-rank test. Differences between treatments were
analyzed by unpaired t test or Mann-Whitney U test.

0.164
0.706
0.766
0.743

0.013

RESULTS

BMI: Body mass index.

GmbH, Ludwigshafen, Germany). This kit detects a selection of potentially ESBL-positive bacteria by detecting
all variants of the genes blaTEM, blaSHV, blaCTX-M and relevant ESBL phenotypic variants of blaOXA.
Secondary outcomes consisted of Gastrointestinal
Symptom Rating Scale (GSRS), bowel habit scores; frequency and consistency (Bristol Stool scale) and adverse
events. The GSRS is a disease-specific questionnaire of 15
items combined into five symptom clusters depicting reflux, abdominal pain, indigestion, diarrhoea and constipation; with a scale from 1 to 7 for no to serious symptoms.
The GSRS is well-documented[15] and norm values for a
general population have been established[16]. Bowel habits
were scored on a diary; for number of bowel movements,
straining to start defecation, straining to stop defecation,
feeling of incomplete defecation and use of laxatives. Finally, stool form was scored according to the Bristol Stool
scale which describes and depicts the form of the faeces
on a 7 point scale, from hard (1) to watery (7)[17].
Adverse events, especially those for which the relationship to investigational product was suspected, were
to be recorded and followed up on until they returned to
baseline status or stabilized. In the rare event of microbial overgrowth with subject displaying the symptoms of
a bacterial infection, the study physician was instructed to
prescribe an antibiotic to which the strains were known
to be susceptible.
Sample size
A per group sample size of 40 participants was required
to detected a clinically significant difference of 10% at
80% power, α = 0.05 (2-sided), 15% difference in statistical methods, allowing for a 20% attrition rate[18].
Randomization
A randomization schedule was created by the manufacturer. Participants were stratified by gender. A total of
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Study participants and demographics
Subject demographics and characteristics were similar for
both treatment groups, with the exception of alcohol use
(P = 0.013), where the probiotic group tended to have
more occasional drinkers (Table 1). Two participants in
the placebo group and four participants in the probiotic
group did not complete the study (Figure 1).
Compliance
Compliance of antibiotics use was greater than 99%
(standard deviation 2.7%) in both treatment groups.
Compliance of probiotic/placebo use was greater than
100% (standard deviation 5.5% for the first week and
9.4% for the second week).
Microbiota composition
At baseline, no differences were detected between the
two groups for any of the tested microbial taxa (Table 2).
Subjects randomized to receive probiotics had increased faecal counts of L. acidophilus ATCC 700396 at
the end of antibiotic treatment period and at the end
of study product treatment period compared to those
receiving placebo (Table 2). When comparing between
groups, the probiotic group had significantly higher levels
of B. lactis and L. acidophilus ATCC 700396 than the placebo group as long as the study products were consumed.
Lactobacillus levels were not affected by the antibiotic in
the probiotic group; this in contrast to the placebo group.
Furthermore, the B. lactis levels were restored to base line
after completing probiotic consumption. In the placebo
group, B. lactis levels were still not restored to baseline at
the end of the study (Table 2).
Within groups, after one week of antibiotic and probiotic or placebo consumption, total bacterial counts
and Clostridium cluster XIV counts both decreased from
baseline. On the other hand, Enterobacteriaceae were significantly increased in both groups (P < 0.001). In the
placebo group, Lactobacillus spp. levels and B. lactis levels
were reduced compared to baseline, while in the probiotic
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Table 2 Bacterial counts
Probiotic
Total bacteria
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Lactobacillus
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Lactobacillus acidophilus ATCC 700396
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Bifidobacterium
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Bifidobacterium lactis
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Bacteroides
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Enterobacteriaceae
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Clostridium difficile
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up
Clostridium group XIV
Baseline
End of antibiotic + probiotic/placebo
End of probiotic/placebo
End of follow-up

P value (within group)

P value

Placebo

Within group

Between group

10.89 ± 0.22
10.58 ± 0.43
10.75 ± 0.30
10.87 ± 0.24

< 0.001
0.003
0.527

10.81 ± 0.23
10.49 ± 0.38
10.77 ± 0.26
10.79 ± 0.31

< 0.001
0.399
0.568

0.067
0.177
0.735
0.221

7.40 ± 0.79
7.13 ± 0.88
7.42 ± 0.77
7.16 ± 1.50

0.104
0.944
0.375

7.42 ± 1.56
6.91 ± 1.45
7.07 ± 1.38
6.96 ± 1.87

0.032
0.030
0.149

0.391
0.642
0.331
0.851

1.27 ± 2.20
2.39 ± 2.98
2.15 ± 2.79
1.60 ± 2.51

0.052
0.245
0.286

0.93 ± 1.73
1.21 ± 2.07
0.79 ± 1.54
2.13 ± 2.74

0.407
0.933
0.021

0.446
0.035
0.011
0.498

8.62 ± 1.60
8.20 ± 1.08
8.72 ± 0.79
8.52 ± 1.60

0.016
0.759
0.466

7.97 ± 1.99
7.83 ± 1.78
8.01 ± 2.13
8.12 ± 1.57

0.350
0.805
0.422

0.087
0.642
0.142
0.236

8.81 ± 0.50
8.41 ± 1.48
8.79 ± 0.63
8.67 ± 0.49

0.054
0.904
0.206

8.82 ± 0.69
8.20 ± 0.64
8.42 ± 0.67
8.49 ± 0.74

< 0.001
< 0.001
< 0.001

0.914
0.008
0.013
0.185

9.14 ± 0.56
9.06 ± 0.87
8.98 ± 0.69
9.14 ± 0.63

0.981
0.050
0.972

8.97 ± 0.48
9.00 ± 0.61
8.85 ± 0.63
8.91 ± 0.54

0.629
0.194
0.479

0.161
0.345
0.429
0.079

6.92 ± 0.83
7.80 ± 1.16
6.88 ± 0.73
6.89 ± 0.55

< 0.001
0.944
0.956

6.74 ± 1.33
7.68 ± 1.07
6.87 ± 0.72
6.75 ± 1.33

< 0.001
0.732
0.553

0.734
0.531
0.947
0.770

2.85 ± 1.44
3.42 ± 2.30
3.13 ± 1.42
3.08 ± 1.44

0.283
0.566
0.712

2.90 ± 1.29
2.95 ± 2.54
2.56 ± 1.76
2.91 ± 1.68

0.632
0.126
0.475

0.563
0.281
0.077
0.935

10.04 ± 0.24
9.36 ± 0.72
9.85 ± 0.32
9.94 ± 0.25

< 0.001
< 0.001
0.046

9.92 ± 0.39
9.36 ± 0.45
9.74 ± 0.37
9.75 ± 0.36

< 0.001
0.004
0.006

0.073
0.582
0.146
0.011

Bacterial counts (log10 counts/g wet weight) at baseline (day 1), after 1 wk treatment period with antibiotic + probiotic or placebo (day 8), after 1 wk of
supplementation with probiotic or placebo only (day 15) and after 1 wk follow-up period (day 22). Data are expressed as mean ± SD.

group, Bifidobacterium spp. levels were decreased. The level
of L. acidophilus ATCC 700396 was increased compared
to baseline (Table 2).
After the additional week on probiotic or placebo,
without antibiotics, Clostridium cluster XIV levels remained significantly reduced in both groups when
compared to baseline. In the placebo group, Lactobacillus
levels and B. lactis levels remained below baseline. In the
probiotic group, Lactobacillus levels and B. lactis levels were
restored to base-line but total bacterial numbers remained
and Bacteroides remained below baseline (Table 2).
After follow up, which was the last week of the study
where volunteers did not receive either probiotic or pla-
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cebo. Clostridium cluster XIV levels remained reduced in
both groups when compared to baseline. In the placebo
group, levels of L. acidophilus ATCC 700396 increased to
above baseline levels while B. lactis remained below baseline (Table 2).
Prevalence of antibiotic resistance
One subject within each group had a positive baseline
sample for beta-lactam resistance. After antibiotic treatment, 16 participants in the probiotic group and 14
participants in the placebo group showed a positive signal for beta-lactam resistance (P = 0.924). None of the
samples were positive for ESBL production.

11882

September 7, 2014|Volume 20|Issue 33|

Forssten S et al . Probiotics and antibiotic induced microbiota disturbances
Table 3 Gastrointestinal Symptom Rating Scale scores for the study participants
Probiotic

Placebo

(n = 40)

P value

(n = 40)

(within group)
Stomach ache or pain

Nausea

Rumbling in stomach

Bloated

Flatulus

Diarrhea

Loose stools

Bowel movement

Acid reflux

Constipation

Overal GSRS

Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study
Baseline
End of antibiotic
End of treatment
End of study

1.10 ± 0.38
1.82 ± 1.32
1.48 ± 1.22
1.38 ± 0.98
1.00 ± 0.00
1.50 ± 1.26
1.27 ± 0.93
1.12 ± 0.79
1.55 ± 0.75
1.95 ± 1.34
1.73 ± 1.26
1.50 ± 0.93
1.25 ± 0.44
1.85 ± 1.48
1.50 ± 0.96
1.50 ± 0.88
1.57 ± 0.81
2.00 ± 1.36
1.70 ± 1.30
1.52 ± 1.13
1.18 ± 0.55
1.92 ± 1.53
1.45 ± 1.28
1.35 ± 1.05
1.25 ± 0.63
1.70 ± 1.07
1.48 ± 0.99
1.25 ± 0.44
1.25 ± 0.67
1.73 ± 1.20
1.52 ± 1.13
1.38 ± 1.10
1.55 ± 0.71
1.60 ± 0.90
1.52 ± 0.72
1.27 ± 0.60
1.27 ± 0.51
1.52 ± 1.15
1.42 ± 1.11
1.60 ± 1.24
1.272 ± 0.280
1.60 ± 0.76
1.45 ± 0.79
1.36 ± 0.70

0.0021
0.1031
0.1311
0.0221
0.0541
> 0.9991
0.0381
0.5651
0.3881
0.0101
0.1971
0.0961
0.0291
> 0.9991
0.2911
0.0011
0.2601
0.3891
0.0021
0.2411
0.8241
0.0321
0.2081
0.7171
0.8051
0.8941
0.0341
0.2661
0.8221
0.1081
< 0.0011
0.5091
0.7401

1.32 ± 0.73
1.80 ± 1.26
1.45 ± 1.01
1.48 ± 1.15
1.23 ± 0.66
1.60 ± 1.15
1.15 ± 0.36
1.15 ± 0.53
1.50 ± 0.75
1.80 ± 1.36
1.42 ± 0.87
1.35 ± 0.77
1.30 ± 0.76
1.32 ± 0.76
1.32 ± 0.80
1.40 ± 1.08
1.52 ± 0.78
1.62 ± 0.98
1.45 ± 0.99
1.45 ± 0.85
1.20 ± 0.79
1.73 ± 1.26
1.20 ± 0.61
1.15 ± 0.70
1.25 ± 0.71
1.48 ± 0.75
1.20 ± 0.46
1.27 ± 0.75
1.40 ± 0.84
1.73 ± 1.06
1.35 ± 0.77
1.32 ± 0.86
1.55 ± 0.64
1.55 ± 0.81
1.35 ± 0.66
1.35 ± 0.66
1.25 ± 0.59
1.65 ± 1.25
1.30 ± 0.76
1.65 ± 1.25
1.322 ± 0.319
1.54 ± 0.58
1.28 ± 0.33
1.32 ± 0.57

P value
Within group

Within group

0.0321
0.6321
0.6711
0.0881
0.6081
0.6081
0.1871
0.4881
0.1791
0.9361
> 0.9991
0.7191
0.8571
0.3311
0.4921
0.0501
> 0.9991
0.8921
0.1091
0.7841
> 0.9991
0.1161
0.8131
0.5651
0.9601
0.1291
0.1621
0.0071
0.8571
0.0341
0.0071
0.1921
0.2641

0.1011
0.9911
0.8291
0.7411
0.0221
0.3601
0.8281
0.1871
0.7431
0.2341
0.2781
0.2671
0.5471
0.0711
0.2421
0.2961
0.8341
0.2391
0.3031
0.6891
0.5121
0.6141
0.6701
0.0941
0.7931
0.4921
0.3221
0.5031
0.2911
0.7391
0.7121
0.8161
0.8501
0.8901
0.2101
0.4961
0.5171
0.6251
0.6051
0.7081
0.4441
0.9691
0.4811
0.8641

Data are expressed as mean ± SD. 1After a P value indicates that it was obtained from a non-parametric test, such as the Wilcoxon or Mann-Whitney U test.
This is done whenever the values being summarized are significantly non-normally distributed, as assessed by the Anderson-Darling test. GSRS: Gastrointestinal Symptom Rating Scale.

GSRS
In general, GSRS scores were low; 2 or less; i.e., no or
slight discomfort. Nausea was reported more in the placebo group at baseline compared to the probiotic group
(Table 3). No other differences were reported between
groups at baseline.
Following antibiotic consumption, both groups reported increased stomach ache or pain, nausea and diarrhoea; the numbers were similar between the groups and
normalized in the following weeks (Table 3). Though not
significantly different between the groups, the probiotic
group reported a reduction in acid reflux after the follow
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up week (Table 3). On the other hand, participants in the
placebo group reported more constipation after the antibiotic and placebo week (P = 0.007) and after the follow
up week (P = 0.034).
Over all, total GSRS scores were different for both
groups only after the week with antibiotics; probiotic (P
< 0.001) and placebo (P = 0.007) group. There was no
difference between groups for the overall GSRS score at
any of the assessed time points.
Bowel habits
Although volunteers in the probiotic group had a sig-
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nificant increase in bowel movements after antibiotic administration (P = 0.032) this was not different from the
placebo group.
Bristol stool scale
Subjects in both groups reported increased Bristol stool
scale values with the highest stool scale value on day three
of the antibiotic period. The probiotic group tended to
have somewhat looser stools then the placebo group.
Adverse events
A total of 59 adverse events were reported during the
study by 35 participants. All adverse events resolved before the end of study. There was no significant difference
in the number of participants reporting any adverse event
between treatment groups; 16 in the probiotic group and
19 in the placebo group. In the probiotic group, one subject withdrew during the antibiotic supplementation period due to upset stomach (Figure 1). No serious adverse
events were reported during the study.

DISCUSSION
Antibiotics have brought great benefits to medical practice. However, their antimicrobial activities affect not just
the targeted pathogen, but also the endogenous microbiota of the host. This disturbance in microbiota composition and activity is considered to be one of the reasons
for AAD[1,19]. Most studies on AAD and probiotics use
patients as their study population. However, the use of
patients introduces variability as the participants have different underlying diseases and usually get prescribed various antibiotics for various lengths of time and at different doses. When studying the effect of antibiotics on the
intestinal microbiota and how probiotics may influence
this, patients are not usually able to provide a baseline
sample. The design of the current study, using healthy
volunteers that took the same antibiotic for the same
length of time, allowed the baseline to be established and
eliminated variation that may have resulted from differing
lengths and doses of antibiotic usage. The study design
does, however, not allow for conclusions on other antibiotic regimens and/or probiotic preparations. A similar
study set up indicated that a combination of five probiotic strains was able to maintain the overall intestinal
microbiota composition[4]. However, the study did not
investigate specific microbial groups and the consumed
probiotic strains by molecular methods, as was done in
the present study.
The antibiotic induced limited changes in the faecal microbiota. The changes that were observed, were
small and although statistically significant, the biological relevance may be limited. Total bacterial numbers
(by faecal wet weight) were reduced in both treatment
groups, which can be explained by the looser stools that
were produced. The reduction in lactobacilli in the placebo group was not observed in the probiotic group and
may be explained by the consumption of the probiotic
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that contained a Lactobacillus and may suggest a stabilisation of the faecal Lactobacillus levels by the probiotic.
Likewise, levels of L. acidophilus ATCC 700396 and B.
lactis were higher or more stable in the probiotic group;
which was also likely related to the consumption of these
strains/species. The apparent increase in L. acidophilus
ATCC 700396 levels in the placebo group at the end of
the follow up period can be explained by the inadvertent
consumption of probiotic products by some volunteers.
Enterobacteriaceae were increased in both groups after the
antibiotic consumption and this was not influenced by
the consumption of probiotics. C. difficile was not influenced by either the antibiotic or the probiotic, which
was contrary to earlier observations where L. acidophilus
ATCC 700396, together with L. rhamnosus HN001 was
able to reduce the level and number of participants carrying C. difficile[6].
Only broad-spectrum beta-lactamases could be detected; mainly after the antibiotic exposure, and there
was no difference in prevalence between the two groups.
Thus, the probiotics did not influence the emergence of
beta-lactamase in the microbiota. None of the analyzed
samples were positive for ESBL. The participants within
this study were healthy adults, and since ESBLs are mostly prevalent in nosocomial settings[20], this may explain the
absence of ESBLs.
The limited disturbance of the faecal microbiota correlates well with the limited gastrointestinal complaints
reported by the volunteers. While a significant increase
in various symptoms was reported; these did not exceed
a level of slight discomfort; Bristol stool scale values remained in the normal range and the number of passed
stools did not reach the level defined for diarrhoea which
is 3 or more loose stools per day. The general mild symptoms could be explained by a relatively short exposure
and low dose of antibiotics.
In conclusion, consumption of amoxicillin and clavulanate by healthy volunteers caused only minimal microbiota disturbances. Probiotic consumption lead only to
small increased faecal levels of the consumed genera and
species.
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Background

Antibiotics have the potential to disturb the intestinal microbiota. This disturbance is one of the causes of antibiotic associated diarrhea (AAD). Probiotics
have been shown to reduce the risk of AAD. The mechanism is thought to be
by stabilisation of the microbiota, but this has been little investigated.
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Studying antibiotic induced changes in the faecal microbiota composition have
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been investigated only to a limited extent with molecular techniques as has the
effect of probiotics on the microbiota.

Innovations and breakthroughs

To study the effect of probiotics on antibiotic induced changes in the faecal
microbiota, a challenge model was used where healthy volunteers under
defined conditions were exposed to antibiotics and probiotics or placebo in a
randomised and blinded study set up.

Applications

Probiotics have been documented to reduce the risk for AAD. However, contrary to the common perception, the tested antibiotic (amoxicillin-clavulanate)
appeared to cause only limited disturbance of the intestinal microbiota and
hence the effect of probiotics on this was limited. Probiotics may therefore work
through a different mechanism on AAD. The administered species are found to
be increased in the faeces.
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9

10

Terminology

Probiotic: live microorganisms which when administered in adequate amounts
confer a health benefit on the host. Microbiota: the microflora (and microfauna)
in an ecosystem (usually an animal host or a single part of its body, such as
intestines, mouth, vagina, etc.). Antibiotic associated diarrhoea results from an
imbalance in the colonic microbiota caused by antibiotic therapy causing an osmotic diarrhea or allowing the overgrowth of potentially pathogenic organisms.

Peer review

It may be worth to be published because of all the uncertainties around the
use of probiotics to prevent gastrointestinal disorders related to antibiotic
treatments.
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Abstract
AIM: To assess the efficacy and tolerability of S-1-based

vs non-S-1-based chemotherapy in advanced gastric
cancer (AGC).

METHODS: We extracted reported endpoints, including overall survival (OS), progression-free survival (PFS),
time-to-treatment failure (TTF), objective response rate
(ORR) and adverse effects, from randomized controlled
trials identified in PubMed, the Cochrane library, Science Direct, EMBASE and American Society of Clinical
Oncology meetings. Stata software was used to calculate the pooled values.
RESULTS: Seven randomized controlled trials involving 2176 patients were included in this meta-analysis.
Compared to non-S-1-based regimens, the use of S-1based regimens were associated with an increase
in ORR (RR = 1.300; 95%CI: 1.028-1.645); OS (HR
= 0.89; 95%CI: 0.81-0.99; P = 0.025), TTF (HR =
0.83; 95%CI: 0.75-0.92; P = 0.000), and a lower risk
of febrile neutropenia (RR = 0.225; P = 0.000) and
stomatitis (RR = 0.230; P = 0.032). OS, PFS and TTF
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were prolonged, especially in the Asian population. In
subgroup analysis, statistically significant increases in
ORR (RR = 1.454; P = 0.029), OS (HR = 0.895; P =
0.041) and TTF (HR = 0.832; P = 0.000) were found
when S-1-based chemotherapy was compared to 5-fluorouracil (5-FU)-based chemotherapy. The incidence
of leukopenia (RR = 0.584; P = 0.002) and stomatitis
(RR = 0.230; P = 0.032) was higher in the 5-FU-based
arm. S-1-based regimens had no advantage in ORR,
OS, PFS, TTF and grade 3 or 4 adverse events over
capecitabine-based regimens.

Key words: S-1; Advanced gastric cancer; Chemotherapy; First line treatment; Meta-analysis
Core tip: This meta-analysis aimed to assess the efficacy and tolerability of S-1-based vs non-S-1-based
chemotherapy in advanced gastric cancer (AGC).
Compared to non-S-1-based regimens, the use of S-1based regimens were associated with an increase in
the objective response rate, overall survival, time-totreatment failure, and a lower risk of grade 3 or 4 adverse events. S-1-based chemotherapy may be a good
choice for AGC, at least in Asia because of longer survival times, better tolerance and more convenient use.
Yang J, Zhou Y, Min K, Yao Q, Xu CN. S-1-based vs non-S1-based chemotherapy in advanced gastric cancer: A metaanalysis. World J Gastroenterol 2014; 20(33): 11886-11893
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i33/11886.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i33.11886
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INTRODUCTION
Although gastric cancer rates have decreased substantially in most parts of the world[1] because of advances
in early diagnosis, control of chronic Helicobacter pylori
infection and changes in lifestyles, it remains a common and devastating disease. A total of 989600 new
gastric cancer cases and 738000 deaths are estimated to
have occurred in 2008, accounting for 8% of the total
cases and 10% of total deaths [2]. Nowadays, surgery
remains the primary treatment, with an average 5-year
survival rate of 20%-30%. More than two-thirds of
patients have unresectable disease when diagnosed [3],
so chemotherapy is regarded as a significant and basic
treatment method. Compared with the best supportive
care, chemotherapy increases the 1-year survival rate
and provides a longer symptom-free period of 6 mo
and an improvement in quality of life[4,5]. Many studies
based on combinations of new-generation agents, like
S-1, capecitabine, taxanes, oxaliplatin and irinotecan
have been undertaken[5-8], and new and more effective
regimens are being explored.
S-1 is a novel oral derivative of 5-FU, and contains
tegafur/gimeracil/oteracil potassium in a molar ratio of
1.0:0.4:1.0. Tegafur (FT) is a depot form of fluorouracil,
which releases 5-fluorouracil (5-FU) slowly in the body[9].
Gimeracil, a dihydropyrimidine dehydrogenase inhibitor, contributes to a decrease in 5-FU catabolism and to
significantly higher blood levels of 5-FU compared to
FT alone[10,11]. Oteracil potassium (Oxo), another enzyme
inhibitor of 5-FU, can suppress the gastrointestinal toxicity of FT[12]. In theory, S-1 is more tolerable and effective than 5-FU, and will be more convenient to use for
patients with advanced gastric cancer (AGC). Based on
the encouraging results from a number of phase II trials
for S-1-based chemotherapy[13-19], some randomized controlled trials were carried out to compare S-1-based chemotherapy and non-S-1-based chemotherapy. However,
there is controversy and uncertainty about the advantages
of S-1[20-23]. Therefore, we attempted to assess the benefit
of S-1-based chemotherapy through an exhaustive metaanalysis from all relevant trials.

MATERIALS AND METHODS
Aims
This meta-analysis systematically reviewed the published
literature of randomized controlled trials, comparing the
following therapies: S-1-based chemotherapy vs non-S-1based chemotherapy; S-1-based chemotherapy vs 5-FU- or
capecitabine-based chemotherapy in subgroup analyses.
Search strategy
S-1 and AGC were used as search terms. PubMed, the
Cochrane library, Science Direct, EMBASE and American Society of Clinical Oncology meetings were retrieved,
with a censor date up to November 2013. The search was
limited to English language and human-based papers.
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Case-control and retrospective studies were excluded. To
ensure that all relevant trials were included, we scanned
related literature and references in the selected articles.
Study selection
We checked each article by viewing the title, abstract, and
even the full text. Trials were included if they (1) were
randomized controlled phase Ⅱ or phase Ⅲ trials; and
(2) included patients receiving regimens which compared
S-1-based regiments with non-S-1-based regiments given
as first-line chemotherapy of AGC. We defined “advanced
gastric cancer” as unresectable or recurrent or metastatic
disease. Trials were excluded if patients also had radiotherapy, immunotherapy, or preoperative or intraperitoneal chemotherapy. Review articles, case reports, and letters were excluded. All different opinions were discussed.
Complete articles of pertinent literature were used in this
meta-analysis.
Data extraction
Author name, year of publication, chemotherapy regimens, objective response rate (ORR), prognosis and
adverse events in eligible trials were extracted. The ORR
was the percentage of patients who had a complete or
partial tumor response. Time-related endpoints [overall
survival (OS), progression-free survival (PFS) and timeto-treatment failure (TTF)] were used to measure prognosis. OS was deﬁned as the time from random assignment
to date of death from any cause. PFS was calculated from
the date of randomization to the date of disease progression or death from any cause. TTF included progression,
death or withdrawal. If necessary, we did a simple calculation to transform initial data into the forms suitable for
meta-analysis. Likewise, data extraction was performed
independently by two reviewers.
Statistical analysis
Time-to-event data (OS, PFS and TTF) were summarized
using HR and 95%CIs. Dichotomous data (ORR and
adverse events) were summarized using relative risks (RR)
and 95% CIs. Stata software (version 12.0; Stata Corp LP,
College Station, TX, United States) was used to calculate
the pooled values.
Heterogeneity between studies was tested using χ 2
statistics and measured with the P value and I2 statistic. I2
lay between 0% and 100%, and a value of 0% indicated
no observed heterogeneity, with larger values indicating
increasing heterogeneity. The DerSimonian-Laird method
(random-effects model) was used if heterogeneity existed
and could not be explained or corrected. Otherwise, the
Mantel-Haenszel method (fixed-effects model) was used.
In the absence of heterogeneity, the fixed-effects and
random-effects models provide similar results.
Forest plots were used to depict HRs and RRs within
individual trials and overall. Begg’s funnel plots were used
to assess the potential publication bias by Egger’s linear
regression test. All P-values were two-sided at the 5% level, and CIs had two-sided probability coverage of 95%.
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Table 1 Baseline characteristics
Study

Year

Country

Number of patients
S-1

[24]

Treatments

non-S-1

Ajani et al

2013 Non-Asian

521

508

Huang et al[25]

2013

China

119

110

Kim et al[26]

2012

Korea

65

64

Nishikawa et al[27] 2012

Japan

80

77

Jeung et al[20]

2010

Korea

37

38

Boku et al[22]
Lee et al[23]

2009
2008

Japan
Korea

234
45

232
46

Experimental arm

Control arm

2

5-FU: 1000 mg/m2/24 h, day 1-5;
cisplatin: 100 mg/m2, civ 1-3 h, q.4.w.
5-FU: 500 mg/m2, civ, day 1-5;
leucovorin 20 mg/m2, iv, day 1-5;
paclitaxel: 60 mg/m2, iv, day 1, 8 and 15, q.4.w.
S-1: 80 mg/d, day 1-14; Oxaliplatin: 130
Capecitabine: 2000 mg/d, day 1-14;
mg/m2, iv (2 h), day 1, q.3.w.
Oxaliplatin: 130 mg/m2, iv (2 h), day 1, q.3.w.
(sequential), S-1: 80 mg/m2, day 1-28, 2-wk (sequential), intravenous 5-FU: 800 mg/m2, iv, day
rest followed by PTX; or (concurrent), S-1:
1-5, followed by weekly PTX at 80 mg/m2;
14 d and PTX: 50 mg/m2, day 1, 8, q.3.w. or (concurrent), 5-FU: 600 mg/m2, iv, day 1-5 and
weekly PTX at 80 mg/m2, q.4.w.
S-1: 35 mg/m2, B.i.d, day 1-14; doc: 35
cisplatin: 35 mg/m2, day 1, 8;
mg/m2, day 1, 8, q.3.w.
doc: 35 mg/m2, day 1, 8, q.3.w.
S-1: 40 mg/m2, B.i.d, day 1-28, q.6.w.
5-FU: 800 mg/m2, civ, day 1-5, q.4.w.
S-1: 40 mg/m2 (BSA < 1.25 m2), 50 mg/m2 Capecitabine: 1250 mg/m2, B.i.d, day 1-14, q.3.w.
(BSA: 1.25-1.5 m2), 60 mg/m2 (BSA > 1.5
m2), B.i.d, day 1-28, q.6.w.
S-1: 25 mg/m , B.i.d, day 1-21; cisplatin: 75
mg/m2, civ 1-3 h, day 1, q.4.w.
S-1: 80-120 mg/d, day 1-14; paclitaxel: 60
mg/m2, iv, day 1, 8 and 15, q.4.w.

5-FU: 5-fluorouracil; PTX: Paclitaxel; BSA: Body surface area.

RESULTS
Seven randomized controlled trials involving 2176 patients met the inclusion criteria and were included in this
meta-analysis[20,22-27]. All the trials assessed adverse events
according to the National Cancer Institute’s common
toxicity criteria. The details of the articles were summarized in Table 1.
S-1-based vs non-S-1-based chemotherapy
The HR summarizes survival for S-1-based compared
with non-S-1-based chemotherapy, with an HR less than
1 indicating a survival advantage for S-1-based chemotherapy.
Compared to non-S-1-based regimens, the use of S-1based regimens was associated with an increased ORR
(RR = 1.300; 95%CI: 1.028-1.645). S-1-based chemotherapy had a marginal overall survival benefit compared to
the control group (Figure 1), with a HR of 0.89 (95%CI:
0.81-0.99; P = 0.025). There was no significant heterogeneity between the studies (P = 0.263; I2 = 22.7%). The
PFS was not significantly better in the S-1-based group
(HR = 0.84; 95%CI: 0.70-1.00; P = 0.052) (Figure 2), but
TTF was significantly in favor of the S-1-based group
(Figure 3), with a pooled HR of 0.83 from three related
articles (95%CI: 0.75-0.92; P = 0.00). There was no significant inter-trial heterogeneity for the endpoints of
TTF (P = 0.094; I2 = 57.6%).
Six trials assessed adverse effects. Most grade 3 or 4
hematological and nonhematologic toxicities were not
reduced in the S-1-based group. Only the risk of febrile
neutropenia (RR = 0.225; 95%CI: 0.126-0.515; P = 0.00)
and stomatitis (RR = 0.230; 95%CI: 0.060-0.878; P =
0.032) were lower with S-1-based chemotherapy than
non-S-1-based chemotherapy. The details are listed in
Table 2.
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Only one of the trials, by Ajani et al[21], was from
non-Asian countries. So we pooled the data from Asian
countries, and found a longer OS (HR = 0.87; 95%CI:
0.75-0.99; P = 0.048), PFS (HR = 0.78; 95%CI: 0.68-0.89;
P = 0.00) and TTF (HR = 0.76; 95%CI: 0.64-0.91; P =
0.003) in the S-1-based group. Only grade 3 or 4 leukopenia was less in the non-S-1-based chemotherapy (RR =
2.198; 95%CI: 1.403-3.443; P = 0.001).
S-1-based vs 5-FU-based or capecitabine-based
chemotherapy
There were three standalone randomized controlled trials comparing S-1-based and 5-FU-based chemotherapy.
Two trials assessed whether there were benefits of S-1based vs capecitabine-based chemotherapy. In a subgroup
analysis a pooled HR < 1 represents superiority of S-1based chemotherapy. S-1-based chemotherapy increased
ORR (RR = 1.454; 95%CI: 1.038-2.036; P = 0.029), and
prolonged the OS and TTF compared with 5-FU-based
chemotherapy, with HR of 0.895 and 0.832, respectively.
However, no significant difference in PFS between the
two groups was observed (HR = 0.809; P = 0.086). Also,
S-1 had no advantage in ORR, OS, PFS and TTF over
capecitabine (Table 3).
The incidence of leukopenia (RR = 0.584; P = 0.002)
and stomatitis (RR = 0.230; P = 0.032) appeared to be
higher in the 5-FU-based arm. The other grade 3 or 4 hematological and nonhematologic toxicities were not less
in the S-1-based group. The frequency of these grade 3
or 4 adverse events did not differ between S-1-based and
capecitabine-based chemotherapy. The details are listed in
Table 4.
Publication bias
Begg’s funnel plot and Egger’s test were performed to
assess publication bias. Studies were plotted in order of
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Study

HR (95%CI)

Weight %

OS
Ajani JA (2013)

0.92 (0.80, 1.05)

52.07

Kim GM (2012)

1.08 (0.74, 1.58)

6.69

Nishikawa K (2012)

0.96 (0.67, 1.39)

7.23

Hei-Cheul Jeung (2010)

0.56 (0.35, 0.88)

4.53

Narikazu Boku (2009)

0.83 (0.68, 1.00)

25.89

J-L Lee (2008)

1.11 (0.71, 2.00)

3.59

0.89 (0.81, 0.99)

100.00

2

Heterogeneity: I = 22.7%, P = 0.263
Test for overall effect: Z = 2.24, P = 0.025
0.5

1

2

Figure 1 Comparison of overall survival between S-1-based chemotherapy and non-S-1-based chemotherapy. Values less than 1 indicate a survival advantage for S-1-based chemotherapy. OS: Overall survival; HR: Hazard ratio.
Study

HR (95%CI)

Weight %

PFS (Random-effects model)
Ajani JA (2013)

0.99 (0.86, 1.14)

27.62

Huang D (2013)

0.64 (0.47, 0.87)

16.87

Kim GM (2012)

1.06 (0.72, 1.57)

12.76

Hei-Cheul Jeung (2010)

0.63 (0.38, 1.05)

8.91

Narikazu Boku (2009)

0.77 (0.64, 0.93)

24.38

J-L Lee (2008)

1.00 (0.63, 1.67)

9.46

0.84 (0.70, 1.00)

100.00

2

Heterogeneity: I = 56.9%, P = 0.041
Test for overall effect: Z = 1.94, P = 0.052
0.5

1

2

Figure 2 Comparison of progression-free survival between S-1-based chemotherapy and non-S-1-based chemotherapy. Values less than 1 indicate a survival
advantage for S-1 based chemotherapy. PFS: Progression-free survival; HR: Hazard ratio.
Study

HR (95%CI)

Weight %

TTF
Ajani JA (2013)

0.87 (0.77, 0.99)

66.64

Huang D (2013)

1.45 (0.70, 2.98)

2.03

Narikazu Boku (2009)

0.73 (0.61, 0.88)

31.34

0.83 (0.75, 0.92)

100.00

2

Heterogeneity: I = 57.6%, P = 0.094
Test for overall effect: Z = 3.51, P = 0.00

0.5

1

2

Figure 3 Comparison of time-to-treatment failure between S-1-based chemotherapy and non-S-1-based chemotherapy. Values less than 1 indicate a survival
advantage for S-1-based chemotherapy. TTF: Time-to-treatment failure; HR: Hazard ratio.

decreasing variance of log HR. No publication bias was
detected for all comparisons. Begg’s funnel plots for the
comparison of OS (Egger’s test: P = 0.921; Begg’s test: P
= 0.851) are shown in Figure 4.

DISCUSSION
No standard chemotherapeutic regimens for AGC have

WJG|www.wjgnet.com

been established worldwide as yet. Longer survival time,
fewer adverse effects, better compliance and higher quality of life are sought. S-1, one kind of oral 5-FU, which
offers convenience and tolerance for patients compared
with traditional chemotherapy, may be an appropriate
choice. Since S-1 was first approved by New Drug Application (NDA) in 1997 for chemotherapy of gastric
cancer, numerous phase Ⅱ clinical trials and retrospective
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Table 2 Comparison of toxicity between S-1-based chemotherapy and non-S-1-based chemotherapy
Toxicity

Number of Trials

Hematologic
Anemia
Neutropenia
Thrombocytopenia
Leukopenia
Febrile neutropenia
Neutropenic infection
Nonhematologic
Fatigue
Vomiting
Nausea
Diarrhea
Abdominal pain
Anorexia
Weight decreased
Stomatitis/mucosal inflammation
Liver function
Neuropathy, peripheral
Alopecia
Palmar-plantar erythrodysesthesia

RR (95%CI)

P value

14.86
24.80
5.22
9.15
3.54
0.39

1.150 (0.720-1.837)
1.043 (0.451-2.413)
0.736 (0.499-1.085)
1.334 (0.524-3.397)
0.225 (0.126-0.515)
1.450 (0.476-4.424)

0.560
0.922
0.121
0.546
0.000
0.513

8.37
5.61
7.38
3.54
2.76
6.99
3.25
11.81
0.69
0.89
0.30
0.59

1.041 (0.788-1.375)
0.769 (0.530-1.114)
0.805 (0.583-1.111)
1.288 (0.590-2.813)
1.469 (0.925-2.335)
1.074 (0.790-1.461)
0.625 (0.369-1.061)
0.230 (0.060-0.878)
1.221 (0.481-3.103)
0.724 (0.274-1.915)
1.205 (0.300-4.840)
0.719 (0.241-2.150)

0.777
0.164
0.187
0.525
0.103
0.647
0.082
0.032
0.674
0.515
0.792
0.555

Incidence of toxicity (%)
S-1 Arm

Non-S-1 Arm

6
6
4
6
3
3

14.01
17.54
3.91
8.87
0.86
0.67

6
5
6
6
2
6
2
4
3
5
2
4

8.67
4.29
5.91
5.24
4.00
7.44
2.00
1.53
0.86
0.67
0.38
0.38

RR: Relative risk.

Table 3 Comparison of objective response rate, overall survival, progression-free survival and time-to-treatment failure between
S-1-based chemotherapy and 5-FU-based or capecitabine-based chemotherapy
Subgroups

ORR

S-1 vs 5-FU
S-1 vs capecitabine

OS

PFS

TTF

RR (95%CI)

P value

HR (95%CI)

P value

HR (95%CI)

P value

1.454 (1.038-2.036)
0.952 (0.649-1.397)

0.029
0.801

0.895 (0.805-0.995)
1.090 (0.803-1.481)

0.041
0.579

0.809 (0.635-1.030)
1.036 (0.764-1.405)

0.086
0.819

HR (95%CI)

P value

0.832 (0.751-0.992)
0
Not applicable
Not applicable

ORR: Objective response rate; OS: Overall survival; PFS: Progression-free survival; TTF: Time-to-treatment failure; 5-FU: 5-fluorouracil.

studies in Japan were started. An ORR of 20%-40%[28-31]
and median OS of 250 to 350 d[30,32] were obtained for
S-1 monotherapy in patients with AGC. The results were
encouraging. So S-1 has been widely used in Japan for the
treatment of AGC[33]. Recently, some phase Ⅱ and phase
Ⅲ clinical randomized controlled trials both in Asian and
non-Asian countries, compared S-1-based chemotherapy
with non-S-1-based chemotherapy, and produced conflicting results. With limited sample sizes, it was difficult
to draw definitive conclusions. A meta-analysis provides
supreme evidence and a reliable answer to a clinical question, and this study pooled the data of 2176 patients
from seven independent trials with a median follow-up
about 2 years. This meta-analysis showed that S-1-based
regimens were more effective than non-S-1-based regimens, with an absolute improvement of 11% in OS and
17% in TTF. The pooled HR also showed comparable
PFS of the two treatments and slightly favored S-1-based
therapy.
There are some limitations and explanations on the
results. The impact of first line therapy on OS may be
confounded by second-line or third-line therapies. However, follow-up treatments were not extensively reported
in most of the eligible trials, so we could not analyze their
possible impact on survival. However, follow-up treatWJG|www.wjgnet.com

ments did not markedly alter TTF and PFS, which also
confirmed the advantage of S-1-based chemotherapy.
Another important factor influencing prognosis was follow-up time. By reviewing the included studies, we found
most of the patients had passed away when follow-up
ended and it indicated the follow-up was adequate. On
the other hand, all the trials enrolled in this meta-analysis
used daily administration of S-1, but it was demonstrated
that, compared with daily administration, alternate-day
administration of S-1 reduced adverse effects and provided sufficient clinical effects[34]. A retrospective study of
alternate-day treatment with S-1 showed a response rate
of 25%, with a median survival time of 338 d in patients
with AGC[35]. In a mouse model, alternate-day treatment
with S-1 was equivalent to daily treatment in terms of relative inhibition of tumor growth[36]. We hypothesize that
alternate-day administration of S-1 may reduce adverse
effects, improve compliance, and thus prolong survival
time. Only one of the trials researched by Ajani et al[21]
came from non-Asian countries. According to the suggestion of the reviewer, we pooled the data from Asian
countries, and found longer OS, PFS and TTF for S-1based treatment. Up to now, the only non-Asian global
phase Ⅲ trial reported a negative result regarding survival
time for S-1-based therapy. So the advantage of S-1 in the
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Begg's funnel plot with pseudo 95% confidence limits

Table 4 Comparison of toxicity between S-1-based
chemotherapy and 5-fluorouracil- or capecitabine-based
chemotherapy

Hematologic
Anemia
Neutropenia
Thrombocytopenia
Leukopenia
Nonhematologic
Fatigue
Vomiting
Nausea
Diarrhea
Anorexia
Weight decreased
Stomatitis/mucosal
inflammation
Neuropathy,
peripheral
Palmar-plantar
erythrodysesthesia

0.0

S-1 vs capecitabine

RR

P value

RR

P value

1.073
1.023
0.683
0.584

0.794
0.964
0.096
0.002

1.914
0.475
0.953
1.788

0.145
0.066
0.903
0.402

1.091
0.801
0.791
1.988
1.057
0.625
0.230

0.558
0.268
0.179
0.436
0.736
0.082
0.032

0.428
0.139
0.925
0.928
1.177
0.812
0.693
0.601
1.164
0.794
Not applicable Not applicable
Not applicable Not applicable

0.808

0.722

Not applicable Not applicable

1.770

0.468

0.193

log[h]

S-1 vs 5-FU

Toxicity

0.5

-0.5

-1.0
0.0

0.2

0.3

SE of log[h]

Figure 4 Begg’s funnel plot of publication bias.

0.133

5-FU: 5-fluorouracil.

treatment of AGC is especially true in Asian population.
The most relevant factor, in our opinion, is that the metabolic rate of conversion of S-1 to 5-FU seems to differ
in various ethnic populations. S-1 is converted to 5-FU
in the liver mainly by cytochrome P450 2A6 (CYP2A6).
There are racial differences in CYP2A6 polymorphisms
which affect the clinical outcomes of patients who are
undergoing S-1-based chemotherapy for AGC[37]. Thus
we think that the expression of specific genes may finally
decide the effectiveness of S-1. For example, Ichikawa et
al[38] found that treatment effects of S-1 monotherapy for
gastric cancer are determined by the status of TS gene
expression, regardless of DPD gene expression. Ishido et
al[39] proved that intratumoral TS expression was an independent prognostic factor in patients with gastric cancer
who received postoperative adjuvant chemotherapy with
S-1. The predictive markers of S-1 should be further explored to guide rational clinical therapy.
We also paid close attention to the adverse effects.
Most of the toxicities were predictable, tolerable and
manageable, and only grade 3 or 4 adverse events were
discussed. The use of S-1 did not increase the side effects and even reduced the rate of febrile neutropenia
and stomatitis. As we known, S-1 improves the tumor
selective toxicity of 5-FU especially by the actions of
Oxo[40], an enzyme inhibitor of 5-FU, which can suppress
the gastrointestinal toxicity of FT[12]. However, in this
meta-analysis, we did not find a notable advantage of S-1
regarding gastrointestinal toxicities. The additional effect
of concomitant chemotherapeutic agents, such as cisplatin and docetaxel may have affected the results.
Until now, 5-FU has comprised the backbone of chemotherapy for AGC. Oral fluoropyrimidines, such as S-1
and capecitabine, have opened new perspectives for the

WJG|www.wjgnet.com

0.1

treatment of AGC with their simplicity and convenience
over traditional 5-FU. So we evaluated their efficacy
and safety to provide necessary and important information for clinical decision-making. Finally, S-1-based
chemotherapy prolonged OS by 10% and TTF by 17%
compared with 5-FU-based chemotherapy, and induced
less leukopenia and stomatitis. We also found equivalent
ORR, OS, PFS, TTF and grade 3 or 4 hematological and
non-hematological toxicities in S-1-based and capecitabine-based chemotherapy. The new generation fluoropyrimidines, like S-1, may be a better choice than 5-FU in
clinical use. Also, as they have similar antitumor efficacy
and safety, we recommend that S-1 and capecitabine can
be used for AGC interchangeably.
In our study, some limitations should be discussed.
First, as with any meta-analysis, the study was not based
on individual patient data and insufficient original data
might limit the outcomes and cause confounding bias.
We did our utmost to cover most reported endpoints
in the randomized controlled trials and provide robust
estimates. Second, heterogeneity between studies was
present in this article, with a P-value < 0.05, especially
in the evaluation of adverse effects. This was related to
insufficient sample size and a shortage of some original
data. We adjusted for this by using a trim-and-fill method
in the random-effects model to make our outcomes
statistically credible. Third, the numbers of published
studies were not sufficiently large for a comprehensive
analysis, particularly for the subgroup analysis, such as
irinotecan- or paclitaxel-based regimens vs S-1-based regimens. Fourth, no trial showed the correlations between H.
pylori-positive, Her2+, diffuse type or intestinal type, and
the therapeutic effect of S-1, so we did not analyze these
aspects in this article.
In conclusion, S-1-based chemotherapy may achieve
the goal of longer survival and better tolerability than
non-S-1-based chemotherapy as first line treatment for
AGC. S-1 is an oral formulation and it is convenient for
patients. We believe that S-1 plays an important role and
may be a suitable choice in the therapy of AGC. More
large scale randomized controlled trials need to be carried
out to confirm the findings.
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Background

Gastric cancer remains the second leading cause of cancer-related death in the
world. A standard chemotherapy regimen for advanced gastric cancer (AGC) is
lacking. New-generation agents are being explored. S-1 is a novel oral formulation of 5-fluorouracil (5-FU). The efficacy and tolerability of S-1-based chemotherapy should be assessed.

Research frontiers

Based on the encouraging results from a number of phase Ⅱ trials for S-1-based
chemotherapy, several phase Ⅱ and phase Ⅲ clinical randomized controlled
trials, both in Asian and non-Asian countries, compared S-1-based-chemotherapy and non-S-1-based chemotherapy. However, there is controversy and
uncertainty about the advantages of S-1.

9

10

11

Innovations and breakthroughs

This systematic review analyzed seven phase Ⅲ trials and 2176 AGC patients
to compare S-1-based vs non-S-1-based chemotherapy and concluded that the
use of S-1 was associated with an advantage in terms of objective response
rate (ORR), overall survival (OS), time-to-treatment failure (TTF) and toxicities,
especially in Asian populations. Similar results were found when comparing with
5-FU-based therapy. Furthermore, S-1-based regimens had no advantage in
ORR, OS, progression-free survival, TTF, and adverse events over capecitabine-based regimens. The evidence might be used for future selection of S-1based chemotherapy for AGC.
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Applications

With longer survival, better tolerability, more convenient use for patients, S-1based chemotherapy may be a suitable choice in the therapy of AGC.

Peer review

The manuscript provides a valuable meta-analysis result, offering suggestions
for the S-1-based chemotherapy as a good choice for AGC. The work is well
written and interesting because it focuses attention on a controversial issue in
the treatment of AGC. Data selection and statistical method is considered as
appropriate.
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positive male presented with a hemorrhoid-like sensation, and was diagnosed with PBL via biopsy of a rectal
mass. The second case involves a 65 year-old healthy
male with bloody diarrhea who was found to have PBL
in a resected sigmoid mass. The third patient was a
41 year-old male with a history of Crohn’s disease who
presented with abdominal pain, diarrhea, and weight
loss. A small intestinal mass (PBL) was removed. The
fourth patient was a 65-year-old male who was found
PBL after surgical resection of bowel for his florid Crohn’
s disease. He later developed secondary acute myeloid
leukemia. Clinical outcome was very poor in 3 out of 4
patients as reported in the literature. One patient survived chemotherapy followed by autologous transplant.
The prototypical clinical presentation and variations of
PBL can help create a more comprehensive differential
diagnosis for GI tumors and establish an appropriate
therapeutic guideline.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Plasmablastic lymphoma; Undifferentiated
carcinoma; Non-Hodgkin lymphoma; Diverse clinical
manifestation and treatment
Core tip: Plasmablastic lymphoma rarely occurs as a
primary lesion within the gastrointestinal tract. It frequently occurs in human immunodeficiency virus-positive patients, usually within the oral cavity. Its unique
immunohistochemical profile may mislead unaware
pathologists, and may potentially delay an accurate diagnosis and proper clinical treatment.

Abstract
Plasmablastic lymphoma (PBL) rarely occurs in the
gastrointestinal (GI) tract with limited studies reported.
We reviewed the clinical histories and pathology of four
patients with GI PBL at our institute and similar case
reports published in peer-reviewed journals. In our
first case, a 40 year-old human immunodeficiency virus
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INTRODUCTION
Plasmablastic lymphoma (PBL) is classified by the
World Health Organization as a type of mature B-cell
lymphoma that expresses plasma cell antigens (CD38,
CD138, MUM1) but not common B-cell antigens
(CD20, CD19, PAX5)[1,2]. While its pathogenesis is not
yet fully understood it has been shown that the EpsteinBarr Virus (EBV) is present in a majority of cases and a
small percentage of cases are associated with MYC gene
rearrangement[2]. PBL was initially identified in the oral
cavity of human immunodeficiency virus (HIV) positive individuals and this continues to be the prototypical
presentation of approximately 80% of PBL cases within
this population[3]. Since first described in 1997, there have
been numerous cases in immunocompromised non-HIV
individuals. PBL has also been found in areas outside the
oral cavity, favoring sites such as the gastrointestinal (GI)
tract, lymph nodes, and skin[4].
The gastrointestinal (GI) tract is one of the more
common extranodal sites, especially in HIV negative
patients. Given its unique phenotypic presentation by
loss of common leukocyte antigen (CD45) expression,
it might not directly lead to a diagnosis of conventional
non-Hodgkin lymphoma, which is CD45 positive. Instead, initial differential diagnoses might include likely all
CD45 negative neoplasms that could potentially involve
the GI tract including poorly or undifferentiated carcinomas, including colorectal carcinoma, neuroendocrine cell
neoplasms/carcinoid tumors, medullary carcinoma, signet ring cell carcinoma, metastatic tumors, angiosarcoma,
de novo diffuse large B-cell lymphoma (DLBCL) and anaplastic plasmacytoma and rarely plasmablastic myeloma.
Misinterpretation of GI PBL would have a great impact
on treatment strategy and clinical outcome.
PBL is considered an aggressive lymphoma with a median overall survival of 14 mo[3,4]. There is no consensus
on treatment protocol in place, and while more aggressive
regimens are suggested, they have not shown to provide
statistically significant improved outcome[5]. As of date,
there are only a handful of case reports[6-19], but not a large
case series emphasizing its clinical and pathologic variations as well as appropriate treatment implications.

CASE REPORT
Here we describe 4 cases of PBL found in the GI tract
of patients who presented to Moffitt Cancer Center for
evaluation and treatment. We have also conducted a review of the literature of other reported cases of GI plasmablastic lymphoma (GI-PBL).
Case 1
At an outside facility, a 40-year-old Caucasian male
presented with complaints of recent onset weight loss,
nausea, and a “hemorrhoidal type” sensation in his anal
area. The patient was diagnosed with HIV in 2004 and attributed his initial weight loss to recent changes in his antiretroviral therapy (ART) therapy (lamivudine, tenofovir
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and efavirenz). He also had a history of hepatitis B virus
infection. A mass was identified under endoscopy and
was subsequently resected. A diagnosis of GI plasmablastic lymphoma (GI-PBL) was suspected by a surgical
pathologist at the outside facility but the other neoplastic
or non-neoplastic process involving GI tracts could not
be completely excluded. The patient presented at our
institution for evaluation one month after the resection
for second opinion. The initial laboratory data showed a
white blood cell count of 4.4 × 109/L, hemoglobin 133
g/L, and platelets of 145 × 109/L. His lactate dehydrogenase (LDH) level was slightly elevated at 952 U/L (normal
range 313- 618 U/L). Pathologic review of the resected
mass showed squamous mucosa covered tissue with a
diffuse lymphoid infiltrate composed of intermediateto-large cells with dispersed chromatin and prominent
nucleoli, which showed round-to-slightly irregular nuclear
borders (Figure 1A and B). Numerous single apoptotic
bodies and tingible body macrophages were noted. Immunohistochemistry showed the atypical cells to be
strongly positive for CD138 (Figure 1C), CD79a, BCL2,
and BCL6. The tumor cells were also weakly positive for
CD56 and CD45. In-situ hybridization was strongly positive for EBV-encoded RNA (EBER) (Figure 1D). The
proliferation index was high (80%), as measured by a
Ki-67 immunostain (Figure 1F). The specimen was negative for CD3, CD5, CD10, CD20 (Figure 1E), CD30,
EMA, ALK, and human herpesvirus 8 (HHV-8). A fluorodeoxyglucose positron emission tomography (FDGPET) scan showed hypermetabolic areas in the anal area,
mediastinum, right hilum, retroperitoneum, and right
common iliac chain. His bone marrow biopsy was unremarkable. Based on these clinical and pathologic findings,
the final diagnosis was PBL. The patient was treated with
dose-adjusted EPOCH (etoposide, vincristine, doxorubicin, cyclophosphamide, and prednisone) therapy, including intrathecal prophylaxis with methotrexate, which he
tolerated very well. A follow-up computer axial tomography (CT) scan showed a decrease in his lymphadenopathy
after 3 cycles. He was on ART and prophylactic antibiotics (Azithromycin, trimethoprim-sulfamethoxazole, and
acyclovir). However, at his 12 mo follow-up, the patient
had developed PBL of the bladder that was confirmed
by biopsy. Per CT, massive nodal soft tissue involvements
were noted within the left and right retroperitoneal regions of the pelvis anterior to the mid sacrum measuring
(7.0 cm), periaortic region (2.0 cm) and adjacent to kidneys (6.0 cm). Additional chemotherapy was continued.
However, the patient was lost of follow up after the visit.
Case 2
A 64-year-old male presented with bloody diarrhea. A
pelvic CT with contrast was performed, which disclosed
a large mass arising from the mid to distal sigmoid colon
with prominent thickening of the sigmoid colon and
exophytic extension (measuring 6.5 cm × 7.4 cm) into
the soft tissues posterolateral to the sigmoid colon on
the left side. An outside facility performed a colonoscopy
and subsequent resection of the sigmoid mass. A diag-
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Figure 1 Microscopic examination. A: Microscopic examination of rectal biopsy showed intact squamous mucosa with submucosal dense lymphoid infiltrate associated with increased angiogenesis (HE, magnification × 40); B: High power view demonstrated sheets of large a typical lymphoid cells with plasmablastic differentiation
(big round to oval nuclei, dense or disperse chromatin, prominent nucleoli and abundant amphophilic cytoplasm with increased apoptosis and mitosis and scattered
inflammatory cells (HE, magnification × 600); C: CD138 immunostain highlighting the neoplastic cells (Immunoperoxidase, magnification × 600); D: In situ hybridization by using epstein barr virus -encoded RNA probe showed diffuse and strong signals (ISH, magnification × 600); E: Plasmablastic lymphoma cells being purely
negative for CD20 (Immunoperoxidase, magnification × 100); F: High proliferation index was highlighted by Ki67 immunostain (approximately 80%) (Immunoperoxidase,
Magnification × 100).

nosis of “favoring a hematopoietic tumor” was issued by
the outside pathology facility. Differential diagnoses included, but was not limited to, anaplastic plasmacytoma,
DLBCL and cytokeratin negative, poorly differentiated
carcinoma. The patient was transferred to our hospital
for consultation. Laboratory tests performed at our institution revealed a white blood cell count of 9.5 × 109/L,
hemoglobin of 150 g/L, platelets of 309 × 109/L. His
chemistry profile and liver function tests were normal.
An HIV test was negative. The slides of bowel resection were reviewed and further ancillary studies were
ordered. Microscopic examination of the resected specimen showed atypical plasmacytoid cells with intermediate to large nuclei with peripheral chromatin and many
prominent nucleoli. The atypical cells were positive for
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CD45 (dim), CD10, CD38 (bright), and VS38. There was
focal positivity for EMA, BCL6, CD30, and cyclin-D1.
CD117 staining showed weak positivity. They were negative for CD19, CD20, CD5, CD79a, CD138, CD34,
and HLA-DR. According to the outside pathology report, the neoplastic cells were negative for cytokeratin
AE1/AE3, CK7, CK20, CAM5.2, CDX2, melan A,
S100, ALK, BCL2, CD34, CD4, CD7, CD56, CD68, and
TdT. Light chain studies were non-contributory due to
heavy background staining. The proliferation fraction by
Ki-67 was estimated to be greater than 90%. Additional
studies performed at our institution confirmed that the
tumor was negative for CD20 and strongly positive for
EBER. While EBV associated DLBCL of the elderly can
be CD20 negative and present with immunoblastic fea-
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tures resembling PBL, it is usually non-germinal center
type, and this patient also showed negativity for CD19,
CD79a, and BCL2 and positivity for CD10 and BCL6.
These findings made this a less likely diagnosis, and the
final diagnosis was PBL. A FDG-PET scan showed hypermetabolic areas in the pelvis. A bone marrow biopsy
showed normocellular bone marrow with no evidence
of involvement by malignant lymphoma. He was initially
treated with R-CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone-rituximab) therapy because
the immunohistochemistry (IHC) panel received from
the referring entity did not contain a CD20 stain. The
clinician thought it would be prudent to add rituximab to
the patient’s therapy until our institution ran an additional
IHC study to confirm that the lymphoma cells completely lacked CD20 expression. The patient went into
complete remission after six cycles of chemotherapy and
received an autologous hematopoietic stem cell transplant
(auto-HSCT). Follow-up 44 mo after the initial diagnosis
and 35 mo post transplant showed complete remission.
Case 3
A 41-year-old male with a longstanding history of Crohn’
s disease diagnosed in 1999 had undergone a right colectomy almost 10 years prior to presentation. He was on
6-mercaptopurine (6-MP) and budesonide (Entocort)
since 2001, and was clinically stable under his primary
care physician besides a chronic fistula-in-ano for the last
two years. He presented with a 35 pound weight loss,
abdominal pain, and diarrhea at a local hospital, where
a CT of the abdomen demonstrated diffuse bowel wall
thickening of small bowel loop and associated with a
mass showing irregular central area of non-enhancement
(phlegmon) measuring 7.0 cm × 4.0 cm around the small
intestine. The patient was initially treated with steroids
and antibiotics without improvement. The involved section of bowel was removed after a CT-guided needle biopsy failed to drain any fluid from the mass. The patient
came to our institution for further evaluation and treatment. A microscopic review of the mass showed mucosa-covered tissue associated with focal dense infiltrates
of sheets of large atypical lymphoid cells throughout the
whole thickness of the small bowel wall, which was superimposed with inflammatory process. The atypical cells
had eccentrically round to oval nuclei, prominent nucleoli, and abundant eosinophilic cytoplasm. The tumor cells
stained positive for CD30, CD79a, MUM-1 and weakly
positive for PAX5 and CD68. There was variable staining for CD45, CD20, CD138, CD3, CD5, CD25, ALK1,
cytokeratin, CAM5.2, and CD56 were negative. EBER
was positive. Ki-67 showed a proliferation index of 75%.
This confirmed the diagnosis of a primary GI PBL. The
uninvolved segments of small bowel display characteristic histology for Crohn’s disease. Bone marrow staging
was negative for involvement by lymphoma. A FDGPET/CT scan demonstrated increased metabolic activity
within loops of proximal large intestine and no evidence
of metabolically active lymphadenopathy within the neck,
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chest, abdomen or pelvis. The patient was started on HyperCVAD chemotherapy (cyclophosphamide, vincristine,
doxorubicin and dexamethasone). Before starting cycle
3 of the chemotherapy regimen, he was found to have a
mass on his bladder wall. After 3 cycles of chemotherapy,
a CT scan showed growth of the bladder mass with biopsy confirming PBL. He was started on radiation therapy but unable to continue due to declining health. The
patient was discharged to hospice care and subsequently
died of disease.
Case 4
A 65-year-old white male presented to our clinic in 2011
with a history of Hashimoto’s thyroiditis diagnosed
in 1988, status post right thyroidectomy in 1999, and
a history of Crohn’s disease (CD) diagnosed in 2000,
which was treated with oral steroids, infliximab and
budesonide. He also underwent left thyroidectomy for a
thyroid nodule in January 2006, which revealed a limitedstage of low-grade extranodal marginal zone lymphoma
(MZL) requiring no additional treatment. In June 2011,
he developed acute small bowel obstruction, which was
initially considered to be associated with exacerbation of
Crohn’s disease. He underwent resection of the ileum
and cecum. Unexpectedly, the histology and immunohistochemistry studies reported a multifocal involvement of
ileum and cecum with PBL [CD138 (+), partial CD79a
(+), focally CD20 (+), kappa light chain (+), lambda light
chain (-) and high proliferation index, 100%, highlighted
by Ki67] in addition to Crohn’s disease. All 14 biopsied
lymph nodes were free of lymphoma. Staging bone marrow biopsy showed no involvement with lymphoma.
ELISA testing for HIV-1 and 2 was negative. A CT scan
of the abdomen revealed a new soft tissue mass along
the right kidney. He was treated with two cycles (4 arms)
of hyperCVAD and rituximab between August and October 2011 and achieved complete remission, per restaging reports. He was consolidated with conditioning regimen BEAM+R (BCNU, etoposide, ara-C and melphalan
and rituximab), followed by auto-HSCT in November
2011. His post-transplant course was complicated with
protracted moderate to severe thrombocytopenia ranging from 3.0-53.0 × 109/L that required platelet transfusions. He had mild normocytic anemia and normal
absolute neutrophil count. The patient was treated with
steroids, danazol and thrombopoietin receptor agonist
(Eltrombopag) for a possible immune-mediated peripheral destruction of platelets given sustained thrombocytopenia and normal bone marrow findings (2 biopsies
within 6 mo) but did not achieve a durable response.
Subsequent restaging FDG-PET/CT scan performed in
February 2013 showed no evidence of recurrent PBL.
However, a repeat bone marrow biopsy in May 2013 revealed hypercellularity (60%) with increased myeloblasts
(40%) and cytogenetic abnormalities including del (7q)
and isochromosome 9 in 2/30 cells. Fluorescent in situ
hybridization (FISH) also demonstrated both del(7q31)
and del(5q31). The overall findings supported a diag-
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nosis of therapy-related acute myelogeneous leukemia
(tAML). He underwent induction chemotherapy with
CLAG (cladribine, ara-C and G-CSF), but his day 14
bone marrow biopsy revealed residual leukemia. His hospital course was complicated with bacterial and fungal
infections along with significant physical deconditioning.
Although the patient was offered reinduction therapy, he
opted for comfortable measures with hospice. He succumbed to tAML two months later. A comparison of
the clinical and pathological features in our four cases is
summarized in Table 1.
Literature review of gastrointestinal plasmablastic
lymphoma
A total of 14 cases of GI PBL were found during our
search of PubMed. The publication dates range from
1998[10] to 2013[13]. The clinical and pathological characteristics of the published cases are summarized in Table 1.
The median age of the reported cases is 57 (ranging 17 to
82) with a male-to-female ratio of 3:4. The most common
symptoms at presentation were abdominal pain (57%),
weight loss (50%), anorexia (36%), and melena (36%).
The other B symptoms of fever and night sweats were
present in 29% and 7% respectively. Overall, 71% of the
patients displayed B symptoms. However, only one patient
displayed all three[6], and this patient was HIV-positive.
Other symptoms included abdominal distention, diarrhea, vomiting, and rectal bleeding. The locations of these
primary lesions consisted of the stomach (43%), small
intestine (21%), anal region (21%), cecum (14%), colon
(7%), and esophagus (7%). Of the fourteen cases, 4 were
HIV-positive, 9 were HIV-negative, and 1 patient’s status
was unknown. The immunophenotype, EBV/HHV-8 infection, and c-MYC status for these cases are presented in
Table 2. Only 8 of the cases were tested for the presence
of EBV. Of these cases, 4 (50%) were positive. Three of
these four EBV-positive cases were also HIV positive.
The fourth had an unknown HIV status. HHV8 was only
tested in HIV positive patients, with 75% of them to be
reportedly positive. The most common therapy administered was CHOP (57%). Other chemotherapy regimens
included LACE (cyclophosphamide, cytarabine, etoposide, and lomustine), EPOCH, and ProMACE-cytaBOM
(cyclophosphamide, doxorubicin, etoposide cytozar,
bleomycin, vincristine, methotrexate, and prednisone). Of
the cases where no chemotherapy was mentioned (Nos
7, 11 and 14), one patient died before therapy could be
started, one case was treated with high dose steroids only
and died within 2 wk of presentation, and the last case did
not have a record of treatment. The median survival (in
months) for ten of the patients with available data was 3.25
mo. More than 50% (6 of 11) died of disease shortly after
diagnosis or post chemotherapy (Table 1). There was only
one patient alive on a 5-year follow-up.

DISCUSSION
Plasmablastic lymphoma tends to present in the oral cav-
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ity of HIV-positive patients. In HIV-negative patients,
extranodal, mucosal areas are the most common primary
sites[4]. A diagnosis of PBL of GI tract could be difficult
since morphologically PBL could mimic a poorly differentiated carcinoma, DLBCL, Burkitt lymphoma, plasmacytoma and EBV associated DLBCL of the elderly.
The morphologic spectrum of PBL includes immunoblastic, Burkitt, and plasmacytic variants. Of note, there
are morphologic variations among the current cases. In
case 1, the tumor cells are Burkitt-like, intermediate to
large in size with dispersed chromatin, brisk mitoses, and
increased apoptosis. The lymphoma cells in cases 2, 3
and 4 are predominantly immunoblastic, centroblastic or
focally mixed with the two components. Phenotypically,
some PBL lacks or expresses weak CD45, which could
be misinterpreted as carcinoma if extensive ancillary
studies are not performed; a small subset of PBL retains
CD20 expression also results in diagnostic difficulty to
separate it from de novo DLBCL, not otherwise specified
(NOS) when encountering a limited biopsy sample. Thus,
comprehensive immunophenotyping is necessary to distinguish PBL from the other neoplasms[20,21].
PBL could also be linked to immunocompromised
status including the elderly. Both immunocompromised
and immunocompetent patients tend to present with late
stage disease[2]. B symptoms are symptoms associated
with lymphoma and include weight loss, fever, and night
sweats. These symptoms are more commonly reported
in HIV-negative (50%) patients as compared to HIVpositive patients (33%)[4]. While not all patients with GI
PBL presented with B symptoms, they all had gastrointestinal symptoms or signs (Table 1). Without imaging
studies and biopsy, many could be missed at an earlier
course in the disease. Moreover, of the 4 cases of primary GI PBL that presented to our institution and the 14
reported cases in the literature, 39.5% of the patients (5
of 13, 1 not available) had a known HIV-positive status.
For the other case studies, it is unclear if any of the patients were immunosuppressed due to other reasons that
could be attributed to disease development or progression. Three of the 14 patients were previously diagnosed
with other neoplasms, including adenocarcinoma of the
colon[15], meningioma[14], and squamous cell carcinoma
of the maxillary sinus[8]. However, there were no details
with regard to chemotherapy treatment, radiation or immunomodulation. Cases 3 and 4 from our institution had
a history of Crohn’s disease that developed PBL. To our
knowledge, this is the first report of PBL arising in the
GI tract of 2 patients with inflammatory bowel disease.
The incidence of non-Hodgkin lymphoma within the
inflammatory bowel disease population is common in the
literature. There is debate as to whether the increased risk
of non-Hodgkin lymphoma in these patients is related
to their disease, use of immunomodulators, or the use
of anti-Tumor Necrosis Factor (anti-TNF) medications.
Biancone et al[22] found in their cohort study that immunomodulators and anti-TNFs did not increase overall
cancer risk for patients with Crohn’s disease, but that a
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Table 1 Literature review and case study summary of demographic, clinical presentation, treatment and outcomes of plasmablastic
lymphoma of gastrointestinal tract
No.

Study

Year

Age/
sex

Tumor
location

HIV
status

GI S/Sx

Response

Outcome

1

Mani et al[6]

2008

40/M

+

Cha et al[7]

2010

60/M

Progressive
odynophagia
Dyspnea, melena

WL, F, NS

2
3

Brahmania et
al[18]
Mihaljevic et
al[17]
Hashimoto et
al[15]

2011

59/M

Esophagus,
stomach
Small
intestine
Ano-rectal

LACE

Remission

Alive at 6 mo

WL +

CHOP

PR

NR

CHOP

Remission

Relapse, alive at 24
mo
Alive at 5 yr

2012

60/M

Stomach

-

Painless rectal
bleeding
Melena1

WL +

CHOP

UR

Melena

NR

UR

+

N/V, diarrhea,
melena

NR

CHOP, VP 16,
ifosfamide,
carboplatin
EPOCH

DOD after one cycle
of CHOP
Died during treatment

2012

70/F

Stomach

-

2012

46/F

Stomach

7

ChapmanFredricks et
al[14]
Bahari et al[11]

NL

NL

2012

17/F

ND

NL

NL

F+

ProMACEcytaBOM

Remission

DOD before diagnosis
made
Alive at 19 mo

2006

35/M

Ano-rectal

+

WL +

CHOP

Remission

Alive at 5 mo

Wang et al[8]

2012

55/M

Small
intestine

-

WL +

CHOP

UR

DOD at 1.5 mo

Hatanaka et
al[19]
Lim et al[16]

2010

75/M

Cecum

-

Diarrhea,
distention1
Postprandial
fullness, stomach
ache
Rectal bleeding,
tenesmus,
constipation1
Distention,
vomiting,
anorexia1
NL1

F+

53/F

Small
intestine
Stomach

8

Pruneri et al[10]

1998

9

Rajagopal et
al[9]

10

11

F+

NL

NL

NL

2009

47/F

Ano-rectal

+

Anal bleeding,
pain, fistula for 1
yr

NR

CHOP

13

Marques et
al[13]

2013

82/F

Stomach

-

WL +

CHOP

14

Mansoor et
al[12]

2012

77/F Cecum, colon

WL +

NL

UR

DOD 3 wk after
presentation

Case 1

Luria et al

Current 40/M
case

Rectal

+

Melena,
epigastric pain,
abdominal
fullness
Recal bleeding,
diarrhea,
vomiting1
Hemorr-hoids
like sensations

WL +

EPOCH

PR

Case 2

Luria et al

Bloody diarrhea

NR

NR

Abdominal
pain, diarrhea,
35-pound weight
loss

WL +

CHOP-R, AutoHSCT
Hyper-CVAD +
Velcade

CR

Luria et al

Sigmoid
colon
Terminal
ileum

NR

Case 3

Current 64/M
case
Current 41/M
case

Relapsed PBL in
pelvic, abdomen,
bladder 1 yr after PBL
diagnosis - loss of
follow after it
Alive at 44/35 mo

Case 4

Luria et al

Current 65/M
case

Terminal
ileum and
cecum

-

Acute bowel
obstruction

NA

4
5

6

12

-

-

-

B symptoms Chemotherapeutic
treatment

Hyper-CVAD +
rituximab, autoHSCT

Received
NL
3 cycles of
chemotherapy,
status
unknown
UR
DOD after 1 cycle of
chemotherapy

UR

UR

Progressive, bladder
mass, hepatic
metastases, DOD,
17 mo after PBL
diagnosed
CR for PBL, but
developed tAML
and DOD 2 mo after
tAML diagnosed
and 25 mo after PBL
diagnosed

1

Accompany abdominal pain; 44/35: 44 mo after diagnosis and 35 mo post transplant; +: Positive; -: Negative; ND: Not done; GI S/Sx: GI tract symptoms
and signs; WL: Weight loss; F: Fever; NS: Night sweats; NR: None reported; NL: None listed; CHOP: Cyclophosphamide, hydroxydaunorubicin, oncovin,
prednisone; CHOP-R: Cyclophosphamide, doxorubicin, vincristine, prednisone-rituximab; LACE: Lomustine, cytarabine, cyclophosphamide, etoposide;
EPOCH: Etoposide, vincristine, doxorubicin, cyclophosphamide, and prednisone; proMACE-cytaBOM: Cyclophosphamide, doxorubicin, etoposide
cytozar, bleomycin, vincristine, methotrexate and prednisone; Hyper-CVAD: Fractionated cyclophosphamide, vincristine, doxorubicin and dexamethasone;
PR: Partial remission; UR: Unresponsive to therapy; NA: Not Applicable; DOD: Died of disease.
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fistulizing pattern of disease did. A recent case report
also addressed a concern about whether using infliximab
(anti-TNF) for inflammatory bowel disease (ulcerative
colitis) was associated with a significantly increased risk
of developing lymphomas[23]. However, a meta-analysis
by Siegel et al[24] did not show a statistically increased risk
of non-Hodgkin lymphoma in patients who were treated
with anti-TNF and immunomodulator as compared to
the general population. They were unable to establish a
clear-cut link and expressed concern that age might be a
confounding variable. Our patient had a long history of
treatment with steroids (Budesonide) and/or 6-mercaptopurine. Both drugs are immunosuppressive[25,26]. Immunosuppressed status, in conjunction with reactivation of
EBV, could be inciting factors for PBL with adverse clinical outcomes.
The presence of EBV in PBL has been cited repeatedly, and there is interest if this represents a route of
pathogenesis. EBV has been shown to be involved in
malignant transformation in a number of other lymphoproliferative disorders including Burkitt lymphoma
and Hodgkin lymphoma[27]. It appears the viral-encoded
product LMP1 has been linked to growth and proliferation[28]. This membrane bound protein is functionally
similar to CD40 and is constitutively active. Moreover,
since DNA methylation occurs ubiquitously in human
cancer from the earliest measurable stages, a novel study
of Hansen KD group revealed that extensive blockage of
hypomethylation occurred in ebv-induced B-cells, which
could be another reason for their immortalization[29].
EBV RNA is present in the majority of HIV-positive
PBL cases and about half of HIV-negative cases[4]. Right
now, the presence or absence of EBER is being used
to help diagnose PBL. However, there have been recent
reports of clinicians attempting to track their patient’s
response to treatment and possible relapse by measuring
EBV DNA viral load in blood samples at different intervals[30,31]. They found that lower levels from diagnostic
baseline corresponded with remission, while higher levels
corresponded with relapse.
Researchers have also sought to understand the
pathogenesis of PBL by understanding its common genetic anomalies. The proto-oncogene c-MYC is frequently
observed in a variety of tumors. C-MYC is a well-studied
phosphoprotein whose rearrangement has been associated with poor clinical outcome[32]. It is most commonly
associated with Burkitt lymphoma but is seen in other
malignancies as well[33]. In a study conducted by Valera
et al[34], 49% of the 41 cases of PBL that were able to be
investigated demonstrated rearrangement of c-MYC. Five
of these patients had PBL of the GI tract, and of those,
two showed rearrangements with immunoglobulin heavy
chain (IgH) and one showed gains in c-MYC expression.
The most common rearrangement encountered in the
literature is between c-MYC and IgH[32-34]. c-MYC status
was not well investigated in PBL. In an article describing
3 cases of PBL with c-MYC/IgH rearrangement by Bogusz et al[33], they found that these patients had extremely
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low CD4 counts (21, 48, and 35 cells/mm3) as compared
to 6 PBL patients without the rearrangement. In these 6
patients, the median CD4 count was 300 cells/mm3. One
of the 3 c-MYC/IgH rearrangement cases PBL was found
in the anus and bone marrow. The case was not included
in our review set because it was part of a table, and a full
patient history was not present. Of 14 listed cases (Table
2) and all 4 cases at our institution, only one study was
analyzed by fluorescence in-situ hybridization (FISH) for
c-MYC, which was positive. Since a dysregulated c-MYC
gene could be a potential therapeutic target[35,36], further
investigation of c-MYC in PBL may potentially have important therapeutic and prognostic implications.
One of the reasons patients with PBL may not present with B symptoms can be explained by a proposed
mechanism for its pathogenesis. B lymphocyte-induced
maturation protein-1 (BLIMP1) and X-box-binding protein 1 (XBP1) are proteins that serve as reliable plasma
cell markers because they are involved in terminal B-cell
differentiation[4,37]. They have come to be recognized as
markers of PBL because the morphology and immunoprofile of this disease can overlap with other entities
such as multiple myeloma, DLBCL, and primary effusion lymphoma[1,4,38]. As BLIMP1 expression increases
there has been shown to be a correlative decrease in
expression of human leukocyte antigen DR (HLA-DR)
and by association major histocompatibility complex
class Ⅱ (MHCⅡ)[37,38]. MHCⅡ is involved in recruiting and activating tumor-infiltrating T cells which could
potentially help combat tumor growth and contribute to
the manifestation of B symptoms. Loss of this protein
has been linked with more aggressive forms of DLBCL[37] and it has been theorized that this may contribute
to PBL’s behavior.
Chemotherapy regimens that have been used with
partial or complete response include CHOP, infusional
EPOCH, hyperCVAD, and CODOX-M/IVAC[4]. Antiviral therapy and monitoring of HIV viral titers and CD4
count also play a critical role in the treatment of HIV
positive patients. Aggressive chemotherapy regimens have
not shown to produce a statistically significant improvement in outcome[5]. Further study of the occurrence of
MYC dysregulation in PBL may help us better understand
the disease mechanism and guide future pharmacological
research and chemotherapeutic regimens. Until a more
focused treatment option can be provided to patients,
there has been some success with adding bortezomib
to the current regimens or having the patients undergo
auto-HSCT should they achieve complete remission on
therapy[5,39]. Case 2 in our study was treated with autoHSCT after his chemotherapy and showed the longest
remission of the 3 (44 mo). Case 4 achieved complete
response for his PBL but developed secondary AML two
years after auto-HSCT. To date, no study has specifically
analyzed the overall survival of auto-HSCT for the treatment of PBL. Liu et al[39] reported four patients who received auto-HSCT after chemotherapy at their institution
and showed a median survival of 27.5 mo.
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Table 2 Literature review and case study summary of immunophenotypic variation and available Epstein-Barr Virus/HHV8 data of
plasmablastic lymphoma of gastrointestinal tract
No.

Study

1
Mani et al[6]
2
Cha et al[7]
3
Brahmania et al[18]
4
Mihaljevic et al[17]
5
Hashimoto et al[15]
6
Chapman-Fredricks et al[14]
7
Bahari et al[11]
8
Pruneri et al[10]
9
Rajagopal et al[9]
10
Wang et al[8]
11
Hatanaka et al[19]
12
Lim et al[16]
13
Marques et al[13]
14
Mansoor et al[12]
Case 1
Luria et al
Case 2
Luria et al
Case 3
Luria et al
Case 4
Luria et al

CD45

CD20

CD79a

PAX5

CD38

CD138

MUM-1

Ki-67

EBER

MYC

HHV8

+
ND
ND
+
+
ND
+ (W)
+ (W)
+ (W)
-/+
ND

-

+ (W)
+ (F)
ND
+
+
ND
ND
+ (W)
+ (W)
+
+

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
+
-

ND
ND
+
ND
ND
ND
+
+
+ (F)
ND
ND
ND
ND
ND
+
ND
ND

+
+
+
+
+
ND
ND
+
+
+
+
+
+
+
+

ND
+
+
+
+
+
ND
ND
ND
ND
ND
+
ND
ND
ND
+
ND

ND
70%
70%
70%
100%
> 90%
ND
50%
80%
80%
90%
95%
90%
90%
80%
> 90%
75%
100%

+
+
+
ND
ND
ND
ND
+
ND
ND
+
+
+
ND

ND
ND
ND
ND
ND
+
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

-1
ND
ND
ND
ND
-1
ND
ND
ND1
ND
ND
+1
ND
ND
ND
ND
ND

1

HIV+ patients (x 4). +: Positive; -: Negative; ND: Not done; (W): Weak; (F): Focal; NA: Not applicable; EBER: Epstein-Barr Virus -encoded RNA.

In summary, clinical manifestations and treatments
are varied among cases. Understanding the rare disease
entity would benefit patient care by rendering earlier correct diagnosis, predicting clinical outcome and taking appropriate therapeutic strategies. A large scale study with
standard approaches is eventually needed.
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Case characteristics

Plasmablastic lymphoma of gastrointestinal tract (GI-PBL) is a rare variant of
B-cell non-Hodgkin lymphoma with an aggressive clinical course and shorter
overall survival of 1-2 years, which is primarily associated with human immunodeficiency virus (HIV) infection but can also be seen in immunecompromised
status including the elderly.

Clinical diagnosis

It often presents with gastrointestinal (GI) symptoms and signs such as bloody
stool, diarrhea, abdominal pain accompanied with or without weight loss.

Differential diagnosis

Differential diagnoses should include, but not be limited to, poorly differentiated
carcinomas, of GI tract, metastatic neoplasms, some sarcomas, de novo diffuse
large B-cell lymphoma, and plasma cell neoplasms.

Laboratory diagnosis

Laboratory investigations should include routine CBC, serum lactate dehydrogenase level, and virology including HIV and Epstein-Barr Virus.

Anaplastic plasmacytoma: a morphologic variant of plasmacytoma. Plasmablastic myeloma: a morphologic variant of plasma cell myeloma/multiple myeloma,
often involving bone marrow, bone, soft tissue and rarely found in GI tracts as
extramedullary presentation.

Experiences and lessons

Given GI-PBL being a great mimicker for the other GI neoplasms, lessons we
learned are to include rare entity into initial differential diagnoses, in particular for
the patients who are in immunosuppressant(s) or immunocompromised status.
This article is writen very well as pathological case report. The authors have
presented four cases of primary GI large B-cell lymphomas with immunophenotype and Epstein-Barr Virus expression consistent with plasmablastic lymphoma. Only one of the four cases were HIV positive and a second patient had
iatrogenic immunosuppression. They have also summarized clinicopathological
findings of 14 cases of primary GI plasmablastic lymphoma review of literature.
They discuss the possible molecular and immune mechanisms that may lead to
this uncommon tumor.
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Abstract
In October 2009, a 71-year-old female was diagnosed
with a cystic tumor in the tail of the pancreas with an
irregular dilatation of the main pancreatic duct in the
body and tail of the pancreas. A distal pancreatectomy
with splenectomy, and partial resection of the duodenum, jejunum and transverse colon was performed.
In March 2011, a follow-up computed tomography
scan showed a low density mass at the head of the
remnant pancreas. We diagnosed it as a recurrence
of the tumor and performed a total pancreatectomy
for the remnant pancreas. In the histological evaluation of the resected specimen of the distal pancreas,
the neoplastic cells formed an acinar and papillary
structure that extended into the main pancreatic duct.
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Mucin5AC, α1-antitrypsin (α-AT) and carcinoembryonic antigen (CEA) were detected in the tumor cells
by immunohistochemistry. In the resected head of the
pancreas, the tumor was composed of both acinar and
ductal elements with a mottled pattern. The proportions of each element were approximately 40% and
60%, respectively. Strongly positive α-AT cells were
detected in the acinar element. Some tumor cells were
also CEA positive. However, the staining for synaptophysin and chromogranin A was negative in the tumor
cells. Ultimately, we diagnosed the tumor as a recurrence of mixed acinar-ductal carcinoma in the remnant
pancreas. In conclusion, we report here a rare case of
repeated pancreatic resection for multicentric lesions
of mixed acinar-ductal carcinoma of the pancreas.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Mixed acinar-ductal carcinoma; Pancreatic
cancer; Acinar carcinoma; Total pancreatectomy
Core tip: We report a rare case of multicentric mixed
acinar-ductal carcinoma lesions of the pancreas. The
patient lived for 39 mo after the first operation without
a second recurrence.
Shonaka T, Inagaki M, Akabane H, Yanagida N, Shomura H, Yanagawa N, Oikawa K, Nakano S. Total pancreatectomy for metachronous mixed acinar-ductal carcinoma in a remnant pancreas.
World J Gastroenterol 2014; 20(33): 11904-11909 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i33/11904.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11904

INTRODUCTION
Although several cases of mixed acinar-endocrine carcinoma of the pancreas, which is composed of both
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Figure 1 Diagnostic imaging before the first operation. A: Computed tomography showed a low density area (approximately 6 cm) in the pancreas tail (arrow); B: Positron emission tomography-computed tomography showed abnormal
uptake of fluorodeoxy glucose (asterisk) in the low density area observed on
computed tomography; C: Endoscopic retrograde cholangiopancreatography
showed irregular dilatation of the main pancreatic duct in the body and tail.

Figure 2 Diagnostic imaging before the second operation. A: Computed
tomography showed a low density area at the uncus of the pancreas (arrow); B:
Endoscopic ultrasound showed a 3 cm hypoechoic mass (asterisk) at the main
pancreatic duct near the common bile duct (arrowhead); C: Endoscopic retrograde cholangiopancreatography showed the presence of inferior common bile
duct stenosis.

acinar and endocrine tumor cells, have been reported[1],
there have only been a few cases of resected mixed acinar-ductal carcinoma worldwide. According to the World
Health Organization (WHO) classification, mixed acinarductal carcinoma is considered to be a sub-class of acinar cell neoplasms[2]. Mixed acinar-ductal carcinoma is
defined in cases where greater than 25% of the tumor
exhibits acinar and ductal elements in the pathological
findings. Mixed acinar-ductal carcinoma usually exhibits
an aggressive behavior, and it has a poor prognosis[3].
Herein we report a case of repeat pancreatectomy
for multicentric lesions diagnosed as mixed acinar-ductal
carcinoma, discuss the clinicopathological features, and
present a review of the literature.

(ERCP) revealed irregular dilatation of the main pancreatic duct in the body and tail of the pancreas (Figure
1C). We diagnosed the patient with intraductal papillary
mucinous neoplasms. During the operation, we found
that the pancreas tumor was adhered to the duodenum,
jejunum and transverse colon. We did not want to peel
away the tumor, so we performed a distal pancreatectomy with splenectomy and partial resections of the
duodenum, jejunum and transverse colon.
In March 2011 (15 mo after the first operation), the
patient had did not exhibit any symptoms, but a followup CT examination showed a low density area at the uniciate process of the pancreas (Figure 2A). FDG/PETCT revealed intense FDG uptake in the same region (data
not shown). An endoscopic ultrasound examination
showed a hypo-echoic lesion in the uniciate process of
the pancreas that was approximately 3 cm in diameter,
and this tumor compressed the inferior common bile
duct (Figure 2B). ERCP revealed the presence of inferior common bile duct stenosis, and adenocarcinoma
was suggested by a biopsy of the tumor lesion (Figure
2C). Based on these findings, we suspected a recurrence
of mixed-acinar ductal carcinoma. Total resection of
the remnant pancreas was performed. The patient was
discharged successful on postoperative day 32. She re-

CASE REPORT
Clinical features
A 71-year-old female presented with epigastric pain in
October 2009. Abdominal computed tomography (CT)
showed a cystic lesion with a solid component in the
tail of the pancreas (Figure 1A) and positron emission
tomography-CT (PET-CT) showed intense fluorodeoxy glucose (FDG) uptake at the solid lesion (Figure
1B). Endoscopic retrograde cholangiopancreatography
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Figure 3 The resected specimen and pathological findings from the first
operation. A: The resected specimen had a cystic lesion with a solid component; B: HE staining showed a mucus-type epithelium with an extension of
intraductal papillary growth of the tumor cells. Scarce mucus-producing cells
were also present (HE, × 40).

mained alive 21 mo after the second operation and had
no recurrence.
Gross and pathological findings
During the distal pancreatectomy, a cystic lesion that was
7.2 cm in diameter with a partial solid component was
noted in the specimen (Figure 3A). Hematoxylin and
eosin (HE) staining showed both papillary and acinarlike structures in the solid component that extended into
the main and the branch pancreatic duct (Figure 3B). In
the former region, cube-shaped or high columnar cells
exhibiting with mucin production formed the papillary
structure resembling intraductal papillary neoplasms.
Acinar-like structures were also observed in certain areas. No malignant cells were detected in the proximal
stump of the pancreas. The tumor was localized to the
pancreas without invasion into the duodenum, jejunum or, colon. We used an EnVision™ FLEX system
for immunostaining. We assessed the ductal and acinar
elements using immunohistochemistry. The results
showed, positive staining for α1-antitrypsin (α-AT) and
carcinoembryonic antigen (CEA). The gastrointestinal
element was negative for mucin 2 (MUC2). Mucin 5AC
(MUC5AC) was minimally detected in the tumor cells;
however the we thought intraductal papillary mucinous
neoplasm was negative (Figure 4). The islet element was
negative for synaptophysin and chromogranin A (data
not shown). Based on these histological findings, we diagnosed the tumor as a mixed acinar-ductal carcinoma.
Extended papillary growth outside the cystic lesion was
also observed. A total of 8 lymph nodes were extracted,
but no metastasis of the resected lymph nodes was detected. The pathological stage was Ⅲb (T3N0M0) based
on the 7th edition criteria of the Union for International
Center Control[4].
The specimen taken during the second operation revealed another tumor approximately 3 cm in diameter tu-
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mor in the head of the pancreas (Figure 5A). Acinar-like
structures and papillary growths were observed, with a
mottled pattern were observed(Figure 5B). Some regions
of the tumor had a papillary growth pattern (Figure 5C).
Some of the tumor cells with mild atypia showed
poor mucus production with eosinophilic cytoplasm.
The tumor exhibited a papillary proliferation pattern,
with delicate fibervascular stroma and acinar-like structure pattern in some regions (Figure 5D). The tumor exhibited an almost solid growth, and the glandular lumen
was unclear. We detected abundant mitotic figures in the
tumor. In the microscopic findings, approximately 40%
of the tumor had an acinar-like structure, and 60% of it
exhibited a papillary growth pattern. There was intense
α-AT staining in the acinar-like part of the tumor. MUC5AC was not detected. Mild positive staining for mucin1 and CEA was observed (Figure 6). The staining for
synaptophysin A and chromogranin were negative (data
not shown). The tumor showed both an acinar-like and
papillary growth pattern in the main pancreatic duct. As
a result, we diagnosed the tumor as a mixed acinar-ductal
carcinoma in the remnant pancreas. A total of 7 lymph
nodes were extracted, but metastasis was not detected.

DISCUSSION
Combined acinar and ductal phenotype carcinoma of
the pancreas is very rare[5-7]. The WHO classification categorizes mixed acinar-ductal pancreatic carcinoma as a
sub-class of acinar cell neoplasms[2]. Mixed carcinomas
of the pancreas have distinctive histological features
suggesting more than one line of differentiation. Mixed
acinar-ductal carcinomas are defined as those in which
at least 25 percent of the neoplastic cells show an acinar
and ductal line of differentiation[2,8].
Stelow et al[3] reported a study of 11 cases of mixed
acinar-ductal carcinoma. In their report, all cases showed
significant evidence of acinar and ductal differentiation that were, estimated to include at least 25% of the
neoplastic cells. In the present case, acinar differentiation was shown to involve 40% of the tumor, with the
remaining portion exhibiting ductal differentiation during the second operation. All but one of the carcinomas
showed predominantly acinar differentiation, based on
routine histological and immunohistochemical analyses[3]. The 18 previously reported cases of mixed-acinar
ductal carcinoma in the English and Japanese literatures
are summarized in Table 1[3,9-11]. In five cases, the tumors
were present in the tail of the pancreas, while in the remaining cases, the tumors were located in the head of
the pancreas (the tumor diameters ranged from 35-72
mm). With regard to treatment, only one case received
radiotherapy, and the other cases underwent surgical
resection. There were no reports of a recurrence of the
tumor or additional resection of the remnant pancreas.
Kobayashi et al[12] reported an intraductal growth of
tumor cells into the main pancreatic duct with acinar
endocrine carcinomas. For this reason, it is possible that
mixed acinar and ductal phenotype carcinoma is biologi-
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Figure 4 Immunohistochemical and pathological findings from the first operation. A: α1-antitrypsin (× 100): regions of both strongly positive and weakly positive cells were present; B: Mucin5AC (× 100): only part of the tumor was positive; C: Carcinoembryonic antigen (× 100): a portion of the tumor was positive; D: Alcian
blue (× 100): staining was positive in the region with poor mucus production.
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Figure 5 The resected specimen and pathological findings from the second operation. A: The resected specimen from the second operation showed a 3 cm
solid mass in the head of the pancreas; B: There was a region with acinar-like structures (bottom right) that showed papillary growth (upper left) (HE, × 40); C: Dysplastic cells with poor mucus production exhibited papillary proliferation (HE, × 200); D: Acinar structures and cell division were observed (HE, × 400).

cally more closely related to acinar cell carcinoma than
to pancreatic duct carcinoma. Five of the previously
reported cases had a “mucinous acinar cell carcinoma”
pattern that, which is characterized by the production
of mucin in the acinar cell carcinoma. Six cases were

WJG|www.wjgnet.com

reported to exhibit a “combined acinar ductal” pattern
which finds mottled component of acinar cell carcinoma
and ductal carcinoma. Our case was a “mucinous acinar
cell carcinoma” at the first operation and a “combined
acinar ductal carcinoma” at the second operation [3].
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Figure 6 Immunohistochemical and pathological findings from the second operation. A: α1-antitrypsin (× 40): the acinar structure in the lower right area was
strongly positive; B: Mucin5AC (× 40): only a small part of the tumor was positively stained; C: Carcinoembryonic antigen (× 40): only a portion of the area was positively stained; D: Mucin1 (× 40): some positive staining was observed.

Table 1 The 18 previously reported cases of mixed-acinar ductal carcinoma in the English and Japanese literatures
Case

Age

Sex

Symptoms at presentation

Size

Location

Treatment

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16 (J)
17 (J)
18

74
75
73
74
70
77
77
52
76
79
69
71
51
51
85
63
63
71

M
M
M
M
M
F
M
M
M
M
M
M
F
F
M
M
M
F

Painless jaundice
Weight loss and diarrhea
Not available
Weight loss and diarrhea
Pain
Weight loss
Weight loss and pain
Pain
Painless jaundice
Painless jaundice
Painless jaundice
Not mentioned
Not mentioned
Not mentioned
Not mentioned
Abdominal pain
Worsening of diabetes
Epigastric discomfort

31
25
20
40
40
30
37
55
35
34
54
30
30
65
35
72
35

Head
Head
Tail
Head
Head
Head
Head
Head
Head
Head
Head
Head
Tail
Tail
Tail
Head
Head
Tail
Head

RTx, CTx
RTx, CTx
RTx, CTx
RTx, CTx
RTx, Rdx
Rdx
RTx
RTx, CTx
RTx, CTx
RTx, CTx
RTx, CTx
RTx
RTx
RTx
RTx

Follow-up
20
39
52
51
38
9
0.5
12
8
11
36
12
3
4
6
39
8
36

Prognosis

Reference

Alive
Dead
Dead
Dead
Dead
Dead
Dead1
Dead
Dead
Alive
Alive
Dead
Dead
Dead
Dead
Alive
Dead
Alive2

[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[10]
[10]
[10]
[10]
[11]
[12]

1

Deceased due to a post operative complication; 2Recurrence in the remnant pancreas 18 mo after the first operation. J: Japanese article; M: Male; F: Female;
RTx: Resection; Rdx: Radiation; CTx: Chemotherapy; -: Not mentioned.

Mucin production was observed in all cases, with a high
positive rate of immunostaining for MUC1 and CEA
that, was useful in the diagnosis. This was also the case
consistent with our patient. The clinical course was
considered to be aggressive, and seven of the previous
patients died at a mean of 29 mo after the operation[3].
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However, our patinet remained alive without recurrence
39 mo after the first operation.
Our patient underwent repeated pancreatectomy due
to a metachronous mixed acinar-ductal carcinoma. A
metachrounous tumor in the remnant pancreas of mixed
acinar-ductal carcinoma has not previously been reported,
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although repeated pancreatectomy for some cases of pancreatic duct carcinoma, intraductal papillary, mucinous tumors and endocrine tumors has[13-18]. There was only one
previous case of a recurrence of acinar carcinoma[14].
In conclusion, we reported a rare case of mixed acinar-ductal carcinoma. The patient developed metachrounous tumors in the remnant pancreas and underwent a
repeated resection. She remained alive 39 mo after the
first operation without a second recurrence.
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Abstract
Endoscopic submucosal dissection (ESD) of large gastric lesions often leads to severe gastric strictures,
especially in cases of large ESD in the antrum of the
stomach. It has recently been reported that balloon
dilation, mucosal incision, and local steroid injections
can successfully treat gastric strictures. However, there
are some complications with existing methods and decreasing the quality of life. We have developed a novel
method to prevent severe gastric strictures that does
not involve balloon dilation, mucosal incision, or steroid injections after circumferential ESD. Our original
method involves the submucosal injection of a mixed
solution composed of triamcinolone acetonide and
a general solution of glycerol, hyaluronic acid, and a
small amount of indigo carmine and epinephrine dur-
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ing the ESD procedure; this mixture is called a mixed
solution of triamcinolone (MST). According to standard
ESD procedures, several milliliters of MST are injected
into the submucosal layer for the purpose of elevating
the submucosa during ESD resulting in prevention of
severe strictures. Our method using MST take several
advantages such as MST method suppress inflammation in ulcer from initial phase, prevention of stricture
without obstructive symptoms, and does not require
several ballooning. Therefore, MST method is safe and
gentle, shorten the hospitalization duration. Here, we
described two cases in which we prevented severe
strictures of the gastric antrum after completing a circumferential ESD using MST without any complications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Early gastric cancer; Endoscopic submucosal dissection; Stricture of antrum; Triamcinolone
Core tip: Endoscopic submucosal dissection (ESD) leads
to severe gastric strictures, especially in cases of large
ESD in the antrum of the stomach. It has recently
been reported that some methods can treat gastric
strictures, however there are some limitations. We
have developed a novel method to prevent severe gastric strictures that does not involve previous methods.
Our original method involves the submucosal injection
of a mixed solution composed of triamcinolone acetonide and a general solution during the ESD procedure.
Here, we described two cases in which we prevented
severe strictures of the gastric antrum after ESD using
our original method without any complications.
Nishiyama N, Mori H, Kobara H, Rafiq K, Fujihara S, Matsunaga
T, Ayaki M, Yachida T, Oryu M, Masaki T. Novel method to
prevent gastric antral strictures after endoscopic submucosal
dissection: Using triamcinolone. World J Gastroenterol 2014;
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INTRODUCTION
Endoscopic submucosal dissection (ESD) was developed
to enable the en bloc removal of large gastric cancers
while decreasing the risk of local recurrences and allowing the collection of sufficient specimens for an accurate
histopathological evaluation. The ESD procedure is associated with a high incidence of stenosis in both the
esophagus and stomach. In addition, strictures after ESD
have frequently been described in esophageal lesions[1,2].
However, so far, there have been only a few reports of
strictures after ESD in the stomach[3-8]. Previous it has
been reported that the extent of a circumferential mucosal defect of > 3/4 in both the antrum and cardia is a
relevant factor for gastric stenosis after ESD[6-8]. We have
treated the cases of severe stenosis in the antrum after
ESD, and the circumferential extents of the mucosal defects were > 3/4 (Figure 1A-C). In such cases, we have
had to rely upon endoscopic balloon dilation[3,6-8] and local steroid injection[4,5]. Recently, the efficacy of balloon
dilation and local steroid injection for the prevention and
treatment of post-ESD strictures has been described
for the esophagus and stomach[1-8]. However, several additional endoscopic procedures after ESD were required
when using such methods resulting in additional costs,
patient inconveniences, and increased rates of perforation[3]. Therefore, we considered a new method involving submucosal injection of a mixed solution composed
of triamcinolone acetonide (Kenacort: 50 mg/5 mL;
Bristol-Meyers Squibb Co. Tokyo, Japan) 8 mL, glycerol
16 mL, hyaluronic acid 16 mL, and a small amount of
indigo carmine and epinephrine: this mixture is to be
administered during the ESD procedure. This mixture
is called a mixed solution of triamcinolone (MST). The
lesions were treated with standard ESD procedure using
a dual knife (KD-650L; Olympus Co., Tokyo, Japan) and
an IT2 knife (KD-611L; Olympus Co., Tokyo, Japan).
According to the standard ESD procedure, several milliliters of MST was injected into the submucosal layer
just beneath the lesion for the purpose of elevating the
submucosa. Thus, we were able to equally permeate the
steroids into the remaining submucosa of the dissected
ulcer defect (Figure 2).
This mixed steroid injection method was able to
suppress inflammation at early phase immediately after
ESD procedure. We treated two patients with mucosal
gastric cancer using circumferential ESD in the antrum.
The circumferential extents of the mucosal defects were
> 3/4 in the antrum of the stomach. We administered
MST injections into the submucosal layer as treatment.
Two months later, there were no severe strictures or gastric outlet obstructions after ESD procedure, even in the
absence of balloon dilation or further steroid injections.

WJG|www.wjgnet.com

B

C

Figure 1 We treated a case of severe stenosis in the antrum after the
endoscopic submucosal dissection procedure. The circumferential extent
of the mucosal defect was > 3/4. A: The white arrow shows that the lesion
constituted of a semi-circumferential, laterally spreading type 0-IIc early gastric
cancer on the anterior wall of the antrum; B: The circumferential extent of the
mucosal defect was > 4/5 after the performance of the ESD procedure; C:
Three months after the endoscopic submucosal dissection operation, the patient experienced a severe stricture of the gastric antrum. Subsequently, we had
to perform a mucosal incision and local steroid injection.

Submucosal injection solution mixture of
triamcinolone acetonid

Figure 2 Schematic diagram of our proposed new method. Schematic diagram of our proposed new method consists of submucosal injection of a mixture
of solution containing triamcinolone acetonide 8 mL, glycerol 16 mL, and hyaluronic acid 16 mL, in addition to a small amount of indigo carmine and epinephrine, which was injected during the performance of the endoscopic submucosal
dissection (ESD). The lesions were treated by standard ESD procedures.
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Figure 3 We performed our proposed new method during endoscopic submucosal dissection at gastric antrum (Case 1). A: Endoscopic imaging showed
that the lesion constituted a semi-circumferential, laterally spreading type 0-IIc early gastric cancer in the posterior wall of the antrum (white arrow); B: A three-fourths
circumferential mucosa in the antrum was removed by standard endoscopic submucosal dissection (ESD) procedure; C: The day after the ESD operation, there was
abundant vascularization in the ESD ulcer; D: Two weeks after the ESD operation, there was more granulation tissue than in a typical ESD ulcer; E: Three months
after the ESD operation, there were no strictures concomitant with the healing process near the ESD ulcer.

CASE REPORT
Case 1
A 63-year-old man was admitted to our hospital for
early gastric cancer diagnosed by a previous esophagogastroduodenoscopy (EGD) examination. The lesion
was a semi-circumferential, laterally spreading type 0-Ⅱ
c early gastric cancer on the posterior wall of the antrum
(Figure 3A). We assumed that the circumferential extent
of the mucosal defect would be > 3/4 in the antrum of
the stomach after ESD. Informed consent was obtained
from the patient before ESD operation as required by
our Hospital Clinical Ethics Committee. The lesion was
initially treated by the standard ESD procedures. During
ESD, a mixture of triamcinolone acetonide 8 mL, glycerol 16 mL, hyaluronic acid 16 mL, and a small amount
of indigo carmine and epinephrine was injected into the
submucosal layer just beneath the lesion.
The total dose of triamcinolone acetonide injection
was 60 mg. Three-fourths circumferential section of
mucosa in the antrum was removed (Figure 3B). The day
after the ESD operation, there was abundant vascularization in the ulcer area more than in patients with a normal ESD procedure without MST injection (Figure 3C).
Two weeks after the ESD operation, there was more
granulation tissue than usual in ESD ulcers site (Figure
3D). Three months after the ESD operation, the ulcer
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entered into a healing stage, and no strictures developed
concomitant with the healing process near the ESD ulcer site (Figure 3E). No complications, including nausea
or vomiting developed following the ESD procedure.
Case 2
A 61-year-old man was admitted to our hospital for early
gastric cancer diagnosed by a previous EGD examination. The lesion was a one-third circumferential, laterally
spreading type 0-Ⅱc early gastric cancer on the anterior
wall of the antrum (Figure 4A). We predicted that the
circumferential extent of the mucosal defect would be
> 3/4 in the antrum of the stomach after ESD. After
obtaining informed consent, we used the same steroids
as those used in Case 1 during the ESD. The total injected dose of triamcinolone acetonide was 40 mg. A
three-fourths circumferential mucosa in the antrum was
removed (Figure 4B). The day after the ESD, there was
more abundant vascularization in the ulcer than usual
(Figure 4C). Two weeks after the ESD operation, there
was also more granulation tissue than usual in ESD
ulcers site (Figure 4D). Three months after the ESD operation, the ulcer had entered a healing stage, and there
were no strictures concomitant with the healing process
near the ESD ulcer (Figure 4E). No nausea or vomiting
occurred during these three months, and no other complications occurred following the ESD procedure.
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Figure 4 We performed our proposed new method during endoscopic submucosal dissection at gastric antrum (Case 2). A: Endoscopic imaging showed that
the lesion constituted a one-third circumferential, laterally spreading type 0-IIc early gastric cancer on the anterior wall of the antrum (white arrow); B: A three-fourths
circumferential mucosa in the antrum was removed by standard endoscopic submucosal dissection (ESD) procedure; C: The day after the ESD, there was abundant
vascularization in the ESD ulcer; D: Two weeks after the ESD operation, there was more granulation tissue than usual in the ESD ulcer; E: Three months after the
ESD operation, there were no strictures concomitant with the healing process near the ESD ulcer.

DISCUSSION
Based on our initial experience with injecting MST during ESD procedure, this method appears to be effective
for preventing severe gastric strictures without balloon
dilation, mucosal incision, or steroid injections after circumferential ESD treatment.
It has been reported that steroid injections can prevent strictures after ESD for esophageal cancer and can
lower the number of endoscopic balloon dilation sessions[1]. ESD scar formation is thought to be an integral
part of wound healing, a process that involves inflammation, proliferation, and remodeling. Strictures develop
due to the crosslinking of collagen. Steroid injections can
induce the regression of scars by suppressing inflammation and reducing collagen and fibroblast proliferation.
Because the inflammatory process starts immediately
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after the ESD procedure, it is necessary to use steroids as
soon as possible to suppress excess inflammation[1,2,5,9,10].
One advantage of our novel method is that it allows
us to inject steroids into the submucosal layer just beneath the lesion during the ESD procedure. This direct
application reduces the level of inflammation resulting
from the initial phase. Previous reports have indicated
that balloon dilation can treat strictures of the gastric
antrum that develop after circumferential ESD treatment is performed[3,6-8]. However, out of four patients
who underwent a step-series endoscopic balloon dilatation, two of them experienced gastric perforation (50%
incidence of perforation)[3]. Therefore, balloon dilation
may be one option, but its use should be limited due to
its associated complications. Moreover, ballooning methods must be performed several times after the ESD,
resulting in a longer hospitalization time due to the serial
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Table 1 Advantages and disadvantages of mixed solution of triamcinolone method with other methods
Methods
Balloon dilatation

Incision and steroid injection

Mixed solution of triamcinolone method

Advantages

Disadvantages

Technical easy

Perforation
Longer hospitalization
Require several endoscopies
Treatable after obstructive symptoms
Technical difficult
Longer hospitalization
Treatable after obstructive symptoms
Delayed bleeding (abundant vascular)

Suppress inflammation of ulcer
Safe
Suppress inflammation of ulcer from initial phase
Shorter hospitalization
Safe and gentle
Prevention of stricture

endoscopies that must be performed and decreasing the
patient’s quality of life. As our MST method does not
require ballooning, therefore it is safer and gentler than
the ballooning method. In fact, our two patients were
only hospitalized for 7 d following the ESD procedure,
a length similar to that for standard ESDs. We also summarized possible advantages and disadvantages of MST
method with other existing methods in Table 1.
Recently, our colleague reported that mucosal incisions and local steroid injections were effective in treating stenosis of the gastric antrum after circumferential
ESD[4]; we also consider this approach effective. However, this method has challenges associated with the injection of triamcinolone into the submucosal layer within
the ulcer after the ESD and is also accompanied by the
possibility of perforations, similar to esophageal cases[11].
Thus, to address these issues, we developed the present
MST procedure, which is more gentle and convenient
than previous methods.
Furthermore, previous methods have been able to
treat strictures only after complaints of obstructive symptoms or after severe stricture have occurred, while our
MST can prevent strictures in the antrum after circumferential ESD. Although the use of steroids delays the healing of ulcers after ESD, they minimize severe deformities
and strictures. However, due to the induction of abundant
vascularization, as shown in our two cases (Figures 3C,
4C); care must be taken to detect any delayed bleeding for
at least 7 d after ESD procedure.
Additional experience with our method is still needed. Currently, a comparative prospective study including
a large number of cases is on-going at our hospital.
If the circumferential extent of a mucosal defect is >
3/4 at the antrum of the stomach after ESD procedure,
MST injection during ESD procedure is to be an effective and convenient method to prevent strictures without
steroid injection alone and performance of ballooning.
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Abstract
Neuroendocrine carcinoma (NEC) of the gallbladder is
a rare subtype of gallbladder tumor. Here, we report
two cases of NEC in two patients initially suspected to
have gallbladder carcinoma. No specific symptoms or
abnormal blood test results were observed preoperatively. Abdominal computed tomography scans indicated
intraluminal masses in the gallbladder and lymph node
enlargement in the hepatic hilum. Radical cholecystectomy and regional lymphadenectomy were performed.
The first patient also presented with liver invasion and
therefore underwent resection of liver segment Ⅳ. A
diagnosis of NEC was made upon postoperative pathological examination and immunohistochemical staining
according to the WHO Classification of Tumors of the
Digestive System (2010). One tumor was identified as
poorly differentiated NEC and the other as poorly differentiated mixed adenoneuroendocrine carcinoma.
Immunohistochemical staining data from both tumors
showed positivity for chromogranin A and synaptophysin. The first patient received 4 cycles of chemotherapy
consisting of cisplatin and etoposide. No metastases or
recurrence were observed 12 mo following surgery. The
second patient refused chemotherapy and presented
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with tumor recurrence 4 mo after surgery. In conclusion, NEC of the gallbladder is an aggressive tumor and
the identification of a standardized optimal treatment
still requires further research. Our experience together
with published studies suggests that radical surgery and
adjuvant chemotherapy may improve the prognosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Neuroendocrine carcinoma; Tumor; Gallbladder; Chemotherapy; Carcinoid
Core tip: The authors report two cases of neuroendocrine carcinoma of the gallbladder, which is an extremely rare disease. Both patients received radical
surgery and showed responses to chemotherapy. The
authors discuss possible approaches to improving prognosis including surgery, chemotherapy, radiotherapy
and biological targeted therapy in the context of their
experience and previously published studies.
Chen H, Shen YY, Ni XZ. Two cases of neuroendocrine carcinoma of the gallbladder. World J Gastroenterol 2014; 20(33):
11916-11920 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i33/11916.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i33.11916

INTRODUCTION
Neuroendocrine tumors (NETs) are neoplasms originating from neuroendocrine cells located throughout the
body, most commonly in the lung and gastrointestinal
tract[1,2]. NETs are generally subclassified by site of origin
and histological characteristics including tumor differentiation and grade. Neuroendocrine carcinoma (NEC) often
refers to tumors with poor differentiation and high grade.
Well differentiated tumors are defined as carcinoid and
can further be divided into typical and atypical, based on
the grade or biological behavior[3]. NETs of the gallbladder are rare and account for only 0.5% of all NETs[4] and
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A

B

Figure 1 Computed tomography scan of the gallbladder carcinoma. A: A thick-walled gallbladder with local infiltration to the adjacent liver; B: A polypoid intraluminal lesion about 4 cm in diameter.

A

B

Figure 2 Pathological examination, HE, × 400. A: Postoperative pathological findings were poorly differentiated neuroendocrine carcinoma with serosal invasion
and liver invasion; B: No transitional areas were observed between the two different parts.

2% of all gallbladder tumors, as reported by Yao et al[2].
Among 278 cases of NETs of the gallbladder reported
in the Surveillance, Epidemiology, and End Results database, only five well-differentiated NETs were registered[5].
Almost all patients with NEC of the gallbladder are diagnosed incidentally on the basis of pathological examination and postoperative immunohistochemical staining[6].
Because of the relative paucity of cases, the clinicopathological characteristics and prognoses for NEC of the gallbladder remain largely undetermined. Here we report two
cases of gallbladder tumor, one case of NEC and one of
mixed adenoneuroendocrine carcinoma (MANEC). Both
patients underwent radical surgery and showed good
responses to chemotherapy consisting of cisplatin and
etoposide.

CASE REPORT
Case 1
A 62 year-old male presented to our hospital with a history of nausea and vomiting for 2 wk. He had no abdominal pain, jaundice, weight loss or other complaints.
The physical examination was normal. Full blood count,
renal and liver function tests were within normal ranges.
Because of vomiting, his serum sodium and chlorine
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concentrations were moderately decreased to 122 mmol/
L and 85 mmol/L, respectively. Levels of tumor markers were as follows: AFP 2.88 ng/ml (normal range 0-7
ng/ml), carcinoembryonic antigen (CEA) 81.23 µg/L
(normal range 0-4.8 µg/L), 19-9 carbohydrate antigen
(CA19-9) 31.52 µg/ml (normal range 0-33 µg/ml).
Contrast-enhanced computed tomography (CT) depicted
a thick-walled gallbladder with local infiltration to the
adjacent liver and no gallstones (Figure 1A). There were
no signs of distal metastases in CT scans of the chest,
abdomen and pelvis. The patient had a 3 year history of
hypertension and denied any family history of cancer. He
had undergone appendectomy 12 years before and endoscopicpolypectomy of the colon 2 years before. A solid
mass of 4 cm × 4 cm × 2.5 cm in size was found in the
body of the gallbladder, infiltrating the liver parenchyma
for about 1 cm. En bloc cholecystectomy, resection of
liver segment IV and regional lymphadenectomy were
performed. Postoperative pathological findings (Figure
2a) were poorly differentiated NEC with serosal invasion and liver invasion. Immunohistochemical staining
revealed positive expression of chromogranin A (CGA)
(Figure 3a), synaptophysin (SYN) (Figure 4a), cytokeratin (CK) and cluster of differentiation (CD) 56. Furthermore, the Ki-67 index was over 80%. The level of CEA
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B

Figure 3 Immunohistochemical staining for chromogranin A. A: Immunohistochemical staining revealed positive expression of chromogranin A (CGA); B: Immunohistochemically, the tumor was positive for CGA.

A

B

Figure 4 Immunohistochemical staining for synaptophysin. A: Immunohistochemical staining revealed positive expression of synaptophysin (SYN); B: Immunohistochemically, the tumor was positive for SYN.

decreased to the normal range one week after surgery
and the levels of other tumor makers were maintained
within normal ranges. The patient made an uneventful recovery and received combination chemotherapy
with cisplatin and etoposide. The regimen consisted of
cisplatin 25 mg/m2 given intravenously on days 1-3 and
etoposide 120 mg/m2 intravenously on days 1-3, repeated
every 4 wk. After 4 cycles of this regimen, treatment was
discontinued due to serious neutropenia. Twelve months
following surgery, a positron emission tomography-computed tomography (PET-CT) scan was normal and levels
of tumor markers were well within normal ranges.
Case 2
A 34 year-old male presented to our hospital with a history of dull pain in the right upper quadrant of the abdomen for over 2 mo. There was no relationship between
the pain and eating. The patient had no symptoms of
dyspepsia or jaundice and the physical examination was
normal. Full blood count, urea analysis, liver function
tests and levels of tumor markers were within normal
ranges. Two hyperecho masses in the gallbladder (27 mm
× 14 mm, 31 mm × 16 mm) and dilation of the portal
vein and common bile duct were revealed by abdominal
ultrasonography. No stones were detected in the gallbladder. A CT scan of the abdomen revealed a polypoid
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intra-luminal lesion about 4 cm in diameter within the
gallbladder and lymph node enlargement around the hepatic hilum and pancreas (Figure 1b). En bloc cholecystectomy and lymphadenectomy of the hepatic hilum and
pancreas were performed. No distal metastasis or ascites
was observed during the operation. Postoperative pathological findings showed MANEC of the gallbladder with
serosal and lymph nodes invasion. No transitional areas
were observed between the two different parts (Figure
2b). Immunohistochemically, the tumor was positive for
CGA (Figure 3b), SYN (Figure 4b), CD56, HER2, CK
and mucin (MUC) 1. Furthermore, the Ki-67 index was
over 50%. The patient was discharged without complications, but he refused adjuvant chemotherapy. He returned
4 mo later, presenting with back pain. An abdominal CT
scan showed lymph node enlargement in the retroperitoneum and hepatic hilum. Intraarterial chemotherapy was
performed and the pain was relieved. The patient is now
receiving the first cycle of chemotherapy consisting of
cisplatin and etoposide.

DISCUSSION
NETs are classified into three broad histological categories based on tumor differentiation and grade according
to the WHO Classification of Tumors of the Digestive
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System in 2010: well-differentiated, low-grade (G1); welldifferentiated, intermediate-grade (G2); and poorly differentiated, high-grade (G3). Tumor differentiation and
grade often correlate with mitotic count and Ki-67 proliferation index. NETs are staged according to the AJCC
tumor (T), node (N) and metastasis (M) staging system.
Carcinoids of the stomach, duodenum/ampulla/jejunum/ileum, colon/rectum, and appendix have separate
staging systems, but NETs of the gallbladder do not[7].
NEC is frequently combined with other histological
carcinoma elements, such as adenocarcinoma or squamous cell carcinoma. MANEC is diagnosed only when
both portions are more than 30% in the pathological
examination[8].
The clinical presentations of most patients are nonspecific, and vague abdominal pain is the most common
initial symptom[9]. Radiological tests including ultrasonography, CT scan, magnetic resonance imaging and PETCT can reveal gallbladder masses indicative of gallbladder
cancer. It is almost impossible, however, to preoperatively
differentiate the NEC from other subtypes of gallbladder
carcinomas. Pathological examination and immunohistochemical staining such as for CGA and SYN are required
for the diagnosis of NEC.
As with other gallbladder carcinomas, NEC can readily invade the adjacent liver parenchyma and later cause
biliary obstruction, making it challenging to detect at an
early stage. Due to the aggressiveness of the tumor and
lack of early symptoms, patients are often diagnosed
at an advanced stage with lymph node invasion or liver
invasion, and accordingly have a poor prognosis [5,10].
Both of the two patients in our report had no hormonerelated symptoms, such as diarrhea, flushing or hyperglycaemia. Previous reports show that most NETs of
the gallbladder had no carcinoid syndrome[11]. The proportion of carcinoid, which should be classified as well
differentiated and lower grade neuroendocrine tumor,
is much lower in the gallbladder than any other site in
the gastrointestinal system. This may be another factor
which contributes to the poor prognosis of NET of the
gallbladder.
If the gallbladder specimen reveals only mucosal involvement on microscopic examination (Tis), or a pathologic report returns with identification of an incidental
cancer with only submucosal or muscular invasion (T1),
a simple cholecystectomy is adequate[12]. But for patients
in advanced stages without distal metastasis, radical cholecystectomy and lymphadenectomy combined with hepatic resection should be performed to obtain adequate
margins[5]. Improved outcomes have been realized with
aggressive radical operative therapy in gallbladder carcinoma, and some reports have shown that patients with
a locally invasive NEC of the gallbladder may benefit
from aggressive surgical treatment, followed by adjuvant
chemotherapy[13]. In patients with unresectable tumors,
systemic chemotherapy is the treatment of choice[14].
Until now, there has been no standard indication for
adjuvant therapy in patients with biliary neuroendocrine
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tumor and decisions on adjuvant therapy were made on
the basis of clinical situations such as dissemination state,
resection margin and histological classification[9].
For patients with poorly differentiated NEC, cisplatin
or carboplatin and etoposide are generally recommended
as the primary treatment, representing one of the standard regimens employed for the treatment of small cell
lung cancer[15]. Iwasa et al[15] concluded that the use of
the cisplatin and etoposide combination as a first-line
chemotherapy for hepatobiliary or pancreatic poorly differentiated neuroendocrine carcinoma had only marginal
antitumor activity and relatively severe toxicity compared
with previous studies on extrapulmonary poorly differentiated neuroendocrine carcinoma treated with the
same regimen. Evolving data suggest that patients with
small cells or extremely high Ki-67 index have a better
response. Iype collected 29 cases of poorly differentiated NEC and concluded that the large-cell subtype
had a worse prognosis than the small-cell variety and
chemotherapy was more effective for the small-cell subtype[16]. Other regimens have also proved to be effective
for NEC of the gallbladder. Taniguchi et al[17] reported a
case of adenoendocrine cell carcinoma of the gallbladder which exhibited a partial response to the combined
use of docetaxel and cisplatin, following the emergence
of gemcitabine resistance.
Shimono et al[18] reported one case of large cell neuroendocrine carcinoma of the gallbladder in a 64-year-old
woman who survived for 69 mo after the initial diagnosis
due to the use of multimodal treatment, consisting of
intraarterial chemotherapy, three-dimensional radiation
therapy, right trisegmentectomy, and γ-knife irradiation
(for brain metastases). This result proves that radiation
therapy can be a useful modality for neoadjuvant and adjuvant therapy in achieving local control.
Biological targeted therapies (like SST analogs) have
proved effective in controlling symptoms in patients with
gastroenteropancreatic neuroendocrine tumors (GEPNETs)[19]. Unfortunately however, no similar cases for the
gallbladder have been reported to date.
With regard to prognosis, tumor invasion of adjacent
structures is an important negative predictor of outcome,
compared to the presence of localized gallbladder wall
tumors which show better prognosis[8,20]. Evidence of
elevated Ki67 and high mitotic index is also likely to be
predictive of poor outcome much as has been described
in other NETs[5].
In conclusion, NEC of the gallbladder is a rare
subtype of gallbladder tumor with aggressive behavior and poor prognosis. Radical surgery, including en
bloc cholecystectomy and lymphadenectomy combined
with hepatic resection plus adjuvant chemotherapy are
recommended for patients in advanced stages without
distal metastasis. Radiotherapy should be considered to
control local recurrence or metastasis. The standardization of treatment including surgery, chemotherapy, radiotherapy and biological targeted therapy still requires
further investigations.
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Case characteristics

The two patients presented with non-specific symptoms including nausea, vomiting and dull pain.

Clinical diagnosis

9

Neuroendocrine carcinoma of the gallbladder.

Differential diagnosis

Pathological examination and immunohistochemical staining for chromogranin A
(CGA) and synaptophysin (SYN) are the major methods for differential diagnosis.

Laboratory diagnosis

10

Preoperative serum carcinoembryonic antigen level was elevated in one patient.

Imaging diagnosis

A computed tomography scan of the abdomen revealed a gallbladder with
thickened wall or an intra-luminal mass.

Pathological diagnosis

11

Immunohistochemical staining revealed positive expression of CGA and SYN.

Treatment

Both patients underwent radical surgery and chemotherapy consisting of cisplatin and etoposide.

12

Radical surgery including en bloc cholecystectomy and lymphadenectomy,
combined with hepatic resection plus adjuvant chemotherapy is recommended
for patients in advanced stages without distal metastasis.

13

Experiences and lessons

Peer review

The study is a very interesting report on 2 rare cases of neuroendocrine carcinoma of the gallbladder. The authors recommend radical surgery and adjuvant
chemotherapy based on their experiences and previously published data. Immunohistochemical staining (e.g., for pancreatic polypeptide and somatostatin)
should be given more attention.
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Abstract
Primary myelofibrosis (PMF) is a clonal hematopoietic
stem cell disorder. It is characterized by bone marrow
fibrosis, extramedullary hematopoiesis with hepatosplenomegaly and leukoerythroblastosis in the peripheral blood. The main clinical manifestations of PMF are
anemia, bleeding, hepatosplenomegaly, fatigue, and
fever. Here we report a rare case of PMF with anemia,
small bowel obstruction and ascites due to extramedullary hematopoiesis and portal hypertension. The diagnosis was difficult to establish before surgery and the
differential diagnosis is discussed.
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Core tip: Bowel obstruction caused by extramedullary
hematopoiesis and ascites due to portal hypertension
are uncommon symptoms in primary myelofibrosis.
Physicians should bear in mind that these rare manifestations can occur at the same time in a single patient.
Wei XQ, Zheng ZH, Jin Y, Tao J, Abassa KK, Wen ZF, Shao CK,
Wei HB, Wu B. Intestinal obstruction caused by extramedullary
hematopoiesis and ascites in primary myelofibrosis. World J
Gastroenterol 2014; 20(33): 11921-11926 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11921.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11921

INTRODUCTION
Primary myelofibrosis (PMF) is a clonal hematopoietic
stem cell disorder characterized by bone marrow fibrosis,
extramedullary hematopoiesis with hepatosplenomegaly
and leukoerythroblastosis in the peripheral blood[1]. The
clinical manifestations of PMF include severe anemia
which is caused by ineffective erythropoiesis, bleeding,
marked hepatosplenomegaly due to extramedullary hematopoiesis, hyperuricemia and constitutional symptoms
such as cachexia, fatigue, and fever. Ascites may occur in
PMF due to portal hypertension[2,3]. As extramedullary
hematopoiesis can occur anywhere, the clinical manifestations can be diverse. Extramedullary hematopoiesis mimicking acute appendicitis and intestinal obstruction, rectal
stenosis, gastric outlet obstruction and bladder outlet obstruction due to extramedullary hematopoiesis have been
reported[4-8]. However, intestinal obstruction and ascites
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A

B

Figure 1 Plain abdominal radiography revealed incomplete small intestinal obstruction. A: The flat film of the abdomen in the standing position showed dilated
small bowel loops with air-fluid levels; B: The flat film of the abdomen in the horizontal position showed dilated small bowel.

occurring at the same time in a patient with PMF has not
been reported to date.

CASE REPORT
A 61-year-old man attended the Emergency Department
of our hospital in October 2013 with complaints of significant weight loss, fatigue and anemia since May 2012.
He underwent bone marrow biopsy on November 2012
and the results confirmed the diagnosis of PMF. In June
2013, the patient complained of vomiting, abdominal
pain and abdominal distension with passage of flatus. He
was then admitted to the Department of Hematology,
where he underwent plain abdominal radiography which
revealed incomplete small intestinal obstruction (Figure
1); computerized tomography (CT) scan and ultrasound
B scan revealed hepatosplenomegaly and ascites, but
no mass was found. Anal double-balloon enteroscopic
examination was unremarkable, while peroral doubleballoon enteroscopic examination was refused by the patient. After fasting for five days, the abdominal symptoms
were relieved and the patient was discharged. The patient
returned to our hospital with the chief complaints of
vomiting, abdominal pain and abdominal distension, but
with passage of flatus for a week. On physical examination, his vital signs were normal, however, pallor with ascites, hepatosplenomegaly and hyperactive bowel sounds
with no palpable abdominal mass were observed.
Laboratory blood examinations showed the following
indices (normal range in parentheses): hemoglobin, 59 g/
L (120-140 g/L); peripheral white cell count, 5.39 × 109/
L (5 × 109/L-10 × 109/L); neutrophils, 72.2% (40%-60%);
peripheral red cell count, 2.47 × 1012/L (4.0 × 1012/L-4.5
× 1012/L); platelet count, 210 × 109/L (100 × 109/L-300
× 109/L); peripheral eosinophil count, 0.02 × 109/L (0.02
× 109/L-0.52 × 109/L); C-reactive protein, 20.5 mg/L
(0-6.0 mg/L); erythrocyte sedimentation rate, 31 mm/h
(0-20 mm/h); albumin, 31.8 g/L (36-51 g/L); total immunoglobulin, 29.8 g/L (25-35 g/L); total bilirubin, 4.3
μmol/L (4-23.9 μmol/L); alkaline phosphatase, 57 U/L
(35-125 U/L); c-glutamyl transpeptidase, 18 U/L (7-50
U/L); aspartate aminotransferase, 11 U/L (14-40 U/L);
alanine aminotransferase, 5 U/L (5-35 U/L); creatinine,
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192 μmol/L (31.8-91.0 μmol/L); blood urine nitrogen,
4.71 g/L (2.4-8.2 g/L); uric acid, 1108 μmol/L (90-420
μmol/L); prothrombin time, 14.3 s (11.0-14.5 s). Hepatitis B and C markers were negative. Serum tumor marker,
cancer antigen 125 (CA125) was 321.2 U/mL (0-35
U/mL); alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA) and cancer antigen 19-9 (CA 19-9) were not
elevated. Tuberculosis (TB)-related antibodies were not
found in the blood, and the TB-purified protein derivative (PPD) skin test was negative. Antinuclear antibodies
(ANA), antineutrophil cytoplasmic antibody (ANCA)
and rheumatoid factor (RF) were not found in the blood.
Routine urine and stool tests did not reveal any RBCs or
proteins on the first day of hospitalization. Routine ascites test: color, yellow; Rivalta test, negative; red cell count,
280 × 106/L; red cell count, 66 × 106/L; lymphocytes,
70%; granulocytes, 30%; and no obvious eosinophilic
granulocytes. The total protein, albumin, glucose, lactic
dehydrogenase (LDH) and adenosine deaminase (ADA)
levels in the abdominal fluid were 30.9 g/L, 18 g/L, 4.87
mmol/L, 95 U/L and 3.0 U/L, respectively. The serumascites albumin gradient (SAAG) = 31.8 g/L - 18 g/L
= 13.8 g/L >11 g/L. No tumor cells were found in the
ascites fluid following two cytopathology tests.
Abdominal CT scanning was repeated and revealed
hepatosplenomegaly, huge ascites and thickened ileum
wall with obvious enhancement in the arterial phase causing obstruction (Figure 2). However, it was difficult to
determine whether the intestinal lesion was malignant or
an inflammatory lesion, as there was an obvious enhancement in the arterial phase and ascites simultaneously.
During the first ten days of hospitalization, the patient received a nasogastric tube along with blood transfusion, albumin infusion, an intravenous proton pump
inhibitor (pantoprazole 40 mg, twice daily), antibiotics
and an intravenous diuretic (furosemide 20 mg, once or
twice daily). Ascites reduced considerably, blood hemoglobin increased from 59 g/L to 89 g/L, blood creatinine
decreased from 192 μmol/L to 116 μmol/L, and serum
albumin increased from 31.8 g/L to 37 g/L, but there
was no relief of abdominal symptoms.
The patient was then referred to the Department of
Gastrointestinal Surgery, where a laparotomy and partial
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Figure 2 Computerized tomography images indicated
hepatosplenomegaly and ascites (A) and the presence of
thickened intestinal wall with obvious enhancement in the
arterial phase and dilated small bowel (B-D). A: Plain computerized tomography (CT) scan; B: Coronal CT scan; C: Plain
CT scan; D: The arterial phase.

enterectomy were performed. During surgery, an intestinal mass of approximately 5 cm × 3 cm × 3 cm and an
obstruction in the ileum about 130 cm from the ileocecal valve were found, and intestinal adhesion forming
a closed loop due to the mass was also observed. The
resected ileum was 15 cm in length with a 5 cm × 3.5 cm
yellow ulcerated mass in the center (Figure 3).
The pathological results were as follows: A gross
view revealed a 5 cm × 3.5 cm brownish-yellow ulcerated mass in the 15 cm resected intestine. A microscopic
view confirmed an ulcer in the resected specimen and
there was significant hyperplasia of blood vessels in the
deep layers of the intestine under the ulcer, along with
hyperplasia of vascular endothelial cells. A large number
of infiltrated inflammatory cells could be seen in the wall
of the intestine; and a significant quantity of Megakaryocytes was observed around the serosal area along with an
accumulation of immature myeloid cells and erythroid
cells. Immunohistochemical (IHC) examination showed
the following: CD61 (+), CD68 (-), MPO (+), CD34 (+),
CD31 (+), CD11 (-), and Ki-67 (30%). An extramedullary hematopoietic mass of the small intestine with an
ulcer and excessive vascular proliferation were confirmed
pathologically (Figure 4).
Following surgery, the patient’s abdominal symptoms
and ascites completely resolved and he was discharged.
Diuretics, testosterone undecanoate and thalidomide were
prescribed in the outpatient department during a twomonth follow-up and no abdominal symptoms were noted.

DISCUSSION
Extramedullary hematopoiesis occurs in conditions with
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an increased number of circulating myeloid progenitor
cells, such as in PMF. The most common sites of extramedullary hematopoiesis are the spleen, liver, kidneys
and the adrenal glands[9]. However, other organs are occasionally involved, such as the gastrointestinal tract[4-7],
skin[10], joints[11,12], posterior mediastinum[13,14], the pericardium[15], and the brain[16-18]. A hematopoietic mass
can cause symptoms resulting from stricture of hollow
organs and compression of adjacent structures. In this
patient, the hematopoietic mass was adherent to adjacent
structures which also played an important role in causing
symptoms. Intestinal obstruction, rectal stenosis, gastric
outlet obstruction and bladder outlet obstruction due to
extramedullary hematopoiesis have been reported[4-8], and
progressive paraplegia may develop when extramedullary hematopoiesis occurs in the epidural space[17,18]. This
patient suffered from a closed loop intestinal obstruction
due to both intestinal stenosis and adhesion to the adjacent intestine caused by an extramedullary hematopoietic
mass. As a closed loop was formed, it is reasonable that
the ileac lesion could not be reached by a double-balloon
enteroscopic examination. The lesion was identified on
CT scan before surgery. In addition to gastrointestinal
endoscopic examinations, CT scanning can also serve as
an important tool in identifying gastrointestinal lesions.
However, there was obvious enhancement in the arterial
phase which was consistent with significant hyperplasia
of blood vessels as confirmed by the pathological results
in this patient, and it was difficult to determine whether
the intestinal lesion was malignant on the CT scan.
Ascites are found in some PMF cases, the main cause
of ascites is portal hypertension[2,3], peritoneal or other
ectopic hematopoiesis can also be the main cause[19-22],
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Figure 3 Exploratory laparotomy revealed intestinal obstruction caused by an intestinal mass approximately 5 cm × 3 cm × 3 cm and intestinal adhesions.
A: The intestinal mass; B-C: Intestinal adhesions; D: The brownish-yellow mass with an ulcer.
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D

Figure 4 Extramedullary hematopoietic mass of the small intestine with ulcer and excessive vascular proliferation was confirmed by histopathology. A: A
significant quantity of Megakaryocytes along with the accumulation of immature myeloid cells and erythroid cells were observed; B: Megakaryocytes were CD61 positive and CD68 negative (not shown); C: Significant hyperplasia of blood vessels and a large number of infiltrated inflammatory cells were seen; D: Blood vessels were
confirmed by positive CD31 staining.
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and hypoalbuminemia may play a role, as seen in this
patient. Portal hypertension is due to two main mechanisms: firstly, increased blood flow through the massively enlarged spleen; secondly, functional intrahepatic
obstruction caused by extramedullary hematopoiesis or
periportal fibrosis in the liver[2,3,23,24]. Portal hypertension
was proved indirectly by the high SAAG level which was
higher than 11 g/L in this patient. The ascites, due to typical liquid leakage, reduced significantly following albumin infusion and intravenous diuretic before surgery, and
were completely resolved by oral diuretics after surgery.
Unfortunately, some patients with ascites are refractory
to a sodium-restricted diet and high-dose diuretic treatment, TIPS may be a rescue therapy for refractory ascites
secondary to portal hypertension, however, caution is
necessary with respect to the presence and/or development of peritoneal or other ectopic hematopoiesis[3,19-22].
Ascites caused by peritoneal hematopoiesis have been
reported to respond well to chemotherapy[19].
Intestinal obstruction and ascites occurring simultaneously in a patient is not rare, however, intestinal obstruction caused by extramedullary hematopoiesis and ascites
occurring at the same time in a patient with PMF has, to
our knowledge, not been reported. A series of differential diagnoses should be considered. Firstly, tuberculous
peritonitis causing intestinal obstruction or intestinal tuberculosis causing intestinal obstruction with tuberculous
peritonitis have been reported previously, and it is possible that abdominal tuberculosis occurs in PMF; however,
there were no symptoms of tuberculosis, tuberculosis
(TB)-related antibodies were not found in the blood, the
TB-purified protein derivative (PPD) skin test was negative, and ascites was not an inflammatory exudate; thus,
tuberculous peritonitis and intestinal tuberculosis were
not diagnosed. Secondly, gastrointestinal carcinoma with
intestinal stenosis causing metastatic ascites[25] or malignant ascites, such as peritoneal mesothelioma, causing
intestinal obstruction[26-28] should also be considered. Fortunately, in this patient, blood CEA was normal, the ascites was due to typical liquid leakage, and no tumor cells
were found in the ascites. These results revealed that the
patient did not have a tumor. Thirdly, some autoimmune
diseases such as systemic lupus erythematosus (SLE) can
cause both intestinal obstruction and ascites[29,30]; however, in this patient, ANA, RF or ANCA were not found in
the blood and the ascites was not an inflammatory exudate; thus, the diagnosis of autoimmune diseases was not
considered. Fourthly, eosinophilic gastroenteritis presenting with intestinal obstruction and ascites has been reported[31,32]. Talley et al[33] identified three main diagnostic
criteria for eosinophilic gastroenteritis: (1) the presence
of gastrointestinal symptoms; (2) biopsies demonstrating eosinophilic infiltration of one or more areas of the
gastrointestinal tract; and (3) no evidence of parasitic or
extraintestinal disease; taking the normal level of eosinophilic granulocytes in the blood and ascites and a normal
double-balloon enteroscopic examination into consideration, eosinophilic gastroenteritis was not a reasonable
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diagnosis. Lastly, bloody ascites caused by strangulation
obstruction is a common clinical emergency, and was easily excluded in this patient.
Clinical physicians should bear in mind that intestinal
obstruction caused by extramedullary hematopoiesis and
ascites due to portal hypertension can occur at the same
time in PMF, although it is not very common. Ascites
due to portal hypertension may be resolved by diuretics,
as in this case. Intestinal obstruction caused by an extramedullary hematopoietic mass can be cured surgically by
removing the mass.
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Abstract
Inflammatory bowel disease patients are prone to immunosuppression due to effects of their medications.
Physicians are recommended to assess vaccination status and overall health in all patients, prior to initiation
of immunosuppressive therapy. Immunosuppressant
medications in women with inflammatory bowel disease are often continued during pregnancy, which can
result in newborns having an increased risk of immunosuppression at birth. While medication-induced immunosuppression in infants is transient, parents should
be counselled about delaying live vaccine administration in newborns until they are immune competent. A
retrospective study was done over six months at an
urban multispecialty medical center to assess whether
physicians are counselling pregnant immunosuppressed
inflammatory bowel disease patients regarding live vaccinations in their newborns. The study revealed that
only 57% of patients had documented counselling in
their charts. Further studies are necessary to determine
physician counselling practices of pregnant women
about live vaccines. It is critical that physicians and
patients are aware of the risks of immunosuppression
in pregnancy and the potential impact of live vaccines
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upon the newborn.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Pregnancy;
Vaccines
Core tip: International travel increases potential exposure to a variety of infectious agents. Administration of
live vaccines may be important when traveling to certain areas. However, live vaccines pose risks for individuals who are immunosuppressed. This letter addresses
the importance of counselling pregnant women with
inflammatory bowel disease who are pharmacologically
immunosuppressed about live vaccines and potential
impact upon the newborn.
Sekaran A, Borum ML. Pregnant inflammatory bowel disease
patients may require counselling regarding live vaccines in newborns. World J Gastroenterol 2014; 20(33): 11927-11928 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i33/11927.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11927

TO THE EDITOR
We read with interest the case report authored by Sanchez-Tembleque et al[1] entitled “Vaccines and recommendations for their use in inflammatory bowel disease”
which emphasized the importance of physicians analyzing
vaccination status in all inflammatory bowel disease (IBD)
patients prior to starting immunosuppressive therapy and
the recommendation that live vaccines are contraindicated for the first six months in newborns with in utero
immunosuppressant exposure. We are in agreement that
physicians need to counsel pregnant mothers regarding
the risks of live vaccinations in newborns. A report of a
fatal outcome after BCG vaccination in a child born to a
mother treated with Infliximab for refractory Crohn’s em-

11927

September 7, 2014|Volume 20|Issue 33|

Sekaran A et al . Counselling pregnant IBD patients about live vaccines

phasizes the importance of counseling about live vaccine
administration[2,3]. Several studies have suggested some
immune-modulating agents will cross the placenta and can
alter the newborn’s immune response[4,5]. While it is critical
that infants receive appropriate immunizations, it is paramount that there is physician and patient recognition of
the risks of live vaccination in immunosuppressed infants.
Acquired neonatal immunosuppression from maternal
IBD treatment may be under-recognized.
We conducted a six-month retrospective chart analysis evaluating the frequency of counseling about live
vaccine risks in pregnant and post-partum women with
inflammatory bowel disease maintained on immunosuppresants. There were no exclusion criteria. Seven patients
(6 diagnosed with Crohn’s disease and 1 with ulcerative
colitis) either pregnant or breast feeding on immunosuppressive therapy were identified. The mean age was 32.3
years (range 22-36 years). There was 1 African American, 4 Caucasian, and 2 patients of unknown race. Five
patients were on 6-MP, 1 infliximab, and 1 adalimumab.
Four patients (57.14%) had documented discussions with
their physician regarding potential effects of immunosuppressive therapy upon pregnancy. However, there were no
documented discussions about the risks of live vaccines
in a child born to a mother who is pharmacologically immunosuppressed. There was no statistically significant difference in the rate of such discussion based on diagnosis (P
= 1.0), drug regimen (P = 0.58), or race (P =1.0).
The importance of immunization in children is well
recognized. However, it is important that recipients of
vaccines are informed of the risks associated with their
administration. Potential risks of live vaccines are of
particular concern in those who are immunosuppressed,

including infants born to pharmacologically immunosuppressed mothers. Hence, it is imperative that physicians
assess immune status, including the potential effect of
medications upon immunity, prior to administering vaccines. While this study is limited based on size and duration, it suggests that physicians may not consistently
discuss or may not consistently document their discussion about the risks of live vaccines. Increased efforts are
necessary to ensure that physicians counsel women about
vaccination risks in their newborns following intrauterine
exposure to immunosuppressants.
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Brian Bressler, Vancouver
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Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
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Hepatitis C virus (HCV) infection and alcohol abuse are
two most important causes of chronic liver disease in
the United States. Alcoholic hepatitis is a unique clinical
syndrome among patients with chronic and active alcohol abuse with a potential for high short-term mortality.
About 20% of patients presenting with alcoholic hepatitis have concomitant HCV infection. Mortality from alcoholic hepatitis is increased in the presence of concomitant hepatitis C due to synergistic interaction between
HCV and alcohol in causing hepatocellular damage.
Large prospective randomized studies are needed to
develop guidelines on the use of corticosteroids among
patients with alcoholic hepatitis and concomitant HCV
infection. The impact of antiviral therapy on mortality
and outcome in the setting of alcoholic hepatitis remains a novel area for future research.
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Core tip: The article describes prevalence of hepatitis
C virus infection and its impact on outcomes among
patients with alcoholic hepatitis. The article deals with
controversies and lack of guidelines on treating alcoholic hepatitis patients especially use of corticosteroids
in this sick patient population.
Shoreibah M, Anand BS, Singal AK. Alcoholic hepatitis and concomitant hepatitis C virus infection. World J Gastroenterol 2014;
20(34): 11929-11934 Available from: URL: http://www.wjgnet.
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INTRODUCTION

Abstract
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Hepatitis C virus (HCV) infection and alcohol abuse
are two leading causes of liver cirrhosis in the United
States contributing to about 60% of all cases of chronic
liver disease and about half of all liver transplants in the
United States[1,2]. It is estimated that about 4.1 million
people in the United States have been infected with HCV
of whom 3.2 million are still living with the infection[3].
About 60% of people in the United States report use of
alcohol at some point in their life time with 8%-10% people reporting heavy alcohol use (> 2 drinks/d in males
and > 1 drink/d in females). Lifetime prevalence of alcohol abuse is 17.8% and of alcohol dependence is 12.5%.
Liver related mortality from alcohol is 4% of mortality
and 5% of disability globally; the highest burden is in
Europe where the mortality is 7% and disability is 12%[4].
Spectrum of alcoholic liver disease (ALD) among people
with alcohol abuse includes steatosis or fatty liver in
over 90%, alcoholic liver injury in 30%-35%, alcoholic
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Table 1 Prevalence of hepatitis C virus antibodies and
hepatitis C virus-RNA in patients with alcoholic hepatitis
Ref.
Parés et al[10]
Nishiguchi et al[11]
Nalpas et al[12]
Bode et al[13]
Rosman et al[14]
Sata et al[15]
Tanaka et al[16]
Pandya et al[17]
Singal et al[18]
Novo-Veleiro et al[19]

Sample size

HCV
antibodies

14
20
26
15
5
27
24
4129
76
6

21.4%
40%
35.4%
6.70%
20%
37%
25%
24.9%
38.1%
0%

HCVRNA Liver biopsy
NA
15%
30%
NA
NA
22%
8.3%
NA
NA
NA

100%
100%
69.2%
100%
100%
100%
100%
NA
9%
100

HCV: Hepatitis C virus; NA: Not available.

cirrhosis in 10%-20%, and hepatocellular carcinoma in
3%-8%[5].
About one third to half of patients with ALD and
active alcohol abuse may develop a unique clinical syndrome of alcoholic hepatitis comprising of combination
of the following symptoms or signs (1) acute liver failure;
(2) deep jaundice; (3) encephalopathy; (4) features of
systemic inflammatory response syndrome in the absence
of sepsis or cholangitis: fever, leukocytosis, tender hepatomegaly; and (5) hepatic bruit. About 80% of alcoholic
hepatitis patients have established cirrhosis and patients
with severe episode of alcoholic hepatitis [modified
discriminant function (mDF) > 32] have a potential for
40%-50% mortality within a month of presentation[6,7].
Prevalence of HCV and its interaction with alcoholic
hepatitis is not well described and the data on this are
scanty. In this article we review the prevalence, presentation, and outcomes of alcoholic hepatitis patients who
have concomitant HCV infection.

PREVALENCE OF HEPATITIS C IN
ALCOHOLIC HEPATITIS PATIENTS
Concomitant HCV infection and alcohol abuse are known
to synergistically act in causing more severe liver disease,
rapid progression of fibrosis, and higher prevalence of
hepatocellular carcinoma (HCC). Combined HCV and alcohol account for about 10%-14% of all cases of cirrhosis and for about 8%-10% of all liver transplants in the
United States[1,2]. The prevalence of anti-HCV is higher in
alcoholics vs nonalcoholic patients (10% vs 0%, P > 0.01)[8].
Factors such as high risk sexual behavior, intravenous
drug user, and higher risk for trauma and accidents requiring blood transfusions and interventions are some of
the potential reasons for this higher prevalence of HCV
in alcoholics[9].
Pooled homogeneous data without publication bias
from 10 studies (n = 4342) in patients with alcoholic
hepatitis shows the prevalence of HCV antibodies to be
25.4% (95%CI: 24.2-26.7) and of HCVRNA from 4 of
these studies (n = 97) to be 21.2 (95%CI: 13.9-31)[10-19]
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(Table 1).
Differences on study population, study design, country of origin, and time period with different ELISA testing used may possibly explain variation across studies on
the HCV prevalence (Table 1). In a recent analysis of the
National Inpatient Sample (NIS) database, prevalence of
HCV in alcoholic hepatitis patients was shown increasing
by 150% with a current prevalence of HCV in alcoholic
hepatitis in 2007 to be around 7%-8%. The increase in
HCV prevalence in alcoholic hepatitis patients was shown
to be due to increase in the diagnosis of HCV as there
was also an increasing prevalence of HCV in admitted
patients in the same calendar year who did not have alcoholic hepatitis[20]. This is likely due to increasing awareness on HCV with physician practices increasing to check
for HCV as shown in a recent survey where 93% of 488
gastroenterologists and hepatologists reported testing for
HCV in their patients with alcoholic hepatitis[7]. It is unclear whether the associated HCV infection predisposes
an individual to develop alcoholic hepatitis. However,
factors associated with concomitant HCV positivity in
alcoholic hepatitis patients were reported in an analysis
of the NIS database as age (40-60 years vs < 40 years:
8% vs 4.8%), ethnicity (Hispanic and African-American
vs Caucasians: 7.4% vs 6.5% and 7.8% vs 6.5%), charlson
comorbidity index score, complications of cirrhosis such
as variceal hemorrhage and hepatic encephalopathy, and
teaching status of the hospital[20].

IMPACT OF HEPATITIS C ON OUTCOME
OF ALCOHOLIC HEPATITIS
There are many studies reporting worse and severe alcoholic cirrhosis in HCV positive drinkers. Higher inpatient
mortality occurred in patients alcoholics with HCV infection compared to non drinkers (4.4% vs 2.4%, P < 0.01)[21].
Another study related a marked increase in mortality
(243%) in alcoholics to increased prevalence of HCV
over the same period[22]. However, data on the impact of
HCV on course and severity of alcoholic hepatitis are
scanty. In a retrospective study on 76 alcoholic hepatitis patients (27 concomitantly HCV positive), a total of
13 (16%) patients died at 6 mo from alcoholic hepatitis
diagnosis. Although, proportion of patients with severe
disease was similar at presentation in HCV positive and
negative patients (59% vs 49%, P = 0.18), HCV positive
patients were more likely to die to 6 mo (31% vs 9%, P =
0.015). In a multivariable cox proportional hazard regression model controlling for treatment for alcoholic hepatitis in addition to patient demographics and disease severity at presentation, HCV positive patients were over 8
times likely to die compared to HCV negative patients[18].
Similar data were reported using large VA database of
4129 patients with alcoholic hepatitis out of those 1028
had HCV (24.9%). The mortality at 90-d from alcoholic
hepatitis was higher in HCV positive patients compared
to HCV negative patients (15.7% vs 8.1%, P = 0.0007),
the impact of HCV infection on mortality was particu-
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larly significant in non-cirrhotic[17]. In an analysis of NIS
database of over 100000 alcoholic hepatitis patients
admitted during 1998 and 2007 in the United States, the
in-hospital mortality from alcoholic hepatitis was about
3.2%, higher among HCV positive compared to HCV
negative alcoholic hepatitis patients (3.8% vs 3.1%, P =
0.001). Limitations of a database analysis using ICD-09
code, lack of information on disease severity with inclusion of mild disease, and lack of outpatient information
after the hospital discharge could possibly account for
a low mortality from alcoholic hepatitis in this analysis.
Although, in-hospital mortality from alcoholic hepatitis
reduced annually at 7% between 1998 and 2007, HCV
positive alcoholic hepatitis patients remained 30% more
likely to die after adjusting for patient and disease characteristics including controlling for calendar year[20].
In a recent analysis of all patients admitted with discharge diagnosis of alcoholic hepatitis during 1988 and
2007 in the United States, the in-hospital mortality was
higher among patients with concomitant HCV infection
compared to alcoholic hepatitis patients alone (41.1% vs
3.2%, P = 0.07). In this study, length of stay and cost of
hospitalization were also increased in the group with concomitant HCV and alcoholic hepatitis[23]. It remains to be
seen whether addition of HCV into the scoring severity
model would further improve the accuracy of currently
existing scoring systems to predict disease severity and
outcomes.

MANAGEMENT OF ALCOHOLIC
HEPATITIS IN HEPATITIS C POSITIVE
PATIENTS

PATHOGENESIS OF INTERACTION
OF HEPATITIS C AND ALCOHOLIC
HEPATITIS
Mechanisms of interaction of alcohol and HCV are complex and remain incompletely understood. Both alcohol
and HCV can cause the full spectrum of ALD including
steatosis, steatohepatitis, cirrhosis, and HCC. Alcohol
leads to steatosis by inducing lipogenesis while HCV
causes steatosis by interruption of beta oxidation of fatty.
Liver disease initiated by both alcohol and HCV leads to
inflammation with cytokine signaling, generation of reactive oxygen species (ROS), depletion of antioxidants such
as glutathione, increasing iron accumulation in the liver,
and liver fibrosis[24]. Various sources for ROS from ethanol injury are CYP2E1 stimulation by ethanol, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
as alcohol increases conversion of NAD to NADPH, alcohol metabolic products such as acetaldehyde, cytokine
induced apoptosis and cell death, and hypomethylation
of DNA[6,7]. In addition, HCV core protein causes mitochondrial defects increasing generation of ROS[25]. Hence,
oxidative stress seems to be hallmark of this synergy with
downstream effects of lipid peroxidation and increasing
levels of transforming growth factor-β resulting in liver
fibrosis[26]. In vitro, these effects have been shown to be
prevented by the antioxidant n-acetylcysteine[25].
At the more cellular level, HCV core protein has been
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shown to increase calcium entry into the mitochondria
which further increase ROS generation[25]. This whole
process primes these infected mitochondria to Calcium
and ROS mediated oxidative stress and cell death. In alcohol fed mice the injury from alcohol has been shown
to be most severe in superoxide dismutase (antioxidant)
knockout HCV transgenic mice followed by HCV transgenic mice which are wild type for SOD followed by
mice wild type for both SOD and HCV[27]. Recently data
are emerging on the mechanisms of HCV impacts cell
cycle and antioxidant levels in causing alcohol mediated
injury. Animal data have shown that HCV induces changes in FOXO3 (a factor controlling cell proliferation and
antioxidant levels) post-translational modification leading
to more severe injury[28]. In another study, FOXO3 function impairment and oxidative stress was shown to be
increased in the presence of combined HCV and alcohol
compared to presence of either agent alone[29]. Angiopoietin-like 3 gene expression is also decreased with exposure to HCV which leads to increased uptake of lipids
from the plasma to liver cells, a mechanism thought to
help viral replication[30]. Future studies with clearer understanding of pathogenesis of cellular pathways in synergistic action of HCV and alcohol in causing ALD and
alcoholic hepatitis would be crucial in developing newer
targets and drugs for treating patients with ALD and/or
alcoholic hepatitis.

Corticosteroids remain the first line option for treating
severe episode of alcoholic hepatitis (mDF > 32 and/or
the presence of hepatic encephalopathy) and provide
about 50% survival benefit in severe alcoholic hepatitis
with 15%-20% patients still dying within a month in
spite of treatment with these drugs[31]. Mechanisms of
non-response to steroids which is reported in 40%-50%
of severe alcoholic hepatitis patients remain unclear[32].
Pentoxifylline is an option based on center or physician
choice or for patients who cannot receive corticosteroids
for contraindications to these medications[7,33]. Potential
contraindications for use of steroids in severe alcoholic hepatitis include active infection, gastrointestinal
bleeding, acute pancreatitis, and very poorly controlled
diabetes. Renal failure or hepatorenal syndrome is also
considered a contraindication for the use of steroids as
these patients do not respond to steroids in the presence
of this disease complication[34]. Adjuvant use of n-acetylcysteine in combination with steroids was shown to be
better than steroids alone for the outcome of mortality at
1 mo among patients with severe alcoholic hepatitis (8%
vs 24%, P = 0.006). However there was no significant difference in mortality at six month between the two groups
(27% vs 38%, P = 0.07)[35].
In most randomized controlled studies evaluating ste-
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roids, pentoxifylline, and NAC patients with concomitant
HCV have been excluded. Concomitant HCV infection
is not recommended to be a contraindication for use of
steroid treatment in alcoholic hepatitis patients[36]. Hence,
given paucity of how to treat alcoholic hepatitis in the
presence of concomitant HCV, there remains lack of
guidelines on the management of this group of patients.
A recent survey evaluated the use of corticosteroids by
gastroenterologists and hepatologists for treatment of
severe alcoholic hepatitis in the presence of HCV. With
a survey response rate of 27%, out of 416 gastroenterologists and hepatologists, only about 47% reported
that they would use corticosteroids in the treatment of
severe alcoholic hepatitis and 75% reported that they
would not change the approach to treatment irrespective
of concomitant HCV infection. However, when asked
on treatment choice for HCV positive alcoholic hepatitis
patients, only 4% chose steroids to treat HCV positive
alcoholic hepatitis. These contradictory responses of
gastroenterologists and hepatologists form the basis for
need for guidelines on use of steroids in HCV positive
alcoholic hepatitis patients[37].
The general fear among physicians is increase in HCV
replication via the immunosuppressive effect of steroids
with possible worsening of the disease. However, the
data on the impact of steroids on the HCV replication
is scant. In an in-vitro study, steroids showed no increase
in HCV replication. One intriguing observation in the
study was the rebound of the immune response to HCV
with the potential for accelerated cell damage with quick
tapper of the steroids[38]. A large meta-analysis encompassing a total of 2305 patients concluded that there was
no statistically significant difference in the recurrence of
HCV infection associated with the use of corticosteroids
compared to corticosteroids free regimen when each
study is looked at individually. Collectively the meta-analysis showed decreased recurrence of HCV infection with
steroids avoidance in those liver transplant recipients (RR
= 0.90, P = 0.03)[39]. However, heterogeneous population
was a limitation of this meta-analysis.
Further, the risk of increasing HCV replication with
corticosteroids is associated with their use in bolus high
doses or for long time followed by taper. Use of steroids
in alcoholic hepatitis patients is limited to a short period
of 4 wk in a dose of prednisolone 40 mg/d. Hence, the
available literature is insufficient to recommend against
the use of corticosteroids for treating alcoholic hepatitis
patients in the presence of concomitant HCV infection
suggesting need for more data and randomized studies to
address this issue as a basis of guidelines on treating this
population of patients.
It remains to be seen if the treatment of hepatitis C
infection in those who present with alcoholic hepatitis
using antiviral therapy along with the standard management would impact the survival of those patients. Given
the current interferon (IFN) based regimens, such an
approach seems non-viable and ethical in these very sick
patients. Treatment of HCV in alcoholic hepatitis pa-
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tients with the emerging IFN free regimens with shorter
duration and better safety profile may be a promising
approach and remains a testable hypothesis within the
controlled limits of a clinical trial as the field of HCV
treatment rapidly evolves[40].
Patients who remain unresponsive to treatment with
steroids or pentoxifylline have a high mortality at a short
interval and current options to manage these patients are
limited. Given requirement of minimum of 6 mo of abstinence prior to initiating liver transplant evaluation, this
treatment modality cannot be applied to these patients.
Emerging encouraging data on the beneficial outcome of
select patients with alcoholic hepatitis with liver transplantation brings ray of hope for these patients[41,42]. However,
given the shortage of donor organs, we need more prospective data from other centers and on larger number
of patients before implementing liver transplantation for
alcoholic hepatitis patients.

CONCLUSION
Concomitant HCV infection is frequently present in patients with alcoholic hepatitis and impacts its outcome
negatively. Treatment of HCV positive alcoholic hepatitis
patients remains a clinical challenge with need for further
research aiming at formulation of guidelines on management of these patients.
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Core tip: This article deals with prevalence and impact
of hepatitis C virus (HCV) on progression and severity of alcoholic cirrhosis. We searched the literature on
graft and patient survival among patients receiving liver
transplantation for combined alcohol and HCV infection
comparing to transplants received for either disease
alone.
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Abstract
Alcohol abuse and chronic hepatitis C virus (HCV) infection are two major causes of chronic liver disease
in the United States. About 10%-15% of liver transplants performed in the United States are for patients
with cirrhosis due to combined alcohol and HCV infection. Data on outcomes on graft and patient survival,
HCV recurrence, and relapse of alcohol use comparing
transplants in hepatitis C positive drinkers compared to
alcohol abuse or hepatitis C alone are conflicting in the
literature. Some studies report a slightly better overall
outcome in patients who were transplanted for alcoholic cirrhosis vs those transplanted for HCV alone or for
combined HCV and alcohol related cirrhosis. However,
some other studies do not support these observations.
However, most studies are limited to a retrospective
design or small sample size. Larger prospective multicenter studies are needed to better define the out-
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INTRODUCTION
Hepatitis C virus (HCV) infection and alcohol abuse
represent the two most common causes of cirrhosis and
indications for liver transplantation (LT) in the West[1-3].
The prevalence of HCV infection peaked in 2001 at 3.6
million people infected. Cirrhosis accounted for 20% of
all cases of HCV in 2006 and based upon mathematical
modeling, the proportion of HCV with cirrhosis is projected to reach 45% by 2030[4]. It is now well recognized
that HCV-infected patients have worse patient and graft
survival than those transplanted for other etiologies[1,5] .
Liver disease in patients with HCV recurrence post-LT
takes an aggressive course and cirrhosis can occur within
5 years[6,7]. In contrast, outcomes after LT for alcoholic
liver disease (ALD) are as good as for other etiologies[8-10].
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Table 1 Patient survival at 1 and 5 years after liver transplantation: Studies comparing patients transplanted for hepatitis C vs
alcoholic cirrhosis vs mixed etiology (combined alcohol and hepatitis C) n (%)
Study design
Dhar et al[24]
Aguilera et al[18]
Burra et al[16]
Singal et al[19]

Retrospective
Retrospective
Population
Population

1 yr survival (sample size)

5 yr survival (sample size)

HCV

ALD

ALD-HCV

HCV

ALD

ALD-HCV

31 (80)
122 (72)
4166 (81)
15595 (88)

24 (90)
96 (90)
6301 (84)
8559 (89)

11 (72)
51 (86)
714 (84)
6003 (88)

83 (49)
1906 (67)
13469 (76)

81 (76)
2867 (73)
7597 (79)

43 (73)
261 (65)
5185 (76)

ALD: Alcoholic liver disease; HCV: Hepatitis C virus.

About 8%-10% of all LT in the United States are performed in patients with cirrhosis due to combined HCV
and alcohol or mixed etiology[2]. It has been shown that
about 30% of patients with HCV-related cirrhosis, listed
for LT have a significant history of alcohol consumption[11]. These conflicting data may be due to physicians
not carefully eliciting the drinking patterns in HCV patients. Several studies have shown a synergistic interaction between HCV and alcohol resulting in more severe
disease with rapid progression of fibrosis[12-15]. However,
little is known about the interaction between HCV and
alcohol consumption in the post-transplant setting. In
this article, we will review the current literature on the
outcome of patients receiving LT for liver disease due to
mixed etiology.

BASELINE CHARACTERISTICS
Patients undergoing LT for cirrhosis due to mixed etiology are younger than those transplanted for HCV or
alcohol abuse alone, with a median age of 49.5 years vs
59 years vs 53 years respectively, P < 0.001. Similar findings were reported in another study on the mean age
of HCV transplants, alcoholic cirrhosis transplants, and
patients transplanted for combined alcohol and HCV (53
± 9 years vs 52 ± 8 years vs 49 ± 8 years respectively, P <
0.001)[16]. In one study, the duration of liver disease before LT was reported to be shorter in patients with mixed
etiology by about 10 years as compared to alcohol alone
(median 15 and 25 years, respectively)[17]. Even though
alcoholic cirrhosis patients were older, they were sicker
at the time of transplantation than those with cirrhosis
secondary to HCV or mixed etiology; the proportion of
patients with Child-Pugh-Turcotte stage C were 47% vs
30% vs 43% respectively, P = 0.01)[18]. In this study, the
prevalence of hepatocellular carcinoma (HCC) was higher
in patients with HCV-induced cirrhosis and patients with
cirrhosis due to mixed etiology as compared to alcoholic
cirrhosis (44% vs 35% vs 18% respectively, alcohol vs
mixed, P = 0.01, HCV vs alcohol P < 0.001)[18]. Similar
findings were observed in another study on the prevalence of HCC in the three groups[19]. Further, the tumors
in the mixed group were found to be larger compared to
those in patients with alcoholic cirrhosis (mean diameter
4.25 cm vs 0.85 cm)[17]. It may be inferred that patients
transplanted for mixed etiology tend to have a more aggressive and faster progression to end-stage liver disease
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requiring transplantation.

WAIT LIST MORTALITY
Patients with cirrhosis due to mixed etiology are more
likely to die while they are waiting for LT. Lucey et al[20]
showed that patients with cirrhosis due to alcohol differed
from patients with cirrhosis due to causes other than
alcohol for wait list mortality only with respect to HCV
positive cases, with 14% higher risk of death in patients
with liver disease due to mixed etiology, P = 0.006. In this
study, the survival benefit from LT was dependent upon
the MELD score in patients with HCV, with a transplant
benefit seen with a MELD score > 29. However, the survival benefit from LT was independent of MELD score
for alcohol-related cirrhosis[20]. This finding is probably
due to the apparent low rate of post transplantation heavy
drinking. Further, it takes up to 5-10 years of alcohol use
to have a negative impact on the graft[21,22].

GRAFT AND PATIENT SURVIVAL
Several studies have reported the outcomes after LT in
patients with cirrhosis due to mixed etiology and compared the findings with patients transplanted for HCV
and for alcoholic cirrhosis alone (Table 1). However,
these studies have provided conflicting results[2,17-20,23,24]. A
database looking at the experience of multiple European
transplant centers found the survival rates following LT
to be lower in patients transplanted for viral or mixed
etiology compared to patients transplanted for alcoholic
cirrhosis[16]. The authors further found that de novo tumors were a major cause of death in patients receiving
LT for alcoholic cirrhosis. Patient mortality due to social
issues including non-compliance to medications and nonadherence to medical instructions was more frequent in
alcoholic cirrhosis and mixed etiology groups compared
to HCV cirrhosis. In a more recent study based on the
UNOS database, the five year graft and patient survival
were similar in patients transplanted for mixed etiology
and HCV cirrhosis but were lower compared to those
transplanted patients for alcoholic cirrhosis (76% vs 76%
vs 79% respectively; HCV vs mixed etiology P = 0.87 and
HCV vs alcohol, P < 0.0001)[19]. However, a retrospective study at a single center in Europe obtained different
results. In this study, the outcome of 60 patients with LT
for cirrhosis due to mixed etiology was compared with
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patients with HCV cirrhosis and alcoholic cirrhosis[18].
The authors found that patient survival at 5 years after
LT was lower in patients with HCV cirrhosis compared
to mixed etiology and alcoholic cirrhosis (49% vs 73%,
and 76% respectively, HCV vs mixed group, P = 0.0001,
mixed vs alcohol P = 0.74)[18]. Factors such as variations
in the study design, data source, study population, and
sample size may account for the differences in the findings among various studies. Further, in the study reported
from the single European center showed increased rates
of anti-HCV treatment and of re-transplantation in patients with cirrhosis due to mixed etiology as compared
to the other two groups which may explain the conflicting results[18]. These data on HCV treatment are not available in studies reporting data using UNOS or European
LT databases.

ALCOHOL RELAPSE
Recidivism (relapse of alcohol consumption) rates after
LT vary widely, ranging from 7% to 95%[25,26]. These variations are due to differences in the definitions used for
recidivism, methods used for diagnosing alcohol abuse,
the follow-up period, and the study population across
different studies[3]. In a pooled analysis of 50 studies evaluating recidivism after LT, the rates of any alcohol use after LT were 5.7% per 100 person years, and 2.5% per 100
person years risk for harmful drinking[27]. The data on the
negative impact of recidivism on the graft are conflicting[28-31]. Conjeevaram et al[28] observed that the incidence
of heavy drinking post OLT was uncommon, but fatal
in terms mortality and graft loss. They further observed
that the presence of steatosis and Mallory bodies in the
explanted liver predicted recidivism[28]. In one study, the
recidivism rates were similar in transplants performed for
alcoholic cirrhosis and for mixed etiology (5 out of 56
vs 3 out of 32 patients). Further, the return to excessive
drinking was not common[17]. All the five patients in the
ALD group were alive at 5 to 8.8 years after LT. Of the
three patients that returned to drinking in patients transplanted for mixed etiology, one patient died of continued
alcohol abuse[17]. Another study examined the impact of
recidivism on the liver graft in patients transplanted for
alcoholic cirrhosis with or without concomitant HCV.
No significant differences in the graft histology were
observed between HCV positive heavy drinkers (> 200
g/wk), occasional drinkers (< 200 g/wk), and abstainers[23]. Aguilera et al[18] noted that patients undergoing
transplantation for ALD had a higher rate of relapse
compared to patients receiving LT for HCV cirrhosis and
for cirrhosis due to mixed HCV and alcohol (18%, 3%,
and 8% respectively, HCV vs alcohol P < 0.001). However, the duration of alcohol consumption was shorter,
with a relatively small quantity of alcohol use. Further,
no significant differences were noted in the liver tests in
the three groups[18]. Based upon the current literature,
recidivism after LT in patients with cirrhosis due to both
alcohol and HCV does not seem to affect the liver func-
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tion adversely. However, long-term outcome of patients
with recidivism is less favorable compared to occasional
drinkers and abstainers[32]. Hence, these patients should
be advised to maintain complete abstinence after LT.

HCV RECURRENCE
Perhaps, one of the major concerns in patients transplanted for HCV cirrhosis is the risk for HCV recurrence
and its impact on the liver graft. Alcohol may potentiate
this damage by transiently increasing the circulating levels
of HCV RNA[19]. However, the current literature does
not provide convincing evidence that HCV recurrence in
patients transplanted for liver disease secondary to mixed
etiology is more aggressive than that in patients with
HCV cirrhosis alone[17,18]. The results of a study from a
single center on patients transplanted for alcoholic cirrhosis, HCV cirrhosis, or cirrhosis secondary to mixed
etiology showed that the only variable associated with a
better outcome after LT was the use of anti-HCV therapy after LT[18]. There was no difference after one year in
patients transplanted for HCV-related cirrhosis compared
to LT in patients with mixed etiology with respect to the
development of severe recurrent HCV infection (45% vs
45%, P = 0.66), acute hepatitis (26% vs 28%, P = 0.85),
or fibrosis stage > 1 (34% vs 35%, P = 0.88)[18]. Patients
transplanted for mixed etiology received anti-HCV treatment more often compared to patients transplanted for
HCV cirrhosis. With regard to alcohol relapse, the data
was limited by the small sample size, and needs further
validation.

CONCLUSION
The current literature supports the notion that cirrhosis secondary to mixed etiology (combined alcohol and
HCV) is an acceptable indication for LT, with graft and
patient survival comparable to patients receiving LT
for HCV cirrhosis or for ALD. The synergistic interaction between alcohol and HCV leads to more aggressive
disease prior to LT including higher wait-list mortality.
However, the impact of mixed disease after LT remains
unclear, with conflicting findings, suggesting the need for
more prospective multicenter studies on a larger sample
size to better examine this question and devise strategies
to improve the management of these patients.
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Abstract
Helicobacter pylori (H. pylori ) is a pathogenic, extra-

cellular bacterium that colonizes the stomach in approximately 50% of the world population. It strongly
interacts with the gastric epithelium and mostly causes
asymptomatic gastritis. The colonization of H. pylori
leads to ulcer development in around 20% of infected
patients and may progress to gastric cancer or mucosaassociated lymphoid tissue lymphoma in 1%. Thus, H.
pylori is the major cause of gastric cancer worldwide.
It has been classified as a class Ⅰ carcinogen by the
World Health Organization. Since its discovery in the
early eighties by Warren and Marshall, research has
been focused on the investigation of H. pylori biology,
host-pathogen interaction, prevention and treatment.
Although H. pylori induces a strong humoral and local
cellular immune response, the pathogen is not cleared
and establishes a chronic infection after encounters in
childhood. The ability to colonize the stomach is mediated by several virulence factors that change the host
environment, promote adhesion to the epithelium,
influence the gastric inflammation and induce immune
evasion. H. pylori can be eradicated by antibiotic treatment in combination with a proton-pump inhibitor, but
efficacy is decreasing. Current therapies are expensive,
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have side effects and contribute to increasing antibiotic
resistance, underlining the need for novel therapeutics.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Vaccination; Immune
response; Dendritic cells; T-cells
Core tip: Helicobacter pylori (H. pylori ) is a carcinogenic
pathogen colonizing the human stomach. In the advent
of rising antibiotic resistance, it is of major interest to
introduce novel therapies. Immunization is a potent
candidate although all efforts to generate an effective
vaccine have failed as yet. The host-pathogen interaction and especially the immune-modulating capacity of
H. pylori contribute to this development of resistance
to treatment. In this review potential solutions with a
focus on the immune response to the pathogen are discussed.
Anderl F, Gerhard M. Helicobacter pylori vaccination: Is there
a path to protection? World J Gastroenterol 2014; 20(34):
11939-11949 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/11939.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.11939

INTRODUCTION
In the last 20 years substantial effort has been put into
the development of a Helicobacter pylori (H. pylori) vaccine.
In different animal models immunization strategies have
been tested[1] which led to the reduction of colonization,
but few strategies conferred protection in terms of sterilizing immunity[2]. Vaccines were composed of different
antigens and adjuvants applied by different routes and
delivery systems. Some immunization strategies were tested in humans, but with disappointing results[3]. Although
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several vaccines induced antigen-specific immunity there
was only one publication that reported a slight reduction
of H. pylori[4]. This raises several questions regarding successful vaccination against H. pylori. What is a protective
antigen? Which adjuvant can induce a protective immune
response? And finally, what impact has the host-pathogen
interaction that modifies the host immune system on a
successful vaccine and is it possible to circumvent these
influences? These questions will be addressed in this review, with regard to the host immune response against H.
pylori and the experience of vaccination that we have till
now.

IMMUNE RESPONSE AGAINST H. PYLORI
An encounter with H. pylori leads to the activation of the
innate and adaptive immune system. The recognition of
antigen induces the activation of antigen presenting cells
(APCs)[5]. It is unclear if the APCs responsible for recognition reside in the stomach itself. Recent data indicate a
role of APCs located in the Peyer’s patches (PPs) in sampling for antigen from dead bacteria[6]. It has been clearly
demonstrated that antigen presentation, co-stimulation
and cytokine production are controlled by toll-like receptors (TLRs)[7]. Immune recognition of H. pylori involves
TLR2 and TLR5[8]. The local immune response towards
H. pylori in the stomach is characterized by the presence
of CD4+ T-cells in the gastric lamina propria with a
mainly T-helper type 1 (Th1) phenotype[9]. Infection also
induces IgG and IgA antibody responses detectable in
the serum and in the mucosa[10]. Despite the generation
of broad innate and adaptive immune responses, H. pylori
is not cleared, thus chronically colonizing the stomach.
Dendritic cells in H. pylori infection
The hallmark of dendritic cells (DCs) is their potential to
take up and present antigens very efficiently[11]. In the gut
several DC subsets can be found. The most prominent
CD103+ DCs have the ability to induce regulatory T-cells
(Treg)[12] as well as imprinting gut homing properties via
[13]
α4β7 integrin expression . A DC subset expressing
CX3CR1, negative for CD103, were described as antigen
sampling cells that extend their dendrites into the lumen[14]. These data are still controversial and the CX3CR1
cells are not classified as a true DC subset. Most knowledge of gut-residing DCs comes from the intestine but
H. pylori is a pathogen of the stomach and interacts with
the gastric epithelium. The role of DCs in the gastric tissue is less well defined. On the one hand, no organized
lymphoid structures are present, and it is not clear if
antigen sampling from the gastric lumen exists. On the
other hand, it has been described that recognition of
H. pylori takes place in the small intestine[6]. The coccoid
form of H. pylori was found to interact with PP DCs and
mice lacking PPs fail to induce gastritis thus indicating
the priming site of H. pylori within the PPs. Nevertheless,
DCs can be isolated from the stomach, but their role in
local pathogen recognition has to be evaluated.
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Most work on DC-H. pylori interaction was performed
in vitro or ex vivo. DCs from human and mouse origin
have been proven to induce a pro-inflammatory phenotype. Infection of human monocyte-derived DCs with
H. pylori led to the maturation of the DCs with increasing
expression of MHC Ⅱ and co-stimulatory molecules[5].
Furthermore, IL-12 production was observed, and in coculture experiments naïve T-cells differentiated to a Th1
phenotype characterized by the expression of interferon
(IFN)γ and tumor necrosis factor (TNF)α. Notably, the
authors could observe that Escherichia coli (E. coli) induced
this phenotype more efficiently. Similar co-culture experiments were performed by Khamri et al[15]. They could observe an increased IL-23 production by the DCs inducing
Il-17-producing T-cells. The finding that H.pylori induces
a less inflammatory phenotype then E. coli or Acetinobacter
lwoffi[16] indicates that H. pylori is a weak stimulus or is able
to actively suppress the DC activation. Furthermore, DCs
activated with H. pylori were able to convert naïve T-cells
to Treg[17]. Whether the in vitro generated DCs mirror the
phenotype and activity of the cells in the gut mucosa is
not well known.
More recent data that addressed the tolerogenic effect
of DCs in H. pylori infection was generated in an in vivo
mouse model. Diphtheria toxin (DT)-dependent depletion of DCs in a CD11c-DTR (DT receptor) transgenic
mouse was evaluated in the context of H. pylori infection[18]. DC depletion in neonatally infected mice resulted
in reduced colonization concomitant with an increase in
gastritis and IFNγ-producing T-cells. Applying the DC
depletion in a vaccination model also decreased the bacterial burden and promoted vaccine efficacy[19]. This phenotype was associated with more pronounced gastritis and
IFNγ/IL-17 production. These results demonstrate that
DCs seem to be relevant not only to mount but also to
suppress an effective immune response against H. pylori.
B-cells in H. pylori infection
The infection with H. pylori induces a local and systemic
antibody response including IgM, IgG and the mucosal
active IgA isotypes[20]. Serum of infected patients is successfully used in H. pylori diagnosis including different antigen recognition[21]. In a mouse model it could be shown
that B-cell knockout mice are colonized to the same level
as control animals after two weeks of infection. However, after two and four months the bacterial burden in
the B-cell deficient mice decreased significantly accompanied with CD4+ T-cell infiltration and increased inflammation[22]. These data suggest that the B-cell response
may be beneficial for H. pylori. Furthermore, the chronic
infection with H. pylori seems to prevent apoptosis of
B-cells indicating a possible influence on the generation
of mucosa-associated lymphoid tissue lymphoma[23]. In
vaccination experiments it could be shown that B-cells do
not participate in the post immunization gastritis, because
B-cell knockout mice exhibit similar inflammation after
prophylactic vaccination to the controls[22]. Thereby, the
efficacy of the vaccine was similar to that seen in wild-
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type animals. Thus, antibody responses may not promote
protection. Nevertheless, the role of B-cells during vaccination against H. pylori should be reconsidered in the
context of neutralizing antibodies. Blocking essential factors of H. pylori could be a promising strategy in future
vaccination approaches.
T-cells in H. pylori infection
T-cells play a major role in protection against H. pylori
through the adaptive arm of the immune system. Mouse
knockout models showed that CD4+ T-helper-cells (Th)
are responsible for clearing the bacteria in the stomach,
whereas B-cells have a minor contribution to protective
immunity after vaccination[24]. CD4+ T-cells consist of
different subsets with effector (Th1, Th2, Th17) and
regulatory (Treg) properties. After infection with H. pylori,
antigen uptake takes place in PPs by DCs, where naïve
T-cells are located[6]. After activation they acquire intestine-specific migration patterns to reach the stomach, the
site of infection, and can confer protection. One crucial
homing receptor is the α4β7 integrin. T-cells that do
not express α4β7 are not able to protect gastric mucosa
against H. felis infection, as shown by Michetti et al[25] in
transfer experiments.
Th1/Th2
The expression of the transcription factor T-bet (T-box
21) and the secretion of the effector cytokines IFNγ,
IL-2 and TNFα characterize Th1 T-cells, and account for
cell-mediated immunity. This is also defined by antibodymediated responses of certain subclasses of the IgG
antibody family, specifically IgG2a. Th2 T-cells express
Gata3 and secrete IL-4, IL-5 and IL-13, supporting humoral immunity, particularly those that are involved in allergy, dominated by the IgG1 antibody isotype. For a long
time it was thought that Th2 confers protection against
H. pylori. This view was changed by findings showing that
during H. pylori infection a pronounced Th1-type CD4+
T-cell response develops with increasing numbers of mucosal T-cells[26] and the induction of gastritis[27]. Studies in
IFNγ and IL-4 deficient mice confirmed the important
role of a Th1 immune response and the development
of inflammation connected with H. pylori infection[28].
Nevertheless, H. pylori infection induces a Th1 response
which neither eliminates the pathogen nor confers protection against reinfection[29,30]. Immunization studies
with predominant Th1 responses, characterized by IL-12
and IFNγ production, indicated that protection is due to
a Th1 phenotype[31], with the overall conclusion of a protective role for a Th1-type T-cell response.
TH17
Another recently described effector subset are Th17
T-cells, distinct from Th1 or Th2 cells, characterized by
the transcription factor Rorgt and the secretion of a subset of cytokines, i.e., IL-17, IL-22 and IL-26[32-34]. They are
most abundant at steady state in gut-associated tissues,
particularly the small intestinal lamina propria[35,36], where
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they are thought to coordinate early mucosal responses
to pathogens[37,38]. Specifically, Th17 T-cells have significant roles in protecting the host from bacterial and fungal
infections, particularly at mucosal surfaces[39,40]. The coexpression of IL-17 and IL-22 by Th17 cells regulates the
production of antimicrobial proteins in mucosal epithelium[41]. On the other hand, several reports show their potential to induce autoimmune tissue injury[42,43]. There is a
reciprocal developmental pathway for the autoimmunity
inducing effector Th17 and regulatory (Foxp3+) T cells
that inhibit the pathogenic Th17 autoimmune cells[44,45].
While transforming growth factor (TGF)β1 is necessary for induction of Th17 differentiation, IL-21 and
IL-23 are involved in generation and stabilization of the
Th17 cell subset, which express the IL-23 receptor[46-48].
The role of Th17 cells in H. pylori infection has not been
clear till now, although a few reports link the IL-23/IL-17
cytokine axis to infection-induced gastritis[49]. IL-23 is
overexpressed in the gastric tissue of H. pylori-infected
patients. Blocking IL-23 in cultured lamina propria leucocytes from infected patients leads to decreased IL-17
production. Furthermore, the treatment of H. pyloriinfected mice with anti IL-17 antibody led to a more
pronounced Th1 phenotype and increased gastritis[50].
The conclusion that IL-17 has a less inflammatory effect
on the H. pylori infection was indirectly confirmed by the
observation that IL17-/- mice showed a reduced colonization after infection, with a concomitant decrease of
neutrophil infiltration[51]. This could indicate that IL-17/
Th17 induces more inflammation, whereas Th1 leads
to increased protection. A different result was observed
by blocking the IL-17 signaling pathway. Algood et al[52]
infected IL-17RA-deficient mice (IL17RA-/-) with H.
pylori. Although one month after infection no differences
were observed between knock-out and wild-type mice,
eight weeks later IL17RA-/- animals showed higher colonization. This was accompanied by enhanced H. pylori serum antibody levels, more inflammation and an increase
in B-cells and plasma cells in the gastric tissue. Like in
IL-17-/- mice, the receptor-deficient mice had decreased
neutrophil infiltration. Furthermore, elevated levels of
IL-17 and IL-21 were observed in IL17RA-/- animals[52].
This implicates that IL-17 positively acts on neutrophil
recruitment, whereas IL-17 signaling on B-cells regulates
their attraction to the gastric tissue by a negative feedback
loop.
On the other hand, in vaccination settings, the induction of IL-17 secretion seems to directly correlate with
decreased H. pylori colonization. Mice immunized with H.
pylori lysate showed an induction of Th17 cells and gastric
infiltration of neutrophils, which correlated with protection[53]. In addition, the group of Michetti recently showed
in a H. felis model that vaccine-induced IL-17 production
reduced bacterial colonization, indicated by increased infiltration of IL-17-producing CD4+ T-cells (Th17), whereas
anti IL-17 treatment inhibited reduction of Helicobacter as
described before[54]. Nevertheless, it is still possible that
the observed vaccine-induced grade of protection is due
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to an increased IL-17 secretion according to higher levels
of Th17 cells. Taken together, the distinct role of Th17
cells and/or IL-17 in H. pylori infection needs to be further clarified with better defined mouse models in which
Th17 cells can be selectively manipulated.
Treg
Besides the reported immune-modulatory effect of H. pylori on effector T-cells, it has also been described that the
pathogen can induce immune-suppressive mechanisms,
such as the induction of Treg. Several papers show a
correlation of H. pylori infection and an increase of Treg
in human gastric tissue[55-57]. This effect was much more
pronounced in tumor compared to tumor-free gastric
mucosa[58]. The severity of gastritis seems to be accompanied by increased numbers of Treg in the inflamed gastric mucosa[55], which is also observed in mouse models
of H. pylori infection[56]. Additionally, Rad et al[56] could
show that depletion of Treg led to a more severe gastritis
as reflected by an increase in gastric macrophages, T- and
B-cells, and a reduction of H. pylori colonization. The H.
pylori-induced inflammation seems to be suppressed by
IL-10 producing Treg, because IL-10 deficient Treg are
less efficient in the suppression of gastritis[59]. The accumulation of Treg in H. pylori-infected gastric tissue is also
especially pronounced in children, presumably due to the
preference of the early immune system to induce tolerance by the induction of peripheral Treg. The group of
Anne Müller could show that neonatal infection in mice
with a cagPAI proficient H. pylori strain induces tolerance
to the pathogen, depicted by higher colonization and less
pathology[60]. In context with the tightly regulated gut immunity, Treg seem to support H. pylori colonization and
the development of a chronic state of infection by suppressing protective immune responses.

VACCINATION AGAINST H. PYLORI
Over the last decades many experimental approaches to
mediate protection against H. pylori infection have been
carried out. Thereby, different vaccine formulations with
different antigens, adjuvants and application routes have
been tested. Several protocols led to significant bacterial reduction in prophylactic as well as therapeutic approaches; however, they almost never reached sterilizing
immunity. The most promising vaccine-induced immune
reaction seems to be achieved by mucosal priming and a
systemic boost[61].
Studies in mice
In classical immunization protocols H. pylori lysates or several H. pylori proteins in different combinations were used,
showing a certain level of protection. Promising antigens
were urease, katalase, VacA, CagA, NapA, HpaA, AlpA
and BabA. These protocols followed different routes such
as oral, intranasal, rectal, intraperitoneal, intramuscular and
subcutaneous, involving different adjuvants, like cholera
toxin (CT), CpG-oligonucleotides, heat-labile enterotoxin
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(LT), Alum or Freund’s adjuvants. Combinations of more
than one antigen often showed better protection[62,63]. In
recent years several new vaccine approaches have been
introduced. These are comprised of new antigens, new
antigen combinations or new adjuvants.
A new vaccine candidate is the 20 kD outer membrane lipoprotein Lpp20[64]. It has been shown to protect
mice from H. pylori infection by passive anti-Lpp20 antibody transfusion[65]. Li et al[64] mapped two MHC Ⅱ-restricted peptide antigens of Lpp20 that induced similar
proliferative T-cell responses as the recombinant protein
and showed an additive effect when used in combination.
If this antigen will generate successful protection, data
has to be evaluated.
AhpC (alkyl hydroperoxide reductase) was recently
tested as a novel subunit vaccine[66]. It is described as an
essential, immunogenic antioxidant protein of H. pylori
that protects the bacteria from oxidative stress. This
study investigated the prophylactic efficacy of AhpC for
mucosal (oral) and systemic (subcutaneous) application.
Mucosal administration with CT significantly reduced
bacterial colonization. Although not significant, systemic
vaccination with Alum led to sterilizing immunity in 50%
of the animals. A similar picture was observed for the
therapeutic efficacy of systemically administered AhpC
(over 60% protection). Furthermore, O’Riordan et al[66]
tested mannosylated AhpC (mAhpC) in both approaches
by subcutaneous application with Alum. mAhpC was
generated through expression in yeast instead of E. coli.
In the prophylactic setting, sterilizing immunity was observed in over 70% of the animals and almost 50% in
the therapeutic setting. These data exhibit very promising
results regarding efficacy. Another important observation
is that AhpC or mAhpC alone (without adjuvant) has an
almost similar effect without showing strong humoral
immunity. What drives the protective effect of the nonadjuvanted protein has to be further investigated.
Additional antioxidant proteins from H. pylori were
tested as single- and multi-component vaccines[67]. In this
prophylactic approach mice were immunized with recombinant superoxide dismutase (SOD), catalase (KatA)
and/or thiolperoxidase (Tpx) comparing systemic (subcutaneous) vs mucosal (intranasal) immunization. Both
routes induced significant reduction in colonization for
the single antigens as well as for their combination (TriVac). Interestingly, there was no additive effect in the TriVac group. Further important information from the study
is that the mucosal immunization with Tri-Vac and CT
induced lower levels of antibody responses compared to
the single antigens. This was not observed in the systemic
approach formulated with ISCOMATRIX. If the differential antibody induction is due to the route of administration or the different adjuvant used, this could be an
important issue regarding recombinant, multi-component
vaccines and a potential loss of efficacy.
Another concept to apply a multi-component vaccine is protein fusion. The combination of the outer
membrane proteins Omp22 and HpaA was tested in a
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prophylactic setting[68]. Mice were immunized with single
antigens, their combination and the fusion protein by
oral administration. Mutant LT served as adjuvant. A
significant protection was achieved in all groups, which
was more pronounced with the protein combination or
fusion. Immunological parameters like specific antibodies
or T-cells were not addressed and thus, it is not possible
to make any correlations between the immune response
and efficacy. Nevertheless, these data indicate that the
combination of antigens can be beneficial.
Another interesting approach uses attenuated Salmonella and poliovirus, which express H. pylori antigens,
as vector delivery systems. The tested Salmonella strains
expressing urease A and B mediated a significant degree
of protection through prophylactic intranasal[69] and oral
administration[70]. Also, a poliovirus-based vaccination
using urease B as antigen displayed prophylactic, as well
as therapeutic efficacy[71]. More recent data combined
the Salmonella vector approach with a new antigen[72]
and a fusion construct of three antigens[73]. Salmonelladelivered outer inflammatory protein A (OipA) was used
for oral therapeutic immunization[72] and compared to a
codon-optimized construct that expresses around 6-fold
higher protein amounts. Vaccination induced significantly higher levels of OipA-specific antibodies as well as
specific T-cells which had a mixed Th1/Th2 phenotype
(IFNγ/IL-4). Furthermore, the adaptive response was
significantly higher when mice were vaccinated with the
optimized construct. This indicates that the increased
amount of OipA produced by Salmonella is able to boost
the immune response. Vaccination also reduced the colonization with H. pylori significantly and was more effective
with the optimized vector. The other therapeutic Salmonella-based approach included CagA, VacA and UreB in the
vector[73]. Liu et al[73] compared different constructs where
the antigens were combined in all possible orders. Interestingly, Salmonella expressing CagA-VacA-UreB (CVU)
showed the most drastic effect on colonization with a
clearance rate of more than 60%. The other constructs
had no or only moderate effects. CVU also developed the
highest antibody (IgG and mucosal IgA) and Th1 T-cell
response. Unfortunately the immunological assays were
only performed with H. pylori lysate. Thus, it is not possible to draw any conclusion on differential induction of
vaccine-specific immune responses and efficacy. Overall,
optimizing the Salmonella approach by antigen selection
and or codon-optimization seems to be a successful strategy, at least in animal models.
Relatively new experimental vaccine candidates are
multi-epitope approaches. Li et al[74] used three T-cell epitopes of urease B, and two B-cell epitopes from urease
B and HpaA that were generated by software prediction,
allowing the induction of a cellular as well as a humoral
immune response. The antigens were generated as a
peptide fusion protein that was linked to the adjuvant LT
beta. In therapeutically immunized mice, the specificity
of the three T-cell epitopes clearly could be shown in
peptide restimulation experiments, whereas the induction

WJG|www.wjgnet.com

of specific antibodies was tested with H. pylori lysates.
Nevertheless, oral immunization of already infected mice
led to the induction of vaccine-specific CD4+ T-cells and
H. pylori-specific serum antibodies that induced a clear
reduction in bacterial load. Another approach, named
Epivac, used a fusion protein comprised of predicted
CD4+ T-cell epitopes from HpaA, UreB and CagA[75].
In a prophylactic vaccination setting, mice were immunized subcutaneously in combination with different Th1
promoting adjuvants (CpG, MDP, MPLA and Addavax).
Four weeks post-infection a significant reduction in colonization could be observed in all vaccination groups. Although adjuvanted Epivac immunization exhibits a more
pronounced Th1 response (IFNγ), the addition of the
different adjuvants had only a minor effect compared to
the multi-peptide antigen alone. All formulations induced
Epivac-specific serum responses, but no IgA in stomach
mucosa. The failure of the different adjuvants regarding
protection remains an open question. Perhaps they are
not capable of inducing a mucosal immune response,
reflected by the lack of stomach IgA. Moss et al[2] introduced a new peptide-based concept of an in silico-based
vaccination approach. Conserved and potential immunogenic CD4+ T-cell epitopes were screened by bioinformatic algorithms and further selected in vitro and in vivo[76].
This gene-to-vaccine approach included multiple epitopes from different antigens in a DNA-prime/peptide
boost vaccine. Therapeutic intranasal application induced
a broad immune response measured by IFNγ and a significant reduction in colonization compared to intramuscular application or immunization with H. pylori lysate.
This unbiased genome-based approach may indicate that
there are a substantial number of potentially protective
antigens, and that the combination of different antigens
could be a promising strategy.
Besides the choice of antigen and their combinations, the employment of mucosally active vaccination
strategies seems to play a major role in H. pylori vaccine
efficacy. Regarding clinical use, it is impossible to transfer strong mucosal adjuvants like CT or LT to humans
because of their toxicity. The flagellin of H. pylori (FlaA)
evades recognition of TLR5[77,78]. To facilitate this molecule as a mucosal adjuvant, Mori et al[79] constructed a
chimeric flagellin (CF) comprised of the hypervariable
domain of FlaA and the C- and N-terminal segments of
E. coli flagellin (FliC) to maintain H. pylori specificity and
to gain TLR5 activity. CF was shown to activate TLR5 in
transfected HEK293 cells. After immunization with or
without Alum, a strong, long-lasting (8 mo) IgG serum
response could be detected superior to FlaA immunization. Specific IgA could be detected until 3 mo postimmunization for CF + Alum. Furthermore, the immune
response after CF + Alum administration shifted to Th1.
In a prophylactic immunization study against H. pylori
CF + Alum administration, given in a combination of
intranasal prime/subcutaneous boost, displayed the most
significant reduction in colonization compared to CF or
FlaA alone or to FlaA + Alum. Although H. pylori-specif-

11943

September 14, 2014|Volume 20|Issue 34|

Anderl F et al . Vaccination against H. pylori

ic T-cell responses were not measured in this paper it can
be concluded that the strong induction of specific and
also mucosal antibodies by Alum-adjuvanted CF can lead
to protection. The application of an adjuvant with antigenic property in combination with potential protective
antigens enables new perspectives for future investigations. Nevertheless, the potential toxicity of CF has to be
evaluated in appropriate models. Interesting observations
have been made regarding H. pylori lipopolysaccharide
(LPS). Immunization studies with H. pylori sonicate indicated an immune stimulatory role of LPS[80]. Lysate that
was depleted for LPS induced a reduced Th1 cytokine
response (IFNγ, TNFα, IL-2) and an increase in Th2 cytokines (IL-4, IL-5). Therefore, H. pylori LPS could serve
as an interesting vaccine component. This effect has to
be further investigated, but together with an appropriate
adjuvant it could aid in protection.
Another focus of the Helicobacter field lies in the facilitation of toxin-based adjuvants, as CT and LT provide
promising results in experimental vaccination studies.
One possibility is to detoxify the adjuvant and simultaneously maintain the stimulatory effect. In a recent study,
a double mutant form of LT (dmLT) was used in a prophylactic H. pylori vaccination in comparison to CT[81]. By
sublingual and intragastric immunization, both adjuvants
induced similar protection with H. pylori lysate. Sublingual administration of UreB and HpaA formulated with
dmLT or CT also led to comparable protection. Both
adjuvants induced a similar response regarding T-cell
proliferation, specific cytokine induction (IL-17, TNFα
and IFNγ), specific serum IgG and gastric inflammation.
Only the production of specific gastric IgA was more
pronounced in the CT group. Taken together, dmLT
seems to be an attractive, mucosal adjuvant with reduced
toxicity and preserved stimulatory capacity. Besides LTbased adjuvants, the utilization of CT-based adjuvants is
investigated. The group of Nils Lycke approached the
construction of chimeric CT by exchanging the GM1binding subunit B through two copies of the DD fragment from Staphylococcus aureus protein A[82]. This so-called
CTA1-DD combines the activity of the holotoxin (CTA1)
and an immunoglobulin binding domain (DD fragment)
that targets and activates mainly B-cells. This adjuvant
shows no toxicity in rodents[83] as well as in non-human
primates[84]. Significant reduction of H. pylori colonization
was observed when administered intranasally with lysate
in a therapeutic setting[85]. CTA1-DD induced specific
IgG, CD4+ T-cell infiltration and a Th1 dominated T-cell
response. Compared to CT, the overall effect was less
pronounced. Additionally, CTA1-DD induced less gastric
inflammation than CT and no specific IgA in gastric mucosa. This can be explained by the targeting and thereby
reduced binding capacity of CTA1-DD compared to CT.
Overall, the features of this adjuvant make it an interesting candidate for future development.
Studies in humans
In humans several clinical studies were carried out to test
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the safety and immunogenicity of different vaccine formulations[1]. Mainly, all of these approaches used recombinant urease as the antigen. The oral immunization of
asymptomatic H. pylori-infected patients was well tolerated, but no specific immune response was induced[86]. By
the addition of LT as adjuvant, specific antibody production could be detected[87], concomitant with a reduction
of H. pylori colonization in infected patients[4]. However,
the toxicity of LT led to severe diarrhea. By limiting the
amount of adjuvant in the vaccine these side effects
could be overcome, but then also a specific immune
response was undetectable. To circumvent the problem
of toxicity, urease and LT were administered rectally but
only a weak immune response was induced[88]. Another
vaccine formulation employed killed whole H. pylori and a
mutant form of LT with diminished toxicity[89,90]. Oral administration exhibited secretion of specific IgA in salivary
and feces, but already infected patients did not eradicate
H. pylori to any degree. Furthermore, urease-expressing
Salmonella-based delivery vectors were tested in human
studies[91-93]. Urease-specific immune reactions were undetectable or only at very low levels after oral vaccination
of uninfected volunteers. This is an impressive difference
to the findings observed in mouse model experiments.
A recent study combined different promising antigens,
CagA, VacA and NapA, which seem to play important
roles in the severity of H. pylori infection[94]. The vaccine
was formulated with the very well established adjuvant
Alum and administered intramuscularly. Both route and
formulation seemed promising because their application
is already established in approved vaccines. H. pylori-negative volunteers were immunized and no side effects were
observed. This vaccine induced specific antibody production against all three antigens and an increased cellular
immune response by IFNγ secretion. The same group
applied this vaccination strategy in a phase Ⅱ trial in experimentally H. pylori-infected healthy volunteers (unpublished data)[95]. Although immunogenicity was achieved,
no statistical difference between the placebo and the vaccine group could be detected regarding protection from
H. pylori colonization. This may be due to the fact that
the experimental infection only worked in around 50%
of participants whereas the other half cleared the infection. Whether this vaccination will give rise to protection
against H. pylori infection has to be reconsidered. Therapeutic immunization of naturally infected patients could
be an alternative setting to test this trivalent vaccine in
future.

CONSEQUENCES FOR VACCINATION IN
THE FUTURE
Since H. pylori coevolved with humans within the last
88-200000 years[96], it is well adapted to the gastric physiology. Furthermore, the epidemiological and experimental data on its beneficial role in asthma disease[97,98] might
lead to the conclusion that H. pylori has a commensal-like
nature. Although the pathogen induces an overall regula-
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tory immune phenotype by regulatory T-cells and tolerogenic DCs, it still can induce strong inflammation and
eventually even regulate the degree of inflammation[99].
Perhaps H. pylori benefits from this milieu which provides
nutrition that enables its survival. On the other hand,
experimental animal models indicate that an increase in
inflammation leads to subsequent reduction in colonization[56]. As mentioned before, H. pylori also induces a pronounced but non-protective T- and B-cell response but
at the same time is able to evade the immune response
facilitated by several virulence factors[100]. For vaccination
these observations are of potential interest. Breaking tolerance and increasing inflammation in combination with
essential bacterial antigens could be the important issues
a successful vaccine should address. Indeed, experimental
immunizations in animal models using strong adjuvants,
induction of mucosal immunity and conserved antigens
exhibited a certain degree of protection. Still, until now
all human vaccination trials that showed immunogenicity
have never led to vaccine-induced clearance in H. pylori
colonization of the stomach. Only one study, working
with LT as adjuvant[4], showed a protective effect, but
toxic side effects exclude broad application of this vaccine formulation for H. pylori immunization. The promising triple antigen vaccine (CagA, VacA and NapA)[94,95]
has to be further evaluated by meaningful therapeutic approaches.
Taken together, this is in strong contrast to the experiences achieved from the experimental mouse model.
To really generate and improve the efficacy of human H.
pylori vaccines, mainly two questions have to be solved:
what is the right antigen and what is the best adjuvant
applicable? On the adjuvant side, the range of choice is
limited. All promising mucosal adjuvants used in experimental animal models are not approved for humans and
no approved adjuvant is assigned for mucosal administration. There are some efforts to utilize the less toxic
cholera toxin subunit B (CTB) for vaccinations[101], but
until now it is unclear if this will lead to a human approach. Additionally, it has to be solved whether CT or
CTB can efficiently induce protection, as some papers
reported an inhibiting effect of CT on the induction of
a Th1 response[102,103], the supposed protection mediating arm of immunity in H. pylori infection. Some of the
recently used adjuvants tested in the mouse model of H.
pylori infection, like chimeric flagellin[79] or double mutant LT[81], show promising results. Nevertheless, their
development towards clinical application is missing. The
flagellin approach is still under experimental evaluation.
Preliminary toxicity data are still missing. The dmLT was
investigated more extensively. The adjuvant did not result
in increased intestinal weight in an enterotoxicity assay in
mice[104]. Recently, the dmLT was tested in a preclinical
mouse model[105] to evaluate the improved immunogenicity of a previously tested vaccine against enterotoxigenic
E. coli that failed to induce efficacy in a phase Ⅲ clinical
trial[106]. The other toxin-based adjuvant, CTA1-DD, has
also been tested in different toxicity assays and proven to
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be save in mice[82]. It was reported to be well tolerated in
cynomolgus macaques[83] and rhesus macaques (own unpublished data). The development of adjuvants towards
clinical use is not easy to implement. Production under
GMP and toxicity testing under good laboratory practice
(GLP) is cost extensive and thereby often has to be transferred from a scientific environment to a commercial
utilization. The high risk of failure implemented in these
developmental steps reduces the dedication of potent
companies. Despite all difficulties that have to be faced,
new mucosal adjuvants that can be applied in humans are
of great interest.
On the other hand, the role of the right antigen remains an open question. Although a lot of different compositions with dead H. pylori, whole lysate, single antigens
or antigen mixtures have been evaluated, proof of efficacy in humans is missing. New promising candidates like
AhpC[66] or OipA[72] have been tested in mice and vectorbased approaches and/or multicomponent vaccines have
been investigated. In our opinion the right antigen has
to be an indispensable virulence factor to circumvent
the evasion mechanisms of H. pylori. In this context, a
potentially protective antibody response through B-cells
could be of special importance. An antibody-mediated
neutralization of such a factor will disarm H. pylori and
liberate the immune system to eliminate the pathogen.
The gamma-glutamyl-transpeptidase of H. pylori could
have this potential as it seems to be expressed in most
of the clinical isolates (unpublished data) and it inhibits
T-cell proliferation, thus blocking the most important
defense mechanism in H. pylori immunity. Indicated by
the work of Moss et al[2], a diverse mixture of highly
conserved antigens could further improve a successful
vaccine. However, we obviously have not been able to
translate successful experiments from rodents to the human system until now. It seems that regardless of adjuvant or antigen used, vaccination in mice often exhibits
efficacy to a certain extent. Therefore, it is questionable
if the mouse is the optimal preclinical model. Lessons we
perhaps can learn when working in rodents include the
understanding of the mode of action of our vaccine approach. Do we induce a functional B-cell response that
can neutralize certain bacterial functions? Do we induce a
local B- and T-cell response? What is the exact phenotype
of the induced cells and what are the differences to the
human system? Perhaps by a more careful investigation
of our vaccination models in terms of immunity we will
improve clinical outcome in future.

CONCLUSION
Although H. pylori may have a beneficial role in asthma
and allergic diseases and the prevalence of infection in
developing countries is decreasing, an effective vaccine
against H. pylori is still necessary in the light of the enormous socioeconomic costs associated with this infection.
The rising resistance rates of current antibiotic-based
therapies require novel therapeutic approaches. Addition-
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ally, the high prevalence of H. pylori infection in East
Asian countries or India requires effective treatment.
Furthermore, the prevalence of gastric cancer development is increased in these countries compared to the
western world. Antibiotics will probably not achieve mass
eradication. Only efficient vaccination would be able to
solve these problems and prevent gastric cancer on a
population-based level. Until now, a clear path towards
protection has been missing. Every year, promising approaches come on the scene. We have to communicate
that especially in H. pylori vaccination in rodent models,
efficacy alone is not sufficient for the clinical outcome.
Perhaps we have to investigate the vaccine activity in
more detail to convince potential sponsors to invest in
future development.
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Abstract
Helicobacter pylori (H. pylori ) infection has been clearly

linked to peptic ulcer disease and some gastrointestinal malignancies. Increasing evidence demonstrates
possible associations to disease states in other organ
systems, known as the extraintestinal manifestations of
H. pylori . Different conditions associated with H. pylori
infection include those from hematologic, cardiopulmonary, metabolic, neurologic, and dermatologic systems.
The aim of this article is to provide a concise review of
the evidence that supports or refutes the associations
of H. pylori and its proposed extraintestinal manifestations. Based on data from the literature, PUD, mucosal
associated lymphoid tumors lymphoma, and gastric
adenocarcinoma has well-established links. Current evidence most supports extraintestinal manifestations with
H. pylori in immune thrombocytopenic purpura, iron
deficiency anemia, urticaria, Parkinson’s, migraines and
rosacea; however, there is still plausible link with other
diseases that requires further research.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Migraine; Iron deficiency; Urticaria; Rosa-
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cea; Immune thrombocytopenic purpura
Core tip: Helicobacter pylori (H. pylori ) is the most common chronic infection in humans and has been associated with a variety of extraintestinal manifestations.
While evidence exists for associations, the strongest
correlation for H. pylori infection is for iron deficiency
anemia and immune thrombocytopenic purpura. Symptom improvement noted in urticaria and rosacea with
eradication therapy. Possible association with stroke,
coronary artery disease, Parkinson’s and Alzheimers.
Wong F, Rayner-Hartley E, Byrne MF. Extraintestinal manifestations of Helicobacter pylori: A concise review. World J Gastroenterol 2014; 20(34): 11950-11961 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i34/11950.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i34.11950

INTRODUCTION
Helicobacter pylori (H. pylori) has been associated with the
formation of peptic ulcers as well as other complications
of gastrointestinal malignancies, namely adenocarcinoma
and mucosal associated lymphoid tumors (MALT). However, since its discovery, H. pylori have been associated
with other disorders outside of the gastrointestinal (GI)
tract including diseases in hematologic, cardiopulmonary,
metabolic, neurologic, and dermatologic systems. The
evidence for the so called extraintestinal manifestations
of H. pylori infection will be discussed in the following
sections.

HEMATOLOGIC MANIFESTATIONS
Iron deficiency anemia
Iron deficiency is the most common nutritional deficiency and cause of anemia[1]. Iron deficiency anemia (IDA)
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occurs in 2%-5% of adults in the developed world, with
gastrointestinal tract blood loss being the most common cause[2]. Additionally, IDA is seen in 5%-12% of
otherwise healthy premenopausal women[3], related to
menstrual blood loss and increased iron needs during
pregnancy[4].
Eighty percent of dietary iron in Western countries
requires an acidic intragastric pH to be reduced to ferrous form for absorption[5]. This reaction is promoted by
ascorbic acid, which is secreted from plasma into gastric
juice. Ascorbic acid is considered the most potent enhancer of iron absorption[6].
The link between H. pylori and IDA is well supported
in the literature. The first case report was published in
1991 by Blecker et al[7] who described a 13 year old girl
with IDA related to H. pylori-positive chronic active gastritis. Hemoglobin levels normalized with eradication of
H. pylori without iron supplementation[7]. Later reports
described similar cases in adults[8-10]. A recent meta-analysis of thoroughly designed observational epidemiologic
studies revealed an increased risk of IDA in H. pylori infected patients (OR = 2.8, 95%CI: 1.9-4.2)[11].
Valiyaveettil et al[12] conducted a randomized controlled trial with 52 anemic adult patients undergoing upper GI endoscopy; findings were suggestive of H. pylori
eradication improving iron status. Malik et al[13] recently
showed that administration of iron in patients with IDA
of pregnancy and H. pylori infection is less effective in
comparison with when patients are cured of H. pylori infection. Four meta-analyses of randomized control trials
have supported this association and also suggested a role
of H. pylori in iron absorption[14-17].
H. pylori cause IDA by several mechanisms. There is
increased iron loss due to active hemorrhage caused by
gastritis, peptic ulcer disease or gastric cancer[18]. Pangastritis leads to leading to decreased gastric acid[19] as well as
ascorbic acid secretion[20]. There is also evidence of enhanced iron uptake by H. pylori[11]. Recently, Boyanova[21]
reviewed the role of H. pylori in iron acquisition. H. pylori
possesses proteins involved in iron transport and storage
but exact molecular mechanisms of iron acquisition remain unclear. H. pylori strains possessing virulence factors
cytotoxin-associated gene A (CagA) and vacuolating cytotoxin A (VacA) have been studied with interest. CagA
models have been shown, in vitro and in vivo, to increase
internalization of transferrin. Both CagA and VacA have
been shown to participate in iron acquisition and colonization without damaging host tissue, thus promoting
chronicity.
In summary, H. pylori infection has been well studied
in relation to IDA. This is supported clinically by current
guidelines such as the British Society of Gastroenterology who recommends H. pylori eradication in patients with
recurrent IDA and a normal colonoscopy and esophagogastroduodenoscopy[22]. Additionally, the recent Maastricht IV guidelines suggest eradication in all patients with
unexplained IDA[23].
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Immune thrombocytopenic purpura
Immune thrombocytopenic purpura (ITP) is defined as
an autoimmune disorder characterized by immunologic
destruction of otherwise normal platelets[24]. H. pylori
infection is a well known cause of secondary ITP. The
prevalence of H. pylori infection in patients with ITP is
higher than age and gender matched healthy individuals[18]. There is, however, no evidence to suggest these
patients have a more severe form of ITP[25].
Gasbarrini et al[26] first reported an association in 1998
when a significant increase in platelet count was noted in
ITP patients following H. pylori eradication. This effect
was confirmed in several subsequent reports and summarized in a systematic review of 24 observational studies
and 1 control study involving 1555 patients. Stasi et al[27]
found that 50% of adults has sustained platelet response
after eradication of H. pylori, notably in those with mild
ITP. A systematic review of 11 controlled studies documented a platelet count response in 51% of H. pylori infected patients versus an 8.8% platelet count increase in H.
pylori negative controls[28], further strengthening the causal
association.
The long-term prognosis of H. pylori related ITP has
been studied and appears to be excellent. In an 8 year follow-up study after successful eradication, no recurrence
was seen[29].
There is no proven mechanism regarding the role of
H. pylori infection in the pathogenesis of ITP. Several
proposed mechanisms have been studied. The induction
of platelet aggregation via von Willebrand factor by certain strains of H. pylori has been documented[30]. Molecular mimicry involving antibodies against H. pylori CagA
protein and platelet antigens have also been implicated[31].
Additionally, an activated monocyte/macrophage phenotype has been proposed to contribute to the anti-platelet
pathogenesis[32].
In summary, studies thus far support the detection
and eradication of H. pylori in ITP. The current American
Society of Hematology guidelines have suggested eradication therapy is indicated in patients who are found to
have H. pylori infection[24].

CARDIOPULMONARY MANIFESTATIONS
Coronary artery disease
Known risk factors for coronary artery disease (CAD)
such as diabetes, hypertension, dyslipidemia, obesity and
smoking contribute to atherosclerosis[33]. Chronic inflammation is also a risk factor for atherosclerosis[34]. Inflammation arising from chronic infections including H. pylori
have been studied, however its role in CAD is conflicting.
In a case-control study, Mendall et al[35] first reported
an association (OR = 2.15, P = 0.03) between CAD
and H. pylori in 1994. This was supported by subsequent
studies and in patients with angiographically confirmed
CAD[36]. Eradication of H. pylori was shown to attenuate
reduction in artery lumen after angiography[37], suggesting
a benefit to treatment. Rogha et al[38] identified H. pylori

11951

September 14, 2014|Volume 20|Issue 34|

Wong F et al . Extraintestinal manifestations of H. pylori

infection to be an independent risk factor for CAD in an
Iranian population. Additionally, there is evidence linking
H. pylori to both early[39] and advanced atherosclerosis,
specifically CagA strains[40,41].
On the contrary, there is also evidence that does not
support such an association. Danesh et al[42] conducted
a meta-analysis of 18 epidemiological studies including
10000 patients and did not find an association. A recent
study from Padmavati et al[43] did not find an association
between CAD and H. pylori in an Indian population. Lastly, no association was found between H. pylori infection or
chronic atrophic gastritis and major cardiovascular events
in a recent German based study[44].
There are several different proposed mechanisms
linking H. pylori to CAD. H. pylori was found in substantial
numbers in carotid atherosclerotic plaques, thus proposed
to be a direct pathogen of the vessel wall[45]. Tamer et al[46]
suggested that H. pylori may cause atherogenesis through
low-grade persistent inflammatory stimulation. An upregulation of serum levels of hsCRP has also been reported[47]. Molecular mimicry between CagA antigen and
atherosclerotic plaque peptides is another possible pathogenic link[48]. Finally, there is evidence of modification
of lipid metabolism[49], with recent evidence of increased
total cholesterol and low-density lipoprotein-cholesterol
(LDL-C) in infected patients[50].
In conclusion, there is controversial evidence linking
CAD and H. pylori infection. The mechanisms proposed
are plausible however not conclusive. No adequate interventional studies exist that demonstrate a lower incidence
of CAD as a result of H. pylori treatment.
Asthma
There has been an increased prevalence of asthma and
other atopic disorders over several decades[51]. The hygiene hypothesis states that exposure to certain infectious
agents may protect again the development of allergic
diseases[52]. In support of this, a negative association between H. pylori infection and asthma development has
been observed. Studies with both children[53,54] and adult
subjects[53] have reported a lower prevalence of H. pylori infection in asthmatic patients. The most supported
pathogenic mechanism of this protective effect is the
ability of H. pylori to stimulate the T-helper type 1 (Th1)
immune response[55]. This promotes persistent infection
but confers protection against asthma.
Conversely, other studies have reported neutral and
even positive associations between infection and asthma[56,57]. Recent meta-analyses have been performed in
order to clarify these controversial findings. Wang et al[58]
reviewed 19 studies and found a weak inverse association
between asthma and H. pylori infection. Similarly, Zhou et
al[59] found a significantly lower rate of H. pylori infection
in asthmatics in a review of 14 studies.
At this point, this inverse relationship is fairly well
supported in the literature, especially in childhood asthma. However, studies with larger sample sizes are needed
in order to clarify this association. In addition, studies
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looking at eradication of H. pylori and subsequent asthma
symptoms may be helpful.

METABOLIC MANIFESTATIONS
Metabolic syndrome and insulin resistance
Metabolic syndrome (MS) includes several risk factors
for cardiovascular disease and type 2 diabetes, such as
hyperglycemia, dyslipidemia, obesity and hypertension[60].
Insulin resistance (IR) is a key pathogenic factor in MS[61].
The role of H. pylori infection in the pathogenesis of MS
and IR has been studied but remains controversial.
Epidemiological studies have supported a link between MS, IR and H. pylori infection[62-65]. Hypothesized
pathophysiological mechanisms include activation of proinflammatory and vasoactive substances[66], production of
reactive oxygen species[66] and altered ghrelin[67] and leptin
levels[68]. Given this supportive link, it has been proposed
that treatment of H. pylori infection could prevent coronary artery disease and MS[69]. A systematic review of 9
studies by Polyzos et al[66] suggested a trend toward a positive association of H. pylori infection and IR. It was highlighted however, that there was substantial heterogeneity
amongst the studies reviewed.
In contrast, other studies have not find such an association with either IR or MS[70-72]. A meta-analyses of
18 studies involving 10000 patients found no strong correlation between H. pylori infection and serum concentrations of total cholesterol and triglycerides[42]. Naja et al[73]
studied the association between H. pylori infection and
both IR and MS in a Lebanese population. They found
no association for either and concluded that eradication
therapy of H. pylori to prevent IR and MS was not warranted. Furthermore, Lu et al[74] did not find a change in
fasting blood sugar or lipids after the eradication of H.
pylori in a prospective study including 48 patients.
The evidence available at this time remains contradictory. Great interest rests in the possible association of
H. pylori infection with IR and MS, as it would identify a
potentially treatable risk factor for the development of
cardiovascular disease.
Type 2 diabetes mellitus
It has been well documented that markers of lowgrade inflammation are associated with type 2 diabetes
(T2D)[75-77]. Chronic infections with various pathogens
have been hypothesized to contribute to this inflammatory state. Initial studies, using cross-sectional analyses,
did not support this association[78-80]. Specifically, infection
with Chlamydia pneumonia, H. pylori, cytomegalovirus,
herpes simples virus and/or hepatitis A was not found to
be associated with insulin resistance or diabetes[79,80].
In contrast, support for this association has also been
published[81]. A meta-analysis of 41 observational studies
involving 14080 patients found a high prevalence of H.
pylori infection in patients with diabetes, especially type
2[82]. Interestingly, a recent prospective study of 768 Latino patients followed over 10 years, found H. pylori sero-
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positivity to be associated with a greater rate of incident
diabetes[83].
H. pylori has also been linked to microalbuminuria,
which is a strong predictor of the development of diabetic nephropathy[84]. Chung et al[85] conducted a crosssectional study of 2716 Korean patients and found that
H. pylori seropositivity was independently associated with
microalbuminuria.
At this time, larger prospective studies are needed in
this field to clarify recent findings. If H. pylori is in fact an
etiological factor for diabetes, more aggressive eradication therapy may be warranted to prevent the devastating
outcomes of poor glycemic control. Further studies incorporating eradication therapy and subsequent glycemic
control may shed more information.

NEUROLOGIC MANIFESTATIONS
Ischemic stroke
Ischemic stroke accounts for approximately 50% of all
types of stroke. Inflammatory parameters and chronic infections have been considered to modify stroke risk[86]. H.
pylori infection has been considered an independent risk
factor, however the results are controversial.
Whincup et al[87] first reported an association in 1996,
however the relationship was considerably weakened
after adjustment for several major risk factors. Markus et
al[88] reported an association, particularly in stroke due to
small artery occlusion. Conversely, Ashtari et al[89] did not
show an association between seropositivity and in a casecontrol study. Ridker et al[90] did not find H. pylori serology
useful to predict the occurrence of cardiovascular events.
Higher prevalence of CagA strain in ischemic stroke
has been demonstrated[91,92]. This has been further supported by association with greater intima-media thickness and worse National Institute of Health Stroke Scale
score[93].
A recent meta-analysis by Wang et al[94] including 13
studies and 4041 Chinese patients found a significant association, especially non-cardioembolic stroke. Interestingly, they reported that a positive anti-CagA IgG was
more effective for prediction than anti-H. pylori IgG or
(13)C-urea breath test.
Several mechanisms have been proposed. There is evidence of direct bacterial invasion into the atherosclerotic
plaque[45], which has also been a plausible link to CAD.
CagA strains have been reported to affect carotid plaque
instability[95]. Interestingly, slow coronary flow and endothelial disturbance has been linked to H. pylori infection[96].
At present, the link between H. pylori and ischemic
stroke is debated however evidence does exist with respect to plausible mechanisms.
Parkinson’s disease
Before the discovery of H. pylori, an excess of peptic ulcers was observed in patients with Parkinson’s disease[97].
Altschuler[98] first suggested a possible causal link in 1996.
It is now proposed that neuronal damage in Parkinson’s
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disease may be a response to chronic H. pylori infection[25].
In a randomized double blind controlled study, Bjarnason et al[99] found that eradication of H. pylori changed
the course of disease. Pierantozzi et al[100] found that successful eradication of H. pylori improved the pharmacokinetic and clinical response to L-dopa by increasing L-dopa
absorption. This may be due to resolution of active gastroduodenitis caused by H. pylori. Finally, neurologic deterioration was noted in patients when H. pylori eradication
failed[101]. Persistence of serum CagA antibodies appears
to be predictive for Parkinson’s disease and is associated
with a poor prognosis[102].
In summary, there is evidence of disease modification
and not cure with treatment of H. pylori. The mechanisms proposed include H. pylori triggering mitochondrial
damage[103] and autoimmunity[104].
Alzeimer’s disease
Infections have been proposed as risk factor for cognitive
impairment, dementia and Alzheimer’s disease (AD)[105].
H. pylori is one of the infections proposed, along with
herpes simplex virus, picornavirus, Borna virus, Chlamydia pneumonia, spirochete infections[105].
Kountouras et al[106] reported a significantly higher
prevalence of H. pylori infection in a Greek population
with AD. This was supported by a higher prevalence of
anti-H. pylori IgG in the cerebrospinal fluid of patients
with AD[107]. After a 2 year follow-up, cognitive and functional status parameters improved in patients where H.
pylori was successful eradicated[108].
Several mechanisms in the pathogenesis have been
studied. Platelets are a source of beta amyloid and H.
pylori infection has been proposed to promote platelet
and platelet-leukocyte aggregation[109]. Cross reactivity between endothelial and H. pylori antigens has been studied.
Reactive oxygen metabolites and circulating lipid peroxides that have also been involved in pathophysiology of H.
pylori and AD[110]. Finally, animal studies have suggested
a role for H. pylori influencing the apoptotic process that
may be an important form of cell death in neurodegenerative diseases[111].
Therefore, a few trials has demonstrated improvement in symptoms in those with successful treatment of
H. pylori; however, more studies are needed to clarify this
association.
Migraine headaches
Migraines are a common neurologic disorder characterized by recurrent episodes of severe headache and associated symptoms such as light/sound sensitivity. Up
to a quarter of patients suffer accompanying migraine
auras[112], a neurologic phenomenon that includes sensory
and motor disturbances.
Contemporary theories of migraine pathophysiology point towards a primary neuronal dysfunction,
rather than the traditional model of vasoconstriction
and vasodilatation[113,114]. Although the exact etiology is
still unknown, genetic and environmental factors have
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been associated with chronic migraines[115]. Among them,
chronic infections including H. pylori has been implicated
particularly in those with migraines without aura[116].
Among patients with migraines, different studies have
shown increased prevalence of H. pylori infection. A casecontrol study from Greece observed a significantly greater prevalence of H. pylori infection in migraine patients;
however, methodology for diagnosis was different among
cases and controls (urea breath test vs histology) which
may not represent a direct comparison[117]. Another study
found greater prevalence of migraine in H. pylori infected
patients, as determined by positive urea breath test[118].
Similarly, using serologies, H. pylori IgG positivity was
found to be higher in those with migraines compared to
matched controls[119].
Furthermore, several studies demonstrate that following eradication of H. pylori, a significant proportion of
migraine patients report no further headaches or reduction in severity of symptoms[118-120]. Gasbarrini et al[118]
have found complete resolution of headaches in 17%
of patients which remaining patients reporting clinical
improvement in those following H. pylori eradication. Following confirmation of eradication using stool antigen
testing, another study found significant improvement in
severity of clinical migraine attacks in 84% of patients[120].
Similarly, among Chinese hepatitis B cirrhotic patients
with migraines, eradication of H. pylori lead to resolution
or decrease in severity of headache symptoms[121].
In contrast, several studies have not shown a significant increase in H. pylori infection in those with migraines.
An early Italian case-control study compared the H. pylori
infection rate using serology and urea breath test and did
not find a significant difference in infection prevalence
among migraine sufferers and matched controls[122]. Two
studies of migraines in children also did not find a significant increase in H. pylori infection by breath testing[123]
or by biopsy specimens[124].
In summary, H. pylori may be associated with the severity of migraine attacks as multiple studies have shown
improvement in symptoms following eradication; however, the association in terms of prevalence has conflicting data. More studies are required to further establish a
firm link, particularly larger epidemiologic studies as well
as double blind randomized trials.

DERMATOLOGIC MANIFESTATIONS
Chronic spontaneous urticaria
Chronic spontaneous urticarial (CSU) is defined as spontaneous occurrence of wheal and/or angioedema lasting for
longer than 6 wk[125]. CSU affects up to 1% of the general
population[126,127]. The etiology remains undetermined in
80%-90% of patients, which is termed chronic idiopathic
urticarial (CIU). However, up to 30% of affected patients
are found to have functional autoantibodies[128].
An association between H. pylori and CSU has been
reported but remains controversial. Fukuda et al[129] found
that amongst a group of H. pylori positive patients with
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CSU, a significant improvement was noted in those who
received eradication therapy. This was supported by a
systemic review of 10 studies by Federman et al[130]. Conversely, Daudén et al[131] failed to show an association in
a Spanish based 25 patient case-control study. Moreira et
al[132] also failed to show an association. However, they
did find that those with clinical remission of CSU had
greater 13 carbon urea breath test titers, suggesting a role
for the amount of colonization by H. pylori in the pathogenesis of CSU. A recent prospective trial by Chiu et al[133]
was supportive of an overall association between H. pylori
and CSU. Interestingly, no significant association was
found with virulent genotypes of H. pylori (CagA, VacA)
in the remission of CSU after eradication[133].
The possible mechanisms of cutaneous pathology
are not clearly elucidated. Increased gastric mucosal
permeability[134] resulting in greater exposure to alimentary antigens[135] has been proposed. The role of immunomodulation with identification of immunoglobulinbinding antigenic structures to H. pylori has also been
described[136].
In summary, the studies are controversial however the
most recent study in the field is supportive. Genotypes
and virulent strains of H. pylori do not appear to be important in association. The mechanisms of pathogenesis
are not entirely clear and remain to be further investigated.
Rosacea
Rosacea is chronic dermatologic condition characterized
by persistent central facial erythema with presence of telangiectasia in the classic erythematotelagiectactic subtype.
Other subtypes are also recognized including acne-like lesions in the papulopustular rosacea, irregularly thickened
skin (usually affecting the nose) in the phymatous rosacea, and associated eye symptoms in ocular rosacea[137].
From epidemiologic studies, those of Northern European and Celtic origins appear to be at highest risk of
rosacea[138]. It is estimated that the prevalence of rosacea
is 1%-10% in fair-skinned populations[138]. Generally,
adults over the age of 30 are affected and occurs more
often in females[139,140].
The pathophysiology of rosacea is incompletely understood; however, it is thought that inflammation plays
a crucial role in its pathogenesis. Inflammatory mediators
from an altered innate immune response leading to generation of reactive oxygen species (ROS) such as nitric
oxide appear to be part of the mechanisms of disease[140],
as studies have demonstrated higher levels of ROS in
patients with rosacea[141,142]. Treated rosacea is associated
with less ROS[141].
Studies suggest a linkage between H. pylori and rosacea due increased seroprevalence of the organism in
patients with rosacea[143,144]. A possible pathologic correlation stems from the observation that H. pylori induces
oxidative stress in gastric epithelial cells in part due to
production of ROS[145,146].
Many studies since have reported conflicting results
to the degree of correlation between H. pylori and rosa-
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Table 1 Summary of the extraintestinal manifestation of Helicobacter pylori infection
Organ systems
Hematologic

Cardiopulmonary

Manifestations

Comments

Iron deficiency anemia
Immune thrombocytopenic purpura

Well supported. Eradication may reverse deficiency
Higher prevalence of ITP in those with H. pylori infection and improvement in platelet
count after eradication
Inconclusive evidence to draw definitive link between infection and CAD
H. pylori associated with lower incidence of asthma, particularly pediatric populations
Contradictory evidence fails to establish causal link between infection and metabolic
syndrome
Conflicting evidence on prevalence of H. pylori and DM
Possible weak positive association. Studies conflicting with regards to increase stroke
risk and infection
Improvement in symptoms noted in patients with successful eradication of H. pylori
Limited data suggests improved symptoms with eradication of H. pylori
Multiple studies show improvement in headaches following eradication of H. pylori
Studies generally supportive of association. Eradication shown to improve CSU
symptoms
Conflicts in prevalence data but eradication appears to reduce skin disease severity
Present data is conflicting with regards to prevalence of H. pylori and fibromyalgia

Metabolic

Coronary artery disease
Asthma
Metabolic syndrome

Neurologic

Diabetes mellitus type Ⅱ
Ischemic stroke

Dermatologic

Parkinson's disease
Alzheimer's disease
Migraines
Chronic spontaneous urticaria

Miscellaneous

Rosacea
Fibromyalgia

H. pylori: Helicobacter pylori; ITP: Immune thrombocytopenic purpura; CAD: Coronary artery disease; CSU: Chronic spontaneous urticarial.

cea[147]. While some studies have shown increased prevalence of H. pylori in rosacea, some studies did not[148,149].
More recent studies demonstrate significant improvement
of in severity of rosacea in H. pylori positive patients who
received eradication therapy[150-152].
Rosacea as an extraintestinal manifestation of H. pylori requires further research; however, despite conflicting
prevalence data, eradication therapy in those with both
rosacea and H. pylori appears to be beneficial in reducing
severity of skin disease.

CONCLUSION

MISCELLANEOUS MANIFESTATIONS
Fibromyalgia
Fibromyalgia (FM) is a common pain disorder characterized by chronic myalgias and arthralgias without clinical
evidence of tissue inflammation. The etiology of the pain
remains unknown; however, current pathophysiologic
studies have focused on the role of altered central nervous system pain processing[153,154]. One such mechanism
proposed is cytokine mediated, which may induce activation of spinal cord glia and dorsal horn neurons resulting
in central sensitization of pain.
The role of infections has been implicated in pathogenesis of FM and temporal associations have been
found with hepatitis C, human immunodeficiency virus,
and Lyme disease[155].
H. pylori infection appears to be in association with
FM. An Egyptian case-control study found significantly
higher H. pylori IgG serological prevalence in females
with FM compared to controls[156]. In addition, among
FM patients, those with positive serology have worse
symptoms as measured by the Fibromyalgia Impact
Questionnaire[156]. A similar Turkish case-control also
found a significant increase in serologic prevalence in females with FM compared to control[157]; however, no difference was observed in severity of symptoms between H.
pylori serologic status.
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In contrast, an early case-control found no difference
in serologic prevalence between fibromyalgia patients and
age matched controls[158].
Because of the conflicting results with regards to
serological evidence of H. pylori infection, more studies
are required before a definitive link between FM can be
established. Furthermore, if a link is present, future studies with eradication of H. pylori and subsequent symptom
assessment may serve to strengthen the association.

In conclusion, H. pylori has been linked to the pathogenesis of multiple extraintestinal disease states. Table 1
provides a quick summary. Numerous studies exist examining the hematologic, cardiopulmonary, metabolic, neurologic, and dermatologic manifestations of H. pylori. The
association of H. pylori with ITP and IDA are the best
supported at this time. There appears to be improvement
in some neurologic and dermatologic conditions with
eradication therapy. Although evidence exists, further
studies are needed to clarify the role of H. pylori in many
disease states reviewed in the present article.
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Abstract
The long-term use of proton pump inhibitors (PPIs) exacerbates corpus atrophic gastritis in patients with Helicobacter pylori (H. pylori ) infection. To identify a potential mechanism for this change, we discuss interactions
between pH, bile acids, and H. pylori . Duodenogastric
reflux, which includes bile, occurs in healthy individuals, and bile reflux is increased in patients with gastroesophageal reflux disease (GERD). Diluted human
plasma and bile acids have been found to be significant
chemoattractants and chemorepellents, respectively,
for the bacillus H. pylori . Although only taurine conjugates, with a pKa of 1.8-1.9, are soluble in an acidic
environment, glycine conjugates, with a pKa of 4.3-5.2,
as well as taurine-conjugated bile acids are soluble in
the presence of PPI therapy. Thus, the soluble bile acid
concentrations in the gastric contents of patients with
GERD after continuous PPI therapy are considerably
higher than that in those with intact acid production.
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In the distal stomach, the high concentration of soluble
bile acids is likely to act as a bactericide or chemorepellent for H. pylori . In contrast, the mucous layer in the
proximal stomach has an optimal bile concentration
that forms chemotactic gradients with plasma components required to direct H. pylori to the epithelial surface. H. pylori may then colonize in the stomach body
rather than in the pyloric antrum, which may explain
the occurrence of corpus-predominant gastritis after
PPI therapy in H. pylori -positive patients with GERD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Proton pump inhibitor;
Corpus-predominant gastritis; Bile acids; Gastroesophageal reflux disease; Chemotactic gradient
Core tip: It has been widely accepted that the longterm use of proton pump inhibitors (PPIs) exacerbates
corpus atrophic gastritis in patients with Helicobacter
pylori (H. pylori ) infection. Recently, we successfully
demonstrated that long-term PPI administration promotes corpus atrophic gastritis in Mongolian gerbils,
which are excellent models of H. pylori -related gastritis
and adenocarcinoma. Here, we suggest a potential
mechanism for corpus-predominant gastritis after PPI
therapy in H. pylori -positive patients with gastroesophageal reflux disease that includes interactions between
bile acids, pH, and H. pylori .
Mukaisho K, Hagiwara T, Nakayama T, Hattori T, Sugihara
H. Potential mechanism of corpus-predominant gastritis after PPI therapy in Helicobacter pylori-positive patients with
GERD. World J Gastroenterol 2014; 20(34): 11962-11965
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/11962.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.11962
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INTRODUCTION
It has been widely accepted that the long-term use of
proton pump inhibitors (PPIs) exacerbates corpus atrophic gastritis in patients with Helicobacter pylori (H. pylori)
infection[1-3]. Furthermore, we successfully demonstrated
that long-term PPI administration promotes corpus
atrophic gastritis in Mongolian gerbils, which are excellent models of H. pylori-related gastritis and adenocarcinoma[4-6]. Kuipers hypothesized that corpus atrophic
gastritis is caused by a change from antral-predominant
to corpus-predominant gastritis related to PPI therapy in
H. pylori-positive patients[7]. However, the mechanism for
this change has not been determined. In this article, we
suggest a potential mechanism for corpus-predominant
gastritis related to PPI therapy in H. pylori-positive patients with gastroesophageal reflux disease (GERD) that
includes interactions between pH, bile acids, and H. pylori.

Bile reflux and GERD
The use of PPIs for GERD treatment has increased
substantially over the past 2 decades[8]. Duodenogastric
reflux, which includes bile, occurs in healthy individuals [9,10], but increases in patients with GERD [11], and
bile acids have been detected in esophageal aspiration
samples in up to 86% of patients with GERD[12]. These
findings suggest that patients with GERD are likely to
have increased concentration of bile acids in their gastric
contents.

Bile acids and pKa
The concentration of bile acids in the duodenum ranges
from 2-3 mmol/L at fasting to 6-10 mmol/L after a
meal[13,14]. The chemical characteristics of bile in humans
are governed by the pKa of the individual bile acids. Free
bile acids have a pKa of approximately 7 and comprise
approximately 2% of bile. Glycine-conjugated bile acids have a pKa of 4.3-5.2 and comprise more than 60%
of bile, and taurine-conjugated bile acids have a pKa of
1.8-1.9 and comprise 20% of bile, resulting in a ratio of
glycine to taurine conjugates of about 3:1[15,16]. Although
both glycine and taurine conjugates are soluble in neutral solutions, only taurine conjugates are soluble in an
acidic environment. However, both glycine- and taurineconjugated bile acids are soluble in the presence of PPI
therapy. Thus, the concentrations of soluble bile acids
markedly increase (approximately 4 times) with PPI administration.

Bile acids and H. pylori
Experimentally, highly diluted human plasma and gallbladder bile (2% diluted in buffer) were found to be
significant chemoattractants and chemorepellents, respectively, for the bacillus H. pylori[17]. Of the bile acids, which
were all chemorepellents, the greatest effects were demonstrated by taurocholic and taurodeoxycholic acids[17]. In

WJG|www.wjgnet.com

contrast, another study reported that glycine-conjugated
bile acids markedly inhibit H. pylori growth and more so
than the taurine conjugates[18]. It is strongly suspected
that important chemotactic gradients are formed from
chemoattractant plasma components that transude from
capillaries into the mucosa and chemorepellent duodenal
bile contents that reflux into the stomach[17].
It has also been reported that bile is bactericidal for
H. pylori at higher concentrations; H. pylori is reduced by
0.5%-1% bile and inhibited by 5% bile[19]. Several studies
have reported an inverse relationship between bile reflux
and the presence of H. pylori[20-22], which may account for
the absence of H. pylori in the stomach with persistent
biliary reflux and in the lower gastrointestinal tract[19].
These results imply that an optimal bile concentration
that forms chemotactic gradients with plasma is required
to direct H. pylori to the epithelial surface from the gastric
lumen and this concentration is likely to be < 5%.

EVIDENCE OF DUODENAL ULCER
TREATMENT BY ANTISECRETORY
THERAPY
Since the 1940s, it has been recognized that the duodenal
bulb pH is lower in patients with ulcer disease than in
those without[23] and that antacids and antisecretory therapy, which reduce the duodenal acid load, accelerate ulcer
healing. Graham et al[18] reported that the combination of
a high duodenal acid load and H. pylori infection is possibly a critical event in the pathogenesis of H. pylori-related
duodenal ulcer disease. They suggested that, because
glycine-conjugated bile acids are precipitated at an acidic
pH, H. pylori can survive in gastric metaplasia, and any
event that leads to an increase in the duodenal acid load
predisposes patients with H. pylori infection to duodenal
ulcer diseases[24,25]. Furthermore, any condition that reduces the duodenal acid load (e.g., antisecretory therapy)
allows the bile acids to remain in the solution, inhibits
the growth of H. pylori, and promotes ulcer healing[18].
Therefore, inhibition of acid by antisecretory therapy
increases the duodenal bulb pH, allowing soluble glycineconjugated bile acids to inhibit H. pylori growth[24].

Potential mechanism of
corpus-predominant gastritis
after PPI therapy
In patients with intact gastric acid production, the pyloric
antrum mucous layer may have the optimal bile concentration to direct H. pylori to the epithelial surface and thus
enable H. pylori colonization, while the stomach body
may be less optimal for H. pylori colonization[17] (Figure
1A). The relative bile concentrations, particularly those of
both soluble glycine- and taurine-conjugated bile acids,
in the gastric contents in patients with GERD, in whom
the gastric acid production is inhibited by maintenance
PPI therapy, are considerably higher than in those with
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A

Pyloric
ring

E-C
junction

B

Pyloric
ring

E-C
junction

Solubule bile acids ↑↑

Solubule bile acids
pH = 1-2
(No PPI treatment)

Gastric acid
secretion ↓↓

pH = more than 4
(Under PPI therapy)

H. pylori colonization

H. pylori colonization

Figure 1 Potential mechanism for the changes in Helicobactor pylori colonization with proton pump inhibitor therapy. A: Normal subject with intact acid production; B: Patient with gastroesophageal reflux disease (GERD) and proton pump inhibitor (PPI) therapy. These figures show the intragastric conditions. The yellow
area represents the reflux of soluble bile acids, and the blue area represents gastric juice. In normal subjects, the concentration of soluble bile acids may be < 5% in
the gastric contents of the pyloric antrum (A). In contrast, increased soluble bile acid reflux with decreased gastric acid secretion acts as a bactericide for Helicobacter
pylori (H. pylori) in the distal stomach; the concentration of soluble bile acids in patients with GERD under PPI maintenance therapy is considerably higher than that in
normal subjects with intact acid production, especially in the distal stomach (B). The colonization of H. pylori therefore changes the pattern from antral-predominant to
corpus-predominant. E-C junction: Esophago-gastric junction.

intact acid production. Therefore, in the distal stomach,
the high concentration of soluble bile acids likely acts as
a bactericide or chemorepellent for H. pylori, and chemotactic gradients with plasma components are not formed
to direct the H. pylori toward the epithelial surface. In
contrast, the mucous layer in the proximal stomach has
the optimal bile acid concentration to form chemotactic
gradients with plasma components for H. pylori colonization in the presence of PPI therapy. H. pylori may then
colonize in the stomach body and not in the pyloric
antrum (Figure 1B). This may explain the mechanism
for corpus-predominant gastritis after PPI therapy in H.
pylori-positive patients with GERD.
In conclusion, interactions between bile acids, pH,
and H. pylori seem to be associated with the occurrence
of corpus-predominant gastritis after PPI therapy in H.
pylori-positive patients with GERD. It has been reported
that the corpus-predominant gastritis might promote
adenocarcinoma development[7]. In the clinical setting, it
is recommended that patients being considered for longterm PPI therapy should be tested for H. pylori infection,
and if present, this pathogen should be eradicated[6].
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Abstract
Oncological follow-up after radical gastrectomy for
cancer still represents a discrepancy in the field, with
many retrospective series demonstrating that early
diagnosis of recurrence does not result in an improvement in patient survival; yet, many centers with high
quality of care still provide routine patient follow-up
after surgery by clinical and instrumental controls. This
was the topic for a web round table entitled “Rationale
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and limits of oncological follow-up after gastrectomy
th
for cancer” that was launched one year before the 10
International Gastric Cancer Congress. Authors having
specific expertise were invited to comment on their
previous publications to provide the subject for an
open debate. During a three-month-long discussion,
32 authors from 12 countries participated, and 2299
people visited the dedicated web page. Substantial differences emerged between the participants: authors
from Japan, South Korea, Italy, Brazil, Germany and
France currently engage in instrumental follow-up,
whereas authors from Eastern Europe, Peru and India
do not, and British and American surgeons practice it
in a rather limited manner or in the context of experimental studies. Although endoscopy is still considered
useful by most authors, all the authors recognized
that computed tomography scanning is the method of
choice to detect recurrence; however, many limit follow-up to clinical and biochemical examinations, and
acknowledge the lack of improved survival with early
detection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Recurrence; Follow-up; Diagnosis; Prognosis; Surgery; Chemotherapy
Core tip: A web round table entitled “Rationale and
limits of oncological follow-up after gastrectomy for
cancer” was launched in 2012 in preparation for the
th
10 International Gastric Cancer Congress. A total of
32 authors from 12 countries participated in a threemonth-long discussion, and 2299 people visited the
dedicated web page. The discussion revealed that the
practice of follow-up after radical gastrectomy for cancer is not homogenously applied worldwide. The differences are related to culture, health system organization, and level of care.
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Table 1 Official rules of web-based round tables launched in
2012
Round table rules
1

2

INTRODUCTION

3

Gastric cancer is one of the most common cancers in
the world. Although there has been significant progress
in alternative therapies, such as chemo- and radiotherapies for other tumors of the gastrointestinal tract, surgery remains the mainstay of therapy. Even after radical
gastrectomy, a significant proportion of patients experience recurrence[1-5]. Without efficacious therapies, these
recurrences are almost always fatal. Many studies examining the clinical significance of follow-up after curative
surgery agree that there are no survival benefits for early
detection of recurrence in asymptomatic patients[6-12].
The Italian Research Group for Gastric Cancer (IRGGC) was formed with a special interest in the diagnosis
and therapy of gastric cancer, comprised of a number of
Italian centers with a common clinical policy, such as the
removal of perigastric and extra-perigastric lymph nodes
during surgery[13]. With consideration of the patient as a
global entity, the spirit of the IRGGC is exemplified by
the participation of endoscopists, pathologists, oncologists and surgeons. Indeed, the approach adopted by the
group is to provide an intensive, clinical and instrumental
follow-up, aimed both at minimizing the nutritional and
functional sequelae of gastrectomy, and verifying if the
actual “modus operandi” achieves results comparable to
those of Eastern centers in terms of post-operative mortality, recurrence and survival. However, in the light of
the literature, this practice should be critically analyzed.
The purpose of this highlight is to present the history and results of a web round table focused on postoperative follow-up in order to clarify issues concerning what control tools are more likely to be useful, and
which have proved unnecessary - and possibly invasive in most cases, within what time we can expect a cancer
recurrence, and what proportion of patients can actually
benefit from a therapy after relapse. The results of this
round table discussion have stimulated an international
debate about timing, methods and results of follow-up
schemes currently in use.

ROUND TABLE ORIGIN
The main theme of the 10th International Congress of
the International Gastric Cancer Association held in Verona, Italy on June 19-22, 2013 was “tailored and multidisciplinary gastric cancer treatment”. This theme clearly
underlined the aim of not only involving surgeons,
pathologists and gastroenterologists, but also oncologists, epidemiologists, statisticians, nutritional teams,
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4
5
6
7
8
9
10

The Web Round Table constitutes an open scientific debate
for the participants of the 10th International Gastric Cancer
Congress. The Web Round Tables have a specific interest
in gastric cancer
Registration for the forum has the value of pre-registration
to the Conference
All content for debate is moderated by a chairman. This is
not a chat
Topics not related to the round table will not be published
Specific request for personal clinical issues will not be
published
The roundtables are addressed to the scientific community
and not to patients, who have to ask their family doctors
Improper or offensive statements will not be published
Debates involving only a few people will not be continued
Nobody will be forced to answer personal questions
Chairmen will be supported by co-chairmen for a better
moderation

molecular biologists and radiotherapists. In preparation
for the Congress, the Scientific Committee activated several web-based round tables focused on the most critical
points of gastric cancer care. One such web round table
was entitled “Rationale and limits of oncological followup after gastrectomy for cancer”. Web round tables began in 2012 and were coordinated by one or more chairmen using the Congress website.

ROUND TABLE STRUCTURE
A number of general rules were adopted to conduct
the round table discussion (Table 1). For each topic, the
authors of important studies were asked to preliminarily present what their own published works contributed
to new experience and knowledge. These answers were
then presented as short articles on the conference web
site, representing a first bibliographic reference. All users
were able to read these articles at any time. Round tables
were open for approximately one month at different
times to allow a concentrated and qualified discussion.
Each round table started with a set of questions proposed by the chairmen. For each question, every participant was required to post his comment after a free web
registration. At the end of the discussion, chairmen outlined conclusions that were thereafter published on the
website and presented during the Congress. A separate
certificate for web round table attendance was available
at the Congress.
The chairmen of the web round table focused on
follow-up were Dr. Gian Luca Baiocchi (Brescia University, Italy), Professor Yasuhiro Kodera (Nagoya University, Japan), Professor Daniele Marrelli (Siena University, Italy) and Professor Fabio Pacelli (Roma Catholic
University, Italy). Five questions were initially proposed
followed by an “open discussion” tool that was made
available for the participants. Thirty-two authors from a
total of 12 countries participated (Figure 1). Overall, 107
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Luxembourg (1)
United States (2)

France (1)

Germany (2)

Ukraine (1)
Japan (3)

United States (4)
Mexico (1)

Perù (1)
India (1)

Brasil (3)

Italy (12)

Figure 1 Geographical distribution of web round table participants.

comments were posted: 6, 12, 14, 5 and 7 comments for
questions 1-5, respectively, and 63 for the “open discussion.” Owing to the good participation and to the continuing debate, the web round table was maintained for
approximately three months. At the closure date (July 1,
2012), a total of 2299 visits to the web round table contents were registered; this number increased to 4732 by
October 24, 2013.

QUESTION 1
Does follow-up improve the nutritional parameters after
gastrectomy?
The vast majority of participants indicated that one of
the accessory reasons to follow patients undergoing
gastrectomy over time is to diagnose and correct any
nutritional deficiencies. The first months after the intervention necessitate a close monitoring of diet, owing to
obvious changes in alimentary practices. Frequent assessment of body weight and biochemical parameters such
as complete blood count and iron is useful, and in some
cases, nutritional supplements are given. Clearly, there is
a difference between patients according to age, total vs
subtotal gastrectomy, and reconstruction; total gastrectomy in elderly patients is the most risky clinical scenario
for nutritional deficits. Pancreatic enzymes may theoretically represent a valuable therapeutic tool, especially in
later times, when patients do not increase in body weight
despite adequate food intake. Furthermore, nutritionists
and other co-medicals, rather than surgeons, could be
more effective in assisting patients learning a new way of
feeding. Although stomal therapists have many roles at
the outpatient clinic after colorectal operations, there are
unfortunately no health professionals to aid upper-gastrointestinal surgeons. Indeed, it is unlikely that simple
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regular checks on the outpatient basis could significantly
improve the nutritional status after gastrectomy; active
interventions (i.e., enteral or parenteral feeding) could
do, but such interventions are not easily done in routine
clinical practice.

QUESTION 2
Is the follow-up helpful or harmful from a psychological
point of view?
From a theoretical standpoint, the follow-up is likely to
benefit a patient who receives a prognosis of death before clinical symptoms appear. Many of the round table
participants state that additionally, from a psychological
standpoint, the follow-up is likely to be more helpful
than harmful. For example, regular checks can provide
good support for the patient and a way to show them
that they are not fighting the disease alone. On the other
hand, participants specified that they usually do explain
to the patient about recurrence, but they never discuss
that he/she is going to die in a few months. Unfortunately, only clinicians from Italy, Brazil, Ukraine and
Peru responded to this question, whereas there were no
comments from British or American surgeons.

QUESTION 3
Does the follow-up increase the overall survival?
At the best of actual knowledge, clear evidence on oncological follow-up after gastrectomy is lacking. Rather,
discrepancies are evident: while many retrospective series
have definitively pointed out that diagnosis of asymptomatic recurrence does not improve survival, the daily
practice in many centers is to provide the patient with
ongoing clinical and instrumental checks. This outlook
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has almost three reasons. The first relies on the belief
that biomedical research will develop in the future more
effective chemotherapy schemas (as it has been done in
colorectal cancer). Therefore, relaxing requirement for
follow-up may prevent identification of patients who
may benefit from such. Second, daily evaluation of the
results of surgical and oncological therapies is crucial to
improve their quality. Reliable data on recurrence and
survival obtained from rigorous follow-up allow for comparisons between different therapies. Third, rather than
source of stress, scheduled follow-up provides in many
cases patients with a sense of protection and reassurance.
Interestingly, the above mentioned results were substantially different around the world. Japanese, Korean, Italian, Brazilian, French and Dutch experts believe in the
sense of routine oncological follow-up, while Authors
from Eastern Europe and developing countries such as
Peru and India do not. An intermediate position is registered from United States and GB, whose physicians are
currently engaged in a very limited, clinical-based followup (apart from the context of clinical trials).

QUESTION 4
What examinations are cost-effective in finding a
recurrence during follow-up?
The different attitude of the participants toward followup practice was also reflected by very different practical
approaches. Contrast-enhanced computed tomography
is universally recognized as the mainstay for recurrence
diagnosis, however, many experts actually perform only
clinical and biochemical follow-up. In developing countries, CT scan is replaced by abdominal ultrasound. Endoscopy is still considered useful by most Authors, but it
is often specified that upper gastrointestinal endoscopy
detects remnant cancer more than recurrences. A further
discussion of this point has been suggested by all participants.

QUESTION 5
Sites and timing of recurrence
Two different patterns of relapse were identified: in
Eastern countries, the main recurrence site is the peritoneum, and no more than 50% of recurrences are detected in the first postoperative year (no more that 75%
in the second year). Some Eastern authors pointed out
that adjuvant chemotherapy would further prolong these
times. In Western countries, on the contrary, 30% of
recurrences involve the peritoneum, 30% nodal/local,
30% hematogenous and 10% multiple sites. Almost 80%
of recurrences are found before 12 mo, and up to 90%
are found before 24 mo.

OUTCOME
If there is one issue concerning the treatment of gastric
cancer in which the literature is quite unanimous, it is the
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futility of follow-up, as clearly expressed in a number of
retrospective series both from Eastern[7-9] and Western
centers[6,10,14] and in a systematic review[11]. In particular, it should be noted that a diagnosis of recurrence in
the asymptomatic phase is unable to improve survival.
Moreover, the patient’s quality of life can be worsened
by anticipating the diagnosis of death. Some authors discovered that symptomatic cases are inherently aggressive
and are characterized by a lower overall survival[6,10,14], and
though the identification of such patients in the asymptomatic phase cannot lead to a better prognosis, it may be
relevant to the therapeutic decision[15]. While acknowledging that a diagnosis of recurrence in the asymptomatic
phase prolongs survival after diagnosis of recurrence,
some authors clarified that the delayed diagnosis in the
group with symptomatic relapse makes no difference in
overall survival[8,9]. On the other hand, the cost of followup programs is clear. An assessment made by the Tokyo
Cancer Center estimates that a surgical department with
a medium volume of gastric cancer surgery - about 50
radical resections for gastric cancer a year - must bear the
weight of 150 patients in follow-up every year in the fifth
year, and 200 in the tenth year. These figures are even
higher in Eastern centers with a high volume and high
percentage of early gastric cancers[11].
Many experts participating in the web Consensus
Conference actually believe that a follow-up time ranging from 36 and 60 mo is at the same time necessary and
useful: oncological follow-up more than 5 years after
surgery likely is not cost-effective. Obviously, a longer
the follow-up would allow to diagnose a number of early
cancer at other sites, but this should be more properly
named screening than follow-up.
There was also no consensus concerning the methods used during the follow-up, ranging from a followup based only on clinical examination to one based on
sequential computed tomography and positron emission
tomography. Finally, upper-gastrointestinal endoscopy is
still performed all over the world, even though the majority of experts recognize that intraluminal recurrences
are very infrequent, and searching for a second tumor is
screening rather than follow-up.

CONCLUSION
This international, web-based round table was performed
to explore the expert’s opinion on the sense of routine
follow-up after gastrectomy, searching in particular for
eventual advantages in terms of early recurrence detection, availability of treatments and improved survival;
diagnosis and eventual treatment of nutritional deficiencies are a second important issue. The round table was
surprisingly well participated by authors who approached
the issues with passion and diligence, including those
from industrialized countries as well as countries with
lower technological content and with less developed
health systems. Moreover, this is a subject that is suitable
for different interpretations, even philosophical in nature
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Table 2 Follow-up protocols proposed by the Italian Research Group for Gastric Cancer
Level

Time (mo)
3

Mild
Tumor markers
Abdominal ultrasound
Chest X-ray
Thoraco-abdominal CT
Endoscopy
Moderate
Tumor markers
X
Abdominal ultrasound
Chest X-ray
Thoraco-abdominal CT
Endoscopy
Intensive
Tumor markers
X
Abdominal ultrasound
Chest X-ray
Thoraco-abdominal CT
Endoscopy

6

9

X
X

12

15

X
X
X

18

21

X
X

X

X

X

X

X

X
X

30

33

X
X

X
X

X
X

X

X
X

X

X

X

X

X
X

42

48

54

60

X
X
X

X
X

X
X

X
X

X
X

X

X
X
X

36

X

X

X
X
X

27

X
X
X

X
X
X

24

X
X
X

X
X
X

X

X

X

X

X
X

X

X
X

X
X

X
X
X
X

X

X

X
X

X

X
X

Model is based on recurrence risk. The model to calculate the prognostic score can be downloaded from the website: www.gircg.it. Printed with permission
from Marrelli D, Caruso S, Roviello F. Follow-up and treatment of recurrence. In: de Manzoni G, Roviello F, Siquini W, editors. Surgery in the Multimodal
Management of Gastric Cancer, Springer-Verlag Italia 2012. CT: Computed tomography.

as well as technical.
Finally, many participants recognized that gastric cancer follow-up does not improve survival, as the majority
of recurrent cases are not amenable to curative care. As
a consequence, a more intensive follow-up is unlikely to
have a clinical relevance, owing to the very small proportion of cases which potentially could undergo a kind
of treatment. However, this very small proportion is
no longer nil, and this is why many surgeons worldwide
continue to give their patients the chance of scheduled
examinations. An interesting and unexpected debate was
also stimulated by the provocative observation made by
a Japanese surgeon that “for the United States and British patients, the surgeon is essentially an engineer who
opens a lid of the patient’s abdomen and removes what
should not be there”. In Japan, the surgeon is a “savior”
and patients tend to become insane when a surgeon declares that the patient does not need to come to see him
or her anymore.
The real goal of this discussion would be reached by
individualization of follow-up on the basis of the recurrence risk [a proposal of follow-up tailored to a prognostic score[16] has been made by the IRGGC (Table 2)]. On
one hand, high-risk patients unfortunately relapse in few
months: they may be strictly screened for recurrence,
but no significant survival benefit should be expected.
On the other hand, low-risk patients should undergo a
mild but prolonged follow-up (late recurrences are more
frequently locoregional), taking into account the possibility of second cancers. Finally, intermediate-risk cases
should be managed after further selection, eventually
based upon newly discovered (biological?) features[17].
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Abstract
Gastric cancer is one of the most common tumors
worldwide. Although several treatment options have
been developed, the mortality rate is increasing. Lymph
node involvement is considered the most reliable prognostic indicator in gastric cancer. Early diagnosis improves the survival rate of patients and increases the
likelihood of successful treatment. The most reliable
diagnostic method is endoscopic examination, however,
it is expensive and not feasible in poorer countries.
Therefore, many innovative techniques have been studied to develop a new non-invasive screening test and
to identify specific serum biomarkers. DNA microarray
analysis is one of the new technologies able to measure
the expression levels of a large number of genes simultaneously. It is possible to define the gene expression
profile of the tumor and to correlate it with the prog-

nosis and metastasis formation. Several studies in the
literature have been published on the role of microarray analysis in gastric cancer and the mechanisms
of proliferation and metastasis formation. The aim of
this review is to analyze the importance of microarray
analysis and its clinical applications to better define
the genetic characteristics of gastric cancer and its
possible implications in a more decisive treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Gastric cancer remains one of the most common malignancies worldwide and has a poor prognosis.
Early diagnosis is a key factor in improving the survival
rate. No reliable diagnostic biomarker exists for gastric
cancer. DNA microarray analysis is one of the new technologies able to measure the expression levels of a
large number of genes simultaneously. Specific genes

(differently up- or down-regulated) play an important role in the development and progression of gastric cancer. Another recent application of microarray
analysis in gastric cancer is the possible tailoring of
personalized chemotherapy.

D’Angelo G, Di Rienzo T, Ojetti V. Microarray analysis in
gastric cancer: A review. World J Gastroenterol 2014; 20(34):
11972-11976 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/11972.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.11972

DEFINITION AND EPIDEMIOLOGY
Gastric cancer is one of the most common tumors
worldwide, although there is a consistent decreasing trend
in Europe secondary to diffuse Helicobacter pylori (H. pylori)
eradication therapy[1]. It is more common in men and in
developing countries, with nearly one million new cases
diagnosed each year[2,3].
In the United States, gastric cancer represents approximately 2% of all new tumor cases annually, but is more
common in countries such as South Korea where it is
the most frequent cancer type, representing 20.8% of all
neoplasms. The survival rate at six months is strictly related to the stage at diagnosis, and is around 65% in those
diagnosed early and less than 15% in those diagnosed in
advanced stages. Metastatic invasion occurs in 80%-90%
of patients.
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Although several treatment options have been developed, the incidence and mortality rates are increasing[4].

cases endoscopic ultrasonography may also be useful to
assess the degree of stomach wall infiltration.

RISK FACTORS

PROGNOSIS
[5]

Risk factors for gastric cancer include : Age (> 60 years),
lifestyle (smoking, alcohol consumption, ingestion of
nitrate or nitrite-rich food)[6], H. pylori infection[7], gastric
diseases (Menetrier’s disease, autoimmune atrophic gastritis, pernicious anemia, and intestinal metaplasia), genetic
factors, personal or familiar history of gastric cancer[8].
Among these, H. pylori infection is considered the main
risk factor, and a possible trigger in 65%-80% of gastric
cancer cases[9]: The CagA virulence factor could potentially
induce cancer by causing chronic inflammation[10].
In contrast, antioxidants, such as vitamin A and C,
contained in fresh fruits and vegetables, typical of the
Mediterranean diet, and green tea are considered protective factors, as they have been linked with a reduction in
the prevalence of gastric cancer.
Estrogen is considered a protective factor for gastric
cancer, justifying the higher incidence in males compared
with females (3:1).

SYMPTOMS
Unfortunately, stomach cancer occurs with very general
and non-specific symptoms such as nausea, difficulty
in digestion, lack of appetite or difficulty in eating large
amounts of food, pain in the upper abdomen, and these
symptoms can easily be confused with those of gastritis
or gastric ulcer.
Moreover, these symptoms are often wrongly treated
with antacids or proton pump inhibitors with an initial
improvement in symptoms.
More specific symptoms such as persistent pain,
weight loss, anemia, loss of appetite, and iron-deficiency
anemia appear in the advanced stages and this often delays the diagnosis.

DIAGNOSIS
Early detection of cancer can reduce the probability of
disease progression, advanced cancer, and death, and increase the probability of successful treatment[11].
Unfortunately, no reliable diagnostic biomarker exists
for gastric cancer. Screening for gastric cancer is routinely
performed in Eastern countries, where the incidence is
much higher than in Western countries.
Diagnosis should be made by gastroscopy or surgical biopsy, reviewed by an experienced pathologist, and
should be reported according to the World Health Organization criteria.
Ninety percent of gastric cancers are adenocarcinomas, and according to the Lauren classification are divided into diffuse and intestinal[12].
Before undergoing surgery it is also necessary to assess possible distant spread of the tumor with either
computed tomography scan or ultrasound, and in some
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The prognosis of gastric cancer is closely linked to the
diffusion stage at diagnosis; 5-year survival is approximately 90% if gastric cancer is detected early, and is less
than 10% in patients with advanced stage cancer[13].
Staging is based on three parameters: parietal infiltration (T), lymph node involvement (N) and the presence
of distant metastases (M).
It is well known that correct staging is essential in
order to select patients with locally advanced cancer who
can be treated peri-operatively and those with early-stage
disease who are candidates for immediate surgery or
treatment which will result in organ preservation.
Lymph node involvement is considered the most reliable prognostic indicator in gastric cancer, but its detection
by all currently available imaging techniques is unreliable[14].
High mortality is secondary to the low rate of curative resections in locally advanced cancers, which occur
in approximately 2/3 of cases at diagnosis, and lead to
unsatisfactory results following adjuvant postoperative
treatment.

IMPORTANCE OF BIOMARKERS
Early diagnosis is a key factor in the approach to gastric
cancer detection in patients who are asymptomatic, as
it improves survival rate and increases the likelihood of
treatment success. Available treatments include surgery or
endoscopic mucosal resection, which may be preceded or
followed by radiation and chemotherapy.
The most reliable diagnostic method is endoscopic
examination, however, it is not considered a good screening test as it is invasive, expensive and not practicable in
poorer countries[15].
Therefore, many innovative techniques have been
studied to develop a new non-invasive screening test and
to identify a serum biomarker, which is unfortunately as
yet unavailable[16-18].
A biomarker of gastric cancer could also be useful in
helping to clarify cancer-related mechanisms, to identify a
new target therapy and monitor treatment response.
Ideal biomarkers for early cancer detection should be
expressed in a high percentage of patients with high levels in tumor tissues. Biomarker expression should be constantly elevated during the whole neoplastic process and
absent in normal tissue. Moreover, the detection method
should be easily performed.
The evolution of proteomic technologies has contributed to the discovery and development of diagnostic
tools in the management of cancer through the identification of protein expression in different conditions.
Many target proteins have been proposed as diagnostic biomarkers in different cancer types, such as carcinoembryonic antigen (CEA) for colon cancer, CA-125 for
ovarian cancer, alpha-fetoprotein for liver cancer, and
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CA-19.9 for prostate and pancreatic cancer. Unfortunately, the specificity and sensitivity (20%-30%) of these
biomarkers such as CEA, CA 19-9, and Ca72-4 are not
acceptable for gastric cancer[19].

MICROARRAY
DNA microarray analysis is one of the new technologies in
the field of cancer genetics research and can measure the
expression levels of large numbers of genes simultaneously.
It is characterized by a collection of microscopic
DNA spots attached to a solid surface.
The method comprises several phases: samples are
extracted and processed for total RNA extraction, then
labeled, hybridized, stained, and scanned using the chip
for the human genome. Finally, microarray image data are
analyzed by special software. This technique has helped
scientists identify which genes are active and which are
inactive in different cell types and to understand how
these cells function normally and how they are affected
when various genes do not function properly. The production of RNA is directly proportional to the activity of
the analyzed gene and generates a very bright fluorescent
area. Conversely, the less active genes produce less RNA
and lower fluorescence. One of the most frequent uses
of this technique is to evaluate gene activity at different
times such as before and after therapy or to compare two
biological conditions, such as disease state vs normal state.
Clearly there may be higher expression of specific genes in
neoplastic tissue compared to normal (up-regulated genes
in neoplastic cells) or vice versa (down-regulated genes in
neoplastic cells).
The results help to better understand the mechanisms
of disease, to identify disease subphenotypes and to predict possible progression. Moreover, this technique could
help to assign functions to previously annotated genes, to
frame group genes into functional pathways, and to predict the activities of new compounds[20].

CDNA MICROARRAY IN GASTRIC
CANCER
In recent decades, many studies have suggested that
genetic alterations play an important role in the development and progression of gastric cancer[21]. Metastatic dissemination is the culmination of a complex process that
matures over a long period, and which involves up- and
down-regulation of genes and proteins.
This interaction between genes is thus responsible for
tissue invasion, angiogenesis, cell circulation, colonization
in secondary organs, and not least, the evasion of host
defenses[22].
Proteolysis, motility and cell adhesion are conventionally considered the local triad of functions necessary for
tumor cells to metastasize. These functions are the basis
of the transport of tumor cells through tissue barriers.
They are regulated by the interaction of a number of
proteins inside the cell that send signals to the surface
and to cellular and extracellular compartments of the
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host. A cascade of cytokines, receptors, enzymes, enzyme
inhibitors, and adhesion molecules, simultaneously regulate the cross-talk between the mechanisms of signals at
the invasive front.
The metastatic process begins with the detachment
of cells from the primary tumor, as the loss of cohesiveness results in cells being easily detached from the
primary tumor. Intracellular adhesion molecules (ICAM),
vascular cell adhesion molecules, and neural cell adhesion
molecules are implicated in this process[23]. Polymorphism
of ICAM has been used as a biomarker for gastric cancer
and has been associated with disease progression[23].
Proteolysis of the extracellular matrix is an essential
component of neoplastic invasion: the matrix metalloproteinases (MMP), the activator of plasminogen and
plasmin, the cathepsins and eparanase are all involved
in this process[24]. Numerous studies have evaluated the
expression of certain metalloproteinases and their correlation with disease progression in gastric cancer using
microarray analysis[24].
Koskensalo et al[25] detected an overexpression of
MMP-7 in gastric cancer and suggested that it may be an
independent prognostic marker. Zheng et al[26] analyzed over
200 patients with gastric cancer in Japan, and found that the
expressions of MMP-2, MMP-9 and VEGF were positively
correlated with increased local and distant invasion.
Tumor cells are capable of active movements through
the tissues in which they are located as single cells or as
small aggregates. The signals that regulate tumor cell
motility are mediated by components of the extracellular
matrix, typically by integrins, or by factors secreted by the
host or by the tumor itself and are recognized by specific
receptors expressed on the tumor cell.
It is believed that tumor growth requires the formation of new blood vessels, a process called angiogenesis,
and these new blood vessels are derived from pre-existing
capillaries and veins. Recently, it was discovered that the
proliferation of lymphatic vessels is controlled, at least in
part, by two members of the family of vascular endothelial growth factors[27].
Using microarray techniques which allowed the analysis of gene expression on a large scale it was shown that
the genetic profile of metastasis in an individual is similar
to the corresponding primary tumor. It was also possible
to define the gene expression profile (gene expression
signature) of the tumor at diagnosis which was shown to
correlate with prognosis and metastasis formation.
Genetic alterations are divided into two classes of
genes: oncogenes, whose actions are dominant, and suppressor genes which require that both alleles are inactivated.
Some studies based on the comparison of tumor tissue vs normal tissue, have often revealed up-regulation of
genes involved in cell proliferation and down-regulation
of genes concerned with cell differentiation and homeostasis.
Hippo et al[28] compared, through gene expression
analysis using oligonucleotide microarrays, 22 primary
human advanced gastric cancer tissues and 8 non-cancerous gastric tissues and identified around 150 genes dif-
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ferentially expressed. In particular, genes associated with
lymph node metastasis belonged to cell adhesion proteins
such as Cadherin and transcription factors such as Oct-2.
A large study which compared gastric adenocarcinoma
and non-neoplastic gastric mucosa using CDNA microarray, showed a larger group of genes associated with cell cycle progression in tumors than in non-neoplastic tissues[29].
Our group recently published a paper on cDNAmicroarray analysis as a new tool to predict lymph node
metastasis in gastric cancer. In particular we identify
gene expression patterns associated with the presence or
absence of lymph node metastases in gastric adenocarcinoma. We found seven genes exclusively expressed in
N+ and five genes exclusively expressed in N0 patients.
The up-regulated genes in cancer specimens belong to
cell proliferation and control, transcription and neoangiogenesis, meanwhile the down-regulated genes were
involved in the mechanism of apoptosis and cell differentiation[30]. Another small study which compared
9 xenograft and 2 primary gastric cancer samples with
normal gastric epithelial tissues using cDNA array, found
an overexpression of several genes involved in cell cycle
control in cancer samples[31], confirming our results.
More recently, another study evaluated the association between the expression of the trefoil factor family
(TFF1-TFF3) involved in mucosal protection, and the
clinicopathological characteristics of gastric adenocarcinoma. Interestingly, they observed normal expression of
TTF1 in healthy gastric tissue and a reduction in half of
the gastric cancer samples. On the other hand, TFF3 was
not expressed in normal tissue and highly expressed in
tumor samples. They found a correlation between high
levels of TFF3 and metastatization, poor prognosis and
patient survival[32]. The authors indicated that an imbalance in the expression of the two genes with a reduction
in TFF1 and increased expression of TFF3 play a role in
gastric carcinogenesis.
Jin et al[33] analyzed the gene expression profiles of
gastric cancer tissue samples and healthy controls using
microarray analysis. They found that genes which were
up-regulated were involved in cell proliferation, while
down-regulated genes controlled the immune response
and cellular homeostasis.
Another recent application of microarray analysis in
gastric cancer is the possible tailoring of personalized
therapy. In advanced and metastatic gastric cancer, conventional chemotherapy has shown limited efficacy. Numerous studies have been published on new treatments
for gastric cancer, however, encouraging results have only
been observed for trastuzumab and ramucirumab[34,35].
Trastuzumab is a monoclonal antibody against epidermal growth factor receptor 2. A large study of over 500
patients with gastric cancer and overexpression of HERB2
showed an improved survival rate (greater than 10 mo) in
the group treated with chemotherapy (capecitabine/fluorouracil plus cisplatin) in combination with trastuzumab
compared to those treated with chemotherapy alone[36].
Shah et al[37] using cDNA array, analyzed 36 patients
with gastric cancer and identified several pathways that
were differentially regulated in each gastric cancer subtype
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with a plausible biological difference and different behavior.

CONCLUSION
It is well known that patients with a diagnosis of gastric
cancer, even if they have the same characteristics of local
and distant diffusion, have different prognoses and treatment responses. Obtaining a “real identity card” for each
tumor could revolutionize the treatment of cancers. The
increased use of microarray analysis in clinical practice is
accelerating the understanding of the complex structure
and natural history of tumors. Furthermore, its role as a
prognostic factor is emerging and it is believed that in the
future it may be used in the clinical setting.
However, most of these data originate from a limited
number of small studies, thus larger trials are needed in
order to better define the role of microarray analysis in
clinical practice and its prognostic value.
The use of microarray analysis in gastric cancer can
help physicians understand the aggressiveness of different cancers and improve their management.
The possibility of studying the gene expression of a
tumor and to correlate this with its clinical characteristics
could significantly change therapeutic procedures. The
big challenge will be the assessment of the real contribution of research on the clinical aspects of microarrays
and molecular data provided by the studies. Therefore,
it will be important to propose and develop analytical
models able to integrate all the different aspect of tumors
such as clinical data, molecular factors (gene expression
and functional proteomics), traditional risk factors and
parameters of response to current therapies[38].
Based on various studies, a team of oncologists, surgeons, geneticists, pathologists, biologists, and bioinformaticians, will be necessary in order to realize personalized targeted cancer therapy[38].
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Abstract
Gastric cancer (GC) is the fourth most common cancer
in the world and the second cause of cancer-related
death. Gastric carcinogenesis is a multifactorial process,
in which environmental and genetic factors interact to
activate multiple intracellular signals thus leading to uncontrolled growth and survival of GC cells. One such a
pathway is regulated by proteinase activated-receptors
(PARs), seven transmembrane-spanning domain G
protein-coupled receptors, which comprise four receptors (i.e. , PAR-1, PAR-2, PAR-3, and PAR-4) activated by
various proteases. Both PAR-1 and PAR-2 are over-expressed on GC cells and their activation triggers and/or
amplifies intracellular pathways, which sustain gastric
carcinogenesis. There is also evidence that expression
of either PAR-1 or PAR-2 correlates with depth of wall
invasion and metastatic dissemination and inversely
with the overall survival of patients. Consistently, data
emerging from experimental models of GC suggest that
both these receptors can be important targets for therapeutic interventions in GC patients. In contrast, PAR-4
levels are down-regulated in GC and correlate inversely
with the aggressiveness of GC, thus suggesting a negative role of this receptor in the control of GC. In this
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article we review the available data on the expression
and role of PARs in GC and discuss whether manipulation of PAR-driven signals may be useful for interfering
with GC cell behavior.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Proteinase activated-receptors; gastric cancer; Helicobacter pylori ; infection
Core tip: In recent years, a large body of evidence has
been accumulated to support the role of proteinase activated-receptors (PARs) in the control of gastric cancer
(GC). In particular, it has been demonstrated that both
PAR-1 and PAR-2 may trigger intracellular signals which
ultimately sustain gastric carcinogenesis, whereas the
exact role of PAR-3 and PAR-4 in the initiation and
progression of GC remains to be ascertained. Despite
these promising and novel observations, further experimentation is needed to better characterize the mechanisms underlying the expression and function of PARs
in GC and their potential as therapeutic targets.
Sedda S, Marafini I, Caruso R, Pallone F, Monteleone G. Proteinase activated-receptors-associated signaling in the control of
gastric cancer. World J Gastroenterol 2014; 20(34): 11977-11984
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/11977.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.11977

Gastric cancer
Gastric cancer (GC) is the fourth most common cancer
in the world and the second cause of cancer-related death
worldwide[1]. Most GCs arise in the antrum and lesser
curvature of the stomach, even if tumors may involve the
proximal stomach and gastroesophageal junction[2]. GC is
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more frequent in men than in women. There are geographic and ethnic differences in the incidence of GC around
the world, as well as trends in each population over time,
suggesting that gastric carcinogenesis can be influenced by
environmental, host and genetic factors[2-5]. Environmental
risk factors for GC include salt and salt-preserved foods,
high meat diet, nitroso compounds, obesity, smoking,
Helicobacter pylori (H. pylori)-related gastritis, gastric surgery,
whereas consumption of fruits, vegetables and fiber are
supposed to be protective factors[6-12]. Many host-related
factors can enhance GC risk, including blood group A,
hypertrophic gastropathy (including Ménétrier’s disease),
immunodeficiency syndromes, pernicious anemia, family
history of GC, chronic atrophic gastritis, and concomitant
cancer syndromes (including hereditary non-polyposis
colorectal cancer, familial adenomatous polyposis, LiFraumeni syndrome, hereditary diffuse gastric cancer and
Peutz Jeghers syndrome)[13,14]. Moreover, many polymorphisms of genes involved in inflammation [interleukin
(IL)-1B, IL-1RN, IL-8], detoxification of carcinogens
(GSTs, CYP2E1), folate metabolism (MTHFR), intercellular adhesion (E-cadherin) and cell cycle regulation (p53)
are associated with GC. In particular, polymorphisms
of IL-1B gene (IL-1B-511*T) and of the IL-1 receptor
antagonist gene (IL-1RN*2/*2) and homozygotes for
MTHFR677T have been associated with an increased risk
of GC; carriers of both IL-1B-511*T (IL-1B-511*T/*T
or IL-1B-511*T/*C) and H. pylori virulence factors (vacAs1-, vacAm1-, and cagA-positive) have a further increased risk of GC as compared to carriers of each of
these polymorphisms[15,16].
The most common type of GC is adenocarcinoma
and in the subsequent paragraphs the term GC is used to
indicate gastric adenocarcinoma. According to the Lauren classification two variants of gastric adenocarcinoma
can be considered: the intestinal type, which is the most
frequent and has a morphology similar to adenocarcinomas arising in the intestinal tract, and the diffuse type,
which is less common and is characterized by a lack of
intercellular adhesions and the consequent inability to
form glandular structures[17]. The intestinal type of gastric adenocarcinoma is supposed to generate from a preexisting chronic gastritis, which leads to chronic atrophic
gastritis, intestinal metaplasia, dysplasia and eventually
to adenocarcinoma. In contrast, diffuse type GC has no
clearly defined pre-cancerous lesions[18].
Most patients with GC are asymptomatic and may
have an advanced incurable disease at the time of presentation. Indeed, at the time of diagnosis, approximately
50%of patients may have a disease that extends beyond
loco-regional confines, and only one-half of these patients can receive a potentially curative resection[19]. Thus
the overall 5-year patient survival rate is about 25%.
Surgically curable early GC are usually asymptomatic and
detected during screening programs, which are not widely
performed, except in countries which have a very high
incidence, such as Japan, Venezuela and Chile[20-22]. Weight
loss and persistent abdominal pain are the most common
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symptoms at initial diagnosis, associated with anorexia,
nausea, early satiety. Dysphagia is common in patients
with cancers arising in the proximal stomach or at the
esophagogastric junction. Other symptoms and signs
include occult or overt gastrointestinal bleeding, the presence of a palpable abdominal mass, left supraclavicular
adenopathy (Virchow’s node), a periumbilical nodule (Sister Mary Joseph’s node), a left axillary node (Irish node) or
a mass in the cul-de-sac on rectal examination (Blumer’s
shelf). The most common metastatic distribution occurs
in the liver, peritoneal surfaces and non-regional or distant lymph nodes. Less common is the involvement of
ovaries (Krukenberg’s tumor), central nervous system,
bone, lung or soft tissues. Paraneoplastic manifestations
include dermatologic findings such as diffuse seborrheic
keratoses (sign of Leser-Trelat) and acanthosis nigricans,
or microangiopathic hemolytic anemia, membranous
nephropathy, hypercoagulable states (Trousseau’s syndrome) and polyarteritis nodosa[23-34].

PROTEINASE-ACTIVATED RECEPTORS IN
THE GASTROINTESTINAL TRACT
Proteinase-activated receptors (PARs) are seven transmembrane-spanning domain G protein-coupled receptors, comprising four receptors (i.e., PAR-1, PAR-2,
PAR-3, and PAR-4) and activated by various proteases.
PAR activation is an irreversible phenomenon in which
the protease binds to and cleaves the amino-terminal exodomain of the receptor, thus generating a new aminoterminal sequence that binds the core receptor and
activates transmembrane signaling to internally located
G-proteins[35]. Whereas PAR-1, -3, and -4 are activated
by thrombin, PAR-2 is activated by multiple trypsin-like
enzymes, such as trypsin itself and mast cell tryptase[36,37].
Moreover, PAR-1 can also be activated by plasmin,
coagulation factor Xa and activated protein C. These
ligands recognize and cleave the N-terminal exodomain
of PAR-1 between Arg41 and Ser42. Following PAR activation, the G-proteins trigger a cascade of downstream
events leading to engagement of integrins, cell adhesion,
migration and mitogenesis[38-42]. Activation of PARs can
also be triggered by proteases derived from mites, cockroach, bacteria and fungi, and this phenomenon could be
relevant for the pathogenesis of PAR-associated diseases
(e.g., asthma and atopic dermatitis)[43,44].
PARs are expressed by epithelial cells, enteric neurons, smooth muscle cells, fibroblasts and immune cells
in every region of the gastrointestinal tract and accessory
organs, including the salivary glands, stomach, intestine,
pancreas and liver[45-52]. Activation of PAR-2 in parotid
gland acinar epithelial cells stimulates the secretion of
both mucin in a non-cholinergic, non-adrenergic and
tyrosine kinase dependent manner and salivary amylase
through a mechanism that does not involve capsaicinsensitive nerves[45,53].
Both PAR-1 and PAR-2 control gastric mucosal function. Activation of PAR-1 by thrombin appears to be

11978

September 14, 2014|Volume 20|Issue 34|

Sedda S et al . PARs expression and gastric cancer

cytoprotective in a gastric epithelial cell line through the
secretion of mucin and prostaglandin E[54], and in a rat
model, where it has been implicated in the protection of
the gastric mucosa from ethanol-induced damage[55]. In
both studies, the protective effect was dependent upon
cyclooxygenase (COX) activity. In contrast, other studies
have shown that PAR-1 may be pro-inflammatory as its
activation causes plasma extravasation in the stomach[56].
These differences may rely on the model used, since the
former study assessed the effect of PAR-1 activation
on ethanol-induced damage in rats[55] while the later one
evaluated PAR-1 effects in normal mouse stomach[56].
PARs have numerous effects on intestinal epithelial function, depending upon the site of expression.
Studies from cell lines have demonstrated that PAR-1
is expressed on both basolateral and apical surfaces
of a duodenal crypt cell line. Activation of basolateral
PAR-1 stimulates apically directed chloride secretion in
a calcium-dependent manner[57]. This effect is due to
Src-kinase-associated epidermal growth factor receptor
(EGFR) kinase transactivation which stimulates MAP
kinase-induced activation of phospholipase A2. The subsequent liberation of arachidonic acid stimulates chloride
secretion via a mechanism dependent upon both COX-1
and COX-2[58]. In contrast, activation of apical PAR-1 in
the same cell line activates a different Src-independent
signaling pathway, which leads to apoptosis and increased
permeability of epithelial monolayer[59]. PAR-2 is also expressed on intestinal epithelial cells[51,60] and its activation
in isolated segments of rat jejunum stimulates chloride
secretion in a manner independent of enteric nerves,
suggesting that the effect is directly on the epithelium[61].
Similar results were seen following activation of PAR-2
in human colonic explants[62].
Activation of PAR-1 in submucosal secretomotor
neurons of mouse colon suppresses chloride secretion[63].
PAR-2 activation on enteric nerves may change the
electrophysiological properties of these neurons, either
causing excitation[64] or enhancing excitability induced by
other activators[65]. Furthermore PAR-2 might have a role
as a mediator of neurogenic inflammation in the intestine[66] and could mediate intestinal hyperalgesia[67]. PAR-1
can also activate intestinal myofibroblasts and promote
prostaglandin (PG)-E2 secretion [50]. Both PAR-1 and
PAR-2 are expressed by intestinal mast cells[68,69] but their
role in controlling the activity of these cell types remains
to be ascertained.
In the pancreas, PAR-2 is expressed on both acinar cells[53] and duct epithelial cells[48], and its activation
stimulates amylase secretion and electrolyte transport
respectively. The contribution of PAR2 in the pathogenesis of pancreatic disorders is not yet fully understood
even though some forms of experimental pancreatitis are
characterized by activation of PAR-2[70].
role of PARs in the control of epithelial cell proliferation
and cancer
PAR-1- and PAR-2-driven signals stimulate cellular pro-
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liferation and differentiation[71] and therefore could contribute to the uncontrolled cellular growth in the various
organs. Indeed, abnormal PAR-1 expression has been
seen in highly invasive breast cancer, advanced-stage
prostate cancer, oral squamous cell carcinoma [72] and
colon cancer[73] and has been associated with pancreatic
cancer cell differentiation[74] and invasion signals in kidney
and colon cancer cells through activation of a Rho-A-dependent pathway[75]. Similarly, activation of PAR-2 leads
to proliferation of colonic epithelial cancer cells[76] and
proliferation and invasion of pancreatic cancer. PAR-2 is
also over-expressed by breast, gallbladder, lung, kidney,
uterine and cervical cancers and glioblastoma tumors[76-78],
but it remains unclear the exact contribution of this receptor in the pathogenesis of these cancers. In contrast,
PAR-2 exerts a tumor protective role in skin carcinogenesis. The role of PAR-3 and PAR-4 in human cancer is
less clear, even if experimental data suggest that PAR-4
contributes to hepatocellular carcinoma cell migration,
fibrotic response in the lung cancer, growth of prostatic
and colonic tumor cells and hematogenous metastasis of
melanoma cells[79-82].

PARS AND GASTRIC CANCER
PAR-1
Human GC are marked by elevated levels of PAR-1 and
there is evidence that PAR-1 expression correlates with
depth of wall invasion and peritoneal dissemination and
inversely with the overall survival of patients[83]. Consistently, PAR-1 is over-expressed in MKN28, MKN74
and NUGCIII GC cell lines, whereby its activation by
α-thrombin leads to nuclear factor-κB (NF-κB) activation
and increased expression of downstream target genes (e.g.
tenascin-C, Bcl-2, cIAP1, EGFR), which regulate GC cell
growth, apoptosis and diffusion[84]. The factors/mechanisms which control PAR-1 expression in GC are not fully understood even though it has been demonstrated that
galectin-3, a 31-kilodalton member of carbohydrate-binding proteins over-expressed in GC patients, is involved
in the control of PAR-1. In particular, it was shown that
silencing of galectin-3 in GC cell lines down-regulates
PAR-1 and consequently reduces migration of tumor
cells, while over-expression of galectin-3 increases PAR-1
expression. Analysis of basic mechanisms by which galectin-3 regulates PAR-1 revealed that galectin-3 directly
interacts with Fra-1 and c-Jun in the AP-1 complex, thus
promoting up-regulation of AP-1 transcriptional activity
and enhanced binding of the AP-1 complex to the PAR-1
promoter. At the same time, galectin-3 increases production of matrix metalloproteinases, which could further
enhance GC cells invasion by promoting both PAR-1 activation and extracellular matrix degradation[85].
PAR-1 expression is increased in the stomach of patients with H. pylori infection and circumstantial evidence
suggests that PAR-1 may contribute to down-regulate the
host response against H. pylori[86]. PAR-1 is encoded by a
gene on chromosome 5q11.2-q13.3, which is 27 kilobase
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long and has two exons separated by a large intron of
22 kilobase. Three main polymorphisms are known in
PAR-1 gene: PAR-1-505 ins/del, PAR-1 IVSn-14 A/T
and PAR-1-1426 C/T[87]. The first 2 polymorphisms are
involved in the production and activity of PAR-1 and
therefore their presence could amplify the local mucosal
inflammation thereby promoting the development of H.
pylori-associated lesions (e.g., ulcers and GC)[88,89]. This hypothesis well fits with the demonstration that in Chinese
subjects, PAR-1 IVSn-14 A/T allele is a risk factor for
the development of GC[90]. Along the same line, studies
in Caucasian, African-American, Asian and Hispanic gastric cancer patients have shown that PAR-1-505 ins/del
polymorphism is a prognostic marker in patients with
localized GC, whereas no association was found between
PAR-1 IVSn-14 A/T and time-to-tumor recurrence or
overall survival[89].
PAR-2
Like PAR-1, PAR-2 is highly expressed in primary GC tissue and PAR-2 levels correlate with the depth of tumor
invasion, lymphatic involvement, early metastasis (liver
metastasis and venous invasion) and poor prognosis of
GC[91]. Analysis of PAR-2 in human GC tissue revealed
however that additional cell types such mast-cells, vascular endothelial cells, smooth muscle cells, macrophages
and stromal fibroblasts, express PAR-2[92]. One of the
factors implicated in the activation of PAR-2 in GC cells
is trypsin, which plays an important role in GC invasion
and metastasis given its ability to catalyze the hydrolysis
of proteins and promote extracellular matrix degradation. Trypsin-driven PAR-2 activation promotes GC cell
growth and enhances GC cell adhesion to fibronectin via
an integrin α5β1-dependent pathway[92]. The mitogenic
effect of PAR-2 on GC cells is mediated by Src-dependent EGFR transactivation, which causes phosphorylation of ERK 1/2[93]. In GC, PAR-2 could also regulate
angiogenesis, given that trypsin-induced PAR-2 activation
in MKN28 cells enhances expression of proangiogenetic factors, such as vascular endothelial growth factor
(VEGF) and COX-2, in a dose and time-dependent manner, through a mechanism which appears to be at least in
part dependent on MAP kinase activation[78,94,95].
PAR-2 is also over-expressed in the H. pylori-colonized
gastric epithelium and studies in gastric adenocarcinoma
(AGS) cells showed that H. pylori can promote the expression and the activation of PAR-2. This later phenomenon
could be either directly induced by H. pylori or mediated
by small amount of tryptase secreted in H. pylori-treated
AGS cell cultures[96,97].
Activation of PAR-2, but not PAR-1, in MKN45 cell
lines up-regulates the expression of IL-8, a chemokine
which enhances the recruitment of leukocytes to the
stomach, thereby amplifying the mucosal inflammation
seen in both H. pylori-associated gastro-duodenal ulcer
and GC[98].
PAR-4
In the normal gastric mucosa PAR-4 is expressed in neck
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and deeper glands and its levels are markedly down-regulated in GC. In particular, the diminished levels of PAR-4
in GC associated with the clinically aggressive phenotype
of this neoplasia, as PAR-4 is barely detectable in poordifferentiated GC tissue and in tumors with extensive
lymph node invasion. The reason why PAR-4 is downregulated in GC remains unknown. However, studies in
AGC cell lines have shown that 5-Aza-2’-deoxycytidine, a
demethylating agent, can enhance PAR-4 expression, thus
implying a role for PAR-4 promoter hypermethylation in
the down-regulation of the PAR-4 gene transcription in
GC cells[99].

DISCUSSION
The data described in the present article underline the
involvement of PAR-1 and PAR-2 in the processes that
sustain gastric carcinogenesis. Although PAR-1 and
PAR-2 are also up-regulated in clinical conditions which
associate with GC (i.e., H. pylori infection), the exact factors and mechanisms involved in the overexpression and
activation of these two receptors in human GC are not
fully understood. Further studies are therefore needed
to address these issues as well as to clarify the exact
mechanism(s) by which these receptors promote gastric
carcinogenesis. While studies with cultured GC cell lines
indicate that both PAR-1 and PAR-2 can directly activate
intracellular pathways involved in the growth and diffusion of GC cells, it is conceivable that both receptors
may also affect the activation and function of mucosal
immune cells, which could in turn affect GC cell behavior. In contrast, preliminary evidence indicates that
PAR-4 expression is down-regulated in GC, but the functional relevance of this finding remains to be ascertained.
The demonstration that PAR-4 levels correlate inversely
with the aggressiveness of GC suggests that this receptor
can be a negative regulator of the initiation and/or progression of the neoplasia, even though studies in other
systems have documented a dual role of PAR-4 in sustaining tumorigenesis[79,80,82,100-102].
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Abstract
Endoscopic submucosal dissection (ESD) has been proposed as the gold standard in the treatment of early
gastric cancer because it facilitates a more accurate
histological assessment and reduces the risk of tumor
recurrence. However, the time course of ESD for large
gastric tumors is frequently prolonged because of the
tumor size and technical difficulties and typically requires higher doses of sedative and pain-controlling
drugs. Sedative or anesthetic drugs such as midazolam
or propofol are used during the procedure. Therapeutic
endoscopy of early gastric cancers can often be performed with only moderate sedation. Compared with
midazolam, propofol has a very fast onset of action,
short plasma half-life and time to achieve sedation,
faster time to recovery and discharge, and results in
higher patient satisfaction. For overall success, maintaining safety and stability not only during the procedure but also subsequently in the recovery room and
ward is necessary. In obese patients, it is recommended that the injected dose be based on a calculated
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standard weight. Cooperation between gastroenterologists, surgeons, and anesthesiologists is imperative for
a successful ESD procedure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Sedation; Gastric cancer; Endoscopic submucosal dissection; Endoscopic resection; Propofol
Core tip: According to the literature, endoscopic submucosal dissection (ESD) has been proposed as the
gold standard in the treatment of early gastric cancer.
However, ESD requires safe sedation management.
This review covers safe sedation using propofol and
other sedative drugs in the context of the available literature. Moreover, understanding safe sedation could
be important in managing perioperative patients with
gastric ESD. To this end, we suggest that sedation using propofol is safe and results in patient satisfaction
after endoscopic gastric treatment for ESD.
Kiriyama S, Naitoh H, Kuwano H. Propofol sedation during
endoscopic treatment for early gastric cancer compared to
midazolam. World J Gastroenterol 2014; 20(34): 11985-11990
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/11985.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.11985

INTRODUCTION
The importance of endoscopic procedures in the diagnosis and treatment of digestive disease is increasing.
Furthermore, safe and painless endoscopic procedures
have recently been requested. Conscious sedation is an
effective technique in reducing pain and improving satisfaction during the endoscopic examination.
For early gastric cancer (EGC) without metastasis, in-
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Table 1 Comparison studies of sedation for gastric endoscopic submucosal dissection
Ref.

Year

Propofol

Midazolam

Sasaki et al[7]
Chun et al[8]
Rong et al[9]
Yamagata et al[10]
Uesato et al[11]
Takimoto et al[12]
Kiriyama et al[13]

2012
2012
2012
2011
2010
2010
2010

●
●

●

●
●
●

1

Combination

General anesthesia

Other

Anesthesiologist present

●

●
●
●
●
●

●

●

●

●
DEX

Conclusion
P>M
Combination > P
GA > M
P>M
GA > M
DEX
P>M

1

Diazepam. About drug names (propofol/midazolam/combination/general anesthesia/pentazocine/fentanyl), “●” means that the drug were "used". And
about the line of Anestheologist, “●”means that anesthesiologists "managed" sedation. Combination: Propofol and midazolam; DEX: Dexmedetomidine
hydrochloride; P: Propofol; GA: General anesthesia; M: Midazolam.

cluding lymph node metastasis, complete curative resection is possible with endoscopic treatment. Therefore,
higher quality endoscopic examination and diagnosis are
important in the detection and treatment of earlier stage
gastric cancers.
Therapeutic endoscopy, routine esophagogastroduodenoscopy (EGD), and colonoscopy can often be performed with minimal or moderate sedation; these sedation practices vary widely throughout the world. In the
United States, more than 98% of EGDs and colonoscopies are performed with sedation[1,2]. On the other hand,
in many European and Asian countries, routine EGD is
often performed under pharyngeal local anesthesia without intravenous sedation or general anesthesia, and colonoscopy is performed without sedation[3-5]. Currently, per
os endoscopic examinations under conscious sedation
and per nasal thin endoscopic examinations without sedation are often performed[6]. In cases where sedative or
anesthetic drugs are required, drugs such as midazolam
or propofol are the drugs of choice.

SELECTION METHODS FOR LITERATURE
TO BE REVIEWED
We reviewed the literature published until December
2013 to identify studies of gastric cancer patients treated
with endoscopic treatment procedures. Studies were
identified by searching the Medline and PubMed databases using the terms “gastric cancer”, “endoscopy”,
“treatment”, and “sedation”. Research articles on hypopharyngeal cancer, submucosal tumors, screen endoscopy, metallic stenting, and gastronomy procedure were
excluded in this review. In total, 41 potential articles were
identified during the primary evaluation. Thereafter, 19
articles that met the inclusion criteria were selected for
evaluation on this topic. Of these, 7 comparison studies
published after 2010 showed that propofol alone, propofol combined, or general anesthesia provided more
benefits than midazolam[7-13] (Table 1).
In the 12 studies concerning endoscopic treatment
of gastric cancer that are not comparative studies on sedation, propofol sedation was used in 9 articles (75%)[14-25]
(Table 2), and the use of midazolam alone was reported
in 3 articles (50%) prior to 2009; however, this number
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decreased after 2010. Therefore, the literature suggests
that propofol is most commonly used for sedation during endoscopic treatment for gastric cancer.

ENDOSCOPIC TREATMENT FOR
GASTRIC CANCER
Endoscopic resection for gastric cancer is performed on
the tumor lesions without risk of metastasis[26,27]. The
number of endoscopic procedures for treatment of EGC
is increasing[28].
Patients with EGC are often in good general health
compared to patients with advanced gastric cancer. Most
of these patients are able to complete their activities of
daily living without symptoms or weight loss. Therefore,
these patients are relatively low-risk candidates for sedation and endoscopic treatment.
Endoscopic mucosal resection (EMR) has traditionally been used to treat mucosal gastric cancers. This
procedure is often performed quickly and therefore does
not require a long sedation time. Recently, endoscopic
submucosal dissection (ESD) was initially intended to
treat large EGCs and produced higher rates of en bloc
resections and tumor-free margins compared to the
conventional EMR technique[29,30]. As a result, ESD has
been proposed as the gold standard in the treatment of
EGC[31-33].
ESD for the resection of large tumors is frequently
prolonged because of the tumor size and related technical difficulties requiring higher doses of sedative and
pain-controlling drugs such as midazolam and pentazocine. Therefore, a method of safe sedation is necessary.
In EMR, the procedure time is short and may be possible using only a benzodiazepine, such as midazolam,
for sedation. However, midazolam may not be sufficient
for ESDs that require a longer treatment time, and can
be dangerous for the patient. Therefore, safe but longacting sedation is necessary for these ESDs. In addition,
ESDs have a higher rate of complications such as perforation causing peritonitis, delayed bleeding, and other
perioperative complications[34,35].
More invasive treatments, including emergency surgical procedures, may be necessary depending on the
degree of complications post-ESD. Therefore, preopera-
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Table 2 Relationship between sedation and endoscopic gastric treatment
Ref.

Year

Propofol

Sohara et al[14]
Park et al[15]
Schumacher et al[16]
Takano et al[17]
Lee et al[18]
Nonaka et al[19]
Hata et al[20]
Gotoda et al[21]
Kiriyama et al[22]
Imagawa et al[23]
von Renteln et al[24]
Kondo et al[25]

2013
2013
2012
2011
2011
2010
2009
2009
2009
2008
2008
2004

●

Midazolam

Combination

Fentanyl

Anesthesiologist present

●

●

●
●
●
●

●

Petizine/pentazocine

NA
●
NA
NA
●
●
●
●
NA
●

●
●

●
●
●
●
●
●

●

About drug names (propofol/midazolam/combination/general anesthesia/pentazocine/fentanyl), “●” means that the drug were "used". And about the
line of Anestheologist, “●” means that anesthesiologists "managed" sedation. Combination: Propofol and midazolam; NA: Not applicable.

tive examination and management are important, and
endoscopic treatment should not be performed without
proper preparation; in fact, the perioperative management for ESD should be similar to that for a surgical
procedure.

NEED FOR SEDATION
The endoscopic treatment of EGC is mainly performed
as ESD. For large tumors, it is usually a prolonged procedure requiring higher doses of sedative and paincontrolling drugs such as midazolam and pentazocine.
To perform an ESD safely, the movement of the patient
during treatment must be controlled, as the operator
must be able to focus on the procedure for its success.
ESD has a high risk of complications that may require emergency surgical procedures, making sufficient
preoperative management necessary. ESD treatment can
take a long time; therefore, if securing adequate doctors
and operating room hours is an issue, treatment under
general anesthesia is recommended.
In clinical practice, this can be problematic because
of the difficulty in securing anesthesiology support and
medical insurance coverage. Therefore, regardless of the
indications, ESD is commonly performed in the endoscopic room. Additionally, staff who are familiar with
the procedure are generally present in the endoscopy
unit and can assist with the procedure. ESD is possible
under sedation as opposed to an open surgery that requires general anesthesia. If safe and stable sedation can
be maintained, ESDs for most cases of EGC can be
performed under sedation.
Spirometry, electrocardiography, and blood laboratory examination are necessary aspects of the preoperative examination. The use of propofol and monitoring
of vital signs (blood oxygen saturation, blood pressure,
and electrocardiography) during the procedure are performed as per the American Society of Anesthesiologists (ASA)[36] and American Society of Gastrointestinal
Endoscopy guidelines[37].
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SAFE MANAGEMENT AFTER THE
ENDOSCOPIC PROCEDURE
For overall success, maintaining safety and stability not
only during the procedure but also subsequently in the recovery room and ward is necessary. If perforation occurs,
serious complications can be prevented if the symptoms
are detected early. However, over-sedation inhibits the
patient from communicating their complaints. Therefore,
it is necessary for consciousness to be recovered as soon
as possible after treatment.
During the ESD procedure, it is preferable that a
gastroenterologist or surgeon focuses on treatment and
performs the procedure. Therefore, staff who specialize
in this area can control the sedation management. Postoperatively, a delayed complication can occur owing to a
prolonged sedation effect; therefore, safe management
of sedation is necessary both during and after the procedure. A local analgesic such as lidocaine can be used to
control postoperative pain[22].

PROPERTIES OF PROPOFOL
Benzodiazepines (midazolam, diazepam), narcotics (fentanyl, meperidine), propofol, neuroleptic tranquilizers
(droperidol) are all acceptable choices for sedation. Recently, propofol has been used more frequently as the
sedative drug of choice for endoscopic procedures[38,39].
It was originally used for general anesthesia, but is now
also used in endoscopic procedures. Propofol is a very
short-acting sedative[40] that can be administered by continuous infusion or bolus administration; stable sedation
is generally maintained by continuous infusion. It is a lipid-soluble drug for which the quantity of fat in the body
influences the dose. If actual body weight is used to
determine dosage in patients with a high body mass index, it is likely that over-sedation will occur. In obese patients, it is recommended that the injected dose be based
on a calculated standard weight. Propofol has a quicker
recovery profile than other sedative drugs; patients re-
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gain consciousness more quickly after administration is
withdrawn. There is no antagonist for propofol, unlike
midazolam with flumazenil; therefore, prevention of
over-sedation is necessary. Nurses who received training
in advanced cardiac life support manage the propofol
sedation under the guidance of a supervising gastroenterologist[41].

METHOD OF SEDATION USING
PROPOFOL AND MIDAZOLAM
In sedation using propofol, a continuous infusion dosed
at 3-5 mg/kg per hour is appropriate. The exclusive
pump (Telfusion pump, TERUMO, Japan) allows for
easy setting and management of the infusion. Using this
method, patients receive not only the sedative agent but
also an analgesic (such as pethidine, pentazocine, or fentanyl) before treatment. At the initial stage of sedation, a
bolus injection is often given at a dose of 0.5-0.8 mg/kg
for patients ≥ 70 years of age and 0.8-1.0 mg/kg for
patients < 70 years of age[13,41]. After ensuring that the
sedation level is equal to a score of 5-6 on the Ramsey
scale, the endoscopic procedure can be performed[13,42].
Patients with a higher risk of sedation, such as those >
85 years of age or who are ASA class Ⅳ, must be managed carefully.
When using midazolam for sedation, an initial bolus
of 2-4 mg is administered. After injection, the sedation
level is evaluated and another 1-2 mg is administered
if the level is unsatisfactory. Additional sedation and
analgesia is titrated at the discretion of the physician or
nurse. Incremental increases in midazolam administration are necessary if the patient shows signs of discomfort, restlessness, or agitation.
Midazolam has an additive sedating effect; however,
this accumulation can result in an overdose. Originally,
midazolam was used for short-term sedation, but has
now been used for longer-term sedation in procedures
such as ESD. There is, however, no evidence in the literature that midazolam is safe for long-term sedation.
Recently, the usefulness and safety of propofol sedation
for endoscopic procedures has been compared with that
of midazolam, showing that propofol is more useful, particularly in respect to the recovery time after sedation[40].

MONITORING
Monitoring is important during ESD procedures carried
out in an endoscopy room. Standard vital sign monitoring with an automated blood pressure cuff, electrocardiography, and pulse oximetry is recommended. Additionally, a specialized monitor for sedation and anesthesia
with a bispectral index monitor, capnography, and a
respiratory monitor is necessary. Careful monitoring
can improve the safety of sedation, but continued training on sedation for doctors, assisting nurses, and other
medical staff remains necessary[37].
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CONTRAINDICATIONS FOR PROPOFOL
USE
Contraindications for propofol use include pregnancy
and egg or soy allergy, hypotension (a baseline systolic
blood pressure < 90 mmHg), psychiatric or neurologic
disease, difficult airway management (limited opening of
the mouth, short neck, or low cervical spine mobility),
severe obstructive pulmonary disease (bronchial asthma
or emphysema), and ASA class Ⅴ physical status[43].

IMPROVING QUALITY OF LIFE
THROUGH CHOICE OF SEDATION AND
ANESTHESIA
According to the literature on sedation during endoscopic procedures, the safety and usefulness were investigated
through evaluation by medical staff such as gastroenterologists and assisting nurses, and there were few reports
on patient satisfaction[44].
This review has certain limitations. It was difficult to
elucidate evidence levels and the grade of recommendations from the article on early gastric cancer, endoscopic
treatment, and sedation management referred to in the
present review. It is thought that safe sedation using
propofol, which demonstrates a quicker recovery profile,
confers better patient satisfaction[45].

CONCLUSION
Safe and curative gastric endoscopic treatments are more
commonly performed under sedation. Propofol has been
increasingly used as the preferred sedation drug and is
both safe and useful. However, further evaluation is necessary for safe sedation management.
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Abstract
Despite a decline in the overall incidence of gastric cancer (GC), the disease remains the second most common
cause of cancer-related death worldwide and is thus a
significant global health problem. The best means of improving the survival of GC patients is to screen for and
treat early lesions. However, GC is often diagnosed at an
advanced stage and is associated with a poor prognosis.
Current diagnostic and therapeutic strategies have not
been successful in decreasing the global burden of the
disease; therefore, the identification of reliable biomarkers for an early diagnosis, predictive markers of recurrence and survival and markers of drug sensitivity and/
or resistance is urgently needed. The initiation and progression of GC depends not only on genetic alterations
but also epigenetic changes, such as DNA methylation
and histone modification. Aberrant DNA methylation is
the most well-defined epigenetic change in human cancers and is associated with inappropriate gene silencing.
Therefore, an increasing number of genes methylated
at the promoter region have been targeted as pos-
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sible biomarkers for different purposes, including early
detection, classification, the assessment of the tumor
prognosis, the development of therapeutic strategies
and patient follow-up. This review article summarizes
the current understanding and recent evidence regarding DNA methylation markers in GC with a focus on the
clinical potential of these markers.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Methylation; Biomarker; Early
detection; Drug sensitivity
Core tip: This article summarizes the current understanding and recent evidence regarding DNA methylation markers in gastric cancer (GC) and includes our
previous works. Current diagnostic and therapeutic
tools of GC have not been successful in decreasing the
global burden of this disease; however, it is promising
that the early diagnosis and careful selection of patient
subsets prior to initiating chemotherapy is a key factor
for improving the outcomes of patients with GC. Methylation biomarkers would be useful for different purposes, including early detection, classification, assessment
of the tumor prognosis, the development of therapeutic
strategies and patient follow-up.
Nakamura J, Tanaka T, Kitajima Y, Noshiro H, Miyazaki
K. Methylation-mediated gene silencing as biomarkers of
gastric cancer: a review. World J Gastroenterol 2014; 20(34):
11991-12006 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/11991.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.11991

INTRODUCTION
Although the incidence of gastric cancer (GC) has declined on a yearly basis, it remains the fourth most com-
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suppressor genes[6]. Numerous studies have reported
that many tumor suppressor genes, which play key roles
in functions pertaining to cancer prevention (DNA repair, cell adhesion, cell cycle control and apoptosis), are
silenced by the hypermethylation of their promoters
during carcinogenesis[7]. Therefore, it is reasonable to
hypothesize that the DNA methylation status of certain
genes serves as a useful biomarker for predicting tumor
behavior. Furthermore, DNA methylation biomarkers
offer several advantages over genetic and serum markers[8,9]. First, the incidence of aberrant DNA methylation
of specific CGIs is higher than that observed in genetic
abnormalities[9,10]. Second, the aberrant DNA methylation observed in cancer can be sensitively detected using
a simple technique, methylation-specific PCR. Third, aberrant DNA methylation appears to occur in early-stage
tumors, causing the loss- and/or gain-of-function of key
processes and signaling properties[4].
In this review, we summarize the current status and
recent evidence regarding DNA methylation biomarkers
in GC and assess the clinical potential of these biomarkers for use in risk assessment, early diagnosis and the
evaluation of treatment and prognosis in patients with
GC.

Table 1 Commonly methylated genes in gastric cancer tissue
compared with normal tissue
Gene

Frequency
(%)

Assay

ITGA4
ZIC1

96.0
94.6

Q-MSP
MSP

PRDM5
PCDH10
TFPI2
RUNX3

88.0
82.0
80.9
75.2

SPINT2

75.0

BTG4
SFRP2
hMLH1
DKK-3
TCF4
GRIK2

73.7
73.3
72.9
67.6
67.0
66.6

RARβ

65.8

CHFR
BNIP3
RASSF1A
LRP1B
SFRP5

65.0
65.0
61.8
61.0
56.0

Function

Other
Transcriptional
regulation
MSP
Cell cycle
MSP
Apoptosis
MSP
Other
Q-MSP
Transcriptional
regulation
MSP
Cell growth/
differentiation
MSP
Other
Q-MSP
Apoptosis
MSP
DNA repair
MSP
Wnt pathway
Pyrosequencing
Cell cycle
Q-MSP
Cell adhesion/invasion/migration
MSP
Retinoic acid
pathway
Q-MSP
Other
Q-MSP
Apoptosis
MSP
Ras pathway
Q-MSP
Other
Q-MSP
Wnt pathway

Ref.
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[33]
[14]
[34]
[19]

MSP: Methylation-specific PCR; Q-MSP: Quantitative methylation-specific
PCR.

FREQUENTLY METHYLATED GENES IN
GC

mon cancer and the second leading cause of cancerrelated death worldwide [1]. Recent progress in early
diagnosis, surgical techniques and perioperative management have improved patient satisfaction and outcomes;
however, GC remains a major clinical challenge due to
its high prevalence, poor prognosis and limited treatment options. The case fatality rate of GC is higher than
that of other common malignancies, such as colorectal,
breast and prostate cancer[2]. Because the prognosis of
patients with GC depends on the tumor stage at diagnosis and the selection of an appropriate treatment
strategy, the identification of novel biomarkers for early
diagnosis and predictive markers of drug sensitivity is
urgently needed.
Accumulating evidence suggests that cancer is caused
by both epigenetic and genetic abnormalities[3]. DNA
methylation, a major epigenetic modification that is
strongly involved in the control of gene expression, is
an early landmark event in carcinogenesis[4]. DNA methylation is a covalent chemical modification catalyzed by
enzymes of the DNA methyltransferase family that mediate the addition of a methyl (CH3) group to the fifth
carbon of the cytosine. DNA methylation usually occurs
within the context of 5’-CG-3’ (CpG dinucleotide) clustered regions known as CpG islands (CGIs), which are
frequently found proximal to the promoters of housekeeping genes[5]. The occurrence of methylation within
the CGI of a gene promoter is associated with a compact chromatin structure and is linked to the transcriptional silencing of the affiliated gene, particularly tumor

The methylation of gene promoters is now recognized
to be one of the primary mechanisms used to inactivate tumor-related genes (particularly tumor suppressor
genes) as well as genetic alterations. Since the first article
by Fang et al[11] in 1996 describing the DNA hypomethylation of c-myc and c-Ha-ras in GC, numerous studies have
been published on the involvement of DNA methylation in GC. To date, the aberrant DNA methylation of
more than 100 genes, such as tumor suppressor genes
(including E-cadherin, RASSF1A, p16, GSTP1, SOCS1,
SFRP1 and PTEN) has been reported in GC[12-17]. A recent meta-analysis[18] reviewed 143 case-control studies
reporting the methylation frequency of 142 individual
genes. Consequently, a total of 70 genes were found to
be significantly hypermethylated in cancer tissue compared with those observed in normal tissue obtained
from GC subjects. Table 1 shows a list of genes that are
commonly methylated in GC compared with those in
corresponding normal gastric tissue[14,19-34].
E-cadherin is one of the most important tumor suppressor genes in GC, and its inactivation is thought to
contribute to tumor progression via subsequent increases
in proliferation, invasion and metastasis[35-37]. E-cadherin is
silenced by CpG methylation in various cancers, including GC and particularly undifferentiated GC, at the early
stage[12,13]. However, E-cadherin methylation is frequently
observed in both neoplastic and the corresponding nonneoplastic gastric mucosa. Age-related E-cadherin methylation is commonly present in the gastric mucosa starting
from approximately 45 years of age[38]. However, RASS-
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F1A, a member of the Ras association domain family,
is a tumor suppressor gene that plays a critical role in
cell cycle regulation, apoptosis and microtubule stability
by regulating the Ras signaling pathway[39]. Mutations of
RASSF1A are uncommon, whereas silencing by promoter methylation is frequent in cancers, including GC[40,41].
In contrast, such methylation occurs in only a small
proportion of non-neoplastic gastric epithelia[42]. Moreover, RASSF1A methylation is closely associated with
the TNM stage and a poor prognosis in GC patients[43].
Therefore, RASSF1A represents a potential diagnostic
and therapeutic target in GC.

GENE METHYLATION AND
CARCINOGENESIS
Helicobacter pylori infection
It has been reported that a widely known pathogen, Helicobacter pylori (H. pylori), is involved in the development
of GC [44]. H. pylori is a Gram-negative spiral-shaped
bacterium that is present in the stomach of approximately half of the world’s population[45,46]. Numerous
prospective studies have shown that H. pylori infection
plays an essential role in gastric carcinogenesis[47], and
the mechanisms underlying gastric carcinogenesis due to
H. pylori-induced DNA methylation have been clarified.
Maekita et al[48] collected tissue samples of gastric mucosa from 154 healthy volunteers and 72 patients with
differentiated-type GC via endoscopy and evaluated the
methylation levels in seven CGIs among eight lesions.
The data indicated that H. pylori infection potently and
temporarily induces the methylation of multiple CGIs
to various degrees and that the methylation levels in
specific CGIs in noncancerous gastric mucosa are associated with the risk of GC in H. pylori-negative individuals. Our previous study also demonstrated that H. pylori
infection contributes to the loss of RUNX3 expression
via promoter methylation in GC[49]. In RUNX3-deficient
mouse, some gastric epithelial cells differentiated into
intestinal type cells, suggesting that the loss of RUNX3
expression triggered precancerous intestinal metaplasia
(IM), which possibly leads to cancer in the stomach[50].
This speculation is supported by independent evidence
recently published by Lu et al[24]. Furthermore, regardless of the status of H. pylori infection, the number of
methylated genes in IM was significantly higher than
that found in chronic gastritis without IM[51]. However,
recent studies have intensively investigated the role of
miRNA methylation in GC. Ando et al[52] demonstrated
that gastric mucosa infected with H. pylori exhibits significantly higher methylation levels of three miRNAs
(miR-124a-1, miR-124a-2 and miR-124a-3) than that
without H. pylori infection among healthy volunteers
and that the noncancerous gastric mucosa of GC patients exhibits higher methylation levels than the gastric
mucosa of healthy volunteers among H. pylori-negative
individuals. Therefore, the methylation-induced silencing of miRNA genes, as well as protein-coding genes,
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may contribute to the formation of field defects for GC.
With respect to the correlation between the methylation
level in the gastric mucosa and risk of GC, Nakajima
et al[53] showed that the methylation levels in the gastric
mucosa are significantly increased in patients with a single GC and even more prominently increased in patients
with multiple GCs among H. pylori-negative individuals.
In contrast, the methylation levels in H. pylori-positive
individuals were increased to various degrees. Moreover,
it has previously been shown that the development of
inflammation triggered by H. pylori infection is pivotal
for aberrant methylation and that the expression of
inflammation-related genes, such as IL-1β , Nos2 and
TNF in the stomach is associated with the induction
of DNA methylation[54,55]. IL-1β directly induces the
promoter methylation of E-cadherin, an important extracellular matrix component involved in the maintenance
of epithelial stability[56]. Namely, the H. pylori-induced
methylation of E-cadherin promoter is mediated through
IL-1β. Furthermore, IL-1β is an important mediator of
H. pylori-induced TGF-β 1 methylation[57-59]. As previously described, basic and clinical studies have demonstrated that H. pylori infection is strongly correlated with
aberrant methylation in GC. Meanwhile, it has become
increasingly clear that the eradication of H. pylori significantly reduces gene methylation[60,61]. The removal of the
aberrant DNA methylation induced by H. pylori in precancerous lesions would be a novel approach to preventing cancer. Niwa et al[62] showed that 5-aza-dC treatment
prevents the development of H. pylori-induced GC using a Mongolian gerbil model. Therefore, the removal
and/or suppression of H. pylori-induced aberrant DNA
methylation may prevent H. pylori-associated cancers.
Epstein-barr virus
Epstein-barr virus (EBV) causes infectious mononucleosis on initial infection, and more than 90% of adult
patients become EBV carriers[63]. It is well known that
EBV is associated with several malignancies, such as
Burkitt lymphoma[64] and nasopharyngeal carcinoma[65].
EBV-positive GC was first discovered in 1990[66], and the
incidence of EBV-positive GC ranges from 7% to 15%
regardless of race or region[67,68]. EBV infection occurs at
an early stage of carcinogenesis and plays an important
role in cancer development. Furthermore, previous studies have reported that aberrant promoter methylation is
more frequently involved in EBV-positive GC than EBVnegative GC[69-72]. DNA methylation of the promoter
region in the APC, p16, MINT1, TP73 and HOXA10
genes[19,69,73] has been specifically observed in patients
with EBV-positive GC. Moreover, one recent study demonstrated that the frequency of the methylation of seven
genes (TP73, BLU, FSD1, BCL7A, MARK1, SCRN1
and NKX3.1) is significantly higher in EBV-positive GC
patients than in EBV-negative GC patients[74]. Regarding the molecular mechanisms underlying host DNA
methylation during the early stages of EBV infection
in gastric epithelium, human DNA methyltransferases
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(DNMTs) have received attention as methylation drivers
during EBV infection. It has been reported that LMP2A
induces the phosphorylation of STAT3, which activates
DNMT1 transcription and causes a loss of the PTEN
expression via the methylation of the PTEN promoter
in EBV-associated GC [75]. Zhao et al [76] also showed
that the induction of promoter methylation by EBV is
regulated by the upregulation of DNMT3b by LMP2A.
Furthermore, a recent large-scale analysis performed by
Matsusaka et al[77] assessed the DNA methylation profiling of GC using the Infinium Human Methylation27
BeadChip (Infinium, Illumina, San Diego, CA, United
States). The authors classified GC into three epigenotypes (EBV−/low methylation, EBV−/high methylation
and EBV+/high methylation) according to the pattern
of DNA methylation. EBV-positive GCs exhibited distinct and markedly high levels of methylation, while the
CXXC4, TIMP2 and PLXND1 genes were specifically
methylated in the EBV-positive epigenotype. MLH1 was
preferentially methylated in the EBV−/high methylation
epigenotype; however, no methylation was detected in
the EBV+/high methylation epigenotype. Namely, the
authors identified the specific genotype associated with
EBV infection and proved that the epigenetic alteration
observed in EBV-positive GC is directly caused by EBV
infection.

DNA Methylation Markers for
Diagnosis
Early detection
Less than 25% of GC cases are diagnosed at an early stage,
and the 5-year survival rate is approximately 20%-25%
worldwide[78]. However, the survival rate improves to
over 60% if the disease is detected at an early stage[78],
emphasizing the importance of making an early diagnosis of GC. Bodily fluids, particularly blood, contain
various molecules that originate from other tissues and
organs. These molecules can signal the presence of cancer and therefore are potential cancer biomarkers. Firstgeneration tumor markers, such as CEA, CA19-9 and
CA72-4, are associated with the development of GC;
however, none of these markers are available for the
purpose of screening and early detection of GC. Nucleic
acids, which can be easily amplified using the PCR technique, represent obvious potential targets for biomarker
development. The detection of circulating tumor DNA
released from apoptotic or necrotic tumor cells or actively secreted from proliferating cells was first reported
approximately three decades ago[79]. Circulating tumor
DNA carries not only tumor-specific genetic information
but also epigenetic marks, particularly DNA methylation.
The use of DNA methylation tests in GC patients would
facilitate the development of novel biomarkers for the
early detection and diagnosis of GC.
Abbaszadegan et al[80] evaluated the methylation of
p16, one of the most frequently methylated genes in GC,
in cancer tissues and the corresponding serum obtained
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from GC patients. Aberrant methylation of the p16 promoter was detected in 44.2% of the GC tissues (23/52),
whereas all normal gastric mucosa samples (n = 50) were
unmethylated. Furthermore, among the patients with p16
methylation, 60.9% (14/23) also exhibited methylation in
their corresponding serum samples. Therefore, the detection of DNA methylation in the serum is a potential biomarker for the early detection of GC. Kanyama et al[81]
also demonstrated that the aberrant DNA methylation of
p16 was observed in six of 23 serum samples obtained
from GC patients (26.1%), regardless of the tumor stage
and/or clinicopathological features, thus suggesting that
p16 methylation is also a potential biomarker for the early
detection of GC. Additionally, other methylation markers in the serum, such as RUNX3, MGMT, DAPK, TFPI,
RASSF1A and SOCS1, were reported to be useful for
the early detection of GC[82-87]. Leung et al[88] investigated
multiple gene methylation in the serum DNA of GC
patients, focusing on the incidence of promoter hypermethylation in 10 tumor-related genes (APC, E-cadherin,
GSTP1, hMLH1, MGMT, p15, p16, SOCS1, TIMP3
and TGF-beta RII). Among these 10 genes, APC (17%),
E-cadherin (13%), hMLH1 (41%) and TIMP3 (17%) were
significantly methylated in the GC patients compared
with that observed in the healthy volunteers. Furthermore, methylation was detected in the serum of 33 of 60
(55%) patients in at least one of these four genes. These
results suggest that the detection of DNA methylation in
the serum has diagnostic value in GC patients.
Another attempt regarding the early detection of
GC was made in which methylation markers in gastric
washes were investigated. Because many mucosal cells
can be found in stomach juice, the detection of molecular markers in gastric washes is a possible noninvasive
approach to screening for GC. Oishi et al[89] identified
Sox17 methylation to be a candidate biomarker for detecting GC using a genome-wide DNA methylation
analysis of gastric wash samples. Moreover, Watanabe
et al[90] suggested that MINT25 is a sensitive and specific
marker for screening GC. The authors initially assessed
24 tissue samples and identified six methylated genes
(MINT25, RORA, GDNF, ADAM23, PRDM5 and
MLF1). The methylation levels of these six genes significantly increased according to the progression from
non-neoplastic gastric mucosa to normal adjacent tissue
to dysplasia and finally to early GC. The power of these
six genes was validated in 153 different populations using gastric washes. Consequently, MINT25 methylation
exhibited the best sensitivity (90%) and specificity (96%)
in terms of tumor detection in the gastric washes.
Prediction of recurrence
The postoperative recurrence of GC usually occurs in
the peritoneum, lymph nodes (LNs) or liver[91]. Peritoneal
metastasis is the most frequent event in recurrent GCs[91],
and 50%-60% of GC patients with serosal invasion following curative resection eventually develop peritoneal
metastasis[92]. Peritoneal metastasis exhibits resistance to
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various chemotherapeutic agents, causes massive ascites
and occasionally results in intestinal obstruction. The
average length of survival following the development of
peritoneal metastasis is 4.9 mo[93]. Therefore, the ability
to predict peritoneal metastasis is essential for selecting
the treatment strategy before metastatic nodules in the
peritoneum become large. We previously reported that
DNA methylation is a possible marker for detecting cancer cells in the peritoneal washes (PW) of GC patients[33].
In that study, the DNA methylation of six genes, including BNIP3, CHFR, CYP1B1, MINT25, SFRP2 and
RASSF2, was analyzed in 107 PW specimens obtained
from GC patients who underwent surgery. The patients
were classified into the following three groups: group
A (n = 42), patients with a depth of cancer invasion at
the muscularis propria (MP) or less than the MP; group
B (n = 45), a depth of cancer invasion beyond the MP;
and group C (n = 20), histologically diagnosed peritoneal
metastasis or cytologically detected cancer cells in the
peritoneal cavity. The methylation status of the six genes
significantly differed between the three groups (group
A, 0%-5%; group B, 0%-15%; group C, 15%-45%; P <
0.01). Furthermore, three of nine patients in group B in
whom methylation was detected in PW in at least one of
these six genes experienced peritoneal recurrence after
surgery. However, only one of 36 patients without gene
methylation experienced peritoneal recurrence (P < 0.05).
Yu et al[94] also showed that the presence of methylated
E-cadherin in PW predicts a poor prognosis in GC patients. Conducting methylation analyses and cytological
examinations of PW is therefore useful for predicting
the risk of recurrence in patients with GC.
LN metastasis is one of the most important factors in
predicting recurrence in patients with GC[95]. The presence
of micrometastasis, which cannot be detected using conventional histological methods, is significantly correlated
with the postoperative prognosis of GC patients[96-98].
The detection of micrometastasis in LNs is therefore
very important for making an accurate classification of
the cancer stage and selecting the appropriate treatment
strategy. Several studies have reported RT-PCR analyses
to detect a positive expression of CEA, CK19 or CK20
mRNA in 5.3%-23.8% of LNs that are free from histological metastasis in patients with GC[99-101]. However,
accumulating evidence suggests that gene methylation,
such as that of E-cadherin [102] , SULF1 [103] , TFPI2 [86] ,
NDRG2 [104] and GPX3 [105], is a useful biomarker for
detecting LN metastasis in GC patients. Yi Kim et al[102]
investigated the expression of E-cadherin in resected
specimens obtained from 60 patients with early GC and
correlated the findings with the metastatic potential of
the tumors. Their data suggested that the methylation
of E-cadherin is involved in LN metastasis in patients
with GC. Furthermore, Hur et al[103] examined the expression of SULF1 and SULF2 in a large cohort of 450
GC tissues. The GC tissues exhibited a conspicuously
higher expression of SULF1 (P = 0.0002) regulated
by the promoter hypomethylation compared with that
observed in the normal mucosa. Additionally, SULF1 is

WJG|www.wjgnet.com

an independent prognostic (P = 0.0123) and LN metastasis predictive factor (P = 0.0003) in patients with GC.
Our previous study[106] also evaluated the methylation
of multiple genes to detect the micrometastasis of GC.
Methylation analyses are useful for accurately staging
tumors and selecting optimal candidates for chemotherapy.

GENE METHYLATION AS A PREDICTIVE
BIOMARKER FOR DRUG SENSITIVITY
Five-fluorouracil
In addition to several chemotherapeutic agents, 5-fluorouracil (5-FU) is widely used as a key drug in chemotherapy
for advanced GC. 5-FU is converted into fluorodeoxyuridine monophosphate, which inhibits the activity of
thymidylate synthase (TS), an enzyme required for DNA
synthesis[107]. Several enzymes involved in the metabolic
pathway of 5-FU, including TS, dihydropyrimidine dehydrogenase, thymidine phosphorylase (TP) and orotate
phosphoribosyltransferase, have been intensively examined as candidate biomarkers for the efficacy of 5-FU
therapy. Our previous work also focused on the correlation between the response to 5-FU and the expression
of the above enzymes[108]. However, the predictive power
of these molecules with respect to the efficacy of 5-FU
remains controversial[109]. Therefore, it is necessary to
establish new predictive tools for selecting patients who
will benefit from treatment with this conventional cytotoxic drug.
We previously demonstrated that the methylation of
p16 predicts survival benefits from 5-FU in patients with
GC[110]. p16 proteins, a product of the CDKN2/MTS1
gene, are G1/S-specific cell cycle inhibitors[111]. p16 silencing induced via DNA methylation accelerates the cell
cycle and increases the cell number in the S-phase. These
conditions allow cancer cells to easily absorb 5-FU into
S-phase cells, resulting in the enhancement of drug efficacy. Another in vitro study showed that p16 dysfunction
is correlated with increased sensitivity to 5-FU in patients
with brain tumors[112]. Furthermore, Kato et al[113] showed
that the methylation of two proapoptotic genes, TMS1
(target of methylation-induced silencing; also called
‘‘ASC’’) and DAPK (death-associated protein kinase), is
associated with resistance to 5-FU and a poor prognosis
in GC patients. The expression of ASCL2 (achaete scutelike 2), a cancer stem cell (CSC) marker in colon cancer[114], is also mediated via epigenetic mechanisms, and
the upregulation of ASCL2 by promoter demethylation
in GC is associated with resistance to 5-FU[115]. CSCs are
relatively resistant to commonly used cancer therapies,
such as radiation and chemotherapy. Therefore, the development of reliable CTC biomarkers and CSC-targeted therapies is crucial for improving survival in cancer
patients.
Multigene methylation has also been investigated as
another approach for developing predictive biomarkers
for a response to 5-FU. The prognostic relevance of the
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CpG island methylator phenotype (CIMP) following the
administration of standard therapy or a 5-FU-based chemotherapy regimen has been reported in different types
of cancers, including GC[70,116-118]. Although no direct
correlations between the CIMP status and chemosensitivity and/or resistance have thus far been demonstrated
in patients with GC, the detection of the CIMP-positive
phenotype can be used to independently predict better
survival after 5-FU-based chemotherapy in patients with
stage Ⅲ colorectal cancer[116]. Moreover, the CIMP status
in GC has been shown to be associated with microsatellite instability and clinicopathological features, such as
tumor location, histology and the TNM stage[70,117]. Further investigations should clarify the role of the CIMP
status in the chemosensitivity and/or resistance of GC.
Cisplatin
Cisplatin is a platinum-containing compound that is commonly used in various cancers, including GC. The use of
cisplatin-based regimens, such as ECF (epirubicin/cisplatin/fluorouracil) and DCF (docetaxel/cisplatin/fluorouracil), has improved the survival of GC patients[119].
Cisplatin forms intrastrand and interstrand cross-links
between purines, and these platinum-DNA adducts activate several signaling pathways, resulting in doublestranded DNA breaks and the impairment of replication and gene expression [120]. The initial approach to
identifying biomarkers of cisplatin sensitivity focused on
the genes involved in the drug’s mechanisms of action.
ERCC1 (excision repair cross-complementation group 1)
is a major component of the nucleotide excision repair
(NER) complex that acts as the rate-limiting enzyme in
the NER pathway[121]. De Dosso et al[122] showed that the
overall survival of GC patients who receive cisplatinbased adjuvant chemotherapy following curative resection is longer among patients who exhibit a negative
expression of ERCC1 proteins. A recent meta-analysis
also indicated a significant association between polymorphisms of the NER genes (ERCC1 and ERCC2) and
the response to platinum-based chemotherapy[123]. In GC
patients, a high expression of NER (ERCC1, ERCC2,
GSTP1, XRCC1) and DNA damage proteins (TP53,
GADD45A) is negatively associated with a response to
cisplatin[124,125].
Despite the intensive investigation of genetic markers for platinum agents (as described above), little information regarding the epigenetic variability affecting the
clinical outcomes of platinum-based therapy is available
in the setting of GC. One recent in vitro study evaluated the methylation profiles of 20 GC cell lines and
identified BMP4 (bone morphogenetic protein 4) to be
an epigenetically regulated gene that is highly expressed
in cisplatin-resistant cells[126]. BMP4 encodes a secreted
protein belonging to the TGF β superfamily. BMP4
binds to BMP type Ⅰ/Ⅱ receptors, thereby activating a
signaling cascade that results in the phosphorylation of
SMAD1/5/8. BMP4 induces the epithelial mesenchymal
transition via the SMAD pathway in several cancers[127,128]
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and may also be involved in the development of IM of
the esophagus and stomach[129]. Other epigenetic markers for CDDP have been frequently assessed in patients
with ovarian and lung cancers[130-132]. Stefansson et al[131]
recently showed that BRCA1 silencing induced by promoter hypermethylation predicts enhanced sensitivity to
platinum in ovarian and breast cancer patients. Tumor
suppressor BRCA1 proteins as well as BRCA2 proteins
play major roles in DNA double-strand break repair via
homologous recombination[133]. BRCA1 and BRCA2 are
frequently mutated in patients with familial breast and
ovarian cancer, and BRCA1/2-deficient cancers often
exhibit a better response to DNA cross-linking agents,
such as platinum[133]. Furthermore, Wang et al[134] demonstrated that the methylation of 14-3-3 sigma predicts survival benefits from cisplatin plus gemcitabine treatment
in lung cancer patients. BRCA1 and 14-3-3 sigma silencing induced by promoter methylation is also observed in
GC[69,135]. Further attempts to identify novel methylation
biomarkers of the efficacy of cisplatin therapy in GC
patients are needed.
Taxane (paclitaxel and docetaxel)
Paclitaxel and docetaxel, both of which are microtubulestabilizing agents that block cell division by interfering
with the function of mitotic spindles by inhibiting microtubule dynamics[136,137], are commonly used in secondline chemotherapy regimens in GC patients who exhibit
resistance to 5-FU-based chemotherapy in Japan [138].
Checkpoint with forkhead-associated domain and ring
finger (CHFR) has been intensively investigated as a
candidate biomarker of the response to microtubule
inhibitors in various cancers, including GC[139-141]. CHFR
functions as a mitotic checkpoint by detecting mitotic
stress induced by microtubule inhibitors, such as paclitaxel, and, under such conditions, induces cell cycle
arrest in the G2 phase to repair damaged DNA and is
consequently resistant to taxane[142]. However, cells with
a CHFR gene inactivated by aberrant hypermethylation
cannot detect DNA damage and proceed to mitosis with
subsequent cell death due to mitotic catastrophe, i.e.,
these cells demonstrate a high sensitivity to taxane. We
previously demonstrated that the methylation of CHFR
is correlated with the response to treatment with paclitaxel in both GC cell lines and patients[143].
Stone et al[144] demonstrated that, in addition to CHFR
methylation, BCL-2 expression is associated with DNA
methylation in human breast cancer and that BCL-2
hypermethylation is a potential biomarker of sensitivity
to antimitotic chemotherapy, including that with paclitaxel and docetaxel. The promoter hypermethylation of
RASSF1A as well as BCL-2 was also shown to be an
important factor modulating the efficacy of docetaxelbased chemotherapy in patients with breast cancer[145].
Furthermore, a recent in vitro study indicated that TGFβ I
(transforming growth factor-beta-inducible gene-h3)
is frequently methylated and associated with paclitaxel
resistance in patients with ovarian cancer[146]. However,
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to our knowledge, no methylation markers for the efficacy of paclitaxel and/or docetaxel have thus far been
reported in GC patients (except for CHFR methylation).
Irinotecan
Irinotecan (CPT-11) is a semisynthetic derivative of
camptothecin (CPT), which interferes with DNA replication and cell division through its potent interaction with
the enzyme topoisomerase 1 (Topo 1)[147]. Both CPT-11
and CPT are Topo1 inhibitors. CPT-11 is primarily used
in second-line or subsequent chemotherapy in the treatment of GC.
Several mechanisms have been proposed for resistance
to CPT, such as variable levels of the enzymes involved
in the conversion of CPT-11, reduced cellular accumulation due to active drug efflux, a reduced expression of
Topo 1, alteration in the structure of Topo 1, alterations
in the cellular response to CPT-Topo 1-DNA complex
formation and the activation of NF-kappaB[148,149]. To
identify the epigenetic predictive markers for the efficacy
of CPT-11, we previously analyzed the gene methylation
of CHFR, p16, RUNX3, E-cadherin, MGMT, hMLH1,
ABCG2, UGT1A1 and BNIP3 in 27 colorectal cancer
patients who were postoperatively treated with S-1 plus
CPT-11 combined therapy. Among these candidate
genes, we identified BNIP3 gene methylation as a possible marker for predicting a poor response to S-1 plus
CPT-11 therapy in patients with colorectal cancer[150]. Another study also demonstrated that metastatic colorectal
cancer patients with BNIP3 methylation exhibit resistance
to first-line CPT-11 chemotherapy compared with those
without such methylation[151]. Furthermore, two independent studies suggested that the methylation of the UGT1A1 gene in colorectal cancer patients is an important
mechanism of UGT1A1 gene silencing and is associated
with CPT-11 resistance[152,153]. However, no reliable markers of the sensitivity and/or resistance to CPT-11 have
thus far been identified in GC, including BNIP3 and UGT1A1 methylation. Recently, Miyaki et al[154] focused on
the DNA methylation profiles of colorectal cancer and
GC and identified a novel gene, DEXI (glucocorticoidinduced protein coding gene), that is frequently methylated in colorectal cancer and GC patients using the MSAFLP (methylation-sensitive amplified fragment-length
polymorphism) technique[155]. DEXI methylation results
in a poor response to CPT-11-based chemotherapy, suggesting that DEXI is a potent therapeutic target and an
epigenetic biomarker for the selection of patients who
will benefit from CPT-11-based chemotherapy.
Trastuzumab and bevacizumab
Two recent phase Ⅲ RCTs demonstrated the clinical
efficacy and safety of antibody therapy in patients with
advanced GC. The ToGA study investigated the additional benefits of trastuzumab in combination with
chemotherapy as a first-line treatment of human epidermal growth factor receptor 2 (HER2)-positive advanced
GC. The median overall survival was 13.8 mo in the
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trastuzumab plus chemotherapy group and 11.1 mo
in the chemotherapy alone group (HR = 0.74; 95%CI:
0.60-0.91; P = 0.0046)[156]. The ToGA trial also demonstrated that patients who express a higher level of HER2
receive the greatest benefits from trastuzumab. Although
the efficacy of trastuzumab appears to be predictable
based on the expression level of HER2, the molecular
mechanisms underlying trastuzumab resistance in GC
patients are unknown. Preclinical studies have indicated
that increased signaling via the PI3K/AKT pathway contributes to trastuzumab resistance in patients with breast
cancer[157,158]. Moreover, several reports have shown that
DNA methylation profiles can be used to predict the
breast cancer subtype and support the prognosis determination and therapeutic stratification of patients with
breast cancer[159-161]. Terada et al[162] evaluated the methylation levels in the promoter CGIs of 11 genes in 63 human breast cancer samples and concluded that frequent
methylation exhibits a strong association with HER2
amplification in patients with breast cancer. Based on
this evidence, increasing the understanding of epigenetic
profiles in the setting of GC may enable physicians to
classify the intrinsic subtypes of GC and predict the response to trastuzumab in GC patients.
The AVAGAST trial, which was designed to investigate the impact of an anti-vascular endothelial growth
factor (VEGF) monoclonal antibody (bevacizumab) in
combination with fluoropyrimidine-platinum as first-line
therapy for advanced GC showed significant improvements in progression-free survival and the response rate
compared with that observed in the placebo group (HR
= 0.80, P = 0.0037; 46.0% vs 37.4%, P = 0.0315, respectively)[163]. Additional analyses of biomarkers[164], including VEGF-A, neuropilin-1 and VEGF receptors-1 and
-2 (VEGFR-1 and VEGFR-2), showed that the baseline
plasma VEGF-A levels and tumor neuropilin-1 expression are potential predictors of bevacizumab efficacy.
The patients with a high plasma VEGF-A level exhibited
a trend toward improved overall survival (HR = 0.72;
95%CI: 0.57-0.93) compared with the patients with a
low VEGF-A level (HR = 1.01; 95%CI: 0.77-1.31; P =
0.07). Furthermore, the potential predictive power of the
plasma VEGF-A level identified in the AVAGAST trial is
supported by two other independent biomarker analyses
performed in patients with metastatic breast cancer (the
AVADO study)[165] and pancreatic cancer (the AViTA
study)[166]. However, the levels of VEGFRs failed to predict the efficacy of bevacizumab in the AVAGAST study,
although the VEGFR-2 expression in the AVADO study
and the VEGFR-1 expression in the AViTA study were
significantly associated with bevacizumab efficacy[167,168].
In a previous study, the methylation of the VEGF gene
was not observed in most cancer cells, whereas the promoter hypermethylation of the VEGFR-1 gene (Flt1)
and VEGFR-2 gene (KDR) were widely detected in various cancer cells, including those of GC[169]. A recent in
vitro study by Kim et al[170] also suggested that the efficacy
of various VEGF-target drugs, including anti-VEGF
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monoclonal antibodies, is influenced by the epigenetic
alteration of VEGFRs.
Among the several molecular targeted therapies for
GC to date, only trastuzumab has succeeded in significantly increasing the overall survival in patients with
HER2-overexpressing GC. Other agents, including bevacizumab, have failed to achieve efficacy in increasing
survival rates over those obtained with standard chemotherapy. It is promising that the careful selection of patient subsets is a key factor for improving GC outcomes.
Therefore, further investigations to identify reliable predictive biomarkers of drug efficacy, including methylation profiling, are needed.

DNA METHYLATION AND THE
PROGNOSIS OF GC PATIENTS
The most common tool for predicting patient prognosis
of GC is the TNM classification. However, some GCs
exhibit different behavior from that predicted by the
TNM classification; hence, the accumulation of further
information and the identification of indicators, such as
molecular biomarkers, is necessary to precisely predict
the prognosis. Recently, numerous studies have investigated the molecular basis of GC, and an association
between aberrant DNA methylation and the prognosis
of GC patients has been reported[171-174]. A large number
of genes, including p16, E-cadherin, MGMT, RASSF1,
RUNX3, etc., have been shown to be suppressed by CGI
hypermethylation[175]. Among these genes, the promoter
hypermethylation of E-cadherin[176] (http://link.springer.
com/article/10.1007/s10120-012-0209-7/fulltext.html
- CR32) and MGMT[177,178] (http://link.springer.com/article/10.1007/s10120-012-0209-7/fulltext.html - CR34) is
associated with worse outcomes after surgery in GC patients. Additionally, Wanajo et al[172] identified the methylation of CACNA2D3 (calcium channel voltage-dependent alpha 2/delta subunit 3) to be a strong indicator
of poor prognosis among patients with advanced GC.
Furthermore, Kim et al[179] suggested that the expression of galectin-7 is critically regulated by DNA hypermethylation and may play a role as a prognostic marker
of GC. Our recent work also demonstrated that trefoil
factor 1 (TFF1) expression is silenced by DNA methylation and is associated with tumor invasion and poor
survival in GC patients[180]. TFF1 is considered to be a
tumor suppressor gene in GC. We assessed the immunohistochemical expression of TFF1 in 182 GC patients
and examined whether the level of TFF1 is associated
with clinicopathological factors and/or patient survival.
Consequently, a low expression of TFF1 was found to
be independently associated with a poor survival in 108
GC patients treated with surgery alone. Furthermore,
bisulfite sequencing demonstrated that TFF1 expression
was strongly mediated by DNA methylation in both the
GC cells and tissues. Although most previous studies
evaluated DNA methylation in GC tissues, epigenetic in-
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formation obtained from blood samples may also be an
important prognostic biomarker in GC patients. It has
been reported that patients with hypermethylated insulin-like growth factor 2 (IGF2) in blood leukocyte DNA
exhibit a significantly better survival rate than those with
hypomethylated IGF2[181].
As described above, many previous studies of methylation in GC have focused on the prognostic significance of single methylated genes. However, the LINE-1
methylation level is regarded to be a surrogate marker
of global DNA methylation, and LINE-1 hypomethylation is strongly associated with a poor outcome in several types of human cancers[182,183] (http://link.springer.
com/article/10.1007/s10120-012-0209-7/fulltext.html CR14). Shigaki et al[184] reported for the first time that the
genome-wide DNA hypomethylation status measured
according to the LINE-1 level is independently associated with poor survival among patients with GC. Furthermore, regarding the prognostic value of CIMP status,
it has been reported that CIMP-high is associated with
better overall survival, although this parameter is not an
independent prognostic factor in patients with resected
GC[117]. In another study, patients with a CIMP-negative
status demonstrated significantly worse survival than patients with a CIMP-high or CIMP-low status among 78
primary GC series in Japan[70]. In contrast, two investigators reported that hypermethylation at 14 CGI loci or
more is closely associated with a poor clinical outcome
and was found to be an independent prognostic factor
in 196 cases of GC in South Korea[185,186]. Moreover,
another report demonstrated no significant differences
in survival between the CIMP-positive group and the
CIMP-negative group[187]. The CIMP status prognostic
value is therefore controversial in the setting of GC. A
large-scale study is needed to validate the association
between CIMP status and the prognosis of patients with
GC.
Although DNA methylation at the fifth position of
cytosine (5-mC) is a key epigenetic marker associated
with the prognosis of GC, 5-mC is converted to 5-hydroxymethylcytosine (5-hmC) by the ten-eleven translocation family of DNA hydroxylases. In recent years, the
effects of 5-hmC on the characteristics of cancer have
been widely recognized. However, the significance of
5-hmC for the prognosis of human cancers, including
GC, remains largely unknown. Yang et al[188] indicated
that a decreased 5-hmC level is a strong and independent
poor prognostic factor in patients with GC. The direct
or consequential methylation of microRNAs may also
influence the prognosis of GC[189]. Prompt and reliable
methods for the analysis of the molecular basis of GC
have recently been developed, and the impact of epigenetic modification on the prognosis of GC patients has
been increasingly revealed. Increasing understanding of
epigenetic molecular profiles will hopefully be successfully applied to predict and improve the prognosis of
GC.
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Figure 1 Candidate methylation biomarkers in gastric cancer. Summary of methylation biomarkers in gastric cancer. Numerous methylated genes are considered
to be possible biomarkers for different purposes, such as risk assessment, early detection, the prediction of recurrence and prognosis and the development of therapeutic strategies. 5-FU: 5-fluorouracil; H. pylori: Helicobacter pylori; IL: Interleukin; EBV: Epstein-barr virus.

CONCLUSION

4

The field of cancer epigenetics has significantly expanded over the last decade, and technological advances have
dramatically accelerated investigation in this area of cancer research. Aberrant DNA methylation results in the
misregulation of cellular processes, such as proliferation,
transformation and anti-apoptotic effects, all of which
promote cancer progression. However, DNA methylation has great potential to provide valuable information
for understanding the malignant behavior of GC (Figure
1). Further investigations of the DNA methylation status, which regulates cancer initiation, proliferation, invasion, metastasis and drug resistance, will aid in designing
strategies for earlier detection and better therapeutic
decision making in the setting of GC.
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Abstract
Gastric cancer is the fourth most common cancer in
the world and the second leading cause of cancerrelated death. More than 80% of diagnoses occur at
the middle to late stage of the disease, highlighting an
urgent need for novel biomarkers detectable at earlier stages. Recently, aberrantly expressed microRNAs
(miRNAs) have received a great deal of attention as
potential sensitive and accurate biomarkers for cancer
diagnosis and prognosis. This review summarizes the
current knowledge about potential miRNA biomarkers for gastric cancer that have been reported in the
publicly available literature between 2008 and 2013.
Available evidence indicates that aberrantly expressed
miRNAs in gastric cancer correlate with tumorigenesis,
tumor proliferation, distant metastasis and invasion.
Furthermore, tissue and cancer types can be classified
using miRNA expression profiles and next-generation
sequencing. As miRNAs in plasma/serum are well protected from RNases, they remain stable under harsh
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conditions. Thus, potential functions of these circulating miRNAs can be deduced and may implicate their
diagnostic value in cancer detection. Circulating miRNAs, as well as tissue miRNAs, may allow for the detection of gastric cancer at an early stage, prediction of
prognosis, and monitoring of recurrence and/or lymph
node metastasis. Taken together, the data suggest that
the participation of miRNAs in biomarker development
will enhance the sensitivity and specificity of diagnostic
and prognostic tests for gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: MicroRNAs; Gastric cancer; Biomarker;
Clinical application
Core tip: Gastric cancer is the second leading cause of
cancer-related death, and > 80% of cases are diagnosed at the middle to late disease stage. Novel biomarkers for the detection of early stage gastric cancer
are therefore urgently needed. Recent recognition of a
correlation between aberrantly expressed microRNAs
(miRNAs) and cancer-related processes has highlighted
the potential of miRNAs as diagnostic and prognostic
markers. Detection of miRNAs, in tissue as well as in
serum/plasma, may enhance the sensitivity and specificity of diagnostic and prognostic tests for early stage
gastric cancer, and provide a means to monitor recurrence and/or lymph node metastasis.
Liu HS, Xiao HS. MicroRNAs as potential biomarkers for
gastric cancer. World J Gastroenterol 2014; 20(34): 12007-12017
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12007.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12007

INTRODUCTION
Although the rate of gastric cancer (GC) has declined
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Figure 1 MicroRNAs and gastric cancer.

over the last 50 years, GC remains the fourth most common cancer worldwide, with a total of 989600 new
cases and 738000 deaths estimated in 2008[1]. Over 70%
of these new cases and deaths occurred in developing countries, with half of the world total occurring in
Eastern Asia (mainly in China)[2]. Due to the absence of
specific symptoms and early detection, gastric cancer
is often diagnosed at an advanced stage when a cure is
not possible, and in these cases, the prognosis remains
unfavorable. Median survival is 7-9 mo and survival at 2
years is exceptionally > 10%. A combination of early diagnosis and the improvement in surgical techniques has
extended survival in GC patients[3-5]. As the prognosis
for these patients differs depending on the disease stage
at the time of diagnosis, early detection of GC is crucial. While the combined use of tumor markers, such as
α-fetoprotein, carcinoembryonic antigen and carbohydrate antigens 125 and 19-9, improves the sensitivity for
the diagnosis of advanced gastric cancer, these markers
yield inconsistent results when used for early detection
of GC[6-10]. Therefore, identification of novel biomarkers for early GC diagnosis is a major focus of current
investigation.
A class of small (about 22 nucleotides) noncoding
RNA species, known as microRNAs (miRNAs), have
been shown to regulate gene expression and play important roles in a wide range of physiological and pathological processes[11-18]. For example, the miR-15a-miR-16-1
cluster has been demonstrated to promote prostate cancer by targeting genes related to a multitude of oncogenic
activities[19], and p53-mediated transactivation of miR34a has been shown to influence the expression of genes
related to apoptosis[20]; furthermore, miR-373, miR-520c
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and miR-10b have been shown to promote tumor invasion and metastasis[21-23]. Although the biological function of miRNA has yet to be fully understood, miRNA
analyses indicate that a wide range of tumor types display
significantly different expression profiles compared to
normal tissues. Thus, miRNAs are now being utilized
in development of various diagnostic tests as highly tissue specific biomarkers, with the potential for clinical
determination of metastasis origin[24-26]. MiRNAs remain
stable after incubation at room temperature for up to 24
h or after up to eight cycles of freeze-thawing. MiRNAs
protected by various lipids and proteins in exosomes and
other microparticles have been detected in plasma, serum, urine, saliva, and milk[27-30]. Their stability and easily
testable length (about 22 bp) make miRNAs well suited
for being utilized as biomarkers. Furthermore, circulating miRNAs meet the basic conditions for utility as a
biomarker as tumor-derived miRNAs can be detected in
plasma, with no significant difference in circulating levels
in healthy male and female subjects[31-36]. Current knowledge concerning the diagnostic and prognostic applications of miRNAs in GC is reviewed and summarized
below.

MiRNAS AND GC
An increasing number of studies have shown dysregulation of miRNAs in Helicobacter pylori-infected gastric
mucosa and GC, which correlates with cancer development and tumor progression [37-41] (Figure 1). For example, upregulation of miR-17-5p/20a promotes GC
cell cycle progression and inhibits cell apoptosis via posttranscriptional modulation of tumor suppressor protein
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TP53INP1 and the cyclin-dependent kinase inhibitor
p21 [42]. MiR-106b and miR-93 impair TGF β -induced
apoptosis in GC cells through inhibition of BCL2L11[43].
In addition, miR-150 has been shown to promote GC
growth by targeting EGR2[44], a tumor suppressive transcription factor that induces apoptosis by direct transactivation of BNIP3L and Bak[45]. Other miRNAs, such as
miR-204, are downregulated in gastric tumors, and their
ectopic expression inhibits the colony formation, migration and tumor engraftment of GC cells by targeting
Bcl-2 mRNA[46]. Additionally, miR-375 is one of the most
downregulated miRNAs in GC and its overexpression
substantially reduces cell viability by targeting PDK1 and
14-3-3zeta[47]. Furthermore, ectopic expression of miR146a, whose levels are significantly lower in cancerous
tissues, inhibits migration and invasion of GC cells and
downregulates the expression of the epidermal growth
factor receptor and interleukin receptor-associated kinase
IRAK1[48].
MiRNAs have also been shown to correlate with tumor proliferation and pathology. Low expression levels
of miR-125a-5p are associated with an enhanced malignant potential, such as tumor size and depth, and a poor
clinical prognosis. In vitro assays have shown that the
proto-oncogene ERBB2 is a direct target of miR-125a5p, which potently suppresses the proliferation of GC
cells[49]. Song et al[50] showed that miR-148b is significantly downregulated in GC tissues and cell lines compared
with their non-tumor counterparts, and is associated
with tumor size. Reduced expression of miR-148a, as
well as miR-152, was also shown in human GC by Chen
et al[51], which correlated with an increased tumor size
and advanced tumor stage.
Invasiveness and metastasis are essential aspects of
cancer cells that have also been associated with miRNA
gene targeting. Recent studies have demonstrated that
the expression of the novel tumor suppressor protein
programmed cell death 4 (PDCD4) is suppressed by
miR-21 and downregulated in GC. Tumor size and
depth, lymph node metastasis, venous invasion, advanced stage, and poor clinical prognosis are all significantly correlated with reduced PDCD4 and elevated
miR-21 expression[52], as well as higher expression of
miR-106a[53]. In contrast, the levels of let-7a miRNA are
significantly lower in the serum and tumor tissues of
gastric adenocarcinoma patients compared to the peritumoral tissues and serum from healthy controls. In vitro
transfection of MNK-45 cells with let-7a significantly
inhibits the protein expression of the chemokine receptor CCR7, and impedes their migratory and invasive capabilities[54-56].
Furthermore, in vivo studies have also shown the
significant impactions of miRNAs in gastric carcinogenesis[57-102]. For example, tumor suppressor gene miR-338
can decrease migratory, invasive, proliferative behaviors
as well as EMT by targeting NRP1 in GC[103]. By using
gain or loss-of-function in in vitro and in vivo experiments,
overexpressed miR-19a/b in GC tissues have been observed to have a pro-metastatic function by attenuating
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the expression of MXD1[104]. The in vivo roles of miR133b and miR-202-3p have been shown to inhibit GC
metastasis by directly targeting Gli1 and suppressing Gli1
target genes, OPN and Zeb2[105,106]. In addition, miR1207-5p and miR-1266 are significantly decreased in GC
tissues, and their ectopic expression inhibits gastric tumor growth in vitro and in vivo by suppressing hTERT[107].
Other miRNAs, such as miR-26a and miR-212, can
inhibit proliferation of GC by directly repressing the expression of their targets FGF9 and RBP2[108,109].

CLINICAL APPLICATION OF MiRNAs AS
BIOMARKERS IN GC
Due to the absence of specific symptoms and early detection[55], GC is often diagnosed at an advanced stage
with a median survival of about 7-9 mo[56]. Thus, a longstanding goal of GC research has been to identify methods for the early diagnosis and management of cancer.
Over the past five years, scientists have begun to explore
the feasibility of utilizing miRNAs as biomarkers, as
many are involved in GC tumorigenesis, proliferation,
invasion and metastasis (Tables 1-4).
MiRNAs as diagnostic markers
MiRNA expression profiles and next-generation sequencing have revealed that miRNA aberrant expression could
be used for tissue specificity and to classify cancer types,
highlighting the potential of miRNAs for cancer diagnosis. For example, miR-375 is significantly downregulated
in distal gastric adenocarcinoma tissues as well as in
the circulating serum. At a normalized cutoff of 0.218,
miR-375 yields a receiver operating characteristic (ROC)
area under the curve (AUC) of 0.835 with a specificity
of 80% and a sensitivity of 85%, in the discrimination
of distal gastric adenocarcinoma from control tissues[57].
The levels of miR-106a and miR-21 are significantly
higher in GC tissues[53,58], while the level of miR-31 is
significantly lower[59]. MiR-421 is overexpressed in GC
tissues, and while it is not associated with clinicopathological features, it may be involved in the early stage of
gastric carcinogenesis[60]. As the positive detection rate
of miR-421 is higher than that of serum carcinoembryonic antigen, it thus may serve as an efficient early
diagnostic biomarker. These new data lend further support to the notion that miRNAs may represent efficient
diagnostic biomarkers.
MiRNAs as prognostic markers
The connection between miRNA expression and GC
progression and metastasis suggests that miRNAs can
be used as prognosis monitoring tools. The expression
levels of miR-10a, miR-221, miR-212 and miR-195
are associated with lymph node metastasis[61-63], and in
addition, miR-21 expression is also significantly correlated with histologic type, tumor stage, and pathologic
tumor-node-metastasis (pTNM) stage[64]. Meanwhile, a
seven-miRNA signature (miR-10b, miR-21, miR-223,
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Table 1 Tissue microRNAs as diagnostic biomarkers
Ref.

Sample

Method (normalization)

MiRNA

Clinical application

60 GC (46A, 6M, 8S)/18 C
63 GC/10 C
55 GC/17 C
37 GC/37 C
72 GC/72 C

qRT-PCR (U6)
real-time qRT-PCR (RNU6B)
real-time qRT-PCR (U6)
qPCR (U6)
qRT-PCR

miR-421
miR-31
miR-106a
miR-21
miR-196a

Xiao et al[98] (CN)

20 GC/20 C

qRT-PCR (U6)

miR-146a

Song et al[50] (CN)

4 GC cell lines
106 GC/106 C tissues
101 GC(34I, 67B)/101CC/101 C

real-time qRT-PCR (U6)

miR-148b

Diagnostic biomarker
Diagnostic biomarker
Diagnostic biomarker
Diagnostic marker
Detecting GC and monitoring
recurrence
Diagnostic biomarker and therapeutic
target
Diagnostic biomarker

real-time qRT-PCR (U6)

20 GC/20 C

miRNA microarray and qRT-PCR (U6)

miR-148a and
miR-152
miR-574-3p

Jiang et al[60] (CN)
Zhang et al[59] (CN)
Xiao et al[53] (CN)
Chan et al[58] (CN)
Tsai et al[67] (CN)

Chen et al[51] (CN)
Su et al[101] (CN)

Detection of gastrointestinal cancer
Early detection of GC

C: Control; GC: Gastric cancer; A: Adenocarcinoma; M: Mucinous carcinoma; S: Signet-ring cell carcinoma; I: Intestinal; D: Diffuse.

Table 2 Tissue microRNAs as prognostic biomarkers
Ref.

Sample

Method (normalization)

MiRNA

Clinical application

qRT-PCR (U6)
miRNA microarray and
qPCR (U6)
real-time qRT-PCR (U6)

miR-17-5p/20a
miR-335

Therapeutic marker
Recognition of recurrence risk

Liu et al[62] (CN)

110 GC/110 C
31 with/43 without recurrent
GC
92 GC/92 C

miR-221

Inoue et al[96] (JP)

161 GC/161 C

Prognostic factor for overall
survival
Prediction of prognosis

Wang et al[42] (CN)
Yan et al[66] (CN)

Brenner et al[97] (IL)
Zhang et al[68] (CN)
Kim et al[99] (KR)

Nishida et al[49] (JP)
Li et al[65] (CN)

Xu et al[64] (CN)
Wu et al[63] (CN)
Liu et al[102] (CN)
Chen et al[61] (CN)
Valladares-Ayerbes et al[100] (ES)
Kogo et al[48] (JP)
Sacconi et al[46] (IT)

miRNA qPCR array, TaqmiR-107
man miRNA assay and
real-time qRT-PCR (U6)
45 GC (39A, 6S)
miRNA microarray and miR-451, miR-199a-3p
Prediction of recurrence
qRT-PCR (six miRs)
and miR-195
29 with/36 without recurrent miRNA microarray and miR-375 and miR-142-5p Prediction of recurrence risk for
GC (A)
qPCR (U6)
GC
15 GC cell lines
miRNA methylome profilmiR-10b
Assessing the risk of GC
100 GC(44I, 56D)/100 C tis- ing, bisulfite pyrosequencsues
ing and qRT-PCR (U6)
87 GC
qRT-PCR (RNU6B)
miR-125a-5p
Prognostic marker
100 GC
real-time RT-PCR
miR-10b, miR-21,
Survival prediction
miR-223, miR-338, let-7a,
miR-30a-5p, miR-126
86 GC
RT-PCR (Let-7a)
miR-21
Prediction of LN metastasis
52 GC/52 C
real-time RT-PCR (U6,
miR-212 and miR-195
Prediction of LN metastasis
Let7a, miR-191, 103)
84 GC/84 C
qRT-PCR (U6)
let-7i
Prediction of chemotherapeutic
sensitivity and prognosis
3 GC/1 gastric mucosal lines miRNA array and qPCR
miR-10a
Prediction of LN metastasis
38 GC (28A, 8T, 2S)/10 C tissues
(U6)
28 CC/7 GC/3 pancreas
qRT-PCR (5S and U6)
miR-17-92
Prognostic markers
90 GC/90 C
qRT-PCR (RNU6B)
miR-146a
Prognostic factor
123 GC (75I, 24D, 24U)/123 C miRNA microarray and
miR-204
Prognostic value
qPCR (RNU6B)

C: Control; CC: Colorectal cancer; GC: Gastric cancer; LN: Lymph node; A: Adenocarcinoma; T: Tubular adenocarcinoma; S: Signet-ring cell carcinoma; I:
Intestinal; D: Diffuse; U: Undefined.

miR-338, let-7a, miR-30a-5p, miR-126) has been identified for overall survival and relapse-free survival in GC
patients[65]. A high frequency of recurrence and poor
survival are observed in GC cases with high levels of
miR-335, miR-196a or miR-375, while low expression
levels of miR-146a, miR-142-5p or miR-204 are correlated with increased tumor size, pTNM stage and worse
overall survival[66-68,46,48]. Furthermore, low expression of
miR-125a-5p is associated with a poor prognosis and
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enhanced malignancy potential, measured by tumor size,
tumor invasion and liver metastasis.
MiRNA-based therapeutic approaches
Several studies to date have investigated the molecular
mechanisms underlying miRNA targeting as an anticancer therapy. Overexpression of miR-34a has been
shown to induce apoptosis and accumulation of cells
in the G1 phase, ultimately inhibiting tumorsphere for-
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Table 3 Circulating microRNAs as diagnostic biomarkers
Ref.
Li et al[74] (CN)
Rotkrua et al[72] (JP)

Li et al[75] (CN)
Cai et al[76] (CN)
Li et al[91] (CN)
Wang et al[92] (CN)
Song et al[93] (CN)

Sample

Method (normalization)

MiRNA

Clinical application

80 EGC/70 C plasma
6 DCKO mice with DGC/6 C
tissue
21 DCKO mice with DGC/23 C
serum
230 GC/130 C and
20 gastric precancerous plasma
90 GC(70A, 16M, 3S, 1SC)/90 C
plasma
8 GC/8 C tissue
70 GC(56A, 13M, 1S)/70 C plasma
174 solid cancers/39 C serum

real-time qRT-PCR(U6, U44)
miRNA microarray and

miR-199-3p
miR-103, miR-107,

Early detection of GC
Early detection of DGC

TaqMan qRT-PCR (cel-miR-39)

miR-194 and miR-210

miRNA microarray and
real-time qRT-PCR (U6, U44)
qRT-PCR (cel-miR-39)

miR-199-3p

GC detection

miR-106b, miR-20a,
and miR-221
miR-223, miR-21
and miR-218
miR-21

Early detection of GC

qRT-PCR (U6, cel-miR-39)
qRT-PCR (miR-16)

GC detection

82 GC(71A, 3S, 1SC)/46 DYS/128
TaqMan low-density array
miR-221, miR-376c
and TaqMan qRT-PCR (cel-miR-39)
and miR-744
C serum
56 GC/30 C plasma
miRNA microarray
miR-451 and miR-486
and qRT-PCR (U6)
61 GC(A, M)/61 C serum
miRNA microarray
miR-378
and real-time qRT-PCR (U6)
164 GC/127 C serum
Solexa sequencing
miR-1, miR-20a, miR-27a,
and qRT-PCR (the serum volume)
miR-34 and miR-423-5p
8 GC/8 C tissue
qRT-PCR (RNU6B)
miR-17-5p, miR-21, miR-106a,
79 GC/30 C plasma
miR-106b and let-7a
20 GC/190 C plasma
real-time qPCR (global means)
miR-195-5p
80 gastric adenocarcinomas/40
real-time qRT-PCR (U6)
let-7a
peritumoral tissues
80 gastric adenocarcinomas/45 C
serum

Konishi et al[94] (JP)
Liu et al[77] (CN)
Liu et al[82] (CN)
Tsujiura et al[73] (JP)
Gorur et al[95] (TR)
Wang et al[54] (CN)

Detection of some solid
cancers
Early detection of GC
Screening GC
Early detection of GC
GC detection
GC detection
Early detection of GC
GC detection

C: Control; DCKO: Double-conditional knockout; DGC: Diffuse-type gastric cancer; DYS: Dysplasia; GC: Gastric cancer; LN, lymph node; A: Adenocarcinoma; M: Mucinous carcinoma; S: Signet-ring cell carcinoma; SC: Squamous cell carcinoma.

Table 4 Circulating microRNAs as prognostic biomarkers
Ref.
[81]

Valladares-Ayerbes et al
Komatsu et al[78] (JP)
Wang et al[79] (CN)
Kim et al[80] (KR)

(ES)

Sample

Method (normalization)

MiRNA

Clinical application

52 GC/31 C peripheral blood
and 2 GC cell lines
69 GC plasma
79 pre-operative GC/30
post-/6 relapse plasma
16 LN-positive GC/15 LNnegative GC/10 C serum

qRT-PCR (U6, 5S)

miR-200c

Predictor of progression and survival

qRT-PCR (U6)
qRT-PCR (RNU6B)

miR-21
miR-17-5p/20a

qRT-PCR

Prognostic marker
Prediction of prognosis and monitoring
of chemotherapeutic effects
miR-21, miR-146a,
Predicting LN metastasis
and miR-148a

C: Control; GC: Gastric cancer; LN: Lymph node.

mation[69]. Both miR-15b and miR-16 were shown to
promote chemotherapy (mitotic inhibitor: vincristine)induced apoptosis in a human GC cell line (SGC7901/
VCR), suggesting the potential of these miRNAs to
modulate the sensitivity of GC cells to certain anticancer drugs[70]. The potential anticancer property of miR508-5p has been shown to involve its targeting of the
3’-untranslated regions of ABCB1 and zinc ribbon
domain-containing 1 (ZNRD1), which sensitizes cancer
cells to an array of known chemotherapeutic agents[71].
Furthermore, increased expression of miR-150 and
miR-146a, and reduced expression of miR-142-3p and
miR-199b-5p have been observed in blood samples
from chronic myeloid leukemia patients after two weeks
of imatinib therapy, suggesting that miRNAs may serve
as a novel clinically useful biomarker in this disease[110].
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In this regard, miR-451 has also been considered as a
potential predictor marker of imatinib therapy[111]. In addition, miR-1274a is shown to be involved in sorafenib
therapy of hepatocellular carcinomas (HCC) by targeting ADAM9[112]. Other miRNAs, such as miR-122, can
directly inhibit angiogenesis in vitro with concomitant
suppression of its target genes, namely ADAM10, SRF,
and Igf1R[113]. Ectopic expression of miR-122 potentiates growth inhibitory function of sorafenib in HCC
cells. Additionally, Kaplan-Meier survival analysis reveals
that low expression levels of miR-21 and miR-181b are
closely associated with better GC patient’s overall survival for both S-1 and doxifluridine based therapies[114].
Collectively, these data suggest the potential application
of miRNAs not only as targets of anticancer therapeutic
approaches but also as predictive markers of drug resis-
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tance and treatment response.

FUTURE PERSPECTIVES

Circulating miRNAs as biomarkers
The search for non-invasive tools for the diagnosis and
management of cancer has led to the investigation of
circulating nucleic acids, including miRNAs, in plasma
and serum. Finding miRNAs in plasma/serum has suggested the potential of miRNA signatures in cancer
diagnosis. Endogenous circulating miRNAs, which are
protected from RNases and remain stable in harsh conditions, exhibit specific tissue and cancer type expression
patterns[31,32], demonstrating their diagnostic potential.
Circulating levels of miR-103, miR-107, miR-194 and
miR-210 were upregulated in sera from double conditional knockout mice with early or advanced-stage diffuse-type GC[72]. Tsujiura et al[73] have shown that plasma
miR-17-5p, miR-21, miR-106a, and miR-106b are significantly higher, whereas let-7a is lower, in GC patients,
with AUCs of 0.721 and 0.879 for the miR-106b and
miR-106a/let-7a ratio assays, respectively. Furthermore,
the expression of miRNA-199a-3p, miR-106b, miR-20a,
and miR-221 are significantly elevated in plasma of GC
patients with AUCs of 0.818, 0.7733, 0.8593, and 0.7960,
respectively[74-76]. However, there were no significant differences in the plasma levels of these miRNAs among
the four TNM stages. Our group has found that serum
miR-378 is significantly elevated in early GC patients,
in an assay yielding an ROC curve area of 0.861 with
a 87.5% sensitivity and a 70.73% specificity[77]. These
findings indicate that elevated circulating miRNAs can
be detected in early stages of tumor growth, suggesting
their potential as noninvasive biomarkers for early GC
detection.
There is also evidence to suggest that circulating miRNA levels are associated with the progression and prognosis of GC. MiR-21, miR-17-5p/20a, miR-146a, and
miR-148a have been reported as non-invasive biomarker
candidates to predict prognosis, monitor chemotherapeutic effects and predict the presence of lymph node
metastasis[48,50,78-80]. In addition, Valladares-Ayerbes et al[81]
have found that expression levels of miR-200c correlate
with the number of lymph node metastases, and are significantly associated with poor overall and disease-free
survival rates, suggesting that miR-200c has the potential
to be a predictor of cancer progression and survival.
Moreover, Liu et al[82] used Solexa sequencing and qRTPCR to identify a profile of five serum miRNAs (miR-1,
miR-20a, miR-27a, miR-34 and miR-423-5p) correlating
with tumor stage that can serve as biomarkers for detecting GC. In their study, the AUCs for this five-serum
miRNA signature were 0.879 and 0.831 in two sets of
serum samples, which are markedly higher than those of
the currently used biomarkers carcinoembryonic antigen
(0.503) and carbohydrate antigen 19-9 (0.600). Furthermore, their data demonstrated that higher sensitivity and
specificity of monitoring prognosis can be achieved by
circulating miRNAs as compared to the other commonly
used non-miRNA testing methods.

Recently, the detection of circulating tumor cells in peripheral blood has received a great deal of attention for
the prediction of postoperative cancer recurrence and
the evaluation of novel adjuvant therapies. A significant
correlation has been identified between the number
of circulating cancer cells and the levels of miR-106a,
miR-17, miR-421 and miR-21[83-85]. In this regard, miRNAs are being evaluated as a new molecular diagnostic
marker for the detection of these cells. These data highlight a novel potential use for miRNAs in monitoring
circulating tumor cells. In addition to serum, the levels
of miRNAs in gastric juice are under investigation. Levels of miR-21 are higher in specimens of intestinal type
GC compared to diffuse or mixed GC type, whereas
the levels of miR-129-1-3p and miR-129-2-3p in gastric juice are significantly lower, with AUCs of up to
0.969 for miR-21 and 0.656 for a combination test of
miR-129-1-3p and miR-129-2-3p[86,87]. Furthermore, the
addition of gastric juice miR-421 for the detection of
early GC shows a remarkable improvement over serum
carcinoembryonic antigen alone[88]. These results indicate
that gastric juice miRNAs provide additional novel noninvasive biomarkers for screening GC.
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CONCLUSION
Although miRNAs show promise as detection and prognosis biomarkers, there are methodological and technical limitations regarding the analyses. The variety of
methodologies, types of carcinomas included, analysis
software and normalization strategies used in the various
studies in the published literature have led to a considerable amount of variability and inconsistency among
the findings reported. Therefore, detection methods
should be standardized and include normalization controls, such as the housekeeping miRNAs, miR-16[89] and
RUN6B[77]. MiR-93 is also recommended as a suitable
reference gene for serum miRNA analysis between GC
patients and healthy controls[89]. Other protocols call for
samples to be processed from identical input volumes,
then corrected for technical variability using spikedin synthetic non-human (Caenorhabditis elegans) miRNA
as a normalizing control[31,90]. The use of “invariant”
miRNAs as endogenous controls has been proposed by
some investigators, however, biological variability may
preclude this approach. As no consensus concerning the
ideal normalization control has been reached, additional
studies are needed for sufficient sensitivity and precision
in the quantification of miRNAs.
Though thousands of miRNAs have been demonstrated to be related to GC, the variability among different patients, even with the same type of cancer, makes
it impossible to use just one marker as a reliable method
for determining cancer status. For this reason only the
combination of several miRNAs could be effective for
diagnostic purpose. For example, low expression of miR-
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106b and high expression of miR-181b are observed in
patients with liver cirrhosis. The AUC for miR-106b and
-181b are 0.715 and 0.833, respectively. The ROC curve
of the combined miRNAs has an AUC of 0.882. These
data demonstrate that the combined detection of miR106b and miR-181b has more considerable clinical value
to diagnose patients with liver cirrhosis[115]. The combination of four serum miRNAs (miR-22, miR-572, miR-638
and miR-1234) signature and TNM stage had better
prognostic value in personalized therapy for nasopharyngeal carcinoma than the TNM stage or miRNA signature
alone[116]. In addition, high expressed miR-223, miR-21
and low expressed miR-218 in GC patients yield the
AUC values of 0.9089, 0.7944, and 0.7432, respectively.
While the combined ROC analysis reveals the highest
AUC value of 0.9531 in discriminating GC patients from
healthy controls[92]. Therefore, a cluster of biomarkers for
one disease would be a better diagnostic tool with much
higher sensitivity, specificity, and accuracy.
In conclusion, GC-specific miRNAs have been associated with tumorigenesis, tumor proliferation and
metastasis. While further investigation with large-scale
validation is needed before miRNAs can serve as a noninvasive screening tool in routine clinical trials, their
inclusion in biomarker development will enhance the
sensitivity and specificity of diagnostic and prognostic
tests for GC.
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Abstract
Hepatitis B virus (HBV) is a major global health problem. Despite the success of the general measures
against blood transmitted infections in hemodialysis
(HD) units, the prevalence of HBV infection among the
HD patients is still high. Thus vaccination against HBV
is indicating in this population. However, compared with
the general population the seroprotection achieved in
HD patients remains relatively low, at about 70%. In
this review patient, HD procedure and vaccine-associated factors that affect the efficacy of HBV vaccination
are analyzed. Also alternative routes of HBV vaccine
administration as well as new and more immunogenic
vaccine formulations are discussed. However, besides
scientific progress, vigilance of HD physicians and staff
regarding the general measures against the transmission of blood borne infections and the vaccination
against HBV is also required for reducing the prevalence of this viral infection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

WJG|www.wjgnet.com

Key words: Hemodialysis; Hepatitis B virus epidemiology; Hepatitis B virus vaccine; Adjuvant; Immunostimulant; Intradermal
Core tip: The prevalence of hepatitis B virus (HBV) infection among the hemodialysis (HD) patients is still
high. Although vaccination against HBV has became a
necessity in this population, the seroprotection achieved
in HD patients remains relatively low. In this review patient, HD procedure and vaccine-associated factors that
affect the efficacy of HBV vaccination are analyzed. The
alternative routes of HBV vaccine administration as well
as new and more immunogenic vaccine formulations
are discussed with a detailed view of the protocols that
increase HBV vaccination efficacy.
Eleftheriadis T, Pissas G, Antoniadi G, Liakopoulos V, Stefanidis
I. Factors affecting effectiveness of vaccination against hepatitis
B virus in hemodialysis patients. World J Gastroenterol 2014;
20(34): 12018-12025 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12018.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12018

HEPATITIS B AMONG HEMODIALYSIS
PATIENTS
It is estimated that approximately 350 million people are
chronic hepatitis B virus (HBV) carriers worldwide[1].
Consequently, most hemodialysis (HD) units treat
chronic HBV carriers. Certainly the prevalence of HBV
in HD is depended on its prevalence in the general population. For example, in western countries the prevalence
of HBV across HD units ranges between 0.6% and
6.6%[2], its prevalence is higher in the Asia-Pacific region
and ranges between 1.3% and 14.6%[3], and in China the
pooled prevalence is 11.9%[4].
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In HD patients, the risk of HBV infection is higher
than in the general population, since the HD procedure
per se favors the spread of blood borne infections. Thus
the usual precautions for blood transmitted infections
should be strictly applied for preventing intra-unit HBV
spread. Blood could be present even on surfaces that
otherwise seem very clean with the naked eye[5]. Patients
should be isolated and hemodialyzed in separate machines[6], since HBV is found in high titers and is potentially infectious for more than 7 d in the environment.
In comparison, hepatitis C virus (HCV) is less infectious
and survives for a shorter period of time, while human
immunodeficiency virus (HIV) is far less infectious and
cannot survive in natural environment[7-9]. HBV-DNA is
detected in high-flux HD ultrafiltrate but its contagiousness is unknown[10,11]. The risk of infection after contaminated needle stick exposure is about 6% if the patient is
HBeAg negative and about 30% if the patient is hepatitis
B e antigen (HBeAg) positive[12]. The general measures
for preventing HBV spread in HD units decreased the
incidence of new HBV infections in United States from
6.2% in 1974 to 1% by 1980, before the widespread use
of vaccination[13]. Although in HBV high prevalence
areas, prophylaxis with nucleoside analogues in seronegative patients undergoing HD seems reasonable; in our
opinion such a strategy could lead to the development
of resistance to such medicines. For instance 15% of
patients develop resistance to lamivudine after one year
of treatment and 30% after two years due to mutation of
RNA-dependent HBV DNA polymerase[14-16].
Besides the features of the HD procedure per se and
the high virulence of the HBV virus, the spread of this
infection among the HD patients is also favored by the
known acquired immunity disturbances that characterize this population[17]. After the initial HBV infection,
60% of HD patients become chronic carriers, while the
respective percentage in the general population is only
5%[18-20]. Both innate and adaptive immunity contribute
to HBV clearance after an acute infection [21,22]. Since
both arms of the immune system are disturbed in HD
patients[17,23], it is not surprising that there is a higher possibility to become chronic carriers after an initial HBV
infection. For instance, the role of CD8+ T-cells in HBV
clearance has been confirmed[24]. It is known that this
T-cell subset is decreased both in number and in function in HD population[17,23]. The increased probability
of chronic infection in the HD population enhances the
pool of HBV carriers in HD units. Fortunately, HBV
carriage does not significantly affect prognosis of HD
patients. Although 30% of HBV carriers develop histologically confirmed chronic hepatitis, only 5% die from
liver disease[25,26]. Obviously, the decreased survival in
these patients mainly due to cardiovascular diseases and
bacterial infections contribute to the above relative low
percentage. However, because of the immunosuppressive
treatment, life threatening exacerbations and increased
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rates of liver disease were reported in renal transplant recipients who were asymptomatic during HD[27-31].
Vaccination against HBV started from the early 1980s.
The first generation of vaccines consisted of HBV surface antigen (HBsAg) extracted from the plasma of HBV
carriers[32]. Nowadays the second generation of vaccines
are widely used and contain HBsAg produced by recombinant DNA technology from the yeast Saccharomyces
cerevisiae[33]. Recombinant DNA technology offered also
a more immunogenic third generation vaccine containing
the pre-S1 and pre-S2 antigens of the viral envelope[34].
However the last vaccine is not in widespread use. Unfortunately, due to the impaired immune function of
HD patients[17], response rates determined as anti-HBs
titers higher than 10 IU/L are lower in HD patients than
in the general population. The vaccine is administered
intramuscularly (IM) in the deltoid muscle. Despite the
recommended administration of double vaccine doses
(40 mcg) along with an extra dose (at 0, 1, 2 and 6 mo)
in HD patients, the response rate is about 70%, while
the response rate in the general population is higher than
90%[35]. At this point it should be noted that although the
cut-off point of the 10 IU/L for anti-HBs titer is recommended as a target, it has been confirmed that long lasting immune memory persists after vaccination even when
anti-HBs titer drops at even lower levels. This has been
demonstrated experimentally regarding the persistence
of memory T and B cells[36]. In additional observational
clinical studies showed that HBV vaccination may offer
protection even in those vaccinated subjects with undetectable anti-HBs antibodies[37,38]. However, there are no
available data for HD population.
Despite its lower efficacy than in the general population, vaccination against HBV is recommended for all
seronegative HD patients since vaccinated patients have
70% less possibility to become HBV carriers[35,39]. All
doses of the vaccine should be repeated in patients who
have not responded 1-2 mo after complete first vaccination series[13]. Nevertheless, in individuals with initial
anti-HBs levels higher than 10 IU/L due to successful response to vaccination or natural infection, but with present anti-HBs levels lower than 10 IU/L, only one dose is
recommended[40,41].
Generally HBV vaccination does not offer long term
protection in HD patients. A study showed that 3 years
after successful vaccination only 41% of HD patients
had detectable anti-HBs levels[42]. Post-vaccination testing every 6-12 mo is recommended with revaccination if
required. Antibody titers decreased faster in vaccinated
patients than in those with natural acquired immunity.
Also an antibody titer above 100 IU/L following primary
vaccination enhances the possibility of maintaining protective levels of antibodies after 1 year[40-45].
Identifying the factors that affect the effectiveness
of vaccination against HBV in HD patients is of great
importance in order to enhance the response rate and
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constrain the prevalence of HBV carriage in HD units.

Patient-associated factors that
affect HBV vaccine efficacy
Acquired immunity disturbances in HD patients are
many and diverse. They are caused by uremia per se, comorbidities, the HD procedure, chronic renal failure
complications and therapeutic interventions for their
treatment[17]. As a consequence these patients are susceptible to both bacterial and viral infections[46,47]. Current
data support that acquired immunity disturbances in
HD patients concern mainly the T-lymphocytes and the
antigen presenting cells. The required for an effective immune response interaction between antigen presenting
cells and T-lymphocytes is impaired in HD patients[48],
while defects have been detected in T-lymphocytes as
well[49]. Disturbances of antigen presenting cells and
T-cells have been related to the decreased efficacy of
HBV vaccination in HD patients[50-54]. Also various other
factors have been incriminated for the decreased response rate to HBV vaccination in HD patients, such as
the increased levels of the immunosuppressive enzyme
indoleamine 2,3-dioxygenase[55], or the deficiency of the
immunomodulatory vitamin D[56]. However, many of the
patient-associated factors that are known to affect the
immune response have not been evaluated in the context
of the response to HBV vaccination and remain to be
elucidated.
Age of the HD patient at the time of vaccination
plays significant role. A meta-analysis of 17 clinical trials
(1800 patients) showed a clear association between older
age and impaired immune response to HBV vaccine. The
pooled relative risk of response among older HD patients was 0.74. This was detected even when older individuals were defined as being as 50 years old. Additional
doses of vaccine did not appear to have an impact on
relative risk of response by age[57]. Because the mean age
of HD patients is relatively high, age could be considered
as a non-modifiable factor that constrains the efficacy of
vaccination against HBV.
Co-morbidities are common among HD patients. Diabetes mellitus is the leading cause of end-stage renal disease in developed world[58]. A meta-analysis of 12 studies
(1002 patients) showed a significant decrease in response
rates among the diabetic vs nondiabetic HD patients
(pooled OR = 0.52)[59]. Thus diabetes mellitus is another
well recognized non-modifiable patient-associated factor
that limits the efficacy of vaccination against HBV.
Malnutrition is common among HD patients and inflammation plays a significant role. The term malnutrition
inflammation atherosclerosis syndrome is also in use[60]. A
meta-analysis of 7 studies, involving 15152 patients with
chronic kidney disease, most of them on HD, showed an
increased risk (pooled RR = 1.63) of impaired serologic
response to HBV vaccine among patients having poor
nutritional status[61]. Although not evaluated yet, measures
to constrain inflammation and/or to improve the nutri-
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tional status of malnourished HD patients may improve
the efficacy of vaccination against HBV.
HCV carriage state does not affect immune response
to HBV vaccine in HD patients[62]. Surprisingly in a study
performed in HIV infected HD patients, the response
rate to HBV vaccination was the same with a group of
randomly selected non-HIV infected HD patients. Seventy percent of the HIV infected responders maintained
protective titers 6 mo after vaccination[63].
Interestingly, it has been confirmed that the earlier the
vaccination against HBV in the course of chronic kidney
diseases, the greater the response rate. Consequently, vaccination should be performed as soon as possible in the
course of chronic renal failure, before patient reaches
HD, since response is associated with the degree of renal
function[64].

Dialysis associated factors that
affect HBV vaccine efficacy
There are two available modes of dialysis for patients
with end-stage renal disease, the HD and the peritoneal
dialysis (PD). The risk for HBV infection for patients in
peritoneal dialysis is far less since nowadays this method
is performed at home. A meta-analysis of 14 clinical trials (1211 patients) showed that there is no significant link
between dialysis mode and response to HBV vaccine[65].
However, the decay rate of anti-HBs titers in the PD patients is faster than that in the HD group[43]. Malnutrition
and increased protein loss due to PD could be responsible for the last observation since the anti-HBV titer was
inversely to serum albumin[43].
Pre-activation of antigen presenting cells and the
consequent inflammation have been incriminated for impaired adaptive immunity in HD patients. Uremic toxins,
use of less biocompatible dialysis membranes and contamination of the dialysate, all have been implicated[17].
High-flux HD is performed with more biocompatible
dialyzers and also offers better removal of middle molecular weight uremic toxins. A study of 1480 HD patients
showed that the rate of seroconversion to HBV vaccine
was significantly higher in patients receiving HD with
high-flux membranes than in patients receiving HD with
low-flux membranes. Also anti-HBs antibody titers were
higher with the high-flux membranes[66]. Hence it is likely
that high-flux HD offers benefits regarding response to
HBV vaccine. The role of other interventions, such as
the use of ultra-pure dialysate, remains to be elucidated.
Many HD patients receive medications for the complications of chronic kidney disease. Recombinant Human erythropoietin (rHuEpo) is used for treating anemia and also has contributed significantly to decreased
prevalence of HBV in HD units by limiting the need for
blood transfusions. Initially, it was thought that rHuEpo
improves the response to HBV vaccine[67]. This response
was shown to be dose dependent but blunted if intravenous iron was administered during the vaccination period[68]. However, a meta-analysis of 11 studies, but with
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a relatively small number of patients, failed to detect any
benefit by rHuEpo treatment regarding the response to
HBV vaccine[69]. Therefore the role of rHuEpo treatment
in the responsiveness to HBV vaccine remains to be elucidated.
Vitamin D receptors activators are used for the treatment of secondary hyperparathyreodism. They also have
known immunomodulatory properties and suppress inflammation[70-72]. Also vitamin D deficiency is associated
with poor response to active hepatitis B immunization in
patients with chronic kidney disease[56]. However, neither
1α,25-diydroxyvitamin-D3 nor paricalcitol administration
have been proved advantageous regarding the response
to HBV vaccine in HD patients[73,74].

Vaccine associated factors that
affect HBV vaccine efficacy
As noted many of the HD patient-associated factors that
affect HBV vaccine efficacy are not modifiable. Also HD
procedure-associated factors that could affect adaptive
immunity in HD patients are too many[17] and concurrent modification of all of them is difficult, although it is
likely that high-fllux HD improves the response to HBV
vaccine. For these reasons efforts are underway for the
identification of conditions that could enhance the immunogenicity of the current vaccine or for the development
of new more immunogenic HBV vaccine formulations.
Currently it is recommended for the HD patients the
use of the second generation HBV vaccine IM in deltoid
muscle but in the double dose of 40 mcg and with an
extra dose compared with the general population. This
protocol improved seroconvertion rate, which however
remains low[35]. Increasing the dose of the vaccine to 80
mcg provided conflicted results in dialysis patients[4,75].
The intradermal (ID) route of administration has been
also tested. The rational is the abundance of dendritic
antigen presenting cells at this site of injection. A metaanalysis of 14 clinical trials (718 patients) showed that IM
HBV vaccination is less likely to achieve seroprotection
than ID vaccination (pooled OR = 0.454). However, this
difference does not persist during follow up (6-60 mo)
after completing the vaccine schedule[76]. Intradermal vaccination could be useful in HD patients failed to respond
after two series of the recommended IM vaccine schedule. A study in non-responders to HBV vaccine HD patients showed that administration of 10 mcg of the vaccine ID weekly for 8 wk was superior to administration
of 40 mcg of the vaccine IM at weeks 1 and 8 regarding
seroconvertion (79% vs 40%), with a trend for longer seroprotection in responders[77].
Immunostimulants have also been tried in order to
enhance the efficacy of HBV vaccination in HD patients.
A meta-analysis of 4 studies (328 patients) showed that
oral administration of levamisole, a drug that increases
natural killer lymphocytes and activated T-lymphocytes,
at a dose of 80 to 120 mg for 4 to 6 mo significantly
increases seroconvertion (pooled OR = 2.432)[78]. Granu-
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locyte macrophage-colony stimulating factor (GM-CSF),
which enhances antigen presenting cell function, used
with HBV vaccine is also beneficial. A meta-analysis of 7
studies (187 patients) showed a significant increase in response rates among study (GM-CSF plus HBV vaccine)
versus control (HBV vaccine alone) patients (pooled OR
= 4.63)[79]. Thymopentin (TP5), a synthetic pentapeptide
that imitates the biologic activity of thymopoietin and
promotes T-lymphocyte maturation and responsiveness was also used. A meta-analysis of 11 studies (272
patients) showed that there was benefit only in the subgroup of trials with the higher TP5 dose. The number of
patients in the last subgroup of trials was too small for
safe conclusions. Additionally TP5 is expensive[80]. Recombinant interferon-alpha-2b (IFN-α2b) was also used
since it promotes both cellular and humoral immune
response. Although the initial seroprotection rate was
higher in patient received HBV vaccine plus 3 × 106 U of
IFN-α2b no difference was detected 6 mo after the last
vaccine dose[81].
A more immunologically focused, easier at administration and cost effective solution could be the development of new vaccines with adjuvants other than the
aluminum hydroxide, which is generally used. Recent
advances in immunology revealed that early innate immune signals shape subsequent adaptive responses and
this has led to the design and development of more specific and focused adjuvants[82]. Such a vaccine is the HBAS04, which has been licensed in Europe from 2005 for
active immunization against HBV in patients with renal
failure. HB-AS04 contains 20 mcg of recombinant HBsAg formulated with aluminum phosphate and monophosphoryl lipid (MPL), a purified, detoxified derivative
of the lypopolysacharide of the bacterial wall of Salmonella minnesota[83]. Thus this vaccine is able to trigger the
Toll-like receptor 4 (TLR4) of antigen presenting cells
shaping a more effective subsequent adaptive immune
response[84]. Compared to the four double dose schedule
of the recombinant vaccine in patients with chronic renal failure, the HBV-AS04 vaccine was found to provide
faster and higher initial response rates (78% vs 51%),
which also lasts more. During the 42 mo of follow up
fewer patients primed with HB-AS04 needed a booster
dose (16.7% vs 42.9%)[85,86]. HB-AS02 vaccine does not
contain aluminum. It is oil in water emulsion containing
recombinant HBsAg (20 mcg) with MPL and QS1, a purified immunostimulant derived from the bark of South
American Quillaja saponaria tree. Compared to the four
doses of HB-AS04 vaccine, three doses at 0, 1 and 6 mo
of HB-AS02 vaccine induce a more rapid seroprotection
and higher anti-HBs antibody concentration[87]. After 36
mo 89.5% of subjects in HB-AS02 group and 72.6% of
those in HB-AS04 group had anti-HBs concentrations
higher than 10 IU/L. Anti-HBs antibody concentration
was higher than 100 IU/L in 82.9% and in 35.5% respectively[88]. It should be noted that the overall reactogenecity
of the HB-S04 vaccine was higher than in the non adjuvanted vaccine, although incidences of general symptoms
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Table 1 Factors that decrease hepatitis B virus vaccination
efficacy in hemodialysis patients

Table 2 Protocols that increase hepatitis B virus vaccination
efficacy in hemodialysis patients

Factors that decrease HBV vaccination efficacy in HD patients

Protocols that increase HBV vaccination efficacy in HD patients

Patient - associated factors
Acquired immunity disturbances[17,50-55]
Age[57]
Diabetes mellitus[59]
Malnutrition[61]
Stage of chronic kidney disease[64]
Dialysis - associated factors
Peritoneal dialysis[43,65]
Low-flux HD[66]
No treatment with rHuEpo[67,68]
Vitamin D deficiency[56]

Second generation vaccine administration
Double dose and an extra dose of the 2nd generation HBV vaccine[35]
Intradermal route of the 2nd generation HBV vaccine[76,77]
Immunostimulants
Levamisole[78]
Granulocyte macrophage colony stimulating factor[79]
Thymopentin[80]
Recombinant interferon–α2b[81]
New Vaccines
Adjuvanted vaccines (HB-AS04, HB-AS02)[85-88]
3rd generation vaccine (pre-S1 and pre-S2 antigens)[89]

HBV: Hepatitis B virus; HD: Hemodialysis.

HBV: Hepatitis B virus; HD: Hemodialysis.

were similar. The higher local reactogenecity is related to
the higher incidence of pain. However, occurrence of
grade 3 pain is very low and similar in both groups[85,86].
Regarding the adjuvanted HB-S02 vaccine, it was found
to be more reactogenic than HB-S04 vaccine. On the
other hand, local and systemic reactions are mild to moderate in intensity and transient in nature[87,88].
Alternatively, third generation vaccines produced with
recombinant DNA technology in mammalian cells and
containing the pre-S1 and pre-S2 antigens of the viral
envelope seems to be more immunogenic. Regarding its
side effects, 15% of the subjects experience a local predominantly mild or moderate pain. General symptoms,
including chills, dizziness, headaches and diarrhea are
mild and transient[34]. A small study showed that such
a vaccine induced seroprotection in 25 of the 29 nonresponders to the classical second generation vaccine HD
patients[89].
Tables 1 and 2 summarize the available data about
factors that decrease HBV vaccination efficacy and protocols that increase HBV vaccination efficacy in HD
patients.

solution. In our opinion the most convenient strategy
is the administration of the more modern vaccines, and
especially of the adjuvanted HB-AS04, already available
in many countries. However, it is imperative that all HD
patients should be vaccinated against HBV. It is impressive that in 2002 only 56% of HD patients in United
States received at least three doses of the HBV vaccine[90].
Furthermore, recently in UK most HD units did not offer routine vaccination against HBV despite the fact that
15% of them experienced at least one recent seroconvertion for HBV[91]. Consequently besides scientific progress,
vigilance of HD physicians and clinical personnel regarding the general measures against the transmission of
blood borne infections and the vaccination against HBV
is also required for reducing the prevalence of this viral
infection.

1

2

CONCLUSION
HBV vaccine, along with the general measures against
the transmission of blood borne infections, contributed
to the decrease of HBV prevalence in HD units. Various
patient, HD procedure and vaccine-associated factors
affect the efficacy of vaccination against HBV. A modifiable patient-associated factor is the stage of chronic
kidney disease. It is recommended to vaccinate patients
as early as possible in the course of chronic kidney disease in order to achieve higher response rates. High-flux
HD seems also to be beneficial regarding the response to
HBV vaccine. The four double doses IM administration
of the classical second generation recombinant vaccine
is recommended for all HD patients. According to the
available literature in case of no response after two series
of the above vaccine schedule, ID administration of the
classical vaccine, of a third generation vaccine or of the
adjuvanted HB-AS04 vaccine could be considered as a
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Abstract
interleukin (IL) 28B genetic polymorphism is significantly associated with the sustained virological response rate in patients with chronic hepatitis C treated
with pegylated interferon-α (PEG-IFN) plus ribavirin
and with spontaneous hepatitis C virus clearance. However, a consensus on the relationship between IL28B
genetic polymorphism and the favorable outcome of
chronic hepatitis B virus infection defined by hepatitis
B e antigen seroconversion, and/or hepatitis B surface
antigen seroclearance in patients treated with interferon or PEG-IFN has not been reached. Several reports failed to show a positive association, while some
studies demonstrated a positive association in certain
subject settings. More prospective studies including
large cohorts are needed to determine the possible association between IL28B genetic polymorphism and the
outcome of interferon or PEG-IFN treatment for chronic
hepatitis B.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: interleukin 28B; Polymorphism; hepatitis B
virus; Interferon; Pegylated interferon
Core tip: An association between interleukin (IL) 28B

WJG|www.wjgnet.com

genetic polymorphism and sustained virological response rate in patients with chronic hepatitis C treated
with pegylated interferon-α and ribavirin or spontaneous hepatitis C virus clearance has been established.
However, the association between IL28B genetic polymorphism and hepatitis B virus infection remains unclear. We discuss this topic and summarize the available
clinical data.
Takahashi T. Interleukin 28B genetic polymorphism and hepatitis B virus infection. World J Gastroenterol 2014; 20(34):
12026-12030 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12026.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12026

INTRODUCTION
Recent advances in molecular biology have enabled us to
discover not only various factors regarding pathogens, but
also regarding hosts which may influence the fate, character, mode of onset and natural or therapeutic outcome
of various disorders. One such example is a genomewide analysis of sequence. Such progress is also obvious
in the research field of gastroenterology and hepatology.
For example, the discovery of an association between
single nucleotide polymorphism (SNP) at or near the interleukin 28B (IL28B) gene and the sustained virological
response (SVR) rate with pegylated interferon-α (PEGIFN) plus ribavirin (RBV) treatment for chronic hepatitis
C (CH-C)[1-3]. Subsequent studies confirmed an association between IL28B and spontaneous hepatitis C virus
(HCV) clearance[4,5]. The IL28B genetic polymorphism
also accounts for the racial difference in the SVR rate
with PEG-IFN/RBV treatment for CH-C[1].
Recently, a possible association between IL28B genetic
polymorphism and hepatitis B virus (HBV) infection has
become a target of interest. It is known that 240 million
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individuals are chronically infected with HBV worldwide[6],
with the majority in the Asia-Pacific region[7]. An association between IL28B genetic polymorphism and the rate of
hepatitis B e antigen (HBeAg) seroconversion and/or hepatitis B surface antigen (HBsAg) seroclearance with PEGIFN treatment has been intensively discussed recently.
Here we summarize and discuss the possible association between IL28B genetic polymorphism and the
favorable outcome of chronic HBV infection defined by
HBeAg seroconversion and/or HBsAg seroclearance in
patients with chronic hepatitis B (CH-B) treated by PEGIFN with or without nucleoside analogues.

Facts on IL28B
IL28B is a class Ⅱ cytokine receptor ligand related to
type Ⅰ interferons. These ligands play a critical role in
response to microbial challenge and activate the JAK/
STAT signaling system and show anti-viral activity by
inducing interferon-stimulated genes (ISG)[8]. IL28B is
located on the long arm of chromosome 19 and spans
about 1.5 kilo base pairs. It encodes interferon λ3 (IFN
λ3), one of the type Ⅲ IFNs, while IL29 and IL28A encode other type Ⅲ IFNs, namely IFN λ1 and λ2.
It is unknown why IL28B (namely IFN λ3) genetic
polymorphism influences the SVR in PEG-IFN/RBV
therapy for CH-C as described above. Gene expression
studies using peripheral blood mononuclear cells revealed
that IL28B gene expression was lower in individuals carrying minor alleles[2,3]. In contrast, there is no difference
in hepatic IL28B gene expression according to haplotypes, although pretreatment intrahepatic ISG expressions are higher in individuals carrying minor alleles[9,10].
These results may support the previously reported findings that already elevated ISG gene expression before
treatment was significantly related to poor viral eradication rate since externally administered PEG-IFN did not
fully stimulate ISG[11,12].
Type Ⅲ IFN is a major component of the innate
immune system of liver cells. HCV infection studies in
primary human fetal liver cell cultures[13] revealed that cell
culture-induced HCV evoked expression of type Ⅲ (λ)
IFNs and of ISGs, while low expression of type Ⅰ IFNs
(IFN α and β) was observed. Higher levels of viral replication were associated with greater induction of ISGs
and IFNλ. It was shown in 2005 that IFNλ inhibited
HBV replication in a differentiated murine hepatocyte
cell line as well as replication of a subgenomic and a fulllength genomic HCV replicon in Huh7 cells[14]. IFN-α
and IFNλ3 in combination showed synergistic anti-HCV
activity in the HCV 1b and 2a replicon system[15]. The
humanized livers of chimeric mice exhibited increased
expression at the mRNA and protein level of human
IFNλs, following treatment with a hepatotropic cationic
liposome and a synthetic double-stranded RNA analog[16]
resulting in a strong antiviral effect on HBV and HCV.
With regard to the possibility of IFNλ as a therapeutic
agent for CH-C, a phase 1b trial revealed that weekly
PEG-IFN-λ with or without daily RBV for 4 wk was as-
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sociated with clear antiviral activity across a broad range
of doses in patients with CH-C[17].
As another source of IFN-λ in liver, human type 2
myeloid dendritic cells, or human blood dendritic cell antigen 3-positive cells instead of hepatocytes were recently
reported to be a potent producer of IFN-λ in response
to HCV[18,19].

possible association BETWEEN
IL28B genetic polymorphism and
spontaneous HBV recovery or
outcome of PEG-IFN treatment for
CH-B
The first study concerning IL28B and HBV infection was
reported in 2010, the following year it was discovered
that this genetic polymorphism was strongly associated
with the SVR rate in patients with CH-C treated with
PEG/RBV. In this report, C-C genotype of rs12979860
was not associated with HBV recovery (OR = 0.99)[20].
Two subsequent reports in 2011[21,22] also failed to show
the possible association, although one revealed an association between genotype, allele and haplotype frequencies of IL28B and both aminotransferase levels and HBV
DNA[21]. In 2012, the first report that determined a positive association between IL28B genetic polymorphism
and chronic HBV infection was published [23]. IL28B
genotype was significantly associated with HBeAg seroconversion at the end of PEG-IFN treatment (p < 0.01),
the adjusted odds ratio for seroconversion was 3.16 (p =
0.013) for AA vs AG/GG at rs12980275 after adjustment
for HBV genotype, age, levels of HBV DNA and alanine
aminotransferase, and PEG-IFN and a nucleoside analogue-lamivudine combination therapy. IL28B genotype
was independently associated with an increased probability of HBeAg seroconversion during long-term follow-up
(adjusted HR = 2.14, p = 0.018 by Cox regression analysis). Similar results were obtained for rs12979860. IL28B
genotype was also associated with HBsAg clearance (HR
= 3.47, p = 0.042). Thus, the authors concluded that
polymorphisms near IL28B were independently associated with serologic response to PEG-IFN in patients with
HBeAg-positive chronic hepatitis B.
Another report published in 2012[24] also demonstrated a possible association between IL28B and HBeAgpositive CH-B in a Chinese Han population, while another 3 reports published in the same year[25-27] concluded
that IL28B was not significantly related to the outcome
of patients with CH-B who were treated with PEGIFN. Three SNPs in the IL28B gene (rs12979869C/T,
rs8099917G/T and rs12980275G/A) were examined in
330 subjects [including 154 HBV-related hepatocellular
carcinoma (HCC) patients, 86 non-HCC patients with
CH-B, 43 HBV self-limited infections and 47 healthy
controls][28]. In conclusion, the IL28B rs12979860C/T
polymorphism might affect susceptibility to chronic HBV
infection and progression of HCC. In another report, the
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Table 1 Possible association between interleukin 28B genetic polymorphism and the effect of interferon-α and/or pegylated
interferon-α, or spontaneous hepatitis B e antigen and/or hepatitis B surface antigen clearance in hepatitis B virus infection
No. Year

Ref.

Targeted SNPs

Subject settings

HBe

Result

Comments

1

2010

Martin et al[20]

rs12979860

226 HBV persistence, 384 HBV recovery

ND

Negative

2

2011

Li et al[21]

C/C genotype of rs12979860 was not
associated with HBV recovery (OR =
0.99)

rs12979860,
rs12980275,
rs8099917

ND

Negative

3

2011

Tseng et al[22]

Positive

Negative

4

2012 Sonneveld et al[23]

Positive

Positive

5

2012

Wu et al[24]

rs8099917

Positive

Positive

6

2012

de Niet et al[25]

rs12979860

7

2012

Peng et al[26]

rs12979860

8

2013 Lampertico et al[31]

9

2013

Seto et al[32]

IL28B
(rs12979860,
rs8099917)

10

2013

Holmes et al[33]

rs12979860

11

2013

Lee et al[34]

rs8099917,
rs12979860,
rs12980275

203 chronic HBV infection, 203 self-limited
HBV infection, 203 individuals negative
for all HBV seromarkers (Chinese Han
population)
IL28B regions
115 HBeAg-positive chronic hepatitis B
patients
rs12980275,
205 HBeAg-positive patients who were
rs12979860
treated with PEG-IFN (Europeans and
Asians)

rs12979860

512 HBeAg positive chronic hepatitis B
patients (Han Chinese) were treated with
pegylated interferon a-2a ± nucleoside
analogues

IL28B genotype was significantly
associated with HBeAg seroconversion
at the end of treatment (P < 0.001, OR =
3.16), during long-term follow up (HR =
2.14), or with HBsAg seroclearance (HR
= 3.47)
The frequency of G allele of rs8099917
was significantly higher in the response
group than in the non-response
group (8.3% vs 3.9%, P = 0.003, OR =
0.44, 95%CI: 0.25-0.79). The genotype
distributions of this SNP also differed
significantly between the two groups
(P = 0.003)

95 chronic hepatitis B patients who were
Positive Negative
treated with PEG-IFN and adefovir for 1 yr
and
and who had 15% HBsAg loss (overall)
negative
651 HBV persistent infection (387 with
ND
Negative No association with clearance of HBsAg,
liver cirrhosis, 264 without cirrhosis), 226
HBeAg, HBV DNA level, apparent
healthy individuals who recovered from
hepatitis onset and liver cirrhosis (P >
HBV infection
0.05)
101 HBeAg-negative patients (92%
Negative Positive The rate of serum HBsAg clearance was
genotype D) with compensated chronic
29% in CC (major homo) compared to
hepatitis B (84% males, 42% with cirrhosis)
13% in non-CC (hetero or minor homo)
genotype carriers (P = 0.039)
203 chronic hepatitis B patients achieving Negative Positive
IL28B haplotype block CG was
spontaneous HBsAg seroclearance with
associated with HBsAg seroclearance
203 age- and sex-matched chronic hepatitis
(OR = 10.5, P = 0.026)
B patients without HBsAg seroclearance
(control)
96 patients (88% were Asian, 62% were
Positive Negative
HBeAg positive and 13% were METAVIR
and
stage F3-4). The majority (84%) of patients negative
carried the CC IL28B genotype (major
homo)
404 spontaneously recovered patients,
ND
Negative
313 chronic hepatitis B patients, 305 liver
cirrhosis patients and 417 hepatocellular
carcinoma patients

Studies are chronologically numbered. HBV: Hepatitis B virus; ND: Not determined or not described; IL: Interleukin; HBeAg: Hepatitis B e antigen; HBsAg:
Hepatitis B surface antigen; PEG-IFN: Pegylated interferon-α.

effect of rs8099917 in IL-28B gene as well as rs187238
and rs1946518 in IL-18 gene on HBV recurrence in liver
transplant patients was investigated in a Chinese Han
population[29]. In 140 HBV-related liver transplant recipients, the genotype of IL-28B gene rs8099917 was associated with aminotransferase levels. The recipients with
allele G (GG + GT) had higher aminotransferase levels (p
< 0.05). No association was found between IL-18 gene
and IL28B gene polymorphisms with HBV recurrence in
the liver transplant recipients or the donors. The authors
concluded that allele G of rs8099917 was associated with
WJG|www.wjgnet.com

hepatitis B-related hepatocyte injury. Association analysis between SNPs in IL-28B gene and the progress of
HBV infection in Han Chinese revealed[30] that IL-28B
rs12979860 C/T polymorphism T allele appeared to be
more prevalent in patients with HCC than in those with
liver cirrhosis.
In 2013, a positive association between IL-28B genetic polymorphism and the outcome of CH-B[31] was
reported. A hundred and one HBeAg-negative patients
(92% genotype D) with compensated CH-B were followed for a median of 11 (1-17) years after a median of
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23 (10-48) mo of either standard or PEG IFN-α therapy.
The rs12979860 (C > T) genotype in the IL28B locus was
assessed. During a median of 11 years of post-treatment
follow-up, 21 (21%) patients cleared serum HBsAg, including 15 who developed > 10 IU/ml anti-HBs titers.
Forty-eight patients (47%) had CC genotype, 42 (42%)
CT and 11 (11%) TT, the allelic frequency being 68% for
C allele and 32% for T allele. The rate of serum HBsAg
clearance was 29% (n = 14) in CC compared to 13% (n
= 7) in non-CC genotype carriers (p = 0.039). Baseline
HBV DNA levels < 6 log cp/ml (OR = 11.9, 95%CI:
2.8-50.6, p = 0.001), ALT levels >136 IU/mL (OR = 6.5,
95%CI: 1.8-22.5, p = 0.003), duration of IFN (OR = 1.16,
95%CI: 1.02-1.31, p = 0.021) and genotype CC (OR = 3.9,
95%CI: 1.1-13.2, p = 0.025) independently predicted HBsAg clearance. The authors concluded that IL28B polymorphism is an additional predictor of off-therapy IFNrelated HBsAg seroclearance in HBeAg-negative patients
chronically infected by genotype D HBV. Another work
published in 2012[32] revealed that HLA-DP and IL28B
genetic polymorphisms were associated with spontaneous
HBsAg seroclearance in chronic hepatitis B patients.
In 2013, two reports concerning IL28B genetic polymorphism and the therapeutic outcome with PEG-IFN
or natural course of CH-B failed to show any meaningful association between both[33,34]. In contrast, the SNP
upstream of IL28B which has the strongest genetic association with HCV recovery had an inverse influence on
HBV recovery[35] in a recent Korean study. IL28B polymorphism correlated with active hepatitis in patients with
HBeAg-negative CH-B[36]. Jilg et al[37] describe and summarize potent associations between IL28B genetic polymorphism and chronic HBV infection in their review.
Table 1 summarizes the possible association between
IL28B genetic polymorphism and the effect of IFN-α
or PEG-IFN in HBV infection, or spontaneous HBsAg
seroclearance.

As mentioned above, there is still controversy regarding
the true association between IL28B genetic polymorphism and chronic HBV infection. More evidence is required to obtain a final conclusion and a number of prospective studies with large cohorts of patients are needed
to accomplish this purpose.
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Abstract
Infection with hepatitis B virus is an important health
problem worldwide: it affects more than 350 million
people and is a leading cause of liver-related morbidity, accounting for 1 million deaths annually. Hepatic
fibrosis is a consequence of the accumulation of extracellular matrix components in the liver. An accurate diagnosis of liver fibrosis is essential for the management
of chronic liver disease. Liver biopsy has been considered the gold standard for diagnosing disease, grading
necroinflammatory activity, and staging fibrosis. However, liver biopsy is unsuitable for repeated evaluations
because it is invasive and can cause major complications, including death. Several noninvasive evaluations
have been introduced for the assessment of liver fibrosis: serum biomarkers, combined indices or scores, and
imaging techniques including transient elastography,
acoustic radiation force impulse, real-time tissue elastography, and magnetic resonance elastography. Here,
we review the recent progress of noninvasive assessment of liver fibrosis in patients with chronic hepatitis
B. Most noninvasive evaluations for liver fibrosis have
been validated first in patients with chronic hepatitis C,
and later in those with chronic hepatitis B. The establishment of a noninvasive assessment of liver fibrosis is

WJG|www.wjgnet.com

urgently needed to aid in the management of this leading cause of chronic liver disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acoustic radiation force impulse; Biomarkers; Biopsy; Elastography; Fibrosis; Hepatitis B; Noninvasive evaluations
Core tip: The usefulness of noninvasive evaluations for
predicting liver fibrosis remains to be fully evaluated in
chronic hepatitis B. Few indices/scores based on combinations of serum biomarkers were originally proposed
for use in patients with chronic hepatitis B. Transient
elastography is less accurate for chronic hepatitis B
than for chronic hepatitis C. Limited data are available
regarding the usefulness of acoustic radiation force
impulse, real-time tissue elastography, and magnetic
resonance elastography in chronic hepatitis B. However,
these methods are suitable for repeated evaluations
and can be useful for assessing the clinical stage of disease, predicting complications of cirrhosis, and monitoring the response to treatment.
Enomoto M, Morikawa H, Tamori A, Kawada N. Noninvasive
assessment of liver fibrosis in patients with chronic hepatitis
B. World J Gastroenterol 2014; 20(34): 12031-12038 Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12031.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12031

INTRODUCTION
Hepatic fibrosis, regardless of the underlying etiology,
is a consequence of the accumulation of extracellular
matrix components in the liver. This process is caused by
persistent liver damage and consequent wound healing re-
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action and can progress to cirrhosis, portal hypertension,
and hepatocellular carcinoma (HCC), leading to increased
morbidity and mortality[1,2]. An accurate diagnosis of liver
fibrosis is thus essential for the management of chronic
liver diseases.
Liver biopsy has been considered the “gold standard”
for diagnosing chronic liver disease, grading necroinflammatory activity, and staging liver fibrosis[3,4]. However,
sampling error can lead to underestimation of the degree
of liver fibrosis, especially when the biopsy specimens are
small or fragmented. In addition, interpretation of the
results is subject to significant intraobserver and interobserver variability. Moreover, liver biopsy is unsuitable for
repeated evaluations because it is invasive and can cause
major complications, including death[5,6]. Therefore, several serum biomarkers, combined indices/scores, and imaging techniques for the noninvasive assessment of liver
fibrosis have been introduced.
Infection with hepatitis B virus (HBV) is an important health problem worldwide: it affects more than 350
million people and is a leading cause of liver-related morbidity, accounting for 1 million deaths annually[7-9]. However, most noninvasive evaluations of liver fibrosis have
been validated first in patients with chronic hepatitis C
and only then in patients with chronic hepatitis B. Herein,
we review the recent progress in the noninvasive assessment of liver fibrosis in patients with chronic hepatitis B.

Serum markers
Several surrogate serum markers have been proposed as
alternatives for the noninvasive assessment of liver fibrosis[10-12]. In general, markers of fibrosis can be divided into
two groups: direct and indirect. Serum direct markers reflect extracellular matrix turnover. They include glycoproteins such as serum hyaluronate, laminin, and YKL-40;
collagens such as procollagen Ⅲ N-terminal propeptide
and type Ⅳ collagen 7S; collagenases and collagenase
inhibitors such as matrix metalloproteases and tissue
inhibitory metalloprotease-1. Indirect markers reflect alterations in hepatic function rather than metabolism of
the hepatic extracellular matrix. They include the platelet
count, coagulation studies, and the levels of aspartate and
alanine aminotransferases (AST and ALT). The advantages of biomarkers as measures of fibrosis include their
high applicability and interlaboratory reproducibility and
their wide availability for repeated assays. However, none
is liver-specific: the results of all such tests can be influenced by comorbid conditions.
Several algorithms, indices, or scores derived from
combinations of serum biomarkers have been proposed,
namely, the Fibrotest[13], Forns index[14], AST-to-platelet
ratio index (APRI)[15], FIB-4[16], Fibrometer[17], FibroIndex[18], and ELF[19]. Table 1 shows the diagnostic performance of several combined indices/scores in patients
with chronic hepatitis B. Although most indices/scores
were originally established using data from patients with
chronic hepatitis C, their diagnostic accuracies have been
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validated in patients with chronic hepatitis B[20-23]. Sebastiani et al[20] reported that the area under the receiver
operating characteristic (AUROC) curve values for identification of both significant fibrosis (≥ F2) and cirrhosis (F4) in patients with chronic hepatitis B were better
for the Fibrotest than for the APRI and Forns index.
Combined indices/scores including hepatic aminotransferase levels are unsuitable for monitoring liver fibrosis
during treatment, as the serum levels of aminotransferases decrease rapidly after initiation of therapy. As the
Fibrotest includes the serum haptoglobin, bilirubin, and
γ -glutamyltranspeptidase levels, false-positive results
may occur in patients with hemolysis or cholestasis and
in those who have recently consumed alcohol[24]. Hui et
al[25] and Zeng et al[26] have developed liver fibrosis scores
specifically for patients with chronic hepatitis B, although
their usefulness remains to be validated by other groups.

TRANSIENT ELASTOGRAPHY
Transient elastography (FibroScan®, EchoSens, Paris,
France), which has become a popular tool, is a rapid, objective, and promising technique for staging liver fibrosis
by measuring the stiffness of the liver, expressed in units
of kilopascals (kPa)[27,28]. This system is equipped with
a probe including an ultrasonic transducer mounted on
the axis of a vibrator. The vibration transmitted from
the vibrator toward the tissue induces an elastic shear
wave that propagates through the liver. These propagations are followed by pulse-echo ultrasound acquisition,
and their velocity, which is directly related to tissue stiffness, is measured. In a morphometric analysis, Wong et
al[29] found that the liver stiffness as assessed by transient
elastography correlates significantly with the proportion
of the liver affected by fibrosis, particularly pericellular
fibrosis rather than periportal or perivenular fibrosis.
Liver stiffness measurement has generally been considered reliable when it fulfills all of the following criteria:
≥ 10 valid measurements, a success rate of ≥ 60%, and
an interquartile range/median ratio (IQR/M) of ≤ 0.30.
However, in multivariate analyses of 1165 patients with
various chronic liver diseases, Boursier et al[30] recently
reported that the reliability of measurement of liver stiffness depends on the IQR/M according to the median
level of liver stiffness, thus defining three categories of
reliability: “very reliable” (IQR/M ≤ 0.10), “reliable”
(0.10 < IQR/M ≤ 0.30, or IQR/M > 0.30 with a median
value of < 7.1 kPa), and “poorly reliable” (IQR/M > 0.30
with a median value of ≥ 7.1 kPa).
In a meta-analysis of 50 elastography studies performed mainly in patients with chronic hepatitis C, the
mean AUROC curves for the diagnosis of significant
fibrosis (≥ F2), severe fibrosis (F3/F4), and cirrhosis (F4)
were 0.84, 0.89, and 0.94, respectively[31]. The diagnostic
accuracy of transient elastography was generally high for
cirrhosis but poorer for significant fibrosis[32]. The results
of liver stiffness measurement can be affected by factors
other than fibrosis, including necroinflammatory activ-
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Table 1 Performance of serum fibrosis markers for identification of significant fibrosis (≥ F2) and cirrhosis (F4) in patients with
hepatitis B
Ref.

Year

Patients (n )

Diagnosis for ≥ F2
Patients (%)

AUROC

Diagnosis for F4

Cutoff (kPa) Se/Sp (%) Patients (%)

Originally for patients with HCV
Fibrotest (includes α2-macroglobulin, haptoglobin, apolipoprotein A1, bilirubin, and GGT)
Sebastiani et al[20]
2007
110
68
0.85
F2
81/90
1
Bottero et al[21]
2009
108
56
0.77
0.48
70/72
Forns index (includes age, platelet count, cholesterol, and GGT)
Sebastiani et al[20]
2007
110
68
0.63
4.20
58/78
Wong et al[22]
2010
156 +
75
0.70
5.20
28/91
82
59
0.72
8.40
43/93
1
Bottero et al[21]
2009
108
56
0.72
APRI (includes AST and platelet count)
Sebastiani et al[20]
2007
110
68
0.72
0.50
71/87
Kim et al[23]
2010
668
79
0.70
1
Bottero et al[21]
2009
108
56
0.73
FIB-4 (includes age, AST, ALT, and platelet count)
Kim et al[23]
2010
668
79
0.86
1.00
91/73
1
Bottero et al[21]
2009
108
56
0.74
Fibrometer (includes age, platelet count, PT index, AST, α2-macroglobulin, hyaluronate, and urea)
1
Bottero et al[21]
2009
108
56
0.74
0.46
73/68
Originally for patients with HBV
Hui score (includes body mass index, bilirubin, albumin, and platelet count)
Hui et al[25]
2005
235
25
0.79
0.15
88/50
Zeng score (includes age, α2-macroglobulin, hyaluronate, and GGT)
Zeng et al[26]
2005
372
58
0.77
3.00
98/28

AUROC

Cutoff (kPa) Se/Sp (%)

20
15

0.76
0.87

F4
0.73

56/96
75/85

20
26
20
15

-

-

-

0.81

-

-

20
34
15

0.64
0.73
0.76

2.00
-

43/85
-

34
15

0.93
0.80

1.60
-

88/84
-

15

0.89

0.83

81/85

-

-

-

-

-

-

-

-

1

Study subjects were coinfected with human immunodeficiency virus. APRI: AST to platelet ratio index; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; AUROC: Area under the receiver operating characteristic curve; GGT: γ-Glutamyltranspeptidase; HBV: Hepatitis B virus; HCV: Hepatitis
C virus; PT: Prothrombin.

ity[33-35], obesity[36], and extrahepatic cholestasis[37].
The usefulness of transient elastography has been
well validated in patients with chronic hepatitis C; however, limited data are available for its use in patients with
other liver diseases[38], including chronic hepatitis B. Table
2 shows the diagnostic performance of elastography for
significant fibrosis (≥ F2) and cirrhosis (F4) in patients
with chronic HBV infection[22,32,39-42]. In some studies[43,44],
measurement of liver stiffness has been less accurate
in patients with chronic hepatitis B than in those with
chronic hepatitis C. One possible explanation for the difference in diagnostic accuracy is that chronic hepatitis B
is associated with acute exacerbations, in which severe/
moderate necroinflammation can lead to overestimation
of fibrosis, more frequently than is chronic hepatitis C[45].
On the other hand, liver stiffness measurement exhibits
good diagnostic accuracy with a high negative predictive
value[46].
In previous studies that addressed both chronic hepatitis B and chronic hepatitis C[47,48], the median liver stiffness at each stage of fibrosis was lower in patients with
chronic hepatitis B than in those with chronic hepatitis
C. The reported cutoff values for predicting cirrhosis in
patients with chronic hepatitis B ranged from 9.4 to 12.9
kPa[32,39-42]; all of these values are lower than the optimal
cutoff value of 13.0 kPa derived from a meta-analysis of
17 studies (mostly concerning chronic hepatitis C)[31]. The
amount of fibrosis in the cirrhotic liver is generally lower
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for chronic hepatitis B than for chronic hepatitis C because macronodular cirrhosis, characterized by large nodules delimited by thin septa, is more common in patients
chronically infected with HBV.
Some studies have proposed the adoption of different
cut-off values for each cause of liver disease[43]. To avoid
overestimation of fibrosis, other studies have proposed
basing the cut-off value on the ALT level[41]. Diagnostic
algorithms using dual cut-offs, for positive and negative
prediction of liver fibrosis, have also been proposed[49].

ACOUSTIC RADIATION FORCE IMPULSE
Acoustic radiation force impulse (ARFI; Siemens AG,
Erlangen, Germany) imaging involves mechanical excitation of tissue using short-duration acoustic pulses to
generate localized tissue displacement[50-52]. The harder
the tissue, the faster the shear wave spreads. The displacement results in shear-wave propagation, which is tracked
using correlation-based ultrasonic methods and recorded
in m/s. This examination is performed during B-mode
ultrasonography.
Sporea et al[53] showed that the mean liver stiffness values obtained by ARFI were similar between patients with
chronic hepatitis B and those with chronic hepatitis C at
the same stage of fibrosis. Friedrich-Rust et al[54] reported
that the diagnostic accuracy of ARFI for the histological
staging of liver fibrosis in patients with chronic hepatitis

12033

September 14, 2014|Volume 20|Issue 34|

Enomoto M et al . Noninvasive staging of fibrosis in HBV
Table 2 Performance of transient elastography for identification of significant fibrosis (≥ F2) and cirrhosis (F4) in patients with
hepatitis B
Ref.

Year

Oliveri et al[39]
Marcellin et al[40]
Chan et al[41]
Degos et al[32]
Wong et al[22]
1
Miailhe et al[42]

2008
2009
2009
2010
2010
2011

Patients (n )

Diagnosis for ≥ F2
Patients (%)

AUROC

26
50
42
68
61

0.97
0.81
0.78
0.80
0.85

188
173
161
284
156 + 82
57

Diagnosis for F4

Cutoff (kPa) Se/Sp (%)
7.5
7.2
5.2
9.0-12.02
5.9

94/88
70/83
89/38
54/99
81/87

Patients (%)

AUROC

20
8
25
10
23
20

0.97
0.93
0.93
0.85
0.96

Cutoff (kPa) Se/Sp (%)
11.8
11.0
12.0-13.42
12.9
9.4

86/96
93/87
98/75
52/93
92/94

Study subjects were coinfected with human immunodeficiency virus; 2Adapted to ALT values. AUROC: Area under the receiver operating characteristic
curve; Se: Sensitivity; Sp: Specificity.
1

B was comparable to that of transient elastography.

COMBINATIONS OF BIOMARKERS and
imaging methods

REAL-TIME TISSUE ELASTOGRAPHY
Real-time tissue elastography (Hitachi Medical Systems,
Tokyo, Japan) is a new ultrasound-based diagnostic method
for the evaluation of tissue elasticity and can be performed
during routine B-mode screening of the liver[55-57]. This
technology has already been proven diagnostically valuable
for the detection of mass lesions in the breast, prostate,
and pancreas. A computer-assisted apparatus is used to calculate the relative hardness of the tissue from the degree
of tissue distortion and displays this information as a color
image. Ultrasound elastography does not demonstrate
physical elasticity directly but rather shows the relative degree of tissue strain under subtle compression.
A Chinese study of real-time tissue elastography in 71
patients with chronic hepatitis B found a strong negative
correlation between the elastic strain ratio and the histological stage of fibrosis[58]. The AUROC curve for detection of significant fibrosis (≥ F2) was higher for realtime elastography than for blood parameters, such as the
APRI and Forns index. Similar results were also reported
in another Chinese study[59].

Magnetic resonance
elastography
Magnetic resonance (MR) elastography is a promising imaging technique that noninvasively measures the stiffness
of the liver as well as that of other organs by analyzing
the propagation of mechanical waves through tissue[60-62].
Its clear advantages include the potential to assess the
entire liver parenchyma, the dispensability of an acoustical window, and operator independence. In addition, this
method may be useful for quantifying hepatic fat content.
Venkatesh et al[63] examined 63 patients with chronic
hepatitis B and reported that MR elastography was significantly more accurate for the detection of biopsy-confirmed significant fibrosis and cirrhosis than were serum
fibrosis markers such as APRI. As there are only limited
data on the accuracy of MR elastography in patients
with chronic hepatitis B, further studies are required for
validation.
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Combinations of serum markers and imaging studies
can detect advanced fibrosis in patients with chronic
hepatitis B with a high degree of accuracy. A Korean
study developed a liver stiffness measurement-spleen
diameter to platelet ratio index (LSPI) for the assessment
of liver fibrosis: (liver stiffness measurement × spleen
diameter/platelet count) × 100[64]. Another Korean study
established a model for predicting significant fibrosis,
called the HALF index, consisting of liver stiffness values
and the serum haptoglobin, apolipoprotein A1, and α2macroglobulin levels[65].

Clinical APPLICATIONs
Assessing the clinical stage of disease
The natural course of chronic HBV infection acquired
perinatally or during infancy consists of four distinct
phases: “immune tolerance,” “immune reactivity,” “inactive carrier state,” and “reactivation”[7-9]. Assessment of
the clinical stage of disease is usually based on the ALT
activity, HBV DNA level, and titers of hepatitis e antigen
(HBeAg) and anti-HBe antibodies; however, noninvasive
evaluations could also be helpful to discriminate HBeAgnegative patients who have significant fibrosis despite
normal ALT activity from inactive carriers of HBV[66-68].
Some patients may then require further assessment by
liver biopsy for proper evaluation of indication of antiviral therapy.
Predicting complications of cirrhosis
Noninvasive methods can be used to predict complications of cirrhosis. In a Korean prospective study of 1130
patients with chronic hepatitis B[69], 57 patients developed
HCC during the 24-51-mo follow-up period. Multivariate
analysis showed that patients with higher liver stiffness
measurements by transient elastography were at significantly greater risk of developing HCC, with the following
hazard ratios: 3.07 for 8.1-13 kPa; 4.68 for 13.1-18 kPa;
5.55 for 18.1-23 kPa; and 6.60 for > 23 kPa. Wong et al[70]
proposed the LSM-HCC score, a liver stiffness-based
HCC risk score based on transient elastography data
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from 1555 consecutive patients with chronic HBV infection. This score was constructed from the liver stiffness
measurement, age, serum albumin level, and HBV DNA
level and ranges from 0 to 30. When a cutoff value of
11 was used, the score excluded future HCC with a high
negative predictive value (99.4%-100%) after 5 years.
Liver stiffness values have also been shown to correlate with the presence and severity of esophageal varices.
Using transient elastography data from 577 consecutive
patients with B-viral cirrhosis, a Korean group developed
a liver stiffness measurement-based model, the liver stiffness measurement-spleen diameter to platelet ratio score
liver stiffness measurement (LSPS × spleen diameter/
platelet count), for assessment of the cumulative risk of
future esophageal variceal bleeding[71]. Multivariate analysis found an LSPS of ≥ 6.5 (P = 0.003), along with large
variceal size and Child-Pugh classification B/C, to be a
significant predictor of a first occurrence of esophageal
variceal bleeding. A Chinese study found significant linear
correlations between liver and spleen stiffness as measured by ARFI and the stage of fibrosis in 138 patients
with hepatitis B-related cirrhosis[72]. As there was also a
significant linear correlation between spleen stiffness and
the varix grade, ARFI can be used as a noninvasive method for assessing the presence and severity of esophageal
varices.

Few algorithms or indices/scores based on combinations
of serum biomarkers were originally proposed for use in
patients with chronic hepatitis B. Transient elastography
is less accurate in patients with chronic hepatitis B than
in those with chronic hepatitis C. Limited data are available on the usefulness of ARFI, real-time tissue elastography, and magnetic resonance elastography in patients
with chronic hepatitis B. In addition, these methods do
not provide information on necroinflammatory activity,
steatosis, iron deposition, or other findings that can be
obtained by liver biopsy. However, they are suitable for
repeated evaluations and can be useful for assessing the
clinical stage of disease, predicting complications of cirrhosis, and monitoring the response to treatment.
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with HCC by frequent recurrence after treatment for
HCC and deterioration of hepatic function associated
with HCC progression. Recent meta-analysis showed
that antiviral treatment reduces HCC recurrence and
liver-related mortality after curative therapy of HCC.
Given the strong relationship between high HBV DNA
load and poor survival outcome of HCC patients due to
cancer progression, it is expected that long-term antiviral therapy results in the sustained HBV suppression,
control of inflammation, reduction in HCC progression,
and eventually in improved overall survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
Hepatocellular carcinoma (HCC) is a complex disease
that is dually challenging to treat due to underlying
chronic liver disease in addition to the cancer itself.
The prognosis of patients with HCC is determined by
intrahepatic tumor status and reserved hepatic function. Hepatitis B virus (HBV) is an established major
risk factor of HCC development, and HBV viral load is
being increasingly recognized as a prognostic factor in
the presence of established HCC. High HBV viral load
may affect the prognosis of HBV-related HCC patients
in several ways. First, it is associated with more frequent recurrence of HBV-related HCC after treatment.
Second, it is associated with more occurrence and severity of potentially life-threatening HBV reactivation.
Last, it is associated with more worsened liver function,
which limits the therapeutic options for HBV-related
HCC. HBV, directly or indirectly, can induce hepatocarcinogenesis. In patients with a high HBV DNA level
and subsequent active hepatitis, adhesion molecules
expressed on the sinusoidal cells are up-regulated and
may increase intrahepatic metastasis. HCC progression
after treatment can lead to a poor prognosis by reducing number of normal functioning hepatocytes. Thus,
high HBV viral load can affect the prognosis of patients
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Core tip: High hepatitis B virus (HBV) viral load reduces
overall survival of patients with hepatocellular carcinoma (HCC) by the rapid progression of HCC after treatment and deterioration of hepatic function associated
with HCC progression. The use of long-term antiviral
therapy is recommended to result in the long-lasting
suppression of HBV replication, reduction in HCC progression, and eventually in improved overall survival.
Yu SJ, Kim YJ. Hepatitis B viral load affects prognosis of hepatocellular carcinoma. World J Gastroenterol 2014; 20(34):
12039-12044 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12039.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12039

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most frequent cause of tumor related death and hepatitis B virus
(HBV) is associated with 70% of all HCC cases worldwide[1,2]. The patients with HCC mostly have underlying

12039

September 14, 2014|Volume 20|Issue 34|

Yu SJ et al . HBV and prognosis of HCC

chronic liver disease including liver cirrhosis[2,3]. Unlike
other solid tumors, the prognosis of patients with HCC
is influenced not only by intrahepatic tumor status, but
also by underlying liver function.
Despite regular surveillance conducted in high risk
populations, most patients with HCC are diagnosed in an
advanced stage. Consequently, a minority of patients are
suitable for surgical resection. However, the recurrence
rates are able to be as high as 65%-80% in 5 years even
for those patients who undergo surgical resection[4], which
results in a 5-year survival of about 40%[5]. Several risk
factors including tumor status such as tumor size, extent
and presence of vascular invasion[6], as well as hepatic
functional parameters are reported to be related to an increased risk of HCC recurrence after surgical resection.
For advanced stage, rapid progression of HCC after
transarterial chemoembolization (TACE) and following
cancer progression-related hepatic functional deterioration are frequently reported[7]. Previous prospective
studies have reported TNM stage, Child-Pugh grade,
and number of TACE were independent risk factors of
survival of patients with HCC underwent TACE. These
high rates of recurrence or progression after surgical
resection or TACE are frequently associated with suboptimal clinical outcome of HCC. However, there is no
current agreement on a standard adjuvant or newer technology based therapies for HCC.
As regards viral factors, data showing that a high
HBV viral load is a predictor of postoperative recurrence
of HCC[6,8] as well as another risk factor for de novo HCC
development[9,10] have been accumulating. Among known
various risk factors for recurrent HCC after treatment,
HBV viral load is the only correctable factor. This article
reviewed the current evidence and role of HBV viral load
on the prognosis of HCC.

HBV VIRAL LOAD AND
POST-TREATMENT RECURRENCE FOR
HBV-RELATED HCC
In several clinical studies on the postoperative HCC recurrence[8,11,12] or progression of HCC after TACE[7,13],
patients with high serum HBV viral load at study entry
had a considerably higher risk of HCC recurrence than
those with low levels. In cases of liver transplantation,
high HBV viral load (> 105 copies/mL) before transplantation were reported to be associated with frequent HCC
recurrence after transplantation[14]. It is well recognized
that there are two different types of HCC recurrence:
early recurrence is due to intrahepatic spreading of the
primary HCC and late recurrence is due to de novo multifocal hepatocarcinogenesis originating from the “field
effect” in diseased liver[15]. Although early recurrence may
be affected by tumor-related factors, adhesion molecules
expressed on the liver sinusoidal endothelial cells are upregulated and may enhance intrahepatic metastasis in patients with a high HBV viral load and subsequent active

WJG|www.wjgnet.com

hepatitis[16]. Furthermore, active viral replication of HBV
may initiate hepatocarcinogenesis through a direct carcinogenic process by increasing the probability of hepatitis
B viral DNA insertion in or near proto-oncogenes, tumor-suppressor genes, or regulatory elements of cellular
DNA[17,18]. Alternatively, HBV replication can indirectly
induce MDM2 and p53 polymorphisms, and chromosomal instability, and chronic hepatic inflammation, which
leads to hepatic fibrosis and hepatocarcinogenesis by
triggering immune responses[19]. Like other viruses, HBV
induce endoplasmic reticulum (ER) stress. To alleviate
the ER stress, unfolded protein response (UPR) including glucose-regulated protein 78 (GRP78) is up-regulated
upon high HBV viral load[20]. GRP78 pathway is one
of the most important responders to disease-associated
stress[21] and might play an important role in the stepwise
progression of HBV-related hepatocarcinogenesis[22].
Recently, Zhu et al[23] has reported that rs430397 polymorphism of GRP78 gene may be a contributing factor
to cirrhosis. In addition, the “G” allele of SNP rs391957
in the promoter of GRP78 was strongly associated with
increased HCC risk by permitting cells to acquire growth
advantages under hepatocarcinogenesis and cis-regulated
GRP78 expression by providing an Ets-2 binding site[24].
Ets-2 expression has been associated with hepatic cell regeneration and also with the development of HCC[25].
HCC progression can lead to a worse prognosis by
several ways. Hepatic functional reserve is reduced by
recurrent HCCs due to the decreased number of normal
functioning hepatocytes[26]. In addition, recurrent HCC
can cause hepatic functional deterioration through bile
duct obstruction or portal vein thrombosis[7].

EFFICACY OF ANTIVIRAL THERAPY ON
POST-TREATMENT RECURRENCE FOR
HBV-RELATED HCC
Despite the advances in therapeutic options including
surgery, TACE, and sorafenib, currently there is no effective adjuvant therapy to prevent HCC recurrence[27]. Wellknown risk factors for HCC recurrence including tumor
status (e.g., tumor number, extent, Edmondson’s grade,
presence of vascular invasion), AFP level, albumin level
and the presence of cirrhosis; which were all irreversible
factors[28,29]. The only reversible factor is the HBV viral
load and this correctable factor shed some light on the
potential preventive effect of antiviral therapy in HBV-related HCC recurrence[27]. Recent meta-analysis has shown
that antiviral therapy is advantageous in reducing the risk
of HCC recurrence after curative treatment for 41%[27].
Multivariate analysis from a recent cohort study showed
that recurrence free survival was significantly improved in
patients receiving antiviral therapy including entecavir (OR
= 0.625, 95%CI: 0.448-0.873, P = 0.006)[30]. In another
meta-analysis, antiviral therapy reduced both ‘‘early’’ and
‘‘late’’ HCC recurrence after surgical resection or radiofrequency ablation (RFA)[31]. In cases of liver transplanta-
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tion, lamivudine and hepatitis B immunoglobulin (HBIG)
combination prophylaxis were independent predictors of
HCC recurrence free survivals and showed a significantly
lower mortality than those without prophylaxis[32].
Although TACE is one of the most beneficial therapeutic options in the treatment of unresectable HCC, the
issue of whether or not antiviral therapy may decrease
HCC progression after TACE has yet to be answered. In
a randomized prospective study, interferon-α treatment
reduced recurrence and improved the survival of patients
with HBV-related HCC after TACE[33]. Even though
interferon-α could reduce the HBV viral load[34], possible
antitumor efficacy of interferon-α might also relate to the
prevention of HCC progression after TACE[35]. Therefore, these findings require to be confirmed by large size
randomized clinical trials with oral nucleos(t)ide analogs.
High HBV viral load prior to TACE had an adverse effect on overall survival and this was related to the rapid
progression of HCC after TACE, and subsequent cancer
progression-related hepatic dysfunction[7]. Further prospective studies are necessary to evaluate the applicability
of long term prophylactic antiviral therapy in patients
with high HBV viral load to prevent HCC progression
and to improve overall survival of HCC patients treated
with TACE[7].

impact of HBV viral load and
antiviral therapy on the
underlying liver
Underlying liver function is a critical determinant of therapeutic options for HBV-related HCC and is the most
important prognostic factor of the survival rate[36-38]. In
a follow-up study of 2763 HBsAg-seropositive adults in
China, Chen et al[39] reported that high serum HBV viral
load was associated with an increased mortality from
chronic liver diseases and an increased morbidity of severe liver diseases among survivors. In a retrospective
cohort study, the probability of hepatic decompensation was 15.4% at 5 years after starting antiviral therapy,
which was markedly lower than the 5-year decompensation incidence of 45.4% in the untreated patients in the
historical control group[40]. In a large meta-analysis of 26
intervention studies including 3428 treated patients, histological grades were significantly associated with serum
HBV viral load at study entry (r = 0.78; P = 0.0001) and
at the end of treatment (r = 0.71; P = 0.003)[41]. More importantly, improvement in histological grade was strongly
associated with a decrease in serum HBV DNA loads (r
= 0.96; P = 0.001)[42]. In addition, the antiviral therapy
group had a substantially greater increase in the residual
liver volume per unit surface area after hepatic resection
(78.0 ± 40.1 cm3/m2 vs 35.8 ± 56.0 cm3/m2) at the sixth
post-operative month[43]. Even in patients with decompensated liver cirrhosis, antiviral therapies were proven to
be effective in restoring liver function and improving survival especially if therapy is initiated early enough[44]. In-
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deed, in a Phase 2, double-blind, multicenter, randomized
trial conducted at 39 sites, tenofovir and entecavir were
well tolerated in these decompensated chronic hepatitis B
(CHB) patients and associated with comparable improvement in Child and MELD scores at week 48: 37.5% of
patients achieved a ≥ 2 point decrease in Child score and
median change from baseline in MELD score was -2[45].
The clinical spectrum of reactivated HBV on hepatic
injury in HBV-related HCC patients varies; it may range
from asymptomatic hepatitis to acute liver failure[46,47].
A retrospective study was reported that the incidence
of post-liver resection hepatitis and the exacerbation of
CHB, along with a transient elevation in serum ALT, occurred within the ﬁrst week after liver resection in 92%
of the cases but was resolved by the second week[48].
Notably, the degree of liver failure in terms of prothrombin time prolongation and bilirubin elevation were
signiﬁcantly worse for patients with exacerbation of
CHB[48]. Huang et al[49] demonstrated that HBV reactivation occurred after a partial hepatectomy, even in patients
with a low preoperative HBV viral load (< 2000 IU/mL),
and the rate was 19.1% per year. The incidence of HBV
reactivation after RFA was relatively low when compared
with hepatic resection (5.6% vs 14.0%, P = 0.0345)[50].
Although single TACE session does not significantly
increase the risk of exacerbation of CHB[51], repeated
TACE can reactivate HBV replication[52]. Although high
pre-TACE HBV viral load was reported to be associated
with frequent hepatitis exacerbation, most exacerbations
responded well to on-demand antiviral therapy and thus,
mortality was not found to be increased by hepatitis exacerbation[7]. However, it is recommended to commence
prophylactic antiviral agents before TACE to minimize
the risk of HBV reactivation in the HBV-related HCC
patients with detectable HBV DNA irrespective of transaminase level by international guidelines[53-55].

HBV viral load and antiviral
therapy affect the overall
survival of HBV-related HCC
In the REVEAL-HBV study[56], the mortality (per 100000
person-years) increased with baseline HBV viral load (in
copies/mL) ranging from 9 (< 300), 48 (3.0 × 102-9.9 ×
103), 75 (1.0 × 104-9.9 × 104), 143 (1.0 × 105-9.9 × 105),
to 267 (≥ 1 × 106) for chronic liver disease and cirrhosis;
and 73, 48, 174, 692, and 816, respectively, for HCC[42].
In multivariate Cox regression analyses of risk factors
predicting progression to mortality, increasing HBV viral
load was the strongest independent predictor of death
from chronic liver disease and cirrhosis, and was second
to cirrhosis in predicting death from HCC[42]. In addition, in our previous study, a high HBV viral load prior
to TACE had an adverse effect on overall survival (P =
0.021; HR =1.725), high cancer progression-related mortality (P = 0.014; HR = 1.936), and hepatic failure-related
mortality related to cancer progression (P = 0.005, HR =
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3.908)[7]. Thus, the use of prophylactic antiviral therapy
in the HCC patients treated with TACE is recommended
not only to prevent HBV reactivation but also to prevent
HCC progression[7].
Theoretically, adjustment in hepatic function may not
only affect survival directly but also indirectly by influencing the patient’s tolerance to various treatments for HCC
recurrence. Antiviral therapy facilitated postoperative viral
clearance, increased remnant liver volume, and augmented hepatocyte regeneration in HCC patients associated
with active viral replication of HBV, which significantly
enhanced the tolerance to following therapy for HCC
recurrence[57]. HBV evades the innate immune response
to persist by simply not inducing it[58]. However, antiviral
treatment can overcome CD8+ T cell hyporesponsiveness
in chronic HBV infection[59] and may restore liver regeneration through reducing the epigenetic dysregulation of
liver regeneration signals by HBx[60]. Indeed, recent metaanalysis has shown that antiviral therapy has positive effects after the curative treatment of HBV-related HCC in
terms of HCC recurrence, liver-related mortality (0% vs
8%; OR = 0.13, 95%CI: 0.02-0.69, P = 0.02) and overall
survival (38% vs 42%; OR = 0.27, 95%CI: 0.14-0.50, P <
0.001)[27].

Accumulating data have shown that a high HBV viral
load has an adverse effect on overall survival, and that
this is associated with the rapid progression of HCC after
initial treatment, and following cancer progression-related
worsening of hepatic function. Antiviral therapy may
serve as a cost-effective and favorable alternative adjuvant therapy to improve the clinical outcomes of patients
with HBV-related HCC. Given the strong relationship
between high HBV viral load and poor survival outcome
of HCC patients due to cancer progression, it is expected
that long-term antiviral therapy results in the long-lasting
suppression of HBV replication, control of inflammation, reduction in HCC progression, and ultimately in
improved overall survival.
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Core tip: Hepatitis B e antigen (HBeAg)-negative,
the predominant form of chronic hepatitis B infection
worldwide, consist of individuals with varying levels of
viral replication and liver disease. The dynamic nature
of HBeAg-negative infection underscore the need for an
appropriate classification and evaluation of this group
of patients, including the use of additional tools such as
transient elastography and hepatitis B s antigen quantification, with the aim of identifying potential candidates
for treatment.

Abstract
The natural history of chronic hepatitis B is characterized by different phases of infection, and patients may
evolve from one phase to another or may revert to a
previous phase. The hepatitis B e antigen (HBeAg)negative form is the predominant infection worldwide,
which consists of individuals with a range of viral replication and liver disease severity. Although alanine
transaminase (ALT) remains the most accessible test
available to clinicians for monitoring the liver disease
status, further evaluations are required for some patients to assess if treatment is warranted. Guidance
from practice guidelines together with thorough investigations and classifications of patients ensure recognition of who needs which level of care. This article
aims to assist physicians in the assessment of HBeAgnegative individuals using liver biopsy or non-invasive
tools such as hepatitis B s antigen quantification and
transient elastography in addition to ALT and hepatitis
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INTRODUCTION
Chronic hepatitis B (CHB) remains a prevalent infection
worldwide. The World Health Organization estimated
that there are more than 2 billion people who had been
exposed to hepatitis B and about 378 million with CHB
globally[1]. The introduction of mass neonatal immunization against hepatitis B has resulted in a reduction of
the number of new cases in some countries[2]. However,
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among the existing large pool of patients chronically infected, the hepatitis B virus (HBV) continues to confer
a risk for cirrhosis and hepatocellular carcinoma (HCC)
therefore the disease still poses a major health and economic burden particularly within the Asia-Pacific region[1].
There has been much progress in the understanding and management of hepatitis B in the past two decades. Covalently closed circular DNA (cccDNA) plays
an important role in maintaining the chronicity of this
viral infection. Active viral replication and liver disease
inflammation can potentially lead to fibrosis, cirrhosis,
end stage liver disease and HCC. Effective treatment has
been shown to stop the progression of liver disease and
decrease the risk of HCC.
The predominant CHB infection worldwide is hepatitis B e antigen (HBeAg) negative[3]. CHB is a heterogeneous disease therefore individuals who are HBeAgnegative can be further sub classified depending on their
viral and liver disease activity. A recent systematic review
on the liver histological changes from CHB patients revealed that nearly 50% of HBeAg-negative with slight
increases in the level of alanine transaminases (ALT)
have significant fibrosis[4]. Furthermore, the accuracy of
international guidelines for identifying significant fibrosis
in HBeAg-negative patients based on the ALT and HBV
DNA levels have been questioned[5]. The characteristic
features of fluctuations in the ALT and HBV DNA
levels underscore the need for thorough repeated evaluation and long-term monitoring of all individuals who
are HBeAg negative. This article summarizes the various
international guidelines on the management of HBeAgnegative individuals and includes recent data on the use
of non-invasive tools such as hepatitis B s antigen level
(HBsAg) quantification and transient elastography (TE),
which may help clinicians to better identify who warrants
treatment or observation.

IDENTIFICATION OF HBeAg NEGATIVE
Natural history of CHB
The natural history of hepatitis B acquired early in life
can be divided into 4 phases: immune tolerant phase,
immune clearance phase, “inactive carrier state” and reactivation phase. In immune tolerant phase, patients are
positive for HBeAg with high HBV DNA levels but a
normal serum ALT level. Liver biopsy usually shows no
or minimal histological changes[6].
The next phase is the immune clearance phase and
is characterized by liver disease activity with an increase
in the ALT level. During this immune clearance phase,
serum HBV DNA level will decrease and HBeAg may
be cleared. The elevation of ALT is due to immune response against the infected hepatocytes, with resultant
hepatocyte damage[7]. Thus, prolonged immune clearance
phase may increase the risk of liver fibrosis and therefore
disease progression[6].
Once HBeAg seroconversion from HBeAg to antiHBe antibody is achieved, there is usually suppression of
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HBV DNA and normalization of ALT. Patients in this
low replicative phase, referred to as the “inactive HBsAg
carrier” or the immune control state, have favourable
prognosis with low risk of liver disease progression.
Documentation of repeatedly normal ALT based on serial ALT measurements 3-4 mo apart for at least a year is
needed to determine whether a patient truly has normalization of ALT commonly referred as persistently normal
ALT (PNALT)[8].
Following HBeAg loss, the majority of CHB patients
remain stable with low level of viral replication[6]. However a proportion of HBeAg-negative patients may revert
to a phase of significant viraemia with fluctuating ALT
levels and at times borderline normal. This reactivated
phase is part of the natural course of CHB, referred to as
HBeAg-negative CHB, which occurs due to mutations in
the precore or core promoter region of the HBV[9].
need for standardization of terminology in CHB
CHB is classically defined as having positive serum HBsAg for more than 6 mo. The term “hepatitis” in CHB
refers to the nomenclature of the B virus rather than the
presence of necroinflammatory disease of the liver. Two
parameters are used to define Hepatitis B disease activity:
the magnitude of viral replication and the liver disease
status.
HBeAg-negative infection consists of individuals with
varying levels of viral replication and liver disease status.
As well described in the natural history of perinatally
acquired CHB, a patient with normal ALT and negative
HBeAg could be an inactive HBsAg carrier or a HBeAg
negative individual with significant viral replication who
at that point of testing has normal ALT. However it is
crucial that the latter group of patients are identified and
closely monitored as treatment may be indicated to prevent progression of fibrosis and cirrhosis.
The consensus definition for “Inactive HBsAg carrier
state” adopted at the National Institutes of Health workshop on the “Management of Hepatitis B” is persistent
HBV infection without significant necroinflammatory
disease whereas “HBeAg-negative CHB” is a chronic
necroinflammatory disease of the liver in those who are
HBeAg-negative[10,11]. The diagnostic criteria for “inactive
HBsAg carrier” and “HBeAg-negative CHB” exclude
HBeAg negative individuals with significant viral replication, normal ALT levels, absent or minimal necroinflammation but presence of significant fibrosis and cirrhosis.
It is well known that necroinflammation subsides with
the advancing degrees of fibrosis. Similarly, the diagnostic criteria for “HBeAg positive CHB” currently used
exclude HBeAg positive individuals with significant viral
replication but with normal ALT levels in the “immune
tolerant” phase.
In clinical practice, an individual who is HBsAg positive is initially assessed based on HBeAg status and serum
ALT level in addition to other tests for liver profile. The
term “chronic HBeAg positive infection” should be used
for all chronic HBsAg positive individuals with detect-
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able HBeAg irrespective of ALT level, liver disease or
necroinflammatory activity. A proposed term for HBeAg
positive individuals with active viral replication and active liver disease is “HBeAg-positive disease”. Similarly,
chronic HBeAg-negative infection should encompass
all CHB individuals who are HBeAg-negative and the
term “HBeAg-negative disease”be reserved for HBeAgnegative individuals with significant viral replication and
presence of liver injury. The proposed term of “HBeAgnegative disease” may help clinicians identify the disease
state and suitable treatment candidates among individuals
who are HBeAg negative.
Assessment of CHB patients who are HBeAg-negative
CHB is a dynamic disease, the disease state and clinical
manisfestations of the chronic evolving condition are dependent on the consequence of the interplay of the HBV
and the host immune system. The progression from a
low viremic “inactive HBsAg carrier” state to a high replication state indicates a transition from the immune control phase to an immune activation phase. Immune reactivation among HBeAg-negative patients usually represents
a late phase of perinatally acquired hepatitis B infection
with predominant precore and basal core promoter (BCP)
mutants which are variants of the hepatitis B virus that
are unable to express HBeAg antigen[12]. In general, these
mutants are less efficient at viral production and patients
who harbor HBeAg-negative mutants typically have
lower HBV DNA levels than those with HBeAg-positive
infection. However, HBeAg-negative mutants have been
implicated in causing an increased risk of development
of liver cirrhosis, hepatocellular carcinoma[13-16].
HBV DNA is the best measure of Hepatitis B replication. Although ALT remains the most accessible test
to assess liver disease, ALT alone does not accurately reflect the extent of liver damage. In cirrhotic patients the
serum ALT tends to be normal. Furthermore, liver enzymes and HBV DNA levels may fluctuate in individuals
who are HBeAg-negative at times bordering to normal or
high normal.
It is sometimes difficult to differentiate the reactivation phase from the immune control state among CHB
individuals who are HBeAg-negative. Classically, the
differentiation between these 2 groups is based on the
level of HBV DNA and ALT. The reactivation phase
is defined as HBV DNA > 2000 IU/mL and presence
of elevated ALT, either persistently or intermittently.
Therefore repeated testing of both ALT and HBV DNA
over time are required for patients with negative HBeAg
and normal ALT at first consultation. Factors which are
able to predict those at risk of reactivation include HBV
genotype C, male gender, ALT > 5 times upper limit normal (ULN) during the HBeAg-positive phase and age of
HBeAg seroconversion ≥ 40 years[17].
Aspartate aminotransferase (AST)-to-platelet ratio
index, AST/ALT ratio and platelet count are simple and
useful markers of liver fibrosis and cirrhosis. Thrombocytopenia, possibly the earliest indication of cirrhosis
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in some patients, has been shown to reliably predict advanced fibrosis and cirrhosis[18,19].
The use of liver biopsy or non-invasive method to
assess severity of liver damage is advocated in some patients. TE of the liver is one of the non-invasive methods, which is increasingly used to assess liver fibrosis.
Several studies, including a meta-analysis, have reported
that liver stiffness measurement (LSM) by this method
shows good correlation with fibrosis stage in CHB patients[20-22]. Liver fibrosis assessment using TE is helpful
in deciding the need for anti-viral therapy in patients
with high viral load and normal or mildly raised ALT 1-2
times of ULN. However LSM is not widely available and
cannot solely be relied on without considering the whole
clinical picture and other relevant information[23].
There is also preliminary data using TE for monitoring liver fibrosis progression in HBeAg-positive and
HBeAg-negative CHB[24,25]. A recent systematic review
of HBeAg-negative CHB with PNALT revealed that it is
rare to have significant liver disease based on liver biopsies in patients with stringent criteria for PNALT (defined
by authors as: at least 3 ALT determinations at unspecified intervals over 6-12 mo or at least 3 ALT determinations at predefined intervals which are at least 2 mo apart
over a minimum of 12 mo) and HBV DNA ≤ 20000
IU/ml. The rate of detection of mild inflammation and
moderate fibrosis is even lower at 1.4% and 1% respectively if the HBV DNA levels were less than 2000 IU/
ml compared to 7% and 10% if the HBV DNA levels
were between 2000 to 20000 IU/ml. In this latter group
of HBeAg-negative CHB with PNALT and repeatedly
HBV DNA between 2000-20000 IU/ml, rapid and easily repeatable non-invasive liver fibrosis measurements
like TE has a role in monitoring[8].
Role of HBsAg quantification in the assessment of
patients with negative HBeAg
Studies on the natural history of CHB have shown the
clinical benefits of HBsAg loss in reducing risk of hepatic decompensation and HCC as well as improving overall
survival[26,27]. Clearance of HBsAg was associated with
extremely low level of cccDNA in the nucleus of the
infected hepatocyte[28,29]. HBsAg quantification has been
used to predict HBsAg seroclearance following pegylated
interferon (PEG-IFN)-α therapy[30]. Data has emerged on
the role of HBsAg level to predict outcome of therapy
and sustained response post NA treatment[31].
There is a wide variation in the HBsAg levels
throughout different phases of CHB infection and across
different HBV genotypes[32,33]. HBsAg levels could help
distinguish active from inactive disease among HBeAgnegative individuals. In one study in HBeAg-negative
genotype D, HBsAg levels were significantly lower in
those with inactive disease (defined as serum HBV-DNA
≤ 2000 IU/mL) compared to those with significant viral replication[34]. The combined use of HBsAg < 1000
IU/mL and HBV-DNA ≤ 2000 IU/mL) at a single time
point predicts those with inactive disease with a diag-
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Figure 1 Suggested approach for predicting
disease reactivation and hepatitis B s antigen
loss using hepatitis B s antigen quantification.
HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; ALT: Alanine transaminase; HBsAg: Hepatitis
B s antigen.

HBeAg-negative
HBV-DNA < 2000 IU/mL
ALT normal

HBsAg ≥ 1000 IU/mL

Yes

No

At risk for disease reactivation if
HBV DNA > 200 IU/mL:
Close monitoring
e.g. ALT and HBV DNA 3 mo for the first
2 yr

Low risk of disease reactivation:
Monitor HBV DNA and ALT at 6-12 mo
High likelihood of HBsAg loss if:
HBsAg < 10 IU/mL or
HBsAg < 200 IU/mL and
reduction by ≥ 1 log IU/mL

nostic accuracy of 94%, 91% sensitivity, 95% specificity,
88% positive predictive value and 97% negative predictive value.
The role of HBsAg quantification at one time point
to differentiate active from inactive disease among
HBeAg-negative individuals was also explored in HBV
genotype C patients. Different thresholds of HBsAg
levels > 850 IU/ml and HBV DNA > 850 IU/ml were
applied with a diagnostic accuracy of 86% in predicting
HBV reactivation[35].
A recent study provides further evidence that HBsAg
quantification can be used to predict disease reactivation
in asymptomatic HBeAg-negative patients[36,37]. Patients
with HBeAg-negative and persistently normal serum
ALT levels for 1 year were recruited. The patients were
followed-up 3 monthly for the first 2 years. Those with
persistently normal ALT during the first two years were
subsequently followed up every 6 monthly. Patients with
HBsAg > 1000 IU/ml and HBV DNA > 200 IU/ml
were more likely to experience disease reactivation, defined as HBV-DNA > 2000 IU/mL and increase in ALT
level. The combined use of HBsAg > 1000 IU/mL and
HBV DNA > 200 IU/mL is able to predict reactivated
patients with a sensitivity of 92%, specificity of 51%,
negative predictive value of 96%, and positive predictive value of 30%. Male gender was found to be an independent predictor of reactivation in HBeAg-negative
disease. The authors recommended that HBsAg level be
measured during follow up of HBeAg-negative patients
to identify those at high risk of reactivation. Patients at
high risk of reactivation require close monitoring of their
ALT and HBV DNA levels every 3 monthly at least for
the for the first 2 years of initial follow up (Figure 1).
HBsAg levels tend to reduce slowly over time in
HBeAg-negative patients and spontaneous HBsAg seroclearance is more likely to occur in those with low HBsAg levels[38-40]. Quantification of HBsAg levels in inactive
genotype B and C HBeAg-negative individuals may be
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able to predict spontaneous HBsAg loss with the highest
HBsAg loss amongst those with HBsAg level of < 10
IU/mL[41-44]. The combined quantification of HBsAg <
200 IU/mL and a reduction of at least 1 log10 IU/mL in
the preceding 2-years identified those who are likely to
achieve HBsAg loss at 1 year with 97% positive predictive value and 100% negative predictive value.
Although HBsAg levels could help to predict disease
activity and HBsAg loss among HBeAg-negative individuals, HBsAg quantification is not available worldwide,
hence monitoring of ALT and HBV DNA level with
other liver disease assessment remain the standard of
care in these patients.

TREATMENT OF HBeAg NEGATIVE
Aims of treatment
Patients with CHB with active viral replication are more
likely to progress to cirrhosis, hepatic decompensation,
and HCC. Hepatitis B viral load has been repeatedly
shown to be the most important predictor of HCC such
that the higher the viral load, the higher is the risk of
HCC.
HBsAg seroconversion, which is the closest to a complete cure in hepatitis B, is rarely achieved with the current available therapy. Thus, the main aim of CHB treatment is the elimination of viral replication. Indicators of
treatment response include maintained viral suppression
on treatment and sustained viral suppression upon cessation of therapy.
For HBeAg-positive CHB, HBeAg loss with seroconversion to anti-HBe with undetectable HBV DNA is
an important short-term goal of treatment. However, in
HBeAg-negative CHB, the short term goal of therapy is
unclear, hence, durable HBV DNA suppression to low or
undetectable level is used as a surrogate marker of Hepatitis B control.
Prolonged viral suppression has been shown to im-
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Table 1 Differences and similarities in American Association for the Study of Liver Disease, American Association for the Study of
Liver Disease and European Association for the Study of the Liver guidelines on hepatitis B s antigen-negative treatment

Treatment candidacy
HBV DNA (IU/mL)
ALT
Other criteria

AASLD (2009)

APASL (2012)

EASL (2012)

≥ 20000
≥ 2 × ULN

≥ 2000
≥ 2 × ULN

> 20000
≥ 2 × ULN
Treat if, HBV DNA > 2000, ALT > ULN
and moderate to severe inflammation
on liver biopsy and/or at least
moderate fibrosis.

> 2000
1-2 × ULN
≥ 40 yr old

> 2000
> ULN

PEG-IFN or Entecavir or Tenofovir

PEG-IFN or Entecavir or Tenofovir

12 mo
Unknown/long-term

12 mo
Unknown/long-term

Until HBsAg clearance, may consider
stopping if treated for at least 2 yr with
undetectable HBV DNA on three separate
occasions 6 mo apart.

Until HBsAg clearance.

Liver biopsy (or noninvasive markers of fibrosis) to consider if
HBV DNA (IU/mL)
2000-20000
ALT
1-2 × ULN
Other criteria
First-line treatment
PEG-IFN or Entecavir or
Tenofovir
Duration of treatment
IFN
12 mo
Oral
> 1 yr
Stopping treatment strategy for NA
Until HBsAg clearance

APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; AASLD: American Association for the
Study of Liver Disease; ULN: Upper limit normal; NA: Nucleos(t)ides analogs; IFN: Interferon; HBsAg: Hepatitis B s antigen; HBV: Hepatitis B virus.

prove long-term prognosis and delay the progression of
cirrhosis, decompensation and HCC[45-47]. Clinical decompensation such as ascites, hepatic encephalopathy, jaundice or gastrointestinal bleeding can be prevented with
treatment. There was a significant difference of 5-year
HCC cumulative rates in patients who were cirrhotics
where entecavir-treated patients showed lower cumulative
rates of HCC compared to non-treated cirrhotics (13.8%
vs 26.4%)[48].
Who needs treatment?
Not all CHB patients require therapy. Treatment is indicated in those with active disease, evidence by active viral
replication and liver damage.
All major clinical practice guidelines on the management of Hepatitis B from Asian Pacific Association for
the Study of the Liver (APASL), European Association
for the Study of the Liver (EASL) and American Association for the Study of Liver Disease (AASLD) define
treatment candidacy based on elevated HBV DNA and
ALT levels[49-51]. However, the threshold for HBV DNA
and ALT to select as candidates for treatment differs between guidelines (Table 1).
In HBeAg-negative disease, the APASL and EASL
treatment guideline advocate initiation of treatment when
HBV DNA > 2000 IU/ml whereas a higher threshold
of > 20000 IU/ml is recommended by the AASLD
guidelines (Table 1). The APASL and AASLD guidelines
recommend commencement of treatment when ALT
level is more than twice of the upper limit normal, or irrespective of the ALT level where there is evidence of
advanced fibrosis or cirrhosis. EASL guidelines place a

WJG|www.wjgnet.com

lower threshold and recommend initiation of treatment
with any level of elevation of ALT when HBV DNA >
2000 IU/ml and liver biopsy shows moderate-severe
necroinflammation and/or at least moderate fibrosis.
There is consensus by all major guidelines that individuals who are HBeAg-negative with HBV DNA of >
2000 IU/ml but persistently normal ALT should not be
treated unless there is presence of significant liver damage. In general, patients with persistently normal serum
ALT levels have no or minimal disease progression[52,53].
However, there is increasing evidence that significant
fibrosis can occur in patients with normal ALT levels,
but with high viral loads[54-57]. In addition, a significant
proportion of patients with ALT just above the upper
limit of normal have been shown to have presence of
substantial liver fibrosis or cirrhosis[58]. In light of the
emerging data, further assessment of liver disease by liver
biopsy or TE are needed to better ascertain the treatment
needs.
Patients who are 40 years old and above are recommended for liver biopsy or non-invasive liver fibrosis
assessment[49]. Treatment is recommended if there is evidence of at least moderate inflammation or fibrosis.
Individuals with HBeAg-negative who do not require
treatment need to be followed-up regularly every 3 mo
for the first year then every 6-12 mo for the subsequent
year[49].
Choice of treatment
Current available anti-HBV treatments are either immuno-modulators or oral nucleos(t)ide analogs (NA).
Immuno-modulators available in most countries are the
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conventional IFN, PEG-IFN-α2a and PEG-IFN-α2b.
Oral NA consist of the first generation drugs, lamivudine
and adefovir, and the newer generations, entecavir, telbivudine and tenofovir. Evidence suggests that NA need
to be given for a long duration as stopping NA therapy
prematurely results in relapse of HBV in the majority of
cases[59].
IFN based therapy is given for a finite duration. Although IFN-based therapy is associated with more side
effects compared to NA, it has a higher likelihood of
sustained off-treatment response. In HBeAg-negative patients, young age, female, high serum ALT levels, low serum HBV DNA were associated with a higher chance of
achieving sustained response with PEG-IFN therapy[60].
IFN therapy in HBeAg-negative disease
IFN-α modulates the immune system and at the same
time has an anti-viral effect. Conventional IFN-α is highly excreted by the kidneys, thus more frequent injection
is needed for it to remain stable in the circulation. IFN-α
treatment among European patients showed 60%-90%
end-of-treatment biochemical and virological response
whereas sustained response rate was only 10%-15% with
4-6 mo treatment and 22% with 12 mo treatment. Treatment response 6 mo after stopping therapy was seen in
30% of patients who received 6-10 mo of IFN treatment[17]. The usual recommended dose for conventional
IFN is 5 MU daily or 10 MU three times weekly, but a
lower dose is used for Asian patients at 5-6 MU three
times weekly.
PEG-IFN-α has a longer half-life due to the addition
of polyethylene glycol to the conventional IFN, thus allowing weekly injections. Use of PEG-IFN-α2a 180 μg
weekly for 48 wk in one study showed 6 mo post-treatment response of ALT normalization in 59%, reduction
of HBV DNA < 20000 copies/mL in 43%, HBV DNA
drop < 400 copies/mL in 19% and HBsAg clearance in
3% of patients[61]. In comparison to PEG-IFN-α2b with
or without lamivudine treatment for 48 wk, study showed
ALT normalization in 40% and HBV DNA reduction
to < 60 IU/ml in 43% of patients at 6 mo post-treatment[62]. In a long-term follow-up study of 230 patients,
sustained virological response (HBV DNA < 10000 copies/ml) of 21% were observed 5 years post-treatment
with PEG-IFN-α2a, and HBsAg clearance were 5% at 1
year post-treatment and 12% at 5 years post-treatment[63].
Combining Lamivudine to IFN or PEG-IFN therapy
caused a better suppression of HBV DNA, but there
were no differences in sustained off-treatment response[46]. Similarly, the combination of PEG-IFN with
adefovir showed no difference in terms of sustained offtreatment response compared to PEG-IFN alone [64].
Sequential therapy with adefovir, entecavir or telbivudine
followed by PEG-IFN was studied with promising results. A recent randomized controlled trial of sequential
PEG-IFN and telbivudine for 48 wk in HBeAg-negative
CHB showed that virological response rate at 24 wk post
treatment was significantly higher (46.7% vs 13.3%) in
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patients treated with telbivudine followed by PEG-IFN
than vice versa[64]. Further studies are required to clarify
the role of sequential therapy in HBeAg-negative disease.
Oral NA in chronic HBeAg-negative disease
High rates of on-treatment virological suppression with
good genetic barrier to resistance can be achieved with
NA monotherapy, particularly with entecavir and tenofovir, thus, the preferred NAs. By 48 wk of treatment
with entecavir or tenofovir, loss of serum HBV DNA
(< 60-80 IU/mL) was observed up to 90% and 93%
respectively[65,66]. Maintained viral suppression was seen
in entecavir and tenofovir group up to 98% and 87% respectively at 3rd year of therapy. Sustained virological suppression is associated with histologic improvement and
regression of fibrosis and cirrhosis[67,68]. Entecavir and
tenofovir in a long-term study (5-6 years) has shown significant regression of fibrosis and cirrhosis with continuous histological improvement[68,69]. Several randomized
clinical trials in HBeAg-negative CHB revealed less than
5% rate of sustained off-treatment virological response
after 12 mo of NA therapy[61,65,70-72]. HBsAg loss at 12 mo
of treatment was negligible for all the oral nucleos(t)ides
analogues[61,65,66,70,73,74].
Since most HBeAg-negative CHB requires long-term
treatment, viral resistance to NAs is a major concern.
Cumulative incidence rate of resistance at 5 years for lamivudine and adefovir are 70% and 29% respectively[75,76].
While entecavir and tenofovir usage generally have very
low long-term rate of resistance, which is 1.2% and 0%
respectively after 5 years of treatment[68,77]. A rise in the
HBV DNA level during therapy by at least 1 log10 IU/ml
from nadir of initial response during therapy in a compliant patient suggests development of drug resistance.
Resistance to one L-nucleoside analogue (lamuvidine,
telbuvidine, emtricitibine) confers complete resistance to
all other L-nucleoside analogues and compromises entecavir response, necessitating a higher entecavir dose. Patients on entecavir with prior lamivudine-resistant HBV
have a high risk of resistance of up to 51% after 5 years
of treatment[78]. One recent retrospective cohort study
showed that a prior lamivudine exposure might increase
entecavir resistance risk even though they had no detectable lamivudine resistance[79]. In patients with lamivudineresistant HBV, tenofovir is the preferred NA as crossresistance is generally unknown. In general, the most
effective NA without cross resistance is recommended as
a rescue therapy if drug resistance is suspected based on
an increase of serum HBV DNA > 1 log10 IU/mL with
or without genotypic analysis.
Combination therapy of two direct antiviral agents
have not been shown to have better viral suppression
nor higher rates of long-term efficacy compared to
monotherapy, hence cannot be recommended as first-line
therapy[80].
Stopping therapy in HBeAg-negative disease
In HBeAg-negative CHB, it is unclear how long treat-
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ment with NA should be continued if HBsAg remain
positive. The majority of patients will have an indefinite
nucleos(t)ide treatment duration. Premature discontinuation of treatment will result in reactivation of Hepatitis
B replication in the majority of cases. Long term oral NA
raise the issue of drug resistance and high cost, hence
stopping NA treatment could be a viable option in some
patients.
AASLD 2009 and EASL 2012 guidelines recommend
continuing NA treatment until HBsAg clearance has
been achieved (Table 1). APASL 2008 guidelines on the
management of hepatitis B proposed that cessation of
treatment in HBeAg-negative CHB could be considered
if HBV DNA is undetectable for three times, six months
apart[23]. However, in one study of HBeAg-negative CHB
patients who stopped therapy according to the guidelines,
47% had virological relapse, defined as HBV DNA >
1000 copies/mL[59]. The updated APASL 2012 guidelines
state that in HBeAg-negative CHB, treatment duration is
unknown unless HBsAg seroclearance has occurred, and
decision to stop NA therapy has to take into consideration the clinical response and the extent of liver damage.
However, treatment discontinuation can be considered
if patients have been treated for at least 2 years with
undetectable HBV DNA documented on three separate
occasions 6 mo apart. Discontinuation can be considered
after 2 years of treatment if HBV DNA was undetectable in three separate occasions, six months apart and this
strategy has been shown to work especially in those with
low baseline viral load at HBV DNA ≤ 20000 IU/ml.
A subsequent study on patients treated with entecavir suggests the risk of relapse is lower at 29% for those
with low baseline viral load at HBV DNA ≤ 20000 IU/
ml[81]. We would highlight that monitoring with ALT and
HBV DNA after stopping is advisable and need to be at
frequent intervals to detect relapse. It is recommended
that, these to be done at monthly interval for the first 3
mo and then every 3 mo in the first year after therapy.
Subsequently monitoring is at 3-6 mo, the shorter interval
is recommended for cirrhotics.
HBsAg quantification may have a predictive role in
successful control of HBV infection after cessation of
NA therapy[82]. HBsAg level during treatment of ≤ 200
IU/ml and HBsAg reduction of > 1 log10 IU/ml from
baseline has the highest prediction of sustained response
off-treatment. Thus, cessation of therapy in this group
may be considered because the risk of relapse is minimal.
However in patients with either HBsAg reduction by > 1
log10 IU/ml from baseline or ≤ 200 IU/ml at the end
of NA therapy, the sustained response will be approximately 50%.
Treatment in patients with advanced liver fibrosis or
cirrhosis should not be stopped due to the risk of hepatitis flare and potential fatal liver decompensation.
We suggest stopping rules in CHB patients who are
treated with IFN or Peg-IFN are based on the “week
12 stopping rule”. If no HBsAg level reduction and <
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2 log10 HBV DNA level drop by week 12 of treatment
in genotype A and D, treatment should be stopped or
switched. For genotype B and C, treatment should be
stopped if HBsAg titer remain > 20000 IU/ml by week
12. It was shown that these groups had a very low chance
to develop a sustained response to treatment[83]. This suggestion is supported by EASL 2012 guideline. However
AASLD 2009 guideline suggested patients who HBV
DNA failed to reduce by 2 logs at 12 wk of treatment
should switch or receive additional treatment. APASL
2012 guideline recommends continuing treatment for 12
mo regardless of the response during treatment.
Long term follow-up
All CHB patients need long term or lifelong follow-up.
Those who are currently not candidates for treatment
maybe suitable for treatment as the disease progress or
new treatment modalities become available.
Those who are not on specific Hepatitis B therapy require regular follow up every 3 mo for the first year then
every 3 monthly for HBeAg positive and 6 monthly for
HBeAg-negative for the subsequent year. HBeAg-negative patients with HBV DNA > 20000 IU/ml and persistently normal ALT require 3 monthly follow up[49]. We
would suggest patients with high risk of disease reactivation (Figure 1), for a close monitoring at least 3 monthly,
looking specifically at the ALT and HBV DNA levels.
Moreover, some patients have indications for surveillance programs like surveillance for varices or hepatocellular carcinoma. Surveillance for hepatocellular carcinoma using ultrasound with or without alpha fetoprotein
at 6 monthly intervals is recommended in males above
age 40, females above 50 years old, presence of liver cirrhosis or family history of HCC[49]. HCC surveillance is
still required in patients who already achieved virological
response to hepatitis B treatment because studies showed
that they are still at risk of developing HCC although the
risk is lower[84]. Patients with cirrhosis are recommended
to undergo upper gastrointestinal endoscopy for variceal
surveillance. Those without varices would need to have
reassessment 2-3 years later while those with significant
oesophageal varices need primary prophylaxis with betablockers.

CONCLUSION
In real life clinical practice, clinicians of various levels of
experience are managing CHB patients. Thorough evaluations of CHB patients especially in those with negative
HBeAg using newer tools like TE and HBsAg quantifications will improve our management of CHB patients. Patients who are at risk of reactivation can be better identified and given treatment and/or the appropriate levels of
monitoring.
There may be a need for an appraisal of the current
terminology used to differentiate disease activity among
HBeAg-negative individuals with the hope of not miss-
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ing candidates who may benefit from treatment.
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Abstract
Hepatitis B is a major health concern in the Asia-Pacific
region, and is endemic in China, Southeast Asia, and
Africa. Chronic hepatitis B virus (HBV) infection may
cause hepatic cirrhosis and liver cancer. It is estimated
that there are more than 350 million chronic HBV carriers worldwide, of whom approximately one quarter will
die of chronic hepatitis B-related liver diseases. HBV
is transmitted horizontally through blood and blood
products or by sexual transmission, and vertically from
mother to infant. Perinatal infection is the predominant
mode of transmission in countries with a high prevalence of hepatitis B surface antigen (HBsAg) carriage,
and perinatal transmission leads to high rates of chronic infection. Therefore, it is important to prevent the
mother-to-child transmission (MTCT) of HBV. Research
has shown that pregnant women with high HBV DNA
levels have an increased risk of MTCT. However, most
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of the obstetrics guidelines do not make a distinction
between pregnant women with high HBV DNA levels
and those who are HBsAg positive only. This review addresses the management of pregnant women with high
levels of HBV viremia, in terms of antiviral therapy, use
of hepatitis B immunoglobulin (HBIG), the combined
application of hepatitis B vaccine and HBIG, choice of
delivery mode and feeding practices.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Hepatitis B virus DNA;
High level; Management; Pregnancy
Core tip: Research has shown that pregnant women
with high hepatitis B virus (HBV) DNA levels have an increased risk of mother-to-child transmission. However,
most of the obstetrics guidelines do not make a distinction between pregnant women with high HBV DNA
levels and those who are hepatitis B surface antigen
positive only. This review addresses the management
of pregnant women with high levels of HBV viremia, in
terms of antiviral therapy, use of hepatitis B immunoglobulin (HBIG), the combined application of hepatitis B
vaccine and HBIG, choice of delivery mode and feeding
practices.
Zhang Z, Chen C, Li Z, Wu YH, Xiao XM. Individualized
management of pregnant women with high hepatitis B virus
DNA levels. World J Gastroenterol 2014; 20(34): 12056-12061
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12056.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12056

INTRODUCTION
It is estimated that there are more than 350 million
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chronic hepatitis B virus (HBV) carriers worldwide, and
approximately 75% of these carriers are found in Asia[1].
In recent years, the positive rate of hepatitis B surface
antigen (HBsAg) in China has decreased from 9.09% to
7.18%, however, there are still 93 million HBV carriers[2,3].
Forty to fifty percent of chronic HBV carriers are caused
by vertical transmission, which ranks among the important modes of HBV infection and an important reason
for so many HBV carriers[4]. The Advisory Committee
on Immunization Practices recommends that all infants
born to HBsAg-positive mothers should be given postexposure immunoprophylaxis with hepatitis B vaccine
and hepatitis B immunoglobulin (HBIG)[5-8]. However,
this remedial prevention measure still does not completely prevent the vertical transmission of HBV. In addition,
standard passive-active immunoprophylaxis with HBIG
and hepatitis B vaccine in neonates has a failure rate as
high as 10% to 15%[9]. One of the important causes of
vaccine failure is related to intrauterine infection[9-11]. Current research shows that pregnant women with high HBV
DNA levels have an increased risk of mother-to-child
transmission (MTCT)[12-14]. Therefore, to reduce the risk
of MTCT and the failure rate of combined immunization
after birth, special attention should be paid to pregnant
women with high HBV DNA levels, and the treatment
of these women should be different from those with low
HBV DNA levels.

PRENATAL SCREENING
Due to the high prevalence of HBV and availability of
a safe and effective HBV vaccine, prenatal screening
for HBV has become standard in antenatal care in most
countries. However, following universal screening, as
many as 50% of HBsAg-positive individuals were lost
to follow-up in some populations as shown by a study
from Denmark[15]. Therefore, the American Association
for the Study of Liver Disease (AASLD) recommends
that all pregnant women should be screened for HBsAg
during the first trimester, even if previously vaccinated or
tested[16]. If serum HBsAg is positive, HBV DNA levels
in these pregnant women should be monitored. Based
on the level of HBV DNA, antiviral treatment during
pregnancy may be indicated, the combined application
of hepatitis B vaccine and HBIG and mode of delivery
should be carefully selected, and counseling of sexual and
household contacts should be undertaken.
With regard to the cut-off value for HBV DNA
level, there is no uniform definition at present. Wang
et al[12] used 6 log copies/mL as the cut-off, and their
study showed that when the HBV DNA level was <
6 log copies/mL, the failure rate of prevention of
MTCT (PMTCT) was 1.9%. However, the failure rate of
PMTCT was as high as 23.4% when HBV DNA level
was ≥ 6 log copies/mL. Similar results were also observed in some studies which used 7 log copies/mL or 8
log copies/mL as the cut-off, respectively[13,14]. As most
studies used 6 log copies/mL as the cut-off, this value is
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referred to in the present review. We consider that pregnant women with an HBV DNA level exceeding 6 log
copies/mL require individualized management during
pregnancy.

MATERNAL ANTIVIRAL THERAPY
Hepatitis B antiviral drugs are classified into two kinds:
interferons and nucleosides. Due to their antiproliferative effects and no available data on their safety during
pregnancy, the use of interferons are not advised in
pregnancy. Nucleoside analogues often cannot eliminate
the virus completely; following discontinuation of treatment, the virus is likely to return to the original level or
even higher, which may induce severe liver dysfunction;
and long-term treatment may cause virus mutation, drug
resistance and other side effects[17]. Therefore, the use
of antiviral drugs during pregnancy is still controversial.
Decisions on antiviral therapy during pregnancy must
include the risks and benefits for both the mother and
the fetus; the risk-benefit equation also depends upon the
trimester of the pregnancy[18]. Safety data on HBV antiviral drugs during pregnancy are from two major sources,
the Antiretroviral Pregnancy Registry (APR)[19] and the
Development of Antiretroviral Therapy Study (DART)[20].
The APR interim report showed that if initial exposure
to any nucleoside or nucleoside drug occurred in the first
trimester compared to the second or third trimester, there
was no significant difference in the rate of adverse outcomes. Three percent of congenital anomalies reported
in the DART compares favorably with 2.72% reported by
the Centers for Disease Control birth defect surveillance
system[20].
Studies[12-14] have shown that high levels of maternal
HBV DNA increase the rate of intrauterine infection. To
minimize or avoid the use of medication during pregnancy and abuse of medical resources, it is necessary to select
the appropriate HBV DNA level for antiviral treatment.
At present, most researchers[9,21,22] believe that the management of HBV infection during pregnancy depends
on disease severity and HBV DNA levels and needs to
be individualized: (1) if HBV DNA levels are low (HBV
DNA levels < 6 log copies/mL) and there is no significant fibrosis, it is reasonable to defer therapy until after
delivery, to avoid fetal exposure to the therapeutic agent,
however, periodic review of liver function and HBV
DNA level is required; (2) in pregnant women with an
HBV DNA level ≥ 7 log copies/mL without abnormal
ALT or an HBV DNA level ≥ 6 log copies/mL with an
HBV-positive infant history in a previous pregnancy, but
normal ALT, treatment in the last trimester with a “B”
category drug seems reasonable; (3) in pregnant women
with an HBV DNA level < 5 log copies/mL combined
with significant fibrosis, but no cirrhosis [fibrosis can be
diagnosed during pregnancy by a rise in serum procollagen-3-peptide, type 4 collagen, laminin and hyaluronic
acid, and the results of ultrasound or magnetic resonance
imaging (MRI)], treatment is needed during pregnancy;
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and (4) in pregnant women with cirrhosis (cirrhosis can
be diagnosed during pregnancy based on clinical symptoms and the results of ultrasound and MRI), antiviral
therapy should be administered from the gestation period
to the postpartum period. In addition, treatment should
be discontinued if resistance occurs following the administration of antiviral drugs during pregnancy. However,
frequent monitoring of liver function and HBV DNA
level should also be conducted. If the HBV DNA level
is ≥ 7 log copies/mL after drug withdrawal, treatment
should continue by replacement of the original drug.
The Food and Drug Administration has classified
telbivudine and tenofovir as category B medications,
whereas lamivudine is a category C medication. In a large
randomized placebo-controlled double-blind study[23] of
155 HBeAg-positive women with HBV ≥ 1000 Meq/mL
(9 log copies/mL), but mainly normal ALT, lamivudine
100 mg daily was compared with placebo. Infants in the
lamivudine + vaccine + HBIG group had a significant
decrease in the incidence of HBsAg seropositivity (10/56,
18% vs 23/59, 39%; P = 0.014) and in detectable HBV
DNA (11/56, 20% vs 27/59, 46%; P = 0.003) compared
to infants in the placebo + vaccine + HBIG group. The
results of this study showed that lamivudine reduced
HBV transmission from highly viremic mothers to their
infants who received passive/active immunization, and
no safety concerns were noted in the lamivudine-treated
mothers or their infants. In the last few years, similar results were also found in other clinical trials[23-25]. A recent
meta-analysis[26] systematically reviewed 15 randomized
controlled trials (RCTs), which included 1693 HBV-carrier
mothers. The results revealed that lamivudine treatment
in HBV-carrier mothers from 28 wk of gestation may
effectively interrupt MTCT of HBV, and the incidence
of lamivudine-associated adverse effects was similar to
that in the controls. As the effectiveness and safety of
using lamivudine during pregnancy have been proved,
the National Institutes of Health (NIH) proposed that
lamivudine should be classified as a category B medication. Therefore, at present, first-line antiviral drugs during
pregnancy include lamivudine, telbivudine and tenofovir.
However, lamivudine has been associated with high levels
of HBV resistance during long-term use[27], thus, attention
should be paid to this antiviral agent during pregnancy.

PRENATAL USE OF HBIG
HBIG is purified from highly effective plasma or serum
taken from healthy individuals following administration
of the HBV vaccine, contains a high titer of antibody
to HBsAg, and was first introduced in 1974 for passive
immunization shortly before or soon after exposure to
HBV[28]. Zhu et al[29] reported the intramuscular administration of 2000 IU HBIG at 1-mo intervals during the
last three months before delivery in asymptomatic HBsAg positive women in 1995. The results of this study
confirmed that this regimen significantly and safely reduced the rate of intrauterine infection. However, wheth-
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er HBIG administration during pregnancy can interrupt
HBV intrauterine transmission is still controversial. Other
research claims that the half-life of HBIG is short, therefore, its neutralization efficacy is limited and transitory[30].
Following the administration of HBIG in HBV carrier
mothers during pregnancy, none of their newborns were
positive for HBsAb[31]. Even when HBsAb was detected
in newborns, there was no difference in newborn HBsAb
seropositivity between women who had received HBIG
treatment during pregnancy and those who had not[32].
During replication in HBV carriers, HBV production
may approach 10 (11) molecules/d, although during peak
activity this rate may increase by 100 to 1000-fold[33].
The concentration of HBsAg in serum is 1-100 thousand times higher than HBV. Therefore, administration
of 200-400 IU HBIG at 1-mo intervals during the third
trimester could not reduce HBV viral load sufficiently[34].
However, a recent meta-analysis [35] systematically reviewed 37 RCTs, which included 5900 newborns of
asymptomatic HBsAg seropositive mothers. The results
revealed that multiple injections of HBIG in HBV carrier
mothers with a high degree of infectiousness in late pregnancy effectively and safely prevented HBV intrauterine
transmission. Similar results have also been reported in
China[36,37]. Consistent RCTs, cohort studies and the clinical decision rule validated in different populations belong
to level A evidence of the evidence-based medicine
(EBM), which indicates good scientific evidence and suggests that the benefits of the clinical service substantially
outweigh the potential risks. Clinicians should discuss the
service with eligible patients. Studies[12-14] have shown that
a high level of maternal HBV DNA can increase the rate
of intrauterine infection. Although the effect and mechanism of HBIG administration during pregnancy remain
unclear, we believe that after an adequate explanation of
the benefits and limitations of HBIG treatment to the
pregnant women with high HBV DNA levels, clinicians
could suggest HBIG administration during pregnancy in
order to prevent HBV intrauterine infection.
There is still controversy concerning the dosage of
HBIG during pregnancy. In patients undergoing liver
transplantation, after the HBV-producing liver has been
replaced by a healthy liver, it requires a continuous blood
concentration of 100-500 IU/L of HBIG to neutralize HBV in the blood[38]. There are no reports of HBV
mutation in patients treated with HBIG at a total dosage
less than 20000 IU within two months[35]. In our previous study[39] HBIG administration in late pregnancy did
not cause HBV S gene mutation. As HBV intrauterine
transmission mainly occurs during the third trimester,
and most fetal organs have developed by that time, medication during late pregnancy would have minimal effects
on the fetus[40]. Therefore, HBIG administration in late
pregnancy at higher doses (400 IU or more) or shorter
intervals (twice a week) and for a limited duration may
be more effective in preventing HBV intrauterine transmission. This issue requires confirmation in multicenter
RCTs and systematic reviews.
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PRENATAL USE OF HEPATITIS B
VACCINE AND HBIG
Since the development of the recombinant HBV vaccination in 1982, several health authorities, including the
World Health Organization (WHO) and the AASLD, recommend its use in neonates born to HBV carrier mothers, in addition to other high-risk groups such as pregnant
women and unvaccinated individuals whose parents were
born in areas of high HBV endemicity[41]. Gupta et al[42]
randomly divided 99 HBsAg negative pregnant women
into two groups. Group Ⅰ was given two doses of recombinant hepatitis B vaccine (dose 20 μg, first dose at
around 24 wk, and at 4-6 wk intervals), and group Ⅱ was
given three doses of the vaccine. Their babies were followed until 4 mo after delivery. They found that HBsAb
levels in the newborns at birth were significantly higher
following the three dose schedule (100%) compared with
the two dose schedule (66%). Thus, it was concluded that
hepatitis B vaccination during pregnancy could transfer
antibodies passively to the newborn through the placenta.
Duan et al[43] treated HBsAg and/or HBeAg positive pregnant women with three doses of hepatitis B vaccine and
HBIG (hepatitis B vaccine 30 μg + HBIG 200 IU, starting from 20 wk, at 4 wk intervals). The results showed
that the rate of HBV infection in newborns in the treatment group (3/42, 7%) was significantly lower than that
in the non-intervention group (14/38, 37%). The authors
suggested that combination immunoprophylaxis during
pregnancy could effectively prevent HBV intrauterine
transmission. However, administration of hepatitis B
vaccine combined with HBIG during pregnancy did
not completely prevent HBV intrauterine transmission.
Further study on whether HBIG influences the effect of
active immunization by hepatitis B vaccine is necessary.
In pregnant women with high HBV DNA levels, whether
the interval between HBIG administration and hepatitis
B vaccine (e.g., one or two weeks) would further improve
the effect of preventing HBV intrauterine transmission is
worthy of more RCTs.

MODE OF DELIVERY
With regard to MTCT of HBV during delivery, it is still
controversial as to whether different modes of delivery
[mainly cesarean section (CS) vs vaginal delivery] affect
the vertical transmission rate of HBV. Wang et al[44] divided 301 babies born to HBsAg positive mothers into
three groups according to the mode of delivery (vaginal
delivery group, instrument assisted delivery group and
CS group). All of the infants received active and passive
immunizations after birth, and HBsAg and HBsAb levels were monitored annually. They found no significant
difference between these three modes of delivery in the
interruption of HBV MTCT, and CS did not reduce
the incidence of immunoprophylaxis failure. However,
a meta-analysis[45] which included 4 randomized trials
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involving 789 infants showed strong evidence that elective cesarean section (ECS) vs vaginal delivery effectively
reduced the rate of MTCT of HBV. The rate of intrauterine infection following ESC was 10.5% and was
28.0% following vaginal delivery. The difference between
the two groups was statistically significant (RR = 0.41,
95%CI: 0.28-0.60, P < 0.000001). Another meta-analysis
which included seven controlled trials and cohort studies involving 1819 infants (353 in the CS group vs 1466
in the vaginal delivery group) showed similar results[46].
It is known that part of the MTCT of HBV occurs during the intrapartum period. The most likely route causing
intrapartum HBV infection is transplacental leakage of
HBV-positive maternal blood, which is induced by uterine contractions during delivery and the disruption of
placental barriers[45]. Whether ECS can effectively reduce
MTCT of HBV requires confirmation by high quality
multicenter RCTs. In addition, most obstetric guidelines
do not endorse the routine use of CS as a measure of
preventing perinatal HBV transmission[17,47]. In pregnant
women with high HBV DNA levels, high viremia would
certainly increase the risk of neonatal HBV infection due
to maternal blood exposure. The probability of maternal
blood infiltrating the fetal blood circulation is correlated
with the length of labor. ECS before onset of labor may
avoid or reduce the risk of intrapartum HBV transmission. Therefore, an antepartum level of HBV DNA ≥
8 log copies/mL may be an important factor when considering selection for CS. In women with an antepartum
level of HBV DNA > 11 log copies/mL, CS should be
recommended[48].

BREASTFEEDING
HBsAg, HBeAg and HBV DNA can be detected in
colostrum, and higher HBsAg and HBeAg titers were
found in mothers with high serum HBV DNA, suggesting that breast milk may be an important vehicle for
HBV transmission[49,50]. Hill et al[51] studied 369 vaccinated
infants born to HBV carrier mothers, and found that
the prevalence of HBsAg was not significantly different
between breast-fed infants (0/101, 0%) and formulafed infants (9/268, 3%). A recent meta-analysis indicated
that breast milk is infectious; yet, breastfeeding, even by
mothers with high infectivity, is not associated with a
demonstrable risk of infantile CHB infection, provided
the infants have been vaccinated against HBV at birth[52].
These results may be associated with lactoferrin (a major
human milk protein) which has bacteriostatic and bactericidal activities[49,53]. Another study found that lactoferrin
could inhibit HBV[54]. In view of the multiple benefits of
breastfeeding, the WHO recommends breastfeeding for
infants of HbsAg-positive mothers even in endemic areas
where HBV vaccination may not be readily available[41,55].
With regard to pregnant women with high HBV DNA
levels, more RCTs with larger samples are required to determine whether breastfeeding is recommended.
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Abstract
Pancreatic ductal adenocarcinoma (PDAC) is a devastating disease with a median overall survival time of
5 mo and the five years survival less than 5%, a rate
essentially unchanged over the course of the years. A
well defined progression model of accumulation of genetic alterations ranging from single point mutations to
gross chromosomal abnormalities has been introduced
to describe the origin of this disease. However, due to
the its subtle nature and concurring events PDAC cure
remains elusive. Nuclear receptors (NR) are members
of a large superfamily of evolutionarily conserved ligand-regulated DNA-binding transcription factors functionally involved in important cellular functions ranging
from regulation of metabolism, to growth and development. Given the nature of their ligands, NR are very
tempting drug targets and their pharmacological modulation has been widely exploited for the treatment of
metabolic and inflammatory diseases. There are now
clear evidences that both classical ligand-activated and
orphan NR are involved in the pathogenesis of PDAC
from its very early stages; nonetheless many aspects
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of their role are not fully understood. The purpose
of this review is to highlight the striking connections
that link peroxisome proliferator activated receptors,
retinoic acid receptors, retinoid X receptor, androgen
receptor, estrogen receptors and the orphan NR Nur,
chicken ovalbumin upstream promoter transcription
factor Ⅱ and the liver receptor homologue-1 receptor
to PDAC development, connections that could lead to
the identification of novel therapies for this disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Peroxisome proliferator activated receptor;
Pancreatic intraepithelial neoplasia; COUP-TFⅡ; Nuclear
receptors; Orphan nuclear receptor; Nuclear receptors
4A2; Nuclear receptors 2F2; Pancreatic cancer; Retinoid
X receptor; Testicular receptor 3
Core tip: Pancreatic cancer is a devastating disease
with well defined genetic alterations made deadly
by its subtle nature and the lack of effective drugs.
Nuclear receptors (NR) are ligand-regulated transcription factors involved in important cellular functions and
tempting targets for drug development. There are now
evidences that classical ligand-activated peroxisome
proliferator activated receptors, retinoic acid receptors,
retinoid X receptors, androgen receptor, estrogen receptors and orphan Nur, chicken ovalbumin upstream
promoter transcription factor Ⅱ and liver receptor
homologue-1 NR are involved in the pathogenesis of
pancreatic cancer. No clinical application of these NR in
pancreatic cancer cure is reported but a more comprehensive analysis of NR action could lead to the identification of new treatments for this disease.
Polvani S, Tarocchi M, Tempesti S, Galli A. Nuclear receptors
and pathogenesis of pancreatic cancer. World J Gastroenterol
2014; 20(34): 12062-12081 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i34/12062.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i34.12062
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INTRODUCTION

Acinar cells

The route to PDAC
Despite the effort of the scientific community, the etiology of PDAC is still poorly understood undermining the
efforts for its prevention and cure. A large number of
epidemiological studies suggested that tobacco smoking, alcohol consumptions, obesity, chronic pancreatitis, genetic risk factors and diabetes are risk factors of
PDAC[7-9].
Pancreatic adenocarcinoma arises from three precursor lesions: the microscopic pancreatic intraepithelial
neoplasia (PanIN) and the macroscopic intraductal papillary mucinous neoplasm and mucinous cystic neoplasm
(Figure 1)[10,11].
PanINs are the more frequent preneoplastic precursors of PDAC[12]; they are classified according to the accumulation of architectural, cytologic, and genetic alterations: from PanIN 1 with the appearance of columnar
cells with mucin, to PanIN3 (also called carcinoma in situ)
characterized by a severe cyto-architectural athypia[10].
PDAC is a disease with a well defined progression
model of accumulation of genetic alterations ranging
from single point mutations to gross chromosomal abnormalities[13-17]. The most frequent and studied alterations determine the activation of epidermal growth
factor receptor-KRAS pathway[15]. Although almost all
patients posses at least one of these mutations, the late
stage disease is characterized by increased genome instability and heterogeneity with an average of 63 genetic
alterations, the majority of which are point mutations,
grouped in a core set of 12 cellular signaling pathways[18].
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ADM

Mutations and
genomic instability

The most frequent form of pancreatic cancer is pancreatic ductal adenocarcinoma (PDAC) one of the most
lethal cancer and the fifth cause of cancer death in the
Developed Countries[1]. Treatment of PDAC is primarily
a combination of curative surgery and adjuvant chemotherapy with modestly effective drugs[2]. Unfortunately,
due to absence of specific symptoms, a high percentage
of patients at the time of diagnosis present a incurable
locally advanced or metastatic disease that precludes a
successful surgical resection, the only possible curative
methods for PDAC, at least for early stages diseases.
Approved in 1996[2], Gemcitabine is the frontline standard chemotherapy used essentially in monotherapy for
the treatment of pancreatic cancer with modest results;
the innate or acquired resistance to chemotherapy drugs
of PDAC remains the major obstacle to its successful
control[3]. Early detection of PDAC is difficult if not
impossible: benign and malignant lesions share similar
clinical presentations and imaging features, making imaging detection of early disease difficult[4], and the majority
of available molecular markers possess low specificity[5].
Therefore the median overall survival time is 5 mo and
the five years survival is less than 5%, a rate essentially
unchanged over the course of the years[6]. Consequently, a
deeper understanding the pathobiology of this disease is
essential to lead to new targeting strategies.

Ductal cells

PanIN1

PanIN3

IPMN

MCN

PDAC

Figure 1 Origin of pancreatic ductal adenocarcinoma. It is widely accepted
that pancreatic ductal carcinoma (PDAC) arises from precursor lesions derived
from ductal cells; however, recently another model has been proposed where
PDAC arises from acinar cells through a process called “acinar to ductal metaplasia” (ADM). PanIN: Intraepithelial neoplasm; IPMN: Intraductal papillary
mucinous neoplasm; MCN: Mucinous cystic neoplasm.

Morphological progression from PanIN to PDAC is paralleled by the accumulation of these genetic alterations
in a progression model resembling the colon cancer
model. Ductal origin of PanIN and PDAC is however
questioned and a new model has been proposed where
the cancer ductal cells in PanIN lesions originate from
metaplastic acinar cells in a process called “acinar to
ductal metaplasia” (ADM)[19].
Nuclear receptors: Classification, structural features,
and ligands
Nuclear receptors (NRs) are members of a large superfamily of evolutionarily related ligand-regulated DNAbinding transcription factors present in most metazoan[20].
The first NR was only cloned in the ‘80s by Professor
Evans R[21] long after the presence of NR was detected
biochemically[22,23]; so far 48 NR has been identified in
human by genome sequencing. All NR share characteristic structural features or domains named A to F from the
N-terminal to the C-terminal; however, defining features
of NR are only the presence of two highly conserved
regions: the DNA binding domain (DBD) and the ligand
binding domain (LBD), that can function independently[24] and are located in the region C and in the region E
of the protein, respectively (Figure 2).
NR are classified into six different subfamilies on
homology basis: NR1 (thyroid hormone like), NR2
(HNF4-like), NR3 (estrogen like), NR4 (nerve growth
factor IB-like), NR5 (fushi tarazu-F1 like), and NR6
(germ cell nuclear factor like), all originally named from
the first member identified. A seventh subclass, NR0,
has been introduced to classify two receptors, DAX-1
and SHP, that do not possess the DBD[25] (Table 1, information on ligands obtained from the “nuclear recep-
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AF-1

AF-2
NLS

H2N

A/B

C

D

DBD

E

F

COOH

LBD

Figure 2 Domains and structural features of a classical nuclear receptor. A typical nuclear receptor (NR) consists of 6 region (A to F); region F may or may not
be present. Region D (hinge) contains the nuclear localization signal (NLS); other NLSs may be present in region E. AF-1: Activator function 1; AF-2: Activator function 2.

Cytoplasm
Steroid
hormones

Steroid
receptor
HSP

?
phosphorylation
unknown ligands
Ligands
Monomer

Heterodimer

Homodimer

Nucleus

Figure 3 Mechanisms of action of nuclear receptors. Type Ⅰ nuclear receptors (NR) (steroid receptors) are complexed with heat shock proteins (HSP) and
maintained in the cytoplasm in the absence of ligands. The other receptors are instead mainly nuclear and the ligands induce hetero- (for type Ⅱ receptors) or homodimerization (for type Ⅲ receptors). Furthermore, a group of receptors (type Ⅳ) whose regulation is poorly known act as monomers.

tor signaling atlas”, NURSA, www.nursa.org).
NR ligands are small hydrophobic molecules that
bind to the LBD; retinoids, fatty acids, cholesterol, lipophilic hormones and vitamins, as well as some antibiotics, xenobiotics and synthetic drugs are all NR ligands.
The ligand binding induces a conformational change
that modify the DBD ability to bind specific DNA
sequences called response elements. NR act as monomeres, homodimers or heterodimers with the retinoidX-receptor (RXR) (Figure 3). Upon DNA binding, the
final transcriptional activity depends on the presence of
co-activator or co-repressor molecules[26].
NR physiologic functions vary from the regulation
of metabolism, to growth and development; NR are also
implicated with a number of diseases such as cancer.
The association of NR with major diseases has transformed these proteins in the most popular and promising drug targets thanks also the properties of their
ligands that can easily cross the cell membrane[27].

WJG|www.wjgnet.com

NR IN PANCREATIC CANCER
NRs are important in the development and homeostasis
of the pancreas and their role in PDAC development is
the subject of intense study by the scientific community.
Here, we will describe the role of a group of these receptors, specifically the peroxisome proliferator activated
receptors, the retinoid receptors, the androgen and estrogen receptors, and the orphan NRs.

PEROXISOME PROLIFERATOR
ACTIVATED RECEPTORS
The peroxisome proliferator activated receptors (PPARs)
belong to the NR1 (thyroid-like) subfamily of NR. Three
PPARs are known: PPARα (NR1C1), PPARβ/δ (NR1C2)
and PPARγ (NR1C3). PPARγ is the only PPAR with
three isoforms with different spatial distribution[28]. They
were identified as NR that responded to peroxisome
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Table 1 Nomenclature of nuclear receptors
Subfamily official name
(class)

NRNC group

Member trivial name

NR0 (domain-depleted
receptors)

B [DAX-like receptors
(DAX, SHP)]

NR0B1

DAX-1

Orphan

NR1 (TR/RAR/PPAR/
VDR-like receptors)

A (thyroid hormone
receptors)

Dosage-sensitive sex reversal-adrenal hypoplasia
congenita critical region on the X chromosome,
gene 1
Short heterodimer partner
Thyroid hormone receptor α

NR0B2
NR1A1

SHP
TRα

Thyroid hormone receptor β

NR1A2

TRβ

Retinoic acid receptor α

NR1B1

RARα

Retinoic acid receptor β

NR1B2

RARβ

Retinoic acid receptor γ

NR1B3

RARγ

Peroxisome proliferator-activated receptor α

NR1C1

PPARα

Peroxisome proliferator-activated receptor β

NR1C2

PPARβ/δ

Peroxisome proliferator-activated Receptor γ

NR1C3

PPARγ

Rev-erbα
Retinoic acid receptor-related orphan receptor α

NR1D1
NR1D2
NR1F1

Rev-erbα
Rev-erbβ
RORα

Retinoic acid receptor-related orphan receptor β

NR1F2

RORβ

Retinoic acid receptor-related orphan receptor γ
Liver X receptor β

NR1F3
NR1H2

RORγ
LXRβ

Liver X receptor α

NR1H3

LXRα

Farnesoid X receptor α

NR1H4

FXRα

Vitamin D3 receptor

NR1I1

VDR

Pregnane X receptor

NR1I2

PXR

Constitutive androstane receptor

NR1I3

CAR

Hepatocyte nuclear factor 4 α

NR2A1

HNF4α

Hepatocyte nuclear factor 4 γ
Retinoid x receptor α

NR2A2
NR2B1

HNF4γ
RXRα

Retinoid x receptor β
Retinoid x receptor γ
Testis receptor

NR2B2
NR2B3
NR2C1
NR2C2
NR2E2
NR2E3

RXRβ
RXRγ
TR2
TR4
TLL
PNR

Orphan
GC-1, thyroid hormone
GC-1, thyroid hormone
Am 580, all-trans-Retinoic acid, Arotinoid
acid
Am 580, all-trans-Retinoic acid, Arotinoid
acid
Am 580, all-trans-Retinoic acid, Arotinoid
acid
GW409544, GW7647,
GW6471, Pirinixic
acid, Palmitic acid,
Leukotriene B4
Eicosapentaenoic
acid, GW0742
Rosiglitazone,
GW1929, GW9662,
GW409544,
GW7647, 15-Deoxy∆-12,14-prostaglandin, 15-Deoxy∆-12,14-PGJ2
Orphan
Orphan
Melatonin, CGP
52608
Melatonin, CGP
52608
Melatonin,CGP52608
GW3969, T0901317,
oxysterols
GW3969, T0901317,
oxysterols
GW4064, bile acid
chenodeoxycholic
acid
1,25-dihydroxyvitamin D3
Hyperforin, SR12813,
rifampicin, pregnenolone carbonitrile,
T0901317, 24(S),25epoxycholesterol,
butamben
Androstanol, CITCO,
phenobarbital, ATE
Palmitoyl coenzyme
A
Orphan
LGD 100268,
GW0791, 9-retinoic
acid
LGD 100268
LGD 100268
Orphan
Orphan
Orphan
Orphan

B (retinoic acid receptors)

C (peroxisome proliferator activated receptors)

D [Rev-Erb (NRD, E75)]
F (RAR-related orphan
receptors (ROR, HR3)

H (ecdysone-like receptors)

I (vitamin D3-like receptors)

NR2 (HNF4/RXR/
TLL/COUP-like
receptors)

A (hepatocyte nuclear
factor 4)
B (retinoid X receptors)

E (tailless-like receptors)
Tailless
Photoreceptor-specific nuclear receptor

WJG|www.wjgnet.com

12065

Official name Abbreviation

Ligand

September 14, 2014|Volume 20|Issue 34|

Polvani S et al . Nuclear receptors and PDAC

NR3 (ER/ERR/GR/
MR/PR/AR)

F [COUP-TF-like recep- Chicken ovalbumin upstream promoter transcriptors (COUP-TF, SVP,
tion factor Ⅰ
EAR2)]
Chicken ovalbumin upstream promoter transcription factor Ⅱ
ErbA2-related gene-2
A
Estrogen receptor

B

C

NR4 (NGFIB-like
receptors )

A [nerve growth factor
IB-like receptors (NGFIB,
NURR, NOR, HR38,
CNR-8)]

NR5 (FTZ-F1/SF1-like
receptors)

A [fushi tarazu F1-like
receptors (SF1, FTF,
FTZ-F1)]

NR6 (GCNF)

A (germ cell nuclear
factor)

NR2F1

COUP-TFI

Orphan

NR2F2
NR2F6
NR3A1

COUP-TFⅡ
EAR2
Erα

NR3A2

Erβ

NR3B1
NR3B2

ERRα
ERRβ

NR3B3

ERRγ

Glucocorticoid receptor

NR3C1

GR

Mineralocorticoid receptor

NR3C2

MR

Progesteron receptor

NR3C3

PR

Androgen receptor

NR3C4

AR

Growth factor-inducible immediate early gene
Nur77
Nur-related protein 1

NR4A1

Nur77

Orphan
Orphan
Fulvestrant,
17β-estradiol, 4-hydroxytamoxifen,
Raloxifene
Fulvestrant,
17β-estradiol, 4-hydroxytamoxifen,
Raloxifene
Orphan
GSK4716, Diethylstilbestrol
GSK4716, 4-hydroxytamoxifen
Dexamethasone, hydrocortisone, RU486
Spironolactone, aldosterone, RU486
R5020, progesterone,
RU486
Dihydrotestosterone,
RU486, Bicalutamide,
R1881
Orphan

NR4A2

NURR1

Orphan

Neuron-derived orphan receptor 1
Steroidogenic factor-1/ELP

NR4A3
NR5A1

NOR1
SF1

Orphan
Orphan

Liver receptor homolog 1
Germ cell nuclear factor 1

NR5A2
NR6A1

LRH-1
GCNF1

Orphan
Orphan

Estrogen receptor-related receptor

PPAR: Peroxisome proliferator-activated receptor; PDAC: Pancreatic ductal carcinoma; TZD: Thiazolidinediones; IFN: Interferon; RAR: Retinoic acid receptor; RXR: Retinoid X receptor; AR: Androgen receptor; ER: Estrogen receptor; LHR-1: Liver receptor homologue-1 receptor; COUP-TFⅡ: Chicken ovalbumin upstream promoter transcription factor Ⅱ.

proliferators, heterogenous chemicals that increase the
number of peroxisomes (making them “proliferate”) in
hepatocytes[29]. Natural ligands for PPARs are free fatty
acids and PPARγ is also activated by 15-Deoxy-delta
(12,14)-prostaglandin J(02)(15d-PGJ2)[30]. Some other
PPAR ligands are the PPARα agonists hypolipidemic
drugs fibrates and leukotriene B4 (LB4), the PPARγ
specific agonist and antidiabetic drugs thiazolidinediones
(TZD), and the PPARβ/δ specific agonist GW501516[31].
PPARs show a different expression pattern, and PPARβ
is the most widely expressed[32]; they act as heterodimers
with RXR and regulate complex gene networks especially in energy homeostasis and inflammation[28,33,34].
Furthermore they are involved in a spectrum of disease
such as alcoholic liver disease and may mediates oxidative stress response[28,30,32,34].
PPARα
PPARα sustained activation leads to the development of
cancers in the liver, testis and pancreas in rodents[35,36].
Moreover, PDX-1, an oncogene for pancreatic cancer
that is overexpressed in PDAC[37], is a PPARα -dependent
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gene and its expression is downregulated by MK886, a
specific PPARα antagonist[38]. However PPARα -dependent carcinogenesis has been recently questioned[39].
PPARβ /δ
Recently it has been reported that PPAR signaling, especially PPARβ/δ, is reduced in pancreatic cancer relapse,
compared to primitive cancer[40], but PPARβ/δ has been
suggested to be a critical component of the angiogenetic
switch in pancreatic cancer[41,42]. Abdollahi[42] showed
that the expression of PPARβ/δ detected by immunohistochemistry in human pancreatic specimens highdensity tissue microarrays correlated with tumor staging;
indeed PPARβ/δ staining intensity increased from normal pancreas to chronic pancreatitis, pancreatic cancer
and metastasis and the up-regulation of PPARβ/δ is
actually more enhanced in the tumor vasculature and in
the tumor stroma[42]. High expression of PPARβ/δ in
tumor is also confirmed by a recent paper[31]. Elevated
PPARβ/δ expression levels are also highly correlated
with advanced stages of tumor progression and with increased risk for tumor recurrence or distant metastasis[42]
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Figure 4 Peroxisome proliferator activated receptors and pancreatic ductal carcinoma. Peroxisome proliferator activated receptor (PPAR)γ acts as a tumor
inhibitor at multiple levels, blocking cell cycle progression, inflammation, and cell invasion. NAG-1: Non steroidal anti-inflammatory drug-activated gene-1; Cox-2: Ciclooxigenase-2; NF-κB: Nuclear factor-κB.

and PPARβ/δ has been proposed as a “central hub” in
tumor angiogenesis given that tumor growth and angiogenesis were greatly reduced when tumor cells were
implanted in PPARβ/δ null mice[42].
PPARβ/δ is also expressed in human pancreatic cancer cells and its activation regulates the metallo-protease
matrix metalloproteinases (MMP)-9, decreasing cancer
cells ability to transverse the basement membrane [31].
PPARβ/δ activation reduces the tumor necrosis factor
(TNF)α-induced expression of various genes implicated
in metastasis increasing the availability of the transcriptional repressor B-cell lymphoma (BCL)-6. BCL-6 is
bound to PPARβ/δ and is released after GW501516 treatment resulting in decreased MMP-9 expression. These results suggest that increased expression of PPARβ/δ regulates pancreatic cancer cell invasion sequestering BCL-6
and hence inducing MMP-9 mediated invasion[31].
PPARγ
PPARγ is not only implicated in adipocyte differentiation, lipid accumulation, and glucose homeostasis but it
is also an important regulator of inflammation via the
inhibition of, or the interference with, proinflammatory
signalings such as signal transducers and activators of
transcription (STATs), nuclear factor-κB (NF-κB), and
activator protein-1 (AP-1)[28,30].
PPARγ is expressed in primary PDAC[43-46] and strongly
correlates with a more advanced clinical stage; PPARγ
staining is also associated with shorter overall survival and
its has proved to be an independent prognostic factor in
uni- and multi-variates analysis[43,45]. However, whereas
Kristiansen et al[45] found a strong overexpression of
PPARγ by expression profiling in 19 microdissected carcinoma compared to 14 ductal epithelia, Pazienza et al[44]
did not find significant alterations in the expression levels
of PPARγ in pancreatic cancer. A possible explanation
of this discrepancy may be that is the expression “per
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se” of PPARγ, and not its levels, important in pancreatic cancer progression. Interestingly, a large number of
studies have demonstrated that TZD reduce the risk of
PDAC[9].
A genetic association PPARγ/PDAC has been tested
by two different groups[47,48] analyzing the expression of
the single nucleotide polymorphisms (SNP) Pro12Ala
that has been associated with reduced risk of diabetes and
some cancers[47]. Fesinmeyer et al[48] demonstrated that this
SNP is associated with increased risk of PDAC in a highrisk sample of smokers randomized to high-dose vitamin
A; however, two years later, a similar study in obese and
diabetic patients demonstrated a protective role of the
SNP, prompting the need of further studies[47].
In vitro, the role of PPARγ is controversial but it is
generally accepted that the receptor acts as a tumor inhibitor at multiple levels (Figure 4). PPARγ is expressed
in human pancreatic cancer cell lines[46,49-55] and its expression follows a circadian rhythmicity with a period of
24 h that could potentially influence the cell phenotype
and the human disease behavior[55]. Agonists of PPARγ
such as TZD, its natural ligand 15d-PGJ2, or 1,1-Bis(3indolyl)-1-(p-substituted phenyl)methanes (C-DIMs),
induce cell cycle arrest in G1, apoptosis and ductal differentiation in pancreatic cancer cells[46,53,54,56-58]. However
some of the effects associated with PPARγ activation are
instead receptor independent: this is especially true for
TZD agonists whose receptor independent effects have
been widely described[51,52,59-69].
Cell cycle arrest is associated to decreased PPARγdependent expression of cyclin D1[53,54,57,58] whereas the
reported induction of p21 might be PPARγ-dependent
or PPARγ-independent[52,54]. Deletion analysis of the p21
promoter indicates that PPARγ-dependent activation
of p21 requires GC-rich sites in the proximal region of
the promoter[54]. It is worth to note that some agonists
of PPARγ[61] may induce a PPARγ independent down-
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regulation of cyclin D1, due to induction of non steroidal anti-inflammatory drug-activated gene-1 (NAG-1).
NAG-1 is a member of the TGF-β superfamily involved
in tumor progression acting as a pro-apoptotic gene. Interestingly, it has been reported that NAG-1 expression
is positively regulated by PPARγ: MCC-555, a PPARγ agonist, induces the expression of the transcription factor
KLF-4 in PPARγ-dependent manner who subsequently
enhances the NAG-1 promoter activity[51,52]. PPARγ agonists reduce the invasive capacity of PDAC cells with a
PPARγ dependent mechanism[50]. The PPARγ ligands
15d-PGJ2 and ciglitazone attenuate pancreatic cancer
cell invasion increasing plasminogen activator inhibitor-1 and decreasing urokinase plasminogen activator
levels resulting in the reduction of total urokinase activity in pancreatic cancer cells[50]. Interestingly, the PPARγ
antagonist T0070907 suppresses pancreatic cancer cell
motility by altering the localization of p120 catenin and
by suppressing the activity of the Ras-homologous GTPases Rac1 and Cdc42[49].
The effects of PPARγ activation or inhibition by specific molecules sinergize or interact with other pathways
or other NR activations [53,56,62-64]. Combination of recombinant interferon-β (IFN-β) and the PPARγ agonist
troglitazone induces a synergistic effect on the growth
inhibition of pancreatic cancer cells, through the counteraction of the IFN-β-induced activation of STAT-3,
MAPK and AKT and the increase in the binding of
both STAT-1 related complexes and PPARγ with specific
DNA responsive elements. The combination induces also
an increase in autophagy and a decrease in anti-autophagic bcl-2/beclin-1 complex formation, mediated by the
inactivation of the AKT/mTOR-dependent pathway[64].
PPARγ form mandatory heterodimers with RXRα and its
activity is maximal in the presence of RXRα agonists; it
is not surprising then that co-treatment with PPARγ and
RXRα agonists exacerbates the effects of PPARγ increasing the inhibition of cell growth[53,62,63]. Synergistic effects
on growth inhibition are also visible when inhibitors of
ciclooxigenase-2 (Cox-2) and PPARγ agonists are used in
combination[56,65]. Cox-2 is an inducible ciclooxygenase
that contributes to the metabolism of arachidonic acid
forming prostaglandin H2, a precursor of 15d-PGJ2[66].
Cox-2 is a downtarget of PPARγ and its expression may
be either induced or repressed by the NR, depending on
the cell context[30]. However, selective Cox-2 inhibitors
have opposite effects in pancreatic cancer depending
on Cox-2 expression: in high Cox-2-expressing cells the
inhibitors reduced tumor growth; conversely, in Cox-2
negative or low expressing cancer cells the inhibitors, at
very high concentrations, enhance tumor progression increasing intratumoral VEGF and tumor angiogenesis in a
PPARγ-dependent way[65].
PPARγ is known to reduce tumor growth in mice in
vivo[49,62,65,67] and its activation increases the gemcitabine
mediated tumor suppression[68]. Tumor growth inhibition
mediated by PPARγ may be due to reduced inflammation
and increased activation of anti-inflammatory genes[30,67].
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Genetic deletion of Ikk2, a component of the canonical
NF-κB signaling pathway, in the Kras(G12D)Pdx1-cre
mouse model of pancreatic cancer, substantially delays
pancreatic oncogenesis and results in downregulation
of the classical Notch target genes Hes1 and Hey1[67]; in
the same model TNF-α stimulation resulted in increased
Hes1 expression and consequent suppression of PPARγ
expression facilitating the formation of a inflammatory
pro-tumoral enviroment; induction of PPARγ instead
may block NF-κB induced processes[30] reducing or delaying tumor formation[67].
Despite all these intriguing discoveries on PPARγ
role in PDAC, clinical application of PPARγ modulation
has recently suffered yet another failure when a new oral
anticancer agent with LB4 antagonist and PPARγ agonist
properties[69,70], the LY29311, did not demonstrate any
benefit in association with gemcitabine in unpretreated
patients with advanced PDAC[69].

RETINOIC AND RETINOID RECEPTORS
Retinoic acid receptors (RARs) and RXRs are NRs
transcription factors that bind retinoids, natural and
synthetic molecules structurally and/or functionally
related to vitamin A, and regulate cell differentiation,
proliferation, and survival[25,71,72]. A list of retinoids with
biological functions comprises, but is not limited to, all
trans retinoic acid (atRA), 9-cis-retinoic acid (9-cis-RA),
11-cis-RA, 13-cis-RA, being the atRA the predominant
physiological form; retinoids that specifically bind to
RXR are called rexinoids and have been effective in cancer treatment. RARs can be activated by both atRA and
9-cis RA, while RXRs are exclusively activated by 9-cisRA, initially identified as a bona fide RXR ligand in vitro[71],
but never detected in vivo[73]. Other RXR natural ligands
have been identified in vivo but they are not RXR specific
ligands[74-76].
RARs and RXRs are each encoded by three different
genes that give rise to the -α, -β, -γ isoforms of RXR
and RAR, each presenting transcription variants, and
characterized by different spatial distribution[77,78]. RXRs
were identified as cofactor for efficient binding of RAR
to its DNA response elements[79], but unique among
the NRs, RXR play a modulatory role along multiple
pathways forming mandatory dimers with thyroid hormone receptor, PPAR, vitamin D receptor (VDR), RAR,
Nur77, etc.[25,71]; in these heterodimers RXR may function
as an active partner (such in the case of PPARγ:RXR dimers) meaning that the dimers respond to 9-cis-RA, or as
silent partner and the dimers do not respond to RA.
Due to their regulatory potential, these NRs are major drug targets for a number of pathologies, including
cancer and metabolic diseases.
RAR and RXR receptors are expressed during pancreatic organogenesis and are essential for ductal differentiation[80,81]. Retinoid receptors are more expressed
in the exocrine compartment, usually during late gestation, with a strong lineage specificity. Exogenous 9-cis-
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RA induces predominantly ducts instead of acini, plus
more mature endocrine architecture, whereas exogenous
atRA induces predominantly acini instead of ducts, with
no apparent endocrine effect[80]. RAR-selective agonists
mimicked the acinar suppressive effect of 9-cis-RA,
suggesting that RAR-RXR heterodimers are critical to
ductal differentiation; however, retinoids do not regulate
exocrine lineage selection cell-autonomously but epithelial-mesenchymal interactions are mandatory given that
9-cis -RA does not induce ductal differentiation in the
absence of mesenchyme and requires the presence of
laminin-1[81]. The ability to restore a more differentiated
phenotype and to regulates ductal differentiation may
explain the effects of retinoids.
Expression of RXR and RAR has been described
in pancreatic cancer cell lines and PDAC[42,53,62,63,82-88] but
their biological and clinical significance is not clear: in
most cases RXR and RAR receptors apparently act as
tumor suppressors in PDAC cancer both in vivo and in
vitro[43,53,62,63,84-88], inducing arrest in cell proliferation and
differentiation although results suggestive of a prooncogenic role are also reported[89-91].
A differential expression of RAR-α, -β, and -γ, and
RXRα was detected in histological sections of human
PDAC and their adjacent normal tissues. Whereas all
four receptors were detected in adjacent normal pancreatic tissue specimens, RARβ mRNA transcripts were
detected in only 67% of the malignant tissues and when
expressed, the level of expression was significantly lower
than that of the corresponding adjacent normal tissues,
especially in moderately- and poorly-differentiated cancers[92]; these results are in agreement with previous papers showing that RARβ expression is lost during PDAC
malignant transformation[84]. The mechanisms at the basis of RARβ mRNA downexpression are not known but
it is worth noting that in pancreatic endocrine neoplams
the NR promoter is often hypermethylated[93,94], suggesting that in certain pancreatic carcinomas the reduction
or loss of RARβ expression by epigenetic mechanisms
might be associated with the development or progression of tumors[92]; interestingly one missense mutation in
RARβ has also been identified in PDAC[18]. The anti-tumoral role of RARβ is confirmed by its overexpression
in DAN-G pancreatic cancer cells that results in induction of differentiation and inhibition of proliferation in
vivo and in vitro[84].
Immunohistochemical evaluation of PPARγ and RXRα
protein expression in 65 PDAC patients statistically analyzed in relation to clinicopathological characteristics, tumor proliferative capacity, and patients’ survival showed
that 75% of patients tested positive for PPARγ and 85%
stained positive for RXRα. Interestingly, RXRα positivity was significantly associated with tumor proliferative
capacity and PPARγ positivity but RXRα failed to predict patients’ survival[43].
In vitro, RXR and RAR involvement in PDAC has
been usually tested by means of specific agonists or
antagonists. Retinoids may be useful agents for the treat-
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ment of pancreatic cancer; however, RAR-selective retinoids produce unwanted side effects. In contrast, RXRselective retinoids produce fewer side effects. The reported results indicate that these receptors often possess
antiproliferative and pro-differentiative effects whereas
reports on induction of apoptosis are mixed[82,83,88].
In 13 cell lines established from patients who underwent surgery for PDAC Albrechtsson et al[86] detected the
expression of the RAR and RXR subtypes and evaluated the effect of atRA and 9-cis-RA on cell proliferation. They demonstrated that RARα, β and RXRβ were
expressed in most of the cell line. RXRγ was expressed
in about half of them and RARγ in only one whereas
the RXRα receptor was expressed in all cell lines. Incubation of the cells with atRA or 9-cis-RA reduced cell
proliferation, although only about half of the cell lines
responded to the latter[86]. These results partially contradict a previous paper that showed that pancreatic cancer
cell lines in vitro responded to 9-cis-RA but not atRA at
clinically relevant concentrations[87]. Moreover, as previously reported[53], 9-cis-RA acts additively with the TZD
Troglitazone blocking the cells in G1 phase through reduction of cyclin D1 levels.
The RXR-selective retinoid, AGN194204 inhibits the
proliferation of pancreatic cancer cells more efficiently
than RAR-selective retinoids, but does not increase the
apoptosis, whereas other retinoids are also able to induce
apoptosis[82]. Block of cell proliferation in these cells is
associated with reduced cyclin E and cyclin dependent
kinase 6 levels, an effect reversed by the RXR antagonist
AGN195393 but not by RAR antagonist AGN193109.
Treatment of MIAPaCa-2 cells with AGN194204 and
cytotoxic agents such as gemcitabine, 5-fluorouracil, or
IFNγ resulted in an additive but not synergistic reduction in cell number[95]. Interestingly, the retinoid-related
ligand AGN193198 reduces BxPC-3, MIAPaCa-2 and
AsPC-1 cell proliferation (blocking the cell in the S
phase) more efficiently than high-affinity RAR- or RXRselective retinoids and induces apotosis[88]; however the
compound does not activate transcription from RAR
or RXR response elements and its effects on cell survival are not reversed by treatment with RAR- or RXR
receptor-selective antagonists. These results suggest that
AGN193198 (but we may not exclude also other retinoids) might act independently of the classical retinoid
receptors.
Treatment of pancreatic cancer cells with 9-cis-RA
induces apoptosis lowering the ratio Bcl2/Bax2 and
requires the presence of RARγ[83]. Interestingly, 9-cisRA acting on RXR α may induce the nuclear export
of Nur77[96,97], facilitating its interaction with Bcl2 and
hence increasing the apoptosis (see later for details).
Retinoids possess the ability to induce pancreatic
cancer differentiation in vitro[82,89,98]. The differentiation
phenotype changes are associated with increase in aerobic metabolism, expression of mucins, synthesis and
secretion of TGF-β, and reduction of EGF receptor
expression[82]. This differentiation effects are dependent
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on TGF-β, because co-treatment with atRA and a panTGF-β neutralizing antibody abolishes the anti-proliferative and pro-differentiative effect of the retinoid and
reduces MUC4 expression[82,89]. As previously described,
ADM might play an important role in PDAC development and DSL-6A/C1 cells, who expresses RAR-α and
-β and RXRα, represent an in vitro model of this carcinogenic sequence[98]. Treatment of DSL-6A/C1 cells
with retinoids results in a time- and dose-dependent inhibition of cell growth, paralleled by a retinoid-mediated
transactivation of a pTK:betaRAREx2-luciferase reporter; growth inhibition is reverted by the RARα specific
antagonist Ro 41-5253, suggesting that the RARα might
influence ADM[98].
Regulation of expression of mucins (MUCs) by retinoids however raises questions regarding the response
of pancreatic tumor cell in vivo. RAR and RXR receptors have been reported to influence the expression of
MUC4 and MUC17[89-91] and RXR:VDR response elements are present in the promoter region of MUC17
gene[90]. Both mucins are associated to the progression
of pancreatic cancer: MUC17 is linked to the presence
of lymph node metastasis[99] and MUC4 expression increases during progression of PDAC from PanIN1 to
PanIN3, and it is highly expressed in invasive adenocarcinomas[100-102]. The expression of MUC17 gene is regulated
by a 1146-bp DNA fragment upstream of MUC17 that
contains GATA, NF-κB, Cdx-2 and RXR:VDR response
elements, but no data are available on the role of the latter. Instead, retinoids directly regulates the expression of
MUC4[91], sinergistically with IFNγ and dependently of
TGF-β. Interestingly, IFNγ has been shown to possess
antitumor activity and it is well known that TGF-β possess tumor suppressive and oncogenic activities[103]. At
early stages TGF-β acts as a tumor suppressor, whereas
at later stages tumor cells become resistant to its antiproliferative effects but continue to secrete high quantity
of the factor. Indeed, pancreatic tumors overexpress
all the three TGF isoforms and this correlates with decreased patient survival[104] and induction of epithelial
to mesenchymal transition (EMT). On the other hand,
although IFNγ is antiproliferative in vitro against pancreatic cancer cells, the temporal aspect of this process has
never been studied. Indeed, the expression of MUC4
does not require the continuing presence of IFNγ or
RA which instead are required for the priming of MUC4
expression[91]. From a pathological point of view, aberrant expression of mucins on the surface of PDAC cells
may provide protection against the host’s activated immune system while conferring antiadhesive properties
upon the cells and hence favoring the EMT-mediated
metastatization, casting a shadow on the use of retinoids
in vivo. Nonetheless, retinoids have been used in phase Ⅱ
clinical trials in the past[105-107] with mostly disappointing
results. In 1998, basing on promising in vitro results, one
trial in which patients with advanced PDAC were treated
with 13-cis-RA and IFNα resulted in prolonged stable
disease in two third of the patients[105]; this however con-
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tradict a 1995 phase Ⅱ trial where the same therapeutic
regimen did not improve patients condition[107]. Furthermore, the combination of 13-cis-RA with gemcitabine
in a more recent phase Ⅱ clinical trial, although well
tolerated, did not determine an improvement in the response[106]. PDAC resistance to retinoid treatment might
be dependent on the relative intracellular expression of
the retinoids-binding proteins fatty acid-binding protein
5 (FABP5) and cellular retinoic acid-binding protein 2
(CRABP2)[108] that were shown to be critical for either
antisurvival (CRABP2) or prosurvival (FABP5) effects
of retinoic acid[109].

ANDROGEN AND ESTROGEN RECEPTORS
Androgen receptor (AR, NR3C4) and estrogen receptors (ER)-α and -β (NR3A1 and NR3A2) belong to the
steroid receptor subfamily (NR3). These NR regulate
multiple physiological processes including sexual development and are implicated in multiple cancers[110-113].
Their involvement in PDAC has long been suggested
by the evidence that pancreatic cancer shows an apparent hormonal imbalance in the incidence with a male
to female ratio ranging from 1.25-1.75:1[114,115], that approach the 1:1 ratio with advancing age[116] (for recent
reviews see[117,118]).
In the early ‘90s, the presence of AR in PDAC was questioned, but recent papers clearly demonstrated that pancreatic cancer cells express detectable levels of AR[117,119,120]. In vitro, PDAC cancer cells variably respond to the treatment
with the agonist testosterone, showing a modest increase
in cell proliferation[119,121]. Flutamide, an AR blocker used
for the treatment of prostate cancer, induces a reduction
in cell proliferation that does not however correlate with
AR expression levels[119]. Furthermore, flutamide treatment does not alter the cell response to gemcitabine in
vitro and in vivo[119]. AR activity is modulated by IL-6, an
inflammatory cytokine overexpressed in pancreatic cancer[120,122]. IL-6 enhances STAT3 and MAPK pathways
that in turn increase the AR transcriptional activity; IL-6
also enhances pancreatic cancer cell migration in the
presence of AR, an effect blocked by the silencing of
the receptor[120] (Figure 5A). In a double-blind placebocontrolled trial, flutamide doubled the survival duration
when administered in a dosage of 250 mg three times
daily[123]. This excellent result has not been confirmed by
other small phase Ⅱ trials where flutamide was used in
monotherapy or in combination with gemcitabine[124,125].
The lack of AR response in PDAC patients suggests
that the tumor cells, although expressing the AR, are in
a hormone-refractory proliferative status, as observed in
prostate cancer[119].
The role of ER in PDAC is controversial: although
several papers described the presence of ER (usually
ERα) in primary PDAC, other reports did not detect
the receptors at all[118,126,127] and the antiestrogen tamoxifen has been used in clinical trials with no benefit[118,128].
Expression of both ERα and -β has been described in
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Figure 5 Steroid receptors in pancreatic ductal carcinoma. A: Androgen receptor (AR) regulates cell proliferation and migration and it is activated by the inflammatory cytokine interleukin-6 (IL-6); B: The effect of estrogen receptors (ER) on cell proliferation depends on the concentrations of the ER modulators.

pancreatic cancer cells[129] and a recent proteomic validation study in formalin-fixed paraffin-embedded tissues
identified several proteins tightly associated through
ERα[130]. In vitro, PDAC cells respond to the treatment
with estrogens modulating agents: lower concentrations
usually induce cell proliferation whereas high concentrations arrest cell proliferation (Figure 5B)[129]. The response seems dependent on the expression of ERα and
ERβ, specifically to their ratio. ERα and ERβ share an
almost perfect homology in the LBD that allows both
of them to bind estrogen; other domains are instead less
conserved with the most divergent region being the A/B
domain, characterized by the absence of the activator
function-1 in the ERβ. Analyzing the expression of the
two estrogen receptors Iwao et al[129] found that pancreatic cancers showed significantly lower ERα mRNA levels than ER-negative breast cancers while ERβ mRNA
levels (that were higher in ER-negative than ER-positive
breast cancers) were significantly higher than ER-negative breast cancers; in seven out of eight pancreatic cancer cell lines ERβ outweighs ERα and cells with lower
ERα/ERβ ratio tend to have higher responsiveness[128],
suggesting that ERβ may play a more important role in
PDAC[118,128]. Interestingly, phytoestrogens such as genistein block pancreatic cancer growth in vitro and show
higher affinity for ERβ.

OTHER NRS: ORPHAN NRS IN THE
SPOTLIGHT
Roughly half of the 48 human NR are classified as orphan NRs. The orphan NRs form a specific subgroup
of the NR proteins characterized by different functional
and evolutionary origin; orphan NR are distributed
along the all the six NR subfamilies. These proteins have
in common only the term “orphan receptor” conied few
decades ago to describe, by definition, gene products
that appear to belong to the nuclear receptor family on
the basis of sequence identity but for whom no ligands
is known[131,132]. Orphan receptors diverge also at the
structural levels with various examples of members
without all the classical features of nuclear receptor,
such as the LBD or the DBD[132]. The discovery of the

WJG|www.wjgnet.com

orphan receptors drastically changed endocrinology introducing the “reverse endocrinology” approach where
orphan receptors are used to identify new hormones and
their associated biology, conversely to traditional endocrinology that identified hormones starting from their
physiological or pathological effect[131].
Although the term “receptor” implies the existence
of a natural ligand, this assumption is debated and not
necessarily true for at least some of the orphan NRs[25].
In time, the number of orphan receptors has diminished
due to the discovery of natural ligands for some of
them that have then become “adopted”, such in the case
of PPARγ or FXR for example[25].
Here we will discuss recent findings on orphan receptors, specifically the NR4As, the liver receptor homologue-1 receptor (LRH-1) and the chicken ovalbumin
upstream promoter transcription factor Ⅱ (COUP-TFⅡ)
discussing their role in PDAC.
Nur77: A “two faces” action in pancreatic cancer
The orphan NR subfamily 4 subgroup A (NR4A) is
comprised by three members: NR4A1 (also known as
Nur77, testicular receptor TR3, or nerve growth factor 1b NGFI-B), NRA42 (Nurr-related factor 1) and
NR4A3 (neuron-derived orphan receptor1, Nor-1)[25,133].
The first member of NR4A family was identified by differential hybridization in the rat pheochromocytoma cell
line PC-12 cell as encoded by an immediate early gene
(i.e., a gene that is rapidly and transiently transcribed in
response to stimuli) induced by the nerve growth factor[134]. As in the case of other NRs, the NR4A members
show common features of a classic nuclear receptor and
an high degree of sequence homology specifically in the
DBD and LBD regions, where homology may be as high
as 95% (Figure 6).
All three members are localized in the nucleus due to
the presence of a nuclear localization signal in the DBD
(three signals in the case of NR4A1). The three members of the family show a different and often overlapping expression in adult tissues, being Nur77 more abundantly and broadly expressed[133]. NR4A receptors might
act as monomere or as homo- hetero-dimers with different affinity to DNA response elements; dimers show
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Figure 6 Clustal sequence alignment of human NR4As. Shaded sequences correspond to the DNA binding domain where homology among NR4A1-3 is very high.

stronger activity over monomers[133]. The crystallographic
analysis of NR4A receptors suggests that the members
of this subfamily are constitutively activated: their LBD
is almost completely occupied by bulky aminoacid side
chains conferring a 3D structural conformation similar
to that of agonist-bound receptors[132,133]. Consequently,
unlike others NR, the activity of NR4As is not regulated
by stimuli through a ligand binding but instead by modulation of their expression or via post-translational modifications[132,133]. Expression of these receptors is induced
by a range of stimuli, including stimuli associated with
metabolic functions, such as: fatty acid, growth factors,
prostaglandines, membrane depolarization, cold, glucose,
cholesterol, TZD and hormones[135]. Other hormones
may regulate NR4A transcriptional activity interacting
with the NR4 heterodimers, such 9-cis-RA on NR4A:
RXR dimers, and new molecules have been identified
acting as agonists or antagonists[96,97,136].
The involvement of NR4A2 in pancreatic cancer in vitro has been reported by two papers[133,136]. NR4A2 is highly
expressed in many cancer cell lines including Panc1 and
Panc28 pancreatic cancer cells. Structure-dependent activation of NR4A2 by a series of C-DIM analogs, especially a
p-bromophenyl analog (DIM-C-pPhBr), alters the expression of NR4A2 target genes; among the altered genes the
drug determines a NR4A2-dependent repression of neuropilin (NP)-2 in both cell lines, whereas it induces the expression of NP-1 in PANC28 but not PANC1[136]. NPs are
important in the progression of pancreatic cancer and are
currently seen as potential target for PDAC treatment[137]
and it is conceivable that differential expression of these
molecules by NR4A2 might be important for PDAC development. Moreover, in PC3 cells NR4A2 acts as a pro-
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survival antiapoptotic factor[133]: silencing of the receptor
greatly reduced the anchorage independent growth, with
minimal effect in anchorage-dependent growth, largely
due to increase anoikis; NR4A2 silencing also impaired the
formation of tumors in nude mice[133].
More data link NR4A1 to pancreatic cancer, depicting a complex mechanism of action where Nur77 acts
as having “two faces”, being pro-survival and anti- and
pro-apoptotic at the same time.
NR4A1 is expressed as a nuclear protein in pancreatic cancer cells[136,138-142] and was found to be overexpressed
in PDAC tissues primarily in the nucleus, whereas 83%
of non-tumor pancreatic tissues did not express it[142].
c-DIMs are a class of molecules that activate PPARγ
and might act on NR4A receptors[136,138,139]; a c-DIM, specifically the 1,1-Bis(3’-indolyl)-1-(p-anisyl)methane (DIMC-pPhOCH3), is the first identified Nur77 agonist[139].
DIM-C-pPhOCH3 activates GAL4-Nur77 chimeras
expressing wild-type and the ligand binding domain of
Nur77. In Panc-28 pancreatic cancer cells, Nur77 agonists decrease cell survival activating the cell death pathways, including tumor necrosis factor-related apoptosisinducing ligand (TRAIL) and poly(ADP-ribose) polymerase (PARP) cleavage. Activation of TRAIL and PARP
was further confirmed using Nur77 siRNA in Panc-28
cells. Nur77 agonists also inhibit tumor growth in vivo in
athymic mice bearing Panc-28 cell xenografts[139]. DIMC-pPhOCH3 arrests pancreatic cancer cell in G0-G1, by
a Nur77-dependent, but KLF-4-independent, expression
of cyclin-dependent kinase inhibitor p21. Interestingly,
regulation of p21 does not require the presence of Nur77
response elements but involve a GC-rich promoter region and requires the presence of the Sp proteins Sp1
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Figure 7 Nur77 acts as a tumor suppressor and as tumor promoting gene in pancreatic ductal carcinoma, inducing pro-apototic and anti-proliferative
genes or repressing pro-survival genes. Dashed lines: Effects yet to be demonstrated in pancreatic ductal adenocarcinoma (PDAC). TRAIL: Tumor necrosis factorrelated apoptosis-inducing ligand; PARP: Poly(ADP-ribose) polymerase; RXR: Retinoid X receptor; ER: Endoplasmic reticulum.

and Sp4, but not Sp3[140]. Microarray analysis of L3.6pL
pancreatic cancer cells treated with DIM-C-pPhOCH3
demonstrated a NR4A1-dependent induction of genes
associated with metabolism, homeostasis, signal transduction, transcription, stress, transport, immune responses,
growth inhibition and apoptosis. Among the most highly
induced growth inhibitory and proapoptotic genes were
activating transcription factor 3 (ATF3), p21, cystathionase, dual specificity phosphatase 1 and growth differentiation factor 15. Furthermore, DIM-C-pPhOCH3 induced
Fas ligand and TRAIL, the latter with a ATF3 dependent
mechanism[141].
Although activation of Nur77 by specific c-DIM suggests that Nur77 is a tumor suppressor, experiments with the
antagonist 1,1-bis(3’-indolyl)-1-(p-hydroxyphenyl)methane
(DIM-C-pPhOH) suggest the contrary[142]. Blocking of
endogenous Nur77 results in increased cell death and
reduced cell proliferation; moreover expression of antiapoptotic genes Bcl-2 and Survivin is also reduced. When
administered in vivo, DIM-C-pPhOH inhibits tumor
growth, acting on the same antiapoptotic markers observed in vitro. Survivin is overexpressed in pancreatic
cancer[143,144] and its expression increases during PanIN
progression to PDAC[144]. Transcriptional regulation of
Survivin by Nur77 is Sp1-dependent, paralleling the p21
regulation[140], and it is co-regulated by p300. Thus, activation of nuclear Nur77 by the agonist DIM-C-pPhOCH3 or inactivation by the antagonist DIM-C-pPhOH
reduces proliferation and induces apoptosis through two
different transcription pathways: the first involves the induction of expression of apoptosis promoter genes such
as p21 and TRAIL, whereas the latter is dependent on
suppression of pro-survival genes. Consequently, Nur77
acts both as a tumor suppressor and as a tumor promoting gene in pancreatic cancer (Figure 7).
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Interestingly, Nur77 may act as an apoptotic inducer
agent in several cancer cells after nuclear export[96,97,145-147];
although not yet described in PDAC it is conceivable
that this extra-nuclear action may also be present in pancreatic cancer cells. Inducers of apoptosis, including 5’
-fluorouracil which is used in PDAC treatment, stimulate
nuclear export of Nur77 mediated by the export receptor CRM1 [145,147]. NR4A1 nuclear export may also be
induced by 9-cis-RA, requires RXRα as a carrier[97], and
targets Nur77 to mitochondria[96]. Despite lacking classical mitochondria targeting sequences, Nur77 might
translocate to mitochondria in response to cell death
stimuli, through interaction with anti-apoptotic Bcl-2[147].
Bcl-2 acts forming channels in the mitochondria membrane to regulate apoptosis[148]. The interaction Bcl-2/
Nur77 is mediated by the N-terminal loop of Bcl-2 and
by the NR4A1 LBD: this binding induces a conformational change that exposes the BH3 region of Bcl-2,
resulting in its transformation in an inducer of apoptosis[147]. Interestingly, Nur77 may also translocate to other
organelles, specifically endoplasmic reticulum (ER). Cell
treatment with CD437 induces a nucleus-cytoplasmic
translocation of Nur77, followed by ER localization: this
requires again the interaction with Bcl-2 and triggers the
release of Ca2+ from ER inducing apoptosis. Again, this
effect has been demonstrated in human neuroblastoma,
esophageal squamous carcinoma and hepatocarcinoma
cells[145,146] but not in PDAC cells (Figure 7).
LRH-1 in pancreatic cancer
LHR-1 (NR5A2) is an orphan NR that is essential during
development and necessary in the adult for the function
of the pancreas, liver, intestine, and ovary[149,150]. LHR-1
recognizes specific DNA sequences to whom it binds as
monomere[151].
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Figure 8 Chicken ovalbumin upstream promoter transcription factor Ⅱ is
involved in the regulation of angiogenesis, invasion and tumor proliferation. Expression of chicken ovalbumin upstream promoter transcription factor
Ⅱ (COUP-TFⅡ) is induced by several pathways altered in pancreatic ductal
carcinoma, including Wnt/β-catenin, RAS-MAPK and Hedgehog.

The status of LHR-1 as “orphan” is debated and
some scientists suggest that it may be classified as “adopted”[132,151]. The structure of the mouse LHR-1 LDB
shows an active conformation with a large hydrophobic,
but empty, ligand binding pocket resulting in a constitutive active receptor[132]; instead, the crystallographic
analysis of the human LHR-1 revealed the presence of
phosphatidyl inositol in the binding pocket[151]. Phosphatidyl inositol is required for activation[151] but it is
not clear if it may enter and leave the pocket acting as a
proper ligand[132]. Nonetheless, new molecules acting as
antagonists have been recently identified by screening of
commercially available compounds[152].
Chromatin immunoprecipitation-seq and RNA-seq
analyses revealed that LRH-1 directly induces expression
of genes encoding digestive enzymes and secretory and
mitochondrial proteins and cooperates with the pancreas
transcription factor 1-L complex in regulating exocrine
pancreas-specific gene expression[153].
LHR-1 is important in maintaining acinar identity
but is not required for acinar development[154] and mice
with a selective deletion of LHR-1 in the pancreas did
not display histological abnormalities[153-155]. A genomewide association study conducted in pancreatic cancer
patients and unaffected controls identified 5 SNP in the
vicinity of NR5A2 associated with the risk of PDAC[156],
that were confirmed by later studies[47,157,158].
In normal human pancreas, the LRH-1 protein is
expressed at low levels in the nucleus and cytoplasm
of both acini and ducts cells; in contrast PDAC show
heightened levels of the protein and in some neoplastic
cells the receptor appeared to localize predominantly in
the cytoplasm[159]. An increased presence of LRH-1 was
also detected in the acinar cells affected by pancreatitis
and in PanIN lesions[159]. Overexpression of the receptor
was also detected in pancreatic cancer cells in vitro[159].
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Treatment of pancreatic cancer cells in vitro with
LHR-1 antagonists or with LHR-1 siRNA significantly
inhibits cell proliferation inducing a G0/G1 block associated with a reduction of of cyclins D1 and E1[152,159],
suggesting that in vitro LHR-1 promotes tumor proliferation. In vivo, selective inactivation of one NR5A2
allele in pancreatic epithelial cells is sufficient to cause
impaired recovery from pancreatitis[154] and conditional
pancreatic deletion of LHR-1 leads to destabilization
of the mature acinar differentiation state, increased
inflammation, ADM and loss of regenerative capacity
following acute caerulein pancreatitis[154,155]; loss of both
alleles also dramatically accelerates the development of
oncogenic Kras driven ADM and PanIN lesions[154,155].
The in vivo studies clearly show that LHR-1 inhibits
the ductal transformation of adult acinar cells by mutant
Kras and prevent PDAC progression; however in vitro
studies show that NR5A2 promotes, instead of inhibiting, tumorigenesis. It has been hypothesized that NR5A2
exercises an inhibitory action in the early phase of PDAC
development, blocking RAS with unknown mechanisms,
while it will have an opposite effect later on[160].
COUP-TFⅡ expression predicts survival in PDAC
COUP-TFⅡ is a orphan nuclear receptor encoded
by the NR2F2 gene localized in the chromosome region 15q26, a region frequently amplified in pancreatic
cancer[14], and it is a down target of multiple pathways
altered in pancreatic cancer[46,161-163]. In mouse two different transcription variants are described whereas in
human at least four different variant are expressed. They
differ in the N-terminal region and only one variant
presents the structural features of NR being the others
without the DBD. The role of these variants is not fully
understood and two recent papers gave contradictory
results describing one of the DBD lacking forms acting
either as enhancer of COUP-TFⅡ transcriptional activity or as a repressor, increasing the cytoplasmic localization of full length COUP-TFⅡ, suggesting a cell specific
function for this truncated NR[164,165]. COUP-TFⅡ exists
in a autorepressed conformation that prevents recruitment of coactivators, and might respond to retinoids
that promote COUP-TFⅡ to recruit coactivators [166].
Full length COUP-TFⅡ exerts an important role during
development and in adulthood[167], and it is implicated in
the progression of various type of cancers[168]. COUPTFⅡ is expressed at low levels in adult normal exocrine
pancreas[168,169] and recently we demonstrated its involvement in pancreatic cancer in vitro and in vivo[168] (Figure
8). COUP-TFⅡ was expressed in 69% of tested primary
samples correlating with the presence of lymph and distant metastasis as well as clinical stage; PDAC patients
stained positive for the NR showed a significant reduction of survival compared to NR-negative patients. In
vitro silencing of COUP-TFⅡ reduces the cell growth
and invasiveness and it strongly inhibits angiogenesis, an
effect mediated by the regulation of VEGF-C. The reduced proliferation is associated with a block in G1 and
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Table 2 Expression of nuclear receptors and clinical trials
Nuclear receptor
PPAR (-α, -β, -γ)

RAR and RXR (-α, -β, -γ)
AR
ER (-α, -β)
NR4A1, NR4A2, NR4A3
LHR-1
COUP-TFⅡ

Expression in primary PDAC

Clinical trials and results

PPARα: Unknown
None for PPARa and β/δ;
PPARβ/δ: overexpressed; expression correlates with
PPARγ: TZD apparently reduce the risk of PDAC but PPARγ
tumor stage, recurrence, and distant metastasis
agonists do not improve survival
PPARg: maybe overexpressed; expression correlates with
shorter overall survival
Yes (with the exception of RARb that is apparently lost 13-cis-RA in combination with IFN-γ: prolonged stable disease as
during cancer development)
well no improvement have been reported
Yes
Phase Ⅱ trials with the antagonist flutamide: increase in survival
as well no effect have been reported
Yes
Tamoxifen with no benefit
NR4A1: overexpressed
None
NR4A2 and NR4A3: unknown
Overexpressed
None
Overexpressed; expression correlates with shorter overall
None
survival, tumor stage, and presence of metastasis

PPAR: Peroxisome proliferator-activated receptor; PDAC: Pancreatic ductal carcinoma; TZD: Thiazolidinediones; IFN: Interferon; RAR: Retinoic acid receptor; RXR: Retinoid X receptor; AR: Androgen receptor; ER: Estrogen receptor; LHR-1: Liver receptor homologue-1 receptor; COUP-TFⅡ: Chicken ovalbumin upstream promoter transcription factor Ⅱ.

decreased expression of E2F1, but not apoptosis; moreover, COUP-TFⅡ silencing reduces OCT4 and increases
Nanog expression. In vitro effects were confirmed in
nude mice where COUP-TFⅡ silencing reduces tumor
growth by 40%[168].

CONCLUSION
PDAC is a devastating disease originating from well defined genetic alterations. However, due to the its subtle
nature, the lack of efficient diagnostic methods and of
effective drugs it is a deadly disease with a dismal prognosis. NR are ligand-regulated transcription factors functionally involved in important cellular functions ranging
from regulation of metabolism, to growth and development. Given the nature of their ligands, NR are very
tempting drug targets and their pharmacological modulation has been widely exploited. There are now clear
evidences that both classical ligand-activated and orphan
NR are involved in the pathogenesis of pancreatic cancer disease from its very early stages. From the review of
the literature PPARs, RARs, RXRs, AR, ERα and ERβ
and the orphan NR Nur, COUP-TFⅡ and LHR-1 show
striking connections with PDAC development, that for
certainty will need more experimental confirmations, especially for the orphans. Although clinical application of
NR modulators in the PDAC treatment still suffers from
failure (Table 2), a more comprehensive analysis of NR
action in PDAC could lead to the identification of novel
therapies for this disease.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is quickly
becoming one of the most prominent causes of liver
disease worldwide. The increasing incidence of NAFLD
is tied to the obesity epidemic and the subsequent
metabolic derangements brought along with it. Current efforts to elucidate the mechanism and causes of
the disease have answered some questions, but much
remains unknown about NAFLD. The aim of this article is to discuss the current knowledge regarding the
pathogenesis of the disease, as well as the current and
future diagnostic, preventative, and therapeutic options
available to clinicians for the management of NAFLD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Given the increasing prevalence of the disease, Nonalcoholic fatty liver disease (NAFLD), adequate knowledge regarding the disease is becoming especially important for physicians and patients. Despite
this, since its description in 1981 in pregnant women,
NAFLD has been a difficult to understand and treat for
both scientists and clinicians. Current efforts to elucidate the mechanism and causes of the disease have
answered some questions, but much remains unknown
about NAFLD. The aim of this article is to discuss the
current knowledge regarding the pathogenesis of the
disease, as well as the current and future diagnostic,
preventative, and therapeutic options available to clinicians for the management of NAFLD.
Hassan K, Bhalla V, Ezz El Regal M, A-Kader HH. Nonalcoholic fatty liver disease: A comprehensive review of a growing
epidemic. World J Gastroenterol 2014; 20(34): 12082-12101
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12082.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12082

INTRODUCTION
The problem of obesity has grown tremendously through
the 20th century and into the 21st century, slowly transforming into an epidemic. Along with it, nonalcoholic
fatty liver disease (NAFLD) has become one of the major
diseases plaguing the nation and world. In the United
States, NAFLD is the most common cause of liver disease, representing over 75% of the chronic liver disease[1].
It also is one of the most common indications for liver
transplantation, contributing a major burden to both
the morbidity and mortality of the nation. NAFLD is a
disease of all ages, and the disease has been reported in
children as young as 2 years of age. The prevalence of
fatty liver increases with age in adults, and while the exact
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incidence of the disease is unknown, In the United States
National Health and Nutrition Examination Survey, 6%
of overweight, and 10% of obese adolescents had an elevated alanine aminotransferase (ALT), although alcohol
use was not excluded[2]. Results from prevalence studies
done internationally have varied widely, with recent studies
done in Japan[3,4] and England[5] indicating the prevalence
of the disease has nearly doubled over the last twenty
years[1]. This increase was even more dramatic in adolescent populations, where the incidence increased 174%[6].
Given the increasing prevalence of the disease, adequate knowledge regarding the disease is becoming
especially important for physicians and patients. Despite
this, since its description in 1980, nonalcoholic steatohepatitis (NASH) has been a difficult to understand and
treat for both scientists and clinicians[7]. Current efforts to
elucidate the mechanism and causes of the disease have
answered some questions, but much remains unknown
about NAFLD. The aim of this article is to discuss the
current knowledge regarding the pathogenesis of the disease, as well as the current and future diagnostic, preventative, and therapeutic options available to clinicians for
the management of NAFLD.
The spectrum of NAFLD is a continuum ranging
from simple steatosis to NASH and finally cirrhosis. The
defining characteristic of the disease is the presence of
greater than normal lipid deposition within the liver with
the absence of excessive alcohol consumption defined
as > 20 g/d for men and 10 g/d for women. Steatosis
is the presence of lipid within the cytoplasm of hepatocytes, the criteria for which is defined in the literature as
being either hepatic lipid levels above the 95th percentile
for healthy individuals (about >55 mg/g liver)[8], greater
than 5% of the liver’s weight[9], or found in greater than
5% of hepatocytes histologically[10]. NASH is defined as
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steatosis in the presence of hepatocyte damage, inflammation and/or subsequent scarring and replacement of
the tissue with type Ⅰ collagen. Approximately 10%-29%
of patients with NASH will develop cirrhosis within a 10
year period[11].
The implications for an individual who develops cirrhosis are grave no matter the cause. The liver is perhaps
the most multifunctional solid organ in the body, and is
involved in detoxification, nutrient storage, and glucose
homeostasis. Insult to any of these processes can lead to
liver disease. In the case of NAFLD numerous derangements can be found in the liver’s capacity to process lipid,
and the cause of which has been linked to multifactorial
alterations in genetics, intestinal flora, diet, adipose tissue,
hormone regulation and the immune system.

PATHOGENESIS
Normal liver processing of lipid
The liver is one of the principle regulators of lipid in the
body (Figure 1). Fatty acids in the liver used for triglyceride (TG) synthesis are provided by diet, adipose tissue or
de novo synthesis from excess glucose. In the postprandial
state, chylomicrons transport dietary fats into the lymphatics and eventually the systemic circulation, where they will
be hydrolyzed by lipoprotein lipase (LPL) or delivered to
the liver. Excess carbohydrates from the diet also promote
the de novo synthesis of free fatty acids; acetyl-coenzyme A
excess derived from glucose is shuttled into the lipogenesis pathways in the cytoplasm and mitochondria.
Insulin serves a regulator for this pathway by activating acetyl-CoA carboxylase (ACC) via sterol regulatory
element-binding protein 1c (SREBP-1c)[12] and allowing
the conversion of acetyl CoA into malonyl-CoA. Glucose itself at high levels can activate lipogenesis by bind-
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Table 1 Genes and proteins Implicated in non-alcoholic fatty liver disease
Gene
APOc3
ATGL
CGI-58
GCKR
LXR
PNPLA3
PPARα
PPARγ
PPP1R3B
SBERP1c

Protein

Function

Apolipoprotein C3
Adipose triglyceride lipase
Comparative Gene Identification-58
Glucokinase regulatory Protein
Liver X Receptor
Palatin-like phospholipase-containing protein 3
Peroxisome proliferator-activated receptor α
Peroxisome Proliferator-Activated Receptor γ
Glycogen Binding Subunit of Protein
Phosphatase 1
Sterol regulatory element-binding protein

Surface component of VLDL and inhibits LPL[227]
Catalyzes the initial step in triglyceride hydrolysis[228]
Activator of triglyceride hydroxylases (including ATGL)[228]
Downregulation of glucokinase[229]
Transcription factor for numerous target genes involved in glucose and lipid metabolism[230]
Unknown, possible triglyceride hydroxylase[16]
Nuclear receptor that promotes the catabolism of fatty acids[231]
Nuclear receptor that promotes storage and processing of fatty acids[232]
Subunit in Protein Phosphatase which activates glycogen synthase[233]
Transcription factor for genes involved in de novo lipogenesis[234]

ATGL: Adipocyte TG lipase; LPL: Lipoprotein lipase; VLDL: Very-low-density lipoproteins.

ing the carbohydrate response element binding protein
(ChREBP)[13]. ChREBP increases de novo synthesis of
FFA through the regulation of numerous enzymes including pyruvate kinase, fatty acid synthase and ACC[14].
Another important regulator of lipid in the liver, liver x
receptor (LXR), was uncovered in the last twenty years[15].
While the mechanisms of LXR are not fully understood,
it is clear that it is involved in a positive feedback loop
with SREBP-1c[16]. Mice with knockouts of LXR have
substantial decreases in lipogenesis, and LXR has been
shown to down regulate many enzymes involved in de
novo lipogenesis[17].
In the fasting state, insulin and glucose levels drop
off and lipogenesis slows. Glucagon and epinephrine
levels increase subsequently increasing the activity of
several lipases including hormone sensitive lipase (HSL)
and adipocyte TG lipase (ATGL)[18]. The hydrolysis of
TG by these lipases creates FFA for the liver to process
having three different destinies: beta oxidation for energy
creation, reesterification and storage within hepatocytes,
or processed with lipoproteins or phospholipids and exported as cholesterol[8].
Genetics
Multiple rare genetic conditions, which cause dysfunction of the normal liver processing of nutrients and lipids, can result in steatosis (Table 1). In a 2011 review by
Hooper et al[19] mutations which contributed to either an
increase in lipid synthesis/uptake or a decrease in hydrolysis/export were associated with NAFLD. Examples of
such diseases include: glycogen storage diseases[20], ATGL
defects, or very-low-density lipoproteins mutations (such
as those involving the surface protein apoB or its transfer
protein MTTP) have been shown to cause steatosis[19].
However, many of the genetic mutations described in the
study are rare single protein or enzyme mutations that do
not explain the vast majority of the cases of NAFLD.
Despite this finding, the heritability of NAFLD has
been demonstrated to be approximately 39% in a recent
study comparing the presence of fatty liver in siblings and
parents of patients[21]. Furthermore it has been demonstrated that men have an increased prevalence of NASH,
and women typically develop the disease later than men (in
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the sixth decade of life vs the fourth)[22]. Hispanics have
the highest prevalence of the disease, 45%, vs 33% for
non-Hispanic whites and 24% for African Americans[23].
Further comparison between the groups showed different odds ratio for certain disease modifying risks in Latinos when compared to whites[24].
Efforts to elucidate the genetic cause for this difference has pointed towards a missense mutation, I148M, in
the patatin-like phospholipase domain-containing 3 gene
(PNPLA3)[25], which has been linked to susceptibility
and progression of the disease. Studies have shown differences in the prevalence of the mutation among races,
which may help explain the differences in risk between
races[26,27]. PNPLA3 is a protein involved in the SREBP1c
pathway[28], however the exact mechanism of its involvement in steatosis has not yet been elucidated. Recent
studies have demonstrated the interaction of PNPLA3 as
a regulator of lipid homeostasis[29]. Other genetic variants,
with prevalence differences between ethnicities, such as
NCAN, PPP1R3B, and GCKR have been linked to increases in hepatic steatosis[30]. The mechanisms of these
differences has not been well elucidated to date, further
research should be done to perhaps reveal the mechanisms leading to steatosis and NASH.
Metabolic changes
The peroxisome proliferators activated receptors (PPAR)
are a group of nuclear receptors involved in regulation
of fatty acid metabolism and storage. PPARα is a regulator of β-oxidation and PPARγ is involved in insulin
sensitivity and triglyceride storage. PPAR α increases
the β-oxidation, uptake and clearance of fatty acids[31].
Knockout models of PPARα have shown a marked development of steatosis, implicating a possible role in the
disease[32]. Studies have also documented the presence of
certain SNPs (Leu162Va) and their correlation with progression of NAFLD[33], however other studies have contested this[34]. Further studies are still required to establish
the importance of the genetic polymorphism. Fibrates
act as agonists at PPARα and have shown some promise
as a treatment option.
PPARγ has also shown connection to NAFLD. In
murine models of the disease, PPARγ has been found at
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increased levels in the livers of mice[35]. Additionally a Pro12Ala SNP in the gene for PPARγ has been shown to be
protective against liver injury[33]. However, as was the case
for the Leu162Va SNP in PPARα, other studies have contested this correlation including a recent meta-analysis by
Wang et al[36] The effect of SNPs in the PPAR’s requires
further investigation in order to conclusively determine
their importance in NAFLD. The thiazolidinediones
(TZDs) are the pharmacologic activators of PPARγ.
Hormone changes
Insulin resistance, frequently found in those with metabolic syndrome, obesity and/or diabetes, is frequently
considered the key factor in developing hepatic steatosis. The number of diabetic patients from 1988 to 2008
has nearly tripled[37] and the obesity rate has increased
by about 56%[38]; it is therefore not surprising that over
the same period the prevalence of NAFLD has nearly
doubled. While the presence of peripheral, and specifically hepatic, insulin resistance in fatty liver is commonly
accepted, there remains controversy whether the insulin
resistance is caused by NAFLD or vice versa[39].
Studies of animal models for fatty liver have been
observed to concurrently develop hepatic steatosis and
insulin resistance, suggesting that steatosis is a factor in
the development of insulin resistance[8,40]. However, mice
with more specific mutations for hepatic steatosis do not
develop insulin resistance[41]. Furthermore, patients with
AKT2 mutations, a secondary messenger for insulin in
glucoregulation, develop hepatic steatosis due to insulin resistance[42]. Other patients with mutations in apoB,
ATGL, or CGI58 (a protein involved in the regulation of
lipolysis and implicated in Chanarin-Dorfman syndrome)
develop hepatic steatosis without insulin resistance[19,43-46].
The inconsistent associations between hepatic steatosis
and insulin resistance in different mutations suggests a
complex interaction between the two phenomena; these
observations have led to the hypothesis that the presence
of insulin resistance is dependent on the location of TG
accumulation.
While further research is needed to determine the
cause and effect relationship between insulin resistance
and hepatic steatosis, a strong consensus remains that
insulin resistance is frequently concurrently present with
NAFLD. The pathogenesis of fatty liver in insulin resistance is strongly linked to the two major biochemical
pathways insulin affects in the liver. The key factor in
the progression of fatty accumulation is that the lipogenetic pathway remains sensitive to the effects of insulin,
while the gluconeogenesis pathways, which are normally
inhibited by insulin, become resistant. The result of this
process is hyperglycemia, which stimulates the body to
produce more insulin. This insulin hypersecretion stimulates lipogenesis, as the SREBP-1c mediated pathway
maintains its response[47].
Inflammation
The progression of steatosis to NASH is a frequently
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encountered clinical scenario, associated with worse
outcomes for patients. A key-defining feature of the
NASH is the presence of inflammation and subsequent
fibrosis. Change of concentration in several inflammatory cytokines has been implicated in this progression.
A frequently implicated, and targeted, cytokine in this
process is tumor necrosis factor alpha (TNFα) which has
been linked to both insulin resistance and progression to
NASH[48,49]. TNFα mediated insulin resistance has been
correlated with increased levels of SREBP-1c and hepatic
steatosis[50]. Serum and liver levels of TNFα have been
correlated to increased levels of inflammation, steatosis
and histologic damage in patients with NASH[51-54]. Furthermore, anti-TNFα therapy has shown promise in the
management of NAFLD, this is discussed further in the
treatment section.
Interleukin-6 (IL-6) has also been shown to be increased in fatty liver disease. These increased levels have
been correlated to the development of insulin resistance[55], diabetes[56] and fatty liver in both animals and
humans[57,58]. Additionally, like TNFα, expression of IL-6
has been correlated with severity of disease in patients
with NASH[59]. While the mechanism of these correlations and whether chronic exposure is a primary or
secondary effect of NAFLD is not clear, IL-6 has been
identified early in liver disease as a regenerative factor and
chronically as a mediator of inflammation, apoptosis and
liver damage/scarring[60].
Diet and physical activity
The role of nutritional status and physical activity in the
general health of the population is of growing interest in
nearly all fields of medicine. While diet and physical activity are difficult measures to control precisely and study
both prospectively and retrospectively, there appears to
be a link between diet and physical activity and the pathogenesis of fatty liver disease. The link between increased
calorie intake and sedentary lifestyle with metabolic syndrome and insulin resistance has been demonstrated in
numerous studies[61], and the connection of metabolic
syndrome and insulin resistance with NAFLD has also
been established[4,10,62].
Furthermore, retrospective and observational data
has suggested that individuals with NAFLD have lower
activity levels[63]. Limited studies have shown a correlation
between both dietary fat[64] and carbohydrate intake[65,66]
with the level of fat deposition in patients. Similarly, the
combination of both increased carbohydrate and fat
intake was observed in patients with NASH[63]. Strong
evidence exists for a significant link between soda and
fructose consumption with NAFLD and NASH[67-69].
Low intake of antioxidants such as vitamin E, zinc and
polyunsaturated fatty acids have also been shown to have
a connection with NAFLD[65,70,71]. Recent studies have
shown an inverse correlation of vitamin D levels and
levels of fatty liver and NASH in children[72]. However
despite these links, much of the evidence remains weak
and it remains difficult to monitor healthy individuals and
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their diets long term and monitor the rates of progression to diseased states. Further controlled studies must be
done to truly establish the risk of NAFLD with certain
diets and activity levels.
Gut microbiota
Intestinal flora has been implicated in numerous diseases
of the GI tract. Recent work has also suggested that the
microbiota in the gut has a role in obesity. In a study by
Bäckhed et al[73] mice were raised in a sterile environment
and were observed to have 40% less body fat, the mice
were subsequently transferred with the microbiota from
the control mice and had a 60% increase in body fat. These
mice also saw an increase in hepatic TG content. It has
been postulated that this results via numerous mechanisms
including: increased energy yield from food, increasing
gut permeability and low grade inflammation, modulation
of choline metabolism, regulation of bile acid metabolism, and/or increasing ethanol production from bacterial
sources[74]. Several studies have been done reviewing the
effects of modifying the intestinal flora on NAFLD; they
are discussed further in the treatment section.
Other factors
Obstructive sleep apnea (OSA) has also been connected
to NAFLD and NASH. A 2012 meta-analysis demonstrated that patients with OSA had a pooled odds ratio
of 2.01 for the presence of NAFLD by histological, radiological or biochemical criteria[75]. While the exact cause
of this correlation is not clear, increased inflammation
as well increased levels of hypoxia inducible factors have
been proposed as explanations for the connection[76].
It has also been suggested that due to both OSA’s and
NAFLD’s association with obesity that the connection
between OSA and NAFLD are merely coincidental,
however recent evidence in the pediatric population has
demonstrated a link regardless of obesity[77]. Despite this
link, the use of continuous positive airway pressure to
treat OSA has not been shown to improve AST and ALT
levels in OSA patients[78].
Choline, a micronutrient found in legumes and egg
yolks, deficiency has also been shown to have an association with NAFLD. Mice genetically or dietarily deprived
of choline develop fatty liver[79,80]. This connection has
also been demonstrated in humans, however at this time
it is unclear if choline supplementation can reverse the
associated fatty liver[81,82].

Diagnosis
Initial evaluation
The diagnosis of NAFLD requires (1) there is hepatic
steatosis by imaging or histology; (2) there is no significant alcohol consumption; (3) no competing etiologies
are present for hepatic steatosis; and (4) there are no coexisting causes for chronic liver disease[83]. Patients with
NAFLD are typically asymptomatic, and when present,
manifest with vague symptoms such as fatigue and ab-
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dominal discomfort[84]. On physical exam, it is useful to
examine risk factors for NAFLD such as an increased
body mass index (BMI), weight, and elevated blood
pressure[85]. Furthermore, as there exists an association
between metabolic syndrome and NAFLD[86], clinical indications of insulin resistance should raise suspicion for
NAFLD.
It is important to rule out common causes of liver injury, such as alcohol, drug use, and viral hepatitis as well
as other co-existing etiologies for chronic liver disease including alpha-1 antitrypsin deficiency, hemochromatosis,
autoimmune liver disease (types 1 and 2), chronic viral
hepatitis, and Wilson’s disease[83,85]. Accordingly, laboratory tests for alpha-1 antitrypsin deficiency, antinuclear
antibody, smooth muscle antibody, anti-liver/kidney microsomes antibody, anti-liver cytosol antigen, serum ferritin and transferrin levels, HFE genetic testing, as well as
ceruloplasmin levels should be obtained[87].
Elevated alanine aminotransferase and aspartate aminotransferase levels may indicate the presence of hepatic
steatosis, inflammation, or fibrosis, however their utility
in the diagnosis of NASH is limited because of their low
specificity, sensitivity, and prognostic value[88,89]. Even
more, cohort studies have shown that ALT levels are
within normal limits in nearly 80% of patients with fatty
liver, and aminotransferase levels tend to fall over time,
even with progressing fibrosis[23,90]. For these reasons,
other diagnostic methods are needed for confirming the
suspected diagnosis of NAFLD.
Screening
NAFLD is often diagnosed incidentally following a routine lab panel or an imaging study done for other reasons.
Despite this, screening for NAFLD is not recommended
in the general population[91]. Even screening of higherrisk individuals such as those with diabetes[92] have not
been recommended due to uncertainties surrounding
diagnostic tests, treatment options, long-term benefits,
as well as cost-effectiveness of screening[83]. Although
recent findings suggest that family members of children
with NAFLD demonstrate a higher risk for NAFLD[21,93],
there have been no conclusive studies that prove the utility of screening of family members at the time being. Several attempts have been made at creating risk assessment
scores, to stratify patients by their risk factors in order to
screen only those with the highest likelihood of disease.
However, to date none of these scores have gained widespread acceptance.
Prediction models
Numerous attempts have been made at creating a noninvasive scoring model to assess fibrosis in NAFLD. The
most extensively researched model is the NAFLD Fibrosis Score, which incorporates age, BMI, AST/ALT ratio,
platelet count, and albumin[94]. In a large cohort study of
patients who were diagnosed with liver biopsy-proven
NAFLD, the test was shown to have a AUROC of 0.84,
sensitivity of 82%, specificity of 98%, PPV of 90% and
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Table 2 Summary of included variables in scoring methods for non-alcoholic fatty liver disease
NAFLD Fibrosis Score

Fibrotest

FIB-4

ELF

×
×
×
×
×
×

×

×

×

Age
BMI
AST
ALT
Platelet Count
Albumin
α2-MG
Total bilirubin
Apo A1
GGT
PIIINP
HA
TIMP
DM
MS
CK-18
Sex
Height
Weight
HG
TGL
CL

BARD

NICE

NASH test
×

×
×
×

×
×
×

x

×
×
×
×

×
×

×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×

α2-MG: α2 macroglobulin; ALT: Alanine aminotransferase; ApoA1: Apolipoprotein A1; AST: Aspartate aminotransferase; BMI: Body mass index; CK-18: Cytokeratin-18; CL: Cholesterol levels; DM: Diabetes mellitus; ELF:
European Liver Fibrosis Test; GGT: Gamma-glutamyl transpeptidase; HA: Hyaluronic acid; HG: Haptoglobin;
MS: Metabolic syndrome; PⅢNP: Aminoterminal propeptide of type Ⅲ collagen; TGL: Triglyceride levels;
TIMP: Tissue inhibitor of metalloproteinases; NASH: Nonalcoholic steatohepatitis.

Table 3 Statistical analysis of various scoring methods for non-alcoholic fatty liver disease

AUROC
Sens (%)
Spec (%)
PPV (%)
NPV (%)

NAFLD fibrosis score

Fibrotest

FIB-4

ELF

BARD

NICE

NASH test

0.84
82
98
90
93

0.75-0.86
77
98
90
73

0.86
85
65
36
95

0.87
89
96
80
98

0.81

0.88
84
86
44
98

0.79
33
94
66
81

43
96

NAFLD: Nonalcoholic fatty liver disease; AUROC: Area under the receiver operating characteristic curve; ELF:
European Liver Fibrosis Test; PPV: Positive predictive value; NPV: Negative predictive value; Sens: Sensitivity;
Spec: Specificity; NASH: Nonalcoholic steatohepatitis.

NPV of 93%[94]. Furthermore, the NAFLD fibrosis scoring used two cutoff scores, thus dividing patients into
low-probability fibrosis, high-probability fibrosis, and
indeterminate. Of the determinable patients, 90% of
patients were accurately diagnosed. However, one major
limitation of the scoring system is that about 25% of
patient were indeterminate[94]. Nevertheless, the NAFLD
Fibrosis Score has proven clinical utility, which has been
further validated by a metanalysis[89].
Another model that has also demonstrated promise
in the assessment of fibrosis is Fibrotest which uses an
undisclosed formula, which incorporates the age of a
patient, α2 macroglobulin, total bilirubin, GGT, and apolipoprotein A1[95]. The AUROC score for fibrosis ranged
from 0.75 to 0.86 with a sensitivity of 77%, specificity of
98%, PPV 90%, and NPV 73%. While validated by other
studies[96], the model had some limitations, including an
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inability to classify one third of the patients, as well an inability to distinguish between mild to moderate fibrosis[95].
Other scoring models for fibrosis include the FIB-4[97],
European Liver Fibrosis Test (ELF)[98], BARD[99]. the
NICE model [100], and NASH test [101]. Each of these
predictive models incorporates various lab values and
patient characteristics (Table 2). While each test has relative strengths statistically (Table 3), the most externally
validated test remains the NAFLD Fibrosis Score. With
a high specificity, the test has a good ability to rule-in
NAFLD, making it a useful tool in deciding when to
progress to liver biopsy. While many other models have
shown some clinical utility, the studies have been limited
by small sample sizes and currently lack repeat studies
for validation. Therefore, currently the NAFLD Fibrosis
Score is the most widely applicable model and has value
in limiting the number of liver biopsies necessary to diag-

12087

September 14, 2014|Volume 20|Issue 34|

Hassan K et al . NAFLD: A comprehensive review

nose NAFLD[83].
Serum markers
There have been a number of serum markers that have
been proposed for the diagnosis of NAFLD, but very
few that have been extensively researched. In particular,
cytokeratin-18 fragments have shown the most promise
in the diagnosis of NASH[84,89]. CK18 is a major intermediate filament protein of the liver, which is cleaved
by caspases during apoptosis. One meta-analysis showed
that using enzyme assays of cleaved cytokeratin-18 fragments, specifically M30, which is an indicator of hepatocyte apoptosis, may have clinical utility showing a
sensitivity of 66% and specificity of 82% in diagnosing
NASH[102]. While CK18 has shown promising results as a
potential biomarker, currently this assay is not commercially available and there is no established cut-off value
for determining the presence of steatohepatitis[83].
Other serum biomarkers that have been evaluated for
the diagnosis of NASH include various cytokines, acute
phase proteins, and oxidative stress markers. Some of the
cytokines that have been evaluated include IL-6, TNFα,
and CC-chemokine ligand-2. While some studies showed
elevated IL-6 in the serum of NASH patients[59,103], others
have showed no difference between NASH and steatosis[104]. Due to the lack of consistent correlation between
studies, there is currently little clinical utility in the sole
measurement of IL-6 at this time.
Similarly, cytokines such as TNFα and adiponectin
have shown equivocal results in terms of their clinical
utility. As mentioned, TNFα is a proinflammatory cytokine, which plays a role in the pathogenesis of NAFLD.
While several studies showed elevated levels of TNFα in
NASH patients and animal models[52,103,105,106], the clinical significance of these results has not yet been found.
Adiponectin, which has been shown to have antilipogenic and anti-inflammatory effects and is thought to be
reduced in NASH[52], has also shown conflicting results
when studied as a marker[52,104,107,108].
One chemokine, CC-chemokine ligand-2 (CCL2), also
known as monocyte chemoattractant protein-1 (MCP-1),
is responsible for the recruitment of macrophages during
liver inflammation, and contributes to the progression of
NASH[109]. One study showed increased levels of CCL2
in those diagnosed with NAFLD by ultrasound, but these
patients did not receive a liver biopsy, warranting the
need for further evaluation of CCL2 as a biomarker[110].
Two acute phase reactants, C-reactive protein (CRP)
and pentatrix-3, have been studied in the diagnosis of
NASH. While Yoneda et al[111] did show elevation of
high sensitivity CRP compared to cases of simple nonprogressive steatosis, other studies failed to show such
results[53,112]. One study utilized biopsy-proven NAFLD
patients to show increased levels of pentatrix-3 in NASH
patients compared to non-NASH patients [113]. Even
more, pentatrix-3 was also shown to be able to assess the
degree of fibrosis. However, more extensive studies are
needed at this time to prove the overall clinical utility of
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the acute phase reactant.
There are many other less studied serum markers that
still hold the potential to have clinical Utility. One such
marker is serum prolidase enzyme activity (SPEA), which
is involved in the breakdown of the final step of collagen[114]. SPEA was shown to be significantly elevated in
patients with NASH compared with steatosis[114]. Another
potential biomarker is the soluble receptor for advanced
glycation end products (sRAGE), which is involved in a
similar pathway as that of metabolic syndrome. One study
showed a 0.77 AUROC for predicting NASH[115]. Currently, oxidative stress pathway markers have shown little
evidence of utility in the diagnosis of NASH, despite its
known involvement in the pathogenesis of NASH[116]. In
fact, standard blood oxidative stress markers were shown
to not predict the extent hepatic steatosis[117].
Radiological evaluation
Similar to serum markers, the radiologic evaluation of
NAFLD is of wide interest as a possible noninvasive
method for evaluating and diagnosing steatosis and
NASH. Ultrasonography (US) is a cheap, fast, and widely
available imaging technique with applications for fatty
liver. US has been reported to have a sensitivity ranging
from 60% to 94% and a specificity of 66% to 95%[118];
lower sensitivities are frequently observed in patients
with mild disease[118]. Limitations of US include it being
subject to interobserver variability, difficulty in obese patients, and the high proportion of NAFLD patients with
coexisting obesity[118]. Contrast enhanced ultrasonography
has been reported to have an increased sensitivity (in one
study 65.8%) in finding fatty liver infiltrations[119], which
nearly rivals that of a computed tomography scan (CT).
Contrast-enhanced ultrasound, however it lacks clinical
validation and is not commercially available at this time.
Transient elastography (TE) (Fibroscan®) is a tool
developed in the last decade, designed to measure liver
stiffness via ultrasound [120]. TE measures stiffness in
kilopascals by introducing low frequency vibrations to
the tissue and measuring the propagation of the energy.
Presently TE has been thoroughly investigated for use
in other diseases such as hepatitis C, however it has been
less studied in steatosis and NASH[121]. Additionally, the
use of TE is largely for staging of levels of fibrosis, but,
as mentioned below, the results of TE can be of diagnostic utility in patients with inconclusive results in other
tests. Like US, TE is subject to difficulties of use in obese
patients, with one study reporting a 75% success rate in
determining stiffness in obese patients vs a 97% success
rate in patients with a BMI below 30 kg/m2[120]. Overall
TE can be a beneficial tool, if available to the clinician, in
monitoring disease status in NAFLD and NASH.
Incidental finding of hepatic steatosis is frequently
found when a patient receives a CT. CT without contrast is a useful modality for assessing the presence and
amount of steatosis, with a sensitivity ranging from 82%
to 95% and a specificity approaching 100%[85,122]. One of
three findings is diagnostic of steatosis on CT: absolute
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hepatic attenuation of less than 40 Hounsfield units (HU),
a hepatic attenuation value <10 HU compared with the
spleen and a spleen to liver attenuation ratio < 0.8[118].
Despite the clinical applicability, and being relatively well
validated, CT scans are expensive, expose the patient to
ionizing radiation and can provide less accurate results in
patients with underlying liver disease.
Magnetic resonance spectroscopy (MRS) represents
the most sensitive and specific imaging modality, with
both values being greater than 90% in most studies[93] and
near 100% accuracy in detecting steatosis[123]. MRS is able
to compare adjacent tissues by their differing hydrogen
content. Using MRS, clinicians are able to calculate the
fraction of the liver composed of fat. This so called fat
fraction is said to be abnormal when it is greater than
5.56%[123]. Like CT, MRS has a high cost and also exposes
patients to radiation (albeit a lower amount than CT),
making its clinical utility relatively low.
Liver biopsy
Currently, liver biopsy remains the gold-standard for the
diagnosis of NASH as it serves as the only means of distinguishing hepatic steatosis from steatohepatitis through
examination of liver histology[85]. In hepatic steatosis, is
characterized by the presence of intracellular fat in more
than 5% of hepatocytes. Steatohepatitis, on the other
hand, has distinctive morphological features similar to
that of alcoholic hepatitis including Mallory hyaline, hepatocyte ballooning, as well as the presence of polymorphonuclear leukocytes and perisinusoidal fibrosis in zone
3 of the acinus[124]. However, there are limitations to the
use of a liver biopsy including cost, sampling error, and
interobserver/intraobserver variability. One study showed
that overall interobserver and intraobserver agreement
scores for the diagnosis of NASH ranged from only 0.66
to 0.90 and 0.61 to 0.62, respectively[125]. Furthermore, the
rate of sampling error complicates the ability to diagnose
the histological changes of NASH as a biopsy only samples 0.00002% of the liver[126]. Some studies have shown
that NASH may be incorrectly missed in up to 24% of
cases, and the fibrosis stage is discordant in 22%-37% of
cases[125,127]. In addition, a liver biopsy also carries some
morbidity and very rare mortality risk, with a 1-3 risk for
major complications and death in 0.01%[128].
According to current AGA guidelines, a liver biopsy
should only be considered in patients with NAFLD who
are at increased risk to have steatohepatitis and advanced
fibrosis, such as those who have metabolic syndrome[83].
Furthermore, a liver biopsy should also be considered in
patients with suspected NAFLD that may also have other
explaining etiologies for steatosis and co-existing chronic
liver diseases[83]. Currently, the most externally validated
non-invasive method for determining when to obtain a
liver biopsy is the NAFLD Fibrosis Score[94]. It incorporates factors including age, glycemia, BMI, platelet
count, albumin, and AST/ALT to predict the presence
for advanced fibrosis[89]. In one proposed algorithm, if
the patient has a high probability for advanced fibrosis (>
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0.676) based on the NAFLD Fibrosis Score, then a liver
biopsy is indicated unless there exists clinical evidence of
cirrhosis[84]. In the case of an intermediate score (-1.455
to 0.676), an alternative non-invasive method such as
a transient ultrasonography (Fibroscan®) to determine
the presence of advanced fibrosis, in which case a liver
biopsy would be indicated[84]. If the NAFLD Fibrosis
Score suggested a low probability for advanced fibrosis (<
-1.455), a liver biopsy would most likely be unnecessary
as the NAFLD Fibrosis score has a NPV of 93%, but
could potentially be confirmed by an alternative method
such as an assessment of CK18 fragments[84].

Natural History
The natural history of patients with NAFLD has a mixed
picture. In a large cohort study, it was demonstrated
that liver related illness was the third leading cause of
death in liver patients, and the hazard ratio for general
mortality and liver related mortality was 1.038 and 9.32,
respectively[129]. As in the general population, the leading
cause of death in patients with NAFLD is cardiovascular disease[129]. This highlights the need for patients with
NAFLD to have extensive risk management therapy for
the prevention of cardiovascular disease, however to date
no concrete guidelines have been made for the prevention of adverse cardiac events in these patients[130].
Data regarding the progression of NAFLD from
simple steatosis to steatohepatitis is conflicting. One
monitoring the outcomes for 40 patients over a median
time of 11 years showed no progression to NASH or
cirrhosis, and only 12 of the patients had abnormal liver
tests at the conclusion of the study[131]. Another more
recent study in 2010 followed 52 NAFLD patients for
3 years and found that at the conclusion, of the 13 that
began with simple steatosis 15% had normal livers, 23%
remained at baseline, 39% developed borderline NASH
and 23% developed NASH. Among the 22 subject who
began with borderline NASH, 18% had simple steatosis, 59% remained at borderline NASH and 23% had
NASH[132]. While the data is inconsistent, it is clear that
NAFLD is a slowly progressing disease, and may regress
or stay at baseline for years.
Studies have estimated the overall risk of a patient
with simple steatosis advancing to clinically significant
cirrhosis at approximately 1%-2%[133]. However, patients
who have progressed to or presented with NASH are
at increased risk of developing hepatic decompensation and liver failure[134]. The risk of cirrhosis in patients
with NASH varies from 0% at five years to 12% at 8
years[135,136]. While another study, which followed 129
patients for a mean of 13.7 years, reported 5.4% of the
patients developing end-stage liver disease, including
hepatocellular carcinoma (HCC)[137]. The development
of subsequent development of HCC represents another
significant concern for clinicians managing patients with
especially NASH. In a study of 46 patients with bridging
fibrosis and 43 patients with cirrhosis, 20% had devel-
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oped HCC after 5 years[138].

Prevention and Management
Prevention
With the increasing prevalence and incidence of NAFLD
in the world, the role of preventing the disease has
become a hot topic. Due to the lack of understanding
of the pathogenesis of the disease, the prevention of
NAFLD remains a difficult problem. General prevention
of NAFLD involves a modification of the risk factors
for the disease. The largest risk controllable risk factors
for NAFLD are weight, insulin resistance and metabolic
syndrome[139]. Therefore, general education on lifestyle
modifications, such as diet and exercise, which can reduce
the risk for the development of insulin resistance, weight
gain and metabolic syndrome can be seen as the mainstay
for prevention of NAFLD.
While other interventions, such as alcohol consumption and dietary supplementation, have been suggested
for disease prevention, at this time none are recommended by the AGA[83]. Similarly, other interventions have
been shown to prevent the progression of steatosis to
NASH, these are described in detail below. It is important
to note, that NAFLD without steatohepatitis is not an
indication for treatment, however management options
are directed towards either those with steatohepatitis or
managing the associated comorbidities present in those
with steatosis alone. Furthermore, it is important to note
that the use of preventative vaccines, such as the hepatitis
A and B vaccines, is recommended in patients suffering
from NAFLD and NASH, in order to prevent further
insult to the already damaged liver.
Lifestyle modifications
The cornerstone to the management of steatosis and
NASH to date has been lifestyle changes, with the two
most central components being diet and exercise. Diet
and exercise have been proposed as a treatment option
for steatosis and NASH, however study data is limited
to date. Studies have been held back by the lack of consensus in regards to the methodology used to determine
whether the disease progressed or improved. While
histologic comparison (the NAFLD Activity Score is a
frequently used histologic grade for studies) would be the
ideal measure, the difficulty and risks in obtaining biopsies remain a hurdle. For this reason, studies vary in their
monitoring of steatohepatitis in the study subjects, other
measures used include insulin resistance and AST/ALT.
A 2010 study by Promrat et al[140] showed an improvement in NAFLD Activity Scores (NAS) as well as ALT in
patients who lost 7%-10% of their body weight vs control. Another randomized study[141] showed an improvement in insulin sensitivity and NAS in patients using orlistat who lost > 5% of their body weight, and there was a
more significant improvement in subjects who lost > 9%
of their weight. Additional prospective and case control
studies have shown that diet, including one study focus-
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ing on the Mediterranean Diet, combined with weight
loss can help reduce disease burden measured by varying
measures[142-144].
Other studies have shown an improvement in the
disease through exercise alone[143]. Finally, studies have
shown that diet and exercise have been successful in preventing steatosis progression to NASH[145]. Currently the
American Gastroenterology Association recommends
both exercise and healthy weight loss, either separately
or in combination therapy, as interventions for NASH[83].
While both interventions are indicated from a general
health perspective and from numerous studies, it is important to note that presently the Cochrane Review is
unable to make a recommendation regarding weight loss
in NAFLD due to the lack of quality data at this time,
highlighting the need for further research in the area[146].
Alcohol use is another life style modification that
has been investigated. While the deleterious effects of
heavy alcohol use on the liver are well established, the
moderate use of alcohol has been investigated in relation
to NAFLD. A 2014 retrospective study demonstrated
patients who were moderate alcohol users had a decrease
in severity of disease histologically[147]. Other studies have
showed modest wine drinking[148] was correlated with a
decreased prevalence of NAFLD. Additionally comparison between nondrinkers and moderate drinkers with
NAFLD demonstrated lower rates of steatohepatitis in
the moderate drinkers[149]. While some benefit may exist
for moderate alcohol consumption, based on the data
no recommendation can be made regarding alcohol consumption, other than heavy drinking should be avoided.
Dietary supplementation
Antioxidant supplementation has been widely hypothesized to have benefits in patients with NASH, as oxidative stress is a central component to liver injury and
damage. Vitamin E is perhaps the most well researched
of the proposed antioxidants. Following up on early
work done as proof of concept in animal models, several
studies have demonstrated consistent decreases in ALT
and improvement in liver histology[150,151]. The most recent major randomized control trial (RCT) in 2010, the
PIVENS trial, showed a decrease in inflammation and
ALT, however did not show a decrease in liver fibrosis
scores[152], sufficient evidence, therefore, exists for nondiabetic patients to receive 800 IU daily of Vitamin E as
an early treatment for NASH. It is important to note that
studies have suggested that Vitamin E supplementation
has been linked to an increase in all-cause mortality[153]
(although conflicting data has since been published)[154],
as well as prostate cancer[155]. While these risks are low, it
is important for clinicians consider these risks and discuss
them with their patients before recommending Vitamin E.
Caffeine and coffee use has also been linked to decreased fibrosis, decreased progression to steatohepatitis
as well as decreased incidence of the disease amongst its
users[156-159]. On the other hand, a recent study demonstrated the protective effects of coffee in women with
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NAFLD, however the same effect was not observed in
patients who used espresso[160]. While this may suggest
that coffee itself may have protective effect vs caffeine
alone, further studies have found an increased activity of
the autophagy-lysosomal pathways in mice fed caffeine,
inferring a biochemical explanation for the protective role
of caffeine[161].
Several other supplements have also been suggested as
treatment options for NAFLD, none currently embrace
enough evidence to be recommended for widespread
therapeutic use at this time. In a recent meta-analysis
probiotics have been shown to lower aminotransferases,
total cholesterol, TNFα and improve insulin resistance
in NAFLD[162]. Given the relatively benign nature of probiotics and their availability over the counter, clinicians
should be aware of their potential benefit in NAFLD.
Ursodeoxycholic acid has been demonstrated in numerous small studies to have a benefit on liver enzymes and
other measurable outcomes, however larger studies did
not demonstrate significant histologic improvement[163-165].
Omega-3 fatty acids have also shown promise for treating NASH, several studies have shown measurable decreases in ALT and hepatic fat content in patients[166-168].
However despite these trials, the efficacious dose has not
been established, histopathologic data is sparse and high
quality randomized controlled trials have not been done,
although one is in process[169]. High dose niacin therapy
has also been shown to prevent steatohepatitis and liver
deposition in rats, showing promise as a potential future
therapeutic treatment modality with further research[170].
Metformin
Due to the link between insulin resistance and NAFLD,
several studies have investigated the use of oral insulin
sensitizing agents for the treatment of the disease. One
of the most studied insulin sensitizing drugs is metformin. While several studies have demonstrated a decrease
in ALT and increases in insulin sensitivity in patients
with fatty liver[171-173], few have established histologic
improvement[174]. Another study established that metformin is less effective at decreasing liver enzymes and
hepatic content than exercise alone[175]; furthermore in
a 2010 study, metformin was observed to have only a
weak improvement over diet alone[176]. In a study looking
specifically at patients with insulin resistances, without
diabetes, metformin was found to have little to no histopathologic improvement when compared to controls,
however it should be noted that this study included small
number of patients and had a significant dropout rate[177].
Another study comparing metformin, vitamin E and diet
similarly showed no histologic difference, despite ALT
improvement[178]. While there is one small study showing
histologic improvement in NASH patients following a 48
wk treatment period[179], the inconclusive and conflicting
evidence lead to the conclusion that further investigations
are necessary before recommending the use of metformin for NASH without coexisting diabetes.
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TZDs
Another insulin sensitizing agent widely investigated
for the treatment of NASH are the TZDs, specifically
pioglitazone and rosiglitazone. As described earlier, the
TZDs are activators of PPARγ, which has been observed
to be down regulated in models of NAFLD. One of
the earliest RCTs on rosiglitazone, the FLIRT trial done
in 2008, demonstrated a 31% improvement in steatosis
and transaminase levels respectively when compared to
placebo[180]; a follow up FLIRT 2 trial in 2010, solidified
these results[181]. Another study demonstrated a significant
decrease in transaminase levels and histopathologic damage in nondiabetic patients treated with pioglitazone vs
placebo[182]. Follow up studies showed that pioglitazone,
when compared to metformin, decreased hepatic steatosis in diabetics with NASH[183], and rosiglitazone alone
performed similarly when compared with the addition of
metformin or losartan[184].
A meta-analysis demonstrated similar improvements
in histopathologic outcomes in patients with NASH, and
showed statistical significance to pioglitazone improving
fibrosis in NASH[185]. It is important to note that all studies noted the side effect of weight gain in patients taking
TZDs. There have been numerous studies investigating
TZDs and their risk of significant cardiovascular events.
A recent meta-analysis showed rosiglitazone had significantly higher odds of congestive heart failure (CHF),
myocardial infarction, and death when compared to
pioglitazone[186]. Pioglitazone itself has also been shown
to have a 0.5% higher rate of CHF when compared to
control groups in another study[187]. For this reason rosiglitazone is largely unavailable in most markets. Further
research is needed to assess the long-term risks and benefits of pioglitazone in diabetic patients before further
recommendations can be made, as most of the data to
date is in the nondiabetic population.
Fibrates and other PPAR agonists
The fibrates are agonists of PPARα and are used clinically for the management of dyslipidemias. They have
also been shown to decrease hepatic triacylglycerol content in rats, via the upregulation of triglyceride lipase[188].
A small (27 patient) study in 2010, demonstrated a minimal and statistically insignificant decrease in intrahepatic
triglyceride content in obese patients taking fenofibrate
when compared to placebo [189]. Another small study
demonstrated a significant decrease in ALT in patients
taking fenofibrate; additionally histologic improvement
was observed in the amount of hepatocellular ballooning
degeneration but not in the amount of steatosis or fibrosis[190]. At this time, fibrates need further investigation
with RCTs, however the lack of data on histopathologic
improvement is a cause for pause at the moment.
New data published in 2013 regarding a recently developed dual PPARα/δ agonist (GFT505), has been shown
to decease hepatic and peripheral insulin sensitivity in
obese patients[191]. Data from this study also saw a 20.5%
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decrease in ALT levels over the study period. Another
2013 study has demonstrated GFT505’s efficacy in improving steatosis, lowering liver enzymes and decreasing
inflammation in rodent models of NAFLD and NASH[192].
While human data on GFT505’s effects on NAFLD does
not currently exist, early results are promising.
Statins
The cardiovascular manifestations of liver diseases, including NAFLD are commonly seen and contribute significantly to the morbidity and mortality of liver disease
patients[193-196]. Statins are a commonly prescribed preventative treatment for patients with cardiovascular risk
factors and disease. The use of statins in patients with
liver disease including NAFLD has been established as
safe and can be used in the treatment of cardiovascular
disease in these patients[83,197,198]. The use of statins as a
therapy targeted specifically at NASH has shown promise
in recent studies. The results have been mixed, with one
early study showing no improvement in serologic markers[199], and other studies showing benefit[200-202].
The prospective GREACE study in 2010 included a
large patient population (1600) with abnormal liver enzymes and coronary artery disease, and compared several
outcomes between groups treated with statins[203]. Significant reductions in liver enzymes were found in the statin
group, as well as a 68% relative risk reduction in the
chance of having an adverse cardiovascular event. Data
in the St Francis Heart Study showed a decrease in hepatic steatosis (visualized via CT) in 455 patients receiving
combination therapy of atorvastatin and vitamins C and
E when compared to placebo[204]. Despite this data, the
use of combination therapy in the St Francis Heart Study
makes it difficult to determine the significance of the
statin on the results. Additionally, histopathologic data
on the contribution of statins to the treatment of NASH
alone is scarce. The use of statins specifically for NASH
is cannot be recommended at this time and requires further research. Patients who need statins due to coexisting
cardiac risk factors, should not, however, have a statin
withheld from their treatment due to NASH[205].
Surgery
Weight loss has been established as a viable therapy for
patients with NAFLD[140,146]. It is therefore reasonable
to infer the benefit for bariatric surgery for patients with
NASH. Studies have demonstrated that the presence of
NASH does not increase complications of bariatric surgery[206] and have observed a significant decrease in steatohepatitis in patients following bariatric surgery[207,208].
Two recent meta-analyses have likewise concluded that by
nearly all measurable outcomes, NASH improves following bariatric surgery[209,210]. Despite this data, there remains
a lack of controlled evidence as well as long term data to
indicate bariatric surgery exclusively for NASH[211]. Other,
less invasive options for bariatric therapy, such as intragastric balloons, have shown benefits in improving liver
function, insulin resistance, and histopathologic measures
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in obese patients with and without NASH[212-214].
Patients with NAFLD can progress to end-stage liver
disease, with the only remaining option is liver transplantation. Transplants for cirrhosis due to NAFLD have
had results comparable to patients without NAFLD[215].
NAFLD can recur after transplant or develop de novo. Steroid therapy, obesity, hyperlipidemia and diabetes are the
best predictors for the development of NAFLD posttransplant. Unfortunately weight gain is a known side
effect of immunosuppressant agents. The use of Vitamin
E and insulin sensitizers has not been studied in posttransplant patients, and therefore diet and exercise remain
the only recommendations at the time being.
Miscellaneous potential treatment modalities
Several novel therapies for NAFLD have emerged over
the past several years given the increasing prevalence
of the disease. While none are ready for use for widespread use, they represent potential future therapeutic
options for a growing population of those suffering
from NAFLD. A mixture of high molecular weight
beeswax alcohols, D-002, has been shown to improve
ultrasonographic findings, insulin resistance and well as
symptoms in patients with NAFLD[216]. In a phase 2 trial
(NCT00501592) obeticholic acid, a farnesoid X receptor
agonist, has been shown to increase insulin sensitivity
and reduce markers of liver inflammation and fibrosis
in patients with diabetes and NAFLD[217]. The FLINT
trial of obeticholic acid was ended early, due to earlier
than expected improvements in the treatment group
(NCT01265498).
The use of pentoxifylline as anti-TNF therapy in
NAFLD has also been investigated. Early small studies
have demonstrated a benefit in aminotransferases and
histopathologically[218]. The use of therapeutic phlebotomy is also in phase 2 clinical trials (NCT00641524) and
has shown moderate improvement in liver histology in
NAFLD[219]. In another study, a plant supplement Chlorella vulgaris was seen to decrease levels of transaminases
and increase insulin sensitivity[220]. While all of these therapies are still in their infancy, with future investigations
they may become another tool used in the management
of fatty liver.

Special Considerations for
Children and Adolescents
With increasing rates of diabetes and obesity among children and adolescents in the United States and worldwide,
NAFLD has also been seen more frequently in younger
age groups. Children as young as 2 years old have been
reported to have NAFLD and associated steatohepatitis has been seen at age 8[221]. In a study of 742 children
undergoing autopsy, fatty liver was found in 13% of the
subjects[221]. For this reason it is important for clinicians
to keep fatty liver in mind when working up a patient
with incidental findings of elevated transaminases.
There are several special considerations to consider
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when diagnosing and treating children with suspected
fatty liver disease. First, when diagnosing steatosis and
NASH in very young children, it is especially important
to rule out inheritable metabolic disorders such as hemochromatosis and lysosomal storage disease. It is important to keep in mind that children can have significant
histologic abnormalities despite normal to moderately
elevated ALT levels[222]. Additionally, when considering
the use of imaging, it is important to consider the added
lifetime risk of radiation, as well as the tendency for
children to have phobias regarding the confined enclosure used in CT and magnetic resonance imaging. If the
diagnosis of NAFLD is in doubt, the use of liver biopsy
is still indicated. Consideration should be made for the
potential risk of complications, one studies have shown
a 2.4%-4.5% risk of major complications in children
undergoing percutaneous liver biopsy[223,224]. However
most of these complications were seen in patients with
other comorbidities. The histopathologic appearance of
NAFLD in children can also differ from adults. Macrovesicular hepatocellular steatosis with portal inflammation
and fibrosis is often seen, with the absence of ballooning
degeneration[225].
Treatments for NASH in children do not differ significantly from those recommended for adults. Data has
shown lifestyle modification is the mainstay of treatment[22]. The largest study of pharmacotherapy for NASH
in children to date was the TONIC trial in 2011[226]. It
demonstrated no difference in children between metformin or vitamin E and placebo, however the primary outcome of the study was reduction in ALT. When stratified
for reduction in steatohepatitis in children with NASH, a
58% improvement was seen in the vitamin E treatment
group (p = 0.006). The TZDs have not been investigated
in children sufficiently for recommendation.

Finally, NAFLD is a growing problem worldwide and
with the increasing prevalence and incidence of obesity
NAFLD could soon become an epidemic. Despite the
positive strides made over the last several years, much
remains to be understood regarding the mechanism of
the disease. Our incomplete understanding of the pathogenesis is a major hurdle in the path towards developing
methods for preventing and treating the disease. Additionally, the lack of awareness of the disorder and absence of reliable noninvasive diagnostic tools, has likely
left many patients undiagnosed. For these reasons, there
is a pressing need for further research into developing
additional diagnostic tools and therapeutic modalities.
Until then, education regarding lifestyle modifications
for at risk populations is imperative. In NAFLD, as is the
case in many diseases, an ounce of prevention is worth a
pound of cure.
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Abstract
Important advances during the last decade have been
made in understanding the complex etiopathogenesis
of Crohn’s disease (CD). While many gaps in our knowledge still exist, it has been suggested that the etiology
of CD is multifactorial including genetic, environmental
and infectious factors. The most widely accepted theory
states that CD is caused by an aggressive immune response to infectious agents in genetically predisposed
individuals. The rise of genome-wide association studies allowed the identification of loci and genetic variants in several components of host innate and adaptive immune responses to microorganisms in the gut,
highlighting an implication of intestinal microbiota in
CD etiology. Moreover, numerous independent studies
reported a dysbiosis, i.e. , a modification of intestinal
microbiota composition, with an imbalance between
the abundance of beneficial and harmful bacteria. Although microorganisms including viruses, yeasts, fungi
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and bacteria have been postulated as potential CD
pathogens, based on epidemiological, clinicopathological, genetic and experimental evidence, their precise
role in this disease is not clearly defined. This review
summarizes the current knowledge of the infectious
agents associated with an increased risk of developing
CD. Therapeutic approaches to modulate the intestinal dysbiosis and to target the putative CD-associated
pathogens, as well as their potential mechanisms of action are also discussed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Intestinal microbiota; Dysbiosis; Adherent-invasive Escherichia coli ; Probiotics;
Antibiotics; Fecal microbiota transplantation
Core tip: Crohn’s disease (CD) is a chronic inflammatory disorder of the gastrointestinal tract of which the
etiopathogenesis is not fully understood. Increasing evidence has shown that the etiology of CD is multifactorial involving genetic, environmental and infectious factors. A dysbiosis with an increase in the abundance of
putative pathogenic bacteria and a decrease in that of
potentially beneficial bacteria has been observed in CD
patients, revealing the involvement of intestinal microbiota in such disease. This review aims to summarize the
current knowledge of the infectious etiology of CD and
to discuss therapeutic approaches to modulate intestinal
dysbiosis and to target CD-associated pathogens.
Carrière J, Darfeuille-Michaud A, Nguyen HTT. Infectious
etiopathogenesis of Crohn's disease. World J Gastroenterol 2014;
20(34): 12102-12117 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12102.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12102

INTRODUCTION
The etiopathogenesis of Crohn’s disease (CD), a type of
inflammatory bowel diseases (IBD), is complex and con-
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sists, according to clinical and epidemiological studies, of
three interacting elements: environmental factors, genetic
susceptibility and infectious agents. While many gaps in
our knowledge still exist, the most widely accepted theory
holds that the disorder is caused by an aggressive immune
response to microorganisms of the intestinal microbiota
in genetically predisposed individuals.
The early identification of nucleotide-binding oligomerization domain-containing protein 2 (NOD2), an
intracellular sensor of pathogen/microbe-associated
molecular patterns, as a susceptibility gene for CD[1,2] has
highlighted the role of innate immunity in the disease.
This has been substantiated by genome-wide association
studies (GWAS) with the identification of genetic association between CD susceptibility and variants in genes
involved in autophagy, ATG16L1 (autophagy-related
16-like 1) and IRGM (Immune-Related GTPase M)[3-6].
To date, 70 independent loci or genetic variants linked
to various components of innate and adaptive immunity
have been identified by GWAS as CD susceptibility factors[4-12]. Arguments in favor of the involvement of environmental factors in CD etiology, which are based on
the observation of the irregular distribution of CD cases
worldwide, have been raised. Since the appearance of
IBD in the middle of the 20th century, the CD incidence
and prevalence have shown a continually growing profile
in industrialized countries or “Western” countries, such
as North Europe and North America, suggesting an involvement of lifestyle[13]. Another epidemiological study
also showed that “Western” diet, rich in fat and sugar
and poor in fibers, is associated with an increased risk of
developing CD[14]. This is recently reported that active
smoking is associated with an increased risk of developing CD and that smoking cessation leads to a reduced
progression of the disease comparatively to patients
who still smoke[15]. Other environmental factors, such as
antibiotic use, social status, microbial exposure early in
life and during life have been also associated with CD[16].
Whether these factors, along with genetic susceptibility,
lead directly to CD, or whether they allow the conditions
needed for infectious agents to thrive, is not clear.
Numerous epidemiological studies, clinicopathological
data, genetic and experimental evidence increasingly support an implication of microrganisms in CD pathogenesis.
Three non-mutually exclusive theories are currently explored to explain the infectious etiology of CD: (1) a “dysbiosis”, i.e. a modification of intestinal microbiota composition with an imbalance between beneficial and harmful
bacteria; (2) an excessive bacterial translocation caused by a
disrupted intestinal barrier function and defective immune
responses; and (3) persistence of a pathogen. This review
summarizes our current knowledge of various organisms
that have been postulated as infectious agents in CD, and
discusses how this may be relevant to the pathogenesis of
CD and the new therapeutic approaches.
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INTESTINAL MICROBIOTA AND CD
Human intestinal microbiota
The human gastrointestinal (GI) tract contains 1014 microorganisms of more than 500-1000 different species,
forming intestinal microbiota[17]. The density of intestinal microbiota varies along the GI tract, going from 102
colony forming units (CFU) per gram in stomach to 1012
CFU per gram in colon[18].
The intestinal microbial composition can vary greatly
between individuals, and an epidemiological study comparing the fecal microbiota between African and European children showed that its composition is determined in
part by hygiene, geography and diet[19]. Higher similarity
in fecal bacterial species was reported within twins than
in genetically unrelated couples sharing environment and
dietary habits[20]. The gut microbiota composition of siblings also showed increased similarity compared to that
of spouses, who were living in the same environment and
had similar eating habits[21].
Given the complexity of the human intestinal microbiota, the characterization of its composition using
conventional culture methods and morphological and
biochemical-based traditional techniques is limited. Development of new biomolecular techniques, using highthroughput sequencing, allows circumventing these
difficulties. Two approaches are currently available. The
first is based on sequencing of the 16S ribosomal RNA
coding gene (16S rDNA), which is conserved between all
phylogenetic bacterial groups[22]. The second one, namely
the metagenomic approach, is based on a complete sequencing of bacterial genome. The evolution of highthroughput technologies with next-generation sequencing
allows producing thousands or millions of sequences at
once, reducing drastically the costs and facilitating access to full metagenomic sequencing. Dominant bacterial
populations in the human intestinal microbiota (> 90%)
belong to two phyla: the Firmicutes and the Bacteroidetes; the remainders belong to rarer phyla such as Proteobacteria (containing genuses such as Escherichia and Helicobacter) and Actinobacteria as well as viruses, protists, and
fungi[23-26]. Interestingly, mucosa-associated microbiota is
different from the fecal microbiota[27]. The composition
of the fecal microbiota may temporally vary following
exposure to different types of foods, medications, or
physical environments, and also from changes in transit
time, as microbial composition in the lumen varies from
caecum to rectum[24].
Intestinal dysbiosis and CD
An imbalance of the intestinal microbiota, i.e. a modification of its composition, with decreased complexity of
commensal bacterial profiles and higher numbers of mucosa-associated bacteria, has been reported in CD patients.
Using a 16S rDNA-based profiling technique, Ott
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and colleagues showed that the diversity of mucosa-associated microbiota in specimens from patients with active
CD undergoing surgery was markedly reduced compared
with mucosal specimens from control individuals without inflammation[28]. Metagenomic studies have shown
a decrease in the abundance of several species of the
Firmicutes and the Bacteroidetes phyla in CD patients
compared with control subjects[29-32]. The decrease in the
abundance of Bacteroidetes could contribute to inflammation since some bacteria belonging to this phyla such
as Bacteroides fragilis have been shown to exhibit protective
effects in a mouse model of colitis induced by Helicobacter
hepaticus, a murine commensal bacterium with pathogenic properties[33]. Among Firmicutes, a decrease of the
amount of Faecalibacterium prausnitzii (F. prausnitzii) has
been observed in CD patients compared with control
subjects[34]. In mouse models of intestinal inflammation,
administration of F. prausnitzii resulted in anti-inflammatory effects[34]. Therefore, the decreased abundance of F.
prausnitzii could contribute to intestinal inflammation in
CD. It has been consistently reported that CD patients
have relatively increased amount of Enterobacteriaceae,
particularly Escherichia coli (E. coli) species, compared with
control subjects, with a more pronounced difference was
observed for mucosa-associated microbiota than fecal
samples[35-43]. An increase in the abundance of some mucolytic bacteria, such as Ruminococcus gnavus and Ruminococcus torques, in CD patients was also observed[44].

ROLE OF BACTERIA IN THE
PATHOGENESIS OF CD
The intestinal mucosal surface is in a continuous contact with the intestinal microbiota. Given the enormous
numbers of enteric bacteria and the persistent threat of
opportunistic invasion, it is crucial that the host maintains homeostasis at the luminal surface of the intestinalmicrobial interface. This is mediated by a perfect integrity
of the intestinal barrier and a functional immunotolerance to the intestinal microbiota and luminal antigens.
Excessive bacterial translocation caused by intestinal
epithelial barrier dysfunction
The intestinal barrier allows the absorption of water,
ions and nutrients without leaving the microorganisms to
penetrate across the mucosal surface. The first line of defence between the intestinal lumen and inner milieu, the
physical barrier, is made up of a layer of columnar epithelial cells. More than 80% of these cells are enterocytes,
and the rest are enteroendocrine, goblet, and Paneth
cells[45]. Epithelial cells are connected via the intercellular
junctional complexes including tight junctions, adherent
junctions, desmosomes and gap junctions[46].
Many studies have shown an increased intestinal
permeability in CD patients during active phases and a
decreased permeability in remission phases[47-51]. Electron
microscopy analyses of biopsies from CD patients in active phases revealed a reduced number of tight junctions
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compared with control subjects[52]. A deregulation of
tight junction proteins has been reported in CD patients,
with an up-regulation of claudin-2 and a down-regulation
of claudin-5 and 8[52]. The alteration of intestinal permeability observed during active phases of CD could explain
the chronic inflammation, given the probably resulting
transit of bacteria and other luminal antigens through the
mucosa, which are able to activate the sub-mucosal innate
immune system.
The intestinal epithelial surface is covered by a mucus layer that prevents the contact between the epithelial
layer and microorganisms and the diffusion of unwanted
substances, as well as protects the physical barrier from
sheer stress. The main component of the mucus layer is
mucins secreted by goblet cells, which are heavily glycosylated proteins[53]. The outer loose mucus layer contains
a limited number of intestinal microbes; whereas the
inner adherent mucus layer contains very few microbes,
forming a protected zone adjacent to the epithelial surface[54]. It is likely that the antimicrobial proteins, which
are secreted by epithelial cells and are retained in the mucus layer, contribute to the maintenance of low bacterial
numbers in the inner mucus layer[55]. These “bodyguards”
are members of several distinct protein families such as
defensins, cathelicidins, and C-type lectins, and they promote bacterial killing by targeting the integrity of bacterial cell walls[56]. Mice lacking the mucin MUC2 are unable
to maintain this relative “bacteria-free” zone and suffer
from intestinal inflammation[54]. It has been shown that
mucin gene expression, mucus composition and secretion are altered by intestinal microbiota and host-derived
inflammatory mediators[53].
Dysfunction of immunotolerance and innate immune
response to bacteria
Maintenance of immunotolerance and innate immune
responses, which allows the control of inflammatory
responses in intestinal epithelium, is mediated by several
mechanisms: (1) secretion of IgA; (2) bacterial clearance
via the production of antimicrobial peptides; or (3) a
functional autophagic process. Changes in these processes have been observed in CD, which could contribute to
abnormal immune responses.
Defective secretory IgA production in CD: The IgA
immunoglobulins are secreted by B lymphocytes localized in the intestinal lamina propria[57]. The secretory IgA
is transcytosed across the epithelium and retained in the
mucus layer, where it acts to entrap the luminal antigens
and bacteria. Bacteria present in the lumen or penetrating
the intestinal epithelium are detected by dendritic cells
that will alert B cells in the Peyer’s patches, which will, in
turn, produce IgA specific for intestinal bacteria[57]. Mice
that lack activation-induced cytidine deaminase (AID),
which results in defective IgA production in the intestine,
exhibit an expansion of mucosa-associated bacteria such
as segmented filamentous bacteria (SFB)[58]. This suggests
that secreted IgA also regulates the composition and
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density of bacterial communities[58]. In IBD patients, a serologic shift from an IgA-dominant to an IgG-dominant
response in the intestine, which may act as another local
defense line, has been reported[59]. IgG is likely to have
an inflammatory effect because in response to flagellin, a
common bacterial antigen, the neonatal receptor for IgG
FcRn, expressed in hematopoietic cells, promotes inflammation in the presence of anti-flagellin IgG in mice[60].
Defective bacterial killing through secretion of antimicrobial peptides: The intestinal epithelia secrete antimicrobial molecules whose function is to kill commensal
or pathogenic bacteria. Among these molecules are peptides named defensins. Most defensins function by binding to the microbial cell membrane, and, once embedded,
forming pore-like membrane defects that allow efflux of
essential ions and nutrients[61,62]. Two classes of defensins
have been described in human, α and β-defensins. The
α-defensin peptides are mainly secreted by Paneth cells
and neutrophils, while β-defensins are more generally
secreted by epithelial cells[61]. The biosynthesis of defensins is triggered by the activation of receptors involved
in recognition of extracellular and intracellular bacterial
components like Toll-like receptors (TLR) and NOD receptors, respectively, leading to a rapid killing of bacteria
in contact with the intestinal epithelium[63]. Changes in
intestinal microbiota were observed in mice that express
the human α-defensin 5 and also in mice that do not produce functional α-defensins[64], suggesting that defensins
also regulate the composition and density of bacterial
communities. A decrease in α-defensin expression in
Paneth cells has been reported in patients with ileal CD,
particularly those carrying mutations in NOD2 gene[65],
indicating the link between infectious etiology and host
genetic susceptibility. Reduced expression of β-defensins
has been observed in patients with colonic CD[65]. Other
antimicrobial proteins including lysozyme and RegⅢg
are secreted by Paneth cells upon exposure to bacteria or
bacterial antigens[66], thereby contributing to host defense
against mucosal penetration of both symbiotic and pathogenic bacteria. Mice with a genetic ablation of Paneth cells
exhibit increased translocation of bacteria into the host
tissues, indicating that Paneth cells contribute to maintaining luminal compartmentalization of intestinal bacteria[67].
The abnormal synthesis of antimicrobial proteins in CD
patients could result in increased intestinal barrier permeability to bacteria that could consequently lead to chronic
inflammation.
Defective bacterial clearance by autophagy: Autophagy is a homeostatic process that involves degradation of dysfunctional cellular components through the
lysosomal machinery. The newly discovered specialized
role of autophagy expands autophagic functions as an
immune defense mechanism against intracellular pathogens (also referred to as xenophagy)[67,68]. GWAS have
revealed CD-associated risk variants in several autophagy
genes, such as ATG16L1, IRGM, ULK1 (Unc-51 like
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autophagy activating kinase 1), PTPN2 (protein tyrosine
phosphatase nonreceptor type 2) and LRRK2 (leucinerich repeat kinase 2)[68]. This raised autophagy as one of
the most attractive molecular pathways in the field of CD.
Further efforts have been made to investigate a functional
implication of autophagy in CD pathogenesis[68,69]. A
link between autophagy and the innate immune receptor NOD2 has been established, the latter recruits and
interacts with ATG16L1 at site of bacterial entry in the
plasma membrane[70-72]. These studies have also shown
that in epithelial cells, macrophages and dendritic cells,
one of the ATG16L1 or NOD2 risk variants could result
in impaired intracellular pathogenic bacterial clearance
owing to a defect in xenophagy response. CD patients
homozygous for the ATG16L1 risk allele exhibited structural aberrances in Paneth cells similar to those observed
in mice with hypomorphic ATG16L1 expression, i.e.
decreased granule number and lack of lysosomes in the
ileal mucus layer[73]. This indicates that defects in intestinal
barrier function in CD could involve dysfunction of Paneth cells related to ATG16L1 mutation. Interestingly, the
CD-associated c.313C>T polymorphism located within
the IRGM mRNA region results in loss of binding of
microRNA-196[74]. This consequently leads to aberrance
of regulation of IRGM expression by microRNA-196
and defects in autophagy-mediated control of intracellular replication of the CD-associated adherent-invasive
E. coli[74]. Together, these studies suggest that a defect in
the autophagy machinery in CD patients could lead to an
uncontrolled bacterial proliferation inside host cells and
consequently cause chronic inflammation.

INFECTIOUS AGENTS AND CD
Numerous epidemiological, clinicopathological, genetic
and experimental evidence has suggested an intervention
of infectious agents in CD etiology. Firstly, the preferential location of the lesions in CD are situated in the
terminal ileum and colon[75], where the largest population
of bacteria is found[18]. Secondly, the use of antibiotics
in CD treatment has been proven to be sometimes effective[76]. Thirdly, higher numbers of mucosa-associated
and internalized bacteria in biopsies from CD patients
compared to control subjects was also reported[37]. These
observations, together with the identification of CDassociated polymorphisms in genes encoding innate immune receptors involved in the recognition of bacterial
components or proteins participating in the clearance
of pathogenic bacteria by autophagy highly support the
hypothesis of an involvement of infectious agents in CD
etiology. Those who have been suspected to modify the
risk of developing CD include viruses, eukaryotes and
bacteria.
Implication of virus in CD
Investigations of viral agents in CD patients have been
accomplished with the use of PCR and RT-PCR, and
allowed to identify the Epstein Barr virus (EBV) in
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15% of patients[77]. No enterovirus has been detected in
the gut of CD patients[77]. Interestingly, Cadwell et al[78]
showed that the abnormalities of Paneth cells in hypomorphic ATG16L1HM mice are dependent on a contact
with a particular murine norovirus strain CR6, since mice
raised in a germ-free condition or mice infected with a
non-persistent norovirus strain exhibited normal Paneth
cell morphology. In humans, several clinical studies have
shown that norovirus infection can aggravate IBD symptoms[79,80]. Although there is no direct evidence showing
that viral infection could be a causative factor of CD, the
study by Cadwell et al[78] suggests that the combination of
host genetic susceptibility and the presence of viral factors could lead to CD occurrence.
Bacteriophages are other viral agents that have been
suspected to play a role in CD pathogenesis. Indeed, it
has been shown that bacteriophages may result in dysbiosis by triggering a destabilization of microbial communities[81]. A study analyzing the bacteriophage population
in CD patients reported that each patient is colonized by
one dominant phage family[82]. In addition, the amount
of bacteriophages is significantly increased in CD patients compared with control subjects, and is decreased in
ulcerated areas compared with non-ulcerated areas[82].
Implication of yeast in CD: Candida albicans
In 2006, the presence of anti-Saccharomyces cerevisiae antibodies (ASCA), involved in the recognition of a mannose
residue on the surface of the non-pathogenic yeast Saccharomyces cerevisiae[83], was shown in the serum of 39%-70%
of CD patients vs 0%-5% of control subjects[84]. A study
proposed that the fungal pathogen Candida albicans could
act as an intestinal pathogen by triggering the production of ASCA, given that it expresses the ASCA epitope
on many surface molecules[85]. The presence of ASCA in
CD patients could reflect a decrease of immunotolerance
towards specific antigens of this endogenous yeast. It
has been observed that CD patients and their unaffected
relatives display a greater colonization of the gastrointestinal tract by Candida albicans with respective values of
44 and 38% than the general population with 22%[86]. In
addition, Candida albicans colonizes and aggravates gut inflammation in mice[87]. Although its role in CD etiopathogenesis has not yet been elucidated, the hypothesis of an
involvement of Candida albicans needs to be taken into
consideration.
Implication of pathogenic bacteria in CD
Mycobacterium avium subspecies paratuberculosis :
Mycobacterium avium subspecies paratuberculosis (MAP) is
the causative agent of the Johne’s disease, a chronic granulomatous ileitis most common in ruminants, but can
also affect many other species including primates. Given
that this pathology shares some facets with CD, MAP
could be an agent implicated in the complex etiology
of CD[88,89]. Research groups aiming to identify MAP in
CD patients by isolation methods or by amplification of
specific DNA sequences have reported contradictory re-
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sults; while some show the presence of this bacterium in
the blood and intestinal biopsies from CD patients[90-94],
some do not[95-98]. Furthermore, serologic analyses have
highlighted the presence of antibodies against MAP in
90% of CD patients[99]. Administration of antibiotics
with strong activity against mycobacteria has resulted in
remission in approximately 66%-75% of patients with
active CD as reported by three independent studies[100-102].
Although these antibiotics are also active against other
bacterial groups and their effect needs to be confirmed,
these studies highlight the potential role of MAP in CD
etiology.

Yersinia : Yersiniosis, an infectious disease caused by the

psychotrophic bacterium Yersinia, displays the common
facets of CD, including the presence of granulomas and
ulcerations along the epithelium[103]. Another study has
shown the penetration of Yersinia enterocolitica across the
epithelium via Peyer’s patches[104]. A Yersinia enterocolitica
oral infection induces the secretion of pro-inflammatory
cytokines in mice[105]. The presence of Yersinia enterocolitica
and Yersinia pseudotuberculosis strains in the gut of CD
patients has been shown[106,107]. It was also reported that
two cases of patients displaying terminal ileitis involving
Yersinia paratuberculosis were diagnosed with CD thereafter[108,109]. These observations support the hypothesis of
the involvement of Yersinia in CD pathogenesis, but further studies are required to determine their precise role.

Listeria : Numerous studies have been conducted to

investigate the role of Listeria in CD etiology[110,111]. Immunohistochemical[112] and molecular[111,113] analyses have
shown the presence of Listeria monocytogenes in CD lesions.
Listeria monocytogenes has been shown to disrupt and cross
the intestinal barrier by entering nonphagocytic cells, escaping from the internalization vacuole, allowing bacteria
to move in the cell and to spread from cell to cell[114].
A study reported that NOD2-deficient mice display an
increased susceptibility to oral infection by Listeria monocytogenes, with a down-regulation of genes coding cryptids,
the murine homologs to human α-defensins, in Paneth
cells[115]. These elements are in favor of the hypothesis
that Listeria is involved in CD etiology, but additional
studies are required to ascertain its causative role.

Helicobacter : Bacteria belonging to the Helicobacter fam-

ily have been suspected to play a role in CD pathogenesis.
An association between the Helicobacter pylori strain and
the human gastric mucosal system was highlighted since
Helicobacter pylori provokes mucosal ulcerations[116]. Numerous species of Helicobacter have been identified in the
human gut[117,118], suggesting that they can cause pathology by colonizing the intestinal mucosa. In vivo studies
have shown that Helicobacter hepaticus, a benign murine
commensal bacterium closed to the human Helicobacter
pylori strain, was able to induce considerable intestinal
inflammation in immunocompromised mouse models
[mice deficient in T-cell receptor alpha, T-cell receptor
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beta or interleukine (IL)-10] by triggering similar immune
responses to those observed in CD[119,120]. These experimental data suggest that Helicobacter could initiate disease
in individuals being genetically susceptible to CD.

E. COLI AND CD
The involvement of E. coli in CD etiopathogenesis has
been argued for long time. According to serologic studies,
the antibodies raised against the outer membrane porin
C of E. coli (anti-OmpC) have been found in 37%-55%
of CD patients[121,122]. Numerous studies have shown the
presence of E. coli-specific antigens in biopsies from CD
patients, particularly in the ulcer areas, along the fissures
and within the granulomas and lamina propria[37,112,123,124].
These reports are in accordance with numerous independent studies showing increased abundance of E. coli in
the mucosa-associated microbiota of CD patients with
dysbiosis compared with control subjects[37-43]. Specifically, we have shown that E. coli abnormally colonize acute
and chronic ileal lesions of CD patients comparatively to
control subjects[35,36].
Pathogenic traits of CD-associated E. coli
Adhesion and invasion of epithelial cells: Phenotypic
characterization of the E. coli strains isolated from CD
patients has evidenced their capacity to adhere to eukaryotic cells in vitro. It has been shown that 53%-62%
of CD patients carry E. coli strains that display adhesion properties to buccal cells vs only 5%-6% of control
subjects[125,126]. Another study reported that 84.6% of
CD patients and 78.9% of patients with disease recurrence carry E. coli strains capable of adhering to human
intestinal epithelial Caco-2 cells, vs only 33.3% of control
individuals[35]. Finally, several independent studies have
shown the presence of E. coli strains internalized in the
intestinal mucosa of CD patients and their capacity to
invade intestinal epithelial cells (IECs)[36,39,41,42,127]. Our
group has more particularly studied the E. coli reference
strain LF82, isolated from a chronic ileal lesion of a CD
patient[35,36], and shown that LF82 is able to adhere to and
to invade IECs[128].
Survival and proliferation in host cells: Increasing
evidence has shown the capability of the CD-associated
E. coli strains to invade, survive and replicate in IECs and
macrophages. The first study showed by electron microscopy that the E. coli strain LF82 can trigger, in the same
way as other enteropathogens such as Shigella, the lysis of
endocytic vacuoles to be released in the cytoplasm, where
the environment is more favorable for bacterial replication[129]. It has been later reported that CD-associated E.
coli are able to survive and replicate in macrophages without inducing cell death[130,131]. The mechanism underlying
these pathogenic properties of CD-associated E. coli has
been then investigated. Given the association of polymorphisms in autophagy genes ATG16L1 and IRGM
with an increased risk of developing CD, it has been
proposed that defects in autophagic process could allow
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the CD-associated E. coli to survive and replicate within
host cells. Our group has shown that the E. coli strain
LF82 replicates more importantly in autophagy-deficient
murine fibroblasts than in wild-type fibroblasts, and in
human epithelial cells and macrophages with siRNA-mediated ATG16L1 expression silencing[132]. Increased intracellular replication of the LF82 strain was also observed
in human cells expressing the ATG16L1 risk variant[132].
As discussed earlier, the CD-associated C313T mutation
in IRGM gene results in loss of tight regulation of IRGM
protein and therefore autophagy, leading to an increased
persistence of the LF82 bacteria in host cells[74]. These
studies suggest that impaired capacity of autophagy to
handle and clear bacteria could be a mechanism underlying the increased risk of CD patients via increased numbers of pro-inflammatory bacteria.
Disruption of the intestinal barrier function: Several
pathogenic bacteria are capable of disrupting the intestinal barrier to cross the mucosal surface by modulating
expression and/or organization of proteins involved in
establishment and maintenance of epithelial cell junctions. It has been shown that the CD-associated E. coli
strains induce disorganization of F-actin and displacement of ZO-1 and E-cadherin from the apical junctional
complex in human intestinal Caco-2 cell monolayer, leading to a drop in the trans-epithelial resistance and consequently increased epithelial permeability[127]. Likewise, the
LF82 strain induces a redistribution of ZO-1 in MadinDarby canine kidney-1 cell monolayer, causing a severe
disruption of the epithelial barrier[133]. These data suggest
that the CD-associated E. coli could play a causative role
in CD etiopathogenesis by inducing disruption of intestinal barrier function.
Inducing pro-inflammatory cytokine/chemokine
production: Several in vitro and in vivo studies have reported that the CD-associated E. coli can induce proinflammatory responses in host cells. Infection of macrophages with the LF82 strain induces the secretion of high
level of TNF-α[127,130], and this is essential for the intramacrophagic replication of the bacteria[130]. This indicates
that the CD-associated E. coli could induce production
of TNF-α to create an amplification loop of replication
and of inflammation. Increased production of IL-8 in
LF82-infected IECs has been also reported[127,134,135]. In
a transgenic CEABAC10 mouse model expressing human Carcinoembryonic antigen-related cell adhesion
molecules (CEACAMs), the CD-associated E. coli strain
LF82 can induce a severe colitis accompanied with an increase in production of the pro-inflammatory cytokines
IL-1β, IL-6, and IL-17 and a decrease in that of the antiinflammatory cytokine IL-10[136]. These in vitro and in vivo
data support the hypothesis of the involvement of CDassociated E. coli in the etiopathogenesis of this chronic
inflammatory disease.
Adherent-invasive E. coli: A new pathovar
Pathovar definition: Analysis of virulence factors and
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clinical manifestations engendered by different E. coli
strains has allowed distinguishing six pathovars: enterotoxinogenic E. coli, enterohemorragic E. coli, enteroaggregative E. coli, diffusely adherent E. coli, enteropathogenic E. coli and enteroinvasive E. coli (EIEC)[137]. CDassociated E. coli strains share some virulence features
with already established E. coli pathovars such as the
ability to induce macrophage cell death, but the factors
involved in the adhesion and invasion properties of the
known pathovars are not present in the CD-associated
E. coli strains[35,129]. Thus, a new pathovar was defined to
classify these strains, and called adherent-invasive E. coli
(AIEC)[129]. The criteria of this pathovar group include
abilities to adhere to and to invade IECs, to survive and
replicate in large vacuoles within macrophages without
inducing cell death, and to induce secretion of high levels
of the pro-inflammatory cytokine TNF-α by infected
macrophages. The ability to trigger increased intestinal
permeability also constitutes one of the pathogenic characteristics of AIEC[127]. Finally, AIEC have been shown
to form biofilm and to induce granulomas formation in
vitro[138-140]. The E. coli LF82 strain displays all of these
characteristics, and is therefore considered as the AIEC
reference strain.
AIEC prevalence in CD patients: Evidence has shown
a high prevalence of ileal mucosa-associated AIEC in CD,
since AIEC have been identified in the neoterminal ileum
of 36.4%-51.9% of CD patients vs only 6.2%-16.7% of
controls[36,141]. Comparative genomic analyses of AIEC
strains isolated from different patients have shown that
only one specific strain was not found in all of the patients, nevertheless, some genotypes of particular strains
seem to be more frequently associated with ileal lesions
of CD[40,142].
Virulence factors of AIEC: Genetic determinants of
virulence of the AIEC reference strain LF82 are not
known and are not similar to those of other invasive E.
coli strains. Thus, they have been searched by random
mutagenesis (insertion of the transposon Tn5phoA) and
by comparison of the genome of LF82 with that of
other pathogens[143,144]. These studies have permitted the
identification of the lipoprotein NlpI which appears to
be involved in adhesion and invasion capacities of LF82,
since the insertion of the Tn5phoA transposon in the
NlpI-encoding gene leads to a loss of invasion capacity
of LF82 and the LF82-ΔnlpI isogenic mutant showed
a decreased adhesion and invasion capacity in Intestine-407 epithelial cells[145]. Likewise, the analysis of the
Tn5phoA insertion mutant library and the construction
of isogenic mutants led to the identification of flagella
and the membrane proteins YfgL, OmpC and OmpA as
factors involved in adhesion and invasion properties of
the reference strain LF82[146-149]. Another study showed
that type 1 pili are a crucial virulence factor that allows
AIEC to adhere to IECs via the receptor CEACAM6[150].
They are composed of a major subunit with repetition
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of FimA protein, minor subunits FimG and FimF, and
one adhesin called FimH present at the end of the pilus[151]. Our group recently showed that point mutations
in FimH confer AIEC bacteria a higher ability to adhere
to CEACAM6-expressing human IECs[152]. The replacement of FimH-coding gene having an AIEC-associated
mutation in the LF82 strain by a gene coding FimH of
the commensal non-pathogenic E. coli K12 MG1655
strain decreased the ability of the bacteria to colonize the
gut and to induce intestinal inflammation in CEABAC10
transgenic mice[152]. This suggests that selection of amino
acid mutations in FimH is a mechanism of AIEC virulence evolution, which could increase the risk of CD
development in a genetically susceptible host. Recently,
we have identified long polar fimbriae (LPF) as a key
factor for AIEC to target microfold cells (or M cells) on
the surface of Peyer’s patches, and that the prevalence
of the AIEC strains harboring the lpf operon was markedly higher in CD patients compared with controls[153].
This operon has also been identified in other enteropathogenic bacteria such as Salmonella Typhimurium and
been shown to be involved in specific adherence of the
bacteria to M cells on Peyer’s patches[154]. Interestingly,
bile salts, of which the composition has been reported
to be modified in CD patients[155], induce LPF expression
favoring the colonization of the epithelium by AIEC[156].
These data could explain the presence of early lesions in
the Peyer’s patches of CD patients.

THERAPEUTIC APPROACHES
TARGETING INFECTIOUS AGENTS TO
TREAT CD
Current CD treatment strategies aim to control inflammation, relieve symptoms and correct nutritional deficiencies. The treatment depends on the location and severity
of disease, complications and response to previous treatment. At this time, treatment can help control the disease,
but there is no cure. Established therapies for CD include
anti-inflammatory agents [e.g., aminosalicylates (5-ASA),
omega 3 fatty acids], immunosuppressive drugs (e.g., corticosteroids, azathioprine and 6-mercaptopurine) and antibiotics. An increasing number of novel and alternative
therapeutic approaches are in progress[157]. New biologic
therapies include the targeting of pro-inflammatory cytokines, enhancement or infusion of anti-inflammatory
cytokines, blocking intravascular adhesion molecules,
and modifying T-cell functions[157]. Given the increasing
evidence supporting the infectious etiology of CD, therapeutic approaches to manipulate gut microbiota have
been attempted by using antibiotics, probiotics, prebiotics
and possibly defensins. Although these approaches are
widely used, their benefits are variable and certainly not
permanent. One important reason for this is the fact that
the etiology of CD is complex and multifactorial, and
does not include only infectious factors. Therefore, manipulation of the gut microbiota is beneficial, but, on its
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own, is insufficient to cure the disease.
Antibiotics
The beneficial effect of broad-spectrum antibiotics in the
treatment of a moderate form of CD has been reported,
although it lacked a large-scale clinical trial[158]. A controlled clinical trial conducted in American and Canadian
centers reported that metronidazole, an antibiotic active
against strictly anaerobic bacteria, is more effective in CD
patients than a placebo at both a low dose (10 mg/kg per
day) and a high dose (20 mg/kg per day)[159]. A therapy
based on ciprofloxacin has been shown to be effective
in CD treatment and is also effective in combination
with conventional treatments in patients with resistant
CD[160,161]. Combination of ciprofloxacin and metronidazole has been tested in treatment of acute phase of the
disease and appeared to be effective[162]. Numerous clinical trials have been performed to test the potential benefit of antibiotics during different clinical manifestations
of CD. Papi and colleagues showed that administration
of antibiotics (metronidazole and ornidazole) is effective
in preventing post-operative recurrence of CD, which
is inevitable since the surgery is not curative[163]. The efficiency of antibiotics in the treatment of perianal fistulas, a complication of CD, was tested, but did not allow
obtaining extended closure of fistulas[164]. The authors
of this study suggest the use of antibiotics as a secondline therapy for fistula healing following the use of antiTNF-α antibodies, which are known to be effective. Preoperative administration of antibiotics seems to reduce
the risk of surgery[165]. Although antibiotic treatment is
effective in some cases, it has some side effects including
non-specific effects against microbiota, the possibility
of inducing an antibiotic resistance and the risk of Clostridium difficile superinfection. Those antibiotics have been
therefore recommended as a second-line treatment for
CD.
Probiotics
Given that intestinal dysbiosis has been postulated to
cause CD in genetically predisposed individuals, therapeutic strategies based on the use of probiotics have
been developed to modulate the imbalance of intestinal
microbiota observed in CD patients.
Potential action mechanisms of probiotics include
competitive interactions with enteropathogens, production of antimicrobial metabolites, influences on the epithelium, and immune modulation[166]. The use of the probiotic yeast strain Saccharomyces boulardii has been shown
to be effective in prevention and treatment of antibioticassociated and Clostridium difficile infection-associated diarrhea, as well as traveler’s diarrhea[167]. Several probiotic
strains have been tested in CD treatment. Treatment of
CD patients with the probiotic E. coli strain Nissle 1917
leads to a remission more rapidly than untreated patients,
without affecting the number of patients entering remission[168]. One study, although involving only a few subjects, 32 patients, reported the maintenance of remission
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in CD patients treated with the probiotic strain Saccharomyces boulardii comparatively to patients treated with mesalamine[169], of which the effect in maintaining remission
has been raised[170,171]. However, a recent randomized,
placebo-controlled trial reported no significant effect of
the yeast Saccharomyces boulardii in preventing relapse following a medically-induced remission[172]. Clinical trials
have been carried out to evaluate the potential efficacy
of the probiotic strain Lactobacillus GG in the prevention of post-operative recurrence in CD patients[173] and
on the average time of relapse after a medically induced
remission period[174]. The first reported contradictory effects with rates of clinical and endoscopic recurrence of
16.6% and 60%, respectively, in the Lactobacillus-treated
group vs 10.5% and 35.3% in the placebo group. The
second showed a shorter average time of relapse of 9.8
mo in patients treated with the probiotic vs 11 mo in the
placebo group. Another strain of Lactobacillus, Lactobacillus johnsonii, was tested in CD patients during two doubleblind trials, and both reported no significant effect of this
strain in preventing clinical recurrence of the disease following a surgically-induced remission in probiotic-treated
patients comparatively to the placebo group[175,176]. Although probiotics may be the most physiologic and nontoxic way to prevent and treat CD, it may be transient and
has a limited and debatable usefulness at present.
Fecal microbiota transplantation
Given the potential role played by intestinal microbiota
in CD pathogenesis, another therapeutic approach has
been considered for CD treatment: fecal microbiota
transplantation. The transfer of fecal microbiota from
a healthy individual to the gut of a patient, enabling the
re-establishment of a normal microbial community, has
been shown to be effective in the treatment of ulcerative
colitis[177], another form of IBD, or infection with Clostridium difficile[178]. Clostridium difficile infection has become
a major public health problem, occurring after antibiotic
treatment or ingestion of spores in the environment. In
patients with a recalcitrant infection, fecal microbiota
transplantation has been shown to be effective, with
an efficiency rate of 90%[179,180]. Only few case reports
and case series of fecal microbiota transplantation for
the management of CD have been published. The first
case was a 31-year-old man diagnosed with terminal ileal CD who remained symptom-free for 4 mo after the
transplantation[181]. Among the other cases reported, the
use of fecal microbiota transplants leads to CD resolution, i.e. to a complete cessation of symptoms or to the
absence of active disease confirmed by endoscopic and
histologic analyses, but in most cases, it does not[182]. A
recent study reported the effectiveness of fecal microbiota transplantation in a case of severe fistulizing CD
with a sustained clinical remission for more than 9 mo
after the treatment[183]. Fecal microbiota transplants have
also been used to manage Clostridium difficile infections
in CD patients, and it appears to be effective in most of
patients with a reduction or a complete resolution of the
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infection-associated diarrhea[182]. More clinical trials with
better standardized protocols are required to confirm the
beneficial effect of fecal microbiota transplantation in
treatment of this complex disease.

5

CONCLUSION
Since the first description of CD in 1932, numerous
research groups worldwide have attempted to unravel
the complex and multifactorial etiology of the disease to
develop a curative therapy. In addition to the identification of genetic and environmental risk factors in CD,
increasing lines of evidence have supported a role for
infectious agents in CD etiopathogenesis. These include
the disruption of the intestinal barrier function associated with excessive bacterial translocation, an intestinal
dysbiosis, defects in the secretion of IgA entrapping
antigens and bacteria in the intestinal lumen and inefficacity of autophagy-mediated clearance of intracellular
bacteria. These defects, which have been reported in CD
patients, can lead to the emergence of infectious agents
(viruses, eukaryotes or bacteria) that could induce chronic
inflammatory characteristic of CD. Advances in the
knowledge of infectious etiology of CD enable to develop different therapies based on the clearance of CDassociated pathogens, the modification of the imbalanced
intestinal microbiota and re-establishment of a “healthy”
microbiota with the use of antibiotics, probiotics and fecal microbiota transplantation. However, these therapies
on their own are insufficient to provide a cure for CD.
Therefore, successful CD therapies are likely to require
multiple pathway-integrated treatments depending on the
stage of the disease and each patient subset.
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results from clinical trials do not convincingly demonstrate the efficacy of this approach in terms of identification of precancerous lesions, nor do they define the
outcome of the surgical treatment of these lesions. For
this reason, surveillance programs for individuals at risk
of pancreatic cancer are thus far generally limited to
the setting of a clinical trial. However, the acquisition of
a deeper understanding of this complex area, together
with the increasing request for screening and treatment
by individuals at risk, will usher pancreatologists into a
new era of preemptive pancreatic surgery. Along with
the growing demand to treat individuals with precancerous lesions, the need for low-risk investigation, lowmorbidity operation and a minimally invasive approach
becomes increasingly pressing. All of these considerations are reasons for preemptive pancreatic surgery
programs to be undertaken in specialized centers only.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
th

Pancreatic cancer is the 4 leading cause of cancerrelated death in Western countries. Considering the
low incidence of pancreatic cancer, population-based
screening is not feasible. However, the existence of a
group of individuals with an increased risk to develop
pancreatic cancer has been well established. In particular, individuals suffering from a somatic or genetic
condition associated with an increased relative risk of
more than 5- to 10-fold seem to be suitable for enrollment in a surveillance program for prevention or early
detection of pancreatic cancer. The aim of such a program is to reduce pancreatic cancer mortality through
early or preemptive surgery. Considering the risk associated with pancreatic surgery, the concept of preemptive surgery cannot consist of a prophylactic removal of
the pancreas in high-risk healthy individuals, but must
instead aim at treating precancerous lesions such as
intraductal papillary mucinous neoplasms or pancreatic
intraepithelial neoplasms, or early cancer. Currently,
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Core tip: Pancreatic cancer is the 4th leading cause of
cancer-related death in Western countries. Considering the low incidence of pancreatic cancer, populationbased screening is not feasible. This review analyzes
the possibility to identify a population at risk for pancreatic cancer and the strategies for clinical screening
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INTRODUCTION
Pancreatic cancer (PC) is the fourth leading cause of cancer-related death in Western countries. It ranks amongst
the most lethal cancers and has a mortality rate that nearly equals the incidence rate and an overall 5-years survival
of approximately 5%[1-3].
During the last decades there has been an overall reduction in cancer-related mortality in Western countries,
in particular for lung, breast, colorectal and prostate cancer[1,4]. In contrast, mortality rates increased for PC, and
the prediction for the year 2013 shows the same trend[4].
The success in reducing cancer mortality for some
of the human solid tumors is not only related to the
discovery of new therapeutic agents, but to a significant
extent it has also been the result of the development of
early detection and prevention programs. Born from this
concept is a new surgical approach for patients at risk of
cancer: preemptive surgery. Preemptive surgery can be
defined as the prophylactic removal of an organ at high
risk for malignant transformation or the resection of a
precancerous lesion or an “early” malignant neoplasm
in an individual with a predisposition to cancer[5]. Today,
preemptive surgery is recognized as a useful approach
for the management of various premalignant lesions or
conditions and for the prevention of cancer in high-risk
individuals. For patients with high-grade dysplasia in Barrett’s esophagus, esophagectomy is a therapeutic option
to prevent esophageal cancer from developing[6-10]. Total
gastrectomy can be performed to prevent gastric cancer
in the rare case of familial gastric cancer[11-13]. Bile duct
cyst resection or “early” liver transplantation in primary
sclerosing cholangitis is proposed to reduce the incidence
of cholangiocarcinoma[14,15]. Total thyroidectomy may
be recommended for individuals with multiple endocrine neoplasia type 2/familial medullary carcinoma[16].
Preemptive bilateral mastectomy and possibly bilateral
oophorectomy in female carriers of BRCA1 or BRCA2
mutations reduce the risk of ovarian cancer and breast
cancer by more than 90%[17,18]. Patients with hereditary
non-polyposis colorectal cancer or familial adenomatous
polyposis can be advised to undergo prophylactic total
proctocolectomy to prevent colon cancer development[19].
Furthermore, a population-wide screening program to
detect premalignant lesions or early cancer is already
implemented for different tumor types such as colorectal,
breast and lung cancer[20-24].
Historically, PC was not considered a disease suitable
for a preventive or early detection program given the aggressive biology and rapid progression of the tumor and
the presumed low prevalence of high-risk individuals. Today, newly acquired knowledge regarding the biology and
natural history of PC has changed this view. Even if PC is
biologically aggressive at the time of diagnosis, it follows
a multistep carcinogenesis process, which is very similar
to that of other cancers (e.g., colon cancer) and consists
essentially of a steady progression through increasing
grades of dysplasia[25]. Since this process takes about a
decade before the neoplastic lesion becomes an invasive
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cancer[26], there is a considerable window of opportunity
to potentially detect the tumor at an early (pre-)invasive
stage[27].
Today it has also been recognized that some of the
neoplastic precursor lesions, such as intraductal papillary
mucinous neoplasm (IPMN) or pancreatic intraepithelial
neoplasia (PanIN), can be detected at an early stage using
currently available imaging techniques[28,29].
Even if population-based screening for PC is not
considered cost-effective given the relatively low incidence of the disease[25], specific screening programs for
subgroups of high-risk individuals are currently evaluated
by the scientific community regarding the detection of
precursor lesions or early cancers and the impact on PCrelated mortality[29]. In this paper we analyze the conditions that are associated with an increased risk of PC, the
groups of individuals potentially suitable for screening
programs, the target lesions for screening, and the potential treatment for these conditions.

GROUPS AT RISK FOR PC
A wide range of conditions are associated with an increased
risk of PC. Overall, these can be divided in two distinct
groups, i.e., hereditary and non-hereditary conditions.
Traditional non-hereditary conditions associated with an
increased risk of PC
These non-hereditary conditions are frequently associated with potentially correctable life-style factors and
habits. Although they are well-established risk factors for
PC, the associated increase in risk is too low to justify
screening of the affected individuals. Smoking, obesity,
alcohol abuse and exposure to toxic substances (Table 1)
are potentially all suitable for primary prevention. Further
non-genetic conditions associated with an increased risk
of PC are diabetes type 1 and 2, chronic pancreatitis and
a history of peptic ulcer (Table 1)[30-36]. Only the risk associated with chronic pancreatitis seems to be sufficiently
high to justify screening of affected individuals.
Novel non-hereditary lesions and conditions associated
with an increased risk of PC
The majority of patients within this group suffer from a
pancreatic cystic neoplasm, in particular IPMN or mucinous cystic neoplasia (MCN), which bear an established
risk of malignant transformation. Furthermore, recent
data indicate that patients who underwent solid organ
transplantation also have an increased risk of PC.
Pancreatic cystic neoplasms
Pancreatic cystic neoplasms (PCN) are common diseases
with an estimated prevalence in the general population of
approximately 20%[37,38]. A wide range of different cystic
tumors has been described[39], but IPMN and MCN seem
to be the most prone to undergo malignant transformation. Furthermore, the incidence of IPMN appears to
be high in individuals with a familial risk for PC[40] and,
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Table 1 Non-genetic factors associated with an increased risk
to develop pancreatic cancer

Table 2 Most important genetic syndromes associated with
an increased risk of pancreatic cancer

Risk factors

Syndrome

Smoking
Overweight
Alchohol abuse
Type 1 diabetes
New onset type 2 diabetes
Chronic pancreatitis
Exposure to nickel
Previous gastric ulcer

Estimated overall risk

Ref.

1.75
1.12 per increased 5 kg/m2
1.2
2.0
2.0
14.0
1.9
1.8

[37,38]
[39-41]
[42,43]
[44]
[45]
[46]
[47]
[48]

Familial pancreatic cancer
1 or more first degree
relative(s)
1 first degree relative
2 first degree relatives
3 or more first degree
relatives
Peutz Jeghers syndrome
Hereditary pancreatitis
Familial atypical multiple
mole melanoma
Breast and ovarian cancer
syndrome
Cystic fibrosis
Hereditary non-polyposis
colon cancer

conversely, a positive family history for PC is a risk factor
for IPMN development[41]. The risk of cancer in IPMN
patients ranges from 24% in IPMN involving the branch
ducts to over 60% in lesions involving the main pancreatic duct[42]. For this reason, follow-up or preventive surgery of these neoplasms is recommended[39,42].
Transplanted patients
Individuals who underwent organ transplantation have
recently been identified as being at risk of developing
PC. Large cohort studies of transplanted patients in the
United States have convincingly demonstrated that the
immunosuppressive regimen used for solid organ transplantation is associated with a risk of PC, which significantly exceeds that of the general population[43]. Furthermore, following transplantation, patients seem to be at an
increased risk to develop pancreatic neoplastic precursor
lesions such as IPMN[44].
Hereditary conditions associated with an increased risk
of PC
Three major groups of hereditary conditions can be considered associated with an increased risk of PC: a strong
family history of PC, called familial pancreatic cancer
(FPC), hereditary neoplastic and hereditary non-neoplastic syndromes in which PC is one of the phenotypic
manifestations[45].
FPC
Even if a susceptibility gene for FPC has not been identified yet, the distribution of PC in some families meets
the criteria for autosomal dominant transmission with
reduced penetrance. In members of such kindreds, the
risk to develop PC increases with the number of affected
family members. The relative risk ranges from 4.5-fold in
case of a single affected first-degree relative to 32-fold if
3 or more first-degree relatives are affected[46]. The definition of FPC is not well established yet, but an individual
can be considered at risk if there are at least two first-degree relatives affected by PC, or if three or more relatives
are affected regardless of the degree of relationship[47,48]
(Table 2). According to some prospective observational
studies based on screening programs[49], individuals at risk
are found to have an increased incidence of neoplastic
precursor lesions (PanIN and IPMN).
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Gene

Familial adenomatous
polyposis

Relative
risk

Risk at age
of 70

Unknown
9

4%

4.5
6.4
32

2%
3%
16%

LKB1/STK11
PRSS1
CDKN2A/p16

132
50-70
34-39

30%-60%
40%
17%

BRCA1/BRCA2

2.3-10

1%-5%

CFTR
MSH2, MLH1,
MSH6, PMS,
PMS2
APC

5.3
4.7

< 5%
< 5%

4.5

2%

LKB1/STK1: Liver kinase B1/serine-threonine kinase 11; PRSS1: Protease
serine 1; CDKN2A/p16: Cyclin-dependent kinase Inhibitor 2A; BRCA1/
BRCA2: Breast cancer type 1 and 2 proteins; CFTR: Cystic fibrosis transmembrane conductance regulator; MSH2: DNA mismatch repair protein
Msh2; MLH1: MutL homolog 1, colon cancer, nonpolyposis type 2; MSH6:
MutS homolog 6; PMS, PMS2: Mismatch repair endonuclease.

Breast and ovarian cancer syndrome
This syndrome, caused by mutations of the BRCA1 or
BRCA2 genes, is associated with a 2.3- to 10-fold increased risk of PC[50,51] (Table 2). The risk to develop PC
appears to be higher in individuals of Ashkenazi Jewish
descent[52]. BRCA 2 mutations are also identified in about
13%-17% of the families diagnosed with FPC who do
not meet the inclusion criteria of the breast and ovarian
cancer syndrome[53,54].
Familial atypical multiple mole melanoma
Familial atypical multiple mole melanoma (FAMMM) is
associated with a mutation of the CDKN2A gene. The
syndrome is also associated with extra-cutaneous tumors,
and PC is present in 25% of individuals who carry this
mutation[55]. The relative risk to develop PC for individuals with FAMMM is 34- to 39-fold higher than in the
general population[56,57] (Table 2). In a recent report from
the German Familial Pancreatic Cancer surveillance program, patients with FAMMM were found more prone
than patients with FPC to develop PC directly, i.e., without the development of clinically detectable precursor
lesions[58].
Peutz-Jeghers syndrome
Peutz-Jeghers syndrome (PJS) is an autosomal dominant
hereditary disease that causes increased susceptibility for
the development of various tumor entities. In particular,
the risk of gastrointestinal tumors such as esophageal,
small bowel, colorectal and pancreatic cancer is increased.
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A

B

*
Figure 1 Intraductal papillary mucinous neoplasia. A: The main pancreatic duct (dotted arrow) and a cluster of branch ducts (arrows) are dilated, and particularly
the latter contain mucus and a papillary proliferation on the duct walls (asterisk, common bile duct); B: Partial involvement of a pancreatic branch duct by the papillary
proliferation of neoplastic epithelium characteristic of intraductal papillary mucinous neoplasia (HE, 20 × magnification).

Table 3 Characteristics related to epithelial subtype in intraductal papillary mucinous neoplasia
Epithelial subtype
Location
Dysplasia
Present with invasive
carcinoma
Type of invasive
carcinoma

Gastric

Intestinal

Pancreatobiliary

Oncocytic

Branch duct > main duct
LGD/IGD
15%

Main duct > branch duct
IGD/HGD
30%-60%

Branch duct > main duct
HGD
60%-75%

Branch duct > main duct
HGD
25%

Conventional (tubular)

Colloid or conventional
(tubular)

Conventional (tubular)

Oncocytic or conventional
(tubular)

LGD: Low-grade dysplasia; IGD: Intermediate-grade dysplasia; HGD: High-grade dysplasia.

PJS is caused by a mutation of the STK11 gene[59]. The
risk to develop PC is 132-fold higher in these patients
compared to the general population[60] (Table 2).
Hereditary pancreatitis
Of the various types of hereditary pancreatitis (HP)
described, only HP associated with a mutation of the
PRSS1 gene seems to bear a significantly increased risk
of PC. Patients suffering from this condition usually
present with early-onset chronic pancreatitis and a family
history of chronic pancreatitis associated with PC. The
relative risk to develop PC is 50-70[61,62] (Table 2).
Other hereditary conditions associated with an
increased risk of PC
An up to 5-fold relative risk is associated with other hereditary syndromes. For hereditary non-polyposis colon
cancer (HNPCC) or Lynch Syndrome Ⅱ[63-65] the risk
is approximately 4.7, for cystic fibrosis it is 5.3[66], 3 for
ataxia telangiectasia[67] and 4.5 for familial adenomatous
polyposis (FAP)[68,69]. Especially FAP patients are to be
considered for preemptive pancreatic surgery, because
premalignant lesions of the duodenum generally require
the same surgical approach.
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PRECURSOR LESIONS OF PANCREATIC
CANCER
For several decades PanIN and IPMN have been established as precursor lesions of PC. However, it is only
recently that their biology and significance are unfolding.
IPMN is, as the name indicates, a neoplastic proliferation within the pancreatic duct system that is characterized by a variable degree of papillary architecture and
mucin production[70]. The tumour cell proliferation and
mucin secretion cause duct dilatation, which is the major
macroscopic and radiological feature of this tumour entity (Figure 1). Based on which part of the pancreatic duct
system is involved, IPMNs are divided into main-duct,
branch-duct or mixed-duct type. The neoplastic epithelium can be of gastric, intestinal, pancreatobiliary or oncocytic type[71]. Over time, IPMNs can develop increasingly
dysplastic features (graded as low, intermediate and high)
and eventually transform into invasive adenocarcinoma
of tubular, colloid or the rare oncocytic type. Whereas
the first cancer type is morphologically and prognostically identical to conventional PC, the latter two are more
indolent. Interestingly, the various features of IPMN are
interrelated, as outlined in Table 3. Recent studies indi-
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PanIN-1

PanIN-2

PanIN-3

Figure 2 Pancreatic intraepithelial neoplasia. Small pancreatic branch ducts are involved by a low-papillary proliferation of neoplastic columnar epithelium showing
mild, moderate and severe dysplasia corresponding to pancreatic intraepithelial neoplasia (PanIN)-1, PanIN-2 and PanIN-3.

A

B

*

*

*

*
*

*

*

*

*

*

*
*

Figure 3 Lobulocentric atrophy. A: Lobules of acinar parenchyma are atrophic (asterisk) and partially replaced by tubular structures (so-called acinar to ductal
metaplasia; dotted arrow) and fibrosis. Note the foci of PanIN-1 in the centre of the changes (arrows); B: Lobulocentric atrophy of neighbouring lobules (asterisk) results in a large area of fibrosis with tubular structures (dotted arrows) but without PanIN-lesion.

cate a more complex relationship between IPMN and
invasive PC. The latter may not only develop through direct malignant transformation of the IPMN proper, but
seems also to occur more frequently concomitant with
(but topographically separate from) an IPMN, in particular branch-duct IPMN of gastric epithelial type[72-74].
PanIN is also characterized by a neoplastic intraductal
proliferation, but in contrast to IPMN, the neoplastic epithelium is flat to low-papillary, and mucin secretion is not
a prominent feature[70]. The epithelial type is mainly gastric, although intestinal, oncocytic and other variants can
occasionally occur[72]. Three grades of dysplasia (PanIN-1,
PanIN-2, PanIN-3) are usually distinguished (Figure 2).
The lower grades (PanIN-1, -2) are a common finding
in otherwise healthy pancreas after the age of 40[75,76] or
in chronic pancreatitis[77-79]. In contrast, PanIN-3 is rare
in the normal pancreas or chronic pancreatitis[76,80], but
appears most commonly in pancreas with invasive ductal
adenocarcinoma[81]. Both PanIN and IPMN are more
common and more often multifocal in individuals with a
strong family history of PC than in patients with sporadic
disease, and the precursor lesions are of a higher grade in
the former group[51,82,83].
While a certain morphological overlap exists between
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branch-duct IPMN of gastric type and PanIN[84,85], the
main difference between PanIN and IPMN is the fact
that the latter represents a macroscopically identifiable
lesion[86], while PanINs are too small to be visualized by
naked-eye inspection or imaging. However, it has been recently suggested that PanIN is associated by parenchymal
changes[51,82,87], which may be detected by EUS[88,89]. These
parenchymal changes are characterized by a combination
of acinar cell loss, proliferation of small ductular structures and fibrosis, and have been coined as “lobulocentric
atrophy” (LCA) (Figure 3A). The initial enthusiasm about
the possibility to identify PanIN by means of detecting
LCA has been dampened by recent novel developments
regarding the causal relationship between both lesions.
While it was first assumed that LCA is caused by the
duct-obstructive effect of PanIN lesions[51,82,87], and the
association between both seemed more or less obligatory,
recent morphological and molecular evidence indicates
that PanIN is one of the possible outcomes of LCA or
the process that is often associated with LCA, so-called
acinar-to-ductal metaplasia[90-92]. In the light of these recent discoveries, the use of LCA as a target for pancreatic
screening of high-risk individuals requires more circumspect consideration. First, because PanIN is not the cause
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Table 4 Incidence of cancer during follow-up of branch-duct
intraductal papillary mucinous neoplasms of the pancreas
Ref.

Year

Lafemina et al[97]
Sahora et al[98]
Khannoussi et al[99]
Arlix et al[100]
Maguchi et al[101]
Salvia et al[102]
Tanno et al[103]

2013
2013
2012
2012
2011
2009
2008

Patients (n )

Table 5 Summary of diagnostic yield of familial pancreatic
cancer screening

Incidence of cancer
on IPMN

170
240
53
49
349
121
82

11.0%
4.0%1
3.7%
0
2.6%2
0
1.2%

1

Other 3.7% of patients developed a concurrent pancreatic cancer (PC);
Other 0.8% of patients developed a concurrent PC. IPMN: Intraductal
papillary mucinous neoplasms.
2

of LCA, the association between both lesions is not
100%[93]. LCA is in fact a common finding in the ageing
pancreas or in the context of various conditions[87,90] and
may be present with or without associated PanIN (Figure
3B). Conversely, PanIN may well occur in the absence
of LCA, i.e. remain undetectable on EUS examination.
Second, there is so far no indication that the presence
of LCA correlates with the grade of PanIN. In other
words, EUS detection of LCA would still not provide
sufficient information for patient management, as highgrade PanIN may be an indication for preventive surgery,
whereas low-grade PanIN is not. Third, the accuracy with
which fine needle aspiration (FNA) would be able to assess the PanIN-lesion presumed to be associated with
the focus of LCA identified on EUS has not been evaluated. While a focus of LCA may be of varying size depending on whether a single pancreatic lobule or several
neighbouring lobules are affected, the associated PanINlesion(s) may be present only focally and could thus be
missed by EUS-guided FNA. From these considerations,
it appears that sampling bias may represent a limitation
to the successful identification of PanIN-lesions when
screening individuals with an increased risk of PC.

SCREENING MODALITIES FOR
INDIVIDUALS AT RISK
While various modalities are available to screen patients
at risk of PC, it is currently not well defined who should
be screened and how this could be done.
Individuals with a “non-hereditary risk” of PC
Among individuals with a “non-hereditary” risk of PC,
patients suffering from chronic pancreatitis or PCN are
currently enrolled for clinical screening.
Patients with chronic pancreatitis are usually entered
into a screening program to follow the evolution of the
disease and detect PC at an early stage[93]. Recently, a
specific algorithm based on patient history and laboratory tests has been developed to identify those chronic
pancreatitis patients that have developed early PC[94].
Traditionally, screening of these patients has been based
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Ref.

Year

Syndrome(s)

Patients (n )

Yield

Brentnall et al[106]
Kimmey et al[107]
Poley et al[108]

1999
2002
2009

14
46
44

50%
26%
23%

Langer et al[109]
Verna et al[110]
Ludwig et al[111]
Vasen et al[112]
Al-Sukhni et al[113]

2009
2010
2011
2011
2011

76
51
109
79
262

1.3%
12%
8.3%
18%
7.3%

Schneider et al[114]
Canto et al[115]

2011
2012

FPC
FPC
FPC, PJS, BRCA,
p16, p53, HP
FPC, BRCA
FPC, BRCA, p16
FPC, BRCA
P16
FPC, BRCA, PJS,
p16, HP
FPC, BRCA, PALB2
FPC, BRCA, PJS

72
216

15%
43%

HP: Hereditary pancreatitis; FPC: Familial pancreatic cancer; PJS: PeutzJeghers syndrome; BRCA: Breast cancer.

on imaging by MRI and CT scan. The use of EUS, alone
or in combination with MRI, seems to offer a high accuracy in this particular patient group. The role of FNA
during EUS is not conclusively defined[95], and diffusionweighted MRI does not seem to facilitate the distinction
between PC and chronic pancreatitis[96]. In the group of
patients with PCN, MRI, CT scan and EUS, alone or in
combination, are the most effective screening modalities.
However, in view of the possible need for a prolonged
screening program, CT scan is not recommended due to
the risks associated with radiation exposure[39,42]. In particular for branch-duct IPMN (BD-IPMN), the surveillance strategy seems to be effective, as evidenced by the
average detection rate of cancerization during follow-up,
which lies between 0% and 11%[97-103] (Table 4).
Individuals with a “hereditary risk” of PC
Over the years, various surveillance programs have
been developed for individuals with a “hereditary risk”
of PC. Recently, MRI and EUS have become the most
commonly used investigational modalities, whereas in
the past CT scan and ERCP have also been used in this
field[29]. Within this particular group, individuals affected
by FAMMM deserve special mentioning. Indeed, in these
individuals the development of PC follows a different
pathway that is not preceded by PanIN and IPMN lesions[58]. Therefore, EUS should probably be preferred to,
or used in combination with, MRI. Other methods of investigation that are potentially useful for the diagnosis of
IPMN include pancreatoscopy and confocal laser microscopy. However, these methods are still experimental and
cannot be used routinely for individuals with a hereditary
risk of PC[104,105].
At present, the results of screening programs for PC
are inconclusive. Most of the prospective studies performed so far report a highly variable detection rate of
pancreatic findings, the yield ranging from 1% to 50%
(Table 5)[106-115]. The significant divergence in detection
rate is not only due to the use of different screening
modalities but results also from differences in the defi-
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nition of the concept “yield”. Some studies declared
the identification of “early cancer” (T1N0M0) or highgrade dysplastic precursor lesions as the goal of screening, whereas others also included IPMN with low- or
intermediate-grade dysplasia or PanIN of any grade of
dysplasia. Some of the surveillance protocols attempted
at detecting PanIN lesions by EUS, based on their association with lobulocentric atrophy. However, this histological change in the pancreas is not specific for PanIN,
the ability to recognize it is very operator-dependent, and
the progression and natural history of this type of lesion
is not well known in individuals at risk of PC[29,116]. Consensus has not yet been reached regarding the timing and
inclusion criteria for a surveillance program. National
and international guidelines suggest that every individual
with a 5- to 10-fold relative risk should be considered for
surveillance[28,29]. A further point of dissensus is the age
at which an individual should be enrolled for screening.
For patients at risk of FPC, age 40 or 50 has been proposed for the commencement of screening. However, an
earlier age has been suggested for individuals at risk who
smoke[29]. For patients with HP (PRSS1 mutation carriers), starting surveillance at the age of 40 has been recommended, considering the younger age of onset of PC
in this particular patient group[29]. While no recommendations have been made regarding the age at which an individual could be discharged from a screening program,
it seems appropriate that this should be determined by
the individual’s fitness for surgery. The exact timing of
the screening procedures also lacks clear definition. In
general, a yearly control is performed in patients without
any finding on previous investigations. In case changes
were detected that do not represent an indication for surgery, follow-up at 3- to 6-monthly intervals is generally
recommended[29].

PRIMARY PREVENTION FOR
INDIVIDUALS AT RISK OF PC
Unfortunately, primary prevention for individuals at risk
of PC is currently not available. Removal of the pancreas
based exclusively on a statistical risk is not recommended[29]. In some individuals, advice regarding a healthier
life style can be given, for example cessation of smoking,
a diet rich in fruits and vegetables, regular exercise, and
weight reduction or, if indicated, increased vitamin D intake (> 600 IU)[117].

SURGERY FOR INDIVIDUALS AT RISK
Individuals with a “non-hereditary risk” of PC
Chronic pancreatitis: In patients with sporadic chronic
pancreatitis, surgery is a second line option for the treatment of local complications and symptoms, if a conservative approach has failed[118]. Even if a number of
different surgical procedures for chronic pancreatitis have
been proposed in the literature[119,120], a radical pancreatic
resection should be performed whenever a suspicion of
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malignancy arises[121]. However, in selected cases, as for
example of HP, some authors suggest early removal of
the gland (total pancreatectomy) combined with auto-islet
transplantation[122]. The rational of this approach, which
cannot be considered the gold standard, is to treat the
symptoms (mostly pain), eliminate the risk of cancer, and
prevent the development of diabetes following total pancreatectomy. Today, this approach is also possible with a
minimally invasive technique[123].
Pancreatic cystic neoplasms: The indications for surgery in patients with IPMN or MCN are spelled out in
European and international guidelines[39,42]. For main-duct
and mixed-type IPMN, surgical resection is always indicated because of the increased cancer risk. The extent of
pancreatic resection should be planned based on the findings on preoperative imaging. In case of dilatation of the
entire main pancreatic duct without signs of malignancy
in the tail region, a pancreatoduodenectomy with frozen
section of the pancreatic margin is recommended. Extension of the resection is indicated if intraoperative examination shows high-grade dysplasia. Low-grade dysplasia is
not considered an indication, whereas intermediate-grade
dysplasia represents a grey area in which extended resection is not strongly recommended and a judicious decision depends mainly on clinical considerations specific
for the individual patient. Importantly, however, extended
resection for high-grade dysplasia at the margin is not
strongly recommended, if invasive carcinoma is present
in the pancreatic head, the reason being that the cancer
will determine the patient’s outcome. Therefore, intraoperative frozen section examination may be useful if there
is radiological suspicion of malignancy. Total pancreatectomy should not be considered based only of the extent
of the duct dilatation, because the latter can be related
to mere duct obstruction[39]. Regarding the indication for
resection of BD-IPMN, recent guidelines[39] recommend
a surgical approach in patients with signs or symptoms
of malignancy (dilatation of the main pancreatic duct up
to 6 mm, mural nodules, rapid increase in size, elevated
levels of CA19.9) or a lesion measuring up to 4 cm in
maximum diameter[39]. In case of multifocal disease, only
the lesion with these particular features should be resected (partial pancreatectomy). A radical resection should be
performed when malignant transformation is suspected.
An algorithm that combines the current European and
international guidelines is proposed in Figure 4. When
signs of malignancy are not present but the diagnosis is
not entirely clear or the patient presents with certain clinical risk factors, parenchyma-sparing resection has been
suggested by some[124].
Transplanted patients with premalignant lesions:
Even though specific guidelines regarding screening for
pancreatic disease do not exist for transplanted patients,
the increased risk of PC[43] and premalignant pancreatic
lesions[44] seems to justify focused attention to this group
of patients. Published in the literature is only a single
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Symptomatic

Asymptomatic

MPD > 6 mm

Diameter < 4 cm

With risk factors

1

Diameter ≥ 4 cm

Without risk factors

1

EUS + FNA

Suspected serous

Surgery

Suspected mucinous

Follow-up
with MRI and/or EUS

Unchanged

Increasing in size only

Appraisal of risk factors

Shorter follow-up

Figure 4 Algorithm that combines the current European and international guidelines for intraductal papillary mucinous neoplasia of the pancreas. FNA:
Fine needle aspiration; MPD: Main pancreatic duct; EUS: Endoscopic ultrasound. Risk factors1: Mural nodules, increased serum levels of Ca 19.9, rapid increase in
size.

study that analyzed the clinical history of premalignant
lesions in transplanted patients and found no difference in terms of progression time compared to nontransplanted patients[125]. However, considering the short
patient follow-up in this study and the natural history of
the lesions under scrutiny, the data seem insufficient as
a basis for the development of a strategy. A surveillance
protocol for transplanted patients and the option of early
parenchyma-sparing resection have been recently suggested[126].
Individuals with a “hereditary risk” of PC
At present, a surgical strategy for patients with FPC or
other hereditary syndromes has not been well defined. In
contrast to previous practice, when aggressive approaches
such as total pancreatectomy and pancreas transplantation were proposed for patients with a positive family
history and findings “suggestive” of dysplasia[127], a more
conservative philosophy currently prevails. Even when
national and international guidelines recognize PanIN lesions as potential targets for screening[29], they also underline the difficulty to obtain a correct diagnosis for these
lesions and therefore the unlikely suitability of PanINs as
targets for a clinical surveillance program.
The surgical results from international studies vary
considerably (Table 6). The reasons for this discrepancy
are differences in inclusion criteria, screening modalities and, most importantly, differences in indications for
surgery[88,106-115].
Current international guidelines recommend surgery
for patients at risk with defined solid lesions, cystic tu-
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mors that meet criteria for resection even in a population
that is not high-risk, and histologically proven PanIN-3
lesions[29]. In high-risk individuals, the indication for surgery for cystic lesions can be adjusted according to the
family history, the age and the patient’s perception of the
problem, as suggested by the European guidelines for
cystic tumors of the pancreas[39]. The surgical treatment
of patients at risk of PC should be undertaken in highvolume centers with specialization in this field[29].

DISCUSSION
The group of hereditary and non-hereditary conditions
that are associated with an increased risk for PC has been
well defined[30-36,42,43,46,50,51,56,57,60,62]. Even though there is
general agreement that individuals with a relative risk of
over 5-10 times that of the general population should be
considered for enrollment in a clinical surveillance program[29], consensus regarding the latter is currently lacking. As a result, data from clinical trials in this particular
area are conflicting[29]. In addition, a more fundamental
reason lies at the root of divergent observations and
results, namely the lack of knowledge about possible differences in natural history of the premalignant lesions
that develop in the various hereditary and non-hereditary
conditions of individuals at risk[28,29,42]. However, in everyday clinical practice, the relentless stream of patients with
premalignant lesions of the pancreas or individuals with
a genetic risk of PC who seek medical advice, represents
a significant clinical burden. On one hand, there is a clear
need from the pancreatologist’s point of view to offer
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Table 6 Surgical procedure performed in patients at ”hereditary risk” for pancreatic cancer (n )
Ref.

Year

Brentnall et al[106]
Poley et al[108]
Verna et al[110]
Ludwig et al[111]
Vasen et al[112]
Al-Sukhni et al[113]
Schneider et al[114]
Canto et al[115]
Total

2006
2009
2010
2011
2011
2011
2011
2012

Resected PanIN1 PanIN2 PanIN3

7
3
5
6
7
4
9
5
46

1
1
2

2
1
1
4

Pancreas
cancer

2
1
1
1
5

Other bening
Other
lesions
malignant
lesions

3
1
1
7
1
1
14

3
3

1
1

Benign
IPMN
2
4
2
2
2
3
15

Malignant or Malignant lesions
or high-grade
high-grade
1
dysplasia
displasia IPMN
1
1
2

42.8%
100%
20%
16.7%
100%
50%
22.2%
40%
47.8%

1

The percentage refers to all resected patients, not to all patients included in the study. IPMN: Intraductal papillary mucinous neoplasm; PanIN: Pancreatic
intraepithelial neoplasia.

concrete advice, while on the other hand there is the
pressing need to increase our knowledge about the natural history and biology of the lesions under scrutiny. For
some of the conditions associated with an increased risk
of PC, guidelines and protocols that provide the possibility to standardize treatment and give advice to patients,
have already been established (e.g., for cystic tumors or
chronic pancreatitis)[41,44]. New discoveries for example
regarding cystic tumors of the pancreas are very promising as they may allow prediction of the future evolution
of the cystic tumors and thus enable the clinician to
decide for surgical or non-surgical treatment[125]. For patients with a hereditary syndrome, the situation is more
complex. In several countries, a surveillance program can
be rolled out only in the context of a clinical trial, because the cost-effectiveness of surveillance programs for
this particular group of high-risk individuals has not been
demonstrated yet. Furthermore, only very limited data
are available regarding the screening of other groups of
patients at risk, such as transplanted patients[128]. Despite
the apparently long road that still lies ahead, the recent
progress that has been achieved regarding the understanding and management of premalignant lesions of the
pancreas, and the role that pre-emptive surgery has acquired in cancer syndromes other than those affecting the
pancreas, render a similar development for pancreatic tumors more than likely. Along with the steadily increasing
number of patients that will be treated for premalignant
lesions, a growing demand for technical perfection and
minimally invasive approaches appears unavoidable[129].
At the same time, due to increasing patients’ expectations, the need for a more evidence-based approach, and
stricter cost-effectiveness regimes, the pancreatic team
will be under increasing pressure to minimize diagnostic
error and surgical risk and to optimize the use of limited
resources in the health care system. For this reason, surveillance and treatment of individuals at increased risk
of PC should be limited to high-volume and specialized
centers with a specific clinical and research interest in
preemptive pancreatic surgery.
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Abstract
Human immunodeficiency virus (HIV) and hepatitis C
virus (HCV) share the same transmission routes; therefore, coinfection is frequent. An estimated 5-10 million
individuals alone in the western world are infected with
both viruses. The majority of people acquire HCV by injection drug use and, to a lesser extent, through blood
transfusion and blood products. Recently, there has
been an increase in HCV infections among men who
have sex with men. In the context of effective antiretroviral treatment, liver-related deaths are now more
common than Acquired Immune Deficiency Syndromerelated deaths among HIV-HCV coinfected individuals. Morbidity and mortality rates from chronic HCV
infection will increase because the infection incidence
peaked in the mid-1980s and because liver disease
progresses slowly and is clinically silent to cirrhosis and
end-stage-liver disease over a 15-20 year time period
for 15%-20% of chronically infected individuals. HCV
treatment has rapidly changed with the development of
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new direct-acting antiviral agents; therefore, cure rates
have greatly improved because the new treatment regimens target different parts of the HCV life cycle. In this
review, we focus on the epidemiology, diagnosis and
the natural course of HCV as well as current and future
strategies for HCV therapy in the context of HIV-HCV
coinfection in the western world.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Human immunodeficiency virus - hepatitis
C virus coinfection; hepatitis C virus epidemiology;
Natural course of hepatitis C virus infection; Hepatitis C
virus treatment
Core tip: hepatitis C virus (HCV) infection incidence
has increased among men who have sex with men.
Additionally, mortality and morbidity from chronic HCV
infection has increased and liver-related deaths are
now more common than Acquired Immune Deficiency
Syndrome-related deaths. Several new direct-acting
antiviral agents have been developed or are under development, and therapy strategies change faster than
guidelines can be updated. This review focuses on the
epidemiology, diagnosis, natural course and treatment
of HCV infection in human immunodeficiency virus infected patients.
Clausen LN, Lundbo LF, Benfield T. Hepatitis C virus infection
in the human immunodeficiency virus infected patient. World J
Gastroenterol 2014; 20(34): 12132-12143 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i34/12132.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i34.12132

INTRODUCTION
A hallmark feature of hepatitis C virus (HCV) infection
is its propensity for lifelong chronic infection. The majority (65%-80%) of all infected individuals remain chroni-
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HIV
33 million

HIV-HCV
coinfection
5-10 million

HCV
130-180 million

Figure 1 Worldwide numbers of human immunodeficiency virus infected,
hepatitis C virus infected or human immunodeficiency virus - hepatitis
C virus coinfected individuals. HIV: Human immunodeficiency virus; HCV:
Hepatitis C virus.

cally infected and at risk of severe liver disease (cirrhosis,
end-stage liver disease and liver cancer); however, the
remaining 15%-40% spontaneously resolve their infections[1]. Worldwide, this has resulted in more than 130
million chronically infected individuals. We conducted a
narrative review to provide an overview of human immunodeficiency virus (HIV)-HCV coinfection. A comprehensive computerized literature search was carried out
with PubMed and ClinicalTrials.gov to collect relevant
articles. This review describes the epidemiology, diagnosis
and the natural course of HCV as well as guidelines for
HCV therapy in the context of HIV-HCV coinfection in
the western world.

Epidemiology
HCV and HIV share the same routes of transmission;
therefore, coinfection with both viruses is frequent with
an estimated 5-10 million coinfected individuals[2] (Figure
1). Contaminated blood product transmission used to
be an important route of exposure, which explains why
many hemophiliacs are coinfected with HIV-HCV. However, with the introduction of HIV and HCV screening,
the blood product transmission rate has decreased in the
western world[3]. Now, the primary routes of parenteral
exposure are through injection drug use and, to a minor
extent, through tattooing and piercing. The HIV and
HCV transmission efficiency varies and transmission
through percutaneous blood exposure is 10-fold higher
for HCV compared with HIV[4]. As a consequence of
this the incidence rate of HCV infection is higher than
HIV among people who inject drugs (PWID)[5], and it
is estimated that 50%-90% of all PWIDs are infected
with HCV[6-10]. PWIDs with HIV-HCV coinfection are a
population with behavioral and psychosocial problems,
which together with clinical challenges, impacts not only
the HIV and HCV infection course but also its treatment
with antiviral therapy[11].
HCV also occurs through sexual transmission. Over
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the last decade, an increase in the HCV incidence
rate among men who have sex with men (MSM) has
emerged[12-15]. The background for the increased sexual
transmission appears complex[16]. Sexual transmission
has traditionally been considered inefficient, and truly,
heterosexually HCV transmission is inefficient. Hence,
the few prospective studies performed in heterosexual
monogamous couples reported incident transmission
rates of 0%-0.6% per year[17-19]. However, the increased
transmission among MSM may be explained by changes
in sexual behavior due to the expanded antiretroviral
treatment (ART) availability and the lowered risk of HIV
transmission, therefore, leading HIV infected individuals
to engage in unprotected sexual activity with individuals with the same HIV status (termed serosorting)[8-10,16].
Further, traumatic sexual practices and substance abuse
may increase bleeding during sexual activity and thereby
increase the HCV transmission risk[16]. Finally, an increase
in sexually transmitted diseases has been associated with
serosorting and increased HCV transmission[14,20,21].
Transmission from mother-to-child is estimated at
4%-7% per pregnancy in women with HCV viremia (reviewed in[22]). Coinfection with HIV increases the transmission rates 4-5-fold; however, transmission is associated with levels of HCV and HIV viremia. Additionally,
in a cohort of coinfected women who all received ART,
no HCV transmission occurred[23]. The actual time and
mode of transmission is unknown.

Acute HCV infection
Acute HCV infection is defined as the first 6-mo period after HCV infection. The definition is arbitrary as
the determination of when an acute infection becomes
chronic is uncertain and no serological tests are available
to distinguish between the two. Initial HCV infection
is characterized by the detection of HCV RNA in the
blood 2-14 d post exposure, increasing levels of liverassociated plasma enzymes and the gradual appearance
of HCV antibodies[24]. In HIV infected individuals, the
appearance of HCV antibodies may be delayed or absent,
hypothetically, due to immunosuppression, with failure to
mount or maintain HCV antibody titers for detection by
standard serodiagnostic tests. The few studies conducted
to assess the incidence of seronegative chronic HCV infection reported an incidence between 0%-13%[25-27].
Acute HCV clinical diagnosis has a low sensitivity as
75%-80% of cases are asymptomatic and are diagnosed
based on risk history [e.g., needle stick injury or injection
drug use (IDU)] or elevated liver-associated enzymes.
Symptomatic acute HCV is often mild and involves
nonspecific symptoms, such as lethargy and myalgia;
however, jaundice might also be observed[28,29]. Little is
known about the natural history of early HCV infection
in HIV-positive individuals. Its clinical presentation has
been described as being similar in HIV infected and HIV
uninfected patients[14,30] as well as having less pronounced
clinical symptoms with HIV infection[31].
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Factors associated with HCV
resolution
The spontaneous HCV resolution rate is considered to be
lower in HIV infected individuals than in HCV infected
individuals without HIV, with estimates varying between
5% and 25%[4,32-34].
Several factors affect the HCV resolution rate. There
is an overall consensus that female sex, younger age at
infection, Caucasian race[33], coinfection with hepatitis B
virus (HBV)[32,35-37] and symptomatic acute hepatitis[34,38-40]
are associated with resolution. A strong genetic association with spontaneous HCV resolution has been mapped
to a single nucleotide polymorphism (SNP) located approximately 3 kb upstream of interleukin 28B (IL28B;
rs12979860)[41-46]. The genetic variations in SNPs marking
IL28B explained approximately 10% of spontaneous
HCV resolution cases[47]; however, the effect of IL28B on
HCV may vary between HCV genotypes[48].
Both innate and adaptive immunity is believed to
make important contributions to spontaneous resolution.
HCV resolution has been associated with a rapid production of broadly neutralizing antibodies and a strong,
broadly targeted T cell response. The innate immune
response is induced upon recognition of viral pathogenassociated molecule patterns that are sensed by pathogenrecognition receptors. The sensing of HCV, which occurs
through interaction with toll-like-receptors (TLR) and
retinoic acid-inducible gene-I (RIG-I), leads to an intracellular signaling cascade that activates interferon (IFN)
regulatory factors and ultimately induces production of
IFNs. The production of IFNs leads to transcription of
hundreds of IFN- stimulated genes (ISG) through the
JAK-STAT signal pathway, which results in an antiviral
state in the liver[49].
Individuals who resolve HCV infection have a broader
and more sustained CD4 and CD8 T-cell response (reviewed in[50]) than individuals with chronic HCV. The
detection of fully functional HCV-specific CD4 T lymphocytes during acute infection is associated with subsequent HCV resolution[51]. Further, a temporal association between the detection of HCV-specific CD8 T-cell
responses indicates that CD8 T-cells are also important
in HCV resolution. Hence, both CD4 and CD8 T-cell responses are required to achieve HCV resolution. The importance of CD4 T lymphocytes in resolution is further
underscored by the lower resolution rate found with HIV
coinfection, which may in part be due to CD4 T lymphocyte depletion.
Genetic associations with spontaneous HCV resolution have been investigated in many different parts of
the human immune response. In the innate immune
response, associations have been reported in killer immunoglobulin-like receptors (KIR)[52], inhibitor of NFkB ε (IkBε )[53], TLR-7[54] and in the three main effector
pathways of the IFN-mediated antiviral response, which
include MxA, 2’5’-oligoadenylate-synthetase-directed
ribonuclease L (OAS-1) and protein kinase R (PKR)[55].
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In the adaptive immune response, the human-leukocyteantigen (HLA) class Ⅱ loci DQ and DRB1 are the loci
with the most consistently association with spontaneous
HCV resolution[40,56-63]. Further, regarding HLA class Ⅰ,
HLA-B57 and B27 have been associated with resolution[64-66]. The association with B57 is interesting because
B57 has also been reported to be associated with slower
HIV disease progression[67-70].

Chronic HCV infection
The risk factors for progression to chronic HCV infection include asymptomatic acute infection, male sex,
older age at infection, black ethnicity, HIV co-infection
and non-CC IL28B genotypes[9,33,71].
Chronic HCV infection in HIV infected individuals
differs from that in individuals without an HIV infection in several ways. Coinfected individuals have a higher
HCV viral load[72] and thereby have higher transmission
rates. Coinfection is also associated with more rapid progression of fibrosis[73], cirrhosis[74], end-stage liver disease
(ESLD) and hepatocellular carcinoma[75-79]. Recently, Kirk
et al[77] reported that even after an adjustment for HCV
viral load (VL) levels, HBV chronicity, sex, race and alcohol use, HIV-HCV coinfection was associated with liver
fibrosis as advanced as those without HIV who were 10
years older.
The improvement of ART in the mid-1990’s led to
greatly improved survival from HIV infection. With
the decline in Acquired Immune Deficiency Syndrome
(AIDS)-related deaths, non-AIDS causes of morbidity
and mortality have become prevalent[80] and for HIVHCV coinfected individuals, the burden of disease is
largely related to their HCV disease[81-86]. A recent study
of mortality from 2005-2009 in the Swiss HIV Cohort
Study reported that 32% of deaths among individuals
coinfected with HIV-HCV were caused by liver failure, including hepatocellular carcinoma[86]. HCV viral
load[72,76,87-89], HCV genotype 3[87,89-93], ART[94], HCV treatment[95], CD4 T lymphocyte nadir[96], age, and drug use[97]
have been shown to be associated with mortality in HIVHCV coinfected individuals.
The differences in the causes of mortality among
HCV infected individuals with and without HIV may reflect the differences in life-style-related risks for disease,
drug use; the lasting chronic inflammation state, late presentation, treatment failure, prolonged immunodeficiency
prior to treatment or no access to care or ART[80,98]. As
a consequence of the high HCV prevalence in the HIV
infected patient populations and accelerated disease progression, HCV-related morbidity and mortality is a substantial concern in HIV infected patients.

Diagnosis
All HIV-infected patients should be tested for HCV infection. Initial screening for HCV should be performed
by testing for anti-HCV antibodies; however, chronic
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HCV infection diagnosis is based on the presence of
both anti-HCV antibodies (detected by enzyme-immunoassays) and HCV RNA (detected by molecular assays)[99].
False negative anti-HCV results may occur in HIVinfected persons with advanced immuno-suppression
(CD4 < 100/mm3). Additionally, true negative anti-HCV
results are common during acute HCV infection prior to
seroconversion[26,100]. Different estimates of the duration
from infection to seroconversion are specified and vary
from 20-150 d. Most authors agree, however, that antiHCV antibodies are expected to be detectable within
the first 12 wk after exposure[24]. If anti-HCV is negative
and HCV infection is still suspected due to elevated liver
enzyme levels or risk factors, such as IDU or high-risk
sexual behavior, HCV RNA testing should be performed.
HCV RNA is detectable in the plasma of most patients within 2 to 14 d following infection[24]. During the
transition from an acute to a chronic infection, HCV
RNA and serum alanine and aspartate aminotransferase
(ALT and AST) levels may fluctuate, and some patients
may have periods with undetectable HCV RNA and normal ALT levels[1]. While a single detectable HCV RNA
result is sufficient to confirm the diagnosis of an active
HCV infection, a single negative result cannot exclude active viremia because RNA levels might transiently decline
below the detection limit; therefore, repeated testing is
advised[1]. After the establishment of a chronic HCV infection, the HCV RNA levels stabilize and vary less than
1 log in the majority of cases[101]. The most recent HCV
RNA assays are based on the use of the polymerase chain
reaction and can detect HCV RNA between 10 IU/mL
to 107 IU/mL[102,103]. Serum ALT and AST levels often
fluctuate, and prolonged periods of normal serum liver
enzyme levels may be observed. Although higher serum
ALT and AST levels are clearly predictive of a more rapid
disease progression and calls for an additional assessment
of liver parenchymal changes, significant liver disease
may be present even in the case of persistently normal
ALT levels[104].
HCV has six clinically relevant genotypes that can be
subdivided into multiple subtypes. HCV genotyping is
essential when considering HCV treatments. It predicts
the response to treatment and influences the decision to
start a treatment and/or perform a liver biopsy. Several
tests are available to determine HCV genotypes, and
the most accurate method is to sequence an appropriate
region that is divergent enough to discriminate subtypes
and genotypes. Most assays target the highly conserved 5’
untranslated region (5’UTR) as well as the E1 and NS5B
regions of the HCV genome[105,106].
Hepatic parenchymal change severity assessments
can be done by liver biopsy, liver transient elastography
(TE) or by serum biomarker evaluation. Liver biopsy is
considered the gold standard; however, its use is limited
by the fact that its invasiveness carries the risk of rare but
potentially lethal complications as well as the possibility
of sampling error and intra- and inter-observer variability[107]. In contrast, liver biopsies provide histological fi-
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brosis staging and the simultaneous evaluation of necroinflammation, which enables for an assessment of the
current fibrosis stage and activity level[108].
TE is non-invasive, painless, rapid and easy to perform at the bedside or in the outpatient clinic. The results
are immediately available. TE reproducibility has been
shown to be excellent in both inter- and intra-observer
agreements[108,109]. One limitation of TE is that overestimation of liver stiffness may occur in patients with
pronounced liver inflammation[110]. TE is obviously not
capable of giving a direct histological liver description.
The diagnostic accuracy of TE is high for cirrhosis, but
poor for significant fibrosis[111].
Blood parameters combined with other biochemical
factors have been validated to non-invasively predict the
extent of liver fibrosis in a variety of liver diseases. Some
tests are based on laboratory markers that are routinely
available for most HIV-HCV coinfected individuals
[e.g., the AST-to-Platelet-Index (APRI), FIB-4 ((Age ×
AST)/{Platelets × [sqr (ALT)]}), Forns {7.811 - 3.131 ×
ln [number of platelets (109/L)] × 0.781 ln [GGTP (U/L)]
+ 3.467 × ln [age (years)] - 0.014 [cholesterol (mg/dL)]}].
The tests have mostly been validated in chronic HCV infected individuals without HIV. In HIV-HCV coinfected
individuals, APRI, Forns and FIB-4 were found to be accurate for cirrhosis diagnoses but relatively inaccurate for
significant and advanced fibrosis diagnoses[112,113].

Antiviral therapy
ART has been strongly associated with a slower fibrosis
progression, decline in liver inflammation and decreased
liver-associated mortality risk in HIV-HCV coinfected patients[73,114-118]. ART is, thus, indicated for every individual
coinfected with HIV and HCV. However, the adverse impact of HIV coinfection on HCV disease is not entirely
ameliorated by ART[76,119] and treatments aimed at chronic
HCV infection eradication has been associated with a
significantly lower risk of clinical events, as measured by
ESLD, hepatocellular carcinoma or death rates. Interestingly, in a study by Limketkai et al[76], individuals who
achieved viral suppression with either sustained (negative
HCV RNA 24 wk after stopping therapy) or transient
(undetectable HCV RNA during treatment but detectable in the follow-up period) HCV treatment experienced
fewer clinical events post-HCV treatment in contrast to
individuals who did not respond to HCV treatment or
who did not undergo an HCV treatment. Thus, HCV
treatment is required despite the many barriers, including
decompensated liver disease, substance abuse, socioeconomic status and compliance issues.
Chronic HCV infection treatments
Guidelines recommend HCV therapy initiation prior
to ART if CD4 T lymphocytes are > 500/µL based on
the evidence that HCV therapy is associated with lower
responses in individuals with CD4 T lymphocytes <
500/µL[120,121]. In individuals with CD4 T lymphocytes <
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Table 1 Interferon-free clinical trials conducted in human immunodeficiency virus - hepatitis C virus coinfected individuals
Direct acting antiviral

Ribavirin

Study name/
1
identifier

Patient population

Phase

Primary
endpoint

Presented
results

No

Yes

Photon-I
(Ncto1667731)

3

SVR 12

Sofosbuvir

No

Yes

Ncto1783678

3

SVR 12

GT 1: 76%2
GT 2: 88%
GT 3: 67%
No

ABT-450(r)

ABT-333

ABT-267

Yes

3

SVR 12

No

MK-5172

No

MK-8742

Yes

Turquoise I
(Ncto1939197)
c-WORHTy
(Ncto01717326)

GT 1:
TN and IFN ineligible
GT 2 + 3: TE
GT 1 + 2 + 3 + 4:
TN and IFN ineligible
GT 2 + 3: TE
GT 1
TN + TE
GT 1

2

SVR 12

No

Ns3/4a protease
inhibitor

Ns5b polymerase
inhibitors

Ns5a
inhibitors

No

Sofosbuvir

No

1

ClinicalTrials.gov; 2Preliminary data presented at the Conference on Retroviruses And Opportunistic Infections, 2014. GT: Hepatitis C virus genotype; TN:
Treatment naive; IFN: Interferon; TE: Treatment experienced; SVR: Sustained virological response; r: Ritonavir boosted.

Table 2 Treatment strategies including direct-acting antivirals in combination with ribavirin with or without pegylated interferon
conducted in hepatitis C virus infected individuals with human immunodeficiency virus infection
Direct acting antiviral

Ribavirin/Peg
Inf

Study name/
1
identifier

Treatment
duration

Phase

Primary
endpoint

Presented results

No
No
No

Yes
Yes
Yes

48 wk
48 wk
24/48 wk2

APPROVED
APPROVED
3
Ⅲ

SVR24
SVR12
SVR12

GT 1: 63%[123]
GT 1: 74%[124]
GT 1: 79%-87%

No

Yes

NCT00959699
NCT00983853
C212
NCT01479868
Startverso4
NCT01399619

24/48 wk2

Ⅲ

SVR12

GT 1: 71%-72%

Ns3/4a protease
inhibitor

Ns5b polymerase
inhibitors

Ns5a
inhibitors

Boceprevir
Telaprevir
Simeprevir

No
No
No

Faldaprevir

No

1

ClinicalTrials.gov; 2Simeprevir/faldaprevir+pegIFN/RBV for 12-24 wk, then pegIFN/RBV for 12-24 wk; 3Approved in HCV monoinfected with HCV
genotype 1. RBV: Ribavirin; GT: Hepatitis C virus genotype; TN: Treatment naive; IFN: Interferon; TE: Treatment experienced; SVR: Sustained virological
response; r: Ritonavir boosted.

500/µL, ART is initiated prior to HCV treatment.
HCV therapies change faster than the international
guidelines are updated, and in the following section, we
will attempt to provide an overview of the current and
future possible treatment strategies for HIV-HCV coinfected individuals. Pegylated (peg) IFN will remain the
backbone of some HCV therapy combinations in 2014
and 2015, but it is then expected to disappear from HCV
therapy regimens. We provide an overview of interferon
free clinical trials that include HIV infected individuals
in table 1. Ribavirin (RBV) can be used to increase sustained virological response (SVR) rates or to shorten the
treatment durations with pegIFN or IFN-free regimens
and will most likely remain in some HCV therapy strategies. Direct-acting antiviral (DAA) agents in HCV therapies target different steps of the viral lifecycle. DAAs
are comprised of NS3/4A protease inhibitors, NS5B
polymerase inhibitors, nucleoside/nucleotide analogues,
non-nucleoside analogues inhibitors of the HCV RNA
dependent RNA polymerase, cyclophilin inhibitors and
miRNA-122 antagonists (as reviewed in[122]). Few DAAs,
however, are approved for HCV therapy (table 2) and
the most of them are in phase Ⅱ or Ⅲ development.
The antiviral effect of a DAA therapy can be optimized
by combining several DAAs with or without RBV (table
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3) and this combination strategy has shown that it is possible to achieve SVR with interferon-free regimens.
The first DAAs to be approved for HCV treatment
were the NS3/4A protease inhibitor, telaprevir or boceprevir in combination with peg IFN and ribavirin.
These compounds are on their way out of HCV therapy
and are being replaced with the nucleotide analogue, sofosbuvir, in combination with RBV with or without peg
IFN as the best treatment option in HCV genotype 1 and
4 infections. The addition of sofosbuvir to pegIFN/RBV
(triple therapy) for 24 wk increases the 12-wk post-treatment termination SVR rate (SVR12) to 76%. For genotype 2 infections, the current best treatment option is an
IFN-free regimen with sofosbuvir and RBV for 12 wk.
This results in an 88% SVR12 rate. In genotype 3 infections, the same regimen is approved; however, the treatment duration is extended to 24 wk, which results in a
67% SVR12 rate. Data regarding HCV genotype 5 and 6
is limited, however, sofosbuvir + pegIFN + RBV appears
to be the best treatment option for these HCV types.
The next DAAs to be approved will most likely be
simeprevir, faldaprevir and daclatasvir (the available data
from these DAA studies regarding HIV-HCV coinfected
patients are summarized in table 2). However, treatment
with DAAs is costly and the high costs will most likely
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Table 3 Current and future treatment strategies for chronic hepatitis C virus infected patients
Treatment strategy

Compounds

Interferon Based

Sofosbuvir
Simeprevir
Daclatasavir
Sofosbuvir + ribavirin
Sofosbuvir + simeprevir
Sofosbuvir + daclatasavir

Interferon free

Genotype 1

Genotype 2

Genotype 3

Genotype 4

Genotype 5

Genotype 6

×
×
×

×

×

×

×

×

×

×

×
×

×
×
×

×

×

×
×

×

influence the treatment strategy choice and result in first-,
second- and third-line HCV treatment strategies.
With the potent therapeutic strategies combining different DAAs with or without RBV, the SVR rates are not
fundamentally different between HCV mono-infected
and HCV-HIV coinfected patients. However, drug-drug
interactions (DDI) with ART are of concern as most
HIV infected individuals are also treated for their HIV
infection. Briefly, no clinically significant DDIs have been
reported to occur between sofosbuvir and antiretrovirals. With respect to simeprevir, co-administration with
antiretroviral CYP34A inducers is not recommended;
however, with respect to daclatasvir dose reduction, it
is recommended when administered with specific antiretroviral drugs. Still, data are limited and more studies
are warranted to assess DDIs with ART. When initiating
HCV therapy, the antiretroviral agents should be carefully
assessed and if bidirectional interactions are present, then
the HIV regimen should be switched to an acceptable
combination. After an ART switch, the HCV therapy is
suspended until the patient is virally stable and tolerating
the new ART regimen.
Treatment indications for HCV in HIV-HCV coinfected individuals are based on liver disease progression.
The decision to initiate or defer treatments to wait for
more potent treatment regimens - which are expected to
be available within the next 2-3 years - depends on the liver fibrosis stage, rapidity of fibrosis development and the
former treatment responses. In individuals without fibrosis or with mild fibrosis (Metavir F0/F1), treatment deferral that is independent of any former treatment response
may be reasonable [76]. In individuals with significant
fibrosis (Metavir F2/F3), treatment can also be deferred;
however, annual liver fibrosis progression assessments are
required because the progression may be rapid[125]. Others
suggest that individuals with significant fibrosis who are
treatment naïve or relapsed with former anti-HCV treatments should be treated according to current guidelines
(see below)[125,126]. The reason for not deferring therapy is
the risk of liver decompensation among the coinfected
individuals with bridging fibrosis within a short time period[125]. In individuals with cirrhosis (Metavir F4), HCV
treatment is recommended independent of former treatment responses. Initiation of HCV therapy should be
taken with a cautious approach because new DAAs with
higher efficacy, lower pill burden, less pronounced interaction profiles and, hopefully, fewer side effects as well
as new drug classes (also for non-genotype 1 patients)
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×
×

are under way. Further, the potential risk of resistance
development, especially in this group of co-infected individuals who have a higher viral load than mono-infected
individuals, should be taken into consideration.
Acute HCV infection treatment
The standard of care treatment for acute HCV infection is pegIFN/RBV, and the therapy duration is based
on rapid virological response regardless of genotypes.
Treatment in the acute HCV phase leads to SVR rates of
50%-91%[127]. In persons with acute HCV, HCV RNA
should be measured at initial presentation and 4 wk later.
Treatment should be offered to patients without a 2 log10
HCV RNA decrease at 4 wk compared with the initial
HCV RNA level and to persons with persistent detectable
serum HCV RNA levels 12 wk after acute HCV diagnoses. Persons who do not achieve more than a 2 log10 decrease in HCV RNA level at week 12 should discontinue
therapy[128]. Currently, DAAs are not recommended as a
first-line treatment for acute HCV infections.

influence of HCV on HIV
progression and anti-retroviral
therapy
The effect of ART is modified by HCV resulting in
an earlier time to virological failure, lower CD4 T lymphocytes and a smaller and slower CD4 T lymphocyte
increase than observed in HIV-treated infected individuals without HCV[129,130]. This is clinically relevant as
HCV/HIV coinfection is associated with a higher risk of
developing a new AIDS-related diagnosis or death. Thus,
early ART initiation in HIV-HCV coinfected individuals
is justified not only to delay liver fibrosis development
but also to gain the protective effects of HIV therapy on
HIV disease progression.
The total number of circulating CD4 T lymphocytes
has well-validated predictive value for assessing progression to clinical AIDS and AIDS-related death, determining ART eligibility and monitoring responses to therapy.
The number of CD4 T lymphocytes expressed as a
percentage of lymphocytes (CD4%) has been suggested
as a more appropriate HIV disease marker and predictor
of HIV progression in individuals with HCV and CD4
T lymphocytes > 350 cells/mm3[131]. CD4 discordance
describes the phenomenon where the absolute and relative CD4 cell relationship differs from what would be
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expected. CD4 discordance has been reported with
high frequency in individuals with fibrosis, cirrhosis and
ESLD[132,133] and thus, the consideration of CD4% measurements in individuals with HCV may be appropriate.

8

CONCLUSION
Due to shared routes of transmission, HIV and HCV
coinfection is frequent and, in the western world, the majority of infected individuals are PWID. A minor subset
of infected individuals has the ability to spontaneously
resolve HCV infections, but the majority develop chronic
HCV infection with the risk of cirrhosis, end-stage-liverdisease and hepatocellular carcinoma. With the decline
in AIDS-related deaths, non-AIDS causes of morbidity
and mortality have become prevalent and for HIV-HCV
coinfected individuals, the burden of disease is largely related to their HCV disease. A consensus of the influence
of HIV on the natural course of HCV exists; however,
how HCV influences the natural course of HIV is still
debated and no final conclusions have been drawn.
Treatment options for HCV are rapidly evolving
towards an interferon-free all-oral treatment regimen.
Currently, treatment responses to HCV therapy are lower
than what is seen in individuals without HIV. With interferon- and even ribavirin-free combination treatment regimens, the response rates do not differ significantly from
the ones seen in chronic HCV infected patients without
HIV, and any coinfected individual should be evaluated
for HCV therapy on an individual basis.
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Abstract
Irritable bowel syndrome (IBS) remains a clinical chalst
lenge in the 21 century. It’s the most commonly diagnosed gastrointestinal condition and also the most
common reason for referral to gastroenterology clinics.
Its can affect up to one in five people at some point in
their lives, and has a significantly impact of life quality and health care utilization. The prevalence varies
according to country and criteria used to define IBS.
Various mechanisms and theories have been proposed
about its etiology, but the biopsychosocial model is the
most currently accepted for IBS. The complex of symptoms would be the result of the interaction between
psychological, behavioral, psychosocial and environmental factors. The diagnosis of IBS is not confirmed
by a specific test or structural abnormality. It is made
using criteria based on clinical symptoms such as Rome
criteria, unless the symptoms are thought to be atypical. Today the Rome Criteria Ⅲ is the current goldstandard for the diagnoses of IBS. Secure positive
evidence of IBS by means of specific disease marker is
currently not possible and cannot be currently recommended for routine diagnosis. There is still no clinical evidence to recommend the use of biomarkers in
blood to diagnose IBS. However, a number of different
changes in IBS patients were demonstrated in recent
years, some of which can be used in the future as a
diagnostic support. IBS has no definitive treatment but
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could be controlled by non-pharmacologic management
eliminating of some exacerbating factors such certain
drugs, stressor conditions and changes in dietary habits.The traditional pharmacologic management of IBS
has been symptom based and several drugs have been
used. However, the cornerstone of its therapy is a solid
patient physician relationship. This review will provide
a summary of pathophysiology, diagnostic criteria and
current and emerging therapies for IBS.

Core tip: Irritable bowel syndrome (IBS) remains a clinist
cal challenge in the 21 century. Various mechanisms
and theories have been proposed about its etiology,
but the biopsychosocial model is the most currently accepted. Today the Rome Criteria are the current goldstandard for the diagnoses of IBS. Traditional management of IBS has been symptom based and several
drugs have been used. However, the cornerstone of its
therapy is a solid patient physician relationship. This review will provide a summary of pathophysiology, diagnostic criteria and current and emerging therapies for
IBS.
Soares RLS. Irritable bowel syndrome: A clinical review. World J
Gastroenterol 2014; 20(34): 12144-12160 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i34/12144.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i34.12144

INTRODUCTION
The functional gastrointestinal disorders (FGIDs) are a
heterogeneous group of chronic conditions that are considered important to public health because they are remarkably common, can be disabling, and induce a major
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social and economic burden. Irritable bowel syndrome
(IBS) is the most prevalent FGID noted in the general
population worldwide and also the most common reason
for referral to gastroenterology clinics[1-4]. Even though
it was described to 150 years ago, IBS remains a clinical
challenge in the 21st century[5,6]. Its can affect up to one in
five people at some point in their lives, and has a significantly impact of life quality and health care utilization[7,8].
The prevalence varies according to country and criteria
used to define IBS[9-21]. Various mechanisms and theories
have been proposed about its etiology, but the biopsychosocial model is the most currently accepted for IBS[22].
The complex of symptoms would be the result of the interaction between psychological, behavioral, psychosocial
and environmental factors[23-27]. The diagnosis of IBS is
not confirmed by a specific test or structural abnormality.
It is made using criteria based on clinical symptoms such
as Rome criteria, unless the symptoms are thought to be
atypical. There is still no clinical evidence to recommend
the use of biomarkers in blood to diagnose IBS. Today
the Rome Criteria are the current gold-standard for the
diagnoses of IBS[26,28,29]. There is no definitive treatment
for IBS and the traditional management has been symptom based but recent developments in the understanding
of complex interaction between the gut, immune system
and nerve system have led to an expanded arsenal of
therapeutic options for relief of both bowel movementrelated symptoms and pain[30-34]. However, a strong doctor-patient relationship is the key for effective treatment
of patients and realistic expectations.
This review will provide a summary of pathophysiology, diagnostic criteria and current and emerging therapies for IBS[35-39].

PATHOGENESIS
In despite its high prevalence, the pathophysiology of
IBS is not yet completely understood and seems to be
multifactorial[22-25]. Various mechanisms [gastrointestinal
(GI) dismotility[40,41] visceral hypersensitivity[42,43] intestinal
mucosa activation[44-48], Increased intestinal permeability[49-54], have been proposed about the IBS pathophysiology. Studies suggest interplay between luminal factors (e.g.,
foods and bacteria residing in the intestine], the epithelial
barrier, and the mucosal immune system[48]. However, the
biopsychosocial model[22,25,26,36] is the most currently theory accepted for IBS. The complex of symptoms would
be the result of the interaction between psychological,
behavioral, psychosocial and environmental factors Since
fifty years ago, several theories have proposed regarding
the etiology of IBS of which the most important are as
follows.
Evidences and not evidences of GI motility disorders in
IBS
IBS is a complex disorder that is associated with altered
GI motility, secretion and sensation[55,56]. In some patients
with IBS motor abnormalities of the GI are detectable,
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e.g., increased frequency and irregularity of luminal contractions, prolonged transit time in constipation-predominant IBS and an exaggerated motor response to cholecystokinin and meal ingestion in diarrhea-predominant IBS.
Despite this no predominant pattern of motor activity
has emerged as a marker for IBS[57-60] and the relevance
of these motor function alterations to symptoms has yet
to be established. However, pharmacological stimulation
of gut motility in IBS patients appears to reduce gas retention and improve symptoms. These data suggest that a
motility disorder could be associated with this complaint
in some patients[61,62]. Role of serotonin in the pathophysiology of IBS. Serotonin (5-HT) plays a critical role in
the regulation of GI motility, secretion and sensation. It
is an important signaling molecule in the gut targeting enterocytes, smooth muscles and enteric neurons. Most of
the body serotonin is present in enterochromaffin cells.
Serotonin activates both intrinsic and extrinsic primary
afferent neurons to, respectively initiate peristaltic and
secretory reflexes and to transmit information to the central nervous system. Serotonin activates both intrinsic and
extrinsic primary afferent neurons to, respectively initiate
peristaltic and secretory reflexes and to transmit information to the central nervous system. It is inactivated by
the serotonin reuptake transporter (SERT) in the enterocytes or neurons[22,24,30,32]. There are lines of evidence that
FGIDs, as IBS, are associated with defective enteric serotonergic signaling. Altered serotonin signaling could lead
to intestinal and extra intestinal symptoms in IBS. These
results support the concept that diarrhea-predominant
(IBS-D) IBS is characterized by reduced 5-HT reuptake,
whereas impaired release may be a feature of constipation predominant IBS (IBS-C). However, exogenous
serotonin application evokes so many responses that it
is difficult to determine which is physiologically relevant.
Therapeutic agents targeting altered serotonin signaling
may provide new effective treatment for patients with
IBS[62-65].
Evidences and not evidences of visceral hypersensitivity
in IBS
Visceral hypersensitivity is considered to be one of the
main factors that cause symptoms in IBS patients and
increased sensation in response to stimuli is a frequent
finding in IBS patients[42,43,65-68]. This selective hypersensitization results from stimulation of various receptors
in the gut wall of visceral afferent nerves in the gut[69-71],
triggered by bowel distention or bloating, as a possible
explanation for IBS symptoms[72-77]. Rectal distension in
patients with IBS also increased cerebral cortical activity
more than in controls. The increased sensitivity of the
colon could be influenced by a psychological tendency to
report pain and urgency, rather than increased neurosensory sensitivity[78]. About half of patients with IBS (mainly
those with constipation) have a measurable increase in
abdominal girth associated with bloating (sensation of
abdominal fullness), although this may not be related
to the volume of intestinal gas[72,74,79]. In addition, other
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factors may contribute to visceral hyperalgesia, such as
specific GI mediators (serotonin, linins), or increases in
spinal cord excitability due to activation of an N-methylD-aspartate (NMDA) receptor[80]. In addition, IBS patients show an increased secretion in the duodenum and
jejunum. Larsson et al[81] proposed that the enhanced secretion may reflect disturbed enteric network behavior in
some patients with IBS.
Evidences and not evidences of intestinal barrier
disorders in IBS
Some authors reported an increase in permeability of
the intestinal mucosa and disruption of tight junctions
in sub-groups of patients with IBS often triggered by
some factors[45-50]. The possible mechanisms underlying
these changes could be associated with the interaction
between mucosa permeability, visceral hypersensitivity
and inflammation mucous[48-54,82,83]. Studies suggest that
an interaction between luminal factors (for example, food
and bacteria that reside in the gut), the epithelial barrier
and mucosal immune system could result in pain through
the inflammatory stimulation of afferent nerves[45-48,51,82,83].
Some factors were described as triggers for intestinal permeability alterations. They are stress, food, bile, infection
and dysbioses[48,49].
Role of stress: The association between IBS and psychological factors, especially anxiety and stress, has
been described for many years[22-25,36]. In rats chronically
stressed the consequently increased corticosterone release
leads to intestinal inflammation with consequent mucosal
barrier dysfunction[84-88]. However, the direct association
between intestinal barrier dysfunction and stress in patients with IBS still needs confirmation.
Role of food and bile: Some patients with IBS report
worsening of symptoms after eating and perceive food
intolerance to certain foods[89-93]. Multiple factors have
been considered to contribute to food sensitivity in patients with IBS. Investigations have centered on food
specific antibodies, carbohydrate malabsorption, and gluten sensitivity. Although some IBS patients related relief
of symptoms on a gluten-free diet the specific relationship between gluten and increased intestinal permeability
in IBS have not yet confirmed[93-96]. We reported that IBS
patients have difficulties with food in general and specific
foods may not be involved in IBS pathogenesis.
It is reasonable to assume that IBS causes food sensitivity, rather than vice versa[97,98]. Certain bile acids could
increase intestinal permeability through the phosphorylation of epidermoid growth factor receptor, which induces occludin desphosphorylation[99] or via dysfunction
of the enteric neurons[100].
Role of infection-IBS post-infectious: Gastroenteritis
is a common trigger for IBS. The IBS symptoms can
be triggered by an enteric infection and can persist for
weeks, months and years[52,101-104]. Two meta-analyses dem-
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onstrated an increased risk of IBS in patients who experienced an episode of acute gastroenteritis. Risk factors
for post infectious IBS included young age, prolonged
fever, anxiety, and depression. A longer duration of the
initial infection has also been associated with increased
risk for IBS. One of the largest prospective studies included a total of 2069 individuals who had been exposed
to contaminated drinking water after heavy rainfall[105,106].
The cause of the intestinal symptoms after PI-IBS is not
yet defined. The likely increase in intestinal permeability
during the episode of acute gastroenterite could cause
inflammation and intestinal microbiota change, leading to
intestinal barrier dysfunction and infection-induced dysbiosis[107,108]. Development of idiopathic malabsorption
bile acids and increase in serotonin-containing enteroendocrine cells and T lymphocytes[108-111]. The use of antibiotics for GI or other infections was observed to be a risk
factor for developing functional bowel symptoms[112].
Evidences of small intestinal bacterial overgrowth in IBS
Small intestinal bacterial overgrowth (SIBO) is associated
with an increased number and/or type of bacteria in the
upper GI tract[113]. However, data reporting an association
between IBS and SIBO have been conflicting. In support of an association between SIBO and IBS are studies
demonstrating abnormal breath hydrogen levels in IBS
patients after receiving a test dose of a carbohydrate, as
well as improvement in symptoms after eradication of
the overgrowth[114,115]. In addition, increased methane
production, a gas by product of intestinal bacteria, has
been associated with constipation predominant IBS[116,117].
Other studies have failed to support an association between SIBO and IBS The improvement of symptoms
with antibiotics described in some patients with IBS may
be due to improved intestinal motility or a change in the
flora of the colon, rather than SIBO[118-121].
Evidences and not evidences of abnormalities of
intestinal flora in IBS
The relationship between stress and microbiota goes
back many decades, when Tannack and Savage reported
that stressed mice showed dramatic reductions in these
populations of lactobacilli[122]. Recent studies demonstrated that the intestinal microbiota can influence the
gut-brain communication in health and disease, and consequently altering brain chemistry and behavior. However, it’s perhaps premature to extrapolate the current
preclinical work to the clinic. The complex ecology of
the fecal microflora has led to speculation that changes in
its composition could be associated with diseases including IBS. Emerging data suggest that the fecal microbiota
in individuals with IBS differ from healthy controls and
varies with the predominant symptom[122-124]. However,
not all studies have found disturbances in the microbiota
composition of IBS patients and his currently unclear
whether the alteration that have been reported are primary or secondary in nature. The contribution of altered
intestinal composition or function in IBS remains contro-
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versial and additional studies are needed to validate these
observations[125-129].
Evidences and not evidences of low grade mucosal
inflammation and IBS
Increased numbers of lymphocytes have been reported
in the colon and small intestine in a subset of patients
with IBS[130,131]. These cells release mediators (nitric oxide, histamine and proteases) capable of stimulating the
enteric nervous system, leading to abnormal motor and
visceral responses within the intestine[132-134]. Studies have
demonstrated a correlation between abdominal pain in
IBS and the presence of activated mast cells in proximity
to colonic nerves[135]. In addition, peripheral blood mononuclear cells of IBS patients produce higher amounts of
tumor necrosis factor than healthy controls[136]. Changes
in mucosal barrier function and a consequent increase
in intestinal permeability could be the basis for the increased inflammation in IBS[45-49]. The interaction between the increased intestinal permeability, low levels of
inflammation and hypersensitivity could be the key to the
pathophysiology of IBS[48,136-138].
Evidences and not evidences of genetic contribution in
IBS
The pathogenesis of IBS has traditionally been based
on the biopsychosocial model that emphasizes that the
symptom manifestations of IBS and consulting behavior
are influenced at least in part by psychological processes.
However, there has been increasing interest in trying to
identify potential molecular mechanisms in IBS, and this
endeavor has been driven by some evidence that there
is a true genetic contribution to IBS[138-140]. IBS does aggregate in families, and the concordance of IBS is twice
as great in monozygotic compared with dizygotic twins
in most, but not all studies[141-144]. A number of genetic
polymorphisms have been associated with IBS but most
remain to be independently confirmed, and unknown
gene-environment interactions probably remain essential
for the disorder to manifest[144-146]. A future direction of
investigation includes genome-wide approaches and further delineation of the role of epigenetic factors in IBS.
By studying the genetic associations between candidate
genes and intermediate phenotypes that are associated
with manifestations of the clinical phenotype, one can
also evaluate the role of the candidate mechanism in IBS.
The intermediate phenotypes most commonly used in
IBS are colonic transit, colonic motility and compliance,
and sensation thresholds and ratings[147,148].
Evidences and not evidences of brain-gut axis and
psychosocial dysfunction in IBS
Psychosocial factors may influence the expression of
IBS[149-153]. Though the role of the BGA is not fully understood, there is strong evidence of a crucial involvement of the BGA in the development of IBS and IBS
like symptoms[22-24,36]. In patients with IBS the dysregulation of the BGA, a bidirectional and integrated system
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modified by psychosocial processes and environmental
influences, could induce dysmotility or visceral sensitivity.
The importance of the knowledge of concepts related
brain-gut interactions improves patient physician relationship and identifies what level pharmacological treatment
can be beneficial for patients with IBS[154-159].

DIAGNOSIS
Although it is among the most common disorders in gastroenterology and primary care practices IBS continues as
a substantial diagnostic challenge[1,3,4,20,22,24,27,160]. Frequently, the IBS diagnosis is missed or delayed. There are several medical conceptions concerning the SII. While a large
number of doctors consider that IBS would be a mixture
of different organic diseases and others believe IBS does
not exist and in your point of view these symptoms are
normal and these patients are not medical priority, only
a few doctors consider IBS as a functional bowel disease
well defined by the byopsychosocial model[22,25,26,36]. This
fact is an important obstacle to making IBS diagnosis.
However millions of IBS patients around the world are
still looking for responses and relief of symptoms. For
these reasons is so important to make a diagnosis of IBS.
The key issues is to diagnose IBS safely through minimal
risks and reasonable costs[9,26,27,29,36,161-164]. To standardize
clinical research protocols, was published a definition of
consensus for the diagnosis of IBS in 1992 called Rome
criteria, which was recently revised in 2005 and named as
Rome Ⅲ criteria[28]. The diagnosis must be based on clinical data, using symptoms based on criteria of Rome, unless the symptoms are atypical[165,166]. When the criteria are
filled in IBS diagnosis and alarm features are absent, the
number of diagnostic tests should be minimal.Reports
and guidelines emphasize that IBS is not a diagnosis of
exclusion and encourage clinicians to make a positive diagnostic using the Rome Criteria alone[9,26-29,36,167-171].
Definition, clinical manifestations and diagnostic criteria
IBS is the most commonly diagnosed GI condition and
also the most common reason for referral to gastroenterology clinics (up to 50% of all offices visits to gastroenterologists). Its can affect up to one in five people at
some point in their lives, and has a significantly impact
of life quality and health care utilization. The prevalence
varies according to country and criteria used to define
IBS. IBS is more frequent in women than in men, and
its prevalence is less for individuals over 50 years, when
compared with those of less than 50 years. Are considered typical clinical manifestations in IBS discomfort or
abdominal pain relieved by defecation, associated with a
change in stool form[172-176].
Pain
Patients with IBS can present with a variety of symptoms
which include both GI and extraintestinal complaints.
However, the symptom complex of chronic abdominal
pain and altered bowel habits remains the nonspecific pri-
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mary characteristic of IBS. It’s chronic nature, signs and
symptoms which vary periodically from mild to severe
have many negative effects on the quality of life for the
suffers. Many factors, for example. emotional stress and
eating may exacerbate the pain. In contrast defecation
usually provides some relief[28,164,168,177-180].
Altered bowel habits
Patients with IBS complain of altered bowel habit, ranging from diarrhea (IBS-D), constipation (IBS-C), or alternating diarrhea and constipation (IBS-M). One half of
patients with IBS-D complain of mucus discharge. Large
volume diarrhea, bloody stools, nocturnal diarrhea, and
greasy stools are not associated with IBS and suggest organic disease. Another sub-group of patients with IBS-D
describe an acute viral or bacterial GI before the onset
of symptoms compatible with IBS. This clinical entity is
called post-infectious IBS. It’s important to remember
that the most bowel movements are preceded by lower
abdominal cramps. 8-Patients with IBS-C may experience a sensation of incomplete evacuation and periods
of constipation can last from days to months alternating
with diarrhea or normal bowel function[28,164,168,180].
Other GI symptoms
Bloating or feeling of abdominal distension are very
frequent complaints in IBS and may be included in the
diagnostic criteria for IBS in the future. Other digestive
symptoms as dysphagia, early satiety, intermittent dyspepsia, nausea and non-cardiac chest pain patients with are
also often associated with IBS. Comorbidity with other
FGIDs is high and can be caused by shared as visceral
hypersensitivity pathophysiological mechanisms. Comorbidity with other FGIDs is high and may be caused by
shared pathophysiological mechanisms such as visceral
hipersensivity[180-185].
Extra-intestinal symptoms
Psychiatric disorders, especially major depression, anxiety,
and somatoform disorders occur frequently[158,186,187]. The
nonGI nonpschiatric disorders with the best documented
association are fibromyalgia, chronic fatigue syndrome,
temporal mandibular joint disorder and chronic pelvic
pain[188-190]. In addition, IBS is often accompanied by other extra-intestinal symptoms as asthma and cerebral pain
symptoms as primary headache[191-193]. The high prevalence of co morbidities in IBS patients has led investigators to develop hypothesis regarding underlying pathophysiologic mechanisms linking these disorders[194,195]. The
comorbidities are correlated with enhanced medical help
seeking, worse prognosis, and higher rates of anxiety and
depression all resulting in a reduced quality of life. The
identification of this clinical problem could improve the
therapeutic options and the prevention strategies[196-198].
Diagnostic criteria
The concept of utilization of the clinical criteria for IBS
diagnosis was formulated at first time for Manning in
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1978[199]. Other criteria have also been proposed[200-202].
Today the Rome Criteria Ⅲ are the current gold-standard
for the diagnoses of IBS[203]. IBS was defined as recurrent
abdominal pain or discomfort associated with altered
defecation and IBS patients are grouped into different
subtypes based on the predominant stool consistency.
Formally, the Rome Ⅲ Criteria require recurrent abdominal pain or discomfort ≥ 3 d/mo in the last 3 mo associated with ≥ 2 of the following: 1- improvement with
defecation; 2- onset associated with a change in form
(appearance) of the stool[203]. Supportive symptoms that
are not part of the Rome Ⅲ Criteria include: abnormal
stool frequency, abnormal stool form, defecation straining, urgency or a feeling of incomplete bowel movement,
passing mucus and bloating[204].
Diagnostic approach
The basic diagnosis should include a careful and thorough medical history. This complaint data should be
quantified as precisely as possible (e.g., by symptom diaries). The aim is the most accurate detection of symptom
constellation and dynamics, as well as the active queries
alarm symptoms. There is evidence that the (patient
and doctor alike convincing) exclusion of relevant other
causes can contribute for the mutual improved trust and
due to also to the success of the treatment[205,206]. The
substantial human and economic costs associated with
IBS needs to development of efficient diagnostic and
management strategies[6,27]. Patients are first identified as
having a symptom complex compatible with IBS based
upon Rome Ⅲ Criteria. If the patient who have IBS suggestive symptoms, and no alarm symptoms or no family
history of IBD or colorectal cancer are present, a limited
number of diagnostic studies is required to exclude organic disease in most patients and a considerable number
do not require any tests at all. This limited diagnostic approach excludes organic disease in more than 95 percent
of patients[201,205,206]. Routine laboratory studies (complete
blood count, chemistries) are normal in IBS[22,26,201,207-210].
The rates of prevalence of IBD, colorectal cancer and
thyroid disease are different in patients with IBS when
compared with the general population. Lactose intolerance seems to be more prevalent in patients with IBS
symptoms when compared with controls other carbohydrates such fructose and sucrose can also cause or
exacerbate IBS symptoms. However, there is no evidence
of cause and effect between lactose intolerance and
IBS[211-213]. Stool examination for ova and parasites would
be indicated only in patients who live in developing countries or were there recently[214]. There is insufficient evidence to recommend routinely test for SIBO in patients
with IBS[26,168,215-222]. The utility of abdominal imaging
tests in patients with suspected IBS and no alarm features
is scarce. In absence of alarm signals characteristic IBS
patients aged less than 50 years need not be submitted to
colonoscopy. The image of the colon would not be useful in obtaining colonic imaging that could explain the
symptoms of patients with IBS[223].
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Alarm features or red flags
In the presence of alarm features or atypical symptoms
which are not compatible with IBS, it’s important to exclude other causes. The alarm symptoms (e.g., anemia and
weight loss) have a high specificity for the presence of
inflammatory or malignant diseases. Rectal bleeding, nocturnal or progressive abdominal pain, weight loss, anemia
and another laboratory abnormalities such as elevated
inflammatory markers, or electrolyte disturbances, a family history of colorectal cancer, IBD or celiac disease are
often associated with IBS-like symptoms[216-218]. Faced
with a patient with IBS symptoms and alarm signals the
colonoscopy should be performed to exclude organic
disease[22,26,168,219,224]. We suggest performing screening
tests based upon the patient’s clinical history in patients
with IBS-M, and in IBS with refractory symptoms (change
of progression of symptoms or absence in response to
general therapeutic measures)[26,225,226]. further evaluation
depends upon the predominate symptoms. In IBS C the
evaluation is similar to other patients with chronic constipation and in patients with predominant diarrhea is similar to other with chronic diarrhea[26,168,226].
Biomarkers in IBS - the future newer innovative tests for
IBS
Secure positive evidence of IBS by means of specific
disease marker is currently not possible and cannot be
currently recommended for routine diagnosis. However,
a number of different changes in IBS patients were
demonstrated in recent years, some of which can be
used in the future as a diagnostic support. Several noninvasive approaches were investigated for their ability
to discriminate IBS from non-IBS disorders. Although
a larger number of data are necessary these tests show
potential as adjuncts to traditional diagnosis methods in
IBS and may reduce unnecessary testing in clinical practice[227-231]. They are examination of stools forms, fecal
markers, and serological markers. A blood screening test
approved in the United States for the IBS (“Prometheus®
IBS diagnostics”) tests a constellation from a total of 10
“IBS blood biomarkers” and can thus supposedly secure
diagnosis “IBS” in combination with the other clinical
parameters[224]. The practical value of this test currently
(still) cannot clearly be evaluated, because the published
evidence is insufficient. Secure positive evidence of IBS
by means of specific “disease marker” is currently not
possible and cannot be currently recommended for routine diagnosis.

TREATMENT
General principles in the treatment of IBS
Over the past 2 decades very few agents have achieved
regulatory approval for the treatment of IBS. IBS has
no definitive treatment but could be controlled by eliminating of some exacerbating factors such certain drugs,
stressor conditions and changes in dietary habits. Traditional management of IBS has been symptom based.
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Because of the abnormalities in bowel states associated
with each IBS subtype, it is not likely that one agent
would successfully treat all three subtypes. As a result,
clinical trials have focused, for the most part, on one IBS
subtype[2,25,22,29,32,36,168,229].

NON-PHARMACOLOGIC MANAGEMENT
Fundamental aspects of the doctor patients-interaction
as the basis of IBS therapy
Many patients with IBS have bounced around the field
of medicine for many years with different diagnoses, due
to lack of interest or deep frustration of the doctor in
the treatment of IBS. The absence of biological markers
for the diagnosis of IBS or even its characterisation as a
mental illness. The absence of biological markers for the
diagnosis of IBS or even its characterisation as a mental
illness could lead to inadequate interpretation. Patients
should be informed that the nature of the disease is
chronic, benign, and educated on how to deal with and
control symptoms of the disease, which vary periodically
from mild to severe and have many negative effects on
quality of life. Patients should be also informed that their
diagnosis is not like being altered, but that it is possible to
have a normal life. A detailed medical history and physical examination physician should pay particular attention
to their patient’s concerns. The treatment goal in patients
suffering with IBS is to try eliminating or decreasing the
patient’s primary symptoms which should be addressed
on first encounter with the patient[35].

DIET RECOMMENDATIONS ABOUT
DIETARY HABITS
It should be noted that the intake of foods does not
cause IBS. However, many IBS patients have non-specific
intolerance to foods. The dietary restriction of fermentable carbohydrates popularly termed the low FODMAP
(fermentable oligosaccharides, disaccharides, monosaccharides, and polyols) diet has received considerable attention is now accepted as an effective strategy for managing symptoms of IBS. However, limitations still exist
with this approach in part due to the fundamental difficulty of placebo control in dietary trials[230]. In essence,
IBS patients should avoid foods that trigger an onset of
their symptoms, consume a minimum of high fat foods
and take part in regular physical activity[168,229,231].

RESPONSES TO PSYCHOLOGICAL
FACTORS
In patients with IBS, psychological factors (such as stress
factors in career, family, etc.) such anxiety and depression,
as well as the tendency towards summarization should be
evaluated in interdisciplinary collaboration. Trauma and
abuse should be considered and carefully be explored.
As a result, the treatment success can be positively influ-
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enced. The evidence suggests that IBS patients who alternate the intestinal habits more often, are more affected
by its symptoms, exhibit a greater tendency towards
somatization and have a higher prevalence of psychiatric
comorbidities[31,37,232-234].

COMPLEMENTARY OR ALTERNATIVE
FORMS OF TREATMENT
The treatment of IBS, with forms of alternative therapy cannot be recommended on the basis of insufficient evidence.
However, in IBS patients who did not respond to conventional treatment, complementary therapy could be effective.
More recent studies are related to hypnotherapy[168,235-242].

MEDICATIONS\PHARMACOTHERAPY
Due to the heterogeneity of IBS, there is no standard
treatment. The chronic use of drugs should be minimized as much as possible or even avoided. Different
time periods may apply for not pharmacotherapy treatment approaches. However a medical therapy attempt
without response should be terminated at the latest 3
months and the duration of therapy should be discussed
with the patient[30-34,168].

MANAGEMENT OF IBS PAIN
Visceral hypersensitivity is felt to be a major contributing factor in abdominal pain experienced by IBS patients.
Managing abdominal pain in IBS has changed very little
over the past few decades. The antispasmodics remain a
cornerstone of therapy. The antispasmodic are the most
prescribed pharmacological agents for IBS, and their
effect in reducing abdominal pain would be related to
direct action in the contractility of muscle wall. As its
use may lead to constipation should be used with caution
in patients with IBS. Anxiolitc agents such benzodiazepines are of limited use in IBS. However, they can reduce acute anxiety that may contribute to the symptoms.
Their use may be indicated for short-term (less than two
weeks)[168,243-245].

ANTIDEPRESSANTS
Antidepressants have analgesic properties. The postulated
mechanisms of pain modulation with tricyclic antidepressants (TCAs) and possibly selective serotonin reuptake
inhibitors (SSRIs) in IBS are facilitation of endogenous
endorphin release, blockade of norepinephrine reuptake
leading to enhancement of descending inhibitory pain
pathways, and blockade of the pain neuromodulator
serotonin[32,168]. Beside imipramine, nortriptilina and desipramine, amitryptline are of the tricycle antidepressant
drugs commonly used in the treatment of IBS patients at
low doses. TCAs and SSRIS appear to be more effective
than placebo in the overall reduction of symptoms associated with IBS. However, the degree of tolerability and
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safety of use of these patients is not well defined[246-250].

MANAGEMENT OF IBS-C
Dietary modifications and lifestyle should be the initial
tools of the treatment of patients with constipation predominant IBS who have mild to moderate symptoms.
The consumption of fiber-enriched foods and the increased fluid intake to prevent stool dehydration should
be stimulated by the physician in this sub-group of IBS
patients. Some improvement has been demonstrated in
primary complains. However some patients may experience increased bloating. There is no evidence for the use
of laxatives in patients with IBS[168]. In refractory cases
polyethylene glycol can be used to improve only the
frequency of bowel movements and gaseousness due to
colonic metabolism of non-digestible[251,252].
Lubiprostone is a locally acting chloride channel activator that enhances chloride chloride-rich intestinal fluid
secretion[32,253]. In a first step it was approved by the Food
and Administration (FDA) for use in chronic idiopathic
constipation and for women with IBS-C. However, its
use is currently only suitable for women with IBS and severe constipation that has been refractory to other forms
of treatment. Serious adverse events were similar to
placebo. However, the long-term security remains to be
established. been refractory to other treatments[168,254-256].
Tegaserode, a first of the agonists of the 5-hydroxityptamine (5-HT4) receptor class of drugs that stimulate
the release of neurotransmitters and increase colonic
motility, was approved for IBS and constipation but removed from the market in 2007 because of cardiovascular side effects[32,255-258]. It’s a 5-HT4 receptor agonist that
in clinical trials has been reported to reduce the general
symptoms of IBS patients in comparison to attested
placebo[259]. The Linaclotide, a guanylate cyclase agonist
stimulates intestinal fluid secretion and transit, has been
approved by the United States FDA for treatment of
IBS with constipation in 2012. Their approval was two
randomized controlled trials in phase Ⅲ. The patients initially randomized to placebo had significant improvement
in abdominal pain and complete and spontaneous bowel
movements. Diarrhea was the most common side effect.
However, the long term risks of linaclotide are unknown
and therefore its role on the treatment of IBS with constipation remains to be determined[260,261].

MANAGEMENT OF IBS-D
In this group of patients the anti-diarrheal agents are
generally effective. There is evidence which suggests
that the use of regular low doses of anti-diarrheal agents
could be effective in such patients[168]. Among the most
commonly used anti of diarrhea agents loperamide is
one that has been more studied in patients with diarrhea
predominant IBS. Constipation is the major side effect
of Loperamide[262,263]. It should not be used in patients
with constipation and in patients with IBS diarrhea con-
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stipation alternating with diarrhea should be used with
caution[168]. In patients with diarrhea predominant IBS reports of stressors (e.g., eating, stressful encounters, travel)
that lead to symptoms are frequent. When the predictors
of crises are known the physician may start a first line of
treatment, using antidiarrhea agents[263]. The use of cholestyramine could be beneficial in patients with IBS-D.
However, there are still no definitive evidence for its use
in IBS treatment[168].
Alosetron (such as cilansetron, ondasetron and granisetron) is a 5-hydroxitriptamine (serotonin) 3-receptor antagonist. Its modulates visceral afferent activity from GI
tract and in IBS patients could act favorably on colonic
motility and secretion and afferent neural systems Constipation was reported in approximately one third of patients using alosetron. It was recertified by the FDA (after
the withdrawal from the market) with restrictive guidelines
and is prescribed under a specific Protocol. Its benefits are
more favorable in women with severe IBS and diarrhea
that are refractory to conventional therapies[168,264-268].

MANAGEMENT OF IBS WITH
CONCOMITANT BLOATING AND THE
USE OF ANTIBIOTICS IN IBS
Abdominal bloating, a symptom commonly witnessed
in IBS patients, is unfortunately very subjective and often observed in constipation predominant IBS patients.
Probable mechanisms of bloating include: psychosocial,
weak abdominal muscles, paradoxal relaxation of abdominal muscles and changes in visceral sensitivity. The
role of prokinetic agents, simethicone and activated charcoal need to be better assessed with further well-designed
studies. Dietary fiber supplementation and no absorbable sugars like lactulose can worse bloating and gaseous
food, beans, carbonated beverages can lead to aerophagia
symptoms. Some patients with IBS have shown improvement in symptoms of bloating, abdominal pain, or altered bowel habits. when treated with antibiotics[266-268].
The mechanism responsible for the improvement of the
symptoms of these patients could be the suppression
of gas produced by colonic bacteria or by alteration of
colonic flora or by decreasing of the small bacterial overgrowth. It’s a question to be answered[269-271]. However,
the benefit from the treatment appears to be transient.
Currently is not recommended breath testing for intestinal bacterial overgrowth neither. It is not recommended
to use antibiotics routinely for all patients with IBS and
there are no data available to justify the prolonged use of
of nonabsorbable antibiotics in these patients[168]. In patients with moderate to severe IBS without constipation
(particularly those with bloating) who failed to respond
to all other therapies it’s reasonable to try a 2 wk trial (not
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long term) of a nonabsorbable antibiotic such rifamixin.

PROBIOTICS USE IN IBS PATIENTS-A
SHORT-REVIEW
The rationale for the use of probiotics in IBS is its association with infectious diarrhea. It’s accepted that IBS-like
symptoms are highly prevalent in the months after cure
from infectious enteritis. About 7%-30% of patients with
infectious diarrhea can develop IBS, in particular associated after travel to tropical countries. Among the possible
mechanisms of probiotic therapy is the promotion of
the endogenous defense barrier of the gut. These include
the normalization of intestinal permeability and increase
intestinal microecology changed, as well as improvement
of gut immune barrier through the downregulation of a
proinflammatory State[272]. The Bifidobacteria, Saccharomyces
boulardii and other combinations of probiotics demonstrate some efficacy in IBS. The Bifidobacteria (especially
Bifidobacterium infantis 35624), Saccharomyces boulardii and
other combinations of probiotics demonstrate some
efficacy in IBS Trials to date remain conflicting and no
clear benefit has yet to be established for lactobacilli[273].
However, due to the number of clinical studies available,
the role of probiotics in the relief of symptoms of IBS
remains uncertain.

CONCLUSION
IBS affects up to one in five people at some point in their
lives. However its remains a clinical challenge in the 21st
century. The pathogenesis of IBS is likely multifactorial,
including disorders the intestinal barrier, motility, secretion, visceral sensitivity and interactions between psycho
logic and psychosocial factors. The biopsychosocial
model is the most currently accepted for IBS. It’s not
confirmed by a specific biomarker. Guidelines emphasize
that IBS is not a diagnosis of exclusion and encourage
clinicians to make a positive diagnostic using the Rome
Criteria alone Today the Rome Criteria Ⅲ are the current
gold-standard for the diagnoses of IBS.
IBS has no definitive treatment but could be controlled by eliminating of some exacerbating factors such
certain drugs, stressor conditions and changes in dietary
habits. Traditional management of IBS has been symptom based. Because of the abnormalities in bowel states
associated with each IBS subtype, it is not likely that one
agent would successfully treat all three subtypes. As a
result, clinical trials have focused, for the most part, on
one IBS subtype. The modulation of the brain-gut axis is
being seen as an attractive target for the development of
novel treatments for a wide variety of disorder. However,
the cornerstone of its therapy is a solid patient physician
relationship. There are no recommendations for preven-
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CONCLUSION: Activation of TLR4 signaling and NF-кB
are involved in the suppression of hepcidin gene transcription by alcohol in the presence of inflammation in
the liver.

Abstract
AIM: To understand the role of toll-like receptor 4
(TLR4) signaling in the regulation of iron-regulatory
hormone, hepcidin by chronic alcohol consumption.
METHODS: For chronic alcohol intake studies, TLR4
mutant mice on C3H/HeJ background and wildtype
counterpart on C3H/HeOuJ background were pair-fed
with regular (control) and ethanol-containing Lieber De
Carli liquids diets. Gene expression was determined by
real-time quantitative PCR. Protein-protein interactions
and protein expression were determined by co-immunoprecipitation and western blotting. The occupancy of
hepcidin gene promoter was determined by chromatin
immunoprecipitation assays.
RESULTS: Chronic alcohol intake suppressed hepcidin mRNA expression in the livers of wildtype, but not
TLR4 mutant, mice. The phosphorylation and nuclear
translocation of nuclear factor (NF)-κB p65 subunit
protein was observed in alcohol-fed wildtype, but not
in alcohol-fed TLR4 mutant, mice. Similarly, alcohol

WJG|www.wjgnet.com

induced the binding of NF-κB p50 subunit protein to
hepcidin gene promoter in wildtype, but not in TLR4
mutant, mice. In contrast, the phosphorylation of Stat3
in the liver was stronger in alcohol-treated TLR4 mutant mice compared to alcohol-treated wildtype mice.
The occupancy of hepcidin gene promoter by Stat3
was observed in alcohol-fed mutant, but not in wildtype, mice. An interaction between NF-κB p65 subunit
protein and small heterodimer partner protein (SHP)
was observed in the livers of both wildtype and TLR4
mutant mice fed with the control diet, as shown by coimmunoprecipitation studies. Alcohol intake elevated
cytosolic SHP expression but attenuated its interaction
with NF-κB in the liver, which was more prominent in
the livers of wildtype compared to TLR4 mutant mice.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Iron; Small heterodimer partner protein;
Nuclear factor-κB; Alcoholic liver disease; Inflammation
Core tip: Chronic alcohol intake induces inflammation
and also alters iron homeostasis by inhibiting the expression of hepcidin in the liver. Besides being the key
iron-regulatory hormone, hepcidin also acts as an acute
phase protein, and is induced by endotoxin and inflammation. The mechanisms by which chronic alcohol
consumption can lead to the suppression of hepcidin
expression despite the presence of inflammatory processes in the liver are unknown. This study investigates
these mechanisms by using wildtype and toll-like receptor 4 mutant mice, and chronic alcohol administration
as a model.
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INTRODUCTION
Patients with alcoholic liver disease (ALD) frequently
display iron overload and an increase in intestinal iron
absorption, as determined by whole-body retention studies[1]. Iron has been shown to induce tumor necrosis factor (TNF)α expression in experimental ALD models and
act as a secondary risk factor for alcoholic liver injury[2-4].
Hepcidin is a circulatory antimicrobial peptide synthesized by the liver[5,6]. It acts as the key regulator of iron
homeostasis by inhibiting intestinal iron transport as well
as the export of iron from macrophages[7,8]. Our laboratory and others have demonstrated that both acute and
chronic alcohol exposure suppresses hepcidin expression
in the liver[9-13]. Patients with ALD also display reduced
hepcidin expression[14]. Besides being the key iron-regulator, hepcidin is an acute phase protein, and is induced
by endotoxin (lipopolysaccharide, LPS) and inflammatory cytokines, interleukin (IL)-1 and IL-6[15,16]. Chronic
alcohol consumption increases the level of gut-derived
endotoxin in the portal blood of patients with ALD[17].
This leads to the activation of Kupffer cells, and the release of proinflammatory cytokines contributing to ALD
pathogenesis[18-20]. The mechanisms by which alcohol can
suppress hepcidin expression in the presence of inflammatory signals in the liver are however unknown.
Toll-like receptors (TLR), members of the patternrecognition receptor family, are important for innate immune responses[21]. LPS is the ligand for TLR4 and TLR4
is expressed by various cells of the liver[21]. The activation of TLR4 induces the assembly of adaptor proteins,
which propagate TLR4 signaling by two different pathways[22]. In the MyD88-dependent pathway, MyD88 and
TIRAP (Mal) adaptor complexes activate IL-1 receptorassociated kinases, IRAK1 and IRAK4, and associate
with the E3 ubiquitin ligase, TRAF6. The ubiquinated
TRAF6 activates the TAK1 kinase complex leading to
the activation of the IκB kinase complex (IKKα, IKKβ,
NEMO), and the subsequent phoshorylation and degradation of the nuclear factor (NF)-κB inhibitor, IκBα.
Freed of its inhibitor, the transcription factor, NF-κB
translocates into the nucleus. In the MyD88-independent
pathway, adaptor proteins TRIF and TRAM associate
with serine-threonine kinase, RIP1 or alternatively recruit
TRAF6 and TAK1 to induce NF-κB activation[22].
Alcohol activates both MyD88-dependent and independent pathways[23,24]. Activation of NF-κB leads to the
production of inflammatory cytokines[22]. IL-6 activates
acute phase response genes through the transcription factors, Stat3 and C/EBPs[25]. Stat3 is involved in activation
of hepcidin gene transcription by IL-6 and LPS[26-28]. We
have previously reported that alcohol-induced oxidative
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stress inhibits the activity of the transcription factor,
C/EBPα leading to the suppression of hepcidin expression and iron accumulation in vivo[9]. The hepcidin gene
promoter also contains consensus binding sites for the
transcription factor, NF-κB but its role in the regulation
of hepcidin expression is unclear.
Small heterodimer partner (SHP, NROB2), an orphan
member of the nuclear receptor family of transcription
factors, acts as an inducible co-repressor and is highly
expressed in the liver[29,30]. SHP has been reported to interact with Stat3 and inhibit its activity in hepatocytes[31].
Recently, a role for SHP in the regulation of TLR4 signaling has been suggested[32]. The involvement of SHP in
the pathogenesis of ALD is unknown.
Both iron and alcohol are associated with infection
and inflammation, and act synergistically to induce tissue
injury. It is therefore important to understand the role of
TLR4 signaling in the regulation of hepcidin expression
by alcohol in the liver.

MATERIALS AND METHODS
Animal experiments
Animal experiments were approved by the animal ethics
committee at the University of Nebraska Medical Center.
TLR4 mutant mice on the C3H/HeJ background and
wildtype counterpart on the C3H/HeOuJ background
(Jackson Laboratories) were pair-fed with regular and
ethanol-containing Lieber De Carli liquids diets (Dyets,
Inc., cat no: 710027, 710260, respectively), as described
previously[11,33]. 5 male mice were included in each group
per experiment (n = 2). The ethanol content of the diet
was gradually increased over a 9 d period to 5 % and
mice were exposed to 5 % ethanol for 4 wk[33].
RNA isolation, cDNA synthesis and Real-time
quantitative polymerase chain reaction analysis
RNA isolation, cDNA synthesis and quantitative polymerase chain reaction (PCR) using an ABI Prism 7700
Sequence Detection System (Applied Biosystems)
were performed, as published previously[34,35]. Primers
(sense 5’-ACTCGGACCCAGGCTGC-3’; antisense
5’-AGATAGGTGGTGCTGCTCAGG-3’) and Taqman fluorescent probe (5’ 6-[FAM]-TGTCTCCTGCTTCTCCTCCTTGCCA-3’ [TAMRA-Q]) flanking
about 70 base pairs of mouse hepcidin gene open reading frame sequence were designed by the Primer Express
1.5 program (Applied Biosystems). Glyceraldehyde3-phosphate dehydrogenase (gapdh) gene probes (Applied Biosystems) were used as the endogenous controls.
Co-immunoprecipitation and Western Blotting:
To isolate cytosol and nuclear fractions, livers were homogenized in buffer A [25 mmol/L Tris/HCl (pH 7.5),
50 mmol/L KCl, 2 mmol/L MgCl2, 1 mmol/L EDTA,
5 mmol/L DTT, 1 mmol/L PMSF, CompleteR protease
inhibitor cocktail (Roche Diagnostics Corp.), phosphatase
inhibitor cocktail A (Santa Cruz , sc-45044)] and incubat-
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Figure 1 Hepcidin mRNA expression. cDNA, synthesized from RNA isolated
from the livers of toll-like receptor 4 mutant (C3H/HeJ) and wildtype (C3H/
HeOuJ) mice pair-fed with regular and ethanol-containing diets, was employed
in real-time polymerase chain reaction to measure hepcidin mRNA expression, as described in Methods. Hepcidin expression in ethanol-fed mice was
expressed as fold expression of that in the respective mice pair-fed with the
regular diet (mean ± SE; n = 10 per group).

ed on ice for 20 min. Following centrifugation (3000 g for
5 min at 4 ℃), supernatants were kept as cytoplasm and
pellets were washed once with buffer A. Cell pellets were
then incubated in Buffer B [10 mmol/L Tris/HCl (pH
7.5), 0.42 mol/L NaCl, 1.5 mmol/L MgCl2, 0.5 mmol/L
EDTA, 1 mmol/L DTT, 25% sucrose, 1 mmol/L PMSF,
CompleteR protease inhibitor cocktail (Roche Diagnostics
Corp.), phosphatase inhibitor cocktail A (Santa Cruz,
sc-45044)] for 15 min. to isolate nuclear proteins. For
immunoprecipitations, 1 mg of whole liver lysate protein was incubated with equal amounts (3 µg) of SHP
antibody or normal rabbit IgG (Santa Cruz) and protein
A-Agarose pre-blocked with BSA (Santa Cruz). SHP immunocomplexes eluted by non-reducing SDS buffer were
resolved on 8% polyacrylamide gels and immunoblotted
with anti-p65 (Cell Signaling) antibody. Alkaline phosphatase-conjugated anti-rabbit (SouthernBiotech) light
chain-specific immunoglobulins were used as secondary
antibodies. Western blots were performed using commercial antibodies (Santa Cruz, Cell Signaling), as described
previously[33,34]. Immune-reactive bands were detected by
the ImmunStar™-anti-rabbit-AP or -anti-mouse-HRP
kits (Bio-Rad Laboratories).
Chromatin immunoprecipitation
Chromatin immunoprecipitation was performed, as
described[33]. Chromatin isolated from formalin-fixed
mouse liver was sheared by sonication and immunoprecipitated by using control IgG or anti-p50 antibody and
protein A-Agarose (Santa Cruz). Eluted DNA were analyzed by PCR using primers (forward 5’-gccatactgaaggcactga-3’; reverse 5’-gtgtggtggctgtctagg-3’) to amplify a 307 bp mouse hepcidin-1
gene promoter region harboring NF-κB DNA-binding
sites.
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Figure 2 Tumor necrosis factor α expression. The level of tumor necrosis
factor (TNF)α in sera of toll-like receptor 4 mutant (C3H/HeJ) and wildtype control (C3H/HeOuJ) mice, pair-fed with regular and ethanol-containing diets was
determined by ELISA assays, using a commercial kit (BioLegend), according to
the manufacturer’s instructions, and expressed as picogram cytokine per ml of
serum (mean ± SE; n = 10 per group).

Statistical analysis
Statistical analysis of differences in treatment groups was
performed by using the non-parametric Mann-Whitney
test and Student’s t test.

RESULTS
C3H/HeJ mice harbor a missense mutation in the third
exon of the toll-like receptor 4 (TLR4) gene and express
a non-functional mutant TLR4 rendering them resistant
to endotoxin signaling[36]. For chronic alcohol studies,
C3H/HeJ mice and wildtype control counterpart, C3H/
HeOuJ mice were pair-fed with regular and ethanol-containing Lieber De Carli liquid diets, as described in Materials and Methods. Alcohol administration significantly
inhibited hepcidin mRNA expression in the livers of
C3H/HeOuJ wildtype mice compared to C3H/HeOuJ
mice pair-fed with the regular diet (Figure 1). In contrast,
alcohol did not suppress hepcidin expression in the livers
of TLR4 mutant C3H/HeJ mice compared to C3H/HeJ
mice pair-fed with the regular diet (Figure 1). To study
alcohol-induced inflammation, we measured serum levels
of pro-inflammatory cytokine, TNFα by ELISA assays.
TNFα levels were significantly higher in alcohol-fed wildtype, but not in TLR4 mutant, mice compared to respective pair-fed controls fed with the regular diet (Figure 2).
The activation of TLR4 signaling leads to the activation of NF-κB[22]. The phosphorylation of NF-κB p65
subunit protein was decreased 50-fold in the cytosolic
and increased 3-fold in the nuclear, fractions isolated
from the livers of alcohol-fed wildtype mice, as compared to that in wildtype mice pair-fed with the regular
diet (Figure 3). In contrast, alcohol did not significantly
alter the phosphorylation or nuclear translocation of NFκB p65 subunit protein in the livers of C3H/HeJ mice
expressing a non-functional mutant TLR4 (Figure 3). Fol-
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Figure 3 Nuclear factor-κB phosphorylation. Cytosolic (A, C) and nuclear (B, D) protein fractions isolated from the livers of C3H/HeJ and C3H/HeOuJ mice pairfed with regular and ethanol-containing diets were used for western blots to detect phosphorylated (serine 536) p65 (p-p65) expression. Anti-total p65 (p65) (C) and
anti-TATA-binding protein (TBP) (D) antibodies were used as controls. Cytosolic (E) and nuclear (F) p-p65 expression was quantified by densitometric analysis and
normalized to total p65 or TBP protein expression, respectively. Normalized p-p65 expression in ethanol-fed mice was expressed as fold expression of that in the respective mice pair-fed with the regular diet (mean; n = 3 per group).

lowing alcohol exposure, the protein expression of NFκB inhibitor, IκBα in the cytosol of the livers isolated
from wildtype, but not from TLR4 mutant, mice was
significantly reduced (Figure 4A and B). To further confirm NF-κB activation, the expression of serum amyloid
A-3 (SAA3), which is a well-known target gene of NF[37]
κB, was determined . Accordingly, alcohol up-regulated
SAA3 gene expression in the livers of wildtype, but not
TLR4 mutant, mice (Figure 4C).
In order to determine the binding of NF-κB to hepcidin gene promoter, we performed chromatin immunoprecipitation assays using antibodies for NF-κB p50 subunit DNA-binding protein, as described in Materials and
Methods. In accordance with p65 activation, the binding
of p50 to hepcidin gene promoter was induced by alcohol in the livers of wildtype, but not TLR4 mutant, mice
(Figure 5A). This interaction was specific because no
binding was observed when chromatin samples were incubated with control IgG (Figure 5C).
Similar to NF-κB, Stat3 is also important in the regulation of inflammatory processes in the liver[25]. Stat3 has
also been shown to be involved in the induction of hepcidin gene expression by inflammation[26-28]. In contrast to
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NF-κB, alcohol-mediated activation of Stat3 was weaker
in wildtype mice. The level of phosphorylated Stat3 protein in the livers of alcohol-fed wildtype mice was 10-fold
higher compared to wiltype mice pair-fed with the regular
diet (Figure 6A and B). Phospho-Stat3 protein expression was however increased by 27-fold in the livers of
TLR4 mutant mice following alcohol exposure compared
to mutant mice pair-fed with the regular diet (Figure 6A
and B). Furthermore, Stat3 binding to hepcidin gene promoter was observed in the livers of TLR4 mutant, but
not wildtype, mice following alcohol exposure, as shown
by chromatin immunoprecipitation assays (Figure 6C).
No such binding was observed when chromatin samples
were incubated with control IgG (Figure 6C).
A role for small heterodimer partner (SHP) protein,
which is a transcriptional co-repressor, has recently been
suggested in TLR4 signaling[32]. The effect of alcohol
on SHP expression is however unknown. We therefore
determined the expression of SHP in both cytosolic and
nuclear fractions isolated from the livers of C3H/HeOuJ
wildtype and C3H/HeJ TLR4 mutant mice pair-fed with
ethanol-containing and regular Lieber De Carli diets. Following alcohol exposure, wildtype mice exhibited a 3-fold
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Figure 4 IκBα expression and SAA3 expression. A: Cytosolic protein fractions isolated from the livers of C3H/HeOuJ and C3H/HeJ mice pair-fed with regular and
ethanol-containing diets were used for western blots to detect IκBα expression. An anti-gapdh antibody was used as control; B: IκBα expression was quantified by
densitometric analysis and normalized to gapdh expression. Normalized IκBα expression in ethanol-fed mice was expressed as fold expression of that in the respective mice pair-fed with the regular diet (mean; n = 3 per group); C: cDNA, synthesized from RNA isolated from the livers of these mice, was employed in real-time
polymerase chain reaction to measure SAA3 mRNA expression. SAA3 expression in ethanol-fed mice was expressed as fold expression of that in the respective mice
pair-fed with the regular diet (mean ± SE; n = 10 per group).
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Figure 5 Nuclear factor-κB binding to hepcidin gene promoter. Chromatin
isolated from the livers of control or ethanol-fed C3H/HeJ and C3H/HeOuJ mice
was immunoprecipitated with an anti-p50 nuclear factor-κB antibody (A) or control IgG (C). Immunoprecipitated DNAs (A, C) and input DNA control (B) were
subjected to polymerase chain reaction, as described in Methods.
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elevated level of cytosolic SHP expression compared
to wildtype mice pair-fed with the regular diet. Alcohol
induced a 1.8-fold increase in cytosolic SHP expression
in TLR4 mutant mice compared to mutant mice pair-fed
with the regular diet (Figure 7A, B and E). In contrast
to cytosol, SHP protein expression in the nucleus was
not significantly affected by alcohol both in wildtype and
mutant mice (Figure 7C, D and F). The basal level of
nuclear SHP expression was however higher than that in
the cytosol (Figure 7A and C).
In order to study the interaction of SHP with NF-κB
in the liver and the effect of alcohol on this interaction,
we performed immunoprecipitation experiments followed by western blotting. Whole cell lysate proteins, isolated from the livers of C3H/HeOuJ wildtype and C3H/
HeJ TLR4 mutant mice pair-fed with ethanol-containing
and regular Lieber De Carli diets, were immunoprecipitated with either an anti-SHP antibody or anti-rabbit IgG,
as control. The immune complexes were subsequently
blotted with an antibody for NF-κB p65 subunit protein,
as described in Methods. A protein-protein interaction
was detected between SHP and p65 in the liver (Figure
8A, lanes 1-4). This interaction was specific because no
significant level of p65 protein was detected in immune
complexes incubated with control IgG (Figure 8A, lane
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Figure 6 Stat3 activation and binding to hepcidin gene promoter. A:
Phospho-(p-Stat3) and total Stat3 protein expression in whole liver cell lysates
isolated from C3H/HeJ and C3H/HeOuJ mice pair-fed with regular and ethanolcontaining diets was detected by western blotting; B: p-Stat3 expression in
each sample was quantified by densitometric analysis and normalized to total
Stat3 protein expression. Normalized p-Stat3 expression in ethanol-fed mice
was expressed as fold expression of that in the respective mice pair-fed with
the regular diet (mean; n = 3 per group); C: Chromatin isolated from the livers
of control or ethanol-fed C3H/HeJ and C3H/HeOuJ mice was immunoprecipitated with an anti-Stat3 antibody or control IgG. Immunoprecipitated DNAs and
input DNA control were subjected to polymerase chain reaction, as described in
Methods.

5). The livers of wildtpe mice fed with the regular diet
exhibited a stronger interaction of SHP with p65 protein
compared to ethanol-fed wildtype mice (Figure 8A, lanes
1 and 2 and Figure 8B). Alcohol-mediated attenuation of
the interaction between SHP and p65 was however not
observed in TLR4 mutant mice (Figure 8A, lanes 3 and 4
and Figure 8B).
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Inflammation plays a key role in the pathogenesis of alcoholic liver disease[20,38]. Alcohol also increases intestinal
iron uptake and serum iron indices leading to iron overload[1,39]. We and others have shown that the inhibition of
hepcidin by alcohol might play a role in this process[9-12,14].
Besides being the key iron regulator, hepcidin is also an
acute phase protein induced by inflammation[15,16]. The
underlying mechanisms by which alcohol can inhibit hepcidin in the presence of inflammatory signals are unclear.
Our studies clearly demonstrate a role for alcoholinduced TLR4 signaling in the inhibition of hepcidin
expression in the liver. Unlike wildtype mice, mice with
non-functional TLR4 receptor did not display suppression of hepcidin expression following chronic alcohol
intake. Of note, alcohol elevated serum levels of proinflammatory cytokine, TNFα only in wildtype mice with
intact TLR4 signaling. Activation of the transcription factor, NF-κB plays a central role in TLR4 signaling. Upon
activation, NF-κB is phosphorylated and translocates
to the nucleus[22]. Accordingly, the phoshorylation and
nuclear translocation of NF-κB p65 protein subunit by
alcohol was induced in wildtype, but not in TLR4 mutant, mice. Accordingly, a significant decrease in cytosolic
IκBα protein levels was observed in wildtype, but not
in TLR4 mutant, mice. Following alcohol administration, mRNA expression of SAA3, a well-established NFκB-responsive gene, was induced only in wildtype mice
indicating the functional inhibition of NF-κB in TLR4
mutant mice. Taken together, these findings suggest a
correlation between alcohol-induced activation of NFκB and the inhibition of hepcidin expression in the liver.
This is further supported by chromatin immunoprecipitation studies. Namely, the occupancy of hepcidin gene
promoter by NF-κB p50 subunit protein was elevated by
alcohol administration in wildtype, but not TLR4 mutant,
mice. Alcohol however did not induce the binding of
NF-κB p65 subunit protein to hepcidin promoter (data
not shown). This might be due to our experimental system or it is feasible that chronic alcohol exposure interferes with the nuclear interaction of p65 with p50 in the
liver.
Activation of NF-κB leads to the production of inflammatory cytokines but alcohol has also been shown
to interfere with IL-6-mediated activation of Stat3 in
hepatocytes, in vitro[40]. Of note, Stat3 plays a role in the
induction of hepcidin transcription by endotoxin and
inflammatory cytokines[26-28]. A cross-talk between Jak/
Stat pathway and TLR4 signaling has been implicated[41].
MyD88 has been shown to play a role in LPS-induced
activation of Stat3 in the liver and hypothalamus[42]. In
contrast, TLR4 signaling has been reported to inhibit
Stat3 in mesenchymal stem cells[43]. To further understand
the role of alcohol-induced TLR4 signaling in the regulation of hepcidin, we investigated the activation of Stat3
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Figure 7 Small heterodimer partner protein expression. Small heterodimer partner (SHP) protein expression was detected by western blots using cytosolic (A, B)
and nuclear (C, D) fractions isolated from the livers of C3H/HeJ and C3H/HeOuJ mice pair-fed with regular and ethanol-containing diets. An anti-gapdh antibody (B)
was used as a cytosolic protein loading control; D: Nuclear proteins on PVDF blotting membranes were visualized by Ponceau S staining to evaluate equal protein
loading. Cytosolic (E) and nuclear (F) SHP expression was quantified by densitometric analysis and normalized to control protein expression. Normalized SHP expression in ethanol-fed mice was expressed as fold expression of that in the respective mice pair-fed with the regular diet (mean; n = 3 per group).

in TLR4 mutant and wildtype mice. Besides the phoshorylation at tyrosine by Jak kinases, Stat3 is also phoshorylated at serine, which is important for its transcriptional activity[44,45]. By using phospho-specific antibodies,
we have shown that chronic alcohol intake attenuates
the activation of Stat3 in the livers of wildtype, but not
TLR4 mutant, mice. The binding of Stat3 to hepcidin
promoter was observed in alcohol-fed TLR4 mutant, but
not wildtype, mice. Although weak, this Stat3 binding
might be involved in reversing the inhibitory effect of alcohol on hepcidin expression in TLR4 mutant mice. Our
results therefore strongly suggest that the presence of a
functional TLR4 receptor and intact TLR4 signaling is
required for alcohol to inhibit Stat3, and thereby hepcidin
transcription in the liver.
A relationship between small heterodimer partner
(SHP), a co-repressor belonging to the nuclear receptor
family of transcription factors, and NF-κB has been suggested but the findings are inconclusive. SHP has been
reported to activate NF-κB in macrophages treated with
oxidized lipoproteins[46]. In contrast, SHP has been shown
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to inhibit TRAF6 and NF-κB in bone marrow-derived
mouse macrophages[32]. Alcohol is well known to interact
with other classes of nuclear receptors but its effect on
SHP is however unknown[47]. We show here that alcohol
induces the expression of SHP protein in the liver, which
is stronger in mice with intact TLR4 signaling. Furthermore, the stimulatory effect of alcohol on SHP expression is mainly observed in the cytoplasm, but not in the
nucleus. To further understand the effect of alcohol on
SHP, we investigated the interaction of SHP with NFκB by co-immunoprecipitation studies. A strong complex
between SHP and NF-κB proteins has been observed
in both wildtype and TLR4 mutant mice, which were
fed with the control diet. This suggests that a functional
TLR4 receptor is not required for the basal level of protein-protein interaction between SHP and NF-κB in the
liver. Interestingly, this interaction was attenuated following chronic alcohol consumption mainly in wildtype mice.
Yuk et al[32] reported an interaction of SHP with NF-κB
in untreated bone marrow-derived mouse macrophages,
which was significantly decreased upon LPS stimulation.
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Figure 8 Effect of alcohol on small heterodimer partner and nuclear
factor-κB interaction. A: Whole cell lysates isolated from the livers of C3H/HeJ
and C3H/HeOuJ mice pair-fed with regular and ethanol-containing diets were
immunoprecipitated with an anti-small heterodimer partner (SHP) antibody or
anti-rabbit IgG, as control. The expression of nuclear factor-κB in the immune
complexes was determined by western blotting using an anti-p65 antibody, as
described in Methods; B: p65 protein expression in SHP immune complexes
was quantified by densitometric analysis and normalized to control IgG immune
complexes. Normalized p65 expression in ethanol-fed mice was expressed as
fold expression of that in the respective mice pair-fed with the regular diet (mean;
n = 3 per group).

Further investigations are required to understand whether
the interaction of cytosolic SHP with NF-κB in the liver
might play a role in the regulation of TLR4 signaling and
inflammatory processes by alcohol. SHP has also been
shown to form a nuclear complex with Stat3 in an IL6-dependent manner in HepG2 hepatoma cells overexpressing SHP and Stat3[31]. Kim et al[31] have also suggested
a role for SHP in the inhibition of Stat3 in primary rat
hepatocytes treated with the antidiabetic drug metformin.
Since chronic alcohol exposure did not alter the expression of nuclear SHP expression, it is unclear whether
SHP, as a co-repressor, is involved in the inhibition of
Stat3 by alcohol in the liver. Of note, we observed binding of Stat3 to hepcidin promoter in alcohol-fed TLR4
mutant, but not in wildtype, mice. The role of SHP in the
regulation of Stat3 and hepcidin expression by alcohol in
the liver will be addressed in future studies.
Collectively, the findings in this study strongly suggest
that the activation of TLR4 signaling and NF-κB are part
of the mechanisms by which alcohol can suppress hepcidin expression despite the presence of inflammatory signals in the liver. The inhibition of hepcidin, which causes
iron overload, together with inflammation will exacerbate
liver injury, as observed with chronic alcohol intake.
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The findings in this study suggest that induction of toll-like receptors (TLR) 4
and NF-κB signaling and the inhibition of Stat3 signaling are all involved in the
suppression of hepcidin transcription by chronic alcohol consumption. These
findings will help us to further understand the mechanisms by which alcohol can
induce inflammation and iron accumulation by altering hepcidin expression in
the liver. This might ultimately lead to the development of novel diagnostic and
treatment strategies for ALD.

Terminology

Inflammation plays a key role in both ALD pathogenesis and iron homeostasis.
TLR are important for innate immune responses and inflammation. Endotoxin
(LPS) binds to TLR4 receptor and induces the activation of NF-κB signaling
and proinflammatory cytokine production. Proinflammatory cytokines activate
Jak/Stat pathway including the transcription factor, Stat3.

Peer review

The authors investigated the implication of TLR4 signaling in the activation of
hepcidin in mice chronically fed with alcohol. They showed that suppression
of hepcidin mRNA levels by alcohol in wild type mice was lost in TLR4 mutant
ones.
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Abstract
AIM: To evaluate the significance of KL-6/MUC1 (a type
of MUC1) glycosylation in pancreatic cancer progression.
METHODS: KL-6/MUC1 expression was detected by
immunohistochemistry in 48 patients with pancreatic
duct cell carcinoma. The N -/O -glycosylation inhibitors
(tunicamycin and benzyl-N-acetyl-α-galactosaminide)
were then used to interfere with KL-6/MUC1 glycosylation in two pancreatic carcinoma cell lines, and the
effects on KL-6/MUC1 expression, and cell adhesion
and invasion were determined. In addition, protein expression of epithelial-mesenchymal transition markers,
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E-cadherin and vimentin, were evaluated in cells after
treatment with glycosylation inhibitors.
RESULTS: Overexpression of KL-6/MUC1 was found in
all pancreatic cancer tissues, but not in the surrounding normal pancreatic tissues. The expression profile of
KL-6/MUC1 was significantly decreased after treatment
with the inhibitors. The adhesion and invasive ability
of cancer cells were significantly decreased after drug
treatment, and increased E-cadherin and decreased vimentin expression were found.
CONCLUSION: KL-6/MUC1 glycosylation is involved in
pancreatic cancer metastasis and invasion. Therapeutic
strategies which target this may help control the aggressive behavior of pancreatic cancer cells.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Benzyl-N -acetyl-α-galactosaminide; Glycosylation; KL-6/MUC1; Pancreatic carcinoma; Tunicamycin
Core tip: Aberrant glycosylation of MUC1 is associated
with aggressive tumor behavior in many carcinomas.
This study evaluated the significance of KL-6/MUC1 glycosylation in pancreatic cancer progression. The results
indicate the important involvement of KL-6/MUC1 glycosylation in pancreatic cancer metastasis and invasion,
which may be related to the epithelial-mesenchymal
transition process. Therapeutic strategies which target
glycosylation of KL-6/MUC1 may be useful for controlling the aggressive behavior of pancreatic cancer cells.
Xu HL, Zhao X, Zhang KM, Tang W, Kokudo N. Inhibition of
KL-6/MUC1 glycosylation limits aggressive progression of pancreatic cancer. World J Gastroenterol 2014; 20(34): 12171-12181
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12171.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12171
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INTRODUCTION
MUC1 is a polymorphic, highly glycosylated, type I transmembrane glycoprotein expressed by ductal epithelial
cells of secretory organs, including the pancreas, breast,
lung, and gastrointestinal tract, and is aberrantly glycosylated in most cases[1]. The deduced amino acid sequence
of MUC1 mucin has four distinct domains: the NH2terminal domain consisting of a hydrophobic signal sequence, a highly O-glycosylated tandem-repeat domain,
a transmembrane domain, and a cytoplasmic domain[1,2].
Many studies have suggested that aberrant glycosylation
of MUC1 plays an important role in cancer metastasis
and MUC1 seems to be an attractive target for cancer
treatment[3].
KL-6/MUC1, a type of MUC1 categorized as cluster
9, is recognized by the KL-6 antibody[4]. This mucin was
first recognized in the serum of patients with intestinal
pneumonia, but has recently been detected in various
cancer tissues[5,6]. Our previous studies suggested that aberrant expression of KL-6/MUC1 in cancer tissues was
associated with worse tumor behavior, such as invasion
and metastasis in ampullary carcinoma, primary colorectal carcinoma, and cholangiocarcinoma[6-9].
Pancreatic duct cell carcinoma (PDC) is one of the
most malignant gastrointestinal tumors, with a fiveyear overall survival rate of less than 5%. Once PDC is
clinically evident, it rapidly metastasizes and this event
often occurs by the time of diagnosis[10]. Thus, control
of micrometastatic pancreatic cancer is a major objective
in PDC treatment. It was shown that the aberrant expression of MUC1, detected using CD227, DF3, and CA15-3
antibodies, plays an important role in pancreatic cancer
metastasis and invasion[11,12]. Thus, in this study, we first
performed an immunocytochemical analysis to evaluate
KL-6/MUC1 expression in PDC tissues using the KL-6
antibody, and then evaluated the significance of KL-6/
MUC1 glycosylation in pancreatic cancer cell lines.

MATERIALS AND METHODS
Human pancreatic tumor tissues
PDC specimens were collected from 48 patients: 28
men and 20 women, average age 66.1 years (range: 41-80
years). Intraductal papillary mucinous tumor (IPMT) tissues were resected from 12 patients: 8 men and 4 women, average age 45.6 years (range: 40-67 years). These
patients underwent surgical resection at the HepatoBiliary-Pancreatic Surgery Division of the Department
of Surgery, Graduate School of Medicine, University of
Tokyo between January 2000 and December 2005. This
study was approved by the Institutional Review Board of
the University of Tokyo. Written informed consent was
obtained from each patient. The clinicopathologic characteristics of the patients were evaluated according to the
general rules for the study of pancreatic cancer by the
Japan Pancreas Society[13].
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Immunohistochemical staining of KL-6/MUC1
KL-6/MUC1 expression was detected by immunohistochemical staining as described previously[7]. Briefly, 5-µmthick sections were cut from archival formalin-fixed
paraffin-embedded tissue blocks, deparaffinized, and
dehydrated. Endogenous peroxidase activity was halted
by the addition of 0.3% hydrogen peroxide/methanol
for 30 min. The sections were blocked with normal goat
serum for 30 min, and then incubated with or without
KL-6 antibody (1:200 dilution; Eisai Co., Ltd, Tokyo, Japan) for 60 min. Following incubation with biotin-labeled
secondary antibody, KL-6/MUC1 was detected using the
Histofine SAB-PO kit (Nichirei Corporation, Tokyo, Japan). 3,3’-diaminobenzidine was used as the chromogen,
and hematoxylin was used as a counterstain. Phosphatebuffered saline was used instead of primary antibody as
a negative control. The percentage of stained cells was
determined in ten random microscopic ﬁelds of each
tissue sample or in the entire region if the tissue sample
consisted of fewer than ten ﬁelds (magniﬁcation × 200).
In the evaluation of KL-6/MUC1 staining, cases with
positivity observed in more than 10% of cancer cells
were considered positive according to a previous report[7].
Cells and cell culture conditions
Panc-1 and Capan-1 cell lines were obtained from ATCC
(Rockville, MD, United States). Cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum in a
humidified atmosphere with 5% CO2 at 37 ℃. For maintenance and subculture, cells in the exponential phase
were treated with 0.25% trypsin solution containing 0.02%
ethylenediaminetetraacetic acid. Inhibitors were dissolved
in dimethyl sulfoxide and diluted with culture medium to
a final concentration of < 0.1%.
Cell proliferation assays
Cells were reseeded in 96-well plates (3 × 103 cells/well)
and incubated with tunicamycin (0.5, 1.0, 2.5, 5.0, and 10
mg%) and benzyl-N-acetyl-α-galactosaminide (BAG; 2.5,
5.0, 10, 20, and 40 mmol/L) for 24, 48, 72, and 96 h. The
cells without drug treatment were used as controls. Cell
proliferation was assessed by the 3-[4,5-dimethylthiazol2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay. Absorbance was detected at 550 nm with 750 nm as a reference wavelength.
Immunocytochemistry for KL-6/MUC1
KL-6/MUC1 expression in Panc-1 and Capan-1 cells
with or without glycosylation inhibitor treatment was
detected by immunocytochemistry. Briefly, cells (1 × 104)
were seeded on MAS-coated slides (Matsunami Inc., Osaka, Japan) and incubated overnight. Forty-eight hours after treatment with 2.0 mg% tunicamycin and 5.0 mmol/L
BAG, the cells were fixed with 3.7% paraformaldehyde
for 30 min followed by incubation in a solution of 0.2%
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Triton X-100 for 10 min. The cells were blocked with
normal goat serum for 30 min at room temperature, and
then incubated with or without KL-6 antibody (1:200
dilution) for 60 min at room temperature. Following incubation with biotin-labeled secondary antibody, KL-6/
MUC1 was detected by the biotin streptavidin-peroxidase
complex method using the Histofine SAB-PO kit with
3,3’-diaminobenzidine as the chromogen and hematoxylin as a counterstain.
Cell adhesion assay
The cell adhesion assay was performed in Biocoat Matrigel Matrix culture dishes (Thin Layer 100 mg/cm2, 35
mm; BD Biosciences, San Jose, CA, United States).
Dishes were rehydrated for 30 min at 37 ℃ with 1 mL
of DMEM supplemented with 10% heat-inactivated fetal
bovine serum. Cells for adhesion assays were seeded at
a density of 5 × 104 cells/well in culture dishes containing 2.0 mg% tunicamycin or 5.0 mmol/L BAG in nonserum culture medium. Dishes without drug treatment
were used as controls. Cells were allowed to adhere for
48 h at 37 ℃. Non-adherent cells were removed by washing three times with phosphate-buffered saline. Adherent
cells were fixed and stained with the Diff-Quik kit (Dade
Behring of Siemens AG, Munich, Germany), according to the manufacturer’s instructions. Stained cells were
counted under a microscope at 400 × magnification and
the mean cell numbers in eight random fields were calculated. Data were calculated from three separate experiments performed in triplicate.
Transwell chamber assay
The motility and invasive ability of cells were assessed
in 24-well Transwell plates (Corning Inc., Corning, NY,
United States). Cells were pre-incubated with or without
2.0 mg% tunicamycin or 5.0 mmol/L BAG for 24 h at
37 ℃ in a CO2 incubator and then detached and resuspended in serum-free DMEM. Dishes without drug
treatment were used as controls. A suspension of cells (2
× 105 cells) with or without drug treatment was placed in
the upper chambers. The lower chambers were filled with
0.75 mL of medium supplemented with 5% fetal bovine
serum. Cells were allowed to migrate for 22 h at 37 ℃.
Migration was terminated by removing the cells from
the upper compartment of the filter with a cotton swab.
Cells that had invaded the Matrigel and reached the lower
surface of the filter were stained using the Diff-Quik kit
(Dade Behring). The migrated cells were quantified by
counting the number of cells in eight random microscopic fields per filter (magnification × 200).
Immunofluorescence staining for KL-6/MUC1 and
E-cadherin
Immunofluorescence staining was used to detect the
expression of KL-6/MUC1 and E-cadherin. Briefly,
48 h after treatment with 2.0 mg% tunicamycin and 5.0
mmol/L BAG, cells were fixed with 3.7% formaldehyde
for 10 min, rinsed and permeabilized with a solution
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of 0.2% Triton-X 100 for 30 min. After blocking, the
cells were incubated with a mixture of KL-6 (1:200) and
E-cadherin (1:200; BD Biosciences) antibodies overnight
at 4 ℃. After rinsing, the cells were incubated at 37 ℃ for
1 h with diluted secondary antibody (1:200 anti-mouse
IgG1-FITC and anti-mouse IgG2a-PE; BD Biosciences).
The cells were then fixed and covered with mounting
medium with DAPI. Fluorescence images were obtained
using a fluorescence microscope (model BZ-9000; Keyence, Osaka, Japan).
Western blotting
Following drug treatment for 48 h, cell lysates were prepared using radio-immunoprecipitation assay (RIPA) lysis
buffer. Equal amounts of protein (20 µg) were separated
by sodium dodecyl sulfate polyacrylamide gel electrophoresis and then electrotransferred onto polyvinylidene
difluoride membranes. After blocking with 5% bovine
serum albumin overnight at 4 ℃, the membranes were
incubated with different antibodies (E-cadherin, 1:1000;
vimentin, 1:1000; β-actin, 1:1000; BD Biosciences) for 1
h, followed by washing three times. After incubation with
horseradish peroxidase-conjugated secondary antibodies
for 1 h at room temperature, the reactivity was visualized
by enhanced chemiluminescence using the ECL Western
Blotting Starter Kit.
Statistical analysis
Treatments were compared to controls using Student’s
two-tailed t-tests, with P < 0.05 indicating significance.

RESULTS
Expression of KL-6/MUC1 in pancreatic cancer tissues
Immunohistochemical analysis was performed to determine the expression profile of KL-6/MUC1 in pancreatic cancer tissues. All 48 cases of PDC showed positive
staining for KL-6/MUC1. Tumor-cell cytoplasm and
luminal surfaces, as well as the inner surfaces of glands
in cancer regions, were strongly stained (Figure 1A and
B). The population of KL-6/MUC1-positive tumor cells
in these cancer regions varied among the samples (mean
73.6%, range: 17.0%-95.0%). Positive staining was rarely
observed in the surrounding normal pancreatic tissues
(Figure 1B). In all 48 cases of PDC, venous invasion,
lymphatic invasion, as well as liver or lymph node metastasis were found. Positive staining was not found in
any of the IPMT tissues (0/12, 0%). None of the IPMT
cases had venous or lymphatic invasion, or liver or lymph
node metastasis (Figure 1C).
Effects of tunicamycin and BAG on pancreatic cancer
cell proliferation
The effects of tunicamycin and BAG on Panc-1 and
Capan-1 cell proliferation were analyzed by MTT assays.
The results show that tunicamycin and BAG inhibited
the proliferation of both cell lines in a concentrationdependent manner (Figure 2A and B). Significant inhibi-
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Figure 1 Immunohistochemistry for KL-6/MUC1 expression in tissue. Staining for KL-6/MUC1 in A: Pancreatic duct cell carcinoma; B: Pancreatic duct cell carcinoma and surrounding normal tissues; C: Intraductal papillary mucinous tumor (200 × magnification).
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Figure 2 Effects of glycosylation inhibitors on Panc-1 and Capan-1 cell proliferation. MTT assays were performed to assess inhibitory curves of Panc-1 and
Capan-1 cells treated with different concentrations of A: Tunicamycin or B: Benzyl-N-acetyl-α-galactosaminide (BAG) for 48 h; and for various times with 2.0% tunicamycin or 5.0 mmol/L BAG in C: Panc-1 cells; or D: Capan-1 cells. MTT: 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide.
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Figure 3 Immunocytochemistry for KL-6/MUC1 expression in Panc-1 and Capan-1 cells. Staining for KL-6/MUC1 in A-C: Panc-1; or D-F: Capan-1 cells. A, D:
Controls; B, E: 48 h treatment with 2.0 mg% tunicamycin; C, F: 48 h treatment with 5.0 mmol/L benzyl-N-acetyl-α-galactosaminide (800 × magnification).

tion of Panc-1 and Capan-1 cell proliferation was not
observed in the presence of < 2.0 mg% tunicamycin and
< 5.0 mmol/L BAG, with an inhibitory rate of < 20%. A
time-dependent inhibition of cell proliferation was also
observed in the presence of 2.0 mg% tunicamycin and 5
mmol/L BAG in both cell lines (Figure 2C and D). Thus,
in subsequent experiments, the cells were treated with 2.0
mg% tunicamycin or 5 mmol/L BAG for 48 h.
Effects of tunicamycin and BAG on KL-6/MUC1
expression in pancreatic cancer cells
To examine subcellular expression of KL-6/MUC1,
Panc-1 and Capan-1 cells with or without tunicamycin
and BAG treatment were subjected to immunocytochemical detection (Figure 3). Before glycosylation inhibitor
treatment of Panc-1 and Capan-1 cells, intense staining
was observed throughout the entire cell, including cell
membrane and cytoplasm (Figure 3A and D), indicating
high expression of KL-6/MUC1 in both cell lines. After
tunicamycin treatment, a subtle decrease in KL-6/MUC1
staining in both the cell membrane and cytoplasm of
Panc-1 and Capan-1 cells was observed (Figure 3B and
E). After BAG treatment, KL-6/MUC1 staining was significantly decreased in both cell lines, especially in the cell
membrane (Figure 3C and F).
Effects of tunicamycin and BAG on pancreatic cancer
cell adhesion and invasion
Microcscopic examination of Panc-1 and Capan-1 cells
revealed that treatment with BAG or tunicamycin sig-
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nificantly reduced the number of cells adhered to the
Matrigel-coated dishes compared with the control group
(Ps < 0.05) (Figure 4). Significant differences were also
found between the tunicamycin-treated and BAG-treated
groups (P < 0.05). In addition, dramatic changes in cell
morphology were observed, as cells exposed to BAG
were more often spherical and individualized (Figure
4B-E).
One of the earliest steps in metastasis is the invasion of basement membrane. We further evaluated the
motility and invasive ability of pancreatic carcinoma cells
through a Matrigel-coated polycarbonate membrane. The
invasive potential of both cell lines was significantly decreased after a 48 h pre-incubation with either tunicamycin ormM BAG (Ps < 0.05) (Figure 5). A significant difference was also found between the tunicamycin-treated
and BAG-treated Capan-1 cells (P < 0.05).
Effects of tunicamycin and BAG on expression of
E-cadherin and vimentin in pancreatic cancer cells
As epithelial-mesenchymal transition (EMT) is critical
for cancer adhesion and invasion, we evaluated whether
decreased KL-6/MUC1 expression was associated with
this process by examining the expression of the epithelial
marker E-cadherin before and after glycosylation inhibitor treatment. Both Panc-1 and Capan-1 cells showed
strong immunofluroescence staining for KL-6/MUC1,
indicating relatively high expression levels of KL-6/
MUC1 (Figure 6Aa, d). A subtle decrease in KL-6/
MUC1 expression was observed in cells treated with tu-
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Figure 4 Effects of glycosylation inhibitors on Panc-1 and Capan-1 cell adhesion. Microscopic images of A-C: Panc-1; or D-F: Capan-1 cells adhered to. A, D:
Controls; B, E: 48 h treatment with 2.0 mg% tunicamycin; C, F: 48 h treatment with 5.0 mmol/L benzyl-N-acetyl-α-galactosaminide; G, H: Average adhered cell numbers; aP < 0.05 vs controls; cP < 0.05 vs benzyl-N-acetyl-α-galactosaminide.

nicamycin (Figure 6Ab, e), whereas a significant decrease
was observed in cells treated with BAG (P < 0.05) (Figure
6Ac, f), which confirmed the results of immunocytochemical staining. Staining with E-cadherin showed that
there was higher E-cadherin expression in both Panc-1
and Capan-1 cells treated with tunicamycin (Figure 6Ab, e)
and BAG (Figure 6Ac, f) (P < 0.05), while no expression
was detected in untreated cells (Figure 6Aa, d).
Western blotting showed that the expression of
E-cadherin was significantly increased and the expression
of the mesenchymal marker, vimentin, was significantly
decreased after BAG treatment (P < 0.05) (Figure 6B).
However, tunicamycin treatment did not affect the expression of E-cadherin or vimentin in Panc-1 cells as
determined by Western blotting.
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DISCUSSION
PDC is an extremely aggressive malignancy that rapidly
progresses and metastasizes and carries a dismal prognosis. The control of micrometastatic pancreatic cancer
remains a major objective in PDC treatment. Previous
histologic studies have suggested that aberrant expression of KL-6/MUC1 in cancer tissues is associated with
worse tumor behavior such as invasion and metastasis
in ampullary carcinoma, primary colorectal carcinoma,
and cholangiocarcinoma[6-8]. In the present study, we
demonstrate that all PDC tissues show positive staining
for KL-6/MUC1, while the surrounding normal pancreatic tissues do not. IPMT tissue, a slowly growing tumor
with rare stromal invasion and a good prognosis[14], was
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Figure 5 Effects of glycosylation inhibitors on Panc-1 and Capan-1 cell invasion. Microscopic images of A-C: Panc-1; or D-F: Capan-1 cells. A, D: Controls; B, E:
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Figure 6 E-cadherin and vimentin expression in Panc-1 and Capan-1 cells. Immunocytochemistry for KL-6/MUC1 and E-cadherin in A: Panc-1 or B: Capan-1
cells (DAPI, nuclear stain, 800 × magnification), (g, h) fluorescence staining quantification; B: Western blotting and band intensity for E-cadherin and vimentin expression in Panc-1 (a, b, c) and Capan-1 (d, e, f) cells; control (a, d), 48 h treatment with 2.0 mg% tunicamycin (b, e), 48 h treatment with 5.0 mmol/L benzyl-N-acetyl-αgalactosaminide (c, f); aP < 0.05 vs control.

rarely stained. These results indicate that overexpression
of KL-6/MUC1 in pancreatic cancer tissues may be associated with aggressive tumor behavior or worse tumor
staging of PDC.
The structures of atypical glycans may greatly contribute to the phenotype and biology of cancer tissue.
The involvement of N- and/or O-linked glycans was
documented by studies using mutation, deletion or addition of glycosylation sites, or using drugs affecting
the processing of oligosaccharide chains[15-17]. BAG is a
synthetic analogue of N-acetylgalactosamine (GalNAc)
and inhibits elongation of O-glycans. This inhibition is
competitive and instead of monosaccharide transfer to
the GalNAc bound to serine or threonine, the elongation
of the O-glycan chain occurs on BAG molecules[17,18].
Tunicamycin is a drug which blocks the transfer of
GalNAc-P from UDP-GalNAc to dolichol phosphate[19];
it inhibits N-glycosylation and indirectly O-glycosylation,
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when N-glycosylation is a prerequisite. Tunicamycin also
inhibits intracellular protein transport and reduces glycoprotein incorporation into the cellular membrane[19].
As the epitope recognized by the KL-6 antibody is
a sialylated carbohydrate exposed on the surface of the
MUC1 molecule, we used an O-glycosylation inhibitor
(BAG) and an N-glycosylation inhibitor (tunicamycin) to
affect the KL-6/MUC1 glycosylation profile and investigate how this affects tumor progression. Using the KL-6
antibody, we first detected KL-6/MUC1 expression in
Panc-1 and Capan-1 cells. The Panc-1 cell line was established from human primary pancreatic carcinoma, whereas the Capan-1 cell line was obtained from a liver metastasis of a 40-year-old man with adenocarcinoma in the
head of the pancreas. Overexpression of KL-6/MUC1
was found in both cell lines, suggesting that cancer clones
that escape from primary tumors do not lose the KL-6
antigen. Immunocytochemical results also suggested that
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the glycosylation inhibitors altered the glycosylation profiles of KL-6/MUC1, although further studies are needed
to investigate the detailed mechanisms of the two glycosylation inhibitors on KL-6/MUC1 glycosylation. The effects of tunicamycin treatment were not as obvious as the
effects of BAG, possibly because KL-6/MUC1 is a more
highly O-glycosylated cell surface glycoprotein.
An adhesion test and Transwell chamber assay were
performed to investigate the relationship between KL-6/
MUC1 glycosylation and adhesive and invasive properties of pancreatic carcinoma cells. Tumor cells interact
with extracellular matrix components and the basement
membrane, which is an essential initial event during the
process of invasion and metastasis. It was proposed that
there is a delicate balance between adhesion and antiadhesion forces in MUC1 expressing cells, and that this
balance plays an important role in the metastatic process[20,21]. Following glycosylation inhibitor treatment, the
adhesion and invasion potential of the cells decreased. In
addition, the O-glycosylation inhibitor caused more obvious changes in the adhesive and invasive potential of the
cells. These results suggest that KL-6/MUC1 glycosylation, especially O-glycosylation, may play an important
role in these biologic functions of KL-6/MUC1.
MUC1 and E-cadherin have both been implicated in
pancreatic cancer development[22,23]. Our previous study
showed that MUC1 knockdown led to increased E-cadherin-mediated cell-cell adhesion, suggesting that the
cytoplasmic domain of MUC1 competes with E-cadherin
for binding to β-catenin[24]. In this study, we observed
that reduced KL-6/MUC1 glycosylation also increased
E-cadherin, suggesting that the highly glycosylated tandem-repeat domain of MUC1 is also involved in cancer
metastasis. However, significant changes in β-catenin expression were not found (data not shown). Additionally,
the effects of tunicamycin on KL-6/MUC1 expression
were not as apparent as with BAG, again suggestive of
higher O-glycosylation of KL-6/MUC1.
As a feature of aggressive tumors, EMT is characterized by reduced E-cadherin and increased vimentin
expression, contributing to increased tumor cell motility
and invasive properties[25]. In this study, we showed that
reduced KL-6/MUC1 expression was accompanied by
increased E-cadherin expression and decreased vimentin expression in Capan-1 cells, but not in Panc-1 cells.
The reason for this may be that Capan-1 cells have more
metastatic potential than Panc-1 cells. These results indicate that the function of KL-6/MUC1 glycosylation in
pancreatic cancer metastasis and invasion may be related
to the EMT process.
This study indicates the important involvement of
KL-6/MUC1 glycosylation in pancreatic cancer metastasis and invasion, which may be related to the EMT process. Therapeutic strategies which target glycosylation of
KL-6/MUC1 may be useful for controlling the aggressive
behavior of pancreatic cancer cells. Further studies are
needed to investigate the detailed mechanism of KL-6/
MUC1 glycosylation involved in metastatic progression
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of pancreatic carcinoma cells, as well as the possibility of
using specific KL-6/MUC1 glycosylation inhibitors in the
treatment of pancreatic carcinomas.
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Background

Pancreatic duct cell carcinoma (PDC) is an extremely aggressive malignancy,
which rapidly metastasizes and carries a dismal prognosis. The control of micrometastatic pancreatic cancer remains a major objective in PDC treatment.
Previous histologic studies have suggested that aberrant expression of KL-6/
MUC1 in cancer tissues is associated with worse tumor behavior such as invasion and metastasis in ampullary carcinoma, primary colorectal carcinoma, and
cholangiocarcinoma.

Research frontiers

MUC1 is a polymorphic, highly glycosylated, type I transmembrane glycoprotein
expressed by ductal epithelial cells of secretory organs, including the pancreas,
breast, lung, and gastrointestinal tract. Many studies have suggested that aberrant glycosylation of MUC1 plays an important role in cancer metastasis and
MUC1 seems to be an attractive target in cancer treatment. It was shown that
the aberrant expression of MUC1, detected using CD227, DF3, and CA15-3
antibodies, plays an important role in the process of pancreatic cancer metastasis and invasion. KL-6/MUC1, a type of MUC1 categorized as cluster 9, is
recognized by the KL-6 antibody.

Innovations and breakthroughs

This study showed that KL-6 was expressed in PDC, but not in intraductal
papillary mucinous tumors (IPMT). These results indicate that overexpression
of KL-6/MUC1 in pancreatic cancer tissues may be associated with aggressive
tumor behavior or worse tumor staging of PDC. The structures of atypical glycans may greatly contribute to the phenotype and biology of cancer tissue. As
the epitope recognized by KL-6 antibody is a sialylated carbohydrate exposed
on the surface of the MUC1 molecule, the authors used two inhibitors to affect
the KL-6/MUC1 glycosylation profile, and investigated how this affected tumor
progression. The authors concluded that targeting glycosylation may be useful
in controlling aggressive tumor behaviors.

Applications

This study indicated that glycosylation of KL-6/MUC1 in pancreatic cancer plays
an important role in tumor metastasis and invasion, which may be related to the
epithelial-mesenchymal transition process. Therapeutic strategies which target
glycosylation of KL-6/MUC1 may be useful for controlling the aggressive behavior of pancreatic cancer cells.

Terminology

IPMT of the pancreas is a rare tumor characterized by proliferation of the
epithelium lining the pancreatic ducts. IPMT must be shown to connect to the
pancreatic ductal system and have specific histologic features, which is quite
different from other mucin-producing pancreatic cancers. Epithelial-mesenchymal transition the conversion of polarized, immotile epithelial cells to motile
mesenchymal cells. This process is critical in embryonic morphogenesis, and in
the progression of primary tumors to metastases.
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In this paper, the authors studied the presence of a KL-6/MUC1 epitope in two
types of pancreatic cancer, and found that KL-6 is expressed in PDC but not in
IPMT. Then they inhibited O- and N-glycosylation to determine if either type of
glycosylation is related to biologic properties of pancreatic cancer cells. They
found differences that suggest that targeting glycosylation may be useful to
control aggressive behavior of the tumor. This is an interesting study on the role
of MUC1 glycosylation in pancreatic malignancies.
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Abstract
AIM: To build a consensus among Chilean specialists
on the appropriate management of patients with nonalcoholic fatty liver disease (NAFLD) in clinical practice.
METHODS: NAFLD has now reached epidemic proportions worldwide. The optimal treatment for NAFLD has
not been established due to a lack of evidence-based
recommendations. An expert panel of members of the
Chilean Gastroenterological Society and the Chilean
Hepatology Association conducted a structured analysis
of the current literature on NAFLD therapy. The quality of the evidence and the level of recommendations
supporting each statement were assessed according
to the recommendations of the United States Preventive Services Task Force. A modified three-round Delphi
technique was used to reach a consensus among the
experts.
RESULTS: A group of thirteen experts was established.
The survey included 17 open-ended questions that
were distributed among the experts, who assessed the
articles associated with each question. The levels of
agreement achieved by the panel were 93.8% in the
first round and 100% in the second and third rounds.
The final recommendations support the indication of
lifestyle changes, including diet and exercise, for all
patients with NAFLD. Proven pharmacological therapies include only vitamin E and pioglitazone, which can
be used in nondiabetic patients with biopsy-proven
nonalcoholic steatohepatitis (the progressive form of
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NAFLD), although the long-term safety and efficacy of
these therapies have not yet been established.
CONCLUSION: Current NAFLD management is rapidly
evolving, and new pathophysiology-based therapies are
expected to be introduced in the near future. All NAFLD
patients should be evaluated using a three-focused approach that considers the risks of liver disease, diabetes and cardiovascular events.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Steatosis;
Consensus; Evidence-based medicine; Treatment
Core tip: Current nonalcoholic fatty liver disease (NAFLD)
management is rapidly evolving, and new pathophysiology-based therapies are expected to be introduced in
the near future. All NAFLD patients should be evaluated
using a three-focused approach that considers risks of
liver disease, diabetes and cardiovascular events. The
final recommendations of this consensus support the
indication of lifestyle changes, including diet and exercise, for all patients with NAFLD. Proven pharmacological therapies only consider vitamin E and pioglitazone,
which can be used in nondiabetic patients with biopsyproven nonalcoholic steatohepatitis (the progressive
form of NAFLD), although the long-term safety and efficacy of these therapies have not been established.
Arab JP, Candia R, Zapata R, Muñoz C, Arancibia JP, Poniachik
J, Soza A, Fuster F, Brahm J, Sanhueza E, Contreras J, Cuellar
MC, Arrese M, Riquelme A. Management of nonalcoholic fatty
liver disease: An evidence-based clinical practice review. World J
Gastroenterol 2014; 20(34): 12182-12201 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i34/12182.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i34.12182

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD), a nosological entity of increasing importance in the medical community, is now the leading cause of chronic liver disease
worldwide[1]. The prevalence of NAFLD has increased
steadily due to its association with obesity and diabetes.
The NAFLD epidemic has prompted a large body of
research on the pathogenesis, epidemiology, clinical features, progression and treatment of this condition[2-4].
NAFLD is characterized by lipid accumulation in the
liver (defined as the presence of lipids in > 5% of hepatocytes or a lipid content > 5% of liver weight), which is
similar to what is observed in chronic alcohol users. The
definition of NAFLD also includes the absence of significant alcohol intake (> 20 g of alcohol/d), hepatic viral
infections and the use of potentially hepatotoxic medications. NAFLD, which ranges in prevalence from 5.7%
to 30% in the general population, is currently considered
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the most common liver disease in Western countries[5,6].
In Chile, a clinical study using abdominal ultrasonography
revealed a prevalence of fatty liver in 23% in the studied
population[7]. From a histological viewpoint, NAFLD
presents with different degrees of steatosis, inflammation
and fibrosis; the spectrum of lesions ranges from simple
steatosis to nonalcoholic steatohepatitis (NASH), the
potentially progressive form of the disease[8]. The prevalence of NASH in the general population is estimated
to range from 5% to 6%, and 3% to 20% of individuals
with NASH will develop cirrhosis and associated complications in 10 or more years[9,10]. An unknown percentage of patients with NASH will develop hepatocellular
carcinoma (HCC)[11]. Because patients with NASH have
the potential to progress to cirrhosis, an adequate assessment of the risk factors involved in the progression of
NASH, the establishment of therapeutic measures and,
eventually, the use of pharmacotherapy are essential for
the clinical management of these patients to prevent progressive liver damage[12,13].
Multiple risk factors are associated with the presence
of NAFLD. Obesity, particularly the central obesity phenotype, type 2 diabetes mellitus (T2DM) - which is associated with a high risk of advanced liver disease, even in
recently diagnosed patients[14,15] - and components of the
metabolic syndrome, particularly insulin resistance (IR),
are strongly associated with NAFLD in both Western
and non-Western populations[16-19]. Currently, NAFLD
is considered the hepatic manifestation of the metabolic
syndrome. An increasing familial aggregation of NAFLD
has been observed, which is explained by genetic and
environmental factors, such as a sedentary lifestyle[20]. Additionally, recent studies have revealed that patients with
NAFLD exhibit higher mortality rates than the general
population, with an overrepresentation of liver-related
deaths[10,21,22]. Moreover, NAFLD is recognized as an independent cardiovascular risk factor[23] and a clinical predictor of incident T2DM[24].
Although multiple interventions have been assessed
in clinical studies of NAFLD management, no consensus
exists on the evaluation of these patients or on the optimal pharmacological therapy[6]. Thus, the purpose of this
work was to establish a national consensus on NAFLD
management by combining an in-depth review of the
current literature and responses to relevant questions by
an expert panel, followed by a modified three-round Delphi technique aimed at reaching a consensus among the
participating experts.

MATERIALS AND METHODS
Organization of the consensus
In January 2011, a group of 13 experts was established.
The group received a survey that included 17 specific,
open-ended clinical questions pre-established by the Consensus Organizing Committee concerning the different
scenarios faced by clinicians when treating patients with
NAFLD. The methodology of the consensus with re-
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Table 1 Levels of evidence according to the study design
Level of evidence
Type Ⅰ

Type Ⅱ

Type Ⅲ

Table 2 Levels of recommendation according to the available
evidence

Description
Recommendation

Evidence obtained from at least one well-designed,
randomized, controlled1 trial or from a systematic
review of randomized clinical studies
Ⅱ-1 Evidence obtained from nonrandomized,
prospective, controlled1 studies
Ⅱ-2 Evidence obtained from cohort observational
studies2 or case-control studies, preferably
multicenter
Ⅱ-3 Evidence obtained from case series
Opinions of authorities on the subject matter based
on expertise, expert committees, case reports,
pathophysiological studies or basic science studies

A

B

C

1

A controlled study is a study in which the intervention is managed by the
researcher; 2An observational study is a study in which the intervention is
not controlled by the researcher.

gard to the different levels of evidence and the degree of
recommendation for each statement were electronically
distributed to the expert panel. To respond to the clinical questions, each expert evaluated the current level of
evidence and established a recommendation according to
the methodology described below. Each clinical question
was discussed in detail, and members of the expert panel
presented general outlines of epidemiology, clinical issues
and the natural history of the disease a special meeting.
Levels of evidence and levels of recommendation
The quality of the evidence supporting each statement
was assessed in a descriptive manner, based on the design
of the studies, according to the recommendations of the
United States Preventive Services Task Force[25,26].
The stratification of the evidence was conducted
according to the study design, without methodological
evaluation, as shown in Table 1, where each layer represents a quality level[27]. Each level is ranked decreasingly;
thus, controlled clinical studies correspond to the highest quality level; observational studies correspond to an
intermediate quality level; and pathophysiological studies
and expert opinion correspond to the lowest quality level.
The design of every level is variable, with randomized
clinical studies with a large sample size and systematic reviews representing the highest level of evidence[28,29].
The present report does not include a methodological analysis of the internal validity of each study; this
article only describes the design and results (with the corresponding 95%CIs and/or P values). A methodological
analysis was performed for studies that assessed the same
question and were ranked in the same level of evidence
but produced discordant results[30].
Levels of recommendation were established (Table
2) based on a modification of the ratings of the United
States Preventive Services Task Force[25,26].
One to three questions were assigned to each expert
to analyze and answer; the answers were to be supported
through a review of the literature. Using the above-mentioned tools, a “level of evidence” and a “level of recom-
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D

I

Available evidence
The Consensus strongly recommends the mentioned
intervention or service. This recommendation is
based on high-quality evidence, with benefits that
significantly exceed the risks
The Consensus recommends the regular clinical
use of the mentioned intervention or service. This
recommendation is based on moderate-quality
evidence of benefits that exceed the risks
The Consensus does not make any positive
or negative recommendations regarding the
mentioned intervention or service. A categorical
recommendation is not provided because the
evidence (of at least moderate quality) does not show
a satisfactory risk/benefit relationship. Decisions
must be made on a case-by-case basis
The Consensus makes a negative recommendation
against the mentioned intervention or service. The
recommendation is based on at least moderatequality evidence that does not show any benefit or
where the risk or damage exceeds the benefits of the
intervention
The Consensus concludes that the evidence
is insufficient due to low-quality studies or
heterogeneous results or because the risk/benefit
balance cannot be determined

mendation” were established for every subject analyzed;
a final statement was created for every question and was
presented as a “conclusion or recommendation”.
Construction of the consensus
Delphi methodology: After each expert established a
level of evidence, a level of recommendation and a conclusion or recommendation for each question, the consensus process began, using the Delphi methodology[31].
In the first stage, an initial draft (Spanish) of the text
was sent (via e-mail) to the experts, who then submitted
their opinions on all the questions to establish the “level
of agreement” for each recommendation. The levels of
agreement were standardized using a Likert-type scale
with scores ranging from 1 to 5 (1: totally disagree; 2:
disagree; 3: uncertain or with objections; 4: agree; and
5: totally agree). In cases in which the expert’s opinion
was different from the statement that was written in the
text, there was the option of inserting a comment to explain the reasons for this disagreement. If the agreement
ranged from 4 to 5, the insertion of a comment was optional; however, if the agreement ranged from 1 to 3, a
comment explaining the reasons or proposing a new final
statement for the question was mandatory.
This first round involved testing. The organizing
committee prepared a feedback document using the information that had been collected. The Spanish version
of the survey was resubmitted to the experts to obtain
their input for the reassessment of each question in the
second round of the Delphi technique. The requested
changes were subsequently incorporated into the feed-
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back document, which was presented during the Annual
Gastroenterology Postgraduate Course.
The third round of the Delphi technique involved an
evaluation of all of the information provided by the expert
panel and the updated information, which was derived
from the literature review. A professional translator translated the document from Spanish to English, and all of the
experts participated in the final phase of the consensus.
Literature search: Separate literature searches were conducted by one of the authors (Candia R), according to
an established format: the specific wording of the question was determined, and PubMed was searched using
the filters “systematic reviews” and “clinical studies”. At
the time of manuscript preparation (May 2013), a new
literature search was performed, and the information was
made available to the experts during the third round of
the Delphi technique to ensure an up-to-date data analysis. Moreover, relevant data published thereafter was retrieved an analyzed by the writers of the final report and
commented in the discussion section.

RESULTS
The level of agreement obtained in the first round was
> 4 (1-5 Likert scale) for 15 of 17 (93.8%) open-ended
questions and their corresponding statements and recommendations. Each expert received feedback, including
specific comments, on their responses to each question;
the experts were asked to modify their answers and recommendations based on this feedback. The reviewed
document (in Spanish) was distributed to the expert panel
in the second round, and 100% agreement was obtained.
The public presentation phase of the Chilean
NAFLD consensus was conducted during the Annual
Gastroenterology Postgraduate Course, which was convened in June 2011 in Santiago, Chile and was attended
by more than 400 Chilean gastroenterologists. Each expert presented the panel’s consensus position on one or
several of the survey questions, with a brief description
of the literature, the final statement, the level of evidence
and the level of recommendation, and the audience voted
in real-time on whether to approve the position. The
third round of the Delphi consensus included all of the
feedback provided by the audience. The literature review
was updated, and the definitive consensus was translated
into English, which had 100% agreement. The final version of the 17 open-ended questions and the responses
to them, the level of evidence, the level of recommendation and the final recommendation statement are presented below.
Are nonpharmacological measures effective for NAFLD
treatment?
The principal measure proposed relates to changes in
lifestyle, i.e., weight loss and dietary modifications together with increased physical activity (Table 3)[32-41]. The
pathophysiological basis of this statement is that a reduc-
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tion in adipose tissue will reduce IR, which is considered
the central mechanism of NAFLD[42]. The best results
are obtained when this measure is associated with cognitive behavioral therapy, which must be considered and
encouraged as a first-line therapy according to the severity of NAFLD or NASH[43-46].
Are diet and weight loss effective for the treatment
of NAFLD? The dietary recommendations for patients
with NAFLD should include a reduction of 600-800
calories in the usual daily oral intake or caloric restriction set to 25-30 kcal/kg per day of the ideal body
weight[36,47,48]. Protein intake should be 1-1.5 g/kg per day,
and carbohydrates should be restricted to 40%-45% of
the caloric intake[49]. Of the total daily fat in the diet, saturated fat should also be restricted to < 30% of the caloric
intake; < 10% of the caloric intake should be saturated
fat[50-52]. The patient should be instructed to preferentially
consume fruits and vegetables instead of fructose-rich
food[49]. Low-carbohydrate diets are associated with reductions in hepatic triglycerides and serum aminotransferases[53-55]. High-cholesterol/high-fat diets, with low levels of polyunsaturated fat, fiber and antioxidants (vitamins
C and E), are associated with NASH[48,51,56]. Weight loss
should be gradual and controlled (0.5 kg/wk) because
dramatic changes (> 1.6 kg/wk) can be associated with
portal inflammation and progressive fibrosis[57]; therefore,
this recommendation should be emphasized to prevent
liver damage.
Weight loss, preferably through diet, must be at least
5%-10% to observe a significant clinical benefit[50,58-65].
Two recently published systematic reviews assessed diet,
weight loss and lifestyle changes related to NAFLD[66,67].
Both reviews analyzed 6 randomized studies and 17
observational studies; these studies consistently showed
reductions in serum aminotransferases, and 5 of these
studies showed histological improvements in hepatic steatosis and inflammation (but not in fibrosis). However,
the methodological quality of these studies was poor
and heterogeneous; therefore, no meta-analysis of the
data was performed. On this basis, the consensus statement regarding diet and weight loss in NAFLD was as
follows: Lifestyle changes involving diet (caloric intake
restriction set to 25-35 kcal/kg per day and a low-fat,
low-carbohydrate diet) leading to gradual but significant
weight loss (5%-10% of baseline weight), improve insulin
resistance and liver test abnormalities and decrease histological inflammation; therefore, these measures should be
indicated for all patients with NASH. Furthermore, due
to the optimal cost-benefit ratio, the absence of contraindications or side effects and all the additional medical
benefits, these measures should be recommended to all
NAFLD patients[40] (Level of Evidence: Ⅰ, Level of Recommendation: A).
Is exercise effective for the treatment of NAFLD?
Physical exercise can improve IR and modify hepatic fat
content[68]. Physical activity should be objectively assessed
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Table 3 Studies published on the effects of lifestyle changes in non-alcoholic fatty liver disease/nonalcoholic steatohepatitis patients
Ref.

Year

Study design

Scaglioni et al
Thoma et al[67]
Keating et al[79]
Peng et al[66]
Browning et al[55]
Moscatiello et al[41]

2012
2012
2012
2011
2011
2011

OP-CS
SR
SR
SR
OP-CS
OP-CS

Kistler et al[73]

2011

OR-CS

Elias et al[64]

2010

OP-CS

Hayward et al[72]
2
Promrat et al[45]
3
Kantartzis et al[32]
St George et al[76]
Chen et al[33]

2010
2010
2009
2009
2008

RCT
RCT
OP-CS
OP-CS
OP-CS

Wang et al[34]
Krasnoff et al[69]
Ryan et al[54]

2008
2008
2007

OP-CS
OT-S
OP-CS

Tendler et al[219]
Zelber-Sagi et al[80]
Thomas et al[220]
Sreenivasa Baba et al[35]
4
Huang et al[49]
Suzuki et al[59]
Hickman et al[50]
Okita et al[221]
Knobler et al[222]
5
Ueno et al[36]
Park et al[46]
Palmer et al[47]
Eriksson et al[223]

2007
2006
2006
2006
2005
2005
2004
2001
1999
1997
1995
1990
1986

OP-CS
RCT
OP-CS
OP-CS
OP-CS
OP-CS
OP-CS
OP-CS
OP-CS
OP-CS
OP-CS
OR-CS
OT-S

[218]

1

1

Intervention

Comparison

D + E (n = 12)
D + E2 (n = 338)
Control (n = 98)
Exercise (n = 439)
Non-exercise control
D + E (n = 78)
Control (n = 67)
Low-carbohydrate diet (n = 18) Hypocaloric diet (n = 18)
Cognitive behavioral therapy
D + E (n = 82)
(n = 68)
Intense exercise (n = 213)
Moderate exercise (n =
162) and inactive (n = 438)
Diet 55% carbohydrates, 15%
Control (n = 14)
proteins and 30% fat (n = 17)
D + E (n = 28)
Control
LSC (n = 21)
Control (n = 10)
D + E (n = 50)
Control (n = 120)
Exercise (n = 141)
Control (n = 34)
D + E (n = 16)
Exercise (n = 23) or
control (n = 15)
LSC (n = 19)
Control (n = 38)
Exercise (n = 37)
Diet 60% Carbohydrates/25%
Diet 40%
fat (n = 26)
Carbohydrates/45% fat (n
= 26)
Diet (n = 5)
D + E (n = 44)
D + E (n = 10)
D + E (n = 65)
D + E (n = 23)
D + E (n = 348)
D + E (n = 31)
Diet (n = 14)
Diet (n = 48)
D + E (n = 15)
Control (n = 10)
D + E (n = 13)
Control (n = 12)
D + E (n = 39)
Diet (n = 3)

Duration (mo)

Histology

ALT

3
3-12
2-6
1-12
0.5
24

N/A
N/A
+
N/A
N/A
N/A

+
+
N/A
+
+

+

-

6

N/A

+

6
12
9
3
2.5

+
+
N/A
+
N/A

+
+
+
+
+

1
4

N/A
+
N/A

+
N/A
+

6
6
6
6
12
12
15
6
24
3
12
16
12

+
+
N/A
N/A
N/A
+
N/A
N/A
N/A
N/A
N/A

+
+
+
+
+
+
+
+
+
+
+
+

Adapted from Satapathy et al[37]. 1For systematic review (SR), show data from articles based on randomized controlled trials; observational retrospective
cohort studies (OR-CS), data show a comparison between groups with and without the studied variable; for randomized controlled trials, data show a
comparison between groups at the end of the study period; for observational prospective cohort studies (OP-CS, includes studies with a prospective comparison of cohorts, and sole cohort with before/after comparison), data show a comparison within the same group considering the start and the end of the
intervention period; in cases of transversal studies (OS-T), data show a comparison between groups (according to the variable) in the study period; for SR,
data show a comparison of randomized controlled trials; 2Histologic improvement was observed in subjects who achieved a weight loss of ≥ 7%; 3Subjects
with a reduction in hepatic steatosis according to magnetic resonance spectroscopy showed a significant reduction in alanine aminotransferase; 4Histologic
improvement was observed in 9 of 15 subjects, which was not statistically significant regarding the comparison; 5Significant reduction in steatosis only in
the D + E group, compared with baseline data, without differences in any histological parameters compared with the control. D + E: Diet and exercise; N/A:
Not available; +: Significant reduction; -: No significant difference; LSC: Lifestyle changes; ALT: alanine aminotransferase.

and recommended to all patients with NAFLD[36,69]. Thirty minutes of moderate-to-intense aerobic physical exercise (e.g., treadmill, elliptical trainer, bike or swimming)
3 to 5 times per week must be recommended, applying
caution for individuals at high cardiovascular risk[12]. An
optimal exercise prescription has not been established.
A recent study and a recent meta-analysis suggested that
aerobic exercise is superior to resistance training[70,71]. If
the patient has not followed a hypocaloric diet, they may
need more intense exercise to obtain better results; moderate exercise is sufficient if the patient has adhered to a
hypocaloric diet[35,72-74].
A recent, large, cross-sectional study of 72359 healthy
Korean adults without diabetes demonstrated that regular
exercise (at least 3 times per week, for at least 30 min each
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time) was associated with a significant reduction in the
risk of NAFLD (for all body mass index categories over
19.6 kg/m2) with age- and sex-adjusted ORs of 0.53-0.72
and decreases in liver enzymes (reduced risk of elevated
aminotransferases with multivariate adjusted ORs of 0.85
and 0.74, respectively) among individuals with recognized
NAFLD independent of obesity[75]. This recent study is
supported by other studies showing that exercise does
not need to reduce body weight to have beneficial effects
on improving lipid metabolism and reducing hepatic fat.
Physical activity is associated with improvements in
cardiovascular condition and IR and the normalization
of hepatic enzymes, regardless of weight loss[40,70,76-78].
However, a recent systematic review of 12 of the 16822
studies identified in an initial search, emphasized that
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individual reports of exercise interventions often have
small sample sizes and insufficient power to detect clinically meaningful hepatic benefits; nevertheless, there is
clear evidence that exercise therapy has a definite benefit
on liver fat, but the benefit on alanine aminotransferase
levels is unclear[79]. This benefit of exercise was apparent
even if minimal or no weight loss was achieved and at exercise levels below the current lifestyle recommendations
for obesity management. The consensus statement on exercise was as follows: In patients with NAFLD, physical
exercise - at least of moderate intensity - improves insulin
resistance and liver fat, with uncertain effects on liver test
abnormalities; therefore, being a valid and low-cost therapy, it should be recommended to all NAFLD patients
(Level of Evidence: Ⅱ-2, Level of Recommendation: B).
Are weight loss medications effective for the treatment
of NAFLD?
Is orlistat effective as a weight loss medication for
the treatment of NAFLD? Orlistat, an enteric lipase
inhibitor that causes fat malabsorption, is commonly indicated to achieve weight loss. Few clinical studies have
directly assessed orlistat in NAFLD, although a study by
Zelber-Sagi et al[80] demonstrated an average weight loss
of 10.3 kg and a significant reduction in serum aminotransferase levels in obese patients with NASH. Harrison
et al[81] found improvements in liver function tests and
steatosis using ultrasonography. A recent systematic review[66] found that 2 randomized studies of low methodological quality had findings that were consistent with the
results of other studies on weight loss without the use of
medications; therefore, a direct effect on NAFLD cannot
be attributed to orlistat. The consensus statement on orlistat was as follows: Orlistat has not shown any significant
benefit on the liver independent of weight loss; therefore,
this drug must be used in combination with a guided
nutritional and physical exercise program to achieve the
desired weight loss[81,82] (Level of Evidence: Ⅱ-1, Level
of Recommendation: C).
Is sibutramine effective as a weight loss medication for the treatment of NAFLD? Sibutramine, a
serotonin-norepinephrine reuptake inhibitor that reduces
the postprandial satiety threshold and increases energy
expenditure, has been found to be temporarily useful
for weight loss. Only one study with a small number
of patients has shown a reduction in IR and moderate
improvements in hepatic parameters in laboratory tests
and ultrasonography[83]. However, there is an absence
of methodologically well-structured studies to support
the effectiveness of sibutramine in the treatment of
NAFLD[84-86] independent of weight loss. The results of
the sibutramine cardiovascular outcomes trial[87] showed
a significant risk of cardiovascular side effects, and other
data have indicated a modest efficacy of this medication.
In response to these findings, in 2010 international organizations such as the Committee of Medicinal Products
for Human Use of the European Medicines Agency and
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the United States Food and Drug Administration (FDA)
recommended against the continued use of sibutramine[88]. In our country, the Chilean National Institute of
Public Health recently prohibited the use of this medication. The consensus statement on sibutramine was as follows: Sibutramine is not recommended for the treatment
of NAFLD due to the potential for severe cardiovascular
adverse events and the absence of a significant benefit on
NAFLD (Level of Evidence: Ⅱ-2, Level of Recommendation: D).
Is rimonabant effective as a weight loss medication
for the treatment of NAFLD? Rimonabant, a cannabinoid 1 receptor antagonist, has been proposed for
the treatment of NAFLD because of its effect on the
reduction of caloric intake. However, it also has potential
psychiatric adverse effects associated with anxiety and
depression (RR = 2.35; 95%CI: 1.66-3.34)[89,90]; hence, all
prospective studies on this medication were halted, and
the product was recalled. The final statement from the
panel was as follows: Rimonabant is not recommended
for the treatment of NAFLD (Level of evidence: Ⅱ-1,
Level of recommendation: D).
Is bariatric surgery effective for the treatment of
NAFLD?
For morbidly obese patients, bariatric surgery is a therapeutic option for weight loss[91]; moreover, surgery is the
best alternative option for weight reduction if lifestyle
modifications and pharmacological therapy have not
yielded long-term success. In 2004, the Swedish Obese
Subjects study suggested that bariatric surgery might be
related to long-term improvements in cardiovascular risk
factors, such as diabetes mellitus, hypertriglyceridemia
and hypertension, compared with a control group with
conventional weight loss[92]. However, the effects on the
liver were not specifically studied. Another 2004 study
showed that NASH was resolved in 82% of patients who
underwent laparoscopic surgery for the placement of
an adjustable gastric band, who experienced an average
weight reduction of 34 ± 17 kg[93]. A systematic review
conducted in 2008 reported that bariatric surgery led to
the regression of inflammation and fatty infiltration of
the liver; therefore, it could be considered a feasible alternative in selected cases[94]. This information suggests that
in morbidly obese patients, bariatric surgery is associated
with significant weight loss, leading to improvements in
the metabolic syndrome and improved control of diabetes mellitus, steatosis, inflammation and even liver fibrosis
in patients with established NASH.
Other recent studies have suggested potential benefits
of bariatric surgery[95-98]. However, due to a lack of randomized studies assessing the effect of bariatric surgery
on NASH, a recent review in the Cochrane Database
concluded that the lack of studies hinders the recommendation of the use of bariatric surgery for NASH therapy[99]; its long-term effects have not been studied. On
this basis, the consensus statement on bariatric surgery
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for NAFLD was as follows: Bariatric surgery may play
a role in the treatment of morbidly obese patients with
established NASH. However, bariatric surgery may have
complications, which vary depending on the center where
it is performed (average mortality of 0.3% and morbidity of 10%). The indication of this procedure must be
individualized, and it should be performed in specialized
medical centers with a multidisciplinary approach (Level
of Evidence: Ⅱ-1 Level of Recommendation: B).
Are insulin-sensitizing medications effective for the
treatment of NAFLD?
Reasonable pharmacological approaches to NAFLD
treatment include oral hypoglycemic and insulin-sensitizing medications[100-104]. Metformin and thiazolidinediones
(pioglitazone and rosiglitazone) have been associated
with the normalization of aminotransferases in 50% of
cases, reductions in steatosis (assessed using ultrasonography and magnetic resonance spectroscopy), partial improvements in necrosis and inflammation and, although
less evident, a partial improvement in fibrosis after one
year of follow-up[105-107]. However, the regression of liver
function to pretreatment levels after therapy is suspended
has been reported[105,108]. The following questions regarding specific medications were addressed by the panel:
Is metformin effective for the treatment of NAFLD?
Metformin, a biguanide, improves IR and hyperinsulinemia by reducing hepatic glucose production, increasing
the peripheral uptake of glucose by muscles and reverting
IR induced by tumor necrosis factor-α[109]. Clinical studies
have shown an initial improvement in serum aminotransferases[110], although there was no improvement after one
year of treatment[111]. Other studies of metformin have
produced promising data; however, the lack of follow-up
and histological end-points make it impossible to form
solid conclusions[112,113]. A Cochrane Review highlighted
the normalization of aminotransferases compared with
diet (OR = 2.83; 95%CI: 1.27-6.31) and improvements in
ultrasound findings (OR = 5.25; 95%CI: 1.09-25.21)[114].
However, a small number of studies were included due to
methodological problems. A study of obese Brazilian adolescents showed that metformin, together with lifestyle
changes, was more effective than placebo for improving
clinical parameters related to obesity and steatosis. The
study did not include liver biopsy[115].
Recently, the US by the Nonalcoholic Steatohepatitis
Clinical Research Network Research Group conducted
a multicenter study, named treatment of NAFLD in
children (TONIC). The study compared metformin and
vitamin E in 173 pediatric patients with NAFLD who
were followed for 96 wk and underwent post-treatment
biopsy[116]. This study did not demonstrate any significant
benefits of metformin on aminotransferase levels or liver
histology[117]. A more recent study of 2153 patients did
not show beneficial effects of metformin, regardless of
weight loss[118]. Finally, a systematic review of 8 randomized controlled trials did not show any beneficial effects
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of metformin on histology[119]. The consensus statement
on metformin for NAFLD was as follows: Metformin
might have a temporary beneficial effect on serum aminotransferases. Histological benefits have not been demonstrated in children, but further studies with histological
follow-up on adults are needed. The consensus does not
recommend the regular use of metformin for the treatment of NAFLD; however, it can be used in insulin-resistant patients (without renal insufficiency or heart failure)
(Level of evidence: Ⅰ, Level of recommendation: C).
Are thiazolidinediones effective for the treatment of
NAFLD? Thiazolidinediones improve insulin sensitivity
in adipose tissue by activating the nuclear transcription
factor PPAR-gamma[120,121]. IR improvements associated
with the normalization of biochemical and histological
parameters were observed in a recent study of 30 patients
with NASH who received 4 mg of rosiglitazone twice
per day for 48 wk[122]; this clear trend was also observed
in another study, in which 18 patients with NASH received 30 mg of pioglitazone for 48 wk[107], and in a third
study comparing pioglitazone 45 mg/d and a hypocaloric diet vs hypocaloric diet alone for 6 mo[123]. However,
after discontinuing the medication, the patients gained
weight and their biochemical and histological abnormalities reappeared. Other studies with good methodological
quality have shown improvements in both biochemical
parameters and histology[124,125]. The FLIRT study showed
that rosiglitazone resulted in a significant improvement
in steatosis without changes in other parameters of liver
damage[106,126]. A recently published multicenter study (the
PIVENS study)[127] compared pioglitazone to vitamin
E in 247 patients with histological NAFLD who were
followed up for 96 wk and underwent post-treatment biopsy. Compared with placebo, vitamin E therapy was associated with a significantly higher rate of improvement
in NASH (43% vs 19%, P = 0.001); however, pioglitazone
was not associated with a significant difference in the rate
of improvement compared with placebo (34% and 19%,
respectively, P = 0.04, with a prespecified significance
level of 0.025). Serum aminotransferase levels were reduced with both vitamin E and pioglitazone treatment,
compared with placebo (P < 0.001 for both comparisons), and both agents were associated with reductions in
hepatic steatosis (P = 0.005 for vitamin E and P < 0.001
for pioglitazone) and in lobular inflammation (P = 0.02
for vitamin E and P = 0.004 for pioglitazone), but there
were no improvements in fibrosis scores (P = 0.24 for
vitamin E and P = 0.12 for pioglitazone). Subjects who
received pioglitazone gained more weight than did those
who received vitamin E or placebo; the rates of other
side effects were similar among the three groups. Serum
aminotransferase abnormalities reappeared after treatment discontinuation. Finally, two recent meta-analyses
supported the beneficial histological effects of insulin
sensitizers[119], particularly pioglitazone[128], in patients with
NASH.
The long-term safety of thiazolidinediones has been
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questioned in several studies showing cardiovascular
adverse effects, including congestive heart failure and
increased rates of coronary events[129]. Additionally, increased rates of bladder cancer and bone loss have been
reported in thiazolidinedione users. For these reasons,
rosiglitazone is no longer marketed; pioglitazone is the
only available agent in this class. The consensus statement on thiazolidinediones for NAFLD was as follows:
Thiazolidinediones (pioglitazone and rosiglitazone) improve insulin sensitivity and may reduce steatosis and
liver inflammation. The panel recommends the use of
pioglitazone in nondiabetic patients with biopsy-proven
steatohepatitis (Level of evidence: Ⅰ, Level of recommendation: B). The long-term safety of pioglitazone has
not been established.
Are hypolipidemic medications effective for the
treatment of NAFLD?
Hypolipidemic medications, such as statins and fibrates,
are suggested as a potential treatment options for
NAFLD due to their effects on common abnormalities
among metabolic syndrome patients such as hypertriglyceridemia and low HDL-cholesterol levels[130,131].
Are fibrates effective for the treatment of NAFLD?
A clinical study of gemfibrozil use by NAFLD patients
showed a moderate improvement in biochemical parameters after the administration of 600 mg/d for 4 wk[132].
On the contrary, the use of clofibrate in another study
did not result in any biochemical or histological improvements[133]. In another study, the use of fenofibrate
reduced plasma triglyceride levels without changing the
hepatic triglyceride content[134]. There are no data from
large multicenter studies on which to base solid conclusions[130,135]. Thus, the consensus statement on the use of
fibrates in NAFLD was as follows: Fibrates have been
studied in NAFLD, mostly in small studies, with conflicting results. Hence, the regular use of fibrates is not
recommended for patients outside the context of clinical
studies (Level of evidence: Ⅱ-1, Level of recommendation: C).
Are statins effective for the treatment of NAFLD?
In small randomized studies, HMG-CoA reductase inhibitors (statins) have produced partial improvements in
aminotransferases; however, the results were not consistent in all of the studies[13,105,136-141]. A small pilot study
of 20 mg/d pravastatin for a 6-mo period showed the
normalization of aminotransferases and improvements
in liver inflammation in patients with NASH[142]. Another
study of atorvastatin showed the normalization of serum aminotransferases and lipid levels[143]. A larger study
demonstrated a beneficial effect of atorvastatin, but in
association with vitamins C and E[144]. There is no current
evidence of an increased risk of hepatotoxicity when
statins are administered in standard doses to patients with
NAFLD and other liver diseases[145-150]. The consensus
statement on statins was as follows: Statins have shown
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discordant effects on NAFLD. Their regular use is not
recommended for the treatment of NAFLD. Statins can
be used to treat dyslipidemia in NAFLD patients (Level
of evidence: Ⅱ-1, Level of recommendation: C).
Is ezetimibe effective for the treatment of NAFLD?
Ezetimibe is a selective inhibitor of cholesterol and phytosterol absorption in the intestine. The Niemann-Pick
C1 like 1 protein, the target of ezetimibe, is present not
only in the intestine[151] but also expressed in the human
liver[152]. This protein appears to play an important role
in the development of NAFLD because the loss of the
expression of this protein prevents the occurrence of
NAFLD in animal models[153,154]. An improvement in
liver sensitivity to insulin and reductions in liver inflammation and lipid accumulation have been observed[155].
Additionally, ezetimibe has been suggested to function
as an antioxidant, which could reduce inflammatory processes during its metabolism in the liver[156,157]. To date,
only preliminary studies of ezetimibe with few patients
have been conducted; some were of high quality and
demonstrated positive evidence regarding the effect of
this drug on patients with NAFLD[157-160]. Due to its antioxidant capacity and safety profile, ezetimibe is a good
option for NAFLD patients with high cardiovascular risk
factors[140,161-164]. A recent prospective cohort study of 45
patients with NAFLD revealed interesting beneficial biochemical, metabolic and histological effects after 96 wk
of follow-up[165]. The consensus statement on ezetimibe
use in NAFLD was as follows: Ezetimibe is a drug with
an adequate safety profile and scarce but positive evidence regarding its beneficial effect on NAFLD patients.
Studies with good methodological design are needed before its use can be widely recommended. However, ezetimibe could be used in patients affected by both NAFLD
and dyslipidemia because it might have a clinical benefit
(Level of Evidence: Ⅲ, Level of Recommendation: Ⅰ).
Are agents that modulate the activity of the reninangiotensin-aldosterone axis effective for the treatment
of NAFLD?
Recent experimental and clinical evidence strongly suggests that the renin-angiotensin-aldosterone axis may play
a role in mediating hepatic inflammation and fibrosis in
NAFLD. Thus, suppressing the renin-angiotensin system
with angiotensin-converting enzyme inhibitors (ACEIs)
or angiotensin receptor blockers (ARBs) has been studied in small trials, which demonstrated both biochemical
and histological improvements[166]. It has been observed
that telmisartan and irbesartan not only antagonize
ARAII but also activate peroxisome proliferator-activated
receptor-γ; therefore, these drugs may positively influence
hepatic lipid metabolism. However, to date, the evidence
supporting the use of either ACEIs or ARBs in NAFLD
is scarce and limited to retrospective studies, prospective
pilot studies and post hoc analyses of clinical trials[167-170].
Thus, additional studies are needed to recommend these
agents as primary medications for patients with NAFLD.
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However, in hypertensive patients with NAFLD, the use
of ARB may be promoted. The use of telmisartan and
irbesartan may produce a protective effect in recently diagnosed patients with diabetes, cardiovascular disease and
NAFLD (by reducing IR)[171-174]. The approved statement
was as follows: The control of blood pressure is advisable
for cardiovascular risk reduction. Angiotensin Ⅱ receptor
antagonists (losartan and telmisartan) are recommended
for patients affected by NAFLD and hypertension until
additional clinical evidence becomes available[175] (Level
of evidence: Ⅱ-1, Level of recommendation: B).
Are antioxidants and cytoprotective agents effective for
the treatment of NAFLD?
The presence of inflammation or oxidative stress in
NAFLD supports the idea that protecting cellular structures from the damage caused by free radicals and reactive products of lipid peroxidation would be beneficial
in affected individuals. However, the available evidence
is contradictory, and studies have not shown significant
advantages related to lifestyle modifications and improved biochemical parameters[13,48,51,176,177]. Moreover, a
recent Cochrane Review assessed the available information regarding the use of antioxidants and concluded
that although the use of these agents is associated with
reductions in aminotransferase levels, there is insufficient
evidence to either support or refute the utility of antioxidants in NAFLD[178]. Specific agents are reviewed below.
Is vitamin C effective for the treatment of NAFLD?
Vitamin C has been studied primarily in the pediatric
population. These studies have not shown clear beneficial
effects and did not assess the benefit of vitamin C separately (in several studies, the intervention group received
both vitamins C and E)[13,58,102,105,179,180]. The statement of
the consensus was as follows: Vitamin C is not recommended for patients with NAFLD outside the context
of research protocols (Level of evidence: Ⅱ-3, Level of
recommendation: Ⅰ).
Is vitamin E effective for the treatment of NAFLD?
Several studies have assessed the use of vitamin E in patients with NAFLD[58,112,177,179-184]. Data from the PIVENS
study, published in 2010 and described in question 4b,
showed that the use of vitamin E resulted in histological
improvement in 43% of the patients vs 19% of the placebo group (P < 0.001), primarily in the form of decreases
in steatosis and lobular inflammation, with no changes
in fibrosis. Additionally, a normalization of serum levels
of aminotransferases was observed; the values returned
to pretreatment levels after the therapy was discontinued.
No significant adverse effects have been shown for vitamin E after two-years of treatment[127]. The use of vitamin E has also been combined with ursodeoxycholic acid
(UDCA), with promising results[185].
Recently, the Nonalcoholic Steatohepatitis Clinical
Research Network conducted a multicenter study comparing metformin and vitamin E in 173 pediatric patients

WJG|www.wjgnet.com

with NAFLD, who were followed up for 96 wk and underwent a post-treatment biopsy (the TONIC study)[116].
This study did not show significant benefits of vitamin E
for aminotransferase levels; however, it did show differences in the histological characteristics (ballooning and
NAFLD activity score) of the liver biopsy performed at
96 wk[117].
Several concerns have been raised regarding an increase in all-cause mortality with the long-term use of vitamin E[186]. However, this issue is controversial[187]. Thus,
the statement of the consensus was as follows: The use
of vitamin E is well supported for nondiabetic adults
with biopsy-proven NASH by recent studies showing improvements in histological and laboratory findings. The
reversal of these beneficial effects after discontinuation
of therapy suggests that long-term treatment is required
(Level of evidence: Ⅰ, Level of recommendation: A).
Is omega-3 polyunsaturated fatty acid supplementation effective for the treatment of NAFLD? Omega-3
polyunsaturated fatty acids (PUFAs) are widely used as
an antioxidant. Several studies have assessed their efficacy
in patients with NAFLD. A recent systematic review and
meta-analysis[188] found significant heterogeneity between
these studies and concluded that although omega-3
PUFA supplementation may decrease liver fat (with no
effects on aminotransferase levels), the optimal dose has
not been established. Additional trials are needed to support the routine use of omega-3 PUFA in patients with
NAFLD. The statement of the consensus was as follows:
To date, there is insufficient evidence to support the routine use of omega-3 PUFA supplementation in patients
with NAFLD (Level of evidence: Ⅰ, Level of recommendation: C).
Is pentoxifylline effective for the treatment of
NAFLD? Another approach to NAF-LD treatment
involves the use of anti-TNFα drugs because this cytokine induces both necroinflammation and IR[121]. Pentoxifylline, a TNFα inhibitor, has been used in animal
models [189] and in patients with NASH [141,190-193]. Two
pilot studies reported improvements in aminotransferase levels and IR[194,195]. A recently published systematic
review[196] found 2 randomized studies[191,197] and 6 prospective cohort studies that showed improvements in
aminotransferase levels only. A recent randomized study,
which was not included in the mentioned systematic
review, reported histological improvements in 50% of
patients who received pentoxifylline compared with 16%
of patients who received placebo[198,199]. Another small,
randomized trial, which showed a benefit of pentoxifylline, was recently published[200]. More controlled studies
with adequate sample sizes are required before its use
can be recommended. The approved statement by the
consensus panel was as follows: The use of pentoxifylline
is not recommended on a regular basis for the treatment
of NAFLD. Its indication must be evaluated on a caseby-case basis because although the current evidence is
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favorable, it is weak and scarce. A recent randomized,
controlled trial showed clear benefits. More studies are
required before recommending its routine use (Level of
evidence: Ⅰ, Level of recommendation: C).
Is ursodeoxycholic acid effective for the treatment of
NAFLD?
UDCA, a hydrophilic cytoprotective bile acid, has been
studied in patients with NAFLD in several trials, with
contradictory results. Initial studies held promise[133].
However, a systematic Cochrane Review published in
2007 found 4 studies on UDCA in NAFLD (only one
with adequate methodological quality) and concluded that
UDCA did not show any significant benefit in patients
with NAFLD[201]. The sole included study with a relatively large, well-designed, double-blinded, randomized,
placebo-controlled design assessed a group of 166 patients with NASH who were randomized to receive 13-15
mg/kg/d of UDCA or placebo for one year; however,
the study did not show clear benefits[202]. Subsequently,
another randomized controlled study, in which high doses
of UDCA were administered to 185 patients, also failed
to indicate any benefit for patients with NAFLD[203]. Currently, there is no robust evidence recommending the use
of UDCA[133,181,201-203]. The approved statement by the
consensus panel was as follows: There is a lack of evidence of benefit of UDCA for the treatment of NAFLD.
Thus, its routine use is not currently recommended (Level
of evidence: Ⅰ, Level of recommendation: D).

DISCUSSION
Our evidence-based analysis has several strengths. One
is the use of the Delphi method to develop this consensus. The Delphi method is used for analyzing facts and
reaching agreements on topics with insufficient evidence
to support a given medical intervention. This method is
a useful tool for creating a consensus without all of the
panel members physically present in the same room to
discuss issues. The main objective of the Delphi method
is to reach a reliable agreement among the different members of an expert panel by using several questionnaires,
which are completed anonymously[204]. The experts must
be asked about one issue at least twice so that they can
reconsider their answers after receiving information from
the other members. The literature recommends a number
of experts between 10 and 18. Our panel consisted of
13 members; however, none of the members were from
countries outside of Chile, which is one of the limitations of our consensus.
While this report was under preparation, guidelines
for the diagnosis and management of NAFLD, which
were jointly endorsed by the American Gastroenterological Association (AGA), the American Association for
the Study of Liver Diseases (AASLD) and the American
College of Gastroenterology (ACG), were published.
Thus, the conclusions of our national expert panel are
discussed in the context of these guidelines in the follow-
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ing paragraphs.
In line with the recently published guidelines, our
consensus stated that the most effective current therapeutic strategies for NAFLD are diet and lifestyle modifications, such as regular exercise, and suggested that both
strategies must be advocated in every patient. The target
weight loss must be approximately 5%-10% of the original body weight to achieve clinical and histopathological
benefits. The AGA, AASLD and ACG guideline advise a
weight loss of at least 3%-5% to recover from steatosis,
but a weight loss greater than 10% is recommended to
observe changes in necrosis and inflammation[205]. Thus,
dietary changes and regular exercise should be recommended for all patients with NAFLD, although the optimal diet composition has not been determined.
When asked about weight loss medications used
for the treatment of NAFLD in Chile such as orlistat,
sibutramine and rimonabant, our panel concluded that
orlistat did not provide any benefit in liver disease despite
the weight loss achieved. Therefore, this agent should
be used in combination with dietary modifications and
exercise. Moreover, an FDA warning was recently issued
regarding potential orlistat-related hepatotoxicity[206].
The panel argued against the use of sibutramine and
rimonabant due to reports of serious adverse reactions
from these agents. The AGA/AASLD/ACG guidelines
contain no statements concerning this specific topic.
Although the consensus was largely focused on
therapy, the ongoing debates about the necessity of liver
biopsy in the setting of NAFLD and about the correct
use of noninvasive methods for risk stratification indicate
that these topics are highly relevant for the management
of patients with NAFLD. The majority of patients have
simple steatosis, which carries a relatively benign prognosis. However, patients with NASH exhibit increased liverrelated and cardiovascular mortality; therefore, it is crucial
to identify individuals at risk of developing this progressive disease. Although liver biopsy remains the gold standard for the precise diagnosis and staging of the disease,
its invasive nature and cost preclude its widespread use in
patients with NAFLD and other etiologies[207,208]. The use
of noninvasive tools to identify patients with advanced
disease is becoming more common, although firm
evidence-based recommendations have not been established[209]. The statement of the recent AGA/AASLD/
ACG guidelines on this topic indicates the relevance of
the metabolic syndrome as a predictor of NASH and the
usefulness of the NAFLD Fibrosis Score in patients with
NAFLD for guiding clinicians in identifying patients who
are at risk of NASH and advanced fibrosis. Additionally,
a liver biopsy may be indicated in patients with NAFLD
who have coexisting chronic liver diseases or competing
etiologies for hepatic steatosis.
With regard to the use of bariatric surgery for
NAFLD management, the panel agreed that these surgical procedures could play a role in the scenario of an
obese patient with established NASH, with the acknowledgment that these procedures carry a risk of morbidity
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and that their indication should be individualized. The
AGA/AASLD/ACG guidelines note that surgery is
not contraindicated in patients with NAFLD or NASH
without established cirrhosis, but they also state that it
is premature to consider bariatric surgery as a standard
therapeutic measure to treat patients with NASH. Staging of the disease is particularly important in this setting
since surgery should be avoided in patients with cirrhosis
particularly if portal hypertension is present[210].
The use of insulin sensitizers has been widely explored in the field of NAFLD. Based on their review of
the data on different medications and the discussions during the Delphi rounds, our panel concluded that although
metformin does not have a significant effect on liver
histopathology in adult patients with NASH, thiazolidinediones, such as pioglitazone and rosiglitazone, could
reduce liver steatosis and inflammation because they
improve insulin sensitivity. The AGA/AASLD/ACG
guidelines mention that pioglitazone can be used to treat
patients with biopsy-proven NASH. However, it should
be noted that the majority of patients who participated
in clinical trials investigating pioglitazone for NASH were
nondiabetic, and the long-term safety of pioglitazone in
patients with NASH has not been established. In fact,
due to the increased risk of coronary events, rosiglitazone
is no longer marketed in Europe, and its use is highly restricted in the United States. Additionally, recent evidence
concerning an increased risk of bladder cancer among pioglitazone users[211] and the associated undesirable weight
gain will likely limit the use of this medication in patients
with NAFLD in the near future.
Regarding the use of lipid-lowering agents to treat
NAFLD, the panel agreed that fibrates are no longer
recommended in NAFLD. With respect to omega-3 fatty
acids, the panel agreed that current evidence does not
support their use, but they could be indicated to treat hypertriglyceridemia. Of note, a recently published report
of a small double-blind randomized placebo-controlled
clinical trial showed that omega 3 fatty acids provided no
benefit over placebo in NASH patients with diabetes[212].
With regard to other hypolipidemic drugs, the panel concluded that statins could be used to treat dyslipidemia in
patients with NAFLD and NASH without safety concerns. In the case of ezetimibe administration in patients
with NAFLD current data are limited but encouraging.
The panel advised waiting for larger, more reliable studies
of this medication, which is not addressed in the AGA/
AASLD/ACG guidelines.
The panel advised the prolonged use of vitamin E
by adult patients with NAFLD, based on recent studies
showing histological improvement from treatment with
this compound. The American guidelines recommended
its use in nondiabetic patients with biopsy-confirmed
NASH and stated that vitamin E should be considered as
a first-line pharmacotherapy for this patient population.
Similarly, AGA/AASLD/ACG guidelines emphasized
that until further data supporting its effectiveness become
available, vitamin E is not recommended to treat NASH
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in diabetic patients, NAFLD without liver biopsy, NASH
cirrhosis or cryptogenic cirrhosis. Several concerns have
been raised regarding the safety of long-term vitamin E
administration, based on meta-analytic data showing that
vitamin E supplementation increases all-cause mortality. However, this issue remains unresolved because this
observation has not been confirmed by other trials and
meta-analyses[213].
With regard to other agents, after reviewing the evidence regarding pentoxifylline the panel concluded, in
agreement with a recent metanalysis[214], that this drug
may be a useful treatment option for NAFLD but more
evidence is needed to make firm recommendations. Lastly, the use of ursodeoxycholic acid in the treatment of patients with NASH, the panel agreed that this agent could
not be recommended due to a lack of efficacy, which is in
agreement with the statement of the American guidelines.
Finally, during the presentations and discussions, the
participating panel agreed that patients with NAFLD
should undertake active measures to control hypertension as part of integrated CV risk factor management in
this patient population. To that end, the use of angiotensin receptor blockers, such as losartan or telmisartan, is
recommended on the basis of their potential beneficial
hepatic effects, which may halt fibrogenesis in patients
with NASH. In fact, considering the strong association
of NAFLD with components of the metabolic syndrome and the recently recognized role of NAFLD as an
independent risk factor for CVD and the future development of T2DM[215], we strongly recommend an individual
approach based on the following 3 points: (1) Assessment of T2DM risk: Measure fasting glycemia and serum
insulin levels to estimate IR, measure HbA1c levels and,
in selected patients, conduct a 75-g glucose load tolerance
test. NAFLD patients should be advised that NAFLD
conveys an increased risk of T2DM and that the disease
can be prevented or delayed by introducing consistent
lifestyle changes[204]; (2) Assessment of CV risk: Determine risk factors and calculate the patient’s individual
CV risk using an objective score (e.g., Framingham) and
treat risk factors accordingly. In this regard, the American
College of Cardiology and the American Heart Association, in collaboration with the National Heart, Lung,
and Blood Institute and other medical governing bodies,
released the revised United States guidelines on CV risk
assessment[216], lifestyle modification[217] and high blood
cholesterol treatment[211] which provided guidelines for
current management; and (3) Assessment of liver-related
risk: In addition to common variables, such as a physical
examination and measurements of serum aminotransferases and platelets, the use of validated scores, such as the
NAFLD fibrosis score for advanced fibrosis detection,
is recommended. NASH could be suspected combining
routine assessed clinical variables with laboratory tests
and taken into consideration the presence of metabolic
syndrome. Referring the patient to a gastroenterologist
for a liver biopsy is advisable if NASH, advanced fibrosis
or cirrhosis is suspected. A proposed algorithm based
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Fatty liver on imaging and/or elevated ALT

Exclusion of other
causes of liver disease/
alcohol consumption

Diagnosis of NAFLD

Assess risk factors for NASH (Age > 5O, T2DM. BMI > 30, AST/ALT > 1)/
Assess clinical or laboratory evidence of advanced fibrosis
(NAFLD fibrosis score) or cirrhosis

No risk factors for NASH
No laboratory evidence of
fibrosis or cirrhosis

Risk factors for NASH/evidence of fibrosis

Evidence of cirrhosis
Standard
Management of cirrhosis
(screening for varices/HCC)

Consider liver biopsy
Diet and exercise prescription
Evaluation of diabetes and CV
risk and introduce interventions if
indicated
Follow-up

NASH present
NASH absent (simple steatosis)

Diet and exercise prescription
Evaluation of diabetes and CV risk and introduce
interventions if indicated
Pharmacological therapy of NASH with vitamin E
in non diabetics or pioglitazone if T2DM is present
Evaluation of bariatric surgery or inclusion in clinical
trials

Figure 1 Algorithm for management of nonalcoholic fatty liver disease. NAFLD: Non-alcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; ALT: Alanine aminotransferase; T2DM: Type 2 diabetes mellitus; AST: Aspartate aminotransferase.

in the presence of risk factor for NASH or fibrosis is
shown in Figure 1[213].
In conclusion, the management of NAFLD is evolving; however, the current therapeutic options are limited
to lifestyle changes and to the use of vitamin E and pioglitazone in selected patients with NASH. All patients
with NAFLD need to be evaluated using a three-focused
approach that considers the risks of developing advanced
liver, T2DM and/or CV events. The Delphi technique,
which is recommended for defining behaviors, is a useful tool for creating a consensus on the management of
multifaceted entities, such as NAFLD.
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Abstract
AIM: To investigate cell type specific distribution of
β-actin expression in gastric adenocarcinoma and its
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correlation with clinicopathological parameters.
METHODS: β-actin is a housekeeping gene, frequently
used as loading control, but, differentially expresses in
cancer. In gastric cancer, an overall increased expression of β-actin has been reported using tissue disruptive techniques. At present, no histological data is
available to indicate its cell type-specific expression and
distribution pattern. In the present study, we analyzed
β-actin expression and distribution in paired normal
and tumor tissue samples of gastric adenocarcinoma
patients using immunohistochemistry (IHC), a tissue
non-disruptive technique as well as tissue disruptive
techniques like reverse transcriptase-polymerase chain
reaction (RT-PCR) and western blotting. Correlation of
β-actin level with clinicopathological parameters was
done using univariate analysis.
RESULTS: The results of this study showed significant
overexpression, at both mRNA and protein level in tumor tissues as confirmed by RT-PCR (1.47 ± 0.13 vs
2.36 ± 0.16; P < 0.001) and western blotting (1.92 ±
0.26 vs 2.88 ± 0.32; P < 0.01). IHC revealed that β-actin
expression is majorly distributed between epithelial and
inflammatory cells of the tissues. Inflammatory cells
showed a significantly higher expression compared to
epithelial cells in normal (2.46 ± 0.13 vs 5.92 ± 0.23,
P < 0.001), as well as, in tumor tissues (2.79 ± 0.24 vs
6.71 ± 0.14, P < 0.001). Further, comparison of immunostaining between normal and tumor tissues revealed
that both epithelial and inflammatory cells overexpress
β-actin in tumor tissues, however, significant difference
was observed only in inflammatory cells (5.92 ± 0.23
vs 6.71 ± 0.14, P < 0.01). Moreover, combined expression in epithelial and inflammatory cells also showed
significant increase (4.19 ± 0.15 vs 4.75 ± 0.14, P <
0.05) in tumor tissues. In addition, univariate analysis
showed a positive correlation of β-actin level of inflammatory cells with tumor grade (P < 0.05) while epithelial cells exhibited negative correlation (P > 0.05).
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CONCLUSION: In gastric cancer, β-actin showed an
overall higher expression predominantly contributed
by inflammatory or tumor infiltrating immune cells of
the tissue microenvironment and correlates with tumor
grade.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; β-actin; Immunohistochemistry; Epithelial cells; Inflammatory cells; Tumor infiltrating immune cells; Adjacent mucosa; Resection margin
Core tip: Clinical implications of β-actin have been ignored despite the reports of its differential expression
in cancer. The present study provides first histological
evidence of an overall increase in β-actin expression in
gastric cancer compared to histologically normal adjacent mucosa. Inflammatory and epithelial cells of tumor
tissues showed differential pattern of β-actin expression and correlated with tumor grade. Further, overexpression of β-actin was predominantly contributed by
inflammatory cells, suggesting further extensive studies
to use β-actin as a diagnostic and prognostic biomarker
and target of direct or indirect chemotherapeutic intervention.
Khan SA, Tyagi M, Sharma AK, Barreto SG, Sirohi B, Ramadwar M, Shrikhande SV, Gupta S. Cell-type specificity of β-actin
expression and its clinicopathological correlation in gastric adenocarcinoma. World J Gastroenterol 2014; 20(34): 12202-12211
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12202.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12202

INTRODUCTION
Gastric cancer (GC) incidence and mortality is decreasing
over several decades, however, it still remains the fourth
most common type of cancer and the second leading
cause of cancer related deaths worldwide[1]. In India,
there are limited epidemiological studies on gastric cancer
which also suffers from the juvenile state of cancer registries and under-reporting of cases. However, similar to
global trend, Indian registries have also observed statistically significant reducing trend in stomach cancer cases in
last 20-years with approximately 35675 estimated case in
2001; about 3.91% of global incidence[2,3]. A radical D2
gastrectomy and more recently radical surgery along with
perioperative chemotherapy holds the best prospect of a
cure in gastric cancer[4,5]. However, delayed presentation
and thus diagnosis owing to the non-specific symptoms
often preclude the possibility of a curative surgical resection making palliative chemotherapy and other measures
as the treatment mainstay in these patients. The development of chemoresistance[6] is also an increasingly appreciated phenomenon contributing to the poor outcomes
in the disease. Therefore, an improved understanding of
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GC molecular biology to ascertain new potential tumor
biomarkers useful to guide patient management and develop new therapeutic options is essential.
β-actin is a housekeeping gene and an obligatory part
of the cell cytoskeleton. It expresses in almost all eukaryotic cells and is involved in controlling basic housekeeping functions such as development and maintenance of
cell shape, cell migration, cell division, growth and signaling. It also plays a critical role in transcriptional regulation, mRNA transport, mRNA processing and chromatin
remodeling[7,8]. Further, β-actin is also one of the most
commonly used endogenous reference loading controls
in laboratory techniques to normalize gene and protein
expressions as it is believed to have constant expression
levels in different cellular, experimental and physiological
conditions. However, growing evidences have demonstrated its differential expression in certain situations like
growth, ageing, differentiation, developmental stages and
diseases like asthma, Alzheimer’s disease, congenital heart
disease and cancer[9].
In comparison to normal, an overall differential expression of β-actin is reported in multiple cancers[10-16].
The methodologies used in earlier tissue based studies
make it difficult to answer, which specific cell type out
of the heterogeneous population of cells in a tissue, is
responsible for altered expression of β-actin in cancer.
To date, no histological studies have been conducted to
provide informations about the pattern of β-actin expression and distribution in different cell types of the
normal and tumor tissues. Such information of β-actin
expression in a tissue will provide a better understanding
of its role in carcinogenesis, its correlation with clinicopathological parameters and its potential to be used
as a tumor biomarker or therapeutic target. β-actin polymerization or remodeling plays a crucial role in a cell’
s physiology and drugs altering the dynamics of β-actin
have been studied as potential chemotherapeutic agent,
however, clinical implications of these drugs are yet to
be established[17-19]. The present study aimed to provide
histological evidence of β-actin expression and distribution in specific cell types of gastric adenocarcinoma and
its correlation with clinicopathological parameters. A
total 31 paired (from the same patient) tumor and corresponding adjacent histopathologically normal mucosa
tissue samples were analyzed using reverse transcription
polymerase chain reaction (RT-PCR), western blotting
and immunohistochemistry (IHC). We report, an overall
higher expression of β-actin in gastric cancer at both
mRNA and protein level. Further, as per the best of our
knowledge, IHC analysis revealed it for the first time that
overall higher expression of β-actin in gastric cancer is
majorly contributed by tumor inflammatory cells (5.92 ±
0.23 vs 6.71 ± 0.14, P < 0.01), though, tumor epithelial
cells (2.46 ± 0.13 vs 2.79 ± 0.24, P > 0.05) also showed
overexpression. Moreover, univariate analysis showed a
positive correlation between β-actin levels of inflammatory cells and tumor grade (P < 0.05) while epithelial cells
exhibited a negative correlation (P > 0.05).
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β-actin (F: 5’ AGAAAATCTGGCACCACACC 3’ and R:
5’ CCATCTCTTGCTCGAAGTCC 3’) and 18S rRNA
(F: 5’ AAACGGCTACCACATCCAAG 3’ and R: 5’
CCTCCAATGGATCCTCGTTA 3’) with an initial denaturation step at 95 ℃ for 2 min, followed by 20 cycles
of denaturation at 95 ℃ for 45 min, primer annealing
at 55 ℃ for 30 s, primer extension at 72 ℃ for 30 s and
a final extension at 72 ℃ for 10 min. Each reaction was
performed in triplicate. Amplified products were resolved
on 1% agarose gels and visualized by Ethidium bromide
staining.

Table 1 Scoring system for β-actin immune-staining
Percent positivity of
stained cells
0%
< 25%
25%-50%
50%-75%
75%-100%

IHC score Staining intensity IHC score
0
1
2
3
4

None
Weak
Moderate
Strong

0
1
2
3

Total IHC score = IHC score of percent positivity + IHC score of
staining intensity
Average total IHC score = (Total IHC score of EC + Total IHC score of
IC)/2
EC: Epithelial cells; IC: Inflammatory cells; IHC: immunohistochemistry.

MATERIALS AND METHODS
Tissue samples and histopathological analysis
Surgically resected fresh tissues of 5 and formalin-fixed
paraffin-embedded tissue blocks of 26 gastric adenocarcinoma patients were collected from ICMR-tumor tissue
repository of Tata Memorial Hospital, Mumbai, India.
Surgically resected tissues were frozen immediately in liquid nitrogen, and then stored at -80 ℃ until required for
experimental use. Form each patient, tumor and apparently normal adjacent gastric mucosa proximal and distal
to the tumor was collected, however, only either one of
the mucosa was used in the study depending upon their
maximum resection-margin distance from the tumor site.
All tumor samples had more than 60% tumor content,
as confirmed by a blinded specialist gastrointestinal pathologist. The adjacent mucosa was confirmed to be free
of tumor for all surgically resected fresh tissues and 24
(out of 26) formalin-fixed paraffin-embedded tissues on
histopathological analysis. Surgically resected fresh tissues
(n = 5) were used for RT-PCR and western blot analysis
while formalin-fixed paraffin-embedded tissues were used
for IHC analysis and correlational study. The protocol
was reviewed and approved by institutional review board
and ethics committee. All patients provided a written informed consent.
Cell lines and culture conditions
Gastric cancer cell lines AGS (ATCC® Number: CRL-1739™;
moderately differentiated) and KATO Ⅲ (ATCC® Number:
HTB-103™; signet ring cell carcinoma) was used. AGS
and KATO Ⅲ cells were cultured in RPMI1640 (Invitrogen) and F12K (Himedia) media respectively at 37 ℃
with 5% CO2 supplemented with 10% FBS, 100U/ml
penicillin, 100 mg/ml streptomycin (Sigma). For trypsinization, 0.05% trypsin-EDTA (Sigma) was used for both
the cell lines.
Total RNA isolation and RT-PCR
Total RNA from 25 mg of tissues was extracted (Thermo scientific, 0731) and 10 µg of which was used for
cDNA synthesis (Fermentas life sciences, K1632). RTPCR amplification was done using specific primers for
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Total protein lysate preparation and western blotting
Total cell lysate was prepared from 100 mg of tissue using Lysis buffer (20 mmol/L Tris-Cl pH 8, 2 mmol/L
EDTA pH 8, 10 mmol/L EGTA, 5 mmol/L MgCl2, 0.1%
Triton X-100, 1 mmol/L Sodium orthovandate, 1 mmol/
L Sodium fluoride, 20 mmol/L β-Glycerophosphate, 1
mmol/L DTT, 1 mmol/L PMSF, 10 ug/ml Leupeptin,
10 ug/ml Aprotinin). Tissues were powdered in liquid
nitrogen, homogenized in 2 mL of lysis buffer and then
kept at 4 ℃ for 30 min with intermittent mixing. Further,
the total cell lysate from gastric cancer cell lines AGS
and KATO Ⅲ was prepared using MKK lysis buffer[20].
The homogenate was then centrifuged at 100000 xg and
supernatant was collected as total cell lysate and stored
at -20 ℃. For western blotting, total cell lysate was first
estimated using Bradford method and then 75 µg of protein was loaded on 10% SDS-PAGE and transferred to
PVDF membrane. Anti-β-actin antibody (Sigma, A5316)
was used at the dilution of 1:10000.
Immunohistochemistry
Immunohistochemical staining using VECTASTAIN®
ABC kit (Vector Lab, P6200) was performed. Formalinfixed paraffin-embedded tissue blocks were sectioned at a
thickness of 5 µm and mounted on poly-L-lysine coated
glass slides. The sections were deparaffinized through a
graded series of xylene and rehydrated through a graded
series of absolute alcohol to distilled water. Endogenous
peroxidase was quenched with 3% hydrogen peroxide in
methanol at room temperature for 30 min in dark. Microwave antigen retrieval was carried out with 0.01 mol/L
Sodium citrate buffer (pH 6.0). Anti-β-actin monoclonal
antibody (Sigma, A5316) was applied for 16 h at 4 ℃ at
the dilution of 1:1000. Immunoreactive proteins were
chromogenically detected with Diaminobenzidine (DAB)
(Sigma, D5537). The sections were counterstained with
Harris’s hematoxylene and then dehydrated and mounted.
In parallel, control staining was performed without adding primary antibody.
Evaluation of Immunohistochemistry
The cytoplasmic immunohistochemical staining of β-actin
was scored semi-quantitavely for epithelial and inflammatory cells as described in a previous study by Yip et
al[21]. “IHC score”, “Total IHC score” and “Average Total
IHC score” were calculated by taking the account into
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Figure 1 Comparison of overall β-actin level in gastric normal and tumor tissue (n = 5). A: Reverse transcription polymerase chain reaction analysis of β-actin
and 18S rRNA was used as an internal loading control (upper panel). Band intensities of β-actin mRNA were normalized with 18S rRNA band intensity of respective
lanes and obtained values were plotted (lower panel); B: Western blot analysis of β-actin (upper panel). Band intensity of blot was normalized with the total protein
lysate intensity of respective lanes and obtained values were plotted (lower panel). Statistical significance was tested using “paired t-test”. N: normal; T: tumor.

percentage of immunostained cells and staining intensity
(Table 1). Total IHC score of 2 and above was considered
as positive immunoreactivity. Total IHC score ranges
from 2 to 7 and further grouped into: low (score 2 and
3), intermediate (score 4 and 5) and high (score 6 and 7).
The immunohistochemical staining was examined by two
independent researchers one of whom is a senior consultant pathologist to ensure the evaluations were performed
properly and accurately. Both the researchers were blinded
to all clinicopathological and outcome variables.
Statistical analysis
To test the statistical significance of β-actin differential
expression between normal and tumor paired tissue samples by RT-PCR or western blotting and IHC, paired t-test
with one-tailed P-value and Wilcoxon matched pair test
with two-tailed P-value was applied respectively. To establish statistical correlation between clinicopathological parameters and β-actin expression level Mann-whitney and
Krukal-wallis test with two-tailed p-value was applied.
Wherever applicable, data is presented as mean ± SE and
P < 0.05 was considered as statistically significant.

RESULTS
Overexpression of β -actin in tumor compared to normal
gastric tissue
To detect an overall relative mRNA and protein expression of β-actin between gastric normal and tumor tissues,
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RT-PCR and western blot was performed on curatively
resected fresh tissues from 5 randomly selected gastric
cancer patients. Relative β-actin mRNA and protein levels were expressed after normalizing their intensities with
the intensity of 18S rRNA and total protein respectively.
Intensities were calculated by using ImageJ software[22].
Compared to normal, RT-PCR and western blot analysis
showed a significant higher expression of β-actin level in
tumor tissues both at mRNA (1.47 ± 0.13 vs 2.36 ± 0.16;
P < 0.001) and protein level (1.92 ± 0.26 vs 2.88 ± 0.32; P
< 0.01) as confirmed by paired t-test (Figure 1A and B).
Overexpression of β -actin in tumor tissue is
predominantly contributed by inflammatory cells
After confirming an overall higher expression of β-actin
in tumor compared normal gastric tissues, distribution of
β-acting expression was studied in different cell types of
the tissues on formalin-fixed paraffin-embedded tissue
blocks using IHC. Study was carried out in paired normal and tumor tissues from 24 gastric adenocarcinoma
patients. Analysis of immunostained tissue sections revealed that the β-actin immunostaining was majorly distributed between epithelial and inflammatory cells (Figure
2A). “Total IHC score” for β-actin immunostaining was
calculated for both epithelial and inflammatory cells as
mentioned in Table 1 and frequency of tissue sample for
a particular total IHC score was determined (table 2).
For both normal and tumor tissues, analysis of frequency
table showed that the most of the samples scored low to
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Figure 2 Histological analysis of β-actin in gastric normal and tumor tissues (n = 24). “Total IHC score” and “Average total IHC score” were calculated as described in table 1. A: Representative pictures of β-actin immuno-staining of normal (left panel) and tumor (right panel) tissues showed β-actin expression is majorly
distributed between epithelial (red arrow) and inflammatory (blue arrow) cells. The image is taken at 20 × magnification; B: “Total IHC score” of EC and IC of normal
(N) and tumor (T) tissues were plotted; C: “Average total IHC score” for normal and tumor tissues were plotted. 1Mann-Whitney test; 2Wilcoxon matched pair test. IHC:
immunohistochemistry; EC: epithelial cells; IC: inflammatory cells.

Table 2 Frequency of samples with respect to total immunohistochemistry score of β-actin n (%)
Total IHC score (n = 24)

β-actin immune-positive cells in tissues
Low
Epithelial cells
Inflammatory
cells

Normal tissue
Tumor tissue
Normal tissue
Tumor tissue

Intermediate

High

2

3

4

5

6

7

15 (63)
16 (67)
0 (0)
0 (0)

7 (29)
2 (8)
0 (0)
0 (0)

2 (8)
3 (13)
3 (13)
1 (4)

0 (0)
3 (13)
7 (29)
0 (0)

0 (0)
0 (0)
3 (13)
4 (17)

0 (0)
0 (0)
11 (46)
19 (79)

IHC: immunohistochemistry.

intermediate “total IHC score” for β-actin immunostaining of epithelial cells while in case of inflammatory cells
most of the samples scored Intermediate to high “total
IHC score”.
Comparison of “total IHC scores” showed that
inflammatory cells express significantly higher level of
β-actin compared to the epithelial cells in both normal
(2.46 ± 0.13 vs 5.29 ± 0.23, P < 0.001) and tumor (2.76
± 0.24 vs 6.70 ± 0.14, P < 0.001) tissues as confirmed by

WJG|www.wjgnet.com

Mann-whitney test (Figure 2B). Furthermore, tumor tissues express relatively higher level of β-actin compared
to normal in both epithelial and inflammatory cells,
however, difference between epithelial cells was not significant (2.46 ± 0.13 vs 2.79 ± 0.24, P > 0.05) whereas inflammatory cells differed significantly (5.92 ± 0.23 vs 6.71
± 0.14, P < 0.01) as confirmed by Wilcoxon matchedpair test (Figure 2B).
As overall β-actin level in a tissue will be a combined
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Table 3 Univariate analysis of β-actin immunostaining with clinicopathological parameters n (%)
Clinicopathological
parameters

Groups

Age (yr)

0.49331

0.27241

0.29411

Male
Female

20 (77)
6 (23)

0.97211

0.27241

0.52751

WD
MD
PD
Mucinous
SRC

0 (0)
4 (15)
14 (54)
0 (0)
8 (31)

0.60892

0.01682

0.83932

T1
T2
T3
T4

2 (8)
2 (8)
13 (52)
8 (32)

0.54462

0.66182

0.88042

N0
N1
N2
N3

6 (24)
8 (32)
8 (32)
3 (12)

0.75102

0.62932

0.54262

Surgery
NACT + surgery

14 (56)
11 (44)

0.35421

0.81351

0.29101

Tumor grade

Treatment Modality3

Epithelial + Inflammatory cells
(avg. total IHC score)
P value

11 (42)
15 (58)

Sex

Lymph Node status3

Inflammatory cells
(total IHC score)
P value

> 50

≤ 50

Depth of invasion3

Epithelial cells
(total IHC score)
P value

1

Mann Whitney Test; 2Kruskal Wallis Test; 3TNM staging and Treatment modality information was available for only 25 (out of 26) patients. P < 0.05
indicates statistically significant difference. IHC: immunohistochemistry; MD: moderately differentiated; PD: poorly differentiated; SRC: signet ring cell
carcinoma.

result of its expression in all cell types of the tissue,
therefore, we asked, whether our IHC analysis corroborates with our RT-PCR and western blot data showing
an overall higher expression of β-actin in tumor tissues?
To answer this, we compared “average total IHC score”
(average of “total IHC scores” of epithelial and inflammatory cells) of normal and tumor tissue. IHC analysis
supports the results of RT-PCR and western blotting and
also showed a significant increase of β-actin expression
in tumor tissues (4.19 ± 0.15 vs 4.75 ± 0.14, P < 0.05)
compared to normal (Figure 2C).
Correlation of β -actin expression with
clinicopathological parameters
A total 26 non-metastatic gastric adenocarcinoma cases
were examined and analyzed. Although, only inflammatory cells showed significant increase in β-actin level of
tumor tissues; for correlational studies, epithelial cells
were also considered because they have also shown an increase in tumor compared to normal tissues (Figure 2B).
Univariate analysis was performed to correlate “total IHC
score” and “average total IHC score” of epithelial and inflammatory cells for β-actin immunostaining with clinicopathological parameters like age, sex, tumor grade, depth
of invasion, lymph node status and mode of treatment.
The associations between β-actin expression and clinicopathological parameters are shown in Table 3. Epithelial
and overall level of β-actin did not show any significant
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correlation with any of the clinicopathological parameters
while β-actin level of inflammatory cells showed significant correlation with tumor grade or WHO classification
(P < 0.05). Further, identification of pattern and statistical significance of β-actin level in inflammatory cells of
tumor tissues of different tumor grades: moderately differentiated (MD), poorly differentiated (PD) and signet
ring cell carcinoma (SRC) was carried out. The results
showed a positive correlation of β-actin level with tumor
grade (Figure 3A) with significantly higher level in PD
(6.25 ± 0.22 vs 6.79 ± 0.21, P < 0.05) and SRC (6.25 ±
0.22 vs 6.88 ± 0.14, P < 0.05) compared to MD; however,
PD to SRC difference was not significant (6.79 ± 0.21 vs
6.88 ± 0.14, P > 0.05). In addition, low level of β-actin in
signet ring cell carcinoma (a type of poorly differentiated
cell) cell line KATO Ⅲ compared to moderately differentiate gastric adenocarcinoma cell line AGS (Figure 3B)
attracted us to look for the pattern of β-actin expression
of tissue epithelial cells with tumor grade. β-actin level
in tissue epithelial cells followed a similar pattern of cell
lines and decreases from MD to PD and to SRC (Figure
3C), a negative correlation with tumor grade, though insignificant.
The SRC is a type of poorly differentiated adenocarcinoma, therefore, SRC and PD was combined together
and analyzed for their β-actin expression in epithelial and
inflammatory cells compared to MD (Figure 3A and C).
The significance of differential expression of β-actin in-
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creased both in case of inflammatory cells (P = 0.0168 to
P = 0.0051) and epithelial cells (P = 0.6089 to P = 0.3922),
further confirming the association of β-actin expression
with tumor grade in gastric adenocarcinoma.
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Figure 3 Correlation of β-actin expression with tumor grade. A: “Total IHC
scores” of β-actin immunostaining in inflammatory cells were correlated with
tumor grade; B: β-actin expression between gastric cancer cell lines AGS and
KATO Ⅲ was analyzed using western blotting (right panel). Blot intensities
were normalized with the intensity of total protein lysate of respective lanes and
obtained values from three independent experiments were plotted (left panel); C:
“Total IHC scores” of β-actin immunostaining in epithelial cells were correlated
with tumor grade. 1Mann-Whitney test; 2Kruskal-Wallis test.
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β-actin has been reported to be differentially expressed
in multiple cancers[10-16] and suggested as a possible target
for chemotherapy[17-19]. These studies signify the potential
of β-actin to be considered as a tumor biomarker. Till
date, only overall level of varying expression of β-actin
in cancer has been reported at the mRNA and protein
level by “tissue disruptive techniques”, where whole tissue with heterogeneous population of cells crushed and
lysed, therefore, observed differential level of β-actin can
not be attributed to a specific cell type. The present study,
along with tissue disruptive techniques (RT-PCR and
western blotting) provides histological evidences (IHC)
of differential expression and distribution of β-actin in
different cell types of gastric adenocarcinoma.
β-actin overexpression in tumor compared to normal
tissues at mRNA level was most consistent and significant as evident by comparing P-values of RT-PCR (1.47
± 0.13 vs 2.36 ± 0.16; P < 0.001) and western blot (1.92
± 0.26 vs 2.88 ± 0.32; P < 0.01) analysis (Figure 1A and
B). Therefore, the significant overexpression of β-actin
at mRNA level in gastric cancer suggests its deregulation at the level of transcription or mRNA turnover.
Earlier reports have also shown β-actin overexpression
in colorectal, pancreatic, esophageal, hepatic and gastric cancers patients using tissue disruptive techniques.
Molecular mechanism of β-actin transcription control
is still unclear, however, CpG island hypermethylation
of β-actin promoter has been found to be a negative
regulator of expression[23]. Further, rapid upregulation
in β-actin transcription in response to mitogenic stimuli
including epidermal growth factor (EGF), transforming
growth factor-β (TGF-β), and platelet derived growth
factor[24-26] have also been reported. In addition, miR-145,
miR-206 and miR-466a are known to target and degrade
β-actin mRNA, therefore, playing a critical role in altering its mRNA turnover[27-30]. Functionally, β-actin plays a
predominant role in cell migration as its overexpression
is observed in cells with metastatic potential compared to
non-metastatic or cells with less metastatic potential; for
example, metastatic variants of human colon adenocarcinoma cell line LS180[15], hepatoma morris 5123[31] and
human invasive melanoma cells[32] overexpress β-actin.
Collectively, our results along with the existing literature
suggest, β-actin transcription is tightly regulated in a normal cell, required for its diverse and critical functions in
cell’s physiology and its deregulation may have an important role in carcinogenesis.
Immunohistochemistry analysis (n = 24) shows an
overall increase (4.19 ± 0.15 vs 4.75 ± 0.14, P< 0.05) in
β-actin expression in tumor compared to normal gastric
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adenocarcinoma tissues (Figure 2C), this is in conjunction
with β-actin profile observed by western blotting (Figure 1B). Further, the expression of the β-actin is mainly
distributed between epithelial and inflammatory cells of
the tissues with significantly higher level in inflammatory cells than their corresponding epithelial cells both in
normal (2.46 ± 0.13 vs 5.92 ± 0.23, P <0.001) and tumor
tissues (2.79 ± 0.24 vs 6.71 ± 0.14, P < 0.001) (Figure 2A
and B). Both epithelial and inflammatory cells of tumor
overexpressed β-actin compared to normal tissues, however, only inflammatory cells showed significant increase
(5.92 ± 0.23 vs 6.71 ± 0.14, P < 0.01). The increased
expression of β-actin of inflammatory cells is in strong
correlation with chronic inflammation in gastric cancer[33]
which leads to the homing of large number of inflammatory cells with higher level of β-actin required for immediate cytoskeleton rearrangement for the formation of
membrane protrusions at the time of their migration[34-36].
This observation is important as inflammation is a key
component of the tumor microenvironment, promotes
tumor development and being considered as a hallmark
of cancer[37,38].
Further, univariate analysis showed β-actin level of
tumor inflammatory cells positively correlates (P < 0.05)
with tumor grade or poorer differentiation of gastric cancer while epithelial cells showed an inverse correlation (P
> 0.05) (Figure 3A and C). The insignificant correlation
of epithelial cells can be attributed to low number of
moderately differentiated gastric adenocarcinoma tissue
samples (n = 4) with high range of “total IHC score” (3.5
± 1.5). This correlation indicates toward an important
role of β-actin in tumor dedifferentiation. The chronic
inflammation in gastric cancer, predominantly caused by
Helicobacter pylori infection, is known to promote poorer
tumor differentiation and CpG-island hypermethylation [33,39,40] and β -actin promoter hypermethylation
downregulates the gene expression[23]. Therefore, the
positive correlation of β-actin level of tumor inflammatory cells with tumor grade may be due to the persistent
inflammation in tumor micro-environment. On the other
hand, hypermethylation of β-actin promoter may be a
cause of negative correlation of β-actin level of tumor
epithelial with tumor grade. Low level of β-actin in gastric adenocarcinoma cell line KATO Ⅲ (signet ring cell
carcinoma, a type of poorly differentiated cell) compared
to AGS (moderately differentiated) (Figure 3B), further
strengthens the observation that β-actin level of tumor
epithelial cells negatively correlates with poorer tumor
differentiation.
In summary, to the best of our knowledge, present
study provides first histological evidence of cell type specific distribution of β-actin in normal and tumor gastric
tissues. The significant increase in β-actin expression
in tumor tissues is due to inflammation, an initial characteristic in the stage of gastric cancer progression and
positively correlates with tumor grade. Therefore, β-actin
may represent a promising biomarker in early diagnosis
and prognosis of gastric cancer. However, further studies
are needed to explore the relationship of cell type spe-
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cific differential expression of β-actin with its functional
implications in carcinogenesis and to be used as a chemotherapeutic target.
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COMMENTS
COMMENTS
Background

On one side β-actin has been a renowned internal equal loading control for
RNA and protein expression studies, on the other side reports of its differential
expression in growth, ageing, differentiation, development as well as diseases
like asthma, Alzheimer’s disease, congenital heart disease and cancer is increasing progressively. Further, there is an emerging view of the use of β-actin
as a potential direct or indirect target for chemotherapy. Therefore, the study
of this “so called” housekeeping gene in cancer becomes as important as any
other molecule involved in this critical disease.

Research frontiers

Validation of housekeeping genes as an internal loading control, role of actin
in biological process important in carcinogenesis, investigation of actin binding
proteins specifying its function and identifying new chemotherapy targets affecting actin cytoskeleton directly or indirectly are the major research areas which
is related to the article.

Innovations and breakthroughs

Differential expression of β-actin has been reported in a number of physiological conditions along with its overexpression in multiple cancers. Now days, oncology research is emphasizing on tumor microenvironment, the present study
provides first histological proof of β-actin overexpression but differentially in
different cell types in gastric cancer. The histology based investigation provides
evidence that β-actin overexpression in gastric cancer is predominantly contributed by the infiltrating inflammatory cells in between tumor epithelial cells. In
addition, a significant correlation was observed between β-actin expression and
tumor grade which emphasizes the role of β-actin in carcinogenesis.

Applications

The findings of the present study strengthen the area of actin biology and
emphasize on the fact that conventional housekeeping genes should not be
chosen as internal loading control without validation. This article provides impetus to further study of β-actin expression in different cancers and implicate the
findings to understand the role of β-actin in carcinogenesis. It also encourages
us to find prognostic and diagnostic value of β-actin in cancer along with as
a direct or indirect target for chemotherapeutic intervention similarly as other
cytoskeletal element such as microtubules.

Terminology

Tissue disruptive and non-disruptive techniques: A tumor tissue is comprised of
heterogeneous population of cells. Therefore, crush and/or homogenizing a tissue for genomics, proteomic and expression studies is defined as tissue disruptive technique. This technique does not give specific information about the type
of cells contributing to the results and therefore can be misleading. On the other
hand, tissue non-disruptive techniques like histology based immunohistochemistry provide information at the level of specific cell type.

Peer review

In the present study, the authors revealed an overall increase in β-actin expression in gastric cancer compared to histologically normal adjacent mucosa. They
revealed that inflammatory and epithelial cells of tumor tissues showed differential pattern of β-actin expression and correlated with tumor grade. Overexpression of β-actin was predominantly contributed by inflammatory cells. According
to the results, they concluded that β-actin might be a promising biomarker of
gastric cancer and chemotherapeutic target. they showed interesting and valu-
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Abstract

to be significant.
RESULTS: MTHFR polymorphisms is associated with
an increased risk of several cancers. A link between
MTHFR C677T polymorphisms and oesophageal squamous cell carcinoma and gastric cardia adenocarcinoma
has been demonstrated in at risk Chinese populations.
In a Western European population the role of the MTHFR gene has not previously been investigated in the
setting of oesophageal adenocarcinoma. No association between folic acid levels and cancer patients was
found. The unstable MTHFR 667 TT genotype occurred
in 11% cancers and 7% controls, but statistical significance was not reached, homocysteine levels and folic
acid levels were not affected, cancer patients with TT
genotype displayed a trend for a shorter survival 7 mo
vs 20 mo. Serum vitamin B12 levels were higher in the
cancer group. The MTHFR 667 TT genotype is much
lower than previous population studies.
CONCLUSION: We conclude that serum folic acid and
MTHFR polymorphisms are not associated with an increased risk of oesophageal adenocarcinoma, although
cancers with unstable TT genotype may indicate a more
aggressive disease course.

AIM: To identify if methylene tetra-hydrofolatereductase (MTHFR ) C677T polymorphisms are associated with
oesophageal adenocarcnomas in a Caucasian population and to test whether folic acid and homocysteine
levels are linked with cancer risk.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: A case control study comprising of 58 non
cancer and 48 cancer patients, MTHFR C667T genotyping was made and serum folate, homocysteine and vitamin B12 levels were made. Tumour stage, differentiation and survival was recorded. A P value of less than
2
0.05 was taken to be significant. The χ used to compare discrete variables and the Mantel-Cox was used to
compare survival. A P value less than 0.05 was deemed

Core tip: Our paper is the first Western population study
and shows that methylene tetra-hydrofolatereductase
(MTHFR ) C677T polymorphisms is not associated with
risk of oesophageal adenocarcinoma in contrast to Chinese and perhaps Far East populations. This highlights
the difference in terms of the biology, genetics and epigenetics between Western and Eastern cancer populations and adds to our understanding of the etiology of
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oesophagogastric cancers.
Keld R, Thian M, Hau C, Sajid J, Kuma N, Ang Y. Polymorphisms of MTHFR and susceptibility to oesophageal adenocarcinoma in a Caucasian United Kingdom population. World J
Gastroenterol 2014; 20(34): 12212-12216 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i34/12212.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i34.12212

INTRODUCTION
The incidence of oesophageal adenocarcinoma has been
reported to be increasing dramatically over the past 30
years[1,2]. This rise has largely been attributed to gastro-oesophageal reflux disease, an obesity epidemic and health
care policies to reduce Helicobacter pylori infection[3-8]. The
rising incidence is a great concern due to the high mortality rate, partly because the majority of patients present
with an advanced disease stage. Barrett’s oesophagus is an
established risk factor for the development of oesophageal adenocarcinoma[9] but only a relatively small proportion are diagnosed and surveyed.
Folic acid is a major component of green leafy vegetables and citrus fruit, it’s deficiency has been implicated
in the development of a variety of gastro intestinal cancers. Folic acid is thought to have a central role in DNA
synthesis and gene activation by promoting de novo deoxynucleoside synthesis and influencing DNA methylation[10]. In contrast, folic acid deficiency is thought to be
carcinogenic, through the disruption of DNA repair and
secondly, by altering DNA methylation, resulting in gene
silencing. As folic acid deficiency is common, in the United Kingdom, 20% of the elderly population are thought
to be deficient[11], it is plausible that additional factors are
necessary in the development of carcinogenesis.
The enzyme methylene tetra-hydrofolatereductase
(MTHFR) is central for the metabolism of folic acid
by regulating the production of its circulating form:
5-methyl-tetrahydrofolate (5MTHF). The precursor of
5MTHF: 5,10 MTHF is important for DNA repair by
providing a supply of the precursors for DNA synthesis.
Two common functional polymorphisms of the MTHFR
gene have been identified, C677T and A1298C[12]. These
polymorphisms are associated with increased thermolability and significantly diminished specific activity of the
MTHFR enzyme[13-15]. The MTHFR 677 TT genotype
occur in approximately 10% of the Caucasian United
Kingdom population, and lower in Indian Asians. Individuals with the MTHFR 677 TT have higher plasma
homocysteine levels in comparison with the wild type
MTHFR 677 CC and thus associated with diminished genomic DNA methylation especially when folic acid intake
is insufficient[14-20].
The role of MTHFR polymorphisms is associated
with an increased risk of several cancers[11-13,15,18-20]. A
link between MTHFR C677T polymorphisms and oe-
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sophageal squamous cell carcinoma and gastric cardia adenocarcinoma has been demonstrated in at risk Chinese
populations[17,21]. In a Western European population the
role of the MTHFR gene has not previously been investigated in the setting of oesophageal adenocarcinoma.
Here we have tested the association of MTHFR C677T
polymorphisms in a population with oesophageal adenocarcinoma. The intention of this study was to identify if
MTHFR C677T polymorphisms are associated with oesophageal adenocarcnomas and to test whether folic acid
and homocysteine levels are linked with cancer risk.

MATERIALS AND METHODS
Ethical approval for this study was granted from Wrightington, Wigan and Leigh ethics committee in 2003. A trial
of 102 Caucasian patients were recruited from the Royal
Albert Edward Infirmary, Wigan, Greater Manchester
in North West England. There were 44 patients with
oesophageal adenocarcinoma (recruited at the time of
diagnosis) and 58 patients without cancer. Exclusion criteria included a previous diagnosis of other cancers and
previous or current use of anti folate medication including anticonvulsants and antibiotics. Age, gender, smoking
status, tumour differentiation and survival from diagnosis
was recorded. Survival (mo) was determined from the
time of cancer diagnosis to date of death or date of cessation for the study. Serum analysis of folic acid, red cell
folate, and vitamin B12 were measured in selected cases
at the time of recruitment. Folate levels were determined
by measuring serum or red cell folate levels and according to laboratory references. Groups were divided into
“normal”, “low” or “high” levels if the determined level
was within normal range, lower or higher respectively. Serum Vitamin B12 levels were determined and according
to laboratory references. Groups were divided in to “normal”, “low” or “high” levels if the recorded level was
within range, lower or higher respectively. Homocysteine
was analysed in 41 patients in total, 12 had oesophageal
adenocarcinoma. Blood samples were stored at 4 ℃ until
analysed for serum homocysteine and MTHFR C677T
genotyping [KBioscience Ltd, competitive allele-specific
PCR system (KASPar) for SNP analysis].
Statistical analysis
SPSS version 14 was used for statistical analysis and to
calculate survival curves, the t test was used to compare
continuous variables. The χ 2 used to compare discrete
variables and the Mantel-Cox was used to compare survival. A P value less than 0.05 was deemed to be significant.

RESULTS
Results from 102 cases were analysed. Age and gender
were similar in the cancer and non cancer groups. The results are summarised in Table 1. We did not identify any
difference in the proportion of cases with low folic acid
levels between the cancer and control groups. Specifi-
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Table 1 Study group characteristics n (%)

Male
Female
Age (yr)
Folate level
Normal
Low
High
Vitamin B12 level
Normal
Low
High
Homocysteine
level μmol/L
MTHFR C677T
TT
CT
CC
MTHFR C677T
TT
CT
CC
Survival (mo)
TT
CT
CC

Cancer

Control

36 (82)
8 (18)
69 ± 12

38 (65)
20 (35)
64 ± 12

26 (84)
0
5 (16)

42 (82)
8 (16)
1 (2)

23 (72)
1 (3)
8 (25)
10.3 ± 4.4

48 (89)
4 (7)
2 (4)
12.0 ± 6.0

5 (11)
20 (46)
19 (43)
Normal folate
3 (10)
11 (36)
12 (38)

4 (7)
27 (47)
27 (47)
Low folate
0
0
0

7 ± 1.4
17 ± 4.4
21 ± 7.0

Significance

P = 0.230
P = 0.735

P = 0.010
High vs normal +
low
P = 0.959
Total TT vs CT and
CC
P = 0.329

High folate
0
1 (3)
4 (13)
P = 0.160
TT vs CT + CC

The characteristics of the cancer and control groups are displayed, patient
numbers are shown and percentages or SD are indicated in brackets. The
gender and average age of the study population at the time of study are
shown. Mean levels of homocysteine are presented with standard deviations in brackets. Methylene tetra-hydrofolatereductase (MTHFR) C667T
polymorphisms, TT, CT and CT were determined, the percentage in the
cancer and control groups are displayed. Mean survival times in months
and standard errors are displayed.

cally, none of the cancer cases displayed low folate levels,
on the contrary, cancer patients tended to have higher
serum folate levels compared to controls. Conversely,
homocysteine levels are not elevated in the cancer group
compared to controls. Vitamin B12 levels are higher in
the cancer group compared to the non cancer group (25%
vs 4%, P = 0.010). Analysis of the MTHFR C667T genotype identified that the cancer group have a slightly higher
prevalence of the TT variant compared to the non cancer
group (11% vs 7%) but this did not reach significance. Serum folic acid and vitamin B12 levels were not altered by
the MTHFR C677T genotype, 31 cancer cases had both
Folic acid level and MTHFR C677T measurements. The
MTHFR genotype did not significantly influence survival,
mean survival of the TT, CT and CC genotypes was 7,
17, and 21 mo respectively, a trend for a poor survival
was observed in cancer patients with the TT genotype
compared to CT and CC genotypes, 7 mo compared to
19 mo respectively (P = 0.16)

DISCUSSION
This study is limited by its small sample size in a casecontrol setting and hence the possibility of a type 2 statistical error. Our results are in keeping with an established
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male preponderance to oesophageal adenocarcinoma.
Whilst there have been numerous studies investigating
the association between folic acid consumption and risk
of oesophageal adenocarcinoma[22-24], no previous study
has investigated the role of MTHFR C677T polymorphisms and oesophageal adenocarcinoma in a western
European population. Vitamin B12 is a co enzyme in
the synthesis of DNA from folic acid, however, vitamin
B12 levels are significantly higher in the oesophageal
adenocarcinoma population. The cause of high vitamin
B12 levels is not clear, it may be explained by the presence of liver metastases, vitamin B12 is normally stored
in the liver. High vitamin B12 levels have previously been
reported in oesophageal, gastric and prostate cancer[23,25],
this has traditionally been thought to be a marker of a
diet high in animal protein, an alternative theory is an
aggressive cancer cell growth is stimulated by high levels
of vitamin B12. Conversely, vitamin B12 deficiency is
associated with reduced proliferation of neuroblastoma
cells[26]. Never the less our study is in keeping with previous studies which indicate that high vitamin B12 levels
display a more frequent occurrence in cancer, however
as this occurs in only 25% of cancer cases, it can not be
advocated as a predictive test in a clinical setting.
The role of folic acid and the pathogenesis of gastrointestinal cancers has been extensively studied[27]. It
appears that a diet low in folic acid has the potential to
increase the risk of carcinogensis[22-24]. Assessment of
folic acid consumption by measurement of serum folic
acid levels has been investigated in pancreatic adenocarcinoma[28] and squamous cell carcinoma of the oesophagus,
a low serum folic acid level is associated with a higher
risk of cancer[29]. Recently a study in a Turkish population
has identified low serum folic acid levels in oesophageal
adenocarcinoma patients compared to a normal control
population, low serum folic acid levels were also seen in
patients with reflux oesophagitis and Barrett’s oesophagus[30]. In gastric and oesophageal squamous cell carcinoma, the risk of carcinogenesis is also associated with
MTHFR 677 TT polymorphisms, however this association is more apparent in Chinese populations that display
a higher prevalence of the dysfunctional TT phenotype
in the general population. The increased risk of oesophageal squamous cell carcinoma also seems to be associated
in combination with low folic acid consumption/levels[31].
A combination of a diet low in folic acid and an impaired
folic acid metabolism may reduce DNA methylation and
DNA repair and subsequently increase cancer risk. In
oesophageal adenocarcinomas in North West England,
we identified that the unstable TT polymorphism is more
frequently seen compared to non cancer population,
however this only accounts for 10% of cancer cases and
the frequency of the TT polymorphism did not reach statistical significance when compared between cancer and
control populations. The frequency of the TT polymorphism occurrence in the oesophageal adenocarcinoma
cancer population in North West England is similar to
previous studies in non cancer populations, this is in contrast to the higher prevalence in China, Japan and Germa-
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ny (13%-44%)[27]. This suggests that TT polymorphisms
are unhelpful to identify patients at risk of oesophageal
adenocarcinoma, at least in this particular population
and this is in keeping with the population in Turkey.
Adenocarcinoma patients with TT polymorphisms may
indicate a poorer outcome in terms of survival but larger
studies, that can adjust for tumour staging and treatment,
are needed to confirm this. In contrast to the Turkish
population, we did not find a link between low serum
folic acid levels and oesophageal adenocarcinoma however this may be due to study design, due to less stringent
exclusion criteria for the normal control population. This
finding also differs with previous studies in oesophageal
squamous cell carcinoma and proximal gastric adenocarcinoma in China[28] and pancreatic adenocarcinoma in
Finland[29]. The majority of studies investigating the role
of folic acid in oesophageal adenocarcinoma have suggested that low folate consumption (measured by dietary
questionnaires rather than serum folic acid levels) are a
significant risk factor for carcinogenesis.
Homocysteine is closely related to folic acid metabolism it is important for methlylation by supplying methionine. An inverse relationship with homocysteine and
folic acid exists, with high homocysteine levels occurring
when folic acid levels are low. Overall homocysteine levels did not differ between cancer and non cancer groups,
this is consistent with the findings of similar serum folic
acid levels in cancer and non cancer groups. In this particular study, the lack of correlation with oesophageal
adenocarcinoma patients and serum low folic acid levels,
together with a lack of a relationship with homocysteine
and MTHFR C677T polymorphism, indicates that folic
acid levels are unlikely to be an important factor in the
pathogenesis or predictor in the of the mainstay of
oesophageal adenocarcinoma cases in North West England. The lack of relationship may be accounted by the
small sample size or the absence of knowledge of the
dietary consumption of folic acid. Folic acid levels were
only analysed once the diagnosis of cancer had been
made therefore we have no information of the levels in
the years leading up to the diagnosis. However by the
nature of the disease, oesophageal adenocarcinoma is
often associated with malnutrition and vitamin deficiency.
Because folic acid levels were similar in the cancer and
non cancer groups, this suggests that folic acid levels are
unlikely to be lower in the cancer group in the mo prior
to the diagnosis. Taken together with the low proportion of MTHFR 677 TT genotypes in the cancer group,
this indicates that analysis of MTHFR C677T genotypes,
folic acid and vitamin B12 levels is unlikely to predict at
risk individuals that may develop oesophageal adenocarcinoma. Future studies should be conducted with similar
designs but with much larger sample size and in a prospective manner. This will reduce the possibility of type 2
statistical bias and will allow a a significant conclusion in
a gene polymorphism study. In addition, other MTHFR
polymorphisms like A1298C should also be studied to
see if there is any association with oesophageal adenocar-
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cinoma in a Caucasian United Kingdom population.

ACKNOWLEDGMENTS
We thank Dr. Rijadz S for helping to collect blood
samples for genotyping (Wrightington, Wigan and Leigh
NHS Foundation Trust). We thank Prof. Mahmud N and
Dr. Molloy A for their help in organising the genotyping
for the specimens (Dublin Molecular Centre).

COMMENTS
COMMENTS
Background

Methylene tetra-hydrofolatereductase (MTHFR) polymorphisms is associated with an increased risk of several cancers. A link between MTHFR C677T
polymorphisms and oesophageal squamous cell carcinoma and gastric cardia
adenocarcinoma has been demonstrated in at risk Chinese populations. In a
Western European population the role of the MTHFR gene has not previously
been investigated in the setting of oesophageal adenocarcinoma.

Research frontiers

Authors have tested the association of MTHFR C677T polymorphisms in a
United Kingdom Caucasian population with oesophageal adenocarcinoma. The
intention of this study was to identify if MTHFR C677T polymorphisms are associated with oesophageal adenocarcnomas and to test whether folic acid, B12
and homocysteine levels are linked with cancer risk.

Innovations and breakthroughs

No association between folic acid levels and cancer patients was found. The
unstable MTHFR 667 TT genotype occurred in 11% cancers and 7% controls,
but statistical significance was not reached. Homocysteine and folic acid levels
were not affected, cancer patients with TT genotype displayed a trend for a
shorter survival 7 mo vs 20 mo. Serum vitamin B12 levels were higher in the
cancer group.

Applications

This indicates that analysis of MTHFR C677T genotypes, folic acid and vitamin
B12 levels is unlikely to predict at risk individuals that may develop oesophageal adenocarcinoma. Future studies should be conducted with similar designs
but with much larger sample size and in a prospective manner. Other MTHFR
polymorphisms like A1298C should also be studied to see if there is any association with oesophageal adenocarcinoma in a Caucasian United Kingdom
population.

Peer review

In this case-control study the authors report their interesting results of the risk
of oesophageal adenocarcinoma in a United Kingdom Caucasian population
with MTHFR genetic polymorphisms.

REFERENCES
1

2

3

4

12215

Blot WJ, Devesa SS, Kneller RW, Fraumeni JF. Rising incidence of adenocarcinoma of the esophagus and gastric
cardia. JAMA 1991; 265: 1287-1289 [PMID: 1995976 DOI:
10.1001/jama.1991.03460100089030]
Bollschweiler E, Wolfgarten E, Gutschow C, Hölscher AH.
Demographic variations in the rising incidence of esophageal adenocarcinoma in white males. Cancer 2001; 92: 549-555
[PMID: 11505399 DOI: 10.1002/1097-0142(20010801)92:3<549
::AID-CNCR1354>3.0.CO;2-L]
Gammon MD, Schoenberg JB, Ahsan H, Risch HA, Vaughan
TL, Chow WH, Rotterdam H, West AB, Dubrow R, Stanford
JL, Mayne ST, Farrow DC, Niwa S, Blot WJ, Fraumeni JF.
Tobacco, alcohol, and socioeconomic status and adenocarcinomas of the esophagus and gastric cardia. J Natl Cancer
Inst 1997; 89: 1277-1284 [PMID: 9293918 DOI: 10.1093/
jnci/89.17.1277]
Gray MR, Donnelly RJ, Kingsnorth AN. The role of smoking
and alcohol in metaplasia and cancer risk in Barrett’s columnar lined oesophagus. Gut 1993; 34: 727-731 [PMID: 8314502]

September 14, 2014|Volume 20|Issue 34|

Keld R et al . Polymorphisms of MTHFR in a Caucasian United Kingdom population
5

6

7

8

9

10
11

12

13

14

15

16

17
18

19

Hampel H, Abraham NS, El-Serag HB. Meta-analysis: obesity and the risk for gastroesophageal reflux disease and its
complications. Ann Intern Med 2005; 143: 199-211 [PMID:
16061918 DOI: 10.7326/0003-4819-143-3-200508020-00006]
Lagergren J, Bergström R, Lindgren A, Nyrén O. Symptomatic gastroesophageal reflux as a risk factor for esophageal
adenocarcinoma. N Engl J Med 1999; 340: 825-831 [PMID:
10080844 DOI: 10.1056/NEJM199903183401101]
Pandeya N, Williams GM, Sadhegi S, Green AC, Webb
PM, Whiteman DC. Associations of duration, intensity, and
quantity of smoking with adenocarcinoma and squamous
cell carcinoma of the esophagus. Am J Epidemiol 2008; 168:
105-114 [PMID: 18483122 DOI: 10.1093/aje/kwn091]
Rokkas T, Pistiolas D, Sechopoulos P, Robotis I, Margantinis
G. Relationship between Helicobacter pylori infection and
esophageal neoplasia: a meta-analysis. Clin Gastroenterol
Hepatol 2007; 5: 1413-1417, 1417.e1-2 [PMID: 17997357 DOI:
10.1016/j.cgh.2007.08.010]
Solaymani-Dodaran M, Logan RF, West J, Card T, Coupland C. Risk of oesophageal cancer in Barrett’s oesophagus
and gastro-oesophageal reflux. Gut 2004; 53: 1070-1074
[PMID: 15247170 DOI: 10.1136/gut.2003.028076]
Choi SW, Mason JB. Folate and carcinogenesis: an integrated
scheme. J Nutr 2000; 130: 129-132 [PMID: 10720158]
Clarke R, Refsum H, Birks J, Evans JG, Johnston C, Sherliker
P, Ueland PM, Schneede J, McPartlin J, Nexo E, Scott JM.
Screening for vitamin B-12 and folate deficiency in older persons. Am J Clin Nutr 2003; 77: 1241-1247 [PMID: 12716678]
Weisberg I, Tran P, Christensen B, Sibani S, Rozen R. A
second genetic polymorphism in methylenetetrahydrofolate
reductase (MTHFR) associated with decreased enzyme activity. Mol Genet Metab 1998; 64: 169-172 [PMID: 9719624 DOI:
10.1006/mgme.1998.2714]
Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, Boers GJ, den Heijer M, Kluijtmans LA, van den
Heuvel LP. A candidate genetic risk factor for vascular
disease: a common mutation in methylenetetrahydrofolate
reductase. Nat Genet 1995; 10: 111-113 [PMID: 7647779 DOI:
10.1038/ng0595-111]
Klerk M, Verhoef P, Clarke R, Blom HJ, Kok FJ, Schouten EG. MTHFR 677C--& gt; T polymorphism and risk of
coronary heart disease: a meta-analysis. JAMA 2002; 288:
2023-2031 [PMID: 12387655 DOI: 10.1001/jama.288.16.2023]
Ma J, Stampfer MJ, Christensen B, Giovannucci E, Hunter
DJ, Chen J, Willett WC, Selhub J, Hennekens CH, Gravel R,
Rozen R. A polymorphism of the methionine synthase gene:
association with plasma folate, vitamin B12, homocyst(e)ine,
and colorectal cancer risk. Cancer Epidemiol Biomarkers Prev
1999; 8: 825-829 [PMID: 10498402]
Jacques PF, Bostom AG, Williams RR, Ellison RC, Eckfeldt
JH, Rosenberg IH, Selhub J, Rozen R. Relation between folate
status, a common mutation in methylenetetrahydrofolate
reductase, and plasma homocysteine concentrations. Circulation 1996; 93: 7-9 [PMID: 8616944 DOI: 10.1161/01.CIR.93.1.7]
Hiyama T, Yoshihara M, Tanaka S, Chayama K. Genetic
polymorphisms and esophageal cancer risk. Int J Cancer 2007;
121: 1643-1658 [PMID: 17674367 DOI: 10.1002/ijc.23044]
Mahmud N, Molloy A, McPartlin J, Corbally R, Whitehead
AS, Scott JM, Weir DG. Increased prevalence of methylenetetrahydrofolate reductase C677T variant in patients
with inflammatory bowel disease, and its clinical implications. Gut 1999; 45: 389-394 [PMID: 10446107 DOI: 10.1136/
gut.45.3.389]
Li D, Ahmed M, Li Y, Jiao L, Chou TH, Wolff RA, Lenzi R,
Evans DB, Bondy ML, Pisters PW, Abbruzzese JL, Hassan
MM. 5,10-Methylenetetrahydrofolate reductase polymorphisms and the risk of pancreatic cancer. Cancer Epidemiol

20

21

22

23

24

25

26

27

28

29

30

31

Biomarkers Prev 2005; 14: 1470-1476 [PMID: 15941958 DOI:
10.1158/1055-9965.EPI-04-0894]
Wang L, Miao X, Tan W, Lu X, Zhao P, Zhao X, Shan Y, Li H,
Lin D. Genetic polymorphisms in methylenetetrahydrofolate
reductase and thymidylate synthase and risk of pancreatic
cancer. Clin Gastroenterol Hepatol 2005; 3: 743-751 [PMID:
16234002 DOI: 10.1016/S1542-3565(05)00156-4]
Song C, Xing D, Tan W, Wei Q, Lin D. Methylenetetrahydrofolate reductase polymorphisms increase risk of esophageal
squamous cell carcinoma in a Chinese population. Cancer Res
2001; 61: 3272-3275 [PMID: 11309278]
Chen H, Tucker KL, Graubard BI, Heineman EF, Markin RS,
Potischman NA, Russell RM, Weisenburger DD, Ward MH.
Nutrient intakes and adenocarcinoma of the esophagus and
distal stomach. Nutr Cancer 2002; 42: 33-40 [PMID: 12235648
DOI: 10.1207/S15327914NC421_5]
Mayne ST, Risch HA, Dubrow R, Chow WH, Gammon MD,
Vaughan TL, Farrow DC, Schoenberg JB, Stanford JL, Ahsan
H, West AB, Rotterdam H, Blot WJ, Fraumeni JF. Nutrient
intake and risk of subtypes of esophageal and gastric cancer.
Cancer Epidemiol Biomarkers Prev 2001; 10: 1055-1062 [PMID:
11588131]
Zhang ZF, Kurtz RC, Yu GP, Sun M, Gargon N, Karpeh M,
Fein JS, Harlap S. Adenocarcinomas of the esophagus and
gastric cardia: the role of diet. Nutr Cancer 1997; 27: 298-309
[PMID: 9101561 DOI: 10.1080/01635589709514541]
Van Guelpen BR, Wirén SM, Bergh AR, Hallmans G, Stattin
PE, Hultdin J. Polymorphisms of methylenetetrahydrofolate
reductase and the risk of prostate cancer: a nested case-control study. Eur J Cancer Prev 2006; 15: 46-50 [PMID: 16374229
DOI: 10.1097/01.cej.0000186640.19872.4d]
Battaglia-Hsu SF, Akchiche N, Noel N, Alberto JM, Jeannesson E, Orozco-Barrios CE, Martinez-Fong D, Daval JL,
Guéant JL. Vitamin B12 deficiency reduces proliferation
and promotes differentiation of neuroblastoma cells and
up-regulates PP2A, proNGF, and TACE. Proc Natl Acad Sci
USA 2009; 106: 21930-21935 [PMID: 19959661 DOI: 10.1073/
pnas.0811794106]
Larsson SC, Giovannucci E, Wolk A. Folate intake, MTHFR
polymorphisms, and risk of esophageal, gastric, and pancreatic cancer: a meta-analysis. Gastroenterology 2006; 131:
1271-1283 [PMID: 17030196 DOI: 10.1053/j.gastro.2006.08.010]
Tan W, Miao X, Wang L, Yu C, Xiong P, Liang G, Sun T,
Zhou Y, Zhang X, Li H, Lin D. Significant increase in risk
of gastroesophageal cancer is associated with interaction
between promoter polymorphisms in thymidylate synthase
and serum folate status. Carcinogenesis 2005; 26: 1430-1435
[PMID: 15817609 DOI: 10.1093/carcin/bgi090]
Stolzenberg-Solomon RZ, Albanes D, Nieto FJ, Hartman
TJ, Tangrea JA, Rautalahti M, Sehlub J, Virtamo J, Taylor
PR. Pancreatic cancer risk and nutrition-related methylgroup availability indicators in male smokers. J Natl Cancer
Inst 1999; 91: 535-541 [PMID: 10088624 DOI: 10.1093/
jnci/91.6.535]
Ekiz F, Ormeci N, Coban S, Karabulut HG, Aktas B, Tukun A,
Tuncali T, Yüksel O, Alkış N. Association of methylenetetrahydrofolate reductase C677T-A1298C polymorphisms with
risk for esophageal adenocarcinoma, Barrett’s esophagus,
and reflux esophagitis. Dis Esophagus 2012; 25: 437-441 [PMID:
21951971 DOI: 10.1111/j.1442-2050.2011.01262.x]
Zhang J, Zotz RB, Li Y, Wang R, Kiel S, Schulz WA, Wen D,
Chen Z, Zhang L, Wang S, Gabbert HE, Sarbia M. Methylenetetrahydrofolate reductase C677T polymorphism and
predisposition towards esophageal squamous cell carcinoma
in a German Caucasian and a northern Chinese population.
J Cancer Res Clin Oncol 2004; 130: 574-580 [PMID: 15449187
DOI: 10.1007/s00432-004-0585-4]
P- Reviewer: Chen XL, Jadallah KA S- Editor: Gou SX
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

12216

September 14, 2014|Volume 20|Issue 34|

World J Gastroenterol 2014 September 14; 20(34): 12217-12225
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i34.12217

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE
BRIEF ARTICLE
STUDY

Impact of immunosuppression minimization and withdrawal
in long-term hepatitis C virus liver transplant recipients
Tommaso Maria Manzia, Roberta Angelico, Paolo Ciano, Jon Mugweru, Kofi Owusu, Daniele Sforza, Luca Toti,
Giuseppe Tisone
Tommaso Maria Manzia, Roberta Angelico, Paolo Ciano,
Daniele Sforza, Luca Toti, Giuseppe Tisone, Department of
Experimental Medicine and Surgery, Section of Transplantation,
Tor Vergata University of Rome, 00133 Rome, Italy
Jon Mugweru, Kofi Owusu, Wake Forest School of Medicine,
Winston-Salem, NC 27106, United States
Author contributions: Manzia TM designed the research and
wrote the paper; Angelico R and Sforza D performed the research; Toti L and Ciano P analysed the data; Tisone G, Mugweru
J and Owuso K edit the manuscript.
Correspondence to: Tommaso Maria Manzia, MD, PhD,
Department of Experimental Medicine and Surgery, Section of
Transplantation, Tor Vergata University of Rome, Viale Oxford
81, 00133 Rome, Italy. tomanzia@libero.it
Telephone: +39-6-20902498 Fax: +39-6-20902498
Received: September 28, 2013 Revised: February 17, 2014
Accepted: May 12, 2014
Published online: September 14, 2014

Abstract
AIM: To investigate the effects of different immunosuppressive regimens and avoidance on fibrosis progression in hepatitis C virus (HCV) liver transplant (LT)
recipients.
METHODS: We retrospectively compared the liver
biopsies of well-matched HCV LT recipients under calcineurin inhibitors (CNI group, n = 21) and mycophenolate (MMF group, n = 15) monotherapy, with those patients who successfully withdrawn immunosuppression
(IS) therapy from at least 3 years (TOL group, n = 10).
To perform the well-matched analysis, all HCV transplanted patients from December 1993 were screened.
Only those HCV patients who reached the following
criteria were considered for the analysis: (1) at least
3 years of post-operative follow-up; (2) patients with
normal liver graft function under low dose CNI monotherapy (CNI group); (3) patients with normal liver
graft function under antimetabolite (Micophenolate
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Mofetil or coated mycophenolate sodium) monotherapy
(MMF group); and (4) recipients with normal liver function without any IS. We excluded from the analysis
recipients who were IS free or under monotherapy for
< 36 mo, recipients with cirrhosis or with unstable liver
function tests.
RESULTS: Thirty six recipients were enrolled in the
study. Demographics, clinical data, time after LT and
baseline liver biopsies were comparable in the three
groups. After six years of follow-up, there was no worsening of hepatic fibrosis in the MMF group (2.5 ± 1.5
Ishak Units vs 2.9 ± 1.7 Ishak Units, P = 0.5) and TOL
group (2.7 ± 10.7 vs 2.5 ± 1.2, P = 0.2). In contrast, a
significant increase in the fibrosis score was observed in
the CNI group (2.2 ± 1.7 vs 3.9 ± 1.6, P = 0.008). The
yearly fibrosis progression rate was significantly worse
in the CNI group (0.32 ± 0.35) vs MMF group (0.03 ±
0.31, P = 0.03), and TOL group (-0.02 ± 0.27, P = 0.02).
No differences have been reported in grading scores for
CNI group (2.79 ± 1.9, P = 0.7), MMF group (3.2 ± 1.5,
P = 0.9) and TOL group (3.1 ± 1.4, P = 0.2). Twenty
four patients were treated with low dose ribavirin (8
TOL, 7 MMF, 9 CNI). The hepatitis C titers were comparable in the three groups. No episodes of rejection have
been reported despite differences of liver function test
in the three groups during the observational period.
CONCLUSION: IS withdrawal and MMF monotherapy
is safe and seems to be associated with the slowest fibrosis progression in HCV LT recipients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Hepatitis C virus recurrence; Immunosuppression withdrawal; Micofenolate mofetil; Clinical operational tolerance; Minimization
of immunosuppression
Core tip: The ideal immunosuppression (IS) therapy
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in long term hepatitis C virus (HCV) transplant recipients is yet to be defined but over-immunosuppression
should be avoided. The IS free status seems to show a
favorable impact on the natural history of the disease
but is only achievable in 20%-30% of liver transplant
(LT) recipients. Therefore minimization of the therapy
must be considered an alternative in those patients
who require IS. The present study aims to compare the
fibrosis progression in long-term IS-free HCV-LT recipients with those on low dose calcineurin inhibitors or on
antimetabolite.
Manzia TM, Angelico R, Ciano P, Mugweru J, Owusu K, Sforza
D, Toti L, Tisone G. Impact of immunosuppression minimization
and withdrawal in long-term hepatitis C virus liver transplant
recipients. World J Gastroenterol 2014; 20(34): 12217-12225
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12217.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12217

calcineurin inhibitors (CNI) despite its long-term side
effects[10,11]. Mycophenolate (MMF) is commonly used
as a CNI-sparing agent mainly in recipients with nephrotoxicity, but its effects on HCV recurrence are still controversial[12]. The IS regimen most commonly reported in
literature for HCV recipients is based on CNI at low dose
associated with a second IS agent (i.e., antimetabolites
or mammalian target of rapamycin inhibitors) with or
without steroid maintenance[13]. The IS free state seems
to improve the natural history of the disease but up until
now has been reported in only 20% of patients[14,15]. In
this context, the minimization of IS may represent a valid
alternative, which permits to reduce the severity of HCV
graft infection and the IS long-term toxicity.
The aim of the present study was to evaluate the
effect of long-term CNI and MMF monotherapy, compared to IS withdrawal on the fibrosis progression rate in
LT recipients with recurrent HCV infection.

MATERIALS AND METHODS
INTRODUCTION
Hepatitis C virus (HCV)-related cirrhosis is currently the
most important indication for liver transplantation (LT).
However, it is well known that HCV graft reinfection is
universal in patients who were HCV-RNA positive at the
time of transplant, and has an accelerated progression
to fibrosis compared to non-transplanted patients. This
leads to cirrhosis in about 30% of the recipients within
5 years of transplantation[1,2]. A worse outcome in HCV
transplanted recipients in terms of patients and graft survival vs those who underwent LT for other chronic liver
diseases has been well recognized. Several factors have
been associated with the severity of HCV recurrence: (1)
Donor-related factors: female > 65 years, prolonged cold
ischemic time, macro-steatosis; (2) Recipient-related factors: > 50 years, HIV coinfection, insulin-dependent diabetes, ACE-inhibitors and azathioprine (AZA) treatment;
(3) Transplant-related factors: HLA matching, IL28b
genotype of the donor and recipient, >106 IU/mL HCVviral load immediately after LT, CMV infection, treatment
with OKT3 and corticosteroid boluses for acute rejection
episode; and (4) Type of immunosuppression (IS)[3,4].
IS plays a key role in HCV graft reinfection, determining a fine balance between maintaining optimal host
viral responses and suppressing immunity [5]. Several
authors reviewed the effects of IS drugs on HCV recurrence course[6,7] but the optimal IS regimen for HCV patients has not been defined. Specific HCV LT recipients
IS recommendations based on appropriate prospective
clinical trials with histological findings, are still needed. In
order to ensure the later and slower recurrence, the transplant community is in agreement that a high maintenance
IS regimen and corticosteroid bolus to treat acute cellular
rejection should be avoided[8,9].
Nowadays, due to better graft and patient survival,
tacrolimus (Tac)-based regimen represents the preferred
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Study design
We designed a retrospective, well-matched, three-arms
study to evaluate the effects of different IS regimens and
IS withdrawal on the long-term fibrosis progression rate
in patients who underwent LT for HCV-related cirrhosis
at our institution between December 1993 and February
2013.
Recipients were enrolled in three arms according to
IS treatment: patients who completely weaned IS therapy
after LT (TOL); patients who received CNI monotherapy
at low dose (CNI group); patients who were treated with
Antimetabolites monotherapy (MMF group).
Patients who were included in the study were: LT recipients with at least 3 years of post-operative follow-up
with normal baseline liver graft function tests (i.e., aspartate aminotransferase, alanine aminotransferase, alkaline
phosphatase and gamma glutamyltransferase); patients receiving an IS regimen CNI (CsA or Tac) monotherapy at
low dose (defined as Co blood levels < 100 ng/mL and
Tac blood levels < 5 ng/mL); MMF or coated mycophenolate sodium (ECM-PS) monotherapy or recipients who
achieved IS-free state (IFS) (i.e., patients who reached a
state of operational tolerance[14] for at least 48 mo without liver transplant rejection) (TOL). We excluded those
recipients who were under two or more IS drugs after
the first post-transplant period, or that showed basal liver
function tests and/or liver biopsy-proven rejection or another transplant disorder, or the presence of significant
medical complications at enrolment.
The baseline characteristics of the three groups are
reported in Table 1. The study was approved by the Institutional Ethics Committee.
Liver histology
All liver biopsies obtained during the period of observation were considered. Liver biopsies were obtained yearly
during the follow-up period and additional biopsies were
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Table 1 Baseline characteristics of the three groups n (%)
Variable

Tol group

CNI group

MMF group

Patients (n)
10
21
15
Age (yr) al TX
52.4 ± 5.5
54.7 ± 10.3
50.4 ± 5.7
Gender (M/F)
8/2
17/4
11/4
BMI
26 ± 3.9
27 ± 3.4
27 ± 2.9
Donor age (yr)
35 ± 13
44 ± 17.9
33 ± 18
Follow-up from LT (mean)
83 ± 30.5
83 ± 29.1
89 ± 40
HCV genotype 1-4
2 (20)
6 (28.5)
6 (40)
HCV genotype 2-3
1 (10)
3 (14.2)
2 (13.3)
HCV-RNA > 500000 IU/mL
70
42.8
46.6
Anti-HBc positive recipients
None
4 (19)
1 (6.6)
Cholestatic hepatitis
None
None
None
HIV positive
None
None
None
Azathioprine treated
1 (10)
7 (33.3)
9 (60)
Mean ALT (IU/L)
71.1 ± 54.2
53.9 ± 33.7
59.4 ± 45.6
ACE-inhibitors treated
3 (30)
None
1 (6.6)
IDDM
3 (30)
7 (33.3)
4 (26.6)
Baseline Fibrosis score (Ishak)
2.7 ± 0.7
2.2 ± 1.7
2.5 ± 1.5
Baseline grading score (Ishak)
4.1 ± 1.8
3 ± 2.2
3.2 ± 1.6
Treated with ribavirin
8 (80)
9 (42.8)
7 (46.6)
Patients who achieved SVR
2
8
5
Rejection episode
None
None
None
Boluses of steorids after LT
None
None
None
Antibodies after LT
None
None
None
CMV infection after LT
1 (10)
2 (9.5)
1 (6.7)
Total ishemica times (min)
502 ± 133.8
456 ± 86.5
411 ± 127.6
Liver donor's steatosis
None 0 (20) Mild 2 (10) Severe 0 (0) None 17 (81) Mild 3 (14.3) Severe 1 (4.8) None 14 (93.3) Mild 1 (6.7) Severe 0 (0)

P -value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; CNI: Calcineurin inhibitors; MMF: Mycophenolate; BMI: Body mass index; CMV: Cytomegalovirus; LT: Liver transplantation; SVR: Sustained virologic response; IDDM: Insulin dependent diabetes mellitus; NS: Not significant.

eventually taken whenever an acute rejection was suspected. For the TOL group, protocol biopsies were also
performed at 6, 12, 36, 48 mo after IS withdrawal. Histological examinations were carried out by experienced
pathologists blinded to the patients’ clinical status and the
assigned therapy, except for the knowledge of a previous
transplantation due to HCV-related end-stage liver disease. Biopsies were scored for the grade of necro-inflammatory activity and stage of fibrosis according to Ishak
scale[16] and also examined to exclude features of acute or
chronic rejection or other relevant findings. Acute rejection was defined according to standard criteria; chronic
rejection was assessed according to Banff classification
rejection activity index[17]. The yearly biopsy fibrosis progression rate was calculated as the difference between
the staging score in the last liver biopsy and the baseline
biopsy divided by the years of follow-up[18]. Liver specimens were obtained percutaneously using 1.6 mm modified Menghini needles. To minimize sampling errors, only
specimens that were longer than 1.5 cm and wider than
1.4 mm were considered, including ≥ 8 portal tracts[19].
Specimens were formalin-fixed and paraffin-embedded
for histological analysis. 5-ìm sections were stained for
hematoxylin and eosin, as well as the Masson’s trichrome
stain of collagen and cytokeratins for the assessment of
ductopenia.
Virological assays
Levels of serum HCV-RNA were quantified using a
competitive reverse transcription-polymerase chain reac-
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tion analysis (Amplicor, Roche Molecular System, Inc.,
Branchburg, NJ, United States). HCV genotypes were assessed using the Inno-Lipa HCV (Immunogenetics, Zwijnaarde, Belgium). HCV-RNA serum levels > 500 × 103
IU/L were considered as high viral replication. Recurrent
hepatitis C was defined by the concomitance of detectable serum HCV-RNA and histological signs of recurrent
disease[1].
Statistical analysis
Data were collected retrospectively from a prospective
database (Microsoft Access 2.0, Microsoft Corporation,
United States). Categorical variables were analysed using
Fisher’s exact test (F test). The normal continuous data
were analysed using parametric test (t test). Statistical results were expressed as mean ± SD. A P-value of < 0.05
was considered significant. The program used for statistical analysis was SPSS® 13.0 (233 South Wacker Drive,
Chicago, United States) for Mac.

RESULTS
Study population
Out of 476 liver recipients, 184 (38.7%) patients received
LT for HCV-related cirrhosis. Out of these 184 HCV
patients, 36 (19.6%) were enrolled and divided in three
groups: 10 recipients were in TOL group, 15 in MMF
group, and 21 patients in CNI group. We considered
the baseline as the start of IS withdrawal for the TOL
group (83 ± 30.6 mo), the time of start antimetabolites
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Tx					

Last follow up
MMF

Tx

Month:
89 ± 40

Baseline
Start MMF monoterapy

6aa

CNI
Tx

Month:
83 ± 29.1

Baseline
(7 aa POST TX)

6aa

TOL
Tx

Month:
83 ± 30.5

Baseline
(IS off)

6aa

Figure 1 Study design. The three groups were represented by: Mycophenolate (MMF), calcineurin inhibitor (CNI) and TOL. All patients had a minimal follow up of 6
years from LT at the enrollment and were followed with yearly liver biopsy for 6 years.

monotherapy for the MMF group (89.1 ± 40.1 mo) (P =
0.79) and for the CNI, to match the group well, we took
into account only those recipients who achieved the 6th
year of follow-up from LT (mean follow up from LT:
83 ± 29.1) (Figure 1). All LT recipients included in the
study received in the immediate post-operative period
IS regimen based on CNI (CsA or Tac) ± azathioprine
± steroids. Azathioprine and steroids were withdrawal
within the first 3 mo from LT. None received boluses of
steroids or antibodies therapy during the entire follow-up,
and no rejection episodes were recorded. After a mean
follow-up of 6 years, all patients were alive, except for
one patient in the CNI group.
Immunosuppression
Tolerant group: Of the 23 tolerant patients followed
by our Institution, 10 were included in the present study
(8M/2F, mean age at baseline 59 ± 5.6 years). HCVrelated cirrhosis represented the indication to LT, except
for one patient who presented hepatocellular carcinoma.
Before treatment discontinuation, 8 recipients received
CsA monotherapy at low doses, one Tac monotherapy
(1.5 mg/d) and one was under MMF (1500 mg/d). Treatment was gradually withdrawn following the Tor Vergata
criteria[14]; after a mean time from LT of 83 ± 30.5 mo.
Tapering of treatment proceeded without any clinical
and biochemical signs of rejection. Eight (80%) patients
received low dose ribavirin (400 mg/d) before and during
the study period. After a mean follow-up of 80 ± 15.1
mo from weaning, all recipients were alive; one patient
had IS resumption after 153 mo from LT and 94 mo
from IS withdrawal due to kidney transplantation.
MMF group: Fifteen adult HCV-LT recipients under Mi-
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cophenolate monotherapy (11M/4F, mean age of 57.7 ±
6.12 years) achieved the inclusion criteria for the study. LT
Indications were HCV-cirrhosis in 13 cases (86.7%), HCV
cirrhosis associated with HCC in two cases (13.3%). After
a mean follow-up of 89.1 ± 40.1 mo from LT, recipients
were switched to MMF (n = 12) or ECM-PS (n = 3) from
CNI monotherapy at daily doses of 1500 mg and 1440 mg
respectively. Nine patients (60%) were switched to MMF
for renal impairment CNI-related (defined as an estimated
glomerular filtration rate < 60 mL/min per 1.73 m2) and
6 patients (40%) for hyperlipidaemia (serum cholesterol
> 240 mg/dL and/or triglycerides > 150 mg/dL). Seven
(46.6%) patients received low dose ribavirin (400 mg/d)
before and during the study period. After 76.4 ± 36.8 mo
of follow-up, all patients were alive and none experienced
acute rejection. The mean daily doses were 1250 ± 398.9
mg of MMF or 1440 mg/d of ECM-PS.
CNI group: The CNI group included 21 adult HCV-LT
recipients (17M/4F, mean age of 54.7 ± 10.3 years) with
a mean follow-up of 83 ± 29.1 mo from LT. HCV-related
cirrhosis represented the primary indication for LT for all
patients; four (19%) patients had HBV co-infection also
and one HCC (4.7%). According to the baseline followup of TOL and MMF groups, the baseline was considered as 6-years after LT. At the time of enrolment, 8
patients (38%) were on CsA at low dose (78.6 ± 41 mg/d)
and 13 (61.9%) on Tac (1.96 ± 1.2 mg/d). After 5 years,
all recipients were alive, except one patient who died after
126 mo from HCV recurrence. At the baseline the mean
through levels of CsA was Co 86.9 ± 38.4 ng/mL and of
Tac was 1.9 ± 1.1 ng/mL. Nine (42.8%) patients received
low dose ribavirin (400 mg/d) before and during the
study period.
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Table 2 Three groups data at baseline and after 6 years of follow up
Variables
Grading
Staging

Tol group

CNI group

MMF group

Baseline

6 yr

P -value

Baseline

6 yr

P -value

Baseline

6 yr

P -value

4.1 ± 1.8
2.7 ± 0.7

3.1 ± 1.45
2.5 ± 1.2

NS
NS

3 ± 2.2
2.2 ± 1.7

2.8 ± 1.9
3.9 ± 1.6

NS
0.008

3.2 ± 1.6
2.5 ± 1.5

3.25 ± 1.54
2.9 ± 1.73

NS
NS

CNI: Calcineurin inhibitors; MMF: Mycophenolate; NS: Not significant.

0.8

DISCUSSION

0.6

FPR

0.4

0.2

0

-0.2

-0.4

CNI

MMF

TOL

Figure 2 Mean fibrosis progression rate of the three groups in 6 years of
follow up. FPR: Fibrosis progression rate; CNI: Calcineurin inhibitors; MMF:
Mycophenolate.

Histological findings
At least six consecutive yearly biopsies were available for
examination for each patient. At baseline there were no
differences in the three groups, both in terms of staging (CNI group 2.2 ± 1.7; MMF group 2.5 ± 1.5; TOL
group 2.7 ± 0.7) and grading (CNI group 3 ± 2.2; MMF
group 3.2 ± 1.6; TOL group 4.1 ± 1.8). Comparing the
baseline with 6 year biopsies, no worsening of hepatic
fibrosis in MMF group (2.5 ± 1.5 vs 2.9 ± 1.7, P = 0.51)
and TOL group (2.7 ± 0.7 vs 2.5 ± 1.2, P = 0.7) was reported. In contrast, a significant increase in the fibrosis
score was observed in the CNI group (2.2 ± 1.7 vs 3.9 ±
1.6, P = 0.008). After six years of follow-up, no differences have been reported in grading score for CNI group
(2.79 ± 1.9, P = 0.7), MMF group (3.2 ± 1.5, P = 0.9)
and TOL group (3.1 ± 1.4, P = 0.2) (Table 2). The yearly
fibrosis progression rate was significantly worse in CNI
group than in MMF group (0.32 ± 0.35 vs 0.03 ± 0.31,
respectively, P = 0.03) and TOL group (-0.02 ± 0.27, P =
0.02), but no difference of fibrosis progression rate was
reported for TOL group compared to MMF group (-0.02
± 0.27 vs 0.32 ± 0.35, respectively, P = 0.7) (Figure 2).
Biochemical and virological findings
No significant LFT's differences or clinical evidence of
rejection was observed in the three groups during the entire follow-up period. Also, after 6 years of follow-up, no
difference in terms of HCV-RNA blood levels has been
reported in all groups (Table 3).
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Since HCV graft infection is an universal complication
in HCV-LT recipients and represents the primary cause
of graft loss, the management of HCV recurrence is
the most challenging issue in the scientific transplant
community. Even though a variety of pre- and posttransplant factors have been associated with the severity
of HCV recurrence, only a few can be modulated. Several strategies, mostly based on antiviral therapy and IS
treatment modulation, have been evaluated to avoid graft
injury[3-9]. Antiviral therapy could be administrated before
LT to suppress the viral replication and reduce the risk
of recurrence, as well as in the early post-transplantation
to prevent fibrosis progression. The current antiviral
standard of care consists basically of PEG-IFN/RBV
treatment, but sustained viral response is achieved only in
30% of patients. Treatment is commonly used in select
transplant recipients, because its efficacy may be limited
by comorbidities and side effects, requiring dose reductions or discontinuation[20,21]. Recently, the new era of
antiviral treatment consists of direct-acting antivirals (i.e.,
protease inhibitors, polymerase and other non-structural
proteins inhibitors), but their benefits still need to be
evaluated in relation to their poor tolerance and drugdrug interactions, particularly with IS medications[22].
Therefore, IS modulation still plays a central role
because it remains one of the few features that could be
modified by physicians although the ideal IS regimen for
HCV recipients is yet to be defined. It is well known that
IS treatment is directly correlated to the course of HCV
recurrence because drugs and their doses influence the
immune response against graft reinfection and the progression of liver fibrosis[1-5], but data available is limited
by the lack of routine protocol liver biopsies and the heterogeneity of IS regimens reported.
The current strategy of IS treatment for HCV LT
recipients, is based on few agreements. Regarding the
use of steroids in literature it is well reported that: (1)
repeated corticosteroid boluses for acute cellular rejection should be avoided because they are associated with
increased viral replication and worse recurrence of disease[23]; (2) in maintenance therapy, steroid withdrawal in
slow fashion has shown a “protective role” despite a fast
interruption, this may be due to the exposure of HCVinfected cells to a suddenly-restored immune system[24];
and (3) ab initio steroid avoidance reduces the infective
and metabolic complications that may aggravate the
natural history of the disease[25]. Although treatment of
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Table 3 Main clinical findings after 6 years of follow up
Variables
Patients (n)
Death (n)
ALT (IU/L)
Creatinina
Cholesterol
Triglycerides
HCV-RNA > 500000 IU/mL
Recurrent infections1
Cardiovascular diseases
Diabetes
Dyslipidemia
FPR

Tol group

CNI group

MMF group

6 yr

6 yr

6 yr

10
0
71.1 ± 54.2
1.3 ± 0.5
153.6 ± 55.2
130.6 ± 64.1
70
0
50
30
50
-0.019

21
1
53.9 ± 33.7
1.28 ± 0.5
161.9 ± 43.2
125.4 ± 45.6
42.8
42.8
23
33
19
0.32

15
0
59.4 ± 45.6
1.7 ± 1.6
155.9 ± 30
121.8 ± 39.8
46.6
40
6.6
27
13
0.02

P value
Tol vs CNII

Tol vs MMFF

NS
NS
NS
NS
NS
0.029
NS
NS
NS
0.02

NS
NS
NS
NS
NS
0.019
NS
NS
NS
NS

1

Urinary and bronchopulmonary infections. FPR: Fibrosis progression rate; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; CNI: Calcineurin
inhibitors; MMF: Mycophenolate; NS: Not significant.

graft rejection with anti-lymphocyte therapies has been
associated with severe HCV recurrence[6], De Ruvo et
al[26] retrospectively observed that 22 HCV patients who
were treated with Tac and thymoglobulin did not show
an increase in mortality, rejection or severity of disease vs
those treated with Tac and steroids.
CNI remains the main immunosuppressant in LT recipients[3,6]. Most studies which compared Tac with CsA
in HCV recipients have shown no difference in graft or
patient survival and fibrosis progression[27,28]. However, a
recent meta-analysis based on 16 randomized controlled
trials concluded that Tac improved graft and patient survival and prevented rejection compared to CsA[10,11]. This
result was confirmed by a recent study registry which
concluded that Tac therapy instead of CsA increases the
HCV-graft survival[29,30].
Antimetabolites are currently associated with CNI
and steroids, with the aim to reduce CNI nephrotoxicity.
MMF has shown a positive impact on fibrosis progression in HCV recipients either alone[31,32] or in association
with CNI at low doses[33].
Data available on mammalian target of rapamicyn
inhibitors is mainly on recipients with HCC and HCV
infection, and histological outcomes are not reported[34,35].
Therefore, since the only clear recommendation for
the HCV LT population is to avoid over-immunosuppression, we think that achievement of IS minimization,
defined as the attainment of a state in which IS drugs
are decreased down to levels that do not cause clinically
significant side effects yet prevent rejection[36], or when
the IFS may have a favorable impact on decreasing HCV
recurrence.
In the present study, we reviewed the long-term fibrosis progression based on more than 200 liver biopsies
in a cohort of 36 HCV LT recipients, who received IS
monotherapy or no treatment. After six years, we recognized that IS withdrawal as well as MMF monotherapy
favorably impacted the natural history of the disease with
respect to low dose CNI. Although in 2006 Samonakis
et al[37] reported a significantly lower fibrosis rate in HCV
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recipients who received CNI monotherapy, we discourage
its long term use in HCV recipients even if minimized
due to a faster progression of the disease.
Differently, this study confirms that long-term MMF
monotherapy is not related with a higher risk of rejection or with fibrosis progression. In fact, as previously
reported in a well-matched analysis of 15 HCV recipients
under MMF monotherapy vs those treated with CNI,
the MMF group showed a slowed progression of the
disease[32]. The data was in agreement with Bahra et al[33],
who also did not find progression of necro-inflammatory
activity and fibrosis in 40 recipients who were treated
with MMF and low dose of CNI. Thus, in literature, limited data is available about the clinical impact of MMF on
its antifibrotic proprieties in HCV recipients[38,39]. We are
convinced that MMF can be safely administered not only
in association with CNI at low dose, in order to reduce
CNI side effects[40,41], but also as a monotherapy in order
to reduce severity of HCV recurrence. This is also supported by the fact that specific IS agents may elicit negative effects on the disease with an indirect mechanism. In
particular, it has been reported that insulin resistance and
diabetes, common side effects of long-term CNI administration, are associated with higher fibrosis progression
after LT[42,43]. Therefore, the use of a IS regimen with reduced or absent metabolic side effects, as MMF, could be
a possible strategy that may slow post-transplant disease
progression[8].
Moreover, the absence of fibrosis progression in the
TOL group confirms our hypothesis that the less potent
the drug, the slower the natural course of hepatitis C. Literature reports 21 cases of IFS in HCV LT recipients[5].
Unfortunately, in most studies, protocol liver biopsies
were not performed thus histological data is not available.
Only the Tor Vergata group reported the pathological
findings over a period of 10 years[44]. Of the 34 HCV
patients originally enrolled to the weaning study, 6 were
off IS for over 10 years. These recipients have been followed and compared to those who could not achieve IS
withdrawal. When baseline biopsies were compared with
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10-year biopsies, the Tolerant-HCV patients showed an
improvement in grading and no difference in staging,
meanwhile in the non-Tolerant-HCV group, staging increased. In terms of the fibrosis progression rate at 10
years, the Tolerant-HCV patients showed a slower progression of tissue damage than the non-Tolerant patients.
At the last biopsy taken, 63% of non-Tolerant-HCV
patients showed features of advanced fibrosis (defined
as a fibrosis > 4 according to the Ishak score[45] and 40%
frank cirrhosis). On the contrary, none of the patients in
the Tolerant-HCV group presented with either advanced
fibrosis or cirrhosis, and no evidence of early or late
chronic rejection was ever observed during the follow-up.
Even if it may not be possible to draw a definitive
conclusion on the basis of this data, the major strength
of this study derives from the availability of yearly protocol liver biopsies in all patients, which allowed us to
minimize potential biases attributable to sampling errors
by different specialists, and to closely monitor the histological evolution of recurrent HCV-related disease. We
are convinced that even though the ideal IS in the HCV
transplant setting is yet to be defined, HCV recipients
could benefit from a “tailored IS regimen”, with the final
goal of achieving a permanent and complete IS withdrawal. The recipients who could be safety weaned off
IS could be identified immediately after LT by searching
the biomarkers that are able to predict the state of tolerance. This could allow for the reduction of risk for IS
withdrawal failure and also attempt the weaning process
before fibrosis occurs[46]. Therefore, IS minimization may
represent a valid alternative in those recipients who are
not able to achieve the IFS. To this regard, MMF or ECMPS monotherapy represents a alternative to CNI, either
alone or in association with a low CNI dose to contrast
the histological liver damage.
In conclusion, although our finding must be confirmed by a large prospective trial, the long term LT
recipient should always be considered for withdrawal. In
those who require IS, the use of antimetabolites as MMF
or EC-MPS should be considered in spite of a low dose
of CNI.

Background

Hepatitis C virus (HCV) graft reinfection is universal after liver transplantation
in patients who were HCV-RNA positive at the time of transplant and has an
accelerated progression to fibrosis compared to non-transplanted patients. This
leads to cirrhosis in about 30% of the recipients within 5 years of transplantation. Immunosuppression (IS) is one of the main variables responsible for the
degree of progression of HCV disease recurrence. The transplant community
is in agreement that a high maintenance IS regimen and corticosteroid bolus
should be avoided in HCV recipients.
After liver transplantation for HCV-end stage liver disease, the IS treatment
most commonly reported in literature is based on calcineurin inhibitor (CNI)
at low dose associated with a second IS agent with or without steroid maintenance. The IS-free state seems to improve the natural history of the disease
but, right now, only a very few patients could achieve a tolerant status. The research hotspot is to identify the optimal IS regimen for HCV recipients after liver
transplant (LT) in order to reduce the severity of HCV graft infection and the IS
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Innovations and breakthroughs

Few studies proposed that IS minimization, and when possible, IS withdrawal
might reduce HCV fibrosis progression allowing higher immune response
against HCV re-infection. Drugs most commonly used in monotherapy are CNIs
(cyclosporine or tacrolimus), but were associated with long-term side effects.
Therefore, mycophenolate (MMF) monotherapy was introduced to reduce CNIlong term toxicity (in particular nefrotoxicity and hiperlipidaemia). Nowadays, in
the era of immune tolerance, also the impact of completely withdrawal of IS has
been investigated on the severity of HCV recurrence after LT. It has been reported that IS weaning determinates a lower HCV fibrosis progression rate and
improves IS side effects. Therefore, authors evaluate the effect of long-term
CNI and MMF monotherapy, compared to IS withdrawal on the fibrosis progression rate in HCV recipients.

Applications

The study results that IS withdrawal and MMF monotherapy is safe and seems
to be associated with the slowest fibrosis progression in HCV recipients. Therefore, IS minimization and, when achievable, IS withdrawal might represent the
new goal for HCV recipients after liver transplantation.

Terminology

HCV recurrence: defined by the presence of HCV-RNA in serum and/or liver
alone, while diagnosis of disease recurrence requires histological confirmation.
Clinical operational tolerance: was defined as the complete discontinuation of
IS with normal graft function and without features of acute and chronic rejection. IS minimization: defined as the attainment of a state in which IS drugs are
decreased down to levels that do not cause clinically significant side effect and
yet prevent rejection.

Peer review

The present study reviewed the long-term fibrosis progression in HCV LT recipients, who received IS monotherapy or were off any drugs. This study confirms
also that long-term MMF monotherapy is not related with higher risk of rejection episode. The results are interesting and suggest that IS minimization may
represent a valid alternative in those recipients who are not able to achieve the
IFS.
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Abstract
AIM: To evaluate the ability of the McGill Brisbane
Symptom Score (MBSS) to predict survival in resectable
pancreatic head adenocarcinoma (PHA) patients.
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METHODS: All PHA patients (n = 83) undergoing pancreaticoduodenectomy at the McGill University Health
Center, Quebec between 1/2001-1/2010 were evaluated. Data related to patient and cancer characteristics, MBSS variables, and treatment were collected;
univariable and multivariable survival analyses were
performed. We obtained complete follow-up until February 2011 in all patients through the database of the
provincial health insurance plan of Quebec. The unique
health insurance numbers of these patients were used
to retrieve information from this database which captures all billable clinical encounters, and ensures 100%
actual survival data.
RESULTS: Median survival was 23 mo overall: 45 mo
for patients with low MBSS, 17 mo for high MBSS (P =
0.005). At twelve months survival was 83.3% (95%CI:
66.6-92.1) vs 58.1% (95%CI: 42.1-71.2) in those
with low vs high MBSS, and24 mo survival was 63.8%
(95%CI: 45.9-77.1) and 34.0% (95%CI: 20.2-48.2) respectively. In the multivariate Cox model (stratified by
chemotherapy), after addition of clinically meaningful
covariates, MBSS was the variable with the strongest
association with survival (HR = 2.63; P = 0.001). Adjuvant chemotherapy interacted with MBSS category
such that only high MBSS patients accrued a benefit. In
univariate analysis we found a lower mortality in high
MBSS but not low MBSS patients receiving adjuvant
chemotherapy. This interaction variable, on Cox model,
resulted in an adjusted mortality HR for the high MBSS
(compared to low MBSS) of 4.14 (95%CI: 1.48-11.64)
without chemotherapy and 2.11 (95%CI: 1.06-4.17)
with chemotherapy.
CONCLUSION: The MBSS is a simple prognostic tool
for resectable PHA. Preoperative categorization of patients according to the MBSS allows effective stratification of patients to guide therapy.
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Table 1 McGill Brisbane Symptom Score

Key words: Pancreatic neoplasms; Pancreatic adenocarcinoma; Whipple procedure; Prognosis; Survival study;
Chemotherapy
Core tip: The McGill Brisbane Symptom Score (MBSS)
was described and validated as a score to predict survival in patients with unresectable pancreatic adenocarcinoma. In this paper we validate it in a cohort of
patients with resectable pancreatic head adenocarcinoma. It is a simple yet powerful preoperative tool that
can potentially guide therapy and stratify patients for
neoadjuvant or adjuvant chemotherapy trials. We also
found in this study that adjuvant chemotherapy seems
to be effective only in patients in the high MBSS group
but adds no additional survival benefit in patients in the
low MBSS group. The MBSS seems to provide a better
discrimination in survival than any conventional preoperative method.
Jamal MH, Doi SAR, Moser AJ, Dumitra S, abou Khalil J,
Simoneau E, Chaudhury P, Onitilo AA, Metrakos P, Barkun JS.
McGill Brisbane Symptom Score for patients with resectable
pancreatic head adenocarcinoma. World J Gastroenterol 2014;
20(34): 12226-12232 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12226.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12226

INTRODUCTION
In spite of significant progress in treating many gastrointestinal cancers, pancreatic adenocarcinoma remains
a particularly lethal disease[1]. Resectable patients are a
minority, and the median survival of this selected, “favorable” group remains poor[2-9]. This clinical reality persists
in spite of numerous attempts at adjuvant, and more
recently neoadjuvant therapy[10]. One reason may be the
significant heterogeneity of pancreatic cancer inherent
at the genetic level[11]. However, ill-documented heterogeneity can also be seen in the clinical presentations, at
the time of the evaluation of patients who may undergo
pancreaticoduodenectomy[12]. To our knowledge, beyond
commonly used imaging results and CA19.9, there is no
published preoperative scheme which can predict survival, and thus allow for a stratification of possible treatment strategies. We have reported on the McGill Brisbane
Symptom Score (MBSS), which is a fully clinical score
shown to be an excellent predictor of survival in patients
with unresectable pancreatic cancer[13]. It is based on the
preoperative presence of weight loss, jaundice, abdominal pain, and smoking (Table 1). The association of this
score with survival in unresectable patients was found to
be greater than that of conventional imaging studies and
was validated in two independent cohorts of unresectable
patients[13]. The goal of this paper is to evaluate the ability
of the MBSS to predict survival in patients with resect-
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Symptom

Points

Weight loss greater than 10%
Pain
Jaundice
Smoker
Total possible

8
5
4
4
21

able pancreatic head adenocarcinoma (PHA) undergoing
pancreaticoduodenectomy.

MATERIALS AND METHODS
Patient characteristics
We evaluated a cohort of patients with resectable PHA
who underwent a pancreaticoduodenectomy at the
McGill University Health Center (MUHC) from January-2001 to January-2010 (n = 83). We obtained complete
follow-up until February 2011 in all patients through
the database of the provincial health insurance plan of
Quebec. The unique health insurance numbers of these
patients were used to retrieve information from the this
database which captures all billable clinical encounters,
and ensures 100% actual survival data.
The preoperative evaluation of all patients included
routine preoperative lab tests and CA19-9 tumor marker
measurement in patients after 2006. Imaging consisted
of computed tomography scans with a triphasic pancreas
protocol. Magnetic resonance imaging (MRI) was only
obtained in selected cases if preoperative anatomical evaluation was deemed equivocal on CT scan. Preoperative
endoscopic retrograde cholangiopancreatography (ERCP)
with a view to biliary stenting was performed in patients
who were jaundiced, because of the estimated time lag
between diagnosis and scheduled surgery. Positron emission tomography was used in only a handful of patients.
Endobiliary stent insertion was performed at ERCP by
an experienced endoscopist where appropriate. A plastic stent was usually inserted although a self-expandable
metal stent may have been used if the resectability of the
patient had not yet been determined. All patients were
seen by a clinical nutritionist, a hepatobiliary surgeon and
a medical oncologist. The nutritional consultation provided valuable information in determining the amount of
weight loss preoperatively. All patients were discussed at
a multidisciplinary tumor board.
All patients underwent a pancreaticoduodenectomy
with a curative intent after having been found to have a
lesion which was classified as localized and resectable[12].
We excluded patients who were taken to the operating room with an intent to resect and had findings of
unresectable pancreatic adenocarcinoma at laparotomy,
either due to local invasion of major arterial vessels (Celiac artery or SMA) or distant metastases. In all others, a
pancreaticoduodenectomy was performed with gastric
transection just proximal to the pylorus[14]. Some patients
had a pancreaticojejunal anastomosis, while others had a

12227

September 14, 2014|Volume 20|Issue 34|

Jamal MH et al . Clinical predictors of survival after resection for pancreatic cancer

pancreaticogastrostomy according to surgeon preference.
The surgical team consisted in all cases of an experienced
hepatobiliary surgeon and a fellow or a chief resident.
Perioperative management included the temporary use of
pancreatic drainage[15]; perioperative prophylactic octreotide administration was not used.
Serial slicing of the entire pancreatic head specimen
was performed in a single axial plane according to the
guidelines of the Royal College of Pathologists and the
Leeds Pathology Protocol[16,17]. Thus, large slices were
obtained, allowing a precise study of each inked margin
in increments of 0.5 mm from 0 mm to 2.0 mm. Margin
involvement (R1) was defined for the 0-mm margin if
tumour cells were present at the inked margin; R1 was
also defined for each margin width if tumour cells were
present within the margin, independently of the mode of
tumour spread. The resection was considered as curative
(R0) if no tumour cells were identified in the peripancreatic fat or at any of the resection margins (bile duct,
pancreatic neck and uncinate resection margins).
The pathological protocol also included the maximal
transverse diameter of the tumour, the tumour-nodemetastasis (TNM) classification according to the 6th Ed of
the AJCC staging manual classification, the grade of differentiation, the presence or absence of perineural, lymphatic and/or vascular spread, and the number of lymph
nodes retrieved from the specimen. The presence and
grading of pre-neoplastic lesions (PIN) was also recorded.
The postoperative treatment includes adjuvant therapy
as per protocol in the form of gemcitabine for 6 mo for
the study period. Although there is an intent to administer
chemotherapy to all patients, the quantity and length of
treatment are tailored according to patient tolerance. Postoperative follow-up abided by institutional protocol which
included 3-monthly CT scan imaging and CA-19-9 (after
2006) for the first two years. Postoperative follow-up was
performed by both oncologists and surgeons.
Preoperative data collection
Data on operative technique and findings, endoscopic
procedures, preoperative symptoms, and radiological
investigations were collected using the MUHC prospective hepatobiliary tumor database and by chart review
(MUHC). Admission notes, attending staff letters, and
nutrition consultations were used to determine the preoperative symptoms. These included jaundice (clinical,
confirmed by bilirubin > 50 mmol/l), weight loss >
10% from baseline actual weight, persistent abdominal or
back pain (as reported by the patient), onset of diabetes
mellitus within a year of diagnosis, and a history of cigarette smoking for more than 5 years within 5 years of the
current diagnosis of cancer. Note that determination of
> 10% weight loss was mostly performed from preoperative nutritional assessments because of their greater
accuracy. Table 1 illustrates how these symptoms are used
to calculate the value of the MBSS[13].
Statistical analysis
Univariate analyses were conducted to describe the dis-
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tributions of baseline variables. Survival curves, median
survival, and estimated survival estimates at fixed time
points were based on the Kaplan-Meier method. In patients surviving to the end of the study, the date of last
contact was used to estimate survival and censored via the
Kaplan Meier method. Survival was calculated from the
date of first imaging diagnosis (the date of the first radiological evidence of PA). Additional univariate analyses
were carried out to determine probabilities of survival
for the MBSS stratified by chemotherapy. Finally, Cox’s
model was used to evaluate various combinations and interactions of prognostic variables (in addition to MBSS)
in a multivariate manner. The additional variables included in the analyses were five variables that are known
to impact on survival (age, gender, margin status, size of
tumor, and chemotherapy)[18]. Graphical assessment of
proportional hazards based on Schoenfeld residuals or
-ln[-ln(survival)] vs ln(time) plots showed no important
departure from proportionality (no association with time)
for any of the other variables included in the model except for chemotherapy; this was dealt with via an interaction term. Significance statements refer to P values of
two-tailed tests that were < 0.05. We used Stata version
11 (StataCorp LP, College Station, TX, United States) for
all statistical analyses.

RESULTS
Patient and tumor characteristics are shown in Table 2.
Median patient age was 65 years with a slight male predominance; the median radiological preoperative tumor
size was 3.1 cm. A majority of patients presented with
jaundice (79%) followed by abdominal or back pain (57%)
and weight loss of more than 10% (42%). Only a third
of the subjects were smokers as defined in the methods.
MBSS scores across all patients (range 0-21) were stratified into two categories with a score of > 9 as a cut off
(Table 1). This grouped patients according to low and
high MBSS. In the low MBSS group, median scores were
5 (IQR: 4-9; range: 0-9), and in the high MBSS group median scores were 13 (IQR: 12-17; range: 12-21). A majority (67%) of patients had R0 resections, 15% had a portal
vein resection and the median follow-up was 18.5 mo.
There were three missing survival times, one in the low
and two in the high MBSS categories. One subject in the
low MBSS category died earlier than 1 mo after surgery.
Survival data, using the Kaplan Meier survival method is displayed in Figure 1A. Median overall survival
was 23 mo, and 5-year survival was 29.4% (95%CI:
19.2%-40.3%). Figure 1B shows the Kaplan Meier survival estimate stratified by MBSS category. For low and high
MBSS the median survival was 45 and 17 mo respectively
(P = 0.005; logrank test). At twelve months, survival was
83.3% (95%CI: 66.6-92.1) vs 58.1% (95%CI: 42.1-71.2)
in those with low vs high MBSS, and 24 mo survival was
63.8% (95%CI: 45.9-77.1) and 34.0% (95%CI: 20.2-48.2)
respectively.
The strongest univariate predictor of survival was
the MBSS (HR = 2.13; P = 0.007) and additionally age
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A

Table 2 Patient characteristics n (%)

65 (23– 88)
39 (53)
44 (47)
3.1 (0.5-10.8)
n=4
40 (48)
21 (25)
47 (57)
65 (78)

0.75

0.50

0.25

0.00
0

20
40
Time since diagnosi in months

60

Number at risk

56 (67)
22 (27)
5 (6)

79

72.2%
64.0%
30 (36)
23 (29)
30 (35)
16.0%
13 (15)
18.5 (11-48.5)
23 mo
29.4%

B

1.00

Cumulative survival

Age, yr
Gender
Men
Women
Tumor size, cm
Missing
Presenting symptoms
Weight loss > 10%
Smoking
Pain
Jaundice
Margin status
R0
R1
R2
1 yr overall survival
R0
R1/2
Lymph Node Status
Positive
Negative
Missing
Average lymph node ratio
Portal vein resection
Median follow-up in months (IQR)
Median survival
5 yr survival

Cumulative survival

Median, (range) (n = 83)

Variable

Kaplan-Meier survival estimate

1.00

0.75

39

24

16
MBSSgrp = 0
MBSSgrp = 1

0.50
0.25
0.00
0

10

20
30
40
Time since diagnosi in months

50

60

Number at risk
1

MBSSgrp = 0

Table 3 Survival probabilities by McGill Brisbane Symptom
Score and chemotherapy
Time (mo)

Probability if high MBSS
(95%CI)

Chemotherapy
12
24
No chemotherapy
12
24

36

0.80 (0.58-0.91)
0.64 (0.42-0.79)

0.41 (0.19-0.63)
0.35 (0.14-0.57)

0.90 (0.47-0.99)
0.60 (0.25-0.83)

16

10

16

8

6

MBSSgrp = 1

Probability if low MBSS
(95%CI)

0.69 (0.48-0.83)
0.33 (0.16-0.52)

23

43

Figure 1 Kaplan-Meier survival curve. A: Kaplan-Meier survival curve for the
overall pool of subjects including numbers at risk at each time point and limited
to 60 mo of analysis time; B: Kaplan-Meier survival curves of two subgroups of
subjects defined by McGill Brisbane Symptom Score category and including the
numbers at risk at each time point. (Log rank test for equality of survival curves,
low MBSS vs high MBSS P = 0.005). MBSS: McGill Brisbane Symptom Score.

1

Survivor function is calculated over full data and evaluated at indicated
times. MBSS: McGill Brisbane Symptom Score.

and margin status were significant. Other co-variates not
significantly associated with survival in univariate analysis
included tumor size, sex and adjuvant chemotherapy. The
MBSS grouping exhibited an interaction with the use of
chemotherapy: survival probabilities according to MBSS
and the use of adjuvant/neoadjuvant chemotherapy at
12 mo or at 24 mo are given in Table 3. The low MBSS
group had a survival of 83% and 64% at 12 and 24 mo
respectively irrespective of the use of adjuvant chemotherapy. However, in the high MBSS group, survival
without chemotherapy was almost half that of the group
receiving chemotherapy at 12 mo: 41% vs 69% (non
statistically significant trend) although survival at 24 mo
was similar (35% vs 33%) suggesting that chemotherapy
may decrease first year mortality, but only within the high
MBSS group.
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In the multivariate Cox model (stratified by chemotherapy), after addition of clinically meaningful covariates, MBSS was the variable with the strongest association
(HR = 2.63; p = 0.001); only age (HR = 1.03; p = 0.027)
and size of tumor (HR = 1.21; P = 0.101) improved the
model further while gender and margin status did not and
were excluded (Table 4). Table 4 also explores the abovementioned possible interaction of MBSS and adjuvant
chemotherapy in a multivariable model; chemotherapy
was found to have an important interaction with MBSS
as supported by a strong trend though this result was not
significant. This confirmed the initial univariate results
suggesting a lower mortality in high MBSS, but not low
MBSS, patients receiving adjuvant chemotherapy. This interaction variable, on Cox model (Table 4), resulted in an
adjusted mortality HR for the high MBSS (compared to
low MBSS) of 4.14 (95%CI: 1.48-11.64) without chemotherapy and 2.11 (95%CI: 1.06-4.17) with chemotherapy.
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Table 4 Results of multivariable Cox regression analysis
Variable

HR

Model 1 (n = 83) Stratified by chemotherapy status
High MBSS
2.63
Age
1.03
Tumor size (cm)
1.21
Model 2 (n = 74) Interaction between MBSS group and chemotherapy status
Low MBSS
Chemotherapy
1.29
Age
1.03
Tumor size (cm)
1.16
No Chemotherapy
High MBSS
4.14
Chemotherapy
High MBSS
2.11

Coef.

P value

0.969
0.030
0.189

0.001
0.027
0.101

1.49
1.00
0.96

4.67
1.06
1.51

0.256
0.032
0.149
1.421
0.740

0.625
0.024
0.190
0.007
0.033

0.46
1.00
0.93
1.48
1.06

3.61
1.06
1.45
11.64
4.17

95%CI for HR

Margin status and gender did not significantly improve the prediction model. Measure of interaction on multiplicative scale: HR= 0.51, (95%CI: 0.15-1.74;
high MBSS vs low MBSS, P = 0.28. MBSS: McGill Brisbane Symptom Score.

DISCUSSION
This report illustrates the survival of a modern cohort of
patients with localized and resectable PHA: the overall
median survival was 23 mo, and 5-year survival was 29%.
Although all patients appeared similar in that they had
resectable disease and underwent a pancreaticoduodenectomy with curative intent, the results demonstrate that
they in fact represent a heterogeneous group with respect
to ultimate survival. An important part of this heterogeneity can be discriminated on the basis of presenting
symptoms alone as measured by the MBSS prior to pancreaticoduodenectomy. Overall survival in the cohort was
45 mo for patients with low MBSS, whereas it was 17 mo
for high MBSS patients (P = 0.005). The ability of the
preoperative MBSS to predict postoperative survival was
significant (HR = 2.63; 95%CI: 1.49-4.67), and it outperformed conventional predictors such as tumor size,
pathological margin status, and adjuvant administration
of chemotherapy.
Although a majority of clinicians are sensitive to the
local and systemic symptoms of a potentially resectable
PHA patient, decision-making is usually based primarily
on radiological staging[12] unless there is a strong suspicion of extra pancreatic disease[19]. The literature reports
that the most common symptoms of pancreatic head
cancer are jaundice, general fatigue, nausea, pain, and
weight loss, and the most frequent of these at onset seem
to be abdominal pain followed by back pain and jaundice[20,21]. In spite of this, there is a paucity of literature
on the relationship between symptoms at diagnosis and
prognosis from this disease. Earlier studies have demonstrated that patients with back pain were more likely to
have a poorer prognosis[22-24], while more recent studies
have looked at the timing of the onset of symptoms in
relation to prognosis[21]. The latter authors concluded that
jaundice was associated with significantly better survival
than other symptoms, whereas back pain was associated
with significantly worse prognosis[21]. Although this does
not concur with our findings, one possible explanation
is the exclusion of pancreatic tail tumors in our report.
We chose to exclude patients undergoing resection for
adenocarcinomas of the body and tail of the pancreas to

WJG|www.wjgnet.com

address prognosis in a more homogeneous fashion. Pancreatic tail adenocarcinomas rarely exhibit jaundice, and
these lesions may have a poorer prognosis because they
tend to present clinically very late in the clinical course[25].
Although smoking is not a symptom per se, cigarettes are
estimated to cause both a 75% increase in the risk of
pancreatic cancer[25] (this risk persists up to 10-15 years
after cessation[26]) and a worse pancreatic cancer survival[25,27]. This is why it was originally decided to model
“smoking within the past 5 years” into the MBSS.
Few other clinical scores exist in the literature to predict survival after PHA. A nomogram was published by
Brennan et al[28] in 2004 and was found to discriminate
disease specific survival. The components of the nomogram were age, sex, need for portal vein resection, splenectomy, margin of resection, location of tumor in the
pancreas, differentiation, number of positive and negative
nodes, back pain, T stage, weight loss, and pathological
features. Some patients in that study received preoperative chemotherapy and radiotherapy. Though this nomogram has been validated[28], disadvantages include that it
cannot be utilized preoperatively for possible neoadjuvant decision-making, and that it is somewhat complex
to apply in the absence of known regression coefficients.
In comparison, the assignation of a high or low MBSS is
strictly based on bedside preoperative clinical data. The
MBSS can moreover be used in a dichotomized form
(cut-off > 9) which makes it very useful for clinicians.
To originally create and validate the MBSS, we had
previously analyzed a cohort of 126 unresectable PHA
patients for symptoms and baseline factors which are
widely documented upon initial clinical presentation[13].
We had found only four factors (weight loss, jaundice, abdominal pain, and smoking) to be significantly associated
with survival. The current data mirrors in resectable PHA
patients the strong association between the MBSS and
survival previously observed in unresectable patients (HR
= 2.7; P < 0.001)[13] and this hazard ratio is even greater
in the absence of adjuvant chemotherapy (HR = 4.14;
P = 0.007). The MBSS has now been validated in two
different contexts: in unresectable pancreatic cancer patients, and in PHA patients undergoing pancreaticoduodenectomy, with or without adjuvant chemotherapy. The
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consistently similar hazard ratios hint to a reproducible
biological classification of PHA patients at initial presentation. On multivariate analysis, the MBSS was moreover
found to be a better indicator of survival than previous
reported markers, including size of tumor and resection
margin status (Table 4). Although we were not able to
evaluate the usefulness of CA 19-9, it has been found by
others[18] to be significantly associated with survival after
resection for pancreatic cancer. Jaundice is known to upregulate CA-19-9, and the lack of a standardized timing
for its measurement after preoperative biliary decompression may have confounded our already small sample size.
A finding of particular importance is the possible
interactive effect of chemotherapy in the high MBSS
group. Table 4 demonstrates that this effect is not simply
an effect of low MBSS patients being selected to receive
chemotherapy and vice versa. We found that the use of
chemotherapy was associated with a very strong trend
towards improved survival in the high MBSS group as
evidenced by a decrease in the hazard ratio for mortality
from 4.14 to 2.11. This could mean that a survival benefit
does accrue for patients with high MBSS who are given
chemotherapy, though the interaction effect displayed
wide confidence intervals and was not statistically significant possibly because of the sample size. These results
should be considered of possible clinical significance
and warrant exploration. Conversely, we were not able to
demonstrate a positive effect for chemotherapy in the low
MBSS group, perhaps because the survival of this group
of patients is already much greater than the high MBSS
patients. The possibility that patients with low MBSS may
not benefit from chemotherapy in terms of survival, with
its attendant possible side effects, may also warrant further evaluation in optimizing an individualized approach
to treatment which balances survival with quality of life.
The MBSS may be perceived as a clinical counterpart to
the utility and application of molecular markers in a personalized medicine context, which is expected to increase
in the future[29].
Perhaps the greatest immediate utility of the MBSS
does not relate to possible decision-making but rather
to a way of meaningfully stratifying PHA patients in an
objective way similar to that already used subjectively by
astute clinicians. Preoperative MBSS stratification of patients may allow investigators to detect a possible therapeutic effect more effectively and with fewer patients
by controlling for what has up until now been inherent
confounding. This ability may prove especially useful to
better evaluate the results of newer prospective treatment
options in the neoadjuvant context.
In conclusion, the MBSS is a simple yet powerful
prognostic stratification tool for both resectable and
unresectable PHA patients. The MBSS has now been
validated in multiple different cohorts with PHA. The
main advantage of the MBSS lies in its simplicity and its
preoperative application to allow effective stratification
of patients upon inclusion in trials in order to detect beneficial effects more efficiently. Also, the suggested effect
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of chemotherapy in our cohort possibly supports targeting patients with high MBSS more specifically for inclusion in newer oncology trials to optimize the potential of
demonstrating a therapeutic difference.
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Abstract
AIM: To elucidate the endoscopic features that predict
the cancer following endoscopic submucosal dissection
(ESD) in patients with high-grade neoplasia (HGN).
METHODS: We retrospectively analyzed the medical records of patients who underwent ESD of gastric
neoplasms from January 2007 to September 2010. ESD
was performed in 555 cases involving 550 patients. A
total of 112 lesions from 110 consecutive patients were
initially diagnosed as HGN without cancer by forceps
biopsy, and later underwent ESD. We classified lesions
into two groups according to histologic discrepancies
between the biopsy and ESD diagnosis. Gastric adenoma in the final diagnosis by ESD specimens were de-
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fined as adenoma group. Lesions with coexisting cancer
after ESD were defined as cancer group.
RESULTS: The mean age was 65.3 years, and 81 patients were male. There was no significant difference in
the age or gender distribution between the adenoma
(n = 52) and cancer (n = 60) groups. Thirty-six of
these lesions (32.1%) showed histologic concordance
between the forceps biopsy and ESD specimens, 16
(14.3%) showed a downgraded histology (low-grade
neoplasia), and 60 (53.6%) showed an upgraded histology (cancer). A red color change of the mucosal
surface on endoscopy was found in 27/52 (51.9%) of
cases in the adenoma group and in 46/60 (76.7%) of
cases in the cancer group (P = 0.006). Ulceration of the
mucosal surface on endoscopy was found in 5 (9.6%)
of 52 lesions in the adenoma group and in 17 (28.3%)
of 60 lesions in the cancer group (P = 0.013). In the
multivariate analysis, a reddish surface color change
and mucosal ulceration were significant predictive factors correlated with cancer after ESD of the HGN by
forceps biopsy.
CONCLUSION: HGN with a red color change or mucosal ulceration correlated with the presence of gastric
cancer. These finding may help to guide the diagnosis
and treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Stomach; Neoplasms; Carcinoma; Adenoma; Endoscopy; Dissection; Risk factors
Core tip: A discrepancy may exist between the diagnosis using endoscopic forceps biopsies (EFB) samples
and totally resected specimens because only a small
portion is sampled. Considering the risk of missing a
cancer diagnosis, it is necessary to identify morphological characteristics on endoscopy that suggest coexisting
cancer in patients diagnosed with high-grade neoplasia
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(HGN) on initial EFB. HGN with a red color change or
mucosal ulceration correlated with the presence of gastric cancer. Characteristic endoscopic findings suggesting gastric cancer may help to determine the diagnosis
and guide treatment in patients with HGN.

predictive factors of coexisting cancer foci in cases diagnosed with HGN by initial EFB. The aim of this study
was to identify endoscopic features predicting cancer
after endoscopic submucosal dissection (ESD) in patients
with an initial diagnosis of gastric adenoma with HGN.

Kim JH, Kim YJ, An J, Lee JJ, Cho JH, Kim KO, Chung JW,
Kwon KA, Park DK, Kim JH. Endoscopic features suggesting
gastric cancer in biopsy-proven gastric adenoma with high-grade
neoplasia. World J Gastroenterol 2014; 20(34): 12233-12240
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12233.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12233

MATERIALS AND METHODS

INTRODUCTION
The terms adenoma/dysplasia refer to the architecture
of an abnormal proliferative lesion formed by dysplastic
epithelium[1]. Currently, each of these terms are classified
into two categories using the revised Vienna classification, encompassing categories 3 and 4 of this classification [category 3-which includes low grade adenoma/dysplasia (low-grade neoplasia, LGN) and category 4-which
includes high grade adenoma/dysplasia (high-grade neoplasia, HGN), carcinoma in situ, suspicious for invasive
carcinoma, and intramucosal carcinoma)[2-4]. The revised
Vienna classification has helped to guide treatment strategies[4]. Based on this classification, it is strongly recommended that category 4 lesions be completely resected
endoscopically or by local surgical resection, unlike category 3 lesions.
Endoscopic forceps biopsies (EFB) are commonly
used to provide a histologic diagnosis for gastric neoplasms. If gastric cancer is confirmed by EFB, preresection staging is needed to decide whether or not
endoscopic resection can be considered, even for early
gastric cancer (EGC). If EFB specimens were diagnosed
with HGN, it is generally considered an absolute indication for local resection[4], because the reported progression to cancer for HGN cases is 10%-81%[5-7]. However,
a discrepancy may exist between the diagnosis using EFB
samples and totally resected specimens because only a
small portion is sampled[8]. Therefore, HGN from EFB
samples cannot exclude the presence of cancer foci in
the remaining lesion[9,10]. If these patients undergo endoscopic resection, clinicians should strive for a more accurate diagnosis.
It is not been shown whether HGN cases diagnosed
with initial EFB should have a repeat endoscopy with
more biopsies, or if further evaluation for gastric cancer
should be conducted because cancer in the remaining
mass cannot be excluded. Considering the risk of missing
a cancer diagnosis, it is necessary to identify morphological characteristics on endoscopy that suggest coexisting
cancer in patients diagnosed with HGN on initial EFB.
To our knowledge, there have been no reports of
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Study population
We retrospectively analyzed the medical records of patients who underwent ESD for gastric neoplasms at
Gachon University Gil Medical Center (Incheon, Korea). From January 2007 to September 2010, ESD for
gastric neoplasia was performed in 555 cases involving
550 patients. ESD was performed using standard ESD
techniques, and was indicated if the following criteria
were met: lesions with HGN regardless of size, well-tomoderately differentiated adenocarcinoma confined to
the mucosa < 2 cm by endoscopic measurements without evidence of lymph node involvement or distant metastases on computed tomography (CT) and endoscopic
ultrasonography (EUS). A total of 112 lesions from 110
consecutive patients were initially diagnosed with HGN
without cancer using a forceps biopsy, and later had
ESD performed. All gastric adenomas with HGN were
diagnosed using a forceps biopsy, and were confirmed as
either a gastric adenoma or gastric cancer after ESD. All
ESDs were performed within 2 mo following the initial
HGN diagnosis by forceps biopsy.
We classified lesions into two groups according to
histologic discrepancies between the biopsy and ESD
diagnosis. LGN and HGN in the final diagnosis by ESD
specimens were clustered into one category termed “adenoma group”. Lesions with coexisting cancer after ESD
were defined as “cancer group”. That is, the “adenoma
group” had lesions without coexisting cancer and the
“cancer group” included lesions with coexisting foci of
cancer.
Informed consent, with adequate explanation of
the procedure, was obtained from each patient. This
study was approved by the Institutional Review Board
of the Gachon University Gil Medical Center (IRB No.
GIRBD0022-2012).
Forceps biopsy
The gastric lesion size was measured using endoscopic
forceps [open size = 6 mm in diameter (Olympus FB24K-1; Olympus, Tokyo, Japan)]. If dysplasia or cancer
was suspected, we typically sampled two to four biopsy
specimens from each lesion. The specimens were fixed in
formaldehyde, and submitted to a pathologist for histologic evaluation.
Endoscopic procedures
Gastric lesions were first identified and demarcated
using white-light endoscopy and chromoendoscopy
that sprayed 0.1%-0.5% indigo carmine was routinely
performed to determine the tumor shape and margin
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(GIF-Q 240, 260, and H260; Olympus). After gastric
lesion visualization, lesion margins were marked using
electrocautery (VIO 300D; ERBE, Tübingen, Germany)
using argon plasma coagulation (VIO APC2; ERBE),
fixed flexible snares (Kachu Technology, Seoul, Korea) or
a dual knife (KD-650L; Olympus). Submucosal injection
of hypertonic saline mixed with epinephrine was used to
produce a mucosal bleb. A circumferential incision (precut) was performed using the fixed flexible snare, insulated-tipped2 (IT2) knife (KD-611L; Olympus), or a dual
knife along the outer borders of the lesion. The lesions
were dissected from the deep layers of stomach wall with
an IT2 knife, dual knife, or fixed flexible snare with electrosurgical units (VIO 300D; ERBE). The resected specimens were oriented using small pins, and fixed in an 8%
formaldehyde solution. The specimens were embedded
in paraffin, and cut into 2-mm sections for pathologic
diagnosis.
Endoscopic reports
Endoscopic reports and photographs were reviewed by
two experienced endoscopists for endoscopic lesion features. These reports and photographs were blinded and
reviewed. If there was a discrepancy between the two
endoscopists, a final consensus was reached after further
discussion. Parameters included the lesion size (maximal
diameter), location, macroscopic type and surface configuration (red color change, nodular change, and mucosal
ulceration).
The Paris classification was used to classify the macroscopic lesion type: elevated, flat, or depressed[11]. Elevated
lesions were subdivided as follows: type 0-Ⅰ, type 0-Ⅱa,
or a combination of these types, such as type 0-Ⅰ + Ⅱa,
0-Ⅱa + Ⅱb, 0-Ⅱa + Ⅱc. Depressed lesions were subdivided as follows: type 0-Ⅱc, 0-Ⅲ, and a combination of
these types, such as type 0-Ⅱc + Ⅱa, 0-Ⅲ + Ⅱa. A type
0-Ⅱb lesion was classified as flat.
A red color change was defined as a red discoloration
on the mucosal surface of the lesion compared to the
surrounding mucosa. Nodular change was defined as the
presence of irregularly raised nodular mucosa in the main
lesion. Mucosal ulceration was defined as a lesion with a
mucosal defect. The longitudinal and horizontal location
of lesions was described using the Japanese Classification of Gastric Cancer[12]. In this system, the stomach is
anatomically divided into three sections, the upper, mid,
and lower third. The cross-sectional parts of the stomach
are divided into four equal sections: anterior wall, lesser
curvature, posterior wall, and greater curvature.
Histologic procedures
Pathology slides of EFB samples and ESD specimens
were reviewed by single experienced pathologist who had
no information on the initial pathologic diagnosis and
clinical information. The pathologic diagnosis of gastric
dysplasia and cancer were determined based on recently
published criteria[13,14]. LGN was diagnosed if the following criteria were met: the glands had a similar shape and
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were slightly crowded with a regular arrangement, and the
nuclei were basally oriented, spindle-shaped, and mildly
hyperchromatic. If the lesions had more architectural abnormalities, including gland branching and budding, they
were diagnosed as HGN. A cancer diagnosis required
a higher nuclear grade, and either a prominent back-toback or syncytial growth pattern, abortive microglands, or
small clusters of epithelial cells within the lamina propria
between glands. Lesion with combined findings of adenoma and cancer were classified as cancer.
Statistical analysis
Statistical analysis was performed using SPSS 12.0 (IBM
SPSS Statistics, IBM Corporation, Armonk, NY) for MS
Windows®. In the univariate analysis, continuous data
were analyzed using the independent t-test, and other categorical data were analyzed using the χ 2 or Fisher’s exact
test. Multivariate analysis by logistic regression was performed using the statistically significant variables found
in the univariate analysis. Two-tailed P values of 0.05 or
less were considered to indicate significance.

RESULTS
Patients’ characteristics
Baseline patient characteristics are summarized in Table 1.
The mean patient age was 65.3 years (range: 40-82), and
81 (72.3%) were males. Post-ESD specimen pathology
classified 52 cases in the adenoma group and 60 cases in
the cancer group (Figures 1 and 2). There was no significant difference in the age or gender distribution between
the two groups. After the histology review of the 112
ESD specimens, 36 of these lesions (32.1%) showed
histologic concordance of the diagnosis between the forceps biopsy and ESD specimens, 16 (14.3%) showed a
downgraded histology (LGN), and 60 (53.6%) showed an
upgraded histology (cancer).
Endoscopic findings
The mean lesion diameter was 16.1 ± 10.7 mm in the
adenoma group and 18.1 ± 11.3 mm in the cancer group.
The prevalence of cancer increased as the size of the adenoma increased, but no significant difference was noted
between the groups.
The most common longitudinal and horizontal location was the lower third (88.5% vs 88.3%) and lesser
curvature (30.8% vs 43.3%) in both groups. The elevated
type was the most common in the adenoma group, and
a depressed type was the most common in the cancer
group. However, no significant difference was noted between the two groups.
Nodular change was seen in 26 cases in the adenoma
group and in 38 cases in the cancer group, but these
differences were not significant (Table 1). A red color
change and surface ulceration on endoscopy were found
significantly more frequently in the cancer group (Figure 2). A red color change of the mucosal surface on
endoscopy was found in 27/52 (51.9%) of cases in the
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Table 1 Baseline characteristics and endoscopic features in the adenoma and carcinoma groups n (%)

Age (yr)
Gender
Male
Female
Lesion size
Tumor location (longitudinal)
Upper third
Middle third
Lower third
Tumor location (horizontal)
Anterior wall
Lesser curvature
Posterior wall
Greater curvature
Size (cm)
<1
1-1.9
2-2.9
≥3
Macroscopic type
Elevated
Flat
Depressed
Surface configuration
Nodular change
Red color change
Mucosal ulceration
Interval between biopsy and ESD (d)

Adenoma group

Cancer group

Univariate analysis

(n = 52)

(n = 60)

P value

65.2 ± 10.3

65.5 ± 10.2

0.879
0.270

35 (67.3)
17 (32.7)
16.1 ± 10.7

46 (76.7)
14 (23.3)
18.1 ± 11.3

1 (1.9)
5 (9.6)
46 (88.5)

4 (6.7)
3 (5.0)
53 (88.3)

11 (21.2)
16 (30.8)
7 (13.5)
18 (34.6)

12 (20.0)
26 (43.3)
10 (16.7)
12 (20.0)

10 (19.2)
28 (53.8)
10 (19.2)
4 (7.7)

11 (18.3)
26 (43.3)
14 (23.3)
9 (15.0)

24 (46.2)
17 (32.7)
11 (21.2)

18 (30.0)
20 (33.3)
22 (36.7)

26 (50.0)
27 (51.9)
5 (9.6)
29.5 ± 17.1

38 (63.3)
46 (76.7)
17 (28.3)
29.0 ± 15.1

Multivariate analysis
OR (95%CI)

P value

2.682 (1.061-6.784)
3.562 (1.056-12.021)

0.037
0.041

0.347
0.327

0.308

0.542

0.121

0.155
0.006
0.013
0.886

ESD: Endoscopic submucosal dissection.

A

B

C

D

E

F

Figure 1 Endoscopic and pathologic findings in a 66-year-old female patient with low-grade neoplasia. In this case, forceps biopsy specimens showed highgrade neoplasia, but endoscopic submucosal dissection (ESD) revealed low-grade neoplasia. A, B: A 22-mm, type 0-Ⅱb lesion was observed in the greater curvature
aspect of the antrum. This lesion had a nodular change; C: There was artificial ulceration after successful ESD; D-F: The pathologic findings in the ESD specimen
showed a tubular adenoma with low-grade neoplasia. The glands had a similar shape and were slightly crowded with a regular arrangement, and the nuclei were basally oriented, spindle-shaped, and mildly hyperchromatic (D: HE stain, × 12.5; E: HE stain, × 40; F: HE stain, × 200).
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A

B

C

D

E

F

Figure 2 Endoscopic and pathologic findings in a 51-year-old male patient with mucosal cancer. In this case, forceps biopsy specimens showed high-grade
neoplasia, but endoscopic submucosal dissection (ESD) revealed adenocarcinoma. A, B: An 8-mm, type 0-Ⅱc lesion was observed in the greater curvature aspect of
the antrum. This lesion had a smooth surface, red color change, and mucosal ulceration; C: There was artificial ulceration after successful ESD; D-F: The pathologic
findings in the ESD specimen showed a tubular adenocarcinoma with focal areas of invasion into the lamina propria. The carcinoma cells have hyperchromatic nuclei
with irregular nuclear membranes and prominent nuclei (D: HE stain, × 12.5; E: HE stain, × 40; F: HE stain, × 200).

adenoma group and in 46/60 (76.7%) of cases in the
cancer group (P = 0.006). Ulceration of the mucosal surface on endoscopy was found in 5 (9.6%) of 52 lesions
in the adenoma group and in 17 (28.3%) of 60 lesions in
the cancer group (P = 0.013).
In the multivariate analysis, a red surface color change
(OR = 2.682; 95%CI: 1.061-6.784, P = 0.037) and mucosal ulceration (OR = 3.562; 95%CI: 1.056-12.021, P =
0.041) were significant predictive factors of cancer after
ESD of HGD by forceps biopsy.

DISCUSSION
Generally, when a diagnosis of HGN is made from EFB,
the possibility remains that the lesion may have been
under-diagnosed or the presence of cancer foci may have
been missed. This possibility has not been strongly considered, because HGN and cancer require the same treatment and clinical management[4]. According to the revised
Vienna classification[4], it is recommended that followup or endoscopic resection be performed for LGN, and
endoscopic or local surgical resection be conducted for
HGN or cancer. Previous studies have been conducted to
identify predictive factors in adenomas for HGN or carcinoma because these require different therapeutic plans.
No previous studies have identified a predictive factor for
cancer upon the diagnosis of HGN from EFB. This may
result in an inaccurate diagnosis and unsuccessful treatment of lesions in their early stage. Therefore, the revised
Vienna classification is deemed incomplete in terms of
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the possibility of missing a cancer diagnosis.
In the present study, 53.6% (60/112) of patients with
gastric HGN were shown to have gastric cancer after
ESD. We suggested that cases of possible gastric cancer
should be carefully reviewed to determine the need for rebiopsy, differing therapeutic methods, and further evaluation for the presence of metastasis prior to resection.
A histologic diagnosis from EFB samples provides
the most reliable information for the diagnosis of gastric
neoplasia prior to complete resection. However, EFB
does not fully evaluate the entire lesion, and may lead to
an inaccurate diagnosis. EFB is a simple and rapid technique, but this method has some of weaknesses[15]. Differentiation between adenomas and well-differentiated
cancer can be difficult in small biopsy specimens. In
addition, cancer can sometimes be present focally in the
lesion. Histologic modifications such as regeneration,
which is induced by inflammation, may increase the difficulty of diagnosing atypia. To reduce these errors, we can
increase the number of biopsy specimens. If sufficient
EFB specimens are sampled or additional endoscopic
sessions for repeated EFB are been performed, a more
accurate histological diagnosis is possible. However, this
strategy will increase costs and create submucosal lesion
fibrosis from previous biopsies[9]. In lesions with fibrosis,
endoscopic resection may be more difficult, increasing
the risk of complications such as bleeding and perforation[9]. Therefore, additional biopsies should be performed carefully if endoscopic resection is anticipated.
Several reports of conventional endoscopic findings

12237

September 14, 2014|Volume 20|Issue 34|

Kim JH et al . Endoscopic features suggesting cancer

that predict malignancy in gastric adenomas have been
published[13,16-20]. Previous reports show that LGN greater
than 1.0 cm in size was an independent risk factor for
coexisting HGN foci[13], and gastric adenoma with HGN
were significant factors associated with cancer[19]. A lesion
greater than 1 or 2 cm, depressive morphology, and a red
surface color change, and mucosal ulceration are predictive factors for the presence of cancer in adenoma with
LGN and HGN[16,17,19,20]. A lesion size greater than 1 cm,
a depressed lesion, and mucosal erythema are predictive
factors for HGN or cancer in LGN[18]. In case of LGN
diagnosis by EFB, depressed lesion larger than 15 mm in
size and protruding lesion larger than 20 mm in size was
reported risk factors suggesting cancer[20].
The present study has shown that the size, nodularity, and macroscopic type are not predictive factors for
cancer in HGN lesions. The multivariate analysis showed
that only a red color change and mucosal ulceration were
independent risk factors for cancer in HGN. Based on
the previous literature and our results, we hypothesize
that morphological changes occur in a sequential order
while LGN progresses to HGN and then cancer. If the
size of a depressed lesion increases, and surface erythema
or surface ulceration develops with LGN, this indicates a
high potential for malignant transformation into HGN or
cancer. We suggested that red color change and mucosal
ulceration are the two most reliable predictive factors for
cancer in adenoma with HGN.
There is no standard method of resection for HGN.
ESD provides a higher en bloc resection rate with tumorfree margins regardless of size, thus allowing for more
accurate and detailed pathological evaluation and minimizing recurrence risk compared to conventional endoscopic mucosal resection[21,22]. Also, it is less invasive than
surgical resection, including laparoscopic wedge resection
and function-preserving gastrectomies, conserving the
whole stomach, and improving postoperative quality of
life[22,23]. If the HGN by EFB is predicted to be EGC,
sufficient resection margins by ESD are necessary for curative resection.
Proper evaluation for the presence of cancer foci,
depth of invasion, and the presence of metastasis is important in potential candidates for endoscopic resection.
It was recently reported that metastasis is found not only
in submucosal but also in intramucosal cancers. Patients
with EGC have a low risk of lymph node metastasis:
2.2% in mucosal and 17.9% in submucosal cancer[24].
In our study, all patients in the cancer group had EGC:
51/60 (85.0%) were mucosal and 9/60 (15.0%) were
submucosal. In patients with EGC, the method of resection is determined depending on whether or not lymph
node metastasis is present. When lymph node metastasis
is found, radical surgery with complete removal of the
perigastric lymph nodes provides a greater likelihood of a
cure compared to endoscopic resection[19]. We suggested
that the need to evaluate potential lymph node metastasis
should be considered before endoscopic resection for
predicted EGC. In patients with HGN by EFB, there is
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no standard pre-resection diagnostic, and pre-resection
evaluation for invasion and metastasis in patients with
HGN is not recommended.
A recent study showed that many imaging modalities, including CT, abdominal ultrasonography (AUS),
EUS, and positron emission tomography, exhibited no
significant differences in their mean sensitivities and
specificities. The sensitivities and specificities of AUS,
EUS, and magnetic resonance imaging (MRI) varied from
poor (< 60%) to high (≥ 80%)[25]. To date, no imaging modality consistently achieves both high sensitivity
and specificity in the evaluation of T and N staging, and
enables decision making for the treatment of EGC. In
general, lymph node metastasis is significantly associated
with submucosal cancer invasion[26]. In previous studies,
the overall accuracy rate for EGC invasion depth staging was 63%-73.7% with conventional endoscopy and
67.4%-71% for EUS[27,28]. EUS was not superior in overall diagnostic accuracy to conventional endoscopy using
morphological characteristics. A recent large-scale study
showed that the overall accuracy of T staging of EGC
using conventional endoscopy was 78%[29]. As a result,
the accuracy of conventional endoscopy compared to
other methods is not inferior and provides reliable accuracy in evaluating invasion depth. A detailed endoscopic
morphological evaluation could provide useful information for selection of the optimal subsequent evaluation
methods and treatment strategy prior to endoscopic
resection. However, conventional endoscopic findings
should be applied complementary with other techniques.
In the present study, we identified two independent
predictive risk factors. If these two risk factors were used
with biopsy of proven HGN lesions, the sensitivity and
specificity for cancer detection would have been 76.7%
and 92.3%, respectively. This sensitivity was rather unsatisfactory. Therefore, methods other than conventional
endoscopic findings are required to improve sensitivity.
Recently, newly developed endoscopic imaging techniques, such as narrow-band imaging endoscopy with or
without magnifying endoscopy, I-scan, autofluorescence
imaging, and flexible spectral imaging color enhancement
were reported to be capable of predicting the histologic
characteristics and defining the margins of gastric tumors[30]. However, not all institutions will have newly developed imaging equipment because of its cost.
Our study has several limitations. First, the possibility of selection biases may be exist because this study
had a retrospective design. Second, pathologic diagnosis
was examined by a single pathologist. Third, the concordance rate of endoscopic features between observers
was not investigated. Fourth, sampling error also must be
involved because under-diagnosis or over-diagnosis of
adenoma could occur only on the basis on small biopsy
samples before resection.
In conclusion, HGN in lesions with red color change
and mucosal ulceration is correlated with the presence of
gastric cancer. Careful diagnosis is necessary before endoscopic resection, but is difficult given current diagnostic

12238

September 14, 2014|Volume 20|Issue 34|

Kim JH et al . Endoscopic features suggesting cancer

modalities. Characteristic endoscopic findings suggesting
gastric cancer may help to determine the diagnosis and
guide treatment in patients with HGN.
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els of miR-193a-5p in the normal mucosa, primary cancer, and metastatic lymph node lesions were measured
by quantitative real-time reverse transcriptase polymerase chain reaction. We evaluated the association of
its expression with colorectal cancer lymph node metastasis, clinicopathological factors, and patient survival.
RESULTS: The relative expression level of miR-193a5p was significantly lower in CRC tissues than in the
normal mucosa (P = 0.0060). The expression levels
of miR-193a-5p were lower in primary CRC tissues
with lymph node metastases than in those without
metastases (P = 0.0006), and decreased expression
of miR-193a-5p correlated with advanced lymph node
metastatic stage (P = 0.0007). Kaplan-Meier analysis
showed that patients with low miR-193a-5p expression
had decreased disease-free survival (DFS) (P = 0.0026)
and poor overall survival (OS) (P = 0.0003). Interestingly, for the group of patients with lymph node metastases, miR-193a-5p expression was also related to
survival. Patients with low miR-193a-5p expression had
decreased DFS (P = 0.0262) and poor OS (P = 0.0230).
Moreover, multivariate analysis indicated that downregulation of miR-193a-5p was an independent predictor
of poor OS.
CONCLUSION: Downregulation of miR-193a-5p correlates with lymph node metastasis and poor survival of
CRC. miR-193a-5p may be a useful biomarker for CRC
diagnosis, metastasis and prognosis prediction.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the correlation of miR-193a-5p
with lymph node metastasis and postoperative survival
of colorectal cancer (CRC) patients.

Key words: miR-193a-5p; Colorectal cancer; Lymph
node metastasis; Prognosis; Biomarker

METHODS: A total of 304 formalin-fixed, paraffinembedded specimens (69 paired cancer and normal tissues, 55 primary tumors of stage Ⅲ CRC and matched
lymph nodes, and 56 primary tumors of stage Ⅱ CRC)
were included in this study. The relative expression lev-

Core tip: We determined the expression of miR-193a5p in colorectal cancer (CRC) tissues and metastatic
lesions in the lymph nodes using quantitative realtime reverse transcriptase polymerase chain reaction.
Downregulation of miR-193a-5p correlated with tumor
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progression, lymph node metastasis and poor survival
in CRC patients. These findings suggest that miR-193a5p could be used as a molecular biomarker of diagnosis, early-stage metastasis prediction, and prognosis
forecast for CRC. This is believed to be the first study
to investigate the relationship between miR-193a-5p
expression and lymph node metastasis in CRC.
Zhang P, Ji DB, Han HB, Shi YF, Du CZ, Gu J. Downregulation of miR-193a-5p correlates with lymph node metastasis and
poor prognosis in colorectal cancer. World J Gastroenterol 2014;
20(34): 12241-12248 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12241.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12241

INTRODUCTION
Colorectal cancer (CRC) is one of the three leading
causes of cancer-related death worldwide, with approximately 1200000 new cases and 600000 deaths annually[1].
In China, the incidence and mortality from CRC have
increased rapidly in the past several decades[2], with death
generally resulting from tumor recurrence or metastasis[3].
Metastasis to regional lymph nodes plays a critical role
in CRC tumor progression; it affects prognosis[4], and
occurs commonly in early-stage metastasis. Moreover,
lymph node involvement often promotes further hematogenous metastasis[5]. After radical surgery, the 5-year
survival rate of patients with early-stage CRC is > 90%,
but the 5-year survival rate of advanced-stage patients is
< 10%[6]. Although some genes related to lymph node
metastasis have been reported, the molecular mechanisms
of early-stage metastasis in CRC are still unclear[7-9]. Thus,
identification of biomarkers associated with lymph node
metastasis of CRC will benefit clinical evaluation.
microRNAs are a class of small noncoding RNA
molecules that function by targeting 3’-untranslated
regions[10], thus altering gene expression. It has been
reported that they are involved in various biological processes, including differentiation and tumorigenesis[11].
Some studies have demonstrated that miRNAs also participate in lymph node metastasis of human cancer[12-15].
As a member of the miR-193 family, miR-193a plays a
critical role in cancer progression. In general, its expression has been reported to decrease in human cancers,
and its downregulation correlates with advanced progression[16,17]. A recent study reported downregulation of
miR-193a-5p expression in an advanced human CRC cell
line SW620 established from a metastatic lymph node[18],
and it showed that miR-193a-5p may participate in lymph
node metastasis of CRC. However, correlative studies
following the expression of miR-193a-5p in CRC tissues
or metastatic lymph node lesions (MLNLs) have not been
reported.
In this study, we investigated the expression of miR193a-5p in CRC tissues, normal mucosa and MLNLs,
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and analyzed the association of its expression with lymph
node metastasis and clinical prognosis.

MATERIALS AND METHODS
Specimens and clinical data collection
It was difficult to obtain blood samples from the patients,
so we chose formalin-fixed, paraffin-embedded (FFPE)
specimens for this study. A total of 304 FFPE specimens,
including 69 paired cancer and normal tissues, 55 primary
tumors of stage Ⅲ CRC and matched lymph nodes, and
56 primary tumors of stage Ⅱ CRC, were collected from
111 patients who underwent surgical resection at Beijing
Cancer Hospital between January 2006 and October
2007. Patients did not receive any preoperative treatment,
in particular, radiotherapy or chemotherapy. After excision, tissue specimens were sectioned for subsequent
analysis. The samples were stained with hematoxylin and
eosin and examined histopathologically. Sections containing > 90% carcinoma cells were used to prepare total
RNA. Complete clinicopathological data were collected
for each patient. All patients signed informed consent
forms. This study was approved by the Medical Ethics
Committee of Beijing Cancer Hospital.
Real-time quantitative reverse transcriptase polymerase
chain reaction
Total RNA was extracted from cancer tissues, normal
mucosa and paired lymph nodes using the miRNeasy
FFPE Kit (Qiagen, Hilden, Germany) following the
manufacturer’s instructions. For real-time quantitative
reverse transcriptase polymerase chain reaction (qRTPCR), we used TaqMan Reverse Transcription Reagents
followed by PCR Master Mix (Haoqin Biotechnology,
Shanghai, China). All reactions were run in triplicate on
an ABI7500 PCR machine using miR-193a-5p specific
primers (Haoqin Biotechnology). Following an initial
denaturation at 95 ℃ for 10 min, real-time qRT-PCR
cycling parameters included 40 cycles of denaturation at
95 ℃ for 15 s, annealing at 57 ℃ for 30 s, and final extension at 72 ℃ for 30 s. The comparative cycle threshold (Ct) method was used to calculate the expression levels of miR-193a-5p, and U6 small nuclear RNA was used
as an internal reference. The relative expression of miR193a-5p to U6 was determined using the equation 2-ΔCt,
where ΔCt = CtmiR-193a-5p-CtU6[19].
Statistical analysis
miR-193a-5p expression in CRC was compared with
expression in normal mucosa or lymph nodes using the
Mann-Whitney test (for two groups) or the KruskalWallis test (for more than two groups). Measurement
data were analyzed using Student’s t test, while categorical
data were studied using the χ 2 test. We analyzed the postoperative survival rate using the Kaplan-Meier method
and performed a log-rank test to assess the differences in
survival rates. Multivariate analysis was performed using a
Cox regression model. SPSS version 13.0 (SPSS, Chicago,

12242

September 14, 2014|Volume 20|Issue 34|

Zhang P et al . miR-193a-5p and colorectal cancer
n = 69

B

n = 69
P = 0.0060

0.1
0.01
0.001

0.0020

0.0008

0.0001
0.00001

0.000001
Cancer
tissues

C

n = 56

n = 28

D

n = 27

0.0010

0.001
0.0004
0.0001

0.00001

Mann Whitney test P = 0.0006

CRC with lymph
node metastasis

n = 55

n = 55

)

0.1

CRC without lymph
node metastasis

0.01

0.001

Relative miR-193a-5p expression RQ (2

-dCt

-dCt

Relative miR-193a-5p expression RQ (2

n = 56

0.01

0.000001

Normal
tissues

)

0.1

n = 55

0.1

)

Mann Whitney test

-dCt

Relative miR-193a-5p expression RQ (2

-dCt

)

1

Relative miR-193a-5p expression RQ (2

A

0.0006
0.0010
0.0003

0.0001

Kruskal-Wallis test

0.00001

0.000001

N0

P = 0.0007

N1

0.01

0.001
0.0004
0.0001

0.00001

0.000001

N2

0.0004

Mann-Whitney test

CRC with lymph
node metastasis

P = 0.9321

Metastatic lymph
node tissue

Figure 1 Expression level of miR-193a-5p in colorectal cancer, metastatic lymph node and normal tissues. A: Comparison of miR-193a-5p expression between colorectal cancer and normal mucosa in 69 paired samples. miR-193a-5p expression levels were higher in normal tissues than in cancer tissues (P = 0.0060);
B: Comparison of miR-193a-5p expression in primary colorectal cancer (CRC) tissue with and without lymph node metastasis. miR-193a-5p expression levels were
significantly lower in primary CRC with lymph node metastasis than without lymph node metastasis (P = 0.0006); C: Correlation of miR-193a-5p expression in primary
CRC with lymph node stage (N0/N1/N2). Decreased expression of miR-193a-5p was associated with advanced lymph node stage (P = 0.0007); D: Association of miR193a-5p expression in colorectal cancer with paired metastatic lymph nodes. No significant difference of miR-193a-5p expression was observed between colorectal
cancer and paired metastatic lymph nodes (P = 0.9321). N: Lymph node stage; N0: Stage N0; N1: Stage N1; N2: Stage N2.

IL, United States) was used for all statistical analyses. We
used two-sided P values and considered < 0.05 to be statistically significant.

Expression of miR-193a-5p decreases in primary CRC
To test the effect of miR-193a-5p on tumor progression,
the expression levels of miR-193a-5p were measured in
cancer tissues and paired normal tissues from 69 patients
with CRC. As shown in Figure 1A, miR-193a-5p expression was significantly decreased in cancer tissues to 40%
of that in the matched normal mucosa (P = 0.0060).
These data suggest that miR-193a-5p functions as a tumor suppressor to prevent progression of CRC.

stage metastasis, we analyzed the expression level of
miR-193a-5p in primary CRC with and without lymph
node metastasis. As shown in Figure 1B, miR-193a-5p expression levels in primary CRC tissues with lymph node
metastasis were significantly decreased to 40% of those
without metastasis (P = 0.0006). In addition, downregulation of miR-193a-5p significantly correlated with increasing lymph node stage. miR-193a-5p expression decreased
progressively, from 100% (stage N0) to 60% (stage N1)
and 30% (stage N2) (P = 0.0007) (Figure 1C). These data
indicated that low expression of miR-193a-5p was associated with lymph node metastasis in CRC. We also quantified the expression levels of miR-193a-5p in MLNLs, but
found no significant differences between primary cancer
tissues and MLNLs (P = 0.9321) (Figure 1D).

Expression of miR-193a-5p decreases with early-stage
metastasis and with advanced lymph node metastatic
stage
To determine the association of miR-193a-5p with early-

Decreased expression of miR-193a-5p correlates with
venous invasion and lymph node metastasis
To evaluate the relationship between expression levels of
miR-193a-5p and clinicopathological factors of CRC, we

RESULTS

WJG|www.wjgnet.com

12243

September 14, 2014|Volume 20|Issue 34|

Zhang P et al . miR-193a-5p and colorectal cancer
Table 1 Correlation between miR-193a-5p expression and
clinicopathological factors of colorectal cancer
Variable

miR-193a-5p expression

Age (yr)
Gender
Male
Female
Tumor size
≤ 5 cm
> 5 cm
Degree of differentiation
Well and moderate
Poor
Venous invasion
Negative
Positive
Depth of invasion
T1, T2
T3, T4
Lymph node metastasis
Absent
Present
Location
Colon
Rectum

b

Low (n = 56)

High (n = 55)

61.9 ± 13.9

62.3 ± 11.9

28
28

28
27

26
30

24
31

38
18

46
9

43
13

52
3

12
44

11
44

19
37

37
18

27
29

26
29

Table 2 Univariate analysis of clinicopathological factors for
overall survival of colorectal cancer patients

P value

Variable

0.298
0.924

0.768

0.053

0.008b

0.484

< 0.001b

0.921

P < 0.01 vs control group. CRC: Colorectal cancer; T: Tumor.

classified its expression as low or high according to the
median value. As shown in Table 1, the data indicated
that decreased expression of miR-193a-5p was significantly associated with venous invasion (P = 0.008) and
lymph node metastasis (P < 0.001) (Table 1). These data
indicated that downregulation of miR-193a-5p was associated with malignant behavior of CRC.
Downregulation of miR-193a-5p is associated with poor
prognosis of CRC patients
To assess the correlation of miR-193a-5p with prognosis
of CRC patients, we plotted disease-free survival (DFS)
and overall survival (OS) curves using the Kaplan-Meier
method. As shown in Figure 2, the DFS and OS rates
were significantly lower in patients with low miR-193a-5p
expression than in those with high miR-193a-5p expression (P = 0.0026, P = 0.0003, respectively). A similar result was found in the group of patients with lymph node
metastases. The DFS and OS rates were significantly
lower in patients with low miR-193a-5p expression than
in those with high miR-193a-5p expression (P = 0.0262,
P = 0.0230, respectively). Using univariate analysis of
the Cox regression model, we identified four prognostic
factors that had statistical significance: depth of invasion
(P = 0.009), venous invasion (P < 0.001), lymph node
metastasis (P < 0.001), and miR-193a-5p expression levels (P = 0.004) (Table 2). Moreover, multivariate analysis
indicated that three of these prognostic factors were also
independent predictors of poor survival in colorectal
cancer: low miR-193a-5p expression levels (log-rank test,
P = 0.031), increased depth of invasion (log-rank test,

WJG|www.wjgnet.com

Cases

Gender
Male
Female
Age (yr)
≤ 60
< 60
Tumor size
≤ 5 cm
> 5 cm
Differentiation
Well, moderate
Poor
Venous invasion
Negative
Positive
Depth of invasion
T1, T2
T3, T4
Location
Rectum
Colon
Lymph node metastasis
Absent
Present
miR-193a-5p expression
High
Low
b

HR

56
55

1
1.004

51
60

1
1.498

50
61

1
1.696

84
27

1
1.625

95
16

1
4.002

23
88

1
4.826

58
53

1
1.144

56
55

1
6.672

95%CI

0.885

0.820-2.738

0.189

0.921-3.124

0.090

0.852-3.098

0.140

2.058-7.781

< 0.001b

1.494-15.589

0.009b

0.673-1.945

0.619

3.194-13.937

< 0.001b

1.340-4.653
55
56

P value

0.582-1.874

0.004b

1
2.497

P < 0.01 vs control group. T: Tumor.

P = 0.036), and lymph node metastasis (log-rank test, P
< 0.001) (Table 3). Together, these data indicated that
downregulation of miR-193a-5p was correlated with
lymph node metastasis and poor survival.

DISCUSSION
A growing number of studies have shown that miRNAs
are involved in tumor progression and carcinogenesis[20-22], and in recent years, there has been an increased
focus on miR-193a. Some researchers have reported the
downregulation of miR-193a in tumor tissues, with the
suggestion that it functions as a tumor suppressor[17,23-26].
In agreement with these studies, we found that the expression of miR-193a-5p decreased in primary CRC
relative to normal tissues, suggesting that decreased miR193a-5p expression may correlate with tumor progression
and carcinogenesis of CRC.
In contrast, several studies have reported higher
expression of miR-193a in tumor cells[27,28]. This inconsistency may be explained by the variation in molecular
pathways that exist in different types of cancer tissues. In
addition, Yong et al[29] found upregulation of miR-193a
expression levels in the blood samples compared with
the cancer tissues of CRC patients. The different results
are probably due to the different study design. Another
reason could be the effect of local tumor microenvironment. It is well known that miRNAs modulate the tumor
microenvironment via a variety of signaling networks[30-32],
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B

100

100

miR-193a-5p high expression n = 55
Overall survival (percent)

Disease free survival (percent)

A

50
miR-193a-5p low expression n = 56
Log-rank test P = 0.0026

50
miR-193a-5p low expression n = 56
Log-rank test P = 0.0003

0

0
0

20

40
60
Months after surgery

80

100

0

C

D
100

20

40
60
Months after surgery

80

100

100

Log-rank test P = 0.0262

Log-rank test P = 0.0230
Overall survival (percent)

Disease free survival (percent)

miR-193a-5p high expression n = 55

miR-193a-5p high expression n = 27
50

miR-193a-5p high expression n = 27
50

miR-193a-5p low expression n = 28

miR-193a-5p low expression n = 28
0

0
0

20

40
60
Months after surgery

80

100

0

20

40
60
Months after surgery

80

100

Figure 2 Kaplan-Meier survival curves of patients with colorectal cancer based on miR-193a-5p expression. A: Kaplan-Meier disease free survival curves
of patients with colorectal cancer (CRC) based on miR-193a-5p expression. Patients in the low expression group had significantly lower disease free survival rates
than those in the high expression group (log-rank test, P = 0.0026); B: Kaplan-Meier overall survival curves of patients with CRC based on miR-193a-5p expression.
Patients in the low expression group had significantly lower overall survival rates than those in the high expression group (log-rank test, P = 0.0003); C: Kaplan-Meier
disease free survival curves of patients with lymph node metastases based on miR-193a-5p expression. Patients in the low expression group had significantly lower
disease free survival rates than those in high expression group (log-rank test, P = 0.0262); D: Kaplan-Meier overall survival curves of patients with lymph node metastases based on miR-193a-5p expression. Patients in the low expression group had significantly lower overall survival rates than those in high expression group (log-rank
test, P = 0.0230). N: Lymph node stage; N0: Stage N0; N1: Stage N1; N2: Stage N2.

but in addition, the microenvironment may also exert
some effect on miRNA expression. Cismasiu et al[33] reported that expression of miR-193 varies by the location
of stromal cells, being more specific in blood vessels
compared with other cells. We think that the influence of
stromal signaling may affect miR-193a expression in cancer tissues and blood.
Recent findings have shown that the varied expression of several miRNAs correlates with CRC lymph node
metastasis and prognosis, and that they may be useful as
novel biomarkers for clinical prediction of early-stage
metastasis and prognosis[15,34,35]. Another finding, indicating that decreased expression of miR-193a-5p correlates
with early metastasis in other cancer systems[18], suggests
that miR-193a-5p is involved in early-stage metastasis
of CRC. In this study, we quantified the expression of
miR-193a-5p in primary CRC tissues. Our results demonstrated that miR-193a-5p expression was significantly
downregulated in cancer tissues with positive lymph
nodes relative to those with negative lymph nodes. These
findings suggest that downregulation of miR-193a-5p

WJG|www.wjgnet.com

correlates with lymph node metastasis of CRC and support the previous study of Yu et al[26]. He reported that
miR-193a-3p and -5p could suppress metastasis in humans. In addition, we also investigated the expression of
miR-193a-5p in MLNLs of CRC, but found no significant difference in expression between these and primary
cancer tissues. These results indicate that the cancer cells
in MLNLs came from the primary cancer lesions and had
the same aggressive properties as the primary tumor.
We assessed the correlation between miR-193a-5p
expression and clinicopathological factors and prognosis.
Our results indicated that miR-193a-5p low expression
was associated with venous invasion and lymph node
metastasis, suggesting that miR-193a-5p is involved in the
progression and early-stage metastasis of CRC. Moreover, using Kaplan-Meier survival curves, we demonstrated that higher miR-193a-5p expression was significantly
correlated with increased DFS and OS of patients with
CRC postoperatively. Conversely, lower miR-193a-5p expression was associated with poor OS, indicating that low
miR-193a-5p expression level may be useful as a marker
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tion is economically feasible if it is applied clinically to
CRC patients because just a trace of total RNA can be
tested for miR-193a-5p. Together, these results suggest
that miR-193a-5p is a useful novel biomarker of earlystage metastasis diagnosis and prognosis, and a promising
therapeutic target in the treatment of CRC.

Table 3 Multivariate analysis of clinicopathological factors
for overall survival of colorectal cancer patients
Variable

Cases

Venous invasion
Negative
Positive
Depth of invasion
T1, T2
T3, T4
Lymph node metastasis
Absent
Present
miR-193a-5p expression
High
Low

HR

95
16

1
1.607

23
88

1
3.58

56
55

1
4.214

55
56

95%CI

P value

0.799-3.230

0.183

1.087-11.793

0.036a

1.906-9.319

< 0.001b

1.070-3.993

0.031a

COMMENTS
COMMENTS
Background

1
2.067

P < 0.05 vs control group; bP < 0.01 vs control group. T: Tumor.

a

of poor prognosis in CRC. In addition, we analyzed
several clinicopathological factors by the Cox regression
method. These results showed that miR-193a-5p is an
independent prognostic indicator, suggesting that it could
serve as a novel molecular marker of early-stage metastasis and prognosis for patients with CRC. By identifying
patients who are at higher risk for early-stage metastasis
and have a poor prognosis, they may be screened and followed closely.
The exact molecular mechanisms of miR-193a-5p
involvement in early-stage metastasis of CRC have not
been elucidated. In some studies, miR-193a-5p has been
shown to inhibit tumor cell proliferation and transformation[36,37]. It was recently reported that miR-193a-5p suppresses tumor cell activity by targeting the transforming
growth factor (TGF), Wnt and mitogen-activated protein
kinase pathways[16]. Another study found that TGF promotes the progression of prostatic carcinoma by modulating p53 and YY1[38]. Other studies have shown that
YY1 improves tumor cell growth of CRC by inhibiting
p53 and activating the Wnt pathway[39]. More recently,
Schwitalla et al[40] have found that loss of p53 in enterocytes enables invasion and lymph node metastasis of
colorectal tumors. We conjecture that miR-193a-5p may
inhibit tumorigenesis and lymph node metastasis of CRC
by targeting TGF and/or p53 and regulating YY1 expression by inactivation of the Wnt pathway. This may help
to explain the downregulation of miR-193a-5p in primary
CRC tissues with lymph node metastasis in the current
study. The role of TGF in tumor progression is a doubleedged sword and its function may depend on cancer
progression[41-43]. This may partly explain the discordance
of tumorigenic and anti-tumor roles of miR-193. We are
planning additional studies to identify more precisely the
molecular mechanisms of miR-193a-5p involvement in
lymph node metastasis of CRC.
In conclusion, our studies confirm that miR-193a-5p
expression is downregulated in CRC. In addition, downregulation of miR-193a-5p is correlated with lymph node
metastasis and poor prognosis. We also found that miR193a-5p is an independent prognostic factor. Identifica-
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Colorectal cancer (CRC) is one of the three leading causes of cancer-related
death worldwide. In general, patients die from tumor recurrence or metastasis.
Metastasis to regional lymph nodes plays a critical role in CRC progression and
occurs commonly in early-stage metastasis. MicroRNAs are a class of small
noncoding RNA molecules that are involved in various biological processes, including tumorigenesis. Some studies have demonstrated that miRNAs also participate in lymph node metastasis of human cancer. A recent study has shown
that miR-193a-5p may participate in lymph node metastasis of CRC. However,
correlative studies following the expression of miR-193a-5p in CRC tissues or
metastatic lymph node lesions (MLNLs) have not been reported.

Research frontiers

Various studies have shown that miRNAs may be involved in lymph node metastasis of CRC. Although they analyzed their correlation with lymph node metastasis as a clinicopathological factor, no prior study has investigated miRNA
expression in MLNLs. Although miR-193a-5p has shown variant expression in
an advanced human CRC cell line SW620 established from a metastatic lymph
node, no further study has been conducted.

Innovations and breakthroughs

In this study, the authors found that downregulation of miR-193a-5p was correlated with tumor progression, lymph node metastasis and poor survival of CRC
patients. The findings of the study are novel and of clinical significance. It is a
promising strategy to use miR-193a-5p as a molecular biomarker for diagnosis,
early-stage metastasis prediction, and prognosis forecast for CRC.

Applications

The authors found that low expression of miR-193a-5p was associated with
lymph node metastasis and poor prognosis of CRC patients. Therefore, by
identifying patients who are at higher risk for early-stage metastasis and who
have poor prognosis, they may be screened and followed closely. This study
could provide a clue for clinical application of miRNAs to prevent early metastasis, resulting in good outcomes for CRC patients.

Terminology

U6 is one of the small nuclear ribonucleic acids (snRNAs); it is also commonly
referred to as U-RNA and often is used as an internal reference to normalize
miRNA expression because of its stable expression. Tumor microenvironment
is the cellular environment in which the tumor exists, including surrounding
blood vessels, immune cells, fibroblasts, other cells, signaling molecules, and
the extracellular matrix. As mentioned in discussion, different components of
the tumor microenvironment interact with miR-193a-5p and further induce its
variant expression.

Peer review

In this manuscript, the authors examined the expression of miR-193a-5p in
colorectal cancer tissues and the metastatic lymph node using quantitative
polymerase chain reaction. It was found that down-regulation of miR-193a-5p
correlated with tumor progression, lymph node metastasis and poor survival
in CRC patients. The manuscript is nicely written and the study design is well
constructed. The topic is innovative and of future clinical value and is indeed
within the scope of the journal. This article may open the door wide for the future use of miR-193a-5p as a molecular biomarker for diagnosis and prognosis
in colorectal cancer patients.
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RESULTS: IRAK-M expression was increased in LC patients with active disease in histopathological remission
(LC-HR; P = 0.02) and UC patients (P = 0.01), but no
differences in IRAK-2 expression were detected compared to controls. miR-146a, -155 and -21 expressions
were increased in LC-HR (P = 0.04, 0.07, and 0.004)
and UC (P = 0.02, 0.04 and 0.03) patients. miR-146a
and miR-21 expressions were significantly enhanced in
UC patients compared to UC remission (UC-R; P = 0.01
and 0.04). Likewise, active CC patients showed significantly increased expression of miR-155 (P = 0.003) and
miR-21 (P = 0.006). IL-37 expression was decreased in
both CC (P = 0.03) and LC (P = 0.04) patients with a
similar trend in UC patients but not statistically significant, whilst it was increased in UC-R patients compared
to controls (P = 0.02) and active UC (P = 0.001).
CONCLUSION: The identification of differentially expressed miRNAs, IL-37, and IRAK-M suggests different
pathophysiologic mechanisms in various disease stages
in LC, CC, and UC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate Toll-like receptor (TLR) signaling
regulators in microscopic and ulcerative colitis patients.
METHODS: Total RNA and microRNA were isolated
from fresh frozen colonic biopsies of non-inflamed
controls and patients with active or in-remission collagenous colitis (CC), lymphocytic colitis (LC), or ulcerative
colitis (UC). We compared expressions of interleukin-1
receptor-associated kinase (IRAK)-2, IRAK-M, interleukin (IL)-37, microRNA (miR)-146a, miR-155, and
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miR-21 using quantitative real time reverse transcription polymerase chain reaction.

Core tip: Epithelial destruction is observed in both
microscopic and ulcerative colitis, likely resulting in
enhanced contact between gut microbiota and Toll-like
receptors (TLRs), which do not normally face the lumen. Insufficiently regulated TLR signaling may result
in chronic inflammation. In this study, we analyzed
several important regulatory molecules of TLR signaling: receptor-associated kinase (IRAK)-2, IRAK-M, interleukin (IL)-37, microRNA (miR)-146a, miR-155, and
miR-21. A possible association between the regulatory
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effects of IRAK-M and miR-146a was revealed in both
diseases. This novel analysis of miR-155 and miR-21 in
microscopic and ulcerative colitis revealed different expressions in active disease and remission.
Günaltay S, Nyhlin N, Kumawat AK, Tysk C, Bohr J, Hultgren
O, Hultgren Hörnquist E. Differential expression of interleukin-1/
Toll-like receptor signaling regulators in microscopic and ulcerative colitis. World J Gastroenterol 2014; 20(34): 12249-12259
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12249.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12249

INTRODUCTION
Microscopic colitis (MC), comprising collagenous colitis
(CC) and lymphocytic colitis (LC), is characterized clinically by chronic watery diarrhea, abdominal pain, and weight
loss. In contrast to ulcerative colitis (UC), the colonic mucosa in MC is endoscopically normal or near-normal. Diagnosis of MC thus relies on typical histopathological features observed upon microscopic examination[1-3]. Chronic
inflammation is seen in both CC and LC, including lymphocytic infiltration of the epithelium and lamina propria,
and damaged, flattened, and detached epithelial cells with
loss of mucin[4]. In CC, a thickened subepithelial collagen
layer is observed beneath the basal membrane, whereas
the characteristic feature of LC is a more pronounced
increase of intraepithelial lymphocytes[5]. Although the
etiology remains unclear, barrier dysfunction, increased
numbers of intraepithelial T lymphocytes, and/or immune responses to luminal agents can cause dysregulated
immune responses and chronic inflammation[1].
The recognition of microbial products by toll-like
receptors (TLRs) is an early and important step in activation of the innate immune system, resulting in expression
of co-stimulatory molecules and inflammatory cytokines
such as type Ⅰ interferons (IFNs) and chemokines[6].
However, inappropriate activation, duration, or magnitude of the TLR signaling may mediate the detrimental
effects seen in chronic diseases[7]. Interleukin (IL)-1 receptor-associated kinase-2 (IRAK-2) has been suggested
to be a critical molecule in sustaining late-phase TLR responses as its kinase activity is sustained for longer than
that of IRAK-1 upon TLR stimulation[8]. Its role in inflammatory bowel diseases (IBD) is so far undiscovered.
Upon lipopolysaccharide (LPS) challenge, expression of
IRAK-M is increased through TLR-mediated NF-κB
activation, but then feeds back negatively on TLR signaling by acting on other IRAKs[9-12]. In the dextran sodium
sulfate (DSS) induced mouse model of colitis, IRAK-Mdeficient mice had exacerbated colitis and significantly
increased colonic expression of TNF, IL-1β, IL-6, and
IL-17[13]. In a previous study, we observed increased
mRNA expressions of IL-1β, IL-6, IL-17, IFN-γ and
protein expression of TNF in MC patients, which led us
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to investigate the role of the innate immune regulator
IRAK-M in MC[14]. In addition, about 19-25 nucleotidecontaining non-coding microRNAs (miRNAs) whose
expressions depend on NF-κB activity have been identified as post-transcriptional regulators of multiple TLR
signaling components at the mRNA level[15]. Whereas
miR-146a and miR-21 feed back negatively in TLR signaling, miR-155 is a pro-inflammatory miRNA[16]. Hence,
continuous stimulation of TLRs by gut microbiota may
affect microRNA levels and thus curb or induce chronic
inflammation; this could be an important factor in MC
immunopathology, as previously observed in IBD[17-21].
IL-37 (IL-1F7) is a newly described member of the
IL-1 family. It is found in small amounts under steadystate conditions but is markedly increased during inflammatory challenges to prevent excessive inflammation[22-24].
Enhanced epithelial IL-37b protein expression has been
observed in the inflamed mucosa of IBD patients[25].
Since the role of IL-37 is still not fully clarified in different inflammatory conditions, we investigated its expression levels in both MC and UC.
The inflammation in MC is more subtle than in
UC and Crohn’s disease, and so this condition is likely
an excellent “model” to study the role of basal differences in immune regulation and gain knowledge on
basic pathophysiology in chronic gut inflammation. In
the current study, we examined mRNA expression profiles of IRAK-2, IRAK-M, IL-37, miR-146a, miR-155,
and miR-21 in colonic biopsies of MC and UC patients
in active disease and in remission, compared to noninflamed controls. Our findings suggest that alterations
in expression of miR-146a, miR-155, and miR-21, IL-37,
and IRAK-M reveal different immunopathogenic mechanisms in various disease stages of LC, CC, and UC.

MATERIALS AND METHODS
Patients
Colonic mucosal biopsies were collected from a total of
12 CC, 13 LC, and 16 UC patients as well as 11 controls.
Patients with a previous history of Crohn’s disease, gastrointestinal infection, ischemic colitis, colorectal cancer,
or treatment with immunosuppressive drugs or antibiotics were excluded following endoscopic observations,
small bowel imaging, and histopathological examinations.
Biopsy specimens from MC patients and controls were
taken from the hepatic flexure, whereas biopsies from
UC patients were collected from endoscopically affected
areas of the distal colon.
MC
The MC patients underwent colonoscopy because of
watery diarrhea; some of them also had abdominal pain
and/or weight loss. In addition to the biopsy collection
for this study, routine biopsy specimens were obtained
from the proximal, transverse, and distal colon for confirmation of diagnosis through histopathological examination of paraffin embedded slides by an experienced
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gastropathologist. Histopathological criteria for CC were
a diffusely distributed and thickened subepithelial collagen layer (≥ 10 µm), epithelial damage such as flattening and detachment, inflammation in the lamina propria
with mainly mononuclear cells, and increased numbers
of intraepithelial lymphocytes (IELs). Histopathological
criteria for LC were, in addition to epithelial damage and
inflammation in the lamina propria, ≥ 20 IELs per 100
surface epithelial cells but with a normal collagen layer.
Three patients with an established diagnosis of CC
and six patients with LC no longer fulfilled the histopathological criteria for MC despite clinical symptoms of active disease. These patients were therefore categorized as
clinically active but histopathologically in remission (CCHR/LC-HR)[26] and were analyzed separately.
One of the CC patients had Sjögren’s syndrome. One
CC and one LC patient had hypothyroid disease. Two
patients with CC and two patients with LC were treated
with budesonide at the time of colonoscopy, but one of
the CC patients was on budesonide treatment only for
the last three days before the investigation. The patients
on budesonide treatment are indicated in the figures with
circled symbols.
UC
The diagnosis of UC relied on well-established diagnostic
criteria[27]. Endoscopic activity was assessed at colonoscopy and graded according to the Mayo endoscopic subscore[28]. Based on this score, patients were categorized in
two groups, with grade 0 representing endoscopic remission and grades 1-3 active disease. Six patients had active
UC, and were treated with 5-aminosalicylic acid (5-ASA)
at the time of colonoscopy. Ten patients, undergoing
colonoscopy for colitis cancer surveillance, were asymptomatic and had a Mayo score of 0. Six of them were
treated with 5-ASA, and the remaining 4 had no treatment at the time of colonoscopy. There were no patients
with conversion between LC and UC.
Controls
Eleven control individuals underwent colonoscopy due
to changes in bowel habits (n = 3), iron deficiency anemia
(n = 3), rectal bleeding (n = 3), follow up after diverticulitis (n = 1), or colon cancer screening (n = 1). All colonoscopies were endoscopically normal except for occasional
diverticula in the left colon, and routine biopsy specimens
from the ascending, transverse, and distal colon revealed
no pathological changes.
Biopsy specimens for this immunologic study were
obtained with standard biopsy forceps from the proximal
colon in both cases and controls, and were immediately
immersed in RNAlater™ (Ambion, Life Technologies,
Foster City, CA) and then stored at -80  ℃ until analysis.
Ethical approval: Patients and controls were informed
of the study protocol before endoscopy, and gave their
written consent to donate tissue samples for research

WJG|www.wjgnet.com

purposes. The study was approved by the ethics committee of Örebro-Uppsala County (#2008/278).
Total RNA and miRNA isolation: Total RNA and
miRNA were isolated with miRNeasy Kits (Qiagen,
GmbH, Hilden, Germany) according to the manufacturer’s protocol and quantified using a NanoDrop ND
1000 spectrophotometer (Nano Drop Technologies, Inc,
Wilmington, DE).
Reverse-transcription and quantitative real time reverse transcription polymerase chain reaction: All
products used in the reverse transcription and quantitative real time reverse transcription polymerase chain reaction (qRT-PCRs) were ordered from Applied Biosystems,
Life Technologies (Foster City, CA). cDNA transcription
of 1 µg/µL of total RNA was performed with HighCapacity cDNA Reverse Transcription Kits according
to the manufacturer’s protocol. For analysis of miRNA
levels, 10 ng/µl of RNA was reverse transcribed using
TaqMan microRNA Reverse Transcription Kits. The
following primer-probe sets were used for analysis of
gene expressions: IRAK-2 (Hs00176394_m1), IRAK-M
(Hs00200502_m1), and IL-37 (Hs00367201_m1).
Primer-probe sets used for human miRNAs were: miR146a-5p (000468), miR-155-5p (002623), and miR-215p (00397). Normalization of qRT-PCR results was
performed using the three housekeeping genes GAPDH
(Hs99999905_m1), GUSB (Hs99999908_m1), and 18S
(Hs99999901_s1); for miRNA normalization, RNU6B
(001093), RNU44 (001094), and RNU48 (001006) were
used. PCR amplification of miRNA and gene expressions was performed according to the manufacturers’
protocols. For gene expression, TaqMan Fast Universal
Master Mix was used with the thermal cycling parameters
suggested in the manufacturer’s protocol. For miRNA
expression profiles, TaqMan 2X Universal Master Mix
(No AmpErase UNG) and specific TaqMan probes for
each miRNA were used to quantify miRNA expressions
according to the manufacturer’s suggestions. The samples
were run in the Applied Biosystems 7900HT Fast RealTime PCR System (Life Technologies). Gene and miRNA
expression were expressed relative to the average of the
housekeeping genes and non-coding small RNAs, respectively. The comparative threshold cycle method was used
to compare results between controls and patients[29].
Statistical analysis
Data values were compared using the non-parametric
Mann-Whitney test with statistical significance set at p ≤
0.05 (GraphPad Prism 4, San Diego, CA). Statistical outliers were detected by the Tukey test and excluded from
the statistical analysis; these values are marked as crosses
(X) in the figures. The different patient groups including those with active disease (CC/LC/UC) and those
in histopathological remission (CC-HR/LC-HR) or UC
remission (UC-R), and the pooled active and histopathological remission CC and LC patients, respectively, were
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Table 1 Clinical characteristics of patients

Number of patients
Male/female
Mean age (yr) (range)
Mean duration of disease (yr) (range)

Control

Active CC

CC-HR

Active LC

LC-HR

Active UC

11
6/5
58.6 (29-88)
NA

9
1/8
67.3 (54-84)
6.8 (0-17)

3
0/3
55 (50-64)
5 (1-9)

7
0/7
69.4 (49-86)
2.3 (0-7)

6
0/6
61 (24-80)
1.2 (0-3)

6
6/0
52 (33-70)
14.3 (0-53)

UC-R
10
8/2
59 (42 -79)
29 (6-43)

CC: Specimens from collagenous colitis patients; CC-HR: Specimens from clinically active CC patients in histopathological remission; LC: Specimens from
lymphocytic colitis patients; LC-HR: Specimens from clinically active LC patients in histopathological remission; UC: Specimens from active ulcerative
colitis patients; UC-R: Specimens from UC patients in remission.

compared to non-inflamed control tissues. Patients with
active disease or in (histological) remission within the
same disease groups were also compared to each other.

RESULTS
We compared expressions of the TLR signaling regulators IRAK-2, IRAK-M, IL-37, and miR-146a, miR-155,
and miR-21 in microscopic and ulcerative colitis patients.
Characteristics of the patients are given in Table 1.
Increased IRAK-M expression but unchanged IRAK-2
expression in active UC and LC-HR patients compared
to controls
IRAK-M acts as a negative feedback regulator of TLR
signaling via blocking of IRAK-1 and -4[9-11]. Significantly
enhanced IRAK-M expression was observed in LC-HR
patients compared to controls (p = 0.01; Figure 1A, insert), and these patients also showed a trend towards an
increase compared to active LC (p = 0.07). In contrast,
CC patients did not differ significantly from controls. A
highly significant increase in IRAK-M expression was
observed in the UC patients with active disease (p = 0.002;
Figure 1A). There was a significantly reduced expression
in UC-R patients compared to UC patients with active
disease (p = 0.001; Figure 1A).We also investigated the
expression of IRAK-2, involved in up regulation of NFĸB. There was a trend towards increased IRAK-2 expression in the active UC patients compared to controls (p =
0.05; data not shown) but no significant changes in either
MC or UC-R patients compared to non-inflamed controls (data not shown). Likewise, there were no significant
differences in IRAK-2 expression between CC patients
and those in histopathological remissions (CC-HR) or
between active UC and UC patients in remission.
The results of relative mRNA expression of IRAK-M
are described in Figure 1A. Open symbols represent
patients with active disease. Filled symbols represent patients with clinically active disease but histopathologically
in remission, or UC patients in remission. Patients on
budesonide treatment are indicated by circled symbols.
Increased expression of regulatory miR-146a in LC-HR
and UC patients
miR-146a has an important regulatory role in TLR signaling through inhibition of IRAKs at the mRNA level.

WJG|www.wjgnet.com

Significantly increased expression of miR-146a was observed in LC-HR patients compared to non-inflamed
controls (p = 0.04; Figure 1B, insert). In contrast, there
were no significant changes in active LC, active CC, or
CC-HR patients compared to controls. Moreover, significantly increased expression was detected in UC patients
with active disease compared to controls (p = 0.02) and
to UC-R patients (p = 0.008; Figure 1B). Again, in contrast to UC, there were no significant differences between
CC or LC patients with active disease and those in histopathological remission.
The results of relative expression of miR146a are described in Figure 1B. Each symbol represents one patient.
Open symbols represent patients with active disease,
whereas filled symbols represent patients with clinically
active disease but histopathologically in remission, or UC
patients in remission. Patients on budesonide treatment
are indicated by circled symbols.
Increased expression of pro-inflammatory miR-155 in
colon tissues from active CC patients, LC-HR patients
and UC patients with active disease
Whereas miR-146a has a regulatory role in TLR signaling, miR-155 increases the inflammatory response. Significantly increased expression of miR-155 was observed
in active CC and LC-HR patients compared to noninflamed controls (p = 0.003 and p = 0.007, respectively),
but not in CC-HR and LC patients (Figure 1C). Similarly,
miR-155 expression was significantly increased in UC patients compared to controls (p = 0.04; Figure 1C). There
was also a trend towards increased miR-155 expression in
active UC patients compared to UC-R patients (p = 0.06).
The results of relative expression of miR155 are described in Figure 1C. Each symbol represents one patient.
Open symbols represent patients with active disease.
Filled symbols represent patients with clinically active disease but histopathologically in remission, or UC patients
in remission. Patients on budesonide treatment are indicated by circled symbols.
Increased miR-21 expression in the colons of CC,
LC-HR, and UC patients
The anti-inflammatory miR-21 is upregulated in order
to decrease miR-155 expression which in turn dampens
TLR signaling[30]. Expression of miR-21 was significantly
enhanced in both CC and LC-HR patients (p = 0.006 and
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Figure 1 Relative gene and microRNA expressions in collagenous colitis patients, lymphocytic colitis patients, collagenous colitis patients with clinically
active disease but histopathologically in remission, and lymphocytic colitis patients with clinically active disease but histopathologically in remission,
ulcerative colitis patients, and ulcerative colitis patients in remission compared to controls. A: Relative interleukin-1receptor-associated kinase M (IRAK-M)
gene expression; B: Relative microRNA-146a (miR-146a) expression; C: Relative microRNA-155 (miR-155) expression; D: Relative microRNA-21 (miR-21) expression; E: Relative interleukin-37 (IL-37) expression. miR: microRNA; CC: collagenous colitis; CC-HR: CC patients with clinically active disease but histopathologically
in remission; LC-HR: LC patients with clinically active disease but histopathologically in remission; UC: ulcerative colitis; UC-R: UC patients in remission. Patients on
budesonide treatment are indicated by circled symbols. The medians of the values are depicted lines and statistical outliers are marked as crosses (X).

p = 0.004, respectively; Figure 1D). A significantly lower
expression was detected in active LC patients compared
to LC-HR patients (p = 0.04; Figure 1D). In contrast,
there were no significant differences between CC patients
with active disease compared to those in histopathological remission (Figure 1D). Similarly to the other parameters investigated, UC patients also showed significantly
increased miR-21 expression compared to non-inflamed
controls and UC-R patients (p = 0.03 and p = 0.03, respectively; Figure 1D).
The results of relative expression of miR-21 are
described in Figure 1D. Each symbol represents one
patient. Open symbols represent patients with active
disease. Filled symbols represent patients with clinically
active disease but histopathologically in remission, or UC
patients in remission. Patients on budesonide treatment
are indicated by circled symbols.
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Reduced IL-37 expression in CC and LC patients and
increased expression in UC-R patients compared to
controls
Finally, we investigated the newly described IL-1 family cytokine IL-37, previously demonstrated to inhibit the production of pro-inflammatory mediators without affecting
the production of anti-inflammatory mediators[23]. In both
CC and LC patients, there was a significant decrease in
IL-37 expression compared to non-inflamed controls (p
= 0.03 and p = 0.04, respectively; Figure 1E). There were
no significant differences between CC and LC patients
with active disease compared to those in histopathological
remission. Similarly, active UC patients showed a trend towards decreased IL-37 expression (p = 0.06), whereas UC
remission patients demonstrated significantly increased
IL-37 expression (p = 0.02; Figure 1E) compared to controls. Comparison of active and in remission UC patients
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TLRs

Adaptor molecules
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IκB
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Figure 2 Summary of the results. miR: microRNA; CC: collagenous colitis; LC-HR: LC patients with clinically active disease but histopathologically in remission;
UC: ulcerative colitis; UC-R: UC patients in remission. Patients on budesonide treatment are indicated by circled symbols; IRAK: Interleukin-1 receptor-associated
kinase; TLR: Toll-like receptor; NF: Nuclear factor; TRAF: Tumor necrosis factor receptor-associated factor.

also revealed a highly significant increased expression in
UC patients in remission (p = 0.001; Figure 1E).
The results of relative mRNA expression of IL37are described in Figure 1E. Each symbol represents
one patient. Open symbols represent patients with active
disease. Filled symbols represent patients with clinically
active disease but histopathologically in remission, or UC
patients in remission. Patients on budesonide treatment
are indicated by circled symbols.

DISCUSSION
Although clinical and epidemiological data on MC continue to emerge[1-3], the pathophysiology of MC is still
unclear, and the search for triggering factors and underlying dysfunctions in the immune system is still at an early
stage. In this study, we explored expression patterns of
molecules involved in TLR signaling pathways as potentially important regulators of inflammatory responses.
Expressions of IRAK-2, IRAK-M, and IL-37, and three
microRNAs (miR-146a, -155 and -21) in MC and UC
patients were compared to that in controls, and several
important differences were found between CC and LC
patients, as well as between MC and UC patients in different stages of the disease (summarized in Figure 2).
Previous studies have frequently suggested that MC
shows associations with other autoimmune diseases and
with non-steroidal anti-inflammatory drugs[3]. The present study included four patients on budesonide treatment.
Overall, we did not detect any significant correlations
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between the TLR signaling regulators investigated and
other autoimmune diseases, nor did we detect any correlations between these regulators and current medications
including budesonide. Nevertheless, we cannot exclude
the possibility that low numbers of patients may have
disguised possible effects of the drugs on the parameters
investigated.
IRAK-2 is suggested to be an important molecule in
sustaining TLR responses[31]. Our finding of upregulated
IRAK-2 expression in UC patients with active disease but
not those in remission suggest that it is a marker for sustained colonic inflammation. Lack of significant changes
in IRAK-2 expression in MC patients is probably due to
the subtler inflammation in MC.
IRAK-M has varying roles in immunopathology, depending on the disease context. In chronic inflammation,
IRAK-M expression is likely desirable in order to limit excessive immune responses, though it may prevent proper
innate immune clearance of pathogens. Moreover, a possible impaired IRAK-M production has been suggested
as a risk factor for UC patients carrying three Crohn’s
disease-associated mutations in the caspase recruitment
domain 15 (CARD15) compared to patients without mutations, but this has not been demonstrated experimentally[32]. IRAK-M expression is also induced in response
to the activation of TLRs, and regulates the inflammatory
response by inhibiting IRAK-1 and IRAK-4 dissociations[12], whereas miR-146a regulates mRNA expression
of IRAK-1, IRAK-2, and TNF receptor-associated factor-6 (TRAF6) in the TLR signaling pathway[33], thereby
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inhibiting downstream signaling. By negatively regulating
TLR signaling, IRAK-M and miR-146a inhibit production of pro-inflammatory mediators and contribute to
the induction of endotoxin tolerance[12,16]. We here report
for the first time on significantly increased IRAK-M and
miR-146a expressions in UC patients with active disease,
whereas no increased expression was observed in UC
patients in remission. This might be due to enhanced exposure of gut microbiota through ulcerations[34], which is
not observed in MC; if so, healing of the mucosa is likely
to decrease IRAK-M expression to levels found in MC
patients. IRAK-M expression levels in UC or MC patients
have not previously been reported. In addition a previous
study was unable to detect significant changes in miR146a profiles in inflamed vs non-inflamed colon tissues[20].
However, that study relied on comparison between tissues from the same patient, whereas we investigated
patients with active disease or in remission. The mechanisms behind regulation of expression of IRAK-M and
miR-146a likely have common denominators, as increased
expressions were observed in both active UC and LCHR patients, but decreased expressions were noted in UC
remission and active LC patients compared to controls.
The finding of reciprocal expression levels in patients
with active UC or LC compared to patients in remission
is intriguing, and at present unexplained. Nevertheless,
it is important to note that although the LC patients did
not fulfill the histological criteria for LC, they still had
clinically active disease, whereas the UC patients in remission had no clinical symptoms. The reason for the
lack of significant differences in IRAK-M and miR-146a
expressions in CC patients compared to controls remains
unknown, but it is noteworthy that the median values in
CC patients were higher than those in controls, although
this difference did not reach statistical significance. We
have previously reported on increased IRAK-M mRNA
expression in parallel to increased severity of colitis in the
DSS-induced mouse model of colitis[13]. Ulcerations similar to those in human IBD are seen in this model, likely
due to cytotoxic effects of DSS on the epithelium.
miR-155 is regarded as a pro-inflammatory miRNA,
and hence could contribute to disease activity. It enhances
the TLR signaling pathway by repression of mRNAs
encoding the TLR signaling inhibitors SHIP1 and
SOCS1[35,36], whereas miR-21 leads to an anti-inflammatory response in TLR signaling[30]. Our finding of increased
miR-155 expression in the active UC patients compared
to controls supports the previous findings[21]. We also observed decreased expression in UC remission patients.
We found increased expression of miR-21 in UC patients with active disease compared to healthy controls,
similarly to Wu et al[17]. We also found increased miR-21
expression in patients with active CC, whereas Wu et al[17]
were unable to detect differences in MC patients. This
was most likely due to the low number of patients in
their study, which included only 2 patients with CC and
1 with LC. In addition, we detected a significant increase
in miR-21 expression in LC-HR patients compared to
controls.
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An anti-inflammatory mechanism is usually initiated
to decrease a pro-inflammatory response and maintain
homeostasis, and therefore one might expect to see both
pro-inflammatory and anti-inflammatory responses being increased simultaneously. Since active CC, LC-HR,
and active UC patients had increased expressions of
both miR-155 and miR-21 in our study, it is possible
that miR-21 expression is increased in order to decrease miR-155 expression through IL-10, which in turn
dampens TLR signaling[30]. However, we were unable to
observe changes in protein levels of IL-10[14]. Thus, our
recorded up regulated miR-155 and miR-21 expressions
may have stemmed from other cell types, such as activated T cells and/or dendritic cells[37].
Overall, the increased expressions of IRAK-M, miR146a, miR-155 and miR-21 in LC-HR but not in active
LC patients might indicate a role in the mucosal healing;
but it could also indicate that these changes may not
be sufficient to cure clinical symptoms. This suggests
different mechanism(s) for complete recovery of the
symptoms, compared to CC. In addition, differences in
IRAK-M, miR-146a, miR-155, and miR-21 expressions in
different stages of CC and LC suggest different types of
immunopathogenesis between the two types of MC.
IL-37 is a newly described member of the IL-1 family. It is suggested to be a fundamental inhibitor of innate immunity that has so far only been identified in
humans[23]. Here, we report for the first time a decreased
IL-37 expression in a chronic inflammatory illness. The
increased IL-37 mRNA levels in UC remission patients
compared to patients with active UC indicate that IL-37
may curb the inflammation and thereby contribute to remission. Conversely, the low IL-37 expression in MC and
UC may be one reason for the chronicity of the colonic
inflammation in these patients.
Studies in mice expressing human IL-37 have shown
ameliorated DSS-induced colitis and LPS-induced
shock[23,38]. Recently, increased levels of IL-37b protein
were detected by immunohistochemistry in tissues obtained from inflamed lesions of UC patients[25]. There
are however several differences between this study and
ours. Firstly, in the Imaeda study tissues were collected
during surgery due to resistance to medication or other
complications, and the patients were on corticosteroid
treatment. Secondly, inflamed and non-inflamed tissues
from the same patient were compared. Thirdly, whereas
we investigated mRNA expression of IL-37, the Imaeda
study investigated protein levels semi-quantitatively.
Taken together, our results demonstrate different
expression patterns of IRAK-M, IL-37, and microRNAs
-146a, -155 and -21 in CC, LC, and UC patients in either
active disease or in remission. A potential limitation of
this study is the small cohort of MC patients. There are
several difficulties in recruiting MC patients: MC can only
be diagnosed by histopathological examination, and patients with a confirmed diagnosis do not usually undergo
repeated colonoscopy. It will therefore take time to accumulate appropriate patients. Nevertheless, to be able to
cure the disease rather than simply relieve the symptoms,
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studies like this one are necessary to understand the immunopathogenesis despite the low number of patients
available. Our study shows that CC and LC have different
immunopathogenic behaviors in different disease stages,
which further supports the hypothesis that CC and LC
are two different entities[26,39].
The level of mucosal destruction in UC and MC affects the magnitude of innate immune responses both
in active and in remission stages; and the subtler inflammation in MC compared to UC is reflected in relatively
smaller changes in the immune parameters investigated
in the present study. In addition to revealing differentially
expressed regulators of TLR signaling in the colonic
mucosa of MC patients, this study further supports the
importance of MC as a “model” to study the role of
changes in immune regulation and basic pathophysiology
of IBD, where MC patients may reveal important immunoregulatory mechanisms.
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disease was observed, which may reveal an important role of IL-37 in remission
stage of UC immunopathology.

Applications

In this study, the authors analyzed several important regulatory molecules of
TLR signaling: IRAK-2, IRAK-M, IL-37, miR-146a, miR-155, and miR-21. A
possible association between the regulatory effects of IRAK-M and miR-146a
was indicated in both MC and UC immunopathology. The identification of differentially expressed miRNAs, IL-37, and IRAK-M suggests different pathophysiologic mechanisms in various disease stages in LC, CC, and UC. Moreover, the
level of mucosal destruction in UC and MC affects the magnitude of innate immune responses both in active and remission stages. The subtler inflammation
in MC compared to UC is reflected in relatively smaller changes of the immune
parameters investigated in the present study. This study further supports the
importance of MC as a “model” to study the role of changes in immune regulation and basic pathophysiology of IBD.

Terminology

In this study, certain MC patients with an established diagnosis of CC and LC
did not fulfill the histopathological criteria for MC despite having clinical symptoms of active disease, such as watery diarrhea, abdominal pain and/or weight
loss. They were therefore categorized as clinically active but histopathologically
in remission (CC-HR/LC-HR) and analyzed separately.

Peer review

The authors compared the expressions of IL-1/TLR signaling regulators,
IRAK-2, IRAK-M, IL-37, and microRNAs (miR-146, -155, and -21) in colonic
biopsies obtained from patients with MC and UC. The identification of differentially expressed IRAK-M, IL-37, and miRNAs, suggests that collagenous colitis
and lymphocytic colitis are different clinical entities, which is an interesting and
very original finding. This study sheds a new light on the pathophysiology of
MC.
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3 tertiary referral centers in Germany from July 2011
through July 2012 (ClinicalTrials.gov: NCT01109550).
Bile, buccal, and stool samples were collected. When
indicated, endoscopic transpapillary bile duct biopsies
were performed to clarify the etiology of bile duct strictures and to prove invasive fungal infections.
RESULTS: Candida species were detected in 38 of
the 127 bile samples (29.9%). By multivariate analysis
patients’ age and previous endoscopic sphincterotomy
were independent risk factors for biliary candidiasis (P
< 0.05). Patients with immunosuppression (P = 0.058)
and recent long-term antibiotic therapy (> 7 d) (P =
0.089) tend to be at risk for biliary candidiasis. One
patient was negative in mycological culture of bile fluid
but invasive biliary candidiasis was diagnosed histologically. Of Candida subspecies detected, 36.7% were
azole-resistant, such as C glabrata. Eight patients received anti-mycotic therapy, based on our algorithm.
Of these, 3 had cancer with biliary tract involvement, 2
had secondary sclerosing cholangitis, 1 had retroperitoneal fibrosis, and 5 had septicemia. In all patients contamination was ruled out by smears of the endoscope
channel.
CONCLUSION: Gastroenterologists should be aware
of frequent candida colonization in patients with cholangitis and biliary disorders. Our suggested algorithm
facilitates the further clinical management.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To develop an algorithm to improve the diagnosis
and treatment of patients with biliary candidiasis.
METHODS: We performed a prospective study of 127
patients who underwent endoscopic retrograde cholangiopancreatography, for various biliary disorders, at
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Key words: Cholangitis; Biliary candidiasis; Invasive
fungal infection; Biliary obstruction
Core tip: This prospective multicenter study evaluates
the clinical impact of microbial analysis of bile fluid in
diagnosing biliary candidiasis. Additionally, a diagnostic
algorithm is established to facilitate the clinical management and to improve antimicrobial therapy in patients
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with cholangitis and involvement of fungal species.

Table 1 Baseline characteristics of the study population (n =
127)

Lenz P, Eckelskemper F, Erichsen T, Lankisch T, Dechêne A,
Lubritz G, Lenze F, Beyna T, Ullerich H, Schmedt A, Domagk D.
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algorithm for biliary candidiasis. World J Gastroenterol 2014;
20(34): 12260-12268 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12260.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12260

Age (mean ± SD), yr
Male/female
Primary diagnosis
Suspected carcinoma
of the biliary tract
Stenosing papillitis
Carcinoma
PSC
CBD stenosis of
unknown origin
Choledocholithiasis
Cholestatic hepatitis
Pancreatitis
Other

INTRODUCTION
The clinical presentation of acute cholangitis remains
crucial for its diagnosis and the therapeutic approach
comprises decompression via endoscopic retrograde
cholangiopancreatography (ERCP) and broad-spectrum
antibiotic therapy[1].
Up to now, few studies investigated the impact of microbiological analysis of bile fluid in patients with biliary
disease[2-7]. Overall, they conclude that bile analysis may
be useful to guide the therapeutic procedure in patients
with biliary infections. Candidiasis plays an increasing
role in nosocomial infections in recent years, especially
on intensive care units[8-14]. Accordingly Candida and other
fungal species have increasingly been reported to be involved in cholangitis[15,16]. The term “biliary candidiasis”
is commonly used when candida species are detected in
microbiological bile fluid analysis and the pathogenicity
of its presence might be regarded as an unrecognized
clinical problem.
Over the years, the number of publications dealing
with biliary candidiasis is increasing, but nevertheless
the scientific debate is mainly focused on case reports or
series. Interestingly, most of the studies were conducted
in European countries although fungal infections play
an increasing role worldwide[8-14]. Apart from our work,
larger clinical trials dealing with biliary candidiasis are still
missing.
In a first prospective observational study of 123 consecutive patients undergoing ERCP for various indications, the authors detected Candida species in 44%[17]. The
question how positive findings should influence a patient’s
therapy has not been answered yet.
This study is aimed at evaluating the incidence of
candida in patients suspected of having cholangitis in a
multicenter setting. Furthermore, a diagnostic algorithm
including additional parameters (candida antigen testing,
histology of transpapillary biopsies) should be established to guide therapeutic decisions in biliary candidiasis.

MATERIALS AND METHODS
The study was designed as observational multicenter trial.
As study centers the University Hospitals of Muenster,
Hannover, and Essen participated with their high volume
endoscopy units. The study protocol conformed to the
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Indication for ERCP
CBD stenosis
Suspected carcinoma
Carcinoma
Cholestasis
Choledocholithiasis
Cholangitis
PSC
Papillitis stenosans
Pancreatitis
Cholestatic hepatitis
Other

No biliary
candidiasis
(n = 89)

Biliary
candidiasis
(n = 38)

P value

58.3 ± 15.6
52/37

64.7 ± 15.0
20/18

< 0.05
NS

16 (18.0)

10 (26.3)

11 (12.4)
9 (10.1)
9 (10.1)
13 (14.6)

3 (7.9)
6 (15.8)
5 (13.2)
5 (13.2)

9 (10.1)
4 (4.5)
4 (4.5)
14 (15.7)

3 (7.9)
1 (2.6)
5 (13.2)

18 (20.2)
15 (16.9)
9 (10.1)
9 (10.1)
8 (9.0)
7 (7.9)
6 (6.7)
4 (4.5)
2 (2.2)
1 (1.1)
10 (11.2)

10 (26.3)
8 (21.1)
6 (15.8)
3 (7.9)
1 (2.6)
2 (5.3)
5 (13.2)
1 (2.6)
2 (5.3)

NS

NS

ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common
bile duct; NS: Not significant; PSC: Primary sclerosing cholangitis; Other:
Ischemic type biliary lesions, stenosis of the biliary anastomosis after liver
transplantation, biliary cast syndrome, retroperitoneal fibrosis, iatrogenic
injury of the bile duct, suspected primary or secondary sclerosing
cholangitis.

ethical guidelines of the 1975 Declaration of Helsinki
and was a priori approved by the responsible local Ethics
Committees. Furthermore, the study was officially registered at ClinicalTrials.gov (NCT01109550).
Inclusion criteria comprised suspected cholangitis and biliary stricture of unknown origin. Exclusion
criteria included contraindications of the performed
ERCP-procedure. Baseline characteristics of our study
population are given in Table 1. The present study was
conducted at three German institution of tertiary care
care (Department of Medicine B, University of Muenster; Department of Gastroenterology, Hepatology and
Endocrinology, Hannover Medical School, Hannover
Department of Gastroenterology and Hepatology, University Hospital Essen). The distribution of the primary
diagnosis and indications for performing the ERCPprocedure (Table 1) shows that we have a high percentage of complex cases (e.g., carcinoma of the biliary tract)
and the simple diagnosis “choledocholithiasis” accounts
only for a less proportion of patients. Furthermore, 9 of
127 patients (7.1%) were liver transplant recipients, which
also reflect a distinct risk profile of our study popula-
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tion. ERCP was performed in all participating centers
using standard methods with a conventional video duodenoscope (TF160R, Olympus Optical Co., Ltd., Tokyo,
Japan)[18,19]. The common bile duct (CBD) was selectively
intubated with a filling catheter and bile samples aspirated into a sterile syringe and promptly delivered to the
respective Institute of Medical Microbiology. To exclude
contamination artifacts smears of the endoscope working
channel and elevator were taken before and after the examination. Furthermore, buccal smears and stool samples
were taken to document the individual transient flora.
Endoscopic transpapillary bile duct biopsy for diagnosis
of invasive fungal infection was performed when clinically indicated to clarify the etiology of a bile duct stricture.
The biopsies were formalin-fixed and analyzed by the
responsible Institute of Pathology. Additionally, candidaantigen-serology (Platelia Candida Ag Plus assay, BioRad, France)[20] and blood cultures (BACTEC™, Becton,
Dickinson and Company, Sparks, MD, United States)
were obtained routinely four hours after the examination. Informed consent was obtained from all patients.
All authors had access to the study data and reviewed and
approved the final manuscript.
Microbiological analysis of the different specimens
The specimen were cultivated both on Kimmig agar
plates and in Sabouraud bouillons and further differentiation was done by standard micromorphologic and
biochemical methods[21]. The detection and identification
takes at least 2 in maximum 8 d when received at the
Department of Microbiology. According to the literature
the term “biliary candidiasis” was used when the fungal
culture of the bile specimen was positive[17,22-29] and two
patients’ groups were formed-with (group Ⅱ) and without biliary candidiasis (group Ⅰ). Candida species identification was conducted by the API ID 32 C test system
(bioMérieux, France) according to the instructions of the
manufacturer[30]. Antifungal susceptibility testing was performed by the Etest method as described previously but
not conducted at all participating centers[31].
Suggested diagnostic algorithm
The diagnosis of biliary candidiasis with need for antifungal treatment were made following the guidelines of
the Infectious Diseases Society of America[32,33] and the
Infectious Diseases Working Party (AGIHO) of the German Society of Hematology and Oncology[34]. Based on
our own experience[17,23,24], we developed the following
diagnostic algorithm:
Positive fungal bile culture: (1) Antifungal treatment
when elevated infection parameters [body temperature >
38  ℃, leukocytosis > 10000/μL, C-reactive protein (CRP)
> 0.5 mg/dL] or presence of signs of systemic inflammatory response (SIRS) (blood pressure < 90/50 mmHg)
and detection of an invasive candidiasis in the transpapillary biopsy or no response to antibacterial treatment; or
(2) no antifungal treatment when patient in good clinical
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condition and without infection parameters or signs of
SIRS or no histologic detection of an invasive candidiasis
in the transpapillary biopsy specimen.
No positive fungal culture of the bile: (1) Antifungal
treatment when elevated infection parameters or signs
of SIRS (see above) and no response to antibacterial
treatment (persistent signs of inflammation, see above,
despite use of broad-spectrum antibiotics); or (2) no antifungal treatment when no indication within the clinical
appearance.
The antifungal treatment was initiated immediately
after mediation of the positive finding from the respective
institute of microbiology. Patients enrolled in the study
were treated with echinocandins (caspofungin, Cancidas™)
(loading dose of 70 mg, followed by 50 mg per day for 13.1
± 5.4 d) as first choice according to the criteria above since
our pilot study showed high percentages of azole-resistant
fungal species in bile fluid[17]. Additionally, echinocandins
are known to reach therapeutic levels in the bile[35] and
most of the patients included in the study had elevated liver
enzymes speaking in favor of this group of antimycotics
as opposed to azoles[36,37]. Azoles were used when oral antimycotic therapy was preferred for prompt release of the
patient, for example.
Statistical analysis
Continuous variables are summarized by the mean and
standard deviation. The continuous variables were analyzed using Wilcoxon-Test. Categorical variables are
presented in total and as percentage. They were analyzed
using χ 2-test. Laboratory parameters were analyzed by
the Wilcoxon-Mann-Whitney test. Logistic regression
was used for multivariate analysis of possible risk factors
for biliary candidiasis. The influence of the possible risk
factors was investigated using the Wald test. Two-sided P
-values of < 0.05 were considered as significant. The test
results are regarded in an exploratory and not in an inferential sense, so that it was not necessary to correct P -values for multiple testing. A significant test result provides
an indication for clinical relevance, yet clinical relevance
needs to be proven in future studies.

RESULTS
Patient characteristics
Between July 2011 and July 2012, 127 patients were
enrolled in this study with various biliary diseases. The
gender distribution was similar in both groups (Table 1).
Candida species in the bile were detected in 38 of the 127
patients (29.9%). There was a significant difference in age
between patients with and without biliary candidiasis (64.7
± 15.0 vs 58.3 ± 15.6, P < 0.05).
The proportion of patients diagnosed with “biliary
candidiasis” based on positive fungal cultures of bile
samples was not significantly different between the participating study centers [Muenster: 28/91 (30.8%), Hannover: 7/20 (35.0%), Essen: 3/16 (18.8%), P = 0.541].
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12.2 ± 1.8

11.6 ± 2.0
0.090

3.9 ± 6.1

3.9 ± 3.3
0.090

Hemoglobin
(g/dL)

7.6 ± 3.7
0.900

7.9 ± 4.5

Leukocytes
(1000/μL)

270.6 ± 144.0
0.525

258.5 ± 151.5

Thrombocytes
(1000/μL)

5.1 ± 7.7
0.341

4.0 ± 7.2

Bilirubin
(mg/dL)

1.2 ± 1.0
0.767

1.1 ± 0.7

Creatinine
(mg/dL)

430.1 ± 403.4
0.424

507.6 ± 766.7

GGT
(U/L)

395.8 ± 281.6
0.722

374.4 ± 301.4

AP
(U/L)

106.8 ± 90.8
0.940

120.0 ± 134.6

AST
(U/L)

101.1 ± 110.8
0.870

124.0 ± 182

ALT
(U/L)

576.4 ± 1144.5
0.501

2161.5 ± 3580.3

PCHE
(U/L)

226.5 ± 623.6
0.790

196.2 ± 568.1

Lipase
(U/L)
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Diagnostics and treatment according to the suggested algorithm
In three patients antifungal treatment was initiated outside the algorithm (one with candida sepsis, another with severe esophageal candidiasis). The third patient suffered from
progressive colon cancer with liver metastasis and cholestasis; he was admitted in reduced general condition not explained by tumor disease alone. Here, invasive fungal infec-

Coincidence of Candida in bile, buccal smears, stool samples and swabs of the endoscope channel
Overall, no significant correlations between finding candida in swabs of the endoscope channel before the endoscopic examination and in buccal smears (P = 0.501), in bile (P
= 0.088) or in stool samples (P = 1.000) were found.
After endoscopic examination, mycological analysis showed similar pathogens in bile and buccal smears, but not in stool samples (Table 4).
The overall presence of candida in buccal smears and bile samples correlated significantly (P = 0.007, Table 4), but subspecies analysis revealed no consistency between bile
and buccal smears (e.g., C. albicans was found in buccal smears but C. glabrata in bile analysis (P = 0.700).

Fungal species in blood culture analysis: None of the blood cultures, taken 4 h after the examination, provided evidence for candidemia.

Fungal species analysis
Distribution of candida subspecies in the bile: Most of the fungal species in the bile were identified as Candida albicans (C. albicans) (60.5%), followed by Candida glabrata (C.
glabrata), which accounts for 15.8% of the cases (Table 4). Together with Candida tropicalis (10.5%), Candida krusei (2.6%) and mixed cultures (7.9%) the percentage of potentially
azole-resistant candida strains adds up to 36.7%. The mixed cultures include C. albicans et glabrata (n = 2) and C. albicans et tropicalis (n = 1).

Risk factors of biliary candidiasis
A list of potential risk factors of biliary candidiasis is given in Table 3 and analyzed by multivariate analysis. Regarding iatrogenic alterations of the biliary tract, previous endoscopic sphincterotomy (EST) is a significant risk factor for biliary candidiasis (65.8% with biliary candidiasis vs 57.3% without biliary candidiasis, P = 0.012). Previous ERCP
seems not to be a significant risk factor in multivariate analysis (68.4% vs 59.6%, P = 0.574). Immunosuppression (neutropenia, status under immunosuppressive drugs or
chemo-therapy, progressive cancer disease) tends to be predominant in patients with positive fungal cultures of their bile compared to the negative group (68.4% vs 47.2%, P
= 0.058). Furthermore, long-term antibiotic treatment exceeding seven d (28.9% vs 10.1%, P = 0.089) tends to be associated with biliary candidiasis. The incidence of Candida
species in the bile of patients without prior ERCP was 12/48 (25%).

Regarding laboratory findings at the time of intervention, no significant difference could be observed (Table 2).

transpeptidase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AP: Alkaline phosphatase.

P data generated by Mann-Whitney U test. Group Ⅰ: Patients without biliary candidiasis, n = 89; Group Ⅱ: Patients with biliary candidiasis, n = 38. CRP: C-reactive protein; PCHE: Pseudocholinesterase; GGT: Gamma glutamyl

Group I
mean ± SD
Group II
mean ± SD
P

CRP
(mg/dL)

Table 2 Laboratory results at the time of intervention (n = 127)
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Table 3 Risk factors for biliary candidiasis n (%)
Risk factors

No biliary candidiasis (n = 89)

Biliary candidiasis (n = 38)

P value

Exp(B)

95%CI for exp(B)

58.3 ± 15.6
20 (22.5)
8 (9.0)
42 (47.2)
2 (2.2)
2 (2.2)
42 (47.2)
9 (10.1)
51 (57.3)
53 (59.6)

64.7 ± 15.0
15 (39.5)
7 (18.4)
26 (68.4)
2 (5.3)
1 (2.6)
26 (68.4)
11 (28.9)
25 (65.8)
26 (68.4)

0.036
0.242
0.372
0.058
1.000
1.000
0.200
0.089
0.012
0.574

1.034
0.494
0.497
0.403

1.002-1.067
0.152-1.609
0.107-2.310
0.158-1.031

2.3E+9
0.530
0.354
0.246
1.318

0.201-1.399
0.107-1.170
0.082-0.739
0.504-3.444

Age
Malignancy
Cholangio-carcinoma
Immunosup-pression
ICU
Mechanical ventilation
Antibiotic therapy
Long-term antibiotic therapy (> 7 d)
Previous EST
Previous ERCP

ERCP: Endoscopic retrograde cholangiopancreatography; EST: Endoscopic sphincterotomy; ICU: Intensive care unit.

Table 4 Distribution of fungal species in bile samples, buccal
smears and stool samples n (%)
No biliary
candidiasis
(n = 89)
Bile samples
Positive
Candida albicans (C. albicans)
Candida tropicalis
(C. tropicalis)
Candida dubliniensis
(C. dubliniensis)
Candida glabrata (C. glabrata)
Candida krusei
C. albicans et glabrata
C. albicans et tropicalis
Buccal smears
Positive
C. albicans
C. tropicalis
C. dubliniensis
C. glabrata
Mixed cultures
Stool samples
Positive
C. albicans
C. tropicalis
C. dubliniensis
C. glabrata
Other

Biliary
candidiasis
(n = 38)

P value

89/127 (70.1) 38/127 (29.9)
23 (60.5)
4 (10.5)
1 (2.6)
6 (15.8)
1 (2.6)
2 (5.3)
1 (2.6)
42/89 (47.2)
30 (71.4)
1 (2.4)
2 (4.8)
3 (7.2)
6 (14.3)

28/38 (73.7)
17 (60.7)
1 (3.6)
1 (3.6)
2 (7.2)
7 (25.0)

0.007

24/62 (38.7)
14 (58.3)
1 (4.2)
1 (4.2)
2 (8.3)
3 (12.5)

14/27 (51.9)
4 (28.6)
1 (7.2)
1 (7.2)
4 (28.6)
-

0.489

tion was diagnosed by transpapillary biliary biopsy although fungal culture of the bile sample remained negative.
Eight patients were treated according to our suggested algorithm. Only one of these 8 patients had no
proven biliary candidiasis and treatment decision was
based on the prolonged course of the acute cholangitis
despite antibiotic treatment and a high titer of serum
candida antigen (302.1 pg/mL, Elisa test).
In the majority of cases (7/8 patients) the indication
for antifungal treatment was based on the clinical aspect
of missing response to antibiotic treatment alone. All of
these patients suffered from severe chronic disease such
as primary sclerosing cholangitis, cancer or retroperitoneal fibrosis. For example, one patient after hemihepatic
resection due to rectal cancer suffered from persistent
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infection despite broad-spectrum antibiotic treatment.
Mycological analysis revealed Candida albicans in the bile
fluid and as well in a liver abscess with communication
to the biliary tract. With antifungal treatment the patient
recovered promptly and was discharged in good general
condition.
In this study, nine patients where treated with echinocandins and two with fluconazole. The use of oral
fluconazole in two cases was chosen as these patients
preferred an oral medication to enable early discharge
from hospital for private reasons.
Overall, patients treated with antimycotics had significantly higher cholestasis parameters at baseline compared
to the initial blood analysis in the untreated group (Bilirubin: 6.9 ± 5.7 mg/dL vs 4.1 ± 7.4 mg/dL, P < 0.05; yGT:
908.4 ± 1031.8 mg/dL vs 443.2 ± 625.0 mg/dL, P < 0.05).
Serum Candida antigen levels do not correlate with
positive fungal cultures of the bile (5.50 ± 40.73 vs 0.02
± 0.11, P = 0.823), but interestingly, the serum candida
antigen levels were significantly higher in the treatment
group, compared to patients who did not receive antifungal treatment (37.83 ± 106.78 pg/mL vs 0.01 ± 0.05
pg/mL, P = 0.001).
There was no significant difference in length of stay
(LOS) and time to readmission (TTR) between patients
with and without biliary candidiasis (LOS: 9.4 ± 13.8 d vs
10.0 ± 14.4 d, P = 0.631 and TTR: 63.1 ± 46.6 vs 57.9 ±
67.9, P = 0.161).
Comparing the patients with positive fungal culture
with and without antifungal treatment LOS was significantly longer and TTR significantly shorter in the treatment group (LOS: 21.9 ± 24.2 d vs 6.9 ± 8.9 d, P = 0.011
and TTR: 74.4 ± 73.3 vs 13.8 ± 13.7, P = 0.018).

DISCUSSION
Despite technical improvements of interventional endoscopy, little is known about the bile fluid and its microbial
flora. Some data suggest that collecting bile during ERCP
in patients with suspected cholangitis may be useful[2,3,6,7].
However, this is not routinely practiced. Microbial bile
analysis helps to tailor an individual therapy and identifies
the bacterial spectrum of each center to improve empiric
antibiotic therapy[6]. Some groups also find high percent-
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ages of Candida in the bile fluid (Kaya et al[38]: 10%, Negm
et al[6]: 10%[6], Lenz et al[17]: 44%). The present study
showed a high percentage of fungal species in the bile
fluid-even in a multicenter setting including three centers
of tertiary care. The distribution of fungal species was
comparable with our previous study with Candida albicans
as predominant species, followed by C. glabrata and tropicalis[17]. The study was conducted in a high-risk collective
of patients which may have biased the microbiological
results. The diagnostic algorithm seems, therefore, especially relevant for other tertiary centers or treatment of
critically ill patients.
As this study was conducted at three institution of
tertiary care, most of the enrolled patients have already
had previous ERCP-procedures. Previous EST was identified as independent risk factor for biliary candidiasis.
On might speculate that an altered biliary sphincter after
EST might facilitate colonization of the bile fluid with
fungal species and therefore predispose for ascending infections. Our conclusions would be more clear cut if we
had used rather untreated, naïve patients. Nevertheless,
cholangitis also occurs in patients with “virgin” papilla
and analysis of bile samples may therefore also be useful
in those patients.
Blood cultures after the examination were negative in
all patients. This is in agreement with Diebel et al[22] who
found that patients with biliary Candida infection had no
evidence of candidemia. Furthermore, the sensitivity of
blood cultures to detect Candida is 50%-75% and lower
sensitivity rates have been reported[13,39,40].
Especially in immunosuppressed patients, an early diagnosis and adequate treatment of invasive fungal infection is crucial[41]. Any delay in the initiation of antimycotic
therapy in candidemia may result in a decrease of overall
survival[42,43]. Microbial analysis of bile fluid and implementation of the suggested diagnostic algorithm might
accelerate early diagnosis and pave the way for adequate
treatment.
Concordant with our pilot study in 2009[17], high percentages of complicated and potentially azole-resistant
Candida subspecies were identified (36.7%). The proportion of non-albicans Candida species in bile and buccal
smears or stool samples was not significantly different in
patients with and without biliary candidiasis (P = 0.316
and P = 0.582 respectively). Comparing buccal smears
and stool samples we found a significant difference (P =
0.034). The influence of different Candida subspecies on
the individual patient cannot be answered by this study
and may be answered be future analysis, especially regarding the human gut microbiome[44-46].
The swabs of the endoscope channel do not exclude
contamination during the introduction process of the endoscope via the oral route. The recessed position of the
elevator from the endoscope tip, the promptly delivery
of bile samples for mycological analysis and the inconsistency between the species found in buccal smears and
bile may speak against contamination artifacts.
When positive fungal cultures of the bile are obtained
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it remains controversial under what circumstances antimycotic treatment is indicated. Moreover it is still an open
question whether the billary tract is a sterile compartment
or not (according to Ascioglu et al[32]). Positive fungal
cultures of the bile have to be regarded different from
positive findings in stool and buccal smears, as the biliary
tract might be primarily regarded as sterile compartment.
This assumption is underlined by the fact that previous
endoscopic sphincterotomy is an independent risk factor
for biliary candidiasis. The question whether the simple
presence of candida in bile is part of a systemic infection, colonization or simply contamination could not be
answered by our study. Nevertheless, we hope to provide
the clinician a direction under which circumstances a positive fungal culture of a bile specimen should be treated.
Most of our study patients were treated by antimycotics after insufficient clinical response to antibiotic
treatment alone. This study may also contribute to the
awareness of increasing fungal involvement in biliary
tract infections and support antifungal treatment in case
of unsuccessful antibiotic therapy. However, the treatment arm of our study was not randomized and should
be regarded as a feasibility approach.
In our study population, Candida hyphae were found
in only one patient, and that patient lacked a positive fungal culture from bile. In patients with relevant risk factors
for biliary tract infection (e.g., primary sclerosing cholangitis, liver transplant recipients), physicians should ask the
pathologist to look for signs of invasive fungal infections
of the biliary tract.
Candida antigen testing is not routinely recommended[34]. Nevertheless, serological diagnostic methods seem
to be useful in screening high-risk patients and, in combination with risk stratification, may allow early diagnosis of
invasive fungal infections[47]. Candida antigen testing may,
therefore, be regarded as an additional factor to guide
therapeutic decisions and monitor treatment response.
Given the background of our previous published
studies[17,24] combined with the experiences gained by the
present trial, we suggest a modified diagnostic algorithm
for biliary candidiasis to implicate therapeutic decisions
(Figure 1). Following Cornely et al[48], positive fungal cultures of bile samples may justify pre-emptive treatment
decisions and will be useful in identifying patients, who
need antifungal treatment.
In all patients treated with echinocandins, no adverse
events in regard to drug treatment were observed underscoring the safety of this drug-even in a high-risk population. The reason for prolonged hospital stay and shorter
TTR in the treatment group may rather lay in the severity
of the individual disease than in less effective treatment.
Regarding overall survival, three patients without and
two patients with biliary candidiasis died within a 2-mo
follow-up period (P = 0.635). The high-risk collective at
three institutions of maximum care may explain the mortality rate of 4% within the study.
In conclusion, this study underlines the diagnostic
utility of microbial bile analysis. Physicians should be
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ERCP + aspiration of bile fluid

Bile: positive fungal culture

Infection
parameter ↑

Bile: negative fungal culture

infection
parameter ↑

Normal infection
parameters

1

Candida antigen serology

1

Candida antigen serology

No pathological
findings

And

Histology:
invasive
candidiasis

No response to
antibiotics
(n = 7)

+

+

Histology:
invasive
candidiasis
(n = 1)

Histology: neg.

No antifungal
treatment

No response to
antibiotics
(n = 1)

+

+

No antifungal
treatment

Antifungal treatment (n = 9)

Figure 1 Diagnostic algorithm for treatment of biliary candidiasis. The number of treated patients in our study is given in brackets. The histological diagnosis of
biliary candidiasis without mycological proof in the bile fluid was added-the initial algorithm. 1Candida antigen serology, if available, may also help-support treatment
decisions. ERCP: Endoscopic retrograde cholangiopancreatography.

aware of possible fungal involvement in cholangitis and
other biliary diseases. Especially in patients with risk factors, such as age, previous EST, immunosuppression, and
previous long-term antibiotic therapy the suggested algorithm facilitates efficient clinical management.
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Abstract
AIM: To demonstrate a high prevalence of extraintestinal manifestations (EIMs) in a prospective populationbased cohort of inflammatory bowel disease (IBD)
patients at first diagnosis as well as during the early
course of the disease.
METHODS: EIMs are common in patients with IBD.
Data on the frequency of EIMs have mostly been assessed in patients from tertiary centers; however, data
about the prevalence of EIMs at first diagnosis as well
as factors influencing their incidence during the early
course of disease from prospective population-based
cohorts are scarce. We present data of patients of our
population-based “Oberpfalz cohort” (Bavaria, Germany) from first diagnosis (up to 3 mo after first diagnosis) as well as during the early course of the disease.
Possible risk factors were assessed by calculating the
relative risk (RR) as well as using logistic regression
analysis.
RESULTS: In total, data of 257 newly diagnosed pa-
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tients with IBD were evaluated [161 Crohn’s disease
(CD), 96 ulcerative colitis (UC)]. Median duration of
follow-up was 50 mo after first diagnosis. In 63.4% of
all patients (n = 163), an EIM was diagnosed at any
point during the observation period. At first diagnosis,
patients with CD had a significantly increased risk of an
EIM [n = 69 (42.9%)] compared with UC patients [n =
21 (21.9%); P < 0.001; RR = 1.96; 95%CI: 1.30-2.98].
Active smoking increased the risk of CD patients developing an EIM during the early course of the disease,
but notably not of UC patients (P = 0.046; RR = 1.96;
95%CI: 1.01-3.79). In addition, using logistic regression analysis, the need for IBD-related surgery and a
young age at first diagnosis were identified as risk factors for the development of an EIM in CD patients. No
association with EIMs was found for the factors sex,
localization of the disease and positive family history
of IBD. In contrast, no key factors which increased the
risk of development of an EIM could be identified in UC
patients.
CONCLUSION: We found a high prevalence of EIM in
this cohort at first diagnosis and during the early course
of the disease. In patients with CD, smoking, need for
surgery and younger age at first diagnosis were risk
factors for the development of an EIM.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Extraintestinal manifestations; Crohn’s disease; Ulcerative colitis; Smoking; Surgery; Age at onset
Core tip: Owing to the high prevalence of extraintestinal manifestations (EIM) in patients with inflammatory
bowel disease (IBD), Crohn’s disease (CD) and ulcerative colitis have to be considered as systemic diseases.
However, prospective data on the prevalence of EIM at
first diagnosis from population-based cohorts are lacking. We found a high prevalence of EIMs in our population-based cohort of IBD patients at first diagnosis, with
an increased risk in patients with CD. More than 60%
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of patients developed an EIM during the early course of
disease. Smoking, young age at disease onset and the
need for IBD-related surgery were identified as risk factors for developing an EIM in CD.
Ott C, Takses A, Obermeier F, Schnoy E, Müller M. Smoking
increases the risk of extraintestinal manifestations in Crohn’s disease. World J Gastroenterol 2014; 20(34): 12269-12276 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i34/12269.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i34.12269

INTRODUCTION
Given that many patients with inflammatory bowel diseases
(IBD) are affected by extraintestinal manifestations (EIMs)
at any point during their disease course, Crohn’s disease
(CD) and ulcerative colitis (UC) have to be considered
as systemic diseases. In general, EIMs and complications
can be divided into three different groups. The first group
includes IBD-related diseases, which mainly correlate
with intestinal disease activity and which are ameliorated
by treatment of the underlying disease (e.g., peripheral arthritis, erythema nodosum). The second comprises EIMs,
which are activity-independent such as primary sclerosing
cholangitis (PSC) and ankylosing spondylitis. Finally, in
the third group, IBD-related extraintestinal complications
have to be considered which are caused by the disease
itself due to the loss of function of diseased or resected
bowel (e.g., micronutrient deficiencies) and those due
to specific treatments (e.g., peripheral neuropathy, druginduced fatty liver disease)[1].
In different studies, the prevalence of EIMs in patients with IBD varied between 6% and 53%, depending
on the study design and criteria used[2-8]. The most common EIMs include arthralgias/arthritis, and cutaneous,
ophthalmologic and hepatobiliary manifestations, but less
frequent manifestations such as pulmonary or neurologic
involvement have to be considered in IBD patients. Of
clinical importance, extraintestinal symptoms might appear prior to first diagnosis of an IBD, simultaneously
with the occurrence of intestinal symptoms or even after
resection of affected bowel segments.
Most studies on the prevalence of EIMs in IBD
patients have been conducted in tertiary centers including consecutive patients at any time point during their
disease course. There are only a few studies focusing on
the prevalence of EIMs at the time of first diagnosis[9].
Two are retrospective studies from tertiary centers in Iran
and China, and there is just one population-based cohort
study using data from a Medicaid database to conduct a
retrospective matched-cohort study[10-12]. However, prospective studies on the prevalence of EIM at first diagnosis from population-based cohorts are lacking. Therefore,
the aim of our study was to assess the prevalence of different EIMs in patients with IBD at onset of the disease
and during the early course. Furthermore, we aimed to
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identify possible risk factors for the development of an
EIM during the first years of the disease.

MATERIALS AND METHODS
Patients
We established a prospective population-based cohort
in the rural region of Oberpfalz (Bavaria, Germany) by
setting up a network of reporting clinicians and general
practitioners including internists, gastroenterologists,
surgeons and pediatricians, in hospitals as well as in private practice as described elsewhere[13]. This study was
approved by the institutional ethics committee on human
studies according to criteria of the modified Helsinki
Declaration of 1983.
Patients were included in this study if they presented
with a first diagnosis of IBD between January 1, 2004
and December 31, 2008. For each patient, a standardized
data form was completed at the time of first diagnosis by
the attending physician including demographic data (date
of birth, sex, place of residence), date of diagnosis, extent of disease, family history of IBD, EIMs, and actual
laboratory tests. After informed consent, all patients were
contacted by the study center personnel. During followup, information on the course of disease, appearance of
different EIMs, need for IBD-related surgery (resections
in CD, colectomy in UC), medical therapies and risk factor exposure were collected using pretested standardized
questionnaires.
The prevalence of an EIM at first diagnosis as well as
during the early course of the disease was assessed. Possible risk factors for the development of an EIM during
the early course of the disease were evaluated, including
sex, age at disease onset, colonic involvement in CD patients, pancolitis in UC patients, active smoking at first
EIM occurrence, positive family history of IBD, need for
IBD-related surgery, the presence of perianal fistula in
CD, reaction to systemic corticosteroid therapy, and the
need of immunosuppressants or anti-tumor necrosis factor (TNF) therapies.
Definitions of EIMs
We evaluated the main EIMs including peripheral arthropathies, ophthalmologic manifestations (conjunctivitis, episcleritis, uveitis), erythema nodosum, pyoderma
gangrenosum, sacroiliitis and PSC.
Peripheral arthropathies were divided into peripheral
arthralgias in patients with painful joints without obvious swelling, but with decreased range of motion, and
peripheral arthritis (type Ⅰ or Ⅱ) in patients with pain
and swelling. Patients with ocular and cutaneous manifestations were diagnosed by specialists in our center. The
diagnosis of sacroiliitis with typical clinical symptoms
and characteristic findings in X-ray or magnetic resonance imaging was solely made by a rheumatologist. For
the diagnosis of PSC, a magnetic resonance cholangiopancreatography or endoscopic retrograde cholangiopancreatography had to be performed to visualize the typical
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Table 1 Patient characteristics at first diagnosis and during follow-up n (%)
All patients
n = 257
Sex: male/female
121 (47.1)/136 (52.9)
EIM at first diagnosis
At least 1 EIM
91 (35.4)
New EIM during follow-up
At least 1 EIM
115 (44.7)
EIM at any point of observation At least 1 EIM
163 (63.4)
> 1 EIM
24 (14.5)
New EIM during follow-up
94 (36.6)
EIM resolved during follow-up
64 (66.0)
Disease phenotype at first
Crohn's
diagnosis
disease

Ulcerative
colitis

Crohn's disease

n = 161 (62.6)

Ulcerative colitis
n = 96 (37.4)

P value
RR (95%CI)

71 (44.1)/90 (55.9)
50 (52.1)/ 46 (47.9)
0.22
69 (42.9)
21 (21.9)
< 0.001; RR = 1.96 (1.30-2.95)
79 (49.1)
36 (37.5)
0.07
114 (69.9)
49 (30.1)
0.001; RR = 1.39 (1.11-1.73)
18 (15.5)
6 (12.2)
0.39
64 (39.8)
30 (31.3)
0.17
47 (64.4)
17 (70.8)
0.63
Terminal ileum (L1)
56 (34.8)
Colon (L2)
40 (24.8)
Terminal ileum and colon (L3)
61 (37.9)
Upper GI tract (L4)
2 (1.2)
Proctitis
36 (37.5)
Left-sided colitis
23 (24.0)
Pancolitis
29 (30.2)1

1

Not applicable in 8 patients. EIM: Extraintestinal manifestation; GI: Gastrointestinal.

irregular bile ducts with multifocal strictures.
Statistical analysis
Statistical analysis was performed using SPSS 21.0 software (IBM Corp., Armonk, NY, United States). Data are
given as numbers, percentages and relative risk (RR) with
95%CI.
Univariate analyses were performed using the chisquare test based on a 95% confidence level (two sided)
or Fisher’s exact test as appropriate. The association of
possible risk factors for developing an EIM during the
observation period was analyzed using a binary logistic
regression model with EIM being the dependent (outcome) variable (yes vs no). Independent variables in the
regression model were age at disease onset (≤ 40 years
vs > 40 years), colonic involvement in CD (yes/no),
pancolitis in UC (yes/no), active smoking at the time,
EIM occurring for the first time (yes/no), positive family
history of IBD (yes/no), need for IBD-related surgery
(yes/no), the presence of a perianal fistula in CD (yes/
no) and the use of immunosuppressants or anti-TNFtherapies (yes/no). P-values < 0.05 were considered statistically significant.

RESULTS
A total of 257 patients with newly diagnosed IBD were
included in this study. CD was diagnosed in 161 patients
(males/females 71/90), and UC in 96 patients (males/females 50/46). The median observation period was 50 mo
(min. 12, max. 101; SD: 19.3 mo). At first diagnosis, significantly more patients with CD suffered from an EIM [n
= 69 (42.9%)] compared with UC patients [n = 21 (21.9%);
P < 0.001; RR = 1.96; 95%CI: 1.30-2.98]. During the

WJG|www.wjgnet.com

whole observation period, 163 patients (63.4%) presented
at least one EIM, 24 patients were affected by more than
one EIM (14.5%). A new or further EIM during the early
course of the disease occurred in 115 patients (44.7%; 79
CD, 36 UC; P = 0.07). In 64 patients, the EIM present
at first diagnosis resolved during the early disease course
(66%; 47 CD, 17 UC; P = 0.63) (Table 1). The risk of developing more than one EIM did not differ between CD
and UC patients (18 CD, 6 UC; P = 0.57).
Frequency of different EIMs
Details on the prevalence of the different EIMs at first
diagnosis are given in Table 2. Arthralgia was the most
common EIM at first diagnosis with 17.8% in CD and
14.6% in UC patients, followed by arthritis (8.9% in CD,
5.2% in UC). No differences could be detected regarding
the prevalence of arthralgias, arthritis, ocular manifestations, sacroiliitis, pyoderma gangrenosum and PSC in
CD vs UC. In contrast, there was a significantly higher
prevalence of erythema nodosum in CD patients at first
diagnosis compared with UC patients (P = 0.002).
Of note, the EIM resolved in 64 patients during the
observation period. One-hundred and fifteen patients developed a new EIM. Details of the different EIMs during
the early course of the disease are presented in Table 3.
Arthralgia and arthritis were still the most common EIMs
in both patient groups. During the observation period,
the development of specific EIMs did not differ between
CD and UC patients.
Evaluation of possible risk factors in Crohn's disease
In univariate analysis, no sex-related preponderance for
development of an EIM was found, neither at first diagnosis (47.6% in males vs 52.4% in females; P = 0.64), nor
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Table 3 Different extraintestinal manifestations during the
observation period n (%)

Table 2 Different extraintestinal manifestations at first diagnosis n (%)

Arthralgia
Arthritis
Ocular manifestation
Active sacroiliitis
Pyoderma gangrenosum
Erythema nodosum
PSC

All patients
n = 257

Crohn's
disease

40 (16.3)
18 (7.3)
5 (2.1)
12 (4.9)
2 (0.8)
7 (2.7)
1 (0.4)

26 (17.8)
13 (8.9)
2 (1.4)
11 (7.6)
1 (0.7)
7 (4.9)
0

Ulcerative P value
colitis
14 (14.6)
5 (5.2)
3 (3.1)
1 (1.0)
1 (1.0)
0
1 (1.0)

0.60
0.50
0.63
0.06
0.95
0.002
0.4

Arthralgia
Arthritis
Ocular manifestation
Active sacroiliitis
Pyoderma gangrenosum
Erythema nodosum
PSC

Ulcerative P value
colitis

All patients
n = 257

Crohn's
disease

89 (34.6)
23 (8.9)
19 (7.4)
7 (2.7)
0
1 (0.4)
1 (0.4)

56 (34.8)
13 (8.1)
13 (8.1)
5 (3.1)

33 (34.4)
10 (10.4)
6 (6.2)
2 (2.1)

1.0
0.65
0.81
1.0

1 (0.6)
0

0
1 (1.0)

1.0
0.4

PSC: Primary sclerosing cholangitis.

PSC: Primary sclerosing cholangitis

during follow-up (53.3% in males vs 51.1% in females; P
= 0.87) in CD patients.
In patients aged 40 or less at the onset of CD, the
risk of developing an EIM during the early course of the
disease was significantly increased (P = 0.026; RR = 2.4;
95%CI: 1.01-5.23).
As colonic disease in CD patients is described to increase the risk for EIMs, we evaluated all EIMs according
to disease localization. In our population, no correlation
between colonic disease and any type of EIM was found
(EIM at any point and colonic involvement: P = 0.83; RR
= 1.1; 95%CI: 0.5-2.2).
In 35 patients with CD (21.7%), at least one firstdegree relative was also affected with IBD, which was
defined as a positive family history. The variable “positive
family history” showed no correlation with the diagnosis
of an EIM (P = 1.0; RR = 1.0; 95%CI: 0.45-2.40).
Smoking was defined as “yes”, if the patient was an
active smoker at the time the EIM was diagnosed for the
first time. At first diagnosis, 45 patients (24.9%) were active smokers. At the time the EIM became obvious, 55
patients (34.2%) were active smokers. In our cohort of
CD patients, an association of active smoking with the
risk of developing an EIM became obvious (P = 0.046;
RR = 1.96; 95%CI: 1.01-3.79). Moreover, active smoking
was strongly associated with the occurrence of arthralgias
(P = 0.021; RR = 3.6; 95%CI: 1.17-11.04).
At first diagnosis, 19 patients were diagnosed with
perianal fistula (12.8%), 10 patients had fistulas other
than perianal (e.g., entero-enteric, 6.7%). In 26 patients,
an abscess was found at first diagnosis (17.4%). In total,
27 patients (16.8%) with CD had to undergo IBD-related
surgery, mainly due to a fistula or abscess. If the patient
needed surgery for his disease, the risk of suffering from
an EIM was significantly increased (P = 0.015; RR = 2.93;
95%CI: 1.2-7.16). In contrast, the presence of perianal
fistulas had no influence on the development of EIMs (P
= 0.72; RR = 1.2; 95%CI: 0.40-3.84).
According to disease specific therapies at first diagnosis, 69 patients with CD were treated with systemic
corticosteroids (46.3%), 28 patients with budesonide
(18.8%), 24 (16.1%) with mesalamine, 2 patients (1.3%)
with azathioprine monotherapy, and 6 patients with
systemic steroids and azathioprine (4.0%). In 63.1% of
patients with steroid therapy, the EIM present at first

diagnosis resolved during the observation period. During
the early course of the disease, 27 patients never received
systemic corticosteroids (17.1%), whereas 76 patients
(47.2%) were treated with an immunosuppressive therapy
[azathioprine or methotrexate n = 55 (74.3%), anti-TNFtherapy n = 19 (25.7%)]. There was no correlation between development of an EIM and the specific response
towards corticosteroid therapy, including induction of remission (46.3%), steroid-dependency (35.8%), or steroidrefractory course (17.9%) (steroid-dependent: P = 0.30;
RR = 0.5; 95%CI: 0.1-1.8; steroid-refractory: P = 1.0; RR
= 1.0; 95%CI: 0.3-3.8).
In addition, patients with EIMs, either suffering
from disease activity-dependent EIM or disease activityunrelated EIM, were not treated more frequently with
immunosuppressive agents (azathioprine, methotrexate)
or anti-TNF-therapy (infliximab, adalimumab) compared with patients without an EIM (P = 0.82; RR = 1.1;
95%CI: 0.6-2.0). Rates of clinical remission were not different in patients with or without EIMs. Patients with an
EIM during the observation period achieved remission in
78.1% of cases, while 76.6% of patients without an EIM
were in remission with an average duration of remission of 19 and 28 mo, respectively (P = 0.84; RR = 1.1;
95%CI: 0.49-2.44).
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Logistic regression model evaluating risk factors for an
EIM in CD
The results of the binary logistic regression model with
EIM being the dependent (outcome) variable are given in
Table 4. The multivariable model suggests an increased
risk of developing an EIM in patients needing surgery for
IBD, active smoking patients and patients with younger
age at first diagnosis.
Evaluation of possible risk factors in ulcerative colitis
We also evaluated these risk factors in patients suffering
from UC. No relationship was identified according to the
development of an EIM, and the variables sex, diagnosis of pancolitis, positive family history, active smoking,
younger age at first diagnosis, the need of immunosuppressive therapy/anti-TNF-therapy or the reaction to
corticosteroid therapy. In detail, 52 patients with UC received systemic corticosteroids at first diagnosis (49.5%),
23 patients (21.9%) were treated with mesalamine and no
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Table 4 Univariate analysis and logistic regression model (outcome variable = extraintestinal manifestation during observation
period) for Crohn's disease n (%)
Variable

Category (n )

With EIM

Surgery

Yes (27)
No (134)
Yes (55)
No (106)
≤ 40 yr (126)
> 40 yr (35)
Yes (35)
No (126)
Female (90)
Male (71)

19 (70.4)
60 (44.8)
33 (60.0)
46 (43.4)
62 (49.2)
22 (62.9)
20 (57.1)
64 (50.8)
46 (51.1)
38 (53.3)

Smoking
Age
Family history
Sex

Univariate analysis

Logistic regression analysis

P value

RR (95%CI)

P value

RR (95%CI)

0.015

2.93 (1.20-7.16)

0.015

3.19 (1.26-8.02)

0.046

1.96 (1.01-3.74)

0.023

2.36 (1.13-4.93)

0.026

2.40 (1.01-5.23)

0.011

2.94 (1.28-6.76)

0.510

1.29 (0.61-2.75)

0.260

1.59 (0.71-3.55)

0.870

0.9 (0.49-1.69)

0.070

0.52 (0.25-1.05)

EIM: Extraintestinal manifestation.

in patients suffering from more than one EIM. The
presence of arthralgias was significantly associated with
an ocular manifestation (P < 0.001; RR = 6.1; 95%CI:
2.11-17.51). In addition, patients suffering from arthritis
had an increased risk of developing ocular manifestations
(P = 0.001; RR = 5.64; 95%CI: 1.92-16.61) and sacroiliitis
(P = 0.12; RR = 5.41; 95%CI: 1.26-23.19).

Table 5 Univariate analysis for ulcerative colitis n (%)
Variable
Sex

Category
(n )

Female (46)
Male (50)
Pancolitis1
Yes (29)
No (59)
Surgery
Yes (6)
No (90)
Family history
Yes (5)
No (90)
Smoking
Yes (19)
No (77)
≤ 40 y (67)
Age
> 40 y (29)
Immunosuppressive Yes (27)
No (68)
therapy

With EIM
17 (37.0)
19 (38.0)
12 (41.4)
20 (33.9)
5 (83.3)
31 (34.4)
1 (20.0)
25 (38.9)
7 (36.8)
29 (37.7)
27 (40.3)
9 (31.0)
11 (40.7)
25 (36.8)

Univariate analysis

P

RR (95%CI)

0.92

0.96 (0.42-2.20)

0.49

1.38 (0.55-3.44)

0.03

9.52 (1.06-85.08)

0.65

0.39 (0.04-3.66)

0.80

1.14 (0.42-3.13)

0.39

0.67 (0.26-1.68)

0.71

1.18 (0.48-2.95)

DISCUSSION

1

Not applicable in 8 patients. EIM: Extraintestinal manifestation.

patient had immunosuppressive therapy. Corticosteroid
therapy induced remission in 44.1% of patients, 33.8%
became steroid-dependent, and 22.1% of patients had
a steroid-refractory course of their disease. During the
observation period, 23 patients (24.2%) never had corticosteroids and 27 patients (28.4%) needed immunosuppressive therapy [azathioprine or methotrexate, n = 23
(85.2%); anti-TNF-therapy, n = 4 (14.8%)].
In 76.5% of patients with UC receiving corticosteroids, the EIM present at first diagnosis resolved during
the observation period. However, no correlation was
found with the reaction to corticosteroid therapy and the
development of an EIM during the observation period
(steroid-dependent: P = 0.67; RR = 1.3; 95%CI: 0.4-4.5;
steroid-refractory: P = 0.16; RR = 2.6; 95%CI: 0.7-10.1).
As presented in Table 5, only the need for surgery
(colectomy in all cases) significantly increased the risk
of a concomitant EIM (P = 0.03; RR = 9.52; 95%CI:
1.06-85.08). However, as expected, the number of affected patients was rather small (n = 6 needing surgery).
Relationship of different EIMs
We finally assessed the relationship of different EIMs
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Several studies, mostly retrospective or case-control from
tertiary centers have shown a high prevalence of EIMs
in patients with IBD, ranging from 6% to 53%. However,
prospective data focusing on the presence of EIMs at
first diagnosis and during the early course of the disease
from a population-based cohort are lacking. Therefore,
owing to the high impact of EIMs on patient quality of
life, this study aimed to evaluate the prevalence of EIMs
in IBD patients at the onset of their disease and during
the early course of disease. Additionally, we assessed factors possibly related to the development of an EIM during the first years after diagnosis of an IBD.
The wide variations in the prevalence of EIMs may
on the one hand be explained by the differences in study
design, inclusion criteria and the patient cohorts used.
On the other hand, the development of EIMs may vary
due to geographic differences, as African-Americans, for
example, seem to be at higher risk of EIMs compared
with Caucasians[14-16].
One of the lowest prevalence rates of EIM was
reported by Bernstein et al[3], with an overall EIM rate
of only 6.2% in IBD patients with a minimum 10-year
course of disease. However, arthralgias and arthritis were
excluded from this study, which represent the most common EIMs in several reports[4,7,8,17,18].
In our population, the incidence of an EIM at first
diagnosis was 36.2% in all patients, with a significant
preponderance in CD patients (42.9% vs 21.9% in UC).
These results are in line with the study of Greenstein
et al[6] (prevalence of 36% in an IBD cohort of 700 patients), and with recent data from a geographically similar
cohort from Switzerland, in which 43% of CD patients
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and 31% of UC patients suffered from EIMs[4]. Nevertheless, 64.2% of patients in our study developed at least
one EIM at any point during the early course of their disease, with a median observation period of 50 mo. These
findings are even higher than the rate of EIMs described
by Löfberg et al[8] in his study on the effect of adalimumab on EIMs in CD, which was reported to be 53% in 945
patients. One may speculate that this high rate of EIMs,
especially of disease activity-dependent EIMs, is related
to the population-based design of our study, as in this
cohort, patients are seen to some extent by general practitioners and not in tertiary centers, particularly if they
have only a few abdominal symptoms and the course of
the abdominal disease is relatively mild at first diagnosis
and during the first years after onset.
The increased risk for patients with CD of developing
an EIM has been reported in several studies[4,6,10,19-21]. In
contrast, only a few studies did not find any association
of EIMs with IBD type[3,22]. In our cohort, the prevalence
of EIMs was higher in patients with CD at first diagnosis, whereas the risk of developing a new EIM during the
early course of the disease was not different between CD
and UC patients.
The most common EIMs in our study were arthropathies, both in CD and UC. As mentioned above,
these results are in line with several studies confirming
the high rates of joint involvement, with arthralgias described in up to 47.1% of patients[8] and arthritis in about
20%-33%[4,6,7,23].
Patients suffering from one EIM seem to be at increased risk of developing further extraintestinal symptoms, in particular if joints, the biliary tract, eyes or skin
(erythema nodosum) are involved. Therefore, a common
pathogenic pathway is suggested in some EIMs, as they
tend to appear simultaneously in affected patients[24].
As reported by Vavricka et al[4], we also found an association of peripheral arthritis with sacroiliitis. Additionally, a relationship between arthropathies and ocular
manifestations was obvious in our series.
Erythema nodosum, representing another disease
activity-dependent EIM, is reported to occur more frequently in CD patients and females[25]. In our cohort,
significantly more patients with CD were found to suffer from erythema nodosum at first diagnosis, but we
could not find a female predisposition. The prevalence at
first diagnosis compared well with previous data, which
reported rates of erythema nodosum of 2%-7.5% in
CD and 0.9%-4% in UC[6,19,26]. During the early disease
course, the frequency of erythema nodosum decreased,
most probably due to induction of specific treatment for
the underlying IBD.
Pyoderma gangrenosum, representing the second
main IBD-related cutaneous manifestation, was diagnosed less frequently at disease onset, which is in accordance with previous studies reporting a prevalence of
pyoderma gangrenosum of 0.6%-2.2%[25,26].
Our findings on the prevalence of sacroiliitis with an
increased risk in CD patients were comparable to other
series, with an overall prevalence rate of 1%-6%[4,6,27].
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Furthermore, the frequency of ophthalmologic manifestations in our cohort, including conjunctivitis, episcleritis
and uveitis was in line with the previously described rates
of 2%-12%[4,6,7,18,19,28].
There have been few studies evaluating factors which
influence the risk of suffering from EIMs. Several studies reported an increased rate of EIMs in patients with
colonic CD, suggesting differences in immune tolerance
mechanisms and bacterial flora being relevant for this
finding[6,17-19,29]. In contrast, the study of Vavricka et al[4]
could not confirm this association. In our series, neither
colonic involvement in CD patients nor pancolitis in UC
patients was identified to increase the risk of developing
an EIM. This might be due to the fact that our cohort is
studied during the early course of the disease, while disease location and extent is still limited in many patients,
with a chance for progression during the later years.
In addition, a positive family history might influence
the occurrence of EIM, as an association between different genetic markers and the development of EIMs
has been shown[30]. There are only two studies directly
addressing the impact of positive family history on the
development of EIMs. Vavricka et al[4] found an increased
risk of EIMs in CD patients with a positive family history of IBD, whereas Lakatos et al[19] reported joint and
ocular manifestations associated with familial UC. In our
cohort, no relationship between a positive family history
and the development of an EIM was obvious, neither in
CD nor in UC patients.
Active smoking has been shown to have a negative
impact on disease behavior in CD patients, resulting in
higher rates of complications in several studies[31-34]. Lakatos et al[35] previously reported an association between
smoking and EIMs in a Hungarian population. We clearly
confirmed this variable as a risk factor for EIMs during the early course of the disease in CD patients in our
population-based cohort. Manguso et al[36] found a negative influence of smoking on the development of EIM
in UC patients, but this phenomenon was obvious only
after a disease course of about 10 years. However, as we
do not have data of passive smoking history, this must be
considered as a possible confounder.
Of note, the need of surgery was related to an increased risk of EIMs in both CD and UC patients in our
study. In CD patients, 70.4% of patients who required
surgery also suffered from an EIM. In UC, 83.3% of patients needing colectomy during the observation period
presented with an EIM, although there was a limitation
because of the small number of operated patients in UC.
These findings were in contrast to previous reports which
found no association of surgery with EIMs[4,18,37]. One
possible explanation for the association of surgery with
EIMs might be the early stage of disease in our cohort,
with some patients presenting with severe disease at first
diagnosis and needing urgent surgery due to high activity.
This high activity might also be responsible for the frequent development of disease activity-dependent EIMs
in those patients.
This study, presenting a high prevalence of EIMs at
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the onset of IBD, has several strengths but also limitations. The main strength is the prospective populationbased design of the study, not only including patients
from hospitals or tertiary centers, but also patients with
milder forms of IBD, which are mainly treated by their
family doctors and general practitioners. The prospective
follow-up provided a favorable basis to avoid underreporting of EIMs during the early course of the disease,
especially compared with retrospective results from databases. However, owing to the moderate incidence of IBD
in our region, the number of patients assessed was lower
than in some previous studies, which included patients at
different points of their disease course.
We are well aware that the duration of follow-up, with
a median of 50 mo, might be too short to identify risk
factors influencing the development of EIMs later in the
disease course. However, the focus of our study was to
evaluate the frequency of EIMs during the early course
of the disease and to identify possible risk factors at that
stage, in order to increase the clinical awareness of EIMs.
In conclusion, we demonstrate a high prevalence of
EIMs in a prospective population-based cohort of IBD
patients at first diagnosis as well as during the early course
of the disease. In patients with CD, the need of IBDrelated surgery, young age at first diagnosis, and active
smoking are associated with the development of EIMs,
whereas in UC no key risk factors could be identified.
Owing to the high impact of EIMs on the quality of life
in affected patients, one goal in the care of IBD-patients
is to increase the awareness of these conditions, which
in some cases are more incapacitating than the intestinal
disease itself. Prompt diagnosis and sufficient treatment
is essential to prevent severe morbidity and mortality in
patients suffering from EIMs. Of note, our data strongly
confirm the negative effect of smoking on the course of
the disease, especially in CD patients.
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RESULTS: About 108 patients were classified in the
heartburn group and 124 in the regurgitation group.
The basic characteristics of the two groups were similar, except for male predominance in the regurgitation
group. Patients in the heartburn group had more sleep
interruptions (22.3% daily vs 4.8% daily, P = 0.021),
more eating or drinking problems (27.8% daily vs 9.7%
daily, P = 0.008), more work interferences (11.2% daily
vs none, P = 0.011), and lower SF-36 scores (57.68 vs
64.69, P = 0.042), than patients in the regurgitation
group did. Individuals with NERD in the regurgitation
group had more impaired daily activities than those
with EE did.
CONCLUSION: GERD patients with heartburn or regurgitation predominant had similar demographics,
but those with heartburn predominant had more severely impaired daily activities and lower general health
scores. The NERD cases had more severely impaired
daily activity and lower scores than the EE ones did.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the impact of heartburn and regurgitation on the quality of life among patients with
gastroesophageal reflux disease (GERD).
METHODS: Data from patients with GERD, who were
diagnosed according to the Montreal definition, were
collected between January 2009 and July 2010. The
enrolled patients were assigned to a heartburn or a
regurgitation group, and further assigned to an erosive
esophagitis (EE) or a non-erosive reflux disease (NERD)
subgroup, depending on the predominant symptoms
and endoscopic findings, respectively. The general demographic data, the scores of the modified Chinese
version of the GERDQ and the Short-form 36 (SF-36)
questionnaire scores of these groups of patients were
compared.
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Key words: Erosive esophagitis; Gastroesophageal reflux disease; Gender; Life quality; Non-erosive reflux
disease
Core tip: The study was aimed to investigate the impact
of heartburn and regurgitation on the quality of life
among patients with gastroesophageal reflux disease
(GERD). The results found GERD patients with heartburn predominant had more severely impaired daily
activities and lower general health scores than those
with regurgitation predominant. Non-erosive reflux disease greatly impaired daily function in regurgitationpredominant patients, but did not have such impact in
those with heartburn predominant.
Lee SW, Lien HC, Lee TY, Yang SS, Yeh HJ, Chang CS. Heartburn and regurgitation have different impacts on life quality
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Table 1 Severity distribution of patients in the heartburn and
regurgitation group n (%)
Groups
Heartburn group
Regurgitation group

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
disorder of the upper gastrointestinal tract that is typically characterized by heartburn and acid regurgitation.
According to the Montreal definition, GERD is a condition which develops when the reflux of stomach contents
causes troublesome symptoms and/or complications[1].
GERD has an impact on the daily lives of affected individuals, interfering with physical activity, impairing social
functioning, disturbing sleep and reducing productivity
at work[2-5]. According to the Genval guidelines, a negative impact on the quality of life is a criterion for reflux
disease in patients with frequent heartburn[6]. GERD patients can be classified as having either erosive esophagitis
(EE) or non-erosive reflux disorder (NERD) depending
on endoscopic findings[7]. The aim of this study was to
investigate the impact of two cardinal GERD symptoms,
heartburn and regurgitation, on the quality of life of patients with EE and those with NERD.

MATERIALS AND METHODS
Data from consecutive adult patients with GERD in our
hospital, Taichung Veterans General Hospital, who were
diagnosed according to the Montreal definition, were
prospectively collected from January 2009 to July 2010.
Exclusion criteria were as follows: (1) GERD combined
with other structural gastrointestinal disorders, such as
peptic ulcer disease, esophageal or gastric malignancy; (2)
prior gastric surgery; (3) use of chronic anti-acid medication, such as proton pump inhibitors (PPIs) or H2-receptor antagonists (H2RAs), for more than 2 mo prior to
enrollment; and (4) pregnancy. This study was conducted
with the approval of the Clinical Research Ethics Committee of Taichung Veterans General Hospital.
The general data of enrolled patients, including age,
gender, body weight, body mass index (BMI), symptom
duration and lifestyle habits, were recorded. All patients
underwent an open-access transoral upper gastrointestinal
endoscopy, and the findings of esophagocardiac mucosal
break, esophagocardiac junction (ECJ) ulcer, hiatal hernia or Helicobacter pylori (H. pylori) infection of each case
were collected. All patients were asked to complete the
questionnaires, including the modified Chinese version
of GERDQ, the modified GERD impact scale, and the
Short-form 36 (SF-36) questionnaire (Chinese version).
The modified Chinese version of GERDQ included
questions about the severity of the symptoms of heartburn (“a burning feeling behind the breastbone”) and regurgitation (“unpleasant movement of material upwards
from the stomach”). Answers were graded on a three-
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Severity

Total

Mild

Moderate

Severe

4 (3.7)
6 (4.8)

85 (78.7)
102 (82.3)

19 (17.6)
16 (12.9)

108
124

point Likert scale, as follows: mild was defined as symptoms that can be easily ignored; moderate, awareness of
symptoms but easily tolerated; and advanced symptoms
sufficient to cause an interference with normal activities.
The enrolled patients were classified as having heartburn,
defined as more severe symptoms of heartburn than regurgitation, and the regurgitation group, defined as more
severe symptoms of regurgitation than heartburn.
The modified GERD impact scale measures the frequency of imparied daily activity, including sleep interruption, eating or drinking problems, and work interferences, graded on a three-point Likert scale, as follows:
never, sometimes and daily. The SF-36 questionnaire
measures generic quality of life, which allows comparisons between different disease states. It also measures
health status in eight domains: physical functioning, role
limitations-physical, bodily pain, general health, vitality,
social functioning, role limitations-emotional, and mental
health. Two summary scores were also calculated from
subject responses: the physical health (PH) score and the
mental health (MH) score. Scores on the SF-36 range
from 0 to 100 in each dimension and on the summary
scales, with higher scores indicating better quality of life.
Data are expressed as standard derivation of the
mean for each of the measured parameters. Gender, hiatal hernia, H. pylori, ECJ ulcer, endoscopic findings and
lifestyle habits, are expressed as a percentage of the total
patient number. A P value below 0.05 was considered statistically significant. Statistical analyses were made using
Pearson’s χ 2 test to compare the effects of gender, hiatal
hernia, lifestyle habits and GERD impact scale scores;
ANOVA test was used to analyze age, body weight, BMI,
and scores of the SF-36 questionnaires.

RESULTS
A total of 290 consecutive patients were enrolled, and 58
cases had similar severity of symptoms of heartburn and
regurgitation. Among the remaining 232 patients, 108
(46.6%) were classified in the heartburn group and 124
(53.4%) were classified in the regurgitation group. The
symptom severities were similar in these two groups, as
shown in Table 1.
The characteristics of the heartburn group and regurgitation group are presented in Table 2. The heartburn
group had more males than the regurgitation group did
(57.4% vs 38.7%, P = 0.044). Other general data, including age, body weight and BMI, were similar between the
two groups. There were no significant differences in en-
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Table 2 Basic characteristic of the of patients in the heartburn and regurgitation group
Heartburn group (n = 108, 46.6%)

Characteristics

n (%)
Mean age (yr)
Gender
Weight (kg)
BMI (kg/m2)
H. pylori
Hiatal hernia
ECJ ulcer
Endoscopic finding
Life style

Regurgitation group (n = 124, 53.4%)

n (%)

mean ± SD
48.72 ± 13.97

M
F

62 (57.4)
46 (42.6)
62.30 ± 13.56
22.97 ± 3.87

NERE
EE
Coffee
Alcohol
Tea
Smoke

44.92 ± 15.30

0.1301
0.0442

63.33 ± 11.85
23.38 ± 3.42

0.8341
0.8251
0.2852
0.9662
0.6642
0.8362

48 (38.7)
76 (61.3)

28 (25.9)
30 (27.8)
8 (7.4)
54 (50.0)
54 (50.0)
70 (64.8)
44 (40.7)
84 (77.8)
20 (18.5)

P value

mean ± SD

22 (17.7)
34 (27.4)
12 (9.7)
56 (45.2)
68 (54.8)
76 (61.3)
48 (38.7)
104 (83.9)
16 (12.9)

0.6952
0.8232
0.4042
0.4052

1

t test; 2Pearson’s χ 2 test. BMI: Body mass index; ECJ: Esophagocardiac junction; EE: Erosive esophagitis; F: Female; M: Male; NERD: Non-erosive reflux disease; H. pylori: Helicobacter pylori.

P = 0.021

P = 0.008

P = 0.011

70

Heartburn predominant
Regurgitation predominant

100%

SF-36 scores

Percentage

80%
60%
40%

60

P = 0.042

P = 0.126

P = 0.071

20%
0%

H

R
Sleep
interruption
Daily

H
R
Eat/drink
Problem
Sometimes

50

H

R
Work
interferences
Never

Figure 1 Results of the modified gastroesophageal reflux disease impact
scale of patients in the heartburn and regurgitation groups. H: Heartburn
group; R: Regurgitation group.

doscopic findings, such as NERD/EE ratio, ECJ ulcer,
hiatal hernia, H. pylori infection rate, or lifestyle habits,
such as tea, alcohol, coffee consumption, and cigarette
smoking.
The results of the modified GERD impact scale and
the SF-36 questionnaire scores of the two groups are
displayed in Figures 1 and 2, respectively. The heartburn
group had significantly more sleep interruptions (22.3%
daily vs 4.8% daily, P = 0.021), more eating or drinking
problems (27.8% daily vs 9.7% daily, P = 0.008), and
more work interferences (11.2% daily vs none, P = 0.011),
than the regurgitation group did. Similarly, according to
the results of the SF-36 questionnaire, the heartburn
group had lower scores than the regurgitation group did,
including total scores (57.68 vs 64.69, P = 0.042), PH
scores (58.53 vs 63.52, P = 0.126), and MH scores (53.04
vs 59.31, P = 0.071).
There were 54 (50%) NERD patients and 54 (50%)
EE patients in the heartburn group, and 56 (45.2%)
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Total

PH

MH

Figure 2 Results of the SF-36 questionnaire of patients in the heartburn
and regurgitation groups. SF-36: Short-form 36; PH: Physical health; MH:
Mental health.

NERD cases and 68 (54.8%) EE cases in the regurgitation
group, respectively. The two main groups, the heartburn
group and the regurgitation group, were further divided
into four subgroups: NERD with heartburn, EE with
heartburn, NERD with regurgitation and EE with regurgitation, depending on individual endoscopic findings.
The basic characteristics of the NERD and EE patients in the heartburn group and regurgitation group are
shown in Table 3. Male predominance in the EE with
heartburn subgroup (74.1%) and female predominance
in the NERD with regurgitation subgroup (71.4%) were
noted. More severe obesity, including higher body weight
and BMI, were found in EE patients than in NERD
cases in both subgroups, particularly in the EE with
heartburn subgroup (mean body weight, 68 vs 56.59, P =
0.001; mean BMI, 24.24 vs 21.68, P = 0.014). ECJ ulcers
were found in the EE with heartburn subgroup (14.8%)
and the EE with regurgitation subgroup (17.6%). In the
EE with heartburn subgroup, there were more cases of
hiatal hernia than in the NERD with heartburn subgroup
(40.7% vs 14.8%, P = 0.033), but the difference was not
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Table 3 Basic characteristic of the of non-erosive reflux disease and erosive esophagitis patients in the heartburn and regurgitation
group
Characteristics

n (%)
Mean age (yr)
Gender

P value

Heartburn group
NERD (n = 54, 50%)
mean ± SD

EE (n = 54, 50%)

n (%)

46.89 ± 14.75
M
F

Weight (kg)
BMI (kg/m2)
H. pylori
Hiatal hernia
ECJ ulcer

22 (40.7)
32 (59.3)

n (%)

mean ± SD
1

50.56 ± 13.15

0.340
0.0132

40 (74.1)
14 (25.9)
56.59 ± 10.07
21.68 ± 3.43

14 (25.9)
8 (14.8)
0

0.0011
0.0141
1.0002
0.0332
0.0503

68.00 ± 14.34
24.24 ± 3.92
14 (25.9)
22 (40.7)
8 (14.8)

P value

Regurgitation group
NERD (n = 56, 45.2%)

EE (n = 68, 54.8%)

n (%)

mean ± SD
39.64 ± 10.23

16 (28.6)
40 (71.4)

mean ± SD
48.21 ± 19.77

0.0431
0.1372

64.85 ± 13.67
23.52 ± 3.65

0.1311
0.2931
0.5182
0.8542
0.0283

32 (47.1)
36 (52.9)
60.28 ± 8.71
22.59 ± 2.90

8 (14.3)
16 (28.6)
0

14 (20.6)
18 (26.5)
12 (17.6)

t test; 2Pearson’s χ 2 test; 3Fisher exact test. BMI: Body mass index; ECJ: Esophagocardiac junction; EE: Erosive esophagitis; F: Female; M: Male; NERD: Nonerosive reflux disease; H. pylori: Helicobacter pylori.
1

P = 0.357

P = 0.073

P = 0.472

P = 0.357

P = 0.002

P = 0.046

100%

Daily
Sometimes

80%
Percentage

Never
60%
40%
20%
0%

NERD
EE
Sleep
interruption

NERD EE
Eat/drink
problem
Heartburn predominant

NERD EE
Work
interferences

NERD
EE
Sleep
interruption

NERD EE
Eat/drink
problem
Regurgitation predominant

NERD EE
Work
interferences

Figure 3 Results of the modified gastroesophageal reflux disease impact scale of non-erosive reflux disease and erosive esophagitis patients in the heartburn and regurgitation groups. EE: Erosive esophagitis; NERD: Non-erosive reflux disease; GERD: Gastroesophageal reflux disease.

significant in the NERD with regurgitation subgroup.
The ratio of H. pylori infection was similar among all 4
subgroups.
The results of the modified GERD impact scale of
these four subgroups are shown in Figure 3. The NERD
and EE with heartburn subgroups had a similar presentation of daily activities. However, the NERD with
regurgitation subgroup had a significantly higher ratio
of impaired daily activity than the EE with regurgitation
subgroup did, in particular, eating or drinking problems
(11.8% daily vs 7.1% daily, P = 0.002), and work interferences (50% “sometimes” vs 26.5% “sometimes”, P =
0.046).
The SF-36 questionnaire scores of these four subgroups are listed in Figure 4. In general, the NERD patients had lower scores, both in the physical and mental
dimensions, than the EE cases did, but the difference
was not significant. The EE with regurgitation subgroup
had the highest scores (mean total score 65.68, PH score
63.76, MH score 60.62), and the NERD with heartburn
subgroup had the worst scores (mean total score 57.52,
PH score 58, MH score 52.88).

WJG|www.wjgnet.com

DISCUSSION
GERD is a chronic disease that tends to relapse and
cause complications. Typical symptoms associated with
GERD include heartburn, acid regurgitation, and chest
pain, as well as extraesophageal manifestations such as
nausea, chronic cough, asthma, and hoarseness. Previous studies indicated that the risk factors in patients
with GERD include age[4], obesity[5,8], hiatal hernia[9], and
an unhealthy lifestyle, including alcohol consumption
and cigarette smoking. The two typical presentations of
GERD are heartburn and regurgitation. Heartburn is
usually characterized as a burning substernal or epigastric
discomfort which radiates towards the mouth, and regurgitation refers to reflux of food or bitter-tasting gastric
contents from the stomach into the mouth. Though these
two symptoms are often paired, they are different conditions, and sometimes one can affect a patient without the
occurrence of the other.
Patients with GERD may present with a broad range
of troublesome symptoms that can affect the quality of
their daily lives[2-5]. The negative effects of GERD are
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Heartburn/NERD
Heartburn/EE
Regurgitation/NERD
Regurgitation/EE

70

P = 0.606

SF-36 scores

P = 0.948
P = 0.508
60

P = 0.952

P = 0.842

P = 0.955

50

Total

PH

MH

Figure 4 Results of the short-form 36 questionnaireof non-erosive reflux
disease and erosive esophagitis patients in the heartburn and regurgitation groups. EE: Erosive esophagitis; NERD: Non-erosive reflux disease;
SF-36: Short-form 36; PH: Physical health; MH: Mental health.

dependent on the frequency and severity of symptoms
rather than the presence of esophagitis. Studies conducted in Sweden’s general population, which assessed
the impact of the severity and frequency of GERD
symptoms, showed that even symptoms rated as mild are
associated with a clinically meaningful reduction in wellbeing[10]. One large European multicenter observational
study noted more than half of GERD cases had sleep
disturbance, and persistent regurgitation was associated
with more hours of work missed[11]. Other two previous studies documented increasing symptom frequency
of heartburn that led to significant decreases in wellbeing[12,13].
Our study disclosed that patients with heartburn
predominant had more severely impaired daily activity,
including sleep interruption, eating or drinking problems
and work interferences, than those with regurgitation predominant. Furthermore, the individuals with heartburn
predominant also had lower SF-36 health scores. These
results implied that there might be a difference in the
presentation of symptoms and quality of life of GERD
patients.
Furthermore, recent analyses of clinical trial data
suggest regurgitation is less responsive to acid suppression than heartburn, and may be a common cause of
incomplete treatment response[14,15]. To investigate the
physicopathological presentations of heartburn and
regurgitation, one study monitored 32 patients with
symptoms suggesting GERD using 24-h ambulatory pH
and impedance. The results showed that reflux episodes
inducing regurgitation had a higher proximal extent of
liquid component, but less esophageal pH drop, than episodes inducing heartburn[16].
Although patients with GERD have a broad range of
troublesome symptoms that can adversely affect the quality of life, studies have shown that individuals with EE
and NERD have similar total quality of life scores[17,18]. In
our study, patients with EE and those with NERD had
similar general quality of life scores, both in the heartburn subgroup and the regurgitation subgroup. However,
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the NERD patients with regurgitation predominant had
more significantly impaired daily functions, including eating or drinking problems and work interferences, than
the EE cases did. The results implied that NERD regurgitation predominance has a more negative impact on life
quality than EE regurgitation predominance, but there
were no differences in the heartburn-predominant cases.
There are some limitations in our study. Firstly, comorbid diseases that tend to influence the severity of
GERD, such as chronic heart failure or chronic obstructive pulmonary disease, were not considered, and this
might have led to inaccurate outcomes. Secondly, the
endoscopic findings were recorded by individual endoscopists, and inter-observer conflict and misclassification
might have occurred. Thirdly, gender predominant was
found in some subgroups, and that might influence the
finial results. Fourthly, not all of our cases with NERD
have accepted pH-metry monitoring, and it might lead
to a misclassification of the individuals with functional
heartburn as NERD. Fively, the lifestyle characteristics in
our study only reflect the patients’ current status. Lastly,
our study was hospital-based designed. Further research
using representative samples of the general population
are needed to confirm these results.
In conclusion, in the present study, GERD patients
with heartburn and regurgitation predominant had similar demographics, but heartburn predominance had a
more negative impact on daily activity and general health
scores. In general, the NERD cases had more severely
impaired daily activity and lower scores than the EE ones
did.
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Abstract
AIM: To examine the efficacy and safety of otilonium
bromide (OB) in treatment-sensitive functional irritable
bowel syndrome (IBS) clinical parameters.
METHODS: Ninety-three patients (44.8 ± 12.6 years,
69% female) with IBS symptoms complying with Rome
Ⅱ criteria participated in this double-blind, placebocontrolled, randomised, dose-ranging phase Ⅰ/Ⅱ
study. Patients were administered OB 20 mg (n = 24),
40mg (n = 23) and 80 mg (n = 23) tid or placebo (n =
23) in 4 parallel groups for 4 wk. Primary efficacy variables included abdominal discomfort, intestinal habits,
number of daily evacuations and stool consistency.
Secondary efficacy measures included return to regular
intestinal habits and global discomfort. Safety was also
assessed.
RESULTS: Baseline clinical characteristics were similar
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among the 4 groups. Although individual parameters
such as intensity and frequency of abdominal discomfort, bloating or pain were reduced by OB over the 4
wk, no significant differences were observed between
groups. Similarly, no difference was observed between
OB treatment or placebo for mucus in stool and incomplete or difficulty of evacuation. However, evacuation
frequency was significantly reduced after 4 wk by 80
mg OB compared to placebo (-8.36% for placebo vs
-41.9% for 80 mg OB, p < 0.01). While 21.7% of patients in the placebo group experienced regular intestinal habits after 4 wk, this improvement was greater for
patients treated with 40 mg OB (p < 0.01 vs placebo).
Furthermore, a dose-dependent reduction in frequency
2
of diarrhoea (χ -test for trend = 11.5, p < 0.001) and
an increase in normal stool frequency was observed.
Combining individual variables into a global discomfort index revealed significant improvement among
increasing OB doses, favouring 40 mg (p = 0.013) and
80mg OB (p = 0.001) over placebo. No difference was
observed between frequency of adverse events for placebo vs OB.
CONCLUSION: This dose-ranging study demonstrates
that OB at 40 and 80 mg can improve individual and
global clinical symptoms of IBS compared to placebo
over a 4-wk period.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Otilonium bromide; Irritable bowel syndrome; Spasmolytic; Acute treatment
Core tip: Although previous trials have confirmed the
efficacy of a single dose of otilonium bromide (OB) on
well-defined endpoints in patients with irritable bowel
syndrome (IBS), no study has specifically defined the
optimal dosage of OB on standard IBS efficacy measures in a controlled cross-over design. Findings from
this dose-ranging study demonstrate that OB at 40 and
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80 mg can improve both individual and global clinical IBS symptoms compared to placebo over 4 wk. All
doses of OB were well tolerated compared to placebo.
Future long-term controlled trials on global efficacy
measures will help reinforce findings from the present
trial.
Chmielewska-Wilkoń D, Reggiardo G, Egan CG. Otilonium
bromide in irritable bowel syndrome: A dose-ranging randomized
double-blind placebo-controlled trial. World J Gastroenterol
2014; 20(34): 12283-12291 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i34/12283.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i34.12283

INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder characterized by chronic or recurrent abdominal pain or discomfort, and disturbed defecation[1]. The severity of the disorder ranges from mild
to severe and intractable symptoms. The prevalence of
IBS ranges from 5%-20%, depending upon the criteria
employed and population evaluated[1-3]. The Rome diagnostic criteria for IBS requires the presence of at least 3
mo of continuous or recurrent symptoms of abdominal
pain or discomfort relieved with defecation, or associated with a change in frequency or consistency of stool[4].
While the prevalence of IBS according to Rome Ⅰ and
Ⅲ criteria is approximately 12%, it is considerably lower
(about 3%) for patients diagnosed according to Rome Ⅱ
criteria, since Rome Ⅱ criteria requires higher symptom
frequency (> 10% vs > 25% of the time)[2,5].
Clinical symptoms of IBS relate to abnormalities
in motility and visceral sensation and are influenced by
psychosocial factors via the brain-gut axis[6]. Treatment
is based on a combined pharmacological and behavioral
approach. In light of the evidence of enhanced visceral
perception in IBS and the frequent occurrence of pain
as a key symptom, it is generally accepted that any agent
considered for the treatment of IBS should demonstrate
effective pain relief. Antispasmodics are often used to
treat IBS, particularly for symptoms such as abdominal
pain and bloating [7,8]. Otilonium bromide (OB) is an
antispasmodic that exerts its mechanism of action by
reducing hypermotility and modulating visceral sensation,
factors thought to be responsible for pain in IBS[9,10]. It
is a quaternary ammonium derivative with selective spasmolytic action on the gastrointestinal tract, in particular
on the colon[11,12]. The efficacy of OB in IBS has been
confirmed in 3 large randomized double-blind clinical
trials[13-15]. Some of these trials were subjected to either
an extended analysis or to meta-analysis[7,16]. Other studies taken into consideration by this meta-analysis[7] were
smaller[17-19] and did not meet current standards for IBS
trial design[20]. Although these large trials have confirmed
the efficacy of a single dose of OB on well-defined end-
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points over 15 wk[14-16] no study has specifically defined
the optimal dosage of OB on standard IBS efficacy measures in a controlled cross-over design. Therefore, the
objective of this trial was to evaluate the dose-response
relationship of 20 mg, 40 mg, 80 mg OB and placebo
administered tid for 4 wk on functional and/or clinical efficacy IBS variables.

MATERIALS AND METHODS
Patients
The study population was drawn from male and female
out-patients with IBS according to the Rome Ⅱ Criteria[1],
and conducted in 4 Centers in Krakow, Poland from December 2007 to May 2008. Inclusion criteria included: (1)
male or female Caucasian patients ≥ 18 years and ≤ 65
years of age with IBS diagnosed according to the Rome
Ⅱ Criteria; (2) patients who have had at least a 6-mo history of IBS, with at least moderate abdominal pain or
discomfort occurring on at least 4 d in each of the 4 wk
prior to the study; (3) accurate anamnesis to exclude in
particular the lactase deficiency syndrome (requiring H2breath tests, when strongly suspected clinically), bowel
inflammatory disease, diets or drugs that may cause gastrointestinal symptoms and alvus disturbances; (4) written informed consent; (5) the use of oral contraceptives
or intrauterine devices or previous sterilization required
for women of child-bearing potential and (6) negative
urine pregnancy test required for pre- or premenopausal
women (at baseline visit).
Exclusion criteria included: (1) patients who could
not be definitely diagnosed as IBS; (2) history of intolerance or hypersensitivity to OB; (3) alimentary intolerance; (4) pregnant or nursing females; (5) previous severe
abdominal surgery; (6) other concomitant diseases which
could affect results of the study; (7) any malignancy; (8)
any concomitant treatment that could affect gastrointestinal motility and function or medication that cannot be
stopped; (9) participation in another clinical study within
2 mo prior to enrolment; and (10) insufficient patient
comprehension. This study was approved by the Bioethics Committee at the District Chamber of Physicians in
Krakow, Poland and conducted in accordance with International Conference on Harmonization (ICH) guidelines
for Good Clinical Practice (GCP) and the Declaration of
Helsinki. Written informed consent was obtained from
each patient prior to screening and before any study procedures were performed.
Study design
This was a double-blind, placebo-controlled, randomized
dose-ranging study in 4 parallel groups (EudraCT number
2007-001679-12; trial number MeIn/06/OB-20/80/001
available on http://www.menarini.com/clinical_studies/
clinical_trial_registry). Following a screening visit, all
patients entered a 2-wk treatment-free run-in period.
Baseline responses to ano-rectal manometry and rectal
distension, using a manometric device, were investigated
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and baseline assessment of IBS was recorded. Patients
who reported at least moderate symptoms of IBS and
demonstrated a clinically relevant degree of colonic hypersensitivity were stratified by gender and randomly allocated to either 20 mg OB tid, 40 mg OB tid, 80 mg OB
tid or placebo for a treatment period of 4 wk. All tablets
were film-coated for oral administration and immediate
release. The inactive placebo had the same appearance as
the active medication but filled with an inactive placebo
mixture. A computer-generated randomization list was
used to assign treatment group. The blinding of the different dosing regimens was maintained by double dummy
technique. Patients recorded their assessment of IBS,
adverse events and study drug intake in diaries. At every
weekly visit (Visit-1, 0; baseline, 1, 2, 3 and 4) the patient’
s diary data was checked and documented by the investigator. Immediately after the end of the treatment period
the investigation of responses to distal colonic distension
with a rectal balloon device was repeated.
Efficacy measurements
Patients filled a weekly diary card at the end of each week
in the 2-wk run-in period to record baseline values, and
in the 4-wk treatment period for efficacy assessment.
During the treatment period, patients provided a weekly
global efficacy assessment by answering the question
whether (or not) they had obtained adequate relief of
their IBS pain and discomfort during the previous 7 d
compared to the baseline period. Twelve efficacy measures of IBS were evaluated by coded scales, ranked 0-3
or 0-4; the only exception being intestinal habits, in which
categorical assessment was applied. The scoring system
for these standard IBS variables has been previously described in detail[14,16]. Briefly, intestinal habits were identified by the following features: regular (no constipation
and/or diarrhoea); constipation (less than three evacuations during the week); diarrhoea (three or more evacuations per day, for at least 5 d); or alternating (more than 2
d without evacuation, together with some days containing
three or more evacuations). The average daily number of
evacuations was scored as “1 or less”, “2”, “3-4” or “5
or more”. The days without evacuation during the week
were ranked as “0-1”, “2-3”, “4-5” or “6-7”[16]. In addition, in order to evaluate the “consistency and the shape
of the stool”, the Bristol classification was used and the
quantitative index termed regular stool rate (RSR) was
created. RSR was calculated according to the formula:
RSR = number of days with regular stool/total number
of day × 100. Furthermore, a global discomfort index
was generated and this was calculated as follows: (daily
frequency of abdominal discomfort, bloating or pain ×
number of evacuations)/GDI mean × 100, where GDI
Mean = mean efficacy in the 14 d prior to randomization
(Screening Period).
Safety assessment
All patients enrolled were considered for tolerability assessment (Safety Population). Safety was assessed by
comparing differences between treatment groups in: (1)
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frequency of adverse events; (2) presence of serious adverse events/hospitalizations; and (3) withdrawals due to
any adverse event.
Statistical analysis
The primary endpoint in the present study was the
change in intensity or frequency of abdominal discomfort, bloating or pain (expressed on a 5-point scale),
in addition to change in stool/defecation (evacuation)
frequency (expressed on a 4-point scale). Based on previous studies[14-16], and expecting a relationship between
the standard deviation of the responses and the slope
of the dose-response curve not to exceed 250, a sample
size of 21 evaluable patients per treatment group (total
of 84 evaluable patients) was deemed sufficient to attain
significance (using Wilcoxon Rank-Sum test) of the slope
at a (one-sided) alpha of 0.025 with 81% power. Assuming a maximum dropout rate of 10%, the total number
of patients to be recruited was estimated at 96. Data are
presented as mean ± SD or number and percent. Statistical analysis was performed using SAS Software (version
9.1.3, SAS Institute, Cary, NC, United States). The effect
of treatment over time for continuous efficacy variables
was analyzed by ANOVA followed by Bonferroni-post
hoc. Comparisons between two groups (e.g., treatment at
specific time point) with normally distributed variables
were analyzed by independent samples t-test. Categorical
variables were analyzed by χ 2 test. Comparisons between
three or more groups were performed by one-way ANOVA, followed by Bonferroni post-hoc test. Nonparametric continuous variables (e.g., global discomfort index)
were compared by the Mann-Whitney U or Wilcoxon
Rank-Sum test, for independent samples comparisons,
and Wilcoxon Signed-Rank test, for related sample comparisons. Where comparisons were made, quoted p values
are two-tailed; n values refer to the number of patients
examined. A value of p < 0.05 was considered statistically significant.

RESULTS
Patient demographics, baseline characteristics and
disposition
A total of 96 patients with IBS symptoms complying with
Rome Ⅱ criteria were screened and 93 were randomized
for double-blind treatment with placebo or 3 doses of
OB (Figure 1). Two patients discontinued from the study
in the placebo group due to withdrawal of consent and
one patient discontinued from the 80 mg OB arm due to
abnormal laboratory values. Placebo and treatment arms
had comparable demographic and baseline clinical characteristics (Table 1). Mean age for all patients was 44.8 ±
12.6 years and 69% were female. All subjects were Caucasian. Mean compliance for placebo and study medication
was high in all groups, ranging from 91.3% to 93.8%.
Primary efficacy measures
Intensity of abdominal discomfort, bloating or pain:
The effect of OB compared to placebo on the change
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Screened
(n = 96)

Screening failure
(n = 3)

Randomized
(n = 93)

Placebo
(n = 23)

Completed
(n = 21)

Discontinued
(n = 2)

OB (20 mg)
(n = 24)

OB (40 mg)
(n = 23)

Completed
(n = 24)

Completed
(n = 23)

OB (80 mg)
(n = 23)

Completed
(n = 22)

Discontinued
(n = 1)

Figure 1 Patient disposition. OB: otilonium bromide.

Table 1 Baseline demographic and clinical characteristics n (%)
Characteristic
Demographic
Age (yr)
Female patients
Height (cm)
Weight (kg)
Baseline ano-rectal parameters
Anal canal length (mm)
Depth of insertion probe (mm)
Sphincter pressure (mmHg)
Baseline symptom severity
Intensity of abdominal pain1
Frequency of abdominal pain1
Evacuation frequency (daily)
Intestinal habits2
Regular stool rate (%)

Placebo
(n = 23)

OB 20 mg
(n = 24)

OB 40 mg
(n = 23)

OB 80 mg
(n = 23)

Total
(n = 93)

47.8 ± 13.1
16 (69.6)
166.4 ± 7.9
69.8 ± 15.9

44 ± 12.71
16 (66.7)
170.4 ± 9.7
72.9 ± 16.6

44.6 ± 13.66
16 (69.6)
166.1 ± 7.8
68.9 ± 12.9

42.9 ± 11.12
16 (69.6)
170.2 ± 10.9
74.4 ± 16.9

44.8 ± 12.6
64 (68.8)
168 ± 9.24
71.5 ± 15.6

33.7 ± 1.6
24.8 ± 18.8
51.9 ± 19.2

34.6 ± 8.9
24.9 ± 14.3
50.7 ± 16.4

33.4 ± 9.8
24.2 ± 16.7
54.4 ± 21.2

33.6 ± 8.1
28.8 ± 18.1
49.4 ± 20.2

33.8 ± 9.4
25.6 ± 16.7
51.6 ± 19

2.7 ± 0.9
3.09 ± 1.83
1.86 ± 1.72
2.56 ± 1
32.2

2.04 ± 0.94
3.55 ± 3.72
1.54 ± 1.69
2.22 ± 1.1
25.8

2.19 ± 0.98
2.79 ± 2.14
2 ± 1.69
2.45 ± 1.05
35.8

2.19 ± 0.8
3.35 ± 2.76
1.77 ± 1.66
2.33 ± 0.97
30

2.2 ± 0.91
3.2 ± 2.6
1.8 ± 1.69
2.4 ± 1.03
31

1

Includes abdominal discomfort, bloating or pain; 2Presence of mucus, sensation of incomplete evacuation and difficulty of evacuation. OB: otilonium
bromide.

in intensity of abdominal discomfort, bloating or pain is
shown in Figure 2A. Although the intensity of abdominal discomfort, bloating or pain were reduced by OB
and placebo over the 4-wk period (1-way ANOVA, p =
0.015), no significant difference was observed between
OB dose or between OB and placebo after 4 wk (Figure
2A). However, after just 1 wk of treatment with OB, a
significant difference was noted in patients treated with
80 mg OB compared to those receiving placebo (-19.7%
vs -4.8%, p < 0.05) (Figure 2A).
Frequency of abdominal discomfort, bloating or
pain: The effect of OB compared to placebo on the
change in frequency of abdominal discomfort, bloating
or pain was also evaluated (Figure 2B). Similar to intensity, the frequency of abdominal discomfort, bloating or
pain was also reduced (by approximately 30%) by OB
and placebo groups over the study period, with no difference between treatments at 4 wk (Figure 2B).
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Frequency of evacuations: Although both 20 and 40
mg OB did not significantly alter evacuation frequency
compared to placebo, a pronounced and statistically significant reduction in the frequency of stool evacuations
was observed at 4 wk for patients treated with 80 mg
OB compared to placebo (-41.9% vs -8.4%, p < 0.01)
(Figure 3A).
Sensation of mucus in stool, incomplete evacuation
or evacuation difficulty: There was no discernible effect
of OB treatment or placebo on the change in sensation
of mucus in stool, incomplete evacuation or evacuation
difficulty over the 4 wk (Figure 3B).
Secondary efficacy measures
Regular stool rate: Regular stool rate was evaluated to
measure the shape and consistency of the stool. In all 4
treatment arms, the regular stool rate increased over the
4 wk by approximately 16%, with no difference observed
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Regular intestinal habits: Patients treated with OB (all
3 doses) experienced a marked improvement (30%-40%)
in regular intestinal habits over the 4 wk, the 40 mg dose
of OB attaining statistical significance compared to the
placebo group (41.7% vs 21.7%, p < 0.01) (Figure 4B).

Global discomfort index: Combining individual efficacy variables into a global discomfort index revealed significant reduction over the 4 wk in all treatment groups
(Figure 5). Comparing treatment groups revealed an
improvement among increasing OB doses, favouring 40
mg (p = 0.013) and 80 mg OB (p = 0.001) over placebo
(Table 2).

Stool frequency: The proportion of patients by treatment type experiencing constipation, diarrhoea or
normal stool was also recorded at 4 wk (Figure 4C).
Although the proportion of patients who experienced
constipation did not significantly alter following placebo
or treatment with OB, a statistically significant dosedependent reduction in the frequency of diarrhoea was
observed (χ 2-test for trend = 11.5, p < 0.001). As expected, the proportion of patients experiencing normal
stools increased inversely but this increase did not attain
statistical significance (Figure 4C).

Safety: No deaths or serious adverse events were reported for the entire study period. A total of 14 adverse
events were reported, 6 being rated as moderate. The
number of adverse events were similarly distributed
among the 4 study groups, the most frequent being headache or migraine (n = 4) followed by flu/common cold (n
= 3) and nausea (n = 2) (Table 3). During the treatment
period, only 3 adverse events in the OB groups (one case
of headache, dry mouth and a case of nausea) and one in
the placebo group (one case of headache) were judged as
related to the treatment by the Investigator.

between treatments (Figure 4A).
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DISCUSSION
The main findings from this dose-ranging study demonstrate that OB at 40 and 80 mg can improve individual
and global clinical symptoms of IBS compared to placebo over a 4-wk period. Furthermore, all 3 doses of
OB, including the higher 80 mg dose were well tolerated
compared to placebo control. Although the efficacy of
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the recommended dose of 40 mg OB in IBS has already
been confirmed in 3 previous large studies[13-15], the present report is the first to examine different doses of OB
in a double-blind placebo-controlled design.
Several limitations of the older IBS trials were addressed in the more recent Otilonium Bromide in Irritable Bowel Syndrome (OBIS) trial in which 356 patients
were randomized to 40 mg OB (tid) or placebo for 15
wk[15]. The OBIS trial had similar inclusion criteria to
that used in the present study. The main findings that
emerged from this trial were that OB was superior to
placebo in reducing the number of abdominal pain episodes and improving abdominal bloating and patientassessed global efficacy. It is worth noting that the severity of abdominal bloating at baseline was moderate,
which decreased to mild intensity following treatment.
Other efficacy measures (e.g., abdominal pain severity,
stool frequency, stool consistency, safety measures, etc.)
did not differ between OB and placebo. Findings from
OBIS have confirmed the clinical efficacy and tolerability
of OB and demonstrated superiority of OB vs placebo in
the reduction of abdominal pain frequency and bloating
severity and in protecting patients from relapse. However,
due to the long study duration (15-wk treatment period
and 10-wk follow-up) and single-blind placebo run-in
period, only patients with chronic, stable symptoms were
included (according to Rome Ⅱ criteria), therefore these
findings have limited value to patients with wax and wane
type symptoms.
Likewise, in the present trial, although we did not
demonstrate improvement in endpoints used in the OBIS
trial, we did note a significant reduction in evacuation frequency and an increase in regular intestinal habits by OB
compared to placebo. Moreover, and similar to OBIS,
we also observed a significant improvement by OB in
global discomfort index, which is comparable to the
patient global efficacy score used in OBIS. Further studies examining the efficacy of OB or similar spasmolytic
should give more importance to global scores as opposed
to individual measures, particularly in short-term studies,
where differences in therapy or dose can be difficult to
detect.
One of the key differences in the present dose-finding study is the short study duration of 4 wk compared
to 15 wk and greater in the majority of previous efficacy
trials[14-16]. The lack of significance between OB doses and
placebo for several endpoints at 4 wk may well be attributed to the short study duration and to the low number
of patients. However, another earlier trial by Baldi and
colleagues[13] showed a significant decrease in patient-reported abdominal pain and bloating following treatment
with 40 mg OB (tid) over 4 wk compared to placebo. It is
well established (and noted in our findings) that a strong
placebo effect persists in all therapeutic trials in IBS[21].
In our trial, the frequent number of follow-up visits that
favours patient expectation as well as the patient-practitioner relationship may have been a contributing factor
that we attempted to address, in part, by conducting a
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Figure 5 Effect of otilonium bromide (20, 40, 80 mg) and placebo on global discomfort index (A, B, C, D). Data are presented by scatterplot for individual global
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Table 2 Comparison of treatment type by global discomfort index
Treatment

Ranks

Placebo vs OB 20 mg
Placebo vs OB 40 mg
Placebo vs OB 80 mg
OB 40 mg vs OB 80 mg

Non-parametric tests

Mean rank

Sum of ranks

30.2
26.8
33.9
23.1
35.6
21.4
30.4
26.6

845
751
949
647
997
599
851
745

Mann Whitney U

Wilcoxon Rank-Sum

Z

P -value

345

751

-0.77

0.440

241

647

-2.47

0.013

193

599

-3.26

0.001

339

745

-0.87

0.390

OB: otilonium bromide.

2-wk run-in period to establish baseline levels. It is likely
that differences in actual endpoints measured, baseline
disease severity and use of concomitant medication may
be relevant explanatory variables.
Study limitations
As with any pilot study, the aim of this trial was not to
definitely examine the efficacy of a single dose of OB in
patients with IBS, which has already been established[12-15].
Instead, this study was specifically designed to assess
whether IBS symptoms could be improved in a dose-
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dependent manner compared to placebo control. Using
individual efficacy measures as well as a global discomfort
score, evidence of a dose-dependent improvement in
IBS symptoms was detectable. However, due to the small
sample size, strong placebo effect and variation in patient
characteristics due to the natural history of IBS with
cyclical variation of symptom intensity over time[22], data
for several individual endpoints possessed a degree of
variability that resulted in lack of statistical significance.
We addressed this, in part, by establishing a baseline after
a 2-wk run in period.
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Table 3 Summary of all adverse events reported by treatment (safety population)
Treatment
Placebo
Placebo
Placebo
20 mg
20 mg
20 mg
20 mg
20 mg
40 mg
40 mg
40 mg
80 mg
80 mg
80 mg

1

Adverse event

Duration (d)

Intensity

Serious

Outcome

Relation

Flu/fever
Severe headache
Headache
Headache
Xerostomia
High fever
Pharyngitis
Pneumonia
Flu/fever
Asthma exacerbation
GI infection
Cystitis
Migraine attack1 nausea
Nausea

12
3
14
5
6
1
7
17
4
1
6
19
1
4

1
2
2
1
2
1
2
2
1
1
2
1
1
1

No
No
No
No
No
No
No
No
No
No
No
No
No
No

Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved
Resolved

Not related
Not related
Probably related2
Possible related2
Unlikely related2
Not related
Not related
Not related
Not related
Not related
Not related
Not related
Not related
Possible related2

1

Intensity was rated on a scale of 1-3 (1 = mild, 2 = moderate and 3 = severe); 2Adverse events subsequently confirmed as being related to treatment. OB:
Otilonium bromide; GI: Gastrointestinal.

Regardless, an integrated symptom assessment such
as global discomfort index is more proper to evaluate the
efficacy in IBS and in our trial it is clearly demonstrated
a dose-dependent improvement with OB compared with
placebo for this parameter. Several endpoint measures
used in the present trial differ from binary endpoints
used in recent IBS trials resulting in potential difficulty
with cross-comparison of results.
In summary, results from this dose-ranging cross-over
placebo-controlled trial demonstrate that different doses
of OB are safe, well tolerated and superior to placebo
for specific endpoint measures over a period of 4 wk. Although inherent variability in results for specific endpoint
measures were likely attributable to the low sample size,
short study duration, and strong placebo effect, we were
still able to demonstrate a dose-response improvement in
some IBS symptoms. Future long-term (approximately
10-15 wk) controlled trials with long-term run-in periods
on global efficacy measures will help reinforce findings in
the present trial.
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were equally divided into six groups: (1) ringer Lactate
(RL) group; (2) RL + amifostine (RL + A) group; (3)
HTK group; (4) HTK + A group; (5) UW group; and (6)
UW + A group. Rats in the RL + A, HTK + A and UW +
A groups were administered amifostine intraperitoneally at a dose of 200 mg/kg prior to laparotomy. The RL
group was perfused with RL into the portal vein. The RL
+ A group were perfused with RL into the portal vein
after amifostine administration. The HTK group received
an HTK perfusion while the HTK + A group received an
HTK perfusion after administration of amifostine. The
UW group received a perfusion of UW, while the UW +
A group received a UW perfusion after amifostine administration. Liver biopsy was performed to investigate
histopathological, immunochemical [transferase mediated dUTP nick end labeling (TUNEL), inducible nitric
oxide syntetase (iNOS)] and ultrastructural alterations.
Biochemical alterations were determined by examining
levels of alanine aminotransferase, alkaline phosphatase
and nitric oxide in the perfusion fluid.

AIM: To investigate whether amifostine contributes to
the antioxidant and cytoprotective effects of histidinetryptophan-ketoglutarate (HTK) and University of Wisconsin (UW) preservation solutions.

RESULTS: Pathological sinusoidal dilatation and centrilobular hydropic alteration were significantly lower in the
groups that received amifostine prior to preservation solution perfusion. Although the best results were obtained
in the UW + A group, we did not observe a statistically
significant difference between the UW + A and HTK + A
groups. iNOS grades were significantly lower in the amifostine groups 12 h after treatment. When the amifostine groups were compared against each other, the iNOS
grades obtained from the UW + A and HTK + A groups
were similar while the RL + A group had a much poorer
score. TUNEL assays demonstrated a lower apoptosis
ratio in the amifostine groups than in the non-amifostine
groups 12 h after treatment. No statistically significant
difference was observed between the UW + A and HTK
+ A groups for apoptosis. Cellular ultrastructure was best
preserved in the UW + A and HTK + A groups.

METHODS: Forty-eight Sprague Dawley male rats

CONCLUSION: Here, we show that preoperative ad-

Abstract
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ministration of a single dose of amifostine is sufficient
to minimize the preservation damage in hepatic cells.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver; Transplantation; Preservation solutions; Histidine-tryptophan-ketoglutarate; University of
Wisconsin; Antioxidant; Amifostine
Core tip: Preserving liver tissue obtained from a donor
until implantation is a critical step that affects how the
graft will function. Many different organ preservation
solutions have been introduced over the last quarter
century, and histidine-tryptophan-ketoglutarate (HTK)
and University of Wisconsin (UW) are currently the
most commonly used solutions in clinical practice. Because neither the HTK nor UW solution is ideal, many
studies have focused on methods to enhance the antioxidant and cytoprotective effects of the preservation
solutions. In this study, we investigated whether amifostine could boost the antioxidant and cytoprotective
effects of HTK and UW preservation solutions.
Akbulut S, Sevmis S, Karakayali H, Bayraktar N, Unlukaplan M,
Oksuz E, Dagdeviren A. Amifostine enhances the antioxidant and
hepatoprotective effects of UW and HTK preservation solutions.
World J Gastroenterol 2014; 20(34): 12292-12300 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i34/12292.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i34.12292

INTRODUCTION
Preserving liver tissue harvested from a living or deceased
donor under ideal conditions until the time of transplantation a critical step that ultimately determines whether
the graft will be functional in the host. Because a liver to
be transplanted is often transported over a long distance,
the prolonged cold ischemia process highlights the critical
role played by the preservation process. In organ preservation, the primary goals are to establish hypothermia, prevent cellular swelling, and minimize free radical-induced
ischemia-reperfusion injuries. Although many preservation solutions have been published over the last quarter
century, the University of Wisconsin (UW) and histidinetryptophan-ketoglutarate (HTK) solutions are most
widely used clinically[1-5]. Preservations solutions contain a
variety of substances to prevent cellular swelling, stabilize
cell membranes, exert antioxidant and cytoprotective effects, and maintain intracellular electrolyte levels. The UW
preservation solution uses adenosine, glutathione, and
allopurinol as antioxidant and cytoprotective agents while
the HTK solution utilizes histidine, tryptophan, ketoglutarate, and mannitol[5]. A current focus in the transplant
field is to enhance the antioxidant and cytoprotective effects of preservation solutions.Amifostine (WR-2721) is
an antioxidant and cytoprotective agent that can scavenge
for and eliminate free oxygen radicals and reactive nucleophiles known to cause DNA damage and injury[6-8]. Like
WJG|www.wjgnet.com

other published antioxidants, amifostine derives its antioxidant potential from a thiol molecular structure. The presence of intracellular free thiols has been shown to reduce
oxidative stress and thus minimize apoptosis and DNA
injury[6-8]. The aim of the present study was to determine
whether preoperative administration of amifostine would
enhance the antioxidant and cytoprotective effects of
HTK and UW preservation solutions.

MATERIALS AND METHODS
The Baskent University Ethics Committe for Animal
Research approved this research (No. DA07/45). All
experimental procedures within this manuscript were
in compliance with the guidelines established by the
National Institutes of Health within the “Guide for the
Care and Use of Laboratory Animals”. Forty-eight adult
male Sprague Dawley rats (mean weight: 300-350 g) were
used for these experiments. The 48 rats were randomly
assigned to one of six groups, with an equal number
of rats contained within each group. The six groups
were as follows: Group-Ⅰ: Ringer Lactate (RL) group;
Group-Ⅱ: RL + amifostine (RL + A) group; GroupⅢ: HTK group; Group-Ⅳ: HTK + A group; Group-V:
UW group; Group-Ⅵ: UW + A group. Rats were given
50 mg/kg ketamine hydrochloride (Ketalar, Eczacibasi
Warner-Lambert, Levent, İstanbul, Turkey) and 10 mg/
kg xylazine hydrochloride (Rompon, Bayer, Sisli, İstanbul,
Turkey) prior to all surgical procedures. Rats in groups
Ⅱ, Ⅳ, and Ⅵ were administered amifostine 200 mg/kg
(Ethyol, Medimmune Pharma B.V., the Netherlands)
intraperitoneally 30 min prior to the laparotomy. After
confirming that the rats were adequately anesthetized,
a laparotomy was performed via a midline incision.
The distal part of the portal pedicle was ligated after
a cannula was placed in the portal vein lumen. GroupⅠ rats were perfused with RL preserved at 4 ℃ solution
through the cannula into the portal vein. Group-Ⅱ rats
were administered amifostine before the laparotomy
and then subsequently perfused with RL, like the rats in
Group-Ⅰ. Rats in Group-Ⅲ were perfused with HTK
(Custodiol; Odyssey Pharmaceutical Inc., East Hanover,
NJ, United States) preserved at 4 ℃. Group-Ⅳ rats were
first infused with amifostine before laparotomy, followed
by perfusion with HTK. Rats in Group-V were perfused
with UW solution (Viaspan; DuPont Merck Pharmaceutical Company, Wilmington, DE, United States) preserved
at 4 ℃. Rats in Group-Ⅵ received amifostine prior to the
laparotomy and were subsequently perfused with UW.
During the perfusion process, the suprahepatic vena cava
was cut to determine if the fluid draining from the liver
was clear. The perfusion process was continued until the
drained fluid became clear. After perfusion, a standard
hepatectomy was performed. Isolated liver specimens
were placed into bags containing RL, UW, or HTK solutions and stored in ice-filled storage boxes. At 0, 6, and
12 h post-hepatectomy (PH), biopsy samples were taken
from the stored liver tissues for pathological and immunohistochemical evaluation, and fluid samples were taken
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for biochemical analysis. A liver biopsy was also taken 6 h
PH for analysis by electron microscopy.
Pathological and immunohistochemical evaluations
Evaluation of hepatocyte injury with hematoxylin
and eosin: To determine if hepatocyte injury occurred
during the preservation process, hematoxylin and eosin
staining were used to assay four different parameters:
fatty change (FC; absent or present: 1%-30%, 31%-60%,
61%-100%), hepatocyte ballooning degeneration (BD;
absent or present: mild, moderate and severe), centrilobular hydropic change (CLHC; absent or present: focal or
diffuse), and sinusoidal dilatation (SD; absent or present:
focal or diffuse)[1,9].
Semi-quantitative evaluation of hepatocytes with
inducible nitric oxide syntetase (iNOS) staining: Tissues were embedded in paraffin. Tissue cross-sections (3
µm thickness) were stained with iNOS and examined under microscope. Hepatocyte iNOS staining was scored as
follows: Grade 0: less than 10% of hepatocytes stained;
Grade Ⅰ: 10%-25% of hepatocytes stained; Grade Ⅱ:
25%-50% of hepatocytes stained; and Grade Ⅲ: more
than 50% of hepatocytes stained[10,11].
Evaluation of hepatocyte apoptosis: Three micron
cross-sections from paraffin-embedded tissues were
analyzed for apoptosis using terminal deoxynucleotidyl
transferase mediated dUTP nick end labeling (TUNEL).
TUNEL-processed tissues were analyzed in at least 10
different fields of view under a × 400 magnification, with
at least 1000 hepatocytes counted. The number of cells
with TUNEL-positive nuclei were recorded[12,13].

Intergroup comparisons were performed with student’s t
test, χ 2 test, and ANOVA. A P value < 0.05 was set as the
threshold for statistical significance. Where appropriate,
the results presented in tables are displayed as the mean
± SD.

RESULTS
Evaluation of liver parenchyma histopathology
Liver biopsy samples stained with hematoxylin and eosin
were examined to determine if FC, BD, CLHC, or SD
pathological hepatocyte injuries occurred (Figure 1). A
significant difference was observed between the RL and
RL + A groups with respect to CLHC at 6 and 12 h PH (P
< 0.05 for both time points). HTK and HTK + A groups
were significantly different with regard to both SD (6 h
PH: P = 0.05; 12 h PH: P < 0.05) and CLHC (6 h PH: P
< 0.04; 12 h PH: P = 0.05). UW and UW + A groups had
significantly different SD (P < 0.05 at both time points)
and CLHC (P < 0.05 at both time points). When examining the amifostine-treated groups, the UW + A group had
the best results although a statistically significant difference was not observed from the HTK + A group. Rats in
the RL + A group displayed more prominent pathological
changes in SD and CLHC when compared to the other
amifostine-treated groups. FC and BD histology was unchanged between the groups. The results are summarized
in Table 1.

Ultrastructural changes
Liver specimens from four rats, randomly selected from
each group, were treated with certain biochemical processes and examined under LEO 906E transmission
electron microscopy. Changes in nuclei, endothelial
cells, plasma membrane, mitochondria, and endoplasmic
reticulum ultrastructure were examined by electron microscopy[1]. The results were evaluated by an experienced
histologist.

Evaluation of cell death in preserved tissues
The results of TUNEL assays used to evaluate cell death
under the different preservation conditions are summarized in Table 2. During the first six hours PH, no significant differences in cell death were observed across any of
the treatment groups. At 12 h PH, however, there was a
significant reduction in apoptosis in groups that had been
pre-treated with amifostine. When the non-amifostine
groups were compared, the RL alone group had a significantly higher rate of apoptosis (P < 0.04), while HTK and
UW groups did not significantly differ from each other
(P < 0.25). Similarly, in the amifostine-treated groups, the
RL+A had a significantly higher rate of apoptosis while
there was no appreciable difference between the UW + A
and HTK + A groups.

Biochemical parameters
Alanine aminotransferase (ALT) was analyzed by an Ultraviolet (UV) absorbance method that had been adapted
to a standardized method while alkaline phosphatase
(ALP) was analyzed using a colorimetric approach. The
levels both enzyme were expressed in unit/liter (U/L).
Nitric oxide (NO) concentration was analyzed using the
nitrate/nitrite colorimetric test kit (Cayman chemical,
Ann Arbor, MI, United States), with an absorbance of
550 nm. The results were presented as µm/mL[14].

Evaluation of iNOS
iNOS-stained samples were graded semi-quantitatively as
0, Ⅰ, Ⅱ, and Ⅲ (described in the materials and methods
section). The amifostine-treated groups received lower
iNOS grades than the non-amifostine groups, a difference that became statistically significant at 12 h PH.
Within the amifostine-treated groups, no significant differences were observed for the UW + A and HTK + A
groups, while the RL + A group had a significantly worse
grade. The findings are summarized in Table 3.

Statistical analysis
All results from this study were analyzed with SPSS 11.5
statistical software (IBM, Chicago, IL, United States).

Evaluation of NO levels
NO levels from perfusion fluids were measured biochemically at 0, 6, and 12 h PH. Intergroup analyses showed
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A

B

C

D

Figure 1 Pathological changes observed after tissue preservation. A: Hepatocyte ballooning degeneration, × 200 magnification; B: Centrilobular hydropic
change, × 400 magnification; C: Microvesicular fatty change, × 400 magnification; D: Sinusoidal dilatation, × 400 magnification.

Table 1 Pathological changes after hepatectomy
Groups
RL

RL + A

HTK

HTK + A

UW

UW + A

Time
0h
6h
12 h
0h
6h
12 h
0h
6h
12 h
0h
6h
12 h
0h
6h
12 h
0h
6h
12 h

n
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

SD

CLHC

BD

FC

(+)

(-)

(+)

(-)

(+)

(-)

(+)

(-)

1
2
5
2
1
3
1
4
3
0
2
1
1
4
3
0
1
1

7
6
3
6
7
5
7
4
5
8
6
7
7
4
5
8
7
7

2
4
7
2
0
4
0
4
4
0
1
2
0
4
3
0
1
1

6
4
1
6
8
4
8
4
4
8
7
6
8
4
5
8
7
7

1
2
4
0
2
2
0
1
2
0
0
1
0
0
1
0
0
0

7
6
4
8
6
6
8
7
6
8
8
7
8
8
7
8
8
8

0
0
1
0
0
0
1
0
1
0
0
1
0
1
1
0
0
0

8
8
7
8
8
8
7
8
7
8
8
7
8
7
7
8
8
8

SD: Sinusoidal dilatation; CLHC: Centrilobular hydropic change; BD: Hepatocyte balooning degeneration; FC: Fatty change; RL + A: Ringer Lactate +
amifostine; HTK: Histidine-tryptophan-ketoglutarate; UW: University of Wisconsin.

that the UW+A group had the lowest NO levels while
the RL group showed the highest NO levels at all time
points examined. The amifostine-treated groups generally
had lower NO levels than the other groups. The findings
are summarized in Table 4.
Evaluation of ALT and ALP levels
The lowest ALT levels were observed in the UW + A
WJG|www.wjgnet.com

group while the highest levels were observed in the RL
group (RL vs RL + A: not significant; UW vs UW + A: P
< 0.02; HTK vs HTK + A: P < 0.045). During the first 6
h PH, ALP levels were not statistically different between
the groups. The lowest ALP levels were observed in the
UW + A group while the highest levels were observed in
the RL group. No significant differences existed between
HTK + A and UW + A groups. The results are summa-
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Table 4 Intergroup comparison of nitric oxide levels in liver
preservation solutions

Table 2 Distribution of apoptotic cells detected with terminal
deoxynucleotidyl transferase mediated dUTP nick end labeling
staining
Groups

n

0h

6h

12 h

RL
RL + A
P value
HTK
HTK + A
P value
UW
UW + A
P value

8
8

148 ± 26
144 ± 25
0.40
111 ± 30
101 ± 19
0.45
100 ± 23
90 ± 16
0.42

185 ± 22
166 ± 24
0.36
144 ± 46
126 ± 16
0.45
115 ± 25
100 ± 21
0.44

229 ± 41
172 ± 24
0.05
169 ± 42
133 ± 14
0.04
158 ± 24
116 ± 18
0.01

8
8
8
8

RL + A: Ringer Lactate + amifostine; HTK: Histidine-tryptophan-ketoglutarate; UW: University of Wisconsin.

Table 3 Intergroup comparisons after inducible nitric oxide
syntetase grading
Time

G

RL

RL + A

HTK

n =8 n =8 n =8
0 h

0
Ⅰ
Ⅱ
Ⅲ

P value
6h

3
2
2
1

4
2
2
0

1
0
6
1

1
5
2
0

1
2
4
2

0
1
5
2

0.590
0
Ⅰ
Ⅱ
Ⅲ

P value
12 h

0
3
3
2
0
4
4
0

Ⅰ
Ⅱ
Ⅲ

1
0
1
6

P value

4
4
0
0

7
0
1
0

3
4
1
0

1
6
1
0

2
4
1
1

0
3
3
2

0.26

0.055
0

HTK + A UW UW + A
n =8 n =8 n =8

0.24

0.02

0.030

0.05

6
1
1
0
4
3
1
0
0.51
2
5
1
0
0.04

N: Number of rats; G: Inducible nitric oxide syntetase grade; RL + A:
Ringer Lactate + amifostine; HTK: Histidine-tryptophan-ketoglutarate;
UW: University of Wisconsin.

rized in Table 5.
Evaluation of histological findings with transmission
electron microscopy
Evaluation of the cellular ultrastructure across the six
groups revealed that the UW + A group were best preserved, resembling a control liver sample (Figure 2A and
B). The HTK + A, UW and RL + A groups had an intermediate preservation phenotype, with some ultrastructural damage (Figure 2C), while the HTK and RL groups
were poorly preserved (Figure 2D). Some hepatocytes in
each group contained lipid droplets, though it may be attributed more too external factors such as diet.

DISCUSSION
To appreciate the substantial advances made in the field
of organ transplantation, it is first necessary to briefly
discuss its history. The first experimental liver transplantation in the world was performed by Welch in 1955

WJG|www.wjgnet.com

Groups

n

0h

6h

12 h

RL
RL + A
P value
HTK
HTK + A
P value
UW
UW + A
P value

8
8

0.79 ± 0.22
0.73 ± 0.18
0.690
0.64 ± 0.19
0.71 ± 0.19
0.590
0.81 ± 0.18
0.46 ± 0.21
0.033

1.15 ± 0.24
1.26 ± 0.18
0.61
1.09 ± 0.19
0.80 ± 0.10
0.06
1.02 ± 0.34
0.60 ± 0.14
0.01

1.78 ± 0.26
1.34 ± 0.23
0.022
1.71 ± 0.15
1.04 ± 0.13
0.016
1.31 ± 0.98
0.69 ± 0.13
0.020

8
8
8
8

RL + A: Ringer Lactate + amifostine; HTK: Histidine-tryptophan-ketoglutarate; UW: University of Wisconsin.

while the first human liver transplantation was performed
by Starzl in 1963[15]. Starzl’s first several attempts at liver
transplantation failed, until he achieved success in 1967.
Bismuth et al[16] developed the first protocol for reducedsize liver transplantation in 1984. The first ex situ split
liver transplantation was performed by Pichlmayr et al[17]
in 1988 while the first living donor liver transplantation
was successfully completed by Strong et al[18] in 1989. In
Turkey, the first deceased donor liver transplantation was
performed by Haberal et al in 1988. Karakayali et al[19]
and Haberal et al[20,21] also successfully performed the first
pediatric segmental living donor liver transplantation in
Europe and the Middle East in 1990. That same year, the
same team announced the first segmental adult living donor liver transplantation in the world.
After Busuttil et al[15] successfully performed a liver
transplant, liver transplantation has become the standard
therapy for end-stage liver disease and acute liver failure.
Despite the recent advances in surgical techniques, intensive care unit facilities, and immunosuppressive therapies,
graft failure still occurs during the postoperative period
and, due to a shortage of donors, many patients are unable to survive long enough for retransplantation[22]. The
term “Primary non-function” (PNF) has been developed
to describe the clinical entity characterized by postoperative serum liver enzyme elevation, decreased bile production, and severe coagulopathy. Many factors such as poor
surgical technique, poor graft quality, prolonged cold
ischemia, ischemia-reperfusion injury, and preservation
injury, have been implicated in inciting PNF during the
postoperative period[1,5,23-25].
The process of organ preservation begins when a
donor patient is diagnosed as brain dead or at a donor’s
operation for organs from living donor origin. The process ends when vascular anastomosis is complete and the
organ is fully functional. Once tissue blood flow ceases,
oxidative phosphorylation mechanisms become impaired,
intracellular ATP is reduced, and marked increases in
AMP levels are observed in cells exposed to ischemia.
The resultant increases in AMP follows the hypoxanthine, xanthine, and urea pathway in oxygenated medium,
using molecular oxygen instead of NAD+ as the electron
acceptor in non-oxygenated media, which ultimately leads
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Table 5 Alanine aminotransferase and alkaline phosphatase levels after hepatectomy
Groups

0h

RL
RL + A
HTK
HTK + A
UW
UW + A

6h

12 h

ALP

ALT

ALP

ALT

ALP

ALT

2.6 ± 1.9
1.9 ± 0.8
1.1 ± 0.3
1.9 ± 1.3
1.3 ± 0.4
2.1 ± 2.2

17.6 ± 9.8
15.8 ± 7.4
19.4 ± 6.4
23.4 ± 8.4
27.8 ± 7.5
16.6 ± 5.1

55.9 ± 7.5
25.0 ± 3.3
33.1 ± 6.2
25.4 ± 3.5
32.0 ± 4.6
22.6 ± 5.3

90.4 ± 16.2
84.4 ± 14.1
60.6 ± 7.1
41.4 ± 2.8
59.1 ± 5.9
41.6 ± 6.6

82.1 ± 7.8
44.0 ± 6.0
50.4 ± 6.5
35.3 ± 4.2
46.9 ± 6.2
28.3 ± 5.6

370.1 ± 73.8
309.5 ± 46.1
172.6 ± 22.5
110.9 ± 9.8
188.3 ± 76.5
80.0 ± 7.5

ALP: Alkaline phosphatase; ALT: Alanine Aminotransferase; RL + A: Ringer Lactate + amifostine; HTK: Histidine-tryptophan-ketoglutarate; UW:
University of Wisconsin.
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Figure 2 Electron micrographs of liver ultrastructure from different preservation conditions. A: Hepatocyte from a normal rat. The nucleus (n = Ç) is rich in
euchromatin and has a prominent nucleolus (n = ç). The cytoplasm is full of organelles and contains rough endoplasmic reticulum (GER), multiple mitochondria (m),
and several peroxisomes (p); B: Low magnification micrograph of a UW + A group liver showing a sinusoid and surrounding hepatocytes. Sinusoidal endothelium (arrows) and microvilli in Disse’s space (Ds) are present, with a reticular fiber bundle in Disse’s space next to the arrow on the right. In addition to GER and smooth ER,
several peroxisomes (p) and autophagic vacuoles (Ov) are visible in the cytoplasm of the mitochondria-rich hepatocytes. Indistinct microvilli and excessively dilated
bile canaliculi (*) are also apparent, though the fine structure is preserved overall; C: Low magnification micrograph from the HTK + A group shows hepatocytes and
sinusoids full of granulated material, containing one erythrocyte. Mitochondria (m) and peroxisomes (p) are evident, with patchy cisternae of GER scattered between.
Membranous structures were not clearly distinguished around the sinusoid. Multiple autophagic vacuoles containing degenerated organelles (arrowheads) are visible
in the cytoplasm. A bile canaliculus has a dilated lumen and there is moderate/weak preservation of fine structures; D: Micrograph of hepatocytes from the RL group.
The nucleus (N) of the middle hepatocyte is rich in euchromatin and its nucleolus is observed. In addition to the organelles found in the control group, the cytoplasm
contains a few lipid droplets. The presence of GER is prominent at the perinuclear region of the cell. In addition to multiple mitochondria, more organelles with degenerative changes are observed when compared to the control group.

to the production of anion radicals and hydrogen peroxide[26-28]. The fundamental goals of liver preservation
from a deceased or a living donor are to keep the organ
hypothermic, prevent cellular swelling, and minimize free
radical-induced injury until the organ is functioning normally again. Although hundreds of preservation solutions
have been developed over the last quarter century to
facilitate a more successful transplant process, the HTK
and UW solutions are most commonly used in clinical
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practice. Both solutions contain electrolytes that help
maintain the osmotic equilibrium of the cell as well as
membrane-stabilizing agents and antioxidants that scavenge free oxygen radicals produced during the ischemic
period[1-5,29,30].
UW solution was developed by Belzer et al at the
University of Wisconsin. It contains glutathione, which
prevents free radical formation, allopurinol, raffinose, adenosine for ATP production, hydroxyethyl starch to pre-
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vent interstitial edema, and phosphate ions for pH stabilization. Because of the high potassium content, however,
UW solution can lead to hyperkalemia onset. Compared
to HTK solution, UW preservation solution has a higher
viscosity and more prominent endothelium-protective
properties. In contrast, its ischemic biliary complication
rates are much higher than the HTK solution. UW solution also increases hepatic artery resistance and enhances
erythrocyte aggregation, which are undesirable features in
a preservation solution[1,5,30].
HTK solution, an extracellular protective solution,
was initially developed to treat cardioplegia in the 1980s.
In this solution, the mannitol and histidine components
exert both antioxidant and osmotic effects. Ketoglutarate
and tryptophan, two other primary components in HTK,
are both membrane-protective agents; ketoglutarate
also acts as a substrate in the Krebs cycle in an oxygendeprived cell. Because HTK contains low amounts of
K+ and Na++, it was initially widely used during cardiac
transplantation. The HTK solution has a lower viscosity
and promotes more rapid cooling of organs, with a flow
rate three times higher than other preservation solutions.
Compared to UW, HTK is more affordable and poses
no risk for hyperkalemia when used in flushing mode.
In general, the HTK solution reduces leukocyte adhesion, capillary permeability, and ATP consumption while
increasing tissue oxygenation and LDH levels. Previous
studies have demonstrated that HTK is as efficient as
UW in liver preservation[2,3,5,30]. Mangus et al[3] reported no
difference between liver transplantation groups that received HTK or UW with respect to graft survival, patient
survival, PNF development, and postoperative complications. The same research group also reported that HTK,
when compared to UW, allowed for more rapid cooling
and cleared blood from the organ more rapidly and more
efficiently. UW, on the other hand, was shown to more
efficiently preserve grafts with longer cold ischemia time.
The same authors reported in a separate study that biliary
complications and overall costs were lower with HTK[4].
Moray et al[2] reported no difference between the HTK
and UW groups with respect to complication rates but
added that HTK was more cost-efficient. In the present
study, ALP was examined biochemically and bile canaliculi were examined histopathologically to evaluate the
biliary system. No significant difference was detected between the amifostine-treated groups with regard to ALP
level. Histopathology of the samples, however, demonstrated that cell frame (i.e., structure of bile canaliculi)
was better preserved in the UW + A group.
Amifostine (WR-2721) is an inorganic thiophosphate
compound weighing 214 kDa. Amifostine is dephosphorylated by the membrane-bound enzyme alkaline phosphatase and internalized through the cell membrane. Once
inside the cell, amifostine is converted to its active form,
the metabolite WR-1065, which stabilizes the membrane
of intracellular organelles and protects cells against cytotoxic agents. Amifostine eliminates free oxygen radicals
formed during ionizing radiation, or by chemicals such
as anthracycline and bleomycin. Thus, amifostine is an
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antioxidant and cytoprotective agent that is capable of
eliminating free oxygen radicals. Healthy cells have higher
alkaline phosphatase activity while hypoxic and cancer
cells, which have altered membrane lipid structure, have
substantially lower enzymatic activity. Thus, amifostine
administration is required prior to the development of
cellular injury. If amifostine is administered after cellular
damage has already occurred, it is unable enter the cell or
be converted to its active metabolite, WR-1065. Clinical
studies with amifostine have administered it intravenously
30 min prior to radiotherapy. For rats, the recommended
dose is 200 mg/kg given subcutaneously, though studies
have demonstrated that intravenous and subcutaneous
administration result in the same drug efficacy[6-8]. In our
study, three amifostine-treated groups were compared to
three non-amifostine-treated groups. Biochemical analyses revealed that all three amifostine-treated groups had
lower ALT and ALP levels, as well as less vacuolization
and reduced bile canaliculi injury and epithelial degeneration in the sinusoidal epithelium. Immunohistochemical
analyses revealed less overall cellular injury in groups that
received amifostine. Taken together, these results demonstrate the robust protective effect exerted by amifostine.
Hepatic injury is readily observed through biochemical, histopathological, immunohistochemical or ultrastructural approaches. Atık et al[10] observed a strong
correlation between the extent of cellular injury and the
induced expression of iNOS. Further, Romero et al[11]
demonstrated a correlation between the severity of cellular injury in transplant rejection and the iNOS staining
grade. In our study, less iNOS staining (and thus a lower
grade) was evident in groups treated with amifostine,
especially 12 h PH. These results support the hypothesis
that amifostine reduces hepatocyte injury during cold
preservation.
Kuo et al[31], using a TUNEL approach to examine cell
death, showed that cold preservation-induced cell damage
caused cell death, primarily through apoptosis. Natori et
al[32] reported that although caspase-dependent apoptosis
was evident in sinusoidal epithelial cells during the cold
ischemia period, hepatocyte damage was rarely observed.
Using a TUNEL approach, Natori et al[32] also showed
that provision of caspase inhibitors protected endothelial
cells against apoptosis. In our study, administration of
amifostine resulted in significantly lower apoptosis rates
when compared to the non-amifostine groups.
In conclusion, studies to identify the best preservation solution and technique to minimize cold ischemia
injury and preserve cadaveric livers are essential for better success in transplantation procedures. In the present
study, we showed that a single dose of amifostine during
the preoperative period minimized preservation injury in
hepatic cells.
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After the first successful liver transplantation by Starzl et al, liver transplantation has become the gold standard for treatment of end-stage liver disease
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and acute liver failure. Despite several recent advances in surgical techniques,
intensive care unit facilities, and immunosuppressive therapies, there is still an
appreciable rate of graft failure during the postoperative period. Many factors,
such as prolonged cold ischemia, preservation injury and ischemia-reperfusion
injury, have been implicated in graft failure.
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The process of organ preservation begins when a donor patient is diagnosed
as brain dead or at a donor’s operation for organs from living donor origin. The
process ends when vascular anastomosis is complete and the organ is fully
functional. Organ preservation is a critical step in determining successful engraftment. Although many organ preservation solutions have been introduced
in the last quarter century, the University of Wisconsin (UW) and histidine-tryptophan-ketoglutarate (HTK) solutions are most widely used clinically. Despite
these advances, the search for ideal preservation conditions is still ongoing.
One way to overcome this obstacle is to provide antioxidant agents to the HTK
and UW solutions.
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The primary aim of this study was to investigate whether amifostine contributed
to the antioxidant and cytoprotective effects of HTK and UW preservation solutions. No studies exist on the combined therapy of amifostine and UW or HTK
solutions.
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UW solution was developed for graft preservation from either a living or deceased donor. UW solution contains components such as glutathione to prevent
free radical formation, adenosine for ATP production, hydroxyethyl starch for
preventing interstitial edema, and phosphate ions for pH stabilization. The HTK
solution was initially developed for cardioplegia in the 1980s. In this solution,
mannitol and histidine exert antioxidant and osmotic effects. The ketoglutarate
and tryptophan components, on the other hand, are membrane-protective
agents while ketoglutarate additionally acts as a substrate of the Krebs cycle
in an oxygen-deprived cell. Amifostine is an antioxidant and cytoprotective
agent that can scavenge for and eliminate free oxygen radicals and reactive
nucleophiles, which are known to cause DNA injury. The antioxidant properties
of amifostine are due to its thiol structure.
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Abstract
AIM: To test efficacy and durability of a polyphenolbased prebiotic treatment for acute gastroenteritis in a
300 patient double-blinded clinical study.
METHODS: A two-arm randomized, double-blinded,
placebo-controlled clinical study was conducted at two
public health centers in Managua, Nicaragua. Potential
subjects who qualified based on inclusion and exclusion criteria were randomly assigned to one of two
treatment arms. Two thirds of the subjects (n = 200)
received a single titrated 0.5-2 ounce liquid dose of
TM
a novel polyphenol-based prebiotic (Aliva ) diluted
with 2 to eight ounces of oral rehydration solution
(ORS). One third of the subjects (n = 100) were randomized to receive two liquid ounces of a taste and
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color-matched placebo diluted in eight ounces of ORS.
The outcome variables measured included stool consistency, stomach discomfort, gas and bloating, and
heartburn/indigestion. The study subjects ranked their
stool consistency and the severity of their subjective
symptoms at specified intervals from immediately prior
to treatment, to five days post treatment. All subjects
recorded their symptoms in a study diary. The study
subjects also recorded the time and consistencies of
all stools in their study diary. Stool consistency was
compared to the picture and descriptions on the Bristol Stool Chart, and any stool rated greater than Type
4 was considered unformed. The clinical study team
reviewed the study diaries with subjects during daily
follow-up calls and close-out visits, and recorded the
data in case report forms.
RESULTS: After receiving a single dose, Aliva treated
subjects reported shorter median time to their last
unformed stool (1 h 50 min) than placebo treated
subjects (67 h 50 min.), a statistically significant difference [95%CI: -3178-(-2018), P = 0.000]. Aliva treated
subjects also reported shorter median their time to last
unformed stool (TTLUS) (1hrs 50 min) than placebo
treated subjects (67 h 50 min), which was also a statistically significant difference (P = 0.000).The percentage of subjects recording TTLUS was greater for those
who received Aliva vs placebo at 30 min (P = 0.027),
2 h (P = 0.000), 24 h (P = 0.000), 48 h (P = 0.000),
72 h (P = 0.000), and 5 d (P = 0.000) post dose.
There were 146 study subjects 14 years old or older,
which was the criteria set for reliable self-reporting
of subjective symptoms. Of those 146 subjects, 142
reported stomach pain and discomfort during screening. From 90 minutes [95%CI: -1.8-(-0.01), P = 0.048]
through 5 d [95%CI: -3.4-(-1.9), P = 0.000), the subjects treated with Aliva experienced significantly less
stomach pain and discomfort than those who received
placebo. Of those same 146 participants, 114 subjects
reported gas and bloating during screening. Similarly,
subjects who received Aliva experienced significantly
less gas and bloating from 2 h [95%CI: -1.7-(-0.39), P
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= 0.030] through 5 d (95%CI: -2.0-0.42, P = 0.005)
compared with the placebo arm.
CONCLUSION: In this double-blind, randomized clinical study, subjects with acute gastroenteritis receiving Aliva prebiotic showed significant and sustained
improvement of multiple symptoms vs those receiving
placebo.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Prebiotic; Gastroenteritis; Diarrhea; Rotavirus; Infant Mortality; Dehydration; Heartburn; Polyphenol; Aliva; Greenteaspoon
Core tip: The global standard of care for treating acute
gastroenteritis in children is 5-10 d of oral rehydration
therapy, which saves lives and may reduce the duration
of the illness by 20%. In this double-blind, placebocontrolled clinical study, 60% of subjects treated with
a novel polyphenol-based prebiotic experienced their
last unformed stool within 2 h vs 25% of the placebo
treated subjects, and 89% within 24 h vs 38% of the
placebo treated group. This represents a potentially
extraordinary advance in the clinical management of
acute gastroenteritis. If these results can be confirmed
in additional studies with different populations, this
treatment should become the new global standard of
care.
Noguera T, Wotring R, Melville CR, Hargraves K, Kumm
J, Morton JM. Resolution of acute gastroenteritis symptoms
in children and adults treated with a novel polyphenol-based
prebiotic. World J Gastroenterol 2014; 20(34): 12301-12307
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12301.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12301

INTRODUCTION
Gastroenteritis is defined as the inflammation of the
mucus membranes of the gastrointestinal tract and is
characterized by diarrhea or vomiting[1]. Definitions of
diarrhea include increases in volume or fluidity of stools,
changes in consistency, and increased frequency of defecation[2]. The World Health Organization (WHO) defines
diarrhea as the “passage of loose or watery stools at least
three times in a 24 h period”, with more emphasis on the
change in stool consistency rather than on frequency[3].
The major burden of diarrheal illness is currently experienced by the developing world, where children suffer
from 6-7 episodes per year, compared to only 1 episode
in developed countries[4]. Malnutrition, lack of education,
inadequate access to safe water, as well as poor sanitation
and hygiene contribute to the high incidence of diarrheal
diseases in developing countries[5].
Acute gastroenteritis is a common childhood disease
with 1.5 billion pediatric episodes worldwide per year[6],
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accounting for 16% of all deaths among children under the age of 5, with those in developing countries at
particular risk[7]. In the early eighties, diarrheal diseases
accounted for approximately 4.6 million deaths in children younger than 5 years[8]. In 1992, a review of studies
conducted in the previous decade suggested that even
without a significant change in incidence, diarrheal mortality in children under 5 years declined to approximately
3.3 million per year[9]. This reduction has been largely
attributed to implementation of oral rehydration therapy
(ORT) coordinated by the WHO[10]. Over the past ten
years the number of deaths was further reduced to 1-1.5
million children[11].
In developed countries like the United States, where
it accounts for 300 annual deaths, acute gastroenteritis is
not a common cause of mortality[6]. In these countries
the impact of acute gastroenteritis is often measured
by the financial impact of morbidity, which results in a
heavy burden on the health care system[12]. In the United
States acute gastroenteritis accounts for 1.5 million visits
to primary care providers and 220000 hospital admissions of children under 5[6].
Current management
Oral rehydration: Diarrheal illness is currently managed
by the administration of oral or intravenous rehydration and the continuation of feeding, which for young
infants includes breastfeeding[13]. Relatively recent studies indicate that co-administering zinc tablets with oral
rehydration salts (ORS) may reduce stool volume by
20%, vomiting by 30%, and may shorten the duration
of symptoms of a typical 5-7 d course by 20%[3]. Based
on these data, the WHO has recommended routine administration of 10-20 mg/d zinc tablets over the course
of 10-14 d, in the supportive management of diarrhea
in young children, irrespective of etiology[3]. Full implementation of this recommendation in developing countries remains elusive due to challenging logistics as well
as the inherent difficulty caregivers face when trying to
administer a solution that does not taste good to children who are already feeling ill[4].
Antibiotics: Therapy with effective antimicrobial agents
is required for management of enterohemorrhagic
Escherichia coli (E. coli), Shigella sp., and severe cholera[14].
Treatment of infective diarrhea with antimicrobials is
controversial[14] due to the emergence of antimicrobial
resistance, which requires continuous monitoring of
pathogen susceptibility and subsequent dissemination of
this information to health care providers, which is often
not available in the developing nations[15]. Also, the lack
of a definitive recommendation has also made physicians
reluctant to prescribe antimicrobials for the management of diarrhea in children. Further complicating these
decisions, specialized testing[16] is necessary to identify
certain bacterial strains, which when treated with antibiotics have the potential to provoke a serious hemolyticuremic syndrome. As new treatment regimens emerge,
it is unclear how the role of antimicrobial agents for the
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Treated

n = 300

Parasite positive
n = 40

Aliva

Placebo

n = 200

n = 100

Parasite negative
n = 160

Parasite negative
n = 84

Completed
n = 160

Completed
n = 84

Parasite positive
n = 16

Figure 1 Subject randomization algorithm.

management of infective diarrhea will evolve[14].
Vaccines: Vaccines against diarrheagenic E. coli are in
the development phase and are likely to require many
more years before they become commercially available[17].
An oral rotavirus vaccine was determined to be effective
and safe in controlled trials, yet was quickly withdrawn
due to a higher risk of intussusception[18]. Since then,
2 new rotavirus vaccines have been widely distributed
and monitored in the United States[19]. While promising,
treatment regimens involving vaccines are economically
and logistically challenging, particularly in less developed
regions[20].
Purpose: The purpose of this clinical study is to determine if a treatment with a proprietary polyphenol-based
prebiotic (Aliva™) is able to reduce the duration of diarrhea and the severity of concurrent symptoms, including
abdominal discomfort, gas and bloating, and heartburn/
indigestion in children and adults diagnosed with acute
gastroenteritis.

MATERIALS AND METHODS
Patients arriving at a network of referring community
health centers in Managua, Nicaragua who presented
with symptoms of acute gastroenteritis, including mild
to moderate diarrhea, were informed that they might
be eligible to participate in a double-blind, randomized, placebo-controlled, clinical study involving a single
dose of a prebiotic. Those expressing interest were prescreened for inclusion/exclusion criteria by staff physicians. Patients who qualified based on these criteria were
then referred to the nearest of two participating research
sites located at community health centers in Managua,
Nicaragua. Prior to departing the referring health clinic,
patients were given a stool sample kit, which they were
instructed to present to the study coordinator during
screening. They were also informed that those with stool
samples testing positive for parasites would not be eli-
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gible for inclusion in this study.
Upon arrival at the research site, patients were administered a local IRB approved informed consent agreement by the principal investigator or study coordinator.
The informed consent agreement and process, as well as
all communication during the study were in the subjects’
native language. Consenting patients were examined by
the principle investigator and then again evaluated for
inclusion/exclusion criteria by the principal investigator
or study research coordinator. Prospective subjects who
were pregnant or lactating, or presented with high fever,
vomiting, severe dehydration, bloody stools, underlying chronic disease, displayed signs of drug abuse, were
under the age of 2, or had been experiencing symptoms
for more than 48 h were excluded.
Three hundred consenting subjects qualified based
on inclusion/exclusion and were assigned to receive a sequentially numbered bottle that had been randomly designated to be filled with either 2 liquid ounces of Aliva
or a color, taste, and odor-matched placebo in identical
packaging, on a 2:1 ratio, according to a computer-generated random number allocation code. The study was
double-blinded in that neither the study site personnel
(including the investigator and study coordinator) nor
the subjects and their families knew of the treatment
assignment, or had access to the randomization code.
Two thirds of the subjects (n = 200) were administered
a 2 ounce bottle filled with Aliva diluted in 8 ounces of
ORS, whereas one third (n = 100) were administered a 2
ounce bottle of placebo diluted in 8 ounces of ORS.
Forty of the 200 subjects who received Aliva and 16
of the 100 subjects receiving placebo tested positive for
parasites and were dropped from the current study due
to failure to meet this inclusion criteria. This resulted in
244 total subjects who received Aliva (n = 160) or placebo (n = 84) (Figure 1). Among the 244 subjects evaluated, there were 133 adults and 111 children, including
43 children 2-5 years old. There were 119 males and 125
females.
Following treatment administration, subjects remained
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Placebo n = 84
Aliva n = 160
Mean

P = 0.000

Median

P = 0.000

12 h

24 h

36 h

48 h

60 h

72 h

Figure 2 Mean and median times to last unformed stool were determined from the time periods between receiving aliva or placebo and the time at which
subjects recorded their last stool described as 4 or higher on the bristol stool scale. The Bristol Stool Chart is a commonly accepted method used to evaluate
how well formed a stool is on a scale of 1-8, with one being hardest. Stool that is a 4 is considered the upper end of normal.

RESULTS

Table 1 Resolution of diarrhea at various points in time over
5d

30 min
2h
24 h
48 h
72 h
5d

Aliva

Placebo

P value

33%
60%
89%
93%
96%
98%

20%
25%
38%
42%
56%
81%

0.027
0.000
0.000
0.000
0.000
0.000

in the clinic for 2 h of observation, during which time
they completed questionnaires to examine the effects of
treatment on secondary outcome measures, including:
stomach discomfort; gas and bloating; and heartburn/
indigestion. The subjects were asked to rank the degree
to which they were experiencing each of the secondary
outcome measures on a scale of 0 (none) to 10 (most
severe) immediately prior to, as well as 30, 60, 90 and 120
min, 24 h, and 5 d after being administered a single dose
of Aliva or placebo.
Prior to clinic departure, all subjects were instructed
not to take any other antidiarrheal drugs during the
study period. In addition, they were not to take antacids,
antiemetics, antiflatulents, antibiotics, or analgesics while
participating in the study. At this time all subjects and
parents of minors were provided with a 5 d supply of
ORS and instructed in the completion of a diary, which
is where they recorded the time and consistency of all
stools for the duration of their participation in the study.
The consistencies of all stools were recorded as that
which was closest to the corresponding picture and description on the Bristol Stool Chart.
Subjects were contacted on days 2-4, and the information recorded in their study diaries, including adverse
events, was captured on case report forms. Close-out
visits were conducted in person on day 5. Statistical analysis included two-tailed comparison of categorical and
continuous variables by t-test and χ 2 as appropriate with
P < 0.05 set as significant.
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The primary outcome measure, time to last unformed
stool (TTLUS) was calculated from entries in the subject
diaries. TTLUS is defined as the elapsed time between
initial administration of study solution and the last unformed stool, defined as any stool rated greater than 4
on the Bristol Stool Chart.
Subjects receiving Aliva experienced a shorter mean
TTLUS stools (10 h 28 min) than those receiving placebo (53 h 47 min). This represented a statistically significant difference [95%CI: -3178-(-2018), P = 0.000]. Aliva
treated subjects also reported shorter median TTLUS (1
h 50 min) than placebo treated subjects (67 h 50 min),
which was also a statistically significant difference (P =
0.000) (Figure 2).
The percent of subjects recording their last unformed
stool was greater for those in the Aliva treatment group
than those in the placebo treatment group at 30 min (P =
0.027), 2 h (P = 0.000), 24 h (P = 0.000), 48 h (P = 0.000),
72 h (P = 0.000), and 5 d (P < 0.000) (Table 1, Figure 3).
Secondary outcome measures, based on self-reporting, were recorded by 146 subjects, including 133 adults
and 13 children who were at least 14 years old. Children
under 14 were not instructed to record secondary outcome measures because children in this age range were
not expected to provide consistent and accurate selfreports.
Among the 146 subjects recording secondary outcome measures, 142 (98 Aliva treatment arm and 44
placebo treatment arm) indicated that they were experiencing stomach pain and discomfort during screening.
Symptoms began to improve within 30 min in subjects
receiving Aliva as well as those receiving placebo, however the subjects receiving Aliva experienced significantly less stomach pain and discomfort than those
receiving placebo at 90 min [95%CI: -1.8-(-0.01), P =
0.048], 2 h [95%CI: -2.2-(-0.41), P = 0.005], 24 h [95%CI:
-3.8-(-2.1), P = 0.000], and 5 d [95%CI: -3.4-(-1.9), P =
0.000] (Table 2, Figure 4A).
Gas and bloating symptoms were reported by 114
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Placebo n = 84

100%

Aliva n = 160

P = 0.000

P = 0.000

P = 0.000

P = 0.000

80%

P = 0.000

60%

40%

P = 0.027

20%

0%
30 min

2h

24 h

48 h

72 h

5d

Figure 3 Their time to last unformed stool among treatment groups at various times over a 5 d. Cessation of diarrhoea was defined by the time at which a
subject recorded their last stool described as 4 or lower on the Bristol Stool Scale. The Bristol Stool Chart is a commonly accepted method used to evaluate how well
formed a stool is on a scale of 1-8, one being hardest. Stool that is a 4 is considered the upper end of normal.
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Mean score

C

0
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30 min
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P = 0.19

4
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2

P = 0.18

Treatment
Aliva n = 32
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0
Baseline
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90 min

120 min

24 h
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Figure 4 Stomach pain and discomfort (A), gas and bloating (B), and (C) heartburn/indigestion.

subjects (82 Aliva treatment arm 1 and 32 placebo treatment arm 2 subjects) 14 and over during screening.
Symptoms of gas and bloating also began to improve
within 30 minutes in subjects receiving Aliva as well as
those receiving placebo, however subjects who received
Aliva experienced significantly less gas and bloating
at 2 h [95%CI: -2.1-(-0.12), P = 0.030], 24 h [95%CI:
-2.5-(-0.7), P = 0.001], and at 5 d [95%CI: -2.0-(-0.42), P
= 0.004] (Table 3, Figure 4B).
Heartburn/indigestion symptoms were reported by
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47 subjects (32 Aliva treatment arm 1 and 15 placebo
treatment arm) 14 and over during screening. Symptoms
of Heartburn/Indigestion began to improve within 30
min for subjects in subjects in both treatment arms. From
1 h (P = 0.190) through 24 h (P = 0.184) of observation,
those subjects in the Aliva treatment arm experienced less
heartburn/indigestion than the subjects in the placebo
treatment arm, however these differences did not attain
statistical significance, possibly due to the small sample
sizes (Table 4, Figure 4C).
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Table 2 Stomach pain and discomfort

Baseline
30 min
60 min
90 min
120 min
24 h
5d

Aliva

Placebo

7.6
6.7
5.4
4.3
3.4
0.7
0.5

7.2
6.1
5.7
5.2
4.8
3.6
3.1

P value
0.25
0.17
0.59
0.048
0.005
0
0

95%CI

-1.8-(-0.01)
-2.2-(-0.41)
-3.8-(-2.1)
-3.4-(-1.9)

Table 3 Gas and bloating

Baseline
30 min
60 min
90 min
120 min
24 h
5d

Aliva

Placebo

6.1
4.9
3.5
2.4
1.8
0.6
0.4

5.3
4.3
3.8
3.1
2.9
2.2
1.6

P value
0.06
0.21
0.65
0.21
0.031
0.001
0.004

95%CI

-1.7-(-0.39)
-2.1-(-0.12)
-2.5-(-0.7)
-2.0-(-0.42)

Table 4 Heartburn/indigestion

Baseline
30 min
60 min
90 min
120 min
24 h
5d

Aliva

Placebo

P value

95%CI

5.0
3.8
2.3
1.2
0.5
0.2
0.2

5.2
2.9
2.9
2.3
1.7
0.8
0.5

0.51
0.13
0.63
0.19
0.19
0.18
0.38

-2.2-0.46
-2.2-0.49
-1.2-0.25
-0.99-0.39

DISCUSSION
Current management of diarrheal illness in children involves prevention and management of dehydration with
continued feeding and oral or intravenous rehydration
as appropriate. While treatment with ORS has helped to
save millions of lives per year in developing nations, approximately 1-1.5 million children under the age of five
in developing nations still die from dehydration secondary to diarrhea[11]. In the United States, acute diarrheal
illnesses account for 1.5 million visits to primary care
providers and 10% of all hospital admissions for children under five years[6].
The results of this study indicate that Aliva significantly reduced the duration of multiple symptoms of
acute gastroenteritis in children and adults presenting
with acute, afebrile, mild-to-moderately severe acute gastroenteritis. For a single dose of Aliva the median time
to last unformed stool during the 5 d observation period
in the current study was 1 h 50 min. By contrast, in a
comparable study[21] with loperamide, the median time to
last unformed stool following administration of loperamide was 18 h 30 min. Highlighting the seriousness of
the subjects’ condition it is also notable that in current
study the median time to last unformed stool in the placebo group was 67 h 50 min, whereas it was only 27 h in
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the loperamide study[21].
Sixty percent of the subjects who received Aliva plus
ORS experienced their last unformed stool in less than
2 h, whereas only 25% of the subjects receiving placebo
plus ORS recorded their last unformed stool within 2 h
(Figure 3). These results, in addition to the observed reduction in abdominal discomfort, gas and bloating, and
heartburn/indigestion indicate an initial clinical response
within 1-2 h. As there were no adverse events reported
in this study, the results suggest that Aliva is well tolerated and effective in reducing the symptoms associated
with acute gastroenteritis.
There are several limitations to this study. First, since
this was a first-in-humans study our initial protocol
excluded all children under 12 due to safety concerns.
However, even though blinded, when physicians at the
research sites started seeing dramatic recoveries without
any reports of adverse events they requested a modification in the protocol that would allow for the inclusion
of children. After consultation, the decision was made
to allow for the inclusion of children at least two years
of age. A follow-up study with children six-months and
older has been planned. Second, subjects who had experienced vomiting were excluded due to inherent difficulty
in determining the amount reaching the small intestine
in subjects who vomited. Since vomiting is a common
symptom of acute gastroenteritis and the treatment dose
was well tolerated, subsequent studies will include subjects experiencing vomiting. Third, due to budget constraints, no lab tests other than stool sample screening for
parasites were performed to determine etiology, which
precludes determining if the effects are limited to certain
viruses or bacteria. Future studies have been planned that
will include additional lab testing. Fourth, while no reoccurrences of symptoms were reported during the five day
follow-up period, the possibility remains that there may
have been cases where symptoms recurred more than
five days after treatment. Additional studies have been
planned that will follow subjects for at least 10 d.
In conclusion, this study provides clinical information concerning the use of Aliva, a novel polyphenolbased prebiotic for the treatment of acute nonspecific
diarrhea in children and adults. The data collected in this
study demonstrate that when co-administered with oral
rehydration therapy, Aliva is well tolerated and significantly shortens the duration and severity of symptoms
of acute nonspecific diarrhea. A single dose of Aliva can
be a useful adjunct to oral fluid therapy in a variety of
circumstances and may reduce the necessary duration
of oral rehydration therapy. Aliva is available in over the
counter products, such as Good Gut Daily, in the United
States, and is labeled for use in adults and children at
least 2 years of age.
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ing diarrhea-related mortality, and the typical 5-7 d duration diarrhea by up
to 20%, however dehydration resulting from acute gastroenteritis remains a
leading cause of death among children under the age of 5. While not a leading
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it is commonly used to treat diarrhea in adults, and in a controlled clinical trial,
a multi-dose regimen reduced the median time to last unformed stool by 25%
vs placebo.
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CONCLUSION: A single H. pylori infection is insufficient to cause onset of ITP or IDA and other factors
may be required for disease onset.

Abstract
AIM: To investigate whether Helicobacter pylori (H.
pylori ) infection contributes to idiopathic thrombocytopenic purpura (ITP) or iron-deficiency anemia (IDA)
onset in gerbils.

METHODS: A total of 135 Mongolian gerbils were randomly divided into two groups: an H. pylori infection
group and a control group. Both groups were fed the
same diet and the same amount of food. Each group
was then divided into three subgroups, which were
sacrificed at 6, 12, or 18 mo for analysis. At each time
point, arterial blood was collected from the abdominal
aorta and a complete blood cell count was analyzed in
the clinical laboratory in the First Affiliated Hospital of
Nanchang University.
RESULTS: There were no significant differences in
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platelet counts (938.00 ± 270.27/L vs 962.95 ± 162.56
9
× 10 /L), red blood cell counts (8.11 ± 1.25/L vs 8.44
12
± 1.48 × 10 /L), or hemoglobin levels (136.9 ± 8.76
g/L vs 123.21 ± 18.42 g/L) between the control and
the H. pylori groups, respectively, at 18 mo. With the
exception of the mean corpuscular volume (MCV), all
other indicators, including white blood cell counts,
hematocrit, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration, red blood cell
distribution width, mean platelet volume, platelet distribution width, lymphocyte count, and lymphocyte count
percentage, showed no significant differences between
the control and H. pylori infection groups at each time
point. The MCV in the H. pylori infection group (52.32
f/L ± 2.86 f/L) was significantly lower than the control
group (55.63 ± 1.89 f/L) at 18 mo (P = 0.005), though
no significant differences were observed at 6 (54.40 ±
2.44 f/L vs 53.30 ± 1.86 f/L) or 12 mo (53.73 ± 2.31
f/L vs 54.80 ± 3.34 f/L).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Extragastric diseases;
Idiopathic thrombocytopenic purpura; Iron-deficiency
anemia; Chronic inflammation
Core tip: This is the first study designed to investigate
the relationship between Helicobacter pylori (H. pylori )
infection and idiopathic thrombocytopenic purpura (ITP)
and iron-deficiency anemia (IDA) hematological diseases in a Mongolian gerbil model. Although there were
no significant differences between the H. pylori infection and control groups, this study may help us better
understand the relationships between H. pylori and
extragastric diseases. While a single H. pylori infection
is not sufficient to cause ITP or IDA, the precise role of
H. pylori infection in extragastric disease pathogenesis
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remains to be further elucidated.
Xie C, Xu LY, Li W, Yang Z, Lu NH. Helicobacter pylori infection in Mongolian gerbils does not initiate hematological diseases.
World J Gastroenterol 2014; 20(34): 12308-12312 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i34/12308.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i34.12308

INTRODUCTION
Recently, several studies have demonstrated a close association between Helicobacter pylori (H. pylori) infection and
hematological diseases, such as idiopathic thrombocytopenic purpura (ITP) and iron-deficiency anemia (IDA)[1].
In 1998, Gasbarrini et al[2] were the first to demonstrate
that eradication of H. pylori may promote regression of
ITP. Since that seminal study, many clinical studies have
sought to identify the relationship between H. pylori and
ITP. It is currently hypothesized that H. pylori may be involved in the pathogenesis of ITP[3], and ITP is listed as
one of the indications for H. pylori eradication[4-6]. IDA,
another hematological disease, also shows a close association H. pylori infection[7].
Although H. pylori infection appears to have a close
association with both ITP and IDA, there are still many
obstacles that exist in clinical practice. For example, exactly how H. pylori pathogenesis influences the onset of
these diseases remains unclear. Moreover, eradication of
H. pylori infection is not beneficial for all ITP and IDA
patients[8-10]. Mongolian gerbils have been frequently used
to study the pathogenesis of H. pylori infection as they are
susceptible to colonization and develop gastric diseases as
a result of infection[11,12]. To further investigate whether
H. pylori infection is a contributing factor in the initiation
of ITP and IDA, this study was designed to evaluate H.
pylori infection in a Mongolian gerbil model.

MATERIALS AND METHODS
Animal and bacterial strains
A total of 135 Mongolian gerbils obtained from the
Zhejiang Institute of Medical Sciences were randomly
assigned to one of two groups: the control group (n =
45) or the H. pylori group (n = 90). Animals were individually housed in air isolation cages (IVC-Ⅱ Suzhou
Fengshi Animal Equipment Co., Suzhou, China). Gerbils
in the H. pylori group were intragastrically administered
a suspension of H. pylori, strain ATCC43504 (CagA+,
VacA+; Chinese Center for Disease Control and Prevention, Beijing, China). The control group was administered
Brucella broth. Each group was then divided into three
subgroups, which were sacrificed at 6, 12, or 18 mo. Each
control subgroup contained 15 Mongolian gerbils while
each H. pylori subgroup contained 30 Mongolian gerbils.
All Mongolian gerbils were fed the exact same diet and
the same amount of food, and procedures were approved
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Figure 1 Giemsa staining of Mongolian gerbil gastric mucosa at 18 mo.
Red arrows indicate colonization by Helicobacter pylori infection (Magnification:
× 200).

by the Ethics Committee of the First Affiliated Hospital
of Nanchang University.
Confirmation of H. pylori infection
All gastric tissues were harvested from the gastric antrum
of the Mongolian gerbils. The tissues were then fixed
in 10% formaldehyde overnight at 4  ℃ prior to paraffin
embedding. Paraffin sections, 4 μm thick, were cut with a
microtome and stored at room temperature. H. pylori infection was confirmed by Giemsa staining[13]. Each biopsy
was assessed and diagnosed by two veteran pathologists.
Blood cell counts
Arterial blood was collected from the abdominal aorta
at 6, 12, or 18 mo, and a complete blood count was obtained for each specimen in the clinical laboratory at the
First Affiliated Hospital of Nanchang University.
Statistical analysis
All data are presented as mean ± SD. Statistical significance was evaluated using an unpaired Student’s t-test.
Statistical analyses were performed with SPSS statistical
software, version 19.0 (IBM, Chicago, IL, United States).
A P value of < 0.05 was set as the threshold for statistical
significance.

RESULTS
Due to a malfunction in the air supply system, 11 Mongolian gerbils from the 12-mo subgroup (H. pylori group:
n = 8; control group: n = 6) and 14 Mongolian gerbils
from the 18-mo subgroup (H. pylori group: n = 12; control group: n = 7) died. The remaining Mongolian gerbils
were successfully infected with H. pylori, which was confirmed by pathology detection (Figure 1).
All of the blood cell count data are listed in Table 1.
Platelet counts, which address the presence of ITP, were
first analyzed. There were no significant differences observed between the control and H. pylori groups at any
time point. Next, red blood cell counts and hemoglobin
levels were assessed to determine the presence of IDA.
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9

12

8.63 ± 0.68
8.88 ± 0.59

8.25 ± 1.11
7.92 ± 0.78

8.11 ± 1.25
8.44 ± 1.48

3.92 ± 1.92
4.43 ± 2.21

3.67 ± 1.82
2.93 ± 1.80

2.60 ± 1.23
2.90 ± 2.08

WBC (× 10 /L) RBC (× 10 /L)
0.47 ± 0.03
0.48 ± 0.03

HCT (L/L)

136.50 ± 22.99 0.46 ± 0.07
123.21 ± 18.42 0.42 ± 0.07

122.22 ± 10.16 0.43 ± 0.03
124.61 ± 16.73 0.44 ± 0.06

136.9 ± 8.76
131.9 ± 9.42

HGB (g/L)

MCH (pg)

55.63 ± 1.89 16.21 ± 0.84
52.32 ± 2.86a 15.24 ± 1.04

54.80 ± 3.34 15.47 ± 1.17
53.73 ± 2.31 15.13 ± 0.97

53.30 ± 1.86 15.43 ± 0.81
54.40 ± 2.44 15.31 ± 0.47

MCV (fL)

291.37 ± 7.61
291.21 ± 12.24

282.44 ± 4.90
281.23 ± 7.27

276.78 ± 6.45
283.68 ± 8.12

MCHC (g/L)

9

30.71 ± 1.31
29.18 ± 6.62

29.95 ± 0.88
30.22 ± 2.21

30.31 ± 1.43
29.61 ± 1.07

938.00 ± 270.27
1011.43 ± 227.14

897.33 ± 157.61
1048.46 ± 289.42

1071.50 ± 246.91
962.95 ± 162.56

RDW-SD (fL) PLT (× 10 /L)

7.16 ± 0.37
6.88 ± 1.55

7.30 ± 0.26
7.19 ± 0.41

6.82 ± 0.36
7.04 ± 0.32

MPV (fL)

8.60 ± 0.63
8.42 ± 2.01

8.67 ± 0.31
8.66 ± 0.84

7.77 ± 0.47
7.63 ± 0.49

PDW (%)

1.44 ± 0.57
1.47 ± 0.76

1.98 ± 0.98
1.81 ± 0.82

1.97 ± 1.27
1.84 ± 0.88

9

LYM (× 10 /L)

52.97 ± 11.32
51.14 ± 12.79

65.60 ± 10.35
61.00 ± 13.38

50.46 ± 19.10
43.29 ± 16.75

LYM%

12310

A majority of the studies on extragastric manifestations and H. pylori have predominantly focused on the epidemiology and clinical outcome after H. pylori eradication. It is
currently believed that the prevalence of H. pylori infection in patients with ITP is significantly higher than that in healthy individuals, though H. pylori infection has not been
attributed to severe forms of thrombocytopenia[14,15]. Previous research and systematic reviews have demonstrated that H. pylori eradication can increase the platelet count in
adult ITP patients, especially in mild cases[16,17]. The cytotoxin-associated gene A (CagA), a virulence factor from H. pylori, has specifically been implicated in the pathogenesis
of ITP[18,19]. Few studies, however, have focused on whether H. pylori infection is an initiating factor in ITP. Several hypotheses have been proposed to address how H. pylori may
contribute to ITP disease onset, including molecular mimicry between H. pylori antigens and platelet glycoproteins, platelet aggregation, downregulation of the reticuloendothelial system, and induction of a Th1-mediated immune response[1,20-22].
Studies have also revealed that H. pylori infection is closely associated with IDA in both adults and children[23]. Active H. pylori infection has been detected in over 50% of patients with unexplained refractory IDA, and 64%-75% of such patients are permanently cured after H. pylori eradication[24]. A recent study conducted by Xia et al[25] showed that
IDA is strongly correlated with H. pylori infection and that eradication promoted a more rapid response to oral iron therapy. Similarly, another study demonstrated that eradication of H. pylori increased the treatment efficacy in severe refractory IDA[26]. It is currently thought that H. pylori causes IDA by an increased iron loss through reduced iron absorption due to bacterial utilization of the iron[1,23].
Most of the previous studies were retrospective in nature, and carried out in a human patient population. Due to inherent individual differences between human subjects,
the results from human studies have been difficult to interpret. Very few studies have used animal models to address the relationship between H. pylori and extragastric diseases.
Huang et al[27] investigated the pathological changes occurring in the liver and gall bladder of H. pylori-colonized C57BL/6 mice over an eight-month period. Higgins and colleagues analyzed the influence of H. pylori infection on colitis and immune response in a mouse model[28].
In this study, a Mongolian gerbil animal model was used to study the association between H. pylori infection and ITP and IDA onset to eliminate many of the confounding
factors present in human studies. Using this animal model, H. pylori infection was allowed to persist for up to 18 mo, a duration significantly longer than other comparable stud-

DISCUSSION

Again, no significant differences were observed between the control and H. pylori groups. Leukocyte counts, hematocrits, mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, mean corpuscular volume (MCV), red blood cell distribution width, mean platelet volume, platelet distribution width, lymphocyte count, and percentage of lymphocytes were also quantified. No significant differences were observed, with the exception of the MCV, which was significantly lower in the H. pylori group in
comparison to the control group at 18 mo (52.32 ± 2.86 vs 55.63 ± 1.89 fL).

P < 0.05 vs control group. H. pylori: Helicobacter pylori; HCT: Hematocrit; HGB: Hemoglobin; LYM: Lymphocyte; LYM%: Percentage of lymphocytes; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin
concentration; MCV: Mean corpuscular volume; MPV: Mean platelet volume; PDW: Platelet distribution width; PLT: Platelet; RBC: Red blood cell; RDW-SD: Red cell distribution width-standard deviation; WBC: White blood
cell.

a

Group
6 mo
Control (n = 15)
H. pylori (n = 30)
12 mo
Control (n = 9)
H. pylori (n = 27)
18 mo
Control (n = 8)
H. pylori (n = 23)

Table 1 Blood cell counts from Helicobacter pylori infected and control Mongolian Gerbils at different time points
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ies. No significant differences were observed between
the H. pylori and control groups, with the exception of
MCV levels, which were significantly lower in the H. pylori
group. However, these lower MCV levels may be attributed to the small sample size. The results suggest that a
single H. pylori infection is insufficient to cause either ITP
or IDA. Thus, H. pylori may play an auxiliary role in ITP
or IDA pathogenesis, but does not serve as an initiating
factor.
This study also has some limitations. Only one bacterial strain of H. pylori was used in this study, which does
not comprehensively account for the range of H. pylori
infections that can occur. Relatively straightforward parameters were measured, which may not have detected
more subtle changes in the immune system occurring
before the appearance of abnormal blood cell counts.
Furthermore, Mongolian gerbils may not acquire hematological diseases easily whereas mouse strains, which are
prone to developing ITP or IDA, should be considered
as an alternate model in the future[29,30].
In conclusion, H. pylori infection may require other
pathogenic factors to contribute to ITP and IDA onset.
Factors such as host polymorphisms may also contribute
to disease development, a feature that should be examined in future studies.
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a significant degree of heterogeneity (I = 71%, P <
0.0001). Subgroup analysis indicated that an abnormal
pattern of β-catenin expression had an unfavorable effect on OS (HR = 1.79, 95%CI: 1.39-2.32). However,
accumulation in the nucleus or loss of membrane did
not influence the survival of GC patients independently.
Moreover, the combined OR of β-catenin indicated that
β-catenin expression was associated with Lauren classification (OR = 1.98, 95%CI: 1.19-3.29), lymph node
metastasis (OR = 2.00, 95%CI: 1.44-2.77), distant
metastasis (OR = 2.69, 95%CI: 1.35-5.38) and grade
of differentiation (OR = 2.68, 95%CI: 1.66-4.34).
β-catenin expression did not correlate with TNM stage
(OR = 1.34 95%CI: 0.96-1.86), the depth of invasion
(OR = 1.48, 95%CI: 0.94-2.33) or vascular invasion (OR
= 1.11, 95%CI: 0.70-1.76).

Abstract

CONCLUSION: Abnormal β-catenin immunohistochemical expression may be associated with tumor
progression and could be a predictive factor of poor
prognosis in patients with GC.

AIM: To evaluate the effect of β-catenin immunohistochemical expression on the prognosis of gastric cancer
(GC).
METHODS: We searched Pubmed and Embase to
identify eligible studies. The search ended on November 10, 2013, with no lower date limit. The citation lists
associated with the studies were used to identify additional eligible studies. We included studies reporting
sufficient information to estimate the HR and 95%CI,
and information to estimate the OR in the analysis of
clinicopathological features. The qualities of these studies were assessed using the Newcastle-Ottawa Quality Assessment Scale. HRs and ORs and their variance
were calculated and pooled using Review Manager Version 5.2.
RESULTS: A total of 24 studies were identified and
comprised 3404 cases. β-catenin expression was significantly correlated with poor overall survival (OS) in GC
patients (HR = 1.85, 95%CI: 1.39-2.46), but showed
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Core tip: β-catenin is involved in the development of
multiple tumors. It has been proved that β-catenin is
important in cell-to-cell adhesion and the progression
of gastric cancer. This meta-analysis demonstrated that
abnormal β-catenin expression was associated with
poor prognosis in patients with gastric cancer, and may
predict invasion and metastasis.
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INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
globally, and was the second most common cause of
death due to malignancies worldwide in 2008[1]. Multiple
environmental factors including chronic Helicobacter pylori
(H. pylori) infection, hereditary factors and dietary factors
have been implicated in the initiation of gastric carcinogenesis[2,3]. Although the understanding of neoplastic
progression has improved in the past decade, the prognosis of patients with advanced GC remains relatively poor.
Consequently, it is important to uncover the biological
mechanisms underlying progression of the disease and
develop strategies to intervene in this process[4].
Epithelial-mesenchymal transition (EMT), a developmental process in which epithelial cells show reduced
intercellular adhesion and acquire migratory fibroblastoid
properties, is considered to be critical for invasive and
metastatic progression in cancer[5]. EMT is associated
with the down-regulation of epithelial markers, aberrant
upregulation of mesenchymal markers and abnormal
translocation of β-catenin in several human cancers including GC[6]. As a central molecule in the int/Wingless
family (Wnt) signaling pathway, β-catenin expression
is localized in the membrane, cytoplasm and nucleus[7].
β-catenin has a dual role depending on its intracellular localization. Membranous expression of β-catenin is linked
to E-cadherin and the actin cytoskeleton, and is responsible for cell-to-cell adhesion and exerting a restrictive effect on tumor growth. Cytoplasmic and nuclear β-catenin
are mainly involved in regulation of the Wnt signaling
pathway[8]. When a Wnt ligand engages with its receptors,
the scaffold protein Axin translocates to the transmembranous receptor complex and inhibits the destruction
complex. Thus, cytoplasmic β-catenin escapes degradation, accumulates in the cytoplasm and finally translocates
to the nucleus. After localizing to the nucleus, β-catenin
activates a target gene expression program with loss of
E-cadherin, linking EMT to Wnt signaling. In addition,
Wnt signaling is also connected to EMT by activation
of snail2 and ZEB1 via other Wnt target genes. Taken
together, these findings suggest that different forms of
β-catenin contribute to a feed-forward loop in invading
cancer cells[9].
Deregulated β-catenin is involved in the development
of multiple tumors. In the presence of a Wnt signal,
activation of β-catenin is found in about 30% of GC patients[10]. Moreover, potential biological mechanisms have
been proposed, such as the CagA+ strain of H. pylori
which is thought to activate β-catenin to promote intestinal transdifferentiation in gastric epithelial cells[11], and accumulating evidence indicates that inflammation induced
by COX-2/PGE2 and the Wnt pathway plays a critical
role in GC development[12]. These findings provide evidence that β-catenin is important in the development and
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progression of GC and may be significantly associated
with prognosis in patients with GC. When evaluating the
expression of variant localization, controversial results
have been observed. A recent study by Ayed-Guerfali et
al[13] showed that nuclear immunohistochemical staining
of β-catenin was detected in only 3 of 80 specimens (4%),
in contrast to previous reports indicating higher frequencies[14,15]. However, this may suggest that abnormal expression of β-catenin including cytoplasmic and nuclear
immunostaining, as well as the absence of membranous
staining, is predictive of poor prognosis.
Although a large number of studies have investigated
the relationship between β-catenin and GC, the prognostic value of β-catenin remains controversial. Thus, this
meta-analysis was performed to evaluate the prognostic
significance of β-catenin immunohistochemical expression in patients with GC.

MATERIALS AND METHODS
Literature search
We searched the PubMed and Embase databases using the following terms and all possible combinations:
‘‘ β -catenin’’, “beta-catenin”, ‘‘Wnt’’, ‘‘Gastric Neoplasms’’, ‘‘Gastric Cancer’’, “Gastric Carcinoma”, ”Gastric Tumor”, “Stomach Cancer”, “Stomach Carcinoma”,
”Stomach Neoplasms”, “Stomach Tumor”, “GC” and
‘‘Prognosis.’’ The search ended on November 10, 2013,
and no lower date limit was used. The citation lists associated with the studies were used to identify additional
eligible studies. The reviews and bibliographies were also
manually inspected to find related articles.
Inclusion and exclusion criteria
The studies were included in our meta-analysis if they
met the following inclusion criteria: (1) β-catenin expression examined by immunohistochemistry and evaluated
in human GC tissues; (2) Evaluation of the relationships
between β-catenin expression and overall survival (OS)
or clinicopathological features of GC; (3) Publications in
English; and (4) Sufficient information provided to estimate the HR and its 95%CI, and information to estimate
the OR in the analysis of clinicopathological features.
The following articles were excluded: (1) letters, case
reports, reviews, and conference abstracts without original data; (2) non-English language articles; (3) articles
from which the relevant data could not be extracted; and
(4) overlapping articles or those with duplicate data.
Data extraction and assessment
Two investigators (LLF and WZJ) reviewed each eligible
study and extracted data. The database recorded the most
relevant data comprising author’s name, year of publication, antibody source, definition of β-catenin expression,
study location, number of patients and tumor characteristics. Study quality was assessed independently by two investigators (LLF and WZJ) according to the Newcastle–
Ottawa quality assessment scale[16]. The score assessed
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Version 5.2). A P value < 0.05 was considered statistically
significant. An observed HR or OR > 1 indicated a worse
prognosis for GC patients with abnormal β-catenin expression and was considered to be statistically significant
if the 95%CI did not overlap 1.

Records identified through
database searching
(n = 583)
Records excluded on the
basis of title and abstract
(n = 462)

RESULTS

Full-text articles assessed for
eligibility
(n = 121)

Study selection and characteristics
As described in Figure 1, a total of 583 articles were
identified after searching the databases. After screening the abstract and full-text of these articles, 24 articles
were finally included in the quantitative analysis of the
prognostic value of β-catenin expression in GC and the
relationship between β-catenin expression and clinicopathological features. The characteristics of these 24
publications are summarized in Table 1[13-15,19-40].

Full-text excluded (n = 97)
Non English literature (n = 4)
Data no sufficient (n = 81)
No IHC (n = 12)
Studies included in the
meta-analysis
(n = 24)

Figure 1 Flowchart showing selection of studies for inclusion in the metaanalysis. IHC: Immunohistochemistry.

eight items of methodology, and grouped them into three
major classifications: selection, comparability and outcome. A maximum score of 1 was graded for each item,
except that related to comparability, which allowed for 2.
For quality, scores ranged from 0 (lowest) to 9 (highest),
and studies with more than 5 points were rated as qualified.
Statistical analysis
The impact of β-catenin expression on OS was measured
by HR for quantitative aggregation. The most accurate
approach was to obtain the HR estimate and 95%CI directly from the paper, or calculate them using the parameters offered in the manuscript[17]. Otherwise, KaplanMeier curves were read by Engauge Digitizer version
4.1 (http://digitizer.sourceforge.net/)[18]. Heterogeneity
across studies was evaluated using a χ 2-based Q statistical
test. The I2 statistic was also calculated for study heterogeneity. I2 > 50 and P ≤ 0.10 indicated a lack of heterogeneity among the studies. For studies with P > 0.10, the
pooled OR and HR estimates of each study were calculated by the fixed-effects model (the Mantel-Haenszel
method). For studies with P ≤ 0.10, the random-effects
model (the DerSimonian and Laird method) was used.
For the pooled analysis of the correlation between
β-catenin expression and clinicopathological features
[Lauren classification, tumor-node-metastasis (TNM)
stage, the depth of invasion, lymph node metastasis, distant metastasis, grade of differentiation and vascular invasion], ORs and their 95%CIs were combined to estimate
the effect.
Sensitivity analysis was also conducted by sequential
omission of individual studies to evaluate stability of the
results. In addition, publication bias was assessed using
funnel plots. HRs and ORs and their variance were calculated and pooled using the RevMan systematic review
and meta-analysis software package (Review Manager

WJG|www.wjgnet.com

Impact of β -catenin immunohistochemical expression
on overall survival in gastric cancer patients
Meta-analysis of the association between β-catenin expression and OS was determined in 15 studies. A forest
plot of the individual HR estimates and results from the
meta-analysis are shown in Figure 2. In general, aberrant
β-catenin expression, which consisted of positive cytoplasmic and nuclear expression and negative membranous
expression in GC, demonstrated a significant increase in
mortality risk as compared to regular β-catenin expression (combined HR = 1.85, 95%CI: 1.39-2.46). However,
a significant degree of heterogeneity was observed (I2 =
71%, P < 0.0001).
In order to explain the heterogeneity in OS, we
performed a subgroup analysis using the definition of
β-catenin expression, study location, number of patients, antibody resources and publication year. Due to
the different definition in the included studies, we separated β-catenin expression into four patterns: abnormal
β-catenin pattern, nucleus accumulation, cytoplasmic
overexpression and loss of membranous expression.
The association between abnormal pattern and OS was
assessed in five studies, and the pooled HR was 1.79
(95%CI: 1.39-2.32; I2 = 48%, P = 0.10). Furthermore,
β-catenin overexpression in the cytoplasm was also associated with poor prognosis (HR = 1.52, 95%CI: 1.05-2.19;
I2 = 0%, P = 0.56), but only following the analysis of two
limited studies. No significant relationship between OS
of GC and the other two patterns of nuclear accumulation (HR = 1.66, 95%CI: 0.90-3.06; I2 = 83%, P = 0.000)
and loss of membranous expression (HR = 1.61, 95%CI:
0.88-2.96; I2 = 75%, P = 0.003) was observed (Figure 3).
Moreover, subgroup analysis indicated a significant
relationship between β-catenin expression and OS also
shown by antibody source from the Transduction Laboratory (HR = 2.36; 95%CI: 1.06-5.27; I2 = 76%, P =
0.000) and publication year ≤ 2000 (HR = 2.07; 95%CI:
1.13-3.81; I2 = 0%, P = 0.76). Other factors including
study location and number of patients did not alter the
significant prognostic impact of abnormal β-catenin ex-
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Table 1 Baseline characteristics and methodological assessment of the included trials
Ref.

Year

Study location Patient (M/F)

Luaren classfication
Intestinal

Antibody source

Definition of β-catenin
1
expression

NOS

Santa Cruz

Normal/abnormal
expression
Normal/abnormal
expression
Normal/abnormal
expression
Nuclear expression
Normal/abnormal
expression
Normal/abnormal
expression
Membranous expression
Nuclear expression
Membranous expression

7

Normal/abnormal
expression
Nuclear expression
Cytoplasmic expression
Normal/abnormal
expression
Nuclear expression
Nuclear and cytoplasmic
expression
Normal/abnormal
expression
Membranous expression
Normal/abnormal
expression
Nuclear and cytoplasmic
expression
Normal/abnormal
expression
Normal/abnormal
expression
Normal/abnormal
expression
Normal/abnormal
expression
Normal/abnormal
expression

8

Diffuse Mixed

Ayed-Guerfali
et al[13]
Sereno et al[19]

2013

Tunisia

80 (45/35)

48

32

2012

Spain

44 (33/11)

22

13

Hou et al[20]

2012

China

158 (105/53)

Santa Cruz

Liu et al[22]
Sun et al[21]

2012
2012

China
China

134 (90/44)
58 (49/9)

Santa Cruz
Santa Cruz

Ryu et al[23]

2012

South Korea

276 (NA)

BD Biosciences

Retterspitz et al[24]
Kim et al[25]
Czyzewska et al[26]

2010
2010
2010

Germany
South Korea
Poland

94 (46/48)
117 (81/36)
91 (62/29)

0
40
61

88
75
30

6
2
0

Zali et al[28]

2009

Iran

56 (38/18)

35

16

5

BD Transduction
BD Transduction
Novocastra Laboratories
Ltd
Research Diagnostic

Kim et al[29]
Bazas et al[30]
Koriyama et al[31]

2009
2008
2007

South Korea
Ukraine
Japan

598 (396/202)
150 (89/61)
149 (NA)

117
99

33
50

0
0

BD Biosciences
Dako Cytomation
Transduction Laboratories

Jung et al[32]
Nabais et al[33]

2007
2003

South Korea
Portugal

111 (NA)
97 (NA)

44
28

67
51

0
18

Transduction Laboratories
Transduction Laboratories

Zhou et al[34]

2002

China

163 (123/40)

108

40

15

Maxim Biotech Inc.

Woo et al[14]
Shun et al[35]

2001
2001

South Korea
Taiwan

303 (205/98)
53 (NA)

116
30

158
23

29

Transduction Laboratories
Transduction Laboratories

Grabsch et al[36]

2001

Germany

401 (NA)

255

112

34

Transduction Laboratories

Joo et al[37]

2000

South Korea

65 (38/27)

28

25

12

Zymed Laboratories

Karatzas et al[38]

2000

Greece

36 (NA)

24

12

Ohene-Abuakwa
et al[39]
Ramesh et al[15]

2000

41 (NA)

28

7

Jawhari et al[40]

1997

United
Kingdom
United
Kingdom
England

1999

9

Transduction Laboratories
6

40 (NA)
89 (62/27)

63

Transduction Laboratories

24

2

Transduction Laboratories
Affinity Research Products
Ltd
Affinity Research Products
Ltd

6
6
5
5
7
8
8
6

6
8
8
9
7
8
9
6
6
7
6
7
8
7

1

Different β-catenin location in gastric cancer. NA: Not available; M/F: Male/Female; NOS: Newcastle-Ottawa Quality Assessment Scale.

pression (Table 2).
Correlation of β -catenin expression with
clinicopathological parameters
We evaluated the correlation between β-catenin immunohistochemical expression and the clinicopathological characteristics of GC. The definition of abnormal
β-catenin expression was as previously mentioned. As
shown in Table 3, we assessed 17 studies to identify
the relationship between β-catenin expression and the
Lauren classification. Patients with diffuse-type GC had
significant abnormal β-catenin expression as compared
to patients with intestinal-type GC (OR = 1.98, 95%CI:
1.19-3.29). In addition, β-catenin expression was significantly associated with lymph node metastasis (positive vs
negative: OR = 2.00, 95%CI: 1.44-2.77), distant metastasis (positive vs negative: OR = 2.69, 95%CI: 1.35-5.38)

WJG|www.wjgnet.com

and grade of differentiation (G3/G4 vs G1/G2: OR =
2.68, 95%CI: 1.66-4.34). We also found that abnormal
β-catenin expression had no significant association with
TNM stage (OR = 1.34, 95%CI: 0.96-1.86), the depth of
invasion (OR = 1.48, 95%CI: 0.94-2.33) or vascular invasion (OR = 1.11, 95%CI: 0.70-1.76). The meta-analysis
of OR in TNM stage, distant metastasis and vascular
invasion did not show obvious inter-study heterogeneity (I2 = 0%-44%), whereas analysis of other histological
features exhibited heterogeneity (I2 = 44%-74%).
Statistical analysis
Sensitivity analysis indicated that the pooled HRs were
not significantly influenced by omitting any single study.
However, in the meta-analysis of clinicopathological
parameters, we found that data from Sun et al[21] created
a significant bias in the pooled ORs of TNM stage, the
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Study or subgroup

log [HR]

SE

Weight

Hazard Ratio
IV, Random, 95%CI

Year

Hazard Ratio
IV, Random, 95%CI

Jawhari 1997

0.815

0.426

5.7%

2.26 [0.98, 5.21]

1997

Ramesh 1999

1.06

0.78

2.7%

2.89 [0.63, 13.31]

1999

Joo 2000

0.41

0.56

4.2%

1.51 [0.50, 4.52]

2000

Woo 2001

1.14

0.29

7.7%

3.13 [1.77, 5.52]

2001

Zhou 2002

1.15

0.33

7.1%

3.16 [1.65, 6.03]

2002

Jung 2007

1.49

0.54

4.4%

4.44 [1.54, 12.75]

2007

Koriyama 2007

0.146

0.294

7.7%

1.16 [0.65, 2.06]

2007

Bazas 2008

0.44

0.19

9.4%

1.55 [1.07, 2.25]

2008

Kim 2009

-0.303

0.159

9.9%

0.74 [0.54, 1.01]

2009

Kim 2010

1.39

0.43

5.7%

4.01 [1.73, 9.33]

2010

Retterspitz 2010

0.72

0.295

7.7%

2.05 [1.15, 3.66]

2010

Czyzewska 2010

0.31

0.26

8.2%

1.36 [0.82, 2.27]

2010

Liu 2012

0.40

0.23

8.7%

1.49 [0.95, 2.34]

2012

Hou 2012

0.40

0.16

9.9%

1.49 [1.09, 2.04]

2012

Ayed-Guerfali 2013

2.984

1.366

1.0%

Total (95%CI)

19.77 [1.36, 287.53]

100.0%
2

2

2013

1.85 [1.39, 2.46]

2

Hetarogeneity: Tau = 0.19; χ = 47.91, df = 14 (P < 0.0001); I = 71%
Test for overall effect: Z = 4.23 (P < 0.0001)

0.002

0.1

Fevours experimental

1

10

500

Fevours control

Figure 2 Meta-analysis of the effects of β-catenin on overall survival of patients with gastric cancer. Results are presented as individual and pooled HR and
95%CI.

depth of invasion and lymph node metastasis, as well as
increased unexpected inter-study heterogeneity. Moreover,
Shun’s study of early GC was considered unsuitable for
the analysis of lymph node metastasis. The funnel plots
of publication bias did not exhibit significant asymmetry
in the analysis of OS and histopathological features.

DISCUSSION
In recent years, β-catenin and its associate E-cadherin
were proved to be not only static components of adherens junctions, but important mediators of downstream
Wnt signaling cascades[8]. As described above, the different localization of β-catenin contributes to cell-cell adhesion or transcriptional activation of responsive target
genes. GSK3β, APC, and axin are negative regulators of
the Wnt pathway and are functionally assembled in the
destruction complex, where β-catenin can be efficiently
regulated. This leads to subsequent overexpression of
free cytoplasmic β-catenin and exerts a nuclear function
without control of tumorigenesis and progression[41,42].
This meta-analysis aimed to examine the association
between β-catenin expression, OS and clinicopathological characteristics of GC. When assessing the value of
β-catenin expression, researchers tended to separate
aberrant β-catenin expression into three patterns: negative β-catenin membranous staining, positive cytoplasmic
staining and nuclear staining, and some of the studies
included in our analysis combined these three types of
expression as the abnormal β-catenin pattern in GC. We
assessed the outcomes of patients with GC in 15 studies,
and found that β-catenin expression significantly predicted poor OS in GC patients. Subgroup analysis revealed
that the combined abnormal pattern of β-catenin (HR

WJG|www.wjgnet.com

= 1.79, 95%CI: 1.39-2.32), instead of an accumulation
in the nucleus or loss in the membrane, influenced the
survival of GC patients. In addition, positive β-catenin
cytoplasmic expression may also be associated with poor
prognosis; however, the evidence is limited. We also
performed a subgroup analysis using a primary antibody
from the Transduction Laboratory (HR = 2.36, 95%CI:
1.06-5.27), to assess the prognostic value of β-catenin expression. The use of antibodies from different resources
may have led to potential bias, as the sensitivity of immunohistochemistry usually relies on the condition of
the antibody. When evaluating the OR in histopathology,
significant correlations were observed between abnormal
β-catenin expression and clinicopathological features
including Lauren classification, lymph node metastasis,
distant metastasis and grade of differentiation, but not
TNM stage, the depth of invasion or vascular invasion.
These results suggested that β-catenin was expressed
more often in diffuse-type GC and undifferentiated tumor, may predict metastasis in patients with advanced
GC, and may not be related to tumor stage or invasive
route such as blood vessels.
A previous meta-analysis indicated that decreased
E-cadherin expression was related to poor OS of gastric
carcinoma, as well as being significantly correlated with
differentiation, invasion and metastasis[43]. The studies
included in our meta-analysis also showed that a decrease
in E-cadherin or abnormal β-catenin or both weakened
cell-cell adhesion and resulted in cell spread, allowing
cancer cell infiltration and metastasis[13,21]. Consistent with
the effect on E-cadherin, CagA+ strain of H. pylori also
has been shown to activate β-catenin to promote intestinal transdifferentiation in gastric epithelial cells[11]. Taking
these findings into account, we suggest that abnormal
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Study or subgroup

Hazard Ratio
IV, Random, 95%CI

Year

4.2%

4.44 [1.54, 12.79]

2007

7.2%

1.16 [0.65, 2.06]

2007

0.159

8.9%

0.74 [0.54, 1.01]

2009

1.39

0.43

5.3%

4.01 [1.73, 9.33]

2010

0.40

0.23

8.0%

1.49 [0.95, 2.34]

2012

33.4%

1.66 [0.90, 3.06]

log [HR]

SE

Jung 2007

1.49

0.54

Koriyama 2007

0.146

0.294

Kim 2009

-0.303

Kim 2010
Liu 2012

Weight

Hazard Ratio
IV, Random, 95%CI

1.4.1 nucleus accumulation

Subtotal (95%CI)
2

2

2

Hetarogeneity: Tau = 0.38; χ = 23.72, df = 4 (P < 0.0001); I = 83%
Test for overall effect: Z = 1.62 (P = 0.10)
1.4.2 membrane expression
Ramesh 1999

1.06

0.78

2.6%

2.89 [0.63, 13.31]

1999

Woo 2001

1.14

0.29

7.1%

3.13 [1.77, 5.52]

2001

0.366

6.1%

0.53 [0.26, 1.09]

2007

Koriyama 2007

-0.63

Czyzewska 2010

0.31

0.26

7.5%

1.36 [0.82, 2.27]

2010

Retterspitz 2010

0.72

0.295

7.1%

2.05 [1.15, 3.66]

2010

30.4%

1.61 [0.88, 2.96]

Subtotal (95%CI)
2

2

2

Hetarogeneity: Tau = 0.34; χ = 16.01, df = 4 (P = 0.003); I = 75%
Test for overall effect: Z = 1.54 (P = 0.12)
1.4.3 cyto
Ramesh 1999
-0.139
0.97
1.8%
Bazas 2008
0.44
0.19
8.5%
Subtotal (95%CI)
10.3%
2
2
2
Hetarogeneity: Tau = 0.00; χ = 0.34, df = 1 (P = 0.56); I = 0%
Test for overall effect: Z = 2.25 (P = 0.02)

0.87 [0.13, 5.83]
1.55 [1.07, 2.25]
1.52 [1.05, 2.19]

1999
2008

1.4.4 abnormal
Jawhari 1997
0.815
Joo 2000
0.41
Zhou 2002
1.15
Hou 2012
0.40
Ayed-Guerfali 2013
2.984
Subtotal (95%CI)
2
2
Hetarogeneity: Tau = 0.13; χ = 7.74, df = 4 (P
Test for overall effect: Z = 3.05 (P = 0.002)
Total (95%CI)

0.426
0.56
0.33
0.16
1.366

5.4%
4.0%
6.6%
8.9%
1.0%
25.8%
2
= 0.10); I = 48%

2.26 [0.98, 5.21]
1.51 [0.50, 4.52]
3.16 [1.65, 6.03]
1.49 [1.09, 2.04]
19.77 [1.36, 287.53]
2.12 [1.31, 3.42]

100.0%
2

2

1997
2000
2002
2012
2013

1.70 [1.28, 2.26]

2

Hetarogeneity: Tau = 0.21; χ = 55.99, df = 16 (P < 0.00001); I = 71%

0.005

Test for overall effect: Z = 3.66 (P = 0.0002)

0.1

Fevours experimental

1

10

200

Fevours control

Figure 3 Subgroup analysis of HR for the association of β-catenin expression with overall survival using different definitions.

β-catenin expression represents an independent risk factor together with E-cadherin expression for the occurrence and development of GC. However, the role of different β-catenin location in gastric tumor biology remains
unclear and should be investigated in future studies.
We found highly significant heterogeneity between the
included studies. In the stratified analysis of OS, heterogeneity was not significant in certain subgroup analyses.
These findings suggest that the definition of β-catenin,
antibody source and number of patients may partly account for this heterogeneity. In our study, most of the
included data were derived from articles published after
2000, and this may have led to undetected heterogeneity.
Sensitivity analysis did not clarify the source of heterogeneity in the HR analysis, but showed that the OR from
Sun et al[21] created unexpected heterogeneity. The evalu-

WJG|www.wjgnet.com

ation of β-catenin staining in this study demonstrated
that more than 70% of cell membranes stained positive,
unlike other reports which claimed 90% as the cut-off
value, and could lead to differential sensitivity. Shun’s
study[35] on early GC also contributed to heterogeneity
in the estimate of OR for lymph node metastasis. It was
decided not to incorporate this study in the analysis.
A potential source of bias may be associated with the
approach of extrapolating HRs. If HRs were not directly
reported in the studies, we calculated them from the data
provided in the papers and from the survival curves, assuming that censored observations were identically distributed. Although two of the authors provided graphical
representation of the survival curves, this approach did not
completely eliminate inaccuracy during extraction of the
survival rates. The estimated HR might thus be less reliable
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Table 2 Stratified analysis of pooled hazard ratios
Subgroup analysis

Studies (n )

Definition
Abnormal
Nucleus accumulation
Loss of membrane expression
Cytoplasmic expression
Study location
Asia
Other regions
No. of patients
> 100
≤ 100
Publication year
> 2000
≤ 2000
Antibody source
BD transduction
Transduction lab
Santa cruz
Other labs

Heterogeneity

Random

5
5
5
2

1.52 (1.05-2.19)

9
6

1.70 (1.33-2.19)

9
6

1.81 (1.31-2.49)

12
3

2.07 (1.13-3.81)

3
3
3
6

P value

Pooled HR (95%CI)
Fixed

I 2 (%)

P value

2.12 (1.31-3.42)
1.66 (0.90-3.06)
1.61 (0.88-2.96)

0.002
0.270
0.0006
0.020

48
83
75
0

0.10
< 0.0001
0.003
0.56

1.86 (1.23-2.80)

< 0.0001
< 0.0001

81
9

< 0.00001
0.36

1.82 (1.26-2.64)

0.002
0.0003

81
3

< 0.00001
0.40

1.83 (1.33-2.52)

< 0.00001
0.020

76
0

< 0.00001
0.76

1.73 (0.64-4.69)
2.36 (1.06-5.27)

0.280
0.040
0.001
< 0.00001

90
75
44
7

< 0.0001
0.02
0.17
0.37

1.53 (1.18-1.97)
1.75 (1.37-2.25)

Table 3 Meta-analysis of β-catenin expression and clinicopathological features of gastric cancer
Clinicopathological features

Studies (n )

Cases

Fixed
Lauren classification
TNM stage
The depth of invasion
Lymph node metastasis
Distant metastasis
Grade of differentiation
Vascular invasion

17
9
10
16
4
12
3

1793
996
1203
2147
258
1372
774

P value

Pooled OR (95%CI)

Heterogeneity
2

Random
1.98 (1.19-3.29)

1.34 (0.96-1.86)
1.48 (0.94-2.33)
2.00 (1.44-2.77)
2.69 (1.35-5.38)
2.68 (1.66-4.34)
1.11 (0.70-1.76)

0.009
0.080
0.090
< 0.0001
0.005
0.0002
0.660

I (%)

P value

74
44
55
44
20
58
0

< 0.00001
0.090
0.020
0.040
0.290
0.006
0.440

TNM: Tumor-node-metastasis.

than when obtained directly from published statistics.
In conclusion, this meta-analysis revealed that
β-catenin immunohistochemical expression was associated with poor OS and histopathological features such as
Lauren classification, lymph node metastasis, distant metastasis and grade of differentiation in patients with GC.
Abnormal β-catenin expression may be a predictive factor of poor prognosis in GC patients, and might predict
invasion and metastasis.

Innovations and breakthroughs

This meta-analysis revealed the prognostic value of β-catenin expression in
gastric cancer and identified four patterns: abnormal β-catenin pattern, nucleus
accumulation, cytoplasmic overexpression and loss of membranous expression, and examined the association between β-catenin expression and the
clinicopathological characteristics of gastric cancer.

Applications

The results of this study suggest that abnormal β-catenin expression is associated with poor prognosis in patients with gastric cancer, and may predict invasion and metastasis.

Terminology

β-catenin: β-catenin is a dual function protein, regulating the coordination of
cell–cell adhesion and gene transcription. In humans, the β-catenin protein is
encoded by the CTNNB1 gene.
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the placebo group. The pooled RR of PEP incidence
with prophylactic NSAID administration was 0.43
(95%CI: 0.33-0.56), which demonstrates that NSAID
administration after ERCP significantly reduced the incidence of PEP when compared to the placebo group
(P < 0.0001). Subgroup analysis was performed and
revealed that the presence (NSAID group) or absence
(placebo group) of NSAIDs had no significant effect on
the development of moderate to severe pancreatitis
(RR = 0.79, 95%CI: 0.52-1.18). Moreover, the administration of NSAIDs as a rectal suppository (RR = 0.35,
95%CI: 0.26-0.48; P < 0.0001) was more effective
than oral administration (RR = 0.97, 95%CI: 0.53-1.80)
or through infusion (RR = 0.43, 95%CI: 0.12-1.54).
CONCLUSION: NSAIDs effectively reduce the incidence
of PEP but not of moderate to severe pancreatitis.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the effect of nonsteroidal antiinﬂammatory drugs (NSAIDs) on the incidence of postendoscopic retrograde cholangiopancreatography
(ERCP) pancreatitis (PEP).

Key words: Nonsteroidal anti-inﬂammatory drugs; Postendoscopic retrograde cholangiopancreatography pancreatitis; Randomized controlled trial; Meta-analysis

METHODS: Two independent reviewers searched Pub
Med (1966 to October 2013), Embase (1984 to October
2013) and the Cochrane Central Register of Controlled
Trials (CENTRAL; Issue 4, 2013) for relevant randomized controlled trials (RCTs) studying the effectiveness
of prophylactic NSAID administration in the prevention
of PEP. Using the Cochrane Collaboration Handbook,
meta-analyses were conducted to evaluate the overall
effect of NSAIDs in preventing the incidences of PEP
and moderate to severe pancreatitis.
RESULTS: Eight RCTs were identified from the literature search and included 1883 patients that underwent
ERCP, with 971 patients in the NSAID group and 912
patients in the placebo group. Sixty-nine out of 971
(7.11%) patients developed PEP in the NSAID group
in comparison to 143 out of 912 (15.68%) patients in
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Core tip: This meta-analysis was designed to compare
the incidence of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) in the presence or absence of prophylactic nonsteroidal anti-inflammatory drug (NSAID) administration after ERCP. A
total of eight studies were included in the pooled analysis and contained 1883 patients that underwent ERCP
with 971 patients in the NSAID group and 912 patients
in the control group. Patients receiving NSAIDs after
ERCP had a reduced incidence of PEP when compared
with the placebo group, though NSAID administration
did not reduce the incidence of moderate to severe
pancreatitis.
Li X, Tao LP, Wang CH. Effectiveness of nonsteroidal antiinﬂammatory drugs in prevention of post-ERCP pancreatitis: A
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INTRODUCTION
Acute pancreatitis, a common adverse event occurring
after endoscopic retrograde cholangiopancreatography
(ERCP), has puzzled endoscopic experts for several years.
The incidence of post-ERCP pancreatitis (PEP) ranges
from 2.1% to 39%[1]. A majority of PEP episodes are
associated with mild pancreatitis. In a small percentage
of cases, however, patients develop moderate to severe
pancreatitis, which is associated with systemic inflammatory responses and multiple organ failure that ultimately
increase the risk for morbidity and mortality. Currently,
the pathogenesis of PEP is poorly understood. It is
hypothesized that mechanical, thermal, chemical and hydrostatic injuries induce a cascade reaction that leads to
intracellular pancreatic enzyme self-activation, ultimately
causing autodigestion of the pancreas and inflammation
due to the release of bioactive substances[2,3]. Several factors have been associated with an increased risk for PEP
such as sphincter of Oddi dysfunction, female sex, precut sphincterotomy, and injection of pancreatic contrast
agents[2]. Patients harboring these risk factors are more
likely to suffer from PEP[4].
The incidence of PEP accompanied by substantial
morbidity or occasional mortality has become an obstacle for clinicians treating patients after ERCP, and
effective strategies to prevent PEP still are lacking[5].
Thus, considerable effort has been devoted to developing
strategies to reduce or even eliminate the incidence of
PEP[6]. Studies and clinical trials have investigated the effects of pancreatic stents, pancreatic enzyme inhibitors,
and somatostatin analogues on PEP, but the results are
still controversial[7,8].
Previous studies have reported that nonsteroidal
anti-inflammatory drug (NSAID) administration may
prevent PEP through the inhibition of prostaglandins,
phospholipase A2 and neutrophil-endothelial interactions [7,9,10]. Although several systematic reviews have
been performed to explore the efficacy of NSAIDs in
the prevention of PEP[11-13], the benefit of prophylactic
NSAID administration in reduction of PEP incidence is
still controversial. To this end, we performed an updated
meta-analysis to evaluate the effectiveness of NSAIDs in
preventing PEP.

MATERIALS AND METHODS
Search strategy
Clinical research evaluating the effects of prophylactic
NSAID administration on PEP incidence was searched
from PubMed (1966 to October 2013), Embase (1984 to
October 2013) and Cochrane Library biomedical litera-
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ture databases (CENTRAL; Cochrane Controlled trials
Register: Issue 4, 2013) by two independent reviewers (Li X and Tao LP; educated through a series of
evidence-based medicine classes) using the following key
words: nonsteroidal anti-inflammatory drugs, NSAID,
diclofenac, indomethacin, ERCP, endoscopic retrograde
cholangiopancreatography, pancreatitis, PEP and postendoscopic retrograde cholangiopancreatography pancreatitis. To ensure all relevant citations were included in
this study, the reference lists from relevant articles were
manually screened. This meta-analysis was limited to
clinical and human studies.
Inclusion criteria
The following inclusion criteria were applied to select the
studies for this meta-analysis: (1) randomized controlled
trials (RCTs) involving NSAIDs vs placebo groups in
PEP prevention; (2) human studies; (3) participants older than 14 years; (4) patients who had undergone ERCP;
and (5) published outcomes assessing the NSAID effectiveness in PEP prevention. The following exclusion
criteria were applied: (1) incomplete RCTs; (2) repetitive
reports; and (3) different co-interventions between the
intervention arms. Two researchers independently reviewed the titles and abstracts of relevant articles based
on the aforementioned inclusion and exclusion criteria.
Discrepancies encountered by the reviewers were discussed and resolved through consultation with endoscopic experts to reach a consensus.
Data extraction
Relevant data, including number of patients, incidence
of PEP, NSAID dose and route of administration, were
independently extracted from the selected trials by the
two reviewers (Li X and Tao LP). Disagreements or uncertainties were discussed until consensus was achieved.
Subgroup and sensitivity analyses
To evaluate potential clinical heterogeneity, sensitivity
and subgroup analyses were performed to identify differences in treatment protocols. The following subgroup
and sensitivity analyses were performed: (1) NSAID
administration route; (2) PEP definition; (3) research setting; and (4) NSAID dosage.
Publication bias
To determine if publication bias was present, a funnel
plot of effect size against sample size was generated for
the studies included in the meta-analysis, allowing the log
standard error to be mapped against the log odds ratio
for each individual study.
Statistical analysis
RevMan 5.0 software (Cochrane Collaboration, Oxford,
United States) was used in this meta-analysis to generate
fixed-effects and random-effects models according to
the Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0). Pooled risk ratios (RRs) were
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Initial search
n = 205

Duplicates: n = 18

Titles and abstracts screened
n = 57
Excluded: n = 32
Studies not RCP
Studies not pertinent to NSAIDS
Studies not pertinent to PEP
Full-text articles screened
n = 25
Excluded: n = 17
Reviews: n = 10
NSAIDS combination: n = 2
Letters: n = 4
None RCT: n = 1
Included articles
n =8

Figure 1 Schematic representation of the article screening process. RCP: Rretrograde cholangiopancreatography; NSAID: Nonsteroidal anti-inflammatory drug;
PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

calculated using a general inverse variance fixed-effects
model. χ 2 tests with a P value less than 0.05 and a Higgins I2 value of less than 50% classified the included trials as homogenous. If the chi-square test revealed study
heterogeneity (P < 0.05, I2 > 50%), a random-effects
model was applied. Pooled RRs were presented as standard plots with 95%CIs. To avoid the possibility of clinical heterogeneity with respect to study population and
therapeutic modality, pooling was not implemented and
the results were instead assessed by subgroup analyses or
descriptive statistics.

RESULTS
Study characteristics and assessment
The initial search of PubMed, Embase and CENTRAL
identified 205 relevant articles. After applying the inclusion and exclusion criteria, eight studies were selected
for this meta-analysis. The details of study selection are
summarized in Figure 1. All eight articles were RCTs
that investigated the effect of NSAIDs on PEP prevention[5,9,14-19]. The main characteristics of the eligible
studies are presented in Table 1. Quality assessment was
performed according to the Cochrane Handbook for
Systematic Reviews of Interventions and the details are
shown in Table 2. None of the included studies had significant flaws in methodology.
Meta-analysis of NSAID effectiveness in PEP prevention
The eight included studies had a total of 1883 participants,
with 212 suffering from PEP. Of the 212 PEP patients,
69 were in the NSAID group and 143 were in the placebo
WJG|www.wjgnet.com

group. Results of a χ 2 test indicated that there was no
heterogeneity among the studies (χ 2 = 10.68; df = 7, I2 =
34%). Thus, a fixed-effects model was applied and demonstrated that NSAIDs significantly reduced the incidence of
PEP when compared to the placebo group (pooled RR =
0.43, 95%CI: 0.33-0.56; P < 0.001) (Figure 2).
Meta-analysis of PEP severity
Six of the eight articles explored the severity of PEP
and provided details as to whether it was mild, moderate
or severe[5,9,14,17-19]. Two meta-analyses were conducted to
evaluate the effect of NSAID administration on PEP severity. The first meta-analysis revealed that prophylactic
NSAID administration did not prevent mild PEP when
compared with the placebo group (OR = 1.14, 95%CI:
0.91-1.42) (Figure 3). Evaluation of the incidence of
moderate to severe PEP in the presence or absence of
NSAIDs showed that there was no significant effect on
the PEP incidence (pooled OR = 0.79, 95%CI: 0.52-1.18)
(Figure 4). There was no significant heterogeneity in the
mild PEP cases (df = 5, I2 = 0%) or moderate to severe
PEP cases (df = 4, I2 = 0%).
Subgroup and sensitivity analyses
To take into account differences between the included
studies, we performed sensitivity and subgroup analyses
(Table 3). Different NSAID administration routes were
used between the studies. A total of six studies[5,9,14,16,18,19]
administered NSAIDs as a rectal suppository and a subgroup analysis revealed that this route of administration
significantly reduced PEP incidence (RR = 0.35, 95%CI:
0.25-0.49; P < 0.0001). No significant heterogeneity was
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Table 1 Characteristics of the included articles n (%)
Ref.

Year

Country

Setting

Number of
patients

NSAID dose and duration

PEP in NSAID
group

PEP in placebo
group

Murray et al[18]
Cheon et al[17]
Sotoudehmanesh et al[9]
Montaño Loza et al[19]
Khoshbaten et al[16]
Senol et al[15]
Elmunzer et al[14]
Otsuka et al[5]

2003
2007
2007
2007
2008
2009
2012
2012

Scotland
United States
Iran
Mexico
Iran
Turkey
United States
Japan

Single center
Single center
Single center
Single center
Single center
Single center
Multi-center
Single center

220
207
480
150
100
80
602
104

Suppository, 100 mg after ERCP
Oral, 50 mg before and after ERCP
Suppository, 100 mg before ERCP
Suppository, 100 mg before ERCP
Suppository, 100 mg after ERCP
Infusion, 75 mg after ERCP
Suppository, 50 mg after ERCP
Suppository, 50 mg before ERCP

7 (6.4)
17 (16.2)
7 (2.8)
4 (5.3)
2 (4.0)
3 (7.5)
27 (9.1)
2 (3.9)

17 (15.5)
17 (16.7)
15 (6.1)
13 (26.0)
7 (17.5)
52 (25.1)
10 (18.9)

ERCP: Endoscopic retrograde cholangiopancreatography; NSAID: Nonsteroidal anti-inﬂammatory drug; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

Table 2 Quality assessments of the included studies
Ref.
Murray et al[18]
Cheon et al[17]
Sotoudehmanesh et al[9]
Montaño Loza et al[19]
Khoshbaten et al[16]
Senol et al[15]
Elmunzer et al[14]
Otsuka et al[5]

Random sequence
generation

Allocation
concealment

Blinding of participants
and personnel

Blinding of
outcome

Incomplete
outcome data

Selective reporting

Mentioned, not
described
Described

Described

Mentioned, not described

Not mentioned

Completed

Not mentioned

Described

Mentioned, not described

Completed

Not mentioned

Mentioned, not
described
Mentioned, not
described
Mentioned, not
described
Mentioned, not
described
Mentioned, not
described
Mentioned, not
described

Mentioned, not
described
Not mentioned

Mentioned, not described

Mentioned, not
described
Described

Completed

Not mentioned

Not mentioned

Not mentioned

Completed

Not mentioned

Not mentioned

Mentioned, not described

Not mentioned

Completed

Not mentioned

Not mentioned

Not mentioned

Not, mentioned

Completed

Not mentioned

Not mentioned

Described

Described

Completed

Not mentioned

Mentioned, not
described

Not mentioned

Not mentioned

Completed

Not mentioned

NSAIDs
Placebo
Study or subgroup
Events Total Events Total
Murray, 2003
7
110
17
110
Montano, 2007
4
75
12
75
Cheon, 2007
17
105
17
102
Sotoudehmanesh, 2007
7
245
15
275
Khoshbaten, 2008
2
50
13
50
Senol, 2009
3
40
7
40
Otsuka, 2012
2
51
10
53
Elmunzer, 2012
27
295
52
207

Weight
11.2%
7.9%
11.4%
9.3%
8.6%
4.6%
6.5%
40.4%

Total (95%CI)
971
912 100.0%
Total events
69
143
2
2
Heterogeneity: χ = 10.68, df = 7 (P = 0.15); I = 34%
Test for overall effect: Z = 6.18 (P < 0.00001)

Risk ratio
M-H, fixed, 95%CI
0.41 [0.18, 0.95]
0.33 [0.11, 0.99]
0.97 [0.53, 1.80]
0.52 [0.22, 1.26]
0.15 [0.04, 0.65]
0.43 [0.12, 1.54]
0.21 [0.05, 0.90]
0.36 [0.24, 0.56]

Year
2003
2007
2007
2007
2008
2009
2012
2012

Risk ratio
M-H, fixed, 95%CI

0.43 [0.33, 0.56]
0.001
0.1
1
10
Favours experimental Favours control

1000

Figure 2 Meta-analysis of the effect of prophylactic nonsteroidal anti-inﬂammatory drug administration on post-endoscopic retrograde cholangiopancreatography pancreatitis incidence. A fixed-effect model was applied to this pooled meta-analysis, which included eight articles, to analyze the effect of prophylactic
nonsteroidal anti-inﬂammatory drug (NSAID) administration on post-endoscopic retrograde cholangiopancreatography pancreatitis incidence.

identified among these six trials (df = 5, I2 = 0%). Only
two articles, however, evaluated oral administration[17] or
intramuscular infusion[15] of NSAIDs and these studies
contained less than 300 participants. After including the
article by Cheon et al[17], a sensitivity analysis was performed and identified significant heterogeneity. The P
value for the chi-square test changed from 0.74 to 0.11

WJG|www.wjgnet.com

and the I2 value changed from 0% to 42%, which demonstrated that heterogeneity existed for this article.
Varying definitions of PEP may affect the pooled effects of included articles. Thus, a sensitivity analysis was
performed to evaluate if the definition of PEP affected
its incidence with or without NSAID administration. Six
of the eight studies defined PEP in accordance with the
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NSAIDs
Placebo
Study or subgroup
Events Total Events Total
Murray, 2003
7
7
15
17
Sotoudehmanesh, 2007
7
7
10
15
Montano, 2007
4
75
4
75
Cheon, 2007
11
17
10
17
Otsuka, 2012
2
2
7
10
Elmunzer, 2012
14
27
25
52
Total (95%CI)
135
186
Total events
45
71
2
2
Heterogeneity: χ = 1.53, df = 5 (P = 0.91); I = 0%
Test for overall effect: Z = 1.10 (P = 0.27)

Weight
18.8%
13.8%
7.9%
19.7%
6.3%
33.6%

Risk ratio
M-H, fixed, 95%CI
1.09 [0.84, 1.41]
1.43 [0.96, 2.13]
1.00 [0.26, 3.85]
1.10 [0.65, 1.87]
1.22 [0.64, 2.34]
1.08 [0.68, 1.71]

100.0%

1.14 [0.91, 1.42]

Risk ratio
M-H, fixed, 95%CI

Year
2003
2007
2007
2007
2012
2012

0.2
0.5
1
2
5
Favours experimental
Favours control

Figure 3 Meta-analysis of the effect of nonsteroidal anti-inﬂammatory drug administration on mild pancreatitis post endoscopic retrograde cholangiopancreatography. Subgroup-analysis, which included six articles with a fixed-effect model, was performed to analyze the effect of prophylactic nonsteroidal antiinﬂammatory drug (NSAID) administration on the incidence of mild pancreatitis.
NSAIDs
Placebo
Study or subgroup
Events Total Events Total
Murray, 2003
0
7
2
17
Sotoudehmanesh, 2007
0
7
5
15
Cheon, 2007
6
17
7
17
Otsuka, 2012
0
2
3
10
Elmunzer, 2012
13
27
27
52
Total (95%CI)
60
111
Total events
19
44
2
2
Heterogeneity: χ = 1.82, df = 4 (P = 0.77); I = 0%
Test for overall effect: Z = 1.15 (P = 0.25)

Weight
4.8%
11.4%
21.8%
4.7%
57.4%

Risk ratio
M-H, fixed, 95%CI
0.45 [0.02, 8.34]
0.18 [0.01, 2.90]
0.86 [0.36, 2.02]
0.52 [0.04, 7.59]
0.93 [0.58, 1.48]

100.0%

0.79 [0.52, 1.18]

Risk ratio
M-H, fixed, 95%CI

Year
2003
2007
2007
2012
2012

0.005

0.1

1

Favours experimental

10

200

Favours control

Figure 4 Meta-analysis of the effect of nonsteroidal anti-inﬂammatory drug administration on moderate to severe pancreatitis post endoscopic retrograde
cholangiopancreatography. Subgroup-analysis, which included five articles with a fixed-effect model, was performed to analyze the effect of prophylactic nonsteroidal anti-inﬂammatory drug (NSAID) administration on the incidence of moderate to severe pancreatitis.

Table 3 Subgroup and sensitivity analyses to evaluate the effect of nonsteroidal anti-inﬂammatory drug administration on postendoscopic retrograde cholangiopancreatography pancreatitis prevention
Subgroup (n )

Trials
The overall effect of NSAIDs on PEP
All forms
Different administration routes
Suppository
Oral
Infusion
Different definitions of PEP
The same criteria
Others
Different research settings
Single center
Multi-center
Different dosages
100 mg
75 mg
50 mg

RR (95%CI)

Z

P value

Heterogeneity

χ2

P

I 2 (%)

8 studies (1883)

0.43 (0.33-0.56)

6.18

< 0.0001

10.68

0.15

34

6 studies (1596)
1 study (207)
1 study (80)

0.35 (0.26-0.48)
0.97 (0.53-1.80)
0.43 (0.12-1.54)

6.47
0.09
1.30

< 0.0001
0.93
0.19

2.72
-

0.74
-

0
-

6 studies (1563)
2 studies (320)

0.46 (0.34-0.61)
0.30 (0.15-0.61)

5.24
3.31

< 0.0001
0.001

8.38
1.38

0.14
0.24

40
27

7 studies (1381)
1 study (502)

0.47 (0.33-0.66)
0.36 (0.24-0.56)

4.27
4.61

< 0.0001
< 0.0001

9.45
-

0.15
-

37
-

4 studies (990)
1 study (80)
3 studies (813)

0.36 (0.22-0.59)
0.43 (0.12-1.54)
0.47 (0.33-0.65)

4.05
1.30
4.49

< 0.0001
0.19
< 0.0001

2.15
7.91

0.54
0.02

0
75

NSAID: Nonsteroidal anti-inﬂammatory drug; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

consensus established by Cotton et al[10]. With this analysis, a significant reduction was found in the incidence of
PEP in the NSAID group vs the placebo group (OR =
0.46, 95%CI: 0.34-0.61; P < 0.0001).
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Adverse effects of NSAIDs
NSAID-related adverse effects were only reported by
Elmunzer et al[14]. Eleven bleeding events were noted in
four patients in the NSAID group while seven bleeding
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Figure 5 Funnel plot to evaluate the effect of nonsteroidal anti-inﬂammatory
drug administration on post-endoscopic retrograde cholangiopancreatography pancreatitis.

events were reported in the placebo group. The risk of
adverse effects of NSAID administration with a standard dosage was not significantly increased. Two cases
of renal failure without death occurred in the placebo
group. Because of the small sample size, related statistical analyses could not be performed to estimate the
incidence of adverse effects of NSAIDs on PEP. All
enrolled patients in the eight RCTs were discharged in
good health.
Publication bias
Publication bias was assessed for all pooled RRs with
CIs using a Begg and Mazumdar’s rank correlation test.
As shown in Figure 5, there was a low likelihood of publication bias (Egger’s test).

DISCUSSION
The meta-analysis presented here revealed that prophylactic administration of NSAIDs post ERCP reduced the
incidence of PEP, though NSAID administration was
not associated with the level of PEP severity. These findings are consistent with previously published meta-analyses[12,13,20]. NSAID-associated reduction of PEP incidence
was consistent in a majority of the included articles, with
the exception of the study by Cheon et al[17]. The findings
from this analysis lend strong support to prophylactic
NSAID administration to reduce the risk for PEP. Analysis of all included studies revealed no significant difference
between the NSAID and placebo groups in PEP severity.
We believe that prophylactic NSAID administration for
PEP prevention is a feasible, cost-effective and efficient
treatment option, especially in poorly equipped hospitals.
Sensitivity analyses to evaluate the effect of NSAID
administration route on PEP incidence revealed that administration as a rectal suppository reduced the risk for
PEP when compared with oral or intramuscular administration. The heterogeneity resulting from inclusion of
the Cheon et al[17] study may be due in part to the administration route used, indicating that oral administration
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of NSAIDs may differ from other routes. There are several reasons why their study did not find a positive correlation between NSAID administration and reduced PEP
incidence. First, the NSAIDs may have been destroyed
by the gastric duct acidity when administrated orally. Second, there may have been low NSAID bioavailability due
to extensive first-pass metabolism. Finally, the approximate time to serum peak concentration and elimination
half-time may have affected NSAID activity. These factors may cause a decrease and inactivation of effective
or available NSAIDs, which could ultimately lead to the
lack of effect observed on PEP reduction. In the case
of Senol et al[15], NSAID effectiveness may be due in
part to the small number of patients assayed. Although
Cheon et al[17] suggested that differences in administration routes or time to reach peak concentration were
not clinically relevant, our sensitivity analyses identified
significant heterogeneity due specifically to their results.
However, as only eight trials were included, this deduction may be underpowered. Thus, future RCTs should
examine NSAID administration route in relation to PEP
incidence.
The inhibition of inflammatory signaling by NSAIDs
predominantly serves to prevent an inflammatory reaction. Results from this study indicate that prophylactic
administration of NSAIDs at conventional dosages did
not increase the frequency of adverse effects, consistent
with previously published studies[21]. A few previous studies reported that NSAID-related acute pancreatitis and
common adverse effects occurred occasionally in the prevention of PEP[22,23]. As ERCP is an invasive procedure,
it may induce bleeding, which needs to be discriminated
from NSAID-related bleeding. This meta-analysis revealed few adverse effects in patients that prophylactically
received NSAIDs, with the exception of four bleeding
cases from one study. This low incidence of adverse
effects may be due in part to the short-term NSAID
administration used for PEP prevention compared with
conventional long-term administration of NSAIDs for
other issues. We suggest that NSAID administration, specifically diclofenac and indomethacin, in ERCP patients
is safe and effective. Although a subgroup analysis was
not performed to evaluate differences between diclofenac
and indomethacin, a difference would not contribute to
significant heterogeneity as these are equivalent in different inflammatory stages[12].
PEP development is the result of iatrogenic injury
and activation of pancreatic enzymes, a breakthrough
finding for PEP prevention[24]. Several studies have assessed the risk factors for PEP development, including
patient-related, procedure-related and operator-related
factors[25]. Murray et al[18] and Khoshbaten et al[16] demonstrated a statistically significant benefit in patients at
high risk for PEP who received NSAIDs. Alternatively,
Sotoudehmanesh et al[9] found that only patients receiving
a pancreatic duct injection obtained significant benefits
from NSAID administration, whereas Otsuka et al[5] only
observed benefits in sphincterotomized patients. Therefore, a collective analysis of the results suggests that pro-
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phylactic NSAID administration yields significant benefits
for high-risk patients.
Significant efforts have been devoted to reducing the
incidence of PEP. Sphincter spasms, trypsin activation,
pancreatic secretion, inflammation and cytokine cascades
have received significant attention[26]. Recent studies have
suggested that pancreatic stent placement is the most
effective measure in preventing PEP[27]. However, stent
placement requires extensive equipment and experienced
endoscopists, difficult features to obtain in comparison
to drug administration[28]. Animal models and human
studies have been developed to identify new forms of
pharmacotherapy, though effective drugs have yet to
be confirmed. According to RCTs and meta-analyses, a
majority of the drugs that were initially promoted as effective were later found to be ineffective (e.g., ulinastatin
and corticosteroids). The effects of other drugs, such as
nitroglycerine and gabexate mesylate, remain controversial[26]. Moreover, the combination of therapeutic agents
with stent placement may reduce the risk for complications after ERCP.
In comparison to previous meta-analyses on this subject, the present meta-analysis includes more recent, high
quality RCTs to enhance the evaluation of the effect of
NSAIDs on PEP incidence. Moreover, comprehensive
subgroup analyses were performed to detect potential
differences among the studies. NSAID administration
route was consequently identified as a factor that affects PEP incidence, with suppository administration
being beneficial in preventing PEP. However, this metaanalysis also had several limitations, such as the inclusion
of only eight studies, which is considered lower quality
according to the Cochrane Handbook for Systematic
Reviews of Interventions. From these studies, only one
article[17] described the generation of random sequences
and three articles[16-18] described allocation concealment.
Guided by our pre-established criteria, the majority of
these eight articles could not be classified as low risk due
to missing details in their methods sections. Thus, more
attention should be paid to the quality of the methodology in future studies. Another limitation is the varying
definition of pancreatitis applied by each study, which
has led to inclusion of patients that were diagnosed
with pancreatitis on the basis of hyperamylasemia and
abdominal pain alone. To some extent, this likely influenced the incidence of pancreatitis among the NSAID
and placebo groups. Therefore, standardized diagnostic
methods should be applied (e.g., B-ultrasonography and
CT) to ensure a proper and consistent diagnosis of pancreatitis.

CONCLUSION
In summary, the comprehensive meta-analysis and subgroup analyses presented here provide updated pooled
evidence on the benefits of NSAID administration in
the prevention of PEP. We recommend administering
NSAIDs before or post ERCP to prevent PEP. Prophylactic NSAID administration in preventing PEP is
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effective, safe and economical. Future research should
involve larger, multi-center RCTs to confirm the effect
of prophylactic NSAIDs on the incidence of PEP.
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(PEP) is a common complication in patients who have undergone ERCP. Although randomized controlled trials have been implemented to study the effects
of prophylactic nonsteroidal anti-inﬂammatory drug (NSAID) administration on
PEP incidence, clinical application remains controversial.

Research frontiers

Administration of NSAIDs as a prophylactic measure to prevent PEP in patients
that have undergone ERCP is still controversial. Some studies have indicated
an increased risk for bleeding, though whether this bleeding is due to surgical
trauma rather than NSAID administration has not been thoroughly evaluated.
Additionally, the administration route and dosage of prophylactic NSAIDs still
remain unevaluated. Thus, a meta-analysis of the existing randomized controlled trials on NSAID administration and PEP incidence is beneficial.

Innovations and breakthroughs

This study examined eight randomized controlled trials and used meta-analysis
to demonstrate that prophylactic NSAID administration decreases the incidence
of PEP. Subgroup analyses demonstrated that NSAID administration as a rectal
suppository is more beneficial in reducing PEP incidence than oral or intramuscular administration routes. NSAID administration did not affect the proportion
of moderate to severe PEP cases when compared to the placebo group.

Applications

This meta-analysis provides stronger evidence on the positive effects of prophylactic NSAID administration on the incidence of PEP and indicates that
rectal suppository administration of NSAIDs was most beneficial.
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PEP is a common complication of ERCP and can lead to significant increases in
morbidity and mortality when pancreatitis is moderate to severe. Meta-analysis
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administration on the incidence of PEP after ERCP. This study found that PEP
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Abstract
AIM: To assess the advantages and disadvantages of
immunosuppression monotherapy after transplantation
and the impact of monotherapy on hepatitis C virus
(HCV) recurrence.
METHODS: Articles from Cochrane Hepato-Biliary Group
Controlled Trials Register, the Cochrane Central Register of Controlled Trials in The Cochrane Library, MEDLINE, EMBASE, and Science Citation Index Expanded,
including non-English literature identified in these
databases, were searched up to January 2013. We included randomized clinical trials comparing various immunosuppression monotherapy and prednisone-based
immunosuppression combinations for liver transplantation. The modified Jadad scale score or the Oxford
quality scoring system was used. Meta-analyses were
performed with weighted random-effects models.
RESULTS: A total of 14 randomized articles including 1814 patients were identified. Eight trials including
1214 patients compared tacrolimus monotherapy (n =
610) vs tacrolimus plus steroids or triple therapy regarding acute rejection and adverse events (n = 604).
Five trials, including 285 patients, compared tacrolimus
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monotherapy (n = 143) vs tacrolimus plus steroids or
triple therapy regarding hepatitis C recurrence (n =
142). Four trials including 273 patients compared cyclosporine monotherapy (n = 148) vs cyclosporine and
steroids regarding acute rejection and adverse events
(n = 125). Two trials including 170 patients compared
mycophenolate mofetil monotherapy (n = 86) vs combinations regarding acute rejection (n = 84). There
were no significant differences in the acute rejection
rates between tacrolimus monotherapy (RR = 1.04, P
= 0.620), and cyclosporine monotherapy (RR = 0.89,
P = 0.770). Mycophenolate mofetil monotherapy had
a significant increase in the acute rejection rate (RR
= 4.50, P = 0.027). Tacrolimus monotherapy had no
significant effects on the recurrence of hepatitis C (RR
= 1.03, P = 0.752). More cytomegalovirus infection (RR
= 0.48, P = 0.000) and drug-related diabetes mellitus
(RR = 0.54, P = 0.000) were observed in the immunosuppression combination therapy groups.
CONCLUSION: Tacrolimus and cyclosporine monotherapy may be as effective as immunosuppression
combination therapy. Mycophenolate mofetil monotherapy was not considerable. Tacrolimus monotherapy
does not increase recurrence of HCV.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Immunosuppression
monotherapy; Cytomegalovirus; Diabetes; Meta-analysis
Core tip: Immunosuppression is used to reduce rejection after liver transplantation. There is considerable
controversy regarding whether an immunosuppression
monotherapy should be used after transplantation. To
assess the advantages (lower adverse events such as
hypertension) and disadvantages (more episodes of
rejection) of immunosuppression monotherapy after
transplantation. To assess the impact of immunosuppression monotherapy on recurrence of hepatitis C.
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INTRODUCTION
Liver transplantation (LT) remains the only curative treatment for various liver diseases. Most immunosuppression
protocols in liver transplantation currently based on drug
combinations provide excellent graft acceptance. However, there are a number of undesired side effects that
can dramatically impact patient morbidity. Steroids are
associated with many of these complications[1-4]. In addition, the early pretreatment with high-dose steroids may
interfere with graft acceptance[5].
Recent investigations have generated biomarkers potentially capable of identifying operationally tolerant liver
transplant recipients[6]. Long-term immunosuppression
without steroids is not widely practiced in liver transplantation likely due to reports of higher rejection rates
with immunosuppression monotherapy [7-11]. Furthermore, there is much debate about the role of steroids
and immunosuppression monotherapy on recurrence of
hepatitis C virus (HCV)[12-14].
The aim of this study was to conduct a systematic
review and meta-analysis to assess the advantages and
of an immunosuppression with or without steroids after
transplantation.

MATERIALS AND METHODS
Eligibility criteria
A detailed set of eligibility criteria (see below, Study
Selection) was established a priori to identify studies relevant for this Meta-analysis. A comprehensive search for
published and unpublished randomized cohort studies
(RCTs) involving adult (≥ 18 years old) subjects who had
received immunosuppression combination steroid for recipient post-LT was undertaken. An a priori decision was
made to only include reports utilizing immunosuppression monotherapy vs combination therapy which is widely
regarded as the current standard of care. There were no
restrictions on language placed during our search process.
Information sources
An electronic search of the following databases was
performed: MEDLINE, EMBASE, and the Cochrane
Database of Systematic Reviews, the Cochrane Central
Register of Controlled Trials, and the Science Citation
Index Expanded. There were no restrictions on language
placed during our search process and all was up to January 2013. The search strategy combined the following
key words “randomized or randomize or random”, “liver
or hepatic”, “transplantation or transplant or graft”,
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“hepatitis C or hep C or HCV”, “immunosuppression or
immunodepressant or immunosuppressant or immunosuppression agent”, and “monotherapy”. Reference lists
of retrieved articles and other reviews were screened to
identify other potential studies. When necessary, we attempted to contact researchers to identify missing data
not included in the original publication.
Study selection
Titles and abstracts identified from the search selection
process were independently screened by two authors
(Xiang Lan and MG Liu). Pilot testing of the 30 initial citations was employed to ensure explicit and valid screening criteria and good inter-observer agreement. All full
text articles from potentially eligible studies were then
retrieved and independently reviewed by two authors
(Xiang Lan and MG Liu) using strict inclusion and exclusion criteria. We included RCTs published in full-text or
abstract form comparing combination therapy (including
triple therapy: two immunosuppression plus steroid) with
the immunosuppression monotherapy (one main immunosuppression and steroid withdraw). This combination
therapy is widely regarded as the current standard of
care. Studies reporting HCV recurrence must have HCV
RNA levels monitoring. Studies had to report on the primary outcome (acute rejection rate), and data on the immunosuppressive regimen post transplantation had to be
clearly stated. Besides, the strategy of steroid withdrawing must be stated too. We excluded: (1) companion reports (study with fewer patients and/or shorter follow up
excluded); (2) abstracts identified with electronic search
published before 1990; (3) review articles, editorials, and
case reports; (4) small studies or case series with less
than 10 patients on each group; (5) studies on non-LT
patient populations or following multi-organ transplan;
(6) studies that only included patients re-transplantation;
(7) studies in which not all treated patients received combination therapy or therapy was used in conjunction with
other/experimental interventions/treatments; and (8)
studies reporting strictly on highly selected patient populations only. Where more than one exclusion criteria existed, the primary reason was selected based on the first
exclusion criteria encountered as numbered above. If
no consensus was reached, a third reviewer (Ping Chen),
who was unaware of the other reviewers’ determinations,
functioned as an arbitrator.
Methodological assessment
The methodological quality of each trial was assessed
according to the instructions given in the Cochrane
Handbook for Systematic Reviews of Intervention[15]
and the Cochrane Hepato-biliary Group Module[16]. The
modified Jadad scale score or the Oxford quality scoring
system[17] were used to independently assess the methodological quality of RCTs. One-3 points indicated low
quality. Discrepancies were resolved by re-reviewing the
original publications, discussion and reaching consensus.
If similar articles in different journals had the same au-
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Potentially relevant studies identified and screened
for retrieval based on search strategy (n = 323)
Duplicates (n = 52)
Abstract review (n = 271)
Exclude (n = 244)
Article review (n = 27)
Studies not meeting inclusion criteria (n = 13)
Studies suitable for meta-analysis or
systematic review (n = 14)

Figure 1 Selection of studies.

thor, duplicate cases were eliminated.

RESULTS

Data collection
The following data were extracted from each study using a predefined form: year of publication, number of
patients, immunosuppression regimen, immunosuppression concentration target, drug dosage, mean immunosuppression after LT, The incidence of acute cellular
rejection (ACR) rates, methodological quality, HCV recurrence and other adverse events such as hypertension
and diabetes. The evaluated outcome was biopsy-proven
ACR triggered by clinical suspicion or by protocol. The
risk of bias in eligible studies was assessed by a single
reviewer (HX Chen), and checked by a second reviewer
(HM Liu) in terms of the quality of selective outcomes.
We determined whether groups were balanced at baseline, and whether an intension to treat analysis was undertaken.

Search results
Results of the article selection are described in Figure 1.
The initial search from the electronic database yielded
a total of 287 abstracts in MEDLINE, 21 in EMBASE
and 15 in Cochrane Central Register of Controlled Trials. Fifty-two citations were duplications of identical citations resulting from searching different data bases. After applying limits, 27 study abstracts of RCTs remained.
We then excluded 13 citations after title and abstract
screening, as they clearly did not fulfill our eligibility criteria. Finally, publications eligible for analysis included
14 RCTs.

Statistical analysis
The number of events and patients in each intervention arm were used to calculate relative risks (RR) and
95%CI. Heterogeneity between the studies was assessed
with the Q statistic, and meta-analyses were performed
with weighted random-effects models because of the
presence of heterogeneity between studies. Comparability of the studies included in each pooled analysis
was confirmed by examination of the χ 2 Q (expressed
as a P value) and I2 statistics of heterogeneity. Statistical heterogeneity was present, defined as P ≤ 0.05 or I2
> 50%. If P value was below 0.1 or I2 > 25%, a metaregression was performed to assess the potential risk of
heterogeneity. To account for potential differences that
were evident clinically, but not identified by statistical
tests, random effects models were used for each outcome measure. All statistical analyses were performed
using STATA 10. We planned to perform funnel plots
for assessment of risk of bias, but were not able to do
so because there were no more than 10 articles in any
ananlysis.
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Study characteristics
Eight trials including 1214 patients compared tacrolimus
monotherapy (n = 610) vs tacrolimus plus steroids or
immunosuppression triple therapy regarding acute rejection and adverse events (n = 604). Five trials, including
285 patients, compared tacrolimus monotherapy (n =
143) vs tacrolimus plus steroids or immunosuppression
triple therapy effects on hepatitis C recurrence (n = 142).
Four trials including 273 patients compared cyclosporine
monotherapy (148) vs cyclosporine and steroids regarding acute rejection and adverse events (n = 125). Two
trials including 170 patients compared mycophenolate
mofetil monotherapy (MMF, n = 86) vs combination regarding acute rejection (n = 84). Four studies were based
in the Germany, 3 in Italy, Spain and United Kingdom,
and one each in United States and France. Details of
these studies are shown in Table 1.
Immunosuppression
Tacrolimus, cyclosporine and mycophenolate mofetil
were included in this meta-analysis. The initial dose of
tacrolimus was between 0.05 mg/kg per day and 0.20
mg/kg per day, and subsequently adjusted to achieve target whole-blood trough levels of 10-20 ng/mL, and 5-15
ng/mL thereafter. In all related studies, cyclosporine was
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Table 1 Characteristics of randomized cohort studies included in the meta-analysis
Ref.

Year

Location

Immunosuppression
Monotherapy
group

Combination
group

Number
of
patients

Benítez et al[18]

2010

Spain

Tacrolimus

Boillot et al[19]

2005

Germany

Tacrolimus
monotherapy

Tacrolimus plus
prednisone
Tacrolimus plus
steroids

Weiler et al[20]

2010

Germany

Tacrolimus
monotherapy

Tacrolimus plus
steroids

110

Chau et al[21]

2001 Great Britain

Tacrolimus
monotherapy

Triple therapy

24

Moench et al[22]

2007

Germany

Tacrolimus
monotherapy

Tacrolimus plus
steroids

110

Eason et al[23]

2003

United
States

Tacrolimus
Tacrolimus plus
monotherapy +
steroids
ATG
2006 Great Britain
Tacrolimus
Tacrolimus, azamonotherapy
thioprine, and
prednisolone

119

Samonakis et al[12]

37
698

56

Margarit et al[13]

2005

Spain

Tacrolimus
monotherapy

Tacrolimus plus
steroids

60

Manousou et al[14]

2009

Great
Britain

Tacrolimus
monotherapy

Tacrolimus, azathioprine, and
prednisolone

103

Belli et al[24]

1998

Italy

Cyclosporine
monotherapy

Cyclosporine
plus steroids

88

De Carlis et al[25]

1997

Italy

Cyclosporine
monotherapy

Cyclosporine
plus steroids

100
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Drug whole-blood trough levels
(ng/mL)
Monotherapy
group

Steroid protocol (POT)

Combination
group

5–12

10-15 (3 mo POT)
20 mg/d prednisone
7-12 thereafter
NS in monotherapy group
10-20 (first 6 wk) and 5-15 thereafter prednisone 1-20 mg/d during
month 1, 10-15 mg/day during month 2, and 5-10 mg/d
during month 3 and thereafter and NS in monotherapy
group
10-15 (first 6 wk) and 5-10 thereafter
100 mg on day 1 to 12 mg
on day 14 in both groups
and placebo in monotherapy
group 2 wk later
5-15
NS
prednisone 1 mg/kg per
day and NS in monotherapy
group
10-15 (between day 0 and 42)
Methylprednisolon 100 mg at
5-10 thereafter
day 1, 75 mg at day 2, 48 mg
at day 3 and 4, 36 mg at day
5 and 6, 24 mg at day 7 and 8,
16 mg from day 9 to 13 and 12
mg at day 14 and then placebo
in monotherapy group 2 wk
later
10-12
NS
NS

5-14

Methylprednisolone
(16 mg/d Ⅳ) until oral intake
was established
when 20 mg/d prednisolone
and NS in monotherapy
group
10-15 over the first few weeks and 100 mg b.i.d. of methylpredbetween 8 and 12 thereafter
nisolone post-LT day 1 and
decreasing to 20 mg/d by
day 6 patients were weaned
off prednisone, if possible,
within 3 mo post-LT and NS
in monotherapy group
3-26 over the
2.5-14 over the Methylprednisolone (16 mg/d
first few week
first few weeks intravenously) was given un8 at 1 mo
8.4 at 1 mo
til oral intake was established;
7 at 2 mo
7.5 at 2 mo
then, 20 mg/d prednisolone
8 at 3 mo
7 at 3 mo
and NS in monotherapy
group
200-300 (1 mo POT)
Methylprednisolone
150-250 thereafter
at a dose of 200 mg/d on postoperative day 1, and tapered
to 20 mg/d of prednisone by
postoperative day 6; 5 mg
reductions every 2 wk) to a
maintenance dose of 0.1 mg/
kg per day and withdraw in
monotherapy group 90 d later
200-300 (1 mo POT)
Continued with methylpred150-250 thereafter
nisolone at a dose of 200
mg/d on postoperative day
1, and tapered to 20 mg/d of
prednisone by postoperative
day 6; 5 mg reductions every
2 wk) to a maintenance dose
of 0.1 mg/kg per day and
withdraw in monotherapy
group 3 mo later
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Chau et al[21]

2001 Great Britain

Cyclosporine
monotherapy

Triple therapy

26

100-300

Romani et al[26]

1994

Cyclosporine
monotherapy

Cyclosporine
plus steroids

59

200-300 (1 mo POT)

Italy

Prednisone 1 mg/kg per
day and NS in monotherapy
group
Methylprednisolone

150-250 thereafter

Schlitt et al[27]

2001

Germany

Mycophenolate Mycophenolate
Mofetil MonoMofetil plus
therapy
CNIs

28

Schmeding et al[28] 2011

Germany

Mycophenolate Mycophenolate
Mofetil MonoMofetil plus
therapy
CNIs + steroids

142

at a dose of 200 mg/d on
postoperative day 1 and 5 mg
reductions every 2 wk) to a
maintenance dose of 0.1 mg/
kg per day and withdraw in
monotherapy group 90 d later
500 mg/d in the first week; 1000
CNIs dose was reduced by
mg/d in the second week; 1500 mg/ 25% of the initial dose every
d in the third week; final dose: 2000 week in monotherapy group
mg/d
500 mg/d at 1 wk; 1000-1500 mg/d
CNI dose was withdraw
at 2-3 wk; 2000 mg/d thereafter
completely in 12 wk later

Table 2 Methodological quality of including randomized cohort studies
Ref.

Selection criteria
specified

Study design

Jadad scale
score

Other causing
of death report

Dropouts
explained

Funding

Benítez et al[18]

Adequate

RCT

4

Adequate

Yes

Boillot et al[19]
Weiler et al[20]
Chau et al[21]
Moench et al[22]
Eason et al[23]

Adequate
Adequate
Adequate
Adequate
Adequate

RCT
RCT
RCT
RCT
RCT

4
3
3
6
4

Adequate
Adequate
NS
Adequate
NS

Adequate
Adequate
NS
Adequate
Adequate

Samonakis et al[12]

Adequate

RCT

3

NS

Ns

Margarit et al[13]
Manousou et al[14]
Belli et al[24]
De Carlis et al[25]
Romani et al[26]
Schlitt et al[27]
Schmeding et al[28]

Adequate
Adequate
Adequate
Adequate
Adequate
Adequate
Adequate

RCT
RCT
RCT
RCT
RCT
RCT
RCT

4
6
3
4
4
4
4

Adequate
Adequate
Adequate
Adequate
Adequate
Adequate
Adequate

Adequate
Adequate
Adequate
Adequate
Adequate
Adequate
Adequate

Supported by grants from Fresenius Biotech
GmbH, Spain
Supported by Fujisawa GmbH, Munich, Germany
NS
NS
Supported by Astellas Pharma Munich, Germany
Supported by unrestricted educational grants from
Sangstat and Fujisawa
Support from Fujisawa for some of the personnel
involved in this investigator-led study
Supported, in part, by a grant from Fujisawa GM
NS
NS
NS
NS
NS
Funding for patient monitoring and laboratory diagnostics and data analysis was partially provided
by Roche Pharmaceutical Company, GrenzachWyhlen, Germany

RCT: Randomized cohort studie; NS: Not significant.

initially given intravenously until the patients were able
to eat, and then orally at a dosage that was adjusted to
maintain therapeutic levels (RiaMonokit-Whole Blood
Trough Levels) between 200 and 300 ng/mL for the first
month, and 150-250 ng/mL thereafter. Mycophenolate
mofetil was introduced in stages: 250 mg twice daily in
the first week; 500 mg twice daily in the 2nd week; 750
mg twice daily in the 3rd week; and a final dose of 1000
mg twice daily from the fourth week onwards. Antithymocyte globulins (ATG) were used with immunosuppression monotherapy in 5 RCTs[18,19,24-26].
Quality of included trials
The randomized studies (full-text abstracts) adhered to
the majority of the guidelines, and had a mean score of 3.7
(range: 3-6) on the quality scales. Twelve RCTs[12-14,18,19,21-27]
included details of drug dose and target whole-blood
trough levels. The remaining studies did not explicitly de-
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scribe methods of drug selection or the usage (n = 2)[20,28].
The methodological quality of the RCTs was assessed using a validated tool as described above (Table 2).
Risk bias within and across studies
Those studies without detailed information on drug doses or which used various doses of immunosuppression
were deemed to have at least a moderate risk of bias. And
in few monotherapy groups, using of ATG was deemed
to have at least a moderate risk of bias too.
Meta-analysis of immunosuppression as monotherapy
Effects of tacrolimus monotherapy on graft rejection: A total of 1214 patients were included in 8 articles
about graft rejection. There were no significant effects
on acute rejection with tacrolimus monotherapy (RR =
1.04, 95%CI: 0.89-1.22, Z = 0.48, P = 0.629). Tacrolimus
monotherapy did not increase the risk of acute rejection,
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Risk ratio 95%CI

% weight

C. E. Bentez

2.13 (0.97, 4.69)

3.0

Olivier Boillot

0.97 (0.76, 1.23)

52.0

Nina Weiler

1.22 (0.69, 2.15)

8.0

Chau TN

0.79 (0.16, 3.90)

1.4

C. Moencha

1.37 (0.87, 2.15)

10.1

JAMES D. EASON

0.82 (0.46, 1.47)

9.5

D.N. Samonakis

0.78 (0.54, 1.14)

11.1

Carlos Margarit

1.26 (0.63, 2.51)

4.9

Overall (95%CI)

1.04 (0.89, 1.22)
0.1

1

10

Risk ratio

Figure 2 Meta-analysis of randomized cohort studies comparing the effect of tacrolimus monotherapy on graft acute rejection. Heterogeneity was tested
and was found to be not statistically significant (χ 2 = 8.58, P = 0.284).

Figure 2.
Impact of tacrolimus monotherapy on adverse
events: A total of 964 patients were included in 4 articles
on cytomegalovirus (CMV) infection. A total of 1084 patients were included in 5 articles on drug-related diabetes
mellitus (DM), and a total of 965 patients were included
in 4 articles on drug-related hypertension (HP). There
were no significant effects on the drug-related HP with
tacrolimus monotherapy (RR = 0.95, 95%CI: 0.77-1.18, Z
= 0.46, P = 0.646). There were significant effects on the
CMV infection (RR = 0.48, 95%CI: 0.33-0.70, Z = 3.86,
P = 0.000) and drug-related DM (RR = 0.54, 95%CI:
0.42-0.69, Z = 4.75, P = 0.000) with tacrolimus monotherapy. More adverse events were observed in the immunosuppression combination therapy groups, Figure 3.
Impact of tacrolimus monotherapy on HCV recurrence: Based on our selection criteria, the effect of tacrolimus monotherapy on HCV recurrence rates was reported
in 5 studies including 285 patients. The overall pooled
incidence of HCV recurrence was 1.03 (95%CI: 0.86-1.24,
Z = 0.32, P = 0.752). No significant effects were observed,
Figure 4.
Impact of cyclosporine monotherapy on graft rejection and adverse events: Four studies including 273 patients reported the impact of cyclosporine monotherapy
on graft rejection. Three studies including 262 patients
reported the postoperative incidence of complications
such as drug-related DM. There were no significant effects on acute rejection rates with cyclosporine monotherapy (RR = 0.89, 95%CI: 0.40-1.98, Z = 0.29, P =
0.771). There were significant effects on drug-related
DM (RR = 0.26, 95%CI: 0.13-0.56, Z = 3.50, P = 0.000)
with cyclosporine monotherapy, Figure 5A and B.
Impact of MMF monotherapy on graft rejection: Based
on our selection criteria, the impact of MMF monotherapy on graft rejection was reported in 2 studies including
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170 patients. The overall pooled incidence of acute rejection was 4.54 (95%CI: 1.19-17.10, Z = 2.21, P = 0.027).
MMF monotherapy led to significantly more acute rejection events. Heterogeneity was tested and was found to be
not statistically significant (χ 2 = 0.13, P = 0.77) (Figure 6).
Meta-regression assessment for heterogeneity: To assess heterogeneity in the test performance, meta-regression assessment was performed in those studies in which
P value of statistical heterogeneity were below 0.1.
P value of statistical heterogeneity below 0.1 was observed in 2 meta-analyses (Figures 3C and 4). The results
of meta-regression showed that the publication year (Z
= -0.17, P = 0.87) and immunosuppression dosage (Z
= 0.77, P = 0.44) had no effect on heterogeneity about
tacrolimus monotherapy on drug-related DM. The publication year (Z = 1.90, P = 0.05) and immunosuppression dosage (Z = 1.99, P = 0.04) may have a significant
effect on heterogeneity about tacrolimus monotherapy
on HCV recurrence.

DISCUSSION
The current study, derived from 14 randomized studies, is to our knowledge, the first meta-analysis that has
evaluated data from multiple studies to assess the effect
on graft rejection of an immunosuppression with or
without corticosteroids. This meta-analysis shows that
the tacrolimus and cyclosporine monotherapy may be as
effective as immunosuppression by steroid-based combination therapy for liver transplantation, and is associated with fewer complications. Mycophenolate mofetil
monotherapy is not recommended post-transplantation
because of a high rate of acute rejection events. Tacrolimus monotherapy did not increase HCV recurrence in
HCV-infected liver transplant recipients.
Recent refinements in immunosuppression therapy
have led to a progressively increased survival rate after
liver transplantation during the last decade[29,30]. Nonetheless, there is still a need to define the most effective
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A
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Risk ratio 95%CI
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0.76 (0.18, 3.29)
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Olivier Boillot

0.89 (0.61, 1.29)

45.4

Nina Weiler

1.12 (0.83, 1.51)
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0.89 (0.58, 1.36)

23.0

Overall (95%CI)

0.95 (0.77, 1.18)
0.1

1

% weight

10

Risk ratio

B

Study

Risk ratio 95%CI

% weight

C.E. Bentez

0.76 (0.05, 11.27)

1.5

Olivier Boillot

0.44 (0.26, 0.76)

54.5

C. Moencha

0.75 (0.42, 1.35)

24.8

JAMES D. EASON

0.21 (0.06, 0.70)

19.1

Overall (95%CI)

0.48 (0.33, 0.70)
0.1

1

10

Risk ratio

C

Study

Risk ratio 95%CI

C.E. Bentez

0.46 (0.13, 1.64)

4.5

Olivier Boillot

0.37 (0.23, 0.61)

42.3

Nina Weiler

0.57 (0.35, 0.90)

23.4

C. Moencha

0.57 (0.35, 0.90)

23.4

JAMES D. EASON

1.48 (0.65, 3.35)

6.4

Overall (95%CI)

0.54 (0.42, 0.69)
0.1

1

% weight

10

Risk ratio

Figure 3 Meta-analysis of andomized cohort studies comparing the effect of tacrolimus monotherapy. A: Drug-related hypertension. Heterogeneity was tested
and was found to be not statistically significant (χ 2 = 4.21, P = 0.240); B: Cytomegalovirus infection. Heterogeneity was tested and was found to be not statistically
significant (χ 2 = 1.44, P = 0.696). C: Drug-related diabetes mellitus. Heterogeneity was tested and was found to be not statistically significant (χ 2 = 8.10, P = 0.088).

immunosuppression with the minimum long-term side
effects in order to improve the quality of life in solid
organ transplant recipients. In particular, steroids cause
undesirable metabolic effects such as post-transplant
diabetes mellitus and hypertension leading to increased
infection rates, osteoporosis, and potentially HCV recurrence[31,32]. The argument for complete withdrawal of steroids from chronic immunosuppression protocols gained
force in the early nineties[33,34], although it was previously
proposed for children in the late 1980s[7]. It seems logical
to try to eliminate steroids from chronic immunosuppression, considering the following facts: steroid therapy
has a non-specific and largely unelucidated immunosuppression effect (empirical use); steroid dosage can

WJG|www.wjgnet.com

be reduced. In addition, reducing immunosuppression
combination therapy after liver transplantation is justifiable to avoid various side effects of immunosuppression
drugs[35,36]. A number of studies have been performed
to identify an immunosuppression regimen with minimal adverse effects and maximum safety[37-39]. However,
steroid-based immunosuppression combination therapy
is routinely and generally used for liver transplantation.
Although steroid adjuvant and immunosupressive
combination therapy are still the most popular strategies because of fewer acute rejection events, the current
meta-analysis indicates that calcineurin-inhibitors alone
are effective, and have fewer adverse events after liver
transplantation.
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Figure 4 Meta-analysis of andomized cohort studies comparing the effect of tacrolimus monotherapy on hepatitis C virus recurrence. Heterogeneity was
tested and was not statistically significant (χ 2 = 8.63, P = 0.071).
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Figure 5 Meta-analysis of randomized cohort studies comparing the effect of cyclosporine monotherapy. A: Graft rejection. Heterogeneity was tested and was
found to be not statistically significant (χ 2 = 1.72, P = 0.632); B: Drug-related diabetes mellitus. Heterogeneity was tested and was found to be not statistically significant (χ 2 = 1.72, P = 0.697).

Strengths
The strengths of our review include a focus on immunosupression strategy, the search strategy, duplicate study
elimination, and data extraction, a comprehensive search
methodology, inclusion of randomized studies, the reporting of inclusion and exclusion criteria, and detailed
assessment of the factors that influence the confidence
in the results. In addition, we excluded case-control
and cohort studies to guarantee the quality of included
articles. The study provides data on various immunosupressives (tacrolimus, cyclosporine and MMF), metaregression and drug-related adverse events that were not
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available from previous studies.
Limitations
There are limitations of the study. The lack of standardization of immunosupression dosage is one of
them. Even the meta-regression here suggested that the
dosage had significant effects on heterogeneity about
tacrolimus monotherapy on drug-related DM. The oral
dosage was not completely consistent in all 14 articles.
Dosages can vary in many ways, including drug discontinuation because of severe complications, changes in
the immunosupression scheme because of acute rejec-
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Figure 6 Meta-analysis of randomized cohort studies comparing the effect of mycophenolate mofetil monotherapy on acute rejection. Heterogeneity was
tested and was found to be not statistically significant (χ 2 = 0.13, P = 0.77).

tion, and the compliance of patients. The drug wholeblood trough levels resulting from various dosages have
effects on immunological rejection. Only a few studies
explored dosage differences. Another limitation of this
study was the varying times for steroids withdrawal after
liver transplantation. The inclusion of various immunosuppression combinations increased the risk for bias.
For example, studies included tacrolimus monotherapy
vs tacrolimus, cyclosporine, and azathioprine triple therapy instead of tacrolimus monotherapy vs tacrolimus with
steroid in one study[21]. In 5 articles, the immunosuppression scheme of monotherapy group was tacrolimus
or cyclosporine with ATG or other globulin [18,19,24-26].
Finally, there was publication bias as well, and some of
the randomized studies included in our analysis were
not well designed: small sample size, patient withdrawals
and switching between control and monotherapy group
because of adverse events. The scarcity of such trials
necessitated the inclusion of other types of studies in
our analysis. There were a limited number of studies
with long-term follow-up. We cannot deny the possibility of bias introduced by the tendency of subjects to
dropout of studies employing lengthy follow-up periods.
It is possible that unsuccessful cases were less likely to
remain in these studies.

after transplantation and effectively reduce immunosuppression-related complications. However, mycophenolate mofetil monotherapy results failed to show an
association between immusupression monotherapy and
the graft survival rate, the patient long term survival
rate. Some of analysis on adverse events included only a
few studies (less than 5). There were only two randomized studies on MMF monotherapy and graft rejection.
More multi-center randomized controlled studies will be
needed. It is critical to study the relationship between
immusupression monotherapy and patient economic
benefits. This review highlights the need for more data
from longitudinal studies involving measurements of patient costs for immusupression therapies. Further studies
are required to improve our understanding of the underlying mechanisms linking immune response to immunosuppression.

Clinical implications
There are several reports about the relationship between
recurrences and immunosuppression for liver transplantation due to HCC[40-43]. They claim that the negative
impact of immunosuppression is limited. However, other
reports suggest that intense treatment is a major risk factor for cancer recurrence, especially among renal transplant patients[44,45]. Medical management of transplant patients has consistently changed in the past few years because of increased clinical experience. In particular, one
of the possible key factors in controlling the response
to neoplasms, pharmacologic immunosuppression, is
now handled with more confidence, aiming to reduce the
administration schedule to the minimum in the shortest
time possible.
In conclusion, the current meta-analysis found that
tacrolimus and cyclosporine monotherapy may be as effective as the immunosuppression combination therapy
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COMMENTS
COMMENTS
Background

Immunosuppression is used to reduce rejection after liver transplantation. There
is considerable controversy regarding whether an immunosuppression monotherapy should be used after transplantation. To assess the advantages (lower
adverse events such as hypertension) and disadvantages (more episodes of
rejection) of immunosuppression monotherapy after transplantation. To assess
the impact of immunosuppression monotherapy on recurrence of hepatitis C.
Immunosuppression is an important drag protocol after organ transplantation to
prevent rejection. In the area of the immunosuppression strategy, the research
hotspot is how to mollify the side effect of immunosuppression and the post
transplantation supporting cost. And even recent refinements in immunosuppression therapy have led to a progressively increased survival rate after liver
transplantation during the last decade. So immunosuppression monotherapy
may be a considerable strategy.

Innovations and breakthroughs

Although many multiple-center or single-center randomize studies have been
done, this is the first meta-analysis that has evaluated data from multiple studies to assess the effect on graft rejection of an immunosuppression with or
without corticosteroids. Henceforth, the authors have conclusions of this issue
at the level of evidence-based medicine.

Applications

To provide a new immunosuppression protocol or strategy; to reduce the complication that suffered from immunosuppression combination and the cost post
transplantation.

Peer review

This review manuscript focused on the efficacy of an immunosuppression
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monotherapy to prevent rejection after liver transplantation, which is solid and
with clear conclusions.
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Core tip: This report describes a case with bleeding
hemangiomas in the third portion of the duodenum and
successful treatment using a laparoscopic approach.
After performing a laparoscopic Kocher maneuver was
performed, the location of the duodenal hemangioma
was confirmed by endoscopic and laparoscopic observation. The lesion was excised using ultrasonic coagulating
shears and the defect in the duodenal wall was sutured
laparoscopically. This minimally invasive technique may
be a valid alternative to open surgery for the treatment
of benign duodenal tumors in the third portion.

Abstract
Benign duodenal tumors are rare and less common
than malignant tumors. Furthermore, vascular lesions
of the duodenum, including hemangiomas, are rare
causes of gastrointestinal bleeding. This report describes a case with bleeding hemangiomas in the third
portion of the duodenum and jejunum and their successful treatment using a laparoscopic approach. There
is no report of totally laparoscopic resection for tumor
in the third portion of duodenum. After performing
a laparoscopic Kocher maneuver, the location of the
duodenal hemangioma was confirmed by endoscopic
and laparoscopic observation. The lesion was excised
using ultrasonic coagulating shears and the defect in
the duodenal wall was sutured laparoscopically. The
hemangioma of the jejunum was treated extracorporeally through a 3.0 cm umbilical incision. The operating
time was 241 min and blood loss was negligible. The
postoperative course was uneventful. For benign duodenal tumors in the third portion, if endoscopic resection is not adapted, this less invasive technique may
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INTRODUCTION
Vascular lesions of the duodenum, including hemangiomas, are rare causes of gastrointestinal bleeding. Indeed,
there have been very few reports of hemangioma in the
duodenum[1]. Considering that hemangiomas are benign
tumors, a less invasive procedure, such as endoscopic or
laparoscopic resection, is recommended if it is technically possible. The use of endoscopic mucosal resection
(EMR) for intestinal tumors, including duodenal tumors,
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Figure 1 Hemangiomas in the duodenum and jejunum. A: Upper gastrointestinal endoscopy shows a hemangioma of the duodenum in the third portion (white
arrow); B: Double balloon endoscopy shows a hemangioma of the jejunum (black arrow); C: A barium study shows the duodenal hemangioma (black arrowheads)
located in the third portion of duodenum, approximately 4.0 cm from the anal side of the inferior flexure (white arrowheads).

has increased. However, EMR of duodenal tumors is
challenginge due to the presence of a thin duodenal wall
and rich vascularity. Recently, laparoscopic treatments
for duodenal tumors have been reported to reduce invasiveness[2-6]. However, most of these reports concerned
tumors in the proximal side of duodenum. To the best
of our knowledge, this is the first report of a patient undergoing total laparoscopic resection for a tumor in the
third portion of the duodenum. In this paper, we present
a minimally invasive surgical option for resection of a
duodenal hemangioma: total laparoscopic resection without mini-laparotomy.

CASE REPORT
In 2013, a 43-year-old male presented with anemia and a
hemoglobin level of 10.0 g/dL. He was diagnosed with
a hemangioma in the third portion of the duodenum by
upper gastrointestinal endoscopy (Figure 1A) and a hemangioma in the middle part of the jejunum by double balloon endoscopy (DBE) (Figure 1B). Despite the absence
of active bleeding, these hemangiomas were suspected
to be the cause of his anemia because they bled easily
following light contact with the endoscope and no sign
of any other cause of bleeding was found during further
examination, including capsule endoscopy and colonoscopy. At the time of diagnosis, endoscopic examination
showed the diameters of both tumors to be 20 mm. Because these suspected hemangiomas bled easily, a definite
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diagnosis was not made from biopsy specimens. The
duodenal hemangioma was located in the third portion
of the duodenum based on a barium study, approximately 4.0 cm to the anal side of the inferior flexure of the
duodenum and approximately 7.0 cm away from the ampulla of Vater (Figure 1C). Computed tomography could
not detect tumors in the duodenum or jejunum. Distant
metastasis and regional lymph node swelling were absent.
These tumors could not be subjected to EMR because of
their locations, where endoscopic treatment posed technical difficulties. The patient was referred to surgery due
to his desire for minimally invasive treatment rather than
conservative observation. Finally, the patient decided to
undergo laparoscopic resection of the tumor. To identify
the location of the hemangioma in the jejunum during
surgery, the jejunal submucosal layer against the side of
the hemangioma was marked with black ink during DBE
prior to the surgery.
A laparoscopic operation was undertaken under general anesthesia with the patient in the supine position
with his legs apart. The operator stood on the patient’s
left side. Initially, the first trocar was placed using a standard umbilical cut down technique. Carbon dioxide was
insufflated through this port with a pressure setting of
10 mmHg. A 30° laparoscope was introduced through
the umbilical port and diagnostic laparoscopy was performed. Four additional trocars were inserted into the
left upper, right upper, right lower, and left lower quadrants under laparoscopic guidance. Initially, we dissected
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Figure 2 Laparoscopic Kocher maneuver. A: Right colon (black arrowheads) and mesocolon (white arrowheads) were freed laparoscopically from the superior flexure of the duodenum (SD). B: Dissection around the inferior flexure of the duodenum (ID) was extended beyond the vena cava (VC).

the omentum from the right lateral side up to the front
of duodenum and removed the mesocolon from the
epigastric tissue. The procedure continued with dissection of the right hepatocolic ligament, with ultrasonic
coagulating shears (SonoSurg, Olympus Medical System,
Tokyo, Japan) being used to mobilize the right colic flexure (Figure 2A). A laparoscopic Kocher maneuver was
then performed. The decision regarding the resection
procedure was based on the preoperative imaging studies and on intraoperative visual inspection. The retroperitoneum was entered using the ultrasonic coagulating
shears, and the dissection around the second portion of
the duodenum was extended beyond the vena cava (Figure 2B). Next, the surgeon moved on the patient’s right
side, and additional dissections of the mesocolon were
performed around the duodenum without any management of the vessels, enabling exposure of the third portion of the duodenum. Because the serosal side of the
hemangioma became dark red, we were able to identify
the location of the hemangioma from the serosal side.
The hemangioma was located in the third portion of the
duodenum, approximately 4.0 cm from the anal side of
the inferior flexure of the duodenum, as predicted by
the preoperative findings. We performed an intraoperative gastroduodenal endoscopy and observed that the
intraluminal location of the hemangioma corresponded
with that identified by laparoscopy, based on the serosal
color change of the duodenum (Figure 3A). Resection
of the lesion was performed using ultrasonic coagulating
shears. Next, we cut a full-thickness layer of the gastric
wall using laparoscopic coagulating shears, while confirming the location of the tumor by endoscopy (Figure
3B). The duodenal wall was then closed with a manual
intracorporeal running suture using a 3-0 vicryl suture
(Erhicon GMbH, Norderstedt, Germany) in the fullthickness layer (Figure 3C) and 3-0 V-Loc (Covidien,
Dublin, Ireland) in the seromuscular layer (Figure 3D).
The resected specimen was transferred into a pouch
made from the finger tip of a rubber glove, and was removed through the left lower port. After the incision in
the duodenum was repaired, the duodenum was reinflated to detect any bleeding or leakage from the suturing
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line of the laparoscopy and to confirm a patent lumen
by intraluminal endoscopy.
Next, we extended the navel port from 1.5 to 3.0
cm to extracorporeally check the total jejunum through
this port. We easily identified the location of the hemangioma in the jejunum, which had been detected preoperatively and marked with black ink before surgery;
the hemangioma was also checked by palpation of the
tumor through the serosal side. The jejunal hemangioma
was located approximately 250 cm from the anal side of
the Treitz’ ligament. No abnormal finding was observed
elsewhere in the jejunum.
The duration of the procedure was 241 min, and
blood loss was negligible. Postoperative pain was minimal, requiring no additional analgesia beyond the continuous epidural anesthesia. The patient was ambulatory the
next day. He was started on a liquid diet, which proceeded to a soft diet. The resected specimens demonstrated a
15 mm × 8 mm duodenal tumor and a 15 mm × 11 mm
jejunal tumor, both having a solid structure. Microscopic
examination of both tumors also revealed hemangiomas,
while no abnormal structure or dysplasia was observed.
The patient was able to eat as well as he did before the
operation and all symptoms, including the anemia, were
resolved.

DISCUSSION
Recently, several investigators have reported the laparoscopic local excision of duodenal tumors[2,3,6-8]. Poultsides et al[8] reported hand-assisted laparoscopic local
duodenal resection was associated with shorter operative
time compared to the total laparoscopic approach. However, the hand-assisted approach necessitates that the
mini-laparotomy incision reach a length of at least 60-70
mm. Furthermore, extracorporeal duodenal resection
and closure is conducted in a limited working space with
restricted vision, thus making it difficult especially on
obese patients.
There is no report of a total laparoscopic resection
performed for a tumor in the third portion of the duodenum. Because of the technical difficulty of the loca-
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Figure 3 Laparoscopic resection of the duodenal hemangioma. A: Intraoperative gastroduodenal endoscopy shows the intraluminal location of the hemangioma
(white arrowheads), corresponding with the location identified by laparoscopy with the serosal color change of the duodenum (black arrowheads); B: Resection of the
lesion was performed using ultrasonic coagulating shears with a laparo-endoscopic view; C: The defect of the duodenal wall was closed manually using an intracorporeal running suture in the whole layer. The suture line (black arrowheads) was extremely close to the pancreas (white arrowheads); D: After the intracorporeal running
suture was placed in the seromusclar layer, the duodenum was reinflated during the laparoscopy to detect any bleeding or leakage from the suturing line (black arrowheads) and to confirm a patent lumen by intraluminal endoscopy.

tion of the tumor, which would be surrounded by the
pancreas, transverse colon, and mesocolon, it seems that
benign duodenal tumors in the third portion have been
resected using laparoscope-assisted approaches or open
laparotomy. Laparoscopic resection of tumors in the
third portion of the duodenum requires special operative techniques, which are important in overcoming this
difficult location.
First, the laparoscopic bilateral approach to the Kocher maneuver was useful in this study, that is, the dissection around the duodenum was performed for the
second portion on the patient’s left side and for the third
portion on his right side. We consider that the laparoscopic Kocher maneuver is an indispensable approach
to achieving total laparoscopic resection of duodenal tumors in the second and third portion as it can mobilizes
and exposes the duodenum prior to local excision and
closure of the defect. The tumor, described in this study,
located in the third portion of the duodenum, was approximately 4 cm to the anal side of the inferior flexure
of the duodenum and was easily exposed by the laparoscopic Kocher maneuver with a bilateral approach.
Second, the laparo-endoscopic view was useful for
identifying the tumor-free margin. During resection of
the tumor, the ultrasonic coagulating shears were useful for coagulating and cutting the duodenal wall. The
laparo-endoscopic view enabled resection of the duode-
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nal tumor with suitable margins through observation of
both the mucosal and serosal sides of the tumor. Furthermore, we placed an anchoring suture on the side of
the duodenal tumor with greater curvature, which was
then rolled caudally to facilitate resection.
Lastly, closing of the duodenal defect by laparoscopic
suturing was necessary in this case, because the tumor
was extremely closed (approximately 5 mm) to the pancreas, providing an unsuitable axis for the endolinear stapler to close the duodenal wall. Duodenal resection using an endolinear stapler has been reported by other investigators[2,3]. Toyonaga et al[3] used an endolinear stapler
for wedge resection of a relatively small carcinoid tumor.
Because this is a simple and safe procedure, laparoscopic
intestinal resection using an endolinear stapler is useful.
However, an unnecessarily large resection margin is a
problem when using an endolinear stapler. In this case, it
was quite straightforward to carry out intracorporeal suturing with a magnified laparoscopic view. Leakage from
a duodenal defect may be critical because duodenal juice
contains pancreatic secretions and bile. For increased
safety, we sutured the duodenal defect with two layers
using a laparo-endoscopic view, while paying close attention to avoiding any stenosis or deformity. This technique of laparoscopic suturing is widely applicable, such
that a duodenal tumor in any location can be treated by a
totally laparoscopic approach.
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Here, we preoperatively detected two hemangiomas
in the duodenum, and jejunum by endoscopic examination. Because no active bleeding from these hemangiomas was observed endoscopically, there was the possibility that another hemangioma was the cause of the bleeding in the digestive tract, which could not be detected
preoperatively. Suzuki et al[9] reported that the diagnostic
rate of DBE in identifying the source of bleeding (79%)
was much higher than that of conventional methods
(11%), such as upper gastrointestinal endoscopy, colonoscopy, or barium enema. Despite the preoperative
DBE, we carefully checked the jejunum by both visual
examination and palpation through the 3.0 cm navel
wound. However, it was not possible for the resection
of the duodenal hemangioma to be performed safely
through this small, 3.0 cm opening. We consider that total laparoscopic partial resection is a viable approach for
tumors in deep or fixed abdominal organs, such as the
duodenum and stomach, but not for certain parts of the
jejunum that can be accessed and resected easily through
a 3.0 cm opening.
In conclusion, our technique of total laparoscopic resection with intracorporeal suturing under a laparo-endoscopic view constitutes a minimally invasive treatment for
benign tumors in the third portion of the duodenum.
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Abstract
MicroRNAs have been increasingly recognized as useful biomarkers for colorectal cancers (CRC). We have
recently observed that microRNA-31 (miR-31) expres-
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sion is associated with BRAF mutation and prognosis
in CRC. Moreover, high miR-31 expression is frequently
detected in sessile serrated adenomas compared with
hyperplastic polyps (HPs). These results suggest that
miR-31 may contribute to the progression of serrated
lesions. At a follow-up colonoscopy, we observed the
case of a 75-year-old man with a 7-mm flat-elevated
lesion in the cecum and diagnosed the lesion as an
early invasive carcinoma with serrated features. Tissue
specimens were obtained from the representative areas
to compare the molecular alterations in the carcinoma
component with those in the HP component. Higher
miR-31 expression was observed in the carcinoma component (57-fold increase) and the HP component (8-fold
increase) compared with the paired normal mucosa,
suggesting that miR-31 may be one of the key molecules in serrated pathway progression.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: BRAF ; Colorectal carcinoma; MicroRNA-31;
MLH1; microsatellite instability; Serrated pathway
Core tip: At a follow-up colonoscopy, we observed the
case of a 75-year-old man with a 7-mm flat-elevated
lesion in the cecum. Because the flat-elevated area
displayed serrated features, we diagnosed the lesion as
an early invasive carcinoma with a hyperplastic polyp
(HP) component. Higher microRNA-31 (miR-31) expression was observed in the carcinoma component (57-fold
increase) and the HP component (8-fold increase)
compared with the paired normal mucosa. This is the
first case report of early invasive colorectal cancer with
an HP component in which miR-31 expression was
analyzed. Our results suggest that miR-31 may be an
important molecule in serrated pathway progression.
Aoki H, Nosho K, Igarashi H, Ito M, Mitsuhashi K, Naito T,
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A

INTRODUCTION
The serrated pathway has attracted considerable attention
as an alternative pathway of colorectal cancers (CRC) development[1,2]. In the World Health Organization (WHO)
classification, CRCs with serrated morphology are recognized as a distinct subtype and three major categories of
serrated lesion are currently used: hyperplastic polyp (HP),
sessile serrated adenoma (SSA), and traditional serrated
adenomas (TSA)[3]. It has been demonstrated that MLH1
silencing leading to microsatellite instability (MSI) is one
of the important molecular events with regard to the carcinogenic mechanism of the serrated pathway[1,2].
In contrast, microRNAs constitute a class of small
non-coding RNA molecules that function as posttranscriptional gene regulators and have been increasingly recognized as useful biomarkers for CRCs[4,5]. We
have recently observed that high microRNA-31 (miR-31)
expression is associated with BRAF mutation and prognosis in CRC[4]. In addition, high miR-31 expression is
frequently detected in SSAs and TSAs compared with
HPs[4]. These results suggest that miR-31 may contribute
to the progression of serrated lesions. However, to the
best of our knowledge, no studies have described its role
in serrated pathway progression.

B

C

CASE REPORT
At a follow-up colonoscopy after a proctectomy, we observed the case of a 75-year-old man with a 7-mm flat-elevated lesion with a central depression in the cecum (Figure 1A and B). A magnifying colonoscopic examination
by narrow-band imaging (NBI) of the depressed area
revealed winding and prematurely terminating irregular
blood vessels and sparse surface patterns (Figure 1C). Because the flat-elevated area displayed serrated features, we
diagnosed the lesion as an early invasive carcinoma (T1)
with an HP component. Ileocecal resection with regional
lymph node dissection was performed without complications. The tumor measuring 3 mm × 3 mm consisted of
a poorly-differentiated adenocarcinoma with serrated features. Some carcinoma cells had invaded the submucosal
layer to a depth of 600 μm, but no lymphatic invasion,
venous invasion or lymph node metastasis was observed.
The final diagnosis was stage Ⅰ (T1N0M0) in the TNM
classification.
For molecular analysis in this case, genomic DNA
and total RNA were extracted from formalin-fixed paraffin-embedded (FFPE) tissues as previously described[4].
Tissue specimens were obtained from the representative
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Figure 1 Endoscopic findings in our case. A: Colonoscopic view showing a
7-mm flat-elevated lesion in the cecum; B: Chromocolonoscopic view (indigo
carmine dye) showing a central depression in the lesion; C: Magnifying narrowband imaging of the depressed area showing winding and prematurely terminating irregular blood vessels and sparse surface patterns.

areas to compare the molecular alterations in the carcinoma component with those in the HP component.
PCR and targeted pyrosequencing were performed for
the BRAF (V600E) mutation using extracted genomic
DNA[4]. The TP53 mutation was initially determined by
PCR-single-strand conformation polymorphism (SSCP)[6].
We examined the MSI status as previously described[4].
In addition, bisulfite modification of genomic DNA
and pyrosequencing for MLH1 methylation were performed[4]. miR-31 expression was analyzed using quantitative reverse transcription-PCR (qRT-PCR) as previously
described[4].
The molecular alterations of the carcinoma and HP
components are presented in Figure 2. BRAF mutations
were observed in both components. However, no TP53
mutation was observed in the carcinoma or HP compo-
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HP component

Carcinoma component

BRAF mutation (+),
MLH1 unmethylated, MSS/MSI-low

BRAF mutation (+),
MLH1 methylated, MSI-high

miR-31: 8 (normal mucosa as a reference)

miR-31: 57 (normal mucosa as a reference)

Figure 2 Histopathological findings in our case. Histopathological findings from a representative lesion showing the HP component (blue box) and carcinoma
component (yellowish-green box). The tissue specimens were obtained from the respective components, after which molecular analyses were performed. HP: Hyperplastic polyp; miR-31: microRNA-31; MSI: Microsatellite instability; MSS: Microsatellite stable.

nent, whereas MLH1 methylation and MSI were only
identified in the carcinoma component. Higher miR-31
expression was observed in the carcinoma component
(57-fold increase) and the HP component (8-fold increase) compared with the paired normal mucosa (as a
reference).

DISCUSSION
Various authors have reported that SSAs with a carcinoma component have genetic and epigenetic abnormalities and are at a high risk of progression to advanced
CRCs[1,2,6-8]. A loss of staining for MLH1 (due to MLH1
methylation) leads to MSI, and repeat tract mutation in
genes such as TGFβRII is restricted to SSA lesions with a
carcinoma component[1,9,10]. In this case, MLH1 methylation and MSI were only identified in the carcinoma component. Because MSI by MLH1 methylation has been
reported to play an important role in serrated pathway
carcinogenesis[1,2], our data appear to be consistent with
those of previous studies.
miR-31 is located at 9p21.3 and is reportedly up-regulated in CRCs[4]. Using microRNA array analysis, we have
recently discovered that miR-31 expression is significantly
up-regulated in BRAF-mutated CRCs compared with
wild-type CRCs[4]. Moreover, associations were identified
between miR-31 expression, proximal tumor location and
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poor prognosis for CRCs. With regard to premalignant
colorectal lesions, high miR-31 expression is frequently
detected in cases with serrated lesions (SSAs and TSAs)
when compared with cases with HPs, suggesting an association between miR-31 expression and the serrated
pathway[4].
In this case, higher miR-31 expression was observed
in the carcinoma component compared with the HP
component, suggesting that not only accumulating epigenetic alterations but also miR-31 expression may contribute to the progression of HP (or SSA). In other words,
these findings indicate that HPs (SSAs) with high miR-31
expression may be precursor lesions that progress to
SSAs with high-grade dysplasia or CRCs.
In conclusion, this is the first case report of early
invasive CRC with an HP component in which miR-31
expression was analyzed. Our results suggest that miR-31
may be one of the key molecules in serrated pathway
progression. Further functional analysis is required to
clarify the mechanism of miR-31 in the serrated pathway.

COMMENTS
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Case characteristics

A 75-year-old man at a follow-up colonoscopy after a proctectomy.

Differential diagnosis

Colonoscopic examination revealed a 7-mm flat-elevated lesion with a central
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depression in the cecum.

Laboratory diagnosis

WBC 7100/μL; HGB 12.8 gm/dL; CEA 1.8 ng/mL; a metabolic panel and liver
function test were within normal limits.

4

Imaging diagnosis

Esophagogastroduodenoscopy, abdominal ultrasonography, and computed
tomography were normal.

Pathological diagnosis

The tumor measuring 3 mm × 3 mm consisted of a poorly-differentiated adenocarcinoma with serrated features. Some carcinoma cells had invaded the
submucosal layer to a depth of 600 μm, but no lymphatic invasion, venous
invasion or lymph node metastasis was observed. The final diagnosis was
stage Ⅰ (T1N0M0) in the TNM classification.

Treatment

Ileocecal resection with regional lymph node dissection was performed without
complications.

5

6

Experiences and lessons

In this case, higher miR-31 expression was observed in the carcinoma component compared with the hyperplastic polyp (HP) component. Similarly, MLH1
methylation and microsatellite instability were only identified in the carcinoma
component.

Peer review

In this case report the authors describes the case of a 75-year-old man at a
follow-up colonoscopy to have a 7-mm flat-elevated lesion in the cecum that
was diagnosed as an early invasive carcinoma with a HP component. This
short manuscript is well written and the case reported could be used as basis
for further deepened studies aimed to clarify the role of miR-31 in colorectal
carcinogenesis correlated to the serrated pathway. It is therefore acceptable for
publication.

7

8
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Abstract
Colonoscopic screening has been reported to reduce
deaths from colorectal cancer. Adequate bowel preparation is essential for this and safety is an important issue in choosing the methods. Polyethylene glycol (PEG)
is regarded as a safe method for cleansing, especially
compared with oral sodium phosphate. Here, we present a case of hyponatremia caused by the syndrome of
inappropriate antidiuretic hormone (ADH) syndrome after PEG precolonoscopic cleansing resulting in generalized tonic-clonic seizures. A 62-year-old women had ingested PEG for precolonoscopic bowel cleansing. While
waiting for the colonoscopy, she developed a stuporous
mentality and generalized tonic-clonic seizures, which
did not correlate with brain magnetic resonance imaging. Her serum sodium level was 113 mEq per liter and
laboratory analyses were consistent with inappropriate ADH syndrome. Her thyroid and adrenal functions
were normal. There were no malignancies, infections,
respiratory disorders or central nervous disorders and
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she had no history of taking either diuretics or other
medications, which might have caused inappropriate
ADH syndrome. She was treated with 3% hypertonic
saline and showed a complete neurological recovery as
her sodium levels recovered. Follow-up visits showed
the patient to have a normal sodium level without neurologic deficits. This case shows that inappropriate ADH
syndrome can be caused by PEG preparation, which
implies that physicians have to be aware of the possible side effects of this colonic cleansing approach and
mindful of the possible ensuing symptoms.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inappropriate antidiuretic hormone syndrome; Colonoscopy; Polyethyelene glycol; Hyponatremia; Seizure
Core tip: We report a case of hyponatremia resulting
in seizures after precolonoscopic polyethylene glycol
cleansing due to inappropriate antidiuretic hormone
(ADH) syndrome. Though inappropriate ADH syndrome
has been suspected in the few reports of hyponatremia
after polyethylene glycol (PEG) preparation, this is the
first case to have confirmed an association between the
two. Guidelines recommend that colonoscopic screening be done in patients from age 50 with PEG the first
choice for bowel cleansing. As colonoscopic screening
increases, hyponatremia due to inappropriate ADH
syndrome will most likely increase as well. As we show,
PEG induced inappropriate ADH syndrome may have
severe side effects. However, if recognized and treated,
it should have no long-lasting sequalae.
Ko sh, Lim CH, Kim JY, Kang SH, Baeg MK, Oh HJ. Case of
inappropriate ADH syndrome: Hyponatremia due to polyethylene glycol bowel preparation. World J Gastroenterol 2014;
20(34): 12350-12354 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i34/12350.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i34.12350
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INTRODUCTION

Table 1 Patient’s serum laboratory data and mental state

Endoscopic surveillance for colorectal cancer has been
reported to decrease its mortality. The guidelines recommend that colon examinations including colonoscopy be
done at regular intervals in individuals over 50 years of
age[1]. Colonoscopy requires an adequate level of cleansing for effective evaluation of the colonic mucosa[2]. The
main types of laxatives used for bowel cleansing are oral
sodium phosphate (OSP) and polyethylene glycol (PEG).
Safety is also very important, as in the case of sodium
phosphate, which was rejected by the United States Food
and Drug Administration despite its convenience because it gives an increased risk of phosphate nephropathy. Because of such safety concerns, current guidelines
suggest use of PEG over OSP[2,3]. PEG is a biologically
inactive substance that does not bear an electrical charge
and therefore cannot influence the movement of other
solutes[4]. It is a water-soluble, nontoxic polymer that is
minimally absorbed in the gastrointestinal tract[5].
Although PEG is generally considered to be safe
for colonic cleansing, it can occasionally induce adverse
events such as renal failure, hyponatremia, upper gastrointestinal bleeding or aspiration caused by vomiting, and
even death[3,6,7]. Here, we report a case of hyponatremia
in the inappropriate antidiuretic hormone (ADH, arginine
vasopressin) syndrome resulting in generalized tonicclonic seizures after PEG precolonoscopic cleansing. As
far as we know, there have been no prior reports describing an association between inappropriate ADH syndrome
and PEG use for colonic cleansing.

Mental state

Sodium
(mEq/L)
Potassium
(mEq/L)
Chloride
(mEq/L)
Urea nitrogen
(mg/dL)
Creatinine
(mg/dL)
Glucose
(mg/dL)
Osmolality
(mOsm/kg)
Free T4
(ng/dL)
TSH (mIU/L)
Cortisol
(mg/dL)
ADH (pg/mL)
Spot urinary
analysis
Sodium
(mEq/L)
Potassium
(mEq/L)
Chloride
(mEq/L)
Urea nitrogen
(mg/dL)
Creatinine
(mg/dL)
Osmolality
(mOsm/kg)
FENa (%)
FEUrea (%)

CASE REPORT
A 69-year-old woman weighing 48 kg visited our gastrointestinal clinic for routine colonoscopic checkup. She
had a history of diabetes and dyslipidemia, was wellnourished and did not have any history of alcoholism.
Her medication history included glimepride, sitagliptin,
metformin and atorvastatin but no history of thiazide diuretics or selective serotonin reuptake inhibitors. She had
taken the medicines up to the day before colonoscopy
but not on the procedure day. For precolonoscopic bowel
preparation, the patient ingested 4 L of a standard bowel
preparation solution containing an isosmotic solution
of PEG without any further fluid consumption. While
the patient was waiting for colonoscopic examination,
she began complaining of nausea, headache, generalized
weakness and sweating. She developed a stuporous mentality and generalized tonic-clonic seizures. Her vital signs
showed a blood pressure of 143/74 mmHg and a pulse
of 76 beats per minute. A physical examination did not
show any signs of distended jugular veins, pedal edema,
ascites, decreased skin turgor or dry mucous membrane,
indicating an euvolemic state. No specific neurologic
signs were evident.
Her laboratory results (Tables 1 and 2) showed a
serum sodium level of 113 mEq/L, a decreased total serum osmolality of 233 mOsm/kg (< 275 mOsm/kg) and
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Reference Drowsy to Stuporous Stuporous Complete
range
stuporous
to verbal recovery
response
Day 1

Day 2

Day 3

Day 4

136-146

113

117

125

135

3.5-5.1

3.4

3.5

3.1

3.5

98-106

80

84

93

98

7-20

6.2

9

12.3

6.4

0.6-1.2

0.51

0.61

0.56

0.45

50-100

125

275-300

233

-

-

278

0.85-1.86

1.51

0.17-4.05
9.41-26.06

1.77
32.47

0.0-6.7

49.87
-

-

122

-

-

48

28.5

-

-

8

107

-

-

47

248.2

-

-

222.6

16

-

-

6.4

344

-

--

249

3.4
0.13

2.5
0.24

ADH: Antidiuretic hormone; FENa: Fractional excretion of sodium; FEUrea:
Fractional excretion of urea.

an increased urine osmolality of 344 mOsm/kg (> 100
mOsm/kg). Her serum creatinine level was 0.51 mg/dL,
blood urea nitrogen 6.2 mg/dL (< 10 mg/dL), plasma
uric acid 3.1 mg/dL (< 4 mg/dL), and she had a normal
acid/base and potassium balance. Thyroid function tests
were within normal range and the basal cortisol level was
increased, which was consistent with hyponatremia. An
antidiuretic hormone study was done, which revealed
an ADH level of 49.87 pg/mL (normal range 0.0-6.7
pg/mL). Diffusion-weighted magnetic brain imaging was
done, which revealed mild small vessel disease and a tiny
restriction focus in the right temporal lobe. An electroencephalogram taken 4 h after the onset of seizures showed
waves suggestive of diffuse cerebral dysfunction.
She was diagnosed with inappropriate antidiuretic
hormone syndrome resulting in hyponatremic seizures,
and treatment was started with 3% intravenous saline
with infusion rates based on electrolytes checked every
2-4 h. Symptomatic treatment of the seizures involved
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Table 2 Clinical findings of patients with polyethylene glycol related hyponatremia
[20]

Patient 1
Age, yr
Gender
Past history

[20]

[6]

Patient 2

Patient 3

[6]

Patient 4

[19]

Patient 5

51
M

62
F

70
F

Underlying disease

Diabetes, ESRD

HTN, Osteoporosis,

Prescription drugs

Amlodipine,
Atenolol,
Furosemide, Phoslo,
Prilosec
N/A

HTN,
Hyperlipidemia
Thiazide

Amlodipine,
Ibandronic acid,
clopidogrel

Levothyroxine

Estradiol, Aspirin

4L PEG

4L PEG + 3 L clear
water

4L PEG

3L PEG + 4L weak
tea

255g PEG + 64
ounces Gatorade

138
116
130
3.9
79
26
2.5
0.6
N/A
Seizure

140
110
138
3.4
72
17.3
11.8
0.67
148
Seizure

144
127
141
4.3
104
17.3
14.6
0.71
235
Seizure

N/A
120
138
4.6
N/A
17.2
N/A
0.9
93
Confused mentality

N/A
117
131
3.3
79
21
6
0.6
N/A
Seizure

130/90
90
Cerebral edema
IV 3% Saline

190/100
84
No abnormalities
IV 3% Saline

156/85
86
No abnormalities
IV Normal Saline

110/70
60
No abnormalities
IV Normal saline

Complete recovery

Complete recovery

Complete recovery

Complete recovery

Within normal
Within normal
Not done
IV 2% Saline,
followed by NaCl
tablets and water
restriction
Complete recovery

Preparation methods

Sodium (mmol/L)
Baseline
138
Lowest
122
Post-treatment
N/A
Potassium (mmol/L)
5.1
Chloride (mmol/L)
94
Bicarbonate (mmol/L)
20
Urea Nitrogen (mg/dL)
24.3
Creatinine (mg/dL)
7.7
Glucose (mg/dL)
95.5
Clinical Presentation
Emesis, IVR, cardiac
arrest
Blood pressure (mmHg)
167/78
Pulse (/min)
103
Brain CT/MRI
Not done
Treatment
None

Outcome

Death

65
59
F
F
Breast Cancer,
Hysterectomy with
Total thyroidectomy
oophrectomy
and RAIT

[10]

Patient 6
73
F

Hypothyroidism,
Depression
Levothyroxine,
citalopram

ESRD: End stage renal disease; HTN: Hypertension; IVR: Idioventricular rhythm; IV: Intravenous; N/A: Not available; PEG: Polyethylene glycol; RAIT:
Radioiodine therapy.

the administration of 1500 mg of the anticonvulsant
valproic acid daily for 3 d. After 72 h of treatment with
10-40 mL/h of 3% intravenous saline, she began to respond to vocal stimulation. The patient had recovered
to a normal state by day 4 with no residual neurological
abnormalities. There were no signs of malignancies during a detailed physical examination and her chest X-rays
were negative. Serum tumor markers such as carcinoembryonic antigen, alpha-fetoprotein, CA-125 and CA 19-9
were all within normal range. Electrolyte levels continued
to be normal until her discharge and subsequent outpatient follow-up. This case report was approved by the institutional review board of the Seoul St. Mary’s hospital
(KC13ZISE0724).

DISCUSSION
We demonstrate here for the first time that preparation
with PEG for colonoscopy might be associated with
hyponatremia caused by newly developed inappropriate
antidiuretic hormone syndrome. The main symptoms
of hyponatremia are nausea, vomiting, headache, confusion, lethargy, fatigue, restlessness and irritability, weakness, seizures, decreased consciousness and coma [8].

WJG|www.wjgnet.com

Hyponatremia can be caused by salt loss secondary to
excessive volume loss, renal disease, adrenal insufficiency
and hypothyroidism, but is often caused by inappropriate antidiuretic hormone syndrome . In this syndrome,
hyponatremia results from ADH-induced retention of
ingested or infused water. Although water excretion is
impaired, sodium handling is intact, because there are no
abnormalities in volume-regulating mechanisms such as
the renin-angiotensin-aldosterone system or atrial natriuretic peptide[9]. inappropriate ADH syndrome has many
different causes, including ectopic production of arginine
vasopressin (AVP) by neoplasms, acute infections, pulmonary diseases and central nervous disorders. Common
medications such as thiazide diuretics, nonsteroidal antiinflammatory drugs, angiotensin-converting enzyme inhibitors and opiate derivatives can also raise ADH levels.
Treatment with desmopressin, oxytocin or vasopressin
might stimulate release of AVP or enhance its action.
Antidepressants from the selective serotonin reuptake inhibitor family are also known to cause hyponatremia via
inappropriate ADH syndrome[8,10]. Nausea, anxiety, stress,
pain or manipulation of gastrointestinal organs can also
induce ADH release independent of osmotic stimuli[11].
Advanced age can also be a contributing factor[12].
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Increased free tissue water does not cause hyponatremia in patients with normal renal function and a normal
solute load[8]. For hyponatremia to develop, free water
clearance, which is regulated by ADH, must be impaired.
Increased ADH has been reported during colonoscopy[13,14]. This might be caused by increased nonosmotic
ADH stimuli such as nausea, vomiting, stress, pain, intestinal hyperactivity or abdominal manipulation. However,
most colonoscopic procedures do not result in hyponatremia, even among elderly patients. While some studies
have reported absorption of water during PEG preparation[15,16], the amount has been reported to be small and
not enough to cause symptomatic hyponatremia[17].
In our patient, although inappropriate ADH syndrome caused by an undiscovered malignancy could not
be ruled out completely, this was thought to be unlikely
as she had no subjective symptoms, a comprehensive
physical examination was normal, chest X-rays showed
no evidence of lung masses and her serum tumor markers were within normal range. Electroencephalography
showed waves suggestive of diffuse cerebral dysfunction,
representative of her stuporous state. Although her brain
diffusion magnetic resonance imaging showed mild small
vessel disease and a tiny restriction focus in the right temporal lobe, this did not correlate clinically with her neurologic symptoms and seizure type. Other factors were excluded because our patient had a normal thyroid function
and basal cortisol hormone test, and was not taking any
medication known to cause hyponatremia or inappropriate ADH syndrome. She did not show any signs of recurrent hyponatremia after discontinuation of treatment,
which was confirmed during outpatient follow-up. We
conclude that hyponatremia in our patient was probably
caused by inappropriate ADH syndrome associated with
nonosmotic stimuli due to PEG preparation.
Colonoscopic screening and adenoma removal have
been reported to reduce deaths from colorectal cancer[1,18]. Proper bowel preparation is needed for adequate
visualization of colon mucosa[2]. Issues about the safety
of OSP have been raised, with guidelines recommending the use of PEG[2,3]. Using PEG for precolonoscopic
bowel cleansing has been reported not to cause any electrolyte disturbances[13]. However, as our case shows, the
use of PEG for this purpose can also result in serious
adverse events.
There have been six reports of hyponatremia associated with PEG intake that have resulted in encephalopathy
or fatalities[6,10,13,19]. All of the patients were over 50 years
old, with four of them over 60 years of age. One patient
had preexisting end-stage renal disease, which most likely
would have impaired free water excretion[20]. A second
patient was taking thiazide diuretics, which would have
impaired their ability to excrete water[20]. Another had
been taking serotonin reuptake inhibitors, had inadequate
thyroid replacement and was over 70 years old, which
might have further aggravated her hyponatremia[10]. Two
patients were similar in that they showed normal renal,
thyroid and adrenal function but had ingested 3 L of flu-
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ids in addition to the 4 L of PEG[6,19]. Nonosmotic ADH
stimuli combined with old age and a large volume of
fluid most likely caused their hyponatremia. The authors
of these case reports hypothesized that PEG-related hyponatremia was probably caused by an increase in ADH
resulting from bowel manipulation that occurred during
colonoscopy preparation. However, these reports did not
confirm inappropriate ADH syndrome as the cause of
hyponatremia, and failed to prove an actual increase in
ADH[6,19]. Further laboratory and clinical data regarding
these patients can be found in Table 2. Our case is interesting in that hyponatremic seizures developed despite
the patient having normal renal function and no other
risk factors except PEG preparation.
Current guidelines recommend that colonoscopic
screening be done regularly in patients from age 50 years
onwards, which would place many elderly patients at risk
of hyponatremia-related inappropriate ADH syndrome.
We conclude that physicians should be thoroughly familiar with a patient’s medical history before prescribing PEG, and that all patients should be well hydrated
with electrolyte-containing solutions both during and
after PEG ingestion. Also, serum electrolytes should be
promptly checked and treatment begun in patients showing symptoms suggesting their imbalance.

COMMENTS
COMMENTS
Case characteristics

A 62-year-old women was admitted with generalized tonic-clonic seizures and
in a semi-comatose state.

Clinical diagnosis

The women was diagnosed with hyponatremia due to bowel cleansing from
polyethylene glycol (PEG).

Differential diagnosis

Excess fluid, salt loss secondary to excessive volume loss, inappropriate antidiuretic hormone (ADH) syndrome, brain damage.

Laboratory diagnosis

Serum Na 113 mEq/L, serum osmolality of 233 mOsm/kg, serum antidiuretic
hormone 49.87 pg/mL, urine osmolality of 344 mOsm/kg, urine sodium 122
mEq/L.

Imaging diagnosis

Her brain magnetic resonance imaging showed mild small vessel disease and
a restriction focus in the right temporal lobe which could not be correlated with
her neurologic symptoms.

Treatment

She was treated for 72 h with 3% intravenous saline and her mental state and
symptoms returned to normal after normalization of her serum sodium levels.

Term explanation

inappropriate ADH syndrome: A syndrome where hyponatremia results from
antidiuretic hormone-induced retention of ingested or infused water. Although
water excretion is impaired, sodium handling is intact, because there are no
abnormalities in volume-regulating mechanisms such as the renin-angiotensinaldosterone system or atrial natriuretic peptide. inappropriate ADH syndrome
has many different causes, including ectopic production of arginine vasopressin by neoplasms, acute infections, pulmonary diseases and central nervous
disorders. Common medications such as thiazide diuretics, nonsteroidal antiinflammatory drugs, angiotensin-converting enzyme inhibitors and opiate derivatives can also raise antidiuretic hormone levels.

Experiences and lessons

Inappropriate ADH syndrome has been rarely reported as a result of PEG bowel
cleansing. However, as the symptoms are severe and potentially fatal, medical
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personnel must be aware of such side effects and treatment methods.

9

The authors present a case report of a patient with a complication related to
the colon cleansing preparation for colonoscopy. The patient was admitted to
the hospital after PEG colon cleansing preparation for colonoscopy because
of an acute reaction leading to stupor requiring intensive care admission and
was finally diagnosed with a syndrome of inappropriate secretion of antidiuretic
hormone. PEG colon cleansing is considered safe and this is a rare condition
induced by PEG colon cleansing for colonoscopy in a middle aged patient
needing intensive care. The description of this exceptional complication is
interesting and it is convenient to have knowledge in this regard. The presentation, the diagnostic work-up and the Discussion are adequate and supported by
updated bibliographic data.

10
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Abstract
Late-stage gastric adenocarcinoma patients have a poor
prognosis because of high recurrence rates. To improve
long-term outcomes, perioperative chemotherapies are
combined with surgery. Human epidermal growth factor receptor 2 (HER2) overexpression had been noted
in gastric cancer; therefore, trastuzumab has been
used occasionally in this setting. A 63-year-old male
Chinese patient, who was diagnosed with adenocarcinoma in the gastric antrum, as well as lymph node
metastases along the left gastric and hepatic artery,
and left adrenal area, was admitted to our hospital.
HER2 expression was positive, and cluster amplification
was detected in a fluorescence in situ hybridization assay. The patient received three cycles of a neoadjuvant
trastuzumab/oxaliplatin /capecitabine regimen. He subsequently underwent distal gastrectomy, D2+ lymphadenectomy, left adrenalectomy, cholecystectomy and
Billroth Ⅱ anastomosis. Treatment was continued with
another five postoperative cycles of the same medica-

WJG|www.wjgnet.com

tion and trastuzumab application for 1 year. No recurrence has been observed 18 mo after the operation.
Trastuzumab as perioperative and adjuvant medication,
in combination with oxaliplatin and capecitabine for
a HER2-overexpressing advanced gastric adenocarcinoma, led to recurrence-free survival of at least 18 mo
after surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric adenocarcinoma; Trastuzumab; Oxaliplatin; Capecitabine; Neoadjuvant medication
Core tip: Surgical resection of advanced gastric cancer
is accompanied by a high frequency of recurrences and
metastases. To curb cancerous cell growth, cytostatic
medications are commonly used; however, tumor cellspecific drugs are being researched increasingly. Human epidermal growth factor receptor 2 (HER2) has
been recognized as a target for breast cancer medications, and the application of the monoclonal antibody
trastuzumab led to remissions of HER2-positive breast
cancers, which comprise about 30% of all cases. HER2
overexpression was also detected in gastric cancers;
therefore, trastuzumab as an adjuvant or neoadjuvant
therapy has been used as a new approach to treat
these tumors.
Dong CX, Fu JF, Ye XY, Li XF, Zhong X, Yuan Y. Surgical resection of advanced gastric cancer following trastuzumab/oxaliplatin/capecitabine combination therapy. World J Gastroenterol
2014; 20(34): 12355-12358 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i34/12355.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i34.12355

INTRODUCTION
Surgical resection of early gastric cancer is very effective;
however, in advanced stages, the overall postoperative
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Figure 1 Fluorescence in situ hybridization analysis showing positive human epidermal growth factor receptor 2 expression with cluster amplification (ratio > 2.2).

5-year survival rate is reduced to 5%-20%, because of
high frequencies of locoregional recurrences and distant
metastases[1]. To improve the treatment outcomes of
operable gastric cancers in later stages, perioperative chemotherapies have been combined with surgery, leading to
significantly improved progression-free and overall survival rates[2]. Although perioperative chemotherapies are
widely accepted as beneficial adjuncts to surgery when
combined with other gastric cancer treatments, currently there is no common consensus regarding the ideal
regimen[3]. In addition, human epidermal growth factor
receptor 2 (HER2) overexpression had been reported in
gastric cancers; therefore, trastuzumab has been introduced into chemotherapies; however, its efficacy is still
under evaluation[4,5], and published data about targeting
HER2 in perioperative regimens are scarce.

CASE REPORT
A 63-year-old male patient with a family history of gastric cancer was admitted to the local hospital on July 17th,
2012, with complaints of acid reflux, anorexia and upper abdominal fullness for more than 1 year. His mother
died of gastric cancer, and his sister and brother were
both operated on for gastric cancer. Gastroscopy images
showed antral deformation and massive ulcers covered
with a white smear. The surrounding mucosa was irregular, with a rigid texture, while peristalsis disappeared, and
lesions involving the distal antrum, pylorus and gastric
angle had led to pyloric deformation as well as stenosis.
A pathological examination revealed a moderately differentiated adenocarcinoma in the gastric antrum, while
HER2 expression was detected, with cluster amplification in a fluorescence in situ hybridization assay (Figure 1).
Positron emission tomography-computed tomography
(PET-CT) and enhanced abdominal CT showed lymph
node metastasis along the left gastric and hepatic arteries.
There was also a mass detected in the left adrenal area,
which was suspected to comprise fused lymph nodes.
The serum levels of carcino-embryonic antigen (CEA)
and alpha-fetoprotein (AFP) were markedly elevated, at
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137 and 1693 ng/mL, respectively. The initial diagnosis
was antral carcinoma with lymph node metastasis in the
perigastric and left adrenal areas. The patient received a
XELOX (capecitabine plus oxaliplatin) regimen, in combination with Herceptin, as a neoadjuvant therapy. The
XELOX medication comprised oxaliplatin 130 mg/m2
on day 1 and Xeloda 1000 mg/m2 po bid on days 1 to 14,
repeated every 3 wk. Herceptin was given at a dose of 8
mg/kg for the first week and then 6 mg/kg every 3 wk.
Efficacy evaluation by reviewing abdominal CTs showed
a partial response after the patient finished 3 cycles of
combination therapy (Figure 2). The serum level of CEA
dramatically declined to 24 ng/mL and that of AFP to
21 ng/mL. Subsequently, the patient underwent distal
gastrectomy, D2+ lymphadenectomy, left adrenalectomy,
cholecystectomy, and Billroth Ⅱ anastomosis by laparotomy. Intraoperative exploration showed that a 5 cm ×
5 cm × 3 cm tumor located in the antrum, invading the
pylorus and duodenal ampulla, with multiple lymphadenectasis along the gastric hepatoduodenal ligament and
retroperitoneal area. The mass in the left adrenal area,
which was 5 cm × 5 cm × 3 cm in size, was confirmed
to be fused enlarged lymph nodes. There were no obvious metastatic nodules found in the liver, peritoneum
and pelvic floor. The pathological diagnosis was poorly
to moderately differentiated ulcerative adenocarcinoma
of the gastric antrum. The tumor grew along the lesser
curvature with degeneration and infiltration of the superficial muscle layer. Peritumoral fibroplasia and inflammatory cell infiltration were observed, which were consistent
with post-chemotherapy changes. In addition, malignant
cells were detected in the lesser curvature lymph node
(LN) (6/7), pyloric LN (2/3), greater curvature LN (3/4),
and posterior pancreas head LN (1/1). Other lymph
nodes were negative, and no cancer cells were found in
the left adrenal gland. The patient received another five
cycles of XELOX and Herceptin regimen after recovery from the operation, and Herceptin treatment was
continued for 1 year. The main adverse effects related to
chemotherapy were grade 1 or 2 neutropenia and nausea.
No obvious adverse cardiac events were detected. The
patient refused postoperative radiotherapy but returned
for regular follow-ups every 3-6 mo. He has remained recurrence free 18 mo after the gastrectomy.

DISCUSSION
Although surgery remains the primary treatment modality
for gastric cancer, as part of a comprehensive treatment
regimen, the rate of local recurrence approaches 50%
in advanced gastric cancer, even after radical resection,
because of the biological characteristics of the tumors[6].
Therefore, integrated treatment models are used to improve the outcome in advanced gastric cancer. The aims
of neoadjuvant chemotherapy are tumor down-staging,
improved resection rates and decreasing the recurrence
rate of metastases. A meta-analysis of nine clinical trials
was presented at ASCO 2007[7], in which 2102 patients
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A

B

Figure 2 Radiological evaluation by computed tomography scan before (A) and after three cycles (B) of neoadjuvant therapy of trastuzumab combined
with oxaliplatin and capecitabine. The thickness of the stomach wall and the size of the lymph nodes had decreased dramatically.

were enrolled, with a median follow-up time of 5.3 years,
comparing outcomes between surgery with preoperative
chemotherapy and surgery alone. The analysis revealed
a statistically significant benefit in favor of adjunctive
preoperative chemotherapy, with a 4% increase in 5-year
survival rates (HR = 0.87, P = 0.003) and a 5% increase
in R0 resection rate (67% vs 62%, P = 0.03). In the
MAGIC trial[2], 503 patients were randomly assigned to
receive perioperative chemotherapy or surgery alone. The
results showed that the pathological staging of patients in
the surgery group was significantly higher compared with
those in the perioperative chemotherapy group. Among
all patients undergoing resection, there was a greater proportion of stage T1 and T2 tumors in the perioperative
chemotherapy group than in the surgery group (51.7%
vs 36.8%, P = 0.002). The resection rate was also notably
higher in the perioperative chemotherapy group than in
the surgery group. Among patients treated by radical surgery, resection was considered curative by the operating
surgeon in 169 of 213 patients (79.3%) in the perioperative chemotherapy group compared with 166 of 236 patients (70.3%) in the surgery group (P = 0.03).
HER2 is overexpressed in different kinds of tumors,
promoting tumorigenesis, progression and metastasis[8].
High HER2 expression was first detected in gastric cancer
by Fukushige et al[9] in 1986. Since then, HER2 amplification or overexpression has been reported in 7%-34% of
gastric tumors, with different expression rates in different sites[10]. ToGA was the first international, multicenter,
randomized phase Ⅲ clinical trial to investigate the efficacy of trastuzumab for locally advanced, recurrent or
metastatic inoperable gastric cancers. The trastuzumab
group showed a 26% reduced mortality rate, a 2.7-mo
increase in overall survival time and a 12% increase in
objective response rates[11]. In our case report, the patient
was diagnosed with gastric cancer with multiple lymph
node metastases along the left gastric and hepatic artery,
and at the left adrenal area; therefore, surgery alone was
not the first option. The patient was treated with trastuzumab and XELOX for three cycles and demonstrated a
partial response. After successful surgical resection, the
pathology report showed fibroplasia and inflammatory
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cell infiltrations, indicating chemotherapy-related changes.
In our case, we used a perioperative trastuzumab/oxaliplatin/capecitabine regimen in an advanced gastric
cancer patient, which resulted in an improved preoperative condition and successful resection without recurrence for 1 year after treatment. Wang et al[12] and Sbitti et
al[13] had reported successful neoadjuvant/perioperative
trastuzumab medications for advanced gastric cancer
patients. Furthermore, there is the ongoing phase Ⅱ
NeoHx study (NCT01130337)[14], the preliminary results
of which were reported at this year’s ASCO meeting. In
the NeoHx study, 36 HER2-overexpressed gastric cancer
patients were enrolled to receive perioperative treatment
with trastuzumab in combination with capecitabine and
oxaliplatin. The R0 resection rate was 78%, and the pCR
rate was 19%. These results highlight the usefulness of
perioperative HER2 targeting. Trastuzumab neoadjuvant
treatment for HER2-positive gastric cancers should be
further investigated by randomized, controlled phase Ⅲ
clinical trials.

COMMENTS
COMMENTS
Patient characteristics

A 63-year-old male with a family history of gastric cancer complaining of acid
reflux, anorexia and upper abdominal fullness.

Clinical diagnosis

Adenocarcinoma in the gastric antrum, with lymph node metastases along the
left gastric and hepatic artery, and left adrenal area.

Differential diagnosis

All other related diseases could be excluded.

Laboratory tests

White blood cell 5200/μL; hemoglobin 101 g/L; carcino-embryonic antigen 137
ng/mL; alpha-fetoprotein 1693 ng/mL; hepatic and renal function tests were
within normal limits.

Imaging results

Gastroscopy images showed antral deformation and massive ulcers covered
with a white smear. The surrounding mucosa was irregular with a rigid texture,
and there were lesions involving the distal antrum, pylorus and gastric angle.
Positron emission tomography-computed tomography (PET-CT) and an enhanced abdominal CT showed lymph node metastasis along the left gastric and
hepatic arteries.

Pathology results

A moderately differentiated adenocarcinoma in the gastric antrum with human
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epidermal growth factor receptor 2 (HER2) expression was detected. Cluster
amplification was demonstrated in a fluorescence in situ hybridization assay.

Treatment

7

Neoadjuvant capecitabine/oxaliplatin regimen in combination with herceptin,
followed by surgical resection.

Related reports

It is generally accepted that successful surgical treatment of advanced gastric
cancers relies on preoperative chemotherapies. Combining conventional cytostatic drugs with herceptin for HER2-positive tumors is still in the experimental
phase.

8
9

Experiences and lessons

The usefulness of perioperative HER2 targeting and trastuzumab neoadjuvant
treatment for HER2-positive gastric cancers should be further investigated by
randomized, controlled phase III clinical trials.

Peer review

Accumulation of successful cases with HER2 positive gastric cancer treated
with preoperative trastuzumab and standard chemotherapy is important for
clinical practice.
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Core tip: Portal vein arterializations of patients with
portal vein reconstruction difficulties (e.g. , extensive
portal thrombosis, portal venous cavernous transformation and decreased portal vein perfusion) suggest that
this technique is an effective treatment for liver transplantation patients; however, we should also pay close
attention to preventing postoperative complications.
Zhang K, Jiang Y, Lv LZ, Cai QC, Yang F, Hu HZ, Zhang XJ.
Portal vein arterialization technique for liver transplantation
patients. World J Gastroenterol 2014; 20(34): 12359-12362
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12359.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i34.12359

INTRODUCTION

Abstract
Liver transplantations were performed on two patients
with hepatic failure caused by liver cirrhosis. Hard obsolete thrombi and portal venous sclerosis were observed
in the major portal veins of both patients. The arteria
colica media of one recipient and the portal vein of
the donor were anastomosed end-to-end. The hepatic
artery of the first donor was anastomosed end-to end
with the gastroduodenal artery of the first recipient;
meanwhile, the portal vein of the second donor was
simultaneously anastomosed end- to-end with the common hepatic artery of the second recipient. The blood
flow of the portal vein, the perfusion of the donor liver
and liver function were satisfactory after surgery. Portal
vein arterialization might be an effective treatment for
patients whose portal vein reconstruction was difficult.

Portal vein thrombosis (PVT) occurs at a rate of 2%-19%
among patients before liver transplantation. This complication can impede portal vein reconstruction during
transplantation. In the past, portal vein thrombosis was
considered a contraindication for liver transplantation.
Using portal vein arterialization, however, the portal vein
or its branches are connected with the arterial blood,
which can increase or substitute for portal vein perfusion
into the new liver. This method was previously usually
used among patients with portal vein hypertension or
hilar cholangiocarcinoma. We used this liver transplantation method for patients whose portal vein could not
be reconstructed because of severe portal vein thrombi.
The therapeutic effects were positive.

CASE REPORT

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Portal vein arterialization; Liver transplan-
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tation; Portal vein; Postoperative complication; Donor

Patient one was a fifty-year-old male with a 5-year history of fatigue, abdominal distension and ascites. Fur-
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Figure 1 Case 1 imaging diagnosis. A: Computed tomography scan of the upper abdomen (portal vein thrombi) (arrow); B: Donor liver after the arterial venous circulation was opened; C: Alanine aminotransferase (ALT) and total bilirubin (TB) levels after transplantation; D: Computed tomography angiography of the upper abdomen (pedestrian vehicle accident anastomotic stoma).

thermore, he experienced hematemesis more than twice
and had a 15-year history of hepatitis B. Color Doppler
and computed tomography (CT) tests both indicated that
thrombi existed in the portal vein (Figure 1A). This patient was diagnosed with decompensated cirrhosis, portal
vein hypertension complicated with upper gastrointestinal
hemorrhage, portal vein thrombi (Genotype-Ⅳ) and hypersplenism. Moreover, hepatatrophy, megalosplenia, portacaval collateral, portal venous sclerosis and portal vein
thrombi were observed during surgery. The patient’s enlarged spleen and sclerotic liver were removed; his portal
vein was reconstructed via a donor portal vein/recipient
arteria colica media end-to-end anastomosis after the
thrombi were removed. During surgery, we found that
the blood flow of the portal vein was insufficient, and
the portal vein showed poor elasticity. After the portal
vein stoma was removed, we found a new thrombus in
the portal vein. Thus, we decided to ligate the recipient’
s portal vein and anastomose the recipient’s colica media
and the donor’s portal vein end-to-end. The transplanted
liver received sufficient blood perfusion after the stoma
opened, and the donor’s portal vein had sufficient elasticity (Figure 1B). The patient’s liver function became
normal one week after surgery (Figure 1C), and he left
the hospital 40 d later in a healthy condition. The stoma
of the recipient’s colica media and the donor’s portal
vein were slightly stenotic, and blood flow remained
sufficient three months after surgery, according to a CT
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scan (Figure 1D). The patient has remained healthy for
three years, and his liver functions are all normal.
Patient two was a forty-one-year-old male with a history of multiple events of obnubilation over seven years,
although the severity of this disease increased over the
ten days before surgery. In addition, he had a history
of hepatitis B for approximately twenty years. A splenectomy and devascularization around the cardia were
performed ten years ago; a hemostasis treatment with
a hardener injection under gastroscopy was performed
twice after the operation because of upper gastrointestinal hemorrhaging. A CT scan revealed liver cirrhosis
with esophageal and gastric varices, as well as widespread
thrombi in the superior mesenteric and portal veins (Figure 2A). Patient Two was diagnosed with hepatitis B with
liver cirrhosis (decompensation stage), hypertension of
the portal vein with upper gastrointestinal hemorrhaging and thrombosis in the portal vein (Type Ⅳ). During
the operation, we observed severe liver cirrhosis and
that the widespread portal vein thrombosis was hard: the
latter was difficult to remove. At that point, we decided
to treat this patient via primary liver transplantation and
portal vein arterialization. The common hepatic artery
of the recipient and the portal vein of the donor were
anastomosed end-to-end (Figure 2B), and successful
liver perfusion was accomplished after the anastomosis
was opened. Liver function gradually became normal
one week after the operation (Figure 2C); the diameter
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Figure 2 Case 2 imaging diagnosis. A: Computed tomography scan of the upper abdomen (portal vein thrombi); B: Computed tomography angiography of the upper abdomen [pedestrian vehicle accident (PVA) anastomotic stoma]; C: PVA anastomotic stoma (liver artery of the donor, gastroduodenal artery of the recipient and
the common hepatic artery of the recipient); D: Alanine aminotransferase (ALT) and total bilirubin (TB) levels after transplantation.

of the graft portal vein enlarged and the anastomosis
was kept smooth according to a CT scan one month after the operation (Figure 2D). Acute rejection occurred
with regard to the transplanted liver twenty-five days
after the operation, which was cured using a hormone
impact treatment (urbason, 300 mg/d for three days).
Unfortunately, the patient was unable to continue the
therapy sixty days after transplantation because of a severe pulmonary infection and acute renal failure; he died
of these diseases shortly thereafter.

DISCUSSION
The portal vein plays an important role in maintaining
the blood perfusion and function of the liver. If portal
vein thrombi cannot be removed or if blood perfusion does not recover even after their removal, then the
portal vein of liver transplantation patients cannot be
reconstructed as usual. The portal vein arterialization
technique might bring new hope to these patients.
For liver transplantation patients whose portal vein
could not be reconstructed because of the severe portal
vein thrombi, the techniques most often used have been
portal vein and inferior vena cava end-to-end or sideto-side anastomosis or portal vein arterialization. The
former was first reported by Tzakis et al[1], and it has
been widely used and reported in our country. The latter
technique was first reported by Charco et al[2] with regard
to three patients in 2001; however, few reports of liver
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transplantations using this method exist after that study.
In the current research, the thrombus was removed
from one patient; however, the blood flow through the
portal vein decreased. Moreover, the portal vein thrombi
could not be removed from the other patient. Portal vein
arterialization was then used on these patients, and the
operations were successful. The patients’ liver functions
recovered smoothly; one patient survived for three years
after the operation, and no abnormal findings were detected at the follow-up liver function evaluation.
Portal vein arterialization might maintain normal
liver blood perfusion in liver transplantations. Animal
research has verified that liver functions, blood ammonia level, blood bile acid level and liver cell morphology
remain normal after portal vein arterialization. Alanine
aminotransferase (ALT), AKBR and the oxygen partial
pressure of the portal and hepatic veins were significantly improved. Increasing the oxygen supply after
portal vein arterialization might effectively prevent acute
hepatic failure[3], and the energy metabolism of liver
cells might also be improved. Compared with the nonarterialization group, the serum aspartate aminotransferase (AST) and ALT of the arterialization group did not
show significant differences during the 2nd hour after the
operation (P > 0.05); however, the serum AST and ALT
levels were significantly decreased during the 12th hour
among the arterialization group (P < 0.01 and P < 0.05,
respectively). Compared with the non-arterialization
group, the adenosine triphosphate (ATP) content of the
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liver tissue and the EC value were significantly increased
at the 2nd, 6th and 12th hour in the arterialization group (P
< 0.01 and P < 0.05, respectively). Hepatic pathological
changes were progressively exacerbated with the prolonged duration of ischemia in the non-arterialization
group, whereas the injury of hepatic cells in the arterialization group was mild[4]. These results provided the
theoretical foundations for the clinical use of portal vein
arterialization. However, we should also keep in mind
that this technique is a type of non-physiological condition. This technique might increase the blood perfusion
through the portal vein, blood pressure and oxygenation
oxyhydrase; furthermore, it might decrease the trophic
factors of the hepatic inflows[5]. Hepatic microcirculation
turbulence and the hepatocellular apoptosis ratio might
both be increased because of overperfusion after portal
vein arterialization[6]. The overperfusion of arterial blood
into the liver via the portal vein might cause certain
harmful effects; in particular, increased risk of liver cirrhosis[7]. Partial portal vein arterialization or blood flow
restriction after total portal vein arterialization might be
used as prophylaxes, and these techniques play important
roles in maintaining the normal physiological function
of transplanted livers[8]. Portal vein arterializations might
also cause portal venous system blood stasis. This effect might increase upper gastrointestinal bleeding after
transplantation. Portacaval or mesocaval shunts might
be able to remit this condition. Portal vein arterializations result in acceptable survival rates with regard to
spontaneous outcomes among patients with completely
de-arterialized livers. Managing complications (especially
pulmonary hypertension) after the procedure is challenging. Portal vein arterialization might represent a salvage
option or a bridge to liver re-transplantation, thereby
enabling curative resections for locally advanced HPB
cancers with vascular involvement[9].
Generally, the results of portal vein arterialization
performed on the current patients suggested that this
technique is an effective treatment for liver transplantation patients with portal vein reconstruction difficulties
(e.g., extensive portal thrombosis, portal venous cavernous transformation and decreased portal vein perfusion);
however, we should also pay close attention to preventing postoperative complications.

Treatment

The hepatic artery of the first donor was anastomosed end-to-end with the gastroduodenal artery of the first recipient; meanwhile, the portal vein of the second
donor was simultaneously anastomosed end-to-end with the common hepatic
artery of the second recipient.

Experiences and lessons

The blood flow of the portal vein, the perfusion of the donor liver and liver function were satisfactory after surgery. Portal vein arterialization might be an effective treatment for patients whose portal vein reconstruction was difficult.

Peer review

This is an important contribution to the literature. It adds two more case reports
to the literature of a rarely done procedure. The authors have included caval
portal hemianastomosis and vein interpositions.
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Abstract
Bile duct injuries (BDIs) are difficult to avoid absolutely
when the biliary tract has a malformation, such as accessory hepatic duct. Here, we investigated the management strategies for BDI combined with accessory
hepatic duct during laparoscopic cholecystectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bile duct injuries; Accessory hepatic duct;
Laparoscopic cholecystectomy; Management strategies;
Hepatoenterostomy
Core tip: We reviewed the management strategies of
four cases of bile duct injuries during laparoscopic cholecystectomy because of accessory hepatic duct. The
results will help surgeons select the appropriate treatment strategy.
Ren PT, Lu BC, Yu JH, Zhu X. Management of bile duct injuries
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combined with accessory hepatic duct during laparoscopic cholecystectomy. World J Gastroenterol 2014; 20(34): 12363-12366
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i34/12363.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
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INTRODUCTION
Laparoscopic cholecystectomy (LC) is always considered
as the gold standard for cure of benign gallbladder disease. However, the widespread adoption of LC has led to
an increased frequency of bile duct injuries (BDIs), which
are difficult to manage and may induce a series of serious
complications[1-3]. Accessory hepatic duct, a malformation of high-location biliary tract, is infrequently found
but often induces BDI during LC[4,5]. BDI combined with
accessory hepatic duct is still seldom reported and the
treatment is controversial. Therefore, we investigated the
management strategies for BDI combined with accessory
hepatic duct during LC through case studies.

CASE REPORT
Eleven cases of BDI (0.23% in all 4820 cases with LC)
occurred during LC from January 2001 to December
2008 in our institution. Four cases combined with accessory hepatic duct were enrolled in our study, and the
incidence of accessory hepatic duct was 36.4% in all BDI
cases (4/11).
Case 1
BDI was recognized during the operation and management was performed by LC. Right hepatic duct and accessory hepatic duct were transected close to the liver
tissue, and the left hepatic duct was torn about 10 mm
from the liver tissue. Common hepatic duct injury was
also confirmed in this case.
After dissociation of connective tissue from the porta
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Figure 1 Diagrammatic sketch of Case 3 before and after management. A: BDI was recognized during the operation, four bile ducts were transected (including
left hepatic duct, right hepatic duct, and two accessory hepatic ducts); B: An accessory bile duct was ligated and a Roux-en-Y hepatojejunostomy was performed to
manage BDI. BDI: Bile duct injuries.

hepatis, we inserted a 2.5-mm silicone tube into the left
hepatic duct and fixed it with an absorbable ligature. One
of the transverse arms of a 12Fr T tube was inserted into
the right hepatic duct with internal fixation. The injured
accessory hepatic duct was sheared at the level of the hepatic capsule. A Roux-en-Y hepatojejunostomy was performed among the jejunum, fascia of the porta hepatis,
and portal vein sheath. The silicone tube and T tube (the
other arm was inserted into the jejunum) were led out of
the jejunum about 15 cm from the anastomosis. Eleven
weeks after the operation, the silicon tube was slipped
off by self-motion. Eighteen weeks after the operation,
the T tube was removed, and liver function was normal.
Postoperative recovery was uneventful and the patient
recovered well during 4 years follow-up.
Case 2
BDI was recognized during the operation and management was performed by LC. The right hepatic duct and
accessory hepatic duct that arose from the left branch of
the bifurcation of the hepatic duct were transected. Left
hepatic duct and common hepatic duct were torn.
The management was similar to Case 1, except for a
3-mm silicon tube instead of the T tube. The two silicon
tubes drained well after the operation. However, the patient suffered from bile leakage from 3 d after surgery.
At 16 d after the operation, the abdominal drain became
clear. Six months post-surgery, both the silicon tubes
were removed, and liver function became normal. The
patient recovered well during 2 years follow-up.
Case 3
BDI was recognized during the operation and management was performed by converting to laparotomy. The
right hepatic duct and two accessory hepatic ducts were
transected respectively. The common bile duct, common
hepatic duct and left hepatic duct were all torn (Figure 1A).
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In this case, the injured bile ducts were slim around
the porta hepatis and one of the accessory hepatic ducts
arose from the hepatic duct bifurcation. The posterior
wall of the left hepatic duct and common bile duct were
repaired and an accessory bile duct was ligated (Figure
1B). Three silicon tubes (2-2.5 mm) were inserted into
the left hepatic duct, right hepatic duct, and another accessory bile duct as stents (Figure 1B). The anterior wall
was repaired using a round ligament. Recovery of the
patient was uneventful. Cholangiography demonstrated a
dilated left hepatic duct with a narrow right hepatic duct,
but without bile leakage. Liver function tests revealed
slightly elevated enzyme levels and bilirubin during 20 mo
follow-up, therefore, bile duct stricture was diagnosed.
The patient underwent a Roux-en-Y hepatojejunostomy
instead of cholangioenterostomy because of conglutination after laparotomy. At 12 mo after the operation, liver
function became normal, without any symptoms.
Case 4
BDI was diagnosed at 5 d postoperatively and a second
operation was performed. The right hepatic duct and accessory hepatic duct were transected. The common bile
duct, common hepatic duct and left hepatic duct were all
torn.
The posterior wall of the common bile duct, common hepatic duct, left hepatic duct and right hepatic duct
were repaired in the second operation. A 3.5-mm silicon
tube was inserted into the left hepatic duct, and two arms
of a 12Fr T tube were inserted into the right hepatic duct
and accessory bile duct as a stent. Both drainage tubes
were led out of the common bile duct. The anterior wall
of the bile duct was repaired with a round ligament and
enfolded with epiploon. Bile leakage was diagnosed at 5
d after the second operation, improved at 23 d, and the
abdominal drain was removed at 36 d after the second
operation. Ten months later, postoperative cholangi-
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ography showed no serious problem except for mild
stricture of the right hepatic duct. Alkaline phosphatase,
γ-glutamyltransferase and bilirubin were slightly elevated
and returned to normal at 2 years post-surgery.

DISCUSSION
High-location BDI is a serious complication of LC and
anatomic malformation is an important risk factor for
it. In our experience, BDI combined with accessory bile
duct were seen in 4/11 (36.4%) bile duct ligation cases
and 4/4820 (0.083%) of all LC cases, which is similar
to other reports[6,7]. Anatomic abnormality of the bile
ducts, acute or chronic cholecystitis, and lack of experience were important causes in all our cases. The hepatic
ducts of patients who have accessory hepatic ducts are
always thinner and longer than those of patients who
have a typical anatomical structure. It is always difficult
for surgeons to identify cystic ducts, hepatic ducts and
accessory hepatic ducts. Moreover, changes in anatomical structure, tissue adhesion and hemorrhage during
surgery, which were induced by acute cholecystitis (Cases
1 and 2), or chronic but repeating cholecystitis (Case 4),
were other key causes of bile duct dissociation and injury.
Even more remarkably, the high-location BDI combined
with accessory bile duct is always difficult to repair and
reoperation is unavoidable if early repair fails.
No doubt, experience and adept practice are effective
approaches to avoid BDI, but are they enough? Accessory hepatic duct is always ignored when Calot’s triangle
is difficult to divide, especially in cases with severe adhesion, stone impact, atrophy, and Mirrizzi syndrome[6].
Furthermore, the right and left hepatic ducts are usually
narrower but longer when accessory bile ducts arise (as in
Case 3). Therefore, it is important to establish a standard
management for BDI combined with accessory hepatic
duct during LC.
Early diagnosis is the first step of management for
BDI[7]. It is necessary for surgery to exam if there is bile
escaping from the fossa of the gallbladder, and if there
is another duct in the excision apart from the cystic
duct. Intraoperative cholangiography is another effective
method for early detection of BDI. After surgery, some
symptoms must be paid attention, such as obstructive
jaundice excluded residual stones in the bile duct, bile
leakage from the abdominal drain, severe abdominal pain,
and postoperative bile peritonitis is diagnosed by peritoneocentesis. All of these demonstrate BDI and require
treatment.
Routine end-to-end hepatoenterostomy or other similar methods may not be enough for cure of BDI combined with accessory bile duct, because of postoperative
bile duct narrowing and technical difficulty[8]. In our opinion, a Roux-en-Y hepatojejunostomy with internal drainage performed in one-stage is the preferred management
strategy (Cases 1 and 2). The advantage of this procedure
is that repair of proximal BDI is possible regardless of
the accessory bile duct and the size or site of the injured
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bile duct.
Round ligament was recognized as an ideal method to
repair biliary tract wall in our study (Cases 3 and 4). Although bile duct stricture occurred after 20 mo because
of scarring around the anastomosis in Case 3, the problem was resolved by hepatoenterostomy and achieved a
good outcome. Some studies have suggested the use of a
stent in the bile duct stump[9]. Proponents of this method
state that the drainage tube can support the bile duct and
reduce the incidence of stricture. We assume it is more
important to operate carefully, shear clear of the bile duct
stump, and remove the injured bile duct. The healthy
bile duct stump can be preserved in the bowel cavity,
thus scarring or inflammation around the anastomosis
has only a mild influence on it. Experienced hepatobiliary surgeons appear to be necessary to ensure optimal
results. Bile duct stumps surrounded with hepatic tissue
ensure that the anastomosis is tension free.
BDI with accessory hepatic duct is difficult to avoid
absolutely, but it can be managed with appropriate treatment. We have described four cases of BDI combined
with accessory hepatic duct in an 8-year period in a total
of 4820 cases, which suggest management strategies for
this special high-location BDI. We conclude that hepatoenterostomy combined with morioplasty with round
ligament, may be an option to consider in life-threatening
injuries involving the hepatic duct bifurcation and accessory hepatic duct.
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e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Abstract
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abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
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than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
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(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used
in E-version of this journal.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1

WJG|www.wjgnet.com

Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:

IV

September 14, 2014|Volume 20|Issue 34|

Instructions to authors

Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours
V. Proceedings of the 5th Germ cell tumours Conference;
2001 Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end
page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

WJG|www.wjgnet.com



September 14, 2014|Volume 20|Issue 34|

Instructions to authors

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

PUBLICATION FEE

Language evaluation
The language of a manuscript will be graded before it is sent for revision. (1) Grade A: priority publishing; (2) Grade B: minor language
polishing; (3) Grade C: a great deal of language polishing needed; and
(4) Grade D: rejected. Revised articles should reach Grade A.

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1398
USD per article. All invited articles are published free of charge.

Copyright assignment form
Please download a Copyright assignment form from http://

WJG|www.wjgnet.com

VI

September 14, 2014|Volume 20|Issue 34|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
34

9   7 7 10  0 7   9 3 2 0 45

© 2014 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2014 September 21; 20(35): 12367-12712

Published by Baishideng Publishing Group Inc

Editorial Board
2014-2017
The World Journal of Gastroenterology Editorial Board consists of 1353 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 68 countries, including Albania (1), Algeria (1),
Argentina (7), Australia (31), Austria (9), Belgium (10), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia
(1), Canada (25), Chile (4), China (161), Croatia (1), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland
(6), France (17), Germany (56), Greece (31), Guatemala (1), Hungary (14), Iceland (1), India (33), Indonesia (2), Iran
(10), Ireland (9), Israel (18), Italy (195), Japan (151), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1),
Mexico (10), Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12),
Portugal (8), Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South
Korea (64), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and Tobago
(1), Tunisia (2), Turkey (56), United Kingdom (47), United States (173), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Saleh A Naser, Orlando
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid
GUEST EDITORIAL BOARD
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei
Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei

WJG|www.wjgnet.com

Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung
Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua
MEMBERS OF THE EDITORIAL
BOARD

Albania
Saadi Berkane, Algiers

Algeria
Samir Rouabhia, Batna

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires



Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

March 26, 2014

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver

WJG|www.wjgnet.com

Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing

March 26, 2014

Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki

WJG|www.wjgnet.com

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
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Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras

VII

Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
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Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
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Abstract
Successful escape from immune response characterises
chronic hepatitis C virus (HCV) infection, which results
in persistence of infection in about 80% of the patients.
The deleterious consequences are cirrhosis and hepatocellular carcinoma. HCV accounts the most frequent
cause for hepatocellular carcinoma (HCC) and liver
transplantation (LT) in the western world. The underlying molecular mechanisms how HCV promotes tumor
development are largely unknown. There is some in
vitro and in vivo evidence that HCV interferes with the
tumor suppressor PML and may thereby importantly
contribute to the HCV-associated pathogenesis with
respect to the development of HCC. The tumor suppressor protein “promyelocytic leukemia” (PML) has
been implicated in the regulation of important cellular
processes like differentiation and apoptosis. In cancer
biology, PML and its associated nuclear bodies (NBs)
have initially attracted intense interest due to its role
in the pathogenesis of acute promyelocytic leukemia
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(APL). More recently, loss of PML has been implicated
in human cancers of various histologic origins. Moreover, number and intensity of PML-NBs increase in
response to interferons (IFNs) and there is evidence
that PML-NBs may represent preferential targets in viral
infections. Thus, PML could not only play a role in the
mechanisms of the antiviral action of IFNs but may also
be involved in a direct oncogenic effect of the HCV on
hepatocytes. This review aims to summarise current
knowledge about HCV-related liver carcinogenesis and
to discuss a potential role of the nuclear body protein
PML for this this hard-to-treat cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Promyelocytic leukemia;
Nuclear bodies; Hepatocellular carcinoma; Apoptosis
Core tip: Escape from immune response and non-responsiveness to interferon-therapy are frequently observed
in hepatitis C virus (HCV) infection. HCV infection leads
to severe liver disease like cirrhosis and hepatocellular
carcinoma and is the major cause for hepatocellular
carcinoma and liver transplantation in the western
world. Interestingly, HCV interferes with tumor suppressor promyelocytic leukemia (PML) function in apoptosis.
PML localises to multi-protein complexes termed nuclear bodies (NBs). The number and the size of PML NBs
are increased upon interferon-treatment and PML NBs
represent preferential targets in viral infection. Accordingly, PML plays an important role in the antiviral action
of interferons.
Herzer K, Gerken G, Hofmann TG. Hepatitis C-associated liver
carcinogenesis: Role of PML nuclear bodies. World J Gastroenterol
2014; 20(35): 12367-12371 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i35/12367.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12367
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HEPATOCELLULAR CARCINOMA
The HCC, which accounts for 80%-90% of primary
liver tumors is the fifth most common cancer worldwide
and the third most common cause of cancer mortality[1].
While therapeutic options are scarse, liver transplantation
has become the treatment of choice for the early stage of
unresectable HCC patients because it offers complete tumor excision along with the removal of the carcinogenic
liver[2].
Chronic viral hepatitis B and C infections are the
most important risk factors, responsible for the majority of HCC worldwide[3]. While cirrhosis accounts as
precarcinogenic condition as such, hepatocarcinogenesis
is a multistep process and hepatitis viruses are supposed
to excert a direct oncogenic effect in hepatocytes[4]. It
has been proposed that HCC development requires a
combination of two mechanisms implying cell lysis and
stimulation of mitosis, leading to an accumulation of
molecular events necessary for transformation, followed
by increased neoplasia mediated by induction of recombinogenic proteins during chronic hepatitis. Thus, HCVrelated HCC is a consequence of accumulative somatic
mutations in the genome of virus-infected liver cells[5].
However, the exact mechanisms are either diverse or
not elucidated yet, making current available therapeutic
modalities for HCC largely inadequate. So far, cytotoxic
chemotherapy has proven ineffective and no first-line
therapy has emerged for advanced HCC[6]. Despite major efforts to improve diagnosis and treatment of HCC,
therapeutic options remain limited to local ablative procedures like transarterial chemoembolization (TACE) and
selective interne radiotherapy (SIRT) with liver transplantation (LT) being the only curative treatment approach.
Thus, the need for novel therapeutic agents and strategies
is obvious.
Chronic infection with hepatitis C virus (HCV) has
been causally associated with HCC[7]. Advances in imaging and treatment gave rise to some improvement in
prognosis of patients with HCV-related HCC, but outcomes are still unsatisfactory. Reasons for this unfavourable prognosis are considered to include high intrahepatic
tumor recurrence rates and sustained hepatic damage,
both resulting from HCV infection. Underlying HCVrelated hepatic damage may also impair liver function and
consecutively clinical outcome. Thus, prevention of HCC
recurrence and preservation of liver function are both
central issues for improving prognosis of patients with
HCV-related HCC.
The combination of pegylated interferone (PegIFN)
plus ribavirin (RBV) was the standard of care for HCV
infection for 10 years until 2011, when the first generation protease inhibitors boceprevir (BOC) and telaprevir
(TVR) were approved. For the other genotypes, the PegIFN plus RBV treatment regimen remained the standard of care. This treatment fails to eradicate HCV in
many chronically infected patients with additional side
effects. In those patients for who PegIFN was effective in
eradicating HCV, this treatment could have value in mini-
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mizing hepatic necrosis, inflammation and fibrosis, and
thus, reducing the incidence of HCC[8]. Several studies
have reported that IFN therapy, even after curative treatment for HCV-related HCC, could prevent HCC recurrence and improve survival[9]. Moreover, PegIFN-alpha
has been shown to effectively treat advanced hepatocellular carcinoma (HCC), even more so in combination
with 5-fluorouracil (5-FU)[10]. However, the mechanisms
by which IFN suppresses HCC recurrence, including
possible direct anti-tumor and anti-inflammatory effects,
remain uncertain.
Recently we described that the IFN-α increases the expression of the tumor suppressor TNF-related apoptosisinducing ligand (TRAIL) in hepatoma cells, a mechanism
that is mediated bei the promyelocytic leucemia protein
(PML)[11] indicating that enhanced expression of PML
and TRAIL and subsequent activation of death receptors
is a central feature in IFN-associated regulation of apoptosis in liver tumor cells[12]. Thus, TRAIL and PML may
account central components in IFN-mediated apoptosis
regulation and prevention of hepatocarcinogenesis.
Since the recent approval of several new direct acting antivirals (DAAs), IFN might become dispensable
and HCV therapy achieves currently a new milestone, as
some highly effective antiviral substances are now available and more are awaited[13]. Experts promise complete
eradication of the virus in the coming years. Thus, 2014
is the beginning of a new era of treatment options for
HCV infection and the consequences on the incidence of
HCC can eagerly be awaited.

PML NUCLEAR BODIES
Tumor suppressor protein PML localizes predominantly
to distinct nuclear domains termed PML-nuclear bodies (PML-NBs), multiprotein complexes implicated in
apoptosis regulation, cellular senescence and antiviral
response. PML-NBs are present in almost every human
cell type and appear as discrete nuclear dots. More than
50 different proteins have been localized to PML NBs,
which are defined by the two molecular marker proteins
PML and Sp100. PML-NBs can contain ribosomal proteins, transcription factors, transcriptional cofactors, as
well as oncoproteins and also viral proteins, which are
transiently associated with PML-NBs[14].
In leukemic blast of patients suffering from acute
promyelocytic leukemia, the PML gene is reciprocally
fused with the retinoic acid receptor α gene, thus resulting in
expression of an oncogenic PML-RARα fusion protein.
PML-RARα protein leads to disruption of PML-NBs
in numerous tiny microspeckles, and its expression leads
to cellular transformation and induction of leukemia.
Treatment of APL patient with all-trans retinoic acid or
arsenic trioxide (As2O3) causes reformation of PML-NBs
and triggers either terminal differentiation, apoptosis or
senescence of the blasts, which finally results in disease
remission. Investigations of PML-RARα transgenic and
PML-/- mice have demonstrated that PML inactivation
results in impaired induction of apoptosis by multiple
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apoptotic pathways, and PML-/- mice are highly susceptible to developing tumors when challenged by carcinogens[15]. Recently, comprehensive studies have shown
that PML protein is frequently lost in human cancers of
various histologic origins[16]. These observations demonstrate that PML is crucial for critical tumor-suppressive
pathways although its exact mechanism of action in most
tumors is largely unknown.
Remarkably, the promyelocytic leukemia (PML) gene
is a target of IFNs that is specifically up-regulated at the
transcriptional level. Multiple isoforms of PML have
been identified, most of which are found in the nucleus
where they can assemble to PML-NBs[17]. In addition,
PML deficiency has been linked to increased susceptibility to viral pathogens[18]. Recent reports suggest that
suppression of PML by hepatitis B virus surface antigen
interferes with cellular mechanisms responding to double-strand DNA damage repair or apoptosis induction,
potentially contributing to hepatocarcinogenesis associated with chronic hepatitis B virus infection[19,20].
Furthermore, it is well established that PML-NBs act
as platforms which are involved in the control of p53
activity[21]. PML isoform Ⅳ (PML-Ⅳ) serves as a p53
coactivator and colocalizes with numerous factors regulating p53 post-translational modification, in particular its
phosphorylation and acetylation, in PML-NBs, thereby
regulating p53 target gene expression and effector function. Although previous studies showed that HCV core
protein interacts with p53 and affects its function, the
reported effects of HCV core on p53 activity are not consistent[22,23]. We were, however, able to observe that HCV
core interacts with PML, thereby interfering with p53phosphorylation and activation and, thus, induction of
apoptosis which might result in HCV-associated hepatocarcinogenesis.

HCV INFECTION AND PML
Chronic infection with HCV is a major risk factor for the
development of HCC and, moreover, is considered as
the leading cause for liver transplantation in the western
world[24]. Some authors suggest the Hepatitis C virus-induced chronic inflammation and the effects of cytokines
in the development of fibrosis and liver cell proliferation
as major pathogenic mechanisms for HCV-associated
HCC development. On the other side, the HCV is an
RNA virus that does not integrate into the host genome
but HCV proteins interact in the cytoplasm with many
host-cell proteins, thereby influencing cell signalling, transcription, cell proliferation, apoptosis and translational
regulation[25]. Some convincing experimental evidence
suggests that HCV contributes to HCC development
by direct interference with pathways that promote the
malignant transformation of hepatocytes[26]. At least four
of the HCV gene products, namely HCV core, NS3,
NS4B and NS5A, have been shown to exhibit transformation potential in tissue culture[26]. Several studies
have investigated a potential role of the core protein in
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regulating apoptotic cell death. It has been demonstrated
to exert both, pro- and anti-apoptotic activities[27] and
in liver derived cells opposite and controversial effects
were observed. It was demonstrated that the core protein
might physically interact with the cytoplasmic domains
of CD95, TNF-R1 and the lymphotoxin-β receptor and
thereby enhances downstream signalling events of these
receptors[28]. Moreover, the core protein did also interact
with the death domain of FADD and with c-FLIP[29]. Because of the presence of a putative DNA-binding motif
and nuclear localisation signals, a possible function of the
core protein as a gene regulatory mediator has been suggested. However, interpretation of these data is difficult.
In the different studies, only scarse attempts have been
made in order to understand how HCV proteins could
interfere with apoptosis at the molecular level.
As a central apoptosis-modulating mechanism, HCV
core has also been reported to bind to p53. However, in
the different reports it either activates or inactivates p53
and its downstream target p21. As mentioned above,
our lab was able to shed some light on this controversy
demonstrating that HCV core inhibits p53-mediated
target gene expression through targeting predominantly
the coactivator function of promyelocytic leukemia protein (PML)-Ⅳ[30]. These findings strongly suggest that
in hepatoma cells the HCV core protein predominantly
interferes with p53 function through targeting PML and
not only p53, as suggested by previous reports[31-35]. Furthermore, these findings could provide an explanation for
the contradictory reports about the effect of HCV core
expression on p53 function, since they demonstrate a
prominent role of PML in this scenario, which might be
differentially expressed in the particular cell system used
in these studies.
In an attempt to reduce potential artifacts caused by
non-physiological overexpression in cell culture, HCV
transgenic mice have been generated. In those mice, liver
cell apoptosis was significantly reduced[36]. These and
other data suggest that HCV proteins might directly or
indirectly inhibit apoptosis rather than facilitate apoptosis.
Moreover, after crossing those mice with PML knock out
mice, the resulting HCV-transgenic PML-deficient mice
show a significantly higher sensitivity towards induction
of liver tumors[37]. These observations confirm a central
role of PML in HCV-associated development of liver
cancer.

CONCLUSION
While it is well established that PML mediates tumor
suppressive functions, including induction of apoptosis
and growth arrest, and PML has been reported to suppress the growth of breast and prostate cancer cells[38,39],
it is not known whether this protein modulates key tumor
suppressive pathways in the pathogenesis of liver tumors.
While HCV core impairs PML function but IFN-a induces PML expression, these observations might explain
the anti-hepatocarcinogenic effect of therapeutically ap-
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plied IFN in HCV infection: IFN -induced PML might
compensate the PML which is trapped by the virus.
These data support the potential usefulness of PML
in cancer gene therapy, including the treatment of various types of liver cancers, and suggest that the PML gene
can be effective in tumor cells resistant to p53-mediated
apoptosis, such as advanced liver cancer in adults. In addition, it will be interesting to treat tumors in HCV-transgenic PML-deficient mice with a liver-specific adenovirus
recombinantly expressing PML. Speculations that PMLreconstitution has a not only therapeutic but also preventive effect on hepatocarcinogenesis is intriguing and thus,
we would postulate a therapeutic potential for PML in
this setting.
An immunohistologic study of PML expression in
hepatocarcinogenesis describes differential overexpression of PML in dysplastic nodules versus in carcinoma
suggesting a differential regulation during the multistep
hepatocarcinogenesis[40]. To further elucidate a functional
role for PML in HCC, it would be interesting to address
the question, whether PML expression in HCCs is associated with chronic HCV infection and whether velocity
of disease progression correlates with alterations in PML
expression or defects in the PML gene.
While the induction of PML appears important for
enhanced expression of death receptors and apoptosis
in liver cancer, the binding partners of PML appear to be
quite diverse in different cell types. To understand its role
in transcriptional control, a major focus in the future will
therefore be to identify transcription factors with which
PML interacts upon IFN stimulation.
The availability of both IFN-responsive and nonresponsive lines together with availability of the HCV
replicon system in combination with techniques such as
array analyses will contribute to identify PML-regulated
target genes, which are involved in HCV replication. Subsequently, additional tumor suppressive pathways that are
regulated by PML upon IFN treatment might be identified in order to elucidate molecular mechanisms of HCVassociated hepatocarcinogenesis. Finally, new generation
DAAs must be assessed with respect to their potential to
influence the expression of tumor suppressors. Those
studies will provide new insights into the understanding of the use of old versus new HCV therapeutics with
respect to their potential for not only the treatment of
HCV infection but also to prevent hepatocarcinogenesis.
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Abstract
The association of chronic hepatitis C with immune related syndromes has been frequently reported. There
is a great range of clinical manifestations affecting various systems and organs such as the skin, the kidneys,
the central and peripheral nervous system, the musculoskeletal system and the endocrine glands. Despite
the high prevalence of immune related syndromes in
patients with chronic hepatitis C, the exact pathogenesis is not always clear. They have been often associated with mixed cryoglobulinemia, a common finding in
chronic hepatitis C, cross reaction with viral antigens,
or the direct effect of virus on the affected tissues. The
aim of this review is to analyze the reported hepatitis
C virus immune mediated syndromes, their prevalence
and clinical manifestations and to discuss the most supported theories regarding their pathogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Autoimmune; Extrahepatic manifestations; Cryoglobulinemia
Core tip: Autoimmune manifestations appear with an
elevated prevalence in hepatitis C virus (HCV) patients.
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Despite their frequency, the pathophysiology of most
of these syndromes is not adequately elucidated. We
searched thoroughly through the available data and
provided a summary of variable clinical manifestations
and immune mediated diseases presenting during
chronic HCV infection. The differences between HCVrelated autoimmune syndromes and other similar autoimmune diseases have been cited. Moreover, we listed
and critically analyzed the most supported theories
regarding their pathogenesis.
Tampaki M, Koskinas J. Extrahepatic immune related manifestations in chronic hepatitis C virus infection. World J Gastroenterol
2014; 20(35): 12372-12380 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i35/12372.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12372

INTRODUCTION
Chronic hepatitis C is a viral infection affecting 130-170000000
people worldwide. Its prevalence ranges from lower levels
in the developed countries (0.1% in certain areas of the
United Kingdom) to higher levels (15%-20%) in countries of the developing world[1]. Liver cirrhosis affects
15%-30% of hepatitis C virus (HCV) patients approximately 20-30 years after infection. However, apart from
liver disease, chronic HCV infection is also responsible
for many extrahepatic manifestations of variable etiology
of which a large proportion consists of immune mediated syndromes triggered by HCV. In other words, chronic
HCV infection through the activation of various not
adequately elucidated immunological mechanisms may
cause a broad range of hematological, neurological and
rheumatological syndromes[2] (Figure 1). The aim of this
review is to analyze the prevalence and the clinical characteristics of these autoimmune syndromes among HCV
patients and provide the available scientific information

12372

September 21, 2014|Volume 20|Issue 35|

Tampaki M et al . Autoimmunity in chronic HCV infection

regarding their pathogenesis.

and recently rituximab have been used in order to achieve
rapid disease response[6].

PROPOSED PATHOGENETIC
MECHANISMS
HCV molecular mimicry
Autoimmune manifestations in chronic HCV infection
have been associated with cross reactive immune reactions between epitopes detected on the viral polyprotein
and human proteins[3-5]. For example the existence of
common sequence homologies between cytochrome
P4502E1 and HCV-NS5b protein is responsible for the
production of auto-antibodies targeting self-proteins[4].
Another case of molecular mimicry is the homology
between NS5 region and three human protein nitrogen
oxide synthases, tyrosine kinase-Lck, proto-oncogene and
hepatic growth factor activator[5]. As a result, the resemblance of HCV epitopes to human auto-antigens may be
the triggering factor for the development of non-organ
specific auto-antibodies causing tissue injury and promoting inflammatory reactions.
Cryoglobulinemia
Cryoglobulins are monoclonal or polyclonal immunoglobulins that precipitate when exposed to low temperatures and are classified as type 1 consisting of only one
monoclonal immunoglobulin, type 2 consisting of mixed
monoclonal and polyclonal immunoglobulins and type
3 consisting only of mixed polyclonal immunoglobulins.
Type 2 and 3 cryoglobulinemia, also called mixed cryoglobulinemia (MC), are associated with chronic HCV infection[6]. The etiology of HCV-related MC is associated
with chronic lymphocyte stimulation induced by HCV.
This chronic stimulation leads to B-cell clonal expansion
resulting in the production of IgM immunoglobulins with
rheumatoid factor (RF) activity against anti-HCV specific
IgG immunoglobulins. In fact, it has been described that
HCV-related cryoglobulins and especially the IgG type,
show specificity against the HCV core and the NS3 and
NS4 epitopes[7]. The pathogenesis of MC-related manifestations is based on the deposition of cryoprecipitated
immune complexes on the wall of small vessels. These
complexes bind to C1q protein resulting in the activation
of the complement cascade and the induction of inflammatory reactions affecting the endothelium and leading
to the appearance of cryoglobulinemic vasculitis. This
condition may affect several organs with potential serious
complications. Cryoglobulins are detected in 40%-60%
of HCV patients and are accompanied by clinical manifestations in 5%-10% of them [8]. Some of the most
frequent manifestations are palpable purpura, arthritis,
peripheral neuropathy and kidney disease. The laboratory
findings accompanying this immune complex-mediated
syndrome are RF positivity and low complement levels.
The successful clearance of HCV with antiviral treatment usually leads to recession of cryoglobulinemic syndromes. However, in serious MC-related manifestations,
corticosteroid therapy, cytotoxic agents, plasmapheresis
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Direct effect of the virus
The direct effect of the virus on the affected tissues and
its correlation with extrahepatic immune syndromes will
be discussed along with the clinical manifestations being
analyzed in this review.

IMMUNE THROMBOCYTOPENIA
The elevated incidence of immune thrombocytopenic
purpura (ITP) in chronic HCV infection has been reported in a number of studies. However, the exact pathophysiology of this immune mediated syndrome appearing
in several viral infections is not clear yet. In a study comparing 120691 HCV-infected and 454905 matched HCVuninfected United States veterans from 1997 to 2004, the
incidence of ITP was found to be significantly higher
in the HCV infected group (P < 0.0001). The overall
incidence of ITP among the HCV-infected and HCV-uninfected veterans was 30.2 and 18.2 per 100,000 personyears respectively. Moreover HCV was associated with
ITP with a hazard ratio equal to 1.8 (95%CI: 1.4-2.3)[9].
Consequently, ITP is considered to be a common
immune complication of HCV infection. A very interesting fact is the existence of differences in the clinical
and laboratory findings between HCV patients fulfilling the criteria for chronic ITP and uninfected patients
with chronic ITP. For example, it has been shown
that patients with HCV-related ITP have less frequent
symptoms and higher platelet levels[10] (Table 1). These
findings suggest that HCV-related ITP and chronic ITP
share common immunological pathways but should be
approached as two different clinical entities. With respect
to pathogenesis, the most supported theory is based on
the production of anti-platelet antibodies, resulting in
platelet destruction through phagocytosis or through
complement-dependent cytotoxicity. As chronic HCV
infection is associated with the production of various
autoantibodies such as anti-nuclear antibodies or cryoglobulins, the development of autoantibodies targeting
the glycoproteins on the platelets’ surface has been put
under investigation in a number of studies. The most
common target of these antibodies is glycoprotein (GP)
Ⅱ b/ Ⅲ a, followed by GP Ⅲ a, GP Ⅱ b, GP Ⅰ b and
GP Ⅰa, as reported in a study of 30 thrombocytopenic
HCV patients[11]. In the same study, the levels of the
GP-specific antibodies were inversely correlated to the
patients’ platelet levels (P = 0.024). A possible mechanism for the development of anti-platelet specific antibodies in HCV infection was proposed recently, based
on findings concerning HIV-related thrombocytopenia.
The presence of anti-GPIIIA49-66 antibodies inducing
complement-independent platelet fragmentation in the
serum of HCV-HIV co infected patients was investigated. The study finally showed that HCV core envelope
1 causes the production of anti-GPIIIA49-66 antibodies
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Cerebral vasculitis,
encephalopathy, cognitive
disorders

Sjogren syndrome

Hypothyroidism

Membranoproliferative/membranous
glomerulonephritis

Thrombocytopenia
Lichen planus,
psoriasis

Symmetrical polyarthritis

Monoarthritis

Palpable purpura

Peripheral neuropathy

Figure 1 Immune manifestations of chronic hepatitis C.

Table 1 Differences in clinical and laboraratory findings between hepatitis C virus-related and non hepatitis C virus-related immune
[10,46,47,52]
syndromes
Immune syndrome

Features

HCV-related (% of patients)

Non HCV- related (% of patients)

Thrombocytopenia

Median age
Platelets levels < 10 × 109/L
Symptomatic thrombocytopenia
Cryoglobulinemia
Anti-cardiolipin antibodies
Clinical features
Anti-CCP antibodies
RF positivity
Cryoglobulinemia
Parotidomegaly
Liver involvement
Cryoglobulinemia
Anti-Ro/SS-A antibodies

54.9 ± 8 yr
4
64
90
62
Milder non-erosive form of arthritis
4-11
79-90
23
17
94
60
17

40.3 ± 8 yr
46
90
7
15
Erosive arthritis
75-83
65-81
15
47
3
10
38

Polyarthritis

Sjogren syndrome

HCV: Hepatitis C virus; Anti-CCP: Anti-cyclic citrullinated peptide antibodies.

by molecular mimicry, a mechanism that could possibly
be responsible for a number of autoimmune syndromes
induced by viral infections[12]. Finally another indication
for the existence of an immune mediated mechanism
leading to the appearance of thrombocytopenia in HCV
patients is the response to steroids and intravenous Ig
therapy[13].

NEUROLOGICAL MANIFESTATIONS
Chronic HCV infection has been associated with a variety of neurological manifestations, affecting the central
nervous system (CNS) as well as the peripheral nerves
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and muscles. The most frequent neurological syndromes
appearing in HCV patients are those correlated with MC
and the presence of small vessel vasculitis[14]. However, it
has been reported that in patients with MC-related vasculitic nerve lesions, the production of T helper 1 (Th1)
cytokines such as interferon gamma and tumor necrosis
factor alpha is enhanced while Th2 cytokines production
is reduced[15]. This predominant Th1 response causes the
activation of cytotoxic CD8+ T cells and monocytes that
infiltrate the affected area and possibly contribute to the
inflammation appearing in the nerve tissue. Moreover,
the role of the direct effect of HCV on the nerve tissues
has been recently investigated. This hypothesis is sup-
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Figure 2 Brain magnetic resonance imaging showing foci of demyelination in a hepatitis C virus patient with mixed cryoglobulinemia and pyramidal
signs[18].

ported by the fact that HCV RNA was detected in nerve
and muscle histopathological specimens from patients
with peripheral neuropathy and myositis without MC[16,17].
Peripheral neuropathy associated with MC in HCV
infection presents as mononeuropathy, multiple mononeuropathy, or polyneuropathy, with sensory neuropathy
being the most common of all[18,19]. Furthermore, the
severity of the symptoms has been associated with the
severity of cryoglobulinemia as expressed by the level of
cryocrit[19].
As already mentioned, studies reporting MC negative HCV patients with peripheral neuropathy point to
the direct role of HCV[20]. In a study comparing MC
positive and MC negative HCV patients with peripheral
neuropathy no significant differences in neuropathological characteristics were found, although patients with MC
appeared to have more severe alterations of the nerve tissue structure[21].
Furthermore, patients with HCV-related MC may
present with clinical syndromes affecting the CNS. Cerebral vasculitis may cause cerebrovascular events such
as ischemic stroke and lacunar syndrome resulting in
considerable morbidity[22,23]. In a study concerning 36
HCV patients with an ischemic stroke history, it has been
demonstrated that anti-neutrophil cytoplasmic antibodies (ANCA) were positive in 58% of the patients with
predominance of the c-ANCA pattern. Consequently, in
chronic HCV infection, the production and circulation of
a great range of autoantibodies apart from cryoglobulins
may be the cause of larger vessel vasculitis. Additionally,
MC-vasculitis affecting the CNS has been associated with
encephalopathy and cognitive impairment both accompanied by white matter high intensity signals in magnetic
resonance analysis[24,25]. Additionally, there has been a report of transverse myelitis attributed to chronic HCV infection with typical spinal MRI findings and clinical manifestations such as paraparesis and proprioceptive ataxia.
The patient in this case report was MC negative and the
demyelinative disorder was associated with the detection
of HCV RNA in the cerebrospinal fluid[26]. However,
demyelinative neuropathy affecting the CNS and causing
pyramidal signs has also been described in a patient with
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HCV-related MC (Figure 2)[18]. It should be noted that the
neurological symptoms receded after successful antiviral
treatment in both cases. Therefore, HCV seems to have a
definite role in the appearance of the above syndromes,
though the exact mechanism is not yet known.

RENAL MANIFESTATIONS
A significant part of the autoimmune manifestations related to chronic HCV infection are the clinical syndromes
involving the kidney. As indicated in other immune mediated clinical entities induced by HCV, MC is the main
underlying factor responsible for the appearance of renal
disorders.
The most common and best described renal syndrome
related to HCV infection is the MC related membranoproliferative glomerulonephritis (MPGN). Histological
findings indicate the presence of IgM immune complexes
in the glomeruli accompanied by low complement levels
in the patients’ serum (Figure 3). The clinical manifestations of this disease range from asymptomatic hematuria
and proteinuria to nephrotic syndrome and chronic renal
dysfunction[27]. On the other hand, MPGN has also been
observed in patients without cryoglobulinemia. In a recent study, it was shown that in HCV patients with MCrelated MPGN, IgM staining was the most dominant,
possibly due to the fact that cryoglobulins are mainly IgM
type, while in MC-negative patients, IgG staining was the
most typical finding[28]. Additionally, as described in a case
report of an HCV patient with MPGN and leucocytoclastic vasculitis, despite the lack of MC, the complement
levels in the serum were low[29]. This observation suggests
the existence of immune complexes formed by HCV antigens and antibodies along with complement without the
contribution of cryoglobulins.
Apart from MPGN, there are several other nephrological syndromes reported in patients with HCV infection.
Membranous glomerulonephritis is another relatively
common immunological manifestation in HCV patients
usually combined with the presence of immune complexes with or without cryoglobulinemia[30]. Moreover, focal segmental nephrosclerosis appearing with proteinuria
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B

Figure 3 Membranoproliferative glomerulonephritis in a hepatitis C virus
patient: endocapillary proliferation with extensive subendothelial deposits
along the glomerular capillary walls. Mesangial deposits are present as well
(electron microscopy), adapted from Ko et al[63].

and microhematuria responding to antiviral treatment has
been also associated with HCV-induced autoimmunity[31].
In a recent case report, MPO-ANCA positive Wegener’
s granulomatosis with pulmonary and renal involvement
in an HCV patient was documented[32]. Other reported
histological types of kidney disease in HCV patients are
benign nephrosclerosis, tubulointerstitial nephritis and
minimal change nephritic syndrome[33].
Finally, the reported appearance of MC-related MPGN
in 3 anti-HCV positive patients without detectable viral
load is another interesting finding. PCR testing for the
existence of HCV in peripheral blood mononuclear cells
and bone marrow cells was negative while HCV-NS3 antigen was detected in the glomeruli[34]. This observation
is further supported by the detection of HCV antigens in
renal tissues of patients with glomerulonephritis without
serologic proof of HCV infection[35]. Thus, HCV may reside in specific tissues even when it is not detected in the
circulation. However, it should be noted that false negative results may occur due to HCV RNA and anti-HCV
entrapment in the cryoglobulins.

CUTANEOUS MANIFESTATIONS
HCV infection has been associated with palpable purpura, lichen planus, psoriasis, and other syndromes with
dermatological manifestations[36,37]. It has been already
mentioned that a common manifestation of MC is palpable purpura caused by vasculitis of the small vessels of
the skin (Figure 4). As shown by histological examination,
leukocytoclastic vasculitis is the predominant pattern
in the skin biopsies (Figure 3). Furthermore, in a study
aiming to investigate the pathogenesis of skin manifestations due to MC vasculitis, the immunohistochemical
and direct immunofluorescence analysis offered some
interesting findings. HCV RNA was detected along with
CD8+ T suppressor cells infiltrating the perivascular and
subjunctional regions and inducing an inflammatory activity that involved keratinocytes and Langerhans cells[38].
Another study reported the detection of HCV in keratinocytes, ductal epithelial and vascular endothelial cells
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Figure 4 Cryoglobulinemic vasculitis affecting the skin. A: Palpable purpura (personal data); B: Leukocytoclastic vasculitis: predominantly lymphocytic
mixed inflammatory infiltrate involving small vessels in the dermis (hematoxylineosin, original magnification 200) adapted from Ko et al[63].

only in the affected skin of HCV patients with MC and
cutaneous vasculitis. HCV was not detected in normal
skin specimens from the same patients. Moreover, the severity of the symptoms was associated with the levels of
viremia[39]. In conclusion, autoimmune cutaneous manifestations in chronic HCV infection are the result of two
distinct mechanisms. The presence of viral particles in
keratinocytes, dendritic cells and the endothelium of the
blood vessels in the affected skin, possibly induces the
viral-dependent T-lymphocyte proliferation and infiltration of the tissues. Secondly the MC-related deposition
of immune complexes in the endothelium is responsible
for the appearance of cryoglobulinemic purpura.
Lichen planus, an inflammatory disease involving the
skin and the mucous membranes, is one of the first dermatological disorders associated with chronic HCV infection. HCV RNA has been isolated from lichen planus
skin lesions of HCV patients while it was not detectable
in normal skin biopsies from the same patients. Consequently, HCV may be considered as a triggering factor
for an immune mediated mechanism resulting in the appearance of lichen planus[40]. Psoriasis is another chronic
inflammatory skin disease with a reported correlation to
HCV and especially with antiviral interferon-based HCV
treatment[41]. Furthermore HCV infection has been reported to correlate with erythema nodosum and erythema multiforme. Both dermatological disorders are a result of immunological reactions affecting the skin, while
their exact connection with HCV remains unclear[42].
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of chronic HCV infection and is often accompanied by
palpable purpura. It affects medium and larger joints, predominantly the ankle. The detection of cryoglobulins in
the serum of these patients confirms the diagnosis[44,45].

Table 2 Non organ specific autoreactivity in chronic hepatitis
[64-68]
C virus infection
Autoantibodies Prevalence (%) Clinical significance
Cryoglobulins

40-60

ANA
SMA

1.6-32
6-19.3

LKM-1

0.5-2.5

AMA

0.5-1.4

Associated with cryoglobulinemic
vasculitis:
Palpable purpura
Kidney disease
Peripheral neuropathy
Arthritis
Controversial clinical significance
Often associated with:
Patients’ age
Fibrosis stage
Disease activity
No influence on treatment response

ANA: Antinuclear antibodies; SMA: Anti-smooth muscle antibodies;
LKM-1: Anti-Liver Kidney Microsomal Antibodies; ΑΜΑ: Antimitochondrial antibodies.

RHEUMATOLOGICAL MANIFESTATIONS
Arthritis
The involvement of joints in HCV patients presenting
with arthritis and arthralgias can be categorized in two
different clinical types. The first type is the most common one and appears as symmetrical polyarthritis of
small joints similar to rheumatoid arthritis (RA). The second one is MC-associated and appears as mono- or oligoarthriris affecting larger joints[43].
The rheumatoid-like arthritis reported in HCV patients is associated with a milder non-erosive form of
arthritis in comparison with typical RA. The presence of
HCV in the synovial tissue may be the cause of inflammatory arthritis, a hypothesis that needs to be confirmed
by further studies[44]. In a recent study of 21 HCV patients with polyarthritis, it has been shown that the levels
of interleukin 6 (IL-6) and the levels of its soluble receptors in their serum were higher than those measured in
healthy controls. Elevated IL-6 appears also in patients
with rheumatoid arthritis and plays an important role in
the pathogenesis of the disease[45]. The differential diagnosis between the two clinical syndromes apart from the
clinical differences is based on the testing for anti-cyclic
citrullinated peptide antibodies (anti-CCP). As reported
by a number of studies, rheumatoid factor is not a useful marker due to the fact that it is positive in both HCVrelated arthritis and RA. On the other hand, anti-CCP
antibodies are detected only in 4%-11% of HCV patients
with polyarthritis while their frequency in patients with
RA is 75%-83%[46,47]. These findings suggest that polyarthritis in HCV patients should not be associated with
rheumatoid arthritis.
MC-related arthritis is estimated to affect 10%-30%
of HCV patients. The chronic inflammation appearing
in the affected joints is induced by the deposition of
immune complexes in the synovial fluid. This type of
arthritis is associated with older age and a longer history
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Sjogren syndrome
Sjogren syndrome is an autoimmune disease affecting
the salivary and lacrimal glands, causing xerophthalmia
and xerostomia. It is sometimes accompanied by arthritis
and other systematic symptoms. A higher incidence of
this immunological disorder in HCV patients has been
previously noticed. The prevalence of Sjogren syndrome
in HCV patients is estimated to be 26% to 53% depending on the diagnostic criteria[48,49]. The existence of HCV
RNA in the salivary glands of HCV patients with Sjogren
syndrome is a controversial subject, while the most supported theory is the cross-reactivity between HCV antigens and the salivary gland tissue[50,51]. The immunological
parameters found in HCV patients fulfilling the criteria
for Sjogren syndrome appear to have some differences
from those reported in patients with primary Sjogren
syndrome. The prevalence of anti-SS-A and anti-SS-B
antibodies is lower in HCV patients, while the prevalence
of cryoglobulinemia, hypocomplementemia and antinuclear antibodies is higher. There are also clinical differences as HCV patients with Sjogren syndrome appear
to be older with less frequent parotidomegaly and higher
prevalence of liver involvement[52]. With respect to the
histopathological features, HCV patients showed a lesser
degree of inflammation with a predominance of CD8+
T lymphocytes in the salivary gland tissue[53]. Moreover,
HCV patients are reported to present with a different
serological cytokine pattern associated with T helper
type 2 response[54]. In conclusion, HCV related Sjogren
syndrome, though similar in many aspects with primary
Sjogren, is induced by immune mechanisms strongly associated with chronic HCV infection.
Other rheumatologic syndromes
Chronic HCV infection is often characterized by the presence of a number of auto-antibodies with or without
clinical manifestations (Table 2). Anti-cardiolipin antibodies have been reported though their clinical significance is
controversial[55]. In a multicenter study of HCV patients
with autoimmune diseases, anti-phospholipid syndrome
was one of the most frequently reported diseases, as well
as systemic lupus erythematosus (SLE)[56]. A possible correlation between SLE and HCV infection may be attributed to the fact that both syndromes are accompanied by the
presence of immune complexes, hypocomplementemia
and vasculitis. Patients affected by both HCV and SLE
appear less frequently with butterfly erythema and have
lower rates of positive anti-dsDNA antibodies, but present
more often with cutaneous vasculitis[57]. Finally, CREST
syndrome is considered a relatively rare autoimmune manifestation affecting HCV patients, while anti-centromere
antibodies are reported to be positive in 1% of them[58].
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THYROID DISORDERS
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Abstract
The risk of hepatocellular carcinoma (HCC) development increases as hepatitis virus C (HCV)-related liver
diseases progress, especially in patients with active
inflammation. Insight into hepatic carcinogenesis have
emerged from recent detailed analyses of transforming growth factor-β and c-Jun-N-terminal kinase signaling processes directed by multiple phosphorylated
(phospho)-isoforms of a Smad3 mediator. In the
course of HCV-related chronic liver diseases, chronic
inflammation and host genetic/epigenetic alterations
additively shift the hepatocytic Smad3 phospho-isoform
signaling from tumor suppression to carcinogenesis,
increasing the risk of HCC. Chronic inflammation represents an early carcinogenic step that provides a nonmutagenic tumor-promoting stimulus. After undergoing
successful antiviral therapy, patients with chronic hepatitis C could experience a lower risk of HCC as Smad3
phospho-isoform signaling reverses from potential
carcinogenesis to tumor suppression. Even after HCV
clearance, however, patients with cirrhosis could still
develop HCC because of sustained, intense carcinogenic Smad3 phospho-isoform signaling that is possibly
caused by genetic or epigenetic alterations. Smad3
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phospho-isoforms should assist with evaluating the effectiveness of interventions aimed at reducing human
HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic inflammation; c-Jun N-terminal kinase; Hepatitis C virus; Hepatocellular carcinoma; Smad3
phospho-isoform signaling; Transforming growth factor β
Core tip: The risk of hepatocellular carcinoma (HCC)
development increases in patients persistently infected
with hepatitis viruses, especially in patients with active
viral replication and inflammation. Our model suggests
that the chronic inflammatory state and the hepatitis
viruses themselves act in concert with genetic or epigenetic alterations to worsen human liver diseases by
promoting hepatic carcinogenesis. The affected hepatocytes are subject to such interactions until their descendants acquire other genetic or epigenetic alterations.
Even after the withdrawal of promoters such as chronic
inflammation and hepatitis viruses, the hepatocytes
could retain proliferative phenotypes, enabling some
pre-neoplastic hepatocytes to develop into HCC.
Yamaguchi T, Yoshida K, Murata M, Matsuzaki K. Smad3
phospho-isoform signaling in hepatitis C virus-related chronic
liver diseases. World J Gastroenterol 2014; 20(35): 12381-12390
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i35/12381.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i35.12381

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is characterized by intrahepatic lipid accumulation (steatosis),
variable degrees of progressive fibrosis, and long-term
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progression to cirrhosis and hepatocellular carcinoma
(HCC)[1,2]. This progression is attributed to the continuous activation of the immune response, with increased
production of pro-inflammatory cytokines[3]. Although
the causal relationship between chronic inflammation and
hepatic carcinogenesis is widely accepted, the molecular
and cellular mechanisms explaining this relationship remain unknown. Moreover, the polyprotein encoded by
the HCV genome contributes to hepatic carcinogenesis.
Over-expression of the HCV core protein induces HCC
in transgenic mice, and the nonstructural NS5A protein
has trans-activating properties that might alter patterns
of host gene expression to favor neoplastic transformation[4-8]. In addition, a full-length, infectious clone of
HCV cDNA stably replicating in hepatocytes has been
shown to stimulate hepatocytic growth and survival in
vitro and to accelerate tumor formation in vivo[9].
Hepatic carcinogenesis is a multistep process involving multiple cellular signaling pathways. Transforming
growth factor (TGF)-β signaling has important roles in
this process. HCV infection is associated with significant
increases in TGF-β in serum and liver samples[10]. Dysregulated, persistent TGF-β actions are thought to lead
to pathological states. TGF-β is a potent growth inhibitor
of hepatocytes, and is also considered the most potent
pro-fibrogenic cytokine; TGF-β accelerates liver fibrosis
by triggering the proliferation and transformation of hepatic stellate cells (HSCs) in HCV-infected patients[11-14]. A
series of studies have shown that c-Jun N-terminal kinase
(JNK) signaling communicates closely with TGF-β signaling to regulate hepatic carcinogenesis[15-18]. A consensus emerging from these studies is that the JNK pathway
could antagonize TGF-β induced growth inhibition and
favor the pro-invasive function of TGF-β[19]. Positive and
negative regulation occurs between the two pathways.
Recently, the majority of investigations into TGF-β
have concerned downstream regulatory events, particularly the components of TGF-β signaling[20]. Here, we
outline how TGF-β signaling is regulated by the JNK
pathway. We consider how influences such as chronic
inflammation, HCV, and somatic mutations additively
promote tumor formation. Finally, we discuss the reversibility of TGF-β signaling profiles between tumor
suppression and carcinogenesis in human HCV-related
chronic liver diseases.

JNK PATHWAY INDUCES HEPATIC
REGENERATION AND CARCINOGENESIS
The JNK pathway participates in physiological cell
growth and in malignant transformation. JNK activates
activator protein (AP)-1, which promotes the expression
of cyclin D and initiates the G0-G1 transition in the cell
cycle[21]. Upon partial hepatectomy, the pharmacologic
inhibition of JNK blocks c-Jun phosphorylation, AP-1
activation, and cyclin D1 expression, with the effect of
delaying regeneration[22]. Consistently, Jnk1-/- mice show
decreased liver regeneration following partial hepatec-
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tomy, and these mice have increased p21WAF1, which is
a cell-cycle inhibitor, and reduced expression of c-Myc,
which is a negative regulator of p21WAF1. A deficiency in
p21WAF1 was found to reverse the regeneration defect in
Jnk1-/-livers, indicating that JNK1 promotes hepatocyte
proliferation by inhibiting p21WAF1[23,24]. The most compelling evidence for a role of JNK in cancer initiation comes
from studies of HCC development in animal and human
models. JNK1-null mice exhibit impaired liver carcinogenesis with reduced tumor masses, sizes, and numbers
caused by increased expression of p21WAF1 and reduced
expression of c-Myc[23]. JNK1 is essential for mediating
the development of HCC that accompanies a loss of
hepatic nuclear factor-ĸB activity in mice[25-27]. JNK1 is
activated in a high percentage of human HCC cases[23,28],
and higher JNK1 activation is associated with a poorer
patient prognosis and the over-expression of several hepatic progenitor cell markers, such as CD133[29].

ONCOPROTEINS ENCODED BY THE
HCV GENOME PROMOTE HEPATIC
CARCINOGENESIS THROUGH THE JNK
PATHWAY
HCV, a single-stranded RNA virus that could not integrate into the host genome, has a predominantly cytoplasmic life cycle. All of the potentially pro-oncogenic events
are likely to be restricted to the cytoplasm, suggesting indirect mechanisms of hepatic carcinogenesis[6]. The HCV
genome has a long open reading frame that encodes a
polyprotein precursor. This polyprotein is cleaved by
host and viral proteases to generate 4 structural proteins
(C, E1, E2, and P7) and 6 nonstructural proteins (xlink,
NS3, NS4A, NS4B, NS5A, and NS5B)[6,8,30]. Although the
immune response to the virus and the consequent nonspecific chronic inflammation is central to the development of HCC, the HCV core protein has been shown to
induce HCC in transgenic mice and is suggested to play
a role in HCC development in cases of chronic hepatitis
C[5,6]. Exactly how the core protein acts in the development of HCC remains unclear[5]. However, the HCV
core protein has been shown to promote oxidative stress,
steatosis, and apoptosis, all of which might promote carcinogenesis. The HCV core protein induces activation
of the JNK pathway through a regulatory mechanism involving vascular endothelial growth factor[31]. Cells overexpressing the HCV core protein have decreased p21WAF1
protein half-life and increased c-Myc promoter in tissue
culture and in HCV core-expressing transgenic mice[4]. In
addition, NS5A acts as a positive regulator of the JNK
signaling pathway by interacting with tumor necrosis factor receptor associated factor (TRAF), which might play
a key role in HCV pathogenesis[4]. In an HCV infection
model, Lin et al[32] demonstrated that HCV directly induced TGF-β release from hepatocytes in a manner that
is dependent on the abundance of reactive oxygen species (ROS) and JNK.
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CHRONIC INFLAMMATION INDUCED BY
HCV INFECTION PROMOTES HEPATIC
CARCINOGENESIS THROUGH THE JNK
PATHWAY
A positive correlation between the amounts of pro-inflammatory cytokines, the intensity of necroinflammatory
activity, and the degree of liver fibrosis has been reported[33]. Injury-induced apoptosis and necrosis of hepatocytes activate Kupffer cells (KCs). In activated KCs, the
transcription of pro-inflammatory cytokines is induced,
most notably tumor necrosis factor (TNF)-α and TGF-β.
The binding of TNF-α to TNF receptor 1 leads to
the rapid formation of complex I, comprising TNFR
associated death domain, receptor interacting protein 1
(RIP1), TRAF2, cellular inhibitor of apoptosis (cIAP)-1,
cIAP2, and a dimeric ubiquitin (Ub)-conjugating enzyme
composed of Ubc13. The cIAP-mediated K63 ubiquitination of RIP1 recruits and activates TGF-β activated
kinase 1 (TAK1) [34,35]. TAK1 activates JNK through
mitogen-activated kinase kinase 4/7[36]. Complex Ⅰ also
contributes to ROS production through reduced nicotinamide adenine dinucleotide phosphate oxidase 1 and
Rac1. ROS accumulation promotes the prolonged activation of JNK by inactivating JNK phosphatases[37,38].
The inflammatory response triggered by HCV infection precedes tumor development and part of the
normal host defenses. In most cases, HCV subverts host
immunity and establishes persistent infections associated with chronic inflammation[39]. Chronic inflammation
drives a maladaptive reparative reaction and stimulates
liver cell death and regeneration, which is associated with
the eventual development of dysplastic nodules and cancer[40,41]. Accordingly, HCV-related liver disease progression is promoted by the synergistic action of HCV and
chronic inflammation, with chronic inflammation appearing to play the predominant role.

JNK DEPENDENT SMAD3 SIGNALING
THROUGH LINKER PHOSPHORYLATION
The receptor-associated activation of Smads, which include Smad2 and the very similar protein Smad3, is an
important intracellular mediator of TGF-β signaling.
Previous studies have shown mutual interactions between
the TGF-β-related JNK and Smad pathways[15,42-44]. The
JNK pathway could antagonize TGF-β-induced growth
inhibition, allowing for the acquisition of an invasive phenotype[45]. The nuclear function of Smad complexes could
be regulated by JNK1, which promotes binding to DNA
and supports diverse gene responses to TGF-β, leading to
an invasive phenotype[46]. TGF-β also induces the activation of non-Smad signaling pathways involving TAK1
and JNK[36].
In addition to the modulation of transcriptional
responses, linker phosphorylation of cytoplasmic Smad
proteins is critical for the integration of JNK signaling
with the TGF-β pathway. Linker phosphorylation of
WJG|www.wjgnet.com

Smad3 permits translocation into the nucleus and allows for further consequences of JNK signaling[47-51].
Thus, JNK signaling modulates or competes for a Smadmediated signaling pathway. JNK simultaneously activates
linker-phosphorylated Smad and nuclear transcription
factors binding the Smad complex, and these changes
typically occur in parallel. Accordingly, the linker-phosphorylated Smad pathway is difficult to assess in isolation.
To address this problem, we produced domain-specific
antibodies (Abs) that are able to distinguish between the
phosphorylated linker region and the C-terminal region
of Smad3[52]. These Abs allowed us to determine the
phosphorylation sites of Smad3 and the cellular location
of Smad3 in liver tissue, providing better understanding
of phospho-Smad3 signaling regulation in hepatocytes
(Figure 1).

SMAD3 PHOSPHO-ISOFORM SIGNALING:
TUMOR SUPPRESSIVE TGF-b
TYPE Ⅰ RECEPTOR (TbRⅠ)/PSMAD3C
VS CARCINOGENIC JNK/PSMAD3L
PATHWAYS
Cell proliferation is limited by extracellular signals that
maintain tissue homeostasis. TGF-β signaling is a potent
supplier of such signals. TGF-β catalytically activates
TβRI, which phosphorylates the C-terminal serine residues of Smad3. C-terminal phosphorylated Smad3 (pSmad3C) accumulates in the nucleus and participates in
the induction of p21WAF1, which inhibits cyclin-dependent
kinase (CDK) and represses the expression of c-Myc[53]
(Figure 2A).
Liver regeneration induced by necrogenic doses of
carbon tetrachloride (CCL4) is a well-studied model of
cell cycle control and signal transduction because of the
robust kinetic profile of hepatocyte necrosis and proliferation following CCL4-induced liver injury[54]. Proinflammatory cytokines, such as TNF-α, are important
components of the mitogenic pathways leading to
regeneration after an acute liver injury[39]. During liver
regeneration, hepatocytes acquire temporary resistance
to growth inhibition mediated by TGF-β, allowing the
cells to proliferate in response to pro-inflammatory cytokines[43]. Because TGF-β is also increased in the damaged
liver, other mechanisms appear to play critical roles in
hepatocytic growth regulation. The phosphorylation pattern of Smad3 in regenerative hepatocytes after an acute
liver injury suggests an important participation of Smad3
phospho-isoform signaling in this regulation. After CCL4
poisoning, linker-phosphorylated Smad3 (pSmad3L) molecules were located in the nuclei of regenerating hepatocytes within 8 h[52]. After a liver injury, pro-inflammatory
cytokines activate JNK to induce the phosphorylation
of Smad3L[50]. pSmad3L undergoes translocation to the
nucleus to stimulate c-Myc transcription (Figure 2B),
which increases the proliferation of hepatocytes and
opposes the cytostatic TGF-β signaling. As pSmad3L
eventually diminishes, pSmad3C dramatically increases in
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P
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P

Figure 1 Two distinct hepatocytic Smad3 phospho-isoforms in chronic hepatitis C. Liver specimens with moderate fibrosis and inflammation from a patient
with chronic hepatitis C were immunostained using domain-specific antibodies (Abs) that are able to distinguish between the phosphorylated linker region and the
C-terminal region of Smad3. Each section was counterstained with hematoxylin (blue). The brown color indicates specific Ab reactivity. The distribution of pSmad3C
and pSmad3L showed a sharp contrast in the liver specimens. Whereas the hepatocytes adjacent to the collagen fibers of the portal tract showed nuclear localization
of pSmad3L (upper column), pSmad3C was predominantly located in the hepatocytic nuclei distant from the portal tract (lower column).
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TGF-b

Pro-inflammatory
cytokines
TbRI

JNK

P

P
Smad3

Smad3

WAF1

p21

c-Myc
P

P
pSmad3C

pSmad3L
Nucleus

Nucleus

Figure 2 Smad3 phospho-isoform signaling: Tumor suppressive TβRI/pSmad3C pathway vs carcinogenic JNK/pSmad3L pathway. A: In normal hepatocytes,
transforming growth factor (TGF)-β activates the TGF-β type Ⅰ receptor (TβRⅠ), leading to the direct phosphorylation of the C-terminal region of Smad3. The C-terminal phosphorylated Smad3 (pSmad3C) moves to the nucleus and transmits cytostatic signals by up-regulating p21WAF1. The TβRI/pSmad3C pathway is crucial for
homeostasis and is a tumor suppressor; B: In hepatocytes affected by mitogenic stimuli, pro-inflammatory cytokines activate c-Jun N-terminal kinase (JNK), drastically
altering the Smad3 signaling to induce the phosphorylation of Smad3 at its linker region. The linker-phosphorylated Smad3 (pSmad3L) undergoes translocation to the
nucleus to stimulate c-Myc transcription, resulting in a proliferative state. During hepatitis C virus-related chronic liver disease progression, the JNK/pSmad3L pathway
is constitutively activated and promotes carcinogenesis.
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the nuclei of hepatocytes at 36 h after a chemical insult,
a time when proliferation stops[52]. The cytostatic TβRI/
pSmad3C signaling contributes to the termination of hepatocyte proliferation.
In human liver specimens with chronic hepatitis C,
the distribution of pSmad3L and pSmad3C showed a
sharp contrast (Figure 1). Whereas the hepatocytes adjacent to the collagen fibers of the portal tract showed
nuclear localization of pSmad3L, pSmad3C was predominantly located in the hepatocytic nuclei distant from
the portal tract. During the transdifferentiation of HSCs
to myofibroblasts (MFBs) phenotype, the pSmad3Cmediated signal decreases, and the pSmad3L pathway
predominates[16]. The MFBs in the portal tracts of chronically HCV-infected liver specimens also exhibit the pSmad3L pathway. These observations indicate that HCVinfected hepatocytes exhibit the same pSmad3L signaling
as MFBs, accelerating liver disease progression[50,51].
During carcinogenesis, the physiological balance between proliferation and differentiation in normal hepatocyte homeostasis is lost. The cytostatic TGF-β signaling
appears to maintain such balance in the early stages of
carcinogenesis[55]. Some reports showed a low frequency
of mutations of TβRⅡ and other TGF-β pathway genes
in HCC, which are frequently found to be mutationally
inactivated in other gastrointestinal cancers[56-60]. When
Tgfbr2 was deleted in hepatic tissue, the p53 knockout
mice showed inhibition of hepatocarcinogenesis[61]. Furthermore, in HCC cell lines, the knockdown of TβRⅡ or
Smad4 attenuated the nuclear accumulation of pSmad3L
and caused growth inhibition[62]. These reports indicate
that carcinogenic TGF-β signaling is likely mediated in
part by linker phosphorylation of Smad3. This is demonstrated by the fact that a high level of linker Smad3
phosphorylation was observed in HCC specimens and
in human HCC cell lines[63-65]. We previously showed that
HBV- and HCV-induced HCC subsequently develops in
patients whose liver specimens show abundant Smad3L
and limited Smad3C phosphorylation in hepatocytic nuclei; however, the HBV- and HCV-induced HCC does not
develop in patients whose liver specimens show abundant
pSmad3C but limited pSmad3L[63,64]. Taken together, during the progression of HCV-related chronic liver diseases,
pre-neoplastic hepatocytes lose the tumor suppressive
TβRI/pSmad3C signaling pathway to constitutively activate the carcinogenic JNK/pSmad3L signaling pathway.

AS HCV INFECTIONS OF THE LIVER
PROGRESSES FROM CHRONIC
HEPATITIS THROUGH CIRRHOSIS
TO HCC, HEPATOCYTIC SMAD3
PHOSPHO-ISOFORM SIGNALING SHIFTS
FROM TUMOR SUPPRESSION TO
CARCINOGENESIS
To clarify the relationship between Smad3 phospho-iso-
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form signaling and liver disease progression, we studied
patients with HCV-related chronic liver disease and HCC.
We immunostained serial liver sections using anti-pSmad3L and anti-pSmad3C Abs, paired with staining for
p21WAF1 and c-Myc[63,66]. The immunostaining of a normal
liver with an Ab specific to pSmad3C shows slight phosphorylation of Smad3C throughout the liver and scant
phosphorylation of Smad3L. In cirrhotic and HCC livers, pSmad3C is less abundant than in chronic hepatitis C,
and pSmad3L gradually increases during liver disease progression. As chronic hepatitis C progresses through cirrhosis to HCC, c-Myc staining increases, whereas p21WAF1
staining decreases in the hepatocytic nuclei. Moreover,
double-immunofluorescence studies on the liver specimens representing HCV-related chronic liver diseases
confirm that pSmad3L co-localizes with c-Myc, and
pSmad3C co-localizes with p21WAF1. These observations
indicate that hepatocytic Smad3 phospho-isoform signaling shifts from tumor suppressive pSmad3C/p21WAF1 signaling to carcinogenic pSmad3L/c-Myc signaling during
chronic liver disease progression.
We previously reported that positivity of hepatocytic
nuclei for pSmad3L in chronic hepatitis C specimens
showed no significant relationship with the plasma HCVRNA level in chronic hepatitis C patients[63]; in chronic
hepatitis B patients, the positivity of hepatocytic nuclei
for pSmad3L increased in proportion to the amount
of HBV-DNA[64]. The hepatocytic phosphorylation of
Smad3L in chronic hepatitis C increased in proportion to
necroinflammatory activity[63], and there was no correlation between pSmad3L and necroinflammatory activity
in chronic hepatitis B patients[64]. These results suggested
that HCV contributed indirectly to the development of
HCC through chronic inflammation. In the early stages
of chronic hepatitis, HBV played a more important
role than HCV in hepatocarcinogenesis. Because HCC
gradually develops in transgenic mice expressing the core
protein or the HCV full-length polyprotein[67,68], hepatitis
viruses themselves, together with the host immune response, might promote human hepatocarcinogenesis via
the JNK/pSmad3L pathway during the late stages of the
carcinogenic process in HCV-related chronic liver disease.
Because the TβRI/pSmad3C pathway is required for
the maintenance of genomic stability, the induction of
replicative senescence, and the suppression of telomerase[69-71], escaping the tumor suppressive TβRI/pSmad3C pathway is a critical step for progression to full
malignancy in cancers; this step must overcome multiple
fail-safe genetic controls[72]. The chronic inflammation
associated with HCV infection appears to be the primary
initial requirement for the carcinogenic JNK/pSmad3L
pathway in earlier stages of chronic hepatitis C. Genomic alterations appear to develop randomly, beginning
in pre-neoplastic hepatocytes, and their development
escalates in dysplastic hepatocytes and HCCs. Synergy
between chronic inflammation and persistent HCV infection leads to the accumulation of events necessary
for the malignant transformation of hepatocytes. HCV
promotes genetic instability by several mechanisms that
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compromise the ability of the hepatocytes to mediate
DNA repair[8]. HCV upregulates DNA methyltransferases, which decrease the expression of genes involved in
DNA repair[73]. HCV core proteins compromise several
p53 functions, including nucleotide excision repair and
transcription-coupled repair[74,75]. HCV also blocks DNA
repair through the ataxia telangiectasia mutated DNA
repair pathway[76]. HCV core proteins suppress the CDK
inhibitors through promoter methylation, resulting in the
inactivation of the retinoblastoma tumor suppressor protein[77]. JNK signaling might be capable of affecting the
epigenetic landscape of the genome, which could render
hepatocytes more susceptible to carcinogens and DNAdamaging influences, such as oxidative stress. Increased
cell proliferation occurring in the presence of oxidative
stress leads to the accumulation of DNA damage that is
thought to compromise gene and chromosome stability
and forms the genomic basis for the malignant transformation of hepatocytes. Hepatocytes with high expression
levels of histone methyltransferases, especially EZH2,
resulting from increased JNK activation or activity might
be able to bypass the cellular senescence or apoptotic
program, leading to malignant transformation[78]. Furthermore, the accumulation of damaged DNA and cell
senescence could give rise to tumor promoting chronic
inflammation[39]. Chronic inflammation and HCV additively shift hepatocytic Smad3 phospho-isoform signaling
from tumor suppression to carcinogenesis, increasing the
risk of hepatocytic transformation during HCV-related
chronic liver diseases, and lead to further carcinogenic
transformation of hepatocytes in later stages in cooperation with additional host genetic/epigenetic alterations
(Figure 3A).

AFTER SUCCESSFUL ANTIVIRAL
THERAPY, PATIENTS WITH CHRONIC
HEPATITIS C HAVE A LOWER RISK OF
HCC BECAUSE HEPATOCYTIC SMAD3
PHOSPHO-ISOFORM SIGNALING HAS
SHIFTED FROM CARCINOGENESIS TO
TUMOR SUPPRESSION, ALTHOUGH
PATIENTS WITH CIRRHOSIS REMAIN AT
SERIOUS RISK

CONCLUSION

Linker phosphorylation of Smad3 indirectly inhibits
Smad3 C-terminal phosphorylation and subsequently
suppresses pSmad3C signaling[15,17]. Smad3 mutants that
lack linker phosphorylation sites and JNK inhibitors
could restore the tumor suppressive TβRI/pSmad3C signaling in Ras-transformed epithelial cells, HBx expressing
hepatocytes, and N-diethylnitrosamine-treated rat livers[17,19,64]. The TβRI/pSmad3C and JNK/pSmad3L signals oppose each other, and the balance could shift from
tumor suppression to carcinogenesis.
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We recently studied paired liver samples obtained from
patients with chronic hepatitis C before antiviral therapy
and after a sustained virological response (SVR) against
HCV infection in response to antiviral therapy. Patients
with SVR frequently show histologically evident decreases in fibrosis and inflammation[79]. Furthermore, these
patients rarely develop HCC[80]. Immunohistochemical
analyses confirmed that carcinogenic JNK/pSmad3L
signaling gradually shifts to tumor suppressive TβRI/pSmad3C signaling after a SVR[66] (Figure 3B). Based on
these observations, the chronic inflammation caused by
persistent HCV infection is hypothesized to represent
an early carcinogenic step that provides a nonmutagenic
tumor-promoting stimulus. In contrast to patients with
chronic hepatitis C, patients with cirrhosis have relatively
low, although significant, risk of HCC and do not show
reductions in decompensated liver diseases despite HCV
clearance[81,82]. We studied the liver samples obtained from
patients with cirrhosis who are at risk for the development of HCC despite a SVR. Reflecting these clinical observations, the hepatocytes maintaining high carcinogenic
JNK/pSmad3L signaling could not return to tumor suppressive TβRI/pSmad3C-signaling even after HCV clearance[66]. Because the majority of these patients display
decreased inflammatory activity, their disease progression
appears to have become independent of chronic inflammation. These patients appear to have evolved beyond
dependence on inflammation and are unable to reverse
carcinogenic JNK/pSmad3L signaling because the hepatocytes have acquired genetic or epigenetic alterations
(Figure 3B). Understanding the molecular mechanisms
of inflammation-independent carcinogenesis requires
further genetic and epigenetic analyses in patients who
develop HCC despite HCV clearance.

To date, reliable predictive markers that could accurately
estimate the risk of chronic hepatitis C disease progression are unavailable. The identification of robust molecular predictive markers for HCC that could supplement
conventional pathological staging systems is needed. Our
approach identified pSmad3L as a potentially clinically
useful prognostic marker for HCC.
Despite some success with our approaches using human liver tissue samples, several technical hurdles must be
overcome before pSmad3L could become a reliable HCC
risk indicator. First, patient characteristics often show
a bias when samples are retrospectively collected from
a tissue archive that was not intended for the particular
study at the time of acquisition. Large-scale validation in
a prospective multicenter study with the integration of
long-term outcome data is needed. Second, confirming
the accuracy of the variables reported in our recent study
concerning pSmad3L positivity requires quantitative analyses. We recently developed a sandwich enzyme-linked
immunosorbent assay (ELISA) to quantitatively evaluate
the extent of phosphorylation of Smad3L. A preliminary
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Figure 3 Reversibility of Smad3 phospho-isoform signaling between tumor suppression and carcinogenesis in human hepatitis C virus-related liver
diseases. A: In the course of hepatitis C virus (HCV)-related chronic liver diseases, chronic inflammation and host genetic/epigenetic alterations additively shift the
hepatocytic Smad3 phospho-isoform signaling from tumor suppression to carcinogenesis, increasing the risk of hepatocellular carcinoma (HCC); B: When inflammation has abated in response to HCV clearance, the carcinogenic c-Jun N-terminal kinase (JNK)/linker-phosphorylated Smad3 (pSmad3L) signaling, which depends on
a persistent viral infection and chronic inflammation, gradually shifts to the tumor suppressive transforming growth factor (TGF)-β type Ⅰ receptor (TβRⅠ)/C-terminal
phosphorylated Smad3 (pSmad3C) signaling (Blue arrow). However, HCC could develop, especially in patients with cirrhosis, when an inflammation-independent process of hepatic carcinogenesis, possibly caused by genetic or epigenetic alterations, has already begun before the HCV clearance (red arrow). Chronic inflammation
caused by persistent HCV infection represents an early fibro-carcinogenic step that provides a nonmutagenic tumor-promoting stimulus, although the livers that are
chronically infected with HCV might eventually accumulate mitogenic genetic or epigenetic alterations capable of driving multistep hepatic carcinogenesis.

study using this system showed that the sandwich ELISA
closely correlated with immunohistochemical scores in
liver tissue that is chronically infected with HCV (unpublished observation). We hope that, in the future, many
investigators will use our sandwich ELISA system as a
rapid, specific, and quantitative method for the detection
of the phosphorylation of Smad3L in various human tissues. Such predictive markers should allow us to identify
groups of HCV patients at high or low risk for develop-
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ing HCC, especially patients that have achieved a SVR.
Such profiles are likely to permit the evaluation of the
effectiveness of interventions aimed at reducing human
cancer risks.
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Abstract
Colorectal cancer (CRC) is one of the commonest cancers with 1.2 million new cases diagnosed each year in
the world. It remains the fourth most common cause
of cancer-related mortality in the world and accounts
for > 600000 cancer-related deaths each year. There
have been significant advances in treatment of metastatic CRC in last decade or so, due to availability of
new active targeted agents and more aggressive approach towards the management of CRC, particularly
with liver-only-metastases; however, these drugs work
best when combined with conventional chemotherapy
agents. Despite these advances, there is a lack of biomarkers to inform us about the accurate management
of the patients with metastatic CRC. It is therefore
imperative to carefully select the patients with comprehensive multi-disciplinary team input in order to
optimise the management of these patients. In this
review we will discuss various treatment options avail-
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able in management of colorectal liver metastases with
potential guidance on how and when to choose these
options along with consideration on future directions in
management of this disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Colorectal liver metastases; Surgical resection; Neo-adjuvant chemotherapy;
Radiofrequency ablation; Disappearing liver metastases
Core tip: Colorectal cancer is one of the commonest
cancers in the world. The management of metastatic
colorectal cancer has changed significantly in last
decade or so; primarily based on better understanding of the molecular complexity of colorectal cancer
coupled with aggressive approach in management of
colorectal liver metastases. Colorectal liver metastasises were once considered as incurable disease but
with better treatment options and valuable input from
multi-disciplinary teams, this disease can be cured in a
proportion of patients. This review takes into account
various clinical scenarios and their complexity that the
clinicians may face during management of this disease.
Khan K, Wale A, Brown G, Chau I. Colorectal cancer with
liver metastases: Neoadjuvant chemotherapy, surgical resection
first or palliation alone? World J Gastroenterol 2014; 20(35):
12391-12406 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12391.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12391

INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancerrelated mortality in the world with over 1.2 million new
cases diagnosed each year along with > 600000 death
per year[1,2]. Curative surgery is the mainstay of treat-
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ment for early stage CRC with pathological staging being considered as the most important predictor of postoperative outcome. Majority of the patients could have
relatively good outcomes with 5-year survival ranging
from 50%-90%[3] depending upon the initial stage of the
disease and other prognostic factors; however, despite
significant improvements in screening and management
of CRC in recent times, the 5-year survival rate for patients with metastatic CRC (mCRC) remains poor[4]. In
these patients, the prognosis is closely related to the location and extent of distant metastatic disease.
In patients with unresectable mCRC, improvement
in survival from 12 mo with fluorouracil therapy to approximately 2 years has been observed with combinations
with oxaliplatin (FOLFOX) or it’s pro-drug capecitabine
(CAPOX), or with irinotecan (FOLFIRI) [5-8]. Recent
randomised control trials suggested that median overall
survival (OS) of over 30 mo can now be achieved[9,10] in
patients with mCRC. Approximately 50% of the patients
tend to have involvement of liver during the course of
their disease[11,12] and a proportion of them with colorectal liver-only metastases (CLM) can undergo liver metastasectomy; this could result in significant improvement
in their outcomes. Many patients however develop liver
metastases which are unresectable. Earlier reports suggested that with oxaliplatin-based chemotherapy, 13%
of patients with initially non-resectable liver metastases
could have their disease resected after chemotherapy[13].
Five- and ten-year overall survival rates of 33% and
27% have been observed respectively in this cohort of
patients[14]. Moreover, approximately 15% of patients
never developed recurrent disease, thus they were considered “cured”[15]. Furthermore, liver resection rate after
chemotherapy correlates significantly with radiological
objective response rate (ORR)[16] and in addition resected
patients enjoy significantly prolonged survival compared
to those who can’t undergo resection[17].
The treatment options for CLM include (Figure 1):
surgical resection, systemic chemotherapy, localised treatment options: radiofrequency ablation (RFA), selective
internal radiotherapy (SIRT), chemoembolization, other
local ablative methods.
In this review we will discuss the most common
treatment options with particular emphasis upon the
role of systemic therapy in CLM, either deemed resectable or un-resectable at the initial presentation. We will
also discuss the key molecular pathways and emerging
areas of interest that may provide new opportunities for
therapeutic intervention in this context.

CURRENT TREATMENT OPTIONS
Surgical resection of CLM
If CLM are amenable to surgery, then this can be offered
with curative intent. Post metastasectomy the 5-year survival rates vary between 27%-58% and 10-year survival
rates are 15%-17%[18-29]; Post-operative complication rates
are higher in patients undergoing simultaneous hepatic
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and colonic resections of the synchronous tumours.
However, in most high volume surgical centres with experience in CLM metastasectomy, surgical mortality rates
are reported to be less than 5%[30,31]. The modern approach to resectability of CLM has largely changed with
emphasis of most MDT decisions in favour of offering
surgery to the patients, in the absence of extra-hepatic
disease. Due to its clear impact on overall outcome, surgical resection is the treatment of choice, where possible;
however, these decisions should be made after comprehensive discussion in the regional hepato-biliary MDT.
Resectability criteria and prognostic factor: Although
there is published literature on various treatment approaches, universal agreement on the resectability criteria
in the context of CLM, remains not well defined. The
distinction between resectable and non-resectable CLM
varies from institute to institute and this was highlighted
in the large CELIM study which identified 64.5% discordance within a board of surgeons when they were
blinded to baseline or post-treatment scans and patient
clinical outcomes; this included 6.8% disagreement in
critical decisions of resectability vs non-resectability[32].
Some authors have defined risk-scoring systems to guide
the MDTs about the patient selection, but most MDTs
rely on clinical assessment and local surgical expertise
rather than the set scoring criteria. This reflects on the
heterogeneity of patient population treated within the
context of different clinical trials and lack of reliable
data to inform us about the prognostic factors being examined in these trials.
One of the commonly used scoring system to help
patient selection was described by Fong and colleagues[33],
where a retrospective review of 1001 patients after hepatic
resection for mCRC was conducted. In this study clinical,
pathological and outcome data were collected. Five year
and 10-year survival rates were 37% and 22% respectively.
The authors identified seven independent factors including positive margins, extra-hepatic disease, node-positive
primary, disease-free survival from primary to metastatic
disease, number of hepatic tumour > 1, largest tumour >
5 cm and carcinoembryonic antigen > 200 ng/mL which
were found to be predictive of survival. The last five of
the above factors were combined to form a prognostic
score, with each factor assigned one point. The combined
score was found to be highly predictive of the outcome.
Patients with < 2 score had a favourable outcome; those
with three, four or five criteria were recommended to
be considered for adjuvant chemotherapy trials in view
of high risk and poor outcomes. Patients with score of
5 had 5-year survival of 14% with a median survival of
22 mo compared to 44% and 51 mo in patients with one
risk factor. This score however only was validated for patients with upfront resection and doesn’t include patients
who underwent preoperative chemotherapy; its validity
in modern treatment paradigm is therefore often limited.
Following that many scoring systems have been developed but none of them have been validated and thus have
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Colorectal liver only metastases

Discussion in MDT re: suitability of resection,
utilising imaging modalities including CT
scan, MRI scan and whole body PET scan

Suitable for R0 resection

Borderline or unsuitable for upfront R0 resection

Consider 12 wk of neo-adjuvant
chemotherapy (mostly doublet ± antiVEGF therapy)

Surgery

Offer 12 wk of neo-adjuvant
chemotherapy (doublet or triplet) with
anti-VEGF or anti-EGFR therapy

Suitable for surgery

Not suitable for surgery

SD/PR, consider 12 wk
of further chemotherapy
± localised treatment
options”

Following R0 resection,
consider adjuvant
chemotherapy

follow up for ten years

PD or intolerability:
stop treatment and
consider alternative
chemotherapy

Follow up until death

Figure 1 The treatment options for colorectal liver-only metastases. MDT: Multi-disciplinary team; CT: Computed tomography; PET: Positron emission tomography; MRI: Magnetic resonance imaging; VEGF: Vascular endothelial growth factor; EGFR: Epidermal growth factor receptor; PD: Progressive disease; SD: Stable
disease; PR: Partial response.

limited utility in clinical practice[34,35].
The limitations for hepatic resection in general are
considered to be, based on one of the following: (1) no
upfront R0 resection of all hepatic lesions possible; (2)
less than 30% estimated residual liver after resection;
(3) disease in contact with major vessels of the remnant
liver (vessels remaining after potential hepatectomy); (4)
significant co-morbidities excluding surgery; and/or (5)
presence of extra-hepatic disease.
Detection of number and location of metastases:
Based on several retrospective analyses, in the past, number of metastatic sites was considered as one of the major
contraindications to hepatic resection in CLM but with
modern surgical techniques and more encouraging role
of preoperative chemotherapy, patients could still be
deemed resectable with multiple CLM; although several
studies have identified the prognostic value of number of
metastatic sites at initial presentation[36,37]. Furthermore,
bilobar involvement previously deterred the surgeons
from offering curative hepatic resection but these concepts have been challenged by several other groups[28,38-42].
Additionally, one of the classic contraindication to surgery
in CLM is considered to be portal node metastases due to
an old perception that these patients were at higher risk
of developing systemic disease; however, this concept has
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again been challenged in recent times, with several authors
recognising that although this could be considered a poor
predictor of outcome but can not be considered an absolute contraindication to hepatectomy[43,44]. Similarly, the
presence of limited extra-hepatic metastatic disease is no
longer considered an absolute contraindication to surgery;
however, the outcomes may not be as favourable as with
CLM or thoracic metastases alone[45-47].
Importance of imaging modalities: The above discussion highlights the importance of having detailed baseline information about the actual extent of the disease
in order to make best possible decisions for the patients.
Modern techniques of imaging including contrast-enhanced computed tomography (CT), contrast enhanced
magnetic resonance imaging (MRI) scan of the liver and
whole body positron emission tomography (PET) with
computed tomography (PET-CT) have made significant
contributions in assessment of resectability of CLM. However, PET-CT is limited in the diagnosis of liver metastases smaller than 1cm[48]. A large meta-analysis[49] including
39 studies with 3391 patients examined the sensitivity
estimates of CT, MRI and fludeoxyglucose FDG PET on
per-lesion basis. All included patients had histologically
proven CRC along with CLM. The study showed 74.4%,
80.3% and 81.4% sensitivity respectively; however on per-
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patient basis the sensitivity was 83.6%, 88.2% and 94.1%
with three modalities respectively. Per-patient sensitivity
of CT was found to be lower than FDG PET (P = 0.025).
For lesions smaller than 10 mm, the sensitivity estimates
for MR imaging were better than CT scan; no difference
was seen for lesion above 10 mm. The study authors concluded that the MRI scan was better imaging modality for
detection of liver metastases; however, limited data were
available on FDG PET.
Given the sensitivity of MRI scan of the liver is proven to be superior to CT scan, even in the presence of
new generation CT scanners using triple phase imaging
with contrast administration, multiple imaging modalities including both CT and MRI scans are often used in
evaluation of CLM. Additionally, the apparent diffusion
coefficient (ADC), derived from diffusion-weighted
MRI (DW-MRI), may provide information on predicting
response to chemotherapy[50,51]. Our group performed a
recent retrospective series including 102 patients, who
underwent pre-treatment DW-MRI; we found that the
CLM with higher pre-treatment mean ADC were associated with poorer response to chemotherapy but this
didn’t co-relate with the outcome of the patients. This
technique can nevertheless be utilised in clinical setting
especially in patients undergoing neo-adjuvant chemotherapy[52].
FDG-PET scan is considered to be more sensitive
investigation than CT for detection of metastatic disease
and thus can have an impact in the clinical management
of CLM patients. A pooled analysis on six previously reported articles showed that the sensitivity and specificity
of FDG PET for hepatic disease were 79.9% and 92.3%
compared to 82.7% and 84.1% with CT scan; for extrahepatic disease those were 91.2% and 98.4% with PET
scan compared to 60.9% and 91.1% with CT respectively.
This had a significant impact on clinical management
in 25% of the cases[53]. Subsequent studies showed that
the use of PET as an adjunct to CT could be associated
with alteration in patient’s management in one-third of
the patients[54].
These data indicate that treatment approach in CLM
could be significantly influenced by the extent and resectability of disease; therefore, multiple imaging modalities should be considered, in order to optimise the
management of patients with CLM and indeed in order
to avoid un-necessary surgical morbidity and mortality.
Systemic therapy options for CLM
Neo-adjuvant chemotherapy for clearly R0 resectable CLM: Surgical resection is regarded as the standard
of care for patients with CLM, but relapse is common.
Patients with potentially resectable CLM can therefore
be considered for neoadjuvant chemotherapy. Recent
data, however suggests that the initial advantage seen
in progression free survival (PFS) for patients receiving
additional systemic treatment may not actually translate
into a meaningful OS advantage[55]. EORTC 40983[56] is
the largest randomised double blinded trial examining
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the role of neo-adjuvant chemotherapy in this context.
This trial recruited 364 patients with 1:1 randomisation to FOLFOX4 [fluorouracil (5-FU)/leucovorin and
oxaliplatin] six cycles before and six cycles after surgery
(n = 182) vs upfront surgery alone (n = 182). Patients
assigned to chemotherapy arm had an ORR of 36%
with four patients achieving a complete response (CR).
Eleven patients progressed, of which 8 were no longer
resectable. Eighty-three percent patients were resected
after a median of 6 cycles of preoperative chemotherapy
compared to 84% in the surgery group. The absolute increase in progression free survival at 3 years for patients
undergoing liver resection after chemotherapy was 9.2%.
Reversible complications occurred more frequently in the
chemotherapy group (25% vs 16%); however, no impact
on post-operative mortality was observed. Five year OS
improvement of 4.1% with median OS of 64 mo (vs 55
mo) in favour of chemotherapy arm was observed; however, this was not statistically significant. It is however
worth-noting that the trial was not powered to detect OS
benefit. Furthermore a recent retrospective study analysing 466 patients with CLM, concluded that there was no
significant difference observed between the outcomes
of the patients receiving preoperative neoadjuvant chemotherapy compared with those who didn’t receive neoadjuvant treatment[57]. This study had however serious
limitations including the retrospective nature of the study,
imbalanced sample size between the two groups and heterogeneity of the patient population treated in the study.
Although these data show that the benefit for upfront
chemotherapy in patients with CLM remains controversial; decision about scope of systemic therapy must be
made on case-to-case basis with consideration of tumour
biology, previous response and PFS on chemotherapy in
the event of metachronous CLM, other co-morbid conditions and local surgical expertise.
Conversion chemotherapy for borderline CLM: Most
patients with CLM may present with extensive hepatic
disease which may not be amenable to surgery. These
patients require systemic chemotherapy, either given with
palliative intent or as neo-adjuvant treatment to downsize their tumours in order to make them operable. This
treatment is referred to as, “conversion therapy (Figure
2)”. Three conventional cytotoxic drugs are available for
treatment of mCRC: fluoropyrimidines, oxaliplatin and
irinotecan. The exposure to all there drugs during the
course of patients illness correlates strongly with median
OS of the patients with mCRC. Sequential use of these
drugs can sometimes be justified in order to reduce toxic
effects and eventual exposure to all of these drugs. The
major caveats however to this approach include: not
exploiting the synergistic potential of the drugs, lack of
intrinsic anti-tumour activity of oxaliplatin as monotherapy and tendency of some patients to deteriorate prior
to receiving all of these drugs.
In patients where downsizing the tumour to optimise
the chances of surgery is an option, one of the aims of
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B

C

Figure 2 Computed tomography images. A: Computed tomography (CT) scan of a patient showing extensive liver metastatic disease prior to systemic therapy; B:
CT scan after 4 cycles of neo-adjuvant chemotherapy demonstrating excellent partial response to the treatment along with intra-tumoural calcification; C: CT scan following left hepatectomy.

conversion chemotherapy should be to achieve the highest possible ORR. The association of better ORR with
improved resection rates has been previously demonstrated[16]. It is also been reported that 12%-33% of the
patients who were treated with doublet chemotherapy
regimen and had initially un-resectable CLM were able
to achieve significant response so that they could undergo surgery[13,58-60]. In addition, epidermal growth factor receptor (EGFR) targeted therapy along with twodrug regimen resulted in one of the highest ORR for
CLM in patients with no mutations in Kirsten sarcoma
virus (K-RAS) genes[32]. Also, CAPOX along with vascular endothelial growth factor (VEGF) targeted therapy
with bevacizumab has been shown to result in similar
ORR for CLM[61]. Both aforementioned studies demonstrated similar R0/R1 liver resection rates after conversion chemotherapy. Ye et al[62] performed one of the first
randomised studies of chemotherapy with or without
cetuximab in patients with unresectable CLM. This study
did confirm the general belief that chemotherapy plus
cetuximab led to significantly higher ORR, liver resection rate, PFS and OS. The study therefore provided
considerable weight to support the use of chemotherapy
plus cetuximab as a standard treatment option in the
K-RAS wild type (WT) disease. Nevertheless, as the primary endpoint of this study was the conversion rate to
liver resection, the number of patients included was relatively small. The survival outcomes were only secondary
endpoints and this could not be deemed to be definitive
that chemotherapy plus cetuximab would improve OS,
especially given the short follow up in this study. Therefore there remains a need for a phase Ⅲ study to address
this question. One of the major strengths of this study
however, was the multi-disciplinary approach in the
management of patients with CLM. The authors chose
the criteria of unresectability which would be in line with
modern international practice and given that this study
was conducted in a single institution, it was likely that
the decision-making process of resectability was uniform
and consistent both among patients as well as over time.
It was however unclear both from the paper and the
protocol of the study as to what pre-treatment evalua-

WJG|www.wjgnet.com

tions were undertaken. United Kingdom-based phase Ⅲ
study which randomised patients with KRAS WT CLM
between surgery and surgery with chemotherapy along
with cetuximab failed to show any survival advantage
in favour of cetuximab plus chemotherapy arm[63]. Although the final results of this study are still awaited, the
proposed reasons for failure include heterogeneity of
selected patient population (patients could represent either resectable or un-resectable CLM with no restriction
to number of liver lesions) and use of capecitabine and
oxaliplatin in number of patients in the study, which may
not have synergised well with cetuximab, as previously
demonstrated in the COIN study[64].
In recent times, the triplet FOLFOXIRI was investigated as first-line treatment in un-selected patients
with mCRC and showed higher ORR (66% vs 41%, P =
0.0002), and better secondary metastasectomy rate (15%
vs 6%, P = 0.003) when compared to FOLFIRI[65]. PFS
(9.8 mo vs 6.9 mo) and OS (22.6 mo vs 16.7 mo) were
also both significantly better and in favour of FOLFIXIRI. This trial however reported benefits in mCRC with
all comers (with extra-hepatic disease) and thus the results couldn’t be interpreted in patients with CLM alone.
Recently data from a phase Ⅱ study reported 5-year survival of 42% in patients who were converted by FOLFOXIRI to undergo liver resection[66]. In another phase Ⅱ
study, the addition of bevacizumab to FOLFOXIRI[67]
resulted in ORR of 80% and R0 resection rate of 40%
in patients with CLM. The ORR to FOLFOXIRI plus
bevacizumab did not appear to be influenced by K-RAS
or B-RAF mutational status of the tumour. More recently, a randomised phase Ⅲ study showed a significant improvement of PFS in patients receiving FOLFOXIRI +
bevacizumab compared to those who received FOLFIRI
+ bevacizumab [68]. Likewise, the addition of another
EGFR targeting drug, panitumumab to FOLFOXIRI
resulted in ORR of 89%, with 43% patients undergoing secondary for metastatic disease and R0 resection
in 35% of the patients with K-RAS WT patients was
achieved in this single-arm phase Ⅱ study[69]. All these
studies strengthen the need for conducting a randomised
phase Ⅲ trial evaluating the role of triplet chemotherapy
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with targeted therapies in order to have more robust data
to support the initial clinical findings.
With the current evidence, we support the view of
using doublet chemotherapy with bevacizumab or cetuximab in K-RAS WT patients and that of using doublet
chemotherapy with bevacizumab in K-RAS mutant
patients; however, where possible, triplet chemotherapy
along with targeted agents should be considered.
Challenges associated with neo-adjuvant chemotherapy for CLM: Although neo-adjuvant chemotherapy
has the potential to convert initially un-resectable disease
into resectable one for some patients, the frequency with
which this happens is still relatively low. There are some
important considerations in adapting this approach
which are summarised below: (1) one of the common
concerns about the neo-adjuvant chemotherapy in
initially resectable disease is the associated risk of progression of the disease due to delay in surgery. In the
EORTC 40983 study, 7% of the patients experienced
progressive disease during the time of pre-operative
chemotherapy leading to un-resectability; half of them
however had new lesions[56]. Some old reports indicate
poor prognosis in such patients partly attributable to the
inability to offer these patients surgical resection[70]; this
concept has however been challenged in recent times
with others suggesting that the progression of disease
rather reflects upon the aggressive disease biology and
may in fact prevent unnecessary surgical morbidity or
indeed mortality [14,71,72]; (2) with the recent advancements in cytotoxic and targeted therapy regimens, and
aggressive management of CRC, radiological CR to the
treatment can be observed in a proportion of patients.
This could lead to disappearance of initially observed
liver metastases and can pose a potential challenge for
physicians to form an appropriate treatment strategy.
Many published series have reported the increasing incidence and management of disappearing liver metastases
(DLM) with variety of chemotherapy regimens with out
without hepatic arterial infusion (HIA)[73-81]. The rate of
DLM has varied from 6.5% to 36%, partly due to the
fact that CR is largely dependent on the quality of preoperative imaging. It is important to recognise that CR
on imaging doesn’t always mean complete pathological
response. The true CR in the context of CLM could be
best defined as either complete pathological response
or no recurrence of the CLM, if let in situ[82]. The rate
of reported pathological response in the CLM setting is
largely variable, ranging from 9% to 58%[73,76,77,81,83]. This
could be attributed to several heterogeneous factors including the use of HIA, number and size of metastatic
sites, disease biology, pre-operative imaging techniques
and the number of cycles and duration of neo-adjuvant
chemotherapy. When CLM are left in situ, after achieving
CR on imaging, the recurrence rates have varied from
38% to 74%[74,76]; however, this had no major impact on
the OS of the patients when the CLM were left in situ as
the patients were offered re-resection or other localised
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treatments like RFA at the time of recurrence[79]. The
above discussion on DLM highlights the importance
of baseline and pre-operative imaging and the fact that
there are currently no standard guidelines to manage
DLM. All the imaging modalities including DW-MRI
scan and PET scan should be utilised in order to be
certain about the nature of response to neo-adjuvant
therapy; in the event of definite CR, we adopt “watch
and wait” policy in our institute with frequent clinical,
and imaging monitoring of these patients on 3-monthly
basis during the first three years followed by 6-monthly
imaging by CT scan for another two years. We suggest
that for patients where DLM are left in situ, there should
be a low threshold for repeating the imaging on any rise
of tumour markers or in the event of clinical symptoms;
(3) there are growing numbers of reports suggesting
liver toxicity as results of neo-adjuvant chemotherapy.
Whilst, oxaliplatin-based backbone is associated with
risk of increased vascular lesions, irinotecan-based
combinations can cause steatohepatitis[84,85]. In addition
chemotherapy carries risk of systemic toxicities including post-operative bleeding, neutropenia and associated
infections, pot-operative complications and poorer functional reserve in the presence of vascular lesions. It is
however re-assuring that the impact of these complications on surgical mortality is insignificant; however, the
impact on co-morbidities remains controversial in view
of conflicting evidence from different reports[85,86]. In
addition, bevacizumab which is commonly used along
with chemotherapy back-bone can theoretically increase
the risk of thrombo-embolic events including stroke
and arterial thromboembolism, bowel perforation and
wound healing. Nevertheless, our own experience and
those of others using chemotherapy in conjunction with
bevacizumab is satisfactory and doesn’t seem to influence the liver regeneration after surgery[61,87]. Furthermore, some retrospective data suggests that addition of
bevacizumab to oxaliplatin-based regimen may actually
reduce the risk of oxaliplatin induced liver toxicity[88-90];
and (4) we therefore suggest that all the patients should
be individually assessed for the risk of potential complications with neo-adjuvant therapy; however, this on its
own shouldn’t deter the physicians from adopting the
approach of upfront systemic treatment. Because of the
half-life is bevacizumab (20 d), at least 3-wk interval between the last dose of chemotherapy and surgery should
be considered; thus the last treatment may be offered
without bevacizumab. The choice of chemotherapy
regimen in relation to toxicities remains controversial
and may depend on the local guidelines and physicians
discretion.
Post-operative chemotherapy: Post-operative adjuvant
chemotherapy has well-defined role in high-risk patients
with CRC; however the data for adjuvant therapy in
stage Ⅳ disease is still limited. Two randomised phase Ⅲ
studies evaluated the role of adjuvant treatment in this
setting and their pooled analysis[91] the French FFCD
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9002[92] and EORTC trials (n = 278 patients) showed
median disease free survival (DFS) of 28 mo vs 19 mo
(P = 0.058) and OS of 62 mo vs 47 mo in favour of
chemotherapy (P = 0.095). Both trials used the same
chemotherapy regimen of 5-FU and leucovorin, administered for five days consecutively in a 4-wk cycle for
6 mo; however, both closed pre-maturely due to poor
accrual. The improvement in DFS and OS was deemed
statistically insignificant but could represent clinically
meaningful advantage.
The major criticism on these trials was the choice of
contemporary regimen which can be more toxic and possibly not active enough to reflect any significant advantage. Post-operative treatment with irinotecan in addition
to 5-FU in a multicenter phase Ⅲ trial showed no additional benefit compared to 5-FU alone. Although there
was a non-significant 3-mo increase in DFS (24.7 mo vs
21.6 mo), the 3-year survival rates with combination were
strikingly similar (73% vs 72%) to single agent therapy[93].
These results however need to be interpreted with caution
as at least three previous adjuvant trials utilising FOLFIRI
in stage Ⅱ/Ⅲ disease have failed to demonstrate any DFS
benefit[94-96].
The role of adjuvant chemotherapy in this setting
remains controversial partly due to the poor accrual and
pre-mature closure of clinical trials designed to address
this question; however, based on the benefit demonstrated in several clinical trials in high-risk CRC patients,
consideration should be given to adjuvant therapy particularly if the patient gained benefit from neo-adjuvant
therapy.

LOCALISED TREATMENT OPTIONS
RFA
RFA is a local ablative method which can be carried out
using an open, laparoscopic or percutaneous technique;
the choice of procedure is often operator choice as there
is not any current evidence to support a superior approach. Lesions along the inferior edge of the liver and
multiple lesions are difficult to treat with RFA. Lesions
located close to large vessels (> 1 cm) may be incompletely treated as the proximity of a large vessel means
optimal tissue heating cannot be achieved, so called
the “heat sink effect”[97]. In these cases other treatment
methods may be more appropriate.
RFA is performed under local or general anaesthesia;
a high frequency alternating current is applied through
needle electrodes which are placed under imaging guidance, either with CT or ultrasound. Heat is generated
which results in localised coagulative necrosis and causes
destruction of the tumour [National Institute of Clinical Excellence (NICE), radiofrequency ablation for
colorectal liver metastases 2009]. RFA is a relatively welltolerated procedure; however the reported complications
range from 6%-9% with mortality of 0%-2%[98]. These
include liver abscess, pleural effusions, pneumothorax,
acute renal insufficiency and hypoxemia.
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The NICE guidelines recommend that RFA is used
to treat CLM in patients who are unfit or unsuitable for
surgery, for those with recurrent disease or increasingly
as an adjunct to hepatic resection as a curative treatment
option (NICE, radiofrequency ablation for colorectal
liver metastases 2009). In addition RFA may be used repeatedly to achieve local tumour control.
The CLOCC study was a prospective trial which
examined the use of RFA in patients with CLM. This
randomised phase Ⅱ study aimed to establish the added
benefits of using RFA in addition to chemotherapy in
patients with unresectable liver metastases but no extrahepatic disease[99]. One hundred and nineteen patients
were recruited in the study; of those 59 patients had
chemotherapy alone, 60 had chemotherapy and RFA.
Median PFS was 16.8 mo in the RFA + chemotherapy
group, compared to 9.9 mo in the chemotherapy alone
group (P = 0.025). Thirty-month OS was 61.7% in
the RFA + chemotherapy arm, and 57.6% in the chemotherapy alone arm. The authors concluded that the
benefit of RFA in the treatment of liver metastases was
uncertain and further work was required. Otherwise,
the published data on efficacy of RFA in CRC mostly
comprises of retrospective series and requires cautious
interpretation. Minami et al[100] performed a review of
local tumour progression and OS after RFA and found
variable local recurrence rates after RFA (ranging from
8.8% to 40%) and described that 5-year OS ranged from
20% to 48.5%. The authors also reviewed the survival
rates after RFA in comparison to survival after hepatic
resection. For the majority of published papers OS after
RFA was significantly less than survival after hepatic resection[25,101,102]. The authors summarised that this difference may be due to the selection bias as RFA was mostly
used in patients who are unsuitable for hepatic resection
and thus may represent aggressive disease biology.
The variable and high local tumour progression rates
may limit the use of RFA. Some authors have therefore
tried to identify factors which affect tumour progression;
to date blood vessel proximity, the size of the metastasis
and the size of the radiofrequency ablation margin have
been shown to affect local recurrence rates in small series[24,103,104]. Although further work is required to validate
these findings, we suggest that these factors should be
carefully considered when offering RFA to the patients
with CLM.
SIRT: SIRT with or without chemotherapy can be used
to treat patients with CLM alone, or patients with limited extrahepatic disease. Localised high dose radiation
is applied to the metastases by the embolisation of small
vessels around the metastases. It is indicated for patients
who are unsuitable for treatment with surgery or ablation. As with local ablation the treatment can be repeated
(NICE IPG401 selective internal radiation therapy for
non-resectable colorectal metastases in the liver 2011).
To date only small randomised controlled trials
have been performed but some have been able to show
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improved median survival when SIRT was used with
systemic chemotherapy compared to systemic chemotherapy alone[105] and improved tumour response when
SIRT was used with hepatic artery chemotherapy (HAC)
compared to HAC alone[106].
SIRT may be potentially beneficial for the treatment
of unresectable CLM but more research is required to
demonstrate its efficacy and to establish the potential
use of SIRT in treatment naive liver metastases (NICE,
2011).
HIA CT: HIA chemotherapy with or without systemic
therapy can be used to downstage the tumour size or
following metastasectomy; based on the biological rationale that liver metastases primarily derive their blood
supply from the hepatic artery. Some studies have shown
encouraging results with HIA following metastasectomy;
however, sample sizes have often been small[107,108]. A
large randomised trial aiming to address the question of
post-operative HIA was closed pre-maturely due to poor
accrual[109], while another study was closed prematurely
on grounds of worst outcome[110]. The combination of
systemic chemotherapy with HIA has been evaluated
in a phase Ⅰ study[111]. This study recruited 49 patients.
Patients were treated with HIA plus systemic oxaliplatin
and irinotecan. ORR was 92% with 8% CR and 84% PR.
43% of the patients were able to undergo resection of
the tumour, with free margins in 19. Median OS for the
entire cohort was 40 mo.
Although these results were promising, and also some
other studies utilising this approach with various chemotherapy regimens showed improvement in the rate of
hepatic recurrence and recurrence-free survival[112]; OS
benefit was not gained with this approach[112,113]. HIA has
not so far been evaluated in large randomised clinical trials and is not routinely used in many parts of the world
in management of CLM.
Other local ablative methods: Microwave ablation and
cryotherapy are other ablative techniques which are used
to treat CLM. These also suffer from problems of high
local progression rates and the lack of prospective data.
Pathak et al[114] performed a systematic review of the use
of ablative methods for CLM. They found variable local progression rates and OS for RFA as Minami et al[100].
Twenty six cryotherapy studies were included showing,
local progression rates of 12%-39% and mean 5-year
overall survival of 17%. Thirteen microwave studies,
also showed variable local progression rates (5%-13%)
and mean 5- year OS of 16%.
Local ablative techniques are increasingly used for
patients with CLM, in both a curative and palliative setting. RFA, cryotherapy and microwave ablation have the
potential to improve survival for patients with CLM;
however these techniques are hampered by variable local
progression rates and survival rates are lower than those
for curative resection. Evaluation in large randomised
trials is required to further clarify the emerging role of
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local ablation.

OTHER IMPORTANT CONSIDERATIONS
IN MANAGEMENT OF CLM
CLM with limited extra-hepatic disease
The presence of both synchronous liver and lung metastases doesn’t necessarily represent an absolute contraindication to surgery, as long as complete resection of
all metastatic sites is possible. One of the earlier studies
reported on the outcome of a series of 165 patients with
mCRC with 5 and 10 year survival rates of 39.6% and
37.2% respectively in un-selected population. Those patients who underwent hepatic metastasectomy (n = 26)
had 10 year survival of 34.1%; 21 patients had two or
three thoracotomies for recurrent CRC and for those the
reported 5 year survival was 52.1 mo from the time of
second thoracotomy. Patients with hilar or mediastinal
lymph nodes had the worst outcome with 5-year survival
of 6.2%[115]. Another study including 63 patients with
either lung only metastases (group 1, n = 45) or synchronous lung and liver metastases (group 2, n = 18), treated
aggressively with surgery showed no significant difference in survival at median follow-up of 24 and 27 mo
respectively in the two groups[45]. More recently, Gonzalez
et al[116] conducted retrospective analysis of 27 consecutive patients who underwent lung resection after previous hepatic metastasectomy for CRC. They reported 3
and 5-year survivals of 56% and 39% respectively with a
median survival of 46 mo. Likewise, another recent study
reported on the outcome of sixty-five patients who underwent surgery for liver and lung metastases from CRC.
In 33 cases, the first distant metastasis was diagnosed
synchronously with the primary tumour; for the remaining, median time interval between primary tumour and
first distant metastasis was 18 mo (5-69 mo). Five- and
10-year survival rates for all patients were 57% and 15%
from diagnosis of the primary tumour, 37% and 14%
from resection of the first metastasis and 20% and 15%
from resection of the second metastasis. After complete
resection, 5- and 10-year survival rates improved to 61%
and 18%, 43% and 17%, and 25% and 19%, in the three
scenarios respectively. Negative margins (P = 0.002), the
absence of pulmonary involvement in synchronous metastases (P = 0.0003) and single metastases in both organs
(P = 0.036) were associated with a better prognosis[117].
Some other studies also illustrated the importance of offering surgical resection in this context, where possible[118].
Although these data are largely based on retrospective
experience of various institutes, considering the difficulty
in designing prospective studies to evaluate outcome of
patients with limited extra-hepatic disease in the presence
of CLM, and based on our own experience[119,120], we feel
that aggressive surgical management of CLM patients
should still be considered where synchronous or metachronous limited extra-hepatic disease can be potentially
resected.
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Re-resection of CLM or oligo-metastatic disease
Up to 70% of the patients, who had hepatic resection
for CLM, could present with recurrent disease and the
most frequent site of recurrence is liver[19,121,122]. In the
presence of controlled primary disease, recurrent hepatic metastases could be a result of the development of
occult tumours not detected at the time of initial resection or with more recent evidence, could represent metastases from the previous hepatic secondary[123,124]. Lung
is the second most common site of metastatic disease
from CRC; however, the frequency of isolated lung metastases with CRC is 1%-5%. Lung metastases tend to be
more commonly associated with rectal rather than colon
primary[125]. This perhaps suggests that majority of pulmonary metastatic disease grows from the CLM[126,127].
Regardless of the pathophysiology, re-resection of
oligo-metastatic disease, where possible has been the only
treatment modality that has shown improvement in longterm survival[46,128-130]; in the absence of randomised controlled trials, these data are valuable and demonstrate the
safety of the aggressive surgical approach[131-136]. There is
however some conflicting evidence questioning the efficacy of re-resection[137]; nevertheless, most reported series show promise with achievement of better long-term
survival[138,139].
We suggest offering surgical resection in the event
of recurrence; however, careful consideration should be
given to the disease biology, relapse-free interval from
the last resection, extent of metastatic disease and comorbidity status of the patients.

CHALLENGES AND FUTURE DIRECTIONS
Molecular complexity in CRC
The complex stepwise process of CRC tumorigenesis
was first proposed by Vogelstein two decades ago[140].
Over the years, our understanding about the heterogeneity in CRC tumorigenesis has improved exponentially.
Traditionally, CRC is biologically divided into those with
microsatellite instability (MSI) which is frequently associated with CpG island methylator phenotype and hypermutation and those with microsatellite stable but chromosomally unstable disease[141]. Other investigators[142,143]
unfolded the critically important genes and pathways
important to CRC tumorigenesis; those included WNT,
RAS-RAF-MAP, P53 and DNA mismatch-repair pathways[144]. In 2012, the cancer genome atlas network published results of molecular characterization performed
in CRC[145]. Genome-scale analysis comprising of whole
exome sequencing, DNA copy number, promoter methylation, messenger RNA and microRNA expression were
performed on 276 samples with CRC. This consortium
highlighted the complex molecular biology of CRC; 16%
of CRC were found to have hypermutation (75% with
expected high MSI and 25% with somatic mis-match repair gene). Excluding the hypermutated patients, 24 genes
were mutated in other patients; of those APC, TP53,
SMAD4, PIK3CA were previously established relevant
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mutations in the context of CRC. Additionally, ARID1A,
SOX9 and FAM123B were also found to be frequent mutations, which were not previously defined as common
mutations in CRC. WNT signalling pathway was found to
be altered in 93% of all tumours[145]. All these data highlight the genetic complexity of CRC and associated significant challenges in management of this disease. At the
same time, this however, allows a wide window of opportunity for further research in order to form effective
and more robust strategies in targeting these pathways.
Heterogeneity between the primary and secondary CRC
Intra-tumour heterogeneity is a well-established phenomenon which can contribute to treatment failures and
drug resistance in various malignancies[123,146-151]. Other
important consideration is the heterogeneity of mutations between the primary and the secondary tumours.
This is particularly important in the context of CRC, as
treatment plan could vary significantly based on the RAS
status of the tumour. Several studies have examined the
heterogeneity of CRC and any existence of discordance
in the mutations between primary and secondary tumour
with variable results. Baldus et al[152] found that heterogeneity between primary and secondary tumours in CRC
samples was present in 10% for KRAS and 5% with
PIK3CA mutations. A large systemic review included 21
studies, examining the concordance of KRAS between
the primary CRC and metastases. This study found an
overall concordance rate of 93% (range 76%-100%),
98% and 68% in KRAS, BRAF and PTEN loss respectively[153]. It is however noteworthy that KRAS mutation
has always been considered as one of the early events in
CRC tumorigenesis[140,154]; nevertheless, the small rates of
discordance may have an impact on the choice of treatment as KRAS/RAS is currently the only validated biomarker in management of CRC. The molecular profiling
of primary and metastatic disease in modern era will
perhaps further unfold the late events causing heterogeneity of the primary tumour followed by progression of
one clone, resulting in metastases[142]. Given that CLM
patients can potentially live longer than they used to live
a decade ago, the development of late mutations leading
to drug resistance will become more relevant in the context of systemic management of CLM.
Emerging therapies
A variety of drugs are under evaluation in management
of CRC. They can be broadly divided into growth factor
receptor inhibitors targeting EGFR and VEGF pathways, RAS pathway inhibitors and PI3K-AKT-mTOR
pathway inhibitors. There is also growing interest in
targeting WNT pathway due to the frequent aberration
of this pathway in CRC. At the same time, there remain
challenges in aberrant compensatory pathways, which
could lead to resistance to these targeted therapies. Additionally, the druggability of these targets is yet under
evaluation. The two new agents approved by United
States Food and Drug Administration are regorafenib
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and aflibercept[155-158]. These new drugs are likely to be
investigated in clinical trial setting in the management
of CLM, particularly in patients with disease, which
is deemed borderline or un-resectable at the outset.
There are several other new drugs under evaluation
in phase Ⅰ setting as single agent and as combinations[159-161]; these may become part of armoury of CRC
management in future.

6

7

CONCLUSION
CRC is one of the commonest cancers with high incidence and mortality associated with metastatic disease.
Vast majority of patients with metastatic disease may present with CLM; of those some have CLM alone or in the
presence of limited extra-hepatic disease. Surgical resection of CLM, where possible remains the most effective
treatment to achieve long-term cure; however, optimal
patient selection with utility of available imaging techniques and comprehensive multi-disciplinary involvement
is paramount to avoiding un-necessary surgical complications and achieving long-term cure.
Where R0 resection is possible, perioperative chemotherapy should be considered for three months preoperativey followed by another three months of postoperative chemotherapy.
For patients where R0 resection is not possible, aggressive preoperative chemotherapy approach with EGFR
or VEGFR targeted therapy along with chemotherapy
backbone of FOLFOX or FOLFIRI should be considered. Where possible, either in the context of clinical
trials or local availability of drugs, triplet chemotherapy
should be encouraged as this can potentially increase the
chances of resectability by optimising the response to the
treatment. For patients who present with synchronous
CLM, the optimal timing for resection of primary and
the metastatic disease is uncertain. One-stage surgery
with resection of both primary and the secondary can be
considered, where surgical expertise allow that; otherwise
resection of CLM could be performed 6-8 wk after resection of the primary or vice versa. The role of localised
treatments as an adjunct to systemic therapy and surgery
is rather uncertain but these approaches can be considered on case-to-case basis.
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Abstract
The potential clinical impact of enhancing antitumor
immunity is increasingly recognized in oncology therapeutics for solid tumors. Colorectal cancer is one of the
most studied neoplasms for the tumor-host immunity
relationship. Although immune cell populations involved in such a relationship and their prognostic role in
colorectal cancer development have clearly been identified, still no approved therapies based on host immunity
intensification have so far been introduced in clinical
practice. Moreover, a recognized risk in enhancing immune reaction for colitis-associated colorectal cancer
development has limited the emphasis of this approach.
The aim of the present review is to discuss immune
components involved in the host immune reaction
against colorectal cancer and analyze the fine balance
between pro-tumoral and anti-tumoral effect of immunity in this model of disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colitis-associated colorectal cancer; Antitumor
immunity; Innate immunity; Adaptive immunity
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Core tip: Immune reactions accompany all stages of
colorectal carcinogenesis and cancer progression. Recent evidence has shown that innate immunity pathways play a fundamental role in maintaining colorectal
epithelial homeostasis and confer antitumor protection.
However an excessive and unresolved innate immune
reaction is the base of chronic colitis which is a wellknown risk factor for colorectal cancer. Once the tumor
has developed a number of immune cells may either
favorably take under control its growth (CD45RO+CD8+
T cells) or favor its progression and metastatic spread (T
regulatory cells). A fine regulation of all antitumor immune components is therefore necessary to design a
proper immune-based therapeutic approach in colorectal cancer care and prevention.
Formica V, Cereda V, Nardecchia A, Tesauro M, Roselli M.
Immune reaction and colorectal cancer: Friends or foes? World
J Gastroenterol 2014; 20(35): 12407-12419 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i35/12407.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i35.12407

INTRODUCTION
Colorectal cancer is the third leading cause of cancer death
worldwide and it is estimated that 190000 new cases of
and 35000 deaths from colorectal cancer will be recorded
in 2014 in the United States[1]. It is now accepted that the
original carcinogenetic event hits the stem cells lying at
the base of the intestinal crypts[2], and in many cases a
developing process from epithelial hyperplasia, through
dysplasia and adenomatous polyposis, to malignant
transformation occurs, with accumulating gene mutations underlying this phenomenon[3-5].
There is an interesting debate among several scientists
and clinicians on the dual role of immune/inflammatory response in colon carcinogenesis[6]. A considerable
amount of preclinical and clinical findings have showed
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that mucosal immune/inflammatory cells can either promote or inhibit colorectal cancer (CRC) cell growth.
According to the association with inflammatory processes, two types of CRC are recognized: Sporadic CRC
(SCRC) that is thought to arise from intrinsic genetic instability with inflammation being subsequent to cancer onset,
and inflammation-induced CRC (colitis-associated CRC,
or CAC) that is initiated by chronic inflammatory bowel
disease (IBD). Two major forms of IBD occur in humans,
ulcerative colitis (UC) and Chron’s disease (CD), and both
of them may associate with CRC development, with CD/
CRC correlation being moderate, whereas UC patients
have a well-defined elevated risk of cancer diagnosis[7,8].
The extension and duration of the chronic inflammation
correlate with the entity of cancer risk, however, it is not
fully understood why CRC occurs only in a minority of
IBD patients.
Like most solid tumors, both SCRC and CAC exhibit
immune/inflammatory infiltrates, referred to as ‘tumorelicited inflammation/immunity’, and a differential effect
on patient outcome has been observed for distinct immune ‘players’. As an example, CD4(+) T-helper 1 (T(H)1)
cells and CD8(+) cytotoxic T cells seem to constitute a
positive prognostic sign in CRC, whilst it has been shown
that myeloid cells, T regulatory cells (Tregs) and T-helper
interleukin (IL)-17-producing (T(H)17) cells can promote
tumorigenesis and associate with a drastic decrease in
disease-free survival in stage Ⅰ/Ⅱ CRC[9].
Finally many epithelial cancers develop proximally to
microbial communities, which are physically separated
from immune cells by an epithelial barrier. Baseline immune response to these commensals and perhaps the epithelial barrier deterioration induced by the tumor tissue with
invasion of microbial products may substantially contribute to the extent and nature of the inflammatory/immune
response seen in CRC[10].
It is conceivable that the type, degree and timing of
inflammatory/immune infiltrates and related cytokines
can have a pivotal role in the initiation and progression
of colon carcinogenesis, response to standard antitumor
therapy and patient clinical outcome.
In the present review, we describe recent findings on
the link between inflammation/immunity and CRC and
summarize the role of different tumor-infiltrating innate
and adaptive immune cells in promoting, sustaining or
restraining CRC growth.

IMMUNITY AND CRC DEVELOPMENT
Bacterial-induced immunity and risk of developing
colorectal cancer
A great amount of research has dealt with the possibility
that intestinal infection by “carcinogenic” bacteria might
be linked to colorectal cancer development, with the assumption that pro-tumoral effect of infective processes
is associated with a persistent and unresolved inflammatory reaction triggered by certain microorganisms.
In presence of a colorectal cancer, it has been shown
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a growth advantage to a particular subset of opportunistic bacteria colonizing the intestine. In particular, the opportunistic pathogens Streptococcus spp have been put
forward as co-causative tumor factor.
In the 1950s, reports were published indicating a possible association between streptococcal infection and carcinomas of the gastrointestinal tract[11]. Boleij et al[12] have
recently reviewed 31 studies documenting overall a 65%
probability of colorectal neoplasia in patients with Streptococcus Bovis infection. Not all streptococcus bacteria seem
to have the same carcinogenic potential and only a subspecie of Streptococcus Bovis, the Streptoccucus gallolyticus gallolyticus, has been found to be strongly related to colorectal
cancer[13].
The suggested pathogenetic model relies on the preferential colonization by S Gallotycus of preneoplastic adenomatous lesions as a result of favourable metabolic and
nutritional changes occurring in the dysplastic epithelium
microenvironment (in particular high concentrations of
lactate and carbohydrates)[14]. Once S Gallolyticus infection of adenomatous sites is established, the bacterium
induces an inflammatory reaction consisting of hyperexpression of (COX-2) pathway[15,16].
COX-2 determines sustained epithelial cell proliferation and inhibition of apoptosis and triggers neoangiogenesis[17]. High COX-2 levels have been detected in approximately 85% of colon carcinomas[18], and consistent
evidence suggests a protective role for anti-COX drugs (i.e.,
non-steroidal anti-inflammatory drugs, such as aspirin)
against colorectal cancer development and progression[19].
The use of microbiological tests for streptococcal infection in human samples (e.g., fecal or peripheral blood
serological tests) has raised interest as a potential tool
of early CRC detection. However, early attempt to diagnose colorectal neoplasia on the basis of Streptococcal
colonization have proven of limited value. In particular,
it is estimated that only half of colorectal neoplasia are
colonized by S gallolyticus, moreover current serological
assays exploit immune recognition of antigens expressed
on S gallollyticus pilus, which are characterized by a wide
sequence heterogeneity[20]. Results of serological testing
for S gallolyticus with the multi-antigen approach produced sensitivity results between 16% and 43%[21].
The association between bacterial infection and CRC
development was also studied in the context of chronic
inflammation in patients with IBDs. Several commensals,
such as Fusobacterium varium, Bacteroides vulgatus,
Escherichia coli, Helicobacter Hepaticus and Clostridium
Clostridioforme, are commonly isolated from the mucosa
of IBD. It has been demonstrated that these bacteria can
adhere to colonic epithelial cells and invade their cytoplasms, resulting in the release of tumor necrosis factor
(TNF)-α, IL-8 and IL-6. All such cytokines may predispose to IBDs and CRC[22].
In particular, recent findings in mouse model of CAC
have indicated that H. hepaticus and E.Coli promote
chronic colitis and tumorigenesis with E. Coli inducing
also the expansion of pathogenic viruses, fungi and para-
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sites with genotoxic capabilities[23,24].
Overall these results indicate that colonisation of certain
microorganisms in the background of predisposing factors
contribute to CRC carcinogenesis. Their main effect seems
to rely on fuelling protracted inflammatory reaction which
is a well-known cause of cancer development, rather than
a direct mutagenic attack of the host.
Innate immunity pathways and CRC development
Innate immunity is the first-line defence against microbial
attack on intestinal surface. Microbes are initially recognized by means of surface and intracellular receptors that
link to conserved molecular patterns of microbial origin,
the so called pattern recognition receptors (PRRs). Several types of PRRs have so far been identified in humans,
but two classes of PRRs seem to play a major role in
intestinal innate immunity: the cytoplasmic NOD (nucleotide-binding and oligomerization domain) and NODlike receptors (NLRs) and the membrane-bound toll-like
receptors (TLRs)[25,26].
PRRs function on both epithelial and stromal myeloid
cells, and excessive and uncontrolled PRRs activation by
commensal and pathogen bacteria has long been considered the base of permanent inflammation in IBDs and
CAC[27]. CAC approximately accounts for 2%[28] of all
diagnosed CRCs, whereas sporadic cancers (SCRC) cover
about 95% of cases. Even though SCRCs are thought to
progress through a carcinogenetic process different from
that of CAC, that is distinctive multiple step genetic loss,
involving initial mutation of APC and activation of betacatenin and subsequent mutations of K-Ras, PIK3CA
and TP53[29], some of SCRCs may hold an ‘inflammatory
gene signature’ reminiscent of CAC genetic landscape.
Three remarkable researches have explored the role
of PRRs in CAC development using a murine model of
chemical induced colitis with dextran sulfate sodium, DSS,
which recapitulates human IBDs, and of CAC induced
with DSS and the addition of azoxymethane (AOM).
These researches have called into question the univocal
protumoral role of innate immunity as innate immunity
pathways are active both in inflammatory cells of the lamina propria (macrophages, dendritic cells and neutrophils)
and in epithelial cells and in the epithelial tissue they seem
to favourably contribute to cell homeostasis and protect
against colitis and CAC.
These studies were focused on the transmembrane
receptors TLR-4 (recognizing lipopolysaccharide, LPS,
of gram negative bacteria) and TLR-2 (recognizing lipoteichoic acid, LTA, of gram positive bacteria) and their
related intracellular signal transducer Myeloid Differentiation 88 (MyD88), on the NOD1 and NOD2 receptors
and their mediator Receptor-interacting protein 2 (RIP2),
and on the NLR-P3 and its final molecular effectors caspase 1 and 12.
TLR-2/TLR-4/MYD88 axis: Rakoff-Nahoum et al[30]
explored in 2004 the susceptibility to DSS-induced colitis of mice knockout for TLR4, TLR2 and MyD88, and
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for RIP2. They found that TLRs on Intestinal Epithelial
Cells (IECs) are normally activated by commensal microorganisms and this symbiotic recognition is required
for epithelial physiology. The initial hypothesis was that
deficiency in TLRs pathway would determine attenuated
inflammatory response and hence reduced colitis.
They unexpectedly observed in MyD88-/- mice severe colitis and increased mortality upon DSS administration, as compared to wild type (WT) mice, suggesting
a protective role of MyD88-dependent axes. MyD88 is
an essential mediator for many molecular cascades including those activated by TLRs, and receptors for IL-1
and IL-18. Authors decided to further explore the role
of TLR2 and TLR4.
TLR2-/- or TLR4-/- partly reproduced MyD88-/susceptibility to DSS colitis, with less severe clinical effects, thus inducing authors to conclude that MyD88
protective action was the result of influence on multiple
molecular pathways including TLR4 and TLR2. They also
investigated MyD88-independent inflammatory axes, in
particular those dependent on the receptor-interacting
protein (RIP)2, a mediator of cytoplasmic PRRs (the
NOD1 and NOD2 receptors) which ultimately determines activation of the NF-κB transcriptional factor and
MAP kinases, but found no increased susceptibility to
DSS in RIP2-/- mice.
DSS induced limited damage in colon of WT mice
that started from day 5 and resolved by day 12 with
complete epithelial regeneration in 100% of cases. In the
MyD88-/- mice, epithelial ulcers and erosions occurred
as early as day 3, were more severe and persisted after
day 12 with lethal effect, suggesting a role of MyD88
in regulating both epithelial resistance to injury initiation and post-injury epithelial repair. An uncontrolled
bacterial overgrowth as the cause of severe DSS-colitis in
MyD88 -/- mice was excluded as treatment with broadspectrum antibiotics did not change the experimental
results and, before DSS administration, there was no difference in faecal bacterial load between WT and MyD88
-/- mice. In an assay of intraperitoneal injection of Bromo deoxyuridine, more proliferating intestinal epithelial
cells (IECs) were found in MyD88 -/- mice at baseline,
but in the meantime, after DSS administration and injury, a defect in IEC proliferation and crypt repopulation
was observed as compared to WT, indicating that a baseline hyperproliferative state may partly explain increased
susceptibility to injury, but a reduced reparative capacity
may account for the prolonged and lethal effect of DSS
in these mice. MyD88 intervenes in the functioning of
multiple molecular pathways and authors did not evaluate if the dual and opposite effect of MyD88 in cell cycle control derives from two distinct MyD88-dependent
molecular signals.
Authors also explored MyD88-induced cytokines potentially responsible for epithelial resistance and regeneration, and in particular focused on IL-6, which had been
found to contribute to gastrointestinal wound healing[31].
TLR/MyD88 axis regulates gene expression (including
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Figure 1 Model proposed by Rakoff-Nahoum et al[30]. Competent TLR4/TLR2/Myd88 pathway is physiologically activated by commensal micro-organisms and
maintains epithelial homeostasis (A). Deficiency in TLR4/TLR2/Myd88 signal determines increased epithelial vulnerability and bacterial translocation with chronic colitis
and cancer development (B). IECs: Intestinal epithelial cells; TLR: Toll-like receptor; CRC: Colorectal cancer; IL-6: Interleukin-6; MyD88: Myeloiddifferentiationfactor88.

IL-6) via NF-κB transcriptional factor[32] and IL-6 was
upregulated in WT mice (IL-6 flare) after DSS injury.
Conversely, IL-6 upregulation was not seen in MyD88
deficient mice after DSS. Moreover, since antibiotic treatment abrogated baseline IL-6 production in WT mice,
they argued that commensal flora determines physiological activation of MyD88 signal with induced IL-6 secretion, indispensable for epithelial regeneration after DSS
injury.
IL-6 flare after DSS administration in WT mice, in
fact, was abrogated by intense treatment with four antibiotics which sterilized from all commensal microflora,
making these mice similar to MyD88-/- in that they displayed severe colitis and died after 12 d (Figure 1). However, Rakoff-Nahoum et al[30] did not investigate whether
exogenous IL-6 administration was able to restore epithelial competence against DSS insult in this model. Moreover, it was not evaluated the cell type source of MyD88induced IL-6. Stromal macrophages would be the most
probable IL-6 suppliers, however also epithelial cells may
express TLRs, MyD88 and IL-6 as suggested by a baseline
IL-6 production in WT mice with intact epithelium.
Finally, the crucial interaction between MyD88 and
TLR4 and TLR2 receptors was investigated in the RakoffNahoum study. Experiments with TLR4-/- and TLR2-/mice and with the specific agonists LPS for TLR4 and
LTA for TLR2 were performed. They found that resistance to DSS-colitis was restored in mice completelydepleted by commensals if either LPS or LTA was coadministered. Specificity of these findings was confirmed
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by the fact that the rescue administration of LPS was
ineffective in TLR4-/- and effective in TLR2-/-. This
final finding suggests that one of the two axes (TLR4
or TLR2) is sufficient to maintain homeostasis, which
is slightly in contrast with their initial observation that
knockout mice for either TLR4 or TLR2 still suffer from
severe DSS-induced colitis. Rakoff-Nahoum et al[30], moreover, did not evaluate if MyD88-/- model was also associated with increased tumorigenesis upon administration of
DSS+AOM, however they affirmed that any component
contributing to persistent inflammation would also potentially associate with high risk of cancer development.
Rakoff-Nahoum’s results were reproduced in 2005 in a
separate study by Araki et al[33].
NLRS/caspase 1/caspase 12/IL-18 axis: DupaulChicoine et al[34] evaluated the role of caspase 1 and 12 on
the risk of colitis and CAC. The molecular cascade terminating with caspase-1 inflammasome is a well-established
pathway activated during colorectal inflammation both
in mesenchymal and epithelial cells. Caspase-1 is the
downstream target of a number of intracellular receptors sensing a potential harm,and in particular for NLRs,
including those containing the pyrin domain (NLRPs),
those containing caspase recruitment domain - 4 (NLRC4)
and those inhibiting apoptosis. Caspase-1 ultimately determines the proteolytic cleavage of pro-IL1beta and proIL-18 in their respective active forms and induces an ‘inflammatory cell death’ named pyroptosis[35]. Caspase-1 is
counterbalanced by caspase-12 which possesses inhibitory
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function on inflammasome activity.
At the end of this inflammatory cascade, IL-18 seems
to play the more ‘articulated’ and complex role, with apparently contradictory evidence. Increased circulating
and mucosal levels of IL-18 are associated with severe
IBD[36]. Moreover in a study by Sivakumar et al[37] using
the mouse model of DSS-induced colitis, a selective
IL-18 inhibitor (the IL-18 binding protein IL-18bp.Fc)
was able to reduce IBD manifestations (such as weight
loss) and down-regulate many cytokine transcripts
known to drive inflammation, including IL-1alpha, IL1beta, TNF-alpha and IFN-gamma. In contrast to these
observations, in humans genetic variants associated with
reduced functionality of IL-18 axis are risk factors for
IBD[38].
It is hypothesized that IL-18 plays a dual role: it maintains intestinal epithelial homeostasis by inducing epithelial cell regeneration and wound healing upon commensal
microbial attacks under physiological conditions; while
in pathological conditions, when the epithelial barrier is
breached and chemical or microbiological colitis is initiated, it sustains the excessive inflammatory reaction within
the stroma with increased risk for CAC[39].
Dupaul-Chicoine et al[34] analysed three genotypes of
mouse (WT, caspase 1 -/- and caspase 12 -/-) and assessed
their ability to repair colon tissue damage induced by DSS
administration. As caspase 1 drives inflammasome formation and robust inflammatory responses, authors would
have expected an attenuated colitis in Casp1-/- mice after
DSS insult. Surprisingly, they found that caspase 1 has
a crucial role in epithelial proliferation and regeneration
after injury and, while on day 5 of DSS administration
mice of all genotypes displayed epithelial erosion, by day 8,
only WT mice had epithelial recovery and restitution, conversely casp1-/- displayed persistent signs of colitis, developed severe diarrhoea and rectal bleeding and all died
by day 9. Interestingly, as well as wt mice, also Casp 12-/recovered by day 9. However casp12-/- mice showed exaggerated tissue repair with hyperplastic crypts at the end
of the experiment, suggesting a possible role for caspase
12 as a brake for excessive tissue regeneration acting at
the end of the injury and repair process. In Casp1-/- mice
there was also at day 5 an enhanced infiltration of inflammatory cells (macrophage, CD4+ cells and neutrophils) in
the lamina propria, and increased translocation of commensal bacteria in the colonic stroma as measured by a
16S rRNA qPCR assay. The NF-κB pathway, as measured
by the total colonic expression of its target gene IkBa, was
also hyperactivated. Exogenous administration of IL-18,
a final product of caspase 1 activity, completely reversed
the Casp1-/- mice susceptibility to DSS-colitis, suggesting
that IL-18 is the pivotal mediator of caspase-1 dependent
epithelial regeneration. IECs seemed the principal source
of ‘reparative’ IL-18, as adoptive transfer of wild type myeloid cells (normally secreting IL-18) to casp1-/- mice did
not reverse DSS-induced colitis as did IL-18 exogenous
administration. Moreover, protein expression analysis of
different cellular compartments in wild type mice (IECs,
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macrophages, dendritic cells, and lymphocytes) demonstrated the highest IL-18 production by IECs after 5 d of
DSS administration.
An interesting “disease profile” was seen in casp12-/mice. Even if the recovery, as mentioned above, was
‘clinically’ the same as WT mice, stromal inflammation
on day 5 to 8 was enhanced with robust macrophage
infiltration and increased expression of several NF-κB
gene targets and inflammatory cytokines (COX2, Bcl-xl,
cyclin D1, IL-1, IL-6, TNFa, MCP-1, Il11, ccl7 and TNFa-induced protein 2), thus confirming a role of caspase
12 in limiting stromal inflammation. Moreover, cap12-/mice were more susceptible than WT mice to colitis induced by chronic low doses of DSS, which is driven by a
sustained inflammation in the lamina propria rather than
by a direct epithelial injury.
Both Caspase 1 and caspase 12 deficiency also rendered
the mice more prone to tumorigenesis in the DSS+AOM
model, suggesting how crucial the uncontrolled chronic
inflammation is for colorectal carcinogenesis.
Even though the findings were reminiscent of Rakoff-Nahoum model, authors did not investigate possible
connections between TLR/MyD88 and caspase 1/IL-18
signals. TLR4, apart from NF-κB, can activate caspase
1 via the intracellular mediator TRIF[40], and MyD88, as
mentioned, regulates also the IL-18 receptor signal. Interaction between MyD88 and caspase 1 activity has been
reported by other authors[41]. Moreover, experimental
manipulations applied were not consistent across the two
studies. For example, the contribution of commensal
flora to caspase-1/IL-18 driven repair was not assessed as
no test with antibiotics was performed.
IL-18/IL-18R/MYD88 axis: The third key research
was published by Salcedo et al[42]. They assessed whether
MyD88 deficiency was also associated with increased tumorigenesis by maintaining alive with hydration MyD88-/mice after the DSS course, and then administering AOM
to recapitulate the pathogenesis of CAC. Authors confirmed a much higher mean number of colonic polyps in
Myd88 -/- than in WT mice at day 60 after AOM challenge, thus suggesting that the pro-inflammatory state of
these mice enhances also the tumorigenic effect of AOM.
It was shown, however, by labelling test for Ki67, that
epithelial proliferation and regeneration were impeded
in Myd88-/- mice, a feature that is difficult to reconcile
with the increased susceptibility to the development of
polyps after AOM/DSS treatment. To clarify this aspect,
authors performed a gene expression profiling of the
total colons of AOM/DSS-treated Myd88-/- and WT
mice and looked at the expression of cell proliferationassociated genes. They found that genes of the epidermal
growth factor receptor, Met, and beta-catenin pathways
were preferentially induced in Myd88-/- mice after
AOM/DSS administration, indicating that compensatory mechanisms are apparently activated in the abortive
attempt to maintain the integrity of the colonic mucosa.
Such an ‘abortive attempt’ would therefore fail in repair-
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ing the tissue while rendering the mice more sensitive to
the tumorigenic action of AOM. Moreover a decreased
expression of mismatch DNA repair genes was also observed, which correlated with a higher frequency of betacatenin mutations and colon adenocarcinomas formation
after a prolonged period of observation. In parallel IL-18
-/- and IL-18 receptor (IL-18R) -/- mice were also investigated, observing a similar phenotype, although attenuated, to MyD88-/-. Moreover, similar gene expression
profiles were seen for IL-18-/- and IL-18R-/- mice. The
precise connection between MyD88 and IL-18 was still
not investigated, and Salcedo et al[42] concluded that the
more probable explanation of such an interplay would
rely on the permissive role of MyD88 upon IL-18R
activation, which allows for epithelial regeneration. As
mentioned above, a possible MyD88-dependent production of IL-18 cannot be excluded[43]. Moreover, it was not
clarified whether this MyD88/IL-18 circuit that implies
self-regulation of epithelial cell growth is completely
‘epithelium confined’ (autocrine loop) or involvement of
stromal components is required. Experienced researchers argue that an involvement of stromal macrophages
is necessary in the reparative process, so that IL-18 is
released by IECs upon injury and activates underlying
IL18-R-expressing macrophages which in turn produce
epithelial growth factors targeting IECs for the regenerative task[44]. Nonetheless, a completely autocrine circuit
cannot be excluded since IECs express IL-18R[45], and it
has been demonstrated that stromal infiltration by myeloid cells does not influence the DSS-induced colitis in
the casp1-/- model.
Overall these three studies highlight the dual role of
innate immunity. The baseline natural immune response
to commensal microbes is mainly epithelium-confined, is
necessary to protect against inflammation and cancer not
only for its bactericidal effect but also for a fine regulation of epithelial cell cycle, and alteration with antibiotics
of the intestinal ecology is a cancer predisposing factor.
On the other hand, the same innate immunity pathways
are responsible for cancer development in chronic colitis thorough maintenance of an “inflammatory vicious
circle” which is mainly stromal-based.
Role of ‘inflammatory brakes’ in carcinogenesis
Apart from caspase 12, the “inflammatory brake” investigated in the study by Dupaul-Chicoine et al[34] other two
studies have explored molecules known for dampening
the inflammatory response.
SIGIRR: In a genetic engineered mouse model by Xiao
et al[46] the effect of the inhibitory SIGIRR (Single immunoglobulin IL-1-related receptor) molecule was investigated for relation to colitis and CAC. SIGIRR is an
intracellular inhibitor of the TLRs pathway, yet SIGIRR
-/- mice have an higher susceptibility to DSS similar
to TLR4 and TLR2 -/- mice, suggesting that SIGIRR
deficiency may contribute to enhanced DSS-colitis with
a mechanism different from the impaired epithelial ho-
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meostasis seen for TLR4-/-, TLR2-/- and MyD88-/models.
It was suggested that epithelial SIGIRR functions as regulator of normal immune response to commensal microbes
and when absent an excessive inflammatory response to
normally colonizing bacteria occurs thus determining epithelial disruption and increased severity of DSS-induced
colitis and AOM+DSS tumorigenesis.
However SIGIRR is also an inhibitor of IL-18/IL-18R
axis[47], which has been demonstrated pivotal in epithelial
regeneration. On that respect SIGIRR -/- mice should
be more protected from, rather than susceptible to, DSS
insult, but this was not the case of Xiao’s model. Effect of
SIGIRR deficiency on IL-18 function was not investigated
by Xiao et al[46].
NLRP6: The second investigated ‘inflammatory brake’
was a member of NLR family containing a pyrin domain,
the NLRP6. Some NRLs (e.g., NOD1 and NOD2) induce anti-microbial cytokines expression via NF-κB and
MAPK signalling, whereas others (e.g., NLRP1, NLRP3
and NLRC4) trigger inflammatory caspases and formation of inflammasome protein complexes [48]. NLRP6
has only recently been characterized and seems to downregulate inflammatory response in the intestinum[49] thus
preventing chronic colitis and subsequent tumorigenesis.
In a recent research by Normand et al[50], a mouse model
of genetic NLRP6 deficiency (nlrp6 -/-) was used to demonstrate that this receptor is mainly expressed by fibroblast
within the colonic mucosa and its absence is associated
with enhanced and prolonged inflammatory reaction following DSS administration for 7 d. Mice had also worse
surrogate-markers of colitis as compared to WT animals,
such as weight loss, rectal bleeding and diarrhoea. Moreover NLRP6 deficiency was also associated to superior
tumorigenesis in the DSS + AOM experiment.
Overall, these studies exploring knockout models for
‘brakes’ of inflammation confirm that all molecular components (negative or positive regulators) are fundamental
for the fine epithelial homeostasis and cancer prevention.
Altering in any direction pro-inflammatory and/or antiinflammatory mediators leads to the same pro-colitic/
pro-cancerogenic effect.
IL-23/IL-17 and colorectal cancer
The IL-23/T helper 17 cells (Th17) pathway is recognized as one of the most important etiological factors in
IBD and CRC development and studies evaluating the
pro-inflammatory or anti-inflammatory roles of IL-17,
the distinctive cytokine of Th17, are ongoing.
Th17 are a subset of T helper cells producing IL-17
discovered in 2007. They are considered developmentally
distinct from Th1 and Th2 cells and excessive amount
of these cells is thought to play a key role in autoimmune
pathologies such as Crohn’s disease[51].
The physiological role of Th17 cells is suggested by
studies that have demonstrated preferential induction of
IL-17 in cases of host infection with various bacterial and
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fungal species at the epithelial/mucosa interface. Among
the cytokines released by Th17 is also IL-22 which stimulates epithelial cells to produce anti-microbial proteins
specifically directed against certain types of microorganisms such as Candida spp and Staphylococcus spp. A lack
of Th17 cells has been demonstrated to render the host
more susceptible to opportunistic infections[52].
The process of Th17 maturation and differentiation
from naive T cells is not yet completely understood.
A combination of cytokines, including transforming
growth factor (TGF)-β , IL-6, IL-1, IL-21 and IL-23
have been implicated, whereas IFNγ and IL-4, the main
stimulators of Th1 and Th2 differentiation, respectively,
have been shown to inhibit Th17 differentiation [53].
IL-23, however, is thought to be the main stimulator of
IL-17 production by Th17 and other IL-17 producing
cells[54].
Gene expression signature compatible with Th17 cell
infiltration has been associated with shorter disease free
survival in patients with radically resected stage Ⅰ/Ⅱ
colorectal cancer, and this was explained by the immunosuppressive role of Th17 cells[55].
Grivennikov et al[56] confirmed a nearly three-fold higher
expression of IL-23 and IL-17 in tumor tissue of 7 colorectal cancer patients as compared to the adjacent normal
mucosa. They also studied the role of IL-23 and IL-17 in
a mouse model of colorectal carcinogenesis based on
the preferential allelic loss of Apc in the colonic epithelium (the so-called CPC-APC mice). CPC-APC mice
reproduce human colorectal cancer development in that
preneoplastic lesions may be indentified (dysplasia) that
progress to overt adenocarcinoma in the distal colon.
IL-23 and IL-17 were upregulated also in CRC of CPCAPC mice and this upregulation was seen at early phases
of tumor progression. Flow citrometry analysis demonstrated that IL-23 producing cells within the tumor were
mainly CD11b+ and F4/80+ myeloid cells infiltrating
the stroma.
In CPC-APC mice knockout for IL-23, both number
and size of spontaneously developing CRCs were reduced, as were IL-23-induced cytokines (IL-17, IL-6 and
IL-22) and epithelial STAT3 phosphorylation, a mediator
of epithelial proliferation. The same effect was seen in
CPC-APC chimeras mice where IL-23 was specifically
knocked-out in bone marrow-cells confirming that this
cell type generates the tumorigenic IL-23 signalling. Similar effect was seen in CPC-APC mice knockout for the
receptor of IL-17.
Basal IL-23 intestinal production is thought to be
maintained by commensal flora and signalling through
the innate immunity pathway TLRs and MyD88[57]. As
for other mouse models[58], also CPC-APC mice with
ablated MyD88 had reduced IL-23 and IL-17 production
with reduced spontaneous tumor load, thus indicating the
importance of innate immunity signalling for the IL-23/
Th17 pathway. This effect was prevented by bone marrow transplantation of MyD88 competent cells. Broadsprectum antibiotics also reduced IL-23 colonic synthesis
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and spontaneous tumorigenesis in CPC-APC mice.
Grivennikov et al[56] also demonstrated that preneoplastic lesions in CPC-APC mice are associated with
altered mucin production and epithelial barrier homeostasis, which favour commensal bacterial translocation
with activation of lamina propria myeloid cells to produce IL-23. Authors postulated that, following an initial
cancerogenic mutation, integrity of epithelial barrier in
colonic adenomas is lost and stimulation of underlying
myeloid cells by translocated commensals is the promoting loop that ultimately leads to adenocarcinoma growth
and progression.
A relationship between IL-17 and CRC formation
was also identified using another spontaneous intestinal
tumorigenesis mouse model (mice bearing a heterozygote
mutation of APC: ApcMin/+ mice) targeting the small intestine. Specifically, it was reported that enterotoxigenic
Bacteroides fragilis, a human intestinal commensal bacteria, promoted intestinal tumor formation and that tumor
formation was inhibited when the IL-17 or its receptor
were blocked[59,60].
In a recent study by Hyun et al[61], it was also demonstrated a role for IL-17 in the tumor initiation stage of
CAC development, using the DSS+AOM experiment in
both wild type and IL17-/- mice. Indeed, the ablation of
IL-17 signalling significantly decreased the expression of
IL-6, STAT3, TNF-alpha and IFN-gamma in the IL17-/group, indicating a significant change in the environment
driven by this cytokine upon DSS+AOM administration.
The degree of epithelial proliferation observed after
hematoxylin and eosin staining was also significantly
reduced in the IL17-/- group. Furthermore, Ki-67 immunohistochemical staining was performed, and the number
of stained cells was found to be significantly decreased in
both normal intestinal crypts and tumor specimens. This
reduction correlated with decreased b-catenin, cyclin D1,
cyclin-dependent kinase 2 and cyclin E expression, suggesting a prominent role of IL-23/Th17 pathway at early
stages of tumor development.

CRC-INDUCED IMMUNE RESPONSE
Once a CRC is established, a number of immune cell
types may differentially contribute to its progression or
its growth control (Table 1).
Cytotoxic immune cell infiltration at the tumor sites
A wealth of evidence has documented the favorable effect of infiltrating cytotoxic lymphocytes (adaptive immunity) on prognosis for many human cancer types[62-72].
Identification of reliable immune prognostic factors
for colorectal cancer patients is the focus of intensive clinical and translational research, and a cornerstone study was
published by Pagès et al[73] in 2009. They demonstrated that
the combined immunohistochemical analysis of CD8+
and CD45RO+ cells in specific tumor regions may be
predictive of disease recurrence and overall survival in patients with early-stage, radically resected colorectal cancer.
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Table 1 summarizes main cell types involved in immune reaction during colorectal cancer disease
Immune cell type: phenotype and description
Effect on colorectal cancer prognosis
CD8+CD45RO+ T cells: memory cytotoxic T cells, associated with a
Favorably influencing relapse-free, progression-free and overall survival
T helper 1 orientation
FOXP3+CD25+CD4+ T cells: Regulatory T cells with suppressive
Unfavorably influencing relapse-free and overall survival
effect on effector cytotoxic lymphocytes
CD14+CD163-IL10high M1 macrophages: classically activated macro- Favorably influencing prognosis by enhancing Th1-type antitumor immune response
phages
CD14+CD163+IL12high M1 macrophages: classically activated macUnfavorably influencing prognosis by exerting immunosuppressive effect and
rophages
enhancing Th2-type response
Lin-HL-ADR-CD11b+CD33+ cells: Myeloid-derived suppressor
Unfavorably influencing prognosis by promoting metastatic spread
cells
TH: Helper T cell; IL: Interleukin.

First, authors demonstrated an upregulation of gene
clusters referring to CD8 cytotoxicity and Th1 orientation
in 15 tumors with high density of memory CD45RO+
cells at the immunohistochemistry, and in particular an upregulation of CD8, granzyme, perforin, T-bet, interferongamma, interleukin 12Rb 1 and 2, and IL-18 genes. They
then demonstrated, in a cohort of 411 colorectal cancer
patients with apparently good prognosis (all stage Ⅰ or
Ⅱ), that low density of both CD8+ and CD45RO+ was
associated with a six-fold to seven-fold increased risk of
death. In the multivariable analysis, infiltration of CD8+
and/or CD45RO+ cells was an independent prognosticator together with pT stage and clinical presentation with
bowel perforation. These results were further confirmed
in an independent cohort of 191 patients (validation cohort). In another dataset by the same authors[74], degree of
cytotoxic CD8-positive and memory CD45RO-positive
T cell infiltration at the primary tumor site (the so-called
immune score, Im) displayed a discriminatory prognostic
power superior to that of standard staging system and patients with high Im had a significantly prolonged diseasefree and overall survival. The Im ranged from 0 to 4 and
was based on the assignment of 1 point for the presence
of high density of either CD8+ or CD45RO+ cells evaluated at both the central zone and the invasive margins of
the primary tumor. In a sample of 415 patients, proportions of cases falling in Im0, Im1, Im2, Im3 and Im4
classes were 9%, 12%, 27%, 22%, and 30%, respectively.
The 5 year disease free survival rate was 85%, 53% and
32% for Im4, Im1 and Im0, respectively, with statistically
significant P-value. Immune cell infiltration correlated
significantly with tumor stage, in particular a decrease of
50% in CD8+ cell density was seen between stage Ⅰ and
Ⅳ. Same authors documented, in a separate study, that
effector T cells prevented from more aggressive tumor
behavior such as early lymphovascular embolisation[75].
We also confirmed the prognostic value of memory
CD8+CD45RO+ cells in metastatic patients[76] by evaluating peripheral expression of CD45RO, PD-1, and TLR4
immune pathways in metastatic CRC. We enrolled 31
patients in a prospective study which included a standard
firstline chemotherapy with fluorouracil, irinotecan and
bevacizumab (clinical trial.gov NCT01533740). Blood
was drawn before the first and third cycle of chemo-
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therapy and analyzed by flow cytometry for frequency
of CD4+, CD8+, CD45RO+, and PD1+ mononuclear
cells and for TLR4 expression on neutrophils.
Two cycles of chemotherapy determined changes in
immune variables that were prognostically meaningful.
Pre-third-cycle CD45RO+CD8+cell frequency displayed
a statistically significant association with progression-free
survival (PFS) (median PFS 22.4 vs 9.4 mo for patients
with CD45RO+CD8+cell frequency > vs < the median
value of 12%) and overall survival (2-year OS rate 62 vs
44%, respectively). A Cox regression multivariate analysis
for PFS including pre-third-cycle CD45RO+CD8+cell
frequency, CEA, LDH, and Köhne risk class demonstrated CD45RO+CD8+cell frequency to be the only
independent prognostic factor.
The beneficial effect of Th1 orientation has also been
demonstrated for CAC. A recent study have shown that,
using another well-established experimental model of
oral AOM+ intrarectal administration of trinitrobenzene
sulfonic acid, mice deficient in INF-gamma develop
significantly more neoplasms compared to wt mice and
Th2-biased IL4-/- mice[77]. On the basis of these results,
authors suggest that a Th2-dominant cytokine response
may enhance CRC growth in a colitic background. Furthermore, Th2-related cytokines, such as IL-4 and IL-13,
determined the upregulation of activation-induced cytidine deaminase (AID), an enzyme which induces DNA
mutation in cultured colonic epithelial cells thus favoring
accumulation of genetic lesions leading to cancer progression[78].
Still Bindea et al[79] have recently studied 28 immune
cell subtypes (the immunome) at all stages of CRC development and found that during cancer progression
there is an increasing disappearing within the tumor
tissue of cytotoxic T cells with B cells and T follicular
helper cells becoming more prevalent. This immune cell
shift is probably driven by an enhanced CXCL13/IL-21
signal.
As a general consideration, these results demonstrated that an adaptive, cancer-specific, immune response
exists both for localized and metastatic cancer. This immune defence is mainly cytotoxic Th1-oriented and even
if it fails to determine a complete “cancer clearance”
may still control the occurrence of metastasis and delay
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disease progression.
Role of T regulatory cells in colorectal cancer
Tregs are a subset of CD4+ cells, whose frequency ranges
between 4%-10%, that are found to potently restrain specific immune responses and maintain self-tolerance thus
preventing autoimmune disorders[80].
Tregs have been implicated in cancer progression as
they are able to inhibit antigen specific T cell antitumor
response and high peripheral and tumor tissue levels of
these cells have been found in colorectal cancer patients[81].
Indeed, specific immune T cell response to tumor associated antigens frequently occurs in cancer patients[82,83],
yet effective immune-mediated tumor clearance is uncommon and Tregs seems to play a major role in this context.
In patients where immune constraint is less prominent, T cells infiltrate tumor tissue and this is a wellrecognized favourable prognostic sign[84]. In particular,
a high ratio of infiltrating CD3+ cells (effector cells) to
FOXP3+ cells (Tregs) is associated with improved disease free-survival[85]. Furthermore, depletion of circulating Tregs in mouse models, even for a limited period of
time, is associated with rejection of both tumor transplants and de novo chemically-induced neoplasms[86-88].
Treg generation in colorectal cancer appears to be antigen-specific[89].
In a study by Betts et al[90], peripheral and tumor tissue lymphocytes from nearly 50 patients with localized
colorectal cancer were immunophenotyped before and
at 12 and 52 wk after radical resection and compared
with age-matched healthy controls. Before surgery, a
nearly 20% increase in FOXP3 content of peripheral
Tregs from colorectal cancer patients was observed as
compared to Tregs from controls. As FOXP3 expression
correlates with the suppressive capacity of these cells[91],
the finding indicates that function of Tregs, more than
frequency, is enhanced in colorectal cancer patients. In
the tumor tissue, Tregs were even more represented than
in the periphery, as FOXP3+ cell percentage within the
CD4+ pool shifted from nearly 15% in the bloodstream
to 50% in the tumor stroma.
It is possible that the enhanced Treg homing to intestinal mucosa seen in cancer patients could be the results
of increased expression of certain integrins and adhesion
molecules, e.g., CD49d. Same significant difference of
FOXP3+ cell percentage between bloodstream and peripheral tissues were reported by Deng et al[92] who compared PBMCs to lymphocytes from the tumor draining
lymphnodes.
Even more intriguing, peripheral Treg FOXP3 expression significantly dropped immediately after surgery
and, after 52 wk of follow up, it became comparable
to that of healthy controls. Finally, specific immune
response to certain tumor antigens (e.g., 5T4) were suppressed preoperatively (as measured by ELIspot test of
CD4+ cells producing IFN-gamma before and after
Tregs depletion) and restored post-operatively, at 6 mo,
because of a reduced suppressive Treg action. Moreover,
higher Treg-mediated immunosuppression (as measured
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by ELIspot reaction to tumor antigens CEA and 5T4
after Treg depletion) at the pre-operative timepoint was
observed in 10 patients who relapsed as compared to 34
who did not relapse after one year.
Action of Tregs in colorectal cancer may partly explain disappointing results of anticancer vaccination in
this disease[93].
In other datasets, however, increased number of tumor infilitrating Tregs has been seen to correlate with
improved prognosis. Suggestions have been made on the
possible favourable role of Tregs in suppressing protumoral inflammatory response in these cases[94,95].
Other immune cells involved in CRC progression: macrophages, myeloid cells and neutrophils
Important players in CRC are tumor-associated macrophages, which can be divided into classically activated
macrophages (M1), typically induced by IFN-gamma and
LPS, and alternatively activated macrophages (or M2),
induced by IL-4 and IL-13. M1 exhibit potent microbicidal properties and promote strong IL-12-mediated
Th1 responses, whilst M2 support Th2-associated functions[96]. M1 macrophages can prime anti-tumor immune
response through the production of cytokines like TNFalpha, IL-6 and IL-12, while M2 can inhibit ant-cancer
immunity through the production of TGF-β and IL-10.
The balance between M1 and M2 may condition towards
a protumoral or antitumoral milieu[97,98].
Recent studies have identified myeloid-origin cells
as potent suppressors of tumor immunity and therefore a significant impediment to cancer immunotherapy.
“Myeloid-derived suppressor cells” (MDSC), a heterogeneous population of early myeloid progenitors, immature
granulocytes, macrophages, and dendritic cells at different
stages of differentiation, accumulate in the bloodstream,
lymph nodes, bone marrow and at the tumor site of most
patients and animals and inhibit both adaptive and innate
immunity. MDSC are induced by tumor-secreted and
host-secreted factors, especially proinflammatory molecules. The induction of MDSC by proinflammatory mediators led to the hypothesis that inflammation promotes
the accumulation of MDSC that down-regulate adaptive
immune surveillance and antitumor immunity, thereby
facilitating tumor growth[99].
Relatively little is known about neutrophils in human
cancers. Several cytokines secreted from both tumor and
stromal cells seem to contribute to high neutrophil count
(neutrophilia) seen in many metastatic CRC patients and
neutrophilia appears to have immunosuppressive consequences. Among others, main neutrophilia-inducing
cytokines are vascular endothelial growth factor-A, IL1beta and IL-6[100]. Neutrophils usually are able to directly
phagocyte invading microorganisms (such as bacteria
and fungi) or kill them by releasing activating cytokines
(TNF-α, IL-1 and interferons), defensins and toxic substances such as reactive oxygen species. Although neutrophils are traditionally considered for their antibacterial
functions, it is becoming clear that tumor-associated neutrophils (TAN), peripheral neutrophils and granulocytic
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myeloid-derived suppressor cells observed in the spleen,
bone marrow and bloodstream play an important role in
cancer biology, mainly as immunosuppressive cells in the
context of tumors[101]. More recently, it has been demonstrated that in untreated tumors, neutrophils can also assume a pro-tumorigenic state, which by analogy to macrophages, is called “N2” phenotype. The full range of
mechanisms responsible for this pro-tumorigenic activity
have not yet been elucidated, but neutrophils are known
to impact angiogenesis, immune surveillance, as well as
to secrete chemokines, cytokines and reactive oxygen
species. However, it has been noted that under certain
conditions (e.g., after TGF-β blockade), TAN can take on
an “N1” phenotype, which is pro-inflammatory and antitumorigenic. It is important to consider which of these
two possible phenotypes predominate when interpreting
the nature of inflammation during CRC development.
Interestingly, recent findings have been introduced the
peripheral neutrophil to lymphocyte ratio as an important
prognostic and predictive factor in CRC[102,103].

CONCLUSION
Overall a great amount of research has been produced
on the immune response in colorectal cancer.
Many assumptions, such as the detrimental effect of
inflammatory pathway activation, have partly been called
into question since it may be paramount in maintaining epithelial homeostasis. Immune and inflammatory
response to CRC is incredibly complex and adapt according to carcinogenetic phase (preneoplastic lesion vs
overt carcinoma), cancer stage and microenvironmental
context (commensal ecology).
The key interpretation of published results is that a
fine balance exists between immune and epithelial/tumor cells and either excessive or defective deviations
from this balance will result in cancerogenic and/or cancer progression risk.
Therapeutic immune interventions have necessarily
to be multitargeting and finely tuned. A coordinated approach involving concomitantly potentiation of cytotoxic
immunity, suppression of protumoral Tregs, Th17 and
Inflammatory cells and reconstitution of the normal
host/microbial symbiosis is the only way, to our opinion,
to render effective immunotherapy in CRC care.
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Abstract
Colorectal cancer is the third most common cancer diagnosed worldwide. Although epidemiology data show
a marked variability around the world, its overall incidence rate shows a slow but steady decrease, mainly
in developed countries. Conversely, early-onset colorectal cancer appears to display an opposite trend with
an overall prevalence in United States and European
Union ranging from 3.0% and 8.6%. Colorectal cancer
has a substantial proportion of familial cases. In particular, early age at onset is especially suggestive of
hereditary predisposition. The clinicopathological and
molecular features of colorectal cancer cases show
a marked heterogeneity not only between early- and
late-onset cases but also within the early-onset group.
Two distinct subtypes of early-onset colorectal cancers
can be identified: a “sporadic” subtype, usually without family history, and an inherited subtype arising in
the context of well defined hereditary syndromes. The
pathogenesis of the early-onset disease is substantially
well characterized in the inherited subtype, which is
mainly associated to the Lynch syndrome and occa-
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sionally to other rare mendelian diseases, whereas in
the “sporadic” subtype the origin of the disease may
be attributed to the presence of various common/rare
genetic variants, so far largely unidentified, displaying
variable penetrance. These variants are thought to act
cumulatively to increase the risk of colorectal cancer,
and presumably to also anticipate its onset. Efforts are
ongoing in the attempt to unravel the intricate genetic
basis of this “sporadic” early-onset disease. A better
knowledge of molecular entities and pathways may impact on family-tailored prevention and clinical management strategies.

Core tip: The phenotypic and genotypic heterogeneity
of early-onset colorectal cancers (CRCs) clearly emerges from clinical studies. We can distinguish two distinct
entities, an inherited subtype, usually with familial
aggregation, accounting for a relatively low percentage of cases, with specific clinicopathologic features
and a “sporadic” subtype, often without family history
of CRC, with distinct location and histopathologic features. There is a significant variability in the mechanisms underlying the development of early-onset CRC
and it is certainly a big concern for clinicians and oncologists for the implications on prevention, diagnosis
and clinical management of the disease.
Stigliano V, Sanchez-Mete L, Martayan A, Anti M. Early-onset
colorectal cancer: A sporadic or inherited disease? World J
Gastroenterol 2014; 20(35): 12420-12430 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i35/12420.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i35.12420
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INTRODUCTION
Colorectal cancer (CRC) is the third most common diagnosed cancer (1.23 million cases, 9.7% of overall cancer,
cumulative lifetime risk of 2%) representing an important health issue worldwide[1]. Almost 60% of cases occur in developed regions, particularly in the United States
where colorectal is the third most common cancer site
with approximately 142820 estimated cases[2], whereas
in the European Union (EU) it is the second diagnosed
cancer with approximately 330000 estimated cases [3].
Furthermore, CRC is the fourth most common cause
of death from cancer worldwide (608000 cases, 8% of
overall cancer deaths, cumulative lifetime risk of 0.9%).
There is less variability in mortality rates with the highest rates estimated in Central and Eastern Europe (20.3
per 100000 for male, 12.1 per 100000 for female), and
the lowest in Middle Africa (3.5 and 2.7, respectively).
Incidence and mortality rates are lower in women than
in men[1].
Over the past two decades, in these more developed
countries (United States, EU), incidence and death rates
have decreased about 2% per year[2,4,5]. This rapid decline
has been largely attributed to the increase in screening
programmes among individuals 50 years and older, allowing an early detection and treatment of CRC and
precancerous lesions[1-7].
For this reason, the evidence-based European Code
Against Cancer and the American College of Gastroenterology in the United States, recommend that men and
women from 50 years of age onwards should participate
in colorectal screening[8-10].
Conversely, in the less developed regions of the world,
the annual incidence is expected to increase over the next
two decades. This is likely due to the adoption of a more
“westernised” lifestyle, population growth, a higher life
expectancy and the lack of screening programs[1].

EARLY ONSET CRC
CRC incidence increases significantly beyond the fifth
decade of life, therefore it is often thought of as a disease of the elderly and CRC screening is usually not recommended for individuals at average risk younger than
50 years[8-10].
The major studies on CRC incidence among young
adults have been performed by using the Surveillance,
Epidemiology and End Result registries (SEER) database in the United States, and the World Health Organization database in the EU.
Siegel et al[11] published data from the SEER database.
CRC was considered occurring in young adults (ages 20
to 49 years) between 1992 and 2005. They reported an
increased incidence overall rate of 1.5% per year in men
and 1.6% in women. Specifically, the incidence rate increased among non-Hispanic whites by 2% in men and
2.2% in women, and it was slightly higher in Hispanic
men (by 2.7%). Moreover, they showed that the largest annual percent increase in CRC incidence was in

WJG|www.wjgnet.com

the youngest age group (20-29 years): 5.2% per year in
men and 5.6% per year in women. The analysis by anatomic sites revealed a predilection for distal colon and
rectum in both sexes. Their findings were consistent
with previous epidemiological studies of Cress et al[12]
and O’Connell et al[13] that used the SEER databases as
well. O’Connell et al[13] focused their study on patients
under 40 years of age and reported trend for increased
incidence, but they did not examine trends by race and
ethnicity. Cress et al[12] focused their analysis on rectal
cancer. Likewise, Meyer et al[14] conducted an analysis on
SEER databases between 1973 and 2005, and compared
patients aged under 40 years with cancer of the rectum
to patients with cancer localized in the colon. They observed that over the examined period the incidence of
rectal cancer increased significantly whereas that of colon cancer remained unchanged (annual percent change,
2.6%, P < 0.0001 and 0.2%, P = 0.50, respectively).
Unlike the results of Siegel et al[11], the rise in prevalence
was independent of sex or race.
Bosetti et al[4] published data on CRC mortality in Europe. They reported “CRC rates at age 30-49 years were
between 3 and 5/100000 in most large European countries in both genders (though higher in men) and tended
to decline between 1997 and 2007. As for all ages, rates
were higher and trends were less favourable in Eastern
Europe, including Hungary (over 9/100000 men, and
over 6/100000 women), Bulgaria, the Czech Republic
(with, however, a decline in men to 4.4/100000 in 2007)
and Slovakia. In the EU as a whole, CRC mortality at
age 30 to 49 declined from 4.8 in 1997 to 3.9/100000 in
2007 for men, and from 4.1 to 3.3/100000 in women,
i.e., about 10% per quinquennium”[4]. The European and
United States trends of CRC incidence appear to be opposite. However Bosetti et al[4] did not include patients
under 30, whereas Siegel et al[11] showed that the highest
increase was among this age group.
Further, several reports regarding CRC in young adults
under 40 or 50 years of age have been published over the
last few decades, describing data from the United States
or EU on single-institution series[15-32]. The prevalence
ranged between 3.0% and 8.6% with a peak of 17.1%,
in the study of Safford et al[15], performed on the Army
Tumour registry. Soliman et al[16] carried out a study on
an Egyptian series of 1608 patients. A clearly higher
prevalence (35.6%) was found in Egypt than in the EU
or the United States. Similar conclusions were drawn by
Yilmazlar et al[17] on a smaller Turkish series of 237 patients (19.4%).
CRC comprises a large proportion of familial cases
(approximately 15%-30%)[33], in which young affected
individuals are expected to have a significant familial history and/or genetic predisposition. The cited studies[15-32]
aimed at identifying prevalence and clinico-pathological
features of early-onset CRC. It was noted that the presence of family history is not always reported, resulting
in a considerable spread in the estimated frequency of
familial cases (from 3% to 20%). Moreover, only a few
studies specified data on genetic predisposition, i.e., famil-
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Table 1 Early onset colorectal cancer: Comparison of published studies
Author

Year

Patient age Youg onset CRC/overall
CRC n (%)

Lee et al[24]

1994

< 40

Fante et al[25]

1997

< 40

Pitluk et al[26]

1983

< 40

Minardi et al[27]
Domergue et al[28]

1998
1988

< 40
< 40

Palmer et al[29]
Behbehani et al[30]

1991
1985

< 40
< 40

Parramore et al[20]

1998

< 40

36/418 (8.6)

Not specified

Not specified

Soliman et al[16]
Yilmazlar et al[17]
Isbister et al[21]
Adloff et al[22]
Safford et al[15]
Moore et al[23]

1997
1995
1990
1986
1981
1984

< 40
< 40
< 40
< 40
< 40
< 40

Not specified
Not specified
Not specified
Not specified
Not specified
Not specified

Rectal > 50%
Left sided 80%
Not specified
Not specified
Not specified
Left sided 58%

Not specified
76%1
Not specified
Not specified
Not specified
Not specified

Mäkelä et al[18]

2010

< 40

Left sided 42%

Not specified

Torsello et al[19]

2008

< 40

Left sided 82.7%

46.5%2

Chang et al[53]

2012

< 40

Left sided 80%

63%

Myers et al[31]

2013

< 50

572/1608 (35.6)
46/237 (19.4)
131/2420 (5.4)
32/1037 (3)
140/819 (17.1)
62/1909
-3.2
59/1272
-4.6
58/1340
-4.2
55/1160
-4.7
49/437
-11.2

Left sided 62.1%

53%2

62/2000
-3.1
14/1298
-1.1
31/861
-3.6
37
93/2600
-3.6
105
47 vs 525

5-yr survival

Tumour site

Advanced
stage

Dukes C 40%
Dukes D 7%
70%

Not specified

71%1

Not specified

Left sided 63%

57%1

21.4% mucinous

22%

Left

26%
30%

Left 51.3%
Left 74% (rectal 55)

23%

Left sided
Left sided 58%

58%
48.9%
53%
Not specified

Not specified
59%1
80%1
63%1
Not specified
78%1

Adverse histological features
(mucinous and poorly
differentiated)

Not specified
58% mucinous
40% poorly differentiated
Not specified
26% mucinous
21% poorly differentiated
28% poorly differentiated
26% mucinous
30.6% mucinous
48%
Not specified
Not specified
Not specified
32.3% mucinous 98% poorly
differentiated
Not specified
14% poorly differentiated
26% mucinous
24% mucinous
12% poorly differentiated
19% mucinous

1

Dukes classification, stages C and D; 2Tumor node metastasis staging, stages Ⅲ and Ⅳ. CRC: Colorectal cancer.

ial aggregation. In particular, Fante et al[25] observed the
presence of Hereditary Non polyposis Colorectal Cancer
Syndrome (HNPCC) or Familial Polyposis in 15.5% of
their series. Meyer et al[14] reported just one out of 180
early-onset CRC patients to have a family history of cancer, in accordance with the Amsterdam Criteria.
As to the clinico-pathological features of CRC in
young onset patients, the prevalent anatomic site was the
distal colon (50%-80% of the cases), the histopathological characteristics identified were mucinous (9%-49% vs
17% of the general population), poorly differentiated
(12%-98%, vs 15% of the general population) and advanced tumour stage (Dukes C or D in 71%-80% of the
cases)[15-32]. Data on prognosis in early-onset patients are,
at present, still controversial. Several single-institution
studies reported a poor prognosis with a 5-year survival
rate of 10% to 29%[26,27,30-32], whereas other authors found
equivalent or higher survival rates than in older patients
(33%-60%)[20-25]. However, some authors hypothesized
that early-onset CRCs are more aggressive due to their
typical histopathological features (mucinous and poorly
differentiated)[20,27,32] (Table 1).

HEREDITARY CRC SYNDROMES
Young age at onset is usually included among the indica-
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tors of an inherited CRC syndrome. Therefore, when
dealing with an early onset CRC patient, one should take
into account the possibility of an hereditary CRC syndrome (HCCS).
CRC has a large proportion of familial cases (approximately 30%) and mutations in important cancer
susceptibility genes are detectable in about 5%-10% of
CRC[33].
The most prevalent HCCS are characterized by adenomatous polyps and/or cancer. Namely, the Lynch
syndrome has a 80% lifetime risk for CRC, familial adenomatous polyposis (FAP) has a 100% lifetime risk of
CRC. In contrast, MUTYH associated polyposis (MAP)
does not have a defined lifetime risk for CRC. Other-less
common HCCS are characterized by hamartomatous
polyps, as in the Peutz Jeghers syndrome (PJS) and the
juvenile polyposis syndrome (JPS) which are associated
with about 39% lifetime risk of CRC. The very rare
Cowden syndrome involves little, if any, CRC risk. The
Serrated Polyposis syndrome (SPS) is characterized by
hyperplastic polyps and serrated adenomas and is associated with more than 50% of CRC lifetime risk. All
these syndromes have an autosomal dominant inheritance with the exception of MAP, which is caused by
a bi-allelic recessive gene mutation, and SPS which is
rarely inherited.
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Classical FAP, PJS and JPS have typical phenotypes,
often evident at endoscopic examination. As to classical
FAP, CRC develops between 30-40 years of age and is
associated with over than 100 polyps, the typical “carpet”
of colonic polyps. In PJS the typical diagnostic feature
is the muco-cutaneous melanosis which appears during
childhood. In this syndrome, the most frequent site of
polyp occurrence is the small bowel, with obstruction
and/or bleeding signs, rather than cancer development,
usually appearing at a young age. In JPS, polyps typically develop in the stomach and in the colon and rectal
bleeding is a frequent symptom. The syndromes are usually suspected at endoscopic examination and the identification of the causative germline mutation confirms the
diagnosis[33].

FROM EARLY-ONSET CRC TO THE
DIAGNOSIS OF AN HEREDITARY
CONDITION
MUTYH-associated polyposis
MAP is an autosomal recessive syndrome caused by mutations in MUTYH gene. This gene is a component of
the base excision repair system that protects genomic
information from oxidative damage and it was first described in 2002. Bi-allelic germline mutations in the MUTYH gene predispose to multiple colorectal adenomas
and somatic G:C→T:A mutations[34,35]. MAP can mimic
both FAP and LS phenotypes. Affected individuals most
often display an attenuated phenotype, developing less
than 100 colorectal adenomas, often with a predominance in the right side of the colon and with a later onset than FAP (about 10 years later)[36,37].
A few studies in a large series of CRC patients[38,39]
suggest that in a small percentage of CRC cases, bi-allelic MUTYH gene mutations can be found in the absence
of the polyposis phenotype. Knopperts et al[38] screened
for MUTYH gene mutations a series of 89 MSI-L or
MSS early-onset (under 40) CRC without a polyposis
phenotype, and compared them with 693 non-CRC patients with 1-13 adenomatous polyps for the MUTYH
hotspots. They did not observe MUTYH bi-allelic mutations in any of the examined cases.
Giráldez et al[39] screened 140 CRC under 50 years
for LS (MSI analysis and immunohistochemistry for
the four MMR genes). In MMR-deficient patients they
performed an MMR germline mutation analysis and also
evaluated bi-allelic MUTYH mutations in all cases. They
found 4 mutated cases (2.8%) and suggested to carry out
MUTYH screening in this subset of CRC patients. Also
Lubbe et al[40] in their study on CRC risk associated with
MUTYH mutations suggested screening of early-onset
CRC MSS cases.
Riegert-Johnson et al[41] tested a consecutive series of
229 samples referred for LS testing for the two MUTYH
mutations most common in the Caucasian population.
They only included cases with early-onset CRC (under
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50 years of age), either MSS stable or MSI-L and found
4 (2%) bi-allelic and 6 mono-allelic mutation carriers.
They concluded that MUTYH mutation testing is a “reasonable cascade test in early-onset CRC found to have
proficient DNA MMR system, regardless of pattern of
family history or number of polyps”.
Lynch syndrome
The LS is an autosomal dominant condition with incomplete penetrance, predisposing to CRC and other malignancies at a young age due to a germline mutation in one
of the mismatch repair (MMR) genes (MLH1, MSH2,
MSH6 and PMS2)[42-44].
In rare cases, LS can be caused by germ-line hypermethylation of MLH1 promoter[45,46], constitutional 3’
end deletions of the EPCAM gene (formerly known
as TACSTD1), and subsequent epigenetic silencing of
MSH2[47]. CRC of patients with LS shows MMR deficiency, defined by the presence of microsatellite instability
(MSI) and loss of the MMR protein expression, which is
the hallmark of this disorder[44]. The syndrome accounts
for 2%-4% of all CRCs, and the lifetime risk of developing CRC in the MMR mutation carriers is estimated to be
50%-80%[33,48]. Therefore, patients with LS and their relatives must undergo intensive surveillance and appropriate
management in order to improve survival[49-51].
The most widely used diagnostic strategy for LS is
based on selecting patients who fulfil the Amsterdam
Criteria[43] or any of the Revised Bethesda Guidelines[52].
Tumour tissues of these patients are then tested for MSI
and/or immunostained by IHC to detect MMR proteins, if any. MMR-deficient cases are finally tested for
germline mutations. In this respect it may be of interest to note that the stringency differs in the Amsterdam
and Bethesda Criteria. The Amsterdam Criteria select
probands on the basis of familial segregation and early
age at onset of either CRC or any other cancer in LS
spectrum. The Revised Bethesda Guidelines are less
stringent and separately consider age at onset, presence
of synchronous/metachronous cancer (multiple primary
cancers), MSI-H phenotype at age < 60 years, and family history of cancer in the LS spectrum. Possibly due to
differences in the inclusion criteria, the prevalence of LS
in early onset-CRC cohorts resulted extremely variable in
different studies accounting for about 4% to 20%[39,53-67].
Among these studies, the family history of CRC was
an important associated factor, likely to influence the different prevalence of LS. Indeed, if we only consider the
cases without family history[55,61,65], the prevalence rate
decreases to 3.5%-6.4% and becomes more homogeneous. Furthermore, the feature typical of LS, i.e., occurrence in the right colon is not frequent in the early-onset
group, either in the above mentioned studies or in the
studies that specifically analyze LS prevalence. In these
studies, a predilection for the distal colon was reported
in 55%-80% of the cases.
Therefore, we might consider the existence of two
different clinico-pathological entities in early onset CRC:
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the “sporadic” and the inherited forms. The former,
more frequent, usually presents with left-sided CRC without relevant family history. The latter, less frequent, arises
in the context of a well defined hereditary syndrome.

PATHOGENESIS OF CRC
CRCs are highly heterogeneous both histopathologically
and at the molecular and genetic levels. Furthermore, the
genetic alterations and molecular mechanism of earlyonset CRCs have not yet been fully clarified.
The pathogenesis of CRC varies according to genetic
or epigenetic changes, which are related to each other to
a variable extent. They follow the multiple-stage patterns
theorized by Fearon and Vogelstein[68]. Such genetic and
epigenetic alterations are directly responsible for a specific event within the sequence that leads to CRC, by contributing to the initiation of neoplastic transformation in
the healthy epithelium, and/or determining the progression towards more malignant stages of the disease.
The different carcinogenesis pathways are characterized
by several distinctive models of genetic instability, subsequent clinical manifestations, and pathological features.
Most of the CRCs follow the chromosomal instability (CIN) pathway, which is characterized by widespread
imbalances in chromosome number (aneuploidy) and
loss of heterozygosity[68,69]. The second, less frequently
involved pathway is MSI, which is due to derangement
of the DNA MMR system and, ultimately, microsatellite
instability[70-72]. More recently, other systems and pathways of CRC pathogenesis have been uncovered which
include: (1) DNA methylation [CpG island methylator
phenotype (CIMP) pathway][73,74]; (2) inflammation (inflammatory pathway)[75-78]; and (3) microRNA (miRNA)
involvement[79-82].

PATHOGENESIS OF EARLY-ONSET CRC
Literature on pathogenesis, molecular features, clinical
outcome and recurrence of the early-onset CRC is still
scanty and controversial. One of the main reasons for
such discrepancies is the heterogeneous genetic background underlying the onset of CRC at a young age.
Genetic background: Susceptibility genes and genetic/
epigenetic variants
With regards to the hereditary subtype, a considerable
and variable proportion of heritability still remains unidentified[39]. Indeed, about 30% of the overall CRC burden seems to involve inherited genetic differences[83,84].
In fact, there are several possibilities why the genetic
component(s) involved in the increased susceptibility of
CRC might be missed: (1) the relatively large number of
missense, silent, intronic and deep intronic variants of unknown clinical significance in the main CRC susceptibility
genes[85]; and (2) the presence of other yet unidentified
moderately/highly penetrant CRC susceptibility genes.
Concerning the “sporadic” subtype, where mendelian
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inheritance has been excluded, the origin of the disease
may be attributed to the presence of a large number of
common, low-penetrance genetic variants each exerting a
small influence on risk. They may act according to a polygenic inheritance model[86]. Indeed, according to the common disease-common variant (CDCV) hypothesis[87,88],
if a disease that is heritable is common in the population
(a prevalence greater than 1%-5%, as in CRC), then the
genetic contributors, e.g., specific variations in the genetic
code - will also be common in the population[89]. This
CDCV hypothesis has been recently supported by a remarkable number of recently published genome wide association studies[90-93]. A few loci that confer an increased
risk of CRC particularly early-onset CRC have been identified (rs10795668, rs3802842, rs4779584)[94] (Table 2).
Alternatively, “sporadic” early-onset CRC may arise
as a consequence of a cumulative effect of multiple rare
variants (population frequency < 1%). These variants
might act as independent dominant susceptibility factors,
each conveying a moderate but significant increase in
cancer risk as suggested by Bodmer et al[95] in the common disease-rare variant (CDRV) hypothesis. Based on
this hypothesis, Bonilla et al[96] examined the influence of
rare variants of the cancer candidate cyclin D1 (CCND1)
gene on the development of multiple intestinal adenomas and on the early onset of CRC. The authors identified a subset of rare variants that, in combination, contribute to a significant increase in colorectal tumour risk
(OR = 2). This increase was also observed for the earlyonset group, although statistical significance was not
reached probably due to the small sample size (OR = 1.4,
P-value = 0.50) (Table 2).
A certain number of other gene variants and/or epigenetics alterations have been investigated in recent years in
the attempt to identify early-onset CRC-specific genomic
signatures. As to the epigenetic status of early-onset
CRCs, a study from Antelo et al[97] analysed the methylation status of LINE-1 elements in early-onset CRC
samples compared to elderly cases and observed a statistically significant LINE-1 hypomethylation status in the
former set of samples. At variance, in July 2013 Walters
et al[98] reported the association of an overall hypermethylation of DNA repetitive elements, including LINE-1,
in white blood cells from early-onset CRC patients compared to controls (Table 2). To our knowledge, no other
studies on a possible epigenetic signature of early-onset
CRC have been published so far.
As to other potential early-onset CRC-related highly
penetrant genes, Fernandez-Rozadilla et al[99] found an
early-onset CRC patient (MMR proficient and no family
history) with a 7.326-Mb heterozygous deletion in the
10q22-q23 region involving the bone morphogenetic
protein receptor type-1A (BMPR1A) gene (Table 2). Alterations in this gene have been recently related to CRC
development in patients with familial colorectal cancer
type X[100]. Moreover, they account for 20% and 50%
of the JPS and Hereditary Mixed Polyposis syndrome
(HMPS) cases, respectively. No other cases of BMPR1A
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Table 2 Genetic background of early-onset colorectal cancer:
Susceptibility genes and genetic/epigenetic variants
High risk susceptibility genes

Related hereditary syndrome

MLH1
MSH2
MSH6
PMS2
EpCAM
MUTYH
BMPR1A
SMAD4
PTEN
Genetic/Epigenetic variants
rs107956681
rs38028421
rs47795841
2
≥ 1 CCND1 rare variants
LINE-1 hypomethylation3
DNA repetitive elements
hypermethylation4
10q22-q23del5

Lynch
Lynch
Lynch
Lynch
Lynch
MAP
Juvenile polyposis
Juvenile polyposis
Cowden
Related colorectal tumour
CRC < 50 yr
CRC < 50 yr
CRC < 50 yr
multiple adenomas or CRC < 50 yr
CRC < 50 yr
CRC < 60 yr
Two synchronous CRC at 49 yr of age

1

Colorectal cancer (CRC) genetic susceptibility single nucleotide polymorphisms with a P-value< 0.05[92]; 2P-value = 0.04 and OR = 2.0[94]; 3Comparison of long interspersed nuclear element 1 (LINE-1) hypomethylation status between early-onset CRC and other groups of CRC: P-value< 0.0001[95];
4
DNA repetitive elements hypermethylation in a cohort of early-onset
CRC patients compared to healthy controls: LINE-1 (OR = 2.34, P-value <
0.001), Sat2 (OR = 1.72, P-value < 0.001) and Alu repeats (OR = 1.83, P-value
= 0.02)[96]; 5The 10q22-q23 deletion in the patient involves the BMPR1A
gene[97]. MAP: MUTYH associated polyposis.

mutations in sporadic early-onset CRC patients have
been reported so far. In addition, a recent study on gene
expression profiles of early-onset CRC was published
by Luo et al[101]. The aim of the study was to uncover
protein-protein interaction network-based biomarkers
of early-onset CRC to be used as potential targets for
therapeutic intervention. Indeed, the authors identified
five proteins (CDC42, TEX11, QKI, CAV1 and FN1),
as representative elements of early-onset CRC-specific
networks. However, further investigation is obviously
needed to confirm these findings.
Pathological and molecular features
Many studies have focused in recent years on the characterization of the clinical, pathological and molecular
features of this peculiar early-onset disease.
In 2009, Yantiss et al[102] compared clinical risk factors
of malignancy, and pathological features predictive of
outcome in early-onset (< 40 years) versus late-onset (≥
40 years) CRC patients. Ninety-two percent of tumours
from young patients occurred in the distal colon (P =
0.006), and 75% were stage Ⅲ or Ⅳ. Tumours from
young patients showed more frequent lymphovascular
(81%, P = 0.03 and/or venous (48%, P = 0.003) invasion, an infiltrative growth pattern (81%, P = 0.03) and
α-methylacyl-CoA racemase expression (83%, P = 0.02)
compared with controls. Cancer samples in this earlyonset group showed significantly increased expression
of miR-21, miR-20a, miR-145, miR181b, and miR-203 (P
≤ 0.005 for all comparisons with controls). The results
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of this study indicated that early-onset CRC commonly
showed pathological features associated with an aggressive behaviour, and that posttranslational regulation of
mRNA may be a crucial step for the development of
CRC in young patients.
Perea et al[103] classified early-onset CRCs into four
molecular subtypes: early-onset MSS, early-onset MSI/
CIMP-high, early-onset MSS/CIMP-high and early-onset
MSS/CIMP-low. Each of these subtypes differs in tumour location, BRAF mutation status (V600E), and presence or absence of family history. The first subtype is
characterized by CRCs more commonly located in the left
colon and proven family history as compared with cancer
of the elderly. In the second subtype, MSI/CIMP-high
early-onset CRC cases are prevalently associated with LS,
whereas the elderly cases displayed BRAF V600E mutations. In the third subtype, early-onset MSS/CIMP high
CRCs were more frequently of the mucinous subtype
and right-sided compared to elderly cases (most of them
related to LS). Finally, the early-onset MSS/CIMP-low
differed from the elderly cases in location, stages, incidence of primary neoplasms and presence/absence of
family history. The authors conclude that the age at onset
should be the major criterion to consider when classifying CRC.
Chang et al[53] compared histologic, molecular and
immunophenotypic features of tumours from sporadic
early-onset CRC ( ≤ 40 years of age) to a cohort of
consecutively resected CRCs from patients > 40 years of
age. The conclusions drawn by the authors is that earlyonset CRCs are not frequently the result of underlying
cancer-predisposing genetic conditions. As to tumour
location and characteristics, they observed a striking predilection for distal colon (80%), particularly the sigmoid
colon and the rectum, and a higher prevalence of adverse
histologic factors such as signet ring cell differentiation,
venous invasion, and perineural invasion. Furthermore,
early-onset CRCs in their series are not frequently associated with precursor adenomatous or serrated lesions and
do not appear to harbour frequent activating BRAF or
KRAS mutations, suggesting that the molecular events in
tumour development differ in this patient population.

CONCLUSION
The phenotypic and genotypic heterogeneity of earlyonset CRCs clearly emerges from clinical studies. Moreover, the cut-off age for early-onset CRC is not well
defined and ranges between < 40 and < 50. For individuals ≥ 50 years there is a clear recommendation for
CRC screening. Therefore, we suggest to use < 50 years
of age as a cut-off to identify early-onset CRC patients.
As to the phenotype, we can distinguish two distinct
entities, an inherited subtype, usually with familial aggregation, accounting for a relatively low percentage of
cases, with specific clinico-pathologic features such as a
prevalent proximal location, a poor differentiation status,
a higher mucin production, and a “sporadic” subtype,
often without family history of CRC. This subtype has
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distinct location and histopathologic features, such as a
prevalence at distal sites, (mostly recto-sigmoid), and less
favourable histological characteristics.
As to genotypic heterogeneity, despite the variable
expressivity of the well defined CRC-prone syndromes,
the overall heterogeneity belongs mainly to the “sporadic”
subtype of the disease, suggesting a prominent role of
the genetic background, i.e., many genetic alterations
equally or differentially contributing to the disease. As to
this latter scenario, the following possible processes may
occur: (1) a combination of genetic variants in multiple
common low penetrance genes leading to an increase
in the overall CRC risk; and (2) genetic variants of rare,
moderate to high penetrance gene/s, so far mostly unidentified; and (3) a combination of both common low
penetrance variants with rare or single family-specific
high penetrance gene variants, conferring an overall increased risk of CRC and determining onset anticipation.
This latter cancer predisposition pathway is certainly the
most intriguing and debated one.
The significant variability in the mechanisms underlying the development of early-onset CRC is certainly a
major concern for clinicians and oncologists, and bears
implications on prevention, diagnosis and clinical management of the disease. Current National Comprehensive Cancer Network guidelines[104] suggest CRC screening in individuals at average risk (age > 50, no history
of adenoma or CRC, inflammatory bowel disease and
negative family history) and individuals at increased risk
(personal history of adenoma/CRC, inflammatory bowel
disease and positive family history). Whereas the efficacy
of screening is clearly evident in the above-mentioned
individuals, there is no evidence that specific screening
programs on adolescent and young adults at average-risk
would increase early detection and impact on survival[104].
With regard to the clinical management of the early-onset disease all affected individuals should be referred to a
clinical geneticist. Following genetic risk assessment and
molecular testing, patients with hereditary syndromes are
included in surveillance programs according to specific
international guidelines[104]. Conversely, patients with a
“sporadic” CRC presently undergo established disease
surveillance and management programs similar to lateonset CRC patients.
Further studies are warranted in order to gain a better insight in the pathogenesis and molecular features of
this latter CRC subtype. These data may than be used
to tailor cancer screening protocols to subjects under
50 years of age and to establish specific treatment and
follow-up care for affected individuals.
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Abstract
A traditional belief widespread across the biomedical
community was that dietary habits and genetic predisposition were the basic factors causing colorectal
cancer. In more recent times, however, a growing evidence has shown that other determinants can be very
important in increasing (or reducing) incidence of this
malignancy. The hypothesis that environmental and
occupational risk factors are associated with colorectal
cancer is gaining ground, and high risks of colorectal
cancer have been reported among workers in some
industrial branches. The aim of this study was to investigate the epidemiologic relationship between colorectal
cancer and occupational exposures to several industrial
activities, by means of a scientific literature review and
meta-analysis. This work pointed out increased risks
of colorectal cancer for labourers occupied in indus-
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tries with a wide use of chemical compounds, such as
leather (RR = 1.70, 95%CI: 1.24-2.34), basic metals (RR
= 1.32, 95%CI: 1.07-1.65), plastic and rubber manufacturing (RR = 1.30, 95%CI: 0.98-1.71 and RR = 1.27,
95%CI: 0.92-1.76, respectively), besides workers in the
sector of repair and installation of machinery exposed
to asbestos (RR = 1.40, 95%CI: 1.07-1.84). Based on
our results, the estimated crude excess risk fraction attributable to occupational exposure ranged from about
11% to about 15%. However, homogeneous pattern
of association between colorectal cancer and industrial
branches did not emerge from this review.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Occupational exposures;
Public health; Chemical compounds; Basic metals; Meta
analysis
Core tip: The hypothesis that occupational risk factors
are associated with colorectal cancer is gaining ground,
and high risks of colorectal cancer have been reported
among workers in some industrial branches. This study
investigated the epidemiologic relationship between
colorectal cancer and exposures in several industrial activities, by means of a literature review and meta-analysis. Results pointed out increased risks of colorectal
cancer for labourers exposed to chemical compounds,
besides workers in the sector of machinery installation
exposed to asbestos. Based on our results, the estimated crude excess risk fraction attributable to occupational exposure ranged from about 11% to about 15%.
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
In the world about 1234000 new colorectal cancer diagnoses were estimated in 2008[1], less than 60% of them
are from developed countries. From 15% to 25% of
colorectal cancer deaths can be prevented by screening
using fecal occult blood test[2]. Colon cancer most commonly occurs sporadically and is estimated to be inherited in 5%-15% of cases[3-5].
Thus far, several risk factors are evaluated to be related to sporadic forms of colorectal cancer. Diet is definitely the most important exogenous factor identified up
to now in the etiology of colorectal cancer. It has been
estimated that 70% of colorectal cancers could be prevented by nutritional intervention[3]. Physical activity has
consistently been associated with decreased risk of colon
cancer in studies that have concentrated on occupational
activity, leisure activity and total activity[6]. Furthermore,
cigarette smoking, alcohol consumption[6] and family
history[7-9], showed to increase risks of this malignancy.
Approximately 20% of the large bowel cancers in men
appear to be attributable to smoking[10] and individuals
consuming the most alcohol had 60% greater risk of
colorectal cancer compared with non- or light drinkers[11]. Moreover, disparities in the incidence of colorectal cancer by economic status and other socio-ecological
parameters have been described[12,13].
As above mentioned, a minor fraction of colorectal
tumors shows inherited patterns, such as familial adenomatous polyposis (FAP) and hereditary non-polyposis
colorectal cancer (HNPCC). FAP is thought to be the
effect of a deletion in tumor suppressor genes (adenomatous polyposis coli or APC genes), leading in most
cases to a drastically altered protein[14]. HNPCC appeared
to be linked to mutated MLH1 and MLH2 genes, that
are involved in DNA repair processes[4]. However, these
inherited DNA mutations frequently did not seem to
represent a sufficient condition to develop a cancer because other mutations or carcinogenic events must occur
to produce malignant phenotypes[15].
Evidence also showed that risk and protective factors[16-19] are differently associated with proximal and distal colon and with gender[20].
Although colorectal cancer, as other tumors[21,22] or
chronic degenerative diseases[23], is not commonly considered to be occupational in etiology, elevated risks
have been reported among workers in some industrial
branches such as the textile industry[24,25], automobile
industry[26-28], beverage industry[29] as well as in subjects
exposed to asbestos[30-33], dioxin[34], wood dust[35], organic
solvents[36-38] and metal-working fluids[39].
Iron and steel workers experienced higher relative risk
(RR) for colorectal cancers[40-43]. These labourers could
be exposed to mineral dusts and several chemical compounds. Some evidence are available on the possible relationship between exposure to oil mist and colorectal[44]
and rectal cancer[45] and solvents and colon cancer[46]. A
strongly increased mortality for colon cancer was observed among copper smelters[41] and steel foundry work-
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ers employed for at least 5 years in non-oven unit[40].
Dockyard workers experienced an higher mortality
for colon cancer compared to general population[47,48].
This working category was likely exposed to many carcinogenic agents (e.g., asbestos, polycyclic aromatic hydrocarbons, aromatic amines, welding smokes, etc.). Exposure to asbestos could account for a fraction of this risk,
since several evidences are piling up on this issue[33,49-53].
Also fur production workers are exposed to a wide
variety of chemical compounds, considered to be carcinogenic (formaldehyde, para-phenylenediamine or others dyes and pigments) in tanning, cleaning and dyeing
fur, as well as to fur dust[54]. Tannery workers are also
exposed to tanning and dyeing chemical agents, including chromium[55].
Sparse evidence of increased risk for colorectal cancers is available for workers in furniture industry[56], meat
workers[57-59], workers exposed to hydrazine (contained
in rocket fuels) in an aerospace industry plant[60], workers occupied in production of lens and metal spectacle
frames (due to exposures to abrasives or cutting oil mists
or both, possibly by ingestion)[44] and printing machine
operators[61].
Rodu et al[62] observed an higher mortality for rectal
cancer in workers of a petrochemical research facility,
while plastic and rubber production industries showed
only statistically borderline results. Workers occupied in
these industrial branches were likely exposed to several
chemical compounds in manufacturing of methilmetacrylate, polyurethane foam, resins and polypropylene[63-76].
Thus, these results strongly suggest a role for chemical
compounds exposures, as a whole, in increasing the risk
of colorectal cancers.
Results from manufacture of beverages relied on data
on brewery workers[77,78] with a personal high beer intake.
Thus, this observed most likely could not be referred to
an occupational exposure in a narrow sense.
Despite this evidence entailing a role of occupational
and environmental exposures in colorectal cancer onset,
reduction in risk was observed in crop and animal production[79,80] and in some mining and quarrying activities.
Agriculture, mining and quarrying are not sedentary occupations, therefore this physical activity could account
for this lower risk. Moreover, farmers often have a lower
prevalence of smoking compared to general population
average[79] and when results are provided by cohort studies an “healthy worker” effect could be present. In spite
of this, some sparse evidence of increased risk in workers exposed to pesticide or herbicide is provided by studies focused on specific compounds, such as Dicamba[81],
Imazethapyr[82], Chlorpyrifos[83] or Toxaphene[83].
Thus, a detailed exploration of the relationship between occupational exposure and colorectal cancer could
improve the rational base to plan measures for risk prevention and public health protection, not to say that the
interruption of hazardous exposures seemed also to have
a positive impact on prognosis of cancer patients[84].
To our knowledge, no comprehensive review and meta-analysis studies were carried out to date on this specific
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topic.
The aim of this study was to investigate the epidemiologic relationship between colorectal cancer and occupational exposures in several industrial branches, by
means of a scientific literature review and meta-analysis.

LITERATURE SEARCH
A literature search for all manuscripts published up to
June 2013 was performed by the authors. Queried databases were PUBMED (June 2013-form 1960) and EMBASE (June 2013-form 1960).
The search strategy included terms (free text or MeSH
terms) for occupational exposures, both stated as industrial
branch (e.g., textile industry) and single chemical compound
(e.g., asbestos), and colon cancer, rectal cancer or colorectal
cancer. Moreover, the search on PUBMED database was
carried out using specific search string for the study of putative occupational determinants of diseases[85].
Authors also checked the literature cited and listed
in the selected studies’ references and included any that
met the criteria of this study. Manuscripts were reviewed
and initially selected on the basis of title and abstract.
Prospective, case-control and meta-analysis studies were eligible for this study and article had to report
at least one risk or mortality estimate to be included in
quantitative analysis, [standardized mortality ratio; standardised incidence ratio; hazard ratio; RR; odds ratio (OR)]
and a precision estimate (95%CI) relating exposure to an
industrial branch to colon, rectal, or colorectal cancer or
enough data to calculate them. Articles reporting only
exposure to a single chemical compound not related to
a specific job task or industrial branch were not included
in the quantitative analysis. When available, fully adjusted
estimates were included and analyzed. Any industrial
branch exposure was taken into consideration when the
same article provided more than one. Moreover, industrial branches were reclassified by the authors, using the
description of productive activities within the papers,
according to the United Nation International Standard
Industrial Classification of all economic activities Rev. 4
(ISIC rev. 4).
Data from duplicated publications or by the same authors in the same cohorts were removed and only one estimate was retained in the analysis, using the highest adjustment and largest sample size.
Data from cohort and non-cohort studies were also
separately analyzed. Pooled estimates were computed
when the number of studies permitted. The within-study
pooled estimate of subgroups was included in the analysis
when a study provided only separate risks subgroups of
workers (e.g., according to sex or job tasks or cancer site).
Studies that showed disaggregated estimates for gender allowed to calculate also pooled RR for colorectal,
colon and rectal cancer separately in male and female.
Presence of heterogeneity between studies was assessed using the I2 statistic. Pooled risks were calculated
applying a random-effect model to compensate for po-
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tential between-study heterogeneity[86].
Given that positive studies are more likely to be published than negative ones (i.e., publication bias) and the
interpretation of funnel plots could be subjective and
misleading[87,88], the Duval and Tweedie[89] non parametric
trim-and-fill procedure was used to address the publication bias issue. This statistical method assumes that the
effect sizes of all the studies distribute normally around
the center of a funnel plot, if asymmetry is found, it adjusts for the potential effect of non-published (imputed)
studies. All statistical analysis were carried out using
STATA/SE 11 (Stata College Statin, TX, United States)
software.

RESULTS OF CASE-CONTROL AND
META-ANALYSIS STUDIES
A total amount of 83 papers, from 1976 to 2012, were
selected and included in the review and meta-analysis.
These articles provided for 141 different risk estimates,
60 (42.6%) for colorectal cancer, 57 (40.4%) for colon
cancer and 24 (17.0%) for rectal cancer. Cohort study was
the most frequent used study design (68, 81.9%), while
the 12 case-control studies accounted for a lower percentage (14.5%). Crop and livestock farming (ISIC code
01) were the most represented occupational branches (12
studies, 15%), followed by exposures in chemical (ISIC
code 20) and rubber and plastic (ISIC code 22) industries
(11, 13.8%, and 6, 7.5%, studies, respectively). Also workers exposed in glass, ceramic or cement productions (ISIC
code 23) were extensively studied (8 papers, 10.0%), as
well as public administration personnel (6 studies, 7.5%).
Details were shown in Table 1.
Table 2 shows results of meta-analytic studies for
colorectal cancer. Overall estimate underlined a slight
and statistically significant increased risk, also when trim
and fill adjusted result was considered. The increase in
risk ranged from 12% to 19%. Taking into account only
results for cohort studies, estimates were similar to overall ones and no statistical adjustment for publication bias
was required. The effect size of the adjusted pooled RR
carried out on non-cohort studies was close to adjusted
overall results, although not statistically significant.
Taking into account results for specific industrial
branches, tannery and fur industry workers (ISIC code
15) showed to have a significant increased risk (RR =
1.70, 95%CI: 1.24-2.34), while results for iron and steel
workers (ISIC code 24) showed increased adjusted RR
of about 30% (RR = 1.32, 95%CI: 1.07-1.65).
Manufacture of furniture (ISIC code 31), manufacture of machinery (ISIC code 28), manufacture of electronic products (ISIC code 26) and food (ISIC code 10)
industries also showed significant increased RR ranging
from 1.50 to 2.14, although estimates were only based
on one study each.
Results underlined a pooled RR of colorectal cancer
of 1.29 for brewery workers (ISIC code 11), but it seems
probably due to an high personal alcohol intake more
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Table 1 Articles included in the literature review and meta-analysis, by cancer site, International Standard Industrial Classification
code and exposure features
Authors

Cancer site

ISIC

Exposure

[94]

Article type

Cantor et al
Colorectal
01 - Crop and animal production
Aerial pesticide applicators
Cohort
Greenburg et al[95]
Pesticides applicators
Cohort
Lee et al[83]
Farming
Cohort
Lo et al[90]
Pesticides
Case-Control
Lynch et al[96]
Pesticides applicators
Cohort
Wiklund and Dich[97]
Agriculture
Cohort
Mikoczy and Rylander[98]
03 - Fishing and aquaculture
Fishermen
Cohort
Finkelstein[99]
08 - Other mining and quarrying
Dust
Meta-analysis
Kusiak[100]
Miners
Cohort
Gubéran et al[57]
10 - Manufacture of food products
Butchers
Cohort
Fritschi et al[58]
Meat Workers
Cohort
McLean et al[59]
Meat Workers
Cohort
Carstensen et al[77]
11 - Manufacture of beverages
Brevery workers
Cohort
Thygesen et al[78]
Brevery workers
Cohort
Goldberg and Thériault G[101]
13 - Manufacture of textile
Synthetic textiles
Cohort
Mastrangelo et al[24]
Textile
Meta-analysis
Vobecky et al[102]
Carpet production
Cohort
Guay and Siemiatycki[54]
15 - Manufacture of leather and related products
Fur industry
Cohort
Montanaro et al[55]
Tannery workers
Cohort
Sweeney et al[103]
Fur industry
Cohort
Roscoe et al[104]
16 - Manufacture of wood and of products of
Automotive wood modelists
Cohort
wood and cork
Swanson et al[26]
Automobile industry
Cohort
Rodu et al[62]
19 - Manufacture of coke and refined petroleum
Petroleum
Cohort
products
Acquavella et al[70]
20 - Manufacture of chemicals and chemical products
Alachlor (herbicide)
Cohort
Berger and Manz[64]
Coke gas
Cohort
Fraser et al[65]
Fertilisers manufacturing
Cohort
Leet et al[66]
Alachlor (herbicide)
Cohort
Schnorr et al[67]
Polyurethane foam
Cohort
Tomenson et al[68]
Methil-methacrylate
Cohort
Walker et al[69]
Methil-methacrylate
Cohort
Acquavella et al[63]
22 - Manufacture of rubber and plastics products Polypropylene manufacturing
Cohort
Cowles et al[71]
Plastic and resins
Cohort
Kaleja et al[72]
Polypropylene production
Cohort
Lagast et al[73]
Polypropylene production
Meta-analysis
Lewis et al[74]
Polypropylene production
Cohort
Sathiakumar et al[75]
Rubber industry
Cohort
McMichael et al[76]
Rubber industry
Cohort
Albin et al[106]
23 - Manufacture of other non-metallic mineral
Asbestos cement workers
Cohort
products
Jakobsson et al107]
Cement workers
Cohort
Seidman et al[108]
Asbestos
Cohort
Smailyte et al[52]
Cement workers
Cohort
Wingren[109]
Glass Workers
Cohort
Zhang et al[110]
Ceramic factories
Cohort
Jackobsson et al[43]
24 - Manufacture of basic metals
Stainless steel workers
Cohort
Redmond et al[40]
Steel workers
Cohort
Xu et al[42]
Iron and steel workers
Cohort
Wang et al[44]
26 - Manufacture of computer, electronic and optical
Optical industry
Case-Control
products
Ritz et al[60]
28 - Manufacture of machinery and equipment
Aerospace workers
Cohort
n.e.c
Delzell et al[111]
29 - Manufacture of motor vehicles
Motor vehicle manufacturing
Cohort
Innos et al[56]
31 - Manufacture of furniture
Wood dust
Cohort
Puntoni et al[48]
33 - Repair and installation of machinery and
Shipyard
Cohort
equipment
Puntoni et al[47]
Shipyard
Cohort
Nasterlack et al[112]
37 - Sewerage
Wastewater treatment
Cohort
Reynolds and Austin[113]
72 - Scientific research and development
Physics laboratory workers
Cohort
Ahn et al[114]
84 - Public administration and defence
Emergency responders
Cohort
Demers et al[115]
Firefighters
Cohort
Strand et al[116]
Asbestos (Military - Navy)
Cohort
Yamane[117]
United States Air Force workers
Cohort
Czene et al[118]
96 - Other personal service activities
Hairdressers
Cohort
Brownson et al[61]
Colon
01 - Crop and animal production
Agriculture
Case-control
Cantor et al[94]
Aerial pesticide applicators
Cohort
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Estimate
RR
RR
RR
OR
RR
SIR
SIR
SMR
SMR
SMR
SMR
SMR
RR
SIR
SMR
RR
SMR
SMR
SMR
SMR
SMR
SMR
SMR
SIR
SMR
SMR
SMR
SMR
RR
SMR
SIR
SMR
SIR
RR
SIR
SMR
SMR
RR
SMR
SMR
SMR
SIR
SMR
SIR
SMR
SMR
OR
RR
SMR
SIR
RR
SMR
SIR
SIR
SIR
SIR
SIR
SIR
SIR
OR
SMR
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Fredriksson et al[119]
Freedman et al[120]
Koutros et al[82]
Rusiecki et al[121]
Wiklund and Dich[97]
Fredriksson et al[119]
Mikoczy and Rylander[98]
Brownson et al[61]
Tomaskova et al[122]
Brownson et al[61]
Gómez et al[123]
Brownson et al[61]
Fredriksson et al[119]
Brownson et al[61]
Johnson et al[124]
Carstensen et al[77]
Thygesen et al[78]
Fredriksson et al[119]
Brownson et al[61]
Montanaro et al[55]
Fredriksson et al[119]
Roscoe et al[104]
Simpson et al[125]
Swanson et al[26]
Fredriksson et al[119]
Brownson et al[61]
Brownson et al[61]
Brownson et al[61]
Collins et al[126]
Fraser et al[65]
Fredriksson et al[119]
Schnorr et al[67]
Walker et al[69]
Harrington and Goldblatt[105]
McMichael et al[76]
Straif et al[127]
Smailyte et al[52]
Jakobsson et al[107]
Redmond et al[40]
Tokudome and Kuratsune[41]
Brownson et al[61]
Fredriksson et al[119]
Fredriksson et al[119]
Innos et al[56]
Fredriksson et al[119]
Puntoni et al[48]
Puntoni et al[47]
Fredriksson et al[119]
Reynolds and Austin[113]
Fredriksson et al[119]
Baris et al[128]
Brownson et al[61]
Youakim[129]
Fredriksson et al[119]
Fredriksson et al[119]
Cantor et al[94]
Settimi et al[130]
Wiklund and Dich[97]
Mikoczy and Rylander[98]
Carstensen et al[77]
Thygesen et al[78]
Montanaro et al[55]
Roscoe et al[104]

Rectum

Rodu et al[62]
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Farmers
Farmer s
Aromatic amine pesticide
Pesticides
Agriculture
02 - Forestry and logging
Gardeners
03 - Fishing and aquaculture
Fishermen
05 - Mining of coal and lignite
Coal Mining
Black coal miners
07 - Mining of metal ores
Metal mining
Mercury miners
08 - Other mining and quarrying
Metal mining
Miners
10 - Manufacture of food products
Food industry
Food industry
11 - Manufacture of beverages
Brevery workers
Brevery workers
14 - Manufacture of wearing apparel
Dressmakers and needle workers
15 - Manufacture of leather and related products
Leather production
Tannery workers
16 - Manufacture of wood and of products of
Lumberers and sawmill workers
wood and cork
Automotive wood model
Wood dust
Automobile industry
17 - Manufacture of paper and paper products
Paper and pulp workers
18 - Printing and reproduction of recorded media
Printing
19 - Manufacture of coke and refined petroleum
Petroleum
products
20 - Manufacture of chemicals and chemical products
Chemical workers
Methil-methacrylate
Fertilisers manufacturing
Chemical workers
Polyurethane foam industry
Methil-methacrylate
21 - Manufacture of basic pharmaceutical products
Pharmaceutical industry
and pharmaceutical preparations
22 - Manufacture of rubber and plastics product
Rubber industry
Rubber industry
23 - Manufacture of other non-metallic mineral
Cement workers
products
24 - Manufacture of basic metals
Stainless steel workers
Steel workers
Metal refinery
25 - Manufacture of fabricated metal products
Metal manufacturing
Metal workers
31 - Manufacture of furniture
Cabinet makers
Wood dust
33 - Repair and installation of machinery and
Mechanics
equipment
Shipyard
Shipyard
49 - Land transport and transport via pipelines
Rail and road workers
72 - Scientific research and development
Physics laboratory workers
81 - Services to buildings and landscape activities
Cleaners
84 - Public administration and defence
Firefighters
National security
Firefighters
86 - Human health activities
Nurses
96 - Other personal service activities
Dry Cleaners and hairdresser
01 - Crop and animal production
Aerial pesticide applicators
Agriculture
Agriculture
03 - Fishing and aquaculture
Fishermen
11 - Manufacture of beverages
Brevery workers
Brevery workers
15 - Manufacture of leather and related products
Tannery workers
16 - Manufacture of wood and of products of
Automotive wood model
wood and cork
19 - Manufacture of coke and refined petroleum
Petroleum industry
products
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Case-Control
Case-Control
Cohort
Cohort
Cohort
Case-Control
Cohort
Case-Control
Cohort
Case-control
Cohort
Case-control
Case-Control
Case-control
Case-Control
Cohort
Cohort
Case-Control
Case-control
Cohort
Case-Control

OR
OR
RR
RR
SIR
OR
SIR
OR
SMR
OR
SMR
OR
OR
OR
OR
RR
SIR
OR
OR
SMR
OR

Cohort
Case-Control
Cohort
Case-Control
Case-control
Case-control

SMR
OR
SMR
OR
OR
OR

Case-control
Cohort
Cohort
Case-Control
Cohort
Cohort
Cohort

OR
SMR
SMR
OR
SMR
SMR
SMR

Cohort
Cohort
Cohort

SMR
SMR
SIR

Cohort
Cohort
Cohort
Case-control
Case-Control
Case-Control
Cohort
Case-Control

SIR
SMR
SMR
OR
OR
OR
SIR
OR

Cohort
Cohort
Case-Control
Cohort
Case-Control
Cohort
Case-control
Cohort
Case-Control
Case-Control
Cohort
Case-Control
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

SMR
SMR
OR
SIR
OR
SMR
OR
RR
OR
OR
RR
OR
SIR
SIR
RR
SIR
SMR
SMR

Cohort

SMR
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Fraser et al[65]
Manuwald et al[131]
Schnorr et al[67]
Walker et al[69]
McMichael et al[76]
Smailyte et al[52]
Jakobsson et al[107]
Langård et al[132]
Redmond et al[40]
Malloy et al[133]
Innos et al[56]
Puntoni et al[48]
Puntoni et al[47]
Reynolds and Austin[113]

20 - Manufacture of chemicals and chemical products

22 - Manufacture of rubber and plastics product
23 - Manufacture of other non-metallic mineral
products
24 - Manufacture of basic metals

29 - Manufacture of motor vehicles
31 - Manufacture of furniture
33 - Repair and installation of machinery and
equipment
72 - Scientific research and development

Fertilisers manufacturing
Dioxine compounds
Polyurethane foam industry
Methil-methacrylate
Rubber industry
Cement workers

Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

SMR
SMR
SMR
SMR
SMR
SIR

Stainless steel workers
Ferrochromium/silicon
Steel workers
Metalworking fluids
Wood dust
Shipyard

Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

SIR
SMR
SMR
RR
SIR
SMR

Shipyard
Physics laboratory workers

Cohort
Cohort

SMR
SIR

SMR: Standardized mortality ratio; SIR: Standardized incidence ratio; ISIC: International Standard Industrial Classification.

than an occupational exposure. Moreover, pooled RR for
colorectal cancer was increased and statistically significant
for workers occupied in repair and installation of machinery (ISIC code 33, RR = 1.40, 95%CI: 1.07-1.84): this
interesting results was entirely driven from two cohort
studies on Italian shipyard labourers, exposed to asbestos.
Results showed also an increased risk (RR = 1.34,
95%CI: 1.12-1.61) in textile industry (ISIC code 13), mainly
based on estimates of a meta-analytic study[24], while no
increase in risk was observed in the adjusted cohort studies
estimate. Thus, the overall result was not statistically significant, despite a two-fold increased RR.
Results of borderline significance were observed for
chemical (ISIC code 20) and rubber and plastic (ISIC
code 22) industries, while some mining and quarrying
(ISIC code 08) and agricultural (ISIC code 01) occupations showed significant risk deficits. Moreover, the latter
productive branch showed a statistically increase risk for
colorectal cancer in only one case-control study on pesticide applicators[90].
Table 3 shows results of meta-analytic studies for colon cancer. Overall RR showed an increase in risk (RR =
1.13, 95%CI: 1.05-1.23) similar to adjusted colorectal cancer one.
An increased and statistically significant risk for colon cancer was observed in beverage production industry
(brewery workers), steel and metal workers, and in repair
and installation of machinery labourers. These results
are consistent with those of colorectal cancer (Table 2).
Moreover, this analysis showed borderline results for
chemical and rubber and plastic industries, also consistent with those reported in Table 2.
In addition, results showed a RR = 1.80 (95%CI:
1.20-2.70), statistically significant, for colon cancer in
workers exposed in printing industry (ISIC code 18), although only based on a single case-control study.
Excluding manufacture of wood and cork industries
(ISIC code 16) and metal mining (ISIC code 07), no
significant risk deficits for colon cancer were observed.
These decreased risks were observed only in non-cohort
and cohort studies, respectively.
Table 4 shows results of meta-analytic studies for
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rectal cancer. Increased RR was observed in overall analysis, although the 95%CI includes the 1 value. This result
is consistent with those of colon and colorectal cancer
analyses.
Increased and significant risk estimates for rectal cancer
were observed only in beverage industry, related to brewery
workers, and in the manufacture of coke and refined petroleum product (ISIC code 19), though only based on a single
cohort study each.
Risk in male did not significantly differ from risk in
female, except for colorectal cancer in which the analysis
showed an increased pooled estimate of borderline significance in men (Table 5).

OCCUPATIONAL EXPOSURES
Occupational exposures, in a broad sense, appear to be a
risk factor for colorectal, colon and rectal cancers. Probably, a fraction of the total amount of cases of these
malignancies could be explained considering occupational
exposures as cofactors in the process leading to cancer.
Slight but significant increased RR were observed for
colorectal and colon cancers, though the pooled estimate
for rectal cancer did not reach the conventional statistical
significance. Despite this issue, results were consistent
each other and showed a similar effect size ranging from
12% to 15%. Consequently, a crude excess fraction of
risk, attributable to occupational exposure considered as
a whole, could be calculated, and its results range from
10.7% to 13.0%.
No significant difference between male and female
was observed in analyses carried out by gender, although
some evidences suggested a different association in the
two sexes[20].
Most of the papers included in this review reported
a cohort design and, limiting the analysis to this sort of
studies, the effect size appeared to be stronger than the
overall results, except for rectal cancer. The large amount
of cohort studies could be an advantage to investigate
an etiologic relationship between risk factors and cancer,
thus these results firmly stressed a role of exposures in
workplace in increasing the risk of colon and colorectal
cancers.
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Table 2 Pooled estimates for colorectal cancer, by industrial branch and study design
ISIC

1
3
8
10
11
13
15
16
19
20
22
23
24
26
28
29
31
33
37
72
84
96
-

Industrial branch

Cohort studies

(95%CI)
3
Crude RR Adjusted RR
Crop and animal production
0.86
(0.81-0.91)
Fishing and aquaculture1
0.98
(0.70-1.10)
Other mining and quarrying
0.8
(0.70-0.92)
Manufacture of food products
1.21
(0.76-1.92)
Manufacture of beverages
1.29
(1.19-1.40)
Manufacture of textile
2.82
0.73
(0.19-41.78)
(0.07-7.96)
Manufacture of leather and related products
1.7
(1.24-2.34)
Manufacture of wood and of products of wood and cork
1.65
(0.60-4.58)
Manufacture of coke and refined petroleum products1
1.21
(0.69-2.12)
Manufacture of chemicals and chemical products
1.27
(0.92-1.76)
Manufacture of rubber and plastics products
1.3
(0.94-1.79)
Manufacture of other non-metallic mineral products
1.25
(0.85-1.85)
Manufacture of basic metals
1.32
(1.07-1.65)
Manufacture of computer, electronic and optical
products1
Manufacture of machinery and equipment nec1
2.2
(1.03-4.72)
Manufacture of motor vehicles1
1.27
(0.89-1.82)
Manufacture of furniture1
1.5
(1.21-1.87)
Repair and installation of machinery and equipment
1.4
(1.07-1.84)
Sewerage1
1.14
(0.47-2.77)
Scientific research and development1
1.18
(0.77-1.82)
Public administration and defence
0.97
0.87
(0.62-1.52)
(0.58-1.30)
Other personal service activities1
1.09
(0.98-1.21)
All industrial branches combined
1.18
1.18
(1.08-1.30)
(1.08-1.30)
Heterogeneity (I2)
84.1%

Other study design

2

(95%CI)
3
Crude RR
Adjusted RR
2.6
(1.12-6.02)
0.84
(0.77-0.92)
-

-

-

-

1.34
(1.12-1.61)
-

-

-

-

-

-

-

-

1.37
(0.86-2.18)
-

-

-

-

2.14
(1.02-4.50)
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1.36
(0.94-1.97)
87.9%

1.13
(0.81-1.57)

-

-

-

-

All
(95%CI)
3
Crude RR
Adjusted RR
0.86
(0.76-0.97)
0.98
(0.87-1.10)
0.83
(0.77-0.89)
1.21
(0.76-1.92)
1.29
(1.19-1.40)
2
(0.83-4.86)
1.7
(1.24-2.34)
1.65
(0.60-4.58)
1.21
(0.69-2.12)
1.27
(0.92-1.76)
1.3
(0.98-1.71)
1.25
(0.85-1.85)
1.32
(1.07-1.65)
2.14
(1.02-4.50)
2.2
(1.03-4.72)
1.27
(0.89-1.82)
1.5
(1.21-1.87)
1.4
(1.07-1.84)
1.14
(0.47-2.77)
1.18
(0.77-1.82)
0.97
0.87
(0.62-1.52)
(0.58-1.30)
1.09
(0.98-1.21)
1.19
1.12
(1.09-1.33)
(1.03-1.23)
84.3%

1

Only one study; 2Case-control studies and meta-analyses; 3Duval and Tweedie trim and fill method. RR: Relative risk; ISIC: International Standard Industrial Classification.

Moreover, results from this review could promote public health measures: workers exposed in industrial branches
with increased risk of colorectal cancers could be effectively
addressed to screening and counselling programs, in order
to prevent the onset of the neoplasia or to anticipate the
diagnosis, with a positive effect on the chance of cure and
survival.
Adjustment by possible bias
The effect size of occupational exposures, considered
as a whole, on colorectal cancers is probably lower than
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tobacco smoke[10] and alcohol consumption[11], though
in some industrial branches such as leather, beverages,
manufacture of metals, repair and installation of machinery, rubber and plastic industries, the risk could rise
to levels comparable to these major risk factors.
Furthermore, not all studies provided estimates fully
adjusted for well known risk or protective factors, especially those not recent, and thus a residual confounding
can not be excluded.
The choice of excluding studies devoted to analyse
exposure to single substances or chemical compound
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Table 3 Pooled estimates for colon cancer, by industrial branch and study design
ISIC

Industrial branch

Cohort studies

1

Crop and animal production

2

Forestry and logging1

(95%CI)
3
Crude RR Adjusted RR
1
(0.66-1.52)
-

3

Fishing and aquaculture1

5

Mining of coal and lignite

7

Mining of metals

8

Other mining and quarrying1

10

Manufacture of food products

11

Manufacture of beverages

14

Manufacture of wearing apparel1

15

Manufacture of leather and related products

16

Manufacture of wood and of products of wood and cork

17

0.93
(0.79-1.09)
0.9
(0.68-1.20)
0.19
(0.05-0.71)
-

-

1.06
(0.44-2.57)
1.25
(1.12-1.40)
-

-

-

Manufacture of paper and paper products1

1.66
(0.85-3.24)
2.19
(0.56-8.52)
-

1.2
(0.35-4.16)
-

18

Printing and reproduction of recorded media1

-

-

19

Manufacture of coke and refined petroleum products1

-

-

20

Manufacture of chemicals and chemical products

-

21
22

Manufacture of basic pharmaceutical products and pharmaceutical preparations1
Manufacture of rubber and plastics products

23

Manufacture of other non-metallic mineral products1

24

Manufacture of basic metals

25

Manufacture of fabricated metal products

1.2
(0.99-1.45)
1.22
(0.58-2.24)
1.31
(0.88-1.95)
0.77
(0.29-2.06)
1.75
(1.16-2.65)
-

31

Manufacture of furniture

33

Repair and installation of machinery and equipment

49

Land transport1

72

Scientific research and development1

84

Public administration and defence

86

-

-

1.61
(1.09-2.38)
-

1.65
(1.24-2.20)
1.91
(1.39-2.62)
-

1.81
(1.39-2.37)
-

Human health activities1

1.23
(0.72-2.11)
1.32
(0.85-2.05)
-

96

Other personal service activities1

-

-

-

All industrial branches combined

1.23
(1.09-1.39)
70.5%

1.23
(1.09-1.39)

Heterogeneity (I2)

-

Other study design

2

(95%CI)
3
Crude RR Adjusted RR
0.98
(0.85-1.13)
1.48
(0.28-7.92)
1.1
(0.42-2.91)
1.5
(0.65-3.64)
0.91
(0.45-1.83)
1.32
(0.93-1.87)
-

-

0.66
(0.20-2.20)
1.3
(0.61-2.76)
0.53
(0.37-0.78)
0.66
(0.17-2.61)
1.8
(1.20-2.70)
1.3
(0.51-3.29)
1.07
(0.68-1.71)
-

-

-

-

1.16
(0.95-1.41)
-

-

-

-

0.83
(0.55-1.24)
0.8
(0.27-2.36)
0.99
(0.43-2.29)
2.39
(0.83-6.92)
-

-

0.9
(0.59-1.38)
1
(0.49-2.05)
1.37
(0.51-3.72)
1.03
(0.92-1.15)
42.3%

-

1.03
(0.92-1.15)

All
(95%CI)
3
Crude RR
Adjusted RR
0.96
(0.84-1.10)
1.48
(0.28-7.92)
0.93
(0.79-1.09)
0.92
0.9
(0.69-1.21)
(0.69-1.17)
0.57
(0.08-4.30)
0.91
(0.45-1.83)
1.28
(0.98-1.70)
1.25
(1.12-1.40)
0.66
(0.20-2.20)
1.49
1.49
(0.90-2.46)
(0.90-2.46)
0.96
0.96
(0.46-1.97)
(0.46-1.97)
0.66
(0.17-2.61)
1.8
(1.20-2.70)
1.3
(0.51-3.29)
1.18
(0.99-1.40)
1.22
(0.58-2.24)
1.19
1.16
(1.00-1.42)
(0.99-1.36)
0.77
(0.29-2.06)
1.75
1.61
(1.16-2.65)
(1.09-2.38)
0.83
(0.55-1.24)
1.4
(0.77-2.54)
1.75
(1.27-2.41)
2.39
(0.83-6.92)
1.23
(0.72-2.11)
1.19
(0.85-1.67)
1
(0.49-2.05)
1.37
(0.51-3.72)
1.13
1.13
(1.05-1.22)
(1.05-1.22)
61.4%

1

Only one study; 2Case-control studies and meta-analyses; 3Duval and Tweedie trim and fill method. RR: Relative risk; ISIC: International Standard Industrial Classification.

if not specifically related to a definite industrial branch,
may be questionable, but our aim was to show quantitative estimates in several productive divisions to provide a
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general overview on occupational exposures at a productive branch level.
In addition, an evident between-studies heterogene-

12438

September 21, 2014|Volume 20|Issue 35|

Oddone E et al . Occupational exposures and colorectal cancers
Table 4 Pooled estimates for rectal cancer, by industrial branch and study design
ISIC

Industrial branch

Cohort studies

1

Crop and animal production

3

Fishing and aquaculture1

10

Manufacture of food products1

11

Manufacture of beverages

15

Manufacture of leather and related products

16

Manufacture of wood and of products of wood and cork1

19

Manufacture of coke and refined petroleum products1

20

Manufacture of chemicals and chemical products

22

Manufacture of rubber and plastics products

23

Manufacture of other non-metallic mineral products1

24

Manufacture of basic metals

29

Manufacture of motor vehicles

31

Manufacture of furniture

33

Repair and installation of machinery and equipment

72

Scientific research and development1

-

All industrial branches combined
Heterogeneity (I2)

(95%CI)
3
Crude RR Adjusted RR
0.86
(0.74-1.00)
1.05
(0.86-1.25)
0.75
(0.33-1.70)
1.45
(1.13-1.85)
2.06
(0.36-3.76)
0.4
(0.06-2.53)
2.49
(1.02-6.07)
1.22
(0.62-2.41)
0.82
(0.55-1.22)
1.25
(0.61-2.55)
1.25
(0.77-2.04)
1.7
(0.53-5.43)
1.32
(0.93-1.88)
0.76
(0.42-1.38)
1.1
(0.26-1.95)
1.15
1.15
(0.99-1.34)
(0.99-1.34)
53.8%

Other study design

2

(95%CI)
3
Crude RR Adjusted RR
1.5
(0.55-2.45)
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1.5
(0.55-2.45)
-

1.5
(0.55-2.45)

All
(95%CI)
3
Crude RR Adjusted RR
0.97
(0.67-1.41)
1.05
(0.87-1.26)
0.75
(0.33-1.70)
1.45
(1.13-1.85)
2.06
(0.91-4.65)
0.4
(0.06-2.53)
2.49
(1.02-6.07)
1.22
(0.62-2.41)
0.82
(0.55-1.22)
1.25
(0.61-2.55)
1.25
(0.77-2.04)
1.7
(0.53-5.43)
1.32
(0.93-1.88)
0.76
(0.42-1.38)
1.1
(0.52-2.34)
1.15
1.15
(0.99-1.34)
(0.99-1.34)
53.8%

1

Only one study; 2Case-control studies and meta-analyses; 3Duval and Tweedie trim and fill method. RR: Relative risk; ISIC: International Standard Industrial Classification.

Table 5 Colorectal cancer risk in occupational exposures, by
gender
Site
Colorectal
Colon
Rectum

Gender Crude RR
M
F
M
F
M
F

1.21
0.94
1.07
0.95
1.11
1.53

95%CI

Adjusted RR

1.09-1.35
0.85-1.04
0.97-1.18
0.76-1.20
0.93-1.32
0.47-4.93

1.10
0.93
-

1

95%CI
1.00-1.22
0.84-1.04
-

1

Duval and Tweedie trim and fill method. M: Male; F: Female; RR: Relative
risk.

ity was observed, while the publication bias seemed to
be weak. The latter issue was controlled adjusting the
pooled estimates with the Duval and Tweedie[89] non
parametric trim-and-fill procedure. The former was not
surprisingly observed in a study collecting several different results from papers diverging in terms of study
design, exposures assessment, adjustment for potential
confounders, geographical area, thus this may have affected the precision of the pooled estimates.
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Interaction between working activity and genetic
susceptibility
The most relevant findings emerged from this review indicate that, though there is no homogeneous pattern of
association between colorectal cancer and working activities (in a broad sense), risk evaluation for this disease
deserves much attention in occupational setting. The
exposure to some industrial branches such as that for
processing animal furs and leather, or others where toxic
chemicals (e.g., asbestos) are used, significantly increases
the risk of colorectal cancer. As reported above, also agricultural activities should enter this domain even if a reduction in risk of colorectal cancer was observed in this
work maybe due to a “healthy worker” effect or to some
personal habits. Evidence on colorectal malignancies of
farmers is provided by investigations strictly focused on
the exposure to specific agro-chemicals.
Traditionally epidemiological and experimental data
on colorectal cancer supported associations with diet and
familial genetic factors[7,8]. Interestingly, a genetic susceptibility was thought to be involved not only in rare familial colon cancers but in more common sporadic forms
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as well[9]. Thus, a common belief in scientific community
was that both dietary habits and genetic predisposition
were the basic factors causing colorectal carcinogenesis[9].
In more recent times, however, a growing evidence has
shown the relevant carcinogenic role played by general
lifestyles (cigarette smoking, alcohol consumption, physical activity, diet, etc.) and much more important here exposure to environmental chemicals, so the attention on
simple mechanisms of genetic-environmental determination of disease has been strongly resized.
On the other hand, studies based on genome-wide
association approaches suggested that familial predisposition to develop malignancies does not depend on
mendelian patterns but to complex interactions between
genomic, epigenomic and environmental conditions[91].
In many cases, misconceptions on these inherited diseases depend on the erroneous assumption that heritability
means “genetic determination”. Estimates on heritability
of multifactorial diseases do not provide reliable information on the proportion of cases really due to simple
genetic factors, furthermore these estimates cannot be
used to discover how many cases are due to environmental effects[92].
Other studies on detrimental effects of the environment emphasize the essential role played by the environmental exposures on the environment residing within
the organism. These studies revealed that both early and
advanced stages of carcinogenesis can be promoted by
means of chemical (or other) influences on the stromal
micro-environment[84,93]. The nature of these dynamics is far from being clear and the relationship between
micro- and macro-environment in tumor initiation and
progression is only now starting to be appreciated. This
picture provides strong reasons to act on environmental
carcinogens by planning effective efforts to control incidence rates of colorectal and other tumors.
Despite advancements in developing tools to strengthen surveillance on occupational cancer, in Western countries still many workers are exposed to carcinogens in the
workplace: a serious challenge not only for workers but
also for entrepreneurs, trade unions, decision makers and
health institutions. Managing the exposure to chemicals
causing malignancies and other degenerative pathologies
is not a mere biomedical affair but is a prerequisite for
reducing the economic burden of work-related morbidity/mortality and avoiding social conflicts. In short, it is
a matter of social cohesion and equity. This entails new
political and economic paradigms in planning occupational safety and, especially, in addressing health expenditures. Education and public communication programs
on primary prevention in the workplace will be essential.
After all, innovative actions to protect human health
often require solely good science, culture and common
sense. Improving our environment and lifestyles is much
more feasible and infinitely less expensive than improving our genetics.
To our knowledge, this article provides the largest
review of papers regarding the risk of colorectal cancers
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in workers of several industrial branches. Our results
pointed out increased risks for labourers occupied in industries with a wide use of chemical compounds, such as
leather, basic metals, plastic and rubber manufacturing,
besides workers in the sector of repair and installation
of machinery exposed to asbestos.
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Abstract
During the last several decades, colorectal cancer surgery has experienced some major perioperative improvements. Preoperative risk-assessment of nutrition,
frailty, and sarcopenia followed by interventions for
patient optimization or an adapted surgical strategy,
contributed to improved postoperative outcomes. Enhanced recovery programs or fast-track surgery also
resulted in reduced length of hospital stay and overall
complications without affecting patient safety. After an
initially indecisive start due to uncertainty about oncological safety, the most significant improvement in intraoperative care was the introduction of laparoscopy.
Laparoscopic surgery for colon and rectal cancer is
associated with better short-term outcomes, whereas
long-term outcomes regarding survival and recurrence
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rates are comparable. Nevertheless, long-term results
in rectal surgery remain to be seen. Early recognition
of anastomotic leakage remains a challenge, though
multiple improvements have allowed better management of this complication.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic surgery; Colorectal surgery;
Anastomotic leakage; Frailty; Nutritional status; Sarcopenia; Enhanced recovery after surgery; Audits
Core tip: Laparoscopic surgery is a fundamental improvement in oncological colorectal surgery, associated
with better short-term outcomes. However, anastomotic leakage still presents a major challenge in the postoperative course. Future research should therefore aim
at the prevention, timely recognition and treatment
of this complication. Correction of nutritional compromise, frailty and muscle loss, optimization of fluid and
microcirculatory status, implementation of clinical and
laboratory diagnostic markers, and the use of clinical
audits may all contribute to a reduction of anastomotic
leakage.
van Vugt JLA, Reisinger KW, Derikx JPM, Boerma D, Stoot
JHMB. Improving the outcomes in oncological colorectal
surgery. World J Gastroenterol 2014; 20(35): 12445-12457
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i35/12445.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i35.12445

INTRODUCTION
Colorectal cancer is one of the predominant types of
cancer and the fourth leading cause of cancer-associated
deaths worldwide[1]. In numbers, 600000 patients died
of colorectal cancer in 2008, and disability-adjusted lifeyears lost from colorectal cancer were 300 per 100000
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highlights the opportunities for further improvement,
particularly aiming at laparoscopy and the prevention
and recognition of anastomotic leakage.

Table 1 Items of the short nutritional assessment questionnaire and malnutrition universal screening tool
Tool
SNAQ

MUST

Item
Weight loss
> 6 kg in the last 6 mo
> 3 kg in the last month
The experience of a decreased appetite over the last
month
The use supplemental drinks or tube feeding over the
last month
BMI kg/m2
> 20
18.5-20
< 18.5
Unplanned weight loss in past 3-6 mo
< 5%
5%-10%
> 10%

Score

ADVANCES IN PREOPERATIVE CARE

3
2
1

Risk factors for anastomotic leakage are numerous and
already widely described[16]. Therefore, describing risk factors is beyond the scope of this review article. The focus
is on preoperative patient assessment and optimization.

1

0
1
2
0
1
2

Adapted from Kruizenga et al[17] (interpretation: 2 = moderate malnutrition, 3 = severe malnutrition) and Lomivorotov et al[18] (interpretation: 0
= low risk of malnutrition, 1 = medium risk of malnutrition, ≥ 2 = high
risk of malnutrition). SNAQ: Short nutritional assessment questionnaire;
MUST: Malnutrition universal screening tool.

patients, which was estimated to be 7% of the total cancer burden worldwide[2]. Although treatment of colorectal cancer is multidisciplinary nowadays, optimal surgery
remains the cornerstone of improved survival[3,4]. Sixtysix percent of patients with colorectal cancer will undergo at least one major surgical resection[5]. The perioperative course of colorectal surgery for malignancy is crucial
for the clinical outcome of treatment, in terms of mortality, tolerance, efficacy, and functional recovery, and has
a considerable impact on health care resources[6,7]. In the
past decades, perioperative care improved largely due to
advances in anesthetic and analgesic approaches, minimally invasive operative techniques, and the introduction
of fast-track protocols[8,9]. However, complications are
still observed after oncological colorectal surgery, leading to prolonged hospital stay and high readmission rates
with concurrent health care costs[10]. Early recognition
and adequate intervention of complications will attenuate severity and may prevent mortality.
Anastomotic leakage is among the most prevalent
and detrimental complications of colorectal surgery. Of
10017 registered resections for colorectal cancer in the
Netherlands in 2012, 691 (6.9%) were complicated by
anastomotic leakage requiring re-intervention (Dutch
Surgical Colorectal Audit 2012)[11], making anastomotic
leakage the primary complication requiring re-intervention. Anastomotic leakage is associated with high
morbidity[12], mortality[11], reoperation[7], and duration
of hospitalization[13]. In cancer, anastomotic leakage is
related to diminished disease-specific survival and higher
recurrence rates[7,14,15]. It is therefore imperative to keep
searching for strategies to prevent, diagnose and treat
anastomotic leakage.
This review article describes pre-, intra- en postoperative advancements in oncological colorectal surgery and
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Nutritional status
A powerful and easily obtainable tool to assess the patient’s
physical and/or mental condition is the use of questionnaires. Various questionnaires have been developed to
evaluate nutritional status. A poor nutritional condition
correlates well with impaired quality of life and physical
functioning[17]. The short nutritional assessment questionnaire (SNAQ) and malnutrition universal screening
tool (MUST) (Table 1) scores are commonly used nutritional screening tools in surgical patients. These questionnaires accurately detect malnutrition, and the MUST
score predicts postoperative complications in cardiac
surgery[18]. Evidence for the value of nutritional screening tools to predict postoperative outcome in colorectal
surgery is lacking. As one in five patients undergoing
colorectal surgery is malnourished[19], the detection of nutritional depletion is of great importance, especially with
neo-adjuvant therapies compromising the nutritional and
metabolic status. A disbalance between energy expenditure and nutritional supplementation is the fundamental
physiologic derangement leading to cancer-induced
weight loss. Both malnourishment and weight loss are associated with poor clinical outcome after surgery[20,21].
Although nutritional supplementation strategies in oncological colorectal surgery can improve handgrip strength,
pulmonary function and insulin resistance[22], nutritional
support has not been proven unequivocally effective to
reduce length of hospital stay and anastomotic leakage
rates[23,24]. It may be concluded that only severely malnourished patients benefit from nutritional support[25]. Nutritional status questionnaires may however not only be used
to identify malnourished patients for nutritional support.
As a tool for accurate prediction of postoperative complications, SNAQ and MUST scores could lead the way
to other treatment options, for example surgery without
a primary anastomosis or protection of the anastomosis
using a diverting stoma. The predictive value of these
scores for postoperative complications remains yet to be
determined.
Contradictory to malnourishment, also obesity, particularly abdominal visceral obesity measured by computed tomography (CT)-based fat volumetry, is considered
a predictor of postoperative complications, prolonged
hospital stay and higher intraoperative conversion (from
laparoscopic to conventional surgery) rates in colon surgery[26,27]. The effect on anastomotic leakage particularly
is not known yet. Obviously, the presence of (visceral)
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Figure 1 Computed tomography image at the third lumbar vertebral
level. The following skeletal muscles are outlined in red: psoas, paraspinal,
transverse abdominal, external oblique, internal oblique and rectus abdominis
muscles. This female sarcopenia patient had an L3 (third lumbar spine) muscle
index of 34.3 cm²/m².

obesity does not necessarily equal a sufficient nutritional
status.
Frailty and sarcopenia
Advanced age is associated with an increased incidence
of cancer[28]. The number of elderly cancer patients is
concomitantly increasing. Fifty percent of patients with
colorectal cancer is above the age of 70[11]. While survival
of all cancer types is increasing, improvement of cancer
outcome has been relatively limited in older patients[29].
Higher age is an independent predictor of disease-specific
perioperative mortality in patients undergoing surgery for
colorectal cancer[30,31]. Especially in older patients, weight
loss, cachexia and nutritional compromise are associated
with impaired response to chemotherapy and decreased
survival[32,33].
Frail elderly undergoing colorectal surgery have a 4-fold
increased risk of major postoperative complications[34].
Frailty is a state of increased vulnerability towards stressors in older individuals, leading to an increased risk of developing adverse health outcomes[35]. The definitions and
biological characteristics of frailty are subject of debate.
Weight loss, decreased muscle strength, reduced physical activity, exhaustion, and reduced walking speed are
symptoms of a physical definition of frailty[34,36], whereas
comorbidity, polypharmacy, decreased physical functioning, impaired nutritional and cognitive status, depression
and social support are components of a more multidimensional description of frailty[37]. A simple screening
instrument for frailty is the groningen frailty index, based
on physical, cognitive, social and emotional items[38]. Skeletal muscle depletion or sarcopenia is an element of frailty
in both definitions. Sarcopenia, mostly assessed by measurement of muscle area at the level of the third lumbar
spine at CT-scan (Figure 1), is associated with prolonged
hospital stay, infectious complications and decreased recurrence and survival rates following colorectal and liver
surgery[39,40]. Moreover, sarcopenia frequently occurs in
obese patients too and the combination of sarcopenia and
obesity (sarcopenic obesity) may result in even a worse
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outcome in terms of physical ability and survival[41]. However, a specific effect of sarcopenia on the anastomotic
leakage rate has not yet been established.
Currently, with increasing age and incidence of colorectal malignancies, new research should aim at frailty and
sarcopenia as risk factors for anastomotic leakage. Moreover, new options for preoperative treatment of frailty
and sarcopenia should be investigated. Both nutritional
and muscle exercise interventions have been proposed to
counteract sarcopenia, with the best effects when both
strategies are combined, which elicits the greatest anabolic
response[42]. Effectiveness of such a dual approach on
postoperative outcomes has not been investigated thus far.
Enhanced recovery after surgery
Several meta-analyses have shown that enhanced recovery after surgery (ERAS) programs result in reduced
length of hospital stay and overall complications without
affecting patient safety[9,43,44]. Although strong evidence
exists for many recommendations, such as antibiotic
prophylaxis and preoperative bowel preparation, controversies remain around perioperative fluid therapy,
oxygen supplementation and use of non-steroidal antiinflammatory drugs (NSAIDs)[45,46].
Furthermore, the effect of thoracic epidural anesthesia on splanchnic blood flow and anastomotic healing remains uncertain and demands future research[47,48]. After
all, adequate tissue perfusion and oxygenation is imperative for anastomotic healing[49-52]. Major surgery accompanied by systemic hypotension and blood loss is thought
to lead to redistribution of blood to preserve the vital
organs (brain and heart) at the expense of the splanchnic circulation[53,54]. Indeed, intraoperative hypotension
and blood loss are associated with an increased risk of
anastomotic leakage in patients undergoing colorectal
surgery[55]. Nevertheless, alterations in the microcirculation have been observed although systemic hemodynamic
parameters, such as blood pressure, may be within an acceptable range[56]. Compromised visceral circulation, due
to atherosclerosis of the visceral (celiac and superior/inferior mesenteric) or iliac arteries, is not associated with
anastomotic leakage[57]. These findings imply that not the
macroscopic circulation, but the microvascular flow at
site of the anastomosis is of uppermost importance for
anastomotic healing and that the microcirculation can be
considered as a separate entity. Hence, the role in anastomotic healing and potential therapeutic targets for optimization of the gastrointestinal microcirculation remain
to be clarified.
To reduce cardiopulmonary complications, restrictive
fluid regimens seem superior to liberal fluid treatment[58].
Liberal and restrictive fluid therapies may induce hypoperfusion of the anastomosis by causing local edema or
hypovolemia, which could be avoided by individualized,
goal-directed fluid therapy. Individualized fluid therapy
based on cardiac output measurement has been proposed as the ideal treatment strategy regarding complications, mortality and length of hospital stay[59]. However,
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a recent randomized controlled trial (RCT) using esophageal Doppler monitoring for cardiac output measurement could not prove a reduction in postoperative complications[60]. The effect of goal-directed fluid therapy on
intestinal (microvascular) perfusion, damage and healing
therefore needs further exploration.
Although an inspired oxygen concentration of over
80% during surgery and in the first two hours after surgery
has been shown to reduce surgical-site infections[61], little
is known about the effect on anastomotic oxygenation
and healing. Only a small randomized trial describes a
decrease in anastomotic leakage prevalence when administering 80% oxygen during surgery and in the first six
hours following surgery[62]. Supplementation of high inspired oxygen concentration seems beneficial for anastomotic healing and should be evaluated in more patients
and on the intestinal oxygenation level to draw definite
conclusions.
Several studies have indicated that the use of NSAIDs
is markedly correlated with anastomotic leakage following colorectal surgery[63-65]. The ERAS guidelines state
that sufficient evidence is lacking to stop using NSAIDs
as a component of multimodal analgesia[45]. The mechanisms by which NSAIDs exert their detrimental effects
on colonic surgical wound healing are not known, which
deserves further investigation.

ADVANCES IN INTRA-OPERATIVE CARE:
LAPAROSCOPIC COLORECTAL SURGERY
Although strong evidence exists that a diverting stoma
significantly reduces anastomotic leakage in rectal surgery[66,67], other measurements, such as omentoplasty, prophylactically leaving intra-abdominal drains, and application of a sealant (i.e., fibrin glue) around the anastomosis,
seem obsolete in preventing anastomotic leakage[68-70].
Moreover, stapled anastomoses and hand-sewn techniques have comparable effects[71]. The most significant
improvement in intraoperative care last decades, was the
introduction of laparoscopy. Large incisions are avoided
and surgical trauma is minimized.
Laparoscopic colon cancer surgery
Following the successful introduction of laparoscopic
cholecystectomy and appendectomy, laparoscopic colon
resection was first described by Jacobs and colleagues in
1991[72]. However, skepticism about its safety and feasibility rose, since early reports described high port or wound
site cancer recurrence rates[73]. Consequently, laparoscopic
colectomies were performed decreasingly and surgical
societies summoned to only perform these under the auspices of randomized trials. Therefore, one single-center
and three multi-center phase 3 randomized clinical trials
were initialized to compare oncological outcomes between laparoscopic and conventional open colectomy for
cancer: the Barcelona trial[74] and the clinical outcomes of
surgical therapy (COST)[75], conventional vs laparoscopicassisted surgery in colorectal cancer (CLASICC)[76] and
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colon cancer laparoscopic or open resection (COLOR)[77]
trials, respectively.
Short-term benefits of laparoscopic colon cancer surgery
The early reports of these trials described similar[75-77] or
even lower[74] postoperative complication rates for laparoscopic surgery compared with open surgery. Thirtyday mortality rates were not significantly different[74-77].
On the one hand, operative time was longer for laparoscopy in all studies. On the other hand, patients in the
laparoscopic arm had significantly less blood loss[74,77],
earlier return of bowel function[74,76,77], earlier resumption
of fluid intake and regular diet[76,77], shorter use of oral
and parenteral analgesics[75] and shorter hospital stay[74-77].
Radicality of resection, reflected by resection margins
and the number of lymph nodes in the resected specimen, did not differ significantly[74-77]. Equivalence of the
number of harvested lymph nodes was later confirmed
in a meta-analysis[78].
The four exploring randomized trials were followed by
multiple others. These trials also found short-term benefits in laparoscopic compared with open surgery[79-82] and
confirmed similar postoperative complication and 30-d
or in-hospital mortality rates for either operative modality[79-83]. Since the laparoscopic surgical technique is more
similar to the conventional approach for right colectomies
compared with other colorectal procedures, benefits seem
less significant for this laparoscopic procedure[84]. Both
long- and short-term health-related quality of life are
higher in laparoscopic compared with open colon cancer
surgery[85-87].
Hence, laparoscopic colon cancer surgery is associated
with multiple short-term benefits compared with conventional surgery. Although these benefits might be clinically
less important, laparoscopy seems more comfortable for
the patient.
Laparoscopic colon cancer surgery and its oncological
safety
Primary endpoints of the four pioneering trials mostly
consisted of oncological parameters, since oncological
safety was the main concern in early years. The Barcelona trial aimed to compare cancer-related survival after
laparoscopic and open colon cancer resection. After a
median follow-up of 43 mo, cancer-related survival was
significantly higher after laparoscopic surgery[74]. Updated results with a median follow-up of 95 mo showed
a tendency of higher cancer-related survival and overall
survival for the laparoscopic group. Moreover, laparoscopic surgery was independently associated with a
reduced risk of tumor recurrence[88]. This superiority of
laparoscopy was mainly caused by the results in patients
with stage Ⅲ disease. This led to the hypothesis that the
effect of surgery on the immune system is reduced in
laparoscopy[89].
Time to tumor recurrence was the primary endpoint
of the non-inferiority COST trial. Concerning this, it
showed laparoscopic surgery to be non-inferior to open
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surgery. Moreover, no significant differences were found
in cumulative incidence of recurrence, overall-survival,
and disease-free survival. Tumor recurrence in surgical
wounds was rare in both treatments groups (less than 1%)
and did not differ between groups[75]. The 5-year results of
the COST trial confirmed non-inferiority of laparoscopic
surgery in terms of disease-free 5-year survival, overall
5-year survival, overall recurrence rates and recurrence
distribution[90].
The CLASICC trial was initiated to investigate oncological safety regarding overall and disease-free survival
and recurrence rates. No significant differences were
found for either endpoint after three years[91]. Moreover,
5-year analysis of the data showed similar (local and
distant) recurrence, and overall and disease-free survival
rates for both study arms[92].
Primary outcome of the COLOR non-inferiority
trial was 3-year disease-free survival, which differed 2%
(95%CI: 3.2-7.2); 74.2% in the laparoscopic group and
76.2% in the open surgery group (P = 0.70), when all
stages of disease combined were analyzed. Despite exceeding the predetermined non-inferiority boundary of
7% of the upper 95%CI, the authors concluded that this
difference was clinically acceptable and that laparoscopy
could safely be implemented into daily practice. After all,
a per-protocol analysis showed laparoscopic surgery to
be non-inferior to open surgery. The combined 3-year
overall-survival did not significantly differ[93].
To enhance power, the transatlantic laparoscopically
assisted vs open colectomy trials study group conducted
a meta-analysis including the individual databases of the
four mentioned trials (3-year results of the CLASICC and
COLOR trial were not yet published at that moment).
It showed similar 3-year disease-free and overall survival
rates for all stages of disease in the two study arms. Furthermore, recurrence rates and patterns were comparable[94]. Later performed trials reproduced comparable longterm oncological results for both treatment groups[79,80,95].
Moreover, equivalence in long-term oncological outcomes
was confirmed in multiple meta-analyses including highquality RCTs[96-98].
In conclusion, early concerns regarding oncological safety have been invalidated nowadays. Particularly wound or
port site recurrence rates are comparable in trials specifically reporting its incidence[74,80,90,93]. Laparoscopic surgery
for curative colon malignancies is proven feasible, safe and
non-inferior compared with conventional open surgery
with multiple short-term advantages in patients with disease stages Ⅰ-Ⅲ on basis of solid level Ⅰ evidence.

questioned since. Nevertheless, successful total mesorectal
excision was more frequently performed in laparoscopic
procedures[76]. The suggested better practicability of this
technique in laparoscopic surgery is essential, since complete resection of the mesorectum (with preservation of
pelvic autonomic nerves) has shown to improve survival
and recurrence rates[99]. Reacting on the CLASICC trial
results, a research group from Hong Kong performed an
updated subgroup analysis on rectal cancer[100] of their
prospective randomized trial on laparoscopic resection
of rectosigmoid carcinomas. This analysis showed faster
recovery after and similar survival and disease-free survival rates in laparoscopic surgery compared with open
surgery[101]. Due to these controversies, additional highquality trials investigating oncological safety of laparoscopic rectal resection were required.

Laparoscopic rectal surgery
The CLASICC study was the first randomized trial also
comparing oncological outcomes in laparoscopic and
open surgery for rectal cancer. Laparoscopic rectal resection was considered technically more demanding than
laparoscopic colon resection, as a high conversion rate
(34%) and longer operation time were reported[76]. Feasibility and safety of laparoscopic rectal cancer surgery were

Laparoscopic rectal cancer surgery and its oncological
safety
No significant differences were found for both shortand long-term oncological outcomes in terms of proximal, distal and radial resection margins, number of lymph
nodes harvested, three- or five-year overall-, cancerrelated- or disease-free survival, and local recurrence
rates in patients undergoing both sphincter-sparing (low
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Short-term benefits of laparoscopic rectal cancer
surgery
This need was fulfilled by the performance of multiple
RCTs with both short- and long-term parameters as
primary outcome. Several benefits of laparoscopic over
open rectal surgery have been identified, which are almost identical to those in colon surgery. Laparoscopy
is associated with significantly less blood loss or a trend
towards significance[102-107]. This resulted in fewer blood
transfusions, known as a risk factor for anastomotic leakage, in one trial reporting on this outcome[102]. Postoperative recovery was enhanced in laparoscopy, reflected by
faster bowel recovery (shorter time to first postoperative
peristalsis[76,105-108], flatus[103,106], stool[103,108], or resumption
of normal diet[76,103,105,106]), and less analgesic use[103,105-107].
Moreover, length of hospital stay was shorter in the
laparoscopic group, reaching significance in three singlecenter studies with short-term recovery as its primary
outcome[102,106,107]. A wide range in postoperative complication rates is reported. Nonetheless, a meta-analysis
reported significantly less postoperative complications
after laparoscopic surgery[109]. On the other hand, like in
colon cancer surgery, significantly longer operative time
or a trend towards significance in laparoscopy is reported
in most trials[76,102-108]. This issue would be of decreasing
importance nowadays, since experience is growing.
In contrast to colon cancer surgery, higher health-related quality of life in laparoscopic compared with open
rectal cancer surgery was only reported on the short-term
(one week postoperatively) in a prospective study[110],
whereas no difference was found on the long-term in the
COLOR Ⅱ cohort (one year postoperatively)[111].
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anterior) resection for mid or high and abdominoperineal
resection (APR) for low rectal carcinoma[102-104,106,108,112].
Since these studies incorporated relatively small patient
numbers, consequently lacking power, and were mostly
conducted in a single-center setting by one team or even
one surgeon, a phase 3 non-inferiority multicenter trial
including 1103 participants undergoing LAR or APR was
conducted comparing oncological outcomes (COLOR Ⅱ
trial). Locoregional recurrence was its primary endpoint.
Like the COLOR trial for colon cancer, the COLOR Ⅱ
trial showed that postoperative recovery was improved
after laparoscopy, whereas radicality of resection, intraand postoperative complications, and 30-d mortality were
comparable in both groups. Moreover, laparoscopic rectal
cancer surgery was considered feasible with a conversion
rate of 16%. However, it should be noted that these findings are not applicable to all rectal cancer patients, since
T3 tumors within 2 mm from the endopelvic fascia and
T4 tumors were not included in the trial[113].
Meanwhile, long-term results of the CLASICC trial
have been reported. Although higher positive resection
margin rates were reported in the early results[76], 3-year
results showed no differences in (local) recurrence and
mortality rates. Moreover, similar results for APR and
LAR were reported[91]. Multiple meta-analyses confirmed
comparable short- and long-term oncological outcomes
in laparoscopic and open surgery[114,115]. The Hong Kong
study group reported equal overall survival, cancer-related survival, disease-free survival, and local and distant
recurrence rates after ten years in patients with stage Ⅰ
-Ⅳ upper rectal cancer undergoing LAR[105]. Results for
locoregional recurrence of the COLOR Ⅱ trial are expected at the end of 2013[113].
In conclusion, rectal cancer surgery has short-term
advantages over conventional open surgery and seems
oncological safe. Nevertheless, recurrence and long-term
survival rates of the COLOR Ⅱ trial need to be awaited
before laparoscopic resection of rectal cancer is indisputably proven to be oncological safe.
Surgical feasibility of laparoscopic colorectal surgery
Intraoperative conversion is considered an important
measure of feasibility of a laparoscopic procedure. Due
to the non-selective design of RCTs and the inability of
researches to adequately choose patients eligible to be
randomized to either surgical approach, high conversion
rates were reported in early trials. In the CLASICC trial
up to 25% of colon and 34% of rectal cancer patients
underwent conversion[76]. However, no uniform definition of conversion was used in different trials. Conversion rates of the CLASICC trial improved each year,
from 38% in the first year to 16% in the sixth year of the
study[76]. Furthermore, low conversion rates of 2.8% to
14.6% were reported in later performed RCTs (allowing
surgeons to be more experienced) and single-center studies with a specialized laparoscopic surgical team[74,79-81].
This demonstrates its function of the learning curve.
The COLOR case volume study demonstrated that
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high volume centers (> 10 cases per year) had fewer complications, greater lymph node harvest and shorter hospital stay compared with medium (5-10 cases per year) and
low volume (< 5 cases per year) centers[116], again addressing the learning curve of laparoscopic surgery. Moreover,
operative time was significantly shorter in high volume
centers[116]. Hence, laparoscopic experience is a major factor in outcome. Higher costs for laparoscopy, despite the
shorter mean hospital stay, may be reduced in high volume centers. After all, the main cause for higher costs are
operative expenses[117].
Patient-tailored strategies
Although conversion rates were high in the firstly performed multicenter RCTs, laparoscopic colon surgery is
considered standard of care in many countries nowadays.
Intraoperative conversion was associated with higher complication rates and prolonged hospital stay[76,118]. Moreover,
cases converted were associated with a worse overall[92]
or 5-year disease-free[81] survival compared with laparoscopically completed or open surgery. The most common
reasons for conversion in the early performed RCTs were
tumor fixation and advanced disease, uncertainty of tumor
clearance, and obesity[76]. As intraoperative conversion is
nowadays mainly needed due to unfavorable tumor characteristics instead of inexperience of surgeons, these cases
have a worse outcome. Moreover, laparoscopic surgery
is currently regarded safe and suitable for obese patients
also[119].
Besides surgical experience, a patient-tailored treatment strategy with optimal selection of patients eligible for
laparoscopic surgery seems essential to optimize results.
Adequate patient selection leads to lower conversion rates
as shown in the LAPKON Ⅱ trial[83]. Patients with rectal
cancer were randomized after initial diagnostic laparoscopy
to assess feasibility of laparoscopic resection. Hence, conversion should not be considered as surgical failure, but as
a judicious decision. Nevertheless, appropriate selection
should preferably be performed preoperatively. Feasibility and safety of laparoscopic surgery in elderly colorectal
cancer patients for instance, have been underlined in a
recent randomized study[120]. Another possible vulnerable
population suitable for laparoscopy could be malnourished patients, since malnourishment and weight loss are
associated with impaired clinical outcome[20,21].
Laparoscopic colorectal surgery in the light of enhanced
recovery programs
As previously described, another major improvement in
colorectal cancer surgery has been the introduction of
fast-track or enhanced recovery programs. However, only
one trial described in this review was performed within
such a program. The LAFA trial, a multicenter randomized trial comparing laparoscopic and open surgery plus
or minus a fast track program in segmental (right and
left-sided) colectomy, concluded that the best perioperative treatment is laparoscopy combined with fast track
surgery regarding total hospital stay. Secondary outcomes
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(postoperative hospital stay, morbidity, reoperation rate,
readmission rate, in-hospital mortality, quality of life at
two and four weeks, patient satisfaction and in-hospital
costs) did not significantly differ between the four treatment groups[82]. Currently, a multicenter randomized trial
is performed to investigate the hypothesis that laparoscopic surgery is superior compared with conventional
surgery even when both treatments are optimized within
the ERAS program[121].

ADVANCES IN POSTOPERATIVE
CARE: DETECTION OF ANASTOMOTIC
LEAKAGE
The clinical presentation of anastomotic leakage is heterogeneous and may be nonspecific. Anastomotic leakage is frequently diagnosed late due to a low index of
suspicion based on clinical and conventional laboratory
findings[122]. Moreover, abdominal CT-scan with intraluminal contrast undoubtedly has a role in timely recognition of anastomotic leakage, but yields low sensitivity
(68%), which may delay the diagnosis and appropriate
treatment[123]. Intervening weekends may further delay diagnosis and re-interventions[124]. Delay in recognizing and
consequently treating anastomotic leakage after colorectal
surgery is associated with increased mortality[125,126].
Clinical signs for accurate and early detection of anastomotic leakage have been widely investigated. den Dulk
et al[127] standardized postoperative monitoring and developed a leakage-score, consisting of general, local physical
examination, laboratory investigation and dietary items.
The use of this score resulted in a significantly shorter
delay in the diagnosis of anastomotic leakage.
Accurate diagnostic markers are needed to detect
anastomotic leakage early after colorectal surgery. Various
biomarkers have been investigated, although none has
been validated clinically and studies are difficult to compare, mainly due to different definitions of anastomotic
leakage[128]. C-reactive protein (CRP) has been widely
proposed as an early indicator to diagnose anastomotic
leakage on postoperative day 2-4[129]. However, the test
characteristics are not convincingly robust, with approximately 70%-80% sensitivity and specificity[129]. Currently,
the PRECIOUS trial investigates a step-up approach in
major abdominal surgery combining CRP and CT imaging of the abdomen to diagnose severe complications,
including anastomotic leakage[98]. Furthermore, specific
plasma markers for intestinal cell damage and inflammation may provide better accuracy.
Finally, intraperitoneal microdialysis measuring intraperitoneal cytokines after rectal surgery has sometimes
been used for early detection of anastomotic leakage.
Lactate/ pyruvate ratio and interleukin (IL)-6, IL-10 and
tumor necrosis factor-α were increased before clinical
signs were detected in patients with anastomotic leakage [130,131]. Moreover, higher levels of intraperitoneal
cytokines compared with systemic cytokines suggest the
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gastrointestinal tract to be the origin of the postoperative
inflammatory response after colorectal surgery[132]. However, it should be noted that intraperitoneal microdialysis
is an invasive method, with two catheters left behind intra-abdominally, that could involve complications. When
a drain is left after surgery, measuring biomarkers in the
peritoneal fluid, such as cytokines and metalloproteinases,
could attribute to early detection of anastomotic leakage[133,134]. Also, a polymerase chain reaction for Enterococcus faecalis in drain fluids could be used as a screening test
for anastomotic leakage[135]. Nevertheless, drains should
not be used routinely, microdialysis is an invasive method,
and the value of these markers in the absence of other
clinical signs is limited.

ADVANCES IN ORGANIZATION OF
CARE: AUDITS
Clinical auditing has been initiated in several countries
and is considered an important tool for quality assessment and the identification of factors needing improvement. Furthermore, clinical audits provide a unique
dataset for research as well. Starting in 2009, a nationwide
audit for colorectal surgery has been initiated in the netherlands, the dutch surgical colorectal audit (DSCA)[136].
Later adopted as a quality indicator for the health care
inspectorate, the DSCA has become a performance index for colorectal surgeons. Postoperative mortality and
anastomotic leakage rates indeed decreased between 2010
and 2012[11,137]. This is in line with audits in other countries, including the United States, Belgium, Germany,
United Kingdom, Spain, Italy, Denmark, Norway, and
Sweden[138,139]. Whether these improvements are directly
related to the introduction of the audit has to be determined. Yet, it can at least be stated that the DSCA has
effectuated increased awareness of and insight in aspects
of improvement.
Clinical audits have revealed several interesting findings with respect to postoperative complications. Hospitals with higher mortality rates had only slightly higher
incidences of postoperative complications. However, the
ability to let patients with a serious complication survive
was significantly lower in high-mortality centers[136]. This
phenomenon is addressed as failure to rescue and was
previously described for other gastro-intestinal operations[140]. Data from the American College of Surgeons
National Surgical Quality Improvement Program showed
that although complication incidences did not vary between hospitals, mortality rates, largely contributed to
death after major complications, significantly varied,
indicating that timely recognition and treatment of complications deserves greater attention[141]. Future research
should aim at identifying and improving the fundamental aspects causing failure to rescue. Another important
finding was that anastomotic leakage rate variation between hospitals was mainly due to treatment-associated
factors, such as blood loss or transfusion and operation
time, than population characteristics, as was the case
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with postoperative mortality[142]. Therefore, anastomotic
leakage is proposed as an accurate read-out for quality
of care, underlining the importance of anastomotic leakage rate reduction in colorectal surgery. In conclusion,
clinical audits provide unique insight in aspects associated with health care quality and more studies have to be
done to find in-hospital factors correlated with anastomotic leakage for further improvement.

10

11

CONCLUSION
During the last several decades, colorectal cancer surgery
has experienced some major perioperative improvements.
Preoperative risk-assessment of nutrition, frailty, and sarcopenia followed by interventions for patient optimization
or an adapted surgical strategy, contributed to improved
postoperative outcomes. Enhanced recovery programs
or fast-track surgery also resulted in reduced length of
hospital stay and overall complications without affecting patient safety. After an initially indecisive start due to
uncertainty about oncological safety, the most significant
improvement in intraoperative care was the introduction
of laparoscopy. Laparoscopic surgery for colon and rectal cancer is associated with better short-term outcomes,
whereas long-term outcomes regarding survival and recurrence rates are comparable. Nevertheless, long-term
results in rectal surgery remain to be seen. Early recognition of anastomotic leakage remains a challenge, though
multiple improvements have allowed better management
of this complication.
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more favorable prognosis can be achieved by curative
resection. The depth of tumor invasion (T-category) and
the extent of lymph node metastasis (N-category) are
important prognostic factors for disease staging. With
regard to metastatic CRC, an attempt should be made
to determine whether it can be used as a monitoring
marker for determining the response to chemotherapy.
Yoshimatsu K, Yokomizo H, Naritaka Y. Clinical impact of
minimal cancer cell detection in various colorectal cancer
specimens. World J Gastroenterol 2014; 20(35): 12458-12461
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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Abstract
Detection of cancer cells using molecular targets is
achieved by combining immunochemical reactions with
gene amplification techniques. This enables the detection of cancer cells in specimens that are traditionally
determined to be cancer-free. These improvements
in detection can lead to prognoses that are different
from those derived by conventional pathological staging. Survival is worse when cancer cells are detected
in regional lymph nodes compared to when the nodes
are cancer-free. Furthermore, the circulating tumor cell
(CTC) count increases as the cancer progresses. Consequently, there is a correlation between CTC count
and prognosis. However, large-scale prospective studies are required to confirm this. The development of
more convenient and cost-effective analysis techniques
will facilitate the practical application of these findings.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Micrometastasis; Circulating tumor cell;
Colorectal cancer; Prognosis; Molecular marker
Core tip: In patients with colorectal cancer (CRC), a
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INTRODUCTION
In patients with colorectal cancer (CRC), a more favorable prognosis can be achieved by curative resection. The
depth of tumor invasion (T-category) and the extent of
lymph node metastasis (N-category) are important prognostic factors for disease staging. Approximately 25%
of patients without lymph node or distant metastasis
experience suffer recurrent disease. Therefore, obtaining
a true node-negative diagnosis using conventional pathological guidelines is very difficult. It is possible to overlook occult metastasis if very few nodes are collected for
examination[1-3]. Isolated tumor cells or micrometastases
(MMs) within regional lymph nodes that are suspected
markers of systemic tumor spread may be missed by
conventional histopathological hematoxylin and eosin
(HE) staining[4].
Cancer progression is also correlated with epithelialto-mesenchymal transition, where cancer cells enter into
lymphatic or blood vessels and migrate to distant organs
in a mesenchymal state[5,6]. Circulating tumor cells (CTCs),
which can be detected in peripheral blood (PB) by im-
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munological or molecular techniques, are another indicator of disease progression[7,8].
The aim of the present review is to examine the current clinical significance of molecular tumor cell detection in lymph node specimens and PB samples.

REGIONAL LYMPH NODE TUMOR CELL
DETECTION IN NODE-NEGATIVE CRC
Detection methods
It is quite difficult to detect lone cancer cells, or even
clusters of such cells, using HE staining. Additionally,
since conventional pathological examinations only assess one or two sections (including the maximal cutting
surface) while determining the presence of lymph node
metastasis, most lymph nodes remain unexamined. Special immunohistochemical (IHC) techniques and reverse
transcriptase polymerase chain reaction (RT-PCR) can
be used to identify MMs within lymph nodes[4], and several studies have employed IHC techniques using monoclonal antibodies directed against carcinoembryonic
antigen (CEA) or cytokeratin (CK)[8,9]. Re-examination
of regional lymph nodes using CK staining detected
MMs in 39% patients with primary CRC in one study[10]
and revealed occult metastases in 5.8% examined nodes
in another study[9]. The MM detection rate has ranged
from 4% to 31% in previous studies where only one section was examined from each lymph node[9,11,12]. In other
studies where two or more sections from each lymph
node were examined, the rate of MM detection was
higher at 76%-100%[13,14]. Moreover, the MM detection
rate in each lymph node increased with an increase in
slice number from 1 to 2 to 5[15].
The CEA, CK, KRAS, and MUC2 genes are used
for PCR[16-19], with 30%-50% of CRC specimens deemed
to be node-negative actually instead being found to be
positive when these markers are used. Recently, a novel
one-step nucleic acid amplification (OSNA) assay using
reverse-transcription loop-mediated isothermal amplification for gene amplification was developed[20]. In the
OSNA assay, the supernatant of a homogenized lymph
node solution is analyzed directly without mRNA purification, enabling rapid detection via an automated gene
amplification detector. This is, therefore, a more convenient method for application in a clinical setting compared with conventional RT-PCR[21].
Prognostic significance and tumor cell detection in
node-negative CRC
Significant correlations between the detection of tumor
cells and survival have been reported by some studies[9,22,23], whereas others have failed to demonstrate any
such correlation[10-12,15,24-26]. Recent meta-analyses indicated
that molecular tumor cell detection has a prognostic
impact on overall survival (OS), disease-specific survival (DSS), and disease-free survival (DFS). Subgroup
analyses of studies that enrolled patients with stage Ⅱ
CRC only showed that tumor cell detection was associ-
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ated with poor OS, DSS, and DFS. Molecular tumor cell
detection was also associated with poorer OS, DSS, and
DFS in studies with an inadequate average lymph node
count. In studies that examined at least 12 resected lymph
nodes, a similar association was observed between tumor
cell detection and poor OS, DSS, and DFS. However,
DFS was the only outcome measure with sufficient available data for evaluating the prognostic impact of tumor
cell detection dependent upon the administration of
adjuvant therapy. These subgroup analyses showed that
cancer cell-positive lymph nodes were associated with a
less favorable DFS among patients, regardless of whether
or not they underwent adjuvant chemotherapy[4].

CIRCULATING TUMOR CELLS IN CRC
Detection methods
CTCs and lymph node MMs are detected by targeting nucleic acids associated with epithelial or oncogenic genes or
by their immunoreactivity to cell surface proteins[7]. Targets include the cancer cell markers CEA, CKs, hTERT,
and CD133[27,28].
Recently, the CellSearch™ System (Veridex, Huntingdon Valley, PA) was developed for the detection of
small numbers of CTCs; the system can detect CTCs in a
7.5-mL PB sample. In one study, the prevalence of CTCs
was determined in blood samples taken from 199 patients
with nonmalignant diseases, 964 patients with metastatic
carcinomas, and 145 healthy donors. In the 2183 blood
samples obtained from the 964 patients with metastatic
carcinomas, the number of CTCs ranged from 0-23618
per 7.5 mL of blood; 36% (781/2183) samples had two
or more CTCs. The rate of detection of two or more
CTCs in different cancers was as follows: 57% (107/188)
for prostate cancers, 37% (489/1316) for breast cancers,
37% (20/53) for ovarian cancers, 30% (99/333) for
colorectal cancers, 20% (34/168) for lung cancers, and
26% (32/125) for other cancers[29].
Prognostic value in resectable and metastatic CRC
Several reports have noted a correlation between RTPCR-based CTC detection in patients with stage Ⅰ-Ⅲ
disease and DFS and OS[30-32]. Wong et al[32] employed an
assay of immunomagnetic separation and reported that
an increase in the number of CTCs was associated with
recurrence. Meta-analyses have also detected significant
correlations between CTC detection and poor recurrence-free survival and OS[7]. Detection of CTCs in PB
is indicative of a poor prognosis in patients with primary
CRC.
CTC counts obtained with the CellSearch™ system
reportedly predict the response of metastatic breast,
colorectal, and prostate cancers to chemotherapy[29]. In
metastatic CRC, patients with three or less CTCs or less
after the initiation of chemotherapy have better PFS
and OS[33]. Matsusaka et al[34] reported that many patients
had three CTCs or less after the initiation of oxaliplatinbased chemotherapy, and that these patients also showed
better PFS and OS compared with patients with more
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Table 1 Prognostic value of resectable and metastatic colorectal cancer
Detection method
RT-PCR
RT-PCR
RT-PCR
Immunomagnetic
RT-PCR
CellSearch
CellSearch
CellSearch, RT-PCR
CellSearch
CellSearch

Objectives

Correlation

Ref.

Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
mCRC
mCRC
mCRC
mCRC
mCRC

DFS
DFS, OS
RFS
Recurrence
DFS, OS
PFS, OS
PFS, OS
OS
PFS, OS
OS

[30]
[31]
[28]
[33]
[32]
[34]
[35]
[36]
[37]
[38]

3

4

5

DFS: Disease-free survival; OS: Overall survival; PFS: Progression-free
survival; RT-PCR: Reverse transcriptase polymerase chain reaction; RFS:
Recurrence-free survival.

CTCs. Some reports have indicated that CTC counts obtained using the same system are prognostic biomarkers
of PFS and OS[35-37]. Recently, the detection of circulating endothelial cells in the PB by the CellSearch™ system before chemotherapy has been reported to predict
the efficacy of bevacizumab[38] (Table 1).
Future directions and clinical significance of minimal
cancer cell detection
Even though meta-analyses have shown the utility of tumor cell detection in node-negative lymph nodes, largescale prospective studies are required to elucidate the
correlation between lymph node MM and prognosis. If
such a correlation is proven, then studies to ascertain the
equality of staging for MM and conventional metastasis
will also be needed. The development of a low-cost,
convenient method of detection is also desirable to facilitate practical application of these findings.
Prospective studies of CTC detection in stage Ⅱ and
Ⅲ CRC are also required. The first aim should be to clarify whether the CTC count can be used to identify patients
who are likely to experience recurrence and whether it
can be used as a monitoring marker similar to CEA. The
next aim should be to ascertain whether CTC can be used
to determine stage Ⅱ patients who are at a high risk of
recurrence and consequently require adjuvant chemotherapy. If possible, an investigation should be performed to
ensure that chemotherapy is avoided by stage Ⅲ patients
considered to be at a low risk of recurrence.
With regard to metastatic CRC, an attempt should be
made to determine whether it can be used as a monitoring
marker for determining the response to chemotherapy.

6

7

8

9

10

11

12

13

14
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Abstract
Chronic active hepatitis (CAH) is acknowledged as an
imperative risk factor for the development of liver injury and hepatocellular carcinoma. The histological end
points of CAH are chronic inflammation, fibrosis and
cirrhosis which are coupled with increased DNA synthesis in cirrhotic vs healthy normal livers. The potential
mechanism involved in CAH includes a combination of
processes leading to liver cell necrosis, inflammation
and cytokine production and liver scaring (fibrosis).
The severity of liver damage is regulated by Hepatitis
B virus genotypes and viral components. The viral and
cellular factors that contribute to liver injury are discussed in this article. Liver injury caused by the viral
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infection affects many cellular processes such as cell
signaling, apoptosis, transcription, DNA repair which
in turn induce radical effects on cell survival, growth,
transformation and maintenance. The consequence of
such perturbations is resulted in the alteration of bile
secretion, gluconeogenesis, glycolysis, detoxification
and metabolism of carbohydrates, proteins, fat and balance of nutrients. The identification and elucidation of
the molecular pathways perturbed by the viral proteins
are important in order to design effective strategy to
minimize and/or restore the hepatocytes injury.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Hepatitis B virus genotype; Hepatocellular carcinoma; Woodchuck hepatitis
virus; Ground squirrel hepatitis virus; Peripheral blood
mononuclear cells; Interferon regulatory factor 7; Interleukin-1 receptor-associated kinase 4; TNF receptorassociated factor 3
Core tip: There are over 400 million people infected
with hepatitis B virus worldwide and chronic active
hepatitis is recognized as an important risk factor for
liver injury and hepatocellular carcinoma. Cirrhosis is
the histological end point of this chronic inflammatory
and fibrotic process and is coupled with increased DNA
synthesis in cirrhotic as compared to normal livers. The
potential mechanism(s) involved in chronic active hepatitis include a combination of processed leading to liver
cell necrosis, inflammation and cytokine synthesis and
fibrosis. The severity of liver damage is regulated by
Hepatitis B virus genotypes and viral components. The
viral and cellular factors that contribute to liver injury
are discussed in this article. Liver injury caused by the
viral infection affects many cellular process such as cell
signaling, apoptosis, transcription, DNA repair which
in turn induce radical effects on cell survival, growth,
transformation and maintenance. The consequence of
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such perturbations is dictated in bile secretion, gluconeogenesis, glycolysis, detoxification and metabolism of
carbohydrates, proteins, and fat and balance of nutrients. The identification and elucidation of the molecular
pathways perturbed by the viral protein(s) are important in order to design effective strategy to minimize
and/or restore the hepatocyte injury.
Suhail M, Abdel-Hafiz H, Ali A, Fatima K, Damanhouri GA,
Azhar E, Chaudhary AGA, Qadri I. Potential mechanisms of hepatitis B virus induced liver injury. World J Gastroenterol 2014;
20(35): 12462-12472 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12462.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12462

INTRODUCTION
General background
Human hepatitis B virus (HBV) is one of the foremost
causes of fulminant, acute and chronic hepatitis[1-5]. HBV
is a partially double stranded DNA virus and is a member of the Hepadnaviridae virus family. HBV replication is
not directly cytopathic per se but increases the risk of hepatocellular carcinoma (HCC) and liver injury. The viral
genome contains a small (3.2 kb), covalently closed circular DNA (cccDNA) that is transcribed to generate four
known transcripts of 3.5 kb, 2.4 kb, 2.1 kb, and 0.7 kb
size[5]. These transcripts encode to generate Polymerase,
HBcAg, HBeAg, and HBsAg and HBx that have defined
role in HBV life cycle and liver injury[6,7]. The HBV infection that leads to persistence is present approximately
5% in adults and 95% in neonates[8] while in 90%-95%
of adulthood cases the HBV is rapidly cleared during
the acute phase of infection. Irrespective to this, HBV in
fection leads to chronic infection in 90% of perinatal or
early childhood cases[9-14]. That leads to the development
of liver cirrhosis and finally toward HCC at some stage in
the 20-30 years of asymptomatic infection and often ¼
th of the patients perishes due to complications of liver
injury.
A number of studies are being done on several animal models for HBV infection to address these issues.
In transgenic animal model studies, different HBV DNA
inserts were tested to demonstrate the importance of
liver cell regeneration after necrosis. In the natural course
of infection of woodchucks and ground squirrels by the
woodchuck hepatitis virus (WHV) and ground squirrel
hepatitis virus, respectively, HCC development occur
in the absence of cirrhosis[15-17]. In another study, the
transgenic mice was shown to develop HCC and liver
cell regeneration by triggering the immune response to
HBV[18]. Furthermore, extensive oxidative DNA damage has been detected in HBV positive transgenic mice
explaining the increased sensitivity to chemical carcinogens[18]. These animal models offer an attractive choice
to study the liver injury caused by HBV. In the section
below, we discuss the mechanisms of liver injury by
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which different genotypes and viral gene products (C,
S, HBx) induce a subtle and sustained effect on the host
cellular pathways during this prolonged period of acute
infection (Table 1).
Various genotypes and their role in liver disease
There are at least 10 different genotypes of HBV named
(A-J), which are based on > 8% genetic diversity. These
are further grouped into many sub-genotypes which
are different by 4%-8%[11,19]. The contribution of HBV
genetic variability in the genesis of liver cirrhosis is still
under investigation. A number of HBV genotypes have
been identified based on specific geographical areas and
liver diseases (Table 1). Several studies have documented
that the genotypes B and C are foremost risk factors for
HBV-associated HCC[20]. However the changes in the promoter core region and HBx-encoding sequence are overlapping in the patients serum samples. Few mutations are
present in various HBV genotypes. Finally, mutations in
one sequence of open reading frames (ORF) may affect
the protein expression pattern of HBV genome. HBV
genotype A is prevalent in North America while B and C
genotypes are geographically localized to Asia (specially
China)[19]. Central America populations generally have
HBV genotype H and disease correlation outcome is not
known with this genotype. The geographical distribution
pattern of these genotypes and associated liver disease is
presented in Table 1.
Different mechanisms and cellular processes that are
regulated by virus and viral proteins to govern the outcome of liver injury are presented. These changes lead to
cell proliferation, tissue invasion, metastasis, angiogenesis
and resistance to growth inhibition, restructuring of
energy metabolism, and resistance to programmed cell
death (apoptosis)[31].
Pathogenesis of liver injury
In several models of HBV infection, it has been observed
that the liver injuries in chronic infection are considered
to be associated with the activity of HBV specific T cells.
However, few reports suggest that certain chemokinemediated neutrophils infiltration, nature killer cells and
lymphocytes also played role in HBV-related liver damage[32]. The virus elimination may also be hindered due to
imbalances in cytokine production. Viral infection usually
causes inflammatory reaction characterized by release
of cytokines and chemokines which may lead to cancer
development[33]. It has been observed that molecular
and cellular changes of host gene expression are being
supported by the virus replication that protect virally infected hepatocytes from immune-mediated destruction
and facilitate tumorigenesis. The oxidative stress induced
by Inflammation incurs Kupffer cells to promote stellate cells activation via NF‑κB and AP1[34]. The persistent
activation of these genes leads to cirrhosis, fibrosis and
severe liver damage[1,34] leading to the development of
HCC. It has been reported that cirrhosis increases the
risk for HCC about 300% in the patients with chronic
infection[35-38].
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Table 1 Geographically distribution of hepatitis B virus genotypes and their role in liver disease
HBV genotypes
A
B
C
D
E
F
G
H
I
J

Geographical distribution

Risk of developing diseases

North America, Europe, Africa
HCC
Southeast Asia, Southern China, Alaska, Canada,
HCC and Cirrhosis at a younger age
and Greenland
East Asia, Northern China, Korea, Taiwan
Cirrhosis and HCC
Africa, Europe, India, Russia and North America
Liver fibrosis and HCC
West Africa
PC and BCP mutations but disease outcome unknown
Central America, South America
Fulminate hepatitis associated with HDV coinfection
France, Germany, United States
Coinfection with genotype A; increased association with acute hepatitis,
liver fibrosis, and HCC (Hepatocellular carcinoma) in Vietnam
Central America (Mexico and Nicaragua)
Most closely connected to genotype F but disease outcome is not
known
Laos, Vietnam
Not studied
Japan, Ryukyu
Not studied

Ref.
[21,22]
[19,23]
[19,24]
[22,25]
[26]
[13]
[27,28]
[13,29]
[30]
[30]

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; PC: Pre-core; BCP: Basal Core Promoter; HDV: Hepatitis delta virus.

In liver inflammatory lesions, lymphocytes which are
virus-specific can be detectable spontaneously but they
are not capable to remove active virus infection[39]. HBV
can cause chronic inflammation that leads to the development of cirrhosis and HCC[40]. It has also been observed
that HBsAg could inhibit the production of interferon
(IFN) in chronic HBV infection[41]. On the other hand,
interferon has been used in the treatment of chronic
hepatitis B. A recent study indicate that IFN prevented
or delayed the progress of HCC and liver cirrhosis in
chronic HBV individuals[42].
Role of altered innate and adaptive immunity
Dendritic cells are an important linkage between innate and
adaptive immunity which is gravely affected with HBV
infection[43]. The immune responses are either obstructed
or altered by HBV and the acute infection outcome is
affected by virus titer and CD4+CD25+FOX3P+ regulatory T (Treg) cells. They all play a vital role on immune
tolerance within the liver. In the HBV transgenic mice,
virus replication is inhibited by Toll like receptors (TLR)
signaling, activating the innate immunity[44]. TLRs are essential for HBV recognition and this process is initiated
by activation of critical downstream inflammatory signaling cascades such as nuclear factor-κB, INF regulatory
factor, mitogen activated protein kinases, and proinflammatory cytokines[44,45]. When studied the TLRs induced
signaling cascade in peripheral blood mononuclear cells
during chronic HBV infestation vs healthy controls, the
expression of interferon regulatory factor 7, interleukin-1 receptor-associated kinase 4, and TNF receptorassociated factor 3 was not affected. The expression level
of these genes decreased significantly with elevated level
of IL-12 and IL-6 leading to impairment of the immune
response against HBV infection which was observed in
all the chronically infected HBV patients[46]. However,
HBV altered TLR signaling[47] is not efficient in the virus
removal. It has been observed in chimpanzees that the
acute HBV infection could not generate innate immunity
with the initial stage of infection[40]. Another major signaling molecule is NF-κB which activates the expression
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of hepatoprotective and pro-inflammatory genes[48].
In viral infected cells, the Treg cells are known to
be induced by HBx via increased transforming growth
factor‑β1 production[49]. In the course of HBV infection,
the immune response for HBV-specific CD8+ T cells
plays a significant role to ward off the course of liver
injury. The hypo responsiveness of these cells present in
chronic infection is likely related to high antigen level in
these patients[50]. The pro-apoptotic and anti-apoptotic
states of HBV proteins have been well documented
depending on each experimental system. HBV promote
inappropriate cell growth upon infection to quiescent
hepatocytes, which then triggers growth arrest or apoptosis. However, researchers have observed that the HBx
protein inhibits apoptosis of hepatic progenitor cells by
activating WNT/β-catenin signaling pathway[51,52]. This
resistance to apoptosis in HBV infected hepatocytes enhances persistence and is a characteristic of tumor cells.
Role of oxidative and endoplasmic stress
It has been reported that increased pro-oxidants and
decreased antioxidant levels affect the enzyme activities
which are associated with severe liver injury and hepatocarcinogenesis. The elevated levels of reactive oxygen
species (ROS) may cause damage of host DNA, activation of MAP kinase signaling pathways and inactivation
and degradation of mitogen activated protein kinase
(MAPK) phosphatases which control cell death or survival and subsequent proliferation[53]. Using a trimmed
part of the larger surface (S) of protein, the increased
ROS and activated cyclin A expression and c-Raf-1/Erk2
signaling cascade has been shown. These activities were
further linked with the hepatocyte proliferation[54]. Furthermore, HBV infected transgenic mice also show sign
of oxidative stress[55]. It has been shown that the upregulation of forkhead box O4 (FOXO4) induced by HBx
contributes to the cellular resistance to oxidative stressinduced death[56]. HBx association with mitochondria is
also known to trigger oxidative stress resulting in apoptosis[57,58]. Similarly, HBx increase ROS level by promoting
cytosolic calcium signaling and by activating the PYK2
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and SRC kinase. This further decreases the level of mitochondrial permeability transition which causes the production of ROS[59].
Accumulation of HBV proteins in the endoplasmic
reticulum (ER) activates ER stress which then leads to
stimulation of DNA damage and increased oxidative
stress, and pre-disposed virally infected hepatocytes to
transformation[60,61]. Under the provisionally mild ER
stress, unfolded protein response (UPR) attenuates the
protein synthesis followed by increased protein degradation[61,62]. If the ER stress severe or prolonged, UPR
activates hepatocytes apoptosis through unknown and
poorly defined mechanisms[61]. It is important to note
that UPR contributes to elevated intracellular ROS production through up-regulating the oxidative flop machinery[63,64]. This further form disulfide bonds by oxidizing
thiol groups which plays important role in the supply of
intracellular ROS[65]. The UPR-mediated up regulation of
ROS was reported in association with ER stress-triggered
cell apoptosis [63]. Furthermore, recent evidence suggests that HBV infection induces ER stress due to large
amount of viral and cellular misfolded proteins synthesized in infected cells[62].
However, when ER stress is persistent, the autophagy
is activated to degrade the unfolded proteins as well as
maintains the cell viability. During autophagy ER integrity is restored to maintain the viral replication[66]. Therefore, autophagy promotes the hepatocyte survival[67] and
in turn helps to maintain the viral persistence which is serious risk factors for liver cancer[68]. Taken together these
observations support the idea that HBV proteins harbor
oncogenic effects, mediated by the induction of ROS and
ER stress factors. Thus, it is pertinent to control the liver
injury caused by induced ROS and ER stress by effective
antioxidants and ER stress relief strategies.
Role of angiogenesis and hypoxia
In chronically HBV infected hepatocyte, the cirrhotic
nodule formation is accompanied by the low level of
vasculature in the liver. This occurs in localized regions
with the development of a hypoxic environment which
in turn can enhance cell migration through the enhanced
activity of matrix metalloproteinases[69]. Hypoxia is a major determining factor in cancer development, because it
contributes to inflammation, apoptosis and liver regenera
tion inhibition. The cellular adaptive response to hypoxia
triggers the upregulated expression of hypoxia-inducible
factor 1-alpha (HIF1α), which is known to promote angiogenesis by up regulating vascular endothelial growth
factor (VEGF). During HBV infection and protein
synthesis, HBx is known to stabilizes HIF1α through
direct binding and also stimulates the transcription of
HIF1α[70,71], thus promotes angiogenesis[72]. HBx protein
also enhances angiogenesis by activated expression of
pro-angiogenic growth factor angiopoietin 2, via the activation of MAPK pathway[73]. In many diseases, the role
of angiogenesis has been highlighted by using the kinase
inhibitor sorafenib[74], which specifically target the VEGF
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receptor (VEGFR). Since both the PI3K-AKT signaling
cascade and EGFR are activated by HBx[75], the pathways
of HIF and VEGFR activation emphasize the importance in the pathogenesis of HBV induced HCC.
HBV DNA integration allows persistence of virus and
genetic alterations
In HCC tumor samples, the viral DNA is frequently
found to be integrated into host genome[76]. The HBV viral genome integration is also shown to occur in patients
affected with chronic hepatitis. In some cases, viral DNA
integration is also reported to occur during the early stage
of HBV infection. Full length viral genome integration
are not common but partial deletions of genome and
more complex rearrangements are frequently detected[77].
It has been shown that viral integration affects the host
genome through insertional mutagenesis, viral transcriptional upregulation, and induction of genomic instability[78]. The integration of DNA shows some common
insertion or activation of proto-oncogenes of the myc
family, primarily the N-myc2. It was also studied that
N-myc2 locus could be expressed by WHV integration in
win and b3n locus[79]. It is mentioned in some cases that
the regeneration of infected hepatocytes may have occurred due to integration of HBx and occasionally with a
truncated S and pre-S regions.

ROLE OF INDIVIDUAL VIRAL PROTEINS
IN LIVER INJURY
HBx protein
HBx is a 17 kDa multifunctional regulatory protein,
necessary for viral cccDNA transcription and/or replication[80,81] and also major player in HBV induced oncogenicity. HBx exhibits pleiotropic effects involving intracellular calcium, stress signaling transcriptional activation,
ROS, apoptosis and cell division[2,82,83]. HBx protein does
not bind directly to double-stranded DNA on viral or
cellular promoters but has been shown to bind to short
stretches of ssDNA in vitro[84]. It acts on various cellular
promoters through the protein-protein interactions and
alters the cytoplasmic signaling pathways. However, HBx
can also activate stellate cells as a paracrine factor[85,86].
HBx is known to transactivate many cellular promoters and enhancers containing binding site for activator
protein-1 (AP-1), -2 (AP-2), nuclear factor-kappa-B
(NF‑κB), activated transcription factor, CCAAT-enhancer-binding protein and cAMP response element binding
protein. Other cellular target of HBx includes the RNA
polymerase binding protein, epidermal growth factor
receptor, nuclear factor of activated T-cells, transforming growth factor β, IL-8, cytosolic signal transduction
pathways as Ras/Raf mitogen-activated protein kinase,
tumor necrosis factor (TNF), Src kinases, cjun N-terminal
kinase, protein kinase and Jak1/STAT[82,83]. Direct binding of HBx has also been reported with p53, DNA repair protein DDB1, TFIIH which in turn affects DNA
repair functions and may allow the amassing of genetic
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mutations[87,88]. The peptidyl-prolyl cis/trans isomerase
Pin1 functions are enhanced by direct HBx binding and
subsequent transactivation of target genes to increase cellular proliferation[89]. The complex nature of this protein
contributes to activation of overlapping pathways that
have effects on cell viability and cell proliferation in HBV
infected hepatocytes.
During the low level expression of HBx in both
acute and chronic hepatitis the humoral and cellular immune response are activated. The HBV replication is also
modulated due to the interactions of HBx with proteasome complex and Src tyrosine kinase activation[90]. It
also blocks TNFα and FAS-mediated apoptosis pathway
by activation of NF‑κB[91]. This aspect signifies that infected hepatocytes survive immune-mediated damage
and the uninfected hepatocytes undergo broad cell death
in CLD[92]. HBx interactions with DNA repair genes
DDB1[93,94], ERCC2 and ERCC3 subunit of TFIIH[87]
suggest that a compromised DNA repair process and accumulation of mutations in key house keeping genes may
favor the fine balance leading to liver cancer.
HBx is known to negatively regulate proteosome
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function thus have a role in degradation of viral and cellular proteins[95,96]. The mitochondrial functions are regulated by HBx either due to its channel-forming activity
or indirectly through the interactions with endogenous
channels[97,98]. Several studies have shown that HBx interacts with mitochondrial heat shock proteins -60 (hsp60)
and -70 (hsp70) and the voltage dependent anion channel
(VDAC) isoform VDAC3[99,100]. Additionally Wnt/betacatenin signaling is also up-regulated by HBx via activation of the cytoplasmic beta-catenin[101,102] (Figure 1).
Moreover, additional damage to the hepatocytes can occur due to many factors initiated by HBx such as (1) multipolar spindle formation; (2) chromosome segregation;
and (3) by inducing aberrant centrosome duplication.
These actions are hypothesized due to nuclear transport
receptor Crm1 sequestration by HBx in the cytoplasm[103].
The induction of lagging chromosomes by binding to
BubR1 and increased expression of matrix metalloproteinase are alternative mechanisms[104]. The later is also accountable of cellular migration[105]. All these biochemical
properties of HBx and its influence on above described
cellular process are detrimental to the healthy hepatocytes
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and may eventually lead to serious liver stress and injury.
Pre core protein
The HBV encoded intracellular HBcAg or nucleocapsid
protein (p21) is approximately 21 kDa and is composed
of 183 residues. The protein includes a C-terminal arginine-rich DNA binding domain required for viral genome
packaging. Studies have postulated that preC-C, which
encodes both HBeAg and HBcAg can play a significant
part in the establishment of viral persistence[106]. It is reported that HBeAg attenuates the host immune response
and adversely influence the innate and adaptive immune
responses during viral infection[107,108]. The precore region
shares 149 common residues with the core, but contains
a unique amino-terminal hydrophobic cysteine rich tenmer region. Overall there is strong homology between
pre core and core relevant to specific serological, structural and immunological distinctiveness. Recent studies
have revealed pleiotropic functions of HBc that affect
host cellular processes, including HBc induced expression profile change of an innate immune protein, toll like
receptor 2[109,110]. These evidences demonstrate that HBc
can affect the physiological functions of innate immune
system which are relevant to the health of hepatocytes.
Surface protein
The surface proteins of HBV consist of at least three
known structurally related proteins referred to as pre-S1,
pre-S2, and S. These proteins are translated from two
mRNA transcripts (1) Pre-S1 Mrna; and (2) Pre-S2/S
mRNA, from which the L (Pre-S1) and M/S (Pre-S2 + S/
S) proteins are translated, respectively. Several studies have
reported that HBsAg titers directly correlate with the
amount HBV DNA in serum and intrahepatic cccDNA
levels. However this level varies in different liver disease
phases[111-113]. However, during HBeAg-negative state, the
HBsAg production and secretion appears to be incoherent from that of virion production[113,114]. In HBeAgnegative patients, serum HBsAg titer, serum HBV DNA
level and liver cccDNA level are all reduced relative to
HBeAg-positive chronic patients where HBsAg titers are
noted to be preserved relative to serum cccDNA[113-115].
The rationale for such surveillance is indistinct but may
be correlated due to integration of HBV S regions in the
genome. A preferential control of the replicative pathway
over HBsAg transcription/secretion, may occur in cases
where virion production is inhibited[115]. The Pre S2 protein also activates MAPK, which is a key signaling molecule involved in hepatocyte proliferation[116]. Moreover,
PreS2 protein can also accumulates in the endoplasmic
reticulum (ER) of infected hepatocytes leading to ER
stress, a process definitely implicated in liver injury[117]. All
these mechanisms are consistent with the hypothesis that
S can induce liver carcinogenesis.
Finally, it is also noteworthy that HBsAg may also
modify detoxification pathways implicating in cytochrome
P450. A modulated P450 may enhance the metabolism
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of carcinogens with adverse effects on the liver. There
seems to a strong clinical significance of quantitative
changes in HBsAg during the acute and chronic phase of
HBV infection[118,119]. The amount of HBsAg has been
found to be closely related to HBV replication within
hepatocytes[113] and this could contribute to the immuno
pathogenesis during persistent infection.
Polymerase protein
While HBV polymerase (Pol) is involved in viral replication, it has been shown that it can block cellular processes
such as IRF signaling. This indicates that HBV Pol can
counteracts the host innate immune defense response[120].
Additionally, HBV Pol is known to inhibit TANK-binding
kinase 1 (TBK1)/IkB kinase-e (IKKe) and the effector
kinases of IRF signaling. The TBK1/IKKe activity is inhibited by HBV Pol by disrupting the interaction between
IKKe and DDX3 DEAD box RNA helicase. This unforeseen role of HBV Pol may provide some details why
HBV evades innate immune response in the early phase.
A therapeutic implication of this work should involved
strategy to interfere with the HBV Pol-DDX3 interaction might lead to the resolution of enduring persistent
infection of HBV[120]. While nucleoside and nucleotide
analogues may inhibit the HBV-DNA de-novo minus
and/or plus strand synthesis by interfering with the reverse transcriptase[121] it may have serious consequence on
the survival and health of hepatocytes.

CONCLUSION
The overall cellular pathways that seem to be regulated by
HBV to induce liver injury are very complex. However
the slow changes in the liver gene expression are significant for the virus to maintain a safe haven for viral life
cycle, replication and productive infection. The chronic
hepatitis is characterized by augmented regenerative cell
proliferation, a process in which cells are more susceptible to gene mutations. This is further supported by the
experiments that increased DNA synthesis is inadequate
to induce liver carcinogenesis unless genetic alteration,
induced by various factors and cellular processes are
gradually accumulated. A compromised DNA repair
pathways, activation of signal transduction, modulated
epigenetic control of liver genes and transactivation of
key hepatic genes disturb the fine balance within the liver.
Inflammatory cytokines exacerbate the effect further and
changes observed after 2-3 decades of effect and injury
are ultimately translated into more serious hepatic injury
and dysfunctions. Thus, it is important to understand all
those biochemical and molecular pathways that are disturbed by viral gene product or HBV DNA integration,
in order to restore the healthy outlook of the most vital
organ of the body.
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Abstract
The incidence of hepatocellular carcinoma (HCC) is
increasing worldwide, largely due to hepatitis B virus
(HBV), hepatitis C virus and liver cirrhosis. Chronic HBV
infection is estimated to cause 55%-60% of the cases
of HCC worldwide and over 70% in Asian countries.
Liver resection is currently the mainstay of treatment
due to the low surgical mortality, a wider treatment
indication, and simplicity of post-treatment follow-up.
There is an ever-increasing demand on surgeons to
perform curative liver resection in HCC, with the hope
of avoiding tumor recurrences. Hepatitis B-related-HCC
has distinct clinicopathological features, which should
be considered when treating the disease. The author
presents a review of the recently evolving strategies
and emerging therapies to improve HCC postresectional
outcomes and focus on perioperative measures to improve patient outcome, with particular reference to the
current status of adjuvant therapies in HCC patients
after liver resection.
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Core tip: Chronic hepatitis B virus infection is the main
cause of hepatocellular carcinoma (HCC). Liver resection is currently the mainstay of treatment. However,
the postresectional tumor recurrence rates remain high.
There is an ever-increasing demand on surgeons to
perform curative liver resection in HCC, with the hope
of avoiding tumor recurrences. The author presents a
review of the recently evolving strategies and emerging therapies to improve patient outcomes, including
a policy of accurate preoperative staging, adequate
resection, intensive postoperative follow-up, and early
initiation of effective adjuvant therapy, with particular
reference to the current status of adjuvant therapies in
HCC patients after liver resection.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignancy worldwide, and its incidence continues to increase[1,2].
The main HCC risk factors include hepatitis B, hepatitis
C, alcoholic liver disease, hemochromatosis and nonalcoholic steatohepatitis[3]. Chronic hepatitis B virus (HBV)
infection is estimated to cause 55%-60% of HCC worldwide[4], and is the most important etiologic agent of HCC
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in Asia[5,6]. Surgical resection and liver transplantation
are the only curative therapies for HCC. For HCC patients with solitary tumors and preserved liver function,
hepatic resection is the treatment of choice and it has
potentially curative intent. Hepatic resection is also the
most available efficient treatment of HCC patients with
tumors size > 5 cm, with nodules > 3, or with tumor
macroscopic vascular invasion, who are less likely to benefit from liver transplantation or local ablative therapy[7,8].
Recent advances in surgical techniques[9], peri-operative
care, and more accurate evaluation of the underlying liver
function have increased the safety of liver resection even
in patients with chronic liver disease and cirrhosis[10,11].
With appropriate patient selection, hepatectomy for HCC
is currently a safe procedure that can be performed with
less than 5% operative mortality[10,12,13], and a 5-year survival after resection that exceeds 50%[14]. Long term (> 10
years) disease-free survival is consistently seen in a part
of the patient cohorts reported from many centers[15,16].
However, tumor recurrences and subsequent death remain common after resection[17,18]. Tumor recurrences
usually occur due to occult intrahepatic metastasis from
the primary tumor, and less frequently, from the new development of primary tumors from the underlying liver
that is affected by chronic disease[19].
Clinicopathological features of HBV-related HCC
Surgical resection is the treatment of choice for HCC patients with a solitary tumor and no evidence of liver cirrhosis, irrespective of the tumor size. This disease pattern
exists more frequently in patients with hepatitis B-related
HCC. Up to 40% of patients with chronic hepatitis B
virus infection can develop HCC without cirrhosis[20].
Compared with HCV-related HCC patients, HBV-related
HCC patients tend to be younger, show a higher male/
female ratio, and present higher serum albumin levels,
lower serum ALT levels, higher white blood cell counts,
higher serum α-fetoprotein levels, a larger tumor size,
and a lower proportion of multiple tumors[21,22]. Almost
equivalent tumor aggressiveness and peritumoral microenvironments were noted in subjects with isolated HBV
or HCV infections[23-25]. These characteristics make HBVrelated HCC more amenable for surgical resection.
Current studies show that a steady improvement in
survival after HCC treatment occurred over the past decade[26,27]. The reasons for these improvements are likely
multifactorial, and may include progress in disease screening, imaging studies, patient selection, surgical techniques,
and patient care. From a clinical point of view, practical
ways to improve long-term results of surgical resection
for HCC include: accurate preoperative tumor staging,
optimal surgical approach, early detection and treatment of recurrent tumors, and development of effective
adjuvant therapies. This review summarizes evolving
strategies and emerging therapies over the past decade to
improve post-resectional outcome in HCC patients, with
special reference to adjuvant therapies in HBV-related
HCC patients after curative resection.
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Preoperative Tumor Staging
In HCC patients undergoing hepatic resection, preoperative tumor staging and characterization of the extent of
disease (accurate identification of the number and locations of HCCs) are of upmost importance to correctly
select appropriate candidates for surgery and to guide
optimal surgical strategies, so as to increase the chance of
a cure. Amidst reports of impaired survival due to potential tumor dissemination and tumor seeding, biopsy of
suspected liver nodules was not recommended in these
situations[28]. At present, HCC diagnostic confirmation
and assessing the extent of disease depend mainly on
contrast material-enhanced computed tomography (CT)
and magnetic resonance (MR) imaging[29]. The American
Association for the Study of Liver Diseases (AASLD)
recommends that a diagnosis of HCC be made if a
mass larger than 2 cm shows typical features of HCC
(hypervascularity in the arterial phase and washout in the
venous phase) at contrast material-enhanced CT or MR
imaging, or if a 1-2 cm mass shows these features in both
modalities[19]. In HCC patients, it is important to differentiate small HCC and premalignant from benign nodules,
as surgical strategies may differ and have implications on
the disease-free survival of patients. In the liver, small
nodules of benign regenerative and dysplastic nodules,
and early small HCC (< 2 cm) may co-exist and small
HCC may mimic benign lesions[30]. Hyperattenuating and
contrast-enhancing hepatic nodules small than 2 cm are
frequently detected in the cirrhotic liver during arterial
phase, and the majority of these nodules are benign[31].
In this setting, it is particularly important to characterize lesions less than 2 cm. Magnetic resonance imaging
outperforms CT in these areas, and the pooled estimate
of the sensitivity for detecting small HCC is 81% for MR
imaging compared with 68% for CT[32,33]. The use of new
hepatocyte-specific contrast agent, Gd-EthOxyBenzlDTPA (Gd-EOB-DTPA; Bayer Health Care), in MR
imaging is associated with both improved diagnostic accuracy and lesion discrimination[34]. A hypointense nodule
against the background of enhancing liver parenchyma
in the hepatobiliary phase of Gd-EOB-DTPA-enhanced
MR imaging strongly suggests HCC (including well-differentiated HCC) or a high-grade dysplastic nodule with
malignant potential (Figure 1). However, differentiation
of these lesions is not currently possible[35]. A multicenter
study reported by Hammerstingl et al[36] indicated that the
frequency of correctly detected lesions was significantly
higher with Gd-EOB-DTPA-enhanced MR imaging
than with CT in clinical evaluation (10.44%). A change in
planned surgical procedures after performing Gd-EOBDTPA-enhanced MR imaging was documented in 19 of
131 patients (14.5%), and can be considered as an increase in the accuracy of a preoperative planning of liver
resection. Incorporating a combination of ancillary features of liver lesions (lesion size, interval growth, signal
intensity of T1- and T2-weighted imaging, the presence
of intratumoral fat, and detection of fibrous capsule) en-
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Figure 1 Sixty-nine-year-old female with cirrhosis who underwent liver resection for hepatocellular carcinoma. A: Gd-EOB-DTPA-enhanced axial MR imaging
show hypodense lesions in hepatobiliary phase in segment 7 (arrow) (tumor 1); B: segment 8 (arrow) (tumor 2); C: segment 6 (arrow) (tumor 3); D: Pathologic specimens of tumor 1 (arrow); E: Tumor 2 (arrow); F: tumor 3 (arrow); G: Histology examination confirmed the diagnosis of Edmondson-Steiner grade Ⅱ hepatocellular
carcinoma (HCC) in tumor 1; H: tumor 2; I: grade Ⅰ HCC in tumor 3 (HE stain, x 100).

hances the diagnostic performance of Gd-EOB-DTPAenhanced MR imaging. This technique is emerging as the
best imaging method currently available for the preoperative staging of HCC patients with chronic liver disease,
particularly in the detection of supplementary nodules
between 1 and 2 cm without the hallmark vascular features of HCC on dynamic imaging.

Operative Approach
Hepatocellular carcinoma prognosis after resection is
associated with pretreatment tumor staging and tumor
biology. However, the surgeon’s performance is also an
important determinant of the long-term disease-free survival. In view of the fact that in HCC, vascular invasion
with hematogenous spread and occult metastases is considered to be the major cause of tumor recurrences after
hepatic resection[19,37], a rational surgical approach and an
adequate resection should be practical ways to improve
patients’ long-term survival[38].
Anatomical resection
Hepatic resections for HCC can be either anatomical
WJG|www.wjgnet.com

resections (lobectomy, segmentectomy, or subsegmentectomy) or non-anatomical resections (wedge resection).
In HCC, intrahepatic metastasis occurs mainly through
the portal tract, and may be present before surgery. It has
been proposed that the intrahepatic spread of hepatic
tumors follows the pattern of step-by-step intrahepatic
dissemination[39]. With small tumors and early metastases,
satellite nodules usually lie in the same segment of the
main tumor. The anatomical approach, which removes
the entire portal unit of the tumor-bearing segment along
with Glisson’s vessels en bloc, is particularly important for
the purpose of reducing postoperative intrahepatic tumor
recurrence rates. In 1996, the author reported techniques
of hepatic segmentectomy for the curative resection of
HCC[38]. Studies[40,41] indicated that overall and diseasefree survival times were significantly longer, and local
recurrence rates were lower after anatomical as compared
to non-anatomical resection. Shindoh et al[42] indicated
that anatomical resection decreases local recurrences and
improves the surgical outcomes in solitary HCC measuring 2-5 cm in diameter. The 5-year recurrence rate was
56.7% in the anatomical resection group and 74.7% in
the non-anatomical resection group. Recent study em-
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ploying meta-regression analysis indicated that the 5-year
overall survival and disease-free survival are significantly
better with anatomical resection[43].

and maximize the overall survival probability, a surgical
strategy that supports the preference for anatomical and
adequate resection should be adopted when possible.

Surgical margin
The surgical margin of the resected HCC represents
the shortest distance between the section line and the
tumor(s) margin. An adequate margin has been defined
by Lee et al[44] as a margin equal to or exceeding 1.0 cm.
The status of the surgical margin is an important prognostic factor in patients undergoing hepatic resection,
because the value of the resection is diminished when the
hepatic transection margin is involved by tumor and usually associated with disease recurrence. Histological examination of the resected margin is an important method
for assessing whether residual disease existed in the adjacent liver tissue. A surgical margin equal to or exceeding
1.0 cm increases the chances of histological clearance of
disease in the liver tissue and decreases the chances of local recurrences after resection, especially for tumors with
locoregional disease extension. In 1997, the author reported that a narrow surgical margin (< 1 cm) significantly influences HCC recurrences after resection, and minor
resection and centrally located tumors are factors related
to a narrow surgical margin[45]. Recently, one randomized
controlled trial reported that a surgical margin aiming at
2 cm significantly decreased HCC recurrence rates and
increased the 5-year survival rate compared with a margin
aiming at 1 cm[46]. However, two points should be emphasized in the discussion about the significance of surgical
margins. Firstly, in author’s series[45] of 165 consecutive
patients, despite attempts to keep a surgical margin of 1
cm or more in width in each case, only 52% of the patients had the tumors successfully resected with a surgical
margin of 1.0 cm or more. These data are compatible
with those of previously reported series, which showed
that 20%-88% of the resection can achieve a 1.0 cm
clearance of the surgical margin[47,48]. Secondly, in patients
with a well-encapsulated solitary tumor and no evidence
of macroscopic vascular invasion, a narrow surgical margin, even a null-margin, does not exclude the possibility
of a cure after resection[49,50]. In the preoperative evaluation of HCC resections, a prediction of an obtainable
narrow surgical margin should not be a contraindication
for hepatectomy.
The extent of liver resection influences the outcome
of patients with HCC. In HCC resection, the choice for
the type of resection should certainly be based on the
maintenance of an adequate postoperative liver reserve.
In patients with preserved liver function, major hepatectomy can be considered. In patients with chronic liver
disease and associated marginal liver function, less extensive resection is necessary. Surgeons who are less familiar
with liver surgery may be inclined to perform less radical resections. This may represent a lost opportunity for
some patients who, had they received an adequate and
radical resection, may have had better long-term prognoses. To minimize the risk for disease local recurrences

Anterior approach for the resection of large, right liver
HCC
In the conventional surgical approach for right liver lobe
resections, operative procedures include the complete
mobilization of the right liver and the control of the
right hepatic vein outside the liver before parenchymal
transection[51]. In the resection of large right liver tumors, which is frequently encountered in HBV-related
HCC, these procedures may induce tumor rupture and
the forceful squeezing of the tumor may induce intra- or
extra-hepatic spread[52,53]. The anterior approach, a technique originally proposed by Ozawa[54] in 1990, involves
vascular inflow control, completion of parenchymal transection, and complete venous outflow control without
initial right liver mobilization. Its beneficial effects on
the patients’ operative and survival outcomes have been
evaluated prospectively. A randomized study [55] from
Hong Kong University showed that for 109 patients with
HCC of > 5 cm in diameter (97% being hepatitis B virus
related-HCC), resection using an anterior approach is associated with lower blood loss and longer overall survival.
The survival benefit appeared more obvious in patients
with stage Ⅱ disease and patients with vascular invasion
of the tumor. After accumulating adequate experience,
a surgeon may perform the anterior approach safely and
effectively. This is the formal practice for most right
hepatectomies in large HCC cases in our center.

WJG|www.wjgnet.com

Treatment of Recurrences
Tumor recurrence remains the major cause of death after curative resection for HCC. After hepatic resection,
the majority of recurrences are due to residual tumor or
intrahepatic tumor metastases and not due to metachronous tumors. Such recurrences tend to appear during the
first 2 years of follow-up[15]. Author previous study[17] of
286 consecutive patients with recurrent HCC indicated
that median survival times after tumor recurrences were
468 d; the overall 1-, 3-, 5-, and 10-year post-recurrence
survival rates were 62%, 33%, 18%, and 9%, respectively.
By multivariate analysis, repeated resectional treatment
of recurrent tumors was an independent prognostic
factor for improved post-recurrence survival rates, and
some patients survived long-term after repeated resection, without recurrences or decompensation. Multiple
studies[17,56,57] over the past decade support an aggressive
approach for postoperative follow-up evaluation, and
re-resection of recurrent tumors (either intrahepatic or
extrahepatic lesions) remains the best treatment option to
prolong patient survival and may also provide a chance
for cure (Figure 2). Early detection of recurrent tumors is
important. Continued imaging follow-up using contrastenhanced CT or MR imaging is therefore necessary in
the first two years after resection to detect recurrences.
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Figure 2 eighteen-year-old male with hepatitis B virus-related hepatocellular carcinoma. A: Computed tomography shows a 15 cm size tumor occupying nearly
the entire right lobe and extending into the segment Ⅳ (arrow); B: Liver extended right lobectomy was done with partial resection of right side diaphragm (arrow); C:
Tumor recurrence over liver lateral segment 3 year after resection (arrow); D: Re-resection was performed. Patient remained recurrence-free 16 year after re-resection.

Gd-EOB-DTPA-enhanced MR imaging with hepatobiliary phase is especially useful for follow-up after HCC
resection with respect to the assessment of new small
lesions. For patients with high-risk of HCC recurrences
(e.g., patients with macroscopic vascular invasion, multiple
tumors, and positive resection margins), closer follow-up
may have detected the recurrent tumors before they were
no longer resection candidates.
Salvage liver transplantation is an evolving strategy to
improve treatment results in patients with HCC and wellcompensated cirrhosis. For patients with HCC who are
within the Milan criteria and have cirrhosis, liver transplantation is the treatment of choice and shows favorable
survival rates and low tumor recurrence rates[58]. However, due to the limited availability of donor livers and the
prolonged waiting times, many patients were dropped out
from the waiting lists as a result of tumor progression[59].
Recently, a strategy has been suggested for salvage transplantation using liver resection as the primary treatment
for patients, followed by transplantation in the event of
HCC recurrence or liver failure[60]. In 2008, Del Gaudio
et al[61] from the University of Bologna presented their
experience with the strategy of liver resection followed
by salvage transplantation. They treated 227 cirrhotic
patients with HCC who were transplant candidates, by
performing 80 liver resections and 147 liver transplantations of 293 patients listed for transplantation. Among
the 80 HCC patients eligible for transplantation undergoing liver resection, 39 (49%) developed HCC recurrences
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and 31% of them presented tumor recurrences outside
the Milan criteria. Ten of the 39 patients underwent liver
transplantation. The median time in this series between
primary liver resection and secondary liver transplantation for HCC recurrence was 2.1 years. Comparable 5-year
overall (62% vs 73%) survival rates were obtained for
salvage liver transplantation and primary liver transplantation for HCC. The study concluded that liver transplantation after liver resection is safe and feasible with minimal
operative mortality, similar operative morbidity, no increase risk of recurrence and similar long-term outcomes
compared to primary liver transplantation. A recent metaanalysis[62] showed no statistically significant differences in
the overall survival rates of salvage liver transplantation
and primary liver transplantation. The main weak point
of the idea of salvage transplantation is that the reported
salvage transplantation rates have been low, ranging from
16.2% to 25%[63,64]. To solve this problem, careful followup with close image monitoring after liver resection is
necessary in order to increase salvage liver transplantation
rates, and bridge liver transplantation has subsequently
been proposed[65]. With this strategy, HCC patients that
had undergone liver resection with pathological parameters at higher risk of recurrence (i.e., microvascular invasion, satellite nodules or additional nodules) enter the
waiting list for liver transplantation directly without waiting for evidence of HCC liver recurrence. Whether this
policy is clinically effective and could further improve the
long-term outcomes of resected patients remained to be
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Figure 3 Frequency of microscopic and macroscopic vascular invasion in
322 patients with hepatocellular carcinoma stratified according to tumor
size. (From Tsai et al[76]).

elucidated in the future.

Adjuvant Therapy
The aim of adjuvant therapy is to decrease the incidence
or delay tumor recurrences, or to prevent new tumor formation in the liver remnant after hepatic resection. Many
efforts to reduce recurrence risk after HCC resection
have been made, including transarterial chemoembolization[66,67], systemic and loco-regional chemotherapy[68,69],
I-131-lipiodol transarterial infusion [70], and immunotherapy[71]. Studies[72,73] evaluating the effects of adjuvant
therapy on the prevention of postresectional HCC recurrences have shown divergent results, most of them have
failed to achieve a significant survival benefit. In some
studies, the overall survival at 5 years was even worse in
the treatment arm[68,69]. At present, the role of adjuvant
therapy after hepatic resection for HCC patients has not
been well established. Because there is no definite effective adjuvant therapy for HCC patients, most centers only
performing follow-up after hepatic resection. Recently,
some light has been shed on this topic and a few encouraging reports have appeared. New treatment strategies
and new effective drugs for the treatment of HCC are
currently under active investigation as adjuvant therapy
after curative resection for HCC. Prospective randomized
controlled trials are underway to confirm the efficacy of
the adjuvant protocols.
Search for innovative adjuvant therapies: HCC
micrometastases as the main target of treatment
Hepatocellular carcinoma is a complex and heterogeneous disease with potentially diverse oncologic results
after treatment. Adjuvant therapy after liver resection is
particularly challenging because both factors, malignancy
and underlying chronic liver disease, must be simultaneously considered[74]. Improved understanding of the

WJG|www.wjgnet.com

biologic behavior of HCC and the development of suitable treatment strategies in well-selected subgroups of
patients is the key to improve results of adjuvant therapy
in this difficult disease.
In HCC, tumor vascular invasion is an important
biological phenomenon[75,76]. Tumor vascular invasion can
be either macroscopic with microscopic or microscopic
alone. Macroscopic vascular invasion is a well-established
negative prognostic factor in HCC. In patients with
resectable HCC, the presence of macroscopic tumor
thrombus in portal veins indicates a poor prognosis[14,77,78]. When patients with HCC undergo liver transplantation, those with macroscopic or large-vessel tumor
invasion invariably suffer tumor recurrence[79]. The role
of microscopic vascular invasion, a relatively early-stage
event of HCC vascular invasion, has been systematically
evaluated[76]. Among 322 patients undergoing curative
resection for HCC, 50 (15%) had macroscopic vascular
invasion and 190 (59%) had microscopic invasion. Of 37
patients with tumor sizes of less than 2 cm, 15 (40.5%)
had microscopic vascular invasion. The frequency of invasion increased with tumor size (Figure 3). Microscopic
vascular invasion is an independent predictor of postresectional tumor recurrence and survival. Presence of
microscopic vascular invasion is a common phenomenon
in patients with resectable HCC. While macroscopic vascular invasion can be easily detected at imaging, microscopic vascular invasion is impossible to visualize before
operation. Presence of microvascular invasion can only
be confirmed by histological examination of resected
specimen[37].
After HCC resection, the hepatic remnant is the most
common site of tumor recurrence and is involved at diagnosis in 68%-91% of patients[47,80,81]. Because tumor vascular invasion is the most important factor related with
recurrence after resection, a strategy of intraportal infusion chemotherapy was adopted to improve HCC patient
postresectional outcomes. In 2006 the author reported a
pilot study[82] of improved overall and disease-free survival for HCC patients with TNM stage Ⅰ and stage Ⅱ disease (based on the American Joint Committee on Cancer
TNM staging system) after adjuvant intraportal infusional
chemotherapy (IPIC). After hepatic resection, 28 HCC
patients (IPIC group) underwent postresectional intraportal infusion of 5-fluorouracil (650 mg/m2), leukovorin
(45 mg/m2), doxorubicin (10 mg/m2), and cisplatin (20
mg/m2) for 2 d. Treatment was repeated every 3 wk for 6
cycles. Patient outcomes were compared with those of 66
matched HCC patients (control group) who underwent
hepatectomy without adjuvant therapy. The IPIC group
patients received an average of 5.2 cycles of chemotherapy, starting 5-24 d after surgery. Five-year disease-free and
overall survival rates for the IPIC group were 44.6% and
60.7%, respectively. Subgroup analysis of patients with
stage Ⅰ and Ⅱ disease, showed that patients who received
IPIC had a significantly lower recurrence risk, improved
disease-free and overall survival rates compared with
patients who received no adjuvant therapy. Patients with
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stage Ⅲ disease did not benefit from IPIC. In the study,
early intraportal chemotherapy after hepatic resection was
not associated with a morbidity of severe hepatic dysfunction or hepatitis virus reactivation; this was because
of the lower drug dosages used in this regimen compared
with those used in systemic chemotherapy for patients
with advanced HCC, because most of the patients had
a good liver function reserve, and because therapy was
given as a continuous infusion. Another interesting finding is that IPIC is effective only in patients with relatively
early stage diseases (tumor-node-metastasis stage Ⅰ or Ⅱ
disease). These results may be explained by the following hypothesis: In the study intraportal chemotherapy is
designed to achieve high drug concentrations in portal
venules. This treatment modality is expected to be most
effective in eradicating residual microscopic disease in
the liver remnant after HCC resection. It is likely that the
clinical benefit of IPIC treatment limited to a subgroup
of patients with relatively early-stage HCC, and this may
explain findings that adjuvant IPIC improved survival
for the patients with tumor-node-metastasis stage Ⅰ and
Ⅱ disease. In patients with stage Ⅲ disease, there is a
high probability of postresectional residual disease due
to intrahepatic and/or extrahepatic tumor metastases
not detected by preoperative imagings. Intraportal infusional chemotherapy is difficult to achieve favorable
effect on the complete eradication of residual disease in
these patients[82].
When designing studies of postoperative adjuvant
therapy aiming at preventing tumor recurrence in HCC
patients, the distinction between recurrent disease after a
curative operation, and residual disease after a palliative
resection is crucial. In early stage HCCs, recurrent disease
after a curative resection is most likely due to preoperative and intraoperative tumor micrometastases due to
presence of microscopic vascular invasion. Given the
fact that most chemotherapeutic agents for HCC exert
modest efficacy in anticancer effect, and that appropriate
dosing is critical to avoid drug-induced liver dysfunction, the target of adjuvant treatment in HCC patients
should focus on the remaining micrometastases after a
curative resection, which theoretically can be more easily
eradicated with an early and low dose adjuvant protocol.
In patients with advanced HCC, recurrence in the early
postoperative period (i.e., within the first 3 mo) was frequently observed[83,84], presumably due to rapid progression of residual disease following a de facto incomplete
resection. Tumor recurrence in the initiation period of
adjuvant therapy results in early discontinuation of study
drug treatment, and will preclude the observation of any
potential benefit from the treatment protocol.
Emerging adjuvant therapies for HCC after liver
resection
Novel targeted agents or anti-angiogenesis agents have
recently been employed in the treatment of advanced
HCC[85]. With its low liver toxicity, these agents have
opened the way for possible long-term maintenance
therapy for patients after HCC resection. Presently two
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randomized controlled adjuvant trials in patients with
higher risks are undergoing. Sorafenib, a small-molecule
multi-tyrosine-kinase inhibitor that impedes tumor growth
and angiogenesis, has been shown to extend survival
in patients with advanced HCC[86]. Efficacy of use of
sorafenib as adjuvant setting for HCC patients is now
under studied in a phase Ⅲ randomized, double-blind
placebo-controlled study. In this largest trial of adjuvant
therapy for HCC, 1114 patients were randomized to receive either sorafenib treatment or placebo after curative
resection or ablation (STORM trial: http://clinicaltrials.
gov.com, NCT00692770). Primary endpoint of the trial
is recurrence-free survival. The study initiated in August
2008. Final data collection for primary outcome measure
is estimated by May 2014. The key selection criteria[87] for
patient enrollment in the STORM trial include: (1) patient liver function must be Child-Pugh score 5-7 points.
A Child-Pugh score of 7 points is allowed only in the
absence of ascites; (2) no demonstrable residual tumors
on the eligibility CT or MRI scan by independent radiological review conducted 3-7 wk after surgery, to ensure
absence of residual disease before initiation of adjuvant
treatment; (3) an Eastern Cooperative Oncology Group
performance of 0; (4) for surgical resection, tumor(s)
must be single lesion or 2-3 lesions, each ≤ 3 cm. Patients with single lesions < 2 cm without microscopic
vascular invasion, or patients with tumor macroscopic
vascular invasion was excluded; and (5) patients must be
able to initiate adjuvant therapy within 6-12 wk after hepatectomy. It is conceivable that for the STORM trial the
main targets of adjuvant treatment are tumor micrometastases due to presence of microscopic vascular invasion
after a potentially curative resection.
In another clinical trial, 500 HCC patients are tested
using PI-88 for adjuvant therapy after curative resection.
PI-88 is a heparanase inhibitor which has shown to exert
anti-angiogenic and anti-metastatic effects[88]. A phase
Ⅱ study showed the preliminary efficacy of PI-88 as an
adjuvant therapy for patients after curative resection for
HCC[89]. A prospective, randomized, double-blind, placebo controlled, phase Ⅲ trial of PI-88 in the adjuvant
treatment of subjects with hepatitis virus related HCC
after surgical resection (PATRON trial)(ClinicalTrials.gov
Identifier: NCT01402908) is now underway. In this study,
only patients with either HBV-related and/or HCVrelated HCC were enrolled, to avoid the heterogeneity of
study patients with different etiologies for chronic liver
disease and associated HCC. The primary endpoint of
the study is disease-free survival. The study initiated in
August 2011 and the estimated study completion date is
December 2015.
Hopefully answers to the questions of the role and
the feasibility of adjuvant therapy after HCC resection
will be revealed when the results of these ongoing trials
become available.
Anti-viral treatment
Another challenge in HBV-related HCC patients undergoing hepatic resection is the underlying hepatitis B
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infection. For patients with chronic HBV infection, antiviral therapy, both interferon and nucleoside/nucleotide
analogs, have been shown to decrease the incidence of
HCC[90,91]. Recently, accumulating evidence has shown that
recurrence of HBV-related HCC is associated with high
viral load at the time of resection[92,93]. In our institution
a retrospective study[94] of 193 patients who underwent
surgical resection for HBV-related HCC showed that 69%
had HCC recurrences after a median follow-up of 58 mo;
71% of the recurrences occurred within the first 2 years
after resection. Multivariate analysis showed that serum
HBV DNA greater than 106 copies/mL is independently
associated with tumor recurrences. Liver resection could
reactivate HBV replication, especially in patients who
did not receive any antiviral therapy[95]. In a retrospective
analysis of 42 patients, Chan et al[96] showed that posthepatectomy antiviral treatment improved the prognosis
of HBV-related HCC. In this study survival benefit was
observed only in patients with early-stage tumors (TNM
stages Ⅰ and Ⅱ tumors or HCCs without major vascular
invasion). In a study reported by Wu et al[97] in 2012, using data from the Taiwan National Health Insurance
Research Database, the authors identified 4569 HCC
patients who received curative liver resections between
2003 and 2010 (including 518 patients from the treated
cohort who had received an HBV nucleoside analoguelamivudine, entecavir, or telbivudine-for at least 90 d, and
4051 patients from the untreated cohort).The authors
found that 21% in the treated cohort and 44% in the
untreated cohort had HCC recurrences. Overall mortality
was lower in the treated cohort, with a 6-year cumulative
mortality of 29% vs 42% in the untreated cohort. The
results of this study seem to support the strategy of using antiviral treatment with nucleotide or nucleoside analogues in HBV-related HCC patients to decrease tumor
recurrences after surgical resection. However, up to now,
no single large randomized trial proved the benefit of
antiviral treatment using nucleoside analogs as adjuvant
therapy after curative treatment of HBV-related HCC.
Clinical evidence is still not definite enough to answer
the question of whether antiviral therapy after curative
resection of hepatitis B-related HCC will prevent disease
recurrences. Firstly, the study by Wu et al[97]. had some
limitations concerning the details of study information.
The authors failed to indicate that whether patient and
tumor baseline characteristics (including tumor staging,
liver function, performance status, and surgical performance), were comparable in the treated and untreated
cohorts. These factors are critical to understand the
contribution of antiviral treatment in predicting better patient outcomes, without confounding preselection
of the untreated cohort based on different patient or
tumor background characteristics. Secondly, the adjuvant therapy effects of antiviral treatment depend on
preventing de novo primary tumors in the liver and on the
progression of liver disease. Obviously administration of
antiviral therapy after HCC surgery cannot prevent intrahepatic early recurrences, or recurrence outside of the
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liver, which account for at least 70% and 10% of HCC
recurrences after resection, respectively[17,81]. Thirdly, the
development of viral resistance to antiviral drugs may be
a concern that should be avoided, particularly in subjects
with potentially cured HCC[21]. Further studies including
prospective, randomized controlled trials are necessary
to establish the role for postoperative antiviral treatment
in HBV-related HCC patients after surgical resection.

CONCLUSION
Hepatectomy is the best therapeutic choice for HBVrelated HCC patients. Clinicians are searching for practical ways to improve patient outcome after resection.
Evolving strategies and emerging therapies, including a
policy of accurate preoperative staging, adequate resection, intensive follow-up, and early initiation of effective
adjuvant therapy will continue to develop in the future.
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methods (e.g. , surface plasmon resonance), acoustic
wave technologies (e.g. , quartz crystal microbalance),
electrochemistry (amperometry, voltammetry and
impedance) and novel nanotechnology, are also discussed.
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INTRODUCTION
Abstract
A biosensor is an analytical device used for the detection of analytes, which combines a biological component with a physicochemical detector. Recently, an
increasing number of biosensors have been used in
clinical research, for example, the blood glucose biosensor. This review focuses on the current state of biosensor research with respect to efficient, specific and
rapid detection of hepatitis B virus (HBV). The biosensors developed based on different techniques, including
optical methods (e.g. , surface plasmon resonance),
acoustic wave technologies (e.g. , quartz crystal microbalance), electrochemistry (amperometry, voltammetry
and impedance) and novel nanotechnology, are also
discussed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Biosensor; Hepatitis B virus; Diagnosis; Detection; Quartz crystal microbalance
Core tip: This paper reviews the current state of biosensor research with respect to efficient, specific and
rapid detection of hepatitis B virus. The biosensors developed based on different techniques, including optical
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Hepatitis B virus (HBV) infection is one of the major
health problems worldwide, and may lead to chronic
hepatitis, cirrhosis and primary liver cancer, particularly if the patient’s diet and health conditions are not
well controlled[1-3]. It is estimated that there are 2 billion
people with a serological profile of past or current HBV
infection, and 360 million patients with chronic HBVassociated liver disease[4,5]. Patients are at an especially
high risk when their serum viral load is > 105 copies/mL,
according to a report by the REVEALHBV (risk evaluation of viral load elevation and associated liver disease/
cancer-hepatitis B virus) group[6,7]. Hence, it is important
to detect and monitor HBV at an early stage of infection.
Hepatitis B is a familiar disease in China, and determination of virus concentration can provide the key foundation for diagnosis and treatment.
Currently, the most commonly used clinical diagnostic
methods for HBV detection are immunoassay and polymerase chain reaction (PCR). Immunoassays are based
on serological methods that target viral antigens or antibodies, which can present a good selectivity and achieve
100% accuracy. However, the immunoassay method does
not provide quantitative results and the detection is limited by serological response[8]. Hepatitis B surface (HBs)
antibody is the most commonly used immunoassay target
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and appears even several months after the acute period
of HBV infection[9]. In clinical application, PCR is traditionally the standard technique to identify HBV infection.
Quantitative PCR has been used to estimate the initial
amount of virus DNA by measuring the amount of amplified product. Real-time PCR is based on the evaluation
of the threshold cycle (CT) when amplification of the
PCR product is first detected[10]. PCR consists of 20-40
repeated cycles to achieve a detectable DNA concentration, so it requires efﬁcient control of thermal cycles and
thus has higher instrumentation costs. PCR is also known
to have errors caused by its hybridization mechanism.
Consequently, it is necessary to develop a detection technique that has the characteristics of cost-effectiveness,
fast response, portable capability, and high sensitivity
compared with traditional clinical diagnostic methods.
A biosensor is an analytical device used for the detection of analytes, which combines a biological component
with a physicochemical detector[11]. Recently, an increasing
number of biosensors have been used in clinical research,
for example, the blood glucose biosensor[12,13]. Most of
the clinical research on biosensors was based on immunological reaction or DNA hybridization, and the sensor
always gave rapid results with a high sensitivity[14,15]. DNA
biosensors based on nucleic acid hybridization are currently under intense investigation owing to their increasing importance in the diagnosis of disease, with low cost
and low power requirements[16]. This type of biosensor
can be prepared by immobilizing single-stranded DNA
probes on different electrodes and physicochemical detectors are used to measure the hybridization events between the DNA probes and their cDNA fragments.
This review looks at the current state of biosensor
research with respect to efficient, specific and rapid detection of HBV. The biosensors developed based on different techniques, including optical methods [e.g., surface
plasmon resonance (SPR)], acoustic wave technologies
[e.g., quartz crystal microbalance (QCM)], electrochemistry (amperometry, voltammetry and impedance) and
novel nanotechnology, are also discussed.

BIOSENSORS BASED ON
NANOTECHNOLOGY
Recently, with the development of nanotechnology, researchers are constantly expanding the applications of
nanotechnology with unique properties to construct
novel biosensors. For instance, quantum dots[17], carbon nanotubes[18], nanowires[19] and magnetic nanoparticles[20-22] have attracted much attention as signal transducers. Biosensors based on nanotechnology show high
specificity and sensitivity after being labeled with DNA
probe or antibody. The nanoparticle-based biosensor
has high speciﬁcity, ease of operation, low cost, and the
sensitivity needed for the rapid and reproducible detection of pathogenic microorganisms in clinical specimens.
However, the covalent labeling with nanoparticles is time
consuming and involves complicated synthetic proce-

WJG|www.wjgnet.com

dures.
Gold nanorod material has high light absorption and
a large scattering cross-section in the SPR wavelength
regions. Therefore, Wang et al[23] designed a novel gold
nanorod biosensor based on localized SPR (LSPR) to
detect hepatitis B surface antigen (HBsAg). Investigation
of the HBs-antibody-modified gold nanorod indicates
that physical adsorption and successive blocking lead to
a flexible shell enveloping the nanorod, which minimizes
the nonspecific adsorption and allows the assays to work
in buffer, serum and plasma. The experimental results
indicate that a gold-nanorod-based LSPR biosensor is
capable of measuring HBsAg concentration even at 0.01
IU/mL, which is about 40 times lower than the limit of
detection of the ELISA method. The gold-nanorodbased biosensor can be utilized in quantitative analysis
with a dose-dependent response ranging from 0.01 to 1
IU/mL.

ELECTROCHEMICAL DNA BIOSENSORS
Electrochemistry possesses attractive features over other
existing measurement systems, therefore, electrochemical biosensors are expected to provide a simple, accurate
and inexpensive platform for DNA analysis[24]. Electrochemical biosensors have attracted considerable attention
in recent years, and have provided a sensitive, accurate,
rapid and cost-effective platform for a variety of practical
applications in the ﬁelds of medical diagnostics, clinical
genetic analysis, forensic identiﬁcation and environmental monitoring[25,26]. In clinical diagnosis, electrochemical
transducers offer attractive advantages, for example, good
sensitivity, high specificity, simplicity and low cost, for
converting nucleic acid hybridization events into analytical signals[27,28]. The complex formed from the bioreceptor and biomolecular binding at the sensor surface results
in a detectable change, converted into a quantitative
amperometric, potentiometric or impedimetric signal.
Electrochemical transducers are often used for detecting
DNA hybridization events, due to their high sensitivity,
small dimensions, low cost, and compatibility with microfabrication technology[29].
Voltammetric and amperometric biosensors
Zhang et al[30] have developed an electrochemical DNA
biosensor for the detection of HBV DNA fragments.
The biosensor relies on the covalent immobilization
of the 21-mer single-stranded DNA (ssDNA) related
to HBV genes on the modified glassy carbon electrode
(GCE). Using (CdL2)2+ as a novel electroactive indicator,
the hybridization between the probe and its complementary ssDNA was investigated by differential pulse voltammetry. Experiments with non-complementary oligonucleotides were carried out to assess the selectivity of the
developed electrochemical DNA biosensor. The target
HBV DNA could be quantified in the range from 1.01 ×
10-8 to 1.62 × 10-6 mol/L with good linearity (γ = 0.9962).
The detection limit was 7.19 × 10-9 mol/L.
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In a study by Ding et al[31] a label-free electrochemical
biosensor for the detection of oligonucleotides related
to HBV sequences via the interactions of DNA with the
redox-active complex 2,9-dimethyl-1,10-phenantroline
cobalt [Co(dmp)(H 2 O)(NO 3 ) 2 ] was described. The
study was carried out by the hybridization of a 21-mer
probe DNA modified on a GCE with target DNA, and
[Co(dmp)(H2O)(NO3)2], which was comparable in size to
the small groove of native double-helix DNA, was used
as an electrochemical indicator. Under the optimal conditions, the electrical signal had a linear relationship with
the concentration of target DNA, ranging from 3.96 ×
10-7 to 1.32 × 10-6 mol/L, and the detection limit was 1.94
× 10-8 mol/L (S/N = 3). The biosensor had good selectivity by detecting the three-base mismatch sequence.
Hashimoto et al[32] reported a microfabricated disposable-type electrochemical DNA biosensor, based on
photolithography technique, for the detection of HBV
genomic DNA. HBV DNA extracted from patients’ sera
was quantified in the range of 104-106 copies/mL, and
the biosensor showed a good correlation with competitive PCR. The results suggested that the microfabricated
disposable DNA biosensor can provide a specific and
quantitative detection of HBV DNA in serum.
In a study by Meric et al[33], an electrochemical biosensor for voltammetric detection of DNA sequences
related to HBV and TT virus (TTV) from PCR-amplified
samples was described. The electrochemical DNA biosensor relied on the immobilization of the 21- or 24-mer
single-stranded oligonucleotides (probe), which were
related to the HBV and TTV sequences, and hybridization of these oligonucleotides with their complementary
sequences (target) at a carbon paste electrode. The extent
of hybridization between the probe and target sequences
was determined using square wave voltammetry and
methylene blue (MB) as a hybridization indicator. With
its speciﬁc interaction with the guanine bases, the MB
signals from the hybrid and the probe can easily be distinguished from each other. The point mutations, which
include guanine bases in the DNA sequences, can rapidly
be detected using this speciﬁc interaction of MB with
unbound guanine bases. However, they did not give the
detection range and limit for HBV detection.
Impedance biosensors
Electrochemical impedance spectroscopy is a sensitive
technique, which monitors the electrical response of the
studied system after application of a periodic small amplitude AC signal. System response provides information
concerning the interface state (presence of adsorbed
species) and can detect the occurrence of interfacial reactions[34,35].
Hassen et al[36] reported a new approach based on
DNA hybridization for detecting HBV using an electrochemical impedance biosensor. DNA probes modified with biotin at the 5’ position were immobilized on
streptavidin-modified magnetic nanoparticles by biotinstreptavidin interaction. The hybridization reactions with
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Figure 1 Schematic representation of constructed crystal for quartz crystal microbalance biosensor.

specific cDNA target and non-complementary sequence
were investigated by impedance spectroscopy. Results
showed that the impedance biosensor allows detection of
50 pmol/L HBV DNA in a sample of 20 μL.

PIEZOELECTRIC BIOSENSORS
Piezoelectric biosensors are mass-sensitive and their resonant frequencies are directly dependent on the mass of
the sensing layer, as well as the captured external biomolecules. Therefore, they have been developed for label-free
monitoring of afﬁnity interactions between molecules
with real-time output, high sensitivity and good specificity[3,37,38]. Most of the reported piezoelectric biosensors
utilize quartz crystal disks as transducers[39,40], and target
DNA is normally the target analyte. However, these
devices are subject to time-consuming procedures and
inability for multi detection due to the physical nature of
the quartz crystal.
QCM biosensors
QCM is based on the property of an AT cut quartz crystal that oscillates when an alternating voltage is applied.
The quartz surface always has a thin gold (or other) metal
layer deposited onto it, which doubles as a conductor for
the AC current ﬂowing and also provides an attachment
surface for a bioreceptor to be immobilized (Figure 1).
This deposition can be monitored by the frequency decrease caused by the additional mass on the metal layer
that is related to the mass change via the Sauerbrey equation[41]. Recently, increasing attention has been paid to
the development of QCM biosensors because of their
many merits such as compact size, high sensitivity and
good speciﬁcity, low cost, label-free detection, and rapid
response[3,42]. Moreover, advances in biosensors make
multiple-analyte diagnosis possible, which may eliminate
expensive and time-consuming detection procedures in
clinical diagnosis.
Xu et al[43] have developed a diaphragm-based QCM
immunoassay chip to detect simultaneously HBV and
α-fetoprotein (AFP) antibodies. The total assay time
was < 2 h. The frequency shift-based calibration curves
showed a detection limit of 0.1 ng/mL and a dynamic
detection range of 0.1-10 000 ng/mL for both antiHBsAg and anti-AFP. The small frequency variations of
the reference sensors during the whole detection processes show that the washing processes and nonspecific
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biomaterials absorption have negligible effects on the
sensor resonant frequency. The results demonstrate that
the piezoelectric immunoassay chip has potential applications for rapid, specific, sensitive, and multiple detection
of HBV.
Yao et al[39] have used peptide nucleic acid (PNA)
probes instead of DNA probes to construct PNA-QCM
biosensors for real-time monitoring of the hybridization assay of HBV. The PNA probe can combine target
sequences more effectively and specifically than DNA
probes. The PNA probe is designed and immobilized on
the surface of the biosensor to substitute the conventional DNA probe for direct detection of HBV genomic
DNA without previous amplification by PCR. The hybridization assay is completed within 50 min. The detection limit is 8.6 pg/L and the clinical specificity is 94.44%
compared with real time-PCR. The PNA probe can distinguish sequences that differ in only one base. Detection
sensitivity can be improved and detection time can be
reduced by adding RecA-protein-coated complementary
ssDNA, which complements HBV gene regions.
Rolling circle amplification (RCA) is an isothermal amplification technique for small circular DNA templates, with
the unique property of product localization[44]. Yao et al[45]
have described the application of RCA-based QCM
biosensors for direct detection of HBV genomic DNA
from clinical samples. The covalent bonding between the
capture probes and the gold electrode surface guarantees that the linkage between the capture probes and the
amplified RCA products is maintained during the assay.
Making use of the high amplification efficiency of Phi29
DNA polymerase and the remarkable precision of Escherichia coli DNA ligase in differentiating mismatched bases
at the ligation site, we can detect as few as 104 copies/mL
HBV DNA. The experimental results show that RCA
has significantly enhanced sensitivity for the target strand
compared to the single-base mismatch strand. With 60
min RCA duration, the proposed detection shows over
10 times amplification of the original signals.
In a study by Zhou et al[40] a highly sensitive piezoelectric DNA biosensor has been developed based on the
sensitive mass-transducing function of the QCM and the
specificity of the nucleic acid hybridization reaction. An
HBV nucleic acid probe was immobilized onto the gold
electrodes of a 9-MHz AT-cut piezoelectric quartz crystal
by the polyethyleneimine adhesion, glutaraldehyde crosslinking or physical adsorption method. The frequency
shifts of hybridization have a better linear relationship
with the amount of HBV DNA, when the amount is
0.02-0.14 μg/mL.
Microcantilever biosensors
Microcantilevers have emerged as viable biosensors,
demonstrating prominent performance[46,47]. Recently, the
structures and materials of microcantilevers have been
improved due to advances in the micro-/nano-electromechanical system, and the applications of microcantilevers
have been signiﬁcantly expanded due to their utilization
in the nano-/biotechnology field. Microcantilever biosen-
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sors have several advantages over the aforementioned
methods, such as rapid detection, simple equipment operation, low cost, and label-free detection within complex
biological serum. Thus, microcantilever biosensors have
been used successfully for DNA hybridization, immunoassays and particle detection including viruses, bacteria
and cells[48,49].
Huang et al[50] have developed a DNA-sensing device
based on microcantilevers. The experimental results revealed that the DNA detection system-on-a-chip (SoC)
has good selectivity between 1-bp-mismatched DNA and
all-matched DNA. Utilizing the N+ polysilicon 2 embedded layer as a piezoresistor, the stress induced by the
microcantilever-beam deflection can be measured. The
developed SoC was the first fully integrated monolithic
microcantilever biosensor system, which includes sensors,
interface circuits, digital processor, and wireless communication on a single chip for HBV DNA detection. The
experimental results showed that the HBV DNA SoC
can successfully distinguish the signal of all-mismatched,
1-bp-mismatched, and all-matched sequences of 19-mer
HBV-conserved DNA sequences. At the same time, the
concentration detection range has been identified from
1 pmol to 10 nmol. That was the first time that the HBV
DNA detection capability has been demonstrated by a
fully integrated wireless SoC. The microcantilever SoC
offers the characteristics of real-time and label-free detection with high sensitivity and selectivity.
Cha et al[51] have reported HBV DNA detection using
a silica nanoparticle-enhanced dynamic microcantilever
biosensor. A 243-mer nucleotide of HBV DNA precore/core region was used as the target DNA. For detection purposes, the capture probe on the microcantilever
surface and the detection probe conjugated with silica
nanoparticles were designed specifically for the target
DNA. HBV target DNAs of 23.1 fmol/L to 2.31 nmol/
L, which are obtained from PCR products, are detected
using a silica nanoparticle-enhanced microcantilever.
The HBV target DNA of 243-mer is detected down to
the picomolar level without nanoparticle enhancement
and femtomolar level using a nanoparticle-based signal
amplification process. There is an almost 2-3 orders of
magnitude increase in sensitivity, and the microcantilever
is a highly sensitive and reliable diagnostic tool for DNA
detection.
Surface acoustic wave biosensors
Surface acoustic wave (SAW) sensors, which are a type of
piezoelectric sensor, were first introduced by White and
Voltmer, and are potential biochemical sensing platforms
with excellent sensitivity, speed and reliability. Since
Wohltjen and Dessy’s application, SAW sensors based on
Rayleigh surface waves have been used as highly sensitive
sensors[52].
Lee et al[53] have demonstrated an application of lowwave mode SAW immunosensors to detect HBs antibody
in aqueous conditions. The resonance frequency shift has
been monitored to detect specific binding of HBs antibody to the immobilized HBsAg. The sensor shows bind-
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Figure 2 Schematic representation of surface plasmon resonance biosensor. Incidence light illuminates thin gold film, causing electrons to be excited and form
a surface plasmon wave.

ing specificity to HBs antibody and a linear relationship
between the frequency shift and antibody concentration
with a sensitivity of 0.74 Hz/(pg/μL) and a detection
limit < 10 pg/μL. The SAW immunosensor can successfully detect HBs antibody in whole blood samples without any pretreatment.

SPR BIOSENSORS
The SPR method is based on total internal reflection in a
glass prism onto which a thin metal film (usually gold) is
deposited. When total internal reflection of the incident
light occurs, an evanescent wave is set up that exerts a
field outside the prism. This can only occur when the film
is thin enough, about 50 nm, as the delocalized electrons
within the metal cause a surface plasmon to be established at the metal-ambient interface. This causes a wave
to propagate along the surface and therefore reduces the
intensity of light reflected[41]. The advantages of SPR biosensors are the direct detection, without any additional
labeling, and the possibility of online monitoring of affinity interactions[54]. The SPR method is popular because
it allows label-free, high-sensitivity, real-time analysis and
ﬂexible system design. For example, the design of various
orderly nanostructures has been shown to provide strong
local electrical field enhancement, allowing a higher sensitivity and a wider dynamic range[37,55]. SPR sensor device
design is trending toward miniaturization, low cost and
user friendliness[56,57] (Figure 2).
To develop a high-sensitivity, low-cost screening system for HBV detection, Chuang et al[58] demonstrated the
detection of the LAMP reaction by the SPR analytical
method without immobilizing probes. The HBV template mixed in 10 μL LAMP solution could be detected
using the SPR-LAMP system within 17 min, even at the
detection-limited concentration of 2 fg/mL. They also
analyzed the correlation coefﬁcients between the initial
concentrations of HBV DNA templates and the system
response (ΔRU) at different amplification times to establish an optimal endpoint of 25 min (R2 = 0.98).
Chung et al[9] have described the use of SPR to detect
captured human HBV antibodies using an HBsAg in
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conjunction with a secondary antibody. The detection
limit was found to be 10 nmol HBV antibody. The detection limit of the SPR biosensor for the medical diagnosis
was similar to the commercial ELISA kit.

TRANSLATIONAL PERSPECTIVES
In recent years, biosensors have been shown to provide
complementary and additional information contributed
by the well-established bioanalytical techniques. Particular
advantages of biosensors are as follows: the possibility of
minimalizing the setup, in principle down to the molecular scale; the use of well-established microsystem technologies during manufacture (of at least certain sensor
components); integration of signal preprocessing steps
on a chip; and building arrays for more complex analysis.
Detecting viruses and viral components using biosensors
is a relatively new concept and still in its infancy. Traditional viral detection methods are time consuming and
expensive, and consequently, demand for accurate viral
biosensors by rapid detection systems is increasing. In
most cases, only limited quantities of HBV are available
from clinical samples. In most biosensor studies, both
the sensitivity and speciﬁcity of the HBV detection were
unaffected by serum samples (Table 1). However, it is
necessary to point out that more detailed work is required
before the clinical application of biosensors.
The development of isothermal amplification technology, such as strand displacement amplification and
RCA, makes the amplification of nucleic acid sequences
without PCR possible, which provides an opportunity
for biosensor miniaturization. RCA is an isothermal
amplification technique that is adaptable to the on-chip
signal amplification format. Unlike other amplification
procedures, RCA produces a single amplified product
that remains linked to the DNA primer. Circularization
of the padlock probes in the RCA reaction is specific in
that 1-bp mismatch can be speciﬁcally discriminated[59-62].
As a result of its simplicity, specificity and high sensitivity,
RCA has attracted considerable attention in biosensor
detection. Aptamers are a new class of molecules with
great potential to rival monoclonal antibodies in thera-
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Table 1 Biosensor techniques discussed in this review
Detection target Characteristics of biosensor
HBsAg
HBsAb

HBV DNA

Nanorods biosensor
QCM
SAW
SPR
Electrochemical biosensor

QCM

Microcantilever biosensor
SPR

Detection limit

Ref.

0.01 IU/mL
0.1 pg/μL
10 pg/μL
10 nmol/L
7.19 × 10-9 mol /L
1.94 × 10-8 mol /L
1.77 × 10-14 mol /L
2.5 × 10-6 mol /L
8.6 × 10-12 g/L
1.77 × 10-14 mol/L
2 × 10-8 g/L
10-12 mol/L
2.31 × 10-14 mol/L
2 × 10-12 g/L

[23]
[43]
[53]
[9]
[30]
[31]
[32]
[36]
[39]
[45]
[40]
[50]
[51]
[58]

7

8

9

10

HBsAg: Hepatitis B surface antigen; HBsAb: Hepatitis B surface antibody;
HBV: Hepatitis B virus; QCM: Quartz crystal microbalance; SAW: Surface
acoustic wave; SPR: Surface plasmon resonance.

peutic, diagnostic and analytical, as well as basic research
applications. In comparison to antibodies as capture molecules in biosensors, aptamers have several advantages.
Aptamers are produced in vitro, and their binding affinity,
specificity, and stability can easily be manipulated and
improved by rational design. At the same time, aptamers
can be modified with functional groups to allow covalent
or direct immobilization on biochips, resulting in highly
ordered receptor layers that can improve detection sensitivity significantly[63,64]. As stable RNA or DNA oligonucleotides, aptamers can be denatured and refolded many
times without loss of activity[65]. The characteristics and
low cost of synthesis make aptamers particularly suitable
for biosensor detection.
Since their development in the 1990s, SPR and QCM
have been the most researched techniques to date. However, the novel biosensors will be more attractive with
the progress of isothermal amplification technology and
aptamer techniques. We hope that a portable, label-free
biosensor for the sensitive and speciﬁc HBV detection
will be available in the near future.
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Abstract
Peritoneal carcinomatosis (PC), the dissemination of
cancer cells throughout the lining of the abdominal
cavity, is the second most common presentation of
colon cancer distant metastasis. Despite remarkable
advances in cytotoxic chemotherapy and targeted
therapy for colon cancer over the last 15 years, it has
been repeatedly shown that these therapies remain ineffective for colon cancer PC. Recently, there has been
a rapid accumulation of reports that cytoreductive
surgery combined with hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC) prolongs the life of colon
cancer PC patients. Here, we will review the clinical
presentation, the mechanisms of disease progression,
and current treatment options for colon cancer PC,
with a focus on the benefits and limitations of CRSHIPEC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Mechanism
Core tip: This paper aims to review the clinical presentation, the mechanisms of disease progression, and
current treatment options for colon cancer peritoneal
carcinomatosis, with a focus on the benefits and limitations of cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy.
Aoyagi T, Terracina kp, Raza a, Takabe k. Current treatment
options for colon cancer peritoneal carcinomatosis. World J
Gastroenterol 2014; 20(35): 12493-12500 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i35/12493.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i35.12493

INTRODUCTION
The most critical and ultimately life threatening feature
of malignant disease is its ability to metastasize to other
organs[1-6]. The peritoneum is second only to the liver as
a site for colon cancer metastasis. Approximately 4%-7%
of patients with colon cancer are noted to have peritoneal carcinomatosis (PC) at the time of diagnosis, despite
recent advances in early detection of the disease[7-9]. Although the tumors are primarily confined to the peritoneum with no discernable metastasis elsewhere in approximately 20%-25% of patients with colon cancer PC[10-12],
the prognosis of these patients is poor with a median
survival of 6-9 mo after diagnosis[7,9,13,14]. As a result, until recent years, colon cancer PC had been regarded as a
form of systemic metastasis portending a terminal state
of colon cancer for which only palliative surgery (such
as diverting colostomy) and/or systemic chemotherapy
was recommended[15-18]. Here, we will review the presentation, mechanisms of disease progression, and current
treatment options of colon cancer PC, which have been
reported to prolong life of those patients.
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Figure 1 A multistep process is involved in establishment and progression of colon cancer peritoneal carcinomatosis. First, loose cancer cells are released
from the primary tumor that has penetrated the colon wall. The free floating cancer cells enter the peritoneal cavity and are transported to the peritoneal surface,
where with inflammation playing a major role, the cells become adhesed to the peritoneum. The cancer cells then invade into the submesothelial layers and ultimately
are able to access to the systemic circulation. Note that the progression of peritoneal carcinomatosis is not only at the single adhesion site, but its spill over to the
neighboring peritoneum.

to diagnosis of metachronous disease was 18 mo[23].

Clinical Presentation
The symptoms of colon cancer PC can vary and are
nonspecific; many patients, however, experience extreme
fatigue, abdominal discomfort, and abdominal pain because of ascites and associated bowel obstruction[19,20].
If ascites is present, cytology from aspirated fluid can
help to establish the diagnosis in half of these patients.
Approximately 40% of the patients can be diagnosed
by imaging modalities including computed tomography
(CT), magnetic resonance imaging, positron emission
tomography (PET) and ultrasound, but in 8% of the
patients, colon cancer PC is found at the time of laparotomy[21]. In many cases diagnostic laparoscopy can be
helpful to gain more detailed information on the intraperitoneal dissemination of the tumor or histological
confirmation of the suspicion of PC[22]. PC rates are
highest among women, patients with primary mucinous
adenocarcinomas, tumor stage T4, lymph node stage N2,
and among patients with a positive resection margin[23].
Time to recurrent disease has been reported with a median time of 14-16 mo[8,24]. In terms of PC, median time
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Mechanism of establishment and
progression of colon cancer PC
The multistep process through which PC is established
has been conceptualized to include the five following
steps (Figure 1)[25,26].
Release of loose cancer cells from the primary tumor
into the abdominal cavity
In order for the cancer cell to disseminate in the abdominal cavity, it needs to be released from the primary colon
cancer mass. This process can occur through several
mechanisms including spontaneous and/or iatrogenic
exfoliation of cancer cells from the primary tumor. In
colon cancer PC, the expressions and/or the functions
of cell-cell adhesion molecules, such as E-cadherin, can
be down-regulated thereby promoting cancer cell detachment[27-29]. Iatrogenic causes include incomplete resection,
inadvertent breach of the tumor’s integrity, or transection
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of blood or lymph vessels with subsequent leakage[30].
Transport in abdominal cavity
Once the cancer cells are released into the abdominal cavity, they are transported to different anatomical regions
of the abdomen governed by gravity, peristaltic gastrointestinal movement, and the mechanics of the negative
pressure generated by movement of the diaphragm[31].
The most common sites of disease localization include
the right lower quadrant, the right diaphragm, the hepatoduodenal ligament, the omentum, the pelvic viscera and
the parietal peritoneum[32].
Adhesion to the peritoneum
In order for the floating cancer cells to establish PC, the
cells need to adhere to the peritoneum. Evidence suggests
that inflammation plays a major role in this process by
enhancing expression of adhesion molecules. Adhesion
of cancer cells to the mesothelial layer is mediated by adhesion molecules, such as vascular cell adhesion molecule
1 [VCAM-1 (CD106)], intercellular adhesion molecule
1 [ICAM-1 (CD54)], and platelet endothelial cell adhesion molecule [PECAM-1 (CD31)], many of which are
also expressed by endothelial cells[33,34]. Pro-inflammatory
mediators, IL-1β, IL-6 and the epidermal growth factor,
have been shown to increase peritoneal adhesion of cancer cells[35-37], and TNF-α has been shown to enhance the
expression of ICAM-1[38]. Adhesive interactions have also
been reported between the mesothelial hyaluronan coat
and the transmembrane glycoprotein CD44, a molecule
expressed by many cancer types[39]. The mechanisms responsible for this site specificity remain incompletely understood, but may relate to the pro-angiogenic environment elicited by the dense capillary network surrounding
these immune aggregates[40].
Invasion into the submesothelial layers
Loose cancer cells gain access to submesothelial tissue
at areas of peritoneal discontinuity. The cells themselves
may precipitate these areas of weakness in the peritoneum, as cancer cells have been shown to induce apoptosis
of mesothelial cells by a FAS dependent mechanism[41].
Alternatively, the extracellular matrix might become exposed by contraction of mesothelial cells and disruption
of intercellular junctions in response to inflammatory
mediators[42]. Invasion of the submesothelial tissue is
accompanied by adhesion to and degradation of the existing extracellular matrix through various integrins and
proteases respectively[43].
Access to the systemic circulation
Once the submesothelial stroma is invaded, cancer cells
can then gain access to the blood and lymphatic microcirculation. Particulate matter, including free peritoneal
cancer cells, can enter the systemic circulation through
subperitoneal lymphatic lacunae located between the
muscle fibers of the diaphragm[44]. The peritoneum layering the pouch of Douglas, for example, is rich in sub-
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peritoneal lymphatic vessels and milky spots. Intraperitoneal fluid containing free cancer cells, once reaching the
pelvic subperitoneal lymphatics, then travels toward the
rectum, and finally flows into the lymph nodes around
the iliac artery. In contrast, the peritoneum covering the
liver, as well as the serosal surface of small bowel and
spleen, are devoid of lymphatic stomata and milky spots
and thus are involved in systemic dissemination of cancer cells only in the late stage of PC[45].

Treatment options and outcomes
Systemic chemotherapy
PC has been considered to be a form of systemic distant
metastasis and a terminal state in colon cancer, thus historically palliative systemic chemotherapy was utilized.
The few retrospective studies examining this palliative
therapy invariably show disappointing responses to
systemic chemotherapy by 5-fluorouracil (5-FU) and
leucovorin with a poor prognosis compared to other
metastatic sites[13,46-49]. Recently, more effective cytotoxic
chemotherapies and biologic targeted therapies using
oxaliplatin, irinotecan, bevacizumab, cetuximab, or panitumumab have been reported to improve the survival
of patients with metastatic colon cancer. However, since
the majority of patients involved in these studies are
those with liver or lung metastases, the effects of these
agents on PC remain unclear[50,51]. Only a few papers
have described the outcome of systemic chemotherapy
for colon cancer PC. A pooled analysis of north central cancer treatment group phase Ⅲ trials N9741 and
N9841 demonstrates that current systemic chemotherapy, such as 5-FU based combination therapy, FOLFOX,
is not effective for PC and fails to significantly improve
survival[52].
Intraperitoneal chemotherapy
Intraperitoneal delivery of anti-neoplastic agents for
cancer into the abdominal cavity has been attempted
since antiquity. In the mid-18th century, English surgeon
Christopher Warrik injected a mixture of “Bristol water”
and “Claret” (a Bordeaux wine) into the peritoneal cavity
of a woman suffering from intractable ascites[19]. Following the discovery of the anti-neoplastic potential of
nitrogen mustard, its effect in the abdominal cavity was
studied within the mid-20th century[53].
Approximately one in five patients with colon cancer
harbors minimal residual disease in the peritoneum after
surgical resection, while PC develops in approximately
one in seven patients[25]. This observation led to a hypothesis that intraperitoneal chemotherapy following
complete resection of a T3 or T4 stage colon cancer
may decrease peritoneal recurrence. In animal models
of colon cancer, intraperitoneal administration of chemotherapeutic drugs successfully prevented tumor development following colon cancer cell implantation into
abdominal cavity[54]. Clinical studies, however, have thus
far not shown any benefit from adjuvant intraperitoneal
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chemotherapy for colon cancer. Vaillant et al[55] randomized 267 stage Ⅱ and Ⅲ colon cancer patients to either
surgery alone or surgery combined with intraoperative
intravenous 5-FU and postoperative intraperitoneal 5-FU
administration. Overall, adjuvant 5-FU failed to improve
disease free survival (DFS), overall survival, or the frequency of peritoneal recurrence. An unplanned subgroup analysis indicated a DFS benefit in patients with
stage Ⅱ disease. Similarly, a randomized trial by Nordlinger et al[56] failed to show any benefit from immediate
postoperative regional chemotherapy (intraperitoneal or
intraportal administration by the choice of participating
center) followed by intravenous chemotherapy compared
with intravenous chemotherapy alone in patients with
resected stage Ⅱ or Ⅲ colorectal cancer. Taken together,
neither of these two trials were able to show any decrease in peritoneal recurrence from adjuvant intraperitoneal chemotherapy in patients with colorectal cancer.
Early postoperative intraperitoneal chemotherapy
Early postoperative intraperitoneal chemotherapy (EPIC)
is infusion of chemotherapy directly into the abdominal
cavity through ports, allowing circulation and/or drainage of the drugs for one to five days after cytoreductive
surgery (CRS) to kill remaining microscopic cancerous
tumors and free floating cells. EPIC may be given in
multiple cycles for several months after surgery.
In 1995, a French group attempted to conduct a randomized controlled clinical trial comparing CRS plus
EPIC to systemic chemotherapy, but it was rapidly abandoned because of patients’ dissatisfaction with the treatment in the control arm. Subsequently, a modified clinical trial comparing CRS plus EPIC versus CRS without
EPIC was initiated in 1996. This study by Elias et al[57]
closed prematurely after 4 years in 2000 with only 35 of
the required 90 patients enrolled. In this incomplete trial,
EPIC failed to demonstrate any survival benefit; however, analysis of these 35 patients showed that complete
CRS (CCR-0) resulted in a 2-year survival rate of 60%,
an impressive improvement from the historic 10% survival rate among patients treated with systemic chemotherapy and palliative surgery[57].
Mahteme et al[58] compared 18 colon cancer PC patients who underwent CRS, EPIC (5-FU, cisplatin, or
irinotecan) and systemic 5-FU based chemotherapy with
18 matched control patients who underwent systemic
chemotherapy alone. Patients in the CRS group had a
median survival of 32 mo, with 2-year and 5-year survival of 60% and 28%, respectively, whereas patients
in the control group had a median survival of 14 mo,
with 2-year and 5-year survival of 10% and 5%, respectively (P = 0.01, vs CRS group). Glehen et al[59] analyzed a
multi-institutional registry (28 international institutions)
involving 506 colorectal cancer PC patients who underwent CRS and EPIC with a median follow-up of 53
mo, finding a median survival of 19 mo, and 1-, 3- and
5-year survival to be 72%, 39% and 19%, respectively.
Two hundred seventy-one patients had CCR-0 and their
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median survival was 32 mo, with 1-, 3- and 5- year survival of 87%, 47% and 31%, respectively. The details of
CRS and chemotherapy regimens differed among the
institutions, limiting the conclusions that can be drawn
from this study[59]. A systematic review by Yan et al[60]
confirmed the importance of achieving CCR-0, as it was
determined that those procedures that succeeded in this
fashion resulted in improved survival to 60 from 28 mo
when compared with procedures leaving residual disease.
CCR-0 resulted in prolonged overall survival from 22%
to 49% at 5 years. The overall quality of the available
evidence is, however, rather low, and a potentially serious postoperative complication rate should be taken into
account. A consistent finding is that optimal results can
be expected in patients with a limited disease burden in
whom a complete resection can be achieved.
Cytoreductive surgery combined with hyperthermic
intraperitoneal chemotherapy
Recently Cytoreductive Surgery combined with Hyperthermic Intraperitoneal Chemotherapy (CRS-HIPEC)
has been introduced for colorectal cancer PC, which appears to be the most effective approach for prolonging
survival in selected patients[49,59,61-63]. CRS-HIPEC is a type
of hyperthermic therapy used in combination with direct
application of chemotherapy inside the abdominal cavity after surgical removal of as much cancer as possible.
HIPEC is also known as intraperitoneal hyperthermic
chemoperfusion, intra-abdominal hyperthermic chemoperfusion, or intraoperative chemo hyperthermia peritoneal perfusion. In this procedure, warmed anti-cancer
drugs are infused and circulated in the abdominal cavity
in direct contact with the peritoneum. These procedures
last as long as 8-10 h and carry a significant rate of complications. According to the National Cancer Institute
database, currently there are eight ongoing clinical trials
worldwide that include HIPEC as a keyword; 2 phase Ⅲ,
4 phase Ⅱ, and 2 phase Ⅰ trials (from www.cancer.gov,
consulted 26th of June 2013)[64].
Verwaal et al[49,65] reported 105 patients with colon
cancer PC without evidence of hematogenous metastases
enrolled between 1998 and 2001, and randomly allocated
to receive CRS-HIPEC followed by Ⅳ 5-FU and leucovorin vs 5-FU and leucovorin with or without palliative
surgery. The median disease specific survival was 22.2
mo in the CRS-HIPEC arm and 12.6 mo in the control
arm (P = 0.028). The survival was significantly better in
patients with no more than five of seven abdominal PC
regions and in patients in whom a macroscopic complete
resection (CCR-0) was achieved. Unfortunately, the value
of this randomized clinical trial is limited by the fact that
the systemic chemotherapy regimen was not the standard of care (which includes Irinotecan and/or Oxaliplatin), appendiceal (n = 18) and rectal (n = 12) tumors
were not balanced in the two groups, and the HIPEC
protocol was based only on mitomycin C in the perfusate. In order to assess the effect of CRS-HIPEC with
modern systemic chemotherapies, Elias et al[66] conducted
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a comparison of the survival of patients with isolated
and resectable PC treated with systemic chemotherapy
containing oxaliplatin or irinotecan or treated with CRSHIPEC. In this study, the patients treated with modern
systemic chemotherapy achieved a median survival of 24
mo, while median survival was 63 mo with a 5-year survival rate of 51% after CRS-HIPEC.
Franko et al[67] compared 67 patients treated with mitomycin C-based HIPEC to 38 controls, with all 105
patients receiving 5-FU, irinotecan, oxaliplatin and bevacizumab or cetuximab. Unfortunately, in this study
the number of patients with liver metastases and the
number receiving oxaliplatin and targeted therapies were
both greater in the HIPEC group (78% vs 18% and 59%
vs 18% respectively).
Among non-randomized, retrospective multi-institutional studies, the largest published series comes from
the French registry and includes 523 patients with colon cancer PC from 1990 to 2007 treated with CRSHIPEC[68]. Despite the fact that 16% of patients had
incomplete CRS with macroscopic residuals (CCR-1),
making it difficult to extrapolate data about survival, and
that the large number of participating centers adds variability (relating to learning curve and surgical standardization), the reported 30-d mortality was only 3%, which
was remarkably lower than that reported in the Dutch
trial (8%)[49]. Since PC without systemic spread is found
in 3% of patients with colon cancer, this subgroup
might benefit from CRS-HIPEC[9]. In regards to longterm survival, complete cytoreduction (CCR-0) appears
to be critical given the results from a multinational retrospective analysis of 506 patients with CRC treated with
CRS-HIPEC showing an overall median survival of 32.4
mo with CCR-0 scores compared to 19 mo with suboptimal resection[59]. Multivariate analysis revealed that
other variables associated with survival include treatment
by a second procedure, limited disease extent, age less
than 65 years, and use of adjuvant chemotherapy.
One randomized trial and several prospective cohort
studies have shown improvements in disease-free and
overall survival associated with CRS-HIPEC with/without EPIC when compared to palliative-intent surgery
and/or systemic chemotherapy[65-67,69]. Chua et al[69] enrolled 294 patients, comparing supportive care and palliation with postoperative systemic chemotherapy based
on 5-FU, irinotecan, oxaliplatin, Capecitabine and monoclonal antibodies, with or without HIPEC (low-dose
mitomycine C) and EPIC (high dose 5-FU). The type
of perioperative intraperitoneal chemotherapy did not
have an effect on survival (median survival HIPEC =
36 mo, EPIC =38 mo, HIPEC and EPIC = 43 mo; P =
0.715). On the other hand, the rate of grade Ⅲ/Ⅳ complications was reported to be significantly higher when
HIPEC was combined with EPIC, especially in patients
with a high total tumor burden. Thus, the use of EPIC
in combination with CRS-HIPEC is associated with an
increased rate of complications[70].
Since the total tumor burden of PC is critical to pre-
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dicting the outcome of CRS-HIPEC, several scoring
methods have been proposed in an effort to quantify both
the extent of peritoneal disease and the completeness of
resection. The peritoneal cancer index (PCI, Washington
Cancer Institute), first described by Sugarbaker in 1996, is
commonly used for quantification. The scores range from
0 to 39 and can be determined prior to surgery using CT
images[71,72]. The PCI is semi-quantitative, aiming to define
and measure the peritoneal involvement. It is easily reproducible and has been validated by several studies and by
expert consensus[59,73-76]. Other scores have been reported that attempt to preoperatively differentiate between
patients that might benefit from curative or palliative
therapy such as the Peritoneal Surface Disease Severity
Score[69]. It is extremely important to select appropriate
patients with colorectal PC for CRS-HIPEC, though the
perioperative mortality is reduced at high-volume centers
with extensive experience in the procedure, morbidity remains high regardless[77]. Also Segelman et al[78] reported
predicting the individual risk of metachronous PC after
surgery for non-metastatic CC. The models may help in
the planning of treatment and follow-up of patients.
Although currently the most common chemotherapeutic agents infused during HIPEC are mitomycin-C
and cisplatin, the drug regimen differs considerably between institutions. The intraperitoneal application of catumaxomab is a new treatment option. This tri-functional
antibody which is active against the EpCAM-antigen of
the peritoneal tumor cells has been proven to be effective
in the treatment of malignant ascites and is licensed for
this indication[79,80]. It is possible that morbidity and effectiveness of CRS-HIPEC may be improved as knowledge
and technology continue to develop leading to new drugs,
more effective patient selection, and improved perioperative management.

Future Directions
Peritoneal carcinomatosis historically has been regarded
as an untreatable disease and despite advances, remains
a significant challenge for oncologists and surgeons. For
many years, patients with PC have been considered to
be beyond the realm of curative thearpy, but in recent
years promising results have been reported in a variety
of tumor types using CRS-HIPEC. A randomized trial
has demonstrated a significant survival gain compared
with palliative therapy alone in colorectal cancer PC.
However, CRS-HIPEC is only available in specialized
institutions and is not indicated for the majority of the
colorectal PC patients due to its high morbidity and
mortality. Furthermore, many clinicians continue to have
reservations about recommending patients to undergo
such a highly morbid procedure with a goal of prolonging life for median of 10 mo, especially given that any
expectation of curing PC remains unrealistic. Likewise,
CRS-HIPEC has no effect on alleviating systemic symptoms such as cachexia, weight loss, and malnutrition that
significantly hinder the remaining quality of life. Further
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elucidating the biological behavior of colon PC and developing molecularly targeted therapy may serve as an
avenue of future research.
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Abstract
Because of the low prevalence of non-ampullary duodenal epithelial tumors (NADETs), standardized clinical
management of sporadic superficial NADETs, including
diagnosis, treatment, and follow-up, has not yet been
established. Retrospective studies have revealed certain
endoscopic findings suggestive of malignancy. Duodenal adenoma with high-grade dysplasia and mucosal
cancer are candidates for local resection by endoscopic
or minimally invasive surgery. The use of endoscopic
treatment including endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD),
for the treatment for superficial NADETs is increasing.
EMR requires multiple sessions to achieve complete remission and repetitive endoscopy is needed after resection. ESD provides an excellent complete resection rate,
however it remains a challenging method, considering
the high risk of intraoperative or delayed perforation.
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Minimally invasive surgery such as wedge resection and
pancreas-sparing duodenectomy are beneficial for superficial NADETs that are technically difficult to remove
by endoscopic treatment. Pancreaticoduodenectomy
remains a standard surgical procedure for treatment
of duodenal cancer with submucosal invasion, which
presents a risk of lymph node metastasis. Endoscopic
or surgical treatment outcomes of superficial NADETs
without submucosal invasion are satisfactory. Establishing an endoscopic diagnostic tool to differentiate superficial NADETs between adenoma and cancer as well as
between mucosal and submucosal cancer is required to
select the most appropriate treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Duodenal neoplasms; Duodenal cancer; Pancreaticoduodenectomy; Endoscopic surgery; Esophagogastroduodenoscopy
Core tip: Superficial non-ampullary duodenal epithelial
tumors (NADETs) including adenoma and mucosal cancer are candidates for local resection regarding the nil
risk of lymph node metastasis. Pancreaticoduodenectomy remains a standard surgical procedure for treatment of duodenal cancer with submucosal invasion.
Preoperative diagnosis to differentiate superficial NADETs between adenoma and cancer as well as between
mucosal and submucosal cancer is essential to select
minimally invasive treatment such as endoscopic resection or minimally invasive surgery.
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INTRODUCTION
The prevalence of non-ampullary primary duodenal tumors is extremely low among autopsy studies
(0.02%-0.5%)[1-4]. Benign tumors are generally predominant, comprising 60%-75% of autopsy series[5], and 90%
of duodenal polyps identified by endoscopic biopsy[6],
but they frequently do not produce symptoms. Primary
non-ampullary duodenal cancer (NADC) accounts for
only 0.5% of all gastrointestinal malignancies[7]. A Japanese study reported that the incidence of non-ampullary
duodenal epithelial tumors (NADETs) among patients
who underwent screening or diagnostic esophagogastroduodenoscopy (EGD) over a 21-year period was 0.098%
(52/53134)[8]. A European study reported that the incidence of duodenal villous adenoma was 0.1%-0.4%[9,10]
among patients who underwent diagnostic or screening
EGD.
The number of case studies related to the treatment
of sporadic superficial NADETs has recently increased,
possibly because of the use of EGD during regular
medical check-ups and the standardized method of imaging the second portion of the duodenum during EGD.
However, information regarding the biological behavior,
treatment indication, and prognosis of NADETs is still
lacking. In this review, the present status regarding the
clinical management of sporadic superficial NADETs
will be discussed.

MORPHOLOGY OF NADETs
The morphology of superficial NADETs is similar to
that of epithelial tumors of the colorectum; protruding
or elevated lesion types predominate. Therefore, several
previous studies have classified the morphological type
of superficial NADETs based on the classification criteria used for colorectal tumors[11-13]. Macroscopic types
based on endoscopic features include protruded pedunculated (Ip), protruded sessile (Is), semipedunculated type
(Isp), superficial elevated type (Ⅱa), flat type (Ⅱb), and
superficial shallow or depressed type (Ⅱc)[14].

LOCATION OF NADETs
Both benign adenoma and cancer arise most frequently
in the second portion of the duodenum, especially the
periampullary area[15-17]. Almost 90% of endoscopically
treated lesions are reportedly located in the first or second portion of the duodenum[11,12]. However, an accurate
prognosis according to the location remains unknown for
superficial NADETs, although tumors in the first or second portion are reportedly favorable factors for surgically
treatable duodenal cancer[18].

DEFINITION OF EARLY NADC
There is no established definition of early NADC with
respect to the depth of invasion and risk of lymph node
metastasis. However, previous studies have followed the
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rules used for early colorectal[14] or gastric cancer[19], i.e.,
tumor invasion to the lamina propria or muscularis mucosa (T1a) or the submucosa (T1b) regardless of lymph
node metastasis[11,12,20]. Based on a Japanese analysis of
early NADCs that included pT1a or pT1b cancer, Nagatani et al[11] reported no incidence of lymph node metastasis among 40 cases of pT1a cancers, and Fujisawa et
al[12] reported none among 166 cases of mucosal cancers.
The incidence of lymph node metastasis among pT1b
cancer is reported to range from 5.3% (2/37) to 5.4%
(4/75)[11,12]. The depth of pT1b cancer invasion has not
been described in these reported cases; therefore, at present, pT1b NADC should be considered at risk of lymph
node metastasis regardless of the depth of submucosal
invasion.

TREATMENT STRATEGY FOR
SUPERFICIAL NADETs
Types of NADETs to be treated
It is important to determine the type of sporadic superficial NADETs that should be removed to lower the risk
of those that have a substantial possibility to progress to
invasive cancer and to avoid overtreatment of those with
less malignant potential[21,22]. Small bowel adenomas, including duodenal adenomas, are reported to have a higher
percentage of villous tumors than colorectal adenomas[5];
thus, the possibility of harboring cancer is estimated to
be higher[23,24]. Patients with familial adenomatous polyposis (FAP) are known to have a high prevalence of duodenal adenomas, and prospective follow-up studies have
demonstrated that such adenomas can slowly progress to
cancer[24-26]. Sporadic NADC may occur because of the
adenoma carcinoma sequence, as in FAP patients[15,27],
or de novo. However, the incidence of sporadic NADC is
extremely rare; thus, endoscopic findings suggestive of
cancer have not yet been established.
Pretreatment evaluation of cancerous lesions
Macroscopically, larger-sized lesions, those with a component of depression (Ⅱa + Ⅱc type or Ⅱc type) and
those with a red and ill-glistened surface, are reported
to have a higher tendency to have a cancerous component[28,29]. In contrast, there are also a few reports of large
Ⅱa type, so-called carpet-like adenomas that increase in
size without cancerous components[8,28]. In addition to the
macroscopic features, findings of magnifying endoscopy
with[30-32] or without[33-35] narrow-band imaging can offer
information to distinguish potentially malignant lesions.
Heterogeneous patterns of irregular or disappeared mucosal structures with irregular vascular patterns have been
correlated with high-grade dysplasia (HGD) or mucosal
cancer[30,33,34].
Issue of pretreatment biopsies
The necessity of obtaining biopsy specimens from superficial NADETs before treatment remains controversial.
Because of the thinness of the duodenal wall, the biopsy
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Figure 1 Images in endoscopic submucosal dissection. A: A superficial elevated type (Ⅱa) lesion is observed in the second portion of the duodenum; B: Chromoendoscopy with indigocarmine was used to clarify the border of the tumor; C: After marking with argon plasma coagulation, submucosal injection was performed; D:
Circumferential cutting was performed using an insulated-tipped knife [ITknife nano (KD-612); Olympus, Tokyo, Japan]; E: Submucosal dissection was performed; F:
The lesion was successfully removed en bloc without complications; G: Histopathological analysis revealed a mucosal adenocarcinoma of 16 mm in diameter (yellow
lines).

procedure itself may induce unintended fibrosis associated with the lesion, which may complicate subsequent
endoscopic resection (ER). In contrast, a histological
proof of malignancy may be preferable before employing
a treatment modality with a substantial risk of complication, such as ER or surgery. Discrepancy of endoscopic
biopsy histology and that of resected specimens is sometimes experienced in gastric epithelial lesions[36] and has
also been reported in duodenal lesions[20,37-39]. Post-treatment diagnosis may lead to an upgrade in pathology. In a
previous study, comparisons between biopsy and resected
specimens of 56 superficial NADETs revealed the same
diagnosis in 59% patients, an upgrade in 36% patients,
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and a downgrade in 5% patients. Among the lesions with
an upgrade in pathology, most had an upgrade from
HGD to adenocarcinoma[40]. In another study, T1a cancer was observed in 13.5% cases in which initial biopsies
indicated simple adenomas[38]. Therefore, lesions with a
biopsy diagnosis of HGD should be considered for local
treatment, and ER may present an improved diagnostic
tool for borderline lesions.
Pretreatment evaluation between T1a and T1b NADC
It is difficult to differentiate T1a from T1b NADC by
barium studies or endoscopy[11]. Nagatani et al[11] studied
the macroscopic features of early NADC with little pos-
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sibility of submucosal invasion and indicated the following lesions suggestive of T1a cancer: Ip type, ≤ 20 mm;
Is type, ≤ 5 mm; Ⅱa type, ≤ 10 mm; and carpet-like IIa
type of any size. Endoscopic ultrasonography has been
reported to be a promising tool for diagnosing and staging duodenal villous tumors[41,42]. Non-lifting sign or lack
of mobility when manipulated with a snare suggest submucosal invasion[43].
Endoscopic treatment and outcomes
Endoscopic treatment should be limited to lesions confined to the mucosa; however, endoscopic techniques
to remove superficial NADETs have not yet been standardized[44,45]. Although case reports of polypectomy[46,47]
and strip biopsy[48-50] for protruded lesions have been
reported, the results of endoscopic mucosal resection
(EMR) for NADETs are based on several small case series[51,52]. EMR often requires multiple sessions (piecemeal
resection), and complete remission has been reported
in 55%-100% cases[37,38,43,53-55]. The local recurrence rate
among these previous studies was 0%-37%, and recurrent lesions were endoscopically re-treated by a second
EMR or endoscopic ablation[37,38,43,53-55]. Reportedly, successful eradication by endoscopic treatment is dictated by
the extent of the luminal circumference of the tumor[56]
and the possibility of en bloc resection[57]. Complications
after EMR include bleeding (0%-33%) and perforation
(3%)[38,58].
Compared with EMR, there are fewer reports of endoscopic submucosal dissection (ESD) (Figure 1) for superficial NADETs[59]. Nevertheless, ESD has been reported to have a superior complete resection rate (86%-100%),
with no incidence of recurrence[20,39,40,60-63]. However, the
complication rate of bleeding is 0%-7% and the perforation rate is higher at 6%-50%[20,39,40,60-63]. A retrospective
multicenter survey of 421 duodenal EMR and ESD cases
showed that both intraoperative and delayed perforation occurred more frequently among ESD cases[64]. In
addition, there was no difference in the overall perforation rate between lesions located in the first or second
portion of the duodenum; however, delayed perforation
was mostly observed in the second portion[64] or distal to
Vater’s ampulla[65]. Delayed perforation may occur even
after successful ESD[61], and the high rate of delayed
perforation may be because of the larger ulcer created
by ESD, increased thermocoagulation effect induced by
ESD, and presence of bile and pancreatic juices. To avoid
the risk of delayed perforation, attempts have been made
to completely close the mucosal defect after ESD with
multiple endoclips[64,66] or with an over-the-scope clip[67],
or by applying polyglycolic acid sheets[68,69]. Others have
reported insertion of endoscopic nasobiliary drainage
and nasopancreatic drainage tubes to avoid exposure of
bile and pancreatic juices to the ESD ulcer[61].
Lienert et al[70] reported the use of argon plasma coagulation (APC) for the treatment of duodenal adenoma
in a cohort of 15 patients. Eradication was successful in
87%, no patients developed cancer during the study pe-
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riod of 40 mo, and the local recurrence rate was 39%[70].
However, APC treatment is inadequate to obtain a histological assessment of the entire lesion; therefore, it is
risky to solely rely on APC for the treatment of superficial NADETs. Nonetheless, APC may be used as an adjunct to EMR to reduce local recurrence[71] or for locally
recurrent lesions after EMR.
Surgical treatment and outcomes
An optimal surgical treatment of sporadic superficial
NADETs has not yet been established. Pancreaticoduodenectomy (PD), also known as the Whipple procedure,
is a radical surgery performed for advanced disease and
cases of early stage NADC with the aim to avoid tumor
recurrence[72-75]. Pancreatic fistula, anastomotic leakage,
and pancreatitis are serious complications after PD. Although the morbidity and mortality rates following PD
have decreased in recent years[76,77], the procedure still
results in considerable intraoperative stress.
Transduodenal local excision[78,79], wedge resection
(segmental, partial, and full-thickness)[78,80-83], and pancreas-sparing duodenectomy (PSD)[78,84,85] are organ-preserving surgical procedures suitable for patients with premalignant or early malignant duodenal lesions. In a previous
study, the recurrence rate of villous duodenal tumors after transduodenal local excision was reported to be 32%
at 5 years, and 24% recurrences were cancer[78]. However,
the presence of cancer was not known before surgery,
and the authors concluded that PD is appropriate for villous tumors with a malignant component[78]. Jurisić et al[82]
reported local recurrence with nodal metastasis after local
excision for cancer with submucosal invasion, suggesting
the inadequacy of local excision for T1b NADC.
Wedge resection (segmental, partial, and full-thickness) has been associated with lower morbidity than
PD[78,80,81,83,86,87]. Tanigawa et al[81] reported a good clinical
course without recurrence after partial resection for T1a
cancer. For early NADC located in the third and fourth
portions of the duodenum, segmental resection is associated with negligible morbidity and mortality, while allowing
for satisfactory clear margins during lymphadenectomy[83].
PSD was introduced as an alternative to PD for treatment of benign and premalignant duodenal disease and is
reportedly a beneficial modality for treatment of patients
with multiple lesions[78,84,85,88]. For PSD, patients should
have a preoperative diagnosis of no lymphadenopathy
and sampling of the lymph node surrounding the tumor
before resection should be obtained for intraoperative
pathological examination to detect lymph node metastasis[85]. Eisenberger et al[84] recommended analysis of
intraoperative fresh frozen sections to exclude malignant
disease and to consider conversion of the procedure
from PSD to PD after intraoperative diagnosis of malignant disease in the fresh frozen sections. The incidence
of local recurrence is low, suggesting that PSD is an acceptable procedure for treatment of selected duodenal
neoplasms, such as superficial NADETs confined to the
mucosa.
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PROGNOSIS OF SUPERICIAL NADETs
Because previous reports of surgical treatment for duodenal cancer included small numbers of patients with
superficial NADETs, including adenoma or early NADC,
little information is available regarding treatment success
and treatment-related morbidity or mortality.
The most important prognostic factor is the depth of
tumor invasion[80,89-93]. With regard to the risk of nodal
metastasis, superficial NADETs, including adenoma and
T1a cancer, are treatable by local resection; however, the
ability to achieve a negative margin may be a prerequisite to successful local resection. For adenoma or T1a
cancer, ER presents the same distant survival rates as
surgery[94]. In contrast, T1b cancer should be resected
with lymphadenectomy and PD appears to remain the
treatment of choice. In a recent review of 67 patients,
Barnes et al[95] reported a 5-year survival rate of 100% in
stage Ⅰ duodenal cancer. Therefore, preoperative diagnosis of the presence of submucosal invasion is important
to select the appropriate surgical method.

is beneficial to lower the risk of local recurrence. The
use of endoscopic treatment modalities, including EMR
and ESD, for the treatment for superficial NADETs is
increasing. However, ESD remains a challenging method,
considering the high risk of intraoperative or delayed perforation. Therefore, primary closure of the endoscopically resected site, as a preventive measure, is preferable.
The use of radical surgery for superficial NADETs has
decreased with the introduction of minimally invasive
surgery. Newer methods, such as the use of an over-thescope clip[67-69] or combined surgery of endoscopy and
laparoscopy[86,102], have been reported. Further studies are
warranted to improve the current diagnostic and treatment methods to both preserve curability and improve
the quality of life.

REFERENCES
1
2

FOLLOW-UP AFTER TREATMENT

3

Considering that EMR is often performed piecemeal,
repetitive endoscopy after resection is necessary. Ahmad et al[37] suggested that 6 wk was a suitable interval
to observe healing of the EMR site for lesions requiring
multiple sessions to achieve and/or confirm complete remission. Others report that endoscopic surveillance every
3 mo is required initially. Subsequently, if no recurrence
is observed, the surveillance should be reduced to every
6 mo or once a year[54,96]. Annual checkups should be performed for at least 2 years after complete removal[55]. For
lesions with submucosal invasion, computed tomography
and abdominal ultrasound should be performed to detect
nodal or distant metastasis.
Recent studies of Western populations have suggested that patients with sporadic duodenal adenomas are
at a higher risk for the development of colorectal neoplasia[97-100]. The odds ratio of colorectal neoplasia among
patients with sporadic duodenal adenomas is reportedly
2.4-3.6, and the incidence of colorectal cancer was significantly higher[97,98]. Dietary risk factors correlated with
cancer of the small intestine are similar to those correlated with colon cancer[101]. Therefore, patients with
sporadic duodenal adenomas should undergo routine
colonoscopy screening to increase the detection rate of
colorectal neoplasia.

4
5

6

7
8

9

10

11

FUTURE PERSPECTIVES

12

As with other malignancies, early detection is important
for the treatment of sporadic superficial NADETs. Establishing an endoscopic diagnostic tool to differentiate the lesion between adenoma and cancer as well as
between mucosal and submucosal cancer is required.
For lesions confined to the mucosa, local resection is
acceptable, and en bloc resection with negative margins

13

WJG|www.wjgnet.com

12505

Darling RC, Welch CE. Tumors of the small intestine. N
Engl J Med 1959; 260: 397-408 [PMID: 13632900 DOI: 10.1056/
NEJM195902262600901]
Cortese AF, Cornell GN. Carcinoma of the duodenum. Cancer 1972; 29: 1010-1015 [PMID: 5017329]
Hoffman BP, Grayzel DM. Benign tumors of the duodenum.
Am J Surg 1945; 70: 394-400 [PMID: 21005186]
Shukla SK, Elias EG. Primary neoplasms of the duodenum.
Surg Gynecol Obstet 1976; 142: 858-860 [PMID: 936029]
Perzin KH, Bridge MF. Adenomas of the small intestine:
a clinicopathologic review of 51 cases and a study of their
relationship to carcinoma. Cancer 1981; 48: 799-819 [PMID:
7248908 DOI: 10.1002/1097-0142(19810801)48]
Höchter W, Weingart J, Seib HJ, Ottenjann R. [Duodenal polyps. Incidence, histologic substrate and significance]. Dtsch
Med Wochenschr 1984; 109: 1183-1186 [PMID: 6745123 DOI:
10.1055/s-2008-1069345]
Alwmark A, Andersson A, Lasson A. Primary carcinoma of
the duodenum. Ann Surg 1980; 191: 13-18 [PMID: 7352773]
Yokoyama T, Saito D, Kondo H, Kido M, Hosokawa K, Shirao
K, Yokota T, Yamaguchi H, Oguro Y, Ishikawa T, Ushio K,
Ochiai A, Hiroasi S, Yoshida S. Endoscopic diagnosis of malignant lesions of the duodenum. Stomach Intestine 1993; 28:
641-649
Batra SK, Schuman BM, Reddy RR. The endoscopic variety
of duodenal villous adenoma - an experience with ten cases.
Endoscopy 1983; 15: 89-92 [PMID: 6872969 DOI: 10.1055/
s-2007-1021475]
Jepsen JM, Persson M, Jakobsen NO, Christiansen T, SkouboKristensen E, Funch-Jensen P, Kruse A, Thommesen P. Prospective study of prevalence and endoscopic and histopathologic characteristics of duodenal polyps in patients submitted
to upper endoscopy. Scand J Gastroenterol 1994; 29: 483-487
[PMID: 8079103]
Nagatani K, Takekoshi T, Baba Y, Kaku S, Koizumi K, Fujii
A, Ogata E, Ohta H, Nishi M, Kato Y, Yanagisawa A. Indications for endoscopic treatment of early duodenal cancer
based on cases reported in the literature (in Japanese). Endosc
Digest 1993; 5: 969-976
Fujisawa T, Tomofuji Y, Kuroda N, Hagino H, Sakamoto N,
Sakashita M, Maeda M, Kouno T, Matsuno Y. A case of early
duodenal cancer with tubulo-villous adenoma: report of a
case and clinicopathological review of Japanese literature.
Gastroenterol Endosc 1995; 37: 2768-2775
Oka S, Tanaka S, Nagata S, Hiyama T, Ito M, Kitadai Y,
Yoshihara M, Haruma K, Chayama K. Clinicopathologic
features and endoscopic resection of early primary nonampullary duodenal carcinoma. J Clin Gastroenterol 2003; 37:
381-386 [PMID: 14564184]

September 21, 2014|Volume 20|Issue 35|

Kakushima N et al . Treatment for non-ampullary duodenal tumors
14
15

16

17
18

19
20

21

22
23
24

25

26

27

28
29

30

Japanese Society for Cancer of the Colon and Rectum. Japanese classification of colorectal carcinoma. 8th ed. Tokyo:
Kanehara Shuppan, 2013: 9-10
Sellner F. Investigations on the significance of the adenomacarcinoma sequence in the small bowel. Cancer 1990; 66:
702-715 [PMID: 2167140 DOI: 10.1002/1097-0142(19900815)6
6]
Shimizu N, Tanaka S, Morikawa J, Yorioka S, Fukuda S,
Yamashita S, Bamba M, Hattori T, Hosoda S. [Early duodenal cancer of the bulb--report of a case]. Gan No Rinsho 1989;
35: 100-106 [PMID: 2646464]
Schulten MF, Oyasu R, Beal JM. Villous adenoma of the
duodenum. A case report and review of the literature. Am J
Surg 1976; 132: 90-96 [PMID: 952341]
Sohn TA, Lillemoe KD, Cameron JL, Pitt HA, Kaufman HS,
Hruban RH, Yeo CJ. Adenocarcinoma of the duodenum: factors influencing long-term survival. J Gastrointest Surg 1998; 2:
79-87 [PMID: 9841972 DOI: 10.1016/S1091-255X(98)80107-8]
Japanese Gastric Cancer Association. Japanese classification
of gastric carcinoma. 14th ed. Tokyo: Kanehara Shuppan,
2010: 7-8
Takahashi T, Ando T, Kabeshima Y, Kawakubo H, Shito M,
Sugiura H, Omori T. Borderline cases between benignancy
and malignancy of the duodenum diagnosed successfully by
endoscopic submucosal dissection. Scand J Gastroenterol 2009;
44: 1377-1383 [PMID: 19821793 DOI: 10.3109/0036552090328
7551]
Witteman BJ, Janssens AR, Griffioen G, Lamers CB. Villous
tumours of the duodenum. An analysis of the literature with
emphasis on malignant transformation. Neth J Med 1993; 42:
5-11 [PMID: 8446225]
Fujishiro M. Endoscopic treatment for nonampullary
duodenal neoplasms (in Japanese). Endosc Digest 2011; 23:
135-139
Bail JP, Lozac’h P, Volant A, Charles JF. [Adenocarcinoma of
the duodenum. Apropos of 2 cases: review of the literature].
J Chir (Paris) 1987; 124: 604-608 [PMID: 3323213]
Vasen HF, Möslein G, Alonso A, Aretz S, Bernstein I, Bertario L, Blanco I, Bülow S, Burn J, Capella G, Colas C, Engel C,
Frayling I, Friedl W, Hes FJ, Hodgson S, Järvinen H, Mecklin
JP, Møller P, Myrhøi T, Nagengast FM, Parc Y, Phillips R,
Clark SK, de Leon MP, Renkonen-Sinisalo L, Sampson JR,
Stormorken A, Tejpar S, Thomas HJ, Wijnen J. Guidelines for
the clinical management of familial adenomatous polyposis
(FAP). Gut 2008; 57: 704-713 [PMID: 18194984 DOI: 10.1136/
gut.2007.136127]
Spigelman AD, Talbot IC, Penna C, Nugent KP, Phillips RK,
Costello C, DeCosse JJ. Evidence for adenoma-carcinoma
sequence in the duodenum of patients with familial adenomatous polyposis. The Leeds Castle Polyposis Group (Upper
Gastrointestinal Committee). J Clin Pathol 1994; 47: 709-710
[PMID: 7962621 DOI: 10.1136/jcp.47.8.709]
Brosens LA, Keller JJ, Offerhaus GJ, Goggins M, Giardiello
FM. Prevention and management of duodenal polyps in
familial adenomatous polyposis. Gut 2005; 54: 1034-1043
[PMID: 15951555 DOI: 10.1136/gut.2004.053843]
Maehata Y, Esaki M, Hirahashi M, Kitazono T, Matsumoto
T. Duodenal adenomatosis in Japanese patients with familial
adenomatous polyposis. Dig Endosc 2014; 26 Suppl 2: 30-34
[PMID: 24750145 DOI: 10.1111/den.12255]
Yamanaka T, Yamamichi N, Konishi F. Clinico-pathological
study of duodenal adenoma (in Japanese with an English
abstract). Gastroenterol Endosc 1987; 29: 3070-3079
Goda K, Kikuchi D, Yamamoto Y, Takimoto K, Kakushima
N, Morita Y, Doyama H, Gotoda T, Maehata Y, Abe N. Endoscopic diagnosis of superficial non-ampullary duodenal
epithelial tumors in Japan: Multicenter case series. Dig Endosc 2014; 26 Suppl 2: 23-29 [PMID: 24750144 DOI: 10.1111/
den.12277]
Yoshimura N, Goda K, Tajiri H, Ikegami M, Nakayoshi T,

WJG|www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

12506

Kaise M. Endoscopic features of nonampullary duodenal
tumors with narrow-band imaging. Hepatogastroenterology
2010; 57: 462-467 [PMID: 20698209]
Kikuchi D, Hoteya S, Iizuka T, Kimura R, Kaise M. Diagnostic algorithm of magnifying endoscopy with narrow band
imaging for superficial non-ampullary duodenal epithelial
tumors. Dig Endosc 2014; 26 Suppl 2: 16-22 [PMID: 24750143
DOI: 10.1111/den.12282]
Inatsuchi S, Maeda Y. Magnifying endoscopy with narrow band imaging for diagnosis of nonampullary duodenal
adenomas and early cancers (in Japanese with an English
abstract). Stomach Intestine 2011; 46: 1604-1617
Tanaka K, Toyoda H, Inoue H, Hamada Y, Aoki M, Kosaka
R, Takamura M, Imoto I. Depressed-type early duodenal
carcinoma (carcinoma in situ) observed by enhanced magnification endoscopy. Endoscopy 2007; 39 Suppl 1: E125-E126
[PMID: 17440853 DOI: 10.1055/s-2007-966171]
Onozato Y, Kakizaki S, Ishihara H, Sohara N, Iizuka H, Okamura S, Mori M, Ogawa T, Itoh H. Magnifying endoscopic
findings of early duodenal adenocarcinoma in relation to the
pathological findings. Endoscopy 2008; 40 Suppl 2: E92-E93
[PMID: 18633892 DOI: 10.1055/s-2007-995573]
Tanaka M, Usuda M, Okura Y, Fujimori T, Ito H, Nanasawa
H, Orihara M, Iwamoto S, Makimoto S, Shinagawa K, Bando
T, Obi T, Nogami T, Miyazaki TG. Significance of magnifying endoscopy in diagnosis of duodenal elevated lesions (in
Japanese with an English abstract). Stomach Intestine 2003; 38:
1709-1720
Takao M, Kakushima N, Takizawa K, Tanaka M, Yamaguchi Y, Matsubayashi H, Kusafuka K, Ono H. Discrepancies in histologic diagnoses of early gastric cancer between
biopsy and endoscopic mucosal resection specimens. Gastric Cancer 2012; 15: 91-96 [PMID: 21814828 DOI: 10.1007/
s10120-011-0075-8]
Ahmad NA, Kochman ML, Long WB, Furth EE, Ginsberg
GG. Efficacy, safety, and clinical outcomes of endoscopic
mucosal resection: a study of 101 cases. Gastrointest Endosc
2002; 55: 390-396 [PMID: 11868015]
Lépilliez V, Chemaly M, Ponchon T, Napoleon B, Saurin JC.
Endoscopic resection of sporadic duodenal adenomas: an efficient technique with a substantial risk of delayed bleeding.
Endoscopy 2008; 40: 806-810 [PMID: 18828076 DOI: 10.1055/
s-2008-1077619]
Endo M, Abiko Y, Oana S, Kudara N, Chiba T, Suzuki K, Koizuka H, Uesugi N, Sugai T. Usefulness of endoscopic treatment for duodenal adenoma. Dig Endosc 2010; 22: 360-365
[PMID: 21175499 DOI: 10.1111/j.1443-1661.2010.01014.x]
Kakushima N, Ono H, Takao T, Kanemoto H, Sasaki K.
Method and timing of resection of superficial non-ampullary
duodenal epithelial tumors. Dig Endosc 2014; 26 Suppl 2:
35-40 [PMID: 24750146 DOI: 10.1111/den.12259]
Tio TL, Sie LH, Verbeek PC, Dé Wit LT, Tytgat GN. Endosonography in diagnosing and staging duodenal villous adenoma. Gut 1992; 33: 567-568 [PMID: 1582606 DOI: 10.1136/
gut.33.4.567]
Perez A, Saltzman JR, Carr-Locke DL, Brooks DC, Osteen
RT, Zinner MJ, Ashley SW, Whang EE. Benign nonampullary duodenal neoplasms. J Gastrointest Surg 2003; 7: 536-541
[PMID: 12763412 DOI: 10.1016/S1091-255X(02)00146-4]
Alexander S, Bourke MJ, Williams SJ, Bailey A, Co J. EMR
of large, sessile, sporadic nonampullary duodenal adenomas: technical aspects and long-term outcome (with videos).
Gastrointest Endosc 2009; 69: 66-73 [PMID: 18725157 DOI:
10.1016/j.gie.2008.04.061]
Yoshino J, Inui K, Wakabayashi T, Okushima K, Kobayashi
T, Miyoshi Y, Nakamura Y, Takada M, Kado R. Endoscopic
therapy for small tumors or tumorous lesions in the duodenum (in Japanese with an English abstract). Stomach Intestine
2001; 36: 1541-1545
Sato Y, Inoue H, Kaga M, Hayashi T, Wakamura K, Wada Y,

September 21, 2014|Volume 20|Issue 35|

Kakushima N et al . Treatment for non-ampullary duodenal tumors

46

47

48

49

50

51

52

53

54
55

56

57

58

59

60

61

Inui M, Sugaya S, Odata N, Satodate H, Kudo S. EMR/ESD
for nonampullary duodenal tumors (in Japanese). Clin Gastroenterol 2006; 9: 158-163
Tringali M, Crotta S, Bodrato C, Lolli R, Cerrato C, Cerrato
G. Early primary duodenal carcinoma successfully treated
by endoscopic polypectomy. Endoscopy 1994; 26: 709 [PMID:
7859685]
Friedrich-Rust M, Jaeger C, Gossner L, May A, Günter E,
Stolte M, Ell C. [Early duodenal adenocarcinoma arising in
gastric metaplasia treated by endoscopic resection]. Z Gastroenterol 2006; 44: 323-328 [PMID: 16625461 DOI: 10.1055/
s-2006-926492]
Obata S, Suenaga M, Araki K, Fujioka Y, Kimura K, Maeda
K, Miura K, Mizutani J. Use of strip biopsy in a case of early
duodenal cancer. Endoscopy 1992; 24: 232-234 [PMID: 1587243
DOI: 10.1055/s-2007-1010470]
Nishida K, Nojiri I, Kato M, Higashijima M, Takagi K, Akashi
R. [A case of early duodenal cancer resected by endoscopic
polypectomy in the elderly]. Nihon Ronen Igakkai Zasshi 1993;
30: 705-708 [PMID: 8230785]
Sakaida I, Yoshida T, Okita K. Endoscopic resection of early
duodenal cancer using a strip biopsy technique. Am J Gastroenterol 2000; 95: 1600-1601 [PMID: 10894618 DOI: 10.1111/
j.1572-0241.2000.02114.x]
Kume K, Okubo Y, Ejiri Y, Abe H, Hakozaki H, Murata I,
Yoshikawa I, Otsuki M. 1. Early duodenal carcinoma successfully treated by endoscopic mucosal resection. Digest Endosc 2000; 12: 177-180 [DOI: 10.1046/j.1443-1661.2000.00021.x]
Sanomura M, Tanaka S, Ito M, Chayama K. Depressed-type,
early duodenal carcinoma (carcinoma in situ) treated by endoscopic mucosal resection. J Gastroenterol 2003; 38: 813-815
[PMID: 14505142 DOI: 10.1007/s00535-003-1152-5]
Hirasawa R, Iishi H, Tatsuta M, Ishiguro S. Clinicopathologic features and endoscopic resection of duodenal adenocarcinomas and adenomas with the submucosal saline injection technique. Gastrointest Endosc 1997; 46: 507-513 [PMID:
9434217]
Apel D, Jakobs R, Spiethoff A, Riemann JF. Follow-up after
endoscopic snare resection of duodenal adenomas. Endoscopy
2005; 37: 444-448 [PMID: 15844023 DOI: 10.1055/s-2005-861287]
Abbass R, Rigaux J, Al-Kawas FH. Nonampullary duodenal polyps: characteristics and endoscopic management.
Gastrointest Endosc 2010; 71: 754-759 [PMID: 20363416 DOI:
10.1016/j.gie.2009.11.043]
Kedia P, Brensinger C, Ginsberg G. Endoscopic predictors of
successful endoluminal eradication in sporadic duodenal adenomas and its acute complications. Gastrointest Endosc 2010;
72: 1297-1301 [PMID: 20970793 DOI: 10.1016/j.gie.2010.07.039]
Kim HK, Chung WC, Lee BI, Cho YS. Efficacy and long-term
outcome of endoscopic treatment of sporadic nonampullary duodenal adenoma. Gut Liver 2010; 4: 373-377 [PMID:
20981216 DOI: 10.5009/gnl.2010.4.3.373]
Eswaran SL, Sanders M, Bernadino KP, Ansari A, Lawrence
C, Stefan A, Mattia A, Howell DA. Success and complications of endoscopic removal of giant duodenal and ampullary polyps: a comparative series. Gastrointest Endosc 2006;
64: 925-932 [PMID: 17140900]
Yamamoto Y, Yoshizawa N, Tomida H, Fujisaki J, Igarashi M.
Therapeutic outcomes of endoscopic resection for superficial
non-ampullary duodenal tumor. Dig Endosc 2014; 26 Suppl 2:
50-56 [PMID: 24750149 DOI: 10.1111/den.12273]
Takeuchi M, Kobayashi M, Shioji K, Togashi T, Hashimoto S,
Sato Y, Narisawa R, Aoyagi Y. Prevention and management
of complications in endoscopic resection for non-ampullary
duodenal neoplasms (in Japanese with an English abstract).
Endosc Digest 2010; 22: 1561-158
Jung JH, Choi KD, Ahn JY, Lee JH, Jung HY, Choi KS, Lee
GH, Song HJ, Kim DH, Kim MY, Bae SE, Kim JH. Endoscopic submucosal dissection for sessile, nonampullary duodenal
adenomas. Endoscopy 2013; 45: 133-135 [PMID: 23364841

WJG|www.wjgnet.com

62

63

64

65

66

67

68

69

70
71
72
73
74

75
76

77

12507

DOI: 10.1055/s-0032-1326178]
Matsumoto S, Miyatani H, Yoshida Y. Endoscopic submucosal dissection for duodenal tumors: a single-center experience. Endoscopy 2013; 45: 136-137 [PMID: 22930172 DOI:
10.1055/s-0032-1310123]
Honda T, Yamamoto H, Osawa H, Yoshizawa M, Nakano
H, Sunada K, Hanatsuka K, Sugano K. Endoscopic submucosal dissection for superficial duodenal neoplasms. Dig
Endosc 2009; 21: 270-274 [PMID: 19961529 DOI: 10.1111/
j.1443-1661.2009.00908.x]
Ono H, Nonaka S, Uedo N, Kaise M, Oyama T, Doyama H,
Kokawa A, Kaneko K, Kodashima S, Tanabe S, Toyonaga T,
Hirasawa T, Michida T. Clinical issues of duodenal EMR/
ESD (in Japanese with an English abstract). Stomach Intestine
2011; 46: 1669-1677
Inoue T, Uedo N, Yamashina T, Yamamoto S, Hanaoka N,
Takeuchi Y, Higashino K, Ishihara R, Iishi H, Tatsuta M,
Takahashi H, Eguchi H, Ohigashi H. Delayed perforation:
a hazardous complication of endoscopic resection for nonampullary duodenal neoplasm. Dig Endosc 2014; 26: 220-227
[PMID: 23621427 DOI: 10.1111/den.12104]
Iizuka T, Kikuchi D, Hoteya S, Yamada A, Yamashita S, Fujimoto A, Nakamura M, Matsui A, Kuroki Y, Mitani T, Kaise
M, Yahagi N. How to manage duodenal tumors with EMR
or ESD (in Japanese with an English abstract). Gastroenterol
Endosc 2011; 53: 87-94
Mori H, Shintaro F, Kobara H, Nishiyama N, Rafiq K, Kobayashi M, Nakatsu T, Miichi N, Suzuki Y, Masaki T. Successful closing of duodenal ulcer after endoscopic submucosal dissection with over-the-scope clip to prevent delayed
perforation. Dig Endosc 2013; 25: 459-461 [PMID: 23368742
DOI: 10.1111/j.1443-1661.2012.01363.x]
Doyama H, Tominaga K, Yoshida N, Takemura K, Yamada
S. Endoscopic tissue shielding with polyglycolic acid sheets,
fibrin glue and clips to prevent delayed perforation after
duodenal endoscopic resection. Dig Endosc 2014; 26 Suppl 2:
41-45 [PMID: 24750147 DOI: 10.1111/den.12253]
Takimoto K, Imai Y, Matsuyama K. Endoscopic tissue
shielding method with polyglycolic acid sheets and fibrin
glue to prevent delayed perforation after duodenal endoscopic submucosal dissection. Dig Endosc 2014; 26 Suppl 2:
46-49 [PMID: 24750148 DOI: 10.1111/den.12280]
Lienert A, Bagshaw PF. Treatment of duodenal adenomas
with endoscopic argon plasma coagulation. ANZ J Surg 2007; 77:
371-373 [PMID: 17497979 DOI: 10.1111/j.1445-2197.2007.04063.x]
Basford PJ, Bhandari P. Endoscopic management of nonampullary duodenal polyps. Therap Adv Gastroenterol 2012; 5:
127-138 [PMID: 22423261 DOI: 10.1177/1756283X11429590]
Scott-Coombes DM, Williamson RC. Surgical treatment of
primary duodenal carcinoma: a personal series. Br J Surg
1994; 81: 1472-1474 [PMID: 7820475]
Solej M, D’Amico S, Brondino G, Ferronato M, Nano M.
Primary duodenal adenocarcinoma. Tumori 2008; 94: 779-786
[PMID: 19267092]
Han SL, Cheng J, Zhou HZ, Zeng QQ, Lan SH. The surgical
treatment and outcome for primary duodenal adenocarcinoma. J Gastrointest Cancer 2010; 41: 243-247 [PMID: 20431961
DOI: 10.1007/s12029-010-9160-1]
Lang H, Nadalin S, Raab R, Jähne J. [Results of surgical therapy
of primary adenocarcinoma of the duodenum]. Chirurg 1999;
70: 571-577 [PMID: 10412601 DOI: 10.1007/s001040050688]
Cameron JL, Riall TS, Coleman J, Belcher KA. One thousand
consecutive pancreaticoduodenectomies. Ann Surg 2006; 244:
10-15 [PMID: 16794383 DOI: 10.1097/01.sla.0000217673.04165.
ea]
Mukherjee S, Kocher HM, Hutchins RR, Bhattacharya S,
Abraham AT. Impact of hospital volume on outcomes for
pancreaticoduodenectomy: a single UK HPB centre experience. Eur J Surg Oncol 2009; 35: 734-738 [PMID: 18547780
DOI: 10.1016/j.ejso.2008.04.006]

September 21, 2014|Volume 20|Issue 35|

Kakushima N et al . Treatment for non-ampullary duodenal tumors
78

79
80

81

82

83

84

85

86

87

88

89
90

Farnell MB, Sakorafas GH, Sarr MG, Rowland CM, Tsiotos
GG, Farley DR, Nagorney DM. Villous tumors of the duodenum: reappraisal of local vs. extended resection. J Gastrointest Surg 2000; 4: 13-21, discussion 22-23 [PMID: 10631358]
Haglund U, Fork FT, Genell S, Rehnberg O. Villous adenomas
in the duodenum. Br J Surg 1985; 72: 26-27 [PMID: 3967125]
Santoro E, Sacchi M, Scutari F, Carboni F, Graziano F. Primary adenocarcinoma of the duodenum: treatment and survival in 89 patients. Hepatogastroenterology 1997; 44: 1157-1163
[PMID: 9261617]
Tanigawa K, Akino K, Kajiwara Y, Ozeki K, Kanematsu T,
Shibata H, Yamashita S. A small depressed early cancer of
the second portion of duodenum: report of a case and review
of Japanese literature. Chin Med J (Engl) 1996; 109: 810-813
[PMID: 9275361]
Jurisić D, Doko M, Glavan E, Rosko D, Vidović D, Tomić K.
Local recurrence of primary non-ampullary adenocarcinoma
of duodenum after surgical treatment--a case report and a literature review. Coll Antropol 2006; 30: 225-229 [PMID: 16617602]
Kaklamanos IG, Bathe OF, Franceschi D, Camarda C, Levi
J, Livingstone AS. Extent of resection in the management of
duodenal adenocarcinoma. Am J Surg 2000; 179: 37-41 [PMID:
10737576]
Eisenberger CF, Knoefel WT, Peiper M, Yekebas EF, Hosch
SB, Busch C, Izbicki JR. Pancreas-sparing duodenectomy in
duodenal pathology: indications and results. Hepatogastroenterology 2004; 51: 727-731 [PMID: 15143902]
Konishi M, Kinoshita T, Nakagohri T, Takahashi S, Gotohda
N, Ryu M. Pancreas-sparing duodenectomy for duodenal
neoplasms including malignancies. Hepatogastroenterology
2007; 54: 753-757 [PMID: 17591055]
Abe N, Suzuki Y, Masaki T, Mori T, Sugiyama M. Surgical
management of superficial non-ampullary duodenal tumors.
Dig Endosc 2014; 26 Suppl 2: 57-63 [PMID: 24750150 DOI:
10.1111/den.12272]
Tanaka Y, Tokunaga K, Katsuragawa K, Yoshiura K, Naitoh
M, Kino K, Tsuru M, Matsumoto K, Fukazawa T, Kuroiwa K,
Sakagawa K, Sawabe M, Takubo K, Esaki Y. Early carcinoma
of the distal second part of the duodenum treated by wedge
resection. J Clin Gastroenterol 1999; 28: 67-69 [PMID: 9916673]
Spalding DR, Isla AM, Thompson JN, Williamson RC. Pancreas-sparing distal duodenectomy for infrapapillary neoplasms.
Ann R Coll Surg Engl 2007; 89: 130-135 [PMID: 17346405 DOI:
10.1308/003588407X155815]
Galandiuk S, Hermann RE, Jagelman DG, Fazio VW, Sivak
MV. Villous tumors of the duodenum. Ann Surg 1988; 207:
234-239 [PMID: 3345110]
Friedrich-Rust M, Ell C. Early-stage small-bowel adenocarcinoma: a review of local endoscopic therapy. Endoscopy 2005;
37: 755-759 [PMID: 16032496 DOI: 10.1055/s-2005-870162]

91

Rose DM, Hochwald SN, Klimstra DS, Brennan MF. Primary duodenal adenocarcinoma: a ten-year experience with
79 patients. J Am Coll Surg 1996; 183: 89-96 [PMID: 8696551]
92 Bakaeen FG, Murr MM, Sarr MG, Thompson GB, Farnell
MB, Nagorney DM, Farley DR, van Heerden JA, Wiersema
LM, Schleck CD, Donohue JH. What prognostic factors are
important in duodenal adenocarcinoma? Arch Surg 2000; 135:
635-641; discussion 641-642 [PMID: 10843358 DOI: 10.1001/
archsurg.135.6.635]
93 Ryder NM, Ko CY, Hines OJ, Gloor B, Reber HA. Primary
duodenal adenocarcinoma: a 40-year experience. Arch Surg
2000; 135: 1070-1074; discussion 1074-1075 [PMID: 10982512
DOI: 10.1001/archsurg.135.9.1070]
94 Seifert E, Schulte F, Stolte M. Adenoma and carcinoma of
the duodenum and papilla of Vater: a clinicopathologic
study. Am J Gastroenterol 1992; 87: 37-42 [PMID: 1728122]
95 Barnes G, Romero L, Hess KR, Curley SA. Primary adenocarcinoma of the duodenum: management and survival in
67 patients. Ann Surg Oncol 1994; 1: 73-78 [PMID: 7834432]
96 Kashida H, Inoue H, Yamamura F, Minami H, Sato Y, Kaga
M, Kameda R, Kudo S. Treatment selection, prevention for
complication and follow-up for duodenal tumors (in Japanese). Clin Gastroenterol 2008; 11: 260-265
97 Murray MA, Zimmerman MJ, Ee HC. Sporadic duodenal
adenoma is associated with colorectal neoplasia. Gut 2004;
53: 261-265 [PMID: 14724161 DOI: 10.1136/gut.2003.025320]
98 Ramsoekh D, van Leerdam ME, Dekker E, Ouwendijk RT,
van Dekken H, Kuipers EJ. Sporadic duodenal adenoma and
the association with colorectal neoplasia: a case-control study.
Am J Gastroenterol 2008; 103: 1505-1509 [PMID: 18510617 DOI:
10.1111/j.1572-0241.2007.01775.x]
99 Pequin P, Manfredi S, Quentin V, Heresbach D, Boyer J,
Siproudhis L, Bretagne JF. Patients with sporadic duodenal adenoma are a high-risk group for advanced colorectal neoplasia:
results of a case-control study. Aliment Pharmacol Ther 2007; 26:
277-282 [PMID: 17593073 DOI: 10.1111/j.1365-2036.2007.03359.
x]
100 Adler DG, Qureshi W, Davila R, Gan SI, Lichtenstein D,
Rajan E, Shen B, Zuckerman MJ, Fanelli RD, Van Guilder T,
Baron TH. The role of endoscopy in ampullary and duodenal adenomas. Gastrointest Endosc 2006; 64: 849-854 [PMID:
17140885]
101 Negri E, Bosetti C, La Vecchia C, Fioretti F, Conti E, Franceschi S. Risk factors for adenocarcinoma of the small intestine.
Int J Cancer 1999; 82: 171-174 [PMID: 10389747 DOI: 10.1002/
(SICI)1097-0215(19990719)82]
102 Sakon M, Takata M, Seki H, Hayashi K, Munakata Y, Tateiwa
N. A novel combined laparoscopic-endoscopic cooperative
approach for duodenal lesions. J Laparoendosc Adv Surg Tech A
2010; 20: 555-558 [PMID: 20578925 DOI: 10.1089/lap.2009.0392]
P- Reviewer: Chang JH, Chung WC, Jeon SE S- Editor: Ma N
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

12508

September 21, 2014|Volume 20|Issue 35|

World J Gastroenterol 2014 September 21; 20(35): 12509-12516
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i35.12509

© 2014 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Routine colonic endoscopic evaluation following resolution
of acute diverticulitis: Is it necessary?
Amit K Agarwal, Burzeen E Karanjawala, Justin A Maykel, Eric K Johnson, Scott R Steele
Amit K Agarwal, Department of Surgery, University of Texas
Health Science Center-Houston, Houston, TX 77030, United
States
Burzeen E Karanjawala, Department of Surgery, University of
Texas Health Science Center-Houston and Lyndon B. Johnson
General Hospital, Houston, TX 77026, United States
Justin A Maykel, University of Massachusetts Memorial Medical Center, Worcester, MA 01605, United States
Eric K Johnson, Scott R Steele, Colon Rectal Surgery, Department of Surgery, Madigan Army Medical Center, Tacoma, WA
98431, United States
Author contributions: Agarwal AK and Karanjawala BE contributed equally to this work; Agarwal AK, Karanjawala BE and
Steele SR designed research; Agarwal AK, Karanjawala BE and
Steele SR performed research; Makel JA and Johnson EK contributed expertise knowledge and performed critical revision on
the paper; Agarwal AK, Karanjawala BE and Steele SR authored
the paper and helped with critical revision.
Correspondence to: Scott R Steele, MD, Chief of Colon Rectal Surgery, Department of Surgery, Madigan Army Medical Center, Tacoma, WA 98431, United States. harkersteele@mac.com
Telephone: +1-253-9682200 Fax:+1-253-9685900
Received: February 20, 2014 Revised: April 10, 2014
Accepted: May 25, 2014
Published online: September 21, 2014

Abstract
Diverticular disease incidence is increasing up to 65%
by age 85 in industrialized nations, low fiber diets, and
in younger and obese patients. Twenty-five percent of
patients with diverticulosis will develop acute diverticulitis. This imposes a significant burden on healthcare
systems, resulting in greater than 300000 admissions
per year with an estimated annual cost of $3 billion
USD. Abdominal computed tomography (CT) is the diagnostic study of choice, with a sensitivity and specificity greater than 95%. Unfortunately, similar CT findings
can be present in colonic neoplasia, especially when
perforated or inflamed. This prompted professional
societies such as the American Society of Colon Rectal
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Surgeons to recommend patients undergo routine colonoscopy after an episode of acute diverticulitis to rule
out malignancy. Yet, the data supporting routine colonoscopy after acute diverticulitis is sparse and based
small cohort studies utilizing outdated technology.
While any patient with an indication for a colonoscopy
should undergo appropriate endoscopic evaluation, in
the era of widespread use of high-resolution computed
tomography, routine colonic endoscopic evaluation following resolution of acute uncomplicated diverticulitis
poses additional costs, comes with inherent risks, and
may require further study. In this manuscript, we review the current data related to this recommendation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colonic evaluation; Colonoscopy; Diverticulitis;
Acute diverticulitis; Colonic neoplasia; Endoscopy
Core tip: Acute diverticulitis accounts for greater than
300000 hospital admissions a year in the United States
alone. Current guidelines suggest that routine colonic
evaluation is recommended following recovery from an
episode of acute diverticulitis to confirm the diagnosis
and exclude malignancy. Current data suggests that
the presence of colonic neoplasia after an optimal highresolution computed tomography that demonstrates
uncomplicated diverticulitis will be low. Accordingly,
routine colonic endoscopic evaluation following treatment of computed tomography-diagnosed acute uncomplicated diverticulitis may deserve further study.
Agarwal AK, Karanjawala BE, Maykel JA, Johnson EK, Steele
SR. Routine colonic endoscopic evaluation following resolution
of acute diverticulitis: Is it necessary? World J Gastroenterol
2014; 20(35): 12509-12516 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i35/12509.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i35.12509
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INTRODUCTION
Diverticulitis and diverticulosis pose significant medical
challenges in Western countries, with rising incidence
over the past century[1]. People living in industrialized
countries have a lifetime risk of about 60% for developing colonic diverticula[2]. Acute diverticulitis is one of the
most common causes of hospital admission, affecting up
to 25% of patients with diverticulosis. The annual cost
of managing diverticular disease in the United States has
been estimated at $3 billion (US dollars), with greater
than 300000 yearly admissions[3,4].
The evaluation and management of acute diverticulitis has continues to evolve over the past few decades. Today, there is a significant increase in the use of computed
tomography (CT) to confirm the diagnosis (Figure 1A,
B) of acute diverticulitis, and a trend toward conservative
management over surgical resection[5,6]. Surgery is typically reserved for those with Hinchey Ⅲ/Ⅳ diverticulitis,
free perforation, multiple episodes of acute diverticulitis,
or chronic symptoms. With image-guided drainage by
interventional radiology and broad-spectrum antibiotics,
most patients with sizeable pericolic or pelvic abscesses
do not require immediate surgical intervention. In the
surgical arena, the traditional approach of a Hartmann’
s procedure is also being challenged, with increasing using of resection and primary anastomosis (with or without diverting ileostomy), and select patients undergoing
laparoscopic lavage and drainage along with antibiotic
therapy[7-9].
Current internationally accepted guidelines recommend routine colonic endoscopic evaluation after an
episode of acute diverticulitis to confirm the diagnosis
and exclude malignancy[10]. Factors such as positive family
history, smoking, lack of dietary fiber, and age place all
patients at a higher risk for developing colonic neoplasias[11,12], and for diverticular disease. It is therefore not
surprising that clinical trials have identified an age-related
increase in the prevalence of advanced colonic neoplasia
in patients with diverticular disease[12,13]. Even though
epidemiologic data vary worldwide, multiple autopsy
studies confirm this age-related increased risk of colonic
neoplasia of about 6% in patients younger than 40, and
up to 65% in patients older than 80[14,15]. Based on these
trials, small-to-medium sized cohort studies, and some individual case reports, some authors advocate routine colonic evaluation after recovery from an episode of acute
diverticulitis.
In 2006, the American Society of Colon and Rectal
Surgeons (ASCRS) published their guidelines for the diagnosis and treatment of acute sigmoid diverticulitis[16].
They evaluated the level of evidence supporting routine
follow-up endoscopy in the outpatient setting, after recovery from an acute episode and found it to be lowgrade; however, they continue to support the recommendation. Based in part on the relative safety of endoscopy,
and the potential catastrophic consequences of missing
a malignancy, they recommended that after resolution of
an initial episode of acute diverticulitis, the colon should
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be adequately evaluated to confirm the diagnosis. This
can be performed via colonoscopy or contrast enema
X-ray (with flexible sigmoidoscopy) to exclude other
diagnoses, primarily colonic neoplasia, ischemia, and inflammatory bowel disease. In 2014, the ASCRS published
an update to their clinical guidelines for the treatment of
sigmoid diverticulitis. Again, they support the recommendation for endoscopy to exclude other diagnoses after
an acute episode of diverticulitis has resolved, typically
in 6-8 wk. They, however, again note that the quality of
evidence for this recommendation remains poor[17]. So,
where does this recommendation come from?
A review of the literature suggests this recommendation dates back to the era preceding the widespread use
of high-quality cross-sectional imaging to diagnose acute
diverticulitis. Accordingly, this may reflect the limited reliability of earlier diagnostic methods rather than a true
indication of the colonic neoplasia risk[18]. More recently,
improvements in the accessibility of computed tomography have led to CT’s increased use in the diagnosis and
management of acute diverticulitis. Furthermore, technological improvements in the resolution and quality of
computed tomography has allowed for a better evaluation
of the affected colonic segment and accurate staging of
diverticular complications[19]. This improvement in technology may also allow for differentiation of diverticular
disease from other pathological conditions.
Currently, there are no completed or planned prospective randomized control trials evaluating the potential
benefit of routine colonic endoscopic evaluation after an
episode of uncomplicated diverticulitis. Therefore, the
purpose of this manuscript is to review the literature and
critically analyze the utility of routine colonic endoscopic
evaluation following recovery from an episode of acute
diverticulitis to determine its necessity.

CHANGING TRENDS
Historical background
For decades, the management of diverticulitis has included endoscopic evaluation to rule out alternate diagnoses,
including malignancy. Reported rates of additional diagnoses are up to as many as 37% of individuals, with malignancy rates approaching 17%[20]. Because of the presumed association of diverticulitis with other pathologies,
endoscopy was found to be routinely indicated and would
assist in surgical decision-making (Figure 2). In the past,
the radiographic diagnosis of diverticulitis with barium
enema proved to be inaccurate, leading to missed lesions
including advanced pre-malignant neoplastic tumors that
subsequently progressed to malignancy. Boulos et al[21]
looked at a small cohort of 65 patients diagnosed with
symptomatic diverticular disease. Barium enema identified 17 polyps and 2 carcinomas. Subsequent colonoscopy demonstrated no polyps in 9/17 patients, one polyp
was found to be carcinoma, and only one of the two
carcinomas was confirmed. In the 46 patients who were
diagnosed with diverticulosis, polyps were subsequently
identified in 8 and carcinoma in 3 patients. Barium en-
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Figure 2 Colonoscopy demonstrating a polyp arising within a diverticulum in the descending colon. Histology confirmed this to be a tubulovillous
adenoma with well-differentiated adenocarcinoma confined to the mucosa.
Reproduced with permission from Fu KI, Hamahata Y, Tsujinaka Y. Early colon
cancer within a diverticulum treated by magnifying chromoendoscopy and laparoscopy. World J Gastroenterol 2010; 16 (12): 1545-1547.

Figure 1 Computed tomography imaging demonstrating acute diverticulitis. A: Computed tomography (CT) imaging demonstrating acute, uncomplicated diverticulitis. Reproduced with permission from Stocchi L. Current indications and role of surgery in the management of sigmoid diverticulitis. World
J Gastroenterol 2010; 16(7): 804-817; B: CT imaging demonstrating acute
diverticulitis with localized perforation with a small amount of extraluminal air.
Reproduced with permission from Stocchi L. Current indications and role of surgery in the management of sigmoid diverticulitis. World J Gastroenterol 2010;
16 (7): 804-817.

ema was, therefore, inaccurate 35% of the time. In these
patients, neoplasia was identified in 31% of patients and
malignancy in 7.7%. Other studies[22-24] reaffirmed these
findings. Given the inaccuracy of barium enema and the
relatively high incidence of neoplasia and malignancy,
colonoscopy was felt to be an improvement in overall
accuracy; therefore, it was recommended in patients with
symptomatic diverticular disease.
Evolving trends in the management of diverticulitis
Because of an evolving trend toward nonoperative management, the accuracy of diagnostic studies remains
paramount. Recently published reviews [25,26] examined
the natural history of uncomplicated diverticulitis and
the indications for surgery. In patients presenting with
uncomplicated diverticulitis and followed for 8.9 years,
recurrence occurred in 13.3% of patients and only 3.9%
had a second recurrence. In addition, the rate of complicated recurrence after a bout of uncomplicated diverticulitis is rare, occurring only 5% of the time. Furthermore,
commonly held notions that young age and number of
occurrences portended a worse prognosis may not hold
true. Further data suggests that age of onset less than 50
years and 2 or more recurrences do not increase the risk
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of complications and need for subsequent colectomy.
Therefore, the decision to proceed with surgery should
be based on the risks of recurrent diverticulitis, surgical
risk, and symptom resolution. Even select patients with
complicated disease may undergo non-operative management rather than a mandatory surgical resection[17].
With the advent of image-guided percutaneous drainage,
patients with perforated diverticulitis and an isolated abscess can be treated (at least initially) with drainage and
antibiotic therapy[7-9]. Newer investigations are also looking at laparoscopic washout and drainage without resection in select patients[27-30].
On the other hand, patients with malignancy obviously require surgical resection. Previously, even despite
an “inaccurate” diagnosis of diverticulitis in a patient
who in reality harbored a malignancy, a surgical resection may have resulted in the same endpoint - operative
removal of that segment of bowel. In that scenario, the
patient would be appropriately diagnosed and potentially
would have received the appropriate therapy for their
cancer. Yet, surgeons may not always include a complete
lymphadenectomy in a patient with known diverticular
cases versus readily following standard principles with
oncological resection in a known colon cancer case. Furthermore, as we have moved towards non-operative management in diverticular disease, identifying patients who
have synchronous cancer becomes even more important,
as missing a diagnosis of advanced adenoma or colorectal malignancy may result in progression of the disease
from resectable to non-resectable (at least for cure). With
this in mind, and being more concerned about the risk of
missing malignancy - especially as non-operative management is becoming more frequent in diverticulitis, most
practitioners have elected to follow the guidelines and to
perform routine endoscopy.
Association between diverticulitis and malignancy
One area of persisting controversy deals with whether an
association exists between diverticulitis and advanced co-
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lonic neoplasia (Figure 2), and, if so, is there an increased
incidence of colonic neoplasia in patients diagnosed with
diverticulitis? In 2013, a multidisciplinary working group
from the Netherlands developed national guidelines including the epidemiology, classification, diagnostics and
treatment of acute left-sided diverticulitis in all its aspects
based on an evidence-based review of the international
literature. The guidelines stated that colonoscopy in
the acute phase of diverticulitis was not recommended
for diagnostic purposes and that there was no place for
routine endoscopic evaluation after an episode of acute
left-sided diverticulitis[31]. Krones et al[32] examined two
subgroups of patients - those with an initial diagnosis
of cancer and those with an initial diagnosis of diverticulitis - to evaluate the presence of the other diagnosis
in each. They further categorized the groups based on
age and performed an age-stratified analysis. Of 512 patients with diverticular disease, 28 patients (5.5%) were
identified with synchronous or metachronous advanced
colonic neoplastic lesions. In patients undergoing resection for diverticulitis and its associated complications,
a reduced rate of advanced colonic neoplasia was seen
with an odds ratio of 0.13-0.43. Based on this data, the
authors concluded that there is no association between
the two disease processes as previously suspected. With
this study, it is important to understand that the authors
are describing colonic neoplasia in the remaining colon
after resection of the segment with diverticular disease.
Unfortunately, they do not comment on synchronous
(or occult) neoplasia in the resected segment. They also
do not comment on how many of these patients had a
previous colonoscopy, and what percentage had never
undergone a colonoscopic evaluation. Thus, one cannot
infer that the patient was harboring malignancy in the diseased segment. In addition, the authors do not separately
report advanced neoplastic lesions and colorectal cancer;
but rather, group them together in their report.
A subsequent study[33] looked at the association between diverticulitis and colonic neoplasia and compared
it to the general population. The expected lifetime risk of
malignancy is about 4%-5% and advanced adenomas is
about 20%. Looking at the results for 288 patients, five
patients (1.7%) had carcinoma and 18 patients (6.3%)
were found to have colorectal adenomas. Based on the
lifetime risk of carcinoma and malignancy, this population was expected to have 17 colorectal cancers and 69
adenomas. Therefore, the risk of malignancy and adenomas was less than expected, and the authors concluded
that there was not an increased risk of malignancy in patients with a diagnosis of diverticulitis.
As we look at how the diagnosis of diverticulitis has
changed, we have moved from clinical diagnosis with
confirmation by barium enema to confirmation with
CT. With improvements in multi-slice CT, this modality
provides much more information, including the ability to
better diagnose perforation and abscess, and it provides
more information regarding the colon and surrounding
soft tissues. In 309 patients with CT diagnosed diverticu-
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litis who underwent follow-up colonoscopy within one
year of diagnosis, Lau et al[34] found eighty-two patients
(28%) with adenomatous polyps, and 9 patients (2.8%)
had colorectal carcinoma. In addition, the authors crossreferenced the national cancer registry and identified
additional patients with a CT diagnosis of diverticulitis
who were later found to have malignancy. With this additional data, 23 patients (2.1%) were diagnosed with
malignancy within one year. Brar and colleagues[35] looked
at those patients with acute diverticulitis confirmed by
CT scan and managed non-operatively and reviewed the
endoscopy and pathology results. In this retrospective
review, 458 patients were identified with a diagnosis of
diverticulitis and who underwent non-operative management. Of these, 249 patients (54%) had subsequent
endoscopy within one year of admission. Their primary
end point was the incidence of clinically significant neoplasia. They identified 77 patients (30.9%) with polyps, 19
patients (7.6%) with advanced adenoma, and 4 patients
(1.6%) with invasive adenocarcinoma. In total, clinically
significant neoplasia was identified in 23 patients (9.2%).
Once again, we must point out that none of these studies comment on the location of malignancy in relation
to the location of diverticular disease. These patients
may have developed neoplasia in different segments of
the colon, leaving it unrelated to the diverticular disease.
While colonic wall thickening and pericolonic inflammation could be secondary to diverticulitis or malignancy, if
malignancy is identified elsewhere, the CT findings become less relevant in attempting to differentiate the two
disease processes. Given the widespread use of CT imaging to confirm the diagnosis of diverticulitis, additional
information is gleaned from the images that may help to
differentiate diverticulitis from malignancy, or, at the very
least, identify patients at higher risk of an associated malignancy in the setting of acute diverticulitis that would
necessitate the use of endoscopy to aid in diagnosis.
Higher risk patients
So should we abandon endoscopy in this setting altogether? Simply stated, no. Obviously, if a patient has
something in their evaluation that would dictate any need
for a colonoscopy (i.e., diagnostic dilemma, concerning
radiographic finding, due for elective routine screening),
colonoscopy should be performed. However, if diverticulitis alone should not be considered as an indication
for colonoscopy, can we identify patients that are at
higher risk of harboring malignancy in the absence of
these other baseline risks? Brar et al[35] further subdivided
their patient population into complicated and uncomplicated diverticulitis. This subgroup analysis only considered patients with pericolic or pelvic abscess at time
of presentation for the complicated diverticulitis group
because those presenting with obstruction or fistula were
managed operatively. In their analysis, they found that 9
patients (5.4%) in the uncomplicated group had advanced
adenoma; whereas, in those patients presenting with abscess, 14 patients (18.9%) had advanced adenoma. Four
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Table 1 Summary of articles n (%)
Year

Patients Endoscopies Patients with nonmalignant Patients with
colonic polyps/neoplasia
malignancy

Krones et al[32] 2006

512

NR

NR

28 (5.5)

Lam et al[33]

2010

288

NR

23 (8)

5 (1.7)

Lau et al[34]

2011

1088

319 (29.3)

82 (26)

9 (2.8)

Brar et al[35]

2013

458

249 (54.4)

77 (30.9)

4 (1.6)

Elmi et al[36]
Total:

2013

1034

402 (38.9)

78 (19.4)
260 (20.7)

9 (2.2)
55 (3.1)

Comments
Looked at patients with malignancy and synchronous
diverticulosis and patients with diverticulosis/diverticulitis and
synchronous or metachronous malignancy
Looked at all patients with diverticulitis. Reviewed pathology
report for those undergoing resection
Recommend routine colonic evaluation, especially in patients
with complicated diverticulitis
Age and abscess are independent predictors of malignancy on
multivariate analysis
Also evaluated CT findings and risk of malignancy

For reference, lifetime risk of non-malignant neoplastic lesions and malignancy is about 20% and 4%-5%, respectively. CT: Computed tomography; NR: Not
recorded.

patients (5.4%) presenting with complicated diverticulitis
were found to have invasive malignancy, while there were
none identified in the uncomplicated diverticulitis group.
The investigators also looked at age as a risk factor for
advanced neoplasia. On multivariate analysis, both age
(OR = 1.04, 95%CI: 1.01-1.08) and presence of intraabdominal abscess (OR = 4.15, 95%CI: 1.68-10.3) were
determined to be independent risk factors. Looking at
patients with complicated diverticulitis, Lau and associates[34] found the odds of malignancy with the presence
of abscess is 6.7-fold (95%CI: 2.4-18.7), 4-fold (95%CI:
1.1-14.9) with local perforation, and 18-fold (95%CI:
5.1-63.7) in patients with concomitant fistula as compared
to uncomplicated diverticulitis. Therefore, in patients
above the age of 50 or those presenting with complicated
diverticulitis, colonoscopy should be considered.
Radiographic clues
As mentioned above, CT imaging provides more information regarding the colon and surrounding soft tissues
than barium enema alone, and these details may be useful in evaluating patients with diverticulitis and the risk
for associated malignancy. Elmi et al[36] looked at 402
patients with CT diagnosed diverticulitis who underwent
colonoscopy at any time after CT. They identified 78
patients (19.4%) with polyps, 55 patients (13.7%) with
adenomatous polyps, and 9 patients (2.2%) with invasive
malignancy. Importantly, the authors looked at each case
of diagnosed colorectal cancer and identified the locations of malignancy and diverticular disease. In 8 of 9
cases, both were in the same segment of the colon, thus
making it important to attempt to identify those patients
with CT findings that are more predictive of malignancy.
The authors further analyzed their group based on CT
findings and the predictive value of these characteristics
for malignancy. They looked at wall thickness > 6 mm,
abscess, fistula, presence of mesenteric or retroperitoneal
lymphadenopathy, localized mass, localized perforation,
obstruction, and enhancement on CT. Of these characteristics, the highest odds ratios for malignancy were seen
for presence of abscess (OR = 4.67, 95%CI: 1.12-19.43),

WJG|www.wjgnet.com

presence of lymphadenopathy (OR = 23.35, 95%CI:
5.56-97.90), obstruction (OR = 24.43, 95%CI: 2-297),
and localized mass (OR = 24.43, 95%CI: 2-297.85).
Based on these findings, the authors concluded that those
patients with wall thickness > 6 mm, abscess, lymphadenopathy, or obstruction should undergo colonoscopic
evaluation to rule out malignancy, as these findings are
more suggestive of a malignant rather than benign process, such as diverticulitis.
A summary of the currently available systematic reviews on the topic of colonic evaluation in the setting of
acute diverticulitis is presented in Tables 1 and 2.

RISKS OF ENDOSCOPY
In deciding whether or not to pursue an endoscopic
evaluation of the colon after resolution of an episode
of acute diverticulitis, it is important to realize that there
are risks involved with this invasive procedure. While
patients experience discomfort and pain during and after the procedure, this is typically self-limited. In other
cases, however, pain may persist and may signify a serious
adverse event, such as perforation, hemorrhage, or the
development of acute diverticulitis. A recent retrospective cohort study[41] looked at over 43000 individuals who
underwent colonoscopy. The authors observed 4.7 serious adverse events per 1000 screening colonoscopies and
6.8 per 1000 follow-up colonoscopies. Performance of
polypectomy increased this rate (relative rate = 2.64). Age
was also observed to be associated with increased risk of
serious adverse events with the highest relative rate (3.21)
seen in individuals from 75 to 85 years of age. Thus, if
follow-up endoscopy is truly not needed in patients presenting with acute diverticulitis, then we are unnecessarily
exposing our patients to the risks (albeit low) associated
with this invasive procedure.

CAN IMAGING REPLACE ENDOSCOPIC
EVALUATION?
In addition to the risks associated with invasive endos-
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Table 2 Recent systematic reviews n (%)
Year Included Patients Endoscopies
articles
Sai et al[37]

Patients with nonmalignant colonic
polyps/neoplasia

Patients with
malignancy

Comments
Patients evaluated within 24 wk with
surgery, colonoscopy, or barium enema
Also examined uncomplicated vs
complicated diverticulitis and found
proportional estimate of risk of 0.7% and
10.8%, respectively
Only examined patients presenting with
uncomplicated diverticulitis

2012

10

771

430 (55.8)

NR

14 (2.1)

Sharma et al[38] 2014

11

3358

1970 (58.7)

220 (19.5)

22 (1.6)

de Vries et al[39] 2014

9

2490

1468 (59)

278 (19.9)

17 (1.16)

Daniels et al[40] 2014

8

1796

1796 (100)1

363 (20.2)

29 (1.6)

1

Study only documented the patients who underwent endoscopy and did not document those who did not have endoscopy. For reference, lifetime risk of
non-malignant neoplastic lesions and malignancy is about 20% and 4%-5%, respectively.

A

B

Figure 3 Endoscopic image. A: An inflamed diverticulum with erythema and fibrinous deposit at its orifice; B: A malignant-appearing tumor in the colon. Reproduced
with permission from www.EndoAtlas.org, World Endoscopy Organization.

copy, we should point out that it can be difficult to differentiate acute diverticulitis from malignancy via the
colonoscope (Figure 3). So, can imaging help us in this
respect? When attempting to differentiate acute sigmoid
diverticulitis from sigmoid colon cancer, CT imaging has
previously had poor results using older technology. In
1999, Chintapalli et al[42] identified CT findings that were
predictive of diverticulitis and those predictive of malignancy in a retrospective fashion based on 58 CT scans reviewed by five radiologists. Pericolonic inflammation and
segment involvement > 10 cm in length were significant
findings for diverticulitis; whereas, pericolonic lymph
nodes and luminal mass were most significant for colon
cancer. The same five radiologists then prospectively reviewed 72 CT scans. An unequivocal diagnosis was made
in 16/40 (40%) cases of diverticulitis and 21/32 (66%)
cases of colon cancer. While they were able to identify
findings consistent with each diagnosis, their subsequent
evaluation showed a poor ability to provide the correct
diagnosis. Newer technology however may make results
like this obsolete.
One modality that is showing promise is the use of
T2-weighted and diffusion-weighted magnetic resonance
imaging (MRI). A small study published in 2013 compared CT and MRI. In 30 patients - 15 with sigmoid
colon cancer and 15 with a recent episode of acute sigmoid diverticulitis - CT and MRI findings were compared
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with respect to sensitivity and specificity of each. The
sensitivity and specificity of CT for diagnosis cancer and
diverticulitis were 66.7% (10/15) and 93.3% (14/15),
respectively. For MRI, the sensitivity and specificity were
100% (14/14) and 100% (14/14), respectively. This study
shows promise for the use of MRI in the differentiation
of diverticulitis and cancer, but obviously a larger one is
needed to confirm these results[43].
CT-colonography (CTC) is also touted as a viable
alternative to colonoscopy in patients diagnosed with
colorectal disease, including diverticular disease. In a
prospective evaluation of colonoscopy and CTC, 108
patients were evaluated with both modalities - half of
patients underwent colonoscopy followed by CTC, while
the other half underwent the studies in reverse order.
Even though patients were sedated for colonoscopy but
not for CTC, they found colonoscopy to be more painful and uncomfortable (P < 0.001). Diverticulosis and
polyps were detected in 94% and 20% with colonoscopy,
and in 94% and 29% with CTC, respectively. Sensitivity
and specificity for CTC in the detection of diverticular
disease was 99% and 67%; whereas, for detection of polyps, the sensitivity and specificity were 47% and 75%. No
cancer was identified in this patient group. This modality
shows promise in the diagnosis and evaluation of the
colon in diverticular disease, especially in cases of incomplete colonoscopy or in situations where colonoscopy
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resources are limited. However, in cases where neoplasia
is suspected, endoscopy with biopsy remains the appropriate modality for definitive diagnosis[44].

7

CONCLUSION
The evaluation and management of diverticulitis continues to change, and the routine use of endoscopy is
being re-evaluated. Given the advancements in CT imaging, diverticulitis is now more easily diagnosed and differentiated from other pathologies. With the widespread
availability of this improved diagnostic test, the need for
endoscopy in the setting of diverticulitis diagnosed with
CT may be less critical. In patients with other indications for endoscopy, such as age greater than 50 years or
rectal bleeding, colonoscopy should be pursued, if not
performed prior to their presentation with diverticulitis.
In patients who present with complicated diverticulitis
(perforation with abscess, obstruction) or those with
concerning findings on CT, endoscopy should be considered given the increased risk of malignancy seen in these
subgroups. In the future, other modalities, such as MRI
or CT-colonography may obviate the need for endoscopy
in patients with negative imaging, but currently, it is still
recommended to perform endoscopy in individuals recovering from diverticulitis, especially in those deemed
high-risk for malignancy. In these high-risk patients, the
benefits of potentially diagnosing neoplasia or malignancy would most definitely outweigh the risks of endoscopy. In terms of future directions, it may be interesting
to evaluate patients who develop acute diverticulitis
after having undergone previous colonoscopy. Many are
scheduled for endoscopic exam after resolution of diverticulitis without regard to prior endoscopic results and
timing. It is likely that following standard screening guidelines for timing of surveillance colonoscopy is adequate,
but this has not been investigated in the setting of acute
diverticular disease.
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Abstract
Chronic hepatitis C is a public health problem worldwide. Unfortunately, not all patients may benefit from
antiviral therapy due to thrombocytopenia. Its causes
are represented by portal hypertension and platelet
sequestration in the spleen, decreased serum levels
or activity of thrombopoietin, the bone marrow suppression induced by hepatitis C virus and a possible
adverse effect of interferon. Thrombopoietin receptor
analogs may contribute to increase platelet counts in
these patients. Eltrombopag binds to another region of
the thrombopoietin receptor compared to endogenous
thrombopoietin and stimulates the proliferation and
maturation of megakaryocytes and the platelet production in a dose-dependent manner. Eltrombopag has
proven its effectiveness for the treatment of patients
with primary immune thrombocytopenia. Its indication
for other hemopathies or situations (like thrombocytopenia secondary to chemo- or radiotherapy, acute
leukemia, myelodysplastic syndroms, acquired and
hereditary bone marrow failure, and platelet donors)
is under study. Eltrombopag may be particularly useful in patients with advanced chronic hepatitis or liver
cirrhosis who require antiviral treatment. We present
a minireview on the results of treatment with eltrombopag in patients chronically infected with hepatitis C
virus, highlighting the benefits and mentioning possible
adverse effects. In some studies eltrombopag increased
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the number of virological responses after clasical antiviral treatment of patients with chronic hepatitis C and
reduced the transfusional requirements of those who
had to be subjected to invasive surgery. Eltrombopag
is a solution for many of these patients, which allows
them receiving antiviral therapy and sometimes getting
a sustained virological response, but they must be well
monitored to prevent possible thromboembolic or bone
marrow complications or liver failure occurrence.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Eltrombopag; Chronic hepatitis C; Hepatitis
C virus; Platelets; Thrombocytopenia
Core tip: Chronic hepatitis C is a public health problem
worldwide. Unfortunately, not all patients may bene
fit from antiviral therapy due to thrombocytopenia.
Thrombopoietin receptor analogs may contribute to
increased platelet counts in these patients. We present
a minireview on the results of treatment with eltrombopag in patients chronically infected with hepatitis
C, highlighting the benefits and mentioning possible
adverse effects. Eltrombopag is a solution for many of
these patients, which allows them receiving antiviral
therapy and sometimes getting a sustained virological
response, but they must be well monitored to prevent
possible thromboembolic or bone marrow complications or liver failure occurrence.
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INTRODUCTION
To obtain sustained virological response it is recommended
that patients with chronic hepatitis C are treated with
at least 80% of the required dose for at least 80% of
the length required. This requires adherence of patients
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and avoid dangerous cytopenias. The introduction of
erythropoietic agents for the control of hemolytic anemia
induced by ribavirin and granulocyte colony stimulating
factor to combat neutropenia produced by pegylated
interferon allowed to maintain the classic treatment
of chronic liver diseases induced by hepatitis C virus
in a larger number of patients, although the effect on
sustained virological response is controversial. Just in an
article that refers to the administration of darbepoetin
and filgrastim was found an improvement of sustained
virological response[1].
The thrombocytopenic patients with chronic hepatitis
C cannot benefit from therapy with pegylated interferon
and ribavirin, fact which allows the continuation of virus
replication, as well as the aggravation and the progression
of chronic hepatopathy. Furthermore, interferon therapy
can worsen thrombocytopenia[2], risking to reduce dosa
ge or stopping the antiviral treatment. It is believed that
about 13% of patients with liver cirrhosis have a number
of platelets between 50000/mm3 and 75000/mm3 (mode
rate thrombocytopenia). Its causes are represented by
portal hypertension[3] and platelet sequestration in the
spleen, decreased serum levels or activity of thrombopoi
etin, the bone marrow suppression induced by hepatitis
C virus and a possible adverse effect of interferon[4].
Thrombopoietin is produced in the liver and is in
volved in the proliferation and differentiation of mega
karyocytes and in increasing platelets release from them[5].
Stimulation of platelet production may be a solution
to reduce the level of thrombocytopenia and for initiating
or continuing antiviral therapy in chronic liver disease
caused by hepatitis C virus. We present a mini-review on
the results of treatment with eltrombopag, a thrombo
poietin receptor analog, administered to patients chroni
cally infected with hepatitis C virus. We have analyzed all
44 PubMed articles containing the keywords eltrombopag
and chronic hepatitis C, presented on 31 December 2013.

STIMULATING THE PRODUCTION OF
PLATELETS
The activation of platelets production in the megakaryo
cytes is done by stimulating the thrombopoietin receptor,
followed by activation of JAK-STAT mechanism. The
thrombopoietin receptor can be activated by endogenous
thrombopoietin (produced in the liver), recombinant
human thrombopoietin molecules (which have the dis
advantage that consists in the possibility of development
of antibodies against them[6], that may cross react with
endogenous thrombopoietin[7] which is why the clinical
trials with them were stopped in 2001[5]) and thrombopoi
etin receptor analogs (second-generation thrombopoietin
receptor agonists), more recently introduced into clinical
practice[6], that have no homology to human thrombo
poietin[7]. This second generation of promoters of plate
lets production is represented by eltrombopag (the first
thrombopoietin receptor analogue[8]), romiplostim (AMG
531) - a peptidic agonist, and Peg-TPOmp, and small an
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tibodies that were engineered[9].
Unlike romiplostim, which is administered paren
teraly, the treatment with eltrombopag (a small-molecule,
non-peptide, thrombopoietin mimetic[10]) is done orally.
Eltrombopag binds to another region of the thrombo
poietin receptor compared to endogenous thrombo
poietin, that does not enter in competition with them
tying[11]. It stimulates the proliferation and maturation of
megakaryocytes and the platelet production in a dosedependent manner[12,13]. Even after their administration
at healthly subjects the effect begins just after 5 d and
reaches a maximum at 12-14 d of treatment. Their ef
ficacy was proven in ITP and thrombocytopenia from
chronic hepatitis C.
Romiplostim is given parenteraly in a dose of 2 μg/
kg per week, with subsequent possibility of increasing it
at intervals of 2 wk, with the same precautions as in the
case of eltrombopag. It has also proved to be effective
in some cases of chronic hepatitis C treated with antivi
ral medication and as preoperative therapy. But, it must
be administered parenterally and weekly. If the platelet
count increases over the desired value, the effect will per
sist longer than in the case of eltrombopag, which is also
easier to give (orally).
Eltrombopag may be particularly useful in patients
with advanced chronic hepatitis or liver cirrhosis who
require antiviral treatment[1]. If the number of platelets
is less than 25000/mm3 it is recommended to give 25
mg of eltrombopag daily, in order to attain the target
value that allowes to start the administration of pegylated
interferon + ribavirin. Blood count control will be made
weekly before initiating antiviral therapy and subsequently
until the stabilisation of their number and monthly
thereafter. The dose can be increased with 25 mg (every
2 wk) so platelets should be between 50000-100000/
mm3. If their number exceeds 100000/mm3 the dose
will be decreased with 25 mg every 2 wk, and if they
exceed 150000/mm3 the therapy will be stoped, and it
will be resumed once their numbers will drop below
100000/mm3, but with a dose of 25 mg less, with a check
of blood cell count 2 times per week. If the patient has
liver failure, he must wait 3 wk before increasing the
dose. Assessing their usefulness in thrombocytopenia
secondary to chemo- or radiotherapy, in acute leukemia,
myelodysplastic syndroms[14], acquired and hereditary
bone marrow failure [5], and platelet donors is under
study[6]. Eltrombopag is good tolerated[2] but it should
not be given together with polyvalent cations, including
calcium[8] that can bind to the drug in the digestive tract.
The most common significant potential side effects
of eltrombopag are nausea, vomiting[14], headache, dry
mouth, and abdominal pain[12], and the most serious - the
appearance of thromboembolic events, decompensation
of liver disease[15], increasing bone marrow blasts[11],
and reticulin bone marrow fibrosis[11,14]. Before starting
eltrombopag treatment it is recommended to make a
peripheral blood smear to study the morphology of
figurative elements. After the establishment of a fixed
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dose of medication, it is advisable to make a blood count
and a peripheral blood smear monthly throughout the
duration of the treatment, to refer the matter to the
occurrence of morphological abnormalities, cytopenia,
immature cells, or with dysplasia, in which case the
drug will be stopped and a bone marrow aspiration
and biopsy will be made; the slides will be colored for
bone marrow cell study and for the possible fibrosis
(sections of biopsy) emphasizing. The treatment must be
carefully monitoring. There are criteria for eltrombopag
discontinuation in patients with liver cytolysis or clinical
signs of liver disease worsening[16]. If the patient has
baseline serum albumins under 35 g/L or MELD score
≥ 19, the risk-benefit ratio before starting treatment
with eltrombopag will be examined carefully, and in the
case of its beginning the patient will be surveyed on
the occurrence of clinical symptoms and signs pleading
for hepatic decompensation and hepatic function
will be monitored closely by the hepatologist (at least
monthly). On a monthly basis and in the event of
clinical manifestations suggestive for an abdominal vein
thrombosis (especially of the portal vein) a Doppler
ultrasound examination of the abdomen is recommended
for its confirmation, in which case eltrombopag must be
stopped and an anticoagulation therapy will be initiate,
unless there are contra-indications. Thrombocytopenia
may be due to human immunodeficiency virus infection.
The association of HIV-protease inhibitors lopinavir +
ritonavir in dose of 400/100 mg BID with eltrombopag
in dose of 100 mg can reduce the area under the plasma
concentration-time curve of the last by about 17%[17].

CLINICAL TRIALS
Thrombopoietin-receptor agonists proved to be extremely
useful for the thrombocytopenic patients chronically
infected with hepatitis C virus: the increase of platelets
number allows initiation and continuation of classic
antiviral therapy[18,19], with the chance to obtain sustained
virological response at many of them. The increase of
the number of platelets allows sometimes to performe
the liver biopsy or other invasive proceedings (including
surgery)[4]. Eltrombopag increases the number of platelets
in a dose-response manner[2]. In many clinical trials it
achieved the goal of platelets number (≥ 50000/mm3)[20].
Even a Cochrane review that included articles published
between January 1966 - March 2010 established that
eltrombopag was superior to palcebo on increasing the
number of platelets. One of the cyted studies mentioned
its efficacy on the treatment of thrombocytopenia in
patients with cirrhosis due to hepatitis C virus infection[16].
A review of clinical and preclinical studies of
eltrombopag for the treatment of patients with chronic
liver diseases made prior to October 2012 has established
that this analogue of thrombopoietin receptor increased
the number of sustained virological responses after
clasical antiviral treatment of those with chronic hepatitis
C and reduced the transfusional requirements of those
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who had to be subjected to invasive surgery[15].
The phase 3 randomized, controlled trials ENABLE-1
and ENABLE-2 studied the efficacity of eltrombopag given
to patients with chronic hepatitis C and thrombocytopenia
(under 75000/mm3) for ≤ 9 wk concerning the initiation
and the maintaining antiviral therapy. A number of platelets
3
≥ 50000/mm was obtained more frequently in patients
treated with eltrombopag, a fact that has allowed them to be
treated with higher doses of pegylated interferon. Sustained
virological response was more frequent in patients treated
with eltrombopag in dose of 25-100 mg daily compared
to placebo. Hepatic decompensation occurred in a higher
percentage in those treated with eltrombopag than
in the placebo group (10% vs 5%). Thromboembolic
complications were observed more frequently in the
group treated with eltrombopag of ENABLE-2 study[21].
In a study of phase 2, the treatment of the patients with
chronic hepatitis C with peginterferon and ribavirin could
be initiated and continued for 12 wk at 36% of those who
received eltrombopag 30 mg/d, at 53% of those treated
with eltrombopag 50 mg/d, at 65% of those who received
eltrombopag 75 mg daily, and at only 6% in those who
received placebo[22].
At week 2 of treatment with eltrombopag given for
trombocytopenia in a randomized, open-label, phase II
study, the patients with chronic hepatitis C obtained a
mean elevation of trombocytes of 24800/mm3 after 12.5
mg/d, 54000/mm3 after 25 mg/d, and 60000/mm3 after
37.5 mg/d[23], a fact that demonstrated its effectiveness.
The patients with liver cirrhosis produced by hepatitis
C virus have frequently trombocytopenia. In a clinical trial,
74 of such patients with a number of platelets between
20000/mm3 and 70000/mm3 were randomized to be
treated with eltrombopag or placebo. A proportion of
75%, 79%, and respectively 95% of patients treated with
30 mg/d, 50 mg/d, and respectively 75 mg/d obtained
a number of platelets over 100000/mm3 at week 4. No
patient in the placebo group had such a platelet growth.
This has allowed the initiation of therapy with pegylated
interferon and ribavirin and, to a significant proportion of
patients, completing the proposed therapy for 12 wk. In
this last period, the number of platelets decreased (effect
probably due to the pegylated interferon), but it remained
considerably above baseline levels[12].
Immune thrombocytopenic purpura (ITP) can also
occure in the patients with chronic liver diseases due to
hepatitis C virus infection. This combination of disorders
seems to raise particular problems due to possible treatment
complications. Such a case of a 78-year-old woman with
cirrhosis, ITP and epistaxis was recently published. Due
to the fact that prednisolone (0.5 mg/kg per day) was
inefficient, she received eltrombopag (12.5 mg/d) under
which the number of platelets increased, but after fiftyfour days of treatment a portal vein thrombosis appeared.
After eltrombopag stopping, under antithrombin Ⅲ
treatment she developed deep vein and pulmonary artery
thromboses. Long-term treatment with heparin and
then with warfarin was effective[24]. Thrombocytopenic
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patients with chronic liver diseases are more prone to
develop thrombotic complications under eltrombopag
treatment, even at lower doses than those used in ITP.
The thrombotic risk is especially important in patients
with chronic liver diseases which have to be subjected to
invasive procedures, if the number of platelets increases
by over 200000/mm3. Even in hemophiliac patients with
chronic liver disease it is recommended that treatment
with eltrombopag has to begin with a slow dose (25 mg/d)
and to be subsequently amended so that the number of
platelets to be maintained between 50000-100000/mm3,
due to the fact that they also have thrombotic risk under
eltrombopag[25].
An elderly patient included in a chronic hemodialy
sis program for its chronic kidney disease was treated
for severe thrombocytopenia with platelet transfusions
and multiple drugs, including eltrombopag, for 6 wk,
but without therapeutic answer. Romiplostim allowed to
normalize the number of platelets in a dose of 5 μg/kg
weekly, then reduced to half[26]. There are opposite cases,
too: patients did not respond to romiplostim, but they re
sponded to eltrombopag, so that in case of an inadequate
response to one of the trombopoietin receptor analogues
it is recommanded to be tested the treatment with the
other one.
In turn, antiviral treatment of chronic hepatitis C
contributes effectively to the reduction or disappearance
of thrombocytopenia sometimes associated with this in
fection[27].
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CONCLUSION
Administration of eltrombopag in thrombocytopenic pa
tients chronically infected with hepatitis C virus contributes
to the reduction of the number of patients infected with
this virus by the opportunity to receive antiviral treatment
and obtain sustained virological response. Even if this
goal is not achieved, pegylated interferon therapy reduces
the rate of progression of liver fibrosis. Eltrombopag
therapy should be closely monitored in these patients, who
are prone to develop thrombotic or bone marrow com
plications, or liver failure. Eltrombopag is a revolutionary
solution for those patients who require to medical world
also a deepen understanding of the interrelations between
coagulation and chronic liver diseases. To what extent liver
fibrogenesis can be activated by coagulation activation?
Fundamental research and clinical practice will have to re
spond in time to this problem.
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Abstract
Mitotic crossover is a natural mechanism that is a main
source of the genetic variability of primitive organisms.
In complex organisms such as mammals, it represents
an evolutionary rudiment which persisted as one of the
numerous DNA repair mechanisms, and results in the
production of homozygous allele combinations in all
heterozygous genes located on the chromosome arm
distal to the crossover. This event is familiar as loss of
heterozygosity, which is one of the key mechanisms
responsible for the development and progression of
almost all cancers. We propose the hypothesis in which
mitotic crossover is a principal source of the increased
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loss of heterozygosity that leads to the initiation and
progression of colorectal carcinoma. The hypothesis
could be tested by in vitro inhibition of Rad51 protein,
orthotopic grafting of human colon cancer tissue into
the gut of mice, and treatment with potential inhibitors. After these procedures, the frequency of mitotic
crossover would be estimated. The development of
selective inhibitors of mitotic crossover could stop further carcinogenesis of colorectal carcinoma, as well as
many other neoplastic events. Loss of heterozygosity is
an event responsible for carcinogenesis, its reduction
by selective inhibitors of mitotic crossover could have a
positive effect on cancer chemoprevention, as well as
on growth reduction and a cessation in the progression
of earlier developed tumors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Mitotic crossing over; Loss of heterozygosity; Carcinogenesis; Inhibitors; Colorectal carcinoma;
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Core tip: We propose the hypothesis in which mitotic
crossover is a principal source of the increased loss of
heterozygosity that leads to the initiation and progression of colorectal carcinoma. The development of selective inhibitors of mitotic crossover could stop further
carcinogenesis of colorectal carcinoma, as well as many
other neoplastic events. Loss of heterozygosity is an
event responsible for carcinogenesis, and its reduction
by selective inhibitors of mitotic crossover could have a
positive effect on cancer chemoprevention, as well as
on growth reduction and a cessation in the progression
of earlier developed tumors.
Rovcanin B, Ivanovski I, Djuric O, Nikolic D, Petrovic J, Ivanovski P. Mitotic crossover - an evolutionary rudiment which
promotes carcinogenesis of colorectal carcinoma. World J
Gastroenterol 2014; 20(35): 12522-12525 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i35/12522.htm DOI:
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INTRODUCTION
Approximately 3.5 billion years have passed since biotic
evolution began. Life forms started to change dramatically from the time of the last common ancestor. After
the development of multicellular organisms, a need appeared for cellular specialization for different functions.
This need initiated a time dependent sequence where
cells pass through proliferation, differentiation, and
maturation. Specificity of different function comes from
a biodiversity that exists in the hierarchical level of the
whole biosphere, as well as in each individual organism.
This biodiversity is a result of the long-term struggle
with various mechanisms that initiate the creation of differentiation among cells. This difference comes as a result of mutational events and numerous recombination
events. When we say numerous, we refer to recombination mechanisms among bacteria (transformation, conjugation, and transduction), as well as meiotic and mitotic
crossover among eukaryotes[1,2]. Meiotic crossover is
the most important mechanism of genetic recombination which affects homologous chromosomes during
prophase Ⅰ of meiosis, and creates the great variety of
genetic information that leads to increased biodiversity[3].
However, meiotic crossover is the privilege of a very
low number of species compared to the total number of
species living on Earth. Although asexual organisms do
not have a great quantum of genetic alterations during
reproduction, they have developed mitotic crossover, a
mechanism that is responsible for most of their genetic
variations. Presumably it must take place when homologous chromosomal segments are accidentally paired in
asexual cells such as body cells[4]. It could potentially
have a great influence on the evolution of diploid
asexual organisms, as well as having an important role as
a mechanism for repairing double stranded breaks and
other DNA replication errors via homologous recombination. Since there are other DNA repair mechanisms
that can correct the same errors, mitotic crossover is not
the exclusive mechanism responsible for reparation of
these errors. Instead, it is one of the numerous factors
that develop slight genetic differences between monozygotic twins[5], and results in the production of homozygous allele combinations in all heterozygous genes
located on the chromosome arm distal to the crossover.
This event is denoted as a loss of heterozygosity (LOH).
LOH can also occur after the deletion of a normal allele,
chromosome arm, or the entire chromosome containing the normal allele. In females, inactivation of the X
chromosome carrying the normal allele can result in
LOH as well as the non-balanced chromosomal aberration known as isochromosome. Thus, when a mitotic
crossover occurs, genes that were previously recessive
are expressed in the form of homozygotes, thereby
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creating a new phenotype. By increasing homozygosity,
mitotic crossover acts to improve the efficiency of selection in asexual populations which are subjected to directional selection[6]. Many genes need to be maintained
in the heterozygous genotype state in order to obtain
the proper function of their products[7,8]. If some genes
become homozygous, then many important mechanisms
such as cell proliferation and its control can become
compromised and spiral out of control[9]. A LOH event
is especially important in the promotion of cancer genesis. Tumor suppressor genes, which code for proteins
that inhibit uncontrolled cell proliferation, are recessive
genes which are required in the dominant homozygous
or heterozygous states[10]. The exception is the X-linked
tumor suppressor gene WTX (Wilms’ tumor gene on the
X chromosome). Since males only have one X chromosome, a damaging point-mutation in WTX or its deletion is all that is needed to eliminate tumor-suppression.
Females are also at risk if the mutation or deletion occurs on the X chromosome that is not inactivated[11].
However, excluding the WTX gene, heterozygous cells
will not undergo aberrant cell proliferation leading to
tumor formation. If the normal copy of the gene is lost,
the cell becomes predisposed to abnormal growth, and
if enough mutations accumulate, a tumor may form[12].
However, LOH at a heterozygous locus also can lead to
a homozygous dominant genotype if the recessive allele is lost, although this outcome is usually undetectable
because it produces no obvious change in phenotype.
Thus, in terms of species survival, the benefits of homozygosity at some points in ontogeny and phylogeny
may outweigh the risks of LOH in adults.

GENETIC EVOLUTION OF THE
MALIGNANT TRANSFORMATION OF
COLORECTAL CARCINOMA
Colorectal carcinogenesis is a multistep process in which
a series of genetic and epigenetic events lead to the
transition from normal mucosa polyps to carcinoma.
Colorectal carcinoma (CRC) develops through a multistep process of tumor suppressor inactivation and protooncogene activation by mutations and/or allelic loss. The
sequence includes the mutation of several genes: loss
of adenomatous polyposis coli gene located on the long
arm of chromosome 5 (5q), activation of K-Ras-2 protooncogene located on the short arm of chromosome 12
(12p), loss of colorectal cancer (DCC) gene on the long
arm of chromosome 18 (18q), and loss of p53 gene
located on the short arm of chromosome 17 (17p)[13].
Since the spontaneous somatic mutation frequency is not
sufficient to account for such a number of mutations, it
has been presumed that other mechanisms are responsible for colorectal carcinogenesis, among which are the
loss of genes that maintain genome stability and mediate
damage repair[14].
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HYPOTHESIS
What is the principal mechanism that drives precancerous lesions and benign tumors through the sequence of
events that result in malignancy and dissemination? We
propose the hypothesis that mitotic crossover is an evolutionary rudiment which was important for the reproduction of asexual organisms, but has a negative impact on
genome integrity that could lead to disease. Accordingly,
we propose that mitotic crossover is a principal source of
increased LOH that leads to the initiation and progression of CRC.

HYPOTHESIS EVALUATION
It has been proven that mitotic crossover occurs more
frequently in tumor cells. Several studies have confirmed
an increased mitotic crossover index in colorectal carcinoma cells[15-17]. LOH of tumor suppressor genes is
believed to be one of the key steps to the carcinogenesis
of colorectal cancer. LOH, the loss of one allele at a specific locus, is caused by a deletion mutation or the loss of
one chromosome of a pair. When this occurs in a tumor
suppressor gene locus where one of the alleles is already
abnormal, it can result in neoplastic transformation[18-20].
Loss of heterozygosity can be identified in cancers by
noting the presence of heterozygosity at a genetic locus
in an organism’s germline DNA and the absence of
heterozygosity at that locus in the cancer cells[21]. Loss
of heterozygosity in colorectal cancer was first reported
by Vogelstein et al[22], with it also being demonstrated
that small and large allelic deletions are associated with a
worse disease prognosis. Ozaslan and Aytekin showed the
interrelationship between LOH, loss of tumor suppressor
gene initiation, and progression of CRC. They observed
LOH at various loci on different chromosomes, namely
1p, 1q, 4q, 5q, 8p, 9q, 11q, 12p, 14q, 15q, 17p, 17q, 18p,
18q, and 22q in CRCs[23]. Mao et al[24] reported that LOH
frequencies among CRC patients were: 5q (25%), 18q
(25%), and 17p (28%). Wan et al[20] reported an increased
frequency of allelic losses in chromosome region 12p,
where the K-Ras-2 gene is located. These studies showed
that frequent LOH events include those chromosome regions which include tumor suppressor genes whose loss
is necessary for colorectal carcinogenesis. Some studies
have reported that increased mitotic crossover frequency
in tumor cells is a result of a mismatch repair mechanism
defect[25-27]. There are no literature data about neoplasms
which originate from terminally differentiated cells such
as Purkinje neurons, Betz neurons, and alpha motoneurons. This indicates that carcinogenesis cannot occur in
tissues which do not have mitotic potential, including the
presence of mitotic crossover.

CONCLUSION
In this study, we propose a hypothesis in which mitotic
crossover is an evolutionary rudiment in vertebrates
whose effects on the genome lead to LOH and cancer
genesis. Therefore, it is a principal mechanism for the
promotion colon cancer genesis and tumor progression.
Mitotic crossover is supposed to be the main source of
increased LOH in the tumor cells of patients with CRC.
If this hypothesis appears correct and if mitotic crossover inhibitors could be developed, their application
could significantly slow down the progression of CRC
among affected patients. Mitotic crossover inhibitors
could be a protective therapy for patients with familiar
colon polyposis. Since LOH is a common event that is
intertwined in the carcinogenesis of all tumors, its reduction by selective inhibitors of mitotic crossover could
have a positive effect on cancer chemoprevention, as well
as on growth reduction and a cessation in the progression
of earlier developed tumors.
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cancer into the gut of mice using 020588 human colon
cancer cell lines[31]. One group of mice would be administered with mitotic crossover inhibitors, while the other
would not. This model would have to show how the application of mitotic crossover inhibitors affects tumor
growth and leads to its withdrawal.

2

12524

Narra HP, Ochman H. Of what use is sex to bacteria? Curr
Biol 2006; 16: R705-R710 [PMID: 16950097 DOI: 10.1016/
j.cub.2006.08.024]
Xu T, Rubin GM. Analysis of genetic mosaics in developing and adult Drosophila tissues. Development 1993; 117:
1223-1237 [PMID: 8404527]

September 21, 2014|Volume 20|Issue 35|

Rovcanin B et al . Mitotic crossing over and colorectal carcinogenesis
3
4
5
6
7
8
9

10
11

12

13
14

15
16

17

Alberts B. Molecular biology of the cell. 4th ed. New York:
Garland Science, 2002: 1136-1138
Côté GB, Gyftodimou J. Twinning and mitotic crossing-over:
some possibilities and their implications. Am J Hum Genet
1991; 49: 120-130 [PMID: 2063864]
Aguilera A, Chávez S, Malagón F. Mitotic recombination
in yeast: elements controlling its incidence. Yeast 2000; 16:
731-754 [PMID: 10861900]
Mandegar MA, Otto SP. Mitotic recombination counteracts
the benefits of genetic segregation. Proc Biol Sci 2007; 274:
1301-1307 [PMID: 17360283 DOI: 10.1098/rspb.2007.0056]
Therman E, Kuhn EM. Mitotic crossing-over and segregation in man. Hum Genet 1981; 59: 93-100 [PMID: 7035337]
Griffiths AJF, Gelbart WM, Miller JH, Lewontin R. Modern
genetic analysis. 2nd ed. New York: W. H. Freeman, 2002:
234-236
Beroukhim R, Lin M, Park Y, Hao K, Zhao X, Garraway LA,
Fox EA, Hochberg EP, Mellinghoff IK, Hofer MD, Descazeaud A, Rubin MA, Meyerson M, Wong WH, Sellers WR, Li
C. Inferring loss-of-heterozygosity from unpaired tumors
using high-density oligonucleotide SNP arrays. PLoS Comput Biol 2006; 2: e41 [PMID: 16699594 DOI: 10.1371/journal.
pcbi.0020041]
Sherr CJ. Principles of tumor suppression. Cell 2004; 116:
235-246 [PMID: 14744434 DOI: 10.1016/S0092-8674(03)01075-4]
Yoo NJ, Kim S, Lee SH. Mutational analysis of WTX gene in
Wnt/ beta-catenin pathway in gastric, colorectal, and hepatocellular carcinomas. Dig Dis Sci 2009; 54: 1011-1014 [PMID:
18720004 DOI: 10.1007/s10620-008-0458-9]
Callahan R, Cropp C, Sheng ZM, Merlo G, Steeg P, Liscia
D, Lidereau R. Definition of regions of the human genome
affected by loss of heterozygosity in primary human breast
tumors. J Cell Biochem Suppl 1993; 17G: 167-172 [PMID:
8007695]
Bedeir A, Krasinskas AM. Molecular diagnostics of colorectal cancer. Arch Pathol Lab Med 2011; 135: 578-587 [PMID:
21526956 DOI: 10.1043/2010-0613-RAIR.1]
Brenner BM, Stoler DL, Rodriguez L, Karpenko MJ, Swede
H, Petrelli NJ, Anderson GR. Allelic losses at genomic
instability-associated loci in villous adenomas and adjacent
colorectal cancers. Cancer Genet Cytogenet 2007; 174: 9-15
[PMID: 17350461 DOI: 10.1016/j.cancergencyto.2006.11.001]
Hoffmann GR. Induction of genetic recombination: consequences and model systems. Environ Mol Mutagen 1994; 23
Suppl 24: 59-66 [PMID: 8162910]
Bertagnolli MM, Redston M, Compton CC, Niedzwiecki D,
Mayer RJ, Goldberg RM, Colacchio TA, Saltz LB, Warren RS.
Microsatellite instability and loss of heterozygosity at chromosomal location 18q: prospective evaluation of biomarkers
for stages II and III colon cancer--a study of CALGB 9581
and 89803. J Clin Oncol 2011; 29: 3153-3162 [PMID: 21747089
DOI: 10.1200/JCO.2010.33.0092]
Wang W, Li YF, Sun XW, Chen G, Zhan YQ, Huang CY,
Wan DS, Pan ZZ, Zhou ZW. Correlation analysis between
loss of heterozygosity at chromosome 18q and prognosis
in the stage-II colon cancer patients. Chin J Cancer 2010; 29:

18

19

20

21

22

23
24

25
26

27

28
29
30

31

761-767 [PMID: 20663324]
Zheng HT, Peng ZH, Zhou CZ, Li DP, Wang ZW, Qiu GQ,
He L. Detailed deletion mapping of loss of heterozygosity
on 22q13 in sporadic colorectal cancer. World J Gastroenterol
2005; 11: 1668-1672 [PMID: 15786547]
Zhou CZ, Qiu GQ, Fan JW, Wang XL, Tang HM, Huang L,
Sun YH, Peng ZH. Refined mapping of loss of heterozygosity on 1q31.1-32.1 in sporadic colorectal carcinoma. World
J Gastroenterol 2008; 14: 1582-1587 [PMID: 18330952 DOI:
10.3748/wjg.14.1582]
Wan J, Li H, Li Y, Zhu ML, Zhao P. Loss of heterozygosity of
Kras2 gene on 12p12-13 in Chinese colon carcinoma patients.
World J Gastroenterol 2006; 12: 1033-1037 [PMID: 16534842
DOI: 10.3748/wjg.v12.i7.1037]
Cacev T, Jokić M, Spaventi R, Pavelić K, Kapitanović S. Loss
of heterozygosity testing using real-time PCR analysis of
single nucleotide polymorphisms. J Cancer Res Clin Oncol
2006; 132: 200-204 [PMID: 16283382 DOI: 10.1007/s00432005-0051-y]
Vogelstein B, Fearon ER, Kern SE, Hamilton SR, Preisinger
AC, Nakamura Y, White R. Allelotype of colorectal carcinomas. Science 1989; 244: 207-211 [PMID: 2565047 DOI: 10.1126/
science.2565047]
Ozaslan M, Aytekin T. Loss of heterozygosity in colorectal
cancer. Afr J Biotechnol 2009; 8: 7308-7312
Mao X, Hamoudi RA, Talbot IC, Baudis M. Allele-specific
loss of heterozygosity in multiple colorectal adenomas: toward an integrated molecular cytogenetic map II. Cancer Genet Cytogenet 2006; 167: 1-14 [PMID: 16682279 DOI: 10.1016/
j.cancergencyto.2005.08.030]
Harfe BD, Jinks-Robertson S. Mismatch repair proteins and
mitotic genome stability. Mutat Res 2000; 451: 151-167 [PMID:
10915870 DOI: 10.1016/S0027-5107(00)00047-6]
Kerr DJ, Midgley R. Defective mismatch repair in colon
cancer: a prognostic or predictive biomarker? J Clin Oncol 2010; 28: 3210-3212 [PMID: 20498404 DOI: 10.1200/
JCO.2010.28.9322]
Fransén K, Klintenäs M, Osterström A, Dimberg J, Monstein
HJ, Söderkvist P. Mutation analysis of the BRAF, ARAF and
RAF-1 genes in human colorectal adenocarcinomas. Carcinogenesis 2004; 25: 527-533 [PMID: 14688025 DOI: 10.1093/carcin/bgh049]
Helleday T. Pathways for mitotic homologous recombination in mammalian cells. Mutat Res 2003; 532: 103-115 [PMID:
14643432 DOI: 10.1016/j.mrfmmm.2003.08.013]
Aylon Y, Kupiec M. New insights into the mechanism of
homologous recombination in yeast. Mutat Res 2004; 566:
231-248 [PMID: 15082239 DOI: 10.1016/j.mrrev.2003.10.001]
von Kleist S, Chany E, Burtin P, King M, Fogh J. Immunohistology of the antigenic pattern of a continuous cell
line from a human colon tumor. J Natl Cancer Inst 1975; 55:
555-560 [PMID: 1159834]
Agrez MV, Chua FK, Fagan K, Heath JW, Ferguson NW. A
human colon cancer cell line established from collagen matrix
cultures transplanted into nude mice. Immunol Cell Biol 1991;
69 (Pt 3): 205-213 [PMID: 1959934 DOI: 10.1038/icb.1991.30]

P- Reviewer: Sahu RP

WJG|www.wjgnet.com

12525

S- Editor: Ma N L- Editor: Rutherford
A E- Editor: Zhang DN

September 21, 2014|Volume 20|Issue 35|

World J Gastroenterol 2014 September 21; 20(35): 12526-12532
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i35.12526

© 2014 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Necroptosis: An emerging type of cell death in liver diseases
Waqar Khalid Saeed, Dae Won Jun
Waqar Khalid Saeed, Dae Won Jun, Department of Gastroenterology, Hanyang University School of Medicine, Seoul
133-070, South Korea
Author contributions: Jun DW was the guarantor of the article;
Saeed WK performed the research and wrote the manuscript;
Jun DW contributed to the design of the study.
Supported by A grant of the Korea Healthcare technology R
and D Project, Ministry of Health and Welfare, South Korea,
NO. A121185
Correspondence to: Dae Won Jun, MD, Department of Gastroenterology, Hanyang University School of Medicine, Hangdang dong 17, Sungdong gu, Seoul 133-070,
South Korea. noshin@hanyang.ac.kr
Telephone: +82-2-22908334 Fax: +82-2-22989183
Received: December 28, 2013 Revised: June 3, 2014
Accepted: July 15, 2014
Published online: September 21, 2014

Abstract
Cell death has been extensively evaluated for decades and it is well recognized that pharmacological
interventions directed to inhibit cell death can prevent
significant cell loss and can thus improve an organ’
s physiological function. For long, only apoptosis was
considered as a sole form of programmed cell death.
Recently necroptosis, a RIP1/RIP3-dependent programmed cell death, has been identified as an apoptotic backup cell death mechanism with necrotic morphology. The evidences of necroptosis and protective effects
achieved by blocking necroptosis have been extensively
reported in recent past. However, only a few studies
reported the evidence of necroptosis and protective effects achieved by inhibiting necroptosis in liver related
disease conditions. Although the number of necroptosis
initiators is increasing; however, interestingly, it is still
unclear that what actually triggers necroptosis in different liver diseases or if there is always a different
necroptosis initiator in each specific disease condition
followed by specific downstream signaling molecules.
Understanding the precise mechanism of necroptosis
as well as counteracting other cell death pathways in
liver diseases could provide a useful insight towards
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achieving extensive therapeutic significance. By targeting necroptosis and/or other parallel death pathways, a
significant cell loss and thus a decrement in an organ’s
physiological function can be prevented.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Necroptosis; Programmed necrosis; Apoptosis; Cell death; Liver disease
Core tip: Necroptosis has been identified as apoptotic
“back up” cell death mechanism. The evidence of
necroptosis and protective effects achieved by blocking necroptosis have been extensively reported in recent past such as in renal ischemic/reperfusion injury,
myocardial infarction, and acute pancreatitis. However,
only a limited number of studies reported necroptosis
evidence and significance of key necroptosis molecules,
RIP1 and RIP3, in liver related disease conditions. The
current review focuses on evidence of necroptosis in
liver related disease conditions as well as potential significance of other programmed necrosis pathways.
Saeed WK, Jun DW. Necroptosis: An emerging type of cell
death in liver diseases. World J Gastroenterol 2014; 20(35):
12526-12532 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12526.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12526

INTRODUCTION
The study of cell death and survival has been under extensive exploration. However, it is still not known how a
cell critically decides to live or die. A cell can be labeled
dead if it meets one of following criteria: loss of plasma
membrane integrity and incorporation of vital dyes in
vitro, cell fragmentation, and/or in vivo engulfment of cell
fragments by neighboring cells[1]. Historically cell death
mechanism can be broadly classified into regulated and
unregulated. Apoptosis and necrosis are examples of reg-
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TNF-α, FasL, TRAIL
TNFR1

TRADD
CYP2E1

Other unknown
kinases?
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RIPK1

RIPK3
JNK
MLKL

Figure 1 Diagrammatic representation of necroptosis pathway. Apoptosis and necroptosis can share
the same death inducers molecules such as tumor
necrosis factor-α (TNF-α), FasL, and TNF-related
apoptosis-inducing ligand (TRAIL). The intracellular
domain of TNF receptor (TNFR)1 further recruits
many intracellular proteins including TNF receptorassociated death domain protein (TRADD), TNF
receptor associated factor (TRAF), and receptorinteracting serine-threonine kinase 1 (RIP1). RIP1
phosphorylates and activates RIP3 which later
forms the complex together with mixed lineage
kinase domain-like (MLKL). C-Jun N-terminal kinase
(JNK) and MLKL act downstream of RIP3. There is
a possibility that some other unknown kinases might
be acting between RIP1 and RIP3 which could
explain why certain liver diseases do not show the
protective effects of necrostatin-1.

PGAM5

ulated and unregulated types of cell deaths respectively,
however; there are also evidences of other overlapping
types of cell deaths with therapeutic potentials[2]. Moreover, even the exposure to the same death inducing substance at different concentrations can produce a mixed
picture of cell deaths in which a diversity of different cell
death types can be observed[3,4]. Regulated cell death is
genetically controlled and unregulated cell death is due to
failure of cell to overcome extreme stresses[2,4]. Among
the various cell death types to be explored, apoptosis and
necrosis are well-known morphologically distinct types
of cell deaths[2,3]. Apoptosis, necrosis and autophagy are
major distinct types of cell death each with a specific molecular, biochemical and morphological characteristics[1,4].
Necroptosis is a non-apoptotic backup, necrosis-like
cell death mechanism, which is initiated when apoptosis
is blocked[5]. Apoptotic pathway is a caspase-dependent
dominant cell death pathway while necroptotic pathway is
dependent on kinase cascade. A family of kinase activity
containing proteins known as receptor interacting proteins (RIPs) are essential cell stress sensors[6]. The current
review focuses on necroptosis, a caspase-independent
programmed cell death, and potential protective effects
achieved by intervening necroptosis in liver diseases.

NECROPTOSIS: EMERGING CONCEPT OF
PROGRAMED CELL NECROSIS
Chan and colleagues introduced the term “programmed
necrosis” for an alternative RIP-mediated form of cell
death, which is morphologically distinct from apoptosis
and is dependent on tumor necrosis factor receptor,
Fas and tumor necrosis factor (TNF)-related apoptosisinducing ligand (TRAIL) receptors activation[7]. RIPs
are essential for necroptosis execution; for pro-necrotic
complex formation, the kinase activities of RIP1 and
RIP3 are essential and are tightly regulated within the
necrosome[8]. There is an increasing number of necroptosis initiators; however, TNF-α induced necroptosis is
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extensively studied and reported[9,10] (Figure 1). Moreover,
it is also still not known whether the different necroptosis inducers follow the same downstream signaling
pathway[10]. The RIP1 and RIP3 interact with each other
through homotypic interaction motif at their C terminus[11]. RIP1 is thought be a crucial kinase making the
decision of cell survival or death[12]. RIP1 has three domains; a serine/threonine kinase domain essential for
necroptosis, an intermediate domain, containing homotypic interaction motif, for nuclear factor kappa-lightchain-enhancer of activated B cells (NF-κB) and a death
domain for apoptosis activation[13]. RIP1 ubiquitination
promotes cell survival pathway while de-ubiquitination
promotes kinase dependent cell death pathway[10]. As
RIP1 has multiple domains, its activation can result in
multiple outcomes such as NF-κB, mitogen-activated
protein kinase (MAPK), apoptosis or necrosis[12]; however, only the kinase activity of RIP1 was reported to
be essential for necroptosis execution but not for other
pathways[8]. The necrostatin-1 (nec-1), a small potent
molecule, blocks RIP1 kinase activity and thus blocks
death receptors induced necroptosis[5]. Cho et al[8] reported that RIP3 controls programmed necrosis and found
that RIP3 augments RIP1 recruitment to necrosome.
Furthermore, apart from RIP1 and RIP3, several other
kinases were also thought to be involved in phosphorylation of RIP1 and RIP3.
Upon activation, RIP3 is reported to activate a number of different downstream signals such as contribution to necroptosis by formation of necrosome and
later the activation of mixed-lineage kinase domain-like
(MLKL), phosphoglycerate mutase 5 (PGAM5) and finally dynamin-related protein (Drp1) to induce reactive
oxygen species (ROS) production and membrane permeability[14]. Moreover, through JNK activation, RIP1/RIP3
kinase cascade is also reported to regulate mitochondrial
oxidative stress[15-17]. The increased RIP3 expression is
also thought to be related to increased expression of proinflammatory cytokines[14,16] and inflammasome activa-
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tion[14]. Furthermore, RIP3 is also reported to be linked
with energy metabolism and to determine the switch
between apoptosis and necrosis[18]. Recently, RIP3 inhibition has also been reported to increase allograft survival
in renal ischemic reperfusion injury model[19,20].

CROSSTALK BETWEEN NECROPTOSIS
AND APOPTOSIS
Despite morphologically different and distinct molecular
machinery involved in execution of different death pathways, there is a complex interaction and crosstalk between
necroptosis and apoptosis[4]. In general, the blockage
of single pathway does not block the cell death entirely;
however, it prone the cell to choose an alternative death
pathway[21]. Under apoptosis deficient conditions such as
caspase inhibition by zVAD, cells can opt a type of programmed cell death pathway termed as programmed necrosis or necroptosis[5]. The existence of complex crosstalk and overlaps between different cell death pathways
has indeed made it difficult to determine what actually
defines cell’s priority to choose one pathway over another.
Several studies pointed towards the involvement of different molecular mechanisms to determine this switch.
For instance, the blockage of apoptotic pathway by pancaspase inhibitors (e.g., zVAD) can lead to cell’s switch
to necroptotic pathway, alternatively, the blockage of
apoptosis is not necessary for necroptosis execution[5,22],
and in neuronal subpopulation necroptosis might be a
primary death mechanism[5]. RIP1 and RIP3 are thought
to be critical molecules contributing in cell’s switching
from apoptotic to necroptotic pathway[13,23,24]. Festjens et
al[12] described that RIP1 integrates several upstream signals and is a critical decision maker in cell’s fate to live or
die. Moreover, it was also suggested that the RIP1 kinase
domain might have a role in shifts between cell survival
and death [25]. Depending on the circumstances RIP1
can contribute to NF-κB, MAPK, apoptosis or necrosis
activation[12]. Moreover, the cell shifts from apoptosis to
necrosis when it has depleted energy stores such as during DNA repair by poly-ADP-ribose polymerase (PARP)
activation[26]. Interestingly, the extracellular pH was also
found to switch the TRAIL-induced apoptosis to necroptosis in human HT29 and HepG2 cells[27]. Despite the
number of evidences reporting the switches between different pathways, it is still unclear what exactly determines
the cell’s preference to choose one death pathway over
another.

EVIDENCE OF NECROPTOSIS IN LIVER
DISEASES
The evidence and evaluation of protective effects mediated by necroptosis inhibition have been reported in a
number of disease conditions such as renal ischemic
reperfusion injury[28], myocardial infarction[5], acute pan-
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creatitis[24], retinal detachment[29], and traumatic brain
injury[30]. However, recently, only a few studies reported
the necroptosis evidences and protective effects achieved
through inhibition of necroptosis in liver related disease
conditions.
Roychowdhury et al[31] reported that ethanol feeding
activates both apoptotic as well as non-apoptotic cell
death pathways. Ethanol induced RIP3 expression which
was independent of presence or absence of caspase inhibitor. Moreover, blocking apoptosis alone by using Bid
deficient mice or VX166, a pan-caspase inhibitor, was not
sufficient to prevent ethanol induced liver injury. Roychowdhury et al[16] also found that RIP3 deficiency did not
have any effect on ethanol-induced apoptosis. Chronic
ethanol fed mice showed an increased RIP3 expression;
however, RIP1 expression remained the same. Moreover,
the liver biopsies of alcoholic liver disease patients also
showed an increased RIP3 expression, which signifies the
execution of necroptosis in human hepatic pathologies
as well. Furthermore, cytochrome P450 2E1 (CYP2E1)deficient mice failed to induce RIP3, suggesting that
CYP2E1 acts upstream of RIP3 in ethanol mediated liver
injury. RIP3-deficient mice also showed reduced pJNK
positive hepatocytes and were protected against ethanol
medicated hepatocyte injury and pro-inflammatory cytokines expression[16].
In another study, acetaminophen (APAP) toxicity
induced RIP3 expression, increased alanine aminotransferase (ALT) levels, and led to extensive necrosis. RIP3
morpholinos treatment targeting RIP3 and use of RIP3
deficient mice not only decreased ALT levels and oxidative stress but also altered mitochondrial function. The
reduced RIP3 expression reduced JNK and Drp1 activation, which later reduced the mitochondrial oxidative
stress, fission and finally prevented the necrosis. Moreover, RIP3 deficient mice and RIP3 anti-sense morpholinos also attenuated necrotic cell death in vivo as well as
in vitro by decreasing the activation and translocation of
JNK and Drp1[17]. Similar results were also reported in
two other studies that nec-1 is protective against APAPinduced hepatocytes toxicity and RIP1/RIP3 act upstream of JNK activation[15,32].
In concanavalin A (ConA) induced murine hepatitis
model nec-1 was found to protect against ConA-induced
hepatitis and decreased serum aspartate aminotransferase and ALT and PARP-1 expression[33]. Another study
also reported similar results that nec-1 not only reduced
ConA induced acute liver injury and but also improved
liver histology, reduced liver enzymes, inflammatory cytokines, and improved animal survival[34]. Moreover, nec-1
decreased RIP1, TNF-α, interferon-γ, interleukin (IL)-2
and IL-6 expressions; however, interestingly, nec-1 also
inhibited autophagy in vitro[34]. In another study, treatment
of septic mice with nec-1 was found to be damaging
for hepatocytes. Nec-1 treatment altered liver glycogen
contents and increased serum liver injury markers, proinflammatory cytokines, and caspase-3 activity[25].
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Table 1 Brief summary of necroptosis and necrostatin-1 effects in different liver disease models
Disease model

Probable necroptosis inducer

Downstream signaling

Nec-1 effects

Ref.

TNF-α
TNF-α
Unknown
Unknown
Unknown
TRAIL
Unknown
FasL

JNK acts downstream of RIP3
No information
JNK acts downstream of RIP3
No information
JNK acts downstream of RIP1
PARP-1 acts downstream of RIP3
No information
No information

No effect
No information
Protective
Protective
Protective
Protective
Protective
Hepatotoxic

[16]
[31]
[17]
[32]
[15]
[33]
[34]
[25]

Ethanol induced liver injury
Ethanol induced liver injury
APAP-induced liver toxicity
APAP-induced liver toxicity
APAP-induced liver toxicity
Con-A induced hepatitis model
Con-A-induced hepatitis
Liver sepsis model

APAP: Acetaminophen; Con-A: Concanavalin; TNF-α: Tumor necrosis factor-α; JNK: C-Jun N-terminal kinase; RIP3: Receptor-interacting serine-threonine
kinase 3; TRAIL: TNF-related apoptosis-inducing ligand; Nec: Necrostatin.

Cell death

Regulated necrosis (RN)

Pyroptosis

Ferroptosis

PARP-1-mediated
RN

Autophagy

MPT-mediated
RN

Necroptosis

RIP1-dependent

Chaperonemediated
Autophagy

Macroautophagy

Apoptosis

Microautophagy

Extrinsic
Pathway

Intrinsic
Pathway

RIP1-independent

Figure 2 Types of cell deaths. The classification shown in not generalized and is presented only for descriptional purpose. RIP: Receptor interacting proteins.

RIP1 DEPENDENT AND RIP1
INDEPENDENT NECROPTOSIS
Although, RIP1 kinase is thought to be the key molecule
regulating necroptosis; however, the current reports
regarding protective effects achieved through RIP1 inhibition by nec-1 in liver related disease conditions are
inconsistent. For instance, in Con-A induced hepatitis[33,34]
and in APAP toxicity[17,32] models, RIP1 inhibition by
nec-1 is reported to be protective while in alcoholic liver
disease model[16], only RIP3 inhibition was protective and
RIP1 inhibition by nec-1 had no protective effects at all
(Table 1). Furthermore, interestingly, in septic mouse
model nec-1 not only increased caspase-3 activity but was
also hepatotoxic[25]. As there are a numbers of potential
necroptosis executers, the disparity can be resolved by
noticing first, that in each disease model, the initiator of
necroptosis might be different. For example, in Con-A
induced hepatitis model[33] TRAIL was reported to induce necroptosis while in alcoholic liver disease model[16]
TNF-α was thought to induce necroptosis. However,
in APAP toxicity model, the initiator of necroptosis is
still not known[17]. Moreover, there are also evidences
supporting that in certain conditions necroptosis is only
RIP3 dependent and RIP1-independent[10,16,35,36]. Second,
the RIP1/RIP3-dependent necroptosis and RIP3 alone
dependent necroptosis could be representing the splitting of necroptosis pathway at the level of RIP3. There
is a possibility that in RIP3 alone dependent necroptosis,
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the upstream kinase activating RIP3 could not be RIP1
but some other unknown kinase. Therefore, depending
on disease condition necroptosis signal might be bypassing the kinase activity of RIP1. Cho et al[8] also pointed
towards the possible existence of several other kinases
to be involved in necroptosis kinase cascade and the possibility that RIP3 might be acting upstream of RIP1 and
that some other unknown kinase might also be activating RIP3 downstream of RIP1. With recent evidences
indicating the existence of distinct pathways of regulated
necrosis[37,38], it is fascinating to speculate that both RIP1
and RIP3 mediated and RIP3 alone mediated necroptosis
might also be representing the splitting of necroptosis
pathway. It is yet to be answered which necroptosis executers promote the involvement of both RIP1 and RIP3
and which executers only promote the involvement of
RIP3 alone. Furthermore, it should also be noticed that
nec-1 is reported to depict a number of diverse effects
which are sometimes independent of RIP1[22,30,39-41].
Although several other forms of regulated necrosis
such as PARP-1 mediated regulated necrosis, mitochondrial permeability transition-induced necrosis, pyroptosis,
ferroptosis have also been identified (Figure 2), the current knowledge about how these different regulated necrosis pathways interact with each other and what clinical
significance can be achieved by combined inhibition of
these pathways is still limited[38]. The pyroptosis denotes a
caspase-1-dependent cell death exhibiting necrotic and/
or apoptotic morphologies and is associated with the
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release of IL-1β and IL-18[36], while the ferroptosis is an
intracellular iron-dependent cell death with distinct morphology[42].

OTHER TYPES OF PROGRAMMED
NECROSIS; PARALLEL OR ALTERNATIVE
PATHWAYS OF NECROSIS

CONCLUSION

Whenever the term programmed necrosis is used usually it refers to necroptosis. However, interestingly, in
addition to necroptosis other pathways of programmed
necrosis can also concurrently co-exist. Moreover, similar
to apoptosis, necroptosis is also thought to be executed
from both extrinsic as well as intrinsic mechanisms[43].
It is reported that TNF-α mediated necroptosis and
PARP-1 mediated necrosis represent two distinct pathways of programmed necrosis that are separate from
each other[37]. Linkermann et al[38] also pointed that in
mouse model of kidney ischemic reperfusion injury,
cypD-mediated and RIP3-mediated necrosis represent
two distinct pathways of regulated necrosis and blockage
of both pathways had additional protective effect than
the blockage of an individual pathway. Interestingly, it is
also reported that mitochondrial PGAM5 could be the
converging point of multiple necrosis pathways[44]. Alternatively, the presence of mitochondria is not necessary
for necroptosis execution[45]. Similarly, in hepatic APAP
toxicity model despite RIP3 elimination the protection
against necrosis was transient and effect was short lived
and later thought to be dominated by some other alternate pathway[17] probably due to parallel existing alternative pathway of necrosis. Moreover, Sharma et al[32] also
reported that as RIP1 induces oxidative stress through
JNK activation and MLK3 controls the initial stage of
JNK activation. The blockage of RIP1 or MLK3 activity
did not had any effect on each other; however, the combined blockage was more protective against APAP toxicity probably due to independent mechanism or pathway.
The interaction between MAPK and necroptosis
pathways as well as nature and signaling pathway of
MLKL, a RIP3 downstream signaling molecule, are yet
to be clarified. For instance, it is reported that MLKL is
required for ROS generation and for late phase of JNK
activation[46]. Alternatively, it is also reported that MLKL
is a kinase dead protein[47]. Moreover, TNF-α and LPS
induced JNK and p38 activation were unaffected with
MLKL deletion suggesting that MLKL has no role in
MAPK signaling activation[48]. However, to further clarify
the pathway, there is still a need to find other molecular
targets upstream and downstream of MLKL[46-48].
It is thus fascinating that in addition to RIP1/RIP3
mediated programmed necrosis several other parallel
pathways of programmed necrosis could also co-exist.
Moreover, in addition to blocking necroptosis by necrostatin-1 or by blocking RIP3, an additional blockage of
other programmed necrosis pathway could significantly
enhance the protection against organ damages[37,38]. How-
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ever, the current knowledge about parallel existence of
other programmed necrosis pathways in various liver
diseases is limited and demands future evaluation. There
is a need to understand and explore the potential role of
other regulated necrosis pathways in various liver disease
models.

There is an increasing need to comprehend the exact
mechanism of necroptosis as well as functional tasks of
RIP1, RIP3, and MLKL in liver related disease conditions. The protective effects of nec-1 have been reported
in a number of liver disease conditions, and nec-1 might
be helpful in understanding necroptosis as well as contribution of other potential death pathways in liver related
diseases. However, it is still not clear whether the necroptosis in liver related disease conditions is RIP3-dependent
alone or both RIP1 and RIP3 together are involved in
these conditions. As several other kinases might be involved in necroptosis signaling[8], and some studies only
report RIP3-dependent necroptosis[16,49,50], and nec-1 has
RIP1-independent effects as well[22], it is thus not clear
whether to modulate the function of RIP1 and/or RIP3
would be beneficial in liver related disease conditions.
Although as suggested by findings mentioned by Cho
et al[22] and Takahashi et al[51] results obtained with nec-1
should be carefully interpreted and should be confirmed
with other approaches, nec-1 still provides an excellent
opportunity not only for understanding the mechanism
of necroptosis in liver related clinical conditions but also
for exploring new potential cell death pathways with
therapeutic significance.
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Abstract
AIM: To investigate the role of nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase in colon epithelial cells in the pathogenesis of acute and chronic
colon inflammation in a mouse model of dextran sulphate sodium (DSS)-induced colitis.
METHODS: Balb/c mice were divided into three groups:
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8 mice with acute DSS-induced colitis (3.5% DSS solution; 7 d), 8 mice with chronic DSS-induced colitis (3.5%
DSS solution for 5 d + water for 6 d; 4 cycles; total:
44 d) and 12 mice without DSS supplementation as a
control group. Primary colonic epithelial cells were isolated using chelation method. The cells were cultivated
in the presence of mediators (lipopolysaccharide (LPS),
apocynin or diphenyleneiodonium). Viability of cells
was assessed by fluorescent microscopy. Production of
reactive oxygen species (ROS) by the cells was measured fluorometrically using Amplex Red. Production of
tumour necrosis factor-alpha (TNF-α) by the colonic
epithelial cells was analysed by ELISA. Nox1 gene expression was assessed by real-time PCR.
RESULTS: Our study showed that TNF-α level was
increased in unstimulated primary colonic cells both in
the acute and chronic colitis groups, whereas decreased
viability, increased ROS production, and expression
of Nox1 was characteristic only for chronic DSS colitis
mice when compared to the controls. The stimulation
by LPS increased ROS generation via NADPH oxidase
and decreased cell viability in mice with acute colitis.
Treatment with NADPH oxidase inhibitors increased cell
viability and decreased the levels of ROS and TNF-α in
the LPS-treated cells isolated from mice of both acute
and chronic colitis groups.
CONCLUSION: Our study revealed the importance of
NADPH oxidase in the pathogenesis of both acute and
chronic inflammation of the colon.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Apocynin; Diphenyleneiodonium; Dextran
sulphate sodium-induced colitis; Inflammatory bowel disease, Nicotinamide adenine dinucleotide phosphate oxidase; Reactive oxygen species; Tumour necrosis factor-α

12533

September 21, 2014|Volume 20|Issue 35|

Ramonaite R et al . NADPH oxidase and colitis

Core tip: Reactive oxygen species (ROS)-induced oxidative stress is one of the most important etiological factors involved in the inflammation. The key producers
of ROS in cells are nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase enzymes. Several studies
have shown that epithelial NADPH oxidase might be
responsible for normal immune response to antigens
in the gut. On the other hand, little is known about
the molecular pathways controlling ROS production
via NADPH oxidase in primary intestinal epithelial cells
during inflammation. The aim of this study was to investigate the role of NADPH oxidase in colon epithelial
cells in the pathogenesis of acute and chronic colon
inflammation using a mouse model of dextran sulphate
sodium-induced colitis. The results of our study revealed
the importance of NADPH oxidase in the pathogenesis
of colon inflammation.
Ramonaite R, Skieceviciene J, Juzenas S, Salteniene V, Kupcinskas
J, Matusevicius P, Borutaite V, Kupcinskas L. Protective action
of NADPH oxidase inhibitors and role of NADPH oxidase in
pathogenesis of colon inflammation in mice. World J Gastroenterol
2014; 20(35): 12533-12541 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i35/12533.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12533

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) that affects the intestinal mucosa[1]. The
pathogenesis of UC seems to involve primary defects
in one or more elements responsible for the recognition
of bacteria and normal immune response to antigens in
the gut[2,3]. Previous studies indicated the importance of
reactive oxygen species (ROS)-induced oxidative stress
in the development of IBD. The key producers of ROS
in phagocytic and non-phagocytic cells are NADPH oxidase enzymes[4,5]. NADPH oxidase-derived ROS act as
intracellular messengers for a variety of cellular receptor
signal transduction pathways, and play pivotal roles in
various biological activities, including host defence, cell
growth and differentiation, stimulation of pro-inflammatory genes, and cell death[4,6-8]. The epithelial NADPH
oxidase homologs (Nox1 and DUOX2) generate a higher level of ROS in the colon compared to phagocytic
NADPH oxidase (Nox2)[4]. Nox1, the so-called ‘‘colon
NADPH oxidase’’, is highly expressed in the colon, particularly in colon epithelial cells[5]. This enzyme comes
into close contact with normal and pathogenic bacteria
and may play an important role in local innate immune
and inflammatory responses in the gut[5,9,10]. Several studies have shown that bacterial products and pro-inflammatory cytokines such as interleukin-18 (IL-18), interferon gamma and tumour necrosis factor-alpha (TNF-α)
can stimulate the NADPH oxidase expression and ROS
production in intestinal epithelial cell cultures in vitro[10,11].
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Anti-inflammatory cytokines interleukin-10 (IL-10) and
transforming growth factor-beta effectively block the
stimulatory actions of pro-inflammatory cytokines and
decrease NADPH oxidase activity in colon cancer cell
lines[10,11]. However, molecular pathways controlling ROS
production via NOX enzymes in primary intestinal epithelial cells during acute and chronic inflammation are
poorly understood.
The aim of this study was to investigate the role of
NADPH oxidase in colon epithelial cells in the acute and
chronic colon inflammation using mice with dextran sulphate sodium (DSS)-induced colitis.

MATERIALS AND METHODS
Animals
Male Balb/c mice were used for the experiments (Lithuanian University of Health Sciences, Veterinary Academy, vivarium, Lithuania). All mice were 6-8-wk-old and
had an approximate weight of 16-20 g at the beginning
of the experiment. Mice were housed in individual plastic cages (1 mouse per cage) in a 12-h light/dark cycle at
22 ℃ room temperature and were provided with food
and water ad libitum. Procedures involving animal care
were conducted conforming to national and international laws and policies. The experimental design was
approved by the Lithuanian Animal Ethics Committee
(Protocol No. 0201).
Induction of colitis with DSS
Colon inflammation in Balb/c mice was induced by oral
administration of 3.5% DSS dissolved in the distilled
drinking water and supplied ad libitum (molecular mass
40 kDa, TdB Consultancy, Uppsala, Sweden). We used a
protocol that was established by Wirtz et al[12], which was
slightly modified as follows: animals were divided into
three study groups: 8 mice with acute DSS-induced colitis
(mice were given 3.5% DSS in the drinking water over 7
d; 1 cycle; total number of days: 7), 8 mice with chronic
DSS-induced colitis (mice were given 3.5% DSS in the
drinking water over 5 d and water for 6 d; this cycle was
repeated 4 times; total number of days: 44), and 12 mice
as a control group without DSS supplementation.
Evaluation of colonic inflammation
Assessment of clinical parameters: Clinical parameters
recorded in the experiments with Balb/c mice were colon
length (cm), colon weight (mg, without faeces), spleen
weight (mg), body weight (g), mortality, diarrhoea (assessment of faeces was performed using the Bristol scale)
and rectal bleeding (seen by ocular inspection)[13]. Bristol
scale is designed to classify faeces into seven groups according to faeces consistency in points from 1 (very hard)
to 7 (entirely liquid)[14]. The clinical and morphological
parameters of the animals were expressed as a mean of
the group.
Assessment of histological score in mice: All chemi-
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cals were obtained from Sigma-Aldrich (Steinheim, Germany) unless otherwise stated. Each colonic segment
of mice was washed with phosphate-buffered solution
without Mg2+ or Ca2+ (PBS) (Invitrogen, Carlsbad, CA,
United States) and immediately fixed with 10% neutral
formalin for 4 h at room temperature for paraffin embedding. Serial 3-μm sections were cut for each tract
and stained with haematoxylin and eosin for histological
examination. Images of tissue were analysed using an
OLYMPUS IX71 microscope with Q IMAGING EXI
aqua camera (Tokyo, Japan). Histological examination
was performed using the method suggested by Hausmann et al[15].
Isolation and cultivation of primary mouse colonic
epithelial cells
Large intestine was removed and placed in PBS for washing procedure. Subsequently, the intestine was cut into
1-mm fragments and transferred in PBS solution containing 50 IU/mL penicillin, 50 μg/mL streptomycin, and 0.5
mg/mL gentamycin. The primary mouse colonic epithelial cells were isolated using chelation method as described
by Meijssen et al [16], but slightly modified as follows.
The intestine fragments were incubated in 2.5 mmol/L
EDTA dissolved in PBS for 40-45 min at room temperature to liberate the single epithelial cells from the lamina
propria. The isolated epithelial cells were suspended in
DMEM supplemented with 15% fetal calf serum, 10
mmol/L HEPES buffer, and antibiotics. Approximately
107 cells per well were seeded and cultured with mediators (20 μg/mL of lipopolysaccharide (LPS), 1 mmol/L
of apocynin, 20 μg/mL LPS + 1 mmol/L apocynin) in
24-well plates coated with bovine dermal collagen for 24
h at 37 ℃ in an atmosphere of 5% CO2 and at 90% relative humidity. After 24 h, supernatants were collected and
stored at -20 ℃[1]. In order to assess the purity of isolated
epithelial cell culture, i.e., the content of inflammatory
cells, the expression of specific cell type markers (Ptprc a hematopoietic cell marker, Cd3e - a T cell marker, Cd68
- a monocyte/macrophage marker, Vill - an epithelial cell
marker) was detected using real-time PCR method (described in detail below).
Measurement of hydrogen peroxide production
NADPH oxidase generates superoxide, which is rapidly
converted to hydrogen peroxide[17]. Hydrogen peroxide
production by cells was measured fluorometrically using
1 μmol/L Amplex Red and 10 units/mL horseradish
peroxidase. Mouse colonic epithelial cells (approximately
105 cells/mL) were resuspended in PBS and incubated
with either 5 units/mL of catalase (endogenous control),
or 10 μg/mL of LPS, or 20 μmol/L of diphenyleneiodonium (DPI), or 10 μg/mL LPS + 20 μmol/L DPI for
30 min at 37 ℃. Biopsy samples were accurately shredded, suspended in PBS solution and incubated without
stimulation for 30 min. Then the Amplex Red and peroxidase were added and the rate of hydrogen peroxide
production was measured by following the increase in

WJG|www.wjgnet.com

fluorescence (excitation at 544 nm, emission at 590 nm)
with a Fluoroskan Ascent microplate fluorometer (The
Thermo Scientific, Waltham, MA)[1].
Apocynin interferes with detection of ROS in assay
systems selective for hydrogen peroxide or hydroxyl radicals. This inhibitor acts as a radical scavenger and inhibits Amplex Red oxidation. Thus ROS are not measured
accurately and cannot reflect the effect of apocynin on
the NADPH oxidase activity. Therefore, for the assessment of NADPH oxidase activity we applied another
large-spectrum inhibitor DPI[1,18]. Estimation of effect
of DPI on cell viability and TNF-α has not been performed, because DPI is a less specific inhibitor of Nox
than apocynin and can inhibit other oxidases, e.g., mitochondrial complex Ⅰ[4].
Assessment of cell viability
The viability of cultured mouse colonic epithelial cells
was assessed by propidium iodide (PI, 7 μmol/L) and
Hoechst 33342 (4 μg/mL) staining using an OLYMPUS
IX71S1F-3 ﬂuorescence microscope (Tokyo, Japan). PInegative cells with weak Hoechst-staining were considered to be viable, whereas cells showing nuclear shrinkage or fragmentation and intensive Hoechst staining but
still lacking PI staining were classified as chromatin condensed/fragmented (apoptotic). PI-positive cells were
classified as necrotic. Mouse colonic epithelial cells were
counted in at least 5 microscopic fields per well (three
wells per treatment). Data are expressed as percentage
of viable, necrotic or apoptotic cells of the total number
of cells per field[1,19].
Assessment of TNF-α concentration
Concentration of TNF-α was assessed in the supernatants
of primary mouse epithelial cell cultures using a commercially available two-site ELISA kit (Invitrogen, Carlsbad,
CA). The lowest limit of sensitivity of the test system for
TNF-α was 3 pg/mL. The optical densities at 450 nm
and at a correction wavelength of 490 nm were measured
on an ELISA microplate reader (MRX microplate reader,
Dynex Technologies, Denkendorf, Germany)[1].
Assessment of gene expression in colonic epithelial
cells by real-time PCR
Isolated mouse epithelial cells were stabilised with RNAlater® solution and kept in -80 ℃ until further analysis.
Total RNA was isolated using the GeneJET RNA Purification Kit (Thermo Fisher Scientific, Vilnius, Lithuania). Purified RNA was re-suspended in RNase-free
water and stored at -80 ℃. RNA purity and integrity were
assessed using a spectrophotometer (Nanodrop Technologies, Wilmington, DE, United States). cDNA was
synthesised from total RNA (200 ng) using First Strand
cDNA Synthesis Kit (Thermo Fisher Scientific, Vilnius,
Lithuania). Reaction for the real-time PCR was performed
using predesigned TaqMan® Gene Expression Assays
(Gene expression assays IDs: Nox1 - Mm00549170_m1,
Actb - Mm00607939_s1, Ptprc - Mm01293577_m1; Cd3e
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Table 1 Assessment of clinical symptoms and morphological alterations after dextran sulphate sodium administration in Balb/c mice
Group

n

Length of colon
(cm)

Colon weight
(mg)

Weight of colon/
length of colon

Spleen weight
(mg)

Body weight
(g)

Assessment
of faeces

Rectal
bleeding

Mortality

Control

12

7.8 ± 0.78

337.6 ± 69.04

44.26 ± 7.11

97.1 ± 31.35

21.9 ± 3.89

2.5 ± 0.52

Acute colitis

8

5.9 ± 0.97a

321.9 ± 55.29

55.03 ± 6.48a

197.9 ± 93.58a

17.0 ± 2.30a

5.0 ± 0.85a

Chronic colitis

8

7.2 ± 0.27e

354.2 ± 69.29

49.39 ± 6.28

119.0 ± 20.74e

18.8 ± 1.06ce

4.2 ± 0.45ce

0/12
(0%/100%)
5/8
(62%/100%)
0/8
(0%/100%)

0/12
(0%/100%)
0/8
(0%/100%)
0/8
(0%/100%)

Colon inflammation was induced by the administration of 3.5% DSS solution in Balb/c mice. Assessment of faeces was performed using the Bristol scale
(points 1 to 7). Rectal bleeding - number of mice with rectal bleeding (percentages)/total number of mice (percentages). Mortality - number of dead mice
(percentages)/total number of mice (percentages). aP < 0.05, acute DSS-induced colitis groups vs control; cP < 0.05, chronic DSS-induced colitis groups vs
control; eP < 0.05, acute DSS-induced colitis vs chronic DSS-induced colitis groups. Results are presented as mean ± SE.

- Mm00599684_g1; Cd68 - Mm03047340_m1; Vill Mm00457074_m1) and TaqMan® Universal PCR Master
Mix, according to the manufacturer’s instructions (Life
Technologies, Carlsbad, United States). Actb was used as
the endogenous control gene. The experiments for each
sample were performed in triplicate. Expression in the
mouse epithelial cells was determined using ABI Fast
7500 System (Life Technologies, Carlsbad, CA, United
States). The PCR conditions were 1 cycle of 95 ℃ for 10
min followed by 40 cycles of 95 ℃ for 15 s and 60 ℃ for
1 min. The changes of gene expression was analysed using the 2ΔCT method.
Statistical analysis
Statistical analyses were performed using the SPSS statistical package (version 16.0; Chicago, IL). Data in text
and figures are presented as mean ± standard error. Statistical analyses were performed using one-way ANOVA.
The least significant difference test was used as a post
hoc test. A P-value < 0.05 was considered statistically
significant[1].

RESULTS
Assessment of the clinical symptoms of colitis mice
Oral administration of 3.5% DSS solution for 7 d induced severe acute colitis in mice with a significant reduction in the body weight, diarrhoea, rectal bleeding,
decreased colon length, increased spleen weight when
compared to control mice (Table 1). Administration of
3.5% DSS for 44 d induced less severe damage, however, a significant body weight loss and liquefaction of
faeces were observed compared to the control mice
(Table 1). The animals with acute colitis had more severe
symptoms in comparison to chronic colitis mice, including pronounced weight loss, rectal bleeding, decrease in
colon length, and increase in spleen weight. The mice in
the control group did not show any clinical symptoms
of the disease.
Histological assessment of colon inflammation in mice
In mice with acute colitis we observed major epithelium
damage with loss of crypts in large areas (3.8 ± 0.42, P
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= 0.01) and inflammatory cell infiltration of the lamina
submucosa (3.9 ± 0.35, P = 0.01) (Figure 1B). In mice
with chronic colitis, loss of goblet cells in large areas (2.9
± 0.19, P = 0.02) and inflammatory cells infiltration of
the lamina muscularis mucosae (2.2 ± 0.30, P = 0.02)
were observed (Figure 1C). Control mice had no histological alterations in the colon tissue (Figure 1A).
Assessment of purity of isolated epithelial cell culture
The purity of the primary colonic epithelial cell culture
was assessed by detecting the expression of gene markers (Ptprc - a hematopoietic cell marker; Cd3e - a T cell
marker; Cd68 - a monocyte/macrophage marker; Vill
- an epithelial cell marker). As shown in Figure 2, the
expression levels of Ptprc, Cd3e, and Cd68 gene markers,
specific for inflammatory cells, were minor compared to
the expression of epithelial cell marker Vill in primary
colonic epithelial cells. Moreover, expression levels of
these genes were identical in cell cultures obtained from
all three experimental groups. These findings indicate
that inflammatory cells did not affect ROS, TNF-α production and Nox1 expression in our cell culture.
Assessment of viability of mouse colonic epithelial cells
The viability of cells isolated from chronic colitis mice
after 24 h was significantly lower and number of necrotic
cells was higher than those in the control group, whereas
no significant difference between acute colitis and control groups was observed (Figure 3A, B and C). Treatment of cells with NADPH oxidase inhibitor apocynin
substantially increased the viability of cells (to 68%) and
reduced necrosis (to 30%) in mice with chronic colitis,
whereas apocynin had no significant effect on cell survival in the control and acute colitis groups (Figure 3C).
Stimulation of colonic epithelial cells with LPS significantly reduced the viability of the cells in the control (to
50%) and both acute and chronic colitis groups (to 47%
and to 38%, respectively) by increasing the number of
necrotic cells (Figure 3A, B and C). However, treatment
with apocynin prevented the inhibitory effect of LPS
on colonic epithelial cell viability in all groups of mice.
Cell viability was significantly increased to 60% in the
control group, to 64% in the acute colitis and to 55% in
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A

B

C

Figure 1 Effect of dextran sulphate sodium treatment on histological parameters in Balb/c mice. Analysis of histological parameters was performed as described in Materials and Methods (original magnification × 10). A: Untreated mice (n = 12); B: Acute dextran sulphate sodium (DSS)-induced colitis group (oral administration of 3.5% DSS solution for 7 d; n = 8); C: Chronic DSS-induced colitis group (oral administration of 3.5% DSS for 44 d; n = 8).
0.008
a

a

0.006

0.004

Control

Acute DSS colitis

Vill

Ptprc

Cd 3e

Cd 68

Vill

Ptprc

Cd 3e

Cd 68

Vill

Ptprc

0.000

Cd 3e

0.002

Cd 68

Relative expression (2

△CT

)

a

Chronic DSS colitis

Figure 2 Expression of Cd68, Cd3e, Ptprc, and Vill in the colonic epithelial cells of male Balb/c mice. Cd68, Cd3e, Ptprc, and Vill were specific cell
type markers (Ptprc - a hematopoietic cell marker, Cd3e - a T cell marker, Cd68
- a monocyte/macrophage marker, Vill - an epithelial cells marker). The expression level of genes in the cells was determined by real-time PCR. aStatistically
significant differences in expression levels of inflammatory cell markers (Cd68,
Cd3e, Ptprc) and epithelial cell specific marker Vill in all the experimental
groups. Values are presented as mean ± SE. Control group: n = 12. Both DSSinduced colitis groups: n = 8. aP < 0.05, both DSS-induced colitis groups vs
control. DSS: Dextran sulphate sodium.

chronic colitis groups and number of necrotic cells was
significantly decreased (36%, 32% and 40%, respectively,
Figure 3A, B and C). The percentage of apoptotic cells
was minor (3%-8%) in all study groups.
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Assessment of hydrogen peroxide production in cells
The level of extracellular hydrogen peroxide production
was significantly higher in chronic colitis mouse cells
than in the control group (Figure 4A). Similar results
were obtained when hydrogen peroxide production was
measured directly in the colonic biopsies, i.e., hydrogen
peroxide production was higher in the biopsies of both
colitis groups when compared to controls (Figure 4B).
NADPH oxidase inhibitor DPI decreased the level
of ROS production in the chronic colitis group when
compared to the control by 1.5 times (Figure 4A). Treatment of cells with bacterial endotoxin LPS significantly
increased the production of hydrogen peroxide in both
colitis groups (1.5-fold higher in acute colitis group and
1.3-fold higher in chronic colitis group). The addition of
DPI to LPS-treated colonic epithelial cells significantly
decreased the level of ROS production in all experimental colitis groups. In the acute colitis group, ROS level
was approximately 1.6-fold lower compared to the LPStreated cells. Similar results were obtained in the chronic
colitis group, where hydrogen peroxide production decreased approximately 1.5-fold (Figure 4A).
Assessment of TNF-α concentration in colonic epithelial
cells
We investigated the influence of NADPH oxidase on
the production of pro-inflammatory cytokine TNF-α.
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Figure 3 Assessment of viability of mouse colonic epithelial cells. Cells were incubated with 20 μg/mL LPS, 1 mmol/L apocynin (Apoc), 20 μg/mL LPS + 1
mmol/L Apoc, and without stimulation for 24 h. A: Untreated mice; B: Acute DSS-induced colitis group; C: Chronic DSS-induced colitis group. aP < 0.05, DSS-induced
colitis groups untreated vs one of the stimulated subgroups in the control; c P < 0.05, DSS-induced colitis groups vs LPS and LPS + Apoc treated subgroups in the
control; eP < 0.05, chronic DSS-induced colitis groups in the untreated subgroup vs control; gP < 0.05, chronic DSS-induced colitis groups in the LPS subgroup vs control; Values are presented as mean ± SE. Untreated mouse group: n = 12. Both DSS-induced colitis groups: n = 8. LPS: Lipopolysaccharide.

As shown in Figure 5, the level of TNF-α was significantly increased in both acute and chronic colitis groups
compared to the control (4.5 and 3.6-fold, respectively).
In chronic colitis mice treatment with LPS nearly doubled the levels of TNF-α production. Treatment with
NADPH oxidase inhibitor apocynin prevented the stimulating effect of LPS on TNF-α production in primary
colonic cells in both acute and chronic colitis groups (1.5
and 1.6-fold, respectively, Figure 5).
Expression of Nox1 in colonic epithelial cells
We investigated the expression levels of Nox1 in the colonic epithelial cells of mice using real-time PCR analysis. As demonstrated in Figure 6, the expression level of
Nox1 in the epithelial cells during chronic colitis was approximately 6.4-fold higher when compared to controls.
Expression level of Nox1 did not differ significantly in
the epithelial cells isolated from mice with acute colitis
and the control group.

DISCUSSION
Several studies have shown that epithelial NADPH oxidase mediated formation of ROS is involved in inflammatory responses and host defence system at mucosal
surfaces[9,20,21]. Increased production of ROS via NADPH
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oxidase has been implicated in tissue damage observed
in chronic inflammatory disorders, such as IBD[1,22,23]. In
this study, using an experimental colitis mouse model,
we examined the role of NADPH oxidase in colon epithelial cells in the acute and chronic colon inflammation.
The results of this study revealed that expression level
of Nox1 is increased in the colon epithelium of mice
with chronic colitis. Similar findings were observed in
the human colonic epithelium of patients with ulcerative
colitis[21]. Unstimulated cells of chronic colitis mice had
decreased viability and increased ROS production via
NADPH oxidase and TNF-α concentration when compared to the control group. This observation suggests that
NADPH oxidase is an active player in chronic inflammatory response in the primary colonic epithelial cells. Increased activity of NADPH oxidase triggers unbalanced
inflammation cascade and non-phagocytic cell damage,
and can act as an oncogenic factor which increases the
risk of intestinal cancer[3,9]. Furthermore, overproduction
of ROS may induce chronic inflammation[5,6,19,22] and damage of the colon tissue[23,24].
Interestingly, we did not find significant differences
in Nox1 expression, cell viability or ROS synthesis in the
colonic epithelium of mice with acute colitis when compared to the control mice. Nevertheless, TNF-α level was
increased in acute colitis mice, indicating active inflam-
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Figure 4 Assessment of hydrogen peroxide production. A: Mouse colonic
epithelial cells were incubated for 30 min with 10 μg/mL LPS, 10 μmol/L DPI,
10 μg/mL LPS + 10 μmol/L DPI or without stimulation; B: Colonic biopsies (10
mg) of DSS-induced colitis mice and control subjects were incubated without
stimulation for 30 min. aP < 0.05, DSS-induced colitis groups vs stimulated and
un-stimulated cell subgroups within control. cP < 0.05, untreated vs DPI treated
subgroups in the chronic DSS-induced colitis group. eP < 0.05, LPS vs LPS +
DPI treated cell subgroups in both DSS-induced colitis groups. gP < 0.05, untreated vs LPS treated cell subgroups in the acute DSS-induced colitis group.
i
P < 0.05, DSS-induced colitis groups in the mouse colonic biopsies vs control.
Values are mean ± SE. Untreated mouse group: n = 12. Both DSS-induced
colitis groups: n = 8.
Control
Acute DSS colitis

7

Concentration, pg/mL per 10 cells

1000

Chronic DSS colitis

ac
800
a

600

a

a
400

a

a

ae
ae

200
0

Unstim

LPS

Apoc

LPS_Apoc

Figure 5 Assessment of TNF-α production by mouse colonic epithelial
cells. TNF-α concentration was measured in cell media after 24 h incubation
with 20 μg/mL of LPS, 1 mmol/L of apocynin (Apoc), 20 μg/mL LPS + 1 mmol/L
Apoc or without stimulation; aP < 0.05, DSS-induced colitis groups in all subgroups vs control; cP < 0.05, untreated vs LPS treated subgroup in the chronic
DSS-induced colitis group; eP < 0.05, LPS vs LPS + apocynin treated subgroup
in both DSS-induced colitis groups. Values are presented as mean ± SE. Untreated mouse group: n = 12. Both DSS-induced colitis groups: n = 8.

matory process. Our results suggest that TNF-α level did
not affect Nox1 expression and ROS generation in the
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Figure 6 Expression of Nox1 in the colonic epithelial cells of male Balb/c
mice. The expression levels of genes in these cells were determined by realtime PCR. aP < 0.05 chronic DSS-induced colitis group vs both other groups.
Values are presented as mean ± SE. Control group: n = 12. Both DSS-induced
colitis groups: n = 8. DSS: Dextran sulphate sodium.
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acute colitis model. This observation could be explained
by the action of anti-inflammatory cytokines such as
IL-10 which may suppress TNF-α-stimulated activation of Nox1[22,25]. Furthermore, the results of our study
revealed that bacterial products were involved in the
activation of NADPH oxidase in acute colon inflammation. Stimulation of epithelial cells with LPS dramatically
diminished cell viability and increased ROS production
via NADPH oxidase. Our results suggest that NADPH
oxidase might contribute to the development of acute inflammation in the colon epithelium. It is well known that
this enzyme is rapidly activated during infection or after
stimulation by bacterial endotoxins, when innate immune
system activates protective cascades against microbial invaders in phagocytic and non-phagocytic cells[26-29].
In order to eliminate the potential bias for our results,
the purity of colonic epithelial cell culture was confirmed
by specific cell markers Ptprc, Cd3e, Cd68 and Will. The
expression analyses of these cell markers revealed that
colonic epithelial cells produced inflammation mediators
themselves and generated inflammatory responses to antigens.
The inhibition of NADPH oxidase represents an attractive therapeutic strategy for the treatment of many
chronic diseases[1]. Apocynin has been widely used as a
selective inhibitor of the complex NADPH oxidase in
the experimental models of inflammation[24,29,30]. Apocynin possesses very low toxicity and anti-inflammatory
activity, i.e., reducing the level of inflammatory cytokines
including TNF-α, protecting cells from damage induced
by bacterial products and decreasing damage in the colon tissue[1,24,30-34]. In our study in both colitis groups,
apocynin decreased necrosis and TNF-α production and
increased cell viability in LPS-treated colonic epithelial
cells. Similar findings were determined in the chronic
colitis group, where apocynin substantially increased the
viability of cells and reduced necrosis. We hypothesize
that the protective mechanism of apocynin might be associated not only with anti-inflammatory action of this
inhibitor but also with the decreased ROS generation via
NADPH oxidase and reduced oxidative stress in cells.
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Recently, this effect of apocynin was observed in the
primary colonic epithelial cells of patients with ulcerative colitis[1]. However, the effect of apocynin on colon
epithelial regeneration needs to be investigated in the
future.
The results of our study showed that epithelial NADPH
oxidase is directly involved in chronic colon inflammation;
however, stimulation by bacterial products is required
for NADPH oxidase activation during acute colitis. In
both cases, the molecular mechanism for activation of
NADPH oxidase is similar. The signalling cascade for
activation of NADPH oxidase in colonic epithelial cells
might be associated with the toll-like receptor (TLR)
pathway, where LPS strains potently stimulate ROS production by Nox1 through TLR4[1,10,35,36]. Further studies should be designed to investigate the role and exact
mechanism of LPS/TLR4/TNF-α/NOX signalling in
the intestine epithelium in acute and chronic colitis[1].
The detection of expression changes of other NADPH
oxidase homologs and evaluation of superoxide in primary epithelial cells during colon inflammation should
be conducted in novel studies.
In conclusion, our study revealed the importance of
NADPH oxidase in pathogenesis of acute and chronic
colon inflammation. Moreover, treatment with NADPH
oxidase inhibitors had a protective impact against proinflammatory action of bacterial endotoxins in mouse
colon epithelial cells during acute and chronic colitis.

COMMENTS
COMMENTS
Reactive oxygen species (ROS)-induced oxidative stress is one of the most
important etiological factors involved in inflammation. The key producers of
ROS in the epithelial cells are nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase enzymes. Several studies have shown that epithelial NADPH
oxidase might be responsible for normal immune response to antigens in the
gut. Increased production of ROS via NADPH oxidase has been implicated in
tissue damage observed in chronic inflammatory disorders, such as inflammatory bowel disease (IBD).

Research frontiers

The aim of this study was to investigate the role of NADPH oxidase in colon
epithelial cells in the acute and chronic colon inflammation using a mouse colitis
model. In this study, the authors revealed the importance of NADPH oxidase in
the pathogenesis of both acute and chronic colon inflammation.

Innovations and breakthroughs

Currently, the genes encoding NADPH oxidase enzymes and their localization
have been investigated extensively; however, knowledge about the expression
of NADPH oxidase in tissues, their activation mechanisms and possible biological functions is still lacking. Most research investigations of biological functions
of NADPH oxidase have been performed using the cancer cell lines, but not in
primary cell cultures. The results of this study revealed the importance of NADPH
oxidase in the pathogenesis of colon inflammation. Moreover, the treatment with
NADPH oxidase inhibitors had a protective impact against pro-inflammatory action of bacterial endotoxins in mouse colon epithelial cells during inflammation.

Applications

Obtained knowledge will expand the existing theoretical knowledge about the
molecular mechanisms of inflammation and contribute to the development of
new therapeutic targets for ulcerative colitis.
NADPH oxidases are a family of integral membrane proteins that catalyse the
transfer of electrons from NADPH to molecular oxygen to produce ROS. Epithelial NADPH oxidase comes into close contact with normal and pathogenic
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Peer review

The authors examined the role of NADPH oxidase in colon epithelial cells in
the pathogenesis of acute and chronic colon inflammation. They showed that
TNF-α level was increased in unstimulated primary colonic cells both in the
acute and chronic colitis groups, whereas decreased viability, increased ROS
generation via NADPH oxidase, and expression of Nox1 were characteristic
only for chronic DSS-induced colitis mice when compared to the controls. Treatment with NADPH oxidase inhibitors increased cell viability, decreased the levels of ROS and TNF-α in the LPS-treated cells isolated from mice of both acute
and chronic DSS-induced colitis groups. The results are interesting and may
expand the existing theoretical knowledge about the molecular mechanisms of
colon inflammation.
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Abstract
AIM: To explore the role and mechanisms of extracellular signal-regulated protein kinase-mitogen-activated
protein kinase (ERK-MAPK) signaling in pentagastrinregulated growth of large intestinal carcinoma.
METHODS: HT-29 cells were incubated in different
media and divided into the control group, pentagastrin
group, proglumide group, and pentagastrin + proglumide group. No reagent was added to the control
group, and other groups were incubated with reagent
at different concentrations. Changes in proliferation of
HT-29 cells were detected by MTT assay, and the optimal concentrations of pentagastrin and proglumide
were determined. The changes in proliferation index (PI)
and apoptosis rate (AR) of HT-29 cells were detected
by Annexin V-fluorescein isothiocyanate flow cytometry.
mRNA expression of pentagastrin receptor/cholecysto-
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kinin-B receptor (CCK-BR), ERK1/2 and K-ras were detected by reverse transcriptase polymerase chain reaction. The protein and phosphorylation level of ERK1/2
and K-ras were detected by western blotting. All data
were analyzed by analysis of variance and SNK-q test.
RESULTS: The proliferation of HT-29 cells was stimulated by pentagastrin at a concentration of 6.25-100
mg/L, and the optimal concentration of pentagastrin
was 25.0 mg/L (F = 31.36, P < 0.05). Proglumide had
no obvious effect on the proliferation of HT-29 cells,
while it significantly inhibited the proliferation of HT-29
cells stimulated by pentagastrin when the concentration of proglumide was 8.0-128.0 mg/L, and the optimal concentration was 32.0 mg/L (F = 24.31, P <
0.05). The PI of the pentagastrin (25.0 mg/L) group
was 37.5% ± 5.2%, which was significantly higher than
27.7% ± 5.0% of the control group and 27.3% ± 5.8%
of the pentagastrin (25.0 mg/L) + proglumide (32.0
mg/L) group (Q = 4.56-4.75, P < 0.05). The AR of the
pentagastrin (25.0 mg/L) group was 1.9% ± 0.4%,
which was significantly lower than 2.5% ± 0.4% of the
control group and 2.4% ± 0.3% of the pentagastrin
(25.0 mg/L) + proglumide (32.0 mg/L) group (Q =
4.23-4.06, P < 0.05). mRNA expression of CCK-BR was
detected in HT-29 cells. The phosphorylation levels of
ERK1/2 protein and phosphorylated K-ras protein of the
pentagastrin group were 0.43% ± 0.04% and 0.45% ±
0.06%, which were significantly higher than 0.32% ±
0.02% and 0.31% ± 0.05% of the control group (Q =
7.78-4.95, P < 0.05), and 0.36% ± 0.01% and 0.35%
± 0.04% of the pentagastrin + proglumide group (Q =
5.72-4.08, P < 0.05). There were no significant differences in the mRNA and protein expression of ERK1/2
and K-ras among the control, pentagastrin, proglumide
and pentagastrin + proglumide groups (F = 0.52, 0.72,
0.78, 0.28; P > 0.05).
CONCLUSION: Gastrin stimulates proliferation of
HT-29 cells and inhibits apoptosis by upregulating
phosphorylation of ERK and K-ras through the Ras-
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Raf-MEK1/2-ERK1/2 pathway, and this is restrained by
proglumide.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastrin; mitogen-activated protein kinase;
extracellular signal-regulated protein kinase 1/2; K-ras;
Large intestinal carcinoma
Core tip: We have demonstrated that large intestinal
carcinoma is related to abnormal expression of gastrin.
Gastrin promoted growth of large intestinal cancer cell
via gastrin receptor, but the detailed molecular mechanism is not fully known. We elucidated the molecular
mechanisms of gastrin-induced growth of large intestinal cancer in relation to the extracellular signal-regulated protein kinase-mitogen-activated protein kinase
(ERK-MAPK) signaling pathway. We attempted to establish a new gastrin-ERK-MAPK pathway in gastrin-dependent large intestinal cancer; provide a new way to
interfere with the signaling pathway of gastrin-induced
growth of large intestinal cancer; and to offer a new
target for gene therapy of large intestinal carcinoma.
Mao JD, Wu P, Huang JX, Wu J, Yang G. Role of ERK-MAPK
signaling pathway in pentagastrin-regulated growth of large
intestinal carcinoma. World J Gastroenterol 2014; 20(35):
12542-12550 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12542.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12542

INTRODUCTION
Large intestinal carcinoma including colon and rectal
cancer, is one of the most common malignant tumors of
the human digestive tract. In developed countries such
as North America, Australia, New Zealand and parts of
Europe, large intestinal carcinoma is considered to be
a disease of Western lifestyle, and has an incidence of
35-50/10 million people. Large intestinal carcinoma is the
second to third leading cause of gastrointestinal cancerrelated mortality worldwide[1-5]. In China, it now ranks
fourth to fifth[6-8]. In recent years, there has been a trend
towards an increase in the incidence of large intestinal
cancer in China.
Although major progress has been made in understanding the molecular mechanisms of large intestinal
cancer and several therapeutic agents have been developed, it is still difficult to be cured and poses a serious
threat to human health, and remains a major killer in
China. The general survival rate of patients with large intestinal cancer is no more than 40%. Therefore, it is crucial to know which cytokines regulate the growth of large
intestinal cancer, which will help to elucidate the etiology
of the tumor. In addition, to explore the mechanisms of
uncontrollable tumor cell growth in light of signal transduction pathway could enable us to find a new way to
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treat these malignant tumors.
Previous studies have demonstrated that the occurrence of large intestinal carcinoma is directly related to
the abnormal expression of gastrin[9-12]. At the same time,
some studies have found that gastrin promotes growth
and inhibits apoptosis of large intestinal cancer cells.
However, the detailed molecular mechanism of gastrinregulated growth of large intestinal carcinoma cells is still
not clear.
We used the MTT assay to detect changes in proliferation of HT-29 cells; annexin V-fluorescein isothiocyanate
(FITC) flow cytometry to detect the proliferation index
(PI) and apoptosis rate (AR) of HT-29 cells; reverse transcriptase polymerase chain reaction (RT-PCR) to detect
expression of pentagastrin receptor/cholecystokinin-B
receptor (CCK-BR), extracellular signal-regulated kinase
(ERK)1/2 and K-ras; and Western blotting to detect the
protein and phosphorylation level of ERK1/2 and K-ras.
The purpose of the present study was to explore the effects and mechanisms of the ERK-mitogen-activated
protein kinase (MAPK) signal transduction pathway in
pentagastrin-induced cell proliferation and apoptosis of
large intestinal carcinoma.

MATERIALS AND METHODS
Materials and reagents
Ht-29 human large intestinal carcinoma cells were purchased from Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences. Pentagastrin was purchased from Shanghai Tian Yuan Biotechnology Co. Ltd.
The proglumide and propidium iodide staining kit were
purchased from Sigma (St. Louis, MO, United States).
K-ras goat anti-human polyclonal antibody, ERK1/2
rabbit polyclonal anti-human antibody, phosphorylated
K-ras (p-K-ras) goat anti-human polyclonal antibody,
phosphorylated ERK1/2 (p-ERK1/2) rabbit anti-human
polyclonal antibody, β-actin antibody, and ECL chromogenic detection kit were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, United States). The Annexin V-EGFP/PI apoptosis detection kit was purchased
from Mbchem (Shanghai, China). Reverse transcription
kit, SK312 Trizol reagent, Taq DNA polymerase, Marker,
and dNTP were purchased from Promega (Madison, WI,
United States). The gastrin receptor/CCK-BR, ERK1/2,
K-ras and muscle β-actin mRNA amplification primers
were synthesized by Beijing Sunbiotech Co. Ltd. (Beijing,
China).
Cell culture and grouping
HT-29 cells strain recovery and cell culture after resuscitation: Cells were subcultured when the cells reached
80% confluence on United States corning 50 cm cell culture flasks containing 10% fetal calf serum RPMI-1640.
Resuscitated cells with a higher cell density were subjected to timely passage, generally 2-3 d for a new generation.
Cells in the logarithmic growth phase after digestion and
centrifugation with removal of digestive fluid and culture
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Table 1 Primers used for nested reverse transcriptase polymerase chain reaction amplification of cholecystokinin-B receptor,
extracellular signal-regulated protein kinase 1/2 and K-ras
Name

Primer sequence

PCR conditions

Size (bp)

CCK-BR

1: 5’TCTCGCGAGCTCTACTTAGGG3’
2: 5’ACCGACGATGCACGTTGAAG3’

185

ERK1/2

1: 5’TATTCCCGGGCAAGCACTATTT3’
2: 5’CGGGCTCATCATTCGGGTCGTA3’

94 ℃, 30 s
62 ℃, 30 s
72 ℃, 30 s
94 ℃, 30 s
54 ℃, 30 s
72 ℃, 30 s
94 ℃, 30 s
50 ℃, 30 s
72 ℃, 30 s
94 ℃, 30 s
60 ℃, 30 s
72 ℃, 30 s

K-ras

1: 5’ACAGTGCAATGAGGGACCAGTA3’
2: 5’GTATAGAAGGCATCATCAACACC3’

Actin

1: 5’ATGATATCGCCGCGCTCGTCGTC3’
2: 5’CGCGGTTGGCCTTGGGGTTCAG3’

243

275

342

PCR: Polymerase chain reaction; CCK-BR: Cholecystokinin-B receptor; ERK1/2: Extracellular signal-regulated protein kinase 1/2.

medium were placed for cryopreservation in a -70 ℃
liquid nitrogen tank for later use. The cells were divided
into four groups: control group, pentagastrin group, proglumide group, and pentagastrin + proglumide group.
Detection of cell proliferation and viability
In the logarithmic growth phase, HT-29 cells were digested into a single cell suspension in 10% fetal bovine serum
(FBS) medium, and the cell concentration was adjusted
to 5 × 104 cells/mL. The cells were seeded in 96-well
culture plates (each well, 200 μL) and cultured for 24 h.
The culture medium was discarded after the cells became
adherent. After washing with D-Hank’s solution, serumfree medium was added and the cells were cultured for 24
h. We added 100 μL l% FBS medium to each well, along
with 100 μL of each drug. In the pentagastrin group,
pentagastrin concentration was 6.25, 12.5, 25.0, 50.0 or
100.0 mg/L. In the proglumide group, proglumide concentration was 8.0, 16.0, 32.0, 64.0 or 128.0 mg/L. In the
pentagastrin + proglumide group, pentagastrin concentration was 25.0 mg/L and proglumide concentration was
8.0, 16.0, 32.0, 64.0 or 128.0 mg/L. The control group
had no drugs added. Each group of six wells was cultured
for 48 h. For the MTT method, MTT (5 mg/mL) was
added to each well of the 96-well plate, and incubated at
37 ℃ for 4 h. The culture medium was then discarded,
and 150 μL DMSO was added to each well, and the plate
was shaken for 10 min at room temperature. OD492 was
measured by ELISA, and the results of each six wells
were presented as mean ± SD and the experiments were
repeated three times.
Detection of cell proliferation and apoptosis
Cells in the logarithmic growth phase were digested with
0.25% trypsin and adjusted to a concentration of 1.7 ×
105 cells/mL in 10% FBS medium in six-well plates (2
mL/well). After 24 h, FBS medium was replaced with
serum-free medium, and cells were cultured for a further
24 h to absorb the supernatant. Then, we added 1 mL
1% FBS medium to each well, along with 1 mL of the
following: pentagastrin group (25.0 mg/L pentagastrin);
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proglumide group (32.0 mg/L proglumide); pentagastrin
+ proglumide group (25.0 mg/L pentagastrin + 32.0
mg/L proglumide) group; control group (no drugs).
Each group had five wells, and the cells were cultured
for 48 h. After digestion with 0.25% trypsin, the cells
were centrifuged at 12000 × g at 4 ℃ for 10 min, and the
supernatant was discarded. One milliliter of cold PBS
was added, and the cell suspension was gently shaken.
The supernatant was discarded after centrifugation at
12000 × g at 4 ℃ for 10 min. After washing twice with
cold PBS, the cells were resuspended in 200 μL binding
buffer, fixed with 1 mL 70% ethanol, DNA and protein
stained, and determined by flow cytometry for proportion and the PI of cell cycle.
After 48 h incubation with or without drugs, cells
were collected from the control, pentagastrin (25.0 mg/L),
proglumide (32.0 mg/L), and proglumide (25.0 mg/L)
+ pentagastrin (32.0 mg/L) groups, and adjusted to a
concentration of 2 × 106/mL. One milliliter of cells was
taken from each group, and centrifuged at 12000 × g at
4 ℃ for 10 min, and the supernatant was discarded. One
milliliter of cold PBS was added to resuspend the cells,
with gentle shaking. The cell suspension was centrifuged
again at 12000 × g at 4 ℃ for 10 min. The supernatant
was removed; the cells were washed twice with cold PBS,
and resuspended in 200 μL binding buffer. We added 10
μL Annexin V-FITC and 5 μL propidium iodide, and
mixed gently in the dark at room temperature for 15 min.
Then, 300 μL binding buffer was added, and detected the
cell AR in one hour on the machine.
Detection of CCK-BR, ERK1/2 and K-ras mRNA
Total RNA extraction and cDNA synthesis were performed as described previously[13]. mRNA expression
of CCK-BR, ERK1/2 and K-ras was detected by RTPCR. The primer sequences are listed in Table 1, and the
specific steps were carried out according to the kit instructions (Promega, Madison, United States). The mean
optical density (OD) values of the amplified product
bands were determined by Tanon gel imaging and Image
System version 4.0. Results were expressed as the semi-
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Table 2 Effect of different pentagastrin and proglumide concentrations on the proliferation of HT-29 cells (mean ± SD)
n

Groups

Pentagastrin
Concentration (mg/L)

Control group
Experimental group

6
6
6
6
6
6

0
6.25
12.5
25
50
100

Proglumide
OD value

Concentration (mg/L)

OD value

0.44 ± 0.00
0.48 ± 0.03a
0.52 ± 0.03a
0.57 ± 0.04a
0.58 ± 0.04a
0.57 ± 0.04a

0
8
16
32
64
128

0.44 ± 0.02
0.43 ± 0.03
0.44 ± 0.04
0.43 ± 0.03
0.45 ± 0.02
0.45 ± 0.04

a

P < 0.05 vs control group. OD: optical density.

Table 4 Comparison of proliferation index and apoptotic
rates between the experimental groups and control group
(mean ± SD)

Table 3 Effect of combined pentagastrin and proglumide on
the proliferation of HT-29 cells (mean ± SD)
n

Groups

Pentagastrin + proglumide
Pentagastrin Proglumide
(mg/L)
(mg/L)

Control group
Experimental group

6
6
6
6
6
6

25
25
25
25
25
25

0
8
16
32
64
128

Group

OD value

n

PI
PI (%)

0.58 ± 0.02
0.54 ± 0.03a
0.51 ± 0.04a
0.47 ± 0.04a
0.47 ± 0.03a
0.46 ± 0.03a

Control group
Pentagastrin
group
Proglumide
group
Pentagastrin
+ proglumide
group

a

P < 0.05 vs control group. OD: optical density.

AR

F

5 27.72 ± 5.00
5 37.54 ± 5.17a 7.59

P value
0.01

AR (%)

F P value

2.53 ± 0.36
1.91 ± 0.42a 6.50

5 27.36 ± 2.68c

2.79 ± 0.45c

5 27.31 ± 5.76c

2.41 ± 0.30c

0.01

a

quantitative density ratio of the samples such as CCKBR, ERK1/2, K-ras and β-actin.
Detection of protein expression and phosphorylation of
ERK1/2 and K-ras
The protein expression and phosphorylation level of
ERK1/2 and K-ras were detected by western blotting.
The specific steps were carried out according to the kit
instructions. The primary antibody was diluted with Trisbuffered saline with Tween to a concentration of 1:500,
and treated with electrophoresis, transfer film and ECL
development, and Gel Image System software was used
for the average OD analysis. The results were expressed
as the relative ratios of the target gene expression respectively and the β-actin expression.
Statistical analysis
Statistical evaluation was performed using the StudentNewman-Keul Q test, and the data are shown as mean ±
SD. All data were analyzed with SPSS version 10.0. P <
0.05 was considered statistically significant.

RESULTS
HT-29 cell proliferation
The MTT assay showed that pentagastrin stimulated the
proliferation of HT-29 cells and inhibited apoptosis in a
dose-dependent manner (6.25-100 mg/L), and optimal
dose was 25 mg/L (F = 31.36, P < 0.05). As the pentagastrin concentration continued to increase, OD did not.
Proglumide had no obvious effect on HT-29 cell proliferation at a dose of 8.0-128.0 mg/L (F = 1.38, P > 0.05).
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P < 0.05 vs control group; cP < 0.05 vs pentagastrin group. AR: Apoptosis
rate; PI: Proliferation index.

However, proglumide markedly inhibited gastrin-induced
proliferation of large intestinal cancer cells when pentagastrin was at the optimal dose of 25 mg/L. However,
when the proglumide concentration was 32.00 mg/L or
more, the active cell number in the pentagastrin + proglumide group tended to be constant and the optimal
dose of proglumide was 32 mg/L ( F = 24.31, P < 0.05)
(Tables 2 and 3).
PI and AR
In the pentagastrin group (25.0 mg/L), the PI was 37.5%
± 5.2%, which was significantly higher than that in the
control (27.7% ± 5.0%) and pentagastrin (25.0 mg/L)
+ proglumide (32.0 mg/L) (27.3% ± 5.8%) groups (Q
= 4.56, 4.75, P < 0.05). In the proglumide (32.0 mg/L)
group, the PI was 27.4% ± 2.7%, which did not differ
significantly from the control group (Q = 0.14, P > 0.05)
(Table 4, Figure 1). In the pentagastrin group (25.0 mg/L),
the AR was 1.9% ± 0.4%, which was significantly lower
than in the control (2.5% ± 0.4%) (Q = 4.23, P < 0.05)
and pentagastrin (25.0 mg/L) + proglumide (32.0 mg/L)
(2.4% ± 0.3%) (Q = 4.06, P < 0.05) groups. In the proglumide (32.0 mg/L) group, the AR was 2.8% ± 0.5%,
which did not differ significantly from the control group
(Q = 1.74, P > 0.05) (Table 4, Figure 2).
Expression of CCK-BR, ERK1/2 and K-ras mRNA
HT-29 cells showed obvious CCK-BR mRNA expression.
The amplification products of CCK-BR, ERK1/2, K-ras
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Table 5 Comparison of protein, mRNA and phosphorylation levels of extracellular signal-regulated protein kinase 1/2 and K-ras
between the experimental groups (mean ± SD) and control group
n

Group
Control group
Pentagastrin group
Proglumide group
Pentagastrin + proglumide group

5
5
5
5

ERK1/2

K-ras

mRNA

Protein

p-ERK1/2

mRNA

Protein

p-K-ras

0.76 ± 0.04
0.79 ± 0.05
0.74 ± 0.06
0.77 ± 0.05

0.56 ± 0.05
0.60 ± 0.04
0.55 ± 0.07
0.58 ± 0.05

0.32 ± 0.02
0.43 ± 0.04a
0.31 ± 0.02c
0.36 ± 0.01c

0.54 ± 0.08
0.59 ± 0.06
0.53 ± 0.05
0.55 ± 0.06

0.56 ± 0.04
0.57 ± 0.04
0.55 ± 0.04
0.57 ± 0.04

0.31 ± 0.05
0.45 ± 0.06a
0.27 ± 0.06c
0.35 ± 0.04c

P < 0.05 vs control group; cP < 0.05 vs pentagastrin group. ERK1/2: Extracellular signal-regulated protein kinase 1/2.
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Figure 3 Analysis of extracellular signal-regulated protein kinase1/2 and
β-actin mRNA expression by nested reverse transcriptase polymerase
chain reaction in HT-29 cells. Lane M: DNA marker; lane 1: control group;
lane 2: pentagastrin group; lane 3: proglumide group; lane 4: pentagastrin +
proglumide group.

and β-actin mRNA were 185, 243, 275 and 342 bp, respectively. There was no obvious change in expression of
ERK1/2 and K-ras mRNA in the control, pentagastrin,
proglumide and pentagastrin + proglumide groups (F =
0.52, 0.72, 0.78 and 0.28, P > 0.05) (Table 5, Figures 3, 4
and 5).
Protein expression and phosphorylation levels of
ERK1/2 and K-ras
After incubation of HT-29 cells with drugs for 72 h, there
were no significant differences in ERK1/2 and K-ras protein levels among the control, pentagastrin (25.0 mg/L),
proglumide (32.0 mg/L) and pentagastrin (25.0 mg/L) +
proglumide (32.0 mg/L) groups (F = 0.72, 0.28, P > 0.05).
The protein phosphorylation levels of ERK1/2 and K-ras
in the pentagastrin (25.0 mg/L) group were higher than
in the control (Q = 7.78, 4.95, P < 0.05) and pentagastrin
(25.0 mg/L) + proglumide (32.0 mg/L) (Q = 5.72, 4.08,
P < 0.05) groups. There were no significant differences
in protein phosphorylation levels of ERK1/2 and K-ras
between the proglumide (32 mg/L) and control groups (Q
= 0.71, 1.63, P > 0.05) (Table 5, Figure 5).

DISCUSSION
Gastrin was discovered as early as 1905 in the extracts
of gastric antral mucosa and is associated with gastric
acid secretion. In 1964, it was isolated and identified by

WJG|www.wjgnet.com

2

3

4

M

1

2

3

4

K-ras
(275 bp)

Figure 4 Analysis of K-ras and β-actin mRNA expression by nested reverse transcriptase polymerase chain reaction in HT-29 cells. Lane M: DNA
marker; Lane 1: Control group; Lane 2: Pentagastrin group; Lane 3: Proglumide
group; Lane 4: Pentagastrin + proglumide group.

Gregory and Tracy who explained its chemical structure and confirmed it as a gastrointestinal hormone[14,15].
Gastrin is an important gastrointestinal hormone and
type of gastrointestinal peptide that is mainly secreted
by gastrointestinal G cells. The G cells are typical opentype cells found in the antrum. As a nutritional gastrointestinal hormone, gastrin stimulates the growth of
normal gastrointestinal tract mucosa, as well as growth
of gallbladder, pancreatic, colorectal and gastric carcinoma and other tumor cells[9,16-18]. Most studies to date
have shown that gastrin is an autocrine growth factor
that exerts its function through autocrine, paracrine and
endocrine ways[19,20]. The combination of gastrin and its
receptor can regulate tumor cell growth by intracellular
signaling transduction, and exert biological effects[17,21,22].
Recent studies have demonstrated that the incidence of
colorectal cancer is related to abnormal expression of
gastrin. Some researchers have referred to this type of
colorectal cancer as a hormone-dependent tumor, which
promotes cell proliferation through generation and secretion of gastrin, which acts on its own receptor on the cell
membrane to exert a biological effect, but its effects can
be inhibited by gastrin receptor antagonist[23,24]. However,
the molecular mechanism involved in the regulation of
colon cancer proliferation remains unclear.
In recent years, gene chip technology has been used
to detect colorectal-cancer-related gene expression. There
were significant differences in gene expression in many
internal and external networks, and the cell signal transduction pathway is closely related with the inhibition of

12547

September 21, 2014|Volume 20|Issue 35|

Mao JD et al . Gastrin and ERK-MAPK
A

B

C

D

44000
42000

ERK1/2

44000
42000

P-ERK1/2

21000

K-ras

21000

p-K-ras

43000

b-actin

Figure 5 Analysis of extracellular signal-regulated protein kinase 1/2, pextracellular signal-regulated protein kinase1/2, K-Ras and p-K-Ras protein expression of each experimental group by Western blotting.

regulation, and is directly involved in cell metabolism,
proliferation, differentiation and apoptosis[25-29]. MAPK
is an intracellular serine/threonine protein kinase that is
present widely in the cytoplasm and nuclei of most mammalian cells. MAPK is involved in transduction of extracellular stimulation to the cell and its nucleus, and regulates cell proliferation, differentiation, development and
apoptosis[30,31]. MAPK consists of ERK, c-Jun N-terminal
kinase (JNK)/stress-activated protein kinase (SAPK), p38
and ERK5/BMK1 subgroup of MAPK. Multiple signal
pathways are made up of these subgroups. It has been
shown that mammalian cells have three parallel MAPK
pathways: ERK, p38 MAPK, and JNK/SAPK signal
pathways. Among these, the JNK/SAPK and p38MAPK
pathways are related to cellular stress and apoptosis, and
the ERK pathway is closely related to cell proliferation
and differentiation[32-34]. Many studies have suggested that
the MAPK signaling pathway is involved in the regulation
of growth of colon cancer cells. The MAPK signal transduction pathway plays an important role in the gastrinregulated proliferation of colon cancer cells, but the
mechanism is still unclear.
The abnormal expression of gastrin can lead to uncontrolled growth of colon cancer cells to form tumors,
but this effect can be inhibited by the gastrin receptor
antagonist proglumide[11,13,19,35]. In this study, we found
that the concentration gradient of gastrin within a certain dose range promoted HT-29 cell proliferation and
inhibited apoptosis. As the concentration increased from
25 mg/L, proliferation no longer continued to increase,
which was consistent with the receptor saturation theory.
It was clear that the number of gastrin receptors and
their affinity determined the strength of the effects on
colorectal cancer cells. We also found that gastrin promoted the proliferation of HT-29 cells and inhibited
apoptosis through accelerating the S and G2 phases of
the cell cycle. The gastrin-promoted colon cancer cell
proliferation and inhibition of apoptosis were inhibited
by the gastrin receptor antagonist proglumide. In addition, our study also showed that there was no significant
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impact on the colorectal cancer cell cycle if we used
proglumide alone. When we combined pentagastrin with
proglumide, PI decreased and AR increased, although
this did not differ significantly from the control group.
Proglumide markedly inhibited gastrin-induced proliferation of large intestinal cancer cells in a dose-dependent
manner within a certain range, and the optimal dose was
32 mg/L, which is also in line with the receptor saturation theory.
Gastrin can promote cell proliferation in human large
intestinal carcinoma and inhibit apoptosis[36-39], but it is
still unclear through which signal transduction pathways.
To investigate further the specific molecular mechanism,
we studied the relationship between gastrin and the ERKMAPK signal transduction pathway. ERK is an important
signal transduction protein kinase and mediates between
extracellular signals and intracellular responses in eukaryotic cells. ERK belongs to the MAPK family, and includes
two isomers ERK1 and ERK2. The intracellular ERK
signal transduction pathway is deemed to be the classical MAPK signal transduction pathway, and it has been
shown to mediate a variety of extracellular signals through
different intracellular signaling molecules. ERK activation comprises a three-stage process: (1) Ras activates
Raf protein; (2) activation of Raf activates MEK1/2, and
MEK1/2 is phosphorylated; and (3) phosphorylation of
MEK1/2 activates ERK1/2, which promotes growth of
tumor cells[32,33,40,41]. Wang et al[6] have reported that ERKMAPK signaling pathway activation reduces expression
of the related genes p21WAF1 and p16INK4a, increases
expression of c-myc, reduces cell cycle G0 phase, accelerates G1/S phase transformation, and promotes proliferation of colon cancer cells.
In general, phosphorylation is a molecular switch
in signal transduction pathways, which controls protein
activity in different pathways, such as metabolism, signal
transduction, cell division, and other aspects. So, we can
establish through phosphorylation if the signaling pathway is activated, and the strength of the activation. In this
study, we found that gastrin significantly increased the
phosphorylation level of ERK1/2 and K-ras. Proglumide
alone had no significant effect on the level of phosphorylation of ERK1/2 and K-ras in HT-29 cells, but combined with gastrin, proglumide significantly antagonized
the role of gastrin, and the protein phosphorylation
levels of ERK1/2 and K-ras were significantly reduced
in HT-29 cells. However, there was no significant difference in the mRNA and protein expression of ERK1/2
and K-ras among the different groups. Our results indicated that gastrin promoted proliferation of human large
intestinal cancer cells and inhibited apoptosis, and these
effects were inhibited by the gastrin receptor antagonist
proglumide. Gastrin perhaps regulates the proliferation
and apoptosis of large intestinal cancer cells by the pathway Ras→Raf→MEK1/2→ERK1/2, and upregulated
protein phosphorylation levels of ERK1/2 and K-ras.
In conclusion, gastrin promotes proliferation of the
human large intestinal cancer HT-29 cells and inhibits
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apoptosis, but these effects are inhibited by gastrin receptor antagonist proglumide. The ERK-MAPK signaling
transduction pathway is involved in gastrin-regulated
proliferation and apoptosis of large intestinal cancer
cells. However, which target genes are involved in this
mechanism under the downstream signaling transduction
pathway still needs in-depth study. In addition, we expect
to find a new treatment strategy for gastrin-dependent
large intestinal carcinoma if we can competitively inhibit
the gastrin receptors or reduce the ERK and K-ras phosphorylation levels of the ERK-MAPK signaling pathway.

development of large intestinal carcinoma cells is still not clear. In this paper,
the author aimed to explore the effects and mechanisms of ERK-MAPK signaling transduction pathway in pentagastrin-induced cell proliferation and apoptosis of large intestinal carcinoma. The article is well written on the whole.

COMMENTS
COMMENTS

3

Background

Although great progress has been made in understanding the molecular aspects of large intestinal carcinoma and several therapeutic agents have been
developed, it is still difficult to cure. The general survival rate of large intestine
cancer patients does not exceed 40%. Therefore, it is important to know which
cell factors can influence proliferation and apoptosis of cancer cells, to elucidate
more clearly the etiology of the tumor. Despite abundant evidence to show that
gastrin may play an integral role in promoting tumor growth in large intestinal
carcinoma, the detailed molecular mechanisms are not fully known.

REFERENCES
1
2

4

5

Research frontiers

Some recent studies have shown that activation of the extracellular signal-regulated kinase-mitogen-activated protein kinase (ERK-MAPK) signaling pathway
is regulated by many kinds of cell factors, including gastrin.

6

Innovations and breakthroughs

Some studies have found that gastrin promotes proliferation of HT-29 human
large intestinal cancer cells and inhibits apoptosis. However, the detailed molecular mechanism by which gastrin mediates cell proliferation and apoptosis of
large intestinal carcinoma is not fully known. In this study, the authors analyzed
those effects on the expression of ERK1/2 and K-ras protein and phosphorylation level. The authors aimed to elucidate the molecular mechanisms of gastrininduced growth of large intestinal carcinoma cells from the perspective of the
ERK-MAPK signaling pathway. They tried to establish a new gastrin-ERKMAPK signaling pathway in gastrin-dependent large intestinal carcinoma,
to provide a new means of interfering with the signaling pathway of gastrininduced growth of large intestinal cancer cells. This could provide a novel way
for us to treat malignant tumors.

Applications

This study aimed to elucidate the molecular mechanisms of gastrin-induced
proliferation of large intestinal carcinoma cells from the perspective of the ERKMAPK signaling pathway, and to provide a new method for interfering with the
signaling pathway of gastrin-induced growth of large intestinal cancer cells, and
offer a new target for gene therapy of large intestinal carcinoma.

Terminology

Gastrin is mainly secreted from gastrin-secreting cells (G cells) in the antrum
mucosa or upper small intestine and large intestine. Medulla oblongata and
dorsal nuclei of the vagus nerve and central nervous system also secrete
gastrin. MAPK is an intracellular serine/threonine protein kinase that is widely
present in the cytoplasm and nucleus of most mammalian cells. It can mediate extracellular stimulation via signal transduction to the cell and its nucleus,
and regulate cell proliferation, differentiation, development and apoptosis. The
MAPK family consists of ERK, c-Jun N-terminal kinase/stress-activated protein
kinase (SAPK), p38 and the ERK5/BMK1 subgroup. ERK is a recently identified family of protein serine/threonine kinases that occupies a pivotal position
in intracellular signaling pathways mediating mitogen/growth factor effects. Ras
was originally isolated from rats with sarcoma, and is widely present in the inner plasma membrane of most mammalian cells. It binds GDP and GTP and
possesses intrinsic GTPase activity, and is implicated in the regulation of their
activity. The human Ras family consists of three proto-oncogenes, c-Harvey
(H)-ras, c-Kirsten (K)-ras, and N-ras.

Peer review

Large intestinal cancer is one of the most common malignant tumors of human
digestive tract. It is a serious threat to human life. However, the mechanism of

WJG|www.wjgnet.com

7
8

9

10

11
12
13

14
15
16

12549

Shin HR, Carlos MC, Varghese C. Cancer control in the Asia
Pacific region: current status and concerns. Jpn J Clin Oncol
2012; 42: 867-881 [PMID: 22661171 DOI: 10.1093/jjco/hys077]
Mihajlović J, Pechlivanoglou P, Miladinov-Mikov M, Zivković
S, Postma MJ. Cancer incidence and mortality in Serbia
1999-2009. BMC Cancer 2013; 13: 18 [PMID: 23320890 DOI:
10.1186/1471-2407-13-18]
Herszényi L, Tulassay Z. Epidemiology of gastrointestinal
and liver tumors. Eur Rev Med Pharmacol Sci 2010; 14: 249-258
[PMID: 20496531]
Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269
DOI: 10.1002/ijc.25516]
Gomez SL, Noone AM, Lichtensztajn DY, Scoppa S, Gibson
JT, Liu L, Morris C, Kwong S, Fish K, Wilkens LR, Goodman
MT, Deapen D, Miller BA. Cancer incidence trends among
Asian American populations in the United States, 1990-2008.
J Natl Cancer Inst 2013; 105: 1096-1110 [PMID: 23878350 DOI:
10.1093/jnci/djt157]
Wang X, Song ZF, Xie RM, Pei J, Xiang MF, Wang H. Analysis of death causes of in-patients with malignant tumors in
Sichuan Cancer Hospital of China from 2002 to 2012. Asian
Pac J Cancer Prev 2013; 14: 4399-4402 [PMID: 23992010 DOI:
10.7314/APJCP.2013.14.7.4399]
Chen W, Zheng R, Zhang S, Zhao P, Li G, Wu L, He J. Report of incidence and mortality in China cancer registries,
2009. Chin J Cancer Res 2013; 25: 10-21 [PMID: 23372337]
Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, Wan X, Yu
S, Jiang Y, Naghavi M, Vos T, Wang H, Lopez AD, Murray CJ.
Rapid health transition in China, 1990-2010: findings from the
Global Burden of Disease Study 2010. Lancet 2013; 381: 1987-2015
[PMID: 23746901 DOI: 10.1016/S0140-6736(13)61097-1]
Chueca E, Lanas A, Piazuelo E. Role of gastrin-peptides in
Barrett’s and colorectal carcinogenesis. World J Gastroenterol
2012; 18: 6560-6570 [PMID: 23236230 DOI: 10.3748/wjg.v18.
i45.6560]
Song LJ, Liu RJ, Zeng Z, Alper SL, Cui HJ, Lu Y, Zheng L,
Yan ZW, Fu GH. Gastrin inhibits a novel, pathological colon
cancer signaling pathway involving EGR1, AE2, and P-ERK.
J Mol Med (Berl) 2012; 90: 707-718 [PMID: 22228178 DOI:
10.1007/s00109-011-0851-2]
Kovac S, Anderson GJ, Baldwin GS. Gastrins, iron homeostasis and colorectal cancer. Biochim Biophys Acta 2011; 1813:
889-895 [PMID: 21320535]
Chao C, Hellmich MR. Gastrin, inflammation, and carcinogenesis. Curr Opin Endocrinol Diabetes Obes 2010; 17: 33-39
[PMID: 19907321]
Kreeger PK, Mandhana R, Alford SK, Haigis KM, Lauffenburger DA. RAS mutations affect tumor necrosis factorinduced apoptosis in colon carcinoma cells via ERK-modulatory negative and positive feedback circuits along with nonERK pathway effects. Cancer Res 2009; 69: 8191-8199 [PMID:
19789336 DOI: 10.1158/0008-5472.CAN-09-1921]
Modlin IM, Kidd M, Marks IN, Tang LH. The pivotal role of
John S. Edkins in the discovery of gastrin. World J Surg 1997;
21: 226-234 [PMID: 8995084 DOI: 10.1007/s002689900221]
Gregory RA, Tracy HJ. The constitution and properties of
two gastrins extracted from hog antral mucosa. Gut 1964; 5:
103-114 [PMID: 14159395 DOI: 10.1136/gut.5.2.103]
Steigedal TS, Prestvik WS, Selvik LK, Fjeldbo CS, Bruland
T, Lægreid A, Thommesen L. Gastrin-induced proliferation involves MEK partner 1 (MP1). In Vitro Cell Dev Biol

September 21, 2014|Volume 20|Issue 35|

Mao JD et al . Gastrin and ERK-MAPK

17

18

19

20

21

22

23

24

25

26

27

28

29

Anim 2013; 49: 162-169 [PMID: 23408059 DOI: 10.1007/
s11626-013-9588-2]
Xu W, Chen GS, Shao Y, Li XL, Xu HC, Zhang H, Zhu GQ,
Zhou YC, He XP, Sun WH. Gastrin acting on the cholecystokinin2 receptor induces cyclooxygenase-2 expression
through JAK2/STAT3/PI3K/Akt pathway in human gastric
cancer cells. Cancer Lett 2013; 332: 11-18 [PMID: 23376640
DOI: 10.1016/j.canlet.2012.12.030]
Singh P, Sarkar S, Kantara C, Maxwell C. Progastrin Peptides Increase the Risk of Developing Colonic Tumors: Impact on Colonic Stem Cells. Curr Colorectal Cancer Rep 2012; 8:
277-289 [PMID: 23226720 DOI: 10.1007/s11888-012-0144-3]
Kovac S, Xiao L, Shulkes A, Patel O, Baldwin GS. Gastrin
increases its own synthesis in gastrointestinal cancer cells via
the CCK2 receptor. FEBS Lett 2010; 584: 4413-4418 [PMID:
20932834 DOI: 10.1016/j.febslet.2010.09.046]
Patel O, Clyde D, Chang M, Nordlund MS, Steel R, Kemp
BE, Pritchard DM, Shulkes A, Baldwin GS. Pro-GRP-derived
peptides are expressed in colorectal cancer cells and tumors
and are biologically active in vivo. Endocrinology 2012; 153:
1082-1092 [PMID: 22202166 DOI: 10.1210/en.2011-1875]
Sanchez C, Escrieut C, Clerc P, Gigoux V, Waser B, Reubi JC,
Fourmy D. Characterization of a novel five-transmembrane
domain cholecystokinin-2 receptor splice variant identified
in human tumors. Mol Cell Endocrinol 2012; 349: 170-179
[PMID: 22040601 DOI: 10.1016/j.mce.2011.10.010]
Kato H, Seto K, Kobayashi N, Yoshinaga K, Meyer T, Takei
M. CCK-2/gastrin receptor signaling pathway is significant for gemcitabine-induced gene expression of VEGF in
pancreatic carcinoma cells. Life Sci 2011; 89: 603-608 [PMID:
21839751 DOI: 10.1016/j.lfs.2011.07.019]
Song Y, Xu Y, Wang Z, Chen Y, Yue Z, Gao P, Xing C, Xu H.
MicroRNA-148b suppresses cell growth by targeting cholecystokinin-2 receptor in colorectal cancer. Int J Cancer 2012;
131: 1042-1051 [PMID: 22020560 DOI: 10.1002/ijc.26485]
Jin G, Westphalen CB, Hayakawa Y, Worthley DL, Asfaha
S, Yang X, Chen X, Si Y, Wang H, Tailor Y, Friedman RA,
Wang TC. Progastrin stimulates colonic cell proliferation via
CCK2R- and β-arrestin-dependent suppression of BMP2.
Gastroenterology 2013; 145: 820-830.e10 [PMID: 23891976 DOI:
10.1053/j.gastro.2013.07.034]
Watanabe T, Kobunai T, Tanaka T, Ishihara S, Matsuda K,
Nagawa H. Gene expression signature and the prediction of
lymph node metastasis in colorectal cancer by DNA microarray. Dis Colon Rectum 2009; 52: 1941-1948 [PMID: 19934913
DOI: 10.1007/DCR.0b013e3181b53684]
Lan H, Jin K, Xie B, Han N, Cui B, Cao F, Teng L. Heterogeneity between primary colon carcinoma and paired lymphatic and hepatic metastases. Mol Med Rep 2012; 6: 1057-1068
[PMID: 22940867]
Hernandez JM, Farma JM, Coppola D, Hakam A, Fulp WJ,
Chen DT, Siegel EM, Yeatman TJ, Shibata D. Expression
of the antiapoptotic protein survivin in colon cancer. Clin
Colorectal Cancer 2011; 10: 188-193 [PMID: 21855041 DOI:
10.1016/j.clcc.2011.03.014]
Solier S, Barb J, Zeeberg BR, Varma S, Ryan MC, Kohn
KW, Weinstein JN, Munson PJ, Pommier Y. Genome-wide
analysis of novel splice variants induced by topoisomerase
I poisoning shows preferential occurrence in genes encoding splicing factors. Cancer Res 2010; 70: 8055-8065 [PMID:
20817775 DOI: 10.1158/0008-5472.CAN-10-2491]
Xu HH, Wu P, Mao JD, Lu Kun, Lu LM. Profiling analysis
of differentially expressed genes in colorectal cancer with or

30

31

32

33

34

35

36

37

38

39

40

41

without high expression of gastrin. Zhonghua Shiyan Waike
Zazhi 2012; 29: 2191-2194
Mohapatra P, Preet R, Choudhuri M, Choudhuri T, Kundu
CN. 5-fluorouracil increases the chemopreventive potentials
of resveratrol through DNA damage and MAPK signaling
pathway in human colorectal cancer cells. Oncol Res 2011; 19:
311-321 [PMID: 21936401 DOI: 10.3727/096504011X1307969713
2844]
Konicek BW, Stephens JR, McNulty AM, Robichaud N,
Peery RB, Dumstorf CA, Dowless MS, Iversen PW, Parsons
S, Ellis KE, McCann DJ, Pelletier J, Furic L, Yingling JM,
Stancato LF, Sonenberg N, Graff JR. Therapeutic inhibition
of MAP kinase interacting kinase blocks eukaryotic initiation factor 4E phosphorylation and suppresses outgrowth of
experimental lung metastases. Cancer Res 2011; 71: 1849-1857
[PMID: 21233335 DOI: 10.1158/0008-5472.CAN-10-3298]
Rauch J, Moran-Jones K, Albrecht V, Schwarzl T, Hunter K,
Gires O, Kolch W. c-Myc regulates RNA splicing of the A-Raf
kinase and its activation of the ERK pathway. Cancer Res
2011; 71: 4664-4674 [PMID: 21512137 DOI: 10.1158/0008-5472.
CAN-10-4447]
Duhamel S, Hébert J, Gaboury L, Bouchard A, Simon R,
Sauter G, Basik M, Meloche S. Sef downregulation by Ras
causes MEK1/2 to become aberrantly nuclear localized leading to polyploidy and neoplastic transformation. Cancer Res
2012; 72: 626-635 [PMID: 22298595 DOI: 10.1158/0008-5472.
CAN-11-2126]
Ogino S, Shima K, Meyerhardt JA, McCleary NJ, Ng K, Hollis D, Saltz LB, Mayer RJ, Schaefer P, Whittom R, Hantel A,
Benson AB, Spiegelman D, Goldberg RM, Bertagnolli MM,
Fuchs CS. Predictive and prognostic roles of BRAF mutation
in stage III colon cancer: results from intergroup trial CALGB 89803. Clin Cancer Res 2012; 18: 890-900 [PMID: 22147942
DOI: 10.1158/1078-0432.CCR-11-2246]
Ellrichmann M, Ritter PR, Schrader H, Schmidt WE, Meier
JJ, Schmitz F. Gastrin stimulates the VEGF-A promotor in a
human colon cancer cell line. Regul Pept 2010; 165: 146-150
[PMID: 20600355 DOI: 10.1016/j.regpep.2010.06.004]
Wu P, Mao JD, Yan JY, Rui J, Zhao YC, Li XH, Xu GQ. Correlation between the expressions of gastrin, somatostatin and
cyclin and cyclin-depend kinase in colorectal cancer. World J
Gastroenterol 2005; 11: 7211-7217 [PMID: 16437675]
Mao JD, Wu P, Yang YL, Wu J, Huang H. Relationship between expression of gastrin, somatostatin, Fas/FasL and caspases in large intestinal carcinoma. World J Gastroenterol 2008;
14: 2802-2809 [PMID: 18473402 DOI: 10.3748/wjg.14.2802]
Mao JD, Wu P, Xia XH, Hu JQ, Huang WB, Xu GQ. Correlation between expression of gastrin, somatostatin and cell
apoptosis regulation gene bcl-2/bax in large intestine carcinoma. World J Gastroenterol 2005; 11: 721-725 [PMID: 15655830]
Wu P, Mao JD, Zhao YC, Wu J, Huang H. Relationship
between the cells proliferation of large intestinal cancer
induced by gastrin and signaling transduction pathway of
STAT3. Guoji Waikex Xue Zazhi 2010; 37: 243-247
Zhang S, Xu R, Luo X, Jiang Z, Shu H. Genome-wide identification and expression analysis of MAPK and MAPKK gene
family in Malus domestica. Gene 2013; 531: 377-387 [PMID:
23939467]
Papageorgis P, Cheng K, Ozturk S, Gong Y, Lambert AW,
Abdolmaleky HM, Zhou JR, Thiagalingam S. Smad4 inactivation promotes malignancy and drug resistance of colon
cancer. Cancer Res 2011; 71: 998-1008 [PMID: 21245094 DOI:
10.1158/0008-5472.CAN-09-3269]
P- Reviewer: Chiang TA, Guo JM S- Editor: Ma YJ
L- Editor: O’Neill M E- Editor: Zhang DN

WJG|www.wjgnet.com

12550

September 21, 2014|Volume 20|Issue 35|

World J Gastroenterol 2014 September 21; 20(35): 12551-12558
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i35.12551

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RESEARCH REPORT

Extraesophageal saline enhances endoscopic
ultrasonography to differentiate esophagus and adjacent
organs
Jian-Jun Li, Hong-Bo Shan, Long-Jun He, Thomas D Wang, Huan Xiong, Li-Ming Chen, Xiao-Hai Li, Xin-Xin Huang,
Guang-Yu Luo, Yin Li, Guo-Liang Xu
Jian-Jun Li, Hong-Bo Shan, Long-Jun He, Li-Ming Chen,
Xin-Xin Huang, Guang-Yu Luo, Yin Li, Guo-Liang Xu, Department of Endoscopy, Sun Yat-sen University Cancer Center,
State Key Laboratory of Oncology in South China, Guangdong
Esophageal Cancer Institute, Guangzhou 510060, Guangdong
Province, China
Thomas D Wang, Division of Gastroenterology, University of
Michigan, Ann Arbor, MI 48109, United States
Huan Xiong, Department of Medical Record Statistics, The
First Affiliated Hospital, Sun Yat-sen University, Guangzhou
510080, Guangdong Province, China
Xiao-Hai Li, Department of Cardiothoracic Surgery, The First
Affiliated Hospital of Guangzhou University of Traditional
Chinese Medicine, Guangzhou 5100405, Guangdong Province,
China
Author contributions: Li JJ, Shan HB and He LJ contributed
equally to this work; Li JJ designed this study and was responsible for this work; Shan HB, He LJ were clinical investigators;
Xiong H, Chen LM, Luo GY and Li Y collected and analyzed
data; Li XH and Huang XX performed thoracic anatomy and
obtained the samples; Wang TD and Xu GL served as scientific
advisors; Li JJ wrote and revised the manuscript; all authors approved the final version to be published.
Supported by Science and Technology Plan Projects of Guangdong
Province, China No. 2011B080701015 and No. 2012B061700076
Correspondence to: Guo-Liang Xu, MD, Professor, Department
of Endoscopy, Sun Yat-sen University Cancer Center, State Key
Laboratory of Oncology in South China, Guangdong Esophageal
Cancer Institute, Dongfeng East Road 657, Guangzhou 510060,
Guangdong Province, China. xugl@sysucc.org.cn
Telephone: +86-20-87343106 Fax: +86-20-8734224
Received: March 3, 2014
Revised: April 29, 2014
Accepted: June 12, 2014
Published online: September 21, 2014

Abstract
AIM: To distinguish between the esophagus and adjacent organs using extraesophageal saline injection (ESI)

WJG|www.wjgnet.com

in a canine model.
METHODS: ESI was performed through the esophagus under the guidance of linear-array endoscopic
ultrasonography (EUS). Approximately 15 mL of methylene blue saline (0.5%) was then injected through
each of the extraesophageal puncture points using a
22 G needle. Radial EUS examinations were conducted
before and after ESI. EUS images of the trachea, tracheal bifurcation, arcus aortae and thoracic aorta were
recorded. Vital signs were monitored during the ESI
procedure and EUS examination. The dogs were then
sacrificed for exploratory thoracotomy.
RESULTS: No obvious fluctuation in vital signs or serious adverse events occurred during the ESI procedure.
On EUS imaging, an apparent hypoechoic area outside
the esophagus, which separated the esophagus and
adjacent organs, was visualized. The adventitious of
the esophagus and adjacent organs were easily distinguished. The findings of subsequent exploratory
thoracotomy confirmed the EUS findings: obvious accumulation of a blue liquid in the extraesophageal tissues, as well as in the esophageal-thoracic aorta space,
esophageal-arcus aortae space and esophageal-tracheal space.
CONCLUSION: The esophagus and adjacent organs
were successfully separated by ESI, and extraesophageal saline acted as an effective ultrasonic contrast
agent.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal cancer; Endoscopic ultrasonography; Extraesophageal saline injection; Aorta; Trachea;
Staging
Core tip: The esophagus and adjacent organs were dis-
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tinguished by extraesophageal saline injection (ESI) in
dogs to identify better the esophageal adventitia and
adjacent organs by endoscopic ultrasonography (EUS).
EUS showed that the esophagus and adjacent organs
were separated clearly in the extraesophageal liquid
dark area. The findings provide an adequate basis for
combined ESI and EUS for accurate preoperative identification of Stage T3 and T4 esophageal cancer.
Li JJ, Shan HB, He LJ, Wang TD, Xiong H, Chen LM, Li
XH, Huang XX, Luo GY, Li Y, Xu GL. Extraesophageal
saline enhances endoscopic ultrasonography to differentiate
esophagus and adjacent organs. World J Gastroenterol 2014;
20(35): 12551-12558 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12551.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12551

INTRODUCTION
Esophageal cancer (EC) is one of the most common
and devastating malignant tumors worldwide, and China
has the highest incidence of esophageal squamous cell
carcinoma (ESCC)[1]. The main treatment modality for
EC is esophagectomy[2]. According to the TNM staging
system of the Union for International Cancer Control
(7th Edition, 2012), EC invades the esophageal adventitia at the T3 stage; invades the pleura, pericardium and
diaphragm at the T4a stage; and involves adjacent vital
organs (mainly the thoracic aorta, aortic arch, trachea,
tracheal bifurcation and spine) at the T4b stage[3]. T3and T4a-stage tumors can be subjected to esophagectomy, whereas tumors at the T4b stage are not eligible
for esophagectomy [4]. Therefore, it is important for
physicians and patients to determine whether a tumor
has metastasized to adjacent organs before considering
resection.
The imaging methods used for preoperative staging
of EC include endoscopic ultrasonography (EUS)[5-8],
computed tomography (CT)[9,10], magnetic resonance imaging[11] and positron emission tomography (PET)[12,13].
EUS is most commonly used, especially for T- and N-stage
tumors. One of its advantages is that the EUS probe
can be directly placed into the esophageal lumen, so the
involved esophageal mucosa, submucosa, muscularis propria and enlarged paraesophageal lymph nodes can be directly observed. Moreover, EUS has diagnostic accuracies
of 75%, 39% and 88% for T1-, T2- and T3-stage ECs,
respectively, which needs to be improved[9].
Our previous paper reported that submucosal saline
injection can improve the accuracy of EUS in T1a- and
T1b-stage ESCC because the injected saline forms a
water cushion that acts as an ultrasonic contrast agent
(negative) and separates the mucosal and submucosal
layers[14,15]. Similar to the esophageal mucosa, the extraesophageal tissue also contains loose connective tissue;
therefore, we envisaged that if saline or another liquid
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were directly injected extraesophageally, the esophageal
adventitia would be distinguished from its adjacent organs (and especially the thoracic aorta, arcus aortae and
tracheal bifurcation), and the changes could be visualized
by EUS. If this hypothesis could be proven, the accuracy
rate of the diagnosis of T3- and T4-stage EC could be
improved. In this study, we attempted extraesophageal
saline injection (ESI) and visualization of the esophagus
and its adjacent organs by EUS in a canine model.

MATERIALS AND METHODS
Design, animals and anesthesia
The experimental protocol was reviewed and approved
by the animal welfare and ethics committees at Sun Yatsen University Cancer Center, Guangzhou, China (approval number: GZR2012-114). Male beagle dogs (weighing an average of 10 kg) were provided by the medical
animal center located on the north campus of Sun Yatsen University. Five dogs were kept in separate cages and
were given an absolute diet for 8 h and dehydrated for 6
h before the experiment. The dogs were injected intraperitoneally with 0.03 mg/kg pentobarbital sodium to
induce anesthesia and then injected intraperitoneally with
0.03 mg/kg per hour pentobarbital sodium to maintain
anesthesia. The flow diagram for the study is shown in
Figure 1.
Devices
EUS examination was performed using a Fujinon 7000
endoscopy system (Fujinon, Japan) with a 7.5-MHz ultrasonic probe (EG-530UR) and a linear-array puncture
probe (EG-530UT). Vital signs such as heart rate, respiratory rate, rectal temperature and peripheral oxygen saturation were monitored continuously using a multi-parameter
monitor (UT4000A; Shenzhen Goldway Industrial Inc.,
China). To conduct ESI, we used 22 G EUS-guided fineneedle aspiration (EUS-FNA) needles (Endo-Flex, Germany).
ESI procedure
Puncture sites: The main purpose of ESI was to visualize the trachea, tracheal bifurcation, arcus aortae and
thoracic aorta in relation to the esophagus on EUS images. To display the esophagus and trachea/large blood
vessels in the upper thoracic segment, we injected saline
through a puncture in the anterior esophageal wall (Figure 2A). To display the tracheal bifurcation, arcus aortae
and thoracic aorta in the middle thoracic segment, we
injected saline through a puncture in the anterior wall
and the left lateral wall in the esophageal lumen (Figure
2B). Moreover, to display the thoracic aorta in the lower
thoracic segment, we injected the saline via a puncture
in the left posterior wall (Figure 2C). In addition, we
added methylene blue to the saline at a concentration of
0.5% to display more clearly the esophagus and adjacent
organs and the spaces between them when the animals
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Male Beagle dog

Extra-esophageal saline injection
in canine model

Radial EUS (R-EUS) for detecting
esophagus wall and adjacent
organs

Extra-esophageal methylene blue/
saline solution injection guided by
linear array EUS (L-EUS)

Posterior extra-esophageal
injection

Anterior extra-esophageal
injection

Endosonography after saline
extra-esophageal injection

EUS enhanced by
extra-esophageal saline

Observe thoracic aorta
and vertebra

Observe trachea, bronchial
bifurcation and arcus aortae

Compare EUS images and certify
hypothesis

Compare the EUS images
of prior to/post ESI

Repeat experiments
four times

Sacrifice Beagle dog and observe
the extra-esophageal saline

Investigate whether injected saline guided by EUS can
locate in extra-esophagus; certify consistency between
saline in EUS imaging and that in anatomy; validate the
contrast enhancing role of saline in extra-esophageal space

Figure 1 Flow diagram for the study. ESI was performed in Beagle dogs, detected by EUS, and confirmed by subsequent exploratory thoracotomy. EUS: Endoscopic ultrasound; ESI: Extraesophageal saline injection; R-EUS: Radial EUS; L-EUS: Linear-array EUS.

were sacrificed.
Puncture procedure: The puncture was performed under the guidance of linear-array EUS (L-EUS). The location markers included the aorta/left atrium, trachea and
tracheal bifurcation in the anterior wall and the thoracic
aorta in the posterior wall. To display the esophagus
and trachea/large blood vessels in the upper thoracic
segment, a puncture was performed through the anterior wall. The puncture probe was placed in the center
of the trachea or tracheal bifurcation, guided by white-
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light endoscopy and L-EUS, and gently rotated 5-10° to
the left, until tracheal high-intensity linear echoes were
displayed on the EUS images. A 22 G EUS-FNA needle
was then pierced through the puncture point, and the
movement of the needle tip was monitored by real-time
sonography. The methylene blue saline was then injected
when the needle was near the tracheal high-level linear
echoes and when no blood or gas was observed upon
reverse suction (excluding piercing of the needle into the
blood or trachea). In addition, we performed ESI into
the right side of the trachea or tracheal bifurcation by
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Thoracic aorta

Extra-esophageal
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Figure 2 Schematic diagram of extraesophageal puncture in different sections. A: Positioning of the puncture point in the upper thoracic segment. The puncture
point was located in the anterior esophageal wall to distinguish between the trachea and the esophagus and between the left upper large thoracic vessels and the
esophagus; B: Positioning of the puncture point in the middle thoracic segment. The puncture point was located in the anterior esophageal wall to distinguish between
the bronchial bifurcation and the esophagus and between the arcus aortae and the esophagus; C: Positioning of the puncture point in the lower thoracic segment. The
puncture point was located in the posterior esophageal wall to distinguish between the thoracic aorta and the esophagus.

the procedures stated above. The amount of methylene
blue saline injected depended on the amount required
to show clearly the trachea, aorta and esophageal wall.
Approximately 15 mL of saline was injected into each
puncture site.
Attention had to be paid to the puncture depth because the saline was occasionally injected into the submucosal layer. The sign of submucosal injection was a
dark blue mucosal bulge that was easily visualized by endoscopy (a water cushion formed by the methylene blue
saline in the submucosal layer). When this sign occurred,
we inserted the needle 3-5 mm forward, and the saline
was then injected until the needle tip could be monitored
outside the esophagus by real-time EUS. Similarly, the
saline was reinjected when no gas or blood was observed
upon reverse suction.
A puncture was also performed through the anterior
wall and the left lateral wall to display the tracheal bifurcation, arcus aortae and thoracic aorta in the middle thoracic segment. The puncture site in the anterior wall was
located about 3 mm to the left of the tracheal bifurcation
in white-light endoscopy. In the left lateral wall, the arcus
aortae or thoracic aorta were first visualized on L-EUS
images [displayed as a long hypoechoic area and as an
artery-like turbulent fluid in color Doppler flow imaging
(CDFI)]. The probe was then rotated 5-10° to the left,
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until the point at which the long hypoechoic area (representing the aortic arch or thoracic aorta) disappeared.
This point was used as the puncture site. The puncture
and injection were then preformed as described above.
The thoracic aorta is mainly located on the posterior
left side of the esophagus in the lower thoracic segment.
Therefore, to display the thoracic aorta, we performed
a puncture through the posterior and left lateral walls.
The thoracic aorta was first found on L-EUS images
(displayed as a hypoechoic area, and CDFI detected an
artery-like turbulent fluid) (Figure 3A). The probe was
then rotated 5-10° to the left, until the point at which
the hypoechoic area that represented the thoracic aorta
disappeared. This point was the puncture site. The puncture, needle insertion and saline injection were then preformed as described above (Figure 3B).
Criteria for successful ESI
The followings were the signs of successful ESI: smooth
injection of the saline, without obvious resistance; no
mucosal bulge; the presence of a hypoechoic area between the esophageal adventitia (striped areas of medium-high echoes) and its adjacent organs; enlargement
of the hypoechoic area with an increase in injection
quantity; and intermittent striped areas of medium echogenicity in the extraesophageal saline, which represented
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Figure 3 Procedure of extraesophageal saline injection guided by real-time linear-array endoscopic ultrasonography in the lower thoracic segment of the
esophagus. A: The thoracic aorta was visualized as turbulent blood flow on a color Doppler flow imaging (CDFI) image from L-EUS; B: The puncture probe was rotated until the thoracic aorta disappeared. Extraesophageal puncture, reverse suction, and saline injection were then performed consecutively. With an increase in the
volume of injected saline, the hypoechoic area outside the esophagus expanded.

the extraesophageal loose connective tissues.
Radial EUS examination after ESI
Radial EUS (R-EUS) examination was conducted again
after successful ESI. The esophageal wall and adjacent
organs, such as the thoracic aorta, trachea, tracheal bifurcation and aortic arch, were visualized. If the hypoechoic area remained between the esophageal wall and the
adjacent organs after ESI, the esophagus was considered
to be separated from the adjacent organs at these sites
during surgical resection.
Exploratory thoracotomy
The Beagle dogs were sacrificed by intravenous injection of 10% potassium chloride (2 mEq/kg) into the
femoral vein after ESI and subsequent R-EUS examination. Exploratory thoracotomy was then performed. The
intact esophagus was exposed gradually. The accumulated extraesophageal methylene blue saline, as well as
the esophagus and adjacent organs, such as the thoracic
aorta, trachea, tracheal bifurcation and aortic arch, were
investigated.
Each of the procedures, including ESI and EUS (before and after ESI), were performed by a senior doctor
with > 10 years of experience in EUS procedures. The
exploratory thoracotomy was conducted by a senior surgeon with 10 years of experience in thoracic surgery.

RESULTS
Vital signs and adverse events
Vital signs were stable during anesthesia, ESI procedure
the EUS examination. No severe adverse events, such as
esophageal perforation, bleeding or mediastinal emphysema, were found after ESI.
R-EUS imaging before ESI
Before ESI, the esophageal wall showed a three-layer structure on the sonographic images taken with the 7.5-MHz
ultrasonic probe; a high-echoic region in the first layer,
which represented the esophageal mucosa and submucosa;
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a low-echoic region in the second layer, which represented
the muscularis propria; and a high-echoic region in the
third layer, which represented the esophageal adventitia.
The extraesophageal connective tissue was hyperechoic.
The esophageal adventitia and adjacent organs, such as the
trachea, tracheal bifurcation, aortic arch and thoracic aorta,
were difficult to identify (Figure 4A, C and E).
R-EUS after ESI
The esophageal adventitia was visualized clearly on the
EUS images taken after ESI. The extraesophageal hyperechoic structure disappeared and was replaced by a
hypoechoic area. Stripes of hyperechoic tissue were visible in the hypoechoic area, and the esophageal wall and
adjacent organs were separated by an enlarged distance.
Occasionally, several areas of the first esophageal layer
were slightly thickened, which was due to submucosal
saline injection at the puncture site when the needle tip
was located in the submucosa (Figure 4B, D and F).
In the upper thoracic segment, a hypoechoic area was
visualized in the extraesophageal space, and the esophagus could be distinguished from the large thoracic vessels and the trachea. The left subclavian artery and the
left common carotid artery were parallel, appearing as
round dark areas with distinguishable adventitias. A hypoechoic area was also visible in the esophageal-tracheal
space; however, this area was not obvious because the
tracheal impression on the esophagus was apparent due
to the developed cricoid cartilage. The hypoechoic area
was more apparent when the EUS probe was moved to
the anterior side to reduce the influence of the tracheal
impression on the esophagus (Figure 4B).
A hypoechoic area was also easily visualized in the
middle thoracic segment; this dark area was found to
extend from the anterior to the left lateral side of the extraesophageal space (as well as the rear side of the arcus
aortae and bronchial bifurcation). CDFI showed turbulent blood flow through the arcus aortae, which could be
observed from the anterior right to the posterior left side,
with a distinguishable adventitia. The tracheal bifurcation
with high echogenicity was representative of annular car-
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Figure 4 Endoscopic ultrasonography images (before and after endoscopic ultrasound) of different segments of the esophagus (A/B, upper thoracic segment; C/D, middle thoracic segment; E/F, lower thoracic segment). A: Before extraesophageal saline injection (ESI), it was difficult to observe the esophageal
adventitia and common carotid artery. The esophagus and trachea were observed to be close to each other, it was difficult to distinguish their boundaries, and the
tracheal trace was distinct; B: After ESI, the space between the esophagus and the aorta along the left anterior wall was enlarged and displayed as a hypoechoic
area. The esophageal adventitia and aortic adventitia were clearly distinguishable. A thread-like hypoechoic area was visualized between the esophageal-tracheal
spaces, which created a clear boundary between them; C: Before ESI, it was difficult to distinguish between the adventitias of the esophagus and the arcus aortae;
D: After ESI, the space between the esophagus and the arcus aortae was enlarged and filled with a hypoechoic area. The esophageal adventitia and aortic adventitia
were clearly distinguishable; E: Before ESI, it was difficult to distinguish between the esophageal adventitia and the thoracic aorta; F: After ESI, the space between the
esophagus and the thoracic aorta was enlarged and full of hypoechoic areas, and the adventitious of both the esophagus and the thoracic aorta were distinguishable.

tilage. The esophagus, arcus aortae and tracheal bifurcation were separated in this hypoechoic area (Figure 4D).
Extraesophageal saline was easily visualized outside
the lower thoracic segment of the esophagus, and it expanded to the region of the anterior erector spinae. This
observation meant that the saline had been deposited
into the posterior esophagus (including the left lateral
wall). Therefore, the esophageal adventitia and thoracic
aortic adventitia could be distinguished (Figure 4F).
Exploratory thoracotomy
Exploratory thoracotomy revealed that a blue liquid was
dispersed outside the esophageal adventitia (including
its posterior, left lateral and anterior walls). This liquid
was found to be dispersed in the esophageal-thoracic
aorta space, esophageal-bronchial bifurcation space, and
esophagus-arcus aortae space. This blue liquid was even

WJG|www.wjgnet.com

found to be accumulated in the pretracheal space. The
findings indicate that ESI was performed successfully
under EUS guidance and that the saline was dispersed
outside the esophagus. The esophageal wall and its adjacent organs were easily distinguished by saline, and
the liquid had not only accumulated in the spaces at the
puncture sites, but had also dispersed in the anterior and
posterior spaces of the esophagus, which were composed of loose connective tissue and therefore allowed
for easy expansion of saline (Figure 5).
Consistency between EUS images and exploratory
thoracotomy after ESI
The extraesophageal hypoechoic area increased in size
with the increase in injection quantity on the EUS images, which indicated that the saline was between the
esophagus and adjacent organs, such as the trachea (Figure
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Figure 5 Findings of exploratory thoracotomy. A: Saline containing methylene blue dye deposited in the space between the trachea and the esophagus; B: Saline
containing methylene blue dye deposited in the esophageal-aortic space and posterior thoracic aortic tissue; C: Saline containing methylene blue dye deposited in the
posterior bronchial tissue (the space between the esophagus and the bronchial bifurcation). Thick and longitudinal lymphatic vessels dyed with methylene blue were
also easily visualized; D: Saline containing methylene blue dye deposited in the pretracheal space.

5A), thoracic aorta (Figure 5B), tracheal bifurcation (Figure 5C) and pretracheal space (Figure 5D). Subsequent
exploratory thoracotomy not only detected accumulated
liquid in the extraesophageal loose connective tissues,
but also confirmed that these spaces were enlarged with
methylene blue saline. Moreover, the extraesophageal
liquid-related hypoechoic area was not only found to be
consistent with the EUS images, but was also in accordance with the findings of the exploratory thoracotomy.
The results revealed that the methylene blue saline dispersed in all directions, accumulated in all spaces, and
even reached the lateral and anterior tracheal spaces.
Extraesophageal saline absorption after injection
After ESI and during exploratory thoracotomy, the
amount of methylene-blue-dyed saline outside the esophagus decreased with time (as indicated by a reduced volume and a faded dye color) and was absorbed completely
by about 30 min after exploratory thoracotomy (about 50
min from the end of ESI/animal sacrifice).

DISCUSSION
In the present study, we sought to answer the following
questions: (1) can saline be delivered to extraesophageal
areas under EUS guidance?; (2) can the saline effectively
distinguish the esophageal wall from its adjacent organs?;
and (3) can EUS detect these changes after ESI?
In this study, ESI procedures were performed while

WJG|www.wjgnet.com

smoothly guided by L-EUS, and the thoracic aorta and
aortic arch were avoided. Vital signs were stable during
and after ESI, and no severe adverse events occurred.
We therefore believe that ESI can be performed successfully under real-time L-EUS guidance. Saline can be
fully absorbed in the body, with only a negligible impact
on the internal environment of the animal. The ESI
procedure seems safe and feasible. After ESI, we found
a hypoechoic area between the esophageal adventitia and
adjacent regions and extraesophageal saline among the
connective tissues.
Moreover, the thoracic aorta and esophagus could be
easily distinguished by ESI. The trachea and esophagus
were also distinguished successfully by left and right
lateral injections. Thus, the esophagus was easily distinguishable from the important adjacent organs. After ESI,
the findings of the exploratory thoracotomy confirmed
the results of the EUS images: obvious accumulation of
a blue liquid was found in the extraesophageal tissues,
including the esophageal-aortic space and esophagealtracheal space. EUS is therefore reliable for detecting the
changes that occur after ESI.
The extraesophageal saline accumulated and enlarged
the distance between the esophagus and adjacent organs
and also aided better visualization of the esophageal
adventitia and the external layers of adjacent organs due
to its negative contrast effect. This saline can therefore
be used to examine whether advanced EC has invaded
the esophageal adventitia, allowing physicians to judge
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whether esophagectomy is feasible.
There are some limitations to these techniques. (1) a
major limitation is the lack of usefulness of this technique
in humans. In particular, it remains to be demonstrated
whether it is possible to inject saline outside large esophageal tumors; (2) in patients with esophagostenosis, it will
be difficult to pass the EUS probe through the esophageal
lumen; and (3) the insertion and injection methods need
to be improved so that submucosal injection can be avoided and more accurate positioning, puncture and ESI can
be performed successfully. Nevertheless, the present study
proved the feasibility and effectiveness of the ESI technique. A series of in-depth studies should be conducted
before formal clinical trials are initiated.
In conclusion, the esophagus and adjacent organs can
be distinguished successfully by ESI. Saline serves as a
contrast agent, so after ESI, the esophagus and adjacent
organs are easily distinguishable on ultrasonography images.
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Abstract
AIM: To investigate whether the heat shock protein
70-2 (HSP70-2 ) polymorphism is associated with enterocutaneous fistulas in a Chinese population.
METHODS: This study included 131 patients with enterocutaneous/enteroatmospheric fistulas. Patients with
inflammatory bowel disease or other autoimmune diseases were excluded from this study. All patients with enterocutaneous/enteroatmospheric fistulas were followed
up for three months to observe disease recurrence.
In addition, a total of 140 healthy controls were also
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recruited from the Jinling Hospital, matched according
to the sex and age of the patient population. Genomic
DNA was extracted from peripheral blood from each
participant. The HSP70-2 restriction fragment length
polymorphism related to the polymorphic PstI site at
position 1267 was characterized by polymerase chain
reaction (PCR). First PCR amplification was carried out,
and then PCR products were digested with PstI restriction enzyme. The DNA lacking the polymorphic PstI
site within HSP70-2 generates a product of 1117 bp in
size (allele A), whereas the HSP70-2 PstI polymorphism
produces two fragments of 936 bp and 181 bp in size
(allele B).
RESULTS: The frequency of the HSP70-2 PstI polymorphism did not differ between patients and controls; however, the A allele was more predominant in
patients with enterocutaneous fistulas than in controls
(60.7% vs 51.4%, P = 0.038, OR = 1.425, 95%CI:
1.019-1.994). Sixty-one patients were cured by a definitive operation, drainage operation, or percutaneous
drainage while 52 patients were cured by nonsurgical
treatment. There was no significant difference in the
frequency of the HSP70-2 PstI polymorphism between
the patients who had surgery compared to those who
did not (P = 0.437, OR = 1.237, 95%CI: 0.723-2.117).
Moreover, 11 patients refused any treatment for economic reasons or tumor burden, and 7 patients with
enterocutaneous fistulas (5.8%) died during the followup period. However, there was no significant difference in the frequency of the HSP70-2 PstI polymorphism between the patients who survived compared
to those who died (P = 0.403, OR = 0.604, 95%CI:
0.184-1.986).
CONCLUSION: The A allele of the HSP70-2 PstI polymorphism was associated with enterocutaneous fistulas
in this Chinese population.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Postoperative enterocutaneous fistulas are
one of the most devastating abdominal complications
after surgery. Currently, enterocutaneous/enteroatmospheric fistulas may be caused by trauma or surgery
as a result of traumatic or iatrogenic bowel injury, infection, or anastomotic leakage. However, genetic or
epigenetic factors may increase the risk for individual
patients to develop enterocutaneous/enteroatmospheric fistulas. We found the frequency of the HSP70-2 PstI
polymorphism did not differ between patients and controls; however, the A allele was more predominant in
patients with enterocutaneous fistulas than in controls.
To our knowledge, this study was the first study about
the enterocutaneous fistula and single nucleotide
polymorphism.

Chen J, Ren JA, Han G, Gu GS, Wang GF, Wu XW, Zhou B, Hu
D, Wu Y, Zhao YZ, Li JS. Polymorphism of Heat shock protein
70-2 and enterocutaneous fistula in Chinese population. World J
Gastroenterol 2014; 20(35): 12559-12565 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i35/12559.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i35.12559

INTRODUCTION
Postoperative enterocutaneous fistulas (ECF) are one of
the most devastating abdominal complications after surgery, which are defined as an abnormal communication
between the intra-abdominal gastrointestinal tract (i.e., the
stomach, duodenum, small bowel, and colon) and skin[1-3].
Postoperative ECF result from a wide variety of conditions and circumstances but caused a high mortality rate
of 50%-60% before the 1970s[4,5]. Treatment of patients
with postoperative ECF requires a greater understanding
of their metabolic and anatomic derangements. To date,
with the development of nutritional support, interventional radiology, and wound management, the overall
mortality rate due to postoperative ECF has declined to
3%-12%[6]. However, with the introduction of damage
control principles in surgery, open abdominal management has been used in patients undergoing complex surgery, who may have increased risk for the development
of postoperative ECF[7]. Surgical techniques may also
cause a new type of enteric fistulas, enteroatmospheric
fistulas, which is defined as a fistula between the lumen
of the bowel or other hollow viscus and the atmosphere
(open abdomen or chest)[8,9]. Currently, enterocutaneous/
enteroatmospheric fistulas may be caused by trauma or
surgery as a result of traumatic or iatrogenic bowel injury,
infection, or anastomotic leakage[1,2,6,10-12]. The genomic
composite score can be rapidly used to predict clinical
outcomes in trauma patients[13], and genome-wide expression studies have identified 12 plasma proteins as candidates for biomarker-based risk stratification in adults
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with septic shock[14]. So, genetic or epigenetic factors may
increase the risk for individual patients to develop enterocutaneous/enteroatmospheric fistulas.
Heat shock proteins (HSPs) are highly conserved proteins in most mammalian and prokaryotic cells, and act
as chaperones to other unfolded proteins and peptides
during elevated temperatures or other stress, such as heat,
ischemia-reperfusion, inflammation, and microbial infection[15-17]. As the most highly inducible HSP, the HSP70
gene family contains HSP70-1, HSP70-2, and HSP70Hom. This family has been mapped to the class Ⅲ region
of the human genome, which is the region in chromosome 6 that contains human leukocyte antigen (HLA)
genes[17,18]. The HSP70-2 gene polymorphism generates a
PstI site due to an A to G substitution at position 1267.
Previous studies have demonstrated that this HSP70-2
polymorphism is associated with Crohn’s disease (CD),
especially with the perforating form, abscess formation,
fistulas, and requirement for surgery in Japanese[19], Caucasian[20], Korean[21], and Chinese[22] populations. Thus, the
aim of this study was to investigate whether the HSP70-2
PstI polymorphism is associated with enterocutaneous/
enteroatmospheric fistulas in a Chinese population.

MATERIALS AND METHODS
Patients
This study included 131 patients with enterocutaneous/
enteroatmospheric fistulas. The diagnosis was based on
the standard clinical and radiological criteria[23]. However, patients with Inflammatory Bowel Disease or other
autoimmune disease were excluded from this study. All
patients with enterocutaneous/enteroatmospheric fistulas
were followed up for three months to observe disease recurrence. In addition, a total of 140 healthy controls were
recruited from Jinling Hospital, Healthcare System Center,
during their routine health check-up. They did not have
enterocutaneous/enteroatmospheric fistulas, any known
IBD, or another autoimmune disease according to their
medical history and a laboratory test. They were matched
according to the gender and age of the cases in this study.
All the cases and controls were Han Chinese and recruited
between April 2011 and January 2012. Our institutional
review board approved this study protocol, and each participant agreed to be recruited into this study.
Polymerase chain reaction analysis of the HSP70-2 PstI
polymorphism
Genomic DNA was extracted from peripheral blood
from each participant according to the QIAamp® DNA
Mini and Blood Mini Handbook (Qiagen, Dusseldorf,
Germany). The HSP70-2 restriction fragment length
polymorphism related to the polymorphic PstI site at
position 1267 was characterized by PCR. The primers
spanning the polymorphic PstI site were designed according to the previously published sequences (5’-CATCGACTTCTACACGTCCA-3’ and 5’-CAAAGTCCTTGAGTCCCAAC-3’)[9-12]. PCR amplification was carried
out by 35 cycles of denaturing at 95 ℃ for 1 min, anneal-
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RESULTS

Table 1 Clinical characteristics and the heat shock protein 70-2
single nucleotide polymorphism of cases and controls

Sex (M/F)
Age (yr, mean ± SD)
Genotype
AA
AB
BB
Allele
A
B

Case

Control

P value

(n = 131)

(n = 140)

OR (95%CI)

94/37
46.5 ± 15.9
47
65
19
159
103

95/45
44.0 ± 8.6
39
66
35
144
136

0.510
0.108
0.074

Comparison of the HSP70-2 PstI polymorphism between
cases and controls
One hundred and thirty-one patients with enterocutaneous/enteroatmospheric fistulas (94 males and 37 females)
and 140 age- and sex-matched healthy controls (95 males
and 45 females) were included in this study. The male to
female ratio of the patients was 2.5:1. The mean age was
46.5 ± 15.9 years old in cases vs 44.0 ± 8.6 years old in
the healthy controls (Table 1).
The genotype and allele frequencies in the cases and
controls are shown in Table 1. Specifically, in patients
with fistulas, the frequencies of allele A and B were
60.7% and 39.3%, respectively; while in controls, the
frequencies of allele A and B were 51.4% and 48.6%,
respectively. The most frequent genotype was the heterozygote AB (49.6% in cases vs 47.1% in controls); thus, the
genotype frequency between cases and controls was not
different (χ 2 = 5.199, P = 0.074). However, the frequency
of the HSP70-2 allele was significantly greater in cases
than in controls (60.7% vs 51.4%, P = 0.038; OR = 1.425,
95%CI: 1.019-1.994).

0.038
1.425 (1.019-1.994)

Table 2 Heat shock protein 70-2 genotype and allele frequencies
vs daily output of patients
Low (n = 41) Moderate (n = 46) High (n = 44)
Genotype

AA
AB
BB

P
Allele

A
B

P
OR
95%CI

12
20
9
0.0001

15
27
4
0.0002

44
38
0.285
0.711
0.388-1.3011

57
35
0.642
0.842
0.458-1.5492

20
18
6
0.00333
58
30
0.119
0.599
0.323-1.1123

1

Low output vs moderate output; 2Moderate output vs high output; 3Low
output vs high output. Low-output, < 200 mL of effluent daily; moderate,
between 200 and 500 mL of effluent daily; high output, > 500 mL of
effluent daily.

Table 3 Heat shock protein 70-2 genotype and allele frequencies
vs etiology of fistulas
Iatrogenic injury
(n = 54)
Genotype AA
AB
BB
Allele
A
B

17
29
8
63
45

Trauma Malignancy Infection

P

(n = 42) (n = 34) (n = 1) value
16
19
7
51
33

14
17
3
45
23

0
0
1
0
2

0.257

0.241

ing at 54 ℃ for 30 s, and extension at 72 ℃ for 1 min.
PCR products were then digested with PstI restriction
enzyme (Fermentas, Vilnius, Lithuania) at 37 ℃ for 1 h
and electrophoresed in a 1.5% agarose gel. The DNA
lacking the polymorphic PstI site within HSP70-2 generates a product of 1117 bp in size (allele A), whereas the
HSP70-2 PstI polymorphism produces two fragments of
936 bp and 181 bp in size (allele B)[15,20-22].
Statistical analyses
The data were summarized in terms of genotype and allele frequency, and Hardy-Weinberg equilibrium was used
to confirm that the overall population was represented by
the cases and controls in this study. Genotype and allele
frequencies were analyzed by the χ 2 test using SPSS12.0
(SPSS, Chicago, IL), and P < 0.05 was established as the
level of significance.
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Association of the HSP70-2 PstI polymorphism with
patient clinicopathological data
Clinically, daily output was one of the classification
schemes to determine the severity of the enterocutaneous/enteroatmospheric fistulas in patients; for example,
low-output enterocutaneous/enteroatmospheric fistulas
typically provide less than 200 mL daily of the effluent,
moderate fistulas provide between 200 mL and 500 mL
daily, whereas high output fistulas provide more than 500
mL daily[2]. Our data showed that the HSP70-2 BB genotype was slightly more prevalent in low output patients
than in moderate or high output patients (22.0% vs 8.7%
or 13.6%, respectively). In moderate output patients,
the HSP70-2 AB genotype was more frequent (58.7% vs
48.8% in low output patients and vs 40.9% in high output
patients). In high output patients, the HSP70-2 AA genotype was more prevalent than the others (45.5% vs 29.3%
in low output patients and vs 32.6% in moderate output
patients). Although these patients showed significant
genotype differences among these three daily outputs, we
did not find any significant differences in terms of allele
frequencies among these patients (Table 2).
In this cohort of patients, iatrogenic injury was the
main etiology of enterocutaneous/enteroatmospheric fistulas (54 patients, 41.2%); while trauma caused fistulas in
42 patients, which was the second most common etiology
(32.1%). In addition, malignancies in 34 patients (26.0%)
and tuberculosis infection in one patient caused fistula
development. There were no significant etiological differences between HSP70-2 genotypes and alleles among
these patients (Table 3).
The most frequent sites of fistulas in these patients were
located in the small bowel, which accounted for approximately 42.0% of cases. Other fistula sites included the stom-
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Table 4 Heat shock protein 70-2 genotype and allele frequencies vs fistula location

Genotype

AA
AB
BB
A
B

Allele

Stomach

Duodenum

Small bowel

Colon/rectum

Internal

Complex

P

(n = 5)

(n = 21)

(n = 55)

(n = 16)

(n = 4)

(n = 30)

value

1
3
1
5
5

5
11
5
21
21

21
27
7
69
41

6
9
1
21
11

0
2
2
2
6

14
13
3
41
19

0.410

Table 5 Heat shock protein 70-2 genotype and allele frequencies
vs patient survival

Genotype

Allele

AA
AB
BB
A
B

Survived

Deceased

P value

(n = 113)

(n = 7)

OR (95%CI)

40
56
17
136
90

4
2
1
10
4

0.484

Table 7 Heat shock protein 70-2 genotype and allele frequencies
vs recurrent and nonrecurrent fistulas after surgery

Genotype

Allele

Table 6 Heat shock protein 70-2 genotype and allele frequencies
vs surgical and nonsurgical treatment

Genotype

Allele

AA
AB
BB
A
B

Surgery

No surgery

P value

(n = 52)

OR (95%CI)

24
29
8
73
45

16
27
9
59
45

0.601

P value

Recurrence No recurrence

0.403
0.604 (0.184-1.986)

(n = 61)

0.119

AA
AB
BB
A
B

(n = 51)

(n = 10)

OR (95%CI)

20
24
7
64
38

4
5
1
13
7

0.949

0.848
0.907 (0.333-2.472)

Table 8 Multivariate analysis using heat shock protein 70-2
frequency as a dependent variable
P value
Sex
Age
Daily output
Fistula etiology
Fistula location
Treatment

0.437
1.237 (0.723-2.117)

0.073
0.910
0.259
0.299
0.271
0.729

The median age of the patients was 45 years old and used as a cut-off point.

ach (5 patients, 3.8%), the duodenum (21 patients, 16.0%,
including 2 with a pancreatic fistula and 1 with a biliary
fistula), and the colon/rectum (16 patients, 12.2%). Furthermore, there were 4 patients with internal fistulas, consisting
of 2 recto-vaginal fistulas and 2 enterocolic fistulas. Overall,
30 patients had fistulas in more than one location (complex
fistulas, 22.9%). However, there were no significant differences in fistula location between HSP70-2 genotypes and
alleles among these patients (Table 4).
Eleven patients refused any treatment due to economic reasons or tumor burden, while seven patients died
during the follow-up period (5.8%). There was no significant difference in the frequency of the HSP70-2 PstI
polymorphism between the patients who survived and
died (P = 0.403, OR = 0.604, 95%CI: 0.184-1.986, Table
5). In the patients who survived, 61 patients were cured
by a definitive surgery, drainage operation, or percutaneous drainage; but 52 patients were cured by nonsurgical
treatment. There was also no significant difference in the
frequency of the HSP70-2 PstI polymorphism between
the patients who received surgery or not (P = 0.437, OR
= 1.237, 95%CI: 0.723-2.117, Table 6). In patients who
received surgery, 10 had recurrent fistulas after surgery
(16.4%). There was still no significant difference between
the patients who received surgery or not (P = 0.848, OR
= 0.907, 95%CI: 0.333-2.472, Table 7). Furthermore,
multivariate analysis showed that there was no significant
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association between the HSP70-2 PstI polymorphism and
clinicopathological factors from these patients (Table 8).

DISCUSSION
Heat shock protein was discovered by Ritossa et al[16] in
1962; subsequently, HSPs have been detected in almost
all organisms[17]. They are divided into different classes according to their molecular weights, i.e., HSP100 (approximately 100 kDa), HSP90, HSP70, and so on[17]. In humans, the HSP70 family of genes is mapped to the short
arm of the sixth chromosome, close to HLA; thus, they
may play a role in the regulation of immune responses.
For example, HSP70 expression can be induced by a variety of infectious and inflammatory stimuli[24,25] (Christians,
2002 #26) and functions to protect cell homeostasis[26,27].
The extracellular HSP70 protein can induce a proinflammatory response through toll-like receptor-2 and tolllike receptor-4[28]. However, the HSP70-2 PstI polymorphism is a nonfunctional single nucleotide polymorphism
(SNP) that does not cause a change in the derived amino
acid[29,30], although HSP70-2 SNPs have been considered
as candidates for increased susceptibility to inflammatory
diseases. Tahara et al[31] have found that the HSP70-2 BB
genotype is associated with a reduced risk of gastric premalignant conditions in H. pylori-infected older individu-
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als. In addition, Partida-Rodríguez et al[32] have shown that
an HSP70-2 SNP is significantly associated with both gastric cancer and duodenal ulcers. Thus, in the current study,
we determined the association between the HSP70-2 PstI
polymorphism and a patient’s susceptibility to enterocutaneous/enteroatmospheric fistulas. We found that the
genotype frequency of the HSP70-2 PstI polymorphism
did not differ between patients and controls, but the A
allele was more prevalent in patients with enterocutaneous fistulas than in controls, which may indicate that the
HSP70-2 A allele is more susceptible to enterocutaneous/
enteroatmospheric fistula development.
Indeed, other studies have shown that HSP70 allele frequencies are associated with the pathogenesis
of autoimmunity [33]. Their data show that different
HSP70-2 allele frequencies are associated with spondylarthropathies[34], rheumatoid arthritis[35], systemic lupus
erythematous [33], celiac disease [18], insulin-dependent
diabetes (IDDM)[36,37], (Caplen, 1990 #37;Pociot, 1993
#36) type 2 diabetes and obesity[38], and autoimmune
thyroid disease[39]. Moreover, recent studies have associated an HSP70-2 SNP with IBD[19-21,29,30]. In these studies,
the HSP70-2 genotype BB of the PstI polymorphism or
the HSP70-2 allele B was associated with the perforating form of CD or an indication for surgical treatment
of CD, respectively, although the role of HSP70-2 in the
pathogenesis of CD is still unknown. However, another
study[15] did not confirm these data. In our previous
study[22], we showed that the HSP70-2 A allele of the PstI
polymorphism is associated with susceptibility to CD and
surgical treatment of perforating CD. Therefore, in the
current study, we excluded patients with CD, which may
comprise up to 20% of patients with fistulas[2,10].
ECF are an uncommon but not well-studied postoperative complication, but they may have been first
described as early as 450 BC[1,2]. The “modern” history
of ECF began with William Beaumont and his patient,
Alexis St. Martin in the 18th century; during this time period, ECF were a challenging surgical complication with a
high mortality rate because of a combination of factors,
including sepsis, electrolyte imbalance, and malnutrition[1,2,40]. In 1969, Dudrick et al[41] reported the advent
of parenteral nutrition, which was a “game changer” for
surgeons to prevent malnutrition and to provide patients
with time to heal; therefore, the mortality rate due to fistulas has decreased ever since. In 1993, Rotondo et al[42] described the term “damage control laparotomy.” Next, an
“open abdomen” has become more and more common
in current clinical practice[8,9,11,43]. Moreover, enteroatmospheric fistulas are one of the most common and potentially devastating complications after surgery[3]. But in our
current study, there were not many cases of patients with
enteroatmospheric fistulas.
In conclusion, in our current study, we found that
the HSP70-2 A allele of the PstI polymorphism was associated with ECF, while the HSP70-2 BB genotype was
slightly more prevalent in low output patients and the
HSP70-2 AB genotype was more prevalent in moderate
output patients. In high output patients, the HSP70-2 AA
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genotype was more common than the others. To the best
of our knowledge, the current study is the first report on
an HSP70-2 PstI polymorphism in patients with ECF.
However, our current study does have some limitations;
for example, the small sample size, lack of a validation
cohort, and the loss of statistical significance of the PstI
polymorphism after the multivariate analysis. Thus, future
studies with a larger sample size are needed to verify our
current findings.
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Abstract
AIM: To evaluate the diagnostic accuracy of serum
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Immunoglobulin A (IgA) for differentiating early stage
nonalcoholic fatty liver disease (NAFLD) from nonalcoholic steatohepatitis (NASH).
METHODS: All cases had fatty liver change confirmed
by ultrasound and aminotransferases of at least twice
the normal level. Clinical and biochemical data, including serum IgA, were obtained from 50 histologically
proven NAFLD cases and 54 healthy controls. Fasting
whole blood samples were obtained from the study
population. Immunoturbidimetric methods were used
to measure the IgA levels. All NAFLD cases were hospitalized for liver biopsy. Liver specimens were examined
for steatosis, steatohepatitis and fibrosis within hepatocytes. Patients were categorized into two groups:
NASH and non-NASH. Variables were compared within
cases (NASH vs non-NASH) and controls. Cut-off values of serum IgA were evaluated using analysis of receiver operating characteristic (ROC curves). Associations between the variables were tested using calculations of correlation coefficients. Statistical significances
were assigned to P values < 0.05.
RESULTS: The extent of liver fibrosis correlated positively with IgA levels. Subjects with no fibrosis in their
liver biopsies had a lower IgA level (301.5 ± 91.2 mg/
dL) than subjects with any degree of fibrosis (388.8
± 140.8 mg/dL), (P = 0.01). IgA levels were higher in
NASH cases, and its value was significantly higher for
higher degrees of fibrosis. Patients with perisinusoidal
or pericellular fibrosis had significantly higher levels
of IgA (403.5 ± 133.9 mg/dL, 418.2 ± 129.5 mg/dL)
compared to those without it (301.8 ± 94.9 mg/dL,
297.7 ± 91.5 mg/dL), respectively. No significant correlation was found between steatosis grade and serum
IgA levels. Based on ROC analysis, the best predictive
IgA cutoff value for detecting liver fibrosis was 360
mg/dL (61% sensitivity, 81% specificity).
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CONCLUSION: The serum IgA level is useful to evaluate the severity of liver fibrosis and can be used serially for evaluation and follow-up of NAFLD cases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-alcoholic Fatty Liver Disease; Biological
Markers; Immunoglobulin A; Liver Cirrhosis; Fibrosis
Core tip: Nonalcoholic steatohepatitis (NASH) is a severe subtype of Nonalcoholic Fatty Liver Disease (NAFLD)
that can progress to advanced liver disease and hepatocellular carcinoma. In this study, we investigated the
diagnostic accuracy of serum Immunoglobulin A (IgA)
as a biomarker for differentiating early stage NAFLD
from NASH. We found that the extent of liver fibrosis
correlated positively with IgA levels and these were
higher in NASH cases than in non-NASH cases. Based
on receiver operating characteristic analysis, the best
predictive IgA cutoff value for detecting liver fibrosis
was 360 mg/dL (61% sensitivity, 81% specificity).
Maleki I, Aminafshari MR, Taghvaei T, Hosseini V, Rafiei A,
Torabizadeh Z, Barzin M, Orang E. Serum immunoglobulin
a concentration is a reliable biomarker for liver fibrosis in
non-alcoholic fatty liver disease. World J Gastroenterol 2014;
20(35): 12566-12573 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12566.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12566

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is strongly
associated with metabolic syndrome[1] and represents a
wide spectrum of histological changes in the liver, extending from simple steatosis, to nonalcoholic steatohepatitis (NASH), liver cirrhosis and hepatocellular carcinoma
(HCC)[2,3]. The prevalence of NAFLD is rising rapidly
worldwide[4-6]. In the United States, it varies considerably
among different ethnic groups, ranging from 24% in African Americans, to 33% in Caucasians and 45% in Hispanics[7]. In Asia, the prevalence of NAFLD is reported
as about 10% in the general population[8]. However, these
reported figures may vary according to study populations
and the modality used for the diagnosis. The increase in
prevalence of NAFLD reflects a rise in risk factors of
NAFLD: older age, type 2 diabetes, obesity and hypertriglyceridemia[4,9,10] and can be attributable to changes
in life style, including western diet and sedentary life[11].
Nevertheless, the disease can be diagnosed in patients
with normal Body Mass Index (BMI)[2].
The natural history of NAFLD is uncertain. Classically, NAFLD patients have minimally increased liver
enzyme values, no history of excessive alcohol consumption, and no evidence of viral hepatitis, autoimmune
liver disease or congenital chronic hepatitis. Frequently,
NAFLD is discovered incidentally during routine work-
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ups[12]. In fact, despite its serious possible complications,
the majority of the patients remain asymptomatic during
the course of disease or they experience minimal symptoms, such as abdominal complaints or tender hepatomegaly in an abdominal exam. The discrepancy between
the high prevalence of NAFLD in the population and the
low prevalence of significant clinical symptoms has led to
skepticism toward its clinical importance[13]. Simple hepatic steatosis is regarded as a mild hepatic injury. However,
it cannot be considered a benign disease, because it can
progress to steatohepatitis in many patients[12,14]. NASH
is a potentially fatal stage of NAFLD. It is estimated that
20% of NAFLD cases have NASH, which has an inclination to develop into advanced liver disease, cirrhosis and
ultimately to HCC[12,15]. Previous studies indicated that
about 30%-40% of patients with NASH have advanced
fibrosis and 10%-15% have established cirrhosis at the
time of diagnosis[9,13]. Thus, it is important to differentiate NASH with and without fibrosis from simple steatosis for patient counseling and management[6]. Predictors
of disease severity have not yet been clarified. At present,
the gold standard technique for the diagnosis of NASH
is liver biopsy, which is recognized as the only method to
evaluate the presence and extent of necro-inflammatory
changes and fibrosis in liver. However, it is an invasive
procedure with possible serious complications and limitations[12,16-18]. A reliable non-invasive test as a replacement
for liver biopsy would allow definite diagnosis in NAFLD
patients and enables us to feasibly re-evaluate patients
during a follow-up.
Other diagnostic procedures have their own limitations. For example, imaging tools like conventional ultrasound and CT scans can discover lipid accumulation
within hepatocytes, but they fail to determine the stage of
fibrosis[19,20]. Inflammation is considered to be a key component of NASH development. Consequently, systemic
inflammatory biomarkers can increase during the process
of the disease[21]. In the search for non-invasive indicators
for the NAFLD severity, numerous potential biological parameters are being studied and their applicability
for distinguishing the extent of NAFLD has been discussed[2,22,23]. However, there is still no definite biomarker
validated as a predictor of the disease. Ferritin, CRP and
α-TNF appear promising in the evaluation of NAFLD
patients[22,24]. Apoptosis is the main phenomenon in liver
fibrosis; therefore, serum biomarkers associated with
apoptosis, such as CK-18, could help us to differentiate
simple steatosis from NASH[6,25,26]. Furthermore, Immunoglobulin A (IgA), has been evaluated in previous studies[27-29] and discovered to be an independent predictor
for evaluating the pre-cirrhotic progression of NASH[30].
In the search for a non-invasive approach to differentiate
early stage NAFLD from NASH, we studied serum IgA
concentrations, as a mediator of inflammation.

MATERIALS AND METHODS
This case-control study was based on data from a total
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of 104 Iranian patients (50 NAFLD cases and 54 healthy
control subjects) at Mazandaran University of Medical
Sciences, Imam Khomeini Hospital, Sari, Iran, 2011-2012.
The Institutional Review Board approved the study protocol and all patients gave written informed consent for the
use of their clinical data just for research purposes before
participation. All cases had fatty liver changes confirmed
by ultrasound and their aminotransferase levels were at
least twice normal. Exclusion criteria included: serological evidence of viral hepatitis (positive HBsAg and/or
HBcAb), chronic hepatitis C, primary biliary cirrhosis,
primary sclerosing cholangitis, autoimmune hepatitis and
hereditary metabolic disease (hemochromatosis, Wilson).
Cases with a history of consuming hepatotoxic drugs
were not enrolled in this study. Those with history of
past or current ethanol consumption (men with more
than 20 grams and women with more than 10 grams
daily usage) were also excluded. Coagulation tests were
done for all subjects who fulfilled the inclusion criteria
and those with normal results were considered for liver
biopsy.
Control subjects were selected from those who had
normal BMI, liver ultrasound, aminotransferases and
did not have diabetes or hyperlipidemia. Characteristics
of patients and controls were blinded entirely for the
investigators while performing validation assays and subsequent analysis.
Laboratory evaluation
Following at least 12 h fasting, 10 mL whole blood samples
were obtained from the study population by vein puncture and collected in sterile tubes. Serum was separated
from the cells within 20 min of the collection by centrifugation in 1500 × g for 10 min at room temperature. To
preserve the serum components, the sera were quickly
aliquoted in microtubes and flash frozen at -80 ℃ until
further assay. Immunoturbidometric methods (DiaSys
Diagnostics, Holzheim, Germany) were used to measure
serum IgA, performed by the Pars-Azmon kit (Tehran,
Iran).
Aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) were measured
enzymatically according to the International Federation
of Clinical Chemistry with pyridoxal-5′-phosphate. In addition, a Cobas Integra 800® (Roche, Basel, Switzerland)
performed enzymatic assays for serum triglycerides, total
cholesterol (TC), low density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol and
fasting plasma glucose. The bromocresol green method,
using bovine serum albumin as standard protein on an
LKB spectrophotometer (Biochrom Ltd, Cambridge,
United Kingdom), measured serum albumin.
Liver histopathology
All NAFLD cases were hospitalized for liver biopsy,
which was done by an experienced hepatologist under
ultrasound guidance. Before performing the liver biopsy, coagulation tests were checked for each patient
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and normal subjects considered for the procedure. All
liver biopsies were done using an automatic liver biopsy
needle (Bard, gauge #16) under standardized conditions along with intensive 24 h follow up of patients for
any possible complications. All specimens were fixed in
formalin, processed and stained with hematoxylin-eosin
and trichrome, and then examined by two experienced
pathologists who were unaware of the clinical and biochemical findings of each patient. Histological samples
were assessed according to these features within hepatic
acini: steatosis, lobular inflammation, ballooning, and
perisinusoidal/pericellular fibrosis. Diagnosis of steatosis was established based on presence of macrovesicular fat within at least 5% of hepatocytes and graded as
follows: Grade 0: No evidence of steatosis, Grade 1:
< 33%, Grade 2: 33%-66% and Grade 3: 66% < of hepatocytes contained macrovesicular fat. The minimum
criteria for diagnosis of steatohepatitis included the presence of lobular inflammation and ballooning of cells or
perisinusoidal/pericellular fibrosis in zone 3 of the hepatic acini and scored as follows: steatosis (0-3), lobular
inflammation (0-3) and ballooning (0-2). NAFLD cases
were categorized into three subgroups based on overall
NAS activity score: definite NASH (score ≤ 5), borderline NASH (score 3-4) and non-NASH (score < 3).
Histological staging was done according to the method
of Kleiner et al[15] Fibrosis stages were expressed as the
following four-point scale: stage 0: No fibrosis, stage 1:
perivenular or perisinusoidal fibrosis in zone 3, stage 2:
pericellular and periportal fibrosis, stage 3: septal/bridging fibrosis, stage 4: cirrhosis. On the basis of this classification, patients were categorized into two groups:
NASH and non-NASH, according to Kleiner et al[15].
Data were recorded and analyzed for each patient in
different subclasses based on the previously mentioned
categories.
Statistical analysis
Descriptive statistics were expressed as means and standard deviations for continuous variables and the number
(percent) for categorical variables. Statistical analysis was
performed using SPSS, version 19 (SPSS, Inc., Chicago,
IL, United States). The t-test or Pearson χ 2 test was used
for univariate comparisons between patient groups. The
diagnostic values for sensitivity and specificity and cut-off
values of the serum IgA were assessed using analysis of
receiver operating characteristic (ROC curves). Associations between the variables were tested using calculations
of correlation coefficients. Statistical significances were
assigned to P values < 0.05.

RESULTS
From 2011-2012, 50 cases and 54 controls were referred
for interdisciplinary evaluation and their data were included in the data set. The clinical and biochemical information on patients and controls is illustrated in Table 1.
The clinical characteristics of patients with and without
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Table 1 Clinical and biochemical data of the study population (mean ± SD)
Variable
Age (yr)
Sex (n)
Weight (kg)
Height (cm)
BMI (kg/m²)
< 25
25-29.9
≥ 30
Abdomen (cm)
Hip (cm)
ALT (U/mL)
AST (U/mL)
AST/ALT ratio
ALP (mg/dL)
Albumin (mg/dL)
FBS (mg/dL)
TG (mg/dL)
Cholesterol (g/dL)
HDL (mg/dL)
LDL (mg/dL)
IgA (mg/dL)

n = 50

Cases

Controls
n = 54

P value

41.44 ± 13.04
M:32
F:18
79.14 ± 12.3
167.64 ± 9.48

32.28 ± 8.35
M:29
F:25
64.61 ± 10.96
166.34 ± 24.79

0.000
0.287

23.79 ± 0.8
27.8 ± 1.3
33.2 ± 3.6
92.80 ± 13.49
100.05 ± 10.06
79.66 ± 35.93
47.62 ± 18.78
0.64 ± 0.19
209.10 ± 75.21
4.45 ± 0.47
102.74 ± 22.57
210.14 ± 104.81
201.76 ± 37.01
46.22 ± 10.49
119.50 ± 39.42
324.20 ± 111.63

22.7 ± 1.8
25.2 ± 0.3
78.55 ± 13.11
87.18 ± 13.01
20.07 ± 8.00
19.93 ± 5.19
1.09 ± 0.35
318.111 ± 82.49

Table 3 Histopathological findings in patients with and without nonalcoholic steatohepatitis
Variable

0.000
0.730
0.000

0.001
0.001
0.000
0.000
0.000
0.751

NASH

Non-NASH
n = 22

P value

Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m²)
< 25
25-29.9
≥ 30
ALT (U/mL)
AST (U/mL)
AST/ALT ratio
ALP (mg/dL)
Albumin (mg/dL)
FBS (mg/dL)
TG (mg/dL)
Cholesterol (g/dL)
HDL (mg/dL)
LDL (mg/dL)
IgA (mg/dL)

41.8 ± 11.2
77.0 ± 10.3
167.1 ± 9.2

40.9 ± 15.3
81.8 ± 14.1
168.2 ± 9.9

0.80
0.17
0.68
0.153

23.63 ± 0.7
28.09 ± 1.4
31.25 ± 1.5
89.7 ± 40.5
51.7 ± 20.4
0.6 ± 0.1
217.3 ± 88.3
4.5 ± 0.4
108.5 ± 27.3
238.7 ± 110.8
206.7 ± 39.7
44.8 ± 10.3
117.7 ± 29.5
351.3 ± 125.9

23.97 ± 1.1
27.25 ± 1.3
34.25 ± 4.0
66.7 ± 24.3
42.4 ± 15.3
0.6 ± 0.2
198.5 ± 54.3
4.3 ± 0.5
95.3 ± 11
173.6 ± 85.7
195.3 ± 32.9
47.9 ± 10.6
121.7 ± 49.9
289.6 ± 80.4

0.02
0.08
0.28
0.38
0.18
0.03
0.02
0.28
0.31
0.72
0.052

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase; HDL: High-density lipoprotein; HDL: High-density
lipoprotein; IgA: Immunoglobulin A.

NASH are illustrated in Table 2.
Clinical findings
Most of the NAFLD patients (78%) were overweight
(mean BMI: 28.2 ± 3.8) and 24 % were obese (BMI >
30) (Table 1); however, our examinations for BMI with
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P value

18
9
8
9

7
3
3
2

0.04
0.18
0.30
0.08

7
10
11

13
7
2

0.019

19
3
1
4
1

18
3
1
0
0

0.358

NASH: Non-alcoholic steatohepatitis.

Table 2 Comparison of the clinical characteristics of patients
with and without nonalcoholic steatohepatitis (mean ± SD)

n =28

Non-NASH
(n )

Lobular inflammation 25
Ballooning 12
Perisinusoidal fibrosis 11
Pericellular fibrosis 11
Steatosis Grade
1
2
3
Fibrosis Stage
0
1
2
3
4

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase; HDL: High-density lipoprotein; HDL: High-density
lipoprotein; IgA: Immunoglobulin A.

Variable

NASH
(n )

cutoff values adopted as 25 kg/m² (P = 0.47) and 30
kg/m² (P = 0.67) revealed no significant correlation
between this variable with serum IgA levels. Moreover,
considering age, sex, weight and height we found no statistically significant correlations between serum IgA level
and these factors in our cases.
IgA level and biochemical variables
Statistical analysis was done for serum IgA concentrations and the following biochemical factors: AST, ALT,
ALP, albumin, FBS, total cholesterol, HDL, LDL and
TG.
We found that albumin with a cutoff point of 4 mg/
dL was the only biochemical item that was statistically
correlated (P = 0.03) with serum IgA concentration in this
survey. We can concluded that serum IgA level can help
distinguishing albumin levels more or less than 4 mg/dL
in NAFLD patients.
In line with our inclusion criteria, aminotransferase
levels were higher than normal among cases (Table 1).
Mean serum IgA in those with AST and ALT more than
30 U/mL, was 329.1 ± 108.8 mg/dL and 322.6 ± 110.5
mg/dL, respectively. However, they were not correlated
with IgA levels (AST P = 0.58 and ALT P = 0.62). Furthermore, the majority of our patients had an impaired
lipid profile (Table 1); however, lipid levels did not correlate significantly with plasma IgA concentrations. 46%
of patients had FBS more than 100 mg/dL and had
higher amounts of IgA (331.3 ± 123.1 mg/dL), but it
was not statistically significant (P = 0.67). None of the
other studied biochemical factors correlated significantly
with IgA levels in the case group.
IgA level and fibrosis stage
Of the 50 cases with NAFLD, 37 (74%) were histopathologically classified as stage 0. Fibrosis stages of 1 through
4 were found in six (12%), two (4%), four (8%) and one
(2%) patients, respectively (Table 3). Based on Kleiner
criteria (15), cases were classified as 28 (56%) NASH
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best cutoff point was defined at 360 mg/dL with a sensitivity of 61% and a specificity of 81%. A lower cutoff
point of 269 mg/dL would have a sensitivity of about
85% and higher cutoff point of 414 mg/dL will be corresponding to a specificity of 90%.

0

IgA levels and steatosis grade
Analysis of the serum IgA concentrations in relation to
the histological grade of steatosis showed no relation
between serum IgA levels and the steatosis grade in any
combination [grade 1 vs grade 2-3 (P = 0.65), grade 1-2
vs grade 3 (P = 0.76), grade 1 vs 2 (P = 0.48), grade 1 vs
3 (P = 0.98), grade 2 vs grade 3 (P = 0.58). Similarly, we
found no significant differences in IgA levels between
ultrasound grade 1 vs 2-3 (P = 0.12)].
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Figure 1 Serum Immunoglobulin A levels in different stages of fibrosis.
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Figure 2 Receiver operating characteristic curves analysis of serum Immunoglobulin A and fibrosis (F0 vs F1-4). ROC: Receiver operating characteristic.

and 22 (44%) non-NASH. Not surprisingly, more severe
forms of liver fibrosis were seen in NASH cases. Clinical
characteristics were evaluated in each subgroup and compared for any significant correlation (Table 2).
Serum IgA levels in cases (324.2 ± 111.6 mg/dL) and
controls (318.1 ± 82.5 mg/dL) had considerable overlap
and no significant difference could be seen (P = 0.75).
Considering the two major groups of cases, namely nonNASH (351.3 ± 125.9 mg/dL) and NASH (289.7 ± 80.4
mg/dL) subjects, although the IgA levels were higher in
NASH cases, the difference did not reach statistical significance (P = 0.052).
There was a significant correlation of serum IgA
level and fibrosis in the liver (Figure 1). Subjects with no
fibrosis in their liver biopsies had a significantly lower
level of IgA (301.5 ± 91.2 mg/dL) than subjects with
any degree of fibrosis (388.8 ± 140.8 mg/dL) (P = 0.01).
Even when comparing higher levels of fibrosis with
lower levels, significant differences could be shown with
the small numbers of cases in those groups (stage 0-1 vs
stages 2-4 and stages 0-2 vs 3-4 had P values of 0.00).
We also performed ROC curves analysis by plotting
the sensitivity against the reverse specificity (1 minus the
specificity) for each value (Figure 2). To detect any degree of fibrosis (F1-4) vs no fibrosis (F0), the area under
the curve (AUC) was 0.690. Based on this analysis, the

WJG|www.wjgnet.com

IgA levels and individual pathologic findings
At this stage, IgA levels were checked in different subgroups of individual components of the pathological
examination, namely lobular inflammation, ballooning,
perisinusoidal and pericellular fibrosis. No correlation
was found between the former two items; but significant
differences were observed in IgA levels for the latter two
components. Eleven subjects had perisinusoidal fibrosis
and their IgA levels were higher than in those without
perisinusoidal fibrosis (403.5 ± 133.9 mg/dL vs 301.8 ±
94.9 mg/dL, respectively with a P = 0.06). A similar result was observed for the 11 patients that had pericellular
fibrosis (418.2 ± 129.5 mg/dL vs 297.7 ± 91.5 mg/dL; P
= 0.001).
Nonalcoholic Activity Score (NAS), a pathological
score that was defined originally for the quantitative
changes in histology of the liver in treatment trials, has
been used in many studies as a tool to diagnose and
stage NAFLD patients. Based on this score, we also classified our patients as the following: 16 (32%) simple steatosis, 15 (30%) borderline NASH and 19 (38%) patients
had definite NASH. We found no statistically significant
difference in IgA levels between the subjects based on
NAS score in any combination.

DISCUSSION
Nonalcoholic fatty liver disease has become the world’
s most common hepatic disease[9] and is becoming the
top reason for liver transplantation[31,32]. Considering the
growing incidence of obesity, hyperlipidemia, diabetes
and other components of metabolic syndrome worldwide, one could expect that the prevalence of NAFLD
will have an incremental pattern for the coming decades.
Liver biopsy is the gold standard in the diagnosis and
follow-up for the severity of the disease and its prognosis; however, considering the previously mentioned
complications, it will be difficult to use this in the huge
number potential cases.
In medicine, a biomarker is a measurable characteristic that reflects the severity or presence of some disease
state. In other words, it is an indicator of a particular
pathological condition or some other physiological state
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of an organism. Many serological biomarkers have been
used in the diagnosis, evaluation and sub-classifying
NAFLD cases into benign simple steatosis and more
advanced forms of the continuum of the disease[33]. Yet,
no single biomarker has been introduced to discriminate
this continuum with an acceptable level of potency:
many biomarkers with variable characteristics have been
tested in this regard.
Immunoglobulin A, a circulating and secretory immunoglobulin, has been tested in NAFLD cases in one
study[30]. It has also been studied in other immune-based
chronic liver disease, such as autoimmune hepatitis,
primary sclerosing cholangitis and primary biliary cirrhosis[34-36]. IgA could be a reliable biomarker for the establishment of early fibrosis in NAFLD subjects. In the
current study, we tested serum IgA level in fifty biopsy
proven NAFLD cases. This study is the second study
to evaluate this biomarker in the context of NAFLD. A
literature search identified many studies with conflicting
results for the evaluation of various biomarkers. One
biomarker should be tested in multiple centers, races and
studies and after comparable results are achieved, one
could claim the applicability of that particular test or
biomarker.
We have focused on this biomarker and have evaluated its’ potency in various aspects of the NAFLD disease.
As shown in the present study, comparing a reasonable
population of cases and controls, no role could be found
for the serum IgA level in the diagnosis of the fatty
liver disease; however, this biomarker could be used to
distinguish various grades of steatosis. However, when
the disease progresses into steatohepatitis and fibrosis
begins to be settled in the hepatic tissue, IgA shows its
value in significantly dividing cases without fibrosis from
those with fibrosis. As far as the liver itself is concerned,
simple steatosis is a benign form of the disease and most
cases with simple steatosis will stay at that stage and
will not progress to the advanced forms of the disease.
Some authorities believe that the subjects with advanced
forms of the disease are originally different from the
simple steatosis cases and these two categories are not
the extremes of a continuum[33]. Whatever pathophysiology is accepted, the development of fibrosis is the first
insult that happens in the long way to the development
of cirrhosis and, eventually, HCC. Considering this issue,
any biomarker focusing on this stage of disease should
be considered seriously and if approved in parallel studies, could be recommended in daily practice of these patients. One can imagine considering those patients with
higher levels of IgA for advanced forms of treatment, if
the usual recommendations of diet and exercise do not
change the test result.
After accepting IgA as a reliable biomarker in the
context of NAFLD, we evaluated the best cutoff point.
Tomita et al[30] suggested a cutoff of 315 mg/dL with an
AUC of 0.756 as the best point. Our best cutoff point
of 360 mg/dL is a little different from the original study.
Lower levels of serum IgA will have higher sensitivity
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(e.g., 269 mg/dL correspond with a sensitivity of around
85%), thus it can be used in the screening protocols;
whereas a higher level (e.g., 414 mg/dL with a specificity
of 90%) can be used for ruling in of fibrosis in patient
approach algorithms.
Analyzing serum IgA is a cheap and available test in
most parts of the world. As a non-invasive test, it can be
used serially in the evaluation and follow-up of NAFLD
cases.
A major limitation of this study was the sample size.
This study is the second to focus on the role of IgA in
the field of NAFLD. Further studies with larger numbers of cases and among different ethnic groups are
recommended to clarify the possible role of IgA for the
detection of fibrosis in these patients. Further studies on
the changes of IgA levels in NAFLD cases after weight
changes and its correlation with blood sugar and lipid
profile would be reasonable.
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Background

Non-alcoholic steatohepatitis (NASH), the advanced stage of nonalcoholic fatty
liver disease (NAFLD), has tendency to develop into liver cirrhosis. Differentiation of this subtype of the disease from the benign form (i.e., simple steatosis)
relies on liver biopsy, which is invasive. Numerous biomarkers have been studied as replacements for liver biopsy in this regard. However, no single, reliable
biomarker has been validated as a predictor for NAFLD progression. Immunoglobulin A (IgA) has been shown to be an available, simple, inexpensive biomarker that could indicate liver fibrosis in these patients. Ultimately, it appears
that a combination of serum biomarkers and imaging studies could replace liver
biopsy in the near future.

Research frontiers

IgA is a well-known subtype of immunoglobulin. Variation of serum IgA levels
has been noted in some disorders. Recently, a study concerning the association between increased IgA in the setting of non-alcoholic fatty liver disease with
liver fibrosis was performed. Liver fibrosis is a cornerstone in the natural history
of fatty liver disease, and if present, denotes a more severe and advanced form
of the disease, namely steatohepatitis, which can progress to liver cirrhosis and
hepatocellular carcinoma.

Innovations and breakthroughs

The authors have rechecked the association between serum IgA levels and
state of NAFLD on a different group of patients who were from a different genetic background and were completely non-alcoholic. They showed that serum
IgA could not differentiate NAFLD cases from normal subjects; however, within
NAFLD cases it has a well-documented role in separating different levels of
liver fibrosis. They also found a different cutoff point for IgA in our cases, which
is slightly higher than in the previous study.

Applications

As a substitute for liver biopsy (the gold standard in the evaluation of NAFLD
patients), serum IgA can be used to find advanced forms of the disease along
with other biomarkers in yet to be described panels.

Terminology

NAFLD is a form of chronic liver disease that is associated with obesity, diabetes and hyperlipidemia. NAFLD has been described as the hepatic manifestation of metabolic syndrome. It encompasses a continuum from simple steatosis
to steatohepatitis. In the latter form, varying degrees of inflammation, apoptosis
and liver fibrosis are found. Steatohepatitis can progress to liver cirrhosis and is
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a precursor for hepatocellular carcinoma.
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Abstract
AIM: To detect high risk patients with a progressive
disease course of ulcerative colitis (UC) requiring im-
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munosuppressive therapy (IT).
METHODS: A retrospective, multicenter analysis of
262 UC patients from eight German tertiary inflammatory bowel disease centres was performed. Patients
were divided into two groups depending on the patients need to initiate immunosuppressive therapy in
the disease course. A comparison between the two
groups was made with regard to demographics, clinical and laboratory parameters obtained within three
months after UC diagnosis and the response to first
medical therapy. Using this data, a prognostic model
was established to predict the individual patients probability of requiring an immunosuppressive therapy.
RESULTS: In 104 (39.7%) out of 262 patients, UC
therapy required an immunosuppressive treatment.
Patients in this group were significantly younger at time
of diagnosis (HR = 0.981 ± 0.014 per year, P = 0.009),
and required significantly more often a hospitalisation
(HR = 2.5 ± 1.0, P < 0.001) and a systemic corticosteroid therapy at disease onset (HR = 2.4 ± 0.8, P <
0.001), respectively. Response to steroid treatment was
significantly different between the two groups of patients (HR = 5.2 ± 3.9 to 50.8 ± 35.6 compared to no
steroids, P = 0.016 to P < 0.001). Furthermore, in the
IT group an extended disease (HR = 3.5 ± 2.4 to 6.1
± 4.0 compared to proctitis, P = 0.007 to P = 0.001),
anemia (HR = 2.2 ± 0.8, P < 0.001), thrombocytosis
(HR = 1.9 ± 1.8, P = 0.009), elevated C-reactive protein (CRP) (HR = 2.1 ± 0.9, P < 0.001), and extraintestinal manifestations in the course of disease (HR =
2.6 ± 1.1, P = 0.004) were observed. Six simple clinical items were used to establish a prognostic model to
predict the individual risk requiring an IT. This probability ranges from less than 2% up to 100% after 5
years. Using this, the necessity of an immunosuppressive therapy can be predicted in 60% of patients. Our
model can determine the need for an immunosuppressive drug therapy or if a “watch and wait” approach is
reasonable already early in the treatment course of UC.
CONCLUSION: Using six simple clinical parameters,
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we can estimate the patients individual risk of developing a progressive disease course.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clinical practice; Parameter; Prediction model; Ulcerative colitis; Inflammatory bowel disease
Core tip: We performed a retrospective study to identify patients at risk for a progressive disease course
of ulcerative colitis, characterized by the necessity of
immunosuppressive treatment. Personal data, clinical
and laboratory parameters during the first 3 mo after
ulcerative colitis diagnosis and effects of initial medical
therapy were evaluated. Six simple clinical items were
used to develop a prognostic model predicting such a
progressive disease course. Thereby, our model can
help in deciding if patients will need immunosuppressive drugs early in the disease course or if a careful
watch and wait strategy is justified.

Stallmach A, Nickel L, Lehmann T, Bokemeyer B, Bürger M,
Hüppe D, Kruis W, Nikolaus S, Preiss JC, Sturm A, Teich N,
Schmidt C. Parameters of a severe disease course in ulcerative
colitis. World J Gastroenterol 2014; 20(35): 12574-12580 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i35/12574.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i35.12574

INTRODUCTION
The clinical course of ulcerative colitis (UC) has a wide
spectrum of severity. While some patients suffer from a
single episode others may experience a chronic or potentially life-threatening disease course. The Inflammatory
Bowel South-Eastern Norway study group published a
population based prospective study over a period of 5
years. Four different disease courses have been characterized: decreasing symptoms after the first acute onset of
disease (44%), increase of inflammation (3%), chronic
continuous symptoms (24%) and chronic intermittent
symptoms (29%), respectively[1]. The early introduction of
immunosuppressive agents (i.e., thiopurines or calcineurin
inhibitors) or anti-tumor necrosis factor (TNF)-α antibodies such as infliximab or adalimumab may have a positive impact on the occurrence of acute severe inflammation including complications such as a toxic megacolon or
colorectal cancer in the long term. Substantially important
may be the effect on the patients quality of life[2,3]. But,
patients presenting with a less severe disease course who
are treated early on with immunosuppressive agents could
be posed with overtreatment. Continuing debates discuss
the potential risk of side-effects of immunosuppressants
as well as anti-TNF-α antibodies[4]. A population-based
study from Olmsted, Minnesota, United States, concluded
that 66% of UC patients did not need corticosteroid treatment at all. Furthermore, 49% of UC patients receiving
initial corticosteroids after their one year follow up, were
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corticosteroid free and without the need of surgery[3].
Consequently, identifying those patients exhibiting a progressive disease course with the need for an immunosuppressive treatment as early as possible becomes critical,
since therapeutic approaches could alter the course of UC
and subsequently the occurrence of complications.
Prediction of a disabling clinical courses was studied
in several population-based studies[5]. Young age at diagnosis and female gender were associated with a trend towards more frequent relapses[6]. Further, extensive colitis
(defined as upper limit of macroscopic lesions proximal
to the splenic flexure)[1,6,7] and parameters reflecting a
systemic involvement at initial presentation (fever, weight
loss)[7] resulted in a higher risk of colectomy within 10
years after diagnosis. Thus far, non-invasive, easily available and reliable methods, early on, have not been established nor introduced into a clinical algorithm in order
to identify patients at a higher probability for a severe
disease course.
Therefore, our goal was to discover and implement
simple clinical parameters early after diagnosis of UC into
an algorithm, predicting a severe disease course and the
individual patients need for immunosuppressive therapy.

MATERIALS AND METHODS
Patients
We performed a retrospective, multicenter analysis in UC
patients from eight German inflammatory bowel disease
(IBD) centers. Besides gastroenterological outpatient clinics
from four university clinics (University Clinic Jena, Charité
Universitätsmedizin Berlin: Campus Virchow-Klinikum
and Campus Benjamin Franklin, respectively, and Christian
Albrechts-University, Kiel), one community-based hospital
(Evangelisches Krankenhaus Kalk, Köln) and three specialized IBD private practices (Gastroenterologische Gemeinschaftspraxis, Herne, Gastroenterologische Gemeinschaftspraxis Minden and Internistische Gemeinschaftspraxis für
Verdauungs- und Stoffwechselkrankheiten, Leipzig) were
involved in the study. Patients diagnosed with UC between
January 2003 and February 2008 with a follow-up period
of at least 6 mo after diagnosis or with initiation of immunosuppressive therapy after at least three months after
diagnosis of the disease were included in the study.
The need for immunosuppressive therapy served as
a surrogate parameter of a progressive disease course in
UC patients. Our patients were classified into two groups
depending on requiring immunosuppressive therapy or
not. We choose this parameter to differentiate two groups
of patients (simple vs progressive disease course), as IT
summarizes different unfavourable disease courses in
only one parameter that is consistently documented in a
patients’ health record. Immunosuppressive therapy contains thiopurines, methotrexate, anti-TNF-α antibodies,
as well as cyclosporine A, and tacrolimus. Of note, topical (budesonide) and systemic corticosteroids were not
regarded as “immunosuppressive therapy”. Further details
on the frequency of the specific medication prescribed are
provided in the section “immunosuppressive therapy” in
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Table 1 Patient characteristics
Patient characteristics

n (%)

Age at diagnosis (yr)
Gender
Male
Female
Extent of the disease
Proctitis
Proctosigmoiditis
Left-sided colitis

262 (34)

Pancolitis
Unknown
Extraintestinal manifestations
Eyes
Skin
Joints
Immunosuppressive therapy
Azathioprine
6-Mercaptopurine
Infliximab
Adalimumab
Golimumab
Methotrexate
Miscellaneous
Reason for IT
Steroid-refractory disease course
Chronic-active disease course
Steroid-dependent disease course
Miscellaneous

Number of patients (%)

18

127 (48.5)
135 (51.5)
43 (16.4)
47 (17.9)
50 (19.1)
114 (43.5)
8 (3.0)

14
12
10
8
6
4
2
0

2 (0.8)
6 (2.3)
50 (19.1)

1

2

3

4

Number of immunosuppressants

Figure 1 Representation of the number of immunosuppressive drugs per
patient during follow-up.

98 (94.2)
23 (22.1)
36 (34.6)
3 (2.9)
1 (1.0)
3 (2.9)
12 (11.5)
40 (38.4)
31 (29.8)
27 (26.0)
6 (5.8)

IT: Immunosuppressive treatment.

the results section. Immunosuppressive therapy was initiated by physicians highly experienced in IBD treatment if
UC patients underwent two or more flares within a time
period of 12 mo. The definitions of active disease and
remission followed the guidelines from the German Society Digestive Diseases and European Crohn’s and Colitis
Organization[8,9]. Patients were excluded from the study in
case of missing informed consent, or in case of loss of
follow-up.
Medical records were investigated in order to identify
patients who subsequently exhibited a severe course of
the disease requiring immunosuppressive therapy. Personal
data such as date of first diagnosis, date of first symptoms,
gender, smoking habits and family history of IBD as well
as clinical parameters available during an early phase after
the initial diagnosis of UC were recorded. Moreover, extension of the disease, extraintestinal manifestations (articular,
ocular and cutaneous manifestations, respectively), fever at
the first flare of UC, abdominal tenderness, and laboratory
parameters (hemoglobin, thrombocytes and CRP level) were
investigated, too. Furthermore, we evaluated necessity, time
of initiation, kind and effect of oral steroid therapy.
Ethical statement
The study was approved by the ethics committee of the
University Hospital Jena (2104-08/07) and was performed in
agreement with the principles of the Declaration of Helsinki.
Statistical analysis
Data was analyzed using SPSS 19.0 to identify significant
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differences between patients in need of immunosuppressive agents and those without. Each variable was analyzed
using univariate Cox regression with a level of significance set at α ≤ 0.05 (2-sided). Welch’s t-test was used to
determine temporal differences.
The multivariate Cox model was used to discriminate
the influence of several concurrent risk factors indicating
the need for immunosuppressive therapy. The event in
this survival analysis was the requirement of immunosuppressive treatment. The Cox regression is based on the
assumption that the effects of variables on survival (necessity for immunosuppressants) are constant over time
(proportional hazards assumption). From the estimated
regression parameters β1, …, β6 for the identified six risk
factors x1, …, x6 the survival probability at time point t,
S0(t) ist the survival function S(t, x, β) = S0(t)eβ1*x1 + ... + β6*x6
of the baseline population (x1 = 0, …, x6 = 0), which is also
estimated in the model[10].
H0(t) is the baseline hazard at time point t, which is
also estimated in the model.

RESULTS
In this study a total of 262 UC patients from gastroenterological University hospitals and community outpatient
clinics as well as private practices were investigated.
Immunosuppressive therapy
In 104 patients (39.7%) the progress of UC disease required an immunosuppressive therapy. Ninety-eight (94.2%)
of these patients received azathioprine, 23 (22.1%) 6-mercaptopurine, 36 (34.6%) infliximab, 3 (2.9%) adalimumab,
and 1 (1.0%) received golimumab. The total count exceeds
100%, since several immunosuppressive drugs were combined (Table 1).
The amount of immunosuppressive agents an individual patient is shown in Figure 1. The initiation of an
immunosuppressive therapy was necessary due to different factors: 38.4% of the patients received an immunosuppressive therapy due to steroid resistance, 29.8% of
the patients experienced a chronic active disease course
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Patients without
immunosuppressive treatment

1.0

Only individual patients were suffering from extraintestinal manifestations (EIM) at diagnosis. For these
patients, there was no significant difference in requiring
immunosuppressive agents consecutively (P = 0.482).
However, the occurence of extraintestinal manifestations
increased during the course of UC. Articular manifestations (19.1%) were common, whereas cutaneous (1.5%) or
ocular (0.8%) manifestations were described quite rarely.
Patients suffering from extraintestinal manifestations in
the course of UC significantly more often required immunosuppressive treatment than patients without EIM (P =
0.004). Accordingly, the number of EIM correlated with
the necessity of immunosuppressive therapy (P < 0.001).

Remission
Response
Steroid-dependent
Steroid-refractory
No steroids

0.8
0.6
0.4
0.2
0.0
0

12

24

36

48

60

72

t /mo

Figure 2 Statistically different necessity of immunosuppressive treatment
in the course of the disease depending on response to steroid therapy.

while 26.0% had a steroid dependent disease.
Demographic parameters
At time of diagnosis patients with a progressive disease
course were significantly younger at diagnosis (33.7 years
vs 38.5 years, P = 0.011) compared with the patients without need for an immunosuppressive therapy. More precisely, if a patient was 10 years older at time of diagnosis,
the need of initiating an immunosuppressive therapy was
decreased by 19%. The study involved 48.5% male and
51.5% female patients with UC. Interestingly, gender was
not associated with a significant higher risk probability
for immunosuppressive treatment (male gender HR = 1,
female gender HR = 1.33, P = 0.151). 10.7% of patients
in our study group were smokers, while 41.2% were
non-smokers and 10.3% were former smokers. Smoking
status was unknown in 37.8% of patients. Notably, nonsmoking patients did not have a higher probability for a
progressive disease course requiring immunosuppressive
drugs (P = 0.5).
Family history of inflammatory bowel disease was
not associated with an increased risk for an immunosuppressive therapy (P = 0.973). In this cohort 8.0% of the
patients had a first degree-relative suffering from IBD.
Disease specific parameters
We investigated the possible correlation between the extent of inflamed intestinal areas and the need for immunosuppressive treatment. Most of the patients presented
with pancolitis (43.5%) followed by left-sided colitis
(19.1%), proctosigmoiditis (17.9%) and proctitis (16.4%).
Compared to patients with proctitis each of the other
subgroups showed a significantly increased risk of requiring immunosuppressive therapy (P < 0.001). Presence of
backwash-ileitis (only 4.2% of patients) showed a trend
towards increased necessity of immunosuppressants in
the course of the disease (P = 0.054).
Notably, patients with a high disease activity requiring
hospitalisation at diagnosis (30.9%) significantly more often received immunosuppressive medication subsequently
(HR = 2.47, P ≤ 0.001).
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Steroid therapy
In total 174 patients (66.4%) required corticosteroids
throughout the course of UC. Of those, 76 patients (29%
of the entire study population) necessitated corticosteroids at the first flare of the disease.
We identified multiple differences with regard to steroid medication in patients with or without a following
need for immunosuppressive treatment. Patients requiring a treatment with immunosuppressants in the course
of UC significantly more often necessitated corticosteroids at the time of diagnosis (HR = 2.4, P < 0.001) and
throughout the disease course (HR = 19, P < 0.001). Response to steroid therapy was also significantly associated
with subsequent initiation of immunosupressive treatment (P < 0.001; Figure 2). Patients with no response to
steroid therapy had a significantly higher need for immunosuppressive treatment (HR = 2.139, P = 0.002). Conversely, remission under steroid therapy was correlated
with a reduced necessity of immunosuppressive therapy
(HR = 0.23, P = 0.014).
Notably, patients necessitating steroid therapy within
1 year after onset of symptoms significantly more often
required immunosuppressive treatment than patients being treated with steroids more than 12 mo after onset of
symptoms (HR = 14.1, P ≤ 0.001).
In patients with a consecutive need for immunosuppressive agents, the time between steroid treated diseases
episodes was significantly shorter (29 wk vs 55 wk, P =
0.007). The clinical response (remission, response or
no effect, respectively) to steroid therapy at diagnosis
showed a significant correlation with future need of immunosuppressive agents in univariate (P < 0.001) as well
as in multivariate Cox regression analysis (P < 0.001).
Clinical and laboratory parameters
Patients with a severe or a mild UC disease course did not
show significant differences with regard to fever at onset
(2.3%) or at diagnosis (4.2%) and abdominal tenderness
at first physical examination (0.8%) (P > 0.05).
Anemia (HR = 2.2, P ≤ 0.001), elevated CRP (HR
= 2.11, P ≤ 0.001) and thrombocytosis (HR = 1.93, P
≤ 0.01) in the course of the disease were shown more
often in patients with UC requiring immunosuppressive
therapy. However, at time of diagnosis there were no
significant differences concerning anemia, elevated CRP-
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Probability of immunosuppressive
treatment

1.0

35.9%

0.9

patient #1
39.9%

patient #2
patient #3

0.8
0.7
0.6
0.5
0.4
0.3
0.2
20.2%

0.1
0.0

6

12

18

24

30

36

42

48

54

60

66

Time since diagnosis (mo)

Figure 3 Results of our model to calculate the individual probability of immunosuppressive treatment depending on the identified risk factors; representation of three hypothetical patients. Right handside: Percentage of patients with a probability to require immunosuppressive treatment (IT) no more than 20%, at
least 80% and at least 90%, respectively (Patient #1: female; 19 years at diagnosis; pancolitis; hospitalisation and steroids at diagnosis, steroid-refractory; Patient #2:
male; 28 years at diagnosis, left-sided colitis; hospitalisation and steroids at diagnosis; remission; Patient #3: male; 47 years at diagnosis; proctitis; no hospitalisation
and no steroids at diagnosis).

model we would be able to draw clinically meaningful
conclusions in more than 60% of our patients. 20.2% of
patients experience a mild disease course with a cumulative probability to require immunosuppressive drugs during the following 5 years of less than 20%. However, we
would be able to identify 39.9% of patients with a probability of more than 80% to require immunosuppressants
during the subsequent five years.

Table 2 Independent parameters associated with a severe
course of ulcerative colitis, predicting the risk for subsequent
necessity of immunosuppressive therapy (multivariate
analysis)
Parameter

OR

Age at diagnosis
Gender (female)
Steroid therapy at diagnosis
Hospitalisation at diagnosis
Extent of the disease
Proctitis
Procto-sigmoiditis
Left-sided colitis
Pancolitis
Result of steroid therapy
No steroids
Remission
Response
Steroid-dependent
Steroid-refractory

0.981 (per year)
1.3
2.4
2.5

95%CI

P value

0.967-0.995
0.9-2.0
1.6-3.7
1.5-4

0.009
0.156
< 0.001
< 0.001
< 0.001

1
3.5
5.3
6.1

1.4-8.6
1.6-15.3
2.1-17.5

0.007
0.002
0.001
< 0.001

1
5.2
15.3
50.8
34.8

1.4-20.3
4.7-50
15.2-170
10.5-114.8

0.016
< 0.001
< 0.001
< 0.001

DISCUSSION

levels and thrombocytosis comparing patients with or
without future need for immunosuppressive treatment.
Multivariate Cox regression analysis
Using multivariate Cox regression analysis we detected six
parameters available in the early course of UC, which allow us to predict the risk for the individual patient´s need
for immunosuppressive treatment: (1) age at diagnosis;
(2) gender; (3) extent of UC at initial presentation; (4) requirement to hospitalize a patient at diagnosis; (5) use of
steroids at diagnosis; and (6) response to steroid therapy.
A detailed representation of these parameters is shown
in Table 2. Using these six parameters we established a
prognostic model enabling us to assess the individual
patient´s probability requiring immunosuppressants in
the course of the disease. According to the established
model, we illustrated three examples showing the probability to require immunosuppressive therapy (Figure 3).
Most importantly, based on this retrospectively developed
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The objective of this study was to identify clinical parameters which allow to predict a severe disease characterized
by the necessity for an immunosuppressive treatment
early in the course of UC. By investigating patients from
specialized IBD centres only, we could include a substantial number of patients receiving immunosuppressants,
and we thus feel confident to have identified effective
clinical parameters predicting a severe course of UC.
As a first important result our study showed that UC
patients requiring hospitalization at diagnosis more often
necessitated immunosuppressive therapy in the course
of the disease (OR = 2.469; 95%CI: 1.513-4.032). In line
with these findings, in a retrospective case-control study
of 246 patients the requirement to hospitalize a patient
to control disease activity was an independent risk factor
of future colectomy (OR = 5.37; 95%CI: 2.00-14.46)[11].
Patients in our cohort requiring immunosuppressive
agents were treated significantly more often with systemic corticosteroids at the first flare of the disease, had
a lower probability of remission upon steroid therapy
and did not respond to steroid treatment more frequently
compared to patients without consecutive immunosuppressive therapy.
Secondly, we identified that disease extent by endoscopic assessment was an independent predictor of a
complicated disease during follow-up. Using isolated rectal involvement as a comparator, the risk of requiring IT
increased with disease extent from procto-sigmoiditis (OR

12578

September 21, 2014|Volume 20|Issue 35|

Stallmach A et al . Predictors for immunosuppression in UC

= 3.84), through left-sided colitis (OR = 5.3) to pancolitis (OR = 6.1). It is well accepted, that endoscopic assessment is of central importance in diagnostic algorithms
of UC, and that it can be used to predict disease behaviour[12]. Several groups described that an extensive disease
in UC is correlated with a severe disease course, as well as
with failure of medical therapy and with a higher rate of
colectomy[13,14]. Even if the extent of disease at diagnosis
predicts the consecutive need of immunosuppressive
agents and the probability of requiring a colectomy, it
may not influence the risk of relapse[15]. Farmer and coworkers described that patients with left-sided colitis or
pancolitis experienced significantly higher frequencies of
complications (severe or fulminant colitis, toxic dilatation
or surgery) compared with those with proctitis only[16].
Third, in our cohort younger age at diagnosis has
been identified as an independent parameter correlated
with a higher risk for immunosuppressive treatment.
Younger age at diagnosis has been previously shown to
serve as a predictor of a more complicated disease course
associated with more severe diarrhea, pancolitis and use
of corticosteroids[17,18]. Complementary, patients who are
diagnosed with UC at the age of 45 years or older experience fewer relapses[19]. An explanation could be that
patients with a strong genetic background and multiple
environmental risk factors will present earlier in their
course of disease.
Several parameters such as family history of UC, cigarette smoking, presence of backwash ileitis, fever at diagnosis, extraintestinal manifestations at diagnosis, anemia,
elevated CrP or thrombocytosis at diagnosis that we
expected to predict a severe disease course according to
other studies[5,20,21] we could not confirm in our study.
Two reasons for these apparent differences may be the
low frequency of some events in our study population
(e.g., presence of EIM at diagnosis) and a lack of data
in several patients due to the retrospective design (e.g.,
smoking status).
Based on the identification of several risk factors for
subsequent IT, we developed a prognostic model consisting of six simple clinical parameters allowing to identify
patients requiring immunosuppressive therapy in the future. The identified criteria were: (1) requirement of hospitalization at diagnosis; (2) use of steroids at diagnosis;
(3) response to steroid therapy; (4) initial extent of UC; (5)
age at diagnosis; and (6) gender. These parameters combined in a prognostic model allow us to predict a progressive disease course of UC characterized by the necessity
of an immunosuppressive treatment. These parameters
are easily accessible early in a patient’s medical history and
therefore allow us to predict the further course of disease
in clinical practice on an individual basis.
Prognostic scores should be reliable and applicable
to the majority of patients. Using our predictive model
it was possible to predict the disease course within the
subsequent five years in a clinically useful manner in 60%
of patients. Especially, for 40% of patients with an unfavourable prognosis, our model provides the basis for an
accelerated therapeutic approach using immunosuppres-
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sants and anti-TNF antibodies to potentially prevent progression of UC. In another 20% of patients our model
can exclude the necessity of IT with 80% probability,
preventing these patients from treatment with potentially
harmful substances.
Our study design has method-inherent weaknesses
and strengths. The development of a simple model, using
easily accessible clinical parameters early in the disease
course, is a major strength. This allows the physician to
predict the individual patient’s risk of developing a progressive disease course. Subsequently, this assessment can
potentially influence clinical decision making. Moreover,
the patient cohort includes a well balanced mixture of
patients from tertiary referral centers and also highly
experienced private practices, therefore not predisposed
to selection bias. The involvement of dedicated IBD
physicians ensured a high data quality. Since the study is
designed retrospectivly, this could be considered as one
potential weakness.
In conclusion, extent of disease, young age, hospitalization and steroid therapy at diagnosis and insufficient
response to corticosteroid therapy are independently
correlated with a more severe disease course in UC. The
model we have developed in this study is based on easily
accessible clinical parameters and enables the quantification of an individual UC patient´s probability to develop
a progressive course of the disease. Therefore our model
can aid in clinical decision making. If all six risk factors
were present, the risk of developing a progressive disease
course requiring immunosuppressive therapy was almost
100% during the subsequent period of five years. Concurrently, in the absence of any risk factor the probability
was nearly 0%. Therefore, our model does not only provide statistically significant differences but it provides the
opportunity to estimate the future need for immunosuppressive treatment in daily clinical practice.

COMMENTS
COMMENTS
Background

Ulcerative colitis (UC) is a chronic inflammatory disorder of the gastrointestinal
tract presenting with diarrhea, bloody stools and abdominal discomfort. The
clinical course of the disease is variable ranging from a single episode of the
disease to a chronic relapsing or chronic continuous disease activity. Finally, in
a significant amount of patients with a severe disease course proctocolectomy
may become necessary as a last therapeutic option.

Research frontiers

Patients with predictors of a disabling disease course of UC should be treated
with immunosuppressants. But, in order to identify patients at a higher probability for a severe disease course at an early stage non-invasive, easily available
and reliable parameters have not been established nor introduced into a clinical
algorithm thus far.

Innovations and breakthroughs

The authors performed a retrospective, multicenter analysis of 262 UC patients
from eight German tertiary inflammatory bowel disease centres. Personal
data, clinical and laboratory parameters obtained during the first 3 mo after
UC diagnosis and effects of initial medical treatment were evaluated. From
this analysis, the authors identified 6 independent clinical parameters (age at
diagnosis, gender, necessity of steroids or hospitalisation at diagnosis, extent of
the disease and result of an initial steroid therapy) that can be identified early in
an individual disease course. Using these parameters, the authors established
a prognostic model to calculate the individuals probability of requiring immuno-
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suppressive treatment (as a parameter of severe disease activity).

Applications

9

The model the authos developed uses six simple clinical parameters allowing
an individualized estimation of a patient’s risk for experiencing a severe disease
course. Using our model the treating physician can estimate the need for a immunosuppressive drug therapy early in the course of UC.

Terminology

Immunosuppressant: A drug that suppresses the immune system in order to
reduce disease activity and clinical symptoms of the disease. Different immunosuppressants have been associated with side-effects like infections or an
elevated risk of tumour development.

Peer review

10
11

The data does not only show statistically significant results, but the model provides
the opportunity to estimate the future need for immunosuppressants in daily clinical
practice. This paper reads well and the data is convincing.
12
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Abstract
AIM: To determine significant indicators for the efficacy
of sorafenib in patients with advanced hepatocellular
carcinoma (HCC).
METHODS: A total of 46 patients with Barcelona Clinic
Liver Cancer stage C who received sorafenib for more
than 30 d at the Iizuka Hospital from June 2009 to December 2012 were enrolled in this study. Multivariate
and univariate analyses were performed to evaluate the
associations of hepatic function according to Child-Pugh
grade, location and size of the largest tumor and adverse events of sorafenib treatment, such as hand-foot
syndrome (HFS), hypertension, diarrhea, and alopecia,
with the efficacy of treatment, as measured by overall
survival (OS) and time to progression (TTP).
RESULTS: Patients included 39 men and 7 women
whose ages ranged from 48 to 85 years (70.6 ± 9.6
years). HCC was classified according to etiology as follows: hepatitis C virus (n = 26), hepatitis B virus (n =
9), and other (n = 11). Liver function in patients was
categorized as Child-Pugh grade A (n = 30) or B (n =
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16). Tumors were categorized by size [< 5 cm (n =
33) or >5 cm (n = 13)] and the location of the largest tumor was used to categorize patients with intrahepatic (n = 28) or extrahepatic (n = 18) HCC. HFS,
hypertension, diarrhea, and alopecia were present in
22 (47.8%), 19 (41.3%), 15 (32.6%) and 7 patients
(15.2%), respectively. The median OS of all patients
was 373 d and the median TTP was 112 d. The etiology of HCC did not correlate with the median OS and
TPP. The median OS of patients with tumors < 5 cm
was significantly longer than those with larger tumors
(496 vs 245 d; HR = 0.19, 95%CI: 0.07-0.48; P <
0.01). According to the results of a multivariate analysis, the size of the largest tumor affected OS (HR =
0.22, 95%CI: 0.08-0.59; P < 0.01). The median TTP
was significantly longer in patients with extrahepatic
compared to intrahepatic major HCC (224 vs 98 d; HR
= 0.32; 95%CI: 0.14-0.67; P < 0.01). The median
TTP of patients with HFS was significantly longer than
those without it (195 d vs 83 d; HR = 0.41, 95%CI:
0.20-0.82; P < 0.05), and the median TTP was significantly longer in patients with hypertension (195 d vs
84 d; HR = 0.43, 95%CI: 0.21-0.84; P < 0.05). According to the results of the multivariate analysis, extrahepatic major HCC (HR = 0.36, P < 0.01) and HFS
(HR = 0.44, P < 0.05) prolonged TTP.
CONCLUSION: Extrahepatic major HCC and HFS are
associated with prolonged TTP and are useful indicators
for judging the efficacy of sorafenib treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hand-foot syndrome; Hepatocellular carcinoma; Indicator of efficacy; Sorafenib; Time to progression
Core tip: Clinical factors influencing the efficacy of
sorafenib for treating patients with advanced hepatocellular carcinoma (HCC) were evaluated in this study.
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As only the size of the largest tumor correlated significantly with overall survival, analyses were focused on
factors affecting time to progression (TTP). Sorafenib
was more effective for treating patients with extrahepatic compared to intrahepatic advanced HCC. The occurrence of hand-foot syndrome as an adverse event
significantly correlated with increased TTP and may
therefore be a useful indicator for adjusting the dose of
sorafenib to improve its effectiveness and the healthrelated quality of life of patients with advanced HCC.
Yada M, Masumoto A, Motomura K, Tajiri H, Morita Y, Suzuki H,
Senju T, Koyanagi T. Indicators of sorafenib efficacy in patients
with advanced hepatocellular carcinoma. World J Gastroenterol
2014; 20(35): 12581-12587 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i35/12581.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i35.12581

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer, developing in more than one million
new patients each year worldwide, and is the fifth most
common cancer and the third most common cause of
cancer-related death[1]. The Barcelona Clinic Liver Cancer
staging system (BCLC)[2] is widely used to assist in the
selection of HCC treatment, which is determined by the
tumor characteristics, such as size, number, and presence of vascular invasion or extrahepatic metastasis, as
well as by the patient’s hepatic function and performance
status. Curative treatments, including surgical resection
and radiofrequency ablation, are considered for patients
with early stage HCC (solitary tumor < 5 cm or as many
as three nodules < 3 cm in diameter) and well-preserved
hepatic function[3,4]. Advanced HCC can be treated with
sorafenib, an orally administered inhibitor of multiple
protein kinases, such as c-Raf, B-Raf, mitogen-activated
protein kinase kinase, extracellular signal regulated kinase, and vascular endothelial growth factor[5,6]. Sorafenib
induces apoptosis of tumor cells and inhibits tumor angiogenesis[7]. The phase III Sorafenib HCC Assessment
Randomized Protocol (SHARP) trial demonstrated that
median overall survival (OS) and time to progression
(TTP) of patients with advanced HCC is improved with
sorafenib compared with placebo[8]. Sorafenib is therefore
the recommended first-line treatment for patients with
BCLC stage C HCC[3,4].
Despite the success of sorafenib for the treatment of
advanced HCC[9-11], significant predictive factors for its
efficacy are not available. Sorafenib treatment induces adverse events such as diarrhea, hand-foot syndrome (HFS)
and hypertension[8,12]. Moreover, early skin reactions
correlate with tumor control[13]. Although some adverse
events may predict efficacy or indicate a need for dose
adjustment, there are no standard guidelines to follow[8-13].
The aim of the present study was to determine the factors that influence the efficacy of sorafenib according to
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the Child-Pugh tumor grade[14] at the beginning of treatment, the location and the size of the largest tumor, and
common adverse events such as HFS, hypertension, diarrhea, and alopecia.

MATERIALS AND METHODS
Patients
Eighty patients with advanced HCC were treated with
sorafenib at the Iizuka Hospital from June 2009 to December 2012. Of these, 46 patients with BCLC stage C
HCC who were treated with sorafenib for more than 30
d were enrolled. Patients included 39 men and 7 women
with an average age of 70.6 ± 9.6 years (range: 48-85
years). The Ethics Committee of Iizuka Hospital approved this study.
Treatment and evaluations
At the beginning of treatment, patients were administered 800 mg (11/46; 23.9%), 400 mg (25/46; 54.3%), or
200 mg (10/46; 21.8%) of sorafenib each day. Adverse
events were evaluated according to the United States National Cancer Institute’s Common Terminology Criteria
for Adverse Events version 4.0 (palmar-planter erythrodysesthesia syndrome was defined as HFS). The dose of
sorafenib was then adjusted between 200-800 mg according to the degree of adverse events and each patient’s tolerance. When grade 3 adverse events occurred, treatment
was temporarily discontinued and resumed after improvement to < grade 2. The efficacy of treatment was evaluated from results of dynamic computed tomography or
magnetic resonance imaging scans performed at intervals
of six weeks, and by OS and TTP according to the modified Response Evaluation Criteria In Solid Tumors (RECIST) criteria[15].
Statistical analysis
Statistical analyses were performed using JMP software
(version 8.0.2; SAS Institute Inc., Cary, NC, United
States). OS and TTP were estimated using Kaplan-Meier
analysis of subcategories according to etiology of liver
cirrhosis, Child-Pugh grade, size and location of the
largest tumor, and adverse events. Cox proportional hazards models were used to estimate the hazard ratio (HR)
and 95%CI for each group. Data are presented as median values. A P value < 0.05 was considered statistically
significant.

RESULTS
Characteristics of patients and treatment outcomes
At the beginning of treatment, patient liver function was
designated as Child-Pugh grade A (CP-A) (n = 30) or
B (CP-B) (n = 16). The major sites of HCC were intrahepatic (n = 28) or extrahepatic (n = 18), and etiologies
were described as from hepatitis C virus (n = 26), hepatitis B virus (n = 9), or other (n = 11). Patients were divided into two groups according to the diameter of the larg-
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A

Table 1 Incidence of adverse events

HBV (n = 9) Median: 373 d
HCV (n = 26) Median: 419 d
Other (n = 11) Median: 246 d

1.0
1

NTC-CTCAE grade (1/2/3/4/5)
12/7/3/0/0
12/7/0/0/0
10/5/0/0/0
7/0/-/-/-

P = 0.6081

1

The highest grade of adverse events was described. NTC-CTCAE:
National Cancer Institute’s Common Terminology Criteria for Adverse
Events.

A

Survival probability

Hand-foot syndrome
Hypertension
Diarrhea
Alopecia

1.0
0.0

B

0.0

0

500
1000
Overall survival (d)

500
1000
Overall survival (d)
HBV (n = 9) Median: 112 d
HCV (n = 26) Median: 111 d
Other (n = 11) Median: 112 d

1.0

P = 0.9489
0.5

1.0
Median: 112 d

Progression-free probability

0

0.5
Progression-free probability

Survival probability

Median: 373 d

B

0.5

0.0

500
Time to progression (d)

1000

Figure 2 Hepatocellular carcinoma etiology in relation to overall survival
and time to progression. A: Overall survival (OS); B: Time to progression (TTP)
were analyzed according to the etiology of hepatocellular carcinoma (HCC).
HBV: Hepatitis B virus; HCV: Hepatitis C virus.

0.5

0.0

0

0

500
Time to progression (d)

more, the median OS of patients with Tmax < 5 was significantly longer than those with Tmax > 5 (496 d vs 245 d;
P < 0.01), and a multivariate analysis indicated that tumors
> 5 cm significantly affected OS (P < 0.01) (Table 2).

1000

Figure 1 Overall survival and time to progression. A: Overall survival; B:
Time to progression of all patients enrolled in this study was estimated using
Kaplan-Meier analysis.

est tumor: < 5 cm (Tmax < 5; n = 33) and > 5 cm (Tmax
> 5; n = 13). The most frequent adverse event was HFS,
which occurred in 22 patients (47.8%). Hypertension,
diarrhea, and alopecia occurred in 19 (41.3%), 15 (32.6%),
and 7 patients (25.2%), respectively (Table 1). Median OS
and TTP were 373 and 112 d, respectively, for all patients
(Figure 1).
Factors contributing to OS
Results show that the median OS did not correlate with
the etiology of HCC (Figure 2A). However, the median
OS of CP-A patients was significantly longer than those
with CP-B (462 d vs 242 d; P < 0.01) (Table 2). Further-
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Factors contributing to TTP
The etiology of HCC was not associated with the median
TTP (Figure 2B). Median TTP also did not differ between
patients with CP-A or CP-B grade liver function (113 d
vs 104 d) (Figure 3A, Table 3). However, the median TTP
of patients with extrahepatic major HCC was significantly
longer compared with those with intrahepatic major HCC
(224 d vs 98 d; P < 0.01) (Figure 3B), which was also significant by a multivariate analysis (P < 0.01) (Table 3). Tumor size was not associated with TTP, with no significant
difference between patients with Tmax < 5 and Tmax > 5
(112 vs 98 d) (Figure 3C, Table 3).
The median TTP of patients with HFS was significantly longer when compared with those without it (195
d vs 83 d; P < 0.05) (Figure 3D, Table 3). In addition,
patients with hypertension had a significantly longer TTP
compared to those without (195 d vs 84 d; P < 0.05) (Fig-
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Table 2 Cox proportional hazards model analysis of overall
survival
Variable

Univariate
HR (95%CI)

Child-Pugh grade
A
0.26 (0.13-0.70)
B
1.00
Major HCC
Intrahepatic
1.00
Extrahepatic
0.39 (0.13-0.97)
Largest tumor
< 5 cm
0.19 (0.07-0.48)
> 5 cm
1.00
Hand-foot syndrome
1.00
+
0.36 (0.15–0.80)
Hypertension
1.00
+
0.40 (0.16-0.93)
Diarrhea
1.00
+
0.61 (0.41-1.36)
Alopecia
1.00
+
0.49 (0.13-1.36)

Multivariate

P

HR (95%CI)

0.0062a 0.42 (0.17-1.04)
1.00
1.00
0.0430a 0.57 (0.18-1.52)
0.0007a 0.22 (0.08-0.59)
1.00

P
0.0594

0.2757
0.0030a

1.00
0.0119a 0.63 (0.24-1.62)

0.3481

1.00
0.0321a 0.69 (0.24-1.76)

0.4441

0.4644

0.1794

CI: Confidence interval; HCC: Hepatocellular carcinoma; HR: Hazard
ratio. aP < 0.05 vs control.

ure 3E, Table 3). However, median TTP did not differ in
patients with or without diarrhea (113 d vs 112 d) (Figure
3F), or in patients with or without alopecia (102 d vs 112 d)
(Figure 3G). Moreover, a univariate analysis showed that
the median TTP did not differ significantly among patients receiving 200, 400, or 800 mg of sorafenib per day
at the beginning of the treatment (95 d, 112 d, and 102 d,
respectively) (Figure 4).
Comparison of clinical factors by location of major HCC
Clinical factors were compared between patients with
intrahepatic and extrahepatic major HCC (Table 4). The
median diameter of the largest tumor was significantly
larger in patients with intrahepatic major HCC compared
to those with extrahepatic major HCC (P < 0.01). Portal
invasion of HCC was also more frequently observed in
patients with intrahepatic major HCC (P < 0.01). However, patient age or sorafenib dose were not correlated
with location of major HCC.

DISCUSSION
Results of the SHARP trial demonstrated that sorafenib
was the first agent to improve the median OS and TTP
of patients with advanced HCC[8]. The present study
evaluated the impact of clinical factors on the efficacy
of sorafenib for treating patients with BCLC stage C
HCC. The median OS of patients was 373 d, which is
comparable to the median OS of 10.5 mo reported in the
SHARP trial. Multivariate analysis showed that the size
of the largest tumor was the only factor that correlated
significantly with OS, though CP-A was associated with a
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prolonged OS according to a univariate analysis. Hepatic
function affects OS[16], consistent with untreated or nonsurgical HCC[17]. In contrast to OS, Child-Pugh grade was
not associated with TTP, suggesting that hepatic function
at the beginning of treatment did not determine the effect of sorafenib.
As previous reports indicated that the health-related
quality of life (HRQoL) of patients with HCC gradually
worsens because of the development of new symptoms
as the disease progresses[18-20], this study focused on factors that might influence TTP. The results suggest that
sorafenib is more effective in patients with extrahepatic
major HCC than in those with intrahepatic major HCC.
It is possible that different mechanisms of angiogenesis
are involved in the progression of intrahepatic lesions
and extrahepatic metastases. For example, many intrahepatic lesions are adequately supplied with blood by the
hepatic arterial system, which primarily feeds liver tissue.
However, vigorous de novo angiogenesis is required for the
growth of metastatic tumors[21]. Thus, the progression of
extrahepatic metastases likely requires greater angiogenic
activity to provide sufficient blood flow, allowing for a
more evident anti-angiogenic effect of sorafenib. Moreover, patients with intrahepatic major HCC had larger intrahepatic tumors and more frequent portal invasion than
those with extrahepatic major HCC. As a result, hepatic
arterial blood flow may have been increased, attenuating
the efficacy of sorafenib.
Univariate analyses of the adverse events caused by
sorafenib indicated that HFS and hypertension correlated
significantly with TTP. Moreover, HFS was found to
significantly affect TTP by a multivariate analysis. HFS
is a frequent and typical form of dermatologic toxicity
associated with multi-targeted kinase inhibitors (MKIs)
such as sorafenib and sunitinib[22-24]. Although the precise
mechanism by which MKIs cause HFS is unknown, the
anti-angiogenic activity of MKIs may inhibit vascular repair mechanisms in high-pressure areas such as the palms
and soles, which are repeatedly exposed to subclinical
trauma[25]. These observations provide a possible rationale
for concluding that HFS predicts a good response to the
anti-angiogenic activity of sorafenib. Although the severe
symptoms of HFS are not life-threatening, they diminish
the HRQoL of patients receiving sorafenib[25,26]. As the
results of this study show that the dose of sorafenib did
not affect the median TTP, we recommend careful monitoring of the patient for signs of HFS, and adjusting the
dose of sorafenib accordingly.
The progression of HCC causes symptoms of liver
failure such as jaundice, refractory ascites, hepatic encephalopathy, and gastrointestinal bleeding, as well as
intractable pain and cachexia. Therefore, extending the
TTP can delay the appearance of symptoms of advanced
HCC. This study shows that sorafenib was more effective in extending TTP in patients with extrahepatic
major HCC. Moreover, HFS significantly correlated with
increased TTP and is therefore a useful indicator for adjusting the dose of sorafenib. Sorafenib treatment should
be individualized to improve its effectiveness and the

12584

September 21, 2014|Volume 20|Issue 35|

Yada M et al . Predicting sorafenib efficacy for HCC

A

Grade A (n = 30) Median: 113 d
Grade B (n = 16) Median: 104 d

1.0

B

Intrahepatic (n = 28) Median: 98 d
Extrahepatic (n = 18) Median: 224 d

1.0

0.5

0.0

C

0

500
Time to progression (d)

HR = 0.32 (95%CI: 0.14-0.67)

Progression-free probability

Progression-free probability

HR = 1.66 (95%CI: 0.82-3.26)

P = 0.1550

0.5

0.0

1000

D

Tmax < 5 (n = 33) Median: 112 d
Tmax > 5 (n = 13) Median: 98 d

1.0

P = 0.0020

0

0.0

E

0

500
Time to progression (d)

HR = 0.41 (95%CI: 0.20-0.82)

Progression-free probability

Progression-free probability

0.5

P = 0.0111

0.5

0.0

1000

- (n = 27) Median: 84 d
+ (n = 19) Median: 195 d

1.0

F

0

0.0

G

0

500
Time to progression (d)

1000

HR = 0.90 (95%CI: 0.50-1.40)

Progression-free probability

Progression-free probability

0.5

500
Time to progression (d)

- (n = 31) Median: 112 d
+ (n = 15) Median: 113 d

1.0

HR = 0.43 (95%CI: 0.21-0.84)

P = 0.0128

1000

- (n = 24) Median: 83 d
+ (n = 22) Median: 195 d

1.0

HR = 0.71 (95%CI: 0.36-1.51)

P = 0.3653

500
Time to progression (d)

P = 0.6574

0.5

0.0

1000

0

500
Time to progression (d)

1000

- (n = 39) Median: 112 d
+ (n = 7) Median: 102 d

1.0

Progression-free probability

HR = 0.84 (95%CI: 0.31-1.92)

P = 0.6936

0.5

0.0

0

500
Time to progression (d)

1000

Figure 3 Relationship of clinical factors with time to progression. Time to progression (TTP) was analyzed according to A: Child-Pugh grade; B: Location of largest hepatocellular carcinoma; C: Size of the largest tumor, and the occurrence of D: Hand-foot syndrome; E: Hypertension; F: Diarrhea; G: Alopecia.
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Univariate

Multivariate

P

HR (95%CI)
Child-Pugh grade
A
0.60 (0.31-1.22)
B
1.00
Major HCC
Intrahepatic
1.00
Extrahepatic
0.32 (0.14-0.67)
Largest tumor
< 5 cm
0.71 (0.36-1.52)
> 5 cm
1.00
Hand-foot syndrome
1.00
+
0.41 (0.20-0.82)
Hypertension
1.00
+
0.43 (0.21-0.84)
Diarrhea
1.00
+
0.90 (0.54-1.40)
Alopecia
1.00
+
0.84 (0.31-1.92)

Progression-free probability

Variable

HR (95%CI)

P

0.1550

1.00
0.0020a 0.36 (0.16-0.77)

0.0070a

0.3653

P = 0.7654

0.5

0.0

0.0111a

1.00
0.44 (0.21-0.91)

0.0274a

0.0128a

1.00
0.55 (0.26-1.09)

0.0852

200 mg (n = 11) Median: 92 d
400 mg (n = 25) Median: 112 d
800 mg (n = 10) Median: 102 d

1.0

Table 3 Cox proportional hazards model analysis of time to
progression

0

500
Time to progression (d)

1000

Figure 4 Relationship of starting sorafenib dose with time to progression.
Time to progression (TTP) was analyzed according to sorafenib dose at the
beginning of the treatment.

0.6574

Table 4 Comparison of clinical factors by location of major
hepatocellular carcinoma

0.6936

CI: Confidence interval; HCC: Hepatocellular carcinoma; HR: Hazard
ratio. aP < 0.05 vs control.
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and the sorafenib efficacy in HCC patients. The results of this study are of interest as they suggest a method for providing safer and more efficient sorafenibbased therapy.

Background

Although sorafenib is highly effective for treating patients with advanced hepatocellular carcinoma (HCC), significant predictive factors for its efficacy are not
available.
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Abstract
AIM: To investigate hepatic function after combined
transcatheter arterial chemoembolization (TACE) and
radiofrequency ablation (RFA) with a short-term interval
(0-2 d).
METHODS: A total of 115 patients with compensated
liver cirrhosis underwent RFA combined with TACE at a
time-interval of 0-2 d for the treatment of hepatocellular carcinoma (HCC) < 5.0 cm. There were 21 patients
who received further hepatic directed treatment altering
liver function within 12 mo after the combined therapy
for HCC-recurrence, and were excluded. The remaining
94 patients who survived without HCC-recurrence were
included in this retrospective study.
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RESULTS: At 1 mo after treatment, Child-Pugh scores
(CPs) remained unchanged in 89 of 94 patients (94.7%),
and transiently increased by one-point in 5 patients
(5.3%). However, the score returned to baseline score
at 3 mo and was maintained until 6 mo in all patients.
The baseline CPs of 8 or more was identified as a factor
for transient rise of CPs after the treatment (CPs 8/9 vs
5/6/7; 21.4% vs 2.5%; P = 0.022). At 12 mo followup, CPs was unchanged in 90 patients (95.7%), and
increased by one-point in 4 patients (4.3%). The rise of
CPs at 12 mo was not statistically associated with the
initial transient rise of CPs. There were procedure-related complications in 3 patients (3.2%), but the complications were resolved by medical and interventional
treatments without hepatic functional sequelae.
CONCLUSION: The combined TACE and RFA with an
interval of 0-2 d are safe for the management of HCC
< 5 cm in cirrhotic patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Child-Pugh score; Liver cirrhosis; Hepatocellular carcinoma; Transcatheter arterial chemoembolization; Radiofrequency ablation
Core tip: This study investigated whether an interval
of 0-2 d for combined transcatheter arterial chemoembolization (TACE) and radiofrequency ablation (RFA) is
acceptable for recovery of liver functional reserve in cirrhotic patients with hepatocellular carcinoma (HCC) <
5 cm. Of 94 enrolled patients, 89 (94.7%) did not show
changes in their Child-Pugh scores (CPs) after treatment. Only 5 patients experienced a transient rise of CPs
by one-point and their CPs was restored to the baseline
within 3 mo after treatment. Therefore, we suggest that
the combined TACE and RFA using a short-term interval
are safe for treating HCC < 5 cm in cirrhotic patients.
Choe WH, Kim YJ, Park HS, Park SW, Kim JH, Kwon SY.
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INTRODUCTION
Percutaneous radiofrequency ablation (RFA) has become
established as a curative treatment for small sized hepatocellular carcinoma (HCC)[1,2]. However, the likelihood
of complete ablation using RFA decline rapidly as tumor
size increases. The complete remission (CR) after RFA for
HCC ≤ 2 cm is approximately 90%[3], but the local tumor
progression rate for HCC > 2 cm is substantial, and varies from 20% to 40%[4,5]. Because local tumor progression could have an adverse effect on patient survival or
distant HCC recurrence, it is necessary to obtain complete
coagulation necrosis of the tumor and a sufficient safety
margin. Thus, the combination of RFA with transcatheter
arterial chemoembolization (TACE) has several theoretical advantages[6,7]. Occlusion of hepatic arterial flow by
TACE could reduce the heat sink effects and contribute
to a larger RFA ablation zone. In addition, the hyperthermia induced by RFA may enhance the effect of anticancer
agents delivered by TACE. Several recent reports demonstrated promising results and indicated the combination
therapy is more effective than either of the mono therapies in preventing incomplete necrosis of HCCs[8-11].
The time-interval between sequential TACE and RFA
treatments should be chosen carefully to achieve a balance between successful tumor eradication and adequate
preservation of liver function. A longer time interval
between the two treatments might preserve liver function
because sufficient time is allowed for hepatic functional
recovery. However, this extended time prolongs the hospital stay or increases the number of times a patient is
admitted, which might undermine the benefits of this
treatment option. Conversely, a short interval can lead to
better local efficacy because of more synergistic effect for
the combination of TACE and RFA. However, a short
interval might increase the potential risk of damage of
liver function reserves, especially in patients with liver cirrhosis. Theoretically, the optimal time interval is as short
as possible when adequate preservation of hepatic functional reserves is guaranteed. However, until now there
has been no clear consensus regarding the time interval
between TACE and RFA for balancing local therapeutic
efficacy and safety[12-15].
The purpose of this study is to investigate the serial
changes of liver function parameters and Child-Pugh
score (CPs) during a 1-year follow-up period after combination TACE and RFA treatments. The treatments were
separated by a time-interval of 0-2 d and were used to
treat HCC in patients with liver cirrhosis. The risk factors
for aggravation of liver function (rise of CPs) after the
treatment were also assessed.
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MATERIALS AND METHODS
Patients
Between July 2005 and September 2011, a total of 115
consecutive patients with HCC underwent sequential
application of TACE and RFA at a time interval of 0-2
days with curative intent at Konkuk University Medical
Center, Seoul, Korea. The inclusion criteria of the combined treatment were as follows: (1) patients with a solitary HCC less than 5 cm in diameter or those with two or
three nodules each less than or equal to 3 cm in diameter;
(2) cirrhosis classified as Child-Pugh classification A or B;
(3) absence of vascular invasion or extrahepatic metastasis; (4) absence of severe coagulopathy (i.e., prothrombin
activity < 40% or platelet count < 40000/mL); and (5)
tumor located at least 1 cm away from the central bile
duct. There were 21 patients who received subsequent
management for recurrence of HCC (3 patients with local tumor progression at the treated site; 18 patients with
distant HCC recurrence) during the 1-year follow up after
the initial combined treatment. These 21 patients were
excluded from the analysis because subsequent treatment
causes additional alteration of liver function. Thus, the
local tumor progression rate and distant recurrence rate
during 1 year follow-up period were 2.6% and 15.7%,
respectively. Ninety-four patients who survived without
HCC recurrence were included in this retrospective study
for evaluation of serial changes of liver function during a
1 year follow-up after combined treatment of TACE and
RFA (Figure 1).
The diagnosis of HCC was based on the typical imaging features (arterial enhancement followed by delayed
washout) on dynamic contrast enhanced computed
tomography (CT) and/or magnetic resonance imaging
(MRI)[16]. Local tumor progression was defined as a new
enhancing lesion within or adjacent to the ablation site on
dynamic liver CT or MRI. Distant recurrence was defined
as a new HCC in the liver distant from the index tumor
or in extra-hepatic regions. The clinical diagnosis of liver
cirrhosis was based on imaging findings such as CT or
MRI, together with compatible clinical features of portal
hypertension, such as esophageal varices or splenomegaly
with thrombocytopenia. This study protocol received Institutional review board approval.
TACE and RFA procedures
All TACE procedures were performed on an inpatient
basis by an interventional radiologist with more than
10 years of TACE experience. After celiac and superior
mesenteric arteriography using a 5-French catheter (Cook,
Bloomington, IN, United States), the hepatic artery was
catheterized. The tumor feeding branch off either the
right or left hepatic artery was selectively cannulated using a 3-French microcatheter (Microferret; Cook). Thereafter, selective embolization of the tumor-feeding artery
was performed while sparing the majority of hepatic
parenchymal arterial supply using an emulsion of iodized
oil (Lipiodol; Andre Gurbet, Aulnay-sous-Bois, France)
and doxorubicin hydrochloride (Adriamycin RDF; Ildong
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index tumor with an ablative margin of 0.5 cm or larger
on portal phase CT images. Thereafter, the patients were
followed up every 3 mo using liver function tests, such
as serum alanine aminotransferase (ALT), albumin (Alb),
total bilirubin (T-Bil), prothrombin time (PT), and CPs
with dynamic liver CT or MRI. The presence of major
complications were also evaluated based on a previous
guideline that was defined as any event leading to substantial morbidity and disability, increasing in the level of
care, lengthening hospital stay or requiring blood transfusion or interventional drainage procedure.

115 cirrhotic patient undergoing
TACE+RFA for HCC < 5cm

3 patients with local tumor progression
3 patients underwent TACE + RFA
18 patients with distant HCC recurrence
8 patients underwent TACE + RFA
3 patients underwent TACE
2 patients underwent RFA
2 patients underwent surgery
1 patient underwent intra-OP RFA
2 patient received sorafenib
94 patients surviving without
HCC recurrence at 1 year after
TACE + RFA

Figure 1 Flow diagram shows algorithm of enrolled patients. Ninety-four
patients were analyzed for this study who are alive without recurrence of HCC
at 1 year after combination of TACE+RFA. HCC: Hepatocellular carcinoma;
intra-OP: Intra-operative; RFA: Radiofrequency ablation; RT: Radiation therapy;
TACE: Transcatheter arterial chemoembolization.

Pharmaceutical, Seoul, Korea). Infusion of this emulsion was performed until arterial flow stasis was achieved
and/or iodized oil was visualized in the portal branches.
Further embolization with gelatin sponge particles (1-2
mm in diameter; Gelfoam; Upjohn, Kalamazoo, MI) was
also performed. After embolization, angiography was
performed to assess the extent of vascular occlusion and
presence of any residual tumor staining.
Within 2 d after TACE, RFA was performed percutaneously by one of two radiologists with more than 5
years of experience in RFA for hepatic tumors. The patients were treated under local anesthesia with conscious
sedation or general anesthesia. After anesthesia, RFA was
performed using a 17-gage straight electrode with a 2- or
3-cm exposed tip (Cool-tip; Valleylab, Boulder, CO, United States) connected to an RF generator (Cool-tip RF
generator, Radionics). Single or multiple overlapping ablations were performed based on lesion size/geometry and
imaging feedback to achieve at least a 0.5-1.0 cm ablative
margin around the target tumor. The time and frequency
of RF application were varied depending on the number
and size of HCC nodules. After the RFA procedure,
tract ablation was performed during electrode retraction
to prevent bleeding or tract seeding. CT was performed
immediately after RFA to assess technical success, which
was defined as the presence of a non-enhancing area
surrounding the index tumor with a sufficient ablative
margin of 0.5 cm or larger on portal phase CT images.
In cases of insufficient ablative margin, a second session
RFA was performed within 24 h.
Follow-up after TACE and RFA
A CT was performed at the one month follow-up and
was used to evaluate the complete remission (CR) of
HCC by the combined treatment. CR was defined as
the presence of a non-enhancing area surrounding the
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Statistical analysis
The statistical calculations were performed with software
(SPSS, Chicago, Illinois). The continuous variables are
shown as the mean with standard deviation (SD) or median with range. The categorical values are expressed as
the frequency with percentage. Interval changes of liver
functional parameters were analyzed using a paired t-test,
and significant differences were corrected with Bonferroni adjustment for multiple comparisons. Univariate
analysis by Fisher’s exact test was performed to identify
the variables which were associated with the aggravation
of CPs. Potential variables that had an association (P
< 0.10) with the rise of CPs in univariate analysis were
included in a multivariate logistic regression analysis to
determine the independent risk factors increasing CPs
after TACE+RFA. Statistical significance was defined by
a P-value less than 0.05.

RESULTS
Patient characteristics and procedural outcomes
Among the 94 enrolled patients, 69 patients were men
and 25 patients were women. The mean patient age was
58.5 ± 8.9 years. Hepatitis B surface antigen and antibodies to hepatitis C were positive in 72 (76.6%) and 13
(13.8%) patients, respectively. Seventy-two patients had
chronic hepatitis B, and 60 patients (83.3%) were concomitantly treated with antiviral agents. None of the 14
patients with chronic hepatitis C were treated with antiHCV agents. Two (2.1%) patients were co-infected with
both viruses. Nine (9.6%) patients who had no evidence
of viral hepatitis reported high alcohol consumption, and
two (2.1%) patients had cirrhosis of unknown origin.
There were 67 (71.3%) patients considered class A, and
27 (28.7%) patients were class B based on the Child-Pugh
classification system. The mean CPs was 5.9 ± 1.2. There
were 21 cases with left lobe HCC, 66 cases with right
lobe HCC and 7 cases involving both hepatic lobes. Seventy patients had a single HCC nodule, 21 had two nodules, and 3 patients had three nodules. The mean tumor
diameter was 24.1 ± 7.6 mm. The demographics of the
enrolled patients in this study are summarized in Table 1.
The mean number of overlapping ablations per tumor was 2.2 ± 1.3 and the mean total time of ablation
per tumor was 23.9 min ± 15.0 min. The mean diameter
of the long axis of the coagulation necrosis induced by
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with transient rise of CPs. However, in the multivariate
analysis, the high CPs (score 8/9) was identified as the
only independent factor for transient worsening of CPs
(score 8/9 vs score 5/6/7; P = 0.026, OR = 9.20, 95%CI:
1.31-64.70).
At 3 and 6 mo after treatment, the CPs maintained
pre-treatment scores in all patients. At 9 and 12 mo after
the treatment, CPs was not changed in 91 patients (96.8%)
and 90 patients (95.7%), respectively. There was an increase of CPs by one-point at 9 and 12 mo observed in
3 (3.2%) and 4 (4.3%) patients, respectively. There was
no patient whose CPs increased by two points or more at
any time. The rise of CPs at 12 mo was not statistically
associated with the initial transient rise of CPs in univariate and multivariate analyses. Other clinical parameters
were not associated with long-term aggravation of CPs.

Table 1 Baseline characteristics of the patients
Total patients (n = 94)

Parameters
Gender (n), Male/Female
Age (yr), ≥ 60 : < 60 yr
Etiology of HCC (n), HBV: HCV: HBV and
HCV co-infection: Alcohol: Cryptogenic
Antiviral agents (n), Yes/No
Albumin (g/dL), mean ± SD
Bilirubin (mg/dL) , mean ± SD
Prothrombin time (INR), mean ± SD
AST (IU/L), mean ± SD
ALT (IU/L), mean ± SD
PLT (× 103/mm3), mean ± SD
Controllable ascites : no ascites (n)
Varices (n), Yes/No
Child-Pugh score, 5:6:7:8:9
Chid-Pugh classification, A: B
Tumor size (cm), > 3.0 : ≤ 3.0
Tumor number, multiple: single
Tumor location, bilobar: unilobar
AFP (ng/mL), > 100: ≤ 100
Interval between TACE and RFA (d), 0:1:2

69:25
46:48
70:11:2:9:2
60/34
3.65 ± 0.52
1.17 ± 0.69
1.21 ± 0.16
55.3 ± 29.7
44.4 ± 40.4
97.0 ± 41.6
26:62
48/46
51:16:13:11:3
67:27
22:72
24:70
7:87
19:75
27:35:32

AFP: α-Fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC:
Hepatocellular carcinoma; INR: International normalized ratio; PLT:
Platelet; RFA: Radiofrequency ablation; SD: Standard deviation; TACE:
Transcatheter arterial chemoembolization.

RFA was 39.9 ± 7.5 mm and the short axis was 32.2 ± 6.4
mm based on CT images. On 1-mo follow-up CT images,
CR was achieved in all 94 patients.
Changes in liver functional parameters
The serum ALT levels tended to increase slightly from
44.41 ± 40.48 IU/L prior to TACE+RFA to 51.52 ±
46.19 IU/L at 1 mo after TACE+RFA (paired t-test, P
= 0.083). However, the levels gradually decreased at 3, 6,
and 9 mo and then returned to baseline. Serum Alb levels
significantly decreased from 3.65 ± 0.52 g/dL before the
treatment to 3.50 ± 0.51 g/dL at 1 mo after the combined treatment (paired t-test with Bonferroni correction,
P = 0.005). The Alb levels were recovered by 3 mo and
subsequently remained at similar levels for 6, 9, and 12
mo. Serum T-Bil levels at 1, 3, 6, 9 and 12 mo were maintained at the pre-treatment levels. Serum PT levels were
also unchanged 12 mo after the treatment (Table 2).
At 1 mo after the treatment, the CPs remained unchanged in 89 of the 94 patients (94.7%). There was an
increase of CPs by one-point in 5 patients (5.3%), but
their CPs returned to pre-treatment scores at 3 mo after
the treatment. To evaluate the factors affecting the transient rise of CPs at 1 mo after the combined treatment,
the following potential variables were examined: gender,
age (≥ 60 vs < 60 years), etiology of HCC (hepatitis B virus vs others), CP class (B vs A), CPs (score 8/9 vs 5/6/7),
tumor size (> 3.0 vs ≤ 3.0 cm), multiplicity of HCC (≥
2 vs single) and presence of major complications (Table
3). In the univariate analysis, high baseline CPs (score
8/9 vs 5/6/7, P = 0.022) and large tumor (> 3.0 vs ≤ 3.0
cm, P = 0.082) were significantly or marginally associated
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Complications
Major complications developed in three of 94 patients
(3.2%): hepatic arterial bleeding (n = 1) and biloma with
abscess (n = 2). The hepatic arterial bleeding was detected immediately after the procedures, and was successfully treated with transcatheter arterial embolization using
microcoils. Two patients experienced infected bilomas,
which occurred in the ablated area 4 and 10 mo after
combination therapy, respectively. These patients were
treated with percutaneous drainage of the biloma and
administration of antibiotics. The bilomas were resolved
within 1 mo without hepatic functional deterioration.
Minor complications developed in 10 patients (10.6%),
including moderate pleural effusion (n = 1), subsegmental
hepatic infarction (n = 2), non-infected biloma (n = 4),
and perihepatic hematoma (n = 2) or partial portal vein
thrombosis (n = 1). All the minor complications were
asymptomatic and did not alter the CPs. The minor complications did not require any specific invasive treatment.
There was no mortality from hepatic failure directly related to the procedure complications.

DISCUSSION
In our study, 5 (5.4%) of 94 patients who had short-term
interval (0-2 d) combined treatment for HCC with mean
size of 2.4 ± 0.8 cm showed transient rise of CPs by 1
point at 1 mo follow-up. The only identified risk factor
for this transient hepatic functional change was baseline
CPs ≥ 8. At the 3 mo follow-up, the scores returned to
baseline and were maintained up to 6 mo in all patients.
This result suggested that a short term interval combined
treatment did not induce long- term hepatic functional
deterioration.
There have been two studies comparing RFA treatment alone with TACE combined with RFA that focused
on hepatic functional alteration after the treatment. Koda
et al[12] reported that there was no significant difference of
hepatic functional damage between the RFA alone group
(n = 25) and the TACE+RFA group (n = 28). Regardless of treatment option, a transient hepatic functional
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Table 2 Sequential changes of laboratory parameters from the baseline levels to the levels at 1, 3, 6, 12 mo after combination
therapy
Pre-TACE+RFA
Liver function parameters
ALT (IU/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Prothrombin time (INR)

After TACE+RFA

Baseline

At 1 mo

At 3 mo

At 6 mo

At 9 mo

At 12 mo

44.41 ± 40.48
3.65 ± 0.52
1.17 ± 0.69
1.21 ± 0.16

51.52 ± 46.19
3.50 ± 0.511
1.23 ± 0.80
1.22 ± 0.19

38.71 ± 28.16
3.64 ± 0.50
1.20 ± 0.69
1.20 ± 0.17

38.50 ± 23.88
3.69 ± 0.48
1.22 ± 0.76
1.20 ± 0.17

38.05 ± 27.72
3.67 ± 0.50
1.23 ± 0.73
1.20 ± 0.18

37.69 ± 20.94
3.66 ± 0.48
1.23 ± 0.79
1.20 ± 0.19

1

Variables were significantly changed from the baseline levels by paired t-test with Bonferroni correction (bP < 0.01 vs control). ALT: Alanine aminotransferase; INR: International normalized ratio; RFA: Radiofrequency ablation; TACE: Transcatheter arterial chemoembolization.

Table 3 Factors associated with the rise of Child-Pugh scores after transcatheter arterial chemoembolization and radiofrequency
ablation combination
n

Factors
Gender
Age (yr)
Etiology of HCC
CP class
CP score
Diameter of HCC (cm)
Multiplicity of HCC
AFP (ng/mL)
TACE-RFA interval (d)
Major complications
Rise of CPs at 1 mo

Rise of CPs at 1mo events

Male
Female
≥ 60
< 60
HBV
Others
A
B
score 5-7

69
25
46
48
72
22
67
27
80

4
1
1
4
4
1
2
3
2

(5.8%)
(4.0%)
(2.2%)
(8.3%)
(5.6%)
(4.5%)
(3.0%)
(11.1%)
(2.5%)

score 8-9
> 3.0
≤ 3.0
≥ 2.0
single
> 100
≤ 100
same day
1-2
Yes
No
Yes
No

14
22
72
24
70
19
75
27
67
3
91
5
89

3
3
2
3
2
1
4
3
2
0
5

(21.4%)
(13.6%)
(2.8%)
(12.5%)
(2.9%)
(5.3%)
(5.3%)
(11.1%)
(3.0%)
(0.0%)
(5.5%)

P

Rise of CPs at 12 mo events

1.000
0.362
1.000
0.141
0.022
0.082
0.103
1.000
0.141
1.000

2
2
2
2
2
2
2
2
3

(2.9%)
(8.0%)
(4.3%)
(4.2%)
(2.8%)
(9.1%)
(3.0%)
(7.4%)
(3.8%)

1
1
3
1
3
0
4
2
2
1
3
1
3

(7.1%)
(4.5%)
(4.2%)
(4.2%)
(4.3%)
(0.0%)
(5.3%)
(7.4%)
(3.0%)
(33.3%)
(3.3%)
(20.0%)
(3.4%)

P
0.287
1.000
0.232
0.576
0.481
0.856
1.000
0.579
0.576
0.124
0.199

P value was calculated by Fisher’s exact test. AFP: α-Fetoprotein; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; RFA: Radiofrequency ablation;
TACE: Transcatheter arterial chemoembolization.

deterioration at 1 mo followed by recovery at 6 mo was
observed in early cirrhotic patients. The deterioration
of hepatic function at 6 mo was found in patients with
baseline CPs ≥ 8. The mean tumor size was 2.9 ± 1.3
cm and the exact time interval between TACE and RFA
was not specified. Kuroda et al[13] reported similar results
in patients who received only RFA therapy (n = 25) or
combined treatment (n = 20). Baseline CPs ≥ 9 was the
only significant risk factor for hepatic functional deterioration at 12 mo. There was no risk factor identified for
combination therapy. In their study, the mean tumor size
was 2.5 ± 0.8 cm and the average time interval between
TACE and RFA was 16.5 d. In the above two studies,
the addition of TACE prior to RFA did not impose increased risks of hepatic functional deterioration on the
patients compared to RFA monotherapy. The long- term
hepatic functional deterioration induced by the treatment
was dependent on the baseline hepatic function. In our
study, none of the patients experienced long-term he-
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patic functional deterioration induced by the treatment
even though our study population was much larger the
prior two studies. One of the reasons for this discrepancy
might be a difference in the dominant etiology of cirrhosis: a majority (75%) of our patients had HBV whereas a
majority (68%-82%) of patients in the above two studies
had HCV as a cirrhosis etiology.
There were two single-arm investigations examining
hepatic functional alterations induced by combined treatment in patients with HBV as a dominant etiology. Kang
et al[14] showed that CPs had returned to the baseline at 1
mo follow-up in all 50 patients who underwent combined
treatment within a single day. This result agrees with our
study in which almost all (94.6%) patients had no alteration of CPs at 1 mo follow-up. Conversely, in a study by
Li et al[15] 13 (31%) of 42 patients had suffered deterioration of CPs by two or more points at 1 mo follow-up.
The median time interval between TACE and RFA was
3 d, and the range was 1-7 d. In their study, CPs ≥ 9 was
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determined to be a risk factor for hepatic functional deterioration at 1 mo follow-up. A possible explanation for suboptimal results at 1 mo in the study by Li et al[15] is that they
included patients with larger tumors that had a mean size
of 3.5 cm, whereas in our study and that of Kang et al[14]
the mean tumor size was 2.4 cm. In addition, it is not clear
whether their observation was transient or not because
the follow-up period for hepatic function was limited to 1
mo. In our study, hepatic functional deterioration at 1 mo
was transient in all 5 patients.
In our study, baseline CPs ≥ 8 was identified as a risk
factor for hepatic functional alteration at 1 mo, although
it was mild and transient and was not a clinically significant issue. In previous studies and our study a poor baseline hepatic function (e.g., CPs ≥ 8 or 9) is consistently a
significant risk factor for transient or persistent hepatic
functional deterioration after the treatment. Therefore,
additional attention is needed when applying the combined treatment for patients with limited hepatic functional reserve.
At 12 mo after the treatment, CPs were unchanged
compared to baseline score in 90 (95.7%) of 94 patients;
the other 4 patients (4.3%) experienced a 1 point increase
in CPs in our study. Because all 5 patients who had alteration of CPs at 1 mo recovered baseline hepatic functional
status at both 3 and 6 mo follow-up, this mild deterioration at 12 mo follow-up might not be related to the
treatment. This change would be associated with natural
course of liver cirrhosis. Statistically, the rise of CPs at
12 mo was not significantly associated with any factors
including baseline liver functional reserves, TACE-RFA
interval, and procedure-related complications. During the
entire follow-up period after treatment the CPs was not
changed by 2 or more points in any patients.
Major complications developed in three of 94 patients and were successfully managed with interventional
procedures without deterioration of hepatic function.
The incidence of major complications (3.2%) in our
study involving short-term (0-2 d) interval sequential application of TACE and RFA is comparable to the rate for
long-term interval sequential application of TACE and
RFA and for RFA therapy alone[17,18].
This study has several limitations. First, it did not include a control population such as a RFA alone treatment
group or combined treatment with a longer time interval
because of its retrospective nature. These control groups
would have been necessary to clearly confirm the safety
of short-term interval combined treatment. However, we
believe that our results regarding liver function change
and complications after the short-term interval treatment are acceptable when compared to already published
historical series. Second, we excluded 21 patients who
received subsequent treatment of HCC recurrence within
the 1 year follow-up period after the combined treatment. The patients were excluded because subsequent
HCC-directed treatments can cause additional alteration
of hepatic function. This exclusion of these patients
might have a selection bias. Third, approximately 60% of
patients were concomitantly treated with antiviral agents,
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which might have biased the hepatic function after the
treatment compared to those in previous studies that did
not administer antiviral agents.
In conclusion, the combination of TACE and RFA is
safe for the management of HCC less than 5 cm. A time
interval of 0-2 d is sufficient to allow for recovery of liver functional reserve in patients with cirrhosis. However,
patients with CPs of 8 or more are at increased risk for
transient liver function damage. Therefore, it might be
necessary to carefully monitor these patients when using
the combined treatment with a short term interval.
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The time-interval between TACE and RFA should be chosen carefully to achieve
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liver function. The optimal time interval is as short as possible when adequate
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and RFA for balancing local therapeutic efficacy and safety.

Innovations and breakthroughs

Combination with TACE and RFA at a time interval of 0-2 d was applied to treat
HCCs less than 5.0 cm in patients with liver cirrhosis. The results demonstrated
that this combined treatment was safe for the management of small or intermediate HCC. A time interval of 0 to 2 d was sufficient to allow for recovery of liver
functional reserve in patients with cirrhosis.
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The combined TACE and RFA with an interval of 0-2 d is safe for the management of HCC less than 5 cm in cirrhotic patients. However, patients with Child
Pugh score (CPs) of 8 or more are at increased risk for transient liver function
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when using the combined treatment with a short term interval.
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which slows tumor progression and improves survival by combining the effect
of targeted chemotherapy with ischemic necrosis by arterial embolization. RFA
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therapy for early HCC because of its effectiveness and safety. Nowadays, RFA
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sized HCCs, especially for patients with impaired liver function.
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RESULTS: Preoperative levels of cancer antigen 125
(12.51 ± 9.31 vs 23.20 ± 21.86, P < 0.05) and carbohydrate antigen 19-9 (22.56 ± 26.30 vs 72.55 ±
115.99, P < 0.05) were higher in the cystadenocarcinoma subgroup than in the cystadenoma subgroup.
There were no statistically significant differences in
age or gender between the two groups, or in pre- or
post-operative levels of alanine aminotransferase, aspartate aminotransferase, total bilirubin (TBIL), and
direct bilirubin (DBIL) between the two groups. However, eight of the 21 patients with cystadenoma and
six of the 25 patients with cystadenocarcinoma had
elevated levels of TBIL and DBIL. There were three
cases in the cystadenoma subgroup and six cases in
the cystadenocarcinoma subgroup with postoperative
complications.
CONCLUSION: Preoperative differential diagnosis relies on the integration of information, including clinical
symptoms, laboratory findings and imaging results.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate preoperative differential diagnoses
made between intrahepatic biliary cystadenoma and
intrahepatic biliary cystadenocarcinoma.

Key words: Intrahepatic biliary cystadenoma; Intrahepatic biliary cystadenocarcinoma; Preoperative differential diagnosis

METHODS: A retrospective analysis of patient data
was performed, which included 21 cases of intrahepatic
biliary cystadenoma and 25 cases of intrahepatic biliary cystadenocarcinoma diagnosed between April 2003
and April 2013 at the General Hospital of PLA. Potential patients were excluded whose diagnoses were not
confirmed pathologically. Basic information (including
patient age and gender), clinical manifestation, duration of symptoms, serum assay results (including tumor
markers and the results of liver function tests), radiological features and pathological results were collected.
All patients were followed up.

Core tip: The number of females was larger than that
of males in both groups. Carbohydrate antigen 19-9
has important significance in the preoperative diagnosis
of intrahepatic biliary cystadenoma and cystadenocarcinoma. About half of the patients had elevated levels of
total bilirubin (TBIL) and direct bilirubin (DBIL); therefore, we believe it is necessary to test TBIL and DBIL
before surgery. The diagnosis relies on the integration
of information consisting of clinical symptoms, laboratory findings and imaging results. The short-term and
long-term prognoses of cystadenoma were better than
those for cystadenocarcinoma.
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20.0 (SPSS Inc., Chicago, IL, USA). Descriptive analyses
were used to characterize the study population. Continuous variables were compared using Student’s t test for
variables with a skewed distribution, and data were reported as means ± SD or medians with ranges. A P value
of less than 0.05 was considered statistically significant.

RESULTS
INTRODUCTION
Intrahepatic biliary cystadenoma and cystadenocarcinoma are extremely rare neoplasms that account for only
5% of all solitary cystic lesions of the liver[1]. Advances
in medical detection technology have made it possible to
discover more instances of these diseases. The prognosis
of intrahepatic biliary cystadenoma is good, but there is
the potential for a malignant transformation into cystadenocarcinoma[2]. In this retrospective study, we reviewed
our experience with diagnostic procedures for intrahepatic biliary cystadenoma and cystadenocarcinoma, supplemented with tests of preoperative liver function, which
have been rarely reported in the literature.

MATERIALS AND METHODS
We conducted a retrospective study of patient data that
included 21 cases of intrahepatic biliary cystadenoma and
25 cases of intrahepatic biliary cystadenocarcinoma diagnosed between April 2003 and April 2013 at the General
Hospital of PLA. Diagnosis was confirmed pathologically
in all cases. Eighteen potential patients were excluded from
the study because they were preoperatively diagnosed with
intrahepatic biliary cystadenoma or cystadenocarcinoma
but the diagnoses were not confirmed pathologically.
All of the patients in the two groups had complete resection. In the cystadenocarcinoma subgroup, seven had
left lateral sectionectomies, eight had left hepatectomy,
one had a right hepatectomy, four had right lateral sectionectomies, and five neoplasm enucleations. There were
three left lateral sectionectomies, four left hepatectomy,
one right hepatectomy, 10 neoplasm enucleations, and
three open enucleations in the cystadenoma subgroup.
During surgery we explored and ligated the branches of
blood vessels and bile ducts to minimize the risk of hemorrhage and bile leak in the cutting edge. There were no
perioperative deaths.
Basic information (including patient age and gender),
clinical manifestation (including abdominal bloating or pain,
fever, nausea, vomit, and jaundice), duration of symptoms,
serum assay results [including tumor markers such as carbohydrate antigen (CA)19-9, CA125, carcinoembryonic antigen (CEA), alpha fetoprotein (AFP)], and the results of liver
function tests [alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), and direct
bilirubin (DBIL)], radiological features and pathological results were collected. All patients were followed up.
Statistical analysis
Statistical analyses were performed using SPSS version
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Clinical findings
The cystadenoma subgroup included 21 patients (16
females and five males), with a median age of 53.4 ±
13.2 years when diagnoses were confirmed histologically
(range: 30-77 years). The cystadenocarcinoma subgroup
included 25 patients, aged 52.0 ± 10.5 years when confirmed histologically (range: 35-74 years), with 20 females
and five males. There were no statistically significant
differences in age (P = 0.686) or gender (P = 0.988) between the two groups (Table 1).
The duration of symptoms was significantly higher in
the cystadenoma subgroup (47 ± 63.7 mo) than the cystadenocarcinoma subgroup (15.9 ± 23.9 mo) (P = 0.044). In
the cystadenoma subgroup, there were 8 patients without
any symptoms (38.1%), 12 patients with abdominal bloating or pain (57.1%), and one patient with fever (4.7%). The
cystadenocarcinoma subgroup included 9 patients without
any symptoms (36%), 4 patients who had only abdominal
bloating or pain (16%), 7 patients with abdominal bloating/pain and fever/nausea/vomiting (36%), 2 patients with
abdominal bloating/pain and jaundice, and one patient with
only chills and fever (4%) (Table 1).
Laboratory findings
There was a statistically significant difference in preoperative levels of CA19-9 (P = 0.047) and CA125 (P = 0.044)
between the cystadenoma subgroup and the cystadenocarcinoma subgroup (Table 2). Three of the 21 patients
with cystadenoma had elevated CA19-9 (average 75.55
U/mL), as did seven of the 25 patients with cystadenocarcinoma (average 217.49 U/mL). Only one patient in
the cystadenoma subgroup had a CA125 level (42.31 U/
mL) higher than those in the normal range; five patients
in the cystadenocarcinoma subgroup had CA125 levels
(average 65.28 U/mL) higher than those in the normal
range. Other tumor markers, including CEA and AFP,
were unremarkable. The preoperative levels of CEA
were 1.32 ± 0.72 ng/mL (range: 0.20-2.65 ng/mL) in the
cystadenoma subgroup and 2.02 ± 1.16 ng/mL (range:
0.20-4.82 ng/mL) in the cystadenocarcinoma subgroup.
Four of the 21 patients with cystadenoma had elevated
ALT (average 106.75 U/L), and eight of the 25 patients
with cystadenocarcinoma had elevated ALT (average
53.69 U/L). Two of the 21 patients with cystadenoma had
elevated AST (632.9 U/mL, 111.3 U/mL), and two of the
25 patients with cystadenocarcinoma had elevated AST
(47.6 U/mL, 77.5 U/mL). Eight of the 21 patients with
cystadenoma had elevated TBIL (average 33.13 µmol/L),
and six of the 25 patients with cystadenocarcinoma had
elevated TBIL (average 53.13 µmol/L). Twelve of the 21
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Table 1 Basic patient information, clinical manifestation, duration of symptoms and pathology
No.

Gender

Age

Clinical characteristics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Female
Female
Female
Female
Male
Female
Female
Female
Male
Female
Male
Male
Female
Female
Female
Female
Male
Female
Female
Female
Female
Female
Female
Male
Female
Female
Male
Female
Male
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Female
Male
Male
Female

30
48
51
44
55
77
39
73
47
41
55
50
63
36
56
54
74
53
55
76
44
60
47
35
58
44
59
46
52
57
55
74
41
39
46
70
51
37
51
40
51
57
74
50
48
57

Abdominal bloating
Abdominal bloating
Abdominal pain
Asymptomatic
Asymptomatic
Asymptomatic
Abdominal bloating, pain
Abdominal bloating, pain
Asymptomatic
Asymptomatic
Asymptomatic
Abdominal pain
Abdominal bloating
Asymptomatic
Asymptomatic
Abdominal pain
Abdominal pain
Abdominal pain
Abdominal bloating
Abdominal pain
Fever
Asymptomatic
Abdominal bloating
Asymptomatic
Fever, vomit
Abdominal pain
Asymptomatic
Abdominal bloating
Abdominal bloating
Abdominal pain, fever, vomiting
Abdominal pain, nausea
Abdominal pain
Abdominal pain, fever, vomiting
Abdominal pain, jaundice
Chills and fever
Asymptomatic
Asymptomatic
Abdominal pain, fever, vomiting
Abdominal bloating, vomiting
Asymptomatic
Asymptomatic
Abdominal pain, jaundice
Abdominal pain, fever, vomiting
Asymptomatic
Asymptomatic
Abdominal pain, fever, vomiting

Duration of
symptoms (mo)
3
13
171
52
96
241
99
12
20
120
6
30
10
12
3
24
30
5
12
20
8
22
1
1
12
8
28
1.3
13
2
9
3
72
2
3
43
96
31
3
1
2
1
0.5
2.6
31
8

3

Location

Size (cm )

Pathology

Left lobe
Left lobe
Right lobe
Left lobe
Left lobe
Right, left lobe
Left lobe
Left lobe
Left, caudate lobe
Right lobe
Left lobe
Left lobe
Left lobe
Left lobe
Right, left lobe
Left lobe
Left lobe
Left lobe
Right, left lobe
Right lobe
Right lobe
Left lobe
Left lobe
Left lobe
Left lobe
Left lobe
Right, left lobe
Left lobe
Left lobe
Left lobe
Right, left lobe
Left lobe
Left lobe
Left lobe
Right, left lobe
Left lobe
Right lobe
Right, left lobe
Left, caudate lobe
Left lobe
Right, left lobe
Left lobe
Left lobe
Left lobe
Left lobe
Middle lobe

9 × 6 × 5.5
5 × 4.5 × 2.5
9×7×4
4.5 × 3 × 2
3 × 2.5 × 2.5
14 × 10 × 5
17.8 × 9.3 × 12.7
9×5×4
1.5 × 1 × 0.6
12 × 8 × 4
0.6 × 0.6 × 0.6
5.5 × 3.5 × 2
9×7×7
6×4×4
4.5 × 4.5 × 3.5
2 × 1.8 × 1
9.5 × 7 × 3.5
12 × 7.5 × 3
10 × 7.5 × 4
11.5 × 8 × 6.5
2.5 × 2 × 1.5
1.5 × 1 × 0.2
5.5 × 5.5 × 5
3.5 × 3 × 3
10 × 7 × 5
13 × 8 × 7
11 × 10 × 2
4×4×3
5 × 4 × 2.5
4×3×2
8 × 7.5 × 7.5
30 × 18 × 15
4 × 3.5 × 1
10 × 9 × 5
2 × 1.3 × 0.6
4.5 × 2.5 × 2
5×3×2
12.5 × 10 × 6
9 × 7.5 × 4.5
4.5 × 2.5 × 2
10 × 8 × 5
2.5 × 1.7 × 1.5
12 × 8 × 7
2 × 0.7 × 0.5
4×4×2
5.5 × 2.5 × 1.5

Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma
Cystadenocarcinoma

Table 2 Preoperative levels of marker proteins
CEA (ng/mL) AFP (mg/L) CA125 (U/mL) CA19-9 (U/mL)
Cystadenoma
Cystadenocarcinoma

1.32 ± 0.72
2.02 ± 1.16

2.08 ± 1.18
3.68 ± 7.02

12.51 ± 9.31
23.20 ± 21.86

22.56 ± 26.30
72.55 ± 115.99

ALT (U/L)

AST (U/L)

40.03 ± 61.58
30.43 ± 19.43

56.07 ± 141.54
26.05 ± 14.02

TBIL (mmol/L) DBIL (mmol/L)
19.75 ± 20.32
20.02 ± 39.74

8.98 ± 16.60
10.70 ± 31.14

All the carcinoembryonic antigen (CEA) values in both subgroups were within the normal range: although P = 0.02 between the two groups. There was no
statistical significance in the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL) and direct bilirubin (DBIL)
before the operation (P > 0.05). However, eight of the 21 patients with cystadenoma and six of the 25 patients with cystadenocarcinoma had remarkable
levels of TBIL and DBIL. AFP: Alpha fetoprotein; CA: Carbohydrate antigen.

patients with cystadenoma had elevated DBIL (average
12.68 µmol/L), and 13 of the 25 patients with cystadenocarcinoma had elevated DBIL (average 18.41 µmol/L).
There were no statistically significant differences in the
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levels of ALT, AST, TBIL, and DBIL between the two
groups before the operation (P > 0.05, Table 2). However,
many patients with cystadenoma or cystadenocarcinoma
had elevated levels of TBIL and DBIL.
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Table 3 Radiological diagnosis
Cystadenoma

Cystadenocarcinoma

Other benign tumor

Other malignancy

No qualitative

4
3

1
3

9
5

2
3

5
11

Cystadenoma subgroup
Cystadenocarcinoma subgroup

Ultrasonography, computed tomography or magnetic resonance imaging were not particularly effective modalities for diagnosing these rare lesions.

Radiological diagnosis
In the cystadenoma subgroup, we found a large cystic
mass in 12 patients and a middle-sized cystic mass in five
patients, the size of the mass ranged from 0.8 to 17 cm
in greatest diameter, and one or more septa and mural
nodules were observed in 15 patients by computed tomography (CT) scans and ultrasound. In the cystadenocarcinoma subgroup, we found a large cystic mass in 10
patients and a middle-sized cystic mass in 11 patients;
size of the mass ranged from 1.1 cm to 22 cm in greatest
diameter, and thick, coarse mural and septal calcifications
were observed by CT scans and ultrasound.
In the cystadenoma subgroup there were only four
patients fully diagnosed with cystadenoma and three
patients diagnosed with cystadenocarcinoma or another
malignancy using CT, magnetic resonance imaging
(MRI) and ultrasound (US). There were also eight patients diagnosed with cystadenoma or another benign
tumor after examination using CT, MRI or US in the
cystadenocarcinoma subgroup. CT, MRI and US were
not particularly effective modalities for diagnosing these
rare lesions (Table 3).

Cystadenocarcinoma subgroup: One case had nausea
and vomiting at 10 d after surgery. One case showed atelectasis, subphrenic effusion and intermittent fever at nine
days after surgery, and about 952 mL of bilious brown
liquid was drained out at 16 d after surgery. Two cases
had wound infection. One case had an intestinal obstruction at 11 d after surgery. There was a bleeding varix at
lower esophagus in one patient at 6 d after surgery.

Pathological results
The average neoplasm size was 303.6 cm3 in the cystadenoma subgroup (range: 0.2-2102.4 cm3), and 511.6 cm3
in the cystadenocarcinoma subgroup (range: 0.3-8100
cm3, Table 1, P > 0.05). In the cystadenoma subgroup,
there were 13 patients whose neoplasms were in the left
lobe, four patients whose neoplasms were in the right
lobe, three patients whose neoplasms were in both right
and left lobes, and one patient whose neoplasm was in
the left and caudate lobes. The cystadenocarcinoma subgroup included 17 patients whose neoplasms were in the
left lobe, one patient whose neoplasm was in the right
lobe, six patients whose neoplasms were in both of right
and left lobes, and one patient whose neoplasm was in
the left and caudate lobes (P > 0.05, Table 1). Mucinous cystadenoma was more common than papillary
cystadenoma in the cystadenoma subgroup (Figure 1).
The number of mucinous cystadenocarcinomas patients
was similar to that of papillary cystadenocarcinoma; the
present study included five patients with mucinous and
papillary cystadenocarcinomas.

The first case of intrahepatic biliary cystadenoma was
documented in 1887[3], and intrahepatic biliary cystadenocarcinoma was initially described and published by Willis
in 1943[4]. Previous reports have indicated that women account for 85%-95% of all cases, which suggests that the
malignancies might be influenced by hormones[5-7]. The
primary treatment of cystadenoma and cystadenocarcinoma is hepatic resection[8]. Intrahepatic biliary cystadenomas may arise from congenitally misshapen bile ducts
or primitive hepatobiliary stem cells. Intrahepatic biliary
cystadenoma and cystadenocarcinoma are extremely rare
tumors, and it can be difficult to differentiate between
them[9,10]. We analyzed 46 patients retrospectively, and
most of the results are consistent with the findings of
our predecessors; however, we also found one difference
from previous reports.
Tran et al[11] reported one child case (a 2-year-old girl)
with intrahepatic biliary cystadenoma. Patients in their
fifties make up a large percentage of the two groups,
and the youngest age was 30 years in the present study.
There was no statistically significant difference in age at
presentation between the cystadenoma subgroup and
cystadenocarcinoma subgroup, which is not consistent
with previous reports[12,13]. Wang et al[10] reported that
most intrahepatic biliary cystadenocarcinomas occurred
in older males. Ishak et al[14] reported that all the cystadenomas were in middle-aged women, and the cystadeno-

Postoperative complications
Cystadenoma subgroup: One case had bile leakage and
abdominal infection nine days after surgery. Two cases
had encapsulated fluid within the abdominal cavity at six
days surgery.

WJG|www.wjgnet.com

Follow-up
Follow-up was available for all 46 patients. In the cystadenoma subgroup, 17 patients were alive at the end of followup (178.2 ± 75.7 wk, range: 82-377 wk), and four patients
were lost to follow-up. The cystadenocarcinoma subgroup
included 16 patients who were alive at the end of follow-up
(270.6 ± 140.2 wk, range: 61-496 wk), four patients who had
died by the end of follow-up (83.8 ± 49.0 wk, range: 52-156
wk), and five patients who were lost to follow. One patient
showed recurrence at the time of 402 wk after the operation
in the cystadenocarcinoma subgroup.

DISCUSSION
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A

B

C

D

Figure 1 Pathology of intrahepatic biliary cystadenoma and cystadenocarcinoma. A, B: Intrahepatic biliary cystadenoma (black diamond, hepatic tissue; hollow
diamond, fibrous cyst wall; arrowhead, simple columnar epithelium; hollow arrowhead, cavity); C, D: Intrahepatic biliary cystadenocarcinoma. Mucinous cystadenocarcinoma with columnar epithelium, abundant cytoplasm, containing mucin, and nuclei located in the basal layer (C).

carcinomas occurred in both male and female patients.
However, our study population included significantly
more females than males in both subgroups. One possible reason for this is the low sample size; therefore, we
look forward to performing further research using data
from multiple facilities.
Intrahepatic biliary cystadenoma is a slow growing tumor. The symptoms in the cystadenocarcinoma subgroup
were more complex than in the cystadenoma group:
clinical symptoms, including duration of symptoms, abdominal pain, fever, nausea, vomiting and jaundice can aid
in differential diagnosis between the two diseases. Other
symptoms, such as recurrent infection, pressure related
symptoms, spontaneous rupture of the neoplasm and inferior vena cava obstructions have also been reported[15-17].
Horsmans et al[18] reported a higher level of CA19-9
and normal levels of CEA and AFP in patients with intrahepatic biliary cystadenoma or cystadenocarcinoma in
1996, suggesting that CA125 and CA19-9 are important
for the preoperative diagnosis of intrahepatic biliary
cystadenoma and cystadenocarcinoma. CA125 (for which
there are few reports in the literature) and CA19-9 can
help differentially diagnose the two diseases.
In the past, results of liver function tests have not
been commonly reported in the literature. In the present
study, levels of AST and ALT were normal in most patients in both groups, even when the symptom duration
was very long, which suggests that liver function was not
affected. Many patients had significantly elevated levels
of TBIL and DBIL. It is necessary to pay close attention
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to preoperative TBIL and DBIL levels, although the information does not help with the differential diagnosis.
With the progress being made in abdominal imaging,
more hepatic cystic neoplasms are now being discovered[19]. Biliary cystadenomas or cystadenocarcinomas appear as large, solitary, multilocular cystic neoplasms with
internal septa and well circumscribed smooth margins on
CT and MR imaging[20]. However, the misdiagnosis rate
of intrahepatic biliary cystadenoma and cystadenocarcinoma using imaging methods was high among the 46
patients included in our study. It is difficult to distinguish
between cystadenoma and cystadenocarcinoma using
CT imaging[21]. Teoh et al[22] reported that preoperative
differentiation using radiological imaging methods was
inaccurate. We consider radiological imaging to play only
a minor role in the differential diagnosis.
Diagnosis can be confirmed pathologically. The present
study differs from the previous report by Fairchild et al[23],
whereby more tumors occurred in the left lobe than in
the other lobes. The location of neoplasm was regarded
as not significant in the differential diagnoses between
intrahepatic biliary cystadenoma and cystadenocarcinoma
in our study.
The preferred treatment is surgery for patients with intrahepatic biliary cystadenocarcinoma and those who having
symptoms of intrahepatic biliary cystadenoma. Postoperative complications of liver function have been described
in some studies[24]. Patients with intrahepatic biliary cystadenocarcinoma had more postoperative complications, such
as vomiting, intermittent fever, intestinal obstruction and a
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bleeding varix at the lower esophagus compared with those
with intrahepatic biliary cystadenoma. It may be affected by
the tumor location, size and extent of resection. Survival
rates for cystadenocarcinomas can reach 87% at 5 years after
complete resection[25]. Complete excision of the tumor is
the best treatment for intrahepatic biliary cystadenomas and
cystadenocarcinomas[26].

7

8
9
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Abstract
AIM: To evaluate the efficacy of botulinum toxin type
A injection to the puborectalis and external sphincter
muscle in the treatment of patients with anismus unresponsive to simple biofeedback training.
METHODS: This retrospective study included 31 patients suffering from anismus who were unresponsive
to simple biofeedback training. Diagnosis was made by
anorectal manometry, balloon expulsion test, surface
electromyography of the pelvic floor muscle, and defecography. Patients were given botulinum toxin type A
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(BTX-A) injection and pelvic floor biofeedback training.
Follow-up was conducted before the paper was written.
Improvement was evaluated using the chronic constipation scoring system.
RESULTS: BTX-A injection combined with pelvic floor
biofeedback training achieved success in 24 patients,
with 23 maintaining persistent satisfaction during a
mean period of 8.4 mo.
CONCLUSION: BTX-A injection combined with pelvic
floor biofeedback training seems to be successful for
intractable anismus.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Pelvic floor biofeedback was accepted to be
an effective therapy for anismus. However, unfortunately the treatment proved to be ineffective in some
cases. In our study, we performed biofeedback training combined with botulinum toxin type A injection to
the puborectalis and external sphincter. Diagnosis was
made by anorectal manometry, balloon expulsion test,
surface electromyography of the pelvic floor muscle,
and defecography. Follow-up was conducted before the
paper was written. Improvement was evaluated using
the chronic constipation scoring system. Botulinum toxin type A injection combined with pelvic floor biofeedback training achieved success in 24 (24/31) patients,
with 23 maintaining persistent satisfaction during a
mean period of 8.4 mo.
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Botulinum toxin type-A injection to treat patients with intractable
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INTRODUCTION
Chronic constipation is one of the most common gastrointestinal problems worldwide, with an incidence between
2% to 34%. Obstructed outlet constipation (OOC) is the
predominant subtype occurring in about 7% of the adult
population[1]. Patients with OOC always complain of extremely difficult defecation but still experience the need
for at least daily defecation. Prolonged defecation, excessive straining, inability to achieve complete evacuation,
and laxative and enema abuse occur commonly in OOC
patients[2]. The paradoxical contraction and/or defective
relaxation of the puborectal muscle and the external anal
sphincter induces great resistance against the stool during defecation. This paradoxical contraction of the pelvic
ﬂoor muscles during straining at defecation is generally
deﬁned as anismus, outlet dysfunction constipation, or
more precisely, pelvic ﬂoor dyssynergia.
Diagnosis of anismus indispensably needs an overall
evaluation of the function of evacuation based on anorectal manometry (ARM), balloon expulsion test, surface
electromyography of the pelvic floor muscle, and defecography[3-6]. Unfortunately, there is no single test can
conclusively determine the presence and extent of anismus[7]. Experiences of therapy with laxatives and surgical
operation have had conflicting results[1,8]. Biofeedback
training is a physiologic process to relax the pelvic floor
muscles and ultimately improve their concordant constriction. Botulinum toxin type A can be used to relax the
problematic anal sphincter in the initial stage, which leads
to instant defecation improvement. This greatly strengthens the confidence of patients suffering from this longterm affliction as well as producing a strong motivation
for the following biofeedback training.
Botulinum toxin type A inhibits neuromuscular
transmission and has a powerful muscle relaxing effect[9].
Therefore, we applied botulinum toxin type A injection
in combination with biofeedback training to treat patients
with anismus who were inefficient when treated with
simplex biofeedback training. The clinic’s experience with
botulinum toxin type A (BTX-A) in anismus patients has
been reported over the past few years. In this study, we
perform BTX-A injection guided by three-dimensional
endoluminal ultrasonography. The aim of this retrospective study was to evaluate the results of BTX-A injection
combined with biofeedback training after inefficient simplex biofeedback training in patients with anismus.

MATERIALS AND METHODS
This study comprised a study of 31 patients with OOC
due to anismus. They were recruited for the study from
September 2010 to September 2011. Prior to the study,
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all included patients had finished a course of biofeedback
training and received an unsatisfied result. Additionally,
there was no significant difference in functional assessment before and after the biofeedback training.
18 males and 13 females with a mean age of 50.1 ±
18.9 years (range: 23-86 years old) and a mean duration
of constipation of 5.6 ± 5.4 years (range: 1-20 years)
were included in the study.
The inclusion criteria were: fulfilled the Rome Ⅲ
constipation criteria; the diagnosis of anismus was made
by clinical examination, including anorectal manometry,
balloon expulsion test, and defecography; evidence of inappropriate contraction or failure to relax the pelvic floor
muscles during attempts to defecate in at least two of the
aforementioned tests; evidence of adequate propulsive
forces during attempts to defecate (rectal pressure during
straining > 45 mmHg); and roughly normal rectal sensation.
The patients suffered from incomplete, prolonged,
and difficult evacuation, with constant use of enema,
laxatives, and digital evacuation, but having a daily and
sometimes more frequent urge to defecate even without
enema and laxatives. Colon transportation test showed
normal motivation in those cases.
The exclusion criteria were: anismus patients with a
simultaneous secondary cause of constipation; patients
who underwent pelvic floor and anorectal surgery, colonic inertia, or were suffering the lingering effects of a
cerebrovascular accident; and patients with a cognitive
handicap or any other condition making biofeedback
training impossible. Patients with constipation-related
primary disease (e.g., hypothyroidism) were also excluded.
After careful explanation of the clinical condition
and the options of treatment, all included patients have
written informed consent. Patients were then given the
BTX-A injection before biofeedback training.
BTX-A injection guided by three-dimensional
endoluminal ultrasonography
All 31 patients were injected with botulinum toxin type
A before undergoing biofeedback training. The toxin was
injected with a caudal anesthesia while the patients were in
the lithotomy position. A vial of BTX-A, 100 μ (BTX-A,
China), was dissolved in 3 mL 0.9% sodium chloride solution 30 min before use. The injection was given with an
insulin syringe fitted to a needle size of 21 gauze and 6
cm in length. The needle tip was guided by the contralateral index finger into the puborectalis through the external
sphincter. The position of the needle tip was confirmed
by three-dimensional endoluminal ultrasonography. The
BTX-A was injected into the puborectalis and the external
anal sphincter consecutively during the needle withdrawal
at 3, 6, and 9 o’clock in the lithotomy position (Figures
1 and 2). The dosages for the two muscles were assigned
according to the results of anorectal manometry and defecography. Generally, the volume dose was 100u divided
equally for the puborectalis and the external anal sphincter. The doses for the three positions were assigned to
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Figure 1 Botulinum toxin type A was injected at the 6 o’clock in lithotomy. A: By three-dimensional reconstruction after ultrasonic scanning, the needle tip was in
the puborectalis (PR); B: The needle tip was withdrawn into the external anal sphincter (EAS) at 6 o’clock in lithotomy.
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Figure 2 Botulinum toxin type A was injected at the 3 o’clock in lithotomy. A: By three-dimensional reconstruction after the ultrasonic scanning, the needle tip
was in the puborectalis (PR); B: The needle tip was withdrawn into the external anal sphincter (EAS) at 9 o’clock in lithotomy.

30u, 40u, and 30u (Table 1). This procedure was done as
a hospitalization procedure. The patients started biofeedback training 2 wk after the injection.

such a way that the patient felt a considerable sensation
without experiencing pain. Stimulation was done with a
frequency of 10 MHz and the impulse duration was 10
s with a pause of 10 s thereafter. The Kegel exercise was
applied in this biofeedback training session. Patients were
allowed to see the trace of pelvic ﬂoor muscle activity at
rest and during voluntary contraction. Patients were then
taught to make the trace of pelvic ﬂoor muscle activity
coincide with the Kegel diagram by relaxing the anus
and doing voluntary constriction. All patients finished a
period of therapy of at least one month and suggested to
do Kegel training at home after the out-patient training
program.

Pelvic floor rehabilitation
Patients received rehabilitation treatment including a section of in-anal electro-stimulation and biofeedback training after a successful explanation of the aim and rationale
of this physical treatment. The biofeedback training system was mediated by surface EMG signal. Anorectal electromyogram sensors and surface electrodes were placed
to collect electrical signals and give electro-stimulation.
Patients were subjected to the treatment once or twice
a day for 30 min for each treatment, including 15 min
of electro-stimulation and 15 min of biofeedback training. The intensity of electro-stimulation was adjusted in

Follow-up
Follow-up was conducted twice; after pelvic floor biofeedback following the PTX-A injection a month after
the injection) and before this paper with the range 6 to
12 mo (8.4 ± 3.44 mo) after treatment by telephone. The
patient then completed a CSS (constipation scoring system) symptom questionnaire[10].
Frequency of bowel movements, difficulty, completeness, abdominal pain, time in lavatory per attempt, type
of assistance, unsuccessful evacuation attempts per 24 h,
and duration of constipation were recorded.
For each patient, anorectal manometry with a bal-

Table 1 Dose assignment of botulinum toxin type A
Muscle

Position

Puborectalis
EAS
Total

Total

3 o’clock

6 o’clock

9 o’clock

15u
15u
30u

20u
20u
40u

15u
15u
30u

50u
50u
100u

EAS: External anal sphincter.
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Table 2 Anorectal manometry parameter, balloon expulsion test results, and constipation scoring system before and after botulinum
toxin type A injection and consecutive pelvic biofeedback training
Pre-BTX-A injection Post-BTX-A injection and consecutive biofeedback training
Pressure of rectum during defecation (mmHg)
Rest pressure of anal canal (mmHg)
Pressure of anal canal during defecation (mmHg)
Functional length of anal sphincter (cm)
Balloon expulsion test success rate
Chronic constipation score

64 ± 27
93 ± 16.5
105 ± 28.3
4.5 ± 0.84
0%
14.3 ± 2.49

67 ± 28
63 ± 8.6.3
42 ± 8.9
3.2 ± 0.54
74.2% (23/31)
6.4 ± 3.20

t
1.335
11.726
12.328
8.9
9.185
14.108

P
0.192
0.000
0.000
0.000
0.002
0.000

The BTX-A injection obviously improved the dilemma of animus treatment. We found that BTX-A injection produced an instant result to decrease
resistance during defecation. The constipation scoring system (CSS) questionnaire was used after the injection. We found that BTX-A injection followed by
pelvic biofeedback training significantly improved difficult defecation. According to the results of the CSS evaluation, patients were significantly improved
in all symptom aspects mentioned in the CSS. BTX-A: Botulinum toxin type A.

Table 3 Detailed constipation scoring system differences between pre- and post-botulinum toxin type A injection
Pre-BTX-A injection Post-BTX-A injection and consecutive biofeedback training
Frequency of bowel movements
Difficulty: painful evacuation
Completeness: feeling incomplete
abdominal pain
Time: minutes in lavatory per attempt
Assistance: type of assistance
Failure: unsuccessful attempts for evacuation
per 24 h

0.39 ± 0.62
3.29 ± 0.53
3.45 ± 0.57
0.77 ± 1.1
2.38 ± 0.88
1.81 ± 1.73
1.00 ± 0.37

0.10 ± 0.30
1.45 ± 0.72
1.52 ± 0.72
0.54 ± 0.85
0.97 ± 0.66
0.39 ± 0.77
0.29 ± 0.46

t

P

3.057
13.146
14.816
2.040
10.330
4.295
7.473

0.005
0.000
0.000
0.050
0.000
0.000
0.000

BTX-A: Botulinm toxin type A.

loon expulsion test was performed after the complete
treatment (including PTX-A injection and consecutive
biofeedback training). The clinical follow-up was always
conducted by the same author, with the same applying to
the manometry. This study was approved by the hospital
ethics committee. Each patient gave written informed
consent before entering this study.
Statistical analysis
Data were expressed as mean ± SD. Student’s t-test was
used to compare the treatment results and the Chi-square
test was used for comparison of proportions. P < 0.05
was considered statistically signiﬁcant.

RESULTS
From October 2010 to July 2011, 31 patients with a final
diagnosis of anismus and who were unresponsive to a
period of pelvic biofeedback training received PTX-A
injection. The study group included 18 males and 13
females, with a mean age of 50.1 ± 18.9 years and mean
disease duration of 5.61 ± 5.4 years. The CSS score
and ARM parameters showed no significant difference
between before and after the pelvic floor biofeedback
training, or in patients who were unsatisfied with the final
biofeedback training effect. The 31 patients then underwent the PTX-A injection and consecutive pelvic floor
biofeedback training. This article summarizes our clinical
observations for an 8.4-mo follow-up period.
The ARM parameters and balloon expulsion test were
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performed before BTX-A injection and after the pelvic
rehabilitation following the PTX-A injection. After treatment, the pressure of the anal canal during rest and defecation was significantly reduced from (93 ± 16.5) mmHg
and (105 ± 28.3) mmHg to (63 ± 8.6.3) mmHg and (42
± 8.9) mmHg, respectively. However, the pressure of the
rectum when defecation occurred was unchanged. The
functional length of the anal sphincter decreased from
(4.5 ± 0.84) cm to (3.2 ± 0.54) cm with statistical significance. The success rate of the balloon expulsion test
increased from 0% to 74.2% (23/31). Furthermore, the
CSS result was improved accordingly, with the score decreasing from (14.3 ± 2.49) to (6.4 ± 3.20) (Tables 2 and
3).
The follow-up was conducted after the complete
treatment (PTX-A injection and consecutive biofeedback training) and before the paper by telephone. The
patient completed a CSS symptom questionnaire and the
incidence of fecal incontinence was inquired. We found
that there was no difference between the CSS evaluation
of post-treatment and before the paper. The incidence
of fecal incontinence was significantly reduced over
time. However, there were no significant changes in the
CSS and satisfaction rate right after the whole treatment
course and before the paper (Table 4).

DISCUSSION
For the majority of patients suffering from constipation that were referred to our center, their cases were
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Table 4 Results of constipation scoring system evaluation, fecal incontinence occurrence, and satisfaction rate after treatment and
before paper
Follow-up
After BTX-A injection and consecutive biofeedback training
Before the paper
2
T or χ
P

CSS

Fecal incontinence occurred

Satisfaction rate

6.4 ± 3.20
6.5 ± 3.20
-0.902
0.374

22.6% (7/31)
3.2% (1/31)
5.167
0.023

77.4% (24/31)
74.2% (23/31)
0.088
0.767

BTX-A: Botulinum toxin type A; CSS: Constipation scoring system.

related to an outlet obstruction problem. Although there
is no etiological data on the frequency of anismus, according the observations in our center it is probably the
commonest etiology of outlet obstruction constipation.
Generally, more patients with anismus were satisfied with
biofeedback treatment[11]. However, there are still a few
anismus patients who are not so responsive to a routine
course of biofeedback training because of a failure to
relax the pelvic floor muscles first, which is a key premise
for the muscles in order to do functional practice. A wide
variety of surgical and pharmacologic approaches have
been proposed to reduce the pressure provided by the
spastic puborectalis and anal sphincter[12-14]. Unfortunately, doctors have not yet found a dependable therapeutic
approach to solving anismus. Surgical treatments aimed
at weakening or dilating the puborectalis muscle are often
unsuccessful[8], whereas injections of botulinum toxin directly into the puborectalis muscle have provided promising results[15].
A number of papers have reported that biofeedback
training is an effective treatment for anismus patients, albeit with conflicting efﬁcacy rates that range from 9% to
100%[16].
BTX-A has been used as a potent neurotoxin since
the 1970s. Its mechanism of action is inhibition of acetylcholine release in the presynaptic region. It has been
used in the treatment of neurologic disorders characterized by excessive muscle contraction such as facial dystonias, vocal spasms, torticollis, and limb dystonias. In the
past decade BTX-A has been used to treat anismus. We
performed a BTX-A injection to the puborectalis and
external sphincter for the 31 anismus patients selected
from the cases unresponsive to biofeedback training.
Referring to the description of BTX-A injection in the
anismus treatment, we used the Chinese form of BTX-A
with a dosage of 100 units for each patient. In our study,
we performed the injection with the guidance of threedimensional endoluminal ultrasonography. Maria et al[17]
used an EMG-guided technique for the exact location
of the puborectalis muscle. We found that guidance by
ultrasonography during the injection simplified the localization of the injection site as well as dosage distribution
to the right muscle. BTX-A instantly caused the paralysis
of muscles by presynaptic inhibition of acetylcholine
release, which consequently reduced resistance during
evacuation. However, anismus patients have a problem other than spasm of the puborectalis and external
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sphincter; lack of concordance during defecation. The
goal of following biofeedback training is to improve
the motor coordination of the puborectalis and external sphincter, which produces a persistent effect several
authors have reported that botulinum toxin seemed to
be a promising treatment for patients with anismus[18,19].
However, it has also been reported that repeated injections might be necessary to maintain clinical improvement. In our study, ARM and balloon expulsion test also
showed a significant improvement post-treatment. As
expected, CSS also decreased from a mean of 14.3 to 6.4.
23 out of 24 cases maintained satisfactory defecation after the treatment and before the paper, respectively. The
results of our study differ from those reported by Farid
and Ron.
In our study, we used the Chinese form of BTX-A.
Complications of the injection such as post-injection
pain, local infection, or bleeding were not observed. Hallan et al[20] reported that incontinence after injection of
the British form of BTX-A had occurred in two cases
in their series. We observed eight cases in which temple
fecal incontinence occurred, of which seven were in the
first month after the injection. The extent of fecal incontinence was slight.
The patients’ satisfaction is the key standard in deciding the success of the treatment procedure. BTX-A
was considered to be a temporary treatment for anismus
due to its temporal medical effective time. In our study,
BTX-A injection combined with pelvic floor biofeedback training has proved to be a more valid way to treat
anismus for its persisted effect. It is a safer and more
effective treatment method for intractable anismus than
simple treatment using BTX-A or biofeedback training
alone.
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from cases unresponsive to biofeedback training.
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Obstructed outlet constipation is the predominant subtype, occurring in about 7%
of the adult population. Diagnosis of anismus indispensably needs an overall
evaluation of the function of evacuation based on anorectal manometry, balloon
expulsion test, surface electromyography of the pelvic floor muscle, and defecography. A wide variety of surgical and pharmacologic approaches have been
proposed to reduce the pressure provided by the spastic puborectalis and anal
sphincter. However, pelvic floor biofeedback has been proven to be an ideal
treatment method. Botulin toxin injection is a simple, easy, and safe method for
the treatment of intractable anismus. It should thus be considered after biofeedback has failed.
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In this study, BTX-A injection combined with pelvic floor biofeedback training
has proved to be a more valid way to treat anismus due to its persisted effect. It
is a safe and more effective treatment method for intractable anismus than the
simple treatment using BTX-A or biofeedback training alone.
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Abstract
AIM: To evaluate the results of cardiac surgery in cirrhotic patients and to find the predictors of early and
late mortality.
METHODS: We included 55 consecutive cirrhotic patients undergoing cardiac surgery between 1993 and
2012. Child-Turcotte-Pugh (Child) classification and
Model for End-Stage Liver Disease (MELD) score were
used to assess the severity of liver cirrhosis. The online EuroSCORE II calculator was used to calculate the
logistic EuroSCORE in each patient. Stepwise logistic
regression analysis was used to identify the risk factors
for mortality at different times after surgery. Multivariate Cox proportional hazard models were applied to
estimate the hazard ratios (HR) of predictors for mortality. The Kaplan-Meier method was used to generate
survival curves, and the survival rates between groups
were compared using the log-rank test.
RESULTS: There were 30 patients in Child class A, 20
in Child B, and five in Child C. The hospital mortality
rate was 16.4%. The actuarial survival rates were 70%,
64%, 56%, and 44% at 1, 2, 3, and 5 years after surgery, respectively. There were no significant differences
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in major postoperative complications, and early and
late mortality between patients with mild and advanced
cirrhosis. Multivariate logistic regression showed preoperative serum bilirubin, the EuroSCORE and coronary
artery bypass grafting (CABG) were associated with
early and late mortality; however, Child class and MELD
score were not. Cox regression analysis identified male
gender (HR = 0.319; P = 0.009), preoperative serum
bilirubin (HR = 1.244; P = 0.044), the EuroSCORE (HR
= 1.415; P = 0.001), and CABG (HR = 3.344; P = 0.01)
as independent risk factors for overall mortality.
CONCLUSION: Advanced liver cirrhosis should not
preclude patients from cardiac surgery. Preoperative
serum bilirubin, the EuroSCORE, and CABG are major
predictors of early and late mortality.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Patients with liver cirrhosis are considered
high-risk for cardiac surgery. Information on risk factors
to predict operative results was limited. We sought to
evaluate the operative results of cardiac surgery in cirrhotic patients and to find the predictors of early and
late mortality. Child-Turcotte-Pugh (Child) classification
and Model for End-Stage Liver Disease (MELD) score
were used to assess the severity of liver cirrhosis. Advanced liver cirrhosis with Child B and C and high MELD
score should not preclude patients from cardiac surgery. Preoperative serum bilirubin, the EuroSCORE, and
coronary artery bypass grafting are major predictors of
early and late mortality.
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INTRODUCTION
Patients with liver cirrhosis are considered as a highrisk population for cardiac surgery, and the surgical risk
increases with the severity of liver cirrhosis[1-8]. Historically, the severity of liver cirrhosis is evaluated by the
Child-Turcotte-Pugh (Child) classification and Model for
End-Stage Liver Disease (MELD) score. However, the
current preoperative assessment of surgical risk in cirrhotic patients undergoing cardiac surgery is imprecise.
In addition, the paucity of reports in the literature makes
it difficult to determine an indication for cardiac surgery
in patients with liver cirrhosis. This is especially true in
patients with advanced liver cirrhosis[1-8]. Therefore, it is
important to find specific predictors to assess individual
surgical risk before an operation in this population.
Child class and MELD score have been used to predict surgical results in cirrhotic patients undergoing cardiac surgery[5,7,9-15]. However, the small case number, short
follow-up duration (< 12 mo) and lack of a multivariate
analysis limited the information[1-14]. The EuroSCORE
is used traditionally for predicting perioperative mortality after cardiac surgery. The purpose of this study was
to evaluate the surgical results of cardiac surgery in cirrhotic patients, to find the predictors of outcomes, and
to assess the relevance of Child class, the MELD score,
and EuroSCORE in terms of prediction of early and late
mortality. This is an update of our previously reported
patients[6].

MATERIALS AND METHODS
Patients
This was a retrospective observational study of prospectively collected data. We included all consecutive cirrhotic
patients undergoing cardiac surgery between 1993 and
2012 at the National Taiwan University Hospital.
The National Taiwan University Hospital is a 2200-bed
tertiary care hospital. It serves an urban population of 2
million as both first-line and tertiary facilities. It serves
also as a referral center for other hospitals in the country
with a population of 23 million. All data were collected
by retrospective chart review. The local institutional medical ethics committee approved the study and waived the
need for informed consent.
The diagnosis of liver cirrhosis was based on clinical
history and physical stigmata consistent with cirrhosis,
and findings of abdominal sonography and/or other
imaging studies, which was characterized by a coarsened
heterogeneous echo pattern, increased parenchymal
echogenicity, and nodularity of the liver surface[6]. The severity of liver cirrhosis was graded according to the Child
classification[16,17] and MELD score[18]. The online EuroSCORE II calculator (http://www.euroscore.org/calc.
html) was used to calculate the logistic EuroSCORE for
each patient.
Management
The details of surgical procedures and postoperative
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management were described previously[6]. Major postoperative complications included bleeding (profuse chest
tube drainage requiring re-exploration), cardiac (postoperative mechanical circulatory support or prolonged inotropic use for more than 72 h), neurological (consciousness
disturbance, seizure or stroke), pulmonary (prolonged
ventilator support for more than 48 h), infectious (wound
infection, bacteremia, pneumonia, or urinary tract infection), gastrointestinal (bowel ischemia or ileus), renal
(acute renal failure or need of new dialysis), and hepatic
(hepatic function deterioration or hepatic failure).
Data collection
Data on age, sex, medical co-morbidities, pre-surgery laboratory tests, surgical status, surgical procedure, and clinical outcome, including death and major complications,
were collected retrospectively from medical records. For
those patients who did not attend regular follow-up at
our hospital, the information of survival data were obtained by telephone contact or from the National Death
Index. The mortality rates were determined at hospital
discharge, at 3 mo and annually after surgery.
Statistical analysis
Categorical variables were reported as the percentage of
patients in the subgroup. The distributions of continuous variables were examined by the Shapiro-Wilk test.
Continuous variables with skewed distributions were presented as medians (interquartile range, IQR). Comparison
between groups was performed using the Chi-square
test, Fisher’s exact test, and Mann-Whitney test. Stepwise
logistic regression analysis was used to identify the risk
factors for mortality at different times after surgery. Multivariate Cox proportional hazard models were applied to
estimate the hazard ratios (HR) of predictors for mortality. Variables significantly associated with survival time in
univariate Cox proportional hazard models and clinically
important variables were included in the multivariate
analyses. The concordance statistics, which are similar to
the area under the receiver-operating characteristic curve
(ROC), were used to assess the ability of the statistical
model to predict mortality of the patients. They ranged
from 0.5 (no predictive ability) to 1 (perfect predictive
ability). A two-tailed P-value below 0.05 was considered
significant. Stata/SE 9.0 for Windows (StataCorp LP,
TX) was used for statistical analyses. The Kaplan-Meier
method was used for survival curves and the survival
rates between groups were compared using a log-rank
test.

RESULTS
Patients
Fifty-five patients with liver cirrhosis were included.
There were 43 men and 12 women, with a median age
of 60 years (range, 19-84). The etiology of liver cirrhosis
was viral in 32 patients, alcoholic in 13 patients, and cardiac in eight patients. Thirteen patients underwent emergency operation, and four patients had previous cardiac
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in 38 patients (69%) and included cardiac in 18 patients,
infectious in 16, and renal in 14. The in-hospital mortality
rate was 16.4%. The causes of in-hospital death included
cardiogenic shock in four, sepsis in two, hepatic failure
in one, multiple organ failure in one, and ischemic bowel
disease in one. Late death occurred in 15 patients. The
causes of late death included sepsis in three, hepatic failure in three, heart disease in three, stroke in two, massive
gastrointestinal bleeding in one, and unknown cause in
three. The actuarial survival rates were 70%, 64%, 56%,
and 44% at 1, 2, 3, and 5 years after surgery, respectively.
Follow-up was complete for all patients, and the median
follow-up duration was 28.6 mo (IQR: 3.2-68.4).

Table 1 Patient demographics stratified by Child-TurcottePugh classification
All patients
Case number
55
Male gender
43
Median age in
60 (51, 71)
years
Co-morbidities
Diabetes
15
mellitus
Hypertension
16
Etiology of liver cirrhosis
Viral
32
Alcoholic
13
Cardiac
8
Pre-operative serum level
Bilirubin
1.3 (0.9, 2.4)
(mg/dL)
Albumin
3.6 (3.1, 4.0)
(g/dL)
INR
1.2 (1.1, 1.3)
Platelet count
119 (91, 176)
(K/L)
Hemoglobin
11.2 (9.6, 13.1)
(g/dL)
Creatinine
1.2 (1.0, 1.9)
(mg/dL)
MELD Score
11 (8, 16)
EuroSCORE
2.6 (1.6, 3.6)
Operation-related variables
Emergency
13
operation
CABG
13
OPCAB
7
Postoperative
complications
Bleeding
9
Cardiac
18
Pulmonary
11
2
Gastrointestinal
Hepatic
12
Renal
14
Neurological
7
Infectious
16
ICU stay in
3 (2, 13)
days
Hospital stay
17 (12, 36)
in days
Mortality
In-hospital
9 (16.4%)
3-mo
10
1-yr
15
2-yr
17
3-yr
18
5-yr
20
Follow-up
28.6 (3.2, 68.4)
duration (mo)

Child-Turcotte-Pugh Class
A

B and C

P value

30
22
64.5 (56, 71)

25
21
53 (45, 63)

0.514
0.025

13

2

0.005

12

4

0.075

21
7
1

11
6
7

0.052
0.954
0.018

Child classification
There were 30 patients in Child class A, 20 in Child B,
and five in Child C. Patient demographics and operative
results stratified by mild (Child A) and advanced (Child
B and C) liver cirrhosis are shown in Table 1. Patients
with advanced liver cirrhosis were younger in age, had a
lower level of preoperative blood hemoglobin, and had a
lower rate of diabetes mellitus. There was no difference
in preoperative EuroSCORE, operative status and types
of surgical procedures. Although patients with advanced
liver cirrhosis had a longer hospital stay, there were no
significant differences of major postoperative complications, in-hospital mortality and late mortality rates up to 5
years between patients with mild and advanced liver cirrhosis (Table 1). As shown in Figure 1, the survival rates
of patients with Child class A, B, and C 83%, 85%, 80%
at hospital discharge and were 47%, 39%, 50% at 5 years
after surgery.

1.01 (0.84, 1.37) 2.41 (1.11, 4.13) < 0.001
3.8 (3.3, 4.2)

3.1 (2.8, 3.7)

0.002

1.14 (1.04, 1.2)
127.5 (94, 199)

1.3 (1.15, 1.5)
119 (82, 147)

0.001
0.163

12.4 (11, 13.7) 10.3 (9.4, 11.6)

0.005

1.2 (0.9, 1.6)

1.2 (1, 2)

0.762

9 (7, 11)
2.8 (2, 4.8)

15 (11, 22)
2.2 (1.5, 3.1)

< 0.001
0.168

7

6

1.000

10
6

3
1

0.110
0.112

3
8
7
1

6
10
4
1

0.273
0.294
0.736
1.000

8
8
4
8
3 (2, 16)

0.114
0.309
0.689
0.665
0.368

27 (16, 41)

0.042

4
6
3
8
3 (2, 7.5)
13.5 (10, 32)

5 (16.7%)
4 (16%)
5
5
6
9
8
9
9
9
10
10
31.4 (5.6, 64.3) 22.8 (3.0, 62.4)

1.000
0.750
0.136
0.391
0.890
0.709
0.697

Continuous variables were expressed as the median (interquartile range).
CABG: Coronary artery bypass grafting; ICU: Intensive care unit; INR:
International normalized ratio; MELD: Model for end-stage liver disease;
OPCAB: Off-pump coronary artery bypass surgery; WBC: White blood
cell count.

surgery. Sixteen patients underwent combined surgical
procedures. Major postoperative complications occurred
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Logistic regression
As shown in Table 2, we used univariate and multivariate
stepwise logistic regression to identify independent predictors for early and late mortality. Patient data were compared between survivors and non-survivors at the time
points of hospital discharge, 3 mo, 1 year, 2 years, 3 years
and 5 years after surgery. Variables listed in Table 1 were
included in the analysis. In Table 2, only variables with
statistically significant odds ratios for mortality in multivariate analysis are listed. Among them, the preoperative
level of serum bilirubin, the EuroSCORE and the procedure of coronary artery bypass grafting (CABG) were
independent risk factors for early and late mortality. The
Child class and MELD score were not. The predicting
value of serum bilirubin was significant at 1 year, 2 years,
3 years and 5 years after operation. The predictive value
of the EuroSCORE was significant at hospital discharge,
3 mo, 1 year, and 2 years after surgery. CABG also affected the mortality at 3 mo, 3 years and 5 years after surgery.
The odds ratios of the EuroSCORE decreased gradually
with time (Table 2).
Survival
The survival rates stratified by the Child class, MELD
score and EuroSCORE are shown in Figures 1A-C.

12610

September 21, 2014|Volume 20|Issue 35|

Lin CH et al . Cardiac surgery in liver cirrhosis

A

Kaplan-Meier survival curve grouped by Child classification

Probability of survival

1.00
Child A
Child B
Child C

0.75

0.50

0.25

0.00
0
Number at risk
Child A
Child B
Child C

30
20
5

B

50
100
Duration of follow-up (mo)
10
3
8
4
2
1

150
2
2
0

Kaplan-Meier survival curve stratified by MELD score
MELD < 11
MELD ≥ 11

Probability of survival

1.00

0.75

0.50

0.25

0.00
0
Number at risk
MELD < 11
MELD ≥ 11

24
28

C

50
100
Duration of follow-up (mo)
9
4
10
4

150
3
1

Kaplan-Meier survival curve stratified by EuroSCORE

Probability of survival

1.00

0.75

EuroSCORE < 3.3
EuroSCORE ≥ 3.3

0.50

0.25

0.00
0
Number at risk
EuroSCORE < 3.3
EuroSCORE ≥ 3.3

40
15

50
100
Duration of follow-up (mo)
18
8
2
0

150
4
0

Figure 1 Stratified Kaplan-Meier survival curves. A: Child-Turcotte-Pugh class A, B and C; B: Model for End-Stage Liver Disease score; C: EuroSCORE. Comparison between groups by log-rank test. MELD: Model for End-Stage Liver Disease.
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Table 2 Risk factors for death by stepwise logistic regression at different times after operation: odds ratios with P value < 0.05
In-hospital
Patient number
Death
Mortality rate (%)
Bilirubin
EuroSCORE
CABG

55
9
16.4
2.17b (1.32-3.59)

3 mo
55
10
18.2
1.92b (1.19-3.09)
7.14 (1.12-45.58)

1 yr

2 yr

3 yr

5 yr

50
15
30
1.86 (1.11-3.14)
1.68 (1.10-2.58)

47
17
36.2
1.83 (1.05-3.20)
1.57 (1.04-2.37)

41
18
43.9
1.74 (1.04-2.89)

36
20
55.6
1.87 (1.02-3.42)

9.00 (1.71-47.48)

10.62 (1.64-68.84)

Data are expressed as odds ratio (95%CI). bP < 0.01 vs control. CABG: Coronary artery bypass grafting.

Table 3 Risk factor for death by Cox hazard proportional models-hazard ratios
Crude
Male gender
Bilirubin
EuroSCORE
Multiple procedures
CABG

Full model

b

b

0.30 (0.13-0.68)
1.26a (1.03-1.55)
1.44b (1.22-1.71)
2.53a (1.08-5.91)
2.90a (1.25-6.75)

Reduced model

0.26 (0.10-0.69)
1.22 (0.96-1.55)
1.46b (1.18-1.81)
1.31 (0.51-3.37)
4.05b (1.47-11.20)

0.32b (0.14-0.75)
1.24a (1.01-1.54)
1.42b (1.15-1.74)
3.34b (1.33-8.38)

a

P < 0.05; bP < 0.01 vs control. CABG: Coronary arteries bypass grafting.

Patients with preoperative EuroSCORE > 3.3 had a significant improved survival rates after operation (Figure
1C). However, the MELD score > 11 (Figure 1B) and
advanced liver cirrhosis (Child class B and C) (Figure 1A)
were not significant risk factors for mortality at any time
point after surgery.
Cox regression
We used the Cox proportional hazard models for risk
factor analysis with regard to time. The variables listed in
Table 1 were included in the analysis. Univariate analysis
revealed five risk factors and only four of them were
independent in multivariate analysis (Table 3). Multivariate analysis identified male gender, preoperative level of
serum bilirubin, the EuroSCORE, and CABG as the independent predictors for early and late mortality.
ROC
In a comparison of Child class, MELD score and EuroSCORE, we found that the Child classification was
the least relevant to surgical outcome, with a ROC area
of 0.5034, followed by 0.5307 for the MELD score.
The ROC area of the EuroSCORE was 0.6008, and
that of the serum level of bilirubin was 0.6237. The
EuroSCORE was the most significant risk determinant
for cardiac surgery in cirrhotic patients, rather than the
Child classification and MELD score. The ROC area of
the EuroSCORE in Cox model was 0.7151, and the concordance statistics was 0.804, indicating that the EuroSCORE predicted surgical mortality better than the other
scores.

DISCUSSION
In this study, we investigated the predictive factors of
early and late mortality in cirrhotic patients undergoing
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cardiac surgery. The in-hospital mortality was 16.4% in
the total cohort of 55 cirrhotic patients undergoing cardiac surgery. The early and late mortality identified in this
study was comparable with other published reports[1-14].
We found a significantly higher risk for in-hospital, 3 mo,
1 year, 2 years and 3 years mortality in patients with a
high EuroSCORE. Surprisingly, Child class and MELD
score failed to predicted either early or late mortality. The
Kaplan-Meier survival curves further confirmed the predictive role of the EuroSCORE, but not Child class and
MELD score. We further identified preoperative level of
serum bilirubin and the CABG procedure as independent
predictors of overall mortality.
Risk prediction
Several specific scores, such as the EuroSCORE, exist to
assess the risk of operative mortality in cardiac surgery.
However, the presence and/or severity of liver cirrhosis
have not been included in established models of predicting cardiac surgical risk. In patients with liver cirrhosis,
specific scores are needed to evaluate the surgical risk.
Many medical tools are used beyond their original
intended scope, and often become the standard of care
in their new application. The Child score and Child classification were originally designed to predict results after
surgery for portal hypertension in patients with liver cirrhosis. It has been used to predict operative mortality in
cirrhotic patients after abdominal surgery. The MELD
score was originally designed to prioritize organ allocation in patients awaiting liver transplantation, and it has
been shown to reflect the 3-mo mortality in patients with
end-stage liver cirrhosis. Both Child class and MELD
score have been used to predict the results of cardiac
surgery in patients with liver cirrhosis[5,7,9-14]. The general
consensus is that cardiac surgery can be performed safely
in patients with Child class A liver cirrhosis and in se-
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lected patients with Child class B liver cirrhosis, but is not
recommended in patients with Child class C liver cirrhosis[1-5,7-15]. However, the variables used in Child score were
not the result of objective systematic analysis, but rather
emerged from clinical experience of small case numbers.
Clinicians must determine subjectively the degree of encephalopathy and ascites. The Child score, therefore, is
prone to inter-observer variation. On the other hand, the
MELD score consists of three objective variables: serum
international normalized ratio, total bilirubin, and creatinine levels. The MELD score uses objective parameters
and is easy to calculate. The majority of previous studies
have demonstrated equivalence or superiority of MELD
to Child class in predicting risk[5,10,12,14]. However, other
investigators did not agree[7,12,13].
In this study, we used univariate and multivariate
logistic regression and Cox regression analysis to determine which scores or variables were most predictive of
early and late mortality. The calculated EuroSCORE was
highly statistically significant. Serum bilirubin and CABG
were also statistically significant. Notably, Child class and
MELD score were not significant in our statistical analysis. The EuroSCORE evaluated several different risk factors, including patient-related, cardiac-related and operation-related factors. Our results showed that preoperative
cardiac function and the type of surgical procedure were
the critical contributors to postoperative mortality.
Advanced liver cirrhosis
Except for our previous report in 2005[6], all other studies in the literature recommended that cardiac surgery is
not performed in patients with advanced liver cirrhosis,
especially in Child class C[1-5,7-15], because the perioperative
mortality rate was 75%-100%. Although there has been a
gradual improvement of the operative results in patients
with Child class B liver cirrhosis, no improvement was
observed in patients with Child class C liver cirrhosis[7].
However, some patients with Child class C liver cirrhosis
were facing life-threatening diseases, such as infective endocarditis and severe heart failure, and no therapeutic option other than a cardiac surgical procedure was available.
Cardiac surgery should be performed immediately. In
this study, we demonstrated that cardiac surgery can be
performed safely in patients with advanced liver cirrhosis,
even in Child class C liver cirrhosis or with the MELD
score > 11. The rates of major postoperative complications and mortality were not significantly increased. The
results of the current study do not mean that the severity of liver cirrhosis has no impact on surgical risk and
outcome for cardiac surgery in this patient group. The
current study and the published literature suggest that advanced liver cirrhosis alone should not preclude patients
from cardiac surgery. Rather, other predictors, including
patient-related, cardiac-related and procedure-related factors, should be taken into consideration in risk stratification. In addition, the EuroSCORE might provide be better at predicting postoperative mortality than the Child
class or MELD score.
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Study limitation
Although our study population was larger than most
previous reports[1-9,11-13], this study was still limited by the
relatively small case number and its retrospective nature.
However, this study provided important information.
First, our study included an analysis of late outcome,
up to 5 years. Second, we found that the EuroSCORE
was valid for predicting overall mortality. Child class and
MELD scores were not good enough to predict early and
late outcome after cardiac surgery in patients with liver
cirrhosis. Further validation of the EuroSCORE in large
datasets is required.
In conclusion, advanced liver cirrhosis with Child B
and C and high MELD score should not preclude patients from cardiac surgery. Preoperative levels of serum
bilirubin, EuroSCORE, and CABG were major predictors of early and late mortality.
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Abstract
AIM: To identify risk factors contributing to the development of combined hepatocellular-cholangiocarcinoma
(CHC) in China.
METHODS: One hundred and twenty-six patients with
CHC and 4:1 matched healthy controls were interviewed during the period from February 2000 to October 2012. Logistic regression analysis was used to calculate odds ratios (OR) and 95% confidence intervals
(CI) for each risk factor.
RESULTS: Univariate analysis showed that the significant risk factors for CHC development were hepatitis
B virus (HBV) infection, heavy alcohol consumption,
a family history of liver cancer, and diabetes mellitus. Multivariate stepwise logistic regression analysis
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showed that HBV infection (OR
13.260-27.931) and heavy alcohol
2.186, 95%CI: 1.070-4.466) were
contributing to the development of

= 19.245, 95%CI:
consumption (OR =
independent factors
CHC.

CONCLUSION: HBV infection and heavy alcohol consumption may play a role in the development of CHC in
China.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Risk factors; Combined hepatocellular-cholangiocarcinoma; Hepatitis B virus; Alcohol consumption; Epidemiology
Core tip: Combined hepatocellular-cholangiocarcinoma
(CHC) is a rare form of primary liver malignancy that
includes intimately mixed elements of both hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC). Although risk factors for the development
of HCC and ICC have been studied extensively, the
etiology of CHC remains unknown. We carried out a
hospital-based case-control study to identify risk factors
contributing to the development of CHC in China.
Zhou YM, Zhang XF, Wu LP, Sui CJ, Yang JM. Risk factors for combined hepatocellular-cholangiocarcinoma: A
hospital-based case-control study. World J Gastroenterol 2014;
20(35): 12615-12620 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i35/12615.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12615

INTRODUCTION
Histologically, primary liver cancer can be grossly classified
as either hepatocellular carcinoma (HCC) arising from hepatocytes or intrahepatic cholangiocarcinoma (ICC) arising
from the bile duct epithelium. Combined hepatocellular-
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cholangiocarcinoma (CHC) is a rare form of primary liver
malignancy that includes intimately mixed elements of both
HCC and ICC[1]. Although risk factors for the development
of HCC and ICC have been studied extensively, the etiology
of CHC remains unknown. The aim of the present hospitalbased case-control study was to identify risk factors for the
development of CHC.

MATERIALS AND METHODS
Cases and controls
One hundred and twenty-six patients were treated for
CHC between February 2000 and October 2012 in the
Eastern Hepatobiliary Surgery Hospital of the Second
Military Medical University in Shanghai, China. The pathological specimens were obtained from hepatectomy (n =
123) or needle biopsy (n = 3). The diagnosis of CHC was
made based on a combination of histological findings
and immunohistochemical staining. The immunoreactivity of HCC component for hepatocyte paraffin 1 (Hep
Par 1) but not cytokeratin (CK)7/19, and the reactivity
of ICC component for CK7/19 but not Hep Par 1 were
confirmed. Patients diagnosed with other cancers within
5 years before the date of CHC diagnosis were excluded.
Hospital controls without diagnoses of cancers matched
4:1 with the CHC patients by age (± 2 years) and sex were
selected from individuals who underwent routine health
examinations in the same hospital. This study was conducted in accordance with the Helsinki Declaration and
the guidelines of the ethics committee at our institution.
Data collection
All information was obtained by review of the complete
medical histories from the patient archives. The following
data were recorded: (1) daily habits including alcohol consumption and smoking; (2) other medical conditions such
as primary sclerosing cholangitis (PSC), inflammatory bowel
disease (IBD), hepatolithiasis, liver fluke (Clonorchis sinensis
or Opisthorchis viverrini) infestation, diabetes mellitus (DM),
and hypertension; (3) information concerning hepatitis B
virus (HBV) and hepatitis C virus (HCV) infections; and (4)
information concerning cancer on the family history in firstdegree relatives (parents, siblings, and children).
Total alcohol intake was assessed in grams of ethanol
consumed per day (g/d) according to the mean ethanol
content of wine (12% by volume), beer (5%) and white
spirit (40%), based on which an overall measure of lifetime alcohol intake was then calculated. Heavy alcohol
consumption was defined as drinking at least 80 g of
alcohol per day[2]. A smoker was defined as someone who
had smoked one cigarette or more per day for more than
1 year. Heavy smokers were defined as those who had >
20 pack-years of smoking[3].
Blood samples were taken from all patients on the
first morning of hospital admission, and tested for HBV
surface antigen (HBsAg) and anti-HCV antibody using a
commercial ELISA kit (Abbott Laboratories, North Chicago, IL, United States).
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Statistical analysis
Univariate analyses were performed using the χ 2 or
Fisher’s exact test for categorical variables and t test for
continuous variables. Multivariate logistic regression was
performed to identify independent factors for CHC development. Odds ratios (OR) and 95%CI were calculated
for each risk factor. A P-value < 0.05 was considered
statistically significant. These analyses were performed
using SPSS 11.0 software (SPSS Inc., Chicago, IL, United
States).

RESULTS
The CHC patients and healthy controls had a similar
mean age (57.7 years vs 58.4 years) and consisted of a
similar proportion of men (82.5% vs 82.5%). Univariate
analysis showed that HBV infection, heavy alcohol consumption, a family history of liver cancer and DM were
possible risk factors contributing to the development of
CHC. The prevalence of HCV infection, hypertension,
hepatolithiasis and cigarette smoking were not significantly associated with the risk of CHC development
(Table 1).
None of the 126 CHC patients had PSC, IBD, or liver
fluke infestation. Histopathologic examination showed
that 81 (64.3%) patients had liver cirrhosis, 69 of whom
were serologically positive for HBV. As no information
about liver cirrhosis of the controls was available, we
were unable to estimate the magnitude of CHC risk associated with the factor.
Multivariate stepwise logistic regression analysis
showed that HBV infection (OR = 19.245, 95%CI:
13.260-27.931) and heavy alcohol consumption (OR =
2.186, 95%CI: 1.070-4.466) were independent.

DISCUSSION
CHC is a rare entity that represents 1.0%-4.7% of primary liver malignancies[1]. Although the clinicopathologic
features and radiological presentations of CHC have
been studied extensively[4-14], little is known about risk
factors for its development.
To the best of our knowledge, this is the first hospital-based case-control study in China to examine risk factors for CHC. Our results suggest that HBV infection is
a strong risk factor for the development of CHC, which
is similar to what is noted in HCC and ICC[15]. We did
not observe any significant association between HCV infection and CHC. HBV infection is more common than
HCV infection in China. Previous studies indicated that
prevalence of HCV infection in CHC patients ranged
from 0% to 70% and that of HBV infection from 7.6%
to 92.8% (Table 2)[4-14,16-36]. The disparities between these
series may be mainly attributed to the geographic and
ethnic differences in the prevalence of viral hepatitis.
The mechanism underlying the more likelihood of
CHC development in patients infected with HBV remains
unclear. Hepatic progenitor cells (HPCs), also known as
oval cells, which are located in the ductules and/or canal
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Table 1 Univariate analysis of risk factors for combined hepatocellular-cholangiocarcinoma n (%)
Risk factor
HBV
HBsAg (-)
HBsAg (+)
HCV
HCV-Ab (-)
HCV-Ab (+)
Heavy smoking
No
Yes
Heavy alcohol consumption
No
Yes
Diabetes mellitus
No
Yes
Hypertension
No
Yes
Hepatolithiasis
No
Yes
Family history of liver cancer
No
Yes
Family history of other malignancies
No
Yes

Cases (n = 126)

Controls (n = 504)

OR (95%CI)

38 (30.2)
88 (69.8)

446 (88.5)
58 (11.5)

1 (Reference)
17.808 (11.145-28.452)

125 (99.2)
1 (0.8)

502 (99.6)
2 (0.4)

1 (Reference)
2.008 (0.181-22.322)

88 (69.8)
38 (30.2)

371 (73.6)
133 (26.4)

1 (Reference)
1.205 (0.784-1.850)

105 (83.3)
21 (16.7)

457 (90.7)
47 (9.3)

1 (Reference)
1.945 (1.115-3.392)

113 (89.7)
13 (10.3)

479 (95.0)
25 (5.0)

1 (Reference)
2.204 (1.094-4.443)

110 (87.3)
16 (12.7)

443 (87.9)
61 (12.1)

1 (Reference)
1.056 (0.586-1.903)

124 (98.4)
2 (1.6)

501 (99.4)
3 (0.6)

1 (Reference)
2.694 (0.445-16.294)

108 (85.7)
18 (14.3)

489 (97.0)
15 (3.0)

1 (Reference)
5.433 (2.655-11.120)

99 (78.6)
27 (21.4)

386 (76.6)
118 (23.4)

1 (Reference)
0.892 (0.556-1.431)

P value
< 0.001

0.563

0.395

0.018

0.024

0.855

0.262

< 0.001

0.636

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HbsAg: Hepatitis B surface antigen; HCV-Ab: Anti-HCV antibody.

of Hering and are thought to differentiate into either
hepatocytes or cholangiocytes, can give rise to hepatic
malignancies. Theise et al[37] found that the tumors contained undifferentiated cells that merged with both HCC
and ICC components as well as with mature appearing
hepatocytes. The morphological and immunohistochemical features of these cells are strikingly similar to those
of HPCs. In addition, tumor cells of transition zone
in CHC have been shown to frequently express HPC
markers such as CK7, CK19 and c-kit[24]. Furthermore,
Suzuki et al[38] demonstrated that HPCs isolated from
the 3,5-diethoxycarbonyl-1,4-dihydrocollidine-treated
p53-null mouse liver could form tumors with some
characteristics of both HCC and ICC in NOD/SCID
mice. Therefore, it could be postulated that CHC may
derive from HPCs undergoing a malignant transformation. Hepatitis B virus X (HBX) protein, a small 17-kDa
soluble protein, functions as a transcriptional activator
that is implicated in HBV-associated hepatocarcinogenesis. There is evidence that HBX treatment resulted in an
increase in the S phase cell cycle fraction and a decrease
in apoptosis of HPCs[39].
Cirrhosis was identified in 64.3% CHC cases in our
series. Indeed, most CHC patients have underlying cirrhosis in a world context (Table 2). It is possible that
cirrhosis is a premalignant condition that predisposes to
CHC, as is the case with HCC and ICC.
In addition to the association with HBV infection,
our study also revealed an association between CHC and
heavy alcohol consumption. It is possible that this associa-
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tion is related to alcoholic liver disease including cirrhosis.
Many studies have examined the association between
DM and HCC or ICC and yielded inconsistent findings[40,41]. DM is suggested as a risk factor for nonalcoholic fatty liver disease and more severe nonalcoholic steatohepatitis, which can lead to liver fibrosis, cirrhosis, and
subsequently to liver cancer[40]. HCV, a well-known risk
factor for HCC and ICC, was also reported to be associated with DM[42]. A case-control study from the United
States reported that DM increased the risk of HCC (OR
= 1.57) only in the presence of HCV, HBV, or alcoholic
cirrhosis but not in cases without these risk factors (OR
= 1.08)[43]. Similarly, another case-control study from the
United States reported that DM was not a significant
risk factor for ICC after controlling for race, age, gender,
HCV, HBV, and heavy drinking[44]. Univariate analysis of
the present study showed that DM was a significant risk
for CHC, but multivariate analysis failed to confirm this
association. It is possible that that DM might be a confounding factor associated with other risk factors rather
than a true risk factor per se.
We also observed a relationship between a family history of liver cancer and the risk of CHC, but this effect
was not confirmed by multivariate analysis. HBV infection is thought to be one of the main environmental factors responsible for familial aggregations of liver cancer.
In the current study, the proportion of HBsAg positivity
was higher in CHC patients with a family history of liver
cancer than those without a family history of liver cancer (88.9% vs 66.7%; P = 0.057). It is possible that in the
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Table 2 Rates of cirrhosis, hepatitis B virus and hepatitis C virus infection in studies with more than 10 cases of combined
hepatocellular-cholangiocarcinoma
Author

Country

Year

No. of

Male/Female

patients
Aoki et al[4]
Haratake et al[5]
Maeda et al[6]
Taguchi et al[7]
Sasaki et al[8]
Yano et al[9]
Sanada et al[10]
Aishima et al[11]
Wakasa et al[12]
Ariizumi et al[13]
Akiba et al[14]
Koh et al[16]
Lee et al[17]
Shin et al[18]
Kim et al[19]
Kim et al[20]
Lee et al[21]
Park et al[22]
Zuo et al[23]
Zhang et al[24]
Yu et al[25]
Yin et al[26]
Zhan et al[27]
Yap et al[28]
Lee et al[29]
Ng et al[30]
Chantajitr et al[31]
Phongkitkarun et al[32]
Jarnagin et al[33]
Panjala et al[34]
Cazals-hatem et al[35]
Portolani et al[36]

Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Korea
Korea
Korea
Korea
Korea
Korea
Korea
China
China
China
China
China
Taiwan
Taiwan
Hong Kong
Thailand
Thailand
USA
USA
France
Italy

1993
1995
1995
1996
1999
2003
2005
2006
2007
2011
2013
2005
2006
2007
2009
2010
2011
2011
2007
2008
2011
2012
2012
2012
2013
1998
2006
2007
2002
2010
2004
2008

20
13
29
23
21
26
11
40
18
44
54
24
33
12
29
50
30
21
15
12
14
103
27
11
65
21
25
10
27
12
15
18

Age
year

18/2
10/3
27/2
15/8
NA
23/3
7/4
36/4
14/4
31/11
45/9
16/8
22/11
11/1
23/6
41/9
26/4
15/6
11/4
8/4
12/2
83/20
24/3
8/3
48/17
18/3
18/7
7/3
14/13
8/4
14/1
NA

1

55.8
64.8
59.8
64.0
NA
57.0
66.4
58.1
56.7
65.0
66.0
55.0
52.0
48.1
53.0
56.3
61.1
59.0
49.0
48.0
53.6
50.0
58.3
61.0
55.7
49.7
53.4
53.5
61.0
61.0
59.8
NA

Cirrhosis

HBsAg

HCV-Ab

n (%)

n (%)

n (%)

12 (60)
11 (84.6)
10 (34.5)
9 (39)
17 (80.9)
14 (54)
5 (46)
11 (27.5)
5 (27.7)
23 (52)
14 (25.9)
13 (54.2)
16 (48.5)
8 (66.6)
17 (58.6)
27 (54)
22 (73.3)
13 (62)
11 (73.3)
7 (58.3)
10 (71.4)
69 (66.9)
10 (37)
8 (72)
27/47 (57.4)
10 (47.6)
11 (50.0)
5 (50)
0
10 (83.3)
4 (27)
14 (77.7)

5 (25)
1 (7.6)
6 (22.2)
4 (17)
7 (33.3)
7 (27)
5 (46)
17/37 (45.9)
4 (22.2)
11 (25)
14 (25.9)
13 (54.2)
16 (48.5)
9 (75)
22 (75.9)
40 (80)
19 (63.3)
17 (81)
11 (73.3)
7 (58.3)
13 (92.8)
76 (73.4)
8 (29.6)
6 (54)
32 (49.2)
12/16 (75)
12 (66.7)
4 (40)
4 (15)2
2 (16.6)
NA
3 (16.6)

NA
3/5 (60)
10/16 (62.5)
14/20 (70)
5/16 (31.3)
10 (38)
6 (55)
12/32 (37.5)
7/16 (43.8)
24 (55)
21 (38.8)
3 (12.5)
4 (12.1)
1 (8.3)
1 (3.4)
2 (4)
1 (3.3)
0
3 (20)
0
0
1 (0.97)
4 (14.8)
2 (18)
11 (16.9)
NA
2 (13.3)
1 (10)
NA
5 (41.6)
4 (27)
11 (61.1)

1

Mean or median; 2Hepatitis B or C. NA: Not available; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus; HCV-Ab: Anti-HCV antibody.

absence of environmental factors, a familial tendency for
CHC is not expressed.
A study from a United States reported that two of
their 27 CHC patients had documented intrahepatic infection with Clonorchiasis sinensis and Schistosoma mansoni[33].
Hong et al[45] reported a case of CHC from the Philippines with underlying Schistosoma mansoni, maintaining
that the HCC and ICC each developed coincidentally or
subsequently from fibrosis after recurrent inflammation
at the site of Schistosoma mansoni infection. However, no
patient in our series showed evidence of liver fluke infestation. Further research on the etiological relationship
between liver fluke infestation and CHC is needed.
The present study has some limitations. (1) it is a
hospital-based rather population-based study in a single
medical institution, which may lead to selection bias; (2)
the number of CHC cases in our study was small because
of the relatively low incidence of this disease, resulting in
a wide confidence interval in the estimated OR; and (3)
virological factors, including positive HBeAg, genotype
C compared to B, pre-S deletion, precore mutations and
basal core promoter mutations, have been identified to be
associated with an increased risk of HCC[46]. Given the
absence of adequate information concerned in this study,
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further studies are needed to investigate the role of these
virological factors in the development of CHC.
In conclusion, our results suggest that HBV infection and heavy alcohol consumption may be risk factors for CHC in China. Vaccination plays a central role
in HBV prevention strategies worldwide, and a decline
in the incidence of HCC following the introduction of
neonatal HBV vaccination has been observed in China.
Compared with 1980-1983, liver cancer incidence during
1990-1993 significantly decreased 3.4-fold at ages 20-24,
and 1.9-fold at ages 25-29 when the first vaccinees were
< 11 years old[47]. On the other hand, nucleoside analogue
therapy use was found to be associated with reduced risk
of HBV related HCC[48]. Accordingly, vaccination against
and treatment of HBV might have the potential benefits
in prevention of CHC. Additional studies regarding this
issue are warranted.
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mal and inflammatory intestinal segments.

Abstract

Core tip: To date, nearly all the articles regarding diffusion-weighted imaging (DWI) utility in active Crohn’s
disease chose relatively lower b values, and the examinations were finished on 1.5T magnetic resonance (MR)
scanners. In our study, we try to investigate the appropriate b value of DWI on a high field MR scanner. Dur2
ing scanning, we adopted a low b value (800 s/mm ), a
2
high b value (1500 s/mm ) and two very high b values
2
(2000 and 2500 s/mm ). Our findings suggested that
2
the b value of 1500 s/mm would be appropriate and
when DWI was adopted on a 3.0T MR scanner, a high b
value should be applied.

AIM: To determine the optimal b value of diffusionweighted imaging for detecting active inflammation in
Crohn’s disease.
METHODS: Thirty-one patients clinically diagnosed
with active Crohn’s disease were referred for magnetic
resonance examination. All patients were scanned on a
3.0T magnetic resonance scanner using the same protocol involving four different b values (800, 1500, 2000
2
and 2500 s/mm ). The diagnostic effect of diffusionweighted imaging was evaluated and compared with
endoscopic findings. The diffusion-weighted image
quality of four b value groups was evaluated and apparent diffusion coefficient was measured for both nor-
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RESULTS: The contrast-to-noise ratio and signal-tonoise ratio were not satisfied when b value 2000 or
2
2500 s/mm was adopted (36.52 ± 14.95 vs 34.78 ±
24.83, P > 0.05; 53.58 ± 23.45 vs 47.58 ± 29.67, P >
0.05). The qualitative image quality was not enough
to meet diagnostic requirement. No matter which b
value was chosen, the apparent diffusion coefficient
of inflammatory intestinal segments was significantly
lower than that of normal intestinal segments (1.38 ±
0.28 vs 2.00 ± 0.38, P < 0.01; 1.09 ± 0.20 vs 1.50 ±
0.28, P < 0.01; 0.95 ± 0.19 vs 1.34 ± 0.28, P < 0.01;
0.88 ± 0.14 vs 1.20 ± 0.21, P < 0.01). The lesion detection rate (90.32%), diagnostic sensitivity (81.18%)
and specificity (95.10%) would be appropriate when b
2
value 1500 s/mm was adopted.
CONCLUSION: High b value is suitable for intestinal
DW examination on a high field MR scanner.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Crohn’s disease activity index
Signs and symptoms

INTRODUCTION
Crohn’s disease (CD) is a chronic and relapsing inflammatory disorder of unknown cause that affects mainly
young people[1]. Because of its broad availability and high
spatial resolution, computed tomography (CT) based
imaging, especially CT enterography, has become the
most widely used cross-sectional imaging technology
for Crohn’s disease[2]. Growing concern about the flaw
intrinsic to CT technology is the radiation utilized to
generate the images. Magnetic resonance enterography,
which offers the advantage of multi-planar capability
and lacks ionizing radiation has proven to be a clinically
useful technique for the evaluation of CD, particularly in
younger patients[3]. Diffusion-weighted imaging (DWI)
has been widely used for intracranial diseases and for the
evaluation of various abdominal organs with increasing
frequency in recent years[4-6]. It derives its image contrast
from differences in the motion of water molecules between tissues[7]. The b value refers to the strength of the
diffusion sensitizing gradient. The sensitivity of the diffusion sequence is adjusted by varying the b value, which is
most readily achieved by altering the gradient amplitude.
High b value DWI was commonly used in the evaluation of the central nervous system. The b values applied
in the stroke studies with DWI could reach 1500 to 5000
s/mm2[8]. In abdominal MR examinations, b value 2000
s/mm2 was reported in prostate cancer detection[9,10] and
1000 s/mm2 was reported in pancreatic neuroendocrine
tumor diagnosis[11]. To date, there were only a few articles about the utility of DWI for patients with active
Crohn’s disease. Each of them chose a relatively lower b
value, and the examinations were finished on 1.5-T MR
scanners. None of these articles adopted a b value higher
than 1000 s/mm2[12-14].
The purpose of our study was to determine the optimal b value when DWI was adopted in 3.0-T MR scanning for detecting active inflammation in patients suffering from Crohn’s disease.

MATERIALS AND METHODS
Patients
From September 2010 to October 2011, 31 CD patients
clinically diagnosed with active inflammation were referred for MR examination. There were 20 men and 11
women enrolled in this study with a mean age of 28 years
(range 17 to 63 years). Clinical activity was assessed based
on the following criteria: (1) Crohn’s disease activity index
> 150 (Table 1); (2) C-reactive protein (CRP) > 8 mg/L;
and (3) erythrocyte sedimentation rate (ESR) > 20 mm/h.
All the patients accepted small and large intestinal endos-
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Multiplication factor

Number of liquid or very soft stools per day in a
week
Abdominal pain (0 = none; 1 = mild; 2 = moderate;
3 = severe)
Number of complications
Taking loperamide/opiates for diarrhea (0 = no,
1 = yes)
Abdominal mass (0 = none, 2 = questionable, 5 =
definite)
Hematocrit: male (47-Hct); female (42-Hct)
Percentage below predicted body weight
Evaluation

2
5
20
30
10
6
1
< 150: remission
150-450: moderatesevere
> 450: very serious

copy. The small intestinal endoscopy was conducted via
a per-anal route. Institutional review board approval was
obtained and informed consent was waived for this retrospective study, which complied with the Health Insurance
Portability and Accountability Act of 1996.
MR protocol
The MR imaging examination was performed using a
3.0-T GE scanner (Signa Excite; GE HealthCare, Milwaukee, WI, United States). Patients fasted for 8 h before
MR examinations and took 1000 mL solution of Polyethylene Glycol Electrolyte Powder (Wanhe Inc., Shenzhen,
China) to clean the small and large intestine. About an
hour before MR scanning, another 1000 mL solution of
Polyethylene Glycol Electrolyte Powder was administered
orally to each patient. Scopolamine 10 mg (Shanghai
Xinyi Pharmaceuticals Co., Ltd., Shanghai, China) was
administered intramuscularly 10 min before the examination started. All patients were routinely scanned with an
8-channel, phased-array body coil in the supine position.
All sequences except T1W imaging were scanned using
the respiratory-triggering technique.
T2-weighted single shot fast spin-echo images were
acquired in axial and coronal planes. The scan parameters were as follows: TR/TE, 2000-3400/68 ms; slice
thickness, 5 mm; interslice gap, 0 mm; matrix, 384 × 192;
FOV, 42 cm × 25 cm; NEX, 0.6; SENSE factor, 2. Axial
T1-weighted three-dimensional fast spoiled gradient
echo was acquired with the breath-holding technique:
TR/TE, 310/2.5 ms; slice thickness, 6 mm; interslice
gap, 0 mm; matrix, 288 × 192; FOV, 35 cm × 25 cm;
NEX, 0.5; SENSE factor, 2.
Diffusion-weighted MR images were acquired in the
transverse plane using the single-shot echo planar imaging technique with parallel imaging and fat suppression
(spectral attenuation inversion recovery). Scan parameters were as follows: TR/TE, 5820-6200/74-78 ms; slice
thickness, 6 mm; interslice gap, 2 mm; matrix, 128 × 96;
FOV, 40 cm × 28 cm; NEX, 4. The frequency direction
was left to right. Diffusion-encoding gradients were ap2
plied as 5 b values from 0 to 2500 s/mm (0, 800, 1500,
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pared with endoscopic results.
The manifestation of intestinal anatomic structure on
DWI was evaluated on a three-point scale as follows: 0 =
both inflammatory and normal intestinal wall structures
were clear, 1 = inflammatory intestinal wall structure was
clear while partial normal intestinal wall structure was
vague, 2 = only partial positive or negative intestinal wall
structure could be identified.

Table 2 Mean contrast-to-noise ratios of four b value diffusion-weighted imaging sequences

b = 800
b = 1500
b = 2000
b = 2500

b = 800

b = 1500

b = 2000

b = 2500

79.30 ± 34.59
P = 0.006
P < 0.01
P < 0.01

P = 0.006
57.66 ± 23.95
P = 0.007
P = 0.003

P < 0.01
P = 0.007
36.52 ± 14.95
P = 0.820

P < 0.01
P = 0.003
P = 0.820
34.78 ± 24.83

Unit of b value in diffusion-weighted imaging is s/mm2.

Quantitative analysis
The signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) in all four different b value groups were measured. Image noise was measured from a large area (approximately 260 cm2) outside the abdominal parenchyma
and defined as the standard deviation of background
signal intensity. The signal contrast and ADCs were be
measured on both normal and inflammatory bowel walls
when these images were properly magnified, and region
of interest (ROI) areas were be determined as large as
possible. On DW images, ROIs were placed on the segments where the signal was the brightest.

Table 3 Mean signal-to-noise ratios of four b value diffusionweighted imaging sequences

b = 800
b = 1500
b = 2000
b = 2500

b = 800

b = 1500

b = 2000

b = 2500

113.98 ± 48.92
P = 0.007
P < 0.01
P < 0.01

P = 0.007
84.77 ± 33.24
P = 0.004
P = 0.001

P < 0.01
P < 0.01
P = 0.004
P = 0.001
53.58 ± 23.45
P = 0.567
P = 0.567
47.58 ± 29.67

Unit of b value in diffusion-weighted imaging is s/mm2.

Table 4 Apparent diffusion coefficient values of four b value
diffusion-weighted imaging sequences
b value (s/mm2)
800
1500
2000
2500

-3

2

ADC value (×10 mm /s)
Inflammatory segments

Normal segments

1.38 ± 0.28
1.09 ± 0.20
0.95 ± 0.19
0.88 ± 0.14

2.00 ± 0.38
1.50 ± 0.28
1.34 ± 0.28
1.20 ± 0.21

Statistical analysis
Statistical analysis was performed using SPSS 11.5. Continuous variables are expressed as mean ± standard deviation and categorical variables as frequencies or percentages. The comparisons of CNR, SNR and ADCs were
performed using one-way ANOVA. The diagnostic effect
between different b value groups was assessed using the χ 2
test.

P value
< 0.01
< 0.01
< 0.01
< 0.01

ADC: Apparent diffusion coefficient.

RESULTS
2

2000 and 2500 s/mm ) along the three orthogonal directions of motion-probing gradients. The apparent diffusion coefficient (ADC) maps were automatically constructed on a pixel-by-pixel basis. Each DWI acquisition
time was less than 5 min. The whole acquisition time of
the entire examination for each patient was approximately 40 min depending on the patients’ respiratory rates.
Qualitative analysis
Image evaluation was performed on a workstation (GE
Healthcare, AW4.2). All images were evaluated by two
experienced gastrointestinal radiologists (4 and 6 years of
experience) who were both blinded to clinical details, as
well as endoscopic results. For any disagreement in the
data analysis, a joint reading session was performed to
reach consensus.
Eight intestinal segments were evaluated for each
patient: proximal ileum (30-130 cm up to the ileocecal
valve), distal ileum (10-30 cm up to the ileocecal valve),
terminal ileum (10 cm up to the ileocecal valve), ascending colon, transverse colon, descending colon, sigmoid
colon, and rectum. On DW images, the intestinal segment was evaluated as positive when it demonstrated
significant high signal intensity on DWI and low signal
intensity on ADC map. The DWI findings were com-
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In the current study, a total of 248 intestinal segments
were evaluated, including 85 positive segments and 163
negative segments. The positive segments included 4
proximal ileum segments, 7 distal ileum segments, 15
terminal ileum segments, 14 ascending colon segments,
10 transverse colon segments, 11 descending colon segments, 11 sigmoid colon, and 13 rectum segments.
Considering the visual image quality of DWI, when
2
b value 800 s/mm was adopted, all cases were evalu2
ated as scale 0. When b value 1500 s/mm was chosen, 4
cases were evaluated as scale 1 and the other 27 cases as
2
scale 0. When b value 2000 s/mm was chosen, 8 cases
were evaluated as scale 1, while the other 23 cases were
2
evaluated as scale 2. When b value 2500 s/mm was chosen, all cases were evaluated as scale 2.
Mean and standard deviation values of measured
SNR and CNR are summarized in Tables 2 and 3. The
2
SNR was decreased by 25.63% on b value 1500 s/mm ,
2
52.99% on b value 2000 s/mm and 58.26% on b value
2
2
2500 s/mm images vs that on b value 800 s/mm images. The CNR was decreased by 27.28% on b value 1500
2
2
s/mm , 46.05% on b value 2000 s/mm and 56.14% on
2
2
b value 2500 s/mm images vs that on b value 800 s/mm
images. This finding suggested that significant differences did exist in mean SNR (F = 17.074, P < 0.01) and
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Table 5 Overall diagnostic assessment of active Crohn's lesions on diffusion-weighted imaging
b value (s/mm2)

TP

FP

FN

TN

Sensitivity

Specificity

Lesion detection rate

800
1500
2000
2500

71
69
62
55

20
8
9
8

12
16
23
30

145
155
154
155

83.53%
81.18%
72.94%
64.71%

88.96%
95.10%
94.48%
95.10%

87.10%
90.32%
87.10%
84.68%

TP: True positive; FP: False positive; FN: False negative; TN: True negative. Unit of b value in diffusion-weighted imaging is s/mm2.

mean CNR (F = 14.920, P < 0.01), except for the group
2
comparison between b value 2000 s/mm and 2500 s/
2
mm .
The ADCs are shown in Table 4. No matter which b
value was chosen, the ADCs of the inflammatory intestinal segments were significantly lower than those of the
normal segments.
The diagnostic assessment of inflammatory segments
on DW images is shown in Table 5. There was no significant difference in lesion detection rate between b value 800
s/mm2 and b value 1500 s/mm2 (χ 2 = 1.288, P = 0.256),
between b value 800 s/mm2 and b value 2000 s/mm2 (χ 2
= 0, P = 1.0), or between b value 800 s/mm2 and b value
2500 s/mm2 (χ 2 = 0.599, P = 0.439). There was also no
significant difference between b value 1500 s/mm2 and b
value 2000 s/mm2 (χ 2 = 1.288, P = 0.256), or between b
value 2000 s/mm2 and b value 2500 s/mm2 (χ 2 = 0.599,
P = 0.439) (Figures 1 and 2).
There was no significant difference in diagnostic sensitivity between b value 800 s/mm2 and b value 1500 s/mm2
(χ 2 = 0.162, P = 0.687), between b value 800 s/mm2 and
b value 2000 s/mm2 (χ 2 = 2.798, P = 0.094), between b
value 1500 s/mm2 and b value 2000 s/mm2 (χ 2 = 1.630,
P = 202), or between b value 2000 s/mm2 and b value
2500 s/mm2 (χ 2 = 1.343, P = 0.246), while a significant
difference did exist between b value 800 s/mm2 and b
value 2500 s/mm2 (χ 2 = 7.850, P = 0.005), and between
b value 1500 s/mm2 and b value 2500 s/mm2 (χ 2 = 5.842,
P = 0.016). There was no significant difference in diagnostic specificity between b value 800 s/mm2 and b value
2000 s/mm2 (χ 2 = 3.271, P = 0.071), between b value
1500 s/mm2 and b value 2000 s/mm2 (χ 2 = 0.062, P =
0.803), between b value 1500 s/mm2 and b value 2500
s/mm2 (χ 2 = 0, P = 1.0), or between b value 2000 s/mm2
and b value 2500 s/mm2 (χ 2 = 0.062, P = 0.803), while
a significant difference did exist between b value 800 s/
mm2 and b value 1500 s/mm2, and between b value 800
s/mm2 and b value 2500 s/mm2 (χ 2 = 4.179, P = 0.041).

DISCUSSION
The utility of DWI for gastrointestinal examination relatively falls behind the utility for other parenchymal organs
in abdomen. So far, DWI is usually acquired in rectal cancer evaluation at relatively high b value (1000 s/mm2), especially during postoperative follow-up for the detection
of local recurrence[15-17]. As far as the bowel inflammation
was concerned, most examinations were completed us-
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ing a 1.0- or 1.5-T MR scanner and the b values of DWI
sequences were relatively lower. Oto et al[12] reported
that dynamic contrast-enhanced MRI and DWI provide
quantitative measures of small bowel inflammation that
can differentiate active inflammatory small bowel segments from normal segments in CD patients with b
values 0 and 600 s/mm2. It was also reported that three
b values (0, 100 and 800 s/mm2) could be used with axial
images through the upper and lower abdomen obtained
in Crohn’s disease[18]. Neubauer et al[19] reported the utility of DWI in children and young adults suffering from
Crohn’s disease with b values 50 and 800 s/mm2. It is
obvious that the optimal b value of MR intestinal scanning was still in argument and no trial of b value higher
than 1000 s/mm2 was conducted, especially on a high
field MR scanner.
In this study, the ADCs of the active inflammatory
segments were lower than those of the normal bowel
segments in all DWI sequences. It was demonstrated
that no matter which b value was chosen, a significant
difference was detected (P < 0.01), although it is also
suggested that there was no way to tell which b value was
better through ADC measurement individually.
When quantitative analysis of image quality was
concerned, it was confirmed that SNR and CNR were
the best when b value 800 was chosen. When higher b
2
values (2000 or 2500 s/mm ) were adopted, SNR and
CNR of DWI images apparently declined. Burdette increased the number of excitations to maintain SNR at
high b values[20], while we did not change the number of
excitations in order to make reliable comparisons. When
qualitative analysis of image quality was concerned, b =
2
2000 or 2500 s/mm was not satisfied for diagnostic requirement.
It was suggested that when low b value was chosen,
the diagnostic sensitivity was higher while the specificity
was lower. The diagnostic sensitivity decreased and the
specificity increased when higher b value was adopted.
Kim et al[10] reported that DW imaging with a b value
of 1000 s/mm2 was more sensitive and more accurate
in localizing prostate cancer than DW imaging with a b
value of 2000 s/mm2 on a 3.0-T MR scanner. However,
some studies focused on high b value DWI in ischemic
stroke supported that high b values might increase the
diagnostic sensitivity in patients with hyper-acute infarction[21-23]. In our study, a b value of 800 s/mm2 had the
best diagnostic sensitivity, while its false positive rate was
also higher, which was due to the fact that the signal in-
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Figure 1 Diffusion-weighted imaging images obtained in a 28-year-old man. The whole colonic inflammation was identified by endoscopy. The high signal intensity of colonic liver flexure and splenic flexure could be recognized on b = 800 s/mm2 (A) and b = 1500 s/mm2 images (B). But when b = 2000 s/mm2 or b = 2500 s/mm2
(C and D) was chosen, the signal intensity was depressed and these two segments were misdiagnosed as negative.

A

B

C

D

Figure 2 Images obtained in a 34-year-old man. There was high signal intensity in the sigmoid colon and rectum when b value 800 s/mm2 (A) was chosen. But
when b value 1500 s/mm2 to 2500 s/mm2 (B-D) was chosen, the high signal was apparently depressed. It was confirmed that the sigmoid colon and rectum were normal by colonic endoscopy.
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tensity of normal intestine was not suppressed enough.
Therefore, although the image quality and diagnostic
sensitivity were pretty good when b value 800 s/mm2 was
adopted, the lesion detection rate was not good because
its diagnostic specificity was not satisfied. The false high
signal intensity of normal intestinal segments might be
partially due to the mucus covering the intestinal mucosa. It is possible that the utility of higher b values might
increase diffusion specificity by diminishing the hyper-intensity in intestinal lumen with long T2 relaxation times
and suppress the high signal of intestinal wall caused by
normal mucosa. When b value became higher and higher
(1500 s/mm2 to 2500 s/mm2), diagnostic specificity was
not apparently increased and diagnostic accuracy deceased because of the unsatisfied sensitivity. The reason
might be that in some high b value cases (especially 2000
s/mm2 or 2500 s/mm2), the signal intensity, even that
of inflammatory lesion was suppressed. The poor image quality could be part of the reasons, while the major
contributor was still required to be explored. Overall, it
was concluded that when a b value of 1500 s/mm2 was
chosen, the diagnostic specificity and sensitivity were
appropriate and the diagnostic accuracy was the highest
(Figures 1 and 2).
In conclusion, a b value of 1500 s/mm2 offered the
best balance of image quality and diagnostic requirement
in this current study.
A limitation of this study was its relatively small sample size. Only 31 patients were included. Furthermore, the
small intestinal endoscopy was conducted via a per-anal
route, and the farthest reach was the proximal ileum not
including the jejunum. So the diagnostic effect of DWI
on active CD lesions in the upper digestive tract was still
required to be discussed. In addition, only four b values
were chosen in this study and the average interval was 500
to 700 s/mm2. It is possible that the best b value could be
found around 1500 s/mm2 with a smaller interval.

for detecting colonic inflammation in patients with active CD. The author’s goal
is to determine the optimal b value for those patients.
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Abstract
AIM: To investigate the clinical role of contrast-enhanced
ultrasound (CEUS) combined with contrast-enhanced
computed tomography (CE-CT) or magnetic resonance
imaging to improve the preoperative staging of hepatocellular carcinoma (HCC) and guide surgical decisionmaking.
METHODS: Sixty-nine patients who underwent liver resection for HCC in our center were enrolled prospectively in the study. CEUS and CE-CT/MRI were performed
before surgery. Intraoperative ultrasound (IOUS) was
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carried out after liver mobilization. Lesions depicted
by each imaging modality were counted and mapped.
To investigate the impact of tumor size on the study,
we divided the patients into two groups, the “Smaller
group”(S-group, ≤ 5 cm in diameter) and the “Largergroup” (L-group, > 5 cm in diameter). The sensitivity, specificity, accuracy, positive predictive value, and
negative predictive value of CE-CT/MRI, CEUS, IOUS,
CEUS+CE-CT/MRI and the tumor node metastasis staging of tumors were calculated and compared. Changes
in the surgical strategy as a result of CEUS and IOUS
were analyzed.
RESULTS: One hundred and twenty-seven nodules,
comprising 94 HCCs confirmed by histopathology and
33 benign lesions confirmed by histopathology and
follow-up, were identified in 69 patients. The overall
diagnostic sensitivity rates of CE-CT/MRI, CEUS, IOUS
and CEUS+ CE-CT/MRI were 78.7%, 89.4%, 89.4%
and 89.4%, respectively. There was a significant difference between CEUS + CE-CT/MRI and CE-CT/MRI (P
= 0.046). Combining CEUS with CT or MRI increased,
the diagnostic specificity compared with CT/MRI, CEUS
and IOUS, and this difference was statistically significant (100%, 72.7%, 97.0%, and 69.7%, P = 0.004,
P = 0.002, P = 0.002, respectively). The diagnostic
accuracy was significantly higher for CEUS + CT/MRI
compared with CT/MRI (92.1% vs 77.2%, P = 0.001).
The TNM staging of tumors based on CEUS + CE-CT/
MRI approximated to the final pathological TNM staging
(P = 0.977). There was a significant difference in the
accuracy of TNM staging when comparing CEUS + CECT/MRI with CE-CT/MRI (P = 0.002). Before surgery,
strategies were changed in 15.9% (11/69) of patients
as a result of CEUS. Finally, only 5.7% (4/69) of surgical
strategies were changed because of IOUS findings. In
the S-group, CEUS revealed 12 false positive lesions, including seven false positive lesions that were diagnosed
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by preoperative imaging examinations and five by IOUS.
In contrast, in the L-group, IUOS revealed eight new
malignant lesions; six of these lesions were true HCCs
that were also identified by preoperative CEUS.
CONCLUSION: CEUS combined with CT or MRI improves the accuracy of preoperative staging for hepatocellular carcinoma and may help to guide individualized
treatment for patients with HCC. CEUS may better identify non-malignant lesions in patients with small tumors
and discover new malignant lesions in patients with
large tumors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Contrast-enhanced
ultrasound; Tumor node metastasis staging; Intraoperative ultrasound; Liver resection
Core tip: Contrast-enhanced ultrasound is a novel and
promising technique. Contrast-enhanced ultrasound
combined with computed tomography or magnetic resonance imaging improves the preoperative staging of
hepatocellular carcinoma and may help guide treatment
for patients with hepatocellular carcinoma, and may help
to guide individualized treatments and assist surgeons in
evaluating the safety and radicality of operation.
Zhang XY, Luo Y, Wen TF, Jiang L, Li C, Zhong XF, Zhang JY,
Ling WW, Yan LN, Zeng Y, Wu H. Contrast-enhanced ultrasound:
Improving the preoperative staging of hepatocellular carcinoma
and guiding individual treatment. World J Gastroenterol 2014;
20(35): 12628-12636 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12628.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12628

MATERIALS AND METHODS

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide and is one of the most common causes of cancer-related death[1]. Hepatitis B virus
(HBV) infections account for the majority of cirrhosis
and primary liver cancer cases worldwide, especially in
China[2,3]. Surgical resection is considered to be the primary curative therapy. Intraoperative ultrasound (IOUS)
is used for navigation during hepatic resection[4-6]. However, IOUS also frequently leads to changes in the surgical approach because IOUS can detect new lesions, leading to inaccurate TNM staging before surgery.
Large regenerative nodules and dysplastic nodules
(DN) are considered premalignant lesions of hepatocellular carcinoma[7-9] and are very difficult to differentially
diagnose in early stage HCC. These cells may have already
transformed to cancer cells, but no morphological methods are available to definitively prove this finding. However, the differential diagnosis implies different monitoring
methods and different therapeutic approaches. In 2000,
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the European Association for the Study of Liver Diseases
Conference proposed a set of criteria to establish the
diagnosis of HCC in patients with cirrhosis[10]. To reduce
the risk of false-positive diagnoses, the criteria require coincidental observation of two dynamic imaging techniques
[contrast-enhanced computed tomography (CE-CT);
contrast-enhanced magnetic resonance imaging (CE-MRI);
angiography; contrast-enhanced ultrasound (CEUS)],; the
noninvasive criteria were restricted to tumors larger than 2
cm that are present in a cirrhotic liver.
Recently, contrast-enhanced ultrasound techniques using second-generation contrast agents, such as SonoVue,
have been developed[11]. CEUS has been introduced in
most important guidelines and recommendations, such as
those issued by the European Association for the Study
of the Liver (EASL)[12], the 2008 European Federation of
Societies for Ultrasound in Medicine and Biology guidelines[13], the Asian Pacific Association for the Study of the
Liver[14] and the Japanese Society of Hepatology[15]. Like
other contrast-enhanced radiological imaging techniques,
CEUS can be used to evaluate tumor vasculature[16,17].
CEUS easily analyzes the details of intratumoral vasculature in real time, unlike angiography and contrastenhanced computed tomography; this may help to
distinguish between true HCCs, premalignant dysplastic
nodules, and large regenerative nodules[18]. Alaboudy et
al[19-21] reported that CEUS combined with CT or MRI
improved the sensitivity and specificity of HCC diagnosis; however, few articles have focused on the role of preoperative contrast-enhanced ultrasound combined with
CE-CT or MRI for staging of hepatocellular carcinoma
in surgical patients; in surgical decision-making; or on the
correlation between CEUS and intraoperative ultrasound.
Therefore, we conducted this study to investigate the
clinical role of CEUS combined with CE-CT or MRI.

Ninety-six consecutive patients were admitted to our
center. Of those, 69 HCC patients and eight ICC patients
underwent liver resection. Eleven patients underwent radio frequency ablation; four patients had liver metastases,
two patients had focal nodular hyperplasia and two patients had hemangiomas. We enrolled the 69 patients who
underwent hepatic resection for HCC in our department
in the interval from March 2013 to October 2013. All of
the HCCs were proven histopathologically. After CE-CT
was performed in 48 patients, CE-MRI was performed in
19 patients, and both CE-CT and MRI were performed
in two patients), preoperative CEUS was performed in
all patients. Intraoperative ultrasound was performed
conventionally after mobilization of the liver. Lesions
depicted by each imaging modality were counted and
mapped. The arterial, portal and late phases of contrast
enhancement were recorded and analyzed. To investigate
the effects of tumor size, we divided the patients into two
groups, the “Smaller group”(S-group, ≤ 5 cm in diameter) and the “Larger-group” (L-group, > 5 cm in diam-
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eter). The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of
CE-CT/MRI, CEUS, IOUS, CEUS + CE-CT/MRI and
TNM staging were calculated and compared. Changes
in surgical strategy as a result of CEUS and IOUS were
analyzed.
CE-CT or MRI
CE-CT and CE-MRI were performed as previously published[22,23]. Data was acquired in the hepatic arterial, portal venous and equilibrium phases, and the images were
stored for retrospective analysis.
CEUS and IOUS
Four sonographers with approximately 6, 8, 10, and 30
years of experience in abdominal US performed the
ultrasonography. The sonographers were aware that the
patients were at risk of developing HCC, but did not
have access to additional information, e.g., alpha-fetoprotein (AFP) levels. In cases of disagreement, the sonographers engaged in joint discussions until a consensus was
reached.
CEUS was performed to characterize lesions that were
identified by CT or MRI, and to detect the presence of
latent new nodules. An iU22 ultrasound system (Philips
Royal Electronic Corporation, The Netherlands) with a
C5-1 transducer was used during the preoperative CEUS
examinations, to start the mode of CEUS, to display clear
of the lesions and to quickly push SonoVue (Bracco of
Italy; 2.4-4.8 mL) through the antecubital vein. The pipe
was washed with 5 mL of 0.9% sodium chloride solution.
A timer began at the same time the contrast agent was injected, and continuous observations occurred for at least
five minutes. All phases of contrast enhancement, including the arterial phase (10-20 s to 25-35 s after injection),
the portal phase (30-45 s to 120 s) and the delay phase (>
120 s) were recorded and analyzed. HCCs were characterized by the mode of enhancement, which showed hyperenhancement in the arterial phase and wash-out of microbubbles during the portal or late phase. If the lesion did
not exhibit wash-out during the portal and late phases, the
lesions were defined as benign solid lesions.
We used the VIVID4 unit (GE, United States) with
an I-shaped 10-4 MHz intraoperative probe for the IOUS
scans. After mobilization of the liver, IOUS was performed
to search for nodules; suspected lesions were counted and
mapped.
Nodules that displayed arterial hyper-enhancement
and/or hypo-enhancement in the delayed phase of CEUS
and were hypoecho on IOUS were removed surgically.
Radiofrequency ablation and ethanol ablation were used
as alternatives in cases where the nodule cloud not be surgically removed. Nodules with ISO enhancement (both in
arterial and late phases) were considered benign and were
removed only if they were located close to the main lesion. The others nodules were followed up with measurements of serum AFP levels, ultrasound, spiral CT or MRI
at 3 mo after surgery.
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Statistical analysis
Continuous variables were expressed as the median ±
SD and were compared between groups with a t test or
Mann-Whitney U test for variables with an abnormal
distribution. The categorical data were compared using
the chi-squared test/Fisher’s exact test. A conventional
P value of < 0.05 was considered statistically significant.
Calculations were performed with the SPSS package
(SPSS, Inc. 1989-1995, Chicago, IL).

RESULTS
A total of 127 nodules, comprising 94 HCCs and 33 benign lesions, were confirmed in 69 patients. Demographic and clinical data, and pathological findings for the patients included in the present report are shown in Table 1.
CEUS revealed 85 focal hepatic lesions with malignant
imaging patterns, including 84 true-positive nodules (10
of which were not identified by CT or MRI) (Figure 1),
and one of which was a false-positive finding. Contrastenhanced CT or MRI revealed 83 hepatic focal lesions
(74 true HCCs and nine false-positive lesions) (Figure 2).
IOUS identified 94 hepatic focal lesions (84 true HCCs
and 10 false-positive lesions). The sensitivity, specificity,
accuracy, PPV and NPV for each imaging modality were
78.7%, 72.7%, 77.2%, 89.2%, and 54.6% for CE-CT/
MRI; 89.4%, 97.0%, 91.3%, 98.8%, and 76.2%for CEUS
and 89.4%, 69.7%, 84.3%, 89.4%, and 69.7% for IOUS;
89.4%, 100%, 92.1%, 100%, and 71.4% for CEUS +
CT/MRI, respectively (Table 2). CEUS (89.4%), IOUS
(89.4%), and CEUS + CT/MRI (89.4%) had significantly different sensitivities (P = 0.046, P = 0.046, P =
0.046, respectively) than CT/MRI (78.7%). The specificity of CEUS + CT and/or MRI was significantly higher
than the specificity of CT and/or MRI, CEUS, or IOUS
(P = 0.004, P = 0.002, and P = 0.002, respectively). The
diagnostic accuracy of CEUS + CT/MRI was higher
than that of CT/MRI (P = 0.001). CEUS may more accurately identify non-malignant nodules than CT/MRI
and IOUS (P = 0.006, P = 0.003, respectively). In addition, the TNM staging of tumors based on CEUS +
CE-CT/MRI approximated to the final TNM staging by
pathology (P = 0.977). The accuracy rates of TNM staging with CEUS + CE-CT/MRI and CE-CT/MRI (P =
0.002) are shown in Table 3.
There were 50 malignant lesions and 23 benign lesions in the S-group, and 44 malignant lesions and 10
benign lesions in the L-group. Sensitivity, specificity, accuracy, PPV, and NPV for the S-group and L-group are
shown in Tables 4 and 5 respectively. In the S-group,
CEUS revealed 12 false positive lesions, comprising seven
false positive lesions diagnosed by preoperative imaging
and five by IOUS. The Ishak scores of those patients
were 3-6 (mean score: 5.3). In contrast, IUOS revealed
eight new malignant lesions, comprising five false-positive
lesions, which were also identified by CEUS, and three
true HCCs (one identified by CEUS and two discovered
by IOUS). In the L-group, IUOS revealed eight new ma-
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Table 1 Demographic and clinical data of 69 patients and pathologic data of tumors

Clinical data
Age (mean ± SD) (yr)
Gender (Male/Female)
HBsAg (Positive/Negative)
AFP level (≤ 20/> 20 ng/mL)
Mean interval between two images (mean ± SD) (d)
Mean MELD score (mean ± SD)
Child-Pugh
Class A
Pathologic data
Mean nodule size (mean ± SD) (cm)
Tumor number (1/2/3)1
Without CEUS
With CEUS
Tumor characteristics
Degree of differentiation (Well/Moderate/Poor)
Micro-vascular invasion (Positive/Negative)
Mean Ishak score (mean ± SD)

P value

Total

S-group

L-group

53.0 ± 11.8
55:14
63:6
19:50
7.88 ± 3.74
4.90 ± 2.81

52.69 ± 10.22
32:8
37:3
14:26
7.90 ± 3.36
4.92 ± 2.65

53.0 ± 13.88
23:6
26:3
5:24
7.86 ± 3.68
4.87 ± 3.06

69

40

29

5.49 ± 3.48

3.07 ± 1.12

8.80 ± 2.81

58:9:2
57:9:3

33:5:2
36:3:1

25:4
21:6:2

0.65
0.20

6:35:28
20:49
4.94 ± 1.31

4:20:16
8:32
5.30 ± 1.14

2:15:12
12:17
4.45 ± 1.38

0.70
0.065
0.007

0.82
0.59
0.69
0.17
0.97
0.94

< 0.01

1

Indicates that tumor number was documented before surgery. S-group: The “Smaller group” (≤ 5 cm in diameter); L-group: The “Larger-group” (> 5 cm
in diameter). HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein; CEUS: Contrast-enhanced ultrasound.

A

B

C

D

E

F

G

Figure 1 A 50-year-old man underwent right hepatic partial resection and left hepatic partial resection. A: CT just revealed the right HCC, not the left HCC
which was identified by CEUS; B: Left HCC was discovered by conventional ultrasound; C-E: The left HCC was identified by CEUS in the arterial phase, portal phase
and delayed phases; F: Right HCC identified by IOUS; G: Left HCC identified by IOUS. HCC: Hepatocellular carcinoma; CT: Computed tomography; CEUS: Contrastenhanced ultrasound; IOUS: Intraoperative ultrasound.

lignant lesions, comprising six true HCCs, which were
also diagnosed by CEUS, and two false positive lesions
(one also incorrectly identified by CEUS and one discovered by IOUS). The false-negative case was a small lesion
located under the right diaphragm that was difficult for
CEUS to identify.
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Surgery
Among the nine malignant lesions newly detected by IOUS,
three were from one patient and the other six were from
six patients. The size of lesions was 5-23 mm in diameter
(mean 14.3 mm). Surgical strategies were changed in 15.9%
(11/69) of patients because of the preoperative CEUS
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A

B

D

E

C

F

G

H

Figure 2 A 55-year-old woman underwent right hepatic partial resection. A-C: both lesions, displayed in the arterial, portal venous and equilibrium phases, were
diagnosed as HCC by CT (white arrow); D-F: the HCC (yellow arrow) displayed wash-in in arterial phase and wash-out in late phases via CEUS; another lesion (white
arrow), diagnosed as necrosis by final histopathology, displayed iso-enhancement in the three phases; G: the HCC identified by IOUS; H: the necrosis also falsely
diagnosed as HCC by IOUS. HCC: Hepatocellular carcinoma; CT: Computed tomography; CEUS: Contrast-enhanced ultrasound; IOUS: Intraoperative ultrasound.

Table 2 Sensitivity, specificity, accuracy and positive predictive value, negative predictive value for contrast-enhanced computed
tomography/magnetic resonance imaging, contrast-enhanced ultrasound, intraoperative ultrasound, contrast-enhanced ultrasound +
computed tomography and/or magnetic resonance imaging

CE-CT or MRI
CEUS
IOUS
CEUS + CE-CT/MRI

Sensitivity

Specificity

Accuracy

PPV

NPV

78.7%a
89.4%
89.4%
89.4%

72.7%b
97.0%b,d
69.7%b
100%

77.2%
91.3%
84.3%
92.1%f

89.2%
98.8%
89.4%
100%

54.6%
76.2%
69.7%
76.7%

a

P < 0.05 vs CEUS, IOUS and CEUS + CE-CT/MRI; bP< 0.01 vs CEUS + CE-CT/MRI; dP < 0.01 vs CE-CT/MRI and IOUS; fP < 0.01 vs CT/MRI and IOUS.
PPV: Positive predictive value; NPV: Negative predictive value; CEUS: Contrast-enhanced ultrasound; IOUS: Intraoperative ultrasound; CE-CT: Contrastenhanced computed tomography; MRI: Magnetic resonance imaging.

findings (Table 6). Finally, surgical strategies were changed
in four patients because of lesions that were newly detected
by IOUS, and which were not in the same liver segments
as the originally identified lesions (one patient with left lobe
underwent an additional partial resection, two patients had
lesions in other segments and underwent expanded resection, and, in the last patient, a lesion invaded the diaphragm
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and required partial-diaphragmatic-resection).

DISCUSSION
The safety and radicality of resection are key considerations in surgical decision-making and for the prevention
of recurrence in cirrhotic patients with HCC. During
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Table 3 Tumor node metastasis stage of tumors without contrast-enhanced ultrasound, with contrast-enhanced ultrasound and by
pathology
TNM
Without CEUS
With CEUS1,2
Pathology

Pathology

Ⅰ

Ⅱ

ⅢA

ⅢB

ⅢC

56
50
49

7
4
4

4
8
7

2
7
9

1

Right
46
61

Wrong
23
8

1

P = 0.002 vs without CEUS about accuracy of TNM stage; 2P = 0.977 vs CEUS and pathology about TNM stage. CEUS: Contrast-enhanced ultrasound; TNM:
Tumor node metastasis.

Table 4 Sensitivity, specificity, accuracy and positive predictive value, negative predictive value for contrast-enhanced computed tomography/magnetic resonance imaging, contrast-enhanced ultrasound, intraoperative ultrasound in the S-group

CE-CT or MRI
CEUS
IOUS
CEUS + CE-CT/MRI

Sensitivity

Specificity

Accuracy

PPV

NPV

84.0%
90.0%
94.0%
90.0%

69.6%
100.0%
78.3%
100%

79.5%
93.2%
89.1%
93.2%

85.7%
100%
90.4%
100%

66.7%
82.2%
85.7%
82.2%

S-group: the “Smaller group” (≤ 5 cm in diameter). PPV: Positive predictive value; NPV: Negative predictive value; CEUS: Contrast-enhanced ultrasound;
IOUS: Intraoperative ultrasound; CE-CT: Contrast-enhanced computed tomography; MRI: Magnetic resonance imaging.

Table 5 Sensitivity, specificity, accuracy and positive predictive value, negative predictive value for contrast-enhanced computed tomography/magnetic resonance imaging, contrast-enhanced ultrasound, intraoperative ultrasound in the L-group
Sensitivity

Specificity

Accuracy

PPV

NPV

72.7%
88.6%
84.1%
86.4%

80.0%
90.0%
50.0%
100%

82.4%
88.9%
77.8%
90.7%

89.2%
98.8%
88.1%
100%

44.0%
64.3%
41.7%
66.7%

CE-CT or MRI
CEUS
IOUS
CEUS + CE-CT/MRI

L-group: the “Larger-group” (> 5 cm in diameter). PPV: Positive predictive value; NPV: Negative predictive value; CEUS: Contrast-enhanced ultrasound;
IOUS: Intraoperative ultrasound; CE-CT: Contrast-enhanced computed tomography; MRI: Magnetic resonance imaging.

Table 6 Surgical strategies changed according to contrast-enhanced ultrasound findings

Without CEUS
With CEUS

1 segment

1 segments

3 segments

Right liver

Left liver

Right 3 segment

Left 3 segment

Liver transplantation

7
10

22
22

8
7

13
13

5
5

12
10

1
1

11
11

1

This patient accepted TACE, and then accepted liver transplantation 2 mo later. CEUS: Contrast-enhanced ultrasound; TACE: transcatheter arterial chemoembolization.

surgical procedures, IOUS plays a primary role in identifying lesions that were missed by preoperative imaging,
and is helpful in mapping major vessels to identify clear
surgical margins. In addition to assessing hepatic tumors
and evaluating the relationship between tumors and major vascular structures, IOUS can also better characterize
nonspecific lesions that are identified by cross-sectional
imaging. However, IOUS has some drawbacks, such as a
lack of accuracy in differentiating early-stage HCC from
macronodules, including large regenerative and dysplastic
nodules (the latter considered as the true HCC precursors)[8]. Otherwise, IOUS could not be performed before
laparotomy. Newly identified lesions may require more
extensive procedures than initially indicated, such as expanded resection or combined local therapies. In patients
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with very extensive disease, surgeons may be obliged to
stop the operations. Thus, accurate staging of HCC before surgery is extremely important.
Contrast-enhanced ultrasound with a low mechanical
index (MI), using second-generation contrast agents, can
depict the vasculature of hepatocellular carcinoma and
allows continuous real-time imaging of the whole liver
to be performed with slow panoramic sweeps. CEUS
can also be used for visualization in the arterial, portal
and late phases. HCC is typically hypervascular[24-26]. In
particular, a dramatic alteration in the arterial hypervascularity is observed in moderately and poorly differentiated
HCCs[27,28]. The vascular phenotype of dysplastic nodules
is complex and can reflect different grades of malignancy.
Several histological features are predictive of malignant
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transformation, including an abnormal number of capillary units, unpaired arteries, portal tract changes (including a reduction in both portal vein and normal hepatic
artery branches) and a progressive increase in the number
of abnormal hepatic arteries[18,29,30]. Typically, HCCs are
hypervascular in the arterial phase and washout in the
portal and late parenchymal phases, while benign lesions
demonstrate ISO enhancement or hyper-enhancement in
both the arterial and late phases[31,32].
Our previous studies showed that contrast-enhanced
intraoperative ultrasound (CEIOUS) is a novel and promising technique that improves specificity and accuracy of
IOUS and can influence surgical strategies and oncological radicality[22,23]. However, CEIOUS could not overcome
the aforementioned flaws of IOUS. To confirm the presence of malignant tumors and identify potentially missed
lesions, we wanted to use CEUS to qualitatively analyze
these lesions before operation. Therefore, we conducted
this study. We demonstrated that CEUS combined with
CT/MRI improved the diagnostic accuracy for HCC
preoperatively, not just after laparotomy. For patients
with more than one malignant lesion, liver transplantation (instead of liver resection) should be the preferred
treatment[33], as long as additional lesion can be identified
preoperatively. In other words, individualized treatments
are advisable for patients with HCC.
In the present study, the overall diagnostic sensitivity, specificity and accuracy rates of CEUS + CT/MRI
were much better than those of CE-CT/MRI (89.4% vs
78.7%, P = 0.046; 100% vs 72.7%, P = 0.004; 92.1% vs
77.2%, P = 0.001, respectively). With the use of CEUS +
CE-CT/MRI, the TNM staging of tumors approximated
to the final pathological TNM staging (P = 0.977), which
was more accurate than TNM staging based on CECT/MRI (P = 0.002), as shown in Table 3. With CEUS
+ CE-CT/MRI, more accurate staging can better meet
clinical needs and help to make the most appropriate
treatment decision. On the other hand, compared with
IOUS, the combination of these two preoperative imaging modalities can provide the same sensitivity but higher
specificity and accuracy, overcoming the disadvantages
of IOUS and CEIOUS, which must be performed after
laparotomy. This imaging strategy may help surgeons
to choose patients who meet the indications for surgical intervention and to evaluate the safety and radicality
of surgery. CEUS provided additional information for
HCC staging. Several studies[4,6,34,35] have reported that
IOUS affects the surgical approach in 11.5%-41.3% of
patients with liver tumors. However, combining CEUS
with CT/MRI changed the surgical approach in 15.9%
(11/69) patients before surgery. Finally, only 5.7% (4/69)
of the surgical strategies were changed because of IOUS
detection of new lesions, which was lower than reported
in previous studies. Thereafter, we suggest that preoperative CEUS should be a standard examination for patients
undergoing liver resection.
To investigate the impact of tumor size, we divided
the patients into two groups, the “Smaller group”(S-group)
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and the “Larger-group” (L-group). In the S-group, CEUS
revealed 12 false positive lesions, consisting of seven false
positive lesions that were diagnosed by preoperative imaging and five by IOUS. In the L-group, IOUS revealed
eight new malignant lesions, consisting of six true HCCs,
which were also diagnosed by CEUS. The following
reasons may account for this phenomenon. Firstly, the
Ishak scores of the S-group patients (Ishak: 5.54 ± 0.90)
were higher than those of the L-group patients (Ishak:
4.86 ± 1.25, P < 0.05). The more severe cirrhosis may
have contributed to the difficulty of distinguishing malignant lesions from benign lesions using other contrast
enhanced imaging techniques. In addition, the restricted
follow-up in the S-group patients could have helped to
diagnose small HCCs earlier than in the L-group patients, whose nodules were larger than 5 cm when discovered. Therefore, CEUS may be better at identifying
non-malignant lesions in small HCCs (≤ 5 cm), which
is vitally important for patients awaiting a liver transplant
who have more than one lesion noted by CT or MRI. If
CEUS could better identify non-malignant lesions, more
patients would have the opportunity to receive liver transplants. In our study, CEUS discovered six new malignant
lesions in larger HCCs (> 5 cm). In larger and more advanced HCC, liver resection is considered the standard
of care[36,37]. Discovering the presence of previously undetected, smaller malignancies plays a crucial role in ensuring that surgery is safe and appropriate. More studies
are needed to confirm the influence of tumor size on the
results of these imaging studies.
The limitations of the paper are as followed: first, the
number of subjects in our study was relatively small, and
more studies on the impact of tumor size are needed
to confirm the results; secondly, although our study was
a prospective study, it was still not a randomized controlled trial. The contrast-enhanced ultrasound also had
certain disadvantages, such as a short arterial phase and
the potential to be affected by the tumor’s location and
motion artifacts.
CEUS combined with CT or MRI improves the accuracy of preoperative staging for hepatocellular carcinoma and could help to guide individualized treatments
for patients with hepatocellular carcinoma. CEUS may
identify more accurately non-malignant lesions in patients with small HCC (≤ 5 cm), and discover new malignant lesions in larger HCCs (> 5 cm).

COMMENTS
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Background

Early stage hepatocellular carcinomas (HCCs) are very difficult to distinguish
from premalignant dysplastic nodules. Contrast-enhanced ultrasound (CEUS)
improves nodule characterization, which may help to differentiate HCCs from
premalignant dysplastic nodules. Therefore, the authors investigated whether
contrast-enhanced ultrasound could improve the preoperative staging of HCC
and guide individual treatments.

Research frontiers

CEUS techniques using second generation contrast agents (SonoVue) can
analyze the detailed intratumoral vasculature in real time, which may be helpful
to distinguish between HCC and premalignant dysplastic nodules.
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Innovations and breakthroughs

The use of CEUS combined with computed tomography (CT) or magnetic resonance imaging (MRI) improved the accuracy of tumor node metastasis staging
for hepatocellular carcinoma, and may help to guide individualized treatments
and assist surgeons in evaluating the safety and radicality of operation.

Applications

11

12

The study results suggested that a preoperative contrast enhanced ultrasound
examination should be a standard for patients undergoing liver resection.

Terminology

Contrast-enhanced ultrasound with a low mechanical index, and using secondgeneration contrast agents, can depict vasculature of hepatocellular carcinoma
and allows continuous real-time imaging of the whole liver to be performed with
slow panoramic sweeps. This technique helps to differentiate malignant nodules
from benign lesions.

13

Peer review

In this prospective study, the authors assessed the diagnostic efficacy and
changes in treatment decision after adding contrast enhanced ultrasound to
contrast enhanced CT or MRI in patients with hepatocellular carcinoma undergoing hepatic resection. The work has clinical significance and is of benefit to
the patients and the medical community at large. The results are interesting and
suggest that CEUS combined with CT or MRI can improve the staging of hepatocellular carcinoma, which could be helpful to guide individualized treatment
for patients with hepatocellular carcinoma.
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Abstract
AIM: To identify pharmaceuticals for the prophylaxis of
anastomotic leakage (AL), we systematically reviewed
studies on anastomosis repair after colorectal surgery.
METHODS: We searched PubMed and EMBASE for articles published between January 1975 and December
2012. We included studies in English with the primary
purpose of promoting healing of anastomoses made in
the colon or rectum under uncomplicated conditions.
We excluded studies on adverse events from interventions, nutritional interventions or in situ physical supporting biomaterials. The primary outcome was biomechanical strength or AL. We performed meta-analyses
on therapeutic agents investigated by three or more
independent research groups using the same outcome.
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The DerSimonian-Laird method for random effects was
applied with P < 0.05.
RESULTS: Of the 56 different therapeutic agents assessed, 7 met our inclusion criteria for the metaanalysis. The prostacyclin analog iloprost increased the
weighted mean of the early bursting pressure of colonic
anastomoses in male rats by 60 mmHg (95%CI: 30-89)
vs the controls, and the immunosuppressant tacrolimus increased this value by 29 mmHg (95%CI: 4-53) vs
the controls. Erythropoietin showed an enhancement
of bursting pressure by 45 mmHg (95%CI: 14-76).
The anabolic compound growth hormone augmented
the anastomotic strength by 21 mmHg (95%CI: 7-35),
possibly via the up-regulation of insulin-like growth
factor-1, as this growth factor increased the bursting
pressure by 61 mmHg (95%CI: 43-79) via increased
collagen deposition. Hyperbaric oxygen therapy increased the bursting pressure by 24 mmHg (95%CI:
13-34). Broad-spectrum matrix metalloproteinase inhibitors increased the bursting pressure by 48 mmHg
(95%CI: 31-66) on postoperative days 3-4. In the only
human study, the AL incidence was not significantly reduced in the 103 colorectal patients treated with aprotinin (11.7%) compared with the 113 placebo-treated
patients (9.7%).
CONCLUSION: This systematic review identified only
one randomized clinical trial and seven therapeutic
agents from pre-clinical models that could be explored
further for the prophylaxis of AL after colorectal surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anastomotic healing; Colorectal surgery; Experimental; Breaking strength; Bursting pressure; Collagen; Meta-analysis
Core tip: Anastomotic leakage after colorectal surgery
is an ongoing challenge and results in high morbidity
and mortality. Currently, there is no pharmaceutical
compound specifically indicated for the improvement
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of anastomotic healing. This situation is remarkable
considering the many interventions that have been
assessed under experimental conditions. This study
reviewed 56 therapeutic agents investigated in 75
separate studies. Iloprost, tacrolimus, erythropoietin,
growth hormone, insulin-like growth factor-1, hyperbaric oxygen and matrix metalloproteinase inhibitor
therapies reproducibly improved anastomosis stability
in experimental models. These therapies, alone or in
combination, should be explored further.
Øines MN, Krarup PM, Jorgensen LN, Ågren MS. Pharmacological interventions for improved colonic anastomotic
healing: A meta-analysis. World J Gastroenterol 2014; 20(35):
12637-12648 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12637.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12637

INTRODUCTION
Surgical resection with primary anastomosis is a standard
treatment for colorectal cancer and benign diseases, such
as diverticulitis, ulcerative colitis and ischemia or for the
reversal of an ostomy.
Surgical techniques have been optimized to restore
intestinal continuity without compromising blood supply. Nevertheless, the incidence of anastomotic leakage
(AL) is 3%-6% after colonic resection and 10%-12% after rectal resection[1,2]. AL increases short-term morbidity, permanent stoma rates and mortality. Furthermore,
AL contributes to the recurrence of malignant disease[3].
Risk factors for AL include age older than 60 years, male
sex, low serum albumin, prolonged surgery, increased
intraoperative blood loss and blood transfusions.
Although the negative impact of corticosteroids[4]
and non-steroidal anti-inflammatory drugs[5] have been
well documented, there have been no pharmaceutical
compounds specifically indicated for the improvement
of anastomotic healing. This is remarkable considering
the many interventions that have been assessed under
experimental conditions. It is even more surprising that
this extremely valuable source of scientific data has not
been assessed, either critically or systematically in terms
of suitability for the prophylaxis of AL in patients.
One reason for this lack of data could be that spontaneous dehiscence and AL have been extremely rare in
experimental models. Therefore, we have had to rely on
surrogate outcomes of anastomotic repair. The most
common measures are the bursting pressure (BPR) and
the breaking strength (BST). BPR measurements reflect
the resistance to increased intraluminal pressure, and
BST indicates increased longitudinal load. BPR and BST
are minimal in the early postoperative period, reflecting
the fragility of the anastomosis at this stage, but they
increase rapidly beginning on postoperative day 3[6-8].
Clinically, AL symptoms usually appear at postoperative
days 5-8, while biochemical markers indicate that the in-
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testinal connection dehisces earlier[9].
The aim of the present study was to provide a systematic and comprehensive review of pharmacological
stimulation of anastomotic healing to identify compounds potentially capable of preventing AL.

MATERIALS AND METHODS
Methods
This systematic review followed the PRISMA guidelines[10].
Data sources and searches
The PubMed and EMBASE databases were searched for
articles published between January 1975 and December
2012 using two different syntaxes: search 1, anastomo
and (colon or rect) and (strength or pressure); and search
2, anastomo and (colon or rect) and leak not (strength
or pressure) and experimental. The references of the included studies were searched manually.
Inclusion and exclusion criteria
We included controlled studies published in English that
primarily investigated a therapeutic agent with the purpose of promoting colonic anastomotic healing under
uncomplicated conditions, measured as BPR, BST or
AL.
We excluded studies on interventions assessed under
complicated conditions, such as intestinal ischemia, generalized peritonitis, colitis, large bowel obstruction, jaundice, diabetes, radiation, malnutrition or the presence
of an ostomy. Furthermore, studies with the primary
aim of investigating the adverse events associated with
therapeutic agents were excluded. The influences of
nutritional interventions were similarly excluded. Finally,
the effects of mechanical enforcement, such as fibrin
sealants, omental pedicle grafts or carboxymethylcellulose coatings, of anastomoses were recently reviewed
and thus were excluded here[11].
Data extraction
The titles of the articles were retrieved and screened.
Subsequently, the abstracts or the full texts of potentially
relevant publications were scrutinized for eligibility. At
least two authors decided whether a paper qualified. Disagreements were resolved by discussion among the four
authors. The abstracted data included the investigated
compound, dosage, route of administration, species, sex,
sample size, assessment day and primary outcome of the
study.
Statistical analysis
Therapeutic agents investigated by at least 3 independent
research groups using the same primary outcome were
subjected to meta-analysis. Pooled estimates were calculated using the inverse-variance weighting method with
the DerSimonian-Laird random-effects model. Heterogeneity among the studies was determined using I2 tests.
Analyses were conducted using Review Manager, version
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Titles identified in PubMed n = 963
Search #1 n = 903
Search #2 n = 60

Titles identified in EMBASE n = 1289
Search #1 n = 1205
Search #2 n = 84

Abstracts screened after removal of duplicates n = 1405
Search #1 n = 1323
Search #2 n = 82
Abstracts excluded n = 1251
Search #1 n = 1177
Search #2 n = 74
Full-text articles assessed n = 154
Search #1 n = 146
Search #2 n = 8
Full-text articles excluded n = 79
No colonic anastomoses n = 1
No outcome measure (BP, BS, AL) n = 6
Complicated anastomotic healing n = 24
Mechanical anastomotic enforcement n = 4
No pharmacological intervention n = 6
Nutrients n = 25
Duplicate publications n = 6
Retracted publications n = 1
Chemo/radio therapy n = 2
Compounds with adverse effect on anastomotic healing n = 4
Studies included n = 75
Search #1 n = 70
Search #2 n = 2
Cross reference n = 3

Figure 1 Flow diagram of the studies that were identified and selected.

Table 1 Studies on the immunomodulators iloprost and tacrolimus in colonic anastomotic healing
Study

Compound

Species

Sex

Sample size

Bostanoğlu et al[12]
Galanopoulos et al[13]
Vasiliadis et al[14]
Kiyama et al[15]
Raptis et al[16]
Schäffer et al[17]

Iloprost
Iloprost
Iloprost
Tacrolimus
Tacrolimus
Tacrolimus

Rat
Rat
Rat
Rat
Rat
Rat

Male
Male
Male
Male
Male
Male

40
40
20
42
40
24

1

Dosage (mg/kg)

Route

Test

0.002
0.002
0.002
0.01/0.1/1.0
0.1
2.0

IP
IP
IP
SC
SC
SC

BPR
BPR
BPR
BPR
BPR
BPR

Test day
3/7
4/8
5/8
4
4/8
5

2

Effects

↑82/NS
↑56/NS
↑78/NS
↑23/↑33/↑27
↑60/↑43
NS

1

Total number of animals; 2↑% increase (P < 0.05) or ↓% decrease (P < 0.05) vs controls. NS: Not statistically significant; BPR: Bursting pressure; IP: Intraperitoneal; SC: Subcutaneous.

5.1 (The Cochrane Collaboration). The level of statistical significance was P < 0.05.

RESULTS
We included 75 studies (Figure 1) that were performed
in rats (n = 68), rabbits (n = 4), guinea pigs (n = 1), dogs (n
= 1) and humans (n = 1). The most frequently reported
outcome was BPR (n = 62), followed by BST (n = 19),
whereas only one study used AL.
We identified 56 different compounds that were subgrouped into immunomodulators (n = 20), hormones
and growth factors (n = 14), miscellaneous (n = 15) and
proteinase inhibitors (n = 7).
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Immunomodulators
Of the 20 different immunomodulating compounds identified in the search, data for iloprost[12-14] and tacrolimus[15-17]
were subjected to meta-analysis (Table 1). This analysis
demonstrated that iloprost increased the weighted mean of
the early bursting pressure by 60 mmHg (95%CI: 30-89, P
< 0.0001) vs the controls (Figure 2A). The corresponding
figure for tacrolimus was 29 mmHg (95%CI: 4-53, P = 0.02)
(Figure 2B).
Recombinant human granulocyte macrophage-colony
stimulating factor increased BPR on days 3 and 7 in one
study[18], but this treatment was found to be ineffective in
two other studies[19,20]. Interleukin-2 decreased both BPR
and BST in male rats[21]. Both parthenolide and resve-
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A
Study or subgroup
Bostanoglu et al , 1998
Galanopoulos et al , 2011
Vasiliadis et al , 2007

Iloprost
Control
Mean SD Total Mean SD Total
64 39
10
35 29
10
182 27
10
117 27
10
191 44
10
107 18
10

Weight
31.6%
36.3%
32.1%

Total (95%CI)
30
30
100.0%
2
2
2
Heterogeneity: Tau = 475.6; χ = 6.78, df = 2 (P = 0.03); I = 71%
Test for overall effect: Z = 3.98 (P < 0.0001)

Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

29.00 [-1.12, 59.12]
65.00 [41.33, 88.67]
84.00 [54.54, 113.46]
59.71 [30.30, 89.11]
-100
-50
Favours control

B

Study or subgroup
Kiyama et al , 2002

Raptis et al , 2012
Schäffer et al , 2005

Tacrolimus
Control
Mean SD Total Mean SD Total
146 29
10
119 23
11
158 33
11
119 23
11
151 19
10
119 23
11
217 35
10
136 21
10
82 23
10
102 38
10
110 40
10
102 38
10

Weight
17.3%
17.0%
18.3%
16.7%
16.2%
14.6%

Total (95%CI)
61
63
100.0%
2
2
2
Heterogeneity: Tau = 777.57; χ = 30.49, df = 5 (P < 0.0001); I = 84%
Test for overall effect: Z = 2.28 (P = 0.02)

Mean
134
200
150

EPO
Control
SD Total Mean SD Total
5
5
74 17
5
16
9
205 48
8
20
8
84 14
8

Weight
36.9%
26.7%
36.3%

Total (95%CI)
22
21
100.0%
2
2
2
Heterogeneity: Tau = 602.19; χ = 13.36, df = 2 (P = 0.001); I = 85%
Test for overall effect: Z = 2.86 (P = 0.004)

Mean difference

Mean difference
Ⅳ, random, 95%CI

27.00 [4.47, 49.53]
39.00 [15.23, 62.77]
32.00 [14.02, 49.98]
81.00 [55.70, 106.30]
-20.00 [-47.53, 7.53]
8.00 [-26.2, 42.20]
28.61 [4.01, 53.20]
-100
-50
Favours control

GH
SD
21
73
24
24
13

Total Mean
10
81
10
27
11
22
9
20
10
45

Control
SD Total
20
10
25
10
13
12
10
11
16
10

Weight
21.5%
6.9%
23.2%
22.5%
25.9%

Total (95%CI)
50
53
100.0%
2
2
2
Heterogeneity: Tau = 158.61; χ = 11.76, df = 4 (P = 0.02); I = 66%
Test for overall effect: Z = 2.89 (P = 0.004)

Mean
139
339
346

IGF-1
Control
SD Total Mean SD Total
14
6
85
24
6
44
20
272 183 20
55
20
269
56 20

Total (95%CI)
46
46
2
2
2
Heterogeneity: Tau = 0.00; χ = 1.23, df = 2 (P = 0.54); I = 0%
Test for overall effect: Z = 6.57 (P < 0.00001)

Mean difference
Ⅳ, random, 95%CI

60.00 [44.47, 75.53]
-5.00 [-39.87, 29.87]
66.00 [49.08, 82.92]
44.79 [14.07, 75.52]
-100
-50
0
50
100
Favours control
Favours EPO
Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

14.00 [-3.97, 31.97]
65.00 [17.18, 112.82]
16.00 [0.02, 31.98]
36.00 [19.24, 52.76]
6.00 [-6.78, 18.78]
20.87 [6.71, 35.02]
-100
-50
Favours control

Mean
221
123
119

HBO
NO HBO
SD Total Mean SD Total
6
10
190 18
10
18
10
104 19
10
17
10
107 33
10

Mean difference
Ⅳ, random, 95%CI

100.0%

61.08 [42.87, 79.29]
-100
-50
Favours control

Total (95%CI)
30
30
100.0%
2
2
2
Heterogeneity: Tau = 26.01; χ = 2.75, df = 2 (P = 0.25); I = 27%
Test for overall effect: Z = 4.27 (P < 0.0001)
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50
100
Favours GH

Mean difference
54.00 [31.77, 76.23]
67.00 [-15.49, 149.49]
77.00 [42.60, 111.40]

Weight
49.1%
32.2%
18.6%

0

Ⅳ, random, 95%CI

Weight
67.1%
4.9%
28.0%

F

Study or subgroup
Erenoglu et al , 2003
Hamzaoglu et al , 1998
Yagcl et al , 2006

50
100
Favours tacrolimus

Mean difference

E

Study or subgroup
Egger et al , 2001
Mantzoros et al , 2006
Zacharakis et al , 2007

0

Ⅳ, random, 95%CI

D

Study or subgroup
Mean
Adas et al , 2013
95
Christensen et al , 1990
92
Christensen et al , 1991
38
Christensen et al , 1992
56
Karahasanoglu et al , 1998
51

50
100
Favours iloprost

Ⅳ, random, 95%CI

C

Study or subgroup
Kaemmer et al , 2010
Moran et al , 2007
Ozel Turkcu et al , 2012

0

0

50
100
Favours IGF-1

Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

31.00 [19.24, 42.76]
19.00 [2.78, 35.22]
12.00 [-11.01, 35.01]
23.60 [12.78, 34.42]
-100
-50
0
50
100
Favours no HBO
Favours HBO
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G
Study or subgroup
de Hingh et al , 2002
Kiyama et al , 2001
Siemonsma et al , 2003

Mean
125
160
146

MMPi
Control
SD Total Mean SD Total
32
10
81 29
10
39
10
125 23
11
32
10
81 29
10

Weight
34.0%
32.1%
34.0%

Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

44.00 [17.23, 70.77]
35.00 [7.27, 62.73]
65.00 [38.23, 91.77]

Total (95%CI)
30
31
100.0%
2
2
2
Heterogeneity: Tau = 45.65; χ = 2.48, df = 2 (P = 0.29); I = 19%
Test for overall effect: Z = 5.43 (P < 0.00001)

48.25 [30.84, 65.65]
-100
-50
0
50
100
Favours control
Favours MMPi

Figure 2 Forest plots of the bursting pressure in mmHg. The results of the meta-analysis for A: Iloprost at days 3-5 (cf. Table 1); B: Tacrolimus (cf. Table 1); C:
Erythropoietin (EPO) at days 5-7 (cf. Table 2); D: Growth hormone (GH) at day 4 (cf. Table 2); E: Insulin-like growth factor-1 (IGF-1) at days 4-7 (cf. Table 2); F: Hyperbaric oxygen (HBO) at days 4-7 (cf. Table 3); G: Broad-spectrum matrix metalloproteinase inhibitors (MMPi) at days 3-4 (cf. Table 4).

A
Study or subgroup
de Hingh et al , 2002
Pasternak et al , 2008
Siemonsma et al , 2003
Syk et al , 2001
Ågren et al , 2011

Mean
1.55
1.47
1.61
1.75
1.07
1.31
1.69

MMPi
Control
SD Total Mean SD Total
0.36
10 1.22 0.32
10
0.20
14 1.25 0.26
12
0.17
10 1.22 0.32
10
0.34
8 1.25 0.47
8
0.35
15 0.73 0.30
15
0.41
15 0.73 0.30
15
0.36
44 0.90 0.35
31

Weight
12.8%
16.4%
15.1%
10.0%
14.8%
14.1%
16.9%

Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

0.33 [0.03, 0.63]
0.22 [0.04, 0.40]
0.39 [0.17, 0.61]
0.50 [0.10, 0.90]
0.34 [0.11, 0.57]
0.58 [0.32, 0.84]
0.79 [0.63, 0.95]

Total (95%CI)
116
101 100.00%
2
2
2
Heterogeneity: Tau = 0.04; χ = 25.44, df = 6 (P = 0.0003); I = 76%
Test for overall effect: Z = 4.86 (P < 0.00001)

0.45 [0.27, 0.63]
-2

-1
Favours control

0

1
Favours MMPi

2

B

500 μm

500 μm

Figure 3 Effects of broad-spectrum matrix metalloproteinase inhibitors on anastomotic breaking strength (A) and morphology (B) on postoperative day 3. A:
Forest plot of the results of the meta-analysis in N (cf. Table 4); B: Diminution of the gap between the two large bowel ends (indicated by double-headed arrows) after
treatment with the broad-spectrum matrix metalloproteinase inhibitor (MMPi) GM6001 (left image) compared with the vehicle treatment (right image). The photomicrographs are representative of the overall significant (P < 0.05) effect of GM6001 (median: 320 μm) compared with the vehicle (median: 900 μm)[8].

ratrol increased BPR on day 7 but not on days 3 or 5 in
one study[22,23], while resveratrol increased BPR on both
day 3 and day 7 in another study[22,23].
Immunomodulating interventions assessed in single
studies that reported increased anastomotic integrity included prostaglandin E1[24], cholera toxin[25], bacteria from
rat colon[26] and noxythyoline[27]. CD18 antibody[28], Escherichia coli[26], Lactobacillus acidophilus[26], Lactobacillus helveticus[29],
Streptococcus thermophiles[29], mesalamine[30], p38 mitogenactivated kinase protein inhibitor[8], activated protein C[31],
pyrrolidine dithiocarbamate[32] and trapidil[33] showed no
statistically significant effects on anastomotic biomechanical strength.
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Hormones and growth factors
In this category, sufficient data for the meta-analysis were
available for erythropoietin (EPO)[19,34-37], growth hormone (GH)[38-43] and insulin-like growth factor (IGF)-1[44-47]
(Table 2). The meta-analyses showed that EPO increased
BPR by 45 mmHg (95%CI: 14-76, P = 0.004) (Figure
2C), GH increased BPR by 21 mmHg (95%CI: 7-35, P =
0.004) (Figure 2D) and IGF-1 increased BPR by 61 mmHg
(95%CI: 43-79, P < 0.00001) vs the controls (Figure 2E).
In addition to these substances, full-length or truncated keratinocyte growth factor increased anastomotic
strength on postoperative days 2-7 [44,48]. Compounds
investigated in isolated studies reporting enhancement
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Table 2 Studies on the hormones erythropoietin and growth hormone, and the growth factor insulin-like growth factor-1 in colonic
anastomotic healing
Study
Faruquzzaman et al[34]
Fatouros et al[19]
Kaemmer et al[35]
Moran et al[36]
Ozel Turkcu et al[37]
Adas et al[38]
Christensen et al[39]
Christensen et al[40]
Christensen et al[41]
Christensen et al[42]
Karahasanoglu et al[43]
Egger et al[44]
Mantzoros et al[45]
Petersen et al[46]
Zacharakis et al[47]

Compound

Species

Sex

Sample size

EPO
EPO
EPO
EPO
EPO
GH
GH
GH
GH
GH
GH
IGF-1
IGF-1
IGF-1
IGF-1

Guinea pig
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat

Male
Male
Male
Male
Male
Male
Female
Female
Female
Female
Male
Male
Female
Female
Male

20
30
20
20
16
20
72
72
50
36
20
76
40
26
40

1

2

3

Dosage

Route

Test

Test day

Effects

500
500
5000
500
500
2.0
2.0
2.0
0.125/0.5/2.0/8.0
2.04/5/6
2.0
1.0
2.0
about 2.5
2.0

SC
SC
SC
SC
IM
SC
SC
SC
SC
SC
SC
IP
IP
SC
IP

BPR
BST
BPR
BPR
BPR
BPR
BPR
BPR
BPR
BST
BPR
BPR
BPR
BST
BPR

7
7
3/5
7
7
4
2/4/6
2/4/6
4
4
4
2/4/6
7
3
7

NS
↑37
NS/↑82
NS
↑93
↑16
↑104/↑232/NS
↑55/NS/NS
NS/NS/↑270/↑430
NS/↑34/↑59
↑11
↑62/↑67/↑61
↑25
NS
↑29

1

Total number of animals; 2EPO: IU/kg; GH: mg/kg; IGF-1: mg/kg; 3↑% increase (P < 0.05) or ↓% decrease (P < 0.05) vs controls; 4Preoperative; 5Postoperative; 6Preoperative and postoperative. BPR: Bursting pressure; BST: Breaking strength; EPO: Erythropoietin; GH: Growth hormone; IGF-1: Insulin-like
growth factor-1; IM: Intramuscular; IP: Intraperitoneal; SC: Subcutaneous; NS: Not statistically significant.

Table 3 Studies on exogenous oxygen in colonic anastomotic healing
Study
[59]

Erenoğlu et al
Hamzaoğlu et al[60]
Kirk et al[61]
Yagci et al[62]

Species

Sex

Sample size

Rat
Rat
Rat
Rat

Male
Male
Male
Male

20
20
36
40

1

2

Dosage

Test

Test day

Effects

Hyperbaric
Hyperbaric
50%
Hyperbaric3/4/5

BPR
BPR
BWT
BPR

7
4
7
5

NS
↑18
NS
NS/NS/NS

1

Total number of animals; 2↑% increase (P < 0.05) or ↓% decrease (P < 0.05) vs controls; 3Preoperative; 4Postoperative; 5Preoperative and postoperative. BPR:
Bursting pressure; BWT: Bursting wall tension; NS: Not statistically significant.

of anastomotic healing included triiodothyronine[49], epidermal growth factor[50], vascular endothelial growth factor[51], leptin[52] and platelet-rich-plasma[53]. In contrast, no
significant effects on anastomotic strength were found
with locally applied platelet-derived growth factor-BB[54],
long-acting glucagon-like peptide-2[55], melatonin[56], octreotide[57] or ranitidine[58].
Miscellaneous
Although the results from animal studies on oxygen
therapy were inconsistent[59-62] (Table 3), hyperbaric oxygen significantly increased BPR by 24 mmHg (95%CI:
13-34, P < 0.0001) in the meta-analysis (Figure 2F).
However, the sole human study on oxygen therapy that
we retrieved was recently retracted by the journal that
published it[63].
Gentamicin, administered systemically and locally,
increased BPR on day 5 but not on day 3 in two separate
studies[64,65]. Kanamycin in combination with erythromycin was more effective than kanamycin alone in increasing BS of colonic anastomoses on day 7 in dogs[66]. The
calcium channel blocker nifedipine increased BPR on
days 3 and 7 in one study[67]. Phenytoin increased BPR
on days 3 and 7, either by oral or rectal administration at
clinically relevant dosages[68]. Male rats that received pharmacological doses of vitamin A for five days preopera-
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tively and for six days postoperatively showed increased
BPR[69]. Simvastatin orally administered to rats resulted
in increased BPR on days 3 and 7[70]. Zinc intraperitoneally administered to rabbits increased BPR on day 7[71]
but showed no significant effect on BST on days 3 or 7
in male rats given an equivalent zinc dosage[72]. Heparin
had no effect on BST, but low-molecular-weight heparin
increased BST at day 7[73]. A dextran derivative with heparin-like properties increased BPR by more than two-fold
on day 2 but not at later time points in two separate studies[74,75]. Albumin[76], colloid[77] and hydroxyethyl starch[76,78]
had no significant impacts on anastomotic strength.
Proteinase inhibitors
Matrix metalloproteinase (MMP) inhibitors, including
AG3340[8], BB-94[79], BB-1101[7], BE166227B[80], doxycycline[81,82] and GM6001[8], consistently resulted in improved anastomotic strength on postoperative days 3-4
but not later (Table 4). The meta-analysis of the three
studies using the outcome of BPR showed a weighted
mean increase in BPR of 48 mmHg (95%CI: 31-66
mmHg, P < 0.00001) vs the vehicle. The studies that
used BST as an outcome measurement demonstrated
a significant increase in the weighted mean of BST of
0.45 N (95%CI: 0.27-0.63, P < 0.00001) (Figure 3A).
In a study on GM6001, light microscopic examination
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Table 4 Studies on matrix metalloproteinase inhibitors in colonic anastomotic healing
Study
[79]

de Hingh et al

Kiyama et al[80]
Pasternak et al[81]
Siemonsma et al[82]

Syk et al[7]
Ågren et al[8]

Compound

Species

Sex

BB-94

Rat

Male

BE16627B
Doxycycline
Doxycycline

Rat
Rat
Rat

BB-1101
AG3340
GM6001

Rat
Rat
Rat

Sample size

1

2

Dosage (mg/kg)

Route

Test

Test day

Effect

60

30

IP

Male
Male
Male

21
40
80

About 10
NA
About 40

Male
Male
Male

48
120

30
10
10/100

SC
LO
SC
SC
PO
SC
SC
SC
SC

BPR/BST
BPR/BST
BPR/BST
BPR
BST
BPR/BST
BPR/BST
BPR/BST
BPR/BST
BST
BST
BST

1
3
7
4
3
1
3
3
5
1/3/7
3
3

NS/NS
↑54/↑27
NS/NS
↑28
↑17
NS/NS
↑93/↑27
↑36/NS
NS/NS
NS/↑48/NS
↑47
↑79/↑88

1

Total number of animals; 2↑% increase (P < 0.05) or ↓% decrease (P < 0.05) vs controls; BPR: Bursting pressure; BST: Breaking strength; IP: Intraperitoneal;
LO: Local; NA: Not applicable; SC: Subcutaneous; NS: Not statistically significant.

revealed a pronouncedly smaller longitudinal wound gap
compared with vehicle-treated animals (Figure 3B)[8].
Aprotinin increased BPR in rabbits at postoperative
days 4 and 7[83,84]. In addition, aprotinin treatment increased the absolute change in collagen concentration
from day 0 more than in the controls[84]. In sharp contrast, aprotinin attenuated BPR in rats on day 15[85]. In
the single human study, 103 patients were randomized
to aprotinin and 113 to the placebo[86]. The incidence of
AL in the placebo group (9.7%) was not significantly reduced with aprotinin (11.7%), which was administered in
a dosage similar to that given in the experimental studies[83,84]. Post hoc analyses indicated reduced AL in the
aprotinin-treated patients who underwent low anterior
rectal resections, while those subjected to left hemicolectomy or sigmoid colectomy had more AL[86].

DISCUSSION
Summary of results
We reviewed the data on 56 different therapeutic agents
intended to promote anastomotic wound healing with the
purpose of identifying interventions with prophylactic
potential in colorectal AL. Approximately half of these
agents were assessed in one study only. To obtain more
robust conclusions, we performed a meta-analysis of the
products that were tested by three or more independent
research groups. Meta-analyses were undertaken for iloprost, tacrolimus, EPO, GH, IGF-1, hyperbaric oxygen
and MMP inhibitors. These therapies reproducibly improved anastomotic stability in uncomplicated pre-clinical
models. Thus, exploration of these agents, alone or in
combination, would be the next step in the search for effective interventions for AL prophylaxis.
Anastomotic wound healing
Anastomotic healing follows the chronological phases of
tissue repair, which are largely regulated by cytokines and
growth factors[6,87,88]. The initial hemostatic response results in a fibrin/fibronectin matrix that temporarily seals
and connects the two bowel ends. Subsequently, inflam-
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matory cell infiltration contributes to loss of the existing
collagen of the adjacent submucosa by tissue-destructive
proteinases, notably MMPs[89]. From postoperative day 3,
the provisional matrix is gradually converted into granulation tissue, which contains many new blood vessels,
macrophages and fibroblasts[89]. The collagen synthesis
rate then increases dramatically and peaks on days 6-7[90].
BST, but not BPR, was correlated with the increase in
collagen deposited in the anastomosis during the first
week[90].
Anastomotic repair can be improved via different nonoverlapping mechanisms, including inhibition of the degradation of submucosal collagen, promotion of angiogenesis and acceleration of granulation tissue deposition
and epithelialization.
Discussion of the seven candidate pharmaceuticals
The prostacyclin analog iloprost enhanced anastomotic
strength, possibly through increased neoangiogenesis and
intestinal blood perfusion[13,14]. Tacrolimus also improved
anastomotic healing, and light microscopy revealed reduced
inflammatory cell infiltration and preserved morphology
of the two colonic ends in the tacrolimus group[15]. However, tacrolimus is an immunosuppressive drug that targets
T-cell activation and interleukin-2 transcription[15-17]. Based
on these results, iloprost is a potential candidate for further
exploration, while tacrolimus is not due to its general immunosuppressive effects.
Although the main indication for EPO is anemia, its
non-hematopoietic properties could have positive effects
on anastomotic healing[91]. EPO treatment also enhanced
anastomotic strength under normal situations. Interestingly, improved BPR coincided with reduced MMP-8
expression in anastomotic wounds[35]. A more obvious
place for EPO therapy would perhaps be under complicated situations, such as ischemia.
The beneficial effect of GH on anastomotic strength
was reproduced on postoperative days 2-4 when administered at a dosage of 2.0 mg/kg per day or more[38-43]. The
positive effects could be ascribed to earlier deposition
and reorganization of neocollagen in anastomotic wound
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gaps[41,42]. Similarly, overexpression of GH profoundly
stimulated early granulation tissue formation in wounds[92].
One caveat is that most of the studies were performed in
female animals. GH treatment was seemingly less effective in male rats, possibly due to the negative influence of
testosterone on wound healing[93]. GH stimulated hepatic
synthesis of IGF-1, which is believed to mediate the local effects of GH[46]. Exogenous IGF-1 also raised anastomotic collagen levels and anastomotic strength when
administered intraperitoneally[44-47]. However, the systemic
adverse effects of GH and IGF-1 and the possible danger of using mitogenic substances in colorectal cancer
patients might disqualify these agents from further exploration in clinical trials. To circumvent the risk of harm,
IGF-1 could be delivered locally[94].
Oxygen therapy for anastomotic wound healing is
theoretically attractive. In a series of elegant experiments,
Shandall et al[95] demonstrated a strong positive correlation between tissue oxygen tension and the breaking
strength of colon anastomoses, largely due to increased
hydroxyproline. The results here were inconsistent, although there was a statistically significant, but mediocre,
increase in BPR with hyperbaric oxygen therapy[59-61].
On the other hand, hyperbaric oxygen therapy increased
intra-abdominal adhesions[96]. Interestingly, a more clinically useful regimen, with 50% oxygen at atmospheric
pressure, was ineffective[61]. This outcome agrees with the
findings of the PROXI trial, in which no significant effect of supplemental oxygen on anastomotic dehiscence
was observed[97]. The PROXI trial was excluded here
because AL was not the primary outcome, and patients
undergoing emergency surgery were also enrolled.
MMPs comprise a 23-member family of human zincdependent endopeptidases[98]. While extracellular matrix
remodeling by MMPs is part of the normal physiological
response to injury[98], increased activity of MMPs could
be deleterious to anastomotic strength due to excessive collagen degradation[89]. Synthetic MMP inhibitors
unequivocally improved anastomotic integrity. Kiyama
et al[80] attributed the increased mechanical strength to
more collagen fibers in the wound gap connecting the
large bowel ends. Morphologically, the smaller wound
gap observed after administration of GM6001 strongly
suggested that MMP inhibitors protected the existent
submucosal collagen network from degradation[8]. Intuitively, this observation also indicated a decreased risk of
leakage of the intraluminal content into the peritoneal
cavity[8]. Interestingly, GM6001 treatment did not increase the formation of intra-abdominal adhesions[99].
Limitations
The pathogenesis of AL is multifactorial. The studies in
our review used surrogate outcomes that could not be
directly translated into clinical AL. Furthermore, there
was only one study conducted in patients who were subjected to colorectal surgery.
Neither the quality nor publication bias of the included studies was evaluated here because the studies
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were too small in sample size and too few in number[100].
The efficacy of a therapeutic agent depends on the
conditions in which the anastomoses are constructed.
We chose to focus on studies investigating anastomotic
healing under uncomplicated conditions because these
cases are representative of the majority of patients with
colorectal cancer[101-103].
To conclude, despite these limitations, our review
indicated several promising therapeutic agents for the
prevention of AL.
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neoplastic polyps. Pit pattern classification in all the
studies of mucosal patterns with magnification resulted
in a pooled sensitivity of 89.0% (95%CI: 85.2-91.9)
and pooled specificity of 85.7% (95%CI: 81.3-89.2) and
the area under the SROC curve was 0.9354. There was
significant publication bias (P = 0.038 and 0.006 for
sensitivity and specificity using Egger’s test, P = 0.035
and 0.139 for sensitivity and specificity using Begg’s
test, respectively). No single study significantly affected
the pooled result, and the magnifying chromoendoscopy subgroup yielded a sensitivity of 92.7% (95%CI:
89.2-95.2) and specificity of 87.3% (95%CI: 81.6-91.4).
CONCLUSION: Kudo’s pit pattern classification is an
accurate diagnostic method for the differentiation of
neoplastic colorectal lesions. Publication bias is significant in the current available literature.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To analyze the current available evidence of Kudo’
s pit pattern classification for diagnosing colorectal neoplasms.
METHODS: A search was performed on Pubmed/Embase to identify studies reporting the outcomes of the
pit pattern classification in colorectal polyps. Retrieved
records were evaluated and selected by two independent investigators. The number of patients, polyps and
diagnostic performance of Kudo’s pit pattern classification
were retrieved from suitable studies. Pooled sensitivities
and specificities were calculated using fixed or random
effect models according to their heterogeneity. Publication bias was evaluated using funnel plot, Egger’s test,
and Begg’s test. Sensitivity analysis was performed by
omitting one study at a time and selecting a subgroup
consisting of 11 magnifying chromoendoscopy studies.
RESULTS: 20 eligible studies were included in which
a total of 5111 colorectal lesions in 3418 patients were
identified for the differentiation of neoplastic and nonWJG|www.wjgnet.com

Key words: Meta-analysis; Sensitivity; Specificity; Colonic neoplasia; Endoscope; Magnifying endoscopy
Core tip: According to the current available evidence,
Kudo’s pit pattern classification is an accurate diagnostic method for the differentiation of neoplastic and nonneoplastic colorectal lesions. The risk of potential publication bias should be noted.
Li M, Ali SM, Umm-a-OmarahGilani S, Liu J, Li YQ, Zuo XL.
Kudo’s pit pattern classification for colorectal neoplasms: A
meta-analysis. World J Gastroenterol 2014; 20(35): 12649-12656
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i35/12649.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i35.12649

INTRODUCTION
Colorectal cancer (CRC) is a major disease worldwide
and is responsible for numerous deaths. There is clear-
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cut evidence that the prognosis of patients with CRC
is strictly dependent on early detection and therapy of
premalignant and malignant lesions[1]. The majority of
CRCs arise from neoplastic polyps which have been
proved to be premalignant lesions [2,3]. Histologically,
colorectal polyps are classified as neoplastic (adenoma,
adenocarcinoma) or non-neoplastic (hyperplastic, inflammatory, hamartomatous, etc.). The ideal endoscopic
management of colorectal polyps involves two steps.
First, any mucosal lesions need to be detected. Second,
the lesions require to be characterized based on mucosal
surface architecture and vessel changes; which lead to an
endoscopic judgment of whether the lesion is neoplastic
or non-neoplastic. However, conventional white-light endoscopy is inadequate in the real-time characterization of
detected lesions. Magnifying endoscopy was introduced
for the diagnosis of gastrointestinal diseases with magnified observations. Endoscopists can visualize fine details
of mucosal surface pattern and vascular architecture. In
1980, chromoendoscopy was introduced into the field of
endoscopy which improved the identification of mucosal
pit pattern[4]. Magnification endoscopy combined with
narrow band imaging (NBI) is widely used in the area of
advanced endoscopy.
Kudo et al[5] first highlighted the feasibility of applying the “pit patterns” to distinguish neoplastic and nonneoplastic polyps via magnifying endoscopy. Kudo et al[5]
classified colorectal polyps according to their appearance,
structure and staining patterns. Type Ⅰ pits appear as
roundish pits; Type Ⅱ pits appear as stellar or papillary pits; Type Ⅲ-s pits are small roundish, tubular pits
(smaller than Type Ⅰ) and Type Ⅲ-L are roundish and
tubular pits (larger than Type Ⅰ); Type Ⅳ pits appear as
branch-like or gyrus-like pits and Type Ⅴ pits appear as
non-structured pits. Type Ⅰ and Ⅱ are considered benign
changes (e.g., normal, hyperplastic, inflammatory polyps),
whereas pit pattern classes Ⅲ-Ⅴ are considered to show
neoplastic and malignant changes.
Recently, several studies proposed that the pit pattern
analysis of colorectal lesions by magnifying colonoscopy
is a useful and objective tool for differentiating neoplastic from non-neoplastic lesions[6]. The aim of this study
was to meta-analyze the data of existing magnifying endoscopy trials using Kudo’s pit pattern classification for
colorectal polyp characterization.

MATERIALS AND METHODS
Data sources
An extensive English-language literature search of the
PubMed/MEDLINE and Embase databases for human
studies was performed to identify relevant publications
on the performance of Kudo’s classification in diagnosing neoplastic colonic polyps. The following search terms
were used: magnifying endoscopy, sensitivity, specificity,
chromoendoscopy, colorectal polyp and Kudo’s classification. No initial date limit was used. The search was updated until the end of March 2014. To expand our search,
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Records initially identified
n = 508
Duplication
n = 17
Non-redundant titles
n = 491
Titles rejected
n = 425
Abstracts retrieved
n = 66
Abstracts rejected
n = 14
Full text or abstracts retrieved
n = 52

Finally included studies
n = 20

Titles rejected because of:
Duplicate reports
Insufficient data
Using other criteria
Retrospective study or review
Pilot or learning curve study
n = 32

Figure 1 Flow chart describing the process of study selection.

we also used public search engines, such as Google, to
identify potentially suitable references. In addition, we
searched English abstracts of the non-English literature
in PubMed. References from the extracted articles, reviews, and previous meta-analyses were also consulted to
complete the data bank. Two authors (Ali SM and Umma-OmarahGilani S) contributed to the data search.
Study selection
Before commencement of the literature search, the inclusion criteria were defined as follow: (1) papers with fulltext or abstract written in the English language; and (2)
papers providing sufficient data for authors to construct a
2 × 2 contingency table to calculate sensitivity and specificity. When two articles were reported from the same
study, the more informative publication was selected. In
studies comparing Kudo’s classification to other criteria,
only the data from the arm using Kudo’s classification
were included. Exclusion criteria included: case reports
or case series, reviews, duplicate reports, insufficient data
in the article, and criteria other than Kudo’s classification
were used in the article.
For manuscripts and abstracts which met our predefined eligibility criteria, two independent investigators
(Ali SM and Liu J) independently selected data using a
standard form from each study. Disagreements, if any,
were resolved by a third reviewer (Li M). The flowchart
of literature selection is shown in Figure 1.
Characteristics of the studies
For each included study, the following information was
extracted: year of publication, country, type of endoscope, number of included patients, number of polyps
examined, number of neoplastic polyps confirmed by
histology, number of polyps truly positive and truly negative diagnosed according to Kudo’s classification. If one

12650

September 21, 2014|Volume 20|Issue 35|

Li M et al . Pit pattern for colorectal neoplasms
Table 1 Main characteristics of the studies selected for meta-analysis
Ref.
Kiesslich et al[26]
Kiesslich et al[9]
Liu et al[10]
Su et al[11]
Hurlstone et al[12]
Apel et al[19]
Kato et al[13]
Su et al[20]
Chiu et al[14]
Tischendorf et al[28]
Tischendorf et al[28]
East et al[24]
Liu et al[15]
Rogart et al[21]
van den Broek et al[23]
Togashi et al[16]
dos Santos et al[17]
van den Broek et al[22]
Chan et al[25]
Dos Santos et al[18]
Schachschal et al[27]

Country

Type of study

Type of classification

Germany
Germany
China
China
United Kingdom
Germany
Japan
China
China
Germany
Germany
United Kingdom
China
United States
Netherlands
Japan
Brazil
Netherlands
United States
Brazil
Germany

Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center
Single center

Type Ⅰ to Type Ⅴ
Neoplastic/non-neoplastic
Type Ⅰ to Type Ⅴ
Type Ⅰ to Type Ⅴ
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Type Ⅰ to Type Ⅴ
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic
Neoplastic/non-neoplastic

Patients (n ) Polyps (n )
100
84
948
230
350
158
180
79
133
52
47
62
223
131
50
50
72
48
43
69
309

283
118
954
270
288
273
210
110
180
100
100
116
451
265
98
107
137
153
103
120
675

Type of endoscopy
Magnifying chromoendoscopy
Magnifying chromoendoscopy
Magnifying chromoendoscopy
Magnifying chromoendoscopy
Magnifying chromoendoscopy
Chromoendoscopy
Magnifying chromoendoscopy
Chromoendoscopy
Magnifying chromoendoscopy
NBI magnifying endoscopy
Magnifying chromoendoscopy
NBI magnifying endoscopy
Magnifying chromoendoscopy
NBI
NBI magnifying endoscopy
Magnifying chromoendoscopy
Magnifying chromoendoscopy
NBI
i-SCAN
Magnifying chromoendoscopy
White light imaging, i-SCAN

NBI: Narrow band imaging.

deemed present if the P value was less than 0.1.
To evaluate publication bias, the funnel plot, Egger’s
test, and Begg’s test were carried out. For the sensitivity
analysis, we investigated the pooled sensitivity and specificity by removing one study each time. We also investigated a subgroup consisting of 11 magnifying chromoendoscopy studies.
Statistical analysis was performed using the Statistical
Package for Social Science Software for Windows (SPSS
13.0 version), Meta-Disc Statistical Software Version 1.4,
and Comprehensive Meta Analysis 2.

Table 2 Pooled number of lesions in each pit pattern by
historical diagnosis
Pit pattern

Hyperplasia/inflammation

Adenoma/cancer

Total

Type Ⅰ
Type Ⅱ
Type Ⅲ-L
Type Ⅲ-s
Type Ⅳ
Type Ⅴ
Total

108
419
74
14
13
3
631

5
79
668
53
152
35
992

113
498
742
67
165
38
1623

study had more than one arm using magnifying endoscopy in combination with a different imaging mode (i.e.,
staining and NBI), these arms were treated as individual
studies.
Statistical analysis
For each study, the sensitivity and specificity of Kudo’s
classification in comparison to histology were calculated
from the original numbers given in the included studies
by constructing 2 × 2 contingency tables. They were further calculated in the pooled results (with corresponding
95%CI). When significant heterogeneity was present, the
random effects model (Dersimonian and Laird method)
was used. Otherwise, the fixed effects model (Mantel and
Haenszel method[7]) was used. Forest plots were constructed for visual presentation of the individual studies
and the pooled results. A weighted symmetric summary
receiver operating curve was plotted and the area under
the curve (AUC) was calculated. An AUC of 1 indicated
perfect performance and an AUC close to 0.5 indicated
poor performance. The Cochran Q test and the inconsistency index (I2) were performed to evaluate the heterogeneity between studies[8]. Significant heterogeneity was
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RESULTS
General characteristics of the included studies
A flow chart describing the process of study selection
is shown in Figure 1. A total of 507 titles were retrieved
during the literature search, and 20 studies were finally
included in the meta-analysis. These studies were all published as full-texts. The main characteristics of the studies
eligible for the meta-analysis are shown in Table 1. The
studies were conducted in Germany, Brazil, United States,
United Kingdom, Netherlands, Japan, and China. All
studies used Kudo’s classification as the diagnostic criteria, where Type Ⅰ and Type Ⅱ indicated non-neoplastic
polyps, and Type Ⅲ to Ⅴ indicated neoplastic polyps. 10
studies used magnifying chromoendoscopy[9-18], and the
other studies used chromoendoscopy[19,20] (n = 2), narrow
band imaging (NBI)[21,22] (n = 2), NBI magnifying endoscopy[23,24] (n = 2), and i-SCAN[25] (n = 1). Three studies[26-28] used a mixture of imaging modalities.
In total, 5111 colorectal lesions in 3418 patients were
identified in the 20 eligible studies. 2817 of the 5111 lesions were confirmed to be neoplastic by biopsy and
subsequent histopathology. Table 2 summarizes 4 of the
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A

Model

Study name

Outcome

Kiesslich, 2001
Kiesslich, 2003
Liu, 2003
Su, 2004
Hurlstone, 2005
Apel, 2006
Kato, 2006
Su, 2006
Broek, 2007
Chiu, 2007
Tischendorf, 2007a
Tischendorf, 2007b
East, 2008
Liu, 2008
Rogart, 2008
Santos, 2009
Togashi, 2009
Santos, 2010
Broek, 2011
Chan, 2012
Schachschal, 2014

Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity

Random

Event rate and 95%CI
Event rate
0.932
0.938
0.908
0.957
0.884
0.646
0.989
0.957
0.750
0.913
0.917
0.905
0.880
0.804
0.802
0.965
0.900
0.970
0.762
0.741
0.781
0.890

Lower limit
0.846
0.782
0.884
0.913
0.785
0.502
0.958
0.875
0.492
0.853
0.815
0.804
0.758
0.744
0.724
0.897
0.813
0.912
0.540
0.609
0.741
0.852

Upper limit
0.971
0.984
0.927
0.980
0.941
0.767
0.997
0.986
0.903
0.950
0.965
0.957
0.945
0.852
0.861
0.989
0.949
0.990
0.897
0.840
0.816
0.919
-1.00

B

Model

Study name

Outcome

Kiesslich, 2001
Kiesslich, 2003
Liu, 2003
Su, 2004
Hurlstone, 2005
Apel, 2006
Kato, 2006
Su, 2006
Broek, 2007
Chiu, 2007
Tischendorf, 2007a
Tischendorf, 2007b
East, 2008
Liu, 2008
Rogart, 2008
Santos, 2009
Togashi, 2009
Santos, 2010
Broek, 2011
Chan, 2012
Schachschal, 2014

Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity

Random

-0.50

0.00

0.50

1.00

Event rate and 95%CI
Event rate
0.924
0.930
0.727
0.868
0.932
0.947
0.980
0.875
0.805
0.905
0.900
0.892
0.909
0.835
0.806
0.882
0.741
0.889
0.659
0.694
0.734
0.857

Lower limit
0.879
0.853
0.668
0.789
0.890
0.908
0.749
0.733
0.705
0.772
0.762
0.745
0.812
0.782
0.730
0.725
0.547
0.739
0.574
0.553
0.670
0.813

Upper limit
0.953
0.968
0.779
0.920
0.958
0.969
0.999
0.947
0.877
0.964
0.962
0.959
0.959
0.876
0.864
0.955
0.871
0.958
0.735
0.806
0.789
0.892
-1.00

-0.50

0.00

0.50

1.00

Figure 2 Forest plot showing the sensitivity (A) and specificity (B), with 95%CI, for diagnosing neoplastic polyps.

20 studies that reported the number of lesions in each pit
pattern by pathological results. This subgroup included
1623 colorectal lesions. The pooled sensitivity was 90.4%
(95%CI: 79.7-95.7) and the pooled specificity was 88.4%
(95%CI: 82.9-92.3).
Diagnostic performance of Kudo’s classification
The sensitivity for each study is shown in the forest plot
(Figure 2A). The inconsistency in sensitivity among the
20 studies was substantial (I2 = 84.3%), and was statistically significant (χ 2 = 127, df = 20, P = 0.000). Thus, the
pooled specificity was calculated using the random effects model. The pooled sensitivity was 89.0% (95%CI:
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85.2-91.9).
The specificity for each study is shown in the forest plot (Figure 2B). The inconsistency in specificity
among the studies was substantial (I2 = 84.3%), and was
statistically significant (χ 2 = 127, df = 20, P = 0.0001).
Thus, the pooled specificity was calculated using the
random effects model. The pooled sensitivity was 85.7%
(95%CI: 81.3-89.2). The SROC is displayed in Figure
3, and the AUC under the SROC was 0.9354 (95%CI:
0.9087-0.9621).
Publication bias of currently available literature
To investigate whether potential publication bias existed
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A

1.0
0.9

Funnel Plot of SE by Logit event rate
0.0

0.8
0.2

0.6
SE

Sensitivity

0.7

0.5

0.4

0.4
0.6

Symmetric SROC
AUC = 0.9354
SE (AUC) = 0.0136

0.3
0.2

0.8

0.1
0.0

-5
0

0.2

0.4
0.6
1-specificity

0.8

-3

-2

1.0

B

Figure 3 Summary receiver operating characteristic, with 95%CI. SROC:
Weighted symmetric summary receiver operating curve; AUC: Area under
curve; SE: Standard error.

Stability of pooled studies
To investigate whether any single study significantly affected the pooled results, forest plots of sensitivity and
specificity were plotted by removing one study at a time
(Figure 5A, B). The 95%CI of pooled sensitivity and
specificity was significantly affected by any single study.
We also analyzed a subgroup which consisted of 11 studies using magnifying chromoendoscopy. The pooled sensitivity of these studies was 92.7% (95%CI: 89.2-95.2),
and the pooled specificity was 87.3% (95%CI: 81.6-91.4).

DISCUSSION
Magnifying endoscopy is an extensively evaluated tool for
detecting colorectal neoplasms and Kudo’s classification
is the most frequently used criteria for colorectal neoplasm detection. To date, only a few trials have evaluated
its efficiency in distinguishing neoplastic polyps from
non-neoplastic polyps. In this study, the pooled sensitivity
was 89.0% and specificity was 85.7%. The area under the
SROC curve was 0.9354. This meta-analysis demonstrated that Kudo’s classification has substantial sensitivity
and specificity for the diagnosis of colorectal neoplastic
polyps.
The goal of colonoscopy is the early diagnosis of malignant and premalignant changes in the mucosa[29]. Magnifying endoscopy was invented in the 1990s to visualize
the fine details of the mucosa[30]. Currently, there are two

-1
0
1
Logit event rate

2

3

4

5

Funnel Plot of SE by Logit event rate
0.0

0.2

SE

in the reviewed literature, the funnel plot was analyzed
for sensitivity (Figure 4A) and specificity (Figure 4B).
Both indices were distributed asymmetrically, indicating
that publication bias may exist. Egger’s test indicated that
publication bias was statistically significant (P = 0.038
and 0.006 for sensitivity and specificity) and Begg’s test
was also significant (P = 0.035 and 0.139 for sensitivity
and specificity).
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-4

0.4

0.6

0.8
-4

-3

-2

-1

0

1

2

3

4

Figure 4 Funnel plot of standard error by logit event rate for sensitivity
(A) and specificity (B). Both funnel plots were asymmetric, indicating potential
publication bias. SE: Standard error.

ways in which magnifying endoscopy is used in practice:
Magnifying chromoendoscopy, where indigo carmine
was originally used to delineate the mucosa pattern[17,30],
and magnifying virtual chromoendoscopy, where a NBI
is used to enhance the mucosa pattern[4]. Both modalities frequently use Kudo’s classification as the diagnostic
criteria to diagnose neoplasia. The present study suggests
that Type Ⅰ (roundish pits) and Type Ⅱ (stellar or papillary pits) represent hyperplastic or inflammation polyps
and Type Ⅲ to Ⅴ represent neoplastic polyps with a high
sensitivity and specificity. This provided the basis for realtime decisions during ongoing colonoscopy. During realtime diagnosis, endoscopists can use the recognize-anddischarge strategy thus preventing unnecessary biopsy and
pathological costs.
Besides the Kudo’s pit pattern system, there are other
endoscopic diagnostic criteria for the classification and
staging of lesions: Sano’s capillary pattern which shows
the relationship between capillary thickness and lesions, where invisible capillaries are more common in
hyperplastic polyps, thin capillaries are more common
in low-grade adenomas and thick capillaries are present
in neoplastic lesions[16]. The vascular pattern intensity
(VPI) is also used, where strong VPI indicates neoplasia
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A

Study name

Outcome

Kiesslich, 2001
Kiesslich, 2003
Liu, 2003
Su, 2004
Hurlstone, 2005
Apel, 2006
Kato, 2006
Su, 2006
Broek, 2007
Chiu, 2007
Tischendorf, 2007a
Tischendorf, 2007b
East, 2008
Liu, 2008
Rogart, 2008
Santos, 2009
Togashi, 2009
Santos, 2010
Broek, 2011
Chan, 2012
Schachschal, 2014

Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity

Event rate (95%CI) with study removed
Event rate
0.887
0.888
0.889
0.884
0.890
0.897
0.881
0.886
0.894
0.888
0.888
0.889
0.890
0.895
0.895
0.885
0.889
0.884
0.894
0.896
0.895
0.890

Lower limit
0.848
0.849
0.849
0.845
0.851
0.862
0.843
0.847
0.856
0.849
0.849
0.850
0.852
0.856
0.856
0.846
0.850
0.845
0.856
0.858
0.858
0.852

Upper limit
0.917
0.918
0.919
0.914
0.920
0.924
0.911
0.916
0.922
0.919
0.918
0.919
0.920
0.924
0.924
0.915
0.919
0.914
0.922
0.924
0.924
0.919
-1.00

-0.50

0.00

Favours A

B

Study name
Kiesslich, 2001
Kiesslich, 2003
Liu, 2003
Su, 2004
Hurlstone, 2005
Apel, 2006
Kato, 2006
Su, 2006
Broek, 2007
Chiu, 2007
Tischendorf, 2007a
Tischendorf, 2007b
East, 2008
Liu, 2008
Rogart, 2008
Santos, 2009
Togashi, 2009
Santos, 2010
Broek, 2011
Chan, 2012
Schachschal, 2014

Outcome
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity

0.50

1.00

Favours B

Event rate (95%CI) with study removed
Event rate
0.851
0.852
0.864
0.857
0.850
0.848
0.854
0.856
0.860
0.855
0.855
0.855
0.854
0.859
0.860
0.856
0.861
0.856
0.865
0.863
0.863
0.857

Lower limit
0.807
0.807
0.819
0.811
0.806
0.804
0.810
0.811
0.815
0.810
0.810
0.810
0.809
0.812
0.814
0.811
0.817
0.811
0.824
0.820
0.819
0.813

Upper limit
0.887
0.888
0.898
0.893
0.886
0.883
0.889
0.892
0.896
0.891
0.891
0.891
0.890
0.896
0.896
0.892
0.896
0.891
0.898
0.898
0.898
0.892
-1.00

-0.50
Favours A

0.00

0.50

1.00

Favours B

Figure 5 Forest plot omitting one study each time to determine sensitivity (A) and specificity (B). The pooled result was not significantly affected by any of the
individual studies, suggesting that the pooled results were stable.

and normal or weak VPI indicates non-neoplastic polyp.
Combining the pit pattern and VPI may improve the diagnostic yield in the prediction of dysplasia[24].
The present study has several limitations: First, publication bias was statistically significant in the included
studies. Thus, it remains a challenge to evaluate Kudo’s
pit pattern classification in a comprehensive and unbiased
manner. The diagnostic yield of Kudo’s pit pattern was
not stratified by polyp size. A previous report document-

WJG|www.wjgnet.com

ed that larger polyps were associated with a higher risk of
neoplasia[31]. Furthermore, the learning curve, the extra
time needed, and diagnostic performance in combination
with other imaging modalities (such as the i-Scan system)
require further investigation.
In conclusion, current evidence indicates that Kudo’s
pit pattern classification is a highly accurate method for
differentiating between non-neoplastic and neoplastic
polyps. Publication bias is significant in the current avail-
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A

Model

Study name

Outcome

Kiesslich, 2003
Liu, 2003
Su, 2004
Hurlstone, 2005
Kato, 2006
Chiu, 2007
Tischendorf, 2007a
Liu, 2008
Santos, 2009
Togashi, 2009
Santos, 2010

Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Sensitivity

Random

Event rate and 95%CI
Event rate
0.938
0.908
0.957
0.884
0.989
0.913
0.917
0.804
0.965
0.900
0.970
0.927

Lower limit
0.782
0.884
0.913
0.785
0.958
0.853
0.815
0.744
0.897
0.813
0.912
0.892

Upper limit
0.984
0.927
0.980
0.941
0.997
0.950
0.965
0.852
0.989
0.949
0.990
0.952
-1.00

-0.50

0.00

Favours A

B

Model

Study name
Kiesslich, 2003
Liu, 2003
Su, 2004
Hurlstone, 2005
Kato, 2006
Chiu, 2007
Tischendorf, 2007a
Liu, 2008
Santos, 2009
Togashi, 2009
Santos, 2010

Outcome
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity
Specificity

Random

0.50

1.00

Favours B

Event rate and 95%CI
Event rate
0.930
0.727
0.868
0.932
0.980
0.905
0.900
0.835
0.882
0.741
0.889
0.873

Lower limit
0.853
0.668
0.789
0.890
0.749
0.772
0.762
0.782
0.725
0.547
0.739
0.816

Upper limit
0.968
0.779
0.920
0.958
0.999
0.964
0.962
0.876
0.955
0.871
0.958
0.914
-1.00

-0.50
Favours A

0.00

0.50

1.00

Favours B

Figure 6 Forest plot of sensitivity (A) and specificity (B), with 95% confidence interval, for diagnosing neoplastic polyps in a subgroup consisting of 11
magnifying chromoendoscopy studies.
whereas pit pattern classes Ⅲ-Ⅴ are considered neoplastic and malignant
changes.

able literature.
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Magnifying endoscopy is a technique which permits the visualization of mucosal
details that cannot be seen with standard endoscopy. The aim of this study was
to meta-analyze the currently available evidence on Kudo’s pit pattern classification for diagnosing colorectal neoplasms.

The authors conducted a meta-analysis for the diagnostic performance of a
widely used criteria, Kodu’s pit pattern, in detecting colorectal neoplastic polyps.
There is scientific merit to evaluate this diagnostic performance.
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Abstract
A case is presented of a 36-year-old male with primary
sclerosing cholangitis-associated inflammatory bowel
disease (PSC-IBD) and two synchronous stage 1 adenocarcinomata of the colon, who was initially treated with
a subtotal colectomy with ileostomy. One year later,
the patient presented with extensive intra-abdominal
lymphadenopathy and peritoneal carcinomatosis, as
well as a markedly elevated serum level of alpha-fetoprotein (AFP). Fine needle aspiration biopsy of a porta
hepatis lymph node revealed a metastatic hepatoid
adenocarcinoma. Subsequent review of the previous
colectomy specimen showed that one of the previously
identified adenocarcinomata had features suggestive
of a hepatoid colonic adenocarcinoma. The patient
was subsequently treated with a cytotoxic regimen of
FOLFOX (oxaliplatin, leucovorin, 5-fluorouracil) and bevacizumab, with stable results being achieved after six
months. This case presents the first known report of
PSC-IBD associated with synchronous typical and hepatoid adenocarcinomata of the colon and highlights the
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importance of considering hepatoid adenocarcinoma as
a differential diagnosis in patients with an increasing
serum AFP level.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatoid adenocarcinoma; Inflammatory
bowel disease; Colon cancer; Alpha-fetoprotein; Ulcerative colitis; Primary sclerosing cholangitis; Recurrence;
Metastasis
Core tip: This is the first reported case of a synchronous presentation of typical and hepatoid adenocarcinomata of the colon in a patient with long-standing ulcerative colitis and primary sclerosing cholangitis. This
report addresses the clinical importance of probing for
hepatoid adenocarcinomata in patients with increased
serum alpha-fetoprotein levels in the absence of hepatocellular carcinoma.
Chen Y, Schaeffer DF, Yoshida EM. Hepatoid adenocarcinoma of
the colon in a patient with inflammatory bowel disease. World J
Gastroenterol 2014; 20(35): 12657-12661 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i35/12657.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i35.12657

INTRODUCTION
Hepatoid adenocarcinoma (HA) is a rare neoplasm, which
was first described in the stomach by Bourreille et al[1] and
termed by Ishikura et al[2] after reporting a similar case in
1985. The frequent occurrence of HA in the stomach
has been attributed to the common embryologic origin
of the stomach and liver from the foregut, though it can
occur in other organs, including the colon, genitourinary
tract, thymus, biliary system, esophagus, pancreas, peritoneum, kidney, ovary or lung[3]. The histologic features and
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biochemical profile of hepatoid tumors are reminiscent
of hepatocellular carcinoma (HCC)[4,5]. HA are composed
of polygonal tumor cells arranged in both trabecular and
glandular structures[6], and can be identified with alphafetoprotein (AFP), hepatocyte specific antigen (HSA),
and MOC31 antibodies, which usually do not react with
hepatocytes[3]. This case report describes the discovery of
a metastatic HA in the colon of a patient with primary
sclerosing cholangitis (PSC)-associated inflammatory
bowel disease (IBD).

CASE REPORT
A 36-year-old Caucasian male was first diagnosed with
ulcerative pancolitis at the age of 24 and treated with mesalamine. Eight years after the initial diagnosis, the patient
became jaundiced and imaging of his bile duct showed
changes typical of PSC. A subsequent dysplasia surveillance colonoscopy showed a polypoid lesion within the
proximal transverse colon, along with chronic inflammatory mucosal changes. Biopsies of the lesion revealed an
infiltrating, moderately differentiated colonic adenocarcinoma. The patient then underwent a subtotal colectomy
and ileostomy with a Roux-en-Y hepaticojejunostomy.
Although only one lesion was documented during
colonoscopy, histopathologic examination of the resection specimen showed two completely excised synchronous colonic tumors, 9 cm apart, within the transverse
colon. The first tumor measured 2 cm in size and showed
a high-grade (poorly differentiated) colonic adenocarcinoma, characterized by solid sheets of neoplastic cells
arising from dysplastic surface epithelium. The second
larger tumor (4.7 cm) had a low-grade histologic appearance, composed of moderately differentiated colonic
glands invading into the superficial portions of the submucosa. Both lesions invaded the submucosa but did not
penetrate the muscularis propria, and thus were staged
as pT1 lesions. Lymphatic or venous invasion was not
observed (via D2-40 and CD31 staining) and 45 regional
colonic lymph nodes were negative for metastatic disease.
The background colonic mucosa showed chronic active
ulcerative pancolitis with minimal severity.
The histologic staging and review by a multidisciplinary team did not indicate adjuvant chemotherapy.
However, four months after the initial colectomy, the
patient developed ascites and was found to be cirrhotic.
An enlarging left renal perihilar lymph node identified
during a pre-liver transplant work-up was monitored for
six months by serial image scanning. A positron emission
tomography (PET) scan revealed multiple PET-positive
paraaortic lymph nodes and one left inguinal lymph node,
which was suspicious for malignancy. However, no neoplastic changes were observed in an excisional biopsy of
the left inguinal lymph node. The only abnormal biomedical value coinciding with the PET-positive result was an
abnormal AFP value of 4896 μg/L that was encountered
during the standard HCC screening protocol. Moreover,
the patient’s AFP levels had slowly but steadily increased
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over the previous twelve months. A biphasic abdominal
computed tomography (CT) scan and hepatic magnetic
resonance imaging both failed to show any hepatic mass
lesions.
Sixteen months after the initial colectomy, the patient
underwent an endoscopic ultrasound and a fine needle
aspiration biopsy of the largest porta hepatis lymph
node. Histologic examination showed the lymph node
to be positive for metastatic carcinoma, as indicated by
intermediate-sized dysplastic cells with vacuolated cytoplasm and occasional markedly enlarged malignant nuclei-forming lumina (Figure 1A). Immunohistochemistry
revealed that the tumor cells were positive for AFP (Figure
1B) and strongly positive for caudal-related homeobox
transcription factor 2 (CDX-2) (Figure 1C). In addition,
staining for HSA was unequivocal (Figure 1D). These
histopathologies were consistent with a metastasis of the
known primary colonic tumor, and the AFP positivity
suggested a hepatoid variant. A subsequent review of
the original colonic specimens revealed that the smaller,
poorly differentiated tumor was in fact composed of
polygonal-shaped cells with granular eosinophilic cytoplasm, centrally located nuclei, and prominent nucleoli
(Figure 2A, B) that were immune-positive for AFP (inset
of Figure 2B), HSA, and CDX-2. In contrast, the second
tumor identified from the original specimen was negative
for AFP and HSA immunostaining, and showed a more
typical colonic morphologic differentiation (Figure 2C,
D). This indicated that the tumor in the porta hepatis
node represented a metastasis of the colonic HA.
Following this diagnosis, a repeat CT scan of the
abdomen was performed, which showed prominent
paracolic peritoneal enhancement that was suggestive of
peritoneal carcinomatosis. The patient was thus started
on palliative chemotherapy with FOLFOX (oxaliplatin,
leucovorin, 5-fluorouracil) and bevacizumab. Serum AFP
levels decreased to 260 μg/L after three cycles of chemotherapy, and the patient remains stable six months after
the diagnosis of metastatic HA of the colon.

DISCUSSION
This case describes a patient with long-standing ulcerative colitis and primary sclerosing cholangitis who was
diagnosed with metastatic colonic HA that was denoted
by markedly elevated AFP levels. To the best of our
knowledge, this is the first reported case of two synchronous colonic cancers with divergent histologic subtypes
arising in a background of PSC-IBD. HA of the colon
or rectum is distinctly rare, representing only 2% of all
reported cases[7]. Four of the seven previously reported
cases of colonic HA were associated with IBD[8-11]. This
strong correlation with IBD may be related to the ongoing chronic inflammation in these patients, but to date,
no causal link has been established. A review of 271
patients showed that HA occurs predominantly in males
(male:female = 2.3:1), with a median age of 63.0 ± 12.8
years (range: 21 to 100 years)[6]. The majority of the pa-
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Figure 1 Fine needle aspiration biopsy of enlarged porta hepatis node. A: Papanicolaou staining showed multiple intermediate-sized dysplastic cells with vacuolated cytoplasm and occasional markedly-enlarged malignant nuclei-forming lumina (× 40 magnification); B: Immunohistochemistry showed that tumor cells stained
positive for alpha-fetoprotein (× 20 magnification); C: Tumor cells showed strong nuclear immunostaining for caudal-related homeobox transcription factor 2 (× 20
magnification); D: Staining for hepatocyte-specific antigen was unequivocal (× 20 magnification).

A

B

C

D

Figure 2 Colectomy specimen showed two synchronous tumors with divergent histologic differentiation. A: The larger tumor was poorly differentiated and
composed of sheets of polygonal-shaped cells with granular eosinophilic cytoplasm, centrally located nuclei and prominent nucleoli (hematoxylin and eosin staining,
× 40 magnification); B: Larger tumor at × 200 magnification, inset shows immunostaining for alpha-fetoprotein; C: The second tumor demonstrated a more typical
colonic morphologic differentiation, characterized by infiltrating submucosal glands (hematoxylin and eosin staining, × 40 magnification); D: Second tumor at × 200
magnification.
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tients (84.8%) had elevated serum AFP levels, ranging
from < 1.0 to 475000 μg/L. AFP, a glycoprotein produced in large amounts in the fetus, is found at a concentration of < 10 μg/L in healthy adult individuals and is
mildly elevated in benign liver diseases, such as hepatitis
and cirrhosis. AFP levels are also mildly elevated in HCC
and other tumors, including non-seminomatous germ cell
tumors, pancreatic ductal and gallbladder adenocarcinomata, and gastrointestinal tract carcinomata. Although a
small percentage of HA do not produce AFP (15.2%)[6],
histologic examination of AFP immunoreactivity remains
the gold standard for diagnosis.
The treatment of HAs involves surgical resection of
the tumor, followed by organ specific adjuvant chemotherapy. FOLFOX or FOLFIRI (leucovorin, 5-fluorouracil, irinotecan) regimens are the treatment of choice
for patients with colorectal HA, though outcomes vary
significantly. For example, Cappetta et al[11] reported a
75-year-old female with colonic HA who had a poor response to surgical resection and standard chemotherapy
for colorectal cancer (FOLFOX-4 and later FOLFIRI
plus bevacizumab), whereas Slotta et al [7] reported a
59-year-old female patient with a 27-mo recurrence-free
survival after surgical resection and adjuvant chemotherapy (FOLFOX-4). Despite combined surgical resection and adjuvant chemotherapy, the overall prognosis
for HA patients remains poor in comparison to “typical”
solid organ tumors. A 55% one-year survival rate for HA
has been reported, along with an 11-mo overall median
survival that encompasses a wide range depending on the
primary tumor site[3]. The median survival for colorectal
HA is 19.4 mo[7].
Although the pathogenesis of HA is not clearly understood, it is thought that hepatoid cells originate more
proximal to the totipotent cell. This may allow early intravascular proliferation of these tumors, which may explain
their poor prognosis[8,11]. This case study exemplifies the
clinical importance of serum AFP levels, which, in the
absence of a hepatic lesion, can be an indicator of an unsuspected HA. Future studies are needed to understand
the mechanism that triggers differentiation to a hepatoid
morphology and phenotype, as well as to identify an effective chemotherapy regimen.

aortic lymph nodes and one left inguinal lymph node.

Pathological diagnosis

Fine needle aspiration biopsy of the porta hepatis lymph node showed metastatic carcinoma and positive AFP and caudal-related homeobox transcription
factor 2 (CDX-2) immunostaining. One of the original colonic tumor specimens
demonstrated histologic features suggestive of hepatoid adenocarcinoma (HA)
and stained positive for AFP, CDX-2, and hepatocyte specific antigen.

Treatment

The patient was treated with chemotherapy FOLFOX (oxaliplatin, leucovorin,
5-fluorouracil) in combination with bevacizumab.

Related reports

The tumor biology of HA is not very well understood and its recurrence cannot
be reliably predicted.

Term explanation

HA is a rare and aggressive extra-hepatic tumor that displays biochemical and
histologic features reminiscent of hepatocellular carcinoma and is often associated with a high serum level of AFP.

Experiences and lessons

This case not only represents the first reported case of two synchronous colonic
cancers with divergent histologic subtypes arising in a background of primary
sclerosing cholangitis-associated inflammatory bowel disease, but also addresses the importance of considering HA as a differential diagnosis in patients
with an increasing serum AFP level in the absence of a hepatic lesion.

Peer review

A rare occurrence of colonic HA is reported that was identified by steadily increasing serum AFP levels.
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Abstract
Liver test abnormalities have been described in up to
60% of patients with systemic lupus erythematodes
(SLE) at some point during the course of their disease.
Prior treatment with potentially hepatotoxic drugs or
viral hepatitis is commonly considered to be the main
cause of liver disease in SLE patients. However, in rare
cases elevated liver enzymes may be due to concurrent
autoimmune hepatitis (AIH). To distinguish whether
the patient has primary liver disease with associated
autoimmune clinical and laboratory features resembling
SLE - such as AIH - or the elevation of liver enzymes
is a manifestation of SLE remains a difficult challenge
for the treating physician. Here, we present six female
patients with complex autoimmune disorders and hepatitis. Patient charts were reviewed in order to investigate the complex relationship between SLE and AIH.
All patients had coexisting autoimmune disease in their
medical history. At the time of diagnosis of AIH, patients presented with arthralgia, abdominal complaints,
cutaneous involvement and fatigue as common symptoms. All patients fulfilled the current diagnostic criteria
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of both, AIH and SLE. Remission of acute hepatitis was
achieved in all cases after the initiation of immunosuppressive therapy. In addition to this case study a literature review was conducted.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Systemic lupus erythematodes; Elevated
liver enzymes; Autoimmune hepatitis
Core tip: Hepatic involvement in patients with systemic
lupus erythematodes (SLE) is considered to be rare.
The differences between hepatic involvement caused
by hepatotoxic drugs, coincident viral hepatitis, nonalcoholic fatty liver disease or concurrent autoimmune
hepatitis (AIH) as independent disease has not been
defined clearly in patients with SLE. This case report
describes six patients who fulfill the current diagnostic
criteria for both SLE and AIH, and thus represents the
largest case series in the literature.
Beisel C, Weiler-Normann C, Teufel A, Lohse AW. Association
of autoimmune hepatitis and systemic lupus erythematodes: A
case series and review of the literature. World J Gastroenterol
2014; 20(35): 12662-12667 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i35/12662.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i35.12662

INTRODUCTION
Systemic lupus erythematodes (SLE) is a multisystem
autoimmune disorder involving various organs such as
kidneys, skin and the central nervous system. Liver involvement is normally not part of the spectrum of SLE,
but is seen in up to 60% of SLE patients[1]. Hepatotoxic
drugs, coincident viral hepatitis and non-alcoholic fatty
liver disease (often induced by steroids) are the most
commonly described causes of elevated liver enzymes in
SLE[2].
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Table 1 Review of literature
Year of
publication

Patients (n )

Chattopadhyay et al[15]
Choi et al[16]
Chowdhary et al[8]
Deen et al[17]

2011
2008
2008
2009

1
1
6
4

Efe et al[18]

2011

4

Iwai et al[19]
Kaw et al[20]
Kooy et al[21]
Koshy et al[22]
Mackay et al[11]

2003
2006
1996
2012
1999

1
1
1
1
1

Moriwaki et al[23]
Satoh et al[24]
Suzuki et al[25]

1987
1997
1993

1
2
1

Takahashi et al[26]

2007

1

Tojo et al[27]

2004

5

Usta et al[28]

2007

1

Yamasaki et al[29]
Yoon et al[30]

2004
2003

1
2

Author

Sex

Age
(in year)

Female
20
Female
Unknown
Unknown Unknown
3 female Median 11
1 male Range 11-13

Female

Clinical presentation

Liver enzymes

Outcome

Fever, polyarthritis, jaundice
Butterfly-type facial erythema
Unknown
Jaundice, splenomegaly, cutaneous
involvement, articular involvement,
proteinuria (> 0.5 g/d), cardiopulmonary involvement
Unknown

Elevated
Elevated
Unknown
Elevated

Remission
Remission
Unknown
Remission in
all cases

Median 35
Elevated
Unknown
Range 27-40
Female
60
Elevated liver enzymes
Elevated
Remission
Female
34
Arthralgia, myalgias, skin rash, nausea
Elevated
Remission
Unknown Unknown
Unknown
Elevated
Remission
Female
30
Jaundice, abdominal distention
Elevated
Exitus letalis1
Female
16
Failure to thrive, jaundice, non-erosive
Elevated
Progress
arthritis, oral aftous lesions
Unknown Unknown
Unknown
Unknown
Unknown
Unknown Unknown
Unknown
Unknown
Remission
Female
33
Intermittend fever, polyarthralgia, cutaElevated
Remission
neous involvement, pericardial effusion
Female
69
Fever, cough, pleural and pericardial
Elevated
Remission
effusion
Female
Median 43
Raynaud’s phenomenon, arthralgia, Elevated in 4 of Remission in
butterfly-type facial erythema, dry
5 cases
all cases
mouth, jaundice, edema, ascites, pleural
effusion, struma, skin ulcer, fatigue,
fever
Range 21-56
Female
12
Jaundice, hepatosplenomegaly, polyarElevated
Stable
thralgia, malaise, butterfly-type facial
erythema, arthritis
Female
48
Ascites
Elevated
Remission
Female
Unknown
Unknown
Elevated
Unknown

1

Patient died due to acute liver failure.

The co-occurrence of autoimmune hepatitis (AIH)
and SLE is considered to be rare and only few case reports have been published so far (Table 1). Diagnostic
criteria in accordance with the International Autoimmune Hepatitis Group and the “simplified criteria” are
based on elevation of Immunglobulin G (IgG), demonstration of characteristic autoantibodies, histological
features of hepatitis and the absence of viral disease[3,4].
The clinical presentation of AIH ranges from asymptomatic disease recognized only by incidentally ascertained biochemical abnormalities to an acute or even fulminant hepatitis. Female predominance and occurrence
peaks in early adult life and in the 4th decade of life are
characteristic[5]. In symptomatic cases patients are often
affected by non-specific symptoms such as nausea, anorexia, abdominal discomfort and jaundice. A common
extrahepatic manifestation of AIH may be arthralgias,
which are also often seen in SLE.
A patient with SLE and elevated liver enzymes presents a demanding differential diagnosis for the rheumatologist. While elevated IgG and anti-nuclear antibodies
(ANAs) are characteristic for both AIH and SLE[5], there
are few serological markers, which are highly specific for
the two different diseases. Anti-double stranded DNA
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(anti-dsDNA) antibodies are associated with SLE but are
also found in patients suffering from AIH[6]. Data on sensitivity for the diagnosis of SLE range from 25%-85%[7].
Czaja et al[6] tested sera from 53 patients with AIH by enzyme immunosorbent assay and indirect immunofluorescence using the Crithidia luciliae substrate and detected
anti-dsDNA in 30 patients (57%). Also anti-Smith antibodies are frequently found in SLE patients and approximately 99% of individuals with positive anti-SM match
the diagnostic criteria for SLE[7]. Specific markers for
AIH, which usually do not occur in SLE, are soluble liver
antigen (SLA), Liver-pancreas, smooth-muscle antibody
(SMA) with specificity for F-actin and microsomal autoantigens, such as anti-liver kidney antibodies (anti-LKM
antibody)[5]. While these markers may help to segregate
AIH coincident with SLE serologically, liver histopathology represents the key feature that distinguishes AIH in
SLE from nonspecific hepatic involvement in SLE. In
patients with AIH liver histopathology shows characteristic lesions, such as interface hepatitis, rosetting of hepatocytes, emperipolesis and - consecutive to inflammation
- fibrosis (Figure 1)[5]. In contrast, liver histology in SLE
usually shows changes attributable either to drug toxicity
or non-specific liver involvement as e.g., fatty degenera-
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Figure 1 Typical histopathology of a patient with autoimmune hepatitis
(case 1). Cirrhotic changes of the liver parenchyma with interface hepatitis. The
portal and periportal inflammatory infiltrate is composed of lymphocytes, monocytes/macrophages and plasma cells (haematoxylin and eosin staining; × 200).

tion or hydropic hepatocytes[2,8].
As the diagnosis of AIH is relevant in SLE patients
with regards to choices of immunosuppressants, longterm outcome and optimal surveillance of the patients,
adequate attention should be taken to differentiate between “true additional” AIH or non-specific liver involvement.
In the following, we present six patients with SLE
and the concomitant diagnosis of autoimmune hepatitis.
All patients matched the current diagnostic criteria of
both AIH as well as of SLE. A review of the literature
was performed and published cases were summarized
(Table 1).

CASE REPORT
Six female patients with arthralgias, elevated transaminases and additional symptoms were seen either at the I.
Department of Medicine of the University-Medical Center Hamburg-Eppendorf or at the Johannes Gutenberg
University Hospital Mainz, Germany, between 1991 and
2011. The median age at presentation was 44 years (range:
27-60 years). All patients presented with arthralgia (n =
6) as main complaint at time of diagnosis. Abdominal
complaints (n = 4), cutaneous involvement (n = 4) and
fatigue (n = 4) were the second most common symptoms. Jaundice (n = 1), fever (n = 1), photosensitivity (n
= 1), sicca symptoms (n = 1) and myalgia (n = 1) were
less often described. All patients presented with elevated
liver enzymes (AST median: 238.5 U/L, range: 59-323
U/L; ALT median: 174.5 U/L, range: 53-413 U/L). Five
of six showed increased levels of IgG (median 24.15 g/L;
range 6.7-44 g/L) and ANA titers with a homogeneous
pattern on immuno fluorescence diagnostics, (median
1:960, range 1:160-1:2560) (Table 2).
While all patients tested negative for anti-LKM-1 as
well as SLA/LP antibody, three patients tested positive
for SMA. Four patients showed positive anti-dsDNA
titers, only one patient tested positive for anti-Sm antibody (case 4).
Five of six patients had a history of Hashimoto’s thy-
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roiditis as coexisting autoimmune disease. Other concomitant autoimmune disorders like primary sclerosing
cholangitis, psoriasis and Raynaud’s phenomenon occurred in one patient respectively.
The diagnosis of SLE was established based on the
American College of Rheumatology (ACR) classification
criteria[3,9]. All patients fulfilled the simplified diagnostic
criteria of AIH with a median score of 8 points (range
6-8 points)[4].
Liver biopsy was performed due to elevated transaminases in all cases and showed typical signs of AIH (Figure 1).
Advanced fibrosis/cirrhosis was found in three patients.
Treatment was initiated in all cases with prednisolone
pulse-therapy[10] and extended to a combination of azathioprine and hydroxychloroquine in four cases. A monotherapy with azathioprine or mycophenolate mofetil after
prednisolone pulse-therapy was started in one patient,
respectively. Two patients required a change of treatment
due to azathioprine intolerance and switched to treatment
with cyclophosphamide. Remission of acute hepatitis
was achieved in all cases. Complete biochemical remission including normalization of transaminases as well as
IgG levels was achieved in all patients after six months of
treatment.
One patient (case 3) developed hepatocellular carcinoma (HCC) in 2012, six years after diagnosis of AIH.
In her first liver biopsy in 2006, the patient showed liver
cirrhosis. The patient was regularly seen at the outpatient
clinic for follow-up visits and ultrasound screening for
HCC was performed every six month. Multifocal HCC
(barcelona clinic liver cancer-stadium C) was diagnosed
six years after diagnosis of AIH. Surgical resection or
liver transplantation as curative treatment option was not
feasible due to advanced tumor stage. The patient underwent transcatheter arterial chemoembolization every
three month. Since July 2013, the patient receives additionally systemic therapy with sorafenib due to tumor
progression. Information of patient characteristics is
given in Table 2.

DISCUSSION
Hepatic involvement in patients with SLE is well documented, but considered to be rare[11]. The differences between hepatic involvement caused by hepatotoxic drugs,
coincident viral hepatitis, non-alcoholic fatty liver disease
or concurrent AIH as independent disease has not been
defined clearly in patients with SLE.
In this case series, we present six patients who fulfill
the current diagnostic criteria for both SLE and AIH[3,9].
Interestingly, these patients presented with clinical and
serological symptoms suggestive for AIH and liver disease was the leading disease in five of our patients. In
addition to symptoms suggestive for AIH, the patients
had distinctive features of SLE, supporting the interpretation of coexistence of the two conditions.
To our knowledge, only 35 cases of patients with the
concurrent diagnosis of SLE and AIH have been published altogether (Table 1).
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Table 2 Patient characteristics

Demographic data
Age at time of diagnosis (yr)
Sex
Year of diagnosis
Laboratory tests
Hemoglobin (g/dL)
Leukocytes (/μL)
Platelets (/μL)
AST (U/L)
ALT (U/L)
Total bilirubin (mg/dL)
IgG (g/L)
C3 (mg/dL)
C4 (mg/dL)
ANA, homogeneous pattern (titer)
SMA (titer)
Anti-dsDNA (units)
RNP-Sm (immunoblot)
Liver biopsy (Grading/staging1)

Clinical symptoms of SLE

Therapy regime

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

43
Female
2012

59
Female
2003

40
Female
2006

60
Female
2001

27
Female
1994 (SLE)
2005 (AIH)

45
Female
1991

10.7
0.7
21
316
99
8.9
44
4.1
4.1
1:2560
1:2380
39
NA
Cirrhosis (G2/F4)
Chronic hepatitis
Arthritis
Photosensitivity
Oral ulcers
Serositis
Prednisolone
Azathioprine
Hydroxychloroquine

Course of disease

Remission

NA
NA
14.7
13
13.4
NA
NA
8.9
4.84
8.7
NA
NA
291
232
181
170
59
307
125
323
164
53
298
185
413
1
1.8
0.83
0.9
4.1
19.3
6.77
10.13
29
29
Normal
Low
NA
0.14
NA
Normal
Low
NA
0.14
NA
1:320
1:640
1:1280
1:160
1:1280
1:320
Negative
1:60
1:160
Negative
941
Negative
Negative
37
> 200
Positive
NA
NA
Positive
NA
Cirrhosis (G1/F4) Cirrhosis (G3/F4) Fibrosis (G1/F3) Fibrosis (G2/F1) Fibrosis (G3/F3)
Chronic hepatitis Chronic hepatitis Chronic hepatitis Chronic hepatitis Chronic hepatitis
NASH
PSC
Arthritis
Arthritis
Arthritis
Arthritis
Arthtitis
Malar rash
Malar rash
Malar rash

Prednisolone
MMF

Prednisolone
Azathioprine
Hydroxychloroquine

Remission

Remission
Diagnosis of HCC
in 2012

Prednisolone
Azathioprine
Hydroxychloroquine
Cyclophosphamide
Remission

Prednisolone
Azathioprine

Prednisolone
Azathioprine
Cyclophosphamide

Remission

Remission

1

Scheuer classification for grading and staging of chronic hepatitis. AIH: Autoimmune hepatitis; ALT: Alanine aminotransferase; ANA: Anti-nuclear antibodies; anti-dsDNA: Anti-double stranded DNA; anti-KLM-1: Anti-liver-kidney microsome type 1; anti-SMA: Anti-smooth muscle; AST: Aspartate transaminase; HCC: Hepatocellular carcinoma; MMF: Mycophenolate mofetil; NASH: Non-alcoholic steatohepatitis; NA: Not applicable; PSC: Primary sclerosing cholangitis; SLE: Systemic lupus erythematodes.

AIH and SLE are considered distinct diseases, which
can be associated like other autoimmune diseases. This
is supported by the fact, that five of our six patients had
coexisting autoimmune disorders, as e.g., Hashimoto’s
thyroiditis.
Differential diagnosis of elevated liver enzymes in
patients with SLE as non-specific hepatic involvement or
as AIH is demanding. While serological markers, such as
ANA, anti-dsDNA or raised IgG can be strongly overlapping in SLE and AIH, histology is all the more essential to distinguish AIH in SLE from non-specific hepatic
involvement in SLE. In accordance with the revised
simplified criteria of AIH, histological demonstration
of hepatitis compatible with AIH[12] is the essential diagnostic criterion of AIH[3,5]. We suggest that AIH needs
to be considered in the differential diagnosis of any SLE
patient with elevated liver enzymes. Liver biopsy is therefore crucial in these patients.
Treatment strategies are determined by the predominant disease, which in our case series was AIH. The recommended treatment for both, AIH and SLE, are immu-
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nosuppressive strategies with therapeutic success. Except
one, all published cases responded well to immunosuppressive treatment (Table 1). It has been shown for AIH,
that complete biochemical remission is crucial for longterm prognosis of these patients[13]. There is no data available for the prognosis of AIH with concomitant SLE but
publications suggest, that achievement of complete remission is crucial not only for long-term survival in these
patients but also regarding quality of life. However, AIH
has a more aggressive histology pattern and prognosis of
untreated symptomatic autoimmune hepatitis is poor with
a five-year survival rate below 25% in untreated patients
versus 80% in those treated with corticosteroids[14].
To summarize, AIH and SLE are distinct diseases,
whose combination of clinical symptoms and diagnostic
markers overlap. While SLE and AIH are rarely diagnosed as concomitant diseases in one patient, hepatic
involvement in patients with SLE is sometimes observed
during the course of disease. In our view, AIH needs to
be considered in the differential diagnosis of any SLE patient with elevated liver enzymes, and liver biopsy should
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become mandatory in such patients.
5
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Authors report six female patients with systemic lupus erythematodes (SLE)
and autoimmune hepatitis (AIH).

Clinical diagnosis
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Current diagnostic criteria for both SLE and AIH were fulfilled.
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Hepatic involvement caused by hepatotoxic drugs, coincident viral hepatitis or
non-alcoholic fatty liver disease.
All patients presented with elevated liver enzymes. Five of six showed increased levels of IgG. While all patients tested negative for anti liver kidney-1
as well as soluble liver antigen/LP antibody, three patients tested positive for
smooth muscle. Four patients showed positive anti-double stranded DNA titers,
only one patient tested positive for anti-Sm antibody.

Pathological diagnosis

Liver biopsy was performed due to elevated transaminases in all cases and showed
typical signs of AIH. Advanced fibrosis/cirrhosis was found in three patients.

12
13

Treatment

Treatment was initiated in all cases with prednisolone pulse-therapy and extended to a combination of azathioprine and hydroxychloroquine in four cases.
A monotherapy with azathioprine or mycophenolate mofetil after prednisolone
pulse-therapy was started in one patient, respectively. Two patients required a
change of treatment due to azathioprine intolerance and switched to treatment
with cyclophosphamide.

Experiences and lessons

Autoimmune hepatitis needs to be considered in the differential diagnosis of
any SLE patient with elevated liver enzymes, and liver biopsy should become
mandatory in such patients.
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Peer review

This is a case series and literature review paper of patients with AIH-SLE overlap. It is very important to clarify the characteristics of these patients.
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ology; Steroids; Therapy
Core tip: Gastric artery aneurysm is a rare and lethal
condition. Segmental arterial mediolysis (SAM), one of
major causes of the aneurysm, has been recognized
to be distinguished from inflammatory arteriopathies
because of a difference in therapeutic strategy. However, as the present case indicates, SAM may not be an
independent disease entity but a morphological alteration associated with diverse vascular damages.
Ikura Y, Kadota T, Watanabe S, Arimoto A, Nishioka E. Ruptured gastric artery aneurysm: An uncommon manifestation of
microscopic polyangiitis. World J Gastroenterol 2014; 20(35):
12668-12672 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12668.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12668

INTRODUCTION
Abstract
Gastric artery aneurysm is a rare and lethal condition,
and is caused by inflammatory or degenerative vasculopathies. We describe herein the clinical course of a
patient with a ruptured gastric artery aneurysm associated with microscopic polyangiitis. Absence of vasculitic
changes in the aneurysm resected and negative results
of autoantibodies interfered with our diagnostic process. We should have adopted an interventional radiology and initiated steroid therapy promptly to rescue the
patient.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Aneurysm; Stomach; Microscopic polyangiitis; Segmental arterial mediolysis; Interventional radi-
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Gastric artery aneurysm, which often ruptures at initial
presentation, is a rare and lethal condition[1,2]. Stanley et al[2]
reported that gastric or gastroepiploic artery aneurysms
accounted for only 4% of all splanchnic artery aneurysms. Surgical removal of affected vessels and interventional radiology (IVR) are treatments that are currently
available for ruptured cases[1-3]. Although its etiology is
diverse and difficult to be specified, a prompt and correct
diagnosis is necessary to rescue patients. Several factors
contribute to aneurysm formation. Especially vasculitis
and degenerative vasculopathy have been recognized to
play the most substantial role in the development of the
aneurysm[2].
Here we present an autopsy case of gastric artery
aneurysm. A background disorder was microscopic polyangiitis (MPA), which could not be diagnosed clinically
because of unfortunate accumulation of diagnostic dif-
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ficulties.

Table 1 Laboratory test results on admission
Variable

CASE REPORT
A 76-year-old man was transported to our hospital by
ambulance because of severe abdominal pain that suddenly occurred at dinnertime. The patient had a long
medical history of diabetes mellitus, hypertension and
atrial fibrillation. There was no family history of autoimmune disease. On admission, he was alert and appeared
to be in distress. Vital signs included a temperature of
36.3  ℃, pulse of 86 beats per minute, blood pressure of
144/114 mmHg, and respiratory rate of 20 breaths per
minute. Physical examination revealed that his abdomen
was flat, and abdominal tenderness was localized to the
right upper quadrant. No abdominal tumor was palpable.
Bowel sound was weak.
Laboratory test results (Table 1) indicated leukocytosis and hyperglycemia. Electrocardiography revealed atrial
fibrillation, but no other critical changes were found.
Abdominal computed tomography (CT) showed a hematoma of approximately 60 mm in diameter, containing
a dilated abnormal vessel in the lesser omentum (Figure
1A). CT angiography further revealed influx of the left
gastric artery into this abnormal vasculature (Figure 1B).
The physician diagnosed his condition as ruptured gastric
artery aneurysm, and exploratory laparotomy was performed emergently.
At laparotomy, surgeons confirmed the hematoma in
the lesser omentum (Figure 1C). Marked subserosal hemorrhage was also seen in the stomach. The aneurysm was
not found, since it was probably encased in the hematoma. Total gastrectomy was chosen intraoperatively to
rescue the patient. The surgical specimen was examined
pathologically, and a ruptured fusiform aneurysm was
found inside the hematoma as expected (Figure 1D). The
aneurysm appeared to have developed by arterial wall dissection, and an identical change was observed in most of
the medium-sized arteries surrounding the stomach. The
vascular lesion resembled segmental arterial mediolysis
(SAM)[4-7]. Inflammatory vascular damage was not observed in the affected vessel.
Postoperative infectious events disturbed the patient’s
recovery. Furthermore, diabetes insipidus of undeterminable etiology was of concern to the physicians. Seven
weeks after surgery, hematemesis, purpura and hematuria
developed. Cutaneous biopsy revealed leukocytoclastic
vasculitis. Although autoantibodies including perinuclear
anti-neutrophil cytoplasmic antibody (pANCA) were
negative (Table 2), steroid therapy was instituted since
generalized vasculitic disorder was strongly suspected.
While purpura was attenuated, renal function deteriorated. Steroid therapy was discontinued because no further
efficacy was expected. The downhill clinical course led to
the patient’s death due to sepsis.
Autopsy was performed and disclosed systemic cryptococcosis (Figure 2A) and necrotizing vasculitis. The affected vessels varied in size from arterioles of renal glom-
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White blood cell count, cells/mm3
Differential cell count, %
Neutrophils
Lymphocytes
Monocytes
Red blood cell count, cells/mm3
Hemoglobin, mg/dL
Hematocrit, %
Platelet count, platelets/mm3
International normalized ratio
Activated partial thromboplastin
time, s
Glucose, mg/dL
Hemoglobin A1c, %
Sodium, mEq/L
Potassium, mEq/L
Bicarbonate, mmol/L
Urea nitrogen, mg/dL
Creatinine, mg/dL
Creatine kinase, U/L
Total bilirubin, mg/dL
Albumin, mg/dL
Total protein, mg/dL
Aspartate aminotransferase, U/L
Alanine aminotransferase, U/L
Gamma-glutamyl transpeptidase,
U/L
Alkaline phosphatase, U/L
Amylase, U/L
Lactate dehydrogenase, U/L
C-reactive protein level, mg/L
Hepatitis B surface antigen
Hepatitis C virus antibody

Normal value

Inpatient result

4500-8000

137001

28-72
18-58
0-7
4100000-5300000
14-18
40-48
130000-350000
≤ 1.2
31-47

821
141
3
4010000
11.91
36.11
1570000
3.531
40

65-110
4.3-5.8
135-147
3.3-4.8
22-26
8-20
0.44-1.15
24-195
0.2-1.0
3.8-5.3
6.7-8.3
8-38
4-44
6-88

3171
6.61
144
4.2
18.01
8.2
1.13
96
1.0
3.71
5.71
26
23
41

104-338
41-110
106-211
< 3.0
Negative
Negative

213
55
200
3.51
Negative
Negative

1

Abnormal result.

eruli (Figure 2B) to medium-sized arteries of abdominal
organs (Figure 2C). The final pathologic diagnosis was
MPA. Gastric artery aneurysm, diabetes insipidus and
purpura that developed during the hospitalization were
each considered to be manifestations of this systemic
vasculitic disorder.

DISCUSSION
The most critical point in this case was whether the primary vascular disorder was vasculitis or degenerative vasculopathy.
A previous report suggested that unrecognized splanchnic artery aneurysms are caused mostly by SAM[7]. Slavin
et al[4] proposed the concept of SAM as an independent
disease entity and insisted on its importance as a cause of
splanchnic artery aneurysms. SAM is a degenerative vasculopathy that leads to segmental myolysis in the media
of medium-sized arteries and is often accompanied by
aneurysm formation in affected vessels[4,5]. In the present
case, the histopathologic findings of the surgical specimen (Figure 1D) were consistent with SAM: segmental
myolysis in the media of medium-sized arteries and tiny
remnants of damaged media called medial islands were
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A

C

B
D

Figure 1 Radiological and pathological findings of the gastric artery aneurysm. A: Abdominal computed tomography (CT) showing a hematoma in the lesser
omentum (arrow); B: CT angiography showing the aneurysm of the left gastric artery (arrow); C: Surgical specimen of the stomach. In addition to the hematoma in the
lesser omentum (arrows), marked subserosal hemorrhage is seen; D: Histological findings of the aneurysm. The primary pathologic change is dissection and fragmentation of the arterial wall. No inflammatory change is seen (Elastica van Gieson stain; original magnification, × 20).

Table 2 Results of serological tests that was performed when
purpura appeared
Variable

Normal value

C-reactive protein level, mg/L
C3, mg/dL
C4, mg/dL
IgG, mg/dL
IgA, mg/dL
IgM, mg/dL
Rheumatoid factor, units/mL
Antinuclear antibodies
Cytoplasmic ANCA1
Perinuclear ANCA1

< 3.0
65-135
13-35
800-1700
110-410
33-190
≤ 15
< 1:40
< 1:10
< 1:10

Inpatient result
91.62
97
24
1567
4872
78
12
< 1:40
< 1:10
< 1:10

1

ANCA: Antineutrophil cytoplasmic antibody; 2Abnormal result.

observed[4-7]. Thus we could not exclude SAM from the
differential diagnoses, even after the development of leukocytoclastic vasculitis.
Next we considered the possibility of classic polyarteritis nodosa (cPN). cPN is the prototype of inflammatory medium-sized arteriopathies. Elderly males are prone
to be affected. It can affect medium-sized arteries in any
portion of the body, and can lead to the development of
arterial dissection like in our case. However, fibrinoid necrosis, a morphological hallmark of cPN, was not seen in
the affected gastric artery, and leukocytoclastic vasculitis
could not be explained by cPN.
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The final pathologic diagnosis was MPA. MPA is a
pANCA-related immunological disorder, and patients
with MPA show necrotizing vasculitis principally in capillaries, arterioles and venules[8,9]. Kidneys, skin and the gastrointestinal tract are often involved, and leukocytoclastic
vasculitis can occur as a cutaneous manifestation. As well
as cPN, MPA occasionally affects medium-sized arteries
and induces the development of aneurysms[10-12].
It was very difficult to make a diagnosis of MPA because pANCA was negative and no necrotizing vasculitis
was found in the surgical specimen. However, a considerable number of patients with MPA are negative for pANCA[8,9]. Moreover, SAM-like vascular lesions have been
reported to be formed in a patient with diverse types
of vasculitis[13,14]. We should have first considered a possibility of vasculitis-related aneurysm, and should have
promptly instituted a steroid therapy. Renal biopsy, which
is recognized to be useful in the diagnosis of MPA (i.e.,
pauci-immune necrotizing glomerulonephritis), might
have provided a clue to the differential diagnosis[9].
Patients with a ruptured splanchnic artery aneurysm
mostly need surgical intervention or IVR to save their
lives[1-3]. In the status of shock, the risk associated with
surgery is extremely high, and thus, IVR is currently recommended as a first-line therapy[15]. Indeed, since IVR
was introduced to treat ruptured aneurysm, therapeutic
outcomes have been improving[3]. We might have rescued
the patient if we had chosen IVR and instituted timely
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A

B

C

Figure 2 Representative histological findings in the autopsy samples. A: Cryptococcus in the lung (Grocott stain, original magnification, × 400); B: Necrotizing
glomerulitis (Hematoxylin-eosin, original magnification, × 400); C: Necrotizing arteritis of the urinary bladder (Hematoxylin-eosin, original magnification, × 40).

steroid therapy.

2

COMMENTS
COMMENTS
3

Case characteristics

The patient reported sudden-onset of severe abdominal pain.

Clinical diagnosis

A gastric artery aneurysm was formed as a result of inflammatory or degenerative vasculopathy.

4

Leukocytoclastic vasculitis having arisen postoperatively suggested that the
patient had rather a vasculitic disorder than a degenerative vasculopathy.

5

Vasculitis was strongly suspected, but autoantibodies including perinuclear antineutrophil cytoplasmic antibody were negative.

6

Differential diagnosis
Laboratory diagnosis
Imaging diagnosis

Abdominal computed tomography revealed a hematoma and an abnormally
dilated vessel in the lesser omentum.

7

Pathological diagnosis

The gastric artery aneurysm was formed in association with segmental arterial
medialysis (SAM)-like changes, and ruptured.

Treatment

8

Steroid therapy was initiated seven weeks after surgery.

Experiences and lessons

Any type of vasculitis can lead to aneurysm formation in association with SAMlike vascular changes.

Peer review

9

Cases like this one are important because it represents a diagnostic challenge.
10
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Abstract
Basaloid squamous carcinoma (BSC) is a rare variant of esophageal cancer. There are very few reports
of “early” BSC. Here we report a case of early BSC
with unusual findings by narrowband imaging magnified endoscopy (NBI-ME). A 70-year-old man with a
middle thoracic esophageal tumor was referred to our
hospital. White-light endoscopy revealed a reddish depressed lesion 5 mm in diameter having a subepithelial tumor-like prominence with a gentle rising slope.
NBI-ME revealed irregular loop-shaped microvessels
coexistent with thick irregularly branched non-looped
vessels. Iodine staining revealed a pale brown lesion.
We performed endoscopic submucosal dissection for
diagnostic treatment. Histologic examination showed
the proliferation of basal cell-like hyperchromatic tumor cells in the lamina propria and with slight invasion
into the submucosa at a depth of 320 µm. The tumor
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cells formed solid nests and microcystic structures,
containing an Alcian blue-positive mucoid matrix. The
surface was covered with squamous epithelium without cellular atypia. Thin vessels were observed in the
intra-epithelial papilla and thick vessels were observed
around the solid nests beneath the epithelium. Based
on these findings together, we diagnosed the lesion as
BSC. In this case, the NBI-ME findings differed from
those of typical squamous cell carcinoma in that both
non-invasive cancer-like irregular loop-shaped microvessels coexisted with massively invasive cancerlike thick non-looped vessels. We speculate that the
looped and non-looped vessels observed by NBI-ME
histologically corresponded to thin vessels in the intraepithelial papilla and thick vessels around the tumor
nests, respectively. These NBI-ME findings might be a
feature of early esophageal BSC.

Core tip: Basaloid squamous carcinoma (BSC) is a rare
variant of esophageal cancer. In our case, narrowband
imaging magnified endoscopy (NBI-ME) findings differed from those observed in typical squamous cell carcinoma in that non-invasive cancer-like irregular loopshaped microvessels coexisted with massively invasive
cancer-like thick non-looped vessels. We speculate that
the looped and non-looped vessels observed by NBI-ME
histologically corresponded to thin vessels in the intraepithelial papilla and thick vessels around the tumor
nests, respectively. These NBI-ME findings might be a
feature of early BSC. To our knowledge, this is the first
report in the English literature describing the NBI-ME
findings of BSC.

Kai Y, Kato M, Hayashi Y, Akasaka T, Shinzaki S, Nishida T, Tsu-
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A

INTRODUCTION
Basaloid squamous carcinoma (BSC) is a rare variant of
esophageal cancer, with a frequency ranging from 0.4%
to 3.6% of total esophageal malignant tumors[1]. The
prognosis of BSC is poorer than that of typical squamous cell carcinoma (SCC) in advanced stages, but in
early stages, the prognosis of BSC does not differ significantly from that of typical SCC[1]. Early diagnosis of BSC
is therefore important to improve the prognosis.
Narrowband imaging (NBI) and NBI with magnified endoscopy (NBI-ME) are novel endoscopic imaging
technologies useful for SCC diagnosis[2]. Few reports,
however, provide a detailed description of the NBI-ME
findings of BSC. Here, we report a rare case of early
BSC with unusual NBI-ME findings. To our knowledge,
this is the first report in English literature describing the
NBI-ME findings of BSC.

B

Figure 1 White-light endoscopy revealed a reddish depressed lesion 5
mm in diameter having a subepithelial tumor-like prominence (A), the depressed area was observed as a brownish area by narrowband imaging (B).

CASE REPORT
A 70-year-old man was referred to our hospital for evaluation of an esophageal tumor in the middle thoracic esophagus, 28 cm from the incisors. White-light conventional
endoscopy revealed a reddish depressed lesion 5 mm in
diameter having a subepithelial tumor-like prominence
with a gentle rising slope (Figure 1A). The depressed area
was observed as a brownish area by NBI (Figure 1B).
NBI-ME revealed irregular loop-shaped microvessels
coexisting with irregularly branched thick non-looped
vessels (Figure 2). Endoscopic ultrasonography (20 MHz,
Miniature Probe) revealed no irregularity or thinning of
the third of five layers, which corresponded to the submucosal layer (Figure 3). Iodine staining revealed a pale
brown lesion (Figure 4). The tumor was diagnosed as
SCC from a biopsy specimen, but because of the subepithelial tumor-like prominence and atypical NBI-ME
findings, we also considered poorly differentiated SCC
or histologic special type of esophageal cancer, including
BSC, adenosquamous carcinoma, small cell carcinoma,
and adenoid cystic carcinoma in the differential diagnosis.
Endoscopic submucosal dissection was performed as a
diagnostic treatment.
Histologic examination revealed the proliferation of
basal cell-like hyperchromatic tumor cells in the lamina
propria (Figure 5A). Immunostaining using desmin suggested that the tumor invaded the submucosa at a depth
of 320 µm (Figure 5B). The tumor cells formed solid
nests and microcystic structures (Figure 5C) containing an Alcian blue-positive mucoid matrix (Figure 5D).
Immunostaining for a-smooth muscle actin (SMA) was
negative (Figure 5E). The surface was covered with squaWJG|www.wjgnet.com

Figure 2 Narrowband imaging magnified endoscopy revealed irregular
loop-shaped microvessels (without arrow) coexisting with irregularly
branched thick non-looped vessels (arrows).

1mm

Figure 3 Irregularity or thinning of the third of a total of five layers, which
corresponded to the submucosal layer, was not obvious in endoscopic ultrasonography.
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Figure 4 Iodine staining revealed a pale brown lesion.
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Figure 5 Hyperchromatic tumor cells. A: Histologically, basal cell-like hyperchromatic tumor cells proliferated mainly in the lamina propria; B: Immunostaining with
desmin suggested that the tumor invaded the submucosa at a depth of 320 mm; C: The tumor cells formed solid nests and microcystic structures; D: The microcystic
structures contained an Alcian blue-positive mucoid matrix; E: Immunostaining for a-SMA was negative; F: Thin vessels (arrowheads) were observed in the intraepithelial papilla, and thick vessels (arrows) were observed around the solid nests just below the epithelium.
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mous epithelium without cellular atypia. Thin vessels were
observed in intra-epithelial papilla and thick vessels were
observed around the solid nests beneath the epithelium
(Figure 5F). Based on these findings together, we diagnosed the lesion as BSC, T1bN0M0, stage IA, based on
the Union for International Cancer Control classification.

DISCUSSION
Esophageal BSC is a rare but distinct variant of esophageal cancer, and was first reported by Wain et al[3] in
1986. BSC is histopathologically characterized by the
proliferation of basaloid cancer cells, forming nests of
various sizes and a-SMA negative microcystic structures containing an Alcian blue-positive mucoid matrix
in the mucosal epithelium, as well as the deposition of
eosinophilic substances in the stroma[4]. The prognosis
for BSC is poorer than that for typical SCC in advanced
stages, but in early stages the prognosis does not differ
significantly from that of typical SCC[1]. Therefore, early
detection and diagnosis is important for improving the
prognosis of BSC. Common macroscopic characteristics
of BSC are protruding lesions or submucosal tumor-like
structures[5]. Other special types of esophageal cancer,
however, including adenosquamous carcinoma, small cell
carcinoma, and adenoid cystic carcinoma, have the same
macroscopic features of BSC. Moreover, these tumors
are often covered with a non-neoplastic surface, and it is
difficult to diagnose accurately by biopsy. In fact, the diagnostic accuracy of BSC using biopsy specimens is only
4.7%-10%[6]. Therefore, conventional endoscopy and biopsy are insufficient for a precise differential diagnosis of
BSC.
NBI has recently become widely used in clinical practice. NBI detects superficial SCC more frequently than
white-light imaging, and has significantly higher sensitivity and accuracy compared with white-light[2]. In addition,
NBI-ME is useful for differentiating cancerous from
non-cancerous lesions and assessing tumor depth and invasion by analysis of the microvascular patterns[7,8]. Generally, the presence of irregular loop-shaped microvessels
suggests noninvasive cancer in the mucosal layer, and
thick non-looped vessels suggest invasive cancer in typical SCC[9]. In contrast to the usual type of SCC, loopshaped vessels coexisted with thick non-looped vessels in
the present case.
NBI-ME findings of BSC are rare and thus not well
described. To our knowledge, there is no report in the
English literature of the NBI-ME findings of BSC,
and we found only a case report written in Japanese by
Takeuchi et al[10] in which NBI-ME revealed irregularly
branched and slightly dilated non-looped vessels. In the
present case, NBI-ME revealed irregular loop-shaped microvessels that coexisted with irregularly branched thick
non-looped vessels. These thick non-looped vessels were
similar to those reported by Takeuchi et al[10] but no irregular loop-shaped microvessels were described by Takeuchi. Histologically, thick vessels were commonly observed
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around the solid tumor nests in the lamina propria in
both cases, but only in our case were thin vessels observed in the intra-epithelial papilla. This finding suggests
that the non-looped dilated vessels observed by NBI-ME
histologically correspond to the thick vessels around the
tumor nests, and the loop-shaped microvessels observed
by NBI-ME histologically correspond to thin vessels in
the intra-epithelial papilla. In our case, the tumor cells
invaded only a small area of the submucosa, likely due
to the early stage. The coexistence of both loop-shaped
and non-looped vessels in NBI-ME might be a feature of
early-stage BSC in which the structure of intra-epithelial
papilla is maintained. This report describes only one case,
however, and these findings may not represent only the
specific characteristics of early BSC but also those of
carcinoma growing beneath the epithelium. To clarify the
common features of BSC in NBI-ME, an accumulation
of studies involving more patients is needed.
In conclusion, we describe a rare case of early BSC
with unusual findings by NBI-ME. The irregular loopshaped microvessels coexisting with irregularly branched
thick non-looped vessels might be characteristics of early
BSC.

COMMENTS
COMMENTS
Case characteristics

A 70-year-old man with an esophageal tumor 5 mm in diameter having a subepithelial
tumor-like prominence in the middle thoracic esophagus was referred to our hospital.

Clinical diagnosis

The tumor was diagnosed as squamous cell carcinoma (SCC) from the biopsy
specimen, but based on the subepithelial tumor-like prominence and atypical
narrowband imaging magnified endoscopy (NBI-ME) findings, we also considered poorly differentiated SCC or a histologically special type of esophageal
cancer, including basaloid squamous carcinoma.

Differential diagnosis

Other special histologic types of esophageal cancer, such as adenosquamous
carcinoma, small cell carcinoma, and adenoid cystic carcinoma.

Treatment

Endoscopic submucosal dissection was performed as a diagnostic treatment.

Pathologic diagnosis

Histologic examination showed the proliferation of basal cell-like hyperchromatic
tumor cells mainly in the lamina propria, forming solid nests and microcystic
structures, positive immunostaining with Alcian blue and negative -SMA immunostaining. Based on these findings together, we diagnosed the lesion as BSC.

Experience and lessons

Irregular loop-shaped microvessels coexisting with irregularly branched non-loop
thick vessels observed by NBI-ME might be characteristics of early BSC.

Peer review

The authors describe their NBI-ME findings in an early case of basaloid squamous carcinoma of the esophagus and postulate that with NBI-ME they could
probably differentiate the early stage of the disease. This is an interesting and
well-documented manuscript.
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Abstract
An intussusception due to colonic adenocarcinoma has
sometimes been reported. However, to the best of our
knowledge, reports of intussusception due to rectal adenocarcinoma are extremely rare. In this report, the case
of a young man with rectal adenocarcinoma causing
intussusception is described. A 24-year-old man visited
a hospital complaining of abdominal pain, and an upper
rectal cancer was diagnosed by colonoscopy. Computed
tomography showed intussusception caused by a large
tumor in the pelvis and absence of distant metastases.
Locally advanced rectal cancer causing intussusception was diagnosed, and a low anterior resection was
performed. Intraoperatively, repair of the invagination
could not be accomplished easily; therefore, the repair
was abandoned. Instead, the tumor was removed en
bloc to avoid dissemination of the cancer. Histopathologically, the tumor was diagnosed as a poorly differentiated adenocarcinoma, pStage ⅡA. The patient has no
evidence of recurrence at 10 mo after the operation.
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Core tip: Intussusception is uncommon in adults compared with children, and colonic tumors have sometimes been reported as causes of adult intussusception.
On the other hand, there have been only a few reports
of intussusception due to rectal adenocarcinoma in the
English literature. In this report, an extremely rare case
of sporadic rectal adenocarcinoma causing intussusception in a young man who underwent curative resection
and has survived is described.
Inada R, Nagasaka T, Toshima T, Mori Y, Kondo Y, Kishimoto
H, Fujiwara T. Intussusception due to rectal adenocarcinoma
in a young adult: A case report. World J Gastroenterol 2014;
20(35): 12678-12681 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12678.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12678

INTRODUCTION
Intussusception is a common disease and one of the
leading causes of intestinal obstruction and acute abdominal emergencies in children[1]. On the other hand,
adult intussusception is unusual, accounting for only 5%
of all cases of intussusception and 1%-5% of all cases
of bowel obstruction [2-4]. The cause of intussusception differs between the pediatric and adult populations.
In adults, a demonstrable etiology is present in about
70%-90% of all cases with intussusception, whereas
about 90% of pediatric cases of intussusception are idiopathic[1,5-8]. Intraluminal lesions form leading edges of
most cases of adult intussusception. Malignant tumor
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Figure 1 Colonoscopy showing a huge tumor at the upper rectum. The tumor, measuring 100 mm in diameter, does not show invagination on colonoscopy.

*
*

Figure 2 Magnetic resonance imaging showing intussusception caused
by a tumor in the pelvis. The upper rectal tumor (asterisk) causes intussusception (arrowheads) as a leading edge.

is often found as the etiology of adult intussusception,
and colonic adenocarcinomas are sometimes reported as
causes of intussusception[5,6,9-12]. However, there appear
to be only a few reports of intussusception due to rectal
adenocarcinoma in the English literature[13]. Therefore, an
extremely rare case of a young man with sporadic rectal
adenocarcinoma causing intussusception who underwent
curative resection and has survived is described.

Figure 3 Specimen resected in en bloc fashion. The tumor is located at the
upper rectum, and the margin is negative for cancer. Pathological staging is
pStage ⅡA (T3, N0, M0).

complete removal of all regional lymph nodes and total
mesorectal excision was performed. Intraoperatively, the
invagination could not be repaired easily; therefore, the
repair was abandoned. Instead, the tumor was removed
en bloc to avoid dissemination of the cancer. After the
proctectomy, coloproctostomy with a temporary diverting ileostomy was performed. Histopathologically, the
surgical margin was negative for cancer, and based on
the classification of the seventh edition of the Union
for International Cancer Control (UICC), the tumor was
diagnosed as a poorly differentiated adenocarcinoma,
pStage ⅡA (T3, N0, M0) (Figures 3 and 4)[14]. To exclude Lynch syndrome, microsatellite status and immunohistochemistry of four deoxyribonucleic acid (DNA)
mismatch repair proteins, including mutL homolog 1,
postmeiotic segregation increased 2, mutS homologue
2 and mutS homologue 6, were checked; the tumor was
microsatellite stable and retained expression of all mismatch repair proteins on immunohistochemistry.
The patient underwent adjuvant XELOX (capecitabine
plus oxaliplatin) for 6 mo, and 9 mo after the low anterior
resection, he was alive without evidence of recurrence.

CASE REPORT
A 24-year-old man was referred for management of rectal cancer. Initially, he had visited another hospital with a
complaint of abdominal pain and tenesmus, and an upper rectal tumor measuring 100 mm in diameter, without
invagination, was diagnosed by colonoscopy (Figure 1).
He had a family history of gastrointestinal cancer; his
maternal uncle and grandmother had died of colorectal
cancer, and his paternal grandfather had died of gastric
cancer. At the time of his transfer to our hospital, laboratory tests were within the normal range, including a
carcino-embryonic antigen level of 0.83 ng/mL and a
carbohydrate antigen 19-9 (CA19-9) level of 9.2 U/mL.
Computed tomography (CT) and magnetic resonance
imaging showed intussusception caused by a large tumor
in the pelvis and absence of distant metastases (Figure 2).
Locally advanced upper rectal cancer causing intussusception was diagnosed, and a low anterior resection with
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DISCUSSION
Adult intussusception is uncommon and has some different characteristics from pediatric intussusception. Pediatric
patients with intussusception often show acute symptoms
of abdominal pain, bloody stools and a palpable abdominal mass, the so-called classic presentation triad[1]. On
the other hand, adult patients with intussusception rarely
show the complete triad[9]. They have subacute or chronic
symptoms caused by intestinal obstruction, including
abdominal pain, nausea and vomiting[5,9-12]. According to
some previous retrospective institutional reviews of 20-60
cases of adult intussusception treated surgically[5,9-12], colonic intussusception is minor (15.0%-35.0%) compared
with enteric intussusception. Most cases of adult intussusception are caused by intraluminal lesions, and malignant
tumors are responsible for 22.2%-46.6% of adult intussusception cases[5,9-12]. With regard to colonic adenocarci-
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Figure 4 Microscopic findings and immunohistochemistry for deoxyribonucleic acid mismatch repaire proteins (× 200). The tumor is a poorly differentiated
adenocarcinoma. Immunohistochemical expression of mutL homolog 1 (MLH1), postmeiotic segregation increased 2 (PMS2), mutS homologue 2 (MSH2) and mutS
homologue 6 (MSH6) is retained. HE: Hematoxylin and eosin stain. A: HE; B: MLH1, C: PMS2; D: MSH2, E: MSH6.

noma, it accounted for 33.3%-80.0% of cases of colonic
intussusception and 7.3%-25% of all adult intussusception cases[5,9-12]. A literature search was conducted, and it
identified only a few English manuscripts, including case
reports, about rectal intussusception caused by rectal adenocarcinoma[13]. In this case, a preoperative diagnosis of
intussusception was made by computed tomography, but
colonoscopy did not show the intussusception. It is sometimes difficult to diagnose adult intussusception preoperatively; the rate of preoperative diagnosis is reported to
range from 32% to 70%[5,9-12]. The accuracy of computed
tomography for preoperative diagnosis of adult intussusception is better than that of other examinations, including abdominal ultrasonography, barium enema study, and
colonoscopy[5,9-12].
In the present case, the patient was diagnosed as having rectal cancer at a young age. Young patients with
colorectal cancers are sometimes encountered, and they
more frequently have Lynch syndrome, which is caused
WJG|www.wjgnet.com

by germline mutations of DNA mismatch repair genes[15].
Microsatellite status and immunohistochemistry for DNA
mismatch repair proteins were examined for the present
tumor, but the patient did not have Lynch syndrome.
In conclusion, an extremely rare case of a young man
with a sporadic rectal adenocarcinoma causing intussusception was reported.
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13

REFERENCES
1

2
3

Jiang J, Jiang B, Parashar U, Nguyen T, Bines J, Patel MM.
Childhood intussusception: a literature review. PLoS One
2013; 8: e68482 [PMID: 23894308 DOI: 10.1371/journal.
pone.0068482]
Laws HL, Aldrete JS. Small-bowel obstruction: a review of
465 cases. South Med J 1976; 69: 733-734 [PMID: 935902 DOI:
10.1097/00007611-197606000-00021]
Stewardson RH, Bombeck CT, Nyhus LM. Critical operative management of small bowel obstruction. Ann Surg
1978; 187: 189-193 [PMID: 629620 DOI: 10.1097/00000658-19
7802000-00017]

14
15

Donhauser JL, Kelly EC. Intussusception in the adult. Am J
Surg 1950; 79: 673-677 [PMID: 15410943 DOI: 10.1016/0002-9
610(50)90333-3]
Azar T, Berger DL. Adult intussusception. Ann Surg 1997;
226: 134-138 [PMID: 9296505]
Sanders GB, Hagan WH, Kinnaird DW. Adult intussusception and carcinoma of the colon. Ann Surg 1958; 147: 796-804
[PMID: 13534248 DOI: 10.1097/00000658-199708000-00003]
Nagorney DM, Sarr MG, McIlrath DC. Surgical management
of intussusception in the adult. Ann Surg 1981; 193: 230-236
[PMID: 7469558 DOI: 10.1097/00000658-198102000-00019]
Begos DG, Sandor A, Modlin IM. The diagnosis and management of adult intussusception. Am J Surg 1997; 173: 88-94
[PMID: 9074370 DOI: 10.1016/s0002-9610(96)00419-9]
Wang N, Cui XY, Liu Y, Long J, Xu YH, Guo RX, Guo KJ. Adult
intussusception: a retrospective review of 41 cases. World
J Gastroenterol 2009; 15: 3303-3308 [PMID: 19598308 DOI:
10.3748/wjg.15.3303]
Yakan S, Caliskan C, Makay O, Denecli AG, Korkut MA. Intussusception in adults: clinical characteristics, diagnosis and
operative strategies. World J Gastroenterol 2009; 15: 1985-1989
[PMID: 19399931 DOI: 10.3748/wjg.15.1985]
Eisen LK, Cunningham JD, Aufses AH. Intussusception in
adults: institutional review. J Am Coll Surg 1999; 188: 390-395
[PMID: 10195723 DOI: 10.1016/S1072-7515(98)00331-7]
Goh BK, Quah HM, Chow PK, Tan KY, Tay KH, Eu KW, Ooi
LL, Wong WK. Predictive factors of malignancy in adults
with intussusception. World J Surg 2006; 30: 1300-1304 [PMID:
16773257 DOI: 10.1007/s00268-005-0491-1]
Mussack T, Szeimies U. Sigmoidorectal intussusception
caused by rectal carcinoma: multislice CT findings. Abdom
Imaging 2002; 27: 566-569 [PMID: 12173000 DOI: 10.1007/
s00261-001-0105-9]
Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of Malignant Tumours, 7th Edition. UK, Chichester:
Wiley-Blackwell, 2009
Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshleman JR, Burt RW, Meltzer SJ, Rodriguez-Bigas MA, Fodde
R, Ranzani GN, Srivastava S. A National Cancer Institute
Workshop on Microsatellite Instability for cancer detection
and familial predisposition: development of international
criteria for the determination of microsatellite instability
in colorectal cancer. Cancer Res 1998; 58: 5248-5257 [PMID:
9823339]
S- Editor: Nan J

WJG|www.wjgnet.com

12681

P- Reviewer: Rekhi B
L- Editor: O’Neill M E- Editor: Du P

September 21, 2014|Volume 20|Issue 35|

World J Gastroenterol 2014 September 21; 20(35): 12682-12686
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i35.12682

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Pancreatic adenocarcinosarcoma of monoclonal origin: A
case report
Hyun Seon Kim, Jin Il Kim, Minyoung Jeong, Jae Hyun Seo, Il Kyu Kim, Dae Young Cheung, Tae-Jung Kim,
Chang Suk Kang
Hyun Seon Kim, Jin Il Kim, Minyoung Jeong, Jae Hyun Seo,
Il Kyu Kim, Dae Young Cheung, Department of Internal Medicine, The Catholic University of Korea, College of Medicine,
Yeouido St. Mary’s Hospital, Seoul 50-713, South Korea
Tae-Jung Kim, Chang Suk Kang, Hospital Pathology Department, The Catholic University of Korea, College of Medicine,
Yeouido St. Mary’s Hospital, Seoul 150-713, South Korea
Author contributions: Kim HS and Kim JI designed the research; Kim HS, Kim JI, Jeong M, Seo JH, Kim TJ and Kang CS
performed the research; Kim HS, Kim JI, Kim IK and Cheung
DY generated reagents and analytical tools for the study; Kim
HS wrote the manuscript; Kim HS and Kim JI revised the manuscript; all authors read and approved the final version of the
manuscript.
Correspondence to: Jin Il Kim, MD, PhD, Department of
Internal Medicine, The Catholic University of Korea, College
of Medicine, Yeouido St. Mary’s Hospital, 62 Yeouido-dong,
Yeongdeungpo-gu, Seoul 150-713,
South Korea. jikim@catholic.ac.kr
Telephone: +82-2-37791519 Fax: +82-2-37791331
Received: February 25, 2014 Revised: April 30, 2014
Accepted: July 24, 2014
Published online: September 21, 2014

Abstract
Adenocarcinosarcoma, a neoplasm containing both
carcinomatous and sarcomatous components, is a rare
form of a cancer and the pathophysiology is currently
poorly understood. Moreover, definitive treatment
guidelines for this disease have not yet been established. Pancreatic adenocarcinosarcoma is even more
rare and the prognosis is fatal. Here, we report a case
of a 77-year-old male with pancreatic adenocarcinosarcoma and metastasis to the liver. The patient presented
at our hospital with uncontrolled glucose levels and diabetes mellitus. The patient’s laboratory findings were
unremarkable with the exception of elevated carbohydrate antigen 19-9 levels. Biopsies of the tumors in the
pancreas and the liver revealed two types of tumors:

WJG|www.wjgnet.com

pancreatic adenocarcinoma and a poorly differentiated sarcoma. To determine if KRAS mutations were
present, we performed a peptide nucleic acid (PNA)
clamp PCR-based assay. DNA sequencing by PNA clamp
PCR identified a point mutation in codon 12 of exon 2
within KRAS from both tumor types. Because the KRAS
mutation is observed in both tumor components, our
findings support a monoclonal tumor origin followed
by subsequent divergent differentiation into the sarcomatous and carcinomatous tumor populations. After
we considered the patient’s status and the late stage of
tumor detection, gemcitabine chemotherapy was administered.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreas; Adenocarcinosarcoma; Metastasis; KRAS ; DNA sequencing
Core tip: Pancreatic adenocarcinosarcoma is a very rare
form of cancer. Here, we present a case report of a 77
year-old male with pancreatic adenocarcinosarcoma
and metastasis to the liver. Using peptide nucleic acid
clamp PCR, we identified a mutation in KRAS in both
tumors. These results indicate that both the sarcomatous and carcinomatous components of the tumor likely
arose from a monoclonal origin.

Kim HS, Kim JI, Jeong M, Seo JH, Kim IK, Cheung DY, Kim TJ,
Kang CS. Pancreatic adenocarcinosarcoma of monoclonal origin:
A case report. World J Gastroenterol 2014; 20(35): 12682-12686
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i35/12682.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i35.12682

INTRODUCTION
Adenocarcinosarcoma is a rare form of cancer that is
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Figure 1 Axial pancreas-enhanced computed tomography findings. A: A 2.2 cm low attenuated mass in the pancreas body with diffuse pancreas duct dilatation
(white arrow: pancreatic head mass); B: A 1.3 cm low attenuated hepatic nodule in S5 (black arrow: hepatic mass).

composed of both carcinomatous and sarcomatous
tumor tissues[1,2]. Adenocarcinosarcomas are most frequently observed in the uterus, though they have been
observed in other locations such as the pancreas[3]. Metastasis of pancreatic adenocarcinosarcoma to the liver,
however, is incredibly rare and has been infrequently reported in the literature.
Here, we report a case of pancreatic adenocarcinosarcoma with liver metastasis in a 77 year-old male patient.
Using a peptide nucleic acid (PNA) clamp PCR-based
approach, we tested whether the tumor had a mutation in
the KRAS oncogene. PNA clamp PCR revealed a point
mutation in codon 12 of exon 2 in KRAS in both tumor
components. We also review the current literature regarding this rare form of cancer, including the immunohistopathologic characteristics, clinical features and diagnostic
tools.

CASE REPORT
A 77 year-old male patient was admitted to our hospital
for evaluation of a pancreatic mass after complaining
of poorly controlled blood sugar that had developed
more recently. Seven years ago, the patient was diagnosed
with diabetes mellitus (DM). The patient received regular endocrinology evaluations, did not take medications
and presented with normal glycated hemoglobin levels.
Because his fasting glucose levels were measuring higher
than usual over the past two months, the patient was prescribed DM medication and referred for a pancreatic sonogram. After an abdominal sonogram revealed a 2.2 cm
hypoechoic mass in the pancreas, the patient was transferred to our hospital. Aside from the high blood sugar,
the patient had no other symptoms such as abdominal
pain, nausea or vomiting. The patient had no history of
smoking, pancreatitis, significant weight loss or alcohol
use. A physical examination did not reveal any signs of
abdominal tenderness. The patient was hemodynamically
stable and had no palpable abdominal masses. Laboratory
results for aspartate transaminase, alanine transaminase,
total bilirubin, alkaline phosphatase, r-glutamyl transpeptidase and amylase/lipase levels were within normal rang-
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es while carbohydrate antigen 19-9 levels were elevated
(160.57 U/ml).
An abdominal computed tomography (CT) scan
performed by our hospital revealed a 2.2 cm mass in the
pancreas with a dilated pancreatic duct (Figure 1A). The
patient was diagnosed with pancreatic cancer. A 1.2 cm
cyst in the uncinate process of the pancreatic head and
body was identified and resembled an intraductal papillary mucinous neoplasm. The abdominal CT also revealed
a 1.3 cm low attenuated hepatic nodule in S5, indicating
that there was hepatic metastasis (Figure 1B). Abnormal
signals from the body of the pancreas were observed
through magnetic resonance imaging (MRI) and confirmed the presence of a tumor (Figure 2A). We did not
observe invasion of the tumors into the superior mesenteric or portal veins. A positron emission tomography CT
only revealed fluorodeoxyglucose uptake at the pancreatic
and liver masses identified by the abdominal CT.
Before beginning treatment, it was first necessary
to distinguish between hepatic metastasis and double
primary cancer from a benign neoplasm. To this end,
we biopsied the liver and pancreatic masses and found
pancreatic adenocarcinosarcoma and metastatic adenocarcinosarcoma. Microscopically, the tumor had dual
characteristics (Figure 3A). The adenomatous portion of
the tumor contained glands and the nuclei were dysmorphic. The sarcomatous portion contained pleomorphic
tumor cells and high cellularity with vesicular and abnormal nuclei (Figure 3B). Because the sarcomatous portion
of the tumor was very poorly differentiated, it was difficult to identify what type of tumor it was initially. The
carcinomatous portion contained ductal adenocarcinoma
cells (Figure 3C). Immunohistochemical staining results
are listed in Table 1. The adenocarcinomatous part had
strong immunoreactivity for pan-cytokeratin (CK), CK-7
and CK-19. The sarcomatous part was positive for panCK (Figure 4A, B) and vimentin (Figure 4C, D).
Using PNA clamp PCR, we analyzed KRAS for mutations from both the sarcomatous and carcinomatous portions of the pancreatic tumor. From both tumor components, we detected a point mutation in codon 12 of exon
2 in the KRAS oncogene (Table 2). The patient received
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Figure 2 Magnetic resonance imaging findings. A: A T1 weighted magnetic resonance imaging (MRI) revealed a 2.2 cm mild low signal intensity pancreatic body
mass with diffuse distal pancreatic duct dilatation (arrow: hepatic mass in S5); B: An MRI in the arterial phase revealed a 1.3 cm round, peripheral enhanced mass in
S5 of the liver (arrow: pancreatic head mass).

A

B

C

Figure 3 Pancreatic neoplasia biopsy. A: Dual disparate sarcomatous (right) and carcinomatous (left) components of the tumor [hematoxylin and eosin (HE) stain,
× 100); B: Sarcomatous component (HE stain, × 400); C: Carcinomatous component (HE stain, × 200).

Table 1 Immunohistochemistry markers used in this study
Marker

Tumor component

Pan-CK
CK-7
CK-19
Vimentin
Desmin
CD34
CD117
Actin
AFP

Adenocarcinoma

Sarcoma

Positive
Positive
Positive
Negative
Negative
Negative
Negative
Negative
Negative

Positive
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Negative

CK: cytokeratin; AFP: alpha-fetoprotein.

chemotherapy with gemcitabine, but the tumor did not
change in size in a follow-up abdominal CT.

DISCUSSION
Adenocarcinosarcoma is a rare form of cancer in which
the tumor contains a complex of both carcinomatous and
sarcomatous components. The origin of adenocarcinosarcomas is still controversial. Several histogenetic mechanisms have been attributed to the existence of carcinoma
and sarcoma portions[3]. It may be that an initial carcinoma
subsequently transforms into a sarcoma. Alternatively, a

WJG|www.wjgnet.com

single stem cell may give rise to epithelial and mesenchymal progeny. It has also been hypothesized that two different tumors form and invade into each other. The most
recent evidence, however, supports a model where the
tumors arise from a monoclonal origin from a single stem
cell[1]. In the case reported here, both the sarcomatous and
carcinomatous tumor components had the same KRAS
mutation in codon 12 of exon 2[4]. Thus, our data support
the ”combination“ theory, where the sarcomatous and
carcinomatous portions shared a monoclonal origin.
Biopsies of the sarcomatous component showed a
heterogeneous mixture of cell types, with leiomyosarcoma,
osteoclastic giant cells, primitive fibroblastic and mesenchymal characteristics[5,6]. In the current case, it was difficult
to determine what components made up the sarcoma,
in part because the sarcomatous portion was quite small.
Moreover, the sarcomatous portion was too poorly differentiated to be defined by histopathology. Our immunohistochemical analysis demonstrated that the sarcomatous portion strongly expressed vimentin and pan-CK.
Because the incidence of pancreatic adenocarcinosarcoma is so rare, the pathology is still poorly understood.
It has been hypothesized that the prognosis is influenced
based on the sarcoma portion of the tumor; however, we
did not have enough evidence from our case to support
this idea.
In this case report, we present a patient with pancre-
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Figure 4 Immunohistopathology of the pancreatic tumor. A: A pancreatic biopsy revealed a sarcomatoid component (right) containing mesenchymal tumor cells
and a carcinomatous component that gave rise to tumor glands (left) [pan-cytokeratin (CK) staining, × 40]; B: The sarcomatoid component from the liver was also
positive for pan-CK (× 400); C: In the pancreatic biopsy, the sarcomatous component stained positive for vimentin (right) while the adenomatous component was
negative for vimentin (left) (× 40); D: The sarcomatoid component from the liver stained positive for vimentin (× 400).

Table 2 Mutation in codon 12 of exon 2 in KRAS
Ct
Non-PNA

∆Ct-2

KRAS 12

The sarcomatous portions of the pancreatic tumor
T1
27.05
29.65
Control
25.22
37.59
Standard Ct
35.00
Result
KRAS codon 12 mutation
The carcinomatous portions of the pancreatic tumor
T2
24.96
27.50
Control
25.22
37.59
Standard Ct
35.00
Result
KRAS codon 12 mutation

∆Ct-1

KRAS 13

KRAS 12

KRAS 13

KRAS 12

KRAS 13

38.00
39.25
36.00

2.61
-

10.95
-

5.35
-

-2.00
-

38.00
39.25
36.00

2.54
-

13.04
-

7.50
-

-2.00
-

A mutation was identified if the ∆Ct-1 ≥ 2.0, meaning the mutated DNA sequences were amplified at least two cycles earlier than wildtype; If 0 ≤ ∆Ct-1 ≤
2.0, ∆Ct-2 must be ≤ 6; The ∆Ct is the beginning value of sample amplification; The standard Ct designates the value where the wildtype sample began to
amplify; ∆Ct-1 = Standard Ct – Sample Ct; and ∆Ct-2 = Sample Ct – Non-PNA Ct. Ct: threshold cycle; PNA: peptide nucleic acid.

atic adenocarcinosarcoma with metastasis to the liver. Because this form of cancer is rare, little information for diagnosis or treatment exists in the literature. In contrast to
the cases previously reported, we obtained biopsies prior
to pancreaticoduodenectomy and liver lobectomy surgical
procedures. In another case report describing a patient
with pancreatic adenocarcinosarcoma and liver metastasis,
the patient underwent pancreaticoduodenectomy and hepatic lobectomy, but subsequently died two months after
surgery due to multi-organ failure[7]. Thus, the recommendations for treatment or appropriate surgical approaches
in this type of cancer are still lacking. Treatment should

WJG|www.wjgnet.com

therefore be determined on a case-by-case basis. The biopsies in the present case were performed prior to surgery
for several reasons. Primarily, it was to determine whether
resectability would be feasible. A single liver mass could
be a benign nodule, a double primary cancer or a hepatic
cell carcinoma with pancreatic metastasis, although this
option was less likely[8]. If the liver mass was benign or a
double primary cancer, a surgical approach would be warranted. Because, however, the mass was a liver metastasis,
the patient was given gemcitabine chemotherapy given the
poor prognosis and late stage of diagnosis.
In other cases of adenocarcinosarcoma, patients com-
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plained of epigastric pain, a palpable abdominal mass,
anemia, nausea with vomiting etc. In the present case, the
patient only presented with poorly controlled blood sugar, a known feature of pancreatic cancer. This represents
the first case where the earliest symptom of pancreatic
adenocarcinosarcoma was poorly controlled blood sugar.
In conclusion, we present the first case, to the best of
our knowledge, of pancreatic adenocarcinosarcoma reported in the gastrointestinal field. Analysis of the KRAS
sequence identified the same mutation in both the sarcoma and carcinoma components of the tumor, supporting
a monoclonal origin for the tumor.
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Abstract
Acute respiratory distress syndrome is a life-threatening
disorder caused mainly by pneumonia. Clostridium difficile infection (CDI) is a common nosocomial diarrheal
disease. Disruption of normal intestinal flora by antibiotics is the main risk factor for CDI. The use of broad-
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spectrum antibiotics for serious medical conditions can
make it difficult to treat CDI complicated by acute respiratory distress syndrome. Fecal microbiota transplantation is a highly effective treatment in patients with refractory CDI. Here we report on a patient with refractory
CDI and acute respiratory distress syndrome caused by
pneumonia who was treated with fecal microbiota transplantation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clostridium difficile infection; Acute respiratory distress syndrome; Fecal microbiota transplantation
Core tip: Mechanical ventilation is the main supportive treatment option in patients with acute respiratory
distress syndrome, which makes it difficult to perform
fecal microbiota transplantation in patients with Clostridium difficile infection (CDI) and acute respiratory
distress syndrome. This case report demonstrated that
fecal microbiota transplantation can be considered as a
treatment for refractory CDI infection caused by acute
respiratory distress syndrome.
Kim JE, Gweon TG, Yeo CD, Cho YS, Kim GJ, Kim JY, Kim
JW, Kim H, Lee HW, Lim T, Ham H, Oh HJ, Lee Y, Byeon J,
Park SS. A case of Clostridium difficile infection complicated by
acute respiratory distress syndrome treated with fecal microbiota
transplantation. World J Gastroenterol 2014; 20(35): 12687-12690
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i35/12687.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i35.12687

INTRODUCTION
Acute respiratory distress syndrome (ARDS) is a life-
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Figure 1 Chest X-ray shows bilateral infiltration of lung.

Figure 2 Sigmoidoscopy shows focal yellowish plaques in the sigmoid colon.

threatening medical problem with a reported mortality
rate as high as 44%[1]. Pneumonia, sepsis, trauma, aspiration of gastric contents, inhalation of toxic gas, and
drowning are the major causes of ARDS[2]. When ARDS
is caused by pneumonia, broad-spectrum antibiotics are
an essential treatment. Clostridium difficile infection (CDI)
causes 15%-25% of antibiotic-associated diarrhea[3]. Cessation of causative antibiotics is essential for the treatment of CDI, but it is risky for most patients with CDI
and ARDS caused by pneumonia to discontinue broadspectrum antibiotics.
The incidence and severity of CDI are increasing[4]. Fecal microbiota transplantation (FMT) is an effective treatment option for recurrent, refractory CDI. Several studies
have reported that the therapeutic efficacy of FMT for the
treatment of refractory CDI is > 90%[5,6]. Mechanical ventilation is the main supportive treatment option in patients
with ARDS[2], which makes it difficult to perform FMT in
patients with CDI and ARDS. Here, we report on a patient
with refractory CDI with ARDS caused by pneumonia who
was treated successfully with FMT.

teicoplanin until pneumonia was improved.
On hospital day 13, diarrhea developed and the frequency was 5-6 times/d. Stool culture (chromID C. difficile;
bioMérieux, Marcy l’Etoile, France) and toxin assay by
enzyme immunoassay (Wampole Tox A/B Quik Chek;
Alere, Orlando, FL, United States) was conducted. A
stool sample was positive for C. difficile toxins A and B.
The patient was diagnosed with CDI and oral metronidazole (500 mg × 3 times/d) was added. Antibiotics for
pneumonia was used for 13 d prior to development of
CDI. We could not stop antibiotic treatment and total
duration of antibiotic use for pneumonia was consecutive
33 d. Despite 10 d of treatment with oral metronidazole, the amount and frequency of diarrhea increased.
Sigmoidoscopy showed multiple yellowish plaques in the
rectum and sigmoid colon (Figure 2). We concluded that
the oral metronidazole was ineffective and changed the
medication to oral vancomycin. Vancomycin dosing was
125 mg × 4 times/d. After 7 d of treatment with oral
vancomycin, the patient developed hematochezia. Follow-up sigmoidoscopy showed hemorrhagic changes and
an increase in the extent of yellowish plaques compared
with the previous sigmoidoscopy (Figure 3).
We conducted FMT on hospital day 29. Laboratory
findings on the day of FMT were as follows: hemoglobin
8.1 g/dL; platelets 332 ×109/L; white blood cell count
8060/mm3; and c-reactive protein 9.0 mg/dL; albumin
2.6 g/dL; and creatinine 1.4 mg/dL. The stool source for
FMT was from a family donor. We checked the donor’s
blood test and stool test, and HBsAg, HCV Ab, VDRL,
C. difficile toxin, and HIV were not detected. The donor
had no history of antibiotic use within the past year or
any history of chemotherapy. Eighty grams of stool and
240ml of normal saline (1:3) were placed into a blender
(NJM-9060; NUC Electronics, Daegu, South Korea). The
suspension was passed through a stainless steel tea strainer
to remove large particles. FMT was performed using upper endoscopy. The endoscope was inserted to the second
portion of the duodenum. The prepared fecal suspension
was transferred to the patient’s bowel through the biopsy
channel of the endoscope. The procedure time was about
5 min. One day after FMT, the frequency of diarrhea had
decreased to once per day, and the diarrhea resolved 5 d

CASE REPORT
An 83-year-old man with hypertension, diabetes, and
prostatic hypertrophy visited our hospital after 2 d of fever and cough accompanied by the production of sputum.
Consolidation was noted on chest X-ray. Clarithromycin
and ceftriaxone was administered. Despite the antibiotic treatment, the pneumonia did not improve. We
changed antibiotics to tazobactam and levofloxacin on
hospital day 7. On hospital day 10, dyspnea was aggravated and arterial blood gas analysis on 15 L of O2
supplied by reserve mask produced the following values:
pH 7.33, PaCO2 32.0 mmHg, PaO2 36.0 mmHg, HCO3
16.0 mEq/L, SaO2 62%. After endotracheal intubation,
mechanical ventilation was applied. Arterial blood gas
analysis on 1.0 of fraction of inspired oxygen produced
the following values: pH 7.43, PaCO2 35.0 mmHg, PaO2
46.0 mmHg, HCO3 23.0 mEq/L, SaO2 84%. Chest X-ray
showed bilateral infiltration of the lungs (Figure 1). The
patient met the criteria of ARDS. We changed antibiotics
to meropenem and teicoplanin. We used meropenem and
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Figure 3 Follow-up sigmoidoscopy. A: Sigmoidoscopy shows multiple yellowish plaques in the sigmoid colon. B: Sigmoidoscopy shows focal hemorrhagic changes
in the sigmoid colon.

after the FMT. Three months after the FMT, the patient
received broad-spectrum antibiotics for pneumonia and
urinary tract infection, but he did not develop CDI again
during hospitalization. The patient left the hospital on
hospital day 95.

DISCUSSION
ARDS reflects the acute onset of hypoxemic disease.
The most common causes of ARDS are pneumonia and
sepsis[2]. ARDS complicates acute kidney injury, nosocomial infection, deep-vein thrombosis, and gastrointestinal
bleeding. However, the incidence of CDI in patients with
ARDS has not been reported. There is a case report of
ARDS caused by CDI[7]. Our patient was an older man
with pseudomembranous colitis, which was diagnosed as
severe CDI on sigmoidoscopy[8,9]. In cases of severe CDI,
10-14 d of oral vancomycin is recommended[8]. However,
we could not use vancomycin for the first treatment regimen
because of renal insufficiency. We started metronidazole
and changed it to vancomycin. Despite 7 d of treatment
with oral vancomycin, his symptoms became aggravated,
and we considered that the CDI was refractory to conventional therapy.
FMT is highly effective in treating refractory CDI, and
the response to FMT is rapid[5]. FMT can be performed
through a nasogastric tube, retention enema, upper endoscopy, or colonoscopy. Recommended dosing regimen is >
50 g of stool regardless of infusion route. Relapse rate of
CDI was lower when > 50 g of stool was used[6]. Because
mechanical ventilation was applied to this patient, it was
difficult to conduct FMT using colonoscopy, and colonoscopy requires more time than upper endoscopy. Because
the patient was sedated with midazolam, we thought that
he might not retain the fecal suspension. Furthermore,
FMT using colonoscopy had the risk of perforation
because of inflamed colonic mucosa. FMT performed via
upper endoscopy has a risk of aspiration; however, endotracheal intubation for the treatment of ARDS had been
performed several days before the procedure and there
was no aspiration. The diarrhea improved 1 d after FMT
and was resolved 5 d after FMT. Broad-spectrum antibiot-
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ics were prescribed continuously after FMT, and there was
no recurrence of CDI.
To our knowledge, this is the first case report of CDI
complicated by ARDS that was treated successfully with
FMT. When ARDS complicates refractory CDI, FMT
can be considered as a treatment for CDI. However, in
such cases, FMT should be performed cautiously because
of the patient’s serious medical condition.
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Abstract
Patients with esophageal squamous cell carcinoma
generally present at an advanced stage at the time of
diagnosis. The most common sites of visceral metastasis are the lung, liver and bone, but brain and bone
marrow involvement is exceedingly rare. Herein, we report a 62-year-old man with a 4-wk history of progressive low back pain with radiation to bilateral lower legs,
dysphagia and body weight loss. Esophageal squamous
cell carcinoma with regional lymph node, liver and bone
metastases was diagnosed. He underwent concurrent
chemoradiotherapy and got a partial response. Four
months later, he complained of headache, diplopia and
severe hearing impairment in the left ear. There was no
evidence for bacterial, fungal, tuberculous infection or
neoplastic infiltration. Magnetic resonance imaging of
the brain demonstrated thickening and enhancement of
bilateral pachymeninges and multiple enhancing masses in bilateral skull. Dural metastasis was diagnosed
and he received whole brain irradiation. In addition,
laboratory examination revealed severe thrombocytopenia and leucopenia, and bone marrow study confirmed
the diagnosis of metastatic squamous cell carcinoma.
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This is the first described case of esophageal squamous
cell carcinoma with dural and bone marrow metastases.
We also discuss the pathogenesis of unusual metastatic
diseases and differential diagnosis of pachymeningeal
thickening.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal cancer; Squamous cell carcinoma; Dural metastasis; Bone marrow metastasis
Core tip: The first case of esophageal squamous cell
carcinoma with dural and bone marrow metastases is
reported. It can help us recognize the unusual metastatic pattern and better understand the pathogenesis
of the rare entity.

Chen YH, Huang CH. Esophageal squamous cell carcinoma
with dural and bone marrow metastases. World J Gastroenterol
2014; 20(35): 12691-12695 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i35/12691.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i35.12691

INTRODUCTION
Patients with esophageal squamous cell carcinoma generally have a poor outcome, and the majority of them
present at an advanced stage at the time of diagnosis.
Lymphatic and hematogenous metastases are welldocumented in patients with esophageal squamous cell
carcinoma[1-3]. It has been observed that the lung, liver,
bone, pleura and adrenal gland are the most common
sites of visceral metastasis, but brain and bone marrow
involvement is exceedingly rare in esophageal squamous
cell carcinoma. Recently, advances in neuroimaging, such
as computed tomography (CT) and magnetic resonance
imaging (MRI), and the increased survival of these patients have led to more frequent and earlier detection
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Figure 1 Magnetic resonance imaging study demonstrates diffuse dural thickening and enhancement in bilateral pachymeninges (arrowhead), and an enhancing mass in the right skull (arrow).

of brain metastasis. In three studies from Japan, it was
found that squamous cell carcinoma was the predominant histological type and the incidence of brain metastasis from esophageal cancer was about 1.5%[4-6]. Although
some studies have mentioned esophageal cancer with
brain metastasis, dural metastasis has not been reported
in the past literature. Bone marrow metastasis is another
poor prognostic factor and usually occurs in advanced
or terminal stage in cancer treatment. Herein we present,
to our knowledge, the first case of esophageal squamous
cell carcinoma with dural and bone marrow metastases.

CASE REPORT
A 62-year-old man was admitted with progressive low
back pain with radiation to bilateral lower legs for one
month. He was a smoker and had a history of alcohol
consumption. He also complained of dysphagia and a
body weight loss of 5 kg within 2 mo. Physical examination was remarkable. Endoscopy identified two ulcerative
tumors in the middle and lower third of the esophagus
from 25 to 31 cm and from 34 to 37 cm, respectively.
CT of the chest showed esophageal cancer with regional
lymph node, liver and bone metastases. A biopsy was
positive for squamous cell carcinoma. He underwent concurrent chemoradiotherapy with cisplatin/5-fluorouracil
(5-FU). Radiotherapy was applied via conventional parallel-opposed anterior-posterior fields covering the entire
esophagus and mediastinum using 10-MV photon in 2 Gy
daily fractions, five days per week to a total dose of 36 Gy.
Then, additional 14 Gy in 7 fractions of irradiation was
applied via intensity-modulated radiotherapy (IMRT) to
limit the spinal cord dose under 45 Gy cumulatively. The
clinical target volume of IMRT covered the gross tumor
volume with a 4 cm margin in the cranio-caudal direction
and a 1 cm lateral margin. The metastatic bone lesion was
not involved in the field of radiotherapy initially because it
was asymptomatic in clinical presentation. Chemotherapy
consisted of four cycles of cisplatin (4 h drip infusion; 75
mg/m2) on day 1 and 5-FU (continuous infusion; 1000
mg/m2) on day 1-4 every 4 wk. Follow-up endoscopy
showed a near complete response of esophageal tumors
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and there was regressive change of liver metastases on CT
of the chest.
About 4 mo after concurrent chemoradiotherapy, he
complained of headache, and the frequency and intensity
increased gradually. In addition, the associated symptoms
included diplopia and severe hearing impairment in the
left ear. No nausea, vomiting, or meningeal sign was
mentioned. He took analgesics for symptom relief but
without improvement. cerebrospinal fluid (CSF) study
was performed and there was no evidence of bacterial,
fungal, tuberculous infection or neoplastic infiltration.
MRI of the brain demonstrated thickening and enhancement of bilateral pachymeninges and multiple enhancing
masses in bilateral skull (Figure 1). At that moment, the
primary esophageal tumor still showed a near complete
response, but CT of the abdomen revealed mild progressive change of metastatic liver tumors. He received whole
brain irradiation at a total dose of 30 Gy in 10 fractions
and the above mentioned symptoms relieved subsequently. Two months later, MRI of the brain demonstrated
regressive change of dural metastases and skull lesions.
Besides, laboratory examination revealed severe thrombocytopenia (around 20000-30000 per microliter) and
leukopenia with left shift of neutrophil maturation. We
arranged bone marrow study and histopathologic examination showed clusters of epithelial-like cells. Tumor cells
had eosinophilic cytoplasm with hyperchromatic nuclei,
and some nuclei had prominent nucleoli with a high nuclear-to-cytoplasmic ratio. Immunohistochemical staining
showed expression of high molecular weight cytokeratin,
confirming the diagnosis of metastatic squamous cell
carcinoma (Figure 2). Afterwards, he received palliative
chemotherapy with cisplatin/5-FU for liver, bone and
bone marrow metastases, but no obvious response was
achieved. Finally, he died due to pneumonia 45 d after the
diagnosis of bone marrow metastasis.

DISCUSSION
The increasing incidence of central nervous system metastases may be largely attributable to the greater availability and use of diagnostic imaging, and the advances in
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Figure 2 Histologic and immunohistochemical pictures. A: Histologic picture shows clusters of epithelial-like cells, with eosinophilic cytoplasm and hyperchromatic nuclei. Some nuclei had prominent nucleoli with a high nuclear-to-cytoplasmic ratio. (hematoxylin and eosin staining, original magnification × 100); B: Immunohistochemical picture reveals positivity for high molecular weight (HMW) cytokeratin (original magnification × 200).

systemic therapy. Carcinomatous infiltration of the dura
is found in 8% to 9% of patients with primary extraneural malignancy[7,8]. The most frequently reported primary
tumor types metastasizing to the dura mater are prostate,
breast, lung and stomach carcinomas[9]. Clinical presentation is often associated with the location of tumor and
extent of involvement, the most common symptom is
headache, and other symptoms include weakness, numbness, visual disturbance, speech difficulty, seizure, hearing
impairment, gait disturbance, and altered mental status.
Gadolinium-enhanced brain MRI is the study of first
choice for the diagnosis of intracranial dural metastases.
Surgical resection is the best treatment when the lesion is
single, or multiple lesions but resectable, and the systemic
disease is well controlled. Radiotherapy is a treatment
option if operation was not indicated. There is no indication of intrathecal chemotherapy in dural metastases. In
general, the outcome of dural metastases was poor.
There are two possible mechanisms of dural metastases: direct extension of skull metastases or hematogenous
metastases. Direct extension from calvarial metastases
was found predominantly in lung, prostate, breast cancers
and Ewing sarcoma; in the absence of skull invasion, hematogenous spread mostly occurs through systemic arterial circulation[10]. Most patients had evidence of primary
lung cancer or metastatic lung lesion when brain metastasis was diagnosed[11], but the incidence of lung metastases was only 0%-25% in esophageal cancer patients in
previous reports[12,13]. One reason is that the lung lesions
are too small to be detected[5,14], and the other reason
arises from tumor spread through the vertebral venous
system[5,13,15]. No lung metastasis was documented in our
patient, either. Ideally, clinicians should be alert to brain
metastasis despite clinically undetected lung metastases in
patients with esophageal squamous cell carcinoma.
Previous reports have tried to find the risk factors for
brain metastases in esophageal cancer patients. The most
common histological types of esophageal cancer are
squamous cell carcinoma and adenocarcinoma. Although
the incidence of brain metastasis was higher in adenocarcnoma group than squamous cell carcinoma group,
histology does not appear to be a risk factor for the de-
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velopment of brain metastasis[16-18]. On the other hand,
one study demonstrated that patients with large esophageal tumors (> 8.63 cm in length) had a statistically greater chance of developing brain metastasis compared to
patients with small tumors (< 5.12 cm in length)[16]. The
reason may be that the chance of dissemination through
the vertebral venous system increased. Our patient’s tumor length was 11 cm (7 cm and 4 cm in two tumors, respectively), and it may be considered as a high risk factor
for brain metastasis.
MRI of the brain showed thickening and enhancement of bilateral pachymeninges, and the differential
diagnosis included spontaneous intracranial hypotension
(SIH), idiopathic hypertrophic cranial pachymeningitis
(IHCP), dural metastasis and infection. SIH is a syndrome
of low CSF pressure characterized by postural headaches
in patients without any history of dural puncture or
penetrating trauma. It is thought to result from an occult
CSF leak resulting in decreased CSF volume and low CSF
pressure[19]. The pattern of headache in our patient was
not related to postural change and there was no low CSF
pressure in lumbar puncture, so SIH was excluded. IHCP
is a rare form of diffuse inflammatory disease that causes
thickening of the dura mater, and typically causes progressive cranial nerve palsies, headaches, and cerebellar
dysfunction[20,21]. The diagnosis is established by excluding
all other granulomatous and infectious diseases[22]. We did
CSF study which was negative for infective disease, so
IHCP and infection were less likely. According to his underlying disease and clinical presentation, dural metastasis
was the most likely diagnosis.
Distant metastasis is the main cause of mortality and
morbidity in cancer patients. The bone marrow is a site
of cancer cell deposition and dissemination, and could
be considered a target organ for metastasis. Tumor cells
spread to the bone marrow mainly through hematogenous dissemination, and may be observed while the
primary tumor is still in the early stage[23]. At the time of
diagnosis, cytopenia was a frequent finding, especially
anemia and thrombocytopenia. Chemotherapy is a treatment option, and dose delays and dose reductions are
necessary in some cases. The cytopenic complications,
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such as febrile neutropenia or bleeding events, should be
closely monitored. The presence of bone marrow metastasis is an independent predictor of poor prognosis.
In conclusion, to the best of our knowledge, the present case is the first described case of esophageal squamous cell carcinoma with dural and bone marrow metastases. It is important to recognize the unusual metastatic
pattern and offer our patients the differential diagnosis
of pachymeningeal thickening and enhancement. In the
era of cancer treatment, clinicians should be aware of
this condition.

2

3

4

5
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Case characteristics

A 62-year-old man was admitted with progressive low back pain with radiation
to bilateral lower legs, accompanied with dysphagia and body weight loss.

6

This case was diagnosed with esophageal squamous cell carcinoma with dural
and bone marrow metastases.

7

Spontaneous intracranial hypotension, idiopathic hypertrophic cranial pachymeningitis and infection were mentioned in the differential diagnosis.

8

Clinical diagnosis

Differential diagnosis
Laboratory diagnosis

The laboratory findings revealed that severe thrombocytopenia (around
20000-30000 per microliter) and leukopenia with left shift of neutrophil maturation. CSF study was negative for bacterial, fungal, tuberculous infection or neoplastic infiltration.

9
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Imaging diagnosis

11

Pathological diagnosis

12

Magnetic resonance imaging of the brain showed thickening and enhancement
of bilateral pachymeninges and multiple enhancing masses in bilateral skull.
Bone marrow study showed clusters of epithelial-like cells which had eosinophilic cytoplasm with hyperchromatic nuclei, and some nuclei had prominent
nucleoli with a high nuclear-to-cytoplasmic ratio. Immunohistochemical staining
revealed expression of high molecular weight cytokeratin, confirming the diagnosis of metastatic squamous cell carcinoma.

Treatment

Whole brain irradiation was performed in this case.
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Related reports

This case is the first described case of esophageal squamous cell carcinoma
with dural and bone marrow metastases.

Term explanation
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Thickening and enhancement of pachymeninges may be caused by spontaneous intracranial hypotension, idiopathic hypertrophic cranial pachymeningitis,
dural metastasis and infection.
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The lung, liver, bone, pleura and adrenal gland are the most common sites of
visceral metastasis, but brain and bone marrow involvement are exceedingly
rare in esophageal squamous cell carcinoma. Magnetic resonance imaging of
the brain and cerebrospinal fluid study must be considered if brain metastasis is
highly suspected.
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Experience and lessons

Peer review

This case presented the unusual metastatic pattern and offered the differential
diagnosis of pachymeningeal thickening and enhancement. It may help us to
understand the pathogenesis of this rare entity, and clinicians should be aware
of this condition.
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Abstract
Boerhaave’s syndrome refers to the spontaneous transmural rupture of the esophagus. Primary repair may
be performed in patients who present within 24 h of
perforation, and such cases have the best outcomes as
most complications have not yet developed. However,
the treatment of late perforations remains controversial. Various approaches and strategies to repair late
perforations have been described in the literature, but
there is no uniform approach. We present a case of
Boerhaave’s syndrome in which the patient underwent
surgical repair 48 h after the acute event and was subsequently treated successfully. The initial approach included direct esophageal repair, a drainage series, and
nutritional support via a feeding jejunostomy. Although
the repair site was subsequently disrupted, the patient
showed complete healing of the perforation after three
weeks. We consider that our surgical treatment strategy is safe and technically feasible, and appears to be
a promising alternative approach for the treatment of
patients with late Boerhaave’s perforation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Boerhaave’s perforation; Surgery; Drainage;
Repair; Nutritional support
Core tip: Boerhaave’s syndrome refers to the spontaneous transmural rupture of the esophagus. The successful treatment of Boerhaave’s syndrome remains very
challenging for surgeons, especially cases involving
late perforations. Various strategies to repair late perforations have been previously described, but there is
no uniform approach. We present a successful surgical
strategy in a case of Boerhaave’s syndrome with late
perforation, which involved surgical repair of the perforation and a series of drainage procedures. We consider that our strategy is safe and technically feasible,
and appears to be a promising alternative approach for
late Boerhaave’s perforation.
Shen G, Chai Y, Zhang GF. Successful surgical strategy in a
late case of Boerhaave’s syndrome. World J Gastroenterol 2014;
20(35): 12696-12700 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12696.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12696

INTRODUCTION
Boerhaave’s syndrome, or spontaneous esophageal rupture, is a life-threatening condition characterized by the
disruption of the distal esophagus due to a sudden forceful vomiting-induced increase in the internal esophageal
pressure[1]. In such cases, there is often a significant delay
between perforation and treatment, leading to chemical
and bacterial mediastinitis followed by sepsis and multiorgan failure. Most studies describe a high mortality rate
of 14%-40%[2,3]. Generally, prompt surgical repair and
drainage are the gold standard treatments for cases of
early perforation[4,5]. However, the treatment modalities
for the cases of late perforation remain controversial[6].
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A

B

Figure 1 A gastrografin swallow, showing extravasation of contrast in the left chest (arrow) (A), computed tomography of the chest with oral contrast,
demonstrating a lower left esophageal tear with mediastinal leakage of oral contrast medium (arrow) and a left pleural effusion (B).

In addition, when the appropriate drainage procedure
is not followed in these cases of late perforation, severe
complications may develop, which may lead to a high
mortality rate. We present herein a successful strategy for
the surgical treatment of a case of Boerhaave’s syndrome
with late perforation, which involved surgical repair of
the perforation and a series of drainage procedures.

CASE REPORT
A 45-year-old man presented to our hospital after being treated at another institute. Forty hours previously,
he had developed severe chest pain following violent
vomiting after excessive alcohol intake and overeating. A
chest X-ray at that time indicated a hydropneumothorax.
Emergency intercostal drainage insertion was performed,
and the patient was admitted to our hospital with septic
shock. On initial presentation, his blood pressure was
86/50 mmHg, pulse rate was 113 beats/min, and respiratory rate was 22 breaths/min. The patient was febrile,
with a temperature of 38.5 ℃, and was mildly distressed.
On chest examination, there was decreased air entry
over the left hemithorax. Abdominal and cardiac examination results were normal; the extremities were cold
without any edema. The leukocyte count on admission
was 16 × 109/L. A gastrografin swallow demonstrated
free extravasation of contrast from the left posterolateral
aspect of the distal esophagus just above the level of the
hiatus (Figure 1A). A subsequent computed tomography
(CT) scan showed a free leak into the pleural space with
a large collection, consistent with a diagnosis of esophageal perforation (Figure 1B). A CT scan of the abdomen
was normal. Although a chest tube was inserted, it failed
to clear the pleural space, because the pleural fluid was
thick with food debris. After initial treatment, including aggressive volume resuscitation, commencement of
broad-spectrum antibiotics, and nasogastric suction, the
patient was in a stable condition. Thereafter, 6 h after
admission, we decided to perform thoracotomy.
General anesthesia was administered with a doublelumen endotracheal tube. The patient was positioned
in the right lateral decubitus position for thoracotomic
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exploration through an incision in the left seventh intercostal space. Exploration of the chest cavity revealed the
presence of fibrin adhesions, necrotic tissue, and fluid
collection. The posterior mediastinum was then opened.
The esophageal longitudinal tear site was identified on
the left side, having a length of 5 cm just above the
esophageal hiatus. After wide opening and dissection of
the posterior mediastinal tissues, meticulous irrigation
with the evacuation of food debris and removal of necrotic tissue was accomplished. The nasogastric tube was
replaced above the perforation. After removal of necrotic tissue, two-layer repair was performed using simple interrupted sutures and reinforced with a pleural flap using
non-absorbable silk sutures (Mersilk, Ethicon, United
Kingdom). For continuous postoperative irrigation, a
custom-made y-chest tube was then positioned near and
parallel to the repaired esophagus (Figure 2). One branch
of the tube was used for irrigation at the perforation site
with normal saline, and the other was used for passive
drainage. The chest wall was closed in layers. The patient
was then placed in a supine position and a laparoscopic
exploration showed no intra-abdominal pathology. A
laparoscopic gastrostomy and feeding jejunostomy were
then performed, and the port sites were closed. The
drainage is shown diagrammatically in Figure 3.
The patient was transferred to the intensive care unit.
Ventilatory support was removed on the third postoperative day and the patient was discharged to the ward the
next day. Postoperative treatment with broad-spectrum
antibiotics was continued, and was subsequently changed
to narrow-spectrum antibiotics according to the results
of cultures from accumulated mediastinal or pleural fluid obtained during surgery or drainage or based on the
results of blood cultures. On the seventh postoperative
day, antibiotic treatment was discontinued.
Chest irrigation via the y-chest tube was performed
on each of the first 5 d after the operation. Gastric
decompression though gastrostomy was started immediately after the operation and enteral nutrition through
jejunostomy feeding was started on the second postoperative day. On the tenth postoperative day, a gastrografin swallow showed a small leak in the repair site. Full
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B

Figure 2 Intraoperative view showing the y-chest tube positioned near and parallel to the repaired esophagus (A) and custom-made y-chest tube (B).
Nasogastric tube

y-chest tube
Gastrostomy tube

Jejunostomy tube

Figure 3 Diagrammatic illustration of the drainage series.

Figure 4 Gastrografin swallow, showing free flow of contrast from the
esophagus into the stomach without any leakage.

jejunostomy feeding and drainage were continued. The
gastrografin swallow was repeated 10 d later and showed
free flow of contrast from the esophagus into the stomach, without any leakage (Figure 4). The patient was then
started on oral feeding. He was discharged to home on
the 25th postoperative day, and was eating a normal diet.
The 1-year follow-up has been uneventful.

DISCUSSION
Boerhaave’s syndrome refers to the spontaneous transmural rupture of the esophagus[1]. The successful treatment of Boerhaave’s syndrome remains very challenging
for surgeons. The appropriate method for the management of esophageal perforation depends on a variety of
factors, such as the location, severity, and duration of the
perforation, and the age and condition of the patient.
Data in the literature indicate that primary suturing of
the esophagus complemented by mediastinal and chest
drainage is associated with a success rate of approximately 90% in cases of complete esophageal rupture that
are diagnosed within 24 h, if there is no accompanying
esophageal disease (tumor, stricture, etc.)[4,7,8]. However,
if the period between the occurrence of rupture and diagnosis is longer than 24 h, the outcome is significantly
worse, because septic complications can rapidly develop
and operative treatment is less successful[5,6]. At present,
there is no uniform approach for the surgical treatment
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for late perforation. However, the key components in the
management of all patients with perforation include aggressively delivering nutritional support and achieving the
best possible local conditions for healing of the perforation, by adopting measures such as systemic broad-spectrum antibiotics, and local irrigation and drainage. In the
present case, the treatment strategy followed the above
fundamental principles. First, at the same time as antibiotic administration, a nasogastric tube placed above the
perforation was used for drainage to achieve esophageal
decompression, a gastric tube was used to decompress
the stomach, and a y-chest tube was used to irrigate and
drain the hemithorax and the mediastinum after primary
closure of the perforation; in addition, feeding jejunostomy was performed by laparoscopy.
Since Eubanks et al[9] initially reported the case of a
patient with Boerhaave’s syndrome who was successfully treated with a self-expandable metallic stent, there
have been several reports of this condition; the results
showed that endoscopic stent insertion seemed to offer
a promising alternative for Boerhaave’s syndrome[10-13].
However, in the latest report by Schweigert et al[14], compared to the results of primary surgical therapy, the
management of Boerhaave syndrome by means of endoscopic stent insertion offers no advantage in terms of
morbidity and intensive care unit or hospital stay, and is
associated with frequent treatment failure that eventually
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requires surgical intervention. Furthermore, endoscopic
stenting shows a higher risk for fatal outcome than primary surgical therapy.
There have been several reports of the minimally
invasive surgical management of spontaneous esophageal rupture via either laparoscopy or thoracoscopy, or
both[15-17]. Avoidance of thoracotomy may result in considerable benefit for critically ill patients. However, open
repair and drainage are still the gold standard treatments
for this condition[4,8]. Moreover, a minimally invasive
technique is used in cases with early perforation and
stable hemodynamics, without signs of escalating sepsis,
and without significant medical risk factors or contraindications for laparoscopy or thoracoscopy[16-18]. In the
present case, thoracotomy was the approach for primary
surgical repair, which allowed complete control of the
perforation site and accurate clearing and drainage to
treat the mediastinitis. However, laparoscopic gastrostomy and feeding jejunostomy may be of benefit for all
perforations[19,20].
Control of the leak and eradication of the pleuromediastinal infection as expeditiously as possible are
the goals of therapy, and can significantly improve the
patient’s chances of survival[8]. Therefore, when managing this patient, we began with the thoracic procedures.
Some authors consider that the reinforced primary suture recommended in cases of early perforation can also
be applied successfully in cases of late perforation[4,7].
However, it is well known that, as in the present case,
continuous esophageal leakage may occur despite careful surgical repair of an esophageal tear. In this phase,
the perforation edges are always friable and edematous,
with active bacterial infection, and final wound healing
often requires the formation of surrounding fibrous tissue. Although many authors find external strengthening
of the suture row desirable in cases of early perforation,
including the intercostal muscle, pleura, omentum, and
pericardium, the value and effectiveness of a pedicled
flap in the cases of late perforation is still unclear[21,22].
Due to the high rate of esophageal leakage in the
late perforations, adequate surgical drainage is the main
treatment for Boerhaave’s syndrome. Some authors have
used T-tube drainage or Jackson-Pratt drains, wherein
a controlled fistula is created that closes spontaneously
once the tube is removed[6,23]. In this patient, we created the best possible local conditions for the healing of
the perforation. First, a custom-made y-chest tube was
positioned near and parallel to the repaired esophagus
for continuous postoperative irrigation and drainage.
Second, the nasogastric tube was replaced above the
perforation to drain the sputum and regurgitated gastric
juices. Finally, laparoscopic gastrostomy was performed
to relieve the suture row and keep the stomach decompressed to reduce gastroesophageal reflux. We believe
that our drainage series could be a feasible surgical therapeutic option in all esophageal perforations.
Nutritional support was an important aspect of the
postoperative management. In cases where we suspect
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that the patient may not be able to receive oral intake of
food for a prolonged period of time, a secure method
for the delivery of nutrition is optimal[8]. Although a
nasogastric tube is an alternative approach, laparoscopic
jejunostomy usually only adds 15-20 min to the operating time. This allows early institution of enteral feeding
as well as a more reliable and comfortable method of
enteral nutrition for the patient.
In conclusion, an aggressive surgical approach is still
needed for late Boerhaave’s perforations. Adequate surgical drainage and nutritional support are the mainstay
of treatment in all patients with Boerhaave’s perforation.
We consider that our treatment strategy, which follows
the above fundamental principles, is safe and technically
feasible, and appears to be promising as an alternative
approach for the treatment of patients with late Boerhaave’s perforation.

COMMENTS
COMMENTS
Case characteristics

A 45-year-old man presented to their hospital with a history of severe chest pain
following violent vomiting 40 h previously.

Clinical diagnosis

The patient was febrile, mildly distressed, and showed decreased air entry over
the left hemithorax.

Differential diagnosis

Hydropneumothorax, angina, and gastroduodenal perforation.

Laboratory diagnosis

The leukocyte count on admission was 16 × 109/L.

Imaging diagnosis

A gastrografin swallow demonstrated free extravasation of contrast from the left
posterolateral aspect of the distal esophagus just above the level of the hiatus.

Treatment

The patient received an aggressive surgical treatment, including direct esophageal repair, a drainage series, and nutritional support via a feeding jejunostomy.

Related reports

Various approaches and strategies to repair late perforations have been described in the literature, but there is no uniform approach.

Term explanation

Boerhaave’s syndrome is a spontaneous perforation of the esophagus that
most commonly results from a sudden increase in intraesophageal pressure
caused by straining or vomiting.

Experiences and lessons

The treatment strategy presented in this case report is safe and technically feasible, and appears to be an alternative approach for the treatment of patients
with late Boerhaave’s perforation.

Peer review

The novelty of this case is the application of the suctioning-rinsing drainage (ychest drain) in addition to primer suture.
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INTRODUCTION

Abstract
Patients with esophageal cancer often require esophagectomy with esophagogastrostomy. However, the
incidence of complications, such as hemorrhage, during operations for esophageal cancer is high, even
with minimally invasive surgery. Without the appropriate interventions, the risk of major intraoperative
and postoperative hemorrhage is very high in patients
with esophageal cancer and hemophilia. We report
the case of a 45-year-old man with esophageal cancer
and hemophilia B who underwent a successful hybrid,
minimally invasive Ivor-Lewis esophagectomy with appropriate perioperative management.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal cancer; Esophagectomy; Hemophilia B; Esophagogastrostomy; Hemorrhage
Core tip: The incidence of complications, such as hemorrhage, in operations for esophageal cancer is high,
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even with minimally invasive surgery. Without the appropriate interventions, the risk of major intraoperative
and postoperative hemorrhage is very high in patients
with esophageal cancer and hemophilia. We report
the case of a 45-year-old man with esophageal cancer
and hemophilia B who underwent a successful hybrid,
minimally invasive Ivor-Lewis esophagectomy with appropriate perioperative management.

Patients with esophageal cancer often require esophagectomy with esophagogastrostomy; these procedures entail
open and minimally invasive surgeries. The incidence
of postoperative complications, such as postoperative
hemorrhage, in operations for esophageal cancer is high,
even with minimally invasive surgery[1,2]. Without the appropriate interventions, the risk for major intraoperative
and postoperative hemorrhage, even for minor procedures such as oral surgery, is very high in patients with
hemophilia. Although studies describing the perioperative
management for reducing the risk for postoperative hemorrhage in hemophilia patients have been published, no
case reports are available on the perioperative management of patients with esophageal cancer and hemophilia
who have undergone esophagectomy; thus, the treatment
options for these patients remain unclear[3]. We present
the case of a 45-year-old man with esophageal cancer
and hemophilia B who underwent a successful hybrid,
minimally invasive Ivor-Lewis esophagectomy. We also
discuss the surgical management of patients with esopha-
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Figure 1 Intraoperative view of the dissection of esophageal hiatus during laparoscopic procedures.

Figure 2 Lower esophageal mobilization and resection under direct visualization via a right thoracotomy.

geal cancer combined with hemophilia.

The entire operation lasted 175 min; the abdominal
procedures took 50 min, and the thoracic procedures
took 125 min. The amount of intraoperative blood loss
was 200 mL. The patient received a postoperative continuous infusion of 1200 U prothrombin complex concentrate once per day. On postoperative day 4, the activity of
coagulation factor Ⅸ was determined to be 42%, and the
infusion was discontinued after 10 postoperative days.
The patient had an uneventful postoperative recovery
with no significant postoperative hemorrhage. He was
extubated 22 h after the operation. The chest tube was
removed on postoperative day 7. Esophagography was
performed 6 d after the operation, with no contrast media leakage. The patient resumed food intake by postoperative day 7. The postoperative pathological examination
results revealed stage ⅢA cancer; thus, radiotherapy was
initiated at postoperative week 4. The patient has been
undergoing follow-up for 19 mo, and no metastases have
been observed by computed tomographic examination.

CASE REPORT
The patient, a 45-year-old man, was admitted because
of a 1-month history of dysphagia. No significant abnormalities were identified on physical examination,
and no superficial bleeding or bruising was noted. After
admission, an endoscopy indicated a mass lesion 35 cm
from the incisors, and the pathological results suggested
esophageal squamous cell carcinoma. The patient’s surgical history included the removal of an abdominal hematoma 10 years earlier. The patient denied other significant
medical history. The post-admission coagulation test
results showed an activated partial thromboplastin time
of 59.8 s (normal: 22-40 s) and a thrombin time of 20.1
s (normal: 13-18 s). However, normal prothrombin time,
bleeding time, international normalized ratio, and d-dimer
values were noted. The patient’s platelet count and liver
function tests were normal. In further coagulation factor tests, the coagulation factor Ⅸ level was only 4.1%
(normal: 50%-150%), whereas the levels of factors Ⅷ, Ⅺ,
and Ⅻ were normal. The patient’s antinuclear antibodies and immunoglobulins were all within the reference
ranges. Based on these results, the patient was diagnosed
with esophageal squamous cell carcinoma combined with
hemophilia B.
The main goal of the preoperative preparation was
to improve the activity of coagulation factor Ⅸ in this
patient. The patient received an intravenous infusion
of 1200 U of prothrombin complex twice per day. The
coagulation factor Ⅸ level was remeasured 3 d later. The
activity of coagulation factor Ⅸ improved to 44.1%, and
surgery was arranged for the patient.
We performed a hybrid, minimally invasive Ivor-Lewis
esophagectomy. First, the gastric mobilization, abdominal
lymph node dissection, and jejunostomy were performed
under laparoscopy with the patient in the supine position
(Figure 1). Then, the esophageal mobilization and resection, thoracic lymph node dissection, gastric conduit construction, and esophagogastrostomy were performed via
a sixth intercostal thoracotomy with the patient in the left
lateral decubitus position (Figure 2).
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DISCUSSION
Even with the use of minimally invasive methods, perioperative complications are common in esophageal cancer
surgeries[1,2]. Patients, especially those with a preoperative
coagulopathy, are vulnerable to major intraoperative and
postoperative hemorrhage. Although recent reports on
the surgical treatment for patients with hemophilia have
been published, no detailed case reports are available
regarding major operations, such as esophagectomy. In
this report, we present the case of an esophageal cancer
patient with hemophilia B who underwent a successful
hybrid, minimally invasive esophagectomy with perioperative intravenous infusion of a prothrombin complex
concentrate to replenish and maintain the activity of
coagulation factor Ⅸ at ≥ 40% of the normal value.
We believe that surgical procedures could be safely performed in patients with hemophilia if the patients are
provided with the appropriate perioperative management.
Some patients might not be aware that they have hemophilia before an operation. Therefore, further tests and
hemophilia screens are essential for patients with preoperative coagulopathies to control the risk of intraoperative and
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Clinical diagnosis

postoperative hemorrhage[4]. In this case, the patient was
diagnosed with hemophilia B after further tests for coagulation factor Ⅸ levels, which were measured as only 4.1% of
the normal value, despite the fact that the preoperative PTT
was only 10 s longer than the reference range and the results
of the other tests, including prothrombin time, bleeding
time, and platelet count, were all normal.
For patients with a coagulopathy, the selection of an
appropriate surgical approach is important. First, the procedure should be consistent with oncological principles,
and a radical resection should be performed if possible.
Second, the operation should be completed quickly and
safely, and the duration of the operation should be minimized to reduce the intraoperative loss of coagulation
factors[5]. Finally, the procedure should be as minimally
invasively as possible. In this case, we used a hybrid IvorLewis esophagectomy to complete the gastric mobilization
and jejunostomy in the abdomen under laparoscopy. In the
thorax, we completed the esophageal mobilization and resection, mediastinal lymph node dissection, gastric conduit
construction, and esophagogastrostomy via a right lateral
thoracotomy under direct vision, which required less time
than thoracoscopy. We believe that this surgical approach
is consistent with the above-mentioned principles.
Currently, the appropriate perioperative supplementation of coagulation factors is controversial[6]. Direct supplementation of the deficient coagulation factors is the
most direct and effective treatment; however, the direct
infusion of coagulation factor concentrates is costly, involves a complicated sourcing process, and requires preoperative evaluations, including inhibitor screening[7]. The
direct infusion of plasma (1200 mL/d) requires a large
amount of fluid and might cause problems associated
with long-term plasma transfusion, such as allergies and
fever[5]. Perioperative intravenous infusions of the prothrombin complex concentrate that we used to replenish
coagulation factor Ⅸ is a simple method, and the medication is easy to obtain. Based on the recommendations
from the literature, we re-evaluated the coagulation factor
Ⅸ levels after 3-4 d of preoperative infusions of the prothrombin complex concentrate. When the level improved
to > 40% of the normal value, surgery was planned. The
recommended duration of postoperative infusions of the
prothrombin complex concentrate remains inconclusive.
We believe that the infusions should be discontinued 1-2
d after removal of the chest tube to avoid intrathoracic
hemorrhage upon extubation.

6
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No significant abnormalities were found during physical examination.

Differential diagnosis

Benign esophageal tumor, achalasia of the cardia, and benign esophageal
stricture were diagnosed.

Laboratory diagnosis

The coagulation factor Ⅸ level was only 4.1% (normal: 50%-150%); however,
the levels of factors Ⅷ, Ⅺ, and Ⅻ were normal.

Pathological diagnosis

The endoscopy results indicated a mass lesion 35 cm from the incisors, and the
pathological results suggested esophageal squamous cell carcinoma.

Treatment

After the coagulation factor Ⅸ activity improved to 44.1% following intravenous
infusions of prothrombin complex, a hybrid, minimally invasive Ivor-Lewis
esophagectomy was performed.

Related reports

No case reports are available on the perioperative management of patients with
esophageal cancer and hemophilia undergoing esophagectomy.

Term explanation

Hemophilia B is a blood clotting disorder caused by a mutation in the Factor Ⅸ
gene, leading to a deficiency in Factor Ⅸ.

Experiences and lessons

For patients with combined esophageal cancer and hemophilia B, surgical treatment could be safely performed with appropriate perioperative management.

Peer review

This article presents a case of an esophageal cancer patient with hemophilia B
who underwent a successful hybrid, minimally invasive esophagectomy following perioperative intravenous infusions of a prothrombin complex concentrate to
replenish coagulation factor Ⅸ.
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Abstract
Upper gastrointestinal bleeding refers to bleeding that
arises from the gastrointestinal tract proximal to the
ligament of Treitz. The primary reason for gastrointestinal bleeding associated with hepatocellular carcinoma is rupture of a varicose vein owing to pericardial
hypotension. We report a rare case of gastrointestinal
bleeding with hepatocellular carcinoma in a patient
who presented with recurrent gastrointestinal bleeding.
The initial diagnosis was gastric cancer with metastasis
to the multiple lymph nodes of the lesser curvature.
The patient underwent exploratory laparotomy, which
identified two lesions in the gastric wall. Total gastrectomy and hepatic local excision was then performed.
Pathological results indicated that the hepatocellular
carcinoma had invaded the stomach directly, which was
confirmed immunohistochemically. The patient is alive
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with a disease-free survival of 1 year since the surgery.
Hepatocellular carcinoma with gastric invasion should
be considered as a rare cause of upper gastrointestinal
bleeding in hepatocellular carcinoma patients, especially with lesions located in the left lateral hepatic lobe.
Surgery is the best solution.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bleeding; Cancer; Gastrointestinal tract;
Liver; Neoplasm invasion
Core tip: Hepatocellular carcinoma invading the stomach is a rare cause of upper gastrointestinal bleeding.
It needed to be identified as gastric cancer with lymph
nodes metastasis and hepatoid adenocarcinoma. The
immunohistochemical result was important for the final
diagnosis.
Wu WD, Wu J, Yang HG, Chen Y, Zhang CW, Zhao DJ, Hu ZM.
Rare cause of upper gastrointestinal bleeding owing to hepatic
cancer invasion: A case report. World J Gastroenterol 2014;
20(35): 12704-12708 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12704.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12704

INTRODUCTION
Upper gastrointestinal (GI) bleeding refers to bleeding
that arises from the GI tract proximal to the ligament
of Treitz and accounts for nearly 80% of significant
GI hemorrhage. The causes of upper GI bleeding are
categorized as either nonvariceal or bleeding related to
portal hypertension. The nonvariceal causes account for
approximately 80% of such bleeding, with peptic ulcer
diseases being the most common[1]. China has a high incidence of hepatitis B (HBV), and patients may develop
liver cirrhosis, portal hypertension, and hypersplenism;
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Figure 1 Magnetic resonance imaging. A: T1-weighted imaging showing equisignal tumors in the left lateral hepatic lobe and Gastric lumen; B: T2-weighted imaging showing the tumor in the left lateral hepatic lobe; C, D: MR images showing slightly increased signals in the left lateral hepatic lobe and Gastric lumen.

therefore, upper GI bleeding caused by rupture of a
varicose vein is common. Other less common causes of
upper GI bleeding include Mallory-Weiss tears, arteriovenous malformations, primary tumors, and erosive gastritis
or duodenitis.
We report a case of a patient with hepatocellular carcinoma (HCC) who presented with massive upper GI
bleeding owing to HCC invading the stomach and who
was treated by local hepatic excision and total gastrectomy.

CASE REPORT
A 75-year-old Chinese male presented to our General
Surgery ward in February 2013, with a history of recurrent upper GI hemorrhage. The GI bleeding recurred
weekly, with a volume of 200-300 mL each time. The
patient’s relatives declined surgery because of the high
risk. Therefore, the patient received conservative treatment (hemostatics and blood transfusion) in the primary
care unit, but the GI bleeding worsened, with volumes
increasing to 500-600 mL with symptoms of shock. He
was then transferred to our hospital.
The patient had been HBV-positive for 30 years and
underwent right partial hepatectomy (local excision) for
highly differentiated hepatocellular cancer, confirmed by
histological examination, (preoperative AFP was negative) 10 years earlier. He also received preventive transarterial chemoembolization twice. Recurrence was detected
3 years later, located in the left lateral lobe. The result of
preoperative indocyanine green testing was 24.3%, and at
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this level, hepatic insufficiency was a risk of repeat lobectomy. His family members rejected surgery. The HCC recurrence was finally managed by two transarterial chemoembolization procedures with no evidence of recurrence
on follow-up since the procedures. He denied alcohol or
smoking history, and he provided authorization to present the details of his case.
Results of the physical examination on admission to
our hospital showed left upper quadrant tenderness and
pale appearance. The results of laboratory workup revealed a hemoglobin level of 62 g/L, albumin level of 25
g/L, total bilirubin level of 31.3 μmol/L, and prothrombin time of 16.1 s. Tumor markers were normal, including AFP, CEA, CA199, CA153, CA125, and CA724.
Serum was positive for hepatitis B surface antigen, but
negative for hepatitis B e antigen. Serum anti-hepatitis C
virus was also negative.
Abdominal contrast-enhanced MR (Figure 1) showed
lesions localized in the left lateral hepatic lobe, and in the
gastric lumen along the lesser curvature.
The mass was observed antegrade (Figure 2A) and retrograde (Figure 2B) by gastroscopy. The tumor was located
4 cm away from the cardia, along the lesser curvature.
After physical and radiological examination, the diagnosis was gastric cancer with lesser curvature lymph node
metastasis. Non-surgical treatment failed, and the patient
underwent emergency surgery. We found two lesions in
the gastric lumen, a larger one connected with the lesion
in the left lateral hepatic lobe, and a smaller one located
between the intact serosa and the mucosa (Figure 3).
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Figure 3 Intraoperative specimen. Following removal of the gastric lumen tumor,
an ulcer could be seen in the lesser curvature, 4 cm away from the cardia.

Pathological results (Figure 4) confirmed gastric cancer
secondary to invasion by HCC in the left lateral hepatic
lobe, and the margin was negative.
The patient underwent total gastrectomy and resection of the left lateral hepatic lobe followed by two episodes of preventive transhepatic arterial chemotherapy
and embolization. Careful follow-up of this patient has
revealed that he is alive with a 1-year disease-free survival
since the surgery.

DISCUSSION
Extra-hepatic metastasis of HCC usually occurs in the
lung, regional lymph nodes, and bone, and direct GI invasion is rare. Recently, Maruyama et al[2] reported a case of
upper GI bleeding due to HCC direct invasion, and managed by transarterial embolization, but the patient died
from hepatic failure 2 mo later.
In our case, according to the symptoms, blood test results, and emergent gastroscopy, the diagnosis was gastric
cancer or gastric stromal tumor, initially. However, the
final diagnosis was HCC invasion of the stomach.
Gastric invasion can occur from direct invasion or
from metastatic lymph nodes along the lesser curvature or
celiac trunk. Liver tumors treated by transarterial chemoembolization can invade the gastric lumen as a result of
the inflammatory process, which results in promotion of
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subcapsular tumor adhesion to GI serosa, especially hepatic lesions located in the left lateral lobe[2]. In our case,
there were two lesions in the gastric lumen, both along
the lesser curvature, one near the cardia, and the other
near the antrum. The larger was a result of direct gastric
invasion by the HCC. The serosa and mucosa of the latter was intact, and separated from the liver. Therefore, we
considered that when the HCC invaded the gastric lumen,
it spread via blood and lymph vessels submucosally, which
was supported by pathology (Figure 4E).
This case required differentiation of primary gastric
cancer from liver metastasis (easily confirmed by gastroscopy and biopsy) and from hepatoid adenocarcinoma,
which is a rare type of extrahepatic tumor that is morphologically similar to HCC and able to produce alphafetoprotein[3]. Hepatoid adenocarcinoma of the stomach
frequently occurs in older people, with an average patient
age of 63.5 years, and a male-to-female ratio of 2.32:1.
The most common location is the antrum, followed by
the cardia and fundus[4]. A diagnosis of hepatoid adenocarcinoma of the stomach depends on the characteristic
histological features[5]. Histopathologically, the tumor is
composed of two closely related areas, including hepatoid-like foci and adenocarcinomatous lesions. Tumor
cells in the hepatoid foci resemble the morphology of
HCC, and immunohistochemically, can be positive for
AFP, alpha 1 antitrypsin (AAT) and alpha 1 antichymotrypsin (ACT). Also, polyclonal CEA staining shows a
“canalicular” pattern, which is characteristic of hepatoid
features. The adenocarcinomatous component may be
well- or poorly-differentiated, often with clear cells and
a papillary pattern[6]. Generally, in HCC, neighboring cirrhotic lesions are found, and tumor cells are positive for
Hepar-1 antibody, a sensitive and specific immunohistochemical marker for hepatocyte differentiation, whereas
in metastatic hepatoid adenocarcinoma of the stomach,
Hepar-1 is often negative, and neighboring cirrhotic lesions are rare[7] (Figure 5). The prognosis is dismal when
the GI tract is involved, and in cases of gastric invasion it
is even worse, with less than one-year survival[8,9].
In conclusion, HCC with gastric invasion should be
considered as a rare cause of upper GI bleeding in HCC
patients, especially with lesions located in the left lateral
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Figure 4 Pathological results (HE staining). A: × 40, mucosa was intact; B: × 40, tumor was mainly localized in saroas; C: × 20, tumor cells in gastric lumen was
necrosis with bleeding; D: × 200, tumor cells distributed like hepatic sinusoid; E: × 100, tumor embolus could be seen in vessels.
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Figure 5 Immunohistochemical results. A: CK8/18; B: Hepar-1+; C: CK 20 focal+; D: AFP-; E: CEA-; F: CD34 vessel; G: CD117-.
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lateral lobe. However, there were some flaws in the paper, such as immunohistochemical results not being shown by pictures and literary expression was not
clear. These points have been revised according to reviewers’ comments.

hepatic lobe. Surgery could control bleeding and relieve
symptoms, improving patients’ quality of life.
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Case characteristics

A 75-year-old Chinese male presented to our General Surgery ward in February
2013, with a history of recurrent upper gastrointestinal (GI) hemorrhage, with
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Abstract
In a recent review paper, Carroll and Maharshak discussed a critical role of enteric bacterial proteases in
the pathogenesis of inflammatory bowel disease (IBD).
I take a great interest in this paper as I also suspected
proteases, not from the bacteria, but those originated
from the pancreas that failed to be inactivated in the
lower gut due to a reduction in gut bacteria, may have
played a critical role in the pathogenesis of IBD, which
was first published more than a decade ago and discussed again in more detail in a recent paper published
in this journal. Antibiotics may result in a big reduction
in gut bacteria and bacterial proteases, but multiple
studies demonstrated dramatic increased of pancreatic
proteases like trypsin and chymotrypsin in the feces
of animals or patients treated with antibiotics. Multiple
large-scale studies also demonstrated use of antibiotics caused an increase but not decrease in the risk of
developing IBD, suggesting impaired inactivation and
degradation of pancreatic proteases may have played a
more critical role in the pathogenesis of IBD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel diseases; Ulcerative
colitis; Crohn’s disease; Proteases; Bacteria; Pancreas
Core tip: This is letter commenting on the paper by
Carroll and Maharshak recently published in this jour-
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nal regarding the role of enteric bacterial proteases in
the pathogenesis of inflammatory bowel disease (IBD).
Here I provide some evidence suggesting that the proteases originated from the pancreas rather than gut
bacteria may have played a more critical role in the development of IBD.
Qin X. May bacterial or pancreatic proteases play a critical role
in inflammatory bowel disease? World J Gastroenterol 2014;
20(35): 12709-12710 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12709.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12709

TO THE EDITOR
I read with great interest the paper by Carroll and Maharshak[1] regarding the role of enteric bacterial proteases
in the pathogenesis of inflammatory bowel disease (IBD),
which succeeded another review on the similar topic[2].
I take a special interest in this paper as I also suspected
proteases, not from the bacteria, but rather originated
from the pancreas that failed to be inactivated in the lower gut due to a reduction in gut bacteria, may have played
a critical role in the pathogenesis of IBD, which was
first published more than a decade ago[3] and discussed
again in more detail in a paper published in this journal in
2012[4]. It would be necessary to differentiate the proteases from these two sources, as in situations such as after
treatment with antibiotics, the gut bacteria and bacterial
proteases activity may be reduced as discussed in the
paper by Carroll and Maharshak[1], but multiple studies
demonstrated that treatment with antibiotics in animals
or human results in dramatic increase of pancreatic proteases like trypsin and chymotrypsin in feces and luminal contents of the lower intestine[5-8]. At conventional
condition, the activity of pancreatic digestive proteases
like trypsin and chymotrypsin in the lower intestine is
very low, but large amounts of these digestive proteases
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emerged in animals raised in germ-free condition[9-12],
suggesting impaired degradation of these enzymes along
with the reduction in gut bacteria. A study by Bohe et al[7]
showed 100-fold increase in trypsin in fecal extracts of
normal individuals treated with antibiotics. The paper by
Carroll and Maharshak[1] mentioned the increased activity of proteases in stools from IBD patients, but multiple
studies demonstrated increased activities of pancreatic
proteases like trypsin and chymotrypsin in the feces of
patients with IBD[13-15]. According to the study by Macfarlane et al[16], protease activities in human ileal effluent,
while would be mainly digestive proteases originated from
the pancreas, were approximately 20-fold greater than in
normal faeces, which may be mainly from bacteria under
conventional condition. Another study by Gibson et al[17]
showed even big differences between the protease activity
of the ileal effluent vs feces, being 1214 vs 20 when casein
used as the substrate and 319 vs 11 when azocasein used
as the substrate, respectively. Thus impaired inactivation
of digestive proteases would be capable of causing a
more detrimental impact on the lower gut. Multiple largescale studies also revealed that use of antibiotics increases
the risk of IBD[18-21], suggesting impaired inactivation of
pancreatic proteases in the lower gut may have played a
more critical role in the development of IBD.
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13
14
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Abstract
Red cell distribution width (RDW) may play an important role in predicting steatohepatitis and liver fibrosis.
In the original study, it was aimed to determine whether RDW could be used for this purpose or not. There
are studies indicating that higher RDW is correlated
well with components of metabolic syndrome. Because
nonalcoholic fatty liver disease is now recognized as
the hepatic manifestation of metabolic syndrome, possible impact of the accompanying confounders on the
study findings should have been detailed. There may
be a patient selection bias due to use of improper cutoff values for alcohol consumption and inclusion of only
subjects with normal aminotransferase levels and normal abdominal ultrasonography. Patients without hepatosteatosis on ultrasonography and with any restriction
of aminotransferase levels should have been included
in the control group, because isolated aminotransferase
elevation is not decisive in the diagnosis of hepatosteatosis. Although iron, vitamin B12 and folic acid deficiencies were included in exclusion criteria, functional forms
of these molecules like methylmalonic acid, homocyste-

WJG|www.wjgnet.com

ine, ferritin levels and total iron binding capacity, which
are more sensitive and specific parameters for vitamin
B12 and folic acid deficiencies, were not mentioned.
Consequently, RDW, an inexpensive, non-invasive, but
powerful indicator overlooked on whole blood analysis,
itself without other inflammatory markers may not accurately provide information about progression of nonalcoholic steatohepatitis and fibrosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anemia; Fibrosis; Red cell distribution width;
Steatohepatitis; Steatosis
Core tip: Red cell distribution width (RDW) may play an
important role in predicting steatohepatitis and stage of
liver fibrosis. Use of improper cut-off values for alcohol
consumption and inclusion of only subjects with normal
aminotransferase levels and normal abdominal ultrasonography may result in a patient selection bias. Instead
of using the iron, vitamin B12 and folic acid, use of the
functional forms of these molecules like methylmalonic
acid, homocysteine, ferritin levels and total iron binding capacity is more sensitive and specific for vitamin
B12 and folic acid deficiency. Consequently, RDW itself
without other inflammatory markers may not accurately
provide information about progression of nonalcoholic
steatohepatitis and fibrosis.
Kayadibi H, Sertoglu E, Uyanik M, Tapan S. Is increased red
cell distribution width an indicating marker of nonalcoholic
steatohepatitis and fibrotic stage? World J Gastroenterol 2014;
20(35): 12711-12712 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12711.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12711

TO THE EDITOR
We read with great interest the recent published article
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by Cengiz et al[1], “Is increased red cell distribution width
an indicating marker of nonalcoholic steatohepatitis and
fibrotic stage?”. In this study, authors have evaluated
red cell distribution width (RDW) as a marker indicating
nonalcoholic steatohepatitis (NASH) and fibrotic stage,
and as a conclusion, RDW was reported as a new noninvasive marker that can be used to demonstrate the presence of NASH and to indicate advanced fibrotic scores.
There are some points that we would like to address from
this study.
Firstly, in that study, it was stated that 30.6% of the
patients with NASH had diabetes mellitus (DM) and
35.4% of those had hypertension (HT). As is well known,
DM and HT are the two of five diagnostic criteria for
metabolic syndrome (MetS) determined by the National
Cholesterol Education Program Adult Treatment Panel
[2]
Ⅲ . There are studies indicating that higher RDW is
correlated with hypertension[3]. Moreover, high level of
RDW was also associated with the MetS, leading to postulation of a possible effect of an underlying inflammatory state which typically occurred in DM and MetS on
increased destruction of erythrocytes[4]. Because NAFLD
is now recognized as the hepatic manifestation of MetS,
the possible impact of the accompanying confounders
on the study findings should have been detailed.
Secondly, all the patients who had persistently elevated
liver enzymes and hepatosteatosis on ultrasonography, in
the absence of any cause of elevated aminotransferases,
were evaluated in the original study. The control group
was created among individuals who had normal aminotransferase levels and normal abdominal ultrasonography.
However, patients without hepatosteatosis on ultrasonography and with any restriction of aminotransferase levels
should have been included in the control group, because
isolated aminotransferase elevation is not decisive in the
diagnosis of hepatosteatosis. According to these selection
criteria, it is obvious that there is a patient selection bias
for aminotransferase levels. Another patient selection
bias is derived from the selected cut-offs for the alcohol
consumption value. In that study, alcohol consumption >
20 g/d for men and > 10 g/d for women was accepted
as exclusion criteria. However, it is generally accepted as
> 30 g/d for men and > 20 g/d for women[5]. Therefore,
misuse of this cut-off value could have led more patients
to be included into the original study.
Thirdly, although iron, vitamin B12 and folic acid deficiencies were included in exclusion criteria, functional
forms of these molecules like methyl malonic acid, homocysteine, ferritin levels and total iron binding capacity were not mentioned; however, active forms of these
vitamins, methyl malonic acid and homocysteine levels
are more sensitive and specific parameters for vitamin B12
and folic acid deficiencies. Since RDW is directly related

to these deficiencies, this situation makes an accuracy
bias[6,7].
Consequently, RDW, an inexpensive, non-invasive,
but powerful indicator overlooked on whole blood
analysis, itself without other inflammatory markers may
not accurately provide information about progression
of NASH and fibrosis. So, we think that, when evaluating any marker associated with inflammation in patients
with NASH, the effects of confounders like DM and HT
should also be discussed in detail. In addition, factors affecting the RDW results like iron, vitamin B12 and folic
acid deficiency should be considered to conclude that
RDW is a useful diagnostic tool to discriminate patients
with NASH from non-NASH, and advanced fibrosis
from non-advanced fibrosis. In this way, further information can be obtained about the association between RDW
and NASH.
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Abstract
In the intestine a balance between proinflammatory
and repair signals of the immune system is essential for
the maintenance of intestinal homeostasis. The innate
immunity ensures a primary host response to microbial
invasion, which induces an inflammatory process to localize the infection and prevent systemic dissemination
of pathogens. The key elements of this process are the
germline encoded pattern recognition receptors including Toll-like receptors (TLRs). If pathogens cannot
be eliminated, they may elicit chronic inflammation,
which may be partly mediated via TLRs. Additionally,
chronic inflammation has long been suggested to trigger tissue tumorous transformation. Inflammation, the
seventh hallmark of cancer, may affect all phases of
tumor development, and evade the immune system.
Inflammation acts as a cellular stressor and may trigger
DNA damage or genetic instability. Furthermore, chronic inflammation can provoke genetic mutations and
epigenetic mechanisms that promote malignant cell
transformation. Colorectal cancers in inflammatory bowel disease patients are considered typical examples of
inflammation-related cancers. Although data regarding
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the role of TLRs in the pathomechanism of cancer-associated colitis are rather conflicting, functionally these
molecules can be classified as ”largely antitumorigenic”
and ”largely pro-tumorigenic” with the caveat that the
underlying signaling pathways are mainly context (i.e. ,
organ-, tissue-, cell-) and ligand-dependent.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammation; Tissue repair; Immunoregulation; Colitis-associated cancer; Toll-like receptor;
Inflammatory bowel disease; Carcinogenesis
Core tip: Colorectal cancers arising in inflammatory bowel disease patients are considered typical examples of
inflammation-associated cancers. The exact role of Tolllike receptor (TLR)-signaling in colitis-associated cancer initiation and development is conflicting. Here we
aimed to summarize recent data on the contribution of
TLR-mediated immune responses to inflamation-related
colonic carcinogenesis.
Sipos F, Fűri I, Constantinovits M, Tulassay Z, Műzes G. Contribution of TLR signaling to the pathogenesis of colitis-associated
cancer in inflammatory bowel disease. World J Gastroenterol
2014; 20(36): 12713-12721 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/12713.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.12713

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC), the main
clinical phenotypes of idiopathic, relapsing-remitting inflammatory bowel disease (IBD) are systemic disorders
affecting the GI-tract with frequent extraintestinal manifestations and other associated autoimmune conditions.
IBD is considered a polygenic autoimmune disorder with
a complex multifactor etiology. Generally, IBD arises in
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susceptible individuals in whom upon an environmental
trigger a sustained disturbed, deleterious mucosal immune reaction is provoked towards commensal microbiota[1].
A balance between proinflammatory and repair signals of the immune system is essential for the maintenance of intestinal homeostasis. The interplay of genes
regulating immune functions is strongly affected by the
environment, especially gut resident microbiota. On the
basis of genetic alterations in CD, impaired sensing and
handling of intracellular bacteria by the innate immunity
seem to be one of the most relevant pathophysiologic
features[1].
The innate immunity ensures a primary host response
to microbial invasion, which induces an inflammatory
process to localize the infection and prevent systemic dissemination of pathogens. The key elements of this process are the germline encoded pattern recognition receptors (PRRs) including Toll-like receptors (TLRs), NODlike receptors (NLRs), ribonucleic-acid (RNA) helicases,
C-type lectin receptors, and cytosolic deoxyribonucleicacid (DNA) sensors, which sense evolutionarily conserved pathogen-associated molecular patterns (PAMPs)
of microbiota. The detection of PAMPs by PRRs triggers sequential activation of intracellular signaling pathways resulting in induction of a wide range of cytokines
and chemokines that unite the early host response to
infection[2]. If pathogens cannot be eliminated, they may
elicit chronic inflammation, which may be partly mediated via TLRs. Additionally, chronic inflammation has
long been suggested to trigger tissue tumorous transformation. Indeed, a higher incidence of intestinal cancers
has been observed in IBD patients. However, the exact
role of TLR-signaling in colitis-associated cancer (CAC)
initiation and development is still unknown, therefore, we
aimed to summarize the currently available information
on the contribution of TLR-mediated immune responses
to inflammation-related colonic carcinogenesis.

RELATION OF TOLL-LIKE RECEPTORS TO
COLONIC MUCOSA
The highly conserved TLRs represent sentinels of the
innate immune system. TLRs belong to the type 1 transmembrane glycoproteins, which contain extracellular
leucin-rich repeated sequences and Toll/interleukin-1
receptor (TIR) signaling domains. TLRs have five TIRcontaining adaptor proteins, Myeloid differentiation
factor 88 (MyD88), MyD88 adaptor-like (TIRAP), TIR
domain containing adaptor inducing interferon-β (TRIF),
TRIF-related adaptor molecule (TRAM)[3], and sterile α
and heat-armadillo motifs[4]. TLR4 was the first receptor to be identified, and currently 10 TLRs have been
identified in humans, and 13 in mice[5]. TLRs are mainly
expressed in the cells of the innate and adaptive immune
system [i.e., monocytes, macrophages, lymphocytes, mast
cells, dendritic cells (DCs)], however, all TLR1-9 have
also been identified as being expressed in human intesti-
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nal epithelial cells (IECs)[6-8].
TLRs usually recognize microbial wall components,
as well as DNA and RNA fragments. TLRs bind specific motifs appearing in bacteria, fungi, protozoa, and
viruses[9,10]. These motifs are mainly lipids and lipopeptides (TLR-1, -2, -4, -6), bacterial flagellin (TLR5), and
nucleic acid fragments (TLR-3,-7, -8, -9). TLR3 binds
double-stranded RNA from viruses, while TLR7 and -8
can recognize single-stranded RNAs. Moreover, TLR7
recognizes immunoglobulin/self-RNA complexes within
autoimmune disease conditions. Imiquimod is a specific
ligand for TLR7. TLR9 is activated by bacterial and viral
DNA, immunoglobulin-DNA complexes, and synthetic
oligodeoxynucleotides (ODNs), which contain unmethylated CpG sequences[9,10].
In vitro data have demonstrated hyporesponsiveness
of IECs to TLR ligands[7,8]. Antigen-presenting cells
(APCs) in the lamina propria (LP) also seem to be unresponsive to TLR ligands[11]. Under physiologic conditions,
TLR3, -7, -8, and -9 are expressed in endosomes, or basolateral membrane (TLR5), where these TLRs are not
exposed to pathogens unless microbiota get into the cells
or invade mucosa[2]. Apical epithelial TLR9 activation
by bacterial DNA fragments has been reported to take
part in colonic homeostasis[12]. These findings underline
a unique feature of TLRs (and other PRRs) in IECs that
establishes immune tolerance to the commensal flora of
the colonic mucosal interface.
In addition, epithelial TLRs contribute to balancing
the composition of luminal microorganisms by regulating the secretion of different antimicrobial peptides and
mucosal IgA. TLR9-/- mice have impaired expression of
cryptidin (α-defensin) compared to wild-type mice[12]. Signaling through TLR-2, -3, and -4 have all been implicated
with the expression of β-defensins in IECs[13,14]. Several
TLR signals in IECs induce B cell-activating factors leading to immunoglobulin class switch recombination in B
cells of the LP without T cell activation, resulting in IgA
secretion[15]. Moreover, activation of TLR-3 and -4 has
been found to induce epithelial expression of an epithelial immunoglobulin transporter (polymeric immunoglobulin receptor) that enhances luminal IgA secretion[16,17].
To date, TLR signaling can be classified into classical/
canonical and alternative/noncanonical pathways[18]. All
TLRs, except TLR3, utilize the MyD88-dependent signaling pathway to induce the expression of proinflammatory
cytokine genes[19]. TLR3 exclusively uses the TRIF pathway[19]. The classical inflammatory signaling pathway is
mainly activated through MyD88, which, in turn, recruits
IRAKs and TRAF6[20]. TRAF6 activates transforming
growth factor-β activated kinase 1 which phosphorylates
and activates the inhibitor of kappa light polypeptide
gene enhancer in B-cells kinase complex, finally resulting
in the release and translocation of NF-κB into the nucleus, thereby inducing the production of tumor necrosis
factor (TNF)-α, interleukin (IL)-1, and IL-6, the key
mediators of (intestinal) proinflammatory responses[21-23].
However, TLR3 and some of the TLR4 signals utilize
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the TRIF adaptor molecule signaling independently of
MyD88. This alternative pathway culminates in the activation of TRAF3 and IRF3, resulting in the secretion
of type Ⅰ interferons (IFNs), even in the gut[24]. TLR4
is unique among the TLRs as it can activate two distinct
signaling pathways: the classical pathway (through TIRAP
and MyD88) and the alternative pathway (via TRIF and
TRAM)[18].

ASPECTS OF COLITIS-ASSOCIATED
CANCER
As early as ancient times, Hippocrates and Galenus realized the similarity between inflammation and cancer, and
hypothesized that cancer evolved from inflammatory
lesions[25]. In 1863, Rudolf Virchow observed a close
etiologic relation between chronic inflammation and
carcinogenesis, realizing that tumors possess a typical
“lymphoreticular infiltrate”[26,27]. The first evidence of
the antitumoral effects of microbial products dates to
the beginning of the 18th century, when Deider reported
that infection in patients with cancer could be accompanied by the remission of malignancies[28]. In the 1890s,
William B. Coley, a surgeon from New York, observed
that repeated injections of a mixture of bacterial toxins
served as an efficient antitumoral therapeutic agent[29].
Later, in 1943, lipopolysaccharide (LPS) was discovered
as the “hemorrhage-producing fraction” of Coley’s lysate, which accounted for its antitumoral effects[28]. After
the discovery of TLRs, their ligands and signaling pathways, it was found that microbe-derived factors act by
stimulating TLR signaling and activating both the innate
and adaptive immune responses to enhance anti-tumor
immunity[30].
In 2000, Hanahan and Weinberg[31] proposed a model
to define the six hallmarks of carcinogenesis. Generally,
inflammation is required to fight microbial infections,
heal wounds, and maintain tissue homeostasis, however,
it can lead to cancer. Inflammation, the seventh hallmark
of cancer may affect all phases of tumor development,
including tumor initiation, promotion, invasion and
metastatic dissemination, and can evade the immune
system. Inflammation acts as a cellular stressor and may
trigger DNA damage or genetic instability. Furthermore,
chronic inflammation can provoke genetic mutations and
epigenetic mechanisms which promote malignant cell
transformation. Based on these results, nowadays increasing evidence suggests that inflammation should also be
included in this list[18,32]. In inflammation, a peculiar tissue
microenvironment is induced with the capacity to tolerate
tumor cell growth and metastasis by altering the immunoregulatory mechanism, and thus making the immune
system incapable of destroying tumor cells[18]. Moreover,
the expression of TLRs in tumor cells may directly or indirectly contribute to tumorigenesis in several tissues and
organs. Activation of TLR signaling pathways may promote tumor invasion, apoptosis resistance, chemoresistance, tumor progression and metastasis development[18].
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In chronic inflammatory conditions, when organs
with large epithelial surfaces are affected, as in IBD, the
epithelial barrier function is critical for disease onset. As
the epithelium is densely inhabited by resident microbial
flora, the role of native immunity is particularly important in recognising and distinguishing commensal enteric
bacteria from invading bacteria, and thus, in maintaining
tolerance and homeostasis. Subsequently, the chronic unrestrained inflammatory response which occurs in IBD is
mainly driven by a disintegrated host immune regulatory
network, and is further responsible for the increased susceptibility to colorectal cancer (CRC).
TLRs are involved in the maintenance and functioning of the epithelial barrier integrity in the gut and regulating the MyD88 adaptor protein. Therefore, TLRs may
display a protective function in the control of intestinal
inflammation and inflammation-associated cancer [33].
Colorectal cancers in IBD patients are considered typical examples of inflammation-related cancers. However,
tumors usually appear after several years of active disesase, with a cumulative lifetime risk of 18%-20% in UC,
and up to 8% in CD[34-36]. Indeed, recent epidemiological
data indicate that over 25% of all cancers are related to
chronic infection and other unresolved inflammation[37].
Current results indicate that TLRs have a potential role in
microbiota-associated gastrointestinal cancer metastasis
through the recognition of microbiota ligands, initiating
inflammation, and promoting tumorigenesis[38].
Most colorectal cancers are sporadic without any
obvious connection to intestinal inflammation. Interestingly, IBD patients also have an increased susceptibility
to other malignancies, such as lymphomas/leukemias and
hepatocellular carcinoma suggesting that local inflammation could not only have intestinal, but also systemic
tumor-promoting effects, or the genetic alterations that
affect inflammatory and immune homeostasis in IBD
also predispose patients to cancer in other tissues[39,40]. In
IBD, the increased susceptibility to extraintestinal tumors
could also be related to immunosuppressive treatment.
However, the types of tumors increasingly found in IBD
patients are different from those observed in transplant
patients under immunosuppression[41,42].
Both intrinsic and extrinsic inflammatory pathways
are linked to carcinogenesis. Intrinsic inflammation is
mainly initiated by mutations leading to oncogene activation as well as to inactivation of tumor suppressors. The
extrinsic pathway in terms of infection or inflammation
increases cancer risk. Although in IBD patients inflamed
intestinal cells already have CRC-related genetic abnormalities before developing dysplasia, in CAC, genetic
alterations seem only to be a secondary cause rather than
a primary cause of carcinogenesis[43]. It is likely that abnormalities in PRR signaling lead to dysregulated expression of genes and enzymes involved in cell proliferation,
apoptosis, and DNA repair prior to gene alterations. Frequent alternative cycles of mucosal injury and repair in
the presence of tumorigenic cytokines, chemokines, and
prostaglandins may also predispose to genetic mutations,
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Figure 1 Relationship between pattern recognition receptors and tissue regeneration. In case of acute tissue injury, TLRs acts as mucosal healing factors. In
the case of chronic, sustained inflammation, TLRs may promote dysregulated wound healing leading to cancer development. PRRs: Pattern recognition receptors;
TLRs: Toll-like receptors; IFNs: Interferons; TGF: Transforming growth factor; PDGF: Platelet-derived growth factor.

which increase cancer risk[44,45].
The definite similarities between tumor stroma and
chronic wounds have led to the suggestion that cancers
are wounds that do not heal, leading finally to uncontrolled tissue repair processes[46] (Figure 1). CRC arises
from the intestinal epithelium, a highly proliferative tissue which renews itself every several days under steadystate conditions. Repeated or prolonged wound repair
responses to tissue injury may provoke malignant cell
transformation[47]. Epithelial regeneration and myofibroblast activation, two major events in wound-healing, are
strongly influenced by TLR signaling. The contribution
of TLR signals to regeneration can be found in the intestine, where a TLR2/TLR4/MyD88 cascade mediates mucosal healing in the regenerative phase of DSS-colitis[48,49].
It has also been reported that TLR-mediated MyD88 signaling in macrophages of the LP regulate crypt stem cell
differentiation and epithelial proliferation through cyclooxygenase-2 and prostaglandin (PG)E2 expression[49,50].
TLR4 activation has also been shown to induce IEC proliferation via induction of EGFR ligands[51,52]. Moreover,
in inflammatory circumstances the surface expression of
TLR-2 and -4 may be enhanced leading to IECs responsiveness to their ligands[53,54]. Based on these results, it
seems that abnormal TLR signaling may induce enhanced
epithelial proliferation, and thus may contribute to colitisassociated carcinogenesis.

TOLL-LIKE RECEPTORS IN COLITISASSOCIATED CANCER
Previous studies have shown that certain TLRs are expressed in colon cancers and colon cancer cell lines[18].
In colorectal cancers, TLR3, -4, -5, -7, and -8 have been
found to be expressed[18], while several TLRs (including
TLR7-9) are also expressed in the human colon carcino-
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ma cell lines, HCT15, SW620 or HT29[55-57]. TLR expression in tumor cells appears to promote tumorigenesis by
facilitating survival and migration in a tumorous microenvironment that is characterized by chronic inflammation
and PAMPs[58]. On the other hand, the complicated interactions among tumor cells, immune cells, and PAMPs/
DAMPs in the tumorous microenvironment may support
an inappropriate immune response or antitumor immune
tolerance through TLR signaling. With regard to tumorigenesis, a typical dual role of TLR signaling pathways
has been proposed, as they may be critical for cancer cell
survival and progression, however they may also elicit
tumor death signaling. TLR-mediated signaling is directed
toward cytoprotection or tumor cell suppression, thus the
pro-survival or pro-death function is context-dependent,
and influenced by many intra- and extracellular factors,
such as the involved tissues, surrounding microenvironment, genetic background, and stage of tumor development, nevertheless its precise relation to cancer networks
has not yet been fully elucidated[18].
Toll-like receptor-mediated anti-tumorigenic effects
During the past two decades, studies have established
that boosting TLRs and downstream mediators such as
type Ⅰ IFNs, can be used therapeutically to shift the balance from immunotolerance to antitumoral effects[59].
The antigen-presenting capacity of tumor cells is
poor, therefore, antitumoral immune responses usually
depend on professional APCs like DCs[60]. DCs have
been a focus of cancer research due to their ability to initiate potent antitumoral immune responses. A lack of DC
activation, often resulting from inhibitory signals from
cancer cells, may also induce immune tolerance via T cell
deletion or regulatory T cells (Tregs)[60], which favors
tumor progression. TLR-activated DCs can mediate antitumoral responses through antigen presentation, T cell
activation, and direct cytotoxic effects on tumor cells[61,62].
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TLR5 activation on DCs as well as TLR9-stimulated plasmocytoid DCs promote antitumoral immunity[63,64]. It is
hypothesized that DC-mediated tumor cell killing triggers
a more efficient antigen presentation to cytotoxic T cells,
thus amplifying antitumoral responses.
Activation of TLRs on DCs regulates T cell activation not only via the class Ⅱ major histocompatibility
complex and co-stimulatory molecules, but also through
TLR-induced signals in DCs that block the suppressive
effect of regulatory T cells in an IL-6-dependent manner[65]. Moreover, TLR8 activation can directly inhibit
Treg function, hence support antitumoral immunity[66].
TLR9 agonists as well as TLR-induced IFNα also have
an important role since both are known to reduce tumor
growth by blocking angiogenesis[67,68].
In a recent study, the colonic tumor development
modulatory effect of TLR5-dependent signaling was
assayed in a mouse xenograft model of human colon
cancer[69]. The lack of MyD88 or TLR5 expression was
found to enhance tumor growth and inhibit tumor necrosis. In contrast, TLR5 activation by peritumoral flagellin
treatment substantially increased tumor necrosis, leading
to significant tumor regression.
Within the TLR family, TLR9 is specifically stimulated
upon sequence- and methylation-dependent DNA signaling. Self-DNA and oligonucleotides containing unmethylated CpG motifs are also sensed by and activate TLR9.
Modifications in the structure of nucleic acids influence
their immunomodulatory, i.e., agonistic or suppressive, as
well as pro- or anti-tumorigenic capacity[57,70]. TLR9 activation by synthetic oligodeoxynucleotide agonists (CpGODN) has also demonstrated antitumor activity in xenograft models of murine colon cancer[71]. Moreover, TLR9
agonists induce type Ⅰ IFN secretion in DCs finally
resulting in cytotoxic DCs, activated NK cells and cytotoxic T cells, all of which possess a remarkable antitumor
immune response[72,73].
Toll-like receptor-mediated pro-tumorigenic effects
TLRs may act as tumor promoting factors by transmitting proinflammatory, anti-apoptotic, proliferative or profibrogenic signals in either the tumor cells or the tumorous microenvironment.
TLRs are key elements of inflammatory signaling which
can be mediated by MyD88-dependent and MyD88independent pathways. Enhancement of the signaling
pathway of transcription factor nuclear factor (NF)-κB
is one of the major tumor-promoting effects of TLRs.
TLR activation upregulates several tumorigenic inflammatory cytokines (e.g., IL-1β, TNFα, IL-6) in a NF-κBdependent manner[59,74,75]. which transcriptionally controls
a large set of target genes that play important roles in cell
survival, inflammation, and immune responses[76].
TLR signaling is also involved in the inhibition of
apoptosis. NF- κ B is considered an important antiapoptotic pathway controlling the expression of antiapoptotic genes and restricting the activation of proapoptotic pathways[77,78]. TLR signaling can activate NF-
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κB through MyD88-dependent and MyD88-independent
pathways, moreover, the TLR-mediated release of IL1β and TNFα promotes NF-κB activation. In colorectal
cancer, TLR-induced NF-κB activation has been found
to facilitate tumor cell survival[48]. Furthermore, in the
MC26 mouse colon cancer cell line TLR4 activation was
found to mediate resistance of tumor cells to cytotoxic T
cell-mediated cell death and favor tumor growth[55].
The TLR-mediated promotion of wound healing may
also lead to cancer development. After DSS-mediated injury, TLR2 and TLR4 activation facilitates epithelial repair
via the MyD88-dependent pathway[48], and TLR-MyD88
signaling also regulates the expression of epiregulin,
which may contribute to colon cancer development[78].
In mice, Faubion et al[79] demonstrated that chronic
inflammation arising from the bowel may induce thymic
involution and Treg cell suppression. These events are
suggested to lead to the enhancement of inflammationmediated processes, and worsen IBD. Restoration of homeostasis through suppression of TNFα production and
fortification of Treg cells were proposed for the treatment
of human IBD[80]. In the existing connection between
TLR-signaling and Treg cells[65,81], these data on IBD may
support the concept that uncontrolled inflammation
weakens the Treg-mediated inhibition and increases the
risk for inflammation-associated carcinogenesis.
Controversial data exist regarding the role of TLR2
in CAC. In one study, increased tumor development and
higher IL-6, IL-17A and phospho-STAT3 levels were reported in a TLR2-deficient azoxymethane (AOM)-dextran
sodium sulfate (DSS) murine model[82], while there were
no differences in CAC between wild-type and TLR2deficient AOM-DSS colitic animals[83].
The pro-tumorigenic role of TLR4 in CAC is well
established. The intestinal microbiota, which normally
colonize mucosal surfaces in symbiotic mutualism with
the host is unique and quite stable over time[84]. The
basic challenge for intestinal immune recognition is the
requirement of a simultaneous delicate balance between
tolerance and responsiveness towards microbes[85]. Several data suggest the existence of immune tolerance to
antigens in an individual’s bacterial flora, whereas its
breakdown definitely contributes to IBD pathogenesis[86].
In the colon, where there is a constant interaction between microbiota and IECs, TLR4 deletion significantly
reduces inflammation and tumor size in the AOM-DSS
induced CAC-model in mice[87]. Additionally, overexpression of the constitutively actived TLR4 exhibits a higher
sensitivity to CAC in a transgenic mouse model[88]. Other
studies[89,90] also support the results that both the deletion
of the TLR4 adaptor MyD88 molecule and the depletion
of TLR4 activating gut microbiome reduce colon cancer
development.

CONCLUSION
Inflammation affects many aspects of tumorigenesis.
One of the important discoveries in the field of TLR sig-

12717

September 28, 2014|Volume 20|Issue 36|

Sipos F et al . TLRs in colitis-associated cancer

Anti-tumorigenic
effects

Pro-tumorigenic
effects

TLRs
TLR-mediated effects on DCs
Enhanced antigen presentation
(TLR5, TLR9)
T cell activation
Enhanced direct cytotoxicity
Treg cell suppression via IL-6
Blocking angiogenesis
(TLR9 agonists, IFNα)
TLR5 activation by flagellins
Promoting necrosis of tumors
CpG-ODN activation of TLR9
Type Ⅰ IFN secretion
Cytotoxic DCs
NK cell activation
Cytotoxic T cell activation

TLR-mediated inflammation
Enhancement of NF-κB
signaling
Apoptosis inhibition
NF-κB signaling
Resistance to cytotoxic T cells
Dysregulated wound healing
TLR2-, TLR4-signaling
Epiregulin overexpression
Suppression of regulatory T cells
(Treg)
Constitutive TLR4 activation

Figure 2 Dual role of Toll-like receptor signaling in colitis-associated carcinogenesis. While some direct and indirect effects of TLR-signaling act largely as an
anti-tumorigenic factors, other effects may promote cancer development. TLR: Toll-like receptor; DC: Dendritic cell; IL: Interleukin; IFN: Interferon; ODN: Oligodeoxynucleotide; NF-κB: Nuclear factor-κB.

naling and inflammation-associated cancer biology is the
realization that TLRs may promote or suppress tumor
formation in certain organs, including the intestine.
Although recent data regarding the role of TLRs
in the pathomechanism of CAC are rather conflicting,
functionally they can be classified as “largely antitumoral”
and “largely tumorigenic” molecules with the caveat that
the underlying signaling pathways are mainly context,
(i.e., organ-, tissue-, cell-) and ligand-dependent (Figure
2). Advanced exploration and better understanding of
the relationship amongst TLR-signaling, inflammatory
microenvironment and colitis-associated carcinogenesis
should provide further insight into cancer development
in IBD patients.
Further detailed functional analyses of TLRs in inflammation-related tumor biology are needed to explore
and define more precisely the subcellular and molecular
mechanisms, hopefully allowing the introduction of selective new therapeutic approaches into daily practice.
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Abstract
In this decade, an increase is expected in end-stage
liver disease and hepatocellular carcinoma, most commonly caused by hepatitis C virus (HCV) infection.
Although people who inject drugs (PWID) are the major source for HCV infection, they were excluded from
antiviral treatments until recently. Nowadays there is
incontrovertible evidence in favor of treating these patients, and substitution therapy and active substance
use are no longer contraindications for antiviral treatment. The viral clearance in PWID after HCV antiviral
treatment with interferon or pegylated interferon combined with ribavirin is comparable to the viral clearance
in non-substance users. Furthermore, multidisciplinary
approaches to delivering treatment to PWID are advised, and their treatment should be considered on an
individualized basis. To prevent the spread of HCV in
the PWID community, recent active PWID are eligible
for treatment in combination with needle exchange
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programs and substitution therapy. As the rate of HCV
reinfection is low after HCV antiviral treatment, there
is no need to withhold HCV treatment due to concerns
about reinfection alone. Despite the advances in treatment efficacies and data supporting their success, HCV
assessment of PWID and initiation of antiviral treatment
remains low. However, the proportion of PWID assessed and treated for HCV is increasing, which can be
further enhanced by understanding the barriers to and
facilitators of HCV care. Removing stigmatization and
implementing peer support and group treatment strategies, in conjunction with greater involvement by nurse
educators/practitioners, will promote greater treatment
seeking and adherence by PWID. Moreover, screening
can be facilitated by noninvasive methods for detecting HCV antibodies and assessing liver fibrosis stages.
Recently, HCV clearance has become a major endpoint
in the war against drugs for the Global Commission on
Drug Policy. This review highlights the most recent evidence concerning HCV infection and treatment strategies in PWID.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Persons who inject drugs;
Methadone; Sustained viral response; Adherence
Core tip: People who inject drugs are considered to be
the main reservoir for hepatitis C virus (HCV) infection.
Accumulating evidence indicates that HCV-infected injection drug users can be successfully treated, and the
earlier they are treated, the better the outcome. Therefore, in the future, the barriers for antiviral treatment
for these individuals must be overcome. This topic
highlight presents the most recent data concerning
HCV infection and treatment of injection drug users.
Arain A, Robaeys G. Eligibility of persons who inject drugs for
treatment of hepatitis C virus infection. World J Gastroenterol
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INTRODUCTION
At the end of the nineties (1997) substance users were
excluded from antiviral therapy against hepatitis C virus
(HCV) infection[1]. However, a great deal of evidence, accumulated between 2000 and 2005, showed a favorable
outcome of HCV antiviral therapy in persons who inject
drugs (PWID), and by 2009, they were no longer excluded from antiviral therapy in the American Association
for the Study of Liver Diseases guidelines[2]. Since then,
the International Network on Hepatitis in Substance
Users (www.inhsu.com) has organized forums at three
international symposia distributing substantial information on the epidemiology and management of substance
users infected with HCV, portions of which have been
published in a supplemental issue of Clinical Infectious
Diseases[3,4]. Indeed, international recommendations for
the treatment of HCV infection in PWID have recently
been published[5] and are being integrated into the European guidelines for HCV management[6]. In addition, the
eradication of HCV has become an actionable, evidencebased recommendation for constructive legal and policy
reform of the Global Commission on Drug Policy[7]. In
view of the recent changes, this article aims to review
and highlight new aspects concerning HCV infection in
PWID.

HCV INFECTION AMONG PWID
HCV infection is one of the leading causes of chronic
liver disease, and the prevalence of liver cirrhosis is increasing[8,9]. In developed countries, 50%-80% of HCV
infection occurs in current and former PWID[5,10]. The
prevalence of HCV among PWID is approximately 65%,
and can reach as high as 80% in long-term users[11,12].
There are multiple strains of HCV, and PWID are generally infected with genotypes 1a, 1b and 3a[13], though genotype 4d is common among PWID in Europe[14,15], and
genotype 6 is found in those from Southeast Asia[5,16,17].
Factors associated with HCV infection in PWID include
sex (female)[18], ethnicity[19,20], unstable housing[21], frequent
injection of cocaine[18,22-24], imprisonment[24], presence
of injecting social-networks[25,26] and sharing of injection
equipment[5,23,27].
Disease progression and diagnosis
Progression to chronic HCV (CHC) infection occurs
in 75% of cases, with cirrhosis developing over two to
three decades in 10%-20%[28-30]. HCV disease progression is slow and depends on the presence of several
cofactors such as age[9], continued moderate to heavy
alcohol consumption[31-33], HIV[34-37], obesity[38,39], insulin resistance[40,41], daily cannabis[42-44] and daily tobacco
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use[45]. However, coffee consumption is associated with
lower necro-inflammatory activity and less advanced fibrosis[46-49]. There have been no reports of liver toxicity
with heroin[50] or methadone[51], though buprenorphine
occasionally increases transaminases[52], and methylenedioxymetamphetamine rarely causes acute liver failure
due to direct liver toxicity[53-56].
The ageing population of PWID with CHC infection combined with low treatment uptake are leading to
an increase in the burden of HCV related morbidity and
mortality[37,57-59]. In many countries where PWID are the
largest population affected by HCV, 15%-30% of deaths
are from drug-related causes, 20%-25% of deaths are
from liver disease[9], and liver failure, which increases over
time, becomes the most common cause of death by the
end of follow-up[5,9,60-63].
There are various techniques available to assess liver
disease progression and liver fibrosis, though the gold
standard is diagnosis from liver biopsy[2]. However, noninvasive methods have a greater acceptance among patients, including transient elastography (Fibroscan), which
has been shown to enhance liver disease screening among
PWID[64,65] and acoustic radiation force impulse imaging.

HCV TREATMENT
Treatment of PWID
A treatment for HCV infection combines pegylated interferon (Peg-IFN) and ribavirin (RBV), which is safe and
effective in PWID[66-96] and has been recommended by
international guidelines[2,5,6]. In CHC treatment trials, the
median sustained virologic response (SVR) rate among
PWID is 54.3%, and is comparable to rates among nonPWID[66]. In CHC patients infected with genotype 1,
therapy with direct acting agents (DAA) combined with
Peg-IFN and RBV enhances treatment response[97-100],
though the first cohort studies on the outcome of DAA
therapy in substance users are underway. Studies evaluating drug interactions, including combinations of telaprevir and boceprevir with methadone[101] and buprenorphine[102], found no clinically important interactions[49].
Furthermore, there is currently no indication that history
of substance use, substitution therapy or active substance
use influences SVR[103-105].
It is important to note that PWID are typically younger[82], are infected with genotype 3 and have mild liver
disease[71] compared to non-substance users, which are
characteristics associated with favorable HCV treatment
outcome[5]. However, treatment of HCV-infected PWID
is complicated by their complex social, medical and psychiatric comorbidities[106], lack of HCV knowledge and
inaccurate perceptions of patients[107-110]. Other factors
that may prevent HCV-infected PWID from seeking
treatment include age[111], being of an ethnic minority[111],
former or ongoing drug[112-114] and alcohol use[111,112], advanced liver disease[113], comorbid diseases[111-114], psychiatric disease[111-113] and opioid substitution treatment[5,112].
In order to overcome these barriers, recent guidelines
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recommend linking PWID to social support services
and peer support by providing pre-therapeutic education
and counseling about the impact of alcohol, cannabis,
tobacco and drug use on their life[5]. HCV treatment for
PWID should be considered on an individualized basis
and delivered within a multidisciplinary team setting[5].
Treatment of active PWID
Acceptable treatment outcomes, with a low rate of reinfection (2.4 per 100 patient years), can be achieved in
actively injecting PWID, as they show high adherence to
treatment (82%)[115]. The first randomized controlled trial
among active PWID reported that the delivery of directly
observed therapy (DOT) with Peg-IFN and self-administered (SA) RBV within multidisciplinary community
health centers was an effective strategy for the treatment
of HCV with a low reinfection rate[116]. In this trial nearly
80% completed treatment, two-thirds responded to therapy, and drug use at the time of treatment initiation was
not associated with reduced SVR. Additional studies have
confirmed that SVR rates are not affected, with an SVR
rate of 55.5% among treated PWID that is comparable
to rates of 54% and 56% recorded in Peg-IFN plus RBV
registration trials[117,118].
Treatment completion and adherence among PWID
Recently, a meta-analysis of 32 studies by Dimova et al[95]
found that the treatment completion rate among PWID
was 83.4%. Moreover, it has been shown that there is no
difference between PWID and non-PWID with respect
to treatment adherence[71,88]. However, among studies that
compared addiction-treated and untreated PWID during
HCV therapy, the higher the proportion of addictiontreated patients, the higher the HCV treatment completion rate. Thus, the assessment of a patient’s social circumstances and the availability of support (in addition
to injection behavior) are important aspects to consider
when starting HCV treatment.
Review of the literature shows that seven studies have
evaluated antiviral treatment adherence in patients with
a history of drug use[90,91,96,119-122]. These studies defined
adherence differently, and do not present a consensus
regarding what adequate treatment adherence is. These
studies defined adherence as receiving ≥ 80% of expected Peg-IFN and RBV dosage for ≥ 80% of the expected
therapy duration[91,96,119,120], presentation at ≥ 80% of
visitation dates[122], fulfillment of the treatment schedule
and 6-mo follow-up[90], or being > 80% compliant with
the planned cumulative doses of Peg-IFN, RBV and the
prescribed duration of treatment[121]. One study reported
that patients attending 80% of addiction care sessions
demonstrated an adherence of more than 80%[91]. In this
study, the consumption of crack and heroin was significantly associated with reduced compliance, with users
being five times more likely not to comply. Three of the
reports studied adherence in PWID on opioid substitution therapy[96,119,121]. Adherence rates of 68% [119] and
85%[96] were reported for the total population. However,
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when DOT and SA groups were compared, 67 and 63%
of patients were > 80% compliant with Peg-IFN treatment, 50 and 54% were > 80% compliant with RBV
treatment, and 67 and 63% were > 80% compliant with
the prescribed duration of treatment, respectively[121].
Former drug users also demonstrate an excellent adherence to therapy[120]. In a study evaluating adherence in patients with a history of intravenous drug use, 65% of the
175 patients were considered to be adherent to therapy,
as they completed the recommended treatment schedule and attended the follow-up period[90]. An adherence
rate of 92% was reported in patients on heroin maintenance[122]. Only three[90,96,119] of these seven studies evaluated the relationship between adherence and the response
to treatment and found that SVR rates were significantly
higher in adherent patients compared to non-adherent
patients. In conclusion, adherence during the antiviral
treatment is associated with better treatment outcome.
Barriers for HCV antiviral management in PWID
There are barriers for HCV care and management that
are present at multiple levels. At the level of government,
competing national priorities can impede the healthcare
system, and promote a lack of awareness of HCV infection. At the level of the clinical management team,
there is often a lack of experience and collaborative
networking. There is also a paucity of treatment settings
adapted for the needs of PWID[123,124]. The lack of HCV
knowledge and the limited infrastructure for treatment in
addiction and primary care centers prevents them from
treating PWID[106,125,126]. Finally, the patients themselves
are an obstacle, and they may not seek treatment because
of insufficient awareness of HCV, competing life priorities, fear of side effects, anxieties of being stigmatized,
etc.[107,110,127-131].
The stigmatization of HCV patients is an important
barrier to receiving HCV care, a topic which has been
discussed in great detail by Treloar et al[132]. Patients are
stigmatized because of their drug use and their HCV
infection. Stigmas perceived by PWID can persist even
after reducing or ceasing drug use[133], and can have a negative effect on their mental and physical health[134-138]. The
stigma associated with HCV infection negatively impacts
the prevention of transmission, the seeking of and adherence to treatment and the overall quality of life[137-141].
Patients can be stigmatized by family members or partners[138], the public[142] and most commonly by healthcare
settings[132]. However, trust in healthcare professionals
can impact health-related patient behavior, and improving
this trust may reduce the associated stigmas and create a
willingness to use health services and adherence to treatment[132,143].

STRATEGIES AND TREATMENT MODELS
TO IMPROVE HCV CARE IN PWID
The HCV care of patients can be improved by treating
comorbidities, side effects and providing all the necessary
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support. A multidisciplinary approach to HCV treatment
can be provided by utilizing community-based and hospital-based clinics, as well as opioid substitution treatment
and drug detoxification centers[67,92,144-147]. For example,
the placement of an internist addiction medicine specialist from an opioid substitution program in a hepatitis
clinic proved to be an effective and efficient way to deliver HCV evaluation and treatment to patients in opioid
substitution therapy[72]. A meta-analysis by Dimova et al[95]
identified “treatment of addiction during HCV therapy”
as a parameter leading to higher treatment completion[95].
Integrating HCV care into both primary addiction care
and into general practices has also proved to be effective[145,148-150].
An overview on management of mental health problems in HCV patients with drug addictions by Schaefer
et al[151] indicated that PWID do not have an increased
risk of developing major or severe depression during
HCV antiviral treatment with IFN. However, it is recommended to make case-by-case decisions and provide antidepressant treatment when needed, especially for patients
who are depressed or have a history of depression. It
was also shown that the integration of psychologist-led
interventions into a hepatology unit increased HCV treatment eligibility in an underserved population with mental
health and substance abuse comorbidities[152]. This trial
by Evon et al[152] enrolled 101 HCV patients who were
deferred from antiviral therapy owing to mental health or
substance abuse. The integrated care intervention group
received counseling and case management, including
monthly phone and in-person intervention sessions with
the hepatology psychologist for up to nine months. In an
intent-to-treat analysis, 42% of intervention group participants became eligible for therapy compared to 18% of
standard care participants. Additionally, a study by Reimer
et al[153] found that CHC patients (infected with genotype
1/4) who attended at least five psychoeducation sessions
showed significantly higher SVR rates.
The involvement of nurse educators/practitioners
can greatly improve HCV management. Systematic consultations with a nurse after each medical visit enhanced
treatment adherence (74.0% vs 62.8%) and increased
SVR rates (38.2% vs 24.8%) compared to a conventional
follow-up[154]. Psychotherapy provided by a psychiatric
nurse along with administration of psychopharmacological medication in an HCV clinic can significantly improve
assessment and treatment uptake[155]. A nurse-led model
of HCV assessment and treatment developed by Lloyd
et al[156] involved a substantial task transfer from specialist
physicians to trained nurses. In this two-year study, 108
patients were treated, including 85 (79%) triaged for specialist review conducted by telemedicine only. Antiviral
treatment delivery was found to be both safe (7% treatment discontinuations, 12% serious adverse events) and
efficacious (69% SVR for those with completed datasets
and 44% by intention-to-treat analysis).
Opioid substitution clinics, which provide substance
abuse treatment, have begun to integrate DOT of Peg-
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IFN and/or RBV in collaboration with a secondary or
tertiary setting that is providing the HCV care with favorable results[70,86]. Grebely et al[86] observed an end of treatment response in 67% of the subjects despite ongoing
drug use in 75% of patients during treatment with an
SVR rate of 55%[85]. An SVR rate of 98% was reported
in a similar study evaluating the efficacy and tolerability
of DOT with Peg-IFN and RBV in 49 opioid-addicted
injection drug users[70].
Other models of HCV treatment incorporating peer
support and group treatment are very effective. In these
models, peers stimulate each other in developing positive
and healthy behaviors, and have been shown to increase
the assessment and treatment of HCV [67,157-161]. The
group treatment model used by Stein et al[157] was found
to be acceptable by all patients, and no patient expressed
discomfort with receiving medical care in a group setting.
Of the first 27 patients who initiated the group treatment, 42% achieved an SVR. Results from the nonprofit
community clinic OASIS indicate that the peer-based
model is successful at engaging, educating and treating a
diverse spectrum of chaotic drug users[161]. This model allowed for successful treatment of more challenging HCV
patients, including those with active drug use, mental
illness and psychosocial instability. In a clinic with only
one physician and one or two physician assistants, almost
3500 people were tested and several hundred were treated. The peer-based models show encouraging results not
only in assessment and treatment but also in the prevention of HCV[162-164].
Current knowledge suggests that as no one model
meets all the needs of a heterogeneous patient population, offering a range of various settings is the best way
to reach the greatest needs of PWID. Close collaboration
of all involved health professionals is crucial for every
model to be successful. Furthermore, acceptance of the
individual circumstances of PWID will determine the
level of success of any model of HCV management,
rather than rigid exclusion criteria[158].

COST-EFFECTIVENESS OF HCV
MANAGEMENT IN PWID
As the majority of new HCV infections occur in PWID,
successful screening and treatment of this population will
prevent new cases and lower costs associated with disease
progression[165-167]. Martin et al[167] determined that HCV
case finding among PWID by offering dried blood spot
testing in specialist addiction services or prisons as compared to using venipuncture was cost-effective. However,
the cost-effectiveness of prison case-finding interventions depends on adequate continuity of care with the
community after release from prison. Another modeling
study by this group explored the feasibility of DAAbased HCV treatment as prevention and indicated that
scaling-up treatment could lead to substantial reductions
in HCV prevalence[166]. However, the cost of treatment
may limit its scaling-up, thus, treatment cost also needs to
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be addressed.

IMPROVEMENTS IN HCV CARE FOR THE
FUTURE

HCV IN CORRECTIONAL SETTINGS
The prevalence of HCV is much higher in prison inmates than in the general population, ranging from
30%-40%[168]. Furthermore, there is a clear association
between the HCV prevalence and inmate history of
injection drug use, sex (female) and tattooing[169]. Thus,
prisons may be important settings for health intervention
such as screening, diagnosis, prevention and treatment
of HCV infection. Screening rates could be improved in
correctional settings with the introduction of dried blood
spot testing[170]. SVR rates for prison patients treated with
a combination therapy are comparable to those observed
in non-inmate patients, therefore, antiviral treatment in
prison may be cost-effective[171]. Prevention and treatment could also be improved if more programs were developed to ensure continuity of care and follow-up upon
release or transfer from prisons[172].

REINFECTION AFTER SUCCESSFUL HCV
TREATMENT
Frequent testing and viral sequencing are necessary to
discriminate between relapse and reinfection in highrisk populations. Guidelines recommend monitoring for
HCV reinfection with annual HCV RNA assessments
in PWID with ongoing risk behaviors [5]. As ongoing
injection drug use after treatment is common, harm reduction and counseling about the risk of reinfection is
important[173]. However, rates of HCV reinfection among
PWID is low, at approximately 1%-5%[173], even among
persons who continue injection drug use during and after
treatment. A recent meta-analysis by Aspinall et al[115] reported that the pooled HCV reinfection risk was 2.4 per
100 person-years, suggesting that HCV treatment should
not be withheld due to concerns about reinfection alone.
Moreover, HCV reinfection after treatment may clear
spontaneously[173].

PREVENTION OF HCV TRANSMISSION
HCV prevention strategies in PWID have been described
in detail by Page et al[174] who state that it is essential to
promote access to sterile injection materials (increased
needle/syringe distribution) in combination with strategies to encourage injection cessation, opioid substitution
treatment, interventions to reduce risk behaviors, rapid
and accurate HCV testing and diagnosis and increased
access and initiation of HCV treatment. The impact and
feasibility of treatment as a prevention strategy could be
substantially increased by future IFN-free DAA treatment
regimes with enhanced efficacy (> 90%), once-daily oralonly dosing, reduced toxicity and shortened treatment
duration (about 12 wk)[175].
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There are several changes that can be made to improve
the treatment and management of HCV care. Firstly,
patients should be treated irrespective of their liver fibrosis stage, which is not the case at this moment in
many countries, as a fibrosis stage of at least F2 is a prerequisite to obtain antiviral treatment. Secondly, the risk
of reinfection should be an indication for treatment, as
people at risk of reinfection are also the ones most likely
to further spread the virus. Thirdly, treatment could be
increased among PWID by decriminalizing drug use and
reducing other barriers to HCV care, such as high treatment costs[176].
Only five countries offer systematic annual screening
for infectious diseases to all PWID according to the European Liver Patients Association, and only two countries
have governmental funding for a national hepatitis strategy[177]. Thus, systematic screening for HCV infection in
PWID needs to be developed. Oral IFN-free regimens
are approaching 100% efficacy, but real world effectiveness will remain very low without fundamental change in
health care delivery[177]. An increase in instrumental support provided by healthcare professionals is needed. As
suggested by the Global Commission on Drug Policy, the
war against drugs must be substituted with “drug policy
success measurement” indicators that have real meaning
in communities, such as reduced rates of HCV infection,
fewer overdose deaths, reduced drug market violence,
fewer individuals incarcerated and lowered rates of problematic substance abuse[7].

CONCLUSION
PWID are the major reservoir for infectious HCV, and as
a result, an increase is expected in compensated and decompensated liver disease and hepatocellular carcinoma
in this population. At the end of the nineties, PWID
were excluded from antiviral therapy in official guidelines,
but nowadays there is incontrovertible evidence supporting treatment of these patients. The guidelines recommend that these patients be considered on an individualized basis for antiviral therapy and that therapy should be
provided within a multidisciplinary team setting. Indeed,
HCV clearance has recently become a major endpoint
in the war against drugs for the Global Commission on
Drug Policy.
Although the outcome of antiviral treatment and
treatment compliance in PWID is comparable to nonPWID, there are still several barriers to accessing care.
By understanding the barriers to and facilitators of HCV
care, the proportion of PWID assessed and treated
for HCV is being increased. HCV screening has been
facilitated by noninvasive methods for detecting HCV
antibodies and stage of liver fibrosis. Treatment has been
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facilitated by implementing various strategies and models
of HCV care that include the integration of psychologist-led interventions, involvement of nurse practitioners
and DOT and peer support models. Despite the high
prevalence of HCV-infected patients and the favorable
outcome of antiviral treatment in custodial settings, the
uptake for HCV management needs to be increased substantively. Eligibility of recently active PWID for treatment in combination with needle exchange programs and
substitution therapy can help to prevent the spread of
HCV in the PWID community. Although HCV screening and treatment in PWID is shown to be cost-effective,
the assessment of PWID for antiviral treatment remains
low. Despite the irrefutable evidence in favor of treating
PWID, the management of their care has yet to be initiated in some countries, and optimized in many others.
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Abstract
The Middle East and North Africa (MENA) region has
endured several major events of infection parenteral
transmission. Recent work has established the utility of
using hepatitis C virus (HCV) as a proxy biomarker for
assessing the epidemic potential for human immuno-
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deficiency virus (HIV) parenteral transmission. In this
review, we use data on the prevalence of HCV infection
antibody (seroprevalence) among general population
and high risk population groups to assess the potential
for HIV parenteral transmission in MENA. Relatively low
prevalence of HCV infection in the general population
groups was reported in most MENA countries indicating that parenteral HIV transmission at endemic levels
does not appear to be a cause for concern. Nonetheless, there could be opportunities for localized HIV outbreaks and transmission of other blood-borne infections
in some settings such as healthcare facilities. Though
there have been steady improvements in safety measures related to parenteral modes of transmission in
the region, these improvements have not been uniform
across all countries. More precautions, including infection control training programs, surveillance systems for
nosocomial infections and wider coverage and evaluation of hepatitis B virus immunization programs need
to be implemented to avoid the unnecessary spread of
HIV, HCV, and other blood-borne pathogens along the
parenteral modes of transmission.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; human immunodeficiency
virus; parenteral transmission; Middle East and North
Africa; proxy biomarker
Core tip: The Middle East and North Africa (MENA) region has witnessed several major events of parenterally
transmitted infections. Recent studies of hepatitis C virus (HCV) epidemiology established the utility of using
HCV as a proxy biomarker for assessing the potential
for human immunodeficiency virus (HIV) parenteral
transmission. Building on these novel ideas, we used
HCV antibody prevalence data to assess the potential
for substantial and/or sustainable HIV parenteral transmission in MENA. We found that HCV prevalence levels
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are consistent with limited potential for parenteral HIV
transmission, but that there could be still opportunities
for localized and isolated HIV outbreaks, particularly in
formal and informal healthcare settings.
Mohamoud YA, Miller FD, Abu-Raddad LJ. potential for human immunodeficiency virus parenteral transmission in the
Middle East and North Africa: An analysis using hepatitis
C virus as a proxy biomarker. World J Gastroenterol 2014;
20(36): 12734-12752 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/12734.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.12734

INTRODUCTION
The Middle East and North Africa (MENA) region has
endured several major events of parenteral transmission
of infectious diseases. These include the world’s largest
iatrogenic transmission of a blood-borne pathogen; the
hepatitis C virus (HCV) epidemic in Egypt during the era
of parenteral antischistosomal therapy (PAT)[1], and two
human immunodeficiency virus (HIV) outbreaks in renal
dialysis centers also in Egypt[2,3]. The region has also witnessed the largest documented nosocomial outbreak in
HIV and acquired immune deficiency syndrome (AIDS)
history which occurred in a children’s hospital in Libya
and involved 402 children, 19 mothers (through breast
feeding), and two nurses[4-6].
Parenteral transmission of blood-borne pathogens
has been documented to occur, particularly in resourcelimited settings including different MENA countries[7,8].
A few countries in this region such as Afghanistan,
Pakistan, Somalia and Yemen, still lack the resources
necessary to screen all blood donations and to sterilize
medical equipment[9-15]. Public health systems in these
countries are over-stretched leading to some lapses in
safety measures[16]. Standard precautions are not routinely
implemented in public and even less so in private practices such as among dentists[17,18], and in hemodialysis
centers[19].
MENA also suffers from a high prevalence of unnecessary medical injections, unnecessary transfusions, reuse
of needles and syringes, and scarifications[6,10,11,16,20-24]. At
4.3 per year, this region has the highest rate of injections
per person per year of all regions[25]. Injections are the
preferred mode of therapy even when alternative modes
are equally effective and available[26,27]. Blood transfusions
are performed sometimes even without being medically
indicated[28]. A considerable fraction of the population
reports such procedures, between 6.7% to 14.2% of diverse population groups in Sudan reported having blood
transfusion at least once in their lifetime[29-39].
HCV, first identified in 1989, is a blood-borne viral
infection[40,41]. It is primarily transmitted through direct
percutaneous exposures to blood such as blood transfusions, sharing of needles, and accidental percutaneous

WJG|www.wjgnet.com

occupational exposures[42]. HCV is a major cause of
chronic liver disease and hepatocellular carcinoma[43], and
is the most prevalent transfusion-transmitted infection[44].
It is estimated that 130-170 million people worldwide are
infected with HCV[45,46].
Both HIV and HCV are transmitted easily through
infected needles[47]. Evidence from needle-stick injury
studies suggest that the injection-related transmission
probability for HCV is up to 10 times greater than that
for HIV[47,48]. Building on this, recent work has established the utility of using HCV antibody prevalence
(seroprevalence) as a powerful proxy biomarker for the
potential spread of HIV through the parenteral modes
of transmission[49-54]. Study findings show, for example,
that among a population of people who inject drugs
(PWID) if HCV prevalence was less than 30%, then HIV
prevalence is likely to be negligible[52-54]. However, if HCV
prevalence is greater than 30%, then HIV prevalence
would increase progressively with increasing HCV prevalence[52-54]. Accordingly, based on the epidemiological
overlap between these two infections, HCV prevalence
can inform the potential for HIV parenteral transmission
in a population, and predict the size of a potential HIV
epidemic. HCV in this regards is a better proxy of parenteral transmissions than hepatitis B virus (HBV) which
has other non-parenteral major modes of transmission[55].
Given the history of major events of parenteral transmission of blood-borne pathogens in MENA, and the
emerging HIV epidemics among high risk groups[56-58],
questions have risen as to whether there is ongoing parenteral HIV transmission in MENA beyond PWID, and
whether such transmission explains a fraction of HIV
acquisitions where there are no apparent identifiable risk
behaviors[59]. To address these questions, given limitations
on HIV data, we conducted a review of HCV prevalence among general population and high risk population
groups in MENA to assess the potential for HIV parenteral transmission in the region.
This review draws on findings from the MENA
HIV/AIDS Synthesis Project, the largest HIV study in
MENA to date[58,59]. The project consists of a compilation, synthesis, and analysis of available data on HIV,
sexually transmitted infections, and sexual risk behavior across different population groups and the various
countries in MENA[59]. In this review we summarize one
aspect of the HIV/AIDS Synthesis Project, which is the
effort examining the potential for major HIV parenteral
transmission in this region.

HCV prevalence and HIV
transmission potential in general
population groups in MENA
Table 1 summarizes the outcome of our review of HCV
prevalence among general population groups. On the
whole, low to intermediate levels of HCV prevalence are
found among general population groups in most MENA
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Table 1 Hepatitis C virus prevalence among general population groups in the Middle East and North Africa
Country

Population

Afghanistan

Blood donors
Pregnant women
Blood donors
Pregnant women
Blood donors
Blood donors
Army recruits
Blood donors
Children
Family of HCV positive patients
Fire brigade personnel
General population
Healthy populations
National survey
Pregnant women
Rural populations
Tourism workers
Visa applicants
Blood donors
Children
Family of HCV positive patients
General population
Healthy populations
Pregnant women
Blood donors
Outpatients
Blood donors
General population
Blood donors
Healthy populations
National survey
Blood donors
Pregnant women
Blood donors
Blood donors
Children
Family of HCV positive patients
General population
Healthy adults
Rural populations
Vaccinated population with smallpox
Women
General population
Blood donors
General population
Blood donors
Children
General population
Outpatients
Pregnant women
Subjects tested for HCV
Blood donors
Blood donors and hospitalized populations
Children
Healthy populations
Outpatients
Pregnant women
Blood donors
Blood donors
General population
Blood donors
Controls
Engaged couples
Family of HCV positive patients
General population
Obstetrics and gynecology patients
Outpatients

Algeria
Bahrain
Djibouti
Egypt

Iran

Iraq
Kuwait
Lebanon
Libya

Morocco
Oman
Pakistan

Palestine
Qatar
Saudi Arabia

Somalia

Sudan
Syria
Tunisia
Turkey

WJG|www.wjgnet.com

12736

Seroprevalence (%)

Ref.

0.3-1.9
0.31
0.18
0.19-0.63
0.3
0.3
22.1
2.7-26.6
2.1-12.1
0-14
39
10-41.9
5-46.7
14.7
4.3-19
2.7-60
14.3
31.5
0.1-2.1
0-0.6
1.3
0.1-3.1
12.3
3.2
0.8-5.4
1
0.4-0.7
0.7
0.9-6.6
1.6-7.9
1.2
0.2-1.1
0.5-1
0.4-1.5
0.5-16
1.7-2.1
0.4-20.5
4.7-5.4
3
4.6-33.7
21
6.7
2.2
0.4-2.8
0.9
0.4-4.6
0.1-1.8
1.7-3.6
2.1-22.5
0.1-4.6
5.1
0.6
2.4
0-1.5
1-6.5
3
0.6
0.95
0.6-1.1
0.2-1.7
0.2-0.4
1.3
0.1
2
0.6-2.3
0.9
2.2

[123,124]
[125]
[126]
[126,127]
[128]
[129]
[130]
[103,131-140]
[84,94,103,130,141,142]
[143]
[103]
[91,144,145]
[95,146-150]
[62]
[151-154]
[90,155-158]
[159]
[95]
[114,160-166]
[167,168]
[169]
[170]
[171]
[172]
[173]
[174]
[175-178]
[179]
[180-183]
[180,182]
[184]
[185-188]
[185,189]
[190-193]
[64,76,194-201]
[75,76]
[202-204]
[64,76]
[76]
[66,67,121,205,206]
[67]
[205]
[144]
[207,208]
[209]
[72,210-218]
[70-72]
[219,220]
[221]
[72,222,223]
[210]
[224]
[224]
[73,74]
[73,225]
[226]
[227]
[228]
[229,230]
[231-233]
[234-239]
[240]
[241]
[242]
[241,243,244]
[245]
[246]
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UAE
Yemen

Rural populations
Soldiers
Blood donors
College students
Blood donors
Healthy populations

1
0.5-0.6
0.5-1.10
0-0.4
1.1
2.1-4.2

[247]
[237]
[248,249]
[250,251]
[252]
[253,254]

results shown are not of an exhaustive and systematic literature review. HCV: Hepatitis C virus; UAE: United Arab Emirates.

countries. HCV prevalence among blood donors in Afghanistan ranges between 0.3% and 1.9% and between
0.1% and 2.1% in Iran. The prevalence among pregnant
women is less than 1% in most MENA countries. These
levels are not dissimilar to those found in the Americas,
Asia, and Europe[60]. These rather low levels imply that
there is a low risk for HIV parenteral transmission among
general population groups in the region.
Despite the rather low HCV prevalence levels observed in most countries, MENA as a whole appears to
have the highest HCV prevalence worldwide[61]. This is
largely due to the contribution of the high prevalence
found in heavily affected countries specifically Egypt[62,63]
and Pakistan[64-67]. The Demographic and Health Survey
conducted in Egypt in 2008 estimated a prevalence of
14.7% among individuals 15-59 years[62]. This high level
is believed to be a consequence, at least in part, of the
world’s largest documented iatrogenic transmission of
blood-borne pathogens during the era of PAT mass campaigns in Egypt[1,68]. From the 1950s to the early 1980s,
the Egyptian Ministry of Health led large-scale campaigns to control schistosomiasis[68]. Millions of people
were treated with intravenous injections of tartar emetic,
before an oral drug replaced this standard of care across
the country in the 1980s[1]. Reuse of glass syringes and
lax sterilization practices during PAT campaigns appear
to have caused widespread infection with HCV, such
that Egypt today has the world’s highest HCV prevalence[42,46,61,63].
Pakistan appears to also suffer from a high HCV
prevalence. A recent meta-analysis pooling 132 studies found HCV prevalence of 3% among blood donors
and 4.7% among the general population in Pakistan[64].
Although the reasons behind the high HCV levels in this
country remain not well understood, several studies investigated the risk factors associated with HCV infection.
Nosocomial exposures including reuse of needles, medical procedures and blood transfusions were reported to
be strongly associated with HCV infection in this country[69]. Additionally, community exposures through razor
sharing and circumcision by barbers were also identified
as risk factors[69]. The high HCV levels and parenteral
exposures identified in both Egypt and Pakistan may suggest a potential for some marginal parenteral HIV transmission in these countries.
Parenteral HCV transmission among general population groups in the region appears to be ongoing though
largely at low levels. This is highlighted, for example,
in studies conducted among children. HCV prevalence
among children in Saudi Arabia ranged from 0.1% to
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1.8%[70-72] and as high as 1.5% in Somalia[73,74] and 2.1% in
Pakistan[75,76]. Studies in Egypt suggest that in addition to
vertical transmission, children could have been exposed
to HCV horizontally, possibly through household exposures[77-81]. Medical exposures to HCV at a very young
age have been also indicated[82-85]. HCV prevalence levels,
however, are too low to be indicative of sustainable HIV
parenteral transmission, as they are much smaller than
the about 30% HCV prevalence threshold indicative of
considerable potential for HIV parenteral transmission[52].

HCV prevalence and HIV
transmission potential in high
risk groups in MENA
There are specific populations at higher risk for HCV and
HIV parenteral transmission in MENA. Table 2 summarizes the outcome of our review of HCV prevalence
among different populations at higher risk of HCV infection. High HCV prevalence is found among hospitalized
and clinical populations, which have experienced various
facility-based medical procedures such as hemodialysis
patients and multi-transfused patients. A recent study in
Algeria found HCV prevalence of 30% among hemophiliacs[86]. Incidence studies conducted in Tunisia and
Morocco estimate fairly high incidence rates for HCV
infection among dialysis patients (2.76 and 9.41 per 100
person-years, respectively)[87,88]. Multiple studies in the region have found strong correlations between HCV infection and different medical procedures, perinatal care, and
dental treatment[89-97]. Accordingly, exposures in medical
care settings could constitute potential avenues for HIV
parenteral transmission.
HIV prevalence has been measured and documented
among a number of these high risk populations in several MENA countries. Table 3 lists these HIV prevalence
measures. High HIV prevalence of 38.5% was reported
among children with thalassemia in Qatar (Table 3). Similarly, HIV prevalence of 4.8% was reported among blood
or blood products recipients in Egypt (Table 3). These
studies with high HIV prevalence, however, tend to be
old studies, published in the early 1990s, reflecting infections that occurred mainly before improvements in safety
precautions and before implementation of stringent
blood screening protocols. Meanwhile, the nil prevalence
reported in more recent studies conducted in Iran, Jordan, Lebanon and Morocco reflects cross sectional surveys after safety precautions and stringent blood screening have been implemented widely in this region.
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Table 2 Hepatitis C virus prevalence among different populations at higher risk of hepatitis C virus infection in the Middle East and
North Africa
Country

Population

Afghanistan
Algeria
Bahrain

People who inject drugs
Multi-transfused patients
Hemodialysis patients
Multi-transfused patients
Children with hepatosplenomegaly
Chronic liver disease patients
Hepatocellular carcinoma patients
Healthcare workers
Hemodialysis patients
People who inject drugs
Jaundice patients
Kidney transplant patients
Multi-transfused patients
Prisoners
Sexually transmitted infections patients
Female sex workers
Hepatitis B virus patients
Hemodialysis patients
HIV positive patients
Multi-transfused patients
Injecting and non-injecting drug users
Prisoners
HIV positive patients
Multi-transfused patients
Multi-transfused patients
Hemodialysis patients
Multi-transfused patients
Healthcare workers
HIV positive patients
Diabetics
Healthcare workers
Hemodialysis patients
Multi-transfused patients
Barbers
Hemodialysis patients
Multi-transfused patients
Hemodialysis patients
People who inject drugs
Kidney transplant patients
Medical students
HCC patients
Healthcare workers
Hemodialysis patients
Hospital attendees
Injecting and non-injecting drug users
Multi-transfused patients
Patients receiving frequent injections
Type 2 diabetes patients
Hemodialysis patients
Cancer patients
Chronic liver disease patients
Healthcare workers
Hemodialysis patients
Injecting and non-injecting drug users
Multi-transfused patients
Non-Hodgkins lymphoma patients
Schistosomiasis patients
Chronic liver disease patients
Female sex workers, sexually transmitted infection
patients, soldiers, tuberculosis patients
Hospitalized patients
Hemodialysis patients
Hospital attendees
High schistosomiasis region
Female sex workers
Healthcare workers
Hemodialysis patients

Egypt

Iran

Iraq
Jordan
Kuwait
Lebanon
Libya

Morocco

Oman

Pakistan

Qatar
Saudi Arabia

Somalia

Sudan

Syria
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Seroprevalence (%)

Ref.

36.6
30
7.4-9.24
40
16.4
46.2-73.5
78.5-84
1.4-7.7
46.2-100
63
27.3
23.3
11.1-81.6
31.4
5.3
2.7
12.3
2.9-55.9
11.5
5.1-71.3
7.4-80
30-78
66
67.3
40.5
27-40
33
2.6
25
24.4
2-6.8
20.5-42.5
10.8
1.1-5
10.1-76
2.3-42.4
26.5
11-53
13.4
0
33
5.5-31
68
3.1
22-91
13.2-60.0
44
36
44.6
11
63.6
2.2
6.9-84.6
10.5-74.6
4.6-78.6
21
17.9
40.3
1.8

[255]
[86]
[128,256]
[257]
[130]
[130,258]
[147,259]
[137,260]
[130,137,261-263]
[145,264]
[265]
[266]
[84,103,130,137,267-271]
[103]
[272]
[273]
[274]
[160,275-279]
[280]
[44,113,160,161,168,277,281-293]
[104,105,164,278,294-299]
[104,105,297,300,301]
[302]
[303]
[304]
[305-307]
[308]
[309]
[310]
[311]
[180,182,312]
[180,313]
[180]
[99,314]
[88,185,315,316]
[185,316-318]
[190]
[319]
[190]
[190]
[320]
[76,321,322]
[65,323]
[324]
[325-328]
[329-331]
[332]
[333]
[334]
[70]
[335]
[336]
[72,210,219,256,337-343]
[72,220]
[222,344-347]
[348]
[336]
[225]
[349]

2.2
19-34
0.4
2.2
1.96
0-6
54.4

[73]
[350,351]
[352]
[353]
[228]
[354]
[355]
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Tunisia

Turkey

United Arab Emirates
Yemen

People who inject drugs
Diabetics
Healthcare workers
Hemodialysis patients
HIV positive patients
Multi-transfused patients
Barbers
Cancer patients
Diabetic patients
Female sex workers
Healthcare workers
Hemodialysis patients
Chronic kidney disease patients
Multi-transfused patients
Hemodialysis patients
Multi-transfused patients
Chronic liver disease patients
Healthcare workers

60.5
1.3
1
20-46.5
39.7
42-50.5
2.8
2.8-5.8
3.2-20.8
0.8
0.3-1.5
0-51.2
7
4-24.4
24.4
18.8
21.5-37.1
0.5-3.5

[228]
[356]
[357]
[358-361]
[362]
[363-365]
[100]
[366-368]
[240,369]
[370]
[234,371]
[369,371-374]
[375]
[371,376]
[377]
[378]
[253,254]
[252,379]

Results shown are not of an exhaustive and systematic literature review. HIV: Human immunodeficiency virus; HCC: Hepatocellular carcinoma.

Table 3 Human immunodeficiency virus prevalence among high risk human immunodeficiency virus parenteral-transmission
population groups in the Middle East and North Africa (other than people who inject drugs)
Country

Population

Bahrain
Egypt

Children with hereditary hemolytic anemia
Blood or blood products recipients
Thalassemia patients
Children with hemophilia
Thalassemia patients
Hemophilia patients
Multi-transfused patients
Multi-transfused patients
Hemodialysis patients
Multi-transfused patients
Hemodialysis patients
Children with thalassemia
Multi-transfused, thalassemia and sickle cell disease patients
Children undergoing cancer therapy
Hemodialysis patients
Hemodialysis patients
Hemophiliacs

Iran
Jordan
Lebanon
Morocco
Pakistan
Qatar
Saudi Arabia

Tunisia

Seroprevalence (%)

Ref.

1.6
4.8
0
0
0
0-2.3
0
0
0
0.98
0.98
38.5
1.3
0
0
0
8.6

[257]
[380]
[381]
[382]
[44,113,160,168,277,284,288-291,383]
[161,277,281-284,287]
[304]
[384]
[316]
[385]
[277]
[386]
[387]
[70]
[388]
[359]
[365]

results shown are not of an exhaustive and systematic literature review.

Individuals in certain professions could be at higher
risk of being infected, or transmitting blood-borne infections, due to exposures to bodily fluids. Occupational
injuries among healthcare workers (HCWs) are common
in the region. In Morocco, occupational injuries were
found to be at high frequency, though they were found
to be rarely declared[22,98]. Forty-nine percent of HCWs in
Egypt[19], 58.9% in Morocco[98], and 45% in Pakistan[16],
reported a needle stick injury in the previous year[16].
Another such professional category are barbers, who
seem to have a five-fold higher HCV prevalence than
the general population (5% in Morocco[99] and 2.8% in
Turkey[100]). Acquiring HCV infection at barber shops has
been reported in Pakistan[65,76,101]. Studies among traditional barbers in Morocco and Pakistan have shown that
the risk of blood-borne infections was not known to barbers nor to their customers and that hygiene conditions
were deficient[99,102]. This poses a concern with a tradition
in MENA of barbers practicing medicine[99].
Prisoners constitute another group at higher risk of
WJG|www.wjgnet.com

HCV infection and transmission in the region. HCV
prevalence of 31.4% was reported among prisoners in
Egypt[103], while the prevalence ranged from 30%[104] to as
high as 78%[105] among prisoners in Iran. This high prevalence suggests that injecting drug use and sharing of injecting and non-injecting utensils is common in prisons.
Some parenteral transmission of HCV in medical settings appears to be ongoing in MENA. This is evidenced
by the high HCV prevalence levels reported among thalassemic children and children on hemodialysis. A recent
study conducted in 2010, among 692 Egyptian diabetic
children with an average age of 10.4 years, reported a
prevalence of 2.5%[85]. Similarly, another study in Saudi
Arabia reported a prevalence of 11% among children
with cancer undergoing chemotherapy[70].

Discussion
Given the rather low prevalence of HCV in general
population groups in most MENA countries, parenteral
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human immunodeficiency virus (HIV) transmission at
endemic levels does not appear to be a cause for concern.
The only possible exceptions are Egypt and Pakistan
where higher levels of HCV parenteral transmission appear to be ongoing. However, HCV prevalence in these
two countries is still well below the threshold level of
30%, and thus is not sufficient for sustainable parenteral
HIV transmission.
Nonetheless, isolated HIV outbreaks in these two
countries and in other countries in the region, particularly
in healthcare facilities, could still occur as they have occurred in the past. The largest ever HIV/AIDS nosocomial outbreak occurred in a children’s hospital in Libya[4-6].
The first ever documented HIV outbreak in renal dialysis
centers occurred in Egypt[2], which later witnessed a second HIV outbreak in another renal dialysis center[3]. More
recently, a high HIV prevalence of 35.8% was found in a
survey of the general population in Gujarat, Pakistan, and
apparently it may reflect an HIV parenteral-transmission
outbreak related to medical care procedures[106].
While HCV genotype 4 is the most prevalent in
Egypt[107], HCV genotype distribution varies between
countries and within countries in the rest of the MENA
region[107]. Different HCV genotypes may have different
transmission probabilities or natural history. This suggests
that our ability to use HCV prevalence as a proxy for potential HIV parenteral transmission may be dependent on
which genotype is prevalent in MENA countries. However, as demonstrated by Vickerman et al[52-54], potential
differences in the transmission probability or natural history of the different genotypes do not appear to affect the
utility of HCV prevalence as a proxy biomarker of HIV
parenteral transmission[49-54].
While there is a very limited risk for sustainable HIV
transmission, there remains a concern for other bloodborne and nosocomial infections. MENA has the highest
levels of all regions in the proportion of incident HBV
(58.3%) and HCV infections (81.7%) that are attributable to contaminated injections[25]. Every year in MENA,
contaminated injections appear to be the cause of 2.5
million HBV infections, 645000 HCV infections, and
2200 HIV infections[25]. In Kuwait, hospital acquired infections occurred in 5.1% of all inpatients costing its national healthcare system an estimate of $267000 daily[108].
More recently, in Saudi Arabia, 8.5% of admitted patients
developed nosocomial infections with the rates being
highest for nursery (35.8%), intensive care (19.8%), gynecological (16.2%) and surgical (11.7%) patients[109].
There have been steady improvements in recent years
in MENA in infection control and safety measures related to parenteral modes of infection transmission, with
only a few countries still lagging in achieving satisfactory
standards. HCV prevalence is a proxy for the cumulative
risk of parenteral exposures over an extended period of
time and thus may not be representative of more recent
trends. Improvements in blood safety measures have apparently reduced HIV infections due to contaminated
blood in the region from 12.1% of all infections in 1993
to 0.4% in 2003[110]. In Lebanon and Palestine, no new
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HIV cases through blood transfusion have been detected
for several years[111,112]. In Iran, HCV prevalence among
thalassemia patients decreased from 22.8% to 2.6% following the implementation of blood donor screening[113].
Also in Iran, HCV prevalence among hemodialysis patients decreased from 18% in 2001 to 12% in 2006 in one
study[114], and from 14.4% in 1999 to 4.5% in 2006 in another study[115]. Similar reductions were also achieved for
HBV in both Iran and Turkey[44,115,116]. HBV prevalence in
Iran decreased from 3.4%-3.5% in 1979-1980 to 0.61%
in 2005-2006[44]. Similary in Turkey, HBV prevalence
among blood donors fell from 5.98% in 1987 to 2.07%
in 2003[116]. In Egypt, 95% of women in the 2005 Demographic and Health Survey reported that the medical
provider followed basic injection safety procedures[117].
However, these improvements may have not been
uniform across MENA. A study in Pakistan suggested an
increase in HCV prevalence in recent years[118]. There is
evidence of ongoing HCV incidence at dental and medical facilities[91-94], and at the household and population
levels in Egypt[77,89,119,120]. There appears to be intrafamilial
and household clustering of HCV infection in Pakistan[121]. Talaat et al[108] reported on an assessment survey
of infection control practices conducted in a random
selection of healthcare facilities in Egypt. The survey revealed poor concept of infection control in most healthcare settings[108]. Infection control guidelines were not
available, efforts to prevent transmission of nosocomial
infections were deficient, and there was a shortage of
critical basic supplies such as antiseptics, gloves, masks,
gowns and disposable syringes[108].
There is room for improvement in infection control
and safety measures in healthcare settings in MENA.
These improvements should be grounded on training and
capacity building of infection control staff, the regular
monitoring and supervision of infection control programs in healthcare facilities, and the establishment of
surveillance systems for hospital acquired infections[108,122].
Additionally, the availability of critical supplies and equipment such as disinfectants and protective barriers is often
challenging in settings with limited resources, and need
to be improved[108,122]. Budgetary allocations and efficient
advanced ordering are necessary to overcome these challenges. Finally, the promotion of occupational safety and
health among HCWs is critical to reduce the incidence
of unsafe practices and needle stick injuries among this
population. This is key as healthcare facilities constitute
the main settings of exposure to blood-borne infections.

CONCLUSION
Some HIV transmission may be present along the same
pathways that HCV is using to spread in MENA. However, the parenteral modes of HIV transmission in the region, other than injecting drug use, are not of a scale that
can sustain an HIV epidemic. Isolated HIV outbreaks
though could still occur in some MENA countries as they
have occurred in the past. Despite the steady improvements in infection control and safety measures, there are
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continued exposures to blood and bodily fluids in MENA
countries which poses a concern for the transmission of
other blood-borne infections. More precautions, including infection-control training and capacity building, monitoring and supervision of infection control programs,
surveillance systems for nosocomial infections, availability
of infection control supplies and equipment, in addition
to more coverage and evaluation of HBV immunization
programs, need to be implemented to avoid the unnecessary spread of HCV, HIV and other blood-borne pathogens along the parenteral modes of transmission.
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Abstract
Helicobacter pylori (H. pylori ) is perhaps the most

ubiquitous and successful human pathogen, since it
colonizes the stomach of more than half of humankind.
Infection with this bacterium is commonly acquired during childhood. Once infected, people carry the bacteria
for decades or even for life, if not treated. Persistent in-
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fection with this pathogen causes gastritis, peptic ulcer
disease and is also strongly associated with the development of gastric cancer. Despite induction of innate and
adaptive immune responses in the infected individual,
the host is unable to clear the bacteria. One widely accepted hallmark of H. pylori is that it successfully and
stealthily evades host defense mechanisms. Though the
gastric mucosa is well protected against infection, H. pylori is able to reside under the mucus, attach to gastric
epithelial cells and cause persistent infection by evading
immune responses mediated by host. In this review, we
discuss how H. pylori avoids innate and acquired immune response elements, uses gastric epithelial cells as
mediators to manipulate host T cell responses and uses
virulence factors to avoid adaptive immune responses
by T cells to establish a persistent infection. We also
discuss in this review how the genetic diversity of this
pathogen helps for its survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Helicobacter pylori (H. pylori ) is an important
human pathogen that causes chronic infection in almost
half of the population in the world. In the course of
30000 years of co-existence with humans, H. pylori has
evolved extensive adaptations that allow it to successfully cause persistent infection in its host in the face of
a vigorous innate and adaptive immune response. In
this review, we discuss innate and adaptive immune
responses to H. pylori and the mechanisms by which H.
pylori evades immune-mediated clearance.
Lina TT, Alzahrani S, Gonzalez J, Pinchuk IV, Beswick EJ, Reyes
VE. Immune evasion strategies used by Helicobacter pylori. World
J Gastroenterol 2014; 20(36): 12753-12766 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/12753.htm DOI:
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INTRODUCTION
Helicobacter pylori (H. pylori) is the main cause of chronic
gastritis, gastroduodenal ulcers and gastric cancer[1]. Interestingly, H. pylori is responsible for about 90% of cases
of peptic ulcer formation[2,3]. The World Health Organization classified H. pylori as a class Ⅰ carcinogen because
of the epidemiological link of H. pylori infection with a
higher risk of development of gastric malignancy[4].
H. pylori infection is typically acquired during childhood and usually becomes a lifelong infection, if left
untreated[1]. During H. pylori infection the host mounts
an immune response, but this response fails to clear the
infection and H. pylori successfully establishes a persistent
infection leading to chronic inflammation. Multiple lines
of evidence suggest that the immune response during H.
pylori infection plays an important role in pathogenesis. H.
pylori successfully establish a chronic infection by achieving a delicate balance between inducing immune responses and surviving in the inflammatory milieu by using an
array of important virulence factors. In this review, we
discuss innate and adaptive immune responses to H. pylori
and the mechanisms by which H. pylori evades immunemediated clearance.

INHIBITION OF INNATE IMMUNE
RECOGNITION
Evasion of recognition by pattern recognition receptors
H. pylori evades the innate immune system by a variety of
mechanisms. One of these mechanisms is avoidance of
detection by pattern recognition receptors (PRR), which
are proteins that recognize pathogen-associated molecular patterns (PAMP’s). PAMP’s include a large group of
molecules that are part of microbes and can vary from
microbial surface molecules to nucleic acids. When PRR’
s recognize PAMP’s they induce several extracellular activation cascades such as the complement pathways and
various intracellular signaling pathways, leading to inflammatory responses that are essential for clearance of
pathogens[5].
H. pylori eludes identification by PRR’s by multiple
methods, including: avoidance of recognition by Tolllike receptors (TLR’s) and inhibition of c type lectin
(DC-SIGN) mediated signaling. To avoid recognition
by TLR’s the bacterium modulates its surface molecules
(including LPS and flagellin). Lipopolysaccharide (LPS) is
a glycolipid found on the outer membrane of gram negative bacteria[6]. It has three distinct units: lipid A, which is
responsible for the toxic effects; a core polysaccharide of
five sugars linked through ketodeoxyoctulonate to lipid
A; and the O-antigen, an outer polysaccharide consisting
of up to 25 repeating units of three to five sugars[7]. H.
pylori expresses O-antigens with great diversity; the bac-
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terium has Lewis antigens, which are made of carbohydrates, that resemble human blood group antigens[8]. By
exploiting this form of molecular mimicry, the bacterium
is able to evade TLR’s because the normally detectable
O-antigen is recognized as a “self ” molecule by this type
of PRR. In addition to having variable O-antigens, the
bacterium also modifies the lipid A portion of the LPS
molecule. Modification of this unit is achieved through
several pathways, resulting in alteration of the net charge
of the microbial surface. This leads to an inability of
cationic antimicrobial peptides (CAMP’s) to bind to typically negatively charged structures like lipid A[6]. Lipid A,
within LPS, is recognized by the human Toll-like receptor 4-myeloid differentiation factor 2 (hTLR4-MD2)
complex. H. pylori expresses a modified Kdo (3-deoxy-Dmanno-octulosonic acid)-lipid A structure tetra-acylated
with a phosphoethanolamine added at the 1 position of
the dissacharide[9], which might promote high resistance
to CAMP and decreased activation of the hTLR4-MD2
complex[9]. Cullen et al[6] found that the 1 and 4’-phosphatases involved in lipid A synthesis in H. pylori act
synergistically to produce a bacterial surface that is highly
resistant to CAMP attack. In addition, dephosphorylation
of H. pylori lipid A at the 1 and/or 4’ position results in
LPS with attenuated hTLR4-MD2 activation. Moran[10]
proposed that reduced immunogenicity of H. pylori LPS
could be due to uncommon phosphorylation and acylation of H. pylori lipid A. H. pylori LPS binds poorly and
at a slower rate to LPS-binding proteins, which are acute
phase reactants that aid in LPS binding to CD14 and
TLR4 on monocytes/macrophages. This reduced binding
of LPS to its receptors results in decreased activation of
monocyte-macrophages, preventing their contribution to
innate immune response. Interestingly, H. pylori LPS has
also been shown to possess anti-phagocytic properties in
vitro[11].
Flagellin is the protein component of bacterial flagella
needed for motility and colonization[12]. H. pylori rely on
five or six polar flagella made of two separate subunits,
FlaA and FlaB, to enable movement within the gastric
mucus and to counteract peristalsis[13]. TLR5 is a PRR
that recognizes flagellin. However, studies showed that
H. pylori flagellin was not recognized by TLR5, and thus
failed to induce nuclear factor (NF)-κB activation[14]. The
study also reported that an 8 amino acid stretch in the
N-terminal D1 domain of flagellin differed from that of
flagellin from bacteria that activated TLR5. One study
showed that flagellin, especially FlaA, is not “shed” by
the bacteria and thus could not be detected by western
blots in supernatants of infected gastric epithelial cells[13].
There were no evident traces of flagellin, which diminished the probability of it interacting with TLR5, allowing
for evasion of this mechanism of bacterial recognition.
Most flagellated bacteria are able to induce a proinflammatory state by promoting production of IL-8, but H.
pylori flagellin seems unable to induce IL-8 production in
GECs[13].
H. pylori LPS is important not only for the activation
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of TLR4 but also because the bacterium expresses Lewis
(Le) blood group antigens in the O-antigen portion of
the LPS molecule. As mentioned above, this polysaccharide area of the molecule is a clear method of evasion
of the innate immune response because the Le group
antigen system is biochemically related to carbohydrates
present in ABO blood groups. The bacterium employs
molecular mimicry to evade recognition by the innate immune system. The group of Le antigens is divided into
type 1 (Lea and Leb) and type 2 antigens (Lex and Ley).
Approximately, 80%-90% of H. pylori strains express
Lex and/or Ley antigens, whereas gastric epithelial cells
(GECs) also express Lex/y antigens[10,15]. H. pylori uses
phase variation in the synthesis of LPS, including Le antigens. Phase variation in this context refers to a high frequency of LPS phenotype changes, like a reversible onand-off switch, that results in loss/gain of certain LPS
epitopes, as well as a heterogeneous population of LPS.
It has been suggested that although H. pylori LPS is
not a strong activator of TLR4, it may be modulating
the immune response via interactions with DC-specific
ICAM3-grabbing non-integrin (DC-SIGN). DC-SIGN
belongs to a subset of PRR’s termed C-type lectin receptors (CLR’s), which are involved in inducing specific
genes within cells in response to pathogens as well as in
modulating TLR signaling[16]. When CLR’s are expressed
on dendritic cells (DCs) they detect carbohydrates like
mannose, fucose, and glucan, which are common on bacterial surfaces. Ligand binding to these receptors initiates
signaling pathways which induce phosphorylation of a
subunit of the NF-κB complex and result in an increased
rate of transcription of proinflammatory cytokine and
chemokine mRNAs, such as IL-8[16]. DCs possessing
these receptors are found on all mucosal surfaces as well
as in lymphoid organs. Miszczyk et al[17] showed that H.
pylori LPS was able to bind to recombinant human DCSIGN in vitro and that this binding was abolished in the
presence of monoclonal antibodies against the Le antigens and when fucose was added. By binding to this receptor it may be possible that the presence or absence of
certain carbohydrates at the O-antigen end of the molecule could determine how DCs help T cells mature. Another independent study showed that Le+ variants from
clinical isolates were able to bind to DC-SIGN and have
effects on the polarization of the T cell response (Th1 vs
Th2)[18]. It seems that H. pylori targets DC-SIGN to block
a polarized Th1 response by phase-variable expression of
Le antigens. In addition, this study provided evidence that
H. pylori strains without Lex and Ley were able to evade
recognition by DC-SIGN and possibly evade detection
by any other mechanism[18].
Inhibition of phagocytic killing
H. pylori infection activates an inflammatory response in
its host which leads to the recruitment of macrophages,
neutrophils, and lymphocytes to the gastric tissue[19].
H. pylori can efficiently inhibit its own uptake by these
professional phagocytes. This antiphagocytic phenotype
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depends on type Ⅳ secretion components encoded by
the cytotoxin-associated gene pathogenicity island (cag
PAI)[20,21]. Macrophages can engulf H. pylori, but the bacterium has developed mechanisms to avoid killing upon
phagocytosis[22-24]. In a study where ingestion of H. pylori
by human and murine macrophages was monitored using
immunofluorescence and electron microscopy, H. pylori
type Ⅰ strains (cag PAI+ and vaculating toxin A+, VacA+)
were shown to employ an unusual mechanism to avoid
phagocytic killing. Once inside the macrophage, H. pylori
actively delayed actin polymerization and phagosome formation. H. pylori-containing phagosomes then underwent
extensive clustering and fusion resulting in the formation
of “megasomes” containing multiple bacteria, which
caused resistance to intracellular killing[22,25]. Studies also
showed enhanced survival of H. pylori type Ⅰ strains in
macrophages compared to type Ⅱ strains, which lack
cag PAI and VacA. H. pylori type Ⅰ strains were shown
to reside in compartments with early endosome properties and did not fuse with lysosomes. The study also
showed that retention of TACO, a tryptophan aspartatecontaining coat protein on phagosomes, inhibited fusion
of phagosomes and lysosomes in macrophages infected
with H. pylori type Ⅰ strains. It is worth noting that VacA
alone plays a significant role in the interruption of the
phagosome maturation[24]. By interfering with the phagosome function, VacA might prevent phagocytic killing
of H. pylori. In fact, a study showed that, by interfering
with endosomal traffic, VacA altered the presentation of
antigens by B cells[26]. This mechanism would be expected
to result in impaired adaptive responses as presentation
of antigens to T cells is critical for the initiation of protective immune responses, as will be described in detail
below. A related recent study provided evidence that the
effects of VacA on endosomal traffic may prevent the development of a strong Th1 response. The study showed
that H. pylori VacA could redirect the endocytic pathway
of the probiotic bacterium Lactobacillus acidophilus, which
induces a polarized Th1 response, and does this by blocking the induction of key innate cytokines such as IFN-β
and IL-12[27]. Like other pathogenic bacteria, H. pylori also
regulate host trafficking pathways by the selective modification of GTPases in macrophages during infection. H.
pylori has been shown to disrupt the actin cytoskeleton by
suppressing Rgs1/2, Fgd2, and Dock8 which are the key
regulators of the Rho, Rac, and Cdc42 GTPases, respectively[27]. These are required for the organization and dynamics of actin cytoskeleton needed for proper cell function. This is another mechanism that disrupts phagocyte
function and helps H. pylori survival in its host[27].
Inhibition of killing by reactive oxygen species and nitric
oxide
A major proinflammatory factor produced by H. pylori is
neutrophil-activating protein (NAP)[28]. H. pylori-NAP (HPNAP) is a 150 kDa oligomeric protein, which increases
adhesion of PMNs to endothelial cells, stimulates phagocyte
chemotaxis, and activates NADPH oxidase to produce
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reactive oxygen species (ROS)[29,30]. However, H. pylori
produces catalase and superoxide dismutase to detoxify
ROS[31,32]. H. pylori can also down-regulate CXCR1 and
CXCR2 expression in human neutrophils, which act as receptors for the neutrophil recruiting chemokine, IL8; thus,
resulting in an inhibitory effect on neutrophil migration and
reduced bacterial killing[33]. H. pylori also disrupt NADPH
oxidase targeting, which was shown to result in the release of
superoxide anions in the cytoplasmic membrane instead of
the accumulation inside H. pylori phagosomes[34].
One antimicrobial host defense mechanism is the
generation of NO through the enzyme inducible NO
synthase (iNOS). H. pylori activates the inducible iNOS
in macrophages[35]. A mechanism employed by H. pylori
to activate iNOS involves urease, an important virulence
factor of H. pylori. Despite the presence of iNOS H.
pylori infection persists, which suggests that the iNOS
production may be at suboptimal level. H. pylori arginase
was shown to be an important factor that affords protection of the bacteria against NO mediated killing since
macrophages infected with H. pylori produce significantly
less NO than arginase isogenic mutants[36]. A recent study
showed that induction of macrophage arginase Ⅱ (Arg2)
restricts iNOS protein expression, elicits apoptosis of
macrophages as well as proinflammatory cytokine production, and limits bacterial killing[37], suggesting another
mechanism this bacteria uses to escape macrophagemediated killing. Interestingly, the authors of that study
used a chronic infection mouse model to show that
Arg2-/- mice infected with H. pylori had reduced bacterial
colonization and increased gastritis compared with similarly infected wild type mice. Arg2-/- mice infected with
H. pylori had more iNOS+ macrophages in the gastric
mucosa expressing higher levels of iNOS and more robust cytokine responses, which led to the suggestion that
H. pylori induction of Arg2 is part of the bacterial armamentarium to escape host innate immunity together with
other mechanisms that target adaptive immunity[37].

MODULATION OF APC FUNCTIONS IN
ADAPTIVE IMMUNITY
H. pylori have evolved an array of mechanisms to actively
dodge adaptive immunity by interfering with antigen
presentation and modulation of T cell responses. Antigen presenting cells (APC), represented by macrophages,
DCs and B cells, internalize antigen by phagocytosis or
endocytosis, process the antigens and present them to
CD4+ T cells via class Ⅱ MHC molecules. This leads to
the initiation of antigen specific T cell response. The gastric mucosa of H. pylori infected people has an increase in
activated macrophages and DCs. Activated macrophages
produce IL-6, IL-1β, IL-12 and tumor necrosis factor
(TNF)-α which cause inflammation and help initiate Th1
type responses. In spite of the presence of these effector
cells, H. pylori successfully establish a persistent infection,
suggesting that these effector cells are unable to clear the
pathogen. H. pylori has also been shown to cause the po-
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larization of APCs. For instance, during atrophic gastritis
macrophages are polarized to M1 subtype[38]. H. pylori can
even control the functions of these APCs differently. A
study showed that H. pylori mediated activation of DCs
and M1 macrophage leads to induction of T cell proliferation and decreased phagocytosis. On the other hand,
upon H. pylori infection the M2 macrophages produced
less pro-inflammatory cytokines and increased antiinflammatory cytokines compared to M1 macrophages[39].
As alluded to earlier, several studies show that H. pylori
uses mechanisms to avoid killing by APC and those will
be discussed in detail below.
Apoptosis of macrophages
H. pylori causes apoptosis of macrophages using several
mechanisms. Inside a macrophage, H. pylori activate the
ERK1/2 pathway leading to formation of the activation
protein (AP-1) complex. AP-1 complex induced c-Myc
gene expression and nuclear translocation leading to increased ornithine decarboxylase (ODC) expression and
apoptosis of macrophages[40-42]. Another recent study
showed an important role for an unknown gene, HP986,
which is associated with peptic ulcer and gastric carcinoma in apoptosis of macrophages through a Fas mediated
pathway[40]. H. pylori VacA protein also causes apoptosis
of monocytes. The underlying mechanism of this process
involves the amino-terminal 476 residue fragment (p52)
of VacA, which activates the NFκB pathway and induces
proinflammatory cytokine production, e.g., TNF-α, IL1β, and induction of NO, ROS and subsequently causes
apoptosis of monocytes[43].
Inhibition of DC maturation and function
DCs are important APCs in initiating T cell responses,
particularly to mucosal pathogens. H. pylori control maturation of DCs and, consequently, limit their ability to
present antigens. Transcription factor E2F1, is an important regulator of DC maturation. Using LPS as a stimulator, it was shown that E2F1 expression is downregulated
during DC maturation. However, H. pylori VacA was
shown to inhibit DC maturation via restoration of E2F1
since transfection of murine DCs with E2F1 siRNA
showed recovery of the inhibited maturation of DCs
caused by H. pylori VacA[44]. VacA caused reduced expression of surface costimulatory molecules, e.g., CD40,
CD80, CD86, MHC class Ⅱ molecule and decreased
secretion of IL-1β, IL-12p70 and TNF-α by DCs[44].
Reduced expression of costimulatory molecules could, in
turn, dampen effector T cell activation or promote tolerance. In addition to VacA, H. pylori CagA also plays a key
role in regulating DCs and in inhibiting CD4+ T cells’ differentiation towards Th1 type cells. Once inside the APC,
CagA protein was shown to be phosphorylated leading
to the activation of SHP-2. Activated SHP-2 was shown
to suppress the enzymatic activation of TBK-1, IRF-3
phosphorylation and nuclear translocation, which caused
reduced interferon production by DC [45]. Long term
infection with H. pylori cagA+ strains caused increased
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expression of the T cell co-inhibitory molecule B7-H1
(also known as PDL-1) as well as increased IL-10 and
IL-23 production by DC. The simultaneous inhibition
of DC maturation and IL-12 secretion led to suboptimal
Th1 development and activation[46]. H. pylori were shown
to multiply in DC and impair their function by inhibiting
the production of the proinflammatory cytokine IL-12
and increasing IL-10 production[47]. A separate study
showed that H. pylori-mediated inhibition of DC maturation is independent of the presence of cag PAI, but direct
contact with the bacteria was required for this inhibitory mechanism[48]. When expression of different costimulatory molecules was evaluated after treating DCs
with TLR ligands and subsequent infection with H. pylori
it was found that H. pylori inhibit TLR ligand induced DC
maturation by inhibiting CD80, CD86, CD40 expression,
IL-12, IL-6 secretion and increased production of the anti-inflammatory cytokine IL-10[48]. These studies showed
that inhibition of DCs is another mechanism used by H.
pylori to deter its clearance by the host immune system.
Inhibition of antigen presentation
The proliferation of human CD4+ T cells is triggered by
recognition of antigenic epitopes bound to MHC class
Ⅱ molecules exposed on the surface of APCs. Antigen
presentation by APCs plays an essential role in the initiation of adaptive immune responses. As another approach
to inhibit APC function, H. pylori use several mechanisms
to interrupt antigen presentation, some of which were
mentioned above. H. pylori inhibits antigen processing
by APC by interfering with late endocytic membrane
trafficking. H. pylori VacA interferes with proteolytic processing of antigens and the generation of T cell epitopes
loaded on newly synthesized MHC class Ⅱ molecules
(the Ii-dependent pathway of antigen presentation), but
it does not affect generation and presentation of epitopes
by mature class Ⅱ molecules that recycle from the cell
surface (Ii-independent pathway)[26]. Also, possibly linked
directly to this, H. pylori can also cause impaired antigen
presentation by DC by inhibiting export of MHC-class
[47]
Ⅱ molecules to the cell surface . This observation is
directly related to the inability of these DCs exposed to H.
pylori VacA to degrade Ii (aka, CD74), which requires the
action of cathepsins activated by acidic pH[49-51].
Apoptosis of gastric epithelial cells
GEC may act as non-professional APCs, as they express
all the elements associated with conventional APCs,
including class Ⅱ MHC, CD74, cathepsins and costimulatory molecules[52,53]. Their importance in H. pylori infection is obvious as they are the first cell types that come
in direct contact with the bacteria and are strategically
situated to interact with H. pylori and its antigens as well
as with lamina propria lymphocytes. In fact, GEC separate the lamina propria immune cells from direct contact
with H. pylori in the lumen. One of the multiple ways H.
pylori has been shown to induce apoptosis of GEC is by
upregulation of Fas receptor leading to increased inter-
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action with Fas ligand and increased apoptosis[54]. This
interaction has also been shown to induce production of
ROS[55]. Another mechanism that our group showed previously is via the engagement of MHC class Ⅱ molecules
on GEC by H. pylori, which use urease on its surface
as an adhesin and bind to and crosslink MHC class Ⅱ
molecules to induce apoptosis in GEC[56]. In yet another
mechanism of induction of GEC apoptosis, VacA was
shown to induce apoptosis via disruption of mitochondrial membranes[57,58].
Using GEC as orchestrators of T cell responses
Activation of T cells requires two signals triggered by (1)
recognition by T cell receptor (TcR) of peptides/MHC
complexes; and (2) a costimulation by special receptor
molecules on APCs. Recognition of antigen by T cells
in the absence of the second signal renders T cells unresponsive or anergic. The B7 family of costimulatory/coinhibitory receptors provides this second signal to initiate
responses and some members of this family of receptors
serve to regulate or attenuate responses. In addition to
their role as on/off switches for T cell activity, recent
studies from multiple groups also suggest their role in
influencing T cell differentiation and phenotype[59-61]. Our
group showed that H. pylori can subvert GECs and use
them as mediators to inhibit T cell proliferation and cause
Treg cell induction from naïve T cells by inducing increased
expression of the T cell co-inhibitory molecule B7-H1
on GEC[62,63]. Interaction of B7-H1 with programmed
death-1 (PD-1) receptor is also known to cause downregulation of T cell activation and promote the induction of
T regulatory cells (Treg) as we have previously shown[62,63].
Because of their suppressive effect on T effector cells, Treg
cells may assist in the chronicity of infection (Figure 1).
H. pylori-mediated B7-H1 upregulation also contributes
to apoptosis of effector T cells by engaging PD-1 on
their surface[64]. Recently, our group uncovered another
mechanism by which H. pylori uses its cagPAI encoded
type 4 secretion system, T4SS, translocated effector protein CagA to downregulate B7-H2 (ICOS-L), which is the
only positive T cell costimulatory molecule known among
the newer members of this family of receptors. Downregulation of B7-H2 caused decreased Th17 cell response,
which correlated with increased bacterial load in the stomach of H. pylori-infected mice[65]. As Th17 cells play a very
important role in immune protection against extracellular
bacteria, H. pylori hinders Th17-mediated clearance by
preventing B7-H2 expression on the surface of GECs to
establish chronic infection (Figure 2).

INHIBITION OF EFFECTIVE T CELL
RESPONSE
T helper CD4+ cells (Th) are major effector cells in the
immune response to H. pylori. The response was initially
characterized as a Th1 polarized response[66,67] but more
recently other CD4+ T cell subsets have been found in H.
pylori-infected patients, and those include Treg and Th17
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Figure 1 Helicobacter pylori uses gastric epithelial cells as a mediator to inhibit T cell function. Upon binding to an unknown receptor on GEC Helicobacter
pylori translocate a hypothetical protein, which causes induction of B7-H1 on GEC. Induction of T cell co-inhibitory molecule B7-H1 further inhibits CD4+ T cell proliferation and effector function. It also facilitates induction of Treg cells from naïve CD4+ T cells. This mechanism helps to establish a chronic infection.

H. pylori
T4SS
α5β1 integrin

Gastric epithelium

CagA

mTOR/p70 S6 kinase

B7-H2
T cell
recruiting
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CD4
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Figure 2 Helicobacter pylori mediated downregulation of B7-H2 on gastric epithelial cell inhibits Th17 cell development and facilitates bacterial persistence. Helicobacter pylori T4SS interacts with host receptor integrin α5β1 and translocate effector protein CagA. CagA activates mTOR/p70 S6 kinase pathway and
downregulates T cell co-stimulatory molecule B7-H2 expression on GEC. Decreased B7-H2/ICOS signaling further inhibits Th17 cell development from naïve CD4+ T
cells and Th17 cell mediated bacterial clearance.
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cells[68-71]. The neutrophil-activating protein of H. pylori
(HP-NAP) was shown to increase IL-12 and IL-23 production by neutrophils and monocytes, which promote
Th1 responses. Addition of HP-NAP to antigen-induced
T cell lines caused a shift from a predominant Th2 to a
Th1 phenotype of specific T cells. HP-NAP also elicited
an antigen-specific Th1-polarized T cell response in the
gastric mucosa of H. pylori-infected patients[72]. Increased
production of gamma interferon (IFN-γ) by Th1 cells
was shown to cause chronic gastric inflammation[66,73]. On
the other hand increased Treg cells produced during H. pylori infection suppress mucosal effector T cell responses,
which contribute to bacterial persistence, and are also
a probable cause of gastric tumor progression[68]. Th17
cells, which produce IL-17A, appear to be crucial in the
clearance of extracellular bacteria such as H. pylori[74].
IL-17 also acts on GEC to release IL-8, a chemokine that
recruits neutrophils, and thus promote gastric inflammation. On the other hand, this IL-17-initiated recruitment
of neutrophils is critical for the clearance of the bacteria[75]. A hallmark of H. pylori infection is that effector
T cell responses are generally impaired during H. pylori
infection, and T cells from H. pylori-infected individuals
are hyporesponsive[76]. As this is an important issue in
vaccine design efforts, there has been significant effort
to address mechanisms that impair T cell responsiveness.
H. pylori virulence factors that have been reported to
play a role in interfering with T cell responses are VacA,
[77-82]
. Reγ-glutamyltranspeptidase (GGT), and arginase
cently our group showed H. pylori CagA also plays important role in modulating Th17 cell response indirectly by
modulating expression of B7-H2 on GEC[65].
Inhibition of T cell proliferation and signaling
As described earlier, the vacuolating cytotoxin, VacA, induces cellular vacuolation in epithelial cells. H. pylori disrupt tight junctions between GECs and VacA secreted by
H. pylori can reach the lamina propria. Once in the lamina
propria, VacA can interact directly with T cells. H. pylori
exploit the recycling of the heterodimeric transmembrane receptor lymphocyte function-associated antigen 1
(LFA-1) by cells for VacA uptake[73]. VacA enters activated primary human T lymphocytes by binding to the β2
(CD18) integrin subunit of LFA-1[83]. Once VacA is inside the cytoplasm of T cells it inhibits their proliferation
and activation using several mechanisms. One approach
is by interrupting IL-2 signaling, which is required for
lymphocyte activation and proliferation. H. pylori VacA
induces cell cycle arrest[84]. VacA also blocks IL-2 at the
transcription level by inhibiting nuclear translocation of
nuclear factor of activated T cells (NFAT), an essential
transcription factor required for IL-2 promoter activation[84]. Further study into the mechanism of action of
VacA on T cell impairment showed that VacA requires
its intact N-terminal hydrophobic domain for membrane
channel formation and inhibition of T cell proliferation[80]. Furthermore, VacA may reduce the mitochondrial
membrane potential of CD4+ T cells to inhibit their pro-
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liferation[81]. In addition to preventing calcium influx from
the extracellular milieu by formation of anion-specific
channels and inhibiting NFAT translocation, VacA also
uses a channel independent mechanism to activate intracellular signaling via mitogen-activated protein kinases
MKK3/6 and p38 as well as the Rac-specific nucleotide
exchange factor, Vav, which results in actin rearrangement and defect in T cell activation[77]. VacA mediated
apoptosis in T cells is another possible mechanism of
immune evasion. There are two pathways of apoptosis
initiation. One pathway depends on death receptor and is
called the extrinsic pathway; the second pathway depends
on mitochondrial activation and is known as the intrinsic
pathway. H. pylori mediated apoptosis of T cells is independent of death receptor. A mitochondrial pathway was
shown to play a critical role in H. pylori induced apoptosis
since higher expression of antiapoptotic protein Bcl-2
in T cells showed reduced apoptosis by H. pylori. Bcl-2
inhibits apoptosis by stabilizing the mitochondrial membrane[78].
GGT is another secreted protein of H. pylori which
mediates the extracellular cleavage of glutathione, leading
to ROS production and induction of a cell cycle arrest in
lymphocytes. A study showed that H. pylori uses GGT to
inhibit T cell proliferation since site directed mutagenesis
of GGT in different H. pylori strains and inhibition of
GGT by acivicin abrogated the inhibitory effect, while
recombinant expression of GGT showed inhibition of T
cell proliferation. GGT was found to inhibit T cell proliferation by inducing G1 cell cycle arrest through disruption of Ras signaling pathway[79].
Though most studies have shown involvement of
VacA and GGT in T cell inhibition, other reports also
showed involvement of cag PAI in T cell apoptosis. H. pylori cag PAI causes apoptosis in T cells in a Fas-dependent
manner concurrently with induction of Fas ligand (FasL)
in T cells leading to apoptosis[82]. Another virulence factor that impairs T cell function during H. pylori infection
is arginase, which is important for urea production. Arginase hydrolyzed L-arginine to urea and ornithine. L-arginine is also required for T cell activation and function.
Co-culturing of H. pylori wild type and arginase mutant
bacteria with T cells revealed that arginase caused a significant decrease in T cell proliferation and reduced expression of the chief signal transduction protein CD3ζchain of the TCR by decreasing L-arginine availability[85].
Decreased expression of CD3ζ-chain partially explains
T cell anergy status in the host, which is a hallmark of H.
pylori infection.
H. pylori mediated skewing of T cell response towards
Treg cells
CD4+CD25high Treg cells can inhibit infection-induced immunopathology, but may also allow for an increase in the
bacterial load and facilitate chronicity of the infection by
suppressing protective immune responses[86]. Treg cells are
found in increased amounts in the gastric tissue of H.
pylori infected patients compared to healthy controls[86,87].
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Several studies have shown the immunosuppressive roles
of Treg cells during H. pylori infection[63,86]. Induction of
Treg cells appears to depend on the age of the host when
they get the infection, since H. pylori infected children
have increased levels of FoxP3-expressing Treg cells and
reduced gastric pathology compared to adults[88]. A study
in mice showed that mice that were infected during the
neonatal period were protected from gastritis and gastric
cancer precursor lesions in spite of having increased
bacterial loads while adult mice infected with H. pylori
developed those lesions. Neonatally infected mice developed tolerance, were unable to induce T cell responses
and were protected from T cell-mediated immunopathology[89]. In contrast to Treg cells, Th17 cells play a crucial
role in H. pylori clearance as suggested by vaccine studies[90,91]. However, H. pylori may utilize several mechanisms
to induce Treg responses while keeping a suboptimal
level of Th17 cells in the host, which helps to establish
a chronic infection. There is an increased recruitment of
DCs in the gastric lamina propria of H. pylori-infected
mice[92]. A study by Kao et al[93] showed that DCs stimulated with H. pylori inhibits the Th17 response and skew
the response toward Treg cells. This mechanism depends
on development of Treg cells with the required cytokines,
TGF-β and IL-10, and this mechanism was independent
of H. pylori virulence factors VacA and CagA. This study
further showed that Treg depletion enhanced the H. pylori
specific Th17 response, and correlated with decreased
bacterial colonization in mice[93]. In another mechanism
of T cell suppression, H. pylori interfere with DC maturation process and convert immature DCs to tolerogenic
DCs. Increased numbers of these semi-mature DCs were
found in the chronically infected gastric mucosa of human H. pylori carriers. H. pylori-induced tolerogenic DCs
were incapable of activating effector functions in naive T
cells; however, these cells became very efficient in inducing Treg and this process depended on DC derived IL-18
production[48].
Bone marrow-derived mesenchymal stem cells (BMMSCs) also play an important role in the H. pylori-induced
immunosuppressive response. Transplantation of BMMSCs into the stomach of mice with H. pylori infection
fostered significant stimulation of systemic and local
IL-10-secreting T cells, which may inhibit other T cells.
There was also an increased percentage of CD4+IL-10+
cells and CD4+CD25+FoxP3+ cells in splenic mononuclear cells. BM-MSC-transplanted mice showed elevated
Treg/Th17 ratios[94]. These studies showed that H. pylori
uses several mechanisms to skew the T cell response towards Treg cells, which helps H. pylori to successfully establish a chronic infection.

EVASION OF HUMORAL RESPONSE
The majority of people infected with H. pylori develop
a specific antibody response. This response is not normally enough to clear infection. Some studies suggest
that infected children produce less antibodies, which
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may be concurrent with more Treg cells and less activated
CD4+ cells to act as helper cells in the induction of B cell
responses[95]. Although most or all infected individuals
are thought to mount an antibody response to H. pylori,
differences in this response have been noted between
those who develop gastritis or duodenal ulcers compared
to those who develop gastric cancer[96]. By examining
patient serum antibody levels, infected individuals who
developed gastritis or duodenal ulcers were shown to
have a greater IgG response than those who developed
gastric cancers. In turn, gastric cancer patients mounted
a more vigorous IgA response than those with gastritis
and duodenal ulcers. In another study of serum antibody
responses to H. pylori in Japan, the authors suggested that
a weak antibody response was linked to a high risk of developing gastric cancer by infected individuals[97]. Another
study suggested that development of antibodies specific
to virulence factors of H. pylori may be linked to gastric
cancer[98]. In this study, gastric cancer patients were more
likely to develop antibodies to CagA and heat shock
protein B, while no significant differences were found in
the levels of VacA specific antibodies between individuals with gastric cancer in comparison to other disease
manifestations. These studies suggest that differences in
humoral responses to infection may be linked to disease
in infected individuals, but the mechanisms behind these
differing responses remain elusive.
Although most people respond to H. pylori with a
high serum antibody titer, this response is not efficient
in reducing bacterial burden as evidenced by studies in
mice that lack B cells and in various vaccine studies. In a
study of mice lacking B cells, mice were protected against
H. pylori challenge suggesting that the humoral response
is dispensable in protection against H. pylori. To further
support this study, another B cell knockout study showed
that with an H. pylori urease vaccine, mice deficient in B
cells had equal protection as wild type mice and stomach
CD4+ T cells were equal in both mouse strains[99]. This
study further indicated a correlation between the amount
of T cells in the gastric mucosa and the level of protection, again suggesting that the humoral response is less
crucial in protection against H. pylori. In addition to the
viewpoint that protection against H. pylori challenge is
independent of the B cell response, there is also compelling evidence that antibodies elicited against H. pylori may
be harmful to the host. One group has shown in mice
that specific antibody responses to H. pylori may actually
aid in bacterial colonization and impair other immune
responses against H. pylori[100]. This study showed that T
cells, not B cells, were responsible for gastritis induced
by infection and suggested the possible role for antibodies in inhibiting host resistance to infection in showing
improved elimination of bacteria in the absence of antibodies in B cell deficient mice. B cell deficient mice were
able to clear bacteria at 12-16 wk post infection, whereas
wild type mice still had a robust infection coupled with
gastritis at this time point. Another compelling study
showed that H. pylori evade antibody mediated recogni-
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tion because of a lack of surface binding of host elicited
antibodies[101]. This study consisted of incubating bacteria
with sera from patients who had detectable antibody
responses to H. pylori. There was very little binding of
antibodies to the surface of the bacteria, thus indicating
another way the host immune response may be evaded.
Another intriguing aspect of the humoral response
to H. pylori are reports of autoantibodies that are induced during infection. These antibodies were against
self-epitopes and potentially caused damage in the host.
For instance, one group showed that H. pylori induced
antibodies against parietal cells in the stomach, which
persisted after bacterial eradication and were linked to
intestinal metaplasia[102]. In support of these results, another study examined autoantibodies in infected patient
sera, revealing a prevalence of autoantibodies during
gastritis associated with gland destruction and stomach
atrophy[103]. There has also been indication of diseasespecific autoantibodies induced by H. pylori infection. A
study in duodenal ulcers showed that autoantibodies impair gastric secretory functions[104]. Decreased acid secretion, but increased gastrin were seen along with increased
gastritis. This was shown in 20% of duodenal ulcer patients coupled with a more severe disease manifestation.
Likewise, detrimental effects of autoantibodies have been
seen in gastric cancer as well. In a small panel of gastric
cancer patients, spleen cells were isolated, immortalized
with human hybridoma technologies, which allowed for
characterization of 11 H. pylori induced autoantibodies
that reacted with gastric cancer cell specific proteins[105].
Several of these antibodies stimulated gastric cancer cells
to proliferate, interestingly enough, in contrast to normal
epithelial cells. These studies represent an intriguing aspect to H. pylori immune evasion in humans that may still
require further investigation to clarify the mechanisms
involved.

GENOMIC DIVERSITY IN IMMUNE
EVASION
H. pylori is one of the most genetically diverse bacterial
species. Initial insights into this diversity were apparent
when the first strains of H. pylori were first sequenced.
When 26695 and J99 H. pylori strains were compared at
the genome level, it was observed that 6% of the genome
represented strain specific genes, which are mostly located in a region now referred to as the plasticity zone[106].
Since then, multiple other strains have supported the
observation that such diversity occurs at the size of the
genome, gene arrangement and alleles. The extensive genetic diversity of H. pylori is the result of high mutation
rates and high recombination frequency[107,108]. An important virulence factor of H. pylori is encoded in a 37-kB
segment of DNA referred to as the cag PAI. Since it was
discovered, cag PAI is perhaps the most studied region of
the H. pylori genome. An array of H. pylori isolates have
been noted to differ in the rate with which they have the
cag PAI in their genome[109], which was recently supported
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by a study that included 877 isolated from diverse populations and which highlighted the variability in the carriage
of cag PAI by H. pylori strains. This cag PAI mostly encode
an array of structural constituents of a bacterial T4SS in
addition to a 128 kDa effector protein, CagA. When H.
pylori adheres to GECs, CagA is translocated via the T4SS
into the host cell cytoplasm where it becomes phosphorylated by host cell kinases and interacts with various signaling proteins[110,111]. As a result of the multiple interactions of CagA with host cell signaling proteins, multiple
processes are affected leading to cell transformation. This
effector protein also has a significant level of diversity,
particularly in the C-terminal EPIYA repeat motifs where
CagA is phosphorylated once it is inside the host cell.
These EPIYA motifs differ between Asian and Western
isolates. An interesting study of H. pylori isolates from
experimentally infected mice and non-human primates
showed that they have rearrangements in CagY of the
T4SS[112], which in turn result in gain or loss of function
in the H. pylori T4SS. These observations may be reflective of the overall variability in H. pylori strains, which in
turn contribute to immune escape and the establishment
of chronic infection.

IMMUNE SYSTEM BASED THERAPY
To get an effective immune response against H. pylori,
T cells must be activated into an effector state. Costimulatory and inhibitory molecules regulates T-cell
activation, and works as “immune checkpoints”. H.
pylori have been shown to upregulate B7-H1 expression
and downregulate B7-H2 expression on GEC and,
thus, not only decrease the effector T cell response but
also alter T cell sub-population balances by increasing
Treg and decreasing Th17 cell numbers[63-65]. This novel
information may permit control H. pylori infection by
targeting the inhibitory receptor/ligand axis. The antiPD-1 monoclonal antibody nivolumab, (also known as
MDX-1106 or BMS-936558) and lambrolizumab have
already been used in a phase Ⅰ trial and have shown
promising results in patients with melanoma and other
cancers[113-115], and conceivably could have an effect in
the outcome of H. pylori infection and/or immunization.
Since we have shown previously that H. pylori uses
mTOR/p70 S6 kinase pathway to downregulate B7-H2
expression [65], another approach to control H. pylori
could involve the use of rapamycin, which inhibits this
pathway. Analogues of this drug have been used already
and shown promising results in renal cell carcinoma and
breast cancer treatments[116]. The immune modulatory
properties of this bacterium could be exploited therapeutically to control other diseases. For example, recombinant HP-NAP has been shown to be beneficial in the
treatment of allergic diseases and immunotherapy of
cancer due to its ability to induce Th1 responses. It was
shown to inhibit the growth of bladder cancer[117]. HPNAP has also been used as an immune modulating agent
to suppress Th2 responses in allergic asthma and Trichi-
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nella spiralis infection[118,119].

8

CONCLUSION
H. pylori has been co-existing with human host for at least
30000 years[120]. During this long time of co-existence
the bacteria has undergone evolutionary adaptation and
established a comfortable niche in the human host. Unlike most other pathogenic bacteria which are cleared by
the host adaptive immune response, H. pylori successfully
establishes a persistent infection in its host in spite of
the presence of vigorous innate and adaptive immune
response. H. pylori evolved an array of mechanisms to
evade both innate and adaptive immune responses. Host
mediated immune response not only fails to clear the
bacteria but also helps the bacteria for colonization by
proving increased availability of adhesion places such as
MHC Ⅱ and CD74, both of these components are induced by IFN-γ and IL-8 during H. pylori infection[121,122].
H. pylori virulence factors VacA, HP-NAP, Cag T4SS
have been shown to cause damage in the gastric epithelium which results in peptic ulcer or even gastric cancer,
if left untreated. Bacterial virulence factors together with
host factors determine the severity of disease. Though
multiple studies have examined how the bacteria interact with its host there is still a lack of clear knowledge
about how it avoids host mediated immune responses.
Furthermore little is currently known about the role of
T cell subsets in controlling H. pylori infection and associated immunopathogenesis, particularly in humans. A
better understanding of the mechanisms it uses to evade
or subvert host immune response is crucial to design a
therapeutic or a successful vaccine to eliminate this highly
prevalent and deadly pathogen.
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Abstract
The gastrointestinal epithelium has cells with features
that make them a powerful line of defense in innate
mucosal immunity. Features that allow gastrointestinal
epithelial cells to contribute in innate defense include
cell barrier integrity, cell turnover, autophagy, and innate

WJG|www.wjgnet.com

immune responses. Helicobacter pylori (H. pylori ) is a
spiral shape gram negative bacterium that selectively
colonizes the gastric epithelium of more than half of the
world’s population. The infection invariably becomes
persistent due to highly specialized mechanisms that
facilitate H. pylori ’s avoidance of this initial line of host
defense as well as adaptive immune mechanisms. The
host response is thus unsuccessful in clearing the infection and as a result becomes established as a persistent
infection promoting chronic inflammation. In some
individuals the associated inflammation contributes to
ulcerogenesis or neoplasia. H. pylori has an array of
different strategies to interact intimately with epithelial
cells and manipulate their cellular processes and functions. Among the multiple aspects that H. pylori affects
in gastric epithelial cells are their distribution of epithelial junctions, DNA damage, apoptosis, proliferation, stimulation of cytokine production, and cell transformation.
Some of these processes are initiated as a result of the
activation of signaling mechanisms activated on binding of H. pylori to cell surface receptors or via soluble
virulence factors that gain access to the epithelium. The
multiple responses by the epithelium to the infection
contribute to pathogenesis associated with H. pylori .
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Helicobacter pylori (H. pylori ) is a gram negative bacterium that colonizes the gastric epithelium of
more than half of the humankind. H. pylori use the gastric epithelial cells to manipulate the immune system
to favor their survival and proliferation. In this review
article, we focused on the mechanisms that facilitate
the interaction between H. pylori and gastric epithelial
cells, such as adhesion molecules, and we summarized
the array of highly relevant outcomes of this interaction
for the host.
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INTRODUCTION
The gastric epithelium consists of a monolayer of cells
covered by mucus and that invaginate in order to form
functional gastric glands or pits, which can be cardiac,
oxyntic and pyloric (Figure 1). Cardiac glands are located
closest to the esophagus and lined mostly by mucus secreting cells. The oxyntic glands in the fundus and corpus
of the stomach have (1) chief cells that produce pepsinogen; (2) parietal cells, which release hydrochloric acid
and intrinsic factor; and (3) enterochromaffine-like cells,
responsible for histamine release. Pyloric glands in the
antrum contain G and D cells responsible for gastrin and
somatostatin production, respectively.
Helicobacter pylori (H. pylori) colonization is mainly
limited to the antrum of the stomach, devoid of parietal
cells. Although gastric epithelial cells are responsible for
digestive processes, it is not their only function. A crucial
function of mucosal epithelial cells is to protect the underlying tissue from pathogenic microorganisms that may
access the lumen[1]. H. pylori is a gram-negative bacterium
that selectively colonizes the human gastric epithelium
of more than half of the world’s population. The most
common consequence of H. pylori infection is chronic
gastritis; however, chronic infection may lead to clinically
significant gastro-duodenal diseases[2]. In order to survive
and maintain the chronic infection, H. pylori employs
an assortment of mechanisms that aid its adaptation to
the harsh environment of the stomach. Different studies have shown the multiple effects that H. pylori has on
gastric epithelial cells, among which are induction of
apoptosis, cell proliferation, and destruction of epithelial
cell junctions[3]. The objective of this review is to discuss
the strategies that H. pylori uses to perturb the gastric
epithelial barrier that range from interactions of H. pylori
with the cell surface to virulence products that are either
translocated into the host cell cytosol or that are secreted
by H. pylori and activate signaling processes that in turn
promote specific responses by gastric epithelial cells.

MECHANISMS OF H. PYLORI ADHESION
TO THE GASTRIC EPITHELIUM
An essential step in the colonization by H. pylori and its
ability to mediate effects on the gastric epithelium is its
selective tissue tropism leading to the establishment of
intimate interactions with the epithelial surface. These
interactions are largely mediated via outer membrane
proteins (OMPs) that serve as adhesins. The H. pylori genome has more than 30 genes which encode OMPs that
are divided into Hop (Helicobacter outer membrane pro-
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teins) and Hor (hop-related) subgroups. The Hop group
of proteins contains H. pylori adhesion molecules such as
BabA, SabA, AlpA/B, HopZ and OipA[4].
BabA
The blood group antigen-binding adhesion BabA was
the first H. pylori adhesin discovered[5]. It facilitates the
adherence of H. pylori to Lewisb antigens (Leb), an ABO
blood group antigen that is expressed on the gastric mucosa. Binding of H. pylori to Leb on the epithelial surfaces
via BabA enhances the type 4 secretion system (T4SS)’s
ability to exert the pathogencity of H. pylori that includes
triggering production of proinflammatory cytokines[6],
a well-established response of the epithelium to the infection. Therefore, the expression of BabA adhesion is
closely associated with the onset of T4SS-related host
cell responses, since it increases the delivery of H. pylori
virulence factors and promotes inflammation[4].
SabA
H. pylori infection leads to an increase in gastric epithelial
expression of sialyl-dimeric-Lewisx glycosphingolipid.
This molecule serves as a receptor for the bacteria, which
uses sialic acid binding adhesion protein (SabA), an outer
membrane protein, to bind to sialyl-LewisX[7]. In the early
stages of infection, binding of BabA to Leb/ABO is essential, however, with increased inflammation, the expression sialyl-Lewisx antigen (sLex) also increases; thus, H. pylori SabA enhances the adherence to the inflamed gastric
mucosa. SabA expression switches “on” or “off ”, which
may suggest that SabA up-regulation, may be determined
by the shifting conditions of the stomach environment.
Interestingly, SabA expression is closely associated with
development of intestinal metaplasia, gastric atrophy and
gastric cancer in United States[8].
AlpA/B
AlpA and AlpB are two homologous genes that encode
OMPs involved in H. pylori adhesion[9]. Both AlpA and
AlpB proteins have been found to adhere to mouse laminin in an in vitro study[10], but no other adhesion receptor
for AlpA/B has been recognized. Our studies with human gastric epithelial cells confirmed by flow cytometry
that AlpA/B were involved in cellular adhesion and modulate proinflammatory intracellular signaling cascades[11].
This was confirmed when alpAB deletion mutants poorly
colonized the gastric mucosa of C57BL/6 mice and induced lower mucosal levels of KC and IL-6.
HopZ
The hopZ gene product is another H. pylori adhesin protein that is located at the bacterial surface[4]. HopZ was
described as a bacterial adhesin protein since the hopZ
mutant strain reduced adherence to AGS cells. Similar
to AlpA/B, the host binding receptor for HopZ is still
unknown. The hopZ gene is phase variable as a result of
a CT dinucleotide repeat in the region that codes for the
signal sequence[12]. The hopZ gene is also transcriptionally
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Figure 1 Helicobacter pylori colonization the antrum of the stomach. The gastric epithelium consists of a single layer of cells that invaginate in order to form cardiac, oxyntic or/and pyloric gland. Cardiac glands are located closest to the esophagus, while the oxyntic glands located in the fundus and corpus of the stomach and
contain chief cells, parietal cells and enterochromaffine-like cells (ECL). Pyloric glands which located in the antrum contain G and D cells. H. pylori colonization is only
limited to the antrum of the stomach.

regulated by changing pH[13] and by contact with gastric
epithelial cells[14].
OipA
The outer inflammatory protein A (OipA) is a 34kDa
cell surface protein encoded by the hopH gene and was
initially described as a promoter for IL-8 production
in T4SS-independent manner and increased inflammation[15]. OipA expression was shown to be controlled by
a slipped-strand repair mechanism related to the number
of CT dinucleotide repeats at the 5′ end of the gene and
is correlated with severe clinical outcomes, including
duodenal ulcer and gastric cancer[15,16]. Subsequent studies
showed that oipA mutant strains have reduced adherence
to gastric cancer cell lines, AGS and Kato-Ⅲ although
the host receptor for the OipA adhesion has not been
identified[15].

H. PYLORI VIRULENCE FACTORS THAT
AFFECT THE GASTRIC EPITHELIUM
Among the armamentarium of virulence factors expressed by H. pylori, in addition to the adhesins described
above, there are bacterial products that are translocated
into host epithelial cells via a type 4 secretion system
(T4SS) encoded within the cag pathogenicity island (cag
PAI) as well as factors that are secreted by H. pylori and
exert their effects independently of the intact bacteria
interacting with the epithelium. In fact, it has been estimated that at any given time only 20% of the colonizing
bacteria are in direct interaction with the epithelium[17].
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Cag PAI
The H. pylori cag pathogenicity island (PAI) is perhaps
the most studied virulence factor. Cag PAI consists of
a cluster of 31 genes, most of which code for a T4SS.
The T4SS is in essence a needle-like structure that penetrates the epithelial cell membrane and translocates H.
pylori products into epithelial cells. One of the products
injected is the effector protein CagA[18], which is encoded at one end of cagPAI and does not seem to have
homologues in other bacterial species. CagA is perhaps
the most virulent factor associated with H. pylori and its
presence in an infecting strain is regarded as a risk factor
for peptic ulcer disease and gastric cancer. Once CagA is
delivered into host epithelial cells, it undergoes tyrosine
phosphorylation at Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs
in the C terminus by Src and Abl kinases[19-21]and initiate
signaling events described below in detail. There are four
major types of EPIYA motifs (A, B, C, and D) based on
the specific amino acid sequence bordering the EPIYA
motif on both sides[22]. EPIYA-A, EPIYA-B and EPIYA-C motifs in tandem are found in “western strains”
while CagA with EPIYA-A, EPIYA-B and EPIYA-D
motifs are found in “East-Asian strains”[23]. It should be
pointed out that these motifs contribute to the polymorphism in the C-terminus of the protein and are found as
tandem repeats ranging in number from one to seven[24].
The quantity of EPIYA motifs is proportional to the
levels of phosphorylation and the effects seen in epithelial cells[25], which will be described in detail below. These
properties of CagA and its role in pathogenesis are well
known and accepted by experts in the field.

12769

September 28, 2014|Volume 20|Issue 36|

Alzahrani S et al . H. pylori and gastric epithelial cell interactions

In addition to the CagA protein, bacterial cell wall
components such as peptidoglycan or muropeptides are
also translocated via the T4SS into host epithelial cells.
H. pylori peptidoglycan is, in turn, recognized by NOD1,
an intracellular pathogen-associated molecular pattern
(PAMP) recognition receptor that senses peptidoglycan
which induces NF-κB activation and upregulation of
proinflammatory immune responses[26].
Recently, various reports have brought to light the
function of CagL, another cag PAI encoded protein[27-30].
Early researches defined CagL as a gene that is necessary for CagA delivery, therefore it was considered as a
component of T4SS. More recently, it was identified as
one component of pilus structures that develop at the
interface between gastric epithelial cells and H. pylori[28].
Importantly, CagL enhances the binding of the T4SS to
a5β1 integrin receptor on gastric epithelial cells[27,30]. Other Cag proteins, such as CagY, CagI and CagA can also
bind to integrin[31]. This binding result in cellular alterations, some of which are described below, such as, cell
spreading, formation of focal adhesion, and activation of
tyrosine kinases[28]. In light of this important properties
by these more recently described products of cag PAI,
they represent interesting targets for translational studies
in the development of a vaccine.
VacA
The vacuole-inducing toxin (VacA) is major H. pylori
secreted protein without a known homologue in other
bacterial species. VacA is initially made as a 140 kDa protoxin containing an N-terminal signal peptide, a central
region that forms the toxin and a C-terminal domain
responsible for transport function. After processing,
the central region (about 88 kDa), which is the mature
virulent form of the toxin, is secreted and further processed into two subunits of 33 (A subunit) and 55 kDa (B
subunit), respectively. It has been suggested that the p33
form is the pore forming subunit, while the p55 form
was initially regarded as the cell binding component[32,33].
However, now both subunits are known to contribute
to both binding and vacuole formation[34,35]. The exact
mechanism of entry is still in question as multiple receptors have been proposed, but binding to sphingomyelin
appears to aid in the process[36].
Although all strains of H. pylori have the vacA gene,
there is a great deal of diversity in the gene, which includes three regions: signal (s), mid-(m) and intermediate
(i)-regions. There are two allelic types for each region and
most virulent strains have the s1, i1, and m1 alleles, which
are associated with the highest risk of gastric adenocarcinoma[37,38].
Urease
H. pylori urease is possibly the most abundant protein expressed by the bacteria as it represents 10% of the total
protein by weight[39]. Urease is a high molecular weight
multisubunit enzyme made of two subunits A and B that
have molecular weights of 29.5 and 66 kDa, respective-
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ly[40,41]. The enzyme is actually a dodecameric aggregate
containing six of each of the subunits resulting in a molecular weight of close to 600 kDa. Urease is best known
for its enzymatic activity leading to the hydrolysis of urea
into ammonia and bicarbonate, which help buffer the pH
in the local microenvironment.
Urease also acts as an adhesion as it binds directly to
both class Ⅱ major histocompatibility complex (MHC)
molecules and CD74[42,43]. Additional support for the role
of urease as a bacterial adhesin was obtained by independent studies showing that urease mutants could not colonize even in hypochloridic conditions where gastric pH
was maintained at neutrality[44]. Yet another study showed
that as much as 50% of the urease activity is recovered
from the surface of the bacteria where it could serve as
an adhesin[45]. Because of these properties, urease has
been a target for vaccine design that has been included
in clinical trials, which unfortunately had disappointing
results.
High temperature requirement A
HtrA is a recently described secreted product of H. pylori
that has enzymatic activity[46]. HtrA has been shown to
possess serine protease activity and one of the substrates
on which it acts is on the adhesion molecule E-cadherin[46,47]. It cleaves the ectodomain of E-cadherin and
proteolysis of E-cadherin contributes to disruption of
adherence junctions. Thus, HtrA disrupts epithelial barrier integrity and permits H. pylori to invade the intercellular
space between epithelial cells. Interestingly, the E-cadherin
ectodomain that is released is a key prognostic indicator
in gastric cancer[48], but more work is warranted to better
understand this virulence factor and its role in disease and
as target for intervention. Although a substantial body of
work on the adhesins described above and the virulence
factors listed has led to a greater understanding on the
pathogenesis of H. pylori, much work is still needed on
these and other yet uncharacterized virulence factors in
order to develop a, thus far elusive, anti-H. pylori vaccine.

EPITHELIAL CELL SIGNALING INDUCED
BY H. PYLORI
One of the outcomes of infection with H. pylori subsequent to its interaction either directly or indirectly via its
soluble products is the activation of an array of epithelial
cell signaling pathways. The various signaling pathways
that are deregulated or activated by H. pylori will be described in this section with a brief introduction on their
consequences for the host cell, and the corresponding
cellular responses will be described in detail in the last
section of this review.
Perhaps the best studied signaling pathways affected
by H. pylori correspond to those affected by cag PAI
positive strains of H. pylori, since those strains are more
virulent and induce significant inflammatory responses.
CagA as well as muropeptides are translocated into the
host epithelium via the T4SS. They then trigger several
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intracellular signaling pathways that result in epithelial cell
gene expression as well as the production of proinflammatory cytokines and chemokines. A central mediator in
the expression of these cytokines/chemokines is NF-kB,
a transcription factor that is the convergence point for
multiple pathways activated by H. pylori. In addition to its
role in inducing proinflammatory cytokines/chemokines,
one of its target genes Bcl-XL can suppress the mitochondrial apoptosis pathway which may lead to unregulated proliferation. Crabtree and Naumenn summarized
the overall effects of cagPAI translocated products in the
sequential activation of the IKK complex, JNK, p38 kinase, NF-kB, and AP-1 in gastric epithelial cells[49].
After CagA is transported into the GEC cytoplasm
and undergoes phosphorylation at the EPIYA motifs by
Src-family kinases. It then deregulates multiple signaling
pathways that affect host cell shape and adhesion, as well
as cell transformation. The type of EPIYA motif phosphorylated appears to determine the molecule that is then
bound. CagA phosphorylated at EPIYA-C or -D binds to
and activates SHP-2 phosphatase[50]. SHP-2, in turn, activates the mitogen-activated protein kinase (MAPK) and
extracellular signal regulated kinase (ERK) pathway as
well as dephosphorylates and inactivates focal adhesion
kinase, FAK. This tyrosine kinase regulates the turnover
of focal adhesion spots[51] and its inhibition leads to the
elongated cell shape typical of the hummingbird cell phenotype. Interestingly, phosphorylation of EPIYA-A and
EPIYA-B motifs leads to CagA binding to and activation
of Csk kinase[52]. Activation of Csk, in turn, inhibits Src
in a negative feedback loop. The EPIYA-B motif when
phosphorylated can bind phosphatidylinositol 3-kinase
(PI3K) whose activation results in stimulation of phosphatidylinositol-dependent kinase 1 that phosphorylates
and activates AKT[53,54]
The unphosphorylated form of CagA is able interact
with a number of intracellular proteins and those associations exert an array of responses ranging from proinflammatory, mitogenic responses, disruption of cell-tocell junctions and loss of gastric epithelial cell polarity.
Perhaps the first interaction partner of unphosphorylated
CagA is the adapter protein growth factor receptor
bound 2 (Gbr2)[55], which in turn complexes with SOS to
promote Ras-GTP formation and activation of MAPK/
ERK signaling pathway. Unphosphorylated CagA can
damage the barrier function of the epithelium by interacting with the scaffolding protein ZO-1 and the junctional
adhesion protein (JAM), which are essential components
of tight junctions, by mechanisms that will be detailed
below. By disrupting the tight junctions H. pylori gains
access to epidermal growth factor receptors (EGFR) as
well as Her2/Neu on the basolateral membranes. CagA
may also activate the calcium-dependent serine/threonine phosphatase calcineurin, which promotes mobilization of the nuclear factor of activated T cells (NFAT)
from the cytoplasm into the nucleus of gastric epithelial
cells. NFAT in turn activates a number of genes, such as
p21Cip1, a cyclin-dependent kinase inhibitor[56]. CagA
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also induces cell scattering, also referred to as the “motogenic response”, by binding to the hepatocyte growth
factor/scatter factor receptor, c-Met[57]. This mechanism
is mediated via cag PAI-dependent activation of RhoGTPases Rac1 and Cdc42. In addition, this response involves ERK1/2 and MEK1/2 activation via extracellular
H. pylori signaling[58,59]. Downstream effects of binding
to the c-Met receptor include tyrosine phosphorylation
of Grb2-associated binder 1 (Gab1), which leads to activation of several intracellular signals like Grb2, PI3-K,
PLCγ, and SHP-2. An additional signaling response that
appears to depend on CagA is β-catenin translocation[60].
β-catenin is a proto-oncogene that has been shown to
have numerous binding partners and plays multiple roles
in cellular functions.
Since cells must undergo a highly regulated process to
grow, an important question lies in the interaction of H.
pylori and its mediators with those proteins that regulate
the cell cycle. In vitro studies showed that cyclin D1, which
controls the transition between G1 and S in the cell cycle
in combination with CDK4 or CDK6 (2), is induced
by H. pylori in a partially cag PAI-dependent manner (1).
This then leads to increased proliferation of gastric epithelial cells. As will be described in detail below, another
important effect of H. pylori infection is the ability of cag
PAI+ strains to affect the balance between proliferation
and apoptosis, particularly because of the role of cagPAI
in triggering Fas-dependent apoptosis, reduction of Bax
(pro-apoptotic factor), and overexpression of Bcl-2[61,62]
VacA referred above as a vacuolating toxin uses the
55 kDa B subunit to bind to PTP-β (aka Ptprz), a tyrosine phosphatase receptor, leading to phosphorylation
of the G protein-coupled receptor kinase-interactor 1
(Git1). This has been shown to promote ulcer formation
in mice. Other studies have shown that VacA binds both
PTPα and PTPβ and this results in enhanced vacuole
formation[63]. Lastly, VacA can also lead to apoptosis via
the caspase-3 pathway because VacA form channels that
lead to release of cytochrome c release.
There are signaling processes initiated in gastric epithelial cells during infection with H. pylori that are not the
direct result of a virulence factor, but that are triggered
by the binding of H. pylori to receptors on the surface
of gastric epithelial cells. Two notable receptors used by
H. pylori that are known to deliver intracellular signals
include CD74 and class Ⅱ MHC molecules[42,43,64,65]. Class
Ⅱ MHC molecules, when engaged, have been shown to
involve several intracellular signaling processes, ranging
from activation of phospholipase C (PLC), the kinases
PKC, Src and Syk, to the mitogen activated kinases p38
and Erk[66],and one of the outcomes is stimulation of
proinflammatory cytokine secretion and delivery of proapoptotic signals. Recent studies suggest that class Ⅱ
MHC molecules crosstalk with TLR receptors by amplifying their signals following association of MHC class Ⅱ
with the costimulatory molecule CD40 and Btk, a tyrosine kinase, in the endosomes of TLR stimulated cells[67].
However, this has not been examined in the context of H.
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pylori infection. CD74-initiated signaling has been better
studied and it has been shown to activate transcription
mediated by the NF-κB p65/RelA homodimer and its
coactivator, TAFⅡ105[68]. In contrast to class Ⅱ MHC,
CD74 activates proliferation and prosurvival pathways[69],
as it induces BCL-XL transcription. Our group has
shown that H. pylori CagA induces gastric epithelial cell
production of migration inhibitory factor (MIF)[61]and
MIF, which uses CD74 as a receptor, induces the NF-κB,
Erk1/2, and AP-1 signaling pathways[70-72]. Our studies
showed that the H. pylori urease B subunit alone, after
binding to CD74, induced NF-κB activation and IL-8
production[42]. Although preliminary, these are important
insights that could be exploited in intervention against
H. pylori infection. Thus, additional research in this area is
warranted.
One last important outcome of epithelial cell signaling induced by H. pylori is the transactivation of EGFR
in gastric epithelial cells. There are several proposed
mechanisms by which this may occur. The first is via
“extracellular transmembrane cleavage or proHB-EGF
followed by signaling of HB-EGF.” Cleavage is achieved
via ADAM family metalloproteinases that are zinc dependent. Another possible mechanism is via NADPH
oxidase forming ROS, leading to EGFR transactivation.
This transactivation occurs in both cag PAI positive and
negative strains. In addition, H. pylori expresses a γ-gluta
myltranspepetidase that may be “an upregulator of HBEGF in gastric epithelial cells.” ADAM family proteins
are also involved in EGFR transactivation pathways involving IL-8, PGE2, gastrin, and oxidative damage from
tobacco smoke.
Understanding of the different signaling pathways activated during the infection with H. pylori is important not
only in understanding disease mechanisms, but also in
defining potential therapeutic targets as suggested above.

EFFECT OF H. PYLORI ON GASTRIC
EPITHELIAL CELL
The induction of host epithelial signaling pathways by
H. pylori attachment or via soluble mediators has multiple consequences on the gastric epithelium that range
from epithelial barrier function to proinflammatory and
procarcinogenic processes, some of which are described
here in detail. Another major consequence of the deregulation/activation of epithelial signaling pathways is the
subversion of mechanisms important in host immune responses and impaired immunity contributes to the chronicity, which is a hallmark feature of the infection and is
reviewed elsewhere in this issue.
Disruption of epithelial cells barrier by H. pylori
Epithelial cells form a barrier between the lumen and
interstitial space. Apical junctions are critical in maintaining essential epithelial cells functions, such as maintaining apical-basolateral cell polarity, cell-cell adhesion, cell
proliferation, and cell movement[73]. The overall integrity
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of the epithelial barrier depends on cell-cell sealing,
which is maintained by four types of junctions including tight junctions, desmosome junctions, gap junctions
and adherens junctions. Tight junctions are multiprotein
complexes and represent the most common type of junction in the lumen. They are important in regulating diffusion across the epithelium. Tight junctions consist of
different scaffolding proteins such as zonula occludens
(ZO)-1, junctional adhesion molecules (JAM)-1, claudin,
and occludin (Figure 2). Tight junctions are the targets
for several bacterial pathogens. Some bacteria open the
cell-cell junctions, while other bacteria disorganize the
epithelial cell polarity, expose the basolateral surface and
cause leaks at the epithelial lining.
H. pylori disrupts epithelial cell-cell junctions, cell
polarity as well as cell proliferation via binding to the
epithelial cell receptors and stimulation of different signaling pathways. H. pylori strains possessing cag PAI, and
thus expressing T4SS, use the T4SS to translocate CagA
which after phosphorylation by Src family kinases binds
to and activates SHP-2 phosphatase leading to multiple
cellular responses. Among the multiple effects that activated SHP-2 phosphatase has on gastric epithelial cells
is the alteration of the tight junctions and adherens
junctions of epithelial cells[74]. CagA contributes to these
alterations through interactions with different junction
proteins that include E-cadherin, ZO-1 and JAM, thus
affecting the normal epithelial architecture and the normal function of both tight and adherent junctions[73].
β-catenin is localized at cell-cell junctions via interaction
with E-cadherin, which is a transmembrane protein. The
E-cadherin/β-catenin complex has an essential role in
epithelial cell-cell interaction and maintaining the normal
architecture of epithelial cell tissue. However, during
H. pylori infection translocated CagA destabilizes the
E-cadherin/β-catenin complex, in a phosphorylation
independent manner[75]. The mechanism whereby CagA
destabilizes the E-cadherin/β-catenin complex is still unclear, but it has been suggested that CagA may compete
with β-catenin for binding with E-cadherin. Also, CagA
may be connected with E-cadherin indirectly through
another component of the apical-junction complex, and
this connection disturbs the E-cadherin/β-catenin complex. Disturbance of the E-cadherin/β-catenin complex
formation by the interaction of CagA with E-cadherin
leads to the release of E-cadherin from the adherent
complex, buildup of β-catenin at the cytoplasm and the
nucleus, and activation of β-catenin-mediated signaling
that induces transformation of gastric epithelial cells[75]
(Figure 2). In addition, a study to localize the tight junction scaffolding protein ZO-1 in CagA-expressing cells
indicated that translocated CagA was associated with mislocalization of ZO-1 to the basolateral membrane[76-78]. In
addition to the inducing epithelial junctional defects, H.
pylori CagA can also cause polarity defects via interaction
with PAR1/MARK kinase, which preserves the polarity
of epithelial cells. Partitioning-defective 1 kinases (PAR1)
play an important function in sustaining the polarity of

12772

September 28, 2014|Volume 20|Issue 36|

Alzahrani S et al . H. pylori and gastric epithelial cell interactions

CagPAI

CagA translocation

Claudins
Tight
junction

JAM
Occludin
PAR1b
Adherens
junction

Cadherins
Catenins

Cell-cell
junctional
complex

Distribution of tight and
adherens Junctions

Nucleus

Mitogenic signaling
P120

Gap
junction

β-cat

Figure 2 Dysregulation of epithelial junction by Helicobacter pylori. Intercellular junctions include tight junctions, adherens junctions, and gap. Tight junction consists of important Integral membrane proteins, such as occludin, claudins, and junctional adhesion molecules (JAMs), while adheren junction consists of Catenins and
Cadherins. Helicobacter pylori (H. pylori) interact with cell-cell junctions and disrupt the polarity of polarized epithelial cells. Translocated CagA binds to PAR1b and
inhibits its activity and blocks its phosphorylation by atypical protein kinase C, eventually causing junctional and polarity defects. CagA interacts with E-cadherin leads
to the release of E-cadherin from the E-cadherin/β-catenin adherent complex, results in buildup of β-catenin at the cytoplasm and nuclear translocation of β-catenin
and p120, and activation of β-catenin-mediated signaling that induces transformation of gastric epithelial cells. CagPAI: Cag pathogenicity island.

epithelial cells through phosphorylation of microtubuleassociated proteins (MAPs). PAR1 has to be released
from the tight junction to maintain the epithelial polarity.
The dissociation of PAR1 from tight junctions occurs
via atypical protein kinase C (aPKC), which binds and
phosphorylates PAR1 at tight junctions. Thus, releasing
of PAR1 from the membrane inhibits the penetration of
PAR1 to the apical membrane. However, during H. pylori
infection translocated CagA binds to PAR1b[79], which
is one of four members of the PAR1 family of kinases,
and inhibits its activity and its phosphorylation by aPKC,
eventually causing junctional and polarity defects[78] (Figure 2). The resulting disruption in epithelial cell polarity appears to be a mechanism employed by H. pylori to
enhance its survival and growth as it permits H. pylori to
usurp the cell surface as a place for its growth[80].
Induction of gastric epithelial cell apoptosis by H. pylori
Continued and rapid turnover of epithelial cells is considered an innate host defense mechanisms provided
by the epithelium as it contributes to reduced bacterial
colonization. Since H. pylori inhabits the apical surfaces
of gastric epithelial cells, to maintain a persistent infection H. pylori employs different mechanisms that favor its
growth and survival. For instance, the imbalance between
the epithelial turnover and proliferation could facilitate
the H. pylori colonization and survival[81]. Several studies
have shown that the development of H. pylori-associated
gastric diseases during chronic infection involve redistribution of the equilibrium between the proliferation and
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the turnover of gastric epithelial cells[82]. Apoptosis is a
highly conserved and regulated process in both healthy
and inflamed tissue. It helps maintain tissue homeostasis
by removing aged, damaged and infected cells from the
tissues[83]. H. pylori elicits apoptosis of gastric epithelial
cells in order to stimulate the cells proliferation as a
compensatory mechanisms[84,85] and H. pylori was found
to be able to regulate these processes in order to utilize
the epithelial cells as a niche for their replication[82,86]. For
instance, one study detailed below reported that H. pylori
infection triggers pro-survival mechanisms (p-ERK) as
well as an antiapoptotic protein (MCL1) in the gastric
epithelium of infected gerbils in order to block apoptosis
and thus enhance colonization by H. pylori[82].
As indicated above, enzymes (i.e., urease, phospholipases) and VacA that are released by H. pylori cause damage the gastric mucosa, and stimulate the inflammatory
and immune responses that also contribute to epithelial
cell apoptosis. The inflammatory response results in the
production of a significant level of free radicals by neutrophils, which damage the DNA of epithelial cells while
the immune response via production of TH1 cytokines
(such as TNF-a and IFN-g), which further damage the
DNA of gastric epithelial cells, and induce apoptosis[3]. H.
pylori express different adhesion molecules that aid their
attachment to the epithelial surface and the overlying
mucosa. As introduced earlier, one of those adhesions
involves urease on the surface of H. pylori, which upon
binding to class Ⅱ major histocompatibility complex
(MHC) molecules also stimulates apoptosis of gastric
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epithelial cells[43,64]. Interestingly, IFN-γ by Th1 cells in
the infected gastric mucosa enhances apoptosis induction
by increasing the density of class Ⅱ MHC molecules on
the surface of gastric epithelial cells to which H. pylori can
bind and trigger apoptosis[64].
Paradoxically, H. pylori also has been shown to promote survival or anti-apoptotic mechanisms in gastric
epithelial cells. After H. pylori translocates CagA via T4SS,
CagA, through the signaling cascades activated inside
gastric epithelial cells, induces activation of various transcription factors such as, NF-κB, NFAT, serum response
factor, and T cell factor/lymphoid enhancer factor[73,74,87].
Stimulation of these transcription factors leads to an increase in Cyclin D1 production in epithelial cells leading
to their proliferation[88]. As mentioned earlier, a study that
used a Mongolian gerbil model of infection to elucidate
the effect of H. pylori on gastric epithelial cells renewal
showed that H. pylori could actually suppress apoptotic
processes of gastric epithelial cells, which when uninfected are usually shed every 2-3 d, and in delaying this
shedding colonization by H. pylori is favored. In that
study, they orally administered etoposide, an inducer of
epithelial cell apoptosis. The delivery of CagA was noted
to up-regulate MCL1, an anti-apoptotic protein, and the
pro-survival MAPK ERK1/2 in the gastric pits. These
results gave insights on the role of CagA in suppression
of epithelial cells turnover while also stimulating their
proliferation, which is a key strategy used by H. pylori to
persist[82]. Our group showed that another mechanism
used by H. pylori to induce gastric epithelial cells proliferation involved the induction of macrophage migration
inhibitory factor (MIF) production by gastric epithelial
cells[42]. Gastric epithelial cell proliferation was induced as
a result of MIF binding to CD74, whose expression increases during infection and is polarized toward the apical
surface where H. pylori may engage CD74 molecules[65,89].
Interestingly, through the use of cagA- knockout H. pylori
in conjuction with wild type strains, MIF production by
infected gastric epithelial was found to depend on CagA.
MIF, in turn led to decreased p53 phosphorylation as
well as increased BCL-2 expression, both of which are
anti-apoptotic processes[61]. Furthermore, a recent study
showed that the N-terminus of CagA interacts with the
tumor suppressor apoptosis-stimulating protein of p53
(ASPP2) and in doing so inhibits apoptosis[4]. In that
study, it was observed that during H. pylori infection the
N-terminus of translocated CagA interacts with ASPP2.
After CagA hijacks ASPP2, it is altered and recruits and
binds to p53, and eventually leads to proteasomal degradation of p53. Thus, this represents another mechanism
whereby CagA causes the infected gastric epithelial cells
to become more resistant to the natural cell turnover.
Cytokines secretion
A hallmark of the infection of the gastric mucosa with
H. pylori is the secretion of multiple proinflammatory cytokines, several of which are secreted by gastric epithelial
cells. These cytokines, in turn, play significant roles in the
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development of gastroduodenal diseases associated with
H. pylori infection. One of the earliest cytokines reported
to be produced by the infected gastric epithelium is interleukin (IL)-8[90-93]. It is well accepted that H. pylori increases the IL-8 expression both in vivo and in vitro[91]. This
production of IL-8 was linked to the expression of CagA
by the infecting strains[90] and is associated with the recruitment of neutrophils. Other cytokines reported to be
produced by the infected gastric epithelium include IL-6,
tumor necrosis factor alpha (TNF-α)[94], IL-1β, IL-1α,
granulocyte-macrophage colony-stimulating factor (GMCSF), monocyte chemoattractant protein-1 (MCP-1)[95],
MIF[61] and TGF-β[42] (Figure 3). While this may not be an
exhaustive list, it shows the ample repertoire of cytokines
that originates from infected gastric epithelial cells, which
is a well-known response to the infection.
As the understanding of underlying mechanisms responsible for proinflammatory cytokine production during infection with H. pylori is key in gaining important insights into pathogenesis and potential targets for therapy,
various efforts have been directed at characterizing the
virulence factors that are linked to cytokine induction.
Various studies have examined the response of human
gastric epithelial cells to purified H. pylori urease, since it
is the most abundant protein produced by the bacteria.
One of those studies reported that H. pylori urease induces the production of IL-6 and TNF-α by gastric epithelial cells[94]. Interestingly, mucosal IL-6 and TNF-α had
been found years earlier to be increased in patients suffering from H. pylori chronic gastritis[96]. In more detailed
studies to map the domain on urease inducing IL-8, the
urease B subunit alone was found to induce the activation
of NF-κB and IL-8 production subsequent to binding
to CD74 on gastric epithelial cells[42]. As CagA has multiple effects on signaling processes once it is translocated
into the host epithelium, it is not surprising that it also
has been shown to stimulate cytokine production. Early
investigations correlated IL-8 production with CagA protein expression by H. pylori[90,97]. In a detailed comparison
of H. pylori strains that lack CagA protein with those that
express the protein, CagA positive strains were reported
to induce higher levels of IL-8 mRNA and IL-8 protein
expression by gastric epithelial cells[90]. In a more recent
study the cag PAI and OipA were examined for their role
in IL-6 secretion by gastric epithelial cells and both virulence factors were found to increase the levels of IL-6
production by MKN-28 gastric epithelial cells through
different pathways[98]. Remarkably, in one recent careful
study to examine cytokine secretion by gastric epithelial
cells that, unlike monocytes or lymphocytes, are polarized, cytokine secretion was reported to be polarized to
the basolateral compartment, which is where the cells
that would be affected by the cytokines are located[99].
While some of the cytokines produced by the gastric
epithelium are induced directly by H. pylori virulence factors, it is important to keep in mind that in vivo there is a
complex network of interactions, some of which include
factors from other cells that infiltrate the infected gastric
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Figure 3 Cytokines production by gastric epithelial cell during Helicobacter pylori Infection. Helicobacter pylori (H. pylori) leads to production of proinflammatory cytokines by gastric epithelial cells (GECs). Interactions between the translocated cagA and gastric epithelial cells lead to activation of nuclear factor (NF)κB, alteration in gene transcription in the GECs, and secretion of IL-8 by GECs, which leads to recruitment of neutrophils. H. pylori urease induces the production
of IL-6 and tumor necrosis factor alpha (TNF-α) by GECs. Other cytokines secreted by GECs during H. pylori infection such as, TNF-α, IL-1β, IL-1α, granulocytemacrophage colony-stimulating factor, monocyte chemoattractant protein-1 (MCP-1), migration inhibitory factor and tumor growth factor (TGF)-α.

mucosa. Initially, the adaptive response was considered as
a polarized Th1 response; however, more recently other
CD4+ T cell subsets have been reported in the infected
mucosa. One of those subsets are Th17 cells, which are
key in immune defense against extracellular bacteria, but
are also commonly found in multiple inflammatory processes[100,101]. Interleukin-17 (IL-17) RNA transcription
and IL-17 secretion have been found to increase in the
human gastric mucosa during H. pylori infection and its
expression is up-regulated in animal stomach after 3 wk
of infection and its level elevated up to 12 mo post infection[102]. An animal study that used Mongolian gerbils as
a model confirmed the in vivo increased expression of
IL-17 mRNA, especially during the chronic phase of H.
pylori infection[103]. Since gastric epithelial cells express
IL-17 receptors, IL-17 interaction with its receptor stimulates the epithelial cells to produce IL-8; thus confirming
that gastric epithelial cells serve as important contributors
for IL-17 and IL-8 synthesis during H. pylori infection[102].
Furthermore, IL-21 and IL-23, which are cytokines that
induce and sustain IL-17 production, are found to be
upregulated in the gastric mucosa of patients infected
with H. pylori. IL-23 expression does not appear to be associated with CagA protein, but it certainly plays a role in
sustaining production of IL-17[102,104].
Pro-carcinogenic responses
One of the well accepted and significant clinical outcomes of H. pylori infection is gastric adenocarcinoma.
Gastric cancer (GC) remains the second leading cause
of cancer-related deaths and close to one million people
succumb to GC on an annual basis. When diagnosed, the
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5 year survival rate of GC patients is 15%[105]. Because of
the clear evidence collected linking H. pylori to GC[106].,
H. pylori is the first bacterium to have been classified as
a class Ⅰ carcinogen. As the infection typically results
in chronic gastritis and inflammation has been linked to
cancer development[107], this has been one of most accepted general mechanisms linking the infection to GC.
However, not everyone who is infected develops GC. In
fact, it has been reported that approximately 1%-3% of
those who are infected develop GC while about 10% develop peptic ulcer disease[106]. There are two histologically
distinct types of GC. The first is a diffuse type of GC
comprised of individual infiltrating neoplastic cells that
fail to form glandular structures. The second type is an
intestinal type GC that results from the transition of normal mucosa to chronic superficial gastritis, followed by
atrophic gastritis, intestinal metaplasia, and eventual dysplasia and adenocarcinoma[108]. Another neoplasia that is
linked to infection with H. pylori is a non-Hodgkins type
or mucosal associated tissue lymphoma (MALToma). Although H. pylori strains carrying cagA represent an important risk factor for GC development, GC development is
thought to be the result of a multifactorial process that
is orchestrated to include an array of etiological factors
as well as several genetic and epigenetic modifications.
As far as H. pylori virulence factors is concerned, CagA
was reported to interact with E-cadherin and causing
deregulation of β-catenin signaling and this stimulated
intestinal transdifferentiation of gastric epithelial cells, a
premalignant event from which gastric adenocarcinoma
develops[75]. Also, a study in which CagA alone was transfected into human gastric epithelial cells showed that H.
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pylori CagA targets PAR1 and CagA-PAR1 interaction
causes junctional and polarity deficits that free cells from
growth-inhibitory cues and thus foster carcinogenesis[78].
A separate study by an independent group, using the
transfection approach, also showed that CagA interacted
with E-cadherin and induced cytoplasmic/nuclear accumulation of β-catenin by preventing its membrane
association, in turn activating β-catenin signaling[75]. That
same study showed that CagA-transfected cells expressed
intestinal-specific molecules as a sign of intestinal transdifferentiation of gastric epithelial cells. Perhaps the most
revealing study demonstrating the oncogenic potential
of CagA was an in vivo study showing that genetically
modified mice made to express CagA developed gastrointestinal and hematological malignancies[109]. Mice
expressing wild type CagA developed gastric epithelial
hyperplasia and some mice had gastric polyps as well as
gastric and intestinal adenocarcinomas. Some of those
CagA transgenic mice developed myeloid leukemias and
B cell lymphomas. Interestingly, transgenic mice expressing phosphorylation-resistant CagA did not develop any
of those pathologies, which highlight the importance of
CagA phosphorylation in the deregulation of SHP-2 and
subsequent cellular responses described above.

IMPACT OF H. PYLORI AND GASTRIC
EPITHELIUM INTERACTIONS ON
PATHOGENESIS

the gastric epithelial cell surface, followed by the virulence factors reported to affect host cells as well as the
signaling pathways that are activated, and concluding with
some of the cellular responses to the infection. As it is
evident from the review of the literature, much has been
learned regarding the pathogenesis of this common human pathogen since it was initially reported to be associated with human gastric disease. However, despite many
years of intense investigation of the H. pylori interactions
with the host epithelium and the consequences of those
interactions, it is still unclear how it elicits PUD and GC,
although recent studies have provided important clues.
While this review focused on the direct effects of H. pylori on the epithelium, it is important to keep in mind that
there are multiple other effects that H. pylori exerts on the
host by affecting cells other than the epithelium. In turn,
those cells may contribute to altering the local milieu
through their products, and thus contribute to disease.
Particularly, cells with immune functions are significantly
increased within the infected gastric mucosa. Yet, H. pylori
is able to evade immune-mediated clearance and persists
for decades. The epithelium is surreptitiously manipulated by H. pylori to escape host defense mechanisms. The
study underlying mechanisms used by H. pylori to alter the
host epithelium and turn it into an immunosuppressive
tool is crucial in efforts to develop a protective vaccine
that is greatly needed.
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Abstract
Helicobacter pylori (H. pylori ) is an extremely common,

yet underappreciated, pathogen that is able to alter
host physiology and subvert the host immune response,
allowing it to persist for the life of the host. H. pylori is
the primary cause of peptic ulcers and gastric cancer.
In the United States, the annual cost associated with
peptic ulcer disease is estimated to be $6 billion and
gastric cancer kills over 700000 people per year globally. The prevalence of H. pylori infection remains high
(> 50%) in much of the world, although the infection
rates are dropping in some developed nations. The drop
in H. pylori prevalence could be a double-edged sword,
reducing the incidence of gastric diseases while increasing the risk of allergies and esophageal diseases. The
list of diseases potentially caused by H. pylori continues
to grow; however, mechanistic explanations of how H.
pylori could contribute to extragastric diseases lag far
behind clinical studies. A number of host factors and
H. pylori virulence factors act in concert to determine
which individuals are at the highest risk of disease.
These include bacterial cytotoxins and polymorphisms
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in host genes responsible for directing the immune response. This review discusses the latest advances in H.
pylori pathogenesis, diagnosis, and treatment. Up-todate information on correlations between H. pylori and
extragastric diseases is also provided.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Enterohepatic; Pathogenesis; Diagnosis;
Treatment; Extragastric; CagA; Cancer; Autoimmune;
Inflammation; Virulence factor
Core tip: Helicobacter pylori (H. pylori ) infection remains a common cause of morbidity and mortality.
Evidence for additional H. pylori -mediated diseases, as
well as potentially beneficial effects of H. pylori infection, complicates decisions regarding when testing for
and treating of H. pylori infections is appropriate. In the
meantime, eradication of H. pylori is becoming more
difficult due to increasing antibiotic resistance. This review summarizes recent findings on H. pylori pathogenesis, testing, and treatment.
Testerman TL, Morris J. Beyond the stomach: An updated view of
Helicobacter pylori pathogenesis, diagnosis, and treatment. World
J Gastroenterol 2014; 20(36): 12781-12808 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i36/12781.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i36.12781

INTRODUCTION
Helicobacter pylori (H. pylori) has infected humans for more
than 58000 years[1], yet it largely escaped notice until it
was cultured by Marshall and Warren[2]. Research on H.
pylori changed paradigms regarding disease causation.
Physicians previously attributed ulcers to stress or anxiety and did not believe that bacteria could cause cancer.
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H. pylori was the first bacterial species proven to cause
cancer and is classified as a group I carcinogen by the
International Agency for Research on Cancer. This is the
same category as smoking, radiation, and asbestos. Many
patients with H. pylori-associated MALT lymphoma can
be cured by antibiotic treatment without the need for surgery or chemotherapy.
H. pylori-associated gastric cancer comprises about
5.5% of all cancers globally and accounts for 25% of all
infection-associated cancers[3]. If H. pylori increases the
risk of developing other diseases, the cost of H. pyloriassociated morbidity could be much higher. An effective
H. pylori vaccine is not yet on the horizon, so eradication
must be accomplished using antibiotics. As with many
other organisms, H. pylori antibiotic resistance is increasing[4,5].
Researchers continue to discover new associations
between H. pylori and idiopathic diseases, as well as potential benefits of H. pylori infection. The systemic effects
of gastric colonization can lead to extragastric pathology;
however new sites of H. pylori colonization have also
been identified. More research is needed to clarify which
extragastric diseases are caused by H. pylori and whether
the bacteria must be present at the disease site.

Major virulence factors and
pathogenesis mechanisms
General properties of H. pylori
Unlike most bacterial pathogens, H. pylori typically colonizes the host for life unless specific treatment is given.
H. pylori has co-evolved with humans for approximately
58000 years, and strain types that predominate within
certain regions of the world correlate with human migration patterns[1,6]. Most infected individuals do not develop
overt disease, leading to the hypothesis that some H. pylori strains are harmless or even beneficial[7]; however, the
list of diseases potentially caused or worsened by H. pylori
has been growing in recent years, making it premature to
conclude that any strain is commensal.
Several unique properties contribute to H. pylori
persistence. All H. pylori clinical isolates express urease.
Urease converts urea to ammonia plus carbon dioxide,
raising the pH of the surrounding area. This provides
temporary protection against gastric acid, but H. pylori is
not an acidophile. It requires the near-neutral pH found
in the mucus layer directly adjacent to the gastric surface
epithelium. The helical shape of H. pylori makes it easier
for its polar flagella to propel H. pylori through viscous
mucus. Chemotaxis systems direct H. pylori towards some
amino acids, bicarbonate, and cholesterol, while acidic pH
serves as a repellent[8]. This system keeps the organisms
in the favorable milieu close to the surface epithelium.
The outer surface of H. pylori also has unique properties. H. pylori glycosylates host cholesterol and inserts it
into its outer membrane. The function of glycosylated
cholesterol is not entirely known, but H. pylori lacking
cholesterol are extremely sensitive to environmental
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stress[9,10]. Lack of glucosylated cholesterol reduces CagAmediated activities and interactions with T calls[10,11].
Another interesting membrane feature is the relatively
non-toxic lipopolysaccharide (LPS) found in H. pylori,
which may contribute to persistence by limiting the host
inflammatory response. Unlike LPS from other species, H.
pylori LPS is recognized by TLR-2 rather than TLR-4[12].
In some strains, side chains on the LPS O antigen mimic
the Lewis blood group antigens Lex and Ley. The membrane extends to form a sheath covering the flagella. The
combination of sheathed flagella, hypoinflammatory
LPS, and molecular mimicry reduce the host response,
allowing the organism to persist with minimal pathology.
Furthermore, H. pylori forms outer membrane blebs that
pinch off from the surface of the bacterium. These outer
membrane vesicles contain both membrane-associated
and cytoplasmic components, including CagA and other
virulence factors[13]. In addition to being an alternative
virulence factor-delivery mechanism, outer membrane
vesicles may serve as “dummy targets” for the immune
system, thus facilitating immune evasion.
CagA
H. pylori has a number of virulence factors which influence colonization and disease severity (Figure 1). CagA,
encoded by cytotoxin-associated gene A (cagA) is the
most important and best-studied virulence factor; however, it does not function in isolation. CagA-positive H.
pylori strains are associated with greater inflammation and
increased risk of ulcers and cancer in both humans and
animals[14]. The cagA gene is part of a pathogenicity island
that also encodes components of a type Ⅳ secretion apparatus. The secretion apparatus is a syringe-like structure
that was once thought to have little importance other
than its ability to inject CagA; however, recent studies
suggest CagA-independent functions. For example, the
structural protein CagL mimics fibronectin[15] and peptidoglycan is injected into host cells along with CagA[16].
Finally, it is important to note that the presence of cagA
usually coincides with the presence of other virulence
factors, including vacA, babA and oipA[17]. Thus, H. pylori
pathogenesis is multifactorial and cannot be boiled down
to one gene.
CagA is responsible for myriad signaling alterations,
which profoundly influence host cell physiology. When
H. pylori makes contact with host cells, CagA is directly
injected into the host cell cytoplasm where it becomes
phosphorylated and binds the SH2 domain of host
SHP-2[18]. SHP-2 is a phosphatase involved in transduction of signaling from receptor tyrosine kinases[19]. Mutations in SHP-2 are found in some human tumors, providing a mechanistic link between CagA activity and tumor
development. CagA also interacts with other proteins
involved in signal transduction, such as c-Met[19]. CagA
colocalizes with tight junction proteins, causing decreased
cell-cell adhesion and loss of cell polarity (Figure 2)[20].
This, along with cytoskeletal rearrangements, contributes to increased invasiveness of host cells through the
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EPIYA motifs are of particular interest because certain
EPIYA polymorphisms are more strongly associated with
cancer than others[26]. CagA lacking the EPIYA motif is
not phosphorylated and activates the STAT3 pathway
instead of the MAPK/ERK pathway, which is induced
by SHP-2 binding[27]. STAT3 activation leads to increased
cell migration, while MAPK/ERK activation leads to
cell growth inhibition and morphological changes.Oddly,
CagA reduces the cellular effects of VacA and vice versa.
CagA reduces vacuolization and apoptosis caused by
VacA and VacA reduces the cytoskeletal rearrangements
caused by CagA[28]. These findings once again highlight
the influence of H. pylori’s genetic variability and interactions between virulence factors on pathogenesis.

Outer membrane vesicle
containing virulence factors

Oligomerized
VacA

CagA

AlpAB
SabA

BabA

Autotransport
of VacA

GGT

Type Ⅳ
secretion
HP-NAP
Cytoplasm

Figure 1 Major virulence factors of Helicobacter pylori. Type Ⅳ secretion
system-mediated transport of CagA and autotransport of VacA monomers are
depicted. Outer membrane vesicles can contain membrane-associated and
soluble virulence factors. Representative outer membrane adhesins are shown.
GGT: γ-Glutamyl transpeptidase.

extracellular matrix. CagA also drives the transition from
an epithelial to a mesenchymal cell phenotype[12]. All of
these phenotypes are associated with carcinogenesis[21].
CagA positive strains are often associated with increased
IL-8 production; however H. pylori induces IL-8 secretion
through multiple mechanisms, some of which are CagAindependent[22]. CagA induces genes encoding defensin
2 and other antimicrobial peptides, which could explain
why CagA positive strains appear to be easier to eradicate
than CagA negative strains[23]. Dendritic cells intoxicated
by CagA display impaired activation, leading to decreased
inflammatory cytokine production and decreased stimulation of a Th-1 response[24].
Not all CagA proteins are created equal; some cagA
alleles encode additional SH2 binding sites, further suppressing the function of SHP-2[18]. A five amino acid
motif (EPIYA motif) in the carboxy-terminal portion
of CagA is the phosphorylation site, and clinical isolates differ in the number of EPIYA motifs present[25].
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VacA
Vacuolating toxin A (VacA) was named for its ability
to induce numerous large vacuoles in host cells. Unlike
CagA, VacA forms an autotransporter structure to secrete itself without the need for host cell contact. VacA
proteins oligomerize to form pore-like structures. VacA
binds to receptor-like protein tyrosine phosphatases
(RPTP α and RPTP β ) and other glycosylated transmembrane proteins on the host cell surface[29]. VacA is
then endocytosed and forms anion-selective channels in
vacuole membranes. The channels allow accumulation
of chloride anions and weak bases, resulting in osmotic
swelling[30]. VacA also inserts into mitochondrial membranes, causing mitochondrial dysfunction and subsequent apoptotic death of the cell[31]. Vacuolation is not
the only effect of VacA intoxication. VacA disrupts the
barrier function of epithelial cells, allowing leakage of
crucial nutrients such as iron, nickel, and amino acids.
This likely improves H. pylori growth[32]. In vitro, VacA inhibits antigen presentation and T cell activation, but it is
not clear whether these activities occur in vivo[21].
All H. pylori strains contain vacA genes, but not all
strains produce functional VacA. This is due to polymorphisms within the VacA gene, particularly at the
amino terminus (s region), in the middle of the gene (m
region), and in an intermediate region (i region). The s2
polymorphism yields an inactive toxin[28]. Thus, strains
with the s2 allele are often termed “VacA negative”. The
i region polymorphisms were discovered more recently
and influence vacuolating activity; vacA containing the i1
allele produces the most active toxin[33]. Strains harboring the s1m1 allele have been more commonly associated
with ulcers and gastric cancer, but it now appears that
the i1 allele is more strongly associated with ulcers and
cancer than the presence of the s1m1 genotype[28]. In
spite of the dramatic effects of VacA on epithelial cells,
it is unclear whether VacA plays a causative role in these
diseases. More likely, VacA facilitates nutrient acquisition,
improving the ability of H. pylori to colonize the gastric
epithelium[34].
BabA and SabA
H. pylori encodes two variably expressed sialic acid-binding adhesins, BabA and SabA. BabA, encoded by babA2,
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Figure 2 Effects of Helicobacter pylori on host cells. Helicobacter pylori virulence factors can lead to apoptosis, vacuolization, disruption of barrier function (leading
to nutrient leakage), de-differentiation, and carcinogenesis.

binds to the Lewis b ABO blood group antigen (Leb) and
is present on red blood cells and certain epithelial cells.
Expression of babA2 is variable, and can be turned “on”
and “off ” by slipped-strand mispairing mutations. BabA
binding activity is most often present in CagA positive
strains[34]. BabA-mediated binding to Leb contributes to
formation of double stranded DNA breaks in host cell
lines and may promote cancer-associated gene mutations[35]. Adherence via BabA also enhances the ability of
the type Ⅳ secretion apparatus to contact host cells, leading to a stronger inflammatory response[36]. These data
suggest that BabA may indirectly influence pathology by
improving adherence to host cells.
SabA is a sialic acid-binding adhesin that recognizes
the sialyl-Lewis A antigens sLex and sLea[37,38]. SabA increases colonization density in patients lacking Leb, indicating its importance as an adhesin. Sialylated Lewis antigens are more prevalent on inflamed or cancerous gastric
tissue, leading to the hypothesis that SabA is involved in
carcinogenesis; however, not all studies demonstrate correlations between the presence of SabA and cancer[39].
Other outer membrane proteins
H. pylori has about 30 other outer membrane proteins
which may serve as adhesins, but only a few have known
functions. AlpA and AlpB are now known to bind host
laminin. Their presence modulates the inflammatory response in gerbils through unknown mechanisms[40]. It is
not known whether variability in alpAB gene sequence
or expression influence human disease. OipA (Outer Inflammatory Protein; a.k.a HopH) is an outer membrane
protein that functions as an adhesin[41]. The gene can be
turned on and off via slipped strand mispairing. Interestingly, most cagA positive strains possess an expressed
form of oipA, making it more difficult to separate the
clinical effects of oipA from those of cagA[17]. In vitro
and in vivo animal experiments clearly show that OipA is
associated with increased IL-8 production and carcinogenicity[42]. Inactivating oipA in a carcinogenic H. pylori
strain eliminated tumorigenesis in gerbils[43]. This may be
partially explained by the decreased nuclear translocation
of beta-catenin induced by mutant strains lacking OipA.
Beta-catenin is an important player in the gastric carcinogenesis process[44].
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HP-NAP
The neutrophil-activating protein (HP-NAP), encoded by
napA, was first isolated from water extracts of H. pylori[45].
Although it is cytoplasmic, HP-NAP escapes via autolysis.
Amino acid sequencing led to the napA gene, which is
homologous to other bacterioferritins. Bacterioferritins
are similar to mammalian ferritins in that they form multimeric, hollow structures that store iron and bind DNA.
These proteins protect prevent iron-mediated chemical
reactions from forming reactive oxygen species[46]. Further studies revealed that HP-NAP does not behave like
other bacterioferritins. HP-NAP crosses both the epithelium and the endothelium, where it recruits neutrophils
and stimulates both neutrophils and monocytes to produce IL-12 and IL-23[47,48]. These cytokines induce T cells
to secrete interferon-γ and mediates the shift to a Th1
response[48]. HP-NAP binds to TLR-2, which typically
recognizes bacterial cell wall components. Unlike other
TLR-2 agonists, HP-NAP induces substantial IL-12 production[48]. HP-NAP also promotes clot formation and
inhibits fibrin degradation by monocytes[49].
HP-NAP has been suggested as a tumor-fighting
agent and an allergy modulator. Intratumoral injection of
HP-NAP into mouse neuroendocrine or bladder tumors
led to tumor regression and a shift towards cytotoxic T
cells[50,51]. Since allergies are associated with a Th2-skewed
immune response, inducing a shift towards a Th1 response could be beneficial[52]. Proof-of-principle has been
demonstrated in a mouse model of ovalbumin-induced
asthma. Injection of HP-NAP reduced eosinophilia and
IgE concentrations in sensitized animals[53]. Enthusiasm
for HP-NAP-based treatments is tempered by concerns
regarding the potential for autoimmune reactions induced
by homology between HP-NAP and human aquaporin in
neural tissues[54].
Gamma-glutamyl transpeptidase
The discovery that H. pylori gamma-glutamyl transpeptidase (GGT) functions as a virulence factor was surprising, since it hadn’t been identified as a virulence factor in
other bacteria[55]. Moreover, it appears to be periplasmic
rather than surface-associated or secreted. Its presence
in outer membrane vesicles[13] could facilitate interactions
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Figure 3 Detection of Helicobacter pylori. Evidence of Helicobacter pylori (H.
pylori) has been found in numerous sites throughout the body. Colored dots indicate the method of detection used. In cases where H. pylori has been directly
cultured, other detection methods are not listed.

with host cells. GGT increases IL-8 secretion and hydrogen peroxide production in epithelial cells and is associated with peptic ulcer development[56]. It also contributes
to colonization, persistence, and tolerization of dendritic
cells[57]. GGT-mediated degradation of glutathione produces pro-oxidant compounds that facilitate formation
of reactive oxygen species. This mechanism could be responsible for host tissue damage[58].
In addition to H. pylori variability, several host factors
also influence disease outcome. IL-1β is induced rapidly
following infection. Polymorphisms in genes encoding
IL-1β or its receptor antagonist increase the risk of gastric cancer in many populations; however this may not
hold true for some Asian and white populations[21]. Polymorphisms in genes encoding TNFα, IL-10, and HLA
are also implicated[21]. Reduced IL-10 expression results
in a more inflammatory Th1-polarized host response.
Smoking and a diet high in salty foods exacerbate the effects of H. pylori. All of these things could explain why
some studies show clear correlations between H. pylori
and a particular disease, while others do not.

H. pylori colonizes multiple sites
within the body
H. pylori primarily colonizes the stomach, but evidence
suggests occasional or persistent colonization of other
sites (Figure 3). Growth properties of H. pylori hamper
detection of low-density colonization. Relatively slow
growth and complex growth requirements have been
barriers to identifying H. pylori colonization. H. pylori will
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not grow in many commonly-used solid or liquid media.
H. pylori grows best with 1%-5% serum, but higher serum concentrations can be inhibitory[59,60]. H. pylori is also
microaerophilic and is killed by atmospheric oxygen. Exposure of samples to ambient oxygen, as well as complement and phagocytic cells from blood, will kill some of
the bacteria before they can be cultured. Even under ideal
conditions, H. pylori requires about 5 d to form visible
colonies on solid media. By that time, any other bacteria
or fungi present in the sample can overtake the culture.
Culture remains the gold standard for establishing the
presence of viable H. pylori, but molecular methods have
proven more sensitive in identifying alternative colonization sites. PCR is a sensitive method for detecting
H. pylori in many locations, but does not prove whether
the bacteria are alive or dead. In situ hybridization using
probes that only bind mRNA can demonstrate viability.
This method has been used to detect live H. pylori in the
peritoneal cavities of pseudomyxoma peritonei cancer
patients[61].
H. pylori DNA has been amplified from atherosclerotic plaques and the oral cavity for years, but the significance of H. pylori in these locations is still debated[62].
Many have reasonably questioned whether H. pylori
truly colonizes those sites. For example, macrophages
might have phagocytized H. pylori in the stomach and
later traveled to atherosclerotic plaques. Similarly, oral
H. pylori might be due to gastric reflux. Additional testing has been performed in laboratories worldwide, using
a variety of techniques. H. pylori has been cultured from
root canal samples, and occasionally from plaque[63,64],
but is most often identified by PCR. The presence of H.
pylori in the oral cavity correlates with its presence in the
stomach[65-67], but oral H. pylori does not correlate with
poor oral hygiene[68,69]. On the other hand, several studies
suggest that untreated periodontal disease increases the
risk of becoming re-infected after H. pylori eradication[70].
Similarly, reducing the number of oral H. pylori using
antiseptic mouthwash and/or periodontal treatment improves the eradication rate following antibiotic therapy[71].
It is therefore possible that H. pylori gains a toehold in the
mouth before colonizing the stomach and that the stomach can be reinfected by oral H. pylori.
Evidence of H. pylori colonization has also been
found in the gallbladder, ears, nose, skin, and even
eyes[72-75]. Aside from the gallbladder, H. pylori has only
been found in the above locations when inflammatory or
hyperproliferative pathology is present. These diseases
will be discussed in more detail below.
There is ample evidence of other Helicobacter species in
the stomach, intestine, and biliary tract. “H. heilmannii”,
which is now known to comprise several species including H. bizzozeronii and H. salmonis, is occasionally present
in the stomach and appears to cause the same diseases as
H. pylori[76,77]. Other species that infect humans include H.
cinaedi, H. pullorum, H. canis, H. canadensis, H. fennelliae, H.
rappini, H. bilis, H. hepaticus, and H. suis[72,73]. Most of the
aforementioned species are likely acquired from pets and
livestock. H. cinaedi, and occasionally other species, can
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Pangastritis: Even distribution
of H. pylori ; atrophy leading to
hypochlorhydria; increased risk of
both adenocarcinoma and MALT
lymphoma

Duodenal ulcer: No
increased cancer risk;
usually associated with
antral-predominant gastritis

Antral predominant gastritis:
Intact acid secretion;
colonization largely in antrum;
No increased risk of cancer

Corpus predominant:
Similar to pangastritis

Gastric ulcer: More often
associated with corpuspredominant or pangstritis;
increased cancer risk

Figure 4 Typical Helicobacter pylori-associated pathology. Gastritis may be antral-predominant, corpus-predominant, or diffuse. The risk of developing adenocarcinoma or MALT lymphoma varies depending on the type of pathology present.

cause enterocolitis, cellulitis, and sepsis[77]. Some Helicobacter species have been postulated to cause inflammatory
bowel disease[78,79], but non-pylori species have not been
adequately studied and routine tests for those species do
not exist.

Dyspepsia
Functional dyspepsia is defined as pain associated with
the stomach or upper abdomen. Ulcers are one cause of
dyspepsia, but many patients have no evidence of gastric
damage. The role of H. pylori in non-ulcer dyspepsia has
been somewhat controversial. The preponderance of
evidence suggests that H. pylori infection contributes to
some cases of dyspepsia. A randomized clinical trial involving 585 dyspepsia patients found that H. pylori eradication led to greater benefit in patients with epigastric
pain syndrome than in postprandial distress syndrome[80].
These and other results suggest that the “test and treat”
strategy is reasonable for non-ulcer dyspepsia patients[81],
particularly those with epigastric pain. Dyspepsia symptoms do not always resolve following eradication therapy,
but the risk of future ulcer and gastric cancer development are reduced.

tritis) (Figure 4). In antrum-predominant gastritis, acid
secretion usually remains intact and H. pylori colonization
is limited to the antrum[83]. Antral gastritis favors development of duodenal ulcers, while corpus-predominant
gastritis favors gastric ulcer formation, sometimes progressing to metaplasia and adenocarcinoma[82,84]. Patients
with diffuse gastritis typically have severely impaired acid
secretion, which allows H. pylori to colonize the corpus.
Chronic acid suppression mediated by proton pump inhibitors can lead to a switch from antral predominant to
pangastritis[83]. Interestingly antrum-predominant gastritis
and duodenal ulcers do not increase the risk of cancer
development[85,86].
Historically, H. pylori has been responsible for 70%-85%
of gastric ulcers and 90%-95% of duodenal ulcers[82,87].
The percentage of ulcers not associated with H. pylori is
rising due to increased use of NSAIDs and decreasing
prevalence of H. pylori infection; however H. pylori eradication is partially protective against ulcer development
in NSAID users[87,88]. Also, the hypothesis that ulcers are
caused by stress is reemerging. Several studies show that
anxiety disorders and physical or emotional trauma correlate with ulcer development (reviewed in[89]). Studies
testing the interaction between H. pylori and stress are
lacking, so it is not clear whether those factors operate
independently or whether there is an additive effect of
infection and stress on ulcer formation.

Gastritis
Gastritis is universally present in H. pylori infected patients and is reproduced in various animal models. Acute
gastritis, sometimes associated with dyspepsia or nausea,
develops soon after initial infection. Acute gastritis affects the entire stomach and is accompanied by loss of
acid secretion[82,83]. Neutrophils are recruited to the lamina
propria and epithelium and damage results from reactive
oxygen species and other neutrophil products. The acute
phase gives way to chronic gastritis as lymphocytes replace neutrophils.
Chronic gastritis can be antrum-predominant, corpuspredominant, or diffuse (pangastritis or multifocal gas-

Gastric cancer
H. pylori is an accepted cause of gastric adenocarcinoma
and MALT lymphoma (official name: extranodal marginal
zone B cell lymphoma of mucosa-associated lymphoid
tissue). Gastric adenocarcinoma is divided into intestinal
subtype and diffuse subtype. Intestinal type adenocarcinoma is more common and has been well studied. The
sequence of pathological changes leading to intestinal
type cancer starts with gastritis, followed by gastric atrophy (loss of glandular structure) and progressing to intestinal metaplasia, dysplasia, and finally carcinoma[14]. This
progression occurs over many years; consequently, most
patients are middle aged or older. Environmental factors,

Classic H. pylori-associated
diseases
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such as smoking and diet, increase the risk of developing
gastric adenocarcinoma. H. pylori-associated adenocarcinoma most often occurs in the distal (non-cardia) stomach. H. pylori-mediated adenocarcinoma has been replicated in animal models, particularly in gerbils[85,90]. The
presence of cagA, vacAs1m1, babA2, and oipA increase
the risk of cancer[91-94]. Cancer risk is further elevated by
the presence of certain EPIYA motifs in CagA[26,95]. A
number of good reviews discuss the molecular mechanisms in detail[85,96,97].
Diffuse type adenocarcinoma is characterized by
scattered tumor cells and lack of glandular organization.
Diffuse-type gastric cancer tends to occur in younger
individuals and may have a strong genetic component,
although H. pylori also plays a role[98]. Environmental factors contribute little to this type of cancer. Pangastritis
and rugal hyperplasia confer higher risks of diffuse-type
adenocarcinoma[99,100]. The mechanisms underlying development of diffuse-type cancer are poorly understood,
but abnormal DNA methylation is likely involved. H.
pylori induces hypermethylation of the gene encoding
E-cadherin, which is implicated in hereditary diffuse-type
cancer[99,101].
The association between MALT lymphoma and H.
pylori was first published in 1991[102] and has since been
corroborated by numerous studies. H. pylori is responsible
for 92%-98% of gastric MALT lymphoma[3]. The formation of lymphoid follicles is necessary, but not sufficient
for development of MALT lymphoma. CagA and other
virulence factors contribute little to the risk of developing MALT lymphoma[103]; however the presence of CagA
within tumor-associated B cells correlated with earlier
remission following H. pylori eradication compared with
patients whose tumors did not contain CagA[104]. Most
gastric MALT lymphomas are low grade when discovered
and are dependent upon continued antigen stimulation.
Lymphocytes are prone to developing genetic mutations,
and prolonged antigen-driven proliferation of B lymphocytes eventually leads to a population that is antigen independent[105]. Interestingly, the tumor-associated B cells do
not recognize H. pylori. Some have suggested that B cells
recognize autoantigens, but an in-depth study of antigen
specificity did not uphold previous results[105,106]. Thus it is
not clear whether antigen specificity plays a role in MALT
lymphoma development.
The first line of treatment for H. pylori-positive MALT
lymphoma is eradication therapy. H. pylori eradication
leads to lasting remission in about 80% of patients[107].
Some H. pylori-negative MALT lymphomas, including
a recurrent parotid lymphoma, have also responded to
eradication therapy, suggesting that these were either false
negatives or perhaps caused by another Helicobacter species[108,109].

Other cancers potentially
caused by H. pylori
Colorectal cancer
Gastric adenocarcinoma and MALT lymphoma were the
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first cancers associated with H. pylori, but they may not be
the last. Several other cancers have been recently associated with H. pylori, though the evidence is not ironclad.
The most common extragastric cancer potentially influenced by H. pylori is colorectal adenocarcinoma. Gastric H.
pylori routinely passes through the intestinal tract, so it is
not unreasonable to suspect that H. pylori could influence
development of colorectal cancer. Several studies support this hypothesis. Three recent meta-analyses found a
significantly increased risk of both colon polyps and colon cancer in H. pylori-infected patients[110-112]. One study
examined the prevalence of gastric pathology in patients
with hyperplastic polyps, colon adenoma, advanced adenoma, and colon cancer[113]. All patient groups had higher
prevalences of H. pylori-positive gastritis and intestinal
metaplasia. The odds ratios were largest in patients with
colon cancer. Those patients had significantly increased
risks of gastritis, intestinal metaplasia, gastric adenoma,
gastric cancer, and gastric lymphoma. Grouping patients
according to whether or not the cancer was advanced
revealed that the infection rate was higher in advanced
cases (86%) than on non-advanced cases (51%). Forty
eight percent of control patients were infected[114]. Oddly,
cagA positive strains were not more prevalent in cancer
patients. In summary, it appears that H. pylori could contribute to the risk or aggressiveness of colorectal cancer,
but much additional research is needed to confirm the
association and determine the underlying mechanism.
Pseudomyxoma peritonei (PMP) is a rare peritoneal
cancer that most often originates in the appendix[115].
Appendiceal rupture allows the cancer to invade the peritoneal cavity. Bacteria are able to enter the peritoneum
at the time of rupture, but the viscous mucus prevents
leakage of fecal material into the peritoneum and peritonitis does not ensue. Instead, a subset of bacteria present
within the mucus persistently colonizes the peritoneal
cavity. The appendiceal rupture site heals, trapping the
tumor, mucus, and bacteria within the peritoneal cavity.
Subsequent mucin accumulates in the peritoneal cavity
causing compression of abdominal organs. Pseudomyxoma peritonei originating from the appendix is essentially
similar to the mucinous subtype of colorectal adenocarcinoma. In fact, mucinous colonic polyps sometimes cause
PMP[116]. Live H. pylori have been found within tumor and
mucinous material[117]. Patients who were treated with
standard H. pylori eradication therapy prior to surgery had
reduced nuclear β-catenin, indicating cellular normalization, and tended to survive longer than patients given
only standard care[61,118].
Lymphomas
H. pylori could increase the risk of other lymphoma types.
Diffuse large B cell lymphoma (DLBCL) is an aggressive
cancer that can occur in the stomach and elsewhere. It is
considered separate from gastric MALT lymphoma, although the former can sometimes transform into the latter[119]. This type of cancer is currently not believed to be
H. pylori-associated; however, there have been a number
of case reports in which H. pylori eradication alone led to
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complete remission[120]. Inaba et al[121] found that primary
gastric diffuse large B cell lymphoma increases the risk of
developing gastric adenocarcinoma, often within 5 years
of treatment. The author proposes that chemotherapy
and radiation may hasten the development of gastric adenocarcinoma in H. pylori-positive patients. Testing DLBCL patients for H. pylori may therefore be prudent.
As yet, there is only scant evidence that H. pylori influences extragastric lymphomas. One patient with rectal
MALT lymphoma had a complete response to H. pylori
eradication therapy and remained disease-free after 34
mo[122]. Ocular adnexal lymphoma (OAL) is a most often
a MALT lymphoma presenting on the orbit or conjunctiva[123]. A comparison of patients suffering from ocular
adnexal lymphoma, extragastric lymphoma in other body
sites, and controls found that OAL patients were 32%
more likely to be infected with H. pylori than controls.
Furthermore, patients with lymphoma at other sites were
13% more likely to be infected. Both of these findings
were highly significant[124]. H. pylori DNA has been found
in one OAL tumor out of 6 tested[125]. To date, there are
no reports of H. pylori eradication therapy being tested in
OAL patients.
Laryngeal/pharyngeal cancer
A number of studies report that H. pylori infection protects against Barrett’s esophagus and subsequent laryngeal
adenocarcinoma development (see section on laryngeal
disease); however, some studies suggest a positive association with laryngeal squamous cell carcinoma[126-128].
Burdick[129] examined 75 patients with laryngeal squamous cell cancer. All samples were positive for ureA,
and 47%-49% of ureA positive samples were also cagA
positive. The cagA gene was much more prevalent in
lymph node positive tumors than in lympth node negative tumors. Additionally, cagA was far more prevalent in
supraglottic tumors than in glottic or subglottic tumors.
The survival rate was also lower in cagA positive patients.
Guilemany et al[130] found a significant correlation between hypopharyngeal squamous cell carcinoma and H.
pylori infection (P < 0.001). It should be noted that not all
studies have found a positive correlation[131,132].

Extragastric diseases associated
with H. pylori
H. pylori is increasingly being associated with extragastric
diseases. H. pylori is widely accepted as a cause of iron
deficiency anemia and idiopathic thrombocytopenia, but
the jury is still out on other diseases. In most cases, H.
pylori is believed to be one of several causes, meaning that
H. pylori eradication will only benefit a subset of patients.
This section summarizes current epidemiological, clinical,
and experimental evidence supporting a role for H. pylori
in causing or exacerbating a range of diseases.
Iron deficiency anemia
The association between H. pylori infection and iron de-
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ficiency anemia (IDA) is well established[133,134], but the
mechanisms underlying this association are unclear. The
most obvious mechanism for H. pylori to cause IDA is
through competition for dietary iron. H. pylori requires
higher concentrations of inorganic iron and zinc for in
vitro growth than other pathogens[59], yet there is no evidence that H. pylori has more iron- or zinc-dependent enzymes than other bacteria. H. pylori may have less efficient
iron acquisition symptoms than other organisms, but this
would suggest that H. pylori competes poorly for dietary
iron. H. pylori is able to acquire iron from host transferrin
and lactoferrin, yet it binds the iron-free forms of these
proteins more avidly than the iron-loaded proteins[60]. All
of this points towards an evolutionary advantage for H.
pylori strains that do not overly tax the host iron supply.
Nonetheless, H. pylori genomes vary considerably from
strain to strain, as do virulence properties. Yokota et al[135]
found that certain polymorphisms within the H. pylori
neutrophil-activating protein were more prevalent in
strains from IDA patients than from non-IDA patients.
Moreover, IDA strains harboring these polymorphisms
internalized iron more rapidly than other strains. Inorganic iron dissolves best in highly acidic conditions. Loss
of gastric acid secretion due to H. pylori infection could
therefore reduce bioavailability of dietary iron. Excess
lactoferrin in gastric tissue could impair iron uptake, since
transferrin is the normal route of host iron uptake[136]. In
male patients with refractory IDA, H. pylori infection was
associated with higher serum TNFα levels, particularly
in those infected with CagA+ H. pylori[137]. This is relevant
because TNFα and other pro-inflammatory cytokines
can induce anemia.
Idiopathic thrombocytopenic purpura
Idiopathic thrombocytopenic purpura (ITP) is characterized by autoimmune destruction of platelets, which
leads to bruising. Significant evidence points to H. pylori
as a causative agent in some cases of ITP. For example,
H. pylori eradication therapy increases platelet counts
only in those who were infected with H. pylori, not those
who were uninfected ruling out an off-target effect of
antibiotics[138]. Among ITP patients treated for H. pylori
infection, patients who had a lower serum pepsinogen Ⅰ
/Ⅱ ratio responded better (i.e., greater improvement in
platelet counts) than those with higher pepsinogen Ⅰ/Ⅱ
ratios. This correlated with more severe atrophic gastritis
in responders than in non-responders[139]. Host factors
likely play a role as well. H. pylori-infected patients who
lack a particular single nucleotide polymorphism in IL-β,
the IL-β (-511) T allele, were more likely to develop ITP
before age 50 years than uninfected ITP patients[140].
Skin diseases
H. pylori appears contribute to several inflammatory skin
diseases. Rosacea is the most common skin disease potentially associated with H. pylori. In one study, H. pylori
was present in 81% of rosacea patients who also had
gastric complaints, and almost all of those patients har-
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bored cagA+ strains[141]. A similar Egyptian study found
that both cagA and the s1m1 allele of vacA were more
prevalent in papular rosacea patients. The papular rosacea
patients responded better to eradication therapy than the
erythematous rosacea patients[142]. A limited study of ocular rosacea patients reports that the seven ocular rosacea
patients responded better to H. pylori eradication therapy
than did rosacea patients without ocular symptoms[143].
Chronic prurigo consists of intensely itchy nodules.
There are several variants, including prurigo pigmentosa
and prurigo chronica multiformis. These disease are
most common in young women of Japanese or Turkish
descent[144]. Limited studies suggest higher prevalence of
H. pylori or clinical improvement following H. pylori eradication therapy[145]. H. pylori-associated gastric diseases are
also more prevalent in these patients[145-147]. Immunohistochemical evidence of H. pylori in a prurigo pigmentosa
patient strengthens the case for a link and suggests that H.
pylori acts directly within the skin, rather than indirectly
through inflammatory mediators[148]. These mechanisms
are not mutually exclusive, but much more research is
needed to clarify etiology and pathogenic mechanisms
related to H. pylori.
Chronic idiopathic urticaria consists of itchy wheals
that are present on most days with no known cause. A
meta-analysis of 10 chronic urticaria studies completed
prior to 2003 found that the overall remission rate following H. pylori eradication was 30.9%. This was statistically significant with an odds ratio of 2.9[149]. Chiu et al[150]
found no difference in the H. pylori infection rates in
chronic spontaneous urticaria (CSU) patients, but 63.6%
of patients had complete remission after H. pylori eradication. Likewise, Campanati et al[151] found no difference in
H. pylori prevalence, but found significant improvement
following H. pylori eradication therapy. In the same study,
the authors found an unusually high rate of small intestinal bacterial overgrowth in CSU patients. Those patients
were treated with the recommended antibiotic, but their
CSU symptoms did not improve. Yoshimasu and Furukawa[152] grouped patients according to anti-H. pylori titer.
None of the patients with high titers was cured with
antihistamine treatment alone. Eradication therapy raised
the cure rate to 56%. Patients with low or absent anti-H.
pylori titers were more likely to respond to antihistamine
treatment alone. These studies point to the conclusion
that H. pylori is one of several causes of CSU.
Case reports suggested an association between psoriasis and H. pylori[153,154], providing impetus for a larger
study by Onsun et al[155]. Stratifying a group of 300 plaque
psoriasis patients by symptom score revealed that 100%
of patients with moderate or severe psoriasis were H.
pylori positive, while only 37% of mild psoriasis patients
were infected. H. pylori positive patients were treated
with acitretin alone, H. pylori eradication therapy alone,
or both. All treatment groups showed improvement after
8 wk, but improvement was more rapid when H. pylori
eradication was included. H. pylori treatment alone was
just as effective as both eradication therapy and acitre-
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tin[155].
Diseases of pregnancy
H. pylori may contribute to diseases of pregnancy. Hyperemesis gravidarum consists of severe and prolonged
vomiting that goes far beyond typical “morning sickness”. A meta-analysis of clinical studies found that the
majority support the hypothesis that H. pylori contributes
to hyperemesis gravidarum, although further studies are
needed[156]. One study found that 80% of hyperemesis
gravidarum patients were H. pylori-positive compared
with 35% of controls[157]. Mansour and Nashaat[158] report
improvements in H. pylori-positive hyperemesis gravidarum patients following eradication therapy[158].
A study comparing women with normal pregnancies to those with pre-eclampsia (PE) yielded striking
results[159]. The correlation between H. pylori seropositivity and PE was highly significant, with an odds ratio of
9.22. The relationship was even stronger for pregnancies
with both PE and fetal growth retardation (OR = 35.56).
CagA+ strains were overrepresented in both PE and PE
with fetal growth retardation, yielding odds ratios of
17.66 (PE) and 54.97 (PE with fetal growth retardation).
In contrast, pregnancies with only fetal growth retardation were not associated with greater than expected H.
pylori seropositivity. A more recent study found that antibodies against CagA cross-react with beta-actin of cytotrophoblast cells[160]. This may impair placental invasion.
Diseases of the ears, nose, and throat
Since H. pylori is frequently present in the oral cavity, perhaps it is not surprising that it is occasionally found in the
ear, nose and throat. Aside from gastroesophageal reflux
disease, too few studies have been done to determine
whether H. pylori causes disease in those locations. Nonetheless, some of the data are tantalizing. In one study, H.
pylori was cultured from 40% of adults with otitis media
with effusion[161]. Other studies have used the Campylobacter-like organism test (CLO test) to identify H. pylori
infections in the middle ears of patients with otitis medium or tympanosclerosis[162,163]. Melake et al[164] compared
children undergoing myringotomy for chronic otitis media with children who were undergoing tonsillectomy/adenoidectomy, but did not have a history of otitis media.
The study group was roughly three times more likely to
have evidence of H. pylori in the stomach, adenoids, or
tonsils than the control group. Almost all of the study
patients with evidence of gastric H. pylori were also either
culture- or PCR-positive for H. pylori in middle ear fluid.
Interestingly, another study found that 48 of 49 biopsies
taken from 37 children with adenotonsillar hypertrophy
contained H. pylori[165], raising the possibility that the association between H. pylori and chronic otitis media could
be stronger than it appeared to be in the Melake study. H.
pylori worsened inflammation in a rabbit model of histamine-induced otitis media with effusion[166]. This suggests
that H. pylori may not be the initial cause of otitis media,
but these bacteria may exacerbate pre-existing infections.
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Several studies have demonstrated the presence of
H. pylori in nasal polyps[167-169]. One study failed to find a
difference in gastric colonization between patients with
nasal polyps vs patients with concha bullosa, but H. pylori
was only found in nasal biopsies from nasal polyposis
patients[170]. In a study of nasal polyps vs benign laryngeal
disease, H. pylori was detected in all 60 patients with either
nasal polyps or benign laryngeal disease. Interestingly,
cagA-positive H. pylori was detected in 23.3% of patients
with laryngeal disease, but in none of the nasal polyps[171].
CagA is often associated with more severe gastric disease,
but this toxin may put H. pylori at a disadvantage in certain anatomical sites.
The relationship between H. pylori infection and
esophageal diseases has been a controversial topic for
years. According to the dogma, eradicating H. pylori increases gastric acid output. This leads to exacerbation
of gastroesophageal acid reflux disease (GERD) and an
increased risk for developing Barrett’s esophagus and
esophageal adenocarcinoma. The decreasing prevalence
of H. pylori infection is therefore predicted to increase the
prevalence of esophageal diseases. Indeed, there has been
an increase in the incidence of esophageal adenocarcinoma[172]. Some studies and meta-analyses have concluded
that H. pylori eradication worsens gastroesophageal reflux
disease, while others report no effect[173-176]. There is also
an inverse correlation between H. pylori infection and
Barrett’s esophagus[177-179]. A recent meta-analysis confirms the inverse correlation between H. pylori infection
and esophageal adenocarcinoma in Eastern and Western
populations. The analysis also revealed a significantly
reduced risk of esophageal squamous cell carcinoma in
Eastern populations, but not Western populations[173].
On the other hand, some studies suggest a more
complex relationship between the incidence of esophageal disease and the prevalence of H. pylori. Studies of
gastric pH and manometric values have not found a difference between H. pylori infected and uninfected patients
or in patients before and after H. pylori eradication[175,180].
McColl reports that H. pylori-induced gastric atrophy reduces the risk of esophageal adenocarcinoma, but antralpredominant gastritis with increased acid production increases the risk[181]. In contrast, Derakshan et al[182] report
that atrophy does not impact the risk of adenocarcinoma.
While univariate analysis showed a protective effect of
H. pylori infection on esophageal adenocarcinoma, this
effect was lost upon multivariate analysis and only smoking and GERD symptoms > 2 times per week remained
significant[182]. Obesity is one of the strongest risk factors
for esophageal adenocarcinoma, and the worsening obesity epidemic could be partially responsible for the rise in
esophageal adenocarcinoma cases[179].
If the dogma holds true, one would expect that regions of the world with lower H. pylori prevalence should
have higher rates of esophageal adenocarcinoma and
squamous cell carcinoma. Ethnic Malays in the Northeastern peninsular region of Malaysia have only a 4%-5%
rate of H. pylori infection. The rates of esophageal ad-
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enocarcinoma and Barrett’s esophagus in this population
were lower than in populations with greater H. pylori
prevalence[183]. Therefore, lack of H. pylori alone does not
explain the increasing prevalence of esophageal disease.
Liver and gallbladder
A few studies have implicated H. pylori and other Helicobacter species human liver and gallbladder disease. H. pylori
has been detected in livers from hepatocellular carcinoma
patients by PCR and histology[184]. Chronic cholecystitis
patients were tested for the presence of H. pylori in the
gallbladder mucosa. Patients with H. pylori positive gallbladders had increased levels of inducible nitric oxide
synthase and higher incidences of adenomyomatosis and
metaplasia[74]. Following the discovery of H. pylori, H.
hepaticus was found in many colonies of research mice.
This infection causes chronic active hepatitis and laboratory rodents are now routinely tested for Helicobacter
infections[185]. While H. pylori predominantly colonizes the
intestines, other Helicobacter species, such as H. hepaticus, H.
bilis, and H. cinaedi infect the intestines and biliary tract in
humans. H. bilis appears to be highly prevalent in patients
with pancreaticobiliary maljunction[186]. The non-pylori helicobacters have been largely overlooked and more studies are needed to determine their prevalence and capacity
to cause disease.
Pulmonary disease
A handful of studies have linked H. pylori infection with
bronchiectasis and chronic obstructive pulmonary disease
(COPD)[187-189]. Tsang et al[188] compared the seroprevalence of H. pylori among bronchiectasis, tubercoulosis,
and control groups. Bronchiectasis patients were 76.0%
seropositive, while tuberculosis and control patients were
52.9% and 54.3% seropositive for H. pylori. Interestingly,
one study aimed at determining whether H. pylori seroprevalence differs between inflammatory bowel disease
patients and controls used COPD patients for comparison[190]. They reasoned that COPD patients would have
similar degrees of antibiotic exposure to inflammatory
bowel disease patients. Separate age-matched control
groups were used for IBD and COPD patients because
COPD patients tend to be older. Seroprevalence of H.
pylori is clearly lower among IBD patients than among
controls. On the other hand, H. pylori seroprevalence
was higher in COPD patients than in that control group.
They do not mention whether the difference reached statistical significance.
Conversely, one very large study failed to find an association between COPD risk and H. pylori infections in
nonsmokers[191]. A small study of Turkish soldiers also
failed to find a correlation between bronchiectasis and H.
pylori[187]. Oddly, patients with a history of gastric or cardiovascular disease were excluded. Gastric and extragastric diseases related to H. pylori often coexist in patients
and may indicate the presence of more virulent H. pylori
strains and/or a genetic predisposition to disease. Thus,
there is insufficient evidence to draw conclusions regard-
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ing the role of H. pylori and lung disease.
Ocular diseases
Credible evidence suggests a link between H. pylori infection and certain eye diseases, particularly open angle glaucoma. Kountouras et al[192] have been the primary proponents of this association, but studies have thus far been
small; no study has involved patient groups larger than
100 subjects. In one study, the rate of H. pylori infection
in glaucoma patients was almost double that of a control
group. When these patients were followed for two years,
intraocular pressure and visual field parameters were
improved in patients who had undergone successful H.
pylori eradication therapy, but not in patients who were H.
pylori-negative or whose eradication therapy failed. Histological evidence has been found in eye tissue from 5 out
of 43 H. pylori-positive patients, but in none of the control patients[75]. Cresyl violet staining was used to detect H.
pylori. This stain reacts with Helicobacter and Campylobacter,
but few other bacterial species. Therefore, the strength of
this evidence is stronger than histology using less specific
stains, but not as strong as that obtained from immunohistochemistry. Two studies, one in Canada and one in
Israel, have failed to find a higher prevalence of H. pylori
infection in glaucoma patients[193,194]. More studies are
clearly warranted.
Central serous retinopathy (CSR) results when the
retinal pigment epithelial barrier breaks down, causing
fluid to leak into the subretinal space; this leads to visual
impairment[195]. Permanent damage can result if the fluid
is not reabsorbed quickly. To date, only a handful of clinical trials have been performed to explore the potential
relationship between CSR and H. pylori; however, the results of these studies have been impressive. No published
study has failed to find a correlation between CSR and H.
pylori evidence. Three studies have measured the effects
of H. pylori eradication on the course of the disease[195-197].
All three found some evidence of improvement. In the
study by Rahbani-Nobar et al[196] one group of H. pyloriinfected patients received eradication therapy, while another group did not. Reabsorbtion was significantly more
rapid in the eradicated group than in the non-eradicated
group.
Neurodegenerative diseases
There is tantalizing, but far from conclusive, evidence
suggesting a link between H. pylori infection and development of Alzheimer’s and Parkinson’s diseases. In Parkinson’s disease, H. pylori clearly interacts with L-dopa. The
bacteria can bind L-dopa and impact the absorption of
L-dopa treatment[198-200]. Some studies indicate that H. pylori eradication reduces motor fluctuations, but one study
found that motor fluctuations were lower in infected patients than in uninfected patients[199,201,202]. A large Danish
study found an association between Parkinson’s disease
diagnosis and H. pylori eradication treatment 5 or more
years prior to Parkinson’s disease diagnosis[203]. This suggests that past H. pylori infection may be just as relevant
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to Parkinson’s disease as current infection. A doubleblind, placebo-controlled trial found improvements in
stride length, but worsening of rigidity, following eradication therapy in anti-nuclear antibody-negative patients[204].
Anti-nuclear antibody-positive patients did not benefit
from eradication. Alarmingly, patients who remained H.
pylori-positive following treatment (eradication failure)
experienced rapid declines in motor functions. One interesting study examined the prevalence of H. suis, which
frequently infects livestock, in Parkinson’s disease patients. H. suis colonization was found in 12% of patients,
but only 0.6% of controls. Many of the H. suis-infected
patients had previously undergone H. pylori eradication
therapy[205]. They hypothesize that H. suis infection could
explain the higher prevalence of Parkinson’s disease
among farmers. At present, treatment of H. pylori in Parkinson’s disease patients is not recommended due to the
potential for deterioration of motor function associated
with eradication failure.
With respect to Alzheimer’s disease or general cognitive function, some studies have found correlations with
H. pylori infection and some have not[206-208]. A very large,
cross sectional study using data from the National Health
and Nutrition Examination Ⅲ, phase 1 found that H.
pylori seropositivity was strongly associated with poorer
cognition among adults aged 60-90 years[209]. A small
study of Alzheimer’s patients and age-matched controls
found that H. pylori eradication significantly improved
cognitive status, as measured two years after treatment[210].
The five-year survival rate was improved in H. pylorieradicated Alzheimer’s patients, but again, this was a
small study[211]. An H. pylori histidine-rich, nickel binding
protein, Hpn, forms amyloid structures in vitro and has
been postulated to play a role in Alzheimer’s disease[212],
but in vivo data are lacking.
Insulin resistance, diabetes and complications of
diabetes
The association between H. pylori infection and diabetes
was only recently suggested[213], but the preponderance
of studies have shown positive associations[214]. Metabolic
syndrome consists of obesity, particularly central obesity
combined with two or more other factors, such as insulin
resistance, hypertension, dyslipidemia, or elevated fasting
glucose. Metabolic syndrome is accepted as a precursor
to diabetes[215]. A large, cross sectional study of Japanese
patients revealed a significant relationship between H.
pylori infection and metabolic syndrome (OR = 1.39, P <
0.001)[216]. Microalbinuria, neuropathy, and heart disease
are common complications of diabetes. Patients infected
with H. pylori, particularly cagA+ H. pylori, were found to
be at higher risk of microalbuminuria, which indicates
endothelial leakage and is a risk factor for cardiovascular disease and diabetic nephropathy[217,218]. Studies also
suggest at higher rate of diabetic complications, such as
nephropathy, neuropathy, and retinopathy, in H. pyloripositive diabetics[219,220]. Coronary heart disease is also
more prevalent in H. pylori-positive diabetics than H.

12791

September 28, 2014|Volume 20|Issue 36|

Testerman TL et al . H. pylori pathogenesis, diagnosis, and treatment

pylori-negative diabetics[221].
The mechanisms underlying the association between
H. pylori and diabetes are unclear. Chronic inflammation
due to H. pylori infection is believed to contribute to many
H. pylori-associated diseases, and diabetics have higher
levels of inflammatory markers than non-diabetics[222].
Nonetheless, Jeon et al[223] did not find that the inflammatory markers IL-6 and C-reactive protein were elevated in
H. pylori-positive diabetics compared to H. pylori-negative
diabetics. Therefore, it appears that other causes of inflammation, perhaps including adiposity, trump H. pylorimediated inflammation in diabetics.
Does H. pylori eradication benefit patients who have
already developed diabetes? Very few studies have sought
to answer this important question. CagA+ H. pylori strains
are strongly associated with poor glycemic control[218,224],
so one would naturally think that these patients would
benefit from eradication therapy. In a study by Akanuma
et al[225] found that H. pylori eradication did not improve
glycemic control. Experiments in mice actually suggest
that H. pylori infection improves glucose homeostasis[226].
H. pylori eradication regimens are not 100% effective in
any population, but type 2 diabetics are at higher risk for
eradication failure[227].
The impact of H. pylori infection on ghrelin production could complicate the interpretation of diabetes
studies. H. pylori is known to suppress gastric ghrelin,
and ghrelin levels in the stomach rise following H. pylori
eradication[228]. Ghrelin stimulates appetite, which could
explain why some studies have found that patients gain
weight following H. pylori eradication[225,229]. It is also possible that resolution of gastric symptoms leads to weight
gain, but regardless of the mechanism, weight gain is not
beneficial to diabetic patients. Clearly, more studies are
needed to clarify the impact of H. pylori eradication on
diabetic patients, but at this point in time, treatment of
H. pylori infection in diabetic patients cannot be recommended.
Cardiovascular disease
An association between H. pylori and coronary artery disease was first suggested in 1994, twelve years after Barry
Marshall and Robin Warren discovered H. pylori[230]. The
methodologies and endpoints used in studies are diverse,
making it difficult to compare studies. The presence of
CagA seropositivity tends to strengthen associations
with cardiac diseases including atherosclerosis, unstable
angina, and cardiac X syndrome[231-237]. A meta-analysis
found that cagA-positive H. pylori increases the risk of
both ischemic stroke and coronary heart disease[62]. There
is ample evidence demonstrating that H. pylori infection
alters biomarkers that are associated with CVD. For example, several studies have linked H. pylori infection to alterations in lipid profiles[238-240]. Moreover, the amount of
LDL cholesterol elevation correlated with the degree of
gastric inflammation[241] and H. pylori eradication normalized lipid profiles[242,243]. H. pylori infection has also been
found to correlate with increased carotid intimal thick-
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ness, reduced serum paraoxonase-1 activity, and increased
risk of peripheral artery disease[244,245].
The role of H. pylori in promoting atherosclerosis or
other manifestations of cardiovascular disease remains
controversial because a number of studies have failed to
find any association between H. pylori infection and the
disease parameters studied[246,247]. Studies of healthy adults
and children failed to find associations between C-reactive
protein levels and H. pylori infection[247]. H. pylori infection was also not found to correlate with fibrinogen or
von Willebrand factor levels in coronary angiography
patients[248]. McDonagh et al[246] failed to find an increased
odds ratio for coronary heart disease in H. pylori-infected
patients. With so many conflicting studies, it is impossible
to recommend testing for or treatment of H. pylori in any
CVD patient population. Moreover, few in vivo studies
have been carried out in animal models. Nonetheless, the
number of studies positively correlating H. pylori infection with various aspects of CVD warrants continued
research on the potential for H. pylori to influence various
types of cardiovascular disease.
Autoimmune disorders
A recent meta-analysis of studies revealed that CagA seropositivity increased the risk of autoimmune thyroid disease by 2.24 fold (95%CI: 1.06-4.75). Infection with any H.
pylori strain significantly increased the risk for Grave’s disease (OR = 4.35), but not for Hashimoto’s thyroiditis[249].
While the overall H. pylori infection rate was not elevated
in Hashimoto’s thyroiditis, these patients did have a significantly higher rate of cagA+ H. pylori infection than
controls[250]. An exploration of both host genetics and H.
pylori virulence factors revealed that CagA+ strains were
more strongly associated with Grave’s disease than cagAstrains and certain HLA-DQA1 alleles altered the risk of
developing Grave’s disease[251]. H. pylori infection, especially cagA+, was found to be more prevalent in patients
with Grave’s disease than controls; CagA has some homology with thyroid peroxidase, which could trigger an
autoimmune response[252]. Autoantibodies against thyroid
peroxidase dropped significantly in all 5 H. pylori-positive
patients who accepted eradication therapy, but did not
drop in 5 who refused to be treated. Anti-thyroglobin
titers also dropped in 4/5 treated patients[253]. H. pylori
infection may also decrease the efficacy of thyroxine
therapy in patients with hypothyroidism[254]. In support of
the potential for H. pylori to cause thyroid disease, euthyroid patients with thyroid nodules were significantly more
likely to be infected with H. pylori than patients without
thyroid nodules (P = 0.002)[255].
Systemic sclerosis is an autoimmune disorder caused
by autoantibodies Information regarding the potential for
H. pylori to cause or worsen systemic sclerosis is scant,
but intriguing. A few studies have found positive correlations between systemic sclerosis and H. pylori infection[256-258]. The presence of H. pylori infection is strongly
associated with worse gastrointestinal, skin, and joint
symptoms, as well as increased erythrocyte sedimenta-
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tion rate in systemic sclerosis patients[259]. Danese et al[256]
found that 90% of H. pylori strains infecting systemic
sclerosis patients were cagA+, compared with only 37%
in controls. Reinauer et al[260] demonstrated that H. pylori
could be eradicated in systemic sclerosis patients, but
did not follow up to determine whether symptom scores
improved. Further studies are needed to confirm the association between H. pylori and systemic sclerosis and
determine whether H. pylori eradication is beneficial.
Neuromyelitis optica and multiple sclerosis
In contrast to systemic sclerosis, several studies indicate
a protective effect of H. pylori infection on multiple sclerosis[261,262], but the picture becomes more complicated
when the presence of neuromyelitis optica (NMO) is
included. NMO is an autoimmune disease in which
antibodies against aquaporin lead to demyelination of
the spinal cord and optic nerve, leading to paralysis
and blindness. It has been considered to be a variant of
multiple sclerosis, but is now proposed to be a separate
disease[263]. Li et al[264] attempted to dissect the possible
relationship between MS and H. pylori by correlating
antibodies against HP-NAP with autoantibodies against
aquaporin-4 (AQP4) and with circulating myeloperoxidase. Patients with MS and neuromyelitis optica were
more likely than controls to be infected with H. pylori
than those with conventional MS. There was a significant
correlation between seropositivity for AQP4 and seropositivity for HP-NAP. HP-NAP seropositive patients
also had higher myeloperoxidase levels and worse disability. H. pylori and Chlamydia pneumoniae seropositivity were
found to be more prevalent in NMO patients who also
have anti-AQP4 antibodies, but not in those lacking that
autoimmune marker[265]. These data clearly indicate that
MS and NMO patients must be studied separately with
regard to the potential for H. pylori involvement. H. pylori
antigens have been proposed as a treatment for multiple
sclerosis[266], but the potential for causing or exacerbating
other diseases makes this a risky proposition.
Campylobacter jejuni infection is known to be a risk factor for development of Guillain Barré syndrome, and H.
pylori may contribute as well. Guillain Barré syndrome is
an autoimmune attack on peripheral nerves that leads to
paralysis, which is usually temporary. A few small studies
have found higher H. pylori titers of H. pylori antibodies in serum or CSF in Guillain Barré patients than in
controls[267-269]. Associations were particularly strong in
patients with the acute inflammatory demyelinating polyradiculoneuropathy (AIDP) type of Guillain Barré syndrome. Another study found anti-VacA in all AIDP patients[270]. Homology between VacA and [Na(+) + K(+)]ATPase is suggested as a potential cause.
Protection against allergies
The hygiene hypothesis proposes that inadequate exposure to certain bacteria during the first one or two years
of life results in an immune system that is hypersensitive to environmental agents, leading to various allergic
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diseases. A Th2-skewed immune system favors allergies,
while Th1 responses, which are induced by H. pylori, favor
autoimmune and inflammatory diseases. The incidence
of allergies has risen dramatically in recent decades, while
the prevalence of H. pylori infection has fallen. This led
investigators to search for a link between the two phenomena. Several studies suggested an inverse relationship
between H. pylori infection and asthma. A meta-analysis
confirmed this association[271]. Proof-of-principle has
been established in a mouse model of asthma induced by
ovalbumin or house dust mite allergen[272]. In accordance
with the hygiene hypothesis, neonatal infection of mice
proved most effective in preventing asthma. Protection
correlated with infiltration of regulatory T cells into the
lungs. Adoptive transfer of regulatory T cells from H.
pylori-infected mice into allergic mice offered protection.
Some evidence also suggests that H. pylori may be protective against food allergies, celiac disease, and allergic
rhinitis as well[273-275]. CagA+ strains do not appear to be
relevant to asthma, but purified HP-NAP reduced lung
eosinophilia and Th2-associated cytokines in ovalbumininduced asthma in mice[53]. Certainly, H. pylori is not the
only organism implicated in allergy prevention. Actinobacteria, Bifidobacterium, and certain Clostridia and Bacteroides spp., are associated with a lower risk of allergic disease,
as well as a higher overall diversity of organisms[276,277]. It
is not known which organisms can most safely and effectively prevent or treat allergic disease.
Summary of extragastric diseases
Considering that H. pylori has numerous direct and indirect effects on host physiology, one should keep an open
mind regarding the possibility that H. pylori contributes to
a variety of extragastric diseases. H. pylori has now been
detected by culture, PCR, or histology in several epithelial
tissues, including the eyes, ears, nose, and skin. While it
is not yet possible to draw firm conclusions regarding
the role of H. pylori in most extragastric diseases, the
evidence cannot be ignored. Studies with contradictory
results could have several explanations. Regional variations in both human and H. pylori genotypes contribute
to established H. pylori-associated diseases. Inconsistencies may also indicate that H. pylori is a minor contributor
or serves to exacerbate, rather than cause, a particular
disease. Just as H. pylori is not responsible for all cases of
gastric cancer or ulcers, H. pylori is unlikely to be the sole
cause of other disorders. Future studies should measure
the presence of H. pylori virulence factors, in addition to
overall seropositivity, since several diseases are associated
with only some H. pylori genotypes. Studies designed to
elucidate mechanisms through which H. pylori contributes
to disease would also improve credibility.

TESTING INDICATIONS
Routine testing and treatment without endoscopy should
be performed primarily in relatively young patients with
evidence of dyspepsia, and without suspicion of severe
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pathology[278,279]. The test and treat strategy is considered
less useful in regions where the prevalence of H. pylori is
low (20% or less). Patients who present with alarm symptoms of vomiting, gastrointestinal bleeding, or weight
loss in patients or are over 45 years of age should proceed with an endoscopic evaluation[278].
Preemptive H. pylori eradication can reduce gastric
cancer risk and is considered appropriate for (1) first degree relatives of gastric cancer patients, (2) patients previously treated for gastric neoplasia; (3) patients with severe
pan-gastritis, corpus-predominant gastritis, or atrophy;
and (4) patients with other risk factors such as heavy
smoking or exposure to coal dust[279].
Testing should be considered for certain other populations. The combination of long-term NSAID use and
H. pylori infection increases the risk of ulcer development.
Therefore, testing for H. pylori is recommended prior to
starting long-term NSAID therapy[280,281]. Individuals with
unexplained iron deficiency anemia have been shown in
several series to have an improvement in anemia with
treatment of H. pylori in select patients[133,134,282]. H. pylori
testing may be considered in patients with chronic idiopathic thrombocytopenia as eradication may result in improvement in platelet function[283]. There is not sufficient
evidence to warrant H. pylori testing for most extragastric
diseases at this time; however, many patients with potentially H. pylori-associated diseases also have gastric symptoms. Non-invasive tests may be considered for these
patients.

H. pylori tests
A number of testing methods are available for detection of H. pylori. Invasive methods use endoscopy as the
vehicle to obtain tissue for histology, rapid urease testing, polymerase chain reaction, or culture[278]. Culture is
no longer considered necessary for confirmation of H.
pylori infection, but cultured organisms can be tested for
antibiotic resistance. Biopsies are also required for PCR
analysis.
Noninvasive methods
The urea breath test or fecal antigen testing are the preferred methods for establishment of active infection[279];
however these recommendations come with caveats. The
urea breath test consists of drinking carbon-13 labeled
or carbon-14 labeled urea. The ingested radiolabeled
carbon is converted to carbon dioxide and ammonia by
the urease created by the H. pylori. The carbon dioxide is
absorbed in the bloodstream and a sample of expired air
is analyzed for the presence of the labeled carbon. The
test also has the advantage of identifying active infection,
which cannot be categorized by serology. The sensitivity
and specificity for the urea breath test is 99% and 98%,
respectively[284]. Since the urea breath test requires specialized equipment, it is not always feasible in small clinics.
Stool also may be submitted for analysis for H. pylori
antigens using monoclonal or polyclonal antibodies. The
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test initially used an ELISA process, but has been modified into an immunocard, making it suitable for small
clinics and field-testing in third world countries. The
sensitivity and specificity for the test is 94.1% and 91.8%,
respectively. Stool testing also is more economical than
endoscopy for confirmation of eradication. Patient submission of stool samples may be a limitation of this test
for some patients, but it is highly suitable for infants and
children[285,286].
Proton pump inhibitors and H2 receptor antagonists
need to be withdrawn for several days prior to testing
using the urea breath test or stool antigen test due to the
potential for false negatives. In addition, antibiotics taken
during the four weeks prior to testing can suppress the
infection and lead to a false negative. Some studies suggest that waiting until 8 wk post-treatment improves test
accuracy[285].
Serology testing for H. pylori is widely available and
relatively inexpensive. Microtiter plates coated with H.
pylori antigens, combined with a secondary antibody, and
are used to detect H. pylori-specific IgG. Serology results
are not affected by acid suppression therapy or recent
antibiotic use; however, seropositivity is not a confirmation of current H. pylori infection. Likewise, serology cannot be used to confirm cure following an anti-microbial
regimen. These antibodies persist for an extended period
of time, often greater than half a year. Due to the oftenpatchy distribution of H. pylori, serum samples are more
consistent than other tissue samples. The sensitivity and
specificity of serology for detection of initial infection
compares to the gold standard of histology with sensitivity of 85% and specificity of 79%[287].
Invasive methods
Endoscopy is required to obtain biopsy material and to
assess the degree of pathology in the stomach. Giemsa,
Warthin-Starry, and Diff-Quik stains in addition to
standard hematoxylin and eosin staining can be used to
identify H. pylori. Stains such as Giemsa provide identification of the bacteria, assessment of inflammation, and
also provide evidence for intestinal metaplasia. No other
tests allow for the identification of intestinal metaplasia.
Multiple biopsies are needed for increased diagnostic
yield targeting at least three areas including the angularis,
the greater curvature of the corpus, and from the greater
curvature of the antrum. The high cost of infrastructure,
variability in pathologist review, and training of personnel
are limitations that prevent this method from being considered as the gold standard for diagnosis[278,288]. Biopsies
from the corpus, in addition to the antrum, increases the
diagnostic yield by 10%[289].
Rapid Urease testing involves utilization of the H.
pylori urease to identify active organisms. Samples of gastric tissue are placed on a reactive strip or agar gel. A pH
sensitive color indicator, buffer, and urea are added to the
sample. Urea is converted to ammonia causing a pH increase and subsequent color change in the sample area of
the test device. Readings can be taken between 1 h and 24
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commercially available kit has proven to be reliable and
far more rapid than culture-based methods for simultaneous detection of H. pylori and clarithromycin resistance[295,296].

Table 1 Helicobacter pylori treatment regimens-initial
therapies
Therapy
Triple therapy

Treatment
Duration: 7-14 d
PPI twice a day at higher dose or esomeprazole 40
mg by mouth daily
Amoxicillin 1 g by mouth bid
Clarithromycin 500 mg by mouth twice daily
Quadruple therapy Duration: 10-14 d
PPI twice a day at higher dose or esomeprazole 40
mg by mouth daily
Tetracycline 500 mg by mouth four times daily
Bismuth 120 mg four times daily
Metronidazole 250 mg four times daily
Sequential therapy Duration: 10 d
Day 1-5
PPI twice a day at higher dose or esomeprazole 40
mg by mouth daily
Amoxicillin 1 g by mouth bid
Day 6-10
PPI twice a day at higher dose or esomeprazole 40
mg by mouth daily
Clarithromycin 500 mg by mouth twice daily
Tinidazole 500 mg by mouth twice daily

Treatment

PPI: Proton pump inhibitor.

h based on the specific commercial test kit used. Sensitivity greater than 93% and specificity of 98% is reported
for rapid urease testing[290].
Culture provides a high specificity for the diagnosis
of H. pylori; however, it often lacks the sensitivity seen
with other invasive methods. From a practical standpoint,
culture techniques are technically challenging and costly.
H. pylori is a fastidious, microaerophilic organism requiring 5-7 d to form visible colonies on solid media. Laboratory personnel must culture specimens promptly and
avoid prolonged exposure to ambient oxygen levels to
maximize the organism’s survival. Culture options for detection are primarily recommended for situations requiring specific antimicrobial sensitivity testing. The tissue
may be placed directly on culture media, dragged across
the agar surface, or gently homogenized and plated.
PCR techniques can be used to detect H. pylori DNA
most reliably in biopsy samples, but saliva and feces have
also been used. PCR sensitivity nearing 100% and specificity of 100% can be obtained[291]. Contamination from
improperly cleaned endoscopes may create false positive
results. False negative results may occur due to PCR inhibitors within gastric tissue or feces. Wide acceptance of
PCR techniques in the clinical setting is limited and PCR
is primarily used in research settings[292]. Fluorescence in
situ hybridization (FISH) permits sensitive and specific
detection of H. pylori in gastric biopsies without the need
for DNA extraction. A fluorescently labeled DNA probe
hybridizes with the complementary sequence within
the bacterial chromosome. FISH can detect coccoid H.
pylori and is more sensitive than standard staining procedures[293]. The use of different fluorescent dyes can
permit simultaneous detection of H. pylori 16S rRNA and
gene sequences associated with antibiotic resistance[294]. A
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Optimal treatment for Helicobacter pylori has yet to be
defined for all patients. Furthermore, rates of antibiotic
resistance vary by region, and local resistance data should
be used to guide treatment where available. Suggested
regimens have included quadruple therapy, triple therapy,
and sequential therapy as summarized in guidelines published by the American College of Gastroenterology
and Maastricht Conference (Table 1). Quadruple therapy
utilizes a combination of a proton pump inhibitor (PPI),
bismuth product, and antibiotics containing metronidazole and tetracycline for 10 to 14 d. Bismuth salts are not
available in all areas of the world. Patients who receive
triple therapy are usually administered a regimen containing a PPI, amoxicillin, and clarithromycin for 10-14
d[297,298]. Sequential therapy begins with amoxicillin plus a
PPI for the first five days and finishes with triple therapy
including a PPI, clarithromycin, and tinidazole[299]. The
Maastricht Conference Guidelines suggest selection of
H. pylori treatment regimen without clarithromycin if the
resistance rate exceeds 20%[279].
Antibiotic resistance
Resistance of H. pylori to commonly used antibiotics is on
the rise worldwide. Overall, H. pylori resistance to metronidazole is prevalent, while resistance to amoxicillin and
tetracycline are low; however the picture is far more complex at the regional level. For example, amoxicillin resistance is below 3% in America and Europe, but over 60%
in Africa[300]. Africa also has the highest rates of resistance
to metronidazole (92.4%) and tetracycline (43.9%)[300].
Metronidazole resistance is above 50% in much of the
world but there are indications that metronidazole resistance may be dropping in northern Europe[301]. Within
Europe, resistance patterns vary by country and even
within a country. For example, the reported clarithromycin resistance rate is 1.5% in Sweden, but 7.5% in Germany and clarithromycin resistance in Italy is lower in the
north than in the south[301]. Increasing resistance to clarithromycin and levofloxacin has been attributed to widespread use of these antibiotics for respiratory tract and
urinary tract infections, respectively[300]. In the (Helicobacter
pylori Antimicrobial Resistance Monitoring Program), a
resistance pattern showed 29.1% of United States isolates
were resistant to one antimicrobial agent and 5% were resistant to two or more antimicrobial agents[302]. Multidrug
resistance remains low worldwide[300], offering hope that
rescue therapy will work in most patients. Previous treatment for H. pylori is the single largest risk factor for drug
resistance[302]. Success rates of antimicrobial therapy do
not always mirror in vitro susceptibility data. This could be
partially due to variability in antibiotic resistance testing
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protocols and on poor patient compliance[301]. In summary, local antimicrobial resistance data should be consulted
to increase the chances of eradication success following
the first treatment.
Specific H. pylori mutations responsible for antibiotic
resistance have been identified. Inactivation of the rdxA
gene is well known to contribute to metronidazole resistance, though other mechanisms likely exist[303]. The point
mutations A2143G, A2142G, and A2142C are responsible for clarithromycin resistance in H. pylori. Although the
test is not yet available in the clinical setting, the A2143G
mutation was associated with a lower eradication rate. In
a clinical trial, sequential therapy was found to be more
successful in eradication than triple therapy[300]. Certain
gyrA mutations are associated with fluoroquinolone resistance[304]. For individuals who have failed eradication
with the primary regimen, use of alternative antibiotics
must be considered. In the future, it may be feasible to
determine likely antimicrobial resistance patterns using
H. pylori DNA isolated from stool without the need for
endoscopy[305].
Recently, the concept of sequential therapy has been
proposed with a 10-14 d regimen of a PPI twice daily and
amoxicillin twice daily for five days, followed by a PPI
plus clarithromycin and tinidazole twice daily[306]. Zullo et
al[307] reported in a 2007 pooled-data analysis, an eradication rate greater than 90% with an intention to treat analysis thus revealing a higher eradication rate than standard
therapy. A recent meta-analysis revealed an odds ratio
(OR) for eradication of 2.99 (95%CI: 2.7-3.62), yielding a
number needed to treat (NNT) of 6 in favor of sequential therapy compared to triple therapy. Additionally, the
OR for eradication with sequential therapy compared
with 10 d of triple therapy was 2.92 (95%CI: 1.95-4.38)
with a NNT of 8 positive for sequential therapy. Factoring for clarithromycin resistance, the OR for eradication
with sequential therapy was 10.21 (95%CI: 2.01-34.58)
compared with triple therapy; however, the number of
patients was small[299]. Another large meta-analysis found
superiority compared to triple therapy with 93.5% eradication (95%CI: 91.3 to 95.5) compared to 76.9% (95%CI:
71.0-82.8) for standard triple therapy[308]. Sequential therapy appeared to be superior in subgroup analyses involving trial quality, smoking status, ulcer disease or non-ulcer
dyspepsia, clarithromycin or imidazole resistance or both,
duration of therapy and diagnostic method[308].
A novel regimen for treatment of H. pylori was proposed in an open label prospective trial of 653 patients
using levofloxacin, omeprazole, nitazoxanide, and doxycycline (LOAD) for 7 or 10 d compared to triple therapy
with lansoprazole, amoxicillin, and clarithromycin (LAC).
In this intention-to treat analysis, the rate of eradication for LOAD-7 d regimen was 90% and 88.9% for
LOAD-10 d regimen and combination eradication rate
of 89.4% vs 73.3% eradication rate with LAC. No adverse event differences were noted in the two groups[309].
The pill burden was limited to twice daily with both regimens, however, the current cost of the LOAD regimen,
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in particular nitazoxanide, may limit its widespread usage.
Additionally, more comprehensive multi-center trials will
be needed to confirm these results.
Salvage therapy
In a pooled analysis of several refereed studies and abstracts, retreatment with triple and quadruple therapies
were found to achieve eradication rates in the range of
70%-76%. Additionally, the substitution of two antibiotics compared to one antibiotic in the re-treatment
regimen was found to be superior for eradication[310]. Attempts should be made to avoid antibiotics previously
utilized for H. pylori eradication. As clarithromycin is utilized for most triple therapy regimens, quadruple therapy
is often utilized as the salvage therapy. A levofloxacin 500
mg daily, PPI, and amoxicillin 1 g twice daily regimen is
suggested in the American College of Gastroenterology
guidelines with an eradication rate possibly higher than
quadruple therapy[278]. In a multicenter, prospective trial,
rifabutin-based rescue therapy with amoxicillin and PPI
for ten days after three previous treatment failures was
found to have an approximate 50% eradication rate providing an additional strategy for refractory infections[311].
After the second attempt at treatment and confirmation
of failure of eradication, antibiotic sensitivity testing
should be implemented with tissue acquisition and culture for guidance in selecting the appropriate antimicrobial regimen.
Adjuvant therapy
A number of studies have investigated the roles of probiotics in improving eradication rates and decreasing
antibiotic side effects, but there is not yet a consensus
regarding their utility. A recent meta-analysis evaluating
probiotics including both Lactobacillus and Bifidobacterium
species reports increased eradication in adults, but no
effect in children. Total side effects were decreased with
the supplementation of probiotics. Individual side effects
were not assessed in this meta-analysis; however, the effects of confounders could not be assessed due to the
small trial sizes[312]. Another recent meta-analysis differentiated between studies using Lactobacillus alone vs combinations containing other genera[313]. They found that the
eradication rates were raised significantly by 17% when
Lactobacillus was used alone, compared with only 2.8% in
patients treated with a combination of species. Contrary
to the findings of the aforementioned study, they did not
detect a reduction of overall side effects. Diarrhea may
be reduced with the usage of Saccharomyces boulardii, but
other adverse effects (epigastric pain, taste disturbances,
nausea, and gas/bloating) were not affected. Trial numbers are limited with this organism[314]. A few trials have
evaluated lactoferrin as adjuvant therapy. A meta-analysis
in 2009 found benefit, but small sizes of the trials and
lack of robust data necessitate additional clinical trials[315].
A recent study compared the effects of probiotics or a
combination of probiotics and lactoferrin on eradication
and severity of antibiotic-related side effects[316]. Neither
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treatment improved eradication, but both reduced side
effects and increased patient compliance. The addition
of lactoferrin to probiotics did not confer any additional
benefit compared to probiotics alone. In summary, there
is some evidence that probiotics improve eradication
rates, but evidence that probiotics can reduce the side effects of eradication therapy is not conclusive. Given the
excellent safety profile of probiotics, it may be reasonable
to suggest that patients eat yogurt or take an over-thecounter supplement containing Lactobacillus and/or other
probiotic species.
Simvastatin as a supplement to clarithromycin, amoxicillin, and omeprazole has been shown to increase the
eradication rate of H. pylori when used as an adjuvant in a
randomized controlled trial. No differences were noted in
compliance or side effects. The proposed mechanism for
augmented eradication is the anti-inflammatory effects of
Simvastatin, which are unrelated to its cholesterol-lowering activity (Nseir, 22646167). Further studies are needed
for confirmation before advocating this strategy.
Special considerations
Generally, bismuth compounds, tetracycline, and flouroquinolones regimens should be avoided in pregnancy due
to potential teratogenic effects. Metallic taste is a common side effect with metronidazole and clarithromycin.
Photosensitivity with doxycycline and tetracycline is possible. Additionally, metronidazole may cause an adverse
reaction with alcohol and with prolonged usage may
create a peripheral neuropathy. Other less common side
effects are noted with each of these medications.
Confirmation of eradication
Based on Maastricht Ⅳ/Florence Consensus Report,
eradication of H. pylori should be confirmed with a urea
breath test or a laboratory-based, validated monoclonal
stool test 4 wk after the conclusion of treatment. In cases of a gastric ulcer or gastric MALT lymphoma, followup is suggested with an esophagogastroduodenoscopy
and biopsy of gastric tissue[279]. The ACG Guidelines
also suggests testing with individuals with persistent
dyspepsia symptoms following resection with an early
gastric cancer[278].

not known whether H. pylori must be present outside the
stomach to initiate autoimmune disease. As of yet, routine testing for H. pylori is recommended only for patients
with gastric symptoms, iron deficiency anemia, and idiopathic thrombocytopenic purpura. Recommendations will
likely change as more is learned about H. pylori’s potential to
cause other diseases. In addition to the urea breath test,
the fecal antigen test has proven reliable and useful for
detecting current H. pylori infection. The fecal antigen test
does not require specialized equipment. Increasing antibiotic resistance is reducing the utility of metronidazole
and clarithromycin, necessitating the use of alternative
treatment regimens. Sequential therapy has proven to be
a more effective than standard triple therapy for eradication of H. pylori. Thirty years after its discovery, H. pylori
remains an enigmatic pathogen with many secrets yet to
be revealed.
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Abstract
Helicobacter pylori (H. pylori ) is a gram-negative

pathogen that is widespread all over the world, infecting more than 50% of the world’s population. It is
etiologically associated with non-atrophic and atrophic
gastritis, peptic ulcer and shows a deep association
with primary gastric B-cell lymphoma and gastric adenocarcinoma. Recently, the medical research focused
on the modification of the gastric environment induced
by H. pylori infection, possibly affecting the absorption of nutrients and drugs as well as the production
of hormones strongly implicated in the regulation of
appetite and growth. Interestingly, the absorption of
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iron and vitamin B12 is impaired by H. pylori infection,
while infected subjects have lower basal and fasting serum levels of ghrelin and higher concentration of leptin
compared to controls. Since leptin is an anorexigenic
hormone, and ghrelin stimulates powerfully the release
of growth hormone in humans, H. pylori infection may
finally induce growth retardation if acquired very early
in the childhood and in malnourished children. This
review is focused on the nutritional effects of H. pylori
infection, such as the reduced bioavailability or the malabsorbption of essential nutrients, and of gastrointestinal hormones, as well as on the relationship between H.
pylori and the metabolic syndrome.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Malabsorption; Metabolic syndrome; Gastrointestinal hormones
Core tip: This review analyzes in a very comprehensive
way all aspects related to nutrition and metabolism induced by Helicobacter pylori (H. pylori ). Interestingly,
this bacterium is able to produce different biological
effects on hormones controlling both appetite and
growth, mostly depending on the time of acquisition of
the infection and of eradication. On the other hand, H.
pylori is able to induce malabsorption of several nutrients, with a strong effect on nutrition.
Franceschi F, Tortora A, Di Rienzo T, D'Angelo T, Ianiro G,
Scaldaferri F, Gerardi V, Tesori V, Lopetuso LR, Gasbarrini
A. Role of Helicobacter pylori infection on nutrition and metabolism. World J Gastroenterol 2014; 20(36): 12809-12817
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INTRODUCTION

ic imbalance conditions, such as the metabolic syndrome.

Helicobacter pylori pathophysiology and related
diseases
Helicobacter pylori (H. pylori) is a gram-negative pathogen that is widespread all over the world, infecting more
than 50% of the world’s population, with a predominant
distribution in developing countries (up to 80%) compared to industrialized ones (20%-80%). The essential
way of transmission is the inter-human contact. Poor
socio-economic condition is an important risk factor.
Although the infection is largely diffused, only 10%-20%
of patients develop clinical manifestations[1-3].
H. pylori colonizes the entire gastric epithelium, and has
an important urease activity, that leads to the ammonia
production in order to protect itself from gastric acidity.
It produces also other enzymes, such as phospholipase
A2 and C, and glycosulfatase, which play a role in the
development of the gastric mucosal damage[1]. Indeed,
H. pylori induces an inflammatory response through the
gastric epithelium, with production of pro-inflammatory
cytokines, such as interleukin 1β and interleukin 8. Some
H. pylori genotypes, especially those vacuolating toxin A
(Vac-A) and cytotoxin-associated gene A (Cag-A) positive, are associated with greater pathogenicity and more
severe disease. Cag-A positive strains induce a stronger
inflammatory response of gastric mucosa, with increased
production of pro-inflammatory cytokines. The VacA
gene, which leads to vacuolization and apoptosis of gastric epithelial cells, is genetically expressed in every H.
pylori strain, even if is phenotypically present in only 60%
of them[4]. H. pylori is etiologically associated with nonatrophic and atrophic gastritis and peptic ulcer (especially
duodenal ulcer). Moreover, there is a deep association
between H. pylori and primary gastric B-cell lymphoma
(mucosa-associated-lymphatic-tissue or MALT-lymphoma) and gastric adenocarcinoma. H. pylori has been therefore classified by IARC/WHO as “group 1 carcinogen”
[5]
. Finally, over the last years, many authors investigated
the relationship between H. pylori infection and extra-digestive diseases, following the rationale that it may act as
an immunological trigger. The strongest association has
been found with idiopathic thrombocytopenic purpura,
while other studies seems to connect H. pylori infection
with autoimmune diseases (Schonlein-Henoch purpura,
Sjogren syndrome, autoimmune thrombocytopenia), skin
diseases (urticaria, rosacea, and alopecia areata), and cardiovascular diseases (chronic ischemic heart disease and
chronic ischemic cerebrovascular disease)[6,7]. Recently, the
medical research focused on the modification of gastric
environment induced by H. pylori infection. For example,
it can affect the absorption of nutrients and drugs. In
fact, idiopathic sideropenic anemia is strongly related to
H. pylori infection[8,9]. The aim of this review is to evaluate
the nutritional effects of H. pylori infection, such as the
reduced bioavailability or the malabsorption of essential
nutrients, and of gastrointestinal (GI) hormones, and,
moreover, the relationship between H. pylori and metabol-

Iron and H. pylori
Several epidemiological studies have revealed an association between H. pylori infection and iron deficiency anemia[8,9]. According to a recent meta-analysis[10], iron deficiency anemia is significantly more prevalent in paediatric
subjects with H. pylori than negative controls, although
the correlation is less marked in adult. H. pylori-related
gastritis and its effects on gastric physiology, affecting
the normal process of iron absorption, may possibly explain this phenomenon[11]; however, H. pylori is probably
responsible of iron deficiency anemia through several
mechanisms. Hypochlorhydria might induce the conversion of ascorbic acid to dehydroascorbic acid - a less active form hampering the promotion of iron absorption;
moreover, the reduction of the ferric to ferrous form,
which is fundamental for the absorption of non-heme
iron, might be impaired by H. pylori infection, that cause
an increase of gastric pH through the atrophy of gastric
glands and fundic mucosa and the consequent decreases
in gastric acid secretion[12,13]. Since iron is an essential
growth factor for H. pylori, it also competes with the host
for iron absorption: H. pylori possesses some proteins
of the outer membrane that play a role in bacterial iron
absorption as well as intracellular storage proteins with
similar characteristics as ferritin[14]. The association between iron deficiency anemia and H. pylori infection is so
strong that a test and treat strategy for H. pylori infection
is strongly recommended by Maastricht Ⅲ European
guidelines in patients with unexplained sideropenic anemia[15].
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Micronutrients and H. pylori
H. pylori infection can cause a deficiency of vitamins (such
as vitamin C, vitamin A, α-tocopherol, vitamin B12 and
folic acid) and essential minerals.
Vitamin B12: H. pylori infection might impair the absorption of vitamin B12 from food, leading to pernicious anemia[16,17]. Dietary cobalamin is bound to other
proteins, and its release is closely related to the gastric pH
status[18]. Food-cobalamin malabsorption is characterized
by the inability to absorb food-bound or protein-bound
cobalamin by patients normally capable of absorbing free
cobalamin. Probably, antacid drugs[19] used by infected
symptomatic subjects and the modification of the intragastric pH[20] caused by H. pylori are the principal factors of malabsorption of vitamin B12. Annibale et al[18]
described the presence of H. pylori-related gastritis as the
unique pathological finding in 57.1% of patients with
macrocytic anemia caused by B12 deficiency; the majority
(76%) of the patients reported a classic pernicious anemia due to atrophy of the gastric body, with associated
hypergastrinemia and hypo-achlorhydria. H. pylori may
also act as a molecular mimicker, as antibodies directed
against the H+, K+-adenosine triphosphate protein may
be evoked by a similar antigen expressed by H. pylori[21].
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Hyperhomocysteinemia related to vitamin B12 deficiency
may constitute a risk for ischemic heart disease and cerebrovascular diseases. This phenomenon would therefore
be the link between H. pylori infection and vascular diseases.
b-carotene: b-carotene it is the most abundant form of
pro-vitamin A, being widely present in fruit and vegetables. It is able, together with its metabolites, to neutralize
reactive oxygen compounds produced by oxidative stress.
The bioavailability of β-carotenes depend on several factors such as the processing and cooking of foods, the
composition of the nutritional matrix, and the GI health
status[22]. Hypo/achlorhydria significantly decreases bioavailability of β-carotene. β-carotene gastric mucosal
concentration has been found to be markedly decreased
in patients with gastric atrophy and intestinal metaplasia[23]. In H. pylori positive subjects, the concentration of
β-carotene in gastric juice is decreased, even if plasma
levels are similar to controls[24]. Probably, H. pylori reduces
β-carotene bioavailability as a consequence of the slow
movement of the micelle containing the vitamin through
the membrane of the enterocytes due to its extreme
negative charge derived from a non-acid medium.
Vitamin C: Vitamin C is actively absorbed from the
small intestine via SVCTs and GLUTs transporters.
Ascorbic acid is a water-soluble antioxidant that neutralizes nitrite-derived mutagens, with consequent protection
against carcinogenesis[25]. In a large study (more than
1100 patients), vitamin C plasma concentration was 20%
lower in H. pylori infected subjects than in negative controls, even after correction for confounding factors, such
as smoking and dietary habits[26]. Probably, H. pylori infection may cause an irreversible inactivation of the ingested
vitamin C in the intestinal lumen prior to its absorption.
When hypochlorydria occurs, such as in the case of gastric atrophy, intragastric pH levels increase, and ascorbic
acid is converted to the less active form of dehydroascorbic acid[27]. Intragastric pH is then the key factor for the
observed depletion of gastric juice vitamin C levels, in
patients with gastric atrophy[28].
Vitamin E: Vitamin E includes tocopherols and tocotrienols, two classes of compounds with different biological
activities. a-tocopherol is the most common alimentary
form of vitamin E, representing the most important
liposoluble antioxidant of the biological membranes.
It is able to increase natural killer cell activity, playing
an important immunologic role. In patients suffering
from H. pylori infection, the mucosal concentration of
α-tocopherol of the corpus is lower than that of the
antrum or duodenum[29]; probably, this phenomenon reflects a mobilization of antioxidant defenses to the sites
of greatest gastric inflammation[30]. Moreover, the presence of intestinal metaplasia and gastric atrophy is significantly associated with reduced mucosal concentration of
[24]
α-tocopherol . Furthermore, mucosal concentrations
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of α-tocopherol in the gastric antrum decreases progressively when antral mucosal histology changes from normal to chronic gastritis alone and finally to atrophy and
intestinal metaplasia.
Folate: Few studies have investigated the relationship
between folates and H. pylori infection. Some authors
reported a negative relationship between H. pylori infection and folate metabolism in adults. A decrease in folate
absorption may take place as a consequence of decreased
concentration of vitamin C in gastric juice and/or an increased level of intragastric pH, as frequently occurs in H.
pylori infection[29].
Zinc: even if available data are few, they do not demonstrate a correlation between H. pylori infection and serum
zinc levels[9,31].
Selenium: Selenium is a co-factor of glutathione peroxidase, which protects membranes from oxidative damage.
Selenium deficiency exposes most tissues to oxidative
damage. Plasma selenium levels have been showed to
be similar in patients with H. pylori-related gastritis and
healthy controls, even if in the first group selenium levels
in the gastric tissue were significantly higher, probably because of the presence of elevated reactive oxygen species
(ROS) associated with the infection[32]. A similar behavior
in gastric selenium levels may also occur as a reaction to
any damage that leads to increase of ROS in the gastric
mucosa. On the other side, selenium concentration is
markedly decreased in the antral mucosa of patients with
atrophic gastritis.
Gastrointestinal hormones and H. pylori
Ghrelin, a 28-amino-acid peptide produced in the gastric
oxyntic gland of the fundic mucosa, is an endogenous
ligand of the growth hormone (GH) secretagogue receptor, and stimulates powerfully the release of GH in
humans. Other properties are the increase of appetite,
facilitation of fat storage, modulation of energy homeostasis[33-35]. The effect of ghrelin on appetite and food
intake is believed to be primarily mediated by peripheral
input at the arcuate nucleus and further spread to the
nucleus tracti solitari. Ghrelin is involved in the hypothalamic regulation of metabolic control and energy balance. Since the structure of ghrelin resembles motilin, its
secretion may be associated with gastric motility and acid
secretion in addition to appetite regulation[36-38]. Leptin, is
an anorexigenic hormone, with opposite effect of ghrelin, inhibiting both gastric ghrelin secretion and ghrelindependent feeding stimulation[39]. Secretion of ghrelin
is inhibited also by insulin, growth hormone, insulinlike growth factor-Ⅰ, and a high-fat diet, while both a
low protein diet and fasting result in an increased secretion of ghrelin[37,38,40]. Also H. pylori infection has been
hypothesized to play a role in ghrelin levels’ modulation.
A recent systematic review[41] evaluated the studies investigating this relationship. Interestingly, circulating ghrelin
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levels were lower in H. pylori positive patients compared
to negative controls in the majority of the trials analyzed.
The effect of H. pylori on ghrelin production has
been related also to H. pylori virulence. Patients with
type Ⅰ strain H. pylori, expressing CagA and VacA, have
lower circulating ghrelin levels than those with the less
virulent type Ⅱ strain[42]. Probably, the extent of gastric
damage and the duration of the infection play a key role
in modulation of ghrelin levels by H. pylori[43]. Similar data
have been reported also in patients with autoimmune
gastritis[44]. However, we have to consider that ghrelin
production may also be replaced by other sources[45].
The effect of H. pylori infection has been studied also
in relationship with the production of other gastric hormones[38]. Serum gastrin concentrations were significantly
increased in both H. pylori positive children and adults.
Dyspeptic symptoms, including upper GI symptoms accompanied by lost or reduced appetite, were reported by
the majority of H. pylori-positive children (65%), but only
by 15% of H. pylori negative children[46]. Subjects with H.
pylori infection have lower basal and fasting serum levels
of ghrelin and higher concentration of leptin than controls. Briefly, the gastric mucosal damage due to H. pylori
provokes a marked increase of leptin and gastrin levels,
and a reduction in ghrelin plasma levels, and this phenomenon may contribute to the occurrence of dyspeptic
symptoms and appetite alteration.
Many studies investigated on the possible association
between H. pylori infection and metabolic syndrome and
atherosclerotic cardiovascular disease.
H. pylori and insulin resistance
Insulin-resistance (IR) and subsequent hyperinsulinemia
are the main pathogenic factors in metabolic syndrome.
IR is characterized by a complex clinic scenario which
includes type 2 diabetes mellitus, central obesity, dyslipidemia, hypertension, non-alcoholic fatty liver disease
(NAFLD), hypertension and endothelial dysfunction.
Two parameters can be used to quantify IR: body mass
index (BMI) calculated as weight (kg)/[height (m)]2, and
HOMA-IR (homeostasis model assessment estimates
steady state beta cell function and insulin sensitivity
calculated as [fasting insulin (mU/L) × fasting glucose
(mmol/L)]/22.5). There is no currently widely accepted
normal range for HOMA-IR, but the upper cut-off value has been proposed to be between 2.0 and 3.0[47]. Many
studies showed that H. pylori infection is linked with
a higher serum oxidative stress and lower serum total
antioxidant capacity[48] and could be an independent predictor for HOMA-IR[49]. Contrasting results emerge by
studies on the effect of eradication therapy on HOMAIR[50,51]. A case report of an 84-year-old Japanese man
with IR and immune thrombocytopenic purpura showed
improvement of both conditions after H. pylori eradication, with no longer need of diabetes treatment[52]. The
link between H. pylori and IR is not already clarified, but
many pathogenic mechanisms have been suggested[47]:
(1) pro-inflammatory and vasoactive substances, such as
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cytokines [tumor necrosis factor (TNF)-α, interferon-g,
interleukin (IL)-1, IL-6, IL-8, IL-10, IL-12], eicosanoids
(leukotrienes, prostaglandins), and acute phase proteins
(fibrinogen, C-reactive protein) are released in infection
and involved in the pathogenesis of IR; (2) enhanced
platelet activation and platelet-leukocyte aggregation[53];
(3) alteration of apoptotic process[54]; (4) oxidative stress.
H. pylori infection causes inflammation, accumulation
of ROS, and oxidative DNA damage. Enhanced ROS
levels due to neutrophil infiltration and increased oxidative DNA damage have been reported in gastric mucosa
of H. pylori-infected patients[48]; (5) reduction of vitamin
B12 and folate concentrations, due to the chronic atrophic gastritis, and the consequent increase of homocysteine[55]; and (6) H. pylori infection has been associated
with lower ghrelin[56] and increased leptin[57] levels, which
are associated with impaired energy homeostasis, lipid
metabolism, elevated fasting insulin levels and insulin
sensitivity.
Moreover, fetuin A, another acute-phase glycoprotein, can be associated to H. pylori infection and insulin
resistance[58]. This molecule is involved in mineralization
and insulin signaling regulation. Its dysregulation results
in an excessive inhibition of insulin signaling in the liver
and skeletal muscle[59]. Kebapcilar et al[60] reported lower
baseline serum fetuin-A levels in H. pylori-positive patients vs negative. Furthermore, fetuin-A levels appear
significantly increased after successful H. pylori eradication treatment.
H. pylori and lipid profile
Several studies have demonstrated that H. pylori might be
implicated in the change in serum lipid concentration, increasing the risk of atherosclerosis[61-64], but these data are
not confirmed by other studies[65,66].
Kim et al[67] conducted a study on 454 elderly Koreans,
showing that H. pylori was independently associated with
increase of low-density lipoprotein (LDL) cholesterol,
with a correlation between LDL levels and infection severity.
Satoh et al[68], instead, showed a difference based on
gender: studying 6289 Japanese subjects, it has been
revealed that LDL and high-density lipoprotein (HDL)
cholesterol were significantly higher and lower in H.
pylori seropositive male subjects, while this association
was not significant in female subjects. C-reactive protein
values did not differ between H. pylori-positive and H.
pylori-negative subjects. Another study tried to investigate
circulating and gastric mucosal levels of IL1-alpha, IL-6,
IL-8 and TNF-α in patients with ischemic heart disease
(IHD) and matched controls, according to the presence
or absence of active H. pylori infection. The results of
the present study provide evidence that active H. pylori
infection may play a role as a trigger factor in the pathophysiology of IHD by inducing an inflammatory cascade
concentrated on gastric mucosa[69].
In an Italian study, infected subjects showed increased
levels of cholesterol, LDL-cholesterol, and cholesterol/
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HDL-cholesterol atherogenic index and significant difference between infected and uninfected subjects was found
in lipoprotein(a) levels.
H. pylori and obesity
The relationship between obesity and H. pylori infection
is controversial. Obesity can alter innate and adaptive
immunity, with relation between grade of obesity and immunity deterioration. Morbidly obese subjects have lower
maturation of monocytes into macrophages and reduced
polymorphonuclear bactericidal capacity. Severely obese
patients have a signiﬁcant decrease in NK cells activity in
comparison to normal individuals matched for age and
gender[70].
According to some studies, the risk of H. pylori infection does not increase in overweight young persons and H.
pylori positivity or CagA antibody status are not associated
with the BMI or fasting serum leptin levels[71-73].
However, there are data demonstrating that the eradication of H. pylori significantly increases the incidence
of obesity in patients with peptic ulcer disease, since it
increases the level of BMI, and/or enhances the appetite
of asymptomatic patients, due to an elevation of plasma
ghrelin and a reduction of leptin levels[38,74-77].
A potential relationship between insulin-resistance,
NAFLD and H. pylori appears to exist based on the following points: (1) NAFLD is the hepatic component of
metabolic syndrome and insulin-resistance regarded as its
key pathogenic hallmark; (2) patients with NAFLD present a significant increase in gut permeability, and this data
is positively related with liver fat accumulation; and (3)
H. pylori infection has been implicated in the pathogenesis of IR by many mechanisms, in particular: increased
level of pro-inflammatory cytokines, eicosanoids, acute
phase proteins, reactive oxygen species production, and
cytokine serum changes (i.e., low adiponectin, ghrelin and
leptin levels; high TNF-α)[78].
In conclusion in H. pylori negative patients, obesity
and metabolic syndrome mostly depend on genetic and
lifestyle habits. If H. pylori is acquired very early in the
childhood (as in developing countries) it may lead to malnutrition and growth retardation especially when either
food intake or variety is poor.
H. pylori and malnutrition
According to some authors[79] H. pylori can play a role on
the balance of nutritional status. The incidence of H.
pylori infection in childhood in developing countries is
high[79-81] and in some studies H. pylori has been correlated
with malnutrition and growth retardation[82,83]. Contracting H. pylori infection in childhood may result in a series
of events that influence morbidity and mortality[84]. H. pylori is associated with hypochlorhydria both in adults and
in children[85-87] hypochlorhydria impairs the absorption
of several nutrients and increases susceptibility to enteric
infections[87] such as giardiasis, cholera, typhoid and nontyphoidal salmonellosis[88-91] and other microorganisms,
particularly in areas where they are endemic. The resul-
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tant diarrhea[85-91] may lead to malnutrition and growth
retardation in children[92-94]. In conclusion, H. pylori could
be associated with childhood malnutrition in developing countries both because of increased susceptibility to
enteric infections caused by hypochlorhydria and because
of malabsorption of nutrients.
Improvement of nutritional aspects after H. pylori
eradication
In a recent metanalysis[95] of randomized controlled trials comparing H. pylori eradication therapy plus oral iron
supplementation to oral iron supplementation alone
in subjects with H. pylori infection and iron deficiency
anemia, the combination therapy showed a statistically
significant increase of serum iron, serum ferritin and hemoglobin, than iron supplementation alone; those results
were strongest in patients with hemoglobin levels lower
than 9 g/dl. Moreover, eradication of H. pylori was significantly associated with healing of iron deficiency anemia even in patients not receiving iron supplementation
therapy[96,97].
Furthermore, H. pylori eradication has been showed
to improve not only iron absorption but also vitamin B12
absorption[17], and the successful eradication of H. pylori
restored the juice/plasma ascorbic acid ratio[98].
On the other hand, the eradication of H. pylori has
not shown efficacy on the modulation of vitamin A or
vitamin E levels in serum or gastric juice[99].
The role of H. pylori eradication on ghrelin levels has
been recently evaluated by systematic review[41] of literature, without conclusive statements. However, a recent
study[42] showed that ghrelin did not change during the
first 4 wk after H. pylori eradication, but gradually increased after 6 mo of follow-up.
Finally, in a trial by Furuta et al[100], body mass index
and fasting blood glucose levels were not significantly
modified by H. pylori eradication, while serum levels of
total protein and albumin and serum total cholesterol levels significantly increased only in subjects with successful
eradication; according to authors, the restoring of gastric
pH that follows eradication is probably responsible for
this phenomenon.

CONCLUSION
Overall, H. pylori has an exceptional impact on GI system.
It is able to influence all the vital pathways of human
system. Increasing evidences are focusing on its role also
in pathological aspects not immediately related to the GI
tract, such as metabolic syndrome and gynecological diseases. This new approach in studying H. pylori has obvious therapeutic implications and could lead to the screening of H. pylori in these diseases, especially in metabolic
syndrome. Finally H. pylori, the most studied bacteria in
GI tract, represents a model to follow for studying the
gut microbiota properties. This could open the discussion
on new diagnostic and therapeutical approaches of GI
and extra-intestinal diseases.
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Abstract
Helicobacter pylori (H. pylori ) is the most common in-

fection in humans, with a marked disparity between
developed and developing countries. Although H. pylori
infections are asymptomatic in most infected individuals, they are intimately related to malignant gastric
conditions such as gastric cancer and gastric mucosaassociated lymphoid tissue (MALT) lymphoma and to
benign diseases such as gastritis and duodenal and
gastric peptic ulcers. Since it was learned that bacteria
could colonize the gastric mucosa, there have been
reports in the medical literature of over 50 extragastric
manifestations involving a variety medical areas of specialization. These areas include cardiology, dermatology,
endocrinology, gynecology and obstetrics, hematology,
pneumology, odontology, ophthalmology, otorhinolaryngology and pediatrics, and they encompass conditions
with a range of clear evidence between the H. pylori infection and development of the disease. This literature
review covers extragastric manifestations of H. pylori
infection in the hematology field. It focuses on conditions that are included in international consensus and
management guides for H. pylori infection, specifically
iron deficiency, vitamin B12 (cobalamin) deficiency, immune thrombocytopenia, and MALT lymphoma. In addition, there is discussion of other conditions that are not
included in international consensus and management
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guides on H. pylori , including auto-immune neutropenia, antiphospholipid syndrome, plasma cell dyscrasias,
and other hematologic diseases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Iron deficiency; Immune thrombocytopenia; Mucosa-associated lymphoid
tissue lymphoma; Vitamin B12 deficiency
Core tip: Helicobacter pylori (H. pylori ) infections are
intimately related to malignant gastric condictions and
benign diseases in the stomach, nevertheless there are
extragastric manifestations closely related with H. pylori
infection. This review focuses on hematologic diseases
included in international consensus and management
guides for H. pylori infection; specifically iron deficiency,
vitamin B 12 (cobalamin) deficiency, immune thrombocytopenia, and extranodal marginal zone mucosaassociated lymphoid tissue lymphoma. In addition of
other hematologic diseases not included in guides and
consensus as auto-immune neutropenia, antiphospholipid syndrome, and plasma cell dyscrasias.
Campuzano-Maya G. Hematologic manifestations of Helicobacter pylori infection. World J Gastroenterol 2014; 20(36):
12818-12838 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/12818.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.12818

INTRODUCTION
Helicobacter pylori (H. pylori) is present in over 50% of all
stomachs in the world population, making it the most
frequent infection in humans[1]. It displays a marked disparity in occurrence between developed countries, where
its prevalence oscillates between 30% and 50%, and developing countries, where its prevalence ranges between
80% and 90%[2].
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After 1983, when it was discovered that the stomach
could be colonized by bacteria[3], increasing evidence
has shown that H. pylori is a pathogen closely related to
a variety of gastric conditions. These range from benign
stomach diseases such as chronic gastritis, duodenal peptic ulcers and gastric peptic ulcers[3] to malignant diseases
such as gastric cancer[4] and gastric mucosa-associated
lymphoid tissue (MALT) lymphoma[5]. In the 30 years
that have elapsed since its discovery, more than 50 extragastric manifestations of H. pylori infection have been
reported, involving a range of medical specializations
including cardiology, dermatology, endocrinology, gynecology and obstetrics, pneumology, neurology, odontology, ophthalmology, otorhinolaryngology, pediatrics, and
hematology[6-18]. Hematological manifestations are the
subject of this review.
For practical purposes, this review was divided arbitrarily into two groups. The first is made up of hematological diseases that are recognized as extragastric
manifestations of H. pylori infection by the scientific
community and have been incorporated into international
consensus and management guides on H. pylori infection.
The second is made up of hematological diseases that are
not included in the international consensus and management guides on H. pylori infection (Table 1). Despite the
existence of publications that link these diseases to H.
pylori infections, they are not recognized by the scientific
community due to a lack of either new evidence or further analysis.

HEMATOLOGICAL DISEASES
RECOGNIZED AS EXTRAGASTRIC
MANIFESTATIONS OF H. PYLORI
INFECTION
As of May 2014, the following conditions fulfill the criteria to be hematological diseases that are recognized in
international consensus and management guides on H.
pylori infection: (1) Unexplained iron deficiency included
in the Maastricht Ⅲ Consensus-2007[19] and subsequently
ratified in several international consensus and management guides on H. pylori infection[20-28]; (2) Unexplained
vitamin B12 (cobalamin) deficiency included in Maastricht
[25]
Ⅳ /Florence Consensus-2012 and recently ratified
in the Ⅲ Spanish Consensus Conference on H. pylori
infection carried out in 2013[27]; (3) Primary immune
thrombocytopenic purpura included in the Maastricht Ⅲ
Consensus-2007[19] and subsequently ratified in several
international consensus and management guides of H.
pylori infection[21-28]; and (4) Gastric MALT lymphoma
included in the first Maastricht Consensus[29] and subsequently ratified in all international consensus and management guides created for H. pylori infection[19-28,30-37].
It is important to note that of the extragastric diseases described in the medical literature that are possibly
associated with H. pylori, only three such conditions have
been incorporated into the guidelines: iron deficiency[19-28],
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vitamin B12 deficiency[25,27], and primary immune thrombocytopenic purpura[19,21-28].
Iron deficiency
Iron deficiency (ID) is a serious public health issue, regardless of whether it is associated with anemia. It affects
a quarter of the world’s population, over two billion people, according to the World Health Organization (WHO).
Importantly, ID seriously affects at-risk populations such
as children and pregnant women[38,39]. ID is associated
with an increase in morbidity, including increased susceptibility to infections, decreased labor productivity, and impaired physical and cognitive development, even without
an associated anemia[40].
It is especially important to remember that ID is a
chronic process with a slow onset, in which the iron imbalance may take several years to establish and manifest
clinically. One of the consequences can be observed
through blood characteristics such as morphological
alterations of erythrocytes or the presence of anemia, according to the criteria of the WHO[38]. ID occurs in three
stages: pre-latent (stage 1), in which ferritin is between 12
and 30 μg/L, latent (stage 2) when the ferritin falls below
12 μg/L, and ID anemia (stage 3) when anemia is present
in addition to diminished or depleted reservoir iron levels
(determined by serum ferritin)[41].

H. pylori and iron deficiency: The relationship be-

tween H. pylori and ID, regardless of whether the latter is
accompanied by anemia, was first described by Blecker et
al[42] in 1991 in Belgium. This case described a 15-year-old
patient with ID anemia due to H. pylori-positive chronic
active hemorrhagic gastritis, without prior gastrointestinal manifestations. After the infection was eradicated,
the hematological parameters and ferrokinetics returned
to normal values, and it was not necessary to administer supplementary iron treatments[42]. Two years later
in France, Bruel et al[43] discovered a second case of ID
anemia (hemoglobin 5.6 g/dL) in an 11-year-old child
with a severe digestive hemorrhage who was diagnosed
with an H. pylori infection. The anemia resolved after the
eradication of the H. pylori infection, without supplementary iron treatment. In the same year in Italy, Dufour et
al[44] presented the case of a 7-year-old child diagnosed
with refractory ID anemia (hemoglobin 5.1 g/dL) who
received oral iron treatment. The presence of H. pylori
was described as in the preceding cases; however, it was
asymptomatic from the gastrointestinal perspective. The
infection was eradicated, and without supplementary iron
treatment, there were improved hematological parameters
(hemoglobin 13 g/dL) six months later.
After these pioneering reports of resolution of ID
with treatment of the infection[42-44], additional isolated
cases appeared during the 1990s in the medical literature[45-49] in both adolescents and adults that corroborated
the association and therapeutic response after H. pylori
eradication[46,50,51]. The volume of cases in the literature by
the first decade of the 21st century supported the publi-
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other bacteria, mechanisms that have been hypothesized
to explain ID in patients infected by H. pylori are related
to changes in gastric physiology, including changes in
pH, and especially in the presence of achlorhydria, which
significantly reduces the solubility of inorganic iron and
thus its intestinal absorption[46].
Furthermore, highly virulent strains such as H. pylori
with the cytotoxin-associated gene A (CagA) and the
vacuolating cytotoxin A (VacA), act through molecular
mimicry mechanisms to produce or magnify ID in patients compared with patients infected with other less
virulent strains[76,99-101]. This finding could partially explain
the marked differences from one region to another and
the large discrepancies observed in the different studies.

Table 1 Hematological manifestation of Helicobacter pylori
infection
Recognized as extragastric manifestation
Iron deficiency[19-28]
Vitamin B12 (cobalamina) deficiency[25,27]
Immune thrombocytopenia[19,21-28]
Gastric MALT lymphoma[19-37]
Unrecognized as extragastric manifestation
Autoimmune neutropenia[263-265]
Antiphospholipid syndrome[267]
Plasma cell dyscrasias[284-286]
Schöenlein-Henoch purpura[302-310]
Other hematologic manifestation (childhood leukemia[311], myelo
dysplastic syndrome[312], thrombocytosis[313])
MALT: Mucosa-associated lymphoid tissue.

[52-56]

cation of five meta-analyses
, that showed an association between H. pylori and ID with resolution of H. pyloriassociated disease after eradication in children[57-65], male
and females in puberty[66,67], prepubertal girls[68], adult men
and women[46,51,69-80], older adults[81], pregnant women[68]
and nonpregnant women[82]. All of these publications
have lent scientific support to the different international
consensus and management guidelines that indicate that
H. pylori should be sought and eradicated in ID cases[19-28].
Pathophysiology of iron deficiency by H. pylori : The
pathophysiologic mechanisms by which H. pylori is associated with the development of ID and ID anemia are
not fully understood, and more questions than answers
remain. Here, we summarize the proposed explanations
to explain the association of H. pylori with ID and ID
anemia. It is still not known why some patients manifest
this association and why in other patients it is not present, or there are other associations; or why some of the
infections are asymptomatic[83].
Over the past decade, it has been linked H. pylori and
ID development with a recently discovered hormone
called hepcidin[84]. This hormone is produced in the liver
and regulates iron metabolism in enterocytes and releases
stored iron from macrophages of the reticuloendothelial
system[85]. Hepcidin rises after H. pylori infection, acting
as an acute phase reactant in response to the inflammation produced in the gastric mucosa, resulting in pathology known as “anemia of inflammation or chronic disease”[86-90]. Preliminary studies show that serum hepcidin
is elevated in patients infected with H. pylori[90] and these
levels are normalized after eradication of the infection[91],
allowing that the iron to be absorbed by the enterocytes
and released from macrophages of the reticuloendothelial system, where they are confined.
Other possible causes of iron imbalance in patients
infected with H. pylori are chronic gastritis, which occurs
in all individuals infected with H. pylori[83]. This can cause
bleeding when it becomes erosive gastritis[92], especially
in patients with active bleeding peptic ulcers[93,94] and in
patients who chronically ingest non-steroidal anti-inflammatory drug including aspirin[95-98]. Similar to activities of
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Management of iron deficiency in the post-helicobacter era: It is important to note that H. pylori is not the
only cause of ID, and its inclusion in the international
consensus and guidelines for managing H. pylori is an
indication that it “should be sought and eradicated” but
does not substitute for the adequate study of the most
common causes of ID. These situations are specific to
each region, due to the prevalence of ID, which varies
with that of H. pylori infection and is a variable problem
from one area to another. More than 250 studies referenced in the medical literature have tried to clarify the
relationship of H. pylori in the development of ID, along
with five meta-analyses that have all shown the association of infection in the development of ID and resolution after eradication[52-56]. The recovery of hematological
and ferrokinetic parameters in ID after H. pylori eradication has enabled its inclusion as an unexplained origin
of ID in the international consensus and management
guides of H. pylori infection put forth by the scientific
community and to indicate that it should be sought and
eradicated in both adults and children[19-28].
Vitamin B12 deficiency
Vitamin B12 is required as a coenzyme for the metabolism
of the amino acids methionine, threonine and valine and
for the transformation of methyl-tetrahydrofolate to tetrahydrofolate, which is necessary for DNA synthesis[102].
Vitamin B12 is produced by mammals, and the consumption of animal products is required for incorporation in
the human body[102].
Vitamin B12 deficiency, also known as cobalamin deficiency, is defined by low serum values of vitamin B12
and both homocysteine and methylmalonic acid, two
components of the vitamin B12 metabolic pathway[103].
The diagnosis of vitamin B12 deficiency is established in
accordance with the following criteria: (1) serum vitamin
B12 levels < 150 pmol/L (< 200 pg/mL) with clinical features and/or hematological anomalies related to vitamin
B12 deficiency; (2) serum vitamin B12 levels < 150 pmol/L
on two separate occasions; (3) serum vitamin B12 levels
< 150 pmol/L and total serum homocysteine levels > 13
μmol/L or methylmalonic acid levels > 0.4 μmol/L (in
the absence of renal failure and folate and vitamin B6 de-
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ficiencies); and (4) serum holotranscobalamin levels < 35
pmol/L[104].
It is important to remember that vitamin B12 deficiency is a chronic process with slow onset, in which the
vitamin B12 imbalance may take several years to establish
and manifest clinically in blood count parameters such as
erythrocyte morphological alterations or anemia, according to the criteria of the WHO[38]. Vitamin B12 deficiency
occurs in four stages: (1) decreased levels of vitamin
in blood (stage Ⅰ); (2) low concentration of vitamin in
the cell and metabolic abnormalities (stage Ⅱ); (3) increased levels of homocysteine and methylmalonic acid
and decrease of DNA synthesis, with the emergence of
neuropsychiatric symptoms (stage Ⅲ); and (4) macrocytic
anemia (stage Ⅳ)[105].
Vitamin B12 deficiency represents a serious public
health problem, and its prevalence is highly variable, depending on the ages and populations analyzed. Epidemiological studies show that in general population, vitamin
B12 deficiency has a prevalence of approximately 20% in
industrialized countries, with a range between 5% and
60%, depending on the vitamin B12 deficiency definition
that is used[103,104]. For several years, it has been known
that the prevalence of vitamin B12 deficiency, specifically
pernicious anemia, is higher in Latin America than it is in
the rest of the world. It also occurs in younger people[106],
whereas in the rest of the world, it is a disease related to
old age[107].
The etiology of pernicious anemia and subacute
combined degeneration are closely related to vitamin B12
deficiency, but other diseases are also linked with the elevated homocysteine levels that are observed in vitamin
B12 deficiency, such as Alzheimer’s disease[108,109], dementia[110,111], depression[112], cerebral stroke[113,114], pulmonary
embolism[115,116] and coronary heart disease[117].

H. pylori and vitamin B12 deficiency: Pernicious ane-

mia, as a stage of chronic vitamin B12 deficiency, was the
first extragastric disease to be associated with H. pylori
infection, as postulated in the scientific community by
O´Connor et al[118]. One year later, Warren and Marshall
reported to the scientific community that the stomach
could be colonized by bacteria[3]. In 1991, Fong et al[119]
carried out the first well-controlled study to clarify a possible association between pernicious anemia and H. pylori
infection, after which they concluded that “patients with
pernicious anemia are protected from infection with H.
pylori, and H. pylori does not passively colonize mucosa
inflamed by an unrelated process”. These findings were
confirmed by Saito et al[120] in Japan in 2008.
Nevertheless, when the vitamin B12 deficiency becomes clinically relevant, the bacteria are not found on
the site of the lesion. H. pylori disappears as a result of
histological and physiological changes induced by the
chronic atrophy of the gastric mucosa in the case of
gastric cancer[121] and the changes mediated by the immunological response on the gastric mucosa in the case of
vitamin B12 deficiency and pernicious anemia. This can be
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evidenced by the presence of antibodies against intrinsic
factor and parietal cells, despite to disappearance of H.
pylori on gastric mucosa at diagnosis[122,123]. Moreover, H+/
K+ ATPase autoantibodies, which are closely linked to
classical autoimmune gastritis, are also significant indicators for mucosa atrophy in chronic H. pylori gastritis[124,125].
H. pylori infection can cause malabsorption of different micronutrients[126] among which included the vitamin
B12[127-129]. A systematic review and meta-analysis in 17
studies involving 2454 patients showed a significantly reduction of serum levels of vitamin B12 in H. pylori infected patients than in non-infected[130]. Marino et al[131] demonstrated in 62 older patients a relationship between the
decrease in serum levels of vitamin B12 and increase of
serum homocysteine due to H. pylori infection. Likewise,
H. pylori eradication in vitamin B12 deficiency patients is
followed by increasing of serum levels of vitamin B12 and
decreased serum levels of homocysteine.
Moreover, it was known that there was an association of H. pylori with stomach cancer, and it was already
widely recognized by the scientific community that pernicious anemia was closely related to the development of
stomach cancer[132-135]. This association was recently verified by Vanella et al[136] after a systematic review and metaanalysis showed that the relative risk to develop gastric
cancer in patients with pernicious anemia was elevated at
6.8 (95%CI: 2.6-18.1).
Pathophysiology of vitamin B 12 deficiency: The
pathophysiological mechanisms by which H. pylori infection is related to the etiology of vitamin B12 deficiency
are not fully clarified at this time. It is still not known why
some patients manifest this association while others may
show different H. pylori-associated conditions or none at
all or why some of the infections are asymptomatic[83].
Below, we describe explanations that have been proposed
to clarify the association between H. pylori and vitamin
B12 deficiency.
Vitamin B12 deficiency occurs as a result of antibodies
directed against gastric parietal cells and intrinsic factor,
in addition to achlorhydria and a decrease in pepsinogen I
and gastrin. These changes result in a histopathologic entity known as chronic gastritis type A or autoimmune[137].
The lack of intrinsic factor, which occurs due to changes
in the gastric mucosa, reduces the absorption and transport of vitamin B12 from the diet. Chronic atrophic gastritis that induced by the immune response reaches gastric
atrophy and pernicious anemia over a period of 10-30
years, depleting reservoirs of vitamin B12[137]. Additionally,
chronic vitamin B12 deficiency can cause peripheral neuropathy and lesions in the lateral and posterior columns
of the spinal cord; this is known as subacute combined
degeneration and progresses to axial demyelination, neural degeneration, and eventually death[137].
Vitamin B12 deficiency management in the post-helicobacter era: Similar to ID, it is important to clarify that
H. pylori is not the only cause of vitamin B12 deficiency
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in the post-helicobacter era of vitamin B12 deficiency. Inclusion in the international consensus and management
guides is an indication to seek and eradicate H. pylori in
cases of vitamin B12 deficiency, but this does not replace
a proper study of the specific epidemiologic causes in
each region. A recent systematic review and meta-analysis
evaluated the association of H. pylori and serum levels
of vitamin B12 in 17 studies involving 2454 patients. This
study showed that serum vitamin B12 levels were significantly lower in infected patients than in uninfected, and
H. pylori eradication revealed a significant increase in the
levels of vitamin B12 after successful treatment[130]. These
publications have enabled the inclusion of vitamin B12
deficiency in the international consensus and management guides on H. pylori infection as an indication for
which “H. pylori should be sought and eradicated” prior
to other traditional interventions[25,27].
Immune thrombocytopenia
Primary immune thrombocytopenia (ITP), previously
called idiopathic thrombocytopenic purpura and autoimmune thrombocytopenic purpura, has been defined and
described in the Vicenza Consensus[138]. ITP has been
redefined as “an autoimmune disorder characterized by
isolated thrombocytopenia (peripheral blood platelet
count 100 × 109/L) in the absence of other causes or
disorders that may be associated with thrombocytopenia.
The diagnosis of primary ITP remains one of exclusion;
no robust clinical or laboratory parameters are currently
available to establish its diagnosis with accuracy. The
main clinical problem of primary ITP is an increased
risk of bleeding, although bleeding symptoms may not
always be present”[138]. In this consensus statement, it
was ratified that ITP is a diagnosis of exclusion, and it
is necessary to exclude causal diseases such as systemic
lupus erythematous and human immunodeficiency virus/
acquired immunodeficiency syndrome prior to diagnosis.
In addition, it included infection by H. pylori as a new
disease in the list of diseases that must be ruled out in
ITP[138], as previously recommended by the British Society for Haematology (BSH) in 2003[139]. Likewise, Vicenza
Consensus established as substitute name for idiopathic
thrombocytopenic purpura or autoimmune thrombocytopenic purpura, the term “immune thrombocytopenia”
maintaining the acronym ITP to refer to the disease. Additionally, it called “primary immune thrombocytopenia”
the in cases where is excluded the diseases associated,
giving the name “secondary immune thrombocytopenia”,
for example, in the case of infection with H. pylori. The
extension “secondary immune thrombocytopenia H. pylori-associated” or “ITP H. pylori-associated” would require
the demonstration of complete resolution of ITP after
proven eradication of the bacteria[138].
ITP is the most common immune disease in hematology[140]. The annual incidence of ITP is 5.5 per
100000 persons, when the cutoff point is 50 platelets
per 109/L and 3.2 per 100000 persons, when the cutoff
is 50 platelets per 109/L[141]. The chronic form of ITP
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increases with age, being double in people above 60 years
compared to those under 60 years[141,142], as well as with a
higher incidence in women than in men, with a ratio of 2:1
to 3:1[143].

H. pylori and adult immune thrombocytopenia:

García Pérez et al[144] described the relationship of H. pylori with ITP for the first time in 1993 in Spain, reporting
a patient with ITP in whom the platelet count was normalized after eradication of H. pylori. After this publication, the medical literature presented several case reports
of ITP patients with platelet counts recovering after the
eradication of H. pylori, particularly in Japan[145-149] and
European countries such as Italy[150-152] and Turkey[153].
Since the first series corroborated the relationship of
H. pylori infection with ITP[154], it is possible to find 40
additional case series in the medical literature in 2014 that
consistently show the relationship of H. pylori eradication
with the recovery of platelet counts. On the European
continent, there are 10 reported cases: eight in Italy[154-160],
one in Turkey[161] and one in Serbia[162]. The total number was 495 ITP patients, 288 (58.2%) of whom were
infected with H. pylori, of which 242 received eradication treatment. This achieved a successful eradication
in 222 (91.7%) patients and a platelet response in 108
(48.6%) patients. On the Asian continent, there are 28
reported case series: Twenty-three in Japan,[163-185], two in
China[186,187], two in Iran[188,189] and one in South Korea[190],
with a total number of 1525 ITP patients, of whom 1089
(71.4%) were infected with H. pylori. Eradication treatment was received by 929 patients and it was successful
in 811 (87.3%), of whom 472 (58.2%) had a platelet
response. On the Americas, there are reported two case
series: one in Colombia[191] and one in Canada[192], with a
total number of 54 ITP patients, of whom 33 (90.6%)
were infected with H. pylori. Eradication treatment was
received by 33 patients and it was successful in 29 (87.9%),
of whom 24 (82.8%) had a platelet response.
The consolidated analysis of all 41 worldwide reported series shows a total of 2074 ITP patients; 1410 (68.0%)
were infected with H. pylori, and from this group, 1204
received eradication treatment. Eradication was successful in 1062 (88.2%) and platelet recovery was observed
in 604 (56.9%). Further analysis shows that in almost
every series where there was a platelet response after H.
pylori eradication treatment, the H. pylori infection rate in
ITP patients was relatively higher than in those where no
association was found. Overall, the European continent
showed a mean infection rate of 58.2% in ITP patients
and a mean platelet response in 48.6% of them. The
Asian continent showed an infection rate of 71.4% and
58.2% in the platelet response, while the Americas had
both the highest prevalence of H. pylori infection (90.6%)
and the highest platelet response (82.8%) of all reported
series. Thus, the worldwide summary of 40 cases series
showed an infection rate of 68.0% in ITP patients and a
platelet response in 56.9% of the eradicated patients, as
shown in Table 2.
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Table 2 Association between immune thrombocytopenia and Helicobacter pylori infection in adults n (%)
Ref.

Year

Country

Patients with ITP

H. pylori -infected ITP
patients

Treated
patients

H. pylori -eradicated
patients

Patients with
platelet response

Gasbarrini et al[154]
Emilia et al[155]
Emilia et al[156]
Veneri et al[157]
Veneri et al[158]
Stasi et al[159]
Suvajdzic et al[162]
Sayan[161]
Emilia et al[160]
Scandellari et al[204]
Subtotal European continent
Kohda et al[163]
Kohda et al[164]
Ando et al[165]
Hashino et al[166]
Hino et al[167]
Kato et al[168]
Ando et al[169]
Nomura et al[170]
Sato et al[171]
Takahashi et al[172]
Fujimura et al[173]
Inaba et al[174]
Tsutsumi[175]
Suzuki et al[176]
Asahi et al[177]
Ishiyama et al[178]
Satake et al[179]
Kodama et al[180]
Kong et al[186]
Rostami et al[188]
Asahi et al[181]
Suzuki et al[182]
Wu et al[187]
Tsumoto et al[183]
Tag et al[190]
Sato et al[184]
Kikuchi et al[185]
Payandeh et al[189]
Subtotal Asian continent
Campuzano-Maya[191]
Jackson et al[192]
Subtotal American continent
Total worldwide

1998
2001
2002
2002
2005
2005
2006
2006
2007
2009

Italy
Italy
Italy
Italy
Italy
Italy
Serbia
Turkey
Italy
Italy

2002
2003
2003
2003
2003
2004
2004
2004
2004
2004
2005
2005
2005
2005
2006
2006
2007
2007
2008
2008
2008
2008
2009
2009
2010
2011
2011
2012

Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
China
Iran
Japan
Japan
Chine
Japan
South Korea
Japan
Japan
Iran

2007
2008

Colombia
Canada

18
30
7
35
43
137
54
34
75
62
495
40
51
61
22
30
20
20
42
53
20
435
35
25
36
37
14
38
116
31
129
34
36
31
30
25
31
31
52
1525
32
22
54
2074

11 (61.1)
13 (43.3)
3 (42.9)
25 (71.4)
43 (100)
64 (46.7)
39 (72.2)
20 (58.8)
38 (50.7)
32 (51.6)
288 (58.2)
25 (62.5)
31 (60.8)
50 (82.0)
14 (63.6)
21 (70.0)
20 (100)
17 (85.0)
28 (66.7)
39 (73.6)
15 (75.0)
300 (69.0)
25 (71.4)
17 (68.0)
25 (69.4)
26 (70.3)
14 (100)
26 (68.4)
67 (57.8)
31 (100)
79 (61.2)
23 (67.6)
36 (100)
31 (100)
21 (70.0)
23 (92.0)
31 (100)
19 (61.3)
35 (67.3)
1089 (71.4)
29 (90.6)
4 (18.2)
33 (90.6)
1410 (68.0)

11
13
3
16
43
52
30
20
38
16
242
19
26
29
14
21
20
17
28
32
15
228
25
9
13
26
14
26
52
31
71
23
36
31
21
23
31
19
29
929
29
4
33
1204

8 (72.7)
12 (92.3)
3 (100)
15 (93.8)
41 (95.3)
52 (100)
23 (76.7)
18 (90.0)
34 (89.5)
16 (100)
222 (91.7)
19 (100)
24 (92.3)
27 (93.1)
13 (92.9)
18 (85.7)
17 (85.0)
15 (88.2)
28 (100)
27 (84.4)
13 (86.7)
161 (70.6)
25 (100)
9 (100)
11 (84.6)
26 (100)
14 (100)
23 (88.5)
44 (84.6)
31 (100)
62 (87.3)
23 (100)
31 (86.1)
31 (100)
20 (95.2)
23 (100)
31 (100)
19 (100)
26 (89.7)
811 (87.3)
26 (89.7)
3 (75.0)
29 (87.9)
1062 (88.2)

8 (100)
6 (50.0)
2 (66.7)
11 (73.3)
20 (48.8)
17 (32.7)
6 (26.1)
8 (44.0)
23 (67.6)
7 (43.8)
108 (48.6)
12 (63.2)
14 (58.3)
13 (48.1)
5 (38.5)
10 (55.6)
11 (64.7)
10 (66.7)
15 (53.6)
15 (55.6)
7 (53.8)
101 (62.7)
11 (44.0)
6 (66.7)
6 (54.5)
16 (61.5)
8 (57.1)
13 (56.5)
27 (61.4)
23 (74.2)
30 (48.4)
14 (60.9)
20 (64.5)
21 (67.7)
10 (50.0)
11 (47.8)
18 (58.1)
10 (52.6)
15 (57.7)
472 (58.2)
21 (80.8)
3 (100)
24 (82.8)
604 (56.9)

H. pylori: Helicobacter pylori; ITP: Immune thrombocytopenic purpura.

There are a few studies did not find any association between ITP and H. pylori infection that occurred
in Spain[193], France[194], United States[195] and Mexico[196].
This lack of association can be explained by the low
prevalence of infection in countries where studies were
performed because the sample was insufficient or for
other unmentioned reasons.

H. pylori and immune thrombocytopenia in chil-

dren: Studies of the relationship between H. pylori and
ITP in children are few and contradictory. Some groups
have shown a beneficial effect of H. pylori eradication in
Asian countries such as China[197], Japan[198] and Iran[199]
and in European countries such as Finland[200], Netherlands[201] and Italy[202,203]. These studies found a relation-
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ship between infection and ITP in children, with platelet
count recovery in an average of 35.2% of the patients,
as shown in Table 3. The platelet response was lower
than the response rate observed in adult patients with
ITP, which was above 50%[154-192,204]. However, groups
in Turkey[205], Italy[206,207], Hungary[208] and Thailand[208]
found a low response to eradication[207,208] or did not find
a response[205,206,209]. It is important to clarify that the ITP
in children has different characteristics than the clinical
form of adult ITP[140].
Pathophysiology of secondary ITP (H. pylori associated): Primary ITP is associated with congenital
or acquired immune disorders, leading to an autoimmune
response against platelets or megakaryocytes and charac-

12823

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori
Table 3 Association between immune thrombocytopenia and Helicobacter pylori infection in children n (%)
Ref.

Year

Country

Rajantie et al[200]
Neefjes et al[201]
Ferrara et al[202]
Russo et al[203]
Subtotal European continent
Jaing et al[197]
Hayashi et al[198]
Hamidieh et al[199]
Subtotal Asian continent
Total worldwide

2003
2007
2009
2011

Finland
Netherlands
Italy
Italy

2003
2005
2008

Taiwan
Japan
Iran

Patients with H. pylori -infected
ITP
ITP patients
17
47
24
244
332
22
10
31
63
395

9 (52.9)
3 (6.4)
8 (33.3)
50 (20.5)
70 (21.1)
9 (40.9)
2 (20.0)
4 (12.9)
15 (23.8)
85 (21.5)

Treated
patients

H. pylori -eradicated
patients

Patients with
platelet response

9
3
8
37
57
9
2
4
15
72

9 (100)
3 (100)
8 (100)
33 (89.2)
53 (93.0)
9 (100)
1 (50.0)
4 (100)
14 (93.3)
67 (93.1)

5 (55.6)
3 (100)
8 (100)
13 (39.4)
29 (54.7)
5 (55.6)
1 (100)
1 (25.0)
7 (50.0)
36 (53.7)

H. pylori: Helicobacter pylori; ITP: Immune thrombocytopenic purpura.

terized because it is not associated with other alterations.
Often found in patients with ITP are events that can lead
to the development of an autoimmune response[210]. In
the case of H. pylori as a causative agent of ITP, various
mechanisms involved in the development of the autoimmune response have been described. One mechanism is
the change in the Fcγ receptor balance related to the activation of monocytes and their relation to the inhibitory
receptor FcγRⅡB. It has been reported that H. pylori infection decreases levels of the inhibitory receptor FcγRⅡ
B in monocytes, leading to increased monocyte function
with nonspecific phagocytosis and autoreactivity with B
and T lymphocytes. These results were corroborated by
finding a reversing effect after bacteria eradication. This
finding can link H. pylori infection to autoantibody production by B-lymphocytes and the overactivation of the
innate and acquired immune response against circulating
platelets[181].
Along with monocyte overactivation, the production
of autoantibodies that can opsonize platelets and induce
phagocytosis mediated by antibodies in the reticuloendothelial system by spleen macrophages has been described
in ITP. The molecular mimicry of bacterial infectionrelated proteins is responsible for this response. Amino
acid sequences of virulence factors (VacA and CagA)[17,180]
and urease B are present in H. pylori infection and are the
major antigens associated with autoimmune response
against platelets. The homology of these antigens with
platelet surface glycoproteins including glycoprotein Ⅲa
and other platelet antigens associated with antibodies anti
CagA[180] show the importance of H. pylori infection in
ITP.
ITP management in the post-Helicobacter era: It is
important to clarify that H. pylori is not the only cause of
thrombocytopenia, and the indication that it “should be
sought and eradicated” does not replace a proper study
of the etiologies that are most frequently associated with
the study of thrombocytopenia in each region. The 40
cases series previously described, a meta-analysis[211] and
two systematic reviews[212,213] have all shown the importance of H. pylori infection in the development of ITP
and that eradicating the infection improves the platelet
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count by more than 50% in adult patients with chronic
ITP[211-213]. Similarly, these publications have enabled the
inclusion of ITP in the international consensus and management guides on H. pylori infection as an indication,
wherein “H. pylori should be sought and eradicated” prior
to other traditional interventions both in adults and children[19,21-28].
The American Society of Hematology (ASH) proposed a new name for idiopathic thrombocytopenia purpura or autoimmune thrombocytopenia purpura, changing it to primary immune thrombocytopenia and keeping
the same acronym, ITP. The international working group
of standardization of terminology, definitions and outcome criteria in immune thrombocytopenic purpura
of adults and children created a new group for diseaseassociated immune thrombocytopenia, which in this case
is called “secondary ITP (H. pylori-associated)”[138]. Moreover, ASH and BSH recognized H. pylori as a new cause
for ITP and noted that the presence of H. pylori should
be treated and eradicated in positive cases before attempting conventional treatments for ITP in both adults
and children[139,210].
Gastric MALT lymphoma
Gastric MALT lymphoma is a rare form of non-Hodgkin
lymphoma that affects B lymphocytes and typically develops in lymphoid tissue associated with mucous membranes and rarely in lymph nodes. It represents approximately 5% of all diagnosed non-Hodgkin lymphomas. Its
annual incidence is estimated at approximately 1/313000,
with a female predominance[214], and mainly affects adults
over 50 years (mean 65 years)[215], as it is quite rare in children[216].
MALT lymphoma is an extranodal non-Hodgkin’s B-cell
lymphoma: Extranodal marginal zone lymphoma, better
known by the acronym MALT lymphoma, is defined as a
low-grade malignant lymphoma of the stomach originating from B cells and is associated with chronic infection
by H. pylori[217]. Gastric MALT lymphoma was described
in 1983 by Isaacson et al[218], four months after the description of bacterial colonization of the gastric mucosa
by H. pylori[3]. Eight years later, it was proven to be in-

12824

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori

timately related to that lymphoma, when Wotherspoon
et al[219], in 1991, proved their causal relationship for the
first time. Two years later, the same authors proved that
the eradication of H. pylori infection provided a complete
cure of the lymphoma in up to 75% of the patients[220]
and that this remission was maintained over time without
conventional anticancer therapy[221].
The first fact that showed a relationship between H.
pylori and gastric MALT lymphoma was the observation
that lymphoid tissue lesions in the gastric mucosa are
pathognomonic with H. pylori infection and are not a
normal finding in gastric mucosa without infection[222,223].
Lymphoid follicles have been described in 27% to 100%
of H. pylori-infected patients[219,222-224], and this percentage would be 100% if the number and depth of biopsies
were appropriate[224]. Additionally, after eradicating the
infection, these lymphoid aggregates disappear in all patients[225].

lymphoma is H. pylori eradication and long-term observation[220,261,262]. Most of the international consensus and
management guides on H. pylori infection recommend
study and eradication as an indication in all patients with
a histological diagnosis of gastric MALT lymphoma[19-37].
However, extra-gastric MALT lymphomas may also respond to eradication in infected patients, though the
guides and consensus do not include them as an absolute
indication. Physicians should eradicate the infection in
such patients as good medical practice. All H. pylori infection management guides and consensus include an indication for eradication in any individual where infection is
known and eradication is desired[19-37].

Pathophysiology of gastric MALT lymphoma: The
mechanisms by which H. pylori produces the appearance
of a lymphoma similar to gastric carcinogenesis[226-234] has
not been fully clarified, but it is likely that environmental,
host, and bacterial-related factors must be involved[235-240].
According to Isaacson[241], H. pylori infection leads to
development of MALT lymphoma and can take the following course. First, the infection gives rise to a lymphocyte response that conditions a polyclonal B lymphocyte
response and MALT formation through antibody production. Then, different lymphocyte populations would
maintain the response provoked by the bacteria. In the
polyclonal MALT proliferation, a monoclonal population of B-cells could appear and accumulate cytogenetic
changes such as translocations, mutations, microsatellite
instabilities, eventually evolving into a low-grade MALT
lymphoma that is dependent on H. pylori-related antigen
stimuli. Finally, new cytogenetic changes such as translocations, suppressor gene deactivation (p53 and p16,
among others), and c-myc activation would make this neoplastic population of monoclonal B-cells escape from its
dependence on T lymphocytes and H. pylori antigens and
favor its transformation into a high-grade lymphoma. As
a result of this sequence of events, a low- or high-grade
lymphoma would ultimately develop.
There are cases of extra-gastric MALT lymphoma
where the presence of H. pylori has been found and
where infection eradication is followed by full remission.
These include the conjunctiva[242,243], duodenum[244-246],
salivary gland (parotid)[247,248] associated with Sjögren’
s syndrome and H. pylori infection[249], larynx[250], nasal
mucosa[251], lung (and respiratory tract)[252], rectum[253,254],
liver[255], urinary bladder[256,257], jejunum[258], patients with
Sjögren’s syndrome[249,259] and in patients with previous
heart transplants[260] or liver transplants[259].

This group includes autoimmune neutropenia, antiphospholipid syndrome, plasma cell dyscrasia including monoclonal gammopathy of undetermined significance and
multiple myeloma, Shöenlein-Henoch purpura, and other
possible associations with diseases such as leukemia and
hemorrhagic manifestations with a hematological origin,
including congenital coagulopathies and bleeding disorders.

Management of gastric MALT lymphoma patients
in the post-helicobacter era: The medical scientific
community agrees that the therapy for gastric MALT
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UNRECOGNIZED HEMATOLOGIC
MANIFESTATIONS WITH H. PYLORI
INFECTION

Autoimmune neutropenia
Gupta et al[263] initially proposed the relationship between
H. pylori infection and autoimmune neutropenia in 2002
in England, when they reported the case of a patient
with neutropenia (400 neutrophils per μL) that normalized quickly after eradicating H. pylori infection. After
this work, two new studies have been reported with eight
and 69 patients[264,265] that corroborated the Gupta et al[263]
report. In the future, it is important that patients with
suspected autoimmune neutropenia receive the option of
determining their H. pylori status and treating a present
infection as part of the management of their condition
and good medical practice[263].
Antiphospholipid syndrome
Antiphospholipid syndrome is an immunological hypercoagulable disorder characterized by both arterial and
venous thrombosis and pregnancy-related comorbidities
such as abortions, premature birth, and preeclampsia[266].
It was proposed as an extra-gastric disease associated with
H. pylori in 2001 by Cicconi et al[267] in Italy, who published
the case of a woman in which antiphospholipid syndrome
disappeared after the eradication of an infection with H.
pylori. There are no additional reports of this finding in
the medical literature, most likely because it is not being
considered and subsequently not studied. However, it
is worth remembering that antiphospholipid syndrome
has been associated with other H. pylori infection-related
diseases including ITP[191,268,269], systemic erythematous lupus[270], and central serous chorioretinitis[271,272].
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Plasma cell dyscrasias
Plasma cell dyscrasias (PCD) are one of the most frequent clonal diseases in the elderly and include monoclonal gammopathy of undetermined significance (MGUS),
multiple myeloma, solitary plasmacytomas, plasma cell
leukemia, Waldenstrom macroglobulinemia and other
chronic myeloproliferative diseases of B lymphocytes[273].
PCDs can be asymptomatic and can transform from
one disease into another. For example, a fully benign and
asymptomatic MGUS that does not require treatment
can transform into another more serious and potentially
lethal condition such as multiple myeloma[273].
The association of these diseases with gastric alterations was known many years before the discovery that
the stomach could be colonized by bacteria[3]. Gastrointestinal plasmacytomas were documented in 1920 by
the father of modern medicine, Osler et al[274]. The relationship between plasmacytomas and multiple myeloma
with pernicious anemia[275,276] and gastric cancer[277-281] has
been known for many years, both of which are entities
intimately related to H. pylori infection. Furthermore,
from a histological view, gastric MALT lymphoma can be
difficult to distinguish from gastrointestinal plasmacytomas[282,283]. The most important evidence of the relationship of H. pylori infection with PCD is the fact that certain plasmacytomas disappear after H. pylori eradication.
The authors who have analyzed this feature of H. pyloriinfection recommend that all patients with these manifestations are indicated for infection studies and eradication
therapy if it is found to be positive[284-286]. Gastric MALT
lymphoma, a clearly recognized H. pylori associated disease, has additionally been associated with MGUS[287] and
Waldenstrom disease[288].
The concurrence of multiple myeloma with gastric
MALT lymphoma[289-295] is a finding that was known for
many years before any knowledge of H. pylori existed.
Today, with the knowledge that MALT also contains
plasmocytes that can be stimulated by H. pylori antigens,
this association is understandable. In the case of plasmacytomas, it could be said that they are an expression of
localized myeloma and if they disseminated, it would not
be possible to differentiate between one and the other.
Wöhrer et al[296] demonstrated the association of gastric
lymphoma with gastric myeloma. They also described
the case of a plasmacytomas of the orbit that entered
into full remission after H. pylori eradication[297]. With this
background, it is logical that any patient diagnosed with a
plasma cell-related disease should be studied for H. pylori
infection and, if positive, receive eradication treatment
for H. pylori before beginning conventional treatment.
Monoclonal gammopathy is important for studying
patients with PCD, and according to the work of Malik et
al[298], it could be related to H. pylori infections as a result
of chronic antigen stimulation of B lymphocytes in the
gastric mucosa by the bacteria. They further suggest that
gammopathy could resolve in up to 30% of cases after
eradicating the bacteria. This debated relationship is supported by certain authors[287,299] but refuted by others[264,300].
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Schöenlein-Henoch purpura
Schöenlein-Henoch purpura is an immune condition of
unknown etiology that presents as small vessel leukocytoclastic vasculitis with immunoglobulin A (IgA) deposits in skin, joints, gastrointestinal tract, and kidneys[301].
Schöenlein-Henoch purpura is included in this review
because it is part of the differential diagnosis of thrombocytopenia that manifests as purple skin lesions, similar
to ITP, which was previously discussed. The association
of Schönlein-Henoch purpura (or Henoch-Schönlein
purpura) with H. pylori was described in Germany in 1996
by Rainauer et al[302] in a 2-year-old male. After that report,
additional case series have been published supporting the
association both in adults[303-308] and in children and adolescents[306,309,310], with the disappearance of clinical manifestations in cases where H. pylori was eradicated[306-308].
Other hematologic manifestations
According to the medical literature, other clinically relevant hematologic manifestations are possibly associated
with H. pylori infection that are no less important, despite
little published data. Lehtine et al[311] reported that “in
Iceland, H. pylori immunoglobulin G was associated with
increased risk of childhood leukemia in offspring (OR
= 2.8, 95%CI: 1.1-6.9). Since H. pylori immunoglobulin
G indicates chronic carriage of the microorganism, early
colonization of the offspring probably differs between
Iceland and Finland, two affluent countries”. This study
should be replicated in other countries, especially in areas
with a high prevalence of H. pylori such as Asia and Latin
America. Diamantidis et al[312] reported in patients with
myelodysplastic syndrome (MDS) that, “although there
is no evidence for a causal relationship between H. pyloripositive and MDS, the increased prevalence of H. pyloripositive among the MDS patients is an interesting finding
that deserves further investigation as it may indicate a
common factor causing susceptibilities to both MDS
and H. pylori-positive or that H. pylori might influence the
pathophysiology of MDS”. Recently, Kawamata et al[313]
described a patient in whom there was “H. pylori-induced
thrombocytosis clinically indistinguishable from essential
thrombocythemia”, which disappeared after the infection
was eradicated.
Another problem that arises in clinical practice is an
increased risk of hemorrhage in patients with hematological diseases that carry a greater inherent risk of bleeding.
H. pylori, according to preliminary studies, could be a risk
factor for the occurrence of these events. This is the case
of patients with acute leukemia who, if infected with H.
pylori, have a greater risk of gastrointestinal hemorrhage
during treatment compared with uninfected patients.
This risk would be reduced if all leukemia patients were
offered H. pylori screening and eradication, if found to
be infected, upon starting leukemia treatment[314]. In patients with potentially hemorrhagic genetic diseases such
as hemophilias (A and B) and Von Willebrand disease,
it has been observed that H. pylori infection “should be
considered as an important cause of upper gastrointes-
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Table 4 Paradigm changes in the management of hematologic diseases related to Helicobacter pylori infection and its medical and
social impact
Disease

Accepted paradigm

New paradigm

Medical and social impact

Iron deficiency1

The management of ID is
palliative and is based on
iron supplementation[38], but
it often does not treat the
immediate cause of ID[41]

With the incorporation of ID in the
international consensus and management
guides on H. pylori infection as an
indication to "seek and eradicate"[19-28],
a new paradigm was generated. The
etiology of ID can be infectious and
eradication of H. pylori can be enough to
"cure" in the strict sense of the word[52-56]

Under the new paradigm, eradication of the infection
can correct ID, in addition to restoring health[52-56] and
increase the productivity of the infected people[38]. It
also reduces the prevalence of H. pylori infection and
associated diseases such as gastric cancer[4], and peptic
acid disease[3]

Vitamin B12 deficiency2 Vitamin B12 deficiency
management is palliative
and is based on the
supplementation of vitamin[38],
but often it does not treat the
underlying cause of deficiency
of vitamin B12[320]

With the incorporation of vitamin B12
deficiency in the international consensus
and management guides on H. pylori
infection as an indication to "seek and
eradicate"[25,27] a new paradigm was
generated. The etiology of vitamin B12
deficiency can be infectious, and the
eradication of H. pylori can be enough
to "correct" in the strict sense of the
word[52-56,131]

Under the new paradigm, eradication of the infection
can correct the vitamin B12 deficiency, and the patient
can avoid palliative treatment[131] associated with
chronic disease[38]. These include the closely related
gastric cancer and diverse diseases such as Alzheimer's
disease[108,109], dementia[110,111], depression[112], cerebral
stroke[113,114] pulmonary embolism[115,116], acute
myocardial infarction and coronary heart disease[117].
Additionally, it can prevent other manifestations
of vitamin B12 deficiency and in the homocysteine
pathway, which can generate high morbidity and
mortality with elevated costs for health systems

Immune
thrombocytopenia3

Treatment of immune
thrombocytopenia is
palliative, not curative.
It is aimed to control the
production of antibodies
against platelets by medication
or removal of organs that
destroy platelets, such as the
spleen[140,321]

With the incorporation of immune
thrombocytopenia in the international
consensus and management guides on H.
pylori infection as an indication to "seek
and eradicate"[19,21-28] a new paradigm
was generated. The etiology of immune
thrombocytopenia can be infectious and
eradication of H. pylori can be enough to
"cure" in the strict sense of word[154-192,204]

Under the new paradigm, where the eradication of the
infection corrects the platelet count and is a definitive
cure for immune thrombocytopenia, the patient avoids
chronic disease[38] and non-curative and palliative
treatment[131]. Moreover, eradication of infection in
these patients reduces the prevalence of gastric cancer
and peptic ulcer disease, which are closely related to
high morbidity, mortality and high costs for health
systems

Gastric MALT
lymphoma

Gastric lymphoma is a
manifestation of extranodal
non-Hodgkin lymphoma.
Treatment includes
radical gastrectomy
supplemented with total
abdominal radiotherapy and
chemotherapy, similar to the
treatment that administered
for other non-Hodgkin
lymphomas[322]

With the incorporation of gastric MALT
lymphoma in the international consensus
and management guides on H. pylori
infection as an indication to "investigate
and eradicate"[19-37] a new paradigm
was generated. The etiology of gastric
MALT lymphoma can be infectious and
eradication of H. pylori may be sufficient
for "cure" in the strict sense of the
word[220,261,262]

Under the new paradigm, whereby the eradication
of the infection induced a complete remission with a
definitive cure of gastric MALT lymphoma immune,
the patient avoids a chronic disease[38], with noncurative and palliative treatment[322]. This change
transforms a neoplastic disease with difficult and
expensive management into an infectious disease with
an excellent prognosis and low treatment cost[323]

1

With or without anemia; 2Cobalamine; 3Previously called idiopathic thrombocytopenic purpura and autoimmune thrombocytopenic purpura[138]. H. pylori:
Helicobacter pylori; ITP: Immune thrombocytopenic purpura; MALT: Mucosa-associated lymphoid tissue.

tinal bleeding in patients with hemophilia. We would
recommend stool antigen test as a new and noninvasive
screening test for diagnosis of H. pylori infection in all
patients with hereditary hemorrhagic disorders”[315]. This
policy is cost-efficient for health systems if one considers that “screening, followed by treatment of all infected
patients, yielded a reduction of direct costs over a 5-year
period of 130 US-$ per screened patient”[316] and, in
consequence, “due to increased bleeding complications,
H. pylori screening and therapy appears mandatory in patients with bleeding disorders”[317]. This protocol would
also be applicable for patients undergoing prophylactic
anticoagulation[318], including aspirin[98], as analyzed previ-

WJG|www.wjgnet.com

ously. There is also support for its study and eradication
in patients with chronic idiopathic neutropenia, in which
splenomegaly is most likely associated with H. pylori and
increased infection periods have been observed in patients infected by H. pylori[264,265].

CONCLUSION
The recognition of hematologic diseases associated with
H. pylori infection and their inclusion as indications for
study and eradication in the international consensus and
management guides on H. pylori infection, represents
a deep change in the management paradigm of these
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diseases and a great breakthrough for humanity. Many
benefits can be brought by eradiation of the infection,
especially those related to gastric cancer[4] and peptic acid
disease[29,267,319]. Table 4 summarizes the paradigm shifts
that are discussed in this review and are being introduced
into medical practice, as well as the social impact expected from these new paradigms derived from H. pylori
eradication.

14

15

16

ACKNOWLEDGMENTS
The author gratefully acknowledges to John Fredy Castro
A for her insightful discussions and help with the English
translation, as well as the patient’s willingness and collaboration.

REFERENCES
1
2

3
4
5

6

7

8

9

10
11

12

13

Mitchell HM. The epidemiology of Helicobacter pylori. Curr
Top Microbiol Immunol 1999; 241: 11-30 [PMID: 10087654 DOI:
10.1007/978-3-642-60013-5_2]
Epidemiology of, and risk factors for, Helicobacter pylori
infection among 3194 asymptomatic subjects in 17 populations. The EUROGAST Study Group. Gut 1993; 34: 1672-1676
[PMID: 8282253 DOI: 10.1136/gut.34.12.1672]
Unidentified curved bacilli on gastric epithelium in active
chronic gastritis. Lancet 1983; 1: 1273-1275 [PMID: 6134060]
Correa P. Gastric cancer: overview. Gastroenterol Clin North
Am 2013; 42: 211-217 [PMID: 23639637 DOI: 10.1016/
j.gtc.2013.01.002]
Stolte M, Bayerdörffer E, Morgner A, Alpen B, Wündisch
T, Thiede C, Neubauer A. Helicobacter and gastric MALT
lymphoma. Gut 2002; 50 Suppl 3: III19-III24 [PMID: 11953328
DOI: 10.1136/gut.50.suppl_3.iii19]
Gasbarrini A, Franceschi F, Armuzzi A, Ojetti V, Candelli M,
Torre ES, De Lorenzo A, Anti M, Pretolani S, Gasbarrini G.
Extradigestive manifestations of Helicobacter pylori gastric
infection. Gut 1999; 45 Suppl 1: I9-I12 [PMID: 10457029 DOI:
10.1136/gut.45.2008.i9]
Realdi G, Dore MP, Fastame L. Extradigestive manifestations of Helicobacter pylori infection: fact and fiction. Dig
Dis Sci 1999; 44: 229-236 [PMID: 10063905 DOI: 10.1023/
A:1026677728175]
Carloni E, Cremonini F, Di Caro S, Padalino C, Gerardino
L, Santoliquido A, Colasanti S, Pola P, Gasbarrini A. Helicobacter pylori-related extradigestive diseases and effects of
eradication therapy. Dig Liver Dis 2000; 32 Suppl 3: S214-S216
[PMID: 11245299 DOI: 10.1016/S1590-8658(00)80282-0]
De Koster E, De Bruyne I, Langlet P, Deltenre M. Evidence
based medicine and extradigestive manifestations of Helicobacter pylori. Acta Gastroenterol Belg 2000; 63: 388-392 [PMID:
11233523]
Sherman PM, Lin FY. Extradigestive manifestation of Helicobacter pylori infection in children and adolescents. Can J
Gastroenterol 2005; 19: 421-424 [PMID: 16010304]
Solnick JV, Franceschi F, Roccarina D, Gasbarrini A. Extragastric manifestations of Helicobacter pylori infection--other
Helicobacter species. Helicobacter 2006; 11 Suppl 1: 46-51
[PMID: 16925612 DOI: 10.1111/j.1478-405X.2006.00430.x]
Bohr UR, Annibale B, Franceschi F, Roccarina D, Gasbarrini
A. Extragastric manifestations of Helicobacter pylori infection -- other Helicobacters. Helicobacter 2007; 12 Suppl 1:
45-53 [PMID: 17727460 DOI: 10.1111/j.1523-5378.2007.00533.
x]
Moyaert H, Franceschi F, Roccarina D, Ducatelle R, Haesebrouck F, Gasbarrini A. Extragastric manifestations of Helicobacter pylori infection: other Helicobacters. Helicobacter 2008;

WJG|www.wjgnet.com

17

18

19

20

21

22

23

24

25

26

27

28

12828

13 Suppl 1: 47-57 [PMID: 18783522]
Pellicano R, Franceschi F, Saracco G, Fagoonee S, Roccarina
D, Gasbarrini A. Helicobacters and extragastric diseases.
Helicobacter 2009; 14 Suppl 1: 58-68 [PMID: 19712170 DOI:
10.1111/j.1523-5378.2009.00699.x]
Figura N, Franceschi F, Santucci A, Bernardini G, Gasbarrini
G, Gasbarrini A. Extragastric manifestations of Helicobacter
pylori infection. Helicobacter 2010; 15 Suppl 1: 60-68 [PMID:
21054655 DOI: 10.1111/j.1523-5378.2010.00778.x]
Suzuki H, Franceschi F, Nishizawa T, Gasbarrini A. Extragastric manifestations of Helicobacter pylori infection.
Helicobacter 2011; 16 Suppl 1: 65-69 [PMID: 21896088 DOI:
10.1111/j.1523-5378.2011.00883.x]
Banić M, Franceschi F, Babić Z, Gasbarrini A. Extragastric
manifestations of Helicobacter pylori infection. Helicobacter
2012; 17 Suppl 1: 49-55 [PMID: 22958156 DOI: 10.1111/
j.1523-5378.2012.00983.x]
Roubaud Baudron C, Franceschi F, Salles N, Gasbarrini A.
Extragastric diseases and Helicobacter pylori. Helicobacter
2013; 18 Suppl 1: 44-51 [PMID: 24011245 DOI: 10.1111/
hel.12077]
Malfertheiner P, Megraud F, O’Morain C, Bazzoli F, ElOmar E, Graham D, Hunt R, Rokkas T, Vakil N, Kuipers EJ.
Current concepts in the management of Helicobacter pylori
infection: the Maastricht III Consensus Report. Gut 2007; 56:
772-781 [PMID: 17170018]
Chey WD, Wong BC. American College of Gastroenterology
guideline on the management of Helicobacter pylori infection. Am J Gastroenterol 2007; 102: 1808-1825 [PMID: 17608775
DOI: 10.1111/j.1572-0241.2007.01393.x]
Caselli M, Zullo A, Maconi G, Parente F, Alvisi V, Casetti T,
Sorrentino D, Gasbarrini G. “Cervia II Working Group Report 2006”: guidelines on diagnosis and treatment of Helicobacter pylori infection in Italy. Dig Liver Dis 2007; 39: 782-789
[PMID: 17606419 DOI: 10.1016/j.dld.2007.05.016]
Kim N, Kim JJ, Choe YH, Kim HS, Kim JI, Chung IS. [Diagnosis and treatment guidelines for Helicobacter pylori infection in Korea]. Korean J Gastroenterol 2009; 54: 269-278 [PMID:
19934608 DOI: 10.4166/kjg.2009.54.5.269]
Fock KM, Katelaris P, Sugano K, Ang TL, Hunt R, Talley
NJ, Lam SK, Xiao SD, Tan HJ, Wu CY, Jung HC, Hoang BH,
Kachintorn U, Goh KL, Chiba T, Rani AA. Second Asia-Pacific Consensus Guidelines for Helicobacter pylori infection.
J Gastroenterol Hepatol 2009; 24: 1587-1600 [PMID: 19788600]
Asaka M, Kato M, Takahashi S, Fukuda Y, Sugiyama T, Ota
H, Uemura N, Murakami K, Satoh K, Sugano K. Guidelines
for the management of Helicobacter pylori infection in Japan: 2009 revised edition. Helicobacter 2010; 15: 1-20 [PMID:
20302585]
Malfertheiner P, Megraud F, O’Morain CA, Atherton J,
Axon AT, Bazzoli F, Gensini GF, Gisbert JP, Graham DY,
Rokkas T, El-Omar EM, Kuipers EJ. Management of Helicobacter pylori infection--the Maastricht IV/ Florence Consensus Report. Gut 2012; 61: 646-664 [PMID: 22491499 DOI:
10.1136/gutjnl-2012-302084]
Coelho LG, Maguinilk I, Zaterka S, Parente JM, do Carmo
Friche Passos M, Moraes-Filho JP. 3rd Brazilian Consensus
on Helicobacter pylori. Arq Gastroenterol 2013; 50: [PMID:
23748591 DOI: 10.1590/S0004-28032013005000001]
Gisbert JP, Calvet X, Bermejo F, Boixeda D, Bory F, Bujanda
L, Castro-Fernández M, Dominguez-Muñoz E, Elizalde JI,
Forné M, Gené E, Gomollón F, Lanas Á, Martín de Argila
C, McNicholl AG, Mearin F, Molina-Infante J, Montoro M,
Pajares JM, Pérez-Aisa A, Pérez-Trallero E, Sánchez-Delgado
J. [III Spanish Consensus Conference on Helicobacter pylori
infection]. Gastroenterol Hepatol 2013; 36: 340-374 [PMID:
23601856 DOI: 10.1016/j.gastrohep.2013.01.011]
Liu WZ, Xie Y, Cheng H, Lu NH, Hu FL, Zhang WD, Zhou
LY, Chen Y, Zeng ZR, Wang CW, Xiao SD, Pan GZ, Hu PJ.
Fourth Chinese National Consensus Report on the management of Helicobacter pylori infection. J Dig Dis 2013; 14:

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori

29

30

31

32

33

34

35
36

37

38

39

40
41

42

43

44

211-221 [PMID: 23302262 DOI: 10.1111/1751-2980.12034]
Current European concepts in the management of Helicobacter pylori infection. The Maastricht Consensus Report.
European Helicobacter Pylori Study Group. Gut 1997; 41: 8-13
[PMID: 9274464 DOI: 10.1136/gut.41.1.8]
Lam SK, Talley NJ. Report of the 1997 Asia Pacific Consensus Conference on the management of Helicobacter
pylori infection. J Gastroenterol Hepatol 1998; 13: 1-12 [PMID:
9737564 DOI: 10.1111/j.1440-1746.1998.tb00537.x]
Sainz R, Borda F, Domínguez E, Gisbert JP. [Helicobacter
pylori infection. The Spanish consensus report. The Spanish
Consensus Conference Group]. Rev Esp Enferm Dig 1999; 91:
777-784 [PMID: 10601771]
Coelho LG, León-Barúa R, Quigley EM. Latin-American
Consensus Conference on Helicobacter pylori infection.
Latin-American National Gastroenterological Societies affiliated with the Inter-American Association of Gastroenterology (AIGE). Am J Gastroenterol 2000; 95: 2688-2691 [PMID:
11051336 DOI: 10.1111/j.1572-0241.2000.03174.x]
Caselli M, Parente F, Palli D, Covacci A, Alvisi V, Gasbarrini
G, Bianchi Porro G. “Cervia Working Group Report”: guidelines on the diagnosis and treatment of Helicobacter pylori
infection. Dig Liver Dis 2001; 33: 75-80 [PMID: 11303980 DOI:
10.1016/S1590-8658(01)80139-0]
Malfertheiner P, Mégraud F, O’Morain C, Hungin AP,
Jones R, Axon A, Graham DY, Tytgat G. Current concepts
in the management of Helicobacter pylori infection--the
Maastricht 2-2000 Consensus Report. Aliment Pharmacol
Ther 2002; 16: 167-180 [PMID: 11860399 DOI: 10.1046/
j.1365-2036.2002.01169.x]
Coelho LG, Zaterka S. [Second Brazilian Consensus Conference on Helicobacter pylori infection]. Arq Gastroenterol 2005;
42: 128-132 [PMID: 16127570]
Monés J, Gisbert JP, Borda F, Domínguez-Muñoz E. Indications, diagnostic tests and Helicobacter pylori eradication
therapy. Recommendations by the 2nd Spanish Consensus
Conference. Rev Esp Enferm Dig 2005; 97: 348-374 [PMID:
16004527 DOI: 10.4321/S1130-01082005000500007]
Hu FL, Hu PJ, Liu WZ, De Wang J, Lv NH, Xiao SD, Zhang
WD, Cheng H, Xie Y. Third Chinese National Consensus
Report on the management of Helicobacter pylori infection.
J Dig Dis 2008; 9: 178-184 [PMID: 18956598 DOI: 10.1111/
j.1751-2980.2008.00342.x]
WHO/UNICEF/UNU. Iron deficiency anemia assessment,
prevention, and control. Geneva: World Health Organization. Available: http://www.who.int/nutrition/publications/en/ida_assessment_prevention_control.pdf
McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B.
Worldwide prevalence of anaemia, WHO Vitamin and
Mineral Nutrition Information System, 1993-2005. Public
Health Nutr 2009; 12: 444-454 [PMID: 18498676 DOI: 10.1017/
S1368980008002401]
Zimmermann MB, Hurrell RF. Nutritional iron deficiency.
Lancet 2007; 370: 511-520 [PMID: 17693180 DOI: 10.1016/
S0140-6736(07)61235-5]
Goodnough LT, Nemeth E. Iron deficiency and related
disorders. In: Greer JP, Arber DA, Glader B, List AF, Means
RTJ, Paraskevas F, Rodgers GM, editors. Wintrobe’s Clinical
Hema-tology. 13th ed. Philadelphia, PA: Lippincott Williams
& Wilkins, 2013: 617-642
Blecker U, Renders F, Lanciers S, Vandenplas Y. Syncopes
leading to the diagnosis of a Helicobacter pylori positive
chronic active haemorrhagic gastritis. Eur J Pediatr 1991; 150:
560-561 [PMID: 1954961 DOI: 10.1007/BF02072207]
Bruel H, Dabadie A, Pouedras P, Gambert C, Le Gall E,
Jezequel C. [Helicobacter pylori gastritis manifested by
acute anemia]. Ann Pediatr (Paris) 1993; 40: 364-367 [PMID:
8352498]
Dufour C, Brisigotti M, Fabretti G, Luxardo P, Mori PG,
Barabino A. Helicobacter pylori gastric infection and sid-

WJG|www.wjgnet.com

45

46

47

48

49

50
51

52
53

54

55

56
57
58
59
60

12829

eropenic refractory anemia. J Pediatr Gastroenterol Nutr 1993;
17: 225-227 [PMID: 8229554 DOI: 10.1097/00005176-19930800
0-00018]
Marignani M, Angeletti S, Bordi C, Malagnino F, Mancino
C, Delle Fave G, Annibale B. Reversal of long-standing iron
deficiency anaemia after eradication of Helicobacter pylori
infection. Scand J Gastroenterol 1997; 32: 617-622 [PMID:
9200297 DOI: 10.3109/00365529709025109]
Milman N, Rosenstock S, Andersen L, Jørgensen T, Bonnevie O. Serum ferritin, hemoglobin, and Helicobacter pylori infection: a seroepidemiologic survey comprising 2794 Danish
adults. Gastroenterology 1998; 115: 268-274 [PMID: 9679031
DOI: 10.1016/S0016-5085(98)70192-1]
Annibale B, Marignani M, Monarca B, Antonelli G, Marcheggiano A, Martino G, Mandelli F, Caprilli R, Delle Fave G.
Reversal of iron deficiency anemia after Helicobacter pylori
eradication in patients with asymptomatic gastritis. Ann Intern Med 1999; 131: 668-672 [PMID: 10577329]
Barabino A, Dufour C, Marino CE, Claudiani F, De Alessandri A. Unexplained refractory iron-deficiency anemia associated with Helicobacter pylori gastric infection in children:
further clinical evidence. J Pediatr Gastroenterol Nutr 1999; 28:
116-119 [PMID: 9890483 DOI: 10.1097/00005176-199901000-0
0027]
Capurso G, Marignani M, Delle Fave G, Annibale B. Irondeficiency anemia in premenopausal women: why not consider atrophic body gastritis and Helicobacter pylori role?
Am J Gastroenterol 1999; 94: 3084-3085 [PMID: 10520890 DOI:
10.1111/j.1572-0241.1999.03084.x]
Peach HG, Bath NE, Farish SJ. Helicobacter pylori infection:
an added stressor on iron status of women in the community. Med J Aust 1998; 169: 188-190 [PMID: 9734575]
Collett JA, Burt MJ, Frampton CM, Yeo KH, Chapman TM,
Buttimore RC, Cook HB, Chapman BA. Seroprevalence of
Helicobacter pylori in the adult population of Christchurch:
risk factors and relationship to dyspeptic symptoms and iron
studies. N Z Med J 1999; 112: 292-295 [PMID: 10493426]
Muhsen K, Cohen D. Helicobacter pylori infection and iron
stores: a systematic review and meta-analysis. Helicobacter
2008; 13: 323-340 [PMID: 19250507]
Qu XH, Huang XL, Xiong P, Zhu CY, Huang YL, Lu LG, Sun
X, Rong L, Zhong L, Sun DY, Lin H, Cai MC, Chen ZW, Hu B,
Wu LM, Jiang YB, Yan WL. Does Helicobacter pylori infection play a role in iron deficiency anemia? A meta-analysis.
World J Gastroenterol 2010; 16: 886-896 [PMID: 20143469]
Huang X, Qu X, Yan W, Huang Y, Cai M, Hu B, Wu L, Lin H,
Chen Z, Zhu C, Lu L, Sun X, Rong L, Jiang Y, Sun D, Zhong
L, Xiong P. Iron deficiency anaemia can be improved after
eradication of Helicobacter pylori. Postgrad Med J 2010; 86:
272-278 [PMID: 20448223]
Yuan W, Li Yumin D, Yang L. Iron deficiency anemia in
Helicobacter pylori infection: meta-analysis of randomized
controlled trials. Scand J Gastroenterol 2010; 45: 665-676 [PMID:
20201716 DOI: 10.3109/00365521003663670]
Zhang ZF, Yang N, Zhao G, Zhu L, Zhu Y, Wang LX. Effect
of Helicobacter pylori eradication on iron deficiency. Chin
Med J (Engl) 2010; 123: 1924-1930 [PMID: 20819579]
Ashorn M, Ruuska T, Mäkipernaa A. Helicobacter pylori
and iron deficiency anaemia in children. Scand J Gastroenterol
2001; 36: 701-705 [PMID: 11444468]
Seo JK, Ko JS, Choi KD. Serum ferritin and Helicobacter pylori infection in children: a sero-epidemiologic study in Korea. J Gastroenterol Hepatol 2002; 17: 754-757 [PMID: 12121504]
Kostaki M, Fessatou S, Karpathios T. Refractory iron-deficiency anaemia due to silent Helicobacter pylori gastritis in
children. Eur J Pediatr 2003; 162: 177-179 [PMID: 12655422]
Yang YJ, Sheu BS, Lee SC, Yang HB, Wu JJ. Children of Helicobacter pylori-infected dyspeptic mothers are predisposed
to H. pylori acquisition with subsequent iron deficiency and
growth retardation. Helicobacter 2005; 10: 249-255 [PMID:

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori

61

62

63

64

65

66

67

68

69

70

71
72

73

74

75

15904483]
Gessner BD, Baggett HC, Muth PT, Dunaway E, Gold BD,
Feng Z, Parkinson AJ. A controlled, household-randomized,
open-label trial of the effect that treatment of Helicobacter
pylori infection has on iron deficiency in children in rural
Alaska. J Infect Dis 2006; 193: 537-546 [PMID: 16425133]
Baggett HC, Parkinson AJ, Muth PT, Gold BD, Gessner BD.
Endemic iron deficiency associated with Helicobacter pylori
infection among school-aged children in Alaska. Pediatrics
2006; 117: e396-e404 [PMID: 16452320]
Süoglu OD, Gökçe S, Saglam AT, Sökücü S, Saner G. Association of Helicobacter pylori infection with gastroduodenal
disease, epidemiologic factors and iron-deficiency anemia
in Turkish children undergoing endoscopy, and impact on
growth. Pediatr Int 2007; 49: 858-863 [PMID: 18045286]
Sarker SA, Mahmud H, Davidsson L, Alam NH, Ahmed T,
Alam N, Salam MA, Beglinger C, Gyr N, Fuchs GJ. Causal
relationship of Helicobacter pylori with iron-deficiency anemia or failure of iron supplementation in children. Gastroenterology 2008; 135: 1534-1542 [PMID: 18775429]
Haghi-Ashtiani MT, Monajemzadeh M, Motamed F, Mahjoub F, Sharifan M, Shahsiah R, Kashef N. Anemia in children with and without Helicobacter pylori infection. Arch
Med Res 2008; 39: 536-540 [PMID: 18514100]
Choe YH, Lee JE, Kim SK. Effect of helicobacter pylori eradication on sideropenic refractory anaemia in adolescent girls
with Helicobacter pylori infection. Acta Paediatr 2000; 89:
154-157 [PMID: 10709883]
Choe YH, Kim SK, Hong YC. The relationship between Helicobacter pylori infection and iron deficiency: seroprevalence
study in 937 pubescent children. Arch Dis Child 2003; 88: 178
[PMID: 12538339]
Hershko C, Hoffbrand AV, Keret D, Souroujon M, Maschler I, Monselise Y, Lahad A. Role of autoimmune gastritis,
Helicobacter pylori and celiac disease in refractory or unexplained iron deficiency anemia. Haematologica 2005; 90:
585-595 [PMID: 15921373]
Parkinson AJ, Gold BD, Bulkow L, Wainwright RB, Swaminathan B, Khanna B, Petersen KM, Fitzgerald MA. High
prevalence of Helicobacter pylori in the Alaska native
population and association with low serum ferritin levels in
young adults. Clin Diagn Lab Immunol 2000; 7: 885-888 [PMID:
11063492]
Berg G, Bode G, Blettner M, Boeing H, Brenner H. Helicobacter pylori infection and serum ferritin: A populationbased study among 1806 adults in Germany. Am J Gastroenterol 2001; 96: 1014-1018 [PMID: 11316140]
Bini EJ. Helicobacter pylori and iron deficiency anemia:
guilty as charged? Am J Med 2001; 111: 495-497 [PMID:
11690578]
Cuoco L, Cammarota G, Jorizzo RA, Santarelli L, Cianci
R, Montalto M, Gasbarrini A, Gasbarrini G. Link between
Helicobacter pylori infection and iron-deficiency anaemia in
patients with coeliac disease. Scand J Gastroenterol 2001; 36:
1284-1288 [PMID: 11761018]
Choe YH, Kwon YS, Jung MK, Kang SK, Hwang TS, Hong
YC. Helicobacter pylori-associated iron-deficiency anemia in
adolescent female athletes. J Pediatr 2001; 139: 100-104 [PMID:
11445801]
Yoshimura M, Hirai M, Tanaka N, Kasahara Y, Hosokawa O.
Remission of severe anemia persisting for over 20 years after
eradication of Helicobacter pylori in cases of Ménètrier’s
disease and atrophic gastritis: Helicobacter pylori as a pathogenic factor in iron-deficiency anemia. Intern Med 2003; 42:
971-977 [PMID: 14606710]
Nahon S, Lahmek P, Massard J, Lesgourgues B, Mariaud de
Serre N, Traissac L, Bodiguel V, Adotti F, Delas N. Helicobacter pylori-associated chronic gastritis and unexplained
iron deficiency anemia: a reliable association? Helicobacter
2003; 8: 573-577 [PMID: 14632670]

WJG|www.wjgnet.com

76

77

78
79

80

81

82

83
84

85

86

87
88

89

90

91

92

12830

Ciacci C, Sabbatini F, Cavallaro R, Castiglione F, Di Bella S,
Iovino P, Palumbo A, Tortora R, Amoruso D, Mazzacca G.
Helicobacter pylori impairs iron absorption in infected individuals. Dig Liver Dis 2004; 36: 455-460 [PMID: 15285524]
Valiyaveettil AN, Hamide A, Bobby Z, Krishnan R. Effect
of anti-Helicobacter pylori therapy on outcome of irondeficiency anemia: a randomized, controlled study. Indian J
Gastroenterol 2005; 24: 155-157 [PMID: 16204902]
Cardenas VM, Mulla ZD, Ortiz M, Graham DY. Iron deficiency and Helicobacter pylori infection in the United States.
Am J Epidemiol 2006; 163: 127-134 [PMID: 16306309]
Chen LH, Luo HS. Effects of H pylori therapy on erythrocytic and iron parameters in iron deficiency anemia patients
with H pylori-positive chronic gastristis. World J Gastroenterol
2007; 13: 5380-5383 [PMID: 17879411]
Vijayan G, Sundaram RC, Bobby Z, Hamide A, Selvaraj
N, Dasse NR. Increased plasma malondialdehyde and
fructosamine in anemic H pylori infected patients: effect
of treatment. World J Gastroenterol 2007; 13: 796-800 [PMID:
17278206]
Kaffes A, Cullen J, Mitchell H, Katelaris PH. Effect of Helicobacter pylori infection and low-dose aspirin use on
iron stores in the elderly. J Gastroenterol Hepatol 2003; 18:
1024-1028 [PMID: 12911657]
Mulayim B, Celik NY, Yanik FF. Helicobacter pylori infection detected by 14C-urea breath test is associated with iron
deficiency anemia in pregnant women. J Obstet Gynaecol Res
2008; 34: 980-985 [PMID: 19012696]
Correa P, Piazuelo MB. Natural history of Helicobacter pylori infection. Dig Liver Dis 2008; 40: 490-496 [PMID: 18396115]
Park CH, Valore EV, Waring AJ, Ganz T. Hepcidin, a urinary
antimicrobial peptide synthesized in the liver. J Biol Chem
2001; 276: 7806-7810 [PMID: 11113131 DOI: 10.1074/jbc.
M008922200]
Kroot JJ, Tjalsma H, Fleming RE, Swinkels DW. Hepcidin in human iron disorders: diagnostic implications. Clin
Chem 2011; 57: 1650-1669 [PMID: 21989113 DOI: 10.1373/
clinchem.2009.140053]
Cherian S, Forbes DA, Cook AG, Sanfilippo FM, Kemna EH,
Swinkels DW, Burgner DP. An insight into the relationships
between hepcidin, anemia, infections and inflammatory
cytokines in pediatric refugees: a cross-sectional study. PLoS
One 2008; 3: e4030 [PMID: 19107209 DOI: 10.1371/journal.
pone.0004030]
Hershko C, Ronson A. Iron deficiency, Helicobacter infection and gastritis. Acta Haematol 2009; 122: 97-102 [PMID:
19907146]
Lee SY, Song EY, Yun YM, Yoon SY, Cho YH, Kim SY,
Lee MH. Serum prohepcidin levels in Helicobacter pylori
infected patients with iron deficiency anemia. Korean J Intern Med 2010; 25: 195-200 [PMID: 20526394 DOI: 10.3904/
kjim.2010.25.2.195]
Schwarz P, Kübler JA, Strnad P, Müller K, Barth TF, Gerloff
A, Feick P, Peyssonnaux C, Vaulont S, Adler G, Kulaksiz
H. Hepcidin is localised in gastric parietal cells, regulates
acid secretion and is induced by Helicobacter pylori infection. Gut 2012; 61: 193-201 [PMID: 21757452 DOI: 10.1136/
gut.2011.241208]
Ozkasap S, Yarali N, Isik P, Bay A, Kara A, Tunc B. The role
of prohepcidin in anemia due to Helicobacter pylori infection. Pediatr Hematol Oncol 2013; 30: 425-431 [PMID: 23560993
DOI: 10.3109/08880018.2013.783144]
Azab SF, Esh AM. Serum hepcidin levels in Helicobacter
pylori-infected children with iron-deficiency anemia: a
case-control study. Ann Hematol 2013; 92: 1477-1483 [PMID:
23760782 DOI: 10.1007/s00277-013-1813-2]
Yip R, Limburg PJ, Ahlquist DA, Carpenter HA, O’Neill A,
Kruse D, Stitham S, Gold BD, Gunter EW, Looker AC, Parkinson AJ, Nobmann ED, Petersen KM, Ellefson M, Schwartz
S. Pervasive occult gastrointestinal bleeding in an Alaska

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori

93

94

95

96

97

98

99

100

101
102
103

104
105
106
107
108

native population with prevalent iron deficiency. Role of Helicobacter pylori gastritis. JAMA 1997; 277: 1135-1139 [PMID:
9087468]
Kang JM, Kim N, Lee BH, Park HK, Jo HJ, Shin CM, Lee SH,
Park YS, Hwang JH, Kim JW, Jeong SH, Lee DH, Jung HC,
Song IS. Risk factors for peptic ulcer bleeding in terms of
Helicobacter pylori, NSAIDs, and antiplatelet agents. Scand
J Gastroenterol 2011; 46: 1295-1301 [PMID: 21815866 DOI:
10.3109/00365521.2011.605468]
Musumba C, Jorgensen A, Sutton L, Van Eker D, Moorcroft
J, Hopkins M, Pritchard DM, Pirmohamed M. The relative
contribution of NSAIDs and Helicobacter pylori to the aetiology of endoscopically-diagnosed peptic ulcer disease: observations from a tertiary referral hospital in the UK between
2005 and 2010. Aliment Pharmacol Ther 2012; 36: 48-56 [PMID:
22554233 DOI: 10.1111/j.1365-2036.2012.05118.x]
Vergara M, Catalán M, Gisbert JP, Calvet X. Meta-analysis:
role of Helicobacter pylori eradication in the prevention of
peptic ulcer in NSAID users. Aliment Pharmacol Ther 2005; 21:
1411-1418 [PMID: 15948807]
De Leest HT, Steen KS, Bloemena E, Lems WF, Kuipers
EJ, Van de Laar MA, Bijlsma JW, Janssen M, Houben HH,
Kostense PJ, Boers M, Dijkmans BA. Helicobacter pylori
eradication in patients on long-term treatment with NSAIDs
reduces the severity of gastritis: a randomized controlled
trial. J Clin Gastroenterol 2009; 43: 140-146 [PMID: 18797408
DOI: 10.1097/MCG.0b013e3181595b40]
Sokic-Milutinovic A, Krstic M, Rozer-Smolovic B, Alempijevic T. Role of Helicobacter pylori infection in gastroduodenal damage in patients starting NSAID therapy: 4 Months
follow-up study. Dig Dis Sci 2010; 55: 2887-2892 [PMID:
20094785 DOI: 10.1007/s10620-009-1097-5]
Song HJ, Kwon JW, Kim N, Park YS. Cost Effectiveness Associated with Helicobacter pylori Screening and Eradication
in Patients Taking Nonsteroidal Anti-Inflammatory Drugs
and/or Aspirin. Gut Liver 2013; 7: 182-189 [PMID: 23560154
DOI: 10.5009/gnl.2013.7.2.182]
Afifi MT, Abd El-Aziz HK, Hamed NA, Barghash NA, Abdo
A, Gamal M. Role of Helicobacter pylori in refractory iron
deficiency anaemia. Br J Biomed Sci 2009; 66: 133-136 [PMID:
19839223]
Boyanova L. Role of Helicobacter pylori virulence factors for
iron acquisition from gastric epithelial cells of the host and
impact on bacterial colonization. Future Microbiol 2011; 6:
843-846 [PMID: 21861616 DOI: 10.2217/fmb.11.75]
Ge R, Sun X. Iron trafficking system in Helicobacter pylori.
Biometals 2012; 25: 247-258 [PMID: 22127376 DOI: 10.1007/
s10534-011-9512-8]
Davis RE. Clinical chemistry of vitamin B12. Adv Clin Chem
1985; 24: 163-216 [PMID: 3911750]
Andrès E, Loukili NH, Noel E, Kaltenbach G, Abdelgheni
MB, Perrin AE, Noblet-Dick M, Maloisel F, Schlienger JL,
Blicklé JF. Vitamin B12 (cobalamin) deficiency in elderly patients. CMAJ 2004; 171: 251-259 [PMID: 15289425]
Dali-Youcef N, Andrès E. An update on cobalamin deficiency in adults. QJM 2009; 102: 17-28 [PMID: 18990719 DOI:
10.1093/qjmed/hcn138]
Herbert V. Staging vitamin B-12 (cobalamin) status in
vegetarians. Am J Clin Nutr 1994; 59: 1213S-1222S [PMID:
8172125]
Carmel R, Johnson CS, Weiner JM. Pernicious anemia in
Latin Americans is not a disease of the elderly. Arch Intern
Med 1987; 147: 1995-1996 [PMID: 3675102]
Carmel R. Prevalence of undiagnosed pernicious anemia
in the elderly. Arch Intern Med 1996; 156: 1097-1100 [PMID:
8638997]
Seshadri S, Beiser A, Selhub J, Jacques PF, Rosenberg IH, D’
Agostino RB, Wilson PW, Wolf PA. Plasma homocysteine as
a risk factor for dementia and Alzheimer’s disease. N Engl J
Med 2002; 346: 476-483 [PMID: 11844848]

WJG|www.wjgnet.com

109 Hooshmand B, Solomon A, Kåreholt I, Leiviskä J, Rusanen
M, Ahtiluoto S, Winblad B, Laatikainen T, Soininen H,
Kivipelto M. Homocysteine and holotranscobalamin and
the risk of Alzheimer disease: a longitudinal study. Neurology 2010; 75: 1408-1414 [PMID: 20956786 DOI: 10.1212/
WNL.0b013e3181f88162]
110 Werder SF. Cobalamin deficiency, hyperhomocysteinemia,
and dementia. Neuropsychiatr Dis Treat 2010; 6: 159-195
[PMID: 20505848]
111 Hooshmand B, Solomon A, Kåreholt I, Rusanen M, Hänninen T, Leiviskä J, Winblad B, Laatikainen T, Soininen H,
Kivipelto M. Associations between serum homocysteine,
holotranscobalamin, folate and cognition in the elderly: a
longitudinal study. J Intern Med 2012; 271: 204-212 [PMID:
22077644 DOI: 10.1111/j.1365-2796.2011.02484.x]
112 Tiemeier H, van Tuijl HR, Hofman A, Meijer J, Kiliaan AJ,
Breteler MM. Vitamin B12, folate, and homocysteine in depression: the Rotterdam Study. Am J Psychiatry 2002; 159:
2099-2101 [PMID: 12450964]
113 Kaptan K, Beyan C. Does hyperhomocysteinemia due to
vitamin B12 deficiency associted with Helicobacter pylori
infection has a role on cerebral stroke? Med Sci Monit 2002; 8:
LE52-LE3; author reply LE53 [PMID: 12546023]
114 Moghaddasi M, Mamarabadi M, Mirzadeh S, Freydoonnejad AA, Razjouyan H. Homocysteine, vitamin B12 and folate
levels in Iranian patients with ischemic stroke. Neurol Res
2010; 32: 953-956 [PMID: 20433777 DOI: 10.1179/016164110X
12644252260475]
115 Caldera A, Mora J, Kotler M, Eiger G. Pulmonary embolism
in a patient with pernicious anemia and hyperhomocysteinemia. Chest 2002; 122: 1487-1488 [PMID: 12377886]
116 Andrès E, Kurtz JE. Pulmonary embolism in pernicious anemia and hyperhomocysteinemia. Chest 2003; 124: 1181 [PMID:
12970061]
117 Whincup PH, Mendall MA, Perry IJ, Strachan DP. Hyperhomocysteinaemia, Helicobacter pylori, and coronary heart
disease. Heart 1997; 78: 524 [PMID: 9415019]
118 O’Connor HJ, Axon AT, Dixon MF. Campylobacter-like
organisms unusual in type A (pernicious anaemia) gastritis.
Lancet 1984; 2: 1091 [PMID: 6150156]
119 Fong TL, Dooley CP, Dehesa M, Cohen H, Carmel R,
Fitzgibbons PL, Perez-Perez GI, Blaser MJ. Helicobacter pylori infection in pernicious anemia: a prospective controlled
study. Gastroenterology 1991; 100: 328-332 [PMID: 1985031]
120 Saito M, Mori A, Irie T, Tanaka M, Morioka M. [Helicobacter
pylori infection is not associated with pernicious anemia in
Japan]. Rinsho Ketsueki 2008; 49: 1569-1571 [PMID: 19047791]
121 Kokkola A, Kosunen TU, Puolakkainen P, Sipponen P,
Harkonen M, Laxen F, Virtamo J, Haapiainen R, Rautelin H.
Spontaneous disappearance of Helicobacter pylori antibodies in patients with advanced atrophic corpus gastritis. APMIS 2003; 111: 619-624 [PMID: 12969017]
122 Suter PM, Golner BB, Goldin BR, Morrow FD, Russell RM.
Reversal of protein-bound vitamin B12 malabsorption with
antibiotics in atrophic gastritis. Gastroenterology 1991; 101:
1039-1045 [PMID: 1889697]
123 Valle J, Kekki M, Sipponen P, Ihamäki T, Siurala M. Longterm course and consequences of Helicobacter pylori gastritis. Results of a 32-year follow-up study. Scand J Gastroenterol
1996; 31: 546-550 [PMID: 8789892]
124 Ma JY, Borch K, Sjöstrand SE, Janzon L, Mårdh S. Positive
correlation between H,K-adenosine triphosphatase autoantibodies and Helicobacter pylori antibodies in patients with
pernicious anemia. Scand J Gastroenterol 1994; 29: 961-965
[PMID: 7871374]
125 Claeys D, Faller G, Appelmelk BJ, Negrini R, Kirchner T.
The gastric H+,K+-ATPase is a major autoantigen in chronic
Helicobacter pylori gastritis with body mucosa atrophy. Gastroenterology 1998; 115: 340-347 [PMID: 9679039]
126 Pietroiusti A, Galante A, Magrini A, Bergamaschi A. Heli-

12831

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori

127

128

129

130

131

132
133

134

135
136

137
138

139

140

141
142

cobacter pylori interference with micronutrients and orally
administered drugs: a new mechanism explaining its role in
extragastric disorders. Mini Rev Med Chem 2008; 8: 135-141
[PMID: 18289096]
Kaptan K, Beyan C, Ural AU, Cetin T, Avcu F, Gülşen M,
Finci R, Yalçín A. Helicobacter pylori--is it a novel causative
agent in Vitamin B12 deficiency? Arch Intern Med 2000; 160:
1349-1353 [PMID: 10809040]
Carmel R, Aurangzeb I, Qian D. Associations of food-cobalamin malabsorption with ethnic origin, age, Helicobacter
pylori infection, and serum markers of gastritis. Am J Gastroenterol 2001; 96: 63-70 [PMID: 11197289]
Andrès E, Federici L, Affenberger S, Vidal-Alaball J, Loukili
NH, Zimmer J, Kaltenbach G. B12 deficiency: a look beyond
pernicious anemia. J Fam Pract 2007; 56: 537-542 [PMID:
17605945]
Lahner E, Persechino S, Annibale B. Micronutrients (Other
than iron) and Helicobacter pylori infection: a systematic
review. Helicobacter 2012; 17: 1-15 [PMID: 22221610 DOI:
10.1111/j.1523-5378.2011.00892.x]
Marino MC, de Oliveira CA, Rocha AM, Rocha GA, Clementino NC, Antunes LF, Oliveira RA, Martins AS, Del Puerto
HL, D’Almeida V, Galdieri L, Pedroso ER, Cabral MM,
Nogueira AM, Queiroz DM. Long-term effect of Helicobacter pylori eradication on plasma homocysteine in elderly
patients with cobalamin deficiency. Gut 2007; 56: 469-474
[PMID: 17005765]
Kaplan HS, Rigler LG. Pernicious anemia and susceptibility
to gastric neoplasms. J Lab Clin Med 1947; 32: 644-653 [PMID:
20242838]
Zamcheck N, Grable E, Ley A, Norman L. Occurrence of
gastric cancer among patients with pernicious anemia at
the Boston City Hospital. N Engl J Med 1955; 252: 1103-1110
[PMID: 14383972]
Berkson J, Butt HR, Comfort MW. Occurrence of gastric
cancer in persons with achlorhydria and with pernicious
anemia. Proc Staff Meet Mayo Clin 1956; 31: 583-596 [PMID:
13370626]
Payne RW. Pernicious anaemia and gastric cancer in
England and Wales. Br Med J 1961; 1: 1807-1809 [PMID:
13733686]
Vannella L, Lahner E, Osborn J, Annibale B. Systematic
review: gastric cancer incidence in pernicious anaemia. Aliment Pharmacol Ther 2013; 37: 375-382 [PMID: 23216458 DOI:
10.1111/apt.12177]
Toh BH, van Driel IR, Gleeson PA. Pernicious anemia. N
Engl J Med 1997; 337: 1441-1448 [PMID: 9358143]
Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan
D, Arnold DM, Bussel JB, Cines DB, Chong BH, Cooper N,
Godeau B, Lechner K, Mazzucconi MG, McMillan R, Sanz
MA, Imbach P, Blanchette V, Kühne T, Ruggeri M, George
JN. Standardization of terminology, definitions and outcome
criteria in immune thrombocytopenic purpura of adults and
children: report from an international working group. Blood
2009; 113: 2386-2393 [PMID: 19005182]
British Committee for Standards in Haematology General
Haematology Task Force. Guidelines for the investigation
and management of idiopathic thrombocytopenic purpura
in adults, children and in pregnancy. Br J Haematol 2003; 120:
574-596 [PMID: 12588344]
Liel MS, Carverley DC. Thrombopcytopenia caused by
immunologic platelet destruction. In: Greer JP, Arber DA,
Glader B, List AF, Means RTJ, Paraskevas F, Rodgers GM,
editors. Wintrobe’s Clinical Hematology. 13th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2013: 1061-1076
Frederiksen H, Schmidt K. The incidence of idiopathic
thrombocytopenic purpura in adults increases with age.
Blood 1999; 94: 909-913 [PMID: 10419881]
Neunert C, Lim W, Crowther M, Cohen A, Solberg L,
Crowther MA. The American Society of Hematology 2011

WJG|www.wjgnet.com

143

144

145
146

147
148

149

150

151

152

153

154

155

156

157

158

12832

evidence-based practice guideline for immune thrombocytopenia. Blood 2011; 117: 4190-4207 [PMID: 21325604 DOI:
10.1182/blood-2010-08-302984]
Pizzuto J, Ambriz R. Therapeutic experience on 934 adults
with idiopathic thrombocytopenic purpura: Multicentric Trial of the Cooperative Latin American group on Hemostasis
and Thrombosis. Blood 1984; 64: 1179-1183 [PMID: 6388663]
García Pérez A, Valverde de La Osa J, Giménez Samper M,
Alonso García I. [Resolution of an autoimmune thrombocytopenic purpura after eradicating treatment of Helicobacter
pylori]. Sangre (Barc) 1999; 44: 387-388 [PMID: 10618919]
Tohda S, Ohkusa T. Resolution of refractory idiopathic
thrombocytopenic purpura after eradication of Helicobacter
pylori. Am J Hematol 2000; 65: 329-330 [PMID: 11074571]
Goto H, Kikuta T, Ota A, Tsuji H, Hino R. [Successful treatment of refractory idiopathic thrombocytopenic purpura by
eradication of Helicobacter pylori]. Rinsho Ketsueki 2001; 42:
1192-1194 [PMID: 11828723]
Mukai M, Kon Y, Notoya A, Kohno M. Helicobacter pylori
associated with idiopathic thrombocytopenic purpura. Am J
Med 2002; 113: 169-171 [PMID: 12133762]
Asaumi N, Niiya K, Shibakura M, Yoshida C, Niiya M,
Tanimoto M. Secondary eradication of Helicobacter pylori
was effective against refractory idiopathic thrombocytopenic
purpura. Blood Coagul Fibrinolysis 2003; 14: 785-786 [PMID:
14614362]
Takechi T, Unemoto J, Ishihara M, Hosokawa T, Zushi N,
Shiraishi T, Ogura H, Wakiguchi H. Idiopathic thrombocytopenic purpura associated with Helicobacter pylori infection.
Pediatr Int 2006; 48: 76-78 [PMID: 16490076]
Grimaz S, Damiani D, Brosolo P, Skert C, Geromin A, de
Pretis G. Resolution of thrombocytopenia after treatment
for Helicobacter pylori: a case report. Haematologica 1999; 84:
283-284 [PMID: 10189400]
Soldinger E, Pilia MC, Piubello W, Nadali G. Multi-resistant
idiopathic thrombocytopenia successfully treated by eradication of Helicobacter pylori. Dig Liver Dis 2001; 33: 732 [PMID:
11785722 DOI: 10.1016/S1590-8658(01)80053-0]
Candelli M, Nista EC, Pignataro G, Gasbarrini G, Gasbarrini
A. Idiopathic thrombocytopenic purpura and Helicobacter
pylori infection. Scand J Gastroenterol 2003; 38: 569-570 [PMID:
12795473 DOI: 10.1080/00365520310002535]
Kurekci AE, Atay AA, Sarici SU, Ozcan O. Complete platelet recovery after treatment of Helicobacter pylori infection
in a child with chronic immune thrombocytopenic purpura:
a case report. Pediatr Hematol Oncol 2004; 21: 593-596 [PMID:
15626015 DOI: 10.1080/08880010490500962]
Gasbarrini A, Franceschi F, Tartaglione R, Landolfi R, Pola P,
Gasbarrini G. Regression of autoimmune thrombocytopenia
after eradication of Helicobacter pylori. Lancet 1998; 352: 878
[PMID: 9742983 DOI: 10.1016/S0140-6736(05)60004-9]
Emilia G, Longo G, Luppi M, Gandini G, Morselli M, Ferrara L, Amarri S, Cagossi K, Torelli G. Helicobacter pylori
eradication can induce platelet recovery in idiopathic
thrombocytopenic purpura. Blood 2001; 97: 812-814 [PMID:
11157503 DOI: 10.1182/blood.V97.3.812]
Emilia G, Luppi M, Morselli M, Potenza L, D’Apollo N,
Torelli G. Helicobacter pylori infection and idiopathic thrombocytopenic purpura. Br J Haematol 2002; 118: 1198-1199
[PMID: 12199816 DOI: 10.1046/j.1365-2141.2002.363010.x]
Veneri D, Franchini M, Gottardi M, D’Adda M, Ambrosetti
A, Krampera M, Zanetti F, Pizzolo G. Efficacy of Helicobacter pylori eradication in raising platelet count in adult
patients with idiopathic thrombocytopenic purpura. Haematologica 2002; 87: 1177-1179 [PMID: 12414347]
Veneri D, Krampera M, Franchini M. High prevalence of
sustained remission of idiopathic thrombocytopenic purpura
after Helicobacter pylori eradication: a long-term followup study. Platelets 2005; 16: 117-119 [PMID: 15823868 DOI:
10.1080/09537100400015153]

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori
159 Stasi R, Rossi Z, Stipa E, Amadori S, Newland AC, Provan
D. Helicobacter pylori eradication in the management of
patients with idiopathic thrombocytopenic purpura. Am
J Med 2005; 118: 414-419 [PMID: 15808140 DOI: 10.1016/
j.amjmed.2004.09.014]
160 Emilia G, Luppi M, Zucchini P, Morselli M, Potenza L,
Forghieri F, Volzone F, Jovic G, Leonardi G, Donelli A,
Torelli G. Helicobacter pylori infection and chronic immune
thrombocytopenic purpura: long-term results of bacterium eradication and association with bacterium virulence
profiles. Blood 2007; 110: 3833-3841 [PMID: 17652264 DOI:
10.1182/blood-2006-12-063222]
161 Sayan O, Akyol Erikci A, Ozturk A. The Efficacy of Helicobacter pylori eradication in the treatment of idiopathic
thrombocytopenic purpura--the first study in Turkey.
Acta Haematol 2006; 116: 146-149 [PMID: 16914913 DOI:
10.1159/000093648]
162 Suvajdzić N, Stanković B, Artiko V, Cvejić T, Bulat V, Bakrac
M, Colović M, Obradović V, Atkinson HD. Helicobacter pylori eradication can induce platelet recovery in chronic idiopathic thrombocytopenic purpura. Platelets 2006; 17: 227-230
[PMID: 16769600 DOI: 10.1080/09537100500462487]
163 Kohda K, Kuga T, Kogawa K, Kanisawa Y, Koike K, Kuroiwa G, Hirayama Y, Sato Y, Niitsu Y. Effect of Helicobacter
pylori eradication on platelet recovery in Japanese patients
with chronic idiopathic thrombocytopenic purpura and
secondary autoimmune thrombocytopenic purpura. Br J
Haematol 2002; 118: 584-588 [PMID: 12139750 DOI: 10.1046/
j.1365-2141.2002.03612.x]
164 Kohda K, Niitsu Y. [Helicobacter pylori infection and idiopathic thrombocytopenic purpura]. Nihon Rinsho 2003; 61:
644-649 [PMID: 12718090]
165 Ando K, Shimamoto T, Tauchi T, Ito Y, Kuriyama Y, Gotoh A,
Miyazawa K, Kimura Y, Kawai T, Ohyashiki K. Can eradication therapy for Helicobacter pylori really improve the
thrombocytopenia in idiopathic thrombocytopenic purpura?
Our experience and a literature review. Int J Hematol 2003;
77: 239-244 [PMID: 12731666 DOI: 10.1007/BF02983780]
166 Hashino S, Mori A, Suzuki S, Izumiyama K, Kahata K, Yonezumi M, Chiba K, Kondo T, Ota S, Toyashima N, Kato N,
Tanaka J, Imamura M, Asaka M. Platelet recovery in patients
with idiopathic thrombocytopenic purpura after eradication
of Helicobacter pylori. Int J Hematol 2003; 77: 188-191 [PMID:
12627857 DOI: 10.1007/BF02983220]
167 Hino M, Yamane T, Park K, Takubo T, Ohta K, Kitagawa S,
Higuchi K, Arakawa T. Platelet recovery after eradication of
Helicobacter pylori in patients with idiopathic thrombocytopenic purpura. Ann Hematol 2003; 82: 30-32 [PMID: 12574961]
168 Kato A, Kato H, Hirashima N, Sakamoto T, Nukaya H, Ito K,
Matsunaga S, Kondo H, Tanaka Y, Sakakibara K. [Evaluation
of the efficacy of an Helicobacter pylori eradication treatment for idiopathic thrombocytopenic purpura patients].
Nihon Shokakibyo Gakkai Zasshi 2004; 101: 1209-1216 [PMID:
15570869]
169 Ando T, Tsuzuki T, Mizuno T, Minami M, Ina K, Kusugami K, Takamatsu J, Adachi K, El-Omar E, Ohta M,
Goto H. Characteristics of Helicobacter pylori-induced
gastritis and the effect of H. pylori eradication in patients
with chronic idiopathic thrombocytopenic purpura. Helicobacter 2004; 9: 443-452 [PMID: 15361084 DOI: 10.1111/
j.1083-4389.2004.00261.x]
170 Nomura S, Inami N, Kanazawa S. The effects of Helicobacter pylori eradication on chemokine production in
patients with immune thrombocytopenic purpura. Eur J
Haematol 2004; 72: 304-305 [PMID: 15089773 DOI: 10.1111/
j.1600-0609.2004.00220.x]
171 Sato R, Murakami K, Watanabe K, Okimoto T, Miyajima
H, Ogata M, Ohtsuka E, Kodama M, Saburi Y, Fujioka T,
Nasu M. Effect of Helicobacter pylori eradication on platelet
recovery in patients with chronic idiopathic thrombocyto-

WJG|www.wjgnet.com

172

173

174

175

176

177

178

179

180

181

182

12833

penic purpura. Arch Intern Med 2004; 164: 1904-1907 [PMID:
15451766 DOI: 10.1001/archinte.164.17.1904]
Takahashi T, Yujiri T, Shinohara K, Inoue Y, Sato Y, Fujii
Y, Okubo M, Zaitsu Y, Ariyoshi K, Nakamura Y, Nawata R,
Oka Y, Shirai M, Tanizawa Y. Molecular mimicry by Helicobacter pylori CagA protein may be involved in the pathogenesis of H. pylori-associated chronic idiopathic thrombocytopenic purpura. Br J Haematol 2004; 124: 91-96 [PMID:
14675413 DOI: 10.1046/j.1365-2141.2003.04735.x]
Fujimura K, Kuwana M, Kurata Y, Imamura M, Harada H,
Sakamaki H, Teramura M, Koda K, Nomura S, Sugihara S,
Shimomura T, Fujimoto TT, Oyashiki K, Ikeda Y. Is eradication therapy useful as the first line of treatment in Helicobacter pylori-positive idiopathic thrombocytopenic purpura?
Analysis of 207 eradicated chronic ITP cases in Japan. Int J
Hematol 2005; 81: 162-168 [PMID: 15765787 DOI: 10.1532/
IJH97.04146]
Inaba T, Mizuno M, Take S, Suwaki K, Honda T, Kawai K,
Fujita M, Tamura T, Yokota K, Oguma K, Okada H, Shiratori
Y. Eradication of Helicobacter pylori increases platelet count
in patients with idiopathic thrombocytopenic purpura in Japan. Eur J Clin Invest 2005; 35: 214-219 [PMID: 15733077 DOI:
10.1111/j.1365-2362.2005.01471.x]
Tsutsumi Y, Kanamori H, Yamato H, Ehira N, Kawamura
T, Umehara S, Mori A, Obara S, Ogura N, Tanaka J, Asaka
M, Imamura M, Masauzi N. Randomized study of Helicobacter pylori eradication therapy and proton pump inhibitor
monotherapy for idiopathic thrombocytopenic purpura. Ann
Hematol 2005; 84: 807-811 [PMID: 16078036 DOI: 10.1007/
s00277-005-1071-z]
Suzuki T, Matsushima M, Masui A, Watanabe K, Takagi
A, Ogawa Y, Shirai T, Mine T. Effect of Helicobacter pylori
eradication in patients with chronic idiopathic thrombocytopenic purpura-a randomized controlled trial. Am J Gastroenterol 2005; 100: 1265-1270 [PMID: 15929755 DOI: 10.1111/
j.1572-0241.2005.41641.x]
Asahi A, Kuwana M, Suzuki H, Hibi T, Kawakami Y, Ikeda Y.
Effects of a Helicobacter pylori eradication regimen on antiplatelet autoantibody response in infected and uninfected
patients with idiopathic thrombocytopenic purpura. Haematologica 2006; 91: 1436-1437 [PMID: 16963398]
Ishiyama M, Teramura M, Iwabe K, Kato T, Motoji T. Clonally expanded T-cells in the peripheral blood of patients with
idiopathic Thrombocytopenic purpura and Helicobacter pylori infection. Int J Hematol 2006; 83: 147-151 [PMID: 16513533
DOI: 10.1532/IJH97.05119]
Satake M, Nishikawa J, Fukagawa Y, Akashi K, Okamoto T,
Yoshida T, Hirano A, Maetani N, Iida Y, Sakaida I. The longterm efficacy of Helicobacter pylori eradication therapy in
patients with idiopathic thrombocytopenic purpura. J Gastroenterol Hepatol 2007; 22: 2233-2237 [PMID: 17559384 DOI:
10.1111/j.1440-1746.2007.04845.x]
Kodama M, Kitadai Y, Ito M, Kai H, Masuda H, Tanaka S,
Yoshihara M, Fujimura K, Chayama K. Immune response
to CagA protein is associated with improved platelet count
after Helicobacter pylori eradication in patients with idiopathic thrombocytopenic purpura. Helicobacter 2007; 12:
36-42 [PMID: 17241299 DOI: 10.1111/j.1523-5378.2007.00477.
x]
Asahi A, Nishimoto T, Okazaki Y, Suzuki H, Masaoka T,
Kawakami Y, Ikeda Y, Kuwana M. Helicobacter pylori eradication shifts monocyte Fcgamma receptor balance toward
inhibitory FcgammaRIIB in immune thrombocytopenic
purpura patients. J Clin Invest 2008; 118: 2939-2949 [PMID:
18654664 DOI: 10.1172/JCI34496]
Suzuki T, Matsushima M, Shirakura K, Koike J, Masui A,
Takagi A, Shirasugi Y, Ogawa Y, Shirai T, Mine T. Association of inflammatory cytokine gene polymorphisms with
platelet recovery in idiopathic thrombocytopenic purpura
patients after the eradication of Helicobacter pylori. Digestion

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori
2008; 77: 73-78 [PMID: 18354254 DOI: 10.1159/000121392]
183 Tsumoto C, Tominaga K, Okazaki H, Tanigawa T, Yamagami H, Watanabe K, Nakao T, Koh K, Watanabe T, Fujiwara
Y, Yamane T, Oshitani N, Hino M, Higuchi K, Arakawa
T. Long-term efficacy of Helicobacter pylori eradication in
patients with idiopathic thrombocytopenic purpura: 7-year
follow-up prospective study. Ann Hematol 2009; 88: 789-793
[PMID: 19096845 DOI: 10.1007/s00277-008-0667-5]
184 Sato R, Murakami K, Okimoto T, Watanabe K, Kodama M,
Fujioka T. Development of corpus atrophic gastritis may
be associated with Helicobacter pylori-related idiopathic
thrombocytopenic purpura. J Gastroenterol 2011; 46: 991-997
[PMID: 21594563 DOI: 10.1007/s00535-011-0416-8]
185 Kikuchi T, Kobayashi T, Yamashita T, Ohashi K, Sakamaki
H, Akiyama H. Eight-year follow-up of patients with immune thrombocytopenic purpura related toH. pyloriinfection. Platelets 2011; 22: 61-64 [PMID: 20942598 DOI: 10.3109/
09537104.2010.515272]
186 Kong R, Qiu HC, Wu PF, Niu XH, Shen WX, Wang Y. [Clinical significance of Helicobacter pylori in pathogenesis of idiopathic thrombocytopenic purpura]. Zhongguo Shi Yan Xue
Ye Xue Za Zhi 2008; 16: 1222-1226 [PMID: 18928633]
187 Wu S, Li Y, Jian Z, Tang F. [Anti-Helicobacter pylori treatment in patients with idiopathic thrombocytopenic purpura].
Zhong Nan Da Xue Xue Bao Yi Xue Ban 2009; 34: 1251-1254
[PMID: 20045922]
188 Rostami N, Keshtkar-Jahromi M, Rahnavardi M, KeshtkarJahromi M, Esfahani FS. Effect of eradication of Helicobacter
pylori on platelet recovery in patients with chronic idiopathic thrombocytopenic purpura: a controlled trial. Am J
Hematol 2008; 83: 376-381 [PMID: 18183613 DOI: 10.1002/
ajh.21125]
189 Payandeh M, Sohrabi N, Zare ME, Kansestani AN, Hashemian AH. Platelet Count Response to Helicobacter pylori
Eradication in Iranian Patients with Idiopathic Thrombocytopenic Purpura. Mediterr J Hematol Infect Dis 2012; 4:
e2012056 [PMID: 22973500 DOI: 10.4084/MJHID.2012.056]
190 Tag HS, Lee HS, Jung SH, Kim BK, Kim SB, Lee A, Lee JS,
Shin SH, Kim YS. Effects of Helicobacter pylori eradication
in patients with immune thrombocytopenic purpura. Korean
J Hematol 2010; 45: 127-132 [PMID: 21120192 DOI: 10.5045/
kjh.2010.45.2.127]
191 Campuzano-Maya G. Proof of an association between Helicobacter pylori and idiopathic thrombocytopenic purpura
in Latin America. Helicobacter 2007; 12: 265-273 [PMID:
17493008 DOI: 10.1111/j.1523-5378.2007.00502.x]
192 Jackson SC, Beck P, Buret AG, O’Connor PM, Meddings J,
Pineo G, Poon MC. Long term platelet responses to Helicobacter pylori eradication in Canadian patients with immune
thrombocytopenic purpura. Int J Hematol 2008; 88: 212-218
[PMID: 18668306 DOI: 10.1007/s12185-008-0138-8]
193 Jarque I, Andreu R, Llopis I, De la Rubia J, Gomis F, Senent
L, Jiménez C, Martín G, Martínez JA, Sanz GF, Ponce J, Sanz
MA. Absence of platelet response after eradication of Helicobacter pylori infection in patients with chronic idiopathic
thrombocytopenic purpura. Br J Haematol 2001; 115: 1002-1003
[PMID: 11843840 DOI: 10.1046/j.1365-2141.2001.03194.x]
194 Michel M, Khellaf M, Desforges L, Lee K, Schaeffer A,
Godeau B, Bierling P. Autoimmune thrombocytopenic
Purpura and Helicobacter pylori infection. Arch Intern
Med 2002; 162: 1033-1036 [PMID: 11996614 DOI: 10.1001/
archinte.162.9.1033]
195 Michel M, Cooper N, Jean C, Frissora C, Bussel JB. Does Helicobater pylori initiate or perpetuate immune thrombocytopenic purpura? Blood 2004; 103: 890-896 [PMID: 12920031
DOI: 10.1182/blood-2003-03-0900]
196 Estrada-Gómez RA, Parra-Ortega I, Martínez-Barreda C,
Ruiz-Argüelles GJ. Helicobacter pylori infection and thrombocytopenia: a single-institution experience in Mexico. Rev
Invest Clin 2007; 59: 112-115 [PMID: 17633798]

WJG|www.wjgnet.com

197 Jaing TH, Yang CP, Hung IJ, Chiu CH, Chang KW. Efficacy
of Helicobacter pylori eradication on platelet recovery in
children with chronic idiopathic thrombocytopenic purpura.
Acta Paediatr 2003; 92: 1153-1157 [PMID: 14632330 DOI:
10.1111/j.1651-2227.2003.tb02476.x]
198 Hayashi H, Okuda M, Aoyagi N, Yoshiyama M, Miyashiro
E, Kounami S, Yoshikawa N. Helicobacter pylori infection in
children with chronic idiopathic thrombocytopenic purpura.
Pediatr Int 2005; 47: 292-295 [PMID: 15910453 DOI: 10.1111/
j.1442-200x.2005.02058.x]
199 Hamidieh AA, Arzanian MT, Gachkar L, Pasha F. Helicobacter pylori infection in children with chronic idiopathic
thrombocytopenic purpura. J Pediatr Hematol Oncol 2008; 30:
96-97 [PMID: 18176194 DOI: 10.1097/MPH.0b013e318161560
000043426-200801000-00025]
200 Rajantie J, Klemola T. Helicobacter pylori and idiopathic
thrombocytopenic purpura in children. Blood 2003; 101: 1660
[PMID: 12560248 DOI: 10.1182/blood-2002-10-3201]
201 Neefjes VM, Heijboer H, Tamminga RY. H. pylori infection
in childhood chronic immune thrombocytopenic purpura.
Haematologica 2007; 92: 576 [PMID: 17488677 DOI: 10.3324/
haematol.10940]
202 Ferrara M, Capozzi L, Russo R. Effect of Helicobacter pylori eradication on platelet count in children with chronic
idiopathic thrombocytopenic purpura. Hematology 2009; 14:
282-285 [PMID: 19843384 DOI: 10.1179/102453309X12473408
860181]
203 Russo G, Miraglia V, Branciforte F, Matarese SM, Zecca M,
Bisogno G, Parodi E, Amendola G, Giordano P, Jankovic M,
Corti A, Nardi M, Farruggia P, Battisti L, Baronci C, Palazzi
G, Tucci F, Ceppi S, Nobili B, Ramenghi U, De Mattia D,
Notarangelo L. Effect of eradication of Helicobacter pylori in
children with chronic immune thrombocytopenia: a prospective, controlled, multicenter study. Pediatr Blood Cancer 2011;
56: 273-278 [PMID: 20830773 DOI: 10.1002/pbc.22770]
204 Scandellari R, Allemand E, Vettore S, Plebani M, Randi ML,
Fabris F. Platelet response to Helicobacter pylori eradication therapy in adult chronic idiopathic thrombocytopenic
purpura seems to be related to the presence of anticytotoxinassociated gene A antibodies. Blood Coagul Fibrinolysis 2009;
20: 108-113 [PMID: 19786938 DOI: 10.1097/MBC.0b013e3283
2315d800001721-200903000-00003]
205 Yetgin S, Demir H, Arslan D, Unal S, Koçak N. Autoimmune thrombocytopenic purpura and Helicobacter pylori
infection effectivity during childhood. Am J Hematol 2005; 78:
318 [PMID: 15795919 DOI: 10.1002/ajh.20302]
206 Loffredo G, Marzano MG, Migliorati R, Miele E, Menna
F, Poggi V, Staiano A. The relationship between immune
thrombocytopenic purpura and Helicobacter pylori infection in children: where is the truth? Eur J Pediatr 2007; 166:
1067-1068 [PMID: 17136353 DOI: 10.1007/s00431-006-0344-4]
207 Bisogno G, Errigo G, Rossetti F, Sainati L, Pusiol A, Da Dalt
L, Colleselli P, Grotto P, Carli M. The role of Helicobacter
pylori in children with chronic idiopathic thrombocytopenic purpura. J Pediatr Hematol Oncol 2008; 30: 53-57 [PMID:
18176181 DOI: 10.1097/MPH.0b013e318161561300043426-20
0801000-00012]
208 Treepongkaruna S, Sirachainan N, Kanjanapongkul S, Winaichatsak A, Sirithorn S, Sumritsopak R, Chuansumrit A.
Absence of platelet recovery following Helicobacter pylori
eradication in childhood chronic idiopathic thrombocytopenic purpura: a multi-center randomized controlled trial.
Pediatr Blood Cancer 2009; 53: 72-77 [PMID: 19301380 DOI:
10.1002/pbc.21991]
209 Veres G, Karóczkai I, Bodánszky H, Marosi A, Magyarossi
E, Dezsofi A, Arató A. [The role of Helicobacter pylori infection in children with chronic immune thrombocytopenic
purpura]. Orv Hetil 2009; 150: 801-804 [PMID: 19362936 DOI:
10.1556/OH.2009.28581]
210 Provan D, Stasi R, Newland AC, Blanchette VS, Bolton-

12834

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori

211

212

213

214

215
216

217

218
219

220

221

222

223
224

Maggs P, Bussel JB, Chong BH, Cines DB, Gernsheimer TB,
Godeau B, Grainger J, Greer I, Hunt BJ, Imbach PA, Lyons G,
McMillan R, Rodeghiero F, Sanz MA, Tarantino M, Watson
S, Young J, Kuter DJ. International consensus report on the
investigation and management of primary immune thrombocytopenia. Blood 2010; 115: 168-186 [PMID: 19846889 DOI:
10.1182/blood-2009-06-225565]
Franchini M, Cruciani M, Mengoli C, Pizzolo G, Veneri D.
Effect of Helicobacter pylori eradication on platelet count in
idiopathic thrombocytopenic purpura: a systematic review
and meta-analysis. J Antimicrob Chemother 2007; 60: 237-246
[PMID: 17561502 DOI: 10.1093/jac/dkm195]
Stasi R, Sarpatwari A, Segal JB, Osborn J, Evangelista ML,
Cooper N, Provan D, Newland A, Amadori S, Bussel JB.
Effects of eradication of Helicobacter pylori infection in patients with immune thrombocytopenic purpura: a systematic
review. Blood 2009; 113: 1231-1240 [PMID: 18945961 DOI:
10.1182/blood-2008-07-167155]
Arnold DM, Bernotas A, Nazi I, Stasi R, Kuwana M, Liu
Y, Kelton JG, Crowther MA. Platelet count response to H.
pylori treatment in patients with immune thrombocytopenic
purpura with and without H. pylori infection: a systematic
review. Haematologica 2009; 94: 850-856 [PMID: 19483158
DOI: 10.3324/haematol.2008.005348]
Wotherspoon AC. Which lessons can be drawn from study
of Helicobacter pylori related MALT lymphoma? In: Hunt
RH, Tytgat GN, editors. Helicobacter pylori Basic mechanims
to clinical cure 2002. Dordrecht, The Netherlands: Kluwer
Academic Publishers, 2002: 231-239
Isaacson PG, Spencer J, Finn T. Primary B-cell gastric lymphoma. Hum Pathol 1986; 17: 72-82 [PMID: 3510963 DOI:
10.1016/S0046-8177(86)80157-5]
Claviez A, Meyer U, Dominick C, Beck JF, Rister M, Tiemann M. MALT lymphoma in children: a report from the
NHL-BFM Study Group. Pediatr Blood Cancer 2006; 47:
210-214 [PMID: 16123999 DOI: 10.1002/pbc.20575]
Harris NL, Jaffe ES, Diebold J, Flandrin G, Muller-Hermelink HK, Vardiman J, Lister TA, Bloomfield CD. The World
Health Organization classification of neoplastic diseases of
the hematopoietic and lymphoid tissues. Report of the Clinical Advisory Committee meeting, Airlie House, Virginia,
November, 1997. Ann Oncol 1999; 10: 1419-1432 [PMID:
10643532 DOI: 10.1023/A: 1008375931236]
Isaacson P, Wright DH. Malignant lymphoma of mucosaassociated lymphoid tissue. A distinctive type of B-cell lymphoma. Cancer 1983; 52: 1410-1416 [PMID: 6193858]
Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR, Isaacson
PG. Helicobacter pylori-associated gastritis and primary
B-cell gastric lymphoma. Lancet 1991; 338: 1175-1176 [PMID:
1682595 DOI: 10.1016/0140-6736(91)92035-Z]
Wotherspoon AC, Doglioni C, Diss TC, Pan L, Moschini A,
de Boni M, Isaacson PG. Regression of primary low-grade
B-cell gastric lymphoma of mucosa-associated lymphoid tissue type after eradication of Helicobacter pylori. Lancet 1993;
342: 575-577 [PMID: 8102719 DOI: 10.1016/0140-6736(93)914
09-F]
Isaacson PG, Diss TC, Wotherspoon AC, Barbazza R, De
Boni M, Doglioni C. Long-term follow-up of gastric MALT
lymphoma treated by eradication of H. pylori with antibodies. Gastroenterology 1999; 117: 750-751 [PMID: 10490369 DOI:
10.1016/S0016-5085(99)70483-X]
Wyatt JI, Rathbone BJ. Immune response of the gastric mucosa to Campylobacter pylori. Scand J Gastroenterol Suppl
1988; 142: 44-49 [PMID: 3166533 DOI: 10.3109/003655288090
91712]
Stolte M, Eidt S. Lymphoid follicles in antral mucosa: immune response to Campylobacter pylori? J Clin Pathol 1989;
42: 1269-1271 [PMID: 2613920 DOI: 10.1136/jcp.42.12.1269]
Genta RM, Hamner HW, Graham DY. Gastric lymphoid
follicles in Helicobacter pylori infection: frequency, distribu-

WJG|www.wjgnet.com

225
226

227
228

229
230
231

232
233
234

235

236

237

238

239
240

241
242
243

12835

tion, and response to triple therapy. Hum Pathol 1993; 24:
577-583 [PMID: 8505036 DOI: 10.1016/0046-8177(93)90235-9]
Stolte M. Helicobacter pylori gastritis and gastric MALTlymphoma. Lancet 1992; 339: 745-746 [PMID: 1347613 DOI:
10.1016/0140-6736(92)90645-J]
Correa P. Human gastric carcinogenesis: a multistep and
multifactorial process--First American Cancer Society Award
Lecture on Cancer Epidemiology and Prevention. Cancer Res
1992; 52: 6735-6740 [PMID: 1458460]
Correa P. The biological model of gastric carcinogenesis.
IARC Sci Publ 2004; (157): 301-310 [PMID: 15055303]
Nardone G, Rocco A, Malfertheiner P. Review article: helicobacter pylori and molecular events in precancerous gastric
lesions. Aliment Pharmacol Ther 2004; 20: 261-270 [PMID:
15274662 DOI: 10.1111/j.1365-2036.2004.02075.x]
Crowe SE. Helicobacter infection, chronic inflammation,
and the development of malignancy. Curr Opin Gastroenterol
2005; 21: 32-38 [PMID: 15687882]
Ando T, Goto Y, Maeda O, Watanabe O, Ishiguro K, Goto H.
Causal role of Helicobacter pylori infection in gastric cancer.
World J Gastroenterol 2006; 12: 181-186 [PMID: 16482615]
Ito M, Tanaka S, Kamada T, Haruma K, Chayama K. Causal
role of Helicobacter pylori infection and eradication therapy
in gastric carcinogenesis. World J Gastroenterol 2006; 12: 10-16
[PMID: 16440410]
Matysiak-Budnik T, Mégraud F. Helicobacter pylori infection and gastric cancer. Eur J Cancer 2006; 42: 708-716 [PMID:
16556496 DOI: 10.1016/j.ejca.2006.01.020]
Peek RM, Crabtree JE. Helicobacter infection and gastric
neoplasia. J Pathol 2006; 208: 233-248 [PMID: 16362989 DOI:
10.1002/path.1868]
Tsuji S, Tsujii M, Murata H, Nishida T, Komori M, Yasumaru M, Ishii S, Sasayama Y, Kawano S, Hayashi N. Helicobacter pylori eradication to prevent gastric cancer: underlying molecular and cellular mechanisms. World J Gastroenterol
2006; 12: 1671-1680 [PMID: 16586533]
Hussell T, Isaacson PG, Crabtree JE, Spencer J. The response
of cells from low-grade B-cell gastric lymphomas of mucosaassociated lymphoid tissue to Helicobacter pylori. Lancet
1993; 342: 571-574 [PMID: 8102718 DOI: 10.1016/0140-6736(9
3)91408-E]
Witherell HL, Hansen S, Jellum E, Orentreich N, Vogelman
JH, Parsonnet J. Risk for gastric lymphoma in persons with
CagA+ and CagA- Helicobacter pylori infection. J Infect Dis
1997; 176: 1641-1644 [PMID: 9395383 DOI: 10.1086/517346]
Peng H, Ranaldi R, Diss TC, Isaacson PG, Bearzi I, Pan L.
High frequency of CagA+ Helicobacter pylori infection in
high-grade gastric MALT B-cell lymphomas. J Pathol 1998;
185: 409-412 [PMID: 9828840]
Morgner A, Bayerdörffer E, Neubauer A, Stolte M. Gastric
MALT lymphoma and its relationship to Helicobacter pylori
infection: management and pathogenesis of the disease. Microsc Res Tech 2000; 48: 349-356 [PMID: 10738316]
Nardone G, Morgner A. Helicobacter pylori and gastric
malignancies. Helicobacter 2003; 8 Suppl 1: 44-52 [PMID:
14617217 DOI: 10.1046/j.1523-5378.2003.00160.x]
Müller AM, Ihorst G, Mertelsmann R, Engelhardt M. Epidemiology of non-Hodgkin’s lymphoma (NHL): trends, geographic distribution, and etiology. Ann Hematol 2005; 84: 1-12
[PMID: 15480663 DOI: 10.1007/s00277-004-0939-7]
Isaacson PG. Gastric MALT lymphoma: from concept to
cure. Ann Oncol 1999; 10: 637-645 [PMID: 10442184]
Minasian MC, Sharma A, Richman PI, Olver JM. Conjunctival MALT lymphoma: an usual cause of red eye. Postgrad
Med J 1999; 75: 423-424 [PMID: 10474729]
Chan CC, Smith JA, Shen DF, Ursea R, LeHoang P, Grossniklaus HE. Helicobacter pylori (H. pylori) molecular signature in conjunctival mucosa-associated lymphoid tissue
(MALT) lymphoma. Histol Histopathol 2004; 19: 1219-1226
[PMID: 15375765]

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori
244 Nagashima R, Takeda H, Maeda K, Ohno S, Takahashi T.
Regression of duodenal mucosa-associated lymphoid tissue
lymphoma after eradication of Helicobacter pylori. Gastroenterology 1996; 111: 1674-1678 [PMID: 8942749 DOI: 10.1016/
S0016-5085(96)70032-X]
245 Fischbach W, Tacke W, Greiner A, Konrad H. Regression of
immunoproliferative small intestinal disease after eradication of Helicobacter pylori. Lancet 1997; 349: 31-32 [PMID:
8988128 DOI: 10.1016/S0140-6736(05)62165-4]
246 Ochi M, Tominaga K, Okazaki H, Yamamori K, Wada T,
Shiba M, Sasaki E, Watanabe T, Fujiwara Y, Oshitani N,
Higuchi K, Arakawa T. Regression of primary low-grade
mucosa-associated lymphoid tissue lymphoma of duodenum after long-term treatment with clarithromycin. Scand J
Gastroenterol 2006; 41: 365-369 [PMID: 16497629 DOI: 10.1080
/00365520500331224]
247 Alkan S, Karcher DS, Newman MA, Cohen P. Regression of
salivary gland MALT lymphoma after treatment for Helicobacter pylori. Lancet 1996; 348: 268-269 [PMID: 8684218 DOI:
10.1016/S0140-6736(05)65578-X]
248 Berrebi D, Lescoeur B, Faye A, Faure C, Vilmer E, Peuchmaur M. MALT lymphoma of labial minor salivary gland
in an immunocompetent child with a gastric Helicobacter
pylori infection. J Pediatr 1998; 133: 290-292 [PMID: 9709725
DOI: 10.1016/S0022-3476(98)70239-2]
249 Nishimura M, Miyajima S, Okada N. Salivary gland MALT
lymphoma associated with Helicobacter pylori infection in a
patient with Sjögren’s Syndrome. J Dermatol 2000; 27: 450-452
[PMID: 10935342]
250 Kania RE, Hartl DM, Badoual C, Le Maignan C, Brasnu
DF. Primary mucosa-associated lymphoid tissue (MALT)
lymphoma of the larynx. Head Neck 2005; 27: 258-262 [PMID:
15678477 DOI: 10.1002/hed.20149]
251 Gupte S, Nair R, Naresh KN, Borges AM, Soman CS, Gopal
R, Advani SH. MALT lymphoma of nasal mucosa treated
with antibiotics. Leuk Lymphoma 1999; 36: 195-197 [PMID:
10613465 DOI: 10.3109/10428199909145964]
252 Kawashima T, Nishimura H, Akiyama H, Hirai K, Yamagishi S, Okada D, Kinoshita H, Enomoto Y, Okamoto J,
Nakajima Y, Takeuchi S, Iijima Y, Furuhata K, Nakayama K,
Izumo T, Koizumi K, Shimizu K. Primary pulmonary mucosa-associated lymphoid tissue lymphoma combined with
idiopathic thrombocytopenic purpura and amyloidoma in
the lung. J Nippon Med Sch 2005; 72: 370-374 [PMID: 16415517
DOI: 10.1272/jnms.72.370]
253 Matsumoto T, Iida M, Shimizu M. Regression of mucosaassociated lymphoid-tissue lymphoma of rectum after eradication of Helicobacter pylori. Lancet 1997; 350: 115-116 [PMID:
9228971 DOI: 10.1016/S0140-6736(05)61818-1]
254 Inoue F, Chiba T. Regression of MALT lymphoma of the rectum after anti-H. pylori therapy in a patient negative for H.
pylori. Gastroenterology 1999; 117: 514-515 [PMID: 10465640
DOI: 10.1053/gast.1999.0029900514b]
255 Colović M, Hadzi-Djokić J, Cemerikić V, Colović R, Janković
G, Dacić M. Primary MALT lymphoma of the kidney. Hematol Cell Ther 1999; 41: 229-232 [PMID: 10651124 DOI: 10.1007/
s00282-999-0229-x]
256 van den Bosch J, Kropman RF, Blok P, Wijermans PW. Disappearance of a mucosa-associated lymphoid tissue (MALT)
lymphoma of the urinary bladder after treatment for Helicobacter pylori. Eur J Haematol 2002; 68: 187-188 [PMID:
12028368 DOI: 10.1034/j.1600-0609.2002.01649.x]
257 Kröber SM, Aepinus C, Ruck P, Müller-Hermelink HK,
Horny HP, Kaiserling E. Extranodal marginal zone B cell
lymphoma of MALT type involving the mucosa of both the
urinary bladder and stomach. J Clin Pathol 2002; 55: 554-557
[PMID: 12101213 DOI: 10.1136/jcp.55.7.554]
258 Keung YK, Higgs V, Albertson DA, Cappellari JO. Mucosaassociated lymhpoid tissue (MALT) lymphoma of the jejunum and Helicobacter pylori--chance association? Leuk

WJG|www.wjgnet.com

259

260

261

262

263
264

265

266

267

268

269

270

271

272

12836

Lymphoma 2003; 44: 1413-1416 [PMID: 12952237 DOI: 10.1080
/1042819031000083064]
Shehab TM, Hsi ED, Poterucha JJ, Gunaratnam NT, Fontana RJ. Helicobacter pylori-associated gastric MALT lymphoma in liver transplant recipients. Transplantation 2001; 71:
1172-1175 [PMID: 11374421 DOI: 10.1097/00007890-20010427
0-00027]
Boissonnat P, El Bekkali Y, Salles G, Dumortier J, Roussoulieres A, Sebbag L, Gare J, Robin J, Ninet J, Bastien O.
Regression of gastric lymphoma of mucosa associated with
lymphoid tissue (MALT) following cardiac transplantation.
J Heart Lung Transplant 2002; 21: 1044-1045 [PMID: 12231377
DOI: 10.1016/S1053-2498(01)00423-5]
Montalban C, Manzanal A, Boixeda D, Redondo C, Alvarez
I, Calleja JL, Bellas C. Helicobacter pylori eradication for the
treatment of low-grade gastric MALT lymphoma: follow-up
together with sequential molecular studies. Ann Oncol 1997;
8 Suppl 2: 37-39 [PMID: 9209638 DOI: 10.1093/annonc/8.
suppl_2.S37]
Wündisch T, Mösch C, Neubauer A, Stolte M. Helicobacter
pylori eradication in gastric mucosa-associated lymphoid
tissue lymphoma: Results of a 196-patient series. Leuk Lymphoma 2006; 47: 2110-2114 [PMID: 17071484 DOI: 10.1080/10
428190600783536]
Gupta V, Eden AJ, Mills MJ. Helicobacter pylori and autoimmune neutropenia. Clin Lab Haematol 2002; 24: 183-185
[PMID: 12067285 DOI: 10.1046/j.1365-2257.2002.00441.x]
Papadaki HA, Pontikoglou C, Stavroulaki E, Minadakis G,
Eliopoulos DA, Pyrovolaki K, Skordilis P, Eliopoulos GD.
High prevalence of Helicobacter pylori infection and monoclonal gammopathy of undetermined significance in patients
with chronic idiopathic neutropenia. Ann Hematol 2005; 84:
317-320 [PMID: 15731921 DOI: 10.1007/s00277-004-0996-y]
Papadaki HA, Pontikoglou C, Eliopoulos DG, Pyrovolaki K,
Spyridaki R, Eliopoulos GD. Helicobacter pylori infection is
probably the cause of chronic idiopathic neutropenia (CIN)associated splenomegaly. Am J Hematol 2006; 81: 142-144
[PMID: 16432851 DOI: 10.1002/ajh.20496]
Lim W, Crowther MA, Eikelboom JW. Management of antiphospholipid antibody syndrome: a systematic review.
JAMA 2006; 295: 1050-1057 [PMID: 16507806 DOI: 10.1001/
jama.295.9.1050]
Cicconi V, Carloni E, Franceschi F, Nocente R, Silveri
NG, Manna R, Servidei S, Bentivoglio AR, Gasbarrini A,
Gasbarrini G. Disappearance of antiphospholipid antibodies syndrome after Helicobacter pylori eradication. Am
J Med 2001; 111: 163-164 [PMID: 11501549 DOI: 10.1016/
S0002-9343(01)00738-0]
Stasi R, Stipa E, Masi M, Oliva F, Sciarra A, Perrotti A, Olivieri M, Zaccari G, Gandolfo GM, Galli M. Prevalence and
clinical significance of elevated antiphospholipid antibodies
in patients with idiopathic thrombocytopenic purpura. Blood
1994; 84: 4203-4208 [PMID: 7994034]
Lipp E, von Felten A, Sax H, Müller D, Berchtold P. Antibodies against platelet glycoproteins and antiphospholipid antibodies in autoimmune thrombocytopenia. Eur J
Haematol 1998; 60: 283-288 [PMID: 9654157 DOI: 10.1111/
j.1600-0609.1998.tb01041.x]
Macchi L, Rispal P, Clofent-Sanchez G, Pellegrin JL,
Nurden P, Leng B, Nurden AT. Anti-platelet antibodies in patients with systemic lupus erythematosus and
the primary antiphospholipid antibody syndrome: their
relationship with the observed thrombocytopenia. Br J
Haematol 1997; 98: 336-341 [PMID: 9266930 DOI: 10.1046/
j.1365-2141.1997.2243038.x]
Costen MT, Parkin BT, Davison CR, Crick MP. Central serous chorioretinopathy and antiphospholipid antibodies-results of a pilot study. Eye (Lond) 2004; 18: 938 [PMID:
15002021 DOI: 10.1038/sj.eye.6701348]
Cotticelli L, Borrelli M, D’Alessio AC, Menzione M, Villani

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori

273

274
275

276

277
278
279

280

281

282

283

284

285

286

287

288

A, Piccolo G, Montella F, Iovene MR, Romano M. Central
serous chorioretinopathy and Helicobacter pylori. Eur J Ophthalmol 2006; 16: 274-278 [PMID: 16703546]
International Myeloma Working Group. Criteria for the
classification of monoclonal gammopathies, multiple myeloma and related disorders: a report of the International
Myeloma Working Group. Br J Haematol 2003; 121: 749-757
[PMID: 12780789 DOI: 10.1046/j.1365-2141.2003.04355.x]
Osler W, McRae T. Diseases of the stomach. The principles
and practice of medicine. New York: Appleton, 1920: 425
Twomey JJ, Laughter AH, Villanueva ND, Kao YS, Lidsky
MD, Jordan PH. Gastric secretory and serologic studies on
patients with neoplastic and immunologic disorders. Arch
Intern Med 1971; 128: 746-749 [PMID: 5000872 DOI: 10.1001/
archinte.1971.00310230076004]
Doberauer C, Sanner B, Henning B. Multiple myeloma
involving the stomach with vitamin B12 deficiency. Eur J
Gastroenterol Hepatol 1999; 11: 205-207 [PMID: 10102234 DOI:
10.1097/00042737-199902000-00024]
Chanarin I. The megaloblastic aenemias. 2nd ed. Oxford:
Blackell Scientific Pubications, 1979
Elsborg L, Mosbech J. Pernicious anaemia as a risk factor
in gastric cancer. Acta Med Scand 1979; 206: 315-318 [PMID:
506804 DOI: 10.1111/j.0954-6820.1979.tb13517.x]
Borch K. Epidemiologic, clinicopathologic, and economic
aspects of gastroscopic screening of patients with pernicious
anemia. Scand J Gastroenterol 1986; 21: 21-30 [PMID: 3952448
DOI: 10.3109/00365528609034616]
Hsing AW, Hansson LE, McLaughlin JK, Nyren O, Blot WJ,
Ekbom A, Fraumeni JF. Pernicious anemia and subsequent
cancer. A population-based cohort study. Cancer 1993; 71:
745-750 [PMID: 8431855]
Carmel R. Megaloblastic anemias: disorders of impaired
DNA synthesis. In: Greer JP, Foerster J, Lukens J, Rodgers
GM, Paraskevas F, Glader G, editors. Wintrobe’s Clinical
Hema-tology. 10th ed. Philadelphia, PA: Lippincott Williams
& Wilkins, 2004: 1367-1395
Goyal A, Langer JC, Zutter M, Swanson P, Kraus MD,
Bartlett N, Shackelford GD, Longtine JA, Perlmutter DH.
Primary gastric plasmacytoma: a rare cause of hypertrophic
gastritis in an adolescent. J Pediatr Gastroenterol Nutr 1999; 29:
424-430 [PMID: 10512402 DOI: 10.1097/00005176-19991000000010]
Ahmad A, Govil Y, Frank BB. Gastric mucosa-associated lymphoid tissue lymphoma. Am J Gastroenterol 2003; 98: 975-986 [PMID: 12809817 DOI: 10.1111/
j.1572-0241.2003.07424.x]
Gonzalez Cueto D, Bruno S, Bustos Fernandez LM, Narbaitz
M. [Gastric solitary plasmacytoma associated with +Helicobacter pylori infection]. Acta Gastroenterol Latinoam 1999; 29:
119-123 [PMID: 10533659]
Kato K, Sugitani M, Nagata T, Nishinarita S, Kawamura
F, Takahashi Y, Ishii Y, Kawamura Y, Komuro S, Yanai M,
Nemoto N, Arakawa Y. A case of gastric plasmacytoma associated with Helicobacter pylori infection: improvement of
abnormal endoscopic and EUS findings after H. pylori eradication. Gastrointest Endosc 2001; 53: 352-355 [PMID: 11231401]
Papadaki HA, Skordilis P, Minadakis G, Roussomoustakaki
M, Katrinakis G, Psyllaki M, Tzardi M, Kouroumalis E, Eliopoulos GD. Complete regression of primary gastric plasmacytoma following Helicobacter pylori eradication. Ann
Hematol 2003; 82: 589-592 [PMID: 12898183 DOI: 10.1007/
s00277-003-0701-6]
Tursi A, Modeo ME. Monoclonal gammopathy of undetermined significance predisposing to Helicobacter pylori-related gastric mucosa-associated lymphoid tissue lymphoma.
J Clin Gastroenterol 2002; 34: 147-149 [PMID: 11782609 DOI:
10.1097/00004836-200202000-00009]
Braggio E, Fonseca R. Genomic abnormalities of Waldenström macroglobulinemia and related low-grade B-cell

WJG|www.wjgnet.com

289

290
291
292

293

294

295

296

297

298

299

300

301

302

303
304

12837

lymphomas. Clin Lymphoma Myeloma Leuk 2013; 13: 198-201
[PMID: 23477936 DOI: 10.1016/j.clml.2013.02.015]
Feingold ML, Goldstein MJ, Lieberman PH. Multiple myeloma involving the stomach. Report of a case with gastroscopic
observations. Gastrointest Endosc 1969; 16: 107-110 [PMID:
5352281]
Kyle RA, Pierre RV, Bayrd ED. Multiple myeloma and acute
myelomonocytic leukemia. N Engl J Med 1970; 283: 1121-1125
[PMID: 5273282 DOI: 10.1056/NEJM197011192832101]
Law IP, Blom J. Second malignancies in patients with multiple myeloma. Oncology 1977; 34: 20-24 [PMID: 405642 DOI:
10.1159/000225175]
Bergsagel DE, Bailey AJ, Langley GR, MacDonald RN, White
DF, Miller AB. The chemotherapy on plasma-cell myeloma
and the incidence of acute leukemia. N Engl J Med 1979; 301:
743-748 [PMID: 481481 DOI: 10.1056/NEJM197910043011402]
Nelson RS. Tumores malignos del estómago distintos del
carcinoma. In: Berk JE, Haubrich WS, Kalser M, Roth JLA,
Vilardell F, editors. Gastroenterología Henry Bockus. 3rd ed.
Barcelona, España: Salvat Editores, 1980: 1058-1078
Brouet JC, Fermand JP, Laurent G, Grange MJ, Chevalier A,
Jacquillat C, Seligmann M. The association of chronic lymphocytic leukaemia and multiple myeloma: a study of eleven
patients. Br J Haematol 1985; 59: 55-66 [PMID: 3882132 DOI:
10.1111/j.1365-2141.1985.tb02963.x]
Kaufmann H, Ackermann J, Nösslinger T, Krömer E, Zojer N,
Schreiber S, Urbauer E, Heinz R, Ludwig H, Huber H, Drach
J. Absence of clonal chromosomal relationship between
concomitant B-CLL and multiple myeloma--a report on two
cases. Ann Hematol 2001; 80: 474-478 [PMID: 11563594 DOI:
10.1007/s002770100328]
Wöhrer S, Isaacson PG, Raderer M. Complete regression of
primary gastric plasmacytoma following Helicobacter pylori
eradication. Ann Hematol 2004; 83: 666 [PMID: 15449033 DOI:
10.1007/s00277-004-0903-6]
Wöhrer S, Raderer M, Streubel B, Chott A, Drach J. Concomitant occurrence of MALT lymphoma and multiple myeloma. Ann Hematol 2004; 83: 600-603 [PMID: 15083336 DOI:
10.1007/s00277-004-0870-y]
Malik AA, Ganti AK, Potti A, Levitt R, Hanley JF. Role
of Helicobacter pylori infection in the incidence and clinical course of monoclonal gammopathy of undetermined
significance. Am J Gastroenterol 2002; 97: 1371-1374 [PMID:
12094852 DOI: 10.1111/j.1572-0241.2002.05668.x]
Wolkersdörfer GW, Haase M, Morgner A, Baretton G,
Miehlke S. Monoclonal gammopathy of undetermined significance and Russell body formation in Helicobacter pylori
gastritis. Helicobacter 2006; 11: 506-510 [PMID: 16961813 DOI:
10.1111/j.1523-5378.2006.00443.x]
Rajkumar SV, Kyle RA, Plevak MF, Murray JA, Therneau TM. Helicobacter pylori infection and monoclonal
gammopathy of undetermined significance. Br J Haematol 2002; 119: 706-708 [PMID: 12437647 DOI: 10.1046/
j.1365-2141.2002.03912.x]
Gok F, Ugur Y, Ozen S, Dagdeviren A. Pathogenesis-related
adhesion molecules in Henoch-Schonlein vasculitis. Rheumatol Int 2008; 28: 313-316 [PMID: 17701178 DOI: 10.1007/
s00296-007-0437-z]
Reinauer S, Megahed M, Goerz G, Ruzicka T, Borchard F,
Susanto F, Reinauer H. Schönlein-Henoch purpura associated with gastric Helicobacter pylori infection. J Am Acad
Dermatol 1995; 33: 876-879 [PMID: 7593800 DOI: 10.1016/019
0-9622(95)90426-3]
Cecchi R, Torelli E. Schönlein-Henoch purpura in association with duodenal ulcer and gastric Helicobacter pylori
infection. J Dermatol 1998; 25: 482-484 [PMID: 9714985]
Novák J, Szekanecz Z, Sebesi J, Takáts A, Demeter P, Bene
L, Sipka S, Csiki Z. Elevated levels of anti-Helicobacter pylori antibodies in Henoch-Schönlein purpura. Autoimmunity
2003; 36: 307-311 [PMID: 14567560 DOI: 10.1080/0891693023

September 28, 2014|Volume 20|Issue 36|

Campuzano-Maya G. Hematology and H. pylori
2000114535]
305 Fu KI, Yagi S, Mashimo Y, Sugitani K, Imamaki K, Yanagisawa M, Maekawa S, Morimoto Y, Fujimori T. Regression of
Helicobacter pylori-negative duodenal ulcers complicated
by Schonlein-Henoch purpura with H. pylori eradication
therapy: the first report. Dig Dis Sci 2005; 50: 381-384 [PMID:
15745104 DOI: 10.1007/s10620-005-1614-0]
306 Mytinger JR, Patterson JW, Thibault ES, Webb J, Saulsbury
FT. Henoch-Schönlein purpura associated with Helicobacter
pylori infection in a child. Pediatr Dermatol 2008; 25: 630-632
[PMID: 19067870 DOI: 10.1111/j.1525-1470.2008.00786.x]
307 Grivceva-Panovska V, Grivceva Stardelova K, Serafimoski
V. Henoch-Schönlein purpura in an adult patient: extragastric, cutaneous manifestation of helicobacter pylori infection.
Prilozi 2008; 29: 291-301 [PMID: 18709017]
308 Hoshino C. Adult onset Schönlein-Henoch purpura associated with Helicobacter pylori infection. Intern Med 2009;
48: 847-851 [PMID: 19443983 DOI: 10.2169/internalmedicine.48.1718]
309 Mozrzymas R, d’Amore ES, Montini G, Guariso G. Schönlein-Henoch vasculitis and chronic Helicobacter pylori associated gastritis and duodenal ulcer: a case report. Pediatr Med
Chir 1997; 19: 467-468 [PMID: 9595588]
310 Shin JI, Koh H, Lee JS. Henoch-Schönlein purpura associated with helicobacter pylori infection: the pathogenic roles of
IgA, C3, and cryoglobulins? Pediatr Dermatol 2009; 26: 768-769
[PMID: 20199470 DOI: 10.1111/j.1525-1470.2009.01039.x]
311 Lehtinen M, Ogmundsdottir HM, Bloigu A, Hakulinen T,
Hemminki E, Gudnadottir M, Kjartansdottir A, Paavonen
J, Pukkala E, Tulinius H, Lehtinen T, Koskela P. Associations between three types of maternal bacterial infection and
risk of leukemia in the offspring. Am J Epidemiol 2005; 162:
662-667 [PMID: 16120707 DOI: 10.1093/aje/kwi261]
312 Diamantidis MD, Ioannidou-Papagiannaki E, Kountouras
J, Mandala E, Tsapournas G, Frida-Michailidou I, Klonizakis
P, Zavos C, Haralambidou-Vranitsa S, Vlachaki E, Parapanisiou E, Klonizakis I. High prevalence of Helicobacter
pylori infection in Greek patients with myelodysplastic syndromes. Acta Haematol 2010; 124: 141-149 [PMID: 20938168
DOI: 10.1159/000319629]
313 Kawamata T, Tojo A. Helicobacter pylori-induced thrombocytosis clinically indistinguishable from essential thrombocythemia. Leuk Lymphoma 2012; 53: 1423-1424 [PMID: 22204454
DOI: 10.3109/10428194.2011.653787]
314 Fioredda F, Haupt R, Castagnola E, Barabino A, Micalizzi

315

316

317

318

319
320

321
322

323

C, Dini G, Dufour C. Helicobacter pylori-associated large
gastric ulcer during treatment for childhood leukemia. J Pediatr Hematol Oncol 2002; 24: 759-762 [PMID: 12468920 DOI:
10.1097/00043426-200212000-00016]
Dolatkhah R, Khoshbaten M, Asvadi Kermani I, Reza
Bonyadi M, Ghojazadeh M, Sanaat Z, Asvadi Kermani T,
Dolatkhah N. Upper gastrointestinal bleedings in patients
with hereditary coagulation disorders in Northwest of Iran:
prevalence of Helicobacter pylori infection. Eur J Gastroenterol Hepatol 2011; 23: 1172-1177 [PMID: 21904206 DOI:
10.1097/MEG.0b013e32834b0e7a]
Schulman S, Rehnberg AS, Hein M, Hegedus O, Lindmarker
P, Hellström PM. Helicobacter pylori causes gastrointestinal
hemorrhage in patients with congenital bleeding disorders.
Thromb Haemost 2003; 89: 741-746 [PMID: 12669130]
Braden B, Wenke A, Karich HJ, Dietrich CF, Scharrer I,
Caspary WF, Lembcke B. Risk of gastrointestinal bleeding
associated with Helicobacter pylori infection in patients
with hemophilia or von Willebrand’s syndrome. Helicobacter 1998; 3: 184-187 [PMID: 9731989 DOI: 10.1046/
j.1523-5378.1998.08052.x]
Tincani E, Bertoni G, Silingardi M, Ghirarduzzi A, Bedogni
G, Iori I. Helicobacter pylori, a frequent and potentially dangerous guest in the gastroduodenal mucosa of anticoagulated patients. Am J Med 2000; 108: 165-167 [PMID: 11126310
DOI: 10.1016/S0002-9343(99)00412-X]
Beswick EJ, Suarez G, Reyes VE. H pylori and host interactions that influence pathogenesis. World J Gastroenterol 2006;
12: 5599-5605 [PMID: 17007010]
Carmel R. Megaloblastic anemias: disorders of impaired
DNA synthesis. In: Greer JP, Arber DA, Glader B, List AF,
Means RTJ, Paraskevas F, Rodgers GM, editors. Wintrobe’
s Clinical Hematology. 13 ed. Philadelphia, PA: Lippincott
Williams & Wilkins, 2013: 927-953
Karpatkin S. Autoimmune (idiopathic) thrombocytopenic
purpura. Lancet 1997; 349: 1531-1536 [PMID: 9167472 DOI:
10.1016/S0140-6736(96)12118-8]
Shiu MH, Karas M, Nisce L, Lee BJ, Filippa DA, Lieberman
PH. Management of primary gastric lymphoma. Ann Surg
1982; 195: 196-202 [PMID: 7034661 DOI: 10.1097/00000658-19
8202000-00013]
Gisbert JP, Calvet X. Review article: common misconceptions
in the management of Helicobacter pylori-associated gastric
MALT-lymphoma. Aliment Pharmacol Ther 2011; 34: 1047-1062
[PMID: 21919927 DOI: 10.1111/j.1365-2036.2011.04839.x]
P- Reviewer: Chen W, Manguso F, Romano M
S- Editor: Gou SX L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

12838

September 28, 2014|Volume 20|Issue 36|

World J Gastroenterol 2014 September 28; 20(36): 12839-12846
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i36.12839

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (6): Helicobacter pylori

Role of Helicobacter pylori infection in autoimmune
systemic rheumatic diseases
Mislav Radić
Mislav Radić, Division of Rheumatology and Clinical Immunology, University of Split School of Medicine, University Hospital
Centre Split, 21 000 Split, Croatia
Author contributions: Radić M conceived the idea for the work,
performed the literature review and wrote the manuscript.
Correspondence to: Mislav Radić, MD, PhD, Division
of Rheumatology and Clinical Immunology, University of
Split School of Medicine, University Hospital Centre Split,
Šižgorićeva 20/II, 21 000 Split, Croatia. mislavradic@gmail.com
Telephone: +385-21-557497 Fax: +385-21-557497
Received: October 15, 2013 Revised: June 11, 2014
Accepted: July 22, 2014
Published online: September 28, 2014

“Helicobacter pylori ” and “pathogenesis”. A systematic
literature search was carried out in MEDLINE; EMBASE;
Cochrane Library and ACR/EULAR meeting abstracts. In
systemic rheumatic diseases H. pylori infection prevalence alone should not be expected to provide sufficient
evidence for or against a pathologic role in the disease.
In this article Ⅰ review studies examining the potential
involvement of H. pylori infection in autoimmune systemic rheumatic diseases. Further studies of the immunological response to H. pylori and its role in the pathogenesis of systemic rheumatic diseases are warranted.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
The relationship between infection and autoimmunity
has been increasingly defined over the last 20 years.
The systemic rheumatic diseases are characterized
by dysregulation of the immune system resulting in a
loss of tolerance to self-antigen. The exact etiology for
the majority of these diseases is unknown; however, a
complex combination of host and environmental factors
are believed to play a pivotal role. Helicobacter pylori
(H. pylori ) is one of the most widely studied infectious
agents proposed as agents triggering autoimmune response. The persistent presence of H. pylori in the gastric mucosa results in chronic immune system activation
with ongoing cytokine signaling, infiltration of gastric
mucosa by neutrophils, macrophages, lymphocytes, as
well as production of antibodies and effector T-cells.
Various mechanisms have been proposed in an attempt
to explain the extra-intestinal manifestations of H. pylori infections. These include: molecular mimicry, endothelial cell damage, superantigens and microchimerism.
I performed a systematic literature review using the
keywords “rheumatoid arthritis”, “Sjögren’s syndrome”,
“systemic sclerosis”, “systemic lupus erythematosus”,
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Core tip: The exact etiology of systemic rheumatic diseases is unclear, but it has long been suggested that
exposure to certain environmental agents, such as
bacterial infection, in genetically predisposed individuals may be the trigger for the initiation of autoimmune
processes. Because of its prevalence and ability to affect human immune function, many researchers have
hypothesized that Helicobacter pylori (H. pylori ) might
contribute to the systemic rheumatic diseases development. I summarize the current state of knowledge
about H. pylori role in autoimmune systemic rheumatic
diseases and the possible mechanisms by which H. pylori exposures might induce pathological processes.
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INTRODUCTION
The relationship between infection and autoimmunity has
been intensely investigated over the last 20 years[1]. The
systemic rheumatic diseases are characterized by immune
system dysregulation which resulting in a loss of tolerance to self-antigen. The accurate etiology for the majority of these diseases is unknown; nevertheless, a complex
combination of host and environmental factors are assumed to play a pivotal role. Numerous infectious agents
have been implicated as possible environmental agents
contributing to the development of systemic rheumatic
diseases in predisposed patients. The persistent, complex
of interplay between infectious agent and host immunity
may cause to immune dysregulation and subsequent development of autoimmunity in predisposed individuals
(Figure 1). An extensive body of evidence suggests that
there are many potential environmental triggers for systemic rheumatic diseases and that host factors determine
the sensitivity of the host to disease in response to these
triggers[1]. Helicobacter pylori (H. pylori) is one of the most
commonly studied infectious agents proposed as agents
triggering autoimmune response. This is due to the
unique attributes of H. pylori such as long-term survival
in the host environment, worldwide prevalence, and its
complex interactions with the host immune system. Because of its ability to elicit a chronic immune response in
the host, studies have suggested a possible role for H. pylori in the development of autoimmune diseases. We performed a systematic literature review using the keywords
“rheumatoid arthritis”, “Sjögren’s syndrome”, “systemic
sclerosis”, “systemic lupus erythematosus”, “Helicobacter
pylori” and “pathogenesis”. A systematic literature search
was conducted from MEDLINE; EMBASE; Cochrane
Library and ACR/EULAR meeting abstracts. In this
article, we review the current state of knowledge of H.
pylori infection as a risk factor in some autoimmune systemic rheumatic diseases and the possible mechanisms by
which infectious exposures might induce pathologic processes. The aim of this article was to review the possible
role of H. pylori in the pathogenesis of various systemic
rheumatic diseases.
H. pylori is a widespread, Gram-negative bacterium
which usually infects the gastric mucosa. Since its initial
detection as a human pathogen in 1983, H. pylori has
been associated in numerous diseases[2]. The presence
of H. pylori in gastric mucosa has been implicated with
various gastrointestinal ailments, including peptic ulcers,
noncardia gastric adenocarcinoma and gastric mucosa associated lymphoid tissue (MALT) lymphoma[2]. H. pylori
is one of the most common pathogens affecting humans,
infecting approximately 50% of the world’s population.
It is found more frequently in developing countries than
in industrialized countries, probably due to poor sanitary
conditions[3]. However, despite the high prevalence of infection, H. pylori produce a disease in only a minority of
patients[4]. In this moment, routine screening is not recommended, but any individual with confirmed gastric or
duodenal ulcers, or MALT lymphoma, should be tested[5].
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Figure 1 Infection induced autoimmunity.

The outcome of the infection depends on several factors: bacterial virulence, host factors, and environmental
factors[6]. Ulceration and carcinogenesis are reciprocally
exclusive outcomes of this infection. H. pylori infection is
a very persistent infection, and in high prevalence regions,
repeated infections are common[3,7]. The bacteria have
been isolated from saliva, feces and dental plaques of infected patients, which suggest the fecal-oral route as the
possible transmission mode[8]. The pathogen is a gramnegative spiral shaped bacterium that has the unique
capability to colonize the human gastric mucosa[9]. Some
virulence factors such as urease and flagella are present
in all strains and are obligatory for the colonization of
the gastric mucosa and pathogenetic findings. With its
flagella, the bacterium moves through the stomach lumen
and pierces into the gastric mucosal layer. The presence
of the flagella and their constant mobility is required for
persistent gastric colonization[10]. The main bacterial factors associated with pathogenicity inclusive outer membrane proteins, including the vacuolating cytotoxin VacA,
and the product CagA. An interaction between bacterial
agents such as CagA and host signal transduction pathways appears to be critical for mediating cell transformation, cell proliferation, invasion, apoptosis/antiapoptosis,
and angiogenesis[11]. The main pathophysiological event
in H. pylori infection is initiation and continuation of an
inflammatory response. Bacteria or their products induce
this inflammatory process and the main mediators of
which are cytokines[12,13]. This response is linked to the
expression of proinflammatory cytokines, both on the
surface epithelium and in macrophages/monocytes[14-17].
Furthermore, another determinant of virulence is the
neutrophil-activating protein (NapA) gene, a gene that
was shown to be induced by contact with the epithelium
(iceA1)[5].
Evidence presented above indicates an overall down-
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regulation of the host immune response in H. pylori
infected individuals. However, the persistent presence
of H. pylori in gastric mucosa has the effect of chronic
immune system activation with ongoing cytokine signaling, infiltration of gastric mucosa by neutrophils,
macrophages, lymphocytes, as well as production of
effectors T-cells and antibodies[18]. Various mechanisms
have been suggested in an attempt to explain the extraintestinal manifestations of H. pylori infections. These
involves: molecular mimicry, endothelial cell damage, microchimerism and superantigens. Molecular mimicry is a
mechanism by which we may explain the pathogenicity
of antibodies against bacterial proteins in systemic sclerosis (SSc). It is already known that the immunological
response caused by H. pylori is an important determinant
of the amount of gastric mucosal damage. Therefore
the production of large number of various proinflammatory substances, such as cytokines, proteins of the
acute phase and eicosanoids, follows gastric colonization
by H. pylori[19]. Finally, this inflammatory response may
lead to the development of cross-reactive antibodies (by
molecular mimicry) and antigen-antibody complexes
causing the damage to other organs[6]. Superantigens
are proteins that are derived exogenously by bacteria or
expressed endogenously in the organism[20]. Microbial
superantigens may stimulate an immediate T cell while
it has been shown that B cell response may bind to microbial superantigens to surface class Ⅱ MHC molecules
and become a target of T-helper lymphocytes. The term
microchimerism applies to one individual harbouring
DNA or cells at a low level that stemming from another
individual. Furthermore, CD4+ and CD8+ T cells circulating levels have been found significantly higher in
SSc patients than in controls. Furthermore, diffuse SSc
patients have significantly more CD4+ microchimeric T
cells compared to controls[21]. In individuals with circulating microchimeric T cells, the endothelium represents
an allotypic stimulus to those cells. This could mimic the
same pathway transplanted T cells follow in graft-vs-host
disease. Infections by any microorganism may cause the
activation of χ /δ T cells (found in significant amount in
SSc skin). The encounter of χ /δ T cells with microorganism shift from a Th2 tolerogenic to a Th1 cytotoxic
pattern. The χ /δ T cells may meet resident microchimeric cells inducing a cross-reaction against “nonself ” cells
igniting automatically a graft-versus-host disease-like reaction[22]. Because of these reasons, confounders like coinfections, host factors and differences between H. pylori
strains should be observed and controlled to understand
the possible role of H. pylori infection in autoimmune
systemic rheumatic diseases.
It has been suggested that H. pylori infection induces
a phenomenon similar to that seen in the molecular mimicry between host proteins and haemolytic streptococcus group A antigens resulting in both humoral and cell
mediated autoimmune reactions and ultimately causing
rheumatic fever and rheumatic heart disease[21]. Based on
these perceptions, investigators have examined the pos-
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sible role of H. pylori as a pathogenic determinant for
idiopathic extra intestinal diseases, in which immune dysregulation is included.

H. PYLORI AND SYSTEMIC SCLEROSIS
The most recent research on the involvement of bacterial
infections in the pathogenesis of SSc focuses on H. pylori
which has been implicated in other vascular diseases[22].
Several studies have investigated an association between
H. pylori infection and Raynaud’s phenomenon, Sjögren
syndrome, and SSc. In a group of primary Raynaud’s phenomenon patients eradication of H. pylori infection was
associated with complete disappearance of the episodes
of Raynaud’s phenomenon in 17% of treated patients
and a reduction in symptoms in an additional 72%[23].
Although this study was not double blinded, it is interesting that symptoms of Raynaud’s phenomenon did not
improve in subgroup of patients in whom eradication
of H. pylori failed. A more recent trial of similar design
reported almost equal results[24]. Furthermore the results
of one study identified higher incidence rates of serological evidence of H. pylori infection in patients with
rheumatologic diseases, including SSc[25]. In contrast to
previous findings, three larger studies did not find any
difference in H. pylori infection rates between patients
with SSc with Raynaud’s phenomenon compared with
healthy controls[26-28]. However, even if it was true that
H. pylori infection rates do not correlate with SSc, this
does not necessarily exclude its involvement in SSc. One
clinical study showed that, despite the absence of a difference in H. pylori infection rates between SSc patients
and controls, 90% of SSc patients were infected with
the virulent CagA strain compared with only 37% of the
infected controls[29]. Therefore, confounding factors such
as differences in H. pylori strains, coinfections and immunological and genetic host factors will have to be further
identified and controlled in order to understand the possible role of H. pylori in Raynaud’s phenomenon, SSc,
and other vascular phenomena. The association between
Raynaud’s syndrome and H. pylori infection has been attributed to increased levels of cytokines and acute phase
reactants, such as C-reactive protein and fibrinogen,
causing the vasospasm and platelet aggregation[27,29-31].
Kalabay et al[32], who found a high prevalence of H. pylori
infection in SSc patients (78%) (n = 55), tried to explain
the preferential occurrence of H. pylori infection in SSc in
two ways. First, an increased H. pylori infection prevalence
might be caused by the disturbed gastrointestinal motility,
a clinical phenomenon well known in SSc patients. The
second explanation may be that H. pylori infection and
the immunological mechanisms operative throughout SSc
may be interconnected. We recently performed a study
aiming to evaluate the possible association between H.
pylori infection with disease activity, biochemical and serological data[31]. Our preliminary results suggest that H. pylori infection is implicated in activity of SSc, especially in
skin involvement of this disease. This study may indicate
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H. pylori infection as a possible cofactor in the development of SSc. In our following research we have showed
that in SSc patients, H. pylori infection status, as directly
observed by invasive test, is related to disease severity; H.
pylori-positive patients showed an increased risk to have
a severe disease and to be affected by a moderate/severe
skin or visceral involvement, compared to H. pylori-negative SSc patients[32]. Therefore, H. pylori infection status
provides us some prognostic information. Clinical trials
are still necessary in purpose to define the pathogenesis
and confirm the increase in association between H. pylori
and SSc.

H. PYLORI AND SJÖGREN’S SYNDROME
Sjögren’s syndrome (SS) is a chronic, inflammatory, autoimmune disease characterized by lymphoid cell infiltration and destruction of exocrine glands, specifically
salivary and lacrimal glands. To evaluate a possible link
between H. pylori infection and SS, several groups investigated the presence of H. pylori and its related antibodies
in these patients. SS patients are more inclined to have H.
pylori infection in comparison to patients with other connective tissue diseases[33]. In SS patients serum antibody
titers to H. pylori correlated with a disease activity index,
age, disease duration and C-reactive protein levels. Evaluation of H. pylori infection status in older SS patients with
active disease for a relatively long duration is therefore
recommended, especially those who have been suffering
from primary SS for more than 3 years[34]. One of the
studies suggested a possible connection between antibodies produced against heat shock protein (HSP 60) of H.
pylori and SS development[25]. Susceptibility to develop
an autoimmune reaction after the H. pylori infection may
be associated to the specific immune background of the
host such as that of SS patients. In contrary to previous
studies, a much larger study of 164 primary SS patients
from Sweden did not prove a higher seroprevalence rates
of H. pylori as compared with control group[35]. Moreover there was no association found between H. pylori
status and abnormal autoantibodies levels or abnormal
lip biopsy in these patients. In a separate cohort of 54 SS
patients, seroprevalence of H. pylori was 57% compared
to 62% in the control group[36]. Another study compared
36 primary SS patients to 31 patients with secondary SS
and determined the H. pylori infection prevalence was
80.6% and 71%, respectively[34]. Furthermore, no significant association was found between H. pylori positivity
and autoantibodies presence in primary or secondary SS
patients. Therefore, as previously mentioned a significant
positive correlation with C-reactive protein was found in
SS patients, but not with erythrocyte sedimentation rate.
The results of these studies are contradictory. Some data
suggests that SS patients have a higher prevalence of H.
pylori infection. However, in a larger cohort of a homogenous population (with an overall low H. pylori incidence)
no such association was found. Finally, there is no real
evidence for the definitive confirmation of association of
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H. pylori infection and SS.

H. PYLORI AND SYSTEMIC LUPUS
ERYTHEMATOSUS
Systemic lupus erythematosus (SLE) is a multisystem inflammatory autoimmune disorder of unknown etiology.
The clinical manifestations of SLE are numerous and
can affect the skin, joints, kidneys, brain, and other organs. The serologic hallmark of SLE is the production of
autoantibodies, including anti-nuclear antibodies (ANA)
and antidouble stranded DNA antibodies (anti-dsDNA).
Previous studies conducted on mice have shown that
exposure to H. pylori urease can lead to production of
anti ss-DNA antibodies[37]. One study compared the
H. pylori seropositivity prevalence in 466 SLE patients
with matched controls and found that SLE patients had
lower probability to be seropositive (36.5%) for H. pylori
as compared to healthy control group (42.9%)[38]. After
subgroup analysis, it was noted that H. pylori seropositive African-American females prone to develop SLE
at an older age compared to H. pylori negative SLE patients. This study suggests that exposure to H. pylori may
provide some protection against developing SLE in this
specific population. Furthermore, these findings raise an
interesting question: could H. pylori infected individuals
be protected against SLE development? Although this is
quite interestingly, an acceptable mechanism to explain
this interconnection remains elusive.

H. PYLORI AND RHEUMATOID
ARTHRITIS
Rheumatoid arthritis (RA) is an autoimmune inflammatory disorder primarily characterized by symmetrical
erosive arthritis affecting small, medium, and large joints.
Several environmental and genetic factors, including
smoking, contribute to disease onset and severity[39]. The
relationship of H. pylori infection in the RA pathogenesis
is controversial. In vitro studies have found that B cells
chronically stimulated with urease produced by H. pylori
had the potential to produce autoantibodies, including
IgM rheumatoid factor[37]. However, regardless the result
of in vitro experiments, the clinical correlation between
H. pylori infection and RA has been less persuasive. RA
patients have an increased risk for the development of
peptic ulcers but it is not clear is this directly related to
an increased H. pylori infection prevalence or due to the
abundant non-steroidal anti-inflammatory drugs usage[40].
Data regarding the prevalence of H. pylori infection in
RA patient are contradictory. In a cohort of 187 samples
from RA patients, 80.4% were found to be H. pylori seropositive; nevertheless there was no significant difference in the control group[41]. In accordance with previous
study, large epidemiological study of 1815 RA Japanese
patients, 49.3% were reported to have H. pylori antibodies and it was lower compared with the healthy Japanese
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Table 1 Possible role of Helicobacter pylori infection in the autoimmune systemic rheumatic diseases n (%)
Disease Ref.
SS

RA

SLE

SSc

Aragona et al[27],
1999
Showji et al[35],
1996
Theander et al[37],
2001
El Miedany et al[36],
2005
Iwai et al[49],
2009
Yamanishi et al[39],
2006
Meron et al[43],
2010
Zentilin et al[45],
2002
Matsukawa et al[47],
2005
Yamanishi et al[39],
2006
Showji et al[35],
1996
Sawalha et al[40],
2004
Aragona et al[27],
1999
Hervé et al[30],
2006
Danese et al[31],
2000
Radić et al[33],
2010

Study sample

Conclusion

34 patients with primary SS

27 (79.4) and 30 (88.2) had antibodies against H. pylori and its HSP60

7 patients with primary SS

High titers of anti-H. pylori antibodies in sera of patients with SS compared
with patients with other CTDs
Similar H. pylori seroprevalence rates as in control group

164 patients with primary SS
36 patients with primary SS compared to 31
patients with secondary SS
case report
6- to 8-wk-old female BALB/c mice
187 serum samples from RA patients
58 consecutive patients with dyspeptic
symptoms and variable RA activity
case report

The prevalence of H. pylori infection was 80.6% (primary SS) and 71%
(secondary SS)
The regression of parotid MALT lymphoma after the eradication of H. pylori
in SS patients
B cells chronically stimulated with urease produced by H. pylori had the
potential to generate IgM rheumatoid factor
RA patients have a lower prevalence of H. pylori infection compared with
patients with other CTDs
Clinical improvement in RA symptoms after eradication of H. pylori
No clinical improvement in RA symptoms after eradication of H. pylori

6- to 8-wk-old female BALB/c mice

Urease is capable to induce SLE-related autoantibodies in mice, namely antissDNA
SLE patients have lower anti-H. pylori serum antibody titers compared with
patients with other CTDs
SLE patients were less likely to be seropositive compared to controls

15 SLE patients
466 SLE patients and matched controls
16 SSc patients
40 consecutive SSc patients
124 SSc patients (67 with limited cutaneous
SSc, 57 with diffuse cutaneous SSc)
42 SSc patients

Higher incidence rates of serological evidence of H. pylori infection in SSc
patients
No difference in H. pylori infection rates between SSc patients with Raynaud’
s phenomenon compared with healthy controls
90% of patients with SSc were infected with the virulent CagA strain
compared with only 37% of the infected control subjects
H. pylori infection is implicated in activity of SSc, especially in skin
involvement of this disease

SS: Sjögren’s syndrome; CTD: Connective tissue diseases; NHL: Non-Hodgkin's lymphoma; RA: Rheumatoid arthritis; SLE: Systemic lupus erythematosus;
SSc: Systemic sclerosis; H. pylori: Helicobacter pylori; MALT: Mucosa associated lymphoid tissue.

individuals[40]. Nevertheless, another study from the same
country searching the H. pylori infection prevalence in
RA patient cohort reported different results, a much
higher percentage (61.4%)[42]. In the study of a European
cohort with RA H. pylori prevalence was reported to be
48%, which is quite similar to healthy individuals in the
Western countries[43]. In fact, previously mentioned studies have shown that the prevalence of H. pylori infection
in RA patients was almost identical as in healthy controls.
Although, several small studies suggested some clinical
improvement in RA symptoms after eradication of H. pylori[43,44], many other studies have been unable to confirm
these findings[42,45]. Therefore, the data for the final confirmation of H. pylori infection association with the onset
or severity of RA are still missing.

DISCUSSION
If H. pylori induces autoimmune disease, how does it do
so? There are various mechanisms by which an infecting agent may instigate autoimmunity which includes
polyclonal activation, molecular mimicry, epitope spread,
superantigens and bystander activation. In any case, it is
broad agreement that microbial agents play an important
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role in the pathogenesis of a large number autoimmune
diseases and it is clear that, in genetically predisposed
individuals, some environmental factor (especially an infective agent) may induce or aggravate them[46]. Table 1
provides an overview of the main findings regarding the
possible part of H. pylori infection in the pathogenesis of
autoimmune systemic rheumatic diseases.
H. pylori infection causes in a primarily Th1 T-cell
response, which leads to the production of IL-2 and
interferon gamma[47]. The interact between H. pylori and
B-lymphocytes develops proliferation and uncontrolled
growth of predominantly CD5+ B-cells[48]. These cells
assemble auto-reactive and polyreactive IgM and IgG3
antibodies[48]. Subsequent studies showed that chronic
H. pylori infection and deriving exposure to urease has
the effect of stimulation and increased survival of this B
lymphocytes subset[37].
Chronic H. pylori infection serves as a source of ongoing antigenic stimulation and underlies the pathogens’ capability to provoke a systemic inflammatory response[49].
The prolonged interact between the H. pylori infection
and host immune mechanisms makes this bacterium a
probable infectious agent for triggering autoimmunity.
The continuous, complex interaction between pathogen
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Infectious agents

Genetic background

Tissue inflammatory
cell infiltration

Release of cytokines and
growth factors (TGF-b, CTGF)

B cells

Fibroblasts

Endothelial cells

Autoantibodies

Tissue fibrosis

Vascular alterations

Figure 2 Infection hypothesis of the pathogenesis of systemic sclerosis.
CTGF: Connective tissue growth factor; TGF-b: Transforming growth factor-b.

and host immunity may contribute to immune dysregulation and further development of autoimmunity in predisposed individuals.
Several different mechanisms have been suggested in
an attempt to explain the extra-intestinal manifestations
of H. pylori infection. The proposed mechanisms are:
atrophic gastritis, enhancement in vascular permeability
during the gastric infection, the release of inflammatory
mediators, systemic immune response and molecular
mimicry. Development of systemic rheumatic disease is
unlikely to depend exclusively on an infectious agent. Instead, it likely occurs as a result of interactions between
the infectious agent and a cascade of host-specific factors and events. This is not surprising because immune
response to infection is highly individual. It is controlled
by multiple genes, age, and the route of infection. It may
even be different in the same individual from one day to
the next owing to a number of factors, including coinfections, stress, and pregnancy. In addition, polymorphisms
in genes unrelated to immunity may cause an infectious
agent to induce disease through molecular mimicry in
one person and not another. The complex network of
specialized cells and molecules in the immune system
has evolved to defend against pathogens, but inadvertent
immune system attacks on “self ” result in autoimmune
disease. Both genetic regulation of immune cell levels
and their relationships with autoimmunity are largely undetermined. A recent study has shown variants at three
loci (HLA, IL2RA, and SH2B3/ATXN2) overlap with
known autoimmune disease associations[50]. There is also
a potential role of gastric epithelial cells in mucosal immunity, not only because they are predominant cell type
in mucosa and initial site of host-bacterial interaction, but
also as a major contributor to molecules that are thought
to be primarily expressed by immune cells so far[51-54].
For example, the most prominent clinical manifestations of systemic sclerosis are caused by the exaggerated
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accumulation of collagen and other connective tissue
components in the affected organs. In Figure 2, it is
hypothesised that the infectious agent (H. pylori) is the
incising factor that acts on a genetically predisposed host
and results in the subsequent recruitment and homing
of macrophages and T cells to the affected tissues. The
inflammatory cells would undergo selective proliferation
and expansion, perhaps because of an antigen-driven
response, and then release cytokines and growth factors
that initiate the process of tissue and vascular fibrosis.
Infectious agents cause a profound phenotypic change
in various target cells of different lineages (immune
cells, fibroblasts, and endothelial and vascular smoothmuscle cells). This phenotypic change could be caused by
integration of genetic material (for example, of H. pylori
origin) within the genetic sequence of the target cells that
through unknown mechanisms would induce the expression of specific regulatory genes, altering the function
and behaviour of the target cells. These alterations are
manifested by increased collagen and extracellular matrix
production in fibroblasts, generation of autoantibodies
and cellular immune abnormalities in lymphocytes, and
severe fibroproliferative and prothrombotic alterations
in endothelial cells. The target cell effects cytokines and
growth factors, particularly transforming growth factor-β
and connective tissue growth factor.
In conclusion, in systemic rheumatic diseases infection prevalence alone should not be expected to provide
sufficient evidence for or against a pathologic role in the
disease. A competing theory that is also being discussed is
that an infection-induced immune response continues after the pathogen has been eradicated. This could explain
why patients with confirmed eradication therapy failed to
show improvement in short-term observations. Further
studies of the immunological response to H. pylori and its
role in the pathogenesis of systemic rheumatic diseases
are warranted. We definitely need some new studies or
experimental (animal) models to define exact mechanisms
by which a H. pylori infection contributes to the systemic
rheumatic diseases process because a direct association is
still missing.
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Abstract
Since the discovery of Helicobacter pylori (H. pylori ) in
1983, numerous detection methods for the presence
of the bacterium have been developed. Each one of
them has been associated with advantages and disad13
vantages. Noninvasive tests such as serology, C urea
breath test (UBT) and stool antigen tests are usually
preferred by the clinicians. Serology has its own limita13
tion especially in endemic areas while C UBT is technically very demanding. The stool antigen detection
method, although specific, is usually associated with
13
poor sensitivity. The C UBT is believed to be specific,
but with present revelation of the fact that stomach
is colonized by many other urease producing bacteria
makes it questionable. Histology, culture, rapid urease
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test and polymerase chain reaction (PCR) are the tests
which are carried out on antral biopsies collected by
invasive means. Histology has been proposed to be
very sensitive and specific but the question is how by
simply looking the morphology of the bacteria in the
microscope, one can claim that the curved bacterium is
exclusively H. pylori . Rapid urease test (RUT), the doctor’s test, is also challenged because the presence of
other urease producing bacteria in the stomach cannot
be denied. Moreover, RUT has been reported with poor
sensitivity specially, when density of the bacterium is
low. Isolation of H. pylori is essential to investigate its
growth requirements, antibiotic susceptibility testing,
studying virulence factor to develop vaccine and many
more explorations. It has also got several disadvantages i.e. , special condition for transporting, media,
incubation and few days waiting for the colonies to
appear, apart from the speed essentially needed to process the specimens. Till date, majority of the microbiological laboratories in the world are not equipped and
trained to isolate such fastidious bacterium. The option
left is PCR methods to detect H. pylori ’s DNA in gastric
mucosa, gastric juice, saliva, dental plaques and environmental specimens. There are speculations for false
positivity due to detection of non-pylori Helicobacters
due to genetic sharing; and false negativity due to low
bacterial counts and presence of PCR inhibitors. However, specimen collection, transportation and processing do not require speed and special conditions. PCR
based diagnosis may be considered as gold standard
by designing primers extremely specific to H. pylori
and targeting at least more than one conserved genes.
Similarly specificity of PCR may be improved by use of
internal Primers. Further, nested PCR will take care of
false negatives by countering the effect of PCR inhibitors and low bacterial counts. Therefore, nested PCR
based methods if performed properly, may be proposed
as gold standard test.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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(RUT), culture and PCR tests. Examination of gastric
juice though not widely used may be used to asses H. pylori infection.

Core tip: Several detection methods for Helicobacter
pylori (H. pylori ) have been developed. Noninvasive

HISTOLOGY

13

tests such as serology, C Urea breath test and stool
antigen tests are usually preferred. Invasive test involving histology, culture, rapid urease test and polymerase
chain reaction (PCR) are also available. Each one of
them has been associated with one or more advantages or disadvantages. However, PCR is the best method
to detect H. pylori in gastric mucosa, gastric juice, saliva, dental plaques and environmental specimens. PCR
based diagnosis may be considered as gold standard
provided that H. pylori specific primers targeting at
least more than one conserved genes are used.
Patel SK, Pratap CB, Jain AK, Gulati AK, Nath G. Diagnosis of
Helicobacter pylori: What should be the gold standard? World J
Gastroenterol 2014; 20(36): 12847-12859 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/12847.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i36.12847

INTRODUCTION
Helicobacter pylori (H. pylori) is a microaerophilic fastidious
human pathogen. The bacterium has been implicated
in acid peptic diseases of stomach and duodenum and
neoplasm of stomach[1-7]. H. pylori has been detected in
individuals of all ages throughout the world and its prevalence ranges between 20%-80%[8]. The incidental discovery of this bacterium by Marshall and Warren[9] in 1983,
led to a paramount change in our understanding of acid
peptic diseases. Later in 2005 they were awarded “Nobel
Prize in Medicine or Physiology” for the discovery of H.
pylori. It has been reported that approximately 80% and
95% of the gastric ulcer (GU) and duodenal ulcer (DU)
respectively are caused by H. pylori[10]. Of the several available diagnostic tests the detection of H. pylori infection,
each of them has certain advantages and disadvantages.
Either due to poor sensitivity or specificity, none of them
can be considered as gold standard. However, combinations of more than one test e.g., urease enzyme production test, microscopy, bacterial isolation and polymerase
chain reaction (PCR); usually give the quite satisfactory
diagnosis. However, these methods are invasive, expensive and applicable to tertiary level laboratories only. Due
to the disadvantage of invasive procedure, several noninvasive tests have been developed to diagnose H. pylori.
In this article, we intend to review both invasive and noninvasive tests so that one of them may be proposed as
the gold standard.
During the early years of H. pylori infection, endoscopy without biopsy remained highly unsatisfactory in
making diagnosis[11]. Now days, detection of H. pylori in
biopsy samples depends on histology, rapid urease test
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Histology was the first method used for the detection
of H. pylori. Presence of typical bacteria along with the
inflammatory reaction in the tissue slides is considered as
diagnostic test for H. pylori infection. Several stains like
Giemsa, acridine orange, Warthine Starry, Hp silver stain,
Dieterle, Giminez, McMullen; and immunostaining are
used to detect H. pylori. Routinely Giemsa staining is used
for H. pylori detection. The haematoxylin and eosin stain
helps in evaluation of severity of inflammation along
with detection of the bacteria. However, Genta stain due
to combination of silver stain, haematoxylin and eosin
and Alcian blue has the advantage of visualizing both
inflammatory reaction and H. pylori. However, this modification is technically complex and uses uranyl nitrate in
its original formulation. Routinely, Giemsa stain is more
feasible in detecting H. pylori because it is simple, highly
sensitivity and less expensive[12,13]. However, the high sensitivity of histology is often influenced by the site, number and size of the biopsies material collected. Patchy
colonization can sometimes cause misdiagnosis. Interestingly it has been seen that even a single biopsy taken
from the lesser curve, close to the angulus, can detect H.
pylori in majority of the cases (> 90%). Moreover, the accuracy can further be increased by multiple biopsies from
the greater curve and corpus. Although, it is believed that
specificity is high due to peculiar morphology of H. pylori
and its close relation to gastric mucosa[14], it looks unscientific in days of molecular taxonomy because presence
of other bacterial species H. heilimanii, H. bizzozeroni, Pseudomonas fluorescence having similar morphology cannot be
denied[15]. The earliest diagnosis by histological methods
takes 2-3 d and detection rate definitely varies with the
expertise of examiners[16,17]. Further, prior antibiotics and
PPI may transform the typical shape of H. pylori from
spiral to coccoid which becomes undetectable by the routine microscopy technique. However, fluorescent in situ
hybridization is answer to it because specific detection
of H. pylori in histological preparations can be done irrespective of the shape of bacteria[18,19]. Fluorescent labeled
oligonucleotide probes are used in this method targeting
the 16S rRNA and 23S rRNA genes. This method is the
fastest and takes 3 h to detect H. pylori. In situ hybridization and immunochemical methods can also be used to
detect virulence factors and location of strains in the gastric mucosa[20]. This method being independent of morphological identification usually does not have individual
biasness.

UREASE TEST OR RUT
H. pylori is known for production of abundant urease.
Urease enzyme hydrolyses urea to release CO2 and NH3.
Detection of urease production has been used as a sur-
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rogate marker for the detection of the bacterium in antral
biopsies. Release of ammonia increases the pH of the
test medium and it is detected by a colour change due to
pH indicator. Tests can be done either in a solution or a
solid supporting medium e.g., the CLO test. However, the
later test is not faster than the unbuffered urease tests. A
reagent strip of rapid urease test (Pyloritek), where reading is taken at 1 h has been reported to have sensitivity
and specificity comparable to CLO test (where results
are obtained after 24 h). This strip test, therefore, is more
convenient to use in the endoscopy clinics[21]. Since, urease test basically depends on the bacterial density, a comparison of Pyloritek (Serim Research Corp) with Helicocheck (Institute of Immunology Co.Ltd.Tochigi, Japan)
has been made. The two commercial kits based on strip
technique have sensitivity and specificity above 90% but
when post therapy the density goes down the sensitivity
of detection falls to 60%[22]. The sensitivity and specificity of Urease test or RUT when compared with histology
were 89% and 88% respectively[23]. By using a chemiluminescent pH indicator in RUT faster results with 50-fold
higher sensitivity could be achieved as compared routine
RUT[24]. The rapid urease test may also be performed perendoscopically by using pH sensitive biosensor within
a minute, giving sensitivity and specificity of 92% and
95%, respectively[25].
The sensitivity of RUT is influenced by the bacterial density and the forms (spiral or coccoid) of bacteria
present in the biopsy. The minimum of 104 organisms
per biopsy piece are required for a positive RUT result
but a good proportion of patients may harbor lower densities than this[26]. Further, low density of the bacterium
post treatment, bleeding patients and patients taking H2receptor antagonists or proton pump inhibitors may also
adversely affect the performance of[27]. The low cost, ease
and speed of diagnosis of H. pylori infection gives RUT
upper hand on culture and histology.

CULTURE
H. pylori may be routinely isolated by culture from human gastric biopsy samples. The organism requires a
microaerophilic environment and complex media[28-30].
Variety of basal media and different supplements have
been proposed for isolation of the organism [29,31-33].
However, Columbia Agar Base or Brain Heart Infusion
(BHI) broth supplemented with blood or serum usually
has been found adequate for culture[34]. They typically
grow best in freshly prepared moist media incubated in a
warm (37  ℃) atmosphere with 5%-10% CO2, 80%-90%
N2 and 5%-10% O2. Humid atmosphere enriched with
H2 (5%-8%) improves the yield of H. pylori. Primary
isolation of the organism from gastric biopsy specimens
requires 5-7 d in a microaerobic atmosphere created by
a variable atmosphere incubator, partially evacuated anaerobic jars with defined gas mixtures or commercial gas
generating sachets. A dedicated CO2 incubator is useful
for sub culturing H. pylori but is not reliable for primary
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isolation. Selective and non-selective media enriched with
blood/serum are recommended for the cultivation of H.
pylori from gastric biopsy specimens, thus maximizing the
sensitivity of culture. Various agar media including brain
heart infusion, brucella, columbia and Skirrow’s supplemented with horse blood/serum or sheep blood have
been used to cultivate H. pylori[35]. Antibiotic supplements
(vancomycin, 10 mg/L; amphotericin B, 10 mg/L and
cefsulodin or trimethoprim, 5 mg/L) are recommended
for selective media to facilitate primary isolation.
The best specimens for isolation of H. pylori are biopsy samples obtained during endoscopy. By altering the
pH by proton pump inhibitors (PPIs)[36] which indirectly
interfere with H. pylori distribution in the stomach. Antral
part has been found to be the most affected part of the
stomach by PPIs as H. pylori almost disappears from this
niche. To avoid false negative results, Megraud and Lehours[37] recommended not to consume these drugs 2 wk
prior to endoscopy as is done for rapid urease test[38,39].
Further, duration and dose of PPI therapy also affect the
performance of H. pylori isolation. It is established that
H. pylori has patchy distribution in the stomach, therefore
despite the good results from biopsy taken 2 cm prior to
pylorus, it is advisable to collect multiple biopsy specimens[40]. Megraud and Lehours[37] have recommended
to take at least two biopsy specimens from the antrum
and one each specimens from the anterior and posterior
corpus. It has been observed that the corpus may be the
only site which remains positive naturally or sometimes
due to consumption of antisecretory drugs.
As per Koch’s postulates culture is considered to
be the most specific way to establish the H. pylori infection. The sensitivity of isolation the bacterium has been
reported to vary greatly among laboratories because it
is very fastidious in nature[41-46]. Even the experienced
laboratories recover the organism from only 50% to 70%
of actually infected biopsies[47,48]. Recovery from stool,
saliva, and vomitus is very difficult because of the presence other commensal flora comprising other organisms
hampering the growth of H. pylori[49-53].
Bacteriological culture is a tedious, time-consuming
procedure[54], and unnecessary for the routine diagnosis
of H. pylori infection because other noninvasive tests
will detect evidence of the organism in majority of the
patients[41]. Culture allows testing of the antibiotic sensitivity of H. pylori to choose the appropriate agent/s for
eradication. Further, isolation of bacteria has enabled us
to have better understanding of the pathogens and host
interaction and vaccine development. Further, detailed
phenotypic and genotypic characterization facilitate the
understanding of epidemiologic features relative to H.
pylori[55-57].
Stool culture
One of the suspected routes of transmission of H. pylori
is oro-fecal. It means the bacterium is excreted through
feces and it should be isolated from stool specimen.
However, it has been found really difficult to isolate H.
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pylori from stool specimens. The explanations given to
this poor isolation are: H. pylori is susceptible to bilary
salts[58] and there is a great competition with other numerous bacteria present in the stool. It may also be possible
that the bacterium goes into viable but not culturable
form and we have still to find out the triggering functions for reverting it back to culturable form. The first
culture of H. pylori from stool sample have been reported
by Thomus et al[52] from malnourished children belonging
to under developed countries. Dore et al[59] have reported
successful isolation of H. pylori after treating with bile
sequestering agent cholestyramine before plating on culture medium. However, the similar looking colonies H.
pylori must be checked by molecular methods to confirm
of them being really H. pylori. Since Namavar et al[60] and
our own experience (unpublished data) have indicate that
phenotypically H. pylori like other bacteria are also present in the gastrointestinal tract. Therefore, till we really
get success in isolating the bacterium from stool samples
with satisfactory sensitivity, H. pylori isolation from stool
not is used as routine diagnosis test.

PCR
PCR is used not only for the detection of bacterium but
also for characterization of pathogenic genes and specific mutations associated with antimicrobial resistance.
The conserved genes used for detection of H. pylori are
urease operon: ureA[61] and glmM, also known as ureC[62],
or the 16S rRNA[63,64], 23S rRNA[65,66] and Hsp60[67] gene.
It is necessary to know the DNA sequence of the target
gene in as many strains of H. pylori and other related
bacterial species as possible for designing specific primers. The highly conserved 16S rRNA gene in bacteria
exhibits sequences which are shared by different species
of Helicobacter. The 109 bp amplicon specific to H. pylori
16S rRNA has also been observed to be amplified sometimes in human tissues[68], thus compromising its relevant
diagnosis of H. pylori. Other genes with unknown function, i.e., 26-kDa protein; identified as ssaA[69], or random
sequences have also been used[56].
Since the introduction of string test for collection of
gastric juice, ureA gene have been targeted in this easily
available specimens with good sensitivity and specificity[70-73]. The cagA gene with has also been target in Taiwan as the virulent gene is quite prevalent in for east
countries[74]. However, all the strains may not have cagA
gene resulting into decrease in sensitivity. Since, H. pylori
is usually restricted to oral-gastrointestinal tract, PCR is
not performed in blood or serum samples. But there are
reports showing the presence of H. pylori specific DNA
in these specimens, targeting genus specific gene (C97
and C 98) and conserved region of vacA gene. Detection
of H. pylori DNA in blood sample is really very surprising[75]. Moreover, PCR based techniques have been very
successfully used in specimens of stool and saliva[76].
There are many modifications of the PCR technology for increasing the sensitivity of detection. The use
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of nested or seminested PCR has been suggested using
internal primer targeting conserved gene (heat shock
protein; Hsp60) and increasing specificity and sensitivity up to 100%[67,77] Alternatively second PCR may also
be performed using the same primers[78]. Perkins et al[79]
also concluded that PCR was a more sensitive diagnostic
procedure than culture techniques in the detection of H.
pylori infection status post therapy in cats. If single step
PCR technique is used, it detects 70 bacterial cells in the
biopsy sample[69]. Further, the primer pairs for the nested
protocol used was able to detect as little as 30 ng of
template DNA on primary amplification and 1 fg (corresponds to approximately 3 organism) after the nested
cycles of amplification[67].
By using specific probe for the amplicon detection
can increase the sensitivity of detection as lower copy
number can be detected by this method as compared to
standard gel electrophoresis[80,81]. New methods like liquid
phase (DNA-enzyme immunoassay)[82,83] and the reverse
dot blot line probe assay (LiPA)[84] have also been proposed to increase its specificity and sensitivity.
There are two major hurdles in the performance of
PCR: Inhibitors of polymerase enzyme are present in the
biological samples[85] and another is possibility of contamination during the process of collection of specimens
to amplification and documentation. To take care of
PCR inhibitor, special kits are commercially available and
have been found to be better than simple boiling[86]. Very
stringent precautions should be followed proper sterilization if endoscopes to performing the DNA isolation and
amplification. The gel documentation of PCR amplicon
is other source of contamination. Therefore, three different physically separated chambers should be used for
above 3 procedures along with the separate micropipettes
sets and change of gloves at every step wherever, chances
of contamination is suspected.
Specificity of the PCR based detection of H. pylori
is another issue especially in the biological samples collected from sites other than stomach. Rocha et al[87] and
Cirak et al[88] suggested that any specimens should be designated positive for H. pylori when there is amplification
of two different conserved target genes. On the other
hand seminested or nested PCR may be used to resolve
the issue of specificity. Our laboratory experience also
approves the use of two different gene amplification and
nested PCR. We have observed primary PCR targeting
Hsp60 gene amplified Pseudomonas species in antral biopsy
also[15]. However, nested primers amplified the specific
sequences of H. pylori only. There are reports suggesting
use of reverse transcription PCR (RT-PCR) successfully
show the viability of the bacterium[80,89-91]. RT-PCR is
based on mRNA which determines that bacterium is in
viable state, but no improvement in sensitivity has been
shown.
The PCR technology may also be used to target
pathogenic genes of H. pylori. There are two major segments implicated in pathogenesis: cagPAI and polymor-
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phic vacA gene apart other virulence genes involved in
adherence (babA2, sabA) or in pathogenesis (oipA, dupA,
iceA). These genes can be targeted to assess the virulence
potential of H. pylori in a particular individual. There are
several reports stating that cagPAI possessing strains do
cause more severe peptic ulceration and extra digestive
diseases. This pathogenicity island has also been found
to be associated with higher chances of development of
precancerous lesion[92] and gastric adenocarcinoma[93].
There is mosaicism in the allelic distribution in H. pylori. The strain containing s1m1 allele of combination
has been found to associate with higher production of
toxin[94]. However, H. pylori with vacAs1 has been reported
with higher toxin production[84,95-99]. In this regard our
laboratory findings suggest that gastric mucosa is colonized by mixed strains rather than single virulent type
(unpublished data).
PCR is also used for quantification of genomic DNA
of H. pylori. Real-time PCR is being used conventionally
to quantify the H. pylori DNA in biopsy specimens. But
Real time PCR may not be as sensitive as nested PCR and
as it is usually based on the commercial kits, it may be
more expensive especially when two genes are targeted.
Conventional single round PCR method to detect H.
pylori especially after eradication therapy could not detect
pathogens but it can be done by nested PCR protocol as
the former methods are relatively poor in detecting the
low numbers. Therefore, nested PCR may be proposed
as the gold standard provided that the PCR contamination is being taken care off. Moreover, while RUT, UBT,
histology cannot discriminate the re-infection or recrudescence, PCR based method is able to indicate either of
the two possibilities because finger printing of the strains
can be done by the amplification of different target genes
of the bacterium.
Duś et al[100] in their review article stated that PCR detects H. pylori in both forms i.e., spiral or coccoid forms;
that cannot be detected by other conventional diagnostic
methods. However, the low sensitivity of specific culture
method makes it difficult to evaluate the molecular methods. PCR was also used to detect H. pylori in various sites
other than stomach. The bacterium could be detected
from patients with appendicitis[101], in ethmoid specimens
from patients with chronic sinusitis[102], in upper respiratory tract and oral cavity[88]. H. pylori like organisms could
also been detected by PCR in liver specimens reported
by Rocha et al[87]. Another advantage of PCR is that
DNA does not require strict transport conditions, and it
can be performed on specimens of urease tests sent by
posts[103-105]. Detection of H. pylori from formaldehyde
fixed paraffin embedded material by using PCR is a quite
satisfactory approach. Unfortunately, fixed specimens are
not suitable for DNA isolation compare to frozen material. PCR generating short PCR products has found better in frozen/preserved materials because genomic DNA
might be broken due to fixatives. Moreover, PCR can also
be used to genotype the H. pylori isolates[106]. Therefore,
PCR based methods are the best for the specimens col-
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lected by invasive methods if the test is carried out with
utmost care.
In principle stool sample should be considered as one
of the best sample collected by non-invasive methods for
detection of H. pylori by PCR technology. But the earlier
reports were not encouraging because of low sensitivity
of detection[107,108]. The possible reason for this poor sensitivity may be low copy number of target DNA, presence of PCR inhibitors in stool samples and single round
of PCR amplification. However, PCR% inhibition could
have been taken care by special techniques of DNA isolation, immune magnetic separation of DNA[109]. But the
problem here with stool samples is that the usual coccoid
form becomes less antigenic[110]. Nowadays commercial
kits are available to get rid of PCR inhibitors from DNA
preparation to H. pylori amplification in stool samples[111].
Kabir[112] has reviewed well on different DNA extraction methods from stool samples to reduce PCR
inhibitors. The other option to care off PCR inhibitors is
amplification by nested or seminested PCR. The internal
amplification care of PCR inhibitors present during the
first round PCR.
Nested PCR was carried out by Mishra et al[77] and reported that 62.5% patients were positive for H. pylori targeting Hsp60 gene. Nested PCR protocol targeting Hsp60
gene seems to be good alternative as a non-invasive
method for detecting H. pylori infection in fecal specimens where invasive test like endoscopy is not feasible.
Several studies have been carried out to diagnose H. pylori
targeting 16S rRNA, 26-kDa antigen, Hsp60, ureA, glmM,
vacA and cagA gene. The development of a commercial
test to detect H. pylori will undoubtedly provide an accurate and convenient diagnostic method[113].

UREA BREATH TEST
Use of Urea breath test (UBT) is often considered as
the gold standard test in the diagnosis of H. pylori infection[114-116]. UBT consistently produces better results in
comparison to many of the other available tests. In this
test 13C or 14C labeled urea is fed to patient where in
stomach is broken down by urease enzyme produces by
H. pylori if present in the stomach. The released radioactive 13CO2 or 14CO2 diffusing in the blood released in the
lungs. Here, the expired air is collected to measure the
activity of labeled Carbon. Currently, improved infrared
spectrometers have shown which has the extra advantage
of low cost also as compared to mass spectrophotometer[117]. Although, there is still no uniform protocol for
the performance of the test but availability of certified
tests have provided certain uniform results. Gisbert and
Pajares[118] have published a very good review about the
UBT. In most of the studies, the sensitivity and specificity of the UBT exceed 90%[118]. UBT is used to evaluate
eradication therapy after giving anti H. pylori regimens.
The sensitivity is quite good in post therapy and it may be
explained by the fact that the UBT gives positive results
when other biopsy based tests fail. It is sensitive enough
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in detecting the infection even in cases of moderate
colonization or patchy distribution of H. pylori. However,
false positive results due to the presence of other urease
producing microorganisms are sometimes expected as it
has been established that H. pylori is not the only bacteria
colonizing stomach. However, proton pump inhibitors
anti H. pylori drugs (PPIs and antibiotics) may produce
false-negative results. Further, metabolically inactive coccoid form of H. pylori present in the stomach will not
give the positive UBT. The other advantage is that UBT
could be also used in pediatric patients[119].
Despite many good features of UBT, it has certain
shortcomings also. UBT has been observed with poor
sensitivity in patient’s undergone gastric surgery or patients on drugs causing changes in neutral pH of gastric
mucosa. Further, dosage of radioactive carbon also influence the performance as 15 mg dose has been reported to be better in sensitivity as H. pylori eradication than
10 mg of 13C[120,121]. Additionally, carrier solution of urea
also affect the performance because citric acid solution
drink has been observed superior in performance than
orange juice and water[122]. In another study, it has been
found that citric and malic acid based urea meals performed better than ascorbic acid[123,124]. The next important issue with UBT is to decide cutoff point between
positive and negative 13C-UBT test[125]. Many workers
have suggested some alternations to UBT and one of
them is estimation of blood urea for the diagnosis and
assessment of H. pylori eradication[126]. In patients where
biopsy is contraindicated real time 13C-UBT test can be
done during gastroscopic examination. Although, Zagari
et al[127] have shown a positive correlation between UBT
values and activity of gastritis, the other group (Tseng
et al[128]) found insignificant difference of UBT values in
patients with gastritis, duodenal ulcer, gastric ulcer and
gastric malignancy.

SEROLOGICAL/IMMUNOLOGICAL/
ANTIGEN-ANTIBODY DETECTION TEST
Antibody detection
Immunoblot analysis of serum from H. pylori infected patients has revealed that there are several antigens capable
of inducing immune response. Some of the prominent
antigen includes surface and secretary antigens lipopolysaccharides (LPS), cagA, different urease components,
heat shock proteins, catalase etc.[129-133]. Basically H. pylori
infection is a chronic condition and therefore IgG response predominates[134]. It is really difficult to pin point
acute H. pylori and IgM response has rarely been reported. Although, IgG response primarily occurs at mucosal
surfaces, it can be detected in all elevated in majority of
the patients. Further, since in niche of the bacterium
is a mucosal surface, only modest immune response is
expected. This necessitates for need of good quality antigen and proper cut off value should be determined in
endemic areas. Further, it has been established that H. pylori is a panmictic bacterium which leads to antigenic vari-
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able strains colonizing the human population in different
geographical areas[135-138]. In support of this statement
already diverse antibody profile by immunoblot have
been reported[139]. This is why there is suggestion that
local strains should be used for preparing the kits for detection of H. pylori specific antibodies rather than foreign
strains[140,141]. The other alternative suggested is to find
out some common antigens shared globally or strains are
pooled from different region for preparing diagnostic antigens[142,143]. Further, local titres should be decided rather
than what is recommended by the manufacturer located
somewhere else.
The studies have shown the sensitivity and specificity
of serological methods for detection of H. pylori infection ranging between 80%-90%. But, these observation must be seen in the light of fact that host immune
response varies from individual to individual and also
duration of exposure, nutritional status, cross antigenicity with other prevalent antigenically related bacteria e.g.,
Campylobacter etc. in endemic area. However, in difficult
situations, where bacterial density is low due to gastric atrophy or therapy using PPI and/or antibiotics, serological
methods are useful. Moreover, rapid test methods for H.
pylori specific antibody titer detection can be used at point
of care. Although initially in 1994, this rapid method gave
sensitivity of 92% and specificity of 88%, more than 30
later studies could not show the satisfactory level of performance using several kits. Immunoblot assay is another
alternative with better specificity but sensitivity in not
higher than standard ELISA[139,144]. As immunoblot assay
involves high cost and expertise in interpretation, it is not
widely used in clinical laboratory. However, immunoblot
can be used as confirmatory test as a second step[144]. The
most important point which goes against serological test
is that active or cured infection of H. pylori cannot be differentiated because it has been found that antibody levels
persist for long even after cure[145].
With all the advantages and disadvantages of serological methods already discussed researchers tried to
look for anti H. pylori antibody titer in urine also detected
by ELISA and immunoblot[146]. It has been observed that
presence of bacteria and variation in pH usually does
not affect the detection H. pylori specific IgG. The other
advantage is that looking for H. pylori specific antibody
is definitely absolutely non-invasive, easy, rapid and inexpensive way to diagnosis the infection. But the major
problem is that H. pylori specific IgG are excreted in very
low concentration in urine. Further, high level of nonspecific IgG in urine may give false positive and low concentration of IgG may give false negative results[147,148].
Saliva
Saliva is the other specimens which can be collected noninvasively and excretion of IgG and IgA is known. There
are studies which have shown that while H. pylori specific
IgA is unable to distinguish between infected and noninfected individuals, IgG detection may be help in making
diagnosis[149-151]. Although, specificity of the anti H. pylori
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IgG detection can be improved by immunoblotting, sensitivity is quite low and rarely reaches 90%[152-154]. However, better results have been reported in cases of high
serum titer and in children above 5 years of age[155,156].
Antigen detection
H. pylori antigen in stool specimens has been detected
successfully for the first time in 1997. Using polyclonal
antibodies, the sensitivity and specificity have been found
to be 88.8% and 94.5% respectively[157]. In another study
concluded by Vaira et al[158] could observed the sensitivity of 94.1% and specificity of 91.8%. The advantage of
antigen detection test is to evaluate the eradication of H.
pylori infection. However, if concentration of antigen becomes low, false negativity may also be reported. Perri et
al[159] compared the performance of antigen detection vs
UBT in 458 dyspeptic patient and reported discrepancy
in 8% of the case. They suggested that antigen detection
was less accurate than UBT[159]. Later a new generation of
stool antigen kits has been developed using monoclonal
antibodies giving comparable accuracy as that of UBT.
Despite all the above observation on performance of
antigen detection H. pylori in stool, it has certain disadvantage: antigen excretion may vary over the time period
and antigen may degrade while passing through intestine.
Further, use of N-acetylcysteine like mucolytic agent may
decrease the accuracy of the diagnosis[160]. Cut off titer,
though difficult to decide but crucial to reach the conclusion by using antigen detection technique. However, stool
antigen detection using monoclonal antibody has been
recommended by EHSG as it gives equivalent diagnosis
accuracy to UBT[161].

DETECTION OF H. PYLORI IN THE ORAL
CAVITY
It has been reported that oral cavity may be only transitory reservoir as H. pylori is coming here due to regurgitation or vomiting. There are reports showing good
isolation rate from oral cavity[162] but the isolates were
never confirmed by DNA based method of their being H.
pylori. Some workers have shown very low isolation rate
from oral cavity[53,163,164].
PCR based studies in detection of H. pylori in oral
cavity (saliva/dental plaque) have shown variable report
since many uncharacterized bacteria closely related to H.
pylori are present in oral cavity and the pit of the gastrointestinal tract, the results should be considered positive
when at least two targeted conserved genes specific to H.
pylori give expected amplification.

WHAT TEST SHOULD BE GOLD
STANDARD?
The choice of diagnostic tests to determine H. pylori
infection status depends on the sensitivity, specificity,
reproducibility, availability cost, and rapidity of the re-
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sults[26]. There a need for a reference method to be used
as “gold standard” to find patients truly infected. Unfortunately, none of the currently used methods is able
to further this criterion. One solution is to combine the
results of two or more techniques, and compare with
results of each method being evaluated. PCR may be
slightly superior as compared to other diagnostic methods for detection of H. pylori infection and to verify H.
pylori eradication after treatment[26,165]. PCR is regarded
as a highly sensitive method to detect DNA of H. pylori
from different clinical samples[110,166,167] and provide useful
information concerning the presence of genes encoding specific virulence factors and antibiotic resistance[168].
Both sensitivity and specificity of nested PCR has been
reported to be 100%[67]. In contrast, the sensitivity and
specificity of serological, urea breath, fecal antigen, rapid
urease tests, histopathology, PCR and culture have been
found to be 85% and 79%, 75%-100% and 77%-100%,
67%-100% and 61%-100%, 75%-100% and 84%-100%,
66%-100% and 94%-100%, 75%-100% and 84%-100%
and 55%-56% and 100% respectively. The sensitivity of
PCR can be increased by performing nested or seminested approaches. However, such approaches might
increase the possibility of false positive results caused by
crossover contamination as well as detection of DNA
from dead bacteria[26]. The low positivity rate of the culture (69%) may be due to a low number of organisms,
presence of non culturable coccoid forms[169,170], absence
of microorganisms in the gastric biopsy specimens, loss
of viability during transport, fastidious growth requirements or contamination by other bacteria suppressing the
growth of H. pylori or antibiotic intake. For these reasons,
percent agreement/disagreement was preferred to compare culture results with results of corresponding samples by the other diagnostic methods. The so called false
positives with real time or nested PCR may not be true
false positives, rather the results obtained by the relatively
less sensitive culture method may be false negatives[40].
Although, PCR may be used as gold standard, provided
that the chances of contamination are taken care off,
the method to be used should be proposed on the basis
of level of available diagnostic facilities. If endoscopic
facility is not available in periphery or underdeveloped
regions, diagnosis by SAT using monoclonal antibody
based kits may be applied on stool specimens. In situation where UBT system is available but endoscopic facility is not available then this test should be considered the
best option. Although, serology is often misleading but
it may be the best in children where sanitary conditions
are satisfactory and prevalence of the infection is low especially in pediatric age group. Therefore, utility of each
of the invasive and non-invasive tests are almost equally
important depending upon the given clinical situation.
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Abstract

INTRODUCTION

Gastric cancer is one of the most frequent neoplasms
and a main cause of death worldwide, especially in
China and Japan. Numerous epidemiological, animal
and experimental studies support a positive association
between chronic Helicobacter pylori (H. pylori ) infection and the development of gastric cancer. However,
the exact mechanism whereby H. pylori causes gastric
carcinogenesis remains unclear. It has been demonstrated that expression of cyclooxygenase-2 (COX-2) is
elevated in gastric carcinomas and in their precursor lesions. In this review, we present the latest clinical and
experimental evidence showing the role of gastrin and
COX-2 in H. pylori -infected patients and their possible
association with gastric cancer risk.

Helicobacter pylori (H. pylori) is one of the most common
pathogens, infecting approximately half of the world’s
population. It is well known that H. pylori infection has
been associated with an elevated risk of developing gastric carcinoma[1-4]; and this bacterium has been classified
as a class Ⅰ biological carcinogen by the World Health
Organization[5]. However, the exact mechanism responsible for the development of gastric cancer in H. pyloriinfected patients remains unclear.
Numerous studies suggested a positive association
between hypergastrinemia (caused by H. pylori infection)
and gastric cancer in humans and mice[6-11]. Hypergastrinemia and H. pylori infection synergistically promoted
gastric carcinogenesis in transgenic mice that overexpress
amidated gastrin (INS-GAS)[8-11]. The role of H. pylori in-
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fection and hypergastrinemia in the development of gastric carcinogenesis has been a matter of scientific debate.
Cyclooxygenase (COX) is a key enzyme that catalyses
the formation of prostaglandins (PGs) and other eicosanoids from arachidonic acid. Two isoforms of COX
have been identified: constitutively expressed COX-1
and mitogen-inducible COX-2[12,13]. Increased expression
of COX-2 has been linked to gastric carcinogenesis[14-17].
Furthermore, enhanced COX-2 expression in human
stomach has been linked to H. pylori infection[6,17-22]. However, the molecular mechanisms underlying the aberrant
expression of COX-2 in gastric cancer patients infected
with H. pylori remain unclear. In this review, we present
the latest clinical and experimental evidence showing the
role of gastrin and COX-2 in H. pylori-infected patients
and their possible association with gastric cancer risk.

EVIDENCE FOR THE CARCINOGENICITY
OF H. PYLORI FROM EPIDEMIOLOGICAL
STUDIES
Infection with H. pylori and the resulting chronic inflammation are a major step in the initiation and development
of gastric cancer. Early epidemiological studies linking H.
pylori infection with gastric cancer include a plethora of
case-control[23] and prospective cohort studies[24], and the
evidence is now available as pooled estimates from metaanalyses[25]. To clarify the association between gastric cancer and prior infection with H. pylori, three nested casecontrolled studies were performed in 1991 and the results
showed that the positive rate of H. pylori antibody was
higher in the patients with gastric cancer than that in the
control group[26-28]. A prospective study confirmed that
gastric cancer developed in 2.9% of the H. pylori-infected
group but none of the uninfected patients[29].
In a review of 5 meta-analyses concerning the association of H. pylori seropositivity with gastric cancer,
Eslick[25] reported a pooled estimate of the relative risk
ranging from 1.92-2.56 (mean 2.28), and confidence interval ranging from 1.35-3.55. Despite some differences
in the number, type, and design of the included studies,
the strength of association from each of the meta-analyses was consistent in size and precision, supporting the
validity of the pooled estimate and conclusions regarding
the association. Six meta-analyses of cohort studies, casecontrolled and nested case-controlled studies revealed a
positive odds ratio between H. pylori seropositivity and
gastric cancer[23,24,30-33]. All these meta-analyses showed
that H. pylori infection is associated with approximately a
two-fold increased risk of developing gastric cancer.
In addition, a multicentre epidemiological study was
designed to look at the relation between the prevalence
of H. pylori infection and the incidence of gastric cancer
in 17 populations from 13 countries, chosen to reflect
the global range of gastric cancer incidence. The results
indicated an approximately six-fold increased risk of gastric cancer in populations with 100% H. pylori infection
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compared with populations that have no infection[34]. The
main carcinogenic effect of H. pylori is dependent on the
presence of the cytotoxic associated gene A (cagA) and
vacuolating cytotoxin A (vacA)[35,36]. A meta-analysis conducted by Huang et al[33] showed that the risk of gastric
cancer was twice as high in people who were positive for
antibodies against CagA in sera.
Nevertheless, a later meta-analysis conducted by
Wang et al[37] showed a protective role for H. pylori infection in the prognosis of gastric cancer. Several studies
have also examined the relationship between H. pylori
infection and prognosis of patients with gastric cancer,
providing evidence of a better prognosis in patients with
H. pylori infection compared with patients without H. pylori infection[38-41]. The underlying mechanisms need to be
further elucidated, which could provide new therapeutic
approaches for gastric cancer.

EVIDENCE FOR EFFICACY OF H.
PYLORI ERADICATION THERAPY IN THE
PREVENTION OF GASTRIC CANCER
In experimental research, gastric cancer was induced
in Mongolian gerbils through H. pylori inoculation plus
administration of low-dose chemical carcinogens, and
H. pylori eradication suppressed the incidence of gastric
cancer[42]. The animal experiment also suggested that
eradication at an earlier period was effective in reducing
gastric carcinogenesis compared with that at the middle
or late period[43]. The strong association of H. pylori with
gastric cancer has spurred a large number of randomized controlled trials to investigate the effects of H. pylori
eradication on gastric carcinogenesis.
According to Correa’s model, gastric cancer develops in a multistep process from chronic active gastritis,
gastric glandular atrophy, intestinal metaplasia, dysplasia
(currently distinguished into low-grade and high-grade
intraepithelial neoplasia), and finally to gastric cancer[44].
In studies of precancerous gastric lesions, H. pylori eradication generally reduced the rate of progression[45]. To
clarify the effects of H. pylori eradication on prevention
of gastric cancer development in patients with chronic
gastritis, Uemura et al[46] conducted a nonrandomized H.
pylori eradication trial in cases whose gastric cancer was removed by endoscopic resection, and suggested that H. pylori eradication might improve neutrophil infiltration and
intestinal metaplasia in the gastric mucosa and inhibit the
development of new carcinomas. A multi-centre, openlabel, randomized controlled trial demonstrated that patients in whom H. pylori had been successfully eradicated
following their initial gastric cancer resection had a highly
significantly reduced risk of developing a second gastric
cancer (hazard ratio 0.35 at 3 years of follow-up)[47].
However, a double-blind randomized study in China
showed that gastric cancer still occurred after successful eradication of H. pylori and that H. pylori eradication
did not lead to a significant decrease in the incidence of
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gastric cancer[48]. Sub-analysis of previous papers showed
that the preventive effect of H. pylori eradication for gastric cancer incidence was limited to patients without atrophy and metaplasia[48,49]. Randomized prospective studies
demonstrated that eradication significantly reduced the
presence of premalignant lesions, providing additional
evidence that H. pylori had an effect on early stages of
gastric carcinogenesis[45,48]. It is speculated that eradication
of H. pylori significantly decreases the risk of gastric cancer in infected individuals without premalignant lesions.
In meta-analysis, the relative risk of gastric cancer following H. pylori eradication was calculated to be 0.65 overall
(95%CI: 0.43-0.98)[50]. Taken together, these studies support an unequivocal role for H. pylori in the development
of gastric cancer and indicate that anti-H. pylori therapy
may be an effective means of gastric cancer prevention.

GASTRIN AND DNA METHYLATION
POTENTIATE THE CARCINOGENIC
EFFECTS OF H. PYLORI INFECTION
The role of H. pylori infection and hypergastrinemia
in the development of gastric carcinogenesis has been
a matter of scientific debate. A possible pathogenetic
mechanism involves the persistent H. pylori colonization
and inflammation of the gastric mucosa, particularly
when the H. pylori strains express CagA which often
results in the development of chronic atrophic gastritis
and subsequently hypergastrinemia, through a reversefeedback mechanism[51]. To clarify whether H. pylori CagA
can induce gastrin expression, Zhou et al[52] constructed
a eukaryotic expression vector pcDNA3.1/cagA and a
luciferase reporter vector pGL/gastrin promoter, and
then co-transfected them into gastric cancer cells, and
suggested that CagA could activate the gastrin promoter
and up-regulate gastrin mRNA expression in AGS and
SGC-7901 cells. It has been widely reported that the
number of G cells and the release of gastrin increase
during H. pylori infection in human subjects and various
animal models[53-55]. As H. pylori infection inhibits acid
secretion[56], the observed hypergastrinemia might be in
response to the hypochlorhydria. Indeed, direct inhibition of acid secretion by omeprazole is sufficient to
stimulate gastrin gene expression in vivo[57]. Previous studies suggested that H. pylori colonizing the gastric antrum
might create an alkaline pH sufficient to stimulate G cells
through its production of urease and conversion of urea
to ammonia[58]. However, this mechanism was subsequently disproven by studies showing that H. pylori products rather than the live organism can stimulate gastrin
release from cultured G cells[59,60]. Furthermore, H. pyloriinduced inflammatory cytokines stimulate antral G cells
to release gastrin[61].
Several previous studies have shown that H. pylori
can increase circulating gastrin levels in the blood[62-64].
H. pylori has been reported to induce G-cell hyperfunc-
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tion in antral gastric tissue, which could contribute to the
onset of hypergastrinemia[65]. Gibbons et al[66] showed
that patients infected with H. pylori had increased gastrin
mRNA levels, whereas Sumii et al[67] reported no change
in gastrin mRNA expression. Buchan and coworkers
reported that H. pylori increases basal levels of gastrin
in primary G-cell cultures, but did not induce secretion,
suggesting that H. pylori increased gastrin synthesis and
possibly gene expression[68]. H. pylori also activates gastrin
releasing peptide and regulates the gastrin modulator
somatostatin to increase gastrin expression[53,69]. Taken
together, it is unclear whether the hypergastrinemia that
occurs in H. pylori-infected individuals is attributable to
hypochlorhydria, suppression of somatostatin, chronic
gastritis, gastric atrophy or the direct induction of gastrin
gene expression by the bacterium itself.
Asymptomatic patients with H. pylori colonisation
have been shown to have elevated serum gastrin concentrations relative to a control population, despite similar
gastric acid output[62], while Levi et al[70] demonstrated
that following H. pylori eradication, there was a reduction
in fasting serum gastrin concentration. It has also been
demonstrated that following eradication of H. pylori, there
was an increase in somatostatin mRNA and a concomitant decrease in gastrin mRNA in patients with duodenal
ulcers[71]. This was associated with increased numbers of
D-cells in the gastric corpus[71], suggesting that the hypergastrinemia caused by H. pylori infection may result from
a loss of somatostatin control over gastrin secretion.
Clinical and experimental evidence indicates that
gastrin can potentiate the carcinogenic effects of H.
pylori infection on the gastric mucosa[72]. Our prior studies suggested that the proliferation of MKN-45 cells,
which were derived from a poorly differentiated gastric
carcinoma and had been reported to express CCK2/gastrin receptor (CCK2R), decreased when treated with the
CCK2R antagonists[73,74]. It also has been demonstrated
that long-term treatment with CCK2R antagonist YF476
prevented the development of H. pylori-associated gastric
cancer in INS-GAS mice[10,75]. Taken together, these results indicate that the gastrin signaling pathway provides
a potential target for cancer chemoprevention.
On the other hand, aberrant DNA methylation in
gastric biopsies from H. pylori-infected patients was found
to be correlated with a greater gastric cancer risk[76,77].
Previous studies have reported that infection with H.
pylori is associated with promoter methylation of various
gastric cancer-associated genes[78,79] and eradication of the
bacteria was able to reverse the process in patients with
gastritis, but not in patients with intestinal metaplasia[80,81].
Recently, Niwa et al[82] demonstrated that treatment with
the DNA demethylation agent 5-aza-2’-deoxycytidine
decreases the incidence of gastric cancers in an animal
model of H. pylori-promoted gastric cancer. This study
also showed that induction of aberrant methylation is an
important mechanism for gastric carcinogenesis by H.
pylori infection.
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Figure 1 Time course of Helicobacter pylori water extracts on cyclooxygenase-2 expression in rat gastric mucosa cells. Western blot analysis was
performed on cell lysates (50 μg) from rat gastric mucosa (RGM1) cells incubated for 0, 6, 12, 24 or 48 h with 10 μg/mL Helicobacter pylori (H. pylori) water
extracts. The top panel (A) shows representative of three separate experiments
undertaken. The histogram at the bottom (B) represents the means ± SD of
densitometric values for the cyclooxygenase-2 (COX-2) bands obtained from
three independent experiments. Data are expressed as the percentages of the
densities of the control cells incubated with H. pylori water extracts for 0 h, and
analyzed using ANOVA with Dunnett’s multiple comparison test of the means.
b
P < 0.01 vs 0 h. Reproduced from Ref [90] with permission.

COX-2 IN HUMAN GASTRIC
CARCINOGENESIS
It is well known that H. pylori infection causes inflammation, and COX-2 is involved in inflammatory responses[21]. However, in H. pylori associated gastritis, COX-2
protein mainly localizes to the lamina propria[18,19,83,84],
with variable levels in the epithelium[18,84]; but in gastric
cancer, COX-2 is most strongly expressed in the epithelium of malignant and dysplastic glands[18,85,86]. Romano et
al[87] reported that H. pylori up-regulates COX-2 mRNA
expression and stimulates the release of PGE2 in MKN
28 gastric mucosal cells in vitro; and this effect was independent of VacA, CagA, or urease-generated ammonia.
However, other in vitro studies have demonstrated that H.
pylori up-regulates COX-2 expression in human gastric
cancer cells; and this effect is specifically related to VacA
toxin[88,89].
Our previous study using rat gastric epithelial cells
treated with H. pylori water extract (only containing bacterial proteins but not bacterial cells) led to an increase in
COX-2 expression (Figure 1) and PGE2 levels (Figure 2)
that peaked 24 h after treatment and declined at 48 h[90].
These results indicate that development of gastric carcinoma associated with H. pylori infection may depend on
COX-2 expression. The expression of COX-2 results
in the induction of the proinflammatory prostaglandin,
PGE2[91,92]. PGs play an important role in the growth
and stimulation of the inflammation-associated gastric
carcinogenesis[93,94]. In addition, H. pylori-induced chronic
gastritis is associated with overexpression of COX-2 and
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Figure 2 Effect of Helicobacter pylori water extracts on PGE2 synthesis in
rat gastric mucosa cells. Rat gastric mucosa (RGM1) cells were incubated for
0, 6, 12, 24, or 48 h with 10 μg/mL Helicobacter pylori water extracts. PGE2 levels in the media of RGM1 cells were measured by enzyme-linked immunosorbent assay and expressed as pg/mg protein. Data are shown as mean ± SD, n
= 5 per group, and analyzed using ANOVA with Dunnett's multiple comparison
test of the means. bP < 0.01 vs the control or 0 h. Reproduced from Ref [90]
with permission.

increased production of eicosanoids, especially PGE2[95].
Noteworthy, successful eradication of H. pylori infection
leads to a significant reduction in COX-2 expression[96].
COX-2 is upregulated in the gastric mucosa of H.
pylori-infected patients[19,21,83,84,97]. In vivo studies show that
COX-2 is further upregulated in H. pylori-mediated gastric
adenocarcinoma[18,85,98]. Overexpression of COX-2 has
been observed not only in H. pylori-positive gastritis, but
also in pre-cancerous lesions such as atrophic gastritis and
intestinal metaplasia, and in gastric cancer, suggesting a
role of COX-2 in early gastric carcinogenesis[19,21,98]. Recent studies showed that COX-2 expression significantly
decreases following H. pylori eradication in patients with
atrophic gastritis[22,99]. Several previous studies showed that
the expression of COX-2 was even high in the early stage
of gastric carcinogenesis (pre-cancerous lesions) and gradually increased with the aggravation of gastric mucosal
lesions[100,101]. Our previous study also showed that COX-2
was expressed in human gastric cancer and its precursor
lesions as detected by immunohistochemistry[21] (Figure
3). From chronic superficial gastritis to gastric glandular
atrophy, intestinal metaplasia, dysplasia and finally to gastric cancer, expression of COX-2 showed an ascending
tendency[21] (Table 1). These results collectively suggest
that COX-2 expression induced by H. pylori infection is a
relatively early event during carcinogenesis in the stomach.
In addition, COX-2 overexpression enhances the possibility of invasion and metastasis and correlates with poor
prognosis in human gastric carcinoma[102-104] (Table 2).

MECHANISMS OF COX-2
UPREGULATION IN H. PYLORIASSOCIATED GASTRIC CANCER
Gastrin has been shown to mediate the induction of

12863

September 28, 2014|Volume 20|Issue 36|

Shao Y et al . Helicobacter pylori infection

A

B

C

D

E

Figure 3 Immunostaining for cyclooxygenase-2 in the gastric mucosa with chronic superficial gastritis (A), gastric glandular atrophy (B), intestinal metaplasia (C), dysplasia (D) and gastric cancer (E). Chronic superficial gastritis shows strong expression in foveolar and glandular epithelium and weak expression in
mononuclear inflammatory cells, myofibroblasts, and endothelial cells in the lamina propria; gastric glandular atrophy shows strong expression in the atrophic glands
of the gastric mucosa; intestinal metaplasia shows strong expression in intestinal epithelium and goblet cells; and gastric cancer shows strong expression in cancer
cells. Reproduced from Ref [21].

Table 1 Expression of cyclooxygenase-2 in gastric mucosa
with various lesions n (%)

Table 2 Correlation of clinicopathological parameters with
cyclooxygenase-2 expression in gastric cancer

Pathological diagnosis

Clinicopathological
parameter

Chronic superficial gastritis
Gastric glandular atrophy
Intestinal metaplasia
Dysplasia
Gastric cancer

COX-2 expression
30 (10.0)
28 (35.7)a
45 (37.8)b
12 (41.7)a
23 (69.5)bc

Age (yr)
< 60
≥ 60
Gender
Male
Female
Tumor site
Cardia
Corpus
Antrum
Stages
Ⅰ+ Ⅱ
Ⅲ+Ⅳ
Histological type
Tubular
Papillary
Mucinous
Signet ring cell
Histological grading
Well and
moderately
Poorly
Lymph node
metastasis
Present
Absent

a

P < 0.05, bP < 0.01 vs chronic superficial gastritis; cP < 0.05 vs gastric glandular atrophy. Data adapted from Sun et al[21]. COX-2: Cyclooxygenase-2.

COX-2 in gastrointestinal cells[105,106], indicating that there
is a direct mechanistic link between gastrin and inflammation (Figure 4). Chronic atrophic gastritis caused by H.
pylori activates synthesis of growth factors, cytokines, and
gastrin leading to elevated COX-2 expression[107]. Recent
studies have demonstrated that hypergastrinemia induced
by H. pylori infection is often associated with increased
COX-2 expression in chronic atrophic gastritis and gastric cancer[6,96]. Some studies have shown that COX-2 is
co-expressed with gastrin in gastric ulcers and gastric cancer[6,55]. On the other hand, an in vitro study indicates that
gastrin stimulates COX-2 gene and protein expression
in human gastric cancer cells[108]. Our recent study demonstrated that gastrin up-regulates COX-2 experssion in
gastric cancer cell lines and this occurs through CCK-2Rmediated JAK2/STAT3 and subsequent PI3K/Akt activation[74] (Figure 5). Additionally, Subramaniam et al[109] reported that gastrin induced COX-2 expression in human
gastric cancer cell line AGS stably expressing CCK2R.
Gastrin not only increased the stability of COX-2 mRNA
in a p38-dependent manner but also enhanced COX-2
gene transcription through the activator protein-1 (AP-1)
transcription factor[109].
In another study using AGS gastric cancer cells, H. pylori promoted COX-2 transcription through TLR2/TRL9
that activated the MAPK pathways (ERK1/2, p38, JNK)
and resulted in the activation of CRE and AP-1 in the
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0

1
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P value

35
61

7
12

9
15

9
26
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8
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0.5261
0.9692

67
29

10
9

17
7
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13
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85.1%
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0.1561
0.0692

30
26
40

9
5
5
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11

9
9
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0.4271
0.1912
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14
5

9
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10
25
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13
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91.4%

0.0041
0.0012

54
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6
6

12
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1
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13
9
2
0

20
9
3
3

9
6
0
3

77.8%
80.0%
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clinicopathological characteristics using χ 2-test. Data adapted from Sun et
al[104]. Specimens with a grade of > 1 were regarded as positive expression,
whereas grades 2 and 3 were defined as overexpression.

COX-2 promoter[110]. In MKN-45 gastric cancer cells the
p38MAPK/ATF-2 pathway was necessary for increased
COX-2 expression after H. pylori infection[111]. Thus, H.
pylori clearly induces COX-2, but the mechanism seems
to be dependent on the H. pylori strain properties and the
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Figure 4 Mature amidated gastrin (G17) induces cyclooxygenase-2 expression in gastric cancer cells. Western blot analysis was performed on cell lysates (30
μg) from SGC-7901 and MKN-45 cells cultured for 24 h with increasing concentrations of G17 (A), or with G17 at 10 nmol/L for the indicated time points (B). The top
panels show a representative immunoblot of six separate experiments undertaken. The histograms at the bottom represent the relative expression of cyclooxygenase-2 (COX-2) proteins compared with tubulin. Data represent the mean ± SD of six independent experiments. aP < 0.05, bP < 0.01 vs 0 nmol/L or 0 h. Reproduced
from Ref [74] with permission.

recipient cells.
In recent years dysregulated microRNAs (miRNAs)
have also been found in gastric cancer, and they are linked
to many processes, such as cell proliferation, apoptosis,
and invasion[112]. Recently, we characterize miRNA-101
(miR-101) expression and its role in COX-2 expression
regulation, and the results showed that miR-101 levels in
gastric cancer tissues were significantly lower than those
in the matched normal tissue[14]. We also found an inverse
correlation between miR-101 and COX-2 expression in
both gastric cancer specimens and cell lines. Significant
decreases in COX-2 mRNA and protein levels were observed in the pre-miR-101 infected gastric cancer cells.
These results collectively indicate that miR-101 may function as a tumor suppressor in gastric cancer, with COX-2
as a direct target[14]. When miR-101 was overexpressed
in gastric cancer cells lines, the mRNA level of COX-2
was decreased in BGC-823, SGC-7901, MKN-45, and
AGS cells[14,113]. In addition, miR-101 is downregulated in
gastric mucosa infected with H. pylori[114]. These results
provide new insights into miR-101 involvement in the
pathogenesis of H. pylori-associated gastric cancer, with
COX-2 as a direct target.

WJG|www.wjgnet.com

NON-STEROIDAL ANTI-INFLAMMATORY
DRUGS IN THE PREVENTION OF
GASTRIC CANCER
A lower risk of gastric cancer has been associated with
non-steroidal anti-inflammatory drugs (NSAIDs) in a
dose-dependent manner[115]. There is also evidence from
animal studies showing a reduced gastric cancer incidence
under suppression of COX-2 using specific COX-2
inhibitors[116,117]. Considering the association between
COX-2/PGE2 pathway and H. pylori-associated gastric
carcinogenesis, NSAIDs have been proposed as candidates for chemoprevention of gastric cancer. COX-2
selective inhibitors such as etodolac and celecoxib may
have chemopreventive effects[118,119] not only suppressing
inflammation, but also causing regression of early-stage
tumors[120,121]. Therefore, there is a possibility that COX-2
inhibitors could be useful drugs for regression of remaining precancerous lesion and prevention of gastric cancer
occurrence after H. pylori eradication.
The chemopreventive effect of NSAIDs on the development of gastric cancer among H. pylori infected
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individuals has not been conclusively shown in human
clinical trials[122,123]. In patients who underwent H. pylori
eradication therapy, chronic use of celecoxib was associated with a higher regression rate of gastric precancerous intestinal metaplasia[122]. However, in patients who
had received H. pylori eradication therapy, treatment with
another selective COX-2 inhibitor, rofecoxib, for 2 years
did not reduce intestinal metaplasia[123]. Considering that
cancer chemoprevention by NSAIDs is modulated by
both COX-2-dependent and -independent pathways[124],
NSAIDs may have variable efficacy in their abilities to
prevent gastric cancer.

11

12

13

14

CONCLUSION
H. pylori infection is considered a major risk factor for the
development of gastric cancer. Hypergastrinemia associated with H. pylori infection induces COX-2 expression,
which appears to be related to the carcinogenesis and
progression of gastric cancer.
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Abstract
Gastric cancer is one of the deadliest cancers worldwide, and is especially prevalent in Asian countries.
With such high morbidity and mortality, early diagnosis is essential to achieving curative intent treatment
and long term survival. Metabolomics is a new field of
study that analyzes metabolites from biofluids and tissue samples. While metabolomics is still in its infancy,
there are numerous potential applications in oncology,
specifically early diagnosis. Only a few studies in the
literature have examined metabolomics’ role in gastric
cancer. Various fatty acid, carbohydrate, nucleic acid,
and amino acid metabolites have been identified that
distinguish gastric cancer from normal tissue and benign gastric disease. However, findings from these few
studies are at times conflicting. Most studies demonstrate some relationship of cancer cells to the Warburg
Effect, in that glycolysis predominates with conversion
of pyruvate to lactate. This is one of the most consistent findings across the literature. There is less consistency in metabolomic signature with respect to nucleic
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acids, lipids and amino acids. In spite of this, metabolomics holds some promise for cancer surveillance but
further studies are necessary to achieve consistency
and validation before it can be widely employed as a
clinical tool.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Metabolomics; Screening;
Biomarkers; Surveillance
Core tip: There are differences in metabolomic profiles of gastric cancer patients and healthy controls,
as well as between different stages of gastric cancer.
The transition from normal to malignant consistently
shows upregulation in lactate and downregulation of
glucose consistent with the Warburg effect. This trend
is perpetuated as cells advance from non-invasive to invasive. Key tricarboxylic acid (TCA) cycle intermediates
and amino acids are elevated as a result of anaplerotic
reactions. Perpetuation of the TCA cycle generates
energy for essential cell functions. There is less consistency between lipid and nucleic acid metabolites.
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URL: http://www.wjgnet.com/1007-9327/full/v20/i36/12874.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i36.12874

INTRODUCTION
The burden of gastric cancer is significant in Canada and
worldwide. In 2013, the Canadian Cancer Society estimated there were 3300 new cases of gastric cancer which
caused 3.3% of all male cancer related deaths, and 2.2%
of all female cancer related deaths[1]. On a global scale, an
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estimated 990000 people were diagnosed in 2008, with
60% of those cases occurring in East Asia[2]. With an
estimated 736000 deaths worldwide[3], the fatality to case
ratio is approximately 70%[4]. Despite these grim statistics, overall morbidity and mortality are declining due to
changes in diet, treatment for Helicobacter pylori (H. pylori),
early screening programs, improved surgical techniques
and chemotherapy regimens.
Much of the mortality is attributable to delayed
symptoms of gastric cancer. Early stage gastric cancer is
asymptomatic: it takes an estimated 44 mo to progress
to an advanced stage[5]. Commonly patients present with
vague epigastric pain, unintentional weight loss, anemia
from occult blood loss, or dysphagia if the tumour is
proximal. Gastric cancers that do not penetrate into the
muscularis propria are asymptomatic in up to 80% of
cases; occasionally, patients experience epigastric pain or
“dyspepsia”. Dyspeptic symptoms occur in up to 40%
of the population, so its value as a predictor of gastric
cancer is limited. Furthermore, amongst those who have
dyspepsia, previous studies have found that only 1%-2%
of them will develop gastric cancer[6-8]. With such high
morbidity and mortality, early diagnosis is key. This review will highlight current surveillance methods and
summarize how metabolomics may have important applications in future cancer surveillance and diagnosis.

CURRENT SURVEILLANCE METHODS
There are currently several methods of detecting gastric
cancer, but no uniform screening guidelines. In Japan,
where there is a high incidence of gastric cancer, screening has been introduced for everyone forty years of age
and over. Since 1962, Japanese have employed bariummeal photofluorography as a screening test. The initial
exam consists of a series of 8 X-rays. If this is abnormal,
a detailed exam with 11 X-rays is undertaken. Endoscopy
is then used to analyzed suspicious lesions identified on
barium exam[5]. Case control studies suggest a 40%-60%
decrease in gastric cancer mortality with photofluorography screening. The sensitivity of photofluorography is
60%-80% and specificity is 80%-90%. Studies indicate
that survival rates of the screened group are 74%-80%
compared to 46%-56% in the non-screened group[9]. Currently gastro fluorography is a Grade B recommendation.
Endoscopy is another tool used in gastric cancer surveillance. Its sensitivity ranges from 77%-84%[9]. It can
identify superficial flat and non-ulcerative lesions that
barium studies can miss[5]. In a Japanese study, detection
of gastric cancer by endoscopy was 2.7 to 4.6 fold higher
than with barium swallow. Endoscopy is versatile, as it allows clinicians to biopsy tissue, and perform endoscopic
ultrasound to determine depth of invasion (tumour or T
stage), should there be a lesion in the stomach. Despite
these abilities, endoscopy has limitations in that it depends heavily on skills of the endoscopist and on availability of gastroscopy. Also it can be difficult to visualize
early stage gastric cancers; the sensitivity is estimated to
be 50%-60%. No studies have compared survival of gas-
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tric cancer patients between screened and non-screened
groups. Therefore endoscopy has significant limitations
as a screening technique, but currently it is still the best
test available.
Since the 1990s, serum pepsinogen has been incorporated into gastric screening programs. Pepsinogen Ⅰ and
Ⅱ are proenzymes of pepsin, which originate in gastric
mucosa. These markers reflect morphological and functional status of the gastric mucosa and can act as a marker for chronic atrophic gastritis (CAG). CAG is regarded
as a precursor of gastric cancer, especially the intestinal
type[10]. In Japan, a serum pepsinogen (PG) test based on
serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio have been used
for screening. As mucosal atrophy increases, the level of
PG Ⅰ and thus the PG Ⅰ/Ⅱ ratio decreases[11]. Recent
studies show that PG testing is useful at detecting early
gastric cancers, especially in combination with barium
X-ray. If either one or both of the two screening methods are positive, patients are referred for upper endoscopy. Cutoff values for serum PG tests are ≤ 50 ug/L
and PG Ⅰ/Ⅱ ratio ≤ 3.0. These values detected gastric
cancer in 0.28% of cases compared to 0.1% with barium
X-ray. Early stage gastric cancer accounted for 100% of
cancers detected by PG, 83% of cancers detected by barium X-ray, and 81% of cancers detected by both PG and
X-ray. Eighty-nine percent of cancers detected by PG
were intramucosal, compared to only 50% detected by
barium X-ray. In this study, pepsinogen testing seemed to
be useful in detecting small cancers arising from atrophic
gastric mucosa.

METABOLOMICS IN CANCER
Metabolomics is a relatively new area of study and the latest addition to the “omics” family of genomics, transcriptomics, and proteomics. The central dogma of molecular
biology describes flow of biological information in a
system from DNA to RNA to protein to metabolites. Different “omics” interventions play a part at different stages
of this dogma to glimpse the inner workings of cell,
tissue and organism. The metabolome of an organism
consists of the entire collection of low molecular weight
(< 1500 Daltons) metabolites[12]. Metabolites are required
for maintenance, growth and normal functioning of a
cell. Mapping the metabolomic profile provides a global
picture of the organism at a specific point in time under
a specific set of conditions. For any given disease state, a
small genomic change can be amplified many times at the
metabolite level and quantitatively measured. Metabolites
in biological samples such as tissues, urine, saliva and
blood plasma can be measured, and this allows researchers
to identify specific metabolic pathways. Previous studies
have demonstrated that metabolic activities of cancer cells
are markedly different from that of healthy cells. Studying
the metabolomic profile may help distinguish certain cancer biomarkers, and provide keys to early diagnosis.
Biofluids such as urine and blood are optimal samples
to study, as they can be obtained through minimally invasive means. Profiles of these biofluids can be linked back
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to their genetic origins to provide a view of disease pathways. As metabolites are “downstream” entitities compared to genes, they reflect cellular conditions at the time
of sampling and can be considered “endpoint markers”
for disease. There are currently several technologies for
analyzing the metabolome: nuclear magnetic resonance
spectroscopy (NMR), mass spectrometry (MS), liquid and
gas chromatography.
NMR utilizes a magnetic field. Spins of the atoms
inside the tissue sample or fluid align themselves with
respect to the magnetic fields. A radiofrequency pulse
from the NMR machine elevates spins to a higher energy
orientation. When the radiofrequency is turned off, spins
undergo relaxation and release energy, returning to their
original lower energy configurations. During this process, an NMR signal is emitted that can be detected by a
computer system. A series of peaks are generated. Their
positions are characteristic of certain known molecules.
The NMR spectra of most metabolites have been identified and any new spectra can be identified in reference
to available data. Liquid and gas chromatography are
two separation techniques that rely on partitioning liquid
or gas from a sample solution. Separation depends on
the physical properties of the substance such as boiling
point and solubility. As these chemicals are eluted off the
column, they can be detected and quantified. Mass spectrometry is an analytical technique that identifies compounds based on their mass to charge ratio.
Each of the different analytical techniques has its
benefits and drawbacks. A major advantage of NMR
is its non-invasiveness and non-reliance on metabolite
separation. Samples are not eluted off so they can be recovered for further analysis by chromatography or spectrometry. Sample preparation for NMR is simple, and
lends itself well to metabolite profiling of intact biofluids
like culture medium or semi-solid samples like cells or
tissue. However, a major disadvantage of NMR is its low
sensitivity compared to chromatographic techniques[13]. A
cross-platform comparison of metabolomic methods by
Büscher et al[14]. demonstrated that the three platforms of
gas chromatography, liquid chromatography, and capillary
electrophoresis were roughly equivalent in terms of sensitivity, and all superior to NMR.
Metabolomics has been studied in other cancers[12,15]
including breast[16], prostate[17], lung[17] colorectal[18], pancreatic[19] esophageal[20], ovarian[21], bladder[22] and renal
cell carcinoma[23] but to date, very little has been studied
in the area of gastric cancer. This review summarizes current available literature on gastric cancer metabolomics.
As it is a relatively new field, there are only a few studies.
Our findings are presented below.

NORMAL VERSUS MALIGNANT
METABOLOMIC SIGNATURES
A few studies in the literature have compared metabolomic profiles of gastric cancer patients with healthy
controls. The type of biofluid or tissue they use varies
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between studies. This review organizes metabolites from
each study into four main classes of biomolecules: carbohydrates, amino acids, lipids, and nucleic acids. Table 1
summarizes metabolites from each study by biomolecular
class.

CARBOHYDRATE METABOLISM
Hu et al[24] implanted human gastric cancer cells into 24
immune deficiency mice. They were randomly divided
into a metastasis group, non-metastasis group and a normal group. Urine of these mice was collected and gas
chromatography/mass spectrometry was employed to
identify a metabolomic profile. Two diagnostic models
for gastric cancer and metastasis were constructed by
principal component analysis (PCA). PCA is a statistical
technique that compresses multivariate data into fewer
dimensions such that an overview of data is visualized
in two or three planes (principal components). Data with
the largest variation are summarized, scored and plotted as points on a graph. Points clustering together have
more similar properties. PCA enables pattern recognition
and classification of data into distinct groups. Ten metabolites were different between normal and cancer groups.
Seven metabolites were different between metastasis and
non-metastasis groups. On the PCA scores plot, the normal group and cancer group were scattered into different
regions. Similarly the PCA plot showed differential scatter between non-metastasis and metastasis groups. Levels
of tricarboxylic acid (TCA) intermediates such as butanedioic acid, malic acid, and citric acid were elevated in gastric cancer mice, as were lactic acid levels. This could be
attributed to the “Warburg effect” in that glucose is often
converted into lactic acid in cancer cells[25].
Hirayama et al[26] investigated metabolites in tumour
tissue and compared this with adjacent normal tissue on
twelve resected gastric cancer specimens. They quantified
95 metabolites involved in glycolysis, pentose phosphate
pathway, TCA and urea cycles. Metabolites in normal
stomach tissue and tumour tissue were not well separated
on PCA plot, making two types of tissues less distinguishable. With regards to glycolysis and the TCA cycle,
Hirayama found that glucose concentrations were much
lower in tumour than in normal tissues. Also pyruvate
was decreased, while lactate concentration was increased
in tumour tissues indicating a higher reliance of cancer
cells on anaerobic breakdown of pyruvate under hypoxic
cell conditions. This lab group identified elevated levels
of TCA intermediates specifically that of succinate, fumarate, and malate in malignant tissue. These findings
correlated to ones from Hu et al[24].
Song et al[27] studied gastric cancer resections and
compared the metabolomic profiles of the cancerous tissue matched to normal tissue at least 8 cm away on the
specimen. This group noticed an increase in metabolites
of aerobic glycolytic pathways namely alpha ketoglutarate
and fumaric acid. Across all studies, lactate was the most
consistently elevated carbohydrate pathway biomarker
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Table 1 Marker metabolites between gastric cancer and healthy controls
Animal vs human
analytical platform

Ref.

Statistically significant metabolites identified (P < 0.05)
(up or down indicate levels in cancer group)

Sample type
groups

Hu et al[24],
2011

Animal (mice)
Gas chromatography,
Mass Spectrometry

Urine
Metastasis group (n = 8)
Non-metastasis group (n = 8)
Normal group (n = 8)

Hirayama et
al[26], 2009

Human
Capillary electrophoresis
Mass spectrometry

Resected stomach specimens
(n = 12)
GC tissue
Adjacent normal tissue

Song et al[27],
2011

Human
Gas chromatography,
Mass spectrometry

Resected stomach specimens
(n = 30)
GC tissue
Adjacent normal tissue

Cai et al[28],
2010

Human
Gas chromatography,
Mass spectrometry

Resected stomach specimens
(n = 65)
GC tissue
Adjacent normal tissue
Human
Plasma and tissue
Gas chromatography, mass Pre-op GC (n = 17)
spectrometry
Post-op GC (n = 15)
CSG (n = 20)

Aa et al[29],
2012

Wu et al[31],
2010

Human
Gas chromatography,
Mass spectrometry

Resected stomach specimens
(n = 18)
GC tissue
Adjacent normal tissue

Song et al[32],
2012

Human
Gas chromatography,
Mass spectrometry

Serum
GC (n = 30)
Healthy (n = 30)

Ikeda et al[36],
2012

Human
Gas chromatography,
Mass spectrometry

Serum
GC (n = 11)
Healthy (n = 12)

Kim et al[38],
2010

Animal (mice)
1
H-NMR

Miyagi et al[41],
2011

Human
Liquid chromato-graphy,
mass spectrometry
electrospray ionization

Urine
GC (n = 10)
Healthy (n = 10)
Serum
GC (n = 199)
Healthy (n = 985)

Carbohydrates:
Anaerobic respiration: lactate up
TCA cycle: citric acid up, malic acid up
Nucleic acids: uric acid up
Lipids: hexadecanoic acid up
Others: butanoic acid, propanoic acid, glycerol, pyrimidine, glycerol all up
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: glucose down
TCA cycle: citric acid down, malic acid/fumarate up
Amino acids: 19 elevated, except glutamine (no change)
Nucleic acids: GMP up
Carbohydrates:
TCA cycle: fumarate up, alpha-ketoglutarate up
Lipids: up: xylonic acid, octadecanoic acid
Down: 9-hexadecanoic acid, cis-vaccenic acid, arachidonic acid,
9-octadecenamide, squalene
Others: up: valeric acid, benzenepropanoic acid, 1-phenanthrene-carboxylic
acid down: 3-hydroxybutanoic acid
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: up: fructose, glyceraldehyde, pyruvate
TCA cycle: up isocitric acid, fumarate down
Tissue samples show larger variations between GC and CSG than plasma
samples (up/down show change for tissue CG compared to tissue CSG)
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: glucose down, fructose-6-phosphate down
TCA cycle: citrate up, malate up, fumarate up
Other: maltose down, ribose down, glyceric acid-2,3-diphosphate down
Amino acids: cysteine up
Lipids: up: docosahexanoic acid, heptanoic acid, 9-Z-hexadecenoic acid,
beta-hydroxybutyrate
down: cholesterol
Nucleic acids: uracil up, uridine down
Others: up: 2-aminoadipate, monomethylphosphate
down: inositol, ribitol, beta-D-methylglucopyranoside
Carbohydrates: up: galactofuranoside
down: L-altrose, L-mannofuranose, D-ribofuranose
Amino acids: up: L-valine, L-isoleucine, serine, L-glutamine
Down: phosphoserine
Others: up: heptanedioic acid, propanoic acid,
phenanthrenol, butanetriol, acetamide,
butenoic acid, oxazolethione, naphthalene
down: myo-inositol
Carbohydrates: down: fumarate, 2-O-mesyl arabinose
Amino acids: up: valine, sarcosine
Down: glutamine, hexanedioic acid
Lipids: down: 9, 12-octadecadienoic acid, 9-octadecenoic acid, trans-13octadecenoic acid, nonhexacontanoic acid
Cholesterol: up cholesta-3,5-diene, cholesterol, pentafluoropropionate,
cholesterol, cholest-5- en-3-ol
Carbohydrates:
Glycolysis: down: pyruvate
Others: up: 3-hydroxypropionic acid
Down: 3-hydroxyisobutyric acid, octanoic acid, phosphoric acid
Carbohydrates: TCA cycle: Citrate up, 2-oxoglutarate up
Others: up: 3-indoxylsulfate
Down: taurine, trimethylamine, oxaloacetate, TMAO, hippurate
Amino acids only:
up: serine, glutamine, ornithine, proline
down: asparagine, valine, methionine, tyrosine, histidine, tryptophan,
phenylalanine, leucine

CSG: Chronic superficial gastritis; GC: Gastric cancer; GMP; Guanosine monophosphate; 1H-NMR: Proton nuclear magnetic resonance spectroscopy; TCA:
Tricarboxylic acid cycle; TMAO: Trimethylamine-N-oxide.
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(four of four[24,26,28,29] studies) between the cancer and
control groups. Likewise glucose was the most consistently depleted (two of two[26,29] studies). Malate was the
most consistently elevated TCA cycle biomarker (three
of three [24,26,29] studies). Other carbohydrate pathway
products showed inconsistencies.

AMINO ACID METABOLISM
Amino acids can be an alternative energy source, and can
be generated through anaplerotic reactions, a process
whereby intermediates in a metabolic pathway are replenished from biomolecules outside of the pathway. Glutamine is a prime example of an anaplerotic reaction. It is
converted to glutamate and then into alpha-ketoglutarate,
a TCA cycle intermediate[30].
Wu et al[31] investigated gastric cancer mucosa in conjunction with adjacent normal mucosa. Amino acids such
as serine, phosphoserine, L-cysteine, L-tyrosine, glutamine, isoleucine and valine were elevated in gastric cancer
specimens. These amino acids can be produced by diverting glycolytic intermediates down alternate biochemical
pathways. Song et al[32] found that valine exhibited the
greatest fold change in GC patients compared to controls. Overall, glutamine and valine were the most commonly recognized amino acids.

FATTY ACID METABOLISM
Cancerous cells are known to have dysregulation of fatty
acid beta-oxidation and cell membrane synthesis. Hu
et al[24] who studied human gastric cancer in mice models identified elevated levels of hexadecanoic acid and
glycerol in cancerous compared to normal tissues. They
interpreted this as upregulation of adipocyte lipolysis and
elevated circulation levels of adipocyte hormone sensitive
lipase. Song et al[27] found that squalene (an intermediate
in cholesterol synthesis) was the most extensively depleted metabolite in gastric cancer specimens. Overall, there
is great heterogeneity of lipids across studies.

NUCLEIC ACID METABOLISM
The literature on nucleic acid metabolites is conflicting.
Several studies reports that uric acid, the final metabolic
product of purines is upregulated[24,33]. Other purines
such as hypoxanthine[31] and guanosine[26] are generally
elevated. This is in contrast to Aa et al[29] which showed
decreases in uridine, an RNA building block.

METABOLOMIC PROFILE AND STAGE
While it is interesting to see differences in metabolomic
profile between normal and cancerous tissue, it is also
useful to examine how the profile evolves along a gradient as it goes through the benign to dysplastic to cancerous sequence. In the 1980s, Correa[34] proposed a model
of human intestinal-type gastric carcinogenesis from
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normal mucosa to chronic superficial gastritis (CSG), to
CAG, to intestinal metaplasia (IM) to dysplasia (DYS)
and then to intestinal-type GC[34]. Yu et al[33] employed gas
chromatography and time-of-flight mass spectrometry to
determine metabolite levels in plasma of 80 patients with
the spectrum of disease described previously by Correa. They found that the metabolic phenotype of CSG
is significantly different from GC, while that of IM is
similar to GC. Knowing metabolites of each stage of the
progression to GC, may be used as markers to indicate a
risk for malignancy. Yu et al[33] also found that when they
mapped metabolites identified in GC, it was not much
different from postoperative GC specimens within a 4-6
wk window. Perhaps this is because it takes longer for
metabolic derangements to resolve. Key metabolic differences between different histological stages are summarized on Table 2.
Yu also found significant differences in serum levels
of proteins between GC and CSG patients. Levels of
three amino acids- glutamate, cysteine, and glycine were
upregulated. These amino acids are building blocks for
glutathione synthesis, which is an important anti-oxidant.
2-hydroxybutyrate, which is postulated to be a by-product
in glutathione synthesis was also elevated, as were asparagine and ornithine. Most other amino acids did not show
an increase in this study, unlike previous studies on gastric
cancer tissue[26]. This shows that metabolomic profiling
in blood may be different than in tissue. Lipid synthesis
was similar between CSG and GC, except 11-eicosanoic
acid and azelaic acid, which were elevated in malignant
samples. Postoperative GC patients had decreased levels
of urate, the end product of purine catabolism. This suggests that growth and DNA proliferation is slowed once
tumour is resected.
It is also interesting to note how metabolomic profile
changes with increasing TNM stages. Song et al[27] did not
notice any significant variation in metabolites as patients
progressed through T stage. They postulated that either
metabolic perturbations may not be directly associated
with pathological stages, or that the platform of gas chromatography and mass spectrometry is not sufficiently
sensitive to identify metabolite changes.
On the other hand, Wu et al[31] identified that as cancers became more invasive (T3/T4 stage), there was a
simultaneous increase in amino acids L-cysteine, hypoxanthine, L-tyrosine, as well as a decrease in levels of
phenanthrenol and butanoic acid. Chen et al[35] found that
proline was the most upregulated amino acid from nonmetastatic to metastatic specimens (2.45 fold increase),
while glutamine was the most downregulated amino acid
(1.71 fold).
Apart from amino acids, other biomolecules show
changes between stages. Ikeda et al[36] studied the sera
of eleven GC patients and found that 3-hydropropionic
acid and pyruvic acid, the terminal product of glycolysis,
marked the greatest separation between healthy and cancer patients. In Stage Ⅰ GC, there was a 1.5 fold increase
in levels of 3-hydropropionic acid and 0.7 fold decrease
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Table 2 Marker metabolites between stages of gastric cancer
Animal vs human
platform utilized

Ref.
Hu et al[24], 2011

Animal (mice)
Gas chromatography,
mass spectrometry

Song et al[27], 2011 Humans
Gas chromatography,
mass spectrometry
Wu et al[31], 2010

Human
Gas chromatography,
mass spectrometry

Yu et al[33], 2011

Human
Gas chromatography,
mass spectrometry

Chen et al[35], 2010 Animal (mice)
Gas chromatography,
mass spectrometry

Ikeda et al[36], 2012 Human
Gas chromatography,
mass spectrometry

Statistically significant metabolites identified (P < 0.05)

Sample type
groups
Urine
Metastasis group (n = 8)
Non-metastasis group (n = 8)
Normal group (n = 8)
Resected stomach specimens
(n = 30)
Gastric Cancer tissue, Adjacent
normal tissue
Resected stomach specimens
(n = 18)
Gastric Cancer tissue
-T1/T2 stage (n = 5)
-T3/T4 stage (n = 13)
Plasma (n = 80)
CSG (n = 19)
CAG (n = 13)
IM (n = 10)
DYS (n = 22)
Pre-op GC (n = 9 pre-op)
- 4-6 wk post-op (n = 13)
GC metastasis group (n = 8)
GC non-metastasis group
(n = 8)

Up/down for metastasis group compared to non-metastasis:
Amino acids: alanine, L-proline, L-threonine all down
Others: butanoic acid down, glycerol down, butanedioic acid up, myoinositol up
Did not find metabolite differences between TNM stages

Up/down for T3/T4 metabolites compared to T1/T2
Amino acids: L-cysteine, L-tyrosine both up
Nucleic acids: hypoxanthine up
Others: butanoic acid, phenanthrenol both down
Up/down for pre-op GC compared to CSG:
Carbohydrates: threonate down
Amino acids: up: ornithine, pyroglutamate, glutamate, asparagine
Lipids: 11-eicosenoic acid up
Nucleic acids: urate up
Other: up: 1-monohexadecanoyl-glycerol, gamma-tocopherol, 2hydroxybutyrate, azelaic acid
Up/down for metastasis group compared to non-metastasis:
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: glucose down
TCA cycle: malic acid up, succinate down
Amino acids: up: alanine, glycine, valine, proline, serine, leucine,
dimethylglycine, aspartic acid, phosphoserine, glutamate, lysine, arginine
down: isoleucine, methionine, threonine, glutamine
Nucleic acids: hypoxanthine down, pyrimidine up
Others: up: propanedioic acid, pyrrolidine, inositol, docosanoic acid,
octadecanoic acid
down: propanamide, butanedioic acid
3-hydroxypropionic acid up, pyruvic acid down (statistically significant
only in Stage Ⅰ GC)

Serum
GC (n = 11) Stages Ⅰ-Ⅳ

CAG: Chronic atrophic gastritis; CSG: Chronic superficial gastritis; DYS: Dysplasia; GC: Gastric cancer; IM: Intestinal metaplasia; T1/T2/T3/T4: Tumour
stage 1/2/3/4; TCA: Tricarboxylic acid cycle; TNM: Tumour node metastasis classification.

in pyruvic acid compared to healthy controls. Both values
were only statistically significant in Stage Ⅰ cancers. This
may have some future utility in diagnosing GC early, but
more studies validating similar findings will be necessary.
Key metabolic differences between different stages are
highlighted in Table 2.

METABOLOMIC PROFILE AND PROXIMAL
GASTRIC CANCER
Over the last twenty to thirty years, there has been an
increase in the numbers of proximal stomach tumours.
As of 2011, gastroesophageal (GE) tumours affect 1.5
million people per year worldwide and contribute to 15%
of cancer related deaths. The 5-year survival rate for localized tumours is 34%, while for all stages combined it is
only 17%[37]. Given the poor prognosis of these proximal
tumours, some recent metabolomic studies look at the
unique profile of cardia and GE tumours in the hope of
shedding light on early diagnostic possibilities.
Cai et al[28] used a combined proteomics and metabo-
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lomics approach to investigate gastric cardia cancer. They
found that there was a dysregulation of pyruvic acid efflux in development of cardia cancer. A transition from
glycolysis to the Kreb's cycle was associated with cancer
inhibition. Several biomarkers related to glucose metabolism were elevated in cardia cancer samples compared to
non-cancerous cardia tissue. Five enzymes from glycolysis
were upregulated while five enzymes involved in Kreb’s
cycle and oxidative phosphorylation were downregulated
in malignant samples. Several intermediates in glucose
metabolism were identified in higher concentrations in
gastric cancer samples including fructose, glyceraldehyde,
pyruvic acid and lactate. A higher level of pyruvic acid
was transformed into lactic acid, rather than acetyl CoA
following Krebs cycle. These results suggest that glycolysis followed by anaerobic respiration were the major biochemical pathways to metabolize glucose in cardia cells,
whereas Krebs cycle and oxidative phosphorylation were
impaired. This is consistent with previous studies validating the Warburg effect.
A 2013 systematic review by Abbassi-Ghadi et al[37]
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summarized metabolomic findings on gastroesophageal
cancer. Twenty studies (11 tissue, 8 serum, 1 urine and 1
gastric content) were included. They classified metabolites into cellular respiration, proteins, lipids and nucleic
acids. The most commonly recognized metabolites of the
tricyclic acid cycle were lactate and fumarate. Valine, glutamine, and glutamate are the most commonly identified
amino acid biomarkers. Most metabolites have shown
contradictory results in terms of abundance between cancer and control groups, although there is a general trend
of upregulation of amino acids. Amongst all tissues, glutamine is the most consistent biomarker of GE cancer as
it is upregulated in serum, urine and tumour tissues.
Sulphur containing compounds, from either incomplete metabolism of methionine in the transamination
pathway or by bacterial metabolism, were also upregulated in cancer patients. In terms of lipid metabolites,
myo-inositol, and cell membrane constituents choline,
and phosphocholine were elevated. Of the endogenous
ketones acetone and beta-hydroxybutyrate, have been described as potential biomarkers of GE cancer. Nucleotide
metabolites in esophageal cancer studies report increased
levels of pyrimidines via gas chromatography-mass spectrometry and increased adenine and uridine with high
resolution-magic angle spinning-NMR (HR-MAS-NMR).

DISCUSSION
This review demonstrates that there are significant inconsistencies in the relative abundance of metabolites
between not only gastric cancer and controls, but also
amongst various stages of cancer. Metabolites upregulated in one study may be downregulated in another. This
may be attributable to analytical technique (GC/MS/
NMR), sample choice (blood/urine/tissue), or type of
subject (animal/human).
Of the four types of biomolecules, carbohydrates are
most consistent in terms of type and quantity of metabolites. Glucose was consistently downregulated. This may
be due to upregulation of glycolysis, high consumption
by cancer cells and diminished delivery from structurally
and functionally defective blood vessels. Lactate was consistently elevated across all studies. This observation is in
keeping with the Warburg effect.
In 1924, Otto Warburg observed that most cancer
cells produce energy by a high rate of glycolysis followed
by lactic acid fermentation in the cytosol. This occurs
even in the presence of sufficient oxygen to support
mitochondrial oxidative phosphorylation via the TCA
cycle. Scientists have called this phenomenon “anaerobic
glycolysis”. Healthy cells, in contrast, exhibit a lower rate
of glycolysis followed by aerobic oxidation of pyruvate
in mitochondria[25]. Metabolic differences observed by
Warburg adapts cancer cells to the relatively hypoxic environment inside solid tumours. He originally postulated
that there was a mitochondrial defect impairing aerobic
oxidation; however, subsequent studies have shown that
most cancer cells have normal mitochondria. Anaerobic
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glycolysis is an inefficient way to produce energy in the
form of adenosine triphosphate (ATP), and the reason as
to why cancer cells predominantly utilize this method is
still under study. Most studies have identified metabolites
in glucose utilization and some kind of connection to the
Warburg effect.
Despite this, there are still elevated levels of certain
TCA cycle intermediates, including malate (elevated in
three of three studies[24,26,29]), citrate (elevated in three[24,29,38]
of four[26] studies), and fumarate (elevated in three[26,27,29]
of five[28,32] studies). While this may seem contradictory
to the Warburg effect and cancer cell’s preference for
anaerobic reactions, these TCA cycle intermediates may
be funneled in from anaplerotic reactions rather than
elevated TCA cycle activity. Glutamine is one example
of such. It is an essential nitrogen donor for several key
metabolic enzymes and for the de novo synthesis of
nucleic acids[39]. Glutamine is converted to alpha-ketoglutarate, which is a TCA intermediate; continuation of
this cycle generates additional energy to produce building blocks for cells.
Amino acid metabolism demonstrated variations as
well, but glutamine and valine were most commonly elevated across studies. Like glutamine, valine is essential as
an anaplerotic substrate. Valine is a branched chain amino
acid that can be oxidized into succinyl Co-A, another
TCA cycle intermediate[40]. Other TCA intermediates include fumarate, citrate, and alpha-ketoglutarate, which are
points in the cycle where amino acids can feed in.
Lipid metabolites have been inconsistent, although
squalene, an intermediate in cholesterol synthesis, was
downregulated. Cholesterol is an essential component
of cell membranes. Squalene depletion may be a sign of
excess demand for cell membrane synthesis. Although
cancer cells are known to replicate quickly, it is interesting that nucleic acid metabolites do not show a consistent
upregulation. Hirayama et al[26] inferred that cancer cells
have a growth advantage over their normal counterparts,
by utilizing alternative pathways such as anaerobic glycolysis, glutaminolysis, autophagic production of amino
acids instead of securing more ATP and other building
blocks for DNA synthesis.
For any given study, numerous metabolites were different between stages, but across studies, there were few
consistencies. Similar to changes that occurred between
normal to cancerous groups, a transition from non-metastatic to metastatic showed persistent elevations in lactate,
malate and glutamate with a decrease in glucose[33,35]. This
may indicate that the Warburg effect and anaplerotic reactions are still major contributors to the sustenance of
metastatic cell lines.
The articles in this review have several limitations
that may account for inconsistencies in metabolites. As
previously mentioned, there are differences in analytical
platform and different sensitivities for detection of such
metabolites across different studies. Metabolomics is a
relatively new field, and as such, the techniques are not
yet standardized. Also several studies had a small sample
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size (n ≤ 30 per group). This increases the possibility of
chance findings and diminishes power of the study. The
examination of mice vs human metabolites could be another source of error. Although human gastric cell lines
were implanted into mice, human physiology is still considerably more complex; this may account for differences
between human and animals studies.
Some studies matched for age and gender between
groups (Song et al[32]) but others (Ikeda et al[36]) just used
twelve human volunteers. This introduces selection bias.
The small sample size and lack of age and gender matching between cancer and normal groups could confound
the metabolomic profile. Depending on the type of tissue or biofluid sampled, there may also be differences. Aa
et al[29] noted dissimilarities in relative quantities between
tissue and serum in their study between GC and CSG
patients. For example, TCA intermediates, lactate, amino
acids and free fatty acids were more abundant in tissues
than in the patient matched sera. This suggests that metabolism is most intensive at the tissue level and becomes
somewhat diluted in biofluids.
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Abstract
Gastric cancer surgical management differs between
Eastern Asia and Western countries. Extended lymphadenectomy (D2) is the standard of care in Japan and
South Korea since decades, while the majority of United
States patients receive at most a limited lymphadenectomy (D1). United States and Northern Europe are considered the scientific leaders in medicine and evidencebased procedures are the cornerstone of their clinical
practice. However, surgeons in Eastern Asia are more
experienced, as there are more new cases of gastric
cancer in Japan (107898 in 2012) than in the entire
European Union (81592), or in South Korea (31269)
than in the entire United States (21155). For quite a
long time evidence-based medicine (EBM) did not solve
the question whether D2 improves long-term prognosis with respect to D1. Indeed, eastern surgeons were
reluctant to perform D1 even in the frame of a clinical
trial, as their patients had a very good prognosis after
D2. Evidence-based surgical indications provided by
Western trials were questioned, as surgical procedures
could not be properly standardized. In the present study
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we analyzed indications about the optimal extension of
lymphadenectomy in gastric cancer according to current
scientific literature (2008-2012) and surgical guidelines.
We searched PubMed for papers using the key words
“lymphadenectomy or D1 or D2” AND “gastric cancer”
from 2008 to 2012. Moreover, we reviewed national
guidelines for gastric cancer management. The support
to D2 lymphadenectomy increased progressively from
2008 to 2012: since 2010 papers supporting D2 have
achieved a higher overall impact factor than the other
papers. Till 2011, D2 was the procedure of choice according to experts’ opinion, while three meta-analyses
found no survival advantage after D2 with respect to
D1. In 2012-2013, however, two meta-analyses reported that D2 improves prognosis with respect to D1.
D2 lymphadenectomy was proposed as the standard of
care for advanced gastric cancer by Japanese National
Guidelines since 1981 and was adopted as the standard
procedure by the Italian Research Group for Gastric
Cancer since the Nineties. D2 is now indicated as the
standard of surgical treatment with curative intent by
the German, British and ESMO-ESSO-ESTRO guidelines.
At variance American NCCN guidelines recommend a
+
D1 or a modified D2 lymph node dissection. In conclusion, D2 lymphadenectomy, originally developed by
Eastern surgeons, is now becoming the procedure of
choice also in the West. In gastric cancer surgery EBM
is lagging behind national guidelines, rather than preceding and orienting them. To eliminate this lag, EBM
should value to a larger extent Eastern Asian literature
and should evaluate not only the quality of the study
design but also the quality of surgical procedures.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Surgical quality; Lymphadenectomy; Evidence-based medicine; National guidelines; Eastern Asia; United States
Core tip: The extension of lymphadenectomy in advanced gastric cancer has been debated for several
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decades. Till recently Western surgeons supported limited lymphadenectomy in agreement with a Cochrane
review and several meta-analyses, while Japanese
surgeons preferred the extended procedure. Nowadays
extended lymphadenectomy is considered the procedure of choice by most national guidelines. In gastric
cancer surgery evidence-based medicine (EBM) is lagging behind national guidelines, rather than preceding
and orienting them. To eliminate this lag, EBM should
value to a larger extent Eastern Asian literature and
should evaluate not only the quality of the study design
but also the quality of surgical procedures.
Verlato G, Giacopuzzi S, Bencivenga M, Morgagni P, De Manzoni G. Problems faced by evidence-based medicine in evaluating lymphadenectomy for gastric cancer. World J Gastroenterol
2014; 20(36): 12883-12891 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/12883.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.12883

HISTORICAL PERSPECTIVE
Eastern-Western discrepancies in gastric cancer
surgery
Gastric cancer surgery differs between Eastern Asia and
the United States. Extended lymphadenectomy (D2) has
been the standard of care for advanced gastric cancer in
Japan and South Korea since decades[1-3], while the majority of patients in the United States receive at most a limited lymphadenectomy (D1) followed by post-operative
chemoradiation[4]. This difference is even more striking,
if one considers that Japanese surgeons had extended
lymphadenectomy to para-aortic nodes (D3 procedure),
until a randomized controlled trial showed no survival advantage with respect to D2 procedure[5]. On the contrary,
in the United States less than a D1 lymphadenectomy has
been performed in a substantial proportion, or even in the
majority of patients such as in the Intergroup 0116 trial[6].
Western countries are the leaders in medical research
United States and Northern European countries are considered the scientific leaders in medicine: indeed the most
important medical journals are published in the United
States [New Engl J Med, impact factor (IF) in 2012 =
51.658; Science, IF = 31.027] or in England (Lancet, IF =
39.060; Nature, IF = 38.597).
Evidence-based procedures are the cornerstone of
clinical practice in Western countries. Anyway, due to the
difficulty in standardizing surgical procedures, evidencebased surgical indications may not be unquestionable.
The extent of lymphadenectomy in surgical management
of gastric cancer proves this point.
Indeed the Western surgical approach to advanced
gastric cancer was supported by a Cochrane review published in 2003[7] and 2005[8], reporting that ‘‘randomised
studies show no evidence of overall survival benefit’’
after D2 dissection, ‘‘but possible benefit in T3 tumors.”
These conclusions were mainly based on the results of a
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Dutch[9] and a British[10] trials, showing that D2 provided
no 5-year survival advantage with respect to D1. Of note,
the Cochrane review acknowledged that “these results
may be confounded by surgical learning curves and poor
surgeon compliance”[8].
However it was acknowledged that D2 lymphadenectomy was necessary to harvest at least 15 lymph nodes,
i.e., to adequately stage tumours[11,12]. To circumvent this
problem, nodal invasion was evaluated not only by N status but also by N ratio[13,14].
While eastern countries have the largest surgical
experience
On the other hand, surgeons in Eastern Asia are more
experienced, as there are more new cases of gastric cancer in Japan (107898 in 2012) than in the 28 countries of
the European Union (81592), or in South Korea (31269)
than in the entire United States (21155)[15] (Figure 1).
Indeed Eastern surgeons achieve better short-term
results than their Western counterparts (Table 1)[16]. Of
note, the two trials on which the Cochrane review was
based[17,18] had been carried out by surgeons without previous training in extended lymphadenectomy, doing less
than 5 five interventions per year. The limited surgical
experience yielded a very high post-operative mortality
after extended lymphadenectomy (9.7% in the Dutch
trial and 13.5% in the British trial), a high percentage of
splenectomies (37% and 65%, respectively) and pancreatectomies (30% and 56%) and a low number of retrieved
nodes (median of 17 nodes in the British trial)[19]. By
comparison, at the same time, mortality after D2 dissection was less than 2% in the nationwide Japanese registry[20]; likewise in a Japanese trial mortality after D2 was
less than 1% and the median number of retrieved nodes
was 54[21]. Of note, in the Dutch trial D2 was associated
with an increased long-term survival with respect to D1
when excluding post-operative mortality (P = 0.02)[22].
In the meantime another randomized trial, performed
in Taiwan[23], showed a mild but significant survival advantage after D2 with respect to D1; 5-year survival was 59.5%
and 53.6%, respectively (P = 0.041); interestingly, none of
the patients recruited died in the post-operative period[24].
Of note, a clinical trial comparing D1 and D2 could not be
devised in Japan at that time, as the two procedures were
not in equipoise according to Japanese surgeons. The Japan Clinical Oncology Group instead performed a trial to
compare D2 and D3 lymphadenectomies[5].
In the Eastern-Western debate on gastric cancer, the
Eastern position is considerably strengthened by the impressive long-term survival of Eastern patients: overall
5-year survival achieved values of 68%-74% in Japanese
gastric cancer patients[2,25] whereas in Europe during the
1990s survival was three-fold lower (24%)[26].
Italian Research Group for Gastric Cancer between the
East and the West
Of note, the GIRCG (Gruppo Italiano per la Ricerca sul
Cancro Gastrico-Italian Research Group for Gastric Cancer) gave an important contribution to the debate on the
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Figure 1 New cases of gastric cancer in 2012 in the West and in the East, according to GLOBOCAN 2012[15].

Table 1 Short-term results of gastric cancer surgery with D2
lymphadenectomy in Eastern Asia vs Europe, in clinical trials
vs observational studies[16]
Post-operative Post-operative
mortality
morbidity
Eastern Asia
Trials
Observational
Europe
Trials
Observational
IRGGC
(VR, SI, PD)

Median
Adequate
nodes
staging
retrieved (≥ 15 nodes)

0%-0.8%
< 2%

17%-21%
-

54
-

100%
-

5%-14%
2%-5%
3.6%

43%-46%
21%-35%
33.6%

17
25-26
29
(IQ 21-38)

86%-95%
93.8%

IRGGC: Italian Research Group for Gastric Cancer.

extension of lymphadenectomy for gastric cancer.
First of all the GIRCG showed that D2 dissection is
feasible on western patients with acceptable mortality and
morbidity (2% and 17% respectively) rates and provides
32% probability of 5-year survival, even for patients with
involvement of regional lymph nodes[27].
In 2005 De Manzoni and Verlato[28] criticized the
Cochrane review on gastric cancer surgery[8] (later withdrawn[29]) for not taking into account the Japanese literature. Indeed in the past the British and American physicians gave a fundamental contribution to understanding
even diseases which were rare in their countries: for instance, beta thalassemia was named Cooley’s anemia after
the American physician who first described the disease
in immigrant Italian children with characteristic anemia
and bone deformities[30]. However, nowadays scientific
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methodology has spread to several countries[31], so that
the leading countries in a particular medical field are often
those with the highest incidence, such as Japan and South
Korea for gastric cancer. Indeed “it is extremely difficult
to ask Japanese surgeons, in whose series postoperative
mortality is only 1%-2%, to believe in randomized clinical
trials where postoperative mortality peaks to 10%-14%, irrespectively of methodological quality of those studies[16].
In 2009 Verlato et al[16] pointed out that “in this third
millennium, papers dealing with surgery for gastric cancer
cannot be evaluated only according to the quality of the
study design, such as the Jadad score, but also the quality
of surgical procedures must be taken into account”. To
overcome this problem Verlato et al[16] proposed indexes
of surgical quality (number of retrieved nodes, percentage
of splenectomy and splenopancreasectomy, postoperative
morbidity, and in-hospital mortality). Indeed, the learning
curve, standardization of the procedures, poor surgical
performances are among the main difficulties related to
RCTs in the surgical field. Also randomization can be
hampered by ethical issues, emergency setting, or need of
palliative care, while patients’ and surgeons’ equipoise can
be more difficult to achieve than in the medical field[32].

COMPARISON OF NATIONAL
GUIDELINES AND CURRENT SCIENTIFIC
RESEARCH
Extension of lymphadenectomy recommended by
national guidelines
D2 was adopted as the standard of surgical treatment
with curative intent by the Japanese[1,2,25,33], German[34,35]
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Figure 2 Overall Impact Factor of articles, classified as a function of D1/
D2 preferences (D1 favoured, more studies needed, D2 favoured) and time
(2008/09 vs 2010/12).

and British[36] national guidelines, by the European Society for Medical Oncology (ESMO) guidelines[37], by the
joint ESMO - European Society of Surgical Oncology
(ESSO) - European Society of Radiotherapy and Oncology (ESTRO) guidelines[38]. The ESMO-ESSO-ESTRO
guidelines ranked the level of evidence as the highest
(I) and the grade of recommendation as B (strong or
moderate evidence for efficacy but with a limited clinical
benefit)[38]. Of note, D2 is recommended by the Japanese
guidelines since 1981[1] and by German guidelines since
at least 2005[34], and D2 was adopted as the preferred
lymphadenectomy within the Italian Research Group
for Gastric Cancer (GIRCG) since 1992[16,27]. At variance
American NCCN guidelines recommend a D1+ or a
modified D2 lymph node dissection, the latter performed
by experienced surgeons in high-volume centers[39].
Optimal extension of lymphadenectomy according to
current scientific literature (2008-2012)
We searched PubMed for papers using the key words
“lymphadenectomy or D1 or D2” AND “gastric cancer”,
published in English language between 2008 and 2012.
The year 2013 was not included in the systematic review,
as the articles published in this year were still being introduced in medical databases which are updated with some
delay. The search was limited to full-length articles in
English language. In addition, bibliographies were manually inspected, to identify the relevant publications for
possible inclusion.
Potentially relevant studies (n = 1174) were identified and screened for retrieval. Letters and commentaries
were excluded; when duplicate articles on the same series
were found, only the most recent was considered. A total
of 45 full-length articles, comparing short and/or longterm effectiveness of either lymphadenectomies, were
considered, 5 supporting D1, 25 supporting D2, and 15
underlying the need for further studies. Of these, 35 articles had been published on journals indexes by the Journal Citation Reports, 13 pointing out the need for further
studies[40-52], 5 favouring D1[53-57], 17 supporting D2[58-74]
(Table 2). Interestingly no article published on journals
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without impact factor was in favour of D1 lymphadenectomy, while 8 supported D2[75-82] and 2 underlined the
need for more studies[83-84].
As shown in Figure 2 and in Table 2[40-74], the support
to D2 lymphadenectomy increased progressively during
the study period: since 2010 papers supporting D2 have
achieved a higher overall IF than the other papers.
Initially D2 was indicated as the procedure of choice
mainly by review articles and papers conveying expert
opinion, while three meta-analyses [53,55,56], published
between 2008 and 2011, reported that extended lymphadenectomy does not offer benefit over limited lymphadenectomy. However, in 2012 D2 was indicated as the
procedure of choice in advanced gastric cancer also by a
meta-analysis[73]. “Earlier trials show that D2 dissections
have higher operative mortality, while recent trials have
similar rates. A trend of improved survival exists among
D2 patients who did not undergo resection of the spleen
or pancreas, as well as for patients with T3/T4 cancers”[73].
Also the authors of the Dutch trial, after considering
the 15-year follow-up results, concluded that: “Considering that a safer, spleen-preserving D2 resection is currently available in high-volume centres, and our findings of
better recurrence and gastric-cancer-related survival rates,
D2 resection now seems likely to be the recommended
surgical approach for patients with resectable (curable)
gastric cancer, despite the earlier follow-up results”[65].
The authors of another clinical trial performed in
Italy[47] reported that patients undergoing D1 or D2 experienced similar post-operative morbidity (12% and 17.9%
respectively) and mortality (3% and 2.2%) and concluded
that “D2 dissection, in an appropriate setting, can therefore be considered a safe option for the radical management of gastric cancer in Western patients”.
In the era of tailored treatment, other Authors suggested to move “away from the D2 versus D1 debate”
and to choose the extension of lymphadenectomy according to “the stage of the cancer and the age and fitness
of the patient”[85]. Similarly, an expert panel, using the
RAND/UCLA appropriateness methodology, concluded
that “a D2 lymphadenectomy is preferred for curativeintent resection in advanced, nonmetastatic GC; and in
patients with early GC or substantial comorbidities, a D1
lymphadenectomy is more appropriate”[86].

CONCLUSION
Towards an international agreement?
EBM, which till recently has not reported any advantage
of extended D2 lymphadenectomy with respect to the
limited D1 procedure[7,8,53,55,56], is now supporting D2. A
clinical trial performed in the East highlighted a significant
5-year survival advantage after D2 with respect to D1[23].
A clinical trial performed on Western patients showed that
D2 can be performed without excess post-operative morbidity or mortality[47]. The most recent meta-analyses[73,87]
concluded that “D2 lymphadenectomy with spleen and
pancreas preservation offers the most survival benefit”[87]
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Table 2 Summary of the systematic review of studies, comparing limited (D1) and extended (D2) lymphadenectomy and published in
2008-2012 on journals indexed by Journal Citation Reports. Articles were weighted according to 5-year impact factor (2008-2012)
Authors
Further studies
Catalano et al[40]
Coburn[41]
D’souza et al[42]
Songun et al[43]
Yoon et al[44]
Coburn[45]
de Bree et al[46]
Degiuli et al[47]
Tanizawa et al[48]
Maduekwe et al[49]
Doglietto et al[50]
Hundahl[51]
Vallbohmer et al[52]
Overall
D2 not favoured
Lustosa et al[53]
Van Cutsem et al[54]
Yang et al[55]
Memon et al[56]
Wong et al[57]
Overall
D2 favoured
Ozmen et al[58]
Díaz de Liaño et al[59]
Griniatsos et al[60]
Kodera et al[61]
Roy et al[62]
Sasako et al[63]
Shi et al[64]
Songun et al[65]
Tentes et al[66]
Hussain[67]
Meyer et al[68]
Ott et al[69]
Saka et al[70]
Lee et al[71]
Sasako[72]
Seevaratnam et al[73]
Viudez-Berral et al[74]
Overall

Country

Journal

Year

Study design

5-yr IF

Further studies needed
Italy
Canada
India
The Netherlands
United States
Canada
Greece
Italy
Japan
United States
Italy
United States
Germany

Crit Rev Oncol Hematol
J Surg Oncol
J Cancer Res Ther
Expert Rev Anticanc
Oncologist
J Surg Oncol
J Surg Oncol
Brit J Surg
Gastric Cancer
J Gastrointest Surg
Ann Ital Chir
Surg Oncol Clin N Am
Curr Prob Surg

2009
2009
2009
2009
2009
2010
2010
2010
2010
2011
2012
2012
2012

Expert opinion
Review
Review
Expert opinion
Expert opinion
Expert opinion
Review
Clinical trial
Review
Review
Expert opinion
Review
Expert opinion

4.562
2.710
0.7611
2.055
5.245
2.710
2.710
4.956
3.615
2.766
0.286
1.162
2.267
35.805

D2 not favoured over D1
Brazil
EORTC2
China
Australia
United States

Acta Cir Bras
Eur J Cancer
Am J Surg
Ann Surg
Curr Treat Option On

2008
2008
2009
2011
2011

Meta-analysis
Expert opinion
Meta-analysis
Meta-analysis
Expert opinion

0.695
5.257
2.727
8.264
2.4221
19.365

D2 favoured over D1
Turkey
Spain
Greece
Japan
India
Japan
China
The Netherlands
Greece
United Kingdom
Germany
Germany
Japan
Korea
Japan
Canada
Spain

J Surg Oncol
Clin Transl Oncol
World J Gastroenterol
Acta Chir Belg
Indian J Surg
Jpn J Clin Oncol
J Surg Oncol
Lancet Oncol
J BUON
Curr Opin Gastroen
Dtsch Arztebl Int
Langenbecks Arch Surg
Jpn J Clin Oncol
Yonsei Med J
Surg Oncol Clin N Am
Gastric Cancer
Rev Esp Enferm Dig

2008
2009
2009
2009
2009
2010
2010
2010
2010
2011
2011
2011
2011
2012
2012
2012
2012

Review
Observational
Observational
Review
Review
Expert opinion
Review
Clinical trial
Observational
Expert opinion
Expert opinion
Review
Review
Review
Expert opinion
Meta-analysis
Expert opinion

2.710
1.316
2.594
0.499
0.0921
2.063
2.710
21.856
0.653
3.739
2.988
1.970
2.063
1.214
1.162
3.615
1.208
52.452

1

2012 impact factor was used, as the 5-year impact factor was not available; 2EORTC: European Organisation for Research and Treatment of Cancer.

for patients with advanced gastric cancer.
The latest American guidelines[39] now include not
only D1+ but also “a modified D2 lymph node dissection” among recommended procedures for patients
with resectable locoregional cancer, as long as the latter
is “performed by experienced surgeons in high-volume
centers”.
Two American authors[88] recently underlined that
Eastern and Western surgeons are converging to consider
D2 lymphadenectomy as the standard procedure, as the
former have given up with super-extended procedures,
while the latter “have increasingly accepted the importance of performing more than a D1 node dissection”.
Problems of EBM in gastric cancer surgery and possible
solutions
In gastric cancer surgery EBM is lagging behind national
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guidelines, rather than preceding and orienting them. To
eliminate this lag, EBM should value to a larger extent
Eastern Asian literature[28] and should take into account
not only the quality of the study design but also the quality of surgical procedures[16].
In Western countries, where the incidence of gastric
cancer is getting low, centralization of gastric cancer surgery in specialized high-volume institution would also be
necessary.
As pointed out by Strong and Yoon[88] one significant obstacle to implementing D2 lymphadenectomy in
the West is the low volume of gastrectomies in Western
centres. Indeed in the United States 80% of Medicare
patients undergo gastrectomy in centers performing less
than 20 procedures per year[89]. This situation reflects not
only the low incidence of gastric cancer in the United
States but also the surgeon’s habit to consider gastric sur-
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gery as part of general surgery[88].
However, several Northern European countries managed to achieve great improvements in gastric cancer
surgery at national level. In the Netherlands survival of
gastric cancer patients significantly improved after the implementation of the Dutch D1-D2 Gastric Cancer Trial,
which involved substantial standardization and training[90].
In Denmark 30-d hospital mortality has decreased from
8.2% to 2.4% after centralization of gastric cancer surgery and implementation of national clinical guidelines
while the proportion of patients with at least 15 lymph
nodes removed has increased from 19% to 76%[91]. Centralization of gastric cancer surgery and/or audits for
gastric cancer are currently implemented in the United
Kingdom, Sweden, Finland, and the Netherlands[92,93].
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Abstract
After much controversy, multimodality therapy is now
accepted worldwide as the gold standard for treatment
of resectable bulky localized gastric cancer. There is
significant regional variation in the style of multimodality treatment with adjuvant chemoradiation the North
American standard, neoadjuvant chemotherapy preferred in Europe and Australasia, whilst adjuvant chemotherapy is preferred in Asia. With further standardization of surgery and D1+/D2 resections increasingly
accepted world wide, and in particular in the West, as
the surgical standard of care for potentially curable disease, it is timely to reassess the multimodality regimes
being used. The challenge in the use of multimodality
therapy is how current outcomes can be standardized
and improved further. Recent studies indicate that mere
intensification of the regime in time, dosage or addition
of further agents does not improve localized gastric
cancer outcomes. More novel strategies including early
commencement of adjuvant therapies, intra-peritoneal
chemotherapy or assessing neoadjuvant response with
positron emission tomography scanning may give improvements in outcomes. The introduction of targeted
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therapies means that the adjuvant use of biological
agents needs to be explored. By proper assessment of
the patient’s co-morbidities, full tumour staging, and a
better understanding of the tumour’s molecular pathology, multimodality therapy for gastric adenocarcinoma
may be individualized to optimize the likelihood of cure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Gastrectomy; Multimodality;
Adjuvant treatment; Neoadjuvant; Targeted therapy;
Human epidermal growth factor receptor
Core tip: Multimodality therapy targeting occult micrometastatic disease is now accepted as the standard of
care in the curative treatment of gastric cancer. Debate
remains as to the best therapeutic regime and there is
significant regional variation in the treatments which
are routinely used. This review explores the evolution of
multimodality treatments and perspectives for future developments including personalization of therapy.
Merrett ND. Multimodality treatment of potentially curative gastric cancer: Geographical variations and future prospects. World J
Gastroenterol 2014; 20(36): 12892-12899 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/12892.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i36.12892

INTRODUCTION
Curative treatments for gastrIc cancer remain a challenge
with 988000 new cases and 730000 deaths each year,
making it the second most common cause of cancer
related death and the fourth most common malignancy
worldwide, after lung, breast and colorectal malignancy[1].
While its total incidence is declining, particularly with the
identification of Helicobacter pylori as a major risk factor,
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Table 1 Influential phase Ⅲ trials for multimodality treatment of gastric cancer
Study name/region

Treatment arms

Total
patients

Patients
with lower
oesophageal
tumours

Patients
undergoing
D2 surgery

Hazard ratio
for OS

95%CI

P value

Intergroup-0116[10]
North America

Surgery alone vs adjuvant
chemoradiation

556

20%

10%

1.35

1.09-1.66

0.005

458

0%

100%

Not recorded

MAGIC[17]
Europe

Surgery plus adjuvant
chemotherapy vs surgery plus
adjuvant chemoradiation
Surgery alone vs neoadjuvant
chemotherapy plus surgery

503

26%

38%

0.75

0.60-0.93

0.009

FNLCC[18]
Europe

Surgery alone vs neoadjuvant
chemotherapy plus surgery

224

75%

0.69

0.50-0.95

0.02

ACTS-GC[23]
Asia

Surgery alone vs adjuvant S-1
plus surgery

1059

0%

Not recorded
but D2
recommended
100%

0.68

0.52-0.87

0.003

CLASSIC[24]
Asia

Surgery alone vs postoperative
capecitabine and oxaliplatin
plus surgery
D1 surgery vs D2 surgery

1035

0%

100%

0.72

0.52-1.00

711

0%

46%

Favours surgery
plus adjuvant
chemotherapy
0.0493
Favours surgery
plus adjuvant
chemotherapy
0.34
Favours D2 resection

D1 surgery vs D2 surgery

400

0%

50%

1.10

0.87-0.39

0.43

Surgery plus enhanced
adjuvant chemoradiation vs
Intergroup-0166 outcomes
Surgery plus adjuvant
chemotherapy vs surgery plus
enhanced chemotherapy
Inoperable patients
chemotherapy vs
chemotherapy plus
trastuzumab

546

Not
recorded

0%

1.03

0.80-1034

1106

Not
recorded

75%

1.00

0.83-1.20

584

18%

N/A

0.74

0.60-0.91

ARTIST[14]
Asia

DGTC[33]
Europe
MRC[27]
Europe
CALB8010[15]

ITACA-S[40]
Europe
ToGA[45]
Asia

0.09

Outcome summary

Favours surgery
plus adjuvant
chemoradiation
No advantage

Favours surgery
plus neoadjuvant
chemotherapy
Favours surgery plus
neoadjuvant

No significant
difference D1 vs D2
0.80
No advantage to
enhanced adjuvant
chemoradiation
0.97
No advantage to
enhanced adjuvant
chemotherapy
0.0046
Favours
chemotherapy plus
trastuzumab

the outlook is grim, particularly when it has progressed
to an inoperable stage, when studies of its natural history place median survival to be 5 mo with supportive
care and 7-12 mo with palliative chemotherapy with or
without radiotherapy[2]. Geographical variation exists with
over 70% of cases occurring in developing countries,
particularly eastern asia[1]. In Western advanced economies, the tumour is often at an advanced stage by time of
diagnosis whereas in Japan and South Korea, screening
programs have resulted in diagnosis most commonly at
an early stage[3].
In patients with advanced localized gastric cancer, surgical excision offers the only potential cure and remains
the mainstay of therapy but unfortunately recurrence
is relatively common, even with complete (R0) resection[4]. Globally, consensus now exists that multimodality
therapies improve outcomes in patients with stage Ⅱ[5]
Ⅳ tumours where a R0 resection can be achieved . This
review, explores recent developments in gastric cancer
treatments as well as potential enhancement of adjuvant
and neoadjuvant regimes.

vanced gastric cancer develop loco-regional or distant
metastatic disease [4]. This is presumably from occult
metastatic disease present at the time of diagnosis. The
aim of the radical surgery is to remove all site specific
macroscopic and microscopic tumour, but this has no effect on occult disease. The aim of multimodality therapy
is to eliminate this micro-metastatic disease. Over many
decades, adjuvant therapies have been proposed to improve survival outcomes. These studies have frequently
been constrained by modest sample size and inconsistent
study designs and have often produced conflicting results.
Nonetheless, meta-analyses of adjuvant chemotherapy
trials have consistently in described small but significant
improvements in survival[6,7]. At present, no regimen is
universally accepted as the standard for multimodality
therapy and variations in strategies exist geographically
as to whether perioperative chemotherapy (neoadjuvant),
postoperative (adjuvant) chemoradiation, or adjuvant
chemotherapy are employed as demonstrated in the
influential studies outlined in Table 1 which are further
described in the relevant sections of this article

CURRENT ADJUVANT TREATMENTS

Adjuvant chemoradiation
High loco-regional recurrence rates led to evaluation
of adjuvant radiotherapy and chemoradiation. Studies

Despite radical R0, resections, most patients with ad-
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showed no survival benefit from adjuvant radiotherapy
alone, but suggested improved loco-regional control[8,9].
Adjuvant chemoradiation was however adopted as the
standard for adjuvant therapy following resection with
curative intent in North America following publication of
the Intergroup-0116 study[10]. In this study, 556 patients
with localized gastric or oesophagogastric cancer (stage Ⅰ
B-Ⅳ) undergoing resection with curative intent, were
randomized into 2 groups: surgery plus postoperative
chemoradiation or surgery alone. Adjuvant therapy consisted of five days of bolus 5-fluorouracil (FU) and leucovorin (LV), followed by 5 wk of concurrent radiation
(4500 cGy) followed by two 5 d cycles of 5-FU and LV
2 mo apart. With a 5 year median follow-up, the chemoradiation plus surgery group had significantly prolonged
overall [median 36 mo vs 27 mo, hazard ratio (HR), 1.35,
95%CI: 1.09-1.66, P = 0.005] and relapse-free survival
(median 30 mo vs 19 mo, HR = 1.52, 95%CI: 1.23-1.86,
P < 0.001). There was, however, a low compliance rate
within the chemoradiation arm with planned therapy
completed in 64% of patients, with adverse events responsible for treatment withdrawal in 17% and patient
decision in another 8%. There was also criticism of the
quality of surgery and extent of lymphadenectomy which
was performed as 54% of all patients had a D0 resection
and only 10% had a D2 resection. Many centres argued
this to be oncologically inadequate and that the study
merely illustrated that local control could be achieved
after suboptimal surgery, accounting for the survival
improvement in the trimodality study arm[11,12]. However, analysis after 10 year median follow-up, confirmed
increased survival in the chemoradiation plus surgery
group for both overall (HR = 1.32, 95%CI: 1.10-1.60, P
= 0.0046), and disease-free survival (HR = 1.51, 95%CI:
1.25-1.83, P < 0.001)[13].
The ARTIST trial[14] was a South Korean prospectively randomized phase Ⅲ study where 458 patients were
randomized to adjuvant chemotherapy (cisplatinum and
capacitabine) (XP) or to adjuvant chemoradiation (cisplatinum, capacitabine and chemoradiation) (XP/XRT/
XP) following D2 gastrectomy. There was no difference
in 3 year survival between the two groups (78% vs 74%,
P = 0.0862) though a benefit was seen in patients with
tumour positive nodes (77% vs 72%, P = 0.03). Although
this study differed from the Intergroup-0116 by having
a control arm which underwent chemotherapy rather
than observation it did not demonstrate any benefit from
the addition of radiotherapy for patients undergoing D2
gastrectomy. The large proportion of patients (60%) with
early stage (stage ⅠB and Ⅱ) may have influenced the
outcome. Nonetheless the results supported the belief
that radiation merely gave a loco-regional effect to compensate for suboptimal surgery.
Alternate strategies of combination chemotherapy,
such as adding epirubicin, cisplatinum and 5FU pre and
post surgery with adjuvant chemoradiation remain under
evaluation (CALGB 80101 and CRITICS trials)[15,16] but
to date such studies have failed to show a benefit.
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Neoadjuvant chemotherapy
Neoadjuvant chemotherapy is standard of care across
Europe and the United Kingdom for patients with resectable gastric cancer. This regime was given impetus by the
Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) trial[17] in the United Kingdom.
In the MAGIC study, 503 patients with resectable adenocarcinoma of stomach, oesophagogastric junction, or
lower oesophagus were randomized to a neoadjuvant chemotherapy arm consisting of three cycles of epirubicin,
cisplatin, and 5-FU given both pre and post operatively,
or to a surgery alone arm. In the neoadjuvant chemotherapy group, there was a significantly improved overall (HR
= 0.7, 95%CI: 0.60-0.93, P = 0.009) and progression-free
survival (HR = 0.66, 95%CI: 0.53-0.81, P < 0.001) with
similar surgical morbidity and mortality in both armsI. As
with the Intergroup 116 study, the postoperative component of therapy remained problematic as demonstrated
by only 65% of patients starting the adjuvant component of treatment and only 50% of these being able to
complete this treatment. The study was criticized for the
variable preoperative staging methods used in the assessment, the addition of lower oesophageal cancer patients,
some missing data collection, the D2 lymphadenectomy
rate of 38% and the very high R2 resection rates in both
arms, but overall, this paper provided a paradigm shift in
standard of care in treatment of advanced gastric cancer
in the West.
This neoadjuvant strategy was reinforced by the
French FNCLCC multicenter phase Ⅲ study[18] where
224 patients with adenocarcinoma of the stomach, oesophagogastric junction, and lower oesophagus undergoing surgery with curative intent, were randomized into
arms of either surgery alone or neoadjuvant chemotherapy and surgery, following a similar regime to MAGIC.
Analysis showed the neoadjuvant chemotherapy group
had improved overall (HR = 0.69, 95%CI: 0.50-0.95, P
= 0.02) and disease-free survival (HR = 0.65, 95%CI:
0.48-0.89, P = 0.003).
Adjuvant chemotherapy
In “Western” centres, it has been traditionally felt that adjuvant chemotherapy did not confer any survival benefit
in the setting of operable gastric cancer[19]. Two randomized Western studies showed only a small benefit[20,21] and
however a meta analysis of 17 randomised studies containing 3838 patients using adjuvant 5-FU based chemotherapy compared to surgery alone showed a 6% absolute
improvement in survival (53% vs 49.6%, P < 0.001)[7].
In Asia, multiple studies have been conducted with
oral fluoropyrimidine-based regimens, resulting in this
being adopted as the adjuvant therapy standard of care.
The two most influential studies have been the Adjuvant
Chemotherapy Trial of TS-1 for Gastric Cancer (ACTSGC)[22] and the CLASSIC trial[23]. The Japanese ACTS-GC
study, randomised 1059 patients with stage Ⅱ-Ⅲ gastric
cancer undergoing D2 gastrectomy, to surgery alone or
to surgery plus 12 mo treatment with adjuvant oral S-1
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(fluoropyrimidine). S1 contains a 5-FU prodrug, tegafur,
and gimeracil, which inhibits dihydropyrimidine dehydrogenase, as well as oteracil which inhibits phosphorylation
of 5-FU in the gut. Following interim analysis, the study
was terminated early. With a median follow-up of 3 years,
there was a 10% improvement in overall survival in the
S1 group (80.1% vs 70.1%, HR = 0.68, 95%CI: 0.52-0.87,
P = 0.003) and relapse-free survival (HR = 0.62, 95%CI:
0.50-0.77, P < 0.001) compared to the surgey alone
group. Follow-up at 5 years confirmed this improved
overall survival of 72.6% vs 61.4% (HR = 0.67; 95%CI:
0.54-0.83) and relapse free survival (HR = 0.65, 95%CI:
0.54-0.79)[24].
The CLASSIC study assessed combination adjuvant
therapy using capecitabine and oxaliplatin in stage Ⅱ-Ⅲ
B gastric cancer. An asian multicentre randomized trial,
1035 patients were randomized to two arms following
D2 gastrectomy: either eight cycles of adjuvant chemotherapy or to observation. This study was also terminated
after interim analysis showed a significantly improved
3yr disease-free survival in the chemotherapy arm when
compared to surgery alone (74% vs 60%, HR = 0.56,
95%CI: 0.44-0.72, P < 0.0001). For overall survival, there
was also a non significant trend to improved survival for
patients receiving adjuvant therapies (HR = 0.74, 95%CI:
0.53-1.00, P = 0.0775) though this data was not mature.
Rationale for geographical variation in multimodality
therapies
This data indicates that benefit may be obtained by adjuvant targeting of micro-metastatic disease even after
optimal surgery, but it is rarely practiced outside of Eastern Asia due to a perceived lack of benefit in Western
patients. Similarly neoadjuvant therapy is rarely used in
Asia. This geographical discrepancy regarding the types
of multimodality therapy may be explained by differing regional attitudes to surgical technique. The extent
of lymphadenectomy in curative surgical resection has
been debated for many years. In Asia, extended (D2)
lymph node dissection is the established standard of care.
Western surgeons however, have traditionally been less
convinced of the benefit of D2 resection over a more
limited (D0 or D1) lymphadenectomy.
Two European randomized trials, the Dutch Gastric
Cancer Trial (DGCT)[25] and the United Kingdom Medical Research Council (MRC) trial[26], compared the outcomes of D2 and D1 surgery without any adjuvant treatment. These trials, showed no improvement in the 5 year
survival of patients undergoing a D2 resection compared
to D1, but D2 resection had a significantly increased
postoperative morbidity and mortality when compared
to D1 resection. These higher morbidity rates arose from
the splenectomy and/or pancreatectomy, which was
included as part of the D2 surgery mandated in these trials. However, the necessity of including a distal pancreatectomy and/or splenectomy has been questioned. The
lymph nodes removed in this resection are stations 10
and 11. However the yield of involved nodes for station
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11 is only 10% and for station 10 is less than 1% in distal
tumours though it can increase to up to 25% for tumours
in the upper third or on greater curve of stomach[27].
Asian studies have suggested potential survival advantages with pancreatic preservation[28]. As a result, pancreas
preserving lymphadenectomy of stations 11p and 11d is
now recommended in a D2 gastrectomy[29]. Splenectomy
is now avoided for distal and body tumours, though the
situation remains somewhat less clear for upper third
and greater curve tumours where the results of the
JCOG0110 of splenectomy v non splenectomy in proximal tumours is keenly anticipated with its 5 years survival
analysis due in 2014[30]. Studies in Western centres have
demonstrated that pancreas and spleen preserving D2
surgery can be performed with acceptable morbidity and
mortality[31]. In addition, the 15-year follow-up of the
DGCT trial demonstrated that patients undergoing D2
surgery had a lower rate of disease related death to those
undergoing D1 surgery[32]. This indicates that D2 surgery
excluding routine pancreatectomy and splenectomy may
be performed with acceptable outcomes in Western patients
In two of the most influential Western trials, the
Intergroup-011[10] and MAGIC[17] trials, D2 lymphadenectomy was performed in 10% and 38% of patients,
respectively. As previously noted, it can be argued that
the surgical treatment in these studies was suboptimal
compared to Asian studies, perhaps explaining why additional local control measures such as radiotherapy (in
Intergroup-0116) and neoadjuvent chemotherapy (in
MAGIC) may have improved survival outcomes. This
argument is supported by a European retrospective study
which showed a survival benefit in patients undergoing
D1 resection with adjuvant chemoradiation when compared to surgery alone, which was not seen in those patients who underwent D2 resection and adjuvant chemoradiation[33]. In addition, the survival outcomes of stagematched patients in Western trials where D2 surgery
was not performed, remains inferior to those in South
Korean and Japanese trials, even where radiotherapy or
neoadjuvant chemotherapy was given[10,17,22,23]. Stage migration associated with the more extensive lymphadenectomy may account for some of this discrepancy, however
in retrospective studies on western cohorts where D2
gastrectomy alone was performed, stage by stage survival
outcomes were similar to those in South Korea and Japan[34,35]. This suggests that the Western neoadjuvant and
radiation regimes may merely provide a degree of compensation for more limited surgical treatments.
Heterogenicity of the patients included in studies
may also account for some of the differences seen between the European and Asian studies. The Asian studies
have generally only included patients with gastric cancer,
however Western studies, most notably the MAGIC
study[17], included patients with lower oesophageal adenocarcinoma. This increased heterogenicity was intended
to improve recruitment given the decreasing incidence
of gastric adenocarcinoma but increasing incidence of

12895

September 28, 2014|Volume 20|Issue 36|

Merrett ND. Multimodality therapy gastric cancer

lower oesophageal adenocarcinoma seen in the West. In
comparison, the incidence of lower oesophageal adenocarcinoma in Asia is low[36]. There are, significant clinicopathological differences between oesophageal cancer,
with its lack of serosa and abundant lymphatic drainage
in comparison to gastric adenocarcinoma, as oesophageal
cancer is more likely to invade surrounding tissue and
regional lymph nodes early, resulting in patients presenting at a more advanced pathological stage, with poorer
survival. Multimodality therapy has been extensively
investigated for other oesophageal tumours in the past
with positive outcome[37]. Understanding these clinicopathological differences between oesophageal and gastric
adenocarcinomas, it can be foreseen that the inclusion of
lower oesophageal tumours in these studies is somewhat
problematic.

FUTURE STRATEGIES FOR IMPROVED
MANAGEMENT
Developments of multimodality therapies have improved
results, but overall outcomes for gastric cancer remain
poor and there is a need to improve treatment strategies.
With the debate over surgery now more or less resolved
in favour of radical lymphadenectomy, future studies
need to concentrate on the neoadjuvant and adjuvant regimes using either conventional or more novel therapeutic agents.
Intensification of adjuvant regimes has been proposed, but to date there is little evidence to support this
approach. The AMC 0201 study[38] increased oral S1 treatment duration to 12 mo whilst also adding cisplatin to the
combination of mitomycin-C and 3 mo of oral S1. This
study showed no benefit with the more intense regime, in
either recurrence-free (HR = 1.07, 95%CI: 0.85-1.35, P
= 0.59) or overall survival (HR = 1.10, 95%CI: 0.84-1.44,
P = 0.48). The Cancer and Leukemia Group B 80101
study trial[15] intensified the Intergroup-0116 chemoradiation regime, by adding epirubicin and cisplatin to the
5-FU and LV. In the enrolled 546 patients, who underwent D0 or D1 lymphadenectomy, the more intensive
regime did not show an improved overall (HR = 1.03,
95%CI: 0.80-1.34, P = 0.80) or disease-free survival (HR
= 1.00, 95%CI: 0.79-1.27, P = 0.99) when compared
to the Intergroup-0166 regime. The ITACA-S trial, included 1106 patients undergoing curative resection with
radical lymphadenectomy (D1 25%, D2/3 75%), with
1 group receiving enhanced chemotherapy (four cycles
of 5-FU, LV and irinotecan, followed by three cycles of
docetaxel and cisplatin) and a control group who received
nine cycles of 5-FU and LV. There was no difference in
disease-free (HR = 0.98, 95%CI: 0.83-1.16, P = 0.83) or
overall survival (HR = 1.0, 95%CI: 0.83-1.20) between
the group[39]. These trials suggest that intensification of
adjuvant chemotherapy or chemoradiation regimes is not
effective.
The role of different styles of combination therapies
is currently under assessment to attempt to understand
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the role of neoadjuvant regimes when a D2 lymphadenectomy has been performed. Studies are also exploring
the role of radiotherapy in neoadjuvant regimes. Phase
Ⅲ trials currently underway include: (1) PRODIGY
(preoperative docetaxel, oxaliplatin, and S-1 followed
by postoperative S-1 vs postoperative S-1, for patients
with D2 resection; NCT01515748): This study aims to
assess neoadjuvant chemotherapy in combination with
D2 resection; (2) TOPGEAR: This is an international
randomized phase Ⅲ trial of preoperative chemoradiation vs preoperative chemotherapy for resectable gastric
cancer (ACTRN12609000035224); and (3) CRITICS
(NCT00407186): This assesses the addition of adjuvant
radiotherapy to a neoadjuvant chemotherapy protocol.
Timing and routes of administration of therapies also
offers an area of potential exploration. The AMC 0101
study[40] evaluated intra-operative intraperitoneal cisplatin
chemotherapy as well as early commencement of systemic chemotherapy on day 1 postoperatively, when compared to a control arm of mitomycin-C and 3 mo of oral
fluoropyrimidine. All 521 patients had a D2 resection for
a serosa-invading gastric cancer (T4). The intraperitoneal
and early chemotherapy group had improved recurrencefree (HR = 0.70, 95%CI: 0.54-0.90, P = 0.006) and
overall survival (HR = 0.71, 95%CI: 0.53-0.95, P = 0.02)
compared to the control arm. Long term follow-up out
to a median of 6.6 years has confirmed this benefit[41].
This suggests that intraperitoneal and early post operative commencement of chemotherapy may increase the
effectiveness of our current adjuvant regimes particularly
in the more advanced T stage tumours.

BIOLOGICAL TARGETING
Traditionally, personalization and discussion of multimodality therapy has been based purely on the physical staging of the patients’ cancer, combined with the patients
general condition and co morbidities. In the past 10 years
however, there has been an increased understanding
of the complexity and variation of tumours seen at the
molecular level, and intracellular pathways are now being
assessed as potential targets to allow selective modulation
as part of a cancer control strategy. Angiogenesis pathways have been identified in several cancer types, and in
gastric cancer, increased expression of vascular endothelial growth factor-A (VEGF-A) is associated with tumour
aggression and poor prognosis. The AVAGAST trial[42],
assessed a humanized monoclonal antibody against
VEGF-A, bevacizumab, combined with standard chemotherapy in patients with locally advanced and metastatic
gastric cancer. Both median progression-free survival (6.7
mo vs 5.3 mo, HR = 0.80, 95%CI: 0.68-0.93, P = 0.0037)
and overall response rate (46.0% vs 37.4%, P = 0.0315)
were significantly improved in the bevacizumab group
but overall survival was not improved.
In the setting of operable cancer, it is hoped that targeting this pathway in addition to standard neoadjuvant
regimes may facilitate a greater R0 resection rate and lead

12896

September 28, 2014|Volume 20|Issue 36|

Merrett ND. Multimodality therapy gastric cancer

to a longer duration of disease free and overall survival.
The MRC-ST03 trial[43] is currently recruiting to assess
the effect of adding bevacizumab to neoadjuvant therapy
[perioperative epirubicin, cisplatinum and capecitabine,
with or without bevacizumab] and aims to randomise 950
patients.
The epidermal growth factor receptor family has
been proposed as a key driver of tumour genesis with the
human epidermal growth factor receptor (HER-2) being the subject of intense investigation. The trastuzumab
for gastric cancer (ToGA) trial[44] of 584 patients with
locally advanced or metastatic gastric cancer and an over
expression of HER-2 by immunohistochemistry or fluorescence in situ hybridization testing, found that combination therapy with cisplatinum, 5FU and trastuzumab (a
monoclonal antibody against HER-2) gave a significantly
improved progression free and median overall survival
(11.1 mo vs 13.8 mo, P = 0.0046, HR = 0.74, 95%CI:
0.60-0.91) over chemotherapy alone. However in the
small subgroups of patients with locally advanced disease
(20 patients) or who had undergone previous gastrectomy (133 patients), no survival benefit was seen between
the two regimes.
The utility of the ToGA study finding remains under
investigation remembering that a minority of gastric
cancer patients exhibit HER-2 overexpression (range:
6%-33%). Similarly the majority of studies looking at
HER-2 therapies have focused on patients with unresectable or metastatic disease. Newer HER family targeting agents such as pertuzumab, afatinib and lapatinib are
being developed as primary treatment agents or in the
case of resistance to trastuzumub. Additionally interest
is now being shown in the use of these agents in the
adjuvant or neoadjuvant settings for HER-2 positive tumours[45].
However, there remains controversy as to whether
HER-2 overexpression or amplification is an indicator
of poor prognosis. It may be argued that in the ToGA
trial, the overall survival of 11.1 mo in the chemotherapy
alone cohort was greater than expected, indicating that
that HER 2 overexpression in itself conferred a better prognosis. Several studies have associated HER-2
amplification with a poorer prognosis, but this has not
been consistent and associated with the non standardized methods used to determine HER-2 positivity, it can
be argued that the prognostic impact in resectable gastric cancer is weak[45]. A systematic review by Jorgensen
found that in 32 of 40 papers covering 12749 patients,
HER-2 amplification was associated with poorer survival
outcomes and worse clinicopathological features[46]. It is
also interesting that apart from a single study of fewer
than 100 patients[47] none have found a survival benefit
associated with HER-2 overexpression although it must
be remembered that publication bias in itself may slant
the results of systematic reviews, as studies not demonstrating any association are less likely to be published[45].
Overall the data on HER-2 is not as consistent as
that which is seen in breast cancer, but nonetheless there
appears to be a trend towards over-expression as being

WJG|www.wjgnet.com

a negative prognostic factor. It has therefore been proposed that HER-2 overexpression is a molecular abnormality linked to the development of gastric cancer[46].
Other potential therapeutic targets are also being
assessed. These include c-met and FGFR2 which have
been identified as potential cellular oncogenic drivers. As
with the HER-2, these agents will be tested initially in
the metastatic or inoperable setting and if value is demonstrated, then their use in the adjuvant or neoadjuvant
setting should be assessed[12].
Allied with the selectivity of these targeted agents and
traditional chemotherapy, must come assessment of response in real time. The use of imaging modalities such as
positron emission tomography or CT response may be used
to assess early response and failure of response may permit
change to other modalities or salvage therapy or surgery[48].

CONCLUSION
There is now general consensus that multi modality therapy encompassing both radical surgery and adjuvant or
neoadjuvant regimes to target occult micrometastatic disease, offers the best possibility of cure in gastric cancer.
There remains however significant regional variation as
to the preferred regime. There is general agreement now
that radical gastrectomy and lymphadenectomy is the
surgical procedure of choice, but the optimal additional
treatment is unclear. Traditional radiological and clinicopathological staging methods are now being supplemented by molecular markers. The selectivity seen by these
markers holds the promise of a personalized approach to
gastric cancer therapy in the future.
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Abstract
Studies from the Far East have demonstrated that
D2-dissection is superior to D0/1-dissection. The effect of postoperative chemoradiotherapy (CRT) after
D2-dissection has not been accepted due to the lack
of D2-dissection in Western countries, as well as the
potential harmful effect of radiotherapy. In the current
NCCN guideline, adjuvant chemotherapy alone is recommended in D2-dissected patients. However, three
recent prospective randomized controlled trials in South
Korea and China (ARTIST, NCC and Multicenter IMRT
Trials) demonstrated that adjuvant CRT can be safely
administered to D2-dissected patients with notable
benefits. To identify the role of radiotherapy (RT) in the
D2-dissected postoperative setting, clinical research
attempts should include (1) identification of high-risk
patients for loco-regional recurrence who might benefit
from CRT; (2) modification of RT target volume based
on the findings that failure patterns should be different after D1- and D2-dissection; and (3) integration
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of new RT techniques to decrease treatment-related
toxicity. The present paper is a review of recent studies
addressing these fields. Well-designed prospective randomized studies are needed to clearly define the role of
adjuvant CRT in D2-dissected gastric cancer, however,
future clinical studies should also focus on answering
these questions.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; D2-dissection; Recurrence;
Radiotherapy; Chemotherapy
Core tip: The survival benefits of postoperative chemoradiotherapy (CRT) in gastric cancer with D0/1dissection have been established in Western countries.
However, in Eastern areas, where D2-dissection is the
standard surgical procedure, most surgeons are skeptical about the benefit of CRT in D2-dissected patients,
and CRT has not been examined in this setting in clinical trials. Here we aimed to provide a review of recent
research and to suggest future directions regarding
adjuvant CRT after D2-dissection.
Chang JS, Koom WS, Lee Y, Yoon HI, Lee HS. Postoperative
adjuvant chemoradiotherapy in D2-dissected gastric cancer: Is radiotherapy necessary after D2-dissection? World J Gastroenterol
2014; 20(36): 12900-12907 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/12900.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.12900

INTRODUCTION
During the past two decades, a multimodal treatment
combining chemotherapy and chemoradiotherapy (CRT)
has been investigated worldwide to prevent recurrence
and improve survival in gastric cancer patients who underwent curative surgical resection[1]. Due to the lack of

12900

September 28, 2014|Volume 20|Issue 36|

Chang JS et al . Radiation therapy in D2-dissected gastric cancer
SWOG-INT 0116 trial
Observation
R

D0/1/2

5-FU + LV

RT 45 Gy

ARTIST trial
Cisplatin
Xeloda
D2

R
Cisplatin

RT 45 Gy

Xeloda

Figure 1 Treatment and randomization schemes of the SWOG/INT-0116 and ARTIST trials. 5-FU: 5-fluorouracil.

robust evidence as to which of the currently available
approaches is better, there has been marked discrepancy
in adjuvant treatment nationwide and worldwide. In the
West, peri-operative intensive chemotherapy (MAGIC
trial) and postoperative CRT (SWOG/INT-0116 trial)
are recommended for resectable gastric cancer[2,3]. In
the East, on the other hand, adjuvant chemotherapy after D2-dissection is considered the standard treatment
(ACTS-GC and CLASSIC trials). Studies from the Far
East have demonstrated that D2-dissection is superior
to D0/1-dissection. The effect of postoperative CRT
after D2-dissection has not been accepted due to the
lack of D2-dissection in Western countries, as well as the
potential harmful effect of radiotherapy[4,5]. However,
three recent prospective randomized controlled trials in
South Korea and China have demonstrated that adjuvant
CRT can be safely administered to D2-dissected patients
with notable benefits[6-8]. Currently, some important clinical questions still remain unanswered: (1) Does adjuvant
CRT in D2-dissected patients provide similar benefit to
that shown in the SWOG/INT-0116 trial (mostly D0/1dissected patients)? (2) What is the incidence of locoregional recurrences, which sometimes mimic metastatic
peritoneal seeding or distant lymph nodes, after D2-dissection? (3) If CRT is considered as adjuvant treatment
for D2-dissection fields, is it necessary to modify the traditional radiation field, which was developed for D0/1dissected fields? (4) Is radiation therapy still potentially
harmful even with modern radiotherapy (RT) techniques
and modified RT fields in gastric cancer? and (5) Is there
a subset of patients with specific characteristics who
would benefit from adjuvant CRT after D2-dissection?
This review discusses the current status of adjuvant CRT
for gastric cancer patients undergoing D2-dissection,
with updated data to provide a guide to the priorities on
which investigators should focus on in future studies.
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RATIONALE FOR ADJUVANT
RADIOTHERAPY IN GASTRIC CANCER
High rates of local and regional recurrence have been
shown in patients with gastric cancer treated with surgical
resection. The reported rate of loco-regional recurrence
ranges from 19%-45%, and reported loco-regional recurrence from re-operation or autopsy data is up to 90%[9-13].
Gunderson et al[14] suggested potential radiation portals
based on the patterns of loco-regional failures in the reoperation group, leading investigators to verify the role
of radiotherapy in preventing such recurrence[14-17].
The SWOG/INT-0116 trial, directly compared
postoperative CRT with observation alone, and clearly
showed the survival benefit of postoperative CRT in resected gastric cancer[3]. Even though the eligibility criteria
included stage ⅠB through IVM0 (AJCC 1988), most
of the enrolled patients were at high risk for recurrence
(T3/4, 69% and N+, 85%). CRT consisted of 45 Gy of
radiation with concurrent bolus 5-fluorouracil/leucovorin
(FL) (Figure 1). RT-related gastrointestinal toxicity may
have been severe, in that only 64% of patients completed
the planned treatment. Nonetheless, three-year relapsefree survival and overall survival (OS) were significantly
improved by adjuvant CRT in a median follow-up of
five years, which led to its adoption as standard treatment in the United States. Since the publication of the
SWOG/INT-0116 trial results, adjuvant CRT was found
to be used more commonly in United States based on
the SEER database analysis (33% in 1998-2001 vs 45% in
2002-2007, P < 0.001)[18]. The updated data after 10-y of
follow up in SWOG/INT-0116, demonstrated a persistent benefit of adjuvant CRT[19]. The rate of loco-regional
failure, but not distant relapse, was significantly decreased
in the group treated with adjuvant CRT, suggesting that
the improved OS by adjuvant CRT was mainly due to
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the prevention of subclinical loco-regional diseases. The
long-term toxicity, including secondary malignancies, appeared acceptable.

EXTENT OF LYMPH NODE DISSECTION
Could these findings lead to the adoption of adjuvant
CRT for gastric cancer patients in Eastern countries? As
only a minority of patients [54 (10%) of 552] in SWOG/
INT-0116 underwent D2-dissection, an extremely conservative approach has been followed in Eastern areas,
such as South Korea and Japan where D2-dissection has
long been the standard[20]. Over the past few decades,
whether the extent of lymph node dissection (D1 vs D2)
favorably impacts survival outcome has been a controversial issue. Two prospective randomized controlled trials
in the West addressed this controversial issue: thereafter,
it took a long time to provide robust evidence that D2dissection improves survival over D1-dissection when
performed by well-trained surgeons with acceptable rates
of postoperative mortality[21,22].
MRC trial
The Medical Research Council (MRC) in the United
Kingdom randomized 400 patients to D1 resection or
D2 resection[21]. The rates of postoperative morbidity and
mortality were significantly higher in the D2 group (46%
vs 28% and 13% vs 7%, respectively), which was due to
splenectomy and distal pancreaticosplenectomy. In an update with a median follow-up time of 6.5 years, five-year
survival rate following D2-dissection was not better than
that following D1-dissection (33% vs 35%)[23].
Dutch trial
Another large prospective randomized controlled trial was
conducted by the Dutch Gastric Cancer Group (DCGC)
in the Netherlands, which randomized 711 patients to
D1 or D2 dissection[22]. The Dutch trial by Bonenkamp et
al[22] had a unique characteristic regarding quality control
of surgical management compared to the MRC trial in
that the participating surgeons were instructed by Japanese surgeons during the first four months. The results
were similar to those in the MRC trial in that postoperative morbidity and mortality rates were higher; however
five-year survival rate was not higher in the D2 group.
The incidence of postoperative complications and death
were 43% and 10% in the D2 group, and 25% and 4% in
the D1 group. Even though an updated report with more
than 10 years follow-up found that D2-dissection did
not generate long-term survival benefits, the latest report
after a follow-up of 15 years showed lower loco-regional
recurrence and gastric cancer-related death in the D2group[24,25]. Collectively, regardless of whether the patients
were treated in the East or not, D2-dissection is now
recommended for resectable gastric cancer patients if it
is performed by well-trained surgeons in high-volume
centers.
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ADJUVANT CRT IN D2-DISSECTED
GASTRIC CANCER
Only a few small prospective studies and several retrospective studies have explored the role of adjuvant CRT
in D2-dissected gastric cancer[26-30]. Dikken et al[26], using
a Dutch cohort, compared 91 patients who received adjuvant CRT in two phase Ⅰ/Ⅱ studies with 694 patients
from the DCGC D1/D2 trial. In this study, the addition of CRT seemed to be beneficial in preventing local
recurrence after D1-dissection, but not after D2-dissection. However, in the updated analysis of the SWOG/
INT-0116 study with a 10-year follow-up, there was no
evidence of lack of survival benefit in patients who had
undergone the D2 level of resection. A retrospective
study by Kim et al[27] in South Korea showed improved
survival and lower regional recurrence by adding CRT,
albeit in patients who underwent D2-dissection. The
five-year survival rates were consistently longer in the
adjuvant CRT group (n = 554) at stages Ⅱ, Ⅲ, and Ⅳ
compared with those in the comparison group (n = 446).
However, these data are based on unplanned subgroup
analysis or nonrandomized observation studies with suitable controls (level Ⅲ).

RECENT TRIALS OF ADJUVANT CRT
AFTER D2-DISSECTION
There has been no evidence directly comparing adjuvant
chemotherapy, which is a standard treatment in Eastern
countries for D2-dissected gastric cancer[28]. In 2012, the
findings of three prospective randomized controlled trials
were published, however, the results were inconclusive[6-8].
ARTIST trial, South Korea
The Adjuvant Chemoradiation Therapy in Stomach Cancer (ARTIST) trial, led by the same authors as the aforementioned observational study by Kim et al[7], was the first
and largest prospective study to address the role of CRT
as adjuvant treatment in D2-dissected gastric cancer[6].
This study randomly assigned 458 patients undergoing
complete resection with D2-dissection to six cycles of adjuvant capecitabine with cisplatin (XP, n = 228) or 45 Gy
of CRT with concurrent capecitabine following two cycles
of XP and two additional cycles of XP (n = 230) (Figure
1). Over a median follow-up of 53 mo, no statistically
significant difference in three-year disease-free survival
(DFS) between the two groups (XP: 74% vs CRT: 78%,
P = 0.0862) was found. However, this trial should not be
interpreted as a negative result for adjuvant CRT in D2dissection. Since the implementation of the nationwide
cancer screening program in South Korea (GI endoscopic
examination in individuals aged over 40 years every two
years), a significant proportion of enrolled patients were
stage I/Ⅱ disease; therefore, the planned events were
not reached at the time of final analysis. The unplanned
subset analysis revealed that the combined modality sig-
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Table 1 Major patient characteristics and results of phase Ⅲ trials of postoperative radiotherapy for gastric cancer
Ref.
SWOG/INT-0116[3]

n

Enrolled
period

Median F/u (m)

pT3-4

pN

Ⅲ-Ⅳ

D2

556

91-98

60

70%

85%

NR

10%

+

OS

NCC, South Korea[7]

458

04-08

53

NR

86%

41%

100%

90

02-06

87

63%

98%

100%

100%

NR

351

03-08

43

NR

86%

71%

10-yr follow-up
data
3-yr: 78% vs 74% DFS benefit in N+
(P < 0.001)

(P = 0.0862)
5-yr: 65% vs 55% 5-yr: 61% vs 50%
(P > 0.05)

IMRT, China[8]

Remarks

3-yr: 50% vs 41% 3-yr: 48% vs 31% Similar benefit in
(P = 0.005)

ARTIST[6]

DFS/RFS

(P > 0.05)

LRRFS benefit
(DFS benefit in
stage Ⅲ)

Majority 5-yr: 48% vs 42% 5-yr: 45% vs 36%
(P = 0.122)

(P = 0.029)

F/u: Follow-up; PS: Performance status; NR: Not reported; OS: Overall survival; DFS/RFS: Disease-free survival/relapse-free survival; LRRFS: Locoregional failure-free survival.

Table 2 Treatment parameters and toxicities in phase III studies of postoperative radiotherapy for gastric cancer
Ref.
SWOG/INT-0116[3]
ARTIST[6]

Group

Concurrent
chemo

RT planning

RT dose
(Gy)

RT target

Severe toxicity

Completed planned
treatment

CRT

5FU + LV

2D

45

2D or 3D

45

Tumor bed, LN
(Nos. 1-16)
LN (Nos. 7-9 and
12-16)

G3+, 41%, G4+ 32%
(GI, 33%)
Similar toxicity profile
between the two groups
(mostly well tolerated)
G3+ Hema; 20% vs 25%, G3+
GI; 17% vs 11%
Similar toxicity profile
between the two groups
(mostly well tolerated)

64%
(17 due to toxic effect)
82% (5 due to toxic
effect, but 1 during CRT)

CT-CRT-CT Capecitabine

NCC, South Korea[7]

CRT

5FU + LV

2D or 3D

45

IMRT, China[8]

CRT

5FU + LV

IMRT

45

Tumor bed, LN
(Nos. 1-16)
Tumor bed, LN
(Nos. 1-16)

87% (2 due to toxic
effect)
91% (4 due to toxic
effect)

RT: Radiotherapy; CRT: Chemo-radiotherapy; 5FU + LV: Fluorouracil and leucovorin; LN: Lymph node; GI: Gastrointestinal; Hema: Hematologic; IMRT:
Intensity modulated radiotherapy.

nificantly improved the three-year DFS in node positive
patients, supporting the hypothesis of this trial.
NCC trial, South Korea
The National Cancer Center (NCC) in South Korea conducted a single-institution phase Ⅲ trial in stage Ⅲ-Ⅳ
gastric cancer patients who underwent R0 gastrectomy
and D2-dissection[7]. A total of 90 patients were randomly assigned to the chemotherapy arm (FL, n = 44) or the
CRT arm (INT-0116 scheme, n = 46). Unfortunately, this
underpowered study was terminated early due to poor
accrual (possibly why the ARTIST trial included 60%
stage Ⅰ/Ⅱ patients). Although five-year DFS, which was
the primary endpoint of this trial, was not significantly
improved in the combined modality group which included RT, the five-year loco-regional recurrence-free survival
(LRRFS, secondary endpoint) was significantly improved
in the median follow-up of 87 mo.
Multicenter IMRT trial, China
In contrast to these two trials, a significant benefit in DFS,
but not in OS, was shown in a Chinese multicenter randomized trial, in which patients with D2-dissection were
randomly assigned to chemotherapy alone or intensitymodulated RT plus concurrent chemotherapy[8]. The che-
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motherapy consisted of the FL regimen in both groups.
With a median follow-up of 43 mo, adjuvant CRT was
associated with a significant reduction in the risk of recurrence (5-year DFS, 45% vs 36%), and with no significant
survival advantage (5-year OS, 48% vs 42%). Not surprisingly, no difference in the rate of distant metastasis was
noted between the two groups (24% vs 27%, P = 0.595),
and loco-regional recurrences were less frequent in the
adjuvant CRT group (15% vs 24%, P = 0.042).

DISCUSSION OF RECENT TRIALS
The results of three recent randomized controlled trials from South Korea and China comparing adjuvant
chemotherapy and CRT, which included a total of
895 patients in the meta-analysis, showed no apparent
survival benefit with the addition of RT (HR = 0.79,
95%CI: 0.61-1.03) during the 4-7 year follow-up period, but found significantly improved LRRFS (HR =
0.53, 95%CI: 0.32-0.87) and DFS (HR = 0.72, 95%CI:
0.59-0.89) in the CRT group (Table 1)[31]. When interpreting the findings of these trials, several important points
should be considered. Firstly, although in the SWOG/
INT-0116 trial, 41% of CRT patients experienced severe
treatment-related toxicity, resulting in only 64% com-
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pleted planned treatments, in 3 recent randomized trials,
no increase in treatment-related toxicity was observed in
the CRT group compared with the chemotherapy alone
group; consequently, most patients (ARTIST 75%, NCC
87%, and China 91%) completed treatment as planned
(Table 2). One plausible explanation for this is the application of modern RT techniques (IMRT or CT-based
3D-CRT) in recent trials rather than 2D-conventional
RT in the SWOG/INT-0116 trial carried out in the 1990’
s and/or the modification of RT target volume in the
ARTIST trial, which could reduce the irradiating bowel
volume. Secondly, the patient population varied between
the studies. The proportion of stage Ⅲ/Ⅳ disease, which
could involve a high risk of loco-regional relapse, was
41% in the ARTIST trial, 71% in the Chinese trial, and
100% in the NCC trial. The positive results for DFS in
the Chinese trial and subset (N+) analysis of the ARTIST
trial indicated that the use of adjuvant CRT for the entire
population undergoing D2-dissection may be overtreatment, and, therefore, identification of the high-risk subgroup which would benefit most from CRT should be
carried out.

19%-33%[12,25,27]. The largest retrospective study from
South Korea analyzed the failure patterns of 2328 patients who underwent D2-dissection, and reported 19%
of loco-regional recurrence as a single pattern and 33%
as a combined pattern[12]. Another retrospective study
from Korea reported 22% of loco-regional failure in 446
patients who did not receive adjuvant RT[27]. In the Dutch
D1/D2 trial from DCGC, a similar rate of loco-regional
recurrence was noted in 331 patients in the D2 group
(local 12% and regional 13%)[25]. It should be noted that
these studies included entire patient populations from
stage Ⅰ to stage Ⅳ (M0) disease. One possible explanation for under-reporting of loco-regional recurrence
included lack of attention due to distant spread and difficulty in determining loco-regional failure using current
imaging modalities. The intra-abdominal location of
regional lymph nodes (LNs) could make recurrence less
likely to be detected as the first failure pattern compared
with other organs.
In the present authors’ opinion, the identification of
a high-risk subgroup for loco-regional recurrence among
D2-dissected patients is essential and of higher priority
than assessing the efficacy of regular application of adjuvant CRT in all D2-dissected gastric cancer patients. The
subgroup analysis in the ACTS-GC trial from Japan may
provide a clue to identifying patients who are most likely
to benefit from adjuvant CRT[33]. The pivotal Japanese
ACTS-GC study demonstrated the survival advantage
of postoperative S-1 chemotherapy over observation[4].
Subgroup analysis of 5-year OS in this study showed that
insufficient survival benefit of S-1 was observed in N3a
(HR = 0.779, 95%CI: 0.534-1.138) and N3b stages (HR
= 0.927, 95%CI: 0.477-1.799), in contrast to clear efficacy
in N0-N2 stages, which may indicate room for improvement in the application of RT in these patients at high
risk for loco-regional recurrence. In Korea, the report
by Chang et al[34] revealed an interesting finding that N3
patients are at substantial risk of regional recurrence as
well as peritoneal seeding and distant spread despite D2
dissection and adjuvant chemotherapy. The report also
demonstrated that the most frequent locations of regional recurrence were in the nodal stations outside the D2dissection field (12p-16), which are classified as distant
metastasis (M1 node) according to the 7th edition of the
AJCC classification system, but as regional node according to the Japanese Classification of Gastric Carcinoma
(JCGC) criteria (Table 3)[35].

LOCOREGIONAL RECURRENCE AFTER
D2-DISSECTION: IMPLICATIONS FOR
POSTOPERATIVE RT

RT TARGET VOLUME COULD BE
MODIFIED IN D2-DISSECTED GASTRIC
CANCER

In Eastern countries including South Korea and Japan,
D2-dissection with low morbidity and mortality is believed to contribute to rare loco-regional recurrence and
a high OS rate[32]. However, actual reported rates of local/regional recurrence after D2-dissection range from

The RT target volume has varied in the studies of adjuvant RT[36]. In the SWOG/INT-0116 trial, the field of
radiation included the tumor bed and 2 cm beyond the
proximal and distal margins of resection, and regional
nodes (perigastric, celiac, local para-aortic, splenic, hepa-

Table 3 Description of lymph node station
LN station
1
2
3
4
5
6
7
8
9
10
11
12
12a
12b
12p
13
14
15
16
16a
16b

Node location
LN at right paracardium
LN at left paracardium
LN along the lesser curvature
LN along the greater curvature
LN at suprapylorum
LN at infrapylorum
LN along the left gastric artery
LN along the common hepatic artery
LN around the celiac artery
LN at the splenic hilum
LN along the proximal splenic artery
LN in the hepatoduodenal ligament
LN along the hepatic artery
LN along the bile duct
LN behind the portal vein
LN on the posterior surface of the pancreatic head
LN along the superior mesenteric vessels
LN along the middle colic vessels
LN around the abdominal aorta
LN from the upper margin of the celiac trunk to the lower
margin of the left renal vein
LN from the upper margin of the left renal vein to the
aortic bifurcation

LN: Lymph node.
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dissection could potentially allow more effective RT strategies. A subsequent report by Yoon et al[38] demonstrated
RT target volume delineation based on CT-guided vascular structure using the data from 91 patients who had LN
recurrence from their previous study.
12

8

9

16a
11

7

CURRENT TRIALS

10

14

13
16b

Figure 2 Schematic diagram of lymph node station. LN: Lymph node; 7:
LN along the left gastric artery; 8: LN along the common hepatic artery; 9: LN
around the celiac artery; 10: LN at the splenic hilum; 11: LN along the proximal
splenic artery; 12: LN in the hepatoduodenal ligament; 13: LN on the posterior
surface of the pancreatic head; 14: LN along the superior mesenteric vessels;
16a: LN from the upper margin of the celiac trunk to the lower margin of the
left renal vein; 16b: LN from the upper margin of the left renal vein to the aortic
bifurcation.

toduodenal, and pancreaticoduodenal LNs) [3,14]. This
field was defined based on patterns of failure after D0/1
dissection in a Western population, which might be the
representative failure pattern of suboptimal surgical resection. On the other hand, in the ARTIST trial, the RT
target volume did not include LNs in the splenic hilum
(No. 10), LNs along the proximal splenic artery (No. 11),
perigastric LNs (Nos. 1-6) and tumor bed, based on their
previous study analyzing patterns of failure after D2dissection (Figure 2)[6,37].
Coupled with a retrospective central review by one
GI radiologist, Chang et al[34] investigated patterns of LN
recurrence after D2 dissection for 382 patients with stage
Ⅲ (N3) disease. The most prevalent regional recurrence
was LNs around the abdominal aorta from the upper
margin of the celiac trunk to the lower margin of the
aortic bifurcation (Nos. 16a and 16b), followed by hepatoduodenal LNs (No. 12), LNs along superior mesenteric
vessels (No. 14), retropancreatic LNs (No. 13), and celiac
LNs (No. 9). These results provide consistent evidence
that RT target volume in D2-dissected patients can exclude perigastric LNs (Nos. 1-6), and splenic LNs (Nos.
10-11). Since the development of severe gastrointestinal
complications is mostly attributed to the extent of the
RT target volume in gastric cancer, understanding the
specific location of loco-regional recurrence after D2-
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Well-designed prospective randomized studies with adequate statistical power are needed to clearly define the
role of adjuvant CRT in D2-dissected gastric cancer.
The ChemoRadiotherapy after Induction chemoTherapy
In Cancer of the Stomach (CRITICS) trial is currently
randomizing patients undergoing preoperative ECF
followed by D1+ dissection (Nos. 1-9 and 11) to postoperative ECF alone or 45 Gy of CRT with concurrent
capecitabine plus cisplatin, and comparing the efficacy of
the MAGIC trial regimen which showed the survival benefit of a perioperative approach combined with intensive
chemotherapy (ECF; epirubicin, capecitabine, and cisplatin) with those of the SWOG/INT-0116 trial[39]. The
ARTIST Ⅱ trial plans to accrue LN positive patients using a 2-by-2 factorial design of chemotherapy agents (S-1
vs capecitabine plus oxaliplatin) and treatment modality
(chemotherapy alone vs CRT).

CONCLUSION
Current treatment guidelines of adjuvant CRT for D2dissected gastric cancer are based on low-level evidence
due to a paucity of prospective studies and a near total
absence of phase Ⅲ multicenter randomized trials. Recent prospective randomized trials from South Korea
and China demonstrated that the addition of RT to
chemotherapy could prevent loco-regional recurrence
and, furthermore, improve DFS in selected patients even
after D2-dissection. Considerable rates of loco-regional
recurrence have been reported after D2-dissection and
the most prevalent locations of recurrence are found in
the nodal basin outside the D2-dissection field. Whether
modification of RT target volume and/or new RT techniques can reduce GI toxicity without compromising
the oncologic outcomes is a clinically relevant question.
Identification of high-risk patients for loco-regional
recurrence is crucial. Because D2-dissection has been
recently recommended as the standard surgical method
worldwide, data on the influence of clinical results is now
available from both Eastern and Western studies. Future
statistically robust prospective studies are strongly warranted to further investigate the role of CRT in the field
of D2-dissection.
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Abstract
Alcoholic liver disease is a major health problem in the
United States and worldwide. Chronic alcohol consumption can cause steatosis, inflammation, fibrosis, cirrhosis and even liver cancer. Significant progress has been
made to understand key events and molecular players
for the onset and progression of alcoholic liver disease
from both experimental and clinical alcohol studies. No
successful treatments are currently available for treating alcoholic liver disease; therefore, development of
novel pathophysiological-targeted therapies is urgently
needed. This review summarizes the recent progress
on animal models used to study alcoholic liver disease
and the detrimental factors that contribute to alcoholic
liver disease pathogenesis including miRNAs, S -adenosylmethionine, Zinc deficiency, cytosolic lipin-1β,
IRF3-mediated apoptosis, RIP3-mediated necrosis and
hepcidin. In addition, we summarize emerging adaptive
protective effects induced by alcohol to attenuate alco-
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hol-induced liver pathogenesis including FoxO3, IL-22,
autophagy and nuclear lipin-1α.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholic liver disease; Autophagy; Fatty
liver; Lipin-1; FoxO3; RIP3; IL-22
Core tip: Alcoholic liver disease is a major health problem worldwide. Significant progress has been made to
understand key events and molecular players for the
onset and progression of alcoholic liver disease. This
review summarizes the recent progress on animal models used to study alcoholic liver disease and the detrimental factors that contribute to alcoholic liver disease
pathogenesis including miRNAs, S -adenosylmethionine,
zinc deficiency, cytosolic lipin-1β, IRF3-mediated apoptosis, RIP3-mediated necrosis and hepcidin. In addition,
we summarize emerging adaptive protective effects
induced by alcohol to attenuate alcohol-induced liver
pathogenesis including FoxO3, IL-22, autophagy and
nuclear lipin-1α.
Williams JA, Manley S, Ding WX. New advances in molecular
mechanisms and emerging therapeutic targets in alcoholic liver
diseases. World J Gastroenterol 2014; 20(36): 12908-12933
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i36/12908.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i36.12908

INTRODUCTION
Alcohol consumption and abuse are major causes of
chronic liver disease, which is a significant health problem in the United States and around the world. The
pathogenesis of alcoholic liver disease (ALD) in humans
is characterized by steatosis (mild stage), which is an ac-
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cumulation of fat in hepatocytes. In most heavy alcohol
consumers, steatosis is caused by inhibiting fatty acid oxidation while increasing uptake of fat into the liver along
with fatty acid and triglyceride synthesis. Approximately
8%-20% of heavy drinkers with steatosis can further
develop steatohepatitis (moderate stage) and fibrosis and
cirrhosis (advanced stage), and some (3%-10%) eventually develop hepatocellular carcinoma (HCC)[1,2]. Alcoholic steatohepatitis is characterized by hepatic inflammation and injury in addition to steatosis and also includes
fibrotic and cirrhotic disease states. Fibrosis is a typical
wound-healing response induced by liver injury that is
characterized by an accumulation of extracellular matrix
proteins, such as collagen, which are produced by activated hepatic stellate cells (HSCs). Continuous activation
of this wound healing response leads to cirrhosis of the
liver, which can eventually progress to HCC.
Most heavy alcohol consumers do not progress beyond steatosis of the liver, which suggests that other
factors contribute to progression of ALD in addition to
heavy alcohol consumption. There have been several factors shown to contribute to progression and severity of
ALD in humans including race, sex, and comorbidities
like obesity or hepatitis C virus (HCV). Genetic polymorphisms and epigenetic modifications have also been
shown to have roles in ALD progression. Two of the
most important factors in susceptibility to ALD progression are race and sex. African-Americans and Hispanics
are more likely to progress to alcohol-induced cirrhosis
than Caucasians[3,4]. In addition, women are more likely
to progress to ALD with more severity than men[5-7].
Women were shown to have increased blood alcohol levels compared to men after alcohol consumption, which
was likely due to females having decreased gastric alcohol
dehydrogenase, contributing to a decreased first-pass
metabolism and greater bioavailability of alcohol after
consumption[7,8]. The greater likelihood of women to
have increased risk of developing ALD may also be due
to estrogen levels[9-12].
Comorbidity with other diseases, such as obesity or
HCV, in addition to lifestyle factors have also been shown
to play a role in ALD progression. Obesity and metabolic
syndrome have been shown to have a synergistic effect
on alcohol-induced liver injury[13,14], which may be due to
nitrosative stress in the liver caused by type 1 macrophage
activation, increased ER and mitochondrial stress, and adiponectin resistance[15]. In addition, obesity has been associated with an increased mortality rate in ALD patients[16].
HCV has also been associated with severity of ALD[17,18].
A combination of HCV and ALD has been shown to
cause more liver injury than either disease alone[17-19], and
the risk of developing cirrhosis was greatly increased
in HCV patients that were heavy alcohol consumers[20].
Smoking has also been shown to have a role in ALD severity and progression to liver cirrhosis[21-23]. In contrast,
drinking coffee has been shown to protect against ALD
severity and development of alcohol-induced liver cirrhosis[22,24,25].
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Finally, genetic polymorphisms and epigenetics have
been shown to contribute to ALD progression and severity. For example, several polymorphisms of genes necessary for alcohol metabolism have been found including
polymorphisms in alcohol dehydrogenase (ADH2 and
ADH3), aldehyde dehydrogenase (ALDH2) and in the
cytochrome P450 2e1 (Cyp2e1) promoter[26,27]. Polymorphisms in glutathione S-transferase (GST) genes
necessary to reduce oxidative stress may also have a role
in ALD progression[28]. In addition, polymorphisms in
genes involved in cytokine regulation and response have
been associated with ALD progression, such as a polymorphism of the TNF-α promoter[29,30] in addition to
polymorphisms in IL-1β, TGF-β1, and IL-10, which all
influence progression to hepatic fibrosis[31]. Recently, variations in the patatin-like phospholipase domain-containing protein 3 (PNPLA3) gene have been associated with
ALD progression to cirrhosis[32-35] fibrosis and HCC[36]. In
addition to genetic polymorphisms, epigenetics have also
been shown to have a role in ALD progression. Alcohol
has also been shown to influence epigenetics and histone
modification in the GI tract and liver, which may increase
progression and severity of ALD. For example, alcohol
has been shown to alter expression of ADH due to histone modification. More critically, epigenetic changes
induced by alcohol consumption may be transmitted to
offspring, which could affect their development[37].
ALD is a substantial problem worldwide that is
caused by heavy alcohol consumption in addition to
other environmental and genetic factors. Significant research progress has been made in the past few years for
understanding ALD pathogenesis, but a universal treatment to cure ALD is still lacking. Several mediators that
result in progression of ALD that have already been
thoroughly reviewed include hepatocyte apoptosis, activation of innate and adaptive immunity, and inhibition of
liver regeneration[38-40]. In this review, we discuss newly
available mouse models for studying ALD, new players
in alcohol-induced liver pathogenesis and novel adaptive
mechanisms that the liver may utilize to protect against
alcohol-induced liver injury.

A PREVIEW OF CURRENT RODENT
MODELS OF ALD
While many species have been used to study ALD including baboons, pigs and rats, mice have been used predominantly in current ALD research. This is due to the
availability of numerous transgenic and knockout mice
that can easily help scientists determine the role of a particular molecule or signaling pathway in the pathogenesis
of ALD. In addition, mice have more than 85% genetic
similarity to humans, and their physiology and genetics
have been extensively studied. Moreover, mice can reproduce quickly and are relatively inexpensive compared to
baboons and pigs. Although many different mouse models have been established to study the pathogenesis of
ALD, they are only able to mimic some early pathogenic
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changes of ALD in humans. In fact, none of the current
mouse models have been able to reproduce the exact
pathogenic process in human ALD. Nevertheless, since
ALD is a chronic liver disease, the understanding of these
early pathogenic changes that can be seen in mouse ALD
models, such as hepatic steatosis and inflammation, can
still shed light on future development of therapeutics for
prevention of ALD progression. Several mouse models
have been used to study alcoholic liver injury that include
acute oral gavage, ad libitum oral alcohol in drinking
water, intragastric infusion (Tsukamoto-French model),
chronic Lieber-DeCarli diet ethanol feeding and the most
recent National Institute on Alcohol Abuse and Alcoholism (NIAAA) chronic-binge ethanol model, which
was developed by Bin Gao’s group (hereafter referred to
as Gao-Binge model). Mice administered acute oral gavage, ad libitum oral alcohol in drinking water or chronic
Lieber-DeCarli diet ethanol feeding show mild elevation
of serum alanine aminotransferase (ALT), which only
mimics early pathogenic changes in human ALD. Aimed
to establish a mouse model to better recapitulate human
ALD pathogenesis, Dr. Tsukamoto and Dr. French invented the intragastric infusion model in which the mice/
rats are surgically implanted with an intragastric tube to
allow continuous enteral alcohol feeding, which results in
blood alcohol concentrations that are much higher than
ad libitum alcohol feeding[41,42]. The intragastric alcohol
fed mice show marked elevation in serum ALT levels, steatosis and some mild liver fibrotic changes[43]. However,
an increased mortality rate was found in long-term intragastric fed mice, and thus these mice require extensive
medical care during experiments. Moreover, this model
requires a technically challenging surgery that is difficult
to perform for most laboratories.
Alcoholic hepatitis (AH) is a clinical syndrome among
chronic alcohol drinkers who often also binge drink,
resulting in hospitalization. Approximately 30%-40% of
AH patients die within one month of diagnosis, and current treatment options, which are use of corticosteroids
or pentoxifylline, only provide about a 50% survival
benefit[44]. Therefore, there is an urgent need for development of new targeted therapies for AH. As previously
mentioned, most mouse models only mimic early ALD
pathogenesis. However, Dr. Gao’s laboratory recently established a novel mouse model to mimic AH conditions
(Gao-binge model)[45]. In this model, mice are fed a control Lieber-DeCarli liquid diet for 5 d before switching
them to a 10 d ethanol Lieber-DeCarli diet (1%-5%) followed by a one-time ethanol binge by oral gavage (31.5%
v/v) on the morning of day 11 for 9 h. Control animals
are fed a calorie-matched diet and receive a maltosedextran binge (45%) on day 11. Mice were found to have
a blood alcohol level of 140 mmol/L 1-2 h after ethanol binge using this model[46]. Mice treated with chronic
feeding together with an acute binge showed markedly
elevated ALT, aspartate aminotransferase (AST), and steatosis along with significant inflammation in mouse livers
compared with either the chronic 10 d feeding or the
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acute binge alone-treated mice[45,47]. The advantages of
this model are obvious because it is easy to perform and
is more relevant to the human AH condition because it
generates more liver injury and inflammation than other
frequently used models. However, it should be noted that
the phenotype in this model does not progress beyond
liver steatosis, inflammation, and injury. Therefore, improved animal models that more accurately reflect the
human condition are still needed for studying ALD progression.

NOVEL PLAYERS IN ALD PATHOGENESIS
Chronic alcohol consumption is well known to induce
liver steatosis, which can eventually progress to more severe forms of liver injury, such as AH, fibrosis, and HCC
as previously discussed. Owing to the active research in
the past decade, many mediators of ALD pathogenesis
have been identified and extensively reviewed recently[38-40], this section of the review will thus focus on novel
players in ALD pathogenesis including modulation of
microRNA levels, changes in methionine metabolism and
S-adenosylmethionine, induction of osteopontin, hepcidin and zinc depletion, and newly discovered mechanisms
of alcohol-induced cell death.
MicroRNA
MicroRNAs (miRNAs) are small noncoding RNAs that
post-transcriptionally regulate gene expression via RNA
cleavage and degradation or inhibition of RNA translation[48]. There have been several studies over the past 5
years investigating the role of miRNAs in ALD. A microarray analysis to determine the hepatic miRNA profile in
mice fed the Lieber-DeCarli diet (4.5%) for 5 wk revealed
that chronic ethanol feeding caused significant changes
in miRNA levels. Specifically, chronic ethanol feeding
caused down-regulation of miR-27b, miR-214, miR199a-3p, miR-182, miR-183, miR-200a and miR-322, but
caused up-regulation of miR-705 and miR-1224[49]. While
these results indicate that chronic alcohol consumption
can alter hepatic miRNA levels, the exact contribution
of these miRNA changes in the pathogenesis of ALD
is still not clear. In a separate study conducted by the
same group, it was found that RAW 264.7 macrophages
exposed to either lipopolysaccharide (LPS) or ethanol increased the induction of miR-155, which was important
for TNFα induction. Interestingly, combined treatment
of LPS with ethanol further synergistically increased the
induction of miR-155 in RAW 264.7 macrophages, which
also correlated with ethanol-induced TNFα production.
More importantly, they further found that mice that were
fed the Lieber-DeCarli diet (5%) for 4 wk had significantly increased miR-155 levels and TNFα production in
isolated Kuppfer cells (KCs) when compared with pairfed controls. Mechanistically, miR-155 increased mRNA
stability of TNF α and, in turn, promoted alcoholinduced elevation of TNFα production[50]. The ethanolinduced increase in miR-155 seemed to be more robust
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in KCs because it was only slightly increased in hepatocytes in chronic ethanol fed mice, which is consistent
with the role of miR-155 in regulating inflammation. In
contrast to miR-155, miR-122 is abundant in hepatocytes.
Interestingly, it was found that chronic ethanol feeding decreased hepatic miR-122 levels but significantly
increased blood circulating levels of both miR-122 and
miR-155. Further studies revealed that serum/plasma
levels of miR-122 correlated with ALT levels whereas
serum/plasma miR-155 levels correlated with inflammation induced by alcohol[51]. These results suggest that circulating miRNAs may serve as additional biomarkers for
alcohol-induced liver injury and inflammation in addition
to serum ALT levels.
Yin et al[52] recently demonstrated that miR-217 plays
a critical role in ethanol-induced liver steatosis via downregulation of sirtuin 1 (SIRT1). SIRT1 is a deacetylase
that regulates lipid metabolism via deacetylation of genes
involved in lipid synthesis and break down, such as sterol regulatory element-binding protein 1 (SREBP-1)
and Peroxisome-proliferator-activated receptor gamma
(PPARγ) co-activator-1α (PGC-1α). Ethanol treatment
increased miR-217 levels in both ethanol-treated AML-12
cells and in mice fed a modified Lieber-DeCarli diet for
4 wk. In addition, both ethanol and miR-217 overexpression increased triglycerides (TG) in AML-12 cells, and
co-treatment of AML-12 cells with both ethanol and
miR-217 further increased TG levels compared to ethanol or miR-217 overexpression alone. Mechanistically, it
was found that both miR-217 overexpression and alcohol
treatment inhibited SIRT1 mRNA and protein expression as well as its deacetylase activity. Co-treatment of
miR-217 with ethanol further exacerbated the inhibitory
effects on SIRT1. Moreover, miR-217 overexpression
and ethanol treatment both inhibited AMP-activated
protein kinase (AMPK) activity, which has critical roles in
ethanol-induced liver fat accumulation[53,54]. In line with
these results, miR-217 overexpression increased mRNA
expression of several genes involved in lipid synthesis
with a corresponding decrease in genes involved in fatty
acid oxidation. Furthermore, miR-217 and ethanol treatment both induced lipin-1, a protein that has phosphatidate phosphatase activity important for regulating lipid
homeostasis (also see below discussion), to be localized
in the cytoplasm, which is associated with induction of
lipid synthesis and reduction of fatty acid oxidation in the
liver[52]. In addition to miR-217, miR-34a was also found
to down-regulate SIRT1 expression after ethanol treatment in human hepatocytes, but the effect of miR-34a
on ethanol-induced steatosis was not investigated[55].
In addition to having a role in ethanol-induced inflammation and steatosis, miRNAs may also have an
impact on ethanol-induced liver regeneration. Dippold
et al[56] studied miRNA profiles in livers from rats fed
ethanol for 5 wk compared with pair-fed controls after
both groups were further subjected to partial hepatectomy (PHx). They found that expression of particular
miRNAs differed between ethanol and control rats after
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PHx, and that some miRNAs present in control rats were
absent in ethanol-treated rats or vice versa. Importantly,
ethanol-treated rats had decreased expression of miR196a and miR-196c in the early liver regenerative phase.
Chip analysis revealed that these miRNAs were regulated
by nuclear factor-kappaB (NF-κB), and that binding of
NF-κB to the miR-196c promoter was decreased after
PHx[56]. These results suggest that decreased expression
of miR-196a and miR-196c is associated with impaired
liver regeneration during ethanol-induced liver injury, but
the exact role of miR-196a and miR-196c in ethanolinduced impairment of liver regeneration needs to be
further studied. In addition to miR-196a and 196c, it
should also be noted that many other miRNAs were altered during liver regeneration in chronic ethanol-fed rats.
Therefore, it will be interesting to further investigate the
role of other miRNAs in liver recovery and regeneration
after ethanol-induced liver injury.
Ethanol-induced oxidative stress has recently been
shown to involve miR-214. Rats fed with ethanol for 4
wk had increased expression of miR-214, which binds
specifically to the 3’-UTR of glutathione reductase and
cytochrome P450 oxidoreductase, two important antioxidant genes[57]. Binding of miR-214 to the promoters of
these oxidative stress genes inhibits their expression and
decreases their activity, which likely promotes alcoholinduced oxidative stress. Indeed, inhibition of miR-214
in human hepatoma cells (Bel7402) and in rat liver cells
(BRL) treated with ethanol rescued the ethanol-induced
reduction in expression of glutathione reductase and cytochrome P450 oxidoreductase and suppressed ethanolinduced oxidative stress[57]. These findings suggest that
miR-214 may be a future therapeutic target for reducing
ethanol-induced oxidative stress and liver injury.
In summary, it seems that miRNAs play roles in
alcohol-induced inflammation, steatosis, liver regeneration/repair and oxidative stress. miRNAs might be novel
therapeutic targets as well as diagnostic biomarkers for
ALD. However, it should be noted that the miRNA profiles found in mice and rats treated with ethanol were
quite different. For example, none of the microRNA
alterations found in Dolganic’s mouse liver microarray
analysis[49] were found in the rat microarray analysis completed by Hoek’s group[56], which could be due to species
differences between rats and mice. Moreover, the miRNA
profile in mice treated with the Gao-binge model has not
been determined. Future work to further characterize the
role of miRNAs in ALD is definitely needed.
S-adenosylmethionine
Methionine is an essential amino acid important for synthesis of cysteine and phospholipids, such as phosphatidylcholine. Methionine must be ingested through the
diet because it cannot be newly synthesized by humans.
Methionine metabolism occurs predominantly in the liver
and results in production of the methyl donor S-adenosylmethionine (SAM), which is necessary to perform
most methylation reactions. The first reaction in methio-
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Figure 1 S-adenosylmethionine is produced from methionine by methionine adenosyltransferase. After donating its methyl group, S-adenosylmethionine (SAM)
is converted to S-adenosylhomocysteine (SAH), which is then converted to adenosine and homocysteine by S-adenosylhomocysteine hydrolase (SAHH). Homocysteine
is used to regenerate methionine or to produce glutathione (GSH). The vitamin B6 dependent transsulfuration pathway produces GSH via reduction of homocysteine to
cystathionine using cystathionine beta synthase (CβS), which can then be further metabolized to cysteine and GSH. Regeneration of methionine from homocysteine occurs by two pathways. The folate-dependent pathway regenerates methionine from homocysteine via transfer of a methyl group from N5-methyltetrahydrofolate (MTHF)
to vitamin B12, which is then transferred to homocysteine by methionine synthase (MS) to form methionine. The second pathway is folate independent and uses betaine
as a substrate for methionine synthesis from homocysteine via betaine homocysteine methyltransferase (BHMT). Alcohol may affect methionine metabolism via three
mechanisms: alcohol inhibits MS, alcohol increases BHMT as a compensatory effect and alcohol may inhibit MAT activity, but this is still controversial.

nine metabolism occurs via the transmethylation cycle,
which results in production of SAM from methionine by
methionine adenosyltransferase (MAT). After donating
its methyl group, SAM is converted to S-adenosylhomocysteine (SAH), which is then further converted to
adenosine and homocysteine by S-adenosylhomocysteine
hydrolase (SAHH). Homocysteine is then used to regenerate methionine or to produce glutathione (GSH), which
is a well-known anti-oxidant important for prevention
of liver injury. The vitamin B6 dependent transsulfuration pathway is utilized to produce GSH via reduction of
homocysteine to cystathionine using cystathionine beta
synthase (CβS), which can then be further metabolized
to cysteine and subsequently, GSH. Regeneration of
methionine from homocysteine occurs by two pathways.
The folate-dependent pathway regenerates methionine
from homocysteine via transfer of a methyl group from
N5-methyltetrahydrofolate (MTHF) to vitamin B12, which
is then subsequently transferred to homocysteine by
methionine synthase (MS) to form methionine. The second pathway is folate independent and uses betaine as a
substrate for methionine synthesis from homocysteine via
betaine homocysteine methyltransferase (BHMT)[58-61].
It is well known that ethanol induces alterations in
multiple steps of methionine metabolism, which is associated with progression of ALD (Figure 1)[58-63]. Studies
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in the 1960s showed that alcoholic patients had hematosuppressive effects due to alcohol’s effect on folate metabolism. In addition, ethanol-treated rat hepatocytes had
increased MTHF. These studies were the earliest evidence
indicating that ethanol may affect methionine metabolism[64,65]. Then, pioneer work from Lieber et al[66] showed
that baboons fed chronic ethanol for 18 to 36 mo had
decreased hepatic SAM levels, and SAM supplementation
in these baboons significantly attenuated ethanol-induced
mitochondrial damage in the liver. Studies from Dr.
Tuma’s group also showed that rats that received betaine
in their diets had increased hepatic SAM levels and markedly reduced liver steatosis after chronic ethanol feeding[67]. Mechanistically, it was found that chronic ethanol
consumption inhibits the activity of methionine synthase,
resulting in a compensatory increase of BHMT activity.
However, this compensatory BHMT-mediated pathway
cannot be maintained under chronic ethanol exposure
conditions, which consequently results in decreased levels
of SAM and increased levels of SAH and homocysteine[58,62]. A decreased SAM-to-SAH ratio and increased
homocysteine leads to progression of liver injury, steatosis and ALD, which may be involved in multiple mechanisms including inflammation, oxidative stress, endoplasmic reticulum (ER) stress, accumulation of damaged
protein, altered gene expression, chromatin structure
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modification, GSH depletion and apoptosis[60,61,63,68-71].
Therapeutically, SAM treatment reduced ethanolinduced inflammation, which was possibly through
inhibition of TNFα production from KCs after LPS
treatment[69] and repression of ethanol-induced increases
in mRNA expression of toll-like receptors 2 and 4 likely
via histone methylation[72]. SAM has also been shown to
be important in preserving mitochondrial function and
reducing oxidative stress during ethanol consumption. It
was recently shown that betaine treatment increases the
SAM-to-SAH ratio along with increasing GSH and its
component cysteine, which allowed for protection against
oxidative stress. Betaine treatment improved liver antioxidant capacity and reduced inducible nitric oxide synthase
(iNOS) expression and nitric oxide production in the liver
during chronic ethanol treatment[70,71]. Furthermore, betaine treatment also inhibited ethanol-induced reduction of
cytochrome c oxidase and NADH dehydrogenase, two
components of the electron transport chain necessary
for mitochondrial respiration[70]. It is known that chronic
alcohol consumption induces hyperhomocysteinemia
in rats and humans, which is associated with ER stress.
Interestingly, betaine treatment significantly reduced
chronic ethanol-induced ER stress and ER stress-initiated
hepatocyte apoptosis in intragastric alcohol-fed mice[68].
Finally, betaine and SAM supplements significantly reduced blood alcohol levels by increasing epinephrinemediated metabolic rate and alcohol dehydrogenasemediated alcohol oxidation[73].
Although SAM and betaine treatments have shown
beneficial effects in reducing ethanol-induced liver injury
and steatosis in animal models, it was also found that
methionine metabolism may differ among the various
alcohol models (acute vs chronic) and in different species (mouse vs rat). Chronic ethanol feeding increased
plasma homocysteine in mice, but not in rats. Additionally, BHMT protein levels were increased in rat livers after
ethanol feeding, but were unchanged in mice fed ethanol
compared to controls. Furthermore, BHMT promoter
activity was different in rat and mouse primary hepatocytes. Homocysteine treatment inhibited BHMT promoter activity in mouse hepatocytes, which was rescued
by betaine treatment, but homocysteine treatment did
not affect BHMT promoter activity in rat hepatocytes[74].
Therefore, more studies are definitely needed to further
dissect these differences. These various changes in methionine metabolism in different animal models may also
help to explain why therapeutic use of SAM in humans
has not proven useful. Several studies in ALD patients
have been recently performed to investigate the therapeutic potential of SAM treatment. In a clinical study
where 13 ALD patients were given either SAM or placebo, no differences in ALT, AST, or bilirubin levels were
found. In addition, there was no difference between the
groups for histopathology[75,76]. In another patient study,
French and colleagues found no differences in liver biopsy characteristics between alcoholic patients treated or
not treated with SAM while abstaining from alcohol use
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for 24 d[75]. However, it should be noted that the sample
size used in these studies was relatively small. In addition,
many patients had some fibrosis at baseline, which may
render injured hepatocytes non-responsive to SAM treatment. Moreover, chronic ethanol use has been associated with decreased vitamin B6[60], which is an important
cofactor for production of GSH from homocysteine, as
previously discussed. Therefore, it is possible that new
trials using co-administration of SAM and vitamin B6
may provide more promising results in human patients.
Moreover, increased patient numbers are also needed in
future clinical trials.
Osteopontin
Osteopontin (OPN), also known as secreted phosphoprotein 1 (SPP1), is a pro-inflammatory protein found
in extracellular matrix that binds to CD44 to initiate its
transcription and to integrins on target cells to promote
cell adherence and migration[77]. OPN undergoes multiple
posttranslational modifications including phosphorylation, O-glycosylation and proteolytic processing [78].
Thrombin or matrix metalloproteinase (MMP) 7 cleaves
OPN to yield a more active form of OPN[79]. Accumulating evidence suggests that OPN plays a role in various
liver diseases including hepatic steatosis, inflammation,
fibrosis and the pathogenesis of ALD[80-85]. OPN mRNA
and protein levels were first found to be elevated in
mice and rats after feeding them the Lieber-DeCarli diet
for 6 wk[82,86,87], and OPN induction occurred mainly in
biliary epithelium[86]. It is known that alcohol consumption inhibits hepatic peroxisome proliferator-activated
receptor-α (PPAR-α) activity resulting in hepatic steatosis and inflammation. Interestingly, it was found that
alcohol-induced down-regulation of PPAR-α was markedly suppressed in OPN knockout (KO) mice, which
suggests that OPN might positively regulate PPAR-α in
alcohol-treated mice. Conversely, treatment of mice with
a PPAR-α agonist increased PPAR-α expression and
reduced OPN expression in mice that were treated with
alcohol and carbon tetrachloride (CCl4), suggesting that
PPARα might also regulate OPN expression[88].
OPN has been suggested to increase alcohol-induced
inflammation by acting as a chemokine for neutrophil
infiltration in the liver[82,86,89], and OPN levels have been
shown to correlate with liver neutrophil numbers in
human patients[90]. Neutrophil infiltration was reduced
when rats were treated with an OPN neutralizing antibody before treatment with LPS using a Lieber DeCarli
ethanol diet + LPS ALD model[89]. These early results
suggest that OPN may contribute to the pathogenesis of
ALD. Indeed, OPN KO mice had reduced serum ALT
levels after ethanol treatment using the Gao-Binge model
compared to WT mice[83]. In addition, WT mice, but not
OPN KO mice, had increased hepatic inflammatory gene
expression and neutrophil infiltration after ethanol treatment with the Gao-Binge model[83]. Moreover, studies
using anti-osteopontin antibodies to both osteopontin
and its β3 integrin receptor have been shown to protect
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against non-alcoholic hepatocyte toxicity and concavalin-A induced liver injury, respectively[91,92]. In addition
to playing a role in ALD, OPN has also been shown to
promote liver fibrosis in mice that were treated with CCl4
and thioacetamide (TAA). It was shown that OPN promoted hepatic stellate cell activation through the phosphoinositide 3-kinase (PI3K)-Akt pathway and integrin
αvβ3 engagement. More importantly, OPN KO mice
showed less liver injury and fibrosis in response to CCl4
and TAA[93]. In line with the results obtained from these
animal studies, ALD patients also have increased serum
OPN levels when they progress beyond hepatic steatosis
to hepatic inflammation, AH, and fibrosis[83,90]. Taken together, the above evidence suggests that OPN may contribute to the pathogenesis of ALD, and inhibiting OPN
may be a potential therapeutic target for treating patients
with alcohol hepatitis.
While most evidence supports a detrimental role of
OPN in ALD, Nieto and colleagues recently found that
OPN could improve the pathogenesis of ALD by targeting the gut-liver axis. Supplementation of the breast milk
form of OPN protected against ethanol-induced liver inflammation, steatosis, and injury by maintaining gut permeability after mice were treated with the Lieber-DeCarli
diet for 3 wk[85]. Moreover, the same group also reported
that steatosis and liver injury were increased in OPN KO
mice but were significantly decreased in OPN transgenic
mice overexpressing OPN in hepatocytes compared with
wild type mice. Mechanistically, it was proposed that
OPN may block gut derived LPS and TNFα, and thus
alleviate LPS/TNFα-mediated liver injury in chronic
alcohol-fed mice[84]. These contradictory results could
be due to multiple factors. First, it is known that OPN is
post-translationally regulated and OPN in breast milk has
a greater number of phosphorylated serine residues than
endogenous forms of OPN in adults[77,94]. OPN can also
be glycosylated, sulfated, and cleaved by proteases[95]. Second, it is also possible that OPN may play different roles
in different parts of ALD pathogenesis because MoralesIbanez et al[83] used the Gao-Binge model whereas Ge
et al[84] fed mice with the Lieber-DeCarli diet for 7 wk.
Therefore, future work is needed to further investigate
the role of OPN in ALD. In particular, the role of various post-translational modifications of OPN in different
animal ALD models should be investigated.
Hepcidin
Hepcidin is a peptide synthesized in the liver and secreted
into the bloodstream to help regulate iron homeostasis[96].
Hepcidin is synthesized as an 83 amino acid protein
known as prohepcidin, which is then cleaved into its
25 amino acid mature form. When searching for ironregulated liver-expressed genes, Tomas Ganz coined the
name hepcidin[97]. In addition, Ganz and others found
that the hepcidin gene is highly expressed in the liver and
has antimicrobial properties[97,98]. Hepcidin suppresses
iron absorption from the small intestine and iron release from macrophages resulting in reduced serum iron

WJG|www.wjgnet.com

stores[96]. Mechanistically, hepcidin regulates iron metabolism by binding to the iron exporter ferroportin (FPN1),
which is expressed on macrophages and on enterocytes
in the small intestine, resulting in its internalization and
subsequent degradation by the lysosome. By inducing
degradation of FPN1, hepcidin prevents iron overload
by inducing sequestration of iron in macrophages and
enterocytes, which prevents secretion of iron into the circulation[99]. Hepcidin overexpression has been shown to
cause severe anemia and a lack of hepcidin gene expression causes iron overload in tissues, demonstrating that
regulation of hepcidin expression is extremely important
for maintaining iron homeostasis[100,101]. Hepcidin expression is regulated by several factors including iron levels,
inflammation, and erythropoiesis. Hepcidin expression
is increased during iron overload to induce degradation
of FPN1 to decrease intestinal absorption and export of
stored iron, and hepcidin expression is decreased during
iron deficiency to increase iron absorption and export
into the circulation. Additionally, hepcidin expression is
up-regulated by the inflammatory cytokines IL-6, IL-22,
IL-1α, and IL-1β. Hepcidin expression is also regulated
by erythropoietic activity because hepcidin levels decrease
with increased red blood cell production in order to supply iron needed for erythropoiesis[102].
Accumulating evidence suggests that iron homeostasis and hepcidin play a role in the pathogenesis of ALD.
It is well known that ALD patients have excess iron accumulation in their livers[103]. While iron is required for several important processes in the body, such as red blood
cell synthesis and cellular respiration, excess free iron can
be toxic. Excess alcohol use is well known to cause production of reactive oxygen species (ROS) such as H2O2
and superoxide radical[104]. Free iron reacts with H2O2 via
the Fenton reaction to produce hydroxyl radical (OH-),
which is a potent form of ROS that causes cell damage
and eventual toxicity via lipid peroxidation, DNA mutation, and breakdown of cell membranes that contribute
to ALD[104]. Iron overload is thought to be a second hit
in the progression of ALD because hepatic iron content in alcoholic cirrhosis patients correlated with their
mortality[105]. Excess iron storage in liver KCs has been
shown to increase NF-κB and TNFα expression, which
can aggravate alcohol-induced liver inflammation and
injury[106,107]. Iron chelation was shown to inhibit TNFα
expression[108,109], alcohol-induced liver lipid peroxidation
and steatosis in intragastric ethanol fed rats[110]. Conversely, co-treatment with alcohol and iron has been shown
to exacerbate alcohol-induced liver injury in intragastric
alcohol fed rats[111]. This evidence supports that iron
overload can cause progression of alcohol-induced liver
injury.
Accumulation of hepatic iron in ALD patients was
thought to be due to increased hepatocellular uptake of
iron via transferrin receptor 1 (TfR1) and increased intestinal absorption of iron, and it was later realized that
accumulation of iron in human ALD patients was also
likely due to down-regulation of hepcidin expression[112].
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Indeed, accumulating evidence indicates that alcohol
down-regulates hepcidin mRNA expression in both
rodents and humans, which results in up-regulation of
FPN1 and subsequent hepatic iron overload[113-118]. Suppression of hepcidin expression has also been shown to
correlate with disease severity in ALD patients[118]. Several
mechanisms have been proposed to contribute to alcohol-induced decrease of hepcidin expression. Alcohol-induced oxidative stress is thought to play a role in reducing
hepcidin expression because mice treated with the antioxidants N-acetylcysteine (NAC) or vitamin E during alcohol exposure maintained hepcidin expression levels[113].
In addition, the metabolism of ethanol to acetaldehyde
was shown to be required for down-regulation of hepcidin expression because co-treatment with 4-Methylpyrazole, which is an inhibitor of alcohol dehydrogenase and
Cyp2e1, inhibited the alcohol-induced decrease in hepcidin expression[113]. Furthermore, alcohol reduced DNA
binding activity and protein levels of CCAAT/enhancer
binding protein alpha (C/EBPα), which is a transcription
factor required for hepcidin synthesis[113,116,117,119]. Recent
research has demonstrated a role for hypoxia-inducible
transcription factor-1 alpha (HIF-1α) in alcohol-induced
suppression of hepcidin via down-regulation of C/EBPα
expression. HIF-1α, which is a transcription factor that
is up-regulated in hypoxic conditions, has been shown to
down-regulate hepcidin expression[119,120]. It was shown
that HIF-1α mRNA and nuclear protein expression was
increased in mice treated with ethanol using the Lieber
DeCarli diet (4%) for 8 wk[117]. Interestingly, the repression of hepcidin expression by alcohol was blocked with
hepatocyte loss of Arnt, which is the heterodimer binding partner needed for HIF-1α transcriptional activity.
Furthermore, HIF-1α mediated suppression of hepcidin
expression was mediated by a decrease in C/EBPα expression via its proteasomal degradation. Mice lacking
Arnt did not have decreased C/EBPα expression after
ethanol treatment, whereas overexpression of C/EBPα
before ethanol treatment prevented suppression of
hepcidin[119]. These findings support a role for the HIF1α-C/EBPα axis in the regulation of hepcidin in ALD.
It should be noted that several therapeutic experimental studies have been conducted that suggest a beneficial
role for targeting iron overload in ALD. For example,
administration of epigallocatechin-3-gallate (EGCG) to
mice treated with alcohol for 12 wk by intragastric feeding was shown to decrease serum ALT, AST, and steatosis by decreasing serum and hepatic iron in addition to increasing hepcidin mRNA levels in the liver[121]. Vitamin C
has also been implicated as a therapeutic option for ALD
patients to reduce iron overload. Mice given 50 mg/kg
of vitamin C in addition to treatment with ethanol (20%
in their drinking water) had decreased serum ALT and
serum and hepatic iron levels compared to mice treated
with ethanol alone. In addition, mice given vitamin C
also had increased hepcidin expression compared to
mice treated with ethanol alone[122]. In addition to dietary
therapeutic options, others have proposed pharmacologic
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options for reducing iron overload in ALD. For example,
minihepcidin, which is a small peptide similar to hepcidin, has been shown to reduce iron overload in mice[123].
However, use of this peptide has not been evaluated in
ALD models and should be investigated further. Nevertheless, targeting hepcidin and iron overload may be a
promising approach for treating ALD.
Alcohol-induced cell death
Alcohol metabolism is well known to produce ROS
which then induce lipid peroxidation and GSH depletion,
leading to hepatocyte injury and death via apoptosis, necrosis, or necroptosis. Apoptotic cell death is characterized by nuclear fragmentation, chromatin condensation,
and cellular shrinkage and is dependent on activation of
caspases. When the cell dies by apoptosis, it breaks apart
into apoptotic bodies, which are membrane-enclosed particles containing intact organelles that are later degraded
by phagocytosis without inducing an inflammatory response. Ethanol can induce apoptosis via the intrinsic
(mitochondrial) or extrinsic (death receptor regulated)
pathway[124-126]. Early studies showed that ethanol selectively depletes mitochondrial GSH and sensitizes cultured
hepatocytes to TNFα-induced apoptosis[127]. Chronic
ethanol treatment also increases the expression of CD95
and induces the onset of mitochondrial permeability
transition to promote apoptosis in rat hepatocytes[128].
Szabo and colleagues recently discovered that ethanolinduced apoptosis requires activation of interferon
regulator factor 3 (IRF3), which is a transcription factor
involved in regulating innate immunity. They found that
ethanol-induced ER stress caused IRF3 association with
the ER adaptor stimulator of interferon genes (STING),
which then activated IRF3 by phosphorylation. Interestingly, they found that IRF3 activation was required for
initiation of ethanol-induced hepatocyte apoptosis in
mice fed ethanol for 4 wk and that its role in apoptosis
induction was independent of its role in innate immunity
regulation and inflammation[129].
In addition to apoptosis, ethanol can also induce
hepatocyte cell death via the necrosis pathway. Necrosis,
which was initially thought of as a non-programmed cell
death response, is characterized by cell swelling, membrane rupture, and release of cell contents that leads to
a subsequent inflammatory response[124,130]. However,
recent evidence suggests that necrosis can also be highly
regulated, which involves the receptor-interacting protein
kinase 1 (RIP1) and RIP3, a process also referred to as
necroptosis or programmed necrosis[131-134]. Necroptosis
is similar in nature to necrosis, but is a caspase-independent programmed form of cell death that requires initiation by death receptors, similar to the extrinsic apoptotic
pathway. Upon TNFα binding to its receptor TNFR1,
it recruits downstream factors such as TNFR-associated
death domain (TRADD), RIP1, TNFR-associated factor 2 (TRAF2), and cellular inhibitor of apoptosis proteins 1 and 2 (cIAP1/2) to form the pro-survival TNFR
complex I[135,136]. In addition to the E3 ligases cIAP1/2,
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the linear ubiquitin assembly complex (LUBAC) is also
recruited to this complex, which triggers the ubiquitination of RIP1. Ubiquitinated RIP1 then serves as a scaffold protein to recruit the IκB kinase (IKK) complex
to activate the NF-κB pathway[135,136]. Depending on the
cellular conditions, RIP1 can also be de-ubiquitinated by
the enzyme cylindromatosis (CLYD), which then recruits
TRADD, the Fas-associated protein with a death domain
(FADD) and caspase-8 to form the pro-death complex
Ⅱ. Activated caspase-8 then further cleaves Bid to trigger the mitochondrial-apoptotic pathway (Type Ⅱ cells)
or directly cleaves and activates downstream caspase-3
(Type I cells) to induce apoptosis[137,138]. RIP3 can also be
recruited to complex Ⅱ to form complex Ⅱb (also called
the necrosome), which includes RIP1, RIP3, FADD and
caspase-8. Activated caspase-8 cleaves RIP3 to inactivate RIP3, suggesting that induction of apoptosis can
suppress necroptosis[139]. However, in the absence of
caspase-8 activation, RIP1-RIP3 then activates necroptosis. RIP1 and RIP3 are serine/threonine kinases, and
their kinase activities are necessary for the formation of
the necrosome[134,139]. Xiaodong Wang’s group recently
discovered that mixed lineage kinase domain-like protein
(MLKL) is a downstream target of RIP1-RIP3, which is
critical for TNFα-induced necroptosis[140]. They further
identified that RIP3 also interacts with phosphoglycerate mutase family member 5 (PGAM5), a mitochondrial
phosphoglycerate mutase, which can dephosphorylate
dynamin-related protein 1 (Drp1), a critical mitochondrial
fission molecule. Dephosphorylated Drp1 translocates to
mitochondria to induce mitochondrial fragmentation and
subsequent necroptosis[141].
Induction of RIP1-RIP3-mediated necroptosis seems
to also be pathologically and physiologically relevant.
For example, RIP1-RIP3-mediated necroptosis has
been shown to be involved in ischemic brain injury[142],
ischemic-reperfusion-induced myocardial injury[143], kidney injury[144], pancreatitis[134], skin inflammation[145] and
immune response against certain viral infections[134,146]. In
addition, we and others also recently reported that RIP3
and MLKL are important in acetaminophen-induced necrosis in mouse liver[147,148].
RIP3-mediated necroptosis has recently been shown
to play a role in ALD[149]. Nagy and colleagues showed
that RIP3 was induced by ethanol feeding in mouse livers.
ALD patients had increased hepatic expression of RIP3
compared to control patients. Furthermore, ethanolinduced liver injury, steatosis, and inflammation were
decreased in RIP3 KO mice compared to control mice,
verifying the importance of RIP3 in mediating ethanolinduced liver injury and progression of ALD[149]. Since
ethanol also induces apoptosis in hepatocytes and apoptosis has been found in human ALD, it is not clear how
these two events occur during the pathogenesis of ALD
because apoptosis would normally suppress necrosis by
caspase-mediated cleavage of RIP3. It is possible that
different cell death modes could occur in different stages
of ALD pathogenesis. Perhaps apoptosis occurs in early
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ALD, such as in steatosis, and necrosis occurs in later
stages of ALD, such as in AH. Future work is needed to
further elucidate these possibilities. Moreover, it is also
unclear whether RIP1 or downstream MLKL or PGAM5
also play a role in ALD. The possible switch between
apoptosis and necrosis may also raise some concerns
on the current ongoing clinical trial using a pan-caspase
inhibitor for ALD[44]. It will be interesting to see the outcomes of this clinical trial and how the results correlate
with experimental animal studies.
Zinc
As one of the most prevalent trace elements in the body,
zinc plays a critical role in regulating enzyme activity,
metabolism, signal transduction, and gene expression,
making it an important element for maintenance of human health[150,151]. As early as the 1950s, it was observed
that zinc deficiency is associated with liver disease, particularly in human ALD[152]. Decreases in serum zinc
concentrations correlate with liver damage and ALD progression[153-155], and supplementation with zinc decreases
ethanol-induced liver injury in rodent models[156,157]. In
addition, zinc supplementation in human ALD-induced
cirrhosis patients improved liver function, emphasizing the importance of maintaining proper zinc levels
in ethanol-induced liver disease[158]. Another important
piece of experimental evidence supporting the role of
zinc in ALD is that metallothionein (MT) transgenic
mice with hepatic overexpression of MT, a major protein regulating cellular zinc homeostasis, had elevated
zinc levels and were resistant to ethanol-induced liver injury. In contrast, MT knockout mice, which had reduced
hepatic zinc levels, were more susceptible to alcohol
toxicity[159,160]. Mechanistically, supplementation of zinc
can improve zinc-deficiency-induced gut permeability
and improve alcoholic endotoxemia[161]. In addition, zinc
deficiency allowed for a greater increase in liver neutrophil infiltration, gut permeability and up-regulation
of some pro-inflammatory genes after ethanol feeding
compared to ethanol feeding alone, suggesting that zinc
deficiency may worsen the ethanol-induced inflammatory response[162]. Dietary Zinc deficiency exacerbated
ethanol-induced liver injury and steatosis by increasing
ethanol-induced inflammation, oxidative stress, and
plasma leptin levels[162]. In contrast, Zinc supplementation reduced chronic ethanol-feeding induced oxidative
stress via suppressing ethanol-induced Cyp2e1 activity
while increasing the activity of alcohol dehydrogenase
in the liver[163]. Moreover, zinc supplementation reduced
ethanol-induced apoptosis possibly through inhibiting
ethanol-induced serum and hepatic TNFα levels and
TNF-R1 and Fas proteins in the liver[164]. Furthermore,
zinc supplementation enhanced liver regeneration after
ethanol treatment likely by preserving the function of
nuclear factor-4α (HNF-4α), a liver-enriched, zinc-finger
transcription factor [157]. However, HNF-4α is known
to inhibit hepatocyte proliferation and loss of HNF4α promotes HCC[165]. Therefore, increased HNF-4α
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expression during zinc-enhanced liver regeneration in
chronic ethanol fed mice could reflect a compensatory
effect rather than a contributory factor for liver regeneration. Zinc supplementation also attenuated alcoholinduced increases in plasma triglycerides and partially
reversed decreases in gonadal adipose depot mass, which
was likely due to the restoration of PPAR-α activity[156].
Moreover, zinc deficiency suppressed expression of
hepatocyte growth factor (HGF), insulin-like growth
factor Ⅰ (IGF-Ⅰ), insulin-like growth factor binding
protein 1 (IGFBP1), MT, and cyclin D1 in cultured
HepG2 cells[157]. It will be interesting to see whether zinc
supplementation also affects these factors in ethanol fed
mouse livers. Finally, Liuzzi et al[166] recently showed that
zinc is necessary for autophagy induction after ethanol
treatment, which has been shown to be a protective
mechanism against ethanol-induced liver injury and steatosis (see a later section for further discussion). Taken
together, there is no doubt that zinc deficiency contributes to both experimental and human ALD pathogenesis, but more clinical evidence is still needed to confirm
the beneficial effects of zinc supplementation in attenuating ALD.

PROTECTIVE PATHWAYS IN ALD
As discussed above, owing to the progress of decades of
research on ALD, the pathogenesis of ALD and mechanisms for alcohol-induced liver injury have been well
studied[38-40]. However, cells, animals and humans may
activate some adaptive responses against the detrimental
effects caused by alcohol exposure. Indeed, in addition to
the detrimental effects caused by alcohol exposure during the pathogenesis of ALD, emerging evidence now
supports that alcohol exposure can also activate cellular
protective pathways to alleviate these detrimental effects,
including some beneficial cytokines, lipin-1, autophagy,
and the FoxO3 transcription factor. Modulating these
protective pathways may also offer a novel avenue for
treating ALD.
Cytokines
In addition to inducing detrimental inflammatory cytokines such as TNFα and IL-1, alcohol consumption also
induces IL-6, IL-10 and IL-22, which may have some
beneficial effects against ALD. IL-6 is both a pro and
anti-inflammatory cytokine, but it has a hepatoprotective
role in ALD by inducing signal transducer and activator
of transcription 3 (STAT3) activation. IL-6 induces activation of STAT3 in ALD via binding to its IL-6 receptor
and gp130 subunit in hepatocytes, which leads to activation of the Janus-Kinase (JAK)-STAT3 pathway resulting in up-regulation of anti-apoptosis and anti-oxidative
stress genes along with down-regulation of fatty acid synthesis genes[39,167,168]. IL-10 is an anti-inflammatory cytokine that also activates the STAT3 pathway as a protective
mechanism by binding to its IL-101 and IL-102 receptors, which results in inhibition of pro-inflammatory cy-
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tokine production and innate immunity activation[39,168-170].
The roles of IL-10, IL-6, and the JAK/STAT3 pathway
in ALD have been extensively reviewed elsewhere[39,167-170].
Therefore, this section will focus on the recent findings
regarding the role of IL-22 in protection against alcoholinduced liver injury and steatosis.
IL-22, previously known as IL-10-related T cell inducible factor (IL-TIF)[171], is secreted by T cells (TH1, TH17,
TH22, γδ, natural killer, and cytotoxic)[172,173] and shares
22% amino acid sequence identity with IL-10[171]. IL-22
initiates its signaling pathway by binding to IL-10R2 and
IL-22R1 receptors as a heterodimer[174]. After binding IL22R1, the IL-22/IL-22R1 complex binds to the IL-10R2
receptor[175-177] to initiate activation of STAT3 via tyrosine
phosphorylation[178]. IL-22 has also been shown to activate STAT1, STAT5, extracellular signal-related kinase 1
and 2 (ERK1/2), c-JUN N-terminal kinase (JNK), and
p38 to a lesser extent in some cell lines[178]. The IL-10R2
receptor is ubiquitously expressed on many cell types, but
the IL-22R1 receptor is mainly expressed on epithelial
cells in skin, kidney, pancreas, small intestine, and colon.
In addition, liver hepatocytes have been shown to express
IL-22R1[172]. IL-22 has been shown to promote pathogenesis of certain diseases such as rheumatoid arthritis[179,180]
and psoriasis[181], but IL-22 has also been shown to be
protective in various disease models such as T-cell mediated hepatitis[182], ischemia-reperfusion[183], and ALD[46,184].
It was recently shown that treatment with recombinant
IL-22 protein or injection of IL-22 adenovirus reduced
chronic-binge ethanol-induced liver injury and steatosis
in mice[46]. This protection was due to STAT3 activation because IL-22 recombinant protein and adenovirus
overexpression of IL-22 did not protect against chronicbinge ethanol-induced liver injury or steatosis in STAT3
hepatocyte-specific knockout mice. Moreover, IL-22 may
protect against steatosis by decreasing the expression of
fatty acid transport protein (FATP)[46]. IL-22 treatment
was also protective in an acute ethanol model where mice
were gavaged each day for 7 d and treated with IL-22
one hour after gavage. IL-22 treatment reduced hepatocyte apoptosis and steatosis after ethanol binge[184]. IL-22
treatment in this model resulted in decreased lipid peroxidation and glutathione depletion after ethanol binge. In
addition, TNFα expression in the liver was reduced with
IL-22 treatment, indicating that IL-22 may protect against
ethanol-induced inflammation and injury[184].
IL-22 treatment was also shown to be protective
against hepatic fibrosis. In addition to hepatocytes, Kong
et al[185] recently showed that quiescent and activated HSCs
express IL-10R2 and IL-22R1, and HSC IL-22R1 mRNA
and protein expression levels increased after IL-22 treatment. Similar to hepatocytes, IL-22 also induced STAT3
activation in HSCs[185]. Deletion of IL-22 increased fibrosis in a CCl4 mouse model of fibrosis[186], and IL-22
protected against CCl4-induced liver fibrosis by promoting HSC senescence[185]. IL-22-induced HSC senescence
required STAT3 and suppressor of cytokine signaling 3
(SOCS3) through p53- and p21-dependent pathways[185].
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Unfortunately, there is not an available model for inducing significant fibrosis via alcohol treatment alone to test
the anti-fibrogenic effects of IL-22. Furthermore, the
role of IL-22 in protection against later stages of ALD,
such as in ALD-induced liver fibrosis and cirrhosis, is unknown and still needs to be further investigated.
Lipin-1
The lipin family proteins are evolutionarily conserved
proteins that play a critical role in regulating lipid metabolism and related diseases. There are three lipin proteins
(lipin-1, lipin-2 and lipin-3) in mammals and orthologous
of these lipin genes are also found in plants, invertebrates, and single cell eukaryotes[187,188]. The lipin1 gene
(LPIN1) was originally discovered from the mouse strains
BALB/cByl-fld and C3H/HeJ-fld that carry mutations in
fatty liver dystrophy[189]. The fld mouse is deficient for lipin1 due to a null mutation in the LPIN1 gene, and these
mutant mice lack normal adipose tissue depots throughout the body and develop peripheral neuropathy[189].
These phenotypes suggest that lipin1-deficiency impairs
lipid metabolism in liver, adipose tissue and peripheral
nerves. Autosomal recessive LPIN1 mutations have also
been identified in humans, and these people develop severe rhabdomyolysis and recurrent acute myoglobinuria
in early childhood[190,191]. The three mammalian lipins
have very distinctive but overlapping tissue expression
patterns. Lipin-1 is mainly expressed in adipose tissue,
skeletal muscle, and testis and has lower expression levels
in liver, kidney, lung, brain and heart. Lipin-2 is highly
expressed in liver and brain, whereas lipin-3 exhibits high
expression levels in intestine and other regions of the
gastrointestinal tract[188]. All three lipin proteins exhibit
Mg2+-dependent phosphatidate phosphatase (PAP) activity that catalyzes triacylglycerol synthesis by converting
phosphatidic acid to diacylglycerol (DAG). However, it
appears that lipin-1 has higher PAP activity than lipin-2
and lipin-3. In addition to regulating triglyceride synthesis,
the mammalian lipin proteins also have a LXXIL motif
that allows them to act as a transcriptional co-activator,
but this transcriptional co-activator activity has only been
convincingly demonstrated for mouse lipin-1[192].
Lipin-1 is a key regulator of lipid metabolism that
also exists in three isoforms as a consequence of alternative splicing: lipin-1α, lipin-1β, and lipin-1γ. Lipin-1α
is a mostly nuclear protein that is important for adipogenesis. Lipin-1β is mainly localized to the cytosol and
is involved in lipogenesis. It is also the major isoform
expressed in the liver. Lipin-1γ is mostly localized to lipid
droplets and expressed in brain tissues[193,194]. Lipin-1
regulates lipid metabolism via two pathways involving
nuclear and cytosolic isoforms of lipin-1. As discussed
above, cytosolic lipin-1β has PAP activity and regulates
triacylglycerol synthesis. Nuclear lipin-1α has transcriptional co-activator activity and regulates genes involved
in β-oxidation and lipid synthesis[187]. Specifically, nuclear
lipin-1α co-activates peroxisome PPARα and PGC-1α
and inhibits expression of SREBP-1, which are genes
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important for lipid break down by β-oxidation and for
lipid synthesis, respectively[192,195]. Interestingly, posttranslational modification of lipin1 seems to play a critical
role in regulating the cellular localization of lipin-1. Insulin increased the phosphorylation of multiple sites on
lipin-1, which was likely via downstream PI3K. Lipin-1
was dephosphorylated in response to epinephrine or
oleic acid. The phosphorylation status of lipin-1 did not
change the PAP activity of lipin-1, but rather regulated
the cellular location of lipin-1, in which phosphorylated
lipin-1 was found to translocate from cytosol to the
microsomal fraction[196]. It is well known that the mammalian target of rapamycin complex Ⅰ (mTORC1) is a
key sensor for cellular nutrients that positively regulates
the anabolic process including protein synthesis and lipogenesis. Interestingly, mTORC1 directly phosphorylates
lipin-1, and inactivation of mTORC1 leads to the retention of nuclear lipin-1. Dephosphorylated nuclear lipin-1
regulates the nuclear abundance and promoter activity of
SREBP, which represses SREBP-dependent transcription of lipogenesis genes[195]. Mice deficient in mTORC1
are resistant to hepatic steatosis induced by a high-fat
and cholesterol diet in a lipin-1 dependent fashion[195]. In
addition to phosphorylation, lipin-1 was found to be sumoylated in neuronal cells, and sumoylation promotes the
nuclear localization of lipin-1, which appears to promote
the transcriptional co-activator activity of liplin-1[197].
Recent studies from Min You’s group suggest that
lipin-1 also plays a protective role in ALD by preventing ethanol-induced steatosis and liver injury[198-200]. They
found that ethanol significantly increased the cytosolic
pro-lipogenic activity of lipin-1 β but decreased the
nuclear entry of lipin-1α by chronic ethanol exposure
in cultured hepatocytes and in mouse liver resulting in
excessive liver fat accumulation[200]. Interestingly, while
ethanol consumption increased PAP activity in wild type
mouse livers, liver-specific lipin-1-deficient mice showed
markedly greater steatosis and liver injury as well as
increased hepatic pro-inflammatory cytokine production compared to pair-fed control wild type mice with a
modified Lieber-DeCarli ethanol diet for 4 wk[200]. These
surprising results suggest that induction of lipin-1 by
ethanol in wild type mice may actually serve as a protective mechanism against alcohol-induced steatosis. Alternatively, it would suggest that other functions of lipin-1,
excluding cytosolic lipin-1β form-mediated triglyceride
synthesis, play more important roles in alcohol-induced
steatosis. Indeed, they found that hepatic lipin-1 deficient
mice showed impaired PGC1-α activation resulting in
impaired hepatic fatty acid oxidation[200]. Thus, these data
suggest that modulating the nuclear lipin-1α form might
be a promising target to attenuate alcohol-induced steatosis by promoting PGC1-α activation.
Ethanol exposure robustly induced activity of a
mouse lipin-1 promoter, promoted cytoplasmic localization of lipin-1, and caused excess lipid accumulation,
both in cultured hepatic cells and in mouse livers[199].
Mechanistic studies showed that ethanol feeding reduced
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the sumoylation levels of lipin-1 while increasing its
acetylation, resulting in reduced nuclear retention and
increased cytosolic levels of lipin-1. Ethanol-induced
lipin-1 gene expression was inhibited by a known activator of AMPK or overexpression of a constitutively active
form of AMPK. Activation of AMPK by 5-aminoimidazole-4-carboxamide ribonucleoside (AICAR) suppressed
ethanol-mediated induction of lipin-1 gene-expression,
which was abolished by the overexpression of the processed nuclear form of SREBP-1c. Furthermore, ethanol exposure significantly increased the association of
acetylated histone H3 with the SRE-containing region
in the promoter of the lipin-1 gene[199]. As discussed,
ethanol metabolism increased cellular NADH/NAD+
ratio resulting in the inhibition of Sirt1 activity. Using the
ethanol Gao-Binge model, Yin et al[198] showed that liverspecific Sirt1 knockout mice had greater hepatic lipid
accumulation, inflammatory cytokine production and
liver injury than wild type mice. Ethanol-treated liverspecific Sirt1 KO mice also had increased levels of ER
stress and nuclear factor of activated T cells c4 (NFATc4)
expression, which is an important inflammatory factor.
Ethanol-treated liver-specific SIRT1 KO mice had decreased mRNA and protein levels of SFRS10, which is
a SR-LIKE protein family of splicing factors that favors
the lipin-1β isoform and is sufficient to increase expression of lipogenic genes and induces hepatic steatosis in
mice[198]. This decrease in SFRS10 was associated with
an increased lipin-1β/lipin-1α ratio. Ethanol treatment
significantly increased the lipin-1 β /lipin-1 α ratio in
AML-12 cells compared to control treatment, which was
blocked by overexpressing either Sirt1 or SFRS10. More
importantly, AH patients were found to have decreased
expression of lipin-1α and had a higher lipin-1β/lipin-1α
ratio[198]. These results indicate that targeting hepatic Sirt1
may be a promising approach to attenuate ALD by altering the lipin-1 signaling pathway.
Autophagy
Macroautophagy, hereafter referred to as autophagy, is an
evolutionarily conserved process that results in degradation of cellular proteins and organelles due to a cell’s “selfeating” in response to starvation and other cellular stress
conditions. Autophagy involves the formation of doublemembrane autophagosomes, which is tightly regulated
by the autophagy-related (Atg) genes. Two ubiquitin-like
conjugation systems regulate autophagy induction. The
first of these systems includes Atg7 (E1) and Atg10 (E2),
which promote Atg5 conjugation with Atg12. The second involves Atg7 (E1) and Atg3 (E2), which promote
microtubule-associated protein 1 light chain 3 (LC3)
conjugation with phosphatidylethanolamine (PE), which
is critical for the elongation of pre-autophagosome structures and formation of autophagosomes. Before its conjugation with PE, LC3 is a cytosolic protein (referred to
as LC3-Ⅰ), and the LC3-PE conjugated form (referred to
as LC3-Ⅱ) targets autophagosome membranes. The level
of LC3-Ⅱ has been widely used as an autophagy marker
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to monitor autophagy activation[201,202]. Autophagosomes
then engulf individual organelles, protein aggregates, or
portions of cytoplasm before fusing with lysosomes to
form autolysosomes where the engulfed contents are degraded[203]. Autophagy is a protective process that can be
either selective or non-selective. Non-selective autophagy
occurs during starvation to break down the cell’s components in order to provide a source of energy and nutrients. Selective autophagy occurs in either nutrient-rich or
poor conditions as a protective mechanism by ridding the
cell of protein aggregates and damaged or excess organelles[204,205].
Autophagy was originally discovered in the liver, and
accumulating evidence has demonstrated that autophagy
plays a critical role in regulating liver physiology and
pathogenesis of various liver diseases[206-208]. Our lab and
others have recently demonstrated that alcohol consumption may activate autophagy to selectively remove
excess lipid droplets and damaged mitochondria and in
turn attenuate alcohol-induced steatosis and liver injury
in mice[209-213]. However, there has also been evidence
to suggest that alcohol consumption may also suppress
autophagy, particularly in chronic alcohol consumption
conditions[214,215]. Several possibilities could explain these
discrepancies, including animal models used to assess
ALD, assays used to determine autophagy and the limitation of steady-state assessment of autophagy using
one single time point in vivo. For example, it is now well
known that use of LC3-Ⅱ levels to monitor autophagy is
troublesome because LC3-Ⅱ itself is degraded in the autolysosomes during autophagy. For this reason, autophagic flux assays (assessing LC3-Ⅱ levels with and without
a lysosomal inhibitor) are now mandatory for assessing
autophagy[201], and autophagy flux was not always evaluated when determining the effect of ethanol on autophagy. Autophagy is also a dynamic process, and autophagic
activity can fluctuate during experimental conditions over
time[216]. Moreover, autophagy activity can be influenced
by circadian rhythm [217]. Therefore, special attention
should be paid to experimental conditions when evaluating the effect of alcohol on autophagy.
Using an acute ethanol gavage model (33% v/v, 4.5
g/kg), we first demonstrated that ethanol treatment increased autophagosome numbers by electron microscopy,
assessment of GFP-LC3 positive autophagosomes by
confocal microscopy and detection of LC3-Ⅱ protein
levels by Western blot analysis in vivo and in vitro[211]. Intriguingly, we further demonstrated that acute ethanolinduced autophagy seemed to selectively remove damaged mitochondria and excess lipid droplets, but not
long-lived proteins[213]. The induction of autophagy was
mediated by ethanol-induced production of ROS and inhibition of mTOR, and induction of autophagy required
ethanol metabolism. In addition to liver, acute ethanol
treatment also increased autophagy in mouse myocardial
cells and in the developing brain through inhibition of
mTOR[218,219]. While autophagy was found to serve as
a protective role against ethanol-induced neurotoxicity
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similar to the liver, it might contribute to ethanol-induced
myocardial dysfunction[218,219].
In line with our findings, some recent studies also
found that chronic ethanol treatment increased autophagosome content and autophagic flux in mouse livers
and cultured hepatocytes[212,215]. Otsuki’s group recently
showed that autophagy was protective in chronic ethanol
treated rats fed the Lieber-DeCarli ethanol diet for 10
wk. This group noticed an induction of autophagosomes
engulfing damaged mitochondria or lipids in addition
to several lysosomes containing degraded organelles in
ethanol-treated rats compared to control rats by electron
microscopy. Interestingly, they found several autophagosomes that contained both mitochondria and lipid droplets, which suggest that these degradative pathways may
be linked. They also saw an induction of LC3-Ⅱ puncta
and an increase in autophagosome-lysosome fusion after
ethanol treatment compared to controls[220]. However, this
study lacked an autophagy flux assay, so whether the accumulation of autophagosomes was due to the induction
of autophagy by ethanol treatment was not known. Lin et
al[212] also showed that chronic ethanol consumption activated autophagy using mice fed the Lieber-DeCarli diet
for 4 wk. They showed that autophagy was activated in
the chronic feeding model using an autophagy flux assay,
where co-treatment with CQ and ethanol diet increased
GFP-LC3 puncta and protein levels more than ethanoltreatment alone. However, they only treated mice with
the ethanol diet for 4 wk, so the role of ethanol feeding
for a longer period of time on autophagy should be more
critically evaluated.
In contrast to the evidence supporting acute and
chronic ethanol induction of autophagy, some other
studies suggest that ethanol may suppress autophagy in
liver and pancreas[214,221,222]. It is well known that chronic
alcohol consumption can cause hepatomegaly and protein accumulation[214,223], which would suggest impaired
autophagy in this chronic alcohol exposure scenario.
However, it should be noted that alcohol consumption
has been shown to inhibit hepatic proteasome activity,
another important cellular catabolic pathway in addition to autophagy[210,224,225]. Moreover, there is crosstalk
between the proteasome and autophagy, and proteasome
inhibition can increase autophagy as a compensatory
mechanism[226-228]. Therefore, chronic alcohol consumption-induced accumulation of hepatic proteins and hepatomegaly could be due to multiple factors and might not
be due simply to impaired autophagy. While Cederbaum’
s group recently reported that acute ethanol inhibited autophagy, their observations were only based on the observations that ethanol treatment decreased LC3-Ⅱ protein
and LC3 positive puncta levels, and an autophagy flux assay was not implemented[221,229]. In addition, the previously
discussed effects of circadian rhythm and dynamic nature
of autophagy will make it technically challenging to determine autophagic flux in a chronic ethanol consumption
scenario. Despite the controversy on the autophagy status
of acute versus chronic alcohol exposure conditions, all
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studies unanimously demonstrated a beneficial role for
autophagy in protecting against alcohol-induced steatosis
and hepatotoxicity. Therefore pharmacological induction
of autophagy may be a promising approach for treating
ALD.
In addition to hepatocytes, there are many other
cell types such as HSCs and macrophages in the liver
that may also play a role in the pathogenesis of ALD.
Emerging evidence indicates that autophagy in other cell
types in the liver may also be critical in liver physiology
and pathogenesis. HSCs are one of the key factors in
regulating hepatic fibrosis, and recent evidence suggests
that autophagy in HSCs promotes liver fibrosis likely by
providing free fatty acids as an energy source for HSCs
activation through lipophagy[230]. Cre-induced specific
deletion of Atg7 in HSCs attenuated CCl4-induced fibrosis in vivo[230]. The decreased fibrogenic capacity of
HSCs by inhibiting autophagy was also confirmed in vitro
using primary cultured HSCs and immortalized HSC cell
lines[230,231]. Interestingly, a study from Friedman’s group
also recently showed that autophagy was activated in
HSCs in an 8-wk chronic ethanol feeding model in rats.
They showed that ER stress was induced in HSCs isolated from ethanol-fed rats, and that this ER stress further induced autophagy activation and subsequent HSC
activation[232]. These results imply that chronic ethanolinduced autophagy in HSCs may promote fibrosis during
the pathogenesis of ALD. In contrast to HSCs, specific
deletion of autophagy in macrophages was also reported
to exacerbate CCl4-induced fibrosis in mouse livers by
promoting HSC activation through enhanced secretion of inflammatory cytokines from macrophages[233].
Moreover, we also found that hepatocyte-specific Atg5
knockout mice had severe liver injury, and these mice
develop fibrosis (Ni et al unpublished observations).
While it will be technically difficult to pharmacologically
target autophagy in a specific cell type in the liver, rapamycin, an autophagy inducer, showed beneficial effects
against CCl4- or bile duct ligation-induced fibrosis in rat
livers[234,235]. It will be interesting to determine the autophagy status in different cell types after rapamycin and
CCl4 treatment in mouse livers in the future. As discussed
above, because of a lack of proper animal models to
study fibrosis in ALD, it is not yet clear how modulating
autophagy would affect fibrosis in ALD pathogenesis.
FoxO3
FoxO3 is a member of the Forkhead box-containing
protein, class O (FoxO) family of DAF-16 like transcription factors, which is ubiquitously expressed and evolutionarily conserved[236-238]. There are four FoxO proteins
in mammals: FoxO1, FoxO3, FoxO4 and FoxO6 [237].
FoxO1, FoxO3 and FoxO4 are ubiquitously expressed
in most tissues whereas FoxO6 is mainly expressed in
neurons[237,238]. The activities of FoxO family proteins are
mainly regulated by multiple post-translational modifications, including phosphorylation, acetylation, methylation
and ubiquitination[236,238]. FoxO3 has recently been shown
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Figure 2 Regulation of FoxO3 and its role in alcohol-induced liver injury. Growth factors, such as insulin-like growth factor I (IGF-1), bind to their receptor and recruit insulin receptor substrate 1 (IRS-1), which further activates PI3K. Activated PI3K then converts the plasma membrane lipid phosphatidylinositol-4,5-bisphosphate
(PIP2) to phosphatidylinositol-3,4,5-trisphosphate (PIP3), and PIP3 directly binds AKT to promote its activation. AKT phosphorylates FoxO3 resulting in its sequestration in the cytoplasm and interaction with 14-3-3 proteins. FoxO3 can also be ubiquitinated and degraded by the ubiquitin proteasome system, or deacetylated by
SIRT1, which regulates the specificity of FoxO3 target gene expression. Dephosphorylated nuclear retained FoxO3 then binds to the promoter regions of target genes
with various distinctive functions, including autophagy, DNA damage, antioxidants, cell cycle and metabolism. Acute alcohol regulates hepatic FoxO3 by inhibiting AKT,
resulting in increased nuclear retention of FoxO3, which leads to increased expression of autophagy-related genes. Acute alcohol also increases acetylated levels of
FoxO3, which may serve as a negative regulator of acute alcohol-induced expression of autophagy-related genes. Resveratrol activates SIRT1, which leads to FoxO3
deacetylation and enhanced expression of autophagy-related genes. Alcohol-induced activation of FoxO3 also promotes the expression of antioxidant genes. Whether
alcohol affects other FoxO3-mediated target genes such as those involved in DNA damage, cell cycle and metabolism remains to be studied. Overall, alcohol-induced
activation of FoxO3 protects against alcohol-induced steatosis and liver injury.

to play an important role in protection against alcoholinduced steatosis and liver injury via induction of autophagy and antioxidant gene expression, which is further
discussed below.
Accumulating evidence now supports that FoxO family proteins can regulate autophagy by at least three distinctive mechanisms: direct transcriptional up-regulation
of autophagy-related genes[239,240], modulation of intracellular glutamine levels[241] and direct interaction with Atg7
independent of transcription activity[242]. It was first reported that FoxO3 controls the transcription of autophagy-related genes, including LC3, Atg12, Beclin 1, ULK2
and Bnip3, to promote autophagy in skeletal muscle in
mice and cultured C2C12 myotubes[239,240]. Subsequently,
it was found that FoxO1 and FoxO3 are also required
to regulate the expression of autophagy-related genes as
well as antioxidant genes in protection against ischemia/
reperfusion-induced cardiomyocyte injury in mice[243]. In
the liver, FoxO1 was found to directly regulate expression
of Atg14 and in turn regulate hepatic autophagy to control hepatic lipid homeostasis likely via promoting lipophagy[244]. In addition to directly regulating expression of
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autophagy-related genes, activation of FoxO also up-regulates the expression of glutamine synthetase resulting in
increased production of glutamine. Increased glutamine
inhibits mTOR activity, likely via suppressing translocation of mTOR to the lysosomal membrane, to trigger
autophagy for cell survival[241]. In response to oxidative
stress or serum starvation, FoxO1 was acetylated by dissociation from SIRT2, a cytosolic deacetylase. Acetylated
FoxO1 then bound to Atg7 to promote autophagy in
several cancer cell lines, although it was not clear how the
interaction of FoxO1 and Atg7 promoted autophagy[242].
Recent studies from our lab and others suggest that
FoxO3 plays a role against alcohol-induced steatosis
and hepatotoxicity[245-247]. Using an acute ethanol binge
model, we recently demonstrated that ethanol treatment
increased the expression of autophagy-related genes in
mouse liver and in primary cultured mouse and human
hepatocytes. More importantly, hepatic nuclear accumulation of FoxO3 was increased in ethanol-treated mouse
livers and primary cultured mouse hepatocytes, which
was due to decreased Akt-mediated FoxO3 phosphorylation at Ser253. Activating SIRT1 by resveratrol caused
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Figure 3 New progress in alcohol-induced detrimental (Yin) and adaptive protective (Yang) pathways in the liver. Experimental and clinical research for alcoholic liver disease (ALD) in the past several years has revealed many detrimental factors leading to alcohol-induced liver pathogenesis. In addition to detrimental
factors, emerging evidence indicates that alcohol consumption can also activate cellular adaptive/compensatory protective mechanisms to attenuate alcohol-induced
detrimental effects. The eventual outcomes seem to be decided by the balance between the “bad” (detrimental) and “good” (adaptive protective) factors induced by
alcohol in each individual person or cell. This is more like a battle between “Yin” (the dark side of detrimental) and “Yang” (the light side of protective). The emerging
detrimental factors induced by alcohol are listed on the dark side and the adaptive protective factors are listed on the light side. The role of osteopontin is still controversial. Therefore approaches to inhibit the dark side (detrimental “Yin”) or boost the light side (protective “Yang”) may provide novel therapeutic tools for treating ALD.

deacetylation of FoxO3, which increased ethanol-induced expression of autophagy-related genes compared
to cells only treated with ethanol. More importantly,
FoxO3 knockout mice had decreased expression of
autophagy-related genes and had increased steatosis and
liver injury compared to wild type mice after acute ethanol treatment. These results support a protective role
of FoxO3-mediated autophagy against alcohol hepatotoxicity[245]. In contrast, it was reported that ethanol
inhibited expression of several autophagy-related genes
by promoting cytosolic FoxO3 translocation, which was
reversed by globular adiponectin[248]. However, HepG2,
a human hepatoma cell line, was used in this study. The
cancerous origin and the lack of alcohol metabolism
enzymes in HepG2 cells may explain the contradictory
observations. Recent studies from Dr. Weinman’s group
also support a protective role of FoxO3 in HCV and
alcohol-induced liver injury model. Consistent with findings from the acute alcohol model, FoxO3 knockout
mice fed the Lieber-DeCarli alcohol diet for 3 wk developed more severe steatosis, inflammation and liver injury
compared to wild type mice. Intriguingly, in cultured
Huh7 cells, a human hepatoma cell line that expresses alcohol dehydrogenase, combined treatment with ethanol
and HCV decreased FoxO3 nuclear retention and transcriptional activity, but either ethanol or HCV infection
alone increased FoxO3 transcriptional activity in HuH7
cells[246,247]. Using a capillary isoelectric focusing (IEF)
approach, they were able to identify several patterns of
FoxO3 posttranslational modifications to dissect the dif-
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ferential roles of ethanol, HCV and their combination
on FoxO3 activity. A novel JNK phosphorylation site at
Ser574 on FoxO3 was induced by HCV, which promoted
FoxO3 nuclear retention and transcriptional activity. In
contrast, ethanol treatment inhibited arginine-methylation of FOXO3, which increased FoxO3 nuclear export
and degradation of the JNK phosphorylated form.
Consequently, HCV and ethanol co-treatment decreased
FoxO3-mediated expression of superoxide dismutase
2, which may subsequently exacerbate HCV-alcoholinduced liver injury[246,247]. While more studies are definitely needed to determine whether other FoxO family
proteins are also involved in alcohol-induced liver injury,
these results support a protective role of FoxO3 against
alcohol-induced hepatotoxicity in the normal liver by
promoting the expression of autophagy-related genes
and antioxidant genes. The possible role of FoxO3 and
its regulation in ALD is summarized in Figure 2.

CONCLUSION
ALD is a major health problem in the United States and
worldwide, which claims millions of lives each year. During the past decades, significant progress has been made
to understand the key events and molecular players for
the onset and progression of ALD as discussed previously. Unfortunately there are no successful treatments
available for treating ALD; therefore, development of
novel pathophysiological-targeted therapies is urgently
needed. Recent evidence showed that alcohol consump-
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tion induces various detrimental effects including changes
in miRNA expression, a decrease in SAM/SAH ratio, an
increase in cytosolic lipin-1β expression, induction of
IRF3-mediated apoptosis and RIP3-mediated necrosis,
and decreases in hepcidin and zinc levels. Meanwhile, it
was also shown that alcohol can activate several adaptive
protective responses to attenuate alcohol-induced liver
pathogenesis including FoxO3, IL-22, autophagy and
nuclear lipin-1α. The role of osteopontin in ALD is still
controversial, but it seems that milk osteopontin protects
against ALD (Figure 3). Several clinical trials funded
by the NIAAA are ongoing to target these detrimental
effects induced by alcohol consumption including use
of the antibiotics rifaximin and norfloxacin to decrease
plasma endotoxin, IL-1 receptor antagonist anakinra to
inhibit hepatic recruitment of inflammatory cells, pancaspase inhibitor emricasan to block caspase-mediated
apoptosis and sterile inflammation as well as farnesoid
X receptor agonist obeticholic acid to improve bile acid
metabolism in AH[44]. Development of new approaches
to target the discussed protective mechanisms induced by
alcohol consumption, such as FoxO3 and IL-22, is much
anticipated. Indeed, the use of IL-22 for treating AH
has recently been proposed and might be in clinical trials
shortly[44]. In addition, development of new animal models that accurately represent human ALD pathogenesis
is needed because current animal models of alcoholicliver disease do not result in progression beyond mild
liver injury and steatosis, which makes studying ALD
pathogenesis and development of novel therapeutics
challenging. In summary, it is clear that the knowledge we
have gained from experimental alcohol animal models
concerning detrimental and protective effects in the liver
induced by alcohol consumption will lead to advances in
treatment of ALD, but better animal models are needed
for expanding our understanding of ALD pathogenesis
and for development of novel therapeutics.
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INTRODUCTION

Abstract
The excess consumption of alcohol is associated with
alcoholic liver diseases (ALD). ALD is a major healthcare
problem, personal and social burden, and significant
reason for economic loss worldwide. The ALD spectrum
includes alcoholic fatty liver, alcoholic hepatitis, cirrhosis,
and the development of hepatocellular carcinoma. The
diagnosis of ALD is based on a combination of clinical
features, including a history of significant alcohol intake, evidence of liver disease, and laboratory findings.
Abstinence is the most important treatment for ALD
and the treatment plan varies according to the stage of
the disease. Various treatments including abstinence,
nutritional therapy, pharmacological therapy, psychotherapy, and surgery are currently available. For severe
alcoholic hepatitis, corticosteroid or pentoxifylline are
recommended based on the guidelines. In addition, new
therapeutic targets are being under investigation.
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Alcohol is consumed worldwide and has long been identified as a major risk factor for all liver diseases (Figure 1)[1].
Alcoholic liver disease (ALD) is the third most common
cause of chronic liver disease, and it has a global burden of mortality[2]. According to a study of the United
States, the incidence of chronic liver disease was 72.3 per
100000 among which 24% had chronic liver disease due
to alcohol[3]. Globally, alcohol-attributable liver cirrhosis
was responsible for 493300 deaths in 2010 (156900 female deaths and 336400 male deaths)[2]. The number of
alcohol-related deaths remains high at 2.5 million deaths
annually, constituting 4% of all deaths worldwide[4] and
death from ALD constitute approximately 25% of deaths
due to alcohol consumption[5].
Many factors affect the development of alcoholic
liver injury including the dose, duration, and type of
alcohol consumption; drinking patterns; sex; ethnicity;
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and associated risk factors including obesity, viral disease,
and genetic factors[6]. The histological spectrum of ALD
varies from simple fatty liver to cirrhosis, including the
development of hepatocellular carcinoma[7].
ALD is preventable and reversible by timely treatment. However, ALD is often asymptomatic in the early
stages and can only be identified by laboratory findings.
Screening and treatment for alcohol-use disorders is the
first approach for treating ALD[8]. ALD treatment varies depending on the stage of the disease[6,8] (Figure 2).
Abstinence is the most important therapeutic intervention for patients with ALD. Various treatments such as
abstinence, nutritional therapy, pharmacological therapy,
psychotherapy, and surgery are currently available for
the spectrums of ALD[6]. In particular, in patients with
severe alcoholic hepatitis, steroid or pentoxifylline can be
used according to recommendations of the guidelines. In
patients with cirrhosis, portal hypertension and complications such as bleeding, encephalopathy, or ascites, should
be treated according to the treatment guidelines[9,10]. However, this medical treatment for ALD has not significantly
changed over the past 40 years. The slow therapeutic
advance in the field of ALD has resulted from the lack
of experimental models of ALD and from difficulties
in performing clinical trials in patients with ALD. This
review focuses on the current management of ALD and
suggests new therapeutic target in the management of
ALD.

ABSTINENCE
Immediate abstinence is the most important treatment
option for patients with ALD[11,12]. Continued drinking
is associated with the eventual development of cirrhosis
in approximately 20% of individuals[13]. Abstinence improves the survival and prognosis of patients with ALD
and prevents progression to liver cirrhosis through histologic improvement and reduction in portal pressure[14,15].
Alcoholic steatosis can be reversed after abstinence for
several weeks[16] and multivariate analysis showed that
persistent alcohol intake was an independent poor prognostic marker[12].
With respect to pharmacological treatment, some
medications such as baclofen, acamprosate, and naltrexone have been used to encourage abstinence in patients
with alcohol use disorder[17,18]. However, few data are
available regarding the use of pharmacological agents in
the treatment of ALD, because agents such as naltrexone
or acamprosate undergo extensive liver metabolism; thus
drug-related liver damage is possible[19]. More studies
that provide evidence of the efficacy and safety of these
agents in the treatment of ALD are needed.
Baclofen is a GABAB receptor agonist that is used
as an anti-spasticity medication to treat neurological
disorder[20]. Some reports have recently suggested that
baclofen may be valuable to the treatment of alcohol
dependence[21-23]. Acamprosate reduces withdrawal and
cravings for alcohol. In a meta-analysis, acamprosate had
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a significant beneficial effect on enhancing abstinence in
recently detoxified, alcohol-dependent patients[24]. Naltrexone decreases excessive drinking and the recurrence
rate and increasing the abstinence duration in patients
with alcohol dependence[25,26].
With respect to psychotherapy for abstinence, brief
intervention is an effective method that includes motivational interviewing and counseling over a limited time
span[27]. A meta-analysis found evidence for the positive
impact of brief interventions on alcohol consumption
and alcohol-related morbidity and mortality[28,29]. It is
necessary for ALD patients to consult with psychologist
about psychological and social support for abstinence.

NUTRITIONAL THERAPY
Malnutrition is a major complication of ALD and this
has been studied, especially in patients with alcoholic
hepatitis. Malnutrition worsens clinical outcome in ALD,
and nutritional support improves nutritional status and
may improve clinical outcome.
The mechanisms for malnutrition are multifactorial.
Poor intake, anorexia, vomiting, mal-digestion, iatrogenic
causes, metabolic disturbance, or mal-absorption might
cause malnutrition in patients with ALD[30]. Mendenhall et
al[31] suggested that most patients with ALD are malnourished. In this study, patients had almost 50% of energy
intake from alcohol. Thus, while calorie intake was frequently not inadequate, there was often deficient intake
of protein and critical nutrients.
The severity of liver disease generally correlated with
the severity of malnutrition[32]. Patients who voluntarily
consumed > 3000 kcal/d had virtually no mortality
whereas those consuming < 1000 kcal/d had > 80%
6-mo mortality[33]. Moreover, the degree of malnutrition
correlated with the development of serious complications such as encephalopathy, ascites, and hepatorenal
syndrome[34].
Early intervention with nutrition therapy may improve
treatment response, alleviate symptoms, and improve the
quality and quantity of life[35,36]. In one trial, nutritional
supplementation through a feeding tube significantly
improved liver function in inpatients with ALD as assessed by serum bilirubin levels and antipyrine clearance,
compared to inpatients who ate a hospital diet[37]. In patients with severe hepatitis, the parenteral nutrition group
showed an overall mortality rate that was comparable to
that of the steroid treatment group[38].
A symptom-based and supportive approach is necessary to achieve appropriate nutritional therapy in patients
with ALD[39]. Nutrition goals include providing adequate
calories, protein, and nutrients to support hepatocyte
regeneration within the existing metabolic alterations of
liver disease[40]. The use of branched chain amino acids
(34 g/d) has been shown to decrease the number of hospitalizations due to complications of liver cirrhosis[41,42].
Depending to the status of ALD, 1.2-1.5 g/kg per day
of protein and 35-40 kcal/kg per day should be supplied
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Per capita consumption (litres)
< 2.50
2.50-4.99
5.00-7.49
7.50-9.99
10.00-12.49
≥ 12.50
Data not available
Not applicable

Figure 1 Total adult per capita consumption (World Health Organization Global Status Report on Alcohol and Health, 2011).

Alcoholic liver disease
Alcoholic fatty liver
(steatosis)

Alcoholic hepatitis

Liver cirrhosis

Abstinence
Psychotherapy (e.g. , brief intervention and psychiatric consultation)
Pharmacological treatment (e.g. , baclofen)

Nutritional therapy
1.2-1.5 g/kg per day of protein and 35-40 kcal/kg per day (depending to the state of disease)

Alcohol
withdrawal
syndrome

General management
Fluids, electrolytes (e.g. , magnesium), vitamins, or admission
(depending to the state of disease)

Thiamine, benzodiazepines, and
other drugs

Pharmacological treatment
according to severity

Management of
complications

Figure 2 Therapeutic algorithm of alcoholic liver disease.

in addition to medical treatment[43]. Vitamin A, thiamine,
vitamin B12, folic acid, pyridoxine, vitamin D, magnesium,
selenium, and zinc may be administered to patients with
ALD along with nutritional therapy[44,45].
Enteral nutrition is desired over parenteral nutrition
because of cost, risk of sepsis of the parenteral nutrition
line, preservation of the integrity of the gut mucosa, and
prevention of bacterial translocation and multiple organ
failure[46]. Moreover, total parenteral nutrition can, in
some instances, cause liver disease as one of its complications.
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ALCOHOL WITHDRAWAL SYNDROME
Alcohol withdrawal syndrome is characterized by the
symptoms and signs that occur 6-24 h following the cessation of alcohol consumption among those who habitually drink excessively. The indications for admission are
severe alcohol withdrawal syndrome, high levels of recent
drinking, a history of withdrawal seizures or delirium tremens, the co-occurrence of a serious medical or psychiatric illness, or failure to recover in outpatient treatment[47].
Long-acting benzodiazepines [chlordiazepoxide (per
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Table 1 Treatment for alcoholic hepatitis
Target
Abstinence

Stop drinking

Nutritional support

Correct malnutrition

Corticosteroid

Decrease inflammation

Pentoxifylline

Ablate cytokines

Infliximab
Etanercept
N-acetylcysteine
Metadoxine
Propylthiouracil
Colchicine
PL
AIIR blocker
Silymarin

Ablate TNF-α
Ablate TNF-α
Anti-oxidant
Anti-oxidant
Reduce ischemic damage
Anti-fibrosis
Anti-fibrosis
Anti-fibrosis
Anti-oxidant and anti-fibrosis

Method

Characteristic

Baclofen, acamprosate,
The role of pharmacologic agents in maintaining abstinence is
naltrexone, and psychotherapy
unclear.
1.2-1.5 g/kg per day of protein Vitamin A, thiamine, vitamin B12, folic acid, pyridoxine, vitamin
and 35-40 kcal/kg per day
D, magnesium, selenium, and zinc may be administered.
Prednisolone 40 mg/d for 28 d Increase in the serum bilirubin and Lille score > 0.45 after 1 wk
followed by tapering over 2-4 wk
of therapy are associated with worse outcome
400 mg 3 times/d for 28 d
Protective effect against hepatorenal syndrome

Not confirmed

Further studies are needed

PL: Polyunsaturated lecithin; AIIR: Angiotensin Ⅱ receptor; TNF: Tumor necrosis factor.

oral, 25-100 mg every 4-6 h) or diazepam (per oral/intravenous/intramuscular, 5-10 mg every 6-8 h)] are
recommended for the prevention of seizures, and an
intermediate-acting benzodiazepine [lorazepam (per oral/
intravenous/intramuscular, 1-4 mg every 4-8 h)] is recommended for patients with severe alcohol withdrawal
syndrome, advanced age, recent head trauma, liver failure,
respiratory failure, other serious medical comorbidities,
or obesity[47-52]. Carbamazepine (per oral, 200 mg every 6-8
h) can be used as an alternative to benzodiazepine and is
effective in seizure prevention[47]. Haloperidol (per oral/
intramuscular, 0.5-5 mg every 8-12 h) can be used carefully as an adjunctive therapy only in cases of agitation
or psychotic symptoms such as hallucinations that are
not controlled by benzodiazepine[47-52]. Thiamine should
be administered to all patients with alcohol withdrawal
syndrome (100-300 mg/d) and maintained for 2-3 mo
following the resolution of their withdrawal symptoms[53].
Thiamine should be given before administering fluids
containing glucose.

TREATMENT OF ALCOHOLIC HEPATITIS
Corticosteroids
Corticosteroids (prednisolone 40 mg/d for 28 d followed
by tapering over 2-4 wk) are the mainstay of treatment
for severe alcoholic hepatitis (modified discriminant function ≥ 32 or presence of encephalopathy). The modified
discriminant function can be calculated by the equation
of 4.6 × [prothrombin timepatient - prothrombin timecontrol
(s)] + serum total bilirubin (mg/dL). Typically, in patients
with severe alcoholic hepatitis, mortality rate within 28 d
was 30%-50%.
The mechanism is thought to decrease inflammation
by reducing the transcription of pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α and interleukin (IL)-8. The efficacy of corticosteroids in alcoholic
hepatitis has been evaluated in 13 randomized controlled
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studies and 4 meta-analyses since 1971[54,55]. However,
there have been conflicting results[56,57]. Although there
are mixed results from various studies, corticosteroids
are overall currently considered to have survival benefit
in patients with severe alcoholic hepatitis. Unfortunately,
alcoholic hepatitis is unresponsive to corticosteroid treatment in approximately 40% of patients (Table 1).
To predict the prognosis following corticosteroid
treatment, early changes in bilirubin levels and the Lille
model were introduced[58,59]. Early changes in bilirubin
levels are defined as a bilirubin level that is lower at 7 d
than that on the first day of treatment[59]. Lille’s score
(http://www.lillemodel.com), which is a more complicated but comprehensive evaluation method of the treatment response, is measured at 7 d after the start of treatment[58].
A score of > 0.45 suggests that a patient is not responding to corticosteroid therapy and a lower survival
rate at 6 mo of 25%, which is lower than that of other
reported more lower scores[58]. Recent studies have shown
that classification as complete responders (Lille score ≤
0.16), partial responders (Lille score 0.16-0.56), and null
responders (Lille score ≥ 0.56) is associated with the
28-d survival rate[60]. From the finding that non-responders to corticosteroid are associated with the development
of infection and a lower survival rate, discontinuing corticosteroid is generally recommended in non-responders
(Figure 3)[61].
Pentoxifylline
Pentoxifylline (400 mg 3 times/d for 28 d) is considered
as an alternative to corticosteroid treatment in patients
with severe alcoholic hepatitis[62]. The exact mechanism
is not understood. However, pentoxifylline inhibits phosphodiesterase and increases the intracellular adenosine
3’,5’-cyclic monophosphate level inducing inhibition
of cytokine expression and macrophage inflammatory
protein-1a[63]. Pentoxifylline failed to decrease the serum
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Anti-oxidants

Severe alcoholic hepatitis
(modified discriminant function ≥ 32 or hepatic encephalopathy)

N -acetylcysteine: The combination of N-acetylcysteine,

an antioxidant, with prednisolone has been studied. This
study enrolled 174 patients who were randomly assigned
to receive either prednisolone 40 mg/d for 28 d along
with intravenous N-acetylcysteine for 5 d or prednisolone
40 mg/d for 28 d alone. Combination therapy improved
the 1-mo survival in patients with alcoholic hepatitis.
However, the 6-mo survival, which was the primary endpoint of the study, did not improve[74,75]. Further research
is needed to evaluate the efficacy of N-acetylcysteine.

Consider liver biopsy if diagnosis is uncertain

Corticosteroid

Contraindication to steroid

Pentoxifylline

Lille model
score ≥ 0.56
on day 7
Yes
Stop corticosteroid
Consider transplantation

No
Continue
treatment

Figure 3 Therapeutic algorithm of severe alcoholic hepatitis.

TNF-α level in the treated group in another study[62]. The
protective effect against hepatorenal syndrome appears to
be the main mechanism of action against alcoholic hepatitis according to a randomized controlled study[62]. However, in a meta-analysis and systematic review, pentoxifylline failed to improve the survival rate[64-66]. In a study
comparing the efficacy of pentoxifylline and prednisolone in severe alcoholic hepatitis, pentoxifylline showed
superior efficacy in terms of mortality[67]. However, this
study enrolled only 68 patients and the survival rates were
35.29% vs 14.71% (pentoxifylline vs prednisolone) which
were relatively lower than that in previous studies[67].
Studies about combination treatment with pentoxifylline
and corticosteroid have indicated no additional survival
benefit[66,68]. Additionally, as the salvage treatment in nonresponders to corticosteroid, pentoxifylline showed no
additional benefit[69]. Overall, pentoxifylline is an efficient
alternative to corticosteroid in severe alcoholic hepatitis,
especially if there are contraindications to corticosteroid
use (Figure 3). However, more confirmative studies are
needed in the future.
Anti-TNF-α therapy
Anti-TNF-α agents have been developed to block TNF-α,
a major cytokine involved in alcoholic hepatitis. Two
anti-TNF-α agents have been investigated as therapy for
alcoholic hepatitis, infliximab and etanercept. In a pilot
study, combination therapy with infliximab and steroids
was reported to be effective[70]. However, the trial was
stopped early by the independent data and safety monitoring board because of a significant excess of severe infections and an insignificant increase in the deaths in the
infliximab cohort (Table 1)[71].
Etanercept showed an increase in the short-term
survival of patients in a pilot study[72]. However, a subsequent randomized, placebo-controlled trial revealed a
worse 6-mo survival rate in the group treated with etanercept than in the placebo group[73]. Therefore, anti-TNF-α
agents are currently not recommended for treating alcoholic hepatitis.
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Metadoxine: Metadoxine, a combination of 2 antioxidants (pyridoxine and pyrrolidone), is potentially a useful
drug in the treatment of ALD. In a large randomized
controlled trial, there was significant improvement in the
liver function tests in both groups. The percentage of
patients with persistent hepatic steatosis as assessed by
ultrasound, was also significantly lower in the metadoxine
group (28% vs 70%)[76]. These positive effects were more
noticeable in patients who abstained from alcohol compared to those who continued to drink. However, the
clinical implications are still unclear; therefore, metadoxine is not recommended for the treatment of ALD. Further studies are required to better explain the significance
of these observations on other clinical endpoints.
Miscellaneous agents
Propylthiouracil: Propylthiouracil has also been evaluated for the treatment of acute hepatitis. In some studies, PTU improved the mortality rate by suppressing
hypermetabolic activation[77,78]. However, in a Cochrane
meta-analysis of 6 studies with 710 ALD patients that
compared propylthiouracil versus placebo, there was no
clear improvement in the liver histology or liver-related
or overall mortality rate[79,80].
Colchicine: Colchicine affects hepatic fibrogenesis,
including the inhibition of collagen production, the enhancement of collagenase activity, and the interference
with collagen transcellular trafficking. In addition, colchicine also has favorable effects on cytokine production
associated with fibroblast proliferation. In clinical studies
involving patients with alcoholic liver cirrhosis, colchicine
showed anti-inflammatory and anti-fibrotic effects[81,82],
and had a positive effect on survival[83]. However, controlled trials later had conflicting results[84].
Polyunsaturated lecithin: Polyunsaturated lecithin is extracted from soybeans and is a constituent of cell membranes[85]. Polyunsaturated lecithin appears to improve
histology and reduce the activation of hepatic stellate
cells in baboons with alcoholic liver injury[86]. However,
polyenylphosphatidylcholine did not show a clear association with the progression of liver fibrosis in a follow-up
randomized controlled study[87].
Angiotensin Ⅱ receptor blocker: It has been reported
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in one randomized controlled trial that combination
therapy with candesartan and ursodeoxycholic acid shows
greater histologic improvement compared to monotherapy with ursodeoxycholic acid[88].
Silymarin: Silymarin, a milk thistle extract with anti-oxidative and anti-fibrotic properties, has been evaluated in
many studies as a potential treatment agent for ALD[89,90].
Although one study reported that silymarin contributes
to improved survival, this result has not been confirmed
for ALD patients in meta-analyses such as the Cochrane
review[89,91].

LIVER TRANSPLANTATION
ALD is one of the most common indications for liver
transplantation in North America and Europe[92,93]. The
survival rate of liver transplantation in ALD is comparable with other causes[94-97]. Indications for transplantation in ALD are identical to those in other end-stage liver
diseases. Patients with severe alcoholic hepatitis who do
not respond to corticosteroids or pentoxifylline have a
mortality rate of 50% to 75% at 6 mo[98].
In a review of 22 studies on ALD, relapse ranged
from 3% to 49% with graft dysfunction and death ranging from 0% to 27% and 0% to 6.5%, respectively[99].
Therefore, it is essential to accurately identify patients
before transplantation who are likely to relapse to harmful drinking after receiving the transplant. Six months of
abstinence prior to liver transplantation is considered a
necessary step[97,100-104]. Recidivism following liver transplantation is a common occurrence, which occurs at a
rate of approximately 10%-52%. Alcohol consumption
following liver transplantation causes histologic damage
in the liver, including liver fibrosis[96,105,106].
Most European and North American liver transplantation centers do not consider patients with severe
alcoholic hepatitis as candidates for liver transplantation
because they do not fulfill the criterion of abstinence
for 6 mo prior to liver transplantation[6,100]. However, a
prospective, multi-center study showed an increase in the
survival rate with liver transplantation in patients with severe alcoholic hepatitis who are not responsive to medical treatment[107]. Therefore, liver transplantation may be
considered in the specific group of patients whose severe
alcoholic hepatitis has failed medical treatment. However,
improvement in long-term survival must be verified in
future studies.
Similar to those who have received liver transplantation for other causes, patients who have received liver
transplantation due to ALD show a high incidence of de
novo cancer in other areas of the body[92,94,108-111]. These
de novo cancers are associated with an increase in mortality following transplantation. The immunosuppressive
drugs that are used post-transplantation may be related
to the onset of new cancers. Compared to other causes,
liver transplantation due to ALD is associated with a
strikingly high rate of cardiovascular complications[92].
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STEM CELL THERAPY
Recent studies have suggested that stem cell therapy may
reduce liver inflammation, and subsequently improve
fibrosis, which could be a promising strategy for patients
with liver cirrhosis[112]. Mesenchymal stem cell (MSC)
directly inhibit the activation of hepatic stellate cells via
MSC-derived cytokines and may also induce hepatic stellate cells apoptosis via the Fas/FasL pathway[113]. MSCs
have been reported to contribute to the direct production
of new hepatocytes as well as to stimulate proliferation
of endogenous hepatocytes[114,115]. In a pilot study of 12
patients with alcoholic cirrhosis[116], bone marrow-derived
MSC used as therapy in alcoholic cirrhosis induces a histological and quantitative improvement for hepatic fibrosis. Further evidence is needed and a 2-phase multicenter
trial in humans is now in process. In addition, a significant improvement in Child-Pugh score and albumin was
reported in 9 cirrhotic patients given a portal vein infusion of autologous bone-marrow derived stem cells[117].
Better liver function after MSC therapy was also documented in patients with cirrhosis[118]. However, in others
studies, infusion of autologous, expanded, mobilized,
adult bone-marrow derived stem cells did benefit patients
with ALD[119,120]. Therefore, further evidences about the
pathogenic and therapeutic roles of bone-derived stem
cells are needed.
In the stem cell therapy, unsolved issues in protocols
require further investigation, such as the optimal type
of transfused MSCs, the optimal therapeutic timing, the
most effective number of stem cells, the best route of
administration. The long-term clinical benefits and safety
of stem cell-based therapies should be confirmed in a
large-sized randomized controlled trial.
In the future, with a safe, controllable, and feasible
recommendation, the clinical application of stem cells for
the treatment of patients with ALD will be further warranted.

NEW TARGETS
New treatments or strategies are required to improve the
survival of patients with ALD. Recent translational work
using human liver tissue has been informative in identifying some potential therapeutic targets for ALD, such as
CXC chemokines, IL-22/signal transducer and activator
of transcription 3, TNF receptor superfamily, complement, osteopontin, gut microbiota and lipopolysaccharide (LPS), endocannabinoids, and inflammasomes[121].
Hepatic expression of CXC chemokines, CXC family of
chemokines includes IL-8 and Gro-α; these usually attract neutrophils, is increased and correlates with survival
time and the degree of portal hypertension[122]. IL-22
might be used to treat patients with ALD because of its
antioxidant, antiapoptotic, antisteatotic, proliferative, and
antimicrobial effects[123]. Complement activation, apoptosis, and osteopontin up-regulation are prominent feature
of ALD[124,125].
Gut-derived microbial LPS, a component of the
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outer wall of gram-negative bacteria, has been known as
a central role in the pathogenesis of ALD[126,127]. Alcohol has been known to disrupt the gut barrier function,
consequently, promotes the translocation of microbial
LPS from the lumen of the intestines to the portal vein,
where it travels to the liver. In the Kupffer cell, LPS
binds to CD14, which combines with toll-like receptor 4,
ultimately activating multiple pro-inflammatory cytokine
genes[128]. Therefore, probiotics, prebiotics, antibiotics, or
transplantation of gut-microbiota have been proposed as
possible treatments for ALD by ablating the increase in
LPS or repopulating the gut.
Ethanol consumption causes epigenetic changes that
contribute to alcohol-induced liver damage. Exposure
to ethanol or its metabolite acetate up-regulates histone
acetylation in macrophages, contributing to the up-regulation of several pro-inflammatory cytokines that could
promote alcoholic hepatitis[129]. Therefore, epigenetic
modifications can be new therapeutic target.

CONCLUSION
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particular, the common I148M variant of the PNPLA3
gene influencing hepatic lipid metabolism influences
HCC risk independently of its effect on the progression
of liver fibrosis. Recently, rare loss-of-function mutations in Apolipoprotein B resulting in very low density lipoproteins hepatic retention and in Telomerase reverse
transcriptase influencing cellular senescence have also
been linked to HCC in NAFLD. Indeed, hepatic stellate
cells senescence has been suggested to bridge tissue
aging with alterations of the intestinal microbiota in the
pathogenesis of obesity-related HCC. A deeper understanding of the mechanisms mediating hepatic carcinogenesis during insulin resistance, and the identification
of its genetic determinants will hopefully provide new
diagnostic and therapeutic tools.

Abstract

Core tip: Nonalcoholic fatty liver disease (NAFLD) associated with obesity, insulin resistance, and type 2
diabetes, is an increasingly recognized trigger of hepatocellular carcinoma (HCC), even in non-cirrhotic
livers. The role of inherited factors seems magnified in
fatty liver. The common I148M variant of the PNPLA3
gene influencing hepatic lipid metabolism has been
associated with HCC. Rare loss-of-function mutations
in apolipoprotein B resulting in very low density lipoproteins hepatic retention and in telomerase reverse
transcriptase influencing senescence have been linked
to HCC in NAFLD. Hepatic stellate cells senescence has
also been suggested to bridge tissue aging with microbiota alterations in the pathogenesis of obesity-related
HCC.

Hepatocellular carcinoma (HCC) is the fourth cause
of cancer related mortality, and its incidence is rapidly
increasing. Viral hepatitis, alcohol abuse, and exposure
to hepatotoxins are major risk factors, but nonalcoholic
fatty liver disease (NAFLD) associated with obesity, insulin resistance, and type 2 diabetes, is an increasingly
recognized trigger, especially in developed countries.
Older age, severity of insulin resistance and diabetes,
and iron overload have been reported to predispose
to HCC in this context. Remarkably, HCCs have been
reported in non-cirrhotic livers in a higher proportion
of cases in NAFLD patients than in other etiologies. Inherited factors have also been implicated to explain the
different individual susceptibility to develop HCC, and
their role seems magnified in fatty liver, where only a
minority of affected subjects progresses to cancer. In
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third cause of cancer-related mortality worldwide. It represents 90% of primary liver cancers,
and its incidence is increasing[1,2].
The major risk factor for HCC is represented by
chronic hepatitis, mostly related to hepatitis B and hepatitis C virus (HCV) infection[3]. Excessive alcohol intake,
hereditary hemochromatosis, and other inherited diseases
account for additional cases, and represent an important
cofactor in patients with viral hepatitis[4-7]. However, the
fraction of cases arising in the context of chronic liver
damage associated with nonalcoholic fatty liver (NAFLD)
related to systemic insulin resistance and obesity[8] is rapidly increasing, especially in Western countries[9].
The majority of HCC cases occurs in individuals
with cirrhosis, a subversion of liver histological architecture due to progressive fibrosis representing per se a
pre-cancerous condition. Overall, one-third of cirrhotic
individuals will develop HCC during lifetime[10], at an
incidence of 1%-8% per year. Male gender, older age,
cigarette smoking, obesity, the metabolic syndrome, and
type 2 diabetes are major risk factors, together with viral
features, the severity of liver damage, and serum alphafetoprotein levels[11-15].
Besides viral, environmental, behavioral, and metabolic features, inherited factors have also been implicated
to explain the different susceptibility to develop HCC.
Family history and ethnicity are strongly associated with
HCC, particularly in areas characterized by a high prevalence of chronic infection with hepatitis viruses. In the
last years, several studies have demonstrated the contribution of single nucleotide polymorphisms (SNPs) to the
predisposition towards HCC[16,17].
Liver fat deposition, most frequently related to systemic insulin resistance (IR) defines NAFLD[18], which
is considered the hepatic manifestation of the metabolic
syndrome. In susceptible individuals NAFLD is associated with inflammation and fibrogenesis, i.e., nonalcoholic
steatohepatitis (NASH)[19], which can progress to severe
fibrosis and lead to HCC[20] even before cirrhosis ensues.
As NAFLD is now the most frequent liver disease affecting at least 25% of the United States and European
population[21,22], it is predicted that it will fuel a rise HCC
cases in the future, reducing the benefit of new effective
antiviral therapies and of hepatitis B virus (HBV) vaccine
campaigns[23].

HEPATOCELLULAR CARCINOMA AND
STEATOSIS
NAFLD is now a recognized and increasingly observed
WJG|www.wjgnet.com

cause of HCC[7]. In the Newcastle area, United Kingdom,
where the incidence of HCC was historically low due to
eliminare do a low prevalence of viral hepatitis, NAFLD
became the leading etiological factor associated with
HCC by 2010[9].
It should be noted that besides cases ascribed to
NAFLD, 5%-30% of HCCs are cryptogenic, i.e. do not
have any identifiable risk factor[24], and it has been suggested that they represent the evolution of severe forms
of NAFLD (“burn out nonalcoholic steatohepatitis”)[20].
Several case-control studies have described that HCC
patients with cryptogenic cirrhosis tend to have typical
clinical features of NASH, compared with sex- and agematched HCC patients arising in cirrhosis of well-defined
etiology[20,25,26]. In a South Korean study in 480 HCC patients, cryptogenic cirrhosis accounted for 7% of cases,
and was associated with older age, metabolic syndrome
and tumor characteristics, all features that have been associated with NAFLD-related HCC[27].
However, given the enormous prevalence of the
metabolic syndrome, in the absence of other cofactors
such as viral infections and alcohol abuse, HCC remains
a distinctly rare complication of obesity, type 2 diabetes,
and NAFLD[18], although the exact incidence of this
complication is not known.
Most NAFLD-related HCCs are believed to develop
in the background of a cirrhotic liver[20,28-30]. However, the
incidence of HCC in patients with cirrhosis or advanced
fibrosis related to NAFLD seems lower to that conferred
by other etiologies, such as CHC, and requires the presence of other metabolic cofactors such as a long history
of diabetes[31], and typically develop in older males[32,33].
Notwithstanding, due to the diffusion of the vaccination
against HBV, the availability of novel antiviral treatments,
and the epidemics of obesity, NASH is projected to become the leading cause of HCC in Western countries in
the next future.
Steatohepatitis represents also a key step in the development of progressive liver damage and HCC in
patients with chronic alcohol abuse[34,35]. Evidence is accumulating that steatosis is a risk factor for HCC also in
patients with chronic HCV infection, persisting after viral
eradication[36-38]. In addition, a specific subtype of HCC
(steatohepatitic HCC) have been described in HCV positive patients with risk factors for NAFLD, suggesting the
existence of a specific NASH-HCC pathway[39].
HCC may develop in patients with NASH and even
simple steatosis even in the absence of advanced liver
fibrosis[7,33,40]. In a small number of cases NAFLD may
progress to HCC in the background of metabolic syndrome especially with type 2 diabetes and obesity[41].
Indeed, HCCs arising in patients with features of metabolic syndrome are larger, more differentiated and mainly
occur in the absence of significant fibrosis[42] compared
than those arising in chronic viral hepatitis. An overview
of the literature supporting increased incidence of HCC
in nonalcoholic fatty liver disease without cirrhosis is presented in Table 1.
In conclusion, the different natural history, specific
histhological features of hepatocellular carcinoma in
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Table 1 Literature supporting increased incidence of hepatocellular carcinoma diagnosed in non-cirrhotic liver in nonalcoholic fatty
liver disease
Ref.

Cases (n )

Other etiologies (n )

Cryptogenic cirrhosis (n )

Design

105
641
210
480
32
89

75
597
192
446
32
64

30
44
18
34
25

Population study
Retrospective case-control study
Case-control study
Case-control study
Retrospective case-control study
Case-control study

Marrero et al[25]
Bugianesi et al[20]
Regimbeau et al[26]
Lee et al[27]
Pekow et al[36]
Ascha et al[30]

HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease.

individuals with fatty liver and inflammation suggests a
specific mechanism underlying the NAFLD-HCC carcinogenesis.

HEPATOCELLULAR CARCINOMA:
ASSOCIATION WITH OBESITY, INSULIN
RESISTANCE, AND TYPE 2 DIABETES
Accumulating epidemiological studies indicate that overweight and obesity, the major determinant of insulin
resistance and NAFLD at population level, and whose
prevalence is markedly increasing, are associated with
higher risk of HCC. In a prospective population-based
study conducted in a large cohort of United States adults
stratified by severity of overweight, HCC-related death
rate was 4.5-fold higher in men with a body mass index
higher than 35 kg/m2 than in men with a normal body
mass index (BMI)[14].
Overall evidence indicate that the risk of liver cancer is
17% and 89% higher in persons who are overweight and
obese, respectively, than in those of normal weight, and
that the relationship is stronger in men than in women[43].
Obesity also increases the risk of HCC in subjects with
cirrhosis. Among 19271 United States patients who underwent liver transplantation with cirrhosis, obesity was
an independent predictor of HCC in patients with alcoholic and cryptogenic cirrhosis[44].
Epidemiological studies have also established an independent association between type 2 diabetes and HCC.
The first population study conducted in United States
revealed that diabetes was associated with 2.3-fold increase in the risk of HCC, regardless of the presence of
other major HCC risk factors[45]. Consistently, El-Serag
et al[31] carried out a large prospective cohort study, using
the national database of the Department of Veterans
Affairs, to examine HCC risk according to the presence
of diabetes, and found that among men with diabetes
the risk for HCC was doubled. Interestingly, it has been
hypothesized that a high concentration of insulin and
insulin growth factor 1 (IGF1) in type 2 diabetics may
have a hepatocarcinogenic effect[46]. This would suggest
that glucose lowering medications counteracting insulin
resistance, such as metformin, could reduce the risk of
HCC in diabetics[47-49], but this hypothesis is still based on
indirect evidence and remains to be proven.

WJG|www.wjgnet.com

Results of a meta-analysis which included four studies
(three prospective cohorts and one case-control study)
considering 829651 participants supported an increased
risk of HCC among individuals with metabolic syndrome[50].
The population attributable fractions for established
HCC risk factors in the United States have been estimated in a population-based case-control study. Among
individual risk factors, diabetes/obesity had the greatest
population attributable fraction. Overall, these data imply
that in Western countries decreasing diabetes and obesity
would be able to reduce the HCC incidence more than
the eradication of any other risk factors, including viral
hepatitis[49].
Furthermore, the co-presence of both diabetes and
obesity may have a synergistic effect on hepatic carcinogenesis in other etiologies. In 23820 Taiwan residents infected with HBV or HCV followed up for 14 years, HCC
risk was more than 100-fold higher in those with both
obesity and diabetes[51].
Summarizing, obesity is a strong risk factor for HCC
development especially in men. The presence of metabolic syndrome and diabetes increases the risk exponentially in obese individuals (Table 2).

PATHOGENESIS
The pathways linking steatosis to HCC are still under
definition. Potential carcinogenic mechanisms specifically
related to steatosis and steatohepatitis[7,52] are represented
by (1) the low-grade inflammatory status associated with
obesity and the metabolic syndrome, with increased release of tumor necrosis factors (TNF)-alpha and IL-6,
which has proliferative and anti-apoptotic effects through
the activation of the transcription factor STAT3[53]; (2)
altered release of adipokines influencing insulin resistance and inflammation[54]; (3) increased lipogenesis and
cellular availability of fatty acids supporting energy for
rapidly growing cells[55,56]; (4) lipotoxicity influencing intracellular signaling pathways[57]; (5) oxidative stress and
DNA damage related to increased lipid peroxidation and
mitochondrial damage; and (6) hyperinsulinemia determining activation of proliferative pathways in hepatocytes and increased release of insulin-like growth factor-1
(IGF-1)[58].
Summarizing, intranuclear damage and changes pre-
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Table 2 Ascertained risk factors for hepatocellular carcinoma
in fatty liver
Risk factors
Age
Male gender
HCV/HBV[3,30,31,36-38]
Alcohol abuse[34,35]
Severity of NAFLD/NASH[25,28-30,33,39]
Diabetes/obesity[26,31,43-46]
Iron overload[69-71]
Genetic variants (PNPLA3, APOB, TERT)[92-94,100,104,111,113,114]
Hepatic stellate cells (HSCs) activation and senescence[118,119]
HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Nonalcoholic
fatty liver disease; NASH: Nonalcoholic steatohepatitis; PNPLA3: Patatinlike phospholipase domain-containing protein 3; APOB: Apolipoprotein B;
TERT: Telomerase reverse transcriptase.

disposing to HCC may be due to activation of insulin
mediated proliferative pathways, specific cytokine release,
intracellular lipid species, oxidative stress, and mitochondrial damage.

OTHER ENVIRONMENTAL RISK
FACTORS: IRON OVERLOAD?
Liver iron overload, which is frequently observed in patients with chronic HCV hepatitis, alcoholic liver disease,
NAFLD, NASH and end-stage liver disease, may also
exert a carcinogenic effect thus facilitating HCC development. Oxidative stress resulting in the production of
oxygen free radicals is considered the main mechanism
underlying the progression of liver damage toward HCC
in genetic hemochromatosis[59,60]. Secondary iron overload worsens liver damage progression in other chronic
liver disease as well[61,62]. In particular, hepatic iron accumulation seems to increase the risk of NASH progression[63], and to be involved in the pathogenesis of insulin
resistance[64-67], while iron depletion by phlebotomy can
improve insulin sensitivity and liver function in patients
with NAFLD[68]. In a large case series of histological
NAFLD from Italy, liver iron depots were more frequent
and larger in patients who developed HCC than in those
who did not, and excess iron was mainly located within
non-parenchymal cells. Experimental studies indicate that
the cellular site of iron deposition in the liver is important for its carcinogenic activity[69,70]. Summarizing, iron
may be a risk factor for HCC, thus implying that iron
chelation/depletion may represent a strategy to prevent
liver disease progression and HCC patients with NAFLD
and increased iron stores, identified by the presence of
increased ferritin levels[71,72] (Table 2).

GENETICS
Familial, epidemiologic and twin studies suggest that
heritability plays a major role in the susceptibility towards
NAFLD and progressive forms of liver diseases associated with steatosis with possible evolution to HCC[73], and
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both steatosis and genetics contribute to HCC risk[15,17].
Following the completion of the Human Genome Project and the trail of technological advancements, in the
last years genomewide association studies (GWAS) that
screen the whole DNA for the association with a specific
phenotype have unrevealed the main common genetic
risk factor for complex traits and diseases, such as hepatic
fat content. Besides viral, environmental factors, behavioral habits and metabolic features also inherited factors
have been implicated in the pathogenesis of HCC. Family
history and ethnicity are strong risk factor for HCC and
both candidate genes studies and GWAS are beginning
to discover the genetic determinants that may contribute
to HCC susceptibility[16]. Recently, the first GWAS have
discovered new candidates, such as the 1p36.22 locus in
Chinese patients with chronic HBV infection[74], and the
MICA rs2596542 and rs1012068 DEPDC5 single nucleotide polymorphisms (SNPs) in Japanese patients with
CHC[75,76], which however still require functional clarification and replication in other ethnic groups.
Rapidly evolving knowledge has been generated suggesting that NAFLD, fibrosis progression, and HCC
share common genetic determinants[77]. There is also
evidence that rare variants associated with a severe phenotype strongly contribute to steatosis and HCC risk in
specific individuals and their families[78] (Table 2).
Common variants: Patatin-like phospholipase domaincontaining 3
In 2008, two independent GWAS linked the common
rs738409 C>G SNP encoding for the I148M sequence
variant of Patatin-like phospholipase domain-containing
protein 3 (PNPLA3 or adiponutrin) with hepatic fat content, steatosis and ALT levels[79,80]. The 148M allele causes
a critical aminoacidic substitution next to the catalytic
domain, reducing the access of substrates and reducing
the PNPLA3 enzymatic activity towards glycerolipids,
thereby favoring to the development of macrovesicular
steatosis[81-83], partly mediated by very low density lipoprotein retention[83]. Furthermore, the 148M risk allele favors
disease progression in NAFLD[84-86], ALD[85,87], chronic
HCV hepatitis[88,89], and also in liver diseases unrelated to
steatosis[90,91].
Most importantly, the I148M variant has been associated with the risk of HCC independently of its effect on
the progression of liver fibrosis[92,93]. We first described an
association between 148M PNPLA3 variant and HCC in
a retrospective cohort of 325 patients affected by chronic
hepatitis C where homozygosity for the 148M risk allele
conferred a 2.2-fold higher risk of HCC, independently
of cirrhosis, age, diabetes, male gender, and eradication
of viral hepatitis[88]. These data have been replicated in
patients with HCV cirrhosis and alcoholic cirrhosis[92,94-96].
After a large European effort, a very recent meta-analysis
of the literature based on individual patient data of 2503
cirrhotic patients concluded that the I148M is an independent risk factor for HCC in cirrhosis, and that the
size effect is larger in alcoholic than in HCV related liver
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disease[97].
The predisposing effect of the I148M seems also
very strong in the context of severe obesity. Indeed, in
3473 obese subjects included in the Swedish Obese Study
(SOS) cohort followed up for 15 years, the 148M risk allele conferred a very large increase in the risk of HCC
in subjects on conventional treatment, whereas the effect was not detected in those who improved metabolic
disease following weight loss due to bariatric surgery[98].
Importantly, the I148M variant is also a strong risk factor
for HCC in patients with histological NAFLD[99].
Finally, the I148M variant may also influence the
biological features, natural history, and response to treatment of HCC. In 460 HCC Italian patients, PNPLA3
148M was over-represented in NAFLD and ALD-related
HCCs, and liver cancers arising in these subjects were associated with earlier age at presentation, lower differentiation grade and larger diffusion at the diagnosis, and with
a worse prognosis[100]. These data are in line with results
obtained in a United States cohort[101].
In conclusion, the common PNPLA3 I148M variant
is a strong determinant of hepatic fat content and in the
presence of triggering factors (especially metabolic rather
than viral) strongly predisposes to HCC[77].
Rare variants
Apolipoprotein B: Hypobetalipoproteinemia (HBL)
represents a rare disorder of lipoprotein metabolism
characterized by reduced plasma levels of total cholesterol, low-density lipoprotein-cholesterol (LDL-C) and
apolipoprotein B (APOB). Familial HBL (FHBL) is the
most frequent monogenic form of HBL and it is associated with loss-of-function mutations in APOB gene. Fatty
liver is a characteristic feature of FHBL as a consequence
of impaired hepatic export of very low density lipoproteins. Development of HCC in the absence of cirrhosis
was anedoctically reported in a subject with FHBL due to
a truncated form of ApoB[102], as well as cryptogenic cirrhosis due to a truncated form of ApoB[103].
Recently, evaluating by whole exome sequencing a
large family in which it was observed cosegregation of
FHBL with fatty liver and HCC, Cefalù et al[104] identified
a novel nonsense mutation in ApoB gene (c.6718A>T,
K2240X) associated with the phenotype. Therefore,
APOB mutations represent a paradigm of rare variant
influencing liver fat content and HCC risk. In the general
perspective, the liver fat retention observed in individuals
with the common PNPLA3 variant due to the defective
very low density lipoprotein secretion[83] may indicate a
common pathway for these genetic conditions.
Telomerase: The human telomerase reverse transcriptase
(TERT) gene encodes the catalytic reverse transcriptase
subunit of telomerase that maintain telomere length[105].
Increased telomerase activity has been indicated as one
of the hallmarks of human cancer, and transcriptional
up-regulation of TERT gene is the major cause of its
cancer-specific activation[106-108]. On the other hand, telo-

WJG|www.wjgnet.com

mere diseases, exemplified by dyskeratosis congenita, are
characterized by premature senescence of the stem cell
compartment, tissue fibrosis and increased cancer risk
due to chromosome instability[108]. TERT mutations have
been associated with a spectrum of familial hepatic liver
disease often characterized by histological steatosis and
iron accumulation, possibly as a consequence of hepatocellular senescence[109]. TERT mutations are enriched
in cirrhosis, being observed in 3%-8% of unselected patients with different liver diseases, in line with increased
telomere attrition in cirrhosis, and suggesting a role of
cellular aging in liver disease progression[110,111]. In addition, studies on TERT-deficient mice have demonstrated
that telomere shortening reduces the response to acute
and chronic liver damage inducing the formation of steatosis and fibrosis[111]. TERT overexpression is frequently
observed in HCC related to chronic hepatitis[112], favoring
the replication of stem cell compartment. Point mutations in the promoter of TERT gene increase telomerase
expression and are somatically acquired during hepatic
carcinogenesis, especially in males with chronic HCV
hepatitis[113]. On the other hand, HCC cases were reported only in a few patients with loss-of-function TERT
mutations. Recently, we reported the occurrence of HCC
in a subject with cirrhosis associated with NAFLD and
diabetes, who carried the novel c.2062 C>G TERT mutation encoding for the protein Glu668Asp substitution
in exon 5 of TERT[114]. This mutation is located in the
reverse transcriptase domain of the protein, leading to
reduced telomere lenght by interfering with enzymatic
activity [115]. Additional studies are ongoing to evaluate whether telomerase complex mutations are highly
enriched in patients who develop HCC in NAFLD. In
conclusion, the occurrence of HCC in the context of
NAFLD, which at the population level can be considered
a rare disease, seems to be influenced by common genetic
variants as PNPLA3 and by rare genetic variants such as
those described in APOB and TERT genes[79].

STELLATE CELLS: A NEW PLAYER
IN OBESITY-RELATED HEPATIC
CARCINOGENESIS
Cellular senescence is a stress response occurring in normal cells, which blocks proliferation through checkpoint
activation and cell-cycle arrest[116]. It occurs not only in
hepatocytes, but also in nonparenchymal liver cells, and
in particular hepatic stellate cells (HSCs), which are key
players in the progression of liver fibrosis and hepatic
carcinogenesis[117]. Senescent HSCs are biologically active and characterized by a secretory profile called senescence-associated secretory phenotype (SASP), composed
of inflammatory cytokines, chemokines and proteases,
which may promote hepatic carcinogenesis[118]. In experimental models, dietary or genetic obesity induces
alterations of the gut microbiota increasing the levels of
microbial metabolites such as deoxycholic acid (DCA),
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Figure 1 Graphical display of the ascertained risk factors for hepatocellular carcinoma in nonalcoholic fatty liver disease. HCC: Hepatocellular carcinoma;
NAFLD: Nonalcoholic fatty liver disease; Red lines: Metabolic risk factors; Violet lines: Genetic risk factors; HCV: Hepatitis C virus; HBV: Hepatitis B virus; TERT:
Telomerase reverse transcriptase; APOB: Apolipoprotein B; PNPLA3: Patatinlike phospholipase domain-containing protein 3.

which are DNA damaging. The enterohepatic circulation can bring these metabolites to the liver inducing a
SASP phenotype in activated HSCs, which in turn secrete
tumor-promoting factors and favor HCC development
even in absence of fibrosis. In healthy male volunteers,
high-fat diet results in higher fecal DCA levels, suggesting
that DCA-induced senescent HSCs may partly contribute to obesity-associated HCC by SASP also in humans.
Moreover, signs of cellular senescence and SASP were
directly observed in HSCs not related to fibrotic areas,
but located in the proximity of HCC lesions occurring
in patients with NASH. These findings suggest that senescent HSCs are characterized by an inflammatory but
not fibrogenic phenotype and may contribute to explain
NASH-associated hepatic carcinogenesis in non-cirrhotic
livers[32,119]. In conclusion, improved understanding of the
role of genetic predisposition, the type of diet, and gut
microbiota may lead to new therapeutic approaches to
prevent and control liver cancer related to NAFLD[120].
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Abstract
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Non-alcoholic fatty liver disease (NAFLD) is the most
frequent cause of liver disease in the Western world.
Furthermore, it is increasing worldwide, paralleling the
obesity pandemic. Though highly frequent, only about
one fifth of affected subjects are at risk of developing
the progressive form of the disease, non-alcoholic steatohepatitis with fibrosis. Even in the latter, liver disease
is slowly progressive, though, since it is so prevalent, it
is already the third cause of liver transplantation in the
United States, and it is predicted to get to the top of the
ranking in few years. Of relevance, fatty liver is also associated with increased overall mortality and particularly
increased cardiovascular mortality. The literature and
amount of published papers on NAFLD is increasing as
fast as its prevalence, which makes it difficult to keep
updated in this topic. This review aims to summarize
the latest knowledge on NAFLD, in order to help clinicians understanding its pathogenesis and advances on
diagnosis and treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-alcoholic fatty liver disease; Metabolic
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Core tip: This is a review in non-alcoholic fatty liver disease (NAFLD) that puts the disease into context, highlights the recent advances in pathology, and gives special focus to the diagnosis and management of those
patients. We present NAFLD patients in a holistic view,
understanding that it many cases thinking outside the
liver, namely in the cardiovascular and neoplastic risk,
may have a bigger impact in the prognosis. In the era
of genomics and high-throughput approaches, we also
summarized the latest breakthroughs regarding the genetic associations with NAFLD.

EPIDEMIOLOGY
Non-alcoholic fatty liver disease (NAFLD) is a spectrum
of liver disease characterized by the presence of ectopic
fat in the liver, steatosis, which cannot be explained by
alcohol consumption. It ranges from simple steatosis to
non-alcoholic steatohepatitis (NASH) that can have different degrees of fibrosis and progress to liver cirrhosis
and end-stage liver disease, with its associated complications, including hepatocellular carcinoma (HCC).
NAFLD is the pandemic liver disease from the
twenty-first century. It has been estimated that about one
billion individuals worldwide have NAFLD[1]. In fact, it
is the number one cause of altered aminotransferases in
the Western world[2], where one third of the population is
affected[3]. In Asia, recent reports showed similar prevalence of NAFLD[4,5], whereas in the Indian continent
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it is similar in urban populations, although much lower,
less than 10%, in rural populations[6-8]. The prevalence in
Africa is not known[1], though a Nigerian study showed a
prevalence of less than 10%[9].
Among patients with NAFLD, one to two in each
ten patients will have NASH[3]. A recent survey showed
that NAFLD-associated cirrhosis is the third indication
for liver transplantation in the United States, and it is expected to be the number one indication in 2020[10].
NAFLD is strongly associated with obesity, insulin
resistance (IR)/type 2 diabetes mellitus (T2DM) and the
metabolic syndrome. Obesity, particularly central obesity,
is highly predictive of hepatic steatosis and disease progression[11,12]. In overweight subjects, the prevalence of
steatosis is at least two times more frequent than in lean
subjects[13], being directly proportional to the increase
of body mass index (BMI)[14]. In morbid obesity, almost
all patients present steatosis and more than one third
have NASH[15]. The association with T2DM is also very
strong, being 5-9 times more frequent in patients with
NAFLD as compared to the general population[16]. On
the other hand, more than two third of patients with
T2DM have NAFLD[17]. T2DM also associates with disease severity, namely NASH, fibrosis, liver cirrhosis and
HCC[16]. Lastly, the metabolic syndrome is a cluster of
cardiovascular risk factors that associates with IR, namely
central obesity, hypertension, dyslipidemia and glucose
intolerance[18]. At least one third of patients with NAFLD
have the metabolic syndrome and 80% at least one of its
components[19,20]. Noteworthy, the prevalence of NAFLD
increases with the number of components of the metabolic syndrome[20].
There are racial differences in the susceptibility for
NAFLD, being more frequent in East Asian Indians, followed by Hispanics, Asians, Caucasians and less frequent
in African Americans[1,19,21,22]. Also, among patients with
NAFLD, African Americans have less frequently NASH
as opposed to Hispanics[23]. The racial disparities are not
fully understood. A possible explanation may ensue from
a higher BMI and adiposity in Hispanics[24,25] and a lower
visceral adiposity in African Americans[26]. Genetic differences in metabolism and wound healing response may
also have an influence. For instance, African Americans
have lower fructose absorption rates than Hispanics, and
fructose is considered an important driver of liver steatogenesis[27].
In this review we will summarize the latest evidence in
the pathogenesis, diagnosis and management of NAFLD,
with a clinical-oriented focus.

PATHOGENESIS
How do we get liver steatosis?
The hallmark of NAFLD is the presence of ectopic fat
in the hepatocytes. The underlying mechanisms of this
pathological fat deposition in the liver are reasonably
known. The main store of lipids in the hepatocyte is
in the form of triglycerides, though other lipids can be
increased, such as, different free fatty acids (FFA), diac-

WJG|www.wjgnet.com

ylglycerol, free cholesterol, cholesterol esters, ceramides,
and phospholipids[28]. Triglycerides are synthesized from
FFA. The accumulation of triglycerides depends on the
presence of FFA in the liver and its disposal. There are
three major sources of FFA in the liver, with the following order of relevance: 60% from plasmatic nonesterified fatty acids (NEFA’s), 25% from de novo lipogenesis
and 15% from dietary fatty acids (FA) in the form of
chylomicrons lipoproteins[29]. Starting with the former,
the hepatic uptake of FFA is unregulated; as such, it is
directly proportional to the plasmatic concentrations of
NEFAs[30]. Of relevance, plasmatic NEFAs come mainly
from lipolysis in the adipose tissue, which represents the
source of 80% of FA in the fasting state. Postprandial,
dietary FA also plays a relevant contribution, but even
then, 60% of FFA derives from adipocytes[29]. Adipose
tissue lipolysis is induced, during fasting, through the
stimulation of beta-adrenergic receptors by catecholamines[31]. When adipose tissue storage capacity is overcome, either by energy surplus as occur in obesity, or by
primary defect in adipocytes as occurs in lipodystrophies,
the efflux of FFA increases. Also, with IR, there is a
decreased ability of insulin to suppress adipose tissue lipolysis[32]. De novo lipogenesis, during fasting, is increased
by 3 fold in patients with NAFLD as compared to those
with lean liver[33]. Also, it has no diurnal variation[29]. This
probably represents hyperinsulinism, which induces sterol response element-binding protein (SREBP)-1c and
peroxisome proliferator-activated receptor (PPAR)- γ
that in turn promote the expression of several lipogenic
genes[33]. De novo lipogenesis is also important, since when
activated, a key intermediate, malonyl-CoA, inhibits the
oxidation of FA from any source[34]. Lastly, the contribution of dietary FA increases with high fat diet (by definition, more than 30% of total energy requirements)[29].
FFA in the liver may follow 3 different destinations: (1)
oxidation, mainly in mitochondria, but also in extramitochondrial organelles; (2) assembly and export as very
low-density lipoproteins (VLDL); and (3) production of
triglycerides and storage as lipid droplets. Regarding the
latter, when production of triglycerides is inhibited, it decreases steatosis, but increases liver damage by accumulation of active FA intermediates[35]. An excessive increase
in FFA influx in the liver may over saturate the ability for
FA oxidation. Although patients may have mitochondrial
abnormalities and dysfunction, there is no evidence of
decreased FA oxidation in most of the patients[36]. On the
contrary, when this pathway is overactive it may promote
the production of oxygen reactive species and oxidative
stress[37,38]. Hyperinsulinism may decrease VLDL assembly, since insulin decreases the synthesis and stability of
apolipoprotein B, one component of VLDL[39,40]. Also,
NAFLD/NASH can occur in familial hypolipoproteinemia, in which there is a defect in VLDL assembly, independently of obesity and IR[41] (Figure 1).
As described, IR has a major role in the development of steatosis. But steatosis itself also promotes IR,
endorsing a self-perpetuating vicious cycle. The most
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Source of FFA
Plasma NEFAs
from adipose
tissue (60%)

Fate of FFA

FFA oxidation

Chylomicrons
dietary FFA
(15%)

FFA
Triglycerides
synthesis
Steatosis

Export as VLDL

De novo

Figure 1 Pathogenesis of liver steatosis. Hepatic steatosis can result from an increased influx of lipids, free
fatty acids (FFA), to the liver or a decreased lipid disposal.
Three main sources of FFA in the liver are the plasmatic
nonesterified fatty acids (NEFAs), which originate predominantly from lipolysis in the adipose tissue, from de novo
lipogenesis, mainly from glucose or other carbohydrates,
and from FFA that come in chylomicrons from the gut (dietary FFA). In the liver, FFA can either be oxidized, mainly
in the mitochondria, beta-oxidation, or can be used to
produce triglycerides. The latter can be exported as very
low density lipoproteins (VLDL) to the circulation or can
accumulate in lipid droplets in the hepatocyte leading to
steatosis.

lipogenesis
(25%)

accepted model is the initiation of IR peripherally in the
adipose tissue[42,43]. Obesity translates an expansion in
adipose tissue. That expansion may occur in inert subcutaneous tissue, being more an esthetical condition, but
it may also occur in visceral, metabolically active adipose
tissue. The excessive accumulation of fat in adipocytes
promotes an increase in oxidative stress, which deregulates adipocytokines production[44] and promotes low
grade inflammatory state in the adipose tissue, through
release of interleukin (IL)-6 and monocyte chemotactic
protein (MCP)-1 among others[44]. Subsequently, there is
activation of macrophages, M1, and lymphocytes, Th1,
promoting further release of proinflammatory cytokines,
tumor necrosis factor (TNF)-α and interferon-γ. The latter also promotes IR[45] directly or through the deregulation of adipocytokines secretion, namely through inhibition of adiponectin. In fact, with obesity, adiponectin, an
anti-inflammatory, insulin sensitizer adipokine, decreases,
whereas leptin, a pro-inflammatory, pro-fibrogenic and
satiety inducer adipokine increases. Of note, central resistance to leptin also develops, decreasing its anorexigenic
effects[46]. The spillover of FFA from the adipose tissue
leads to ectopic accumulation of fat in muscle and liver.
In those tissues, ectopic fat induces IR by generation of
lipid-derived second messengers such as diacylglycerol
(DAG) and ceramides that directly interfere with the insulin receptor pathway[47]. Noteworthy, in the liver, not
all insulin actions are impaired; it preserves its lipogenic
actions further inducing steatosis, and its pro-mitogenic
actions, which may enhance hepatocarcinogenesis[48].
Injury and inflammation leads to NASH and fibrogenesis
Lipid accumulation in the liver is linked with endoplasmic reticulum (ER) stress, oxidative stress/mitochondria
stress, and impaired autophagy, resulting in the condition
known as lipotoxicity[31]. In some patients, lipotoxicity
leads to cell damage and cell death, which induces an
inflammatory and wound healing response that can drive
fibrogenesis. Why in some people lipid accumulation in
the liver is inert and in others is toxic to cells is still not
fully understood. It may be related to the type of fat it-
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self, since triglycerides per se do not seem toxic[35], whereas
FA, mainly saturated FA[49,50] as well as cholesterol[51] and
its metabolites do seem highly toxic. The higher toxicity of saturated FA as compared to polyunsaturated FA
may be in part due to a limited capacity of hepatocytes
to use them to produce triglycerides[52]. Also, individual
differences in lipid metabolism (e.g., in the enzymes that
desaturate FA[50]) and susceptibility for cell damage, may
promote NASH development (Figure 2).
Cell death
Apoptosis is a form of programmed cell death that plays
an important role in NAFLD[53,54]. Considerable amounts
of evidence show an increase in hepatocyte apoptosis in
animal models[55-58] and in human NASH[59-62]. FFA can
increase the susceptibility of hepatocytes to cell death
through induction of expression of cell death receptors
that promote the extrinsic pathway of apoptosis, Fas and
DR5, TRAIL (TNF related apoptosis inducing ligand)
receptor 5[56,59,63]. FFA and free cholesterol can also promote apoptosis through dose-dependent mitochondrial
toxicity, which leads not only to increased production of
oxygen reactive species[64], but also through activation of
pro-apoptotic proteins Bim and Bax that trigger intrinsic
apoptotic pathway[36,65]. Ceramide, a sphingolipid that can
also accumulate in NAFLD, can be synthesized de novo
from long chain saturated FA[28]. It has been associated
with apoptosis induction and inhibition of insulin pathway leading to IR[66].
FFA-promoted oxidative stress has several deleterious
effects, through direct injury of DNA, proteins and lipids[52], but also by promoting cell death with the activation
of stress-sensitive pathways such as NF-κB, p38 MAPK
and c-Jun N terminal kinase[67] as well as promoting ER
stress[68]. Lipotoxicity is, in fact, associated with an ER
stress response and unfolded protein response, mainly by
saturated and not polyunsaturated FA[69].
Sterile inflammation
Lobular chronic inflammatory infiltrate, in the absence
of pathogens, is a hallmark of NASH. Injured cells and
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Energy
surplus

Table 1 Summary of the management of non-alcoholic fatty
liver disease
Dysbiota/ ↑ LPS
Inflammation

Morphogens
DAMPs

Oxidative stress
ER stress
Apoptosis

Lymphocytes
Kupffer
NKT cells
cells
Immune activation

Lifestyle interventions - diet and physical exercise
Weight loss: 3%-5% if simple steatosis, 7%-10% if NASH
Accompanied by cognitive-behavior therapy program
Diet - hypocaloric, adjusted to the patients needs and body weight
Fat - prefer PUFAs, mainly w3 - advise 2-3 oily fish meals/wk
≤ 25% as MUFA’s, avoid SAF (less than 7% total energy)
Cholesterol ≤ 200 mg/d
Carbohydrates - ≥ 50% as whole grains, avoid high fructose corn
syrup
No need to restrict coffee
Mild alcohol intake - do not prohibit, do not advise; recommend
against in patients with cirrhosis
Exercise - aerobic and restrictive, ≥ 3-4 times/wk, ≥ 400 calories per
session
Treat risk factors when present
Insulin sensitizers - no clear evidence to prefer thiazolidinediones or
biguanides
Lipid-lowering drugs - statins are safe; protect from cardiovascular
risk (more than in non-NAFLD)
Anti-hypertensive drugs - prefer ARAII if no contraindication, mainly
telmisartan
Specific treatment for NAFLD
Consider vitamin E in patients with NASH, non-diabetic and without
hypertension or at risk for prostate cancer
Pentoxifilin - promising agent that needs more evidence from large
randomized clinical trials
Probiotics - promising agents that need more evidence from large
randomized clinical trials
Screening for cancer
Screening for hepatocellular carcinoma every 6 mo in cirrhotic patients
Screening program (colorectal, breast, prostate and cervical cancer) as
general population

Hepatic stellate cell activation
Fibrogenesis

Progenitor activation
Potential carcinogenesis

Figure 2 Injury and inflammation leads to non-alcoholic steatohepatitis
and fibrogenesis. Energy surplus leads to fat accumulation in the hepatocytes which promote oxidative stress, endoplasmic reticulum (ER) stress and
apoptosis. The injury of hepatocytes is promoted by an inflammatory state,
among other factors, favored by a deregulated gut microbiota and increase in
lipopolysaccharide (LPS). Injured and dying hepatocytes release damage associated molecular patterns (DAMPs) and morphogens (e.g. hedgehog and Wnt),
that act on the immune system increasing inflammation, in stellate cells and
progenitors cells activating them and inducing fibrogenesis and pathways of
hepatocarcinogenesis. FFA: Free fatty acids; NEFA: Nonesterified fatty acids.

necrotic cells (to a lesser extent also apoptotic cells) can
release molecules, termed “damage-associated molecular
patterns” (DAMPs), which trigger inflammation, through
the binding of several receptors[70]. Those receptors can
be specific or shared with pathogen-associated molecular
patterns (PAMPs) that recognize molecular patterns associated with microbial pathogens or cellular stress, such as
some toll-like receptors (TLR). An important mechanism
to initiate inflammation is through the inflammasomes,
cytosolic multiprotein complexes, present in the liver in
parenchymal and non-parenchymal cells, which respond
to DAMPs and PAMPs. It requires two signals: the first,
through the NF- κ B pathway having upstream TNF
receptor or TLRs, increases the transcription of components of the inflammasome; and the second in response
to DAMPs and PAMPs with assembly of the inflammasome. The inflammasome is formed by a complex of a
receptor from the family of NOD-like receptors, with
pro-caspase-1 and an adaptor: apoptosis-associated speck
like CARD-domain containing protein (ASC). The assembly of the complex leads to autocatalytic cleavage
and activation of caspase-1 which then cleaves pro-IL1β, pro-IL-18 activating them and IL-33 neutralizing
it[71]. The first 2 cytokines are pro-inflammatory and
IL-33 drives Th2 responses[72]. Kupffer cells, resident
macrophages in the liver, seem to be a crucial element in
detecting DAMPs, and reacting with an inflammasome
response[73,74], though that can also occur in endothelial
cells, stellate cells and hepatocytes[71].
This pathway seems to be important in the pathogenesis of NASH. In fact, several animal models of NASH
showed an increase of IL-1β[73-77]. Also, mice deficient in
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NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic stea
tohepatitis; PUFA: Polyunsaturated fatty acids; MUFA: Monounsaturated
fatty acids; SAF: Saturated fatty acids; ARA Ⅱ: Angiotensin Ⅱ receptor
antagonists.

IL-1β[76] or components of the inflammasome[77] were
protected from NASH and fibrosis. Moreover, increased
expression of inflammasome components has been
shown in liver biopsies from patients with NASH[75].
The role of Kupffer cells in the inflammatory and fibrogenic response in NAFLD is starting to be highlighted by hepatologists. Studies with human biopsies showed
an increase in CD68, a pan-macrophage marker in patients with NASH, as compared with simple steatosis[78,79].
Also, in vitro studies with co-cultures with Kupffer cells
and hepatic stellate cells, showed increased proliferation
and activation of the latter, with increased production of
collagen 1a, which was inhibited by catalase[80]. Regarding
studies with animal models, methionine-choline deficient
diet fed mice, in which Kupffer cells were depleted by
administration of clodronate-containing liposomes, developed less features of NASH[81]. In the early phases of
NAFLD, the classic activation of macrophages, M1, in
the liver, may promote more inflammation and IR, as well
as steatosis. However, an alternative activation of macrophages, M2, which is anti-inflammatory and insulin-sensitizer, but also profibrogenic seems to play a major role.
In fact, in several mouse models, ob/ob, high fat-diet and
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lipoatrophic diabetic A-ZIP transgenic mice with fatty
liver, an M2 response, in the adipose tissue and in the
liver, protects from glucose intolerance and IR, as well
as hepatic steatosis[82-84]. The effect of M2 polarization in
liver fibrogenesis is still not characterized with conflicting
results in the literature[85]. However, there are concerns
that M2 polarization may promote carcinogenesis[86].
Other inflammatory cells in the innate immune system, such as NKT cells and NK cells play a crucial role
in the development of NAFLD and NASH. Also, adaptive immune system seems to have a role, having been
described a Th1-polarization in the liver and peripheral
blood of patients with NASH[87,88]. A more profound review is out of the scope of this article[89,90].

way has been extensively demonstrated in NASH development and fibrogenesis in animal models[106-108] and corroborated by association studies in human NAFLD[109].
Recently, administration of a hedgehog antagonist protected from liver injury in a mouse model of diet-induced
NASH[110].
Lastly, the mechanisms that promote steatosis are
intricate with the pro-fibrogenic process. For instance,
hyperinsulinism may be profibrogenic by itself, since insulin promotes stellate cell proliferation and activation increasing the production of collagen 1a and alpha-smooth
muscle actin[111,112].

Microbiota
Obesity and the metabolic syndrome have been associated with disturbances in the gut microbiota. Microbiota
can induce a higher extraction of energy from diet and
change whole-body lipid metabolism shifting it from
oxidation to de novo production[91]. Also, the diet itself can
modulate the microbiota, with high-fat diets favoring a
metabolically less favorable microbiome[91]. Dysbiota also
seems important in the development of NAFLD and
NASH. Recently, a mouse model with dysbiota, induced
by defects of inflammasome in the gut, promoted NASH
development. Noteworthy, when the gut microbiota from
affected mice was transferred to regular mice lead to
the induction of NASH per se[92]. Furthermore, NAFLD
has been associated with small intestinal bacterial overgrowth[93-95] and increased intestinal permeability[96]. That
can result in an increase in endotoxin, lipopolysaccharide
(LPS)[97-99]. TLR-4 is a receptor for the LPS from Gramnegative bacteria, being one of the most potent activators of Kupffer cells. Rivera et al[100] found that mice
under methionine-choline deficient-diet expressed higher
TLR-4, which was blunted after Kupffer cells depletion
with clodronate liposomes. Additionally, mice with a
mutant TLR-4 were protected from steatohepatitis development[100]. Gut dysbiosis can promote NASH by other
mechanisms, such as ethanol production and disturbing
choline metabolism[91].

NAFLD development is highly dependent on the environment, with tremendous influence by the dietary
patterns and a sedentary lifestyle. However, it surely
requires an interaction with a genetic susceptibility. In
fact, independent studies showed a strong familial aggregation[113-116]. The racial differences in the prevalence
of NAFLD and NASH also highlight a genetic background. Furthermore, a study on 157 patients with familial combined hyperlipidemia and 20 spouses, showed
higher NAFLD prevalence in the patients and its direct
family members as compared to their spouses, which differentiates an inherited transmission rather than shared
lifestyles[117]. In fact, a recent large population study suggested that the heredity of NAFLD is 26%-27%[118].
Genetic associations with NAFLD have been widely
studied. The first studies looked for candidate genes with
case-control designs. Recently, in the era of omics, a nonbiased approach has been applied, with several genome
wide associations studies (GWAS) already published in
this topic[118-125].
The most consistent genetic association is with patatin-like phospholipase domain containing 3 (PNPLA3)
or adiponutrin. That association was described in the
first GWAS study performed in NAFLD patients[119].
Romeo et al[119] studied a multiethnic population from the
Dallas Heart Study comprising 2111 subjects, including
African Americans, European-Americans and Hispanics. Hepatic steatosis was assessed by proton-magnetic
resonance spectroscopy (1H-MRS). They found a specific
non-synonymous single nucleotide polymorphism (SNP),
rs738409, with a substitution of cytosine by guanine
(C>G) translating in a substitution of an isoleucine for a
methionine in residue 148 (I148M), that strongly associated with hepatic fat content and serum levels of aminotransferases. It did not associate, however, with metabolic
factors such as BMI, presence of diabetes, indices of insulin sensitivity or plasma lipid profile. Noteworthy, that
SNP was more frequent in Hispanics, followed by European-Americans and less frequent in African Americans,
resembling the racial differences in the prevalence of
NAFLD. They also described another SNP, with a nonsynonymous substitution of an isoleucin for methionine
at residue 48 (I48M) that associated with lower hepatic
fat content and was more frequent in African Ameri-

Morphogens inducing fibrogenic and progenitors
response
Injured cells, such as ballooned hepatocytes and dying
cells that will undergo apoptosis and necrosis, release
cues to hepatic stellate cells, inflammatory cells and progenitors[101]. It is adaptive because it promotes a woundhealing response, with repair and regeneration, which
could not be accomplished by the senescent hepatocytes.
However, if those cues are sustained, it leads to excessive
activation of stellate cells driving fibrogenesis. Sustained
activation of progenitor cells may also promote hepatocarcinogenesis. Some of those cues have been proved to
be morphogens such as hedgehog and Wnt ligands. In
fact, ballooned hepatocytes produce sonic hedgehog[102].
Hedgehog is known to activate hepatic stellate cells[103,104]
as well as progenitor cells[105]. The role of hedgehog path-
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cans. The association of PNPLA3 rs738409 was reproduced in different genetic backgrounds, by several other
GWAS[121,122,125] and candidate gene studies[126-137]. This
SNP has also been associated with severity of histological
NAFLD, namely with severity of steatosis[126,129], presence
of NASH[121,126,133], NAFLD Activity Score (NAS)[129] and
fibrosis[131,133,136,138,139], irrespective of degree of obesity or
metabolic co-morbidities. The function of adiponutrin
is not clearly understood. In humans it is predominantly
expressed in the liver but in mice in the adipose tissue.
Its expression is positively regulated by carbohydrate-responsive element-binding protein (ChREBP), in response
to glucose and SREBP-1c in response to insulin[140]. It
is located in the ER and lipid droplets membrane[141]. In
vitro studies have shown lipolysis properties, triglyceride
hydrolase and diacylglycerol transacylase activities[142], but
also possible function in lipid synthesis with lysophosphatidic acid acyltransferase activity, converting lysophosphatidic acid in phosphatidic acid[143].
Other genetic associations suggested by GWAS and
confirmed by case-control candidate gene studies are:
neurocan (NCAN), an adhesion molecule, with steatosis[118,136,137,144], lobular inflammation[136] and perivenular
fibrosis[136]; glucokinase regulatory gene (GCKR) also not
only with NAFLD[118,144-146], but also with NASH[137,146]
and fibrosis[146]; lysophospholipase-like 1 (LYPLAL1), an
enzyme in triglycerides breakdown, and protein phosphatase-1 regulatory subunit 3b (PPP1R3B), an enzyme in
glycogen breakdown, with steatosis[118,125,137,144].
A vast amount of genetic polymorphisms have been
evaluated in case-control studies on NAFLD. Most of
them either were not reproduced by different groups
or presented conflicting results among studies, needing
more extensive validation. Four genes are, however, worthy mention. Manganese superoxide dismutase, encoded
by the gene SOD2, is a mitochondrial enzyme relevant in
detoxification of reactive oxygen species. It is synthesized
in the cytosol and, after posttranslational changes, transported to the mitochondria. Patients with NAFLD have
been shown to present lower hepatic levels of manganese
superoxide dismutase[147]. A non-synonymous polymorphism in SOD2, C1183T, with substitution of cysteine
for threonine at residue 47 (C47T), associates with less
efficient transport of the protein to the mitochondria[148]. Four independent cohorts, from different ethnic
backgrounds, Japanese[149], European[150,151], African[152],
showed an association with NASH and hepatic fibrosis.
Kruppel-like factor 6 (KLF6) is a transcriptional factor
expressed in activated stellate cells that regulates the expression of several fibrogenic genes such as collagen 1a,
transforming growth factor (TGF)-β and its receptors[153].
KLF6-IVS1-27G>A is a functional polymorphism that
induces a site of alternative splicing, inactivating it[154]. A
study with 415 patients[155], from 3 different cohorts, one
from United Kingdom, other from Italy and a trio with
2 parents with an affected child showed an association
between that SNP and steatosis, inflammation and hepatic fibrosis severity. More recently, a pediatric study also
showed an association with NASH[151]. Furthermore, the
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renin-angiotensin system is believed to promote hepatic
fibrogenesis. Variants in the angiotensin Ⅱ receptor-1
(ATGR-1) were associated with NAFLD and hepatic
fibrosis, in two independent cohorts[156,157]. Lastly, TNF-α
is a crucial pro-inflammatory cytokine in NAFLD that
also promotes IR. Two polymorphisms in the promoter
of TNF gene, -308A/G and -238A/G, known to associate with increased expression of TNF-α and IR, have
been evaluated in several studies as potential modifiers
of disease risk, with conflicting results[158-163]. Recently, a
meta-analysis on 8 studies and more than 1500 NAFLD
patients and healthy controls, showed that the polymorphism -238G/A in homozygosity conferred a two-fold
increased risk for NAFLD, whereas the polymorphism
-308A/G was not associated with an increased risk[164].
In the recent years, there has been a change in how
we think in genetics. Not only the genes are important,
but also epigenetic that regulates how the genes are
expressed has been shown highly relevant in the pathogenesis of NAFLD. In fact, several independent studies
showed that the male offsprings of female mice fed high
fat diet during pregnancy, presented a higher risk for
developing advanced NASH[165-170]. Also, they presented
increased genetic expression of genes in lipid metabolism, inflammation and oxidative stress[165,170], which was
associated with a correspondent different pattern of
DNA methylation[170]. An animal study with male Wilstar
rats fed with NAFLD-inducing high fat diet, showed
increased expression of genes in lipid metabolism, with
correspondent decrease in the methylation status of their
promoters[171]. In human NAFLD, two important studies were done with epigenetics. Ahrens et al[171] studied
NAFLD associated with morbid obesity; comparing with
healthy controls, patients had different methylation status
in lipid metabolism and insulin signaling, that was partially reversed by bariatric surgery. Murphy et al[172] studied
patients with NAFLD with mild or advanced fibrosis and
found differences in the methylation status of fibrogenic
genes, enzymes of one-carbon metabolism and components of inflammasome, which correlated with gene expression.

DIAGNOSIS
For better understanding the diagnosis, there is need to
clarify some definitions. Fatty liver or steatosis, is considered when more than 5% of the hepatocytes present
ectopic lipid droplets in a liver biopsy[173,174]. Though this
is an arbitrary definition, it is corroborated by quantitative data using H1-MRS in a large healthy population,
showing that 95% of subjects will have less than 5%
steatosis[175]. However, it should be noticed that H1-MRS
does not measure the same as a liver biopsy. In fact, it
measures the amount of triglycerides in the parenchyma
and not the number of positive hepatocytes. Steatohepatitis requires the presence of lobular inflammation and
hepatocyte lesion, usually in the form of hepatocellular
ballooning with or without Mallory-Denk bodies, besides
steatosis[176]. When cirrhosis is fully developed, features
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of NASH may be lost, such as ballooning and even steatosis, which is called burned-out NASH. To be considered non-alcoholic, the patient must drink less than the
amounts of alcohol that have been linked to increased
risk for liver disease. Large prospective cohort studies
done in the nineties, showed that alcohol intake of more
than 2-3 drinks per day in men and 1-2 drinks per day
in women increased the risk for liver-associated mortality[177-179]. Taking that into consideration, European[173]
and American[174] guidelines consider the threshold to be
non-alcoholic intakes lower than 210 and 140 g per week
(roughly equivalent to 3 and 2 drinks per day) in men
and women, respectively. The Asian guidelines are a little
more restrictive, considering intakes lower than 140 and
70 g per week (two and one drink per day) in men and
women, respectively[180].
The gold standard for the diagnosis is the liver biopsy,
mainly for diagnosing NASH and staging fibrosis. However, for the diagnosis and quantification of steatosis, H1MRS may be the new reference since it assesses larger
volumes of liver and it detects amounts of triglycerides
that may not be enough to form macrovesicles amenable
of histological visualization[181]. Liver biopsy cannot be
used routinely, since it is an invasive and expensive procedure, in which the low rate of complications would
be significant if massively applied to all patients with
NAFLD. Also, it has some limitations that should not
be forgotten: it is prone to sample error, since it only assesses an insignificant volume of the liver, and this is a
disease in which lesions are unevenly distributed throughout the liver, which results in wrong exclusion of NASH
in one forth of cases and misclassification of fibrosis
severity in one third[182]. On the other hand, it is highly
dependent on the pathologist, mainly for the diagnosis
of NASH. Kleiner et al[183] proposed a histological score,
NAS, that combines different degrees of steatosis, hepatocellular ballooning and lobular inflammation. It was not
intended to diagnose NASH, though several studies have
used it with that purpose. It was designed to help monitoring the effect of interventional and therapeutic strategies. The utility of the NAS score as a prognostic marker
and even as a guidance to evaluate treatment-efficacy has
been questioned[184-186]. In fact, it has several limitations,
including the fact that the degree of steatosis confers a
huge impact on the score, although the severity of steatosis does not have proven prognostic value. On the other
hand, it does not take into account the stage of fibrosis.
More recently, Bedossa et al[187] proposed a different score,
steatosis activity fibrosis (SAF) score that sequentially
adds steatosis, ballooning and lobular inflammation for
the diagnosis of NASH. It needs external validation.
Most of NAFLD patients will have an incidental diagnosis, mainly because the majority of patients are asymptomatic and symptoms, when present, are unspecific such
as fatigue and abdominal discomfort. Aminotransferases
are generally in normal-range values, and when altered,
the increase is usually mild and fluctuant[188]. Adding to
that, it is not recommended to screen the population,
even in high risk groups, since a cost-effective analysis
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has not been done and there is no effective specific treatment for NAFLD[174]. Having said that, the first method
to be used in the clinical setting for diagnosing NAFLD
is abdominal ultrasound. It is non-invasive, inexpensive,
widely available, and presents reasonable accuracy for the
diagnosis of hepatic steatosis, with 60%-94% sensitivity and 66%-97% specificity[189]. However, its sensitivity
decreases extremely for mild steatosis, being only reliable
for steatosis higher than 30%[190]. Also, its specificity is
compromised by the presence of fibrosis, edema, necrosis and extra-hepatic adipose tissue. Computed tomography does not add accuracy to the ultrasound, and because
it is more expensive and exposes patients to radiation,
should not be used with the sole purpose of diagnosing hepatic steatosis. Magnetic resonance is more sensitive than ultrasound, mainly for the diagnosis of mild
steatosis[191], but it is time-consuming and expensive, so
it is seldom used in clinical practice. The most accurate
radiological method is H1-MRS[175], but it is costly and
lacks broaden availability, which limits its use to research
sets. More recently, a method that uses the equipment
of transient elastography, controlled attenuation parameter (CAP), is promising, with great accuracy, not being
influenced by fibrosis[192]. Though the added benefit in
accuracy with ultrasound has not been properly assessed,
it seems more sensitive for lower levels of steatosis[193].
There are several combined panels with clinical and laboratorial data that were designed to predict steatosis[194-197].
They are particularly relevant to large-scale epidemiological studies without availability of ultrasound and for a
quick clinical suspicion of the presence of NAFLD in
high-risk populations such as patients with T2DM. For
large-scale epidemiological studies, fatty liver index (FLI),
which incorporates BMI, waist circumference, serum
levels of triglycerides and γ-glutamyltranspeptidase, can
be very useful, and has been extensively validated[195]. For
high-risk populations, NAFLD Liver Fat score, is a very
simple score that incorporates the presence of metabolic
syndrome or T2DM, fasting serum insulin levels, aspartate aminotransferases (AST) and AST/alanine aminotransferases (ALT) ratio[196]. It showed good performance
in predicting NAFLD in the original publication and
when reproduced by independent authors.
As important as diagnosing NAFLD, is the stratification of patients as having NASH and/or fibrosis. Again,
clinical clues such as symptoms and physical examination
do not help, though the presence of metabolic syndrome
should raise the clinical suspicion of NASH. Aminotransferases are also not reliable, though if increased associate with a higher risk[198]. Several complex models incorporating different clinical and chemical variables have
been proposed, most of them with suboptimal accuracy
or lacking external validation[199-206]. The fragments of
keratin 18 (CK18) is for now, the best surrogate marker
for NASH, showing AUROC 0.82 in a meta-analysis of
10 studies and more than 1000 patients with NAFLD[207].
However, it is not a perfect tool, and more recent studies
including a second meta-analysis showed lower accuracy
with sensitivity about 60%[208,209].
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Regarding estimation of liver fibrosis, several biomarkers [210-212] and composite scores have also been
proposed[185,213-219]. Of those, the most robust, with more
extensive evaluation by different groups and good performance is the NAFLD Fibrosis score[216]. It incorporates, in an equation, age, glycemia, BMI, platelet count,
albumin and AST/ALT ratio. Values lower or equal to
-1.455 and higher than 0.676, presented high accuracy in
excluding and identifying advanced fibrosis, respectively.
A meta-analysis of 13 studies, comprising more than
3000 patients, confirmed those results[207]. One limitation
of this score is that nearly one fourth of the patients
will not be classified, because will fall in between those
cut-offs - intermediate risk. More recently, NAFLD Fibrosis Score (among other non-invasive scores) has been
shown to be useful in predicting overall and liver-related
mortality, in 3 studies with follow up ranging from 8 to
14 years[220-222]. Transient elastography (Fibroscan©), already widely used in chronic hepatitis C, also has good
accuracy to predict advanced fibrosis and exclude it in
NAFLD, with cutoffs higher and lower than 9.6 and 7.9,
respectively[207,209,223-227], although probably not as sensitive as in hepatitis C[228]. A concern is that elastography is
more prone to failure in obesity, which is not completely
overcome by the XL probes, and also in the presence of
ascites and narrow intercostals spaces. Also, elastography
is influenced by meals, acute hepatitis, cholestasis and
liver congestion. Other methods to evaluate elastography,
such as real-time elastography that takes advantage of a B
mode conventional mechanism, and magnetic resonance
elastography that allows estimation of elasticity in whole
liver, are promising. More recently, acoustic radiation
force impulse (ARFI) that is integrated in conventional
ultrasound systems shows very good results that need
further validation[229-233].
In conclusion, most of the times, the diagnosis of
NAFLD is incidental. When a patient presents in the clinic with ultrasound-diagnosed NAFLD, there is no clinical
or laboratorial accurate way to stratify the patient in terms
of presence of NASH and fibrosis. However, several risk
factors should increase the suspicion, such as, older age
and postmenopausal women, being Hispanic, obese, with
IR, T2DM, hypertension or the metabolic syndrome, and
increased aminotransferases levels[234]. NAFLD Fibrosis
Score is a simple test with good prediction ability for
fibrosis and even prognostic implications. If the score is
lower than -1.4555, the risk of having fibrosis is very low.
If none of the other risk factors are identified, it can be
discharged for primary care follow up. If the above risk
factors are present, and there is availability for performing CK18 fragments determination, it could be done, and
if predictive of NASH, confirmed by liver biopsy. On the
other extreme, NAFLD Fibrosis Score higher than 0.676,
a liver biopsy should be performed to confirm advanced
fibrosis, unless there is clinical evidence of liver cirrhosis.
Lastly, patients with intermediate NAFLD Fibrosis Score
values should be offered another non-invasive tool for
assessing fibrosis, such as transient elastography, and if
high level of suspicion of fibrosis, should be considered
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for liver biopsy.

NATURAL HISTORY AND PROGNOSIS
Patients with NAFLD have a decreased survival as compared to the general population[235]. The number one
cause of death in patients with NAFLD is cardiovascular disease, followed by malignancies and only then
liver disease[235-237]. In fact, patients with NAFLD die two
fold more frequently due to cardiovascular disease than
to liver disease itself[207]. Even in patients with liver cirrhosis, cardiovascular disease is still the second cause of
death[207]. Importantly, patients with NAFLD have a twofold increase in cardiovascular mortality as compared to
the general population[235,237,238]. However, liver death takes
the third position in the ranking of mortality in patients
with NAFLD, whereas it is only the thirteenth cause of
death in the general population[235]. As such, NAFLD
patients die 9 times more often from liver disease than
the general population[236]. Despite the fact that NASH is
considered the progressive form of NAFLD[239,240], there
is no difference on overall or cardiovascular mortality between patients with simple steatosis and NASH, though
the latter group does have a more than 10 fold increase in
liver mortality[237].
The high cardiovascular mortality may be explained
by the fact that NAFLD is a surrogate marker of metabolic derangement. Moreover, NAFLD itself may contribute to the pathogenesis and development of T2DM
and the metabolic syndrome. In fact, in longitudinal studies, NAFLD either diagnosed by altered liver enzymes[241],
abdominal ultrasound[242-247] or non-invasive scores markers of NAFLD[248,249], showed an increased risk for developing T2DM and metabolic syndrome. That increase
in T2DM risk was even higher in patients with NASH vs
simple steatosis[240].
Regarding liver prognosis, NAFLD is a slowly progressive disease. Simple steatosis is believed to be a nonprogressive condition, whereas NASH can develop progressive fibrosis in more than one fourth of the patients
in 4 years and nearly half of the patients in 6 years[207]. Fibrosis may evolve in liver cirrhosis. Over 14 years of follow up, 13% of patients with F2 grade fibrosis and 25%
with F3 grade are expected to develop liver cirrhosis[240].
Grossly, one fifth of patients with NASH will develop
liver cirrhosis in the long term[1].
The main risk factors for having advanced fibrosis are
older age[250,251], presence of obesity and central obesity[12],
as well as T2DM[252] and hypertension[199]. A systematic
review[253] of 10 studies comprising 221 patients submitted to paired biopsies apart on average from 5 years,
showed that fibrosis progression, of at least one stage,
occurred in a little more than one third of the patients.
Overall, the mean rate of fibrosis progression was 0.03
stages per year; however, analyzing only the patients in
whom fibrosis progressed, the rate was 0.41 stages per
year. The stronger predictor of fibrosis progression was
necroinflammation. Having any lobular inflammation increased by 2.5 fold the likelihood of developing advanced

12963

September 28, 2014|Volume 20|Issue 36|

Machado MV et al . Review of non-alcoholic fatty liver disease

fibrosis. Steatosis severity did not correlate with fibrosis
progression. Of note, ballooning was not possible to access. In fact, ballooning correlates with severity of fibrosis[184].
Patients with NAFLD can also progress to HCC,
even without cirrhosis[254]. Some cases of HCC were reported in patients with simple steatosis, without NASH
or fibrosis[255,256]. A recent systematic review on 17 studies
showed that in non-cirrhotics, the cumulative HCC mortality rate was 3% over a 20 year follow up. In patients
with cirrhosis, that rate was 2.4-12.8 after 3 to 12 years
of follow up[257]. In fact, NAFLD-associated cirrhosis accounts for 15%-30% of cases of HCC[258].

MANAGEMENT
The first difficult decision is who to treat and who to
discharge from a specialized assistance to a general physician. Patients who should continue to be followed by
hepatologists are the ones at risk for progressive liver
disease, that is, patients with NASH, particularly if they
have liver fibrosis. However, non-pharmacological measurements should be applied to all patients with NAFLD,
even simple steatosis, since NAFLD confers an increased
risk for metabolic derangement and cardiovascular disease as well as an increased risk for several malignancies
(Table 1). Screening for hepatocellular carcinoma should
be offered to all patients with liver cirrhosis. In patients
with NASH and even simple steatosis with no fibrosis,
though there are several reports on the literature of liver
cancer, there is not sufficient evidence to recommend a
screening program. Though a cost-efficacy analysis has
not been done in patients with NAFLD without fibrosis,
the incidence of liver cancer in those patients is so low
that would not warrant its application. Also, because patients with NAFLD are at increased risk of malignancies,
they should be carefully monitored in the regular screening programs for colorectal, prostate, breast and cervical
cancer.
Despite huge investigation on it, we still do not have
available an effective treatment for NAFLD. Most of
the trials done in patients with NAFLD showed some
efficacy in decreasing steatosis, inflammation and even
ballooning, though there is no solid evidence for a treatment being able to decrease fibrosis. This apparent failure
could be either because we still did not find a good antifibrotic agent in NAFLD, or because the design of the
trials, that usually have no more than 2 years of intervention, was unable to detect differences in fibrosis progression. Also, the desirable trials would be the ones that
could show an effect on survival and major events such
as liver decompensation. However, due to the slowing
progressive nature of NAFLD, those trials would have
needed long follow up, which makes them impractical.
Non-pharmacological approach
It is recommended a personalized approach with lifestyle
intervention, focusing on diet and exercise, in order to
lose weight, to all patients with NAFLD. Except for the
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rare patients with normal weight, it should be promoted
weight loss of 3%-5% in patients with simple steatosis
and 7%-10% in patients with NASH[174]. In the long term,
normal weight should be the goal. Though several studies
have shown a benefit of weight loss in NAFLD[259-272], the
rational for those weight goals comes mainly from 3 studies, one observational[273] and two interventional[274,275].
The first is a longitudinal study, by Zelber-Sagi et al, with
7 years follow up of 147 healthy subjects[273]. The authors
found that weight gain and loss associated, respectively,
with de novo NAFLD and NAFLD remission. Of notice,
if the weight loss was 5% of the body weight or more,
the remission rate of NAFLD was 75%. The two interventional studies were both on 31 obese or overweight
patients with NASH, managed either for 48 wk[274] or 36
wk[275]. What collectively they found was that weight loss
of at least 5% of body weight associated with improvements in steatosis and IR, but only when weight loss
was at least 7%-9% there were improvements in inflammation, hepatocellular ballooning and NAS. Of notice,
compliance in lifestyle intervention programs and weight
loss are difficult to accomplish, usually almost half of the
patients cannot achieve the proposed goals. To improve
the efficacy of those programs, it would be preferable
to associate them with cognitive-behavior therapy programs[276].
The effect of weight loss is independent of the
composition of the hypocaloric diet [277-280]. However,
some recommendations should be made. Patients with
dyslipidemia may benefit from low fat diets[277], whereas
patients with IR/T2DM from low carbohydrate diets[278].
Regarding lipids composition, polyunsaturated FA should
be preferred, mainly ω3 from fish oil; up to 25% of
fat should be in the form of mono-unsaturated FA, in
detriment of saturated FA that should account for less
than 7% of total energy[281]. Cholesterol intake should be
lowered to 200 mg per day[282]. Those recommendations
rely on several lines of evidence. Patients with NAFLD,
and even more with NASH, eat a lower polyunsaturated
vs saturated FA ratio, a lower ω3 vs ω6 ratio, and a higher
amount of cholesterol, as compared to the general population[283-287]. Also, saturated FA associate with IR [285],
oxidative stress[288], ER stress and apoptosis[49,50], whereas
polyunsaturated FA may decrease hepatic lipid content
through inhibition of SREBP-1c[289]. Furthermore, several
studies evaluated the effect of supplementation with ω3
polyunsaturated FA in patients with NAFLD[290-292], and a
recent meta-analysis[293] suggested a benefit in decreasing
liver fat and aminotransferases, starting at doses as low as
0.83 g per day. The authors could not infer the ideal dose,
due to the high heterogeneity among studies. Lastly, two
large-scale population-based prospective cohort studies
found a positive correlation between cholesterol intake[287]
and a negative correlation between ω3 polyunsaturated
FA-rich fish consumption[294] and increased risk for liver
cirrhosis and HCC.
Concerning carbohydrates consumption, at least half
should come from whole grains. Most importantly, high
fructose corn syrup, a major source of fructose in oc-
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cidental diet[295], should be avoided. Actually, higher fructose consumption, in the form of soft drinks, has been
associated with NAFLD[296] and fibrosis stage, inflammation as well as hepatocellular ballooning[297]. In fact, the
steatogenic effect of fructose can be explained by its metabolism that bypasses the regulatory points of glycolysis
and thus can act as an unregulated source of substrates
for lipolysis; it regulates the expression of lipogenic
genes through induction of SREBP-1c and ChREBP; it
decreases fatty acid oxidation through downregulation of
PPAR-α; and it promotes bacterial overgrowth and hence
increases the load of endotoxin that reaches the liver[298].
Several studies have shown that exercise alone, even
when weight loss is not achieved, has beneficial effects
on NAFLD[268,270], and in IR[299-301]. However, the combination of exercise and diet has synergic value[302,303]. The
type of exercise does not matter[302,304,305], as long as at
least 400 kcal are spent per session[306]. Patients should be
advised to perform moderate exercise, preferentially 3-4
times per week[307].
Regarding alcohol consumption, it is known, since
the nineties, that consumption higher than 2-3 drinks per
day not only increases the risk for liver cirrhosis, it also
increases the risk for overall death and some malignancies[177,179,308,309]. However, there is a U relation between
alcohol consumption with lower intakes decreasing overall mortality at expense of a decrease in cardiovascular
events[310,311], less risk for diabetes mellitus[312] and the
metabolic syndrome[313-315]. Some studies also showed a
possible beneficial effect in NAFLD for very mild alcohol consumption[199,316-320]. In our view, we should not
actively recommend mild alcohol consumption in patients with NAFLD since the evidence come largely from
cross-sectional studies[321]. Also, the benefit of mild alcohol consumption in obese patients is not known, since
obesity and alcohol are synergic in promoting NAFLD
and HCC[322-325]. In patients with NASH-associated cirrhosis, however, it should be strongly recommended
against, since any regular alcohol consumption, in this
set of patients, increases by more than 3-fold the risk for
HCC[326].
Lastly, coffee should not be recommended against,
because an important amount of evidence, either by
epidemiological studies either by studies in animal models[327-331], suggest a protective effect in terms of metabolic
control[332,333] and NAFLD development and progression[334-339].
Pharmacological therapy to promote weight loss does
not seem to confer any benefit over lifestyle intervention
alone, as been shown in trials with orlistat[275,340]. Lastly,
bariatric surgery may be an alternative to promote weight
loss and improve metabolic profile in morbid obese patients[341]. Even in moderately obese patients, it showed
beneficial effects in promoting metabolic control[342].
A meta-analysis on bariatric surgery applied to morbid
obese patients with NAFLD, but without cirrhosis, and
paired liver biopsies, showed improvement in steatosis in
92% of patients, steatohepatitis in 82% and fibrosis in
65%[343].
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Pharmacological approach
Since there is no clear curative treatment for NAFLD,
the management of these patients should rely first on the
control of co-morbidities known to promote not only
liver disease, but also cardiovascular disease and overall
mortality, such as IR/T2DM, dyslipidemia and hypertension. The effect of some of those treatments in the liver
has been evaluated. For now, the presence of NAFLD
alone should not be an indication to use anti-diabetics,
lipid-lowering drugs or anti-hypertensive drugs. However, in patients who also present those metabolic disturbances, some drugs may be preferred in patients with
NAFLD.
Agents that target risk factors
Starting with anti-diabetics, there is no clear evidence to
prefer a specific class of drugs. Thiazolidinediones have
been widely studied on NAFLD, mainly rosiglitazone
and pioglitazone. We will focus on the latter, since rosiglitazone has been abolished from the European market
and has very restricted use in the United States, due to its
association with increased risk of adverse cardiovascular
events. Three well designed randomized controlled trials
evaluated pioglitazone against placebo treatment, during
6, 12 and 24 mo, including 55, 74 and 247 patients with
NASH, respectively[344-346]. Collectively they found pioglitazone to be better than placebo in improving glucose
metabolism, decreasing aminotransferases levels and improving steatosis, ballooning and inflammation, but not
in improving liver fibrosis. Thought pioglitazone, during
the time-course it was administered, did not improve
fibrosis, it decreased the rate of fibrosis progression, as
described by two meta-analysis[347,348]. Of notice, only the
smaller study included patients with glucose intolerance
or T2DM, the other two were in non-diabetics, which
might not be the better target for insulin-sensitizers.
There are some concerns that preclude us to propose
its systematic use in patients with NAFLD with glucose
intolerance. First, there are some safety issues, as it associates with considerable weight gain that does not return
back to baseline after stopping the drug[349]. Also, it has
been associated with increased risk for congestive heart
failure[350], bone fractures[351] and bladder cancer after two
years of treatment[352]. Lastly, it showed no additional
benefit after one year of treatment, and even more importantly, the relapse is certain after discontinuation of
pioglitazone[349]. Other insulin-sensitizer, the biguanide
metformin, though it has obvious benefic metabolic effects, not only in terms of glucose control, but also in
increasing high density lipoprotein (HDL)-cholesterol, it
promotes weight loss, which can be an advantage when
starting treatment in patients with NAFLD and overweight. However, it has no proved benefit in liver histology[3,348,353].
The effect of lipid lowering agents in NAFLD is still
not completely understood, though small studies suggested a mild benefit in steatosis and NAS score, without
clear effect on fibrosis, for either statins[354], fibrates[355,356],
probucol[357,358] and ezetimibe[359,360]. However, the ben-
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efits of statins in these patients go beyond the liver. In
fact, post-hoc analysis of two large studies on the effect of
statins in cardiovascular outcomes in high risk patients,
showed that patients with NAFLD, as assessed by an increase in aminotransferases without other cause for liver
disease, had an even greater decrease in cardiovascular
events, as compared to patients with normal aminotransferases baseline[361,362]. We can then conclude that we
should not be afraid of treating patients with NAFLD
and elevated aminotransferases with statins, and they
might even be used with a lower threshold for dyslipidemia.
Lastly, a specific class of anti-hypertensive, angiotensin Ⅱ receptor antagonists, should be preferred in
patients with NAFLD, regarding no contraindication is
obvious. In fact, losartan has been shown to decrease
liver fibrosis and hepatic stellate cells activation in a very
small pilot study[363,364]. Telmisartan looks even more
promising[365] since it has, unlike other drugs from the
same class, anti-steatogenic and insulin-sensitizer actions
through agonistic effects on PPAR-γ[366].
Agents specific for NAFLD
Vitamin E is the one with more evidence. Two large randomized controlled studies in patients with NASH, without diabetes mellitus, in adult and pediatric population,
showed similar results. It had benefit over placebo in decreasing aminotransferases, and in improving liver histology, steatosis, NASH, inflammation and ballooning, but
not fibrosis. Also, in patients who did not achieve weight
loss, the disease seemed to progress less in the ones taking vitamin E. Again, we do not recommend its systematic use since, though it was better than placebo, more than
half of the patients did not show any histological improvement. On the other hand, there is no evidence for
treating patients with diabetes, nor patients with simple
steatosis or liver cirrhosis, so it should not be prescribed
in those cases. Lastly, several safety concerns cannot be
under looked: it has been associated with increased mortality, starting at doses as low as 150 IU/d[367], increased
risk for prostate cancer after 3 years of treatment[368], and
increased risk for hemorrhagic stroke, though decreased
for ischemic ones[369].
Ursodeoxycholic acid has been widely studied and it
showed no effect in NAFLD[348,370-373], though it may improve adiponectin levels[374] and IR[373]. Pentoxifilin[375-378]
and probiotics[379-383] look promising in pilot studies, but
more robust evidence from large scale randomized controlled-trials is warranted.
Several anti-fibrotic, anti-apoptotic and immune therapies are in the pipeline in pre-clinical and phase Ⅱ trials,
and hopefully in the next decade, we will achieve a more
efficient liver-specific treatment.

energy surplus and exceeded reservoir ability of adipose
tissue to store fat/energy. However, it is becoming clearer
that hepatic steatosis also drives that metabolic deregulation, promoting T2DM development and cardiovascular
disease. In fact, patients with NAFLD have increased
mortality, mainly at expenses of cardiovascular disease,
though liver-associated mortality becomes relevant in patients with more severe disease, particularly, with NASH
and fibrosis.
Though NAFLD has profound influences by environmental factors, such as obesity, western diet and a sedentary lifestyle, genetic influences play together with environment in orchestrating the pathogenesis of the disease
and its spectrum. In the last 5 years, genetic susceptibility
has been studied by GWAS unbiased studies, with some
important genes popping out that otherwise would have
not been linked to NAFLD. More recently, a new layer of
complexity has been added, with the understanding that
epigenetic modifications also can modulate the susceptibility for this disease.
In patients with NAFLD, the gold standard for diagnosing NASH and fibrosis is liver biopsy, but some noninvasive methods have high accuracy in predicting fibrosis, which can help us selecting patients for histological
assessment.
Treatment should be aimed not only to decrease liver
disease progression, but also to decrease cardiovascular
events and mortality. The basis remains lifestyle education
with hypocaloric diet and physical exercise promoting
weight loss. Metabolic risk factors, such as IR/T2DM,
hypertension and dyslipidemia should be treated aggressively. There is no approved specific treatment for the
liver disease itself, although vitamin E could be used, with
caution, in non-diabetic patients with NASH and fibrosis,
but without cirrhosis and with no expected increased risk
for prostate cancer.
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Abstract
Over the last 20 years, laparoscopic colorectal surgery
has shown equal efficacy for benign and malignant
colorectal diseases when compared to open surgery.
However, a laparoscopic approach reduces postoperative morbidity and shortens hospital stay. In the quest
to optimize outcomes after laparoscopic colorectal
surgery, reduction of access trauma could be a way
to improve recovery. To date, one method to reduce
access trauma is natural orifice specimen extraction
(NOSE). NOSE aims to reduce access trauma in laparoscopic colorectal surgery. The specimen is delivered via
a natural orifice and the anastomosis is created intracorporeally. Different methods are used to extract the
specimen and to create a bowel anastomosis. Currently,
specimens are delivered transcolonically, transrectally,
transanally, or transvaginally. Each of these NOSEprocedures raises specific issues with regard to operative technique and application. The presumed benefits
of NOSE-procedures are less pain, lower analgesia requirements, faster recovery, shorter hospital stay, better cosmetic results, and lower incisional hernia rates.
Avoidance of extraction site laparotomy is the most
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important characteristic of NOSE. Concerns associated
with the NOSE-technique include bacterial contamination of the peritoneal cavity, inflammatory response,
and postoperative outcomes, including postoperative
pain and the functional and oncologic outcomes. These
issues need to be studied in prospective randomized
controlled trials. The aim of this systematic review is to
describe the role of NOSE in minimally invasive colorectal surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopy; Colorectal surgery; Natural
orifice specimen extraction; Natural orifice specimen
extraction-colectomy; Transcolonic; Transrectal; Transanal; Transvaginal; Transanal minimally invasive surgery; Gastrointestinal endoscopy
Core tip: Natural orifice specimen extraction (NOSE)
will be the way forward to avoid abdominal wall incisions and reduce access trauma during laparoscopic
colorectal resection. This systematic review addresses
all aspects of NOSE in laparoscopic colorectal surgery
and discusses the advantages and disadvantages of
this technique. Moreover, a detailed discussion of all
available studies concerning NOSE-procedures is given.
Although different surgical techniques are being used,
it is clear that worldwide experience with this minimally
invasive procedure is increasing and that the barriers to
the use of natural orifice transluminal endoscopic surgery procedures are decreasing.
Wolthuis AM, de Buck van Overstraeten A, D’Hoore A. Laparoscopic natural orifice specimen extraction-colectomy: A systematic review. World J Gastroenterol 2014; 20(36): 12981-12992
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i36/12981.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i36.12981
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INTRODUCTION
Laparoscopic colectomy and total mesorectal excision
(TME) require a utility incision for specimen delivery and
bowel anastomosis. Therefore, natural orifice specimen
extraction (NOSE) could be the key to reducing access
trauma in laparoscopic colorectal surgery (laparoscopic
NOSE-colectomy), with the subsequent reduction of
postoperative pain, improvement of patient recovery and
a positive long-term outcome in matters such as cosmesis
and incisional hernia rates. Because the length of the abdominal incision is directly related to the incisional hernia
rate[1], avoiding laparotomy might influence the rate of
postoperative wound complications. In NOSE, the specimen is delivered via a natural orifice and the anastomosis
is created intracorporeally. Although this procedure appears to be an attractive option to improve postoperative
outcome, the literature regarding NOSE-colectomy has
not been extensively investigated to date. The aims of
this systematic review were to describe the role of NOSE
in minimally invasive colorectal surgery, to examine the
differences in the reported surgical techniques and the
impact on postoperative outcome and to discuss the future of NOSE.

TERMS AND DEFINITIONS
The terminology regarding NOSE should be uniform.
In defining NOSE-colectomy, differentiation between
transcolonic, transrectal, transanal and transvaginal specimen extraction is necessary. The authors propose that the
site where the hollow viscus is opened should define the
specimen extraction site: (1) Transcolonic NOSE-colectomy: the specimen is extracted via the colon through the
rectum and anal canal; (2) Transrectal NOSE-colectomy:
the specimen is extracted through the intact rectum and
anal canal (e.g., this could be performed during a sigmoid
or high anterior resection); (3) Transanal NOSE-colectomy: the specimen is extracted through the anal canal (e.g.,
this could be performed during a TME); and (4) Transvaginal NOSE-colectomy: the specimen is extracted via
the vagina by a posterior colpotomy.

LITERATURE SEARCH
Medline (PubMed) was systematically searched until
the 1st of September 2013 using the following search
criteria: laparoscopy and (transcolonic or transrectal or
transanal or transvaginal extraction) or colectomy and
(transcolonic or transrectal or transanal or transvaginal
extraction) or (natural orifice specimen extraction) or (full
laparoscopic) or (totally laparoscopic) or (“natural orifice
specimen extraction” or “transcolonic” or “transrectal”
or “transanal” or “transvaginal” and “laparoscopy” and
“colorectal”). Randomized and controlled clinical trials
or cohort observational studies (excluding case reports)
were considered for inclusion. Studies reporting on pediatric surgery were excluded. To be included, studies had
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to describe a NOSE-technique applied in laparoscopic
colorectal surgery. First, the titles were screened and appropriate studies were selected. Of these studies, the full
text was acquired. The language was restricted to English.
Relevant data from the studies included were extracted
with a standard fill-out form of predefined parameters
regarding indications, operative approach (number of
ports), anastomotic technique, duration of surgery, postoperative complications and length of hospital stay, and
entered into an Excel database.

RESULTS
This literature search resulted in 12134 hits (flow diagram
Figure 1). Reading the full text of 139 studies led to the exclusion of an additional 65 studies for a variety of reasons.
After the exclusion of 33 case reports[2-34], a total of 41 studies were included in this review[35-75]. One study reported on
transcolonic NOSE, 12 studies on transrectal NOSE, 18
on transanal NOSE, and 10 on transvaginal NOSE. Three
authors each described the results of two extraction sites
in one article. Choi et al[43] and Wang et al[71] reported both
transanal and transvaginal NOSE-colectomy, but only a
minority of patients had undergone transvaginal specimen extraction, and the results were not reported separately. Franklin et al[49] reported the outcome of both transrectal and transvaginal specimen extraction in one paper,
and the results are included in both tables. During the
past 10 years, the literature regarding NOSE techniques
has evolved, focusing more predominantly on transrectal
and transanal NOSE surgery (Figure 2).

TRANSCOLONIC NOSE
The literature search yielded only two reports regarding
transcolonic specimen extraction after a laparoscopic
ileocolic or segmental colonic resection[25,48]. Both reports described a technique using a colonoscope for
specimen extraction. Since the introduction of natural
orifice transluminal endoscopic surgery (NOTES), the
use of flexible instruments and scopes inserted via natural orifices has gained popularity in the surgical world
and in the literature[76,77]. As such, this area of research
can be observed as a bridge toward the application of
NOTES procedures. Saad et al[25] reported on a case of
a laparoscopic transverse colectomy with colonoscopic
retrieval of the specimen via the descending colon, sigmoid, rectum and anus. A double-stapled anastomosis
was made and the postoperative course was uneventful.
In a feasibility study, Eshuis et al[48] prospectively studied
10 young patients (median age 31 years) with Crohn’s
disease in whom ileocecal resection was indicated. In this
cohort, the specimen was extracted transcolonically with
a colonoscope. In 2 patients, it was impossible to extract
the specimen because the inflammatory mass was too
bulky. In comparison with a conventional laparoscopic
ileocecal resection, the operating time was significantly
longer, which might have been due to the learning curve.
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Total number of articles identified n = 12134

Identification

11995 excluded
Non pertinent
Articles assessed for eligibility n = 139

Screening

65 excluded
25 non-NOSE
13 non human/human cadaver
7 letter/editorial
6 systematic review
5 conceptual article
5 language: Non English
2 non colorectal
2 possible overlap
Articles fulfilling inclusion criteria n = 74

Eligibility

33 excluded
Case reports
Articles included in the review n = 41

Figure 1 Study flow chart: Search strategy. NOSE: Natural orifice specimen extraction.
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Figure 2 Evolution of publications on natural orifice specimen extraction-colectomy.

Surgical site-related complications were higher. Nevertheless, two theoretical advantages of this technique are the
possibility to extract specimens throughout the colon
and its applicability to both male and female patients.
However, issues could be raised with regard to mechanical bowel preparation, sterility, size of the lesion/mass,
and bowel protection. A major drawback is the need for
mechanical bowel preparation to clean the colon and enable colonoscopy. Avoidance of bowel preparation is an
important element of enhanced recovery programs and
for right-sided colonic resections, it has been shown that
mechanical bowel preparation can be omitted[78]. Another
concern is the use of a non-sterile colonoscope and the
perioperative opening of the bowel. This might cause
leakage of bowel contents intra-peritoneally, which can
lead to contamination and subsequent abscess formation.
However, data from transrectal specimen extractions have
not shown any impact on the inflammatory response or

WJG|www.wjgnet.com

infectious morbidity[45,58]. With regard to specimen size
and patient characteristics (e.g., BMI), there are no data
showing cut-off values above which colonoscopic extraction is contra-indicated and double-stapled anastomosis
is difficult to perform. Moreover, there are no studies on
patients with a colorectal tumor, and oncological data for
colonoscopic specimen extraction are still awaited. An ileocolic specimen is extracted through an unprotected colon, and this might be problematic when large T3 or T4
tumors require extraction. Furthermore, the best method
for proceeding if a specimen becomes lodged in the colon during extraction remains to be determined. A final
remark concerns the need for a joint effort by the surgical and gastroenterological team in many centers to make
this hybrid procedure possible. Colonoscopy should be
performed with CO2 to coincide with laparoscopic insufflation. Issues relating to procedural costs and time still
need to be investigated.
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Table 1 Studies reporting on natural orifice specimen extraction-colectomy
Ref.

Type of study

Patients (n )

Akamatsu et al[36], 2009
Cheung et al[42], 2009
Christoforidis et al[44], 2013
Costantino et al[45], 2012
Franklin et al[49], 2013
Fuchs et al[50], 2013
Han et al[53], 2013
Leroy et al[58], 2011
Nishimura et al[61], 2011
Saad et al[66], 2010
Wolthuis et al[73], 2011
Wolthuis et al[74], 2011
Akamatsu et al[37], 2009
Bie et al[39], 2013
Choi et al[43], 2009
de Lacy et al[46], 2013
Dumont et al[47], 2012
Gaujoux et al[51], 2011
Hara et al[54], 2011
Kang et al[55], 2012
Lacy et al[56], 2013
Lamadé et al[57], 2010
Marks et al[59], 2010
Prete et al[64], 2007
Rullier et al[65], 2003
Sylla et al[67], 2013
Velthuis et al[70], 2013
Wang et al[71], 2013
Watanabe et al[72], 2000
Zorron et al[75], 2012
Abrao et al[35], 2005
Awad et al[38], 2011
Boni et al[40], 2007
Breitenstein et al[41], 2006

Case series
Case series
Case-matched
Case-matched
Case series
Case series
Case series
Case series
Case series
Case series
Case-matched
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Comparative
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series

16
10
11
17
277
15
34
16
16
8
21
21
7
131
13
20
4
2
9
53
3
3
79
10
32
5
5
21
7
2
8
14
11
2

Franklin et al[49], 2013
Ghezzi et al[52], 2008
McKenzie et al[60], 2010
Palanivelu et al[62], 2008
Park et al[63], 2011
Tarantino et al[68], 2011
Torres et al[69], 2012

Case series
Case series
Case series
Case series
Case-matched
Case series
Case series

26
33
4
7
34
34
21

Type of surgery

Type of NOSE

Sigmoid resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid and anterior resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid and anterior resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid resection
Transrectal
Sigmoid resection
Transrectal
TME
Transanal
TME
Transanal
TME
Transanal(11 patients)
TME
Transanal
TME
Transanal
TME
Transanal
Sigmoid resection
Transanal
TME
Transanal
TME
Transanal
RPC
Transanal
TME
Transanal (36 TATA)
TME
Transanal
TME
Transanal
TME
Transanal
TME
Transanal
TME
Transanal (16 patients)
TME
Transanal
TME
Transanal
Sigmoid resection
Transvaginal
Right hemicolectomy
Transvaginal
Sigmoid resection
Transvaginal
Sigmoid resection
Transvaginal
(+ hysterectomy)
Right hemicolectomy
Transvaginal
Sigmoid resection
Transvaginal
Right hemicolectomy
Transvaginal
Restorative proctocolectomy
Transvaginal
Right hemicolectomy
Transvaginal
Sigmoid resection
Transvaginal
Sigmoid and high anterior
Transvaginal
resection

Indication
Malignant
Malignant
Benign
Benign
Benign and malignant
Benign
Malignant
Diverticulitis
Malignant
Benign and malignant
Endometriosis
Benign and malignant
Malignant
Malignant
Malignant
Malignant
Malignant
Malignant
Malignant
Malignant
Malignant
IBD (UC)
Malignant
Malignant
Malignant
Malignant
Malignant
Malignant
Malignant
Malignant
Endometriosis
Benign and malignant
Endometriosis
Diverticulitis
Benign and malignant
Endometriosis
Benign and malignant
Fap
Malignant
Diverticulitis
Benign and malignant

FAP: Familial adenomatous polyposis; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; TATA: Transanal transabdominal; TME: Total mesorectal
excision; RPC: Restorative proctocolectomy.

TRANSRECTAL NOSE
The technique and concept of a transrectal NOSE-colectomy was developed in the early 1990s[79,80], and Franklin
et al[80] were the first to publish results on a group of patients who underwent sigmoid resection with transrectal
specimen extraction. In 2012, we reported a systematic
review referring to 6 studies on transrectal NOSE[81]. To
date, a total of 12 reports including a total of 462 patients have been published describing variations of the
transrectal technique in different centers (Table 1). There
is heterogeneity amongst studies with regard to operating
ports (3 ports-25%, 4 ports-50%, 5 ports-25%), rectal
protection (none-25%, rigid rectoscope-33%, camera
sleeve or retrieval bag-42%), and anastomotic technique
(double stapled-17% and tripled stapled-83%). Therefore,
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postoperative outcome regarding morbidity and length
of hospital stay cannot be compared between these studies. However, it is important to investigate and report
surgery-related complications when the safety and feasibility of new techniques are evaluated (Table 2). Overall,
anastomotic leakage was reported in 13 of 462 patients
(2.8%), but this percentage is biased due to differences in
anastomotic techniques and small uncontrolled case studies reporting a learning curve phenomenon. There were
no randomized trials comparing transrectal NOSE to
conventional laparoscopic resection, but 3 case-matched
studies were identified. One study failed to show any
benefit from transrectal NOSE [44], while there was a
significantly lower analgesic requirement in the transrectal NOSE-colectomy groups in the other 2 papers[45,73].
Moreover, a significantly shorter operative time was
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Table 2 Operative details and outcome of natural orifice specimen extraction-colectomy
Author

Ports

Protection

Anastomosis

Transrectal NOSE
Akamatsu et al[36], 2009
Cheung et al[42], 2009
Christoforidis et al[44], 2013

4
5
4

None
TEO
Camera sleeve

TS
TS
TS

Costantino et al[45], 2012

3

None

TS

Franklin et al[49], 2013
Fuchs et al[50], 2013
Han et al[53], 2013
Leroy et al[58], 2011

4
3
5
3

Retrieval bag
TEA
TEM and bag
None

TS
TS
DS
TS

Nishimura et al[61], 2011
Saad et al[66], 2010
Wolthuis et al[73], 2011
Wolthuis et al[74], 2011
Transanal NOSE
Akamatsu et al[37], 2009
Bie et al[39], 2013
Choi et al[43], 2009

5
4
4
4

Wound retractor
McCarteny Tube
Retrieval bag
Retrieval bag

DS
TS
TS
TS

5
NA
5

None
None
Retrieval bag

DS
SS
SS

de Lacy et al[46], 2013

3

None

DS

Dumont et al[47], 2012
Gaujoux et al[51], 2011
Hara et al[54], 2011
Kang et al[55], 2012
Lacy et al[56], 2013
Lamadé et al[57], 2010

None
None
None
Retrieval bag
None
None

Hand-sewn
Hand-sewn
DS
SS
SS
DS

Marks et al[59], 2010
Prete et al[64], 2007

1
1
4
5 (6)
3
1 + TV
assistance
3-6
NA

None
None

Hand-sewn
Hand-sewn

Rullier et al[65], 2003
Sylla et al[67], 2013

NA
4 (5)

Duration of surgery
(min)

Morbidity (n , Dindo-score)

Mean 180 (137-257)
Wound infection (1, 1)
Median 127.5 (105-170)
None
Median 200 (120-360) Abscess (1, 3a), leakage (3b)
and trocar hernia (3b)
122 ± 36.5
Bleeding (1, 1), fever (2, 2),
abscess (1, 2), leakage (1, 3b)
164.7 ± 47.5
Leakage (3, 3b)
Mean 131 (55-184)
Bleeding (1, 1), ileus (1, 2)
Mean 151.6 (125-185)
Leakage (6, 3b)
Mean 120.9 (std 41.9)
Epigastric pain (1, 1) and
transient fever (3, 2)
Mean 241 (188-309)
Leakage (1, 2)
95-180
None
Median 90 (85-105)
UTI (1, 2)
Median 105 (90-110)
Leakage (1, 3b)

1

Wang et al[71], 2013
Watanabe et al[72], 2000
Zorron et al[75], 2012
Transvaginal NOSE
Abrao et al[35], 2005
Awad et al[38], 2011
Boni et al[40], 2007
Breitenstein et al[41], 2006

3
5
3
4
5
4
4

None
Retrieval bag
Retrieval bag
None

DS
DS
DS
DS

Franklin et al[49], 2013
Ghezzi et al[52], 2008
McKenzie et al[60], 2010
Palanivelu et al[62], 2008
Park et al[63], 2011

4
4
4
5
5

Retrieval bag
None
Retrieval bag
Retrieval bag
Retrieval bag

DS
DS
DS
DS
DS

Tarantino et al[68], 2011
Torres et al[69], 2012

4
4

Wound retractor
Wound retractor

DS
DS

Mean 11 (8-14)
Median 7 (4-18)
Median 6 (4-33)
7.2 ± 4.9
6.9 ± 2.8
NA
Median 9 (7-66)
6.1 ± 2.4
Median 6 (4-16)
4-8 d
Median 6 (5-7)
Median 6 (5-7)

Median 299 (255-343)
None
Mean 25 (14-49)
Median 166 (120-280)
None
Median 10 (8-17)
260.8 ± 62.9
Bleeding (1, 3a), leakage and Median 7 (6-14)
bleeding (1, 3b/3b)
235 ± 56
Retention (2, 1), ileus (1, 2),
6.5 ± 3.1
dehydration (1, 2)
Median 360 (270-460)
Leakage (1, 3b)
Median 13 (10-21)
195 and 210
None
5 and 6
Median 293 (220-342)
None
NA
Mean 357 std 66.8
Leakage (4), abscess (2)
9 ± 4.8
125, 150, and 155
Dehydration (1, 2)
4, 5, and 5
NA
None
11, 12, and 14

19% minor, 11% major
Leakage (1, 3b), hemorrhagic
gastropathy (1, 2)
None
Hand-sewn
Median 420 (300-600)
22% major
None
Hand-sewn
274.6 ± 85.4
Urinary dysfunction (2, 2),
ileus (1, 2)
Wound retractor Hand-sewn and Median 175 (160-194) Ileus and pneumonia (1, 2),
SS
abscess (1, 3b)
Retrieval bag
DS
187 ± 35
Ileus (1, 2)
None
Hand-sewn
280-450
Leakage (1, 3b)
None
Hand-sewn
350 and 360
None

Velthuis et al[70], 2013

LOS (d)

NA
NA

Median 5 (3-24)
Mean 8.5 (6-10)
Median 9 (7-29)
4, 4, 4, 4, and 10
NA
Mean 7.5 (2-11)
NA
6

Mean 177.5 (119-251)
None
Mean 4.13 (2-5)
Mean 229 (172-360)
Bleeding (1, 3b), ileus (3, 2)
Mean 9.6 (2-30)
240 ± 63
None
5±2
NA
C. difficile-colitis (1, 2), UTI (1,
15 and 9
2)
159 ± 27.1
None
5.5 ± 2.5
Median 290 (200-390) Seroma (1, 3b), retention (3, 2)
6.7 ± 1.8
Mean 212.3
Internal hernia (1, 3b)
3, 4, 5 and 34
Mean 222.5 (165-280)
Leakage (1, 2)
Mean 25.5 (11-40)
Mean 170.8 (std 46.4) Ileus (1, 2), retention (1, 1),
7.9 ± 0.8
bleeding (2, 2)
Median 172.5 (107-312)
Leakage (1, 3b)
Median 6 (3-23)
NA
NA
3-6

C. difficile: Clostridium difficile; DS: Double stapled; LOS: Length of stay; NA: Not available; SS: Single stapled; TEA: Transanal endoscopic applicator; TEM:
Transanal endoscopic microsurgery; TEO: Transanal endoscopic operation; TS: Triple stapled; TV: Transvaginal; UTI: Urinary tract infection.

observed when comparing transrectal NOSE-colectomy
with conventional laparoscopic colectomy[73]. Transrectal
NOSE appears to be a valid option for specimen extraction and the creation of a colorectal anastomosis because
of its applicability in both sexes and its frequent indica-
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tions in left-sided colonic disease such as diverticulitis,
endometriosis, adenoma and carcinoma. Moreover, the
straightness of the rectum and relatively easy access to
the peritoneal cavity further contribute to the feasibility of the procedure. Additionally, it can be easily stan-
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Figure 3 Transanal natural orifice specimen extraction. A laparoscopic transanal transabdominal-total mesorectal excision (TME) was performed. The TMEspecimen with the vascular pedicle (black arrow) and colon used for the reconstruction and the hand-sewn anastomosis (white arrow) can be observed.

dardized and taught. Even so, all studies reporting on
transrectal NOSE-colectomy have described different
surgical approaches and methods of rectal protection
and anastomosis, leading to a considerable bias when the
results from these studies are interpreted. Moreover, patient selection appears to be of paramount importance,
and the limiting factors include a BMI > 30 kg/m2, a
bulky mesocolon, large tumors, the presence of a rectal
stricture and proximal diverticular disease[81]. In addition
to the above-mentioned technical difficulties and differences, the bacteriological impact on the peritoneal cavity
secondary to intraoperative colo- and rectotomy might
be a concern. Although some studies did not report intraperitoneal abscesses[45,58], this complication has not yet
been studied in a large prospective controlled study.

TRANSANAL NOSE
TME optimizes outcome in patients with rectal cancer[82]
and most patients now have the prospect of a restorative
procedure to avoid a permanent colostomy[83]. Recent meta-analyses have shown that laparoscopic TME is feasible
and safe, with an outcome comparable to open TME
but with short-term benefits regarding postoperative recovery[84,85]. However, laparoscopic TME is a demanding
procedure involving a significant learning curve[86]. One
of the most difficult steps of laparoscopic TME is the
mobilization and transection of the most distal part of
the rectum. Specimen retrieval and the construction of a
colonic J-pouch require an abdominal wall incision. The
length of the incision will be adapted to the size of the
specimen and the tumor. This extraction site is not without risk of morbidity. Wound infections rates of 9% have
been documented albeit usually only local septic complications[87]. Additionally, acceptance of a shorter distal
resection margin (1 cm)[88], neo-adjuvant chemoradiation
with an increased interval to surgery (> 7 wk)[89] and the
surgical technique of intersphincteric dissection have all
increased the rates of “sphincter-preserving” surgery in
patients with distal rectal cancer[83]. If intersphincteric dissection is required, the mobilized rectum can be extracted
via the muscular anal canal avoiding any further abdomi-
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nal incision. During this perineal or transanal phase, a
neorectum (e.g., rectoplasty[65,90], terminolateral anastomosis[91] or colonic J-pouch[92,93]) or a straight coloanal anastomosis can be created. In both cases, mobilization of
the splenic flexure is most often necessary. In 1997, Teramoto et al[94] described a new technique of laparoscopic
TME with intersphincteric dissection and “per anum”
specimen retrieval. From that same group data from a
small cohort of patients were reported by Watanabe et
al[72] and Teramoto et al[94]. In 2003, Rullier et al[65] added
coloplasty to this technique, and Person et al[23] described
the original technique for totally laparoscopic low anterior resection with transperineal handsewn colonic J-pouch
anastomosis for low rectal cancer. A similar technique of
pouch reconstruction during perineal rectosigmoidectomy for total full-thickness rectal prolapse was described
in 1998. These authors advised the creation of a colonic
pouch to improve functional results. In 2007, Prete et
al[64] published results using the same technique in a small
series of 10 patients. Since then, the number of publications regarding transanal NOSE techniques has gradually
increased (Table 1, Figure 2). Although almost all studies have reported cases concerning colorectal malignant
disease with the performance of a TME, specimens were
extracted via an unprotected anus in 14 of 17 studies
(82%). In laparoscopic resections for malignancies, portsite metastases were an issue almost 20 years ago and a
temporary moratorium was called[95,96]. Thus, a word of
caution may be of value when specimens containing a
tumor are extracted through an unprotected orifice (Figure 3). Whether this new approach has similar oncologic
outcomes regarding local recurrence, disease-free survival
and cancer-specific survival have yet to be studied in
prospective trials comparing transanal TME with conventional TME. Operative techniques differ amongst studies
with a different number of ports used and different ways
of creating a coloanal anastomosis: hand-sewn in 50%
of studies, single-stapled in 22%, and double-stapled in
28% (Table 2). Due to these differences in technique, it
is impossible to perform inter-study comparisons of data
concerning operative details; such as duration of surgery
and postoperative outcome, e.g., complications and length
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of hospital stay. The ongoing evolution of minimally invasive laparoscopic surgery has led to the introduction of
robotic surgery to perform TME[97,98]. The use of robotic
platforms has influenced the treatment of complex pelvic disorders and for a TME the learning curve involves
21-23 cases[99-101]. The high-definition 3D system, ergonomic positioning of the surgeon, instrument articulation with greater precision and absence of tremor might
lead to a higher accuracy, a more precise dissection and,
possibly, fewer postoperative complications. However, a
major limitation for the use of a robotic platform is its
high cost. Only 1 study reported on the use of robotics
in transanal NOSE[55], describing a cohort of 53 patients
who underwent robotic-assisted laparoscopic TME with
transanal specimen extraction. The short-term postoperative outcome was comparable to that of a group of 66
patients, but robotic assistance in transanal NOSE-TME
was associated with less pain and faster recovery. In reviewing the literature regarding transanal NOSE, the differences must be highlighted between techniques describing laparoscopic TME with the anus as the extraction site
and techniques describing transanal TME. Both procedures are transanal NOSE techniques, but in the latter,
TME is performed in a reversed way. A laparoscopic low
anterior resection with transanal pull-through and handsewn anastomosis could be indicated in patients requiring
TME with coloanal anastomosis for distal rectal tumors.
Transanal rectal excision by transanal minimally invasive
surgery is an option to improve the difficult visualization
of the distal rectum, particularly in obese male patients
with a narrow pelvis. Recent publications concerning
transanal rectal excision, or so-called “down-to-up” or
reversed TME, show the feasibility and safety of this new
technique, reporting intact TME specimens and adequate
lymph node harvest. In the future, large prospective studies should focus on the functional and oncological outcomes. If laparoscopy can be omitted in this setting, true
NOTES might become possible in a consecutive series
of patients.

TRANSVAGINAL NOSE
Transvaginal NOSE using a posterior colpotomy has extensively been reported during gynecologic laparoscopic
procedures[102-104]. Although the peritoneal cavity is entered by deliberately opening the vagina, it appears that
a vaginotomy or so-called colpotomy will not increase
postoperative morbidity. A colpotomy is safe and does
not lead to surgical site infections or dyspareunia[105,106].
Moreover, a randomized trial showed less postoperative pain when comparing transvaginal and transumbilical specimen extraction for adnexal masses[107]. In 1996,
Redwine et al[108] first described a segmental colectomy
with transvaginal extraction and hand-sewn anastomosis for bowel endometriosis. A combined laparoscopictransvaginal approach, with transvaginal specimen extraction, has been published for the treatment of colorectal
diseases. Moreover, several authors have reported short-
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term results (Table 1). A total of 11 studies including
194 patients were found regarding transvaginal specimen
extraction in laparoscopic colorectal surgery. The main
advantage of transvaginal NOSE is the possibility to extract large specimens from both right-sided and left-sided
colonic resections, but this approach is only applicable
in female patients with a non-intact hymen who give informed consent. No randomized controlled trials could
be found and apart from 1 case-matched study, only small
case series were included. Multiple variants of transvaginal NOSE-colectomy have been described, making the
evidence poor. Four studies have reported right-sided disease and 6 studies left-sided disease (Table 2). Palanivelu
et al[62] described the results of 7 female patients with
familial adenomatous polyposis, who underwent restorative proctocolectomy with ileoanal pouch anastomosis.
All specimens were extracted through the vagina in a
retrieval bag. A 15 cm ileoanal pouch was created completely laparoscopically with endostaplers, and the anvil
of the circular stapler was inserted and secured by a purse
string. The double-stapled anastomosis was performed in
a standardized manner. One patient developed an anastomotic leakage, requiring drainage and antibiotics. The
mean length of hospital stay was 25.5 d in this series. For
a right hemicolectomy, a double-stapled anastomosis was
performed in all cases and the specimen was extracted in
a retrieval bag to protect the vagina. The difficulty concerning laparoscopic right hemicolectomy is the creation
of an intracorporeal anastomosis[109]. Both the ileum and
colon should be cleaned of mesentery and omental fat to
allow adequate and safe stapling and this can sometimes
be difficult in obese patients. Moreover, the remaining
enterocolostomy should be closed with an intracorporeal
suture. However, specimen extraction and extracorporeal
anastomosis can also pose a problem in obese patients,
risking bleeding and twisting of the terminal ileum[110,111].
The mean BMIs were 31.7, 24.5, and 23.9 kg/m2 in the
studies of Awad et al[38], McKenzie et al[60], and Park et al[63],
respectively, indicating that intracorporeal anastomosis is
feasible in this group of patients. These authors reported
small case series concerning laparoscopic right hemicolectomy with transvaginal NOSE and intracorporeal anastomosis for benign and malignant right-sided colorectal
disease. The mean operative times were 229 min and 212
min for Awad et al[38] and McKenzie et al[60], respectively,
but only 171 min for Park and colleagues. Park et al[112]
had already published their experience with transvaginal
NOSE in 2010. Therefore, the shorter operative times
included in this review could reflect the learning curve.
Franklin et al[49] had a mean operative time of 159 min in
their cohort of 26 patients. Postoperative ileus, internal
hernia and bleeding for which reintervention was necessary in 2 patients contributed to the observed postoperative morbidity. This led to a mean length of hospital stay
of more than 1 wk in 3 studies and to a mean of 5.5 d
in the study published by Franklin et al[49]. Six authors reported transvaginal NOSE for sigmoid and high anterior
resection in a total of 109 patients. The indications were
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Figure 4 Transvaginal natural orifice specimen extraction. The sigmoid colon has been resected, and the anvil from a 29 mm circular stapler has been sutured
into the proximal colon with a purse string. Note the wound retractor protecting the vagina.

endometriosis, diverticular disease and cancer. In all studies, 4 ports were used and intracorporeal anastomoses
were performed with the double-stapling technique (Figure 4). In 3 studies, the vagina was protected using either
a retrieval bag or a wound retractor[40,68,69]. One anastomotic leak was reported requiring reintervention. The
length of hospital stay was approximately 6 d in the largest series. In conclusion, transvaginal NOSE-colectomy
could have a place in laparoscopic colorectal surgery to
treat both right-sided and left-sided disease. It might pave
the way for transvaginal NOTES and scarless surgery in
selected patients.

3
4

5

CONCLUSION
A state-of-the-art review was presented concerning laparoscopic NOSE-colectomy. The reduction of incisionrelated morbidity is one of the goals of modern minimally invasive laparoscopic colorectal surgery. Abdominal
wall incisions can still cause postoperative morbidity, such
as infection, pain and trocar-site incisional hernia. In addition to reports on operative and oncological outcome,
surgical technique and novel methods to reduce access
trauma have become important issues in current practice.
This narrative review described the technical possibilities
and shortcomings in laparoscopic NOSE-colectomy. A
new era has dawned to further minimize access trauma
and to explore new surgical strategies in bridging conventional laparoscopic surgery to pure human NOTES
procedures. NOSE could be the next step in minimizing
minimally invasive surgery. Although NOSE theoretically
has the potential to improve outcome in laparoscopic
colorectal surgery, its implementation in daily practice
and its assumed benefits have yet to be studied in prospective controlled trials.
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Abstract
Many progresses have been done in the management
of gastrointestinal (GI) lymphomas during last decades,
especially after the discovery of Helicobacter pylori -dependent lymphoma development. The stepwise implementation of new endoscopic techniques, by means of
echoendoscopy or double-balloon enteroscopy, enabled
us to more precisely describe the endoscopic features
of GI lymphomas with substantial contribution in patient management and in tailoring the treatment strat-
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egy with organ preserving approaches. In this review,
we describe the recent progresses in GI lymphoma
management from disease diagnosis to follow-up with a
specific focus on the endoscopic presentation according
to the involved site and the lymphoma subtype. Additionally, new or emerging endoscopic technologies that
have an impact on the management of gastrointestinal lymphomas are reported. We here discuss the two
most common subtypes of GI lymphomas: the mucosaassociated lymphoid tissue and the diffuse large B cell
lymphoma. A general outline on the state-of-the-art of
the disease and on the role of endoscopy in both diagnosis and follow-up will be performed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-Hodgkin lymphomas; Endoscopy; Gastrointestinal tract; Endosonography; B-cell lymphomas;
Marginal zone
Core tip: The understanding of gastro-intestinal lymphomas biology has led the scientific community to
implement the diagnostic accuracy and the prognostic
assessment of these patient. Such advances have recognized a pivotal role in more sophisticated endoscopic
techniques and, in the advent of endoscopic ultrasonography, a clinical tool able to predict, with high levels
of accuracy, the response to treatment. In this review
we will focus on the application of endoscopy, and
related techniques, in the management of gastrointestinal lymphomas. An overview of the literature will be
performed on dependence of lymphoma subtype and
disease location for both low-grade and high-grade
gastro-intestinal lymphomas.
Vetro C, Romano A, Amico I, Conticello C, Motta G, Figuera A,
Chiarenza A, Di Raimondo C, Giulietti G, Bonanno G, Palumbo
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BRIEF OVERVIEW OF GASTROINTESTINAL LYMPHOMAS
Non-Hodgkin lymphomas (NHL) represent the ninth
and seventh most common cause of tumor-related mortality (for male and female gender respectively) in developed countries with an upward trend over years[1]. The
main feature is nodal, but 40% of NHL cases will present
a primary or secondary extra-nodal presentation[2]. The
gastrointestinal (GI) tract represents the most involved
extra-nodal site[3] and is involved in more than 20% of
nodal NHL[4].
The definition of primary GI lymphomas has been
given by Dawson et al[5], on the basis of 5 specific characteristics: (1) absence of peripheral lymphadenopathies
at the time of presentation; (2) lack of enlarged mediastinal lymph nodes; (3) normal total and differential white
blood cell count; (4) predominance of bowel lesion at
laparotomy with only lymph nodes obviously affected
in the immediate vicinity; and (5) no lymphomatous involvement of liver and spleen.
The stomach is the most common localization, accounting for 60%-70% of GI lymphomas, followed by
small intestine lymphomas and colo-rectal lymphomas,
accounting respectively for 20%-35% and 5%-10% of
GI lymphomas[4,6,7]. Regarding the intestine, the ileum and
the cecum are the most involved sites, probably because
the abundant lymphoid tissue present[3,8]. In 5%-15% of
cases there are multiple localizations[4,6]. It is noteworthy
that lymphomas of the colon and the rectum are more
frequent in patients affected by AIDS or Crohn disease[9,10], while gastric mucosa-associated lymphoid tissue
(MALT) lymphomas and the immunoproliferative small
intestinal disease (IPSID) recognize an etiological factor
in Helicobacter pylori (H. pylori) and Campilobacter jejuni infection respectively and T-cell lymphoma are more frequent
in celiac patients[7].
As regards histology, several types of lymphomas can
arise and a proper characterization of the subtype is essential in driving the treatment. However, the histotype
frequency can vary according to the site involved (Figure
1). Gastric lymphomas are mainly represented by MALT
lymphoma, a form of indolent disease, followed by the
diffuse large B cell lymphoma (DLBCL), a type of aggressive malignancy[4]. However, several groups[11,12] have
recently registered an inverted trend in the distribution
of PGL[7], being high grade lymphomas more frequent
than low grade, probably cause the better characterization of PGL “Not Otherwise Specified” over time.
Other subtypes of lymphomas are extremely rare in the
stomach and are represented by sporadic cases of fol-

WJG|www.wjgnet.com

licular lymphoma (FL), mantle cell lymphoma (MCL),
small lymphocytic lymphoma (SLL), T-cell lymphoma
(TCL) and plasmacytoma. Nevertheless, there are cases
where different types of lymphoma can locate at different sites[13]. On the other hand, the intestine to court is
primarily involved by aggressive lymphoma subtypes, in
particular by DLBCL[6,14]. This subtype of lymphoma has
been recently better characterized, taking into account
molecular and genetic features able to influence the prognosis of the disease, representing a kaleidoscopic scenario[15]. In some cases, this aggressive type of lymphoma
can arise from a progression of low-grade lymphomas
(the so called “transformed lymphomas”)[14]. In addition,
other lymphomas typically involving this site are Burkitt’s
lymphoma (BL) and Burkitt’s like lymphoma (BLL), both
showing a rapid and aggressive clinical course[2]. Rarely,
the histotype is represented by FL, MCL, and TCL[2]. In
some cases, the development of a lymphoma depends
on autoimmune disorders, such as the celiac disease,
configuring the enteropathy-associated T-cell lymphomas
(EATL) framework. Interestingly, the gross intestine can
be involved by post-transplantation lymphoproliferative
disorder (PTLD) and also by Epstein-Barr virus (EBV)associated lesions[16]. Finally, although a clear relationship
between inflammatory bowel disease (IBD) and GI lymphomas has not been validated, patients with IBD have
an augmented risk of develop NHL, especially if treated
with immunosuppressant[17].
The clinical presentation of GI lymphomas depends
principally on the involved site and can be lymphomarelated and site-related[18]. In most patients the finding of
a GI lymphoma can be occasional[2]. Lymphoma-related
symptoms encompass the “B-symptoms” and comprise fever, drenching night sweats and weight loss. Siterelated symptoms are mainly dyspepsia, abdominal pain
(principally epigastric), nausea or vomiting, and anorexia.
Moreover, symptoms are divided into alarm (weight loss,
vomiting, haematemesis/melena, anemia, perforation)
and non-alarm (epigastric/abdominal pain, dyspepsia,
and heartburn), being alarm symptoms more frequent in
aggressive lymphomas[2,18-20]. It is noteworthy that the occurrence of alarm symptoms does not relate with endoscopic lesions[18]. In few patients with advanced disease, a
palpable mass is present especially in lymphomas of the
ileo-cecal area arising with bulky mass, obstruction, perforation, and bleeding[3,14,18,21,22].
The prognosis of the disease depends on several factors. First of all, the lymphoma subtype represents the
main factor[6] together with the stage of the disease[4] and
the clinical evaluation[14]. Usually, high-grade lymphomas (DLBCL, BL, BLL, PTLD) show a poor prognosis
compared to low-grade lymphomas (MALT-lymphomas,
FL, MCL)[21]. However, this is a general rule and more
specific clinical and molecular tools are able to differentiate the outcome of the disease, especially in DLBCL[12].
Additionally, TCL and EATL have in general a prognosis
poorer than B-cell lymphomas[23].
The stage of the disease is important especially in
gastric MALT-lymphomas, where limited-diseases pre-
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Figure 1 Frequency of Lymphoma subtypes according to the gastrointestinal tract involved. DLBCL: Diffuse Large B-cell lymphoma; MALT: Mucosaassociated lymphoid tissue; BL: Burkitt lymphoma; PTCL: Perypheral T-cell lymphoma; MCL: Mantle cell lymphoma; FL: Follicular lymphoma. Data estracted from
Koniaris et al[2].

serves a great chance to respond to H. pylori eradication,
while more disseminated disease need a more aggressive
approach[4]. However, classical staging systems, usually
applied in nodal lymphomas, are not informative in GI
lymphomas, where proper staging classifications have
been developed[24]. Additionally, high grade lymphomas
tend to be diagnosed at advanced stage more frequently
than low-grade lymphomas[18].
The clinical evaluation is also essential in determining
the prognosis. Poor performance status, high lactate dehydrogenase (LDH) levels and the surgical resection are
the major prognostic indicator in B-cell and T-cell lymphomas[6]. On these basis, several prognostic scores have
been developed over time[4,12]. However, their usage in GI
lymphomas is limited since they have been developed for
nodal lymphomas.
In conclusion, the prognostic features of GI lymphomas depends on biological and histological factors more
than the sole clinical features.
The advent of endoscopy, together with the possibility to perform an endoscopic ultrasonography and a fineneedle aspiration, has made the study of GI lymphomas
more and more sophisticated, making them a separate
entity with respect to the nodal counterpart. Indeed a
tailored approach has been also developed dealing with
this disease[25]. However, GI lymphomas are still often
diagnosed with considerable delay because of the aspecific endoscopic presentation[18,26] and the absence of
symptoms in a considerable percentage of patients[18].
This atypical presentation is one of the major pitfalls in
diagnosing the disease, since the median time from the
onset of symptoms to diagnosis is 76 d[27]. Additionally,
few data are present about the endoscopic behavior of
these lymphomas in follow-up setting and are mainly extrapolated by limited series[25].
The purpose of this review is to analyze the clinical
and instrumental characteristics of GI lymphomas (especially endoscopic and echo-endoscopic) in the different
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steps of patient management, from diagnosis to followup, highlighting their impact in clinical practice.

MALT LYMPHOMA
Gastric MALT lymphoma
MALT lymphomas arise in the context of the lymphoid
infiltrates of the mucosa layer of hollow organs and from
glandular tissues[22,28]. The GI tract is the most frequently
involved zone (almost 50% of cases)[29], particularly the
stomach (85% of cases). The gross intestine represents
only a 0.4% of cases. In one third of cases, there are multiple sites involved[28,29]. Additionally, patients with MALT
lymphoma of the lungs, tend also to have a GI localization, so that, in this subset of patients, it is advisable to
perform an endoscopic evaluation[28]. The simultaneous
involvement of the bone marrow is uncommon (10% of
cases)[30]. Rarely, there is an involvement of perigastric organs (pancreas and/or spleen) and this is a finding more
frequent in H. pylori-negative MALT lymphoma compared to H. pylori-positive[31].
Kolve et al[32], found that secondary involvement of
the stomach is characterized by multiple localizations
with also an involvement of the duodenum, while in primary gastric lymphomas, there is usually a single unifocal
lesion with bulky disease and an involvement of the duodenum in a minimal part of the patients.
The development of this lymphoma depends on precursor lesions characterized by a chronic immune stimulation, secondary to bacteria or autoimmune diseases.
Indeed, gastric lymphomas recognizes as etiological factor the chronic infection of H. pylori, while the IPSID is
secondary to Campylobacter jejuni[33].
The endoscopic features of the disease is extremely
variegated, often mimicking a benign disease, such as erosions, multifocal gastritis or other types of malignancies,
such as gastric adenocarcinoma[34]. One of the most frequent and typical feature is the presence of gastric nodu-
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Figure 2 Gastric nodularity and enlarged gastric folds (A), giant gastric folds around depression zone at endoscopy (B) and gastritis-like lesions with
nodular aspect and erosions (C) respectively in a patient affected by gastric mucosa-associated lymphoid tissue lymphoma.

larity or enlarged folds located at the antrum or body of
the stomach (Figure 2A, B)[22]. Another endoscopic feature is given by ulceration with elevated margins or a protrusion[13]. In the prospect multicenter study performed
by Fischbach et al[14] in 2000, the most frequent lesion was
the presence of an unifocal ulceration. However, polyps
or normal patter can be present.
A delay in the diagnosis is frequent since in a large
cohort of patients the typical symptoms are usually
vague, there is not a suggestive endoscopic pattern , and
the lesions are usually aspecific, resembling benign conditions[18,35]. However, the early diagnosis of the disease
could be a critical point in order to avoid evolution to aggressive lymphoma[26]. Indeed the diagnostic accuracy of
the technique is ranged between 11% and 22% when performed alone, rising to 50%-75% when biopsies are taken[14,36]. The greater accuracy has been related to removal
of bioptic sample from ulcer margins (84%), surrounding
wall (76%), erosive areas (57%), while low accuracy has
been detected in bioptic samples of the base and of the
protruding mass[37].
Certainly, the endoscopic biopsy (E-Bx) is a mandatory step in order to make a correct diagnosis. It should
be emphasized that the sole lymphoid infiltrate is not a
sufficient for the histological diagnosis. It is important to
evaluate the distribution of the lymphoid infiltrate and
also the relationship with the epithelium[38].
The fact that MALT lymphomas usually does not
arise with alarm symptoms[19,21], augments the need to
perform a gastroscopy (possibly with bioptic sampling)
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in patient older than 45 years with dyspepsia, in order
to detect early lesions. Additionally, in about 10%-20%
of cases, the gastric pattern is normal or nearly normal
(gastritis-like flat lesions or petechial hemorrhages) at endoscopy[18,21] and this fact underlines the need to perform
a bioptic sample during the procedure also in benign-like
lesions (Figure 2C).
An interesting metanalysis by Zullo et al[20], evaluating
38 manuscripts and comprising 2000 patients, showed
that MALT lymphomas were more frequently localized
in the gastric antrum and body (60%-70% of cases)
and presented the following endoscopic feature: 9.7%
exophytic mass; 52.1% ulcerative pattern, 23.5% hypertrophic, 1% petechial hemorrhage, 12.7% normal/hyperemic mucosa.
In definitive, three patterns have been recognized at
endoscopy[18,26]: (1) exophytic type; (2) ulcerative type;
and (3) hypertrophic type with giant folds. However, recently, a new endoscopic 6-items classification has been
proposed[19]: (1) Exophytic: a single mass with irregular
or polypoid aspect; (2) Ulcerative: single to multiple ulcerations/erosions; (3) Hypertrophic: enlarged folds and
nodular pattern; (4) Petechial hemorrhage: several petechiae at mucosal level; (5) Normal/hyperemic mucosa:
normal to reddish mucosa; and (6) Mixed: more of the
above-mentioned pattern present.
Interestingly, the endoscopic pattern differ statistically
between high-grade and low-grade lymphomas since high
grade lymphomas have a probability to present with an
exophytic mass greater than low-grade lymphomas that
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conversely present more frequently with petechial hemorrhages and normal/hyperemic mucosa[20]. However, this
has not a recognised prognostic value[39-41]. Nevertheless,
some reports indicate that aggressive lymphomas tend
to present with an ulcerative lesion more frequently than
low-grade lymphomas whose privileged site of involvement is the antrum, where, in 20% of cases, does not
give rise to a macroscopic lesion[18,37]. Contrarily, Takenaka et al[42] found a relationship between the presence
of protruding appearance and a favorable outcome, even
if in univariate analysis, probably because it is related to
a minor wall involvement. Lee et al[41], found that protruding lesions are more likely to be refractor to H. pylori
eradication. Additionally, the report of Inagaki et al[34] indicated that a superficial spread of the lymphoma at endoscopy had a better prognosis than the deep infiltration
appearance and that the presence of cobblestone lesions
is suggestive of the API2-MALT1 fusion gene. Another
aspect is that multiple lesions confer a prognosis poorer
than a single lesion, at least in H. pylori negative MALT
lymphomas[43].
As suggested by Kim et al[39] and Steinbach et al[44], the
distal stomach involvement could be related with a more
favorable outcome because the proximal localization is
likely at advanced stage and the remission rate is greater
in lymphomas localized distally rather than proximally[45].
This fact can be explained considering that proximal
gastritis is more likely autoimmune and H. pylori-independent. However, the report by Nakamura et al[46], and ElZahabi et al[40] have not confirmed this finding. There are
also indications that the presence of gastric mucosa atrophy in patients with H. pylori negative gastric MALT lymphoma is an hallmark of a previous H. pylori infection[43].
However, since the endoscopic features are not specific,
the histological evaluation remains the golden standard in
order to perform diagnosis[47].
A novel approach is given by the magnified endoscopy that can visualize also the microstructure of vessels
and mucosa[48-50]. This technique is limited to specialized
centers and was aimed to overpass the difficulties in
distinguishing gastric cancers from gastric lymphomas
at conventional endoscopy. Its clinical application is restricted to the detection of small cancer lesions[51]. In the
report by Ono et al[48], even if there was not a significant
change in the pattern at magnified endoscopy, the abnormality of vessel structures, that at diagnosis are larger and
grosser than in gastritis, returned to normal in every responding patient. Additionally, some reports[51,52] indicate
that magnified endoscopy would be useful in predicting
the response to the treatment prior to the biopsy since, in
their cohort, the irregularities of gastric pits returned to
normal in responding patients, while persisted in non-responding patients. However, this technique is difficult to
apply in GI lymphomas since they usually arise from the
deep layer of the stomach and also because the presence
of gastric mucus and H. pylori related inflammation can
alter the results[48]. However, no consolidated evidences
are present in literature regarding this technique.

WJG|www.wjgnet.com

Indeed, one of the major aspect regarding gastric
MALT lymphomas is to establish the association with H.
pylori infection. Biologically, H. pylori is able to promote a
condition of persistent inflammation with the formation
an “acquired” MALT of the stomach. Basically, tow steps
of gastric MALT lymphoma development can be determined[53,54]. The first step is the development of monoclonal lymphocytes strongly related to H. pylori infection.
The second step is the development of immortalized
lymphocytes no longer dependent on the H. pylori infection. These biological considerations are fundamental in
understanding why a limited disease will respond greatly
to H. pylori eradication treatment, while in advanced stage
disease, the usage of H. pylori eradication treatment alone
would not be sufficient[53,54]. Indeed when the tumor is
localized at the first or second layer of the gastric wall, it
is still H. pylori-dependent, while the involvement of the
third and fourth layer indicate an independence from H.
pylori infection.
For these reasons, in the last years, endoscopic ultrasonography (EUS) has gained a great role in the management of extranodal-MALT lymphoma, especially in
gastric MALT lymphomas[25]. This technique can be used
at different steps of PGL management. The major role is
the definition of the gastric wall involvement in the context of the diagnostic work-up with a levels of evidence
of “A”[55]. In fact, contrarily to other images modalities,
EUS is able to discriminate the five layers of the stomach
defining the layer involvement with a sensitivity ranging
from 80% to 99% and a specificity of 100%[56].
Basically, four patterns can be present[57]: (1) superficial: thickening of the second and third layer without
involvement of the first and fourth layer (Figure 3A); (2)
diffuse-infiltrative: diffuse trans-mural involvement of the
gastric wall with irregular layer border and not uniform
echogenicity (Figure 3B); (3) mass-forming: localized
hypoechoic mass at the third-four layer well demarcated
from the surrounding tissue (Figure 3C); and (4) mixedtype: combination of the previous three patterns.
When compared to the endoscopic pattern, it is possible to note a relationship between these two endoscopic
techniques. Indeed, a nodular mucosa is present in patients with the pattern 1 and 2, while nodular hyper trophic pattern with ulcers are present in group 2. Polypoid
elevation is exclusively present in group 3. The presence
of deep mucosa ulcers relate with the finding of a mixedtype at EUS.
However, this is an operator-dependent technique and
in some cases, especially in the definition of intermediate
stage disease, the inter-operator variability tend to augment[58]. EUS usage is now widespread and the treatment
of MALT gastric lymphomas depends on this valuation,
since diseases limited to the Ⅰ and Ⅱ layer of the stomach preserve a greater possibility to respond to H. pylori
eradication than more advanced disease. Additionally, with
EUS is possible to detect peri-gastric nodal involvement.
Additionally, several Authors have investigated the
usefulness of EUS also in follow-up settings[59-65]. It must
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Figure 3 Endoscopic ultrasonography (radial scanning). A: Disruption of the second layer with preservation of the other layers and no nodal involvement (T1 N0); B:
Diffuse infiltrative pattern: diffuse trans-mural involvement of the gastric wall with irregular layer border and not uniform echogenicity. Diffuse circumferential tickening
of the second, third and fourth layers; the is still preserved (T2 N0); C: Localized hypoechoic alteration limited at the third layer, whit a mild thickening of the stomach
wall and circumscribed to a small portion of the gastric circumference (T1 sm N0); D: Persistent tickening of the first and second layer in a patient affected by diffuse
large B cell lymphoma in complete remission after the immuno-chemotherapy performed 2 years before.

considered that, in a long run, the endoscopic and echoendoscopic features usually return to normal in every
responding patients[25,41,66] but the EUS abnormalities in
gastric MALT lymphomas return to normal appearance
in much prolonged time compared to the histological
evaluation[67]. On the other hand, the continuous persistence of EUS abnormalities over years could represent
a sign of persistent, although inactive, lymphoma thus
reserving a possible strict EUS follow-up to patients with
EUS abnormalities[64].
Limited data are present in literature investigating the
role of EUS during the follow-up[59-63,65]. So far, there is a
lack of prospective trials and the retrospective evaluations
have indicated that the value of EUS in follow-up setting
is still limited and therefore it is not recommended[68].
However, in our opinion, the better and real value of
the EUS is noticeable in a very long run, since in limited
follow-up evaluation these abnormalities does not translate into a real risk of relapse while in a more prolonged
follow-up the persistence of an EUS abnormality may
be predictive of lymphoma relapse. Indeed, in our prior
experience[67], where we had a median follow-up of 36.5
mo, the rate of relapse among patients with a negative
endoscopic biopsy but persistence of EUS abnormalities
was negligible and not statistically and clinically significant. In the subsequent follow-up study, in which we analyzed the patient status after a median follow-up of 86.5
mo, we noticed that patients with a constant EUS abnormality had a great probability to develop a relapse of the
disease. Probably this is due to the biology of the disease
since the very low growth rate is typical of low-grade
lymphoma, especially if we consider that the continuous
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antigenic stimulation provided by H. pylori is removed in
every case. Possibly, other antigenic stimulation can be
present and can determine over time a clonal selection of
persisting and dormant lymphocytes. However, to date,
since GI MALT lymphomas preserve a great change to
respond to the second line treatment (specially alkylating
agents) the early recognition, or the recognition of risk
factors, of relapse preserves a little importance in clinical practice, so that repeated EUS evaluations during the
follow-up assessment of MALT GI lymphomas are not
recommended[24].
Other MALT lymphomas
Duodenal lymphomas are rare entities, encompassing
6%-8% of GI lymphomas. A variant of MALT lymphoma is given by the IPSID[38], more frequent in the
Mediterranean area. Molecular and immunohistochemical studies have demonstrated an association with Campylobacter jejuni infection. This disease is typical of older
children, there is often the secretion of alpha heavy chain
and the clinical manifestation is abdominal pain associated with diarrhea and malabsorption[3,22].
While the endoscopic appearance of gastric MALT
lymphomas has been widely studied over time, few reports describe the endoscopic appearance of duodenal
MALT lymphomas and IPSID.
Similarly to gastric MALT lymphoma, duodenal
MALT lymphomas have the appearance of multiple
small erosions and nodular elevations with diffuse erythema in the duodenal bulb[69]. Specific reports describe
the features as multiple active ulcer craters with nodular
and erythematous margins without gastric involvement.
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However, also in these cases, the differential diagnosis is
between benign (i.e., duodenal gastrinoma) and malignant
conditions (i.e., duodenal carcinoma). Usually MALT
lymphomas arising in the duodenum are considered independent from H. pylori infection. However, some cases
indicate the regression of the lymphoma after H. pylori
eradication[69]. Indeed, for early-stage patients a first-line
treatment with antibiotics, including tetracycline and metronidazole, is recommended[70].
Lymphomas of the jejunum are extremely rare, representing almost one third of the jejunum tumors[71] and
almost 13% of the small intestine lymphomas[72]. The
endoscopic appearance is of ulcerating-scarring area at
the double-balloon enteroscopy[71], however also multiple polypoid lesions[72] or a single stricture[73] have been
described. The most common histotype is the DLBCL
(with or without MALT component), however MALT
lymphoma represents one third of small bowel GI lymphomas[72]. Ileocecal MALT lymphomas are also rare
findings[74]. First reports[75] indicate that the endoscopic
pattern is of multiple whitish nodules or reddish masses
with smooth and polished mucosa aspect. The first classification of endoscopic features of ileal lymphomas[76]
identified five patterns: mucosal fold thickening alone,
nodular pattern, infiltrated pattern, ulcerative pattern, and
mosaic pattern.
The detection of small intestine lymphomas have
been ameliorated with the introduction of capsule endoscopy[77] and double ballon-technique of push-andpull enteroscopy[3]. Usually the appearance is of polypoid
or ulcerative lesions indistinguishable from lesions other
than lymphomas[77]. Most often the portion of the small
intestine interested by IPSID is proximal, while aggressive lymphomas have more tropism for distal sites[3]. Additionally, the Jejunum can be simultaneously involved in
the context of gastric MALT lymphoma and can be a site
of lymphoma relapse after treatment[77]. In this perspective, double balloon enteroscopy and capsule endoscopy
could represent a valid tool to correctly stage the patient
and for the follow-up.
Anecdotic is the finding of an ileal MALT-lymphoma
and few cases have been reported in the literature[75,78-82].
Majority of cases indicate a negativity of H. pylori infection, so that the etiology of this disease remains unknown[81]. The gross appearances frequently is of a solitary mass resembling a carcinoma in almost half of the
patients, while less frequently there are multiple masses
or lymphomatoid polyposis[78,81].
Rarely, MALT lymphoma arises in the large intestine,
representing 10%-20% of GI lymphomas[8]. Additionally,
it represents less than 1% of malignancies affecting the
gross intestine[8]. Its rarity and aspecific presentation makes
this a challenge for endoscopists[74,83]. Some reports indicate a relationship with colon adenocarcinoma[83-85], even if
there are few data to make a conclusion.
Usually the endoscopic appearance is of a whitish
polypoid lesion usually not ulcerated 1-2 cm in diameter
preserving a smooth aspect at endoscopy [86,87], while
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adenocarcinomas have an ulcerated feature and larger
diameters, especially when in advanced stage. However,
the occurrence of a tumor mass with adjacent enlarged
satellite nodes should lead to lymphoma as differential
diagnosis. Additionally, the presence of masses at the cecum, well demarcated from the peri-visceral fat without
an invasion of the surrounding soft tissues in absence of
desmographic reaction are typical of colon lymphomas
and this must be taken into account in the differential
diagnosis[87]. In any cases, the diagnosis of lymphoma remains histological and the fact that also in the colon the
lymphoma can arise from sub-mucosal layers, can make
the diagnosis difficult with a need to perform further endoscopic procedures[86].
Rare is the occurrence of MALT lymphoma in the
rectum were it appears as a broad-based whitish/reddish
protrusion with intact mucosal aspect or erosion[88,89].
Cases have been described on the development of MALT
rectal lymphoma after gastric MALT lymphoma[89]. Interestingly, it has been reported that rectal lymphomas have
a good chance to respond to antibiotic treatment[90-92],
suggesting that other microorganisms can be involved
in the development of rectal MALT lymphomas with a
pathogenetic mechanism similar to H. pylori infection. As
for gastric lymphoma, also in MALT rectal lymphoma,
often the lesions arise from the sub-mucosa, posing also
the problems related to the capability of taking a diagnostic sample. A proposed technique is the unroofing
technique: namely, after the removal of the superficial
mucosa layer with the usage of flex knife, the sub-epithelial lesion is exposed and a direct biopsy of the previously
EUS detected sub-epithelial lesion can be performed[88].

DIFFUSE-LARGE B-CELL LYMPHOMA
Gastric DLBC lymphoma
High grade lymphomas can involve the stomach in almost 50%-60% of cases representing 20%-30% of GI
NHL[14,93]. The etiology of the disease remains unknown,
however H. pylori infection is present in 35% of cases and
the usage of H. pylori eradication therapy can determine
durable complete remission in 50%-60% of cases, especially in DLBCL with MALT lymphoma component[93].
Recent trials have also investigated the usefulness of H.
pylori eradication in early-stage gastric DLBCL, indicating
a percentage of complete remission of 60%-66%[94,95].
However, this kind of treatment is limited to clinical
trials and contemplate a strict endoscopic follow-up in
order to catch eventual lymphoma reappearance. Indeed,
chemotherapy together with anti-CD20 antibodies immunotherapy plus/minus radiotherapy is the treatment
of choice in these patients[96-98].
The clinical presentation recognizes a greater prevalence of alarm symptoms compared to low grade lymphomas[18]. The endoscopic pattern is, in the majority
of cases, ulcerative (with single or multiple ulcerations),
specially located at the gastric body or at the fundus[14].
In cases with c-Myc rearrangement (that confer a poor
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rate between the histological and the EUS evaluation was
low (i.e., 64%) with high rates of false positive at EUS,
that persisted positive notwithstanding a constant negative histology. In our study, the concordance rate between
these too technique remained low and also the sensitivity
of the EUS in follow-up evaluation was almost meaningless (i.e., 9%). Therefore, we do not recommend to
perform EUS evaluations in the context of GI DLBCL
follow-up.

Figure 4 Contrast enhancement computed tomography-scan analysis
revealing a bulky mass adiacent to the ascending colon.

prognosis to the disease) more than one GI organ can be
simultaneously involved and endoscopically appears with
multiple dish-like lesions while the Narrow-Band Imaging
shows honeycomb-like pattern and irregular microsurface
pattern[99].
The diagnostic work-up of the disease includes the
definition of the stage and the prognostic assessment
of the disease with CT scan evaluations, bone marrow biopsy, physical examination (with evaluation of
Waldeyer ring involvement) and the EUS. In early stage
disease the diagnostic accuracy of endoscopic biopsy
is high (70%-90%), even if the efficacy can be lower in
cases of deep infiltration[93]. The stage of the disease is
limited to the gastric wall in the majority of cases[100] and
the definition of an involvement beyond the Muscularis
propriae is of fundamental prognostic importance[94,95]. For
prognostic purposes, the stage-modified IPI score for GI
DLBCL has been validated, based on the Lugano staging
system instead of the TNM and not taking into account
the involvement of the GI wall layers[101].
Follow-up assessment requires periodic endoscopic
evaluation with multiple biopsies. Generally, patients in
complete remission show a resolution of endoscopic
abnormalities[102]. However, the follow-up evaluation of
PG DLBCL recognizes, as sole tool, the performance of
endoscopic biopsies. This is due to the fact that a fibrotic
scar can remain, thus rendering the morphological imaging, such as the EUS, an unreliable tool to assess the
response to the treatment and for follow-up evaluation
(Figure 3D)[64].
Indeed, some studies, including patients with GI DLBCL, have indicated that EUS is not a reliable technique
for post-therapy assessment in this patient setting[67,103].
Our Group have also highlighted this aspect. We have
observed that the presence of EUS abnormalities did
not affect the progression-free survival of patients after
a short[67] and long term[64] follow-up. In a similar report
by Püspök et al[103], involving 33 patients, the concordance
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Other DLBC lymphomas
DLBCL represent almost 58% of the small intestine lymphomas[21]. Endoscopic findings are characterized by a
macroscopic feature of polypoid type in 25% of patients,
ulcerative type in 54%, multiple polyposis type in 5%,
diffuse-infiltrating type in 6% and mixed type in 10% of
patients[72]. Additionally, this lymphoma can also be complicated by intestinal perforation in a greater frequency
compared to other lymphomas especially if arise in the
small intestine[104].
The gross intestine is mainly involved by high grade
lymphomas, in particular DLBCL (about 50%-80% of
cases)[8]. Most involved region is sigmoid tract, followed
by rectum and ascending colon[21]. The etiology is unknown even if a state of immunodeficiency, such as HIV
infection or organ transplantation, can lead to the development of the lymphoma as reported by Doolabh et
al[105]. In more than half of patients there is a bulky mass
that can be appreciated with the physical examination
or the ultrasound of the abdomen[8]. Therefore, in many
cases, the first approach is the CT scan analysis that poses
the suspect of lymphoma when it detect the presence of
bulky mass and satellite lymph nodes (Figure 4).
On the other hand, the differential diagnosis is more
difficult when the lymphoma arises as a single bulky lesion[2,8]. In any case, due to the fact that colon lymphomas
are rare entities and can mimic solid non-hematological
malignancies, often the diagnosis is done on surgical approach[21]. Additionally, the fact that in the majority of
cases the underlying disease is an high grade type of lymphoma, surgery is performed in urgent way due to alarm
symptoms (sub-occlusion, body weight loss, hematochezia)[2,10]. This fact makes the colonscopy the less used approach to reach the diagnosis, even if it is considered the
golden standard in the non-urgent setting[8]. The main endoscopic feature is a unique large ulcerated mass[21], even
if also a polypoid aspects[21] and, very rarely, an annular
napkin-ring lesion can be present[106]. Additionally, the
macroscopic aspect can be a large pale mass[2] and this has
been indicated as a sign of differentiation from low-grade
lymphomas, especially if greater than 5 cm (bulky)[32].
Extension of the disease is different in the few series
that have taken into account this aspect. Gonzalez et al[107]
reported a case series of 15 patients, all of them at stage
IE according to the Lugano classification and the German study Group, in the study GIT NHL 01/92, found
similar results[27]. However DLBCL of the colon present
sometimes in advanced stage with multiple nodes and

13000

September 28, 2014|Volume 20|Issue 36|

Vetro C et al . Endoscopic features of GI lymphomas

bone marrow involvement and some reports indicated that
more than half of patients have a stage Ⅲ or Ⅳ disease[8].
Rarely, DLBCL arises in the rectum and few reports
have described this disease indicating that the typical endoscopic presentation is nodularity[108].

9
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CONCLUSION
GI lymphomas are rare diseases, but their prompt recognition, treatment and follow-up management is of crucial
importance for patient safety. The current review was
defined in order to give to the reader useful information
about GI lymphoma presentation and management with
particular emphasis to endoscopic and EUS features of
the disease from diagnosis to follow-up according to the
NHL histotype. The presented review emphasizes also
the importance in diagnosis and prognostic implication
of the endoscopic features of GI lymphomas and how
the GI localization can affect patient survival. Indeed, despite nodal lymphomas represent the most frequent lymphoma presentation, GI NHL are increasing in incidence
and prevalence and have been more and more studied
over the years. In many cases, the diagnosis is posed
on the basis of the endoscopic suspicion and also the
performance of EUS would be of great help in detecting sub-mucosal lesions. Additionally, small series have
investigated the role of EUS in the follow-up settings of
MALT and DLBCL of the stomach but the results are
not univocal and require further investigations.
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Abstract
Colon capsule endoscopy is recommended in Europe alternatively to colonoscopy for colorectal cancer screening in average risk individuals. The procedure has
also been proposed to complete colon examination in
cases of incomplete colonoscopy or when colonoscopy
is contraindicated or refused by the patient. As tissue
samples cannot be obtained with the current capsule
device, colon capsule endoscopy has no place in diagnosing ulcerative colitis or in dysplasia surveillance.
Nevertheless, data are accumulating regarding its feasibility to examine ulcerative colitis disease extent and
to monitor disease activity and mucosal healing, even
though reported results on the capsule’s performance
in this field vary greatly. In this review we present the
currently available evidence for the use of colon capsule endoscopy to complement colonoscopy failure to
reach the cecum and its use to evaluate ulcerative colitis disease activity and extent. Moreover, we provide an
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outlook on issues requiring further investigation before
the capsule becomes a mainstream alternative to colonoscopy in such cases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colon; Capsule endoscopy; Incomplete colonoscopy; Ulcerative colitis; Gastrointestinal endoscopy
Core tip: Colon capsule endoscopy has a potential to
become an endoscopic modality to investigate the
colon after incomplete colonoscopy and to estimate ulcerative colitis extent and activity. While for the former
indication strong evidence has been accumulating, for
the latter the evidence is still limited.
Triantafyllou K, Beintaris I, Dimitriadis GD. Is there a role
for colon capsule endoscopy beyond colorectal cancer screening? A literature review. World J Gastroenterol 2014; 20(36):
13006-13014 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13006.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13006

INTRODUCTION
Video capsule endoscopy (VCE) using an orally ingested
recording device was originally introduced by Given Imaging Ltd (Yoqneam, Israel) in 2000 as an endoscopic
modality to examine the mucosa of the small bowel[1], an
area of limited access to conventional endoscopy. Since
then, four more companies manufacture capsule endoscopes and small bowel capsule endoscopy has gained
significant diagnostic value as a tool for indications such
as obscure gastrointestinal bleeding, mapping and treatment response evaluation in Crohn’s disease, celiac disease diagnosis and diagnosis of small bowel tumors and
polyposis syndromes[2-4]. Moreover, the emergence of
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capsule endoscopes to investigate colonic and esophageal
mucosal lesions (PillCam™ Colon and PillCam™ ESO,
Given Imaging Ltd, Yoqneam, Israel) has augmented our
endoscopy armamentarium[5,6].
Our aim is to review the latest evidence regarding: (1)
the performance of colon capsule endoscopy (CCE) as a
complementation procedure to incomplete colonoscopy;
and (2) the feasibility of CCE to accurately estimate ulcerative colitis disease activity and extend.
Technical aspects of the colon capsule
The first generation of PillCam™ Colon (CCE1) was
introduced in 2006; it consisted of a small bio-friendly
coated capsule with a diameter of 11 mm and length of
31 mm, with two cameras, one at each side. It was able to
obtain four images-frames-per second (fps), covering an
area of 156o and spent approximately 90 min in sleeping
mode soon after its ingestion in order to save on recording time for colonic video capture[7].
Recently, the second generation of PillCam™ Colon
(CCE2) was introduced in the market featuring enhanced
technical properties, such as wider coverage angle (almost
360o), adaptive frame capture rate of 4 to 35 fps depending on its location and movement speed and capability of
recording images for approximately 10 h. Its new sophisticated recording device can accurately locate the capsule
in the small intestine in real time and it can generate visual and audio signals according to the capsule’s location,
guiding the patient to drink the purgative boosts[7]. This
makes an examination of the colon at home feasible for
the first time[8].
Based on experience from our center and others,
video interpretation time varies according to the level of
training and familiarity of the endoscopist with the procedure, ranging from 20 min for experts to 1 h - or even
more- for less experienced physicians.
Bowel preparation and precautions
The current European Society of Gastrointestinal Endoscopy (ESGE) recommendation[7] for colon capsule
endoscopy preparation is for using four liters polyethylene glycol solution administered split-dose (two liters the
day before the examination and 2 liters before capsule
ingestion) combined with oral use of prokinetics, lowvolume sodium phosphate (NaP) boosters and bisacodyl
suppositories to assist capsule propulsion and excretion.
Caution should be exercised when NaP is administered
to elderly, patients with dehydration or renal disease as
well as those receiving angiotensin-converting enzyme
inhibitors. Moreover, there are patients difficulties to adhere to this preparation protocol and its overall efficacy
for adequate bowel cleansing and capsule propulsion is
questionable[7] leaving room for active investigation for
more efficacious regiments, even using lower volumes[7].
The possibility of retention of the colon capsule in
the small bowel or colon is very low, but its occurrence
should prompt endoscopic or surgical intervention[7],
possibly leading to discovery of bowel stenoses or other
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significant findings predisposing to the device’s inability
to advance through the intestinal lumen.
Indications
Most of the literature on CCE to date involves colorectal cancer (CRC) screening. The diagnostic value of the
capsule in detecting significant colonic lesions (polyps ≥
6 mm or ≥ 3 polyps regardless of size) has been investigated in prospective trials[9-20] and two meta-analyses[21,22].
By pooling the data, the sensitivity and specificity for detection of significant polyps was 58% and 85%, respectively for CCE1[9-11,13-17]; method’s sensitivity and specificity greatly improved with the introduction of CCE2 to
83% and 89%, respectively[18-20]. Although these performance characteristics are derived from mixed (average
and high CRC risk) populations, a different performance
of the capsule is not expected in the setting of average
risk CRC screening population with significant polyps being a surrogate marker of advanced neoplastic potential[7].
Based on the above data, ESGE recommends CCE as an
alternative to colonoscopy in average risk individuals (i.e.,
without alarm symptoms and without family or personal
history of colorectal neoplasia)[7]. While data on costeffectiveness of introducing CCE as a screening tool for
CRC are lacking, a presumed increased uptake rate of the
test by the general population might provide a reasonable
basis for this approach[7].
Further to CRC screening, ESGE identified future potential applications of colon capsule endoscopy, although
data were scarce at that time. Areas of potential application of CCE include completion of the diagnostic workup of patients that have undergone incomplete colonoscopy (IC), colon examination in cases of contradicted or
informed refused colonoscopy, as well as, diagnosis and
evaluation of patients with ulcerative colitis[7]. We will
therefore present the evidence that has been accumulated
since 2012 for extending the indications of colon capsule
endoscopy.

INCOMPLETE COLONOSCOPY
Conventional colonoscopy is the gold standard for diagnosing colonic disease and screening for colorectal neoplasia[23]. Nevertheless, incompleteness of the procedure
is being encountered in 4%-20% of performed colonoscopies, mostly due to anatomical reasons (e.g., acute
angulations of the bowel, adhesions due to past surgery,
diverticulosis, hernias, obstructive lesions) or patient
intolerance[24-26]. Currently following an incomplete colonoscopy, patients are usually referred for CT colonography (CTC), especially when the reason for colonoscopy
failure is bowel obstruction. In this setting CTC may reveal synchronous lesions and extra-colonic findings that
might alter the clinical course of the patients[27]. However,
as reported in a large American asymptomatic patient
series CTC may miss lesions ≥ 10 mm in diameter in up
to 10% of patients[28]. CTC accuracy for the detection of
lesions that do not protrude in the lumen (e.g., flat adeno-
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mas) is also low, while operator dependency and exposure
to radiation are additional issues.
Other options after incomplete colonoscopy include
repetition of the examination by expert endoscopists or
under general anesthesia, the use of small caliber or variable stiffness endoscopes, device assisted colonoscopy,
cap-assisted or water immersion technique[29-32]. These
procedures however are not widely available and may not
lead to completion of the examination in 100% of the
cases.
CCE, a minimally invasive and painless method that
does not require sedation, may prove to be the “next-step”
after colonoscopy failure. Technically, complementation
of colonoscopy by CCE is considered successful when a
landmark already seen in colonoscopy (e.g., biopsy spot,
surgical anastomosis, tumor, tattooing) is also detected in
the capsule recording. Excretion of the capsule or visualization of the rectum or hemorrhoidal plexus confirms
completeness of the CCE procedure.
In 2008 Spada et al[33] used for the first time CCE1 after colonoscopy failure to inspect the colon further to the
sigmoid due to inflammatory stenosis in the left colon.
CCE identified the lesion observed in colonoscopy and
additionally revealed polyps proximally to the stenosis.
Subsequently, in a retrospective series of 12 patients with
incomplete colonoscopy due to anatomical reasons or
obstructing colonic lesions[34], CCE1 reached and visualized the colon segment at which colonoscopy stopped
in 50% of the patients. Moreover, four patients needed
further work-up after the two procedures with obvious
questions arising on the cost-effectiveness of the CCE
approach. Inadequate bowel preparation was also an issue
in this report since it was poor in 36% of patients, making images interpretation difficult. At the same period, a
new case of successful CCE colon examination in a patient with incomplete colonoscopy due to multiple intraabdominal adhesions appeared in the literature[35]. All
three reports did not identify any safety concern for the
use of CCE in this setting.
Based on the aforementioned reports and on the
preliminary data of a Greek prospective study[36], ESGE
recommended CCE as a feasible and safe tool for visualization of the colon in patients with incomplete colonoscopy without obstruction[7].
Thereafter, three European prospective studies using
the first generation CCE after incomplete or contraindicated colonoscopy have been published so far. In a
large prospective trial from France, 107 patients in whom
colonoscopy was either incomplete or contraindicated for
reasons precluding anesthesia administration underwent
colon examination with CCE1, either one day after colonoscopy or within 14 d later. A significant diagnosis was
made in 31% of the asymptomatic and in 35% of the
symptomatic patients respectively, including polyps, colon
cancer, angiodysplasias, diverticulitis, ischemia or inflammatory bowel disease. No CCE related adverse event was
reported, and patients were followed for 1 year in order
to confirm validity of CCE results. Importantly, the low-
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volume preparation administered during the study yielded
adequate bowel preparation in 76% of cases[37]. The main
limitation of this study is that the results are not reported
for the colonoscopy failure cases (n = 77) separately,
making comparisons to the following studies impossible.
However, it is until now the largest study that examined
the value of CCE in the setting of colonoscopy contraindication[37]. Another similar study using CCE2 reported
almost identical results, although adequate bowel preparation rate was low[38]. The final results of an ongoing large
French multicenter prospective study of CCE in cases of
contradicted or informed refused colonoscopy are still
awaited.
A recent Spanish study prospectively employed CCE1
in 34 patients with non-occlusive incomplete colonoscopy reporting overall colonoscopy complementation in
85.3% and study completion in 77% of the cases, respectively. In 60% of the patients the procedure was conclusive, while inconclusive CCE was mainly attributed to inadequate bowel cleansing (12/14 cases). During the 1-year
follow-up of patients with normal CCE, none received
additional intervention. A full colonoscopy preparation
regimen with polyethylene glycol in combination with
prokinetics, purgative boosters and a laxative suppository
used in this study yield relatively low overall bowel preparation adequacy (64.7%) and mild adverse events (nausea,
pain, vomiting) attributed to the regimen[39].
Finally, in a prospective trial from Greece, CCE1 was
performed in 75 patients, either immediately after colonoscopy failure (one third of them) or within the next 21
d. Capsule endoscopy successfully complemented colonoscopy in 91% of cases. Significant findings in areas unreached by colonoscopy where observed in 44% of the
patients. Overall, further work-up was requested for 23
patients; 15 of them ultimately underwent a third examination and 9 undertook a therapeutic intervention. The
major issue detected in this study was inadequate colon
preparation (in approximately 40% of the cases) that was
responsible for the majority of incomplete CCE cases[40].
The major strength of the study is that it showed for
the first time that CCE can be performed effectively and
safely immediately after incomplete colonoscopy, thus
minimizing the burden for the patients. Other strengths
include the assessment of patients’ acceptance rate for
CCE - 82% of the patients would undergo the procedure
again if needed - and the 2-year follow-up period during
which no significant missed lesion was diagnosed, overcoming, at least partially, the lack of a reference study to
CCE examination[40].
All three[37,39,40] fully published studies have several
methodological limitations. Mixed[37] or relatively selected[39,40] study population, use of first generation capsule endoscopes[37,39,40] and use of preparation regimens
that are currently not recommended[37,39,40] might prevent
the generalizability of the results. Moreover, uncertainty
regarding the documentation of the successful CCE
colonoscopy complementation[39,40], small and unjustified
sample size[39], absence of blinded central CCE reading[40]
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Case report
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(n = 77)
Prospective cohort study
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13009

and most of all, the lack of a reference procedure that could serve as a gold standard[37,39,40] are issues that are expected to be adequately addressed by the ongoing studies.
During the 2013 United European Gastroenterology Week held in Berlin, Germany, the results of 3 more studies on the use of CCE after incomplete colonoscopy were
presented. Firstly, preliminary data from a German prospective trial involving 45 patients who undertook second generation CCE showed that the capsule complemented incomplete colonoscopy in 87% of patients and detected polyps in segments unreached by colonoscopy in 18% of them. A low volume regimen of polyethylene glycol was administered in this study, leading to adequate colon cleanness in 70% of cases[41]. Secondly, data from a recently completed prospective Italian trial comparing second generation
CCE with CTC after incomplete colonoscopy in 100 patients showed that CCE displayed superior diagnostic yield than CTC in finding polyps ≥ 6 mm; CCE’s complementation rate was almost 100%[42]. Thirdly, results from a prospective trial from Spain enrolling 96 patients after colonoscopy failure showed that CCE2 complemented colonoscopy
in 93% of cases, despite the relatively low procedure completion rate (72%); findings leading to medical or surgical intervention were detected in 43 patients[43].
To complete the literature puzzle, a recent case series showed that the use of CCE2 in 3 patients with incomplete colonoscopies undergoing Crohn’s disease work-up revealed erosions in the stomach, small bowel and colon, leading to correct evaluation of the disease extend and effective treatment decisions[44].
Table 1 provides a summary of existing data regarding the performance of CCE in the setting of incomplete colonoscopy. The final results of the German and Spanish
studies[41,43] are expected to clarify the performance of the second generation colon capsule endoscope in incomplete colonoscopy cases and probably elucidate the efficacy and
safety of new, lower dose colon preparation regiments. Moreover, the full publication of the Italian study[42] results is expected to strengthen the role of CCE in colon evaluation with equal performance characteristics to CT colonography that is currently recommended as the first alternative examination after incomplete colonoscopy. Furthermore,
in the era of fiscal austerity[45] the use of an expensive modality like CCE might not be justified in certain countries with limited resources and cost-utility studies might be requested in certain settings.

Depending on the timing of the procedure. IC: Incomplete colonoscopy; NR: Not reported; PEG: Polyethylene glycol solution; MoviPrep®: Trade mark of a lower-dose polyethylene glycol based solution; NaP: Sodium phosphate;
CCE: Colon capsule endoscopy; CTC: Computed tomography colonography.
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Table 1 Performance of colon capsule endoscopy after incomplete colonoscopy
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ULCERATIVE COLITIS
Recent data highlight the importance of mucosal healing (i.e., absence of friability, erosions or ulcerations at
endoscopy) for treatment decisions and prognosis of ulcerative colitis (UC). Achieving this endoscopic goal leads
to lower rates of hospitalization, surgery and dysplasia
development in UC patients, with high impact on their
quality of life[46-49].
The performance of CCE for the diagnosis of UC
was firstly published in 2012[50]. One hundred patients
with possible or known ulcerative colitis were studied;
conventional colonoscopy bowel preparation regimen
assisted by NaP boosters, prokinetics and a laxative was
used and CCE was performed prior to colonoscopy using the first generation capsule endoscope. The procedure was completed in 96 patients and bowel preparation
was adequate in 64% of the cases. With colonoscopy
serving as the gold-standard, CCE displayed a sensitivity
and specificity of 89% and 75%, respectively for the diagnosis of active ulcerative colitis. The authors concluded
that the procedure is safe, but its low specificity, mainly
attributed to poor preparation and rapid colon transit,
precluded its use for the grading of disease activity. The
absence of disease extent documentation and the interpretation of CCE images by a single physician were the
main limitations of the study. Manes et al[51] commented
on this study, highlighting the issue of poor bowel
preparation attributed, according to the authors, to the
unpredictable efficacy of laxatives in the inflamed bowel
mucosa. Presenting their experience in 18 patients, they
showed that bowel preparation was adequate in only 44%
of them and CCE1 agreed with colonoscopy findings in
55% and 61% of cases regarding activity and extent of
disease, respectively.
Until today, the Hong Kong study[50] is the largest
published on this field. For the purpose of the review, we
will briefly summarize the rest of the existing evidence
regarding the use of CCE to evaluate ulcerative colitis
disease activity and extend. The reader should have in
mind that this evidence has accumulated through case
reports or small patients’ cohorts providing very weak
evidence to support this CCE indication.
There are 3 more published small studies that included
67 patients overall, reporting controversial results on the
performance of CCE in UC patients. Meister et al[52] compared CCE1 to colonoscopy for the evaluation of disease
activity and extent in 13 patients with known UC. Bowel
preparation using PEG was deemed adequate in 90%
of the patients and CCE was complete in 10 of them.
Investigators reported that CCE underestimated disease
activity and did not reliably characterize disease extent.
The main strength of the study was the evaluation of
results by six blinded physicians, while the small size of
the cohort was its main limitation. Almost at the same
period, a Japanese feasibility study presented data from
29 patients with known UC who underwent CCE2 with
same day colonoscopy, after bowel preparation with low-
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volume polyethylene glycol solution and prokinetics.
Results showed a strong correlation of CCE with colonoscopy findings regarding disease activity, especially in
areas proximal to the left colon, although the modified
preparation regimen led to adequate cleansing in less than
half of the cases[53]. Finally, significant agreement between the two procedures for the assessment of severity
(κ = 0.751, P < 0.001) and disease extent (κ = 0.522, P <
0.001) was demonstrated in a study that included 25 UC
patients. Despite the use of lower volume preparation
colon cleansing adequacy was 80% and all procedures
were completed[54].
During the 2013 European Crohn’s and Colitis Organization annual meeting, preliminary data of 4 more
studies were presented. A Spanish study that included 19
UC patients reported that colonoscopy and CCE findings
correlated regarding disease activity and extent (κ = 0.184
and (κ = 0.709), respectively[55]. Similarly, Singeap et al[56]
investigated the correlation of CCE2 with colonoscopy
findings in 15 UC, Crohn’s disease and unclassified colitis
patients. In 6 patients CCE displayed findings consistent
to those of colonoscopy regarding severity and extent
of disease, while in two more the capsule guided the differential diagnosis between Crohn’s disease and UC diagnosis. The level of agreement between the two modalities
was related to the quality of bowel preparation. Exploring the uncertainty about the type of bowel preparation
regiment for UC patients undergoing CCE, Kobayashi et
al[57] evaluated the efficacy of a low-volume preparation
regimen consisting of two liters of polyethylene glycol
or polyethylene glycol plus isotonic magnesium citrate
solution, with the later leading to higher CCE completion
rate (85% vs 69%) and higher adequacy of colon preparation. CCE findings were comparable to colonoscopy
findings in both groups. Finally, Oliva et al[58] investigated
the performance of CCE2 in 29 pediatric UC patients.
The sensitivity specificity, positive predictive value and
negative predictive value of CCE for inflammation detection were 95%, 100%, 100% and 85%, respectively. There
was no significant difference between CCE and colonoscopy in assessing disease activity and no serious adverse
events occurred. The main strength of the study was the
independent review of CCE and colonoscopy images by
blinded to the procedures physicians. These very promising results highlight for the first time the usefulness of a
non-invasive and painless procedure like CCE in the sensitive pediatric population.
Details of the aforementioned studies on the performance of CCE in UC patients are summarized in Table 2.
Unfortunately, the quality (small, unjustified sample sizes
and inadequate methodology) of the available, the different preparations schemes administered in the studies
and the inconsistent results do not firmly support the use
of CCE for evaluating the activity and the extent of the
disease. Large, controlled trials employing more effective
preparation regimens and assuring evaluation of CCE
and colonoscopy images by blinded investigators are
needed before CCE becomes a mainstream alternative to
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< 50%
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44%
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100%

69%-85%
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84%

100%

69%

77%

90%
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of CCE

Limitations
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regarding disease activity evaluation,
high agreement in disease extent

Small sample size, histology not
reported

Lack of documentation of disease
extent, histological proof of
activity not reported
Moderate correlation in activity and Small sample size, histology not
extent evaluation
reported
CCE underestimates disease activity,
Small sample size, lack of
poor extent estimation
histological verification of activity,
histological proof of disease
activity was not obtained
Strong correlation for activity
Small cohort, most patients had
evaluation
mild disease, histological proof of
disease activity was not obtained
Strong correlation regarding disease
Small sample size
activity/extent
Strong correlation in activity/extent Small sample size, histology not
evaluation
reported
Correlates with colonoscopy findings Small sample size, histology not
(activity/extent), assists in the accurate
reported
diagnosis of undetermined colitis
Comparable evaluation of disease
Small sample size, histology not
severity
reported

High PPV, low NPV in activity
evaluation

CCE performance compared to
colonoscopy

Colon capsule endoscopy is a relatively novel procedure mainly indicated for colorectal neoplasia screening in average-risk individuals with no alarm symptoms. The procedure
may also be offered as an alternative to high-risk patients when colonoscopy is either non acceptable or contraindicated.
Based on the reviewed data and in accordance with the 2012 ESGE recommendations, CCE may also represent a safe and feasible test in patients with non-obstructing incomplete colonoscopy. The non-invasive nature of CCE might encourage patients to complete their work-up after an often displeasing incomplete colonoscopy experience[59].
The results of large scale randomized controlled trials comparing this approach with alternatives such as CT colonography are expected to support this recommendation and
define which patients may benefit more from the procedure. Given the fact that the diagnostic yield of CCE is proportional to the adequacy of the bowel preparation, efforts

CONCLUSION

colonoscopy for monitoring mucosa inflammation in patients with UC.

CCE: Colon capsule endoscopy; PEG: Polyethylenoglycol; MoviPrep®: Trade mark of a lower-dose polyethylene glycol based solution; NaP: Sodium phosphate; PPV: Positive predictive value; NPV: Negative predictive value;
UC: Ulcerative colitis; NR: Not reported.
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Table 2 Performance of colon capsule endoscopy for the assessment of inflammation severity and disease extent in ulcerative colitis patients, as compared to colonoscopy
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should be directed to its standardization.
The cost of each of the common colon cancer
screening modalities is another issue for consideration.
The average cost of a colon capsule endoscopy procedure in the US lies approximately at $950, which is more
or less the same as that of a diagnostic colonoscopy[60],
even though recent reports from the United States that
the cost of the latter may reach significantly higher
proportions when costs such as that of anesthesia are
included[61]. On the other hand, the charge for a CT-colonography is approximately $500 but the need for more
frequent (every 5 years) repetition for screening purposes
make it a more costly approach than colonoscopy[62]. In
Europe the cost of the capsule is approximately €700,
much higher than that of a conventional colonoscopy.
Further cost-analysis studies are required to determine
the role of CCE in colorectal cancer screening. The reading time of the captured video footage should also be
taken under consideration when considering implementation of the capsule as a screening modality.
Since capsule endoscopy cannot perform tissue sampling for histology yet, it cannot replace standard colonoscopy for the diagnosis of UC and for surveillance for
inflammation related neoplasia. However, CCE might
have a significant role for the endoscopic monitoring of
patients treatment; mucosal healing having been established as a main prognostic factor in IBD. This painless,
non-invasive tool might also monitor inflammation in
UC patients who cannot tolerate colonoscopy. To date,
data on this field are scarce and of low quality. Available
studies are limited by small population sizes, inappropriate methodology, large variability regarding bowel preparation schemes and inconsistent results regarding evaluation of both disease activity and extent.
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Abstract
Variceal bleeding is a life-threatening complication of
portal hypertension with a six-week mortality rate of
approximately 20%. Patients with medium- or largesized varices can be treated for primary prophylaxis of
variceal bleeding using two strategies: non-selective
beta-blockers (NSBBs) or endoscopic variceal ligation
(EVL). Both treatments are equally effective. Patients
with acute variceal bleeding are critically ill patients.
The available data suggest that vasoactive drugs, combined with endoscopic therapy and antibiotics, are the
best treatment strategy with EVL being the endoscopic
procedure of choice. In cases of uncontrolled bleeding,
transjugular intrahepatic portosystemic shunt (TIPS)
with polytetrafluoroethylene (PTFE)-covered stents
are recommended. Approximately 60% of the patients
experience rebleeding, with a mortality rate of 30%.
Secondary prophylaxis should start on day six following
the initial bleeding episode. The combination of NSBBs
and EVL is the recommended management, whereas
TIPS with PTFE-covered stents are the preferred option in patients who fail endoscopic and pharmacologic
treatment. Apart from injection sclerotherapy and EVL,
other endoscopic procedures, including tissue adhesives, endoloops, endoscopic clipping and argon plasma
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coagulation, have been used in the management of
esophageal varices. However, their efficacy and safety,
compared to standard endoscopic treatment, remain to
be further elucidated. There are safety issues accompanying endoscopic techniques with aspiration pneumonia
occurring at a rate of approximately 2.5%. In conclusion, future research is needed to improve treatment
strategies, including novel endoscopic techniques with
better efficacy, lower cost, and fewer adverse events.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal varices; Primary prophylaxis;
Variceal bleeding; Secondary prophylaxis; Cirrhosis; Endoscopic treatment
Core tip: Endoscopic therapy is the major treatment
option in the management of patients with esophageal
varices and liver cirrhosis. The current treatment guidelines recommend the use of endoscopic therapy in both
primary and secondary prophylaxis, as well as in the
setting of the acute bleeding episode, along with pharmaceutical agents. This review summarizes data from
randomized clinical trials and prospective clinical studies along with meta-analytical data, when applicable,
to present the most updated recommendations for the
endoscopic management of esophageal varices.
Triantos C, Kalafateli M. Endoscopic treatment of esophageal
varices in patients with liver cirrhosis. World J Gastroenterol
2014; 20(36): 13015-13026 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/13015.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.13015

INTRODUCTION
In patients with liver cirrhosis, esophageal varices are
portosystemic collateral venous channels related to por-
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tal hypertension. The gold standard for the diagnosis
of esophageal varices is esophagogastroduodenoscopy
(EGD) which must be performed at the time of cirrhosis
diagnosis[1]. In addition, other methods, such as platelet
count, spleen size, portal vein diameter, transient elastography, and capsule endoscopy, have also been assessed in
esophageal varices diagnosis[2,3]. In compensated cirrhosis
(absence of varices at baseline endoscopy), EGD should
be repeated every two to three years, whereas in patients
with small varices, every one to two years. In the setting
of decompensation, EGD for variceal screening should
be performed annually[1]. Hepatic venous pressure gradient (HVPG) is a surrogate marker of portal hypertension and values > 10 mmHg are predictive of variceal
formation and decompensation[4]. Variceal bleeding occurs when HVPG is ≥ 12 mmHg[5,6]. HVPG values >
20 mmHg are associated with failure to control bleeding,
early rebleeding, and mortality in the setting of acute variceal bleeding[7]. Although HVPG measurement is a significant prognostic indicator of cirrhosis, it is performed
only in few centers, as it is an expensive and invasive
procedure. Variceal bleeding is a life-threatening complication of portal hypertension. However, mortality rates
have declined due to the progress in the management of
patients with esophageal varices and acute variceal bleeding (AVB)[8]. Furthermore, advances in endoscopic techniques have also significantly contributed to the improved
survival rates.
Randomized clinical trials (RCTs) and prospective
studies were evaluated for (1) the prophylaxis of first variceal bleeding; (2) the management of the acute bleeding
episode; and (3) the secondary prophylaxis of rebleeding
from esophageal varices. Collected data were used to assess the role of endoscopic treatment using meta-analytical data analysis, when applicable, in an effort to report
the most recent advances in the treatment of esophageal
varices. The role of endoscopic treatment vs no intervention or other treatments, in patients with liver cirrhosis
and esophageal varices, was assessed.

ENDOSCOPIC TREATMENT AS A
PRIMARY PROPHYLAXIS OF VARICEAL
BLEEDING
The term primary prophylaxis refers to the prevention
of the first variceal bleeding in patients with liver cirrhosis. According to the Baveno V consensus, there are
two main strategies for the primary prophylaxis of AVB
from medium or large varices[9]. These include either the
administration of non-selective beta-blockers (NSBBs) or
repeated sessions of endoscopic variceal ligation (EVL)
until variceal eradication.
NSBBs act by decreasing HVPG values to < 12
mmHg or by ≥ 20% from baseline one to three months
after the initiation of treatment. The acute hemodynamic
response to beta-blockers (20 min after the administration of propranolol) has been shown useful in predicting
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the long-term risk of first bleeding by reducing HVPG
by ≥ 10% from baseline values[10,11]. Bureau et al[12] studied HVPG in 34 cirrhotic patients before and after treatment with NSBBs (20 patients were treated for primary
prevention and 14 for secondary prevention). The nonresponders, characterized as those not showing a decrease
of HVPG values to < 12 mmHg or by ≥ 20% from
baseline, received isosorbide-5 mononitrate. Among the
20 patients (59%) with a hemodynamic response, variceal
bleeding occurred in 10%, as compared to 64% in 14
non-responders. Endoscopic therapies have a local effect
on reducing wall tension by obliterating the varices. However, these therapies lack the ability to decrease portal
venous inflow or resistance.
Sclerotherapy
Endoscopic injection sclerotherapy has been evaluated
as a primary prophylaxis[13]. This method is invasive,
expensive, and associated with potential life-threatening
complications. Therefore, sclerotherapy has been abandoned as a viable option in the treatment of esophageal
varices[14-16].
EVL vs no intervention
Meta-analysis of eight RCTs [17] comparing EVL to
no treatment showed EVL reducing both the risk of
first portal hypertensive bleeding (OR = 0.3, 95%CI:
0.17-0.53) and mortality (OR = 0.42, 95%CI: 0.3-0.6)
(Table 1) with no statistical heterogeneity for either bleeding or mortality.
EVL vs NSBBs
A recent meta-analysis included 19 RCTs with 1504 patients, of which 731 had the EVL arm, and 773 had the
beta-blockers arm. In this study, propranolol was used in
17 trials, while nadolol and carvedilol were each used in
one trial[18]. In total, 176/731 patients (24.1%) randomized to EVL and 177/773 patients (22.9%) randomized
to NSBBs died. Random effects model meta-analysis
showed no difference in mortality between the intervention groups (Table 1). EVL appeared to have a beneficial
effect on upper gastrointestinal bleeding (RR = 0.68,
95%CI: 0.52-0.90) and it reduced the incidence of variceal bleeding compared to NSBBs (13.0% vs 19.0% of patients) (Table 1). However, the beneficial effect of EVL
on bleeding was not confirmed in subgroup analyses of
trials with adequate randomization or in the full paper
articles. No difference was observed between the two interventions regarding bleeding-related mortality (5.1% vs
6.3%, RR = 0.85, 95%CI: 0.53-1.39), whereas both interventions were associated with adverse events. Carvedilol (n
= 77) in primary prophylaxis showed a significantly lower
rate of first variceal bleeding compared to EVL (n = 75)
(10% vs 23%, 95%CI: 0.19-0.96)[19]. Overall mortality
and bleeding-related mortality did not differ significantly
between the two treatments (35% vs 37%, and 3% vs 1%,
respectively). In the EVL group, six patients had banding
ulcer-related bleeding.
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Table 1 Endoscopic treatment as a primary prophylaxis of
variceal bleeding in patients with cirrhosis
Treatment
comparisons
EVL vs NT
NSBBs vs EVL

No. of
trials

Number of
patients

Bleeding
OR (95%CI)

Mortality
OR (95%CI)

8
19

738
1504

0.3 (0.17-0.53)
0.66 (0.45-0.96)

0.42 (0.3-0.6)
1.09 (0.92-1.30)

EVL: endoscopic variceal ligation; NSBBs: non-selective beta-blockers;
NT: no treatment.

EVL with NSBBs vs NSBBs
Combination treatment of EVL and beta-blockers is not
recommended for primary prophylaxis of variceal bleeding. Gheorghe et al[20] randomized 72 patients with highrisk esophageal varices listed for liver transplantation to
receive either combined treatment of EVL with propranolol or propranolol monotherapy. Six percent of patients in the combination group and 31% in the monotherapy group had a bleeding episode during follow-up
(mean: 18 mo). The actuarial probability of bleeding-free
survival, after follow-up, was 96% (the combination) and
69% (monotherapy). Another randomized study used
cirrhotic patients with high-risk for esophageal varices
treated with either EVL plus nadolol (n = 70) or nadolol
monotherapy (n = 70)[21]. Their results showed no statistical difference in a 26-mo follow-up period between the
two groups for upper gastrointestinal bleeding (26% vs
18%, respectively). Variceal bleeding did occur in 14% (n
= 10) and 13% (n = 9) of the patients, respectively. Mortality was the same in both groups (n = 16 in each arm).
Adverse events were more frequent in the combination
treatment compared to the monotherapy group (68% vs
40%). The two episodes of variceal bleeding were attributed to ligation.
Only one RCT, including 144 patients (12% noncirrhotic portal hypertension), compared EVL with propranolol (n = 72) to EVL monotherapy (n = 72)[22]. The
actuarial probability of the first bleed at 20 mo was 7% in
the propranolol group and 11% in the EVL monotherapy
group. Similarly, the actuarial probabilities of overall and
bleeding-related mortalities were comparable between the
two groups.
Summary
The current treatment guidelines suggest two treatment
strategies, NSBB or EVL, in the prevention of first variceal bleeding of medium and large esophageal varices[9].
Considering that both treatment options have the same
efficacy, the selection criteria should include other important issues such as adverse effects and cost. There are
safety issues concerning EVL in the primary prophylaxis
of variceal bleeding. In a previous study, EVL and no
treatment were compared with intolerance or contraindications to beta-blockers in cirrhotic patients[17]. This trial
was stopped prematurely due to increased bleeding in the
EVL group, which was presumed mostly iatrogenic. In a
prospective cohort study, patients with contraindications,
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intolerance or no-response to beta-blockers and treated
with EVL achieved protection from variceal bleeding
comparable to that of good beta-blocker responders[23].
However, Reiberger et al[24] recently demonstrated that
the efficacy of EVL is limited in patients lacking hemodynamic response to NSBBs (propranolol or carvedilol).
This was further supported by de Souza et al[25], who
showed that patients with first AVB while on treatment
with NSBBs, had an increased risk for further bleeding
and death, despite the addition of EVL. Although data
regarding the risk for paracentesis-induced circulatory
dysfunction in cirrhotic patients with refractory ascites
following beta-blocker usage exist, further studies are
needed to confirm these findings[26]. Current evidence
shows NSBBs to be effective in primary prophylaxis of
variceal bleeding. Hence, these drugs could be considered
a first-line treatment due to their effectiveness, inexpensiveness, ease of administration, and lack of adverse
events. EVL is also a good treatment option, especially
for patients with contraindications or intolerance to
beta-blockers, and possibly patients with refractory ascites[27]. The efficacy of EVL in non-responders to betablockers needs further evaluation, as current evidence is
contentious. Novel drugs, decreasing portal pressure and
improving hepatic endothelial dysfunction, need to be
further investigated. Simvastatin, alone or combined with
NSBBs, decreases HVPG and liver perfusion in patients
with cirrhosis, nonetheless, its beneficial effects require
further confirmation[28].

ENDOSCOPIC TREATMENT OF AVB
Cirrhosis-associated AVB is an emergent clinical condition which, depending on the underlying etiology of
liver disease, has an incidence range of 5% to 15%, and
a six-week mortality rate of approximately 20%[29-31]. The
major predictors of first variceal bleeding are advanced
liver disease, the size of varices, the endoscopic presence
of red wale marks[32] and an HVPG value > 12 mmHg[33].
Baveno V guidelines recommend the combination of
endoscopic, pharmacologic, and antibiotic treatment in
the management of AVB[9]. Usage of antibiotics upon
admission significantly improves survival, suggesting
bacterial infections may trigger variceal rupture[34]. Upper gastrointestinal bleeding, when cirrhosis is suspected,
should be treated promptly after admission with vasoactive agents, such as vasopressin, somatostatin, and their
analogues, with continuous treatment for three to five
days. Endoscopy should be performed within 12 h of
admission. Endoscopic criteria for the AVB diagnosis are:
(1) endoscopic presence of active bleeding from a varix;
(2) the finding of a varix with a white nipple or clots;
or (3) the presence of varices without any other source
of bleeding[35]. In patients with massive bleeding and/or
presence of overt hepatic encephalopathy, airway protection with endotracheal intubation and mechanical ventilation should be performed, considering the high risk for
aspiration[36].
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Table 2 Endoscopic treatment of acute variceal bleeding in patients with cirrhosis
Treatment comparisons
Vasoactive drugs vs sclerotherapy
EVL vs sclerotherapy
Sclerotherapy + drugs vs sclerotherapy
Endoscopy + drugs vs endoscopy
Sclerotherapy + drugs vs drugs

Number of trials Number of patients
17
12
8
8
4

1817
1309
1026
939
400

Failure to control bleeding OR (95%CI)
-0.02 (-0.06-0.02)
0.025 (-0.004-0.046)
-0.132 (-0.181-0.084)
1.12 (1.02-1.23)
-0.163 (-0.239-0.087)

Mortality OR (95%CI)
-0.02 (-0.06-0.02)
0.013 (-0.023-0.049)
0.034 (-0.004-0.071)
0.73 (0.45-1.18)
-0.055 (-0.127-0.018)

EVL: endoscopic variceal ligation.

Endoscopic treatment vs vasoactive drugs
A recent Cochrane meta-analysis of 17 trials compared
the efficacy of vasoactive drugs with that of injection
sclerotherapy[37]. No significant differences were observed
between the sclerotherapy and each vasoactive regimen
for any outcome tested: (1) failure to control bleeding;
(2) five-day treatment failure; (3) rebleeding; (4) mortality;
(5) number of blood transfusions; and (6) adverse events.
When combining all the trials, irrespective of the vasoactive drug, the results were similar (Table 2). However,
there was a significant difference regarding adverse events
(risk difference = 0.08, 95%CI: 0.03-0.14) and serious
adverse events (risk difference = 0.05, 95%CI: 0.02-0.08)
being more frequent with sclerotherapy. Thus, although
injection sclerotherapy is as efficacious as vasoactive
drugs in AVB, it is accompanied by a higher incidence of
complications.
EVL has been compared to somatostatin in one RCT
with 62 and 63 patients with AVB, in each treatment
group respectively[38]. Treatment failure was significantly
lower in the EVL group (4.8%) compared to the somatostatin group (31.7%) with fewer transfusion requirements and a tendency towards a shorter hospital stay.
However, the adverse events and 42-d mortality were
similar.
Endoscopic treatment combined with vasoactive drugs
vs vasoactive drugs
A meta-analysis showed that the combination of injection sclerotherapy with vasoactive agents had significantly
fewer treatment failures to control bleeding compared to
vasoactive drugs alone[39]. Although a 5.5% survival difference was found favoring the combination group, it was
not statistically significant (Table 2). A RCT showed that
treatment failure (defined as active bleeding 72 h after
treatment, no completion of EVL procedure or death),
hospital stay, and transfusion requirements were less frequent in the group receiving a combination of EVL and
octreotide compared to the group receiving octreotide
monotherapy[40].
Endoscopic treatment combined with vasoactive drugs
vs endoscopic treatment
A meta-analysis of eight RCTs showed the combination
of sclerotherapy with vasoactive drugs is better in controlling bleeding than sclerotherapy alone. However, there
was no difference in survival between the two treatments
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(Table 2)[39]. Avgerinos et al[41] showed that early administration of somatostatin, prior to emergency sclerotherapy,
was more effective than placebo. Furthermore, patients
receiving somatostatin had fewer transfusion requirements, less active bleeding at endoscopy, less need for
rescue therapy, and lower rates of mortality. A combined
endoscopic treatment (sclerotherapy or EVL) with somatostatin, octreotide, or vapreotide showed better initial
bleeding control than endoscopy alone, as well as fiveday hemostasis (RR = 1.28, 95%CI: 1.18-1.39), with a
number needed to treat of eight and five, respectively[42].
The significant difference remained even when: (1) using
drugs other than octreotide; (2) including a low proportion of alcoholic patients (< 40%); or (3) excluding highrisk cirrhotic patients (< 35% of Child-Pugh C patients).
However, mortality was not significantly decreased by the
combined treatment (Table 2), and severe adverse events
were similar in both groups.
Sclerotherapy vs EVL
EVL is, by consensus, the recommended endoscopic
procedure, although sclerotherapy could be used if ligation is technically difficult[9]. EVL has been shown to
be significantly better in bleeding control compared to
sclerotherapy, but with a difference of only 2.5%[39]. The
percentage difference for mortality was 1.3% in favor of
ligation, although not statistically significant (Table 2).
Villanueva et al[43] randomly assigned patients with AVB
receiving either intravenous somatostatin to EVL (n =
90) or injection sclerotherapy (n = 89). Ligation showed
less failure to control bleeding than sclerotherapy (4% vs
15%) and resulted in a significantly higher six-week survival rate (83% vs 67%). The rate of complications (28%
vs 14%) and the rate of major side effects (RR = 3.1,
95%CI: 1.1-9.1) were higher with sclerotherapy compared
to EVL. However, subgroup analysis of patients with active bleeding showed that the therapeutic failure was not
significantly different (sclerotherapy, 24%; EVL, 18%;
RR = 1.3, 95%CI: 0.4-4.8). In an RCT, a sustained rise of
portal pressure was observed after injection sclerotherapy
for AVB (n = 25) with HVPG remaining high during the
120 h study period. On the other hand, HVPG returned
to the baseline values within 48 h after EVL (n = 25)[44].
This sustained HVPG increase, following sclerotherapy,
might explain the higher rebleeding rate observed with
sclerotherapy than with EVL (40% vs 12%) during the
42-d follow-up.
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Management of uncontrolled variceal bleeding
The term uncontrolled variceal bleeding is used to describe continuous or recurrent (within five days) bleeding
in spite of the initiation of the adequate pharmacologic
and endoscopic treatment. The occurrence ranges for uncontrolled variceal bleeding are between 10% and 20%[1].
Transjugular intrahepatic portosystemic shunt (TIPS)
with polytetrafluoroethylene (PTFE)-covered stents is the
“salvage” therapy of choice in this setting[9].
Monescillo et al[45] evaluated high-risk variceal bleeders (HVPG ≥ 20 mmHg), randomly allocated to either
receive TIPS (n = 26) within the first 24 h after admission
or not. The non-TIPS group had significantly more treatment failures. Early TIPS placement reduced treatment
failure, as well as both in-hospital and one-year mortality.
However, potential issues with the study include a lack
of continued pharmacologic therapy and EVL in the
non-TIPS group, as well as usage of bare stents in the
early-TIPS group. Furthermore, the decision to use TIPS
was based on the HVPG measurement. In a subsequent
study, García-Pagán et al[46] randomly assigned patients
with cirrhosis and AVB with high probability for treatment failure (Child-Pugh class C < 14 points or ChildPugh class B and active bleeding at endoscopy) to receive
either standard pharmacologic and endoscopic treatment
with TIPS with PTFE-covered stents (early-TIPS group,
n = 32) or continued pharmacotherapy and EVL (pharmacotherapy-EVL group, n = 31). The pharmacotherapyEVL group had a 50% one-year actuarial probability of
remaining free of rebleeding compared to a 97% probability in the early-TIPS group. The one-year actuarial
survival was 61% in the pharmacotherapy-EVL group
and 86% in the early-TIPS group. However, the oneyear actuarial probability of hepatic encephalopathy was
28% in the early-TIPS group compared to 40% in the
pharmacotherapy-EVL group (95%CI: 18-40), which was
not significantly different. No differences were observed
between the two groups in terms of serious adverse
events. The results of this RCT were supported by a later
retrospective analysis of data from the same center[47]. A
recent study of early TIPS placement is also promising,
with rebleeding, 30-d, and six-month mortality rates of
9.7%, 12.9%, and 19.3%, respectively[48].
Balloon tamponade, as a single therapy, may control
initial variceal hemorrhage in > 80% of cases[49]. However, hemostasis is transient and it is associated with a
high rate of complications (aspiration pneumonia, migration, necrosis of the esophagus, airway obstruction) and a
mortality rate of 20%[3]. It is recommended that balloon
tamponade should only be used as a temporary bridge
until definite treatment is applied, not exceeding 24 h of
treatment[9]. A new alternative to balloon tamponade is an
SX-Ella Danis stent, a removable, covered, self-expanding metal stent that controls bleeding by tamponading the
varices. In a case-series (n = 10), the safety and efficacy
of SX-Ella Danis stents in refractory variceal bleeding
were evaluated[50]. This procedure had a bleeding control
failure rate of 30% and overall 42-d mortality rate of
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50%. Six patients survived the acute bleeding episode and
had stents removed endoscopically at a median of nine
days after insertion. One patient had a minor ulceration
of the esophagus caused by stent insertion. Another case
series involving seven patients with variceal bleeding that
were nonresponsive to standard treatment reported an
initial control of bleeding of 89%, followed by high fiveday treatment failure (56%) and six-week mortality (77%)
rates[51]. A United Kingdom-multicenter RCT is in the
process of recruiting participants for a study comparing SX-Ella Danis stents against standard endoscopic
techniques for treatment of esophageal variceal hemorrhage (NCT01851564). A Spanish-based RCT is also in
the process of recruiting patients with variceal bleeding
that is refractory to medical and endoscopic therapy for
a study comparing Danis stent with balloon tamponade
(NCT01242280).
Summary
The available data suggest that emergency endoscopic
treatment with EVL at the time of the initial diagnostic
endoscopy should be the gold standard for the management of the AVB episode. Sclerotherapy can be used
when ligation is technically difficult. The combination of
EVL with vasoactive drugs given as soon as possible after
admission is currently the best option. Emergency TIPS
with PTFE-covered stents is a common practice in controlling bleeding from esophageal varices; however, only
certain centers can offer this emergency service. Future
randomized trials exploring the role of self-expandable
esophageal stents should be performed.

ENDOSCOPIC TREATMENT AS A
SECONDARY PROPHYLAXIS OF
VARICEAL BLEEDING
After a variceal bleeding episode, there is a high risk for
rebleeding and death. Rebleeding rate is approximately
60% with a mortality rate of 30%, one to two years after
the initial bleeding episode[52]. According to Baveno V,
secondary prophylaxis should start as soon as possible in
all patients with previous variceal bleeding, and the combination of NSBBs and EVL is the preferred treatment
option[9].
Sclerotherapy
Although sclerotherapy reduces the rates of variceal rebleeding and improves survival compared to no intervention, it is associated with frequent and potentially serious
adverse events[13]. Studies comparing sclerotherapy to
NSBBs or in combination with NSBBs showed no difference in rebleeding or mortality rates[12,53,54].
A recent meta-analysis showed that rebleeding was
significantly less common with EVL than with sclerotherapy, without critical heterogeneity among trials [13].
The number needed to treat with EVL to prevent one
rebleeding episode was ten. EVL was also associated
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Table 3 Endoscopic treatment as a secondary prophylaxis of variceal bleeding in patients with cirrhosis
Treatment comparisons
EVL vs sclerotherapy
EVL vs NSBBs and IsMn
EVL vs EVL + NSBBs
EVL vs EVL + sclerotherapy
TIPS vs endoscopy

Number of trials

Number of patients

Rebleeding OR (95%CI)

Mortality OR (95%CI)

20
4
9
8
12

1634
476
955
520
883

0.53 (0.42-0.67)
0.79 (0.62-1.00)
0.59 (0.41-0.85)
1.05 (0.67-1.64)
0.32 (0.24-0.43)

0.77 (0.59-0.99)
0.81 (0.61-1.08)
0.71 (0.45-1.11)
0.99 (0.68-1.44)
1.17 (0.85-1.61)

EVL: endoscopic variceal ligation; IsMn: isosorbide mononitrate; NSBBs: non-selective beta-blockers; TIPS: transjugular intrahepatic portosystemic shunt.

with significantly lower mortality rates when compared
to sclerotherapy (Table 3). Complications were also less
common in patients treated with EVL (pooled OR = 0.29,
95%CI: 0.19-0.44). To date, EVL is the endoscopic procedure of choice in this setting.
EVL vs EVL and sclerotherapy
A number of trials have compared the combination of
EVL and sclerotherapy to EVL alone in achieving rapid
and complete eradication of esophageal varices, but with
conflicting results[55]. The meta-analysis of these eight
trials showed that there was no significant difference in
variceal rebleeding, mortality, or number of endoscopic
sessions to variceal obliteration in patients with EVL vs
patients receiving the combination treatment of EVL and
sclerotherapy (RR = 0.23, 95%CI: 0.055-0.51) (Table 3).
Moreover, the incidence of esophageal stricture formation was higher in the combination group.
EVL vs NSBBs and isosorbide mononitrate
A meta-analysis of four randomized controlled trials including 476 patients assessed the efficacy and safety of
NSBBs and isosorbide mononitrate (IsMn) vs EVL on
the prophylaxis of variceal rebleeding[56]. There were no
significant differences in the rate of rebleeding, bleedingrelated mortality (RR = 0.76, 95%CI: 0.31-1.42), overall
mortality, or complications (RR = 1.26, 95%CI: 0.93-1.70)
(Table 3). It seems that both treatments are equivalent
in the prevention of variceal rebleeding with rebleeding
rates of 32%-35%[5].
EVL vs NSBBs and EVL
The combination of NSBBs and EVL is the preferred
treatment as it results in lower rebleeding rates compared
to each therapy alone. In a recent meta-analysis of nine
trials, combination treatment was compared to either
EVL (seven RCTs) or a medical therapy alone (three
RCTs)[57]. Random effect analysis showed that combination therapy reduced the risk of overall rebleeding,
variceal rebleeding (RR = 0.65, 95%CI: 0.45-0.93), and
bleeding-related mortality (RR = 0.52, 95%CI: 0.27-0.99)
compared to EVL monotherapy (Table 3). No difference
was observed in the overall mortality. When compared to
pharmacologic treatment alone, combination with EVL
reduced variceal rebleeding (RR = 0.61, 95%CI: 0.44-0.86)
and bleeding-related mortality. However, no difference
was observed either in overall bleeding (RR = 0.76,
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95%CI: 0.56-1.04) or mortality rate (RR = 1.08, 95%CI:
0.73-1.6). Combination therapy increased the risk of serious adverse events in fixed analyses, but not in random
effects meta-analyses.
TIPS vs endoscopic treatment
TIPS has greater efficacy in preventing rebleeding than
either EVL or sclerotherapy. However, TIPS increases
hepatic encephalopathy rates and has no impact on
survival. A recent meta-analysis of 12 trials showed significant decreases in the number of variceal rebleedings
and in variceal rebleeding-related mortality when using
TIPS (OR = 0.35, 95%CI: 0.18-0.67)[58]. Although TIPS
did increase the rate of post-treatment encephalopathy
(OR = 2.21, 95%CI: 1.61-3.03), the overall mortality was
identical between TIPS and endoscopic treatments (Table
3). However, the above trials have used uncovered TIPS
stents. The use of PTFE-covered stents improves TIPS
patency and decreases the number of clinical relapses and
re-interventions without increasing the risk of encephalopathy[59]. Therefore, TIPS with PTFE-covered stent is
the preferred option and should be used in patients who
have failed endoscopic and pharmacologic treatment for
the prevention of rebleeding[9].
A recent meta-analysis of 51 RCTs compared various
interventions for secondary prophylaxis of variceal bleeding[60]. TIPS, beta-blockers combined with sclerotherapy
and EVL combined with sclerotherapy were superior to
beta-blockers alone in reducing rebleeding probability
(ORs = 0.13, 0.23 and 0.13, respectively)[60]. TIPS treatment was superior to beta-blockers (OR = 0.11), EVL
(OR = 0.13), sclerotherapy (OR = 0.19), beta-blockers
combined with IsMn (OR = 0.16), and beta-blockers
combined with sclerotherapy (OR = 0.14) in regard to
bleeding-related mortality. Concerning the overall mortality, beta-blockers combined with IsMn were more effective than either beta-blockers alone (OR = 0.56) or EVL
(OR = 0.64). EVL combined with sclerotherapy was the
best choice based on the cumulative probabilities, being
among the three most efficacious interventions for all
three outcomes.
Selective surgical shunts, such as H-graft portacaval
shunts and distal splenorenal shunts, have a limited role
in the management of portal hypertension. Surgical
shunting is used to prevent rebleeding in patients with
well-compensated cirrhosis who failed endoscopic and
pharmacologic treatment[9]. This procedure is used in
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cases when TIPS is unavailable or is recurrently dysfunctional[13].
Summary
Current treatment guidelines recommend that secondary
prophylaxis of variceal bleeding should include NSBBs
combined with EVL. TIPS with covered stents are the
preferred option in patients who fail endoscopic and
pharmacologic treatment. Surgical shunting is rarely used
in cases when TIPS is unavailable.

OTHER ENDOSCOPIC TECHNIQUES IN
THE MANAGEMENT OF ESOPHAGEAL
VARICES
Argon plasma coagulation (APC) has been used in the
management of esophageal varices. A prospective trial
randomly assigned patients with esophageal varices to
either APC (after EVL) or EVL alone[61]. The cumulative recurrence-free rate at 24 mo after treatment was
significantly higher in the combination group than in the
monotherapy group (74.2% vs 49.6%). Furthermore, the
combination groups also had higher incidence of pyrexia.
In another study, groups of 50 patients with esophageal
varices each were subjected to sclerotherapy (Group Ⅰ),
EVL (Group Ⅱ), combined treatment of EVL with
sclerotherapy (Group Ⅲ), or EVL plus APC (Group
[62]
Ⅳ) . Recurrence rates of esophageal varices were 14%
in Group Ⅰ, 28% in Group Ⅱ, 2% in Group Ⅲ, and 4%
in Group Ⅳ. Higher mortality incidences were detected
in Groups Ⅰ (18%) and Ⅱ (12%) than in Groups Ⅲ (8%)
and Ⅳ (8%). However, APC plus EVL was the most
expensive procedure. Contrary to the aforementioned
results, a recent RCT showed the additive benefit of APC
on variceal recurrence and bleeding was comparable to
EVL alone at three and six months of follow-up[63]. Cipolleta et al[64] studied the efficacy of APC after eradication of varices with EVL in secondary prophylaxis of
variceal bleeding, randomizing 16 patients to APC and 14
patients to a control group. In the APC group, there was
no recurrence of varices or variceal bleeding during follow-up (mean 16, range 9-28 mo), whereas in the control
group, varices and bleeding recurred in 42.8% and 7.2%,
respectively.
Tissue adhesives have been used in the management
of esophageal varices, as they promote immediate obliteration of the vessel after injection inside the lumen of
the varix. In a recent RCT, 38 patients with esophageal
varices and Child-Pugh scores of at least eight were
randomly assigned to EVL (n = 20) or cyanoacrylate
injection (n = 18) treatment groups[65]. There were no
differences between the groups in variceal eradication
rates (90% vs 72%, respectively), bleeding episodes until
eradication (5% vs 22%), mortality (55% vs 56%) or major
complication rates (5% vs 17%). However, a higher incidence of variceal recurrence was observed with cyanoacrylate (33% vs 57%). Evrard et al[66] compared endoscopic
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n-butyl-cyanoacrylate (NBC) injection (n = 21) to propranolol (n = 20) in the secondary prophylaxis of variceal
bleeding. No difference was observed between NBC and
propranolol in terms of six-week rebleeding (23.8% vs
15.0%, respectively), bleeding-related mortality (14.3% vs
30.0%), long-term rebleeding (52.4% vs 25.0%), or overall
mortality (42.9% vs 45.0%). However, a higher incidence
of complications was observed in the NBC group.
Tissue adhesives have also been used in esophageal
AVB. In a prospective cohort study of 133 cirrhotic patients with bleeding esophageal varices (52 with active
and 81 with recent bleeding), NBC achieved initial hemostasis in 49 (94.2%) patients with active bleeding[67]. There
were low rates of early rebleeding and six-week mortality
(5.2% and 8.2%, respectively) without major procedurerelated complications. In a recent RCT, comparison of
sclerotherapy to NBC injection showed a superiority of
NBC in reduction of both rebleeding (11.1% vs 55.6%)
and mortality rates (33.3% vs 72.2%)[68]. Two RCTs compared the combination of sclerotherapy and NBC to
sclerotherapy alone[69,70]. The combination group resulted
in lower rebleeding and mortality rates, and fewer minor
complications. In a recent RCT, patients with esophageal
AVB were randomly allocated to groups receiving EVL
(n = 21) or NBC injections (n = 22). No differences were
observed between the two groups in terms of initial
hemostasis or transfusion requirements, or in mortality (NBC: 45.5%; EVL: 33.0%) [71]. Although patients
receiving NBC had a higher rebleeding rate than those
receiving ligation (13.6% vs 4.7%), the difference was not
significant.
Glue embolization is a serious and life-threatening
complication following endoscopic glue obliteration of
esophagogastric varices[72]. Coils, delivered under endoscopic ultrasound (EUS) guidance in conjunction with
NBC injection, can reduce the risk for glue embolization[73]. Binmoeller et al[74] treated 30 patients with bleeding gastric fundal varices using transesophageal EUSguided therapy with combined coil and NBC injection.
EUS-guided treatment was successful in all patients, and
hemostasis of acute bleeding was similarly achieved in
all patients. Among 24 patients with a mean follow-up
of 193 d (range: 24-589 d), gastric fundal varices were
obliterated after a single treatment session in 23 patients
(95.8%). Rebleeding occurred in four patients (16.6%),
which was not attributed to gastric varices. There were
no procedure-related complications and no symptoms or
signs of NBC embolization.
Endoloops are detachable nylon snares that were
proposed to treat esophageal varices as an alternative
treatment to EVL. However, there have been no RTCs
comparing endoloop efficacy with that of EVL. In a
prospective non-randomized study, 25 patients with AVB
were treated with elastic band ligation and 25 with endoloop ligation[75]. The rate of rebleeding during a 6-mo
follow-up was lower with endoloops (12%) than with
band ligation (28%), but without statistical significance.
In addition, no differences were found between the two
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groups in terms of variceal eradication, number of treatment sessions for variceal eradication, or variceal recurrence.
Endoscopic clipping of esophageal varices has also
been proposed as an alternative in variceal obliteration.
In a prospective non-randomized study, 19 patients with
AVB were treated with endoscopic clipping and 21 with
band ligation[76]. Initial hemostasis was achieved in all
patients treated with clipping and in all but two patients
treated with banding. There was no difference between
the treatments regarding variceal eradication (clipping:
89% and ligation: 76% of patients) and rebleeding rates
(15% vs 33%). However, the median number of sessions
needed for variceal eradication was lower with clipping
than with band ligation (3 vs 4). These results suggest that
clipping is as efficacious as banding ligation, but this observation needs to be tested in large RCTs.
The data on the efficacy and safety of laser treatment
in AVB are scarce. In an old RCT, endoscopic laser treatment (n = 10) was compared with sham endoscopy and
standard medical treatment (n = 10)[77]. Initial hemostasis
was achieved in seven laser-treated patients, but four
of them rebled 12 to 48 h later. None of the controls
achieved initial bleeding control. There was no difference
with regard to in-hospital mortality between groups (laser:
40%; controls: 70%).
de Paulo et al[78] aimed to compare endoscopic sclerotherapy (n = 25) of esophageal varices with EUS-guided
sclerotherapy of esophageal collateral veins (n = 25).
EUS-sclerotherapy was found to be as safe and effective
as sclerotherapy in variceal eradication, whereas recurrences tended to be less frequent and occurred later.
Lastly, in a small RCT, endoscopic treatment with humanderived fibrin glue was found to be superior to sclerotherapy in terms of rebleeding, mortality, and incidence
of complication[79].
Percutaneous transhepatic variceal embolization
(PTVE) of gastroesophageal varices has been used in
AVB, but has been abandoned due to the high incidence
of variceal recurrence and rebleeding[80]. An RCT including 102 cirrhotic patients with acute or recent esophageal
variceal bleeding compared treatment with a modiﬁed
PTVE with 2-octyl cyanoacrylate (2-OCA) (n = 52) to
EVL (n = 50) for the eradication of esophageal varices
through the portal vein[81]. With modified PTVE, 2-OCA
was injected into the whole lower esophageal and paraesophageal varices, and into the submucosal varices and
the adventitial plexus of the cardia and fundus. During
follow-up, upper gastrointestinal bleeding developed in
eight patients in the PTVE group and 21 patients in the
EVL group. Recurrent bleeding from esophageal varices
occurred in three patients in the PTVE group and 12 in
the EVL group (RR = 0.24, 95%CI: 0.05-0.74). However,
there was no difference in the survival between groups.
Studies with larger populations are needed to confirm the
efficacy of these alternative endoscopic techniques, considering the safety issues that accompany their use.
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COMPLICATIONS OF ENDOSCOPIC
TECHNIQUES
EGD safety
The number of complications associated with emergency
cases of diagnostic EGD increases from 0.7% to 8.0%,
with the majority of incidences being cardiopulmonary[82].
Aspiration can occur in approximately 2.4% of patients
with index bleeding and 3.3% in cases of rebleeding[83].
In a retrospective study, 42 patients with AVB who underwent elective intubation were compared to 20 patients
without intubation[82]. Pulmonary infiltrates developed in
seven (17.2%) intubated patients, but not in the non-intubated patients. Evaluation of prophylactic endotracheal
intubation in intensive care unit patients with upper gastrointestinal bleeding prior to endoscopy showed no difference in the number of EGD-related cardiopulmonary
complications, new pulmonary infiltrates, mean number
of ICU days, or mortality[84]. The issue of elective intubation prior to endoscopy remains debatable.
Sclerotherapy
Endoscopic variceal eradication by sclerotherapy has
been associated with esophagus motility abnormalities
and gastroesophageal reflux, though the exact mechanism
is not well understood[85,86]. These disturbances have not
been observed when using EVL. Comparison of sclerotherapy to EVL in the AVB setting has also been associated with a greater incidence of transient bacteremia (17.2%
vs 3.3%) and infectious complications (18.0% vs 1.8%),
such as spontaneous bacterial peritonitis and distant
abscesses[87]. Sclerotherapy-associated cardiopulmonary
complications include pericarditis, pleural effusions and
acute respiratory distress syndrome[88]. Additional adverse
events associated with sclerotherapy include esophageal
ulcers, with the probability of bleeding and esophageal
stenosis following a long-term treatment[37]. Esophageal
perforation is a rare life-threatening complication that can
occur in cases of traumatic rupture during the procedure
or in cases of necrosis of the esophageal wall.
EVL
EVL is associated with retrosternal pain, transient dysphagia, or pyrexia[89]. Prior to the development of multiband ligators, the required repeated reinsertion of the
device into the esophagus was associated with esophageal
tears and perforation[90,91]. With an increased need for
a double intubation, the risk for aspiration increases as
well[92]. Post-banding esophageal strictures occur at a rate
of 1.9%[93]. EVL-related esophageal ulcers are commonly
found endoscopically, however, they tend to be more
superficial compared to sclerotherapy-related ulcers[94,95].
Iatrogenic bleeding has raised the issue of EVL safety,
especially in the setting of primary prophylaxis of variceal bleeding[17,27,96,97]. A recent study showed that 3.5% of
patients develop post-banding bleeding following EVL
treatment[98]. The multivariate analysis showed that previ-
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ous variceal bleeding (OR = 12.07, 95%CI: 2.3-63.43),
peptic esophagitis (OR = 8.9, 95%CI: 1.65-47.8), high
platelet ratio index score (OR = 1.54, 95%CI: 1.11-2.16)
and low prothrombin index (OR = 0.54, 95%CI: 0.31-0.94)
were independent predictive factors of post-banding
bleeding occurrence [98]. Some studies showed an increased risk of developing or worsening pre-existing portal hypertensive gastropathy, as well as formation of fundal varices following EVL, however, this observation has
not been confirmed by others[99,100]. The main drawback
of multi-band ligators is the limited endoscopic field of
view[91].
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CONCLUSION
Endoscopic treatment is the standard of care in the management and prophylaxis of variceal bleeding in patients
with liver cirrhosis. The treatment leads to improved
survival rate, though in Child-Pugh C patients, mortality
still remains > 30%. There are safety issues accompanying endoscopic techniques in primary and secondary prophylaxis, and in AVB. Thus, there is still a need for future
research to improve treatment strategies, including novel
endoscopic techniques, with better efficacy, lower cost,
and fewer adverse events.
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Abstract
Colonoscopy with polypectomy has been shown to reduce the risk of colon cancer. The critical element in
the quality of colonoscopy in terms of polyp detection
and removal continues to be the performance of the
endoscopist, independent of patient-related factors. Improved results in terms of polyp detection and complete
removal have implications regarding the development of
screening and surveillance intervals and the reduction of
interval cancers after negative colonoscopy. Advances in
colonoscopy techniques such as high-definition colonoscopy, hood-assisted colonoscopy and dye-based chromoendoscopy have improved the detection of small and
flat-type colorectal polyps. Virtual chromoendoscopy has
not proven to improve polyp detection but may be useful to predict polyp pathology. The majority of polyps
can be removed endoscopically. Available polypectomy
techniques include cold forceps polypectomy, cold snare
polypectomy, conventional polypectomy, endoscopic mucosal resection and endoscopic submucosal dissection.
The preferred choice depends on the polyp size and
characteristics. Other useful techniques include colono-
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scopic hemostasis for acute colonic diverticular bleeding,
endoscopic decompression using colonoscopic stenting,
and transanal tube placement for colorectal obstruction.
Here we review the current knowledge concerning the
improvement of quality measures in colonoscopy and
colonoscopy-related therapeutic interventions.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colonoscopy; Polypectomy; Hemostasis; Endoscopic decompression; Colorectal polyp; Colonic diverticular bleeding; Colorectal obstruction; Gastrointestinal
endoscopy
Core tip: Achieving appropriate bowel preparation and
proper luminal distention for endoscopic mucosal imaging remains the key step enabling the endoscopist to
detect colorectal neoplasia and predict polyp pathology.
Success improves with experience and feedback. In this
review we discuss the impact of high-definition colonoscopy, hood-assisted colonoscopy, and dye-based and
virtual chromoendoscopy on colorectal polyp detection
and prediction. Colonoscopic polypectomy is a continuously evolving therapy and has the potential to further
reduce the risk of colorectal cancer. We propose that
optimal polypectomy techniques for nonpedunculated
polyps should be primarily based on polyp size, and
these include cold forceps polypectomy (1-3 mm), cold
snare polypectomy (4-10 mm), conventional polypectomy (7-14 mm), and endoscopic mucosal resection (EMR)
(15-20 mm). For polyps larger than 21 mm, piecemeal
EMR or endoscopic submucosal dissection is preferred.
Horiuchi A, Tanaka N. Improving quality measures in colonoscopy and its therapeutic intervention. World J Gastroenterol 2014;
20(36): 13027-13034 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13027.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13027
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INTRODUCTION
Colonoscopy is widely used for colorectal cancer detection and prevention. Colon cancer prevention is predicated on the detection and removal of polyps with neoplastic potential[1-4]. Despite the proven effectiveness of
colonoscopy, it is not perfect, as some polyps and even
cancers may be missed because they lie outside the visual
field, behind folds or are simply not recognized[5-8]. Rightsided lesions, flat polyps, and variability in endoscopists’
adenoma detection rate are all potential reasons why
polyps are missed and why some “interval” cancers are
discovered after a negative screening colonoscopy.
Polypectomy is the most commonly performed therapeutic intervention, and all endoscopists should be able
to perform this procedure safely and effectively. The decision to perform polypectomy is based on a general belief that all polyps with neoplastic potential should be removed. After a polyp is discovered, the endoscopic must
make a decision regarding the best strategy for dealing
with it. The technique chosen for polypectomy is generally based on the morphology and size of the polyp and
can range from cold or hot forceps polypectomy, cold
snare polypectomy, conventional (hot snare) polypectomy, endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD). In addition to the removal
of polyps, colonoscopy is used in the management of
hemostasis and obstructive colorectal lesions. Based on
the premise that good results require appropriate bowel
preparation and proper luminal distention, the aim of
this review is to provide the reader with an overview of
the current knowledge regarding the improvement of
quality measures in colonoscopy and its therapeutic intervention.

HIGH-DEFINITION WHITE LIGHT
COLONOSCOPY

QUALITY INDICATORS FOR
COLONOSCOPY
An endoscopist’s adenoma detection rate has proven
predictive value in relation to a patient’s colorectal cancer
risk after a negative screening colonoscopy[9]. One study
used a national colorectal screening program database of
over 50000 Polish individuals undergoing screening colonoscopy, and it established the adenoma detection rate
as an independent predictor of interval colorectal cancer
after screening colonoscopy. Considerable variability
exists among endoscopists in this important measure.
The study showed that who performed the procedure
was more important than the patients’ age or gender in
predicting adenomas at colonoscopy[10]. Among patients
aged 50 or older, the adenoma detection rates by nine
endoscopists ranged from 15.5% to 41.1% (P < 0.001).
A study in a large community-based practice first demonstrated that the time taken to withdraw the colonoscope
(e.g., withdrawal time) was also important. When endoscopists with mean withdrawal times of less than 6 min
were compared to those with mean withdrawal times of
6 min or more, those with the longer withdrawal time
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had higher rates of detection of any neoplasia (28.3% vs
11.8%, P < 0.001) as well as of advanced neoplasia (6.4%
vs 2.6%, P = 0.005)[11].
Using the same withdrawal technique scale, those authors evaluated the quality of withdrawal during videorecorded colonoscopies by 11 endoscopists[12]. The endoscopists were grouped by their detection rates, i.e., low
(adenoma detection rate < 21%), moderate (21%-42%)
or high adenoma detection rates (> 42%) in relation to
their adenoma detection rates determined during the
prior 12 mo. The endoscopists with a low adenoma
detection rate had significantly shorter withdrawal technique scores (40.8 ± 3) compared to the endoscopists
with a moderate (62.2 ± 2.5) or high (59.5 ± 3) adenoma
detection rate. The high-rate detectors exhibited better
performance including better fold examination, adequate
distension, cleansing, and time spent viewing the mucosa.
That study found that the withdrawal technique (rather
than the withdrawal time) was the important indicator
that differentiated between endoscopists with varying adenoma detection rates.
A number of attempts to influence endoscopist behavior to improve detection rates have proven unsuccessful. For example, enforcing more time for withdrawal/
inspection has not increased adenoma detection rates[13].
However, routine feedback and monitoring has resulted
in a decrease in incomplete colonoscopies, shortened intubation times, and increased withdrawal times, but these
were without clear improvement in the adenoma detection rate (e.g., from 19.6% to 22.7%, P = 0.17)[14]. These
data suggest that although performance measures in
colonoscopy are influenced by feedback, effective methods to improve adenoma detection remain elusive.

According to a 2011 meta-analysis with pooled data of
five studies of 4422 patients, the absolute increase in the
adenoma detection rate is small (estimated to be approximately 3.5%) with no evidence of increased detection of
advanced adenomas[15]. The use of high-definition white
light colonoscopy leads to high-quality images and a marginal increase in the adenoma detection rate compared to
standard definition colonoscopy.

HOOD-ASSISTED COLONOSCOPY
The transparent hood attached to the distal tip of a colonoscope has been suggested to be of help in depressing colonic folds to improve the visualization of their
proximal aspects[16-18]. Theoretically, the use of a clear
hood attachment should improve polyp detection, but
the results of randomized trials so far have been mixed.
However, a meta-analysis of hood-assisted colonoscopy
in 6185 patients reported that the use of this technique
detected significantly more patients with polyps (OR =
1.13, P = 0.030) and had a lower average polyp miss rate
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(12.2% vs 28.6%) than standard colonoscopy[19]. Hoodassisted colonoscopy also had a significantly higher cecal
intubation rate than standard colonoscopy (OR = 1.36, P
= 0.020), whereas the time to cecal intubation (standard
mean difference, 0.04 min, P = 0.280) was similar for
the two groups. Overall, we believe that the data support
the notion that hood-assisted colonoscopy is associated
with improved detection of colorectal neoplasia and with
higher cecal intubation rates compared to standard adult
colonoscopy.

CHROMOCOLONOSCOPY
Chromocolonoscopy with indigo carmine spraying is
used to improve the yield of colonoscopy for neoplasias.
The sprayed dye increases the visual contrast between
normal and pathologic mucosa. A four-center randomized study comparing high-definition white light chromocolonoscopy with high-definition white light colonoscopy
for average-risk colorectal cancer screening found only
a trend toward better detection of diminutive adenomas
with the use of chromocolonoscopy. The increased time
required for dye spraying (30.6 min vs 21.9 min) has led
to the suggestion that chromocolonoscopy is best limited
to high-risk cases for neoplasia[20].
A large randomized two-center study using a simplified dye application technique showed that the difference
in procedure times between the pancolonic chromocolonoscopy group and the standard colonoscopy group
could be reduced (e.g., 11.6 min vs 10.1 min) (P < 0.01)[21].
In that study, indigo carmine dye was applied during continuous withdrawal using a low-volume one-step method
through a catheter that remained in the working channel.
Chromocolonoscopy increased the overall detection rate
for adenomas (0.95 vs 0.66 per patient), flat adenomas
(0.56 vs 0.28 per patient) and serrated lesions (1.19 vs 0.49
per patient) (P < 0.001). That study not only found a significant increase in adenoma detection with pancolonic
chromocolonoscopy but also offered a simplified application method making its routine use less cumbersome.
Although the application of dye throughout the entire
colon is not widely practiced at present, the use of continuous low-volume dye spraying through the working
channel via a water jet during withdrawal has the potential
to greatly reduce the increased procedure times reported
in previous studies.

VIRTUAL CHROMOENDOSCOPY
In order to minimize the perceived obstacles of chromocolonoscopy, such as the use of vital dyes and catheters,
newer endoscopes has been developed that allow for “virtual chromoendoscopy” using optical and/or electronic
methods, such as narrow-band imaging (NBI), I-Scan,
and flexible spectral imaging color enhancement (FICE).
Virtual chromoendoscopy is based on the principle that
light penetrates tissues to variable depths based on wavelengths, with blue light (shorter wavelengths) penetrat-
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ing less deeply than red light (longer wavelengths). In
NBI, narrow-band filters placed behind the light source
eliminate red light and increase the contribution of blue
(415 nm) and green (540 nm) wavelengths. The 415-nm
light enhances the visualization of superficial mucosal
capillaries, and the 540-nm light increases the visibility of
submucosal and deeper mucosal vessels[22]. The related
but competing technologies of I-Scan and FICE use the
same concept and achieve similar results through the use
of digital filters following image acquisition with white
light.
Despite this advanced technology, the use of virtual
chromoendoscopy for visualization during withdrawal
has thus far failed to improve adenoma detection. Based
on the results of eight randomized trials with 3673 participants, there was no significant difference between
white light colonoscopy (standard definition and highdefinition pooled) and NBI for the detection of patients
with colorectal polyps (six trials, n = 2832, RR = 0.97,
95%CI: 0.91-1.04), patients with colorectal adenomas
(eight trials, n = 3673, RR = 0.94, 95%CI: 0.87-1.02), or
patients with colorectal hyperplastic polyps (two trials, n
= 645, RR = 0.87, 95%CI: 0.76-1.00)[23].

VIRTUAL CHROMOENDOSCOPY FOR
POLYP CHARACTERIZATION
Using magnifying endoscopes, investigators in Japan
described capillary patterns that proved highly accurate
in distinguishing neoplasia from non-neoplasia[24]. Unfortunately, in the United States high magnification is
available only on Fujinon colonoscopes. Virtual chromoendoscopy relies primarily not only on surface blood vessel patterns but also on structural changes that may correspond to pits. Use of the meshed capillary pattern on
NBI colonoscopy with optical magnification effectively
distinguishes neoplastic from non-neoplastic colorectal
polyps. NBI colonoscopy without optical magnification
for neoplastic polyp diagnosis appears to be comparable
with NBI with optical magnification when the meshed
capillary pattern is used[25].
Using high-definition white light colonoscopy and
NBI, the Discard trial assessed 363 polyps from 130 patients undergoing surveillance colonoscopy and found
that both experienced and nonexperienced endoscopists
had high levels of accuracy in predicting adenomas and
assigning correct surveillance intervals based on their predictions[26]. Another interesting feature of the assessment
of NBI with high-definition colonoscopy was added by
the integration of a “confidence level” into the clinical
interpretation of polyps[27]. Using prespecified criteria, the
endoscopists made the diagnosis (i.e., either hyperplastic
or adenomatous) with “high confidence” in about 80%
of polyps, and in these instances 92% of the polyps were
diagnosed accurately when compared with histology[27].
In determining the impact of diminutive polyps on the
surveillance interval assignment, Denis et al[28] concluded
that pathologic interpretation would not be necessary in
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up to 44.1% of diminutive polyps, which could therefore
be “diagnosed then discarded”. Of the remaining polyps,
Denis et al[28] found that the surveillance interval assigned
optically would have been correct for 98.3% of the polyps, which led the authors to propose an algorithm for
polyp management based on size, clinical history, and
endoscopic findings.
The American Society for Gastrointestinal Endoscopy Taskforce consensus statement recommended two
different virtual chromoendoscopy-based policies, namely
a predict-resect-and-discard strategy for nonrectosigmoid
≤ 5-mm lesions characterized at virtual chromoendoscopy with high confidence, and a predict-and-do-not-resect
policy for rectosigmoid diminutive polyps predicted to be
hyperplastic at virtual chromoendoscopy with high confidence[29]. The achievement of these goals will require
that endoscopists have the tools and the training to make
accurate in vivo pathology predictions.

COLD OR HOT FORCEPS POLYPECTOMY
Polypectomy with cold biopsy forceps is a frequently
used technique for the removal of small, sessile, colorectal polyps. A survey of colonoscopic polypectomy practices among clinical gastroenterologists found that the
polypectomy technique is highly variable and that cold
forceps polypectomy dominated other polypectomy
methods for small polyps 1 to 3 mm in size[30]. A randomized, controlled study of standard, large-capacity vs
jumbo biopsy forceps for the polypectomy of small, sessile, colorectal polyps showed that complete visual eradication of the polyp with one forceps bite was achieved in
78.8% of the jumbo forceps group and in 50.7% of the
standard forceps group (P < 0.0001)[31]. Biopsies from
the polypectomy sites of adenomatous polyps thought to
be visually completely eradicated with one bite showed a
trend toward a higher complete histologic eradication rate
with the jumbo forceps (82.4%) compared to the standard forceps (77.4%), but the difference did not reach
significance (P = 0.62) and neither approached 100%.
Jumbo forceps may lead to more effective polypectomies because of the larger size of the forceps cup. One
challenge associated with cold forceps polypectomies is
that after the initial bite, minor bleeding can obscure the
polypectomy field, increasing the risk of leaving residual
polyp behind. A retrospective study was done to determine the incidence of an incomplete polyp resection
despite a perceived complete polypectomy, and post-polypectomy sites of ten polyps (15%) were found to have
residual polypoid tissue[32]. Six were removed by standard
biopsy forceps, two by jumbo forceps, one by hot snare,
and one by cold snare. Compared to other polypectomy
devices, standard biopsy forceps were more likely to result in an incomplete resection (27% vs 9%, P = 0.076).
Hot forceps polypectomy is another option for small
polyps; it is similar to cold forceps polypectomy except
that it uses electrocautery to try to destroy any residual
polyp tissue[33]. However, a retrospectively study of hot
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forceps polypectomy for 3-6-mm polyps revealed that
when a follow-up endoscopic examination was performed 1 to 2 wk later, 11 of 62 sites (17%) contained viable polyp remnants, indicating incomplete treatment[34].

COLD SNARE POLYPECTOMY
The snare resection technique without electrocautery
should be considered the primary method for diminutive
polyps in the 4-10-mm range. It was reported that the removal of small polyps by cold snaring is associated with
a low rate of complications such as bleeding and perforation[30,35,36]. We directly compared cold snare polypectomy
with conventional polypectomy for colorectal polyps up to
8 mm[37]. We found that the procedure time was significantly shorter with cold polypectomy vs conventional polypectomy (18 min vs 25 min, P < 0.0001). The complete
polyp retrieval rates were identical [96% (97/101) vs 96%
(100/104)]. No bleeding requiring hemostasis occurred in
either group. Abdominal symptoms shortly after polypectomy were significantly more common with conventional
polypectomy (20%; 8/40) than with cold polypectomy
(2.5%; 1/40; P = 0.029).
It was also reported that the rate of histologic eradication for polyps whose mean size was 3.66 mm was
significantly higher in the cold snare polypectomy group
compared to the cold forceps polypectomy group (93.2%
vs 75.9%, P = 0.009), and the time required for polypectomy was significantly shorter in the cold snare polypectomy group (14.3 s vs 22.0 s, P < 0.001)[38]. A multivariate
analysis revealed that the method of cold forceps polypectomy and the polyp size (≥ 4 mm) were independent
predictors associated with incomplete histologic eradication [OR = 4.750 (95%CI: 1.459-15.466), OR = 4.375
(95%CI: 1.345-14.235), all P < 0.05, respectively].
We prospectively compared the bleeding risk after cold
snare polypectomy with that of conventional polypectomy
for colorectal polyps up to 10 mm in anticoagulated patients[39]. No delayed bleeding occurred in the cold snare
polypectomy group despite the continuation of anticoagulants, whereas five patients (14%) in the conventional
polypectomy group required endoscopic hemostasis (P
= 0.027). This difference may be based on the phenomenon that the presence of histologically demonstrated injured arteries in the submucosal layer with the cold snare
was significantly less frequent than with the conventional
snare (22% vs 39%, P = 0.023).

CONVENTIONAL POLYPECTOMY AND
ENDOSCOPIC MUCOSAL RESECTION
A survey of common gastroenterology practices found
that conventional polypectomy (hot snare polypectomy)
with electrocautery was the preferred method for the
removal of polyps 1 cm or greater[40]. The technique
of conventional polypectomy is similar to that of cold
snare polypectomy up to the point of snare closure. The
purpose of electrocautery in polypectomy is to provide
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of 14) and that by piecemeal resection was 83% (35 of
42). The first piece of tissue snared can leave divots or
ledges in the remaining polyp that can make it more easily
grabbed in subsequent snares. If residual polyp tissue is
left after a piecemeal polypectomy, argon plasma coagulation can be used to try to destroy any residual tissue[46].
After piecemeal polypectomy, the site should be reexamined in 3 to 6 mo to identify any residual polyp tissue[47].

Table 1 Optimal polypectomy techniques for nonpedunculated polyps
Size of nonpedunculated
polyp (mm)

Optimal polypectomy technique

1–3
4–10
7–14

Cold forceps polypectomy
Cold snare polypectomy
Conventional polypectomy (hot snare polypectomy)
Endoscopic mucosal resection (EMR)1
Piecemeal EMR or endoscopic submucosal
dissection

15–20
≥ 21

ENDOSCOPIC SUBMUCOSAL
DISSECTION

1

Submucosal injection of saline creates a polypoid lesion.

extra power in cutting tissue and/or to prevent bleeding
by the coagulation of tissue. The basic principle in electrocautery is that if enough electrical current is delivered,
heat will be generated to cause cellular bursting leading
to tissue cutting. An Endocut mode has been used in the
electrocautery setting for conventional polypectomy. It is
suspected that the choice of electrocautery setting would
influence the rate of immediate and/or delayed bleeding,
but it remains unknown whether the Endocut mode will
affect the frequency of postpolypectomy bleeding.
It was recently shown that neoplastic polyps are often
incompletely resected and that the rate of incomplete
resection varied widely among endoscopists[41]. In that
study, after polyp removal by conventional polypectomy
was considered to be complete macroscopically, biopsies
were obtained from the resection margin. Of 346 neoplastic nonpedunculated polyps (5-20 mm) removed by
11 gastroenterologists, 10.1% were incompletely resected.
The incomplete resection rate increased with polyp size
and was significantly higher for large (10-20 mm) than
small (5-9 mm) neoplastic polyps (17.3% vs 6.8%, RR =
2.1), and for sessile serrated adenomas/polyps than for
conventional adenomas (31.0% vs 7.2%, RR = 3.7). The
incomplete resection rate for endoscopists with at least
20 polypectomies ranged from 6.5% to 22.7%. We must
take into account the difficulty of the complete resection of nonpedunculated polyps, even if their size ranges
from 5 to 20 mm.
EMR is commonly used for the resection of sessile
polyps or early adenocarcinoma of the colon. By injecting a cushion of fluid into the submucosal space, the
epithelium is separated from the underlying tissues, lifting
the lesion up. This makes it safer to remove the lesion using a snare and perform electrocautery[42-44]. There is no
official distinction between saline-assisted piecemeal polypectomy and EMR, but the term polypectomy is typically reserved for the removal of flat lesions measuring less
than 2 cm, and EMR is used for larger lesions[40]. Iishi et
al[45] removed 56 sessile colorectal polyps 2 cm or greater
in diameter in 56 patients by using an EMR technique; 23
(55%) of the 42 patients treated with piecemeal resection
required additional endoscopic or surgical interventions.
In their patients followed 1 year or longer after the initial
treatment, the cure rate by en bloc resection was 100% (14
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ESD is a new technique developed in Japan for the resection of early gastric cancers. ESD for colorectal lesions is
associated with lower recurrence rates and better pathological specimens compared to traditional piecemeal polypectomy. However, ESD is associated with high perforation rates, and it is often time-consuming[48]. However,
ESD is not widely used with large colorectal lesions because of technical difficulties and possible complications.
Japanese investigators have reported on the efficacy and
safety of ESD for large colorectal neoplasms in studies
including 608 cases of colorectal neoplasm (≥ 20 mm)
treated by ESD. Cases were divided by size into 20-49
mm lesion (511 cases) and larger lesions (≥ 50 mm; 97
cases). The average age, lesion size, and procedure time
were 67.4 years, 30 mm, and 60 min for the smaller lesions vs 67.1 years, 64.2 mm, and 119.6 min for the large
lesions. The en bloc resection rates were 99.2% and 99.0%
(P = 0.80), and the complication rates were 4.1% and
9.9% (P = 0.03). Complications with the smaller lesions
consisted of perforations (2.7%), bleeding (1.2%), and
ischemic colitis (0.2%). In the larger lesions the complications were perforations (8.2%) and bleeding (1.0%). Two
cases with smaller polyps required emergency surgery for
perforation, compared to no such cases among the larger
lesions. There was no difference in efficacy between the
groups; complications were more frequent with the larger
polyps but all perforations were successfully managed
conservatively. ESD can be effective and safe for large
colorectal tumors, though it may be still challenging[49].

Opitimal polypectomy techniques
We propose that optimal polypectomy techniques for
nonpedunculated polyps should be based primarily on
polyp size, including cold forceps polypectomy (1-3 mm),
cold snare polypectomy (4-10 mm), conventional polypectomy (7-14 mm), and EMR (15-20 mm) (Table 1).
For polyps larger than 21 mm, piecemeal EMR or ESD
is preferred. A recent study confirmed that cold forceps
polypectomy appeared to be adequate for the resection
of diminutive polyps (≤ 3 mm) if no residual tissue is
visible by chromoendoscopy[50]. A 10-mm size cutoff
for cold snare polypectomy is commonly used based on
previous cold-snare studies[51]. However, when it is technically difficult to remove the polyps (≥ 7 mm) using
cold snaring, this technique should be switched to con-
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ventional polypectomy. There is little data in the literature
that demonstrates the advantage of saline injection for
polyps > 10 mm. According to our experiences, EMR
seems preferable for the removal of larger polyps (≥ 15
mm).

HEMOSTASIS
Diverticular bleeding is the most common cause of
significant lower gastrointestinal bleeding. Although
bleeding in approximately 80% of patients with colonic
diverticular bleeding stops spontaneously[52], some patients continue to bleed or experience massive bleeding.
Endoscopic treatment is effective when the stigma of a
recent hemorrhage can be identified[53]. A retrospective
study collected data from two tertiary hospitals including
64 patients (61 men, age 76 ± 11 years) with acute severe
diverticular bleeding. The goal was primary hemostasis
using colonoscopic clipping for diverticular bleeding.
Twenty-four of the patients (38%) had diverticular stigmata of recent hemorrhage, and 21 of these patients
(88%) were treated successfully using endoscopic clips
without complications or early rebleeding. Endoscopic
clipping provided primary hemostasis in 9 of 12 patients
(75%) with active diverticular bleeding.

ENDOSCOPIC COLONIC
DECOMPRESSION

hood-assisted colonoscopy, and dye-based and virtual
chromoendoscopy on colorectal polyp detection and
prediction. Colonoscopic polypectomy is a continuously
evolving therapy and has the potential to further reduce
the risk of colorectal cancer. Methods to improve polyp
detection rates are needed, and research in this area is active. New instruments and ideas are continually being introduced and tested. The majority of polyps today can be
removed endoscopically. Here we discussed techniques
of polyp removal with cold forceps polypectomy, cold
snare polypectomy, conventional polypectomy, EMR, and
EMD, including situations where each is preferred. Colonoscopic hemostasis for acute colonic diverticular bleeding and endoscopic decompression using colonoscopic
stenting and transanal tube placement for colorectal obstruction are useful in the appropriate situations.
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Acute malignant colonic obstruction can be treated endoscopically with self-expanding metal stents which both
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Abstract
Minimally invasive surgery has become common in
the surgical resection of gastrointestinal submucosal
tumors (SMTs). The purpose of this article is to review
recent trends in minimally invasive surgery for gastric
SMTs. Although laparoscopic resection has been main
stream of minimally invasive surgery for gastrointestinal
SMTs, recent advances in endoscopic procedures now
provide various treatment modalities for gastric SMTs.
Moreover, investigators have developed several hybrid
techniques that include the advantages of both laparoscopic and endoscopic procedure. In addition, several
types of reduced port surgeries, modification of conventional laparoscopic procedures, have been recently
applied to the surgical resection of SMTs. Meanwhile,
robotic surgery for SMTs requires further evidence and
improvement.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Minimally invasive; Surgery; Submucosal
tumor; Gastrointestinal tract
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Core tip: Minimally invasive surgery has become common in surgical resection of gastrointestinal submucosal tumors (SMTs). Although laparoscopic resection has
been the main stream of minimally invasive surgery for
gastrointestinal SMTs, recent advance in endoscopic
procedures also provide various modalities of treatment
for gastric SMTs. Moreover, investigators developed
several hybrid techniques, which include the advatages
of the laparoscopic and endoscopic procedure. Additionally, reduced port surgeries, which is modified
from the conventional laparoscopic procedures, have
been recently applied to the surgical resection of SMTs.
Meanwhile, the application of a robotic surgeries to the
treatment of SMTs still request more evidence and improvement.
Lee CM, Kim HH. Minimally invasive surgery for submucosal
(subepithelial) tumors of the stomach. World J Gastroenterol
2014; 20(36): 13035-13043 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/13035.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.13035

INTRODUCTION
Since Dubois et al[1] reported their experience with laparoscopic cholecystectomy in 1989, minimally invasive
surgery has become common in all surgical fields. Surgical resection of gastrointestinal submucosal tumors
(SMTs) is no exception. Laparoscopic partial gastrectomy
is widely accepted for the treatment of gastric SMTs[2].
Moreover, with recent developments in endoscopic procedures, endoscopic resection and a hybrid approach that
combines endoscopic and laparoscopic techniques have
been applied to gastric SMTs. In addition, the laparoscopic approach is feasible for SMTs of the small bowel
and other sections of the gastrointestinal tract, although
this procedure is rarely performed due to the infrequency
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of these tumors[3-7].
The purpose of this article is to review recent trends
in minimally invasive surgery for SMTs of the stomach.

Endoscopic Resection
Although the standard treatment for gastrointestinal
SMTs is surgical resection[8], many reports have suggested
that endoscopic resection can be applied to some gastric
SMT cases. Even in cases of gastric gastrointestinal stromal tumors (GISTs), endoscopic treatment has been advocated in several reports. However, in these cases, tumor
size must be small. Because malignant transformation has
been reported in GIST, and R0 resection with a negative
resection margin is generally required[9]. Moreover, since
GISTs do not have a true capsule and often have a fragile
consistency, the lesion is often incompletely removed[10-13].
Recent advances provide several modalities of endoscopic resection for gastric SMTs, including band ligation, snare polypectomy, unroofing, endoscopic submucosal dissection (ESD), endoscopic muscularis dissection
(EMD), submucosal endoscopic tumor resection (SET),
endoscopic submucosal tunnel dissection (ESTD), and
endoscopic full-thickness resection (EFTR)[8,13-17].
Endoscopic band ligation [18-21], endoscopic snare
polypectomy[22,23], and endoscopic unroofing[22,24] are indicated only for the treatment of small SMTs (diameter
< 2 cm). In particular, the unroofing technique is usually applied for the diagnosis of SMTs to assess whether
the tumor is a GIST or not[25-28]. However, for treatment
purposes, the unroofing technique is applicable only to
lipomas and cystic lymphangiomas, which may spontaneously resolve after this treatment. Although Hizawa et
al[24] reported nine cases of cystic SMTs treated by this
technique, some lipomas may require additional treatment (e.g., endoscopic mucosal resection)[29]. Therefore,
more advanced techniques are indicated for wider lesions
of unknown behavior.
Standard ESD procedures can be used safely for the
resection of gastric SMTs in the submucosal layer[12,30,31].
This technique consists of a circumferential incision
around the tumor as deep as the submucosal layer
and subtumoral dissection of the submucosal layer[32].
However, it is challenging to resect tumors originating
from the proper muscle layer. In these cases, including
GISTs, subtumoral dissection should be as deep as the
proper muscle layer; therefore, this procedure was named
EMD[14]. As a result of the deeper dissection than in
standard ESD, a rather high rate of gastric perforation
has been reported[10-12,33-37]. Although a recent prospective
study showed a relatively high success rate of 94.4%[13],
this procedure should be performed by a well-experienced endoscopist.
Since ESD and EMD, endoscopic resection has
evolved continuously. In 2012, Inoue et al[15] reported
SET, and Gong et al[16] reported ESTD. These are similar
procedures, in which the dissection of the muscularis
layer is the main technique. However, in these procedures,
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submucosal tunneling is begun far away from the lesion
and is followed by muscular dissection under the lesion
(Figure 1). Although tunnel dissection maintains the integrity of the mucosal layer over the tumor[13], there is still
a risk of gastric perforation. Meanwhile, Zhou et al[17] reported EFTR, which involves full-thickness resection and
closing of the defect with metallic clips endoscopically.
It is necessary to consider the long-term oncological consequences of iatrogenic gastric perforation when
using this procedure. A case was reported in which an
asymptomatic pelvic mass was noted 3 years after gastric
perforation had occurred during endoscopic resection of
a GIST[38].

LAPAROSCOPIC SURGERY
For the treatment of SMTs, several studies[39-41] have reported that laparoscopic procedures have the following
advantages over open surgery: less pain, less inflammation, less blood loss, earlier diet, and shorter hospital stay
(Table 1). Nonetheless, several considerations are necessary when performing laparoscopic treatment of SMTs.
Indication of laparoscopic resection
Some SMTs have malignant potential, so there is a potential risk of intraperitoneal dissemination when manipulating the tumor during laparoscopic surgery[9]. In
most SMTs with benign features, including leiomyomas,
schwannomas, granular cell tumors, and lipomas, laparoscopic procedures are safe in terms of peritoneal dissemination because they seldom recur[8,42-46]. However,
the possibility of GISTs should always be considered
because some GISTs display malignant behavior. Although GISTs show acceptable survival and recurrence
after laparoscopic resection[47-49], such favorable results
cannot be expected if tumor rupture occurs. Therefore,
many surgeons take the size of the tumor into consideration, with the assumption that larger tumors may require
more manipulation, increasing the risk of rupture. For
these reasons, laparoscopic surgery is only indicated for
small GISTs (diameter ≤ 2 cm) according to the GIST
Consensus Conference in 2004[50]. However, size cannot
be the only factor used to determine the applicability of
the laparoscopic procedure. Regardless of size, fragile
or highly vascular tumors may require open surgery because of the increased risk of tumor rupture or bleeding.
Therefore, it is important to manipulate a SMT without
grasping it directly. This principle is widely accepted, and
there are several techniques for handling the tumor without touching it. Yahchouchy-Chouillard et al[51] reported
a “no-touch” technique that includes grasping the surrounding tissue, holding the threads sutured at the gastric
wall around the tumor, and using a laparoscopic stapler
or bag during laparoscopic resection. With this technique,
the risk of tumor dissemination can be minimized. In
addition, by extending the umbilical port incision, the
resected tumor can be safely removed using the laparoscopic bag.
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Endoscopic IT knife
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Figure 1 Endoscopic submucosal tunnel dissection. A: After the mucosa is lifted by submucosal injection, a 2 cm mucosal incision is made approximately 5 cm
proximal to the submucosal tumor (SMT); B: A submucosal tunnel is created using endoscopic submucosal dissection; C: The submucosal dissection is continued until the SMT is visible by endoscopy; D: Dissection is performed along the margin of the SMT with an endoscopic knife; E: The dissected SMT is removed through the
mucosal defect.

Table 1 Comparative analysis of open vs laparoscopic surgery for gastric gastrointestinal stromal tumor
Nishimura et al
Number of patients
Operative time1 (min)
EBL (mL)
Hospital stay (d)
Morbidity
Mortality

OR

LR

28
115
80

39
136
45

0

0

[39]

Karakousis et al

(2007)

P value
0.06
0.26

OR

[40]

LR

40
89 (30-249)
100 (5-400)
7 (4-25)
25%
0%

De Vogelaere et al

(2011)

40
96 (48-200)
25 (5-200)
4 (2-7)
15%
0%

P value
0.320
0.006
0.002
1%

[41]

(2013)

OR

LR

P value

16
155 ± 48.1

37
48.5 ± 16.0

< 0.001

16.9 ± 10.6
18.9%
6.3%

8.2 ± 3.3
2.7%
0%

0.007
0.077

1

Regarding the operation time, Nishimura et al[39] and De Vogelaere et al[41] reported mean operation time, and Karakousis et al[40] reported median operation
time. GIST: Gastrointestinal stromal tumor; OR: Open resection; LR: Laparoscopic resection; EBL: Estimated blood loss.

The tumor size limit, which was initially considered
to be 2 cm, can be larger under certain conditions, on
the basis of recent evidence. Otani et al[52] and Ryu et al[53]
reported that laparoscopic resection of SMTs was feasible with tumors up to 5 cm. Moreover, some investigators have reported that laparoscopic resection of larger
tumors (> 5 cm, but < 10 cm) is also possible[40,54-56]. It
is likely that this size limitation will increase in the near
future. Even in the current guidelines, no concrete indication of size is mentioned[57-59]. Compared to gastric SMTs,
a size limit for laparoscopic surgery has not been established for SMTs in other sites (e.g., small bowel, colon,
and rectum). However, since the intestinal tract is mainly
a tubular structure, the “no-touch” technique can be applied easily by handling of segments near the segment
involved.
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Surgical strategies according to tumor site
The general principle of the treatment for SMTs is local
resection with negative resection margin[2]. There is no
exception to this principle, even with laparoscopic surgery; however, different surgical techniques are required
depending on the location and configuration (i.e., endophytic or exophytic) of the tumor[2].
If exophytic tumors are located on the anterior wall
of the stomach, the exogastric approach is the most
widely used method[2,60,61]. In this situation, the tumor can
be isolated by grasping the surrounding normal tissue
with the laparoscopic instrument[9]. Then, the laparoscopic linear stapler is applied to the normal tissue to preserve
the oncologic safety margin. However, this method could
result in stenosis or deformity of the stomach by excessive gastric wall resection[2], so it is necessary to apply the

13037

September 28, 2014|Volume 20|Issue 36|

Lee CM et al . MIS for SMTs of the stomach

linear stapler perpendicularly to the longitudinal axis of
the stomach[9]. Another technique to prevent stenosis, the
eversion method, was recently introduced[62,63]. If a large
SMT is located on the anterior wall of the stomach, it
is not easy to trace the tumor and avoid excessive resection of the gastric wall[62]. Firstly, a gastrotomy is made
near the tumor site. Then, the tumor is everted out of
the stomach, and a linear stapler is applied to the everted
stalk of the tumor. The gastrotomy can be simultaneously closed with the linear stapler. Here, the direction of the
linear stapler must be perpendicular to the longitudinal
axis of the stomach.
For SMTs on the posterior wall of the stomach, the
approaching method is selected based on whether the lesion is exophytic or endophytic. The exogastric approach,
which was described earlier, can be used for an exophytic
lesion if the tumor can be resected after mobilizing and
rotating the stomach[63]. In the case of an endophytic lesion, the intragastric or transgastric approach is usually
applied[64-67]. The intragastric approach involves resecting
the tumor with the scope and instruments directly inserted into the gastric lumen[68-71]. With this procedure, minimal deformity and stenosis can be expected[2]. Balloon
trocars are usually preferred for use in this procedure to
prevent retraction of the trocars[64,72-74]. Recently, the single-incision intragastric approach has been introduced[75],
whereby the stomach is brought out and opened through
a single umbilical incision, which is kept open with a
wound retractor. The intragastric resection is performed
via a multi-channel port inserted through the gastrotomy.
The transgastric approach, on the other hand, involves
visualizing and resecting the tumor through an anterior
gastrotomy [67,76]. The anterior gastrotomy should be
closed with a linear stapler, perpendicularly to the longitudinal axis of the stomach, as for the exogastric approach
or eversion method.
The management of SMTs at the esophagogastric
junction is very challenging. If potentially malignant lesions are suspected, highly invasive procedures are often
required [2]. Since the attempt to acquire an adequate
resection margin can induce stenosis of this portion,
radical procedures are safer than wedge resection or
other local resection. Therefore, for such lesions, total
gastrectomy is recommended in some institutions. Although laparoscopic proximal gastrectomy was reported
in 1995[77], many surgeons have avoided this procedure
because of serious complications, such as stricture and
reflux esophagitis, related to esophagogastrostomy[2]. One
potential solution for this problem is double tract reconstruction. Recently, Ahn et al[78] reported that laparoscopic
proximal gastrectomy with double tract reconstruction
results in less reflux and stricture. However, most SMTs,
including some malignant lesions, do not require such an
invasive procedure. Transgastric or intragastric resection
can be a useful method for benign disease and even some
malignant lesions. Enucleation is also a good option for
certain benign lesions[69]. Also, this procedure could prevent stenosis of the esophagogastric junction.
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Laparoscopic wedge resection of SMTs on the prepyloric antrum and lesser curvature are also technically demanding procedures[2]. There is a risk of stenosis of the
gastric lumen because of the low distensibility of these
areas, and a risk of vagus nerve injury, which could result
in functional gastric outlet obstruction or delayed gastric
emptying[2,9,72]. Therefore, many surgeons recommend
full-thickness resection of the tumor following repair by
hand sewing[2,79]. If deformity exists after resection of the
tumor, distal gastrectomy can be considered.
Additionally, small bowel SMTs can be resected intracorporeally or extracorporeally depending on the surgeon’s preference. Either extracorporeal or intracorporeal
resection can be performed through an umbilical port
site even if the tumor is large[6,9], but surgeons should be
careful to prevent iatrogenic spillage of tumors during
the laparoscopic approach. If tumor invasion to an adjacent organ is suspected, open conversion should be seriously considered.
Reduced port surgeries for SMTs
Recently, laparoscopic surgeries have been modified to
reduce invasiveness and improve cosmesis. With this paradigm, reduced port surgeries, including single-incision
laparoscopic surgery, are applied to the surgical resection
of SMTs[80-84]. As a transitional procedure from conventional laparoscopic surgery, Hirano et al[80] reported their
experience with reduced port surgery, which requires a 25
mm umbilical incision and a 2 mm extra incision. In this
procedure, a mini-loop retractor was inserted through
the extra port. In comparison, Sasaki et al[82] reported
single-incision laparoscopic surgery for three SMT cases.
However, they only used conventional laparoscopic instruments, and this procedure can only be used for small
lesions at favorable locations (e.g., the anterior wall or
greater curvature of the body). In contrast, Henckens et
al[81] carried out single-incision laparoscopic surgery for
a tumor located on the posterior wall by using doublebended instruments. The double-bended shape makes it
possible to perform manipulations with minimal conflict
between instruments passing through the single incision.
The single-incision laparoscopic intragastric approach
was developed as another way to address the technically
demanding location of the tumor[75]. Applying the intragastric approach to single-incision laparoscopic surgery
makes it easier to access high-lying gastric SMTs (i.e.,
SMTs of the fundus, cardia, and esophagogastric junction)[64,68,70,85]. Despite these advances, however, reduced
port surgery is still technically demanding, and great care
must be taken against unwanted injury. At present, it is
necessary to develop more innovative instruments and
procedures to overcome the ergonomic difficulties of
reduced port surgeries.
Hybrid approach (endoscopy and laparoscopy)
Laparoscopic resection is the main stream of minimally
invasive surgery for gastrointestinal SMTs, but it is difficult to localize small endophytic tumors by laparos-
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A

B

Endoscopic IT knife

Tumor

Laparoscopic electrocautery

C

Everted tumor

D

Laparoscopic linear stapler

Closed defect

Figure 2 Laparoscopic endoscopic cooperative surgery. A: Three-fourths of the circumference is cut in the endoscopic side; B: Laparoscopic seromuscular dissection is performed along the submucosal dissection line; C: With the tumor and the non-resected portion are lifted, the defect is closed with laparoscopic linear
staplers; D: The direction of stapling should be perpendicular to the longitudinal axis of the stomach.

copy[86,87]. In that sense, the endoscopic approach has advantages such as easy localization of the tumors and less
invasiveness. However, it also carries a risk of bleeding,
perforation, and less radicality[88]. Therefore, to overcome
these problems, investigators have developed several hybrid techniques that combine the laparoscopic method
with endoscopic procedures[70,71,86-91].
At the beginning, ESD was performed with laparoscopic instruments using the intragastric approach[70,71,90,91].
If perforation occurred, it was repaired by the laparoscopic hand-sewing technique. The specimen was retrieved by
endoscopy.
Laparoscopic endoscopic cooperative surgery (LECS)
is a sequential procedure in which, after ESD, the seromuscular layer is partially dissected laparoscopically[86-89].
Laparoscopic linear staplers are then applied for resection
of the tumor and closure of the gastric wall simultaneously, as in the eversion method (Figure 2)[88].
In laparoscopy-assisted endoscopic full-thickness resection (LAEFR), after full-layer dissection is performed
by endoscopy, the gastric defect is repaired by a laparoscopic suture technique[92].
Recently, Goto et al[93] and Mitsui et al[94] reported nonexposed endoscopic wall-inversion surgery (NEWS) to
prevent gastric luminal exposure, which can result in
intra-abdominal contamination and peritoneal dissemination of the tumor. First, seromuscular dissection is
performed laparoscopically, followed by closure of the
dissection line by laparoscopic suturing. Consequently,
the dissected seromuscular area is invaginated toward the
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inside. Finally, the invaginated tumor is resected by the
ESD technique (Figure 3)[94].
Although all the cooperative procedures are a little
different from each other, the common advantage is minimizing the loss of normal tissue by precise localization
with endoscopy.
Robotic surgery
Although the role of robotic surgery using the da Vinci
Surgical System (Intuitive Surgical Inc., Sunnyvale, CA)
has been established for intra-abdominal procedures, few
studies have evaluated the efficacy of robotic surgery for
SMTs[95,96]. Moriyama et al[96] suggested that the benefit of
robotic surgery is its ergonomic superiority, which permits more appropriate surgical margins. The articulated
robotic arms are able to make even resection margins
around the round shape of SMTs. If the tumor is located
on the esophagogastric junction or the pylorus, an even
resection margin can prevent stenosis of the gastric lumen. However, this advantage is not definitive[9], because
experienced surgeons can make adequate and precise
margins in the conventional laparoscopic setting[2]. In
addition, several cooperative procedures can achieve the
same benefit as robotic surgery with less cost.
Even regarding cosmesis, robotic surgery does not
reduce the number of ports or the size of the trocar
required. Moreover, if a stapling procedure is needed, another port must be established, because robotic stapling
devices are not available yet[96].
To justify the application of a robotic surgical system
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Figure 3 Non-exposed endoscopic wall-inversion surgery. A: Laparoscopic
seromuscular dissection is done after endoscopic submucosal injection. Then,
laparoscopic seromuscular suture is performed around the dissected portion; B:
Subsequently, the dissected portion is invaginated to the luminal side; C: The
mucosal layer is cut with the endoscopic device.

to the treatment of SMTs, more evidence is needed and
several problems, including the bulky size of the devices,
the lack of a stapling instrument and the high cost, must
be addressed.

12

13

14

CONCLUSION
With the development of minimally invasive surgery,
including single-port surgery and hybrid techniques, the
management of SMTs is advancing to preserve the volume and function of the stomach, even with malignant
lesions.
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Abstract
Crohn’s disease (CD) is a complex, immune-mediated
disorder that often requires a multi-modality approach
for optimal diagnosis and management. While traditional methods include ileocolonoscopy and radiologic modalities, increasingly, capsule endoscopy (CE) has been
incorporated into the algorithm for both the diagnosis
and monitoring of CD. Multiple studies have examined
the utility of this emerging technology in the management of CD, and have compared it to other available
modalities. CE offers a noninvasive approach to evaluate areas of the small bowel that are difficult to reach
with traditional endoscopy. Furthermore, CE maybe favored in specific sub segments of patients with inflammatory bowel disease (IBD), such as those with IBD
unclassified (IBD-U), pediatric patients and patients
with CD who have previously undergone surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Crohn’s disease (CD) is a complex, immunemediated disorder that often requires a multi-modality
approach for optimal diagnosis and management. Over
the past decade, capsule endoscopy (CE) has increasingly found a place in the algorithm for the diagnosis,
treatment and monitoring of CD. CE potentially offers
a noninvasive approach to evaluate areas of the small
bowel that may be difficult to access with traditional
endoscopy. Furthermore, CE has potential application
for specific subsegments of patients with inflammatory
bowel disease (IBD), such as those with IBD unclassified, pediatric patients and patients with CD who have
previously undergone surgery.
Hudesman D, Mazurek J, Swaminath A. Capsule endoscopy in
Crohn’s disease: Are we seeing any better? World J Gastroenterol
2014; 20(36): 13044-13051 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/13044.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.13044

INTRODUCTION
Crohn’s disease (CD) is a complex, immune-mediated
condition. Diagnosis and management requires information from multiple modalities. These include clinical
symptomatology, serologic and fecal testing, endoscopic
assessment with histopathologic analysis and radiologic
imaging. While the majority of CD patients have involvement of the small bowel, up to 30% have disease that
is confined to the small-bowel alone[1]. Historically, the
small bowel was assessed using small bowel radiography,
ileocolonoscopy, or push enteroscopy. With advances
in technology and imaging, there are now other options
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for evaluating the small bowel including computed tomographic enterography (CTE), magnetic resonance enterography (MRE), contrast ultrasonography, double balloon enteroscopy and capsule endoscopy (CE). CE offers
a sensitive and noninvasive strategy for establishing the
correct diagnosis, and the monitoring of disease activity.
Findings on CE in CD include aphthae, deep ulcerations,
and stricturing disease (Figure 1). Furthermore, CE is
particularly useful in areas of the gastrointestinal tract
that are not optimally seen on conventional endoscopy or
radiologic imaging.
CE (Given, Yoqneam, Israel; Pill-Cam SB) was Food
and Drug Administration (FDA) approved in 2001 for
evaluation of the small bowel. CE is currently approved
for the evaluation of obscure gastrointestinal bleeding
and iron deficiency anemia in patients with a normal upper and lower endoscopy, as well as for the evaluation and
monitoring of CD. Given imaging has recently launched
its third generation of small bowel capsules, PillCam SB3,
which has improved image detail, and adaptive frame rate
technology leading to increased visualization of the small
bowel, and improved efficiency. A competing capsule
system was developed by Olympus (Lake Success, NY;
EndoCapsule) that was FDA approved in 2007. Although
the technology continues to improve, the main barrier to
CE use in IBD has been its lack of specificity and concern for retention in the small bowel due to strictures[2-4].

A

B

C

ESTABLISHING A DIAGNOSIS OF CD
Clinicians have relied upon endoscopic and histologic
evaluation coupled with small bowel imaging, to define
the location and extent of involvement in CD. Improvements in imaging technology have now led to the widespread use of cross sectional imaging in the diagnosis of
CD (Table 1).
A number of studies have compared radiologic imaging studies to CE in CD. Albert et al[5] prospectively
compared CE to magnetic resonance imaging (MRI)
and small bowel enteroclysis (SBEC) in 52 known or
suspected CD patients. Of the 52 patients included in
the study, 41 were confirmed to have CD. Following radiologic testing, 14 patients were noted to have strictures,
with only the 27 remaining patients undergoing CE. CE
detected small bowel lesions in 93% of patients, as compared to 78% and 33% for MRI and SBEC, respectively.
Although the absolute difference in sensitivity favored
CE, the study was underpowered to achieve statistical
significance.
Hara et al[6] prospectively imaged the small bowel
of 17 patients with known or suspected CD with CE,
CTE, colonoscopy with ileoscopy, and small bowel follow through (SBFT). The mean time between the first
and last exam was 20 wk. The diagnostic yield, defined
as the number of patients with evidence of CD over the
number of patients studied, was 71% with CE, 65% with
ileoscopy, 53% with CTE, and 24% with SBFT. Due to
the small sample size, the study did not reach statistical
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Figure 1 Findings on capsule endoscopy in Crohn’s disease. A: Aphthous
ulceration; B: Shallow ulcer; C: Small bowel stricture.

significance. This study was further limited by a lack of
specificity as any erosion or ulcer seen on capsule endoscopy or ileoscopy was classified as CD. A major limitation
of small bowel imaging is the lack of a reference standard for the diagnosis of CD. Without a gold standard, a
sensitivity or specificity of CE in diagnosing small bowel
CD cannot be calculated.
Solem et al[7] conducted the only prospective study to
overcome this limitation directly comparing CE to CTE,
ileocolonoscopy, and SBFT using a consensus diagnosis
based on clinical presentation, laboratory data, and the
four imaging studies. Each interpreter classified patients
with either active, suspicious, inactive or absent CD.
These studies were performed sequentially over 4 d with
CTE as the first exam. If no strictures were seen on radiologic imaging then the patient underwent CE followed
by SBFT. Forty-two patients enrolled in the study, but
only 28 underwent CE secondary to stricture, abscess, or
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Table 1 Studies evaluating diagnostic yield of capsule endoscopy
Ref.

Compared modality

Albert et al[5]
Hara et al[6]

Solem et al[7]

Dionisio et al[9]

Jensen et al[10]

MRE
SBEC
CTE
Ileoscopy
SBFT
CTE
Ileocolonoscopy
SBFT
SBR
Ileocolonoscopy
CTE
PE
MRE
MRE
CTE

n

Diagnostic yield of VCE

Incremental yield of VCE

P value

27

93%

NS

17

71%

28

83%

428
236
119
102
123
93

58%
64%
70%
50%
50%
100%
100%

15%
60%
18%
6%
47%
1%
9%
18%
37%
15%
39%
42%
7%
27%
19%

NS

NS

< 0.0001
0.000
< 0.00001
< 0.00001
NS
0.03
NS

CE: Capsule endoscopy; MRE: Magnetic resonance enterography; CTE: Computed tomography enterography; SBEC: Small bowel enteroclysis; SBFT: Small
bowel follow through; SBR: Small bowel radiography; PE: Push enteroscopy; NS: Non-significant.

drop out. The authors found that the sensitivity of CE
for active CD did not differ significantly from the other
three modalities. The sensitivities were 83% for CE, 82%
for CTE, 74% for ileocolonoscopy, and 65% for SBFT.
The specificity of CE, however, was 53%, which was significantly lower than all other modalities.
Using histopathology for diagnosis of CD, Dubcenco et al[8] evaluated the accuracy of CE in known or
suspected CD. Thirty-nine patients without strictures
underwent ileocolonoscopy, small bowel series (36 with
SBFT and 3 with small bowel enema), and CE within an
average of 22 d. Histology was able to confirm disease
in 25/39 patients, exclude disease in 10/39 patients, and
in 4 patients the tissue was not accessible. The sensitivity
and specificity for CE was 89.6% and 100% respectively,
with the sensitivity and specificity for small bowel series
was 27.6% and 100% respectively.
A meta-analysis was performed by Dionisio et al[9] including 19 trials, comparing CE to small bowel radiography (SBR), ileocolonoscopy, CTE, push enteroscopy (PE),
and MRE in nonstricturing CD. The primary outcome
measure was weighted incremental yield (IYw), defined as
the diagnostic yield of capsule endoscopy minus the diagnostic yield of the comparative modality. For suspected
CD, CE was superior to CTE with an IYw of 47% (68%
vs 21%), SBR with an IYw of 32% (52% vs 16%), and
ileocolonoscopy with an IYw of 22% (47% vs 25%). For
known CD, CE was superior to PE with an IYw of 57%
(66% vs 9%), SBR with an IYw of 38% (71% vs 36%), and
CTE with an IYw of 32% (71% vs 39%). There was no
benefit found of CE over MRE likely secondary to the
small sample size in this meta-analysis.
Jensen et al[10] evaluated the diagnostic accuracy of CE
compared to CTE and MRE. This study was not included
in the previously mentioned meta-analysis. Ninety-three
patients with suspected or newly diagnosed CD were enrolled in the study. Twenty-one patients were diagnosed
with terminal ileal CD based on the gold standard of histopathology from ileocolonoscopy and/or surgery. Based
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on the 21 patients with ileal CD, the sensitivity of CE
compared to CTE was 100% vs 76%, respectively (P =
0.03). The sensitivity of CE was higher than MRE, 100%
vs 81%, respectively; however this was not statistically significant. Specificities and positive predictive values were
comparable across the three modalities.
The pediatric population with CD poses another area
where the use of CE may prove beneficial. The FDA
initially approved CE for pediatric use between the ages
of 10 and 18 years of age in 2003, then expanded this
age range in 2009 for children as young as 2 years of
age[11]. Physiologic differences exist between children
and adults that change the risks associated with sedation
in the pediatric population, and may result in a higher
threshold to perform an invasive endoscopy in children.
CE was therefore studied as an alternative to traditional
endoscopy in pediatric patients with suspected CD. In
one study, MRE was compared to capsule endoscopy in a
pediatric population with suspected CD[12]. Ileocolonoscopy was the gold standard, and 19/60 patients included
in this study were diagnosed with CD. The sensitivity and
specificity of CE and MRE were comparable, 91%, 92%
and 100%, 97.6%, respectively.
A study by Levesque et al[13] investigated whether CE
was a cost effective tool in evaluating small bowel CD in
patients with two previous negative tests using a decision
analytic model. In this model, CE was not a cost-effective
strategy after a negative ileocolonoscopy and a negative
radiologic study (either CTE or SBFT) with a QALY of
$500000. The high cost of capsule endoscopy is directly
related to the poor specificity of the test, and from a
lack of standardization in grading and diagnosing CD. A
limitation of this study was the model did not take into
account the extent or severity of the disease, or the costs
associated with changes in management, or lack thereof.
Based on the most recent evidence based recommendations[14], patients with a high suspicion for CD with
a negative ileocolonoscopy should next undergo small
bowel imaging. If the patient has signs or symptoms of a
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Table 2 Capsule endoscopy in inflammatory bowel disease
unclassified n (%)

Table 3 Capsule endoscopy in postoperative Crohn’s disease
Ref.

Ref.

n

Results

Mow et al[2]
Maunoury et al[19]
Mehdizadeh et al[20]
Murrell et al[21]

22
30
21
68

9 (40) suspected CD; 5 (23) confirmed CD
5 (17), CD
6 (29), CD
15 (22), SB findings

Bourreille
et al[26]
Pons Beltran
et al[27]

CD: Crohn’s disease; SB: Small bowel.

n

IC

31

IC

Results

IC Sens/Spec: 90%/100%
CE Sens/Spec: 62%-76%/90%-100%
24
IC recurrence: 25%
CE recurrence: 68%

IC: Ileocolonoscopy; CE: Capsule endoscopy; Sens/Spec: Sensitivity/
Specificity; SICUS: Small intestine contrast ultrasonography.

stricture and/or obstruction the modality of choice is either CTE, MRE, or patency capsule. If there are no signs
or symptoms of obstruction, CE is a good option due to
its high sensitivity.

USE OF CE IN IBD UNCLASSIFIED
In approximately 15% of patients with isolated colitis it
is difficult to definitively distinguish between CD and ulcerative colitis (UC)[15,16]. These patient phenotypes were
originally called indeterminate colitis (IC)[17], and are now
classified as IBDU. The clinical course and prognosis of
IBDU may be worse than UC, especially in patients that
have undergone an ileal pouch anal anastomosis (IPAA)
(Table 2)[18].
Maunoury et al[19] evaluated the role of CE in 30
patients with IBDU and negative ASCA and pANCA.
As in the paper cited above, the definition of suspected
CD that was used was the presence of three or more
small bowel ulcerations, however this definition has not
been prospectively validated. Five patients had findings
suspicious of CD. In long term follow up, another five
patients with normal CE were diagnosed with CD on repeat ileocolonoscopy.
Mehdizadeh et al[20] evaluated the utility of CE in ulcerative colitis (UC) and IBDU. The indications for CE
in UC patients were atypical symptoms, disease refractory
to medical therapy, and new onset symptoms after total
proctocolectomy with IPAA. Nineteen of the 120 patients (16%) had findings consistent with CD, defined as
three or more small bowel ulcerations. In addition, 6 of
the 21 patients (29%) who had undergone surgical treatment for UC (IPAA) were found to have CD.
Murrell et al[21] investigated the role of preoperative
CE in predicting outcomes after IPAA. This retrospective study identified 68 patients, 48 with UC and 20 with
IBDU, who had a CE prior to surgery. CE was positive in
15 patients defined as ulcerations, erosions, or erythema.
There was no correlation found between positive CE
findings and acute pouchitis, chronic pouchitis, or de novo
CD over a median follow up time of 12 mo.
We believe that all patients with IBDU should have
some form of small bowel imaging to evaluate for CD,
with capsule endoscopy as one of the options. Even if
the decision to proceed with surgery is unchanged by
the findings of a few nonspecific ulcerations in the small
bowel, it may be useful to help set expectations for disease course subsequent to IPAA construction.
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Compared
modality

USE OF CE FOR POSTOPERATIVE
RECURRENCE OF CD
CD typically recurs after ileocolonic resection just proximal to the surgical anastomosis. Endoscopic recurrence
rates range from 70%-90% at one year with clinical recurrence rates of about 30% at three years[22,23]. The current
recommendation for diagnosing recurrent CD is an ileocolonoscopy between 6 mo to 1 year after resection[24,25].
Noninvasive techniques including CE have been studied
to asses for postoperative recurrence of CD. Aside from
the benefit of a noninvasive test, CE should theoretically
improve visualization of the neoterminal ileum, as the
altered postoperative anatomy often can complicate intubation and visualization of the neoterminal ileum with
standard ileocolonoscopy (Table 3).
Bourreille et al[26] prospectively compared ileocolonoscopy (gold standard) to CE in the postoperative setting in
32 patients at a median time of 6 mo after surgery. Two
independent observers interpreted the CE results. One
patient was excluded because his neoterminal ileum was
not visualized with ileocolonoscopy. Ileocolonoscopy
detected recurrence in 19 of the 21 patients with a sensitivity of 90% and a specificity of 100%. In comparison,
the sensitivity and specificity of CE were 62%-76% and
90%-100%, respectively. Interestingly, CE found proximal
small bowel lesions, out of reach of the ileocolonoscopy,
in two thirds of the patients, however these findings are
of uncertain clinical significance.
A similar study by Pons Beltran et al[27] reached a different conclusion. Out of 19 evaluable patients, ileocolonoscopy detected recurrence in only 25% of the patients,
while capsule endoscopy detected recurrence in 68% of
the patients. As in the previous study 59% had proximal
small bowel lesions found on CE. The low detection
rates of ileocolonoscopy are partially explained by the
postsurgical anatomy, where the neoterminal ileum could
not be reached in 3 patients. All of the patients included
had a side to side anastomosis which may limit visualization of the neoterminal ileum. When assessing for patient
comfort, all patients preferred CE over ileocolonoscopy.
All of the mentioned studies have small samples sizes.
We do not recommend replacing ileocolonoscopy with
CE for evaluation for recurrent CD at a surgical anastomosis that is reachable via ileocolonoscopy. However, in
patients where the neoterminal ileum cannot be intubated
or in patients with symptoms or abnormal labs (elevated
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Table 4 Influence of capsule endoscopy findings on
management of Crohn’s disease
Ref.

n

Dussault et al[28]

71

Long et al[29]
Min et al[30]

CE findings

Change in management

1

Moderate 45%
2
Severe 17%
86 (with CD) 1Moderate 30.3%
2
Severe 47.6%
50 (with CD)
86%

54%
75%
51%
73%
75%

1

Moderate endoscopic lesions: erythema and a few aphthous ulcers; 2Severe
endoscopic lesions: defined as multiple and/or deep ulcers and/or stenosis
with/without retention. CD: Crohn’s disease; CE: Capsule endoscopy.

C-reactive protein or anemia) with a negative ileocolonoscopy. CE may identify inflammation elsewhere in the
small bowel, though we expect this to be a small group
of patients.

INFLUENCE OF CE FINDINGS ON
MANAGEMENT OF CD
There is limited data on how CE may change management in patients with established CD (Table 4).
In a retrospective cohort of 71 established CD patients, Dussault et al[28] evaluated how CE impacts treatment decisions. These patients underwent CE for either
unexplained anemia, discrepancy between clinical and endoscopic findings, disease assessment, or for evaluation of
mucosal healing. Moderate endoscopic lesions, defined as
erythema and a few aphthous ulcers, were found in 32/71
patients (45%). Severe endoscopic lesions, defined as multiple and/or deep ulcers and/or stenosis without retention,
were found in 12/71 patients (17%). There was a change
in medication in 38/71 (54%) patients three months after
CE, of which 27 initiated a new medication most commonly an immunomodulator or an anti- tumor necrosis
factor (TNF) agent. Two patients required surgery. Seventy-five percent of patients with severe endoscopic lesions
had a change in their management, compared to 53% with
moderate lesions, and 4% with normal CE.
Long et al[29] performed a retrospective cohort study
of 128 CE studies in established IBD patients between
2003 and 2009 at a tertiary referral center. Four capsule
studies were excluded since they were retained in the
stomach. Indications for CE included CD in 86, IBDU
in 15, and pouchitis in 23 patients. The median duration of CD or IBDU was 6 years. The IPAA group had
longer disease duration of 13.5 years. The majority of
CD patients had either a few or multiple ulcerations with
22% having a normal CE. Sixty-two percent of the CD
patients had a change in their medical management, defined as initiation or discontinuation of an IBD specific
medication. Budesonide was the most common initiated
medication with 40% of the CD patients starting a new
medication. Eighty percent of the IBDU patients had a
normal CE or mild erythema. Two thirds of these patients had a change in medical management with 40%
initiating a new IBD specific medication, most commonly
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prednisone or budesonide. In addition, 44% of the IPAA
patients had a normal CE or mild erythema with 57% of
them starting a new medication. We suspect that given
the disconnect between CE and treatment changes, the
clinical symptoms or biomarkers played a more important role in management decisions. Capsule retention occurred in 15 of the CD patients, leading to either a small
bowel resection or strictureplasty in 13% of the CD patients.
Overall, in patients with minimal findings on CE, 51%
had a change in medical management compared to 73%
of patients with severe findings. Due to the retrospective
nature of this study, it is unclear if management changes
were due to the CE findings or other factors. It is also
unknown whether these medications changes impacted
the disease course. In addition, only a small number of
patients initiated immunosuppressants or biologics.
The effect of CE on the management of CD has
been studied in the pediatric population as well. Min et
al[30] evaluated whether CE will change management in
the pediatric population. Indications for CE included
active CD with poor growth in 50, IBDU in 16, and suspected IBD in 17 patients, respectively. Treatments and
clinical outcomes were recorded before and one year after
CE was performed. The overwhelming majority of patients with CD had abnormal CE findings (86%). Treatment escalation was required in 75% of patients, with the
majority adding an anti-TNF agent, and 18% adding an
immunomodulator. Follow up of these patients one year
after capsule endoscopy showed statistically significant
improvement in growth parameters, clinical indices, and
laboratory markers. Given that the majority of patients
requiring dose escalation had poor growth or active
symptoms, it would appear that CE played a supportive
role rather than a definitive role.
Flamant et al[31] studied the prevalence and significance
of jejunal lesions on CE in established CD patients. CE
studies from 108 CD patients were analyzed retrospectively, and 56% of these patients were found to have jejunal lesions (17% isolated to the jejunum). On multivariate
analysis, jejunal lesions were the only factor associated
with an increased risk of disease relapse over a median of
two years with an adjusted hazard ration of 1.99 (95%CI:
1.10-3.61, P = 0.02). These data suggest that patients
with proximal lesions may benefit from management top
down strategy. This was demonstrated by Lazarev et al[32]
who identified jejunal disease being associated with multiple abdominal surgeries.
While it does appear important to identify patients
with jejunal disease given their higher risk for a complicated disease course, it’s not clear whether any particular
imaging modality has the advantage.

USE OF CE FOR MUCOSAL HEALING
Data for the use of CE to monitor disease or evaluate
treatment efficacy in CD is limited. A small case series
from Athens prospectively investigated the correlation of
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mucosal healing by CE with clinical response, defined as
a CDAI drop of > 100 or a CDAI < 150[33]. Diagnosis of
CD was confirmed histologically in 34 of the 40 patients.
Patients included had active symptoms and the initial CE
was done prior to any treatment. After treatment initiation, patients were followed up regularly until there was
clinical improvement. Within one of day symptom improvement a second CE was performed to evaluate for
mucosal healing. Three endoscopic variables were used
for mucosal healing; number of aphthous ulcers, number
of large ulcers, and the period of time that any endoscopic lesion was visible. The number of large ulcers
significantly decreased, while the number of aphthous ulcers remained unchanged. Because only one of the three
markers improved, the authors concluded that clinical
response did not correlate with mucosal healing. A major
limitation of this study was the significant heterogeneity
among treatments, which were chosen by the managing
physicians. Only 6 patients received immunomodulators
and steroids or anti-TNF agents, and they had the most
significant endoscopic improvement.
In an abstract presented at the 2013 Crohn’s and
Colitis Foundation of America meeting, Shafran et al[34]
retrospectively evaluated whether mucosal healing defined
by CE was critical in management decisions. Twenty-three
patients were analyzed of which 17 achieved mucosal
healing, determined by a single expert physician reader
along with a Lewis score if available. Of the 17 patients
with mucosal healing, 15 remained in clinical remission on
their current treatment plan. In the 6 patients who did not
achieve mucosal healing, four patients achieved clinical
remission with changes in medications, 1 patient required
surgery, and 1 patient entered a clinical trial.
Larger prospective trials are needed to confirm the
utility of serial CEs to assess mucosal healing in patients
with nonstricturing isolated small bowel CD. It will be
important to identify these patients early as they may
benefit from more intensive treatments, but it is unclear
if CE would be superior to radiology.

CAPSULE RETENTION
Capsule retention is the greatest concern in patients with
IBD. Adding to this concern is that the majority of patients do not visualize the capsule passing in the stool.
In a systematic review involving 227 articles with 22840
capsule studies, the overall pooled retention rate was 1.4%.
The pooled retention rate for established CD was 2.6%[3].
Capsule retention does not necessarily require surgical intervention. Some patients with retained capsules are
asymptomatic, while others can be managed medically
with steroids or anti-TNF agents, to allow for passage
through an inflammatory stricture. Other cases can be
managed endoscopically with retrieval accomplished by
deep enteroscopy or colonoscopy. Surgery with resection
of the strictured segment or strictureplasty is sometimes
required.
Although capsule retention should be avoided, some
believe that retention leads to the appropriate diagnosis
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and management by allowing for localization of the culprit lesion. In a study by Cheifetz et al[35] CE was used in
19 patients with suspected small bowel obstruction based
on symptoms or imaging. The capsule was retained in
four patients proximal to the stricture and they all underwent elective surgery. Since the capsule was not lodged in
the stricture, emergent surgery was not indicated in any
of these patients. The operative findings of these four
patients were deep ulceration and stricture in midjejunum, a jejunal anastomotic stricture, focal ulcerated stricture in the jejunum, and an ileal stricture.
Given imaging has developed the Agile patency capsule, which is the same size as Pillcam SB. The capsule is
composed of lactose and barium with an impermeable
membrane that disintegrates in less than 30 h. It contains
a radiofrequency identification chip, which can be detected by a scanner if retained in the small bowel.
Herrerias et al[36] evaluated the Agile patency capsule in
106 patients with known intestinal strictures. In this series, 13 patients had obstructive symptoms that were possibly or probably secondary to the Agile patency capsule.
The Agile patency system is recommended when there
is a suspicion for an intestinal stricture or obstruction to
anticipate the subsequent safe passage of CE.

SCORING SYSTEMS FOR CAPSULE
ENDOSCOPY
A limitation of CE and of many of the studies reviewed
in this article is interobserver variability. Two main scoring systems have been developed to address this problem. The Lewis Score quantifies mucosal change and disease extent by assessing villous appearance, presence of
ulcers and stenosis over each segment of small bowel[37].
In 2008, Gal et al[38] developed the capsule endoscopy
crohn’s disease activity index which evaluates inflammation, extent of disease, and presence of stricture, all
graded on a numeric scale with the small bowel divided
into proximal and distal halves. The Lewis score has
been made more accessible as it was incorporated into
the PillCam software (Given, Rapid Reader). Nevertheless, neither scoring system is utilized routinely in clinical
practice. Furthermore, there is no definitive correlation
between the score and the patient’s clinical status or
CDAI[11]. Although scoring systems may be useful for
longitudinal monitoring of CD, they have not been validated for this purpose.

OUR PRACTICE
Multiple variables need to be taken into account when
deciding which imaging test is best to the study the small
bowel in patients with established or suspected CD. The
availability of CTE is institution dependant, and there are
concerns about cumulative ionizing radiation exposure
in CD patients[39]. MRE avoids radiation and allows for
extraluminal imaging. It is often our first test of choice in
newly diagnosed CD patients. However, CE is performed
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by gastroenterologists and seems to have higher sensitivity for mucosal lesions compared to cross sectional imaging.
We use CE in post-operative evaluation when the
neoterminal ileum cannot be intubated or in patients with
symptoms, anemia, or biomarker elevation in the setting
of a normal colonoscopy. Clinically, we can confirm the
data of Efthymiou et al[33], when colonic mucosal healing
did not result in correction of iron deficiency anemia and
CE confirmed ongoing active inflammation (aphthous
ulcers) in the small bowel. CE may be the preferred option in pediatric patients with nonstricturing disease as
it seems to result in management changes that are more
significant than in the adult population. Increasingly
mucosal healing has become the preferred endpoint of
medical management and CE, along with biomarkers and
cross sectional imaging, will play an important role in
noninvasive disease monitoring of the small bowel.
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Abstract
Anal cancer represents less than 1% of all new cancers
diagnosed annually in the United States. Yet, despite
the relative paucity of cases, the incidence of anal cancer has seen a steady about 2% rise each year over
the last decade. As such, all healthcare providers need
to be cognizant of the evaluation and treatment of
anal squamous cell carcinoma. While chemoradiation
remains the mainstay of therapy for most patients with
anal cancer, surgery may still be required in recurrent,
recalcitrant and palliative disease. In this manuscript,
we will explore the diagnosis and management of squamous cell carcinoma of the anus.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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ing; Drug therapy
Core tip: Despite advances in the diagnosis and management, we continue to see a steady rise in the incidence of anal squamous cell cancer. The management
of anal cancer has evolved from mandatory surgery to
sphincter preserving therapy and is now entering an
era of screening and prevention. Chemoradiotherapy
remains the primary therapy for anal cancer. Anal Pap
smear and high-resolution anoscopy are emerging
technologies for identification of precancerous lesions.
A high index of suspicion and knowledge of the relevant anatomy and pathophysiology are essential to
identify at risk group, avoid missed diagnosis, and provide proper counseling.
Osborne MC, Maykel J, Johnson EK, Steele SR. Anal squamous
cell carcinoma: An evolution in disease and management. World J
Gastroenterol 2014; 20(36): 13052-13059 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/13052.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i36.13052

HISTORICAL PERSPECTIVE
Although rare, carcinoma of the anus remains a dreaded
diagnosis (Figure 1). Fortunately, major advancements
in oncology, both in the basic sciences as well as clinical
therapeutics, have transformed the diagnosis and treatment of this disease. Up until the 1970’s, the primary
treatment for anal carcinoma was radical surgery with an
abdominoperineal resection and permanent end colostomy. In May of 1974, Dr. Norman Nigro at Wayne State
University published a series in Diseases of the Colon
and Rectum of three patients with anal cancer treated
with combined chemotherapy and radiation[1]. Two of
the patients underwent surgical resection, and no remaining malignancy was identified in the specimens. The third
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patient refused surgery and was disease free after 14 mo
of follow up. Dr. Nigro’s protocol of 3000 rads of external beam radiation, a five-day infusion of 5-fluorouricil,
and a single injection of mitomycin-C became known as
the “Nigro Protocol” and later signified a major advancement in the treatment of anal cancer, and in oncology
in general. Further refinements would lead to combined
chemotherapy and radiation as the primary treatment for
anal carcinoma with most patients successfully treated
without surgery.
We are currently are in the midst of another major
shift in the treatment of anal cancer. Basic science and
translational research have led to the identification of
the virus which causes most cases of anal cancer and to
a vaccine that can help prevent precursor lesions as well
as tools to screen and treat high risk individuals. Current
efforts are extending beyond treatment to screening and
prevention. In this manuscript we will review the management of anal squamous cell carcinoma.

EPIDEMIOLOGY
When considered in the broader context, anal cancer is
rare. It comprises about 2% of all gastrointestinal (GI)
malignancies and only 0.4% of all new cancers diagnosed
annually in the United States. The National Cancer Institute estimates that there were approximately 7000 new
cases of anal cancer in the United States in 2013. The
median age of diagnosis is 60 years old and there is a
slightly higher incidence in women[2]. There is a very clear
link between human papilloma virus (HPV) infection
and anal cancer. HPV infects the skin and mucous membranes of the mouth, anus, penis and female reproductive tract. There are multiple known serotypes of HPV
with varying degrees of oncogenicity. Serotypes 6 and
11 are most associated with anal and genital warts, while
serotypes 16, 18, 31, 33, and 35 are more oncogenic and
are associated with anal and cervical cancer. Population
studies have demonstrated that 90% of patients with anal
cancer are infected with either HPV 16 or 18[3]. Other
known risk factors include a history of HPV related
lesions-vulvar cancer, cervical cancer, vulvar or cervical dysplasia, anal or genital warts, a history of human
immunodeficiency virus, smoking, men who have sex
with men (MSM), and a history of transplantation with
chronic immunosuppression. While anal cancer may occur in anyone, it is patients with one or more of these
risk factors where focused effort is needed to make a
tremendous difference in the incidence and outcomes of
the disease.

PATHOLOGY
A clear distinction must be made between anal canal carcinoma and anal margin carcinoma, since the treatment
can differ radically between the two. This requires some
discussion of the anatomy of the anal canal. The anal
canal is the last portion of the large intestine and extends
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Figure 1 Anal squamous cell carcinoma (Courtesy of Richard Billingham,
MD).

from the top of the anorectal ring to the anal verge. The
anorectal ring is a structure where the levator ani muscles
form a ring and are intimately associated with the top of
the external anal sphincter muscles. The anal verge is the
point where the anoderm, or the squamous epithelium
of the anal canal distal to the dentate line, meets the hairbearing perianal skin. The anal margin is the portion of
the skin extending circumferentially 5 cm distal to the
anal verge. The histology of tissue lining the anal canal
is varied. At the top of the anal canal is the columnar
epithelium similar to that seen in the rectum. Distally, the
anal canal is lined by anoderm. As mentioned above the
anoderm is stratified squamous epithelium. The anoderm
is thinner than skin and lacks hair follicles or sebaceous
glands. The easily identified line that marks the proximal
most extent of the anoderm is called the dentate line.
Just above the dentate line is a transition zone that may
contain columnar, transitional, and stratified squamous
epithelium. Noting the location of a tumor as either an
anal canal vs anal margin lesion is important, as there significant differences in therapy between the two.
Lymphatic drainage proximal to the dentate line occurs along the rectum to the inferior mesenteric lymph
nodes and to the nodes along the internal iliac vessels.
Lymphatic drainage distal to the dentate line is primarily
to the inguinal nodes. This comes into play both for the
physical examination, as well as possible radiation portals
during treatment.
By far the most common malignancy of the anal
canal and anal margin is squamous cell carcinoma. This
includes multiple histologies and descriptors that had
previously been used including epidermoid, cloacogenic,
mucoepidermoid, large-cell keratinizing, large-cell nonkeratinizing, and basaloid. Generally, the use of these terms
has fallen out of use. Other malignancies of the anal canal and anal margin include adenocarcinoma, melanoma
(Figure 2), gastrointestinal stromal tumors, neuroendocrine tumors, basal cell carcinoma, Paget’s disease (intraepithelial adenocarcinoma), and verrucous carcinoma
(Buschke-Lowenstein tumor).
Anal squamous cell carcinoma is thought to arise from
a precursor lesion termed anal intraepithelial neoplasia

13053

September 28, 2014|Volume 20|Issue 36|

Osborne MC et al . Anal squamous cell carcinoma
th

Table 1 7 edition of the American joint Committee on
Cancer TNM Staging
Primary tumor (T)
Tx
Primary tumor cannot be assessed
Tis
Carcinoma in situ
T1
Tumor < 2 cm in greatest dimension
T2
Tumor between 2 and 5 cm in greatest dimension
T3
Tumor > 5 cm in greatest dimension
T4
Tumor invading adjacent organs
Regional lymph nodes (N)
Nx
Regional nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in the perirectal nodes
N2
Metastasis in unilateral internal iliac and/or inguinal nodes
N3
Metastasis bilateral internal iliac or inguinal nodes
Distant metastasis (M)
M0
No distant metastasis
M1
Distant metastasis
Stage
0
Tis
N0
M0
Ⅰ
T1
N0
M0
Ⅱ
T2
N0
M0
T3
N0
M0
ⅢA
T1
N1
M0
T2
N1
M0
T3
N1
M0
T4
N0
M0
ⅢB
T4
N1
M0
Any T
N2
M0
Ⅳ
Any T
N3
M0
Any T
Any N
M1

Figure 2 Anal melanoma (Courtesy of Richard Billingham, MD).

Adapted from Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL,
Trotti A. AJCC Cancer Staging Manual. 7th edition. New York: Springer,
2009.

Figure 3 Anal intraepithelial neoplasia (Courtesy of Richard Billingham,
MD).

(AIN) (Figure 3). AIN is a histologic, as opposed to cytologic, diagnosis with varying degrees of dysplasia. AIN Ⅰ,
Ⅱ, and Ⅲ have low, medium, and high grades of dysplasia
respectively. There several terms used to classify AIN. Lowgrade squamous intraepithelial lesion (LSIL) and high-grade
intraepithelial lesion (HSIL) are commonly used. LSIL refers to AIN Ⅰ and HSIL refers to AIN Ⅱ or Ⅲ. In subtle
contrast low-grade anal intraepithelial neoplasia and high
grade intraepithelial neoplasia have been proposed and refer to AIN Ⅰ/Ⅱ and AIN Ⅲ. The natural history of AIN
continues to be studied. Progression of low grades of AIN
to high grade in HIV positive MSM or bisexual men is 62%
at two years[4]. Progression of AIN to anal cancer will happen in 10% of cases with at least one year follow up[5].

STAGING
Staging for anal cancer is unlike the system used for malignancy in other portions of the bowel. Whereas malignancy in other portions of the bowel is staged according
to depth of invasion, anal cancer is staged according to
size. T1 lesions are less than 2 cm, T2 lesions are 2-5 cm
and T3 lesions are greater than 5 cm. Lesions that invade
vagina, urethra or bladder are classified as T4 regardless
of size. Invasion to the rectum, skin, or sphincter muscles
is no considered a T4 lesion. Additionally, lymph node
metastasis is divided into perirectal, iliac and inguinal
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lymph nodes. See Table 1 for the updated American Joint
Committee on Cancer staging system for anal cancer.

SCREENING AND PREVENTION
Current efforts to prevent anal cancer are primarily directed at vaccination. There are two commonly available HPV
vaccines. The first is a bivalent vaccine, HPV2 (Cervarix,
GlaxoSmithKline) and has high efficacy against HPV 16
and 18. The quadrivalent vaccine, HPV4 (Gardasil, Merck
& Co, Inc.) has high efficacy against HPV 6, 11, 16, and
18. The United States Centers for Disease Control recommend vaccination against HPV for both males and females ages 11-12 years. Females may be offered both the
bivalent and quadrivalent vaccine. Males should be offered
the quadrivalent vaccine. Additionally, CDC recommends
vaccination of men who have sex with men up to age 26
years[6]. In a phase 3 randomized control trial of the quadrivalent vaccine, a subset analysis of men who have sex
with men within the trial demonstrated significant prevention of precancerous lesions. Vaccine administration prevented development of AIN2 and AIN3 associated with
HPV 6, 11, 16, and 18 in 50% of patients treated with the
vaccine on intention to treat analysis[7,8].
No true screening exam for anal cancer exists, however anal pap smears, or high-resolution anoscopy are
frequently used identify AIN. The scientific rationale for
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Table 2 Treatment of anal intraepithelial neoplasia
Therapy
Watchful waiting

Topical imiquimod

Pro

Con

Ref.

Avoids the morbidity of other therapies
Low risk of interval development of carcinoma
(for low-grade)
Response rate of 48%-86%

Missed opportunity to potentially cure patient
Need for close surveillance and reliable patient

[7]

Burning, irritation, variable patient compliance
Recurrence or new lesions in untreated areas
Topical 5-florouracil
High response rate, up to 90%
High recurrence rate, up to 50%
Wide local excision
Recurrence rates as low as 13% reported
Significant morbidity of anal stenosis, wound healing and incontinence
Targeted therapy
Evidence to prevent progression to anal cancer
High rate of persistent or recurrent disease in HIV positive patients
Avoid anal stenosis and incontinence
with HRA

[14-16]
[17,18]
[19-21]
[22-24]

HRA: High-resolution anoscopy; HIV: Human immunodeficiency virus.

an anal pap smear is derived from the similar pathogenesis between cervical and anal cancer. Similar to a cervical
pap smear, an anal pap smear is obtained by inserting a
Dacron swab into the anal canal to a level 1-2 cm above
the dentate line. The anal canal is then circumferentially
swabbed and either plated or placed in formaldehyde.
The cells are then stained with the Papanicolau stain to
identify dysplastic cells.
High-resolution anoscopy (HRA) applies the techniques of colposcopy, used to detect pre-cancerous lesions in the cervix, to identify pre-cancerous anal lesions.
3% acetic acid and Lugol’s iodine solution is applied to
the anal canal. The anal canal is then thoroughly inspected with a high resolution microscope and HPV infected
cells are then easily seen as characteristic white lesions[9].
The exact method for screening any given population at risk has not been well described. While HRA has
a high sensitivity and specificity, it is not widely available.
Anal Pap smear is easy to perform, but has a sensitivity
and specificity of 69%-93% and 32%-59% respectively
when compared to HRA. Anal Pap smear has a high
false-negative rate of 23% of HIV negative MSM and
45% for HIV-positive MSM[10-13].
There are several treatment options once AIN is
discovered. These include watchful waiting, topical
therapy (i.e., 5-FU, imiquimod), photodynamic therapy,
cryotherapy, and focal destruction (surgery/ablation).
Table 2 summarizes the pros and cons of the various
treatment options. It is important to note that treatment
of AIN remains controversial. Overriding the diverging
viewpoint in treatment is the (as of yet) unknown degree
of progression in those with low-grade AIN, especially
in immunocompetent individuals. On the other hand,
advocates for a “watchful waiting” approach cite the
need to avoid the morbidity associated with repeated
focal destruction (stenosis, wound healing problems,
chronic pain). In between, a high rate of clearance can be
achieved through the use of HRA with targeted biopsies
and directed therapy.
Alternatively, high-risk cohorts such as HIV-positive
patients and MSM have demonstrated higher rates of
progression to invasion, as well as increased rates of
recurrence even after aggressive attempts at eradication.
This has resulted in some experts suggesting that leading
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some to suggest expectant management in these patients
with surveillance every 4-6 mo[7].
Several topical therapies have been approved for the
treatment of AIN with varying degrees of success[14-26].
Imiquimod is an immune response modifier that has
both anti-HPV and anti-tumor properties. The use of
topical 5% imiquimod cream has a reported response rate
from 48%-86%[14]. Side effects range from local irritation
and burning to skin erosions, often leading to decreased
compliance. In addition, local recurrence rates remain
high, resulting in a need for close long-term follow-up[15].
Topical 5-FU typically requires a treatment period of
9-16 wk, with clinical response rates have been reported
up to 90%. However, recurrence rates remain as high as
50%[16]. Side effects are mild (but common), and include
local skin irritation and hypo-pigmentation. Finally, the
use of photosensitizing agents followed by photodynamic therapy has been described in patients with AIN;
however, studies are limited and its effectiveness is yet to
be determined[17].
Targeted destruction of AIN with appropriate
follow-up is another accepted treatment option and represents a more aggressive therapeutic approach. Several
techniques have been described including wide local excision (WLE) with 1 cm margins. This is classically guided by frozen section through the use of 4-quadrant anal
mapping with biopsies-performed with ever expanding
circles out from the anus. Downsides to this procedure
include the need for skin grafting or mobilization of local flaps to cover large skin and mucosal defects following WLE. In addition, total excision of all disease is difficult. Recurrence rates have been reported in 13%-63%
of patients[18]. Additionally, this approach carries significant risk of local wound complications such as stenosis
and incontinence.
HRA guided cautery ablation has been shown to be
effective in destroying AIN without the morbidity associated with WLE. In some series, it has also demonstrated
the ability to prevent progression to invasive cancer.
However, like other attempts at disease eradication, high
rates of persistent or recurrent disease (up to 80%) remains a problem, especially among HIV-positive patients,
immunosuppressed and MSM patients[19].
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PRESENTATION AND EVALUATION
Twenty percent of patients with anal cancer will have no
symptoms highlighting the need for screening and prevention. Other symptoms include transanal bleeding and
anal pain. Diagnosis is made with physical examination
and biopsy, which may be done in the office or in the operating room. Patients should be fully staged with a colonoscopy and computed tomography scan of the chest,
abdomen, and pelvis. Women should undergo a gynecologic exam and cervical cancer screening. Additional studies can include positron emission tomography (PET)-CT,
endoanal ultrasound, and MRI of the pelvis. The routine
use of these additional studies is controversial. Endoanal
ultrasound can easily identify the depth of invasion of
a lesion, particularly with respect to involvement of the
anal sphincters. MRI can be useful in evaluating pelvic
lymphadenopathy as well as depth of the tumor. Palpable
or suspected inguinal lymph nodes should be evaluated
with fine needle aspiration. PET CT will change the stage
of the lesion in up to 20% of cases and is recommended
for planning of chemoradiation in the latest version of
the National Comprehensive Cancer Network Guidelines[8].

TREATMENT
Treatment of anal cancer is dependent on location and
stage. Anal canal cancer is primarily treated with chemoradiation. Since Dr. Nigro’s protocol was reported several
iterations of therapy have been explored. Chemotherapy
with radiation vs radiation alone has been evaluated in
multicenter, prospective, randomized controlled trials[26].
These trials demonstrate a significant improvement in
local recurrence as well need for colostomy in combined
chemoradiotherapy vs radiotherapy alone. There were
nearly 50% fewer failures of local control seen with
combined chemoradiotherapy vs radiotherapy alone in
the multicenter UK trial. No improvement in overall
survival was seen in either major trial[27-29]. The role of
cisplatin has also been evaluated in multicenter, prospective randomized controlled trials. A major American trial
reported in 2008 evaluated 644 patients and compared a
standard group treated with radiotherapy and concurrent
5-FU and mitomycin C vs radiotherapy and concurrent
5-FU with cisplatin. Rates of 5-year disease free survival,
overall survival, local recurrence, and distant metastasis
were similar between the groups. There was a higher rate
of creation of a colostomy in the cisplatin group, but
more severe hematologic toxicities were seen with the
mitomycin C group[30]. The recently reported multicenter
ACT Ⅱ trial from the UK also demonstrated no difference in response rates or in survival between patients receiving mitomycin C vs cisplatin. This trial notably reported a high complete response rate of 90% at 26 wk post
chemotherapy[31]. Current NCCN guidelines recommend
5-FU with mitomycin C and concurrent radiotherapy for
all localized anal canal carcinomas. 5-FU with cisplatin is
the recommended therapy for widely metastatic disease[8].
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Toxicity is common with combined chemoradiotherapy for anal cancer and a break or pause in treatment
is seen 40%-60% of the time. Pooled analysis has shown
that avoiding breaks in therapy, either planned or unplanned, results in improved local control and lower rates
of colostomy formation[32-36]. Intensity modulated radiation therapy is a technique that allows for more precise
mapping of the radiation field based on data obtained
from cross sectional imaging such as CT or MRI. This
technique is associated with lower rates of toxicity with
similar efficacy as compared to standard external beam
radiation[37,38]. Initial radiation fields include the pelvis and
the inguinal lymph nodes. The field may be narrowed at
predefined points in the treatment course to exclude the
inguinal lymph nodes in node negative patients or to provide a boost to larger tumors.
Anal margin cancers are treated in a slightly different
fashion from anal canal tumors. Early stage, T1 and early
T2, anal margin cancers that do not involve the sphincter
muscle can be treated with wide local excision with 1 cm
margins. Five-year survival rates of up to 88% have been
reported with wide local excision alone for these small
tumors. Larger tumors and patients with positive nodes
should be treated in a manner similar to anal canal cancer
with chemoradiotherapy.

SURVEILLANCE, OUTCOMES AND
SALVAGE TREATMENT
Initial follow up should be 8-12 after finishing chemoradiotherapy. Patients are then classified as complete
remission, persistent disease, and progressive disease.
10%-30% of patients will have persistent or recurrent
disease after chemoradiotherapy. Risk factors for persistent or recurrent disease are positive HIV status, high
T and N stage at original presentation, and inability to
complete chemoradiotherapy[31,39,40]. Progressive disease is
biopsied and restaged. Persistent disease should be reexamined in one month. Disease that persists and does not
progress, and does not regress, can be followed without
surgical therapy up to 6 mo post chemoradiotherapy. Follow up from the large ACTⅡ UK trial demonstrated that
29% of patients with persistent disease at 11 wk post
chemoradiotherapy, were disease free at 26 wk. If during
close follow up there is progression of disease or persistent disease at 6 mo post chemoradiotherapy, the patient
should be biopsied and restaged.
Patients who achieve complete remission should be
followed every three to six months for five years. Digital
rectal exam, anoscopy, and groin examination should be
documented. A CT of the chest, abdomen, and pelvis
should be done annually for 3 years in T, T4, or N+ tumors.

RECURRENT DISEASE
Surgical therapy is the main treatment for patients who
have a local recurrence or who do not achieve a complete
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response with chemoradiotherapy. Often referred to as
a salvage APR, the results of this operation are modest.
Salvage APR results in five-year local-regional control of
30%-77% of patients[39,41,42]. Wound complications are
common, up to 80%, after chemoradiotherapy for anal
cancer and consideration should be given to a flap type
reconstruction of the perineum[43].

is chemoradiation, surgery has a role in the treatment of
persistent or recurrent disease. Anal Pap smear and highresolution anoscopy are emerging as useful screening
tools to identify precancerous lesions. Vaccination against
HPV has been shown to prevent progression of precancerous lesions in high-risk individuals.
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Abstract
The origin of inflammatory bowel disease is unknown.
Attempts have been made to isolate a microorganism that could explain the onset of inflammation, but
no pathological agent has ever been identified. Johne’
s disease is a granulomatous chronic enteritis of cattle
and sheep caused by Mycobacterium avium subspecies paratuberculosis (MAP) and shows some analogies
with Crohn’s disease (CD). Several studies have tried
to clarify if MAP has a role in the etiology of CD. The
present article provides an overview of the evidence
in favor and against the “MAP-hypothesis”, analyzing
the methods commonly adopted to detect MAP and
the role of antimycobacterial therapy in patients with
inflammatory bowel disease. Studies were identified
through the electronic database, MEDLINE, and were
selected based on their relevance to the objective of
the review. The presence of MAP was investigated using multiple diagnostic methods for MAP detection and
in different tissue samples from patients affected by
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CD or ulcerative colitis and in healthy controls. On the
basis of their studies, several authors support a close
relationship between MAP and CD. Although increasing
evidence of MAP detection in CD patients is unquestionable, a clear etiological link still needs to be proven.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Mycobacterium avium paratuberculosis ;
Crohn’s disease; Inflammatory bowel disease; Johne’s
disease; Mycobacterial protein tyrosine phosphatase
Core tip: The etiology of inflammatory bowel disease
(IBD) is unknown. Some analogies between Crohn’
s disease (CD) and Johne’s disease, a granulomatous
chronic enteritis of cattle and sheep caused by Mycobacterium avium subspecies paratuberculosis (MAP)
have been identified. Several studies have tried to clarify if MAP has a role in the etiology of CD. However, the
involvement of MAP in CD is still debatable. The present article provides a literature review of the evidence
in favor and against the “MAP-hypothesis”, the methods commonly adopted to detect MAP and the role of
antimycobacterial therapy in treating IBD patients. In
particular, new mechanistic findings seem to encourage
the CD-MAP relationship.
Liverani E, Scaioli E, Cardamone C, Dal Monte P, Belluzzi
A. Mycobacterium avium subspecies paratuberculosis in the
etiology of Crohn’s disease, cause or epiphenomenon? World J
Gastroenterol 2014; 20(36): 13060-13070 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/13060.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i36.13060

INTRODUCTION
Inflammatory bowel disease (IBD), Crohn’s disease
(CD) and ulcerative colitis (UC) represent a group of
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chronic inflammatory alterations, whose etiology is still
unknown and is notoriously multifactorial. According to
the most accepted hypothesis, CD and UC are the result
of an inappropriate and deregulated intestinal immune
response against the normal bacterial flora. This is due
to a complex interaction between environmental, genetic
and immune factors. The above-mentioned factors are all
necessary, but none of them, if singularly considered, is
enough to explain the etiopathogenesis of IBD. We will
focus our attention on analyzing the available data on this
latter theory, mainly on the possible involvement of Mycobacterium avium subspecies paratuberculosis (MAP) in IBD.
On the basis of analogies between CD and some
forms of infective enterocolitis, the hypothesis of a specific mycobacterial etiology has been proposed. In particular, some authors have studied the potential role of MAP
in CD. MAP is the responsible agent in Johne’s disease
(JD), a chronic granulomatous enteritis affecting cattle and
sheep, and could be implicated in the etiopathogenesis of
disease in humans, according to clinical and histological
similarities between the two diseases[1,2]. The MAP hypothesis has aroused great scientific interest since the 1980s,
following data reported by Chiodini et al[3,4]. There is now
a renewed interest regarding the association between CD
and MAP, due to the improvements in microbiological
and genetic methods[3,4]. However, published data on this
issue are still contradictory. Two main hypotheses exist:
MAP could represent the “primum movens” in causing
CD or, alternatively, it could constitute an epiphenomenon of the disease, later colonizing the already inflamed
mucosa in these patients[5].

INFECTIVE THEORY
Many attempts have been made to isolate a microorganism that could act as the “primum movens” in the etiology of IBD (Table 1), however, to date no pathogen has
been convincingly identified. Numerous bacterial pathogens such as Listeria monocytogenes[6], Pseudomonas maltophila[7], Mycobacterium kansasii[8], Bacterioides fragilis[9], and Chlamydia pneumonia[10], and viral agents including the measles
virus[11,12] and Cytomegalovirus[13] have been proposed as the
cause of CD, but none have been accepted due to a lack
of firm evidence.
Wakefield et al[12] proposed that CD is due to chronic
infection of submucosal endothelium in the gut by the
measles virus, inducing a granulomatous reaction and a
microinfarction pathological process. This theory was
supported by epidemiological studies which associated
perinatal exposure to the measles virus[14] and the attenuated measles vaccine[15] with an increased risk of the
development of CD. Because of the absence of an increased risk for CD in vaccinated patients[16], the difficulty
of detecting the virus in intestinal specimens[17] and low
antibody titers to measles in CD patients[18], this hypothesis was rejected and measles has now been proposed as a
possible cofactor rather than the primary causative agent
of CD.
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Table 1 The infective theory of inflammatory bowel disease
etiology
Infectious agent
Bacterial
Listeria monocytogenes
Pseudomonas maltophila
Mycobacterium kansasii
Bacterioides fragilis
Chlamydia pneumoniae
Adherent-invasive Escherichia coli
Proteobacteria
Mycobacterium avium subspecies
paratuberculosis
Viral
Measles virus
Cytomegalovirus

Ref.

Current position

[6]
[7]
[8]
[9]
[10]
[19-22]
[23]
[24-26]

Dismissed
Dismissed
Dismissed
Dismissed
Dismissed
Active
Active
Active

[11,12,14-18]
[13]

Dismissed
Dismissed

Supporters of the infective theory have considered the
possible role of adherent-invasive Escherichia coli (AIEC)
in IBD etiology. The link between IBD and AIEC was
first suggested in 1978 by Tabaqchali et al[19], who noted
high titers of antibodies against AIEC O-antigens in IBD
patients. Later, this organism was often isolated from the
mucosa of CD patients compared to healthy controls,
due to its ability to adhere to gastrointestinal epithelial
cells and to demolish the intestinal barrier by producing
an α-hemolysin[20]. Further investigations revealed that
AIEC stimulates the release of the pro-inflammatory
cytokine, interleukin (IL)-8, which extensively replicates
and induces tumor necrosis factor (TNF)α expression in
macrophages, leading to the formation of granulomas. In
an immunohistochemical study, 57% of tissue samples
from CD patients contained E. coli, particularly near ulcers, along fissures, around abscesses, within the lamina
propria and in the germinal centers of mesenteric lymph
nodes[21]. In another study using polymerase chain reaction (PCR), E. coli DNA was found in 80% of intestinal
granulomas in CD patients[22].
A recent review by Mukhopadhya et al[23] extensively
described and eventually supported the role of Proteobacteria in the pathogenesis of IBD. They examined the
importance of pattern recognition in the extracellular
innate immune response of the host and postulated that
Proteobacteria with adherent and invasive properties
could exploit host defenses, driving proinflammatory
changes, altering the intestinal microbiota, favoring dysbiosis and finally leading to the development of IBD.
Several clinical and histopathological similarities between IBD, particularly CD and JD, caused by MAP, indicated a potential role for this pathogen in CD etiology.
Similar to Mycobacterium tuberculosis or Mycobacterium leprae,
MAP is able to deregulate immune signaling as one of
its survival strategies, resulting in a spectrum of disease
manifestations, ranging from simple colonization with
a healthy phenotype to severe inflammatory bowel disease[24]. This association has aroused great scientific interest since the 1980s, when Chiodini et al[25] isolated MAP
and its DNA from biological tissues in CD patients.
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Based on these observations, the link between MAP and
CD has been widely investigated through direct and indirect methods for MAP detection: PCR for MAP-DNA in
blood, stool and biopsies, MAP-specific serological and
cell-mediated response, cultures of MAP from intestinal
tissues, milk and blood samples[26].

MAP CHARACTERISTICS AND CLINICAL
IMPLICATIONS IN ANIMALS
MAP is a Gram-positive, facultative obligate intracellular bacterial pathogen, acid-fast and dependent on
mycobactin for its replication (a liposoluble substance
that permits iron utilization). It grows very slowly in vitro,
taking 8-16 wk or more for duplication, and it appears
in human tissue in a cell-wall-deficient state (CWD), also
known as “spheroplast”. This is the reason why, different
from Mycobacterium tuberculosis, it cannot be highlighted
by Ziehl-Neelsen staining[27]. The discrimination between
MAP and other organisms belonging to the Mycobacterium
avium complex (MAC) is known to be problematic. The
identification of a species-specific insertion sequence, a
fragment of DNA of 1451 base pairs known as IS900,
allowed easier distinction using the PCR technique[28,29].
Through the use of IS900 restriction fragment length
polymorphism, two variants of MAP have been identified: type C associated with cattle and S-type, less virulent, associated with sheep. Although these subtypes
show a tendency to preferentially infect some animal species, cross-infection is possible and documented[30].
It is thought that the contagion among animals primarily occurs via the fecal-oral route, through the ingestion of milk, colostrum or animal feed contaminated
by MAP[31]. The possibility of intrauterine transmission
of this microorganism is also documented, especially in
symptomatic animals (20%-40% infected born from a
mother with clinically-manifested disease and 10%-20%
infected born from a mother with subclinical infection).
Once in an organism, MAP is able to invade macrophages in ileal lymphoid tissue and increase in number inside phagosomes, inhibiting their maturation and promoting the recruitment of inflammatory cells. This process,
associated with T-lymphocyte activation and interferon
(IFN)-γ production, results in granulomatous lesions
that characterize JD, or paratuberculosis, a chronic widespread enteritis of cattle, sheep and other ruminants. The
progression of disease is classically categorized into four
stages: silent infection, subclinical stage, clinical stage and
clinically evolved disease. Animals are generally infected
at an early age. Clinical signs, dominated by diarrhea and
weight loss, generally occur 3-5 years after infection. This
long-lasting incubation period depends on the level of
environmental contamination (MAP exposure dose),
virulence of the MAP strain, the capacity of a single animal of hinder the infection (immune response is more
efficient with age), and genetic susceptibility vs MAP
(inter- and intra-species differences)[32]. MAP has been
isolated from the feces and milk of ruminants with clini-
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cal and subclinical infection: this fact explains the wide
diffusion of MAP infection and the vast environmental
contamination[33]. MAP can survive for a long period in
different ecosystems, due to its high environmental resistance, but replication outside infected animals is not
possible due to its dependency on mycobactin. Several
studies have been carried out to identify environmental
sources of human exposure to MAP, including its presence in water supplies (domestic water and rivers)[34-36],
milk, dairy products, and even in meat[37]. MAP’s ability to
spread via the milk of infected animals has been proven
and it has been shown that this microorganism is able to
survive routine pasteurization methods, with persistence
of vital mycobacteria and antigenic components in commercial milk[38]. MAP is widely present in the human food
chain, and even in dairy products representing a potential
exposure source. Environmental diffusion of MAP could
represent a favorable condition for IBD onset when associated with intestinal immunodeficiency in susceptible
subjects[39].

“MAP HYPOTHESIS”: SUPPORTING AND
CONTRASTING EVIDENCE
The MAP hypothesis in CD is considered to have originated in the 1980s, when Chiodini et al[25] demonstrated
that MAP isolated from human tissues can cause a
granulomatous disease of the distal small intestine in experimental animals. The authors isolated from the intestinal tissues of two CD patients a mycobacterium which
shared the acid-fast and mycobactin-dependent characteristics of MAP. When injected intravenously or intraperitoneally in experimental animals, this organism induced a
disease characterized by hepatic and splenic granulomas
in mice, but not in rats, guinea pigs, rabbits or chickens. It
also resulted in granulomatous disease in the distal small
intestine in young goats, when administered orally. Acidfast bacilli were not found in autopsy sections of the
intestine, however, a single organism with characteristics
similar to the one administered was seen in microgranulomas of the mesenteric lymph nodes. The identification
of MAP in human tissues is seldom reported, because
of its CWD form, as Chiodini et al[25] stated. Two recent
meta-analyses showed that the association between MAP
and CD seems to be specific compared with individuals
free of IBD. The pooled Odds Ratio from studies using
PCR for tissue samples was 7.01 (95%CI: 3.95-12.4) and
was 1.72 (95%CI: 1.02-2.90) in studies using enzymelinked immunosorbent assay (ELISA) for serum[40,41].
Indirect support for the “MAP hypothesis” comes
from Shanahan et al[42] who found a similarity with Helicobacter pylori, an infectious agent widely dispersed, but able
to cause peptic disease and gastric cancer only in a minority of exposed subjects. Similarly, Mycobacterium tuberculosis affects about one third of the world’s population,
but only 5%-10% develop clinically manifested disease.
Analogies exist for MAP, in that it is widely dispersed and
affects animals and humans, possibly playing a role in CD
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Table 2 Direct methods for dectection of Mycobacterium avium subspecies paratuberculosis
Method

Tissue analyzed

Ref.

+/-

MAP culture

Advantage

Defect

Effective isolation of microorganism Organism’s fastidious nature; slow-growth
Intestinal biopsy
[55]
Peripheral blood [57,59,60]

+
-

Intestinal biopsy
Peripheral blood
Peripheral blood
Stools

[53-55]
[58]
[59,60]
[63]

+
+
-

Intestinal biopsy

[62]

+

Fast and easy isolation of MAP
fragment

Not able to distinguish vital MAP vs
fragment of killed MAP;
confounded by frequent MAP opportunistic
infection (oro-fecal route)

Demonstrate the presence of active/
vital metabolic processes

Difficult to reproduce (RNA half-life
measured in min)

PCR for MAP-specific IS900 DNA

PCR for MAP-specific IS900 DNA

+: Supporting Mycobacterium avium subspecies paratuberculosis (MAP) hypothesis; -: Contrasting MAP hypothesis; PCR: Polymerase chain reaction; IS900:
Insertion sequence 900; DNA: Deoxyribonucleic acid; RNA: Ribonucleic acid.

onset only in few subjects.
A recent study by Xia et al[43] showed significantly
higher levels of antibodies against a specific mycobacterial protein, tyrosine phosphatase (PtpA), in CD patients
when compared to healthy controls. PtpA is secreted
during MAP infection in a time-dependent manner from
the human-derived monocyte cell line THP-1. The same
evidence was not observed in UC patients, suggesting the
exclusive involvement of MAP in CD[43].
Although analogies exist between CD and JD, some
discrepancies should be mentioned. JD does not present
some of the basic patterns of CD: the segmental localization and features that can complicate the evolution of
CD, such as fistula, fissures, bleeding, stenosis, adhesions,
perforation and the formation of abscesses are not described in JD.
Against the “MAP hypothesis”, immunosuppressive
drugs, widely employed in IBD, should not be used in
latent or clinically manifested mycobacterial infections,
as they increase the risk of onset and/or worsening of
the disease. Screening analyses are necessary to exclude
any type of mycobacterial infections before administering anti-TNFα drugs. Mycobacterium tuberculosis massively
proliferates with anti-TNFα drugs or steroid treatment,
and the same for Mycobacterium avium intracellulare in the
intestine of HIV-infected patients[5]. It is possible that
intracellular cell wall deficient MAP may not be able to
replicate despite ongoing immunosuppressive therapy.
Corticosteroid therapy was associated with lower MAP
detection rates in the study by Autschbach et al[44].
In patients treated with infliximab, a decreased level
of antibodies against PtpA was found and no statistical
differences were observed in comparison to the controls.
This observation suggests that inhibition of TNFα may
reduce MAP growth probably with a negative effect on
the secretion of PtpA[43,45,46]. Alternatively, infliximab
interferes with the antigen presentation system in macrophages dampening the immune B response and the
antibody titer. In this respect, a statistical difference in
antibody titer was observed between CD patients treated
with azathioprine (AZA) and untreated patients; no
significant difference was observed when patients were
treated with either 5-ASA or steroids[43]. “In vitro” studies
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showed the ability of AZA[47] and other immunosuppressants, such as cyclosporine[48] and methotrexate[49], to
inhibit MAP growth in the culture system.
In addition, epidemiological evidence supporting the
association between MAP and CD is still lacking. The
prevalence of IBD is more common in urban areas, while
no increased incidence of disease was detected among
people in rural areas, especially in farmers and their families, despite major exposure to MAP[50]. Furthermore,
environmental conditions which should promote MAP
transmission, such as poor hygienic conditions and overcrowding, seem to protect against CD[51,52]. The lack of
evidence for horizontal or vertical transmission of CD
leads to MAP being a zoonotic agent or an opportunistic
pathogen in humans.
It is hard to explain the paradox that an infection,
although able to stimulate such an intense inflammatory
reaction within the gut in CD patients, is not associated
with a strong cellular or serologic reactivity against MAP.
Detection of MAP-DNA in the granulomas of intestinal
CD is neither disease-specific nor bacterial-specific, because other forms of bacterial DNA are also present[22].
IS900 was scientifically proven to be species-specific in
animals affected by JD, however, its specificity in human
tissues or in environmental ecosystems is unknown. Past
studies supporting the MAP hypothesis probably included a percentage of false positive findings, ascribable to
other mycobacterial species. IS900 PCR should be used
as a confirmation test, in addition to other methods able
to detect MAP presence in tissues.

DIRECT METHODS FOR MAP DETECTION
Because of its presence in human tissues in an intracellular cell-wall-deficient shape, MAP cannot usually be
identified by Ziehl-Neelsen staining. The direct detection of MAP in humans requires culture, PCR for MAPDNA/RNA (Table 2).
Isolation of the microorganism by culture methods
is considered the gold standard for MAP detection. This
method remains problematic and time-consuming even
in the best circumstances, due to the organism’s fastidious nature and slow growth. Although the use of MGIT
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(Mycobacterial Growth Indicator Tube - Becton Dickinson) reduces growth time to 10-12 wk, there are still
difficulties in culture isolation. DNA amplification with
PCR and in-situ hybridization are the two main methods
for MAP detection, using the IS900 sequence as a target.
Several studies, based on cultural methods and/or
molecular techniques, demonstrated a higher prevalence
of both the microorganism and its DNA in CD patients
compared to controls. The presence of MAP has been
investigated in different tissues, such as intestinal biopsies
and surgical specimens, blood and recently fecal samples.
Biopsy specimens have always been considered by
researchers as irreplaceable biological samples and have
been widely utilized for MAP detection. Sanderson et al[53]
identified MAP IS900 DNA in 26 of 40 (65%) CD patients, 1 of 23 (4.3%) UC patients and 5 of 40 (12.5%)
control subjects. Later, Bull et al[54] described a MAPDNA prevalence of 92% in CD patients (34 of 37) vs
26% non-IBD controls (9 of 34) (P = 0.0002). In 2005,
Sechi et al[55] found a highly significant difference between
CD patients (83.3%) and the control group (10.3%) (P
= 0.000001) for IS900 PCR presence in DNA extracts
of fresh intestinal mucosal biopsies, as well as in culture
using supplemented MGIT media (63.3% and 10.3%, respectively, P = 0.00001). In the same year, Autschbach et
al[44] and Romero et al[56] published data on the prevalence
of MAP in surgical tissues.
Several authors have investigated the presence of
viable MAP through culture or the detection of MAPDNA in peripheral blood using PCR. Naser et al[57] found
a statistically significant positivity in the CD group compared to the control. This result was confirmed in the
study by Bentley et al[58], who found a significant overrepresentation of MAP-DNA in patients with CD vs
controls (33.8% vs 21.5%, P = 0.002) in a larger cohort.
Two recent meta-analyses have been published showing
a generally higher MAP prevalence in CD vs controls in
different samples[40,41].
However, a number of investigations have failed to
demonstrate any evidence of an association between CD
and detection of MAP-DNA. Parrish et al[59] reported
that all CD patients were negative for MAP using PCR
and only one healthy control patient was positive; however, no viable MAP was cultured from this individual
and all blood cultures were negative for MAP, despite the
large study size (130 CD, 130 healthy controls). Other authors found a high prevalence of MAP even in non-IBD
controls[60].
Molecular techniques for assaying MAP-DNA are
not able to discern the presence of vital microorganisms
from fragments of killed MAP. RT-PCR for IS900-RNA
detection overcomes this problem by directly demonstrating the presence of active metabolic processes at the time
of isolation[61]. The most significant study in this field,
although limited to a small number of patients (CD n =
8, UC n = 2, and controls affected by colon-rectal cancer
n = 2), identified the presence of MAP-RNA in all ileal
mucosal samples from CD and UC patients[62]. RNA has a
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half-life of minutes, therefore, detection of this molecule
cannot only be related to the wide environmental spread
of MAP, as would be legitimate to suppose in the case of
DNA detection.
Recent studies have investigated the presence of
IS900 DNA fragment in stools from CD patients, UC
patients and from healthy controls. The use of human
feces represents a new approach to investigate the “MAP
hypothesis”; as it has the advantage that stools can be
collected more easily than blood samples and biopsy
specimens. In a previous study, the results revealed that
detection of MAP DNA in human feces is very common: 21 of 31 CD (68%), 13 of 20 UC (65%) and 11 of
23 healthy controls were MAP-positive [CD vs controls:
P = no significance (NS), UC vs controls: P = NS][63].
The IS900-positive percentage in IBD samples was
higher than in healthy controls, but did not reach statistical significance, partially due to the small sample size.
No significant correlation was observed when analyzing
IS900 positivity in relation to disease activity in the IBD
group[63].

INDIRECT METHODS FOR MAP
DETECTION
Besides direct methods for MAP identification, indirect
techniques are also available, with the aim of testing humoral and cellular-mediated immune response using the
blood of IBD patients and healthy controls (Table 3).
ELISA represents the main diagnostic method for
identifying cattle affected with JD, and is the most frequently used method to identify subjects immune to
MAP. However, an ELISA validated for humans is not
presently available.
Many studies have assayed the presence of MAP antibodies in CD patients and controls, obtaining contrasting results that should be related to the use of different
methodologies and heterogeneous antigens (nuclear
extracts, soluble antigens from cultured filtrates, recombinant antigens). For example, 57% of CD patients
were positive for the detection of antibodies against a
38-kDa antigen, while 53% manifested specific antibodies for 24-kDa and 18-kDa bacterioferritin, but only 18%
showed simultaneous seropositivity for all the three antigens[64]. Other studies demonstrated that the detection
of anti-p36 antibodies is usually positive in CD patients
(about 89%), while it seems to be less common in UC patients (about 15%). A specific reactivity against p35 and
p36 is frequent in CD patients, but both these antigens
are common to Mycobacterium avium subspecies avium, suggesting that cross-reactivity may influence results[65]. Other mycobacterial components used for testing humoral
response against MAP are 14-kDa AhpC antigen and the
heat shock proteins[66]. Of 13 studies included in a recent
meta-analysis, 10 found that the prevalence of antibodies
against MAP was higher in patients with CD than in controls, with a pooled odd ratio of 1.72 (1.02-2.90); similar
pooled odd ratios were obtained when CD and UC pa-
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Table 3 Indirect methods for detection of Mycobacterium avium subspecies paratuberculosis : humoral and cellular mediator of
immune response to Mycobacterium avium subspecies paratuberculosis
Method

Tissue analyzed

Antigen/cellular mediator

Ref.

Peripheral blood

38-kDa, 24-kDa, 18-kDa
p35 vs p36
14-kDa, AhpC, HSP
MAP protoplasmic antigen
18-kDa
Anti-PPA
Ptp-A
Ptp-A, protein kinase G

[64]
[65]
[66]
[67]
[68]
[69]
[43]
[46]

Peripheral blood lymphocytes
Gut biopsies lymphocytes T CD4+
Peripheral blood monocyte THP-1

INFγ; IL-17
INFγ; IL-17
TNFα

[71,72]
[73]
[74]

ELISA for antibody detection

ELISA for cytokine detection (proliferative assay)

ELISA: Enzyme-linked immunosorbent assay; AhpC: Alkyl hydroperoxide reductase C; HSP: Heat shock proteins; PPA: Ptp-A protein tyrosine
phosphatase; INF-γ: Interferon-gamma; IL-7: Interleukin 7; TNFα: Tumor necrosis factor alpha.

tients were compared (1.88; 1.26-2.81)[41].
Nevertheless, other studies on humoral response
against MAP antigens did not find an association between CD and MAP: Brunello et al[67] reported no significant differences in the titers of IgG antibodies against
MAP protoplasmic antigen between CD (3.7%) and UC
patients (5%). Walmsley et al[68] determined anti-18 kDa
mycobacterial bacterioferritin IgG or IgA titers in CD patients and controls without finding any differences, while
the results from Bernstein et al[69] showed a seropositivity
rate for anti-PPA (anti-purified protoplasmatic antigen) in
37.8% of CD patients, 34.7% of UC patients and 33.6%
of healthy controls, with non-significant statistical differences among the groups.
Patients with IBD have an impaired barrier function
of intestinal mucosa with increased bacterial translocation[70]. In relation to these data, increased antibody titer
against E. coli, aerobes, anaerobes and enteric bacterial
pathogens has been reported both at the mucosal and
systemic level[21]. Thus, a pronounced humoral and cellmediated immune response against bacteria is unavoidable. The same could be true for MAP, however, this is
not enough to support its etiopathological role in CD
onset.
Moreover, the cell-mediated response against MAP,
dosing IFN-γ and other inflammatory cytokines, have
also been analyzed[71,72].
In-vitro IFN-γ lymphocyte production, derived from
peripheral blood after stimulation with MAP PPDantigen, was simultaneously evaluated with other MAP
detection methods (PCR for MAP-DNA in tissues, direct
culture isolation, ELISA for MAP-specific antibodies and
cell-mediated response). The authors observed higher
levels of MAP-specific IFN-γ in the control group compared to IBD patients, supporting the hypothesis of a
wide environmental diffusion of MAP and that healthy
subjects could have a stronger cell-mediated immune response, better than the IBD patients.
However, Olsen et al[73] found that isolated T CD4+
clones from gut biopsies of patients with active CD
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significantly proliferate in response to MAP-specific antigens vs controls and were able to produce IFN-γ and
IL-17.
Protein tyrosine phosphatase (PtpA) and Protein Kinase (PknG) are a very recent indirect method of detecting the presence of MAP. Both proteins are involved in
the signal transduction system of MAP and seem to have
a critical role for survival of the pathogen within human
macrophages, modulating the host’s immune response[45].
PtpA, is a specific mycobacterial protein tyrosine phosphatase secreted in a time-dependent manner during
MAP infection from the human-derived monocyte cell
line, THP-1, and can inhibit phagosome acidification
and phagosome-lysosome fusion by dephosphorylating
the host sorting protein VPS33B. When sera from CD
and UC patients and controls were screened for these
antibodies, there was a significantly higher titer in CD
patients vs controls. In contrast, no significant difference
was measured in UC patients[43].
Nakase et al[74] demonstrated that THP-1 cells infected
with MAP produced a higher amount of TNFα when
compared with either Mycobacterium avium or Mycobacterium
smegmatis, suggesting that MAP is directly involved in the
up-regulation of this cytokine.

ROLE OF COMBINED
ANTIMYCOBACTERIAL THERAPY IN CD
In animals, JD is a chronic progressive fatal condition.
Not even pre-emptive administration of antibiotics prevents the infection. In vitro analysis showed that MAP is
not responsive to traditional anti-tuberculous drugs. In addition, in vivo the association of isoniazid, ethambutol and
ripampicin lacks efficacy in patients with CD, as demonstrated by a two-year clinical trial, followed by a three-year
follow-up period[75]. Because of its typical CWD form, antibiotics that interfere with bacterial wall synthesis do not
show efficacy against MAP, which is similar to drugs that
impede bacterial duplication at different levels, as MAP
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has a low replication rate. Combined antibiotic therapies,
including ripampicin and macrolide-derived drugs, for
instance clarithromycin and azithromycin, demonstrated
in-vivo and in-vitro efficacy both against MAP and other
members of the Mycobacterium avium complex[76]. Similar
to Mycobacterium tuberculosis, the importance of a therapeutic scheme consisting of at least three drugs in order
to prevent drug-resistance was also confirmed for other
mycobacterial species.
It has been suggested that the most irrefutable evidence of the involvement of a microbial agent in CD
etiology would be the long-term remission of clinical
manifestations following the clearance of infection[5].
With regard to this issue, Borody et al[77] treated a series
of 12 patients suffering from severe, obstructive or penetrating CD with a triple antibiotic therapy consisting of
rifabutin, clofazimine and clarithromycin, and obtained
a clinical, endoscopic and histological remission rate of
almost 50%. In an English clinical trial based on the use
of rifabutin, clarithromycin and azithromycin from 6 to
35 mo, with a follow-up of 7 to 41 mo, therapy was tolerated by 46 of 52 (89%) enrolled patients; in particular, 17
of 19 patients (91%) who were steroid-dependent before
treatment were steroid-independent. Furthermore, the
authors observed an important improvement in CDAI,
maintained over the following 24 mo[76]. In an American
clinical trial, 36 patients positive for p35 and p36 MAPspecific antigens were followed for a period of 4-17 mo;
21 of 29 CD patients (58.3%) who seemed to tolerate antibiotic therapy with rifabutin and clarithromycin showed
a clinical sustained improvement[78].
These results seem promising, suggesting that at least
a sub-group of CD patients benefit from antibiotic treatment. Nevertheless, these trials are not controlled, are
based on a small number of patients and with variability
concerning the antibiotics used. Selby et al[79] published
the result of a large controlled trial in which 213 patients with active CD were randomized to receive triple
intracellularly active antibiotic treatment (clarithromycin,
rifabutin, clofazimine) or placebo for two years, followed
by one year of follow-up, in addition to a 16-wk tapering course of steroids. They observed a relapse rate of
59% in the antibiotics arm vs 50% in the placebo arm (P
= 0.54) among the 32 patients who completed the study
at the end of the two-year period. No statistically significant differences between the two arms of the study were
noted either during the two-year treatment, or during the
follow-up period.
Incongruity of these results may be due to the heterogeneity of the patient selection criteria, the drug type and
dosage, the use of mono-therapy or combined therapy
and the duration of treatment. Primary end-points were
different (drug-capacity of inducing and/or maintaining
clinic and/or endoscopic disease remission, relapse percentages after treatment suspension) with consequently
different interpretation of the results. Furthermore, none
of the previous studies included evaluation of MAP
presence in the enrolled population. The eradication of
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MAP after antibiotic therapy would strongly support the
role of MAP in CD etiology.

FINAL CONSIDERATIONS AND
PERSPECTIVES
The present data do not demonstrate that MAP is the
causal agent in CD, however, a certain degree of involvement of this bacterium in the physiopathological steps of
the disease is reasonable. The literature contains contrasting and contradictory evidence on this association with a
lack of uniformity in the materials and methods adopted
by different researchers for MAP detection and inappropriate patient and control selection parameters. The
variability in quality and quantity of analyzed samples,
the possible contamination during collection, transport
and/or manufacturing of samples, produced further bias
among studies[80]. In order to consider an infectious agent
as the cause of disease, it is necessary to demonstrate that
infection precedes the disease onset. Even studies on the
causative role of MAP in CD did not sufficiently support
this association because they did not provide enough
evidence between the timing of infection and the onset
of intestinal disease. The detection of MAP-DNA in the
blood of CD patients might suggest that a viable form
of the organism is present in CD; however, this could
be a secondary phenomenon due to increased intestinal
permeability and/or the inability of macrophages to kill
MAP in CD patients, rather than an etiological explanation for the disease.
To further elucidate the role of MAP in CD and IBD
it would be useful to simultaneously evaluate different
biological samples (blood, biopsies and stools) and to
clarify whether the detection of MAP-DNA in stools or
in biopsies may be related to its viable presence in blood,
representing a possible marker of active infection. To our
knowledge only two small studies on this issue have been
published to date[71,72].
There is no effective and readily accessible method
available to diagnose MAP-infection in humans. CD
histology suggests that the host’s immune response is primarily cell-mediated. Therefore, studies which investigate
cell-mediated reactivity against MAP, through the use of
T-cell-based IFN-γ assays, could gain more relevance.
The reliability of the quantiferon-TB Gold test in evaluating the contact with non-tubercular mycobacteria is still
in doubt. The positive cut-off level for the Quantiferon
test in patients with non-tuberculous mycobacterial disease has not been determined[81]. The development of
“home-made” INF-γ release assays that specifically dose
the quantity of this cytokine after stimulation with MAPspecific antigen, including proper negative and positive
controls, is required.
As demonstrated, steroid therapies and combinations
with immunosuppressive agents increase the risk of an
indeterminate result in the Quantiferon test for the detection of latent tuberculosis infection[82]. We know that
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MAP infected human macrophages disrupt the host’s immune response for its own benefit and a high amount of
the cytokine, TNF-alpha, was found in MAP associated
CD patients[74].
The controversy regarding MAP and IBD has persisted far too long. Firstly, it is necessary to ratify criteria for
sample collection, test performance and interpretation
of results. Secondly, in order to establish a causal role of
MAP in the etiology of CD, it is necessary to determine
if clearance of MAP using drugs that specifically act
against this organism, selectively change the natural history of the disease, guarantee a sustained clinical remission and an improvement in histological activity.
The interest in a possible link between MAP and CD
would be of clinical relevance (development of diagnostic
methods) and for the prevention of the disease (implementation of public health measures, modifications in food
processing practices, develop screening MAP infection).
Heterogeneous clinical and histological features, disease
course and response to therapies make CD a highly polymorphic entity[83] and is better identified as a “syndrome”.
In this respect, CD may not have a singular etiology, but
rather result from the concomitant action of multiple
causal agents and triggering factors, including MAP.

2
3

4
5
6

7
8

9

10

Dalziel TK. Thomas Kennedy Dalziel 1861-1924. Chronic
interstitial enteritis. Dis Colon Rectum 1989; 32: 1076-1078
[PMID: 2686949 DOI: 10.1007/BF02553886]
Crohn BB, Ginzburg L, Oppenheimer GD. Regional ileitis: a
pathologic and clinical entity. 1932. Mt Sinai J Med 2000; 67:
263-268 [PMID: 10828911]
Chiodini RJ, Van Kruiningen HJ, Thayer WR, Coutu JA.
Spheroplastic phase of mycobacteria isolated from patients
with Crohn’s disease. J Clin Microbiol 1986; 24: 357-363 [PMID:
3760132]
Chiodini RJ. Crohn’s disease and the mycobacterioses: a
review and comparison of two disease entities. Clin Microbiol
Rev 1989; 2: 90-117 [PMID: 2644025]
Sartor RB. Does Mycobacterium avium subspecies paratuberculosis cause Crohn’s disease? Gut 2005; 54: 896-898
[PMID: 15951529 DOI: 10.1136/gut.2004.055889]
Chen W, Li D, Paulus B, Wilson I, Chadwick VS. Detection of Listeria monocytogenes by polymerase chain reaction in intestinal mucosal biopsies from patients with
inflammatory bowel disease and controls. J Gastroenterol
Hepatol 2000; 15: 1145-1150 [PMID: 11106094 DOI: 10.1046/
j.1440-1746.2000.02331.x]
Parent K, Mitchell PD. Bacterial variants: etiologic agent in
Crohn’s disease? Gastroenterology 1976; 71: 365-368 [PMID:
780185]
Burnham WR, Lennard-Jones JE, Stanford JL, Bird RG.
Mycobacteria as a possible cause of inflammatory bowel
disease. Lancet 1978; 2: 693-696 [PMID: 80630 DOI: 10.1016/
S0140-6736(78)92699-5]
Persson S, Danielsson D. On the occurrence of serum antibodies to Bacteroides fragilis and serogroups of E. coli in
patients with Crohn’s disease. Scand J Infect Dis Suppl 1979;
(19): 61-67 [PMID: 88760]
Müller S, Arni S, Varga L, Balsiger B, Hersberger M, Maly
F, Seibold F. Serological and DNA-based evaluation of Chlamydia pneumoniae infection in inflammatory bowel disease.
Eur J Gastroenterol Hepatol 2006; 18: 889-894 [PMID: 16825908

WJG|www.wjgnet.com

12

13

14

15

16

17

18

REFERENCES
1

11

19

20

21

22

23

24

25

26

13067

DOI: 10.1097/00042737-200608000-00015]
Mikula C. Measles vaccination a risk factor for inflammatory
bowel disease? Gastroenterol Nurs 2000; 23: 168-171 [PMID:
11310084 DOI: 10.1097/00001610-200007000-00006]
Wakefield AJ, Ekbom A, Dhillon AP, Pittilo RM, Pounder
RE. Crohn’s disease: pathogenesis and persistent measles
virus infection. Gastroenterology 1995; 108: 911-916 [PMID:
7875495 DOI: 10.1016/0016-5085(95)90467-0]
Lawlor G, Moss AC. Cytomegalovirus in inflammatory
bowel disease: pathogen or innocent bystander? Inflamm
Bowel Dis 2010; 16: 1620-1627 [PMID: 20232408 DOI: 10.1002/
ibd.21275]
Ekbom A, Wakefield AJ, Zack M, Adami HO. Perinatal measles infection and subsequent Crohn’s disease.
Lancet 1994; 344: 508-510 [PMID: 7914614 DOI: 10.1016/
S0140-6736(94)91898-8]
Thompson NP, Montgomery SM, Pounder RE, Wakefield
AJ. Is measles vaccination a risk factor for inflammatory
bowel disease? Lancet 1995; 345: 1071-1074 [PMID: 7715338
DOI: 10.1016/S0140-6736(95)90816-1]
Feeney M, Ciegg A, Winwood P, Snook J. A case-control
study of measles vaccination and inflammatory bowel
disease. The East Dorset Gastroenterology Group. Lancet 1997; 350: 764-766 [PMID: 9297995 DOI: 10.1016/
S0140-6736(97)03192-9]
Afzal MA, Armitage E, Ghosh S, Williams LC, Minor PD.
Further evidence of the absence of measles virus genome
sequence in full thickness intestinal specimens from patients
with Crohn’s disease. J Med Virol 2000; 62: 377-382 [PMID:
11055248 DOI: 10.1002/1096-9071(200011)62]
Robertson DJ, Sandler RS. Measles virus and Crohn’s disease: a critical appraisal of the current literature. Inflamm
Bowel Dis 2001; 7: 51-57 [PMID: 11233661 DOI: 10.1097/0005
4725-200102000-0000]
Tabaqchali S, O’Donoghue DP, Bettelheim KA. Escherichia
coli antibodies in patients with inflammatory bowel disease. Gut 1978; 19: 108-113 [PMID: 344155 DOI: 10.1136/
gut.19.2.108]
Darfeuille-Michaud A, Boudeau J, Bulois P, Neut C, Glasser
AL, Barnich N, Bringer MA, Swidsinski A, Beaugerie L, Colombel JF. High prevalence of adherent-invasive Escherichia
coli associated with ileal mucosa in Crohn’s disease. Gastroenterology 2004; 127: 412-421 [PMID: 15300573 DOI: 10.1053/
j.gastro.2004.04.061]
Liu Y, van Kruiningen HJ, West AB, Cartun RW, Cortot A,
Colombel JF. Immunocytochemical evidence of Listeria,
Escherichia coli, and Streptococcus antigens in Crohn’s disease. Gastroenterology 1995; 108: 1396-1404 [PMID: 7729631
DOI: 10.1016/0016-5085(95)90687-8]
Ryan P, Kelly RG, Lee G, Collins JK, O’Sullivan GC, O’Connell J, Shanahan F. Bacterial DNA within granulomas of
patients with Crohn’s disease--detection by laser capture microdissection and PCR. Am J Gastroenterol 2004; 99: 1539-1543
[PMID: 15307874 DOI: 10.1111/j.1572-0241.2004.40103.x]
Mukhopadhya I, Hansen R, El-Omar EM, Hold GL. IBDwhat role do Proteobacteria play? Nat Rev Gastroenterol Hepatol 2012; 9: 219-230 [PMID: 22349170 DOI: 10.1038/nrgastro.2012.14]
Greenstein RJ. Is Crohn’s disease caused by a mycobacterium? Comparisons with leprosy, tuberculosis, and Johne’
s disease. Lancet Infect Dis 2003; 3: 507-514 [PMID: 12901893
DOI: 10.1016/S1473-3099(03)00724-2]
Chiodini RJ, Van Kruiningen HJ, Thayer WR, Merkal RS,
Coutu JA. Possible role of mycobacteria in inflammatory
bowel disease. I. An unclassified Mycobacterium species
isolated from patients with Crohn’s disease. Dig Dis Sci 1984;
29: 1073-1079 [PMID: 6499624 DOI: 10.1007/BF01317078]
Chiodini RJ, Chamberlin WM, Sarosiek J, McCallum RW.
Crohn’s disease and the mycobacterioses: a quarter century
later. Causation or simple association? Crit Rev Microbiol

September 28, 2014|Volume 20|Issue 36|

Liverani E et al . Mycobacterium avium subspecies paratuberculosis and Crohn’s disease

27

28

29

30

31
32

33

34

35

36

37

38
39

40

2012; 38: 52-93 [PMID: 22242906 DOI: 10.3109/1040841X.201
1.638273]
Thorel MF, Krichevsky M, Lévy-Frébault VV. Numerical
taxonomy of mycobactin-dependent mycobacteria, emended
description of Mycobacterium avium, and description of
Mycobacterium avium subsp. avium subsp. nov., Mycobacterium avium subsp. paratuberculosis subsp. nov., and
Mycobacterium avium subsp. silvaticum subsp. nov. Int J
Syst Bacteriol 1990; 40: 254-260 [PMID: 2397193 DOI: 10.1099/
00207713-40-3-254]
Collins DM, Gabric DM, De Lisle GW. Identification of a
repetitive DNA sequence specific to Mycobacterium paratuberculosis. FEMS Microbiol Lett 1989; 51: 175-178 [PMID:
2777063 DOI: 10.1111/j.1574-6968.1989.tb03440.x]
Green EP, Tizard ML, Moss MT, Thompson J, Winterbourne
DJ, McFadden JJ, Hermon-Taylor J. Sequence and characteristics of IS900, an insertion element identified in a human
Crohn’s disease isolate of Mycobacterium paratuberculosis.
Nucleic Acids Res 1989; 17: 9063-9073 [PMID: 2555783 DOI:
10.1093/nar/17.22.9063]
Collins DM, Gabric DM, de Lisle GW. Identification of two
groups of Mycobacterium paratuberculosis strains by restriction endonuclease analysis and DNA hybridization. J Clin
Microbiol 1990; 28: 1591-1596 [PMID: 2166089]
Cocito C, Gilot P, Coene M, de Kesel M, Poupart P, Vannuffel P. Paratuberculosis. Clin Microbiol Rev 1994; 7: 328-345
[PMID: 7923053]
Tiwari A, VanLeeuwen JA, McKenna SL, Keefe GP, Barkema
HW. Johne’s disease in Canada Part I: clinical symptoms,
pathophysiology, diagnosis, and prevalence in dairy herds.
Can Vet J 2006; 47: 874-882 [PMID: 17017652]
Khare S, Ficht TA, Santos RL, Romano J, Ficht AR, Zhang S,
Grant IR, Libal M, Hunter D, Adams LG. Rapid and sensitive
detection of Mycobacterium avium subsp. paratuberculosis
in bovine milk and feces by a combination of immunomagnetic bead separation-conventional PCR and real-time PCR.
J Clin Microbiol 2004; 42: 1075-1081 [PMID: 15004056 DOI:
10.1128/JCM.42.3.1075-1081.2004]
Pickup RW, Rhodes G, Bull TJ, Arnott S, Sidi-Boumedine K,
Hurley M, Hermon-Taylor J. Mycobacterium avium subsp.
paratuberculosis in lake catchments, in river water abstracted for domestic use, and in effluent from domestic sewage
treatment works: diverse opportunities for environmental
cycling and human exposure. Appl Environ Microbiol 2006;
72: 4067-4077 [PMID: 16751517 DOI: 10.1128/AEM.02490-05]
Pierce ES. Possible transmission of Mycobacterium avium
subspecies paratuberculosis through potable water: lessons
from an urban cluster of Crohn’s disease. Gut Pathog 2009; 1:
17 [PMID: 19772668 DOI: 10.1186/1757-4749-1-17]
Whan L, Ball HJ, Grant IR, Rowe MT. Occurrence of Mycobacterium avium subsp. paratuberculosis in untreated
water in Northern Ireland. Appl Environ Microbiol 2005; 71:
7107-7112 [PMID: 16269747 DOI: 10.1128/AEM.71.11.7107-7
112.2005]
Eltholth MM, Marsh VR, Van Winden S, Guitian FJ.
Contamination of food products with Mycobacterium
avium paratuberculosis: a systematic review. J Appl Microbiol 2009; 107: 1061-1071 [PMID: 19486426 DOI: 10.1111/
j.1365-2672.2009.04286.x]
Grant IR. Does Mycobacterium paratuberculosis survive
current pasteurization conditions? Appl Environ Microbiol
1998; 64: 2760-2761 [PMID: 9656462]
Abubakar I, Myhill DJ, Hart AR, Lake IR, Harvey I, Rhodes
JM, Robinson R, Lobo AJ, Probert CS, Hunter PR. A casecontrol study of drinking water and dairy products in
Crohn’s Disease--further investigation of the possible role of
Mycobacterium avium paratuberculosis. Am J Epidemiol 2007;
165: 776-783 [PMID: 17237136 DOI: 10.1093/aje/kwk067]
Abubakar I, Myhill D, Aliyu SH, Hunter PR. Detection of
Mycobacterium avium subspecies paratuberculosis from

WJG|www.wjgnet.com

41

42
43

44

45

46

47

48

49

50

51

52

53

54

13068

patients with Crohn’s disease using nucleic acid-based
techniques: a systematic review and meta-analysis. Inflamm
Bowel Dis 2008; 14: 401-410 [PMID: 17886288 DOI: 10.1002/
ibd.20276]
Feller M, Huwiler K, Stephan R, Altpeter E, Shang A, Furrer
H, Pfyffer GE, Jemmi T, Baumgartner A, Egger M. Mycobacterium avium subspecies paratuberculosis and Crohn’
s disease: a systematic review and meta-analysis. Lancet
Infect Dis 2007; 7: 607-613 [PMID: 17714674 DOI: 10.1016/
S1473-3099(07)70211-6]
Shanahan F, O’Mahony J. The mycobacteria story in Crohn’
s disease. Am J Gastroenterol 2005; 100: 1537-1538 [PMID:
15984977 DOI: 10.1111/j.1572-0241.2005.50358.x]
Xia A, Stempak JM, Grist J, Bressler B, Silverberg MS, Bach H.
Effect of inflammatory bowel disease therapies on immunogenicity of Mycobacterium paratuberculosis proteins. Scand J
Gastroenterol 2014; 49: 157-163 [PMID: 24256081]
Autschbach F, Eisold S, Hinz U, Zinser S, Linnebacher M,
Giese T, Löffler T, Büchler MW, Schmidt J. High prevalence
of Mycobacterium avium subspecies paratuberculosis IS900
DNA in gut tissues from individuals with Crohn’s disease.
Gut 2005; 54: 944-949 [PMID: 15951539 DOI: 10.1136/
gut.2004.045526]
Bach H, Rosenfeld G, Bressler B. Treatment of Crohn’s disease patients with infliximab is detrimental for the survival
of Mycobacterium avium ssp. paratuberculosis within macrophages and shows a remarkable decrease in the immunogenicity of mycobacterial proteins. J Crohns Colitis 2012; 6:
628-629 [PMID: 22398081 DOI: 10.1016/j.crohns.2012.01.011]
Bach H, Ko HH, Raizman EA, Attarian R, Cho B, Biet F,
Enns R, Bressler B. Immunogenicity of Mycobacterium avium subsp. paratuberculosis proteins in Crohn’s disease patients. Scand J Gastroenterol 2011; 46: 30-39 [PMID: 20735153
DOI: 10.3109/00365521.2010.513061]
Shin SJ, Collins MT. Thiopurine drugs azathioprine and
6-mercaptopurine inhibit Mycobacterium paratuberculosis growth in vitro. Antimicrob Agents Chemother 2008; 52:
418-426 [PMID: 18070971 DOI: 10.1128/AAC.00678-07]
Greenstein RJ, Su L, Juste RA, Brown ST. On the action of
cyclosporine A, rapamycin and tacrolimus on M. avium including subspecies paratuberculosis. PLoS One 2008; 3: e2496
[PMID: 18575598 DOI: 10.1371/journal.pone.0002496]
Greenstein RJ, Su L, Haroutunian V, Shahidi A, Brown ST.
On the action of methotrexate and 6-mercaptopurine on M.
avium subspecies paratuberculosis. PLoS One 2007; 2: e161
[PMID: 17252054 DOI: 10.1371/journal.pone.0000161]
Soon IS, Molodecky NA, Rabi DM, Ghali WA, Barkema
HW, Kaplan GG. The relationship between urban environment and the inflammatory bowel diseases: a systematic
review and meta-analysis. BMC Gastroenterol 2012; 12: 51
[PMID: 22624994 DOI: 10.1186/1471-230X-12-51]
Jones PH, Farver TB, Beaman B, Cetinkaya B, Morgan KL.
Crohn’s disease in people exposed to clinical cases of bovine
paratuberculosis. Epidemiol Infect 2006; 134: 49-56 [PMID:
16409650 DOI: 10.1017/S0950268805004681]
Qual DA, Kaneene JB, Varty TJ, Miller R, Thoen CO. Lack of
association between the occurrence of Crohn’s disease and
occupational exposure to dairy and beef cattle herds infected
with Mycobacterium avium subspecies paratuberculosis. J
Dairy Sci 2010; 93: 2371-2376 [PMID: 20494145 DOI: 10.3168/
jds.2009-2344]
Sanderson JD, Moss MT, Tizard ML, Hermon-Taylor J.
Mycobacterium paratuberculosis DNA in Crohn’s disease
tissue. Gut 1992; 33: 890-896 [PMID: 1644328 DOI: 10.1136/
gut.33.7.890]
Bull TJ, McMinn EJ, Sidi-Boumedine K, Skull A, Durkin D,
Neild P, Rhodes G, Pickup R, Hermon-Taylor J. Detection
and verification of Mycobacterium avium subsp. paratuberculosis in fresh ileocolonic mucosal biopsy specimens
from individuals with and without Crohn’s disease. J Clin

September 28, 2014|Volume 20|Issue 36|

Liverani E et al . Mycobacterium avium subspecies paratuberculosis and Crohn’s disease

55

56

57

58

59

60

61

62

63

64

65

66

67

Microbiol 2003; 41: 2915-2923 [PMID: 12843021 DOI: 10.1128/
JCM.41.7.2915-2923.2003]
Sechi LA, Scanu AM, Molicotti P, Cannas S, Mura M, Dettori
G, Fadda G, Zanetti S. Detection and Isolation of Mycobacterium avium subspecies paratuberculosis from intestinal mucosal biopsies of patients with and without Crohn’s disease
in Sardinia. Am J Gastroenterol 2005; 100: 1529-1536 [PMID:
15984976 DOI: 10.1111/j.1572-0241.2005.41415.x]
Romero C, Hamdi A, Valentine JF, Naser SA. Evaluation of
surgical tissue from patients with Crohn’s disease for the
presence of Mycobacterium avium subspecies paratuberculosis DNA by in situ hybridization and nested polymerase
chain reaction. Inflamm Bowel Dis 2005; 11: 116-125 [PMID:
15677904]
Naser SA, Ghobrial G, Romero C, Valentine JF. Culture of
Mycobacterium avium subspecies paratuberculosis from
the blood of patients with Crohn’s disease. Lancet 2004; 364:
1039-1044 [PMID: 15380962]
Bentley RW, Keenan JI, Gearry RB, Kennedy MA, Barclay
ML, Roberts RL. Incidence of Mycobacterium avium subspecies paratuberculosis in a population-based cohort of
patients with Crohn’s disease and control subjects. Am J
Gastroenterol 2008; 103: 1168-1172 [PMID: 18371139 DOI:
10.1111/j.1572-0241.2007.01742.x]
Parrish NM, Radcliff RP, Brey BJ, Anderson JL, Clark DL,
Koziczkowski JJ, Ko CG, Goldberg ND, Brinker DA, Carlson RA, Dick JD, Ellingson JL. Absence of mycobacterium
avium subsp. paratuberculosis in Crohn’s patients. Inflamm
Bowel Dis 2009; 15: 558-565 [PMID: 19058231 DOI: 10.1002/
ibd.20799]
Mendoza JL, San-Pedro A, Culebras E, Cíes R, Taxonera C,
Lana R, Urcelay E, de la Torre F, Picazo JJ, Díaz-Rubio M.
High prevalence of viable Mycobacterium avium subspecies
paratuberculosis in Crohn’s disease. World J Gastroenterol
2010; 16: 4558-4563 [PMID: 20857526 DOI: 10.3748/wjg.v16.
i36.4558]
Ryan P, Bennett MW, Aarons S, Lee G, Collins JK, O’Sullivan GC, O’Connell J, Shanahan F. PCR detection of Mycobacterium paratuberculosis in Crohn’s disease granulomas
isolated by laser capture microdissection. Gut 2002; 51:
665-670 [PMID: 12377804 DOI: 10.1136/gut.51.5.665]
Mishina D, Katsel P, Brown ST, Gilberts EC, Greenstein
RJ. On the etiology of Crohn disease. Proc Natl Acad Sci
USA 1996; 93: 9816-9820 [PMID: 8790414 DOI: 10.1073/
pnas.93.18.9816]
Tuci A, Tonon F, Castellani L, Sartini A, Roda G, Marocchi
M, Caponi A, Munarini A, Rosati G, Ugolini G, Fuccio L,
Scagliarini M, Bazzoli F, Belluzzi A. Fecal detection of Mycobacterium avium paratuberculosis using the IS900 DNA
sequence in Crohn’s disease and ulcerative colitis patients
and healthy subjects. Dig Dis Sci 2011; 56: 2957-2962 [PMID:
21484317 DOI: 10.1007/s10620-011-1699-6]
Elsaghier A, Prantera C, Moreno C, Ivanyi J. Antibodies to
Mycobacterium paratuberculosis-specific protein antigens in
Crohn’s disease. Clin Exp Immunol 1992; 90: 503-508 [PMID:
1281056 DOI: 10.1111/j.1365-2249.1992.tb05874.x]
Naser SA, Hulten K, Shafran I, Graham DY, El-Zaatari FA.
Specific seroreactivity of Crohn’s disease patients against p35
and p36 antigens of M. avium subsp. paratuberculosis. Vet
Microbiol 2000; 77: 497-504 [PMID: 11118734 DOI: 10.1016/
S0378-1135(00)00334-5]
Olsen I, Wiker HG, Johnson E, Langeggen H, Reitan
LJ. Elevated antibody responses in patients with Crohn’
s disease against a 14-kDa secreted protein purified from
Mycobacterium avium subsp. paratuberculosis. Scand J
Immunol 2001; 53: 198-203 [PMID: 11169225 DOI: 10.1046/
j.1365-3083.2001.00857.x]
Brunello F, Pera A, Martini S, Marino L, Astegiano M, Barletti C, Gastaldi P, Verme G, Emanuelli G. Antibodies to
Mycobacterium paratuberculosis in patients with Crohn’s

WJG|www.wjgnet.com

68

69

70

71

72

73

74

75

76

77

78

79

80

81

13069

disease. Dig Dis Sci 1991; 36: 1741-1745 [PMID: 1748044 DOI:
10.1007/BF01296619]
Walmsley RS, Ibbotson JP, Chahal H, Allan RN. Antibodies
against Mycobacterium paratuberculosis in Crohn’s disease. QJM 1996; 89: 217-221 [PMID: 8731566 DOI: 10.1093/
qjmed/89.3.217]
Bernstein CN, Blanchard JF, Rawsthorne P, Collins MT. Population-based case control study of seroprevalence of Mycobacterium paratuberculosis in patients with Crohn’s disease
and ulcerative colitis. J Clin Microbiol 2004; 42: 1129-1135
[PMID: 15004064 DOI: 10.1128/JCM.42.3.1129-1135.2004]
Schulzke JD, Ploeger S, Amasheh M, Fromm A, Zeissig S,
Troeger H, Richter J, Bojarski C, Schumann M, Fromm M.
Epithelial tight junctions in intestinal inflammation. Ann N Y
Acad Sci 2009; 1165: 294-300 [PMID: 19538319 DOI: 10.1111/
j.1749-6632.2009.04062.x]
Collins MT, Lisby G, Moser C, Chicks D, Christensen S,
Reichelderfer M, Høiby N, Harms BA, Thomsen OO, Skibsted U, Binder V. Results of multiple diagnostic tests for Mycobacterium avium subsp. paratuberculosis in patients with
inflammatory bowel disease and in controls. J Clin Microbiol
2000; 38: 4373-4381 [PMID: 11101567]
Juste RA, Elguezabal N, Pavón A, Garrido JM, Geijo M, Sevilla I, Cabriada JL, Tejada A, García-Campos F, Casado R,
Ochotorena I, Izeta A. Association between Mycobacterium
avium subsp. paratuberculosis DNA in blood and cellular
and humoral immune response in inflammatory bowel disease patients and controls. Int J Infect Dis 2009; 13: 247-254
[PMID: 18922720 DOI: 10.1016/j.ijid.2008.06.034]
Olsen I, Tollefsen S, Aagaard C, Reitan LJ, Bannantine JP,
Andersen P, Sollid LM, Lundin KE. Isolation of Mycobacterium avium subspecies paratuberculosis reactive CD4 T cells
from intestinal biopsies of Crohn’s disease patients. PLoS
One 2009; 4: e5641 [PMID: 19479064 DOI: 10.1371/journal.
pone.0005641]
Nakase H, Tamaki H, Matsuura M, Chiba T, Okazaki K.
Involvement of mycobacterium avium subspecies paratuberculosis in TNF-α production from macrophage: possible link
between MAP and immune response in Crohn’s disease.
Inflamm Bowel Dis 2011; 17: E140-E142 [PMID: 21990211 DOI:
10.1002/ibd.21750]
Thomas GA, Swift GL, Green JT, Newcombe RG, BraniffMathews C, Rhodes J, Wilkinson S, Strohmeyer G, Kreuzpainter G. Controlled trial of antituberculous chemotherapy
in Crohn’s disease: a five year follow up study. Gut 1998; 42:
497-500 [PMID: 9616310 DOI: 10.1136/gut.42.4.497]
Gui GP, Thomas PR, Tizard ML, Lake J, Sanderson JD,
Hermon-Taylor J. Two-year-outcomes analysis of Crohn’
s disease treated with rifabutin and macrolide antibiotics. J
Antimicrob Chemother 1997; 39: 393-400 [PMID: 9096189 DOI:
10.1093/jac/39.3.393]
Borody TJ, Leis S, Warren EF, Surace R. Treatment of severe
Crohn’s disease using antimycobacterial triple therapy-approaching a cure? Dig Liver Dis 2002; 34: 29-38 [PMID:
11926571 DOI: 10.1016/S1590-8658(02)80056-1]
Shafran I, Kugler L, El-Zaatari FA, Naser SA, Sandoval J.
Open clinical trial of rifabutin and clarithromycin therapy
in Crohn’s disease. Dig Liver Dis 2002; 34: 22-28 [PMID:
11930899 DOI: 10.1016/S1590-8658(02)80055-X]
Selby W, Pavli P, Crotty B, Florin T, Radford-Smith G, Gibson P, Mitchell B, Connell W, Read R, Merrett M, Ee H, Hetzel D. Two-year combination antibiotic therapy with clarithromycin, rifabutin, and clofazimine for Crohn’s disease.
Gastroenterology 2007; 132: 2313-2319 [PMID: 17570206 DOI:
10.1053/j.gastro.2007.03.031]
Singh S, Gopinath K. Mycobacterium avium subspecies
Paratuberculosis and Crohn’s regional ileitis: how strong is
association? J Lab Physicians 2011; 3: 69-74 [PMID: 22219557
DOI: 10.4103/0974-2727.86836]
Kobashi Y, Mouri K, Yagi S, Obase Y, Miyashita N, Okimoto

September 28, 2014|Volume 20|Issue 36|

Liverani E et al . Mycobacterium avium subspecies paratuberculosis and Crohn’s disease

82

N, Matsushima T, Kageoka T, Oka M. Clinical evaluation of
the QuantiFERON-TB Gold test in patients with non-tuberculous mycobacterial disease. Int J Tuberc Lung Dis 2009; 13:
1422-1426 [PMID: 19861017]
Helwig U, Müller M, Hedderich J, Schreiber S. Corticosteroids and immunosuppressive therapy influence the result

83

of QuantiFERON TB Gold testing in inflammatory bowel
disease patients. J Crohns Colitis 2012; 6: 419-424 [PMID:
22398067 DOI: 10.1016/j.crohns.2011.09.011]
Baumgart DC, Sandborn WJ. Crohn’s disease. Lancet 2012;
380: 1590-1605 [PMID: 22914295 DOI: 10.1016/S01406736(12)60026-9]
P- Reviewer: Fujimori S, Koch TR S- Editor: Nan J
L- Editor: Webster JR E- Editor: Zhang DN

WJG|www.wjgnet.com

13070

September 28, 2014|Volume 20|Issue 36|

World J Gastroenterol 2014 September 28; 20(36): 13071-13078
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i36.13071

© 2014 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

NANOG: A promising target for digestive malignant tumors
Ai-Xi Sun, Chang-Jiang Liu, Zi-Qin Sun, Zhi Wei
Ai-Xi Sun, Chang-Jiang Liu, Zi-Qin Sun, Zhi Wei, Department of Gastroenterology, The General Hospital of Jinan Military
Command, Jinan 250031, Shandong Province, China
Author contributions: Sun AX and Liu CJ equally contributed
to this paper; Liu CJ designed the article; Sun ZQ designed and revised the paper; Sun AX wrote the paper; Wei Z revised the paper.
Supported by Natural Science Foundation of Shandong Province, No. ZR2011HM021
Correspondence to: Zi-Qin Sun, MD, PhD, Department of
Gastroenterology, The General Hospital of Jinan Military Command, No. 25 Shifan Road, Tianqiao District, Jinan 250031,
Shandong Province, China. ziqins@126.com
Telephone: +86-531-51665320 Fax: +86-531-51665254
Received: February 14, 2014 Revised: May 3, 2014
Accepted: June 13, 2014
Published online: September 28, 2014

Abstract
NANOG has been extensively researched since its discovery by Chambers et al . NANOG is a homeodomain
transcription factor and an essential regulator of embryonic stem cell (ESC) self-renewal, which inhibits
differentiation. Cancer stem cells (CSCs) are a small
subset of cells that are thought to drive uncontrolled
tumor growth; CSCs retain the tumor capabilities of
self-renewal and propagation. The existence of CSCs
was recently shown by direct experimental evidence.
NANOG is expressed in CSCs and ESCs, although it
remains unclear whether ESCs and CSCs share similar
mechanisms in the regulation of physical and biological
processes. Several studies suggest that the expression
level of NANOG is high in cancer tissues and low or
absent in normal tissues. High levels of NANOG expression are associated with advanced stages of cancer and
a poor prognosis, indicating that it plays a vital role in
tumor transformation, tumorigenesis, and tumor metastasis. NANOG is part of a complex regulatory network
that controls cell fate determination, proliferation, and
apoptosis. NANOG cooperates with other regulators,
such as microflora, transcription factors, and kinases,
in cancer cells. NANOG might have a promising future
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in anti-cancer and other therapeutic treatments, which
could improve human health.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: NANOG; Cancer stem cells; Gastrointestinal
tumor; Anti-cancer
Core tip: This review article differs from previous reviews by concentrating on the relationship between
NANOG and cancer. This review contains the following
five sections: the structure of NANOG , NANOG and cancer stem cells, signal pathways associated with NANOG
in cancer, NANOG in specific human tumors, and the
role of NANOG in anti-cancer therapy. Each section
contains novel insights and comprehensively reviews
the current literature, which will be very useful to the
journal’s readers.
Sun AX, Liu CJ, Sun ZQ, Wei Z. NANOG: A promising target
for digestive malignant tumors. World J Gastroenterol 2014;
20(36): 13071-13078 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13071.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13071

STRUCTURE OF NANOG
NANOG was discovered by Chambers et al[1] based on its
ability to maintain the self-renewal of mouse embryonic
stem cells (ESCs) independently of the cytokine leukemia
inhibitory factor (LIF). NANOG was identified by comparing expressed sequence tag libraries from mouse ESCs
with various somatic tissues[2]. Research on NANOG
has received significant attention since its discovery. As a
homeodomain-containing transcription factor, NANOG
is a key transcription factor involved in the maintenance
of pluripotency and self-renewal in undifferentiated
ESCs[1-7]. The NANOG protein is encoded by the only
open reading frame of the 2184-nucleotide NANOG
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cDNA[2]. In addition to the embryonic NANOG gene,
eleven NANOG pseudogenes have been reported in the
human genome[8]. However, only the NANOG homeobox pseudogene 8 (NANOGP8) has a complete open
reading frame able to transcribe and translate functional
NANOG protein[8-10]. NANOG is hypothesized to be
an important regulatory factor associated with the pluripotency of ESCs, whereas NANOGP8 plays a role in
tumorigenesis. However, the comprehensive expression
patterns of NANOG and NANOGP8 in human cancers
have not been fully elucidated. NANOG is expressed
from both NANOG and NANOGP8 in colorectal cancers[11]. The human NANOG protein consists of 305
amino acids and could be divided into N-terminal (amino
acid 1-95), homeobox domain (amino acid 96-155), and
C-terminal (amino acid 156-305) regions[2,12]. The N-terminus is tightly regulated through phosphorylation or
other posttranslational modifications of serine, threonine,
and proline. The N-terminus also functions as a structural motif for the transcriptional activity of NANOG[12,13].
The C-terminus contains two potent transactivation
subdomains[12,13]. The N- and C-terminal regions contain
nuclear localization sequences. The homeobox domain in
the central region contains a DNA-binding motif and is
reported to harbor a potent nuclear export motif[14] that
allows the NANOG protein to be transported into and
out of the nucleus.

NANOG AND CANCER STEM CELLS
Cancer stem cells (CSCs) are a small subset of cells that
are thought to drive uncontrolled tumor growth and retain the potential for tumor self-renewal and propagation.
Although the origins of CSCs are debated, the existence
of these cells has been proven by direct experimental
evidence[15]. Bussolati et al[16] found a tumor-initiating
stem cell population in renal carcinomas. CSCs possess
several stem cell properties, such as clonogenic ability,
the expression of NANOG and Oct-4 stem cell markers, and the absence of epithelial differentiation markers.
CSCs have been isolated in the following tumor types:
glioblastoma, melanoma, prostate carcinoma, colon carcinoma, head and neck squamous cell carcinoma, breast
carcinoma, ovarian carcinoma, bladder carcinoma, lung
carcinoma, and pancreatic carcinoma[17-29]. Studies have
traced the cell lineages within a growing tumor in glioblastomas[30], intestinal adenomas[31], and squamous skin
tumors[32]. CSCs are identified as unique cells with the potential to expand the CSC pool and the potential to differentiate into heterogeneous non-tumorigenic cells that
constitute the bulk of the tumor[33]. This minority population of cells retains the self-renewal and propagation
potential of the tumor, whereas the vast majority of cells
are non-tumorigenic daughter cells of CSCs[34]. Singh et
al[35] isolated CSCs in human brain tumors. Tumors that
could be serially transplanted were produced when these
authors injected as few as 100 cells into mouse brains.
However, injecting as many as 105 non-CSCs cells did
not result in the development of a tumor. Therefore, the
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CSC hypothesis provides an attractive cellular mechanism
to account for the therapeutic refractoriness and dormant
behavior exhibited by many solid tumors.
Liao et al[36] determined that NANOG regulates the
self-renewal of breast CSCs. Nanog expression is correlated with aggressiveness in poorly differentiated breast
cancer and enhances the tumorigenicity of tumor cells
by promoting the self-renewal of CSC subpopulations.
The knockdown of NANOG significantly inhibited
the growth of breast CSCs. Many years of study on
cell transplantation suggests that NANOG plays a vital
role in tumor transformation, tumorigenesis, and tumor
metastasis via regulating the CSC population[37]. Several
studies have shown that NANOG, in combination with
other regulators, modifies chromatin structure and forms
a key regulatory network controlling the identity, differentiation, self-renewal, and pluripotency of ESCs[38-40].
Although a deeper understanding of the mechanisms of
NANOG circuitry in CSCs is needed, CSCs display preferential overexpression of NANOG normally enriched in
ESCs. Thus, similar mechanisms might be involved in the
regulation of CSCs[41]. The finding that NANOG might
play a crucial role in CSC and ESC signaling networks
makes it a potentially ideal target for cancer treatment.

ROLE OF NANOG IN HUMAN TUMORS
Examination of its expression in clinical studies revealed
that NANOG is overexpressed in a variety of cancers,
including gastrointestinal (GI) tumors. Yang et al[42] found
that the expression of the NANOG protein was higher
in esophageal cancer tissues and was positively correlated
with histological grade and lymphatic metastases. Furthermore, when three cell lines were treated with cisplatin to
evaluate drug sensitivity, the authors found that sensitivity
to cisplatin was decreased by increased NANOG expression. Their study demonstrated that NANOG could promote tumor cell proliferation, invasion, and resistance. Inhibiting NANOG expression inhibits these behaviors by
stalling cells in the G0/G1 phase and inducing apoptosis.
Using reverse transcription-polymerase chain reaction and
real-time quantitative polymerase chain reactions, Chen
et al[43] demonstrated that the expression of NANOG
was higher in gastric cancer tissues than in paracancerous
tissues. The expression of NANOG was positively correlated with the histological grade of the tumor, suggesting that NANOG might serve as a novel marker for the
diagnosis and prognosis of gastric carcinoma.
Side population (SP) cells are thought to include
CSCs with self-renewal capacity and high tumorigenicity[44]. Uchino et al[45] found that NANOG was expressed
speciﬁcally in SP cells of human GI cancer cells. Nucleotide sequencing revealed that NANOGP8 was expressed
in GI cancer cells, whereas Nanog was not expressed in
these cells. The transfection of NANOGP8 into GI cancer cell lines promoted cell proliferation, whereas its inhibition by anti-NANOG siRNA suppressed the proliferation. These data suggested that NANOGP8 is involved
in GI cancer development in a subset of patients and
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that it presumably acts by supporting CSC proliferation
in these patients.
Zhang et al [46] determined that NANOG was expressed in hepatocellular carcinoma (HCC) tissue and
paracancerous tissue; however, there was almost no expression of NANOG in normal liver tissue. NANOG
expression was positively correlated with the clinical stage
and histological grade of the patients, suggesting that
NANOG is associated with the development of HCC. A
study by Shan et al[47] suggested that NANOG plays a crucial role in maintaining the self-renewal of CSCs through
the insulin-like growth factor (IGF) 1R-signaling pathway, and NANOG could be a novel biomarker for CSCs
in HCC. The authors successfully isolated NANOGpositive cells, using the NANOG promoter as a reporter
system, and determined that NANOG-positive cells
exhibited enhanced self-renewal ability, clonogenicity, and
tumor initiation capacity. Thus, NANOG expression predicts a worse clinical outcome in HCC. In addition, this
study showed that NANOG-positive CSCs were resistant
to therapeutic agents and had a high capacity for tumor
invasion and metastasis. The knockdown of NANOG in
NANOG-positive CSCs reduced the self-renewal capacity, decreased the expression of stem cell related genes,
and increased the expression of mature hepatocyte-related genes. The overexpression of NANOG in NANOGnegative cells could restore self-renewal. There are many
factors and regulatory networks involved in cancer development. Shan et al[47] found that IGF2 and IGF-receptor
were upregulated in NANOG-positive CSCs. The knockdown of NANOG in NANOG-positive CSCs inhibited
the expression of IGF1R, and NANOG overexpression
in NANOG-negative cells increased the expression of
IGF1R. A speciﬁc inhibitor of IGF1R signaling could
signiﬁcantly inhibit self-renewal and NANOG expression
in NANOG-positive cells, suggesting that IGF1R signaling participates in NANOG-mediated self-renewal in
NANOG-positive cells.
There are a limited number of studies investigating
the role of NANOG in pancreatic carcinoma. Pancreatic
cancer is well known for being difficult to diagnose at
early stages and has a poor recurrence-free prognosis. Lu
et al[48] isolated pancreatic CSCs from the PANC-1 cell
line using flow cytometry. They found that NANOG was
highly expressed in human pancreatic cancer tissues, and
that NANOG knockdown reduced the proliferation, migration, invasion, chemoresistance, and tumorigenesis of
pancreatic CSCs. The authors determined that NANOG
affects the biological characteristics of pancreatic CSCs
and that its overexpression indicated a worse prognosis.
Therefore, NANOG might serve as a potential marker
of prognosis and be a novel therapeutic target for pancreatic cancer.
Meng et al[49] studied the expression and regulatory
effects of NANOG in colorectal cancer (CRC). The
authors found that its overexpression was strongly correlated with poor prognoses, lymph node metastases, and
Dukes classification for CRC. Univariate and multivariate
survival analyses indicated that NANOG expression was
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a potential prognostic factor for CRC. Studies using gainof-function approaches revealed that lentivirus-mediated
NANOG overexpression promoted the proliferation,
motility, and migration of human CRC cells. Previous
authors found that NANOG induced the epithelial-mesenchymal transition. Xu et al[50] observed that NANOG
expression was related to histological grade, lymph node
metastases, TNM stage, and liver metastases in CRC. A
Spearman correlation analysis showed that NANOG
expression is linearly correlated with liver metastases.
These results suggest that the NANOG protein might
be a potential biomarker for postoperative liver metastases of CRC and could be a potential early liver metastasis screening factor in CRC. Shi et al[51] demonstrated
that NANOG knockdown could suppress proliferation,
colony formation, and in vivo tumorigenicity in CRC;
NANOG knockdown could increase the sensitivity of
the CRC cell line SW620 to fluorouracil (5-FU). These
data suggest that NANOG might regulate the aggressiveness of CRC cells.
In addition to its expression in GI tumors, NANOG
is expressed in human breast, cervix, oral, kidney, prostate, lung, gastric, brain, and ovarian cancers[52-63]. An elevated expression of NANOG was positively associated
with late stage progression and a poorer prognosis in oral
cancer patients. The exact role of NANOG in tumor
development remains unclear. A recent study showed
that the expression of NANOG mRNA did not have
any clinical relevance in 79 fresh clinical CRC samples[64].
Although previous studies have demonstrated that
NANOG is highly expressed in a variety of tumors and
that its increased expression indicates a poor prognosis in
patients, comprehensive and systematic studies examining
the role of NANOG in human clinical tumor samples
are lacking. The role of NANOG in tumor development
remains unclear. Whether NANOG is a marker for CSCs
in carcinomas or a biomarker representing CSCs requires
further study. Additionally, the mechanism of how it participates in CSC biology requires further research.

REGULATORY NETWORKS ASSOCIATED
WITH NANOG IN CANCER
NANOG is not an isolated factor in the regulatory process of tumor development, and there are many regulators involved in tumor transformation, tumorigenesis,
and tumor metastasis (Figure 1). For example, other
transcription factors, microRNAs, and kinases have been
reported to mediate the silencing or overexpression of
NANOG and to regulate stemness, malignant transformation, and CSC-like phenotypes in cancer cells.
The p53 protein is a key mediator regulating programmed cell apoptosis and cell cycle related pathways; it
activates cell-cycle checkpoints and promotes cell senescence. p53 has a well-accepted role in tumor suppression.
During the last decade, a direct involvement of p53 in
the stemness regulatory network has been investigated
in stem cell and cancer research; p53 could reduce selfrenewal and enhance differentiation in ESCs and cancer
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Figure 1 Diagram depicting the regulatory networks of tumor transformation, tumorigenesis, and tumor metastasis associated with NANOG in cancer.

cells. The suppressive effect of p53 on reprogramming
and cancer stemness could partially depend on its negative regulation of NANOG[65-68]. It has been reported
that p53 could bind to the NANOG promoter and suppresses its expression after DNA damage[66]. Hedgehog
is another essential regulator of stemness properties;
hedgehog promotes self-renewal in ESCs and promotes
cancer progression. Po et al[69] showed that the loss of
p53 activated the Hedgehog-Gli pathway; the HedgehogGli pathway was responsible for NANOG upregulation through p53-independent signaling by the binding
of Gli transcription factors to the NANOG promoter.
The growth and tumorigenicity of glioma stem cells was
regulated by the p53-independent Hedgehog-Gli pathway. Zbinden et al[70] demonstrated a positive regulatory
loop between NANOG and sonic hedgehog signaling.
The knockdown of NANOG decreased the endogenous
activity of Gli1, and NANOG mRNA levels were modulated by the hedgehog pathway. Their research showed
that the Hedgehog and p53 pathways are cross-linked
and could cross-regulate NANOG expression since p53
directly suppresses NANOG and Hedgehog[66,69].
Focal adhesion kinase (FAK) is a tyrosine kinase
that plays a significant role in tumor survival[71]. Many
tumors overexpress FAK mRNA and protein[72]. FAK is
important for cell adhesion, proliferation, motility, invasion, and angiogenesis[73]. FAK and p53 are involved in
the regulation of survival/apoptotic signaling in cancer
cells through p53-regulated FAK promoter activity and
through FAK-p53 protein binding[74-78]. Golubovskaya[65]
reported that NANOG binds the FAK promoter and upregulates FAK expression. Additionally, FAK could bind
and phosphorylate NANOG. FAK could bind Mdm-2
and activate p53 degradation[77], and p53 negatively regulates both NANOG and FAK.
The LIF/STAT3 pathway is critical for NANOG
function in the maintenance of ESC pluripotency. It was
reported that 14 of the 22 STAT3 target genes contribut-
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ing to the maintenance of an undifferentiated state were
also regulated by NANOG in mouse ESCs. Torres et
al[79] examined the functional interactions of NANOG
with the Stat3 and NF- κ B pathways and found that
NANOG and Stat3 bind to and synergistically activate
Stat3-dependent promoters. NANOG could bind to
NF-κB proteins and inhibit the transcriptional activity of NF-κB proteins to increase the expression of
pluripotency markers. Bourguignon et al[80] found that
NANOG-STAT3 could activate common targets in
head and neck squamous cell carcinomas. Additionally,
the LIF-induced phosphorylation of STAT3 directs the
binding of STAT3 to the NANOG gene enhancer and
upregulates NANOG expression. Zhou et al[81] found that
the hepatitis C virus (HCV) core protein could upregulate NANOG expression by enforced expression of the
phosphorylated Stat3 protein. The phosphorylated Stat3
directly binds to the NANOG promoter and enhances
cell growth and cell cycle progression. The knockdown
of NANOG blocked the cell cycle at the G0/G1 phases.
These findings provide insight into the mechanism of
hepatocarcinogenesis by HCV infection. The finding that
the LIF/STAT3 pathway promotes NANOG expression
in ESCs and cancer cells suggests that NANOG is an important mediator of the LIF-dependent pathway. STAT3
might also regulate NANOG expression through epigenetic modifications[82]. Nettersheim et al[83] showed that the
OCT3/4-SOX2-mediated expression of NANOG could
be silenced by methylation of promoter CpG-sites in testicular germ cell tumors. The global methylation of DNA
decreases from fetal spermatogonia to mature sperm.
CpGs in the NANOG promoter were hypomethylated in
spermatogonia and hypermethylated in sperm. The selective repression of NANOG suggested that pluripotency
must be suppressed to prevent malignant transformation.
The methylation of CpGs in the NANOG promoter of
germ cell tumors and derived cell lines are correlated to
the differentiation state.
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MicroRNAs are associated with the pathogenesis of
many cancers. There are reports identifying microRNAs
that target NANOG and mediate the malignant progression in cancer cells or CSCs. MicroRNA-21 (miR-21)
appears to play a critical role in tumor cell survival, chemoresistance, and progression. Bourguignon LY found
that NANOG and Stat-3 signaling promote miR-21
expression in CD44-activated head and neck squamous
cell carcinoma cells by downregulating tumor suppressor
proteins and upregulating proteins that inhibit apoptosis[80]. Fareh et al[84] showed that the miR302-367 cluster is
strongly induced during serum-mediated stemness suppression in glioma-initiating cells. The stable expression
of the miR302-367 cluster is sufficient to suppress the
stemness characteristics, self-renewal, and cell infiltration
into host brain tissue through inhibition of the CXCR4
pathway. The inhibition of CXCR4 leads to disruption
of the sonic hedgehog-GLI-NANOG network, which is
involved in self-renewal and the expression of the embryonic stem cell-like signature. Their research demonstrated
that the miR302-367 cluster could efficiently trigger a
cascade of inhibitory events leading to the disruption of
glioma-initiating stem-like cells with tumorigenic properties. MiR-134 was first found to directly target NANOG
in mouse ESCs and glioblastoma cells. The overexpression of miR-134 reduced proliferation, invasiveness,
and migration capability, and promoted apoptosis of
glioblastoma cell lines by directly suppressing NANOG
expression[85]. A global gene expression profile screen of
NANOG siRNA-transfected embryonal carcinoma cells
suggested that NANOG is involved in the cell cyclesignaling pathway[86]. Several cell cycle- and p53-related
signaling pathway genes were downregulated by NANOG
knockdown. These results suggest a role of NANOG in
the cell cycle and in survival[87].
The majority of the regulatory mechanisms related to
NANOG are focused on transcription; however, there are
accumulating data showing the importance of post-transcriptional and translational regulation of NANOG. Moretto-Zita et al[88] first reported that the stability of NANOG
in mouse and human ESCs is regulated by an evolutionarily
conserved post-translational mechanism. The mechanisms
through which NANOG regulates cell proliferation and tumor growth require further investigation.

DISCUSSION

REFERENCES
1

2

3

4

5

6

7

The overexpression of NANOG predicts tumor progression and a poor prognosis in several cancers. NANOG
is associated with tumor development[89], and NANOG/
NANOGP8 expression is associated with gastric carcinogenesis[90]. Moreover, extensive loss-of-function analyses
revealed that RNAi-mediated NANOG knockdown
inhibits tumor development[91]. The low expression level
of NANOG is a promising survival prognosis marker
in oral squamous cell carcinoma patients. NANOG is
an important factor that affects the biological behavior
of CSCs. There is evidence showing that the elimination
of CSCs with the potential for self-renewal and tumor

WJG|www.wjgnet.com

propagation should be a target of cancer drug development. However, CSCs are particularly resistant to conventional chemotherapy and radiotherapy compared with
non-CSCs. Previous studies demonstrated the important
contribution of pluripotent transcription factors to CSC
function. NANOG exhibits significant clinical potential
because it serves as a valuable marker of tumorigenesis[92].
Therefore, NANOG might have a promising future in
anti-cancer and other therapeutic treatments, which could
improve human health. Drugs targeting NANOG activity
might be efficacious. However, further work is needed to
design individualized therapies for cancer patients. These
therapies should focus on functional analyses that define
the transcription factors determining CSC phenotypes.
Such studies might reveal precise regulatory mechanisms
and identify new components of the transcriptional
regulatory networks relevant to tumor transformation,
tumorigenesis, and metastasis.

8
9
10

11

13075

Chambers I, Colby D, Robertson M, Nichols J, Lee S, Tweedie S, Smith A. Functional expression cloning of Nanog, a
pluripotency sustaining factor in embryonic stem cells. Cell
2003; 113: 643-655 [PMID: 12787505]
Mitsui K, Tokuzawa Y, Itoh H, Segawa K, Murakami M,
Takahashi K, Maruyama M, Maeda M, Yamanaka S. The homeoprotein Nanog is required for maintenance of pluripotency in mouse epiblast and ES cells. Cell 2003; 113: 631-642
[PMID: 12787504]
Hyslop L, Stojkovic M, Armstrong L, Walter T, Stojkovic P,
Przyborski S, Herbert M, Murdoch A, Strachan T, Lako M.
Downregulation of NANOG induces differentiation of human embryonic stem cells to extraembryonic lineages. Stem
Cells 2005; 23: 1035-1043 [PMID: 15983365]
Wang J, Rao S, Chu J, Shen X, Levasseur DN, Theunissen
TW, Orkin SH. A protein interaction network for pluripotency of embryonic stem cells. Nature 2006; 444: 364-368 [PMID:
17093407 DOI: 10.1159/000113532]
Kashyap V, Rezende NC, Scotland KB, Shaffer SM, Persson JL, Gudas LJ, Mongan NP. Regulation of stem cell
pluripotency and differentiation involves a mutual regulatory circuit of the NANOG, OCT4, and SOX2 pluripotency
transcription factors with polycomb repressive complexes
and stem cell microRNAs. Stem Cells Dev 2009; 18: 1093-1108
[PMID: 19480567 DOI: 10.1089/scd.2009.0113]
Wang J, Levasseur DN, Orkin SH. Requirement of Nanog
dimerization for stem cell self-renewal and pluripotency.
Proc Natl Acad Sci USA 2008; 105: 6326-6331 [PMID: 18436640
DOI: 10.1073/pnas.0802288105]
Pan G, Thomson JA. Nanog and transcriptional networks
in embryonic stem cell pluripotency. Cell Res 2007; 17: 42-49
[PMID: 17211451]
Booth HA, Holland PW. Eleven daughters of NANOG. Genomics 2004; 84: 229-238 [PMID: 15233988]
Zhang J, Wang X, Li M, Han J, Chen B, Wang B, Dai J.
NANOGP8 is a retrogene expressed in cancers. FEBS J 2006;
273: 1723-1730 [PMID: 16623708]
Fairbanks DJ, Fairbanks AD, Ogden TH, Parker GJ,
Maughan PJ. NANOGP8: evolution of a human-specific
retro-oncogene. G3 (Bethesda) 2012; 2: 1447-1457 [PMID:
23173096 DOI: 10.1534/g3.112.004366]
Ibrahim EE, Babaei-Jadidi R, Saadeddin A, Spencer-Dene B,
Hossaini S, Abuzinadah M, Li N, Fadhil W, Ilyas M, Bonnet
D, Nateri AS. Embryonic NANOG activity defines colorectal
cancer stem cells and modulates through AP1- and TCF-de-

September 28, 2014|Volume 20|Issue 36|

Sun AX et al . NANOG in human tumors

12

13

14

15

16

17

18

19

20
21

22

23

24

25

26

pendent mechanisms. Stem Cells 2012; 30: 2076-2087 [PMID:
22851508 DOI: 10.1002/stem.1182]
Oh JH, Do HJ, Yang HM, Moon SY, Cha KY, Chung HM,
Kim JH. Identification of a putative transactivation domain
in human Nanog. Exp Mol Med 2005; 37: 250-254 [PMID:
16000880]
Do HJ, Lim HY, Kim JH, Song H, Chung HM, Kim JH. An
intact homeobox domain is required for complete nuclear
localization of human Nanog. Biochem Biophys Res Commun
2007; 353: 770-775 [PMID: 17196939]
Park SW, Do HJ, Huh SH, Sung B, Uhm SJ, Song H, Kim
NH, Kim JH. Identification of a putative nuclear export signal motif in human NANOG homeobox domain. Biochem
Biophys Res Commun 2012; 421: 484-489 [PMID: 22516749
DOI: 10.1016/j.bbrc.2012.04.025]
Clarke MF, Dick JE, Dirks PB, Eaves CJ, Jamieson CH,
Jones DL, Visvader J, Weissman IL, Wahl GM. Cancer stem
cells--perspectives on current status and future directions:
AACR Workshop on cancer stem cells. Cancer Res 2006; 66:
9339-9344 [PMID: 16990346]
Bussolati B, Bruno S, Grange C, Ferrando U, Camussi G.
Identification of a tumor-initiating stem cell population in
human renal carcinomas. FASEB J 2008; 22: 3696-3705 [PMID:
18614581]
Singh SK, Clarke ID, Terasaki M, Bonn VE, Hawkins C,
Squire J, Dirks PB. Identification of a cancer stem cell in human brain tumors. Cancer Res 2003; 63: 5821-5828 [PMID:
14522905 DOI: 10.1096/fj.08-102590]
Frank NY, Margaryan A, Huang Y, Schatton T, Waaga-Gasser AM, Gasser M, Sayegh MH, Sadee W, Frank MH. ABCB5-mediated doxorubicin transport and chemoresistance in
human malignant melanoma. Cancer Res 2005; 65: 4320-4333
[PMID: 15899824]
Miki J, Furusato B, Li H, Gu Y, Takahashi H, Egawa S, Sesterhenn IA, McLeod DG, Srivastava S, Rhim JS. Identification
of putative stem cell markers, CD133 and CXCR4, in hTERTimmortalized primary nonmalignant and malignant tumorderived human prostate epithelial cell lines and in prostate
cancer specimens. Cancer Res 2007; 67: 3153-3161 [PMID:
17409422]
O’Brien CA, Pollett A, Gallinger S, Dick JE. A human colon
cancer cell capable of initiating tumour growth in immunodeficient mice. Nature 2007; 445: 106-110 [PMID: 17122772]
Prince ME, Sivanandan R, Kaczorowski A, Wolf GT, Kaplan
MJ, Dalerba P, Weissman IL, Clarke MF, Ailles LE. Identification of a subpopulation of cells with cancer stem cell properties in head and neck squamous cell carcinoma. Proc Natl
Acad Sci USA 2007; 104: 973-978 [PMID: 17210912]
Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ,
Clarke MF. Prospective identification of tumorigenic breast
cancer cells. Proc Natl Acad Sci USA 2003; 100: 3983-3988
[PMID: 12629218]
Zhang S, Balch C, Chan MW, Lai HC, Matei D, Schilder JM,
Yan PS, Huang TH, Nephew KP. Identification and characterization of ovarian cancer-initiating cells from primary human tumors. Cancer Res 2008; 68: 4311-4320 [PMID: 18519691
DOI: 10.1158/0008-5472.CAN-08-0364]
Chan KS, Espinosa I, Chao M, Wong D, Ailles L, Diehn
M, Gill H, Presti J, Chang HY, van de Rijn M, Shortliffe
L, Weissman IL. Identification, molecular characterization, clinical prognosis, and therapeutic targeting of human bladder tumor-initiating cells. Proc Natl Acad Sci USA
2009; 106: 14016-14021 [PMID: 19666525 DOI: 10.1073/
pnas.0906549106]
Kim CF, Jackson EL, Woolfenden AE, Lawrence S, Babar I,
Vogel S, Crowley D, Bronson RT, Jacks T. Identification of
bronchioalveolar stem cells in normal lung and lung cancer.
Cell 2005; 121: 823-835 [PMID: 15960971]
Herreros-Villanueva M, Zhang JS, Koenig A, Abel EV,
Smyrk TC, Bamlet WR, de Narvajas AA, Gomez TS, Simeone

WJG|www.wjgnet.com

27
28

29

30

31

32

33

34
35

36

37

38

39
40

41

42

13076

DM, Bujanda L, Billadeau DD. SOX2 promotes dedifferentiation and imparts stem cell-like features to pancreatic cancer
cells. Oncogenesis 2013; 2: e61 [PMID: 23917223 DOI: 10.1038/
oncsis.2013.23]
Wicha MS, Liu S, Dontu G. Cancer stem cells: an old idea-a paradigm shift. Cancer Res 2006; 66: 1883-190; discussion
1883-190; [PMID: 16488983]
Li C, Heidt DG, Dalerba P, Burant CF, Zhang L, Adsay V,
Wicha M, Clarke MF, Simeone DM. Identification of pancreatic cancer stem cells. Cancer Res 2007; 67: 1030-1037 [PMID:
17283135]
Hermann PC, Huber SL, Herrler T, Aicher A, Ellwart JW,
Guba M, Bruns CJ, Heeschen C. Distinct populations of cancer stem cells determine tumor growth and metastatic activity in human pancreatic cancer. Cell Stem Cell 2007; 1: 313-323
[PMID: 18371365 DOI: 10.1016/j.stem.2007.06.002]
Chen J, Li Y, Yu TS, McKay RM, Burns DK, Kernie SG, Parada LF. A restricted cell population propagates glioblastoma
growth after chemotherapy. Nature 2012; 488: 522-526 [PMID:
22854781 DOI: 10.1038/nature11287]
Schepers AG, Snippert HJ, Stange DE, van den Born M, van
Es JH, van de Wetering M, Clevers H. Lineage tracing reveals Lgr5+ stem cell activity in mouse intestinal adenomas.
Science 2012; 337: 730-735 [PMID: 22855427 DOI: 10.1126/science.1224676]
Driessens G, Beck B, Caauwe A, Simons BD, Blanpain C.
Defining the mode of tumour growth by clonal analysis.
Nature 2012; 488: 527-530 [PMID: 22854777 DOI: 10.1038/nature11344]
Albers AE, Chen C, Köberle B, Qian X, Klussmann JP, Wollenberg B, Kaufmann AM. Stem cells in squamous head and
neck cancer. Crit Rev Oncol Hematol 2012; 81: 224-240 [PMID:
21511490 DOI: 10.1016/j.critrevonc.2011.03.004]
Bernstein A. Cancer stem cells: the centrality of translational
research to cancer control. CMAJ 2007; 176: 29-30 [PMID:
17167103]
Singh SK, Hawkins C, Clarke ID, Squire JA, Bayani J, Hide
T, Henkelman RM, Cusimano MD, Dirks PB. Identification
of human brain tumour initiating cells. Nature 2004; 432:
396-401 [PMID: 15549107]
Liao WY, Liaw CC, Huang YC, Han HY, Hsu HW, Hwang
SM, Kuo SC, Shen CN. Cyclohexylmethyl Flavonoids Suppress Propagation of Breast Cancer Stem Cells via Downregulation of NANOG. Evid Based Complement Alternat Med 2013;
2013: 170261 [PMID: 23662114 DOI: 10.1155/2013/170261]
Herreros-Villanueva M, Bujanda L, Billadeau DD, Zhang
JS. Embryonic stem cell factors and pancreatic cancer. World
J Gastroenterol 2014; 20: 2247-2254 [PMID: 24605024 DOI:
10.3748/wjg.v20.i9.2247]
Loh YH, Wu Q, Chew JL, Vega VB, Zhang W, Chen X,
Bourque G, George J, Leong B, Liu J, Wong KY, Sung KW,
Lee CW, Zhao XD, Chiu KP, Lipovich L, Kuznetsov VA,
Robson P, Stanton LW, Wei CL, Ruan Y, Lim B, Ng HH.
The Oct4 and Nanog transcription network regulates pluripotency in mouse embryonic stem cells. Nat Genet 2006; 38:
431-440 [PMID: 16518401]
Chambers I, Tomlinson SR. The transcriptional foundation
of pluripotency. Development 2009; 136: 2311-2322 [PMID:
19542351]
Boyer LA, Lee TI, Cole MF, Johnstone SE, Levine SS, Zucker
JP, Guenther MG, Kumar RM, Murray HL, Jenner RG, Gifford DK, Melton DA, Jaenisch R, Young RA. Core transcriptional regulatory circuitry in human embryonic stem cells.
Cell 2005; 122: 947-956 [PMID: 16153702]
Ben-Porath I, Thomson MW, Carey VJ, Ge R, Bell GW,
Regev A, Weinberg RA. An embryonic stem cell-like gene
expression signature in poorly differentiated aggressive human tumors. Nat Genet 2008; 40: 499-507 [PMID: 18443585
DOI: 10.1038/ng.127]
Yang L, Zhang X, Zhang M, Zhang J, Sheng Y, Sun X, Chen

September 28, 2014|Volume 20|Issue 36|

Sun AX et al . NANOG in human tumors

43
44

45

46
47

48

49

50

51

52

53

54

55

56

57

Q, Wang LX. Increased Nanog expression promotes tumor
development and Cisplatin resistance in human esophageal
cancer cells. Cell Physiol Biochem 2012; 30: 943-952 [PMID:
23221432 DOI: 10.1159/000341471]
Chen Z, Xu WR, Qian H, Zhu W, Wang S. Detection of stem
cell marker Nanog and diagnostic significance for human
gastric cancer. Linchuang Jianyan Zazhi 2009; 27: 6-9
Haraguchi N, Utsunomiya T, Inoue H, Tanaka F, Mimori K,
Barnard GF, Mori M. Characterization of a side population
of cancer cells from human gastrointestinal system. Stem
Cells 2006; 24: 506-513 [PMID: 16239320]
Uchino K, Hirano G, Hirahashi M, Isobe T, Shirakawa T,
Kusaba H, Baba E, Tsuneyoshi M, Akashi K. Human Nanog
pseudogene8 promotes the proliferation of gastrointestinal cancer cells. Exp Cell Res 2012; 318: 1799-1807 [PMID:
22677041 DOI: 10.1016/j.yexcr.2012.04.011]
Zhang M, Wang SX. Expression of OCT4, SOX2 and
NANOG and Its Clinical Significance in in Hepatocellular
Carcinoma. Hebei Yike Daxue Xuebao 2012; 11
Shan J, Shen J, Liu L, Xia F, Xu C, Duan G, Xu Y, Ma Q, Yang
Z, Zhang Q, Ma L, Liu J, Xu S, Yan X, Bie P, Cui Y, Bian XW,
Qian C. Nanog regulates self-renewal of cancer stem cells
through the insulin-like growth factor pathway in human
hepatocellular carcinoma. Hepatology 2012; 56: 1004-1014
[PMID: 22473773 DOI: 10.1002/hep.25745]
Lu Y, Zhu H, Shan H, Lu J, Chang X, Li X, Lu J, Fan X, Zhu S,
Wang Y, Guo Q, Wang L, Huang Y, Zhu M, Wang Z. Knockdown of Oct4 and Nanog expression inhibits the stemness of
pancreatic cancer cells. Cancer Lett 2013; 340: 113-123 [PMID:
23872274 DOI: 10.1016/j.canlet.2013.07.009]
Meng HM, Zheng P, Wang XY, Liu C, Sui HM, Wu SJ, Zhou
J, Ding YQ, Li J. Over-expression of Nanog predicts tumor
progression and poor prognosis in colorectal cancer. Cancer
Biol Ther 2010; 9: 295-302 [PMID: 20026903]
Xu F, Dai C, Zhang R, Zhao Y, Peng S, Jia C. Nanog: a potential biomarker for liver metastasis of colorectal cancer. Dig
Dis Sci 2012; 57: 2340-2346 [PMID: 22562535 DOI: 10.1007/
s10620-012-2182-8]
Shi Z, Bai R, Fu ZX, Zhu YL, Wang RF, Zheng S. Induced
pluripotent stem cell-related genes influence biological
behavior and 5-fluorouracil sensitivity of colorectal cancer
cells. J Zhejiang Univ Sci B 2012; 13: 11-19 [PMID: 22205615
DOI: 10.1631/jzus.B1100154]
Chiou SH, Wang ML, Chou YT, Chen CJ, Hong CF, Hsieh
WJ, Chang HT, Chen YS, Lin TW, Hsu HS, Wu CW. Coexpression of Oct4 and Nanog enhances malignancy in
lung adenocarcinoma by inducing cancer stem cell-like
properties and epithelial-mesenchymal transdifferentiation. Cancer Res 2010; 70: 10433-10444 [PMID: 21159654 DOI:
10.1158/0008-5472.CAN-10-2638]
Amsterdam A, Raanan C, Schreiber L, Freyhan O, Schechtman L, Givol D. Localization of the stem cell markers LGR5
and Nanog in the normal and the cancerous human ovary
and their inter-relationship. Acta Histochem 2013; 115: 330-338
[PMID: 23092806 DOI: 10.1016/j.acthis.2012.09.004]
Ezeh UI, Turek PJ, Reijo RA, Clark AT. Human embryonic
stem cell genes OCT4, NANOG, STELLAR, and GDF3 are
expressed in both seminoma and breast carcinoma. Cancer
2005; 104: 2255-2265 [PMID: 16228988]
Hart AH, Hartley L, Parker K, Ibrahim M, Looijenga LH,
Pauchnik M, Chow CW, Robb L. The pluripotency homeobox gene NANOG is expressed in human germ cell tumors.
Cancer 2005; 104: 2092-2098 [PMID: 16206293]
Hoei-Hansen CE, Almstrup K, Nielsen JE, Brask Sonne S,
Graem N, Skakkebaek NE, Leffers H, Rajpert-De Meyts E.
Stem cell pluripotency factor NANOG is expressed in human fetal gonocytes, testicular carcinoma in situ and germ
cell tumours. Histopathology 2005; 47: 48-56 [PMID: 15982323]
Lin T, Ding YQ, Li JM. Overexpression of Nanog protein is
associated with poor prognosis in gastric adenocarcinoma.

WJG|www.wjgnet.com

58

59

60

61

62

63

64

65
66

67

68

69

70

71

13077

Med Oncol 2012; 29: 878-885 [PMID: 21336986 DOI: 10.1007/
s12032-011-9860-9]
Guo Y, Liu S, Wang P, Zhao S, Wang F, Bing L, Zhang Y,
Ling EA, Gao J, Hao A. Expression profile of embryonic stem
cell-associated genes Oct4, Sox2 and Nanog in human gliomas. Histopathology 2011; 59: 763-775 [PMID: 22014056 DOI:
10.1111/j.1365-2559.2011.03993.x]
Pan Y, Jiao J, Zhou C, Cheng Q, Hu Y, Chen H. Nanog is
highly expressed in ovarian serous cystadenocarcinoma
and correlated with clinical stage and pathological grade.
Pathobiology 2010; 77: 283-288 [PMID: 21266826 DOI:
10.1159/000320866]
Wen J, Park JY, Park KH, Chung HW, Bang S, Park SW,
Song SY. Oct4 and Nanog expression is associated with early
stages of pancreatic carcinogenesis. Pancreas 2010; 39: 622-626
[PMID: 20173672 DOI: 10.1097/MPA.0b013e3181c75f5e]
Chiou SH, Yu CC, Huang CY, Lin SC, Liu CJ, Tsai TH, Chou
SH, Chien CS, Ku HH, Lo JF. Positive correlations of Oct-4
and Nanog in oral cancer stem-like cells and high-grade oral
squamous cell carcinoma. Clin Cancer Res 2008; 14: 4085-4095
[PMID: 18593985 DOI: 10.1158/1078-0432.CCR-07-4404]
Gillis AJ, Stoop H, Biermann K, van Gurp RJ, Swartzman E, Cribbes S, Ferlinz A, Shannon M, Oosterhuis JW,
Looijenga LH. Expression and interdependencies of pluripotency factors LIN28, OCT3/4, NANOG and SOX2 in
human testicular germ cells and tumours of the testis. Int J
Androl 2011; 34: e160-e174 [PMID: 21631526 DOI: 10.1111/
j.1365-2605.2011.01148.x]
Zhou X, Zhou YP, Huang GR, Gong BL, Yang B, Zhang DX,
Hu P, Xu SR. Expression of the stem cell marker, Nanog,
in human endometrial adenocarcinoma. Int J Gynecol
Pathol 2011; 30: 262-270 [PMID: 21464727 DOI: 10.1097/
PGP.0b013e3182055a1f]
Saiki Y, Ishimaru S, Mimori K, Takatsuno Y, Nagahara M,
Ishii H, Yamada K, Mori M. Comprehensive analysis of
the clinical significance of inducing pluripotent stemnessrelated gene expression in colorectal cancer cells. Ann Surg
Oncol 2009; 16: 2638-2644 [PMID: 19554373 DOI: 10.1245/
s10434-009-0567-5]
Golubovskaya VM. FAK and Nanog cross talk with p53
in cancer stem cells. Anticancer Agents Med Chem 2013; 13:
576-580 [PMID: 22934707]
Lin T, Chao C, Saito S, Mazur SJ, Murphy ME, Appella E,
Xu Y. p53 induces differentiation of mouse embryonic stem
cells by suppressing Nanog expression. Nat Cell Biol 2005; 7:
165-171 [PMID: 15619621]
Moon JH, Kwon S, Jun EK, Kim A, Whang KY, Kim H, Oh
S, Yoon BS, You S. Nanog-induced dedifferentiation of p53deficient mouse astrocytes into brain cancer stem-like cells.
Biochem Biophys Res Commun 2011; 412: 175-181 [PMID:
21810410 DOI: 10.1016/j.bbrc.2011.07.070]
Hong H, Takahashi K, Ichisaka T, Aoi T, Kanagawa O, Nakagawa M, Okita K, Yamanaka S. Suppression of induced
pluripotent stem cell generation by the p53-p21 pathway.
Nature 2009; 460: 1132-1135 [PMID: 19668191 DOI: 10.1038/
nature08235]
Po A, Ferretti E, Miele E, De Smaele E, Paganelli A, Canettieri G, Coni S, Di Marcotullio L, Biffoni M, Massimi L, Di
Rocco C, Screpanti I, Gulino A. Hedgehog controls neural
stem cells through p53-independent regulation of Nanog.
EMBO J 2010; 29: 2646-2658 [PMID: 20581804 DOI: 10.1038/
emboj.2010.131]
Zbinden M, Duquet A, Lorente-Trigos A, Ngwabyt SN,
Borges I, Ruiz i Altaba A. NANOG regulates glioma stem
cells and is essential in vivo acting in a cross-functional network with GLI1 and p53. EMBO J 2010; 29: 2659-2674 [PMID:
20581802 DOI: 10.1038/emboj.2010.137]
Golubovskaya VM. Targeting focal adhesion kinase in cancer-part I. Anticancer Agents Med Chem 2010; 10: 713 [PMID:
21348852]

September 28, 2014|Volume 20|Issue 36|

Sun AX et al . NANOG in human tumors
72

73
74

75

76

77

78
79

80

81

82

Lark AL, Livasy CA, Calvo B, Caskey L, Moore DT, Yang X,
Cance WG. Overexpression of focal adhesion kinase in primary colorectal carcinomas and colorectal liver metastases:
immunohistochemistry and real-time PCR analyses. Clin
Cancer Res 2003; 9: 215-222 [PMID: 12538472]
Golubovskaya VM, Cance WG. FAK and p53 protein interactions. Anticancer Agents Med Chem 2011; 11: 617-619 [PMID:
21355845]
Golubovskaya VM, Finch R, Kweh F, Massoll NA, Campbell-Thompson M, Wallace MR, Cance WG. p53 regulates
FAK expression in human tumor cells. Mol Carcinog 2008; 47:
373-382 [PMID: 17999388]
Golubovskaya VM, Conway-Dorsey K, Edmiston SN, Tse
CK, Lark AA, Livasy CA, Moore D, Millikan RC, Cance WG.
FAK overexpression and p53 mutations are highly correlated in human breast cancer. Int J Cancer 2009; 125: 1735-1738
[PMID: 19521985 DOI: 10.1002/ijc.24486]
Golubovskaya VM, Finch R, Cance WG. Direct interaction
of the N-terminal domain of focal adhesion kinase with the
N-terminal transactivation domain of p53. J Biol Chem 2005;
280: 25008-25021 [PMID: 15855171]
Lim ST, Chen XL, Lim Y, Hanson DA, Vo TT, Howerton K,
Larocque N, Fisher SJ, Schlaepfer DD, Ilic D. Nuclear FAK
promotes cell proliferation and survival through FERMenhanced p53 degradation. Mol Cell 2008; 29: 9-22 [PMID:
18206965 DOI: 10.1016/j.molcel.2007.11.031]
Cance WG, Golubovskaya VM. Focal adhesion kinase versus p53: apoptosis or survival? Sci Signal 2008; 1: pe22 [PMID:
18493017]
Torres J, Watt FM. Nanog maintains pluripotency of mouse
embryonic stem cells by inhibiting NFkappaB and cooperating with Stat3. Nat Cell Biol 2008; 10: 194-201 [PMID:
18223644 DOI: 10.1038/ncb1680]
Bourguignon LY, Earle C, Wong G, Spevak CC, Krueger K.
Stem cell marker (Nanog) and Stat-3 signaling promote MicroRNA-21 expression and chemoresistance in hyaluronan/
CD44-activated head and neck squamous cell carcinoma cells.
Oncogene 2012; 31: 149-160 [PMID: 21685938 DOI: 10.1038/
onc.2011.222]
Zhou JJ, Chen RF, Deng XG, Zhou Y, Ye X, Yu M, Tang J,
He XY, Cheng D, Zeng B, Zhou QB, Li ZH. Hepatitis C virus core protein regulates NANOG expression via the stat3
pathway. FEBS Lett 2014; 588: 566-573 [PMID: 24462277 DOI:
10.1016/j.febslet.2013.11.041]
Tang Y, Luo Y, Jiang Z, Ma Y, Lin CJ, Kim C, Carter MG,
Amano T, Park J, Kish S, Tian XC. Jak/Stat3 signaling promotes
somatic cell reprogramming by epigenetic regulation. Stem Cells
2012; 30: 2645-2656 [PMID: 22968989 DOI: 10.1002/stem.1225]

83

84

85

86

87

88

89

90

91

92

Nettersheim D, Biermann K, Gillis AJ, Steger K, Looijenga
LH, Schorle H. NANOG promoter methylation and expression correlation during normal and malignant human
germ cell development. Epigenetics 2011; 6: 114-122 [PMID:
20930529 DOI: 10.4161/epi.6.1.13433]
Fareh M, Turchi L, Virolle V, Debruyne D, Almairac F, de-laForest Divonne S, Paquis P, Preynat-Seauve O, Krause KH,
Chneiweiss H, Virolle T. The miR 302-367 cluster drastically
affects self-renewal and infiltration properties of glioma-initiating cells through CXCR4 repression and consequent disruption of the SHH-GLI-NANOG network. Cell Death Differ
2012; 19: 232-244 [PMID: 21720384 DOI: 10.1038/cdd.2011.89]
Niu CS, Yang Y, Cheng CD. MiR-134 regulates the proliferation and invasion of glioblastoma cells by reducing Nanog
expression. Int J Oncol 2013; 42: 1533-1540 [PMID: 23467648
DOI: 10.3892/ijo.2013.1844]
Shanske S, Moraes CT, Lombes A, Miranda AF, Bonilla
E, Lewis P, Whelan MA, Ellsworth CA, DiMauro S. Widespread tissue distribution of mitochondrial DNA deletions
in Kearns-Sayre syndrome. Neurology 1990; 40: 24-28 [PMID:
2296377 DOI: 10.1016/j.febslet.2012.08.013]
Choi SC, Choi JH, Park CY, Ahn CM, Hong SJ, Lim DS.
Nanog regulates molecules involved in stemness and cell
cycle-signaling pathway for maintenance of pluripotency of
P19 embryonal carcinoma stem cells. J Cell Physiol 2012; 227:
3678-3692 [PMID: 22378194 DOI: 10.1002/jcp.24076]
Moretto-Zita M, Jin H, Shen Z, Zhao T, Briggs SP, Xu Y.
Phosphorylation stabilizes Nanog by promoting its interaction with Pin1. Proc Natl Acad Sci USA 2010; 107: 13312-13317
[PMID: 20622153 DOI: 10.1073/pnas.1005847107]
Jeter CR, Badeaux M, Choy G, Chandra D, Patrawala L, Liu
C, Calhoun-Davis T, Zaehres H, Daley GQ, Tang DG. Functional evidence that the self-renewal gene NANOG regulates
human tumor development. Stem Cells 2009; 27: 993-1005
[PMID: 19415763 DOI: 10.1002/stem.29]
Zhang J, Wang X, Chen B, Xiao Z, Li W, Lu Y, Dai J. The human pluripotency gene NANOG/NANOGP8 is expressed
in gastric cancer and associated with tumor development.
Oncol Lett 2010; 1: 457-463 [PMID: 22966326]
Hart AH, Hartley L, Ibrahim M, Robb L. Identification,
cloning and expression analysis of the pluripotency promoting Nanog genes in mouse and human. Dev Dyn 2004; 230:
187-198 [PMID: 15108323]
Bao S, Wu Q, McLendon RE, Hao Y, Shi Q, Hjelmeland
AB, Dewhirst MW, Bigner DD, Rich JN. Glioma stem cells
promote radioresistance by preferential activation of the
DNA damage response. Nature 2006; 444: 756-760 [PMID:
17051156]
P- Reviewer: Gassler N, Iwasaki Y, Ricci-Vitiani L, Tasci I
S- Editor: Ma YJ L- Editor: Rutherford A E- Editor: Du P

WJG|www.wjgnet.com

13078

September 28, 2014|Volume 20|Issue 36|

World J Gastroenterol 2014 September 28; 20(36): 13079-13087
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i36.13079

© 2014 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Role of Nrf2 in chronic liver disease
Wei Tang, Yong-Fang Jiang, Murugavel Ponnusamy, Mamadou Diallo
Wei Tang, Yong-Fang Jiang, Liver Diseases Research Center,
The Second Xiangya Hospital, Central South University, Changsha 410011, Hunan Province, China
Murugavel Ponnusamy, Department of Medicine, Rhode Island
Hospital and Alpert Medical School of Brown University, Providence, RI 02903, United States
Mamadou Diallo, Department of Immunology and Infectious
Diseases, Harvard School of Public Health, Harvard University,
Boston, MA 02115-6018, United States
Author contributions: Tang W, Diallo M and Ponnusamy M
drafted the manuscript; Jiang YF designed and revised the article.
Supported by The Scientific Research Projects from the Development and Reform Commission of Hunan Province, China, No.
2011 (1318), No. 2012 (1493) and No. 2013 (1132)
Correspondence to: Yong-Fang Jiang, MD, PhD, Liver
Diseases Research Center, The Second Xiangya Hospital, Central South University, No.139 Middle Renmin Road, Changsha
410011, Hunan Province, China. jiangyongfang@hotmail.com
Telephone: +86-731-85292105 Fax: +86-731-85292173
Received: March 11, 2014
Revised: May 8, 2014
Accepted: May 25, 2014
Published online: September 28, 2014

Abstract
Nuclear erythroid 2-related factor 2 (Nrf2) is a central
regulator of antioxidative response elements-mediated
gene expression. It has a significant role in adaptive
responses to oxidative stress by interacting with the
antioxidant response element, which induces the expression of a variety of downstream targets aimed at
cytoprotection. Previous studies suggested oxidative
stress and associated damage could represent a common link between different forms of diseases. Oxidative
stress has been implicated in various liver diseases,
including viral hepatitis, nonalcoholic fatty liver disease/
steatohepatitis, alcoholic liver disease and drug-induced
liver injury. Nrf2 activation is initiated by oxidative or
electrophilic stress, and aids in the detoxification and
elimination of potentially harmful exogenous chemicals
and their metabolites. The expression of Nrf2 has been
observed throughout human tissue, with high expression in detoxification organs, especially the liver. Thus,
Nrf2 may serve as a major regulator of several cellular
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defense associated pathways by which hepatic cells
combat oxidative stress. We review the relevant literature concerning the crucial role of Nrf2 and its signaling
pathways against oxidative stress to protect hepatic cell
from oxidative damage during development of common
chronic liver diseases. We also review the use of Nrf2 as
a therapeutic target to prevent and treat liver diseases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nuclear erythroid 2-related factor 2; Chronic liver disease; Oxidative stress; Reactive oxygen species; Hepatic injury; Hepatic protection
Core tip: Chronic liver disease is associated with an
imbalance, comprising increased reactive oxygen species and decreased net antioxidant activity. Oxidative
stress plays an important role in the pathophysiological
changes of liver diseases. Nuclear erythroid 2-related
factor 2 (Nrf2) can activate cytoprotective genes and
has a crucial role against oxidative stress to protect
hepatic cells from oxidative damage. This article focuses on the activation the Nrf2-mediated antioxidant
response, which prevents the progression of chronic
liver disease and presents new treatment opportunities.
Accordingly, integrative therapeutic strategies including Nrf2 activators have great potential as therapeutic
agents against oxidative stress during chronic liver injuries.
Tang W, Jiang YF, Ponnusamy M, Diallo M. Role of Nrf2 in
chronic liver disease. World J Gastroenterol 2014; 20(36):
13079-13087 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13079.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13079

INTRODUCTION
Nuclear erythroid 2-related factor 2 (Nrf2) is a transcription factor, first identified in 1994, that belongs to the
Cap-n-collar basic leucine zipper family[1]. It has a sig-
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nificant role in adaptive responses to oxidative stress by
interacting with antioxidant response element (ARE) sequences of antioxidant and cytoprotective genes[2]. Nrf2
is considered the main mediator of cellular adaptation
to redox stress. In its inactive state, Nrf2 is located in the
cytoplasm where it interacts with the actin binding protein, Kelch-like ECH associating protein 1, and is rapidly
degraded by the ubiquitin-proteasome pathway. However,
upon exposure to oxidative or electrophilic stress, phosphorylation of Nrf2 leads to their dissociation and subsequent translocation of Nrf2 to the nucleus[3,4]. In the
nucleus, Nrf2 binds to ARE sequences and functions in
partnership with other nuclear proteins as a strong transcriptional activator of ARE-responsive genes. ARE-mediated antioxidant proteins and enzymes[5], such as heme
oxygenase-1 (HO-1), NAD(P)H: quinone oxidoreductase
1 (NQO1), glutathione-S-transferases (GST), group C
streptococcus (GCS) are involved in the detoxification
of increased electrophiles and radicals[6,7]. Therefore, the
roles of the Nrf2/ARE pathway in liver diseases have
been extensively investigated.

REACTIVE OXYGEN SPECIES AND
THE ROLE OF Nrf2 IN CHRONIC LIVER
DISEASES
Previous studies suggested that oxidative stress and associated damage could represent a common link between
different forms of chronic liver injury[8-10]. The contribution of oxidative stress to lipid peroxidation is one of the
critical factors involved in the genesis and the progression of nonalcoholic steatohepatitis (NASH)[11]. Viral
infection or alcohol abuse greatly increases the highly
variable miscoding etheno-modified DNA like epsilon A
levels by triggering lipid peroxidation[12]. Oxidative stress
plays an important role in the pathophysiological changes
that progress to liver cirrhosis and finally to hepatocellular carcinoma. As a site of first-pass metabolism, the
liver is highly susceptible to oxidative damage by reactive
intermediates when it is exposed to high concentrations
of xenobiotics and other chemicals. Therefore, there are
several defense mechanisms to protect the liver against
harmful chemicals and their potentially damaging metabolites. One of the most important protective mechanisms
is the Nrf2/ARE pathway, which regulate phase Ⅱ detoxifying enzyme genes and antioxidant-responsive genes,
including HO-1, NQO1, GST, and GCS (Figure 1). The
expression of phase II detoxifying enzyme genes in the
wild-type and heterozygous Nrf2-knockout mice is clearly induced as compared to homozygous Nrf2-knockout
mice in which the inducible expression of these genes is
dramatically reduced[13]. NQO1 is cytoprotective against
oxidative stress by scavenging superoxides, preserving
various endogenous antioxidants, and catalyzing reductive metabolism of chemicals[7,14,15]. Therefore, NQO1
plays an essential role in protecting the cell against reactive oxygen species (ROS) and electrophiles. The role of
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Nrf2 in transcriptional activation of NQO1 was further
confirmed by results from studies on Nrf2-/- mice. Mice
lacking the Nrf2 gene exhibited a marked decrease in
the expression and induction of NQO1[16]. In addition,
the Nrf2/ARE pathway induces the expression of antioxidant and cytoprotective genes, including antioxidant
proteins and enzymes[17,18]. The antioxidant proteins provide the necessary protection against oxidative and electrophilic stress[19]. Several studies have shown that Nrf2
is also a prevailing factor in the regulation of ARE-mediated activation of other defensive genes, including GST,
GCS, and HO-1[20,21]. Therefore, activation of Nrf2 by
glycyrrhetinic acid[22], sulforaphane[23], or caffeine[24] can
induce the antioxidant enzymes system, protect the liver
from oxidative stress, prevent inflammation and fibrosis,
and attenuate liver injury. This indicates that Nrf2 has a
crucial role against oxidative stress to protect hepatic cells
from oxidative damage.

Nrf2 IN VIRAL HEPATITIS
Hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections are major risk factors in the pathogenesis of
chronic liver diseases. Permanent overproduction of viral proteins can result in increased level of radicals and
other ROS[25,26]. Firstly, oxidative stress is common among
HBV infected patients with chronic liver disease, and
several studies have used HBV transgenic mice or HBV
DNA transfection of cells in vitro to show that HBV can
induce oxidative stress[27-29]. A series of studies demonstrated that HBV, via its association with mitochondria,
induces oxidative stress, which in turn leads to activation
of a series of transcription factors, including nuclear
factor-kappaB (NF-κB), signal transducer and activator
of transcription-3, and rapidly accelerated fibrosarcoma-1
(Raf-1)[30,31]. Recent research reported the capacity of
HBV to stimulate the expression of a variety of cytoprotective genes that are regulated by Nrf2/ARE[32-34]. The
HBV-dependent induction of these genes is primarily
initiated by HBV regulatory proteins, and is mediated
by methyl ethyl ketone (MEK) and c-Raf[35]. It was also
demonstrated that increased augmentation of liver regeneration is regulated by Nrf2 during HBV infection, which
acts as a liver regeneration and antioxidative protein and,
therefore, links oxidative stress to hepatic regeneration to
ensure survival of damaged cells[36,37]. Secondly, oxidative
stress has been recognized as a fundamental factor in the
pathological changes observed during HCV infection.
Oxidative injury occurs as a direct result of HCV core
protein expression both in vitro and in vivo[12]. One study
demonstrated that HCV-mediated phosphorylation/activation of Nrf2 is mediated by the mitogen-activated protein (MAP) kinases (p38 MAPK) and janus kinase, and
both ROS and Ca2+ signaling are necessary in the Nrf2activation process[38,39]. Another study investigated the
molecular mechanisms underlying oxidative stress and
stress response induced by the individual HCV proteins
and indicated that all five proteins [core, E1, E2, non-
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Figure 1 Nrf2 in chronic liver diseases. NRF2: Nuclear erythroid 2-related factor 2; ARE: Antioxidant response element; GST: Glutathione-S-transferases; NQO1:
NAD(P)H: quinone oxidoreductase 1; HO1: Heme oxygenase-1; GCS: Group C streptococcus.

structural protein 4B (NS4B), and nonstructural protein
5A (NS5A)] of HCV stimulated generation of ROS and
Nrf2 activation by protein kinase C in response to ROS.
Especially in the early stage of expression, HCV proteins
induced a strong upregulation of the antioxidant defense
system via Nrf2 to protect HCV infected hepatic cells
from oxidative damage[40]. In addition, expression of core,
E1, E2, NS4B, and NS5A proteins resulted in the activation of Nrf2 in a ROS-independent manner. The effect
of core and NS5A was mediated through casein kinase
2 (CK2) and phosphoinositide-3 kinase (PI3K), whereas
those of NS4B, E1, and E2, were not mediated by either
protein kinase C, CK2, PI3K, p38 MAPK, or extracellular signal-regulated kinase[41,42] (Figure 2). Increasing levels
of HO-1, a key cytoprotective gene, help to protect liver
cells from the damaging effects of the HCV. A mechanism for this action was to increase expression of the
positive transcription factor Nrf2[43]. Some studies have
demonstrated that Nrf2 activation could also prevent and
potentially alleviate liver diseases. These findings indicated that the anti-HCV action of drugs[44,45] was reflected
the stimulation of Nrf2-mediated HO-1 expression.
These results suggested that targeting the Nrf2/HO-1
signaling pathway might be a promising strategy for drug
development. In conclusion, Nrf2 activation appears to
be an common mechanism for potential protective effects against oxidative stress due to viral hepatitis.

Nrf2 IN NAFLD/NASH
Nonalcoholic fatty liver disease (NAFLD) is a common
cause of chronic liver disease worldwide, especially in
developed countries[46]. The progression of NAFLD de-
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pends on multiple mechanisms operating simultaneously
to produce cell injury, apoptosis, inflammation, fibrosis,
and, ultimately, NASH[47,48]. Following the accumulation
of triglycerides in the liver, impairment of mitochondrial
respiratory chain activity results in the overproduction of
ROS and the depletion of mitochondrial glutathione[49-51].
Other characteristics of NASH include reduced superoxide dismutase[52], catalase activity[53] and upregulated
cytochrome P450 2A5 (CYP2A5), which is modulated
through Nrf2[54] and increased lipid peroxidation within
hepatocytes[55,56]. Nrf2 also modulates genes involved in
metabolic regulation, which play an important role in
nutrient homeostasis[57]. Nrf2 activation with 1-[2-cyano3-,12-dioxooleana-1,9(11)-dien-28-oyl] imidazole (CDDO-Im) has been shown to effectively prevent hepatic
lipid accumulation in wild-type mice, but not in Nrf2disrupted mice[58-60]. When feeding the high-fat diet to the
wild-type and the Nrf2-null mice, the wild-type mice increased hepatic fat deposition without inflammation or fibrosis (i.e., simple steatosis), while the Nrf2-null mice had
significantly more hepatic steatosis and substantial inflammation[61,62]. Nrf2 expression and activation is reduced in
the liver, with histological criteria of NASH[63]. Another
way in which Nrf2 activation might be protective against
NAFLD and NASH is through several preventive effects
on inflammation[64]. Several chemotherapeutic agents
have been shown in a variety of cell culture and rodent
systems to induce Nrf2 and cause simultaneous repression of NF-κB[65]. Evidence shows that Punicalagin may
be a useful nutrient for the treatment of NAFLD by activating Nrf2, resulting in improved mitochondrial function, elimination of oxidative stress and inflammation.
Probiotics also showed remarkable induction of Nrf2
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Figure 2 Nrf2 in chronic hepatitis C virus infection. HCV: Hepatitis C virus; NS4B: Nonstructural protein 4B; NS5A: Nonstructural protein 5A; ROS: Reactive
oxygen species; PKC: Protein kinase C; MAPK: Mitogen activated protein kinase; PI3K: Phosphoinositide 3-kinase; CK2: Casein kinase 2; NRF2: Nuclear erythroid
2-related factor 2.

and its targeted antioxidative enzymes; they enhanced
Nrf2 expression by precluding ubiquitination, which suppressed hepatic oxidative stress and prevented the progression of NAFLD[66]. Another mechanism for potential
treatment of NAFLD and NASH is through activation
of superoxide dismutase and catalase, which are antioxidant enzymes with decreased activity in this disease state.
Finally, it is possible that activation of Nrf2 could play a
role in regulating transforming growth factor-β (TGF-β).
A recent study demonstrated that sulforaphane attenuates hepatic fibrosis through Nrf2-mediated inhibition of
TGF-β signaling in a human hepatic stellate cell line[67]. In
addition, activators of Nrf2 could abolish fibrosis in a rat
model of NASH[68]. Altogether, activation of the Nrf2mediated antioxidant response, which protects hepatic
cells from oxidative damage, prevents the progression of
NAFLD and presents new opportunities for treatment
of NASH patients[69].

Nrf2 IN ALCOHOLIC LIVER DISEASE
Chronic alcohol consumption has long been associated
with progressive liver disease[70,71]. The liver is the major
site of ethanol metabolism and thus sustains the most
injury from chronic alcohol consumption[72,73]. The metabolism of alcohol takes place via three main enzymatic
pathways: oxidation of ethanol by alcohol dehydrogenase
in hepatocytes, microsomal oxidation catalyzed by cytochrome P450 2E1 (CYP2E1), and nonoxidative metabolism catalyzed by fatty acid ethylester synthase[74-77]. First,
ethanol metabolism by alcohol dehydrogenase results in
acetaldehyde, which is a weak profibrogenic factor. Some
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important downstream effects of increased acetaldehyde
production include GSH depletion, lipid peroxidation,
and the generation of ROS and acetaldehyde adducts[78].
There is increasing evidence that homocysteine activates
the Nrf2-mediated antioxidant response, which protects
cells from oxidative damage[79], whereas Nrf2 dysregulation of GSH synthesis contributes to the pathogenesis
of alcoholic liver disease (ALD)’s pathological conditions[80,81]. In alcohol-related liver disease, free radicals
play a part in the pathogenesis of liver damage. Chronic
ethanol treatment increases the production of ROS,
lowers cellular antioxidant levels, and enhances oxidative stress in many tissues, especially the liver[82]. Second,
ethanol metabolism by CYP2E1 occurs during chronic
alcohol consumption, when alcohol dehydrogenase
reaches saturation, and results in the generation of additional acetaldehydes, ROS, and free radicals. Activation of
Nrf2 is critical in combating the oxidative stress caused
by ROS generated during the normal catalytic cycle of
CYP2E1. This is supported by preclinical studies showing that ethanol-induced CYP2E1 expression also results
in upregulation of Nrf2 and its targets, namely HO-1[83].
It has been reported that Nrf2-null mice have increased
liver-associated mortality when fed high doses of ethanol
compared with wild-type mice. This detrimental effect of
alcohol on Nrf2-null mice was shown to be the result of
increased lipogenesis, depletion of total and mitochondrial glutathione, and a Kupffer cell-mediated aggravation
of the inflammatory response. This suggested that Nrf2
plays a role in protecting against ethanol-induced damage[84]. Ethanol induced oxidative stress via induction of
CYP2E1 upregulates Nrf2 activity, which in turn regu-
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lates ethanol induction of CYP2A5 and protects against
ethanol-induced steatosis[85]. The prominent microvesicular steatosis and mild necrosis in hepatic histopathology
were notably attenuated in accordance with the modulation of Nrf2 in clinical administration of artemisia capillaris for alcoholic-associated liver injury[86]. It remains
unclear whether Nrf2 plays a major role in the pathogenesis of this disease state. Bardag-Gorce et al[87] found that
the Nrf2 level was significantly decreased in the liver of
a rat model of alcoholic liver disease. However, Wang et
al[88] came to the opposite conclusion, that hepatic very
low-density lipoprotein receptor (VLDLR) overexpression plays an important role in the pathogenesis of ALD.
Oxidative stress-induced Nrf2 activation plays a critical
role in alcohol-induced VLDLR upregulation in hepatocytes, and enhances VLDLR expression in primary
hepatocytes[89,90]. Hence, further research is required to
determine the role that Nrf2 activation might play in alleviating alcoholic liver disease.

Nrf2 IN DRUG-INDUCED LIVER INJURY
(DILI)
Xenobiotic agents can initiate liver injury through reactive-intermediate formation, protein adduct accumulation, and alterations in drug-metabolizing enzymes. Acute
hepatic failure secondary to acetaminophen (APAP) poisoning is associated with high mortality[91]. APAP overdose
is the most frequent cause of drug-induced liver failure
in the United States and most of Europe[92,93]. Therefore,
APAP-induced toxicity has become an essential model
for studying drug-induced liver disease[94,95]. Electrophiles,
radicals, and ROS are often generated as intermediates
or by-products of APAP metabolism. These reactive
intermediate toxicities provoke covalent bonding with
biomolecules and leads to lipid peroxidation, and ultimately oxidative stress[96-98]. Recently, studies showed that
nimesulide-induced electrophile stress activates Nrf2 in
human hepatocytes and mice[99]. The oxidative stress that
occurs with APAP toxicity suggests a role for Nrf2 in the
toxicological events of APAP. This view is supported by
several studies showing that Nrf2 plays a critical role in
protecting the liver against DILI. Nrf2-deficient mice are
highly susceptible to APAP-induced liver injury[100]. In
Nrf2-null mice, APAP exposure enhanced liver injury and
mortality compared with wild-type mice[101]. In addition,
the Nrf2 activator CDDO-Im is protective against APAP
hepatotoxicity by inducing HO-1, NQO1, and glutamatecysteine ligase catalytic subunit in the wild-type, but not
the Nrf2-null mice[102]. However, some evidence indicates
that autoprotection against APAP could contribute to
this development of resistance to hepatotoxicity, and
Nrf2 activation is expected to play a role in the protective
adaptation. APAP treated hepatocytes showed enhanced
antioxidant defense via delaying tyrosine phosphorylation of Nrf2 and its nuclear exclusion, ubiquitination and
degradation[103]. Pretreatment of mice with a low hepatotoxic dose of APAP resulted in resistance to the toxicity
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of a subsequent higher dose of APAP. Upregulation of
Lgals3, one of the genes supporting the Nrf2 hypothesis
led to suppression of apoptosis and reduced mitochondrial dysfunction[104]. The mechanisms underlying the protective effects of Chinese traditional medicines against
N-nitrosodimethylamine, or CCl4, or APAP-induced liver
injury have been investigated. Treatment with rutin[105],
safflower[106], betanin[107], or Piper puberulum[23] significantly increased Nrf2 and HO-1 expression in injured
livers. These results indicated that the hepatoprotective
effect of Nrf2 against DILI functions via the activation
of Nrf2 and subsequent induction of the expression of
genes controlled by Nrf2. Furthermore, oleanolic acid
is a triterpenoid with many beneficial effects and has
been demonstrated to protect against varieties of hepatotoxicants via activation of Nrf2[108]. However recently,
high-doses and long-term use was reported to produce
hepatotoxicity[109]. Apart from DILI, endotoxemia correlates with the degree of liver failure and may contribute
to worsening of liver diseases. In most cases, lipopolysaccharide (synonymous with endotoxin) is a liver failure
causing endotoxin, which lowers the hepatic GSH levels
by inhibiting sumoylation of Nrf2[110]. Thus, Nrf2 may
serve as a major regulator of several cellular defense associated pathways by which hepatic cells combat oxidative stress by xenobiotics.

CONCLUSION
Oxidative stress is implicated in the pathogenesis of
liver disease. During oxidative stress, Nrf2 is activated to
protect the liver via target gene expression. Therefore,
Nrf2 activators have great potential as therapeutic agents
against oxidative stress during chronic liver injury.
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Abstract
AIM: To investigate over-expression of Osteopontin
(OPN) pathway expression and mechanisms of action in
human alcoholic liver disease (ALD), in vivo and in vitro
acute alcohol models.
METHODS: OPN pathway was evaluated in livers from
patients with progressive stages of human ALD and
serum from drinkers with and without liver cirrhosis.
In vitro stellate LX2 cells exposed to acute alcohol and
in vivo in acute alcoholic steatosis mouse models were
also investigated for OPN pathway expression and func-
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tion. WT and OPN mice were administered an acute
dose of alcohol and extent of liver injury was examined
by histopathology and liver biochemistry after 16-24 h.
The causative role of OPN was studied in OPN knockout animals and in vitro in stellate LX2 cells, utilizing
siRNA, aptamer and neutralizing antibodies to block
OPN and OPN pathway. OPN pathway expression and
downstream functional consequences were measured
for signaling by Western blotting, plasmin activation by
spectrophotometric assays and cell migration by confocal imaging and quantitation.
RESULTS: OPN expression positively correlated with
disease severity in patients with progressive stages of
ALD. In vivo , associated with alcoholic steatosis, a single dose of acute alcohol significantly increased hepatic
OPN mRNA and protein, and a cleaved OPN form in a
dose dependent manner. OPN mRNA and secreted OPN
also increased in parallel with activation of LX2 stellate
cells within 4 h of a single dose of alcohol. Expression
of OPN receptors, αvβ3-integrin and CD44, increased
in human ALD, and in vivo and in vitro with alcohol
administration. This was accompanied by downstream
phosphorylation of Akt and Erk, increased mRNA
expression of several fibrogenesis, fibrinolysis and
extracellular matrix pathway genes, plasmin activation
and hepatic stellate cell (HSC) migration. Inhibition of
OPN and OPN-receptor mediated signaling partially
inhibited alcohol-induced HSC activation, plasmin
activity and cell migration.
CONCLUSION: OPN is a key mediator of the alcoholinduced effects on hepatic stellate cell functions and
liver fibrogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatic stellate cells; Liver cirrhosis; Plasmin; Steatosis; Fibrogenesis; Transforming growth factor β; Osteopontin isoform
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Core tip: The present study confirms a novel hy
pothesis that alcohol induced plasmin is mediated via
Osteopontin (OPN) in hepatic stellate cell (HSC). We
show that OPN has a key role in alcohol-induced HSC
functions such as signalling, cell migration and activation
of fibrinolysis, extracellular matrix and fibrogenic
pathways. Identification of transcriptional isoform
OPN-C in patients with alcoholic cirrhosis and LX2, and
proteolytically cleaved cOPN in mice with a single dose
of alcohol is novel. Importantly, we have defined novel
mechanisms of OPN action in alcohol-induced liver
injury that have a broader significance in other forms of
liver injury.
Seth D, Duly A, Kuo PC, McCaughan GW, Haber PS. Osteopontin is an important mediator of alcoholic liver disease via
hepatic stellate cell activation. World J Gastroenterol 2014;
20(36): 13088-13104 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13088.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13088

INTRODUCTION
Over-expression of Osteopontin (OPN) in human
alcoholic liver disease (ALD) was first identified by our
group[1,2]. We showed significantly up-regulated OPN
at the portal-parenchymal interface in reactive biliary
ductules and other liver cells in cirrhotic patients[1,2].
Since then, others have confirmed our findings[3] and
have demonstrated increased OPN in alcoholic hepatitis
patients[4]. Experimental administration of alcohol and
lipopolysaccharide (LPS) in rats led to increased OPN
in association with liver disease[5,6]. Up-regulated OPN
was also associated with phosphorylated Akt (P-Akt)[7],
collagen 1 (Col1) and TNF-α indicating activation of
fibrotic events in non-alcoholic steatohepatitis (NASH)[8],
liver necrosis in the carbon tetrachloride (CCl4) model[9],
and elevated serum alanine aminotransferase (ALT)
levels in a drug induced liver injury mouse model[10].
These data suggest that OPN has a pathogenic role in
liver injury. Nonetheless, it is unclear whether overexpression of OPN is a cause or association of tissue
injury. Furthermore, little is known about the respective
contribution of the multiple OPN isoforms arising from
transcriptional splicing and post-translational modifications[11]. Transcriptional isoforms are known to be associated with cancers, specifically OPN-C is linked to
more aggressive tumors and poor prognosis[12,13], but its
role remains controversial[14]. We were the first to observe differential expression and functions of OPN-C
isoform in hepatocyte and stellate cell culture models of
alcohol[15], indicating the importance of studying its role
in alcoholic liver injury.
One of the intriguing effects of OPN in metastatic
cancer cells is enhancement of plasmin activation by
increasing urokinase plasminogen activator (μPA) secretion
through Akt[16] and Erk-dependent pathways[17,18]. In liver
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injury, activation of plasmin contributes to both tissue
remodelling during fibrogenesis and recovery from hepatic
injury by promoting fibrinolysis and removing fibrin[19,20].
Hepatic stellate cell (HSC) mediated plasminogen (PLG)
activation and extracellular matrix (ECM) remodeling are
recognised components of fibrogenesis[19]. In alcoholic
liver injury, increased plasminogen activators have been
shown to regulate liver matrix remodelling through activation of plasminogen to plasmin[21,22]. We demonstrated that
acute experimental administration of alcohol increased
plasminogen, leading to altered plasmin and fibrinolysis,
both in vivo and in vitro in liver cells, including HSCs[23].
However, the role of OPN in these actions of alcohol
has not been clearly defined. This study examined the
hypothesis that OPN drives alcohol induced plasmin
regulation in liver cells and contributes to the process of
fibrogenesis in ALD.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the
Human Ethics Review Committee of Royal Prince Alfred
Hospital (HREC/09/RPAH/148; HREC/11/RPAH/88)
and The University of Sydney Animal Welfare Committee (K75-8-2009-3-5157 and K75-8-2009-3-4978).
Human samples
Hepatic mRNAs from patients with progressive stages of
ALD and non-diseased donor liver described previously[1]
were used for expression analysis. Serum samples from
drinkers consuming > 50 g/d (female) and > 80 g/d
(male) with no liver disease (alcoholic control) and with
liver cirrhosis (alcoholic cirrhosis) (Table 1) were tested
for secreted OPN by enzyme-linked immunosorbent assay (ELISA).
Mouse model of acute alcoholic steatosis
All animals used in these experiments were 9-11 wkold C57BL6 female mice. WT mice were administered a
single dose of ethanol (2 g/4 g/6 g per kg body weight
for 16 h) or equal volume of saline (n = 4/group) as
described[23]. In another set of experiment, an additional
subset of WT and OPN knockout (OPN-/-) mice (global
OPN deficient in C57BL6 background)[24] were given 6
g/kg alcohol (OPN-/- n = 8; WT n = 6) or saline (Control:
OPN-/- n = 7; WT n = 5). Blood and tissue samples
were collected 24 h post-gavage. Serum was tested for
liver functions (ALT, aspartate aminotransferase) as
described[23] and liver cholesterol and triglyceride content
were determined at the Sydney South West Pathology
Services, RPAH. Liver tissue was used for histology,
RNA and protein extraction.
Cell culture
Hepatic stellate LX2[23,25] cells were maintained in DMEM
with 10% fetal calf serum unless otherwise specified. For
alcohol and antibody inhibition studies, cells were seeded
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Table 1 Characteristics of participants for Osteopontin
enzyme-linked immunosorbent assay
2

Age (yr)
ALT (IU/L)
AST (IU/L)
GGT (IU/L)
INR
Albumin (g/L)
Bilirubin (µmol/L)
EtOH lifetime (kg)

Cases

Control

57.24
36.59
51.45
220.76
1.46
35.41
48.38
1685

51.95
31.41
33.41
93.32
1.04
43.55
11.36
1555

3

P -value
0.08171
0.21631
0.0180b
0.0121b
0.0017d
0.0004f
0.0065d
0.99161

Patient characteristics identify cases (drinkers with liver cirrhosis) from
controls (drinkers without liver disease) by significant differences in
the liver function tests and other biochemical measures of liver injury.
1
Not significant; 2[n = 25 (M); n = 4 (F)]; [n = 17 (M); n = 4 (F)]. bP < 0.01
vs control; dP < 0.001 vs control; fP < 0.0001 vs control. INR: International
normalised ratio for prothrombin time to predict survival; M: Male; F:
Female; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
GGT: γ-glutamyl transferase.

at a density of 3 × 106 cells/well in serum-free media
in 6-well plates overnight prior to treatment. Cells were
incubated ± 10 mmol/L ethanol (alcohol) for 1 h (signaling), 4 h (RNA, protein, migration, immunohistochemistry) and 16h (plasmin assay). For immunohistochemistry,
cells (1 × 104 per well) were seeded in chamber slides
with and without alcohol treatment. Treatments included
1 mmol/L 4-methylpyrazole (4-MP) to block alcohol metabolism, and antibodies (Table 2) against OPN, CD44v6,
[26]
α v β 3-integrin (ITGAV), and OPN-R3 aptamer to
inhibit OPN pathway. For signaling experiments, insulin
(100 nmol/L) was added 30 min prior to the end of the
incubation period to induce baseline phosphorylation in
LX2 cells.
OPN ELISA
Amount of secreted OPN in serum and culture media
(CM) was determined by ELISA as described[27,28]. Briefly,
96-well plates were coated overnight with 3 μg/mL antihuman OPN antibody (Table 2) and blocked with 5%
skim milk. 100 μL serum or CM from cells and recombinant human OPN (0-125 ng/mL) for standard curve,
were added to wells. Streptavidin-HRP (1/10000 dilution,
Dako, Carpinteria, CA) and SigmaFast were used for
spectrophotometric detection of secreted OPN (ng/mL)
at 450 nm.
Quantitative-polymerase chain reaction
Quantitative-polymerase chain reaction (Q-PCR) was carried out as described previously[1,2,23,29] using specific human and mouse primers (Table 3).
OPN RNA interference
We utilized OPN specific siRNAs that blocked OPN
(Stealth RNAiTM siRNA Duplex Oligoribonucleotides,
Gibco, Invitrogen, United States), using reverse transfection process, achieving 70% transfection efficiency
as per manufacturer’s instructions. Briefly, OPN RNAi
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oligonucleotides were incubated with LipofectamineTM
RNAi MAX reagent for 30 min at room temperature in a
6-well plate. BLOCKiT Alexa Fluor 555 Red fluorescent
(transfection control), Scrambled Stealth RNAi (high
GC RNAi-scrambled control) and lipofectamine alone
(negative control) were used as specific controls. For reverse transfection, cells (2 × 105 cells/mL) in Optimem
media without antibiotics were added to the OPN RNAi
lipofectamine mix and incubated at 37  ℃ for 24 h. Posttransfected cells were grown in serum free DMEM containing antibiotics for another 24 h for RNA extraction
and 48 h for protein extraction and collection of CM.
siOPN oligo that produced > 90% inhibition of OPN
expression in LX2 was selected for further experiments.
Protein expression
Protein was isolated from frozen liver tissue using glass
bead (Qiagen, Doncaster) homogenization in RIPA lysis
buffer (Table 4). Cells ± alcohol ± 4-MP/antibodies/
aptamer was lysed in RIPA lysis buffer for 20 min,
centrifuged at 12000 g for 15 min at 4  ℃ and supernatant
collected.
Western blots (WB) were performed with 40-60 μg
of total protein per lane using the NuPAGE system
(Invitrogen). To ensure expression of each protein
was measured in the same sample, membranes were
cut into strips according to the expected molecular
weight of each protein and simultaneously probed with
appropriate antibodies (Table 2). Each membrane was
washed in buffered Tris-Tween20 (TBST) and incubated
with horseradish peroxidase (HRP) conjugated secondary antibody. The primary and secondary antibodies
to phospho-Erk (P-Erk) and P-Akt were removed by
Restore PLUS Western Blot stripping Buffer (Theme
Fisher Scientific Australia) and HRP inactivating buffer
(Table 4) and re-probed with T-Erk and T-Akt antibodies.
Enhanced ChemiLuminescence (Millipore) was used for
visualization and bands quantitated with Image J software
(National Institutes of Health, United States).
Immunohistochemistry
LX2 cells post-treatment were fixed in 100% ethanol,
semi-permeabilised with 4% paraformaldehyde and
stained with HSC-specific vimentin and OPN primary
antibodies as previously described[1]. AlexaFluor 488 and
594 were used as secondary antibodies for visualisation.
Plasmin activity assay
Plasmin activity in serum was measured in the presence of
plasminogen and substrate S2251 as previously described[23,30].
LX2 cells (5 × 104 cells/well) were seeded in 96-well plates
overnight in DMEM which was replaced with serum-free
media ± 10 mmol/L alcohol ± 1 mmol/L 4-MP. To block
OPN-receptor binding, blocking antibodies (Table 2)
were added and cells incubated for 16 h. Supernatants
(50 μL) from wells were assayed for plasmin activation as
previously described[23].
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Table 2 Antibodies for Western blots, immunofluorescence and enzyme-linked immunosorbent assay
Specificity

Host

Isotype

Primary antibodies
OPNK20 (SPP1)

Goat

Polyclonal IgG

Goat
Mouse
Goat

Polyclonal IgG
Monoclonal
Polyclonal IgG

Mouse

Monoclonal

OPN (AF808)
Capture anti-OPN
Detection biotynlated anti-OPN
OPN-R3 aptamer blocks SPP1
binding to receptors
αvb3-integrin (CD51/61)
(ITGAV)
CD44v6
Vimentin
Phospho-Akt Ser473 (P-Akt)
Total-Akt (pan)
Phospho-Erk p44/42 (P-Erk)

Use

Dilution

WB
1:1000
Blocking 200 ìg/mL
WB
1:1000
ELISA
3 ìg/mL
ELISA 200 ng/mL
100 nmol/L
Blocking

Polyclonal
Monoclonal

Source (Catalog No.)

Human, LX2

Santa Cruz, Santa Cruz, CA, United States
(sc-10591)
RD (AF808)
RD (MAB14331)
RD (BAF1433)
Duke University, NC, United States

Mice
Human, LX2
Human, LX2
LX2

10 ìg/mL

LX2

1:1000
1:200
1:1000
1:1000
1:2000

LX2
LX2
LX2, Mice
LX2, Mice
LX2, Mice

1:1000
1:200000

LX2, Mice
Mice

1:10000
1:7500
1:75000
1:400

Dako Australia Pty Ltd, Campbellfield, VIC, Australia

Mouse Monoclonal IgG1 Blcoking
Rat
Monoclonal
IF
Rabbit
Polyclonal
WB
Rabbit
Polyclonal IgG
WB
Mouse Monoclonal IgG
WB

Total-Erk (T-Erk)
Rabbit
GAPDH
Mouse
Secondary antibodies
Anti-mouse HRP (P0161)
Anti-rabbit HRP (P0449)
Anti-goat HRP (P0448)
AlexaFluor 488; AlexaFluor 594

Samples

WB
WB

RD, Minneapolis, MN, United States
(MAB3050)
RD (BBA13)
RD (MAB2105)
Cell Signalling Technology (No. 9271)
Cell Signalling Technology (No. 4691)
Cell Signalling Technology, Danvers, MA,
United States (No. 9106)
Cell Signalling Technology (No. 9102)
Ambion (AM4300)

Molecular probes

WB: Western blots; ELISA: Enzyme-linked immunosorbent assay; IF: Immunofluorescence; OPN: Osteopontin; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase; HRP: Horseradish peroxidase.

Table 3 Primer sequences for human (h-) and mouse (m-) genes
Target gene

Forward (5’→3’)

Reverse (5’→3’)

OPN and OPN pathway
Total h-OPN
AATGGTGCATACAAGGCCATC
TGTCCTTCCCACGGCTGT
h-OPN-C
CTGAGGAAAAGCAGAATG
AATGGAGTCCTGGCTGT
h-CD44v6
GCTTTCAATAGCACCTTGCC
GTTGCCAAACCACTGTTCCT
h-αvβ3-integrin
TTGTTGCTACTGGCTGTTTTG
TCCCTTTCTTGTTCTTCTTGAG
m-OPN
CAGCCTGCAAGATCCTA
GCGCAAGGAGATTCTGCT TCT
m-αvβ3-integrin
GTAATCGAGATGCCCCAGAG
CTTCCATCCAGGGCAATATG
m-CD44
TCTGCCATCTAGCACTAAGAGC
GTCTGGGTATTGAAAGGTGTAGC
Fibrogenesis and ECM
h-TGFβ
CCACAACGAAATCTATGAC
CGGTGACATCAAAAGATAAC
m-TGF-β
CCTTCCTGCTCCTCATGGCCA
GTCCTTCCTAAAGTCAATGTA
h-Collagen 1α1
GATTCCCTGGACCTAAAGGTGC
AGCCTCTCCATCTTTGCCAGCA
m-Collagen 1 (Col1)
GAGCGGAGAGTACTGGATCG
GCTTCTTTTCCTTGGGGTTC
h-Collagen 4α4
CAGGCTCAACTGGTCTAAGAGG
AGGTGGACCAAAGTGACTGGCA
h-MMP2
ATGACAGCTGCACCACTGAG
ATTTGTTGCCCAGGAAAGTG
h-MMP3
GCAGTTTGCTCAGCCTATCC
AGTGTCGGAGTCCAGCTTC
h-MMP9
ACGCCGCTCACCTTCACT
AGGAGGAAAGGCGTGTGC
m-MMP7
GCGGAGATGCTCACTTTGACA
ATTCATGGGTGGCAGCAAAC
m-MMP9
CCCACATTTGACGTCCAGAGAAGAA GTTTTTGATGCTATTGCTGAGATCCA
m-α-sma
AACAGGAATACGACGAAG
CAGGAATGATTTGGAAAGGA
Plasmin-Plasminogen system
h-μPA
CACACACTGCTTCATTGATTAC
TTGGTGGTGACTTCAGAGCCG
h-PLG (Plasminogen)
GCAGTGGAGAAAACTATGACGGC
GAAGATGGTGGAGGTGTTGTGC
h-PAI-1
CTTTGGTGAAGGGTCTGCTGTG
TGGGTTTCTCCTCCTGTTGTCAG
m-PLG
GCCCAACCTACCAATGTCTGAAAG GGTGGAACTGAGGAATCTGACTGG
m-μPA
AGGGTGAGCGCCAATAGCAT
GATACATTCACGTGGAGCAT
m-PAI-1
ATGCCATCTTTGTCCAGCGG
TTGGTATGCCTTTCCACCCAG
Normalising
h-β-actin
TGCCATCCTAAAAGCCAC
TCAACTGGTCTCAAGTCAGTG
m-β-actin
AAATCGTGCGTGACATCAAA
AAGGAAGGCTGGAAAAGAGC

Migration assay
A novel migration assay was developed using prestained
cells with 5 μmol/L Hoechst33342 (Molecular Probes)

WJG|www.wjgnet.com

Expected size (bps)

Ref.

90
149
867
89
71
142
106

NM_000582[1]
[40]
[41]
NM_002210
[7]
[42]
[43]

260
149
106
158
157
164
194
111
87
205
134

NM_000660
[44]
NM_000088.3
[45]
NM_000092.4
NM_004530.2
NM_002422.3
NM_004994
[46]
[46]
[47]

409
244
183
292
530
151

NM_002658
NM_000301[23]
M16006[23]
[23]
[48]
[23]

289
178

NM_001101
[49]

to monitor migration across membrane by confocal microscopy. LX2 cells (1 × 105 cells/well) were seeded in
serum-free media into the top Boyden chamber with 8
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Table 4 Composition of buffers used in protein extraction and expression studies
Buffer

Composition

RIPA

0.5% (w/v) sodium deoxycholate, 150 mmol/L NaCl, 50 mmol/L Tris pH 8.0, 20 mmol/L NaF, 10% (v/v) glycerol,
5.0 mmol/L EDTA pH = 8.0, 0.1% (w/v) SDS, 1.0% (v/v) Igepal CA-630 Electrophoresis reagent, 1 × phosSTOP, 1
× complete protease inhibitor
TBS
50 mmol/L Tris, 150 mmol/L NaCl, pH = 7.5
TBST
0.1% (v/v) Tween 20 in TBS
Horseradish peroxidase inactivation
0.05% (v/v) of sodium azide, 3% (w/v) skim milk and 0.1% (v/v) Tween 20 in TBS

μm transwell inserts (BD Sciences, NSW, Australia) in a
6-well plate format. For inhibition treatments, blocking
antibodies (anti-OPN, anti-CD44v6, anti-ITGAV, Table 2)
and OPN-R3 aptamer were added. Transforming growth
factor (TGF) β (2 ng/mL) was added to the bottom
chamber with serum-free media ± alcohol and incubated
for 4 h. Membrane from each transwell was removed
with scalpel and top-bottom orientation was noted.
Membranes were placed on superfrost plus slides (Lomb
Scientific Pty Ltd, NSW, Australia) with a drop of prolong gold antifade reagent (Invitrogen, Oregon, United
States). Slides were analysed using Z-stacks by Leica SP5
Confocal Imaging. To distinguish between migrated (M)
and non-migrated (NM) sides, cells were imaged at 405
nm on both sides of the membrane (imaged at 633nm).
At least six fields per treatment for M and NM were captured using Volocity Version 5.3.0 software (Improvision
Ltd). A program was designed in Axiovision 4.4 Software
to calculate the number of nuclei (stained blue) per field
on each side of the membrane to correlate with the number of cells to determine average M and NM cell count.
Statistical analysis
All experiments were conducted at least three times with
internal replicates. Results are reported as average of all
experiments tested for significance. Images represent
typical experimental results. Data were analyzed using
GraphPad Prism 5 with unpaired student’s t-test/nonparametric Mann-Whitney t-test for statistical inference.
P-value < 0.05 was considered significant.

RESULTS
Increased OPN expression in human ALD and
experimental models of acute alcohol
Human ALD: We tested the expression of OPN-C
isoform mRNA in human livers. Similar to our previous
report of total OPN up-regulation in human ALD[1],
mRNA for the OPN-C isoform was increasingly expressed in patients with progressive stages of alcoholic
steatosis (AS), alcoholic hepatitis (AH) and alcoholic cirrhosis (AC) (2.3-, 2.1-, 13-fold, respectively), compared
to non-diseased (ND) control (Figure 1A). Significant
increase in serum OPN (about 5-fold) in an independent
cohort of alcoholic cirrhosis patients, compared to nondiseased alcoholics, confirmed mRNA data (Figure 1B).

In vitro mouse model of alcoholic steatosis: OPN

WJG|www.wjgnet.com

mRNA expression increased (8.5-, 12.7-, 1171-fold) with
increasing alcohol doses (2, 4, 6 g/kg, respectively) within
16 h in WT mice compared to saline control (Figure
1C). β-actin mRNA did not change. The increase in
OPN expression was associated with increasing hepatic
steatosis, increased liver enzymes and triglycerides
reported earlier[23]. Protein expression (WB) confirmed
mRNA increase. In addition, emergence of a cleaved
form of OPN (about 47 kD) was evident with all
doses of alcohol with maximum expression at 6 g/kg
alcohol (Figure 1D). Quantitation showed significant upregulation (3.2-, 5.9-, 90-fold) of full length (about 53
kD) OPN with 2, 4 and 6 g/kg alcohol doses, respectively
(Figure 1D). Relative fold-increase for the cleaved 47
kD fragment could not be quantitated due to no visible
expression in saline control.

In vitro LX2 cells exposed to acute alcohol: Expression of both full length OPN-A and isoform OPN-C
mRNAs were tested in LX2 cells ± alcohol. OPN-A and
OPN-C mRNAs significantly increased by 15-fold and
286-fold, respectively, within 4 h of 10 mmol/L alcohol
exposure compared to untreated control (Figure 1E). An
associated increase (about 15-fold) in secreted OPN (Figure 1F) and intracellular OPN (red, Figure 1G) protein
confirmed mRNA result. Concomitant to increased OPN
(red), alcohol induced LX2 stellate cell activation, seen as
detracted processes distinct from control cells, was also
evident on staining with vimentin (green) (Figure 1G).
Increased expression of OPN cognate receptors, α vβ 3integrin and CD44 in human ALD and experimental
models of acute alcohol
Significant increase in the expression of OPN receptor
αvβ3-integrin (3-fold) was observed for AC compared
to ND (Figure 2A), whereas CD44v6 mRNA increased
(8.2-, 3.5-, 6.8-fold) in AS, AH and AC, respectively (Figure 2B). Similar to human data, all alcohol doses, except
2 g/kg (CD44), significantly induced both αvβ3-integrin
(Figure 2C) and CD44 (Figure 2D) receptor mRNAs in
WT mice compared to saline control. A single acute dose
of alcohol also induced both receptor mRNAs in LX2 in
vitro, but reached significance only in CD44 mRNA expression (Figure 2E).
Alcohol-induced Erk and Akt phosphorylation is OPN
dependent
Parallel to increased OPN and its receptors, downstream
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In vitro -LX2
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Figure 1 Over-expression of Osteopontin expression increased in human alcoholic liver disease, in vivo alcoholic steatosis mouse model and in vitro
in stellate LX2 cells with a single acute dose of alcohol. A: Over-expression of Osteopontin (OPN)-C isoform mRNA (per ìg total RNA) increased progressively
in livers from patients with alcoholic steatosis (AS), alcoholic hepatitis (AH) and alcoholic cirrhosis (AC) compared to non-diseased (ND) donor livers; B: Circulating
OPN protein significantly increased (> 4-fold) in serum from patients with alcoholic cirrhosis compared to non-diseased alcoholics; C: In vivo: Hepatic OPN mRNA
expression significantly increased from saline control with increasing doses of 2, 4 and 6 g/kg alcohol in wild type mice. No change was observed for â-actin expression used as control; D: Full length (about 53 kD) and cleaved (about 47 kD) OPN protein expression was visible with all alcohol doses (WB panel) and significantly
increased with 6 g/kg alcohol on quantitation, normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (bar graph); E: In vitro: Isoforms OPN-A (15-fold)
and OPN-C (about 286-fold) mRNAs (transcripts per ìg total RNA) significantly increased with a single acute dose of alcohol (10 mmol/L per 4 h) compared to
untreated control cells; F: Total secreted OPN protein (enzyme-linked immunosorbent assay) in culture media from alcohol treated LX2 cells also increased with
respect to control cells but did not reach significance; G: Intracellular OPN (red) was associated with alcohol-induced LX2 activation (green) observed as recessed
processes in alcohol treated LX2 compared to control cells (immunofluorescence). Overlay shows increased expression of OPN in LX2 cells exposed to alcohol. aP
< 0.05, bP < 0.01 vs ND; dP < 0.01 vs saline control; eP < 0.01 vs control.

phosphorylated Akt (P-Akt) and Erk (P-Erk) were also
induced in mice administered a single dose of alcohol
(Figure 3A). However, no dose specific response to
alcohol was observed. It is noteworthy that individual
mice showing high P-Erk had low P-Akt and vice versa as
shown in the WB image. Densitometric quantitation normalized with total-Akt (T-Akt) and -Erk (T-Erk), showed
moderate but significant activation of P-Akt with 2 and

WJG|www.wjgnet.com

4 g/kg and of P-Erk at all doses of alcohol (Figure 3B).
In vitro, a single acute dose of alcohol also significantly
induced P-Akt and P-Erk (about 2.5-fold) in LX2 cells
(Figure 3C, lane 2) compared to untreated control (lane
1). This increase was significantly inhibited by alcohol dehydrogenase (ADH) inhibitor 4-MP (lane 3) and blocking
antibodies to anti-OPN, -CD44v6 and -ITGAV (lanes 4,
5 and 6, respectively).
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Figure 2 Increased expression of over-expression of Osteopontin cognate receptors αvβ3-integrin and CD44 in human alcoholic liver disease; in vivo
in mice and in vitro in LX2 cells with a single acute dose of alcohol. Increase in αvβ3-integrin mRNA (transcripts per ìg total RNA) was observed with disease
progression in human alcoholic liver disease (ALD), but only reached significance in alcoholic cirrhosis (AC) compared to non-diseased (ND) (A); CD44v6 mRNA significantly increased in all ALD stages (B). In vivo, all alcohol doses significantly increased mRNA expression of αvβ3-integrin (C) but CD44 reached significance only
at 4 g/kg and 6 g/kg (D). Alcohol (10 mmo/L per 4 h) also increased both αvβ3-integrin and CD44 mRNA expression in LX2 cells compared to control (E). aP < 0.05 vs
ND; cP < 0.05, dP < 0.01 vs saline control; eP < 0.01 vs control. AS: Alcoholic steatosis; AH: Alcoholic hepatitis.
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Figure 3 Over-expression of Osteopontin mediates alcohol-induced cell signalling and downstream transcription of target genes in in vivo and in vitro experimental models. A, B: In vivo: Compared to saline control, significant but moderate increase was observed in P-Akt/T-Akt ratio (WB, top panels) with 2 and 4 g/kg
alcohol (P-Akt graph) and P-Erk/T-Erk ratio (WB, bottom panels) with all doses of alcohol (P-Erk graph). Note: individual mice showing high P-Erk had low P-Akt and
vice versa. aP < 0.05 vs saline control; C: In vitro: Compared to untreated cells (lane 1), alcohol (10 mmo/L per 4 h) (lane 2) significantly induced P-Akt (P-Akt graph)
and P-Erk (P-Erk graph) in LX2, normalized to total -Akt (T-Akt) and -Erk (T-Erk), respectively. Phosphorylation of both Akt and Erk was abrogated by inhibiting alcohol
metabolism through 4-methyl pyrazole (4-MP) (lane 3) and blocking OPN pathway by neutralizing antibodies to OPN (lane 4), CD44v6 (lane 5) and αvβ3-integrin
(ITGAV) (lane 6). aP < 0.05 vs untreated cells; cP < 0.05 vs alcohol; D: In vivo: In WT mice, mRNA expression (transcripts per μg total RNA) for OPN pathway (OPN,
CD44, αvβ3-integrin), plasmin regulation (ìPA, PLG, MMP7) and fibrogenesis (PAI-1, α-SMA) related molecules were significantly induced by alcohol (6 g/kg, dark
bars) compared to saline control (white bars). TGFβ mRNA was down-regulated and Col-1 was not affected. mRNA expression of most molecules was significantly
inhibited in OPN knockout mice (grey bars) compared to WT mice in the presence of alcohol. ìPA mRNA expression significantly increased in OPN-/- mice and Col-1
mRNA did not change. aP < 0.05 vs control; cP < 0.05 vs alcohol; E: In vitro: Alcohol induced mRNA expression (fold-change from no treatment/scramble control) for
OPN, CD44v6, αvβ3-integrin, ìPA, PLG, PAI-1, MMP2, MMP3, MMP9, Col-1, Col-4 and TGFβ (dark bars, presented as fold-change from no treatment control). Silencing OPN in LX2 cells with siOPN significantly inhibited mRNA expression of these molecules, except αvβ3-integrin and ìPA in the presence of alcohol (grey bars,
presented as fold-change from scrambled control). aP < 0.05 vs control; cP < 0.05 vs alcohol.

Alcohol-induced transcription of genes is dependent on
OPN expression
In vivo : mRNA expression of selected target genes
related to plasmin, ECM remodelling and fibrogenesis
pathways was tested by Q-PCR. In WT mice (dark bars),
in addition to increased OPN and its receptors, alcohol
(6 g/kg) also significantly increased uPA, PLG, MMP7,
PAI-1 and αSMA, and down-regulated TGFβ, compared
to saline control (white bars) (Figure 3D). Increasing expression was also observed with other doses of alcohol,
with some of these genes reaching significance (data not
shown). To identify OPN target genes, mRNA expression in OPN-/- mice was compared to WT, under 6 g/kg
alcohol administration (grey bars). As expected, OPN
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mRNA was significantly inhibited (3 log fold) in knockout animals and OPN protein was not detected (Figure 4).
Importantly, mRNA expression of CD44, αvβ3-integrin,
MMP7, PAI-1 and αSMA remained significantly inhibited in OPN-/- animals compared to WT in the presence
of alcohol (Figure 3D) and without any treatment (Figure
5). Conversely, uPA mRNA was significantly increased in
the OPN-/- animals compared to WT, both in the presence of alcohol (Figure 3D) and with no treatment (Figure
5).

In vitro : Similar to in vivo data, a single dose of alcohol

in LX2 cells induced OPN, receptors CD44 and αvβ3integrin, shown as fold-change from control (Figure
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was significantly inhibited and protein was not observed in OPN-/- animals compared to WT with or without alcohol. n = 6-8 per group; aP < 0.05, bP < 0.01 vs WT in
saline; dP < 0.01 vs WT in alcohol.
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Figure 5 Knocking down over-expression of Osteopontin inhibits/increases mRNAs (log 10) related to plasmin, extracellular matrix and fibrogenesis. Associated with Osteopontin (OPN) knockout, mRNA expression of αvβ3-integrin, CD44, PLG, PAI-1, MMP7, TGF-β, α-SMA and Col1 was significantly down-regulated
but ìPA and MMP9 were up-regulated in OPN-/- compared to WT control mice. n = 6-8 per group; aP < 0.05, bP < 0.01 vs WT-saline.

3D, dark bars). In addition, μPA, PLG, PAI-1, MMP2,
MMP3, MMP9, collagen-1 (Col-1), collagen-4, (Col-4)
and TGFβ mRNAs were also up-regulated with alcohol
in these cells. Furthermore, knocking down OPN in LX2
cells by siRNA in the presence of alcohol, most molecules, except uPA and αvβ3-integrin, were significantly
inhibited compared to LX2-scrambled control (grey
bars). However, in the absence of alcohol, expression of
all mRNAs, except μPA, remained significantly inhibited by siRNA compared to scrambled control (data not
shown).
WJG|www.wjgnet.com

OPN mediates alcohol induced activation of plasmin
and hepatic stellate cell functions
In vivo : Serum plasmin activity, measured as rate of
pNA generation (pNA/mol/L), was significantly downregulated with alcohol (6 g/kg) both in WT and OPN-/mice, compared to their respective saline controls (Figure
6A). However, in untreated OPN-/- mice intrinsic plasmin
activity was significantly higher (1.4-fold) compared to
control WT.

In vitro : Plasmin activity significantly increased several
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Figure 6 Alcohol-induced plasmin activation is mediated via over-expression of Osteopontin. A: In vivo: Plasmin activity (pNA mol/L per minute) was significantly inhibited with alcohol (6 g/kg) administration compared to saline control both in WT and Osteopontin (OPN)-/- mice. Conversely, basal plasmin activity was significantly higher in untreated OPN-/- compared to WT mice. ìPA and buffer alone were used as positive and negative controls, respectively. aP < 0.05 vs saline in WT;
c
P < 0.05 vs saline in OPN-/-; eP < 0.05 vs alcohol in WT; In vitro: B: Alcohol (10 mmol/L) significantly increased plasmin activity > 5-fold in LX2 (lane 2) compared to
untreated cells (lane 1), which was significantly inhibited with 4-MP (lane 3), anti-OPN antibody (lane 4), OPN-R3 aptamer (lane 5) and OPN siRNA (siOPN) (lane 6).
a
P < 0.05 vs untreated cells; cP < 0.05 vs LX2; C: Compared to untreated cells (lane 1), LX2 cell migration (% migrated/non-migrated) significantly increased by 1.7-fold
with alcohol (10 mmol/L) (lane 2) and was inhibited with 4-MP (lane 3). Blocking OPN with anti-OPN antibody (lane 4) and OPN-R3 aptamer (lane 5) and OPN binding
with anti-ITGAV antibody (lane 7) significantly reduced LX2 cell migration. Cell migration was moderately reduced with anti-CD44v6 and did not reach significance.
Confocal (panel) shows typical images of migrated cells for each treatment. Migration was quantitated by counting Hoechst stained cells (blue nuclei) using confocal
images in at least six fields per treatment. aP < 0.05 vs untreated cells; dP < 0.01 vs alcohol.
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fold in LX2 CM exposed to alcohol (Figure 6B, lane 2)
compared to untreated cells (lane 1) and was significantly
inhibited in the presence of 4-MP (0.2 pNA/mol/L,
lane 3). Inhibiting OPN by anti-OPN antibody, OPN-R3
aptamer and siOPN also significantly inhibited alcoholinduced plasmin activation to 3.9 pNA/mol/L (lane 4),
0.38 pNA/mol/L (lane 5) and 1.8 pNA/mol/L (lane 6),
respectively (Figure 6B).
LX2 cell migration
LX2 cell migration, recorded as percent migrated over
non-migrated cells, significantly increased (1.7-fold) on
exposure to alcohol (Figure 6C, lane 2) compared to
control (lane 1). Blocking alcohol metabolism by 4-MP
(lane 3), and OPN by anti-OPN antibody (lane 4) and
OPN-R3 (lane 5), significantly inhibited migration. Furthermore, blocking OPN receptors through anti-CD44v6
(lane 6) and -ITGAV (lane 7) antibodies also reduced
LX2 migration but reached significance with anti-ITGAV
(lane 7). Representative confocal images of cells stained
with Hoechst dye (blue) shown in the panel below show
typical numbers of migrated cells for treatments in lanes
1-7.

DISCUSSION
These are the first studies describing specific mechanisms
by which OPN activation mediates the acute pro-fibrogenic effects of alcohol on HSC. Our novel in vivo and in
vitro data provides causative evidence that OPN mediates
alcohol-induced functions, such as cell signaling, plasmin
activation and HSC migration. We also show that OPN
is a key modulator of several alcohol-induced molecules
related to fibrinolysis, ECM remodeling and fibrogenesis
as downstream targets of OPN. Indeed, our data indicate that OPN negatively regulates μPA and plasmin and
positively regulates PAI-1, α-SMA, TGFβ, collagens and
MMPs, both in vivo and in vitro, suggesting a pro-fibrogenic role for this molecule. Human data provide further
support for a clinical relevance of OPN pathway in ALD.
Although human ALD is a chronic disorder, fatty liver
or steatosis may be seen in humans after a single large
dose of alcohol. Steatosis is in turn associated with early
liver injury and when persistent, with an increased risk
of fibrosis. Our single binge alcoholic steatosis model is
therefore appropriate to study the role of this cytokine in
early liver injury.
Alcohol activates hepatic OPN and OPN pathway in
human ALD, in vivo and in vitro experimental models of
alcohol
Extending our previous observation of elevated OPN
mRNA in ALD[1], serum OPN levels also significantly
increased in heavy drinkers with liver cirrhosis than
those with no liver disease, confirming other recent
observations[4,31] and underscoring the potential for OPN
as a marker for liver injury. OPN exists as full length
(OPN-A) and as alternatively spliced transcriptional
isoforms (OPN-B, -C), but their specific functions are
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not clear. Our preliminary data comparing expression of
all three OPN isoforms including hepatocyte cell lines
(Huh7, HepG2) showed increased OPN-C primarily in
human ALD and LX2 cells on alcohol exposure, but
not in the hepatocyte cell lines[15,32]. Activated HSCs are
known to produce OPN in animal models and human
liver injury[33-35]. We now confirm that the greatest upregulation of OPN-C was seen in patients with end stage
cirrhosis and in activated LX2 stellate cells, the major
fibrosis producing cell type. Increased OPN in alcoholic
hepatitis patients, mainly in the areas of inflammation
and fibrosis, and in HSCs was reported recently[4]. In
our studies, the early activation of OPN-C isoform in
LX2 and in advanced ALD, suggests a possible role for
stellate cell derived OPN-C in a transient wound healing
response, as well as in the process of fibrogenesis, perhaps
even increasing the risk for malignant transformation in
cirrhotic patients, as OPN-C is linked to HCC[13,14,28].
In addition to the human and in vitro data, our in vivo
experiments provide clear evidence that a single dose of
alcohol not only increased hepatic OPN in WT mice,
but also up-regulated a cleaved form of OPN (cOPN)
in a dose-dependent manner. Proteolytic cleavage via
plasmin[36], MMPs 3 and 7[37] and thrombin[38] generate
OPN forms that are known to enhance receptor binding,
signalling and other cellular functions[11]. It is well known
that amount of alcohol intake is an important factor in
the severity of liver injury. Therefore, emergence of a
potentially more “activated” cOPN at higher dose of
alcohol was intriguing. As far as we know, this is the first
report to suggest that OPN activation may be mediated
through alcohol induced cleavage of OPN. It has been
suggested that alcohol treatment alone does not cause
OPN cleavage, particularly via thrombin, and required
an additional hit with LPS in an experimental model of
ASH[5]. Our model showing suppressed plasmin activity
but increased MMP7 expression with concurrent increase
in cleaved OPN, supports MMP7 as the key protease
to cleave OPN with alcohol alone. A contribution from
MMP3 cannot be ruled out, nonetheless, another recent
report also suggests contribution of MMP7 in OPN
cleavage in alcoholic hepatitis patients [4]. Moreover,
transcription inhibition of MMP7 in OPN-/- mice and
inhibition of several MMPs, including MMP7, in in
vitro LX2 on silencing OPN, suggests that MMP7 is a
downstream target of OPN. We propose that alcohol may
directly activate OPN and further enhance its activation
via increased MMP7 in a positive feedback loop. It will
be important to tease out the exact mechanism/s of
alcohol-induced OPN activation via proteolytic cleavage.
An associated increase in OPN receptors CD44 and
αvβ3-integrin in human ALD, in vivo in acute alcoholic
steatosis mouse model and in vitro in LX2 cells with
a single dose of alcohol confirms that OPN pathway
was indeed induced with alcohol. Alcohol treatment in
vivo and in vitro, also activated downstream Akt and Erk
phosphorylation, known to be the two major signaling
pathways induced on OPN binding to CD44 and αvβ3integrin. HSCs are known to metabolise alcohol via
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ADH[39], therefore, to confirm that the effect on OPN
was mediated via alcohol, we utilized ADH inhibitor
4-MP to inhibit alcohol metabolism in vitro. Inhibition
of alcohol-induced Erk- and Akt signaling, downstream
plasmin activation and LX2 cell migration by 4-MP,
signify that alcohol metabolism was required for OPN
action on HSC functions.
OPN mediates alcohol-induced components of
fibrinolysis, ECM and fibrogenesis pathways
We identified several downstream alcohol-induced genes
in vivo and in vitro belonging to plasmin/ECM (uPA, PLG,
PAI-1, MMPs 2, 3, 7, 9) and fibrogenesis (TGFβ, PAI-1,
αSMA, collagens) pathways. Interestingly, inhibiting OPN
in OPN-/- animals and silencing OPN in LX2 (LX2siOPN), altered expression of several of these genes,
identifying OPN-receptor signalling targets. As opposed
to in vivo observations, alcohol increased expression of
fibrogenic markers TGFβ, Col-1 and Col-4 (Figure 3E)
and αSMA reported previously[23], confirming activation
of stellate LX2 cells with alcohol. Downregulation of
TGFβ in mice with alcohol exposure was unexpected,
but more importantly, in the primary TGFβ producing
LX2 stellate cells, TGFβ was significantly upregulated
with alcohol.
The present study confirms a novel hypothesis that
alcohol induced plasmin is mediated via OPN in hepatic
stellate cells. In addition, we have also shown that OPN
has a key role in alcohol-induced HSC functions such
as signalling, cell migration, and activation of fibrogenic
pathway. Alcohol effect on OPN activation and downstream target pathways was acute and required alcohol
metabolism. Importantly, this study identified alcohol-induced transcriptional targets of OPN, in vivo and in vitro,
related to fibrinolysis, ECM and fibrogenesis, significant
pathways in disease progression, confirming a role for
OPN in these processes.
Down-regulation of CD44 and αvβ3-integrin as a
consequence of OPN inhibition both in vivo and in vitro,
demonstrates that OPN may positively regulate (autoregulation) its cognate receptors and pathway. Similarly,
inhibition of TGFβ, αSMA, PAI-1, MMPs, collagens 1
and 4 expression on silencing and knocking out OPN,
suggests these fibrogenic molecules were also positively
regulated by OPN. Most surprising and unlike other
molecules, basal uPA expression was higher in OPN-/mice (about 17-fold) and LX2-siOPN (50-fold) than their
respective untreated controls (not shown). This points to
a negative regulation of μPA by OPN, perhaps indirectly
via regulating inhibitors of uPA, such as PAI-1. A markedly reduced basal expression of PAI-1 in OPN-/- mice
and LX2-siOPN suggests that increased μPA may be a
consequence of inhibited PAI-1, and that OPN may mediate, at least in part, the balance between μPA and PAI-1
expression in the liver.
It is intriguing that these effects are evident early and
with only a single dose of alcohol. However, the limitation of this study is that it does not reproduce chronic
injury. We are also exploring these pathways in a chronic

WJG|www.wjgnet.com

alcoholic liver injury model (Figure 7).
Implications of the results: This study extends our
knowledge of OPN biology in alcohol-induced liver
injury. Contribution of OPN in modulating hepatic fibrinolysis and fibrogenesis in hepatic stellate cells within
hours of alcohol exposure is significant.
Although alcohol-induced and OPN-mediated activation of uPA, PLG and MMPs may facilitate fibrinolysis
and matrix proteolysis, our data suggest that the overall
impact of OPN remains pro-fibrogenic in the context of
stellate cells.
Functional roles for OPN in HSCs
It is established that activated HSCs are an important hepatic source of plasmin[19]. We have identified OPN pathway as a novel mechanism that may contribute towards
alcohol-induced plasmin activation in the HSCs. We show
that in LX2 cells alcohol increased OPN and its cognate
receptors resulting in Akt and Erk signalling, enhanced
expression of downstream fibrinolytic targets uPA and
PLG, and subsequent activation of plasmin. Inhibiting
OPN action using three independent methods (neutralising OPN antibody, OPN-R3 aptamer, siOPN), clearly
abrogated plasmin activation in these cells confirming a
role for OPN in alcohol-induced function of the stellate
LX2 cells. The anomalous observation of increased uPA
mRNA but decreased plasmin in OPN inhibition experiments in LX2 cells may be explained by significantly
reduced levels of plasminogen; so even though uPA was
increased, reduced uPA substrate plasminogen may have
limited the conversion to plasmin in these settings. In the
knockout animals, however, increased plasmin was associated with increased uPA, signifying in vivo tissue- and
in vitro cell type-specific differences in response to OPN
inhibition.
In addition, inhibition of OPN pathway (via OPN-R3,
neutralizing antibodies to OPN and OPN receptors)
demonstrated that alcohol-induced stellate cell migration
was clearly dependent on OPN. Blocking OPN by OPN
neutralizing antibody and OPN-R3, had a stronger inhibitory effect on LX2 migration than blocking CD44v6
or αvβ3-integrin individually, implying a key role for
OPN in HSC migration. Similar observations have been
reported in highly invasive MDA-MB231 breast cancer
cells where blocking OPN by OPN-R3 aptamer inhibited cell migration more than blocking either receptor[26].
We have identified a mechanism of alcohol-induced and
OPN-mediated HSC migration similar to that in highly
metastatic cancer cells.
In conclusion, we have demonstrated that alcohol
activates the OPN pathway in human ALD and experimental in vitro and in vivo models of acute alcohol. In
turn, activated OPN mediated several alcohol induced
functions of stellate cells. The study identified OPN as
a key mediator of acute alcohol-induced activation and
initiation of pro-fibrogenic processes in hepatic stellate
cells. Our functional data unequivocally shows that OPN
mediated the alcohol-induced stellate cell functions such
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induces potentially more active transcriptional and post-translational forms of
OPN, specifically OPN-C induction in HSCs and patients with advanced ALD.
Their in vitro functional data unequivocally shows a novel mechanism of OPN
action in HSCs in the processes of wound healing and fibrogenesis.
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Figure 7 Pathways in a chronic alcoholic liver injury model. Col1: Collagen
1; ECM: Extracellular matrix.

as signalling, plasmin activation and cell migration confirming a role for OPN and OPN pathway in alcoholic
liver disease. Future research will explore the therapeutic
role of interventions to target this pathway.

In this manuscript the expression levels and potential functions of OPN was
studied in vitro (in a hepatic stellate cell line) and in vivo in patient samples as
well as animal models. The effects on HSC are mainly convincing and therefore
potentially relevant.
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Abstract
AIM: To determine the underlying mechanisms of action and influence of Xiaotan Sanjie (XTSJ) decoction
on gastric cancer stem-like cells (GCSCs).
METHODS: The gastric cancer cell line MKN-45 line
was selected and sorted by FACS using the cancer
stem cell marker CD44; the stemness of these cells
was checked in our previous study. In an in vitro study,
the expression of Notch-1, Hes1, Vascular endothelial
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growth factor (VEGF), and Ki-67 in both CD44-positive
gastric cancer stem-like cells (GCSCs) and CD44negative cells was measured by Western blot. The effect of XTSJ serum on cell viability and on the above
markers was measured by MTT assay and Western
blot, respectively. In an in vivo study, the ability to induce angiogenesis and maintenance of GCSCs in CD44positive-MKN-45- and CD44-negative-engrafted mice
were detected by immunohistochemical staining using
markers for CD34 and CD44, respectively. The role of
XTSJ decoction in regulating the expression of Notch-1,
Hes1, VEGF and Ki-67 was measured by Western blot
and real-time polymerase chain reaction.
RESULTS: CD44+ GCSCs showed more cell proliferation and VEGF secretion than CD44-negative cells in vitro , which were accompanied by the high expression of
Notch-1 and Hes1 and positively associated with tumor
growth (GCSCs vs CD44-negative cells, 2.72 ± 0.25 vs
1.46 ± 0.16, P < 0.05) and microvessel density (MVD)
(GCSCs vs CD44-negative cells, 8.15 ± 0.42 vs 3.83 ±
0.49, P < 0.001) in vivo . XTSJ decoction inhibited the
viability of both cell types in a dose-dependent manner
in vitro . Specifically, a significant difference in the medium- (82.87% ± 6.53%) and high-dose XTSJ groups
+
(77.43% ± 7.34%) was detected at 24 h in the CD44
GCSCs group compared with the saline group (95.42%
± 5.76%) and the low-dose XTSJ group (90.74% ±
6.57%) (P < 0.05). However, the efficacy of XTSJ decoction was reduced in the CD44 groups; significant
differences were only detected in the high-dose XTSJ
group at 48 h (78.57% ± 6.94%) and 72 h (72.12% ±
7.68%) when compared with the other CD44- groups
(P < 0.05). Notably, these differences were highly consistent with the Notch-1, Hes1, VEGF and Ki-67 expression in these cells. Similarly, in vivo , XTSJ decoction
inhibited tumor growth in a dose-dependent manner.
A significant difference was observed in the medium-
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(1.76 ± 0.15) and high-dose XTSJ (1.33 ± 0.081)
groups compared with the GCSCs control group (2.72
± 0.25) and the low-dose XTSJ group (2.51 ± 0.25) (P
< 0.05). We also detected a remarkable decrease of
MVD in the medium- (7.10 ± 0.60) and high-dose XTSJ
(5.99 ± 0.47) groups compared with the GCSC control group (8.15 ± 0.42) and the low-dose XTSJ group
(8.14 ± 0.46) (P < 0.05). Additionally, CD44 expression was decreased in these groups [medium- (4.43 ±
0.45) and high-dose XTSJ groups (3.56 ± 0.31) vs the
GCSC control (5.96 ± 0.46) and low dose XTSJ groups
(5.91 ± 0.38)] (P < 0.05). The significant differences in
Notch-1, Hes1, VEGF and Ki-67 expression highly mirrored the results of XTSJ decoction in inhibiting tumor
growth, MVD and CD44 expression.
CONCLUSION: Notch-1 may play an important role in
regulating the proliferation of GCSCs; XTSJ decoction
could attenuate tumor angiogenesis, at least partially,
by inhibiting Notch-1.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer stem-like cells; Xiaotan Sanjie decoction; Tumor angiogenesis; Notch-1; Vascular
endothelial growth factor
Core tip: Cancer stem-like cells (CSCs) are involved in
tumor angiogenesis and have a higher capacity for secreting vascular endothelial growth factor (VEGF) than
non-CSCs. Notch-1 was important in the control of the
proliferation of many CSCs; targeting Notch-1 could result in a reduced CSC pool size and decreased levels of
+
VEGF. Our study indicated that CD44 GCSCs showed
superior proliferation and higher VEGF secretion than
non-CSCs; these traits were accompanied by high expression of Notch-1. Xiaotan Sanjie decoction could
inhibit the proliferation of GCSCs and down-regulate
microvessel density in a dose-dependent manner, which
could be at least partially explained by its role in manipulating Notch-1.
Yan B, Liu L, Zhao Y, Xiu LJ, Sun DZ, Liu X, Lu Y, Shi J, Zhang
YC, Li YJ, Wang XW, Zhou YQ, Feng SH, Lv C, Wei PK, Qin
ZF. Xiaotan Sanjie decoction attenuates tumor angiogenesis by
manipulating Notch-1-regulated proliferation of gastric cancer
stem-like cells. World J Gastroenterol 2014; 20(36): 13105-13118
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i36/13105.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i36.13105

INTRODUCTION
Gastric cancer is “an enigmatic disease”[1]. Although
treatments have greatly improved over the past 20 years,
it remains a great therapeutic challenge for oncologists,
and the 5-year survival rate is less than 20%[2].
The induction of angiogenesis, a hallmark of cancer,
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plays an essential role in tumor growth and metastasis[3].
Studies have shown that the vascular endothelial growth
factor (VEGF) system is essential and specific to these
processes[4]. In mammals, the VEGF system is comprised
of five secreted ligands (VEGF-A, VEGF-B, VEGF-C,
VEGF-D and PlGF) and three primary receptors
(VEGF-R1, VEGF-R2 and VEGF-R3). VEGF-A (commonly referred to as VEGF) and VEGFR-2 constitute
the key tissue signals for increased blood vessel growth
and/or increased vascular function in various cancers[5].
To date, many inhibitors that block these molecular targets have been used in clinical practice. However, more
and more studies indicate that these agents have a limited
effect on the overall survival of patients[6]; surprisingly,
these drugs may even promote the progression of cancer[7]. Based on this background, some investigators advocate further exploration of the underlying mechanisms
that regulate tumor angiogenesis[5].
Cancer stem-like cells (CSCs), defined as “cells within
a tumor that possess the capacity for self-renewal and
that can cause the heterogeneous lineages of cancer
cells that constitute the tumor”[8], have been identified
in various cancers[9]. Studies of these cells provide novel
insights regarding tumor initiation, progression, recurrence, drug resistance, and angiogenesis[10]. Recent studies
indicate that CSCs are involved in tumor angiogenesis via
complex mechanisms such as increasing VEGF secretion[11], and it is believed that the existence of CSCs in
the tumor bulk is a strong stimulus for VEGF[12]. Gastric
cancer stem-like cells (GCSCs) have also been identified
in gastric cancer cell lines and primary tumors with the
stem cell marker CD44[13,14]. Although data concerning
the role of GCSCs in tumor angiogenesis remain rare,
previous studies of ovarian cancer indicated that purified
CD44-positive cells (also known as ovarian CSCs) possess a similar endothelial potential[15].
Notch signaling plays a fundamental role in controlling the fate of CSCs[16,17] and is believed to be a new
target for future cancer treatments[18]. Numerous studies
demonstrated that the receptors (Notch 1-4) and/or ligands (Dll-1, Dll-3, Dll-4 and Jag 1-2) of Notch play an
important role in different cancers. In particular, Notch-1
has been shown to be associated with cell proliferation
in many cancers. Recent studies indicated that Notch-1 is
also involved in the control of cell proliferation in CSCs,
and targeting Notch-1 could result in the decrease of the
number of CSCs[19-21] and levels of VEGF[22]. In the gastrointestinal tract, Notch-1 is also involved in controlling
the fate of intestinal stem cells by increasing the expression of a downstream gene, Hes1[23]. Previous studies
indicated that the activation of Notch-1 could promote
disease progression[22] and that the expression of Notch-1
is significantly higher in cancer cells than in normal tissues[23]. Taking these results into consideration, it is plausible that targeting Notch-1 could have an important role
in tumor angiogenesis.
Increasingly, previous data suggest that traditional
Chinese medicine can be effective in cancer management
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Figure 1 High-performance liquid chromatography-DAD of the samples. The samples were randomly tested ten times, and the absorbance was read at 280 nm.

All of the rats and mice were handled according to the
recommendations of the National Institutes of Health
Guidelines for Care and Use of Laboratory Animals. The
experimental protocol was approved by the Shanghai
Medical Experimental Animal Care Commission.

Table 1 Ingredients of Xiaotan Sanjie decoction and the
corresponding percentage (accurate to 1 decimal place)
Chinese name
Ban-xia
Nan-xing
Fu-ling
Zhi-shi
Chen-pi
Quan-xie
Wu-gong
Ji-nei-jin
Bei-mu
Bai-jie-zi
Gan-cao

Latin name

Percentage

Pinelliae rhizoma
Rhizoma arisaematis
Poria cocos
Aurantii fructus immaturus
Citri reticulatae viride pericarpium
Scorpio
Scolopendra
Galli gigerii endothelium corneum
Fritillariae cirrhosae bulbus
Semen brassicae
Glycyrrhiza uralensis Fisch

12.7%
12.7%
12.7%
8.5%
7.6%
5.1%
7.6%
12.7%
7.6%
7.6%
5.1%

Cell sorting
The human gastric cancer cell line MKN-45 was purchased from the Shanghai Cells Center, the Chinese
Academy of Sciences (Shanghai, China). The GCSC
marker CD44 was used in this study. FACS sorting was
performed as previously described[13].

by targeting CSCs[24,25]. Xiaotan Sanjie (XTSJ) decoction, a traditional Chinese herbal decoction composed
of 11 herbs (Table 1), has been shown to be effective in
gastric cancer treatment in China. Previous observations
indicated that it is effective in advanced gastric cancer patients[26]. Animal studies demonstrated that it could suppress tumor growth and inhibit angiogenesis via VEGF/
KDR signaling[27,28], as well as inhibit the expression of
CD44v6 in the gastric cancer cell line MKN-45[29]. In this
study, we aimed to investigate the role of XTSJ decoction
in GCSCs and the underlying mechanism.

MATERIALS AND METHODS
Animals
Twenty male Sprague-Dawley rats (weighing 200-250
g) and 56 male nude mice (weighing 20-25 g) were purchased from the Shanghai Institute of Material Medical
(Chinese Academy of Science, Shanghai, China) and
maintained under standard pathogen-free conditions.
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Preparation of serum samples containing the tested
drugs
All of the herbal medicines were purchased from Shanghai LeiYunShang Co. Ltd., with a known production area.
The water extract of the decoction was manufactured as
previously described[27,30]. After mixing the herbal components according to the scheduled proportions as listed
in Table 1, the herbals were suspended in distilled water
for 30 min and then boiled out in a stainless steel pot for
40 min. Then, the drug juice was cooled down to room
temperature and filtered using sterile gauze; quality control was performed by high-performance liquid chromatography, as shown in Figure 1. The method of obtaining
serum samples containing the tested drugs was described
previously [27]. Rats were randomly divided into five
groups as follows (n = 5 in each group): control group,
0.9% saline group, and low-, medium- and high-dose
XTSJ groups (crude water extracts, which correspond to
1.46, 2.92 and 5.84 g/mL, respectively). The water extract
of the decoction and saline were delivered by oral gavage
at a frequency of 4 mL per day for 2 wk. Blood samples
were aseptically obtained from the abdominal aorta of
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the end of the 8th week, the mice were euthanized, and
the tumors were carefully removed and measured.

Table 2 Base sequences of the primers used for real-time
quantitative polymerase chain reaction
Primer name
Notch1
Forward
Reverse
Hes1
Forward
Reverse
VEGF-A
Forward
Reverse
Ki-67
Forward
Reverse
GAPDH
Forward
Reverse

Immunohistochemical staining for CD34 and CD44
The tumor tissues were processed by standard histological
methods, and immunohistochemical (IHC) tests were performed as previously described[31]. For the measurement
of MVD, quantitative vessel counts were performed by
the method described by Vermeulen et al[32]. The final value of the IHC test was obtained by combining an estimate
of the percentage of immunoreactive cells (quality score)
with an estimate of staining intensity[33]. The percentage
of immunoreactive cells was determined as follows: no
staining = 0; 1%-10% staining = 1; 11%-50% staining = 2;
51%-80% staining = 3 and 81%-100% staining = 4. Staining intensity was rated on the following 0-3 scale: negative
= 0, weak = 1, moderate = 2 and strong = 3.

Sequence
CACTGTGGGCGGGTCC
GTTGTATTGGTTCGGCACCAT
AGCCAACTGAAAACACCTGATT
GGAGTTTATGATTAGCAGTGG
ATGACGAGGGCCTGGAGTGTG
CCTATGTGCTGGCCTTGGTGAG
CTTTGGGTGCGACTTGACG
GTCGACCCCGCTCCTTTT
GGCATCCTGGGCTACACT
CCACCACCCTGTTGCTGT

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

the rats 2 h after the last administration, and the serum
was acquired by centrifugation of the blood at 2000 rpm
for 20 min. Following two filtrations through a 0.22-μm
cellulose acetate membrane, the serum was bottled, heated in 56 ℃ water for 30 min and stored at -70 ℃.
Cell viability and proliferation assay
Cell viability assay was conducted using a MTT kit (Beyotime, China). FACS-sorted CD44+ and CD44- cells were
incubated in 96-well plates (5 × 104 cells/well). The
following day, the cells were treated with 20 μL of the
aforementioned groups of serum samples for 24, 48 or
72 h, with 6 replicates of each treatment. Twenty microliters of MTT reagent was added to each well (5 mg/mL)
after incubation, and the cells were then incubated for another 3 h at 37 ℃. Cell viability was determined using the
following formula: cell viability = (A of the experimental
sample/A of the control group) × 100%.
Xenografts and drug administration
Xenografts were created as previously described (Laboratory Animal Center, Second Military Medical University)[31]. The mice were randomized into the following
groups: control CD44+ group, control CD44- group, and
low-, medium- and high-dose XTSJ decoction groups
(crude water extracts corresponding to 1.46, 2.92 and 5.84
g/mL, respectively), which included both CD44+ and
CD44- cells (n = 6 in each group). For engraftment, both
the CD44+ and CD44- cells were injected subcutaneously
into the axilla of the mice using a handmade glass micropipette (1 × 105 cells per site). For drug administration,
mice in the control groups received 0.4 mL of 0.9% sodium chloride via oral gavage; the XTSJ decoction groups
synchronously received the same dose of the water extracts. Treatment was started 3 d after injection with a
frequency of once every 3 d for 8 consecutive weeks. At
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Western blot analysis for Notch-1, Hes1, VEGF and Ki-67
The method of Western blot was previously described[31].
For the in vitro study, cell lysate proteins (40 μg) were separated by sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis and electrophoretically transferred to
nitrocellulose membranes (Millipore, United States). For
the in vivo study, the proteins were extracted from the tissues using RIPA lysis buffer and were separated via 10%
SDS-polyacrylamide gel and transferred onto PVDF
membranes (Millipore, United States). The primary antibodies used were rabbit anti-Notch-1 (dilution 1:500,
Abcam, United States), anti-Hes1 (dilution 1:500, Santa,
United States), anti-VEGF (1:1000, Abcam, United
States), and anti-Ki-67 (1:500, Abcam, United States).
Proteins were detected using the ECL detection reagent,
and β-actin was used as a loading control. The results
were analyzed using NIH Image J software.
Real-time quantitative polymerase chain reaction assay
for Notch-1, Hes1, VEGF and Ki-67
The quantitative polymerase chain reaction (qPCR)
method was previously described[31]. Fifty to one hundred
milligrams of tissue was used to extract total RNA according to the protocol described for the BioEasy SYBR
Green I Real-Time PCR Kit (Bo Ri Technology Co, Ltd,
China). The primer sequences for specific gene amplification are shown in Table 2. Fold changes in gene expression were calculated using the 2-ΔΔCt method. The optical
density (A) of the target genes were compared with that
of GAPDH.
Statistical analysis
The data were processed using SPSS 18.0 and are presented as mean ± SE. Comparisons between different
groups were evaluated by one-way ANOVA, followed by
the Bonferroni test or Student’s t-test; ranked data were
calculated by nonparametric tests. P < 0.05 was considered statistically significant.
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CD44

+

accompanied by a down-regulation of Notch-1 and Hes1
(Figure 3E and F) (P < 0.05). These results indicated
that XTSJ decoction plays an important role in inhibiting
cell proliferation and VEGF secretion in GCSCs, while
Notch-1 is involved in the regulation of these processes.
However, these conclusions may not be exclusive because
some pro-inflammatory cytokines contained in the serum
could also affect cell proliferation.

-

Notch-1

Hes1

VEGF

Ki-67

β-actin
48 h after sorting

Figure 2 Results of Western blot 48 h after FACS sorting, indicating significant differences in Notch-1, Hes1, VEGF and Ki-67 expression between
CD44+ and CD44- cells.

RESULTS
GCSCs show high expression of Notch-1, Hes1 and
VEGF
In our previous study, CD44+ GCSCs showed increased
cell proliferation, spheroid colony formation, and tumorigenicity compared with CD44- cells[31]. Ki-67 is a
useful marker for indicating cell proliferation in normal
or cancer stem cells[23,34], and VEGF is closely related to
tumor angiogenesis[4,35]. In this study, the Western blot at
48 h after FACS sorting indicated that GCSCs exhibited
superior cell proliferation and VEGF secretion compared
with CD44- cells, and this result was accompanied by
high expression of Notch-1 and Hes1 (Figure 2). Because
Notch-1 plays an important role in cell proliferation in
CSCs, we speculate that the enhanced cell proliferation
of GCSCs was related to the expression of Notch-1.
XTSJ decoction inhibits cell viability in a
dose-dependent manner in vitro, most likely by
down-regulating Notch-1
As shown in Figure 3A and B, cell viability analysis
found no significant difference between the saline group
(95.42% ± 5.76%) and the low-dose group (90.74% ±
6.57%) after incubation (P > 0.05). However, we detected
a significant difference in the medium- (82.87% ± 6.53%)
and high-dose groups (77.43% ± 7.34%) at 24 h in the
CD44+ groups (P < 0.05), indicating that the XTSJ decoction could inhibit cell viability in a dose-dependent
manner in GCSCs. Interestingly, the efficacy of XTSJ
decoction was reduced in the CD44- groups; we only detected significant differences in the high-dose group at 48
h (78.57% ± 6.94%) and 72 h (72.12% ± 7.68%) when
compared with the other CD44- groups (P < 0.05). Using Western blot, we further confirmed the expression of
Notch-1, Hes1, VEGF, and Ki-67 at 48 h after different
incubations (Figure 3C and D). The Western blot results
indicated that the efficacy of XTSJ decoction in the inhibition of cell proliferation and VEGF secretion was
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GCSCs are superior in microvessel formation, and
XTSJ decoction inhibits tumor angiogenesis in a dosedependent manner
As shown in Figure 4A, tumor weight was significantly
different between the control CD44+ group (2.72 ± 0.25)
and the control CD44- group (1.46 ± 0.16) at the end
of the experiment (P < 0.05). Notably, XTSJ decoction
inhibited tumor growth in a dose-dependent manner in
the CD44+ groups; significant differences were observed
in the medium- (1.76 ± 0.15) and high-dose XTSJ (1.33
± 0.081) groups compared with the GCSC control and
low-dose XTSJ groups (2.51 ± 0.25) (P < 0.05). We also
detected a remarkable decrease in MVD in the medium(7.10 ± 0.60) and high-dose XTSJ (5.99 ± 0.47) groups
compared with the GCSC control (8.15 ± 0.42) and lowdose XTSJ groups (8.14 ± 0.46) (P < 0.05). Additionally,
CD44 expression in these groups was decreased [medium(4.43 ± 0.45) and high-dose XTSJ groups (3.56 ± 0.31)
vs the GCSC control (5.96 ± 0.46) and low dose XTSJ
groups (5.91 ± 0.38)] (P < 0.05). These data indicate
that XTSJ decoction could inhibit tumor angiogenesis
in a dose-dependent manner. Moreover, we detected no
significant differences among the control CD44- group
and the low- and medium-dose XTSJ decoction CD44groups (P > 0.05), although there was a significant difference between the control CD44- group and the highdose XTSJ decoction group (P < 0.05) (Figure 4B and
C). These results indicated that targeting GCSCs plays an
important role in inhibiting tumor angiogenesis.
In our study, although the control CD44+ group and
the CD44+ XTSJ decoction groups were grafted with
CD44+ cells, the IHC results indicated that not all of the
cells were CD44+ at the end of the experiment, indicating
that CD44+ cells were likely to give rise to CD44- cells.
The variation of CD44 expression in the XTSJ decoction
group was consistent with the results of the MVD (Figure
5A and B), which indicated that these cells are positively
associated with tumor angiogenesis.
Capacity of XTSJ decoction to inhibit tumor
angiogenesis is related to the down-regulation of
Notch-1 and Hes1
As shown in Figure 6A, we detected significant differences in the expression of Notch-1, Hes1, VEGF, and
Ki-67 between the control CD44+ and CD44- groups by
Western blot. These results indicated that the expression
of Notch-1 and Hes1 is positively associated with cell
proliferation and tumor angiogenesis. XTSJ decoction inhibited cell proliferation and VEGF secretion in a dose-
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Figure 3 Xiaotan Sanjie decoction inhibits cell viability in a dose-dependent manner. A, B: The effect of Xiaotan Sanjie (XTSJ) decoction on the viability of
CD44+ and CD44- cells. The cells were treated with XTSJ decoction for 24, 48 or 72 h. Cell viability was determined by MTT assay. Dots: Mean of six independent
experiments; bars: SD; C, D: Results of the Western blot for the expression of Notch-1, Hes1, VEGF, and Ki-67 in the cells incubated with XTSJ decoction for 48 h; E, F:
The statistical analysis of the expression of Notch-1, Hes1, VEGF and Ki-67. The densitometry analysis results of the displayed bands were normalized to β-actin; the
data are expressed as arbitrary units (one-way ANOVA, followed by the Bonferroni test). aP < 0.05 vs CD44+ group.
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Figure 4 Xiaotan Sanjie decoction inhibits tumor weight and angiogenesis in a dose-dependent manner. A: Tumor weight after eight consecutive weeks of
treatment (n = 6 in each group). Control CD44+ group had larger tumors than control CD44- group (Student’s t-test). Treatment with Xiaotan Sanjie (XTSJ) decoction
inhibited tumor growth in a dose-dependent manner in gastric cancer stem-like cell transplanted mice (one-way ANOVA, followed by the Bonferroni test); B: Comparison of the microvessel density (MVD) in different groups. The control CD44+ mice showed higher MVD than the control CD44- mice (n = 6, P < 0.05), and XTSJ
decoction reduced the MVD in a dose-dependent manner. Statistically significant differences in MVD could be detected in the medium- and high-dose CD44+ groups
(Nonparametric tests); C: Immunohistochemical (IHC) results of the MVD. The MVD was defined as a discrete CD34-positive endothelial cell aggregate, with or without definable lumina. (original magnification × 400, positive areas are indicated by black arrows). aP < 0.05 vs CD44+ group; cP < 0.05 vs CD44- group.

dependent manner with the down-regulation of Notch-1
and Hes1 (Figure 6B). These results suggest that Notch-1
and Hes1 could be regarded as a potential mechanism for
the efficacy of XTSJ decoction. These results were confirmed by qPCR (Figure 6C).

DISCUSSION
In this study, CD44 positive GCSCs were shown to have
higher cell proliferation (in vitro and in vivo) and superior
induction of angiogenesis (in vivo) than their counterparts.
We also detected remarkably high expression of Notch-1
and its target gene Hes1 in these cells. CD44 is a transcriptional target of Notch-1[36], apparently downstream
of Hes1/Hey1[37]. These results, together with previous
studies of CSCs and tumor angiogenesis[11,38-40], may indicate that GCSCs could play an important role in angiogenesis, which is at least partially attributable to Notch1-regulated cell proliferation. In addition, XTSJ decoction
was shown to be effective in inhibiting cell viability (in
vitro), tumor growth and angiogenesis (in vivo) in a dosedependent manner in GCSCs; these processes were also

WJG|www.wjgnet.com

accompanied by the down-regulation of Notch-1 and
Hes1. Thus, manipulating Notch-1-regulated proliferation of GCSCs could be regarded as a potential gastric
cancer treatment in the future.
VEGF has an established role in tumor angiogenesis.
Recent studies of CSCs revealed that these cells could
secrete markedly elevated levels of VEGF compared
with non-CSCs[11,38-40], and targeting these cells may contribute to the inhibition of angiogenesis in the tumor
mass. Notch-1 is one of the most important receptors
of Notch signaling. However, previous studies indicated
that it is a poor prognostic factor for various cancers[41-43],
including gastric cancer[44]. Notably, the high expression
of Notch-1 is related to enhanced cell proliferation in
many cancers[45], and its down-regulation contributes to
cell growth inhibition[46,47]. Interestingly, the inhibition of
Notch-1 results in the reduction of CSCs[19-21] and a decrease in VEGF[22]. The gastric cancer cell line MKN-45
was previously shown to have a high concentration of
GCSCs[13], which further increased the possibility that
these cells would act as a major source of VEGF in the
tumor. Interestingly, compared to other gastric cell lines,
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Figure 5 Xiaotan Sanjie decoction inhibits CD44 expression in a dose-dependent manner. A: Immunohistochemical (IHC) staining for CD44. CD44 was highly
expressed in the cancer cell membrane (original magnification × 400, positive areas are indicated by black arrows); B: The comparison of CD44 in different groups.
CD44 was highly expressed in the control CD44+ group compared with the rest of the groups and was rarely detected in the control CD44- group. The results also
showed that not all of the cells in the CD44+ group were CD44 positive. Xiaotan Sanjie decoction inhibited the expression of CD44 in a dose-dependent manner. Statistically significant differences in the expression of CD44 were also detected in the medium- and high-dose groups in CD44+ cells (nonparametric tests).
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Figure 6 Western blot and real-time quantitative polymerase chain reaction analysis of Notch-1, Hes1, VEGF and Ki-67 expression in vivo. A, B: Western
blot revealed that Notch-1 and Hes1 were highly expressed in the control CD44+ group compared with the control CD44- group. Xiaotan Sanjie decoction inhibited the
expression of Notch-1 and Hes1 in a dose-dependent manner, and significant differences could be detected in the medium- and high-dose groups (P < 0.05); C: The
variation in Notch-1, Hes1, VEGF and Ki-67 expression in the experimental groups was confirmed by quantitative polymerase chain reaction (one-way ANOVA, followed by the Bonferroni test). aP < 0.05 vs CD44+ group.

such as MKN-74, MKN-28, and KATO-III, MKN-45
was previously shown to have superior CD44, VEGF and
p21 expression[48,49]. XTSJ decoction was shown to be
effective in restraining tumor angiogenesis, which was accompanied by a down-regulation of Notch-1. Although
related data are still scarce, these results may be regarded
as evidence of a possible approach to anti-angiogenesis
therapy in the future.
Increasing numbers of studies have indicated that
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natural derivatives could target CSCs via Notch-1[24,25,50,51].
Interestingly, traditional Chinese medicine has also
been shown to be effective for targeting Notch-1 in
CSCs[24,25,51]; however, most of these studies were of
herbal extracts or single agents, and data for herbal remedies are still rare. The efficacy of XTSJ decoction in gastric cancer treatment has been established by our group.
Previous studies indicated that it could inhibit proliferation and induce apoptosis of MKN-45 cells by manipu-
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lating genes such as p53 and p21[27,52]. The latter is also
down-stream of Notch. In addition, an active ingredient
analysis of the herbals that comprise this decoction could
further elucidate the reasons for its efficacy. For example,
Chen et al[53] demonstrated that the water-soluble polysaccharide isolated from Nan-xing (Rhizoma arisaematis)
caused tumor growth inhibition in human breast cancer
MCF-7 cells. Chen et al[54] indicated that the extracts isolated from Fu-ling (Poria cocos) possessed anti-proliferative
effects on human leukemic U937 and HL-60 cells. Zhang
et al[55] demonstrated that the extract of Fu-ling could
also induce cell cycle arrest and apoptosis in MCF-7
cells by the premature expression of cell cyclin D1 and
cyclin E, as well as Bcl-2. Gapter et al[56] also observed its
role in inducing the apoptosis of prostate cancer cells by
manipulating p21 and Bcl-2. Kang et al[57] indicated that
the extract from Chen-pi (Citri reticulatae viride pericarpium)
induced apoptosis in human Snu-C4 colon cancer cells
by Bcl-2. Kwon et al[58] reported that the water exact from
Quan-xie (Scorpio) induced apoptosis in human hepatoma
HepG2 cells. Zhao et al[59] showed that the polysaccharide-protein complex from Wu-gong (Scolopendra) inhibited tumor growth. Chung et al[60] and Kitadai[61] showed
that the extracts of Gan-cao (Glycyrrhiza uralensis Fisch) inhibited cell proliferation in MCF-7 human breast cancer
cells. Notably, some of the mechanisms described above
for XTSJ decoction or its ingredients could participate
in complex crosstalk with Notch-1. For example, studies
have demonstrated that there is crosstalk between Notch
and p53 in cancer growth control[62]. Ling et al[63] observed
that Notch-1 signaling could promote the generation of
mammary tumor-initiating cells by a cyclin D1-dependent
approach. Ye et al[64] indicated that Notch-1 signaling was
also involved in Bcl-2 regulated cell growth and apoptosis
in cancer. Wang et al[65] and Gao et al[66] also demonstrated
that silencing Notch-1 induced apoptosis and increased
chemosensitivity in cancer cells related to Bcl-2 and Bax.
Based on these results, we speculate that these signaling
pathways contribute to the effect of XTSJ decoction
in GCSCs. It is also plausible that the effects of XTSJ
decoction on Notch-1 would affect other signaling pathways. However, additional studies are needed to verify
this surmise.
In conclusion, our study indicated that CD44-positive
GCSCs exhibited higher tumor angiogenesis compared
with non-CSCs and that Notch-1-regulated cell proliferation plays an important role in these processes. XTSJ decoction inhibits tumor angiogenesis in a dose-dependent
manner; the underlying mechanisms may lie in the manipulation of Notch-1-regulated proliferation of GCSCs.
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Background

Emerging evidence indicates that cancer stem-like cells (CSCs) are likely to
be involved in tumor angiogenesis and to have a superior capacity to secrete
vascular endothelial growth factor (VEGF) than non-CSCs. Notch-1 plays a
fundamental role in the control of the proliferation of many CSCs, and targeting
Notch-1 could result in a reduced CSC pool size and decreased levels of VEGF.
An increasing number of studies have indicated that Traditional Chinese medicine (TCM) could regulate CSCs; however, the relationship of gastric cancer
stem-like cells (GCSCs) and angiogenesis as well as the role of TCM in these
processes are rarely addressed.

Research frontiers

CSCs have been identified in various cancers in recent years. Studies of these
cells have provided novel insights into tumor angiogenesis and have uncovered
that these cells are involved in tumor angiogenesis via complex mechanisms
such as increasing VEGF secretion. GCSCs have also been identified in gastric
cancer cell lines and primary tumors with the stem cell marker CD44; however,
data concerning the role of GCSCs in tumor angiogenesis remain rare.

Innovations and breakthroughs

An increasing number of studies have indicated that natural derivatives could
target CSCs via Notch-1, which would result in a reduced CSC pool size and
decreased levels of VEGF. Interestingly, traditional Chinese medicine has also
been shown to be effective in regulating CSCs by targeting Notch-1, but the
majority of these studies are of herbal extracts or single agents, and data for
herbal decoctions are still rare. In the present study, the authors observed that
GCSCs could play an important role in tumor angiogenesis by over-expressing
Notch-1. Furthermore, the authors found that the Xiaotan Sanjie decoction
could inhibit tumor angiogenesis at least partially by manipulating the Notch1-regulated proliferation of GCSCs.

Applications

The present study provided additional evidence for the role of CSCs in tumor
angiogenesis. In addition, it further indicated that some TCM decoctions could
inhibit tumor angiogenesis by manipulating the Notch-1-regulated proliferation
of CSCs. All of these results could contribute to the elucidation of the underlying
mechanisms of tumor angiogenesis and provide potential therapeutic targets
for TCM in cancer in the future.

Terminology

“Cancer stem cells” refers to a subpopulation of cancer cells that possess the
capacity for self-renewal and that can cause the heterogeneous lineages of
cancer cells that constitute a tumor. Notch signaling is an evolutionarily conserved signaling pathway that consists of four vertebrate Notch receptors (Notch
1-4) and five ligands (Dll-1, Dll-3, Dll-4 and Jag 1-2), and its typical target genes
include Hes, Myc, and p21. XTSJ decoction is a traditional Chinese herbal decoction composed of 11 herbs.

Peer review

Tumor angiogenesis plays an essential role in tumor growth and metastasis;
however, the majority of currently available anti-angiogenesis-based therapies
failed to extensively prolong the overall survival of patients. Therefore, it is perhaps better that the outcome of such treatments should be established by first
understanding the underlying mechanisms of tumor angiogenesis. The current
study provides additional insights into the role of CSCs in tumor angiogenesis,
specifically, in gastric cancer, which could contribute to the understanding of the
complex mechanisms of tumor angiogenesis. In addition, it further indicates that
some TCMs could attenuate tumor angiogenesis by inhibiting the Notch-1 regulated proliferation of CSCs, which could not only contribute to the elucidation of
the potential therapeutic mechanisms of TCMs but also shed light on possible
targets for the treatment of CSCs.
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Abstract
AIM: To establish a method for the reversible immortalization of human hepatocytes, which may offer a good
and safe source of hepatocytes for practical applications.
METHODS: We successfully isolated primary human
hepatocytes from surgically resected liver tissue taken
from a patient with liver hemangiomas. The freshly
isolated cells were then immortalized with retroviral
vector SSR#69 expressing simian virus 40 large T antigen (SV40T) and hygromycin-resistance genes flanked
by paired loxP recombination targets.
RESULTS: The freshly isolated hepatocytes with high
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viability (85%) were successfully immortalized using
retroviral gene transfer of SV40T. SV40T in the immortalized cells was then excised by Cre/loxP site-specific
recombination. This cell population exhibited the characteristics of differentiated hepatocytes.
CONCLUSION: We successfully established reversibly
immortalized human hepatocytes, which will provide
an unlimited supply of cells for practical applications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocyte; Primary human hepatocytes;
Reversible immortalization; Hepatocyte isolation; SV40T
Core tip: It is meaningful to establish reversibly immortalized human hepatocytes which can be economically
grown in tissue culture. Toward this goal, we successfully established a method for the reversible immortalization of human hepatocytes using Cre/loxP site-specific recombination, which may offer a good and safe
source of hepatocytes for the bioartificial liver (BAL)
system in the near future. If a sufficient number of
human hepatocytes can be used, these extracorporeal
devices will serve as successful “bridge-to-transplant”
therapies. With the progress made in bioreactor development, the next-generation BAL system could reach
the level of artificial kidney and save more patients.
Meng FY, Liu L, Yang FH, Li CY, Liu J, Zhou P. Reversible
immortalization of human hepatocytes mediated by retroviral
transfer and site-specific recombination. World J Gastroenterol
2014; 20(36): 13119-13126 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/13119.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.13119

INTRODUCTION
Acute liver failure is associated with high mortality. The
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current standard treatment for acute liver failure is orthotopic liver transplantation[1,2]. However, with the increasing shortage of organ donors, a considerable number of the patients die while still on the transplant waiting list. Among the liver assist therapies, bioartificial liver
(BAL) therapy is considered the most promising solution
to bridge them to liver regeneration or to liver transplantation[3,4]. Several BAL systems have been shown to
result in significant improvements in survival in clinical
applications[5]. In developing BAL therapy, normal human cells are an ideal cell source. However, the utility
of primary cells is hampered by difficulties in timely
obtaining the cells that have a limited lifespan in vitro. An
attractive alternative source would be immortalized hepatocytes which would exhibit the characteristics of differentiated hepatocytes and make unlimited supplies of
cells feasible[6]. Simian virus 40 large T antigen (SV40T)
is a typical tool used for cellular immortalization. However, it is dangerous to use cells possessing oncogenes in
the clinical setting. SV40T in immortalized cells would
expose patients to tumorigenic risk. An attractive solution to such risk would be the use of the novel reversible
immortalization strategy by using Cre/loxP site-specific
recombination[7]. Cells derived from such a procedure
would have the advantages of freedom from infectious
pathogens, uniformity, and unlimited availability.
We have made significant efforts to establish liver cell
lines for cell therapies[8-10]. We described a novel strategy
for establishing porcine reversibly immortalized hepatocyte lines. However, when using xenogenic porcine cells,
there would be a concern that species-specific pathogens
may be transmitted to recipients (such as infection by endogenous retroviruses). Therefore, it is meaningful to establish reversibly immortalized human cells that can make
unlimited supplies in tissue culture using the techniques
of gene transfer. Toward this goal, we have focused on
human hepatocyte reversible immortalization by using
Cre/loxP site-specific recombination. We hope to establish reversible immortalization of human hepatocytes
which may offer a good and safe source of hepatocytes
for the BAL system in the near future.

MATERIALS AND METHODS
Primary human hepatocyte isolation
Following ethical and institutional guidelines and after obtaining informed consent from the tissue donor, a sample
was collected from a patient undergoing liver surgery. The
patient was suffering from liver hemangiomas and required partial hepatectomy. We successfully obtained 32 g
of liver tissue (Figure 1A). Primary hepatocytes were isolated under sterile conditions using a modified four-step
retrograde perfusion technique as previously reported[9].
Briefly, the resected sample was first cannulated using a
suitable pipette in a visible blood vessel on the cut surface
(Figure 1A). Then the selected liver tissue was continuously perfused with a pre-warmed (37 ℃) digestion buffer
solution (8.4 g/L Dispase Ⅱ and 0.5 g/L Collagenase Ⅳ,
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Sigma, St. Louis, MO, USA). Following sufficient digestion, the liver capsule was mechanically disrupted (Figure
1B) and the emerging cell suspension was filtered through
a 250 μm nylon mesh and centrifuged at 50 g and 4 ℃
for 2 min (Figure 1C-D). The resulting suspension then
underwent several wash steps. The resulting cell clumps
were finally resuspended in culture medium (William’s
medium E, supplemented with 100 mU/mL penicillin,
100 μg/mL streptomycin and 10% fetal bovine serum).
Hepatocyte yield and viability were determined using
the traditional standard trypan blue exclusion technique.
Finally, the freshly isolated hepatocytes were seeded at
a concentration of 4-5 × 105/mL in culture flasks. The
medium was changed every 24 h. The morphology of the
cultured hepatocytes was assessed using a Nikon Diaphot
inverted microscope.
Primary human hepatocyte immortalization
The retroviral vector SSR#69, which was kindly donated
by Naoya Kobayashi, Okayama University, was cultured
in DMEM medium (Sigma, St. Louis, MO, United States)
supplemented with 10% newborn calf serum (Figure
2). SSR#69 contains SV40T and a gene resistant to hygromycin. Freshly isolated primary human hepatocytes
were first cultured in T25 flasks. Then in each flask they
were transduced with 2 mL of SSR#69 cell supernatant
at 37 ℃ for 12 h each day for 5 d. Two days after the
final transduction, a selection step was applied with 100
μg/mL hygromycin. After 2 wk of hygromycin selection,
there were several colonies of transduced hepatocytes observed. These cells displayed the morphological characteristics of primary human hepatocytes. Then, the cells were
isolated to culture by cloning rings. Finally, SV40T cDNA
was excised by Cre/loxP site-specific recombination.
Immunofluorescent analysis of SV40T in immortalized
human hepatocytes
Indirect immunofluorescent staining was performed to
detect SV40Tag, using mouse monoclonal immunoglobulin G antibody to SV40Tag (Santa Cruz, CA, United
States; Santa Cruz Biotechnology) and a secondary antibody, rhodamine (TRITC)-conjugated sheep anti-mouse
IgG (Sigma, St. Louis, MO, United States). In order to
stain nuclei (double-stranded DNA), DAPI (4’,6-diamidine-2’-phenylindole dihydrochloride, Roche, Cat. No.
10 236 276 001) blue-fluorescent dye was used.
Expression of liver-specific genes associated with liver
function in immortalized human hepatocytes
Total RNA was extracted from immortalized human
cells. According to the manufacturer’s protocol, reverse
transcription-polymerase chain reaction (RT-PCR) was
performed. Primers used were as follows: human albumin (576 bp), AAACCTCTTGTGGAAGAGCC (5’
primer) and CAAAGCAGGTCTCCTTATCG (3’ primer); human ASGPR (495 bp), TAGGAGCCAAGCTGGAGAAA (5’ primer), ACCTGCAGGCAGAAGTCATC (3’ primer) (Table 1); SV40T (422 bp), CAG-
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A

B

C

D

Figure 1 Hepatocyte isolation with a modified four-step retrograde perfusion technique. Perfusion was conducted by inserting a suitable pipette into vessels
exposed on a cut surface of the sample (A). After sufficient digestion, the liver capsule was mechanically disrupted (B). The emerging cell suspension was filtrated
through a 250 μm nylon mesh (C) and centrifuged (50 g, 2 min, 4 ℃) (D).

After 100 μg/mL hygromycin selection within 2 wk,
several clones (Figure 4B-C) grew steadily in the culture
medium. These selected clones were then isolated by
cloning rings. The selected cultured clones displayed the
morphological characteristics of human cells featuring
a large round nucleus with a few nucleoli and multiple
granules in the cytoplasm. Treatment with Cre recombinase resulted in loss of proliferation of the expanded
hepatocytes and they reverted to their pre-immortalized
state. The SV40Tag in the nuclei of all immortalized cells
and reverted cells was examined by immunofluorescent
staining (Figure 5). Similar to normal primary human
cells, immortalized and reverted human hepatocytes expressed the albumin gene, as shown by RT-PCR (Figure 6).

Figure 2 Morphology of SSR#69 cultured in DMEM medium supplemented
with 10% newborn calf serum (× 100).

GCATAGAGTGTCTGC (5’ primer), CAACAGCCTGTTGGCATATG (3’ primer).

RESULTS
Successful isolation of primary human hepatocytes resulted in a cell yield of 6.56 × 106 cells/g liver tissue.
The viability of cells immediately after isolation was
85%, as revealed by the trypan blue exclusion technique.
The freshly isolated primary human cells attached to the
plates showed the typical morphological appearance with
granular cytoplasm, a polygonal shape and one or more
nuclei (Figure 3).
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DISCUSSION
Liver transplantation is the optimal therapy for endstage hepatic failure. However, due to donor shortage,
liver transplantation is not available for a great number
of patients with liver failure[11]. Recently, there has been
a need to develop extracorporeal liver assist systems that
can be used as a bridge to liver transplantation or for
curative treatment of acute liver failure[12,13], which would
represent a significant alternative to resolving the donor shortage[14,15]. Among these liver assist therapies[16],
BAL therapy is the most promising technique[17-19]. The
treatment efficacy depends on the bioactivity of the
hepatocytes in the bioreactor[20]. Bioactive mass and cell
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Table 1 Primers used in reverse transcription-polymerase chain reaction in this study
Gene
SV40T
Human ASGPR
Human GST-Ⅱ
Human GS
Human Albumin
Human HBCF-X
Human β-actin

Forward (Tm)

Reverse (Tm)

Product size

CAGGCATAGAGTGTCTGC
TAGGAGCCAAGCTGGAGAAA
GCCCTACACCGTGGTCTATT
ATGCTGGAGTCAAGATTGCG
AAACCTCTTGTGGAAGAGCC
GTGCATGGAAGAGACCTGCT
TGACGGGGTCACCCACACTGTGCCCATCTA

CAACAGCCTGTTGGCATATG
ACCTGCAGGCAGAAGTCATC
GGCTAGGACCTCATGGATCA
TCATTGAGAAGACACGTGCG
CAAAGCAGGTCTCCTTATCG
GAAGTCAAGCAGGTCGAAGG
AGAAGCATTTGCGGTGGACGATGGAGGG

422 bp
495 bp
496 bp
535 bp
576 bp
493 bp
610 bp

Human ASGPR: Human asialoglycoprotein receptor; GST-Ⅱ: Glutathione-S-transferase Ⅱ; GS: Glutamine synthetase; HBCF-X: Human blood coagulation
factor X.

A

B

Figure 3 Morphology of freshly isolated primary human hepatocytes. The primary human hepatocytes attached to the plates showed the typical morphological
appearance with the polygonal shape, granular cytoplasm and one or more nuclei.

A

B

C

Figure 4 Morphology of primary and immortalized cells. Non-immortalized primary hepatocytes grow slowly with low plating efficiency and a short life span (A).
Immortalized human hepatocytes grow rapidly as islands and had an extended life span (B, C). Magnifications: A and B: × 100; C: × 200.

source or cell type play a key role in BAL treatment[21].
In order to be used in patients, the BAL system should
have adequate hepatocytes to provide sufficient bioactive support. The BAL device consists of 5 to 20 × 109
hepatocytes.
About 20% of healthy liver mass would be needed,
known from partial hepatectomy studies. It contains
about 20 × 109 (approximately 200 g) hepatocytes. Thus,
theoretically, approximately 20 × 109 well-functioning
hepatocytes are needed to keep a patient alive[5]. In developing BAL therapy, normal human cells are an ideal
cell source. However, the utility of cultured primary
human hepatocytes is hampered by difficulties in timely
obtaining populations which have a limited lifespan
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when cultured in vitro. Alternative sources of cells have
been sought to overcome the limitation of primary human hepatocytes for BAL application.
To fulfill the requirements stated above, we attempted to establish easy-to-use human hepatocytes for BAL
therapy. Theoretically, the ideal cells for a BAL system
are normal human hepatocytes. However, there is a severe shortage of donated human livers for hepatocyte
isolation. Furthermore, the cultured primary hepatocyte
utility is hampered by difficulties in timely obtaining
populations which cannot be expanded in vitro. Previously, we established an efficient procedure for primary
porcine hepatocyte isolation using a modified four-step
retrograde perfusion technique, which resulted in an im-
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A

B

C

Figure 5 Double immunofluorescence of immortalized hepatocytes stained with DAPI (blue) (A) together with monoclonal antibody anti-SV40T revealed
with texas red-antibody conjugate (red) (B); Blue and red fluorescence merged as purple (C).

Immortalized hepatocytes

SV40T

GS

HBCF-X

ALB

β-action

Reverted hepatocytes

SV40T'

GS'

HBCF-X'

GST'

ALB'

Figure 6 Expression of liver-specific genes associated with liver function in immortalized and reverted cells. Lanes 1 to 5, simian virus 40 large T antigen
(SV40T) and SV40T’, glutamine synthetase) (GS and GS’, human blood coagulation factor X (HBCF-X) and HBCF-X’, β-action and GST’ (glutathione-S-transferase),
human albumin (ALB) and ALB’, respectively.

provement in cell viability and yield[9]. We then expanded
the method to primary human hepatocyte isolation. The
majority of previous researchers used tissue from surgically resected liver specimens of malignant tumors for
human hepatocyte isolation. We explored the possibility
of isolating human hepatocytes from resected normal
liver tissue.
With regard to hepatocyte cryopreservation, several
cryopreservation methods for hepatocytes have been
reported[22]. Successful cryopreservation can be used for
timely availability of hepatocytes[23]. The availability and
logistics of BAL systems would be significantly improved
if methods for the long-term hepatocyte preservation,
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without loss of cellular activity, were developed. As reported previously[9], we developed a modification with a
pre-incubation step prior to density gradient centrifugation. The modification allows rapid separation of viable
hepatocytes from dead cells, but with less viable cell loss.
However, hepatocytes are very sensitive to freezing damage. Hepatocyte functional activities after thawing are
still unsatisfactory. Another alternative is primary porcine
hepatocytes. Porcine livers are easily obtained and can
be available on demand. However, porcine hepatocytes
produce xenogeneic proteins[24], making this technique
controversial.
Another attractive alternative source of cells for BAL
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Human hepatocytes

SV40T

Immortalized hepatocytes

Expanded in culture

Removed SV40T
Cre recombinase

Reverted human hepatocytes

Figure 7 Scheme of reversible immortalization. The primary hepatocytes were immortalized by transfer of SV40Tag. After expansion of the immortalized cells, Cre/
loxP recombination was performed to remove the oncogene (SV40T) and cells reverted to their preimmortalized state.

ψ

LoxP

MoMLV
LTR

LoxP
HygroR

HSV-TK

NeoR

MoMLV
LTR

Cre-recombinase

SV40T

ψ
MoMLV
LTR

LoxP

MoMLV
LTR

NeoR

Figure 8 Schematic drawings of the integrating component of retrovitral vector SSR#69 before and after cre-recombination. SSR#69 contains hygromycin B
resistance gene (Hyg R) as a positive selectable marker and the herpes simplex virus thymidine kinase gene (HSV-TK) as a negative selectable marker. The SV40T,
Hyg R and HSV-TK genes are flanked by two LoxP sites.

application would be immortalized hepatocytes which
would exhibit the characteristics of differentiated hepatocytes and could make unlimited supplies of cells feasible[25]. However, the presence of the oncogene in the
immortalized cells would expose humans to tumorigenic
risk. An attractive solution to this question would be to

WJG|www.wjgnet.com

use the novel strategy of reversible immortalization[26].
The reversible immortalization procedure was devised by
an oncogene transfer which can be subsequently excised
effectively (Figure 7)[7]. As reported previously[8], we established reversibly immortalized porcine hepatocytes by
transfection with the retroviral vector SSR#69 (Figure
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8). However, xenotransplantation has negative aspects.
It was demonstrated that xenotransplantation associated
viral infection could affect their families and attending
physicians and nurses, not only the patients themselves[5].
To overcome possible immunologic reactions and zoonosis, BAL researchers have focused on the replacement
of animal origin hepatocytes by human cells, either primary hepatocytes or immortalized cell lines.
To address these issues, in the present study we expanded the novel strategy of reversible immortalization
from primary porcine hepatocytes to primary human
hepatocytes. Although hepatocytes can be transduced
with retroviral vectors, the transduction efficiency was
significantly very low[27]. One of the major challenges of
successful transduction is the difficulty in getting a sufficient amount of cells with high post-isolation viability.
To effectively and successfully transduce retroviral vectors into hepatocytes, it is meaningful to establish an efficient technique of cell isolation. We here first established
a modified four-step collagenase retrograde perfusion
technique, which resulted in a hepatocyte yield of 6.56 ×
106 cells/g liver. These freshly isolated hepatocytes with
high viability (85%) were then successfully immortalized
using retroviral gene transfer of SV40T. Finally, SV40T
in the expanded hepatocytes was excised by Cre/loxP
site-specific recombination. The population of reverted
hepatocytes exhibited the characteristics of differentiated cells. The reversibly immortalized hepatocytes, by
permitting temporary and controlled expansion of cell
populations, may therefore be used for BAL application.
If a sufficient amount of human hepatocytes can be
used as a cell source, these extracorporeal devices will
serve as successful “bridge-to-transplant” therapies. We
hope that, with the corresponding progress in bioreactor
development, next-generation BAL systems can reach
the level of the artificial kidney and save more patients.

With the progress in bioreactor development, next-generation BAL systems
could reach the level of the artificial kidney and save more patients.

Terminology

Reversible immortalization: The reversible immortalization procedure was devised by a retrovirus-mediated oncogene transfer which could be subsequently
excised effectively by site-specific recombination.

Peer review

It will be a significant advance to treat liver failure patients using immortalized
cells if a functional hepatocyte line can be generated. This paper is a good
presentation of the authors’ work and achieves good linearity. Reversible immortalization of primary human hepatocytes was successfully achieved using
methods involving retrovirus-mediated transfer of the SV40 T antigen and subsequent excision by site specific recombination.
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Abstract
AIM: To examine circulating growth factor concentrations in patients with acute pancreatitis (AP) and chronic pancreatitis (CP), and walled-off pancreatic necrosis
(WOPN).
METHODS: Forty patients with mild AP, 40 patients
with alcoholic CP, 33 patients with WOPN and 40
healthy subjects were examined. Serum concentrations of platelet derived growth factor BB (PDGF-BB),
transforming growth factor β-1 (TGFβ-1), chemerin
and high-mobility group box chromosomal protein 1
(HMBG1) were assayed by enzyme linked immunosorbent assay.
RESULTS: Patients with mild AP and those with WOPN
had significantly lower serum levels of PDGF-BB com-
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pared to healthy subjects (4.0 ± 0.61 ng/mL vs 6.2 ±
0.76 ng/mL, P = 0.027, and 1.60 ± 0.31 ng/mL vs 6.2
± 0.76 ng/mL, P < 0.001, respectively), while CP was
associated with higher serum levels of PDGF-BB (12 ±
1.3 ng/mL vs 6.2 ± 0.76 ng/mL, P < 0.001). Circulating TGFβ-1 and chemerin levels were elevated in CP
patients (57 ± 3.6 ng/mL vs 39 ± 3.6 ng/mL, P < 0.001
and 73 ± 7.2 ng/mL vs 48 ± 2.3 ng/mL, P < 0.001, respectively), but not in patients with AP and WOPN. No
significant changes in serum HMBG1 levels were found
either in patients with AP, WOPN or CP.
CONCLUSION: The serum levels of some growth factors and cytokines differ significantly in AP, WOPN and
CP. These data suggest that selected growth factors
and cytokines may be considered as potential diagnostic biomarkers in patients with pancreatic diseases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Chronic pancreatitis;
Walled-off pancreatic necrosis; Growth factors; Platelet
derived growth factor BB; Transforming growth factor
β-1; High-mobility group box chromosomal protein 1;
Chemerin
Core tip: Patients with mild acute pancreatitis (AP) and
patients with walled-off pancreatic necrosis (WOPN) had
significantly lower serum levels of platelet derived growth
factor BB (PDGF-BB) compared to healthy subjects. In
contrast, alcoholic chronic pancreatitis (CP) was associated with higher serum levels of PDGF-BB. Circulating
transforming growth factor β1 and chemerin levels were
elevated in CP patients, but not in patients with AP and
WOPN. No significant changes in serum high-mobility
group box chromosomal protein 1 levels were found either in patients with AP, WOPN or CP. These data suggest
that selected growth factors and cytokines may be considered as potential diagnostic biomarkers in patients with
pancreatic diseases.
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MATERIALS AND METHODS

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease triggered by intra-acinar activation of proteolytic pancreatic
enzymes, leading to digestive injury of the pancreas.
Inflammatory mediators play an important role in AP,
especially in the resultant multiple organ dysfunction
syndrome, the primary cause of death in AP[1]. It has
been shown that patients with severe AP displayed elevated levels of serum platelet derived growth factor BB
(PDGF-BB)[2]. In contrast, serum transforming growth
factor β1 (TGF-β1) levels were significantly lower in patients with severe AP than in healthy subjects[3].
Approximately 15% of patients with AP develop local complications, including pancreatic and peripancreatic
collections. The most recent Atlanta classification distinguishes between acute peripancreatic fluid collections,
pancreatic pseudocysts, acute necrotic collections and
walled-off pancreatic necrosis (WOPN). WOPN is defined as a mature, encapsulated collection of pancreatic
and/or peripancreatic necrosis with a well-defined inflammatory wall occurring more than 4 wk after onset of
necrotizing pancreatitis[4].
Chronic pancreatitis (CP) is characterized by irreversible damage to the pancreas, associated with chronic inflammation, fibrosis, and progressive destruction of both
exocrine and endocrine parts of pancreas. Pancreatic
fibrosis in patients with CP is associated with pancreatic
parenchymal cell death followed by fibrosis. Pancreatic
stellate cells (resident or derived from bone marrow)
are activated by cytokines and growth factors (including PDGF-BB and TGF-β), which lead to extracellular
matrix production and consequently fibrosis[5]. Recently
we have shown that serum PDGF-BB and TGF-β1 are
coordinately elevated in patients with CP[6]. Moreover, we
have shown that chemerin, a pro-inflammatory chemokine, highly expressed in liver and adipose tissue is also
elevated in serum of patients with CP[7].
High-mobility group box chromosomal protein 1
(HMGB1) is a nuclear binding protein, identified as a
pro-inflammatory factor and late mediator of endotoxin
lethality in animal models [8]. HMGB1 is secreted by
monocytes/macrophages and released from damaged
and necrotic cells[9,10]. Serum HMGB1 was elevated in patients with some diseases[11-16] including advanced pancreatic cancer undergoing chemotherapy[17] and severe AP[18].
Increased HMGB1 level in serum and diseased organs
(pancreas, liver kidney, lung and ileum) was confirmed in
an animal experimental model of severe AP[19,20]. No information is available about serum HMBG1 levels and its
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role in either WOPN or CP.
The aim of the present study was to compare serum
levels of high-sensitivity C-reactive protein (hsCRP),
PDGF-BB, TGF-β1, HMGB1 and chemerin in patients
with mild AP, WOPN and CP to get more information
about the possible role of these growth factors and cytokines in pathology of pancreatitis.

The study was performed in accordance with the Declaration of Helsinki of the World Medical Association and
was approved by the Medical University of Gdansk Ethics Committee. All patients signed an informed consent
form for this investigation.
Patients with chronic pancreatitis
Out of patients treated for CP in the Department of
Gastroenterology and Hepatology, Medical University of
Gdansk we selected 40 non-diabetic male patients, aged
32-55 years (mean age 45 ± 1.2 years) with a history of
alcoholic CP. Patients were moderate or heavy drinkers (at
least 70g of ethanol per day for more than 5 years). Assessment of patients’ alcohol intake was based solely on
self-reports. The duration of disease in patients included
in the study ranged from 1 to 12 years (mean duration, 5
years). All patients reported abdominal pain. All patients
with advanced pancreatic changes (grade 5 according
to the Cambridge classification) underwent endoscopic
treatment (endoscopic sphincterotomy, pancreatic duct
stone removal, treatment of pancreatic duct strictures
and/or pancreatic pseudocysts). All patients included in
the study met diagnostic criteria for CP[21]. The diagnosis
was based on clinical symptoms and typical results of imaging studies. As determined by the results of endoscopic
retrograde pancreatography, 34 patients displayed marked
(grade 5 according to Cambridge classification), 4 moderate (grade 4) and 2 mild (grade 3) stage of disease. Most
patients with CP had an exacerbation of the disease on
admission. All patients included in the study were cigarette smokers.
Patients with mild acute pancreatitis
According to the most recent Atlanta classification, mild
AP is defined as AP without organ failure and without
either local or systemic complication[4]. Forty patients with
mild AP admitted to the Department of Gastroenterology and Hepatology participated in the study. The diagnosis of AP was established in all patients based on the
presence of epigastric pain and elevated amylase/lipase.
Transabdominal ultrasound was performed in all cases to
confirm or exclude biliary disease. Computed tomography
was performed in selected cases where there was any diagnostic uncertainty. Patients received supportive treatment
including intravenous fluids and pain medications. Elective endoscopic retrograde cholangiopancreatography was
performed in selected cases. Serum samples were obtained
between the 1st and 3rd day of hospitalization.
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Table 1 Selected laboratory values in controls, patients with acute pancreatitis, walled-off pancreatic necrosis and chronic
pancreatitis (mean ± SE)
Laboratory values
Number of control subjects/patients
Age (yr)
Body weight (kg)
BMI (kg/m2)
Serum amylase (U/L)
Serum lipase (U/L)
ALT (U/L)
AST (U/L)
Total protein (g/L)
Albumin (g/L)
Hemoglobin, (g/dL)
BUN (mg/dL)
Bilirubin (mg/dL)
Serum triacylglycerol (mg/dL)
Serum cholesterol (mg/dL)
Serum glucose (mmol/L)
White blood cell count (× 109/L)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Platelets (× 109/L)

Control

Acute pancreatitis

Walled-off necrosis

Chronic pancreatitis

35
42 ± 2.2
79 ± 2.6
25 ± 0.46
49 ± 6.1
26 ± 3.0
22 ± 1.5
22 ± 6.5
76 ± 0.84
45 ± 0.75
15 ± 0.44
12 ± 0.45
0.87 ± 0.07
103 ± 5.9
189 ± 3.9
5.1 ± 0.10
6.7 ± 0.25
123 ± 1.0
80 ± 1.2
250 ± 8.4

40
52 ± 2.6a
78 ± 2.7
25 ± 0.62
991 ± 554a
519 ± 105a
120 ± 27a
96 ± 22a
63 ± 1.3a
31 ± 1.3a
13 ± 0.32a
13 ± 1.2
2.0 ± 0.39a
307 ± 80a
220 ± 24
6.8 ± 0.6a
11 ± 0.73a
139 ± 3.6a
85 ± 2.2a
224 ± 18

33
48 ± 2.5a
72 ± 3.0a
24 ± 0.78
124 ± 26a
87 ± 26a
30 ± 7.5
29 ± 6.5
70 ± 1.2a
34 ± 1.4a
13 ± 0.30a
13 ± 0.72
2.0 ± 0.81a
131 ± 6.5a
172 ± 9.7a
6.1 ± 0.37a
8.2 ± 0.57
128 ± 22
78 ± 14
289 ± 27a

40
45 ± 1.2
68 ± 1.5a
22 ± 0.49a
107 ± 13a
157 ± 45a
31 ± 32a
32 ± 1.1a
72 ± 1.1a
44 ± 1.1
14 ± 0.24a
13 ± 1.1
0.79 ± 0.11
115 ± 8.4
179 ± 7.0a
6.2 ± 0.25a
8.6 ± 0.49a
121 ± 2.4
79 ± 1.1
249 ± 24

a

P < 0.05 vs controls. BMI: Body mass index; ALT: Alanine transaminase; AST: Aspartate transaminase; BUN: Blood urea nitrogen; BP: Blood pressure.

Patients with walled-off pancreatic necrosis
The third group consisted of patients with severe necrotizing pancreatitis between the 6th and 10th weeks since
the onset of disease, hospitalized in the Department of
Gastroenterology and Hepatology, Medical University
of Gdansk. Mean age in this group was 48 ± 2.5 years.
In 15 out of 33 patients there was documented alcohol
abuse. Twenty patients were former or current smokers.
The patients presented with a variety of symptoms, such
as abdominal pain, post-prandial fullness and early satiety,
nausea or vomiting that were attributable to the presence
of WOPN. All patients in this group underwent contrastenhanced computed tomography both at the time of initial diagnosis and as a follow-up study leading to the diagnosis of WOPN. Endoscopic ultrasound was performed
in selected cases to confirm the nature of the collection.
Serum samples were obtained on the morning before the
scheduled endoscopic drainage.
Healthy control subjects
Thirty-five healthy male volunteers from the same demographic group as the patients with CP, AP and WOPN
who received annual health examinations and reported
only occasional alcohol consumption, aged 24-64 years
(mean age 42 ± 2.2 years) formed the control group.
Statistical analysis
At 8 a.m. fasting blood samples were collected from patients and healthy controls. Serum PDGF-BB concentrations were determined by enzyme linked immunosorbent
assay (ELISA) assay produced by Ray Biotech, Inc., GA,
United States. TGF-β1 concentrations were determined
by ELISA assay produced by R&D System, United Kingdom. The serum chemerin concentration was determined
by ELISA assay produced by Milipore Corporation,
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MA, United States. Serum HMGB1concentration was
measured with the ELISA assay produced by IBL International, Germany. Concentrations of CRP in serum and
other biochemical parameters were measured at the Central Clinical Laboratory of Medical University of Gdansk.
Statistical analysis was performed using Microsoft Excel
and Statistica. The statistical significance of differences
observed between patients and controls was assessed using the two-tailed t-test.

RESULTS
The most important laboratory and anthropometric values in patients with mild AP, WOPN and CP and in agematched healthy control subjects are presented in Table 1.
Body weight of patients with CP and WOPN was significantly lower than in control subjects, whereas it was similar
in AP patients and control subjects. BMI was significantly
lower only in CP patients. Serum amylase and lipase were
significantly increased in patients with AP, WOPN and CP,
however the highest levels were found in AP patients. The
mean serum triacylglycerol concentration was approximately
2-fold higher in patients with AP than in healthy subjects or
patients with CP. Higher serum triacylglycerol concentration was also observed in patients with WOPN compared
to healthy subjects. The mean serum cholesterol concentrations were lower in WOPN and CP patients than in control
subjects and AP patients.
The mean serum hsCRP concentrations were elevated
in all patients with AP, WOPN and CP, with the highest
values found in patients with AP (Table 2). In patients
with AP the mean serum hs-CRP was about 50 time
higher than in control subjects, whereas in patients with
WOPN and CP approximately. 20-fold higher. The most
unexpected finding in this study is that serum PDGF-
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Table 2 The serum concentrations of high-sensitivity C-reactive protein, platelet derived growth factor BB, transforming growth
factor b, chemerin and high-mobility group box chromosomal protein 1 in controls, patients with acute pancreatitis, walled-off
pancreatic necrosis and chronic pancreatitis (mean ± SE)
Serum concentrations
hsCRP (mg/L)
PDGF-BB (ng/mL)
TGF-β (ng/mL)
Chemerin (ng/mL)
HMGB1 (ng/mL)

Control

Acute pancreatitis
a

1.7 ± 0.19
6.2 ± 0.76
39 ± 3.6
48 ± 2.3
3.4 ± 0.61

141 ± 16
4.0 ± 0.61a
39 ± 3.1
47 ± 2.9
3.4 ± 0.64

Walled-off necrosis
a

40± 13
1.6 ± 0.31a
34± 4.1
54 ± 3.3
3.5 ± 0.58

Chronic pancreatitis
23 ± 6.2a
12 ± 1.3a
57 ± 3.6a
73 ± 7.2a
3.0 ± 0.55

a

P < 0.05 vs controls. hsCRP: High-sensitivity C-reactive protein; PDGF-BB: Platelet derived growth factor BB; TGF-β: Transforming growth factor β;
HMBG1: High-mobility group box chromosomal protein 1.

BB concentration was significantly lower in patients with
both AP and WOPN (Table 2). As expected, based on
our previously published results[6], serum PDGF-BB
concentrations in patients with advanced CP were approximately 2-fold higher than in control subjects (Table
2). The mean serum PDGF-BB concentration in patients
with AP and WOPN was approximately 3 and 6-fold lower that in CP patients respectively (Table 2). Conversely,
the mean serum TGF-β1 concentrations in patients with
AP and WOPN were essentially similar as in control subjects (Table 2). Significantly higher mean serum TGF-β1
concentrations were found in patients with advanced CP
(Table 2). The pattern of changes in serum chemerin
concentrations in patients with AP (no change), WOPN
(no change) and CP (significant increase) resembled the
changes in serum TGF-β1 concentrations (Table 2). Surprisingly, no change was found in serum concentrations
of HMGB1 in patients with AP, WOPN and CP as compared to control subjects (Table 2).

DISCUSSION
In this paper, we show that serum concentrations of
PDGF-BB decreased significantly in patients with mild
AP. This is in contrast to the results reported recently,
which show that serum PDGF-BB is elevated in AP, especially in patient with unfavorable clinical evolution of
the disease[2]. There are several possible explanations for
this discrepancy. The first and possibly most important is
the degree of severity of AP. Our patients with AP were
classified as having mild disease according to the current
Atlanta classification. The patients included in the study
reported by Espinosa et al[2] had predicted: (1) mild AP
(approximately 75% of study participants); and (2) severe
AP (25% of participants) as determined by the Ranson
score. Pooling data from patients with mild and severe
AP was probably contributing to huge dispersion of the
results (12 ± 11 ng/L serum PDGF-BB concentration).
The dispersion of the results in our study was much lower. Secondly, it is not clear why in the study by Espinosa
et al[2], the reported concentration of serum PDGF-BB
in control subjects was relatively low (0.99 ± 0.95 ng/L).
Several authors using the same system for serum PDGFBB concentration determination (ELISA, R&D System,
Minneapolis MN, United States), reported the median
serum concentrations of PDGF-BB in healthy subjects
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to be approximately 4 ng/mL[22-24], which is close to the
values found in our control group. However, a much
higher median value for serum PDGF-BB in healthy subjects (approximately 13 ng/mL; range: 1.08-76.9 ng/mL)
has also been reported[25]. Together, these studies point
to a huge variability in serum PDGF-BB in healthy humans, which may lead to misleading interpretation of the
data. Considering: (1) that our assays were performed by
one person; (2) that serum samples from each patient (or
healthy subject) were tested several times using the same
determination system; and (3) that more homogenous
groups of patients with AP and WOPN were included
in the study, we believe that serum PDGF-BB levels
in mild AP patients are indeed slightly but significantly
lower compared to healthy subjects and patients with CP.
Moreover, the results presented here suggest that serum
concentrations of PDGF-BB in patients with WOPN
are significantly lower than in healthy subjects. To our
best knowledge, this is the first report of a decreased
serum level of PDGF-BB in WOPN. Thus, the question
arises about the particular molecular mechanism which
causes the decrease in serum PDGF-BB concentrations
in patients with AP and WOPN and the possible consequences of the decrease in serum PDGF-BB. Based
on the data presented here we can only speculate that
decreased synthesis or increased degradation of PDGFBB (or both) may occur during the course of AP. PDGF
signaling modulates both fibrosis and angiogenesis[26].
It has been proposed that PDGF is involved in regulating maturation of the infarct vasculature[26]. By analogy,
one may suppose that decreased levels of PDGF in AP
patients may lead to impairment in vascular maturation
during resolution of the inflammatory process which is
an important step in pancreatic healing. Therefore the decrease in PDGF-BB could be one possible factor leading
to pancreatic necrosis in WOPN patients.
In this paper, we also show that serum TGF-β1 and
chemerin concentrations did not change significantly in
patients with mild AP. This is in contrast to the results
reported recently, which show that serum TGF-β1 is
significantly lower in patients with severe AP[3]. A possible explanation for these discrepancies is the degree of
severity of AP. As far as serum chemerin is concerned,
to our best knowledge this is the first report about serum
concentrations of this adipokine in mild AP.
The results for serum PDGF-BB, TGF- β 1 and
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chemerin concentrations in patients with CP are similar
to those reported previously[6,7].
It has been shown previously that serum HMGB1
levels were elevated in patients with severe AP[18]. Moreover, increased HMGB1 levels in the serum and diseased
organs (pancreas, liver kidney, lung and ileum) have been
demonstrated in animal experimental models of severe
AP[19,20]. This is in contrast to the results reported in this
paper, where serum HMGB1 levels did not change significantly compared to healthy subjects. One possible explanation for these discrepancies is the degree of severity of
AP. We performed our assessment in patients with mild
AP. The elevated level of serum HMGB1 was observed
in patients with severe AP[18]. Moreover, in contrast to
the previously reported results[18] we could not find any
association between serum HMBG1 levels and serum hsCRP concentrations. We could not find the significant
changes in serum HMBG1 levels in patients with either
WOPN or CP. This is in agreement with the observation
that serum HMGB1 in patients with severe AP declined
to normal levels on day 3 after admission and did not
increase during the following two weeks[18]. To our best
knowledge this is the first report about serum HMGB1
levels in these pathologies. Overall, the results presented
here suggest that serum HMBG1 does not change significantly in patients with mild AP, WOPN and CP.
In conclusion, the results presented here indicate that
serum PDGF-BB concentrations are lower in patients
with mild AP and WOPN compared to healthy subjects,
and significantly elevated in patients with CP. In contrast, serum TGFβ-1 and chemerin concentrations did
not change significantly in patients with AP and WOPN
and were significantly elevated in patients with CP. We
did not find significant changes in serum HMBG1 levels
in patients with AP, WOPN and CP. The present study
indicates that the serum PDGF-BB level is significantly
different in AP, WOPN and CP, whereas serum TGFβ-1
and chemerin levels are elevated only in patients with CP.

who could benefit from more aggressive treatment.

Peer review

This is an interesting study that shows how the concentrations of different
growth factors change in acute and chronic pancreatitis, including cases of
pancreatic necrosis. It suggests that growth factors and cytokines can serve as
biomarkers, i.e., they can help predict clinical course and prognosis. The format
was slightly revised and the introduction shortened to improve overall clarity.
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(clopidogrel or ticlopidine), and NSAIDs were 64.3%,
80.0%, and 75.0%, respectively. Erosive lesions were
observed predominantly in chronic LDA users, while
ulcerative lesions were detected mainly in NSAID users.
However, concomitant use of thienopyridine such as
clopidogrel with LDA increased the proportion of ulcers.
The erosive lesions were located in the whole of the
small intestine (jejunum and ileum), whereas ulcerative
lesions were mainly observed in the ileum (P < 0.05).
CONCLUSION: Our CE findings indicate that chronic
LDA users and NSAID users show different types and
locations of small-bowel mucosal injuries. The concomitant use of anti-platelet drugs with LDA tends to
exacerbate the injuries from LDA-type to NSAID-type
injuries.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the clinical differences between
small intestinal injuries in low-dose aspirin (LDA) users
and in non-steroidal anti-inflammatory drug (NSAID)
users who were examined by capsule endoscopy (CE)
for obscure gastrointestinal bleeding (OGIB).
METHODS: A total of 181 patients who underwent CE
for OGIB were included in this study. Based on clinical
records, laboratory data such as hemoglobin levels,
major symptoms, underlying diseases, the types and
duration of LDA and NSAID use, and endoscopic characteristics of CE were reviewed.
RESULTS: Out of a total of 45 cases of erosive lesions, 27 cases were taking LDA or NSAIDs (7 were
on NSAIDs, 9 were on LDA alone, 9 were on LDA and
thienopyridine, and 2 were on LDA and warfarin).The
prevalence of ulcers or erosion during chronic use of
LDA, LDA and the anti-platelet drug thienopyridine
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Key words: Non-steroidal anti-inflammatory drugs; Lowdose aspirin; Small-bowel mucosal injuries; Obscure
gastrointestinal bleeding; Capsule endoscopy
Core tip: The aim of this study is that to clarify the clinical feature of ulcerative or erosive lesion of small intestine in the long-term non-steroidal anti-inflammatory
drug (NSAID) users who were examined by capsule
endoscopy for obscure gastrointestinal bleeding. The
ulcerative lesions were predominantly located in both
jejunum and ileum or just in ileum while erosive lesions
were predominantly found in both jejunum and ileum
or just in jejunum significantly. These findings indicate
the possibility that distribution of NSAID-induced small
intestinal lesion differ according to the types of mucosal
injury.
Iwamoto J, Mizokami Y, Saito Y, Shimokobe K, Honda A, Ikegami T, Matsuzaki Y. Small-bowel mucosal injuries in low-dose
aspirin users with obscure gastrointestinal bleeding. World J
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INTRODUCTION
It has been demonstrated that low-dose aspirin (LDA)
and non-steroidal anti-inflammatory drugs (NSAIDs)
increase the risk of gastroduodenal mucosal injury[1,2].
Recent reports using new methods of investigating
the small intestine, such as double balloon endoscopy
(DBE)[3] and capsule endoscopy (CE)[4], have also shown
that NSAIDs can cause mucosal damage in the small
intestine[5-8]. Obscure gastrointestinal bleeding (OGIB)
is defined as bleeding of unknown origin that persists or
recurs after a negative initial or primary upper endoscopy
and colonoscopy and radiologic evaluation of the small
bowel[9,10]. The clinical features of the ulcerative or erosive lesions of the small intestine in long-term NSAID
users who were examined subsequently by CE for OGIB
have not been sufficiently reported.
In the present study, 181 OGIB cases were examined
with CE and were investigated with the following aims:
to evaluate the prevalence of ulcerative or erosive lesions
in the small intestine in chronic LDA or NSAID users
in OGIB cases, to analyze the clinical features including
endoscopic findings of these lesions, and to analyze the
clinical course of these cases.

MATERIALS AND METHODS
Patients
Between June 2007 and September 2013, 181 patients
who underwent CE for OGIB at Tokyo Medical University Ibaraki Medical Center were analyzed in this study.
CE
CE was performed using a PillCam SB (Given Imaging).
Patients fasted for 10 h before capsule ingestion. Drinking clear fluids was allowed 2 h and eating a light snack
was allowed 4 h after ingestion of the capsule. The data
recorder was removed 8 h later, and the patients were
subsequently discharged. Data were downloaded and interpreted by experienced endoscopists. The patients were
asked to report any adverse events and to confirm excretion of the capsule in their stool.
Data analysis
Based on clinical records, laboratory data such as hemoglobin levels, major symptoms, underlying diseases, the
types and duration of NSAIDs, and endoscopic characteristics of CE were reviewed. The morphologies of the
lesions were classified into red spots, small erosion, large
erosion, or ulcers as previously reported[7]. A red spot
was defined as a red spot or crimson area of mucosa with
presentation of villous architecture. A small erosion was
defined as a circumscribed area of mucosal disruption
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Figure 1 Endoscopy. A: Endoscopic finding of erosion (a small erosion was
defined as a circumscribed area of mucosal disruption denuded of villi with or
without exudates or red color with a diameter equivalent to a valvulae conniventes); B: Endoscopic finding of ulcer (ulcers were defined as a large erosion with
a central area with exudates).

denuded of villi with or without exudates or red color
with a diameter equivalent to that of a valvulae conniventes. Large erosions were defined as circumscribed
breaks in the mucosa larger than the equivalent diameter
of a valvulae conniventes. In the present study, red spots,
small erosion, and large erosion were included in the CE
erosion results (Figure 1A). Ulcers were defined as large
erosion with a central area with exudates[7] (Figure 1B).
The small bowel was divided into two segments (proximal and distal) equally on the basis of each subject’s small
bowel transit time.
Statistical analysis
The continuous variables were expressed as mean values
± SD. We compared the categorical variables using the
Fisher’s exact test and the continuous variables using the
Mann-Whitney test. A P value of less than 0.05 was considered statistically significant.

RESULTS
Out of a total of 181 CE cases for OGIB, 13 cases (7.2%)
were diagnosed as ulcerative lesions and 45 cases (24.9%)
as erosive lesions of the small intestine. Out of a total of
13 cases of ulcerative lesions, 8 cases were taking LDA
or NSAIDs (5 were on NSAIDs while 3 were on LDA
and the anti-platelet drug, thienopyridine; clopidogrel).
Out of a total of 45 cases of erosive lesions, 27 cases

13134

September 28, 2014|Volume 20|Issue 36|

Iwamoto J et al . Small-bowel mucosal injuries of aspirin
100%
NSAID
(26%)

90%
80%
70%

Loxoprofen
2 (25%)

Diclofenac 3 (11%)

50%
40%

NSAID
(62.5%)

LDA +
thienopyridine
9 (33%)

30%
20%

80%

0%

Erosive lesion (n = 27)

60%

Diclofenac
3 (37.5%)

40%

Normal
5 (35.7%)

Normal
3 (20%)

Ulcer
3 (20%)
Erosion
9 (64.3%)
Erosion + ulcer
64.3%

Erosion
9 (60%)

20%

Erosion + ulcer
80%

0%

Normal
4 (25%)

Erosive lesion (n = 27)

Ulcerative lesion (n = 8)

Figure 4 Location of ulcerative or erosive lesions of the small intestine in
obscure gastrointestinal bleeding cases. aP < 0.05 vs erosive lesions.

(n = 3) or NSAID (n = 1), 3 cases used prostaglandin
and one case used rebamipide. Eventually, significant improvement of the ulcerative lesions was confirmed in all
4 cases with clinical course or CE finding.

DISCUSSION

Erosion
7 (43.6%)

Erosion + ulcer
75%

Figure 3 Prevalence of ulcerative or erosive lesions in chronic nonsteroidal anti-inflammatory drug and low-dose aspirin users. NSAID: Nonsteroidal anti-inflammatory drug; LDA: Low-dose aspirin.

were taking LDA or NSAIDs (7 were on NSAIDs, 9
were on LDA alone, 9 were on LDA and thienopyridine,
and 2 were on LDA and warfarin). Erosive lesions were
observed predominantly in chronic LDA users, whereas
ulcerative lesions were detected mainly in NSAID users
(Figure 2).
The prevalence of ulcers or erosion during chronic
use of LDA, LDA and thienopyridine, and NSAIDs was
64.3%, 80.0%, and 75.0%, respectively (Figure 3). The
concomitant use of thienopyridine (clopidogrel) with
LDA increased the proportion of ulcers from 0% to
20%.
The locations of erosive and ulcerative lesions are
shown in Figure 4. The erosive lesions were located in
the entire small intestine (jejunum and ileum), whereas
ulcerative lesions were observed mainly in the ileum (P <
0.05).
Details of the characteristics of ulcerative lesions of
chronic LDA or NSAID users are summarized in Table
1. In 4 of the 8 ulceration cases, LDA or NSAID was
withdrawn. In 4 patients who had continued the LDA
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Figure 2 Proportion of types of non-steroidal anti-inflammatory drugs in
the ulcerative or erosive lesions of the small intestine in obscure gastrointestinal bleeding cases. NSAID: Non-steroidal anti-inflammatory drug; LDA:
Low-dose aspirin.
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The damage to the gastric and duodenal mucosa caused
by NSAIDs is well established, and there has been increasing recognition of the damage caused to the mucosa
of the small intestine by NSAID treatment[1,2,5-8]. The
pathogenesis of NSAID-induced small intestinal damage has been investigated, and a number of mechanisms
have been implicated, including the toll-like receptor
4/MyD88-dependent pathway[11], dual inhibition of COX
enzymes[12], enterohepatic circulation of NSAIDs[13], mitochondrial damage[14], and ischemia-reperfusion injury[15].
The prevalence of NSAID-induced small bowel lesions in the cases who had undergone CE or BDE for
OGIB has also been investigated. A previous report has
shown that among the 108 cases that underwent DBE
for OGIB, 5 cases (4.6%) were diagnosed with NSAID–
associated ulcers of the small intestine (5). A multicenter
study has shown that 31 cases (4.7%) were diagnosed
with NSAID-induced ulcerative lesions among 661 cases
who underwent DBE for OGIB (6). In our present
study, 4.4% and 14.9% of the cases were diagnosed with
ulcerative lesion and erosive lesions for chronic LDA or
NSAID users in OGIB cases by CE, respectively. Collectively, 19.3% of the cases were diagnosed with mucosal lesions with long-term LDA or NSAID treatment in
OGIB cases by CE. The prevalence of NSAID-induced
mucosal injury among chronic NSAID users has been reported in several studies[7,16,17]. Small intestinal ulceration
was found in 21 patients (8.4%) among 249 long-term
NSAID users and just 3 patients (0.6%) among 464 nonusers in a previous investigation where the stomach, duodenum, and small intestine of 713 post-mortem patients
were examined (16). Another recent study using video
capsule endoscopy has demonstrated occurrence of small
bowel injury in 71% of NSAID users compared with
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Table 1 Details of the characteristics of ulcerative lesions in chronic non-steroidal anti-inflammatory drug users
Age

Gender

UD

Species (duration)

Symptom

Hemoglobin
(g/dL)

Location

67

F

Headache

Loxoprofen (6M)

Tarry stool/anemia

9.5

Ileum

83

M

OD

Diclofenac (6M)

FOBT (+) anemia

11.5

Jejunu Ileum

59

M

ID

Tarry stool/anemia

10.3

Ileum

70

M

CD

Tarry stool/anemia

9.3

79

F

RA

LDA + clopidogrel
(6M)
LDA + clopidogrel
(2Y)
Diclofenac (4Y)

Tarry stool/anemia

8.3

Jejunum
Ileum
Ileum

74

F

ID

9.3

Ileum

63

M

OD

11.2

Ileum

73

F

OD

10.4

Ileum

LDA + clopidogrel Anemia/abdominal pain
(1Y)
Loxoprofen (6Y)
Tarry stool/anemia
Diclofenac (5Y)

Tarry stool/anemia

Number

Treatment

Multiple Withdrawal of
NSAID
Multiple Withdrawal of
NSAID
Multiple Continuation of
LDA PG
Multiple Continuation of
LDA PG
Multiple Continuation
of NSAID
rebamipide
Multiple Continuation of
LDA PG
Multiple Withdrawal of
NSAID
Multiple Withdrawal of
NSAID

Clinical course
Improved
Improved
Improved
Improved
Improved

Improved
Improved
Improved

10.0 ± 1.0
UD: Underlying diseases; OD: Orthopedic diseases; ID: Ischemic heart diseases; CD: Cerebrovascular diseases; RA: Rheumatoid arthritis; LDA: Low-dose
aspirin; NSAID: Non-steroidal anti-inflammatory drug.

10% of the controls, indicating that NSAID damage is
more frequent and extensive than suggested by ileoscopy
performed at the time of colonoscopy[7].
The clinical features of NSAID-induced small bowel
lesions have been documented. Hayashi et al[18] analyzed
7 patients with small bowel lesions while taking NSAIDs
out of 61 patients who had undergone BDE for OGIB.
The results have shown that ulcers or erosions were observed in the ileum in six patients (86%) and in the jejunum in one patient (14%). Another previous report has
shown that 12 (57.1%) out of 21 small bowel lesions in
chronic NSAID users were found in the ileum[16]. On the
other hand, investigating the distribution of CE-detected
small bowel lesions revealed that the lesions were found
in the proximal, middle, and distal small bowel, suggesting that there were no significant tendencies in the
distribution of small bowel lesions[8]. The distribution
and types of small intestinal injury due to NSAIDs have
been studied, and it has been shown that in the majority of denuded areas located in the proximal part, erosions were found throughout the small intestine, and all
of the ulcers were in the distal part, suggesting that the
distribution differed according to the type of mucosal
injury during short-term NSAID medication[19]. Our results demonstrate differences in the distribution between
ulcers and erosion in patients taking long-term LDA or
NSAIDs, indicating that ulcers are located mainly in the
ileum, whereas erosion was located throughout the small
intestine.
LDA is used as a preventive treatment for ischemic
heart disease and ischemic cerebrovascular disease[20]. Recent reports have indicated that low-dose aspirin causes
not only gastroduodenal mucosal injury but also small
bowel injury with high frequency[21,22]. Hayashi et al[22]
have reported that 8 (44%) of 18 patients diagnosed with
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NSAID-induced small bowel injury by DBE were taking low-dose aspirin. Watanabe et al[23] have investigated
small bowel injury with CE in 11 patients who developed
gastric ulcers while undergoing low-dose aspirin. The
study showed that red spots were found in 100% of the
patients and mucosal breaks were found in 90.9% of the
patients, indicating that very high incidences of small
bowel injury were found in the patients who developed
gastric ulcers while undergoing low-dose aspirin treatment. In our results, there were more patients taking
LDA in the erosion cases than in the ulcer cases, suggesting the possibility that the characteristic endoscopic
features of LDA-induced mucosal injury in the small
intestine were smaller in size than in the case of NSAIDinduced mucosal injury.
It has been demonstrated that co-administration of
prostaglandin and rebamipide reduced the incidence of
NSAID-induced small intestinal lesions[24,25]. In our study,
NSAIDs were withdrawn if possible. However, in some
cases, especially in the case of LDA and the anti-platelet
drug, thienopyridine, it was not possible to withdraw the
LDA. In these cases, the prostaglandin or rebamipide
was used concomitantly and has shown improved clinical
course or CE findings after the treatment. These findings
suggest that prostaglandin or rebamipide is effective for
treating LDA or NSAID-induced mucosal injury of the
small intestine.
In conclusion, our CE study demonstrated that erosive lesions were located in the entire small intestine
(jejunum and ileum), and such lesions were observed
predominantly in chronic LDA users. In contrast, ulcerative lesions were located mainly in the ileum and were
found in NSAID users. However, concomitant use of
thienopyridine such as clopidogrel with LDA appeared
to increase ulcerative lesions in patients without using
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NSAIDs, which suggests that small-bowel mucosal injuries can be changed from LDA type to NSAID type by
the additional use of anti-platelet drugs.

9
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Abstract
AIM: To identify pathologic features associated with
this “ulcerative colitis (UC)-like” subgroup of Crohn’s
disease (CD).
METHODS: Seventeen subjects diagnosed as having UC who underwent proctocolectomy (RPC) from
2003-2007 and subsequently developed CD of the ileal
pouch were identified. UC was diagnosed based on preoperative clinical, endoscopic, and pathologic studies.
Eighteen patients who underwent RPC for UC within
the same time period without subsequently developing CD were randomly selected and used as controls.
Pathology reports and histological slides were reviewed
for a wide range of gross and microscopic pathological
features, as well as extent of disease. The demograph-

WJG|www.wjgnet.com

ics, gross description and histopathology of the resection specimens were reviewed and compared between
the two groups.
RESULTS: Patients with “UC-like” CD were on average 13 years younger than those with “true” UC (P <
0.01). More severe disease in the proximal involved
region and active ileitis with/without architectural distortion were observed in 6 of 17 (35%) and 7 of 17
(41%) “UC-like” CD cases, respectively, but in none of
the “true” UC cases (P < 0.05). Active appendicitis occurred in 8 of 16 (50%) “UC-like” CD cases but in only
two (11%) “true” UC cases (P < 0.05). Conspicuous
lamina propria neutrophils were more specific for “UClike” CD (76% vs 22%, P < 0.05). In addition, prominent lymphoid aggregates tended to be more common
in “UC-like” CD (P = 0.07). The “true” UC group contained a greater number of cases with severe activity
(78% vs 47%). Therefore, the features more commonly seen in “UC-like” CD were not due to a more severe
disease process. Crohn’s granulomas and transmural
inflammation in non-ulcerated areas were absent in
both groups.
CONCLUSION: More severe disease in the proximal
involved region, terminal ileum involvement, active appendicitis, and prominent lamina propria neutrophils
may be morphological factors associated with “UC-like”
CD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis-like Crohn’s disease; Ulcerative colitis; Crohn’s colitis; Inflammatory bowel disease
Core tip: Despite well-established clinical and pathological criteria, a fraction of Crohn’s disease (CD) cases are
diagnosed as ulcerative colitis (UC). Given the significant
difference in standard surgical management for UC and
Crohn’s colitis, it is critical to identify as many factors as
possible which may help distinguish the two entities. In
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this study we have identified several pathologic features
which may assist in identifying a subgroup of inflammatory bowel disease cases known as “UC-like” CD. More
severe disease in the proximal involved region, terminal
ileum involvement, active appendicitis, and prominent
lamina propria neutrophils may be morphological factors
associated with “UC-like” CD.
James SD, Wise PE, Zuluaga-Toro T, Schwartz DA, Washington
MK, Shi C. Identification of pathologic features associated with
“ulcerative colitis-like” Crohn’s disease. World J Gastroenterol
2014; 20(36): 13139-13145 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/13139.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.13139

IPAA is generally contraindicated in CD. The creation of
a pouch frequently causes reactivation of Crohn’s with
high risk of pouchitis and fistula development[12-15]. Significant morbidity has been reported with pouch failure
rates that range between 30%-90%[16-19]. Therefore, it is
important to distinguish Crohn’s colitis from UC.
In the present study, we set out to examine the gross
and histologic features that are more frequently associated with CD, using colectomy specimens from patients
who were diagnosed with UC on initial clinical and pathological evaluation. Until now, there are no studies which
examine those pathologic features that may be useful in
identifying this “UC-like” Crohn’s disease subgroup. The
aim of this study was to identify pathologic features in
resection specimens associated with the “UC-like” subgroup of CD.

INTRODUCTION

MATERIALS AND METHODS

Crohn’s disease (CD) and ulcerative colitis (UC) are the
two major types of idiopathic inflammatory bowel disease (IBD). The exact pathogenesis of these disorders is
not well understood. The most credited models suggest
that the intestinal flora triggers and drives an aberrant intestinal immune response with subsequent inflammation
in a genetically susceptible host[1]. CD is characterized by
skip lesions, transmural inflammation, granulomas, fistulae and frequently, terminal ileum involvement; whereas,
UC is featured by continuous colorectal disease, often
more prominent distally, with predominant mucosal involvement.
Approximately 20% of CD cases only involve the colon (Crohn’s colitis)[2,3]. Thereby, differentiation between
UC and Crohn’s colitis can be very difficult, even in total
colectomy specimens. Some cases of Crohn’s colitis may
show only mucosal involvement without traditional features of Crohn’s disease, such as transmural lymphoid aggregates, deep or fissuring ulcers, sinus tracts, or fistulas.
This subgroup of patients has been referred to as “superficial Crohn’s colitis” or “ulcerative colitis-like Crohn’s colitis’ in previous studies”[4-8]. Up to 10% of IBD cases are
characterized as indeterminate colitis. In these cases, clinical and pathological data are unsuccessful in confidently
distinguishing the two entities.
Approximately 25% of patients with UC undergo a
colectomy due to failure of medical therapy, unacceptable side effects of chronic therapy, and occurrence of
acute complications (i.e., fulminant colitis, severe bleeding, toxic megacolon, perforation) or development of
malignancy[9]. Standard surgical management of UC for
those patients who do not require a permanent ileostomy
is a total proctocolectomy. This is often as a 2- or 3-stage
procedure, followed by ileal pouch-anal anastomosis
(IPAA), also known as a restorative proctocolectomy
(RPC)[10,11]. This procedure involves the creation of a
pouch of two or more loops of small intestine that are
sutured or stapled together to create a reservoir for stool
to “replace” the removed rectum. This reservoir is then
attached to the anus to reestablish intestinal continuity.

There were approximately two-hundred patients who underwent RPC for UC between January 1, 2003-December
31, 2007 at Vanderbilt University Medical Center. UC was
diagnosed based on pre-operative clinical, endoscopic,
and pathologic studies. The study group consisted of seventeen subjects diagnosed with UC who underwent RPC
during 2003-2007 and subsequently developed CD of the
ileal pouch based on pouch and pre-pouch ileum biopsies
and/or development of peri-anal fistulizing disease. This
group was defined as the “UC-like” CD group. Eighteen
patients who underwent restorative proctocolectomy for
UC within the same time period, without subsequently
developing CD, were randomly selected and used as controls. This group was designated as the “true” UC group.
Patient’s with indeterminate colitis were excluded. This
study was approved by the Vanderbilt Institutional Review Board.
Patient demographics and clinical data were collected
from the electronic medical record. Pathology reports
and histological slides were reviewed for a wide range
of gross and microscopic pathological features, as well
as extent of disease. The gross features were evaluated
by review of patients’ surgical pathology reports for
the presence or absence of the following: skip lesions,
cobblestone mucosa, pseudopolyps, terminal ileum involvement, ulceration, and the distribution and severity
of the disease. A gross description of the ileum was not
provided for one of the “UC-like” CD and three of the
“true” UC resection specimens.
Microscopic evaluation was performed on routinely
processed formalin-fixed resection specimens by two of
the pathologists (James SD and Shi C). The presence or
absence of ileitis, active appendicitis, appendiceal fibrous
obliteration, granulomas, Paneth cell metaplasia, pyloric
gland metaplasia, prominent lamina propria neutrophils,
and prominent lymphoid aggregates were assessed.
Prominent lymphoid aggregates were defined as equal to
or more than 10 lymphoid aggregates per section. The
disease activity was classified as (1) mild (cryptitis and
occasional crypt abscess, without ulcers); (2) moderate
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cases; whereas in the 18 “true” UC cases, 11 (61%) displayed more severe disease in the distal region, 7 (39%)
showed no difference in disease severity among the regions, and none (0%) demonstrated more severe disease
in the proximal area. More severe disease in the proximal
region than in the distal region was more commonly seen
in the “UC-like” CD (P < 0.01).

Table 1 Gross pathologic features in "ulcerative colitis-like"
Crohn’s disease and "true" ulcerative colitis n (%)
Gross features
Terminal ileum involvement
Discontinuous involvement
Pan-colitis
Cobblestone mucosa
Pseudopolyps
Ulceration
Degree of severity
Distal > proximal
Evenly distributed
Proximal > distal
b

P value

“UC-like” CD

“True” UC

2/16 (13)
2/17 (12)
7/17 (41)
6/17 (35)
8/17 (47)
7/17 (41)

0/15 (0)
1/18 (6)
8/18 (44)
9/18 (50)
11/18 (61)
8/18 (44)

0.48
0.60
1.00
0.50
0.32
1.00

7/17 (41)
4/17 (24)
6/17 (35)

11/18 (61)
7/18 (39)
0/18 (0)

0.32
0.47
< 0.01b

P < 0.01 vs control. UC: Ulcerative colitis; CD: Crohn’s disease.

(cryptitis, prominent crypt abscess, and occasional ulceration); and (3) severe (cryptitis, prominent crypt abscess
and prominent ulceration). Prominence of architectural
distortion, basal plasmacytosis, inflammatory infiltrates in
the muscularis mucosae, submucosal fibrosis, and thickening of the muscularis mucosa were also assessed.
Statistical analysis
Student t test was used to compare the patients’ age. Fisher’s exact test was used to compare other demographics
and pathologic findings between the two groups. A P
value of < 0.05 was considered statistically significant.

RESULTS
Demographics
The “UC-like” CD group included 9 males and 8 females. The “true” UC group was composed of 10 males
and 8 females. The ”UC-like” CD group was on average
13 years younger than the “true” UC group at the time
of total colectomy (31.1 ± 10.3 vs 44.1 ± 16.2, P < 0.01).
The mean time from total colectomy to diagnosis of CD
was 27.8 ± 5.8 mo (range: 4-83 mo). The median follow
up time was 74 and 57 mo for “UC-like” CD group and
true “UC” group, respectively.
Gross findings
Gross terminal ileum involvement was identified in 2 of
16 (13%) “UC-like” CD cases, but in none of the “true”
UC cases (Table 1). However, statistically there was no
difference between the two groups. Discontinuous involvement of the colon was observed in 2/17 (12%) and
1/18 (6%) of the “UC-like” CD cases and the “true” UC
cases, respectively (P > 0.05). Cobblestoning, pseudopolyps, and gross ulceration were not different among the
two groups.
The severity of the disease was also assessed grossly
and compared among different regions of the involved
colon. In the “UC”-like CD cases, there were 3 distribution patterns of the severity: distal more severe than
proximal in 7 (41%), evenly distributed in 4 (24%), and
proximal more severe than distal in 6 (35%) of the 17
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Microscopic findings
Active ileitis (Figure 1A) was observed in 7 of 17 (41%)
“UC-like” CD cases, but in none of the “true” UC cases
(P < 0.05). Among 7 cases with active inflammation in
the terminal ileum, 4 displayed crypt distortion and villous blunting with cryptitis, crypt abscess, and scattered
to prominent lamina propria neutrophils; however, pyloric gland metaplasia was not identified.
Active appendicitis (Figure 1B and C) occurred in 8
of 16 (50%) “UC-like” CD cases but in only two of 18
(11%) “true” UC cases (P < 0.05) (Figure 1). Among the
8 “UC-like” CD cases with active appendicitis, 3 had only
distal disease, and 7 displayed mildly to moderately active
colitis, whereas all of the “true” UC disease cases with
active appendicitis had severely active pan-colitis. Unlike
acute appendicitis seen in general populations, the active
inflammation was more prominent in the proximal appendix in both UC and CD cases with active appendicitis, with some of them sparing the tip of the appendix.
Fibrous obliteration of the appendix was present in 1 of
16 (6%) “UC-like” CD cases, compared to 5 of 18 (28%)
“true” UC cases (P > 0.05).
Prominent lamina propria neutrophils were more
specific for “UC-like” CD (76% vs 22%, P < 0.05) (Figure
1D). In addition, prominent lymphoid aggregates (Figure
1E) tended to be more common in “UC-like” CD with 8
of 17 (47%) showing a marked increase, compared to 3
of 18 (17%, P = 0.07) in the “true” UC group. Severely
active colitis was observed in 8 of 17 (47%) “UC-like”
CD cases and 14 of 18 (78%) “true” UC cases (P < 0.05).
Therefore, the association of active ileitis, active appendicitis, prominent lamina propria neutrophils and prominent lymphoid aggregates with “UC-like” CD is less likely
due to the activity of the disease present in these cases.
None of the cases in both groups showed transmural
inflammation in the areas without ulceration. Granulomas directly associated with crypt disruption were identified in one of the “UC-like” CD cases; however, no CDtype granulomas were present in any of these cases. Deep
ulcers were observed in the both groups, especially in the
cases with severe activity; however, no fissures (deep and
narrow ulcers) were identified. An aphthous ulcer was
present in one of the “UC-like” CD cases.
Severe architectural distortion was seen in 8 of 17
(47%) “UC-like” CD cases and 12 of 18 (67%) “true”
UC cases (P = 0.49). Prominent basal plasmacytosis, inflammatory infiltrates in the muscularis mucosae, submucosal fibrosis, thickening of the muscularis mucosae, and
Paneth cell metaplasia were all seen in similar percentages
among the two groups (Table 2).
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D

E
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Figure 1 Microscopic features of "ulcerative colitis-like" Crohn’s disease. A: Acute ileitis with architectural distortion. Section shows prominent villous neutrophilc
infiltrate and villous blunting; B and C: A cross-section of appendix shows active inflammation with crypt destruction and crypt abscess. This case only has distal colon
involvement. The active appendicitis involves the entire appendix; D: A representative section of the colon shows prominent lamina propria neutrophilic infiltrate associated with ruptured crypt abscess; E: Prominent lymphoid aggregates are present in the superficial and deep submucosa.

Table 2 Microscopic pathologic features in "ulcerative colitislike" Crohn’s disease and "true" ulcerative colitis n (%)
Microscopic features
Active ileitis
Appendiceal activity
Appendiceal fibrous
obliteration
Severe activity
Prominent lamina
propria neutrophils
Prominent lymphoid
aggregates
Prominent chronicity/architectural distortion
Prominent basal plasmacytosis
Prominent muscularis
mucosa inflammation
Prominent submucosal
fibrosis
Prominent thickening of
muscularis mucosa
Paneth cell metaplasia

“UC-like” CD

“True”UC

P value

7/17 (41)
8/16 (50)
1/16 (6)

0/18 (0)
2/18 (11)
5/18 (28)

< 0.05a
< 0.05a
0.18

8/17 (47)
13/17 (76)

14/18 (78)
4/18 (22)

< 0.05a
< 0.05a

8/17 (47)

3/18 (17)

0.07

8/17 (47)

12/18 (67)

0.49

4/17 (24)

6/18 (33)

0.71

8/17 (47)

9/18 (50)

1.00

3/17 (18)

3/18 (17)

1.00

4/17 (24)

5/18 (28)

1.00

8/17 (47)

6/18 (33)

1.00

a

P < 0.05 vs control. UC: Ulcerative colitis; CD: Crohn’s disease.

DISCUSSION
Distinguishing Crohn’s colitis from UC histologically can
be extremely difficult, if not impossible in some cases.
In early stages of IBD it is common to have overlapping
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clinical and pathologic features which make a precise
diagnosis challenging and oftentimes subjective[20,21]. Despite well-established clinical and pathological criteria, a
fraction of CD cases are diagnosed as UC. This subgroup
has been identified in previous studies; however, none
solely focus on distinguishing pathologic features. Given
the significant difference in standard surgical management for UC and Crohn’s colitis, it is critical to identify as
many factors as possible which may help distinguish the
two entities. A study evaluating intestinal complications
of IBD noted that all studies of IPAA for presumed
UC contained 2%-7% of patients in whom the correct
diagnosis proved to actually be CD[22]. In another study,
which examined the long-term results of patients with
CD treated with IPAA, 21 of the 37 patients had a proctocolectomy specimen that was initially diagnosed as UC.
After review of the proctocolectomy specimens, four of
the patients had their diagnosis changed to CD[13]. IPAA
is widely accepted as the procedure of choice for UC patients. Conversely, this procedure is generally contraindicated in patients with CD because of negative outcomes
associated with post-procedural complications. Our goal
was to identify pathologic characteristics which may help
distinguish the “UC-like” CD subgroup from “true” UC.
In this study we found that the “UC-like” CD group
was on average 13 years younger than the “true” UC
group at the time of total colectomy. A large study
evaluating preoperative factors predictive of subsequent
diagnosis of CD after IPAA also reported younger age in
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the “UC-like” CD patients[23]. In addition, perianal fistula,
anal fissure, and colorectal stricture were found to be significant predictive factors. This was not observed in our
study, which may due a couple of factors. Our colorectal
surgeons generally are conservative in practice and will
not proceed with an IPAA if these features are identified
preoperatively and there remains clinical or pathologic
suspicion for CD. With that said, patients who may fall
into the category of indeterminate colitis are managed
medically and re-evaluated until further characterization
can be made. In our study, patients who underwent an
IPAA had a working diagnosis of UC. Granulomas were
seen in one “UC-like” CD case, which were not felt to
be associated with CD but with crypt disruption. Also, a
“UC-like” CD case contained an aphthous ulcer present
in the colon. Some cases of UC may possess this finding.
These findings in isolation would not have changed the
management of these patients. However, seeing they may
be associated with “UC-like” CD, stronger consideration
should be taken if identified prior to surgery.
Overall, gross pathologic features were mostly noncontributory in identifying “UC-like” CD. Two cases of
“UC-like” CD did show gross terminal ileum involvement, compared to none of the “true” UC cases. Though
there was no statistically significant difference, this may
potentially serve as an informative feature to note during pre- or post-operative examination. A cobblestone
appearance of the mucosa is generally regarded as a feature of CD, but was noted more often in the “true” UC
group. Skip lesions are also most associated with CD;
however, they were seen rarely and in close frequency as
that observed in the “true” UC group in our study. These
findings highlight the strong degree of overlap in both
forms of IBD, making the two entities difficult to distinguish on gross examination alone. Interestingly, when we
looked into the distribution of disease severity, we found
that approximately one third of the “UC-like” CD cases
had more severe disease in the proximal region than in
the distally involved region, which was not present in the
“true” UC group. Therefore, assessment of the distribution of the disease severity, even in patients treated medically for IBD prior to surgery, may be useful in identifying “UC-like” CD.
Microscopic examination resulted in the identification
of several significant features associated with “UC-like”
CD, including active ileitis (41% of “UC-like” CD cases,
but in none of the “true” UC cases). When evaluating the
terminal ileum, distinguishing backwash ileitis, characterized by active ileitis with/without architectural distortion
in UC patients with severe pan-colitis, from Crohn’s disease can be challenging. Both clinical and pathological
features must be taken into consideration. Backwash
ileitis has been reported in up 30% percent of UC cases[23,24]. The absence of ileitis in the “true” UC group may
be due to small sample size. It may also represent the declining prevalence in UC due to medical management in
UC cases with pancolitis and terminal ileum involvement
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prior to surgery. Two of the seventeen “UC-like” CD
cases with active ileitis had active chronic colitis that was
limited to the distal colon, which was strongly suggestive
of Crohn’s colitis.
Only one of the two cases with gross terminal ileum
involvement contained activity microscopically. One possibility is that the changes observed grossly were that of
chronic injury instead of an active inflammatory process.
Also of consideration is the possibility of sampling error.
Lastly, the gross and microscopic discrepancy could further illustrate the low diagnostic yield of gross features in
these cases.
Active appendicitis occurred in 50% of “UC-like”
CD cases, but in only 11% of “true” UC cases. The prevalence of appendiceal involvement in IBD is unknown.
The data surrounding its occurrence in CD are few and
inconsistent with ranges between 0%-54%[25-27]. Similarly,
appendiceal involvement in ulcerative colitis has been
reported with a wide range of variation (12%-87%)[28-30].
Despite the variable and inconsistent data, active appendicitis was found to be a useful feature in identifying
“UC-like” CD in the present study.
Prominent lamina propria neutrophils were more
specific for “UC-like” CD. The hallmark of active IBD
is cryptitis and/or crypt abscess formation with pronounced neutrophilic infiltration into the lamina prominent. Although its mere presence does not help discern
between CD and UC, our findings suggest that the
magnitude and degree of activity may be informative in
distinguishing these two entities.
Lastly, increased and prominent lymphoid aggregates
tended to be more common in “UC-like” CD (47% vs
18%). Transmural distribution of lymphoid aggregates
is considered a histological characteristic of Crohn’s
disease[31], which may explain the observed increase in
our “UC-like” CD group. However, lymphoid aggregates were found no deeper than the submucosa. It has
also been reported that a marked increase in aggregate
diameter is particularly seen in Crohn’s disease[32]. Taken
together, examination of the number, distribution, and
size of lymphoid aggregates in IBD are informative diagnostic measures[33].
In conclusion, we have identified several pathologic
features that may assist in identifying a subgroup of
IBD cases known as “UC-like” CD. In isolation, the
diagnostic predictive value of these features is limited
due to the large degree of overlap in both the gross and
histologic findings. However, gross assessment of disease
distribution and directed microscopic examination with
documentation of terminal ileum involvement, active appendicitis, lamina propria neutrophils, and increased and
prominent lymphoid aggregates may be suggestive of
Crohn’s colitis. Use of these results may permit creation
of a scoring system to validate and better prospectively
predict the likelihood of developing CD after RPC for
UC and thus impact clinical decision-making. Further
studies are warranted.
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Background

Despite well-established clinical and pathological criteria, a fraction of Crohn’s
disease (CD) cases are diagnosed as ulcerative colitis (UC). Given the significant difference in standard surgical management for UC and Crohn’s colitis, it is
critical to identify as many factors as possible that may help distinguish the two
entities.

10
11

Research frontiers

A subgroup of inflammatory bowel disease cases have been identified in the literature referred to as “superficial Crohn’s colitis” or “ulcerative colitis-like Crohn’s
colitis” in which traditional features of CD are not seen. Many of these studies
have focused on clinical predictive factors and surgical outcomes. In this study,
the authors identify pathologic features that may contribute to the identification
of this “UC-like” CD.

Innovations and breakthroughs

Previous studies have reported that perianal fistula, anal fissure, and colorectal stricture are useful predictive factors in identifying cases of “UC-like” CD.
Conversely, in this study gross pathologic features were non-contributory with a
great degree of overlap between the study and control group. However, microscopic features such as terminal ileum involvement, active appendicitis, lamina
propria neutrophils, and increased and prominent lymphoid aggregates were
found to be suggestive of CD.

Applications

By identifying several prospective pathologic predictive factors to better determine the likelihood of developing CD after underwent proctocolectomy (RPC)
for suspected UC cases, improved clinical and surgical decision-making can be
made, ultimately decreasing the prevalence of adverse outcomes seen in these
circumstances.

Terminology

“UC-like” CD refers to patients who were diagnosed with UC based on preoperative clinical, endoscopic, and pathologic studies, underwent RPC and
subsequently developed CD of the ileal pouch based on pouch and pre-pouch
ileum biopsies and/or development of peri-anal fistulizing disease.

Peer review

This is a single centre, retrospective case control study with patients who had
undergone RPC for “true UC” compared with patients who were subsequently
diagnosed with CD after surgery. Histopathological features were compared
between 17 “UC-like” CD patients and 18 “true UC” patients to identify factors
predictive of CD.
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Abstract
AIM: To clarify the association of interleukin-28B
(IL28B ) single nucleotide polymorphisms (SNPs) with
hepatitis C virus (HCV) viremia changes for assessment
of interferon (IFN) response.
METHODS: A cohort of 118 Caucasian treatment-naïve
HCV-G1 infected patients, treated with pegylated-IFN
alpha 2a or 2b associated with ribavirin (53 responders, 65 non-responders) during the period 2010-2012,
were genotyped for IL28B SNPs rs12979860 C>T and
rs8099917 T>G. Genotyping was performed by realtime allelic discrimination assay. Serum HCV RNA levels
were assayed at 2, 4, 12, 24 and 48 wk during therapy.
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Correlation between IL28B genotypes and serum HCV
RNA kinetics was investigated. Multivariable logistic regression analysis was performed to identify predictors
of null-response.
RESULTS: Twenty-six out of 118 patients (22%) had
no HCV RNA decline ≥ 1 log IU/mL at therapy week
4 (null-responders). IL28B genotype was rs8099917
(G*)/rs1297860(**) in 21/26 (80%) of null-responder
patients. Using multivariate analysis, it was shown
that the presence of the rs8099917 G allele was the
best predictor of null-response (OR = 7.9, 95%CI:
1.99-31.18). The presence of at least one favorable
genotype showed a positive predictive value of above
90% for HCV RNA reduction ≥ log at week 4. Analysis
of the HCV RNA kinetics during 12 wk of therapy in
patients with IL28B rs12979860 CT heterozygosis (n
= 73), according to their rs8099917 status, showed
that the viremia reduction was significantly different in
patients carrying the rs8099917 G allele compared to
those with favorable homozygosis.
CONCLUSION: Our findings emphasize the association
of the IL28B rs8099917 G allele with HCV. Genotyping for both IL28B SNPs is useful in clinical practice for
thorough patient risk stratification based on IFN responsiveness.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus-G1; Interleukin-28B rs12
979860; Interleukin-28B rs8099917; Interferon sensitivity; Triple therapy
Core tip: This work provides more insights into the advantage of interleukin-28B rs12979860 and rs8099917
genotyping for therapy management in hepatitis C
virus-G1 infected patients. The relevance of this ap-
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proach is cost-effective at the time of decisions regarding triple therapy. We observed that in rs12979860 heterozygous patients, carriage of the rs8099917 G allele
correlated with lack of viremia decrease early during
treatment, when it is critical to assess for interferon
sensitivity.
Rosso C, Abate ML, Ciancio A, Strona S, Caviglia GP, Olivero
A, Touscoz GA, Rizzetto M, Pellicano R, Smedile A. IL28B
polymorphism genotyping as predictor of rapid virologic response during interferon plus ribavirin treatment in hepatitis C
virus genotype 1 patients. World J Gastroenterol 2014; 20(36):
13146-13152 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13146.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13146

INTRODUCTION
For years, the standard of care for hepatitis C virus
genotype 1 (HCV-G1) infected patients consisted of 48
wk of combination therapy with pegylated-interferon α
and ribavirin (PEG-IFN/RBV)[1]. This treatment regimen underwent a major change after the introduction
of direct antiviral agents (DAAs). DAAs directly inhibit
specific steps in the HCV life cycle, for example, the two
currently approved molecules, boceprevir and telaprevir, target NS3/4A serine protease (protease inhibitors,
PIs)[2]. Triple therapy with PIs improves on-treatment kinetics and increases sustained virological response (SVR)
rate with decreased duration of therapy in both naïve and
treatment-experienced HCV-G1 patients[3-6], but raises
concerns regarding the generation of resistant viral variants and significant side effects[7]. Furthermore, PIs are
expensive and are not yet available in many countries[8].
With PEG-IFN/RBV therapy, pre-treatment patient
features, such as viral genotype 1, older age, high baseline viral load and the degree of fibrosis, markedly affect
the likelihood of attaining a SVR and assist physicians
in patient management[9]. A major breakthrough in the
study of baseline predictors of dual therapy response has
been the finding of two single nucleotide polymorphisms
(SNPs) rs12979860 and rs8099917, located near the interleukin-28B (IL28B) gene encoding for IFN-λ-3, which
display a strong association with SVR, mainly in HCV-G1
infected patients[10-14]. Subjects with favorable IL28B genotypes (such as CC for rs12979860 or TT for rs8099917)
have a twofold improvement in SVR rates compared to
patients carrying the risk allele for both SNPs. These
genetic variants also affect viral kinetics on-therapy and
during spontaneous viral clearance[15,16]. On-therapy viremia changes are even more informative: achievement
of rapid viral response (RVR), defined as undetectable
serum HCV RNA at treatment week 4, is considered the
strongest predictor of SVR, and the lack of early viral
response, defined as undetectable serum HCV RNA at
week 12, has been correlated with treatment failure[15].
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Patients who fail PEG-IFN/RBV therapy (non-responders, NR) are distinguished as follows: partial-responder
(par-R) if HCV RNA declines > 2 log IU/mL early on
treatment but is still positive at week 12; null-responder
(null-R) when HCV RNA reduction is less than 1 log at
week 4 on treatment, and relapser (Rel) when HCV RNA
is undetectable at end of therapy but becomes positive during follow-up period[17]. Data from randomized
controlled trials for PIs in pre-treated HCV-G1 patients
clearly show that the pattern of response to dual therapy
strongly affects the probability of achieving SVR after
triple therapy, with a progressive increase in SVR rates
from NR (31%-37%) to par-R (52%-57%) and to Rel
(75%-86%)[5,6,18].
Although scientific communities and governmental
health care organizations recommend triple therapy in
HCV-G1 patients[19-21], the use of PIs in clinical practice
needs optimization, especially in distinguishing subjects
who can still benefit from PEG-IFN/RBV therapy or
those who need triple therapy or should wait for new,
more potent drugs. In a recent multicentric study, including 1045 HCV-G1 treatment-naïve patients, it has been
shown that a consistent subset of this cohort, identified
by features such as IL28B genotype, could benefit from
conventional dual therapy leading to a reduction in adverse effects and economic costs[22,23].
The aim of this study was to retrospectively investigate the association of IL28B SNPs with viremia changes
at week 4 in a cohort of treatment-naïve HCV-G1 infected patients during combination therapy and to evaluate
the advantage of typing for both SNPs for the identification of IFN-sensitive patients.

MATERIALS AND METHODS
One-hundred and eighteen patients (M/F 62/56, median
age 49 years, interquartile range 16) with HCV-G1 infection undergoing antiviral therapy at the Gastroenterology
and Hepatology Division of Molinette Hospital, Turin,
Italy, during the period 2010-2012, were retrospectively
included in this analysis. Inclusion criteria were: (1) diagnosis of chronic hepatitis C (CHC) G1; (2) serum HCV
RNA positive; (3) Caucasian ethnicity; (4) no co-infection
with hepatitis B virus, hepatitis delta virus and human
immunodeficiency virus; and (5) naïve to HCV treatment.
Patients were treated with standard doses of PEG-IFNα-2a or -2b associated with RBV. Ribavirin dosage was
based on weight: patients less than 75 kg received 800
mg and those more than 75 kg received 1000-1200 mg.
Therapy duration was 48 wk or less according to specific
guideline stopping rules or to patients withdrawing due
to severe side effects[24,25]. The stage of liver fibrosis was
described according to the METAVIR score. Significant
fibrosis was defined as F3-F4. The AST-to-platelet ratio
index (APRI) was calculated according to the formula
proposed by Wai et al[26]. The research was approved by
the institutional ethics committee and was performed according to the 1979 Declaration of Helsinki. All patients
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statistically significant. Stepwise logistic regression analysis was performed to identify predictors of null-R. For
the regression model, the IL28B SNPs were evaluated according to the presence of the risk allele vs favorable homozygosis. All calculations were performed using SPSS
software version 20.0 (IBM SPSS Statistics for Windows,
Chicago, IL).

Table 1 Demographic and clinical features of 118 hepatitis
C virus genotype 1 infected patients n (%)
Variables

Patients

Age, yr
Male gender
BMI, kg/m2
AST, IU/mL
ALT, IU/mL
gGT, IU/mL
Platelets, 109 L
APRI index
Basal HCV RNA, log IU/mL
Fibrosis (stiffness)
Fibrosis Metavir
F0-F1-F2
F3-F4
IL28B SNP rs8099917
TT
TG
GG
IL28B SNP rs12979860
CC
CT
TT
HCV RNA decline < 1 log10 IU/mL w4
rs8099917_G*/rs12979860_**
rs8099917_TT/rs12979860_T*
rs8099917_TT/rs12979860_CC
Therapy outcome
R
NR

49 (16)
52.5%
23.5 (3.6)
82 (71)
55 (48)
46 (57)
182 (90)
0.4 (0.6)
6 (1.1)
6.7 (19)

RESULTS

20 (25)
59 (75)
59 (50)
56 (47)
3 (3)
30 (25)
73 (62)
15 (13)
26 (22)
21 (81)
3 (11)
2 (8)
53 (55)
65 (45)

Data are reported as median (interquartile range) and frequencies (%).
IL: Interleukin; BMI: Body mass index; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; gGT: Gamma-glutamyl transpeptidase;
IL28B: Interleukin-28B; SNP: Single nucleotide polymorphism; w4: Treatment week 4; R: Responder; NR: Non-responder.

signed an informed consent for genetic testing.
Serum HCV RNA levels were assayed at 2, 4, 12, 24
and 48 wk during therapy, using real-time polymerase
chain reaction (PCR) assay with a limit of detection of
15 IU/mL (CAP/CTM HCV 2.0, Roche Molecular Diagnostics, Pleasanton, CA). Patients were monitored for at
least 6 months after the end of treatment in order to assess therapy outcome. Genomic DNA was isolated from
350 μL of blood sample using the EZ1 DNA Blood
kit (Qiagen GmbH, Hilden, Germany). Genotyping for
IL28B SNP rs12979860 and rs8099917 was performed
by real-time allelic discrimination assay (TaqMan SNP
Genotyping Assay, Applied Biosystems, Foster City, CA)
using TaqMan SNP Genotyping Master Mix (Applied
Biosystems) on a CFX96 Real-time PCR instrument (BioRad Laboratories, Hercules, CA).
Statistical analysis
Continuous variables are summarized as median ± interquartile range, and categorical variables as frequency
and percentage. Comparisons between groups were performed using a Mann-Whitney U-test for non-normal
continuous variables. For categorical data, the Fisher
exact test was used. P < 0.05 (two-sided) was considered
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A total of 118 Caucasian HCV-G1 infected patients were
included in the study. Demographics and clinical characteristics of the patient cohorts are reported in Table
1. IL28B typing showed that 59 of them (50%) carried
genotype TG/GG at rs8099917 while 88 (75%) had
genotype CT/TT at rs12979860.
Twenty-six patients out of 118 (22%) did not achieve
an HCV RNA drop ≥ 1 log at week 4 (null-R) and 21/26
(81%) carried the rs8099917 G allele. All of them were
NR to therapy at week 12. Univariate analysis revealed
that baseline factors which were significantly associated
with null-R were higher levels of AST, ALT, gGT (P =
0.032, 0.002, 0.001 respectively), lower platelet levels (P =
0.019), higher APRI index (P = 0.033) and the carriage of
the rs8099917 G allele (P < 0.001). After logistic regression analysis, rs8099917 G allele carriage was determined
to be the best predictor of null-R (OR = 7.9, 95%CI:
1.99-31.18, Table 2).
The predictive value analysis of single and combined
IL28B SNPs for achieving HCV RNA decline ≥ 1 log
after 4 wk of treatment shows that the presence of at
least one favorable genotype yields a positive predictive
value (PPV) above 90%, with the combination of both
SNPs showing a mild improvement (likelihood ratio =
3.82), Table 3.
We analyzed HCV RNA kinetics during 12 wk of
therapy in patients with IL28B rs12979860 CT heterozygosis (n = 73), according to their rs8099917 status. The
reduction in viral load during treatment was significantly
different in patients carrying the rs8099917 G allele
compared to those with favorable homozygosis (P <
0.01). The decrease in serum HCV RNA levels at week
2, 4 and 12 was 2.1, 3.5 and 6.2 log10 in patients with the
rs8099917 TT compared to 0.9, 1.55 and 3.7 log10, respectively, in those with the unfavorable TG/GG genotypes (P
< 0.001), Figure 1.

DISCUSSION
The major implication for recommending triple rather
than dual therapy for HCV-G1 patients is that higher
numbers of patients may achieve a RVR and most likely
respond to treatment. Considering the enthusiasm in the
run to embrace new therapies, it should not be forgotten that an appreciable number (about 20%) of HCV-G1
patients (mainly those experiencing RVR) are able to
eliminate the virus with conventional dual therapies[22].
The treatment risk/benefit ratio is mainly bound to the
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Table 2 Univariate and multivariate analysis of baseline factors associated with hepatitis C virus RNA reduction < 1 log10 IU/mL at
week 4 on treatment n (%)
Baseline factors

Univariate

Multivariate

HCV RNA drop <1 log10: w4

HCV RNA drop ≥ log10: w4

(n = 26)

(n = 92)

49 (14)
15 (26)
23 (2)
90 (46)
73 (60)
68 (71)
151 (93)
0.6 (1.2)
6.1 (0.8)
11 (58)
21 (81)
23 (88)

49 (18)
47 (74)
24 (4)
67 (74)
49 (44)
39 (43)
196 (83)
0.4 (0.6)
6 (1.1)
48 (80)
38 (41)
65 (71)

Age, yr
Male gender
BMI, kg/m2
AST, IU/mL
ALT, IU/mL
gGT, IU/mL
Platelets, 109 L
APRI index
Basal HCV RNA, log IU/mL
Fibrosis F3/F4
IL28B rs8099917_TG/GG
IL28B rs12979860_CT/TT

P value

OR

95%CI

P value

NS
NS
NS
0.032
0.002
0.001
0.019
0.033
NS
NS
< 0.001
NS

1.01
0.97
0.99
7.90
-

0.99-1.02
0.95-0.99
0.98-0.99
1.99-31.18
-

NS
NS
NS
0.018
0.009
NS
NS
NS
0.003
NS

Data are reported as median (interquartile range) and frequencies (%). IL: Interleukin; BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; gGT: Gamma-glutamyl transpeptidase; Null-R: Null-responders; NS: Not significant.

Table 3 Sensitivity, specificity, positive and negative predictive value of single and combined IL28B polymorphisms for
achieving hepatitis C virus RNA drop ≥ 1 log at treatment
week 4
IL28B polymorphisms
rs8099917_TT
rs12979860_CC
rs8099917_TT or rs12979860_CC

Sn

Sp

PPV

NPV

LR

59%
29%
29%

81%
88%
92%

91%
90%
93%

36%
26%
27%

3.05
2.54
3.82

IL: Interleukin; Sn: Sensitivity; Sp: Specificity; PPV: Positive predictive
value; NPV: Negative predictive value; LR: Likelihood ratio.

incidence and severity of side effects, which are significantly increased with triple therapy and occur mostly
in the main candidates for treatment, i.e., patients with
advanced fibrosis or cirrhosis[26]. In a multicentric French
trial, including about 500 cirrhotic treatment-experienced
patients treated with triple therapy (CUPIC cohort), 40%
showed serious adverse events, with high rates of discontinuation, and there were 1.7% and 0.5% cases of mortality in the groups treated with telaprevir and boceprevir,
respectively [27]. Moreover, both PIs are metabolized
through cytochromes P450 3A4 and 3A5. With regard
to this, the risk of drug-drug interactions is a concern in
clinical practice[28,29].
In the era of DAAs, IL28B testing offers the minimal additional information that could influence the
clinician’s decision[27]. Nevertheless, triple therapy is not
recommended in all patients and the evaluation of pretreatment factors such as the IL28B SNPs still holds
significance to establish the therapeutic schedule. Moreover, in a recent review, Matsuura et al[30] reported that
IL28B polymorphisms may affect viral kinetics even in
the context of IFN-free regimens. In a phase 2, randomized, open-label trial of faldaprevir (NS3/4A protease
inhibitor) and deleobuvir (NS5B polymerase inhibitor),
the SVR rates tended to be higher in patients with CC
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at rs12979860 than in those with non-CC. This suggests
that innate immunity may still be important and confirms
the importance of IL28B genotyping in the context of
new and future therapy regimens[30].
Our data show that IL28B rs8099917 G allele carriage is the most significant baseline feature associated
with lack of IFN sensitivity at week 4, in treatment-naïve
HCV-G1 infected patients treated with PEG-IFN/RBV,
independently of rs12979860T allele carriage. Evaluation of the PPV for the HCV RNA decrease ≥ 1 log at
treatment week 4 according to each single SNP shows
no difference between them, with a mild likelihood ratio
for the two SNPs together. Nevertheless, the combined
IL28B genotype of week-4 null-R was rs8099917_G*/
rs1297860_** in 21/26 (80%) patients. In our cohort, all
null-R become NR at week 12 and may be considered as
interferon insensitive.
The IL28B locus (coding for IFN-λ3) is pivotal to the
pathogenesis of HCV chronic infection[9-13]. Two SNPs,
rs8099917 T/G and rs12979860 C/T, located 8 and 3
kb upstream of the IL28B gene, respectively, showed the
strongest association with SVR to dual therapy, especially
in HCV-G1 infected patients. Both SNPs are in linkage
disequilibrium but allele frequencies may be quite different among different ethnic groups. In addition, it has
been reported that IL28B genetic variants affect HCV
RNA decline early on therapy[15-17].
The mechanism by which the IL28B genetic variants influence the efficacy of dual treatment remains
unknown and the need to genotype for both SNPs in the
clinical setting, prior to therapy, remains questionable. In
the majority of studies, only one SNP, either rs12979860
or rs8099917, was assayed according to prevailing ethnicity. In Japan, the favorable rs8099917_T allele has higher
frequency in the general population compared to Caucasians, thus explaining why there is higher spontaneous or
therapy-induced clearance of HCV infection, and why
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IL28B rs12979860_CT carriers (n = 73)
Basal

Week 2

Week 4

COMMENTS
COMMENTS

Week 12

Background

0

Hepatitis C virus (HCV) therapy is currently undergoing a radical transformation
with the advent of the direct antiviral agents. These new molecules have higher
cure rates (about 70% to 80%) than dual therapy with pegylated interferon
(Peg-IFN) plus ribavirin (RBV) and may allow reduction in treatment duration.
Although in the United States, triple therapy is considered the new standard of
care treatment for HCV-G1 infected patients, in most European countries and
in the developing countries, dual therapy remains the standard of care treatment. In this context, pre-treatment patient features, such as viral G1, older
age, high baseline viral load, the degree of fibrosis and interleukin (IL)28B polymorphisms, markedly affect the likelihood of attaining a sustained virological
response (SVR) and assist physicians in patient management.

-1

Viral drop

-2
-3
-4

P < 0.01

-5
-6
-7

rs8099917_TT
rs8099917_TG/GG

Research frontiers

Figure 1 Hepatitis C virus RNA kinetics in IL28B rs12979860 heterozygous according to rs8099917 genotypes (median log10 IU/mL).

genotyping for this SNP is informative enough. Moreover, in the European cohort of 910 G1 CHC patients
analyzed by Suppiah et al[31], IL28B rs8099917 TG/GG
variants were associated with lack of treatment-induced
clearance. Halfon et al[32] reported that analysis of a single
IL28B SNP was sufficient to predict treatment failure in
patients with HCV. Furthermore, Lazarevic et al[33], comparing 3 Il28B SNPs, observed that the rs12979860 CC
genotype was a better predictor of therapy success in a
cohort of 106 HCV patients.
Our study confirms that IL28B alleles impact on viral kinetics during treatment in patients with HCV-G1
infection. In order to investigate the usefulness of typing
for both SNPs, we analyzed HCV RNA kinetics during 12 wk of therapy in the sub-group of patients with
rs12979860 heterozygosis with respect to rs8099917
genotypes. We observed a significant difference for HCV
RNA decline in the absence of rs8099917 G allele carriage. These observations highlight the association of the
IL28B rs8099917 G allele with the lack of HCV RNA reduction > 1 log at treatment week 4 in HCV-G1 patients
treated with PEG-IFN/RBV therapy. Thus, genotyping
for both IL28B SNPs is advantageous in clinical practice
for patient risk stratification at therapy week 4, a key
time-point for assessment of IFN responsiveness before
the addition of PIs. In patients with favorable IL28B genotypes and RVR, clinicians could still afford to treat with
combination therapy, with no addition of first generation
PIs and without losing therapy response. With the new
and future antiviral regimens entering clinical practice (2nd
class PIs and IFN-free regimens), IL28B genotyping may
guide clinicians to offer personalized therapy to difficultto-treat patients, hopefully sparing side effects and costs.

IL28B genotyping is advantageous in clinical practice for patient risk stratification at therapy week 4, a key time-point for assessment of interferon responsiveness before the addition of PIs. The results of this study provide a strong
rationale for the use of IL28B single nucleotide polymorphism (SNPs) testing to
personalize antiviral therapy.

Innovations and breakthroughs

This work aims at emphasizing the role of IL28B polymorphism genotyping
in HCV genotype-1 patients for whom triple therapy is not suited. In these
patients, the evaluation of pre-treatment factors such as the IL28B SNPs still
holds significance to establish the therapeutic schedule.

Applications

In patients with favorable IL28B genotypes and rapid viral response (RVR),
clinicians could still afford to treat with combination therapy, with no addition of
first generation PIs and without losing therapy response. The relevance of this
approach is cost-effective at the time of triple therapy.

Terminology

IL28B is a cytokine that plays a role in immune defense against viruses, including the induction of an “antiviral state”. Two SNPs, rs8099917 T/G and
rs12979860 C/T, located 8 and 3 kb upstream of the IL28B gene, respectively,
showed the strongest association with SVR to PEG-IFN/RBV therapy, especially in HCV-G1 infected patients.

Peer review

This study has shown that IL28B SNP can determine the effectiveness of PEGIFN/RBV treatment in HCV genotype 1 patients. In the study, patients carrying
both IL28B rs12979860CT and rs8099917TT show more sensitivity to PEGIFN/RBV than patients carrying IL28B rs12979860CT and other SNPs. Furthermore, the study reports that the IL28B rs8099917G allele possesses resistance
to PEG-IFN/RBV. Accordingly, the authors propose that genotyping of both
IL28B SNPs is useful in clinical practice for patient risk stratification based on
IFN responsiveness.
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initial ERCP in attempts to cannulate a native papilla.
The initial precut was successful in 79/187 (42%).
ERCP was repeated in 89/108 (82%) of patients with
failed initial precut sphincterotomy after a median interval of 4 d, leading to successful biliary cannulation in
69/89 (78%). In 5 patients a third ERCP was attempted
(successful in 4 cases). Overall, repeat ERCP after
failed precut at the index ERCP was successful in 73/89
patients (82%). Complications after precut-sphinctero
tomy were observed in 32/187 (17%) patients including pancreatitis (13%), retroperitoneal perforations
(1%), biliary sepsis (0.5%) and haemorrhage (3%).
CONCLUSION: The high success rate of biliary cannulation in a second attempt ERCP justifies repeating
ERCP within 2-7 d after unsuccessful precut sphincterotomy before more invasive approaches should be considered.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the outcome of repeating endoscopic retrograde cholangiopancreaticography (ERCP)
after initially failed precut sphincterotomy to achieve
biliary cannulation.
METHODS: In this retrospective study, consecutive
ERCPs performed between January 2009 and September 2012 were included. Data from our endoscopy and
radiology reporting databases were analysed for use of
precut sphincterotomy, biliary access rate, repeat ERCP
rate and complications. Patients with initially failed precut sphincterotomy were identified.
RESULTS: From 1839 consecutive ERCPs, 187 (10%)
patients underwent a precut sphincterotomy during the
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Core tip: Selective biliary cannulation during endoscopic
retrograde cholangio-pancreaticography (ERCP) fails in
5%-15%, even in expert high volume centres. Precut
sphincterotomy facilitates biliary access, but also has
a failure rate. Alternative, more invasive options for
achieving biliary therapy, such as percutaneous-endoscopic or endoscopic ultrasound guided rendez-vous
procedure, percutaneous transhepatic or surgical intervention include a considerable morbidity. This study
demonstrates that repeating the ERCP within a few
days after initial failed precut is a successful strategy in
the majority of patients and should be tried before con-
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templating more invasive, alternative interventions.

MATERIALS AND METHODS

Pavlides M, Barnabas A, Fernandopulle N, Bailey AA, Collier
J, Phillips-Hughes J, Ellis A, Chapman R, Braden B. Repeat
endoscopic retrograde cholangiopancreaticography after failed
initial precut sphincterotomy for biliary cannulation. World J
Gastroenterol 2014; 20(36): 13153-13158 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/13153.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i36.13153

INTRODUCTION
Successful biliary therapy during endoscopic retrograde
cholangio-pancreatography (ERCP) requires selective
cannulation of the bile duct. Despite advances and new
developments in endoscopic accessories such as catheters, guide-wires and sphincterotomes, selective biliary
cannulation fails in 5%-15% of cases, even in expert high
volume centres[1].
In the wider endoscopic community, biliary cannulation success rates are even lower. In a large scale,
prospective multicentre study performed in 66 hospitals
across England, selective deep biliary cannulation was
achieved only in 84%. The study had been organized by
the British Society of Gastroenterology in 2004 and included
3209 patients with native papilla[2].
Precut sphincterotomy facilitates selective bile duct
access during ERCP in patients in whom conventional
biliary cannulation has failed. Precut sphincterotomy
seems to be associated with a higher procedure related
complication rate in many studies, such as haemorrhage,
perforation and especially acute post-ERCP pancreatitis,
but this is probably due to an increased number of cannulation attempts in patients undergoing precut sphincterotomy in the end, while the complication rate is lower
if precut sphincterotomy is carried out early (< 10 attempts)[1,3,4].
However, precut sphincterotomy does not always
achieve primary biliary cannulation success. Prolonged
cannulation and precut attempts often result in papillary
oedema which renders the bile duct insertion even more
difficult.
In cases with failed biliary cannulation during ERCP,
several options exist for achieving biliary therapy, such
as percutaneous-endoscopic or endoscopic ultrasound
guided rendezvous procedure, percutaneous trans-hepatic
biliary therapy, or surgical intervention (when appropriate for the patient). Unfortunately, these alternative
techniques are more invasive and include a considerable
morbidity or are not widely available (e.g., endoscopic ultrasound guided biliary drainage)[5,6].
In this retrospective cohort study, we investigated
whether it is justifiable to repeat ERCP within a few days
after an initially failed precut before considering more
invasive strategies such as rendezvous techniques, percutaneous trans-hepatic cholangiography or surgery.
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A retrospective cohort study of all ERCPs performed
between January 2009 and September 2012 was conducted. Consecutive ERCPs were identified from endoscopy (Unisoft Medical Systems, Enfield, Middlesex,
United Kingdom) and radiology (Centricity® Enterprise
Web, GE Medical Systems) reporting databases and were
analysed for use of precut sphincterotomy, biliary access
rate, repeat ERCP rate and complications. All patients
with a naïve papilla that could be reached by using a duodenoscope were included in this study and patients with
initially failed precut sphincterotomy were identified. A
retrospective review of the patients’ electronic records
was undertaken to identify post procedural outcomes. All
ERCPs were clinically indicated and were performed as
part of the patients’ routine care. All patients agreed to
have the ERCPs and gave written informed consent.
Pre-cut sphincterotomy
All endoscopists (Barnabas A, Collier J, Phillips-Hughes
J, Ellis A, Chapman R, Braden B) routinely perform
freehand cannulation or a wire-guided cannulation technique when attempting to cannulate a native papilla. A
sphincterotome with a 4.4 F tip and a straight 0.035-inch
guide-wire are usually used. ERCP trainees were involved
with initial attempts of papillary cannulation, but precut
techniques were exclusively performed by senior consultant endoscopists. The preferred precut sphincterotomy
method is a needle-knife technique using a 3-mm-long
needle-knife (Olympus Optical Co, Ltd, Tokyo, Japan).
The cut is aimed from the top of the papillary orifice
upwards in a 11 o’clock direction un-roofing the biliary
orifice and exposing the opening of the distal bile duct,
which is selectively cannulated with a guide-wire passed
through a sphincterotome or cannula. After successful
placement of the guide-wire into the bile duct the sphincterotomy is completed in a conventional manner with
therapeutic interventions carried out as indicated by the
findings (e.g. stent insertion, stone extraction, dilatation).
The number of failed cannulation attempts of the papilla
before starting precut and the attempts of bile duct cannulation after precut procedure were at the discretion of
the endoscopist.
After November 2010, unless contraindicated, patients
routinely received 100 mg of diclofenac per rectum prior
to all ERCPs as prophylaxis for post ERCP pancreatitis.
Outcomes and definitions
The primary outcome was the success of repeated ERCP
after initially failed precut sphincterotomy. Precut sphincterotomy and ERCP was deemed successful if cannulation of the bile duct was achieved enabling appropriate
therapy.
Procedure-related complications were defined as adverse clinical events or unexpected clinical outcomes related to the procedure. Specifically, this study assessed 30
d mortality, post-ERCP pancreatitis, bleeding, cholangitis,
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perforation, and any unexpected adverse clinical event.
Post-ERCP pancreatitis was defined according to
consensus criteria as abdominal pain and an increase of
serum amylase levels at least three times greater than the
normal upper limit requiring hospitalization for at least 2
nights[7]. Clinical bleeding was defined as the presence of
clinical evidence of hemorrhage (melaena, haematochezia
or haematemesis) with a drop of over 10% in hemoglobin concentration, a need for endoscopic intervention, or
a need for hospitalization within 7 d post-procedure.
Statistical analysis
Data are presented as average and standard deviation or
median and inter-quartile range as appropriate. Categorical data was analysed using Fisher’s exact test. P values of
less than 0.05 were considered statistically significant. Kaplan Meier curves were used to compare the 30 d mortality of those who failed precut and those who underwent
successful precut. Log-rank (Mantel Cox) test was used to
test for significant differences between the curves. Statistical analyses were carried out using the GraphPad Prism
software (version 5, Graphpad Software, Inc.).

RESULTS
Biliary cannulation after precut sphincterotomy
A total of 1839 ERCPs in patients with a native papilla
were performed during the study period. One hundred
eighty-seven (10.2%) patients (107 female, 80 male) were
identified who underwent a precut sphincterotomy during the initial ERCP in attempts to cannulate a native papilla. Indications for ERCP in these 187 patients included
common bile duct stones (43%), biliary leak (7%), obstructive jaundice (18%), cholangiocarcinoma (3%), pancreatic cancer (10%) and metastatic disease from other
cancers (2%).
In 79 patients (42.2%) a precut sphincterotomy led to
common bile duct cannulation at the initial ERCP. ERCP
was repeated in 89 of the 108 patients with failed initial
precut sphincterotomy. Repeat ERCP performed a median of 4 d [interquartile range (IQR) 3-6 d] after initial precut sphincterotomy allowed successful biliary cannulation
in 69/89 patients (77.5%). In 5 patients with failed second
attempt, ERCP was repeated a third time and biliary access was gained in four. In total, repeat ERCP after failed
primary precut ERCP was successful in 73/89 patients
(82.0%). Overall the biliary cannulation was successful in
152 of 187 patients (81.3%). Figure 1 illustrates the management of patients and biliary cannulation outcomes.
Complications
Complications were observed in 32/187 patients having
pre-cut sphincterotomy (17.1%). Twenty-four patients
(12.8%) developed pancreatitis, mild or moderate in severity. All cases of pancreatitis were treated conservatively. After pre-cut sphincterotomy, 2 patients (1.1%) had
retroperitoneal perforations which settled on antibiotics
and conservative management. Five patients (2.7%) suffered bleeding complications after precut-sphincterotomy.
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One of these patients required mesenteric angiography
and embolisation, another one endoscopic treatment with
heater probe. The bleeding settled spontaneously in the
three other patients. One patient (0.5%) developed biliary sepsis following his procedure which was successfully
treated with antibiotics.
There were no significant differences between the
complication rate after the index ERCP (24/187, 12.8%)
and after a subsequent procedure [8/93 (8.6%), P = 0.33].
Outcomes in patients who failed biliary access despite
precut
Biliary access was not successful despite pre-cut in
35/187 (18.7%). Twelve patients did not have any further
invasive interventions due to frailty or a lapse in the indication for ERCP. Ten patients went on to have surgical
treatment without any other intervention (8 cholecystectomies and common bile duct exploration, 1 choledochojejunostomy and roux loop, 1 Whipple’s procedure).
There were no major complications from surgical interventions. Ten patients went on to have percutaneous biliary cholangiography (PTC) and attempted intervention.
Patients who underwent PTC did not have any complications. In one case PTC failed twice and the patient went
on to have a Whipple’s procedure. One patient had an
endoscopic ultrasound of the common bile duct which
revealed no gall stones and no further procedures were
performed. Two patients were transferred back to their
referring hospitals and the data regarding their final outcome are missing.
30 d mortality
Nine (4.8%) of the 187 patients died within 30 d of their
latest ERCP. There was a significantly higher 30 d mortality in patients where biliary access was not achieved
endoscopically despite precut (6/35, 17%) compared to
those who had successful biliary cannulation after precut
(3/152; 2%, P = 0.0016). The Kaplan Meyer curves for
30 d mortality are shown in Figure 2.
The cause of death could be retrospectively established only in 6 of the 9 patients. In all cases patients died
from underlying advanced malignancy.

DISCUSSION
Selective bile duct cannulation is the prerequisite for all
endoscopic biliary therapeutic interventions, but this cannot always be achieved easily. Difficulties in selective bile
duct cannulation can be encountered due to anatomic
restraints, papillary spasms or impacted stones[2]. In cases
where cannulation is difficult, precut sphincterotomy can
provide access into the distal bile duct. Several techniques
such as needle-knife papillotomy, fistulotomy, and transpancreatic septotomy have been described[8].
Prolonged or repeated attempts of cannulation of the
papilla and the diathermy effect of the precut sphincterotomy can result in papillary oedema with distortion of
the papillary anatomy and narrowing of the distal common bile duct which renders insertion into the bile duct
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Figure 1 Management of patients and biliary cannulation outcomes. ERCP: Endoscopic retrograde cholangiopancreatography.
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even more difficult. Furthermore, the view can become
restricted by bleeding. Therefore, it appears worthwhile to
repeat the ERCP in a short interval following the initial
precut sphincterotomy when the cautery induced papillary oedema has resolved. In our experience, the oedema
caused by initial cannulation attempts and cautery usually
resolves three to five days after the initial precut, and the
anatomy of the papilla becomes clearer. Often the opening of the bile duct can be identified then facilitating the
biliary cannulation. This experience in our centre is also
supported by evidence from another published series
where the success rate of cannulation was significantly
higher after an interval of 2-3 d vs an interval of 1 d between the index and subsequent procedure[9].
In the present study, selective biliary cannulation of
the naïve papilla was achieved in 89.8% of cases with the
remaining 10.2% of cases necessitating precut sphincterotomy to facilitate biliary access. The biliary cannulation
success rate of 89.8% is in keeping with other published
series which report success rates of 80%-95%[1,2,10]. Including the 79 cases where precut allowed biliary access
at the index ERCP, selective deep biliary cannulation was
possible in 1731 of 1839 patients (94.1%) during the first
ERCP.
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In the remaining 5.9%, we found a success rate for
biliary cannulation of 77% in a repeat ERCP after a
median of 4 d following a failed initial precut sphincterotomy. When the results of the four cases that had successful biliary cannulation in a third ERCP attempt were
added, the overall rate of biliary cannulation in repeat
ERCP after failed initial precut increases to 82%. There
were no significant differences in the rates of complications between the index and subsequent ERCP and there
was no procedure related mortality.
Biliary cannulation at the time of precut sphincterotomy at the index ERCP was successful in 79/187 (42.2%).
This rate appears lower than rates reported in the literature (72.3%-92%)[9-12]. However, comparison with these
other published series is difficult as they mostly represent
the results of a single endoscopist[10-12]. Furthermore,
some of these studies do not report the success rates
of biliary cannulation without precut[11] while one study
reports a need for precut in 23.3% of their patients[10].
Our overall cannulation rate of 81.3% for those patients
needing a precut sphincterotomy is comparable to those
reported in other similar studies[9,12].
Our success rate of 82% for biliary cannulation in patients undergoing a repeat ERCP after failed initial precut
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In conclusion, the high success rate of biliary cannulation in a second attempt ERCP justifies repeating
ERCP within 2-7 d after unsuccessful initial precut
sphincterotomy before more invasive approaches such
as percutaneous cholangiography or surgery should be
considered. Repeat ERCP after previously failed precut
sphincterotomy obtains biliary access in about two thirds
of patients and allows definite biliary therapy.

Percent survival

100

90

80

Succesfull precut
Failed precut

70

0

10

20

COMMENTS
COMMENTS

30

Background

t /d

Figure 2 Kaplan-Meier curves for 30 d mortality. There was significantly
increased mortality risk in those who had a failed precut sphincterotomy (6 out
35 patients) compared to those who had a successful biliary cannulation after
precut (3 out of 152 patients, P = 0.0001).

sphincterotomy seems to be higher than in similar retrospective studies with smaller numbers. An Irish group[13]
repeated the ERCP after failed needle knife fistulotomy
in 19 patients and gained biliary access in 13 (68%). Donnellan et al[14] reported 75% success of repeat ERCP in
a series of 51 patients with failed use of a needle knife
sphincterotomy. In addition the overall complication rate
reported here (17.1%) is again similar to other published
series[9-11].
One interesting observation was that the 30 d mortality in those who failed biliary cannulation despite precut
was higher compared to those where biliary cannulation
was successful. Furthermore, mortality in all patients
within the study was attributed to advanced malignancy,
suggesting that in the setting of biliary obstruction due to
malignancy, failure to achieve biliary cannulation implies
advanced disease and may be considered as a bad prognostic factor.
The choice of the precut technique and the number
of cannulation attempts before and after precut sphincterotomy were at the discretion of the endoscopist and
this is a limitation of this study. However, none of our
endoscopists routinely performs supra-papillary fistulotomy or trans-septal pancreatic sphincterotomy, all
use a freehand incision technique starting at the papillary orifice and extending cranial using a short pulsed
cutting current. In addition, this is a retrospective non
randomised observational study which may be limited by
selection bias; prospective data would be desirable.
The clinical decision to repeat the ERCP needs to be
seen in the context of the complication rates of the alternative strategies. According to Oh et al[15], overall PTC
complications occur in 12.9% while severe complications
such as haemobilia, haemoperitoneum, or ductal injury
are observed in 8.2%. Weber et al[16] reports lower overall
complication rates of 9.3% and also less common severe
complications in 4%. The local expertise in interventional radiology, surgery, and ERCP should also guide the
clinical decision for the particular patient whether repeat
ERCP or alternative options might be more appropriate.
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The endoscopic access to the bile duct for therapeutic procedures such as
stone extraction or stent insertion for biliary drainage can be technically difficult. The selective cannulation of the bile duct during endoscopic retrograde
cholangio-pancreatography (ERCP) fails in about 10% of cases, even in expert
high volume centres.

Research frontiers

Precut sphincterotomy is a technique to gain access to the bile duct by a
controlled incision when standard cannulation techniques have failed. In experienced hands, early precut sphincterotomy reduces the post-ERCP pancreatitis
rate while repeated cannulation attempts increase it. However, it remains
unclear how to manage patients with failed precut sphincterotomy who require
biliary therapy.

Innovations and breakthroughs

In the present study, the outcome of repeating ERCP after a failed initial precut
sphincterotomy has been analysed. In about two thirds of patients with a failed
initial precut sphincterotomy, the repeat ERCP was successful and obtained
biliary access allowing definite biliary therapy for these patients.

Applications

The high success rate of biliary cannulation in a repeat ERCP in this study
encourages a second ERCP attempt within 2-7 d as a reasonable approach in
patients with failed initial precut sphincterotomy.

Terminology

During ERCP, the selective cannulation of the bile duct by guidewires followed
by special catheters enables therapeutic procedures such as stone extraction,
balloon dilatation or stent insertion. Precut sphincterotomy is defined as a controlled incision into the ampulla Vateri or into the common bile duct to achieve
selective biliary cannulation.

Peer review

Despite being a retrospective series, the high rate of success of 2nd attempt
after initial failed pre-cut cannulation is noteworthy.
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consecutive pediatric patients underwent LDLT in our
institute. Thirty LDLT patients (13 girls and 17 boys)
were followed up for a median of 15 mo, of whom
53.3% (16/30) were hepatitis B core antibody (HBcAb)
positive and 36.7% (11/30) were hepatitis B surface
antibody (HBsAb)/HBcAb positive before transplantation. Sixteen of the children received HBcAb-positive allografts, and 43.7% (7/16) of the grafts were found to
be intrahepatic HBV DNA positive. De novo HBV infection developed in 16.1% (5/30) of the children within
a median of 11 mo after transplantation. All five of the
HBV-infected children had received HBcAb-positive allografts, four of which were intrahepatic HBV DNA positive. Two of the children developed de novo HBV infection despite the preoperative presence of both HBsAb
and HBcAb
CONCLUSION: In pediatric recipients, positive intrahepatic HBV DNA in allografts could be a risk factor for
de novo HBV infection from HBcAb-positive allografts.
HBsAb/HBcAb positivity in pediatric LDLT patients before transplantation exhibited only weak effectiveness
in protecting them against de novo HBV infection from
HBcAb-positive allografts.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the incidence of de novo hepatitis
B virus (HBV) infection after pediatric living donor liver
transplantation (LDLT) and to analyze the risk factors
associated with this de novo HBV infection.

Key words: Pediatric liver donor liver transplantation;
Occult hepatitis B infection; De novo hepatitis B infection

METHODS: The clinical and laboratory data of children
who underwent LDLT from June 2010 to September
2012 in First Center Hospital in Tianjin, China, were
retrospectively included in the study. Intrahepatic HBV
DNA in donors and recipients was quantified by realtime polymerase chain reaction using DNA extracted
from formalin-fixed, paraffin-embedded tissues.
RESULTS: Between June 2010 to September 2012, 32
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Core tip: We reported our experience of de novo hepatitis B virus (HBV) infection after pediatric living donor
liver transplantation (LDLT), which showed that the incidence of de novo HBV infection in pediatric LDLT was
16.7% in our center. Among hepatitis B core antibody
(HBcAb)-positive allografts, 43.7% were intrahepatic
HBV DNA positive. Positive intrahepatic HBV DNA in allografts was predictive of de novo HBV infection after
LDLT in children who were given HBcAb-positive allografts. Hepatitis B surface antibody/HBcAb positivity
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exhibited weak effectiveness in preventing children
receiving HBcAb-positive allografts from de novo HBV
infection. Lamivudine prophylaxis therapy is essential
to prevent de novo HBV infection in pediatric patients
from HBcAb-positive allografts with positive intrahepatic
HBV DNA.
Rao W, Xie M, Yang T, Zhang JJ, Gao W, Deng YL, Zheng H,
Pan C, Liu YH, Shen ZY. Risk factors for de novo hepatitis B
infection in pediatric living donor liver transplantation. World J
Gastroenterol 2014; 20(36): 13159-13166 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/13159.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i36.13159

INTRODUCTION
It is well known that the use of hepatitis B core antibody
(HBcAb)-positive liver allografts carries a 48%-58% risk
of de novo hepatitis B virus (HBV) infection in HBV-naïve
patients without a prophylaxis strategy[1,2]. Hence, many
authors have suggested prohibiting or restricting the use
of HBcAb-positive allografts in certain groups of recipients. However, this approach is not practical in HBVendemic areas, such as China, where almost 10% of the
general population is hepatitis B surface antigen (HBsAg)
positive and approximately 50% of the adults are HBcAb
positive[3-5]. In China, HBcAb-positive allografts have not
been a remarkable problem in adults because HBV-related disease is a dominant indication for liver transplantation (LT) for adults, and it has been reported that the
HBV serological status of the donors did not affect the
graft survival rate if the recipients had a similar HBV status[6]. However, HBcAb-positive donors pose a difficult
problem in pediatric liver transplants because non-HBVrelated liver disease is the main indication for pediatric LT
in China[7,8]. Although there have been great achievements
in adult and pediatric living donor liver transplantation in
recently years all over the world[6,7,9], little data are available on de novo HBV infection in pediatric patients who
receive allografts from HBcAb-positive donors, and
pertinent risk factors analysis has rarely been performed.
The aim of our study is to investigate the prevalence of
de novo HBV infection in pediatric liver transplant recipients and to analyze the risk factors associated with the
development of de novo HBV infection in these patients.

MATERIALS AND METHODS
Patients enrolled
Between June 2010 to September 2012, 32 consecutive
pediatric patients who underwent living donor liver transplantation (LDLT) in the organ transplantation department of the First Center Hospital in Tianjin, China, were
recruited retrospectively. Exclusion criteria included lost
to follow-up, incomplete data or death within 3 mo of
LDLT.
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The medical records of all enrolled patients were
reviewed, including the following: age, gender, date of
liver transplant, and vaccination status; HBV serological
markers in recipients and donors before and after transplantation, including HBsAg, hepatitis B surface antibody
(HBsAb), hepatitis B e antigen (HBeAg), hepatitis B e
antigen antibody (anti-HBe), and HBcAb; serum HBV
DNA before and after transplantation (a value less than
100 IU/mL was considered negative); pediatric model of
end-stage liver disease (PELD) score before transplantation; blood transfusion, level of immunosuppressants,
dosage of steroids, biochemical levels; and follow-up
time. All clinical data were followed up as of October
2013.
Immunosuppressants
The immunosuppressive regimen in these patients were
maintained as tacrolimus (TAC) combined with corticosteroids in the first 6 mo. Intravenous basiliximab (10 mg)
was used intraoperatively and on the fourth postoperative
day. The blood trough level of TAC after transplantation
was kept in the range of 10-15 ng/mL in the first month,
then 5-8 ng/mL. Corticosteroid was withdrawn gradually
within 6 mo after liver transplantation in all patients.
Quantification of intrahepatic HBV DNA
Samples of donor and recipient liver tissues were tested
for occult HBV DNA according to previously reported
techniques[9,10]. Briefly, DNA was extracted from freshly
cut sections of formalin-fixed, paraffin-embedded liver
tissues, with a thickness of 5 µm and an area of almost
20 mm 2, using the QIAamp DNA FFPE Tissue kit
(56404, Qiagen GmbH, Hilden, Germany) according to
the manufacturer’s protocol. The storage time of the selected liver tissues varied from 1 year up to 3 years. DNA
was eluted in 100 µL of Buffer ATE and was stored at
-70 ℃ until the time of analysis. A 50-µL aliquot was
put aside for the quantification of total HBV DNA and
β-actin DNA. The remaining 50 µL was treated with 40
units of Plasmid-Safe adenosine triphosphate-dependent
DNase (Epicentre Technologies, Madison, WI, United
States) for 30 min at 37 ℃ to digest relaxed circular and
single-stranded forms of HBV DNA. The DNase enzyme was inactivated by incubation at 70 ℃ for 30 min.
Ten liver samples from HBsAg-positive recipients
were collected as positive controls. Ten liver specimens
from HBV-uninfected patients [HBsAg and HBcAb
negative with undetectable HBV DNA in serum by polymerase chain reaction (PCR)] were analyzed as negative
controls.
An external standard curve was constructed by using
10-fold serial dilutions of a plasmid of known concentration carrying the entire HBV genome (genotype B)
for real-time PCR analysis. A linear relationship was observed over the plasmid concentration range of 102-108
copies/mL. The standard curve was included in each
real-time PCR run for total HBV DNA and HBV covalently closed circular DNA (cccDNA), and the inter-
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run correlation coefficient of the standard curve was
routinely greater than 0.990. All real-time PCR analysis
was performed in an ABI PRISM 7500 sequence detector system (Applied Biosystems, Foster City, CA, United
States).
Total HBV DNA was measured using a primer set located within the S gene. The primer and probe sequences
are as follows: forward primer (nt 361-381), 5’-CACATCAGGATTCCTAGGACC-3’; reverse primer (nt
419-398), 5’ GCAGCAGGATGCATAGGAAGAT-3’;
and TaqMan probe (nt 382-396), 5’-TCTGCGGCGTTTTAT-3’. HBV cccDNA was measured using a pair of
cccDNA-selective primers and a probe that targets the
gap region between the two direct repeat regions of
the viral genome. The primer and probe sequences are
as follows: forward primer (nt 1596-1612), 5’-TCTGCACGTCGCATGGA-3’; reverse primer (nt1678-1652),
5’-CAGAGAGTCCAAGAGTCCTCTTATGT-3’;
and TaqMan probe (nt1624-1638), 5’-CCGCCCACCAGTTCT-3’. A reporter dye (6-carboxy-fluorescein,
FAM) was attached to the 5’ end and a quencher dye
(non-fluorescent quencher, NFQ) was incorporated at
the 3’ end of the probe. Briefly, real-time PCR was performed in a 20-µL reaction mixture containing 10 µL
of TaqMan Universal PCR Master Mix (ABI; Roche,
Branchburg, NJ, United States), 1.5 mmol/L MgCl2, 0.6
pmol of each primer, 0.3 pmol of the probe, and 5 µL of
extracted DNA. Real-time PCR was performed with an
initial 2-min incubation at 50 ℃ for uracil-N-glycosylase
activity, which was followed by a 10-min incubation at
95 ℃. Subsequently, 40 cycles of 95 ℃ for 15 s and 60 ℃
for 60 s were performed. All specimens were run in duplicate, and negative and positive controls were included
in each run.
Quantification of β-actin was used to estimate the
amount of genomic DNA in each liver sample. β-Actin
amplification was performed by real-time PCR using the
TaqMan β-actin control kit (PE Applied Biosystems,
Foster City, CA, United States). Serial dilutions of human
genomic DNA served as standards for the β-actin quantification. The conversion factor of 6.667 pg of human
genomic DNA per cell was used. The amount of HBV
DNA in the liver tissues was expressed as copies per cell.
Follow-up
After liver transplantation, HBV serological and virological markers were routinely monitored every 3 mo in the
first year and every 6 mo thereafter and observed for abnormal liver function. De novo HBV infection was defined
as detectable serum HBsAg (with or without biochemical
features of hepatitis) and histologic and immunohistochemical confirmation of HBV by liver biopsy after liver
transplantation in those who were negative for serum
HBsAg before liver transplantation.
The performance of this study was approved by the
Ethical Affairs Committee of Tianjin First Central Hospital and it adhered to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from
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Children transplanted (n = 32)
Died during early time
after LDLT (n = 2)
Patients analyzed (n = 30)

HBcAb(+) allograft
(n = 16)

HBcAb(-) allograft
(n = 14)

Allograft HBVDNA (+)
(n = 7)

Allograft HBVDNA (-)
(n = 9)

De novo HBV infection
(n = 4)

De novo HBV infection
(n = 1)

Figure 1 Flow chart of children enrolled. LDLT: Living donor liver transplantation; HBcAb: Hepatitis B core antibody; HBV: Hepatitis B virus.

the patients’ parents or guardians.
Statistical analysis
Data are presented as mean ± SD or as median and range
as appropriate. Independent t tests or Mann-Whitney
rank sum tests were used for continuous variables. Categorical variables were compared with the χ 2 test. All statistical analyses were performed by SPSS (Version 17.0,
SPSS, Inc., Chicago, IL, United States). A P-value less
than 0.05 was considered statistically significant.

RESULTS
Patient demographics and baseline characteristics
Between June 2010 to September 2012, 32 patients were
admitted to our center for LDLT diagnosed as biliary
atresia. Two patients were excluded from the study because of death from multiple organ failure (unrelated to
HBV) within 3 mo after LT, leaving 30 eligible patients
finally. A flow-chart summary of the patients enrolled is
presented in Figure 1.
The median age of the patients was 12 mo (range: 6-57
mo), including 13 girls and 17 boys. The average PELD
score before LT was 17 ± 4. All 30 children received one
dose of HBV vaccine at birth, but none of them received
the other two doses of HBV vaccine owing to hyperbilirubinemia or malnutrition.
Among the 30 pediatric patients, the median followup period was 15 mo (range: 4-40 mo), and all patients
survived through the last follow-up except one who died
of fulminant hepatic failure caused by HBV and EpsteinBarr virus co-infection, even though they were receiving
active antivirus therapy with acyclovir and entecavir for
4 mo after LDLT, 2 wk after de novo HBV infection was
diagnosed.
All transplants involved living donors, and the aver-
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Table 1 Characteristics of children with de novo hepatitis B infection after liver transplantation
Pre-operation data (serum)

De novo HBV infection

Allograft

HBV status follow-up

Liver
FollowLiver
HBsAb
Serum
Serum
Time HBsAg
No. HBsAb HBcAb HBVDNA HBsAb HBcAb HBVDNA/
HBVDNA enzymes (IU/mL) HBVDNA enzymes up (mo)
after LT (IU/
(IU/mL) (IU/mL) (IU/mL) (IU/mL) (IU/mL)
cccDNA
(IU/mL)
(IU/mL)
mL)
(copies/cell) (mo)
1
2
3
4
5

<2
<2
<2
164.4
31.4

1.04
1.36
0.98
0.03
0.23

< 100
< 100
< 100
< 100
< 100

251.8
462.4
262.5
<2
210.0

0.010
0.007
0.339
0.007
0.009

2.57/0.08
Neg/neg
1.50/0.09
12.4/0.15
3.61/0.09

25.4
10.6
12
3.4
8.7

1348
164.9
3608
746.1
2345

1.62 × E8
1.12 × E2
2.90 × E9
7.14 × E8
1.46 × E8

N
AN
N
AN
N

4745
5791
3608
1866
3213

1.62 × E8
1.62 × E8
2.9 × E9
7.14 × E8
1.46 × E8

N
N
N
AN
N

35.3
17.0
16.8
4.0
15.2

HBsAb: Hepatitis B surface antibody; HBcAb: Hepatitis B core antibody; HBV: Hepatitis B virus; cccDNA: Covalently closed circular DNA; LT: Liver
transplantation; N: Normal; AN: Abnormal.

fection diagnosis was 25 mo. Among the five children,
two were HBV naive, one was HBsAb positive, and the
remaining two were HBsAb/HBcAb positive before LT.
Abnormal liver function was observed in two of the five
children when de novo HBV infection was diagnosed, one
of whom died of fulminant hepatic failure, as mentioned
above, and the other survived with normal liver function
at the last follow-up. The other three children had normal
liver function through the last follow-up (Table 1). None
of the children in this group received antiviral treatment
because of young age and the risk of virus mutation.

Table 2 Demographic and clinical characteristics of children
according to donor hepatitis B core antibody status
Characteristic

HBcAb(+)
donor
(n = 16)

Donors
Gender (n, M/F)
7/9
Age (yr)
35 (20-55)
HBsAb (+/-)
14/2
Recipients
Age (mo)
11 (7-43)
Gender (n, M/F)
9/7
PELD score
16 ± 3
Preoperative HBcAb (n, +/-)
11/5
Preoperative HBsAb (n, +/-)
11/5
Preoperative HBsAb/HBcAb (n, +/-)
9/7
Blood transfusion
RBC (mL)
502 ± 284
FFP (mL)
404 ± 177
Dose of corticosteroid/body weight
44 ± 7
(mg/kg)
Trough value of TAC
First 3 mo (ng/mL)
8.1 ± 5.6
3 mo later (ng/mL)
6.7 ± 3.2
Follow-up (mo)
15 (4-40)
De novo HBV infection (n, +/-)
5/11

HBcAb(-) P value
donor
(n = 14)
9/5
32 (22-54)
9/5

0.261
0.884
0.134

12 (6-57)
8/6
17 ± 4
5/9
7/7
3/11

0.787
0.981
0.378
0.070
0.300
0.052

534 ± 224
424 ± 210
42 ± 8

0.379
0.753
0.359

7.8 ± 4.6
6.4 ± 2.3
16 (14-30)
0/14

0.789
0.661
0.228
0.022

M/F: Male/female; HBV: Hepatitis B virus; PELD: Pediatric model of endstage liver disease; HBcAb: Hepatitis B core antibody; HBsAb: Hepatitis B
surface antibody; RBC: Red blood cell; FFP: Fresh frozen plasma.

age age of the donors (17 female and 13 male patients)
was 32 years. Before transplantation, the rates of HBcAb,
HBsAb, and HBsAb/HBcAb positivities in the pediatric
patients were 53.3% (16/30), 66.7% (20/30), and 36.7%
(11/30), respectively, whereas in the donors, the rates
were 53.3% (16/30), 66.7% (20/30), and 46.7% (14/30),
respectively. Both serum HBsAg and HBV DNA before
transplantation were negative in all of these recipients
and donors.
Characteristics of patients with de novo HBV infection
During the follow-up period, 16.1% (5/30) of children
experienced de novo HBV infection after a median of
11 mo (range: 3-25 mo) after LDLT, with both serum
HBsAg and HBV DNA being positive. The median age
of the five children at the time of their de novo HBV in-
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Risk factors analysis for de novo HBV infection
The children were divided into two groups according to
the HBcAb status of the donors: the HBcAb(+) group (n
= 16) and the HBcAb(-) group (n = 14). The de novo HBV
infection rates of the two groups were analyzed, which
showed that HBcAb positivity in allografts was a risk factor for de novo HBV infection after LT (P = 0.02). Other
donor and patient factors analyzed showed no significant
differences between the two groups. Of the donors, age,
gender, and preoperative HBsAb positive rate were similar between the two groups. Of the pediatric recipients,
no significant differences were observed in age, gender,
pre-LT PELD score, and pre-LT HBV serum markers
(HBcAb/HBsAb, HBcAb, and HBsAb statuses), amount
of blood transfusion, dosage of corticosteroids, trough
level of TAC, and follow-up time between the two
groups (Table 2).
Analysis of the effect of allograft HBcAb positivity on de
novo HBV infection
To analyze the effect of HBcAb-positive allografts on the
occurrence of de novo HBV infection after LT, the 16 children who received HBcAb-positive allografts were classified as a de novo HBV infection (+) group (n = 5) and a de
novo HBV infection (-) group (n = 11). The incidence of
de novo HBV infection in children with HBcAb-positive
allografts was 31.3% (5/16).
Factors that might affect the incidence of de novo
HBV infection from HBcAb-positive allografts were
analyzed. Of the donors, the basic characteristics of age,
gender, and HBsAb status were similar between the two
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Table 3 Demographics and clinical characteristics of children
with hepatitis B core antibody-positive allografts according to
de novo hepatitis B virus infection status after living donor
liver transplantation
Characteristics

Donors
Age (yr)
Gender (n, M/F)
HBsAb (n, +/-)
Intrahepatic HBV DNA
(n, +/-)
Recipients
Age (mo)
Gender (n, M/F)
PELD score
Preoperative HBcAb (n, +/-)
Preoperative HBsAb (n, +/-)
Preoperative ant-HBs/HBcAb (n,
+/-)
Blood transfusion
RBC (mL)
FFP (mL)
Dose of prednisone/bodyweight
(mg/kg)
Follow-up (mo)

De novo HBV De novo HBV P value
infection
(n = 5)

infection-free
(n = 11)

38 (22-55)
3/2
4/1
4/1

30 (27-50)
5/6
10/1
3/8

0.223
0.590
0.541
0.043

14 (10-18)
2/3
17 ± 3
3/2
2/3
2/3

10 (8-43)
6/5
17 ± 4
3/8
2/9
7/4

0.113
0.590
0.469
0.610
0.350
0.377

420 ± 220
416 ± 184
46 ± 6

540 ± 172
400 ± 183
43 ± 8

0.216
0.908
0.318

17 (4-35)

14 (12-40)

0.356

M/F: Male/female; HBV: Hepatitis B virus; PELD: Pediatric model of endstage liver disease; HBcAb: Hepatitis B core antibody; HBsAb: Hepatitis B
surface antibody; RBC: Red blood cell; FFP: Fresh frozen plasma.

groups (P > 0.05, Table 3). Of the pediatric recipients,
no significant differences were observed in terms of
their age, gender, PELD score before LT, HBV serology
(HBcAb/HBsAb, HBcAb, and HBsAb status before LT),
blood transfusion, dosage of corticosteroids, trough level
of TAC, and follow-up time between the two groups (P
> 0.05, Table 3). However, a higher rate of positive intrahepatic HBV DNA in grafts was observed in children
who developed de novo HBV infection than in children
who did not (4/1 vs 3/8, P = 0.04).
Intrahepatic HBV DNA and cccDNA were detectable in 43.7% (7/16) of the HBcAb-positive allografts.
The median values of intrahepatic HBV DNA and HBV
cccDNA were 3.87 copies per cell (range: 0.5-12.4 copies
per cell) and 0.09 copies per cell (range: 0.07-0.15 copies per cell), respectively. The median intrahepatic HBV
DNA level in the samples of the positive control group
was 172.9 copies per cell (range: 20.0-1444.64 copies per
cell), which was significantly higher than that in HBcAbpositive allografts (P < 0.01). None of the patient samples in the negative control group were intrahepatic HBV
DNA positive: all of the 16 naive livers were intrahepatic
HBV DNA and cccDNA negative.

DISCUSSION
Without any prophylaxis treatments, the incidence of
de novo HBV infection in the pediatric patients in our
study was 16.7% (5/30), whereas the incidence was
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15.3%-23.9% in previous studies [7,12,13]. In our study,
53.3% (16/30) of the donors were positive for HBcAb,
which is consistent with the epidemiologic data for HBV
in China[5]; and 43.7% (7/16) of the HBcAb-positive allografts were intrahepatic HBV DNA positive, which is
similar to the findings of previous studies carried out in
Italy (62.5%)[14] and Japan (72.7%)[15]. Our study is the first
to demonstrate that positive intrahepatic HBV DNA in
allografts can predict de novo HBV infection in children
who receive HBcAb-positive allografts. Furthermore, HBsAb/HBcAb positivity in the pediatric recipients before
LT exhibited weak effectiveness in protecting the children
who received HBcAb-positive allografts from de novo HBV
infection, which contradicts previous findings in adults[1,2].
In our cohort, 60% (16/30) of the children had been
exposed to HBV before LT, which is a significantly higher
rate than the rate observed in previous studies[7,16].The
higher HBV exposure rate before LT is not unexpected,
because those children were diagnosed as having biliary
atresia early after birth, and the majority of them were
hospitalized repeatedly before LT; besides, the execution of the immunization protocol tended to be far from
satisfactory for this particular group of children in China
because of severe jaundice or malnutrition. All 30 children in our study received one dose of recombinant HBV
vaccine (10 µg) within 24 h of birth, but none of them
ever received the other two doses of the vaccine. In addition, a number of studies have found that a high titer
of circulating HBsAb from active immunization before
LT can prevent de novo HBV infection in pediatric LT
recipients[12,17,18]. Since Sep. 2012, the pediatric candidates
for LT had been enrolled in a program of hepatitis B vaccination in our center, while the clinical effects remained
to be confirmed in the further study. In our opinion, an
uncompleted immunization prophylaxis protocol could
lead to a higher risk of HBV infection, and strict execution of the HBV immunization protocol should be advocated among infants with biliary atresia, especially in a
highly HBV-endemic area. Despite a high HBV exposure
rate before LT, all of the 16 naive livers in the HBcAb(+)
allograft group were negative for intrahepatic HBV DNA,
consistent with a previous study’s finding that intrahepatic
HBV DNA was detectable in only a small proportion of
HBcAb-positive recipients (5/30, 16.7%)[14].
There are several possible transmitted ways for de
novo HBV infection after LT, including an HBcAb-positive allograft[19], reactivation of intrahepatic HBV in HBcAb-positive recipients[20], transfusion, and contact with
hospital personnel[21]. Similarly to previous studies[7,12],
an HBcAb-positive allograft was a risk factor for de novo
HBV infection in the pediatric patients in our center (P
= 0.02, Table 1). However, it is clear that the presence of
circulating HBcAb does not always reflect the presence
of HBV genomes in the liver tissue of HBcAb-positive
patients. Without any prophylaxis, 31.2% (5/16) of the
children receiving HBcAb-positive allografts experienced de novo HBV infection, which is also in agreement
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with previous studies carried out with pediatric patients
(25%-52.4%)[7,12]. To our knowledge, our study is the
first to investigate the correlation between de novo HBV
infection in pediatric LT patients and the presence of
intrahepatic HBV DNA in allografts, and confirms that
intrahepatic HBV DNA positivity is a risk factor associated with de novo HBV infection in pediatric LT patients
with HBcAb-positive allografts (P = 0.04, Table 2). Intrahepatic HBV DNA and HBV cccDNA have been reported to persist in HBcAb-positive patients after acute,
self-limited infections[22,23] or after HBsAg clearance in
chronic infections[24], and these viral DNAs could be
a potential reservoir for viral reactivation after LT. It
has been reported that as many as 58% of HBV-naïve
patients were HBsAg positive after accepting HBcAbpositive liver grafts, and this finding is the basis for the
general agreement on performing antiviral prophylaxis in
HBV-naïve patients to prevent de novo HBV infection if
they received HBcAb-positive allografts[1,2,25]. In China,
HBcAb-positive allografts will be a difficult problem to
avoid for a long time to come, particularly in pediatric
patients. Our study suggests that the presence of intrahepatic HBV DNA in allografts can be a potential criterion for predicting de novo HBV infection in pediatric
LT patients receiving HBcAb-positive allografts, which
can increase the use of this type of allografts in clinical
applications and reduce the risk of virus mutation from
the use of antiviral drugs.
It is interesting that in our study preoperative HBcAb/HBsAb positivity in children exhibited only weak
effectiveness in preventing de novo HBV infection acquired from HBcAb-positive allografts (P = 0.337),
which is inconsistent with the results from studies in
adults[1,2]. A considerable number of studies carried out
in adults found that HBcAb/HBsAb-positive transplant
recipients had the lowest risk of developing de novo HBV
infection from HBcAb-positive allografts (< 4%), and
that such HBcAb/HBsAb-positive recipients may need
no prophylaxis at all[1,2]. Recently, Loggi et al[26] found that
patients who successfully controlled their HBV infection
before LT were able to re-evoke an effective antiviral response when they received an HBsAb-positive allograft,
and that the majority of them showed robust HBsAb
production and/or virus-specific T-cell responses. Regarding children, there is very little information about the
protective effect of pre-transplant HBcAb/HBsAb positivity in preventing de novo HBV infection. In our opinion,
differences in immune status between adults and children
could be the main cause of the discrepancy between our
and other findings. Considering that the sample size of
our cohort is a little small, in the future more studies are
needed to identify our view.
For adults, it has become clear that lamivudine (LAM)
monotherapy is essential to prevent de novo HBV infection from HBcAb-positive allografts in HBV-naïve
recipients[27]; no prophylaxis therapy is needed for HBcAb/HBsAb-positive recipients; prophylaxis antiviral
therapy is still controversial in recipient single-positive
for HBcAb or HBsAb[1,2,25]. In contrast, limited data are
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available on pediatric LT recipients. In addition, longterm antiviral prophylaxis in children will significantly
increase disease burden, induce resistance mutations to
antiviral drugs, and reduce compliance, which may affect
the patients’ quality of life and prognosis. Some authors
explored the use of HBV vaccine and demonstrated that
a high titer of HBsAb yielded good protection against
de novo HBV infection[12,17,18]. However, those studies had
short follow-up periods and small sample sizes. In our
study, four of the seven children who received HBcAbpositive allografts with positive intrahepatic HBV DNA
experienced de novo HBV infection. Because the treatment
of de novo HBV infection after pediatric LT has not been
well documented yet, prophylaxis therapy after LT is essential to prevent de novo HBV infection in those children
who received intrahepatic HBV DNA-positive allografts.
Considering that LAM can be safely used in children
older than 2 years[28], we recommend that LAM be used
to prevent de novo HBV infection from HBcAb-positive
allografts with positive intrahepatic HBV DNA. At the
same time, all the pediatric patients in a highly HBVendemic area are recommended to receive active immunization for achieving high HBsAb titers before LT.
Our study has several limitations. First, in our study,
formalin-fixed, paraffin-embedded liver tissues were used
to detect HBV DNA, not frozen liver tissues, which may
cause a lower sensitivity of HBV DNA detection[29], and
a higher rate of intrahepatic HBV DNA positivity may
be expected in this study. However, it has been confirmed
in other studies that HBV DNA levels are comparable
between fresh frozen tissues and formalin-fixed, paraffinembedded tissues[30]. Second, this was a retrospective
cohort study with a relatively limited sample size. Despite
these limitations, our study is the first to have investigated
the prevalence of intrahepatic HBV DNA positivity in
HBcAb-positive allografts and analyzed its correlation
with de novo HBV infection in pediatric LT patients, and
our findings have provided preliminary data for further
clinical research in this area.
In conclusion, the incidence of de novo HBV infection in pediatric LDLT was 16.7% in our center. Among
HBcAb-positive allografts, 43.7% were intrahepatic HBV
DNA positive. Our results suggest that positive intrahepatic HBV DNA in allografts was predictive of de novo
HBV infection after LDLT in children who received
HBcAb-positive allografts. HBsAb/HBcAb positivity
exhibited weak effectiveness in preventing children who
received HBcAb-positive allografts from de novo HBV
infection. Besides, LAM prophylaxis therapy is apparently
essential to prevent de novo HBV infection in pediatric
patients from HBcAb-positive allografts with positive intrahepatic HBV DNA.
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Background

It is well known that the use of hepatitis B core antibody (HBcAb)-positive liver
allografts carries a 48%-58% risk of de novo hepatitis B virus (HBV) infection in
HBV-naïve recipients without a prophylaxis strategy. However, this approach is
not practical in HBV-endemic areas, such as China, where almost 10% of the
general population is hepatitis B surface antigen (HBsAg) positive and approximately 50% of the adults are HBcAb positive. In China, HBcAb-positive donors
pose a difficult problem in pediatric liver transplants because non-HBV-related
liver disease is the main indication for pediatric liver transplantation (LT). Little
data are available on de novo HBV infection in pediatric patients who receive
grafts from HBcAb-positive donors, and pertinent risk factors analysis has rarely
been performed.

Research frontiers

There are several possible routes for de novo HBV infection after LT, including
an HBcAb-positive allograft, reactivation of intrahepatic HBV in HBcAb-positive
recipients, transfusion, and contact with hospital personnel. In addition, a
number of studies have found that a high titer of circulating HBsAb from active immunization before LT can prevent de novo HBV infection in pediatric LT
recipients. Besides, intrahepatic HBV DNA and HBV covalently closed circular
DNA (cccDNA) have been reported to persist in HBcAb-positive patients after
acute, self-limited infections or after HBsAg clearance in chronic infections, and
these viral DNAs could be a potential reservoir for viral reactivation after LT.
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Innovations and breakthroughs

To author’s knowledge, the study is the first to investigate the correlation
between de novo HBV infection in pediatric LT patients and the presence of
intrahepatic HBV DNA in allografts, and confirms that intrahepatic HBV DNA
positivity is a risk factor associated with de novo HBV infection in pediatric LT
patients with HBcAb-positive allografts. Besides, an uncompleted immunization
prophylaxis protocol could lead to a high risk of HBV infection, and strict execution of the HBV immunization protocol should be advocated among infants with
biliary atresia, especially in a highly HBV-endemic area.

10

11

Applications

The study is a retrospective cohort study which suggests that positive intrahepatic HBV DNA in allografts is predictive of de novo HBV infection after LDLT in
children who receive HBcAb-positive allografts and provides preliminary data
for further clinical research in this area, although with a relatively limited sample
size.

Terminology

De novo HBV infection: detectable serum HBsAg (with or without biochemical
features of hepatitis) and histologic and immunohistochemical confirmation of
HBV by liver biopsy in those who were negative for serum HBsAg before liver
transplantation. cccDNA: a stable chromatinized episome form of HBV, which is
long-lasting persistent in the nucleus of the infected hepatic cells.

Peer review

This is an excellent manuscript that, presents suitable method and obtains
results that can aid in clinical practice. The results are interesting and suggest
that intrahepatic HBV DNA positivity is a risk factor associated with de novo
HBV infection in pediatric LT patients with HBcAb-positive allografts.
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Abstract
AIM: To assess the value of D-dimer level in determining resectability of pancreatic cancer.
METHODS: Preoperative prediction of pancreatic head
cancer resectability remains inaccurate. The use of
hemostatic factors may be of potential help, since D-dimers correlate with tumor stage. Single center clinical
trial study comprised patients with potentially resectable pancreatic head tumor and without detectable venous thrombosis (n = 64). Resectability was defined as
no evidence of nodal involvement, distant spread and
no invasion of mesenteric vessels. Final decision of resectability was confirmed intraoperatively. Experienced
pancreatic surgeon performed all surgeries. Following
the dissection of hepatoduodenal ligament, samples of
portal blood and bile were taken. Peripheral blood via
central line and urine via Foley catheter were sampled.
D-dimer levels were further measured.
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RESULTS: At laparotomy only 29 (45.3%) tumors were
found to be resectable. Our analysis showed higher by
57.5% (P < 0.001) mean D-dimer values in peripheral
and 43.7% (P = 0.035) in portal blood of patients with
unresectable pancreatic cancer. Significant differences
were not observed when analyzing D-dimer levels in
bile and urine. Peripheral D-dimer level correlated with
pancreatic cancer resectability. When cut-off D-dimer
value of 570.6 μg/L was used, the sensitivity for assessment of tumor unresectability was 82.8%. Furthermore, D-dimer level in peripheral blood of metastatic
disease (n = 15) was significantly higher when compared to locally advanced (n = 20) pancreatic cancer
(2470 vs 1168, P = 0.029). The area under ROC curve
for this subgroup of patients was 0.87; for determination of unresectable disease when threshold of 769.8
μg/L was used, sensitivity and specificity was 86.6%
and 80%, respectively.
CONCLUSION: Patients with resectable pancreatic
head cancer based on preoperative imaging studies and
high D-dimer level may be considered unresectable due
to occult hepatic metastases. These patients may benefit from diagnostic laparoscopy to avoid exploratory
laparotomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; D-dimers; Portal blood; Peripheral blood; Bile; Urine; Pancreatic cancer respectability
Core tip: High D-dimer level in patients with resectable
pancreatic head cancer based on preoperative imaging
studies predicts that tumor may be considered unresectable due to occult hepatic metastases. However,
further multi-center studies are needed on high D-dimers in pancreatic head cancer and preoperative clinical decision making and surgical treatment. If verified,
D-dimer testing should be performed in all subjects
with pancreatic cancer.

13167

September 28, 2014|Volume 20|Issue 36|

Durczynski A et al . D-dimers and pancreatic cancer resectability
Durczynski A, Kumor A, Hogendorf P, Szymanski D, Grzelak P,
Strzelczyk J. Preoperative high level of D-dimers predicts unresectability of pancreatic head cancer. World J Gastroenterol 2014;
20(36): 13167-13171 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13167.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13167

INTRODUCTION
The prognosis of pancreatic adenocarcinoma is poor,
with the lowest overall long-term survival rate of any
cancers[1]. Radical resection represents the only chance
for a cure, but only 15% of all pancreatic tumors are
indicated for surgery at presentation[2]. The accuracy of
preoperative staging for the unresectability, including
contrast enhanced computed tomography (CT) and magnetic resonance imaging is high, but prediction of resectability is much less accurate[3]. Undetected, occult hepatic
metastases and incorrect estimation of vascular involvement, are mainly responsible for this inaccuracy. Therefore, about half of patients previously qualified for the
radical surgery are found to be unsuitable for resection
during surgical exploration[4]. Exploratory laparotomy for
these patients does not provide a survival advantage, and
can be associated with significant morbidity and mortality[5]. Recovery from unnecessary laparotomy further
delays palliative systemic chemotherapy. Therefore, these
patients would be more likely designated for less invasive
procedures including endoscopic biliary or duodenal
stenting[6].
Improved diagnostic tests for optimized preoperative
evaluation of pancreatic cancer resectability are needed.
The use of hemostatic factors may be of potential help,
since patients with cancer are characterized by higher tendency to hypercoagulability. Pancreatic cancer is among
the most common malignancies associated with this
phenomenon. Therefore, increasing attention has been
focused on plasma D-dimer level in patients with pancreatic cancer. D-dimers are specific final degradation products of cross-linked fibrin. Up to date, D-dimer levels
have proved to play important role in tumor spread and
distant metastases and showed better correlation with
tumor stage and unfavorable prognosis in patients with
pancreatic cancer[7,8] than the others clinically widely used
classic tumor markers.
In our previous study, we showed that this correlation
may be even stronger when portal blood D-dimers are
assessed[9]. However, to date, no study, to our best knowledge, has correlated D-dimer levels with the resectability
of pancreatic cancer.
The aim of this study was to assess the value of the
levels of D-dimers in portal and peripheral blood, bile
and urine in determining unresectability of pancreatic
cancer, in patients who were qualified for radical surgery
by preoperative radiographic studies.
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MATERIALS AND METHODS
This single center clinical trial study comprised patients
with pancreatic head tumor (n = 64) and without detectable venous thrombosis, whose disease was deemed resectable by imaging studies, scheduled for pancreatoduodenectomy in the Department of General and Transplant
Surgery of Medical University in Lodz, Poland. All our
patients underwent spiral CT with intravenous contrast
enhancement, since it remains the single most useful
method for diagnosis of pancreatic adenocarcinoma.
Computed tomography is the imaging modality of choice
because it is widely available and the best validated tool
for staging of pancreatic adenocarcinoma[10,11].
All patients provided written informed consent.
Ethical approval for this study (Ethical Committee No
RNN/367/12/KB) was provided by the Ethical Committee of Medical University of Lodz, Poland.
Resectability was defined as no evidence of nodal involvement, distant spread and no invasion of mesenteric
vessels. Final decision of pancreatic cancer resectability
was confirmed intraoperatively. Experienced pancreatic
surgeon performed all surgeries. Surgery was performed
through a right subcostal laparotomy. When tumor was
found unresectable and radical surgical management
(Whipple procedure) was not possible, triple by-pass or
gastrojejunostomy (in patients with biliary stent inserted
to common bile duct) were performed. Following the
dissection of hepatoduodenal ligament, samples of portal blood and bile were taken, as described earlier[12,13].
Peripheral blood via central line and urine via Foley catheter were sampled. D-dimer levels (VIDAS D-Dimer
Exclusion II, bioMérieux, France) were further measured.
Pancreatic cancer was confirmed by pathological examination in all cases. Doppler ultrasonography was used for
the exclusion of deep venous thrombosis.
Statistical analysis
To compare the differences in D-dimer levels between
resectable and unresectable pancreatic cancer we applied
non-parametric Mann-Whitney test. Receiver operating
characteristics (ROC) curves were constructed. The sensitivity and specificity of tumor unresectability were calculated for optimal operating point. All statistical calculations were performed using SigmaPlot version 12.0 (Systat
Software Inc., San Jose, CA) with the level of statistical
significance P < 0.05.

RESULTS
Despite the fact that all patients were shown by CT staging to have resectable disease, at laparotomy only 29
(45.3%) tumors were found to be resectable. In all these
patients the final pathological examination confirmed tumor-free margins of resection. Of the remaining group,
15 patients were diagnosed with liver metastases and
20 patients had locally unresectable tumor. Our analy-
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Table 1 Plasma peripheral, portal, bile and urinary D-dimer levels of resectable and unresectable pancreatic adenocarcinoma
Resectable (n = 29)

Samples

mean ± SD
Peripheral blood D-dimer level (μg/L)
Bile D-dimer level (μg/L)
Urine D-dimer level (μg/L)
Portal blood D-dimer level (μg/L)

Unresectable (n = 35)

Median

630.9 ± 593.8
2385.6 ± 3206
154.5 ± 343.6
2856.9 ± 3699.5

476.1
750
80.4
726.5

mean ± SD

Median

1726.4 ± 2283.9
2745.6 ± 3697.7
86.8 ± 64.9
4106.9 ± 3965.1

1009.3
870.2
55.7
2243.5

P value
< 0.001
0.947
0.398
0.035

Table 2 Sensitivity and specificity and receiver operating characteristics analysis of D-dimer levels in all studied samples
Sample

ROC curve area

Standard error

Optimal operating point

Sensitivity

Specificity

0.78
0.65
0.50
0.43

0.05
0.07
0.08
0.08

570
604
810
130

82.6%
44.8%
60.7%
17.8%

66.6%
85.7%
56.5%
91.3%

Peripheral blood
Portal blood
Bile
Urine

ROC: Receiver operating characteristic.

A

B

ROC curve

1.0

0.8

0.6
Value, A = 0.79
0.4
0.2

Sensitivity

Sensitivity

0.8

ROC curve

1.0

0.6
Value, A = 0.87
0.4
0.2

0.0

0.0
0.0

0.2

0.4
0.6
1-Specificity

0.8

1.0

0.0

0.2

0.4
0.6
1-Specificity

0.8

1.0

Figure 1 Receiver operating characteristic curve analysis. A: D-dimer level in peripheral blood of patients with unresectable pancreatic cancer; area under curve:
0.7895, SE: 0.05; B: D-dimer levels in peripheral blood of patients with metastatic disease; area under curve: 0.8733, SE: 0.05. ROC: Receiver operating characteristic.

sis showed higher by 57.5% (P < 0.001) mean D-dimer
values in peripheral and by 43.7% (P = 0.035) in portal
blood of patients with unresectable when compared with
resectable pancreatic cancer. Additionally, we did not observe such differences when analyzing D-dimer levels in
bile and urine (Table 1). Analysis in subgroups revealed
considerably high peripheral D-dimers level in patients
with liver metastases (2470.7 ± 3028.8, P < 0.001), and
moderately elevated in locally advanced tumors (904.2 ±
662.9, P = 0.013) when compared to resectable disease
(630.9 ± 593.8).
The area under ROC curve for peripheral blood was
0.78 (Figure 1A). This suggested that D-dimer level may
have direct relation with pancreatic cancer resectability.
When optimal cut-off value was accepted as 570.6 μg/L
the sensitivity and specificity for assessment of tumor unresectability was 82.8% and 66.6%, respectively (Table 2).
Interestingly, the D-dimer level in peripheral blood of
metastatic disease (n = 15) was significantly higher when
compared to locally advanced (n = 20) pancreatic cancer
(2470.7 ± 3028.81 vs 1168.2 ± 1345.4, respectively, P =
0.029). The area under ROC curve for this subgroup of
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patients was higher (ROC curve area was 0.87 vs 0.78 for
all unresectable cases) with sensitivity of 86.6% and specificity 80% for cut-off value was 769.8 μg/L (Figure 1B).

DISCUSSION
Idiopathic venous thromboembolism as a paraneoplastic
phenomenon, was first described by Trousseau in 1865
year (Trousseau syndrom). Pancreatic cancer is among the
most common malignancies associated with hypercoagulability as thrombosis occurs in 50% of patients[14]. The
initiation of coagulation is suggested to be the result of
increased expression of tissue factor, that may play a central role in pancreatic cancer progression, as well[15]. Its
overexpression was proved in pancreatic cancer cells[16],
with subsequent fibrin biofilm formation surrounding
cancer. Fibrin deposits may act as a scaffold for progressing tumor preventing the cancer cells from being killed by
host immune system[16]. This results in increase of plasma
D-dimers, that may be consider as a biomarker indicating
malignant tumor. Up to date, high plasma D-dimers in
patients with cancer and without detectable thrombosis
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has been proved to be associated with tumor staging and
poor postoperative survival rate[7].
The current study found elevated concentration of
D-dimers in all studied samples. However, ROC curves
analysis showed that only peripheral blood D-dimer levels may be related with pancreatic cancer unresectability.
Our study showed, that elevated peripheral D-dimers in
patients with pancreatic head tumors found by radiologists to be potentially resectable, may indicate presence
of occult metastases in the liver. Previous studies showed
that almost one-fourth of all patients have hepatic micrometastases undetected preoperatively[17]. Negative laparotomy in this group of patients may be related to significant perioperative morbidity and decreased quality of life
postoperatively[18]. Minimally invasive surgery may help
avoid unnecessary diagnostic laparotomies. Laparoscopic
staging with the addition of laparoscopic ultrasonogaphy
enhances the ability to determine resectability of pancreatic tumors[19-25]. However, currently there is no data
addressing factors found in preoperative studies, that may
predict positive laparoscopy. We would suggest that patients with primary resectable pancreatic cancer and high
peripheral D-dimer level without detectable thrombosis,
should undergo diagnostic laparoscopy and/or laparoscopic ultrasound to assess resectability approaches. This
specific group of patients may harbor occult metastases
in the liver, undetectable by preoperative CT.
In our previous study in non-metastatic pancreatic
cancer patients[12], we found a very high concentration
of D-dimer levels in portal, but only moderately elevated
values in peripheral blood. Therefore, we hypothesized
that liver may act as a specific “levee” for D-dimers of
portal blood draining directly pancreatic tumor. We cannot exclude that in metastatic pancreatic cancer, D-dimers
by-pass the hepatic sieve and its concentration becomes
very high in general circulation blood indicating tumor
unresectability. Liver contribution in D-dimer clearance
needs to be clarified. Interestingly, bile D-dimer levels
were very high in all patients with pancreatic cancer (Table
1). Further studies are definitely needed to elucidate if
elevated bile D-dimer levels can be considered as a biomarker of pancreatic cancer, likewise, CEA and CA 19-9
in patients with cholangiocarcinoma[26].
Renal excretion is the dominant D-dimers elimination
pathway. The reasonable question is whether the high
plasma D-dimer levels in unresectable cancer is due to
increased production, or to reduced renal clearance of
D-dimers from the circulation. The authors measured
random urine D-dimer levels. Surprisingly, urinary D-dimer levels were lower in patients with unresectable pancreatic cancer when compared with resectable cases (Table
1). Despite the fact that baseline renal function was comparable in both our groups, our results may suggest that
very high D-dimer levels recorded in unresectable cases,
may be at least partly due to slower renal clearance. This
raises a question of whether a ratio of plasma and urine
D-dimer level is more informative then an isolated measurement. Further studies need to be carried out to find
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out kinetics of D-dimers in pancreatic cancer patients.
In conclusion, we propose that D-dimer testing
should be done in clinical setting in all patients with
pancreatic cancer. Elevated preoperative D-dimers may
predict unresectability of pancreatic head tumor. Peripheral blood D-dimers is of minor relevance in determining
local advancement of pancreatic cancer, however, it may
be effectively used in the diagnostic algorithm for occult
hepatic metastases exclusion before surgery.
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Abstract
AIM: To determine the existence of a potential relationship between the methylation state of the Vimentin
gene and its prognostic value in pancreatic cancer.
METHODS: Sixty-four primary tumor specimens and
normal tissues were collected consecutively from pancreatic cancer patients during surgery at Hangzhou First
People’s Hospital and Affiliated Hospital of the Logistics
University of the Chinese People’s Armed Police Force.
DNA was extracted from the samples and subsequently
quantitative methylation-specific polymerase chain
reaction was used to detect the Vimentin methylation
status of the samples. All of the patients were followed
2
up to December 2012. χ test, Kaplan-Meier survival
and Cox regression statistical models were used.
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RESULTS: Out of 64 pancreatic cancer tissues, 21
were marked as Vimentin methylation-positive, and 43
were marked as Vimentin methylation-negative. The
location of pancreatic carcinoma was related to the Vimentin methylation state. The pathological T staging (P
< 0.001), adjuvant chemotherapy (P = 0.003) and the
Vimentin methylation state (P = 0.037) were independent prognostic factors.
CONCLUSION: In our study, Vimentin methylation
status can predict the prognosis of pancreatic cancer
patients. However, additional experiments and clinical
trials are needed to accurately validate this observation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Vimentin; Methylation; Pancreatic carcinoma; Prognosis
Core tip: Vimentin is reported to be an important mesenchymal marker, and plays an important role in epithelialmesenchymal transition in malignant tumors with regard
to cellular adhesion, migration and signaling. In our study,
we found that pathological T staging (P < 0.001), adjuvant chemotherapy (P = 0.003) and the Vimentin gene
methylation state (P = 0.037) were independent prognostic factors. However, additional experiments and clinical
trials are needed to accurately validate this observation.
Zhou YF, Xu W, Wang X, Sun JS, Xiang JJ, Li ZS, Zhang XF.
Negative methylation status of Vimentin predicts improved
prognosis in pancreatic carcinoma. World J Gastroenterol 2014;
20(36): 13172-13177 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i36/13172.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13172

INTRODUCTION
Pancreatic cancer is one of the most lethal malignan-
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Table 1 Clinicopathological features of pancreatic carcinoma n (%)
Vimentin methylated negative group (n = 43)2 Vimentin methylated positive group (n = 21)3

Data
Sex
Male
Female
Tumor position
Head
Body and tail
Preoperative CEA level
Normal
Elevated
Preoperative CA19-9 level
Normal
Elevated
Pathological N staging1
N0
N1
Pathological T staging1
T1
T2
T3
Adjuvant chemotherapy
No
Yes

P value
0.582

27 (62.8)
16 (37.2)

15 (71.4)
6 (28.6)

11 (25.6)
32 (74.4)

13 (61.9)
8 (38.1)

20 (46.5)
23 (53.5)

13 (61.9)
8 (38.1)

24 (55.8)
19 (44.2)

10 (47.6)
11 (52.4)

21(48.8)
22 (51.2)

13 (61.9)
8 (38.1)

14 (32.6)
19 (44.2)
10 (23.3)

5 (23.8)
11 (52.4)
5 (23.8)

20 (46.5)
23 (53.5)

11 (52.4)
10 (47.6)

0.007

0.294

0.600

0.426

0.753

0.791

1

The pathological T and N staging was based on the UICC staging systems for pancreatic cancer; 2Median age 54 years, range: 36-71 years; 3Median age 53
years, range: 41-68 years.

cies in humans, wherein the 5-year survival rate is less
than 5%[1,2]. Most patients are diagnosed at an advanced
stage of disease because of the lack of easily observable symptoms[3]. As reported, only 20% of pancreatic
cancer patients are determined as suitable candidates to
be considered for surgical resection. Moreover, following surgery, the 5-year survival rate of pancreatic cancer
patients is approximately only 15%-25% due to the
high recurrence and metastatic rates[4,5]. In the advanced
stage of disease, the prognosis for these patients remains poor, even after chemotherapy and radiotherapy.
The median overall survival rate is 3-6 mo for patients
with metastatic disease and 6-10 mo for patients with
non-metastatic disease[6,7]. Thus, early detection of pancreatic cancer is clearly important in order to augment
the potential benefits and rates of an operation, and the
prognosis of the patients. Recently, CA19-9 has been
commonly used as a biomarker of pancreatic cancer.
However, the specificity and sensitivity of this biomarker have not been satisfactory[8-10].
Vimentin is reported as an important mesenchymal marker, and plays an important role in epithelialmesenchymal transition in malignant tumors with regard
to cellular adhesion, migration and signaling[11,12]. Several
investigators have previously shown that Vimentin is an
important marker for the early detection of cancer, such
as bladder cancer, hepatocellular carcinoma and colorectal cancer[13,14]. In addition, methylation of the Vimentin
gene is described as a marker in several malignant tumors,
including gastric carcinoma, colorectal carcinoma, cervical cancer and bladder cancer[13,15-17]. In our current study,
we have attempted to identify the relationship between
the methylation state of Vimentin and pancreatic cancer.
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MATERIALS AND METHODS
Sample collection and DNA preparation
Sixty-four primary tumor specimens and normal tissues
were collected consecutively from pancreatic cancer patients
undergoing surgery at Hangzhou First People’s Hospital
and Affiliated Hospital of the Logistics University of
the Chinese People’s Armed Police Force. All specimens
were confirmed by histopathology. Written informed
consent was obtained from all patients. All the collected
samples were stored at -80℃. DNA from the samples
was extracted by QIAamp DNA Mini Kit (Catalog number: 51306, Qiagen, Hilden, Germany). The clinicopathological characteristics of the patients who were enrolled
in our study are shown in Table 1.
Sodium bisulfite modification
Genomic tumor DNA (1 μg) and the corresponding normal pancreatic tissue specimens were subjected to bisulfite treatment using an Epitect Bisulfite Kit (Catalog No.
59104, Qiagen, Hilden, Germany)[18].
Quantitative methylation-specific polymerase chain
reaction
The bisulfite-treated DNA was amplified using a quantitative methylation-specific polymerase chain reaction
and a Thermal Cycler Dice® Real-time System TP800
(Takara Bio Inc., Otsu, Japan). Thermo-cycling was carried out in a final volume of 25 μL containing 1.0 μL
of the DNA sample, 100 nmol/L each of the Vimentin
or β-actin primers (forward and reverse sequences), and
12.5 μL of SYBR Premix Ex Taq Ⅱ (Takara Bio Inc.,
Otsu, Japan), which consists of Taq DNA polymerase,
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median of 17 mo).

Table 2 Univariate analysis of overall survival in pancreatic
carcinoma
Variables
Sex
Male
Female
Preoperative CEA
Normal
Elevated
Preoperative CA19-9
Normal
Elevated
Tumor position
Body and tail
Head
Pathological T stage
T1
T2
T3
Pathological N stage
N0
N1
Adjuvant chemotherapy
Yes
No
Vimentin methylation state
Positive
Negative

n

Median survival
(mo)

42
22

13.45
10.84

33
31

15.15
13.61

40
24

14.12
15.09

40
24

16.20
11.25

Statistical analysis
The χ 2 test was used to compare categorical variables between the palliatively operated group with the other groups.
Student’s t-tests were used to compare paired continuous
variables. Univariate survival analysis was performed by Kaplan-Meier methods. Survival curves were compared using
the log-rank test. Statistical analyses were performed with
SPSS software version 20.0 for Windows (SPSS, Inc., Chicago, IL, United States). Statistical significance was defined
as an alpha value of P < 0.05.

P value
0.819

0.260

0.947

0.007

RESULTS
< 0.001

19
30
15

21.01
13.10
8.00

34
30

14.28
16.20

33
31

16.12
13.07

21
43

11.09
16.03

Vimentin methylation in pancreatic cancer and
corresponding pancreatic tissues
We detected Vimentin methylation in pancreatic cancer and
corresponding pancreatic tissues. Of the 64 pancreatic cancer tissues, 21 of them had a high-level methylation status
and 45 of the corresponding pancreatic tissues had a high
level of methylation. There were 9 pancreatic cancer tissues and 5 normal corresponding pancreatic tissues without
methylation of the Vimentin gene. In addition, Vimentin
methylation scores were recorded and informed that 43 of
them were marked as Vimentin methylation-negative, and the
remaining 21 were Vimentin methylation-positive.

0.311

0.015
0.013

PCR reaction buffer and deoxynucleotide triphosphate
mixture. The qPCR primer sequences for Vimentin were:
Vimentin MS (sense), 5’-TCGTTTCGAGGTTTTCGCGTTAGAGAC-3’, and Vimentin MAS (antisense),
5’-CGACTAAAACTCGACCGACTCGCGA-3’. The
PCR amplification consisted of 40 cycles (95℃ for 5 s
and 55℃ for 30 s) after an initial denaturation step (95℃
for 10 s). To correct for differences between the samples
in terms of both the quality and quantity of the purified
DNA, β-actin was used as an internal control. The targets
were obtained from the same bisulfite treated DNA.
Vimentin methylation scores
The relative levels of methylated Vimentin DNA in pancreatic cancer and the corresponding normal pancreatic
tissues were calculated by normalizing to the internal
control of β-actin. The Vimentin methylation scores were
calculated by comparing the relative levels of Vimentin
in pancreatic carcinoma with the corresponding levels
in normal pancreatic tissue. The methylation status was
recorded as positive when the Vimentin methylation score
was greater than 1.0.
Follow-up
After treatment, the patients were monitored every
month for the first year, every 3 mo for the second year,
and then every 6 mo thereafter. Telephone calls and letters were used to identify patients who could not attend
regular follow-up assessments. Complete data were collected for all 64 patients through December 31, 2012.
The follow-up period ranged from 6 to 38 mo (with a
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Vimentin methylation state was related to the age and
the diameter of the tumor
The clinicopathological factors seen between these two
groups are summarized in Table 1. Moreover, we found
that the location of the pancreatic carcinoma was associated with the status of Vimentin methylation. However,
patient gender, preoperative serum tumor markers, lymph
node metastasis and pathological T-stage were found not
to be associated with the Vimentin methylation state.
Vimentin methylation state was an independent
prognostic factor in pancreatic cancer
Univariate analysis showed that tumor position (P =
0.002), pathological T-staging (P < 0.001), adjuvant chemotherapy (P = 0.015) and the Vimentin methylation state
(P = 0.013) were prognostic factors in pancreatic carcinoma (Table 2 and Figure 1). Multivariate analysis showed
that the pathological T-staging (P < 0.001), adjuvant chemotherapy (P = 0.003) and the Vimentin methylation state
(P = 0.037) were independent prognostic factors (Table 3).

DISCUSSION
An estimated 44030 people were diagnosed with pancreatic cancer and approximately 37660 people died of pancreatic cancer in the United States in 2011[19]. Although
the technology of radiotherapy and chemotherapy has
been developed, the incidence and mortality rates have remained approximately the same over the past two decades.
A mutation in the CDKN2A (p16) gene has been reported
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Figure 1 Univariate analysis: Tumor position, pathological T staging, adjuvant chemotherapy and vimentin methylation state were prognostic factors for
the pancreatic carcinoma patients. A: Tumor position; B: T staging; C: Adjuvant chemotherapy; D: VIM methylation status.

Table 3 Multivariate analyses of overall survival in pancreatic
carcinoma (Cox’s regression model)
Variable
OS in all pancreatic cancer patients
Tumor position
Pathological T staging
Adjuvant chemotherapy
Vimentin methylation state

HR

95%CI

P value

1.789
4.026
0.356
2.250

0.873-3.666
2.283-7.101
0.181-0.698
1.052-4.813

0.112
<0.001
0.003
0.037

OS: Overall survival; HR: Hazard ratio.

in families with pancreatic cancer and melanoma[20,21]. An
excess of pancreatic cancer is also seen in families harboring breast cancer susceptibility gene-2 mutations, and
particular mutations in the PALB2 and MSH2 genes have
recently been identified as possibly increasing pancreatic
cancer susceptibility[22-25]. Vimentin is a key molecular
marker of epithelial-mesenchymal transition, but it is not
yet associated with either the occurrence or degree of malignancy of pancreatic carcinoma.
CpG methylation is a major epigenetic modification
of genome DNA that is involved in the regulation of
cell-specific gene expression[26]. It has been proposed that
this modification may cause transcriptional repression by
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directly modulating transcription factor function or by
triggering the formation of inactive chromatin[27,28]. We
found that of 64 pancreatic cancer tissues, 21 of them
displayed a high level of methylation status and 45 of the
corresponding pancreatic tissues displayed a high level of
methylation. Moreover, survival analysis showed that the
Vimentin methylation status was an independent prognostic factor as well as a prognostic marker in T-staging
and adjuvant chemotherapy. We are also aware that a
low methylation status is always associated with high Vimentin expression levels. Additionally, Vimentin has been
shown to be associated with several pathways, including
cell adhesion, cytoplasmic microtubule assembly, and
cytoskeleton remodeling. Higher Vimentin expression in
pancreatic cancer cells may imply a higher state of malignancy of these cells, with an associated higher metastatic
ability. The detailed mechanism of Vimentin and its gene
methylation status requires further study.
Our observations only covered 64 pancreatic cancer
patients, which is a small population sample. Although
our results showed that the Vimentin methylation status
could be used to predict prognosis in pancreatic cancer,
more studies and clinical trials are needed to validate this
result. In summary, our study showed that pancreatic
cancer patients exhibiting a negative Vimentin methylation
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status displayed a poorer prognosis as compared with
those with a positive status. The role of Vimentin methylation in pancreatic cancer warrants further empirical
exploration.
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Abstract
AIM: To compare magnetic imaging-assisted colonoscopy (MIC) with conventional colonoscopy (CC).
METHODS: Magnetic imaging technology provides
a computer-generated image of the shape and position of the colonoscope onto a monitor to give visual
guidance to the endoscopist. It is designed to improve
colonoscopy performance and tolerability for patients
by enabling visualization of loop formation and endoscope position. Recently, a new version of MIC technology was developed for which there are limited data.
To evaluate this latest generation of MIC among experienced rather than inexperienced or trainee endoscopists, a prospective randomized trial was performed
using only gastroenterologists with therapeutic endoscopy training. Consecutive patients undergoing elective
outpatient colonoscopy were randomized to MIC or
CC, with patients blinded to their group assignment.
Endoscopic procedural metrics and quantities of conscious sedation medications were recorded during the
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procedures. The procedure was classified as “usual” or
“difficult” by the endoscopist at the conclusion of each
case based on the need for adjunctive maneuvers to
facilitate endoscope advancement. After more than one
hour post-procedure, patients completed a 10 cm visual
analogue pain scale to reflect the degree of discomfort
experienced during their colonoscopy. The primary
outcome was patient comfort expressed by the visual
analogue pain score. Secondary outcomes consisted
of endoscopic procedural metrics as well as a sedation
score derived from standardized dose increments of the
conscious sedation medications.
RESULTS: Two hundred fifty-three patients were randomized and underwent MIC or CC between September 2011 and October 2012. The groups were similar
in terms of the indications for colonoscopy and patient
characteristics. There were no differences in cecal intubation rates (100% vs 99%), insertion distance-tocecum (82 cm vs 83 cm), time-to-cecum (6.5 min vs 7.2
min), or polyp detection rate (47% vs 52%) between
the MIC and CC groups. The primary outcome of mean
pain score (1.0 vs 0.9 out of 10, P = 0.41) did not differ
between MIC and CC groups, nor did the mean sedation score (8.2 vs 8.5, P = 0.34). Within the subgroup
of cases considered more challenging or difficult, timeto-cecum was significantly faster with MIC compared to
CC, 10.1 min vs 13.4 min respectively (P = 0.01). Sensitivity analyses confirmed a similar pattern of overall
findings when each endoscopist was considered separately, demonstrating that the mean results for the entire group were not unduly influenced by outlier results
from any one endoscopist.
CONCLUSION: Although the latest version of MIC
resulted in faster times-to-cecum within a subgroup of
more challenging cases, overall it was no better than
CC in terms of patient comfort, sedation requirements
and endoscopic procedural metrics, when performed in
experienced hands.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: ScopeGuide is a magnetic imaging technology designed to improve colonoscopy performance and
tolerability for patients by enabling visualization of loop
formation and endoscope position. Previous studies
have demonstrated a useful benefit of imaging-assisted
colonoscopy in procedures performed by trainees. In
this randomized, controlled trial we demonstrated that
when colonoscopy is performed by experienced endoscopists, the use of ScopeGuide conferred no advantage
over conventional colonoscopy in terms of patient comfort, sedation requirements, and endoscopic metrics
such as cecal intubation rate or time-to-cecum. However, significantly faster times-to-cecum were achieved
when using ScopeGuide in more challenging cases.
Teshima CW, Zepeda-Gómez S, AlShankiti SH, Sandha GS.
Magnetic imaging-assisted colonoscopy vs conventional colonoscopy: A randomized controlled trial. World J Gastroenterol 2014;
20(36): 13178-13184 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13178.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13178

imaging technology has been generally regarded as a
learning tool. However, a recent meta-analysis suggested
that MIC improves cecal intubation rates even among
experienced endoscopists[15].
Recently, an updated version of MIC (ScopeGuide™,
Olympus America, Center Valley, PA) was developed for
incorporation into the latest colonoscopes, featuring a
compact receiver dish mounted on a roll stand for convenient positioning during the procedure, integration of
the 3D representation of the scope on the same screen
as the endoscopic image, and an external hand-held coil
used to identify the optimal location for abdominal pressure relative to the endoscope. It is hoped that the latest
generation of ScopeGuide will be more user friendly,
while facilitating a more comfortable patient experience
and technically successful procedure, not just for trainees
but also for experienced endoscopists.
The purpose of this prospective, randomized trial
was to determine if real time visualization of the colonoscope using the latest generation ScopeGuide system
is superior to conventional colonoscopy for improving
patient experience in terms of reduced discomfort and
decreased sedation requirements, and for improving
endoscopic procedural outcomes, when performed by
experienced endoscopists.

MATERIALS AND METHODS
INTRODUCTION
Colonoscopy decreases the likelihood of developing
colorectal cancer (CRC) and CRC-related mortality[1-5]
and is the CRC screening modality of choice[6]. However,
incomplete colonoscopy that fails to reach the cecum
remains an important limitation, occurring in 10%-20%
of cases[7,8]. Furthermore,a considerable proportion of
the population remain averse to undergoing colonoscopy,
particularly because of fears of procedure discomfort[9,10],
decreasing the potential impact for overall CRC reduction. Thus, optimizing performance of colonoscopy and
improving its tolerability for patients is important.
Colonoscopy is most successful at reaching the cecum and most comfortable for patients when the endoscope is kept in a straight position, achieved by minimizing loop formation and reducing loops once they have
formed[11,12]. To help overcome these challenges, realtime magnetic imaging-assisted colonoscopy (MIC) was
developed. MIC consists of electromagnetic generator
coils embedded within the shaft of the endoscope that
produce a magnetic field detected by a series of sensors
external to the patient, which triangulate the coil position
in three-dimensional (3D) space, giving rise to a computer-generated image of the shape of the endoscope on
the monitor[13]. The initial studies using earlier versions
of MIC demonstrated significant improvements in cecal
intubation rates, time-to-cecum, duration of time spent
managing loops, and success of straightening attempts
when colonoscopy was performed by trainees but not
by experienced endoscopists[14]. Consequently, magnetic
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Study design
Consecutive, adult patients (18 years or older) referred
for elective, outpatient colonoscopy at the University
of Alberta Hospital (Edmonton, Canada) were considered for enrollment. Patients were excluded if they
were admitted to hospital or if they had active, ongoing
lower gastrointestinal bleeding, if they were undergoing
colonoscopy without prior purgative bowel preparation
or if they required anesthetist-administered propofol, if
they had a history of previous colonic surgery, cardiac
pacemaker or implantable cardioverter-defibrillator, or
if the colonoscopy was to be performed by a trainee
under staff supervision. Eligible patients who provided
informed consent were then randomized to undergo
conventional colonoscopy (CC) or MIC using the new
ScopeGuide system, with patients, but not endoscopists,
blinded to the randomization status. Simple, non-restricted randomization was performed using a computerized
random-number generator immediately prior to the procedure. The study protocol was approved by the Health
Research Ethics Board of the University of Alberta (effective 08/09/2011) and registered with Clinicaltrials.gov
(registered 09/18/2011; NCT01438645).
Colonoscopy procedure
Colonoscopy was performed by one of three experienced
endoscopists as clinically indicated. The control group
underwent conventional colonoscopy using CF-H180AL
variable-stiffness colonoscopes (Olympus America).
The investigational group underwent magnetic imaging-
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A

B

Figure 1 ScopeGuide image of endoscope forming a reversed alpha loop in the sigmoid (A) and straight in the cecum (B).

assisted colonoscopy using Olympus CF-H180DL va
riable-stiffness colonoscopes, which differ only by the
incorporation of the ScopeGuide system that generates a
3D image on the monitor depicting the shape of the colonoscope inside the patient’s body (Figure 1). Beyond the
inclusion of ScopeGuide, the colonoscopy procedure did
not differ between groups.
All patients received a purgative bowel preparation
consisting of 4 L of a polyethylene glycol solution followed by an overnight fast (for morning procedures) or
a 2 L/2 L split preparation (for afternoon procedures)
according to the standard clinical practice at our center. Prior to the procedure, patients completed a visual
analogue scale (VAS) reflecting their predictions for
expected discomfort. The external ScopeGuide receiver
dish was positioned for all patients to maintain patient
blinding to randomization status. All procedures were
then performed using conscious sedation consisting of
a benzodiazepine and an opioid analgesic. Initially, all
patients received standardized doses of midazolam 2 mg
Ⅳ and fentanyl 25 mcg Ⅳ. Additional doses were then
provided when the nurse or physician believed that the
patient was becoming uncomfortable. Insufflation of the
colon was accomplished using room air, and alternative
methods such as CO2 were not permitted. In all cases,
the endoscopist attempted to minimize the formation of
loops within the colon and reduced any loops whenever
possible according to standard clinical practice, using the
additional guidance from the ScopeGuide image in the
investigational group. The use of technical maneuvers to
facilitate completion of the procedure were permitted,
including external abdominal pressure, repositioning of
the patient, or tightening of the variable-stiffness setting on the colonoscope. Any abnormalities or polyps
detected during insertion were more closely inspected,
biopsied or removed during subsequent colonoscope
withdrawal. Any additional diagnostic or therapeutic applications were permitted as clinically indicated. During
the case, the nurse documented all procedural data using a standardized reporting form. At the conclusion of
the colonoscopy, the endoscopist rated the procedural
difficulty as “usual” or “difficult” based on the need for
adjunctive maneuvers described above, defined as any pa-
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tient repositioning or the use of more than one instance
of abdominal pressure. Patients completed another VAS
reflecting their actual degree of discomfort experienced
once they were completely awake after spending more
than one hour in the recovery area.
Outcome measurements
The primary outcome measure was the patient experience during colonoscopy, defined by patient comfort as
expressed by the mean pain score. The pain score was determined using the post-procedure visual analogue pain
scale consisting of a 10 cm linear scale ranging from “0”
at its extreme left representing “no pain” to “10” on its
extreme right representing “unbearably severe pain.” The
pain score was rated between 0.1 and 10.0, with a lower
value representing a more comfortable procedure. The
amount of sedation used during the procedure was then
quantified by calculating a sedation score derived from
the doses of the conscious sedation medications. Since
the conscious sedation consisted of two different drugs,
the doses of these drugs were converted into a single
numerical score. By convention, typical dose increments
of midazolam consist of 1 mg units whereas those of
fentanyl consist of 25 mcg units, and each was assigned a
numerical score of “1”. These were then added together
to generate a unified sedation score for each patient.
Additional secondary outcome measures consisted of
endoscopic procedural outcomes such as time-to-cecum,
cecal intubation rate, polyp detection rate, and insertion
distance of the colonoscope to the cecal pole. As part of
a secondary analysis to account for patient expectations
regarding procedural discomfort that might modify their
actual perception of pain during colonoscopy, the VAS
was also measured pre-procedure, and the pain difference
was determined by subtracting the pre-procedure from
the post-procedure pain score. Finally, sensitivity analyses
were performed to determine if the findings were consistent across all three endoscopists, and within the subgroup of “difficult” procedures.
Statistical analysis
The statistical software Stata 10.1 (Stata Corp, College
Station, TX) was used to analyze the data. Means and
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Table 1 Patient characteristics n (%)
Characteristics
Age (yr, range)
Gender-male
Previous colonoscopy
Prior abdo or pelvic surgery
Indication
Screening or polyp follow-up
GI bleeding
Anemia or FOBT+
Diarrhea
IBD
Other

Conventional colonoscopy
(n = 122)

Magnetic imaging colonoscopy
(n = 131)

Total
(n = 253)

58.2 (18-82)
63 (51.6)
77 (63.1)
19 (15.6)

57.7 (19-86)
68 (51.9)
66 (50.4)
26 (19.9)

57.9 (18-86)
131 (51.8)
143 (56.5)
45 (17.8)

71 (58.2)
13 (10.7)
7 (5.7)
5 (4.1)
8 (6.6)
18 (14.8)

79 (60.3)
23 (17.6)
10 (7.6)
11 (8.4)
4 (3.1)
4 (3.1)

150 (59.3)
36 (14.2)
17 (6.7)
16 (6.3)
12 (4.7)
22 (8.7)

GI: Gastrointestinal; FOBT: Fecaloccultbloodtest; IBD: Inflammatory bowel disease.

Table 2 Endoscopic outcomes
Endoscopic outcomes
Cecal intubation n (%)
TI intubation n (%)
Distance to cecum (cm)
Time-to-cecum (min)
Total procedure time (min)
Polyp detection rate
Meanpolyps (range)
Quality of bowel prep
Excellent
Acceptable
Fair
Poor
Procedures self-rated as “difficult” n (%)
Sedation, mean doses (range)
Midazolam (mg)
Fentanyl (mcg)

Conventional colonoscopy Magnetic imaging colonoscopy
(n = 122)
(n = 131)

Total
(n = 253)

P value

121 (99.2)
42 (34.4)
83 (53–130)
7.2 (2-29.5)
16.7 (8.1-36)
51.60% (0.43, 0.61)
1.7 (1-7)

131 (100)
46 (35.1)
82.4 (49–150)
6.5 (1.2-28)
15.7 (5.7-40)
46.60% (0.38, 0.55)
1.9 (1-8)

252 (99.6)
88 (34.8)
82.7 (49–150)
6.9 (1.2-29.5)
16.2 (5.7-40)
49.0%
1.8 (1-8)

0.30
0.91
0.71
0.18
0.19
0.42
0.36

21.3%
49.2%
25.4%
4.1%
25 (20.5)

29.8%
43.5%
24.4%
2.3%
36 (27.5)

25.7%
46.3%
24.9%
3.2%
61 (24.1)

0.19

5.8 (3-15)
86.3 (50-150)

5.5 (2-15)
83.2 (50-150)

5.7 (2-15)
84.7 (50-150)

0.31
0.29

TI: Terminal ileum.

ranges were used to summarize data for continuous variables and percentages were used for categorical variables.
Student’s t-test was used to compare the primary outcome
of the pain score between the two groups, as well as for
other continuous data. The χ 2 test was used to compare
proportions for categorical data. A two-sided P ≤ 0.05
with 80% power was considered statistically significant
(after correction for multiple comparisons). Multivariate
regression was used to perform the sensitivity analyses. A
sample size calculation was performed to detect a difference of 0.5 (out of the 10 point VAS scale) in the mean
pain scores between the CC and MIC groups. Based on
a predicted pain score of 1.5 in the CC group and 1.0 in
the MIC group, it was estimated that 126 patients (63 in
each group) would be required to demonstrate a statistically significant difference.

RESULTS
Between September 2011 and October 2012, 253 patients
participated in the study; mean age 58 years (range: 18-86
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years); 52% male. The indications for colonoscopy and
other patient characteristics are shown in Table 1. One
hundred twenty-two patients (48%) underwent CC and
131 (52%) had MIC. Complete colonoscopy was accomplished in 121 cases (99%) in the CC group and 131 cases
(100%) in the MIC group. Incomplete colonoscopy occurred in one case due to a failed bowel preparation that
left formed stool obstructing the mid-transverse colon.
The mean endoscope insertion distance was 83 cm (range:
53-130 cm) in the CC group and 82 cm (range: 49-150
cm) in the MIC group (P = 0.71), with a mean time-to-cecum of 7.2 min (range: 2-30 min) and 6.5 min (range: 1-28
min) respectively (P = 0.18). Polyps were detected in 52%
of cases in the CC group and in 47% of cases in the MIC
group (P = 0.42), with a mean of 1.7 (range: 1-7) and 1.9
(range: 1-8) polyps, respectively. No adverse events were
recorded. See Table 2 for endoscopic procedural metrics.
The outcomes regarding patient comfort and sedation are shown in Table 3. The primary endpoint of pain
score (0.9 vs 1.0, P = 0.41) did not differ between the CC
and MIC groups, nor did the secondary endpoints of se-
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Table 3 Patient experience outcomes
Score
Pain score
Pretest pain score
Pain difference
Sedation score

Conventional colonoscopy
(n = 122)

Magnetic imaging colonoscopy
(n = 131)

Total
(n = 253)

P value

0.85 (0.1-8.4)
2.2 (0.1-8.5)
-1.3
8.5 (4.5-17)

1.03 (0.1-10)
2.9 (0.1-9)
-1.8
8.2 (4-21)

0.94 (0.1-10)
2.5 (0.1-9)
-1.6
8.3 (4-21)

0.41
0.02
0.14
0.34

Table 4 Subgroup of self-rated “difficult” colonoscopy procedures
Colonoscopy procedures

Conventional colonoscopy
(n = 25)

Magnetic imaging colonoscopy
(n = 36)

Total
(n = 61)

P value

13.4
(6.7-29.5)
91.20
(68-130)
9.54
(5-17)
1.48
(0.1-8.4)
-1.05
(-6.8-3.3)

10.10
(3.8-28)
85.70
(49-150)
9.08
(5-21)
1.15
(0.1-7.9)
-1.50
(-7.8-4.9)

11.50
(3.8-29.5)
88
(49-150)
9.27
(5-21)
1.28
(0.1-8.4)
-1.32
(-7.8-4.9)

0.01

Time-to-cecum (min)
Distance to cecum (cm)
Sedation score
Pain score
Pain difference

dation score (8.5 vs 8.2, P = 0.34) and pain difference (-1.3
vs -1.8, P = 0.14). A similar pattern was observed in the
subgroup of 61 procedures (24%) rated as being “difficult” based on the requirement of adjunctive maneuvers
(Table 4), in which there were no significant differences
between the CC and MIC groups with respect to these
patient comfort metrics. However, time-to-cecum was
significantly shorter with MIC compared to CC among
this subgroup of “difficult” cases, with mean times of
10.1 min (range: 3.8-28 min) and 13.4 min (range: 6.7-29.5
min), respectively (P = 0.01).
When sensitivity analyses were performed to determine if the same pattern of findings were observed for
each endoscopist when considered separately, no differences emerged between the CC and MIC groups with
respect to pain score, sedation score and endoscopic procedural metrics such as cecal intubation rate, time-to-cecum, insertion distance to cecum or polyp detection rate.
This demonstrates that the overall pattern of findings
was not unduly influenced by outlier results from any one
endoscopist. Finally, regression analysis confirmed that
no difference exists in the pain score between the CC and
MIC groups after controlling for the sedation score.

DISCUSSION
Optimizing the technical performance of colonoscopy
and its tolerability for patients is important. The development of magnetic imaging technology that enables real
time visualization of the shape of the entire endoscope
within the patient’s body is designed to help achieve that
aim. In this randomized trial, MIC using the latest generation of ScopeGuide was compared to CC with regards
to patient comfort based on a post-procedure VAS pain
score and a sedation score derived from standard dose
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0.30
0.61
0.53
0.54

increments of conscious sedation medications, as well as
endoscopic procedural metrics. However, MIC did not
prove to be superior to CC for these patient experience
outcomes, nor for any of the technical outcomes such as
cecal intubation rate, time-to-cecum, endoscope insertion
distance-to-cecum, or polyp detection rate. Thus, it appears that in general, MIC does not improve the technical
performance of colonoscopy or the overall patient experience, when performed by experienced endoscopists.
However, in a large subgroup (representing one-fourth
of procedures) of difficult cases based upon the need for
adjunctive maneuvers during the procedure, significantly
faster times-to-cecum were achieved with MIC compared
to CC, but with no differences in patient experience outcomes.
This study has several limitations that may affect the
generalizability of the results. Firstly, the primary outcome
of pain score contains inherent biases, chiefly that increased
sedation could be used to overcome greater procedural
discomfort, potentially creating an apparent, but false, difference in pain score modified by the amount of sedation
used. The most effective means to compare patient tolerability between MIC and CC would have been to perform
unsedated colonoscopy, using the VAS to compare patient
comfort between the techniques. Such strategies have been
used in studies that evaluated previous versions of MIC with
conflicting results[16,17]. However, our local patient population is generally resistant to the concept of unsedated procedures and this was deemed to not be viable. In any event,
neither the visual analogue pain score nor the sedation score
differed between groups, nor was there any difference in
pain score after controlling for the sedation score in a regression analysis, indicating that this potential for bias did
not lead to confounding of our results. A second limitation
was the performance of all procedures by individuals who
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have undergone advanced fellowship training in therapeutic endoscopy, for whom magnetic imaging assistance for
routine colonoscopy was perhaps less likely to be of value.
In hindsight, it may have been more informative to include
all endoscopists performing colonoscopy at our center,
which would have provided a more diverse range of levels
of experience and expertise that may have led to the identification of individuals for whom MIC was truly beneficial.
However, there is already data from a recent meta-analysis
of 8 randomized trials comparing MIC to CC that demonstrate that inexperienced endoscopists benefit from the use
of MIC[15]. What has remained controversial is whether MIC
confers any advantage to experienced endoscopists in active
clinical practice. In fact, this meta-analysis found, somewhat
surprisingly, that even experienced endoscopists had improved rates of cecal intubation when using MIC. Thus, it
was of greater interest for us to study the usefulness of MIC
among experienced endoscopists, since this is the question
for which uncertainty still remains. Finally, the classification
of procedural difficulty was potentially prone to bias, since it
was based on the subjective decision to utilize ancillary maneuvers such as patient position changes or the application
of more than one instance of abdominal pressure, which
then resulted in the procedure being regarded as “difficult”.
Nevertheless, since the criteria defining the classification of
“difficult” were quite liberal (one-fourth were considered as
such), this subgroup actually represents a large cohort of
likely only moderately difficult cases that are frequently
encountered in clinical practice. In this context, the finding of faster times-to-cecum achieved with MIC in this
subgroup becomes meaningful, and is at least hypothesis
generating. What will be important is to determine the
clinical features that accurately identify patients preprocedure as being likely difficult colonoscopy cases that
are also the ones in which MIC would prove beneficial,
even for experienced endoscopists.
The main benefit derived from magnetic imaging assistance is the accurate identification and proper straightening of endoscope loops[18], as well as visualization of
the endoscope position within the different regions of
the colon, which conceivably should facilitate faster and
more comfortable procedures, while enabling the accurate
localization of polyps or other pathology. While our study
suggests MIC is unnecessary in most cases when colonoscopy is performed in experienced hands, there is good
reason to speculate that magnetic endoscope imaging may
benefit less experienced endoscopists and trainees. The
cecal intubation rate in this trial was 99.6%, whereas large
database studies of real life clinical outcomes reveal rates
of incomplete colonoscopy ranging from 13%-35%[7,8,19],
demonstrating the likely need for additional tools to facilitate the performance of colonoscopy in non-expert settings. Whether MIC can help improve these rates of complete colonoscopy, and whether it would be cost effective
to do so given the added expense of ScopeGuide, remains
unclear. Further study is needed to examine the role of
MIC in cases of previously incomplete colonoscopy. Regarding the likely benefit of magnetic imaging assistance
during training,the initial study that evaluated the previous
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version of MIC demonstrated significant improvements
in procedural metrics in cases performed by trainees[14]
and similar findings were confirmed in the aforementioned meta-analysis[15]. More recently, a one-day training
program at Stanford that used an older version of ScopeGuide as part of a simulator consisting of a soft plastic
colon model mounted within a real-shaped body torso, led
to significant improvements in subsequent colonoscopy
performed on live patients without magnetic imaging assistance[20]. The trainees demonstrated improvements in
their overall performance, as well as in cecal intubation
rates, time-to-cecum and sedation requirements following
the ScopeGuide training intervention. Thus, there is reason to speculate that magnetic endoscope imaging could
become an essential training tool, forming the basis of a
graduated process that transitions learners from computer
simulation to unassisted colonoscopy. However, the group
of non-trainee, non-expert endoscopists for whom MIC
is likely beneficial remains undefined, and will also require
further study.
In summary, the latest version of magnetic imagingassisted colonoscopy (ScopeGuide) performed no better
than conventional colonoscopy in terms of endoscopic
procedural metrics and patient experience outcomes,
when performed in experienced hands. However, within
a subgroup of more challenging cases, MIC resulted in
faster times-to-cecum. Further research is required to
determine the usefulness of MIC in cases of previously
incomplete colonoscopy, in defining the non-expert, nontrainee endoscopists for whom it is expected to be most
useful, and in determining the clinical variables that may
predict a more challenging case for which even expert
endoscopists may find MIC helpful.
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Background

Colonoscopy is the most valuable test for the detection and prevention of colon
cancer. However, despite its widespread use, colonoscopy is not always completed successfully. Furthermore, many people are nervous about undergoing
colonoscopy because of concerns that it will be uncomfortable. Therefore, new
technologies and methods to improve the performance of colonoscopy and to
make it more comfortable for patients are important. Magnetic imaging-assisted
colonoscopy has been developed with this aim in mind.

Research frontiers

Magnetic imaging-assisted colonoscopy consists of electromagnetic generator
coils embedded within the colonoscope that produce a magnetic field detected
by special external sensors, that then give rise to a computer-generated image
of the shape and position of the endoscope while it is inside the patient’s body.
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This provides important visual information that assists the endoscopist when
navigating the colon. A new generation of this “ScopeGuide” technology has
recently been developed but has not been previously evaluated.

7

Innovations and breakthroughs

The initial studies using earlier versions of this technology demonstrated its effectiveness in assisting trainees to perform colonoscopy, but this benefit was not seen
among experienced endoscopists. However, a recent meta-analysis summarizing
several studies showed that even experienced endoscopists had improved rates of
complete colonoscopy when using the magnetic imaging guidance.

Applications

This study confirms that magnetic imaging colonoscopy offers no significant advantage compared to conventional colonoscopy with regards to patient comfort,
sedation requirements, the success rate of complete colonoscopy or the time
needed to navigate the entire colon, when the procedures are performed by
experienced practitioners. However, magnetic imaging colonoscopy did enable
faster times to reach the end of the colon (i.e., cecum) for challenging cases.

8

9

10

Terminology

Cecum: Where the small intestine enters into the colon; this is the furthest point
of insertion during colonoscopy. Magnetic imaging colonoscopy: Technology
that creates cartoon image of the endoscope within the patient’s body that provides the endoscopist with visual cues regarding endoscope shape and position
that aid in the navigation of the colon.Time-to-cecum: The time needed during
colonoscopy to reach the cecum. Visual analogue scale: Tool that allows patients to report pain along a graphical bar rather than using a numerical scale.

11
12
13

Peer review

This randomized controlled trial is well designed and there are no objections
to the methodology or assessment of the results. The study shows that for
challenging cases, magnetic imaging allows for faster times-to-cecum, but that
overall, there is no advantage compared to conventional colonoscopy in terms
of patient comfort, sedation requirements or endoscopic procedural metrics.
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Abstract
AIM: To investigate the clinical features and prognoses of elderly patients with esophageal carcinoma and
to compare the effects of radiotherapy and rates of
treatment-related pneumonitis (TRP) between elderly
and non-elderly patients.
METHODS: A total of 236 patients with esophageal
carcinoma who received radiotherapy between 2002
and 2012 were enrolled. The patients were divided into
two groups: an elderly group (age ≥ 65 years) and a
non-elderly group (age < 65 years). The tumor position and stage, lymph node and distant metastases,
and incidence and severity of TRP were compared.
Multivariate analysis was applied to identify independent prognostic factors.
RESULTS: The median overall survival times after radiotherapy in the elderly and non-elderly groups were
18.5 and 20.5 mo, respectively. Cox regression analysis showed that TRP grade and tumor-node-metastasis
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(TNM) stage were independent prognostic factors in
the elderly group. High-dose radiotherapy (> 60 Gy)
was associated with a high incidence of TRP. Tumor
TNM staging was significantly different between the
two groups in which TRP occurred. Multivariate analysis showed that TNM stage was an independent prognostic factor. Esophageal carcinoma in elderly patients
was relatively less malignant compared with that in
non-elderly patients.
CONCLUSION: An appropriate dose should be used
to decrease the incidence of TRP in radiotherapy, and
intensity modulated radiation therapy should be selected if possible.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal carcinoma; Radiation therapy;
Elderly patients; Treatment-related pneumonitis; Survival rate
Core tip: We found that the tumor characteristics of
esophageal cancer in elderly patients were relatively
less malignant compared with those in non-elderly patients. The incidence of lymph node and distant metastases, and recurrence or metastasis after radiotherapy
were lower. The incidence of treatment-related pneumonitis was much higher in the elderly patients. A proper
radiation dose could improve the curative effect and decrease the incidence of treatment-related pneumonitis
in elderly patients.
He J, Zeng ZC, Shi SM, Yang P. Clinical features, outcomes
and treatment-related pneumonitis in elderly patients with
esophageal carcinoma. World J Gastroenterol 2014; 20(36):
13185-13190 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i36/13185.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i36.13185
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INTRODUCTION
Esophageal cancer is the eighth most common cancer
worldwide and the sixth most common cause of death
from cancer. Esophageal cancer often occurs in patients
older than 30 years. It is difficult for patients who are diagnosed late or have upper esophageal cancer to receive
radical surgical treatment. The incidence of esophageal
cancer in the elderly is relatively higher, and strict indications for surgery restrict their surgical opportunities;
thus, radiation therapy is an effective therapy for these
patients[1-9].
A relatively poorly differentiated tumor and a low
metabolic rate reduce the distant metastasis rate in elderly patients[10]. The effects of radiation therapy are often
better in elderly compared with non-elderly patients with
esophageal cancer, and the survival time is relatively longer. However, elderly patients often suffer from chronic
underlying diseases, resulting in poor tolerance of radiotherapy. In addition, lung dysfunction in elderly patients
is one of the main causes of TRP, which influences the
effects of radiation and reduces the survival rate. Therefore, it is worthwhile to study how to achieve the best
curative effects and fewest complications of radiation
therapy in elderly patients.
In this study, we investigated the relevant problems
associated with radiation therapy in elderly patients with
esophageal carcinoma by comparing tumor biological
characteristics, survival rate, TRP incidence, and other
factors between elderly and non-elderly patients with
esophageal carcinoma.

MATERIALS AND METHODS
Patients
A total of 236 patients with esophageal carcinoma who
received radiotherapy in the Radiotherapy Department
of Zhongshan Hospital between January 2002 and December 2012 were enrolled and divided into two groups:
(1) an elderly group (age ≥ 65 years; mean age: 80 years,
range: 65-91 years), consisting of 129 patients (93 men
and 36 women); and (2) a control group (age < 65 years;
mean age: 56 years, range: 40-64 years), consisting of
107 patients (87 men and 20 women). All of the patients
were diagnosed with esophageal carcinoma by pathology
and were able to complete the entire radiation therapy
plan. The mean survival duration among all of the patients after radiotherapy was 19 mo (stage Ⅰ, 22 mo;
stage Ⅱ, 20 mo; stage Ⅲ, 11 mo; stage Ⅳ, 10 mo).
Treatment
All of the patients received 6 or 15 MV of radiotherapy
with a linear accelerator (Oncor Adant-gard, Siemens,
Munich, Germany), a simulator (Evolution, Nucletron
Veenendaal, Netherlands), and a three-dimensional treatment planning system (Pinnacle 7.6c, Philips, Madison,
United States). The median dose was 60 Gy (range:
40-74 Gy), and each individual dose was 2 Gy. Radiotherapy was indicated for patients with stage Ⅰ or Ⅱ
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esophageal carcinoma who could not tolerate surgery
due to poor cardiopulmonary function or other diseases,
patients who refused surgery and patients with stage Ⅲ
esophageal carcinoma.
Three-dimensional conformal radiation therapy
Immobilization of body position: The vacuum body
film fixed position was used.
Computed tomography scan: Metal tags were placed
on the body surface in relative positions after immobilization. Computed tomography (CT) scans were
performed to obtain 3-mm-thick slices from the upper
orifice of the esophagus to the hepatic hilar region.
Delineation of normal tissue: Important tissues and
organs, such as the lungs, trachea and spinal cord, were
delineated.
Delineation of irradiated target area: The gross tumor volume (GTV) covered the primary esophageal
tumor and mediastinal lymph node metastasis, and the
clinical target volume (CTV), based on the GTV, comprised the subclinical focus. The planning target volume,
based on the CTV, considered the influence of uncertain
factors, such as positioning errors.
The radiation area for patients with cervical esophageal carcinoma ranged from the throat area to the level
of the trachea carina. The radiation area for patients
with lower cervical and upper thoracic esophageal carcinoma ranged from the entrance to the esophagus to
the level of the pulmonary vein. The radiation area for
patients with mid-thoracic esophageal carcinoma ranged
from the thoracic entrance to the cardiac region. The radiation area for patients with lower thoracic esophageal
carcinoma covered a 0.5-cm margin around the tumor,
including lymph node metastases of the upper abdomen.
Follow-up
All of the patients with esophageal carcinoma were followed until December 31, 2012. The mean follow-up period for the surviving patients was 39.4 mo (range: 13-84
mo), and the follow-up rate was 100%. Survival status,
disease development, reasons for death and occurrence
and time of TRP were recorded. The chest CT films or
X-rays of the patients were compared before and after
radiotherapy to assess whether radiation lung injury occurred. The severity of TRP was evaluated according to
the Radiation Therapy Oncology Group (RTOG) criteria.
Statistical analysis
The χ 2 test was applied to compare the following differences between the two groups: the biological characteristics of tumors; the incidence of treatment-related
pneumonitis; and the incidence and severity of TRP.
The Kaplan-Meier method was used to assess the one-,
three- and five-year survival rates. Univariate analysis was
performed to assess the survival rate and the incidence
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19.6% of the patients developed TRP after radiotherapy
(21/107), and the incidences of grades Ⅱ, Ⅲ and Ⅳ
TRP were 13.1% (14/107), 6.5% (7/107) and 0% (0/107),
respectively. There was no significant difference in the
incidence of TRP between the two groups. In addition,
there was no correlation between TRP grade or tumor
type and distant (lymphatic) metastasis.

Table 1 Biological characteristics of tumors in elderly and
non-elderly patients with esophageal carcinoma n (%)
Clinicopathological parameter
Gender
Male
Female
Tumor location
Cervical esophagus and upper
thoracic portion
Mid-thoracic portion
Lower thoracic portion
Tumor type
Adenocarcinoma
Squamous cell carcinoma
Distant metastasis
M0
M1
Recurrence and metastasis after
radiotherapy
Yes
No
Lymph node metastasis
N0
N1
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

n Non-elderly

Elderly

P
0.098

180
56

93 (51.7)
36 (64.3)

87 (48.3)
20 (35.7)

64

29 (43.3)

38 (56.7)

49

61 (57.0)
39 (62.9)

46 (43.0)
23 (37.1)

31
205

27 (87.1)
102 (49.8)

4 (12.9)
103 (50.2)

216
20

123 (56.9)
6 (30.0)

93 (43.1)
14 (70.0)

0.066

0.000

0.021

0.008
143
93

88 (61.5)
41 (44.1)

55 (38.5)
52 (55.9)

111
125

74 (66.7)
55 (44.0)

37 (33.3)
70 (56.0)

101
83
32
20

68 (67.3)
37 (44.6)
18 (56.3)
6 (30.0)

33 (32.7)
46 (55.4)
14 (43.8)
14 (70.0)

0.000

0.002

Tumor position was judged according to the esophageal tumor site segmentation criteria of the International Union for Cancer Control (1997
edition). Tumor stage was judged according to esophageal tumor tumornode-metastasis staging criteria. TNM: Tumor, node, metastasis.

of TRP. Cox-regression analysis was used in the multivariate analysis of survival and TRP incidence. P ≤ 0.05
was considered significant. All the data were analyzed using SPSS software, version 19.0 (SPSS Inc., Chicago, IL,
United States).

RESULTS
Comparison of biological characteristics of tumors
There were no significant differences in gender or tumor
location between the two groups. In the elderly group,
the incidence of lymph node and distant metastases was
lower (P < 0.001, P = 0.021), and the tumor TNM stage
was earlier (P = 0.002). In addition, the number of squamous cell carcinomas was lower (P < 0.001), and the
incidence of recurrence or metastasis after radiotherapy
was lower (P = 0.008).
Treatment-related pneumonitis
Based on the RTOG criteria, the major complication
was radiation pneumonia. The overall incidence of TRP
was 22.9% (54/236) in all patients, and the median time
to occurrence of TRP after radiotherapy was 2.7 mo. In
the elderly group, 25.6% of the patients developed TRP
after radiotherapy (33/129), and the incidences of grades
Ⅱ, Ⅲ and Ⅳ TRP were 15.5% (20/129), 10.1% (13/129)
and 0% (0/129), respectively. In the non-elderly group,
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Survival analysis
In the elderly group, two patients survived. One hundred
and twenty seven patients died, of whom 115 died of
esophageal carcinoma and the other 12 died of other
diseases. Among these 12 patients, three died of myocardial infarction, one of renal failure, four of respiratory
function failure caused by chronic bronchitis and four of
cerebrovascular accidents. The 1-, 3- and 5-year survival
rates after radiotherapy were 69.7%, 10.3% and 1.6%, respectively. The median survival time was 18.5 mo (SE =
1.083, 95%CI: 16.377-20.623). In the non-elderly group,
two patients survived. One hundred and five patients
died, of whom 103 died of esophageal carcinoma and
the other 2 died of TRP and severe pneumonia caused
by chemotherapy, respectively. The 1-, 3- and 5-year
survival rates after radiotherapy were 72.9%, 11.2% and
1.2%, respectively. The median survival time was 20.5
mo (SE = 1.112, 95%CI: 18.321-22.679). The proportion of patients who died of other diseases in the elderly
group was significantly higher than that in the control
group (Table 1). Kaplan-Meier analysis and the log-rank
test showed that the tumor TNM stage was significantly
different between the patients with or without TRP (P =
0.000).
Prognosis analysis
Significant differences in survival time were observed
according to the presence of TRP, TRP grade, distant
metastasis and tumor TNM stage in the elderly group.
Pathological type, distant metastasis, tumor TNM stage,
presence of TRP and TRP grade showed significant differences in the non-elderly group (Table 2).
Cox regression analysis was used in the multivariate
analysis of the above factors. We identified the independent prognostic factors in the elderly group, which included tumor TNM stage and the presence of TRP. The
independent prognostic factors in the non-elderly group
were distant metastasis and tumor TNM stage (Table 3).
Multivariate Cox regression analysis showed that TNM
stage was an independent prognostic factor (Table 4).

DISCUSSION
Although elderly patients with esophageal carcinoma
are physically weaker than young patients, studies have
shown that elderly patients with esophageal carcinoma
have advantages with respect to biological characteristics.
Some elderly patients prefer conservative nonsurgical
treatment because of concern regarding complications
post-surgery.
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Table 2 Univariate analysis of prognostic factors
n
Gender
Male
Female
Tumor type
Squamous
Non-squamous
Tumor location
Upper thoracic
Mid-thoracic
Lower thoracic
Lymphatic metastasis
N0
N1
Distant metastasis
M0
M1
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

TRP
Yes
No
TRP grade

P

Survival rate (elderly)
1 yr

3 yr

5 yr

93
36

66.5%
77.8%

10.8%
8.3%

2.2%
-

102
27

67.5%
75.9%

11.2%
5.6%

1.5%
0%

29
61
39

72.4%
71.9%
62.8%

8.6%
12.1%
10.3%

4.3%
0%
-

74
55

77.0%
59.6%

9.5%
9.3%

1.0%
0.5%

123
6

71.4%
20.8%

10.9%
-

1.7%
-

68
37
18
6

80.9%
67.1%
44.0%
25.0%

11.8%
11.2%
2.5%
-

0.8%
0.5%
0%
-

33
96

59.1%
72.8%

0%
13.5%

2.2%

20
13
0

81.0%
22.1%
-

0%
-

58
71

72.4%
67.4%

10.3%
10.4%

n

P

Survival rate (non-elderly)
1 yr

3 yr

5 yr

87
20

71.3%
77.5%

12.7%
5.3%

0.5%
1.6%

103
4

74.8%
25.0%

11.7%
-

0.3%
-

38
46
23

71.1%
67.4%
87.0%

17.5%
4.3%
10.8%

4.8%
-

37
70

81.1%
68.6%

18.5%
6.6%

2.0%
0%

93
14

81.7%
14.3%

12.9%
-

2.0%
-

33
46
14
14

84.8%
91.3%
42.9%
14.3%

23.9%
0.79%
-

5.1%
-

21
86

57.1%
76.7%

13.1%

1.8%

14
7
0

64.0%
42.9%
-

-

-

54
53

70.4%
75.5%

13.9%
7.0%

0.5%
1.5%

0.837

0.800

0.878

0.039

0.360

0.212

0.053

0.063

0.000

0.000

0.000

0.000

0.000

0.026

0.000

Ⅱ
Ⅲ
Ⅳ

Radiation dose
≤ 60 Gy
> 60 Gy

-

0.047

0.620
0%
2.3%

0.969

TNM: Tumor, node, metastasis; TRP: Treatment-related pneumonitis.

Table 3 Multivariate analysis of prognostic factors in the elderly and non-elderly esophageal carcinoma groups
Variable

Elderly

Pathological type
TRP
TRP grade
Distant metastasis
TNM stage

Non-elderly

P

HR (95%CI)

P

HR (95%CI)

0.433
0.268
0.057
0.223
0.024

1.201 (0.759-1.901)
0.359 (0.059-2.199)
2.044 (0.980-4.261)
1.969 (0.662-5.861)
1.348 (1.040-1.748)

0.451
0.862
0.640
0.025
0.001

0.661 (0.224-1.944)
1.223 (0.126-11.838)
1.254 (0.486-3.235)
3.166 (1.155-8.679)
1.789 (1.271-2.517)

TNM: Tumor, node, metastasis; TRP: Treatment-related pneumonitis.

In the present study, the incidence of lymph nodes
metastasis at the time of initial diagnosis in the elderly
group was lower than that in the control group. In addition, the grade of tumor was relatively lower and tumor
growth was relatively slower in elderly compared with
non-elderly patients with esophageal carcinoma. However, the elderly patients did not show a significantly
higher survival rate. This result might just be explained
by the age. The elderly patients were physically weaker
and suffered from more chronic diseases, which affected
the prognoses of elderly patients with esophageal carcinoma. Our results demonstrated that more patients died
of other diseases in the elderly group compared to the
non-elderly group. Therefore, in the elderly group, favor-
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able and unfavorable factors offset each other, and make
no benefit for long-term survival.
Tumor stage is closely related to lymph node and distant metastases, which are important factors that affect
the prognoses of patients with esophageal carcinoma[11].
The results of our data analysis also suggested that tumor stage had a significant influence on prognosis. In
addition, our research also showed that tumor position
was not an independent factor affecting survival. The
analysis of tumor type showed a significant difference
between these two groups. Although the number of
adenocarcinomas in the non-elderly group is more than
that in the elderly group, squamous cell carcinoma was
still the major type in the two groups.
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Table 4 Multivariate Cox regression analysis of prognostic factors in patients in whom treatment-related pneumonitis occurred
B
TRP grade
Lymph node metastasis
Distant metastasis
Tumor TNM stage
Radiation dose

0.465
-0.459
-0.113
0.592
-0.425

SE
0.315
0.461
0.923
0.296
0.316

df

Wald
2.182
0.989
0.015
3.983
1.811

1
1
1
1
1

P

Exp(B )

0.140
0.320
0.902
0.046
0.178

1.592
0.632
0.893
1.807
0.654

95%CI for Exp(B )
Lower

Upper

0.859
0.256
0.146
1.011
0.352

2.949
1.561
5.454
3.231
1.214

B: Regression coefficient; SE: Standard error; df: Degree of freedom; TNM: Tumor, node, metastasis; TRP: Treatment-related pneumonitis.

TRP is a major adverse reaction to radiotherapy, which
can even lead to patient death. In this study, we found that
TRP was characterized by pulmonary cord-like shadows,
relatively stiff lesions confined to the radiation area and
lesions with shapes similar to that of the radiation field.
Subsequently, the univariate analysis showed that the development of TRP after radiotherapy had a significant
effect on survival, indicating that greater attention should
be paid to TRP prevention and administration of active
treatment if TRP occurs. The multivariate analysis showed
that the occurrence of TRP is an independent prognostic
factor for patients with esophageal carcinoma.
Most of the literature has reported that the incidence
of radiation pneumonitis and pulmonary fibrosis after
radiotherapy is approximately 10%[12-14]. In this study, the
overall incidence of TRP was 22.9%, and most of these
cases were grade Ⅱ TRP, consistent with most previous reports. It has been proved that intensity-modulated
radiation therapy can improve the tumor target dose,
reduce the dose to normal tissue around the target and
improve the local control rate and prognosis[15]. In the
present study, most patients, however, were enrolled
earlier, without intensity-modulated radiation therapy.
Hence, the incidence of TRP was increased compared to
that in other studies. This suggested that the application
of intensity-modulated radiation therapy (IMRT) was
important for reducing the incidence of TRP.
Currently, most studies have suggested that the total
dose, single dose and volume or area of the irradiated
lung are correlated with the incidence and severity of
TRP, and 60 or 70 Gy has often been a cut-off dose
when comparing these factors[13,16]. In the present study,
the difference in TRP grade between the two groups (<
60 Gy and > 60 Gy) was statistically significant, indicating that the main factor associated with the development
of TRP was the radiation dose. This conclusion is consistent with the opinions of the several scholars mentioned above.
Some researchers have suggested that TRP has different effects in different locations of the lung[17-25]. In
general, TRP occurrence at the bottom of the lung is
more frequent than that at the top of the lung. The incidence of TRP occurring in the hilar and mediastinal
areas was relatively greater than in other areas[18]. This
investigation concluded that tumor position was not an
independent prognostic factor for TRP.
Notably, the incidence of TRP in the elderly pa-
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tients was higher than that in the non-elderly patients,
suggested that it might need a limitation of radiation
exposure time and a control of total dose. However, the
two choices are a double-edge sword. A lower dose or
less time is adverse for tumor control. Therefore, for the
elderly patients, personalized radiotherapy is of importance, and IMRT should be selected if possible.
Esophageal carcinoma in elderly patients was relatively less malignant compared with that in non-elderly
patients. The incidence of TRP in the elderly patients
was higher than that in the non-elderly patients. Therefore, an appropriate dose should be used to decrease the
incidence of TRP in radiotherapy, and IMRT should be
selected if possible.
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Abstract
Ileal intussusception is the invagination of the small
intestine within itself and accounts for 1% of cases of
acute obstruction. However, physicians do not initially
consider intussusception as a possible diagnosis of obstruction due to its rarity in adults. Herein, we report
the case of a 22-year-old male who was admitted to
the Emergency Department with continuous abdominal
pain. Ultrasonography and computed tomography revealed an ileal intussusception. The patient underwent
surgical removal of the segment of the small bowel.
Unexpectedly, pathology revealed that the invagination
occurred due to a parasite egg, with features suggestive of Schistosoma species. Schistosomiasis, although
considered a parasitic disease in tropical countries, is
not absent from Europe and though it is highly improbable, it may be responsible for cases of intussusception
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in adults.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ileal intussusception; Parasite egg; Bowel
obstruction; Schistosoma ; Abdominal pain
Core tip: This manuscript reports a rare case of intestinal invagination in an adult, which was later found to
be caused by a very rare event in non-tropical countries
- an egg of a tropical parasite belonging to the Schistosoma species. This diagnosis was highly improbable
in a non tropical country and this is the first report of
such an event.
Pinto JP, Cordeiro A, Ferreira AM, Antunes C, Botelho P, Rodrigues
AJ, Leão P. Ileal intussusception due to a parasite egg: A case
report. World J Gastroenterol 2014; 20(36): 13191-13194
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i36/13191.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i36.13191

INTRODUCTION
Ileal intussusception is the invagination of the small intestine within itself and is an exceptional cause of acute
obstruction in about 1% of cases[1].
Abdominal pain is a very common complaint in adults
seeking help in the Emergency Department. Even when
an obstruction is diagnosed, doctors do not initially consider intussusception in adults, unlike in children, since this
is a rare cause of obstruction in this age group[2,3]. There
are several benign or malignant predisposing causes that
account for 90% of cases of small bowel intussusception in adults, such as foreign bodies, polyps or Meckel’s
diverticulum[1]. The surgical approach, laparoscopic or
laparotomic, invariably turns out to be necessary, before
the etiological definition, given the fact that obstruction
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Figure 1 Axial ultrasound image showing small bowel intussusception.
The echogenic mesenteric fat is seen trapped between the intussusceptum and
the intussuscipiens.

A

Figure 3 Post-operative specimen of ileum segment with granuloma.

diagnosis of invagination in adults is only made during
surgery[4,5].

CASE REPORT

B

Figure 2 Corresponding coronal computed tomography (A) and sagittal
computed tomography (B) images. Computed tomography images obtained
after administration of intravenous contrast material show the dilated fluid-filled
bowel loops (arrows) as well as the intussusceptum and the intussuscipiens in
the left lower quadrant, with trapped mesenteric fat.

does not resolve with medical treatment in almost all
cases of intussusception. In fact, in nearly 50% of cases,

WJG|www.wjgnet.com

A male 22-year-old patient, with no previous history
of medication or known allergies, was admitted to the
Emergency Department of the Hospital de Braga with
continuous abdominal pain of 24-h onset worsening
with time, associated with nausea and vomiting. He
reported constipation with two days of evolution. Analytical parameters (WBC, HGB, PCR, metabolic panel
and liver function), showed no significant alterations.
Ultrasonography and computed tomography revealed
requisite findings consistent with ileal intussusception
(Figures 1 and 2). The patient was proposed for surgical
treatment. At exploratory laparoscopy, no visible alterations were found; hence the team opted for conversion
to laparotomy. This allowed the identification of an ileoileal intussusception, located approximately 30 cm from
the ileocecal valve. During the procedure of desinvagination, we found a sub-mucosal lesion of approximately
2 cm × 1 cm. Posteriorly, enterectomy was performed
with lateral anastomosis using a linear stapler; the ileum
segment was sent to the pathologist (Figure 3).
The intraoperative and postoperative periods were
uneventful, and the patient was discharged on the 6th day
of hospitalization when apyretic, presenting no hemodynamic changes, and tolerating an oral diet, with normalization of intestinal transit.
Surprisingly, the pathological anatomy revealed that
there was evidence consistent with granulomatous inflammation due to the presence of a parasite egg, with
features suggestive of Schistosoma species (Figures 4).
Parasite eggs are oval or round reproductive bodies that
can be seen on the bowel wall with granuloma formation. They usually have a shell with variable thickness
and can be seen on HE preparations. There are three
main Schistosoma species causing intestinal infection: S.
mansoni (114-175 μm × 45-70 μm wide with a lateral
spine), S. japonicum (70-100 μm × 55-65 μm wide, a thin
shell with a lateral and small spine) and S. haematobium
(112-170 μ m × 40-70 μ m wide with a terminal and
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A

B
Spine

Shell

Figure 4 Schistosoma species. A: Bowel wall with granuloma formation (HE stain); B: A 75 μm-wide ovoid structure with a thin and basophilic shell (arrow) and presenting a spine (HE stain).

prominent spine). However, there are no special stains
or techniques to identify eggs so the diagnosis rests on
morphological grounds. We found a 75 μm-wide ovoid
structure with a thin and basophilic shell with some distortion so we could not ascertain the species.

tussusception in adults.

DISCUSSION

Clinical diagnosis

The present clinical case illustrates some of the generalities described in the literature on the subject of intussusception. We demonstrate the importance of early
surgical approach, even without definitive diagnosis of
obstruction. The pathological analysis of the resected
specimen turned out to reveal an interesting finding that,
to our knowledge, has not been described in the literature to date: an egg of a Schistosoma species. There are
three species of Schistosoma with different morphological features; however, in this case the egg was distorted
which meant we were unable to make an identification
of the organism. These findings were even more interesting and rare in the light of evidence suggesting that
this parasite is typical of tropical countries, uncommon
in Europe. This patient had not visited any tropical
country, which makes this case even more improbable.
We believe that there may be two mechanisms that
can potentially explain the observed invagination. First, it
may occur due to an inflammatory reaction to a foreign
body, with the growth of granuloma, eventually leading
to fibrosis, and to a process of retraction of the ileal
wall and consequent invagination. On the other hand,
this may be a simple physical process, i.e., the size of the
granuloma may itself cause the invagination.
Intussusception in adults, although a rare cause of
intestinal obstruction, can never be forgotten in the
approach to a patient with occlusive or sub-occlusive
diagnosis. The most common causes of intussusception
are diverticulum or tumors (benign or malignant). However, we must not forget that any foreign body or even a
change in endoluminal extrinsic compression may induce
intussusception. Schistosomiasis, although considered a
parasitic disease in tropical countries, is not absent from
Europe and may indeed be responsible for cases of in-
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COMMENTS
COMMENTS
Case characteristics

A 22-year-old male patient with no previous relevant history was admitted with
continuous abdominal pain, nausea and vomiting.
Intestinal obstruction.

Differential diagnosis

Adhesions, internal hernia, diverticulitis of Meckel.

Laboratory diagnosis

Analytical parameters were within normal limits.

Imaging diagnosis

Ultrasonography and computed tomography revealed anatomic characteristics
consistent with ileal intussusception.

Pathological diagnosis

Pathological anatomy revealed evidence consistent with granulomatous inflammation due to the presence of a parasite egg, with features suggestive of
Schistosoma species.

Treatment

Exploratory laparoscopy, where no visible alterations were found, hence the
team opted for conversion to laparotomy. This identified an ileo-ileal intussusception located approximately 30 cm from the ileocecal valve. During the
procedure of desinvagination, we found a sub-mucosal lesion. Posteriorly, enterectomy was performed with lateral anastomosis using a linear stapler.

Experiences and lessons

Despite the fact that this is an extremely rare case, it shows that all the options
should be considered when making a diagnosis of intestinal obstruction, even
the most improbable ones.

Peer review

The strength of this article was the finding that the invagination occurred due to
the presence of a tropical parasite egg, an exceptionally rare case in Europe,
considering the fact that the patient did not visit any tropical country. The limitation
was the difficulty in the identification of the Schistosoma species that the egg belonged to due to the lack of specific techniques to identify the different parasites.
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Abstract

INTRODUCTION

Cystic lymphangiomas of the adrenal gland are rare. A
79-year-old female presented in the emergency room
with epigastric discomfort, and an immovable mass
was palpated in her abdomen upon physical examination. Imaging studies revealed a large cystic lesion
in the pancreatic tail. The radiologic impression ruled
out the possibility of a mucinous cystic neoplasm, or
a pseudocyst in the pancreas. The operative findings
demonstrated that the cystic mass originated in the
left adrenal gland. A laparoscopic excision of the cystic
mass was performed, and immunohistochemistry confirmed that this mass was a lymphangioma of the adrenal gland. Several prior reports have suggested that
lymphangioma can mimic renal or splenic cysts. However, lymphangioma cases mimicking pancreatic cysts
are very rare.

Cystic lymphangiomas of the adrenal gland are rare.
Despite recent improvements in imaging, the origin of
abdominal cysts remains ambiguous in some cases. In
particular, left adrenal cystic lymphangiomas have been
shown to mimic suprarenal cysts, pancreatic cysts and
splenic cysts[1]. Because these lesions are clinically asymptomatic in the majority of cases, they are found incidentally during radiologic investigations or during surgery for
other causes[2].
However, symptoms can occasionally occur in response to adrenal cystic lymphangiomas. The symptoms
are typically related to the overall mass of the cyst and
include a palpable mass, gastrointestinal discomfort and
abdominal pain. Our case presented with a symptomatic
mass, which was initially mistakenly thought to be a mu-
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Key words: Lymphangioma; Adrenal gland; Pancreas;
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Core tip: This paper reports the case of a large symptomatic adrenal cyst that was initially considered to be
a mucinous neoplasm of the pancreas on radiologic
imaging. To our knowledge, several prior reports have
shown that lymphangioma can mimic renal or splenic
cysts, but lymphangioma cases mimicking pancreatic
tail cysts are rare.
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Cho HD. Adrenal lymphangioma masquerading as a pancreatic
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Figure 1 Abdominal ultrasonography shows a cystic mass with luminal
calcification (white arrow) that measures 14 cm in diameter in the left retroperitoneum.

cinous cystic neoplasm or a pseudocyst of the pancreatic
tail. This case, which we report here, was eventually diagnosed as an adrenal cystic lymphangioma based on immunohistochemical results.

CASE REPORT
A 79-year-old female presented in the emergency room
with epigastric discomfort, poor oral intake and general
weakness over the previous 3 d. Her medical history
included atrial fibrillation, variant angina and congestive
heart failure for 6 years. She had no history of alcohol
abuse, no prior operations and no familial history of pancreatic disease. On physical examination, she was febrile,
looked unwell, and her tongue and skin appeared dehydrated. However, her other vital signs, including blood
pressure, heart rate and respiration rate were stable. Her
abdomen had mild tenderness and an immovable abdominal mass was found in the upper left quadrant. Initial
laboratory findings identified mild leukocytosis (12340/
mm3), a prolonged coagulation profile (prothrombin time
67.6%), proteinuria (+3), elevated bilirubin (1.8 mg/dL),
elevated blood urea nitrogen/creatinine (39 mg/dL/1.6
mg/dL) and elevated creatinephosphokinase (5016 IU/L).
However, the levels of aspartate transaminase, alanine
transaminase, amylase and lipase were within the normal
range. She was initially admitted to the medical department for acute kidney injury (AKI) with rhabdomyolysis.
Her epigastric discomfort did not subside within several
days. Because of this, an evaluation of the abdominal
mass was performed during the management of AKI.
Abdominal ultrasonography (US) revealed a large cystic
mass with luminal calcification that measured 14 cm in
diameter in the left retroperitoneum (Figure 1), and a
computed tomography (CT) scan showed a large low
attenuation lesion with calcification in the pancreatic
tail measuring 16 cm (Figure 2). Once the radiologist
ruled out a pancreatic mucinous cystic neoplasm and a
pancreatic pseudocyst, we initially planned endoscopic
retrograde cholangiography, which is a diagnostic and
therapeutic tool. However, we performed magnetic reso-
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nance imaging (MRI) due to her overall condition. The
MRI revealed a huge and a high attenuation lesion on the
T2-weighted image, which was abutting the pancreatic
tail (Figure 3). On the 14th day in the hospital, her laboratory parameters were within the normal range, but her
abdominal discomfort remained.
Because of our clinical and radiological findings, we
performed a laparoscopic excision of the cyst. Under
general anesthesia, the left side of the patient was elevated
approximately 30o (semilateral position). Four trocars
including two 10 mm trocars and two 5 mm trocars
(UnimaxMedical System Inc., Hain Tien, Taipei, Taiwan)
were used. One 10 mm trocar was inserted into the supraumbilical incision, which was used for the camera port.
The other 10 mm trocar was inserted above the umbilical
port (at approximately 5 cm) and the 5 mm trocars were
inserted into the left para-umbilical and the left subcostal
area. Operative findings included the identification of a
large cystic mass measuring approximately 20 cm adjacent
to the pancreatic tail, transverse colon and mesentery. A
harmonic scalpel (Ethicon Endosurgery, 5 mm, Cincinnati, OH, United States) and Ligasure (LigaSureAtlasTM 37
cm Hand Switching Laparoscopic Instrument, Covidien)
were used to dissect this cystic mass. After the dissection
was performed, we found that the cystic mass had originated in the left adrenal gland. Because the margin was
clear,we excised the cystic mass and performed a left adrenalectomy. The specimen was placed into a retrieval bag
(Lapbag, Sejong Medical Co., Ltd., Paju, South Korea), but
the cystic tumor was too large for the bag, so we carefully
aspirated the specimen contents inthe bag. The umbilical
incision was elongated approximately 2 cm, and the specimen was removed through the umbilical incision. After 6
d, the patient was discharged without any complications.
One year after the operation, the patient did not have any
abdominal pain and was doing well without a recurrence.
Pathologic reports showed that, the cyst measured
13.0 cm × 8.0 cm, and the adrenal gland was shown
to contain smaller calcified cysts that had a thin membranous appearance (Figure 4A). Histological analysis
revealed multiple cysts of variable sizes with thin walls
and dilated spaces that contained proteinaceous material
(Figure 4B). Immunohistochemical stains for CD34 and
D2-40 were positive, but calretinin staining was negative
(Figure 4C). The histopathological diagnosis was a cystic
lymphangioma in the left adrenal gland.

DISCUSSION
Lymphangioma is the most common benign vascular
malformation in childhood. Lymphangioma is primarily located in the neck or axilla (95%), but the other 5%
of cases are found in the abdominal cavity, including the
mesentery of the small intestine, the omentum, mesocolon and retroperitoneum. Lymphangioma can occur
at all ages, but the peak incidence occurs between the
third and sixth decade of life[3]. The male to female ratio
is 1:2, and the majority of cases are unilateral. Bilateral
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Figure 2 Computed tomography scans show a large low-attenuation lesion measuring 16 cm in the pancreatic tail with luminal calcification (white arrow) (A),
the cyst abutting the pancreas (B), a large cystic mass in the retroperitoneum (C); the cystic mass below the pancreas (D).

A

B

Figure 3 Magnetic resonance imaging images reveal a large cystic lesion on T2-weighted images (A), and the cyst could be observed abutting the pancreas (B).

cysts are reported in less than 10% of childhood cases[3].
Adrenal gland lymphangioma (AL) is very rare. It was
first reported in autopsy cases in 1962[4]. Autopsy studies
have reported that the incidence is between 0.064% and
0.18%[5], and the first AL was reported in 1965. To date,
approximately 50 cases of AL diagnosed using immunohistochemistry have been reported in the literature. The
largest study, which included nine cases of AL that had
been verified by immunohistochemistry, was reported in
2011[6].
The etiology of AL is still controversial. Malformation, ectasia and the obstruction of lymphatic channels
are currently the most favored potential mechanisms of
AL pathogenesis[7]. Histologically, lymphangiomais classified into four types of malformation: cystic, capillary,
cavernous, and vasculolymphatic. However, all four of
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these types are considered the same disease, and combinations of these different histological subtypes may exist
in the same lesions[8]. Cystic lesions are also classified into
four different types: endothelial cysts (45%), pseudocysts
(39%), epithelial cysts (9%) and parasitic cysts (7%)[2].
Endothelial cysts can be further subdivided into angiomatous, lymphangiomatous and hamartomatous cysts.
Most endothelial cysts are lymphangiomatous, and they
are usually composed of multilocular, thin-walled cystic
lesions. Typically, they are formed by irregular dilated
spaces within endothelial lined cavities. The endothelial
cells lining these cavities are immunoreactive for vascular
cell markers such as CD31 and CD34. In addition, the
D2-40 monoclonal antibody, which recognizes a transmembrane mucoprotein, only recognizes the lymphatic
endothelium, thus suggesting that it is a specific marker

13197

September 28, 2014|Volume 20|Issue 36|

Jung HI et al . One of the rare causes mimicking a pancreatic cyst

A

B

C

Figure 4 Pathologic pictures. A: The gross size of the cyst was 13.0 cm × 8.0
cm, and the adrenal gland contained smaller cysts with a thin membranous appearance; B: Multiple thin-walled cysts of variable size, with remaining adrenal
tissue in the intervening septae of the cysts (hematoxylin-eosin staining, × 100);
C: Immunostaining with the D2-40 antibody is positive along the lining of the
cysts, thus revealing lymphatic vessels.

for cells of lymphatic origin[6]. In our case, we observed
significant CD31 and D2-40 immunoreactivity.
Most symptoms of adrenal cysts are related to their
size and location. Frequently reported symptoms include
gastrointestinal discomfort, abdominal pain and palpable
masses. When cysts are ruptured with hemorrhages or
get infected, acute abdominal pain can occur. However,
most cysts are asymptomatic[7], and laboratory findings
are not typically helpful. However, small cysts associated
with pheochromocytoma, Cushing syndrome and virilization, though rare, can require laboratory evaluations. In
our case, the patient complained of epigastric discomfort
and a palpable mass, but the laboratory findings were not
specific because of combined diseases including AKI and
rhabdomyolysis.
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The number of incidental discoveries of lymphangioma has increased recently because of improvements
in imaging modalities (US, CT and MRI). US reveals well
marginated, anechoic lesions, while CT scans demonstrate
hypodense, non-enhancing masses. US and CT scans
can reveal peripheral and curvilinear calcifications of the
cystic wall in 15% of cases. Small adrenal cysts with a
wall diameter of less than 3 mm and water attenuation in
the CT scan are typically considered to be benign lesions.
Uncomplicated adrenal cysts present as non-enhancing
masses with smooth thin walls[5]. On MRI, simple cysts
of AL are visible as low intensity signals on T1-weighted
images and high intensity signals on T2-weighted images.
In contrast, complex cysts, such as those characterized by
hemorrhage or, infection, appear as high signal intensity
signals on both T1- and T2-weighted images. In our case,
we observed luminal calcification on the CT scan and
high signal intensity on the MRI. For asymptomatic large
cystic tumors, the radiologic diagnosis is very important
in deciding whether to operate. However, the imaging findings are frequently ambiguous because of the
adjacent organs. In our case, the cyst was located close
to the pancreatic tail, and thus it appeared that the cyst
originated in the tail of the pancreas. However, when we
reviewed the imaging findings postoperatively, we realized that the cyst was located behind the splenic artery
and vein, and the connection between the cystic tumor
and the pancreas was ambiguous. Hence, other findings,
such as the presence of a hypodense cystic mass or the
peripheral calcification of the cystic wall, are important
for differential diagnosis. These types of findings were
also observed in our case.
In most cases, the clinical management of adrenal
cysts depends on the findings of imaging studies. Several
authors have recommended that uncomplicated cysts
with smooth wall linings are managed by aspiration instead of surgical excision. However, the aspiration of
cystic content has several limitations. One limitation is
related to the potentially ambiguous histological type,
and another is the high incidence of the re-accumulation
of cystic fluid[9]. Nonfunctioning and small cysts of a
benign nature can be treated conservatively. However,
surgical excisions are recommended for cysts that are
large, symptomatic, parasitic and considered likely to be
malignant[10].
In this case, the cyst, which was large and symptomatic,
was initially considered to be amucinous neoplasm of the
pancreas based on radiologic findings. We are aware of
several reports of lymphangioma mimicking a renal cyst
or a splenic cyst[1,7], but cases in which lymphangiomas
mimic mucinous neoplasm or pseudocysts of the pancreas are very rare.
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Case characteristics

A 79-year-old female presented with epigastric discomfort, poor oral intake and
palpable mass on the abdomen.
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Clinical diagnosis
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Authors observed mild leukocytosis (12340/mm3), a prolonged coagulation profile (prothrombin time 67.6%), proteinuria (+3), elevated bilirubin (1.8 mg/dL),
elevated blood urea nitrogen/creatinine (39 mg/dL/1.6 mg/dL) and elevated
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Computed tomography scans revealed a large low attenuation lesion measuring 16 cm in the pancreatic tail with calcification. The radiologist ruled out a
pancreatic mucinous cystic neoplasm or pseudocyst.
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The specimen had multiple thin walled cysts of variable size with dilated spaces
containing proteinaceous material. Immunohistochemistry for CD34 and D2-40
was positive, but calretinin was negative. The histopathological diagnosis was
cystic lymphangioma in the left adrenal gland.

Treatment

A laparoscopic excision was performed, and the patient was discharged after 6
d without any complications.
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Experience and lessons

Several prior reports of lymphangioma mimicking renal or splenic cysts have
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Abstract
Surgery such as digestive tract reconstruction is usually
required for pancreatic trauma and severe pancreatitis
as well as malignant pancreatic lesions. The most common digestive tract reconstruction techniques (e.g.,
Child’s type reconstruction) for neoplastic diseases of
the pancreatic head often encompass pancreaticojejunostomy, choledochojejunostomy and then gastrojejunostomy with pancreaticoduodenectomy, whereas these
techniques may not be applicable in benign pancreatic
diseases due to an integrated stomach and duodenum
in these patients. In benign pancreatic diseases, the
aforementioned reconstruction will not only increase
the distance between the pancreaticojejunostomy and
choledochojejunostomy, but also the risks of traction,
twisting and angularity of the jejunal loop. In addition,
postoperative complications such as mixed fistula are
refractory and life-threatening after common reconstruction procedures. We here introduce a novel pancreaticojejunostomy, hepaticojejunostomy and double
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Roux-en-Y digestive tract reconstruction in two cases of
benign pancreatic disease, thus decreasing not only the
distance between the pancreaticojejunostomy and choledochojejunostomy, but also the possibility of postoperative complications compared to common reconstruction
methods. Postoperatively, the recovery of these patients
was uneventful and complications such as bile leakage,
pancreatic leakage and digestive tract obstruction were
not observed during the follow-up period.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In most cases, digestive tract reconstruction
is essential for pancreatic trauma and severe pancreatitis as well as malignant pancreatic lesions. Digestive
tract reconstruction used for neoplastic diseases of the
pancreas is not applicable in benign pancreatic diseases
due to an integrated stomach and duodenum in these
patients. In benign pancreatic diseases, the aforementioned reconstruction methods increase not only
the distance between the pancreaticojejunostomy and
choledochojejunostomy, but also the risks of traction,
twisting and angularity of the jejunal loop. Furthermore, postoperative complications such as mixed fistula are refractory and life-threatening. Therefore, we
introduced a novel pancreaticojejunostomy, hepaticojejunostomy and double Roux-en-Y digestive tract reconstruction in two cases of benign pancreatic diseases in
order to reduce the risk of postoperative complications.
This type of reconstruction may be an alternative treatment modality for benign pancreatic diseases.
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INTRODUCTION
Pancreatic trauma and pancreatitis are common benign
pancreatic diseases. Pancreatic trauma may result in pancreatic duct fracture or severe pancreatic head damage
in combination with duodenal and biliary duct damage.
Severe pancreatitis has long-term complications such
as pancreatic leakage, pseudocyst, bile leakage, biliary
obstruction and intestinal fistula. Therefore, surgery is
usually needed for both pancreatic trauma and severe
pancreatitis[1,2]. In most cases, digestive tract reconstruction is essential for pancreatic trauma and severe pancreatitis as well as malignant pancreatic lesions. Digestive tract reconstruction for neoplastic diseases of the
pancreas often encompasses pancreaticojejunostomy,
choledochojejunostomy and then gastrojejunostomy
under the circumstance of pancreaticoduodenectomy[3],
whereas these techniques may not be applicable in benign pancreatic diseases due to an integrated stomach
and duodenum in these patients. In benign pancreatic
diseases, the aforementioned reconstruction will not
only increase the distance between the pancreaticojejunostomy and choledochojejunostomy, but also the risks
of traction, twisting and angularity of the jejunal loop[4,5].
In addition, postoperative complications such as mixed
fistula, which can be explained by the enzyme activation
theory, are refractory and life-threatening. For instance,
in Child’s type reconstruction, which is one of the most
common reconstruction methods performed, the hepatojejunostomy site is several centimeters distal to the
pancreaticojejunostomy site. Once leakage develops at
the hepatojejunostomy site, the presence of pancreatic
juice will exacerbate the leakage[3]. We herein introduce a
novel pancreaticojejunostomy, hepaticojejunostomy and
double Roux-en-Y digestive tract reconstruction based
on a retrospective analysis of two patients with benign
pancreatic disease.

CASE REPORT
Case 1
A 64-year-old male patient was admitted to a local hospital because of epigastric pain and fever on October 10,
2011. The diagnosis of acute pancreatitis was made. Epigastric pain was relieved after fasting, nasogastric decompression, and inhibition of pancreatic enzymes. However,
repeated fever, with the highest body temperature of
39.6 ℃, was not well controlled. The patient was then
transferred to our department for further treatment on
October 25, 2011. On the day of admission, computed
tomography (CT) scan showed a swollen gallbladder,
dilated common bile duct, and necrosis in the pancreatic
head and uncinate process with a peripancreatic abscess.
Ultrasound B-guided abscess paracentesis and drainage
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were immediately performed. Approximately 100 mL/d
of brown liquid and necrotic tissues were drained. The
amylase content in the drained liquid was 5938 U/L. Fever was relieved after drainage. On day 2 after admission,
a nasojejunal tube was catheterized and enteral nutrition
was administered. Both epigastric pain and fever were
significantly improved. However, shaking chills and high
fever (40 ℃) reappeared on day 5 after admission. Laboratory examination showed WBC counts of 20.11 × 109/
L [normal range (NR): 4 × 109/L-10 × 109/L] and PLT
counts of 449 × 109/L (NR: 100 × 109/L-300 × 109/L).
Serum total bilirubin increased progressively from 23.4
μmol/L (NR: 1.7-20 μmol/L) at admission to 169.59
μmol/L on day 5 after admission and direct bilirubin
was 136.74 μmol/L (NR: 0-6 μmol/L). CT scan was
performed again which showed that gallbladder swelling
and common bile duct dilation were more obvious than
observed previously. The abscess in the pancreatic head
and uncinate process shrank after drainage. However, the
abscess in the pancreatic body did not shrink and a gas
bubble was seen in the pancreatic bed. Therefore, the diagnoses of severe pancreatitis and acute suppurative obstructive cholangitis were made. Endoscopic retrograde
cholangiopancreatography was performed, but failed due
to duodenum deformation and duodenal papilla dislocation. Therefore, laparotomy was performed on November 1, 2011. Cholecystectomy, debridement and necrosectomy, T-tube drainage of the common bile duct, lesser
omental cavity and pancreatic bed drainage were carried
out. Postoperatively, the patient recovered well and his
parameters on routine blood analysis and liver function
gradually returned to normal.
Lower segment stricture of the common bile duct
and choledochoduodenal fistula were detected by T-tube
cholangiography on day 50 and 6 mo after operation, respectively (Figure 1). Magnetic resonance cholangiopancreatography showed discontinuity of the pancreatic duct
6 mo after operation. The duct in the pancreatic head
and neck was not detected and pancreatic leakage from
the proximal duct of the pancreatic body and dilation of
the distal duct of the pancreatic body and tail were not
observed (Figures 2, 3). One hundred to three hundred
milliliters of abdominal collection per day were drained
after debridement and necrosectomy. Amylase content in
the collection drained from the pancreatic bed was continuously higher than the NR.
To resolve the pancreatic leakage, lower segment
stricture of the common bile duct and choledochoduodenal fistula, the patient underwent a second laparotomy
on May 16, 2012. Intraoperative findings verified the
preoperative diagnosis of upper segment dilation of
the common bile duct, choledochoduodenal fistula,
absence of normal pancreatic tissues in the pancreatic
head and neck due to necrosis, and a pseudocyst communicating to the pancreatic bed drainage tube in the
proximal duct of the pancreatic body. The common
hepatic duct and common bile duct were isolated. The
upper segment of the common bile duct was resected
and its lower segment was closed superior to the first
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Figure 1 Lower segment stricture of the common bile duct and choledochoduodenal fistula were detected by T-tube cholangiography 6 mo after
operation.

Figure 3 Computed tomography showed the absence of normal pancreatic tissues in the pancreatic head and neck, a pseudocyst in the proximal
duct of the pancreatic body and dilation of the distal duct of the pancreatic body and tail.

eratively, recovery of this patient was uneventful and
complications such as bile leakage, pancreatic leakage
and digestive tract obstruction were not observed during
the follow-up period. Routine blood parameters and liver
function were normal.

Figure 2 Magnetic resonance cholangiopancreatography showed discontinuity of the pancreatic duct 6 mo after operation. The duct in the pancreatic head and neck was not detected and pancreatic leakage from the proximal
duct of the pancreatic body and dilation of the distal duct of the pancreatic body
and tail were not observed.

portion of the duodenum. The proximal pancreatic
body and pseudocyst were isolated and resected. Fifteen
centimeters of the jejunum to the Treitz ligament was
transected with side closures. A retrocolic end-to-side
pancreaticojejunostomy was then performed using a
distal jejunal limb. A proximal jejunal limb was prepared
for the Roux-en-Y side-to-side enteroenterostomy. Because this patient had an intact and integrated stomach
and duodenum, common procedure of digestive tract
reconstruction increased the distance between the pancreaticojejunostomy and hepaticojejunostomy and the
risks of intestinal twisting or angulation. Therefore, at
20 cm distal to the pancreaticojejunostomy, the jejunum
was interrupted with side closures. Then an antecolic
end-to-side hepaticojejunostomy was performed using a
distal jejunal limb. The first enteroenterostomy was then
performed 20 cm from the hepaticojejunostomy using a
distal jejunal limb to the pancreaticojejunostomy and the
second enteroenterostomy was performed 20 cm from
the first enteroenterostomy using a distal jejunal limb to
the Treitz ligament. Thus, the pancreaticojejunostomy,
hepaticojejunostomy and double Roux-en-Y digestive
tract reconstruction was completed (Figure 4). Postop-
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Case 2
A 54-year-old male patient was hospitalized due to acute
upper abdominal pain and vomiting for 4 h following
an attack with a piece of steel tube on May 23, 2011.
Physical examination showed board-like rigidity of the
abdomen accompanied by whole abdominal tenderness
and rebound tenderness, especially at the upper abdomen. Extracted blood failed to coagulate after abdominal paracentesis. A CT examination indicated pancreatic
trauma, pancreatic head and neck bleeding and possible
duodenal injury. Emergent laparotomy was performed
and intra-abdominal hemorrhage and retroperitoneal
hematoma were found. Extensive hematoma was found
within the pancreatic neck capsule and the right lateral
duodenum. Furthermore, contusion and laceration of
the pancreas neck accompanied by pancreatic duct damage and leakage of pancreatic juice were observed. A 1.8
cm long longitudinal laceration in front of the descending part of the duodenum with slight active bleeding at
the edge and intestinal juice leakage were found. The
pancreas neck was resected and the end of the pancreatic head was closed. The laceration at the descending
part of the duodenum was double-stitched. To decrease
the liquid flow and pressure in the duodenal lumen, the
common bile duct was transected and closed at its distal
end. Then pancreaticojejunostomy, hepaticojejunostomy
and double Roux-en-Y digestive tract reconstruction
was performed as outlined in Case 1. A piece of gastric tube was then placed in the descending part of the
duodenum for decompression and another two pieces
of abdominal drainage tube were applied. The patient
recovered well after the operation without bile leakage,
pancreatic leakage and digestive tract obstruction during
the follow-up period.
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Figure 4 Fifteen centimeters of the jejunum to the Treitz ligament was transected with side closures. A: A retrocolic end-to-side pancreaticojejunostomy was
then performed using a distal jejunal limb. At 20 cm distal to the pancreaticojejunostomy, the jejunum was interrupted with side closures. Twenty centimeters of the
jejunum to the pancreaticojejunostomy was transected with side closures. An antecolic end-to-side hepaticojejunostomy was then performed using a distal jejunal
limb. Then the first enteroenterostomy was performed at 20 cm to the hepaticojejunostomy using a distal jejunal limb to the pancreaticojejunostomy and the second
enteroenterostomy was performed at 20 cm to the first enteroenterostomy using a distal jejunal limb to the Treitz ligament (curved arrow in A: jejunal limb used for
hepaticojejunostomy; arrow in A: first enteroenterostomy; triangular arrow in A: second enteroenterostomy); B: Schematic diagram of the pancreaticojejunostomy, hepaticojejunostomy and double Roux-en-Y digestive tract reconstruction.

DISCUSSION
Surgery is usually required for both pancreatic trauma
and severe pancreatitis[1,2]. It is difficult to select the optimal treatment for the bile duct or duodenum involved
in benign pancreatic diseases, in which digestive tract
reconstruction is required[6,7]. A common digestive tract
reconstruction technique such as Child’s type reconstruction may not be applicable in benign pancreatic diseases
due to an integrated stomach and duodenum in these
patients. The two benign cases of pancreatic disease reported here were complicated with biliary tract stricture,
choledochoduodenal fistula or duodenal injury, respectively. To resolve these aforementioned complications, we
performed pancreaticojejunostomy, hepaticojejunostomy
and double Roux-en-Y digestive tract reconstruction to
decrease the liquid flow and pressure in the duodenal
lumen and reduce not only the distance between the pancreaticojejunostomy and choledochojejunostomy, but also
the risks of traction, twisting and angularity of the jejunal
loop associated with common reconstruction methods.
A retrocolic end-to-side pancreaticojejunostomy and antecolic end-to-side hepaticojejunostomy were performed
followed by two Y-type reconstructions of the jejunum
(enteroenterostomies). The distance between the pancreaticojejunostomy and second enteroenterostomy (15 cm
distal to the Treitz ligament) and the distance between the
hepaticojejunostomy and second enteroenterostomy were
at least 40 cm. Surgical planning and anastomosis were
in accordance with the principle of Roux-en-Y digestive
tract reconstruction.
Postoperative complications such as mixed digestive juice leakage, which can be explained by the enzyme
activation theory, are refractory and life-threatening. Pancreatic anastomotic leaks are a major cause of morbidity
and mortality following pancreaticoduodenectomy, and
no single reconstruction technique has been shown to
be superior[3,8]. In Child’s type reconstruction, which is
one of the most common reconstruction methods per-
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formed, the hepatojejunostomy site is several centimeters
distal to the pancreaticojejunostomy site. Once leakage
develops at the pancreaticoduodenectomy site, the presence of bile will exacerbate the pancreatic leakage. In addition, when leakage develops at the hepatojejunostomy
site, the presence of pancreatic juice will exacerbate the
bile leakage[3]. Therefore, the safest type of anastomosis
is the one in which the mixture of pancreatic and biliary
enzymes is contained, such as in a jejunojejunostomy[9,10].
The separated loop method for pancreaticojejunostomy and hepatojejunostomy introduced in this study
prevented critical complications such as mixed digestive
juice leakage. The results demonstrated that complex
digestive tract reconstruction did not increase the occurrence of complications when the anastomosis was in accordance with the principle of Roux-en-Y digestive tract
reconstruction. Postoperatively, both patients had an uneventful recovery, and complications such as bile leakage,
pancreatic leakage and digestive tract obstruction were
not observed during the follow-up period. There are very
few detailed reports on double Roux-en-Y digestive tract
reconstruction and this technique may be an alternative
treatment modality for benign pancreatic diseases.

COMMENTS
COMMENTS
Case characteristics

Two male patients aged 64 years and 54 years were hospitalized due to acute
pancreatitis and pancreatic trauma, respectively.

Clinical diagnosis

Clinical symptoms and auxiliary examinations were comprehensively used for
clinical diagnosis; severe pancreatitis and acute suppurative obstructive cholangitis in case 1, and pancreatic trauma, pancreatic head and neck bleeding and
possible duodenal injury in case 2.

Differential diagnosis

Acute cholecystitis, perforation of the upper digestive tract, acute ileus, pancreatic trauma and spleen trauma.

Laboratory diagnosis

The amylase content in drained liquid was 5938 U/L in case 1. WBC 20.11 ×
109/L; serum total bilirubin increased progressively from 23.4 μmol/L at admis-
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sion to 169.59 μmol/L on day 5 after admission. Extracted blood failed to coagulate after abdominal paracentesis in case 2.

3

Imaging diagnosis

On the day of admission, computed tomography (CT) scans showed a swollen
gallbladder, dilated common bile duct, and necrosis in the pancreatic head and
uncinate process with a peripancreatic abscess in case 1. The CT examination
indicated pancreatic trauma, pancreatic head and neck bleeding and possible
duodenal injury in case 2.

4

Treatment

Both patients underwent a novel pancreaticojejunostomy, hepaticojejunostomy
and double Roux-en-Y digestive tract reconstruction.

Term explanation

Pancreaticojejunostomy, hepaticojejunostomy and double Roux-en-Y digestive
tract reconstruction may be an alternative treatment modality for benign pancreatic diseases in order to reduce the risk of postoperative complications.

Experiences and lessons

5

6

Authors performed a novel pancreaticojejunostomy, hepaticojejunostomy and
double Roux-en-Y digestive tract reconstruction in two patients with benign
pancreatic disease, which decreased not only the distance between the pancreaticojejunostomy and choledochojejunostomy, but also the possibility of postoperative complications compared with the common reconstruction methods.

7

The authors present two cases treated with a modified surgical technique for nonmalignant pancreatic diseases.

8
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Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
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Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
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Abstract
Anal fistulas are a common manifestation of Crohn’
s disease (CD). The first manifestation of the disease
is often in the peri-anal region, which can occur years
before a diagnosis, particularly in CD affecting the
colon and rectum. The treatment of peri-anal fistulas
is difficult and always multidisciplinary. The European
guidelines recommend combined surgical and medical
treatment with biologic drugs to achieve best results.
Several different surgical techniques are currently employed. However, at the moment, none of these techniques appear superior to the others in terms of healing
rate. Surgery is always indicated to treat symptomatic,
simple, low intersphincteric fistulas refractory to medical therapy and those causing disabling symptoms. Utmost attention should be paid to correcting the balance
between eradication of the fistula and the preservation
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of fecal continence.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Treatment of anal fistulas in Crohn’s disease is
a challenging clinical problem. Although several studies
have been published, a consensus on treatment strategy has not yet been achieved. Clinical experience suggests that treatment should be determined according to
the type and clinical behavior of the fistula. Asymptomatic fistulas should not be treated, while symptomatic
ones could benefit from combined medical and surgical
treatment. Surgery can vary from simple drainage and
setonage, to more complex and sophisticated procedures. The overall aim of the surgical procedures is fistula healing without compromising fecal continence.
Sica GS, Di Carlo S, Tema G, Montagnese F, Del Vecchio Blanco G, Fiaschetti V, Maggi G, Biancone L. Treatment of perianal fistula in Crohn’s disease. World J Gastroenterol 2014;
20(37): 13205-13210 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13205.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13205

INTRODUCTION
Crohn’s disease (CD) causes inflammation of the lining
of the digestive tract, which can lead to severe complications. Inflammation caused by CD can involve different
areas of the digestive tract, including the perianal region
and the colon (in about 30% of patients). The incidence
of perianal fistulas in CD patients ranges from 11 to
38%, and the frequency has been shown to increase
with disease duration, being more frequent in patients
with colorectal involvement. The etiology of perianal
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fistulas in CD remains unclear, but it is often indicative
of a more aggressive disease[1-5]. The external openings
of the sinus tracts are mostly localized in the perianal
region, but can also be detected in the buttock, groin,
vulva or scrotum. CD fistulas should always be regarded
as complex, even though a simple and single sinus tract
is the only finding in many instances. There are several
classifications of fistula-in-ano according to current European guidelines[1], although the Parks’ classification[6] is
currently used. Four groups of fistulae are recognized,
according to their relation with the sphincter muscle:
(1) extrasphincteric, extending from an internal opening
in the bowel proximal to the anus; (2) intersphincteric,
traveling along the intersphincteric plane to the perianal
skin; (3) transsphincteric, encompassing a portion of the
internal and external sphincter; and (4) suprasphincteric,
encompassing the entire sphincter apparatus.

CLINICAL MANIFESTATION
Symptoms can vary, including anal pain, purulent discharge and incontinence, and can be associated with
high morbidity and an impaired quality of life. This issue assumes particular relevance in younger patients[1].
Perianal disease may develop before the appearance of
gastrointestinal symptoms, even several years before the
diagnosis of CD[1,3]. The natural history is characterized
by a chronic relapsing course, and it may be complicated
with perianal sepsis. The recent use of biologic treatments, coupled with a surgical approach, has significantly
changed the natural history of perianal disease.

DIAGNOSIS AND ASSESSMENT
A rectosigmoidoscopy is always mandatory when assessing perianal disease in patients with CD, as the presence
of rectosigmoid involvement of the lesions is predictive
of a more aggressive course[1]. The gold standard for
assessing a fistula-in-ano is the exploration of the anal
canal and distal rectum under anesthesia (EUA)[1,3,7]. The
aim of this procedure is to find the internal orifice and to
classify the fistula according to its relationship with the
sphincteric apparatus. EUA can be also accompanied by
drainage of abscesses and fistula treatment, thus allowing
the use of immunomodulators. As also stated by the current European guidelines[1], EUA is considered the gold
standard only in the hands of an experienced surgeon.
Additional diagnostic modalities useful for assessing
perianal disease in CD include magnetic resonance imaging (MRI) or transanal endoscopic ultrasound (EUS). The
sensitivity and specificity of both techniques are lower
than EUA and an experienced radiologist or gastroenterologist, respectively, are required in order to achieve a
reliable assessment of the perianal lesions[1,8,9]. Pelvic MRI
is accurate and non-invasive, although patients’ compliance or obesity may not allow its use in a subgroup of
patients[10-12]. Moreover, in contrast to transanal EUS,
pelvic MRI does not allow the visualization of the rectal
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mucosa. This represents a major limitation in the assessment of perianal disease in CD, as rectal involvement
is associated with a worse outcome of perianal disease.
Nevertheless, MRI-based scores can be derived to assess
the activity of CD, based on the extent and severity of
intestinal inflammation, post-operative recurrence and
perianal disease[13]. The accuracy of EUS is comparable
to pelvic MRI for assessing perianal CD, and additionally
also allows the assessment and histological examination
of the rectal mucosa[8-10,12]. However, transanal EUS cannot be performed in the presence of rectal stenosis.
The few studies comparing the sensitivity, specificity,
and negative and positive predictive values of these three
diagnostic modalities support EUA performed by an experienced dedicated surgeon as the gold standard, which
allows not only a proper assessment, but also a local
treatment of the disease. The combined use of the three
procedures is thought to represent the best modality to
assess perianal disease in CD[1,10,12]. Nevertheless, the high
cost of this approach limits its use in clinical practice.
Therefore, even in referral centers, EUA by an experienced surgeon is often the chosen method, particularly
in symptomatic patients requiring surgical drainage or
treatment. For asymptomatic patients, local availability of
either pelvic MRI or EUS should determine the choice
for assessing perianal disease in CD. MRI and EUS can
also be used in order to assess the response to biologic
therapies, including anti-tumor necrosis factor (TNF)
monoclonal antibodies.
The usefulness of computed tomography with intravenous contrast is limited to the visualization of abscesses in the ischiorectal fossa. Additionally, fistulography is
not recommended for assessing perianal disease[1].

MANAGEMENT
Management of perianal CD is a relevant clinical issue, as
this condition is characterized by a recurrent course and
relapses after temporary fistula closure. The aim of treatment is to reduce symptoms, prevent or treat complications, induce fistula closure and improve the quality of
life. The recent use of anti-TNFs has been shown to significantly improve the course of perianal disease in CD.
Treatment should be determined according to the type
and severity of the fistula. However, treatment is related
to symptoms, and asymptomatic perianal fistulas should
not be treated. Furthermore, for treatment of luminal
CD, a multidisciplinary approach including a dedicated
gastroenterologist, surgeon and radiologist is advisable.
For symptomatic fistulas, antibiotic treatment is recommended before treatment with immunomodulators and/
or anti-TNFs[5,14,15].
Although multicenter, randomized placebo-controlled
studies including large series of patients are currently
lacking, current evidences suggest that the use of metronidazole (750-1500 mg/d), ciprofloxacin (1 g/d) or both,
shows efficacy in terms of temporary relief of symptoms
and in treating local complications. Antibiotic-therapy has
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not been shown to be efficacious in terms of fistula closure[1,5,14,15]. However, a proper evaluation of the optimal
treatment strategies has been constrained as trials on the
use of metronidazole and ciprofloxacin for perianal CD
utilize different study designs, with different antibiotic
dosages, combinations and durations of treatment.
Azathioprine (AZA; 2.0-2.5 mg/kg, by mouth) or
6-mercaptopurine (6-MP; 1.0-1.5 mg/kg, by mouth) are
immunomodulators indicated for perianal fistulas in CD
patients failing treatment with antibiotics with or without
previous surgical treatment[1,16,17]. The presence of a perianal abscess should be excluded by using EUA and/or
EUS or pelvic MRI and it requires surgical drainage and
often the placement of a draining seton[1]. The efficacy
of AZA and 6-MP requires at least 3-6 mo of treatment. In patients failing treatment with AZA or 6-MP,
biologics therapy using anti-TNFs such as Remicade or
adalimumab is recommended, as they have been shown
to induce fistula closure in up to 36% of patients at 56
wk[1,18-21]. Remicade (5 mg/kg, iv) at 0, 2, and 6 wk, followed by maintenance treatment every 8 wk, or adalimumab (160, 80, or 40 mg, sc) at 0, 2, and 4 wk, followed
by maintenance treatment every 2 wk currently represent
the more effective treatments for inducing fistula healing
in CD. Interestingly, MRIs show that anti-TNF treatment,
though able to induce the healing of the external orifice,
may not be sufficient to close the fistulous tract[22]. This
observation accounts for the relapse of local discharge
and for the development of perianal abscesses along the
fistulous tract. Preliminary observations suggest that local injection of Remicade in the fistulous tract may be
useful in inducing fistula healing[23,24]. However, these are
preliminary observations that need to be confirmed by
randomized controlled trials.
Fistulous tracts have been treated by injection with
biologic glues. Injection of a novel cyanoacrylic glue
using image-guided percutaneous techniques has been
used to treat post-surgical fistulas, but results need to be
confirmed[25]. In a randomized controlled trial, injection
of the fistulous tract with fibrin glue demonstrated a
38% success rate[26]. The failure rate associated with fibrin
glue injection was attributed to the difficulty in ensuring
that the glue remained in the fistula tract[27]. Discrepant
findings concerning biologic glues have been reported
in a meta-analysis[28]. As for local injections, these observations need to be confirmed by multicenter studies
including a larger number of patients. Additional preliminary observations in a preclinical study suggest that
autologous fibroblasts added to the collagen glue may
improve the outcome of perianal disease when compared
with patients treated with the glue only[27]. The addition
of autologous fibroblasts to the collagen glue has been
suggested to reduce the slippage of the glue from the fistulous tract[28].

SURGICAL TREATMENT
Surgical treatment of fistulas can vary from simple drain-
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age to more complex and sophisticated procedures. The
surgical approach depends upon the type of fistula and
its anatomical extent. It is important to remember that in
CD, only symptomatic perianal fistulas need surgery. Some
fistulas can be surgically excised and a cure achieved,
whereas other patients will benefit from symptom palliations. Palliation usually comes in the form of drainage and
thereafter, a long-term, comfortable, loose, seton[29].
Surgery should be considered in patients who have
simple, low, intersphincteric fistulas or fistulas refractory to medical therapy and those who have severe or
disabling symptoms. However, surgery should not be
performed in patients with active proctitis. The goals of
surgery are to eradicate the fistula while preserving fecal
continence, or to reduce symptoms by making management easier for the patient, such as by transforming a
complex fistula into one closer to the anus. Surgical options include long-term setons, cutting setons, fibrin glue,
fistula plugs, fistulotomy, fistulectomy, advancement flaps,
and proctectomy.
For patients with intersphincteric or low transsphincteric fistulas, fistulotomy is advised and may lead to healing in a significant number of patients. It is not a feasible
option when the fistula incorporates a significant amount
of the internal and external anal sphincter, as occurs with
high transsphincteric fistulas. To avoid poor healing and
higher recurrence risk, good patient selection is mandatory and surgery should be delayed whilst optimizing the
treatment of active proctitis[30].
Advancement flaps can be used as a sphincterpreserving technique for some higher fistulas in CD. The
transanal mucosal advancement flap involves creating a
flap of mucosa and a portion of the muscular wall of
the rectum from around the internal opening of the fistula and into the lower rectum. The internal opening of
the fistula is excised from the distal flap, and the flap is
sutured to the distal dissection plane to cover the area of
the formal internal opening and to create a neo-dentate
line. The success rate of advancement flaps, based on a
systematic review of more than 2000 procedures (a small
subset having CD) is 64%, with incontinence rates of
9.4%[31].
It is our belief and experience that in complex fistulas, the first line of treatment is often a loose non-cutting
seton. This option is a safe one; it helps the drainage of
the sinus, prevents development of a more complex scenario, and it is mostly well-tolerated. A loose seton may
be passed and subsequently, associated treatment with
anti-TNF therapy is offered; in this case the healing rate
is 47%-79%[30]. A loose seton can be converted, in select
cases, in a cutting seton. Cutting setons result in low recurrence rates, but can cause incontinence in up to twothirds of patients[32].
Apart from the original technique of fistulectomy and
fistulotomy, several different approaches have been described to treat perianal fistulas. However, it is important
to remember that all these techniques have been designed
to treat complex fistulas in otherwise healthy individuals.
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Moreover, most of the reported results are from series
of fistulas not associated with CD or mixed-case series.
The ligation of the intersphincteric fistula tract
(LIFT) procedure is a modern technique based on secure closure of the internal opening and removal of
infected tissue through the intersphincteric approach.
Essential steps of the procedure include incision at the
intersphincteric groove, identification and ligation of
the intersphincteric tract close to the internal opening,
and removal of the intersphincteric tract. LIFT has been
associated with fistula closure rates between 57% and
94%, but higher quality of evidence with longer followup is still needed[33,34]. In one study involving four CD
patients, the LIFT procedure was successfully combined
with the placement of a biosynthetic graft[35]. However,
further studies are necessary before the LIFT procedure
in any form can be recommended in the treatment of
CD perianal fistulas.
The Surgisis® anal fistula plug (Cook Surgical, Bloomington, IN, USA) is a bioabsorbable xenograft made of
lyophilized porcine intestinal submucosa. The material is
resistant to infection, provides no foreign body or giant
cell reactions, and becomes repopulated with patient’s cells
and tissues over a period of three months. The success
rates reported for this plug are variable and range from
13% to 86%[36]. A theoretical advantage to using this plug
is that the operative technique involves suturing the plug
to the internal anal sphincter at the site of the internal
opening, which keeps the material in place and allows
time for ingrowth.
A promising technique involves the use of stem cells
to stimulate fistula closure. Garcia-Olmo et al[37] performed a randomized clinical trial comparing adipose-derived stem cells injected into the rectal mucosa and fibrin
glue. The fistula closed in 71% of patients in the stem
cell group compared with 16% in the fibrin glue group.
The continued search for innovative techniques, have
led to the use of video-assisted anal fistula treatment
(VAAFT). An initial report by Meinero and Mori showed
promising results with the VAAFT technique in patients
with complex anal fistulas[38]. This technique allows a
direct visualization of all the sinus tracts with the aim to
reduce recurrence. Schwandner combined VAAFT with
advancement flaps and showed a high identification rate
of occult side tracts with encouraging short-term healing
rates[39]. However, only a small percentage of the VAAFT
series included CD patients, thus the technique needs
further evaluations with increased sample sizes and longterm follow-ups.
In our unit, we are currently assessing the feasibility
of outpatient exploration of the anal canal and distal rectum. Preliminary findings suggest that outpatient explorations is feasible in the vast majority of patients and that it
is possible to perform a complete treatment in over 80%
of patients[40]. We strongly believe that the key to success
is a multidisciplinary approach; the patients were wellknown to all the members of the team, and were in regular follow-ups at our Inflammatory Bowel Disease Refer-
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ral Center. Patients with perianal CD are all seen in a joint
clinic by the referring gastroenterologist and surgeon, and
a specialist nurse trained as a theater nurse is also always
present. Finally, a diverting stoma may become necessary
in cases of recurrent fistulas refractory to medical treatment or in cases with severe urogenital complications,
fecal incontinence or severe proctitis. It is our experience,
however, that a stoma will very rarely be reversed and in
many instances, a proctectomy will follow.

CONCLUSION
Perianal disease is a troublesome condition for both
patient and surgeon. Management of this condition involves a delicate balance between the eradication of the
fistula and preservation of fecal continence. It requires a
multidisciplinary collaboration between a dedicated gastroenterologist, surgeon and radiologist. Surgery should
be conservative and patient collaboration and understanding of the scope of surgery is crucial for optimal
management.
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Core tip: Ileal pouch-anal anastomosis (IPAA) is the
most commonly performed procedure for treatment
of UC patients refractory to medical therapy. However,
IPAA carries on its own risks. Recently, some authors
have proposed ileorectal anastomosis (IRA) as a valid
surgical alternative to IPAA. IRA is an easier operation
than IPAA associated with low complication rates and
comparable long-term functional results. This manuscript reviews the pros and cons of both procedures
and compares results.
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Abstract
Total proctocolectomy with ileal pouch-anal anastomosis (IPAA) is the current gold standard in the surgical
treatment of ulcerative colitis (UC) refractory to medical
management. A procedure of significant magnitude carries its own risks including anastomotic failure, pelvic
sepsis and a low rate of neoplastic degeneration overtime. Recent studies have shown that total colectomy
with ileorectal anastomosis (IRA) has been associated
with good long-term functional results in a selected
group of UC patients amenable to undergo a strict
surveillance for the relatively high risk of cancer in the
rectum. This manuscript will review and compare the
most recent literature on IRA and IPAA as it pertains
to postoperative morbidity and mortality, failure rates,
functional outcomes and cancer risk.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
The main goals of surgical treatment for ulcerative colitis
(UC) are not only to alleviate symptoms and minimize
cancer risk but also to obtain good functional outcomes
and improve quality of life. Until the 1950s total proctocolectomy with end-ileostomy (TPC) was the only available
procedure for UC patients failing medical management.
In the 1940s reports of subtotal colectomy with ileorectal anastomosis (IRA) as an alternative to TPC in
selected patients were first published[1]. During the 1950s
and 1960s, Aylett[2] became the leading proponent of this
procedure describing it as a way to avoid a permanent
stoma. At that time IRA represented a valid alternative to
TPC in high selected patients with minimal rectal inflammation. It was a less invasive operation, performed in one
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Table 1 Morbidity and mortality after ileorectal anastomosis
Series
da Luz Moreira et al[11]
Leijonmarck et al[13]
Pastore et al[15]
Börjesson et al[16]
Grundfest et al[17]
Elton et al[18]
Andersson et al[19]
Lepistö et al[22]
Oakley et al[23]

Period

n

Anastomotic leak
(%)

Proctitis (%)

1971-2006
1955-1984
1974-1990
1997-2003
1957-1977
1990-1999
1992-2006
1978-2000
1960-1982

86
51
48
32
89
18
105
20
288

2.3
3.9
4.4
3.1
9.1
5.6
2.8
-

28.0
45.1
10.4
9.3
11.2
11.0
8.6
45.0
41.0

stage and not requiring pelvic dissection with the associated risk of sexual dysfunction[3-5].
In 1978, Parks et al[6] described an ileal pouch-anal
anastomosis (IPAA). Since then, IPAA has become the
procedure of choice for patients affected by UC with
excellent long-term functional results, low risk of persistent cuff inflammation or neoplastic degeneration in the
retained rectum[7,8]. Consequently, many surgeons have
abandoned IRA in favor of IPAA and TPC has remained
an option for patients not candidates for IPAA. The
counterargument is that IPAA, as a major procedure, carries its own risks including anastomotic failure and pelvic
sepsis that could result in poor pouch function, pouchitis
and infertility in young women, as well as pelvic nerve
damage and portal vein thrombosis[3-5,9,10]. In addition few
cases of cancer have been reported arising not only in
the anal transitional zone but also in the pouch itself[7,8].
Interestingly, recent series[11-14] of selected UC patients
undergoing IRA showed long-term functional results
similar to IPAA.
The aim of the current study was to review and compare the most recent literature on IRA and IPAA as it
pertains to postoperative morbidity and mortality, failure
rates, functional outcomes and cancer risk. It will help
surgeons to provide a tailored treatment for UC patients.

ILEORECTAL ANASTOMOSIS
Chronic UC begins in the rectum and extends proximally
in a continuous fashion. The severity of the disease also
seems to be higher distally with the exception of fulminant pancolitis presentation. However, distal disease is
sometimes alleviated by topical treatment and patients
with minimal rectal involvement and no dysplastic
changes in the rectum could be considered for IRA. Furthermore, an adequate rectal compliance and a normal
anal sphincters function are critical for good long-term
results. These functions can easily be assessed by digital
rectal examination but more accurately by rigid/flexible
proctoscopy and manometry. Patients with poor sphincter function, severe rectal disease, and non-distensible
rectum should not be offered an IRA. On the contrary,
patients with colitis associated colorectal cancer and
advanced metastatic disease may benefit from an IRA
because of their short life expectancy and the palliative
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Need for
Overall morbidity
proctectomy (%)
(%)
53
57
17
12
21
17
13.3
35
55.2

8
16
22.9
28
16.1
22.2
12.4
-

Mortality (%)
0
4
0
0
0
0
0
0
4.2

nature of their treatment.
Several studies[11,13,15-17] have shown IRA for UC to
be safe, with low postoperative morbidity and mortality.
During the years, overall morbidity has been reported
between 8% and 28% and mortality between 0% and
4% (Table 1). These studies including the work of Elton
et al[18] and Andersson et al[19], focused their attention on
postoperative complications including small bowel obstruction, anastomotic leak and abdominal abscess. The
fatal events were due to anastomotic leak and subsequent
sepsis and to a pulmonary embolism.
The majority of published data has included mainly
primary anastomosis with leak rates ranging from 2%
to 9%[11,13,15-20]. Diverting ileostomies have been utilized
in selective cases at the surgeon discretion. Turnbull[21]
suggested that preservation of grossly involved rectosigmoid colon was the main cause of IRA failure. In his
opinion an anastomosis at 6 cm or less above peritoneal
reflexion improved rectal inflammation during the first
months and reduced the likelihood of IRA failure.
IRA does not involve extensive pelvic dissection,
unlike IPAA or TPC, minimizing the risk of sexual and
urinary dysfunction. Hence, higher fertility rates may be
expected in IRA patients compared to IPAA although
definitive studies providing evidence for better fertility
rates in UC patients are lacking. Thus, colectomy with
IRA could be considered when treating women in their
reproductive age[20].
Some authors [2,11,13,15,18,22] have shown acceptable
long-term success rate after IRA. Aylett[2] in 1966 reported on a total of 300 cases operated on over a tenyear period with only 7% failure rates. Lepistö et al[22]
and Pastore et al[15] reported a cumulative probability of
having a functioning IRA at five years of 84%. Elton et
al[18] had 88% success in their 18 patients, but the followup in that study was shorter. Ten year cumulative success
(69%) in Lepistö’s series[22] was higher than reported by
Leijonmarck et al[13] (51%) in 1990. At 20-years the current probability of having a functioning IRA has ranged
between 46% and 69 %[20]. One recent study proposed by
da Luz Moreira et al[11], from Cleveland Clinic, compared
22 IRA with 66 IPAA patients matched for age, gender,
and follow-up time, including IRAs performed in the
past 25 years showed a cumulative probability of having
a functioning IRA at 5, 10, 15 and 20 years of 81, 74, 56

13212

October 7, 2014|Volume 20|Issue 37|

Scoglio D et al . Ileorectal vs ileal pouch-anal anastomosis

and 46 percent respectively in accordance with previously
published work.
In terms of functional results, the da Luz Moreira’
s series[11] reported six bowel movements per day (range
2-11), 1/22 (5%) night-time seepage and 15/22 (68%)
reporting frequent urgency. Leijonmarck et al[13] showed
four bowel movements per day and none during the
night, with 100% of continence (25% of patients are on
antidiarrheal medication), after a mean follow-up of 13
years. Elton et al[18] had no significant difference between
preoperative and 1-year postoperative stool frequency,
11/12 patients had no problems with continence, and
three were using antidiarrheal medication. Pastore et al[15]
described a median number of six bowel movements per
day (range 2-20). The median number of nocturnal bowel
movements was one (range 0-10) and three patients had
more than eight daily stools with frequent soiling and
urgency. At the time of follow-up, antidiarrheal medications were taken by 53.3% of patients, whereas 31.3%
required low doses of systemic or topical steroids. More
than 90% of patients considered that their health status
had improved after the operation. Quality of life was improved in 84%.
All the studies above showed that IRA is a safe procedure with an acceptable function and quality of life but
unfortunately it is not necessarily a definitive operation,
especially for young patients. Specifically, Andersson and
colleagues[19] reported an estimated cumulative failure
rate of 10.1% and 24.1% respectively at 5 and 10 years.
In his series Leijonmarck et al[13] had 57% of failure after
13-year follow-up. Pastore et al[15] suggested that time
between IRA and additional surgery in his series was
3.9 ± 4.7 years. In da Luz Moreira’s series[11], 38 patients
(44%) continued to have a functioned IRA after a median
follow-up of 11 years (range 1-30 years). The rectum
was resected in 46 (53%) of 86 patients and the median
follow-up between IRA and completion proctectomy was
10 years (range 1-33 years).
The main indication for proctectomy is recurrent
proctitis refractory to medical management[11,13,15-19,22,23],
followed by dysplasia or cancer, and the development of
Crohn’s disease. The options for these patients include
IPAA, Brooke ileostomy, or a continent ileostomy (Kock
pouch). Very Often IPAA can be safely performed in the
majority of these patients thus preserving bowel continuity and avoiding permanent fecal diversion[11].
Cancer risk
Mucosal dysplasia is a premalignant pathological state associated with long standing UC[24]. Dysplasia in general is
considered an indication for surgery in UC, even though
this paradigm is rapidly changing. Epithelial dysplasia of
the colon and rectum was graded as mild, moderate, or
severe depending on whether the upper one-third, upper
two-thirds, or entire glands displayed nuclear anisocytosis
and hyperchromatism, as well as loss of nuclear polarity and the normal goblet cell configuration of colonic
mucosa. Since dysplastic changes were often patchy, only
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the highest degree of dysplasia was considered. Johnson
et al[25] had shown in 1983 that the probability of developing rectal adenocarcinoma after a diagnosis of mild
or severe dysplasia in IRA patients reached 42% at nine
years from diagnosis. The rate of dysplasia and cancer,
in patients with UC, increases with time and leaving the
rectum in place contributes to the increased risk. The
overall cumulative probability of rectal dysplasia in the
retained rectum increases from 9% at 10 years to 25% at
20 years[11]. The overall incidence of rectal cancer after
an IRA varies in the literature based on length of followup, ranging from 0% to 18%. Grundfest et al[17] reported
on four patients who developed carcinoma of the rectum
during their study period (4.8% at 8-year follow-up), although he estimated the risk of rectal cancer to be 13%
at more than 25 years of follow-up. Oakley et al[23] found
nine patients with rectal cancer in the stump (3.1%) at an
8-year follow-up while Andersson et al[19] showed an overall risk of cancer of 1.9% at a 5.4-year follow-up. However, some series reported higher rates of degeneration as
Baker et al[26] who described, in 1978, a cumulative cancer
risk of 6% after 20 years rising to 18% after 35 years in a
series of 374 unselected patients. In da Luz Moreira’s series[11], the cumulative probability of developing dysplasia
and cancer was 7%, 9%, 20% and 25% and 0%, 2%, 5%
and 14% at 5, 10, 15 and 20 years respectively. On the
other hand, Leijonmarck et al[13] and Lepistö et al[22] had
reported no case of cancer in more recent series at 13
and 18-year follow-up, respectively. Pastore et al[15] showed
a cumulative probability of remaining free of cancer
around 85.5% at 12 years (95%CI: 57.7%-100%).
Most patients who develop rectal cancer in the retained rectum presented at an advanced stage (stage
III-IV) suggesting the possibility of a more aggressive
biology and making close surveillance imperative[11,27].
For instance, in Baker’s study 62% of patients who had
developed rectal cancer died within three years of diagnosis. Johnson et al[27] reported a total of 10 rectal cancers, 8 of which had either nodal or distant metastases.
The patients in the series reported by Oakley et al[23] fared
better, with just 2 of 9 patients with rectal cancer dying
over a 22-year time period. Rectal biopsies taken from
multiple sites every 6 to 12 mo are advised following IRA
in UC patients. If dysplasia is found, completion proctectomy is indicated. Patients with long standing UC who
are not able or willing to undergo surveillance should not
be offered an IRA. It is also important to emphasize that
colectomy with IRA should not be offered to patients
with preexisting dysplasia or cancer due to the increased
risk of further neoplastic degeneration[28]. In addiction,
the presence of dysplasia or cancer in the resected colon
should cause particular concern about the fate of the
remaining rectum suggesting that a completion proctectomy would be indicated in these cases. In fact, Oakley et
al[12] reported on five surviving patients who had cancer
in their colonic specimens; three of the five were found
on follow-up to have cancer or severe dysplasia in the
rectal remnant. Grundfest et al[17] described nine patients
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Table 2 Morbidity and mortality after ileal pouch-anal anastomosis
Period

No. of studies

No. of patients

Pelvic sepsis
(%, 95%CI)

Pouch failure
(%, 95%CI)

Pouchitis
(%, 95%CI)

Mortality
(%, range)

43
53

9317
14966

9.5 (8.2-10.9)
7.5 (6.1-9.1)

6.8 (5.8-8.4)
4.3 (3.5-5.3)

18.8 (15.7-22.4)
26.8 (21.0-33.5)

0 (0-2.9)

Meta-analysis studies < 2000[32]
Meta-analysis studies ≥ 2000[33]

with a colitis-associated colon cancer or severe dysplasia who underwent subtotal colectomy, eight of whom
survived; of the eight, five developed severe dysplasia or
cancer in the retained rectum.

ILEAL POUCH-ANAL ANASTOMOSIS
Restorative proctocolectomy with IPAA is currently the
procedure of choice for the surgical treatment of UC.
The main reason for its popularity is its avoidance of
a permanent stoma with stable functional results and
good quality of life. In over 30 years of its existence, the
IPAA has undergone several refinements in the quest
of achieving optimal results. Examples include different
shapes of the pouch, different anastomotic techniques,
use of defunctioning ileostomy and various dissection
methods[29-31]. Surgeons have also obtained greater experience and familiarity with the technique, which has also
benefited outcomes.
A large body of literature exists on the outcomes of
IPAA. Most studies, however, are retrospective cohorts
reporting outcomes from a single institution. Due to large
variations between studies, an overview is needed for reliably assessment of the IPAA outcomes. A meta-analysis
of 43 observational studies, all published before 2000,
has provided pooled estimates of complications and
functional outcomes after IPAA[32]. This meta-analysis
showed a pouch failure risk of 6.8% (95%CI: 5.4%-8.4%),
increasing to 8.5% (95%CI: 5.4%-13.2%) when only
patients with a minimal follow-up of 5 years were considered[32]. Other pouch related complications were also
studied. Pelvic sepsis and pouch fistulas, both major postoperative complications, were observed in 9.5% (95%CI:
8.2%-10.9%) and 5.5% (95%CI: 4.3%-7.0%), respectively. Sexual dysfunction was present in 3.4% (95%CI:
2.7%-4.7%), while pouchitis was reported in 18.8%
(95%CI: 15.7%-22.4%).
A recent meta-analysis, including 53 studies published
after 2000, showed significant improvements in these results[33]. The overall rate of pouch failure was significantly
reduced to 4.3% (95%CI: 3.5%-5.3%), and pouch failure
after at least 5 years of follow-up was 4.7% (95%CI:
3.4%-6.4%). An improvement was also seen in most other complications. Pelvic sepsis, pouch fistula and sexual
dysfunction were reported in 7.5% (95%CI: 6.1%-9.1%),
4.5% (95%CI: 3.5%-5.7%) and 3.0% (95%CI: 1.7%-5.2%)
of patients. The only complication showing a substantial
increase was pouchitis, with a rate of 26.8% (95%CI:
21.0%-33.5%).
Thus it seems that the rate of complications after
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IPAA has declined over time (Table 2). The authors
of the meta-analyses have noticed that the decline was
largest in the earlier period of the IPAA, but seems to
have continued over time. Nonetheless, IPAA remains a
complex surgery with substantial risk of morbidity. The
high rate of pouchitis is also worrisome, since this complication can affect functional outcomes, quality of life
and might also increase risk of dysplasia in the pouch. It
should be noted that the meta-analyses discussed above
did not distinguish between acute and chronic pouchitis,
which is an important distinction in terms of course and
health implications[34-36].
Functional outcomes after IPAA were similar in studies published before and after 2000[33]. Average frequency
of bowel movements per 24 h was 5.9 (95%CI: 5.0-6.9),
of which 1.5 (95%CI: 1.0-2.1) overnight. Mild and severe
faecal incontinence were reported in 14.3% (7.3%-25.9%)
and 6.1% (2.9%-12.3%) of patients, respectively. The
authors conclude that functional outcomes of IPAA may
be determined by an intrinsic limitation of the IPAA
procedure, rather than growing expertise or technical
refinement. This is in line with other studies showing no
improvement in functional outcomes based on technical
developments, such as type of anastomosis or laparoscopic approach[36,37]. However, most patients consider
the functional outcome after IPAA to be highly satisfactory, with good quality of life and social functionality that
are comparable to those in a healthy reference population[38,39]. As expected, achieving these adequate quality of
life scores was highly correlated with achieving of good
functional outcomes[40].
Cancer risk
The IPAA has as an important advantage the removal of
the whole colon and virtually the entire rectum as part of
the procedure. This minimizes chances of colon and rectal cancer in this high-risk population. A proctocolectomy
should be considered almost mandatory when dysplasia
is present. Even when only low-grade dysplasia has been
identified by colonoscopy, the risk remains substantial. In
such patients, studies show a risk of concomitant cancer
or high-grade dysplasia of 15% and a 5-year progression
rate of up to 54% if not operated on[28,41].
When a double-stapled approach for IPAA is used,
a mucosal remnant at the anal transition zone (ATZ) is
left in place. The risk of cancer in this area is a matter
of controversy. In three series with long-term follow-up
focused on this outcome, dysplasia and cancer in the anal
transitional zone after stapled pouch surgery was found
to be infrequent[7,42,43]. Dysplasia was observed in 8/178
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Table 3 Main advantages and disadvantages of ileorectal anastomosis and ileal pouch-anal anastomosis
IRA
Advantages

Disadvantages

IPAA

Easier operation
Lower infertility rate
Lower risk of urinary and sexual dysfunction
Fewer bowel movements per day
Better continence
Need for maintenance therapy
Risk of recurrent/persistent disease

Lower risk of cancer
No need for medical therapy
Less urgency

Major operation
Risk of postoperative complications (pelvic nerves damage, pelvic sepsis, portal
vein thrombosis)
Pouchitis

Higher risk of neoplastic degeneration
Need for strict surveillance
More dietary and work restrictions
IRA: Ileorectal anastomosis; IPAA: Ileal pouch-anal anastomosis.

(4.4%), 7/210 (3.3%) and 0/135 (0%) after at least 10
years of follow-up. In most of these cases, dysplasia developed in the first 2 to 3 years and often disappeared on
repeated biopsies. None of the series found cancer in the
ATZ after such prolonged follow-up. These data strongly
emphasize the extent to which IPAA minimizes the risk
of cancer.
The best evidence regarding the development of dysplasia and adenocarcinoma after IPAA can be obtained
from a recent study from the Cleveland Clinic[44], in which
3203 patients undergoing an IPAA from 1984 to 2009
were analyzed. Cumulative incidences for pouch neoplasia at 5, 10, 15, 20, and 25 years were 0.9%, 1.3%, 1.9%,
4.2%, and 5.1%, respectively. Overall, 23 patients (0.72%)
developed dysplasia, while 11 (0.36%) developed adenocarcinoma of the pouch and/or the ATZ. Risk factors
for pouch neoplasia were also evaluated. Preoperative
established cancer [hazard ratios (HR) = 13.43, 95%CI:
3.96-45.53, P < 0.001] or dysplasia (HR = 3.62, 95%CI:
1.59-8.23, P = 0.002) were the only independent factors
associated with increased risk of pouch neoplasia. Mucosectomy did not protect against this risk, and the rate of
pouch cancer was actually higher after mucosectomy with
a rate of 1.3% (6/451) compared to 0.3% (9/2734) after
the double-stapled approach. The authors[44] concluded
that the risk for neoplasia in patients with UC and IPAA
is small, and that it is mainly determined by the presence
of preoperative dysplasia or cancer.
Additionally, in a review of literature, 26 published
case reports were identified between 1984 and 2008[45].
Certain observations from this review are noteworthy.
First, of the 26 carcinomas, 14 (52%) arose from rectal
mucosa or from the anal transition zone, while 6 (23%)
were from ileal pouch mucosa. Second, adenocarcinomas
developed after mucosectomy in 17 patients, and after
a double-stapled approach in 8 patients (1 case not reported). Also worth noting, the indication for the IPAA
was due to neoplasia in 19 patients (9 cancers and 10 dysplasia) and non-neoplasia in 6 patients. The median time
for development of pouch lesions was the shortest in patients operated on for cancer (median 3 years), compared
to a median of 6.5 in the other patients. This review is
in line with results from the above mentioned study, and
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further establishes the following conclusions: (1) the low
number of reported cases; (2) cancer can develop both
after mucosectomy or double-stapled approach; and
(3) the close relationship between surgery for neoplasia
and development of cancer. The review was not able to
estimate the incidence of cancer after IPAA, since the
total number of IPAA cases was not stated in most case
reports. Branco et al[45] did publish their own case as part
of this review, which was the first case they observed in
a cohort of 520 patients (0.2%) from 1978 to 2008. This
percentage is also in line with the Cleveland study[44].
Despite this seemingly small risk, surveillance of
selected patients has been recommended by some authors[46,47]. This approach might especially be important in
UC patients with dysplasia or cancer present at time of
surgery, or patients with retained rectal mucosa and active
inflammation (i.e., cuffitis). Also the presence of chronic
pouchitis might be a valid indication for surveillance,
since this has been associated with increased risk of lowgrade dysplasia (odds ratio 13.48, P < 0.02), as well as
high-grade dysplasia (3/66 vs 0/210, P = 0.01)[35].

CONCLUSION
In the current era IPAA is the preferred approach for patients with UC requiring surgical treatment. The removal
of all diseased mucosa and the lower risk of cancer after
IPAA compared to IRA are the main advantages of this
technique (Table 3). Therefore, IPAA should certainly be
performed when the rectum is actively involved in the
disease or when dysplasia or cancer are present in any
part of the colon or rectum. Nonetheless, there is still a
role for IRA and TPC for selected patients and for patients not candidates for IPAA.
Total abdominal colectomy with IRA is justified in
UC patients with normal anal sphincters tone without
severe perineal disease, and spared and distensible rectum
with no evidence of dysplasia or cancer at the time of
intervention. It can be also proposed to young women as
a possible interim procedure based on concerns for infertility after IPAA.
The risk of cancer is of particular concern in the
comparison between these two techniques. Current evi-
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Table 4 Risk of cancer after ileorectal vs ileal pouch-anal anastomosis in ulcerative colitis
n

Period

Ileorectal anastomosis
da Luz Moreira et al[11]
Leijonmarck et al[13]
Pastore et al[15]
Börjesson et al[16]
Grundfest et al[17]
Elton et al[18]
Andersson et al[19]
Lepistö et al[22]
Oakley et al[23]
Baker et al[26]
Ileo-pouch anal anastomosis
Kariv et al[44]
Branco et al[45]

Follow-up
average (yr)

Overall cancer rate
Estimated
(%)
cumulative risk after
20 years (%)

1971-2006
1955-1984
1974-1990
1997-2003
1957-1977
1990-1999
1992-2006
1978-2000
1960-1982
1952-1976

86
51
48
32
89
18
105
20
288
374

9
13
6.3
3.5
8
2.6
5.4
18
8.2
> 10

8
0
2
0
4.8
0
3.1
5.9

1984-2009
1978-2008

3203
520

± 12
± 15

0.4
0.2

14
14.31
5 ± 3.5
2.1
6±2
4
-

1

Cumulative risk at 12 years (rather than 20).

dence shows a large variation in the reported rates of
cancer after IRA from 0% to 8%. For IPAA, this risk is
much smaller, and two large series have shown a rate of
cancer of about 0.3%. Few studies have calculated the
cumulative risk of cancer as well. Similarly, estimated
cumulative risk of cancer after 20 years was higher after
IRA (6% to 14%) compared to IPAA (4.2%) (Table 4).
Therefore, every patient undergoing IRA should be
informed about the risk of recurrent proctitis and cancer
in long standing disease. They have to fully understand
the need for meticulous surveillance and agree to comply
with at least yearly endoscopy with rectal biopsies. Unless
these conditions are met, patients should not be offered
an IRA. Also, patients with widely metastatic colorectal
cancer may benefit from an IRA as a palliative procedure.
Functional results seem to be better after IRA with
lower frequency of bowel movements and less night-time
seepage but with more urgency compared to patients
with an IPAA. The overall quality of life is similar, although the IRA group has significantly more dietary and
work restrictions[11].
Finally, TPC still remains the procedure of choice in
patients with impaired anal sphincter function and highrisk of pouch failure.
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of behavior may cause growth deficiencies (in weight
and height) and delayed puberty, with several studies
reporting that these patients may not reach an optimal
bone mass. Glucocorticoids and inflammation inhibit
bone formation, though their impact on skeletal modeling remains unclear. Long-term control of active inflammation and an adequate intake of nutrients are both
fundamental in promoting normal puberty. Recent evidence suggests that recombinant growth factor therapy
is effective in improving short-term linear growth in selected patients, but is of limited benefit for ameliorating
mucosal disease and reducing clinical disease activity.
The authors conclude that an intense initial treatment
(taking a “top-down” approach, with the early introduction of immunomodulatory treatment) may be justified
to induce and maintain remission so that the growth of
children with CD can catch up, ideally before puberty.
Exclusive enteral nutrition has a key role in inducing remission and improving patients’ nutritional status.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Nutritional concerns, linear growth deficiency, and delayed puberty are currently detected in up to 85% of
patients with Crohn’s disease (CD) diagnosed at childhood. To provide advice on how to assess and manage
nutritional concerns in these patients, a Medline search
was conducted using “pediatric inflammatory bowel
disease”, “pediatric Crohn’s disease”, “linear growth”,
“pubertal growth”, “bone health”, and “vitamin D” as
key words. Clinical trials, systematic reviews, and metaanalyses published between 2008 and 2013 were selected to produce this narrative review. Studies referring
to earlier periods were also considered if the data was
relevant to our review. Although current treatment strategies for CD that include anti-tumor necrosis factor-α
therapy have been shown to improve patients’ growth
rate, linear growth deficiencies are still common. In
pediatric CD patients, prolonged diagnostic delay, high
initial activity index, and stricturing/penetrating type

WJG|www.wjgnet.com

Key words: Bone health; Enteral nutrition; Growth;
Height; Pediatric inflammatory bowel disease; Pediatric
Crohn’s disease; Linear growth; Pubertal growth; Vitamin D; Weight loss
Core tip: This review focuses on current evidence for
managing growth issues in children diagnosed with
Crohn’s disease. Long-term control of active inflammation and an adequate intake of nutrients are both
essential in promoting puberty. Exclusive enteral nutrition has a key role, as it induces disease remission and
improves nutritional status. The early introduction of
immunosuppressants or biologics may be justified in
children to achieve disease remission and enable their
growth to catch up, ideally before puberty. Recent evidence suggests that recombinant growth factor therapy
is effective in improving short-term linear growth.
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INTRODUCTION
Crohn’s disease (CD) is a global health concern and a
condition that significantly affects patients’ quality of
life, as well as placing a heavy financial burden on the
community[1]. CD is currently without a cure, and its incidence is rising not only in Western countries, but also in
most developing countries. It manifests in childhood or
adolescence in up to 25% of cases[2].
The microbial ecosystem colonizing the human bowel
is influenced by diet, which prompts metabolic processes
essential to bowel metabolism[3-7]. Genetic susceptibility,
intestinal microbiota, lifestyle and environmental factors
are amongst the potential mechanisms involved in the
pathogenesis of inflammatory bowel diseases (IBD)[3].
Prolonged diagnostic delays, high initial activity indexes,
and stricturing/penetrating behavior patterns may predict
subsequent complications and the need for surgery, thus
justifying a resort to early intensive therapy. The early
introduction of immunomodulatory therapy favorably
affects the course of IBD[8-12]. Growth failure and impaired nutritional status are seen in 65%-85% of children
and adolescents diagnosed with CD, and 15%-40% of
these patients continue to suffer from growth deficiency
throughout the course of their disease[1,13]. Exclusive enteral nutrition has become a key treatment strategy for
inducing disease remission in pediatric CD, offering the
advantage of improving patients’ nutritional status as well
as enabling the mucosa to heal at much the same rate as
is achievable with corticosteroids[1,14-17].

GROWTH ISSUES IN PEDIATRIC CROHN’S
DISEASE
Growth deficiency can severely affect quality of life for
children and adolescents with CD, and complicate their
management[18-20]. It occurs in a significant proportion
of patients (up to 85%), and may even precede any clinical evidence of bowel disease. Abraham et al[21] recently
conducted a systematic review focusing on understanding the long-term risks of growth deficiency, disease reclassification and extension, hospitalization, cancer, and
death among patients with childhood IBD[21] (Table 1):
in 41 studies considered, concerning 3505 patients with
CD, 2071 with ulcerative colitis (UC) and 461 with nonIBD colitis, growth failure was identified more often
in CD (10%-56%) than in UC (0%-10%) or non-IBD
controls. Growth improved after surgical resection in
patients with CD[21].
Among IBD sufferers, male patients are more vulner-
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able to growth deficiencies than females of the same age
because the male growth spurt in puberty is greater, occurs later, and lasts longer than in females[22]. Vasseur et
al[23] examined a total of 261 pediatric patients with CD
registered in the EPIMAD registry in northern France.
At diagnosis, 25 children (9.5%) had a height more than 2
standard deviations below the norm, and the same applied
to the weight of 70 children (27%), and the BMI of 84
children (32%). At maximal follow-up, 18 children (6.9%)
had a growth deficiency and 40 (15%) suffered from malnutrition. Nutritional status was more severely impaired in
children with stricturing disease. Growth and nutritional
deficiency at diagnosis, young age, male gender, and extraintestinal manifestations at diagnosis were indicators of
a poor prognosis. The authors concluded that young boys
with substantial inflammatory manifestations of CD are at
higher risk of subsequent growth failure, especially when
their growth is already deficient at diagnosis[23].
Assessing growth in IBD patients of a developmental
age is so important that it was included among the key
points in the Paris classification of pediatric CD, which
replaced the previous Montreal classification[24]. The following factors are implicit in the physiopathology of
growth deficiency in pediatric IBD[22]: (1) chronic calorie insufficiency: these patients’ malnutrition is due to a
lower intake, protein malabsorption, abnormal intestinal
losses, and anorexia correlating with the pathological picture [tumor necrosis factor-α (TNF-α) also has a direct
influence at the hypothalamic level]. Inflammatory mediators trigger an increase in basal metabolism too, coinciding with a further deterioration in nutritional status; (2)
direct cytokine effects: insulin-like growth factor (IGF)-1
is produced in the liver and is the principal mediator of
the effects of growth hormone (GH). Patients suffering
from CD have significantly reduced IGF-1 blood levels,
irrespective of their GH levels. TNF-a and interleukin
(IL)-6 also have a direct inhibitory effect on GH. Other
pathways independent of IGF-1 inhibition by means
of which the inflammatory cytokines inhibit the linear
growth rate have recently been identified as well; (3) effects of chronic treatment with corticosteroids: these
drugs induce a central suppression of GH production
and reduce IGF-1 synthesis in the liver, as well as interfering with its peripheral receptor activity; (4) effects of
IBD on endocrine growth mediators: delayed puberty
gives rise to a sex hormone deficiency that may be involved in growth deficiencies; and (5) genetic factors:
polymorphisms of NOD2/CARD15 and other alreadyidentified genes appear to generate a cytokine pattern
capable of contributing to pediatric IBD patients’ growth
deficiency; promoter regions of the gene coding for
TNF-α and IL-6 also seem to be involved.

NUTRITIONAL CONCERNS IN PEDIATRIC
CROHN’S DISEASE
Nutritional issues are often associated with CD, especially in pediatric cases, with underweight and stunting
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Table 1 Summary of the main studies that were reviewed on nutritional concerns in pediatric Crohn’s disease
Ref.

Type of study

Vaisman et al[25],
Nutrition 2006

Prospective 16 pts with CD;
cohort study Age 19-57 yr
Remission of disease
(CDAI Activity Disease
Index < 150); 2 groups
(BMI 18.5 kg/m2 as a
cutoff point)

Patients

Gupta et al[28],
Inflamm Bowel Dis
2013

Retrospective 43 IBD pts
review
(mean age 12.8 yr; range
5.1-17.4 yr)
67% M 33% F

Results

Conclusion

Subjects with lower BMIs tended to have less
lean body mass (P = 0.006), less bone mineral
density (P = 0.006), and lower resting energy
expenditure (P = 0.003);
No correlation between BMI and energy
intake, although percentage of malabsorption
negatively correlated with BMI (P = 0.07)

Reductions in erythrocyte sedimentation rate
(P < 0.0001) and C-reactive protein (P < 0.02),
and increases in albumin (P < 0.03);
Mean PCDAI score 26.9 at baseline and 10, 2
at follow-up (P < 0.0001);
Induction of remission achieved in 65% and
response in 87% at a mean follow-up of 2 mo
(1-4 mo)
Wiskin et al[29],
Prospective 46 IBD children
No children scored low risk with STAMP,
J Hum Nutr Diet
cohort study
STRONGkids or PNRS;
2012
23 children scored low risk with PYMS;
Good agreement between STAMP,
STRONGkids, and PNRS (K > 0.6);
Modest agreement between PYMS and the
other scores (K = 0.3);
No agreement between the risk tools
and the degree of malnutrition based on
anthropometric data (K < 0.1)
Valentini et al[30],
Prospective, 94 pts with CD (CDAI 71 74% IBD patients were well-nourished
Nutrition 2008
controlled, +/- 47)
according to the SGA, BMI, and serum
multicentric 61 F 33 M
albumin;
study
50 UC (UCAI 3.1 +/- 1.5) Body composition analysis demonstrated
33 F 17 M
a decrease in BCM in patients with CD (P
61 healthy control subjects = 0.021) and UC (P = 0.041) compared with
41 F 20 M
controls;
from centers in Berlin
Handgrip strength correlated with BCM
(Germany), Vienna
(r = 0.703, P = 0.001) and was decreased in
(Austria), and Bari (Italy) patients with CD (P = 0.005) and UC (P = 0.001)
47 well-nourished patients compared with controls;
with IBD pair-matched to Lower BMC in patients with moderately
healthy controls by BMI,
increased serum CRP levels compared with
sex, and age
patients with normal levels
Chan et al[31],
Prospective 300724 participants
No associations with the four higher categories
Am J Gastroenterol cohort study (recruited into the
of BMI compared with a normal BMI for UC
2013
European Prospective
(P trend = 0.36) or CD (P trend = 0.83);
Investigation into Cancer Lack of associations when BMI analyzed as a
and Nutrition study)
continuous or binary variable (BMI 18.5 kg/m2
177 UC and 75 CD
vs ≥ 25 kg/m2);
Physical activity and total energy intake not
associated with UC (P trends 0.79-0.18) or CD
(P trends 0.42-0.11)
Werkstetter et al[32], Prospective 39 IBD children in
IBD pts vs controls:
J Crohns Colitis
cohort study remission;
Lower Z-scores for phase angle α [-0.72;
2012
27 CD, 12 UC
95%CI: (-1.10-0.34)]
24 M;
Lower grip strength [-1.02 (-1.58-0.47)
39 healthy age-sexLesser number of steps per day
matched controls
[-1339 (-2760-83)]
Shorter duration of physical activity [-0.44 h
(-0.94-0.06)], particularly in F and patients with
mild disease.
Quality of life and energy intake did not differ
between patients and controls
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In the presence of similar energy intake,
resting energy expenditure does not seem
to contribute to lower BMI, although
nutrient malabsorption is higher in
malnourished patients with CD in
remission;
Malabsorption should be evaluated in
patients with CD who fail to gain Wt
during disease remission, to establish
their extra caloric requirements
Novel protocol for enteral nutrition
(80%-90% of patient’s caloric needs)
seems to be effective for the induction of
remission in CD children;
The protocol may result in improved EN
acceptance and compliance and will be
evaluated prospectively
Relevance of nutrition screening tools for
children with chronic disease is unclear;
There is the potential to under recognize
nutritional impairment (and therefore
nutritional risk) in children with IBD

In CD and UC, selected micronutrient
deficits and loss of BCM and muscle
strength are frequent in remission
and cannot be detected by standard
malnutrition screening

Obesity as measured by BMI not
associated with the development of
incident UC or CD;
Alternative measures of obesity required
to further investigate the role of obesity in
the development of incident IBD

In spite of quiescent IBD, lean body mass
and physical activity were reduced;
Interventions to encourage physical
activity may be beneficial in this lifelong
disease

October 7, 2014|Volume 20|Issue 37|

Gasparetto M et al . Growth issues in pediatric Crohn’s disease
Gerasimidis et al[33]
Inflamm Bowel Dis
2013

Prospective 184 new pediatric IBD Dg
cohort study 139 one year follow-up
IBD children
84 children treated with
EEN

72% anemic at Dg;
Anemic children with CD had shorter
diagnosis delay, lower BMI, lower Dg delay
(P < 0.001) and BMI Z-score, P = 0.003) than
non-anemic patients;
Extensive colitis associated with severe anemia
in UC;
After EEN, severe anemia decreased (32%-9%,
P < 0.001) and hemoglobin concentration
increased by 0.75 g/dL

Anemia is frequent at Dg and follow-up
and should receive more attention from
the clinical team;
The focus should remain suppression of
inflammatory process in active disease

Dg: Diagnosis; pt/pts: Patient/patients; CD: Crohn’s disease; UC: Ulcerative colitis; IBD-U: Unclassified IBD; rhGH: Recombinant growth factor; ESR:
Erythrocyte sedimentation rate; BMC: Body cell mass; BMI: Body mass index; Ht: Height; Wt: Weight; BMD: Bone mineral density; DXA: Dual-energy X-ray
absorptiometry; EEN: Exclusive enteral nutrition; GH: Growth hormone; (P)CDAI: (Pediatric) Crohn’s disease activity index; PUCAI: Pediatric ulcerative
colitis activity index; M: Male; F: Female.

commonly seen at presentation, as well as linear growth
retardation and delayed puberty developing later on[1].
Undernutrition has been reported in 65%-75% of patients with CD[25] (Table 1), and recent weight loss is one
of the triad of clinical manifestations of the disease.
Although medical treatment can soon restore body
weight, this is not reflected in concomitant changes in
body composition. Children with CD have the features
of nutritional cachexia, with normal fat stores but depleted lean mass. Poor bone health, delayed puberty, and
growth failure are other possible features complicating
their clinical management[26].
As growth impairment is mainly secondary to disease
activity, all available pharmacological steps to induce
remission in a given patient (depending on their disease
phenotype) should have a positive effect on growth as
well. Exclusive enteral nutrition has been used as a therapeutic approach to CD because it can improve patients’
nutritional status and induce remission (mucosal healing) as quickly as corticosteroids[1,27]. Exclusive enteral
nutrition has thus become a fundamental option at many
centers treating pediatric CD[1]. A recent retrospective
review by Gupta et al[28] (Table 1) assessed the efficacy of
enteral nutrition (EN) in delivering 80%-90% of patients’
calorie needs with a view to inducing remission in pediatric patients with CD. This approach allowed for patients
to ingest the remainder of the calories they needed from
a normal diet, and so it differs from the standard practice of providing EN to cover 100% of patients’ calorie
needs. The sample’s mean Pediatric Crohn’s Disease Activity Index score (PCDAI) at the baseline was 26.9 and
it dropped to 10.2 at follow-up (P = 0.0001). Remission
was induced in 65% of cases and response in 87% after
a mean 2 mo of follow-up (1-4 mo). The authors concluded that this novel EN protocol seems to be effective
in inducing remission in pediatric patients with CD, helping to increase their weight and improve their laboratory
markers. This protocol may also make EN more readily
acceptable to patients and improve their compliance[28].
There has recently been increasing interest in the use
of nutrition risk assessment tools in children to identify those needing nutritional support[29] (Table 1). Four
screening tools that are not disease-specific [the Screening tool for the assessment of malnutrition in pediatrics
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(STAMP), the screening tool for risk on nutritional status
and growth (STRONGkids), the pediatric Yorkhill malnutrition score (PYMS), and the simple pediatric nutrition
risk score (PNRS)] were applied by Wiskin et al[29] to 46
children with IBD. The degree of malnutrition was measured by anthropometry alone using the World Health
Organization’s International Classification of Diseases
(ICD-10) criteria. There was a good agreement between
STAMP, STRONGkids, and PNRS (K > 0.6), but only a
modest agreement between PYMS and the other scores
(K = 0.3), and no agreement between the risk tools and
the degree of malnutrition based on anthropometric data
(K < 0.1). The authors concluded that the relevance of
nutrition screening tools for children with chronic intestinal disease is unclear, and there is a risk of their failing to
recognize nutritional impairment (and consequent nutritional risk) in children with IBD[29].
A study by Vaisman et al[25] (Table 1) focused on identifying the relative contribution of factors causing malnutrition in a sample of 16 patients with CD in remission
(age 19-57 years). Resting energy expenditure (REE) was
studied by indirect calorimetry and body composition by
dual-energy X-ray absorptiometry. Subjects with lower
BMIs tended to have less lean body mass (P = 0.006), a
lower bone mineral density (P = 0.006), and lower REE
(P = 0.003). No correlation emerged between BMI and
energy intake, although the percentage of malabsorption
correlated negatively with BMI (P = 0.07). The authors
concluded that nutrient malabsorption is more severe in
malnourished patients with CD in remission, and consequently suggested that malabsorption should be assessed
in CD patients who fail to gain weight while in remission
in order to establish their extra calorie needs[25].
A prospective, controlled, multicentric study by
Valentini et al[30] (Table 1) considered nutritional status
(subjective global assessment [SGA], BMI, albumin, trace
elements), body composition (bioelectrical impedance
analysis, anthropometry), muscle strength, and quality of
life in 94 patients with CD and 50 with UC, all in clinical
remission, and 61 healthy controls. Most patients with
IBD (74%) were well-nourished according to their SGA,
BMI, and serum albumin levels, but body composition
analysis demonstrated a lower body cell mass (BCM) in
patients with CD (P = 0.021) and UC (P = 0.041) than in
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controls. Handgrip strength correlated with BCM (P =
0.001) and was again lower in patients with CD (P = 0.005)
and UC (P = 0.001) than in controls. These differences
were seen even in patients classified as well-nourished.
BCM was lower in patients with moderately increased
serum C-reactive protein levels than in patients with normal levels. The authors concluded that selected micronutrient deficits and loss of BCM and muscle strength are
frequent in CD and UC in remission, and go undetected
in standard malnutrition screening[30].
Obesity is associated with a pro-inflammatory state
that may be involved in the etiology of IBD. Chan et al[31]
(Table 1) conducted the first prospective cohort study to
identify any association between obesity and the onset
of incident IBD in a sample of 300724 participants recruited for the European Prospective Investigation into
Cancer and Nutrition study. At recruitment, anthropometric measurements were taken of patients’ height and
weight, and their physical activity and total energy intake
were recorded using validated questionnaires. The cohort
was monitored and 177 participants developed incident
UC, while 75 developed incident CD. No associations
emerged vis-à-vis UC or CD between the four higher
BMI categories and a normal BMI level. Physical activity and total energy intake (factors influencing BMI) also
revealed no association with UC or CD. The authors concluded that obesity, as measured by the BMI, is unassociated with the onset of incident UC or CD. Alternative
obesity measures are needed to further clarify the role of
obesity in the onset of incident IBD[31].
Physical activity is important for muscle and bone
strength in growing children and may be limited in pediatric IBD patients, even when their disease is quiescent[32].
A recent study by Werkstetter et al[32] (Table 1) compared
39 IBD patients (27 CD, 12 UC) in remission (or with
only mild disease activity) with 39 healthy age- and sexmatched controls. The patients had lower Z-scores for
phase angle α and lower handgrip strength than controls.
They tended to take fewer steps per day and engage in
shorter periods of physical activity, particularly among
females and patients with mild disease. The authors concluded that, even with quiescent disease, IBD patients
have reduced levels of lean body mass and physical activity. Action to encourage them to engage in physical exercise may therefore be beneficial in this lifelong disease[32].
Low concentrations of plasma micronutrients are
commonly reported in IBD patients, but may be difficult
to interpret in the presence of an acute phase response,
and other body store adequacy indices are needed. Anemia is a common extraintestinal manifestation in IBD
children: these are primarily cases of iron-deficiency anemia, with anemia of chronic disease coming second[33]. A
study by Gerasimidis et al[33] (Table 1) explored the epidemiology of anemia and associated factors in children
with IBD at the time of their diagnosis, after 1 year, and
during treatment with exclusive enteral nutrition (EEN).
At diagnosis, 72% of the children were anemic. Children
with CD who were anemic had a shorter diagnostic delay
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and a lower BMI than those who were not (P = 0.003).
Extensive colitis was associated with severe anemia in
UC. After EEN, the cases of severe anemia decreased
(32%-9%; P = 0.001), and hemoglobin concentrations
increased by 0.75 g/dL. The authors concluded that
children with IBD are highly likely to have anemia at
diagnosis, and that this matter should receive more attention during their follow-up, even though clinicians should
focus on suppressing the inflammatory process in cases
of active disease[33].
Deficiencies in the liposoluble vitamins A-D and E,
and zinc are also possible features of IBD patients[34-36].
Vitamin D
Vitamin D is a key factor not only for its role in the
mineralization of bone and teeth, but also because of
its other metabolic functions and its protective role in
immune-mediated diseases and allergies[37-39]. Vitamin D
status is assessed by testing its metabolite 25-hydroxyvitamin D (25-OH-D) in plasma or serum, which reflects
the amount of vitamin D converted in the skin through
sunlight exposure and ingested in the diet[37]. Poor vitamin D status may have detrimental consequences for the
future health of a child, so an optimal vitamin D status is
a crucial public health goal. Vitamin D levels are classed
as severely deficient for levels < 37 nmol/L, insufficient
for levels < 50 nmol/L, and suboptimal for levels of
50-75 nmol/L[37]. Exposure to sunlight is generally the
most important source of vitamin D3, while the contribution of vitamin D from foods and supplements is
fundamental in populations living at latitudes with limited
hours of sunlight[37]. Obesity is a risk factor for vitamin
D deficiency because a greater proportion of the body’s
vitamin D remains stored in adipose tissue[37].
Current national recommendations suggest a daily intake of 7.5 mcg of vitamin D[37]. Foods containing large
amounts of vitamin D include oily fish and eggs. Vitamin
D is produced endogenously in the skin by the photo-reduction of 7-dehydrocholesterol by ultraviolet light. Human exposure to sunlight is limited throughout their lives
and some foods are fortified with vitamin D (e.g., milk,
some juices, breads, and cereals). Children with chronic
diseases are consequently at risk of vitamin D deficiency.
The Institute of Medicine recommends a vitamin D intake of 600 IU/d in individuals 1-70 years of age, plus
700-1300 mg/d of calcium (depending on age) to promote healthy skeletal growth[40]. Vitamin and mineral deficiencies have been described in patients with IBD and
are attributed to gut mucosa inflammation and a reduced
oral intake[34]. Cranney et al[41] conducted a systematic
qualitative review of 167 eligible studies (112 randomized
controlled trials (RCTs), 19 prospective cohort studies,
30 case-control, and 6 before-after studies). The largest
body of evidence on vitamin D status and bone health
concerned older adults, while few studies focused on infants, children, and adolescents. There was inconsistent
evidence of an association between circulating 25(OH)D
levels and bone mineral content in infants. In adoles-
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cents, there was a fair amount of evidence for an association between 25(OH)D levels and changes in BMD.
There was solid evidence of the use of foods fortified
with vitamin D (11 RCTs) consistently increasing serum
25(OH)D in both young and older adults. In short, the
studies generated fairly good evidence of an association
between circulating 25(OH)D concentrations and some
bone health outcomes (established rickets, PTH, falls,
BMD). When compared with a placebo, vitamin D(3) (>
700 IU/d) with calcium supplementation reportedly had
a small beneficial effect on BMD and reduced the risk of
fractures and falls, although this benefit may be confined
to specific subgroups[42]. A recent retrospective study
performed by Alkhouri et al[34] in the US investigated the
prevalence of vitamin and zinc deficiencies in 61 children
(age 1-18 years) with newly-diagnosed IBD from 2006 to
2010 (80% with ileal inflammation) by comparison with
a control group of 61 age- and sex-matched individuals.
While none of the IBD patients had folate or vitamin
B12 deficiency, 62% of them had vitamin D deficiency
(vs 75% in the control group), 16% had vitamin A deficiency, 5% had vitamin E deficiency (vs 8% in the control group), and 40% had zinc deficiency (vs 19% in the
control group). The authors concluded that vitamin B12
and folate deficiencies are rare in children with newlydiagnosed IBD in the United States, so there is no reason
to support their routine monitoring. On the other hand,
vitamin A and zinc deficiencies were statistically more
prevalent among the IBD cases than in controls, so their
levels should be assessed at the time of their diagnosis to
enable enteral supplementation to be started[34]. Vitamin
D deficiency was common in the population tested, so
routine screening for this deficiency and supplementation
are warranted. These results contrast with previous studies by Yakut et al[43] and Chowers et al[44].
To sum up on vitamin D, there is still no strong evidence in the literature of an association between circulating 25(OH)D concentrations and bone health outcomes,
and an improvement in BMD in particular. Only partial
benefits of administering vitamin D(3) (> 700 IU/d)
and calcium supplementation have been seen in terms
of BMD and a lower risk of fractures and falls, and only
in specific subgroups[41]. Supplementing vitamin D in
pediatric patients is nonetheless generally recommended
when its levels are found to be depleted, given its action
not only on bone metabolism but also in terms of immunomodulation[37,40].

BONE HEALTH AND PEDIATRIC CROHN’S
DISEASE
Although current treatment strategies for CD that include
therapy against TNF-a have been found to speed up
growth, linear growth deficiencies persist even with optimized therapy[22]. Children with CD continue to suffer
from short stature and slow growth, and several studies
have indicated that children with IBD may fail to achieve
optimal bone mass[45-47]. Children with CD have multiple

WJG|www.wjgnet.com

risk factors for impaired bone accrual[48]. The skeleton is a
highly dynamic tissue regulated by local, systemic, and environmental clues that modify osteoblastic (bone formation) and/or osteoclastic (bone reabsorption) activities.
IBD affects bone regulation at all levels: environmentally
through intestinal barrier breaks and/or a microbial composition in the gut; systemically with the circulation of
gut immune cells and cytokines throughout the body; and
locally by causing inflammation of extra-intestinal organs
(such as the bone marrow)[49].
Bone formation and reabsorption are significantly
involved in bone health and growth. In children with CD,
both of these processes are impaired, so bone growth is
ultimately suboptimal[49]. Factors contributing to this derangement are inflammation, delayed growth and puberty,
lean mass deficiencies, and the use of glucocorticoids[50,51].
A recent study by Irwin et al[52] examined the effect of experimental IBD on bone health. Interleukin-10-deficient
animals infected with Helicobacter hepaticus (H. hepaticus)
were used as a murine model of colitis, and the molecular
and histological properties of their bone and intestine
were examined to identify the immunopathological consequences of colitis in mice. Six weeks after they were
infected, male (but not female) mice revealed significant
trabecular bone loss in the distal femur and vertebrae. The
authors concluded that the severity of H. hepaticus-induced
colitis and the associated bone loss are gender-related,
possibly as a result of gender-specific effects on H. hepaticus colonization in the mouse gastrointestinal tract and the
consequent immunopathological responses[52].
A prospective study by Kim et al[45] (Table 2) aimed to
examine the risk factors and extent of bone mass reduction and to analyze the impact of IBD developing early,
before bone mass has peaked (i.e., before the maximal
bone mineral density has been reached during development). Bone mineral density (BMD) was assessed in the
lumbar spine and hip bone in 44 IBD patients (21 of them
< 30 years old). Younger patients had a significantly more
severe bone mass reduction in the lumbar spine than patients aged > 30 years (multivariate analysis showed a hazard ratio of 3.96, P = 0.06)[45]. On the other hand, a recent
prospective cohort study by Tsampalieros et al[53] (Table
2) suggested that younger age provides a window of opportunity for skeletal recovery. The aim of their study was
to examine changes in BMD and cortical structure after
CD had been diagnosed, and to identify associations with
growth, glucocorticoids, and disease activity. The authors
concluded that CD was associated with a persistently low
trabecular BMD, although younger participants showed a
greater potential for recovery. A greater linear growth was
associated with a greater recovery of cortical dimensions,
especially among participants with less glucocorticoid
exposure and inflammation. So, although glucocorticoids
and inflammation inhibit bone formation, their impact on
skeletal modeling is still not clear[53].
Another longitudinal study performed by Schmidt
et al[51] (Table 2) on a total of 144 patients with IBD (including 83 with UC and 45 with CD) concluded that IBD
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Table 2 Summary of the main studies that were reviewed on growth issues and bone health in pediatric Crohn’s disease
Ref.
Abraham et al[21]
J Clin Gastroenterol
2012

Type of study

Patients

Results

Conclusion

Systematic
review

3505 CD, 2071
UC, and 461
IBD-U
(age at onset < 18
yr)

Growth failure was reported in CD (10% and 56%) more
often than UC (0%-10%) or non-IBD controls;
Improvements in growth occurred after surgical resection
in CD pts;
Increase in disease reclassification over time from UC and
IBD-U Dg to CD;
CD pts had higher number of hospitalizations and
hospital days per year vs UC pts in most studies;
The reported surgery rates in CD ranged between 10%
and 72%; the colectomy rates in UC ranged between 0%
and 50%
Significant bone mass reduction at the LS in IBD patients
aged < 30 yr vs patients aged > 30 yr (BMD P < 0.01;
T-score P < 0.01; Z-score P < 0.01);
Multivariate analysis: risk factor of bone mass reduction
for patients < 30 yr → HR = 3.96, P = 0.06
Children with UC and CD had significantly lower mean
BMD Z-scores for the LS at baseline and after 2 yr;
The reduction in BMD was equally pronounced in patients
with UC and CD;
Neither group improved their Z-score during the followup period;
Significantly lower mean BMD Z-scores for the LS were
found at baseline in M (P < 0.001), but not in F;
Lowest BMD values in the group of patients ages 17 to 19
yr in M and in F
Disease activity improved over the study interval
(P < 0.001);
Trabecular BMD-Z improved over the first 6 mo;
Increases associated with improved disease activity
(P < 0.001), younger age (P = 0.005), and increases in
vitamin D levels (P = 0.02);
Greater increases in tibia length associated with greater
increases in cortical area-Z (P < 0.001);
Greater glucocorticoid doses and disease activity
significantly associated with failure to accrue cortical
area, and more pronounced with greater linear growth
(interaction P < 0.05);
Mean ± SD trabecular BMD and cortical area Z-scores
significantly reduced at the final visit
28 (78%) CD children treated with adalimumab went
into remission;
Overall 42% of children showed catch-up growth, which
was more likely in:
Pts who achieved remission (P = 0.007);
Pts who were on immunosuppression (P = 0.03);
Pts whose indication for adalimumab was an allergic
reaction to infliximab (P = 0.02);
Pts who were on prednisolone when starting adalimumab,
(P = 0.04)
At T0, mean height SD score was -0.5 (-3.3-2.6) compared
to a mid-parental mean height SD score of 0.2 (-2.0-1.4)
(P = 0.002);
At T1, T2, T3, and maximum follow-up, mean height SD
score was -0.6 (-4.8-7.8), -0.6 (-2.9-2.2), -0.7 (-3.6- 2.5) and
-0.5 (-3.5-2.9), respectively;
Mean Ht velocity SDS at T1, T2, T3 and maximum followup was -1.4 (-7.4-7.4), -0.6 (-7.5-6.1), -0.1 (-6.6 -7.6) and 0.6
(-4.8-7.8), respectively (P < 0.05)

Childhood-onset IBD pts had growth
failure reported in pts with CD more
often than those with UC, and had a
reclassification of disease type to CD
over time;
Higher rates of surgery and
hospitalizations were found with CD
than with UC

Kim et al[45]
Clin Endosc 2013

Prospective 44 IBD
cohort study (21 aged < 30 yr;
23 aged > 30 yr)

Schmidt et al[51]
J Pediatr
Gastroenterol Nutr
2012

Longitudinal 144 IBD pts
cohort study 83 UC, 45 CD

Tsampalieros et al[53] Prospective CD (age 5-21)
J Clin Endocrinol
cohort study
Metab 2013

Malik et al[54]
J Crohns Colitis 2012

Prospective 36 children with
cohort study CD (Male 22)

Malik et al[55]
Arch Dis Child 2012

Retrospective 116 CD children;
cohort study 68 M;
Mean age at
diagnosis 10.8 yr
(range 4.9-15.5);
Mean age at
maximum
follow-up of 15.4
yr (9.4-19.3)
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Bone mass reduction is more severe
in patients diagnosed with IBD before
the age of 30 yr

The entire group of pediatric patients
with IBD showed permanent
decreases in their BMD Z-scores for
the LS; however, afflicted children
have the potential to improve their
BMD by the time they reach early
adulthood

CD was associated with persistent
deficits in trabecular BMD;
Younger participants demonstrated
greater potential for recovery;
Greater linear growth associated
with greater recovery of cortical
dimensions, especially among
participants with lesser glucocorticoid
exposure and inflammation;
Younger age and concurrent growth
provide a window of opportunity for
skeletal recovery

Clinical response to adalimumab
is associated with an improvement
in linear growth in a proportion of
children with CD;
Improved growth is more likely in
patients entering remission and on
immunosuppression but is not solely
due to a steroid sparing effect

In final models:
Mean Ht velocity SDS was
associated negatively with the
use of prednisolone (P = 0.0001),
azathioprine (P = 0.0001),
methotrexate (P = 0.0001), and weight
SDS (WtSDS) P = 0.0001);
Mean Ht velocity SDS was associated
positively with age (P = 0.0001) and
Wt SDS (P = 0.01);
ΔHt SDS was associated negatively
with use of prednisolone (P < 0.02)
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Laakso et al[56]
Calcif Tissue Int 2012

Ahmed et al[60]
J Pediatr
Gastroenterol Nutr
2004

Burnham et al[61]
J Bone Miner Res
2004

Boot et al[62]
Gut 1998

Cross80 IBD pts
sectional
(median age 14.9
Cohort Study yr, range 5-20),
median disease
duration 3.4 yr;
51 UC, 26 CD,
and 3 IBD-U

IBD pts had lower bone age-adjusted LS and wholebody areal BMD (P < 0.001 for both) and whole-body
composition adjusted for Ht (P = 0.02) than controls;
Lean mass and fat mass Z-scores did not differ between
the groups, but IBD patients had lower whole-body
composition relative to muscle mass (P = 0.006);
Vitamin D deficiency in 48%, despite vitamin D
supplementation;
In IBD cumulative weight-adjusted prednisolone dose >
150 mg/kg for the preceding 3 yr increased the risk for
low whole-body areal BMD (OR = 5.5, 95 %CI: 1.3-23.3, P
= 0.02).
Vertebral fractures found in 11% of patients and in 3% of
controls (P = 0.02)
Prospective 47 CD and 26 UC Pts with CD were shorter than those with UC (P < 0.05);
cohort study (median age of
Median ppBone Area for LS and total body for the whole
13.5 yr - range,
group was 85% and 81%, respectively;
5.5-18.2 yr)
ppBone Area at both sites was directly related to height
SDS and BMI SDS (r > 0.5; P < 0.005);
Median BMD SDS for LS and total body was -1.6 and -0.9,
respectively;
Median ppBMC for LS and total bone was 98% and 101%,
respectively;
ppBMC showed no relationship to ppBone Area
(r = 0.1, NS);
Children with osteopenia 22% after adjustment for bone
area
Prospective 104 children and CD pts had significantly lower Ht Z-score, BMI Z-score,
cohort study young adults
and lean mass relative to Ht compared with controls
with CD
(all P < 0.0001);
233 healthy
After adjustment for group differences in age, Ht, and
controls
race, the ratio of BMC in CD relative to controls was
(age 4-26)
significantly reduced in M (0.86; 95%CI: 0.83-0.94) and F
(0.91; 95%CI: 0.85-0.98) with CD;
Adjustment for pubertal maturation did not alter the
estimate; addition of lean mass to the model eliminated
the bone deficit;
Steroid exposure was associated with short stature but not
bone deficits
Prospective 55 pts (34 M 21
Mean SDS of LS BMD and total body BMD were
cohort study F, age range 4-18 significantly lower than normal (-0.75 and -0.95, both P <
yr)
0.001);
22 CD, 33 UC
Height SDS and BMI SDS were decreased. The decrease
in BMD SDS could not be explained by delay in bone
maturation;
The cumulative dose of prednisolone correlated negatively
with LS BMD SDS (r = -0.32, P < 0.02);
BMI SDS correlated positively with total body BMD SDS (r
= 0.36, P < 0.02);
CD pts had significantly lower LS and total BMD SDS
than UC pts, even after adjustment for cumulative dose of
prednisolone;
In the longitudinal data cumulative dose of prednisolone
between the measurements correlated negatively with the
change in LS and total BMD SDS;
Lean tissue mass measured by dual X-ray absorptiometry
had a strong correlation with lean body mass measured by
bioelectrical impedance analysis (r = 0.98)

IBD in childhood was associated with
low areal BMD and reduced bone
mass accrual relative to muscle mass;
The risk for subclinical vertebral
fractures may be increased;
Careful follow-up and active
preventive measures are needed

Children with IBD often have small
bones for age because they have
growth retardation;
When DXA data are interpreted
with adjustment for bone size, most
children have adequate bone mass;
Correct interpretation of DXA is
important for identifying children
who may be at a real risk of
osteoporosis

Importance of considering differences
in body size and composition when
interpreting DXA data in children
with chronic inflammatory conditions;
Association between deficits in muscle
mass and bone in pediatric CD

IBD children have a decreased BMD;
CD children have a higher risk of
developing osteopenia than UC
children;
Corticosteroid therapy and nutritional
status are important determinants of
BMD in IBD pts

Dg: Diagnosis; pt/pts: Patient/patients; CD: Crohn’s disease; UC: Ulcerative colitis; IBD-U: Unclassified IBD; rhGH: Recombinant growth factor; ESR:
Erythrocyte sedimentation rate; BMC: Body cell mass; BMI: Body mass index; Ht: Height; Wt: Weight; BMD: Bone mineral density; DXA: Dual-energy X-ray
absorptiometry; EEN: Exclusive enteral nutrition; GH: Growth hormone; (P)CDAI: (Pediatric) Crohn’s disease activity index; PUCAI: Pediatric ulcerative
colitis activity index; M: Male; F: Female.

children have the potential to improve their BMD by the
time they reach early adulthood. Children with UC and
CD had significantly lower mean BMD Z-scores for the
lumbar spine (LS), both at the baseline and after 2 years.

WJG|www.wjgnet.com

Sub-analyses of the different age groups at the baseline
found the lowest BMD values for patients aged 17 to 19
years, be they boys or girls; at follow-up, these patients’
BMD had significantly improved, however[51].
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A recent study by Malik et al[54] (Table 2) assessed the
frequency of short stature and poor growth, and how
they correlated with the course of the disease and the
therapy administered in children with CD. The anthropometric and treatment details regarding 116 children
showed that mean height SDS was negatively associated
with the use of prednisolone (P = 0.0001), azathioprine (P
= 0.0001), or methotrexate (P = 0.0001) and with weight
SDS (Wt SDS) (P = 0.0001)[54]. Another study by Malik
et al[55] (Table 2) focused on growth and disease activity
over 12 mo in 36 children with CD who started taking
adalimumab. Disease remission was achieved in 78% of
these cases, and an overall 42% of the children caught up
in terms of their growth. This was more likely to happen
for those in remission, taking immunosuppressants, and
those starting adalimumab therapy due to an allergic reaction to infliximab. An increase in growth rate was also
seen in 15 children who were on prednisolone therapy
when they started taking adalimumab. The authors concluded that clinical response to adalimumab therapy is
associated with an improvement in linear growth in some
children with CD, and that this is more likely for patients
entering remission and on immunosuppression, although
the effect is not due to a steroid-sparing effect alone[55].
Another recent cross-sectional cohort study by
Laakso et al[56](Table 2) compared the skeletal characteristics of 80 children and adolescents suffering from IBD
with 80 healthy controls matched for age and gender.
The IBD patients had a lower bone age (BA)-adjusted
lumbar spine, total body bone area BMD (P < 0.001 for
both), and whole-body bone mineral content (BMC) than
controls, after adjusting for height (P = 0.02). Lean mass
and fat mass z-scores did not differ between the groups,
but IBD patients had a lower whole-body BMC relative
to muscle mass (P = 0.006). Despite 48% of the IBD
patients receiving vitamin D supplementation, deficiencies of this vitamin were common. In the IBD group,
a cumulative weight-adjusted prednisolone dose > 150
mg/kg for the preceding 3 years increased the risk of low
whole-body aBMD (P = 0.02). Vertebral fractures (VFs)
were found in 11% of patients and 3% of controls (P =
0.02). The authors concluded that IBD in childhood is
associated with a low aBMD and reduced bone mass accrual relative to muscle mass; the risk of subclinical VFs
may increase. These observations warrant careful followup and active preventive measures[56].
There is a well-established relationship between the
long-term use of glucocorticoids for any disease indication and a higher risk of osteoporosis and fractures[57-59],
but the relationship between CD or UC and bone loss remains controversial. Inability to achieve peak bone mass
when the disease starts in childhood, malnutrition, immobilization, low BMI, smoking, and hypogonadism may
all have a part to play in the pathogenesis of bone loss.
Although evidence is sparse on the topic of bone health
in children and adolescents with IBD, most authors
recommend bone health screening, monitoring growth
parameters and pubertal development, checking vitamin
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D status and vitamin D and calcium intake, and prescribing exercise and nutritional support[30]. Bone health status
should be assessed systematically in patients treated for
more than 6 mo, particularly during puberty[50].
Assessing BMD with dual energy X-ray absorptiometry (DXA) generally involves a comparison with age- and
gender-matched reference ranges, and such studies show
a high prevalence of osteopenia in children with IBD[60].
A recent study by Ahmed et al[60] (Table 2) aimed to compare the prevalence of osteopenia using two interpretation
methods, one adjusted for age and gender, the other adjusted for bone size and gender. Forty-seven patients with
CD and 26 with UC were considered, and the former were
found shorter than the latter (median height, SDS, - 0.9 vs 0,
P < 0.05). The authors concluded that children with IBD
often have small bones for their age because they have a
growth deficiency. When DXA data were interpreted after
adjusting for bone size, most of the children were found
to have an adequate bone mass. It is therefore important
to interpret DXA findings correctly to identify children
who may be at real risk of osteoporosis[60].
A study by Burnham et al[61] (Table 2) was designed to
assess BMC relative to growth, body composition, and
maturation in CD cases compared with controls. Wholebody BMC and lean mass were assessed by DXA in 104
CD subjects and 233 healthy controls. CD was associated
with significant deficits in BMC and lean mass, relative
to height. Individuals with CD had significantly lower
z-scores for height and BMI, and a lower lean mass relative to height than controls (P < 0.0001). After adjusting
for group differences in age, height, and race, males and
females with CD had a significantly lower BMC than
controls. Steroid exposure was associated with short stature but not with bone deficits. This study pointed to the
importance of considering differences in body size and
composition when interpreting DXA data in children
with chronic inflammatory conditions, as well as showing
an association between deficits in muscle mass and bone
in pediatric CD[61].
A study by Boot et al[62] (Table 2) assessed BMD, nutritional status, and determinants of BMD in 55 children
with IBD (34 boys and 21 girls, age range 4-18 years; 22
years with CD, 33 years with UC). The mean SDS for
lumbar spine BMD and total body BMD were significantly lower than normal (both P < 0.001). The SDS
for height and BMI were low as well. The decrease in
BMD SDS could not be explained by any delay in bone
maturation. The cumulative dose of prednisolone correlated negatively with lumbar spine BMD SDS (P < 0.02).
Patients with CD had significantly lower lumbar spine
and total body BMD SDS than patients with UC, even
after adjusting for the cumulative dose of prednisolone.
The authors concluded that: children with IBD have a
reduced BMD; children with CD are at higher risk of
osteopenia than children with UC; and corticosteroid
therapy and nutritional status are important determinants
of BMD in these patients[62].
A very interesting report from Whitten et al[63] sup-
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ported the role of enteral nutrition in improving bone
metabolism. The authors enrolled 23 children with
newly-diagnosed CD and 20 controls. Children with CD
were treated for 8 weeks with EEN, and inflammatory
markers, nutritional markers (height, weight), bone markers [C-terminal telopeptides of Type-1 collagen (CTX),
and bone-specific alkaline phosphatase (BAP)] were
measured before and after the treatment. At diagnosis,
children with CD had higher serum CTX than controls (P
= 0.0003). After the period of EEN, their CTX levels fell
significantly (P = 0.002), and their serum BAP levels (P =
0.07) increased significantly (P = 0.02), both normalizing
to control levels. This evidence indicates that, as well as
reducing inflammation, decreasing disease activity, and
improving nutrition in children with newly-diagnosed CD,
EEN therapy also normalizes serum markers of bone
turnover, suggesting an improvement in bone health[63].
To sum up, although current therapy for CD is associated with a better growth rate for the first few years,
a substantial proportion of children with CD remain
short. Depending on the population considered, the
prevalence of osteoporosis has been variably reported to
range from 12% to 42% in patients with IBD[13]. While
prospective studies suggest sustained bone loss at both
trabecular and cortical sites in long-term glucocorticoid
users with IBD[57], a decrease in bone mass is also seen in
patients with active CD not using glucocorticoids[49,50]. Be
that as it may, it is strongly recommended that excessively
long periods of corticosteroid therapy be scrupulously
avoided, particularly for patients of developmental age,
and enteral nutrition should be used (whenever possible)
as an alternative front-line therapy because it helps to
contain the need for corticosteroids and thus limits their
unwanted effects on growth, as well as cosmetic issues
(which are very important in adolescence)[22]. Data on
vertebral fractures are scarce and there is no agreement
about the risk of non-vertebral fractures in patients with
CD, though it has been suggested that patients with IBD
may carry a 60% higher risk of non-vertebral fractures.
The main question is whether all patients with CD should
be treated with bone-protecting agents on the assumption that they could all potentially develop osteoporosis,
or whether these agents should be used only in patients
clearly at risk of osteoporosis and fractures (providing
such patients can be identified)[49].

PUBERTY-RELATED ISSUES IN
PEDIATRIC CROHN’S DISEASE
Many nutritional, inflammatory, immunological, and endocrine factors affecting patients suffering from IBD and
influencing their growth also have an important impact
on the initiation and progression of puberty. The onset
of IBD before puberty is frequently associated with an
underdeveloped stature and weight, and with patients
having a significantly slower growth rate and lower final height by comparison with the parental target. This
is more evident in children with CD than in cases of
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UC[64,65]. Other correlations include delayed puberty and
menarche, an extended duration of the pubertal phase,
and secondary amenorrhea[64]. Potential causes of late
puberty in patients developing IBD in pre-pubertal and
pubertal age include[64]: (1) malnutrition: this correlates
mainly with a delay in menarche and sexual maturity. A
link has been suggested between late puberty and reduced
fat mass, which is normally rich in the aromatases that
induce the conversion of androgens into estrogens and
the consequent active production of female hormones;
and (2) interactions between proinflammatory cytokines
and the endocrine system: endocrine functions seem to
be disrupted in IBD patients, also due to a direct effect
of proinflammatory cytokines, such as TNF-α, IL-6, and
IL-1β, on hormonal feedback mechanisms.
A recent retrospective study by Mason et al[66] (Table
3) aimed to ascertain the impact of CD and UC on the
pubertal growth spurt. Pubertal growth was assessed by
calculating peak height velocity (HV) SDS (PHV SDS),
height SDS at diagnosis, height SDS at PHV, and age at
PHV in patients with CD (30 boys, 11 girls) and UC (14
boys and 12 girls). Systemic markers of disease activity
were also recorded. Altered pubertal growth parameters
were apparent in the CD cases by comparison with the
normal population, particularly in boys. In the group as a
whole, age (PHV) showed an association with erythrocyte
sedimentation rate (r = 0.4; P = 0.005) and an inverse association with BMI (r = 0.4; P = 0.001)[66].

MANAGEMENT OF GROWTH AND
PUBERTAL ISSUES IN PEDIATRIC
CROHN’S DISEASE
Healthy children grow at an annual rate of 4-6 cm up
until puberty, when their rate of growth doubles for over
a year[22]. A declining trend in growth chart percentiles
for height and weight arouses the suspicion of growth
deficiency vis-à-vis a child’s targets for gender and age[22].
An early diagnosis of CD is fundamentally important,
but the early signs of IBD vary and can easily go unnoticed, meaning that a statural growth deficiency and concomitant late puberty quite often precede the intestinal
manifestations of the disease[22]. It is essential to monitor
patients’ growth, taking their initial height (as measured
before the onset of IBD) for reference and routinely reassessing patients as their disease evolves in order to fully
appreciate its impact on their growth[22]. Monitoring patients’ growth rate is also important to see how they are
responding to therapy over time[22]. Precise serial checkups should always include an assessment of patients’
pubertal development, which should be correlated with
their statural growth. If any discrepancies come to light,
action can be taken without delay: radiology is used to
establish patients’ skeletal age and thus identify their residual potential for growth[22]. On average, it takes about
12 mo to see any response to treatment in terms of
linear growth or pubertal development, so the intervals
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Table 3 Summary of the main studies that were reviewed on management of growth and pubertal issues in pediatric Crohn’s disease
Ref.

Type of study
[66]

Patients

Mason et al
Horm Res Paediatr
2011

Retrospective IBD adolescents
cohort study 41 with CD,
30 M 11 F
26 with UC,
14 M 12 F

Tietjen et al[69]
Turk J Gastroenterol
2009

Prospective 40 pts with CD
cohort study 26 M, 14 F
mean age 16,7 yr
(median: 17 yr,
range: 4-29 yr)

Wong et al[70]
J Pediatr Endocrinol
Metab 2007

Retrospective 7 pts with CD
data analysis 5 M

Wong et al[71]
Clin Endocrinol
(Oxf) 2011

Randomized 22 children with
controlled IBD
trial in 2 tertia- 21 with CD
ry Children's
Hospitals

Results

Conclusion

Altered parameters of pubertal growth observed in the CD
groups compared to the normal population:
In the CD M group, median Ht at Dg was -0.56 (P = 0.001) and
median age at peak Ht velocity was 14.45 yr (P = 0.004)
In the CD F group, median Ht at Dg was -1.14 (P = 0.007) and
Ht at peak Ht velocity was -0.79 (P = 0.039).
Individually, 8/30 CD M cases had one or more parameter
affected:
In the whole group, age at peak Ht velocity showed an
association with ESR (r = 0.4; P = 0.005) and an inverse
association with BMI (r = 0.4; P = 0.001)
Urinary GH levels were found as normal in CD;
Corticosteroid therapy did not appear to be the most
responsible factor for growth failure in CD

Disorders of pubertal growth
are more likely to occur in CD
(particularly M)

Growth failure in patients
with CD is not caused by GH
deficiency;
A high PCDAI score has an
important impact on impaired
growth in children and
adolescents with CD
Median chronological age and median difference between
Introduction of rhGH therapy
chronological age and bone age was 15.9 yr (range, 13.0-17.9 yr) was associated with a
and 1.7 yr (-0.7-3.3 yr), respectively;
cessation in the deterioration
Median dose of rhGH at T+0 was 0.23 mg/wk (0.15-0.31);
in linear growth;
Pubertal status remained unchanged in 6/7 patients;
An improvement in Ht SDS
Median albumin and C-reactive protein were similar at T+0
was not observed over the
and T+6;
period of the study
Median height SDS at T+0, T+6 and T+12 was -2.2 (-4.0 to -1.5),
-1.9 (-4.1 to -0.8), -1.9 (-4.1 to -0.7), respectively (NS).
Median Ht velocity SDS at T+0 and T+6 was -2.5 (-4.8-1.4) and
-0.9 (-5.3 to 3.4), respectively (NS);
Positive correlation between percentage change in Ht velocity
SDS at T+6 and dose of rhGH at T+0 (r = 0.8, P = 0.03)
Median Ht velocity increased from 4.5 (range, 0.6-8.9) at base- rhGH can improve short-term
line to 10.8 (6.1-15) cm/year at 6 mo (P = 0.003) in the rhGH
linear growth in children with
group, whereas in the Ctrl group, it was 3.8 (1.4-6.7) and 3.5
CD;
cm/yr (2-9.6), respectively (P = 0.58);
The clinical efficacy of this
Median percentage increase in Ht velocity after 6 mo in the
therapy needs to be further
rhGH group was 140% (16.7%-916.7%) compared with 17.4%
studied in longer-term studies
(-42.1%-97.7%) in the Ctrl group (P < 0.001).
of growth, glucose homeostaNo significant differences in disease activity and proinflamma- sis, and disease status
tory cytokines at baseline and 6 mo in both groups

Dg: Diagnosis; pt/pts: Patient/patients; CD: Crohn’s disease; UC: Ulcerative Colitis; IBD-U: Unclassified IBD; rhGH: Recombinant growth factor; ESR:
Erythrocyte sedimentation rate; BMC: Body cell mass; BMI: Body mass index; Ht: Height; Wt: Weight; BMD: Bone mineral density; DXA: Dual-energy X-ray
absorptiometry; EEN: Exclusive enteral nutrition; GH: Growth hormone; (P)CDAI: (Pediatric) Crohn’s disease activity index; PUCAI: Pediatric ulcerative
colitis activity index; M: Male; F: Female; NS: Not significant.

between follow-up assessments should never be less than
six months[22].
To prevent and manage growth deficiencies in pediatric IBD patients, we must first establish the most appropriate nutritional, pharmacological, and surgical treatment for their underlying disease: managing their chronic
inflammatory status and providing adequate nutrition
are two synergically interacting aspects of the same approach[22]. Ensuring long-term control of active inflammation and administering an adequate intake of nutrients
are both fundamental to promoting normal puberty[64].
Controlled clinical trials have documented a significant
correlation between enteral nutrition, a reduced mucosal
production of cytokines, and endoscopic healing. Enteral
nutrition is potentially capable of inducing remission and
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achieving a nutritional recovery. Trials have also established that the effect of exclusively enteral nutrition on
the inflammatory picture is influenced by factors such
as the disease being localized in the small intestine or of
recent onset, whereas the age factor appears to be less
influential[22]. Immunomodulators other than corticosteroids used for pediatric IBD include the thiopurines
(azathioprine and 6-mercaptopurine), which are used
to maintain remission and have no demonstrated sideeffects on growth, and biologics (infliximab and adalimumab), which potentially improve growth velocity by
inducing and maintaining disease remission. Artificiallyinducing puberty with the aid of estrogens and testosterone carries the risk of causing early growth cartilage
calcification, giving rise to statural deficiencies[64].
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Role of treatment with recombinant growth factor for
pediatric Crohn’s disease
Current treatment strategies for CD that include therapy
against TNF- α have been found to improve growth
velocity, but linear growth deficiencies persist even with
optimized therapy[67]. Through complex mechanisms
that include reducing IGF-1 levels and inducing systemic
and hepatic GH resistance, cytokines such as TNF-α
and IL-6 - which are commonly elevated in active CD are important mediators of linear growth delay[68]. The
potential for linear growth impairment as a complication
of chronic intestinal inflammation is unique to pediatric CD patient populations[67]. IGF-I, produced by the
liver in response to GH stimulation, is the key mediator of GH effects on the growth plate of bones. There
is a well-known association between impaired growth
in children with CD and low IGF-I levels. Early studies emphasized the role of malnutrition in suppressing
IGF-I production. The direct, growth-inhibiting effects
of pro-inflammatory cytokines have been increasingly
recognized and explored. The role of non-cytokine factors (such as lipopolysaccharides) and their potential for
negatively influencing the growth axis have also been investigated[67]. Recent evidence suggests that recombinant
growth factor (rhGH) therapy is effective in improving
short-term linear growth in selected patients[2], but is
of limited benefit as a therapy for improving mucosal
disease or reducing clinical disease activity[67]. A clinical
analysis was performed by Tietjen et al[69] (Table 3) on
40 children, adolescents, and young adults with CD to
see whether their growth failure was caused by impaired
GH secretion. To assess growth hormone excretion, the
authors measured urinary growth hormone with an in
vitro immunoradiometric assay in three morning urine
samples. They found normal urinary growth hormone
levels in CD, concluding that growth failure in patients
with CD is not caused by GH deficiency. Corticosteroid
therapy did not appear to be the main culprit responsible
for growth failure in CD either[69]. A retrospective data
analysis was conducted by Wong et al[70] (Table 3) on 7
patients with CD treated with rhGH, after which the deterioration in their linear growth came to a stop, but no
improvement in their height SDS was observed during
the study period[70]. Another randomized controlled trial
at two tertiary children’s hospitals on 22 children with
IBD (21 being cases of CD)[71] (Table 3) investigated the
effects of rhGH on HV and glucose homeostasis over a
6-mo period. The median HV increased from 4.5 (range
0.6-8.9) at the baseline to 10.8 (6.1-15) cm/year at 6 mo (P
= 0.003) in the rhGH group, while in the control group
it was 3.8 (1.4-6.7) and 3.5 cm/year (2.0-9.6), respectively
(P = 0.58). The median percentage increase in HV over
6 mo was 140% (16.7-916.7) in the rhGH group and
17.4% (42.1-97.7) in the control group (P < 0.001). There
were no significant differences in disease activity or proinflammatory cytokines at the baseline or after 6 mo in
either group, and the change in bone age for chronological age was also similar in the two groups[71]. This was
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the first randomized controlled trial on rhGH in children
with IBD and growth retardation, and it showed - albeit
over a brief period of 6 mo - that a dose of 0.067 mg/kg
per day of rhGH improves linear growth. The authors
also emphasized the continuing need to optimize the
child’s disease status (i.e., to induce and maintain remission of IBD activity), as they found a greater growth response to rhGH in patients in biochemical remission. In
short, although these data provide evidence of the efficacy of rhGH treatment in terms of height velocity over
a short- to medium-term follow-up, patients treated with
GH experienced no significant improvements in disease
activity and pro-inflammatory cytokines by comparison
with controls; and long-term follow-up data are lacking.
In conclusion, based on currently-available evidence, the
efficacy of rhGH in treating growth failure associated
with CD is still unclear, and future studies should explore
the use of higher doses of rhGH in CD[70].

CONCLUSION
Despite current treatment strategies for CD including
anti-TNF-α medication, short stature and slow growth
are still encountered in children with CD. Several studies
have shown that children with IBD may not achieve optimal bone mass[25], and those with CD have multiple risk
factors for impaired bone accrual[22]. A declining trend
in growth chart percentiles for height and weight with
respect to a patient’s targets for gender and age should
arouse the suspicion of a growth deficiency[22]. An early
diagnosis is fundamentally important, but signs of the
onset of IBD vary and can easily go unnoticed, meaning
that statural growth deficiencies and concomitant late puberty quite often precede the intestinal manifestations of
the disease[64].
Nutritional concerns are common in pediatric CD
patients, who are often underweight at presentation[1].
Undernutrition has been reported in up to 65%-75%
of such patients[25], and a low dietary intake due to poor
appetite and aversion to food is a major cause of undernutrition in pediatric IBD, though the systemic release
of proinflammatory cytokines also contributes significantly[26]. Although medical treatment can quickly restore
body weight, this does not reflect concomitant changes
in patients’ body composition, which is characterized
by normal fat stores but depleted lean mass. Poor bone
health, delayed puberty, and growth failure may also complicate these patients’ clinical management[26]. Vitamin
and mineral deficiencies have been described in patients
with IBD and are attributed to mucosal inflammation in
the gut and a low oral intake. Although 25(OH) vitamin
D levels have yet to be convincingly demonstrated to
correlate with BMD[56], poor vitamin D status may have
detrimental consequences for any child’s future health,
so an optimal vitamin D status still represents a crucial
public health goal[37]. Corticosteroid therapy and nutritional status are important determinants of BMD in CD
patients[49].
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It is indispensable to monitor CD patients’ growth,
taking their initial height as a reference and routinely
reassessing them as their disease evolves in order to
fully appreciate its impact on their growth[22]. Monitoring patients’ growth rate is also essential to enable their
response to therapy to be assessed over time[22]. Precise
serial check-ups should always include an assessment of
patients’ pubertal development, which should be correlated with their statural growth, so that action can be
taken without delay in the event of any discrepancies
coming to light. A radiological examination of patients’
skeletal age enables their residual potential for growth
to be identified[22]. Recent evidence suggests that rhGH
therapy is effective in improving short-term linear growth
for a selected group of CD patients, but is of limited
benefit as a therapy for improving mucosal disease and
reducing its clinical activity[70]. Exclusive enteral nutrition
is a potentially effective option for treating CD because
it can improve patients’ nutritional state as well as inducing disease remission (mucosal healing) just as quickly as
corticosteroids[1,27].
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blocker (vedolizumab) reportedly achieved good clinical
response and remission rates in ulcerative colitis patients. Thus, we believe that the detailed investigation
of various studies on clinical trials performed thus far
may provide important information for the selection of
appropriate biological agents, and therefore, we have
extensively reviewed such trials in the present study.
Seo GS, Chae SC. Biological therapy for ulcerative colitis: An
update. World J Gastroenterol 2014; 20(37): 13234-13238 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i37/13234.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13234

INTRODUCTION
Abstract
Of the diverse biological agents used for patients with
ulcerative colitis, the anti-tumor necrosis factor-α
agents infliximab and adalimumab have been used in
large-scale clinical trials and are currently widely used
in the treatment of inflammatory bowel disease patients. Recent studies have indicated that golimumab,
oral tofacitinib and vedolizumab reportedly achieved
good clinical response and remission rates in ulcerative colitis patients. Thus, we believe that the detailed
investigation of various studies on clinical trials may
provide important information for the selection of appropriate biological agents, and therefore, we have
extensively reviewed such trials in the present study.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Immune dysfunction; Biological therapy; Remission; Clinical trial; Inflammatory
bowel disease
Core tip: In the last two years, the use of the Janus kinase 3 inhibitor (oral tofacitinib) and the α4β7 integrin
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Inflammatory bowel disease (IBD), which is broadly
classified as ulcerative colitis (UC) and Crohn’s disease
(CD), is characterized by chronic intestinal inflammation. Although its causes have not been clearly understood, it is believed to be influenced by genetic susceptibility, changes in the commensal enteric flora, and
immune imbalance[1-5]. Increase in the production of T
cells, cytokines, and chemokines, as well as increased
trafficking of immune cells is associated with immune
imbalance, and is considered as therapeutic targets for
the biological treatment of IBD[6-9]. The current treatment goals of UC include induction of clinical remission, maintenance of clinical remission, and prevention
of UC-related complications[10,11].
Although the therapeutic agents of UC, such as
aminosalicylates, corticosteroids, thiopurines, and cyclosporine, are effective in most cases, biological agents are
needed in cases where the disease is refractory or intolerant to therapeutic agents. Anti-tumor necrosis factor
(TNF)-α agents are biological agents that are relatively
safe and have been utilized for a long duration in UC
patients. Anti-TNF-α agents appear to exert their effects
by inhibiting the large amount of TNF-α present in the
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Table 1 Summary of ACT1, ACT2, ULTRA1 and ULTRA2 trials for moderate-to-severe ulcerative colitis
Drug

Dosage

Patients
(n )

Follow-up
(wk)

Outcome and P value

ACT1
ModerateRutgeerts et al[12] to-severe active UC

Infliximab

5 mg/kg IV
10 mg/kg IV (intravenously
at weeks 0, 2, and 6 and then
every eight weeks)

121
122

54

ACT2
ModerateRutgeerts et al[12] to-severe active UC

Infliximab

5 mg/kg IV
10 mg/kg IV

121
120

30

130
130

8

Clinical response at week 8
(placebo/5 mg/10 mg)
-37.2%/69.4%/61.5% (P < 0.001, P < 0.001)
Clinical remission at week 8
-14.9%/38.8%/32.0%
(P < 0.001, P = 0.002)
Clinical remission at week 54
-8.9%/25.7%/16.4% (P = 0.006, P = 0.149)
Clinical response at week 8
(placebo/5 mg/10 mg) -29.3%/64.5%/69.2%
(P < 0.001, P < 0.001)
Clinical remission at week 8
-5.7%/33.9%/27.5%
(P < 0.001, P < 0.001)
Clinical remission at week 30
-3.3%/18.3%/27.3%
(P = 0.010, P < 0.001)
Clinical remission at week 8 (placebo/
ADA160/80mg/ADA80/40 mg)
- 9.2%/18.5%/10.0%
(P = 0.031, P = 0.833)

248

52

Trial

Clinical scenario

ULTRA1
Reinisch et al[15]

ULTRA2
Sandborn et al[16]

ModerateAdalimumab 160/80 mg SC (160 mg at week
to-severe active UC
0, 80 mg at week 2, 40 mg at
weeks 4 and 6)
80/40 mg SC (80 mg at week 0,
40 mg at weeks 2, 4 and 6)
Moderate- to-severe Adalimumab 160/80 mg SC (160 mg at week
active UC
0,
80 mg at week 2, and then 40
mg every other week)

Clinical remission at week 8 (placebo/ADA)
- 9.3%/16.5% (P = 0.019)
Clinical remission at week 52
- 8.5%/17.3% (P = 0.004)

UC: Ulcerative colitis; ADA: Adalimumab.

deeper layers of colonic tissues in UC patients[7]. In addition to anti-TNF-α agents, many studies have been
performed on the use of molecules involved in varied
inflammatory pathways as biological agents. However, in
the present study, we aimed to focus on the mechanism
of action, clinical outcomes, and future prospects of
infliximab, adalimumab, and golimumab (anti-TNF-α
agents); tofacitinib (a Janus kinase (JAK) 3 inhibitor);
and vedolizumab (an α4β7 integrin blocker).

ANTI-TNF-α AGENTS: CLASSIC OR NEW
GENERATION
Infilximab and adalimumab, the most commonly used
anti-TNF-α agents at present, are administered intravenously and subcutaneously, respectively, and have been
found to be effective for the treatment of moderate-tosevere UC in clinical trials. Anti-TNF-α, which was first
officially approved by the US Food and Drug Administration (FDA) for the treatment of CD in 1998, was also
approved by the FDA for the treatment of UC in 2010.
Both infliximab - chimeric mouse-human recombinant monoclonal antibody (25% murine and 75%
human) - and adalimumab - completely human antiTNF-α IgG1 - exert their effects by binding to free
and membrane-bound TNF- α in order to prevent
TNF-α from attaching to TNF-receptor type1/receptor type2. In ACT1 and ACT2 studies that reported the
effects of infliximab in UC patients[12], no difference in
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the effect was noted between the 5-mg/kg administration group and the 10-mg/kg administration group,
although a marked improvement was observed in the
clinical response and remission rates after 8 wk (P <
0.001, Table 1), along with a significant improvement
in mucosal healing (P < 0.001). Similar effects in the
clinical remission rate were observed after 30 and 54 wk
of treatment (Table 1). No differences in adverse effects
were noted between the infliximab and placebo groups.
Moreover, infliximab is well known as a useful rescue
therapy to avoid colectomy[13,14].
In the first 8-wk multicenter randomized controlled
study that utilized adalimumab, defined as ULTRA 1,
the subjects were divided into 160/80 mg and 80/40
mg groups, based on the loading dose, and were then
compared with the placebo group[15]. The clinical remission rate at week 8 in the adalimumab 160/80 mg
group was 2 times higher than that of the placebo group,
whereas this value in the adalimumab 80/40 mg group
did not differ from that of the placebo group. Thereafter, a 52-wk randomized controlled study, defined as
ULTRA2, was performed, which indicated that the clinical remission rate at week 52 in the adalimumab 160/80
mg group was 2 times higher than that of the placebo
group (P = 0.004, Table 1)[16]. Following a subanalysis,
it was observed that the anti-TNF-α naïve patient group
exhibited approximately 2 times higher clinical remission rates at week 8 and week 52, respectively compared
to the placebo group (21.3% vs 11.0%, 22.0% vs 12.4%)
In the recently performed study on the effects of adali-
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Table 2 Studies for the use of Golimumab, Tofacitinib and Vedolizumab for the treatment of ulcerative colitis
Trial

Clinical
scenario

Drug

Dosage

Patients
(n )

Follow-up
(wk)

PURSUITSC
Sandborn et al[23]

Moderateto-severe
active UC

Golimumab

100/50 mg SC
200/100 mg SC
400/200 mg SC
(2 wk apart)

71
331
331

6

PURSUITMaintenance
Sandborn et al[24]

Moderateto-severe
active UC

Golimumab

50 mg SC
100 mg SC
(every 4 wk)

151
151

54

Sandborn et al[32]

Moderateto-severe
active UC

Tofacitinib

0.5 mg, 3 mg,
10 mg,
15 mg oral
(twice daily for
8 wk)

31/33/33/
49

8

Gemini 1
Feagan et al[41]

Moderateto-severe
active UC

Vedolizumab

300 mg IV
(at weeks 0, 2
and then every
8 or 4 wk)

Cohort 1
(225)
Cohort 2
(521)

52

Outcome and P value
Clinical response at week 6 (placebo/
GLM 200/100 mg/GLM 400/200mg) 30.3%/51.0%/54.9% (P < 0.0001, P < 0.0001)
Clinical remission at week 6
- 6.4%/17.8%/17.9% (P < 0.0001, P < 0.0001)
Clinical response at week 54 (placebo/GLM 50
mg/GLM100 mg) - 31.2%/47.0%/49.7% (P =
0.010, P < 0.001)
Clinical remission at weeks 30 and 54
- 15.6%/23.2%/27.8% (P = 0.122, P = 0.004)
Clinical response at week 8 (placebo/0.5 mg/3
mg/10 mg/15 mg) - 42%/32%/48%/61%/78%
(P = 0.39, P = 0.55, P = 0.10, P < 0.001)
Clinical remission at week 8
-10%/13%/33%/48%/41% (P = 0.76, P = 0.001,
P < 0.001, P < 0.001)
Endoscopic remission at week 8
-2%/10%/18%/30%/27% (P = 0.14, P = 0.001,
P < 0.001, P < 0.001)
Clinical response at week 6 (placebo/
Vedolizumab) - 25.5%/47.1% (P < 0.001)
Clinical remission at week 6 - 5.4%/16.9%
(P = 0.001)
Clinical remission at week 52 (placebo/
Vedolizumab every 8 wk/Vedolizumab every 4
wk) - 15.9%/41.8%/44.8% (P < 0.001, P < 0.001)

UC: Ulcerative colitis; GLM: Golimumab.

mumab on hospitalization for UC, the first 8 wk of
adalimumab therapy indicated a significant reduction
in the risk of all-cause, UC-related, and UC- or drugrelated hospitalization compared to the placebo group
(40%, 50%, and 47%, P < 0.05 for all comparisons)[17];
however, significant differences were not observed in
the rates of colectomy between the groups. The adalimumab and placebo groups did not show any differences
in the adverse events[15,16,18]. The primary failure rate of
anti-TNF induction therapy is reportedly 40% in IBD
clinical trials; when switching to another anti-TNF agent,
the treatment becomes effective at 50%[19]. A secondary loss of response can also occur at 1 year after antiTNF initiation in IBD patients[19], and solutions for the
issues in anti-TNF-α treatment of UC are expected to
be elucidated in the future.
Golimumab - a novel, completely human IgG1 antiTNF-α antagonist - is subcutaneously administered and
is approved for use in rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis patients[20-22]. As shown
in the PURSUIT-SC study, at week 6, the clinical response and remission rates showed a noticeable change
in both the golimumab 200/100 mg and 400/200 mg
groups (all P < 0.0001, Table 2)[23]. The PURSUIT- maintenance study, which is a phase 3, placebo-controlled,
randomized withdrawal study, compared the clinical
response and remission rates between the golimumab
50/100 mg group and placebo group up to week 54
at intervals of 4 wk; they observed that a notable change
was observed in the golimumab 100 mg administration
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group (P < 0.001, P = 0.004, Table 2)[24]. After adjusting
for the follow-up duration, no difference was noted in
adverse events between the placebo and golimumab 100
mg groups.

PROMISING JAK1/JAK3 INHIBITOR AND
INTEGRIN BLOCKING ANTIBODY
The JAK-STAT pathway is associated with inflammation, autoimmune diseases, hematopoietic disorders, and
transplant rejection[25-30]. Tofacitinib (formally known as
CP-690550) is a selective oral inhibitor of JAK 1 and
3, which is known to inhibit the differentiation of pathogenic Th1 and Th17 cells and innate immune cell signaling[31]. The effects of tofacitinib in active UC patients
showed clinical response rates at week 8 of 32%, 48%,
61%, and 78% for the 0.5 mg, 3 mg, 10 mg, and 15 mg
twice daily groups, respectively. The tofacitinib 3 mg, 10
mg, and 15 mg twice daily groups exhibited marked differences in clinical and endoscopic remission rates compared to the placebo group (all P ≤ 0.001, Table 2)[32].
The levels of low-density and high- density lipoprotein
cholesterol increased in a dose-dependent manner, and
an absolute neutrophil count of < 1500 was observed in
2% of patients in the tofacitinib group. Thus, tofacitinib is considered to be an effective and safe drug for
moderate-to-severe UC patients.
α4β7 integrin, a molecule that is expressed on circulating B and T lymphocytes, interacts with the ligand
of the mucosal addressin-cell adhesion molecule

13236

October 7, 2014|Volume 20|Issue 37|

Seo GS et al . Biological therapy for UC

(MAdCAM-1)[33,34]. The bound lymphocyte migrates
to the lamina propria and tissues, and then induces the
inflammatory cascade [35]. Vedolizumab - a humanized
monoclonal antibody that inhibits the binding of α4β7
integrin complex and MAdCAM-1-selectively blocks gut
lymphocyte trafficking[36,37], and thus demonstrates therapeutic effects in IBD patients[38,39]. Consequently, unlike
natalizumab which is a α4β7 and α4β1 integrin antagonist, vedolizumab does not affect the cerebrospinal fluid
T-lymphocyte immunophenotype and therefore, it does
not cause progressive multifocal leukoencephalopathy[40].
When vedolizumab (300 mg) was administered at week
0 and week 2 and then administered at intervals of 4
or 8 wk, a marked response in the clinical response and
remission rates was noted after week 6 (P < 0.001, P =
0.001, respectively, Table 2)[41]. A noticeable change in the
clinical remission rate at week 52 was observed, regardless of whether the medication was administered at 4or 8-wk intervals (all P < 0.001).
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CONCLUSION
Biological agents have been used for UC treatment for
10 years, and various types of biological agents have
been developed and used worldwide, with the most
common being anti-TNF-α agents. This increase in the
development of biological agents provides further immunologic information in addition to offering a wide
range of drugs for use. Thus, biological agents may
serve as another appropriate option for clinicians in
the treatment of UC patients who may not be effectively treated with conventional drugs. Since an accurate
understanding of biological agents can be achieved
through clinical trials, performed as part of large-scale
randomized controlled studies, we have reviewed them
in detail. In the future, we believe that biological agents
with superior therapeutic effects and fewer side effects,
compared to those used currently, will be developed,
thus bridging the therapeutic gap present in the treatment of UC patients.
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Abstract
rd

Colorectal cancer (CRC) is the 3 most common cancer
in the United States with more than 10000 new cases
diagnosed annually. Approximately 20% of patients
with CRC will have distant metastasis at time of diagnosis, making them poor candidates for primary surgical
resection. Similarly, 8%-25% of patients with CRC will
present with bowel obstruction and will require palliative therapy. Emergent surgical decompression has
a high mortality and morbidity, and often leads to a
colostomy which impairs the patient’s quality of life. In
the last decade, there has been an increasing use of
colonic stents for palliative therapy to relieve malignant
colonic obstruction. Colonic stents have been shown
to be effective and safe to treat obstruction from CRC,
and are now the therapy of choice in this scenario. In
the setting of an acute bowel obstruction in patients
with potentially resectable colon cancer, stents may be
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used to delay surgery and thus allow for decompression, adequate bowel preparation, and optimization of
the patient’s condition for curative surgical intervention.
An overall complication rate (major and minor) of up
to 25% has been associated with the procedure. Long
term failure of stents may result from stent migration
and tumor ingrowth. In the majority of cases, repeat
stenting or surgical intervention can successfully overcome these adverse effects.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Colonic obstruction; Self
expanding metal stents; Intestinal obstruction/etiology;
Intestinal obstruction/mortality; Intestinal obstruction/
surgery; Survival rate
Core tip: Colonic stents are of benefit both as a bridge
to surgery and as definitive therapy for colorectal obstruction in a large group of patients. Careful patient selection is required. Patients should be carefully managed
in conjunction with the oncologist and surgeon. Endoscopists should also be vigilant for acute and delayed
complications associated with colonic stent deployment.
Kaplan J, Strongin A, Adler DG, Siddiqui AA. Enteral stents for
the management of ma lignant colorectal obstruction. World J
Gastroenterol 2014; 20(37): 13239-13245 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i37/13239.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i37.13239

INTRODUCTION
A common complication of colorectal neoplasms is
malignant large bowel obstruction. In the past, this complication was primarily managed with surgical resection;
however, over the past 20 years endoscopic stenting has
become an alternative, non-surgical approach. The first
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Table 1 Commercially available self-expandable metal stent for malignant colonic obstruction
Manufacturer model
WallFlex1
(Boston Scientific)
Ultraflex Precision1
(Boston Scientific)
Wallstent endoprosthesis1
(Boston Scientific)
D-Enteral Colonic Stent
(Taewoong Medical)
Comvi Colonic Stent
(Taewoong Medical)
S-Enteral Colonic Stent
(Taewoong Medical)
Evolution Colonic Stent
(Cook Endoscopy)
Colonic Z-Stent1
(Cook Endoscopy)
Hanarostent
(M.I.Tech)
Enterella
(ELLA-CS)
Bonastent
(EndoChoice)
Aixstent
(Leufen Medical)
Micro-Tech
(MICRO-TECH Europe)

Delivery system

Diameter (mm)

Flares/flanges

Length (mm)

Covered/uncovered

TTS

22/27

Present

60, 90, 120

Uncovered

OTW

25/30

Present

57, 87, 117

Uncovered

TTS

20, 22; no flare

Absent

60, 90

Uncovered

TTS/OTW

18, 20, 22, 24, 26

Absent

60, 80, 100, 120, 140, 150

Uncovered

TTS/OTW

18, 20, 22, 24, 26, 28

Absent

60, 80, 100, 120

Partially Covered

TTS/OTW

18, 20, 22, 24, 26, 28

Present

60, 80, 100, 120, 140, 150, 230

Fully and Partially Covered

TTS

25

Present

60, 80, 100

Uncovered

TTS

25

Present

40, 60, 80, 100, 120

Uncovered

TTS/OTW

20, 22, 24

Present

Uncovered, Fully Covered

OTW

22, 25, 30

Absent

TTS

22, 24, 26

Absent

60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180
75, 82, 88, 90, 112, 113, 123,
135, 136
60, 80, 100

Uncovered, Partially Covered

TTS/OTW

25, 30

Present

80, 100

Uncovered, Partially Covered

TTS/OTW

20, 25, 30

Present

60, 80, 100, 120

Uncovered, Partially Covered,
Fully Covered

Uncovered, Covered

1

Colonic stents availabe in the United States. TTS: Through-the-scope; OTW: Over-the wire.

studies demonstrating successful stenting of the colon to
relieve malignancy-related obstruction were done in the
early 1990s[1,2]. Since that time, the use of self-expanding
metal stents (SEMS) has been implemented more frequently both as a bridge to surgical resection, as well as
for palliation in advanced colorectal cancer and in patients who are poor surgical candidates. This review will
discuss the types of stents currently available on the market, techniques for placement, indications, and adverse
effects of colonic stenting in colorectal cancer.

TYPES OF SEMS
Currently, there are over a dozen different types of colonic SEMS available commercially worldwide (Table 1).
These stents can be covered, partially covered, or uncovered and range from 20-30 mm in diameter with lengths
of 6-18 cm. In the United States, only uncovered stents
are approved for use in the large bowel, primarily because
they have been shown to have a lower rate of migration
when compared to covered stents. Studies have shown a
migration rate among patients who received uncovered
stent was 0%-2% as compared to 20%-40% among those
with covered stents[1-4]. Uncovered stents may have a
lower risk of other complications, such as stent fracture,
failure of expansion, and loss of stent function[4,5]. Additionally, using uncovered stents improves the success rate
of post-stent colonoscopies, which can be performed to
evaluate for synchronous tumors following the diagnosis of colorectal cancer[6]. Finally, uncovered stents may
be technically easier to deploy into more distal areas of
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obstruction, because they tend to use a smaller delivery
systems and are less rigid.
The one major disadvantage of uncovered stents is
the higher frequency of tumor ingrowth, which can precipitate stent occlusion[1,2,4]. Recent research has focused
on developing colonic stents that would maintain their
position, but also have the ability to prevent significant
tumor in-growth. Moon et al[7] looked at outcomes of
using a novel double-layered combination covered stent,
with an internal membrane to prevent tumor in-growth
and an external uncovered wire that should embed itself
into the surrounding tumor. However, this stent, still
showed an increased rate of migration when compared
to uncovered stent, although not as high as documented
in prior studies. Therefore, further innovation is necessary to design a stent that is a combination of covered
and uncovered components to optimize its efficacy.

INDICATIONS FOR SEMS PLACEMENT
The high frequency with which colorectal cancer presents
with malignant obstruction has created a growing use for
self-expanding metal stents as palliation for malignant
colonic obstruction as well as a bridge to surgery. Palliative stents offer the advantage of sparing patients surgical
intervention which frequently results in colostomy. In
patients for whom emergent surgical resection is planned,
SEMS have been utilized as an efficacious method of
delaying surgery and therefore reducing operative risk.
Endoscopic stenting allows bowel decompression and
sparing the patient emergent surgical decompression
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which carries a mortality rate as high as 30%[8]. The low
rate of morbidity and mortality associated with endoscopic colonic decompression when compared to surgery
is therefore an attractive option.
Following the initial determination of the location
and nature of the obstruction, a colonoscopy should
be performed. Visualization of the site of obstruction
provides the opportunity for a tissue biopsy as well as
assessment of the potential for stent placement. Other
considerations include the length of the stricture as well
as the presence of an extrinsic versus intrinsic mass.
If the colonoscope is easily passed through the site of
obstruction, there is an increased risk for stent migration[9]. Stent placement is contraindicated in patients with
perforation, intra-abdominal abscess, intestinal ischemia,
or uncorrectable coagulopathy[10]. Placement of stents
within 3-4 cm of the anal sphincter is not contraindicated
but may be associated with increased incontinence and
pain after placement, although in some patients a low lying stent in the rectum is their only clinical alternative to
colostomy[11].
Palliative stents in patients with unresectable colorectal
obstruction
Multiple comorbidities and metastatic disease are frequent contra-indications for surgical intervention to
relieve malignant small bowel obstruction. In such situations, colonic stenting has been shown to be a safe
and effective alternative approach for palliation[12]. In a
retrospective, five-center study, Manes et al[13] looked at
201 patients with malignant large bowel obstruction who
underwent palliative stenting and documented a 91.5%
technical success rate and an 89.7% clinical success rate,
defined as colonic decompression after 72 h. Another
prospective study found a technical success rate of 95%
and clinical success rate of 81%, which was defined as
continued stent patency 6 mo after initial placement[14].
Although outcomes with SEMS appear to be quite
good, there are few studies that directly compare colonic
stenting with surgical resection. The data that is available
indicates that utilizing SEMS confers certain benefits
over surgical intervention, although the data pertaining
to long term morbidity and mortality remains equivocal.
Law et al[15] found that patients who underwent palliative
colonic stenting had fewer admissions to the ICU and a
lower likelihood of ultimately requiring resection with
stoma creation as compared to the group that underwent
surgery initially. Several other studies also showed statistically significant reduction in length of hospitalization,
fewer short term complications, and decreased frequency
of the need for stoma formation[15-17]. However, none of
these studies showed any difference in overall survival
between the two groups.
Colonic stents as a bridge to surgery
In the setting of an acute bowel obstruction in patients
with potentially resectable colon cancer, stents may be
used to delay surgery and thus allow for decompression,
adequate bowel preparation, and optimization of the
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patient’s condition for curative surgical intervention. Systematic reviews of stent placement as bridge to surgery
have shown a technical success rate of 85%-92%[18]. Watt
et al[19] performed a meta-analysis that included 88 studies and 1785 patients with 1845 stents placed. A total of
782 (43%) had stent placement as a bridge to surgery.
Technical success and clinical success were reported to
be 96.2% and 92% respectively. Data also suggested that
placing colonic stents as a bridge to surgery increased the
likelihood that the resection and re-anastomosis could
be done as a one-stage procedure without the need for
stoma formation when compared to an emergent operation. These studies documented that the one-step surgery
was successful in 65%-73% of patients[20,21].
Few studies have compared colonic stenting as a
bridge to surgery with emergent surgical decompression.
Ng et al[21] performed a case-matched study of 20 patients
who underwent SEMS as a bridge to surgery compared
to 40 patients who had emergent surgical decompression.
Patients in the stent group had statistically higher rates of
primary anastomosis and shorter hospital and ICU stays.
No difference was seen in mortality rates between the
two groups.
In patients undergoing stent placement as a bridge to
surgery in which it is later determined that surgery will
not take place, the colonic stent may stay in place as a palliative measure. The benefits afforded by delaying surgery
must be weighed against potential complications of stent
placement which include such risks as perforation, bleeding, and stent migration. A study by Pirlet et al[22] comparing the stenting to surgery was stopped prematurely due
to high rates of perforations in the stent group. A further
source of uncertainty is whether stenting confers a survival benefit and decreased rate of stoma placement at 30
d. Further randomized control studies will be needed to
determine the comparative clinical success of emergent
surgery versus stenting as a bridge to surgery.
Techniques for stent placement
Colonic stent placement is a safe technique for the relief
of large bowel obstruction secondary to malignancy.
Recent studies have shown technical success rates that
were close to 100% and clinical success rates, determined
by the effective and persistent relief of the obstruction,
of 85%-91%[23-25]. However, the complexity of the procedure can be significantly increased if the colon cannot
be prepped before the intervention, if the obstruction is
complete, and if the culprit lesion is located within a flexure or area of angulation. Additionally, the complexity
of colonic stenting frequently requires the use of ERCP
equipment and studies have shown that advanced endoscopists with pancreatico-biliary experience tend to have
fewer complications and better outcomes [26]. Colonic
stent placement can be performed by endoscopic guidance either using through-the-scope (TTS) or over-the
wire (OTW) delivery systems. The former is ideal when
using smaller diameter stents and for proximal lesions
that cannot be accessed without an endoscope. The latter
allows the delivery of larger stents and is most applicable
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Figure 1 Through-the-scope approach has been shown to be safe and effective both in right-sided and left-sided colonic lesions. A: The patient presented
with an obstructing colon cancer who was evaluated for an endoscopic colonic stent; B: The endoscope was passed to the site of the obstructive tumor and a 0.035
inch teflonated guide wire was passed across the stricture under endoscopic and fluoroscopic guidance; C: A catheter was subsequently passed over the guidewire;
D: A colonic self-expanding metal stent (SEMS) was used to decompress the colon. The stent was placed so as to extend at least 2 cm on each end beyond the tumor
margin. After the stent was deployed, the position was assessed by endoscopic and fluoroscopic visualization.

in cases of rectosigmoid obstruction.
The TTS approach has been shown to be safe and effective both in right-sided and left-sided colonic lesions
(Figure 1)[27,28]. Almost all colonic stent deployed today
use the TTS approach. Initially, an attempt should be
made to pass the endoscope through the obstructing lesion, as this can facilitate the positioning of the guidewire
and determination of the stricture length. The SEMS
delivery system can then be passed over the guidewire
and the stent deployed under direct endoscopic visualization. If the endoscope cannot be advanced beyond
the obstruction, a hydrophilic biliary guidewire can be
advanced through a biliary catheter to cannulate the lesion. Once fluoroscopy confirms that the guidewire
has passed through the entirety of the obstruction and
emerged on the proximal side, the stent is deployed[28].
The biliary catheters can also be used to aid in measurement of stricture length. One approach is to inflate the
catheter balloon and position it at the distal end of the
stricture. Subsequently, contrast is injected through the
catheter and fluoroscopy is used to visualize the length
of the stricture. Alternatively, the biliary catheter can be
advanced all the way through the lesion and the balloon
inflated. The catheter is then pulled back until resistance
is met, indicating that it is now abutting the proximal end
of the lesion. The endoscopist marked this point on the
catheter by grasping it at the biopsy port exit point with
his fingers. Then, the balloon is deflated and the catheter
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continues to be withdrawn until the balloon is visualized
emerging at the distal end of the lesion. The distance
between this point and the point marked by the endoscopist’s fingers represents the length of the stricture[28].
Once the length of the stricture is determined, an appropriate SEMS needs to be selected. The ideal stent needs
to extend at least 1-2 cm beyond the edge of the lesion
on both proximal and distal ends to ensure that it will
properly deploy and stay in place. When positioning the
stent, the endoscopist needs to take into account shortening that occurs during deployment, as well as the rebound
effect that occurs when the sheath is removed from the
stent. After deployment, proper positioning is confirmed
radiographically by an “hourglass” shape of the stent,
with the ends beyond the obstruction fully expanded and
the middle cinched by pressure from the lesion. Contrast
can also be injected through the stent to confirm patency.
If the target lesion is in a difficult to reach location,
such as a flexure or within an angulation of the colon,
the endoscope may not be able to be positioned in a way
that would allow successful passage of the guidewire. In
such a situation a biliary sphincterotome can aid in the
cannulation of the obstructing lesion[29-31]. The guidewire
is loaded through the sphincterotome, which can then be
rotated and bent in different directions until it positions
the guidewire at an angle that would allow it to effectively
traverse the extent of the obstructing lesion.
If the colonic obstruction is located in the descend-
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ing colon, the non through-the-scope (OTW) approach
can be used. This approach can be executed either under
endoscopic guidance or with the aid of fluoroscopy. If
the former method is used, rather than passing the SEMS
through the working channel of the endoscope, the stent
delivery system is advanced over a stiff guidewire, while the
endoscope is passed next to it. This allows for direct visualization in order to make sure that the stent is properly deployed in the correct location. When this technique is employed, a colonoscope, which has a smaller diameter and is
more flexible as compared to an upper endoscope, should
be used. If the endoscopist chooses to use fluoroscopy, he
or she first needs to mark the distal and proximal ends of
the strictures with something that would be radiographically visible. Once this is done, the SEMS delivery system can
be advanced over the guidewire to the site predetermined
by the markers and deployed under fluoroscopic guidance.
Complications of SEMS
While self-expanding metal stents have been successfully
used as a bridge to surgery in malignant obstruction of
the colon as well as palliation, an overall complication
rate (major and minor) of up to 25% has been associated
with the procedure[18].
Vemulapalli et al[17] found more late-term complications in the stent group as compared to the surgical
group, although this difference did not reach statistical
significance. This finding was supported by data from
several other studies that found that the late term complications in patients who received palliative SEMS was
24%-51%[17,26,32,33]. Factors that increased the risk of complications included operator experience, stent type, type
of stricture, and tumor location as well as patient-related
factors which include concommitant use of chemotherapy (specifically Avastin) and radiation. Complications may
be grouped into minor and major categories
Minor complications of self-expanding metal stent
placement
Bleeding, tenesmus, and pain are commonly reported following stent placement. Pain categorized as severe is seen
in 5% of patients following stent placement. Pain and
alterations in bowel habits is most often seen when stents
are placed within 5 cm of the anal verge. Similarly, lateonset of tenesmus, pain, incontinence, and foreign body
sensation may be seen with stent migration into the anorectal area[11,34]. However, Song et al[11] demonstrated that
these symptoms typically resolve within 1 week or were
responsive to analgesia.
Clinically mild bleeding is the most commonly-seen
complication following SEMS placement with a reported
incidence of 8%-12%. Bleeding can be attributed to friable mucosa associated with intrinsic masses as well as
ulcerations and erosion and almost always resolves with
conservative management[29]. Later bleeding can usually be
attributed to ulcerations/erosions in the colonic mucosa.
Major complications
Stent migration: The incidence of covered stent migra-
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tion significantly exceeds that of uncovered stents (50% vs
36%). Park et al[4] demonstrated that the lower rate of uncovered stent migration can be attributed to an increased
rate of tumor ingrowth/infiltration. While frequently an
adverse incidence, stent migration may herald improvement in a colonic stricture secondary to a response to
therapy. Endoscopic removal of a covered stent may be
performed in cases in which stent migration to the anorectal area results in pain or irritation. In the case of uncovered stent migration, argon plasma coagulation combined with rat-tooth forceps has been used[35]. Avoidance
of stent migration is frequently achieved by placing the
stent in the center of the stricture (or slightly above) and
ensuring that it projects 2 to 4 cm proximally and distally
into normal colon[18].
Perforation: The most serious complication of colonic
SEMS placement is perforation, which has a reported
mortality rate of 0.8% per stented patient[30]. Higher rates
of complications have been reported in certain types of
patients including those undergoing chemotherapy[36-38].
Faragher et al[16] reported an increased complication rate
of 34.8% in patients receiving bevacizumab following
stenting as compared to a 22.8% in untreated patients.
This association may have also contributed to the high
perforation rate in the stented group that lead to the premature termination of the only randomized controlled
trial that attempted to compare outcomes between surgical intervention and SEMS in stage IV colon cancer patients on chemotherapy[35]. Chemotherapeutic agents, in
particular bevacizumab, have been linked to an increased
risk of colonic perforation[35].
Tumor overgrowth and ingrowth
Delayed stent obstruction due to tumor ingrowth or
overgrowth is the most common complication following stent placement, with a reported incidence of up
to 10%[10,37]. As the described above, the rate of tumor
ingrowth is reduced with the use of covered stents. However, these SEMS have not been approved for use in the
United States due to a higher risk of stent migration.
Management options for stent re-obstruction include
ablation, argon plasma coagulation, surgery and stenting.
Repeat stenting with a stent-within-stent approach is the
most common treatment approach and is almost always
successful[39-42]. Far less common is stent failure secondary to stent collapse or stent fracture. van Hooft et al[38]
demonstrated an increased incidence of stent fracture
when used to treat benign obstructions.
Operator factors: As is seen with a multitude of different medical procedures, operator experience is inversely
related to rates of complications in the placement of
SEMS[34]. Colonic stenting is frequently performed on
patients with extensive co-morbidities in acute settings.
Consequently, the insufflation of air and manipulation of
the different apparatuses will often result in higher rates
of colonic perforation, the most serious complication associated with stent placement[9,10,37,43]. Some authors have
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advocated use of carbon dioxide during colonic stenting
as a preventive measure to reduce the risk of perforation.

6

Patient-related factors
Higher rates of complication including treatment failure
have been observed in patients with extrinsic lesions[36].
Similarly, patients with longer segments of obstruction
requiring stents longer than 10 cm had shorter event-free
survival[44]. This can be attributed to the increased difficulty of placing these SEMS. Nonetheless, dilation of the
bowel prior to stent deployment is not advisable given
the risk of tumor fracture. Data regarding complication
rates related to tumor location have been conflicting with
no strong indication that SEMS placement in the right
colon is unsafe.

7

8

9

CONCLUSION
Self-expanding metal stents are increasingly being used as
palliation and as bridge to surgery in patients with malignant obstruction of the colon. With high technical and
clinical success rates, endoscopic stenting provides a viable alternative to surgery. When used for these purposes
colonic stents have the potential to decrease morbidity
and cost as well as increase patient quality of life. Further
randomized control studies will be needed to compare
the efficacy of SEMS placement to traditional surgical
approaches in the treatment of malignant obstructions.
Numerous studies have demonstrated a low incidence
of complications associated with SEMS placement. The
majority of reported adverse events are minor and selflimiting including pain and bleeding. Colonic perforation
remains the most serious complication. Long term failure
of stents may result from stent migration and tumor ingrowth. In the majority of cases, repeat stenting or surgical intervention can successfully overcome these adverse
effects.
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Abstract
Tumor invasion and metastasis is a highly complicated, multi-step phenomenon. In the complex event
of tumor progression, tumor cells interact with basement membrane and extracellular matrix components.
Proteolytic enzymes (proteinases) are involved in the
degradation of extracellular matrix, but also in cancer
invasion and metastasis. The four categories of proteinases (cysteine-, serine-, aspartic-, and metalloproteinases) are named and classified according to the
essential catalytic component in their active site. We
and others have shown that proteolytic enzymes play a
major role not only in colorectal cancer (CRC) invasion
and metastasis, but also in malignant transformation
of precancerous lesions into cancer. Tissue and serumplasma antigen concentrations of proteinases might be
of great value in identifying patients with poor prognosis in CRC. Our results, in concordance with others
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indicate the potential tumor marker impact of proteinases for the early diagnosis of CRC. In addition, proteinases may also serve as potential target molecules
for therapeutic agents.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Proteinase; Cathepsin; Plasminogen activator; Matrix metalloproteinase; Colorectal cancer; Adenoma; Invasion; Metastasis; Biomarker; Prognosis
Core tip: Tumor invasion and metastasis is a highly
complex phenomenon. Proteolytic enzymes (proteinases) are involved in the degradation of extracellular
matrix, in colorectal cancer (CRC) invasion and metastasis, as well as in the malignant transformation of
colorectal adenomas. Tissue and serum-plasma antigen
concentrations of proteinases are strong prognostic
factors in CRC and may have tumor marker impact for
early diagnosis. Proteolytic enzymes may serve as potential target molecules for CRC therapy. Their use in
combination with established chemotherapeutic strategies might have the potential to become a valuable oncological treatment modality.
Herszényi L, Barabás L, Hritz I, István G, Tulassay Z. Impact
of proteolytic enzymes in colorectal cancer development and
progression. World J Gastroenterol 2014; 20(37): 13246-13257
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i37/13246.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13246

MECHANISMS OF TUMOR
PROGRESSION
Tumor invasion and metastasis is a highly complicated,
multi-step phenomenon. The multistep metastatic process requires the actions of several genes and involves the
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Table 1
enzymes

Categories and main properties of proteolytic

Property

Cysteine
proteases

Serine
proteases

Aspartic
proteases

Metallo
proteases

Active site
Optimum pH
Location

Cysteine
7-9
Lysosomes

Aspartic acid
2-4
Lysosomes

Examples

Cathepsins

Serine
3-7
Intraextracellular
Elastase

Zinc
5-9
Intraextracellular
Collagenase

B, L, C, H

Trypsin

Cystatin

PA: uPA, tPA
Antitrypsin
Antithrombin

Cathepsins
D, E
Gelatinase
Unknown

Pepsinogen

Table 2 General roles of proteolytic enzymes in cancers
Degradation or disruption of basement membrane and extracellular
matrix
Produce components which allow the in situ cancer cells to disseminate
to distant organ
Formation of a complex microenvironment that promotes malignant
transformation
Activation of growth factors, adhesion molecules
Suppression of tumor cell apoptosis
Destruction of chemokine gradients
Modulation of antitumor immune reactions
Dual and complex role in angiogenesis

Ⅰ-Ⅱ

Inhibitors

Stromelysin
Matrilysin
TIMP

Ⅲ

PAI
PA: Plasminogen activators; uPA: Uroinase-type plasminogen activator;
tPA: Tissue-type plasminogen activator; PAI: Plasminogen activator
inhibitor; TIMP: Tissue inhibitor of metalloproteinases.

initial transforming event (i.e., oncogene activation), proliferation of transformed cells and the ability of tumor
cells to avoid destruction by immune-mechanisms. Furthermore, it comprises of nutrition supply to the tumor
mass by the release of tumor angiogenesis factors, cancer
cell local invasion and destruction of extracellular matrix
(ECM) components, epithelial mesenchymal transition
(EMT), shedding from primary tumor, intravasation, arrest, extravasation and colonization at a preferential site
resulting in the formation of a secondary tumor (distant
metastases)[1-9].
Chronic and persistent inflammation can predispose
to carcinogenesis and contribute to cancer development.
Cancer-associated inflammation includes infiltrating
leucocytes, cytokines, chemokines, growth factors and
matrix-degrading enzymes. Inflammatory conditions can
initiate oncogenic transformation and epigenetic and
genetic changes in malignant cells. In essence, two interrelated pathways connect inflammation and cancer: (1)
genetic alterations (including chromosomal amplification, activation of oncogenes and inactivation of tumorsuppressor genes) leading to neoplastic transformation;
and (2) presence of tumor-infiltrating leukocytes that are
prime regulators of cancer-related inflammation. The
integration of these two pathways activates transcription
factors and finally creates a tumor-associated inflammatory milieu[10-19].

BASEMENT MEMBRANE,
EXTRACELLULAR MATRIX AND CANCER
CELLS
All normal or pre-invasive tumor epithelia are physically
segregated from vascular structures within the stroma by
the basement membrane (BM). The BM consists of laminins, type Ⅳ collagen and surrounding epithelial cells.
The tumor stroma is comprised of ECM, non-malignant
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cells, and the signalling molecules they produce. During
tumor invasion and metastasis, tumor cells are interacting
with the BM and the ECM. The disruption of the BM
and the ECM is an essential pre-requisite for cancer cell
invasion and metastasis. Interaction of tumor cells with
the BM and ECM comprises of three steps: attachment,
matrix dissolution and migration. The first step is tumor
cell attachment to the matrix. The attachment is mediated
by tumor cell surface receptors, when tumor cells bind to
BM surface. This process involves specific glycoproteins
such as fibronectin, type Ⅳ collagen and laminin. In the
second step tumor cells directly secrete degradative enzymes or induce the host to produce proteolytic enzymes
to degrade ECM. The matrix lysis takes place in a highly
localized region close to the tumor cell surface. During the third step (migration), cancer cells are propelled
across the BM and stroma through the zone of matrix
proteolysis. Invasion of ECM is accomplished by reverberation of these three steps[3,6,9,20-27].

GENERAL ROLES OF PROTEOLYTIC
ENZYMES IN CANCERS
The four categories of proteinases (cysteine-, serine-, aspartic-, and metalloproteinases) are named and classified
according to the essential catalytic component (usually
an amino acid) in their active site[3,28]. Table 1 summarises the four categories and some general properties of
each group. Proteolytic enzymes play a major role in the
breakdown and reconstitution of ECM in a variety of
physiological and pathological processes, such as protein
turnover, tissue remodeling, wound repair, angiogenesis,
destructive diseases, inflammatory disorders as well as
tumor invasion and metastasis (Table 2). Tumor cells
have been shown to produce and release several proteolytic enzymes, which are thought to be involved in tumor
invasion and metastasis. Proteolytic enzymes are also frequently produced by surrounding stromal cells, including
fibroblasts and inflammatory cells. It has been proposed
that these proteolytic enzymes cause degradation or disruption of BM and ECM components allowing the in situ
cancer cells to migrate into the adjacent stroma or to disseminate to distant organ. It is commonly accepted that
progression from in situ to invasive or metastatic cancer
is caused by proteolytic enzymes (proteinases) produced
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by tumor cells that increase linearly in concentration with
tumor progression[3,6,9,29-31].
The impact of proteolytic enzymes in tumor progression is much more complex than that derived from their
direct degradative action on BM and ECM components.
Now they are known to have functions that extend far
outside matrix remodeling. Proteolytic processing of
bioactive molecules by proteinases contributes to the
formation of a complex microenvironment that promotes malignant transformation. Proteolytic enzymes can
contribute to tumor growth either directly or indirectly
via growth factors such as transforming growth factor-β
(TGF- β ), basic fibroblast growth factor (bFGF) or,
insulin-like growth factor (IGF). Proteinases also act on
other non-matrix substrates (e.g., chemokines, adhesion
molecules, apoptotic mediators, angiogenic factors) that
yield the critical cellular responses that are essential for
tumor growth and progression. Proteolytic enzymes are
also associated with a variety of escape mechanisms that
tumor cells develop to avoid immune response including
chemokine cleavage and regulation of chemokine mobilization. Tumor cells produce chemokines, cytokines,
and the extracellular matrix metalloprotease inducer
(EMMPRIN), which in turn activates tumor-cell invasion.
During angiogenesis, proteolytic enzymes can have both
a pro-angiogenic impact, by releasing matrix-bound proangiogenic factors such as TGF-β, bFGF, triggering the
angiogenic switch during carcinogenesis and facilitating
vascular remodeling and neovascularization at distant
sites during metastasis, and also may have anti-angiogenic
role, by cleaving the ECM components into anti-angiogenic factors[32-36].
Cysteine and serine proteinases
It has been observed that cysteine proteinases [cathepsin B (CATB) and cathepsin L (CATL)], play a crucial
role in the destruction of various elements of the cellsurrounding ECM. The serine proteinase urokinase-type
plasminogen inhibitor (uPA) is also involved in many
protein degrading processes. uPA seems to promote
invasion through a plasmin mediated degradation of
ECM proteins. Active uPA catalyzes the conversion from
plasminogen to plasmin, which is a potent activator of
several metalloproteinase proenzymes, such as prostromelysin, procollagenase, and progelatinase B. Beyond
its direct proteolytic capacity, CATB has also been shown
to activate the prourokinase-type plasminogen activator
(pro-uPA). The tissue-type plasminogen activator (TPA)
is a key enzyme in the fibrinolytic cascade. Plasminogen
activators (PA) are controlled by plasminogen activator
inhibitors, which are members of the serine proteinase
inhibitors (serpin) family. The PA inhibitor type-1 (PAI-1)
under normal physiologic conditions inhibits both uPA
and TPA. The exact role of PAI-1 in tumor biology
is complex: PAI-1 may represent a specific protein of
transformed malignant tissue; may protect cancer tissue
against the proteolytic degradation triggered by the tumor on surrounding normal tissue; and finally, PAI-1 has
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a role in angiogenesis playing a part in tumor spread[37-45].
Cathepsins and components of the plasminogen
activator and inhibitor system have been demonstrated
in various malignant tissues, e.g., breast cancer[46-48], lung
cancer[49,50], head and neck cancer[51], ovarian cancer[52] or
gastric cancer[53-56] and might therefore be useful as a diagnostic tool.
With respect to the gastrointestinal (GI) tract, we have
previously shown that cysteine and serine proteinases are
widely distributed in GI tissues, being implicated in processes of GI tissue remodelling, angiogenesis, wound healing, inflammation, may have a role not only in the process
of esophageal or gastric cancer invasion, but also in the
progression of GI precancerous lesions into cancer[57-61].
Several studies, along with our own, have also pointed to
the prognostic value of cysteine and serine proteinases
for survival, for instance, in gastric cancer[56,58,59,62,63], pancreatic cancer[64], or hepatocellular carcinoma[65].
Matrix metalloproteinases
Matrix metalloproteinases (MMPs) family consists of
26 members of homologous zinc-dependent endopeptidases. The expression of MMPs is induced by a
variety of external stimuli such as cytokines and growth
factors, including interleukins, interferons, vascular endothelial growth factor, fibroblast growth factor (FGF),
tumor necrosis factor-alpha (TNF-α) or TNF-β, and
EMMPRIN. MMPs play an important role in the degradation of ECM components, are crucial for tumor
growth, invasion and metastasis. MMPs are synthesized
as inactive zymogens, which are then activated by either
other MMPs or by serine proteinases. Based on substrate
specificities and sequence homology, MMPs can be
classified as gelatinases, collagenases, stromelysins and
matrilysins. MMPs are responsible for cleaving all of the
major ECM proteins[66-74].
We and others have shown that MMPs, particularly
type Ⅳ collagenase MMP-9 (gelatinase B), are essential
in the process of tumor invasion and metastasis, as well
as in the remodeling and inflammatory processes in
IBD[75-82].
MMPs have also been considered as potential diagnostic and prognostic biomarkers in many types and
stages of GI cancer[83-85].
Tissue inhibitors of matrix metalloproteinases
MMPs activity is specifically inhibited by natural inhibitors, called tissue inhibitors of metalloproteinases
(TIMPs). Currently, four different TIMPs have been
characterized in humans (TIMP-1, -2, -3 and -4). The balanced interaction of MMPs with TIMPs regulates ECM
homeostasis. The imbalance between MMPs and TIMPs
is an essential step in the development of malignancies.
TIMPs might display a dual influence on tumor progression: either beneficial by inhibiting MMPs and impairing
angiogenesis or harmful by facilitating cancer cell generation, tumor growth and metastasis. The sensitive balance
between MMPs and TIMPs is essential for many physi-
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the process of tumor invasion and metastasis. We have
also shown that CATL, uPA and PAI-1 have a major
prognostic impact in patients with CRC[107].

Table 3 Clinical significance of proteolytic enzymes in
colorectal cancer
Role in colorectal tumor biology, in the process of tumor invasion and
metastasis
Role in malignant transformation of colorectal precancerous conditions
and lesions
Potential diagnostic tool
New and independent prognostic factors
Potential tumor marker impact for early diagnosis
Potential target molecules for therapeutic agents

ological processes in the gut[6,86-91].
We have recently demonstrated that not only MMPs
but also TIMPs may contribute to the inflammatory and
remodeling processes in IBD and serum TIMP-1 might
be useful as additional biomarker in the assessment of
IBD activity[82].

impact of proteolytic enzymes in
colorectal cancer
colorectal cancer (CRC) is the third most common malignant neoplasm worldwide. CRC is the second most
common newly diagnosed cancer and the second most
common cause of cancer death in the European Union
(EU). Despite the advances in screening, diagnosis, and
treatment, the overall long-term outcome of curatively
resected patients has not significantly changed in the last
decades, the five-year survival rate being approximately
60%. More than a half of CRCs are still diagnosed only
when the disease involves regional or distant organs, and
these patients are candidates for systemic chemotherapy.
The prognosis of CRC is determined primarily by TNM
staging and pathomorphological parameters. Furthermore, therapeutic strategies for chemotherapy are based
on traditional prognostic systems. For risk stratification, it
would be useful for clinicians to have new and more efficient preoperative tumor markers and prognostic indicators available, for instance to better identify patients who
need adjuvant or neoadjuvant treatment[92-97].
We review hereinafter the prognostic value and potential tumor marker impact of a number of proteolytic
enzymes. We also discuss proteinases as potential target
molecules for therapeutic agents Table 3 summarises the
clinical significance of proteolytic enzymes in CRC.
Tissue expression of cysteine and serine proteinases in
CRC
Cathepsins or components of the plasminogen activator
and inhibitor system have been demonstrated in colorectal cancer tissue and might therefore be useful as diagnostic tools[98-100]. Some of the studies also showed that
cathepsins or some of PAs also have a prognostic significance for patients with CRC[98-106]. In a former study
we have demonstrated the simultaneous up-regulation of
both cysteine and serine proteinases in CRC confirming
their role in colorectal tumor biology and particularly in
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Serum and plasma concentrations of cysteine and serine proteinases in CRC
Given the lack in the literature of a comparison of the
behavior of cysteine proteinase CATB and serine proteinase uPA in the same experimental setting in different
GI tumors, in a previous study we have surveyed the possible clinical impact of serum CATB and plasma UPA
antigen in CRC, gastric cancer, hepatocellular carcinoma,
pancreatic cancer, and colorectal adenomas[61]. We have
demonstrated that preoperative serum CATB and plasma
uPA antigen concentrations were significantly higher
in GI tract cancers overall than those found in control
non-cancer patients, thus confirming the relevance of
cysteine and serine protease-dependent mechanisms in
GI cancers. We have also further confirmed that serum
CATB and uPA plasma levels were elevated in patients
with CRC[108-111]. In addition, we have shown that serum
CATB and plasma uPA did show a significant increase
in advanced CRC stage. We have also demonstrated for
the first time that antigen levels of CATB and uPA were
significantly higher in blood samples of patients with
colorectal adenomas as compared to controls. Furthermore, we have found significantly higher CATB and uPA
antigen levels in patients with tubulovillous adenomas
with high-grade dysplasia (HGD) compared to those
with tubular adenomas with low-grade dysplasia (LGD).
Thus taken together, the data from blood samples with
previous results obtained in colorectal tissues confirm
that a concomitant activation of serine (CATB) and uPA
may be involved in the progression from premalignant
colorectal adenomas into CRC[112,113].
Some other studies have also suggested the potential
impact of cysteine or serine proteases as tumor markers in CRC[108-111]. Given the lack in the literature for a
comparison of the tumor marker utility and possible
prognostic relevance of cathepsins (CATB, CATL) and
the uPA/PAI-1 system in the same experimental setting,
we have surveyed the behavior of CATB, CATL, uPA,
PAI-1 in CRC and compared it with the commonly used
gastrointestinal tumor markers CEA and CA 19-9, and
then evaluated any correlation between these parameters
and the clinico-pathological staging of CRC[114]. In this
study, we have demonstrated the potential tumor marker
utility and prognostic relevance of cysteine and serine
proteinases for patients with CRC. We have also shown
the concomitant activation of these systems in CRC. At
the time of clinical presentation, proteinases were more
sensitive indicators of diagnosis than the most commonly used markers CEA and CA 19-9. When proteinases, CEA and CA 19-9 were used as single markers, we
found that their sensitivity was more indicative of CRC
than CEA or CA 19-9. The simultaneous determination of several markers led to a higher sensitivity in our
group of CRC patients: PAI-1 combined with CATB or
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uPA was superior compared to the combinations of all
other markers. In addition, the sensitivity of CEA or CA
19-9 in combination with a proteinase antigen level was
more indicative for CRC than CEA or CA 19-9 alone.
In this study increased serum or plasma proteinase concentrations significantly correlated with advanced tumor
stage. In a univariate survival analysis high serum CATB,
CATL and plasma PAI-1 antigen levels identified patients
with shorter survival and those who were at higher risk
of death. In addition, PAI-1 and CATB were proved as
independent predictor variables in a multivariate statistical analysis. We also confirmed that cysteine and serine
proteinases were significantly higher in blood samples of
patients with colorectal adenomas compared to controls,
suggesting that these proteinases may be involved in the
malignant transformation of colorectal adenomas[114].
Tissue MMPs and TIMPs in CRC
The behavior of MMPs and TIMPs in CRC has recently
been extensively reviewed by our own group[115]. Several
studies have shown that the expression of several MMPs
and TIMPs are enhanced in CRC. In an immunohistochemical study we have demonstrated that tissue expression of one particular MMP, MMP-9 was significantly
higher in moderately (G2) and poorly (G3) differentiated
tumors than in well differentiated (G1) cancers, as well
as in advanced Dukes stages compared with Dukes stage
A[116]. Some recent studies have confirmed that tissue
MMP-9 can be considered as an independent prognostic
marker in CRC[117-120]. In addition, it has been demonstrated that not only MMP-9, but also tissue expressions of
other MMPs and TIMPs have strong prognostic impact
in CRC[121-126].
MMPs and TIMPs also play a role in malignant transformation from colorectal adenomas to CRC. Our group
in concordance with others has shown that tissue expression of MMP-9, MMP-2, TIMP-1 and TIMP-2 were
significantly higher in advanced versus non-advanced
adenomas, suggesting that MMPs and TIMPs might be
markers for early colorectal carcinogenesis. The ability of MMPs and TIMPs to distinguish adenomas with
HGD from adenomas without HGD may be of clinical
value in predicting additional cancer risk for an individual patient[116,127-130].
Serum and plasma MMPs and TIMPs in CRC
The diagnostic, prognostic and tumor marker impact of
serum-plasma MMPs and TIMPs in CRC has been extensively studied. We have demonstrated that serum antigen
concentrations of MMP-2, MMP-7, MMP-9 as well as
TIMP-1 and TIMP-2 were significantly higher in patients
with CRC than in healthy controls. All examined parameters were significantly higher in patients with CRC than
in patients with adenomas. Higher antigen concentrations
of MMPs and TIMPs significantly correlated with preoperative tumor stage. The data from blood samples confirmed previous results of tissue expressions concluding
that MMPs and their inhibitors TIMP-1 and TIMP-2 play
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an important role not only in CRC invasion and metastasis, but they are also activated in premalignant colorectal
adenomas[82].
Several recent studies confirmed that high preoperative serum or plasma MMP-2, MMP-9 and mainly
TIMP-1 antigen levels are strong predictive factors for
poor prognosis in patients with CRC[131-137].
The potential tumor marker role of MMPs and
TIMPs has also been extensively studied. It has been
demonstrated that MMP-9 and TIMP-1 have significant
potential as biomarkers in CRC. Diagnostic sensitivity
of MMP-9 and TIMP-1 was consistently higher as compared with the conventional biomarkers (CEA or CA
19-9)[131,138-140].
It has also been proposed that TIMPs can predict individual response to chemotherapy and could be considered as an additional tool for monitoring chemotherapy
in CRC[141-144].
One of the greatest challenges in CRC management
is to predict the outcome of each patient so that we
can determine who will really benefit from intensified
adjuvant therapy. The classical TNM staging system relied heavily on the exact extent of cancer at the time of
diagnosis and is greatly predictive in stage Ⅰ and stage
Ⅳ tumors. However, it is less informative for patients
including stage Ⅱ and stage Ⅲ CRC. After curative surgery, stage Ⅲ CRC patients experience 50% chance of
developing recurrence. It is well documented that the
overall survival rate of stage Ⅲ CRC could clearly benefit from adjuvant chemotherapy. In contrast, the role of
adjuvant chemotherapy for stage Ⅱ CRC is still controversial, despite the 20% recurrence in this group. We and
others have suggested that proteolytic enzymes could
constitute useful independent markers in addition to the
TNM staging system for the intermediate groups including stage Ⅱ and stage Ⅲ CRC. Proteolytic enzymes may
help to identify patients who are more likely to have
disease relapse and high risk of death, thus those who
are potential candidates to receive aggressive adjuvant
chemotherapy[107,119,145-147].
On the other hand, taken into consideration that proteolytic enzymes may have a crucial role not only in the
invasive process of CRC, but also in the progression of
precancerous conditions and lesions into cancer, quantification of proteinases might be useful to identify patients
at higher risk for progression to cancer, who could be
subjected to a more strict follow-up protocol.

PROTEOLYTIC ENZYMES AS POTENTIAL
TARGET FOR CANCER THERAPY
The accumulated evidence strongly supports the concept
of the use of cysteine proteinases (cathepsins) and serine
proteinases (uPA-PAI system) as targets for cancer therapy. It has been suggested that cathepsin inhibition represents a potential therapeutic strategy for the treatment
of cancer. Cathepsins inhibition seems to reduce invasion
and metastasis, but there is concern that selective cathep-
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sin inhibition induces compensatory activity by other
cathepsins. The combination of cathepsin inhibition with
conventional chemotherapy seems to be more effective
and has yielded more consistent clinical results. Future
research should be focused on the exact mechanisms and
clinical effects of this combination treatment[148-151].
The multifunctionality of the uPA-uPAR-PAI-1 system in cancer spotlighted serine proteinases to become
potential targets for anticancer treatment. In addition,
uPA system is also increasingly being recognized as a
candidate target for gene therapy in cancer[152-159]. Several
strategies, including the use of ribozymes, DNAzyme,
antisense oligodeoxynucleotides, uPA inhibitors, soluble
uPAR, catalytically inactive uPA fragments, the interactions of uPAR with integrins and transmembrane receptors, synthetic peptides and synthetic hybrids are under
study, as they all interfere with the activity of uPA or
uPAR in tumor cells. Many clinical studies are ongoing
and some uPA-related compounds have reached Phase Ⅱ
clinical trials.
Several therapeutic MMP inhibitors (MMPIs) have
also been developed to target MMPs. Various natural
compounds have been identified as inhibiting MMPs.
In addition, several generations of synthetic MMPIs
were tested in phase Ⅲ clinical trials in humans, including peptidomimetics, non-peptidomimetic inhibitors or
tetracycline derivates, targeting MMPs in the extracellular space. Other strategies of MMP inhibition involve
small interfering and antisense RNA technology[160-165]. In
contrast to their promising effect in preclinical models,
most of these agents unfortunately failed in clinical trials,
thus they are yet not available for routine use. The use of
broad-spectrum MMPIs may lead to undesired clinical
consequences as a result of the wide range of MMPs that
are inhibited. In addition, toxic side effects, such as musculoskeletal syndrome, have limited drug efficiency.
The ADAMs is also a family of potential new targets
for cancer therapy. ADAMs (a disintegrin and metalloproteinase) are members of a zinc-dependent family of
matrix metalloproteinases. Preclinical findings suggest
that selective ADAM inhibitors might be novel anticancer agents. ADAMs inhibitors may be particularly useful in treating cancers that depend on HER or TNF-αmediated signalling[166-169].
One of the major challenges for the future is the development of monoclonal antibodies or inhibitors that
are specific for certain MMPs, showing no cross-reaction
with other MMPs with improved pharmacokinetic properties and selectivity. In addition, their use in combination
with established chemotherapeutic strategies might have
the potential to become valuable oncological treatment
modalities[161,170-176].

enzymes in tumor progression is much more complex
than that derived from their direct degradative action
on BM and ECM components. Proteinases may have a
crucial role not only in the invasive process of CRC, but
also in the progression of precancerous conditions and
lesions to CRC. Proteolytic enzymes could constitute effective independent prognostic markers additive to TNM
staging system in CRC. Their determination might be
useful to identify patients at higher risk for progression
to cancer, who could be subjected to a more strict endoscopic follow-up protocol.
It has recently been demonstrated in experimental
settings that a newly developed near-infrared bioactivable
probe (MMPSense) that reports the activity of a broad
array of MMP isoforms detects both polypoid and nonpolypoid early colorectal adenomas with a high specificity[177]. Future studies will focus on the use of such fluorescent probes combined with colonoscopy to identify
neoplastic lesions based on their molecular “fingerprint”
(i.e., proteinase enzymatic activity) rather than solely on
their morphologic properties. The ability to detect nonpolypoid lesions using this fluorescent probe alone or in
combination with other molecular probes may offer new
future perspectives for colorectal screening. In addition,
it might also serve as a potential strategy for the pharmacodynamic monitoring of targeted therapy. The pharmacological targeting of CRC by the development of a new
generation of effective and selective proteinase inhibitors
is another emerging area of research.
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Abstract
Gastric cancer is still the second leading cause of cancer death worldwide, accounting for about 10% of
newly diagnosed neoplasms. In the last decades, an
emerging role has been attributed to the relations between the intestinal microbiota and the onset of both
gastrointestinal and non-gastrointestinal neoplasms.
Thus, exogenous microbial administration of peculiar
bacterial strains (probiotics) has been suggested as
having a profound influence on multiple processes associated with a change in cancer risk. The internationally accepted definition of probiotics is live microorganisms that, when administered in adequate amounts,
confer a health benefit on the host. The possible effects
on the gastrointestinal tract following probiotic administration have been investigated in vitro and in animal
models, as well as in healthy volunteers and in patients
suffering from different human gastrointestinal diseases. Although several evidences are available on the use
of probiotics against the carcinogen Helicobacter pylori ,
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little is still known about the potential cross-interactions
among probiotics, the composition and quality of intestinal flora and the neoplastic transformation of gastric
mucosa. In this connection, a significant role in cell proliferation is played by polyamines (putrescine, spermidine, and spermine). These small amines are required
in both pre-neoplastic and neoplastic tissue to sustain
the cell growth and the evidences here provided suggest that probiotics may act as antineoplastic agents
in the stomach by affecting also the polyamine content
and functions. This review will summarize data on the
most widely recognized effects of probiotics against
neoplastic transformation of gastric mucosa and in particular on their ability in modulating cell proliferation,
paying attention to the polyamine metabolism.

Core tip: Studies linking probiotics and gastric neoplasms have mainly been addressed to evaluate the
potential of probiotics as alternative regimen against
Helicobacter pylori , a carcinogen tightly connected to
gastric cancer. The effects of probiotics on gastric cell
proliferation are still under investigation and interest
has also been paid on the polyamines metabolism.
Polyamines (putrescine, spermidine and spermine) are
pivotal in regulating different metabolic functions, including cell proliferation. In this review, the authors try
to summarize data on gastric cancer and the proposed
abilities by probiotics in affecting the gastric integrity
and cell proliferation, also in relation to the polyamine
metabolism.
Russo F, Linsalata M, Orlando A. Probiotics against neoplastic
transformation of gastric mucosa: Effects on cell proliferation and polyamine metabolism. World J Gastroenterol 2014;
20(37): 13258-13272 Available from: URL: http://www.wjgnet.
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INTRODUCTION
In spite of the significant reduction in its incidence and
mortality in the last four decades[1], gastric cancer (GC) remains the second leading cause of cancer death worldwide,
accounting for about 10% of newly diagnosed neoplasms[2].
In the last years, an emerging role has been attributed
to the possible connections between the gastrointestinal (GI) content and the onset of neoplasms[3]. In this
framework, modifications in the composition and quality
of intestinal flora have been considered as having a deep
impact on the host activities, not only at a local level on
the different intestinal metabolic traits, but also in a more
systemic fashion (e.g., by affecting the immune response
or cell proliferation)[4]. Thus, administration of peculiar
positive bacterial strains (probiotics) has been suggested
as having a profound influence on multiple processes associated with a change in cancer risk[5].
Many different definitions for probiotics have been
proposed over the years. A widely accepted definition for
probiotics is “mono or mixed cultures of live microorganisms which when administered in adequate amounts
confer a health benefit on the host”[6]. Among them,
lactic acid bacteria (LAB) and bifidobacteria are the most
common types of microbes used [7]. To be metabolically active, these probiotic strains must survive passage
through the GI tract, especially in the hostile gastric environment and resist to the enzymes of pancreas and bile
acids. In this way they can reach the large intestine where
they should be in sufficient amount to colonize mucosa
and stools[8]. Besides, as stated by the international guidelines[9], for a reliable therapeutic use in humans, probiotics
should be of human origin, safe for the host, and genetically stable.
The possible association between probiotics and
GI neoplasms has mainly been evaluated in relation to
colorectal cancer (CRC)[10].
In the stomach, studies linking probiotics and gastric
neoplasms have been essentially addressed to evaluate the
potential of probiotics as alternative regimen to eradicate
Helicobacter pylori (H. pylori), a recognized carcinogen tightly connected to GC onset[11]. However, little is still known
about the potential interactions between different strains
of probiotics and the neoplastic transformation of gastric mucosa. In particular, the effects of probiotics on
gastric cell proliferation are still under investigation and
interest has also been paid on the polyamines metabolism. Putrescine, spermidine, and spermine are ubiquitous
short-chain aliphatic amines involved in the regulation
of cell proliferation and differentiation[12]. Polyamines
can be considered reliable markers of proliferation since
abnormal hyper-proliferative cells, such as in neoplastic
and preneoplastic tissue, exhibit very high requirements
for these amines to sustain cell growth through elevated
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DNA, RNA, and protein synthesis[13].
In this framework, this review will summarize data on
gastric microbiota, the onset of GC and the proposed
mechanisms of probiotics in contrasting the neoplastic
transformation of the gastric mucosa. Additionally, attention will be focused on the possible influence of different
probiotic strains on the polyamine metabolism.

HUMAN GASTRIC MICROBIOTA
The adult human GI tract contains 100 trillion microbial organisms, collectively denominated microbiota[14].
This microbe population is known to be dominated by
strict anaerobes, including Bacteroides, Eubacterium, Bifidobacterium, Fusobacterium, Peptostreptococcus, and Atopobium.
Anaerobic bacteria prevail aerobic bacteria by a factor
of 100 to 1000 to 1 and include lactobacilli, enterococci,
streptococci and Enterobacteriaceae. More than 500 different bacterial species have been described in the normal
commensal microbiota, although the exact number and
the variability among individuals are still object of deep
investigations[15,16]. As reported in Figure 1, the bacterial
density progressively increases along the proximal to distal segments of the GI tract and rises up to 1011 to 1012
bacteria per gram of colonic content[17].
The stomach is the least populated region of the GI
tract (along with the esophagus and duodenum) and its
microbial density ranges from 10 to 1000 CFU/g. Physiologically, this low number of bacteria in the gastric lumen
has to be ascribed not only to low pH values, but also to
rapid peristalsis and high bile concentrations. Different
bacteria can regularly be sampled from the stomachs of
healthy adults. Commonly detected phyla include Firmicutes, Actinobacteria, Bacteroidetes, and Proteobacteria, and characteristic genera are Lactobacillus, Streptococcus,
and Propionibacterium[18].
The discovery of the spiral-shaped Gram-negative H.
pylori inverted the conventional dogma of the stomach
as a sterile organ. Actually, the stomach is populated by
different bacteria and H. pylori is able to profoundly affect gastric physiology and the properties of the gastric
mucosa as an ecological niche for other microbes[19]. As
a result, the composition of the microbial population in
the stomach may vary according to the presence or not
of H. pylori.
Andersson et al[20] investigated the mucosa-associated
microbiota of six healthy stomachs in a culture-independent study based on short 16S rRNA gene sequence
reads by 454 pyrosequencing technology. Three of the
six study subjects were not infected by H. pylori. The
composition of their stomach microbiota was different
from individual to individual, and only 33 out of the 262
phylotypes found were contemporary detected in all three
samples. The authors hypothesized that the most abundant of the phylotypes found were apparently swallowed
organisms originating from the mouth or esophagus.
However, they also identified 177 phylotypes that were
found in H. pylori-free stomachs, but not in the throat
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Figure 1 Bacterial composition and density along the proximal to distal segments of the gastrointestinal tract.

samples of other subjects participating the same study.
While the most abundant phyla in the H. pylori-free stomachs were Actinobacteria, Firmicutes, and Bacteroidetes,
the majority of the phylotypes that were not also found
in throat samples, were identified as Proteobacteria.
In 2006, Bik et al[21] using a 16S rRNA clone library,
described a large bacterial diversity in gastric biopsies
from 23 esophagogastroduodenoscopies. Over 50% of
the identified bacteria were classified as uncultivated,
10% of the phylotypes were previously uncharacterized.
Overall, five major phyla (Proteobacteria, Firmicutes,
Bacteroidetes, Actinobacteria, Fusobacteria) composed
the bacterial diversity of the stomach. The authors reported results significantly different from those obtained
in studies performed on the oral cavity and esophagus
and this evidence allowed them to hypothesize a separate
microbial ecosystem in the stomach. Interestingly, in that
study the presence of H. pylori, gastric anatomical location and gastric pH value had no significant effects on
the composition of the gastric bacterial population.
As the pathogen microbes concerns, the hostile environment of the human stomach can be colonized by
other bacterial strains able to survive in those harsh conditions and other Helicobacter species with typical spiral
morphology have also been found to be associated with
gastric lesions and cancer. The percentage of patients infected with these “non-H. pylori helicobacters” (NHPH),
previously denominated “Helicobacter heilmanni”, is much
lower than for H. pylori, varying between 0.2% and 6%[22].
Several studies have investigated the association between
NHPH and human disease, including Crohn’s disease,
lithiasis, liver disease, coronary disease, gastritis, and pyoderma gangrenosum-like ulcers[23]. In addition to NHPH,
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other pathogen bacteria in the stomach may influence H.
pylori-associated gastric pathogenesis by creating reactive
oxygen and nitrogen species and modulating inflammatory responses. Non-H. pylori bacteria and their byproducts may represent a persistent antigenic stimulus,
thus increasing the inflammatory response induced by H.
pylori infection[24].
A recent study by Hu et al[25] described a high prevalence (65.0%) of the non-H. pylori bacterial flora in the H.
pylori positive patients, which indicated that the upper GI
disorders may enable non-Helicobacter bacteria to survive
and colonize the human stomach. The majority of these
species were Streptococcus, Neisseria, Rothia and Staphylococcus, differing in composition compared to H. pylori non
infected patients. Considering that not all the bacterial
species can be cultivated due to the harsh culture condition, the number of these non-H. pylori pathogenic bacteria may be higher than that found.

GASTRIC CANCER
GC represents the second cause of cancer-related death
worldwide, accounting for nearly 11% of cancers in
males and 7% in females[26]. The GC incidence varies
between populations with huge fluctuations. In Japan,
the incidence is 80 per 100000 males, while in Africa the
overall incidence is only 5 per 100000. In Europe, the incidence rates range from 20 to 40 per 100000[26]. In Italy,
GC represents the fourth most common cancer (following lung, breast, and colorectal cancer) and its incidence
yields its peak during the seven decade of life, being rare
in patients younger than 40 years. Besides, the mortality
in Northern and Centre regions is twofold higher than
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that in Southern Italy[27].
The development of GC is a multi-step process (Correa’s hypothesis) on which many individual and environmental factors contribute[28]. The most known and debated cause of GC is the presence of H. pylori infection.
The International Agency for Research on Cancer classified H. pylori as a Group 1 human carcinogen. This is
still the most important single risk factor for GC present
in almost 50% of world population[29] and causally correlated with chronic gastritis, peptic ulcer, gastric atrophy
and gastric lymphoma other than GC[30,31].
Evidences supporting the pivotal role of H. pylori
infection in the gastric neoplastic transformation derive
from studies on infected patients with mucosa associated
lymphoid tissue (MALT)-lymphoma gastric tumors. After successful H. pylori eradication, these patients healed
completely and both GC and tumor promoting proliferation of lymphoid tissue disappeared[32,33].
Low socio-economic status, H. pylori infection in family members living in crowded house-shelters and poor
sanitation are the most favorable conditions for H. pylori
transmission from person to person and cancer risk. In
the last years, the overall GC incidence is constantly falling, possibly due to the fall in the H. pylori prevalence
caused by increasing living standard level, but not in
populations at high risk. Besides, the incidence of GC is
decreasing in the distal stomach and increasing in the gastro esophageal junction[34].
Other environmental and dietary factors, tobacco use,
achlorhidria and bacterial overgrowth can promote in
gastric mucosa the pathways of cellular growth altering
the growth/apoptosis balance[35]. The major dietary factors considered in relation to GC onset are salt ingestion,
smoked foods, and frequent use of cooking oil. Previous studies showed that diets rich in these components
significantly increase by two-fold the GC risk[36-38]. A possible explanation is that salt may damage the protective
mucosal layer of the stomach. Besides, diets with highsalt content contribute to expansion of H. pylori colonization[39] and deep-oil-fried foods have been demonstrated
to produce human carcinogens such as benzo[a]pyrene
and dibenz[a,h]anthracene, and heterocyclic aromatic
amines, due to high frying temperatures[40]. By opposite,
a diet with fresh foods rich in vitamin C (including fresh
foods, vegetables, and fruit) has been demonstrated to be
protective. An antineoplastic role for vitamin C has been
hypothesized[41] since this vitamin may prevent GC cell
growth, probably by blocking the formation of human
carcinogenic N-nitroso compounds, and significantly
reducing the nitrite concentration by 43%[42]. Additionally, diets with a high content in green tea[43] or other
substances with postulate antineoplastic activities such
as whole grain cereals, garlic or vitamins, have also been
associated with a reduced risk of this cancer[44], even if
there is still uncertainty if changing diet habits to introduce more of the above cited compounds would effectively reduce the GC risk[45].
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POTENTIAL OF PROBIOTICS TO PREVENT
NEOPLASTIC TRANSFORMATION OF
GASTRIC MUCOSA
It is estimated that 20% of malignancies worldwide can
be attributed to infections and the classical example is
provided by the association between H. pylori with both
GC and MALT. More in general, the chronic alteration
of intestinal microbiota homeostasis could promote
many diseases, including cancer. The mechanisms by
which bacteria may induce carcinogenesis include chronic
inflammation, immune evasion, and immune suppression.
Elevated numbers of T regulatory cells have been demonstrated to suppress the innate and adaptive immune
responses, thereby contributing to tumor progression[46].
The complex interactions between diet, normal intestinal microbiota and health encouraged the development
of strategies that allow for the selective growth of probiotics[47]. However, although in vitro and animal model
studies suggest a protective anticancer effect of probiotics, the results of studies performed in humans are still
controversial.
Therapeutically, there has been an increased interest
on the use of probiotics for prevention and treatment of
a number of GI disorders, including irritable bowel syndrome (IBS), inflammatory bowel disease (IBD), pathogenic bacterial or viral infections, antibiotic associated
diarrhea, and also as antineoplastic agents in colon[48,49].
By opposite, little attention has been paid to probiotics
and GC. Theorically, probiotics might exert their action also in the gastric mucosa. In the normal stomach,
LAB concentrations may vary between 0 and 1000/mL.
Being acid resistant, they persist in the stomach longer
than other bacteria: dietary strains of bifidobacteria and
lactobacilli survive in high proportions (> 80%) in the
gastric environment for periods of 2 h[50]. The majority
of available data on their putative mechanism of action
in the stomach derives from studies on the effects against
the carcinogen H. pylori infection[51], but the etiological
mechanisms are still far from being fully understood. In
fact, the acidic gastric environment represents an effective barrier against many of the pathogen bacteria that
reach the GI tract.
A change of the physiological conditions of the
stomach, as it occurs in different diseases (corpus atrophy or GC itself) or during drug administration [e.g.,
long term proton pump inhibitor (PPI) therapies], may
provide a chance for extraneous microbes to colonize
the stomach. Predominant gastritis of the corpus leads
to atrophic gastritis with a low production of gastric acid
(hypochlorhydria)[52]. The inhibition of normal gastric
acid secretion is considered at increased risk of developing GC[53], since it bears important side effects. The
most important is the possible significant reduction of
the “gastric barrier effect” and the bacterial overgrowth
in the stomach and duodenum with a concentration of
> 100000 viable cells/mL. As a major consequence of
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Figure 2 Proposed mechanisms of probiotic activities against gastric cancer.

Table 1 Possible mechanisms of protection of the gastric
mucosal barrier induced by probiotics
Increased levels of basal mucosal prostaglandins
Increased cell proliferation/apoptosis ratio and stimulation of angiogenesis
Stimulation of local immune responses
Release of antioxidant substances
Stimulation of the expression of gastric mucins
Improvement in gastrointestinal permeability
Decreases in bacterial overgrowth

this condition, many harmful or even pathogenic bacteria
contained in some foods could survive the gastric transit
and colonize the stomach itself, the duodenum, or the
gut, where they could establish acute and chronic infections. Some of these bacteria can reduce nitrogen and
produce carcinogenic N-nitroso compounds through
conversion of nitrates or nitrites from the saliva[54].
The possible mechanisms by which probiotics exert
their effects against neoplastic transformation of the gastric mucosa concern: (1) the protection of mucosa and
stabilization of the GI barrier function; (2) a competitive action toward pathogen bacteria; (3) degradation of
potential carcinogens; (4) anti-inflammatory action; (5)
production of anti-tumorigenic or anti-mutagenic compounds; and (6) the effects on cell proliferation and the
polyamine metabolism of the gastric mucosa (Figure 2).
Protection of gastric mucosa and stabilization of the GI
barrier function
Homeostasis in the stomach environment is maintained
by the balance of protective and aggressive factors and
drugs. An overload of aggressive factors (e.g., gastric acid,
stress, and alcohol) that upsets this balance can induce
gastric injury.
The gastroduodenal microbiota, is low numerically,
but could participate in the protection of the mucosa.
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Many factors may explain this protective activity and are
summarized in Table 1.
It has been suggested that the protective action of
probiotics on induced gastric mucosal lesions could be
attributed to different factors such as prostaglandins,
growth factors and cytokines. Also the regulation of cellular apoptosis, proliferation, gastric mucin production
and GI permeability appears to be actively involved.
Increased levels of 6-ketoprostaglandin F1-α, epidermal growth factor (EGF) and b-fibroblast growth factor
have been implicated in the protective effect displayed
by peculiar bifidobacterial strains such as Bifidobacterium
brevis (B. brevis)and B. bifidum against gastric ulceration
induced by acetic acid or ethanol in rats[55]. Pre-treatment
of rats with Lactobacillus rhamnosus GG (L. GG) at 109
CFU/ml twice daily for three consecutive days was able
to markedly lessen the suppressive actions of ethanol on
mucus-secreting layer and trans-mucosal resistance along
with an increase in the basal mucosal prostaglandin E2
(PGE2) levels and a concomitant reduction of cellular
apoptosis[56]. In a more recent study aimed at determining
the role of viable lactobacilli in the healing of acetic acidinduced chronic gastric ulcer, Uchida et al[57] reported that
a yogurt containing L. gasseri OLL 2716 inhibits the formation of HCl-induced acute gastric lesions through the
generation of PGE2. Overall, these findings suggested
that the up-regulation of prostaglandins could stimulate
the mucus secretion and increase the transmucosal resistance in the gastric mucosa.
L. GG was also proven to enhance the healing of
acetic acid-induced gastric ulcer in rats, via the attenuation of cell apoptosis to cell proliferation ratio accompanied by a significant ornithine decarboxylase (ODC) upregulation and B-cell lymphoma 2 protein expression at
the ulcer margin[58]. The phosphorylation level of EGF
receptor was also up-regulated without altering the total
EGF receptor expression. Angiogenesis was also signifi-
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cantly stimulated together with the induction of vascular
endothelial growth factor (VEGF) expression.
The role of VEGF was also investigated in a study
testing the ability of the probiotic mixture VSL#3 (a
combination of eight probiotic bacteria including Lactobacilli, Bifidobacteria and Streptococcus species) in healing
acetic acid induced gastric ulcer in rats[59]. VSL#3 was administered orally at low or high dosages from day 3 after
ulcer induction for two weeks. The gene expression of
several pro-inflammatory cytokines, protein and expression of stomach mucin5ac (muc5ac), regulatory cytokineIL-10, COX-2 and various growth factors were evaluated.
Remarkably, the probiotic efficacy was effective at higher
concentrations of VSL#3 by specifically increasing the
expression and production of angiogenesis promoting
growth factors, primarily VEGF that was dramatically
increased after 7 d of treatment.
In another work performed on laboratory animals,
Senol et al[60] demonstrated that the pretreatment with a
probiotic mixture (13 different bacteria) attenuated the
aspirin-induced gastric lesions by reducing the proinflammatory cytokines and the lipid peroxidation, enhancing
mucosal sIgA production and stabilizing mucosal mast
cell degranulation into the gastric mucosa.
Stimulation of the expression of gastric mucins appeared to be pivotal in the protective effects by probiotics
against gastric injury. Gomi et al[61] investigated the properties of B. bifidum BF-1 in a rat model of acid-ethanolinduced acute gastric ulcer. The gastric lesions were proven to be significantly lower in the BF-1 group than in the
control group, which showed a similar level to the group
treated with another bacterium, the Streptococcus thermophilus YIT 2021 ST. The production of gastric mucin and
the expression of several target genes associated with
protection and inflammation were examined before and
after induction of gastric injury. Muc5ac gene expression
in gastric corpus samples and gastric mucin production in
stomach samples from the BF-1 group were significantly
higher than those in the respective samples from the
control group. These findings indicated that BF-1 has the
potential to provide gastro-protection, alleviating acute
gastric injury by enhancing the production of gastric mucin in rats.
The importance of gastric microbiota in the protection against gastric lesions has been suggested by studies
demonstrating that the alteration of homeostasis of the
resident microbiota contributed to the development and
persistence of injuries[62].
PPIs are commonly used to treat acid-related diseases, mainly gastroesophageal reflux disease. However,
PPIs may indirectly affect the microenvironment of
the flora via changes in pH[63]. Chronic PPI administration exposes the subject to the risk of exogenous infections as most pathogens are able to survive the gastric
transit in a condition of significantly decreased acidity.
In order to evaluate the ability of probiotics in preventing the “gastric barrier effect” from prolonged use of
PPIs, different probiotic bacteria considered as having a
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strong inhibitory activity on gram-negative bacteria [L.
rhamnosus LR06 (DSM 21981), L. pentosus LPS01 (DSM
21980), L. plantarum LP01 (LMG P-21021), and L. delbrueckii subsp. delbrueckii LDD01 (DSM 22106)], were
tested on a group of 30 patients treated with PPIs for
either short (3 to 12 mo) or long-terms (> 12 consecutive
months) in comparison to a control group[64]. The total
viable cells and total lactobacilli were quantified in gastric
juice and duodenal brushing material from all subjects.
As expected, the results confirmed the strong bacterial
overgrowth in the stomach and duodenum of people
treated with PPIs compared with subjects with a normal
intragastric acidity. In addition, the bacterial cell counts
in subjects who underwent a long-term treatment with a
PPI were greater than those from subjects taking these
drugs for short term. Total lactobacilli represented the
major percentage of bacterial counts, thus demonstrating
the ability of such bacteria to colonize the stomach and
the duodenum, at least temporarily, and to consequently
restore the gastric barrier effect.
Alterations in GI permeability are considered as an
initial step in the development of gastric lesions such as
ulcers. In a human study, Gotteland et al[65] demonstrated
that intake of L. GG protects the gastric mucosa in
healthy volunteers against alterations of permeability induced by the acute administration of non-steroidal antiinflammatory drugs (NSAIDs), an important cause of
gastroduodenal ulcer.
In a manner similar to that of L. GG, L. gasseri
OLL2716 proved to protect the gastric mucosal permeability against aspirin using[66]. The urinary sucrose excretion (USE) test was carried out in 29 volunteers before
and after probiotic treatment for 4 wk and 37 patients
undergoing low-dose aspirin therapy who took L. gasseri
OLL2716 for 16 wk. The authors found that in healthy
volunteers the elevation in the USE value after aspirin
loading significantly decreased after probiotic treatment.
Interestingly, also in patients assuming aspirin, the USE
value significantly decreased in the period with L. gasseri
OLL2716 administration, while no significant difference
was found in the period without probiotic.
Competitive action toward pathogen bacteria
Ability by probiotics to adhere to GI mucus is of considerable importance to exert a modulatory effect in situ,
especially on the gastric mucosa surface. Probiotics can
compete with and prevent establishment of pathogenic
bacteria by competitive exclusion. Several studies that
characterized different LAB strains have shown their
ability to adhere to gastric epithelial cells in vitro and in
vivo[67-69]. A wide selection of proteinaceous and nonproteinaceous surface components (lipoteichoic acids and
specific structures such as external appendages covered
by lectins)[70] have been demonstrated to be involved in
adhesion to epithelial cells through different mechanisms,
including hydrophobic and electrostatic interactions as
well as passive or steric forces. In a recent paper, Chen et
al[71] demonstrated the antagonistic activities of L. gasseri
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Chen and L. plantarum 18 against H. pylori growth and infection. H. pylori adhesion to the human gastric epithelial
cells SGC7901 was efficaciously inhibited by administration of the cell free supernatants and both live and dead
lactobacilli. The growth of H. pylori in the gastric mucosa
was also significantly inhibited by the administration of
L. johnsonii MH-68 and L. salivarius ssp. salicinius AP-32,
either alone or in combination[72].
Cui et al[73] isolated L. fermenti and L. acidophilus from
human gastric mucosa and screened their potential
anti-H. pylori activity and antinflammatory effects on a
mouse model of H. pylori-associated Balb/c gastritis. The
authors reported that these probiotic strains are able to
adhere to gastric epithelium, exerting also a significant
anti-H. pylori activity. Interestingly and with possible therapeutical implications, L. fermenti displayed in vivo a valid
anti-H. pylori activity whose efficacy was almost similar to
the standard triple therapy, thus significantly improving
the H. pylori associated Balb/c gastritis.
Degradation of potential carcinogens
Among the functional properties characterizing probiotic
strains, antigenotoxicity and antimutagenicity could be
pivotal against cancer[74]. As demonstrated by epidemiological researches, LAB intake is related to a reduced GI
neoplasm incidence[75] and experimental evidences have
highlighted the ability of lactobacilli and bifidobacteria to
inhibit carcinogen-induced tumor development, at least
in the large intestine[76,77].
The theory of the “luminal steady state” suggests that
the end products of carbohydrate metabolism in the
intestine such as short chain fatty acids (SCFA), formic,
acetic, propionic, butyric and lactic acids, may have a
beneficial effect because they can act as colonic nutrients. These actions may be counteracted by the products
deriving from the metabolism of proteins (phenolic
compounds, amines, ammonia, N-nitroso compounds,
and indoles) which might have detrimental effects on the
host[78].
Heterocyclic aromatic amines (HCA) are compounds
with high mutagenic potential, formed during the cooking of meats at high temperatures of 150-300 ℃. Numerous studies have shown that these amines are involved
in the etiology of gastric and colon cancer in humans.
The inactivation of HCA by LAB has been reported in
several articles and studies performed in vitro and laboratory animals have demonstrated that probiotic bacteria
prevent induction of DNA-damage and preneoplastic lesions induced by certain HCA[79,80].
Stidl et al[81] conducted a comprehensive investigation on the ability in inactivating HCA by different LAB
species present in fermented foods or derived from the
human GI tract. In their paper, the authors proved the
existence of clear differences in the binding behavior
of LAB towards structurally different amines. Different physicochemical properties of the amines such as
the pKa-values, solubility and lipophilicity may affect
their elimination by LAB. Besides and in agreement with
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earlier investigations [82], the experiments on bacterial
mutagenicity showed that the inactivation of the amines
by LAB induces a decrease of their mutagenic potential,
correlating also with the binding capacities of the individual probiotic strains.
Antinflammatory action
Probiotics significantly affect the innate as well as the acquired immune system by different products such as dead
cells, metabolites, parts of the cell wall, and DNA. All
these components are recognized by host cells equipped
with appropriated receptors. In this context, the main
target is represented by epithelial and gut-associated immune cells.
A signaling cascade leading to immune modulation
may be triggered by the adhesion of probiotics or their
components to epithelial cells as well as the release of
soluble factors. These probiotic actions could be important for the suppression of neoplastic host cells[83].
Also in this case, the main trigger for eliciting the
immune cells in the stomach is represented by H. pylori infection. One of the well-known carcinogenesis
pathways related to H. pylori is through the sequence
“inflammation-atrophy-intestinal metaplasia-dysplasiaadenocarcinoma”[28].
The efficacy of probiotics in the treatment of inflammation-based GI diseases is both founded on the inhibition of pathogenic bacteria and inflammatory processes[84].
Lee et al[85] found that the enhancement of antinflammatory signals might be essential mechanisms of
probiotics rather than attenuating inflammatory signals
imposed by H. pylori infection. In their study performed
on AGS cell line, the authors found that H. pylori or its
lipopolysaccharide stimulation were able to significant
increase expressions of different inflammatory mediators (e.g., TNF-α, IL-8, inducible NOS and COX-2).
Pretreatment of cells with L. plantarum, L. rhamnosus and
L. acidophilus significantly inhibited these mediators. The
authors postulated that these antinflammatory effects
were obtained by enhancing the expression and signaling of suppressor of cytokine signaling 2 and 3 (SOCS-2
and SOCS-3). Their expression is mediated through both
significant phosphorylation of signal transducers and
activation of transcription (STAT)-1 and STAT-3, and
simultaneous inhibition of Janus kinase (JAK)2 phosphorylation, which is known to signal SOCS-2/SOCS-3
negatively[86,87].
H. pylori can induce TNF-α and IL-8 pro-inflammatory cytokine expressions in MKN45 cells. Pretreatment
with L. acidophilus counteracted H. pylori-induced IL-8
expressions, specifically by mediation through the IκBα/
NF-κB pathway in a dose-dependent manner. Moreover,
L. acidophilus ameliorated IFN-γ-induced Smad7 translation level and improved the H. pylori-induced gastric inflammation in vitro[88]. Besides, in “in vivo” studies, the H.
pylori-infected gastric mucosa showed up-regulated NF[89,90]
, which
κB pathway and Th1 type cytokine responses
may disturb the integrity of the gut epithelial barrier.
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Administration of L. rhamnosus R0011 and L. acidophilus
R0052 after infection eradicated H. pylori and reversed
gastric inflammation in laboratory animals[91]. Similar results were reported with L. gasseri OLL2716[92].
Production of anti-tumorigenic or anti-mutagenic
compounds
The effect of probiotics can be due to the production of
different antimicrobial compounds and the two main categories are SCFAs and bacteriocins.
SCFAs are produced during the metabolism of carbohydrates by probiotics and have an important role in
physiological functions. Since they derive from carbohydrates, these anions may be modulated by the dietary
modifications. SCFAs were shown to play a key role in
modulation of the digestive epithelial cells proliferation/
apoptosis balance. This involves stimulation of differentiation in healthy cells, nuclear receptor activity through
mitogen-activated protein kinase activation, histone
deacetylase inhibition and apoptosis stimulation in transformed cells[93].
Apoptosis is a natural physiological process that regulates the number of cells and represents an ideal target
for anti-neoplastic strategies. Through a series of regulated processes, cancer cells become fragmented and their
residual portions are absorbed by adjacent tissues and immune system[94].
In human gastric carcinoma cell lines, both butyrate
and propionate have been found to be able to induce
apoptosis[95]. Two main apoptotic pathways are involved:
the extrinsic pathway, mediated by activation of caspase 8
and death receptors and the intrinsic pathway, in which a
role is played by caspase 9 and mitochondria[85].
It is postulated that cancer cells generally lack for
apoptotic control, and hence their proliferation is constantly fostered. Therefore, the ability to induce apoptosis
of cancer cells shown by different LAB may reflect an intrinsic anti-neoplastic potential. In this connection, dairy
propionibacteria have been proven to produce beneficial
pro-apoptotic SCFAs, hence they may be useful in cancer
prevention or treatment[96].
SCFAs may also act against H. pylori infection. Bhatia
et al[97] were the first to report an antagonistic action of L.
acidophilus against H. pylori and to hypothesize a role for
SCFAs in this effect. The reported antimicrobial activity
could be due not only to a direct competition with H.
pylori, but also to the inhibition of its urease activity, as
shown with two high lactic acid producers, namely L. salivarius and L. casei Shirota[98,99].
The establishment in the stomach mucosa by probiotics is hampered by hostile conditions. Thus, administration of positive bacterial strains in combination with
prebiotics (synbiotic) may facilitate their settlement and
enhance their properties. Prebiotics are defined as nondigestible food ingredient able to selectively stimulate
their growth and/or activity[100] and different papers have
highlighted this ability, at least in the colonic lumen.
Use of probiotic bacteria with oligosaccharides could
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promote bacterial growth and increase great quantities
of butyrate, which has been shown to have antitumor
effects at the cell level[48]. Rodent studies demonstrated
that a synbiotic combination of resistant starch and B.
lactis exerted a pro-apoptotic action in response to the
carcinogen azoxymethane[101].
Another class of substances with a reported antimicrobial and antineoplastic activity is represented by bacteriocins. These small, heat resistant and dialyzable peptidic
structures possess a spectrum of antimicrobial activity
against closely related Gram positive and Gram negative
pathogens, including food-borne pathogens[102].
Not all the bacteriocins show the same inhibitory activity. L. salivarius UCC118 produces a peptide that inhibits different pathogens such as Bacillus, Staphylococcus, Enterococcus, Listeria, and Salmonella species[103]. Lacticin 3147,
a bacteriocin produced by a Lactococcus lactis strain, has
shown the ability to inhibit a range of genetically distinct
Clostridium difficile isolated from healthy subjects as well as
patients with IBD[104].
Different lactobacilli have been demonstrated to produce these peptidic structures in the stomach. However,
other probiotic strains such as Enteroccus faecium[105], Bacillus subtilis[106] and Bifidobacterium[107] could also produce
heat-stable proteinaceous compounds capable of inhibiting H. pylori growth.
LAB strains can also produce a wide range of substances other than bacteriocins acting in a positive fashion for the gastric environment. Among them, the exopolysaccharides, polymeric substances that promote the
colonization of probiotic bacteria by cell to cell interactions in the alimentary tract. Additionally, biosurfactants
have shown to reduce adhesion of pathogens into gastric
wall membrane due to their antiadhesive properties. LAB
strains have also been reported for production of antioxidants that scavenge the free radicals such as superoxide
anions and hydroxyl radicals[108].
As concerns the suggested antioxidant activities, a
possible therapeutic use of synbiotic was investigated
by Singh et al[109]. The authors evaluated the effects of a
novel combination of L. acidophilus together with ginger
extract, a bioactive phytochemical with antioxidant and
antiulcer effects. This synbiotic formulation was administered to rats in a form of floating beads and demonstrated to reduce the oxidative stress and be effective in
terms of ulcer index, mucus secretion, and histopathological parameters in comparison to control animals. This
approach could be interesting for the management of
gastric diseases since the use of probiotics is limited due
to their transience and inability to survive the adverse
physiological conditions of the GI tract. Therefore, packaging probiotics and prebiotics in a suitably pharmaceutical formulation may facilitate their establishment in the
stomach mucosa.
Effects on the polyamine metabolism and cell
proliferation of the gastric mucosa
Beyond the production of specific bacterial enzymes,
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Figure 3 Schematic depiction of the polyamine metabolism. ODC: Ornithine decarboxylase; PAO: Polyamine oxidase; SSAT: Spermidine-spermine-N-acetyl
transferase.

reactive oxygen species, and effects on the host metabolome, the mechanisms by which probiotics inhibit cancer
development may involve multiple pathways, including
the regulation of cell proliferation and the apoptotic
processes[110]. Such anti-carcinogenic properties have also
been studied at a molecular level[111] and by analysis of
intermediate biomarkers of proliferation such as polyamines (putrescine, spermidine and spermine)[112]. These
small molecular weight amines are highly required in
both pre-neoplastic and neoplastic tissue to sustain the
enhanced cell growth[113].
Polyamine synthesis is an early event occurring during
the G1 phase of the cell cycle and represents a requisite
for proliferating cells to start their processes. Their metabolism begins with the intervention of the rate limiting
enzyme ODC that is finely tuned in all of the proliferating cells and is subjected to different growth promoting
stimuli[114].
Figure 3 shows a schematic representation of the
polyamine metabolic pathway. Briefly, biosynthesis is mediated by the key enzyme ODC which converts the amino acid ornithine into putrescine. This is then sequentially
converted into spermidine and spermine through the action of the enzyme S-adenosylmethionine decarboxylase
and spermidine/spermine synthase. The central enzyme
in the polyamine catabolic pathway is the spermidinespermine-N-acetyl transferase, which adds acetyl groups
to terminal amine groups in spermidine and spermine.
These acetylated polyamines are then substrates for the
enzyme polyamine oxidase (PAO) which retro-converts
these acetylated derivatives into lower chain amines.
Polyamine concentrations increase during carcinogenesis and an increase in ODC activity accompanies
neoplastic transformation of the mucosa[115]. As with
other tumors, the content of polyamines in GC is higher
compared to the adjacent mucosa and equivalent normal
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tissue[116]. In the stomach, polyamines are also increased
in pre-neoplastic conditions such as during H. pylori infection. Polyamines were evaluated in antral and body
biopsies of 26 dyspeptic patients (20 H. pylori positive
and 6 H. pylori negative) undergoing gastroscopy[117]. Antral and body biopsies from infected patients contained
higher polyamine levels than those from non-infected
subjects. In H. pylori positive patients, the baseline polyamine levels were higher in the antrum than in the body,
whereas levels in the two stomach regions were similar
in H. pylori negative subjects. After therapy, polyamine
levels decreased in patients with successful eradication,
but they remained unchanged in patients in whom infection persisted.
The increase in the polyamine content seems to be
due to the loss in polyamine homeostasis occurring during the dysregulation of cell proliferation. This is also
proven by evidences of an up-regulation of polyamine
biosynthesis, a decrease in their catabolism, and an increased uptake[115].
Since polyamines and their enzymes are strongly related to neoplastic proliferation in the GI tract, all the
strategies of interventions targeting polyamines, including probiotics, deserve deep investigations.
Our group[118,119] found that L. GG administration
induced a significant reduction in polyamine biosynthesis
in two different human GI cancer cell lines, one originating from undifferentiated carcinoma of the stomach (HGC-27), the other from colon adenocarcinoma
(DLD-1). Interestingly, when the cytoplasmic extract derived from L. GG homogenate was tested, the cytoplasmic extract, but not the cell wall extract, was shown to be
suppressive.
In an in vivo study, Linsalata et al[120] demonstrated
that the ingestion of VSL#3 reduced polyamine levels
and ODC activity in colorectal mucosa of rats. Besides,
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in a human study by the same group, a peculiar L. brevis
strain CD2 demonstrated anti-proliferative biochemical
features[121]. In this study, a cohort of H. pylori-positive
dyspeptic patients randomly received high oral doses of
L. brevis CD2 or placebo, for 3 wk before endoscopy.
Before and after treatment, H. pylori infection was determined by urea breath test. In gastric biopsies, ODC activity and polyamine levels were evaluated by a radiometric
technique and high-pressure liquid chromatography,
respectively. The study demonstrated that administration
of L. brevis CD2 alone did not eradicate H. pylori even if
a reduction in the UBT delta values occurred, suggesting
a decrease in intragastric bacterial load. Significantly, L.
brevis CD2 induced a decrease in gastric ODC activity and
polyamine levels. These data support the hypothesis that L.
brevis CD2 treatment can decrease H. pylori colonization,
thus reducing polyamine biosynthesis. Probably, the arginine deiminase activity following the probiotic treatment
might cause arginine deficiency, preventing polyamine
generation from gastric cells. This enzyme induces the
catabolism of arginine and can affect the biosynthesis of
polyamines[122]. In this connection, in a study performed
on the human T leukemia Jurkat cell line, Di Marzio et
al[123] demonstrated that lyophilized and sonicated preparations of L. brevis CD2 were able not only to cause arginine-dependent polyamine synthesis inhibition, but also to
induce consequently a relevant apoptotic effect.
The rates of cell proliferation and apoptosis may determine the speed of neoplastic growth[124]. Apoptosis is
frequently impaired in many human tumors and is also
an important phenomenon in chemotherapy-induced
tumor cell death. Therefore, the modulation of apoptosis
has been hypothesized as an effective technique in the
treatment of cancer[125]. As postulated in the colonic environment, the induction of apoptotic processes by gut
microbiota could represent the so-called physiologic ‘‘oncologic surveillance’’ mechanism for the proliferative disease prevention[126], but this hypothesis waits for further
testing before confirmation in the gastric environment.
It has been demonstrated that the antiproliferative effect
and the induction of apoptosis caused by two lactobacillus strains (L. paracasei IMPC2.1 and L. GG) were quite
similar in both HGC-27 and DLD-1 cancer cell lines and
they were mediated not only by live microorganisms but
also nonviable ones[118].
A milk fermented by Propionibacterium freudenreichii
was recently tested for its pro-apoptotic potential on
HGT-1 human GC cells. Fermented milk supernatant
induced typical features of apoptosis including chromatin
condensation, formation of apoptotic bodies, caspase
activation and cytochrome c release, DNA laddering, cell
cycle arrest, and reactive oxygen species accumulation.
Moreover, this fermented milk enhanced the cytotoxicity of camptothecin, a drug used in GC chemotherapy.
This kind of functional foods may represent a useful tool
as part of a preventive diet designed for GC prevention
and/or as a food supplement to potentiate cancer therapeutic treatments[127].
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The proliferation and cell death of KATO3 cells, a
GC cell line, were examined after treatment with L. casei
extract for various times and at various doses. L. casei extract inhibited the growth of KATO3 cells and induced
apoptosis by inactivating NF-κB promoter activity. However, apoptosis induced by L. casei extract was not directly
associated with the intrinsic mitochondrial pathway. Immunoblot analysis revealed that L. casei extract decreased
the expressions of NF-κB and IκB. The reduced NF-κB
levels led to a concomitant decreased phosphorylation
of mTOR signaling components, such as PI3K, Akt, and
p70S6 kinase[128].
Other mechanisms of action may be evoked. The
anti-proliferative capabilities of probiotics may be related
to their previously described ability to adhere to cells. Lee
et al[129] found that Bacillus polyfermenticus SCD was strongly
adherent to Caco-2 cells and inhibited the growth of colon cancer cells in a dose dependent manner.
Bacterial enzyme inhibition and anticancer activity of
B. adolescentis SPM0212 was assessed in three human colon
cancer cell lines: HT-29, SW-480, and Caco-2. Cell proliferation was inhibited in all the cancer cell lines. Besides,
this probiotic strain inhibited in a dose-dependent fashion
TNF-α production as well as modifications in cellular
morphology. Finally, this bacterial strain was proven to
hinder harmful fecal enzymes, including beta-glucuronidase, beta-glucosidase, tryptophanase, and urease[130].

CONCLUSION
There is a growing body of evidence that different microbes may contribute to gastric tumorigenesis and exogenous administration of probiotic bacteria may be of
some help in preventing/contrasting neoplastic transformation of the gastric mucosa. In this context, not only
dietary modifications or drugs can affect the numbers
and types of microorganisms in the stomach, but microorganisms can also generate per se new compounds from
food components, some of which can be beneficial while
others may be harmful.
LAB and Bifidobacteria are the most common types
of microbes used as probiotics, and are also considered
as markers of stability of the normal human intestinal
microbiota. Against a huge amount of data suggesting a
role for probiotics in CRC prevention, few investigations
are available on their effects on GC. Despite this, probiotic strains have been proven to be helpful, at least in the
management of a gastric pre-neoplastic condition such as
H. pylori infection[103]. One suggested mechanism related
to probiotic therapy is that these microbes can adhere
and even transiently reside in the stomach, enhance the
immune response, and reduce the H. pylori inflammation
effect on the host gastric mucosa[131]. Notwithstanding,
the in vitro and in vivo data here reported suggest a role for
probiotics also in controlling the rate of proliferation of
neoplastic cells in human GC cell lines as well as in animal
stomachs. Therefore, many of these bacteria, together
with microbially generated metabolites, may have a role in
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GC risk or development. Nonetheless, there are still unanswered questions. Who might benefit from dietary interventions to alter their indigenous microbe population?
How does individual’s genetic background influences
their microbiota? What are the active metabolites of food
components? Can we identify inter-individual variability in
the production of these substances? How can these substances be better utilized for cancer prevention?
Only when an answer for each of these questions will
be available, it will become possible to develop a more
specific strategy for preventing or, at least, delaying the
onset of neoplastic transformation of the gastric mucosa
based on precise modifications of the composition or
activities of the GI microbiota.
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Abstract
Endoscopic resection has been an optimal treatment
for selected patients with early gastric cancer (EGC)
based on advances in endoscopic instruments and
techniques. As endoscopic submucosal dissection (ESD)
has been widely used for treatment of EGC along with
expanding ESD indication, concerns have been asked
to achieve curative resection for EGC while guaranteeing precise prediction of lymph node metastasis (LNM).
Recently, new techniques including ESD or endoscopic
full-thickness resection combined with sentinel node
navigation enable minimal tumor resection and a laparoscopic lymphadenectomy in cases of EGC with high
risk of LNM. This review covers the development and
challenges of endoscopic treatment for EGC. Moreover,
a new microscopic imaging and endoscopic techniques
for precise endoscopic diagnosis and minimally invasive
treatment of EGC are introduced.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Endoscopic treatment of early gastric cancer
(EGC) has been evolved along with the expansion of ESD
indication and toward the question of how to achieve accurate risk assessment of lymph node metastasis (LNM).
To achieve curative endoscopic treatment, not only accurate endoscopic diagnosis but precise selection of the
patient of EGC without LNM should be preceded. Recently, endomicroscopy has been introduced to provide
precise microscopic visualization of histology. Moreover,
sentinel node navigation surgery combined ESD and hybrid natural orifice transluminal endoscopic surgery have
been reported as a new minimally invasive treatment
option for the EGC patients with high risk of LNM.
Kim MY, Cho JH, Cho JY. Ever-changing endoscopic treatment
for early gastric cancer: Yesterday-today-tomorrow. World J
Gastroenterol 2014; 20(37): 13273-13283 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i37/13273.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i37.13273

INTRODUCTION
Endoscopic resection for early gastric cancer (EGC) is
widely accepted as one of the standard treatments together with surgical treatment[1]. In the 2000s, advances in
endoscopic instruments were achieved and various new
endoscopic techniques were developed. Still, the major
obstacle to endoscopic resection for EGC has been its
limitations of predicting lymph node metastasis (LNM).
Therefore, approaches to the next level of endoscopic
treatment have been evolved in three ways. First, how
we can achieve curative endoscopic resection for EGC
while guaranteeing precise prediction of LNM. Second,
how we can expand a definitive indication for complete
resection to secure depth of invasion and lateral margin.
Last, how we can manage the patients with high risk of
LNM for EGC using new endoscopic techniques. In this
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review, we will keep track of the progress of endoscopic
resection in two time periods and suggest the prospect of
the therapeutic strategy for EGC in the future.

EXPANDING INDICATION OF
ENDOSCOPIC RESECTION: 2000-2010
Endoscopic mucosal resection in the early period
In Japan, endoscopic mucosal resection (EMR) technique
called the “strip biopsy” for EGC was first described in
1984, which is to lift the lesion with a grasper and to remove the lesion using a double-channel endoscope after
submucosal injection of saline under the lesion. In 1988,
new EMR technique, which cuts the lateral margin using
needle knife (EMR-P), was introduced[2]. It helped the
precise en bloc resection by resecting with a snare after
peripheral cutting of the lesion. EMR was known to be
a minimally invasive and safe technique and became an
axis of treatment for EGC[3]. However, this technique
requires skillful endoscopists and has a higher perforation
risk. Then, EMR with a cap-fitted endoscope (EMR-C)
for early esophageal cancer was developed in 1992 and
used to treat relatively small EGC[4]. Another technique
is EMR with ligation (EMR-L), which was started as a
standard endoscopic variceal ligation[5]. These techniques
helped to resect the lesion more safely and quickly. It
also reduced the risks of perforation and bleeding during the procedure. Absolute indication of EMR for EGC
was published by Japanese Gastric Cancer Association in
1998[6,7]: (1) elevated cancers less than 2 cm in diameter,
and (2) small (< 1 cm) depressed cancers without ulceration. These lesions must also be differentiated cancers
confined to the mucosa, and have no lymphovascular
invasion. As long as the lesion was completely removed,
EMR showed good long term outcome compared to
surgery. The 5-year overall survival rates and recurrence
rates did not differ significantly between the EMR and
surgery groups (93.6% vs 94.2% and 1.2% vs 1.1%)[8].
Although the risk of metachronous gastric cancer was
significantly higher in the EMR group than in the surgery
group (5.8% vs 1.1%), most metachronous gastric cancers
were successfully retreated by EMR or surgery. A major
limitation of EMR was incomplete resection for lesions
larger than 2 cm in diameter due to the size limitations
of accessories such as snares, caps and ligating devices.
Piecemeal resection also caused a high risk of local recurrence (2.3%-36.5%)[9-12]. So, the size limitations for en
bloc resection of EGC kept demanding improvement in
techniques.
ESD era
In the late 1990s, ESD was developed for complete
removal of EGC regardless of its size and location by
dissecting the submucosal layer via the use of throughthe scope endoscopic knives[13]. ESD is superior to EMR
because it enables en-bloc resection and precise pathologic staging for large EGCs. Now, it has become one of
the standard treatments and is being used to achieve en
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bloc resection for EGCs that would otherwise require
piecemeal or surgical resection[10,14,15]. Owing to the development of ESD technique, indications of endoscopic
resection for EGC were expanded, based on the analysis
of 5265 surgical specimens of EGC patients who underwent gastrectomy with D2 level lymph node dissection[16].
The recent expanded criteria are differentiated type
cancers without evidence of lymphovascular invasion, including: (1) mucosal cancer without ulceration, irrespective of tumor size; (2) mucosal cancer with ulceration,
less than 3 cm in diameter; and (3) minimal (500 μm
from the muscularis mucosa) submucosal invasive cancer
less than 3 cm in size. After ESD, the patients with EGC
of expanded indication may be followed closely without
surgery because they have very small risks for LNM[16-18].
However, it should be mentioned that the data provided
from these observations were surgical specimens sliced at
5 mm and not 2 mm as required for ESD specimens.
Asian studies have reported that ESD has achieved a
high rate of en bloc resection (89.7%-96.7%) and complete resection (84%-94.7%) (Table 1)[8,10,11,17,19-25]. Recent
meta-analyses to compare the efficacy and safety of ESD
and EMR for EGC showed that ESD had advantages in
en bloc resection rate, histologically complete resection
rate and local recurrence rate even for small lesions[26-28].
When the lesions were classiﬁed by size, the 5-year
recurrence-free rate was signiﬁcantly lower in the EMR
group compared with the ESD group especially for the
lesions larger than 10 mm. The 5-year overall survival
rates and recurrence-free rates of ESD have been reported to 93.6%-100% and 98.7%-100%. For complications, delayed bleeding occurs more during ESD, with an
incidence rate of up to 7%-15.6%. Perforation is higher
during ESD (3.6%-4.5% vs 1.0%-1.2%), which was endoscopically managed in most cases. To demonstrate the
efficacy and safety of ESD especially for EGCs in expanded indication, well-controlled, prospective randomized trials with a large population and long-term followup periods are needed.
As ESD procedure has become widespread in western
countries, several small reports have shown a high success
rate of en bloc resection (79%-100%) and complete resection (64.3%-100%) (Table 1)[29-36]. For complications, the
rate of perforation and bleeding has been reported ranging from 0% to 8% and 0% to 8%. The long-term followup data are needed to evaluate the therapeutic outcome.
Challenges to ESD
To guarantee the curative endoscopic resection or stratify
the risk of LNM for EGC, several key points should
be checked for the pathologic diagnosis of ESD specimen[37]. Complete resection should be confirmed by the
precise lateral and vertical margin status. The distance
from the lateral margin of the tumor to the margin of
the specimen should be described. In case of positive
lateral margin, the number of sections and the extent
showing positive tumor cells should be documented.
If ESD specimen shows a positive vertical margin, the
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2009
Italy
2009
Portugal
2010
Germany
2012
Germany
2013
Italy
2013
Brazil

91/83
(EGC 66)
30/30
(EGC 21)
42/42
(EGC 10)
62/61
(EGC 55)

19/19

48/45

1370/1244

215/215

202/177

276/231

589/551

346/243

534/1000
(dysplasia 466)
198/198

196/185

1020/896

714/655

country

2006
Japan
2006
Japan
2006
Japan
2009
Korea
2009
Korea
2009
Korea
2009
Japan
2009
Japan
2009
Japan
2011
Korea
2011
Korea

No.

(lesion/patients)

Published year

122

276

589

243

198

534

196

195

303

ESD

1

62

42

30

85

19

Absolute Ix
355
182
Expanded Ix
497
336
36
12

215

80

103

825

411

EMR

Method

En bloc

Complete

100.0

95.5
92.0

96.8
72.0

82.2

100.0

90.0

88.2

79.0

65.9

94.3

96.7

94.9

95.9

89.7

95.3

93.0

83.1

66.3

ESD

72.4

53.8

77.7

42.1

56.0

EMR

90.0

97.8
56.0

94.4

71.2

37.5

75.7

87.7

23.6

61.1

EMR

77.4

92.8

64.3

68.6

89.0

91.1
92.0

83.0

92.6

91.7

94.7

88.9

87.9

84.0

83.1

73.6

ESD

resection (%) resection (%)

Follow-up

11.3 (1-30)

19 (9-53)

22

27 (1-71)

10

31 (12-71)

32 (22-48)

81 (56-94)

54 (12-89)

36 (2-39)

30 (6-89)

29 (4-44)

30 (9-49)

NA

EMR 83.2 ± 34.6
ESD 19.4 ± 9.2
22.8 (12-46)

38 (6-60)

(mo/range)

1.6
8.0

1.4

3.9

7.6

0.1

0

3.5

EMR

0

7.1

4

5

2.1
8

0.8

5.1

1.8

5.3

7.4

15.6

22.6

0

ESD

1.6
0.0

0.3

1.9

4.8

1.2

1.2

1.6

EMR

4.8

0.0

6.0

0.0

2.4
8.0

1.2

4.0

4.5

4.5

2.9

1.2

6.1

8.7

3.6

ESD

Perforation

Complications
Bleeding

1.6

1.5

0.0

5.0

10.7

6.6

0.0

0.0

NA

2.5

0.9

0.0

0.0

5.1

NA

0.0

3.1

7.5

Local

0.8

0.5

13.7

6.1

3.5

NA

NA

NA

NA

NA

NA

NA

NA

NA

6

NA

NA

NA

NA

NA

4.0

2.2

Metachronous

(%)

Recurrence rate

5-yr overall

NA

NA

NA

NA

NA

96.8
NA

95.8-95.3

93.6

100.0

96.2

97.1

NA

NA

NA

NA

NA

99.21

survival rate (%)

NA

NA

NA

90.12

NA

98.52
NA

98.8-99.02

98.7

100

1003

1003

NA

94.92

NA

NA

NA

94.42

free rate (%)

5-yr recurrence-

3-year overall survival rate; 23-year recurrence free rate; 35-year disease specific survival. EGC: Early gastric cancer; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; NA: Not applicable; Ix:
Indication.

1

Chaves et al[32]

Repici et al[35]

Schumacher et al[36]

Probst et al[34]

Dinis-Ribeiro et al[30]

Catalano et al[29]

Ahn et al[17]

Choi et al[8]

Nakamoto et al[10]

Goto et al[20]

Isomoto et al[25]

Min et al[24]

Jang et al[22]

Chung et al[19]
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Table 1 Therapeutic outcomes of endoscopic resection for early gastric cancer
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positive tumor site and the distance from the lower edge
of muscularis mucosae to the positive margin should be
demonstrated. In addition, depth of invasion, histologic
type, lymphovascular invasion of the tumor should be
evaluated. If the undifferentiated type is mixed within the
differentiated type cancer, the proportion of undifferentiated type should be evaluated to predict the risk of vascular invasion and LNM. In case of submucosal invasive
cancer, the extent of submucosal invasion and histologic
type should be described to determine additional surgery.
It is important to identify the muscularis mucosae by using the immunohistochemistry of desmin, because the
risk of LNM is higher when the tumor depth is 500 μm
or more from the lower edge of muscularis mucosae (≥
sm2) than sm1. For careful microscopic examination of
vascular invasion, Victoria blue staining is helpful, and
immunohistochemistry of D2-40 is useful for evaluation
of lymphatic invasion.
Non-curative resection or high-risk of recurrence
Noncurative resection is defined as the presence of positive lateral or vertical resection margins, submucosal and
lymphovascular invasion, or undifferentiated histology,
which means high-risks of recurrence or LNM. Conceptually, the patients with incomplete resection after ESD
can be managed with laparoscopic gastrectomy with
lymph node dissection. However, when only a small portion of positive lateral margins or unclear lateral margins
are found on the post-ESD specimen, this may suggest
a lower risk of LNM in the cases having no other factor of noncurative resection[38,39]. The rate of residual
cancer in the positive lateral margin group (25.0%) was
reported to be significantly lower than that in the positive
vertical margin group (33.3%) or in the positive lateral
and vertical margin group (66.7%) among the patients
who underwent curative gastrectomy due to non-curative
endoscopic resection for EGC[40]. The patients having
mucosal cancer with lateral cut-end-positive status with
no LNM can be recommended to have close follow-up
or endoscopic treatment[41]. Another report demonstrated
that neither residual cancer nor LNM was found in the
patients with less than 500 μm submucosal invasion
without margin involvement in endoscopically resected
specimens among 43 patients who were operated on due
to residual mucosal cancer, a mucosal cancer larger than 3
cm, or a submucosal cancer regardless of size or margin
involvement[42]. Lymphatic involvement and tumor size
have been reported to be independent risk factors for
LNM in EGC with submucosal invasion[43,44]. Based on
the results of the studies, endoscopic resection may be
feasible for highly selective submucosal cancers with no
lymphovascular invasion. Gastrectomy with lymph node
dissection is recommended to patients with positive vertical margins, submucosal involvement having high risk
features or lymphovascular invasion.
Recent issues are on whether laparoscopic lymph
node dissection without gastrectomy can be performed
if the resection margins are negative in the patients with
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high-risks of recurrence and non-curative resections
based on the presence of other criteria including submucosal invasion, lymphovascular invasion, or undifferentiated adenocarcinoma. One report evaluated the efficacy
of diagnostic and therapeutic laparoscopic lymph node
dissection after ESD in EGC patients with high-risks
of LNM including undifferentiated adenocarcinoma,
submucosal cancer, immunohistochemically-positive cytoplasmic staining for vascular endothelial growth factor,
lymphovascular invasion, a high lymphatic microvessel
density, or high microvessel density[45]. All of the dissected lymph nodes were free of cancer cells in all 9 patients.
During 16 mo of follow-up, no patients had an evidence
of tumor recurrence. In a retrospective study with a small
number of patients, the area for lymph node according to
the location of the tumor and/or the lymphatic drainage
of the stomach was visualized with standard laparoscopy
or infrared-ray electronic laparoscopy after submucosal
injection of indocyanine green (ICG) around post-ESD
scars[46]. The study showed that 2 out of 20 (10%) patients had lymph node metastases confirmed after lymph
node dissection without gastrectomy, and none had local
or distant recurrence at a median follow-up of 61 mo.
However, this approach cannot be generalized in clinical
practice yet.
Undifferentiated adenocarcinoma
Traditionally, poorly differentiated adenocarcinomas were
candidates for surgery. However, in a retrospective study,
1362 patients with EGC of signet ring cell histology who
underwent gastrectomy showed the similar rate of LNM
compared with the patients with differentiated EGC[47].
A recent report showed that LNM was significantly associated with female sex, tumor size, depth of tumor
invasion and lymphatic involvement in poorly differentiated EGC[48]. Although endoscopic management for the
patients with undifferentiated adenocarcinoma is still
controversial, small studies have reported successful ESD
for lesions smaller than 20 mm without lymphovascular
invasion[49-51]. Another study showed that poorly differentiated EGC confined to the mucosa or with minimal submucosal infiltration (≤ 500 μm) could be considered for
curative EMR due to the low risk of LNM[52]. Moreover,
a study showed that EGC with signet ring cell histology
can be treated by EMR, if it is smaller than 25 mm, limited to the sm2 layer, and does not involve the lymphaticvascular structure[53]. However, larger lesions showing
submucosal invasion and ulceration lower the possibility
of curative resection with ESD. A recent report showed
that ESD for undifferentiated EGC can achieve curative resection with an excellent 5-year mortality rate[54].
En bloc and R0 resection were achieved in 99.0% and
90.7%. Curative resection was achieved in 63.9%. Among
the patients who had additional surgery, the rate of local residual tumor and LNM was 4.8% and 9.5%. None
had local recurrence or lymph node or distant metastasis
in the patients with curative resection during a median
follow-up of 76.4 mo. Until now, it is not clear that ESD
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A

Figure 1 Features of confocal endomicroscopy. A: Normal
gastric epithelium, round pattern of normal crypts is observed; B:
Dysplasia, dark epithelium with irregular and varying thickness is observed; C: Differentiated adenocarcinoma, disorganized epithelium
with dark and irregular glands is observed; D: Undifferentiated adenocarcinoma, dark and irregular cells with no identifiable glandular
structures are observed.

B

20 mm

C

20 mm

D

20 mm

20 mm

is just as effective in cases of undifferentiated type EGC
because the rate of curative resection is lower for undifferentiated cancer than differentiated cancer, ranging
45%-89%, in spite of high en bloc resection rate.

ADVANCES IN DIAGNOSTIC AND
THERAPEUTIC ENDOSCOPY: 2010-NOW
To expand ESD criteria, instrumental and technical advances in diagnostic and therapeutic endoscopy have
been challenged. Early detection of gastric cancer or
precancerous lesion as well as precise staging is integral
to curative endoscopic resection. Over the past decades,
several advances in diagnostic endoscopy including magnifying endoscopy, narrow-band imaging, and virtual
chromoendoscopy have allowed improvement in tissue
characterization by detailed imaging of the mucosal pit
pattern and microvascular structures. However, these
techniques could not provide microscopic visualization
of histology. Microscopic imaging is aimed not only to
predict histology, but to visualize actual microscopic
mucosal architectures in real time, high resolution and
high magnification. Moreover, it is useful in microscopically guided target biopsy for EGC because it can avoid
sampling errors caused by conventional biopsies in ill-defined, large mucosal cancers. Lastly, it helps to determine
the margin of EGC before ESD.
Confocal laser endomicroscopy
Confocal laser endomicroscopy (CLE) is a system using laser light (currently blue laser light of 488 nm) for
excitation and capture of laser-induced fluorescence
from the defined lesion. Usually, exogenous fluorophores
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(intravenous fluorescein, 2.5 mL, 10%) are used to enhance the optical contrast[55-57]. There are 2 types of CLE,
endoscopy-based CLE (eCLE)[58], which is integrated
into an endoscope, and through-the-scope probe-based
CLE (pCLE)[59] that can be inserted through the working
channel of endoscopes. Compared with eCLE, pCLE
shows somewhat lower resolution, but faster image acquisition. It also provides microscopic video sequences
and can be used into the bile duct or through ultrasonography-guided needles. For accurate interpretation of
microscopic images, adequate training in the endoscopic
technique and knowledge about histopathology of EGC
is required. In 2004, the first study on CLE was reported
in patients who performed screening colonoscopy[55]. In
the stomach, several studies have been reported CLE imaging for Helicobacter pylori infection and gastritis[60,61],
intestinal metaplasia[62] and hyperplastic and adenomatous
polyps[63]. From the Miami classification[64], the key features used to distinguish non-neoplastic tissue, dysplasia,
and adenocarcinoma are as follows: (1) normal or nonneoplastic mucosa, round regular crypts, cobblestone
appearance of normal glands; (2) dysplasia, irregular
crypt lumen, dark irregular thickened epithelium; and (3)
gastric adenocarcinoma, completely disorganized epithelium, ﬂuorescein leakage, dark irregular epithelium.
Differentiated and undifferentiated adenocarcinoma can
be distinguished based on the presence of discriminable
glandular structures[58] (Figure 1). In the studies to evaluate efficacy in pre-ESD pathologic diagnosis or postESD surveillance for high-grade neoplasia and superficial
gastric cancer, CLE showed high accuracy (91.7%-99%)
and decreased biopsies. Moreover, CLE would have directed 10% of the patients to surgery instead of ESD by
correctly showing undifferentiated carcinoma[58]. CLE is
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a promising technology for identifying EGC and has potential to decrease the rate of discrepancy pre- and postESD histopathology. The limitation of CLE is that the
endoscopists who perform the in vivo CLE diagnosis are
unavoidably biased by the endoscopic appearance of the
lesion, which may have affected the in vivo CLE diagnosis. The efficacy of CLE should be conﬁrmed in a larger
population including more non-neoplastic and dysplastic
lesions.
Beyond ESD
As mentioned above, a major limitation of ESD for
curative treatment of EGC is inaccuracy in lymph node
status. Ultimately, ESD is a curative treatment modality
only if EGCs do not have regional LNM. N staging for
EGC is mostly performed by CT or EUS, but diagnostic
yields were not so satisfactory. EUS has a limitation not
only to evaluate of regional LNM but to predict depth of
invasion. It takes a lot out of the patients and endoscopists to decide and follow up after ESD. Finally, it is most
important to decide what could be a minimally invasive
treatment for EGC patients with a potential to escape
the expanded ESD indication. Some patients who underwent surgical operation are diagnosed as mucosal cancer
without LNM on the final pathology. In contrast, it is not
unusual that some patients are required to have additional
surgery or to give careful consideration of additional surgery after ESD. Because of these important problems, a
paradigm shift has been emerged.
ESD with sentinel node navigation
Sentinel lymph node is the hypothetical first lymph node
or group of nodes draining a cancer and is considered
the first site of micrometastasis along the route of lymphatic drainage. Sentinel node navigation is defined as
a novel, minimally invasive surgery based on sentinel
node mapping and the sentinel node-targeted diagnosis
of nodal metastasis. The concept of sentinel node has
evolved from the surgical staging of both breast cancer
and melanoma. It avoided unnecessary prophylactic radical lymphadenectomy such as axillary lymph node dissection in breast cancer patients with negative sentinel node
for cancer metastasis. Although the clinical application
of sentinel node mapping for EGC has been controversial for years, sentinel node mapping, using a dual-tracer
method that utilizes radioactive colloids and blue dyes, is
currently considered the most reliable method for the stable detection of sentinel nodes in patients with EGC[65,66].
An accumulation of radioactive colloids facilitates the
identification of sentinel nodes even in resected specimens, and the blue dye is effective for intraoperative visualization of lymphatic flow, even during laparoscopic surgery. Usually, technetium-99m tin colloid, technetium-99
m sulfur colloid, and technetium-99m antimony sulfur
colloid are used as radioactive tracers. Isosulfan blue, patent blue, and indocyanine green (ICG) are currently the
preferred dye tracers. The patients with clinical T1N0 (<
4 cm) gastric cancer can undergo sentinel node mapping
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and biopsy without limitation of tumor location. Radioactive colloids and blue dyes are injected the day before
surgery and just before the procedure into four quadrants
of the submucosal layer around the primary tumor using
an endoscopic puncture needle. Studies are investigating
sentinel lymph node navigation using endoscopic injection of radiocolloid dye or ICG[65,67], or CT lymphography[68,69] using nanoscale iodized oil emulsion to increase
the accuracy of detecting LNM[70]. A recent meta-analysis
showed that the sentinel node detection rate, sensitivity, negative predictive value, and accuracy were 93.7%,
76.9%, 90.3%, and 90.2%, respectively[71]. When considering laparoscopic procedure, sentinel node identification
rate, sensitivity, false negative rate, and accuracy were
89.3%, 68.6%, 31.4%, and 92.6%, respectively. Combined ESD and sentinel node navigation surgery might
be a feasible, minimally invasive procedure that allows en
bloc tumor resection to be achieved while assessing the
pathological status of the regional lymph nodes (Figure 2).
A case series reported that combined ESD and sentinel
node navigation was conducted for 13 patients with clinical T1 N0 (≤ 3 cm) EGC, and was completed in 12 patients[72]. One patient was converted to gastrectomy after
sentinel node navigation surgery. En bloc resection was
achieved in all other cases.
Hybrid natural orifice transluminal endoscopic surgery
The risk of LNM in EGC exceeding the indication has
known to 5.7%-20%[9]. In other words, at least 80% of
patients might potentially save their stomach with curative endoscopic treatment if depth of invasion of the
tumor is within the submucosa and microscopic vertical
margin is secured after ESD.
Natural orifice transluminal endoscopic surgery
(NOTES) may be applied as a modified treatment for
EGC. NOTES means that abdominal operations are
performed with an endoscope passed through a natural
orifice (e.g., mouth, urethra, anus) and then through an
internal incision in the stomach, vagina or colon[73]. This
procedure allows flexible endoscope to reach organs outside the lumen of the bowel. NOTES is minimally invasive compared to open surgery is exposed to fewer risks.
Hybrid NOTES enables minimal tumor resection using
the ESD technique, and laparoscopic lymphadenectomy
can be performed simultaneously in cases of EGC with
high risk for LNM. Hybrid NOTES for EGC means endoscopic full-thickness gastric resection (EFTGR) with
laparoscopic regional lymph node dissection. It consists
of endoscopic full-thickness gastric resection and laparoscopic lymphadenectomy after sentinel node navigation.
EFTGR consists of five major procedures: (1) marking
around the lesion safety margin confirmed by margin
biopsies; (2) a circumferential incision as deep as the submucosal layer around the lesion; (3) circumferential endoscopic full-thickness resection around the lesion through
the submucosal incision line under the laparoscopic guidance; (4) laparoscopic full-thickness resection around the
remaining lesion through the EFTGR incision line inside
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A

B

C

D

Figure 2 Endoscopic submucosal dissection with sentinel node navigation. A: Marking for endoscopic submucosal dissection is performed around the tumor; B:
Indocyanine green is injected into the submucosal layer around the tumor for sentinel node navigation; C: Sentinel node harvest is performed by laparoscopic pick-up
biopsy; D: Endoscopic submucosal dissection is performed.

A

B

C

D

E

F

Figure 3 Full-thickness gastric resection. A: An elevated lesion is noted at the lesser curvature of upper body; B: The lesion becomes distinct by chromoendoscopy using acetic acid and indigocarmin; C: For sentinel node navigation, indocyanine green is injected into the submucosal layer after marking around the tumor; D:
Endoscopic full-thickness resection is performed after sentinel node harvest and regional lymph node dissection; E: Final resection is performed with laparoscopy; F:
Gastric closure is achieved with laparoscopy.

the peritoneal cavity; and (5) laparoscopic closure of the
resection margin[74] (Figure 3). The lymph node dissec-
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tion is performed before the full-thickness resection. Depending on the location of the lesion, the regional lymph
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nodes are dissected after sentinel lymph node navigation.
The first prospective, pilot study for 14 patients with
EGC was published in Korea[75]. The case series concluded that hybrid NOTES could be a bridge between
endoscopic resection and laparoscopic surgery and may
prevent extensive gastrectomy with lymphadenectomy
in patients with EGC. EFTGR has a limited indication
because of the potential for tumor dissemination into the
abdominal space during the procedure and vagus nerve
injury. Until now, several studies have been published,
and techniques are being developed to accomplish nonexposed endoscopic wall-inversion surgery[76-78]. This new
method may be an alternative to surgery in patients with
submucosal cancer with or without ulceration, or mucosal cancer technically difficult to resect with ESD[74,76,78].
Upcoming challenges in the new era
The key to improving therapeutic outcomes for EGC is
early detection and accurate diagnosis. In spite of many
advantages, endomicroscopy including CLE is still limited
to some tertiary centers throughout the world. The biggest restraint in using CLE is that most health-care systems do not offer a billing code for this kind of advanced
and optimized endoscopy. Clinical use of CLE before
ESD will provide more accurate diagnosis of EGC compared with biopsies. Moreover, advance in endoscopic instruments, techniques and training is essential to improve
outcomes of patients with EGC. Recently, novel laser
system for ESD was introduced. ESD was completed using only the thulium laser, instead of endoscopy knives,
without significant complications in all 10 patients[79].
In the near future, the concept of endoscopic surgery
including ESD with sentinel node navigation and hybrid
NOTES is expected to become one of the treatment
options for the selective EGC patients with high risk of
LNM.
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Abstract
Hepatitis B virus (HBV) infection is a serious clinical
problem worldwide. Conventional interferon (IFN)-α
has been approved for the treatment of chronic hepatitis B (CHB). Short-term studies have demonstrated that
IFN-based therapy is moderately effective in inducing
the loss of hepatitis e antigen (HBeAg) or seroconversion (30%-40%) in HBeAg-positive patients and also
produces sustained HBV DNA suppression (20%-30%)
in HBeAg-negative patients. Many studies have reported a correlation between the HBV genotype and response to IFN treatment. The highest response rate to
IFN treatment was found in patients infected with HBV
genotype A, followed by HBV genotypes B, C, and D.
The long-term effect of IFN-α on CHB has not yet been
elucidated. The ability of IFN-α treatment to prevent
new cirrhosis, complications associated with cirrhosis,
and development of hepatocellular carcinoma (HCC) is
controversial. The beneficial effect of IFN-α treatment
in reducing the development of HCC has mainly been
observed in treatment responders who already have
cirrhosis. These inconsistent findings may be attributed
to the inevitable limitations of comparisons across stud-

WJG|www.wjgnet.com

ies, including differences in the baseline characteristics
of the study and the moderate suppression of HBV
replication by IFN-α relative to nucleoside/nucleos(t)ide
analogs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The long-term ability of interferon (IFN)-α
treatment of chronic hepatitis B virus (HBV) infections
to prevent new cirrhosis, complications associated with
cirrhosis, and development of hepatocellular carcinoma
(HCC) is controversial. The beneficial effect of IFN-α
treatment in reducing the development of HCC has
mainly been observed in treatment responders who
already have cirrhosis. These inconsistent findings may
be due to the inevitable limitations of comparisons
across studies, including differences in the baseline
characteristics of the study and the moderate suppression of HBV replication by IFN-α relative to nucleoside/
nucleotide analogs.
Seo Y, Yano Y. Short- and long-term outcome of interferon therapy for chronic hepatitis B infection. World J Gastroenterol 2014;
20(37): 13284-13292 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13284.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13284

INTRODUCTION
Hepatitis B virus (HBV) infection is a major health problem that affects approximately 400 million people worldwide[1]. The clinical manifestations of HBV infection
can range from acute or fulminant hepatitis to various
forms of chronic infection, including chronic hepatitis,
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cirrhosis, and hepatocellular carcinoma (HCC). The age
of acquisition of HBV plays an important role in determining the natural history of HBV infection and is best
illustrated by the differences observed between Asian
and Caucasian patients. The majority of Asian patients
acquire HBV via vertical transmission or early horizontal transmission within the first few years after birth,
whereas the majority of Caucasian patients acquire the
infection during adolescence or in early adulthood. The
course of patients infected early in life is characterized
by a prolonged immunotolerant phase followed by a prolonged phase of immunoclearance, typically during the
third and fourth decades of life. In contrast, the majority
of patients infected during adolescence or early adulthood will immediately enter the immunoclearance phase
without enduring an immunotolerant phase[2]. Seventyfive percent of HBV carriers are from Asian countries,
where the incidence of HCC is relatively high, at 14 to 36
per 100000 men compared to 5 to 10 per 100000 men in
Europe and 2 to 5 per 100000 men in America, Australia,
and New Zealand[3].
The risk of developing HCC is 200-fold higher in patients with a chronic HBV infection than in those without[4]. A large-scale cohort study reported that the risk
of HCC is higher in hepatitis e antigen (HBeAg)-positive
patients than in HBeAg-negative patients[5]. The most significant risk factor for hepatic carcinogenesis may be the
viral load. Active HBV replication is the key driving force
of disease progression, including the development of cirrhosis and HCC[6].
To date, ten HBV genotypes (A-J) have been identified[7-10] based on an intergroup divergence of 8% or
more in the complete genomic sequences. HBV genotypes influence long-term outcomes in patients with
chronic hepatitis B. Genotype C is associated with more
severe liver disease, a faster progression of liver fibrosis,
and a higher risk of HCC than is genotype B, which may
be because of the higher prevalence of basal core promoter mutations[11,12]. The effects of genotypes and HBV
DNA appear to be additive in the process of hepatic carcinogenesis[13,14]. HBV genotypes correlate not only with
clinical outcomes but also with the response to interferon
(IFN) treatment.
The primary aim of therapy is to eliminate or permanently suppress HBV, to reduce the activity of hepatitis,
and to slow or limit the progression of liver disease.
The ultimate long-term goals of therapy are to achieve
a sustained viral response (SVR) and to clear the surface
antigen (HBsAg), thus preventing or reducing the development of hepatic decompensation, cirrhosis, or HCC as
well as to prolong survival[15].
Seven agents have been approved to treat chronic
hepatitis B, which include two immunomodulators (conventional IFN-α and pegylated IFN-α) and five nucleoside/nucleotide (NA) analogs (lamivudine, adefovir, entecavir, telbivudine, and tenofovir). IFN and NA, which
are available therapies against chronic hepatitis B that
suppress the activity of HBV, work either by stimulating
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the immune system to eliminate virus-infected cells or to
inhibit viral replication, respectively.
Prior to the recent approval of NA therapy, IFN-α
was the first agent approved for chronic hepatitis B
therapy. The main advantages of IFN-α over NA are
the absence of resistance and the possibility of immunemediated clearance of HBV. Unfortunately, side effects
preclude the use of IFN-α in large numbers of patients,
and prolonged maintenance therapy to suppress HBV is
not feasible[16].
All of the studies that have previously investigated the
impact of IFN-α treatment on HBV-related liver disease
progression were conducted with conventional IFN-α
because pegylated IFN-α was recently licensed and longterm studies have not yet to be published.
Previous studies have shown that antiviral therapy can
improve both the short-term and long-term outcomes of
chronic hepatitis B. However, long-term follow-up studies of IFN-α treatment for chronic HBV infection have
reported conflicting findings. The ability of the treatment
to prevent cirrhosis and the development of HCC remains poorly understood.

SHORT-TERM STUDIES OF IFN-α
Alanine aminotransferase (ALT) levels, HBV DNA titers,
and the degree of liver inflammation have been associated with predicting the IFN response in chronic HBV
infection[17,18]. Short-term studies have shown that IFNbased therapy is moderately effective in inducing the loss
of HBeAg or seroconversion (30%-40%) in HBeAgpositive patients[17,19-22] as well as in producing sustained
HBV DNA suppression (20%-30%) in HBeAg-negative
patients[22-25].
Many studies have reported a correlation between the
HBV genotype and response to IFN treatment. Table
1 summarizes the details of studies of the response to
IFN-based treatment on HBV genotypes. Because most
of the available information on HBV is from Asia, the
United States, and Europe, the predominant genotypes
of these countries, A, B, C, and D, are prominent in the
literature. HBV genotype B was associated with a better
response to IFN-based treatment compared to that of
HBV genotype C (39% vs 17%, P < 0.03) in a Chinese
study of 73 HBeAg positive patients[26]. A study from
Taiwan comprising 58 HBeAg positive patients also demonstrated a better response in HBV genotype B than in
HBV genotype C infection (41% vs 15%, P < 0.05)[27]. A
small study, with only HBeAg negative patients treated
with highly variable IFN doses of 3 × 1 MU to 3 × 8
MU weekly, suggested a better response rate in patients
with HBV genotype A than with HBV genotype D or
E [28]. A study from Germany involving 144 patients
with HBV genotype A or D (99 HBeAg positive and
45 HBeAg negative patients) investigated the sustained
response (six months after treatment) rate to standard
IFN-α therapy[29]. The sustained response rate was higher
in HBV genotype A- than in HBV genotype D-infected
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Table 1 Summary of the studies of the response to interferon-based treatment on hepatitis B virus genotypes
Ref.

Wai et al[26]

Kao et al[27]

Zhang et al[28]

Erhardt et al[29]

Number of
patients
(treated/controls)

IFN

Region of
origin

HBeAgpositive
(%)

Treatment endpoint

Retrospective,
unmatched
controls
Retrospective,
unmatched
controls
Retrospective,
unmatched
controls

107 (73/34)

IFN a

China

100.0

HBeAg seroconversion

58 (58/0)

IFN a

Taiwan

100.0

35 (35/0)

IFN a

France

0.0

Retrospective,
unmatched
controls

165 (69/72)

IFN a

Germany,
Mediterranean,
Eastern Europe,
Asia, Africa

A: 51.4
B: 5

Loss of HBeAg and
B: 41
HBV DNA 48 wk postC: 15
treatment
Normalization of ALT,
A: 70
loss of HBV DNA by a
non-A: 40
branched-DNA assay 6
mo post-treatment
HBeAg-positive:
(overall) A: 49
normalization of ALT,
D: 26
negative HBV DNA
(HBeAg-positive)
by a hybridization
A: 46
assay, and HBeAg
D: 24
seroconversion 6 mo
(HBeAg-negative)
post-treatment
A: 59
HBeAg-negative: loss
D: 29
of HBV DNA by a
hybridization assay
and the normalization
of ALT 6 mo posttreatment
Loss of HBsAg at the
A: 14
end of follow-up
B: 9
C: 3
D: 2
Normalization of ALT,
E: 36
decrease of HBV DNA
F: 50
< 4000IU/mL 6 mo
G: 20
post-treatment
H: 50

C: 8.4
D: 31.9
E: 2.5
G: 0.8

Flink et al[30]

Erhardt et al[32]

Significance
Treatment
endpoint by HBV (P value)
genotype (%)

Study type

Prospective,
multicenter
randomized
controlled trials
Retrospective,
cohort

266 (266/0)

Peg- IFNa-2b +/lamivudine

The
Netherlands

100.0

49 (23/26)

IFN a

Germany,
Hong Kong,
France

E: 47
F: 50
G: 50
H: 60

B: 39
C: 17

0.03

0.045

0.001

0.005

0.03

0.05

0.006

NA

IFN: Interferon; HBeAg: Hepatitis e antigen; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; NS: Not significant; NA: Not available.

patients (49% vs 26%, P < 0.005). The sustained response
rate to IFN was 46% vs 24% (P < 0.03), respectively, in
patients with HBeAg positive hepatitis and was 59% vs
29% (P < 0.05) for HBV genotype A and HBV genotype
D, respectively, in patients with HBeAg negative hepatitis.
Large multicenter trials of pegylated IFN-α revealed
a significant correlation between the viral genotype and
sustained HBeAg loss in patients treated with pegylatedIFN-α-2b. The highest rate of HBeAg clearance at the
end of the follow-up was observed in patients infected
with genotype A (47%), followed by genotypes B (44%),
C (28%), and D (25%). Further analyses of the same
study population demonstrated that HBsAg clearance
was also closely linked to the viral genotype and was the
highest in genotype A (14%), followed by B (9%), C (3%),
and D (2%)[30]. A recent meta-analysis has provided compelling support of genotype A as the most treatmentresponsive genotype in HBeAg-positive hepatitis B[31].
The antiviral responses of HBV genotypes E-H have
not been examined in detail. In a small study from Germany, 23 patients with HBV genotypes E-H received
IFN-α[32]. A SVR was defined as the normalization of
ALT and decrease in HBV DNA of < 4000 IU/ml 6
mo after treatment. SVR was 35% (8/23) for patients
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treated with IFN- α . SVR was 36% (5/14) for HBV
genotype E, 50% (2/4) for HBV genotype F or H, and
20% (1/5) for HBV genotype G. HBV genotype G/A
co-infection was found in 40% of patients with HBV
genotype G, whereas HBV genotype G/C co-infection
was found in 30%. HBV genotypes E, F, and H appeared
to be sensitive to IFN-α. The lower response rates to
IFN-α observed in patients with HBV genotype G may
be related to the frequent occurrence of double infection.
In a study from Argentina, Marciano et al[33] reported that
although the available data were even more limited, HBV
genotype F had a more similar response rate to pegylated
IFN-α-2a than HBV genotype A.
The precore mutation (G1896A) and dual core promoter mutations (A1762T and G1764A) play an important role in
the molecular virological factors that contribute to clinical outcome and therapy for chronic hepatitis B. These
mutations are closely associated with the seroconversion
of HBeAg[34,35]. Although the rate of dual core promoter
mutations has been shown to be higher in genotype C
and closely related to the active progression of chronic
liver disease and increased risk for HCC[12,36-38], studies
have reported a correlation between these mutations and
a better response to IFN-α therapy[39-41].
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Table 2 Summary of the long-term follow-up studies of interferon-a treatment on hepatitis B virus-related liver disease progression
Ref.

Study type

Lin et al[19]

Lin et al[42]
Krogsgaard et al[43]

Tangkijvanich et al[44]

Truong et al[46]
Yuen et al[47]

Number
of patients
(treated/
controls)

Region of
origin

Significance
Significance
Cirrhosis
Cirrhosis
(P value)
(P value)
complication
development
development
(% treated vs
(% treated vs
% controls)
% controls)

HBeAgpositive

Treatment
follow-up
(yr)

100%

7.4

13.3 vs 17.2

NS

9.0 vs 14.7

NS

100%

6.8

17.8 vs 33.7

0.041

NA

NA

100%

4.7

10 vs 10

NS

NA

NA

100%

5.0

10.4 vs 22.2

NS

NA

NA

59.6%

6.5

11 vs 6

NS

NA

NA

100%

8.9

NA

NA

4.3 vs 1.0

0.062

Prospective,
89 (60/29)
Taiwan
randomized,
controlled
Retrospective,
466 (233/233) Taiwan
matched controls
Retrospective,
253
Europe
multicenter
(histologically
controlled trials
evaluated)
Retrospective,
139 (69/72)
Thailand
unmatched
controls
Retrospective,
62 (27/35)
Japan
matched controls
Prospective,
411 (208/203) Hong Kong
matched controls

HBeAg: Hepatitis e antigen; NS: Not significant; NA: Not available.

LONG-TERM OUTCOME ON LIVER
DISEASE PROGRESSION
Long-term follow-up studies after a 4- to 6-mo course of
IFN therapy in HBeAg-positive patients showed a reduction in the progression of fibrosis, especially in patients
with sustained HBeAg seroconversion[17,19,20]. Table 2
summarizes the details of long-term follow-up studies of
IFN-α treatment on HBV-related liver disease progression.
Lin et al[19] conducted follow-up of 101 HBeAg-positive male Taiwan patients. In 89 patients without any evidence of cirrhosis on admission, cirrhosis developed in 1
(4.2%) of the 24 seroconverters and 7 (19.4%) of the 36
nonseroconverters in the treated group, and 5 (23.8%) of
the 21 nonseroconverters in the untreated group, whereas
cirrhosis did not develop in any of the 8 seroconverters
in the untreated group (P > 0.05). No significant differences were observed in the incidence of new cirrhosis
(13.3% of treated patients vs 17.2% of untreated patients) and in complications of cirrhosis (9.0% of treated
patients vs 14.7% of untreated patients) between the two
groups of patients.
The study expanded their sample population by including patients from other nonrandomized studies in
Taiwan[42]. This large study compared 233 IFN-treated
HBeAg-positive patients with 233 well-matched untreated patients and reported a reduction in the cumulative
incidence of cirrhosis (17.8% vs 33.7% in the controls; P
= 0.041) after a median follow-up of 6.8 (1.1-16.5) years.
Krogsgaard et al[43] conducted a follow-up study of
469 HBeAg-positive patients from three multicenter European trials. 253 patients were histologically evaluated.
No significant difference was observed in progression to
cirrhosis between the treated and untreated groups (10%
vs 10%).
Tangkijvanich et al[44] conducted follow-up of 139
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HBeAg-positive patients in a retrospective study in Thailand. The baseline ALT levels of the two groups were
unmatched, which were higher in the treated group (P
= 0.001). Progression to cirrhosis was observed in 4.2%
of sustained responders and 14% of nonresponders,
whereas 22.2% of controls. The overall incidence of new
cirrhosis in sustained responders was significantly lower
than that in the control group (P = 0.04).
Papatheodoridis et al[45] prospectively followed-up 406
non-randomized HBeAg-negative patients in Greece.
The baseline ALT levels in the treated patients were significantly higher than those in the untreated patients (P
< 0.001), and no significant differences were observed
in survival or complication-free survival between IFNα-treated patients and untreated patients (P = 0.62 and
P = 0.14, respectively). Survival and complication-free
survival were significantly better in sustained responders than in non-sustained responders (P = 0.027 and P =
0.019, respectively) or untreated patients (P = 0.048 and
P = 0.012, respectively).
In a follow-up study of 62 Japanese patients conducted by Truong et al[46], the baseline ALT levels of the two
groups were unmatched, which were significantly higher
in the treated group than in the untreated group (P <
0.05). No significant difference was observed in HBeAg
seroconversion, ALT normalization, and undetectable
HBV DNA between the two groups of patients. Progression to cirrhosis was observed in 3 treated patients (11%)
and 2 untreated patients (6%).
In a case-controlled study of IFN- α vs no treatment in patients recruited from 4 previous randomized
controlled trials in Hong Kong, Yuen et al[47] conducted
followed-up of 208 HBeAg-positive patients treated with
IFN-α and compared them to 203 controls. No significant differences were observed in the HBeAg seroconversion rate or undetectable HBV DNA by PCR assay
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Table 3 Summary of the long-term follow-up studies of interferon a treatment on the development of hepatitis B virus-related
hepatocellular carcinoma
Ref.

Lin et al[19]

Lin et al[42]
Ikeda et al[49]
Krogsgaard et al[43]

International IFN-a
HCC Study Group[50]
Mazzella et al[51]

Tangkijvanich et al[44]
Papatheodoridis et al[45]
Truong et al[46]
Yuen et al[47]

Number
of patients
(treated/
controls)

Region of
origin

Prospective,
randomized,
controlled
Retrospective,
matched controls
Retrospective,
unmatched controls
Retrospective,
multicenter controlled
trials
Retrospective,
multicenter, matched
controls
Prospective,
randomized,
controlled
Retrospective,
unmatched controls
Retrospective,
unmatched controls
Retrospective,
matched controls
Prospective, matched
controls

101 (67/34)

Taiwan

100

12.5

7.4

1.5 vs 11.8

0.043

466 (233/233)

Taiwan

100

9.4

6.8

2.7 vs 12.5

0.011

313 (94/219)

Japan

36

6.9

17.0 vs 30.8

0.012

308 (210/98)

Europe

100

4.7

0.96 vs 1.0

NS

146 (49/97)

Italy,
Argentina

NA

91

6.5

16 vs 19

NS

0

0

6.9

3.0 vs 6.4

NS

64 (33/ 31)

HBeAgCirrhosis (%)
Treatment
positive (%)
follow-up (yr)

Italy

100
6.1

HCC
development
(% treated vs
% controls)

Significance
(P value)

Study type

Thailand

100

20.1

5.0

4.7 vs 12.5

NS

404 (209/195)

Greece

100

30.9

6.0

8.1 vs 7.7

NS

62 (27/35)

Japan

1.6

6.5

3.7 vs 0.0

NS

8.9

2.4 vs 0.0

NS

RD/RR

95%CI

Significance
(P value)

RD = -6.4% (overall)
RD = -4.8% (European)
RD = -5.0% (overall)
RD = -8.5% (Asian)
RR = 0.66
RR = 0.59
RR = 0.23
RR = 0.274

-2.8%-(-10%)
-11.1%-1.5%
-9.4%-(-0.5%)
-13.6-(-3.6%)
0.48-0.89
0.43-0.81
0.05-1.04
0.059-1.031

< 0.001
NS
0.028
0.001
0.006
0.001
NS
NS

139 (69/72)

59.6

411 (208/203) Hong Kong

Cammà et al[52]

Meta-analysis

853/652

Number of
analyzed
studies
7 Studies

Miyake et al[53]

Meta-analysis

553/750

8 Studies

Sung et al[54]
Yang et al[55]
Zhang et al[56]
Jin et al[57]

Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis

1292/1458
1006/1076
176/171
1291/1048

12 Studies
11 Studies
2 Studies
9 Studies

100

NA

IFN: Interferon; HBeAg: Hepatitis e antigen; HCC: Hepatocellular carcinoma; NS: Not significant; NA: Not available; RD: Risk difference; RR: Relative risk.

between the two groups of patients. Complications associated with cirrhosis developed in 9 treated patients (4.3%)
and in only 2 untreated patients (1.0%) (P = 0.062).

LONG-TERM OUTCOME ON THE
DEVELOPMENT OF HCC
Studies on the long-term effect of IFN on the prevention of HCC in patients with HBV have yielded conflicting results. The utility of IFN-α in preventing HBVrelated HCC, unlike its effect on hepatitis C virus (HCV)related HCC, is highly variable among different studies.
Most studies are limited by a relatively small sample size,
short duration of follow-up, and lack of a control group
for comparisons. Table 3 summarizes the details of longterm follow-up studies of IFN-α treatment on the development of HBV-related HCC.
Three studies have reported the beneficial effect of
IFN on HBV-related HCC prevention[48]. The first report
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by Lin et al[19] was a follow-up study of 101 HBeAg-positive male patients in Taiwan. When recruited, cirrhosis
was present in 10.3% of the treated patients and 14.7%
of the untreated patients. HCC developed in 1 of the
treated patients (1.5%) and 4 of the untreated patients
(11.8%) (P = 0.043).
The second report was a large matched control study
of HBeAg-positive patients with active chronic hepatitis B conducted by the same group of investigators
who subsequently extended their study population in
Taiwan[42]. This large study compared 233 IFN-treated
HBeAg-positive patients with 233 well-matched untreated
patients and showed a reduction in the incidence of HCC
(2.7% vs 12.5% in the controls, P = 0.011) after a median
follow-up of 6.8 (1.1-16.5) years. When recruited, 8.1%
of the treated patients and 10.7% of the untreated patients had cirrhosis. Significant reduction in the incidence
of HCC was only observed in patients with cirrhosis of
the liver on recruitment (19.7% for treated patients and
58.9% for untreated patients; P < 0.01). The reduction in
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the incidence of HCC was not observed in the patients
without cirrhosis (2.1% for treated patients and 2.3% for
untreated patients, not significant). Both of the studies
did not show the significant relationship between HBV
DNA suppression and HCC development with IFN-α
treatment.
The third study to demonstrate that IFN-α was useful in reducing the incidence of HCC was conducted in
patients with cirrhosis only in Japan[49]. Cumulative occurrence rates of HCC were 4.5%, 7.0%, and 17% at the
end of 3, 5, and 10 years, respectively, for IFN-treated
patients, 13.3%, 19.6%, and 30.8% for controls. The
IFN-α treatment significantly decreased the rate of HCC
development (P = 0.0124). The Cox proportional hazard
model revealed that IFN-α treatment was an independent contributing factor that lowered the rate of carcinogenesis (OR = 0.39, P = 0.031) even after a correction by
significant covariates in multivariate analysis. In this study,
the reduction in the incidence of HCC by the IFN-α
treatment was significantly higher in patients with a viral
load higher than 106 copies/mL.
Seven studies did not show any beneficial effect of
IFN on the progression of HCC[48]. Krogsgaard et al[43]
conducted follow-up study of 469 HBeAg-positive
patients from three multicenter European trials. HCC
developed in three patients (1%) during the follow-up
period: 2 were treated with IFN and 1 was untreated. The
distribution of clinical events (progression to cirrhosis,
HCC and liver-related deaths) was unrelated to response
to IFN-α treatment.
The International Interferon-α Hepatocellular Carcinoma Study Group retrospectively recruited 913 patients
positive for the anti-HCV antibody and/or HBsAg from
21 centers in Italy and Argentina[50]. In 146 of the HBVinfected patients, eight (16%) of 49 treated patients and
18 (19%) of 97 untreated patients developed HCC (RR
= 0.98, 95%CI: 0.33-2.92). The risk reduction by IFN-α
treatment was apparently greater for patients with chronic hepatitis C and no evidence of HBV infection.
Mazzella et al[51] conducted follow-up study of 33
HBeAg-positive Italian patients treated with IFN-α and
compared them to 31 controls. IFN-α treatment accelerated the loss of HBeAg (90.9% in treated vs 61.3% in
control patients, P < 0.007) and HBsAg (36.4% vs 9.8%,
P < 0.017), whereas 1 (3.0%) treated patient and 2 (6.4%)
controls developed HCC. IFN-α treatment did not have
beneficial effect on the loss of HBV DNA (78.9% vs
58.1%, P = 0.106).
Tangkijvanich et al[44] conducted follow-up study of
139 HBeAg-positive patients in Thailand. HCC appeared
in 11 cirrhotic patients: 9 (12.5%) in the control group
and 2 (4.7%) of the nonresponders (p > 0.05). None of
the sustained responders (n = 24) developed HCC. Investigators reported that IFN-α treatment might prevent
the progression of cirrhosis and development of HCC in
sustained responders. However, the lack of significant P
values renders the conclusions insufficient.
Papatheodoridis et al[45] conducted prospective follow-
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up study of 404 non-randomized HBeAg-negative patients in Greece. The baseline ALT levels in the treated
patients were significantly higher than those in the untreated patients (P < 0.001), and HCC appeared in 17
(8.1%) treated (16 in nonresponders) and 15 (7.75%)
untreated patients. IFN-α improved long-term outcome
(liver decompensation and/or HCC) in patients with
sustained biochemical remission, even in the presence of
cirrhosis and old age.
In a follow-up study of 62 Japanese patients, Truong
et al[46] found that although one (3.7%) treated patient
developed HCC, none of the controls developed HCC.
The baseline ALT levels in the treated patients were significantly higher than those in the untreated patients (P <
0.05). Most patients continued to have detectable HBV
DNA by PCR assay after HBeAg seroconversion.
In a case-control study of IFN-α vs no treatment
in patients recruited from 4 previous randomized controlled trials in Hong Kong, Yuen et al[47] followed-up 208
HBeAg-positive patients treated with IFN-α and compared them to 203 controls. The development of HCC
was observed in five (2.4%) treated patients and none of
the untreated patients.
Six meta-analyses[52-57] on the effect of IFN-α treatment on the development of HBV-related HCC have
been reported. Studies by Cammà et al[52] and Miyake et
al[53] calculated the risk difference (RD), whereas the other
four studies[54-57] calculated the relative risk (RR). Cammà
et al[52] reported a different incidence of HCC between
treated and untreated HBV-related Child A cirrhotic
patients (overall RD = -6.4%; 95%CI: -2.8%-(-10%),
P < 0.001); however, no preventive effect of HCC was
shown for HBV when data from European studies were
evaluated (overall RD = -4.8%: 95%CI -11.1 - 1.5%, not
significant). Therefore, it was concluded that IFN did not
appear to affect the rate of HCC in HBV-related cirrhosis.
Miyake et al[53] demonstrated the preventive effect
of IFN treatment in an Asian population (RD = -8.5%;
95%CI: -13.6-(-3.6), P = 0.0012), but not in a European
population. These findings indicate that IFN treatment
suppressed the development of HCC in patients with
chronic hepatitis B virus infection, especially in HBeAgpositive Asians.
Sung et al[54] showed that the risk of HCC after IFN
treatment was reduced by 34% (RR = 0.66, 95%CI:
0.48-0.89) and that this effect was significantly strongly
in patients with early cirrhosis than in those without
cirrhosis.
Yang et al[55] reported a difference in the incidence of
liver cirrhosis and HCC between treated and untreated
patients (RR = 0.65, 95%CI: 0.47-0.91, RR = 0.59,
95%CI: 0.43-0.81, respectively). These findings indicated
that IFN prevents or delays the development of liver cirrhosis and HCC in patients with chronic hepatitis B.
Zhang et al[56] demonstrated that IFN did not significantly affect the overall rate of HCC in HBV-infected patients; however, IFN therapy slightly ameliorated the rate
of HCC (RR = 0.23, 95%CI: 0.05-1.04, P = 0.056).
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Jin et al[57] reported that IFN was associated with
significant preventive effects on HCC according to
the DerSimonian-Laird method (RR = 0.470, 95%CI:
0.260-0.850) and Bayesian methodology, with an adjustment for the underlying risk [RR = 0.249, 95% Bayesian
credible intervals (BCI): 0.049-0.961] but not according to a Bayesian meta-analysis (RR = 0.274, 95%BCI:
0.059-1.031). These findings indicate that additional evidence is needed to support the role of IFN in delaying
the progression of chronic hepatitis B.
Long-term follow-up studies of IFN-α treatment
on the development and progression of HCC show
inconsistent results. The preventive effect on HCC of
IFN-α treatment has mainly been observed in sustained
responders to the treatment who already have cirrhosis.
However, IFN-α may lead to severe liver decompensation when used in patients with cirrhosis, and only less
than 35% of treated patients are sustained responders.
Almost all current guidelines suggest that patients with
HBV-related cirrhosis should receive nucleoside/nucleotide analog therapy. These inconsistent findings may be
attributed to the inevitable limitations of comparisons
across studies, including differences in the baseline characteristics of the study and the moderate suppression of
HBV replication by IFN-α relative to nucleoside/nucleotide analogs.
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CONCLUSION
The ability of IFN-α treatment to prevent new cirrhosis,
complications associated with cirrhosis, and development of HCC over the long-term is controversial. These
inconsistent findings may be due to the inevitable limitations of comparisons across studies, including differences
in the baseline characteristics of the study and the moderate suppression of HBV replication by IFN-α relative
to nucleoside/nucleotide analogs.
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Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Chronic infection with hepatitis B virus (HBV) leads to
the development of hepatocellular carcinoma and/or
chronic liver failure. Despite extensive research, the immunopathogenesis is not completely understood. Viral
persistence and clinical outcomes following HBV infection depend on viral factors and host factors; including
genetic factors that determine a host’s immune mechanisms. The primary goal of chronic hepatitis B (CHB)
treatment is to eradicate HBV or to at least maintain
suppression of HBV replication. Despite recent advances
in anti-viral agents for chronic HBV infection, complete
eradication of the virus has been difficult to achieve.
Agents for the treatment of CHB are divided mainly into
two groups: immunomodulating agents and antiviral
nucleos(t)ide analogues (NAs). Although NAs are safe,
effective and easily administered orally, their long-term
use poses the risk of drug resistance. Currently, international evidence-based guidelines have been developed to support physicians in managing CHB patients.
However, treatment of patients with drug resistance is
still challenging, as only a few classes of anti-HBV drugs
are available and cross-resistance between drugs can
occur. In addition, as the currently available genotypic
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test for detection of drug resistance still has limitations
in identifying the different substitutions present in the
same viral genome, the development of a new virologic
test to overcome this limitation is necessary. Among the
predictive factors associated with response to pegylated interferon (PEG-IFN) therapy, hepatitis B surface
antigen quantification is considered to be a surrogate
marker for monitoring response to PEG-IFN. Current
practice guidelines stress the importance of profound
and durable HBV viral suppression in the treatment of
CHB patients. To this end, it is essential to choose a
potent antiviral drug with a low risk of resistance for
initial treatment of CHB to achieve sustained virological
response. This review highlights recent advances in the
understanding of the immunopathogenesis of HBV and
currently available and developing treatment strategies
against HBV infection.

Key words: Hepatitis B virus; Chronic hepatitis B;
Nucleos(t)ide analogue; Pegylated interferon; Antiviral
therapy
Core tip: The primary goal of chronic hepatitis B (CHB)
treatment is to eradicate hepatitis B virus (HBV) or to
at least maintain suppression of HBV replication. To this
end, it is essential to better understand the immunopathogenesis of CHB, although it has yet to be further
elucidated. More practically, it is of great importance to
choose a potent antiviral drug with a low risk of resistance for initial treatment of CHB to achieve sustained
virological response. This review highlights recent
advances in the understanding of the immunopathogenesis of HBV and currently available and developing
treatment strategies for HBV infection.
You CR, Lee SW, Jang JW, Yoon SK. Update on hepatitis B virus infection. World J Gastroenterol 2014; 20(37): 13293-13305
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i37/13293.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13293
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INTRODUCTION
Hepatitis B virus (HBV), a member of the family Hepadnaviridae, has a 3.2 kb-partially double-stranded circular
DNA genome comprised of 4 open reading frames (ORF)
that encode Core proteins (Core and preCore), surface
antigen proteins (PreS1, PreS2, and S), reverse transcriptase (Pol protein) and X protein. HBV is a non-cytopathic
virus that induces liver damage via immunopathogenesis[1].
Despite the introduction of prophylactic vaccines
against HBV in the early 1980s, it is estimated that there
are still more than 350 million chronic HBV carriers
worldwide[2], a high percentage of whom will eventually
develop liver cirrhosis or hepatocellular carcinoma (HCC).
The natural history of chronic HBV infection is generally
divided into four phases: (1) immune tolerant phase; (2)
immune clearance phase; (3) low replicative or inactive
carrier stage; and (4) reactivation phase[1,3]. Recent studies
have shown that progression to liver cirrhosis and HCC
in patients with chronic HBV infection is significantly
associated with circulating HBV-DNA levels[4,5]. Thus,
antiviral therapy against HBV is critical to prevent the
progression to cirrhosis or development of HCC. The
primary goal of CHB treatment is to eradicate HBV or
to at least maintain a suppressed state of HBV replication. However, antiviral therapy is not recommended for
patients in the immune tolerant phase, which is characterized by high HBV-DNA levels with positive hepatitis B
e antigen (HBeAg), but normal alanine aminotransferase
(ALT) level and minimal necroinflammation. In general,
antiviral therapy is considered for patients in the immune
clearance phase and the reactivation phase of chronic
HBV infection.
Since the introduction of interferon (IFN)-α as the
first approved agent for HBV infection in the early 90’
s, remarkable advances have been made in the treatment
of CHB. Agents for the treatment of CHB are divided
mainly into two groups according to their mechanism of
action: (1) agents with immunomodulatory and antiviral
effects, such as IFN or peglyated IFN (PEG-IFN); and
(2) oral nucleos(t)ide analogues (NAs) such as nucleoside
analogues including lamivudine (LAM), telbivudine (LdT),
clevudine and entecavir (ETV) and nucleotide analogues
including adefovir dipivoxil (ADV) and tenofovir dipivoxil fumarate (TDF). These NAs can be divided into subclasses based on their structural similarities: L-nucleoside
analogues (LAM, LdT and Clevudine); alkyl phosphonates (ADV and TDF); and D-cyclopentane (ETV).
The main difference between immunomodulatory
agents and NAs is that PEG-IFN has the advantage of a
finite duration of use, whereas the use of NA inhibitors
is indefinite. The major drawback of PEG-IFN is its high
frequency of adverse events. Long-term use of NAs, on
the other hand, poses the risk of drug resistance. They
are, however, safe, effective and easily administered orally.
The number of patients having a virological response
after a cycle of IFN therapy is lower compared with patients reaching the suppression of viral replication with
new NAs. However, IFN therapy has higher rates of
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HBeAg seroconversion and hepatitis B surface antigen
(HBsAg) loss than NAs. Treatment strategies with PEGIFN or a NA are intended to achieve a sustained offtreatment virological response. A 48-wk course of PEGIFN is mainly recommended for HBeAg-positive CHB
patients with the best chance of HBeAg seroconversion.
It can also be administered in HBeAg-negative CHB patients. Unlike NAs, PEG-IFN potentially offers a chance
of sustained off-treatment response after a finite duration
of therapy in HBeAg-negative patients. For HBeAg-positive CHB patients, NA therapy can be stopped after additional 12 mo following HBeAg seroconversion, whereas
long-term use of NA is needed due to a high rate of offtherapy relapse in HBeAg-negative patients, in whom the
ideal end point is HBsAg loss.
LAM, the first approved oral NA for hepatitis B treatment, had been widely used and is a safe and effective
drug, however, it has been excluded from most recent international guidelines as a first-line antiviral agent against
HBV due to the emergence of drug-induced mutant
HBV. The frequency of the development of genotypic
resistance was reported to be up to 60%-70% after 5
years of LAM therapy[6,7]. In order to achieve more curative antiviral effects, new therapeutic approaches, such as
combination therapies using an antiviral and an immunomodulating agent or multiple antiviral agents used together, have been tried to address this problem, but evidence
demonstrating that combination therapy is superior to
monotherapy is still lacking[8,9].
The development of a new antiviral agent or optimized therapeutic approaches that can eradicate the
virus and not only achieve control of viral replication,
should be the focus of future work in the management
of CHB. To this end, it is essential to understand the immunopathogenesis of HBV and the mechanisms of viral
persistence and drug-induced resistance. The following
summarizes recent advances in the understanding of the
immunopathogenesis of HBV and currently available
and developing optimized antiviral strategies therapies for
HBV infection.

IMMUNOPATHOGENESIS
HBV infection in humans results in various clinical outcomes depending on the age of the patient at the time of
infection: 90% of individuals infected via vertical or perinatal transmission develop chronically evolving hepatitis,
while 90% of individuals infected via horizontal transmission during adulthood recover[1]. Viral persistence and
clinical outcomes following HBV infection depend on
viral factors and host factors; including genetic factors
that determine a host’s immune mechanisms[10].
The innate immune response controls initial infection
during the early phases of viral infection. Various components, such as natural killer (NK) cells, natural killer T
(NKT) cells, dendritic cells, cytokines, chemokines and
toll-like receptor (TLR) contribute to this nonspecific
innate immune response[11]. Type 1 IFNs produced by
infected cells also play an important role in the inhibition
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of viral replication early on, but do not provide long-term
protective immunity against viruses[11]. Dysfunction of the
innate immune response in the immune tolerant phase
may be explained by previous studies which showed that
HBV suppress TLR-mediated innate immune responses
in murine non-parenchymal liver cells [12] and HBeAg
reduces TLR2 expression on hepatocytes, Kupffer cells
(KCs) and peripheral monocytes in patients with CHB[13].
On the other hand, in the immune clearance phase, NK
cell activation induces tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL)-mediated death of hepatocytes in CHB, leading to liver injury[14]. Interestingly,
a recent study by Zhang et al[15] demonstrated that peripheral CD16+ monocytes in chronic HBV infection are
selectively recruited into the liver, where they are highly
activated and produce pro-inflammatory cytokines and induce Th17 cells to initiate destructive immune responses.
Major histocompatibility complex (MHC) class-I
restricted CD8+ T-cells and MHC class-Ⅱ restricted
CD4+ T-cells have been shown to play key roles in the
adaptive cellular immune response against HBV. Studies
have shown that individuals who demonstrated spontaneous recovery from HBV infection mount a vigorous,
multi-specific T-cell response against HBV antigens.
Chronic HBV carriers mount a defective T-cell response,
which is characteristically weak and mono-specific, and
go on to develop chronic liver diseases such as liver cirrhosis and HCC[16,17]. CD8+ T cells cause the lysis of
HBV-infected hepatocytes through cytolytic and noncytolytic mechanisms[18]. The cytolytic mechanism was
demonstrated in HBV-transgenic mouse models that
express HBV antigens in the liver[19,20]. These transgenic
mice are tolerant of self-HBV antigens, and notable liver
damage does not develop. However, when cytotoxic
T-cells from one of these transgenic mice are introduced
into syngenic mice, significant acute liver injury that
resembles acute hepatitis B in humans occurs[21]. The
lysis of HBV-infected hepatocytes occurs via perforin or
Fas systems which lead to viral clearance. Non-cytolytic
mechanisms are mediated by some specific cytokines,
such as IFN-γ and tumor necrosis factor (TNF)-α which
selectively degrade replicating genomes of HBV without
killing infected cells[21,22]. Since HBV is a non-cytopathic
virus, it must be able to either evade or overwhelm antiviral immune responses. Most neonates who are infected
via vertical transmission from their mothers develop
chronically evolving hepatitis through neonatal tolerance.
Explanations for this neonatal tolerance involve the immature immune system of neonates and the immunomodulating effects of excessively secreted HBeAg in peripheral blood. This tolerating effect of HBeAg has been
well demonstrated in HBV transgenic mice[23]. In addition, studies have shown that cytotoxic T cell responses
in patients with chronic HBV infection occur less vigorously than those with acute hepatitis B, even if they
have a high viral load in the peripheral blood[16]. This low
cytotoxic T cell response is responsible for the induction
of peripheral tolerance or the exhaustion of the T cell
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response due to a high viral load[24]. Moreover, antigen
persistence is a major factor driving the functional alteration of HBV-specific T cells, and thus antigen removal
to allow T cell resting can be an essential requirement for
the functional reconstitution of antiviral T cell responses[25]. The hyporesponsiveness of HBV-specific CD8+ T
cells results in decreased cytotoxicity, proliferation, and
production of anti-viral cytokines; including TNF-α and
interleukin-2 (IL-2), which are responsible for eradicating the virus during chronic infection[26,27]. In addition
to HBV-specific T cells, NK cells, NKT and macrophages can inhibit HBV replication by producing IL-12
and nitric oxide[28]. The other factors influencing HBVspecific tolerance include the immunoregulatory effects
of CD4+ CD25+ FoxP3+ regulatory T cells (Tregs) and
the dysfunction of dendritic cells[29]. Tregs suppress effector T cells, which impair the immune response. Thus,
a change in number or function could cause a decrease
in anti-viral immunity in chronic HBV carriers. Studies
on the frequency of circulating Tregs in chronic HBV
carriers have yielded conflicting results-both increased[30]
and decreased[31] frequencies have been observed. However, depletion of Tregs increased the function of HBV
specific T-cells, even though such modulation was not
necessarily HBV-specific[30,31]. Hence, the role of Tregs
in the immunopathogenesis of HBV should be further
clarified.
Although the immunomodulatory effect of chronic
HBV infection on dendritic cell function is poorly understood, recent studies suggest that dysfunction of
dendritic cells may contribute to inhibition of the antiviral immune response, leading to viral persistence and
progressive liver disease in chronic HBV carriers[32]. In
addition, recent studies have shown that the programmed
death-1 (PD-1) inhibitory receptor is involved in the impairment of virus-specific CD8 T-cell function in chronic
viral infections in mice and humans[33,34]. Little data is
available on the association between PD-1 expression
and HBV-specific CD8+ T cells, but a recent study has
demonstrated that the increase in HBV-specific CD8+
T cell proliferation correlates with the downregulation
of PD-1[35]. Based on these experiments, it can be surmised that blocking the activation of PD-1 can restore
exhausted virus-specific CD8+ T cells and thus lead to
a promising strategy for treating chronic HBV infection. Cytotoxic T cells play a crucial role in controlling
viral replication, but selection for viral escape mutations
in targeted T-cell epitopes may limit their effectiveness.
However, viral escape mutants in HBV have rarely been
reported, even in cases of CHB[36], with the exception of
a few reports which demonstrated that viral mutations
abrogate, energize or antagonize antigen recognition by
virus-specific T cells[37,38]. Other possible mechanisms
leading to HBV persistence include the infection of immunologically privileged sites, viral inhibition of antigen
presentation and downregulation of viral gene expression[24]. The immune responses against HBV and its regulation are summarized in Figure 1.
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Figure 1 Summary of the innate immune response and cellular immune response against hepatitis B virus. Natural killer (NK) cells, natural killer T (NKT) cells,
dendritic cells, cytokines, chemokines and toll-like receptor (TLR) contribute to the innate immune response against hepatitis B virus (HBV). Also, NK cells, NKT and
macrophages can inhibit HBV replication by producing interleukin (IL)-12 and nitric oxide. Dysfunction of the innate immune response in the immune tolerant phase
may be explained by this process. However, HBeAg reduces TLR2 expression on hepatocytes, Kupffer cells and peripheral monocytes. Moreover, NK cell activation
induces TRAIL-mediated death of hepatocytes in CHB, leading to liver injury. Chronic HBV carriers mount a defective T-cell response. CD8+ T cells cause the lysis
of HBV-infected hepatocytes through cytolytic and non-cytolytic mechanisms. Non-cytolytic mechanisms are mediated by some specific cytokines, such as interferon
(IFN)-γ and tumor necrosis factor (TNF)-α which selectively degrade replicating genomes of HBV without killing infected cells. In CHB, Tregs suppress effector T cells,
which impair the cellular immune response. The programmed death-1 (PD-1) inhibitory receptor is involved in the impairment of virus-specific CD8 T-cell function.

UPDATE ON THE TREATMENT OF
CHRONIC HEPATITIS B
The ultimate goal of antiviral therapy for CHB is to prevent progression to cirrhosis or HCC via eradication of
HBV or persistent viral suppression. The ideal end point
of antiviral therapy is the achievement of either HBsAg
seroconversion or HBsAg loss. Therefore, antiviral treatment is recommended for patients with chronic HBV
infection who are at risk of developing liver failure or
for those with advanced liver diseases[39,40]. Regional clinical practice guidelines for the treatment of patients with
chronic HBV infection have recently been developed and
updated: American Association for the Study of Liver
Disease (AASLD) in 2009[40], The Asian Pacific Association for the Study of the Liver (APASL) in 2012[39] and
European Association for the Study of the Liver (EASL)
in 2012[41]. In deciding upon an appropriate treatment
plan for patients with chronic HBV infection, careful
consideration must be given to the degree of liver disease,
laboratory data, including biochemical and viral levels,
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histological findings and patient compliance. Although
recommendations for the management of chronic HBV
infection are similar between regional guidelines, there are
some differences regarding the levels of HBV-DNA and
ALT, examination of liver biopsy prior to treatment for
CHB and liver cirrhosis (Table 1). Among currently available antiviral agents including the standard IFN, PEGIFN, LAM, ADV, LdT, ETV, TDF and clevudine, PEGIFN-based therapy, ETV and TDF are recommended for
naïve patients with CHB according to the regional guidelines. For patients with liver cirrhosis, however, AASLD
guidelines recommend ETV, TDF or the combination of
LAM (or LdT) and ADV, while EASL and APASL guidelines recommend ETV and TDF for decompensated
liver cirrhosis, and to consider IFN-based therapy for
compensated liver cirrhosis. On the other hand, antiviral
therapy is not recommended for patients in the immune
tolerant phase or the inactive carrier state as disease progression is rare in these phases, and treatment would induce an undue risk of developing drug resistance in such
patients.
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Table 1 Indications for treatment and recommended strategy for chronic hepatitis B

HBeAg positive hepatitis

HBeAg negative hepatitis

Liver cirrhosis

Indications for
treatment
Biopsy
recommended1
Preferred drugs for
naïve patients
Indications for
treatment
Biopsy
recommended1
Preferred drugs for
naïve patients
Indication for
treatment

Preferred drugs for
naïve patients

AASLD 2009

EASL 2012

APASL 2012

HBV DNA > 20000 IU/mL and
ALT > 2 × ULN
HBV DNA >20000 IU/mL and
ALT 1-2 × UNL especially if age
> 40 yr or family history of HCC
PEG-IFN, ETV, TDF

HBV DNA > 2000 IU/mL and
ALT > ULN
HBV DNA > 2000 IU/mL and
Age > 30 yr or family history of
HCC
PEG-IFN, ETV, TDF

HBV DNA > 20000 IU/mL and
ALT > 2 × ULN
HBV DNA > 20000 IU/mL or
high normal or minimally raised
ALT and age > 40 yr
IFN-based therapy, ETV, TDF

HBV DNA >20000 IU/mL2 and
ALT > 2 × ULN
HBV DNA >2000 IU/mL and
ALT 1- > 2 × UNL

HBV DNA > 2000 IU/mL and
ALT > ULN
Unmentioned

PEG-IFN, ETV, TDF

PEG-IFN, ETV, TDF

HBV DNA > 2000 IU/mL and
ALT > 2 × ULN
HBV DNA > 2000 IU/mL or high
normal or minimally raised ALT
and age > 40 yr
IFN-based therapy, ETV, TDF

Compensated: HBV DNA >2000
IU/mL; consider treating HBV <
2000 IU/mL if ALT > UNL
Decompensated: any detectable
HBV DNA
Combination of LAM (or LDT)
and ADV, ETV, TDF

Any detectable HBV DNA

Compensated: HBV DNA > 2000
IU/mL
Decompensated: any detectable
HBV DNA

Compensated: PEG-IFN, ETV,
TDF
Decompensated: ETV, TDF

ETV, TDF (consider also IFNbased therapy if compensated LC
and ALT < 5 × UNL)

1

Consider treatment if moderate to severe inflammation or significant fibrosis is shown on liver biopsy; noninvasive methods may be useful in EASL
and APASL guidelines; 2Treatment may be considered in patients with HBV DNA 2000-20000 IU/mL, particularly if they are older or have cirrhosis.
AASLD: The American Association for the Study of the Liver Diseases; EASL: European Association for the Study of the Liver; APASL: The Asian Pacific
Association for the Study of the Liver; ULN: Upper limit of normal; PEG-IFN: Pegylated interferon; ETV: Entecavir; TDF: Tenofovir; IFN: Interferon; LAM:
Lamivudine; LDT: Telbivudine; ADV: Adefovir.

Pegylated interferon
The most important advantage of PEG-IFN use in clinical practice is finite duration of treatment. In addition,
the antiviral response is more durable with higher HBeAg
seroconversion and HBsAg seroconversion after treatment compared with NAs. However, frequent adverse
events, low degree of compliance due to injection-related
problems [41] such as flu-like symptoms, neutropenia,
thrombocytopenia, decreased appetite, abdominal discomfort, rash, pruritus, alopecia, thyroiditis, injection-site
reaction and depression, and high costs are considered
to be some of its drawbacks. Although PEG-IFN does
not result in marked DNA suppression during treatment,
it has shown to induce delayed post-treatment anti-viral
benefits. In two randomized clinical trials (RCT) investigating the efficacy and safety of PEG-IFN-a-2a in
HBeAg positive CHB patients, the HBeAg seroconversion rate at the end-of-treatment was approximately 30%
of cases. This virological response increased during the
period of follow-up, reflecting post-treatment delayed
immune responses[42,43]. In addition, 83% of patients
who achieved seroconversion during treatment or early
post-treatment had a sustained response at 12 mo posttreatment[43]. Decreasing the viral load by NA treatment
prior to an immune modulator may be a rational strategy to achieve a more effective viral response given that
simultaneous combination therapies have not shown a
superior viral response. However, in both of the abovementioned RCTs, simultaneous combination therapy with
PEG-IFN-a-2a plus LAM was not superior to mono-
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therapy with PEG-IFN-a-2a. Previous clinical studies
on the antiviral efficacy of LAM followed by PEG-IFN
therapy compared with placebo followed by PEG-IFN
in HBeAg-positive CHB patients demonstrated that sequential therapy of LAM and PEG-IFN improved sustained virological response as compared with the control
group[44]. However, in another sequential therapy regimen
using ETV and PEG-IFN, there was no significant difference in HBeAg and HBsAg seroconversion between
ETV plus PEG-IFN sequential therapy and sustained
ETV monotherapy in HBeAg-positive CHB patients[45].
This hypothesis requires testing in large randomized clinical trials.
Factors that predict response to PEG-IFN therapy
are an area of extensive investigation. These factors include serum HBV-DNA, ALT and HBsAg levels, HBV
genotype and IL28 polymorphisms[40,41,43,46]. ALT flares
(> 2-5 times the upper limit of normal) during IFN
treatment reflecting enhanced host immune response[47]
as well as low HBV-DNA are widely accepted as predictors for viral response to PEG-IFN therapy[40,48]. Studies
have failed to find an association between HBV genotype
and response after PEG-IFN therapy such as the phase
[43]
Ⅲ study conducted by Piratvisuth et al and the NEP[49]
TUNE study by Liaw et al which found no significant
difference in HBeAg seroconversion between HBV genotype B and C groups 24 wk post-PEG-IFN treatment.
Baseline HBsAg levels were associated with significantly
different responses to PEG-IFN therapy in both studies.
In addition, a recent study of HBeAg-positive CHB pa-
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tients treated with PEG-IFN showed that HBsAg levels
can be confidently used to guide therapy decisions and
that discontinuation of PEG-IFN treatment is indicated
in all patients with HBsAg levels > 20000 IU/mL after
24 wk of PEG-IFN therapy[46].
An IL28B polymorphism is associated with favorable
viral response events such as HBeAg and HBsAg loss
or seroconversion in HBeAg-positive CHB patients[46,50].
Furthermore, it was demonstrated that the HBsAg seroconversion rate in HBeAg-negative CHB patients was
significantly higher in the IL28B CC group than in the
non-CC group after a median of 11 years follow-up[51]. In
contrast, no significant difference in HBeAg seroconversion rate was observed between the TT group and nonTT group of the IL28B in another study[52].
The levels of serum HBeAg may be considered as a
predictive factor for response to PEG-IFN therapy. A recent study by Fried et al[53] showed that levels of HBeAg
consistently decreased during treatment in patients who
achieved HBeAg seroconversion and remained at their
lowest level during the 24 wk of post-treatment followup. Taken together, lower HBV-DNA levels, higher ALT
levels and lower HBsAg levels are considered strong
candidate predictive markers of favorable response to
PEG-IFN therapy. However, HBV genotype and IL28B
polymorphisms still have limited application as useful
predictive biomarkers of response to PEG-IFN therapy.
Further RCTs on this issue are needed.
Nucleos(t)ide analogues
LAM: Although LAM is the first approved oral antiviral
agent against HBV, the emergence of drug-resistant tyrosine-methionine-aspartate-aspartate (YMDD) mutants has
been a major hindrance to long-term LAM treatment. The
frequency of genotypic resistance was reported to be as
high as 60%-70% after 5 years of treatment[6,7]. Therefore,
it is no longer recommended as the first-line treatment for
CHB patients in the current international guidelines, but
it may be recommended in combination therapies with
ADV or TDF for liver cirrhosis[40].
ADV: ADV is the acyclic analogue of dAMP with therapeutic efficacy against both the wild-type and YMDD
mutant HBV. Two previous major phase Ⅲ clinical
studies showed that ADV demonstrated significant virological and biochemical responses, and histological
improvement in HBeAg-positive and -negative naïve
CHB patients[54,55]. ADV has also demonstrated virological improvement in patients with LAM-resistant HBV,
regardless if used alone or in combination with ongoing
LAM therapy[56,57]. Although ADV has been widely accepted as advantageous over LAM in terms of the development of genotypic resistance, it is not recommended
as the first-line drug for HBeAg-positive and -negative
CHB patients in the current international guidelines as it
is less effective than other NAs such as ETV and TDF
in antiviral activity[58], and possesses a significant risk of
nephrotoxicity[59].

WJG|www.wjgnet.com

Entecavir: ETV is a deoxyguanosine nucleoside analogue which has highly potent antiviral activity and a high
genetic barrier to resistance against HBV. In long-term
follow-up studies of ETV for the treatment of chronic
HBV infection for up to 5 years, it was very safe and well
tolerated, and showed high rates of HBV-DNA suppression, ALT normalization and serological responses in
both HBeAg-positive and -negative CHB patients[60,61].
Also, long-term ETV treatment showed the reversal of
fibrosis or cirrhosis and continued histological improvement in patients with CHB[61]. Specifically, a post-hoc
subgroup analysis in HBeAg-positive and -negative Asian
CHB patients treated with ETV for up to 5 years also
showed histological improvement with high rates of virological, biochemical and serological responses[62]. These
results could provide evidence that ETV is beneficial in
Asian CHB patients who have poor prognosis due to
perinatal infection with genotype B and C in most cases.
Moreover, the emergence of ETV resistance was very
low, with a cumulative incidence of ETV resistance rates
at year 1, 2, 3, 4, and 5 in treatment-naïve patients of 0.2%,
0.5%, 1.2%, 1.2% and 1.2%, respectively[63]. Based on the
results from clinical studies, current regional guidelines
have recommended ETV as a first-line therapy for the
treatment of compensated and decompensated patients
with chronic HBV infection.
LdT: LdT is the L-nucleoside analogue of L-deoxythymidine and displays potent antiviral activity comparable
to that of ETV. HBV-DNA was undetectable (< 300
copies/mL) in 60% of HBeAg-positive CHB patients
and 88% of HBeAg-negative CHB patients treated with
LdT[64]. In addition, ALT normalization was found in
77% and 74%, respectively[65]. HBeAg seroconversion in
HBeAg-positive CHB patients was observed in 23% and
30% at year 2 in two studies[64,65]. LdT provides higher
rates of virological responses than LAM, but has also
been associated with high rates of resistance due to a
low genetic barrier. The rates of resistance to LdT at 1
year of treatment were 5% and 2% in HBeAg-positive
and -negative CHB patients, and 25% and 11% at year
2, respectively[64,65]. Although LdT was well tolerated and
safe, an asymptomatic elevation of creatinine kinase and
symptomatic myopathy were occasionally reported. Taken
together, LdT is not recommended as a first-line therapy
for CHB patients in current international guidelines, but
it is recommended as a combination therapy with ADV
or TDF for liver cirrhosis[40].
Clevudine: Clevudine is a pyrimidine analogue with potent and sustained antiviral activity against HBV. Previous
clinical studies conducted in Korea have demonstrated
that clevudine showed potent antiviral activity during
therapy and induced a sustained post-treatment antiviral effect for 6 mo after a 12- and 24-wk treatment period[66,67]. Moreover, a double-blind, randomized, clinical
study comparing the efficacy and safety of clevudine vs
LAM for 48 wk in treatment-naïve HBeAg-positive CHB

13298

October 7, 2014|Volume 20|Issue 37|

You CR et al . Update on HBV infection

patients revealed that serum HBV-DNA level was below
300 copies/mL in 73% of patients and that HBeAg seroconversion occurred in 18% of patients at week 48[68].
Although potent viral suppression and sustained antiviral
activity after cessation of clevudine were observed, its
efficacy has been hampered by the emergence of drugresistant viral variants. A single mutation at rtM204I
confers resistance to clevudine and the incidence of
clevudine resistance at 48 wk and 2 years was 1.3%-7%
and 24.4%, respectively[69,70]. Furthermore, high rates of
symptomatic myopathy due to mitochondrial damage in
the muscle have been reported with clevudine[71,72]. For
these reasons, clevudine is not recommended as first-line
therapy for CHB patients.
TDF: TDF is an acyclic nucleotide inhibitor and has
been proved to be a highly powerful antiviral agent
against HBV without resistance to TDF during the treatment period[58,73]. In a three-year follow-up study, levels
of HBV-DNA below 400 copies/mL at week 144 was
observed in 72% of HBeAg-positive and in 87% of
HBeAg-negative patients treated with TDF monotherapy[74]. In addition, ALT normalization was found in 74%
and 81%, respectively. In HBeAg-positive patients, rates
of HBeAg and HBsAg loss were 34% and 8%, respectively. Furthermore, no genotypic resistance developed
during the follow-up period. Interestingly, a recent longterm follow-up study over 5 years demonstrated that
87% of patients showed histological improvement and
51% had regression of fibrosis at week 240[75]. In addition, 74% of 96 patients with cirrhosis at baseline had
no cirrhosis at year 5. Moreover, no genotypic resistance
to TDF was detected. These results provided strong evidence that TDF was very safe and effective for long-term
use in the treatment of CHB patients. Minor adverse
events such as nephrotoxicity or decreased bone density were occasionally reported[76]. Current international
guidelines recommend TDF and ETV, which are the two
most effective antiviral agents, as first-line treatments
for compensated and decompensated liver diseases in
chronic HBV infection.

MECHANISMS AND TREATMENT OF
DRUG RESISTANCE
Drug resistance is one of the most important causes of
antiviral treatment failure in patients with CHB infection. The emergence of HBV mutants during antiviral
treatment leads to a rapid increase in viral replication,
resulting in histological deterioration with ALT flares.
Therefore, it is critical to detect early HBV mutants in the
treatment of CHB patients to improve long-term prognosis of the disease.
Although HBV is a DNA virus, its replication is processed by reverse transcriptase through an RNA intermediate. Because HBV-DNA polymerase lacks a proofreading mechanism, mutations can occur if NAs incompletely
suppress viral replication. Under the selective pressure of
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NAs, newly emerging mutant strains are selected as predominant species. Subsequently, compensatory mutations
in the presence of the primary mutation may emerge at
other regions of the polymerase gene, resulting in increased viral replication compared to wild-type HBV[77].
There are three factors that are involved in the development of antiviral resistance; viral fitness, potency, and
genetic barrier to resistance of the NAs[78].
Resistance to NAs is dependent on the structure of
the NA. Eight codons in HBV polymerase are known to
be involved in the development of antiviral resistance:
169, 180, 181, 184, 202, 204, 236, and 250. There are
five pathways leading to antiviral resistance[79]: (1) the
rtM204V/I pathway for L-nucleosides (LAM, LdT and
Clevudine); (2) the rtN236T pathway for alkyl phosphonates (ADV, TDF); (3) the rtA181T/V pathway, which
is shared between the L-nucleosides and alkyl phosphonates; and (4) the D-cyclopentane/ETV pathway
(rtL180M + rtM204V + I169T + T184S/G/C + S202C/
G/I + M250I/V).
The general principles of antiviral therapy for NA
resistance include the following: (1) confirmation of the
patient’s adherence to the drug; (2) detection of viral
breakthrough and identification of genotypic resistance;
and (3) consideration of combination therapy to prevent
additional mutation caused by sequential NA therapy.
Lamivudine resistance
Although LAM is safe and tolerated in compensated and
decompensated liver diseases due to HBV, it has limited
clinical use in CHB patients due to a high rate of drug
resistance. Previously, ADV alone or in combination
with ongoing LAM therapy was used for the treatment
of rtM204V/I mutant by LAM[56]. However, the rate
of ADV resistance after direct switching from LAM to
ADV in LAM-resistant patients was as high as 18% at
year 1 and 65.6% at year 5, respectively[80,81]. On the other
hand, rescue therapy switching to ETV at 1 mg daily for
LAM-resistant patients was adopted, but genotypic ETV
resistance and virological breakthrough developed in 51%
and 43% of cases at year 5, respectively[63]. These results
may be explained by cross-resistance shared by LAM and
ETV. Thus, ETV monotherapy at a dose of 1 mg has not
been further recommended as rescue therapy in LAMresistant patients. TDF rescue therapy for ADV-resistant
patients who were treated with ADV for 15 mo due to
LAM-resistance, showed profound viral suppression of
HBV-DNA below the detection limit of 400 copies/mL
in 95% of cases[82]. Subsequently, a long-term study of
TDF rescue monotherapy was conducted in patients with
prior failure or resistance to different NA treatments[83].
Pretreatment consisted of either monotherapy with
LAM, ADV, and sequential LAM-ADV therapy, or addon combination therapy with both drugs. After a mean
treatment duration of 23 mo, HBV-DNA was undetectable (< 400 copies/mL) in 79% of all patients. In addition, loss of HBeAg and HBsAg occurred in 24% and 3%
of patients, respectively, suggesting that TDF monother-
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Table 2 Recommended treatment for drug resistance
Resistance to

AASLD 2009

EASL 2012

APASL 2012

LAM

Add ADV or TDF
Switch to Truvada1

Switch to TDF
(add ADV if TDF is not available)

LDT
ADV

Add ADV or TDF
Switch to Truvada1
Add LAM
Switch to Truvada1
Switch to or add ETV

ETV

Switch to TDF or Truvada1

TDF

Unmentioned

MDR

Unmentioned

Switch to or add TDF
(add ADV if TDF is not available)
Switch to ETV or TDF
Switch to TDF and add a nucleoside
analogue if the patient has been treated
with LAM
Switch to or add TDF
(add ADV if TDF is not available)
Add ETV, LDT, LAM or emtricitabine
Switch to ETV if the patient has not been
treated with LAM in the past
Combination of a nucleoside and a
nucleotide

Add ADV
Switch to TDF
Switch to IFN-based therapy
Add ADV
Switch to TDF
Add LAM, LDT or ETV
Switch to TDF
Switch to ETV plus TDF, if the patient
has been treated with LAM or LDT
Add TDF or ADV
Unmentioned

Unmentioned

1

Truvada is a combination pill containing emtricitabine 200 mg and tenofovir 300 mg. LAM: Lamivudine; LDT: Telbivudine; ADV: Adefovir; ETV: Entecavir;
TDF:Tenofovir; MDR: Multidrug resistance; IFN: Interferon.

apy induced a potent and long-lasting antiviral response
in NA-experienced patients with previous treatment
failure[82]. PEG-IFN as rescue therapy for LAM-resistant
patients may be considered for compensated liver disease.
Current international guidelines include recommendations regarding rescue therapy for NAs-resistant patients
(Table 2). For LAM-resistant patients, switching to TDF
and ADV add-on therapy are commonly recommended.
IFN-based therapy for those patients is only recommended in the APASL guideline.
Adefovir resistance
ADV resistance is caused by rtN236T mutation in the D
domain and rtA181T/V in the B domain of the HBV
polymerase gene. A long-term follow-up study of ADV
monotherapy for 48 wk in HBeAg-negative CHB showed
ADV resistance in 0% at year 1 and 29% of patients at
year 5[59], suggesting that long-term use of ADV could
induce mutant strains. TDF has been proved to be effective in patients who were resistant to LAM and ADV.
Although TDF shares partial resistance with ADV, it has
been shown to have some antiviral effects in ADV resistance. In a recent study, TDF monotherapy was effective
in patients with virological breakthrough or suboptimal
response to ADV, but complete viral suppression was not
found in patients with ADV-resistance, suggesting that a
combination therapy of TDF with a NA should be considered in patients with ADV-resistance[84]. Because TDF
possesses some degree of cross-resistance to ADV, the
combination therapy of TDF plus LAM, LdT or ETV
for patients with ADV-resistance may be more beneficial
than TDF monotherapy to prevent further emergence
of mutant strains. However, another study demonstrated
that there was no significant difference in viral suppression between the combination of TDF plus emtricitabine
and TDF alone in patients with CHB infection who had
an incomplete response to ADV[85]. Further investigation
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is required.
Telbivudine resistance
LdT has relatively higher antiviral potency than LAM,
however, prolonged treatment with LdT is limited by
high rates of resistance due to a low genetic barrier. Studies reporting 1- and 2-year resistance rates to LdT were 5%
and 25% in HBeAg-positive CHB patients, respectively[65]. A recent study revealed that LdT and ADV combination therapy led to significant decreases in serum HBVDNA levels and normalization of ALT levels in patients
with virological breakthrough or genotypic resistance to
LdT[86]. Current international guidelines recommend addon ADV or switching to TDF or Truvada in patients with
LdT resistance.
Clevudine resistance
Clevudine is a nucleoside analogue with potent antiviral
activity against HBV. Clevudine resistance in patients
who have received clevudine therapy has been reported[70,87]. Although a long-term follow-up study of rescue
therapy in clevudine-resistant patients has not been reported, the M204I mutation plays a key role in clevudine
resistance and leads to virological breakthrough during
long-term treatment. Drug susceptibility assays revealed
that ADV and TDF were the most effective compounds
against clevudine-resistant mutants. These results provide
evidence of therapeutic options for clevudine-resistant
patients. However, further clinical studies are required.
Entecavir resistance
ETV resistance occurs following a two-step mutation of
HBV: (1) Pre-existing M204V and L180M by LAM; and
(2) acquisition of the primary ETV resistance-encoding
substitutions T184G and S202I or M250V. These mutations decrease ETV susceptibility and could give rise
to virological rebound, leading to treatment failure[88].
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After long-term ETV treatment in patients with LAM
resistance, the rate of resistance was 51%[63]. This high
resistance rate may be explained by rtM204V/I reducing
the genetic barrier of ETV. Although the ETV resistance rate is not as high as other L-nucleoside analogues
in naïve CHB, ETV rescue monotherapy at a dose of 1
mg for LAM-resistant patients should be considered for
treatment failure due to virological rebound. Thus, addon ADV to ETV may be beneficial in LAM-resistant patients to prevent further development of ETV resistance.
Although clinical evidence regarding treatment for ETV
resistance is insufficient to date, a recent study demonstrated the efficacy of TDF in ETV resistance[83]. Current international guidelines recommend add-on ADV
or TDF or switching to TDF or Truvada in patients with
ETV resistance.
Tenofovir resistance
TDF has been accepted as the most effective and safe
antiviral nucleotide analogue for NA treatment-naïve or
-failure patients to date. Recently, an open-label, longterm extension study of two previous phase Ⅲ studies
which confirmed no resistance to TDF after 48-wk treatment[74,75] revealed that TDF monotherapy maintains
effective suppression of HBV-DNA through 288 wk
(6 years) of treatment with no evidence of TDF resistance[89]. However, virological breakthrough occurred
infrequently and was associated with non-adherence to
study medication in the majority of cases. According to
current international guidelines, TDF is recommended as
an essential antiviral agent for compensated or decompensated liver diseases irrespective of any resistance to
NAs.
Multidrug resistance
In general, sequential NA monotherapy against HBV can
promote selection of multidrug-resistant (MDR) strains
of HBV. In particular, this frequently occurs with sequential treatment using NAs with similar characteristics (e.g.,
LAM followed by ADV or ETV)[79]. Studies have shown
that a combination therapy of TDF plus ETV in patients
who had resistance to both LAM and ADV was effective[90,91]. A combination therapy of TDF plus ETV was
shown to be effective in patients with MDR including
LAM, ADV and ETV resistance. These results suggest
that a combination therapy including TDF is better than
other NA monotherapies or sequential therapy.
Currently, HBV drug-resistance mutation is mainly
detected by direct sequencing and reverse hybridization.
However, there are still limitations in identifying different substitutions present in the same viral variant with
classic sequencing techniques[92]. Thus, it is necessary to
find new tools to sequence large portions of the genome.
Recently, a next generation sequencing (NGS) method
has been developed to increase sequencing capacity while
generating clonal sequences. The NGS method is processed through 3-step sequencing: library preparation,
DNA capture and enrichment, and sequencing[93]. Newly

WJG|www.wjgnet.com

developed virological tests may offer more optimized
and tailored therapeutic strategies for treatment-naïve or
-failure patients with chronic HBV infection. Current international guidelines do not recommend an appropriate
treatment for MDR HBV caused by the anti-HBV NAs.
However, based on pre-existing evidence, a combination
of TDF and ETV is considered to be the most appropriate treatment for patients with MDR.

CONCLUSION
Although preventive vaccines and new antiviral agents
against HBV have resulted in remarkable advances,
chronic HBV infection is a still a difficult disease to control due to continuous viral replication from cccDNA in
the nuclei of infected hepatocytes. Currently, there are
two therapeutic approaches to control HBV replication:
immunomodulating therapy and NAs. Despite extensive
research, the exact roles of the immune response in controlling HBV infection or emerging HBV drug resistance
are not completely understood. NAs therapy is considered an effective, safe and convenient therapy to control
chronic HBV infection. However, the emergence of
HBV mutant strains can lead to long-term treatment failure. The risk is very low or absent with ETV and TDF.
Immune-based anti-viral strategies against HBV should
be explored to achieve sustained viral control. International evidence-based guidelines have been developed to
support physicians in managing CHB patients. However,
it is difficult to initiate comprehensive therapy for MDR
to NA as there is a lack of strong evidence to prove
such issues. In addition, the currently available genotypic
test, direct sequencing, still has limitations in identifying
different substitutions present in the same viral variant.
Therefore, the development of new virological tests
identifying MDR may offer more optimized and tailored
therapeutic strategies for treatment-naïve or -failure
patients with chronic HBV infection. The factors influencing long-term treatment failure include patient compliance to drug, the emergence of HBV mutant strains,
host genetic factors and the properties of each NA. It is
critical to monitor viral load, serum HBsAg and ALT levels during antiviral therapy so that the therapeutic strategy can be continued or modified for patients with viral
breakthrough or suboptimal response. Current practice
guidelines stress the importance of profound and durable
HBV viral suppression in the treatment of CHB patients.
To this end, it is essential to choose a potent antiviral
drug with a low risk of resistance for the initial treatment
of CHB to achieve sustained virological response. TDF
or ETV have a high genetic barrier and potent antiviral
activity, and are widely accepted as first-line therapy for
naïve patients at the present time. Furthermore, for patients with HBV mutant strains, combination therapy
with NAs which have a high genetic barrier is more effective than sequential therapy of NAs with a low genetic
barrier. Further studies are needed to explore the molecular mechanism of HBV mutations conferring resistance
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to NAs and to achieve optimal therapeutic modalities
for patients with treatment failure. Finally, new anti-viral
strategies that can persistently suppress HBV replication
and overcome drug resistance should be investigated for
the treatment of patients with chronic HBV infection.
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Abstract
Nonalcoholic fatty liver disease (NAFLD), the most
common of chronic liver disease in Western Country,
is closely related to insulin resistance and oxidative
stress and includes a wide spectrum of liver diseases
ranging from steatosis alone, usually a benign and
non-progressive condition, to nonalcoholic steatohepatitis (NASH), which may progress to liver fibrosis and
cirrhosis. NAFLD is considered the hepatic manifestation of the metabolic syndrome with which shares
several characteristics, however recent data suggest
that NAFLD is linked to increased cardiovascular risk
independently of the broad spectrum of risk factors of
metabolic syndrome. Accumulating evidence suggests
that the clinical burden of NAFLD is not restricted to
liver-related morbidity and mortality, with the majority
of deaths in NAFLD patients related to cardiovascular
disease and cancer and not to the progression of liver
disease. Retrospective and prospective studies provide
evidence of a strong association between NAFLD and
subclinical manifestation of atherosclerosis (increased
intima-media thickness, endothelial dysfunction, arte-
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rial stiffness, impaired left ventricular function and
coronary calcification). A general agreement emerging
from these studies indicates that patients with NASH
are at higher risk of cardiovascular diseases than those
with simple steatosis, emphasizing the role of chronic
inflammation in the pathogenesis of atherosclerosis of
these patients. It is very likely that the different mechanisms involved in the pathogenesis of atherosclerosis in
patients with NAFLD have a different relevance in the
patients according to individual genetic background. In
conclusion, in the presence of NAFLD patients should
undergo a complete cardiovascular evaluation to prevent future atherosclerotic complications. Specific lifestyle modification and aggressive pharmaceutical modification will not only reduce the progression of liver
disease, but also reduce morbidity for cardiovascular
disease improving overall prognosis and survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intima-media thickness; Steatosis; Nonalcoholic fatty liver disease; Non-alcoholic steatohepatitis;
Early atherosclerosis; Cardiovascular risk; Inflammation; Epicardic fat
Core tip: Nonalcoholic fatty liver disease (NAFLD) is
emerging as an independent risk factor for the occurrence and progression of cardiovascular disease. In this
review we have systematically analyzed the correlation
between NAFLD and cardiovascular diseases (CVD)
focusing on the different aspects of CVD (increased
carotid intima media thickness, increased arterial stiffness, endhotelial dysfunction, impaired left ventricular
function, coronary calcification, epicardic fat), on the
clinical manifestations (obstructive sleep apnea syndrome, clinical consequences of microangiopathy), and
on the underlying physiopathogenic mechanisms (insulin resistance, atherogenic dyslipidemia, inflammation,
oxidative stress, adipokynes imbalance, coagulation
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imbalance, increased assumption of fructose). Furthermore, we emphasized that NAFLD, by itself, is probably
an independent risk factor for the occurrence of CVD.
Fargion S, Porzio M, Fracanzani AL. Nonalcoholic fatty liver disease and vascular disease: State-of-the-art. World J Gastroenterol
2014; 20(37): 13306-13324 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i37/13306.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i37.13306

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) represents an
emerging public health problem worldwide, has reached
epidemic proportions and, currently, is the most common
of chronic liver disease in Western Country. NAFLD
includes a wide spectrum of liver diseases ranging from
steatosis alone, usually a benign and non-progressive condition, to non-alcoholic steatohepatitis (NASH), which
may progress to liver fibrosis and cirrhosis. NAFLD is
defined by the accumulation of liver fat > 5% per liver
weight, in the presence of < 20 g/d for women and <
30 g/d for men of daily alcohol intake; viral or other
causes of liver disease must be excluded[1-4]. Patients with
NAFLD usually present no manifestation of liver disease
and are often identified by elevation of liver enzymes or
ultrasonographic evidence of liver steatosis[5].
NAFLD affects about 20%-30% of the general
population and is closely related to insulin resistance
and oxidative stress[4,6,7]. The reported prevalence of
NAFLD varies widely depending on the population
studied and definition used and ranges around 20%-25%
in the general population, reaching values of 50% and
75% in obese subjects and 65%-90% in those affected
by type 2 diabetes[8]. The prevalence was even higher
(96%) in obese undergoing bariatric surgery[9]. Interestingly, children are also known to be at risk of developing NAFLD: the prevalence was about 3%-10% in lean
subjects and about 53% in obese pediatric population.
In the United States, 9-15 millions of people are affected
by NASH (prevalence of 3%-5%) of whom 15%-20%
may evolve to cirrhosis[10].
In addition to be at risk for NASH, cirrhosis and
its complications, NAFLD patients are also at higher
risk of systemic and cardiovascular diseases (CVD), including coronary heart disease and stroke[7]. NAFLD is
considered the hepatic manifestation of the metabolic
syndrome (MS), with which shares several characteristics, and despite the relationship between NAFLD and
MS is now increasingly recognized, recent data suggest
that NAFLD is linked to increased cardiovascular risk
independently of the broad spectrum of risk factors of
MS. Indeed, it is hypothesized that NAFLD is not merely
a marker of cardiovascular disease but may also be involved in its pathogenesis[7,11-13] (Figure 1).
NAFLD, diagnosed either by ultrasonography or liver
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NAFLD

Features in common with the metabolic syndrome
Abdominal obesity
Hypertension
Insulin resistance
Hypertriglyceridaemia
Increased small dense LDL particles
Low HDL cholesterol
Hyperuricemia
Glucose intolerance and/or diabetes

CVD

Chronic inflammation
Decreased adiponectin
Hypercoagulability and impaired fibrinolysis

Figure 1 Common features in nonalcoholic fatty liver disease and cardiovascular disease. NAFLD: Nonalcoholic fatty liver disease; CVD: Cardiovascular disease.

biopsy, has been associated with a higher prevalence of
early asymptomatic cardiovascular alterations such as increased carotid intima-media thickness (IMT) and carotid
atherosclerosis[13-15], coronary calcification[13,16], altered left
ventricular geometry and early left ventricular diastolic dysfunction[17], and low coronary flow reserve[18]. In a recent
study a higher prevalence of NAFLD was also shown in
patients with atrial fibrillation[19]. These alterations have
been partly associated with the severity of liver damage,
defined by both lobular inflammation and fibrosis.
Thus, accumulating evidence suggests that the clinical burden of NAFLD is not restricted to liver-related
morbidity and mortality, with the majority of deaths in
NAFLD patients related to cardiovascular disease and
cancer and not to the progression of liver disease.
In the present review we present an overview on the
state of the art of the latest discoveries about the correlation between NAFLD and CVD focusing on the different
aspects of CVD (increased carotid intima media thickness, increased arterial stiffness, endothelial dysfunction,
impaired left ventricular function, coronary calcification,
epicardic fat), on the clinical manifestations [obstructive
sleep apnea syndrome (OSAS), clinical consequences of
microangiopathy], and on the underlying physiopathogenic mechanism (insulin resistance, atherogenic dyslipidemia,
inflammation, oxidative stress, adipokynes imbalance, coagulation imbalance, increased assumption of fructose).

SURVIVAL STUDIES
Recent evidence suggests that NAFLD patients have
a decreased survival as compared with general population, and cardiovascular disease dictates the outcome in
NAFLD patients more frequently and to a greater extent
than does the progression of liver disease[11]. Over 6-28
years of follow-up, several hospital-based studies have
reported that patients with NAFLD (biopsy-proven or
diagnosed by ultrasound) have a significantly higher allcause and CVD-related than general population. Adams et al[20] in a population-based cohort study, found
that 25% of related NAFLD death was linked to acute
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myocardial infarction and only 13% to liver disease. In a
study published in 2006, which included 212 consecutive
patients with biopsy-proven NAFLD, it was found an
increased mortality in NASH but not in simple steatosis.
Moreover, this study showed that the higher mortality
of NASH patients was primarily a result of CVD and,
to a lesser extent, of liver-related causes[5]. Similarly, in
a study of patients with biopsy-proven NAFLD with
21 years follow-up the main causes of death were CVD
and malignancy[21]. Rafiq et al[22] in a long-term follow-up
evaluation showed that death from coronary artery disease was the most common cause of death followed by
malignancy; the liver-related death, including death from
hepatocellular carcinoma, was the third most common
cause of death. Furthermore, Söderberg et al[23] recently
confirmed that NASH, but not simple steatosis, was associated with increased mortality from all causes during
a 28 years follow-up; cardiovascular disease was the most
frequent cause of death followed by extrahepatic cancer
and, at third place, by liver-related causes. It should be
noted, however, that these studies had a retrospective design and small cohort sizes and the adjustment for potential confounding metabolic factors was not performed[24].
Stepanova et al[25] in a combined large cohort of patients
with biopsy-proven NAFLD confirmed that cardiovascular (CV) death remains the top cause of death in the
NAFLD cohort. However, this retrospective study did
not show any difference in CV mortality between NASH
and non-NASH subtypes of NAFLD.
A series of prospective studies demonstrated that
NAFLD was independently associated with increased
risk either of non-fatal CVD events or CVD mortality
(Table 1[26]). Targher et al[27] using age and sexed matched
controls from a diabetes outpatient department, reported
that the presence of NAFLD, diagnosed by ultrasound,
was independently associated with an increased risk of
incident non-fatal CVD events and CVD mortality over
6.5 years of follow-up. Large community and populationbased studies showed similar results not only in European but also in Eastern countries[12,28-31]. Lazo et al[32]
in 2011 and Stepanova et al[33] in 2012, using a database
of over 11000 US participants found that NAFLD was
independently associated with the risk of CVD, but, in
contrast with the previous studies, not with increased risk
in all-cause mortality. This study, however, was limited by
the inclusion of mild hepatic steatosis within the control
arm and by using only ultrasonography to exclude hepatic steatosis. Similarly, Kim et al[34] in the third NHANES
study population found that ultrasonography - defined
NAFLD was not associated with overall mortality but,
interestingly, NAFLD with advanced fibrosis, was associated with the risk of overall mortality, of which the majority of deaths were due to CVD, even after adjustment
for other common risk factors. Also this study had the
same limitation of the two above (same database).
Additional long-term prospective and case-control
studies are needed to demonstrate the independent risk
of premature CVD and decreased survival in patients
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with well-defined NAFLD/NASH. In particular, understanding how modification of the progression of liver
disease could affect and modify CVD progression and
outcome is essential.

CAROTID INTIMA MEDIA THICKNESS
Increased IMT of carotid artery, considered a validated
parameter of subclinical atherosclerosis and an independent predictor of stroke and myocardial infarction[35-38],
and the presence of plaques as index of late atherosclerosis damage, have been used to characterize CVD risk
of patients with NAFLD.
Retrospective studies
Several papers reported a strong association between increased IMT and NAFLD. One of the first studies was
performed by Targher et al[39] in 2004. In this case-control
study emerged that in NAFLD patients, all non-obese
volunteers, with normal or moderately increased body
weight, abdominal visceral fat accumulation was the key
mediator for the relationship linking nonalcoholic hepatic
steatosis to increased IMT.
Interestingly, many of these studies, conducted among
different ethnic populations, showed that NAFLD predicted an increased carotid IMT independently from
traditional risk factors, including insulin-resistance[15,40-48].
Fracanzani et al[15] in a paired-sample case-control study
(125 patients with nonalcoholic fatty liver disease and 250
controls), without a prior diagnosis of diabetes, hypertension, and cardiovascular disease, matched for sex, age, and
body mass index found a significant difference in mean
values of IMT (0.89 ± 0.26 mm and 0.64 ± 0.14 mm, P
= 0.0001) and prevalence of plaques [26 (21%) and 15
(6%), P < 0.001] between the two groups. In this study
independent risk predictors of IMT higher than 0.64 mm
(the median value of normal subjects) were presence of
steatosis (OR = 6.9), age (OR = 6.0), and systolic blood
pressure (OR = 2.3). Aygun et al[49] in a population of 40
age-matched-control and biopsy proven NAFLD patients
reported that metabolic syndrome and increased IMT
were more prevalent in the NAFLD cohort. Kim et al[42]
in a case-control study stratified by gender concluded
that NAFLD was independently associated with carotid
atherosclerosis in patients with metabolic syndrome.
Salvi et al[50] in the Cardio-GOOSE (Cardio-Gambettola ObservatOry liver Steatosis Estimation) study, a
population-based cohort study finalized to evaluate the
relationship between NAFLD and subclinical vascular
damage, showed that NAFLD was associated with the
metabolic syndrome in 48% of cases. IMT values were
strongly related to the number of metabolic syndrome
factors. In fact no significant differences in IMT were
found between controls and patients with NAFLD and
no manifestation of metabolic syndrome (0.77 +/- 0.15
mm vs 0.76 +/- 0.14 mm). Conversely, in patients with
NAFLD and associated metabolic syndrome, IMT values
were significantly higher than in patients with NAFLD
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Table 1 Prospective and retrospective studies of the risk of cardiovascular mortality in patients with nonalcoholic fatty liver disease
diagnosed by liver biopsy and/or by ultrasonography
Ref.

Study design

NAFLD
patients

Matteoni et al[26],
1999

Retrospective,
Hospital-based

132

Histology

18.0

Dam-Larsen et al[21],
2004

Retrospective,
Hospital-based

109

Histology

16.7

Adams et al[20],
2005

Retrospective
community-based

420

US and/or
histology

7.6

Targher et al[12],
2005
Ekstedt et al[5],
2006

Prospective casecontrol, Hospital-based
Retrospective,
Hospital-based

248/21031

US

5.0

129

Histology

13.7

Hamaguchi et al[28],
2007
Targher et al[27],
2007
Haring et al[29],
2009
Rafiq et al[22],
2009

Prospective,
community-based
Prospective, Hospitalbased
Prospective,
community-based
Retrospective,
Hospital-based

312/16372

US

5.0

1421/21031

US

6.5

2490/41603

7.3

173

US and
altered GGT
Histology

13.0

118

Histology

18.0

Söderberg et al[23],
2010
Lazo et al[32],
2011

Stepanova et al[33],
2012

Treeprasertsuk
et al[31], 2012
Kim et al[34],
2013

Stepanova et al[25],
2013

Retrospective,
Hospital-based

Diagnosis of Mean duration
NAFLD
follow-up (yr)

Prospective,
2089/113714
US
population-based
(third NHANES study
population 1988-1994)
Prospective,
2492/113714
US
population-based
(third NHANES study
population 1988-1994)
Prospective,
309
US, CT,
community-based
MRI, and or
Histology
Prospective,
4083/111544
US and
population-based
NAFLD
(third NHANES study
Fibrosis
population 1988-1994)
Score
Retrospective,
289
Histology
Population-based

14.3

Result
No adjustment made.
Higher all-cause, liver-related mortality but no difference in
CVD mortality (NASH vs simple steatosis)
Analysis performed by gender.
No difference in all-cause and liver-related or CVD mortality
(simple steatosis vs general population)
Matched for gender, age and country
Higher all-causae, liver-related and CVD mortality (CVD is
the second cause of death by frequency) in NAFLD patients
(especially cirrhosis)
NAFLD was independently associated with increased
nonfatal CVD and CVD mortality
Matched for gender, age and country
Higher all-cause, liver-related and CVD mortality (NASH but
no simple steatosis vs general population)
NAFLD was independently associated with increased risk of
nonfatal CVD events
NAFLD was independently associated with increased risk of
nonfatal CVD events and CVD mortality
NAFLD was independently associated with increased risk of
all-cause and CVD mortality in men
No adjustments made
Higher liver-related mortality, but no difference in overall
mortality (NASH vs simple steatosis)
Matched for gender, age and year
Higher all-cause, liver-related and CVD mortality (NASH but
no simple steatosis vs general population)
Independent increased risk of CVD but no increased risk in
all-cause, liver-related and CVD mortality

14.3

Independent increased risk of CVD but no increased risk in
all-cause, liver-related and CVD mortality

11.5

Higher 10-Year CVD risk (NAFLD vs general population)

14.5

US-Defined NAFLD was not associated with overall mortality.
NAFLD with advanced fibrosis was independently associated
with overall mortality (majority of deaths were due to CVD)

6.25

No adjustments made
Higher risk of liver-related mortality in NASH than nonNASH. NAFLD and type II diabetes highest risk for overall
and liver-related mortality

1

Patients with type 2 diabetes; 2Participants of health checkup program; 3West Pomerania population; 4United Stated adult population. US: Ultrasonography;
CT: Computed tomography; MRI: Magnetic resonance imaging; CVD: Cardiovascular disease; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

alone (0.85 +/- 0.16 mm, P < 0.005)[50]. From a large
population based survey of over 8500 middle aged and
elderly Chinese population, Huang et al[46] reported that
NAFLD was associated with elevated IMT independently
of the conventional risk factors. Thakur et al[51] in a casecontrol study in non-diabetic population reported that
NAFLD seemed to be an independent predictor of having high average IMT, independently of obesity and metabolic syndrome. Notably, this is the first study in Asian
Indians demonstrating the association.
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The association between NAFLD and increased carotid IMT was independent of the metabolic syndrome
in at least four studies[44-47].
Increased IMT and liver damage
It has been reported that subclinical cardiovascular
disease was significantly associated with the severity of
liver disease. Targher et al[52] compared carotid IMT in
85 consecutive patients with biopsy-proven NAFLD
and 160 age-, sex-, and BMI-matched healthy control
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subjects and found that the severity of liver histopathology in NAFLD patients was strongly associated with
early carotid atherosclerosis, independently of classical risk factors, insulin resistance, and the presence of
metabolic syndrome, suggesting that the severity of
liver damage could play a role in atherosclerosis development. Băloşeanu et al[53] reported that the severity of
liver histopathological lesions among NAFLD patients
was strongly associated with increased IMT. This study,
however, had a limitation because it was performed in a
small sample of NAFLD subjects. Also Kucukazman et
al[54] in a recent study found that the mean carotid IMT
was significantly increased in patients with NAFLD and
showed a significant positive cancel weak correlation between ultrasonographic steatosis grade and mean IMT (r
= 0.376, P < 0.001).
IMT and type 2 diabetes
At least four studies examined the link between NAFLD,
type 2 diabetes and subclinical atherosclerosis damage. It
is well known that NAFLD is extremely common in people with type 2 diabetes and is mainly associated with uncontrolled diabetes. Targher et al[55] studied a population
of 200 diet-controlled type 2 diabetic subjects, reported
that NAFLD patients had a markedly greater carotid
IMT and that the increase of carotid IMT was largely
explained by HOMA-estimated insulin resistance. In
contrast IMT values were found to be significantly higher
in diabetic patients regardless of the degree of steatosis
by Cakir et al[56]. Similarly other two studies performed in
diabetic population reported that hepatic steatosis was
not associated with carotid atherosclerosis and suggested
that the association of hepatic steatosis and cardiovascular disease might be just an epiphenomenon[57,58].
Pediatric population
One of the first evidence of the association between
fatty liver and atherosclerosis were the autoptic findings
in 817 children who died of external causes showing that
fatty liver was present in 15% of the children, mild atherosclerosis in 21% and moderate to severe atherosclerosis in 2%. Atherosclerosis was found more common
in children with fatty liver (30%) than those without fatty
liver (19%). Interestingly, growing evidence suggests a
strong relationship between early carotid atherosclerosis
and NAFLD, although longitudinal studies are needed to
clarify the extent to which pediatric NAFLD and its severity influence long-term cardiovascular outcomes in the
general population[59-65].
In conclusion, considering the large number of publications on the relationship between IMT and vascular
damage, carotid screening for NAFLD might be beneficial
for assessment of future atherosclerotic complications.

ARTERIAL STIFFNESS
Measurement of biomechanical properties of arteries
has become an important surrogate outcome used in ep-
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idemiological and interventional cardiovascular research.
A loss of arterial elastic properties results in a range
of linked pathophysiological changes in the circulation
including increased pulse pressure, left ventricular hypertrophy, subendocardial ischaemia, vessel endothelial dysfunction and cardiac fibrosis[66]. Arterial stiffness, determined by measurement of pulse wave velocity, has been
shown to be an independent indicator of symptomatic
cardiovascular disease[67]. Carotid and femoral pulse wave
velocity has been considered the noninvasive gold standard measure of arterial stiffness[50]. Brachial-ankle pulse
wave velocity is also widely used to screen for atherosclerotic vascular damage[13,67]. Several recent studies reported a strong association between NAFLD and impaired
arterial elastic properties. In the GOOSE study Salvi et
al[50] showed that NAFLD may play an independent role
in determining arterial stiffness. Vlachopoulos et al[67] in a
case-control study with biopsy-proven NAFLD reached
similar results. Huang et al[46] in the study including 8632
Chinese men aged ≥ 40 years showed that brachialankle pulse wave velocity was increased in NAFLD independently of conventional cardiovascular disease risk
factors and metabolic syndrome. In another study of
the same author performed in adolescents it was found
that NAFLD was only associated with increased arterial
stiffness in the presence of the “high risk” metabolic
cluster, suggesting that arterial stiffness related to the
presence of NAFLD was predicted in adolescents by
the presence of an adverse metabolic profile[68]. Kim et
al[69] in a case-control study indicated that the presence
and the degree of NAFLD were associated with arterial
stiffness, measured by brachial-ankle pulse wave velocity,
in non-hypertensive, non-diabetic individuals, especially
in those without metabolic syndrome. Similarly, Lee et
al[70] showed that arterial stiffness, was independently associated with the risk for NAFLD regardless of classical
CVD risk factors.
Işilak et al[71] and Fotbolcu et al[72] reported that elastic
properties of aorta were abnormally changed in patients
with NAFLD, probably related to or associated with insulin resistance[71,72]. In contrast, Catena et al[73] revealed
that in essential hypertensive patients without additional
cardiovascular risk factors, NAFLD was associated with
insulin resistance but not with increased arterial stiffness.

ENDOTHELIAL DYSFUNCTION
Endothelial dysfunction is one of the earliest markers of
atherosclerosis. Recent studies showed an association between NAFLD and endothelial dysfunction, assessed by
brachial artery flow mediated dilatation (FMD). In 2005
Villanova et al[74] reported that FMD was significantly reduced in NAFLD population; in this case-control study
NAFLD, diagnosed by liver biopsy or by ultrasound, predicted a reduced FMD after adjusting for age, sex, BMI
and insulin resistance. Senturk et al[75] also reported that
endothelial dysfunction was worse in NASH compared
to simple steatosis and controls suggesting that inflam-
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mation in the liver plays a role.
Mohammadi et al[44] in a study performed in 2011,
reported that pure NAFLD without metabolic syndrome
in middle-aged subjects was strongly associated with
morphological (increased carotid IMT) and physiological
flow-mediated changes.
In a cohort of never treated uncomplicated hypertensive outpatient subjects the presence of NAFLD was
associated with physiological FMD changes and insulinresistance[76]. Thakur et al[51] in a case-control study reported that in a cohort of Asian Indians subjects NAFLD is
significantly associated with subclinical atherosclerosis
and endothelial dysfunction. Interestingly, these results
were independent from the classical cardiovascular risk
factors, i.e., obesity and metabolic syndrome. In another
observational case-control study the measurement of
brachial artery FDM was significantly lower in patients
with NAFLD group compared to control group suggesting that NAFLD, and in particular NASH, is associated
with endothelial dysfunction, independently from metabolic syndrome[48]. Similar results were reported by Kucukazman et al[54]. In addition plasma levels of fetuin-A,
which is known to inhibit insulin signalling and recently
emerged as a biomarker for diabetes risk, was found independently associated with endothelial dysfunction and
subclinical atherosclerosis in NAFLD patients[77].

IMPAIRED LEFT VENTRICULAR
FUNCTION
At least seven studies reported that NAFLD was associated with impaired left ventricular diastolic dysfunction,
alteration in energy metabolism and disturbance of cardiac rhythm (Table 2). Goland et al[78] found that patients
with NAFLD, in the absence of morbid obesity, hypertension, and diabetes had early features of left ventricular
diastolic dysfunction and mildly altered left ventricular
(LV) geometry. Lautamäki et al[79] found that in patients
with type 2 diabetes and coronary artery disease, liver fat
content was a novel independent indicator of myocardial
insulin resistance and reduced coronary functional capacity. Fallo et al[80] in a study conducted in a cohort of nevertreated essential hypertensive patients with nonalcoholic
fatty liver disease, reported that NAFLD was significantly
associated with insulin resistance and abnormalities of
left ventricular diastolic function, suggesting a concomitant increase of metabolic and cardiac risk. On the contrary, Perseghin et al[81] reported that in newly diagnosed
individuals with fatty liver no impaired LV morphological features and systolic and diastolic functions were
present but they had abnormal LV energy metabolism
that correlated with higher mediastinal visceral fat. In a
recent study in which 50 consecutive patients with type
2 diabetes were enrolled it was observed that in patients
with NAFLD LV morphology and systolic function were
preserved but early features of LV diastolic dysfunction
were present[17].
Hallsworth et al[82] in a cohort of nineteen adults with
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NAFLD age-, sex-, and BMI-matched to healthy controls
without liver or metabolic diseases, reported that adults
with NAFLD had significantly thicker left ventricular wall
at systole (14 ± 3 mm vs 12 ± 2 mm, P < 0.01) and diastole
(8 ± 1 mm vs 7 ± 1 mm, P < 0.01) than those without fatty
liver and showed decreased longitudinal shortening (14%
± 3% vs 17% ± 3%, P < 0.01). This case-control study
concluded that significant changes in cardiac structure and
function are evident in adults with NAFLD in the apparent absence of metabolic changes or overt cardiac disease.
Interestingly, a recent study demonstrated that
NAFLD was associated with an increased risk of incident atrial fibrillation (AF), (OR = 4.49, 95%CI: 1.6-12.9,
P < 0.005). Adjustments for age, sex, hypertension and
electrocardiographic features (left ventricular hypertrophy and PR interval) did not attenuate the association
between NAFLD and incident AF (adjusted OR = 6.38,
95%CI: 1.7-24.2, P = 0.005)[19].

CORONARY CALCIFICATION
Computed tomography examination of the coronary
arteries can detect calcification indicative of arterial disease in asymptomatic people which has been identified
as a surrogate marker of subclinical atherosclerosis[83].
Coronary artery calcification (CAC) was considered an
independent marker of CVD risk[84]. Akabame et al[85]
in a case-control study, evaluating vulnerable coronary
plaques and steatosis, by multi-slice computed tomography, showed that liver fat was significantly correlated
with lipid core plaques. Adjusted odds ratio of NAFLD
for remodeling lesions was 2.41 (95%CI: 1.24-4.67; P
= 0.009), and those for lipid core lesions 2.29 (95%CI:
1.15-4.56; P = 0.018)[85]. A population study performed
in 2007, evaluating 371 non-diabetic, asymptomatic
middle-aged men free of known coronary heart disease,
showed that the presence of hepatic steatosis was associated with a greater prevalence of risk factors for atherosclerosis, with a higher 10-year total coronary heart
disease risk (calculating by Framingham Risk Score) and
was independently associated with CAC in subjects with
metabolic syndrome[86].
Three studies published in 2010 reported similar results. Assy et al[87] found that patients with NAFLD, even
without metabolic syndrome, are at high risk for atherosclerosis and had a higher prevalence of coronary calcification. In a retrospective study, Chen et al[88] reported
that besides traditional risk factors, such as male gender,
increased age, and DM, NAFLD was also associated
with moderate to high risk of coronary disease and with
the severity of CAC. Jung et al[89] found, in a cohort of
1218 Korean subjects, that NAFLD predicted coronary
calcification. Individuals with combined elevated ALT (>
30 U/L) and ultrasound diagnosed hepatic steatosis had
higher odds of a CAC score > 100 compared to controls
and individuals with elevated ALT or steatosis alone.
However it is not possible to understand from the paper
whether the patients with increased ALT had NASH.
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Prospective,
Hospital-based

Type 2 diabetes

Never-treated
essential
hypertensive
patients
Young nondiabetic men

Patients with
type 2 diabetes
and CVD

NAFLD vs
control

Study
population

28 low liver fat
27 high liver fat
Matched for age, BMI, fasting
glucose

38 NAFLD
25 non-NAFLD

Study size

281 NAFLD
119 non-NAFLD
Adjustments for age, sex, hypertension and electrocardiographic
features

48 NAFLD
38 non-NAFLD
Matched for sex, age and blood
pressure levels
21 fatty liver
21 non fatty liver
Matched for age, BMI, blood
pressure levels, lipid values
Patients with
32 NAFLD
type 2 diabetes
18 non-NAFLD
Matched for age, sex, BMI, waist
circumference, hypertension,
smoking, diabetes duration,
microvascular complication
status, medication use
Retrospective,
NAFLD and
19 NAFLD
Case-control
healthy controls
19 non-NAFLD
study, HospitalMatched for age, sex, BMI,
based
weight, and body surface area vs
control

Retrospective,
Case-control
study, Hospitalbased
Retrospective,
Case-control
study, Hospitalbased
Retrospective,
Case-control
study, Hospitalbased

Retrospective,
Case-control
study, Hospitalbased
Retrospective,
Case-control
study, Hospitalbased

Study design

US

H-MRS

US

H-MRS

US

H-MRS

US or
histology

Diagnosis of
NAFLD

12-lead electrocardiogram

MRI and MRS

Complete echocardiographic study, TDI,
peak velocities of E and A diastolic filling,
E/A ratio, Vp, E', and S' of mitral annulus

MRI and MRS

Positron emission tomography. Myocardial
perfusion was measured with[15O]H2O and
myocardial and skeletal muscle glucose
uptake with 2-deoxy-2-[18F]fluoro-D-glucose
during hyperinsulinemic euglycemia
Complete echocardiographic study: TDI,
peak velocities of E and A diastolic filling,
E/A ratio, Vp, E', and S' of mitral annulus

Complete echocardiographic study, TDI,
peak velocities of E and A diastolic filling,
E/A ratio, Vp, E', and S' of mitral annulus

Cardiac parameters examined

NAFLD was associated with an increased risk of incident AF

NAFLD patients had thicker left ventricular walls at systole
and diastole, decreased longitudinal shortening, higher
concentric remodelling. No difference in PCr/ATP ratio

NAFLD patients had lower E', tissue velocity, higher E-to-e'
ratio, higher time constant of isovolumic relaxation, higher
LV-end diastolic pressure (EDP), higher LV EDP/end
diastolic volume
No difference in morphological parameters of the LV,
systolic functions

No difference in morphological parameters of the LV,
systolic and diastolic functions
NAFLD patients had reduced values of PCr/ATP ratio

NAFLD patients had increased prevalence of left ventricular
hypertrophy , diastolic dysfunction that increased according
to the degree of NAFLD

NAFLD patients had increased thickening of the
intraventricular septum and posterior, lower E diastolic
filling velocity, lower E/A ratio, longer, lower Vp and lower E'
No differences were found according to LV systolic function
Liver fat content is independently associated with impaired
myocardial metabolism

Results

Kim et al[16] in the largest population-based study published in 2012 showed a strong relationship between NAFLD and CAC; 4123 cases and controls from Seoul were enrolled.
The study reported that NAFLD predicted a CAC score > 10; computed tomography (CT) examination revealed that visceral adiposity attenuated but did not eliminate the

A: Late; BMI: Body mass index; E: Early; E': Early diastolic velocity; H-MRS: Proton magnetic resonance spectroscopy; cardiac MRI: Magnetic resonance imaging; MRS: 31P-MR spectroscopy; NAFLD: Nonalcoholic fatty liver
disease; PCr/ATP ratio: Phosphocreatine/adenosine triphosphate ratio; S': Systolic velocity; TDI: Tissue Doppler imaging; US: Ultrasonography; Vp: Flow propagation velocity; AF: Atrial fibrillation.

Disturbance of cardiac rhythm
Targher et al[19] 2013

Hallsworth et al[82] 2013

Bonapace et al[17] 2012

Perseghin et al[81] 2008

Fallo et al[80] 2009

Lautamaki et al[79] 2006

Left ventricular function
Goland et al[78], 2006

Ref.

Table 2 Studies of the impaired left ventricular function and disturbance of rhythm in patients with nonalcoholic fatty liver disease
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relationship between NAFLD and CAC (adjusted OR
= 1.32 (95%CI: 1.12-1.57)[16]. These recent evidences
suggested that detection of NAFLD could signal the
existence of an increased coronary artery disease risk independent of visceral adiposity.
Only two studies showed no significant association
between NAFLD and coronary calcification, probably
one for the different selection of patients[57] and the other
for the small series of patients (70 subjects)[90].

OBSTRUCTIVE SLEEP APNEA
SYNDROME
OSAS is a common medical condition that affects about
4% of general population with higher prevalence among
obese subjects (incidence 25%-35%)[91]. Besides obesity,
age, male, sex, smoke and alcohol intake are risk factors
for OSA. OSAS is a form of sleep disordered breathing, which is characterized by repetitive complete and/or
partial collapses (apnea and hypopnea respectively) of
the upper airways. OSAS is characterized by episodes of
chronic intermittent hypoxia and sleep fragmentation,
with increase in sympathetic activity and promotion of
oxidative stress, pro-inflammatory cytokine production,
platelet aggregation, endothelial dysfunction and metabolic dysregulation. All these mechanisms provide the
pathophysiological basis for the increased risk of CVD
observed in these patients[92].
OSAS has been identified as an independent comorbid factor in cardiovascular and cerebrovascular diseases,
and physiopathological links may exist with onset and
progression of heart failure. It has also been found an
association between OSAS and the manifestations of the
metabolic syndrome, in particular with obesity[91], and
with arterial stiffness, endothelial dysfunction and carotid
IMT[93]. The disease is classified as mild, moderate and
severe based on the number of apneas and/or hypopneas per hour of sleep, known as the apnea-hypopnea
index. This is assessed by polysomnography (PSG) or
other forms of sleep monitoring[94]. Both OSAS and
metabolic syndrome, of which NAFLD represents the
hepatic manifestation, may exert negative synergistic
effects on the cardiovascular system through multiple
mechanisms (e.g., hypoxemia, sleep disruption, activation
of the sympathetic nervous system, and inflammatory
activation). It has been found that continuous positive
airway pressure therapy for OSAS provides an objective improvement in symptoms and cardiac function,
decreases cardiovascular risk, improves insulin sensitivity
and adiponectin level, reduces adipocytokines (leptin and
resistin) levels, and normalized biomarkers[95].
Recent experimental evidence connected chronic intermittent hypoxia with insulin-resistance and reported
that intermittent hypoxia concurred to the pathogenesis
of NAFLD. Moreover, in NAFLD patients, the presence
of OSAS resulted linked to the progression of NAFLD
to NASH[91].

WJG|www.wjgnet.com

NAFLD AND MICROANGIOPATHY
It has been reported that NAFLD may also be associated
with micro-vascular changes in other organs that have
direct or indirect influence on CVD and may accelerate
the presentation of CVD. For example, patients with
NAFLD, in a type 2 diabetic population, had significant
higher age- and sex-adjusted prevalence rates of both
non-proliferative (39% vs 34%) and proliferative/laser
treated retinopathy (11% vs 5%) and of chronic kidney
disease (15% vs 9%) than counterparts without NAFLD.
Furthermore, in this study, NAFLD was associated
with an increased incidence of chronic kidney disease,
independent of classical risk factors[96]. At least three
studies showed an association between retinal vascular
changes and NAFLD. Băloşeanu et al[53] in 10 biopsyproven NAFLD patients, found a connection between
the degree of NAFLD and the retinal vascular changes
in those with carotid atherosclerosis. Josef et al[97] analyzing a cohort of non-diabetic and non-hypertensive
patients, found that fatty liver (OR = 2.5; P < 0.01), IMT
(OR = 2.3; P < 0.001), and retinal changes (OR = 1.5; P
< 0.01) were strongly associated with CAD independent
of metabolic syndrome (OR = 1.2; P < 0.05). Also Targher et al[98] suggested that patients with NAFLD have an
increased prevalence of chronic kidney disease, known
risk factor for CVD. An increasing number of studies
showed that NAFLD may be an independent risk factor
for chronic kidney disease[96,98-108]. In several retrospective
studies the prevalence of chronic kidney disease defined
as eGFR < 60 mL/min/1.73 m2 or proteinuria- and/
or microalbuminuria were significantly higher among
NAFLD patients compared with those without[100,101,103].
Interestingly, the majority of these studies reported that
NAFLD, and in particular NASH, was independently
associated with chronic kidney disease /microalbuminuria even after adjusting for traditional risk factors, i.e.,
age, sex, BMI, hypertension, diabetes, smoking and hyperlipidemia[100,102,104,109]. However some studies defined
NAFLD according to elevated of GGT or ALT, and
thus they need to be interpreted with caution due to the
relative lack of diagnostic accuracy. In addition Neri et
al[110] reported that, independently related with the traditional risk factors for cardiovascular disease, nonspecific
inflammation and oxido-reductive imbalance may play an
important role in the progression of NAFLD and atherosclerotic disease in hemodialysis patients.
In conclusion NAFLD, in particular biopsy proven
NASH, was associated with a greater prevalence of microvessel damage, in particular chronic kidney disease.

EPICARDIC FAT
Ectopic fat accumulation within and around organs such
as the heart and the liver are linked to an increased cardiovascular risk[111,112]. The epicardial fat, is considered
the true visceral fat and the best representation of fatty
heart[113]. Epicardial fat displays peculiar biomolecular

13313

October 7, 2014|Volume 20|Issue 37|

Fargion S et al . NAFLD and vascular disease: State-of-the-art

and anatomic characteristics, and its direct contiguity to
myocardium reflects the intra-myocardial fat accumulation. Epicardial adipose tissue might secrete vasoactive
products that regulate coronary arterial tone, in addition
various studies have highlighted the potential importance
of adipose tissue in relation to inflammatory burden in
cardiovascular diseases. In fact epicardial fat has been
demonstrated to be a source of several pro-inflammatory
and proatherogenic cytokines that could influence the
cardiac function[114-116]. It has been reported that epicardial fat also correlates with several cardiac comorbidities,
including coronary artery disease, left ventricular dysfunction, atrial fibrillation; moreover a pivotal role of body fat
has been suggested in the development and progression
of both diastolic and systolic heart failure[117,118].
Epicardial fat has been found clinically related to
abdominal visceral adiposity, coronary artery disease,
subclinical atherosclerosis and metabolic syndrome[119-121].
In particular Lai et al[122] reported graded increases in fasting glucose, insulin resistance, and alanine transaminase
levels across higher tertiles of epicardial fat thickness.
In addition the measurement, by magnetic resonance
imaging, of epicardial fat, as well as the degree of hepatic steatosis, correlates with abdominal adiposity and
hypertriglyceridemia. A good relation between epicardial
fat thickness and the degree of fatty liver severity was described in adult and pediatric patients with NAFLD and
obesity[65,123], and with early atherosclerotic damage[45].
The imaging tools used to study and quantify epicardial fat were cardiac CT and magnetic resonance imaging
(MRI). Recently, Lai et al[122] showed that ultrasonographic
measurement of EAT thickness highly correlated with
that measured with CT.

GENETIC
In the last few years, growing evidence indicates that in
all diseases, including cardiovascular diseases, environment and genetic factors cooperate in inducing disease
manifestation. Data arising from genome-wide (GWAS)
or candidate association studies identified single nucleotide polymorphisms (SNPs) in genes involved in metabolic homeostasis, inflammation, oxidative stress and
fibrogenesis, as associated with NAFLD and its severity.
Patatin-like phospholipase-3 (PNPLA3)/adiponutrin,
rs738409 C.G SNP, remains the most validated risk
gene in this setting[124]. A recent study by Valenti et al[125]
showed that PNPLA3 variant was directly related to
hepatic apoptosis in NAFLD. According to these data,
it is plausible to hypothesize that PNPLA3 genotype,
by regulating apoptotic activity, may be also involved in
the pathogenesis of atherosclerosis and might modulate
vascular damage. Recently, Petta et al[126] showed that
PNPLA3 GG genotype was associated with higher severity of carotid atherosclerosis in younger patients with
NAFLD. PNPLA3 gene variants might increase lipid
storage in the arterial vessels and could also induce release of ICAM-1, an endothelium-derived inflammatory
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marker that has been associated with myocardial infarction and stroke[127].
It was also hypothesized that the same pathways generating liver disease might also be involved in vascular
damage.

RELATION BETWEEN NAFLD AND
ATHEROSCLEROSIS INDEPENDENTLY
OF KNOWN RISK FACTORS: POSSIBLE
MECHANISMS
Growing evidence suggests that patients with NAFLD
are at higher risk of cardiovascular disease than those
without NAFLD, even when their primary disease (diabetes, hypertension…) has a strong potential for atherosclerosis[9,11,13].
Several mechanisms can be involved in atherosclerosis acceleration in patients with NAFLD, including
genetic predisposition, insulin resistance and atherogenic
dyslipidemia, oxidative stress, chronic inflammation, reduced levels of the adiponectin (an adipocytochine with
antiatherogenic and antidiabetic properties), and altered
production of pro and anticoagulant factors. All these
mechanisms are present at the same time (Figure 2)[11,128].
The association between early atherosclerosis and
NAFLD has been extensively described and summarized
in Table 3 in which are reported variables independently
associated with IMT in adult subjects[7,13,15,25,41-44, 46,47,49-52,55,58,
110,125,129-133]
.

INSULIN RESISTANCE
Normally insulin inhibits adipose tissue lipolysis and hepatic VLDL secretion by the liver, and on the contrary,
insulin resistance promotes fatty acid accumulation in the
liver which in turn causes an increase in insulin resistance
responsible for a reduced suppression of endogenous
liver glucose production. Given the very close relationship
between NAFLD and insulin resistance[134,135], which is
present in more than 90% of patients with NAFLD, it is
still debated which one of the two is the earlier event. In
the presence of overweight/obesity and of increased circulating insulin, due to insulin resistance, there is increased
lipolysis of adipose tissue which leads to increased flux of
free fatty acid (FFA) to the liver from all lipid depots, including ectopic fat. In addition hepatic lipid accumulation
occurs also because of dietary chilomicrons and de novo
intrahepatic lipogenesis. Further accumulation of lipids
in the liver is, in turn, responsible for insulin resistance
worsening with a consequent vicious circle. In addition,
besides the augment of FFA, the increased release of different molecules from visceral adipose tissue, including
inflammatory cytokines, leads to adipose tissue inflammation which aggravates insulin resistance and facilitates
atherosclerosis development and cardiovascular disease.
Experimental evidences indicate that activation of proinflammatory pathways occurs mainly through the nuclear
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Genetic predisposition
Environmental factors

Systemic inflammation
Insulin resistance

Excess adiposity/
visceral ectopic fat

NEFA
Inflammatory cytokines
Adipocytokines
Insulin resistance

NASH
Fatty liver

Inflammation
Lipotoxicity
Oxidative stress

Triacylglycerol-rich VLDL, small dense LDL
HDL
Glucose dysregulation
Atherosclerosis

Insulin resistance
C-reactive protein
Fibrinogen
Acute-phase proteins
Plasminogen activator inhibitor-1

Figure 2 Mechanisms potentially responsible for atherosclerosis in nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. NASH: Non-alcoholic
steatohepatitis.

factor kB (NF-kB) and the c-Jun N-terminal kinase (JNK)
pathways which cooperate in inducing insulin resistance
which, in association with several factors, including chronic inflammation, atherogenic dyslipidemia, hypercoagulation and hypofibrinolysis, and liver involvement either as
target of the metabolic abnormalities or as producer of
proatherogenic molecules, triggers arterial damage leading to accelerated atherosclerosis. It is possible that in lean
subjects, which are roughly 10%-15% of patients with
NAFLD, the insulin resistance and chronic inflammation
of visceral adiposity is at least initially replaced by insulin
resistance in skeletal muscle[11].

ATHEROGENIC DYSLIPIDEMIA
Typical atherogenic dyslipidemia is frequently detected
in NAFLD, characterized by high triglycerides and low
HDL-C which, as above reported, together with insulin
resistance and visceral adiposity play a major role in ac-
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celerated atherosclerosis[136-138]. A high level of low density lipoprotein (LDL) cholesterol, in particular of small
dense LDL which are more atherogenic than type A LDL
particles, is frequently detected in patients with NAFLD
as well as increased levels of oxidized LDL, which are
highly atherogenic. Moreover, in a recent large, multiethnic, gender balanced cohort, NAFLD was associated
with the atherogenic dyslipidemia phenotype (higher fasting serum triglycerides and lower serum HDL) in a dose
dependent fashion, suggesting a possible independent
pathophysiologic role between NAFLD and dyslipidemia[139]. The main alteration believed to play a key role in
atherosclerosis is the overproduction of larger TG-rich
VLDL particles from the liver. Furthermore, as described
in the insulin resistance paragraph, in the presence of
increased adipose tissue there is an increased flux of FFA
from adipose tissue to the liver where are re-esterified
into triglycerides with consequent increased VLDL secretion into the blood stream. In addition, increased lipid
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Table 3 Studies on the association between non-alcoholic fatty liver disease and carotid intima-media thickness in adults: evaluation
of the independent predictors for intima-media thickness increase
cases n

Ref.
Brea et al[40] 2005
Volzke et al[41] 2005
Lonardo et al[129] 2006
Targher et al[52] 2006
Targher et al[55] 2006
Aygun et al[49] 2008
Sookoian et al[7] 2008
(Meta-regression analysis)
Fracanzani et al[15] 2008
Kim et al[42] 2009
Petit et al[58] 2009
Ramilli et al[43] 2009
Wang et al[130] 2009
Salvi et al[50] 2010
Mohammadi et al[44] 2011
Neri et al[110] 2011

Cohort

80
NALFD and matched population controls
1261 + 2961
German population
449
Population/NAFLD
145
NAFLD and matched healthy controls
200
Type2 diabetes +/- NAFLD
80
NAFLD and matched healthy controls
3497
Subjects

Independent predictors for IMT

US
US
US
Biopsy
US
US
US

NAFLD, age, serum ferritin
Hepatic steatosis
Age
Severity of histological feature of NAFLD
HOMA-IR
NAFLD and BMI
ALT, GGT, NAFLD

US and biopsy
US
MRS
US
US

Steatosis, age and blood pressure
NAFLD with MS
Age, no association with steatosis
NAFLD
ALT levels
NAFLD and MS
NAFLD with or without MS
Histological steatosis

Valenti et al[131] 2011

506

NAFLD and matched population controls
Cross sectional
Type 2 diabetes
Referred subjects for abdominal US
Healthy subjects
NAFLD, healthy controls
Male NAFLD controls
Chronic hemodialysis plus steatosis and
healthy controls
NAFLD

Huang et al[46] 2012
Kang et al[47] 2012
Thakur et al[51] 2012
Kim et al[132] 2013

2590 + 6042
633
80
769

Chinese population +/- NAFLD
Non-diabetic +/- NAFLD
Non-diabetic NAFLD, healthy controls
Healthy subjects

US
US
US
US

Oni et al[13] 2013
Systematic review
Petta et al[126] 2013

16 studies

Population, cross- sectional, case-control

US, biopsy

162 + 267

NAFLD and validation cohort

Biopsy

4437

Type 2 diabetes

US

Kim et al[133] 2014

375
1021
101
154
170
220
335
90

NAFLD diagnosis by

US
US, biopsy
US

Systolic blood pressure, glucose, LDL,
abdominal circumference, age, ferritin
NAFLD
NAFLD with or without MS
NAFLD
Upper normal range of ALT in women with
NAFLD
Positive association between IMT and
NAFLD
PNPLA3 polymorphism in younger
patients
NAFDL with insulin resistance

US: Ultrasonography; MS: Metabolic syndrome; IMT: Intima-media thickness; NAFLD: Nonalcoholic fatty liver disease; MRS: Magnetic resonance
spectroscopy.

availability within the liver and insulin resistance inhibit
apolipoprotein B (APO-B) degradation with formation
of more VLDL. The increased level of APO-B, a large
protein involved in the transport of triglycerides and
cholesterol from the liver to peripheral tissues, which is
the primary protein component of the atherogenic LDL
particles, is also responsible for accelerated atherosclerosis. The altered ratio between APO-B and apolipoprotein A-1 (APO-A1), the protein component of the antiatherogenic HDL particles, has been suggested to be a
good predictor of cardiovascular risk, even better than
HDL/LDL ratio, with more cholesterol deposited in the
arterial wall when the ratio is higher[140-142].

INFLAMMATION
Several results obtained in animal models have shown
that lipid accumulation in the liver leads to sub-acute
hepatic inflammation followed by cytokine production
via the NF-kB pathway, in turn followed by increase in
insulin resistance. Activation of the NF-kB pathway in
the liver of patients with NASH leads to increased transcription of several pro-inflammatory gene that mediate
the progression of systemic, low-grade inflammation. In
line with these results a growing body of evidence indicates the atherosclerosis is proportional to the severity
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of liver damage, with CVD accelerated in patients with
NASH but to a much less extent in those with simple steatosis[143]. Although the relation between hepatic inflammation and atherosclerosis is still matter of debate, these
results are very suggestive for a role played by inflammation in atherosclerosis acceleration. In addition, the evidence that serum and liver tissue proinflammatory markers, such as C reactive protein, IL6, TNF and TGF-b
and procoagulant factors, fibrinogen, and plasminogen
activator inhibitors are increased in patients with accelerated atherosclerosis reinforces this hypothesis[11]. Furthermore, high-sensitivity C-reactive protein, biomarker of
sub-clinical inflammation and of cardiovascular and cerebrovascular disease was found the strongest independent
variable associated with NAFLD development in a casecontrol study[144].

OXIDATIVE STRESS
Several studies have shown that in patients with NAFLD,
and in particular in those with NASH, there is evidence
of systemic inflammation and increased oxidative stress,
relevant factors contributing to metabolic alterations
and cardiovascular damage. Altered oxidant/antioxidant
status and subclinical inflammation are believed to play
a key role in the pathogenesis of atherosclerosis. Hyper-
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glycemia and inflammation increase the production of
reactive oxygen species (ROS) triggering oxidative stress
which is responsible for oxidation of carbohydrates, lipids and protein. Oxidation of polyunsaturated fatty acids
gives raise to the production of malonylaldehyde (MDA),
4-hydroxy-nonenal (HNE) and 4-oxy-2-nonenal (ONE).
Increases of these markers, have been detected in patients with NAFLD and correlated to vascular damage as
well as in animal models and in vitro studies[145]. Furthermore, it has been found that specific localization in liver
tissues cells of oxidized phosphatidylcholine (oxPC, a
lipid peroxide that serves as a ligand for scavenger receptors), suggests that neutrophil myeloperoxidase-derived
oxidative stress may be crucial in the progression of steatotic liver disease[146].
In addition inflammation and oxide-reductive imbalance may play an important role in the progression of
NAFLD and atherosclerotic disease as documented in
patients in chronic hemodialysis in which a progressive
chronic liver and vascular damage developed faster than
in patients without renal failure[110].
The “oxidative stress theory” implies that the initial
phase of atherosclerosis is sustained by oxidation of
LDL which accumulate in the arterial wall and are taken
up by macrophages which, in turn, transform into foam
cells. The increased serum levels of LDL and several other pathways of oxidative stress present in patients with
NAFLD will accelerate atherosclerosis process[147]. Interestingly the “iron theory” of atherosclerosis, suggested by
Sullivan[148], emphasizes the role of iron as a free radical
inducer through oxidative stress could find consistency in
patients with NAFLD. In fact the high prevalence of increased ferritin, detected in roughly 30% of the patients,
could partly account for the accelerated atherosclerosis
of these patients. Recent data point out that the relation
between increased ferritin and early atherosclerosis, as
evaluated by increased IMT, is valid only in patients negative for HFE mutations, suggesting that patients positive
for these mutations with lower level of serum hepcidin
may be protected from atherosclerosis[131]. This could explain the apparent paradox of the role of iron in atherosclerosis despite the lack of evidence of increased CVD
in patients with hereditary hemochromatosis.
Thus, results from experimental and clinical studies
suggest that oxidative stress is increased in patients with
NAFLD/NASH and that adipose tissue is very likely the
major source of ROS which in turn will cooperate in accelerating atherosclerosis.

ADIPOKYNES IMBALANCE
The increase in adipose tissue and chronic inflammation
cause an imbalance in adipokines secretion, in particular
a reduction of adiponectin and an increase in leptin, two
adipokines with opposite function. Adiponectin has been
shown to have anti-inflammatory and anti-fibrotic capability and it is believed that its low level may facilitate the
progression of CVD and of steatosis to NASH, in addi-
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tion has been reported to have specifically antiatherogenic properties, whereas leptin, found increased in NAFLD,
has been shown in animal models to exert opposite effect. Furthermore, leptin has a multifunctional role in inflammation, that is fundamental in the atherogenic pathway, acting as a proinflammatory stimulus. Among other
factors released within adipose tissue, TNF-a promotes
lipolysis and increases FFAs; both TNF-a and IL-6 are
related to mitochondrial and endothelial dysfunction, to
atherosclerosis and cardiovascular disease; at the same
time the reduction of protective adipokynes as adiponectin improves vascular damage[149-151].

COAGULATION IMBALANCE
Dyslipidemia, lipid-based oxidative injury and necroapoptosis underpin a multifactorial disorder which may
result in a hypercoagulable state. This was suggested on
the basis of the evidence of long-lasting ongoing inflammatory state associated with this condition and on epidemiological studies, although someone argues that despite
an increased CVD risk, no strong evidence has been reported that patients with NAFLD are at increased risk of
thrombosis.
Although a direct link between NAFLD and coagulation has not yet established, several cross-sectional
studies indicate that NAFLD and NASH are associated
with a systemic prothrombotic state possibly through the
release of procoagulant factors from steatotic liver (Creactive protein, plasminogen activator inhibitor-1, fibrinogen), in addition high levels of factors VIII, IX, XII,
VII, von Willebrand, soluble tissue factor, platelet hyperaggregability, procoagulant microparticles are found in
NAFLD independently of age, BMI waist circumference,
plasma triglycerides and insulin resistance[152-155] as well as
in cirrhosis[156]. A possible explanation for the failure to
ascertain a causal effect between NAFLD and an impairment of coagulation is the lack of appropriate tests. In
fact, coagulation evaluated by traditional global tests such
as the prothrombin and activated partial thromboplastin times (PT/APTT) or through the measurement of
the individual pro- or anti-coagulants does not allow to
detect the complex interplay between the procoagulants
(i.e., thrombin-generation drivers) and their naturallyoccurring anticoagulant counterparts (i.e., thrombin-neutralization drivers) operating in vivo. However despite the
lack of conclusive data, prelimary results seem to suggest
the existence a coagulation unbalance between production and/or half-life of both pro- and anticoagulant proteins[157] as shown in Figure 3.

INCREASED ASSUMPTION OF FRUCTOSE
Patients with NAFLD frequently consume a large
amount of fructose, a highly lipogenic sugar which is
a common component in all major caloric sweeteners
(sucrose, high-fructose corn syrup, honey and fruit juice
concentrates) and soft drinks[128,158]. Fructose consump-
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Increased
values

disease, but also reduce morbidity for cardiovascular disease improving over-all prognosis and survival.

Increased thrombin-generation (ETP-ratio)
Decrease coagulation-inhibition (PICI)

Metabolic syndrome
Body mass index
Inflammation
Procoagulants:
(Factors Ⅷ, Ⅸ, Ⅹ, XI, Ⅶ,
Fibrinogen, tissue factor)
Microparticles
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Figure 3 Causes and consequences of the procoagulant imbalance in
patients with nonalcoholic fatty liver disease. ETP-ratio: Ratio of the endogenous thrombin potential measured in the presence or absence of thrombomodulin; PICI: Protac®-induced coagulation inhibition.

tion promotes hepatic de novo lipogenesis and intrahepatic
lipids deposition, inhibition of mitochondrial beta-oxidation of long-chain fatty acids , triglycerides formation and
steatosis, increased plasma levels of fasting small dense
LDL-C, oxidized LDL-C, and activation of inflammatory
pathways. All these fructose-induced effects synergize
with the metabolic alterations typical of NAFLD playing
a key role in atherosclerosis acceleration. This mechanism
is particularly important in lean subjects who very often
consume a large amount of fructose.
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CONCLUSION
All data reported in this review provide evidence of a
strong association between NAFLD and subclinical atherosclerosis. Furthermore, current evidence suggests that
NAFLD, although considered the hepatic manifestation
of the metabolic syndrome, is emerging as an independent risk factor for the occurrence and progression of
CVD. The findings and conclusions are similar in retrospective and prospective studies, which evaluated different
manifestations of subclinical atherosclerosis (increased
IMT, endothelial dysfunction, arterial stiffness, impaired
left ventricular function and coronary calcification).
A general agreement emerging from these studies
indicates that patients with NASH are at higher risk of
CVD than those with simple steatosis, emphasizing the
role of chronic inflammation in the pathogenesis of atherosclerosis of these patients.
It is very likely that the different mechanisms involved
in the pathogenesis of atherosclerosis in patients with
NAFLD have a different relevance in the different patients according to individual genetic background.
In conclusion, in the presence of NAFLD greater
emphasis should be placed on the cardiovascular risk with
patients undergoing a complete cardiovascular evaluation
to prevent future atherosclerotic complications. Specific
life-style modification and aggressive pharmaceutical
modification will not only reduce the progression of liver
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Abstract
Pancreatic cancer (PC) is one of the most aggressive
and lethal neoplastic diseases. A valid alternative to the
usual invasive diagnostic tools would certainly be the
determination of biomarkers in peripheral fluids to provide less invasive tools for early diagnosis. Nowadays,
biomarkers are generally investigated mainly in peripheral blood and tissues through high-throughput omics
techniques comparing control vs pathological samples.
The results can be evaluated by two main strategies:
(1) classical methods in which the identification of significant biomarkers is accomplished by monovariate
statistical tests where each biomarker is considered
as independent from the others; and (2) multivariate
methods, taking into consideration the correlations existing among the biomarkers themselves. This last approach is very powerful since it allows the identification
of pools of biomarkers with diagnostic and prognostic
performances which are superior to single markers in
terms of sensitivity, specificity and robustness. Multivariate techniques are usually applied with variable
selection procedures to provide a restricted set of biomarkers with the best predictive ability; however, stan-
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dard selection methods are usually aimed at the identification of the smallest set of variables with the best
predictive ability and exhaustivity is usually neglected.
The exhaustive search for biomarkers is instead an important alternative to standard variable selection since
it can provide information about the etiology of the
pathology by producing a comprehensive set of markers. In this review, the most recent applications of the
omics techniques (proteomics, genomics and metabolomics) to the identification of exploratory biomarkers for
PC will be presented with particular regard to the statistical methods adopted for their identification. The basic
theory related to classical and multivariate methods for
identification of biomarkers is presented and then, the
most recent applications in this field are discussed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Biomarker identification;
Multivariate analysis; Principal component analysis;
Ranking principal component analysis
Core tip: Biomarkers are statistically identified as significant by: (1) classical statistical tests where each
biomarker is independent from the others; and (2)
multivariate methods that take into consideration the
correlation among the biomarkers. This last approach
provides pools of biomarkers with superior diagnostic
and prognostic performances. Multivariate techniques
are often applied with variable selection procedures to
provide the smallest set of biomarkers with the best
predictive ability. The exhaustive identification is instead
a valid alternative since it can provide comprehensive
information about the etiology of the pathology. The
most recent applications of the omics approaches to the
identification of biomarkers for PC are presented, with
particular regard to the statistical methods adopted.
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INTRODUCTION
Pancreatic cancer (PC) is one of the most aggressive and
lethal neoplastic diseases; its early detection is therefore
fundamental since surgery at an early disease stage is the
preferred and most promising therapy. About 20% of patients can be operated on at time of diagnosis; the 5-year
survival rate for not-operable patients is about 1%, while
the 5-year survival after surgery is about 20% without an
adjuvant therapy and about 25%-30% with the therapy[1-3].
The lack of early symptoms and the high aggressiveness
are the main causes of late diagnosis and high mortality
of this disease. Therefore, the search for biomarkers of
early diagnosis is highly recommended to improve the
early diagnostic rate, thus improving patients’ prognosis.
Diagnosis is usually based on invasive techniques [ultrasound endoscopy (EUS), explorative laparoscopy or
laparotomy] or on methods that can be at least inconvenient for patients [computed tomography (CT), magnetic
resonance imaging (MRI), endoscopic retrograde or magnetic resonance cholangiopancreatography (ERCP and
MRCP)][2].
A valid alternative would certainly be the determination of specific biomarkers in peripheral fluids in order
to provide less invasive tools for early diagnosis. In this
direction, the most recent efforts in the field of biomarker identification for PC are directed. A wide range of
serum markers for PC has been reported[2,4] but few of
them are exploited in clinical routine since they show
low sensitivity and/or specificity in general. Bünger et al[2]
reviewed about 43 serum biomarkers for PC divided into
four main groups: carbohydrates (CA19-9, CA 50, CA
125, CA195, CA 72-4), carcinoembryonic antigens, other
markers and the combination of different markers.
Together with diagnostic markers, great efforts have
recently been made to identify predictive and prognostic
biomarkers for PC. Tissue biomarkers for the prognosis of pancreatic ductal adenocarcinoma (PDAC) have
recently been reviewed by Jamieson et al[4]. The considerations that drive the search for diagnostic biomarkers also
apply for predictive and prognostic ones and the identification of markers from peripheral blood should be the
best alternative to provide prognostic methods that are
less invasive for patients. Nowadays, both diagnostic and
prognostic/predictive biomarkers are generally investigated mainly in peripheral blood or tissues through highthroughput omics techniques. The results can be evaluated by two different strategies, namely by: (1) classical
statistical methods consisting of the use/identification
of significant biomarkers by monovariate statistical tests
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where each biomarker is considered as independent from
the others; and (2) multivariate methods, able to take into
consideration the multivariate structure of the data and
the correlations among the potential biomarkers. This
last approach is very powerful since it allows the identification of pools of biomarkers with diagnostic and/or
prognostic performance superior to single markers in
terms of sensitivity, specificity and robustness.
It is important to point out that biostatistical methods can usually be defined as multivariate (several
endpoints and several predictors) or multivariable (one
endpoint, several predictors). In this specific context,
the authors will generally apply the term multivariate to
identify methods that allow the evaluation of the correlations between the variables, i.e., their synergisms and/
or antagonisms.
Multivariate techniques are usually applied with variable selection procedures[5,6] to provide a set of candidate
biomarkers with the best predictive ability; however, standard selection tools are aimed at the identification of the
smallest set of variables with the best predictive ability.
It is the authors’ opinion that exhaustivity should also be
addressed[7]. Biomarkers are useful not only for diagnostic/prognostic purposes but also to better understand the
etiology of pancreatic cancer. From this point of view,
the exploitation of high-throughput methods provides a
lot of information that should not be neglected. The exhaustive identification of all possible biomarkers showing
large correlations could provide information about the
overall mechanism of action of the disease, thus opening
the way towards new therapeutic strategies.
In this review, the most recent applications of the
omics approaches (proteomics, genomics and metabolomics) for the identification of biomarkers for pancreatic cancer will be presented, with particular regard for
the statistical methods adopted for their identification,
focusing especially on exploratory biomarkers. Highthroughput techniques will probably be the future in the
field of searching for exploratory biomarkers due to the
great amount of information they convey. Moreover, the
possibility of combining the results emerging from proteomic, genomic and metabolomic studies with clinical
information can provide exhaustive panels of markers,
thus improving their predictive performance with better
sensitivity and specificity.
First, the theory of the classical and multivariate
methods for identification of biomarkers will be presented, followed by the most recent applications in this field.

STATISTICAL METHODS
The statistical methods presented here can be divided
into four main groups: (1) classical methods for identification of biomarkers based on monovariate approaches;
(2) tools for biomarkers search based on multivariate
approaches; (3) methods for the analysis of survival outcomes; and (4) other methods. Only the tools recently
applied to the specific case of pancreatic cancer will be
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therapy) considering all the tests simultaneously; an example is the Hotelling’s T2 test[8].
Classical procedures also comprise the approach based
on the analysis of variance both in its two-way (ANOVA)
or multi-way (MANOVA) versions[8]. In this case, it is also
possible to compare more than two groups of samples.
An alternative to classical hypothesis testing is the
use of the Bayes factors[12], providing a more robust approach. For comparing two hypotheses H1 and H2, this
factor may be approximated as the ratio of the marginal
likelihood of the data under the two hypotheses and can
be interpreted as follows: B ≤ 0.1: strongly against H1; 0.1
< B ≤ 1: against H1; 1 ≤ B < 3: barely worth mentioning for H1; 3 ≤ B << 10: substantially for H1; B > 10:
strongly for H1.

Table 1 Statistical methods adopted in the identification of
biomarkers for pancreatic cancer
Type of statistical
method

Method adopted

Student t-test (parametric)
Mann-Whitney U-test (non-parametric)
T2 Hotelling
ANOVA and MANOVA
Bayes factors
Unsupervised pattern Principal Component Analysis
recognition methods Cluster Analysis
Multidimensional Scaling
Supervised
SIMCA
Ranking-PCA
classification
O-PLS
methods
CART
Random Forests
Methods for
Kaplan Meyer functions
determining survival Cox Regression
outcomes
Other methods
PAM
Metropolis algorithm and Monte Carlo simulation
Classical mono- and
multi-variate
methods

MULTIVARIATE METHODS FOR
IDENTIFICATION OF BIOMARKERS

PCA: Principal component analysis; SIMCA: Soft independent model
of class analogy; PLS: Partial least squares; CART: Classification and
regression tree.

briefly presented as an exhaustive treatment of all multivariate procedures in the field of searching for biomarkers is out of the scope of the present review.

CLASSICAL MONOVARIATE METHODS
FOR IDENTIFICATION OF BIOMARKERS
The classical approach to the identification of markers
of a specific disease is the evaluation of which variables
show a different behavior between two groups of samples
(control vs pathological, control vs drug-treated, etc.). The
easiest statistical way to solve this problem is the application of classical statistical tests to each biomarker candidate separately and the calculation of the type Ⅰ error
that can be accomplished comparisonwise (for each
hypothesis independently) or experimentwise (testing all
hypotheses together). The second alternative is preferred
since the type Ⅰ error probability increases as the number
of tests increases. The identification of significant markers is therefore accomplished by the Student’s t-test for
each variable independently and by applying a correction
taking into account the number of multiple tests available:
Bonferroni’s method with subsequent modifications[8] or
the corrections proposed by Dunn and Sikak and by Dunnet[9-11]. This approach is incorrectly defined as multivariate since it does not take into consideration the correlations eventually existing between the variables. The same
approach can also be applied to non-parametric tests to
be exploited when the number of samples is too small or
when the assumptions at the basis of parametric tests are
not verified. Among them, the most widespread in the
biomedical field is the Mann-Whitney U-test[8].
An alternative is the exploitation of global tests aimed
at demonstrating a global hypothesis (e.g., the effect of a
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Methods that can be properly defined multivariate are
based on the comparison of two or more groups of
samples taking into account the relationships between the
variables, rather than considering them as independent.
This approach is certainly more effective since it is fundamental to consider the synergic or antagonistic effects of
different factors, i.e., their interactions. Moreover, when
independent tests are performed on several factors and a
high correlation exists between them, the outcome of the
test can be completely wrong[13]. The methods here presented belong to two approaches: (1) unsupervised methods (pattern recognition methods), in which no a priori
information is assumed and the evaluation of the existence of groups of samples is suggested by the statistical
method itself; and (2) supervised methods (classification
tools), in which the a priori information is provided in
terms of membership of each sample to a specific class:
the statistical method is therefore aimed at the identification of the variables responsible for the separation of the
samples in the different classes.
Here, only the methods most recently applied in the
literature to the case of pancreatic cancer will be briefly
discussed. The methods presented are listed in Table 1.

UNSUPERVISED AND PATTERN
RECOGNITION METHODS
Principal component analysis
Principal component analysis (PCA)[14,15] represents the
objects in a new reference system characterized by new
variables called principal components. The first principal
component accounts for the maximum variance contained in the original dataset, while subsequent components account for the maximum residual variance. They
are calculated hierarchically, so that systematic variations
(i.e., information) are explained in the first components
while experimental noise and random variations are
contained in the last ones. The components are linear
combinations of the original variables and are orthogo-
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Multidimensional scaling
Multidimensional scaling (MDS)[17,18] is aimed at dimensionality reduction and graphical representation of the
data. Given a set of n objects and a measure of their
similarity, MDS searches for a low dimensional space in
which the objects are represented by points in the space
so that the distances between the points match as much
as possible with their original similarities[17]. There are
several different approaches to MDS depending on the
measure of the similarities matching, on the metrics, on
the method used to compute the similarities and on the
way the samples configuration is obtained[19,20]. Shepard[21,22] and Kruskal[23] provided an extension of classical
MDS to the study of nonparametric similarities.

Dendrogram

Bond distance

4000
3000
2000

0

T3M4TSA5
T3M4TSA4
T3M4TSA2
T3M4TSA3
T3M4TSA1
T3M44
T3M43
T3M45
T3M42
T3M41
PACATSA5
PACATSA4
PACATSA3
PACATSA2
PACA3
PACA2
PACA4
PACA1

1000

Figure 1 Example of a dendrogram built using Ward’s linkage method and
euclidean distances. Data refer to samples from two pancreatic cancer cell
lines treated or not with trichostatin A.

nal to each other, thus containing independent sources
of information. They are often used for dimensionality
reduction by considering a smaller number of significant
components containing only relevant information.
The graphical representation of the scores (the coordinates of the samples in the new reference system) in
the space of the principal components allows the identification of groups of samples showing a similar behavior
(samples close one to the other in the graph) or different
characteristics (samples far from each other). The corresponding loading plot (representing the loadings, i.e.,
the coefficients of the linear combination describing each
principal component) identifies the variables that are responsible for the analogies or the differences detected for
the samples in the score plot.
Cluster analysis
Cluster analysis techniques[14-16] allow the identification
of groups of samples or of variables in a dataset by investigating the relationships between the samples or the
descriptors. Agglomerative hierarchical methods[14,15] are
the most widespread, grouping the samples on the basis
of their similarity. The most similar samples or groups
are linked first. The final result is a graph, called a dendrogram, where the samples are represented on the X
axis and are connected at decreasing levels of similarity
along the Y axis. The groups can be identified by applying a horizontal cut of the dendrogram and identifying
the number of vertical lines crossed by the horizontal
cut. Figure 1 reports a dendrogram where cutting at level
4000 produces only two clusters (the 2 different tumor
cell lines), while cutting at level 1500 produces 4 clusters
(PACA and T2M4 cell lines, treated and untreated with
trichostatin A). The results of hierarchical clustering
strongly depend on the measure of similarity and on the
linking method adopted. Clustering techniques can be applied to the original variables or to the relevant principal
components[16].
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SUPERVISED CLASSIFICATION
METHODS
Classification tools are supervised methods able to separate the objects in the classes present (known a priori, e.g.,
control vs pathological) and provide the variables most
responsible for their belonging to different classes (candidate biomarkers). The final aim of their application in the
biomedical field is both the development of diagnostic
tools and the identification of the differences existing
between the classes to shed light on the etiology of a disease or the effect of a new drug. Here, only the methods
already applied to the identification of biomarkers for PC
will be described.
Soft independent model of class analogy
The soft independent model of class analogy (SIMCA)
method[24-27] is based on the independent modelling of
each class by means of PCA. Each class is described by
its relevant principal components. The samples belonging
to each class are contained in the so-called SIMCA boxes,
defined by the relevant components of each class. The
classification of each sample with SIMCA is not affected
by experimental uncertainty and random variations since
each class is modelled only by its relevant components.
This method is also useful when more variables than objects are available since it performs a substantial dimensionality reduction.
The identification of the candidate biomarkers by
SIMCA can be accomplished by the analysis of the discrimination power (DP), a measure of the ability of each
variable to discriminate between two classes at a time. The
greater the DP, the more a variable weighs on the classification of an object in one of the two classes compared.
Ranking PCA
Ranking PCA is a ranking method proposed by Marengo
et al[7], Robotti et al[28] and successively applied by Polati
et al[29], based on the description of the original data by
means of principal components. The use of PCA in the
field of identification of biomarkers in the omics sciences
is particularly effective since it allows the relationships be-
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Figure 2 Example of the graphical representation of the results from Ranking-PCA. Trend of Ind2 vs the increasing number of variables added to the model (A);
trend of the distance between the two class centroids vs the number of variables added to the model (B). Variables on the X-axis are reported in the order in which
they are included in the model. Both calibration and cross-validation results are reported.

tween the variables to be taken into consideration, providing sets of correlated biomarkers with a similar function
and the possibility of solving problems where the number
of variables is larger than the number of samples.
PCA is used here to describe the data coupled to a
ranking procedure of the candidate biomarkers in a forward search: one variable is added at each cycle. The first
variable selected is the one providing the best separation
between the classes on the first principal component.
The addition of another discriminating variable further
improves the distance between the two classes on the
first principal component. If a non-discriminating variable is successively added, the two classes will not be further separated on the same component. Sometimes, more
than one component could be necessary for class separation: in this case, different independent sources of information related to the class structure are present in the
data and the subsequent principal component accounting
for class separation will be included in the model.
The proposed method allows the ranking of the
variables according to their discrimination ability, thus
assuring the exhaustiveness of the results. The result can
be presented in graphical form (Figure 2), where the classification performance or the class distance are reported
as a function of the variables added to the model.
Orthogonal partial least squares
Partial least squares (PLS)[14,15,30] establishes a relationship between one or more dependent variables (Y) and a
group of descriptors (X). X and Y variables are modeled
simultaneously to find the latent variables (LVs) in X
that will predict the LVs in Y. These LVs are calculated
hierarchically, as for PCA. PLS was originally set up to
model continuous responses but it can be applied even
for classification purposes (PLS-DA) by establishing an
appropriate Y related to the association of each sample
to a class. The regression is then carried out between
X-block variables and the Y just established. Orthogonal
PLS (OPLS)[31] is a modification of PLS developed for
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highly decorrelated datasets.
Classification and regression tree
Classification trees[24] are built by subsequent divisions
(splits) of subgroups of the original data D in two descending subgroups with the aim of classifying the data
in homogeneous groups as much as possible, one different from the others. It is possible to derive a tree diagram
where, starting from the root node (where the data D are
not separated), a series of nodes and branches separate;
each node h represents a subgroup of D. Nodes not undergoing a further split are called terminal nodes: a mode
for y is associated with each terminal node.
Starting from the root node h1, data are separated in
a series of splits: in each node, the split giving the most
homogeneous division of the data in the two descendent
nodes is selected.
Random forests
Random forests[32] is an extension of classification trees
and is structured to grow many classification trees. To
classify a new object, the new object is first classified by
each independent tree in the forest. The forest chooses
the most recurrent classification (over all the trees in the
forest).
The error rate depends on the correlation between
any two trees in the forest (increasing the correlation increases the forest error rate) and the strength of each individual tree in the forest (inversely correlated to the tree
error rate).

METHODS FOR THE ANALYSIS OF
SURVIVAL OUTCOMES
In clinical trials it is usually important to evaluate the time
until the participants present with a particular event (endpoint), i.e., a clinical outcome (death, recurrence of a disease, remission etc.). All participants are followed from a
certain starting point (operation, starting of a therapy, di-
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agnosis, etc.) up to the moment when the event occurs (the
time requested is recorded). However, often the outcome
of some participants is unknown: when the study ends
before all participants have presented the event or when
some participants withdraw from the study. In these cases
(censored data), the time of follow-up is recorded.
Kaplan-Meier estimates of survival functions
The Kaplan-Meier method[33] is used to provide survival
functions and can also be effectively applied to censored
data. It provides a survival curve where time is reported
on the X-axis, while the cumulative survival probability is
on the Y-axis. The time corresponding to the point where
the curve crosses 50% survival is the estimate of median
survival. Kaplan-Meier curves can be compared across
groups by mainly applying two non-parametric tests (the
log rank test[34] and the generalized Wilcoxon test[35]).
The generalized Wilcoxon test[35] is a weighted alternative
where early time points weigh more than late ones; this is
preferred when the effect of an experimental condition
vanishes with time. The log rank test instead is preferred
to detect differences during all of the follow-up period.
Cox regression
Cox regression[36] is applied to evaluate the effect of several risk factors on survival, defining the hazard as the
probability of the endpoint. The hazard is modeled as:

computed. The nearest centroid classification compares
the gene expression profile of a new sample to each class
centroid: the class whose centroid is closest in squared
distance is the predicted class for the new sample.
Nearest shrunken centroid classification[37] is a modification of this approach. When PAM is applied to survival
outcomes, supervised principal components analysis[38]
is performed, where, instead of using all the genes to
perform PCA, only a subset of genes is used, i.e., those
highly correlated with survival.
Metropolis algorithm and Monte Carlo simulation
Monte Carlo methods[39] are computational algorithms
that rely on repeated random sampling to obtain numerical results; simulations are run several times to calculate
probabilities. They are useful for simulating systems with
several degrees of freedom and modeling systems characterized by large uncertainty in inputs.
The Metropolis algorithm[40] is used to generate a
series of numbers, X1, X2, .., Xn with a distribution fixed
a priori. The method is based on the generation of numbers that are accepted or rejected to obtain the selected
type of distribution.
The Metropolis algorithm can be implemented in
Monte Carlo simulations to perform random sampling.
The Monte Carlo optimization can be used in biomarkers
search to determine the coefficients of model containing
the relevant biomarkers.

ln [H(t)/H0(t)] = b1X1 + b2X2 + ... + bkXk
where H(t)/H0(t) is the so-called hazard ratio (HR),
X1 ... Xk are predictor variables and H0(t) is the baseline
hazard at time. In general, the HR may assume only positive values: if it equals 1, the groups show a not statistically different survival; if it is smaller than 1, a subject
with a higher value for X has lower risk than a subject
with a lower value for X; the opposite behavior is obtained if the HR estimate is larger than 1.
The Cox model works under the so-called proportional hazards assumption: the ratio between the hazards
of two patient groups remains constant over the complete follow-up period. Since a HR is calculated in Cox
regression, this estimate should apply to all death times:
this simplification is only justified if the group difference remains constant over the whole range of followup time.
If the monovariate Cox regression is extended to
include more than one X variable (multivariate Cox regression), the effect of the interaction between different
factors can be evaluated.

OTHER METHODS
Prediction analysis for microarrays
Prediction analysis for microarrays (PAM) performs
sample classification from gene expression data and survival outcomes, exploiting the nearest shrunken centroid
approach[37]. A standardized centroid for each class is
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STUDIES FOR THE IDENTIFICATION OF
BIOMARKERS
Studies based on serum and tissue biomarkers
determined by non-omics techniques
The studies based on serum and tissue biomarkers determined by non-omics techniques usually exploit monovariate and multivariate Cox regression to evaluate the
effect played by different factors on time to progression
(TTP) and overall survival (OS). They will be presented
here, divided into prognostic/predictive biomarkers and
diagnostic biomarkers.
Prognostic and predictive biomarkers
Recent studies about prognostic and/or predictive biomarkers (Table 2) determined in serum or plasma regard the determination of glycoproteins, both alone or
associated with other markers, and the determination of
circulating factors of the insulin-like growth factor. Three
recent studies have been published based on CA19-9, one
of the most debated biomarkers for PC. The first study,
by Boeck et al[41], includes 115 patients with histologically
confirmed advanced PC treated with first-line therapy.
The novelty of this study is the modelling of the effect
of CA 19-9 kinetics by treating it as a time-varying covariate. For CA 19-9 kinetics during chemotherapy, data
from 69 patients (TTP) and 84 patients (OS) were available. The proposed approach allowed the modeling of
the effect of log (CA 19-9) measured during therapy on

13330

October 7, 2014|Volume 20|Issue 37|

WJG|www.wjgnet.com

13331

P

P

48

49

P

P

45

47

P

44

P

P

42

46

P

Type of
marker

41

Ref.

dCK

HSP27

TBX4

JAM-A

TROP2
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T

T

T
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Sample

Study group

45 patients with resected PDAC Immunohistochemistry
received adjuvant gemcitabine
based-therapy in multicenter
phase 2 studies

Tissue microarray
(TMA) analysis

Immunohistochemistry

77 stage Ⅱ PDAC tumors

86 patients

Immunohistochemistry

Immunohistochemistry

Immunoassays

Elecsys assay

Elecsys assay

Analytical methods

186 patients; subgroup of 83
patients treated surgically

197 patients; subgroup of 134
patients treated surgically

Pretreatment CA 19-9: 115
patients from 5 German centers;
73% treated within prospective
clinical trials. Median TTP: 4.4
mo; median OS: 9.4 mo. CA 19-9
kinetics during chemotherapy:
69 patients (TTP) and 84
patients (OS)
CA 19-9, CEA, CRP,
291 patients; 253 patients
LDH and bilirubin
(87 %) received treatment
within prospective clinical
trials. Median TTP: 5.1 mo.
Median OS 9.0 mo
IGFs
S and P 80 patients received treatment
(40 Ganitumab; 40 placebo)

CA 19-9

Markers

Table 2 Studies based on serum and tissue biomarkers through non-omics techniques

Univariate analysis: log (CA 19-9) associated with TTP (HR = 1.24; P < 0.001) and OS
(HR = 1.16; P = 0.002). Multivariate analysis: results confirmed.
Log(CA 19-9) kinetics during chemotherapy: significant predictor for TTP in univariate
analyses (HR = 1.48; P < 0.001) and multivariate (HR = 1.45; P < 0.001) and for OS (univariate:
HR = 1.34; P < 0.001; multivariate: HR =1.38; P < 0.001)

Performance

Kaplan Meier method Univariate analysis: pre-treatment CA 19-9 (HR = 1.55), LDH (HR = 2.04) and CEA (HR = 1.89)
and Cox proportional significantly associated with TTP. Baseline CA 19-9 (HR = 1.46), LDH (HR = 2.07), CRP
hazards regression
(HR = 1.69) and bilirubin (HR = 1.62) significant prognostic factors for OS.
Multivariate analyses: pre-treatment log (CA 19-9) for TTP and log (bilirubin) and log (CRP)
for OS had an independent prognostic value
Kaplan Meier method Ganitumab associated with improved OS vs placebo (HR = 0.49; 95%CI: 0.28-0.87)
and Cox proportional
hazards regression
Kaplan Meier method TROP2 overexpression observed in 109 (55%) patients and associated with decreased OS
and Cox proportional (P < 0.01). Univariate Analysis: TROP2 overexpression correlates with lymph node metastasis
hazards regression
(P < 0.04) and tumor grade (P < 0.01). In the subgroup of patients treated surgically, TROP2
overexpression correlated with poor progression-free survival (P < 0.01). Multivariate
analyses: TROP2 is an independent prognosticator
Kaplan Meier method Low expression of JAM-A observed in 79 (42 %) patients and associated with poor OS
and Cox proportional (P < 0.01). Univariate analysis: low expression of JAM-A correlates with positive lymph node
hazards regression
status (P = 0.02), the presence of distant metastasis (P = 0.05), and tumor grade (P = 0.04). In
the subgroup of patients with surgically resected PC, low expression of JAM-A correlated
with decreased progression-free survival (P < 0.01). Multivariate analysis: JAM-A was an
independent predictor of poor outcome
Kaplan Meier method 48 cases (62.3%) expressed TBX4 at a high level. No significant correlation between TBX4
and Cox proportional expression and other clinicopathological parameters, except tumor grade and liver metastasis
hazards regression
recurrence. Survival of patients with TBX4-high expression significantly longer than
those with TBX4-low expression (P = 0.010). Multivariate analysis: low TBX4 expression
independent prognostic factor for OS. TBX4 promoter methylation status frequently observed
in PDAC and normal adjacent pancreas
Kaplan Meier method HSP27 expression found in 49% of tumor samples. Univariate analyses: significant correlation
and Cox proportional between HSP27 expression and survival. Multivariate Cox-regression: HSP27 expression
hazards regression
emerged as an independent prognostic factor. HSP27 expression also correlated inversely
with nuclear p53 accumulation
Kaplan Meier method Median follow-up: 19.95 mo (95%CI: 3.3-107.4 mo). Lymph node (LN) ratio and dCK protein
and Cox proportional expression significant predictors of DFS and OS in univariate analysis. Multivariate analysis:
hazards regression
dCK protein expression the only independent prognostic variable (DFS: HR = 3.48, 95%CI:
1.66-7.31, P < 0.001, OS: HR = 3.2, 95%CI: 1.44-7.13, P < 0.004)

Cox proportional
hazards regression; for
CA 19-9 kinetics, CA
19-9 was treated as a
time-varying covariate

Statistical methods
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YKL-40, IL-6, and
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P
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P

T

Proximity ligation
assay

Combination of the
PAM algorithm and
logistic regression
modeling. Biomarkers
that were significantly
prognostic for survival
were determined
using univariate and
multivariate Cox
survival models
A Metropolis
algorithm with
Monte Carlo
simulation (MMC)
was used to identify
discriminatory
biomarker panels in
the training set

Immunohistochemistry Mann-Whitney U test,
Wilcoxon test, Cox
regression analysis,
Kaplan-Meier analysis

All 3 Notch family members significantly elevated in tumor tissue. Significantly higher
nuclear expression of Notch1, -3 and -4, HES-1, and HEY-1 (all P < 0.001) in locally advanced
and metastatic tumors compared to resectable cancers. In survival analyses, nuclear Notch3
and HEY-1 expression significantly associated with reduced OS and DFS following tumor
resection with curative intent
CA19-9, OPN and CHI3L1 were found to have superior sensitivity for pancreatic cancer vs
CA19-9 alone (93% vs 80%). CEA and CA125 have prognostic significance for survival (P <
0.003)

333 PDAC patients; 144 controls
bead-based xMAP
Training set (160 PDAC, 74 Benign, 107 Healthy): panel of CA19–9, ICAM-1, and OPG
(benign pancreatic conditions);
immunoassays
discriminated PDAC from Healthy controls (SN/SP 88/90%), panel of CA 19–9, CEA, and
227 healthy controls.
TIMP-1 discriminated PDAC patients from Benign subjects (SN/SP = 76%/90%). Independent
Samples from each group split
validation set (173 PDAC, 70 Benign, 120 Healthy): panel of CA 19–9, ICAM-1 and OPG
randomly into training and
demonstrated SN/SP of 78%/94%; panel of CA19–9, CEA, and TIMP-1 demonstrated SN/SP
blinded validation sets.
of 71%/89%. The CA19–9, ICAM-1, OPG panel is selective for PDAC and does not recognize
Panels evaluated in validation
breast (SP = 100%), lung (SP = 97%), or colon (SP = 97%) cancer
set and in patients diagnosed
with colon (33), lung (62) and
breast (108) cancers
559 patients with PC from
ELISA and
Kaplan Meier method Odds ratios (ORs) for prediction of PC significant for all biomarkers, with CA 19.9 having
prospective biomarker studies
chemiluminescent
and Cox proportional the highest AUC (CA 19.9: OR = 2.28, 95%CI: 1.97-2.68, P = 0.0001, AUC = 0.94; YKL-40: OR
from Denmark (n = 448) and
immunometric assay hazards regression
= 4.50, 3.99-5.08, P = 0.0001, AUC = 0.87; IL-6: OR = 3.68, 3.08-4.44, P = 0.0001, AUC = 0.87).
Germany (n = 111)
Multivariate Cox analysis: high preoperative IL-6 and CA 19.9 independently associated
with short OS (CA 19.9: HR = 2.51, 1.22–5.15, P = 0.013; IL-6: HR = 2.03, 1.11-3.70, P =
0.021). Multivariate Cox analysis of non-operable patients: high pre-treatment levels of each
biomarker independently associated with short OS (YKL-40: HR = 1.30, 1.03-1.64, P = 0.029;
IL-6: HR = 1.71, 1.33-2.20, P = 0.0001; CA 19.9: HR = 1.54, 1.06-2.24, P = 0.022). Patients with
preoperative elevation of IL-6 and CA 19.9 had shorter OS (P = 0.005) compared to patients
with normal levels (45% vs 92% alive after 12 mo)

clinically defined cohort of 52
locally advanced
(Stage Ⅱ/Ⅲ) PDAC cases and
43 age-matched controls

42 patients who underwent
resection and 50 patients
diagnosed with unresectable
PDAC

the event (TTP or OS) rather than modeling the effect of the pretreatment value of log (CA 19-9).
In the second study, Haas et al[42] pooled pre-treatment data on CA 19-9, carcinoembryonic antigen (CEA), C-reactive protein (CRP), lactate dehydrogenase (LDH) and bilirubin from two multicenter randomized phase II trials and prospective patient data. Marker levels were assessed before the start of palliative first-line therapy for advanced PC
and during treatment (for CA 19-9 only).
In the third study, Boeck et al[43] evaluated pre-treatment (palliative first-line chemotherapy) values and weekly values of cytokeratin 19-fragments (CYFRA 21-1), CA 19-9
and CEA in blood samples from patients with PC. CYFRA 21-1 are biomarkers for different epithelial diseases but their role in PC has not been investigated yet.
In Boeck et al[41] pre-treatment log (CA19-9) proved to be significantly associated with TTP and OS. Moreover, log (CA 19-9) kinetics after the start of treatment was found
to be a significant predictor for both TTP and OS. Similar results were found by Haas et al[42] where pre-treatment CA 19-9, LDH and CEA levels were significantly associated

Type of marker: P: Prognostic/predictive; D: Diagnostic; Sample: S: Serum; P: Plasma; T: Tissue; TTP: Time to progression.
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with TTP. Regarding OS, baseline CA 19-9, LDH, CRP
and bilirubin were significant. Boeck et al[43] found that
CYFRA 21-1 and CA 19-9 showed a high correlation
with TTP and OS, while in multivariate analysis, only
CYFRA 21-1 and performance status were independent
predictors for OS.
McCaffery et al[44] assessed the predictive nature of
baseline circulating factors of the insulin-like growth
factor (IGF) axis on the treatment effect of ganitumab
plus gemcitabine in metastatic PDAC. Baseline levels
of IGFs/IGF binding proteins were analyzed in serum
or plasma while mutations and gene expression were
analyzed in archival samples. Ganitumab was associated
with improved OS vs placebo. The treatment effect on
improved OS was larger in patients with higher levels of
IGF-1, IGF-2 or IGFBP-3, or lower levels of IGFBP-2.
Interaction between treatment and IGFs/IGFBPs
showed predictive potential for IGF-2 and IGFBP-2.
The studies about prognostic and/or predictive biomarkers determined in tissue samples, usually by immunohistochemistry or tissue microarray analysis (TMA),
instead include the determination of glycoproteins, other
proteins and enzymes.
Fong et al[45] investigated the expression of TROP2
(human trophoblast cell-surface) antigen, a glycoprotein
found to be strongly expressed in a variety of human epithelial cancers, and the expression of junctional adhesion
molecule A (JAM-A) antigen[46], a type I transmembrane
glycoprotein, which has been recently shown to affect
the prognosis of several malignancies. The two studies
involved 197 and 186 patients with PDAC respectively.
TROP2 overexpression was observed in 55% of patients,
while low expression of JAM-A was observed in 42% of
samples; both markers were significantly associated with
decreased OS. They were both correlated with lymph
node metastasis and tumor grade. In the subgroup of patients surgically treated with curative intent, TROP2 and
low expression of JAM-A correlated with poor progression-free survival.
In the study by Zong et al[47], the expression of the
T-box transcription factor 4 (TBX4) was investigated
in 77 stage II PDAC tumors. 62.3% of cases expressed
TBX4 at a high level. Significant correlation was only
detected between TBX4 expression and tumor grade and
liver metastasis recurrence. The survival with TBX4-high
expression was significantly longer.
Applying tissue microarray (TMA) analysis, Schäfer et
al[48] correlated heat shock protein 27 (HSP27) expression
status with clinicopathological parameters in PDAC from
86 patients. HSP27 expression was found in 49% of
tumor samples. A significant correlation was found with
OS. The authors also assessed the impact of HSP27 on
chemo- and radio-sensitivity directly in PC cells. HSP27
expression emerged as an independent prognostic factor
and correlated inversely with nuclear p53 accumulation,
indicating protein interactions between HSP27 and p53
or TP53 mutation-dependent HSP27-regulation. HSP27
overexpression rendered HSP27 low-expressing PL5 PC
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cells more susceptible to treatment with gemcitabine,
while HSP27 protein depletion in HSP27 high-expressing
AsPC-1 cells caused increased gemcitabine resistance.
Maréchal et al[49] identified deoxycytidine kinase (dCK),
a recombinant enzyme, to be associated with prolonged
survival after adjuvant gemcitabine administration for resected PDAC. The study involved 45 patients. The lymph
node (LN) ratio and dCK protein expression were significant predictors of DFS and OS in univariate analysis. On
multivariate analysis, a step-down procedure based on the
likelihood ratio test, dCK protein expression was the only
independent prognostic factor.
Having previously reported that Notch3 activation
appeared to be associated with more aggressive PC disease, Mann et al[50] examined components of this pathway
(Notch1, Notch3, Notch4, HES-1, HEY-1) in resectable
and non-resectable tumors compared to uninvolved pancreas. All three Notch family members were significantly
increased in tumor tissue, with expression maintained
within matched lymph node metastases. Significantly
higher nuclear expression of Notch1, -3 and -4, HES-1
and HEY-1 was noted in locally advanced and metastatic
tumors compared to resectable cancers. Nuclear Notch3
and HEY-1 expression were significantly associated with
reduced OS and DFS following tumor resection.
Diagnostic biomarkers
Regarding diagnostic biomarkers (Table 2), the most recent studies are based on the determination of protein
panels in serum or plasma, exploiting ELISA or proximity ligation assay (PLA) for their determination. PLA is
a highly sensitive technique for multiplex detection of
biomarkers in plasma with little interfering background
signal. Some of the studies proposed the determination
of both diagnostic and prognostic markers. All studies
presented here involve CA19-9 as a potential biomarker
in association with other markers.
In the first study, Chang et al[51] applied PLA to the
identification of plasma levels of 21 biomarkers in 52 locally advanced PDAC cases and 43 age-matched controls.
The optimal diagnostic biomarker panel was computed
using a combination of the PAM algorithm and logistic
regression modeling.
In the second study, Brand et al[52] investigated 83
circulating proteins in sera of patients diagnosed with
PDAC, benign pancreatic conditions and healthy controls. Samples from each group were split randomly into
training and blinded validation sets prior to analysis.
A Metropolis algorithm with Monte Carlo simulation
(MMC) was used to identify discriminatory biomarker
panels in the training set. Identified panels were evaluated
in the validation set and in patients diagnosed with colon,
lung and breast cancers.
In the third study, Schultz et al[53] tested the hypothesis
that high plasma YKL-40 and IL-6 are associated with
PC and short OS. 559 patients with PC from prospective
biomarker studies were studied. Plasma YKL-40 and IL-6
were determined by ELISA and serum CA 19.9 by che-

13333

October 7, 2014|Volume 20|Issue 37|

Marengo E et al . Statistical identification of biomarkers in pancreatic cancer

miluminescent immunoassay.
Chang et al[51] found that three markers (CA19-9,
OPN and CHI3L1) have superior sensitivity for PC vs
CA19-9 alone (93% vs 80%) and two markers (CEA and
CA125) proved to have a prognostic significance for survival of PC (P < 0.003) when measured simultaneously.
Brand et al[52] found that the panel of CA 19-9, CEA
and TIMP-1 discriminated PDAC patients from benign
subjects with an SN/SP of 76%/90% in the training
set and of 71%/89% in the validation set. The CA19-9,
intercellular adhesion molecule 1 (ICAM-1), OPG panel
is selective for PDAC and does not recognize breast (SP
= 100%), lung (SP = 97%) or colon (SP = 97%) cancer.
Schultz et al[53] instead showed that high preoperative IL-6
and CA 19.9 were independently associated with short
OS. High pre-treatment levels of each biomarker were
independently associated with short OS in non-operable
patients.

PROTEOMIC BASED STUDIES
The most recent studies on identification of biomarkers
in proteomics (Table 3) are mainly regarding the determination of diagnostic markers. The studies are presented
separating those carried out from serum or tissue samples
and those carried out on cell lines or animal models. The
studies presented here are mainly devoted to identifying
exploratory biomarkers.
The studies based on proteomic approaches show a
great potential for the identification of PC biomarkers;
the panels of markers identified by these techniques are
characterized by good performance regarding both sensitivity and specificity, showing results at least equal to or
in some cases better than classical approaches. It is the
authors’ opinion that, in future, the information provided
by such high-throughput techniques should be coupled
with clinical information to provide exhaustive sets of
biomarkers with better predictive ability.
Diagnostic biomarkers in tissue and serum samples
Tissue and serum biomarkers in proteomics are usually
determined by: SDS-PAGE followed by LC-MS for identifying the most up- or down-regulated proteins; matrixassisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry; and surface-enhanced laser
desorption/ionization time-of-flight (SELDI-TOF) mass
spectrometry. The exploitation of instrumental techniques providing a high amount of information makes
the application of multivariate methods necessary in order to detect panels of biomarkers with the best predictive ability.
In the first study by McKinney et al[54], matched pairs
of tumor and non-tumor pancreas from patients undergoing tumor resection were treated to obtain cytosol,
membrane, nucleus and cytoskeleton cellular protein
fractions. The fractions were analyzed by SDS-PAGE followed by LC-MS/MS to identify 2393 unique proteins.
The spectral count data were compared using a power
law global error model (PLGEM) to identify statistically
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significant protein changes between non-tumor and tumor samples[55,56]. Among the 104 proteins significantly
changed in cancers, four (biglycan (BGN), pigment
epithelium-derived factor (PEDF), thrombospondin-2
(THBS-2) and TGF-β induced protein ig-h3 precursor
(βIGH3)) were further validated and proved to be upregulated in cancer and have potential for development as
minimally-invasive diagnostic markers.
Kojima et al[57] differentiated pancreatic neoplasia
from non-neoplastic pancreatic disease. Samples from 50
patients [15 healthy (H), 24 cancer (Ca), 11 chronic pancreatitis (CP)] were collected. A high-throughput method
was applied, using high-affinity solid lipophilic extraction
resins, enriched low molecular weight proteins for extraction with a high-speed MALDI-MS. Multivariate analysis
was carried out by MDS as in Mobley et al[58]. Using eight
serum features, Ca were differentiated from H (SN =
88%, SP = 93%), Ca from CP (SN = 88%, SP = 30%)
and Ca from both H and CP combined (SN = 88%, SP
= 66%). In addition, nine features obtained from urine
differentiated Ca from both H and CP, combined with
high efficiency (SN = 90%, SP = 90%). Interestingly, the
plasma samples did not show significant differences.
Ehmann et al[59] and Hauskrecht et al[60] instead applied
SELDI-TOF mass spectrometry. In the first study[59], 96
serum samples from patients undergoing cancer surgery
were compared with 96 controls. Samples were fractionated by anion exchange chromatography. Data analysis,
involving Mann-Whitney U test and classification and
regression tree (CART) analysis, identified 24 differentially expressed protein peaks, 21 of which were underexpressed in cancer samples. The best single marker can
predict 92% of controls and 89% of cancer samples. The
best model with a set of 3 markers showed a sensitivity
of 100% and a specificity of 98% for the training data
and a sensitivity of 83% and a specificity of 77% for test
data. Apolipoprotein A-II, transthyretin and apolipoprotein A-I were identified as markers (decreased in cancer
sera). Hauskrecht et al[60] instead proposed a feature selection method that extracts useful feature panels from highthroughput spectra. 57 PC samples were compared to
59 controls. The results clearly show the improved classification performances when the method is compared to
standard strategies.
The last study makes use of protein microarrays
to explore whether a humoral response to PC-specific
tumor antigens has utility as a biomarker of PC. To
determine if such arrays can be used to identify novel
autoantibodies in the sera from PC patients, Patwa et al[61]
resolved proteins from a PDAC cell line (MIAPACA) by
2-D liquid-based separations and then arrayed them on
nitrocellulose slides. The slides were probed with sera
from a set of patients diagnosed with PC and compared
with age- and sex-matched normal subjects. To account
for patient-to-patient variability, a non-parametric Wilcoxon rank-sum test was used in which protein biomarkers were identified. Classification by the PAM algorithm
showed 86.7% accuracy, with a SN and SP of 93.3% and
80%, respectively. The identified candidate autoantibody
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104 proteins significantly changed in cancer. Among these, 4 proteins validated that were
up-regulated in cancer: biglycan (BGN), Pigment Epithelium-derived Factor (PEDF)
Thrombospondin-2 (THBS-2) and TGF-β induced protein ig-h3 precursor (βIGH3)

Performance

Qualitative and quantitative proteomic analysis revealed several hundred proteins as differentially abundant between the two cell states. Proteins of greater abundance in activated PaSC:
isoforms of actin and ribosomal proteins. Proteins more abundant in non-proliferating PaSC:
signaling proteins MAP kinase 3 and Ras-related proteins

Diagnostic biomarkers from cell lines or animal model samples
Diagnostic biomarkers in proteomics have also been recently determined from cell lines (PACA44, T3M4) or on animal models. The most exploited analytical techniques in this
case are SDS-PAGE, followed by LC-MS, 2D-PAGE or 2D-LC approaches.
Marengo et al[62] identified the regulatory proteins in human PC treated with trichostatin A by 2D-PAGE maps and multivariate analysis. PCA was applied to a spot quantity

biomarkers were validated using an independent sample set of 238 samples. Phosphoglycerate kinase-1 and histone H4 were noted to elicit a significant differential humoral response in cancer sera.

QSPEC

8 serum features: Ca samples differentiated from H (SN = 88%, SP = 93%), Ca from CP (SN =
88%, SP = 30%), and Ca from both H and CP combined (SN = 88%, SP = 66%).
9 features obtained from urine: differentiated Ca from both H and CP combined (SN = 90%, SP
= 90%)
pairwise statistics,
Data analysis identified 24 differentially expressed protein peaks, 21 of which under-expressed
MDS, hierarchical
in cancer samples. The best single marker predicts 92% of controls and 89% of cancer samples.
analysis
Multivariate analysis: best model (3 markers) with SN = 100% and SP = 98% for the training
Mann-Whitney U
data and SN = 83% and SP = 77% for test data. Apolipoprotein A-II, transthyretin and
test, CART
apolipoprotein A-I identified as markers and decreased at least 2 fold in cancer sera
Multivariate
Improved classification performances when the presented strategy is compared to standard
decorrelation filtering univariate feature selection strategies
Rank-based nonA serum diagnosis of PC was predicted with 86.7% accuracy, with a sensitivity and specificity
parametric statistical of 93.3% and 80%. Candidate autoantibody biomarkers studied for their classification power
testing
using an independent sample set of 238 sera. Phosphoglycerate kinase-1 and histone H4 noted
to elicit a significant differential humoral response in cancer sera compared with age- and sexmatched sera from normal patients and patients with chronic pancreatitis and diabetes
PCA, SIMCA,
Samples were all perfectly classified. Significant proteins were further identified by MS
Ranking-PCA
analysis

Tissues treated to obtain PLGEM
cytosol, membrane,
nucleus and cytoskeletonfractions. Fractions
separated and digested
underwent LC-MS/MS
15 healthy (H), 24 cancer (Ca), MALDI-TOF
Nonparametric
11 chronic pancreatitis (CP)
samples

5 patients; matched pairs
of tumor and non-tumor
pancreas

Study group

PDAC 435 spots identified from
2D-PAGE
cell lines 18 samples from 2 cell lines
(Paca44 and T3M4) of control
and drug-treated PDAC cells
rat PaSC SDS-PAGE and
cell line
GeLC-MS/MS

S

S

S

S

T

Sample

Type of marker: P: Prognostic/predictive; D: Diagnostic; Sample: S: Serum; P: Plasma; T: Tissue.
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dataset comprising 435 spots detected in 18 samples belonging to two different cell lines (Paca44 and T3M4) of
control and drug-treated PDAC cells. PCA allowed the
identification of the groups of samples present in the
dataset; the loadings analysis allowed the identification
of the differentially expressed spots, which characterize
each group of samples. The treatment of both the cell
lines with trichostatin A showed an evident effect on the
proteomic pattern of the treated samples. Identification
of some of the most relevant spots was also performed
by MS analysis. The same authors applied different multivariate statistical tools to the same set of data to provide
sets of candidate biomarkers; the first application regards
the exploitation of SIMCA classification to evaluate the
biomarkers characterized by a significant discriminant
power[25], while the second application regards the development of ranking PCA[28]. This second application is
particularly interesting for overcoming the limitations of
the methods usually adopted as variable selection tools
to identify only significant biomarkers: they are usually
aimed at the selection of the smallest set of variables
(spots) providing the best performances in prediction.
This approach does not seems to be the best choice in
the identification of potential biomarkers since all the
possible candidate biomarkers have to be identified to
provide a general picture of the ‘‘pathological state’’; exhaustivity has to be preferred to provide a complete understanding of the mechanisms underlying the pathology.
Ranking PCA allowed the exhaustive identification of a
complete set of candidate biomarkers.
Paulo et al[63] compared differentially expressed proteins in rat in activated and serum-starved non-proliferating pancreatic stellate cells (PaSC), emerging key mediators in chronic pancreatitis and PC pathogenesis. About
1500 proteins were identified after SDS-PAGE and LCMS/MS. Qualitative and quantitative proteomic analysis
revealed several hundred proteins to be differentially
abundant between the two cell states. Significance analysis was performed using QSPEC, a recently published
algorithm for determining the statistical significance of
differences in spectral counting data from two sample
sets[64]. This algorithm exploits the Bayes factor instead
of the P-value as a measure of statistical significance[65,66].
Proteins of greater abundance in activated PaSC included
isoforms of actin (e.g., smooth muscle actin) and ribosomal proteins. Proteins more abundant in non-proliferating PaSC than in activated PaSC included signaling
protein MAPK-3 and Ras-related proteins. The molecular
functions and biological pathways for these proteins were
also determined by gene ontology analysis and KEGG
pathway.
Other studies based on a proteomic approach
Paulo et al[67] also evaluated the endoscopic pancreatic
function test (ePFT) as a method able to safely obtain
pancreatic fluid for MS analysis from patients during upper endoscopy and reproducibly identify pancreas-specif-
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ic proteins. The ePFT-collected pancreatic fluid from 3
individuals without evidence of chronic pancreatitis was
analyzed by SDS-PAGE and GeLC-MS/MS. The SDSPAGE analysis revealed no significant variation in protein
concentration during the 1 h collection. The GeLC-MS/
MS analysis identified pancreas-specific proteins previously described from endoscopic retrograde cholangiopancreatography and surgical collection methods. Gene
ontology further revealed that most of the proteins identified have a molecular function of proteases.

GENOMIC-BASED STUDIES
The most recent studies on identification of biomarkers in genomics (Table 4) regard both the determination
of prognostic/predictive markers and diagnostic markers and are presented hereafter separated into these two
classes. The studies presented here are mainly devoted to
identifying exploratory biomarkers.
The studies based on genomic approaches have potential to identify PC biomarkers. In future, the information provided by genomic approaches should be coupled
to proteomic, metabolomic and clinical information to
improve the predictive ability of the panels of identified
biomarkers.
Prognostic and/or predictive biomarkers
Prognostic and predictive biomarkers in genomics (Table
4) are usually determined in tissue samples. Some of the
proposed studies include both protein expression and microRNA expression profiles. In these studies, multivariate
Cox regression analysis is usually exploited.
Ogura et al[68] studied the K-ras mutation status in 242
patients with unresectable PC. The authors focussed on
K-ras mutation subtypes since recent reports indicate
that K-ras mutation status acts as a prognostic factor.
CA19-9, metastatic stage and mutant-K-ras were negative
prognostic factors, indicating a reduced survival. Among
the patients who had K-ras mutation subtypes, CA19-9,
metastatic stage and the presence of the G12D or G12R
mutations were negative prognostic factors for OS.
Hwang et al [69] evaluated whether expression of
novel candidate biomarkers, including microRNAs, can
predict clinical outcome in PDAC patients treated with
adjuvant therapy. 82 resected PDAC cases were analyzed
for protein expression by immunohistochemistry and
for microRNA expression by quantitative real time PCR
(qRT-PCR). Lower than median miR-21 expression was
associated with a significantly lower HR for death and
recurrence in the subgroup of patients treated with adjuvant therapy. MiR-21 expression status emerged as the
single most predictive biomarker for treatment outcome.
No significant association was detected in patients not
treated with adjuvant therapy. The results were confirmed
in an independent validation of 45 PDAC tissues.
One-fifth of patients with seemingly “curable”
PDAC experienced an early recurrence and death, while
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D

74

Differentially
expressed
genes

cell-surface
targets

13 putative
PDA
biomarkers
from the public
biomarker
repository
MTA2 mRNA
and protein
expression
Leukocyte
DNA
Methylation

MicroRNA-21

K-ras mutation
status and
subtypes

Markers

Blood

T

Blood

T

T

Study group

Protein expression by
immunohistochemistry
microRNA expression
by qRT-PCR

RT-PCR

Analytical methods

DNA array

28 PC specimens and 4 normal
Complementary assays
pancreas tissue samples. Expression of mRNA expression.
in normal tissues evaluated by array Immunohistochemistry.
data from 103 samples representqRT-PCR
ing 28 organ sites as well as mining
published data
25 patients diagnosed with PC
Microarray and qRTand diabetes, 27 patients with PC
PCR
without diabetes, 25 patients with
diabetes mellitus > 5 yr, and 25
healthy controls. Results further
validated for 101 blood samples

phase Ⅰ selected CpG sites in 240
PaC cases and 240 matched controls

Phase I: 132 never-smoker PaC
patients and 60 never-smoker
healthy controls.
Phase Ⅱ: validation of 88 of 96

A survival tissue microarray was
Immunohistochemical
constructed comprised of short-term analyses; survival tissue
(cancer-specific death ,12 mo, n =
microarray (s-TMA)
58) and long-term survivors (30 mo,
n = 79) who underwent resection for
PDA (total, n = 137)
123 PDAC samples and 40 control
qRT-PCR and
tissues
immunohistochemistry

82 resected Korean PDAC cases.
Subgroup of patients treated with
adjuvant therapy (n = 52)

endoscopic
242 patients
ultrasoundguided fine-needle
aspiration specimens

Sample

Performance

-

-

58 genes found to be unique in patients with cancer-associated diabetes, including 23 upregulated and 35 down-regulated genes. 11 up-regulated genes further validated by RTPCR; 2 of these (VNN1 and MMP9) selected for logistic regression analysis. The combination of VNN1 and MMP9 showed the best discrimination of cancer-associated diabetes
from type 2 diabetes. The protein expression of MMP9 and VNN1 was in accordance with
the gene expression

170 unique targets highly expressed in 2 or more PC specimens and not expressed in
normal pancreas samples. Two targets (TLR2 and ABCC3) further validated for protein
expression by tissue microarray based immunohistochemistry have potential for the development of diagnostic imaging and therapeutic agents for PC

Multivariate analysis: CA19-9 C 1000 U/mL (HR = 1.78, 95 %CI: 1.28-2.46, P < 0.01),
metastatic stage (HR 2.26, 95 % CI 1.58-3.24, P < 0.01) and mutant-K-ras (HR 1.76, 95 %CI:
1.03-3.01, P = 0.04) negative prognostic factors. Among patients with K-ras mutation
subtypes: CA19-9 C 1000 U/mL (HR 1.65, 95%CI: 1.12-2.37, P < 0.01), metastatic stage (HR
2.12, 95%CI: 1.44-3.14, P < 0.01), and G12D or G12R mutations (HR = 1.60, 95%CI: 1.11-2.28)
negative prognostic factors for OS
Cox
Subgroup with adjuvant therapy: lower than median miR-21 expression associated
proportional
with lower HR for death (HR = 0.316, 95%CI = 0.166-0.600, P = 0.0004) and recurrence
hazards model (HR = 0.521, 95%CI = 0.280-0.967, P = 0.04). MiR-21: single most predictive biomarker
for treatment outcome. No significant association in patients not treated with adjuvant
therapy. Independent validation cohort of 45 frozen PDAC tissues from Italian cases
treated with adjuvant therapy: lower than median miR-21 expression confirmed to be
correlated with longer OS and DFS
Wilcoxon rank Multivariate model: MUC1 (OR = 28.95, 3+ vs negative expression, P = 0.004) and MSLN
sum test
(OR = 12.47, 3+ vs negative expression, P = 0.01) highly predictive of early cancer-specific
death. Pathological factors (size, lymph node metastases, resection margin status, and
grade): ORs < 3 and none reached statistical significance. ROC curves used to compare the
4 pathological prognostic features (ROC area = 0.70) to 3 univariate molecular predictors
(MUC1, MSLN, MUC2) of survival group (ROC area = 0.80, P = 0.07)
Kaplan-Meyer MTA2 mRNA and protein expression levels up-regulated in PC. MTA2 correlated with
curves and Cox poor tumor differentiation, TNM stage and lymph node metastasis. Patients with high
analysis
expression levels of MTA2 showed lower OS. MTA2: independent prognostic factor.
Wilcoxon Rank Significant differences found in 110 CpG sites (FDR < 0.05). Phase Ⅱ: 88 of 96
Sum tests and
phase Ⅰ selected CpG sites validated in 240 PaC cases and 240 matched controls (P <
likelihood
0.05). Prediction model: 5 CpG sites (IL10_P348, LCN2_P86, ZAP70_P220, AIM2_P624,
penalized
TAL1_P817) discriminated PaC from controls (C = 0.85 in phase I; 0.76 in phase Ⅱ). One
logistic
CpG site (LCN2_P86) could discriminate resectable patients from controls (C = 0.78 in phase
regression
I; 0.74 in phase Ⅱ). 3 CpG sites identified (AGXT_P180_F, ALOX12_E85_R, JAK3_P1075_R)
models
where the methylation levels were significantly associated with SNPs (FDR < 0.05)
Kaplan Meier
method and Cox
proportional
hazards
regression

Statistical
methods

Type of marker: P: Prognostic/predictive; D: Diagnostic; Sample: S: Serum; P: Plasma; T: Tissue; PDAC: Pancreatic ductal adenocarcinoma; VNN1: Vanin-1; MMP9: Matrix metalloproteinase 9.

D

73

D

72

P

71

P

P

69

1

P

68

Ref. Type of
marker

Table 4 Genomic based studies

Marengo E et al . Statistical identification of biomarkers in pancreatic cancer

October 7, 2014|Volume 20|Issue 37|

Marengo E et al . Statistical identification of biomarkers in pancreatic cancer

some patients with advanced stage tumors are deemed
“unresectable” by conventional staging criteria, yet progress slowly. Effective biomarkers that stratify PDAC
based on the biological behavior are therefore needed.
Building on a compendium of 2500 published candidate
biomarkers in PDAC[70], Winter et al[71] constructed a
survival tissue microarray (s-TMA) comprised of shortterm (12 mo) and long-term survivors (30 mo) who
underwent resection for PDAC. The s-TMA acts as a
biological filter to identify prognostic markers. 13 putative PDAC biomarkers were identified from the public
biomarker repository and tested against the s-TMA.
MUC1 and MSLN were highly predictive of early
cancer-specific death. By comparison, no pathological
factors (size, lymph node metastases, resection margin
status and grade) reached statistical significance.
Chen et al[1] detected metastasis-associated gene 2
(MTA2) expression in PDAC and related it to prognosis.
MTA2 mRNA and protein expression were determined
by qRT-PCR and immunohistochemistry in primary
cancers and their adjacent non-cancerous tissues. MTA2
mRNA and protein expression levels were up-regulated
in PC. MTA2 was correlated with poor tumor differentiation, TNM stage and lymph node metastasis. Patients
with high expression levels of MTA2 showed lower OS.
Diagnostic biomarkers
Diagnostic biomarkers from genomics-based studies (Table 4) are identified both from tissue and serum samples.
To identify biomarkers for early detection, Pedersen
et al[72] examined DNA methylation differences in leukocyte DNA between PC cases and controls. In phase I,
methylation levels were measured at 1505 CpG sites in
leukocyte DNA from 132 never-smoker PC patients and
60 never-smoker controls. Significant differences were
found in 110 CpG sites. In phase II, 88 of 96 phase I
selected CpG sites were tested and validated in 240 PC
cases and 240 matched controls. Using penalized logistic
regression, a prediction model was built consisting of
five CpG sites (IL10_P348, LCN2_P86, ZAP70_P220,
AIM2_P624, TAL1_P817) that discriminated cancer patients from controls. One CpG site (LCN2_P86) alone
could discriminate resectable patients from controls.
Morse et al[73] used complementary assays of mRNA
expression profiling of cell-surface genes to determine
increased expression in PC vs normal pancreas tissues
and validated protein expression by immunohistochemistry on tissue microarrays. This approach was aimed
at the identification of targets for potential use in the
molecular imaging of cancer, allowing for non-invasive
determination of tumor therapeutic response and molecular characterization of the disease, or in the targeted
delivery of therapy to tumor cells, decreasing systemic
effects. Expression profiles of 2177 cell-surface genes
for 28 pancreatic tumor specimens and 4 controls were
evaluated. 170 unique targets were highly expressed in 2
or more of the pancreatic tumor specimens and were not
expressed in controls. Two targets (TLR2 and ABCC3)
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were further validated for protein expression and proved
to be potential for the development of diagnostic imaging and therapeutic agents for PC.
Huang et al[74] explored specific biomarkers that can
differentiate PC-associated diabetes from type 2 diabetes
for the early detection of PC. Peripheral blood samples
were collected from 25 patients diagnosed with PC and
diabetes, 27 patients with PC without diabetes, 25 patients with diabetes mellitus > 5 years, and 25 controls. 32
samples were used in microarray experiments to find differentially expressed genes specific for cancer-associated
diabetes. The results were further validated by quantitative qRT-PCR for 101 blood samples. Protein expression
of selected genes in serum and tissues was also detected.
58 genes were found to be unique in patients with cancerassociated diabetes (23 up-regulated; 35 down-regulated).
11 up-regulated genes were further validated by RT-PCR
and 2 of these, vanin-1 (VNN1) and matrix metalloproteinase 9 (MMP9), showed the best discrimination of
cancer-associated from type 2 diabetes.

METABOLOMICS BASED STUDIES
Just one paper, by Kaur et al[75], has recently appeared in
the literature, reporting for the first time the mass spectrometry-based metabolomic profiling of human pancreas in matched tumor and normal tissues. UPLC coupled
with TOF-MS was applied to perform small molecule
metabolite profiling of matched normal and PC tissues.
The resulting multivariate data matrix was pre-processed
for spectral alignment and peak detection, followed by
normalization of the data to the feature intensities of the
internal standard as well as to the total protein concentration. The normalized data were analyzed first by PCA,
followed by OPLS[31]. The authors also exploited random
forest clustering[32] to interrogate the top 50 features with
significant alterations in the tumor tissue compared to
the control. The candidate markers were searched against
different databases[76,77] to find compounds that corresponded to the accurate monoisotopic mass measurements detected by UPLC-TOFMS analysis. The authors
report a subset of metabolites which were unequivocally
identified and found to be significantly de-regulated in
PC tissues.
The study reported here proves that metabolomic
profiling shows great potential for the identification of
biomarkers for PC. Certainly, further characterization
and validation with a large sample size is needed and may
help establish the utility of such markers as biomarkers
of clinical benefit.

CONCLUSION
This review aimed to present the most recent applications of the omics approaches (proteomics, genomics
and metabolomics) to the identification of biomarkers
for PC. Particular attention has been paid to the statistical
methods adopted for identification of biomarkers, first
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presenting the main statistical procedures adopted from a
theoretical point of view. Then, the most recent applications present in the literature were presented separately
for non-omic, proteomic, genomic and metabolomic
based studies. Within this distinction, studies were presented separately for diagnostic and prognostic/predictive biomarkers and according to the type of marker.
Different statistical approaches are exploited in the
literature for the identification of markers in PC; the
methodologies presented here appear to be effective
and sound. However, it is the authors’ opinion that multivariate methods have to be preferred. With the term
multivariate, the authors refer to methods evaluating the
relationships between the variables (both predictors and
outcomes if several of both are present) in order to provide a pool of markers highlighting synergistic and antagonistic effects. In fact, the biological effect played by
pathology (and PC makes no exception) is the result of
a series of different mechanisms independent from each
other or showing relevant interactions. Among all strategies, therefore, multivariate ones able to point out these
relationships are preferred.
Another hint that must be addressed is the risk of
identifying false positives, i.e., markers erroneously identified as such; this risk greatly increases when little information is available (i.e., a small number of cases/patients
is investigated). Certainly, this problem is deeply related
to the problem of experimental design and sample collection and each study should be carefully designed from
a statistical point of view before being performed in
order to include all possible sources of biological variation. Of course, this necessity often clashes with the
availability of samples, especially when tissue collection is
involved. From a statistical point of view, in these cases
characterized by little information, it is very important
to apply mathematical tools to validate the models built,
thus evaluating the predictive ability of the models. In
this respect, the use of cross-validation techniques or
simulation algorithms is fundamental to identify only statistically significant markers.
Certainly, there is a great gap between the results
presented in studies on the identification of candidate
markers reported in literature and the actual possibility
of exploiting the identified biomarkers at a clinical level.
This is due to several aspects, among which the most
important are the poor sensitivity/specificity sometimes
characterizing the identified pools of markers and the
complicated biostatistic design of prospective studies for
their validation prior to clinical use.
It is the authors’ opinion that the future perspective in
exploratory identification of biomarkers has to be found
in the exhaustive search for potential markers. It is impossible to imagine that complex pathology acting on a
wide range of individuals characterized by a large biological variability could be reflected in a very restricted panel
of markers. We think that the future will rely on highthroughput techniques and the possibility of combining
the results emerging from proteomic, genomic, metabo-
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lomic studies coupled with clinical information to identify
exhaustive panels of markers, thus improving the predictive performance of the panels themselves and providing
better sensitivity and specificity. Certainly, great attention
has to be paid in such studies to the proper evaluation of
experimental and biological variability (i.e., a careful selection of experimental design) to provide sound and robust
results and to the evaluation of the results through effective multivariate techniques.
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Abstract
Pancreatic cancer (PC) is a highly lethal disease and
notoriously difficult to treat. Only a small proportion
of PC patients are eligible for surgical resection, whilst
conventional chemoradiotherapy only has a modest effect with substantial toxicity. Gene therapy has become
a new widely investigated therapeutic approach for PC.
This article reviews the basic rationale, gene delivery
methods, therapeutic targets and developments of
laboratory research and clinical trials in gene therapy
of PC by searching the literature published in English
using the PubMed database and analyzing clinical trials
registered on the Gene Therapy Clinical Trials Worldwide website (http://www. wiley.co.uk/genmed/ clinical). Viral vectors are main gene delivery tools in gene
therapy of cancer, and especially, oncolytic virus shows
brighter prospect due to its tumor-targeting property.
Efficient therapeutic targets for gene therapy include
tumor suppressor gene p53 , mutant oncogene K-ras ,
anti-angiogenesis gene VEGFR , suicide gene HSK-TK ,
cytosine deaminase and cytochrome p450 , multiple cytokine genes and so on. Combining different targets or
combination strategies with traditional chemoradiother-
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apy may be a more effective approach to improve the
efficacy of cancer gene therapy. Cancer gene therapy is
not yet applied in clinical practice, but basic and clinical
studies have demonstrated its safety and clinical benefits. Gene therapy will be a new and promising field
for the treatment of PC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Gene therapy; Tumor
suppressor; Suicide; Anti-angiogenesis; Immunotherapy; Oncogene; Multidrug resistance; Clinical trial
Core tip: This paper tries to present a full picture of
gene therapy in pancreatic cancer, providing an unambiguous classification and comprehensive analysis, especially in therapeutic targets and clinical trials
worldwide. From our work, you may find the hotspots
in related research and the reason why they get there.
Liu SX, Xia ZS, Zhong YQ. Gene therapy in pancreatic cancer.
World J Gastroenterol 2014; 20(37): 13343-13368 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i37/13343.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13343

INTRODUCTION
Pancreatic cancer (PC) is an aggressive and highly lethal
malignant disease. The incidence of PC is lower than
that of many other types of cancer, but it is the fourth
most common cause of death from cancer[1]. PC is highly malignant and invasive, owing to nonspecific incipient
symptoms and early metastasis. Most patients have local
or metastatic spread at the time of presentation, and less
than 15% of patients are candidates for surgery. Therefore, the prognosis of the disease remains poor. Recent
statistics from the US National Cancer Institute showed
that the overall 5-year relative survival rate for 2002-2008
was 5.8%, and nearly 90% of all patients were dead in 1
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year from diagnosis, with a median survival less than 6
mo[2,3].
Surgery is still the first line treatment for PC, because
it provides the only curable option. Other adjuvant treatments are chemotherapy, radiotherapy, physiotherapy
and biotherapy. However, PC is highly resistant to the
currently available chemotherapy and radiotherapy, and
it is one of the cancers for which survival rate has not
been substantially improved during the past 30 years.
Therefore, new effective modalities for the treatment of
this disease are urgently required. In recent years, with
the outstanding progress of modern molecular biology,
tumor immunology and gene engineering technology,
tumor biotherapy is becoming a perspective and rapidly
developing field of modern medicine, which is expected
to improve state of or even cure patients who are not
curable by classical methods of therapy.
Generally, tumor biotherapy includes immunotherapy
and gene therapy, but there is no explicit boundary between them. Gene therapy can be used to transfer genes
into tumor cells to render them more highly immunogenic, while cancer immunotherapy utilizes gene engineering
technology to produce immunomodulating agents, such
as tumor vaccines.
Since the first gene therapy clinical trial was approved
by the National Institutes of Health in May 1990, significant progress in gene therapy technology has been
achieved. In September 2006, a successful immunogene
therapy of two patients with metastatic melanoma was
reported. Up to July 2013, we have entries for 1970 trials undertaken in 31 countries, and most of them had
been aimed at the treatment of cancer (64.2% of all gene
therapy trials)[4]. In 2008, detailed, global, genomic analyses found that PC contained an average of 63 genetic
alterations, the majority of which were point mutations.
These alterations defined a core set of 12 cellular signaling pathways and processes that were each genetically
altered in 67%-100% of the tumors[5]. PC gene therapy is,
therefore, targeting genes involved in these cellular pathways, inducing direct cell apoptosis and/or stimulating
host immune defense system against tumor growth and
expansion. Highly efficient gene therapy regimen is based
on the following key points: efficiency of gene delivery,
tumor targeted therapy and selection of efficient targets.

STRATEGIES FOR GENE THERAPY
Gene replacement
This strategy seeks chances of replacing a mutated gene
with a normal gene via in situ homologous recombination.
It is the best way to treat or even cure monogenic diseases, but seldom used for cancer gene therapy because
of technical limitations and complex genetic alterations
in cancer.
Gene modification
This strategy tries to directly modify the mutated gene
and rehabilitate functions of target cells. It is an ideal
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manner of gene therapy but with great difficulties. Rare
research related to this strategy has been reported.
Gene augmentation
Gene augmentation intends to transfer exogenous therapeutic genes into deficient cells and let their expression
products make up for the deficiency. This is the most
commonly used strategy in gene therapy. Key point of
this technology is the selection of therapeutic genes and
gene delivery systems. Plenty of efficient delivery systems
have been developed to introduce genetic material into
eukaryotic cells and get them expressed. The details will
be discussed below.
Gene blockade
This strategy seeks to prevent the transcription and
translation of certain cancer-associated genes by using
short nucleotide sequences that bind in a complementary fashion to specific DNA or RNA, which can block
aberrant signal transduction pathway and induce tumor
differentiation and apoptosis eventually. It is also known
as antisense gene therapy. Common materials used in this
strategy include antisense oligonucleotides, ribozymes
and small interfering RNAs (siRNAs).
Antisense oligonucleotides: Antisense oligonucleotides are short single-stranded segments of DNA or
RNA artificially synthesized in vitro, which can selectively
inhibit the transcription and translation of the target
gene through the Watson-Crick base pairing between the
antisense nucleotide and the target RNA or DNA. Since
DNA is more easily synthesized and stable in body fluid,
antisense oligodeoxyribonucleotides have become the
most common material used in practice. Various chemical modifications to its backbone have been used to
improve oligonucleotide stability, targeting and transduction efficiency[6].
Ribozymes: Ribozymes are RNA molecules with catalytic activity that are capable of sequence specific cleaving
of mRNA molecules. They can selectively bind to target
mRNAs through the Watson-Crick base pairing and form
a duplex, which includes a highly distorted conformation
that is easily hydrolyzed. The hydrolysis of the mRNA
can be used for targeted suppression of specific genes[6].
However, a shortcoming of ribozymes is that their
RNA backbone makes them easy targets for degradation
by the ubiquitous RNAases, so these molecules are biologically unstable in vivo. Then researchers found another
category of ribozymes, which are called DNAzymes or deoxyribozymes. They are analogs of ribozymes with greater
biological stability, employing DNA motifs to replace the
RNA backbone. Moreover, these DNAzymes are also easy
to modify synthetically, thereby generating even stronger,
resilient second-generation analogs, which makes them
powerful tools for gene suppression applications[6].
siRNAs: siRNAs are short double-stranded RNA seg-
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ments with typically 21- to 23-nucleotide bases that are
complementary to the target mRNA sequence. siRNAs
can be artificially synthesized in vitro and directly transferred into target cells, or be produced in the genetically
modified target cells, in which a gene encoding siRNA
is introduced via appropriate vectors, with the help of
endogenous RNAase. When entering into the target cell,
siRNAs bind to ribozyme compounds and form RNAinduced silencing complexes (RISCs), which bind to the
target mRNA and stimulate mRNA degradation mechanisms, such as nuclease activity, that lead to silencing of
the particular gene. Compared with other gene blockade
technologies, siRNAs are remarkably superior because
of their high degree of specificity to mRNAs, nonimmunogenic nature and high resistance to ribonucleases.
Since siRNAs do not integrate into the genome, they offer greater safety than plasmid molecules. Furthermore,
siRNAs do not have to transfer through the nuclear
membrane and therefore require less sophisticated delivery systems, promising faster development and higher efficiencies[6]. Thanks to these advantages, RNA interfering
technique has become one of the hotspots in research of
gene therapy.

METHODS FOR GENE DELIVERY
Ex vivo delivery
In this system, the recipient cells which are previously
explanted from the target tissue or bone marrow are cultured or proliferated in vitro and subsequently reinfused
into the patient after therapeutic gene transfer. Obviously, only transplantable cells, such as lymphocytes and
medullary cells, are acceptable in this method. In cancer
therapy, tumor cells can also be cultured and engineered
in vitro, but usually they are used to secrete cytokines or
act as a vaccine. To improve the therapeutic efficacy,
positively transfected cells are screened from the total
cells for implantation, which gives ex vivo delivery higher
transduction efficiency than in vivo delivery. However, the
shortcomings of ex vivo delivery are complex operational
process and a low survival rate of reimplanted cells[7,8].
In vivo delivery
In this system, gene vectors carrying therapeutic genes
are directly delivered into the target tissues or organs, via
systemic injection, in situ injection, oral agents or spray, of
which in situ injection into local tumor tissue mediated by
imaging methods is the most commonly used and ripest
technology. Almost all the clinical trials on in vivo cancer
gene therapy are based on this method, which includes
intratumoral injection mediated by CT or ultrasound,
tumor main vascular perfusion and gene-eluting stent implantation.
In vivo delivery is superior for its simple operation,
easy preparation, independence on cell culture systems
and wide range of application, whereas low efficiency of
transduction, short curative effect, poor target cell specificity and immunologic problems are the main problems
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of this system. In vivo delivery might be the most useful
strategy in clinical application. If only we overcome the
shortcomings of this technique, gene therapy can truly
be widespread applied in clinical treatment[9].

VECTOR SYSTEMS FOR GENE DELIVERY
The core problem on whether we choose in vivo delivery
or ex vivo delivery is how to achieve specific gene transfection and highly efficient gene expression in recipient
cells. As a consequence, establishing an efficient, safe and
specialized delivery system has become the foundation
of gene therapy. An ideal gene delivery system should
have these characters: (1) non-invasive mode of administration; (2) tumor-specific targeting, including primary
lesion and distant metastatic lesion, especially site specific
lesion, such as the central nervous system and testis; (3)
sustained gene expression; and (4) high insertion capacity,
bio-safety, stability and easy preparation.
These vector systems can be divided into two categories: non-viral and viral vector systems. Both of them
have been investigated and each of them presents distinct
advantages and weaknesses. Viral methods normally offer
higher transduction efficiency and long-term gene expression, but it may be associated with toxicity, immunogenicity, mutagenicity, inability to transfer large size genes and
high costs. Non-viral methods provide advantages including relative safety, ability to transfer large size genes, less
toxicity and easy preparation; they can also be modified
with ligands for tissue or cell specific targeting. However,
non-viral methods show limitations of low transfection
efficiency and poor transgene expression[10,11].
Non-viral vector systems
Non-viral vectors consist of chemical vectors, biological
vectors and physical methods of gene transfer to introduce naked DNA (in the form of plasmid DNA), RNA
molecules, or oligonucleotides into recipient cells.
Physical delivery
Physical delivery mainly includes microinjection, microparticle bombardment and electroporation.
Microinjection involves the utilization of a micropipette to inject nucleic acid directly into a single living cell
at a microscopic level. It is highly efficient since one cell
at a time is targeted for DNA transfer. However, this precision is achieved at the expense of time. Microparticle
bombardment, also known as ballistic DNA injection,
gene gun technology or DNA-coated particle bombardment, is used to transfer plasmid DNA coated with heavy
metals, usually gold, tungsten or silver, which are used as
payload. These particles can be accelerated by pressurized
gas and fire at the target cells or tissues without injuring them. Nevertheless, since direct exposure of target
tissues is required, its application is restricted in internal
organs. In addition, low efficiency of transfection into
the nucleus and plasmid DNA integration into host genome are also problems to be solved. Electroporation
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uses high-voltage electrical current to generate transient
disruption on the membrane of target cells, which allows
the entry of plasmid DNA by diffusion. This technique
results in high cell mortality and therefore is not suitable
for clinical use.
In conclusion, though significant transfection efficiencies have been achieved using physical techniques, they
are extremely difficult to standardize in a clinical setting
and are considered laborious, impractical, and invasive[11].
Chemical vectors
Commonly used chemical vectors can be classified into
two major types based on the nature of the synthetic
material, including cationic lipids and cationic polymers.
In recent years, chemical vectors have been widely studied due to their advantages, including safety, large size
gene transfer ability, less toxicity, low cost and easiness in
preparation.
Cationic lipids (liposomes) are vesicles that consist
of an aqueous compartment enclosed in a phospholipid
bilayer[6]. DNA is bound by cationic lipids as a result of
electrostatic interaction, which allows for fusion of the
liposome with the target cell membrane, endocytosis, and
delivery of the DNA into the cytoplasm. Cationic lipids
mediated gene transfer is the most promising method in
non-viral delivery systems. Although this approach has
already been applied in clinical trials, some problems still
need to be solved for its better application, including the
toxicity and lower transfection efficiency in vivo[11].
Cationic polymer is an umbrella term of a wide range
of chemical compounds, including: (1) natural polymers
such as chitosan; (2) dendrimers such as polyamidoamine
(PAMAM); (3) polypeptides such as poly-L-lysine (PLL),
polyarginine, polyornithine, histones and protamines;
and (4) other polymers such as polyethylenimine (PEI)
and polyphosphoester[11]. Their transfection activity and
toxicity vary dramatically. When mixed with negativelycharged DNA, positive charges of the polymers allow
the formation of polymer/DNA complexes (polyplexes)
through electrostatic interaction. Polyplexes are nanosized transfection units that normally have higher stability
than lipoplexes. The contributions of cationic polymers
are enhancing the DNA uptake via endocytosis, protecting DNA from nuclease degradation and facilitating
DNA escape from endosomes. Finally, DNA is released
into the cytoplasm and migrates into the nucleus in which
transgene expression takes place.
Recently, a combination of cationic polymers with
liposomes, called polymer/lipid hybrid system, has also
been developed and showed some superiority. To prepare
this 3-part (lipid/polymer/DNA) system, DNA is precondensed by cationic polymers, followed by the subsequent complexation with liposomes. Using cationic lipids,
the polymer/DNA complexes can be further condensed
and protected, which can facilitate endocytosis and increase circulating half-life in vivo[11].
Furthermore, to improve the tissue or cell specificity of chemical vectors, they are also manipulated with
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the supplement of ligands or fusogenic peptides, such as
transferrin, lectin and epidermal growth factor, which can
bind to the receptors on the surface of target cells specifically. This approach is also known as receptor-directed
gene transfer.
Biological vectors
Bacteria can be used as gene therapy vectors. When engineered to express the therapeutic transgene, bacteria can
introduce both the therapeutic gene and protein product
to recipient cells. The types of bacteria used include attenuated strains of Salmonella, Shigella, Listeria, and Yersinia, as well as non-pathogenic Escherichia coli. For some
of these vectors, the mechanism of DNA transfer from
the bacteria to the mammalian cell is not yet fully understood, but their potential to deliver therapeutic molecules
has been demonstrated in vitro and in vivo in experimental
models[12]. A bacterial cancer vaccine for pancreatic cancer - a live attenuated Listeria strain expressing mesothelin - has entered early-phase clinical trial and demonstrated antitumor effects[13].
In addition, many mammalian cell types can be used
as carriers of gene therapy vectors, such as hematological cells and mesenchymal stem cells (MSCs)[14]. MSCs
possess natural tropism towards tumors, making them a
vehicle for targeted delivery of therapeutic genes into tumors. Many experiments have identified their significant
antitumor effects in vitro and in vivo. However, to effectively use this therapeutic strategy in clinic, we still have
to solve a number of technical problems[15].
Viral vector systems
Viral vectors: Viral vectors are the most commonly studied and applied gene delivery systems. More than twothirds of clinical trials of gene therapy reported are viral
therapies. These viruses can use their innate mechanism
of infection to enter the cell and transfer DNA molecules
into cells without any physical or chemical processing.
The therapeutic gene then enters the nucleus, integrates
into the host gene pool, and is eventually expressed.
The most common viral vectors in cancer gene
therapy are adenovirus (AdV), retrovirus (RV), adenoassociated virus (AAV), lentivirus, herpes simplex virus
(HSV), influenza virus, Newcastle disease virus, pox virus, and Epstein-Barr virus (EBV). Both advantages and
disadvantages should be considered when selecting a viral
vector, including insertion capacity, host range of infection, state of integration into host genome, efficiency of
transfection and expression, immunogenicity, bio-safety
and difficulty of preparation. The comparison of common viral vectors is shown in Table 1[6,9,16-18].
Oncolytic virus: Referring to viral treatment, there is another related field called oncolytic virotherapy in tumortargeted gene therapy, which is an emerging treatment
modality that uses replication-selective virus (or conditionally replicating virus) to destroy cancers. These natural viruses are genetically modified to be non-pathogenic
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Table 1 Comparison of characters of common viral vectors
Virus

Viral genome

Insertion
capacity

Host range of infection

Efficiency
of gene
transfection
and expression

Immunogenicity

No integration

High

High

1011-1012

Safe

Site-specific
integration on
chromosome
19q13.3
Integrate
randomly
Integrate
randomly

High

Low

1012,
dependent on
helper virus

Safe

Low

Low

106-107

High

Low

109-1010

No integration

High

106-107

15-30 kb Nerve cells and epithelial No integration
cells, especially
neuro- tropic speciality

High

High, function
as immunologic
adjuvant
Moderate

Risk of insertional
mutagenesis
Risk of viral
infection and
insertional
mutagenesis
Safe

AdV

Doublestranded DNA

38 kb

AAV

Single-stranded
DNA

4.9 kb

Broad spectrum (both
dividing and nondividing cells)
Broad spectrum

Single-stranded
RNA
Lentivirus Single-stranded
RNA

8 kb

Dividing cells only

8 kb

Broad spectrum

Pox virus

25 kb

Broad spectrum

RV

HSV

Souble-stranded
DNA
Doublestranded DNA

State of
integration into
host genome

but selectively infectious and cytotoxic to cancer cells.
Viruses hijack the host cell’s protein factory, disabling its
production in favor of viral products, which are intrinsically cytotoxic. The infected host cell eventually lyses,
releasing new virions capable of infecting other cells in
a “bystander” effect, amplifying and propagating the initial effect of infection. These viruses can also evoke an
immune response in the host, but in a tolerable morbidity. In conclusion, two main characteristics of oncolytic
viruses are: (1) they replicate selectively in cancer cells
and have self-amplification properties; and (2) they have
cancer-cell-specific toxicity.
Meanwhile, these oncolytic viruses can also be engineered to carry exogenous genetic materials to produce
therapeutic effects such as secreting cytokines and enhancing antitumor immune responses prior to eventual
cytolysis[19,20].
Nowadays, oncolytic virotherapy has shown its great
potential in cancer therapy, and dozens of clinical trials are under way, some of which have been in phase
Ⅲ. The rate of publication of manuscripts on oncolytic
virotherapy has now surpassed that on viral cancer gene
therapy[20]. In 2005, the Chinese State Food and Drug
Administration approved the world’s first oncolytic virus
for treatment of cancer, an engineered human adenovirus
(Oncorine; Shanghai Sunway Biotech, Shanghai, China)
for treatment of head and neck carcinoma[21].
Target genes and efficacy
At present, cancer gene therapies are mainly based on
two principles: gene augumentation and gene blockade.
The former is introducing exogenous genetic materials
(therapeutic genes) into cancer cells and let their expression products play a therapeutic role to prevent or reverse
the growth of cancer cells, while the latter is inhibiting
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Titers of
preparation

Bio-safety

in vitro

(PFU/mL)

1011-1012

Risk of viral
infection

the excessive expression of intrinsic genes (target genes)
in cancer cells. Therefore, the investigated genes of interest can be divided into same categories: therapeutic genes
utilized for gene augumentation and target genes for gene
blockade (Table 2). Since PC is one of the malignant diseases that have the most complicated genetics and pathogenesis, gene therapy of PC has encompassed almost all
these categories mentioned above.
Tumor suppressor genes
p16INK4a, p21CIP1/WAF1, p14ARF, retinoblastoma protein
(pRb) and p53: The pRb gene is a part of gene family
that includes two other members, p107 and p130, which
collectively repress genes that regulates the G1 to S checkpoint of the cell cycle. Rb family proteins interact with
transcription factor E2Fs, which induce the expression of
genes needed for DNA synthesis. When bound at E2Fresponsive promoters, Rb family proteins help to repress
gene expression[22]. Rb proteins can be phosphorylated
by cyclin dependent kinases 2, 4 and 6 (CDK2, 4 and 6),
resulting in the release of E2F and gene expression[23].
The p16 INK4a gene (p16), located on chromosome
9p21, is deleted in 85% of pancreatic adenocarcinomas[24]. It is the first member to be identified in the INK4
family of CDK inhibitors. The p16 gene product is tightbinding and inhibitory protein for CDK4 to induce G1
arrest of the cell cycle[25], while p21CIP1/WAF1 (p21) gene
product acts as a downstream effector of p53 and mediates G1 cell cycle arrest by inhibiting CDK2. Loss of p21
activity has been observed in approximately 30%-60% of
PC specimens[26].
The p14ARF (p14) gene, also located on chromosome
9p21, shares an exon with p16INK4a in different reading frames[27]. Mdm2 (murine double minute) is a p53inducible gene that normally acts to terminate the p53
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Table 2 Target genes of gene therapy in pancreatic cancer
Strategy

Categories

Gene
augumentation

Examples

Tumor suppressor genes
Drug sensitivity genes/
suicide genes
Anti-angiogenesis genes
Immune related genes

Apoptosis related genes
Gene blockade/ Oncogenes
antisense therapy MDR
Proliferation related genes

p16INK4a, p21CIP1/WAF1, p14ARF, Retinoblastoma Protein (pRb), p53, p84 /Thoc1, p73, Smad4/DPC4
Herpes Simplex Virus Thymidine Kinase (HSV-TK), Cytosine Deaminase (CD), Nitroreductase (NTR),
Cytochrome P450 (CYP)
Soluble VEGFR, Soluble FGFR, Endostatin, Thrombospondin-1, Angiostatin, Vasostatin, NK4, Matrix
metalloproteinases inhibitors (MMIPs/TIMPs), Somatostatin receptors (SSTR)
MHC molecules, Co-stimulatory molecules (B7 family, ICAM-1, LFA-3), Inflammatory cytokines (IL-2,
IL-12, GM-CSF, IFN-a, IFN-β, IFN-γ, TNF-a), Tumor antigen (CEA, MUC-1, etc.)
TRAIL
K-ras, LSM1/CaSm, HER-2/EerB-2
MDR1, MRP family, BCRP
VEGF, hTERT, COX-2

MDR: Multidrug resistance.

Mitogenic
signals

Cyclin D/Cdk4,6

RB

Family

S phase entry
Kip1

Cyclin E/Cdk2
Cip1

p21

INK4a

p16

ARF

p14

p27

Mdm2

p53

Apoptosis

INK4a-Arf
locus

Oncogenic
signals

DNA
damage

Figure 1 Cell cycle checkpoints. Mitogenic signals activate cyclin D-dependent kinases, which phosphorylate RB and RB family proteins (p107 and p130)
to facilitate entry into S phase. The p16INK4a protein inhibits cyclin D/Cdk4,
6 to activate RB and prevent entry into S phase. The p14ARF protein inhibits
Mdm2 to induce p53, leading either to p53-dependent apoptosis or to induction
of the Cdk2 inhibitor p21Cip1. The p21Cip1 protein inhibits cyclin E/Cdk2 and
induces RB-dependent cell cycle arrest.

response. The p14ARF protein inhibits Mdm2 to induce
p53, leading to p53-dependent apoptosis[22].
The p53 gene, located on chromosome 17p, is inactivated by mutation in 70% of pancreatic adenocarcinomas. It can induce apoptosis or G1 cell cycle arrest
via p21CIP1/WAF1. It is normally maintained at a very low
level by Mdm2, which targets p53 for ubiquitin-mediated
degradation. Stress or mitogenic signals increase the level
of p14ARF, which in turn inhibits Mdm2 and lead to the
stabilisation and activation of p53.
In short, pRb, p53, p16INK4a, p21CIP1/WAF1 and p14ARF
form part of a signaling network that monitors mitogenic signaling and restrains aberrant growth-promoting
signals from driving cell cycle progression inappropriately (Figure 1)[22].
In research of PC therapy, both p16 and p21 have
successfully been transduced into pancreatic cancer cell
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lines by means of adenoviral vectors, which results in
growth inhibition and induction of apoptosis in vitro[25,28].
One study proved that p16-mediated cytotoxicity is
tightly associated with the presence of functional pRb[29].
Liposome-mediated delivery of the p14ARF gene to pancreatic cancer cell lines was capable of resulting in the
enhancement of their sensitivity to 5-Fu contrasting with
cells devoid of p14ARF expression, which successfully inhibits PC cell proliferation[30].
Of all these tumor suppressor genes, p53 is the most
important and extensively studied one. The first gene
therapy for the treatment of cancer in China in 2004 is
a replication-defective adenovirus 5 expressing p53 used
for squamous cell carcinoma of the head and neck[21].
Transfer of the p53 gene using an adenoviral vector also
suppressed the growth of human pancreatic cancer cell
lines in vitro[31]. Reintroduction of p53 also increased cytotoxicity of gemcitabine in vitro and in vivo[32], and that of
temozolomide in vitro[33]. In nude mouse model, intraperitoneal administration of the retroviral p53 vector resulted
in significant inhibition of the growth of primary pancreatic tumor and peritoneal deposits compared to controls[34]. What is more, the inhibitors of Mdm2 are also
investigated as new agents for PC treatment, since they
induced the growth inhibition through reactivation of the
p53 pathway[35].
p84 /Thoc1: The p84/Thoc1 gene encodes proteins that
have similar death domains with other proteins involved
in the regulation of apoptosis, which can bind to an
amino terminal domain of the Rb1 protein, regulating
transcriptional elongation and RNA processing. Its overexpression induces apoptosis of cancer cells. A recent
study found that infection of pancreatic adenocarcinoma
with adenovirus encoding p53 and p84/Thoc1 inhibited
growth of cancer cells both in vitro and in vivo to a greater
extent than treatment with either one alone[36].
p73: The p73 gene, located on chromosome 1p36, is
identified as a p53 family member observed in 45.6%
of pancreatic adenocarcinomas. It can induce cell cycle
arrest and apoptosis in a p53 manner by binding to p53
DNA target sites, and transactivates p53-responsive
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genes[37]. One research found that an adenoviral vector
encoding p73 was capable of effectively killing several
pancreatic cancer cell lines, including those that were
completely resistant to p53-mediated apoptosis[38].
Smad4/DPC4: The Smad4 gene, designated as tumor
suppressor gene DPC4, is located on chromosome
18q21.1 and deleted in about 50% of pancreatic adenocarcinomas but only in about 10% or less of other
cancers, which suggests that Smad4/ DPC4 may have
a specific role in pancreatic tumorigenesis[39]. Smad4 is
a member of the Smad family of transcription factors,
which potentiates tumor growth, angiogenesis and invasion and is associated with poor prognosis[23]. Restoration
of the Smad4 gene using an adenoviral vector showed inhibition of pancreatic tumor growth in mice[40], while the
same effect was seen in vitro through a retroviral vector
pLXSN containing DPC4[41] .
Drug sensitivity genes/suicide genes
Drug sensitivity gene therapy, also known as gene-directed enzyme prodrug therapy (GDEPT) or suicide gene
therapy, attempts to selectively transduce tumor cells with
a gene which, when express an enzyme, will convert a
systemically administered nontoxic prodrug into a toxic
metabolite.
A large number of enzyme-prodrug systems have
been developed for suicide gene therapy in recent years.
Examples of enzymes include viral thymidine kinase
(TK), bacterial cytosine deaminase (CD), bacterial carboxypeptidase G2 (CPG2), purine nucleotide phosphorylase (PNP), thymidine phosphorylase (TP), nitroreductase
(NR), D-amino-acid oxidase (DAAO), xanthine-guanine
phosphoribosyl transferase (XGPRT), penicillin-G amidase (PGA), β-lactamase (β-L), multiple-drug activation
enzyme (MDAE), β-galactosidase (β-Gal), horseradish
peroxidase (HRP), deoxyribonucleotide kinase (DRNK),
deoxycytidine kinase (dCK), carboxypeptidase A (CPA),
[42]
β-glucuronidase (β-Glu), and cytochrome P450 (CYP) .
However, among these dazzling choices, the most classic
paradigm in PC therapy is herpes simplex virus thymidine
kinase (HSV-TK).
HSV-TK/ganciclovir
The HSV-TK gene codes for an enzyme that converts the
nontoxic prodrug ganciclovir into monophosphorylated
ganciclovir, which is subsequently further converted by
cellular guanylate kinases to the triphosphorylated forms,
blocking DNA synthesis and inducing cell death[43]. The
therapeutic effect can also be amplified by a “bystander
effect”, which means HSV-TK transduced tumor cells
are toxic to neighbouring unmodified tumor cells. The
reason may be related to the uptake of toxic metabolites
via intercellular communication paths such as gap junctions[44]. It is, in some extent, compensable for the low
efficacy of gene transfer.
The HSK-TK delivered by retrovirus and adenovirus
has been proved efficient in killing PC cells in vitro and in
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vivo[45,46]. The combination of adenovirus- and retrovirusmediated delivery of HSV-TK appeared to be more effective in tumor reduction compared to either one alone
in vivo[47]. Liposome mediated transfer of HSV-TK was
able to cause regression of tumors in nude mice with
peritoneal dissemination of PC[48]. However, there were
some studies showing that retrovirally transduced HSVTK had limited efficacy in PC cell lines both in vitro and
in vivo[49,50]. The main reason of this controversial fact may
be related to a poor efficiency of gene transfection in vivo
and a limited bystander cell killing effect, so further study
is required for its clinical application.
CD/5-fluorocytosine (5-FC)
CD is a bacterial enzyme that converts the prodrug 5-FC
into the cytotoxic and radiosensitising agent 5-FU, which
inhibits DNA replication and protein synthesis. Several
studies have proved that the adenovirus carrying CD
gene is efficient in inhibiting the growth of murine PC
cell lines in vitro and in vivo when associated with 5-FC[51-53].
Furthermore, when combined with radiation, the adenoviral vector carrying a mutant bacterial CD gene (AdbCD-D314A) plus 5-FC significantly increased frequency
of tumor regression and the persistence of tumor growth
inhibition compared with either radiation or AdbCDD314A/5-FC therapy alone[54].
There is another gene called FUR1, which encodes
uracil phosphoribosyltransferase (UPRT), playing a role
in CD/5-FC suicide therapy. Since the CD gene, also
called FCY1 gene, often demonstrates resistant to 5-FU,
UPRT has an additional advantage as it catalyses the
conversion of 5-FU into the toxic metabolite 5-fluorouridine-5’-monophosphate[55]. Combined treatment with
5-FU and E1B-55kDa-deleted adenovirus carrying the
UPRT gene (AxE1AdB-UPRT) dramatically reduced the
disseminated tumor burden in mice with peritoneal dissemination of AsPC-1 without causing toxicity in normal
tissues[56]. One study showed that the FCY1 gene alone
was ineffective in the treatment of PC in vitro and plasmid
vectors expressing chimera CD-UPRT (pRSV-CD-UPRT)
only increased 5-FC sensitivity to some PC cell lines[57].
Another study demonstrated that adenoviral vectors carrying the CD: uracil phosphoribosyltransferase fusion
gene (Ad-CD: UPRT) resulted in increased 5-FC-mediated
cell killing, compared with Ad-CD[58]. Moreover, AdCD: UPRT/5-FC combined with monoclonal antibody
TRA-8 produces an additive cytotoxic effect in cancer
cells both in vitro and in vivo[58].
Nitroreductase/CB1954
The Escherichia coli enzyme nitroreductase (NTR) is able
to convert the prodrug CB1954 (5-[aziridin-1-yl]- 2,4-dinitrobenzamide) to 2- and 4-hydroxylamino derivatives,
which react with cellular thioesters to generate a potent
alkylating agent capable of cross-linking DNA, inducing
cell apoptosis eventually[59]. Retrovirus-mediated NTR
gene delivery showed increased sensitivity up to 500-fold
to CB1954 in PC cell lines in vitro, through associated by-
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remarkable early success, with median survival doubled
and 1-year survival improved by 3-fold[67].

Table 3 Active and negative regulatory factors of angiogenesis
Stimulators

Inhibitors

Hypoxia
Oncogenic proteins such as Ras
Inflammatory cytokines such as
IL-8 and IL-6
FGF
TGF-β
HGF
PDGF
G-CSF
Angiogenin
Leptin
Proliferin

Angiostatin
TSP-1
Endostatin

ANTI-ANGIOGENESIS GENES

Arrestin
Canstatin
MMPIs
Somatostatin
Tumstatin
VEGI
Decoy receptors such as soluble VEGFR
Inflammatory cytokines such as IL-12

G-CSF: Granulocyte colony-stimulating factor; PDGF: Platelet-derived
growth factor; HGF: Hepatocyte growth factor; TGF-β: Transforming
growth factor-β; FGF: Fibroblast growth factor; TSP-1: Thrombospondin-1;
MMPIs: Matrix metalloproteinases inhibitors; VEGI: Vascular endothelial
growth inhibitor.

stander effect[60]. In a nude mouse model with subcutaneous PC xenografts, retrovirus vectors expressing the NTR
gene with administration of CB1954 resulted in tumor regression, growth delay and significantly increased median
survival[61]. Another research of nude mouse xenograft
model for disseminated peritoneal carcinomatosis with
ascites (PC cell line SUIT2) showed that combination of
replication-defective adenovirus vectors carrying the NTR
gene (Ad-CMV-NTR) and CB1954 almost doubled the
median survival from 14 to 26 d[62]. The NTR/CB1954
treatment has been tested in clinical trials of gastrointestinal and liver malignancies, but none for PC.
Cytochrome P450/cyclophosphamide
Cytochrome P450 enzyme converts the chemotherapeutic prodrugs cyclophosphamide (CPA) or iphosphamide
(IPA) to toxic metabolites phosphoramide mustard,
which is an alkylating agent able to form DNA crosslinks in a cell cycle-independent manner. Since cytochrome P450 is predominantly produced in the liver
and toxicity of the metabolite is rather systemic and not
tumor-specific in human body, the transduction of the
CYP gene into the tumor tissue shows its advantages to
enhance tumor-specific toxicity.
In vitro study demonstrated that expression of CYP
2B1 enzymes (retrovirus-mediated transduction) led to
an up to 13-fold increase in susceptibility to IPA in a
range of PC cell lines (BxPC-3, MIA PaCa-2, Hs-766T,
PaCa-44 and PANC-1)[63]. In vivo, retroviral CYP 2B1
transfer with CPA treatment highly sensitized PC cells
NP-9, NP-18, and NP-31, and led to significant differences in tumor volume at the end of the treatment when
compared with CPA alone[64]. Furthermore, in tumorbearing mice model, intratumoral injection of encapsulated cells, which were genetically modified to express the
CYP, was able to cause significant tumor reduction[65,66].
In addition, these encapsulated cells have also been used
in phase Ⅰ/Ⅱ trials in patients with PC and have shown
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Tumor growth is dependent on angiogenesis, in which
vascular endothelia growth factor (VEGF) plays a leading
role. VEGF is a glycoprotein that has a huge impact on
endothelial cell survival, mitogenesis, migration, differentiation, and vascular permeability. It is overexpressed
in over 90% of PC and is associated with increased
microvessel density, tumor progression and poor prognosis[68]. The VEGF receptor (VEGFR), which is a transmembrane receptor tyrosine kinase of the ErbB family,
including VEGFR-1 (FMS-like tyrosine kinase-1, flt-1)
and VEGFR-2 [fetal liver kinase-1 (flk-1) or kinase insert
domain receptor (KDR)], is also overexpressed in the
vasculature of tumors that express VEGF[69,70].
Mechanisms that lead to inappropriate activation of
the VEGF pathway include receptor overexpression, activating mutations, overexpression of receptor ligands, and
loss of their negative regulatory pathways. Both VEGF
and VEGFR are, therefore, appealing targets for antiangiogenesis therapy. Many molecular targeted agents
and monoclonal antibody interfering with VEGF signal
system have been developed for cancer therapy, such as
Bevacizumab (a humanized antibody against VEGF),
Sorafenib (a multi-targeted kinase inhibitor), Erlotinib
(an inhibitor of EGFR, the only molecular targeted
drug approved by the FDA in 2005 for PC), Axitinib (an
inhibitor of both VEGFR and related tyrosine kinase
receptors), and Aflibercept (a recombinant fusion protein
that functions as a soluble decoy receptor and inhibits
VEGF). However, these agents seem unlikely to confer
sufficient benefit in the PC clinical trials and their costeffectiveness has been questioned[71].
Compared to classic non-gene therapy, gene therapy
represents a powerful tool for therapeutic intervention
to angiogenesis in terms of specific targeting, cost-effectiveness and safety. In this new approach, the VEGF/
VEGFR pathway is still the main hotspot. Stimulators
and inhibitors that up-regulate and down-regulate VEGF
signal pathways are all possible therapeutic targets in
cancer treatment (Table 3)[72,73]. Therefore, strategies for
anti-angiogenesis gene therapy can be divided into two
categories: (1) delivery of genes encoding endogenous
angiogenesis inhibitors or their receptors; and (2) blockage of the excessive angiogenesis genes encoding growth
factors or growth factor receptors. The former is based
on transfer of exogenous genes whereas the latter seeks
to block excessive genes in tumor. Materials involved in
these two are totally different.
Soluble VEGFR
Soluble forms of VEGFR-1 and VEGFR-2 are a kind
of decoy receptor, which can inhibit VEGF dependent
tumor angiogenesis, by binding to VEGF and acting as a
dominant negative receptor[74]. Recombinant adenovirus-
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es encoding soluble VEGFR-2 (Ad Flk1-Fc) and soluble
VEGFR-1 (Ad sflt1) showed significant tumor inhibition
when injected intravenously and directly into the tumors,
respectively[75,76]. Crosslinked polyplex micelles modified
by RGD (Arg-Gly-Asp) peptide ligands, a non-viral vector, carrying plasmid DNA expressing a soluble form of
VEGFR-1 (sFlt-1), demonstrated significant inhibition of
tumor growth via anti-angiogenic effect when systemically
injected into pancreatic adenocarcinoma bearing mice[77].
A truncated dominant negative mutant of VEGFR-2,
which binds to VEGF and decreases the angiogenic
stimulus of VEGF, when delivered by replication-defective retroviruses, could also lead to inhibition of tumor
growth in each of three human PC cell lines in vivo[78].
Similar results were also found in an in vitro study with
herpes simplex virus (HSV) amplicon mediated delivery
of a hypoxia-inducible soluble VEGFR-2 (sFlk-1)[79]. In
an comparative research of the antitumor activity of antiangiogenic proteins, recombinant adenoviruses encoding
angiostatin, endostatin, neuropilin, and soluble forms of
VEGFR (Flk1, Flt1) all resulted in inhibition of tumor
growth through intravenous injection in murine models
involving lung cancer, fibrosarcoma and PC, but soluble
forms of VEGFR were significantly more effective (approximately 80% inhibition of preexisting tumor growth)
than the others[80].
Soluble fibroblast growth-factor receptors (FGFRs)
FGFRs, encoded by four genes (FGFR1, FGFR2,
FGFR3, and FGFR4), are involved in the regulation of
organ development, cell proliferation and migration,
angiogenesis and other processes. Recent studies have
shown that FGFR-activating mutations and overexpression are closely associated with the development and
progression of tumors in human[81]. Several monoclonal
antibodies and small-molecule FGFR inhibitors have
been developed, some of which have already entered
early clinical development, such as AZD4547 (AstraZeneca), BGJ398 (Novartis), LY2874455 (Eli Lilly), GP369
(Aveo) and HuGAL-FR21 (Galaxy). Soluble forms of
FGFR (sFGFR) had similar mechanism of action with
sVEGFR. One study found that replication-defective adenoviral vectors carrying sFGFR1 gene could effectively
suppress tumor angiogenesis and enhance apoptosis
among lung cancer cells and pancreatic cancer cells both
in vitro and in vivo, especially in sVEGFR-resistant cancers.
Furthermore, the combined usage of sVEGFR plus sFGFR1 produced an enhanced inhibitory effect compared
to their individual effects[82].
Endostatin (ES), thrombospondin-1 (TSP-1), angiostatin
(AS) and vasostatin
ES, AS, vasostatin and TSP-1 are the most important endogenous angiogenesis inhibitors that have been studied
extensively. ES is a cleavage product from the C-terminal
portion of collagen XVIII, which has been shown to
inhibit endothelial cell migration and proliferation and
induce apoptosis. The apoptotic effect of ES is associ-
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ated with down-regulation of anti-apoptotic proteins,
such as Bcl-2 and Bcl-xl, while inhibition of endothelial
cell proliferation and migration is via interacting with
several pathways, such as binding to integrin α5, associating with heparan sulfate proteoglycans on cell surface,
and inhibiting VEGFR-2, PDGF, cyclin-D1 and metalloproteinases [83,84]. Recombinant human ES has been
developed for cancer treatment and entered in clinical
trials[85,86]. TSP-1 is a multifunctional extracellular matrix
protein with pivotal roles in the regulation of vascular
development and angiogenesis[87], while AS is a potent
inhibitor of angiogenesis, selectively inhibiting endothelial cell proliferation and migration through binding
a cell surface ATP synthase or inhibiting extracellular
matrix (ECM)-stimulated plasminogen[72]. Vasostatin, the
N-terminal domain of calreticulin, was also reported to
have tumor suppressor and anti-angiogenic function in
vitro and in vivo.
A double-regulated duplicative adenovirus expressing
human ES (AdTPHre-hEndo) limited PC growth both in
vitro and in vivo, and the inhibition was significantly higher
than non-duplicative adenovirus vectors carrying the ES
gene[88]. A eukaryotic expression vector pRC/CMV carrying the AS gene, when delivered into human PC cell line
mediated by liposome in vitro, also notedly reduced the
volume of tumors[89]. A replication deficient recombinant
adenovirus encoding vasostatin (Ad-vasostatin) showed
less neovascularisation and inhibited tumor growth in
vivo and in vitro[90]. Same results were also discovered in
a study with intratumoral delivery of recombinant AAV
expressing vasostatin (rAAV-VAS)[91]. The Lister vaccine
strain of vaccinia virus armed with the ES-AS fusion
gene (VVhEA), which displayed high selectivity for
cancer cells with effective infection of tumors after both
intravenous and intratumoral administrations, showed a
significant antitumor effect with evidence of inhibition
of angiogenesis both in vitro and in vivo[92]. A recombinant
AAV-mediated gene delivery of 3TSR (the antiangiogenic
domain of TSP-1) or ES (rAAV-ES), via intratumoral
injection, intramuscular injection or intrasplenic injection,
also inhibited tumor growth by anti-angiogenic effect[87].
NK4
NK4, composed of the N-terminal hairpin and subsequent 4-kringle fragment of hepatocyte growth factor
(HGF), is an HGF antagonist that acts as an angiogenesis
inhibitor. NK4 strongly inhibits the infiltration, metastasis, and tumor growth of PC[93]. HGF is overexpressed
in 61%-87% of PC cases[94] but frequently expressed in
tumor-associated fibroblasts rather than PC cells. HGF
promotes growth and enhances cell motility and extracellular matrix breakdown, leading to invasion and metastasis of cancer cells[95].
Strong antiangiogenic activity of an NK4-expressing
adenvirus vector (Ad-NK) has been tested on PC cells
in both in vitro and in vivo studies of subcutaneous and
orthotopic transplantation, peritoneal dissemination, and
liver metastasis[96]. Ad-NK potently inhibited the growth
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and invasion of cancer cells in response to HGF[97]. Intrasplenic injection of Ad-NK4 suppressed the number
and growth of hepatic metastases[98]. When injected into
the peritumoral region combined with gemcitabine, AdNK4 completely suppressed peritoneal dissemination
and liver metastases, leading to significantly increased
survival, compared to Ad-NK or gemcitabine alone[96].
Intraperitoneal injection of Ad-NK4 could also suppress
the development of peritoneal dissemination of PC in
nude mice[99].
Matrix metalloproteinase (MMP) inhibitors
MMPs are a family of zinc-dependent proteolytic enzymes that degrade the extracellular matrix and play an
important role in tumor progression, angiogenesis, immune evasion, invasion and metastasis[100]. Natural tissue
inhibitors of metalloproteinases (TIMPs) regulate physiologic MMP activity and are implicated in malignancy.
The imbalance between MMPs and TIMPs, which denotes overexpression of MMPs and reduced expression
of TIMPs, is frequently found in PC[101]. Some synthetic
MMPIs have been exploited for antitumor therapy, such
as BAY 12-9566 and Marimastat, but showed limited survival benefit in clinical trials in spite of their effectiveness
in animal models[102-104]. When undergoing gene transfection to overexpress TIMP-1 in vitro, human PC cells were
less likely to implant, grow and migrate in nude mice and
showed increased apoptosis, and decreased angiogenesis[105]. Adenoviral vectors encoding human TIMP1 or
TIMP2 limited development of PC and led to prolonged
survival in vivo[106].
Somatostatin (SST) receptors (SSTRs)
SST is a natural peptide hormone secreted in various
parts of the human body, and participates in a wide variety of biological processes including neurotransmission
and negative control of exocrine and endocrine secretions. Meanwhile, SST exerts a strong antiproliferative
effect in normal as well as tumor cells by interacting
with SSTRs, including apoptotic effects, growth factor
inhibition, antiangiogenic and immuno-modulating activities[107,108]. SSTRs consist of five different G-protein coupled receptor subtypes (SSTR1-5), which are differently
expressed in the various types of tumor. The antineoplastic activity of SST and its analogues depends on the receptor subtypes they are bound to. Among these receptor
subtypes, SSTR-1 and SSTR-2 play a predominant role in
mediating the anti-proliferative effect[109]. However, only
SSTR2 expression is significantly inactivated in 90% of
PC cases and SSTR-2, therefore, occupies the majority of
gene therapy studies of SSTRs[110,111].
When introduced into PC cell line PC-3 with lipofectamine, SSTR2 showed inhibition of VEGF and
MMP-2 expression in vitro[112]. A targeting adenoviral
vector driven by MUC1-promoter expressing SSTR2
gene showed significant cell proliferation inhibition in
vitro, though there was no AdMUC1-SSTR2-induced
apoptosis[113]. Intratumoral transfer of SSTR2 using the
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synthetic vector linear polymers of ethylenimine (PEI),
strongly inhibited tumor progression of pancreatic
adenocarcinoma in vivo, while depleting SST by RNA
interference completely reversed SSTR2’s antitumoral
effect on VEGF expression and tumor angiogenesis[107].
Another study demonstrated that SSTR2 restoration
mediated by oncolytic adenovirus (ZD55-hSSTR2) alone
had a minor antitumor effect, but antitumor efficacy can
be enhanced with the combination of ZD55-TRAIL
(TNF-related apoptosis-inducing ligand) in vitro and in
vivo[114]. Gene transfer using SSTR1 also displayed growth
inhibition of PC by inducing cell cycle arrest in vitro and
in vivo[115]. What is more, cotransfection of SSTR1 and
SSTR2 showed a synergistic inhibitory effect on tumor
proliferation and rendered Panc-1 cells more responsive
to an SST analogue[116].

IMMUNE RELATED GENES
Tumor cells generally have a low immunogenicity and are
able to escape surveillance by the host. Cancer immunotherapy has been developed to overcome this immune
tolerance, including active and passive immunity. Passive
approach encompasses administration of cytokines, activated effector cells or specific monoclonal antibodies
targeting tumor cells. Active immunotherapy involves
stimulation of immune response to tumor-associated antigens (TAAs), via employing cancer vaccines. Meanwhile,
gene therapy is helpful by transferring genes into tumor
cells or immune cells to render them more immunogenic
and more effective, respectively. This combination is also
known as immunogene therapy (Figure 2)[117].
In pathway A, allogeneic or autologous tumor cell
vaccines that are genetically modified to secrete cytokines
or co-stimulatory molecules are designed to elicit systemic immune responses to attack tumor tissue. Though
autologous tumor cell vaccines showed promising results
in clinical trials, a number of technical problems were
uncovered, including the requirement of labor-intensive
procedures for production of an individualized vaccine
and the difficulty of expanding primary human tumor
cells to the high numbers required for vaccination[118].
Fortunately, allogeneic whole tumor cell vaccines had
been also proved to successfully induce systemic tumorspecific immune responses without the need to be HLA
compatible with the host, and became the major way
in study of tumor vaccines[119]. In pathway C, immune
cells, especially dendritic cells (DCs), are ex vitro cultured
autologous cells that are genetically modified, stimulated
by specific antigens or activated by multiple cytokines
to bypass the dysfunction of endogenous immune cells,
restore immune surveillance, induce cancer regression or
stabilization or delay and prevent its recurrence.
Host immune responses against a tumor antigen include cellular and/or humoral immune responses, starting with the processing of tumor antigens by antigen presenting cells (APCs) and recognition by T lymphocytes.
T-cell activation requires not only the interaction between
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Figure 2 Schematic diagram of immunogene therapy. A: Immunogene therapy with altered cancer cells, which are harvested from patients (autologous cells) or
from established cancer cell lines (allogeneic) and then cultured in vitro and inactivated to yield a vaccine; B: Immunogene therapy with in vivo gene transfer; C: Immunogene therapy using altered immune cells.

major histocompatibility complex (MHC) antigens bearing a specific peptide and the T-cell receptors, but also
non-antigen-specific co-stimulatory activation by interaction of molecules expressed on the T-cells and APCs.
Mechanisms of tumor immune tolerance include: underexpression of MHC antigens, loss of co-stimulatory
molecule expression, alteration of tumor antigens, and
secretion of immunosuppressive factors. Aiming at these
mechanisms, at least four kinds of genes can be utilized
in immunogene therapy: (1) major histocompatibility
complex (MHC) antigens/human leukocyte antigens
(HLAs), (2) co-stimulatory molecule genes, (3) tumor antigen genes; and (4) inflammatory cytokine genes.
MHC molecules and co-stimulatory molecules
Tumors may be capable of delivering antigen-specific
signals to T cells, but may not deliver the co-stimulatory
signals necessary for full activation of T cells. Therefore,
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one approach to induce tumor-specific immune responses is to genetically modify tumor cells to express MHC
molecules and co-stimulatory molecules on their cell
surface. This kind of modification makes tumor cells to
function as professional APCs and enhance their ability
to directly stimulate T cells. In addition, this way is also
appropriate for manipulation of DC cancer vaccines[120].
Loss or reduced expression of MHC-class-I molecules in many cancer cells have been found in mice and
humans and have been identified as an important form
of immune evasion. Despite that a large number of
potential cancer antigens were discovered, clinical trials
of immunization were disappointing due to the loss of
MHC-I expression in tumors[121]. In animal models, in vivo
gene transfer of foreign MHC-class-I H-2K gene into
tumors successfully induced a cytotoxic T-cell response
and attenuated tumor growth and caused complete tumor regression in murine models[122,123]. Transfection of
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tumor cells with syngeneic MHC-class-Ⅱ or allogeneic
MHC-class-Ⅰ genes improved tumor-specific immunity
in the autologous host[124]. Therefore, combining MHC
molecules with other tumor antigens could emerge as an
attractive approach in cancer immunotherapy. No correlative research in PC has been reported yet.
In studies of costimulatory molecules, B7 family is
one of the most important members and is constitutively
expressed by most APCs, as the ligand for two receptors expressed on T cells, CD28 and CTLA-4. In animal
studies, transfection of B7.1 into some tumors resulted
in tumor rejection and generated systemic immunity
against wild-type tumor challenges via stimulating CD8+
T cells[125]. Cotransfection of B7 with MHC-Ⅱ molecules
was capable of inducing potent systemic immunity via
both CD4+ and CD8+ T cells pathways[126]. A combinatory vaccine regimen (PANVAC-VF) composed of vaccinia virus and fowlpox virus expressing tumor-associated
antigens (CEA and MUC1) and costimulatory molecules
[B7.1, intercellular adhesion molecule-1 (ICAM-1) and
leukocyte function-associated antigen-3 (LFA-3)], when
administered by subcutaneous injection with adjuvant
GM-CSF, showed a significantly great therapeutic effect
both in animal models and in clinical trials with advanced
PC patients[127,128].
Inflammatory cytokines
Numerous cytokines have been studied in in vivo gene
transfer. Human PC cells that underwent retrovirusmediated gene transfer of IL-2, IL-4, IL-6, IL-27 and
granulocyte macrophage-colony stimulating factor (GMCSF) showed significant retardation and even regression
when inoculated into BALB/c nude mice[129,130]. In vivo
gene delivery of IL-1β, IL-24, IFN-α, IFN-β and IFN-γ
by different viral vectors have been proved to lead to
significant tumor growth inhibition in many PC models[131-135]. In addition, combined application of cytokine
transfection and traditional chemotherapy, and combining immune genes with either tumor suppressor genes
or suicide genes, are also common strategies in cancer
immunogen therapy. For instance, combination of intratumoral human TNF-α gene delivery with gemcitabine
produced marked delays in the growth of human pancreatic xenograft tumors relative to either agent alone
in vivo[136,137]. Combination of IFN-α gene delivery with
5-FU had similar results as well[137]. An in vitro study of
combining INF-β gene tranfection with gemcitabine also
showed tumor growth inhibition[138]. In a phase Ⅰ/Ⅱ
trial, intratumoral gene delivery of replication-deficient
adenovirus encoding TNF-α, combined with standard
chemoradiation, showed promising clinical outcome with
dose-limiting effect and toxicity[139].
In studies of tumor cell based vaccines, cytokine
genes have been also introduced into tumor cells to render them tumorigenicity and immunogenicity. One study
that directly compared and contrasted effects of different
cytokines in murine tumor models demonstrated that the
tumors transduced with GM-CSF produced the greatest
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degree of systemic immunity relative to irradiated nontransduced tumor cells[140]. In a phase Ⅰ trial of allogeneic
GM-CSF-secreting cancer vaccines in 14 patients with
pancreatic adenocarcinoma, no local or systemic doselimiting toxicities were observed and three subjects who
received the highest two dose levels showed increased
disease-free survival time (more than 2 years)[141]. In a
comparative clinical trial of GM-CSF-secreting cancer
vaccines alone and combined with cyclophosphamide in
patients with metastatic PC, minimal treatment-related
toxicity was found and cyclophosphamide cohort exhibited longer progression-free survival and overall survival[142]. Another clinical trial of ipilimumab (anti-CTLA-4)
in combination with allogeneic PC cells transfected with
a GM-CSF gene also showed prolonged disease stabilization in previously treated advanced PC[143].
Tumor antigens
Clinical studies of immunotherapy in cancer have focused on five classes of tumor antigens: (1) tumorspecific antigens (MAGE-1, NY-ESO-1, TRAG-3, PSA);
(2) mutated oncogene products (p53, K-ras, HER2,
BCR/abl, WT-1); (3) reactivated embryonic gene products (CEA, AFP); (4) self-antigens overexpressed in tumors (MUC1, survivin); and (5) oncogenic virus antigens
(EBV, HPV, HBV)[120,144]. Many antigen-specific vaccines
that urge the host immune system to recognize the primary tumor have been developed, including recombinant
viral and bacterial vaccines that encode tumor antigens,
peptide-or protein-based vaccines that mixed with adjuvants, DNA-based vaccines expressing tumor antigens,
and antigen-pulsed DC vaccines[120]. Up to now, at least
75 antigens were identified that had many of the studydefined characteristics of an ideal candidate antigen for
cancer therapy. Many of these antigens are the focus of
targeted therapy in clinical trials in cancer (Table 4)[144-149].
It is encouraging that many of the results of PC vaccine trials verified the safety and immunogenicity of these
vaccines. In a mutated K-ras peptide vaccine clinical trial
with 48 patients in PC, when combined with adjuvant
GM-CSF, more than 50% of patients demonstrated a
tumor-specific immune response and significantly improved median overall survival vs their non-responding
counterparts [150]. A multi-institution double-blinded
placebo-controlled trial of gastrin peptide vaccine in 154
patients with advanced-stage PC demonstrated a nearly
2-fold increase in the median overall survival in the treatment compared to the placebo group[151]. A phase Ⅰ/Ⅱ
clinical trial of telomerase peptide vaccines also demonstrated prolonged survival in immune responders vs nonresponders[152]. In a multi-institutional, open-label, dosefinding, phase Ⅱ trial of Algenpantucel-L, 70 patients
with resected PC were administered by two different
doses of the vaccine in combination with gemcitabine
and 5-fluorouracil. Of the PC patients who received a
higher dose of vaccine, 96% survived for at least one year
in comparison to the historical control of 69%, showing
a statistically significant difference[153].

13354

October 7, 2014|Volume 20|Issue 37|

Liu SX et al . Gene therapy in pancreatic cancer

(hTERT) promoter showed specific antitumor efficacy
in PC cell lines in vitro and significantly suppressed tumor
growth in vivo[156]. Systemic administration of this vector
in combination with chemotherapy (gemcitabine) exhibited a synergistic effect in the induction of apoptosis[157].
TRAIL-engineered pancreas-derived mesenchymal stem
cells (MSCs) were able to induce PC cell apoptosis in
vitro[158]. Another study of adipose-derived MSCs that
were transduced with the TRAIL gene showed that,
when injected intravenously or subcutaneously into mice,
these MSCs localized into tumors and mediated apoptosis without significant apparent toxicities to normal tissues[159]. These studies implied that MSCs may serve as a
stable source of TRAIL delivery in PC therapy.

Table 4 Antigenic sources used in pancreatic cancer vaccine
trials
Peptide or protein
vaccines

Whole cell vaccines or
dendritic cell vaccines

Viral or bacterial
vaccines

DNA vaccines

Mutant K-ras peptide
WT1 peptide
CAP1-6D
G17DT
HLA-A*0201 restricted VEGF receptor-1 and -2
peptides
HLA-A24 restricted survivin-2B80-88 peptide
(AYACNTSTL)
Autologous heat shock protein HSPPC-96
TELOVAC
a-Gal transferase transfected allogeneic tumor
cells (including Algenpantucel-L)
GVAX
MUC-1 pulsed autologous dendritic cells
PANVAC-VF-MUC-1, CEA, and TRICOM
transfected virus
Mesothelin (CRS-207) transfected live-attenuated
Listeria
VXMO1

ONCOGENES

VXMO1: VEGF receptor-2 DNA vaccine; GVAX: GM-CSF transfected
allogeneic tumor cells; TELOVAC: Telomerase peptide GV1001; CAP1-6D:
CEA peptide; WT1: Wilms tumor 1; G17DT: Gastrin peptide.

Although encouraging, results from single-agent immunotherapy clinical trials have been underwhelming.
As more and more tumor antigens are identified, more
specific and potent vaccines will be developed. The ideal
vaccine will target multiple antigens that are crucial to the
growth and progression of tumors. Perhaps combinatorial therapeutic approach, which includes chemotherapy,
radiation, surgery, and immunotherapy, will result in even
greater survival benefits for patients with PC[13].

APOPTOSIS RELATED GENES
Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL)
TRAIL or Apo-2 ligand (Apo-2L) is a type Ⅱ transmembrane protein belonging to the TNF superfamily and
serves as an effective anticancer agent due to its cancer
cell specificity and potent antitumor activity. TRAIL
interacts with death receptor 4 (DR4) and DR5, which
form the death-inducing signal complex (DISC) by binding to Fas associated death domain (FADD), thereby
activates caspase-8 and results in activation of downstream caspases-3, -6, and -7, and apoptosis induction[154].
Recombinant human TRAIL has been developed as a
novel anticancer agent and is being clinically evaluated
for the treatment of both solid tumors and hematological
malignancies, such as colorectal, melanoma, lung, ovarian
cancers and non-Hodgkins lymphoma[155]. However, its
use in vivo is limited by a short half-life in plasma due to a
rapid clearance by the kidney.
Gene delivery of TRAIL into tumors may overcome
this limitation. An adenoviral vector expressing TRAIL
driven by a human telomerase reverse transcriptase
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K-ras
Ras is the most common oncogene detected in human
cancers. It comprises 3 families, H-ras, K-ras, and N-ras.
Of these, the K-ras family is responsible for almost all
of the PC mutations, with mutations in the other families occurring rarely. Studies suggested that K-ras, which
is located on chromosome 12p13, is mutated in up to
95% of PC cases[16,160]. The K-ras encodes membranebound GTP-binding proteins, which can be activated by
signaling partners to regulate many cellular functions,
including cell growth, proliferation, and differentiation.
Mutations of K-ras result in malfunction of GTPase and
participate in the initiation or early phase of pancreatic
tumorigenesis[71].
To blockade the Ras signaling pathway, cancer vaccines that stimulate immunity against mutant Ras proteins
and antisense therapy that blocks the translation of mutant Ras gene are two common strategies. Antisense therapy involves the use of oligonucleotides, ribozymes and
siRNAs. Retroviral delivery of K-ras siRNA to human
tumor cells induced loss of expression of the K-ras gene,
leading to loss of anchorage-independent growth and
tumorigenicity in vitro[161]. Another study of K-ras siRNA
delivered by electroporation demonstrated significant
tumor growth inhibition both in vitro and in vivo. When
K-ras siRNA is combined with gemcitabine, survival rate
was significantly prolonged and the mean tumor volume
was dramatically reduced when compared with single
agents[162].
K-ras antisense oligodeoxynucleotide (K-ras-ASODN)
was identified to successfully inhibit K-ras expression[163]
and suppress the growth and invasiveness of PC cell lines
in vitro[164]. In peritoneal dissemination models of PC, intraperitoneal injection of adenovirus expressing antisense
K-ras RNA significantly suppressed the peritoneal growth
with no significant systemic toxicity[165]. K-ras ASODN
combined with type I insulin-like growth factor receptor (IGF-IR) antisense oligodeoxynucleotide (IGF-IRASODN) showed a significant inhibitory effect on tumor
growth and induced apoptosis in vitro and in vivo, compared with each agent alone[166]. In a phase Ⅱ trial of pa-
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tients with locally advanced and metastatic PC, ISIS 2503,
a phosphorothioate oligonucleotide antisense inhibitor of
human H-ras mRNA, showed a response rate of 10.4%
and a median survival of 6.6 mo in combination with
gemcitabine, which is promising but of unclear benefit[167].
Initial enthusiasm for this approach is currently diminishing following the failures of antisense inhibitors such as
ISIS 3521 (a protein kinase C-alpha antisense oligonucleotide) and oblimersen (a bcl-2 antisense oligonucleotide)
in lung cancer and melanoma, respectively.
LSM1
The cancer-associated Sm-like (CaSm) oncogene LSM1
has been reported to be overexpressed in 87% of PC
cases[168]. An adenovirus expressing CaSm antisense RNA
(Ad-alpha CaSm) reduced endogenous CaSm mRNA expression in vitro, and a single intratumoural dose of Ad-alpha CaSm inhibited tumor growth and extended survival
time in an in vivo SCID mouse model of human PC. The
antitumor effect was further enhanced by gemcitabine[168].
In a metastatic tumor model, systemic administration of
Ad-alpha CaSm resulted in a significant decrease in the
number of hepatic metastases and increased survival time
through both direct and bystander effects[169].
HER-2/ErbB-2
Human epidermal growth factor receptor 2 (HER-2) is
a transmembrane receptor tyrosine kinase of the ErbB
family. It participates in the EGFR signaling pathway
and has roles in cell proliferation, survival, motility, invasion and adhesion. Blocking of overexpressed HER-2
oncogene was able to improve survival in breast and gastroesophageal cancers. Some studies found that HER-2
amplification occurs in 2% of pancreatic ductal adenocarcinomas (PDACs) but has distinct features with implications for clinical practice, which represents an attractive
target for anti-HER2 therapies[170]. However, clinical trials
of anti-HER2 antibodies such as trastuzumab showed no
benefits compared with standard chemotherapy and did
not recommend further evaluation of anti-HER2 treatment in patients with metastatic PC[171].

MULTIDRUG RESISTANCE GENES
Drug resistance is a major cause of treatment failure in
cancer chemotherapy. One of the important mechanisms
of tumor multidrug resistance is increased drug efflux
and decreased accumulation of drugs in the cell. Efflux
transporters of the ATP-binding cassette (ABC) family such as ABCB1 (multidrug resistance 1, MDR1), the
ABCC (multidrug resistance-associated protein, MRP)
family, and ABCG2 (breast cancer resistance protein,
BCRP) have been identified as major determinants of
chemoresistance in tumor cells[172].
MDR1 is a classic paradigm in the ABC family and
has been analyzed in detail in PC. Its product, P-glycoprotein, is a membrane protein that functions as an ATPdependent exporter of drugs from cells. Some studies
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demonstrated a high rate (73.2%) of MDR1 expression
in PC[173,174], and other studies reported that MDR1 is
associated with sensitivity to gemcitabine[175]. The MRP
family consists of 9 members (MRP1-9) and is involved
in exporting a variety of endogenous substrates as well as
organic anions of xenobiotics, conferring cells resistance
to cytotoxic and antiviral drugs[176]. It has been shown
that the expression of MRP3 and MRP5 mRNAs was
upregulated in PC and MRP3 was even correlated with
tumor grade[176]. BCRP was first derived from a resistant
breast cancer cell line, but is present in a wide range of
human solid tumors, including PC[177]. One study proved
that BCRP expression was frequent (73.1%) in PC, and
high BCRP expression was a significant prognostic factor
for early tumor recurrence and poor survival[178]. Conversely, a study demonstrated low BCRP mRNA levels in
both normal pancreatic tissues and PC[176].
In fields of anti-MDR gene therapy for PC, some
studies have showed that siRNAs against MDR1 could
specifically inhibit MDR1 expression at the mRNA and
protein levels and decreased resistance against daunorubicin in PC cell lines in vitro[179]. Similar results were found
in another study of a hammerhead ribozyme against
MDR1 mRNA[180]. However, in vivo studies and clinical
trials are still scarce in this field and there is much room
for advancement to validate their clinical applicability.
Another important approach of making use of the
MDR gene is transducing the MDR gene into hematopoietic stem cells to strengthen the host’s resistance to
myelosuppression caused by chemotherapeutic drugs.
An advantage of this approach is that it permits higher
doses of chemotherapy without severe adverse effects,
thus providing a better chance to achieve remission. In
vitro, lentiviral or retroviral vectors encoding MGMT
(P140K) and MDR1 or MRP1 resulted in significant survival advantage of human hematopoietic stem cells when
undergoing intensification chemotherapy, compared with
untransduced cells or either single vector alone[181-183].
In mouse models, MDR1 gene modified hematopoietic
cells also showed chemoprotective effect from various
anticancer drugs[184,185]. So far, several clinical trials of
MDR1 transfected autologous hematopoietic stem cell
transplantation have been approved for the treatment of
patients with breast cancer, ovarian cancer or leukemia.
However, since the expression rate of the MDR1 gene in
PC is very high, this system may not be useful for treating this cancer.

PROLIFERATION RELATED GENES
VEGF
As mentioned above, the VEGF signal pathway plays a
leading role in tumor angiogenesis. Therefore, knockdown of VEGF gene expression is a promising way in
anti-angiogenesis therapy in PC. Materials in this approach include antisense oligonucleotides, ribozymes and
siRNAs.
One study of antisense oligodeoxynucleotide of
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VEGF-C showed that it decreased the expression levels
of VEGF-C and inhibited lymphangiogenesis in nude
mice with orthotopically xenografted human PC, but
had no significant effect on angiogenesis[186]. This result
was verified in another study with short hairpin RNA
(shRNA) targeting VEGF-C, and the VEGF-C shRNA
significantly inhibited cell proliferation and tumor growth
in vivo[187]. On the other hand, antisense oligonucleotide
of VEGF was proved to significantly decrease neoangiogenesis and vascular permeability in orthotopic xenograft
models; furthermore, it reduced tumor growth and metastasis and improved survival[188]. Systemic or intratumoral injection of VEGF specific siRNAs also led to the
significant reduction in the subcutaneous tumor growth
through down-regulating VEGF expression and decreasing microvascular density[189,190]. A study with hammerhead ribozymes against VEGF gene transcripts showed
inhibition of tumor growth and liver metastasis of a PC
cell line in vivo[191]. However, no clinical trial in this approach has been reported in PC.
Human telomerase reverse transcriptase
Telomere is a region of repetitive nucleotide sequences
at each end of a chromatid, which plays a critical role in
maintaining chromosome stability. Telomere is shortened
progressively during normal cell division. When its length
becomes critically short, it triggers replicative senescence
or apoptosis. Telomerase is a ribonucleoprotein polymerase that maintains the length of telomere. Human
telomerase complex consists of telomerase reverse transcriptase (hTERT), telomerase RNA (hTR or TERC),
telomerase associated protein-1 (TEP-1), hsp90 and p23,
of which the RNA subunit and hTERT constitute the
core of telomerase. It has been tested that hTERT is the
limiting component of telomerase and its expression levels parallel to those of telomerase activity[192,193]. Generally, telomerase activity is detectable only in germ line cells
and certain stem cells but is repressed in somatic cells.
Upregulated telomerase activity is associated with promotion of tumorigenesis, neoplastic growth and metastasis
of human cancer[194,195]. In fact, approximately 85% of
human cancers exhibit reactivation of telomerase activity,
which is even as high as 92%-95% in PC[196,197]. Recently,
one new viewpoint declares that hTERT is also implicated in DNA repair and regulation of the expression of
genes that control cell proliferation, which promotes tumorigenesis independent on the stability of telomere[198].
In a nutshell, hTERT is an important proliferation-related
factor and can serve as a tumor marker and a prognostic
indicator.
In vitro, hTERT antisense oligonucleotide (hTERTASODN) could down-regulate expression of hTERT
mRNA and increase cell apoptosis rate in a concentration- and time-dependent manner in PC cell lines[199,200].
Therefore, consecutive transfections were performed in
order to inhibit telomerase activity and result in a continuous reduction in cell viability[201]. Cell cycle analysis
indicated that the cells were mainly arrested at the G0/
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G1 phase with the treatment of hTERT-ASODN. In addition, hTERT ASODN synergized with gemcitabine to
exert an anti-proliferation effect[200]. Similar results were
demonstrated in another study of hTERT-siRNA transfection in pancreatic cancer cell line Capan-2, and the
inhibitory effect was associated with the downregulation
of Bcl-2 and cyclooxygenase-2 (COX-2)[202]. Hammerhead
ribozyme targeting hTR was also found to depress telomerase activity, and ribozyme targeting hTERT mRNA
showed stronger inhibition. Since the level of hTERT
mRNA expression is less than that of hTR expression in
cancer cells, hTERT might be a more useful therapeutic
target[203]. An hTERT peptide vaccine GV1001 was tested
in a phase Ⅰ/Ⅱ study of 48 patients with unresectable
PC. The patients received intradermal injection in combination with GM-CSF. In the end, 24 of 38 evaluable
patients demonstrated immune responses with the highest percentage (75%) in the intermediate dose group.
Approximately 8.6 mo of mean survival for this group
was significantly longer and one-year survival rate was
25%[152]. These promising results have led to commencement of another phase Ⅲ trial of GV1001.
COX-2
COX-2 is a key enzyme of the metabolic process of
arachidonic acid and an early response protein that is
induced rapidly by growth factors, tumor promoters,
oncogenes, and carcinogens. It plays an important role in
tumorigenesis and angiogenesis. It has been shown that
COX-2 mRNA and protein expression was highly upregulated in up to 90% of PC cases but was undetectable
in nontumorous pancreatic tissue[204,205], and this indicated
that COX-2 may be a potential target for treatment of
PC. One study showed that COX-2 siRNA transfection
could inhibit cell proliferation, induce cell apoptosis and
regulate cell cycle of a PC cell line in vitro and decrease its
tumorigenicity when inoculated subcutaneously into nude
mice[206]. Nevertheless, inhibition of COX-2 is more applied in anti-inflammation treatment as nonsteroidal antiinflammatory drugs (selective inhibitors of COX-2) than
gene therapy.
Clinical research of gene therapy
Up to July 2013, 1970 gene therapy clinical trials have
been completed, are ongoing or have been approved
worldwide. Of these, 1264 (64.2%) have been made for
treatment of cancers, including lung, gynecological, skin,
urological, neurological and gastrointestinal tumors, as
well as hematological malignancies and pediatric tumors.
In this part, we summarized the finished and ongoing
clinical trials of PC gene therapy worldwide (Tables 5 and
6) and the administration routes they employed (Figure
3). Meanwhile, since a variety of cancers have common
characteristics, such as mutation of tumor suppressor
genes or oncogenes and overexpression of tumor antigens, one therapeutic transgene can be effective for different tumors. In fact, many clinical trials are indicated
for several cancers simultaneously, like all solid tumors
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A pilot
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Ⅱ

US-0475
Lutz et al[215]

Laheru et al[142]

Ⅰ

Ⅰ

Ⅰ

Jaffee et al[141]

US-0700
Galanis et al[213]
Kaufman et al[214]

Ⅰ

Ⅰ/Ⅱ

Advanced PC

Advanced PC

Resected PC

Resected PC

Gemcitabine-refractory,
metastatic PC
Advanced PC

Unresectable digestive
cancer
Ovarian cancer,
PC, lung cancer,
mesothelioma

Liver cancer, PC,
colorectal cancer

Ⅰ

FR-0018
Gilly et al[211]
US-0853
Le et al[212]

Advanced PC

Ⅰ

DE-0083
Niethammer
et al[209]
ES-0004
Mazzolini et al[210]

PC

Ⅰ

DE-0063
Kubuschok et al[208]

PC and gallbladder
carcinoma

Ⅰ/Ⅱ Advanced breast cancer,

DE-0024
Pecher et al[207]

Inoperable PC

Clinical indication

Ⅰ/Ⅱ

Phase

DE-0009
Löhr et al[67]

Trial ID and
investigator

30

50

60

CM-CSF

GM-CSF

GM-CSF

CEA, MUC-1,
and TRICOM
(including B7.1,
ICAM-1, LFA-3)
GM-CSF

10

14

Cyclin G1

Interleukin-2
(IL-2)
Mesothelin

Interleukin-12
(IL-12)

VEGFR-2

Mutated ras
oncoprotein

MUC-1

Cytochrome
p450

Transgenes

12

28

6 (3 PC)

17 (3 PC)

3 healthy
donors and 1
PC patient
45

10 (2 PC)

14

Patients
(n )

Table 5 Closed clinical trials of gene therapy in pancreatic cancer

Naked/plasmid DNA
transfected allogeneic
tumor cell vaccine
Naked/plasmid DNA
transfected allogeneic
tumor cell vaccine
Naked/plasmid DNA
transfected allogeneic
tumor cell vaccine
Naked/plasmid DNA
transfected allogeneic
tumor cell vaccine

Poxvirus

Retrovirus

Listeria monocytogenes

Adenovirus

Not reported

4 patients showed tumor regression, the other ten
individuals remained stable. Median survival was
doubled compared with historic controls. 1-yr survival
rate was three times better
9 patients showed signs of progression. Only one
remained stable for 3 mo until she was transferred to
another therapy. 3 of 10 patients developed vaccinespecific delayed-type hypersensitivity reaction (DTH). 4 of
10 patients showed increased mucinspecific INF-gammasecreting CD8+ T cells
All the subjects showed strong vaccine-induced muRasspecific cytotoxic T lymphocytes

Results

In combination with standard
chemoradiation

3 of 14 patients developed DTH, and 3 patients had
increased disease-free survival time (at least 25 mo after
diagnosis)
Intradermal injection In combination with standard The median disease-free survival is 17.3 mo with median
chemoradiation
survival of 24.8 mo. Induction of CD8+ mesothelinspecific T cells correlated with disease-free survival
Intradermal injection
A: vaccine alone
Cohort B showed enhanced mesothelin-specific T-cell
(n = 20) B: vaccine plus
responses. Median survival values in cohort A and cohort
cyclophosphamide (n = 30)
B were 2.3 and 4.3 mo
Intradermal injection 1: Ipilimumab alone (n = 15); 2:
Median overall survival was 3.6 mo for arm 1 and 5.7
Ipilimumab plus vaccine
mo for arm 2. Mesothelin-specific T cells responses were
(n = 15)
associated with increased disease-free survival in arm 2

Intradermal injection

None

In combination with
gemcitabine

None

None

In combination with low-dose
ifosfamide

Combined therapy

Treatment was well tolerated. 11 of 17 were assessable
for response. A partial response was observed in 1 case
with PC. Stable disease was observed in 2 patients and
progression in 8 patients
Intratumoral injection
None
Good safety. But final results of tumor responses were not
reported
Intravenous injection
1: Live attenuated Listeria
In arm 2, Listeriolysin O and mesothelin-specific T-cell
vaccine (n = 9); 2: live attenuated responses were seen and 37% of subjects lived ≥ 15 mo
mesothein expressing Listeria
vaccine ( n = 17)
Intravenous injection
None
Good safety. But there was no evidence of anti-tumor
activity
Subcutaneous
In combination with GM-CSF
Antigen-specific T-cell responses in 5 of 8 evaluated
injection
patients. 15.1 mo of median survival in responders vs 3.9
mo in non-responders. Overall median survival is 6.3 mo

Oral administration

Subcutaneous
injection

Inject into the
tumor vasculature
via supraselective
angiography
Subcutaneous
injection

Administration route

Adenovirus transfected Intratumoral injection
autologous dendritic cells

EB virus transformed
autologous
lymphoblastoid cells
Naked/plasmid DNA
(oral DNA vaccine)

Naked/plasmid DNA
transfected allogeneic
human 293 embryonic
kidney cells
Naked/plasmid DNA
transfected autologus
dendritic cells

Vectors and target cells
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Table 6 Ongoing clinical trials of gene therapy in pancreatic
cancer

Table 7 Clinical trials of unspecific tumor gene therapy that
may involve pancreatic cancer

Phase

Phase

Transgenes
Oncolytic adenovirus and oncolytic herpesvirus1
Somatostatin receptor 2 (sst2), Deoxycitidine kinase ::
uridylmonophosphate kinase (dck::umk)
Somatostatin receptor 2 (sst2)
Mesothelin-scFv with signaling domains comprised of TCR ,
CD28, and 4-1BB (CD137) cDNA
GM-CSF
PANVAC (CEA, MUC-1, and TRICOM)
Cytosine deaminase, Herpes simplex virus thymidine kinase
(HSV-TK)
Cyclin G1
p53
BikDD (DOTAP-cholesterol mediated gene transfection)
Mutated Ras
Cytochrome p450
AEG 35156: antisense oligonucleotide to X-linked inhibitor of
apoptosis protein (XIAP)
Herpes simplex virus thymidine kinase (HSV-TK)
Diphtheria Toxin A Chain (DTA) gene with H19 promoter
Alpha-(1,3) galactosyltransferase
CEA, MUC-1, and PANVAC
Mutated Ras
Alpha-(1,3) galactosyltransferase
Alpha-(1,3) galactosyltransferase
PANVAC (CEA, MUC-1, and TRICOM)2

Ⅰ

Ⅰ/Ⅱ

Ⅱ

Ⅲ

Ⅱ
Ⅰ
Ⅰ
Ⅰ
Ⅰ/Ⅱ
Ⅰ/Ⅱ
Ⅰ
Ⅰ
Ⅰ
Ⅱ
Ⅰ
Ⅰ
Ⅰ
Ⅰ
Ⅰ
Ⅰ
Ⅰ/Ⅱ

1

Ⅰ

Clinical trials of oncolytic viruses were completed or are ongoing in Spain
and Japan, and their details were not clear; 2This clinical trial has closed,
but details and results have not been published yet.

Ⅰ/Ⅱ
Ⅰ
Ⅰ/Ⅱ
Ⅰ

2%

Ⅰ

Intradermal

4%

Ⅰ
Ⅰ/Ⅱ

Intratumoral

13%

33%

Ⅰ/Ⅱ
Ⅰ

Subcutaneous

Ⅰ
Ⅰ

Intravenous/
intravenous + intraperitoneal

21%
27%

Ⅰ
Ⅰ

Vascular intervention therapy

Ⅰ/Ⅱ
Ⅰ

Oral

Ⅰ
Ⅰ

Figure 3 Clinical trials regarding administration routes of gene therapy in
pancreatic cancer.

Ⅰ
Ⅰ

or advanced tumors. Therefore, here we also collected
such kind of trials and obtained a list of them (Table 7).
It is worth noting that our analysis is mainly based on the
records in The Journal of Gene Medicine Gene Therapy
Clinical Trials Worldwide website (http://www.wiley.
co.uk/genmed/clinical), so trials in some countries (e.g.,
Japan) are not available.
Conclusions and prospects
Over the past decades, plenty of experimental works and
clinical trials have demonstrated the safety and efficacy
of cancer gene therapy. Strategies encompass tumor suppressor, suicide, anti-angiogenesis and immune related
genes, as well as activated oncogenes and multidrug resistance genes. Proliferation and apoptosis related signal

WJG|www.wjgnet.com

Ⅰ
Ⅰ

Clinical indication

Transgenes

Adenocarcinoma
CEA, TCRzeta and CD28
Cachexia
GHRH
CEA- or HER-2-expressing
HER-2, CEA
malignancies
CEA-expressing
CEA
malignancies
CEA-expressing
CAP-1 peptide from CEA
malignancies
CEA-expressing
T cell receptor alpha and beta chains
malignancies
cDNA
CEA-expressing
CEA, B7.1, ICAM-1, LFA-3,
malignancies
GM-CSF
CEA-expressing
Anti-CEA-SFv-Zeta T cell receptor
malignancies
CEA-expressing
B7.1 (CD80)
malignancies
Advanced cancer with
Anti-p53 T cell receptor
overexpression of p53
MUC-1- expressing tumors
MUC-1, IL-2
Advanced cancer
Cytochrome P450
Advanced cancer
Endostatin
Advanced cancer
Heat shock protein 70
Advanced cancer
T cell receptor alpha and beta chain
Advanced cancer
Bifunctional shRNA specific for
stathmin 1 oncoprotein
Advanced cancer
GM-CSF
Advanced cancer
IL-12
Advanced cancer
CYP1B1
Advanced cancer
GM-CSF, CD154 (CD40-ligand)
Advanced cancer
IL-2
Advanced cancer
p53
Advanced cancer
AMEP
Advanced cancer
B7.1 (CD80) ,ICAM-1, LFA-3
Advanced cancer
Cytosine deaminase
Advanced cancer
CEA
Solid tumors
Tumor antigen
Solid tumors
Interferon-gamma
Solid tumors
TNF
Solid tumors
Brachyury oncoprotein
Solid tumors
Human telomerase reverse
transcriptase
Solid tumors
Oncolytic virus (no transgene)
Solid tumors
Retinoblastoma 94
Solid tumors
p53
Solid tumors
O6-methylguanine DNA
methyltransferase (MGMT)
Solid tumors
GM-CSF
Solid tumors
GM-CSF, bi-shRNA-furin
Solid tumors
GM-CSF, TGF-beta 2 antisense
Solid tumors
GM-CSF, humanized Escherichia coli
beta-galactosidase

CEA: Carcinoembryonic antigen; IL-2: Interleukin-2; AMEP: Antiangiogenic
metargidin peptide; CYP1B1: Cytochrome P450 isoenzyme 1B1; TNF:
Tumor necrosis factor; hTERT: Human telomerase reverse transcriptase;
GHRH: Human growth hormone releasing hormone.

pathways are also possible targets. However, among these
therapeutic targets, only a small part were tested in clinical settings and proved to be effective, and even for them,
outcomes were far from curative and treatments have to
be combined with standard chemo- or radio-therapy for
maximum benefits.
In this field, tumor suppressor gene p53 and mutant
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oncogene K-ras are two members that have been most
deeply studied in all kinds of cancers and have yielded
encouraging results in vitro and in animal models. Unfortunately, these findings have not been translated to improve
outcomes in clinical trials. In suicide strategy, HSV-TK,
CD and cytochrome p450 have been proved to be efficacious. A closed clinical trial of cytochrome p450 showed
exciting results when combined with ifosfamide, and
more trials are ongoing. As to anti-angiogenesis approach,
VEGFR is of course the best choice, clinical trials of peptide vaccine derived from VEGFR-2 and DNA vaccine
targeting VEGFR-2 did show benefits, but as a monotherapy it is not a “magic bullet” for all tumor patients
since anti-angiogenesis is far more effective in preventing
tumor growth than causing regression of established tumors, thus this method may be more suitable for patients
with minimal residual disease. Nowadays immunotherapy
has become the mainstream direction of studies in searching new cancer treatment regimens, and the cooperation
of gene therapy and immunotherapy has created even
more inspiring achievements, such as adoptive transfer of
genetically modified T-cells or DCs, DNA vaccines (CEA,
MUC-1, B7.1, ICAM-1, LFA-3), and direct transfer of
cytokine genes (IL-2, IL-12, GM-CSF, INF-gamma). Of
course, combining different targets or combination of
gene therapy and traditional chemoradiotherapy may lead
to improved efficacy of gene therapy in PC.
Considering that low efficiency of gene transfer is the
main obstacle in application and popularization of gene
therapy, the selection of high-efficient and tumor-targeted vectors should be emphasized. In general, viral vectors
offer higher transduction efficiency and long-term gene
expression and this is why more than two-thirds of clinical trials reported employ viral vectors. Recently, oncolytic viruses that infect and replicate selectively in cancer
cells have become the hotspot in this field and show a
bright future. Oncolytic viruses produced from initially
infected cancer cells can spread to surrounding cancer
tissue and distant tissue, thus intratumoural injections
could be efficient, even for the treatment of disseminated
tumors. Systemic administration of oncolytic viruses
has also shown good safety and this is of great interest
particularly in PC, since it is difficult to inject viruses into
primary lesions directly in PC patients.
Gene therapy of cancer is not yet applied in routine
clinical practice, but good safety records and validated
clinical benefits make it a good candidate for all clinical
settings including neo-adjuvant, adjuvant and palliative
treatment. Despite these promising therapeutic strategies,
greatest advance in the treatment of PC may still come
from improved early detection and diagnosis.
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Abstract
Despite inception over 15 years ago and over 3000
completed procedures, laparoscopic liver resection has
remained mainly in the domain of selected centers and
enthusiasts. Requirement of extensive open liver resection (OLR) experience, in-depth understanding of anatomy and considerable laparoscopic technical expertise
may have delayed wide application. However healthy
scepticism of its actual benefits and presence of a potential publication bias; concern about its safety and
technical learning curve, are probably equally responsible. Given that a large proportion of our work, at least
in transplantation is still OLR, we have attempted to
provide an entirely unbiased, mature opinion of its pros
and cons in the current invited review. We have divided
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this review into two sections as we believe they merit
separate attention on technical and ethical grounds.
The first part deals with laparoscopic liver resection
(LLR) in patients who present with benign or malignant
liver pathology, wherein we have discussed its overall
outcomes; its feasibility based on type of pathology
and type of resection and included a small section on
application of LLR in special scenarios like cirrhosis. The
second part deals with the laparoscopic living donor
hepatectomy (LDH) experience to date, including its
potential impact on transplantation in general. Donor
safety, graft outcomes after LDH and criterion to select
ideal donors for LLR are discussed. Within each section
we have provided practical points to improve safety in
LLR and attempted to reach reasonable recommendations on the utilization of LLR for units that wish to develop such a service.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver; Laparoscopic; Transplantation; Resection; Living donor; Minimally invasive; Technique;
Hepatocellular; Hepatectomy; Cirrhosis
Core tip: Given that a liver resection is ideally suited for
a laparoscopic approach (no anastomosis, very large
incision in open approach) there is increasing interest
in the technique worldwide. However actual experience
is limited to a few centres, and guidelines remain inadequate. This article summarises the current available
evidence on the significant aspects of the technique
individually, to guide clinicians considering developing
such a practice.
Cherian PT, Mishra AK, Kumar P, Sachan VK, Bharathan A,
Srikanth G, Senadhipan B, Rela MS. Laparoscopic liver resection: Wedge resections to living donor hepatectomy, are we
heading in the right direction? World J Gastroenterol 2014;
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INTRODUCTION
Since the first non-anatomical laparoscopic liver resection (LLR) in the early 1990s, and the first anatomic LLR
in 1996[1], there have been over 3000 cases performed
laparoscopically clearly demonstrating its feasibility. However nearly 80% of these have been selected (i.e., benign
lesions, sited in the anterior aspect of the liver) or relatively minor resections(single or bisegment)with larger
resections being confined to a handful of enthusiasts
worldwide so far. The combined requirements of long
experience with open liver resection (OLR); an in-depth
understanding of liver anatomy; considerable technical
laparoscopic expertise and a healthy scepticism regards its
actual benefits are probably equally responsible for this
slow uptake.
A potential danger with assessment of a new technique is the influence of institutional and publication
biases, in that negative reports have not made it to press,
as noted during the Louisville meeting[2]. Moreover all or
most of these procedures are performed in centres with
an ardent interest in minimally invasive liver resection
(MILR) and it is difficult not to let some “subjectiveness”
into reports. On the other hand there is a learning curve
with all procedures and overemphasis on individual mishaps could delay application of a good innovation as with
experience complication rates decrease, akin to common
bile duct injury in laparoscopic cholecystectomy. Given
that our work, especially in liver transplantation is mostly
open liver surgery, we have attempted to be entirely unbiased in the current invited review. We have divided this
review into two sections as we believe they merit separate
attention on both ethical and technical grounds. The first
part deals with MILR for liver pathology (benign and
malignant) in patients wherein we have discussed this approach on its overall outcomes, outcomes based on type
of resection, its feasibility based on type of pathology
and finally MILR in special scenarios like cirrhosis. At the
end of each section we have tried to provide a reasonable
conclusion. The second part deals with the laparoscopic
living donor hepatectomy (LDH) experience including its
impact on transplantation in general. As discussed previously, we agree MILR has the potential to convert previously unfit or unwilling donors into donation, but equally,
negative outcomes could result in a significant impact on
programmes such as ours, where over 85% of patients
depend on such donation, for transplantation.

MILR IN PATIENTS, FOR LIVER DISEASE
Laparoscopic liver resection: outcomes, feasibilty,
benefits and morbidity
Outcomes: Needless to say, success of a technique is
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often decided by its overall outcome and the most decisive basic outcome measure is mortality. In the world
review of LLR by Nguyen et al[3] in 2009, 9 patients of
2804 died showing an overall mortality of 0.3%. Mortality rate in LLR is consistently low in most original series
and remains between1and 1.8%[4,5]. In fact in some studies, mortality figures are superior in the LLR compared to
OLR[6]. A meta-analysis of laparoscopic and open hepatic
resection done by Mirnezami et al[7] analyzed the short
and long-term outcomes of 1678 patients. Thirty-day
mortality occurred in 0.6% of patients undergoing LLR
(4 out of 717) compared with 1% of patients undergoing
OLR (10 out of 961). Even in LLR for malignancy, there
was no significant difference in survival or disease recurrence when compared to OLR whether it was an anatomical or a non-anatomical resection[8]. On the contrary,
no study to date has shown LLR to be associated with
greater mortality, when compared to the open approach[9].
On study of the mortality that has occurred, none were
intra-operative and the most common cause for postoperative mortality remained liver failure, as with OLR[3].
However mortality was related to ‘‘haemorrhage’’ from
major blood vessels in some series[5,10]. Median blood loss
is significantly more for right-sided LLR than for the left
sided liver surgery but whether it contributes to mortality
is still unclear[11]. Of course, mortality rates are significantly higher (0.3% vs 5.8%) in the cirrhotic versus noncirrhotic resection group, but this would be true for OLR
too[4,12].
Feasibility: Feasibility is the next outcome measure that
requires study, and intra-operative conversion to an open
approach is a surrogate marker for feasibility. Of course,
feasibility also depends on type of resection and site
of lesion, but this will be discussed elsewhere. Conversion rates are variable but most large series quote figures
around 2%-4%[4,5]. Conversion from laparoscopy to open
laparotomy and from laparoscopy to hand-assisted approach occur in 4.1% and 0.7% of reported cases according to Nguyen’s world review[3]. In the series reported by
Kazaryan et al[5], overall conversion rate was 3.4%. Conversions to laparotomy were because of intra-abdominal
adhesions (2 cases) and haemorrhage (3 cases). Repeated
resections after open liver resection are associated with a
significantly higher rate of conversion to laparotomy but
in most series, the conversion is due to intra-operative
bleeding[11]. In a recent series by Troisi et al[13] the conversion rate was higher at 6.4%, and on univariate analysis,
they identified ‘‘major’’ hepatectomy and resections involving posterior-superior segments as prognostic factors
for conversion whereas multivariate analysis identified
the latter as an independent risk factor. The Mirnezami
et al[7] meta-analysis found the conversion-to-open rate
for all laparoscopic procedures was 7% (50 out of 717).
However, it is important to stress that conversion from a
pure laparoscopic method to hand assisted or laparotomy
should and must not be considered a complication. The
Louisville consensus conference summarised the opti-
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mal approach well, by stating that all efforts should be
made to control bleeding laparoscopically and conversion
should be done in a staged manner starting from a hand
assisted technique and finally laparotomy, as a significant
blood loss can occur during conversion[2]. They noted
that patient safety and lack of progress were the primary
indications worldwide for conversion, which is how it
should be.
Benefits: Given above literature findings, LLR is feasible
and safe in comparison with OLR. But does the technique actually deliver on the two most quoted reasons for
its perusal- enhanced recovery and maintenance of abdominal wall integrity? Indeed, the most significant benefit of LLRs besides others is “lengths of hospital stay”,
an easily measured but debatable surrogate for enhanced
recovery. Most studies have consistently demonstrated a
significantly lower hospital stay as compared to the open
approach. Buell et all reported a mean hospital stay of
2.9 d as compared to 5.4 d in the open group[4]. Kazaryan
et al[5] 2010 further elaborated that the length of hospital
stay does not depend on LLRs done for either benign
or malignant lesions, or anatomical and non-anatomical
resections. For all kinds of resections their mean hospital stay was 3 d. Zhou et al[14] pooled analysis of the 6
studies of LLRs for colorectal liver metastasis(CRLM)
showed that hospital stay was shorter in the laparoscopic
group(WMD: -3.54, 95%CI: -5.12-1.96; P < 0.001) in
spite of significant heterogeneity in their patient cohort.
The overall shorter hospital stay in LLRs is not merely
‘faster discharges’ but a by-product of an earlier return
of bowel activity and lesser requirement of analgesia[14,15].
The Louisville position is consistent with such studies
and further states that the benefits of shorter hospital
stay extend to both major and minor LLRs but added
that these results may be dependent on the level of experience of surgeons in both advanced laparoscopy and liver surgery[2]. Moreover given that financial considerations
dictate some of our clinical decisions, cost-effectiveness
of LLR has been looked into. Most mature series agree
that LLR is indeed cost-effective, with minor increase in
cost of consumables in theatre being offset by immense
decrease in the cost of hospital stay, regardless of type of
resection[6,16]. This opinion was endorsed by the consensus conference[2].
Morbidity: Despite comparable mortality, overwhelming
morbidity clearly needs to be ruled out. However complications in LLRs are comparable in most reports and
significantly lower than the open approach in many. Postoperative morbidity of LLR varies between 10% and15%
and is significantly lower than open liver resection(about
25%)[17-19]. Several studies including Rowe et al[6] in their
study found that LLRs had significantly decreased intraoperative blood loss (287 mL vs 473 mL, P = 0.03) and
post-operative complications (6% vs 42%, P = 0.03)[7].
In the series by Buell, the overall complications in LLR
were about 16% vs 22% in the open group[4]. In fact, pa-
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tients appear to be more likely to have complications or
morbidity in the open resection group than in the laparoscopic group for both the simpler antero-lateral and
more complex postero-superior resection subgroups[20].
Furthermore we know that complication rates generally
tend to decrease, as experience and exposure in LLRs
increase[21]. Predictably LLR is also associated with a
higher complication rate when resections involve posterior/superior segment of liver, and tumors > 5 cm are
resected[21,22]. Most complications due to LLR appear to
belong to Clavien grade1 and 3 subgroups when they do
occur[13].
Intra-operative bleeding during LLR is a traumatic
experience for most surgeons. A combination of large
calibre, thin walled, high flow hepatic and portal veins,
with variable anatomy, hidden within liver parenchyma
makes parenchymal transection dangerous in inexperienced hands and is one of the reasons why LLR has not
been taken up with the same enthusiasm as other laparoscopic procedures. But with the right technique and
experience, perhaps surprisingly, several reports confirm
that blood loss is significantly lower in LLR when compared to open[14-16,23-25]. Mirnezami et al[7] meta-analysis
showed a median blood loss of 320 mL for LLR (range
122-620 mL) and 483 mL for OLR (range 214-895 mL).
This is potentially due to higher magnification of structures viewed through high definition cameras, use of vessel sealing energy devices /endoscopic staplers, control
of resection by laparoscopic ultrasonography and the
automatic, conscious efforts by laparoscopic surgeons
to clip/control even small vessels before their division at
laparoscopic transection[20,26]. We have found laparoscopic
curved vascular clamps and energy devices like the LigaSure®Covidian Surgical solutions essential components in
the operating set.
Post-operative bile leakage was observed in around
1%-2.7% and most of them were managed by percutaneous drainage with or without bile duct stenting[3,16,27].
Once again, better visibility from the on-screen magnification presumably accounts for this low rate of bile
leaks. As with other surgery, morbidity associated with
LLR can be due to general complications like chest and
urinary tract infections, deep vein thrombosis, paralytic
ileus, or pyrexia’s of unknown aetiology. But due to the
faster mobilisation and improved respiratory function, in
reality, incidences appear to be low. Awareness must exist
of unusual procedure related complications like iatrogenic port insertion injury, rupture of the splenic capsule
whilst performing a Pringle manoeuvre etc., Gas (CO2)
embolism (GE) is a rare complication found during LLR
and risk of GE is higher if dissection involves a major
hepatic vein, long transaction plane, or a longer operative
time. It is likely that a combination of low central venous
pressure (CVP; which creates a greater suction effect),
and high intra-abdominal gas pressure (IAP; which clearly
encourages entry of gas into an open “sucking” vein)
is responsible for GE. Hence a low IAP and use of an
“abdominal lift” system has been used to minimize the
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Table 1 Comparison of mortality, morbidity and conversion rates in some of the larger laparoscopic liver resection publications
Ref.

Year

Cases (n )

Malignant
lesions (%)

Descottes et al[92]
Mala et al[93]
Kaneko et al[51]
Vibert et al[27]
Cai et al[94]
Koffron et al[16]
Chen et al[95]
Buell et al[4]
Bryant et al[32]
Dagher et al[23]
Yoon et al[39]
Martin et al[25]
Abu Hilal et al[24]

2003
2005
2005
2006
2006
2007
2008
2008
2009
2009
2010
2010
2011

87
53
52
89
62
273
116
253
166
22
69
90
36

0
89
NR
73
32
37
100
42
60
22
90
-

Major hepatectomies
(%)
3 (3.4)
NR
38 (43)
2 (3.2)
96 (35)
4 (3.4)
62 (42.5)
31 (18.7)
22
21 (20)
90
36

risk[28]. On the other hand, there are experimental studies
in animals that showed GE occurred irrespective of the
CVP-IAP gradient, suggesting other mechanisms might
contribute to GE occurrences[29]. Further studies are required to clearly identify the role of CVP and IAP, but it
is important to note that CO2 embolism is not as dangerous as air embolism, given its higher/faster solubility (in
blood)[30]. However patients who based on ECHO/capnography have clearly experienced CO2 embolism, have
gone on to have no harmful sequelae[31,32].
Conclusion: In conclusion therefore, when compared
with open liver resection, LLR can provide comparable
mortality, shorter hospital stay, improved morbidity and
better cosmesis, cost effectively (Table 1). Clearly, feasibility of most resections is now proven with very low conversion rates. Enhanced recovery with short hospital stays
are real and not merely faster discharges. Decreased bile
leak rates and consistently lower blood loss in many large
series are significant advantages. LLR must be carried
out under as low IAP as possible, with modern energy
devices to complete transection, particularly laparoscopic
CUSA® (Cavitron ultrasonic surgical aspirator, Valleylab,
United States) and laparoscopic ultrasound.
Laparoscopic liver resection: type of resection
Historically anterolateral segments (segments 2, 3, 5, 6),
were considered more amenable for LLR, and initial attempts at LLR were limited to non-anatomical resections
of such segments. In most of the early reports, lesions
in posterior-superior segments were even considered a
relative contra-indication for LLR[33,34]. But innovative
techniques and increasing experience has led to a gradual
progression towards left sectionectomies, right and left
hepatectomies and finally posterior segment resections.
Indeed almost all types of liver resections are currently
being performed routinely, with investigators claiming
equivalent or superior results with the laparoscopic as
compared to the open approach, although most major hepatectomies still utilize a hand assisted or hybrid
technique than pure laparoscopy[4,23,24]. It has even been
shown by several operators that even segment one (cau-
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Mortality (%)
1 (1.1)
4 (1.6)
0
0
0

Morbidity (%)
4 (4.6)
8 (16)
5 (10)
31 (34.8)
2 (3.2)
NR
7 (6)
41 (16)
25 (15.1)
14
5
23
14

Conversion (%)
9 (10)
3 (5.6)
1 (2)
12 (13)
2 (3.2)
6 (5.2)
6 (2.4)
16 (9.6)
9
5
4
11

date), can be resected in isolation or as part of another
major hepatectomy[4,35]. Nevertheless, despite passage of
over 15 years since the first LLR, the 2009 world review
of LLR shows that an overwhelming majority of resections are still either segmentectomies (45%) or anatomic
left lateral sectionectomies (20%) with anatomical hemihepatectomies constituting a lesser proportion of LLR
[right (9%) and left (7%)][3]. We analyzed more than a
1000 LLRs in five recent, major case series[4,5,16,32,36]. Of
these patients, a vast majority (nearly 80%) of resections
were again segmentectomies, left lateral sectionectomies
or non-anatomical resections. In our opinion, this persistent trend accentuates the point that in most major hepatectomies, surgeons still prefer OLR, an approach that
might be related to the fact that the type of resection correlates directly with morbidity and operating times[13,34].
Given enormous differences between “minor” and
“major” LLR in terms of expertise required, morbidity
and intra-operative technique, we decided to review them
separately after an arbitrary division into: (1) minor LLR
which includes left lateral sectionectomy, segmentectomy,
anterior bisegementectomy and non-anatomical resections of anterolateral segments; and (2) major LLR which
includes right and left hepatectomies, extended right and
left liver resections. At this point it must be added that
many authors consider a left hepatectomy (although a
“hemihepatectomy”) to be imminently suited for LLR,
without the increase in morbidity noted with right or
postero-superior LLR[37-39]. Moreover as most left liver
specimens are < 450 g in weight, extraction through
small incisions is feasible and an added attraction.
In a review of a recent series by Troisi et al[13] major
hepatectomy and resections involving posterior-superior
segments were identified as prognostic factors for conversion on univariate analysis, whereas multivariate analysis
identified the latter as an independent risk factor. Recently
Yoon et al[39] compared outcome after LLR of HCC situated in the anterolateral segment versus those in the postero-superior segment and found that the postero-superior patients had longer operative time (P = 0.001) longer
hospital stay (P = 0.039), higher rate of open conversion
(P = 0.05) and greater blood loss (P = 0.068), but with no
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significant difference in post-operative complications or
cancer recurrence. Other reports also reconfirm that major hepatectomies were associated with higher blood loss
(mean 313 mL vs 128 mL; P = 0.05), longer hospital stay,
recovery and operative time[34]. Yet despite the above findings, even on comparison of major hepatectomies alone,
surgical outcomes were better in LLR in terms of blood
loss, complication rates, and length of hospital stay compared to OLR[23-25,40]. However, it is important to note that
some segmental or sectional resections such as a posterior
sectionectomy performed laparoscopically can be more
technically demanding than a hemi-hepatectomy, given
that these are often performed without inflow control at
the hilum, occur in an awkward plane and surprisingly,
involves more extensive areas of parenchymal transection
than an anatomical right hepatectomy.
Single incision liver resections [Laparoendoscopic
single-site surgery (LESS)] are now being performed for
smaller liver lesions with equivalent or superior results.
Tan et al[41] used in 7 patients successfully. Five left lateral
sectionectomies, one segment 3, and one segment 5 resection were performed. Similar results were reported by
Aikawa et al[42] who performed 8 single site Lap liver resections. However discussion of this technique is beyond
the scope of this report.
Conclusion: Therefore in our opinion, there is enough
evidence to suggest that for certain resections such as
segmentectomies, wedge resections, left lateral sectionectomies and even left hemi-hepatectomies when compared
with open liver resection, LLR appears to provide comparable mortality, shorter hospital stay, improved morbidity including decreased blood loss and better cosmesis,
cost effectively. It can be suggested that for these procedures a laparoscopic approach should be the standard of
care at centres where surgeons are experienced in both
liver surgery and advanced laparoscopy. However, it is yet
to be conclusively established whether these benefits are
extendible to major/postero-superior segment laparoscopic hepatectomies as data is still evolving and patient
numbers small. It is essential to recognize requirement of
considerable experience in at least 100 major OLR before
attempting minor LLR and at least 50 minor LLR before
major LLR (opinion).
Laparoscopic liver resection: type of pathology
LLR for benign liver disease: Removal of concern
about ‘tumour clearance’ makes LLR attractive in benign
liver lesions and indeed many surgical units started with
LLR being limited to benign conditions. On an overview
of the current literature, approximately 25% of LLR in
benign disease were for cystic lesions, followed by 21%
for haemangioma, 18% for focal nodular hyperplasia, 7%
for adenomas and 5% for hepatico-lithiasis. Understandably most of these patients treated for benign disease
were younger (mean age 48 years) and female (M/F
1/8.5) compared to overall LLR cohorts[32,43,44]. LLR for
other benign lesions such as localized intra-hepatic duct
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dilatation, and Caroli’s disease limited to segment Ⅱ and
Ⅲ have also been reported with comparable results, in
term of operative time, blood loss and mean hospital
stay[45-47]. Although difficult to accurately estimate, one
worries that introduction of a less invasive procedure
might lead to more benign lesions are being managed
surgically. At the risk of stating the obvious we wish to
emphasize that ‘‘minimal invasive’’ is not equal to ‘‘noninvasive’’ and indication for surgery must not change[48].
LLR in malignant liver disease: On review of reports
published over the last 7 years, we found that approximately 58% of LLR were done for malignancy, most of
which were for Hepatocellular carcinoma (HCC; 57%)or
CRLM. Customary concerns when utilising laparoscopic
surgery for malignancy, includes anticipated difficulties
in intra-operative tumour localization with deep seated
tumours, achievement of a safe tumour free margin and
port site seeding. However in a meta-analysis of LLR
for malignancy, Mirnezami et al[7] did not find any significant difference in the size of the resection margin
with LLR when compared with OLR (OR = -0.356;
95%CI:-1.061-0.349, P = 0.318) and similarly in the
world review by Nguyen et al[49] negative surgical margins
were achieved in 82%-100% of reported series, which is
clearly comparable to other OLR series. A single center
series published in 2011, reported comparable mid-term
survival between pure laparoscopic and open right hepatectomy for liver metastases[3,24].
Widespread use of intra-operative ultrasound has
more or less removed concerns about the lack of tactile
feedback as an aid to tumour localisation[28]. Concerns
about a higher risk of peritoneal tumour seeding and
subsequent recurrence due to positive pressure pneumoperitonium and use of liver transection devices which
could disseminate tumour cells in the spray created during device oscillation have been raised. We scrutinized
studies reporting on comparative oncological outcome
data for LLR and OLR. Data from these numerous studies many of which are reporting on mature cohorts with
at least medium term follow-up, indicates an equivalent
recurrence rate between LLR and OLR, indeed proving that above mentioned concerns are unfounded[8,50-53].
Moreover in none of these reports do specifically either
port site metastasis or tumour seeding mentioned as a
major concern even with medium to long term follow-up
after LLR for malignancy. Hence it can be concluded that
LLR presents no greater risk for malignant liver tumours
than classic OLR. A number of other authors also agree
that the benefits of almost all laparoscopy techniques can
be extended to malignant lesions without compromising
oncological principles[54]. Given that the bulk of LLR for
malignancy are for two causes, we reviewed below, outcomes in LLR specifically for HCC and CRLM.
LLR for CRC metastasis: Liver resection is now considered standard treatment for CRLM. Kazaryan et al[5]
reported a 10-year Norwegian single-centre experience in
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Table 2 Some of the major laparoscopic liver resection for colorectal cancer series
Ref.

Year

n

Operative
time(min)

Mortality

Blood loss (mL)

Conversion (%)

Rau et al[96]
Shimada et al[97]
Mala et al[98]
Kaneko et al[51]

1998
2001
2002
2005

17
17
13
30

183
325
187
182

0
0
0
0

457
400
600
350

6
0
0
3

Hospital stay
(d)
7.8
12
4
14.9

Table 3 Some of the major laparoscopic liver resection for hepatocellular cancer series
Ref.

Year

PTS (n )

Dagher et al[36]
Aldrighetti et al[99]
Nitta et al[100]
Yoon et al[39]
Cherqui et al[101]
Bryant et al[32]
Chen et al[95]
Buell et al[4]
Kaneko et al[51]
Teramoto et al[102]

2010
2010
2010
2010
2009
2009
2008
2008
2005
2005

163
16
15
69
37
64
116
36
30
11

Cirrhosis
present (%)
73.6
56.2
80
55
74
28
100
56
100
67

Tumor size
(cm)
3.6
4 + 2.2
4.5
3.1
3.5
2.1
4.6
3
2

Morbidity
(%)
22
25
11.6
21.7
34
15.1
6
16
10
26

Mortality
(%)
1.2
0
0
0
0
0
0
1.6
0
0

OS
(1 yr/5 yr, %)

RFS
(1 yr/5 yr, %)

92.6/64.9
77.5/32.2
90.4 (3 yr)
60.4 (3 yr)
-/72
-/44
70 (3 yr)/65 (5 yr) 46 (3 yr)/34 (5 yr)
90/61
90/80
23 (2 yr)
97/61
87/31
100/80
75/40

OS: Overall survival; RFS: Recurrence-free survival.

96 patients undergoing LLR for CRLM(median tumour
size 3.0 cm), and described a R0 resection rate of 94%,
and 5-year overall survival of 46%, comparable to large
open resection series. As most CRLM would have received hepatotoxic pre-operative chemotherapy, a specific
concern with LLR in CRLM was intra-operative bleeding
(due to liver parenchymal fragility) and post-operative
liver failure and compromised liver regeneration after a
partial hepatectomy as shown by Sturesson et al[55] Zhou
et al[14] pooled analysis of the 6 studies of LLRs for colorectal metastasis showed that hospital stay was shorter in
the laparoscopic group(P < 0.001), once again with lower
blood loss and no greater incidence of post-operative liver failure, despite significant heterogeneity in the analysis
cohort. In fact recently synchronous resections of primary colorectal tumour and liver metastasis by laparoscopic
approach has been reported[56] (Table 2).
LLR for hepatocellular carcinoma: When resection for
HCC is discussed, an important aspect is the state of the
liver, as clearly, incidence of HCC is vastly increased among
cirrhotics. However LLR in cirrhotics is discussed elsewhere
and emphasis here is placed on analysis of studies comparing LLR to OLR for HCC in terms of survival. Most
of them support the use of LLR with no significant differences in 5-year overall survival (61% vs 62%) or diseasefree survival (31% vs 29%) between the LLR and OLR
groups[51]. Similarly Nguyen et al[3] showed, 5-year overall (OS)
and disease-free survival(DFS) rates after LLR for HCC to
be 50%-75% and 31%-38.2%, respectively. One situation
where LLR might be of advantage is when the possibility
of salvage transplant after resection exists as post-operative
adhesions are clearly reduced after a laparoscopic procedure
when compared to open[57]. In the presence of portal hy-
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pertension, adhesiolysis is not just tiresome, but can cause
significant haemorrhage and morbidity[58] (Table 3).
LLR in patients with cirrhosis: Given the incidence of
HCC in patients with cirrhosis, clearly a large proportion
of patients who come for liver resection will be cirrhotic.
Buell et al[2] had by 2008 performed about 500 hand-assisted LLR, of which 31 were in the presence of cirrhosis.
These resections included 18 segmentectomies, 6 bisegmentectomies, 4 left lateral segmentectomies, 2 left lobectomies, and 1 central hepatic resection. No right hemihepatectomies were attempted in cirrhotics[4]. On review
of more recent series that deal with HCC only, the percentage of cirrhotic resections would be expected to be
higher, and in reality ranges between 45% and 100%[49,59].
Hence the outcome of LLR in these selected patients is
important to note. There are several reasons for LLR to
be complicated by cirrhosis: (1) the stiff liver is difficult
to manipulate; (2) presence of portal hypertension; (3)
underlying clinical or sub-clinical coagulopathy which is
often not easy to control accurately; (4) deep tumours or
lesions might be hard to palpate when compared to normal pliable livers; (5) pneumoperitoneum with its impact
on portal flow, might have a unpredictable influence on
post-operative liver function; (6) a fibrotic liver is likely to
increase overall bleeding as the stiff, deranged architecture
does not allow vessels to collapse/constrict when injured
as they might in normal tissue; and (7) last but not least,
patients with chronic liver disease are less likely to tolerate
complications when compared to patients with no liver
disease and indeed need a greater future liver remnant.
However a review of the literature however shows that
LLR in cirrhotics is indeed safe and feasible[12,60-63].
In fact these studies uncovers several important find-
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Method

Pure laparoscopy LLS
Pure laparoscopy LLS
Lap assisted Right
hepatectomy
Lap assisted Right
hepatectomy
Lap assisted Right
hepatectomy
Hybrid Lap Assisted
(Both Lobes)
Hybrid Lap Assisted
(Left lobe)
Lap Assisted and Single
Port Lap Assisted

n

60
20( LADH)
40( SPLADH)

31 (LLS-17, LL-14)

15 (6-RL, 9-LL)

33

7

16
11
20

278 ± 72.25(SPLADH)
383.55 ± 41.73(LADH)

510 ± 90

456

265 ± 48 vs 316 ± 61`

-

320 ± 67 vs 244 ± 55
330 ± 68 vs 306 ± 29
-

Operative time (min)

Blood Loss (mL)

450 ± 316.43 (SPLADH)
873 ± 653.01 (LADH)

353 ± 396

NA

417 ± 217 vs 550 ± 305

-

18.7 ± 44.2 vs 199.2 ± 185.4
396 ± 72 vs 464 ± 78
-

0.25 ± 0.81 (SPLADH)
1.25 ± 2.05 (LADH)

-

NA

-

-

NIL
NIL
-

Transfusion

4/60

NIL

-

-

-

1/16
-

Conversion

Donor Morbidity

12/60

6.70%

6.60%

21.3% vs 21.3%

-

18.7% vs 35.7% (NS)
0/11 vs 1/11
-

Hospital stay (d)

-

10.3 ± 3.3

-

4.3 vs 3.9

7.5 ± 2.3 vs 8.1 ± 3.0 (NS)
6.9 ± 0.3 vs 9.8 ± 0.9
-
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Open donor hepatectomy(ODH) in live donors substantially affects quality of life, with the patients often developing wound related issues and symptoms such as infection,
pain, and deformity[65,66]. A recent report of donor morbidities in Japan showed that the incidence of donor surgery-related morbidities was 8.4% in total, and the leading morbidity was bile leak (2.6%), followed by wound infection (1.2%)[67]. As discussed in the sections above, over 150 publications have shown the safety and efficacy of LLR and collectively nearly 3000 LLR have been performed for benign and malignant tumors with a reported peri-operative mortality of 0.3% and morbidity of 10.5%[2,3]. This combined
expertise has led surgeons to consider applying these techniques to a living donor setting with the hope of improving the ‘donor experience’ and the first laparoscopic left lateral donor hepatectomy(DH) was reported by Cherqui et al[68] in 2002, throwing open the most controversial topic in LLR. Given the limited worldwide experience in minimal
assess (MA) donor hepatectomies (MADH) to date, we reviewed both hybrid/hand assisted laparoscopic DH (HALDH) techniques as well as the pure laparoscopic approach
(LDH) (Table 4).

MILR IN HEALTHY LIVING DONORS, FOR IMPLANTATION

Conclusion: Therefore in our opinion, in addition to benign liver disease, LLR is clearly safe in malignancy and achieves equivalent outcomes in terms of resection margins and
tumour recurrence compared to OLR with similar benefits as detailed several times above. Incidences of port site or peritoneal recurrences appear insignificant. Despite the
technical difficulties posed by cirrhosis for LLR, post-operative outcomes in cirrhotic patients after LLR appear to be better than after OLR, presumably due to less frequent
liver decompensation which might be related to less venous collaterals being divided, and reduced inflammatory response after LLR. Hepatotoxic pre-operative chemotherapy
did not seem to worsen outcomes in the CRLM cohort. Amongst HCC patients who have undergone resection, fewer adhesions (seen after LLR) in the eventuality of a salvage
transplant seems attractive.

ings that suggests that LLR is better than OLR in these patients in term of reduced post-operative ascites, electrolyte disturbances, operating time and blood loss apart from the
other more routine benefits of laparoscopy[60]. Clearly, outcomes are also related to severity of liver disease and hence we reviewed LLR series that dealt with Child’s B/C patients. Morise et al[63] in 2011 showed that even in this unwell cohort of patients (with ICG retention > 40% at 15 min), LLR outcomes were favourable, as did Hosokawa et al[64].

Choi et al[91]

Marubashi et al[89]

Eguchi et al[79]

Baker et al[78]

Wakabayashi et al[83]

Soubrane et al[69]
Kim et al[70]
Koffron et al[16]

Ref.

Table 4 Some of the larger laparoscopic donor hepatectomy series wherein operative time, transfusion, blood loss, and hospital stay are discussed
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Laparoscopic left lateral segmentectomy
Up until recently all the pure LDH were Laparoscopic
left lateral segmentectomy (LapLLS), mainly by two
groups, the French (Cherqui D, Sourbane O, etc.) and
Korean (Lee SG, Kim KH, etc.) who between them performed about 25 LDH. With no mortality in either series,
comparable morbidity and quicker recovery times, they
separately concluded that this is a feasible and reproducible procedure in selected centres[68-71]. First described in
1996, left lateral sectionectomy (LLS) is one of the most
anatomic resections in liver surgery and hence benefits
from the most standardized laparoscopic surgical approach[1,37].Understandably it is clearly associated with a
lower rate of complications and mortality than other donor hepatectomies[16,27,33,69,72-76]. The results are on par with
the open procedure with acceptable outcomes. Several
studies have shown its advantage over traditional open
surgery in reducing the physical and emotional stress experienced by patients[70,77,78].
Surgical technique for left lateral sectionectomy for
donation: Usually performed with the patient in supine
and 30° anti-Trendelenburg position, and the surgeon
standing between the patient’s legs (French position), utilising 4 ports [one 5 mm-irrigation and aspiration; one 10
mm-harmonic scalpel (Ultracision; Ethicon Endosurgery,
Cincinnati OH, United States) or surgical aspirator CUSA
Excel (Integra Life Science Ltd., IDA Business and Technology Park, Ireland); and two 12 mm - 30° optical device, linear stapler). Carbon dioxide pneumoperitoneum
is kept at about 10 mmHg to reduce the risk of CO2 gas
embolism.
The left lobe of liver is mobilised, hilar dissection
done and the left hepatic artery and the left portal vein
dissected and looped. The portal venous branches to the
caudate lobe are dissected, clipped and divided. The liver
parenchyma is divided on the right side of the round and
falciform ligaments with a harmonic scalpel and an Ultrasonic dissector without vascular clamping. As in open
resections, the central venous pressure (CVP) is kept as
low as possible, to decrease blood loss from the divided
parenchyma. Unfortunately, due to 10-12 mmHg pressure pneumoperitoneum, CVP readings are not reliable
during LLR and hence readings prior to insufflation and
large visual fluctuations of the venacava with respiration
movements serve as useful surrogate estimates of filling
pressures. Bleeding during transection is controlled with
bipolar electrocoagulation and clips. We divided pedicles
to segment 4 during transection using a linear stapler
(EndoGIA, Tyco, United States). When the dissection
reached the hilar plate, the left biliary duct is cut with a
curved sharp scissors in a straight line transversely, and
the proximal end is closed with a running suture (PDS
5/0). Once the transaction is complete, a Gelport laparoscopic system (Applied Medical, Rancho Santa Margarita,
CA, United States) is inserted to allow hand extraction of
the graft through a Pfannestiel incision. Then before inflow occlusion 5000 U of heparin is given intravenously.
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With double Hem-o-lock clips (Weck Surgicals, Teleflex,
United States) on both the hepatic arteries (Endo TA,
30 mm; Autosuture, United States) and on the left portal
vein, the EndoGIA (45 mm) was used to secure and cut
the left hepatic vein. The graft is retrieved through the
Pfannestiel incision and perfused with cold University
of Wisconsin Solution in the standard manner. Once retrieved, the Pfannenstiel incision is closed, pneumoperitoneum re-established and hemostasis secured. The cut
surface is visualised for any bile leaks and if found, suture
ligated before removing ports under vision. Many laparoscopic centres including ours do not place abdominal
drains after left lateral resection.
Hand/hybrid assisted laparoscopic donor hepatectomy surgery: In addition to the LDH experience, between
2006 and 2013 there have been several reports on hand/
hybrid assisted laparoscopic donor hepatectomy surgery
(HALDH)[16,71,78-83]. Hand assisted or Hybrid technique refers to the placement of an additional hand port through
a 10-12 cm incision, through which the surgeon manipulates the liver for mobilization, parenchymal transection
and control of bleeding. The devices commonly used are
a Gelport (Applied Medical, Rancho Santa Margarita, CA)
which is placed through a 6-8 cm incision. The incision
can be sited at different locations based on the lobe being harvested (26-29). Right lobe HALDH is advocated
by some groups in order to reduce donor morbidity and
faster recovery.
Of the authors of 3 of the larger series Baker, Wakabyashi and Koffron have performed collectively, approximately, 60 right hepatectomies via HALDH. None have
reported mortality, and overall morbidity was comparable
to the open approach, with the added advantage of faster
recovery and reduced blood loss[16,78,83]. Although the
purists feel hand ports remove the advantage of MILR
surgery, these reports confirm better recovery, shorter
stay even in this group of patients when compared to the
open cohort[71,80-82]. Moreover on analysing papers that
combine data on both pure LDH and HALDH, there
appears to be an advantage in utilising these procedure
sequentially, to safely ease one through the laparoscopic
learning curve, working towards a pure laparoscopic
approach[16]. On a contentious note, some authors feel
that given the need for the graft to be removed without
damage, pure LDH for a large right lobe can only have
a limited benefit. According to Ha et al[71], a 10-cm-long
incision is needed to deliver a small-sized right liver graft
of 500 g, and a 700 g graft requires an incision of up to
12 cm. Owing to this inevitable limit of the skin incision,
they go as far as to say that a totally laparoscopic approach is not suitable when harvesting right liver grafts in
contrast to small grafts which can be delivered through a
transverse supra-pubic incision.
Nevertheless, we note in the current issue of the
American Journal of Transplantation, three articles that
describe pure LDH approach to left and right lobe
grafts[84-86]. These 3 groups separately, successfully com-
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pleted 7 pure LDH (1 right DH) between them with one
graft failure, due to an intra-hepatic abscess. Clearly the
expertise required was carefully gained over several years
as all of these centres have considerable experience in
both LLR and liver transplantation. In our opinion clearly
these landmark papers answer the first “Can we do it?”
question. However when assessing MADH, the second
question of ‘‘should we do it?’’ is more difficult to answer
and two concerns take precedence, one graft outcomes
(considering the ‘‘specimen’’ is expected to function normally after extraction and implantation) and perhaps more
importantly, donor safety (considering that DH is peculiar
in that healthy humans are exposed to the risk of death).
Graft outcomes: Based on a report by Thenappan et
al[87] in 2011, early graft function is at least as good if not
better in grafts procured through the MADH approach.
Thenappan et al[87] compared 15 MA to 15 open donor
hepatectomies with regards to peak bilirubin, AST and
INR levels, up to 90 d after transplant and found no significant differences except a minor increase in INR on
day 7 in the MA group versus the open group. In fact a
trend towards a decrease in biliary and vascular complications was noted (NS), with a one year graft and patient
survival of 100% in the MADH group. One could speculate that the closer, magnified vision possible with the
laparoscope that enabled better intra-operative detection
of bile leaks accounted for the decrease in biliary complication rate. The inevitable increase in warm ischemia time
(WIT) was thought to be a potential issue with MADH.
However Soubrane et al[69] counter-intuitively showed no
significant difference in WIT, but more significantly, no
appreciable difference in graft function with the laparoscopic approach. However in this 2006 French paper, of
the 16 recipients(All LLS) in the LLR group, there were
2 hepatic artery thrombosis (HAT) and one portal vein
thrombosis compared to one each among the 14 open
donor hepatectomies (overall rate of HAT in group-3
/30 patients, which is higher than most published reports). With small numbers and short follow-up it is difficult to draw conclusions from this data, and neither have
the authors volunteered a possible explanation for this
high thrombosis rate.
Donor safety: The second concern of donor safety is
more difficult to address given the limited experience.
A recent worldwide survey of ODH revealed that the
donor mortality rate was 0.20% (23/11553), with 19 of
these 23 deaths related to the actual procedure[88]. In addition, potentially life-threatening near-miss events were
reported, with an incidence of not less than 1.1%. Clearly
whilst considering MADH, we must not underestimate
such ‘‘near-miss’’ events that are unlikely during open
hepatectomy, e.g., trocar injury. Of the several original
articles on MADH to date, none have reported mortality, and overall morbidity was said to be comparable to
the open approach, with the added advantage of faster
recovery and reduced blood loss[16,69,70,78,83]. However in
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the Marubashi et al[89] study evaluating the efficacy of
HALDH in 31 donors (17 left lateral donation and 14left
lobes), short term outcomes were compared with historical open hepatectomy groups when despite lack of mortality, there were two major morbidities in laparoscopic
group, one a diaphragmatic injury and the other, an injury
to the right hepatic vein requiring conversion for control.
Nonetheless, all donors made early recovery, and assessment by SF36-v2 questionnaire revealed early recovery
of all components. As seen with the advent of donor nephrectomy, given the results of more experienced centres,
despite occasional mishaps, one might expect numbers to
build as time passes, leading to such procedures becoming standard operations. But despite the results discussed
above, concerns about technical management of sudden
blood loss during liver transaction, length of graft vessels
available for implantation (especially extra-hepatic length
of the hepatic vein) appear potential issues to the uninitiated. It is reassuring that none of these reports have
detected post-operative venous outflow issues during
follow-up.
Special issues in MADH-donor selection, liver regeneration: Given the peculiarities of LDH, it makes
sense to have at least loose criteria to try and select the
perfect candidates for the MADH approach apart from
the type of resection. In our opinion, in addition to
the safety criteria that is currently in use for the open
approach (age between 18-45 years, medically fit etc.),
graft steatosis less than 10% (to allow better toleration
of portal flow disturbances), estimated graft weight less
than 700 g, and conventional hepatic, portal and biliary
anatomy, appear at least for the time being reasonable
criteria. Avoidance of donors with IRHV and abnormal
anatomy allows standardisation of the procedure and
reduces operating time. In terms of donor body mass
index (BMI) most programmes have a upper limit of 27
or 30 to qualify for donation surgery. However in contrast to the open approach, in those unusual donors in
whom despite a high BMI (> 30), liver steatosis appears
< 10%, the LDH route appears particularly suited. Interestingly, liver regeneration is a crucial aspect in returning
living donors to their pre-morbid state. Although this
phenomenon has not been completely studied or understood, there is some evidence that regeneration after
MADH is better when compared to the open technique
[86% vs 73% regeneration at 3 mo (P = 0.03)][78]. Many
prior studies have established a diminished acute-phase
stress response and improved immune system function
after laparoscopic surgery including 1 study in an animal
model of liver resection[90]. Clearly this is a significant
potential advantage that needs further study in a randomized manner.

CONCLUSION
In conclusion LDH is still a controversial indication for
LLR and must be “self-restricted” to centres performing at
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least 2 such procedures a month. Laparoscopic left lateral
sectionectomy has been well validated and has been reproduced by many centres. Laparoscopic assisted or pure
left lobe hepatectomy is attractive too in order to reduce
the wound related morbidity and enable faster recovery.
Pure laparoscopy for right lobe donation needs to be
more carefully evaluated in larger series with post-operative outcome data showing its safety and clear benefits
before it can be recommended (especially as the incision
required to safely deliver a large graft, might negate the
benefits).
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Abstract
Biliary lithiasis is an endemic condition in both Western
and Eastern countries, in some studies affecting 20% of
the general population. In up to 20% of cases, gallbladder stones are associated with common bile duct stones
(CBDS), which are asymptomatic in up to one half of
cases. Despite the wide variety of examinations and
techniques available nowadays, two main open issues
remain without a clear answer: how to cost-effectively
diagnose CBDS and, when they are finally found, how
to deal with them. CBDS diagnosis and management
has radically changed over the last 30 years, following
the dramatic diffusion of imaging, including endoscopic
ultrasound (EUS) and magnetic resonance cholangiography (MRC), endoscopy and laparoscopy. Since accuracy, invasiveness, potential therapeutic use and costeffectiveness of imaging techniques used to identify
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CBDS increase together in a parallel way, the concept
of “risk of carrying CBDS” has become pivotal to identifying the most appropriate management of a specific
patient in order to avoid the risk of “under-studying” by
poor diagnostic work up or “over-studying” by excessively invasive examinations. The risk of carrying CBDS
is deduced by symptoms, liver/pancreas serology and
ultrasound. “Low risk” patients do not require further
examination before laparoscopic cholecystectomy. Two
main “philosophical approaches” face each other for
patients with an “intermediate to high risk” of carrying
CBDS: on one hand, the “laparoscopy-first” approach,
which mainly relies on intraoperative cholangiography
for diagnosis and laparoscopic common bile duct exploration for treatment, and, on the other hand, the
“endoscopy-first” attitude, variously referring to MRC,
EUS and/or endoscopic retrograde cholangiography for
diagnosis and endoscopic sphincterotomy for management. Concerning CBDS diagnosis, intraoperative cholangiography, EUS and MRC are reported to have similar
results. Regarding management, the recent literature
seems to show better short and long term outcome of
surgery in terms of retained stones and need for further procedures. Nevertheless, open surgery is invasive,
whereas the laparoscopic common bile duct clearance
is time consuming, technically demanding and involves
dedicated instruments. Thus, although no consensus
has been achieved and CBDS management seems
more conditioned by the availability of instrumentation,
personnel and skills than cost-effectiveness, endoscopic
treatment is largely preferred worldwide.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Common bile duct stones (CBDS) are not
infrequent in patients with gallstones and should be
treated. The concept of “risk of carrying CBDS”, based
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on symptoms, liver serology and ultrasound, is pivotal to identify the appropriate management. While
“low risk” patients do not require further examination,
“intermediate to high risk” patients may be offered intraoperative cholangiography (IOC) and laparoscopic
choledochus exploration, or may be referred to magnetic resonance cholangiography (MRC), endoscopic
ultrasound (EUS), endoscopic retrograde cholangiopancreatography and sphincterotomy. Whereas the results
of IOC, MRC and EUS are similar in identifying CBDS,
surgery seems superior to endoscopic sphincterotomy
in choledochus clearance, although this latter is preferred worldwide.
Costi R, Gnocchi A, Di Mario F, Sarli L. Diagnosis and management of choledocholithiasis in the golden age of imaging, endoscopy and laparoscopy. World J Gastroenterol 2014;
20(37): 13382-13401 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13382.htm DOI: http://dx.doi.
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INTRODUCTION
The prevalence of gallbladder lithiasis is roughly 20.5
million (6.3 million men and 14.2 million women) in the
United States[1], whereas in Europe it is reported to vary
between 5.9% and 21.9% of the general population[2].
Eleven to 21% of patients with cholelithiasis also have
concomitant common bile duct stones (CBDS) at the
time of surgery[3-5].
The vast majority of CBDS form within the gallbladder and then migrate into the common bile duct (CBD),
following gallbladder contractions. Once in the CBD,
stones may reach the duodenum following the bile flow;
otherwise, also owing to the smaller diameter of the distal
CBD at the Vater papilla, they may remain in the choledochus. In this latter case, gallstones may be fluctuant, thus
remaining mostly asymptomatic, or cause a variety of
bile flow problems, including complete obstruction and
jaundice. Bilostasis may be responsible for bile infection
and consequent ascending cholangitis, whereas bile/ pancreatic juice flow problems at the merging of the CBD
and the main pancreatic duct (Wirsung) are presumed to
potentially trigger the intrapancreatic activation of pancreatic enzymes, thus causing acute biliary pancreatitis[6].
Thus, the clinical presentation of choledocholithiasis may
vary widely, as CBDS may be asymptomatic (up to half
of cases[7]), or associated with various symptoms and
conditions, ranging from colicky pain to potentially lifethreatening complications, such as ascending cholangitis
or acute pancreatitis (see below).
CBDS diagnosis and management have radically
changed over the last 30 years. Since the early eighties, the
dramatic diffusion of endoscopic techniques, namely endoscopic retrograde cholangiography (ERC), has changed
the approach to patients affected by cholelithiasis, thus
potentially carrying CBDS. Until then, a first evaluation
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was made by clinical symptoms, preoperative ultrasound
(US), liver laboratory examinations and systematic preoperative intravenous cholangiography[8], which had replaced
oral cholecystography[9]; later, intravenous cholangiograpy
became a pre-ERC examination aimed at defining CBDS
risk[10,11], and is nowadays replaced by magnetic resonance
cholangiography (MRC), endoscopic ultrasound (EUS)
and ERC[12-14].
During the 1990s, the diffusion of laparoscopy
changed biliary lithiasis management even more radically,
by introducing laparoscopic cholecystectomy[15-17], intraoperative cholangiography[18,19] and, when needed, laparoscopic CBD exploration[20-22]. Concomitantly, other techniques were proposed for CBDS management, including
lithotripsy[23-25].
During the 2000s, a critical appraisal of management
options[26-28] and the diffusion of new diagnostic examinations led to a more cautious, patient-tailored preoperative
workup, based on patient risk of carrying CBDS[3,29,30],
and management, based on the perception that CBDS
may be treated in a multidisciplinary way[31-33]. Moreover,
the categorical diktat to treat any patient with CBDS
stones (even asymptomatic), which was still incorporated
in international guidelines at least until the late nineties[34], is nowadays challenged by a more conservative
attitude, according to the belief that in over one third of
cases CBDS will finally pass through without complications[31,35,36]. Interestingly, the 2006 European Society for
Endoscopic Surgery (EAES) guideline update justified an
expectant attitude in elderly patients[37], whereas, in 2008,
the British Society of Gastroenterology guidelines[38] recommended that whenever patients have symptoms and
investigations suggest ductal stones, extraction should be
performed when possible (on the strength of supporting
evidence grade Ⅲ; recommendation grade B). In 2011,
the American Society for Gastrointestinal Endoscopy
(ASGE) guidelines[39] incorporated those recommendations with a “low quality of evidence”.
Such considerations gain importance for asymptomatic CBDS, which represent up to roughly one half of
cases[7] and where aggressive procedures may appear
unjustified[40]. Asymptomatic CBDS are actually the most
challenging situation, since patients risk being “understudied” by poor diagnostic work up or “over-studied” by
excessively invasive examinations. Similarly, they can be
under- or over-treated by inappropriate procedures. Two
main open issues remain without a clear answer: how to
cost-effectively diagnose CBDS and, eventually, how to
deal with them. In this light, the concept of “risk of carrying CBDS” is pivotal to identifying the most appropriate algorithm of management of a specific patient[29,41-44].
Two main “philosophical approaches” face each other
nowadays, at least for patients with an intermediate to
high risk of carrying CBDS: on one hand, the “laparoscopy-first” approach, which mainly relies on intraoperative
cholangiography and laparoscopic CBD exploration, and,
on the other hand, the “endoscopy-first” attitude, variously referring to MRC or EUS for diagnosis and ERC fol-
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Preoperative
Symptoms (colicky pain, jaundice, cholangitis, pancreatitis)

(less invasive)

Serology (liver/pancreas enzymes)
Non endoscopic

US (CBD stones, CBD > 6 mm)

First line

MRC
CT (including CT cholangiography, helical CT)

Endoscopic US (EUS)
Endoscopic
(more invasive)

EUS-guided ERC

ERC

Intraductal US

ERC-associated techniques

Cholangioscopy

Intraoperative
IOC
Laparoscopic US

Figure 1 Clinical symptoms, serology and imaging options for the diagnosis of common bile duct stones. US: Ultrasounds; MRC: Magnetic resonance cholangiography; CT: Computerized tomography; ERC: Endoscopic retrograde cholangiography; IOC: Intraoperative cholangiography; CBD: Common bile duct.

lowed by endoscopic sphincterotomy for CBD clearance.
As no consensus has been achieved, CBDS management
seems more conditioned by availability of instrumentation, personnel and skills than cost-effectiveness.
Here we propose a review of the most widely diffused approaches to CBDS diagnosis (Figure 1) and management (Figure 2).

contraindicate the systematic, pre-cholecystectomy use
of imaging techniques other than transabdominal US as
first-line imaging, and ERC as second-line examination,
unless a clear indication is given by jaundice, cholangitis
or high risk of synchronous CBDS[29,38] (Table 1).
Here we propose a review of the most widely diffused
techniques used to ascertain the presence of CBDS.

DIAGNOSIS

PREOPERATIVE EXAMINATIONS

Diagnostic tools are reported as summarized in Figure 1
in a chronological order (1) Preoperative; and (2) Intraoperative, from the least to the most invasive.
In order to understand why there is still no consensus
concerning CBDS diagnosis and so many examinations
have been and are continuing to be proposed, the following statements should be considered: The prevalence
of gallbladder stones in the general population is up to
20%[2]; of these patients, up to 20% have synchronous
CBDS[5]; CBDS are asymptomatic in up to half of these
latter cases[7]. These data mean that up to 2% of the general population may have unknown CBDS during their
life-span; CBDS may cause potentially life-threatening
complications, such as acute cholangitis or acute pancreatitis, and therefore should be diagnosed and treated[29,34,37-39]; Accuracy, invasiveness, potential therapeutic
use and costs of the most common imaging techniques
used to identify CBDS increase together in a parallel way:
they are minimal for transabdominal US and maximum
for ERC, where the counterpart of intrinsic therapeutic
implications (endoscopic sphincterotomy) are non-negligible morbidity/mortality[14,26]; These latter considerations

Non-endoscopic examinations
Symptoms: Characteristically, the symptom complex of
choledocholithiasis consists of right upper abdominal
colicky pain, radiating to the right shoulder with intermittent jaundice accompanied by pale stools and dark
urine[45], whereas cutaneous itching is rarely present[46]. In
contrast with patients with neoplastic obstruction of the
CBD or ampulla of Vater, the gallbladder is usually not
distended (Courvoisier’s law)[45]. Scholastically, Charcot’s
triad[47] (jaundice associated to biliary colic pain and sepsis
- hyperpyrexia and chills), indicates acute cholangitis; as
choledocholithiasis is the most frequent aetiology of such
a clinical picture, it should prompt immediate diagnostic
confirmation and CBD drainage[38]. Acute pancreatitis,
showing with transversal abdominal pain potentially irradiated to the back and associated to an increase of serum
level of amylase/lipase, in the presence of gallstones,
is a priori considered as being of biliary origin. Hepatic
abscess(es) may also be a rarer infectious complication
of CBDS whereas chronic CBD obstruction may also
cause biliary cirrhosis[38]. All the reported clinical pictures
should lead us to focus on the right upper quadrant in
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Endoscopy

Management of synchronous
gallbladder and CBD stones

Two steps
ERC

CBD clearance by endoscopic PST
and/or Oddi sphincter dilation

One step

ERC followed by LC
LC followed by ERC

“Rendez-vous” technique
(synchronous ERC & LC)

Surgery
Laparoscopy

laparoscopic CBD clearance
by trans-cystic/trans-CBD access

Open surgery

CBD clearance by PST through duodenotomy

One step

One step

bilio-digestive anastomosis

Lithotripsy
Endoscopic mechanical
Extracorporeal shock-wave

Two steps

Electrohydraulic
Laser

Figure 2 Management options for common bile duct stones. CBD: Common bile duct; ERC: Endoscopic retrograde cholangiography; LC: Laparoscopic cholecystectomy; PST: Papillosphincterotomy.

Table 1 Common bile duct stones diagnosis and management: Current evidence
Biliary lithiasis affects 10% to 20% of general population and is associated with CBDS in up to 20% of cases
Clinical symptoms, liver/pancreas serology and transabdominal ultrasounds may define the “risk of carrying CBDS”, and identify:
“Low risk” patients, to be directly referred to laparoscopic cholecystectomy
“Intermediate risk” patients, needing intraoperative cholangiography, endoscopic ultrasounds or magnetic resonance cholangiography before
laparoscopic cholecystectomy
“High risk” patients requiring endoscopic retrograde cholangiography
CBDS may be managed by endoscopic sphincterotomy or surgery (laparoscopic or open). This latter has seemingly slightly better results, counterbalanced by invasiveness (open surgery) or the need of specific instrumentation and advanced laparoscopic skills (laparoscopic surgery). Lithotripsy may
help endoscopic CBDS retrieval or may be performed extra-corporeally in selected, unfit patients
CBDS management will be more and more multidisciplinary and tailored not only on a specific patient but also on the available resources of a specific
environment to have the best possible management
CBDS: Common bile duct stones.

order to identify biliary lithiasis as possible aetiology.
Serology: Traditionally, an alteration of the so-called
cholestasis indexes (direct bilirubin, gamma-glutamiltranspherase, alkaline phosphatase)[44,48] was considered
as potentially due to CBDS. Indeed, also liver cytolysis
indexes were also found to be associated to unknown
CBDS[3,44,49]. Nowadays, although total bilirubin is considered the main laboratory index related to the risk of
synchronous CBDS (“very strong predictor”)[29] and its
ensuing management, all liver biochemical tests other
than bilirubin deserve a careful evaluation (“moderate
predictors”)[29].
Transabdominal US: Transabdominal US represents
the first line, non-expensive, non-invasive imaging examination available in virtually any environment[29,50,51], per-
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formed for any sign/symptom/condition possibly referring to liver disease. The small distance of the gallbladder
from the abdominal wall and the absence of interposed
gas make transabdominal US the ideal examination to
study gallbladder morphology and to ascertain the presence of gallstones, where sensitivity of US is 96%[52].
Unfortunately, US accuracy in detecting CBDS drops
to less than 50%[52,53], since CBDS often do not show
acoustic shadowing or are located in the distal part of the
CBD, where they are often obscured by gas[53]. In those
cases, CBDS diagnosis often relies on indirect signs of
CBD obstruction, such as CBD dilation. The definition
of CBD dilation is also a matter of discussion, as suggested “normal limits” vary widely, ranging from 5 to
11 mm[7,54,55], partly because CBD diameter may increase
with age and after cholecystectomy. The accuracy of US
in visualizing the gallbladder and its content may allow
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scan[29,63] and CT cholangiography[46,62], have increased
its accuracy. CT-cholangiography, performed after the
administration of iodinated contrast agent excreted into
the bile, has shown a sensitivity (88%-92% vs 88%-96%)
and specificity (75%-92% vs 75%-100%) comparable to
MRC[46,62]. New generation 64-detector CT at the portal
venous phase is reported to have a 72%-78% sensitivity
and a 96% specificity in identifying CBDS[63]. Very recently, 64-sliced CT was reported not to detect CBDS in
17% of cases, stone size < 5 mm, color black/brown and
patient’s age being related to non-detectability at multivariate analysis[64]. Although the intrinsic higher “invasiveness” of CT compared to MRC makes the latter preferable nowadays, the extreme availability and diffusion of
CT scan may possibly lead to its rediscovery in this field.

Predictors of choledocholithiasis
“Very strong”
CBD stone on transabdominal US
Clinical ascending cholangitis
Bilirubin > 4 mg/dL
“Strong”
Dilated CBD on US (> 6 mm with gallbladder in situ )
Bilirubin level 1.8-4 mg/dL
“Moderate”
Abnormal liver biochemical test other than bilirubin
Age older than 55 years
Clinical gallstone pancreatitis
Assigning a likelihood of choledocholithiasis based on clinical predictors
Presence of any very strong predictor		

High

Presence of both strong predictors		

High

No predictors present			

Low

All other patients				

Intermediate

Figure 3 The American Society for Gastrointestinal Endoscopy estimation of risk of carrying common bile duct stones in patients with symptomatic cholelithiasis based on clinical predictors [39]. US: Ultrasounds;
CBD: Common bile duct. With the permission of the journal Gastrointestinal
Endoscopy.

us to identify another indirect sign of increased CBDS
risk: the number and size of gallbladder stones[51,56]. As
multiple, small-sized gallstones are more likely to migrate
into the CBD[43,57], this US finding should be considered
during CBD assessment.
Scoring systems and algorithms: The above mentioned “first-line” diagnostic criteria have been variously
associated to identify patients at high risk of carrying CB
DS[3,43,44,48,49,58,59]. Although they mostly showed the statistical significance of clinical, laboratory and US findings,
nevertheless, the extreme variability of proposed models
and the doubtful results of some studies[60] have limited
the use of scoring systems and algorithms.
Although none of those scoring systems have ever
really entered clinical practice on a large scale, they[41,42,48]
have somewhat paved the way to recent guidelines[29],
which have identified three classes of risk of CBDS
based on symptoms, liver serology and transabdominal
US. The risk of carrying CBDS is defined as low where
no other examination is needed, intermediate where
preoperative EUS/MRC or laparoscopic intraoperative
colangiography (IOC)/US is requested, and high where
patients should be directly referred to preoperative ERC
(and possibly ES). The proposed algorithm based on the
predictors listed in Figure 3 and is reported in Figure 4.
CT scan: CT scan is a “second line examination” for
many abdominal diseases/conditions, partly owing to
patients’ exposure to X-rays and higher costs compared
to US. Traditionally considered more accurate than
trasparietal US in identifying CBDS[61] but still inferior
to MRC[62], recent advances, such as the “helical” CT
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MRC: MRC is considered nowadays to be the most accurate non-invasive (non-endoscopic) procedure for
the detection of CBDS, with 85%-92% sensitivity and
93%-97% specificity in large series[12,65,66]. A recent metaanalysis showed that the aggregated sensitivities of EUS
and MRC were 93% and 85% respectively, whereas their
specificities were 96% and 93% respectively, with no
significant differences[12]. Regardless of overall effectiveness, it should be pointed out that MRC is a non-invasive
technique, which may allow for providing a higher spatial
resolution than EUS, but is probably less sensitive than
EUS for detecting CBD stones smaller than 6 mm[66].
Other drawbacks of MRC are its suboptimal availability
in non-tertiary care centers, and non-therapeutic purpose
of the technique, which involves a further procedure to
eventually treat CBDS. The impossibility of its use in
specific situations (morbid obesity or claustrophobic patients, the presence of metal foreign body/device) is also
a specific issue of this technique.
Endoscopic examinations
All endoscopic procedures share the pros and cons of
peroral endoscopy. Although endoscopically reaching the
second duodenum is widely considered to be an easy task
for average endoscopists in average patients, some conditions can make this manoeuvre a difficult one. In some
cases, the papilla major is difficult to identify and to cannulate, resulting in a challenging situation for the endoscopist (and dangerous for the patient), as it is for example
when it is placed in a duodenal diverticulum[67]. Previous
surgical procedures on the stomach, such as Roux-en-Y
gastric by-pass[68] or gastrectomy with duodenal stump
closure and Billroth II reconstruction[69], are another frequent cause of ERC failure and complications[70]. In particular, endoscopically reaching the second duodenum is
difficult after a Roux-en-Y reconstruction, but also after
an “Ω”-shaped anastomosis. In those cases, both CBDS
diagnosis and management have to be carried out surgically (open surgery or laparoscopy).
ERC: After having been widely used for CBDS diagnosis
in the late eighties/nineties, with a 75%-93% sensitiv-
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Symptomatic patient
with cholelithiasis

Likeihood of CBD stone based
on predictors (Figure 3)

Low

Intermediate

Laparoscopic
Cholecystectomy

OR*

High

Pre-operative
ERCP

No cholangiography

Negative

Laparoscopic
cholecystectomy

Laparoscopic
IOC or
laparoscopic
ultrasound

Pre-operative
EUS or
MRCP

If positive,
or if unavailable

Positive
*Depending on costs and local expertise
OR*

Laparoscopic
common
bile duct
exploration

Postoperative
ERCP

Figure 4 The American Society for Gastrointestinal Endoscopy algorithm for the management of patients with symptomatic cholelithiasis based on
the degree of probability for choledocholithiasis[39]. CBD: Common bile duct; IOC: Intraoperative cholangiography; EUS: Endoscopic ultrasounds; MRCP:
Magnetic resonance cholangiopancreatographygraphy; ERCP: Endoscopic retrograde cholangiopancreatography. With the permission of the journal Gastrointestinal Endoscopy.

ity and 100% specificity[14,71,72], ERC is nowadays being
progressively abandoned as a diagnostic tool for patients
with moderate to intermediate risk of carrying CBDS, as
most cholangiograms result as being normal[73] and ERC
is not cost-effective[74]. Compared to EUS and MRC, accuracy of ERC is suboptimal, being reduced in the case
of CBD dilation and small CBDS[14]. Moreover, ERC not
only involves X-ray exposure and the intrinsic invasiveness of endoscopy, but it also has non-negligible procedure-related morbidity/mortality[26,75-77], with a 2%-11%
acute pancreatitis rate[13,14,78]. Moreover, once ERC is performed, endoscopic sphincterotomy is frequently associated regardless of CBDS presence, both for the risk of a
post-ERC ascending cholangitis and for the possible false
negatives of ERC itself. Such a practice of performing
endoscopic sphincterotomy systematically after ERC is
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obviously a good argument against a supposed lesser invasiveness of diagnostic ERC compared with “operative”
ERC. Thus, while ERC remains indicated for patients
with a high risk of presenting synchronous CBDS, MRC,
EUS or IOC are nowadays preferred for intermediate
risk cases[29].
EUS and EUS-guided ERC: EUS is increasingly performed worldwide as a diagnostic tool, often as the first
step of a potential double-technique procedure (EUS
and ERC/ES)[13,14]. On the basis of the scientific evidence of no statistically significant difference in sensitivity (93% vs 85%) and specificity (96% vs 93%) between
EUS and MRC[12], ASGE guidelines[29] have proposed
MRC or EUS in patients at intermediate risk of CBDS.
Nevertheless, the two techniques have particular pros and
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cons. Although EUS optimizes the low impact of US
associated with the potential therapeutic option of ERC
(namely ES), it involves endoscopy under sedation/anesthesia, thus being intrinsically more invasive than MRC.
Compared to ERC, EUS has shown the same specificity
and higher sensitivity (91% vs 75%), mostly due to cases
with CBDS smaller than 4 mm or dilated CBD, where
ERC presented some false positives[14]. Moreover, EUS
has very limited (2%-8%), low degree morbidity, with a
virtually 0 post-procedure acute pancreatitis[13,14,79]; thus, it
may enable us to avoid ERC-related morbidity/mortality
whenever unnecessary, as it is in 2/3 of cases[80], without
increasing the risk of further endoscopic procedures in
patients with an intermediate risk of carrying CBDS[13,14].
The (moderately) invasive nature of EUS, and the need
for an endoscopic theatre, including instrumentation, personnel and expertise, make this option optimal whenever
the risk of having CBDS is high enough to allow patients
to potentially take advantage of contextual EUS/ERC/
ES. In the latter case, EUS and ERC done in a single session proved to be safe, with no increase in sedation- or
procedure-related complications, nor need for further endoscopic procedures[14,81], whereas postponing treatment
for symptomatic CBD stones exposes the patient to biliary complications, especially cholangitis[12]. Ideally, future
guidelines should take into account the specific pros and
cons of MRC and EUS, thus defining subgroups of patients as being candidates for one procedure or the other.
ERC-associated intra-, extra-ductal US and cholangioscopy: During the 2000s, high-frequency (12.30 MHz)
intraductal US was proposed for a further increase of
ERC accuracy[72,78]. As the procedure is wire-guided, the
cannulation rate of papilla major is reported to be virtually 100%[72] and sensitivity 97%-100%[72,78]. In particular,
intraductal US is reported to have a 100% sensitivity in
identifying non-radio-opaque stones, which may pass undiagnosed by traditional imaging[78]. Intraductal US is also
reported to identify 100% of CBDS undetected at ERC[82]
and 24%-40% of post-ERC/ES residual stones[82,83], thus
allowing for definitive CBD clearance, by saline solution
irrigation[83], and reduced CBDS recurrence[83].
Recently, extraductal endoscopic ultrasonography has
been reported to have the same sensitivity as traditional
EUS (90% vs 92%); since it can be performed with a traditional duodenoscope using miniprobes, it presents the
advantage that, if therapeutic intervention becomes necessary, there is no need to change the scope[84].
Endoscopic cholangioscopy has also been reported
to potentially increase the accuracy of ERC by detecting
undiagnosed residual CBDS in 23% of ERC-negative cases[85]. State-of-the-art, ultra-slim choledochoscopes allow
for magnification of intraductal imaging, differential diagnosis and stone management by basket/balloon retrieval
or lithotripsy[85,86]. Although promising, these latter technologies still have a limited role in CBDS management,
partly because of the need for costly instrumentation and
adequate training of teams, and the uncertain clinical rel-
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evance of undiagnosed residual CBDS after ES.

INTRAOPERATIVE EXAMINATIONS
All the intraoperative techniques aimed at identifying
CBDS share advantages and drawbacks: on one hand,
they avoid any preoperative procedure, thus potentially
reducing hospitalizations, hospital stay and costs; on the
other hand, they inevitably reduce the therapeutic options
whenever CBDS are finally identified at surgery, since
any preoperative procedure is obviously not possible
anymore. The remaining options include laparoscopic
CBD clearance[22,75], synchronous ERC[87,88] or postoperative ERC[31,75]. The first two options involve specific,
dedicated instrumentation and surgical/endoscopic skills,
and the third one has the main drawback that, whenever
ERC fails (previous gastrectomy,..), a third procedure is
finally needed to treat CBDS[32]. It should be noted that
this latter procedure, in most environments, is an “oldfashioned” CBD exploration by laparotomy (and duodenotomy or biliodigestive anastomosis), which de facto
cancels any effort to treat CBDS mini-invasively. Similarly, intraoperative techniques present the common issue
of what to do whenever they are not possible or not conclusive, putting the surgeon in a challenging situation to
decide whether to explore the CBD (laparoscopically or
by open approach).
IOC
First reported in general surgery in the 1930s[89] and introduced in the laparoscopy armamentarium in the early
nineties[18], IOC is still under debate regarding its costeffectiveness when performed systematically or in a
selected population[27,30]. IOC substantially relies on low
cost laparoscopic instruments and the availability of a
mobile roentgenography, and does not require advanced
laparoscopic skills. Considering that it is reported to have
a 59%-100% sensitivity and a 93%-100% specificity for
CBDS[19], its cost-effectiveness is a strong argument in favour of its systematic use. In contrast, a recent systematic
review of IOC did not show any benefit of performing
IOC routinely[90], somewhat supporting ASGE Guidelines[29] indicating IOC for patients at intermediate risk of
carrying CBDS, to eventually treat laparoscopically[22,27]
or to refer for postoperative ERC[30]. Moreover, IOC
involves the cannulation of the cystic duct to inject the
CBD, which may become a difficult task in the case of intense inflammation/scarring (acute or chronic cholecystitis...), or anatomy variations, such as a short cystic duct or
serrated Heister’s valves. As well as failure, such difficulties may favour specific complications of this technique,
such as CBD perforation and biliary leakage, increased
rates of post-surgical procedures and overall complications[91]. If we add that, whenever IOC shows CBDS,
patients eventually referred to postoperative ERC and ES
may possibly be exposed to the risk of a third surgical
procedure for CBD clearance if ERC is unsuccessful, the
greatest advantage of IOC is seemingly within a totally
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laparoscopic management of CBDS.
Laparoscopic US
Laparoscopic US (LUS)[28,92], whose rationale is that the
effectiveness of US is maximal when the probe is placed
nearer to the CBD, represents the most recent tool to
diagnose CBDS intraoperatively. The latter technique
is obviously less invasive than IOC, although specific
instrumentation and ultrasonographic skills are needed.
In expert hands, LUS is reported to have a sensitivity of
92%-95%, and a specificity of 99%-100% for detecting
CBDS[28,92,93]. In specialized environments, LUS has become the primary routine imaging method for evaluating
the bile duct during laparoscopic cholecystectomy, thus
relegating IOC to being performed in only 4%-23% of
cases[28,92], whenever LUS imaging is inadequate, stronger
clinical indicators of choledocholithiasis are present, or
biliary anatomy remains uncertain[92]. Moreover, LUS
success rate is higher than that of IOC (95%-99% vs
92%-97%)[19,92,93] and operative times are shorter (5-8 min
vs 15-16 min)[19,93]. Furthermore, LUS does not subject
the patient to the risk of bile duct injury, and it may be
performed for pregnant patients because it involves no
ionizing radiation[92]. Finally, the only equipment required
for the study is the ultrasound machine and probe, making routine LUS significantly cheaper (less 46%) than
routine IOC[94]. The main limitations of LUS are the
learning curve associated with its initial usage[92,94] and
the inability of LUS to identify bile duct anatomy in
some cases, where surgeons should preferably have a low
threshold for performing IOC[92]. For all these reasons,
LUS has not yet become popular worldwide and, even if
it finally does, IOC will probably not be abandoned, as it
provides some additional information in difficult cases.

MANAGEMENT
CBDS management consists of CBD clearance and may
be accomplished by surgery (traditional and laparoscopic), endoscopy and lithotripsy[87,95-97]. Since, in most cases,
CBDS are due to gallstone migration from the gallbladder which is still in situ, there is also a formal indication
for cholecystectomy. Such a frequent eventuality may
be dealt with in several ways, as a one-step or two-stepprocedure, variously associating the above reported techniques and laparoscopic cholecystectomy.
A recent extensive literature review[98] of 16 published
randomized trials comparing the results of cholecystocholedochal management by open surgery, laparoscopy
and various endoscopic-laparoscopic protocols, did not
show any significant differences concerning overall mortality and morbidity, ranging from 0%-3% and 13%-20%,
respectively. Nevertheless, the cumulative rate of retained
stones was significantly lower after open surgery (6%)
than after two-step protocols (including laparoscopic
cholecystectomy and ERC + endoscopic sphincterotomy
regardless of the sequence of procedures - 16%). Laparoscopic treatment was also associated to a lower rate of
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retained CBDS than post-cholecystectomy endoscopic
management (ERC + ES) (9% vs 25%). Moreover, laparoscopic management resulted as being associated to
shorter hospital stay and reduced in-hospital charges than
sequential two-step management in some studies[96,99,100].
Although the analysis of recent literature seems to be
in favour of a large-scale diffusion of one-stage laparoscopic management of cholecystocholedochal lithiasis,
as witnessed by the encouragement to surgeons to train
in laparoscopic CBD clearance by the British Society of
Gastroenterology guidelines[38], nevertheless, in common
practice, only 20%-21% of American surgeons regularly
perform laparoscopic CBD exploration[100,101], and 75%
consider preoperative ERC as the preferred approach[101].
The reasons for such a limited diffusion of laparoscopic
CBD exploration are the necessary learning curve for a
not-so-frequent procedure, the non-reproducibility of referral centers’ results in elective patients[40], long operative
times and lack of equipment[101].
Endoscopic procedures
ERC + ES: First introduced in 1974[102], ERC followed by
endoscopic sphincterotomy has become the most widely
used method for imaging and treating CBD stones[103,104].
The technique consists of the endoscopic identification
of the papilla major (Vater papilla), its cannulation in
order to perform ERC and endoscopic sphincterotomy
followed by CBDS extraction by Dormia Basket or balloon. Endoscopic sphincterotomy success rate is reported
to exceed 90%[22,87,88,105,106]. Although regarded widely as a
safe procedure, large series have recently shown 5%-9.8%
morbidity and 0.3% to 2.3% mortality[26,75-77,106,107], mostly
due to postoperative acute pancreatitis, bleeding and perforation; the latter, reported in 0.3%-1% of cases, carries
a mortality rate of 16%-18%[77,106,108,109].
Timing for ERC is also a matter of debate, as ERC
may be performed before, after, or even during cholecystectomy, according to the so-called “rendez-vous
technique”.
Preoperative ERC[44,87,88,96] presents the drawback of
needing a second surgical procedure to treat gallstones
(cholecystectomy), but has the great advantage of allowing for a “strategy update” before surgery: if endoscopic
sphincterotomy is successful, cholecystectomy will complete the mini-invasive management of cholecysto-choledochal lithiasis; if it is not, the “second step” will be a
surgical procedure aimed at managing both gallstones and
CBDS, which, in most environments, will be performed
by laparotomy. The other major issue of this approach
is patient selection to undergo ERC, since the systematic
use of ERC is no longer acceptable in patients who are
candidates for cholecystectomy (see above).
Performing ERC after cholecystectomy [22,31,75,110] is
also a “two step management” of cholecysto-choledochal
lithiasis, and has the great advantage of performing ERC
in virtually only those cases really needing CBD clearance, thus reducing to a minimum any possible ERCrelated complications and costs. Unfortunately, the main
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drawback of postoperative ERC is the need for a third
surgical procedure whenever postoperative ERC fails.
The rendez-vous technique[87,88,111,112] avoids some of
the critical issues of other techniques, since it involves
CBDS diagnosis and the synchronous management of
both gallstones and CBDS during the same procedure
(“one step”), although it needs the systematic availability
of dedicated instrumentation and a second team to perform intraoperative ERC whenever IOC/laparoscopic
US shows CBDS.
Endoscopic papillary balloon dilatation: Endoscopic
papillary balloon dilatation (EPBD) was first introduced
with the purpose of extracting CBDS minimizing the
damage to the sphincter of Oddi[113]. Several studies have
shown that EPBD alone or in combination with small
sphincterotomy and lithotripsy can be used for the management of difficult biliary stones[114-118]. The rationale of
performing a minimal sphincterotomy before proceeding with EPBD is that it can provide a larger opening
and prevent perforation and bleeding, thus making this
technique especially attractive in patients who are at risk
of bleeding or in those with altered anatomy in whom
a full sphincterotomy cannot be achieved. After minimal sphincterotomy, a guidewire is inserted into the bile
duct and a balloon catheter is guided over the wire. The
balloon is inflated until it reaches a diameter of 15-20
mm. Endoscopic papillary dilation is performed slowly
(approximately 1 min of balloon dilation time)[119]. The
results of a Japanese multicentric trial with a mean follow
up of 6.7 years demonstrated that there is a lower risk
of stone recurrence following EPBD when compared
with ES[120]. Nevertheless, despite its premises of lower
invasiveness, a recent meta-analysis[121] including 15 randomized trials comparing endoscopic sphincterotomy
and EPBD showed this latter to be associated to a lower
rate of stone removal (RR= 0.90), a more frequent need
for mechanical lithotripsy (RR = 1.34), and a higher risk
of pancreatitis (RR = 1.96). Somewhat confirming its not
so low invasiveness, more recently EPBD has been associated with higher morbidity and severe complications
than sphincterotomy, including acute pancreatitis and
perforation[115]. The rate of these complications can be
reduced by strict patient selection, avoidance of forced
procedures, optimal dilation duration and immediate
conversion to an alternative procedure if any difficulty
is encountered during EPBD[115]. Conversely, EPBD is
associated with reduced risk of bleeding and early/long
term infections, thus making this option especially indicated in older patients, those who are at risk of infection
and those who are affected by coagulopathy[122].
Surgical procedures
Open surgery: Until the late 1980s, gallstones were
treated by open cholecystectomy and CBDS were managed by open CBD exploration and clearance, which was
performed by duodenotomy and sphincterotomy or bilioenteric anastomosis[45,123].
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Although open surgery is regarded nowadays as the
last resource or obsolete therapy of CBDS, recent literature seems to show its superiority to ERC in achieving
CBDS clearance[96,98], without increasing morbidity/mortality (20% vs 19% and 1% vs 3% for open surgery and
ERC, respectively)[98]. An emerging issue regarding CBDS
management and biliary surgery in general is that, while
the treatment of gallstones is mostly performed miniinvasively by laparoscopy and/or endoscopy, open biliary
surgery is performed increasingly less outside centers specialized in hepato-bilio-pancreatic surgery. Such a trend
towards the “super-specialization” of surgeons, in accordance with centralization policies theoretically aimed
to improve the quality of surgery and to reduce its costs,
raises new issues regarding the most appropriate management of those patients, whose number is small but
not negligible, presenting with complex cases or needing
conversion/revision by open approach, with potentially
disastrous consequences. The answer we will give to such
a dilemma will definitely have an impact on the education
of next generation’s general surgeons.
Laparoscopy: Since 1991[21], CBD exploration may be
performed laparoscopically. After Calot’s triangle dissection, laparoscopic IOC and/or US are used in order to
identify CBDS. Whenever CBDS are found, clearance is
usually attempted by “water flush” by means of an irrigator. The latter procedure may be performed through the
cystic duct, if it is adequately large, or through vertical
choledochotomy. If this latter manoeuvre fails, choledochotomy may also allow for the introduction of a choledochoscope and CBDS retrieval by Dormia basket.
Laparoscopic CBD management, in expert hands,
is reported to be at least as effective as ERC in clearing
the CBD[22,75,98]. After clearance, in most cases choledochotomy is sutured without the need for any drainage (Ttube-Kehr -drain), whereas the latter may be required if
the CBD is inflamed[32,124-126]. Finally, although the operating time is definitely longer than that needed to carry out
a simple laparoscopic cholecystectomy, both gallbladder
and CBDS are treated during the same intervention, thus
avoiding a second hospitalization and procedure[22,96,100].
Conversely, laparoscopic exploration has particular
drawbacks, which limit its diffusion outside specialized
environments. CBD exploration/clearance needs costly
instruments and adequate surgical skills. The feasibility of
laparoscopic CBD exploration depends on several variables, including tissue status (inflammation, adhesions...),
patient anatomy (length/size/insertion of cystic duct,
size of CBD) and number/size/location of CBDS. Recently, our group proposed a “laparoscopy first” attitude
in managing CBDS, involving a systematic laparoscopic
exploration before deciding whether to proceed with
CBD exploration or just cholecystectomy, in the latter
case postponing CBDS management to postoperative
ERC[32].
Some small series/case reports showed the feasibility
of choledocho-jejunal anastomosis by laparoscopy for
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CBDS[127,128]. Nevertheless, the difficulty of the procedure, requiring very experienced surgeons, and the long
operating time (300-358 min)[127,128] make this technique
a late option of CBDS management in very specialized
environments.
Emerging mini-invasive surgical techniques: Recent
advances in minimally invasive surgery, including single
incision laparoscopy (SILS), natural orifice translumenal
endoscopic surgery (NOTES), and robotics, to some extent show the possible future of biliary lithiasis management, although lesser dexterity on the part of surgeons,
the need for dedicated devices/advanced skills and the
intrinsically technical difficulty of CBD exploration limit
the diffusion of these approaches to cholecystectomy at
the moment.
Although SILS cholecystectomy has been increasingly
reported[129-133], interestingly, very little information is reported regarding patient selection and CBD status. IOC
has not been attempted systematically (5%-93%)[129-133],
probably partly because of the difficult triangulation
through the single access. When attempted, IOC had a
success rate of 88%-93%[129,132,133]. Moreover, when IOC
finally showed CBDS, only two of the relevant papers
reported the accomplishment of laparoscopic CBD
clearance[129,133]; of these, only Yeo[133] reports a single
port CBD clearance (1 of 5 cases with CBDS), whereas
Hawasli[129] “converted” the procedure to traditional laparoscopy. SILS is presently reserved for specially selected,
non-obese patients undergoing cholecystectomy[133].
NOTES has also been used for cholecystectomy,
in 92%-97% of cases with a transvaginal access and in
3%-8% of cases with a transgastric one[134,135]. Interestingly, neither CBD preoperative work up nor IOC are
reported in most articles[134-136], whereas others considered the need for an intraoperative diagnosis as being an
exclusion criteria for NOTES[137,138]. In the only series
reporting the IOC technique, significantly only 33 out of
83 of eligible patients (40%) underwent transvaginal cholecystectomy[138], 13 transvaginal IOC and 3 laparoscopic
CBD clearance requiring one additional 12-mm port[138].
NOTES cholecystectomy is performed in non-complicated cases in non-obese patients, who are almost exclusively women, since it is mostly performed transvaginally.
First proposed for cholecystectomy in 1994[139], robotics may theoretically offer both the advantages of miniinvasive approach and the dexterity of open surgery,
which should be useful in particular during demanding
procedures such as CBD exploration. Nevertheless, few
papers report any manoeuvre/procedure to diagnose/
treat CBDS. First described in 2004[140], small series of
robotic laparoscopic exploration of CBD have recently
been reported[141,142], showing a longer mean operating
time (220 min vs 169 min) and a shorter median hospital
stay (4 d vs 11 d) compared to open surgery[142]. These
procedures involve the placing of five or more trocars.
This technique may currently be considered at best an
option for CBDS refractory to ERC[142] in order to avoid
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open surgery or percutaneous drainage in very specialized
environments.
Single port robotics[143,144] intuitively present all the advantages of SILS and robotics. Unfortunately, switching
from cholecystectomy to IOC (and potentially to CBD
exploration) is not such an easy task to accomplish, owing to the difficult triangulation and the need to change
instruments[144]. Single port robotic IOC involves another
incision[143] and longer operating times[143,144], whereas
CBD exploration has not yet been described by single
port robotics.
Although papers reporting CBDS management by
robotic choledocho-jejunostomy are extremely sporadic[145,146], the increasing evidence of an improved dexterity
of the robotic hepatobiliary surgeon[147] seems to indicate
a possible future management of complex cases.
Lithotripsy
First introduced in 1982[148], lithotripsy represents the
theoretically ideal management of CBDS, as it may enable the clearing of the CBD without any interruption
of the CBD wall or sphincterotomy. Although lithotripsy
may technically fragmentize gallbladder stones too, it
cannot be considered a radical treatment of synchronous
cholecysto-choledochal lithiasis, as gallstone aetiology is
considered as being due to lithogenic bile in the gallbladder (and therefore gallstones are destined to recur after
lithotripsy). Moreover, since fragmentized gallstones are
smaller, they may be supposed to have a higher risk of
migration into the CBD, with choledocho-lithiasis recurrence. However, lithotripsy presents the advantage of
being a one time (or few times) management of CBDS.
For all these considerations, lithotripsy does not allow for
avoiding cholecystectomy, thus becoming a very attractive option whenever cholecystectomy has already been
performed or is not indicated. Reported to be performed
in several ways (mechanical, electrohydraulic, laser, and
extracorporeal shock wave)[23-25,149], lithotripsy also presents the drawback of needing dedicated instrumentation
and skilled personnel, which are not always available, thus
limiting its diffusion worldwide.
Endoscopic mechanical lithotripsy: endoscopic mechanical lithotripsy is usually performed after endoscopic
sphincterotomy for CBDS that cannot be removed
through a Dormia basket or balloon catheter. Introduced
through the same scope utilized for ERC, lithotriptors
consist of a large hard-wire basket with an additional
metal spiral sheath, which is advanced over the basket into
the CBD. When in position, the metal basket is opened to
capture the stones and pulled back to the external hardduct of the lithotriptor and lithotripsy is performed. The
so-called “out of the scope” technique, where the endoscope is removed to introduce the Soehendra lithotriptor
and crush the stones blindly[150,151], has been progressively
replaced by the “through the scope” technique, where
the lithotriptor is inserted in the endoscope itself and the
whole procedure is performed under vision, reaching a
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CBD clearance in 80%-90% of cases[149,151-153].
Conditions associated to failure of lithotripsy are
CBDS size exceeding 3 cm[154], since stones could not be
captured, and stone impaction in the CBD[155]. Basket
impaction or rupture of the basket traction wire are complications unique to mechanical lithotripsy[24,156]. Some patients cannot tolerate the prolonged lithotripsy operating
time, thus, the procedure has to be conducted in several
sessions[154,155], and general anaesthesia is recommended
in selected cases[157]. According to several authors, a stent
should be placed for bile drainage if the CBD stones
could not be removed in the first session of mechanical
lithotripsy[158-160].
Endoscopic electrohydraulic lithotripsy: Endoscopic
electrohydraulic lithotripsy, using a “baby-mother” scope
system[161,162], may also be used for difficult CBDS. The
mother scope has a large operating channel to accommodate the baby scope carrying the 4.5 Fr calibre probe with
an electrohydraulic shock wave generator set at an output
of 2000 V, generating high-frequency hydraulic pressure
waves. Because these shock waves can also destroy normal tissues, it is important that the probe is placed close
to the stone. The CBDS removal rate ranges from 74%
to 98%[161,162]. However, this procedure needs costly and
fragile endoscopes[97] as well as the excellent coordination of two very experienced endoscopists. The latter
problem has been potentially solved by the introduction
of the so-called SpyGlass system[163,164], where the same
endoscopist controls both duodenoscope and cholangioscope (SpyScope). After ES, the SpyScope is introduced
through the therapeutic duodenoscope into the biliary
tree, where electrohydraulic lithotripsy can be used via a
3-Fr electrohydraulic lithotripsy probe.
Endoscopic laser lithotripsy: Since the mid-nineties,
laser-induced shock wave lithotripsy has been used in
shattering huge stones under fluoroscopic visualization,
which was reqested, because of the risk of heat-induced
biliary perforation[165]. Nowadays, single-operator steerable cholangioscopy (SpyGlass) allows the safer use of
laser lithotripsy under direct vision[166,167]. A 93%-97%
removal rate of the bile duct stones has been reported,
with mild complications in 4%-13% of cases [167-169].
Among the several types of laser lithotriptors developed,
the holmium laser (holmium:yttrium aluminum garnet
or Ho:YAG) is the newest one, but its use is still limited,
also owing to the need for costly equipment[119]. Recent
laser lithotriptors combine the advantages of dye and
solid-state lasers at a reasonably low price[166], thus potentially allowing for a future progressive diffusion of laser
lithotripsy worldwide[166,167].
Following the encouraging results of laser lithotripsy by
endoscopy, laser lithotripsy has recently been proposed during laparoscopy[170], open surgery[171], or percutaneously[172].
Extracorporeal shock-wave lithotripsy: External
shock wave using extracorporeal shock wave lithotripsy
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(ESWL) is also used for difficult CBDS under ultrasound
control or fluoroscopic guidance, after nasobiliary tube
placement for contrast instillation [97,173]. In the case of
first generation lithotriptors, the patient needed to be
immersed in a water bath, whereas modern lithotriptors
employ water-filled compressible bags. General anaesthesia is usually needed as the discomfort produced may
not be adequately controlled by conscious sedation. The
critical determining factors for success of ESWL are
stone size/structure[174] and CBD diameter[175]. ESWL has
particular contraindications, such as portal thrombosis
and varices of the umbilical plexus, and may be associated with adverse events such as transient biliary colic,
subcutaneous ecchymosis, cardiac arrhythmia, self-limited
haemobilia, cholangitis, ileus, pancreatitis[176,177], and, more
rarely, biliary obstruction, bowel perforation, lung injury
and splenic rupture[174]. Multiple ESWL sessions may be
required. The recurrence rate of CBD stones during a 1
to 2 year follow up is around 14%[178]. In a randomized
trial comparing fluoroscopy-guided ESWL and laser lithotripsy, the latter is preferable for a successful stone free
rate (97% vs 73%)[173]. Therefore, ESWL is at present not
considered as being the first line treatment of difficult
bile duct stones[97].

PARTICULAR SITUATIONS
Concomitant complication
Acute cholecystitis: Whether acute cholecystitis is associated with CBDS is a matter of debate, as some authors
have found CBDS in 9.1%-16.5% of patients presenting with acute cholecystitis (vs 6.6%-7.7% of those with
uncomplicated lithiasis[179,180]), while others did not[181]; we
ourselves found acute cholecystitis to be related to the
absence of CBDS, thus entering in our score system[44].
Diagnosis of CBDS may be difficult in the presence
of acute cholecystitis, where various alterations in liver
serology and hyperpyrexia may be observed, thus possibly
‘‘hiding’’ CBDS. Moreover, since the effectiveness of US
and CT is suboptimal in diagnosing CBDS, they can pass
undiagnosed. Recently, the systematic use of MRC has
been proposed for the diagnosis of acute cholecystitis,
coexistent choledocholithiasis, and possible complications
such as gangrene and perforation in patients with inconclusive clinical, laboratory, and sonographic findings[182,183].
Since acute cholecystitis may include a wide variety of
clinical pictures, ranging from asymptomatic cases presenting merely the doubling of the gallbladder wall at US, to
those with abdominal pain/tenderness suitable for conservative treatment, or with life-threatening conditions needing emergency surgery, the management of synchronous
acute cholecystitis and CBDS should be tailored considering gallbladder status and the patient’s general conditions.
In general, the presence of acute cholecystitis may increase
the difficulty of dissecting Calot’s triangle by laparoscopy,
as well as of cannulating the cystic duct to perform IOC
or proceed with CBD laparoscopic exploration. Therefore, CBDS associated with acute cholecystitis are gener-
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ally considered an indication for ERC[184], as confirmed
by a recent survey of 859,747 patients who underwent
emergency and/or urgent laparoscopic cholecystectomy
and where IOC was performed in only 29% of cases and
CBD exploration in no more than 1%[185]. Nevertheless,
the laparoscopic management of acute cholecystitis and
CBDS is feasible, with an acceptable 12% conversion rate
and 29% morbidity[186]. As we have already mentioned[32],
a laparoscopy-first attitude, intraoperatively evaluating
the real feasibility of laparoscopic CBD exploration,
may allow for CBD clearance in roughly 2/3 of cases,
thus reducing the number of postoperative ERCs to a
minimum, without excessively long/risky procedures and
inopportune conversions.
Acute cholangitis: Biliary decompression is considered
as being the primary treatment of gallstone-related acute
cholangitis. As acute cholangitis may have various clinical presentations, elective biliary decompression may be
planned by endoscopy or laparoscopy in mild to moderate disease, whereas emergency endoscopic sphincterotomy has to be performed in the case of severe sepsis
not responding to antibiotic therapy[29,38]. Any surgical
treatment in these patients is associated with higher mortality than for endoscopy and therefore should be avoided[187,188]. Given the potentially life-threatening condition,
significantly, even if ERC does not show any CBDS,
there is a formal indication for endoscopic sphincterotomy followed by balloon or basket trawl of the CBD[38].
Acute pancreatitis: The management of biliary acute
pancreatitis has evolved over the last 30 years. Following
the results of randomized studies[189,190], the United Kingdom guidelines for the management of acute pancreatitis
advocated urgent therapeutic ERC in every patient with
acute pancreatitis by suspected gallstone etiology[191]. With
the advent of EUS and MRC[192], this management policy
has been modified, according to the principle that every
effort should be made to identify biliary obstruction
before resorting to ERC[193]. Lastly, the American Gastroenterological Association Institute guidelines on acute
pancreatitis recommend that early ERC is not indicated
in patients with predicted severe pancreatitis without
concomitant cholangitis or high suspicion of CBDS[194].
Elderly, poor conditions and anticoagulant/antiaggregant
therapy
The aging population of Western countries together with
the increasingly less invasive nature of CBDS management is rekindling the debate concerning the most appropriate treatment not only after the age of 65 (elderly) but
also after the age of 80 (very elderly), where procedurerelated complications may become severe or fatal.
Although the small size and retrospective nature
of the studies do not confer a clear evidence, no clear
benefit of any technique has been shown over another
in this class of patients. ERC and endoscopic sphincterotomy are proposed for CBDS retrieval in the very
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elderly[157,195-197]. Because elderly patients often receive
anticoagulant/antiplatelet agents for underlying heart and
cerebrovascular diseases, the risk of bleeding after endoscopic sphincterotomy is higher in these patients[77,198] and
the ASGE guideline has recommended discontinuing anticoagulant agents before ES[199]. Moreover, patients who
are old[200] and/or have haemostasis problems (such as
cirrhosis)[201] have been recommended for management
by endoscopic balloon dilation instead of ERC, with
similar results to those of younger patients (apart from
a higher number of endoscopic sessions)[200]. In very old
patients and those with serious co-morbidities, where
other endoscopic or surgical procedures may confer unacceptably high risks, endoscopic biliary stenting is a useful alternative[202].
Similarly to sequential treatment (ERC followed by
delayed laparoscopic cholecystectomy)[203], the rendezvous technique has shown longer operating times and
hospital stays in octogenarians compared to younger
patients[112], whereas the two approaches did not show
significant differences from each other among the octogenarian population[112]. In general, although results of
mini-invasive CBDS management in the very elderly patients are seemingly worse than in younger patients, they
mostly consist of longer operating times and hospital
stays; since clinical impact and morbidity are seemingly
lower than those of traditional surgery, age should not
contraindicate per se CBDS management.
Biliary stent placement is a possible alternative in elderly patients[158,204], but is likely to put the patients at risk
for cholangitis as a result of stent clogging. To avoid this
adverse event, a periodic (e.g., every 3 mo) exchange of
biliary stents is needed, which makes this option far less
attractive whenever any other technique is feasible.
An emerging dilemma is whether to proceed with
cholecystectomy after successful CBD clearance in
patients of 80 years old or older, where laparoscopic
cholecystectomy may be presumed to be associated to
increased morbidity/mortality. Indeed, a review[203] reporting the results of laparoscopic cholecystectomy in
the very elderly showed a cumulative mortality rate of 2%
in octogenarians, but this value dropped to virtually 0 if
patients presenting with acute cholecystitis and/or concomitant severe disease were excluded, to some extent
suggesting not postponing elective laparoscopic cholecystectomy in fit octogenarians.
Technical difficulty
The wide variety of treatment options for CBDS available nowadays makes it impossible to draw up any algorithm/protocol including any possible challenging
situations for endoscopists and surgeons. Any systematic
approach to CBDS by a single technique, as has been
proposed for decades by authors having a great expertise
in only one field (endoscopy, laparoscopy, lithotripsy),
is slowly but progressively giving way to a more patienttailored approach, where the pros and cons of different
approaches are taken into account[31,33]. Obviously, the in-
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creasing availability of instruments and skills in the same
environment will allow for a diffusion of such a multidisciplinary approach to CBDS. Moreover, as already
pointed out, it is nowadays suggested that asymptomatic
CBDS should be managed more conservatively, as some
will pass through the papilla within a few weeks of cholecystectomy[31,35]. Thus, following this more multidisciplinary and cautious policy, an unsuccessful laparoscopic
CBD exploration, for example, is increasingly often considered an indication not for conversion to open surgery
and transduodenal CBD clearance or biliodigestive anastomosis, but rather for a postoperative conservative or
mini-invasive approach by ERC[32], based on the assumption that a difficult laparoscopic CBD clearance does not
necessarily mean a difficult endoscopic management.
Postcholecystectomy CBDS
Postcholecystectomy CBDS may be due to residual
CBDS misdiagnosed at surgery, as happens after up to
2% of cholecystectomies performed without cholangiogram[205], or recurrent CBDS. The latter are due to intrahepatic or intraCBD lithiasis and are therefore not treated
in this review. Other than the already described clinical
pictures, residual CBDS are the most frequent cause of
a “postcholecystectomy syndrome”, including symptoms
originally attributed to gallstones, such as abdominal pain,
nausea, vomiting, dyspepsia, and persistent biliary colic
and liver serology alterations[206].
Diagnosis of CBDS after cholecystectomy may be
difficult, as the absence of a gallbladder may lead to the
exclusion of a biliary origin of aspecific symptoms/
laboratory test alterations, thus causing a delay in diagnosis. Moreover, transabdominal US is less accurate in
postcholecystectomy patients, since the CBD diameter
may be larger because of cholecystectomy or old age of
patients[55,207,208], where the upper limit for a “normal”
CBD diameter is raised to 7.6-10 mm[207-209]. Since the
total number of patients undergoing second-line examinations for residual CBDS and finally presenting this
feature is 33%-43%[208,210], systematic ERC should result
as being unnecessary in more than half of the patients
and is therefore seemingly not indicated as a second-line
examination. Among less invasive imaging techniques,
although MRC and EUS have shown similar results in
this setting[208,210], the need for ERC in 1/3 of patients or
more should prompt us to favour EUS, possibly followed
by ERC and endoscopic sphincterotomy during the same
session, for a theoretical one-step-management of CBDS.
The absence of gallbladder and the consequent possibility to avoid surgery and general anaesthesia make
endoscopy the most attractive option for several authors[211,212]. For the same reason, lithotripsy may intuitively be useful in this setting[213], whereas open surgery
is the last option after the failure of mini-invasive approaches[214]. Although laparoscopic CBD clearance is
also possible in such a context in expert hands[215], such a
procedure is likely to result as being more difficult owing
to the sequelae of cholecystectomy (adhesions, scarring),
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thus requiring advanced laparoscopic skills.

CONCLUSION
CBDS diagnosis and management can nowadays rely
on various imaging techniques and mini-invasive treatments, including endoscopy and laparoscopy. Concerning
diagnosis, IOC, EUS and MRC have similar results and
very low morbidity and may be used indiscriminately.
There is no consensus regarding the best management of
CBDS, where surgery has seemingly slightly better results
and a lower pancreatitis rate, which are counterbalanced
by the need for specific instrumentation and advanced
laparoscopic skills. In this regard, significantly, the British Society of Gastroenterologists encourage surgeons
to train in laparoscopic CBD exploration[38] while, conversely, laparoscopic surgeons mostly prefer ERC to treat
CBDS[101]. According to recent guidelines, the management of CBDS will be increasingly tailored not only to
a specific patient but also to the available resources of a
specific environment in order to have the best possible
management. The worldwide diffusion of mini-invasive
management (by laparoscopy/endoscopy) of biliary disease goes in the opposite direction of the recent trend
of the “centralization” of open biliary surgery, which is
being performed increasingly less outside specialized centers. Such considerations raise new issues regarding the
most appropriate management of complex cases needing
conversion/exploration by an open approach, as the new
generation of laparoscopic surgeons may not be able to
deal with their own complications.
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Abstract
Since the first report on laparoscopic distal pancreatectomy (LDP) appeared in the 1990s, the procedure has
been performed increasingly frequently to treat both
benign and malignant lesions of the pancreas. Many
earlier publications have shown LDP to be a good alternative to open distal pancreatectomy for benign lesions,
although this has never been studied in a prospective,
randomized manner. The evidence for the use of LDP
to treat adenocarcinoma of the pancreas is not as well
established. The purpose of this review is to evaluate
the current evidence for LDP in cases of pancreatic
adenocarcinoma. We conducted a review of English
language publications reporting LDP results between
1990 and 2013. All studies reporting results in patients
with histologically proven pancreatic adenocarcinoma
were included. Thirty-nine publications were found and
included in the results for a total of 309 cases of pancreatic adenocarcinoma (potential double publications
were not eliminated). Most LDP procedures are performed in selected cases and generally involve smaller
tumors than open distal pancreatectomy (ODP) procedures. Some of the papers report unselected cases and
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include procedures on larger tumors. The number of
lymph nodes harvested using LDP is comparable to the
number obtained with ODP, as is the frequency of R0
resections. Current data suggest that similar short term
oncological results can be obtained using LDP as those
obtained using ODP.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Adenocarcinoma of the pancreas; Laparoscopy; Distal pancreatectomy; Surgical margins; Pancreatic resection
Core tip: There are about 300 published cases of laparoscopic distal pancreatectomy for adenocarcinoma
reported in the English literature. None of these cases
has been included in randomized prospective work and
it is doubtful that such a study will ever be conducted.
This objective of this review was to evaluate the appropriateness of laparoscopic distal pancreatectomy as
treatment for pancreatic adenocarcinoma. The results
suggest that this minimally invasive technique may be
safely applied to treat the disease in addition to the
other more established indications for the operation.
Björnsson B, Sandström P. Laparoscopic distal pancreatectomy
for adenocarcinoma of the pancreas. World J Gastroenterol 2014;
20(37): 13402-13411 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13402.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13402

BACKGROUND
In the late 80s and early 90s, laparoscopy became an
increasingly common surgery. Laparoscopic cholecystectomy, followed by adrenalectomy, splenectomy, and
appendectomy, became standard procedures[1-6]. Today,
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laparoscopic resections for colon cancer are considered
safe and oncologically equivalent to open surgery[7]. In
fact, the introduction of laparoscopy may be described as
the largest uncontrolled, unrandomized surgical trial ever
undertaken.
In cases of pancreatic malignancies, the initial use of
laparoscopy was for staging and palliative procedures[8-11].
In 1994, a study introduced the possibility of laparoscopic distal pancreatectomy (LDP) and assessed the
procedure in a porcine model; the authors concluded that
the procedure should be possible in humans[12]. In that
same year, Gagner performed a laparoscopic Whipple to
treat a patient with chronic pancreatitis[13].
Only two years later, Gagner et al[14] reported retrospectively laparoscopic distal pancreatectomy in eight
patients with presumed benign tumors (and one unclear)
as well as four enucleations. However, this was also the
first report on LDP in a patient with adenocarcinoma, as
one of the tumors was a cystadenocarcinoma. Cuschieri
et al[15] reported results of the procedure performed in
five patients to treat chronic pancreatitis, and, in the same
year, case reports further supporting this new approach
were published[15,16]. The procedure was still in its infancy
and was reserved for indications other than pancreatic
adenocarcinoma[17,18].
In 1997, the first report on laparoscopic distal pancreatectomy from the United States was published[19]. In the
same year, the first case report on the preservation of the
spleen was published[20].
The second report that included adenocarcinoma of
the pancreas reported 2 LDP procedures, one of which
was to treat adenocarcinoma[21].
Spleen preservation was further established in the
literature in 1999[22,23]. The higher rate of spleen preservation seen using LPD compared to open distal pancreatectomy (ODP) has generally been considered positive,
while resection of the splenic vessels adds to the oncological radicality of the operation and may increase the
number of lymph nodes retrieved[24].
In a series of 15 patients who underwent LDP between 1993 and 2000, two were found to have adenocarcinoma of the pancreas. However, the margin status and
lymph node number for these patients is unknown[25].
Fernández-Cruz et al[26] reported on the results of
LDP procedures used to treat chronic pancreatitis in
2002 and compared those results to those of open surgery. This small study of 5 patients suggested that LDP
was a feasible alternative for patients with this disease.
In a series of 6 attempted (5 successful) LDPs from
2002, two of the patients underwent operations for adenocarcinoma[27]. One underwent an operation with a
curative intention and was reported alive and free of tumor at the 2-year follow up. The other patient underwent
the operation as part of palliative treatment, and a liver
metastasis was removed during the same operation. For
these two patients, the number of lymph nodes resected
was reported as 19 and 6, respectively, and the margin
statuses were R0 and Rx, respectively. Although this re-
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port did not compare LDP to ODP, it was the first to
report oncological findings.
When the use of LDP was reviewed in 2003, a total
of 47 cases were found, as reported in 18 articles. In
only 3 of those cases did patients have adenocarcinomas,
and the indication for LDP was still found to be nonmalignant lesions[14,21,28]. At the same time, the indications
were evolving from generally including neuroendocrine
pancreatic tumors and pancreatitis to also including cystic
neoplasias of the pancreas[29,30].
Early results of procedures performed between 1997
and 2003 included a retrospective analysis of 12 LDP
procedures that included 4 adenocarcinomas. However, the lymph node count and margin status were not
mentioned[31]. In another report from 2004, 17 LDPs
performed between 1997 and 2002 were presented. Four
patients in that study had adenocarcinoma (3 cases were
successfully resected with LDP) and two had positive surgical margins. The margin status for the entire cohort of
patients with pancreatic lesions was 88% R0; the lymph
node count was not provided, and the median survival
was 12-13 mo[32].
In 2005, a large retrospective European multicenter
study summarized the experience of laparoscopic distal
pancreatectomy between 1995 and 2002, reporting that
out of 127 patients, only 6 had pancreatic adenocarcinomas[33]. In the same year, a report on 21 prospectively
registered patients undergoing LDP, including 3 adenocarcinomas, suggested the feasibility of LDP with a low
morbidity rate; follow up was between 2 mo and 3.8 years
and all patients were reported to be disease free[34]. All
patients had an R0 resection and a median number of 18
lymph nodes were retrieved.
In a retrospective analysis of prospectively sampled
data of 16 hand-assisted LDP procedures performed
between 2002 and 2004, two LDPs were performed
for adenocarcinomas that were either suspected or had
been confirmed by fine needle aspiration. Final pathology showed one case of chronic pancreatitis and one of
adenosquamous carcinoma. The R0 frequency was found
to be 76% (calculation based on 13 patients with neoplasia in the pancreas) and the mean number of lymph
nodes resected was 5.5[35]. In another article published in
2006, 15 cases of attempted LDP resulted in 3 conversions to ODP. These 3 surgeries were the only cases of
pancreatic adenocarcinoma in the LDP group; the lymph
node count and margin status were not described[36]. In
a report on 13 LDPs performed to treat benign or lowgrade malignant lesions, 3 adenocarcinomas were found
during final pathology testing, but the lymph node count
and surgical margins were not disclosed[37].
In 2007, a single-center analysis of 82 LDPs performed between 1998 and 2007, including 13 ductal
adenocarcinomas, was presented with 90% R0 resections
in that subgroup. Five other adenocarcinomas were included as well and all patients had R0 resections; the median survival for ductal adenocarcinoma was 14 mo[38]. In
this report, suspected and overt malignant lesions were
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operated on according to the principle of Radical Antigrade Modular PancreatoSplenectomy (RAMPS). Three
of the operations were converted to open surgery and all
included extended en block resection of other organs. In
median, 14.5 lymph nodes were resected and the median
tumor size was 5.3 cm.
In a single institution the retrospective analyses 58 of
LDPs performed during the period of 1999 to 2005 were
described. The group included 5 ductal adenocarcinomas
as well as two mucinous cystadenocarcinomas; however,
the surgical margin status or lymph node harvesting was
unfortunately not mentioned[39]. The surgical approach
was a retrograde dissection of the pancreas, and all of the
patients with malignant diagnosis, except one who died
3 mo after surgery, were reported to be alive and disease
free after a median of 26 mo follow up.
Another single institution report describes 22 LDPs,
with 2 of the patients having malignant foci in the
MCNs; both had R0 resection, but their lymph node status was not described[40].
The first multicenter experience from the United
States was reported in 2008 (data from 2002 to 2006). In
8 centers (of which 3 were defined as high volume, > 30
LDP), 159 LDPs were attempted with 20 (13%) converted to open surgery. Of those, 16 were shown to have adenocarcinoma[41]. In a retrospective, case-matched study,
LDP (n = 31) was shown to be equivalent to ODP (n =
62) with respect to complications, the operation time and
bleeding, but the hospital stay was shorter in the LDP
group. There were, however, no ductal adenocarcinomas
in the group[42].
An early 10-year report (1996 to 2006) of 46 attempted LDPs in 5 institutions reports 9 ductal adenocarcinomas (as well as 1 mucinous cystadenocarcinoma). Twelve
patients were converted to open surgery (including 4
ductal adenocarcinomas). All malignant cases completed
with LDP had negative surgical margins[43].
In a retrospective analysis of 128 patients operated on
for benign lesions of the pancreatic body or tail, in which
patients were allowed to choose either LDP or ODP, 93
patients chose LDP and 35 ODP[44]. The results were
similar, but the hospital stay was significantly shorter in
the LDP group and splenic preservation was also more
common in the LDP group.
In another article from 2008, 25 LDP and seven
hand-assisted LDP cases were reported. The mean tumor
size was 2.7 cm and 3 adenocarcinomas were included[45].
Twenty-five successful LDPs (31 attempted) that were
prospectively evaluated were described; one patient may
have had adenocarcinoma although this cannot be confirmed because other laparoscopic pancreatic procedures
were described in the article as well. However, all of the
patients with malignant diagnosis operated upon had
negative surgical margins. Lymph node numbers were not
given[46].
During the first 12-14 years after the introduction
of LDP, approximately 50 cases of adenocarcinoma of
the pancreas had emerged among the benign and low-
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Table 1 Series on laparoscopic distal pancreatectomy that
include adenocarcinoma of the pancreas and oncological
outcome n (%)
Ref.

Number
Total

Song et al[47]
359
Fernández-Cruz et al[38] 82
Marangos et al[48]
30
Taylor et al[43]
46
Melotti et al[39]
58
Asbun et al[49]
29
Edwin et al[32]
17
Dulucq et al[34]
21
Bärlehner et al[27]
5
Sa Cunha et al[46]
31
D‘Angelica et al[35]
16

AC

Lymph
nodes

34 (9)
10.31
18 (22)
14.52
28 (93)
5
10 (22)
7 (12)
13
5 (17) 14 (19)1
4 (24)
3 (14)
18
2 (40)
19/6
1 (3)
1 (6)
5.5

R0

Tumor size
(mm)

92%
90%2
93%
100%3
100%
97%
88 (50)1
100%
R0/Rx
100%5
77%

30 (26)1
53
50
354
28
42
37
40

Indicates numbers from adenocarcinoma diagnosis only; 2Indicates
numbers from ductal adenocarcinoma only (n = 13); the other 5 had
R0 resection; 3In 7 malignant cases completed with laparoscopic distal
pancreatectomy, all having R0 resection; 4 Indicates numbers from
ductal adenocarcinoma only, for 2 mucinous cystadenocarcinoma the
corresponding number is 38 mm; 5One ductal adenocarcinoma with R0
margins. AC: Adenocarcinoma of the pancreas.
1

malignant diagnoses that were considered established
indications for LDP. Unfortunately, no randomized study
has been performed on the applicability of LDP for adenocarcinoma of the pancreas. Tables 1 and 2 summarize
published series on LDP that include patients with adenocarcinoma of the pancreas.
This review was conducted to try to answer the question of whether LDP is a viable treatment option for
adenocarcinoma of the body and tail of the pancreas.

GENERAL CONSIDERATIONS
Although LDP has not been compared to open distal
pancreatectomy in a randomized prospective manner,
there is a substantial literature supporting its use for benign lesions as LDP seems to result in less bleeding, a
shorter hospital stay and reduced morbidity than ODP[47].
During the introduction of the laparoscopic technique,
cost considerations have been raised because of the additional cost of the single use of surgical material. However, when the treatment cost is summarized, LPD seems
to be at least as cost effective as OPD, mainly due to the
shorter hospital stay[48-50].
Despite this, currently only approximately 20% of
distal pancreatectomy (DP) cases in the United States are
performed laparoscopically, which makes the results presented in the literature somewhat harder to extrapolate[51].
One of the benefits of LDP shown in a number of
publications is the higher rate of spleen preservation
seen compared to ODP. There are two methods for resecting the distal pancreas without resecting the spleen.
One described by Warshaw, where the splenic vessels
are removed and the spleen is left with circulation from
the short gastric vessels and another where the splenic
vessels are dissected from the back-side of the pancreas
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Table 2 Series on laparoscopic distal pancreatectomy that
include adenocarcinoma of the pancreas but not oncological
outcome n (%)
Ref.

Number

Weber et al[50]
Mabrut et al[33]
Giulianotti et al[51]
Butturini et al[52]
Laxa et al[45]
Corcione et al[37]
Patterson et al[25]
Lebedyev et al[31]
Gagner et al[14]
Santoro et al[21]

Total

AC

219
127
46
43
32
13
15
12
8
2

16 (7)
6 (5)
8 (17)
1 (2)
3 (9)
3 (16)
2 (13)
4 (33)
1 (13)
1 (50)

Comment

Robot-assisted LDP
7 hand-assisted

AC: Adenocarcinoma of the pancreas; LDP: Laparoscopic distal
pancreatectomy.

thus leaving the spleen with its circulation intact[52]. This,
however, is not a valid argument for LDP in the setting
of adenocarcinoma of the pancreas, as the oncological
completeness of the operation is jeopardized when the
spleen is spared[24,53,54].

ONCOLOGICAL CONSIDERATIONS
As there are no large reports on the long-term oncological results from using LDP and, as the cases published
are likely to be highly selective, the oncological results
cannot be accurately assessed. Surgical margins and the
number of resected lymph nodes may serve as an approximation of the oncological outcomes. On the other
hand, it should be kept in mind that LDP has mainly
been performed for lesions that are presumed to be benign and, therefore, it is quite possible that the resections
have been less extensive for this reason.
To be able to make a meaningful comparison, it is
crucial to establish the true quality of ODP. Clean surgical margins are of paramount importance when dealing
with adenocarcinoma of the pancreas and the rate of
R0 resections with ODP is approximately 90% although
numbers as low as 77% have been reported in large studies[53-57]. The number of lymph nodes harvested also varies, but the number is typically between 9-15[53-55,57].
The first comparative analysis that includes some
oncological markers is from a prospectively registered
database where 27 completed LDPs (28 attempted) were
compared to 85 ODPs and found to be similar with regards to the operation time and complications. However,
the hospital stay was shorter and blood loss lower after
LDP. There was one case of ductal adenocarcinoma in
the LDP group[58].
In 2009, a report on 148 distal pancreatectomies
performed during the period of 2002 to 2007 showed
that 50 were attempted LDPs (6 converted to open surgery) and 98 were ODPs. The LDP group included 6
adenocarcinomas. The complication rate was similar, but
the hospital stay and blood loss was lower in the LDP
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group[59].
In a multi-institutional report on 219 LDP from 2009,
16 adenocarcinomas were found, and the study did not
find any correlation between malignancy and an increased
risk of major complications. However, the oncological
completeness of the resections was not demonstrated[60].
In a retrospective analysis of 100 LDPs compared to
matched 100 ODPs, the LDP group was found to have
less blood loss and a shorter hospital stay. There were 17
cases of pancreatic adenocarcinoma in the LDP group[61].
Seventy-one completed (95 attempted) LDPs, including
3 ductal adenocarcinoma cases, were compared to 168
ODPs and found to result in less intraoperative bleeding
and a shorter hospital stay. The number of lymph nodes
harvested was similar, and positive surgical margins were
significantly more common in the ODP group[62].
In 2010, a multicenter analysis comparing LDP to
ODP in the settings of ductal adenocarcinoma at 9 US
centers during the period of 2000 to 2008 was presented[55]. The study included a total of 212 patients operated
on for ductal adenocarcinoma of the pancreatic body or
tail. Of these, 23 (11%) were operated with LDP (4 converted to open procedure) and the remaining 189 with
ODP. The number of lymph nodes examined and number of patients with positive surgical margins did not differ in the comparison (whole material and 3:1 matched).
The hospital stay was shorter in the LDP group however.
The median survival was 16 mo in both groups.
In a material of 343 distal pancreatectomies, performed during a 7-year period (2003-2009), 107 were
attempted LDP (33 converted) and 97% of the patients
in the LDP group had negative margins; also, the number
of harvested lymph nodes was 6 compared to 5 in the
ODP group. The number of cancer cases in the LDP
group was 17, but it is not stated how many of those
cases were adenocarcinomas of the pancreas[63].
In a description of the 10 year experience of DP
for ductal adenocarcinoma of the pancreas performed
between 1999 and 2008, a total of 50 patients were operated on, but 18 were excluded from the analysis as extended resections were performed[64]. Five were operated
with LDP (starting in 2007, robot assisted). In the ODP
group (n = 27), 87% had R0 resections and the median
number of lymph nodes retrieved was 11.3 compared to
100% (median 8.2) in the LDP group. However, tumor
size was 2.4 cm in the LDP group and 3.9 cm in the
ODP; the median survival was 28 mo and did not differ
between the groups. The authors conclude that LDP can
be applied to selected patients with ductal adenocarcinoma of the distal pancreas.
Twenty-two LDP were compared to matched 22
ODP. In the LDP group there were 2 cases of malignant
cystic tumors (that may represent mucinous cystic adenocarcinoma). The median tumor size in the LDP group
was 2 cm compared to 5 cm in the ODP group. The
number of lymph nodes and surgical margin status were
omitted from the publication[65].
An interesting addition to the laparoscopic technique
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is robot-assisted laparoscopy. This was first reported for
LDP in 46 patients of whom 8 suffered from adenocarcinoma of the pancreas in 2010. Unfortunately, the
number of lymph nodes retrieved and the margin status
for this group is not mentioned in the publication; the
median survival of patients who could be followed was
15 mo[66]. In another series on 22 ODP, 18 LDP and 17
robot-assisted LDP 2 adenocarcinomas were found in the
LDP group and 11 in the ODP group. The mean lesion
size in the ODP group was 5 cm compared to 3 cm in
the LDP group. Fourteen lymph nodes were harvested in
the ODP group, and in the LDP group, the corresponding number was 11. Two patients in the ODP group had
positive margins against none in the LDP group[67].
Currently, the largest single center study of LDP is
that of the Asian Medical Center, which presented data
from 359 patients who underwent LDP between 2005
and 2010. Of those, 24 had ductal adenocarcinoma of
the pancreas (in addition, 10 other adenocarcinomas
were found), and this was the first report to clearly state
that patients were operated on in accordance with the
RAMPS procedure. The median number of lymph nodes
harvested (from patients in the adenocarcinoma subgroup) was 10.3, and 92% were R0 resections. After a
median follow-up of 10 mo, a median survival time was
not determined, but the 1 and 2 year survival rates were
reported to be 85%[68].
In 2011, a series of 29 patients who underwent LDP
in a “clockwise” manner, starting with mobilization of
the left colon flexure and continuing along the lower border of the pancreas, was published. In the 22 specimens
where lymph node count was given, the median number
of lymph nodes was 14; for the 5 patients with adenocarcinoma, the corresponding number was 19. The frequency of R0 resections for operations completed with
laparoscopy was 100%, but one patient’s procedure was
converted to hand-assisted laparoscopy, which showed a
positive surgical margin. The authors conclude that this
technique shares similarities with RAMPS, as it allows for
wide exposure of the pancreas and makes it feasible to
include the left adrenal gland in the resection if needed (as
was done in 3 of the cases presented)[69].
In a retrospective (prospectively registered) evaluation of 118 distal pancreatectomies in Toronto, 42 were
attempted laparoscopically with 5 converted to open
surgery. Hospital stay was shorter in the LDP group than
the ODP group, but pancreatic fistula was more common
in the LDP group; however, there were more grade B
and higher fistulas in the ODP group. Two patients in the
LDP group were found to have malignant masses (origin
not described)[49].
In a 1:1 case-matched study of 60 patients (who were
matched for final pathology and tumor size), hospital
stay and intraoperative bleeding were more favorable in
patients who underwent LDP when compared to ODP.
Both groups had 7 patients with adenocarcinoma and
the number of lymph nodes did not differ significantly,
although there was a trend towards fewer lymph nodes
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being harvested in the LDP group[70].
In a retrospective analysis of 51 distal pancreatectomies performed over a period of 6 years, 35 were LDP
and 16 were ODP. There were 4 adenocarcinomas in the
LDP group compared to 3 in the ODP group, and one
patient in each group had positive surgical margins. The
number of retrieved lymph nodes was not discussed[48].
The second largest single center report of LDP for
malignancy is of 21 patients with typical ductal adenocarcinomas of the pancreas as well as 7 other adenocarcinomas. The R0 frequency was 93%, but it should be noted
that the tumors were larger (median size 5 cm) than in
most other series and a significant proportion of operations included resections of organs other than the pancreas. The median number of lymph nodes investigated
was 5, and 3 year survival was 30%[71].
A report on 122 LDPs performed over 10 years and
focused on the changes between the first 66 and later 66
operations reported 18 malignancies (11 ductal adenocarcinomas) and 5 positive surgical margins (in results cover
all 122 patients). Unfortunately, the number of lymph
nodes resected was not stated[72].
In an Italian publication on 43 cases of LDP, which
included 1 pancreatic adenocarcinoma, the median tumor
size was 25 mm, and neither lymph node number nor
margin status were mentioned[73].
In a publication focusing on LDP in cases of suspected malignancy, results from 12 LDP procedures
were presented. Final pathology revealed 8 malignant
cases, all with negative surgical margins, and the median
number of harvested lymph nodes was 8. Four of the
operations were hand-assisted and one was converted to
open surgery[74].
Recently, the experience of a single center making the
transition from using mainly open surgery to a laparoscopic approach to the distal pancreas was described. Between 2005 and 2011, 172 patients underwent operations,
with 82 LDPs and 90 ODPs. During the first half of the
period, all but one of the operations was ODP, but during the latter half, 83% were LDP. In the LDP group, 18
patients had pancreatic adenocarcinoma compared to 21
in the ODP group. No difference was found in lymph
node retrieval or in R0 frequency, but hospital stay and
intraoperative bleeding differed in favor of the LDP
group[75].
In another recent publication focusing on the role of
LDP to treat adenocarcinoma, no differences were found
between LDP and ODP with respect to negative surgical
margins (86% vs 88%) or lymph node clearance (11 vs 12)
in 28 LDP and 32 ODP procedures. The median survival
for the cohort was found to be 19 mo, and there was no
difference between the two operation methods[57].
Similar results were presented in a study of 8 LDP
patients compared to 14 who underwent ODP, which
reported that 88% of LDP and 86% of ODP cases had
negative margins. In this study, the number of lymph
nodes was 16 (LDP) compared to 14 (ODP); 3-year survival was 82% in the LDP group compared to 74% (NS)
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Table 3 Studies comparing laparoscopic distal pancreatectomy and open distal pancreatectomy that include adenocarcinoma of the
pancreas and oncological outcomes n (%)
Ref.

Number
[68]

Jayaraman et al
Vijan et al[66]
Stauffer et al[75]
DiNorcia et al[67]
Abu Hilal et al[54]
Mehta et al[72]
Baker et al[64]
Magge et al[63]
Kooby et al[61]
Waters et al[71]
Limongelli et al[56]
Rehman et al[76]
Kang et al[69]

Number AC

Lymph nodes

Tumor size (mm)

R0

LDP

ODP

LDP

ODP

LDP

ODP

LDP

ODP

LDP

ODP

107
100
82
71
35
30
27
28
23
18
16
8
5

236
100
90
168
16
30
85
34
189
22
29
14
27

17 (16)
17 (17)
18 (22)
3 (4)
4 (11)
7 (23)
1 (4)
28 (100)
23 (100)
2 (11)
1 (6)
8 (100)
5 (100)

47 (20)
19 (19)
21 (23)
51 (30)
3 (19)
7 (23)
18 (21)
34 (100)
189 (100)
11 (50)
7 (24)
14 (100)
27 (100)

6
NS
16.5
6
8.4
5.2
11
13.8
11
16
8.2

7 NS
NS
11 NS
8 NS
13.8 NS
9.4a
12 NS
12.5 NS
14 NS
14
11.3 NS

30
33
20
25
34
38
38
37
35
40
32
22
24

30
40
28
36
33
43
40
45
45
60
43
32
42

97%
100%
97%
97%
75%
86%
74%
100%
94%
88%
100%

96%
100%
94%
87%
67%
88%
73%
82%
93%
86%
85%

a

P < 0.05 vs laparoscopic distal pancreatectomy (LDP) group. ODP: Open distal pancreatectomy; NS: Not significant; AC: Adenocarcinoma of the pancreas.

Table 4 Studies comparing laparoscopic distal pancreatectomy
and open distal pancreatectomy that include adenocarcinoma
of the pancreas but not oncological outcomes n (%)
Ref.

Number
LDP ODP
[65]

Finan et al
Fox et al[55]
Casadei et al[70]
Velanovich et al[36]

44
42
22
15

98
76
22
41

Number AC
LDP
6 (13.6)
2 (5)
2 (9)1
3 (20)

ODP
23 (22.1)
2 (3)
2 (9)1
13 (32)

Tumor size
LDP

ODP

33
29
20
-

77
35
50
-

1

Malignant cystic tumors that may represent cystadenocarcinoma. ODP:
Open distal pancreatectomy; LDP: Laparoscopic distal pancreatectomy.

in the ODP group[76].
In Tables 3 and 4, studies comparing LDP and ODP
and including patients with pancreatic adenocarcinoma
of the pancreas are summarized.

DISCUSSION
When feasible, the laparoscopic approach to surgery has
spared patients unnecessary suffering. Although initially
met with skepticism, the procedure has proven to be useful for treating a great number of benign and malignant
tumors[7]. Unfortunately, there is a lack of prospective
randomized trials that completely evaluate the outcomes
of LDP compared to ODP. There is, however, compelling evidence from retrospective series that LDP reduces
bleeding and shortens hospital stay[77-79].
In this review, we have gathered the available studies
reporting use of LDP in patients with adenocarcinoma.
In this patient group, bleeding, major complications and
hospital stay are of importance when compared to ODP.
The technique must also provide the same results regarding R0 resections and number of retrieved lymph nodes.
In the long term, cancer related survival and recurrence
ultimately are important. Unfortunately, the presently
available studies are small and non-randomized; in addition, survival data are not always presented. Table 5
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shows the available survival data from all studies reporting results from at least 5 patients who underwent LDP
for pancreatic adenocarcinoma.
In series that compare LDP and ODP, and in which
oncological data is presented, the number of lymph
nodes harvested does not vary between the groups[55,57,
61-64,67,70,75,76]
. Only one of the early studies has deviating
results[58]. In reports that provide data on the frequency
of negative surgical margins, there is no significant difference between LDP and ODP[48,50,55,57,61-64,67,75,76].
Series that only report LDP have to be compared
with the relevant literature presenting results of ODP.
The number of lymph nodes harvested in the LDP reports varies between 5 and 19, and most report over 10
lymph nodes harvested. This compares favorably to the
results of ODP studies[38,39,53-55,57,68,69]. One LDP series
described a strategy of only removing enlarged or suspicious lymph nodes, rather than performing a formal
lymphadenectomy. The success of the strategy can be debated, and may explain the low number of lymph nodes
harvested in that study[71]. The other report with notably
few lymph nodes harvested included data from an early
period (2002-2004), and the same group later compared
LDP to ODP and reported no significant difference in
lymph node harvesting[35,63]. The percentage of negative
surgical margins ranges from 88 to 100 in the LDP series,
which comparies favorably to ODP[32,38,39,43,53-57,68,69,71]. One
of the studies reports a low R0 frequency of 77%, but
the same group later reported excellent results in comparison to ODP[35,63].
The current evidence, although somewhat limited,
suggests that LDP may be oncologically equal to the gold
standard treatment. Notably, the data related to number
of lymph nodes resected comes from studies of very
few patients and in which the indications for surgery
have mainly been benign or low-malignant lesions, rather
than the highly malignant adenocarcinoma. This may
hold particularly true for the study in which a significant
difference was found between LDP and ODP groups,
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sidered a viable option for treating malignancies of the
pancreatic body and tail. This conclusion should, however, be confirmed in a prospective, randomized study.

Table 5 Studies presenting survival data after laparoscopic
distal pancreatectomy for pancreatic adenocarcinoma and
include at least 5 cases
Ref.

Year

n

Survival

Song et al[47]
Marangos et al[48]
Magge et al[63]
Kooby et al[61]
Fernández-Cruz et al[38]
Rehman et al[76]
Giulianotti et al[51]
Melotti et al[39]

2011
2012
2013
2010
2007
2013
2010
2007

34
28
28
23
22
8
8
7

Kang et al[69]

2010

5

2 year 85%
3 year 30%
Median 19 mo
Median 16 mo
Median 14 mo
3 year 82%
Median 15 mo (2 lost in follow up)
85% alive after median
follow up 26 mo
Median 28 mo
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Abstract
Acute pancreatitis is one of the most common gastrointestinal disorders worldwide. It requires acute hospitalization, with a reported annual incidence of 13 to
45 cases per 100000 persons. In severe cases there is
persistent organ failure and a mortality rate of 15% to
30%, whereas mortality of mild pancreatitis is only 0%
to 1%. Treatment principles of necrotizing pancreatitis
and the role of surgery are still controversial. Despite
surgery being effective for infected pancreatic necrosis,
it carries the risk of long-term endocrine and exocrine
deficiency and a morbidity and mortality rate of between 10% to 40%. Considering high morbidity and
mortality rates of operative necrosectomy, minimally invasive strategies are being explored by gastrointestinal
surgeons, radiologists, and gastroenterologists. Since
1999, several other minimally invasive surgical, endoscopic, and radiologic approaches to drain and debride
pancreatic necrosis have been described. In patients
who do not improve after technically adequate drainage, necrosectomy should be performed. When minimal invasive management is unsuccessful or necrosis
has spread to locations not accessible by endoscopy,
open abdominal surgery is recommended. Additionally, surgery is recognized as a major determinant of
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outcomes for acute pancreatitis, and there is general
agreement that patients should undergo surgery in the
late phase of the disease. It is important to consider
multidisciplinary management, considering the clinical
situation and the comorbidity of the patient, as well as
the surgeons experience.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Severe acute pancreatitis; Complications;
Necrosectomy; Percutaneous drainage; Endoscopy;
Laparoscopy
Core tip: The surgery and its timing are contentious
regarding treatment of severe acute pancreatitis and
related complications. Many studies showed that “early”
open surgery has been accompanied often by higher
mortality and morbidity rates, and should be the next
step in treating severe acute pancreatitis complications,
when minimally invasive management fails. In this review article, current treatment options and results are
discussed.
Karakayali FY. Surgical and interventional management of complications caused by acute pancreatitis. World J Gastroenterol
2014; 20(37): 13412-13423 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i37/13412.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i37.13412

INTRODUCTION
Acute pancreatitis (defined as the acute nonbacterial inflammatory condition of the pancreas) is derived from
early activation of digestive enzymes inside acinar cells,
with varying compromising of the gland itself, nearby tissues, and other organs. It is well known that several situations develop into acute pancreatitis, but the mechanisms
and how those mechanisms develop the disease remain
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unclear. Why do some individuals develop edematous
pancreatitis and others develop a more severe necrotic
pancreatitis? Knowledge regarding pancreatitis pathogenesis may have important implications in prevention and
treatment of the disorder. If the early events that generate the inflammatory process are understood - and if proand anti-inflammatory factors that modulate the severity
of the disease are known - treatment can be implemented
so the process will not happen or possible associated
complications will be minimized[1].
Acute pancreatitis is one of the most common gastrointestinal disorders requiring acute hospitalization
worldwide, with a reported annual incidence of 13 to 45
cases per 100000 persons[2]. In the United States, it is the
third most common gastrointestinal disorder requiring
acute hospitalization[3]. In the United States alone, acute
pancreatitis leads to 270000 hospital admissions annually
and in-patient costs exceeding 2.5 billion dollars[4].
It is rare in childhood but may occur at any age (according to recent publications[5,6], median age, 55-58 yr).
Acute biliary pancreatitis is more common in women,
and alcoholic pancreatitis is more common in middleaged men[6].
Although most patients with acute pancreatitis recover without sequelae, between 10% to 20% will have
a more complicated clinical course with higher risks of
morbidity and mortality[7]. Severe acute pancreatitis (SAP)
requires prolonged hospitalization, frequently including
a stay in the intensive care unit (ICU) because of organ
dysfunction[8].
Severe pancreatitis is associated with a mortality of
15% to 30%, whereas mortality from mild pancreatitis is
only 0% to 1%, and organ failure is the most important
determinant of mortality in acute pancreatitis. However,
in approximately 30% of patients with necrotizing pancreatitis, a secondary necrotic infection occurs, mostly 3
to 4 wk after the onset of necrotizing pancreatitis[9]. If
left untreated, mortality of infected necrosis approaches
100%[3,10]. Initial treatment of SAP is primarily medical,
and these patients require intensive organ support[11,12].
Surgery for SAP is a morbid procedure associated with
complications in 34% to 95% of patients, and mortality in
11% to 39%[13,14]. Surgery may lead to long-term pancreatic insufficiency[14,15]. The high mortality rate encountered
with surgery reflects the hazards of operating on critically
ill septic patients, often with multiorgan failure[16].
Surgery and its timing are the focus of contention
when treating SAP. Decades ago, some experts used laparotomy in the early phase of SAP to debride and drain
the retroperitoneal infected necrosis[17,18]. However, studies have shown that “early” surgery is often accompanied
by higher mortality[19,20], and several studies also have
shown that there is success with some SAP patients with
retroperitoneal infected necrosis, conservatively managed
without high-risk surgical intervention; therefore, many
experts advocated delayed surgery[20,21]. In recent decades,
higher mortality rates during early surgery resulted from
those SAP cases that underwent traditional laparotomy
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(which may cause severe trauma) to debride and drain the
retroperitoneal infected necrosis[22]. After several studies
showed that high mortality rates for severe necrotizing
pancreatitis came with early surgery, the 2002 International Acute Pancreatitis guidelines recommended avoiding surgical intervention during the first 14 d after onset,
unless there was progressive multiple organ failure and
clinical deterioration. Subsequent studies have suggested
that morbidity and mortality rates can be reduced further
if surgery is delayed beyond 28 to 30 d[9], because the
extended interval allows sufficient demarcation between
normal and necrotic tissue, reducing the risk of inciting
overwhelming postoperative septic and systemic inflammatory responses, and the risk of intraoperative injury to
surrounding organs and hemorrhage[23].
Faced with high morbidity and mortality rates of
operative necrosectomy, minimally invasive strategies
are being increasingly explored by gastrointestinal surgeons, radiologists, and gastroenterologists[24]. As technical ability and endoscopic tools have gradually become
more precise, the mortality rates of patients with severe
pancreatitis have improved, and there are fewer complications compared to those having open debridement
treatment [25]. Percutaneous catheter drainage (PCD),
endoscopic transgastric procedures, and a minimally invasive approaches all have been proposed as alternatives to
open necrosectomy[16]. When minimal invasive management is unsuccessful or necrosis has spread to locations
not accessible by endoscopy, open abdominal surgery is
recommended[25].

CLASSIFICATION AND SCORING
The Atlanta Classification system for acute pancreatitis
came about as a result of the Atlanta Symposium of
1992, and, despite there being some confusion over definitions, it has been a practical aid for health care providers[11]. Since then, with improvements in the understanding of organ failure and necrotizing pancreatitis, and in
diagnostic tools, some revisions have been made through
a working group consultation with eleven international
pancreatic societies[26]. The fourth draft, in current use,
contains a clinical assessment of severity and the previous confusing definitions concerning local complications
have been further clarified. The criteria for the diagnosis
of acute pancreatitis, the differences between the two
forms (i.e., interstitial edematous pancreatitis and necrotizing pancreatitis), the three categories of severity of
acute pancreatitis (mildly acute, moderately severe acute,
and severe acute)[27,28], and the morphology observed in
diagnostic images of pancreatic and peripancreatic collections brought about by complications are now more
clearly set out.
Criteria to help in classifying severity are the presence
of transient organ failure (that which is present for less
than 48 h), persistent organ failure (continuing for more
than 48 h), and local (such as, peripancreatic fluid or
acute necrotic collections) or systemic complications (such
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as exacerbations of underlying comorbidities related to
the acute pancreatitis)[29-31].
Scoring systems
Attempts to define objective criteria for assessing disease
severity and prognosis were pioneered in the 1970s by
Ranson et al[32] and Blamey et al[33]. The 2 scoring systems
include basic laboratory data and clinical variables obtained 48 h after hospital admission. In subsequent years,
these scoring systems have found widespread application
and have undergone numerous modifications. Several
large studies have shown a close correlation between
advanced age and nonsurvival in acute pancreatitis[34-36].
Advanced age often is associated with comorbidities (e.g.,
cardiovascular disease, diabetes, and overall decreased
biological resistance)[36], and therefore, increases risk
of fatal outcome. Comorbidities have been included in
multiple parameter scoring systems such as the Acute
Physiology and Chronic Health Examination (APACHE)
Ⅱ system, the most widely used index for early risk stratification[37]. Although more recent iterations of this scoring system have been developed, the advantages of the
APACHE Ⅱ are its familiarity, its objective nature, and
its ability to be calculated at any time during a patient’s
hospital stay. Use of the APACHE Ⅱ in clinical practice
has several important limitations (e.g., the requirement for
multiple parameters and an online calculator - versions of
which are widely available on the Internet)[38]. As a result,
several additional scoring systems have been developed
for bedside application.
A more recent scoring system developed for use during the first 24 h of admission to the hospital is the Bedside Index of Severity in Acute Pancreatitis[7]. This system
was derived using data from 17992 patients and validated
on a population of 18256 patients in the United States.
This 5-factor scoring system has a similar accuracy as the
APACHE Ⅱ for predicting death in the initial retrospective study and in several subsequent prospective cohort
studies[39]. The Bedside Index of Severity in Acute Pancreatitis is a simplified scoring system that can be applied
easily in the earliest phases of acute pancreatitis helping
identify those patients with an increased risk of death.

DEFINITION AND COMPLICATIONS
Defining the severity of acute pancreatitis
There are three good reasons for defining the severity
of acute pancreatitis: the first being diagnosing those patients who may need aggressive early treatment in cases
of severe acute form; the second is the identification of
patients who may need to be transferred to a specialist
care unit; and the third is that placing these patients into
sub-groups according to particular complications will aid
the specialists to whom they are transferred[26].
Mild acute pancreatitis
Patients without organ failure or complications are classified as having mild acute pancreatitis. They are usually
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discharged at an early stage, do not need pancreatic imaging, and death as a result of the disease is extremely
uncommon[40].
Moderately severe acute pancreatitis
This is diagnosed when transient organ failure, local
complications (such as prolonged abdominal pain, leukocytosis, or fever caused by peripancreatic collections, or if
the patience can not feed normally), or systemic complications (such as when coronary artery disease or chronic
lung disease is made worse as a result) are present. This
form of the disease can resolve itself without treatment
(when transient organ failure or acute fluid collection is
involved) or specialist care may be needed (when extensive sterile necrosis is present, but organ failure is not).
The chance of death as a result of this form is lower
than in cases of the severe acute form[27].
Severe acute pancreatitis
This is diagnosed when there is persistent single or multiple organ failure, resulting from systemic inflammatory
response syndrome caused by cytokine cascades at an
early stage[30,31,41,42], which can complicate the pancreatitis, lead to other complications, and increase the risk of
death (a 36% to 50% mortality rate), commonly due to
infected necrosis, if this is in the first few days of the
disease[31,41,42].
One systematic review into deaths caused by necrosis
in the absence of organ failure (11% of patients) resulted
in a four tier grading of severity being proposed[28], while
two large Dutch studies came up with a figure of 6%[43,44].
The differences in morphological characteristics of local
complications and their different treatments need to be
determined to prevent mortality.
Necrotizing pancreatitis
Necrosis, which affects between 5% and 10% of patients,
generally involves both the pancreas and peripancreatic
tissue, although sometimes just the peripancreatic tissue,
and, even more rarely, only the pancreatic parenchyma.
With patients who have peripancreatic necrosis, as in
those with interstitial edematous pancreatitis, the pancreas enhances normally on contrast-enhanced computed
tomography, but morbidity is increased and intervention
rates are higher[40,45,46]. The progression of both pancreatic and peripancreatic necrosis varies, remaining solid or
liquefying, becoming infected or remaining sterile, persisting for a long time or gradually disappearing.
Infected pancreatic necrosis
Both forms of necrosis can become infected, but the majority of evidence shows no certain correlation between
its extent, the risk of infection, and its duration, although
it is not common in the first week[9,43]. Its diagnosis is
crucial as antibiotic and other necessary treatments need
to be applied as soon as possible[47]. If computed tomography (CT) scans show up extraluminal gas in the
pancreas or peripancreatic tissue, or if biopsies detect
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bacteria and/or fungi on Gram stains and cultures, then
infection is highly likely[48]. Signs of suppuration may also
be evidence of liquefaction and will increase over time.
Despite the first version of the Atlanta Classification defining a localized collection of purulent material without
significant necrotic material as a pancreatic abscess, the
term was found to be unhelpful and is not used in the
revised version. Secondary infections have been found to
increase the the chances of morbidity and death[49].
Acute pancreatitis complications
Defining organ failure: Organ failure in the respiratory, cardiovascular, and renal systems is defined using
the modified Marshall scoring system: a score of two
or more for one of these systems is sufficient[50]. This
system is preferred over the Sepsis-related Organ Failure
Assessment scoring system, used in critical care units,
as it is easier to use and gives objective results, although
both systems could be used to help stratify the severity
of organ failure[51].
Defining local complications: The original Atlanta
Classification was useful because it recognized the differences between uncomplicated interstitial pancreatitis
and acute pancreatitis with local complications[11]. Local
complications (such as acute peripancreatic fluid collection, pancreatic pseudocyst, acute necrotic collection,
walled-off necrosis, gastric outlet dysfunction, splenic
and portal vein thrombosis, and colonic necrosis) and
their clinical consequences are now better understood
and described. Signs that these problems may be present
are persistent abdominal pain, secondary serum pancreatic enzyme activity increases, organ dysfunction getting
worse, and symptoms of sepsis (i.e., fever, white blood
cell increases, etc.), although imaging may be necessary
for correct diagnosis[26].
The definitions of pancreatic fluid collections are
based on the revised Atlanta classification by the Acute
Pancreatitis Classification Working Group and are described as follows: (1) Acute peripancreatic fluid collections (APFC): these are not connected to necrosis, occur
in the first four weeks of acute pancreatitis, are entirely
liquid, found in or near the pancreas, and have no fibrous
wall or granulation tissue. Those which resolve themselves or have no symptoms need no treatment and are
not classed as severe acute pancreatitis; (2) Pseudocyst:
a collection of pancreatic juice, containing no solid necrotic material, enclosed by a wall of fibrous or granulation tissue resulting from acute pancreatitis, pancreatic
trauma, or chronic pancreatitis. They are a result of the
main pancreatic duct or its intrapancreatic branches being disrupted in the absence of pancreatic parenchymal
necrosis and causing pancreatic juice to leak persistently
and collect, usually after the first month; (3) Infected
pseudocyst: this contains purulent liquid with no solid necrotic material (although there may be other solid debris)
and can be diagnosed by following the patient’s clinical
course or through the presence of gas on CT scans; (4)
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Post-necrotic pancreatic/peripancreatic fluid collections
(PNPFC): fluid collections associated with necrotizing
pancreatitis, containing fluid and necrotic tissue, which
over the course of weeks, evolve into a necrotic fluid collection with liquid and solid debris; and (5) WON: these
are formed because of encapsulation of the PNPFC over
time in a thickened wall of fibrous or granulation tissue
without an epithelial lining at the interface of necrotic
tissue, generally maturing after the first month of necrotizing pancreatitis. Walled-off necrosis, resulting from
necrotic pancreatic parenchyma and/or necrotic peripancreatic tissue, can be sterile or infected, and there can be
many of them, sometimes in locations distant from the
pancreas[52]. Walled-off necrosis helps to distinguish the
necrotic tissue from the parenchyma, thereby lessening
the chances of bleeding and the loss of vital tissue during
surgery, although this can result in pancreatic exocrine
and endocrine deficiency[53,54].
Bradley et al[55] suggested a conservative approach to
sterile pancreatic necrosis, although the Acute Pancreatitis Classification Working Group found that patients may
continue to be ill even when there was no infection[26,55].
Secondary infection, which usually occurs two to four
weeks after primary infection, commonly results in sepsis,
multi-organ failure, and patient mortality[56]. High Ranson’
s and APACHE-Ⅱ scores are good indicators of the
possibility of death, and even those with severe sterile
necrosis have a high mortality rate if their overall health
is not good.
Defining systemic complications
Systemic complications are classed as those arising from
already existent complaints, such as coronary artery disease, or chronic lung disease, made worse by the acute
pancreatitis. The Acute Pancreatitis Classification Working Group made a distinction between these and persistent organ failure, the latter being the main feature of the
severe acute form.

TREATMENT
Management of infected pancreatic necrosis
Pancreatic necrosis surgery, the principles of which were
laid out by Moynihan in 1925[57], involves isolating the
pancreas from the abdominal cavity and cellular fat spaces, and draining the amassed peripancreatic fluid. The
aim is to check the sepsis and control the release of proinflammatory mediators. The combination of debriding
the necrotic tissue and removing retro-peritoneal debris
and exudate is carried out in order to preserve the organ.
Four principle surgical methods are recommended: (1)
being necrosectomy alongside open packing[58]; (2) being
planned, staged relaparotomies with repeated lavage[21];
(3) being closed continuous lavage of the lesser sac and
retro-peritoneum[59]; and (4) being closed packing[60].
These days, the third method is most often used to
remove post-operative residual pancreatic necrosis as it
has the lowest rate of morbidity[24,53]. Surgery has the pos-
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sibility of saving the patient’s life, but it carries a high risk
of morbidity and mortality, between 4% and 10%, and
possible long-term endocrine and exocrine deficiency[25].
In addition, timing of surgery has been increasingly recognized as a major determinant of outcome in acute pancreatitis, and there is general agreement that patients must
undergo operation in the late phase of the disease. However, the definition of late differs between studies[53,61]. It
has been reported that mortality from necrotizing pancreatitis can be reduced by avoiding surgical therapy or by
postponing surgery until the late stage of the disease[62].
Despite the availability of several clinical (Ranson criteria, acute physiology and chronic health evaluation Ⅱ
score, and APACHE Ⅱ) and radiologic grading systems
(Balthazar scoring system, modified computerized tomography severity index), there is no consensus on accurately predicting the best treatment strategy and outcome
after acute necrotizing pancreatitis[63-65].
The treatment principles of necrotizing pancreatitis and the role of surgery remain controversial. In the
1990s, more than 60% of patients with the disease were
treated surgically[18]. In 1991, Bradley and Allen defined
pancreatic necrosis as the principal determinant of
survival in acute pancreatitis, but they recommended
conservative treatment of sterile necrosis in selected
cases[55]. Guidelines of the International Acute Pancreatitis recommend doing a fine-needle aspiration biopsy in
patients with necrotizing pancreatitis and signs of sepsis.
Once fine-needle aspiration biopsy-proven infection of
necrosis has been shown, it is considered an indication
for surgery[53].
Recent reports have shown that a subset of patients
with SAP developing infected fluid collection, pancreatic necrosis, or pancreatic abscess can be managed by
PCD[66]. It was hypothesized that simple drainage with
regular-bore (12- to 14-Fr) percutaneous catheters is an
effective therapeutic option. This recommendation is
based on the premise that is not necessary to remove all
necrotic tissue to successfully treat patients with infected
pancreatic necrosis. By performing drainage of infected
fluid under pressure, the clinical condition might improve and the necrotic tissue may successfully be dealt
with by the patient’s immune system. The goal of drainage has been to remove infected fluid rather than the
necrosis[67]. However, PCD used for infected pancreatic
necrosis has been criticized for its poor ability to remove
solid debris.
Percutaneous drainage is usually performed under
computed tomography, whereas sonographically controlled PCD rarely has been reported[68]. The success rate
of percutaneous catheter drainage in infected pancreatic
necrosis varies and ranges from 0% to 78%[43,69]. van Baal
et al[70] reported a meta-analysis, which included 384 patients from 11 studies, of PCD as a primary treatment for
necrotizing pancreatitis. Surgical necrosectomy could be
avoided in 56% of the patients and the overall mortality
rate was 17%. However, infected necrosis was confirmed
in only 71% of the patients.
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In a recent report, authors aimed to identify factors
that led to surgical intervention after initial management
with PCD, and also to identify a subgroup of patients
where PCD alone would be effective. Twenty-seven
patients (38.5%) underwent surgery after initial PCD.
Indications for surgical intervention were ongoing sepsis
not controlled by interventional radiologic management.
In that study, percutaneous catheter drainage achieved
sepsis reversal in 62% of patients and complete recovery
was achieved without surgical intervention in 48% of
patients[16].
Gagner first described minimally invasive surgical
treatment of necrotizing pancreatitis in 1996, including laparoscopic retrocolic, retroperitoneoscopic, and
transgastric procedures[71]. Over the past 15 years, several
other minimally invasive surgical, endoscopic, and radiologic approaches for draining and debriding pancreatic
necrosis have been described[23].
A literature search of the MEDLINE database from
April 1996 to November 2010 was performed for each
of the 4 techniques for minimally invasive necrosectomy:
percutaneous therapy (341 studies), endoscopic necrosectomy (574 studies), laparoscopic necrosectomy via a
transperitoneal approach (148 studies), and retroperitoneal necrosectomy (194 studies). Only cohorts with at
least 10 or more patients were included. Twenty-seven
studies with 947 patients were examined (8 studies on
percutaneous approach; 10 studies on endoscopic necrosectomy; 2 studies on laparoscopic necrosectomy via
a transperitoneal approach; 5 studies on retroperitoneal
necrosectomy; and 2 studies on a combined percutaneous
retroperitoneal approach). Finally, the authors advocated
a multidisciplinary approach with interventional radiologists, gastroenterologists, intensivists, and hepatobiliary
surgeons at tertiary care centers. They concluded that
because the comparison data are limited, the minimally
invasive approach should be based on location of lesion
and individual patient presentation[23].
A prospective, randomized, multicenter trial called the
Minimally Invasive Step Up Approach Versus Maximal
Necrosectomy in Patients with Acute Necrotizing Pancreatitis (PANTER) was performed in the Netherlands[43].
After diagnosing necrotizing pancreatitis or infected pancreatic necrosis, patients were randomly assigned to either
a step-up approach or 2 open necrosectomy. The step-up
approach consisted of percutaneous drainage or endoscopic drainage, followed by a minimally invasive retroperitoneal necrosectomy if necessary. A video-assisted
retroperitoneal debridement (VARD) with postoperative
lavage was performed 3 d after if there was no clinical
improvement. Major complications or death occurred in
31 of 45 patients after open necrosectomy (69%) vs 17 of
43 patients after the step-up approach (40%). About 35%
of patients in the step-up group could be managed with
percutaneous drainage only[43].
Similar to the PANTER Trial, there also is a recent,
prospective multicenter, single-arm study from the University of Washington. Percutaneous drainage was used
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as an initial treatment for infected pancreatic necrosis. If
there was a 75% reduction in size based on a follow-up
scan 10 d later, the remainder of their treatment would be
percutaneous drains alone. If patients did not have a 75%
reduction, they were treated with a VARD. Twenty-three
percent of patients were treated with percutaneous drains
only. Sixty percent of patients were treated with a minimally invasive intervention (i.e., drains with or without a
VARD). Mortality at 30 d was 2.5%. The percutaneous
approach to infected pancreatic necrosis has been shown
to be safe and feasible in multiple retrospective case series. It is noteworthy that 44% of patients reviewed in the
studies did not need surgical therapy. What has become
increasingly popular is combined percutaneous technique
with a VARD as mentioned in the PANTER trial and
the Horvath study[72]. These studies not only confirmed a
subgroup of patients that can benefit from percutaneous
drainage alone but also examined a combined technique
in a prospective manner with a relatively larger amount
of patients.
Retroperitoneal laparoscopic debridement drainage
(RLDD) for treating retroperitoneal infected necrosis in
SAP has been rarely reported, and there has been no report regarding comparison of curative efficacy between
RLDD and laparotomy. This study showed that RLDD
(a minimally invasive procedure) has obvious advantages
for treating SAP retroperitoneal infected necrosis. It is
safe and effective when done early and can prevent systemic inflammatory response syndrome from progressing further[22].
The overall message of these studies is that in patients
who do not improve after adequate drainage, necrosectomy should be performed next. The percutaneous drain,
together with the computed tomography scan, can be
used as a roadmap for (minimally invasive) necrosectomy.
Percutaneous (or transgastric) drainage should be the first
intervention, and the indication for drainage should be
the same as for surgical necrosectomy[3].
Direct endoscopic necrosectomy (DEN) is a minimally invasive treatment introduced recently for treating
infected WON[73]. Using DEN, a stoma is created endoscopically between the enteric lumen and the walledoff fluid collection, allowing insertion of an endoscope
into the fluid collection, which allows for an endoscopic
necrosectomy. Current data suggest that DEN is a less
invasive and less risky alternative to open surgical necrosectomy for managing infected WON and infected pseudocyst with solid debris[74].
Two large, multicenter, retrospective studies demonstrated that necrosis managed using direct transluminal
endoscope techniques resulted in a positive prognosis
and a high success rate at the beginning[75,76]. Nevertheless, all of the current endoscopic techniques have inherent limitations (e.g., risk of air embolism, endoscopically
uncontrollable bleeding, and inadequate drainage through
multiple plastic stents) together with early occlusion of
the fistulous tract. To overcome these difficulties, Hritz
and associates demonstrated a successful method of
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endoscopic transluminal necrosectomy - a combination
of the temporary placement of a self-expanding metal
stent into the fistulous tract and daily irrigations of the
necrotic cavity with a high-flow water-jet system using a
flush knife[77].
Percutaneous techniques, including VARD, need
open necrosectomy in a high proportion of patients, and
mortality is around 20%[3]. It is now well recognized that
most sterile collections do not require intervention (at
least in the early phase of disease), and that mortality and
morbidity rates after an intervention are time dependent,
falling to almost 0% by the stage of a sterile WON. The
indication for early intervention for infected necrosis
is limited to sepsis control, and there is increasing consensus within this group that some form of minimally
invasive approach may enhance outcomes. Conventional
management of late pancreatic collections was by open
pancreatic cystgastrostomy, but with developments in interventional radiology, therapeutic endoscopy, and minimal access surgery, new techniques have been used as
alternatives to this approach[78]. While all have proven to
be feasible in small cohort series, there is little evidence
to the relative benefits of one method over another for
managing APFC[79,80].
Laparoscopic cystgastrostomy (LCG) is used in
mature symptomatic collections. It facilitates complete
drainage of the collection with a minimal requirement for
re-intervention. It also allows simultaneous management
of gallstones. Laparoscopic cystgastrostomy should allow
a wide debridement of the cyst cavity with the advantages of a minimally invasive approach. Open cystogastrostomy (OCG) is used when an intervention is required
on additional intra-abdominal pathology (e.g., enteric
stricture or fistula) or where collection anatomy precludes
other approaches. Laparoscopic cystgastrostomy allows
larger collections to be managed by a one-step intervention, and the solid necrosis to be more effectively drained.
Importantly, definitive management of gallstones can
be achieved. However, the concept that endoscopic
ultrasound (EUS)-guided drainage (the least invasive approach) may be of most benefit in fluid predominant collections requires evaluation within a study format, as experience has shown some APFC with significant necrosis
may resolve completely using this approach only. Optimal
management of collections with intermediate (size and
fluid content) characteristics is not clear, and there may
be clinical equipoise regarding whether a laparoscopic
or endoscopic cystgastrostomy should be used as the
preferred approach. A well-conducted, randomized, controlled study is required to determine which method is
most effective in this particular group of patients[78].
In summary, standard treatment for infected pancreatic necrosis is open or laparoscopic surgical drainage.
However, on occasions, percutaneous drainage may work
well. As recommended by the International Association
of Pancreatology Clinical Guideline, drainage should be
effectively established when the patient is septic. A stepby-step treatment is proposed by which percutaneous or

13417

October 7, 2014|Volume 20|Issue 37|

Karakayali FY. Management of acute pancreatitis complications

endoscopic drainage should be established first and then
necrosectomy with drainage through a minimally invasive
retroperitoneal access. When this method was compared
with open surgery, it offered several advantages including
the chance to avoid surgery in some patients, fewer complications, and lower cost[43,53,70].
The alternatives to open surgery should be considered, mainly in frail and critical patients who would not
tolerate more aggressive surgery. In clinical practice, it
is important to consider the importance of a multidisciplinary management, considering the clinical situation
and comorbidity of the patient and the experience of the
personnel.
Pancreatic duct breaking: Generally this is produced
in the context of pancreatic necrosis because of erosion
of the duct. In cases of necrosis, complete or partial pancreatic duct breaking occurs in about 60% of cases. To
assess this situation, wirsungography by using computed
tomography, nuclear magnetic resonance (spectroscopy),
or endoscopic retrograde cholangiopancreatography can
be performed. This latter method may be associated with
placing a stent, which will favor definitive resolution. Nutritional support and potent antisecretors (e.g., octreotide)
should be associated. Collections can be removed by percutaneous or endoscopic drainage. Successful fistula sealing is described using cyanoacrylate or fibrin[81]. If other
treatments fail (which is common) surgery is indicated.
However, in cases of complete duct rupture, it is rarely
successful to access the residual duct in the pancreatic
tail. In such cases, a distal pancreatic resection may be curative. Otherwise, internal drainage through a pancreaticdigestive anastomosis, may be necessary[1].
Pancreatic pseudocyst
According to several retrospective studies, the incidence
of a pseudocyst after acute pancreatitis varies depending on the definition and methods of detecting a pseudocyst. The incidence ranges from 5% to 16%, and is
reported as being higher in patients with underlying
chronic pancreatitis[82-84].
Treatment of pancreatic pseudocysts: Fluid collections that appear during disappear spontaneously in 40%
to 50% of cases. In about 10% to 15% of cases, these
collections persist and become encapsulated, generating
pancreatic pseudocysts. A true pancreatic pseudocyst (i.e.,
without an epithelial lining; the counterpart would be a
pancreatic cyst) takes at least 4 to 6 wk from the beginning of symptoms to be encapsulated by a wall formed
by inflammatory fibrosis of the adjacent tissues. Few
studies have documented the natural evolution of pancreatic pseudocysts. It has been thought that pancreatic
pseudocysts more than 6 cm in diameter, or those that
persisted for more than 6 wk, should be operated on[1]
despite some studies showing that 50% of those which
had no symptoms or were smaller than 10 cm resolved
of their own accord[84]. It also has been shown that about
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half of all pancreatic pseudocysts can be solved spontaneously; thus, the attitude has shifted toward a more conservative approach.
Asymptomatic pancreatic pseudocysts may be followed for periods of 6 mo or longer if they do not grow,
become symptomatic, or present complications (e.g.,
hemorrhage, infection, or mechanical compromise of
adjacent organs). In these situations, percutaneous, endoscopic, or surgical drainage should be considered. It
depends on several factors: patients’ general status, size,
number, and location of pseudocysts, communication (or
not) with the main pancreatic duct, solid necrosis inside
(or not), and possible complications[1].
Despite almost 50% of pseudocysts resolving themselves, the remainder can become symptomatic or infected, and may rupture, hemorrhage, develop vascular
thrombosis, or obstruct nearby viscera, resulting in the
need for some kind of medical intervention[85,86].
A ruptured pseudocyst, if it causes hemorrhaging in
the digestive tract, will need immediate treatment, while
if it occurs in the peritoneal cavity, it can lead to peritonitis or hemorrhagic shock requiring emergency exploratory surgery[25].
Kim et al[84] report spontaneous resolution, including disappearance and a size decrement, was achieved in
71.6% of cases despite the higher proportion of underlying chronic pancreatitis, and there was no significant difference in spontaneous resolution rate between acute and
acute-on-chronic pancreatitis groups. Therefore, the waitand-see policy for more than 4 to 6 wk may be feasible,
unless the pseudocysts are associated with symptoms or
complications. Although there have been differing results
concerning spontaneous resolution of pseudocysts according to the study, size, detection time, and cause of
the underlying pancreatic disease were reported as predictive factors[87-89]. The presence of an underlying chronic
pancreatitis, an alcoholic cause, and a long interval from
symptom onset until admission are risk factors for a
pseudocyst, and a single lesion is a predictor of spontaneous resolution[84].
Percutaneous drainage should be avoided in cases
of hemorrhage or pancreatic ascites. Surgical treatment
(mainly by internal drainage) is reserved for patients in
whom percutaneous or endoscopic treatment has failed,
those with complications from chronic pancreatitis, those
with multiple or giant pseudocysts, or when malignancy
cannot be ruled out[90,91].
Hemorrhage or pseudoaneurysm
Hemorrhagic complications: Hemorrhagic complications of acute pancreatitis are fortunately rare; however,
they may present in a diversity of forms. Sometimes,
upper or lower gastrointestinal bleeding occurs because
of gastroduodenitis secondary to adjacent inflammation,
bleeding peptic ulcer, pseudocyst rupture into the digestive tract, or drainage of a pseudoaneurysm through the
Wirsung duct. In severe cases of acute pancreatitis, bleeding may occur due to intra- or retroperitoneal erosion of
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the vessels of the celiac trunk, mainly the splenic artery.
Diagnosis may be established by angiography or angiocomputed tomography. Angiography, besides identifying
the bleeding point, sometimes allows embolization that
may stop bleeding. If this method fails, definitive treatment must be surgery[92].
Ischemic complications (either local or related to
remote vascular events) and venous or arterial compli
cations - specifically splanchnic thrombosis and associ
ated varices - are a major cause of morbidity and mortality[93]. The reported frequency of pulmonary embolism
in acute pancreatitis is rare. The thrombohemorrhagic
complications in pancreatitis play a tremendous part in
developing its most severe forms and fatal outcomes.
Early recognition and investigation of thromboembolism is imperative because accurate diagnosis and timely
radiologic interventional procedures reduce mortality.
Early treatment with intravenous heparin or thrombolysis
is effective. Vascular filter insertion may be a life-saving
measure for such patients[94].
Pseudoaneurysm
Pseudoaneurysm is a rare but potentially fatal complication of acute pancreatitis. The risk of rupture is as high
as 37%[95]. The arteries involved include, in order of
frequency, the splenic (40%), gastroduodenal (20%), pancreaticoduodenal (20%), gastric (5%), and hepatic (2%)[96].
The pathogenetic mechanism is secondary to degradation
of the vessel wall by pancreatic enzymes released from a
destroyed pancreatic duct, resulting in a primary formation of a pseudoaneurysm or rupture of the vessel into a
pre-existing pseudocyst, which then converts into a pseudoaneurysm. Pseudoaneurysms present symptoms such
as gastrointestinal bleeding (60%), abdominal pain (50%),
and splenomegaly or pulsatile abdominal tumors (5%),
and spontaneous regression also have been reported[97,98].
Generally developing intracystically, they are usually
diagnosed via angiography, which is used for locating and
treating with embolization (with a high technical success
rate of 93%-100%, and low 24 h and 30 d re-bleeding
rates - 4% and 17%, respectively, Kalva et al[99]), but it
should also be borne in mind when a pancreatitis patient
is undergoing a CT scan. Gonzalez et al[100] have also demonstrated that lipiodol with n-butyl cyano-acylate injected
using endo-ultrasonography can be successful. If these
techniques are not successful or if re-bleeding occurs,
then surgery is required[25].
Necrotizing pancreatitis and pseudocysts involving
the pancreatic tail appear to predispose patients to splenic complications[101]. The incidence of pseudocyst extension into the spleen has been estimated at around 1%.
Erosion of noncystic pancreatic inflammation occurs
less commonly[102,103]. In a series of 500 patients with
chronic pancreatitis, splenic complications were found
in 11 patients (2.2%), four of whom presented with
splenic rupture. Five patients had intrasplenic pseudocysts and 2 had intrasplenic subcapsular hematomas[104].
A series of 159 CT scans performed on 100 consecutive
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patients with acute pancreatitis found splenic infarcts in
10 patients and subcapsular hemorrhage in 2 patients[105].
Another series of 238 patients with pancreatic pseudocysts found 14 patients (5.9%) with splenic parenchymal
involvement[106].
Management of patients with subcapsular hematomas
and/or splenic parenchymal pseudocysts is by conservative approach, percutaneous drainage, or surgery[106]. The
hemodynamically unstable patient with splenic rupture
or hemoperitoneum requires emergency laparotomy and
either splenectomy or distal pancreatosplenectomy, which
can reduce the risk of pancreatic leak or fistula formation[104,106]. In hemodynamically stable patients, the decision for intervention should be based on clinical parameters rather than computed tomography imaging alone.
A clinically stable patient with improving symptoms and
resolving clinical signs can be managed conservatively
with the intent of splenic conservation. Follow-up is by
serial ultrasound or computed tomography scans, which
can show spontaneous regression. Time for resolution
varies from 1 wk to 4 mo depending on the severity of
the underlying pancreatitis[107].
Chylous ascites
Pancreatitis is a rare cause of chylous ascites formation.
It is believed that either lymph may actually leak through
destroyed lymphatics because of pancreatic enzyme erosion or that chylous accumulation results from exudation
of chyle, caused by the obstruction of lymphatic channel
flow secondary to severe inflammatory changes that take
place in the retroperitoneal space surrounding the pancreas[108]. Most cases involve chronic pancreatitis, though
acute pancreatitis also has been recognized as the causative reason, with the first such report dating to 1984[109].
Since that time, only a few cases of chylous ascites
secondary to acute pancreatitis have been documented.
In almost all, the presence of chyle into the peritoneal
cavity was discovered some time after the episode of
pancreatitis, usually days or weeks[108]. However, Khan et
al[110] reported a case of acute hyperlipidemic pancreatitis
(with normal serum amylase) that presented with acute
chylous peritonitis and was treated conservatively. Smith
et al[111] operated on a patient with relapsing pancreatitis
and acute chylous ascites formation caused by a clinical
resemblance with appendicitis.
Therapeutic choices may vary in accordance with the
underlying pathology.
Thorough lavage of the abdomen and adequate drainage is an excellent treatment modality for acute chylous
peritonitis, because resolution of chylous ascites usually
occurs within the next few days. However, successful
conservative treatment also has been reported[112]. Conservative treatment requires proper preoperative diagnosis, which is often difficult because of the exceptional rarity of this condition and its resemblance to other surgical
urgencies that call for immediate laparotomy. Long-term
fasting, supported by total parenteral nutrition, frequently
offers resolution. Alternatively, a high-protein low-fat diet
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is effective at reducing the amount of chyle produced.
Administration of octreotide is controversial[108].
In summary, the mortality rate for severe acute pancreatitis stands at between 15% and 30%, while if the
between 5% and 10% of patients with parenchyma or
peripancreatic necrosis are left untreated and it becomes
infected, the mortality rate can be as high as 100%. The
surgical methods and its timing are contentions regarding treatment of severe acute pancreatitis. Many studies
showed that early surgery often was accompanied by
higher mortality and morbidity rates. Faced with high
morbidity and mortality rates of operative necrosectomy,
minimally invasive strategies are being explored by gastrointestinal surgeons, radiologists, and gastroenterologists.
In cases where there are severe acute pancreatitis complications, minimally invasive treatment is unsuccessful,
or if there is widespread necrosis in locations not easily
reached using other techniques, then traditional open surgery is strongly recommended.
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Abstract
The field of bariatric surgery has been rapidly growing
and evolving over the past several decades. During the
period that obesity has become a worldwide epidemic,
new interventions have been developed to combat this
complex disorder. The development of new laparoscopic
and minimally invasive treatments for medically-complicated obesity has made it essential that gastrointestinal
physicians obtain a thorough understanding of past developments and possible future directions in bariatrics.
New laparoscopic advancements provide patients and
practitioners with a variety of options that have an improved safety profile and better efficacy without open,
invasive surgery. The mechanisms of weight loss after
bariatric surgery are complex and may in part be related to altered release of regulatory peptide hormones
from the gut. Endoscopic techniques designed to mimic
the effects of bariatric surgery and endolumenal inter-

WJG|www.wjgnet.com

ventions performed entirely through the gastrointestinal
tract offer potential advantages. Several of these new
techniques have demonstrated promising, preliminary
results. We outline herein historical and current trends
in the development of bariatric surgery and its transition to safer and more minimally invasive procedures
designed to induce weight loss.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Obesity; Bariatrics; Bariatric surgery;
Weight loss; Endoscopy
Core tip: Obesity and its associated co-morbidities are
on the rise worldwide and have reached epidemic proportions. Surgical procedures have been developed and
refined to manage obesity. Bariatric surgery is now the
preferred modality of therapy for medically-complicated
obesity. Attempts to replace invasive bariatric techniques are the driving factors behind studies of newer,
minimally invasive procedures. Our therapeutic armamentarium continues to expand for treatment of morbid
obesity and its medical complication as new research is
completed and novel minimally invasive techniques are
assessed. Preliminary results in several of these areas
are promising and provide practitioners with a potential
future array of options and modes of therapy.
Rashti F, Gupta E, Ebrahimi S, Shope TR, Koch TR, Gostout CJ.
Development of minimally invasive techniques for management
of medically-complicated obesity. World J Gastroenterol 2014;
20(37): 13424-13445 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13424.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13424

INTRODUCTION
Over the past several decades, obesity has increasingly
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become a major health care concern. From 1980 to
2008, the global trend has shown a rapid increase in the
mean body mass index (BMI) by a rate of 0.4 kg/m2 per
decade[1]. The highest mean BMI among high-income
countries is found in the United States[1]. According to
the Centers for Disease Control and Prevention National
Center for Health Statistics, 35.7% of adults in the US
were obese in 2009 and 2010[2]. Although the overall
trend continues to rise, the prevalence of obesity may
be reaching a plateau as it did not significantly change
in 2009 and 2010 when compared with 2003 to 2008[3].
While the increasing prevalence of obesity may be slowing, morbid obesity continues to rise at a brisk rate in the
United States[4].
The rise in obesity is a major contributing factor to
the growing prevalence of type 2 diabetes mellitus[5,6].
The risk of developing type 2 diabetes mellitus increases
proportionally with increasing BMI as each unit of
increased BMI correlates with an approximately 12%
increase in risk[7]. Obesity has also been significantly associated with high blood pressure, high cholesterol, asthma,
arthritis, and overall poor health status[8]. Both the United
States Preventive Services Task Force and the National
Institutes of Health (NIH) recommend treatment of
obesity through improvement of diet or nutrition, increasing physical activity, and behavioral interventions[9,10].
However, treatment of morbid obesity with bariatric
surgical procedures has been shown to be significantly
superior to intensive medical programs and has demonstrated improvement in type 2 diabetes mellitus indices,
sustained weight loss, improvement in quality of life, and
amelioration of several cardiovascular risk factors[11-15].
Guidelines set forth by the NIH recommend bariatric
surgery as a treatment option for obesity in patients with
a BMI ≥ 40 kg/m2 or for patients with BMI ≥ 35 kg/
m2 and co-morbidities, for whom other therapies have
failed[9]. Some experts have advocated for less stringent
guidelines for bariatric surgery as a treatment modality.
Although there is data to suggest patients with BMI ≤
35 kg/m2 would benefit from bariatric surgery[16,17] more
extensive and robust data is needed before such widespread recommendations can be made[18] .
Bariatric surgical options are numerous and continue
to expand with advancing technology due to the availability of less invasive procedures. In patients who undergo
bariatric surgery, the utilization of minimally invasive, laparoscopic surgery provides multiple advantages over the
older, open surgical methods. Laparoscopic bariatric surgery provides earlier ambulation after surgery, less postoperative abdominal pain, lower postoperative risks of pneumonia and deep venous thrombosis, decreased length of
hospital stay, improved cosmetic appearance, lower risk of
postoperative wound complications (including those of
infection and hernia development), and an earlier return
to societal activities, including their job activities.
In addition to the increasing number of surgical options, endoscopic techniques that have had varying degrees of success in the treatment of morbid obesity are
becoming more widely studied. An array of approaches
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has been explored ranging from duodenal and intralumenal intestinal electrical stimulation to natural orifice translumenal endoscopic surgery (NOTES). In this article, we
review the hypothesized pathophysiology, surgical procedures, and endoscopic procedures currently available as
well as future directions in the field of bariatrics.

TYPES OF BARIATRIC SURGERY AND
THEIR PROPOSED EFFECTS
The first surgical procedure for the purpose of inducing weight loss was described by Dr. Viktor Henrikson
in a 1952 case report discussing resection of the small
intestine[19]. Bariatric surgery for the treatment of obesity
was studied by Kremen et al[20] in 1954 using dogs as an
animal model. They subsequently performed a jejunoileal bypass on a human subject. The early forms of
bariatric surgical procedures had high rates of morbidity
and mortality. With evolution of the field, bariatric surgeries have been altered to increase safety and to allow
for fewer adverse effects. The annual number of bariatric
surgical procedures performed worldwide has surged
since 1998[21], and has now become a widely available and
accepted modality for the treatment of morbid obesity.
Approximately 146000 bariatric surgeries were performed
worldwide in 2003[22]. The upward trend has continued
with greater than 340000 annual bariatric surgeries worldwide in 2008 and 2011[23].
The most common bariatric surgical procedures are
outlined in Figure 1. Roux-en-Y gastric bypass (RYGB) is
the most commonly performed bariatric surgery worldwide, including in the United States/Canada, Europe, and
Latin/South America. Adjustable gastric banding (AGB)
is currently the third most common bariatric surgical procedure worldwide, and by 2011 AGB was less commonly
utilized (17.8% internationally) compared to 2003 (24.4%
internationally)[23]. The major reason for the decline in
utilization of AGB has been the pronounced upward
trend in the percentage of vertical sleeve gastrectomy (SG)
surgeries performed between 2003 (0% internationally)
and 2011 (27.89% internationally)[23]. This shift in the
choice of laparoscopic surgical procedures may be due to
a more rapid and more substantial weight loss after SG;
it may be due to the removal of the risk related to the
chronic implantation of an adjustable band; it may be due
to the removal of requirement of follow up adjustments
in individuals with adjustable bands; it may be related to
an absence of urgent return visits following the overfilling of adjustable bands.
The initial versions of AGB were introduced in the
1980s and then further refined to insertion with a laparoscopic technique in 1993. The advantage of AGB is that
it does not involve reduction or stapling of any portion
of the stomach, and it does not involve alteration of the
anatomy with the creation of a bypass of segments of
the small intestine. It is a relatively safe procedure with
low morbidity and mortality, and offers patients the potential for minimally invasive adjustments of the band or
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Procedure

Anatomy

Adjustable gastric
banding

Sleeve gastrectomy

Roux-en-Y gastric
bypass

Billopancreatic
diversion

Sleeve gastrectomy
with duodenal switch

Figure 1 Comparison of bariatric surgical procedures. The major restrictive bariatric procedures depicted at the top of the figure include the adjustable
gastric banding and sleeve gastrectomy. The restrictive and malabsorptive
procedures are depicted in the bottom of the figure. There are elements of both
food restriction as well as malabsorption in patients who have undergone either
Roux-en-Y gastric bypass or sleeve gastrectomy with duodenal switch. The major malabsorptive bariatric procedure is the biliopancreatic diversion. Reprinted
by permission from Ref [34].

even a reversal of the procedure. Although the efficacy
is not as dramatic as other bariatric surgical procedures,
the majority of patients experience greater than 40%
of excess weight loss (EWL) within one year[24,25]. The
mechanisms associated with weight loss in AGB are not
well understood. Weight loss was initially thought to be
related to a restrictive mechanism; however, several studies indicated that appetite reduction plays an important
role[26,27]. The reasons for this suppression of appetite
remain unclear.
SG is gaining popularity worldwide and is becoming
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one of the most commonly performed bariatric surgical
procedures. The gastric fundus and body are surgically
excised, leaving a narrow, tubular stomach along the
lesser curvature of the stomach. It allows for an immediate restriction of caloric intake without placement of a
foreign body, or the need for adjustments. Although SG
is irreversible and has a relatively increased operative risk
compared with other bariatric surgeries, the procedure is
often less time consuming and requires less time under
general anesthesia. The long-term data on the efficacy
and durability of this procedure is lacking. Patients experience 65% of EWL within one year and maintain
approximately 50% EWL within 6 years[28-30]. Similarly to
AGB, weight loss after SG was first theorized to be due
to a restrictive mechanism; however, recent studies have
indicated that hormonal changes play a critical role[31-33].
RYGB continues to be the most commonly performed bariatric surgery performed worldwide and comprises nearly 50% of all procedures performed. Despite
its popularity, there is a recent downward trend in the
number of RYGB procedures being performed annually worldwide[23], possibly due to the increasing favor
gained by SG. In this procedure, a small gastric pouch is
created and directly connected to the jejunum, thus bypassing a large portion of the stomach and duodenum.
Three channels are formed: the continuous digestive tract
(termed the Roux limb), the biliopancreatic limb, and the
common channel (between the jejunojejunostomy and
the ileocecal valve). Patients with a short common channel (< 120 cm from the ileocecal valve) are at greater risk
of developing severe malabsorption than those with a
longer common channel[34]. RYGB effectively reduces the
gastric reservoir to provide a restrictive component for
weight loss, and also creates a malabsorptive component
by excluding a variable portion of the duodenum and
jejunum to inhibit fat absorption[35]. Hormonal effects
may also provide a significant contribution to the efficacy
of RYGB related weight loss[36]. In an examination of
the potential benefit of probiotics, Woodard et al[37] randomized 44 individuals after Roux-en-Y gastric bypass to
receive either placebo control or 2.4 billion Lactobacillus
species daily. At 6 mo, there were no differences in weight
loss between these two groups. There was reduced breath
hydrogen levels in subjects who received daily Lactobacillus, supporting suppression of small intestinal bacterial
overgrowth. The importance of gastric bypass surgery
in improving patients’ quality of life was supported by
improvements in gastrointestinal quality of life surveys
in both of the groups. Scopinaro et al[38] initially developed biliopancreatic diversion (BPD) in the mid-1970s.
This procedure involves a distal gastrectomy with closure
of the duodenal stump. The jejunum is divided and the
distal limb (termed the roux limb) is anastomosed to the
proximal stomach, while the proximal limb (termed the
biliopancreatic limb) is anastomosed to the ileum. Initial
versions of this procedure had high morbidity with patients often experiencing dumping syndrome. To resolve
this problem, a variation of the procedure, termed biliopancreatic diversion with duodenal switch (BPD/DS),
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was developed to preserve the pylorus and control gastric
emptying. To help maintain the restrictive component
of BPD/DS, a partial gastrectomy of 70%-80% of the
greater curve of the stomach is performed in a gastric
sleeve configuration[39].
Vertical banded gastroplasty (VBG) is a procedure
that was developed in the 1970s and 1980s by surgeons
who were attempting to develop a bariatric surgical procedure without significant morbidity. Designed to be a
purely restrictive procedure, the gastric anatomy is altered
to restrict the daily caloric intake and cause early satiety.
The fundus of the stomach is separated with a stapled
partition, creating a vertical pouch along the proximal
lesser curvature. A narrow band of polypropylene mesh
is used to reinforce the outlet of the pouch. This procedure is not technically challenging for most surgeons and
has less morbidity than gastric bypass. Despite the excellent short-term outcomes with EWL of 60% or more
at one year, patients often do not maintain this level of
weight loss and have only 40% of EWL ten years after
their surgery. The failure to maintain long-term weight
loss is often attributed to dehiscence of the staple line,
allowing food to re-enter the main body of the stomach
and thus negating the effects of surgical restriction[19].
Because of the aforementioned reasons, this procedure
has largely fallen out of favor and accounted for only 0.7%
of bariatric procedures worldwide in 2011[23].

GASTROINTESTINAL PHYSIOLOGICAL
BASIS FOR WEIGHT LOSS PROCEDURES
Weight loss observed in patients with malabsorptive and/
or restrictive bariatric procedures was initially believed to
be the result of readily apparent mechanisms. The procedures that have a restrictive component (AGB, VBG,
SG, and RYGB) were designed to drastically decrease the
size of the stomach. According to this theory, patients
experience early satiety with smaller meal portions due to
the reduced gastric capacity. If restriction of the gastric
capacity was the only mechanism involved in weight loss
after bariatric surgery, the body would likely compensate
by increasing the intake of calorie-dense food and meal
frequency. Paradoxically, after RYGB and vertical gastroplasty, patients were noted to have lower calorie food
preferences and consumed significantly smaller meal portions[40,41]. Individuals with VBG do not experience the
same degree of effects as they tend to consume a slightly
higher proportion of dietary fat and calorie-dense foods
when compared to patients after RYGB[42]. There is an
abundance of data showing that RYGB causes more
significant amounts of weight loss and is more effective
at reducing appetite than VBG[13,43-46]. These findings are
suggestive of an alternative, underlying mechanism which
contributes to weight loss, rather than merely being induced by simple restriction of the gastric reservoir.
Evidence has been mounting in support of these
less well defined physiological changes that, in addition
to causing weight loss, also help improve co-morbidities
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such as type 2 diabetes mellitus. In a large meta-analysis
including 22094 patients after bariatric surgery, Buchwald
et al[43] found that 1417 of 1846 patients had complete
resolution of type 2 diabetes mellitus. Further categorization by type of bariatric surgery shows drastic differences
in efficacy. Of those with AGB and VBG, 47.8% and
68.2% had resolution of type 2 diabetes mellitus respectively, contrasted with 83.8% of patients with RYGB, and
97.9% with BPD or BPD/DS. A plausible theory to explain this observation is that RYGB, BPD, and BPD/DS
affect glucose homeostasis by a weight loss-independent
mechanism.
Time course studies have further supported the likelihood of physiological and hormonal changes contributing to the efficacy of bariatric surgery. Wickremesekera
et al[47] assessed 71 obese patients undergoing RYGB
who were categorized into three groups: diabetics, impaired glucose tolerance, and normal glucose tolerance.
All three groups had insulin resistance prior to surgery
(diabetic patients had greatest insulin resistance), and
they all showed improvement of insulin resistance within
six days of RYGB. Of the 31 diabetic patients included
in the study, only three individuals required medications
for treatment of diabetes mellitus at the time of their
discharge. Given the lack of any appreciable weight loss
six days after RYGB, this finding is consistent with a humoral mechanism for control of hyperglycemia. Similarly,
Tsoli et al[48] studied 12 patients undergoing BPD. All of
the patients discontinued their anti-diabetic medications
postoperatively, and at one month, only one patient still
had diabetes. To aid our consideration of the potential
mechanisms to explain these clinical findings, the proposed physiological roles of regulatory peptide hormones
in the gastrointestinal tract are summarized in Table 1.
Two major hypotheses have been proposed to explain
the immediate beneficial effects on type 2 diabetes mellitus seen in patients after duodeno-jejunal bypass (as performed with RYGB, BPD, and BPD/DS) in humans. The
“foregut hypothesis” suggests that bypass of the proximal intestines exerts an anti-diabetic effect by disallowing
calories from being exposed to the foregut, and thus, preventing release of a diabetogenic, hormonal mediator. An
alternative hypothesis is termed the “hindgut hypothesis.”
This theory proposes that an increased delivery of calories and nutrients to the distal jejunum and ileum increases the secretion of enteroendocrine hormones, including
peptide YY and glucagon-like peptide-1 (GLP-1) [36].
Although the proper mechanism(s) remain unknown, an
animal model created to study the differences between
these theories supports the foregut hypothesis. This study
showed that duodeno-jejunal bypass directly ameliorates
type 2 diabetes mellitus independently of food intake,
weight, malabsorption, or nutrient delivery to the hindgut. Therefore, unknown or undiscovered factors from
the proximal portions of the bowel may contribute to the
pathophysiology of type 2 diabetes mellitus[49]. The proposed effects of bariatric surgery on peptide hormones
in the gastrointestinal tract are summarized in Table 2.
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Table 1 Proposed physiological roles of gastrointestinal
peptide hormones

Table 2 Gastrointestinal peptides hormones after bariatric
surgery

Hormone

Localization

Proposed physiological roles

Hormone

Peptide YY

Ileum and colon

Glucagon-like
Peptide 1

Ileum and colon

Inhibits gastric emptying/
intestinal transit; possible
blockade of hunger
Delays gastric emptying;
Incretin: Augments insulin
secretion
Incretin: Augments insulin
secretion

Peptide YY
Glucagon-like peptide
1
Glucose-dependent
insulinotropic peptide
Oxyntomodulin
Ghrelin
Pancreatic polypeptide
Cholecystokinin

RYGB
VBG

Glucose-dependent Duodenum and
insulinotropic
proximal jejunum
peptide
Oxyntomodulin
Ileum and colon
Ghrelin
Pancreatic
polypeptide
Cholecystokinin

Blockade of hunger; inhibits
gastric secretion and emptying
Gastric fundus
Appetite stimulant;
increases gastric motility
Pancreas
Suppresses food intake;
inhibits gastric emptying
Duodenum and
Suppresses food intake;
proximal jejunum
initiates satiety;
inhibits gastric emptying

Blood hormone levels

RYGB
RYGB

Increased postprandially
Increased postprandially

RYGB and AGB

Increased postprandially

RYGB
RYGB and SG

Increased postprandially
Low Fasting and
Postprandially
Decreased
Increased

RYGB: Roux Y gastric bypass surgery; AGB: Adjustable gastric band; SG:
Vertical sleeve gastrectomy; VBG: Vertical banded gastroplasty.

after BPD[58]. At 90 min after a meal, they have approximately two to three fold higher concentrations compared
with lean and matched controls[59].

Peptide YY
The hypothalamus regulates food intake and satiety with
neuropeptides. Peptide YY is a member of the neuropeptide Y family of biologically active peptides and is
an important hormone in gut-brain communication[50].
Peptide YY is almost exclusively expressed in the gastrointestinal tract and is primarily secreted from mucosal enteroendocrine L-cells[51]. As shown by our group, Peptide
YY is mainly concentrated in the ileum and colon, with
the highest concentrations found in the distal colon[52].
Exercise and food intake stimulate the release of Peptide
YY causing levels to peak within two hours and remain
elevated for several hours[53]. Peptide YY interacts with Y
receptors and has an inhibitory effect on gastric emptying
and intestinal transit. Expression of Peptide YY has been
demonstrated in the hypothalamus and pituitary tissues
of human brains, which may suggest a role for Peptide
YY as a neurotransmitter involved in the regulation of
appetite and energy expenditure[54].
Lower fasting plasma Peptide YY concentrations
have been exhibited in obese individuals when compared
to their lean counterparts[55,56]. After VBG, patients have
continually increasing levels of basal Peptide YY concentrations at 6 and 12 mo that correlate with their weight
loss and approach the control levels. However, these
patients do not have significant postprandial spikes one
hour after meals as would be expected with a normal
physiological response. This implies that the cause of
increases in the basal Peptide YY concentrations may be
related to their weight loss rather than the surgical procedure. Although basal Peptide YY concentrations are
highest in lean controls, there is no statistical difference
compared to patients with RYGB. In response to a meal,
RYGB patients have an exaggerated spike in Peptide YY
levels. Postprandial Peptide YY concentrations start to
rise almost immediately and have been demonstrated to
increase as early as two days after RYGB[57] and one week
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GLP-1
Incretins are gastrointestinal hormones that augment insulin secretion from the beta cells of the islets of Langerhan in the pancreas, even prior to elevations in blood glucose. There are currently two hormones that are classified
as incretins: glucagon-like peptide or GLP-1 and glucosedependent insulinotropic polypeptide (GIP). Similar
to Peptide YY, GLP-1 is produced by enteroendocrine
L-cells primarily located in the distal ileum and colon[60].
There is biphasic secretion of GLP-1 from the gut in
response to food intake. The early phase occurs within
10-15 min after ingestion of food and the late phase
peaks at approximately 30-60 min[60]. GLP-1 receptors
have been identified in a wide range of tissues including the lung, heart, kidney, stomach, intestine, pancreatic
islets, and the peripheral and central nervous systems[61].
Similar to Peptide YY, GLP-1 has been implicated in the
regulation of food intake and energy homeostasis. GLP-1
delays gastric emptying and acts as a physiological regulator of food intake and appetite, increases satiety, reduces
hunger, and plays a role in glucose homeostasis[62-65]. Although there are GLP-1 receptors in the intestines and
in numerous areas of the brain, the exact roles of this
peptide have not yet been delineated. Several studies have
supported the theory that GLP-1 exerts its effects on
delaying gastric emptying through the vagus nerve[66-68].
However, animal studies have supported the notion that
the effects of GLP-1 may not be solely dependent on vagal afferent signaling, but rather may also involve receptors within the central nervous system[60].
Although AGB also induces satiety with optimal adjustment[26], it has not been shown to be associated with
the exaggerated postprandial hormonal responses seen
after RYGB[69]. As seen with Peptide YY, patients have an
increased and exaggerated postprandial GLP-1 response
after RYGB when compared to lean and obese controls.
These hormonal effects, however, were not observed in
patients that have lost an equivalent amount of weight
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from AGB[70]. Elevations of both GLP-1 and peptide
YY have been associated with an attenuated appetite after RYGB. Subsequent inhibition of the release of these
hormones with octreotide (a somatostatin analogue)
causes increases in food intake in patients after RYGB[57].
This finding suggests that these gut hormones play a
crucial role in the reduced food intake after RYGB, but
not after AGB. The enhanced hormone level response is
sustained two years after surgery and may help to explain
the maintained weight loss seen with RYGB[71].
GIP
GIP is synthesized and secreted from intestinal K-cells, a
majority of which are located in the duodenum and proximal jejunum[72]. It is secreted in response to ingestion of
nutrients, especially glucose and fat, and is significantly
higher after ingestion of large meals compared to small
meals[73]. The rate of GIP release is related directly to nutrient absorption, rather than the mere presence of intralumenal food and nutrients. Therefore, malabsorption and
decreased nutrient absorption reduces the secretion of
GIP[61]. In the pancreas, GIP inhibits β-cell apoptosis and
stimulates proliferation of β-cells and glucose-dependent
insulin secretion[74]. Although one of the main functions
of GIP is its effect on the pancreas, GIP receptors have
been identified in the stomach, small intestine, heart, lung
and brain[72].
Patients with type 2 diabetes mellitus have a severely
reduced incretin effect, which is likely multi-factorial in
origin. Despite normal or even increased basal and postprandial GIP concentrations[75], its insulinotropic effect
is greatly diminished[76,77]. GIP has a sharp postprandial
trajectory after RYGB compared to matched controls
with caloric restriction. The increment in GIP from baseline to its peak levels were larger and occur much more
swiftly in patients after RYGB than with caloric restriction[78]. Despite the sharp increases seen after RYGB,
comparisons with AGB reveal even higher concentrations of postprandial GIP after AGB than RYGB[69]. One
study compared patients with AGB and SG to patients
with RYGB and BPD/DS (defined in that study as restrictive procedures vs malabsorptive procedures, respectively). Although patients with malabsorptive procedures
experienced increased concentrations of GIP, it was not
statistically significant. Those with restrictive procedures
had much larger longitudinal increases at one month and
three months after surgery[79]. These findings may be due
to bypass of the K cells in the duodenum and proximal
jejunum with procedures such as RYGB and BPD/DS[79].
Oxyntomodulin
Oxyntomodulin is another product of the L-cells found
in the distal portions of the gastrointestinal tract and is
secreted in response to food ingestion[80]. It binds to the
same receptors as GLP-1, but with lower affinity. Oxyntomodulin is an anorectic hormone. After a meal, its
circulation increases in proportion to the caloric intake
and peaks within 30 min, remaining elevated for sev-
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eral hours[53]. It can inhibit gastric acid production and
pancreatic secretion, and it delays gastric emptying [81].
Administration of oxyntomodulin causes reductions in
food intake in lean and obese individuals and promotes
a reduction in body weight[82,83]. The changes in oxyntomodulin concentrations correlate with the changes
seen in GLP-1 and peptide YY, which makes it difficult
to distinguish its effects from those of other peptides.
Various studies have supported the possibility that these
three hormones work in synergy and act as a powerful hormonal triad contributing to post-surgical weight
loss[80]. After RYGB, the reported results are similar to
that reported with GLP-1 and Peptide YY. Patients experience an exaggerated rise in oxyntomodulin levels, more
than two-fold higher than controls, in response to an oral
glucose load[84].
Ghrelin
Ghrelin is an orexigenic (appetite stimulant) hormone
that is secreted from the X/A-like cells within the gastric
oxyntic cells[85]. It appears to increase gastric motility,
stimulates the hypothalamo-pituitary-adrenal axis, and
enhances cardiac contractility[86]. Ghrelin is principally
secreted from X/A-like cells within the fundus of the
stomach, but may be found in smaller amounts in the
duodenum, jejunum, and ileum[80]. Ghrelin also functions as a neurotransmitter and is expressed within the
arcuate nucleus of the hypothalamus and periventricular
regions[87].
In humans, ghrelin demonstrates a diurnal rhythm by
rising throughout the day to a zenith at 0100, but then
falling overnight to a nadir at 0900. Secretion of ghrelin
is stimulated by fasting, by cholecystokinin (CCK), and by
gastrin, and is inhibited by food ingestion, by somatostatin, and by growth hormone[80]. There is a clear rise in preprandial ghrelin concentrations followed by a postprandial
decline[88]. Patients with anorexia nervosa have high fasting
plasma ghrelin concentrations with normalization of levels after weight gain[89]. Similarly, diet-induced weight loss
also leads to increases in plasma ghrelin concentrations[90].
Although ghrelin levels decrease postprandially in normalweight subjects, obese individuals demonstrate a much
smaller drop in ghrelin levels after meals[91,92]. Circulating
ghrelin concentrations have been found to be negatively
correlated with BMI[93]. These findings suggested that
ghrelin may be a strong contributor in the regulation of
and pathophysiology of obesity.
The role of ghrelin post-bariatric surgery is complex
and difficult to assess. The findings are dependent on
several variables including the different types of bariatric surgeries, various levels of weight loss, and different
intervals after surgery. One of the first reports of decreased ghrelin concentrations after RYGB was by Cummings et al[90] and similar results have since been replicated
by several other studies[94-96]. They compared patients after RYGB to lean volunteers and matched obese patients
that lost weight through diet. RYGB resulted in lower
fasting, postprandial, and interprandial plasma ghrelin
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levels compared with obese and lean patients. The decline
in ghrelin is almost immediate after RYGB with levels
demonstrated to be significantly lower as early as one day
after surgery. This decline is maintained for at least two
years[97].
Similarly, ghrelin plasma levels are noted to decrease
immediately with SG as early as one day after surgery, but
not with AGB. The ghrelin levels remain low for at least
six months after SG[98], but in patients with AGB, levels
may actually increase after the surgery[26,98,99]. Plasma concentrations of ghrelin are also increased after BPD[100].
However, when BPD/DS is performed, which includes
resection of the gastric fundus, a decrease in ghrelin concentration is observed[101]. A series of studies have demonstrated that bariatric procedures preserving the gastric
fundus do not result in decreases in plasma ghrelin,
whereas procedures that resect the gastric fundus lead to
lower fasting plasma ghrelin concentrations[59,96,102-104]. The
exact role and overall effect of ghrelin on weight loss and
obesity remains unclear. Despite findings that procedures
causing decreases in levels of ghrelin (RYGB and SG)
result in better weight loss, effective weight loss is still
demonstrated in procedures in which ghrelin increases[80].
Pancreatic polypeptide
There is mounting evidence delineating the role of the
vagus nerve in the regulation of the physiology of ghrelin and pancreatic polypeptide (PP). The vagus nerve
innervates much of the gastrointestinal tract and helps
mediate several hormonal pathways. In humans, blockade
of vagal impulses with the use of a non-specific cholinergic antagonist reduces ghrelin secretion[105,106]. Furthermore, administration of exogenous ghrelin to patients
with truncal vagotomy after lower esophageal or gastric
surgery does not stimulate increased food intake[107]. This
suggests that the vagus nerve is involved in the physiological regulation of ghrelin.
PP has structural homology to peptide YY. It is produced in endocrine type F cells in the pancreatic islets
and is released into circulation after food ingestion and
exercise. PP serves as a regulatory hormone by inhibiting
pancreatic exocrine secretion, stimulating glucocorticoid
secretion, and modulating gastric acid and gastrointestinal motility. It is secreted at a low basal rate in fasting
states and is markedly increased during all phases of
digestion[108]. Intact vagal cholinergic reflex circuits are a
major regulator of PP secretion. The release of PP is diminished by atropine (a cholinergic antagonist) in normal
patients and is completely abolished in patients with a
vagotomy[109,110].
PP may be intricately involved in the regulation of
food ingestion. Administration of exogenous PP has
demonstrated suppression of food intake and inhibition
of gastric emptying. After its release, PP has been shown
in animal models to have a negative feedback mechanism
by acting on receptors in the dorsal vagal complex. Thus,
PP has a direct effect on the regulation of vagal input to
the stomach and pancreas[108]. Since PP concentrations
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decrease with inhibition of the vagal cholinergic reflex
circuits, however, this suggests that the effect of PP on
food intake may be indirect and also regulated through
the vagus nerve. After RYGB, PP levels have been shown
to decrease as early as one day post-operatively, with subsequent normalization to pre-operative levels one month
after surgery. This observation may, in part, be due to vagal dysfunction immediately after surgery with an ensuing
return to normal function[111]. A comparison of RYGB
with vagal nerve preservation to RYGB with vagal nerve
dissection does not reveal any significant differences in
the overall long term weight loss after three years[112]. A
small study identified higher PP levels after RYGB than
in patients with SG, but this finding did not reach statistical significance[113].
CCK
CCK is produced in the I-cells, which are mainly located
in the duodenum and proximal jejunum, with small numbers of cells present throughout the rest of the small intestine. It is secreted after food ingestion, especially after
meals with high contents of fat and protein[114]. The main
functions of CCK are stimulation of pancreatic exocrine
secretion, gall bladder contraction, inhibition of gastric
emptying, and decreasing food intake[115]. Serum concentrations of CCK rise within 15 min after meals, but
have a short plasma half-life of only a few minutes. The
anorectic effects of CCK are mediated by its receptors
within the central nervous system, which may allow it to
operate as a stimulus for satiety[116].
A small preload meal causes a normal physiological
response of CCK release with subsequent reduction in
food intake and decreased sensations of hunger[117,118].
Parenteral administration of CCK has similar effects by
increasing fullness and reducing hunger and food intake,
irrespective of whether the patient is lean or obese[119,120].
These findings suggest the possibility that obese patients
could have a defect in the secretion of CCK. However,
this theory has been refuted by studies showing similar
postprandial plasma CCK levels in lean and obese individuals[121,122]. Patients undergoing RYGB do not have
statistically significant changes in the post-operative CCK
levels[123,124]. After VBG, there were no significant changes
in the CCK concentrations in response to a meal on
consecutive days before and after surgery[122]. However,
when comparing CCK levels of morbidly obese patients
three months after VBG to that of lean controls, the
peak concentration was significantly higher and required
a shortened time period to reach its zenith[125]. These data
suggest a possible role of CCK in stimulating satiety and
encouraging decreased food intake to help achieve greater
weight loss after VBG.
Gut microbiota
The physiology and pathophysiology of the gut microbiota in obesity and in treatment of obesity warrants extensive investigation. There have been preliminary studies
examining the role of the gut microbiota in outcomes af-
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ter bariatric surgery. This is of course a complex area of
clinical research due to differences in concentrations of
aerobic and anaerobic bacteria in different regions of the
gut and due to differences in the composition of bacteria
present in different individuals.
In a study from the Mayo Clinic, Scottsdale[126], nine
individuals (3 normal weight, 3 morbidly obese, and 3 after gastric bypass surgery) had extensive studies of their
microbial communities. There were 6 major bacterial
divisions identified. Firmicutes were dominant in individuals with normal weight and morbid obesity, but were
decreased after gastric bypass. Morbidly obese individuals
had increased numbers of hydrogen-producing Prevotellaceae and hydrogen-oxidizing Archaea. The authors hypothesized that interspecies hydrogen transfer is an important
mechanism for increasing energy update by the human
colon in morbidly obese individuals.
A second study from France examined fecal samples
from 13 normal weight individuals and from 30 obese
individuals (who had samples obtained before and after
RYGB)[127]. The major findings included: (1) Bacteria
in the Bacteroides/Prevotella group were lower in obese
individals compared to normal weight individuals, but increased 3 mo after RYGB; (2) Escherichia coli had increased
3 mo after RYGB; (3) Lactic acid bacteria decreased by
3 mo after RYBG; and (4) Faecalibacterium prausnitzii was
lower in individuals with diabetes mellitus.
The authors hypothesized that components of the
gut microbiota adapt to a starvation-like process following RYGB.
A second French study[128] later reported studies of
fecal samples and gene expression in white adipose tissue obtained from morbidly obese individuals before and
after RYGB. The authors identified enrichment of gut
microbiota after RYGB with 37% of increased bacteria
being Proteobacteria. It was reported that there were increased associations between gut microbiota composition
and gene expression in white adipose tissue after RYGB.
Taken together, it is clear that further work is needed
to determine how the composition of the gut microbiota
and changes in the gut microbiota after bariatric surgery
can be used in decision making for the clinical care of
morbidly obese individuals who are seeking interventional therapy to induce weight loss.

HORMONES SECRETED BY ADIPOSE
TISSUE
Leptin
The hormone Leptin was originally described as important for suppression of food intake in mice. Human
Leptin is a 167 amino acids protein. It is produced by
adipocytes of mainly white adipose tissue as well as by
brown adipose tissue[129]. Leptin is produced in small
amounts by multiple organs. The major Leptin receptor
is expressed in the hypothalamus, the site of regulation
of body weight and the sense of hunger. It has been
reported that blood levels of Leptin are paradoxically in-
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creased in obese individuals[129].
The potential influence of Leptin on outcomes after
bariatric surgery is unclear. It has been reported[129] that
Leptin administration compared to placebo (delivered
by subcutaneous injections twice daily for 16 wk) in 27
women enrolled at least 18 mo after RYGB revealed that
Leptin treatment had no effect on body weights. This
result was disappointing since multiple groups[130-132] have
reported marked postoperative decreases in blood Leptin
levels after SG and RYGB. Further clinical research is
therefore required to determine whether Leptin is involved in the weight loss process after these bariatric surgical procedures.
Adiponectin
The hormone Adiponectin is a 244 amino acids protein.
Adiponectin is physiologically involved in the regulation
of blood glucose levels and fatty acid breakdown or oxidation[133]. It is secreted by adipose tissue, and, interestingly, by the placenta during pregnancy. In adults, there is
an inverse relationship between blood Adiponectin levels
and body fat percentage. Adiponectin levels may be paradoxically decreased in obese individuals.
Increases in blood Adiponectin levels after bariatric
surgery may be important in postoperative insulin sensitivity[133-135]. It has been reported that Adiponectin serum
levels increase after RYGB, even in patients with preoperative body mass index as low as 22 kg/m2[133]. However,
investigators in the Swedish Obese Subjects Study have
suggested that baseline blood levels of Adiponectin do
not predict the treatment benefit of bariatric surgery[136].
Therefore, it is not presently clear how blood levels of
Adiponectin could be used to plan future minimally invasive therapy for medically-complicated obesity.

ENDOSCOPY AND THE POTENTIAL
FUTURE OF BARIATRIC PROCEDURES
Although bariatric surgery is an effective therapy in the
treatment of morbid obesity and has become a cornerstone, it has risks and limitations. Bariatric surgery is the
most effective weight loss treatment; however, it is associated with morbidity, mortality, and has a considerable
cost. While laparoscopic procedures have reduced the
rate of complications, additional advances are actively being sought to further reduce the overall risk and cost. An
ideal operation would provide a safe, durable, and reversible procedure with low peri-operative complications and
recovery time, without the need for an incision through
the abdominal wall. One obvious candidate to help
achieve these goals would include endoscopic approaches
with interventions performed entirely through the gastrointestinal tract using flexible endoscopes. Not only is
this approach becoming more feasible with technological
advancements, but it also introduces new categories of
therapy.
There are several other types of endoscopic techniques that mimic the anatomic features of bariatric
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Table 3 Endoscopic techniques for treatment of obesity
Technique

Proposed mechanisms of action

Intragastric balloon

Increases gastric distension and
satiety and delays gastric emptying
Endolumenal vertical gastroplasty Restriction of food intake and
Induce early satiety
Transoral gastroplasty
Restriction of food intake
Trans-oral endoscopic restrictive
Restriction of food intake
Implant system
Duodeno-jejunal bypass sleeve
Reduced intestinal digestion and
absorption
And delayed gastric emptying
Gastroduodenojejunal bypass
Prevent absorption of nutrients
sleeve
Aspiration therapy
Reduced presence of available
nutrients

surgery. Two broad categories of endoscopic weight loss
modalities include restrictive and malabsorptive therapies.
Although these categories are overly simplistic and do not
explain the hormonal changes that accompany each type
of procedure, they have remained prevalent within the
literature. Restrictive procedures attempt to decrease the
available volume of the stomach with suturing or stapling
devices. Malabsorptive procedures prevent food from
contacting the duodenum and jejunum and mixing with
biliary secretions until more distal segments of the small
bowel. Examples of restrictive procedures include intragastric balloon therapy, endolumenal vertical gastroplasty,
transoral gastroplasty, and transoral endoscopic restrictive
implant systems. Malabsorptive procedures include the
duodeno-jejunal bypass sleeve (DJBS) system, which has
certain adaptations that may act as a combination of both
restrictive and malabsorptive procedures, and mimics
many of the hormonal changes seen in bariatric surgery.
These endoscopic methods are summarized in Table 3.
Intragastric balloon
The Garren-Edwards bubble (GEB) was the first intragastric balloon widely used in the United States during
the 1980s. It was first introduced in 1982 and approved
by the Food and Drug Administration in 1985. The GEB
was endoscopically deployed in the stomach and expanded using an air insufflation catheter to fill the polyurethane cylinder, which was freely floating in the stomach.
It was designed to decrease caloric intake and induce
weight loss by increasing gastric distension and satiety
and delay gastric emptying[137]. The GEB was less efficacious than bariatric surgery[138] and did not induce statistically significant weight loss in controlled trials. Due to a
lack of efficacy and a relatively high cost of this device,
it fell out of favor[139,140]. Furthermore, there were several
complications including gastric erosions and ulcers, Mallory-Weis tears, small bowel obstruction, and esophageal
laceration. Accordingly, the GEB was withdrawn from
the market in 1988.
The BioEnterics intragastric balloon (BIB) was first
introduced in 1999. It consists of an adjustable silicone
elastomer balloon with a spherical shape. The potential
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complications are similar to that of GEB, but occur less
frequently[137]. The Food and Drug Administration has
not given approval for BIB use in the United States, but
it has been studied extensively worldwide and is approved
in many regions including Europe, several South American countries, Australia, and Canada. The prospects of
long-term therapy with BIB remain limited as it is usually left in place for only six months. Retrospective data
revealed a low complication rate of approximately 2.8%
with EWL of 33.9% and improvement in pre-operative
co-morbidities in 44.8% of patients[141]. Similar results
have been confirmed by several studies validating BIB
as an effective and safe short-term treatment of obesity[142,143]. A small prospective study compared weight
loss achieved with BIB and laparoscopic AGB. Since
BIB is only approved for six month intervals, the device
was removed at six months and replaced with an identical, new BIB during the same procedure. Similar results
were noted in the two groups after six months; however,
at 12 mo, patients with BIB had greater weight loss than
laparoscopic AGB. After 18 mo (six months after the
BIB had been removed), overall weight loss results were
similar as the BIB group had regained some of the lost
weight[144].
The long-term outcomes are not as favorable as
short-term outcomes with only one quarter of patients
maintaining weight loss 2.5 years after intragastric balloon[145]. Thus, some have proposed intragastric balloons
as an effective bridge to bariatric surgery. It helps induce
pre-operative weight loss to decrease the technical difficulties associated with bariatric surgeries in morbidly
obese individuals, and decreases the risk of general anesthesia[146,147]. Furthermore, while it may not change the total weight loss after surgery, pre-operative treatment with
intragastric balloon has been shown to reduce intraoperative complications and risk of conversion to open surgery in morbidly obese patients undergoing laparoscopic
AGB[148].
Because of this reported unfavorable long-term
outcome, other authors have suggested treatment with
serial balloons[149]. In a six year study, 83 individuals with
BMI > 40 underwent intragastric balloon placement.
After balloon removal, a second balloon was placed in
all patients after they had regained ≥ 50% of the weight
loss achieved with the initial balloon. A third balloon was
placed in 22% of the patients and 1 patient underwent
placement of a fourth balloon. At 76 mo of follow up,
the mean BMI was 37.6 kg/m2, demonstrating a modest
weight loss. Due to the placement of multiple intragastric
balloons, this strategy is less likely to be cost effective.
To address some of the limitations experienced with
BIB, the spatz adjustable balloon system (SABS) was introduced. The SABS is composed of a spherical silicone
balloon mounted on a catheter placed on one surface. The
catheter has two perpendicular loops: one is an easily visible white inflation valve, and the other has a metal chain,
which prevents collapse of the balloon and maintains its 7
cm diameter within the gastric lumen to prevent migration
beyond the stomach. The device may be removed with a
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standard polypectomy snare by ensnaring a blue clasp at
the end of the larger, metal chain containing loop. A pilot
study was completed with 18 patients and demonstrated
26.4% EWL at 24 wk and 48.8% EWL at 52 wk. Six successful downward adjustments were made to help alleviate intolerances including abdominal pain, nausea, and
vomiting. Upward adjustments were made in ten patients
due to weight loss plateau resulting in additional weight
loss. Several adverse events were experienced causing
premature removal of the device in seven patients. This
also prompted several improvements in the design of the
device to help prevent complications[150].
Despite improvements in the design of the SABS,
studies have shown a relatively high rate of adverse
events, which remains one of its biggest limitations. Espinet-Coll et al[151] experienced adverse events in 15% of
the devices used in a study involving 107 patients. Four
devices developed a leak and the other 12 developed intolerances requiring early explantation. The intolerances
cited include anchor migration in seven patients with two
developing duodenal ulcers (one of which was surgically
repaired), one gastric fundus ulcer, and four clinical intolerances. One case report was published with a patient experiencing migration of the SABS to the jejunum causing
obstruction and the patient presenting with abdominal
pain, nausea, and vomiting 8 mo after implantation of
the device. Exploratory laparotomy was performed with
removal of the SABS through a small enterotomy[152]. In
a direct comparison of SABS and BIB in a case control
study, both devices were well tolerated with similar weight
loss after 12 mo. However, the SABS group experienced
complications in 17.5% compared to only 2.5% of those
with BIB. Device migration was noted in 10% of the
SABS group and 15% of patients had to have it removed
prematurely[153]. The SABS could potentially be used in
the same manner as some studies have demonstrated
with BIB. The device may be removed one year after the
initial procedure with subsequent placement of a new
SABS device. This type of approach could allow placement for up to two years[153]. Although preliminary studies are encouraging, the lack of long-term efficacy and
concerns about the overall safety necessitate additional
research and possibly further improvements in the design
of the device prior to its widespread use.
Another potential alternative system has been developed by ReShape Medical. The ReShape Duo has been
used in Europe for over 2 years. This devise consists of
two connected but separate balloons with a total volume
of 900 mL. In one small study, three sites randomized
21 patients to a dual balloon system for 24 wk, while 9
patients treated with diet and exercise alone served as the
control group[154]. These 30 patients included 26 women
and 4 men with an age range of 26 to 59 years-old. At 24
wk, the mean excess weight lost averaged 32% in the dual
balloon group and 18% in the control group. Twenty
four weeks later, the dual balloon group had maintained
64% of their weight loss. In the dual balloon group, the
treatment-related complications included severe nausea
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in 4 out of 21 patients (19%), gastritis in 1 patient, and
transient hypoxia in 1 patient during removal of the balloon devise. No long term study results are yet available
for review.
Endolumenal vertical gastroplasty
Initial studies of endolumenal treatments for gastroesophageal reflux disease (GERD) introduced endoscopic suturing devices developed to create tissue placation
using adjacent tissue folds[155]. This system was marketed
as the Bard EndoCinch Suturing System and while it has
good short-term outcomes in the treatment of GERD,
the long-term results show diminishing efficacy over
time[156,157]. The possibility of its therapeutic potential
has been extended to treatment of obesity. Endolumenal vertical gastroplasty (EVG) was completed by using
a continuous suture pattern to create a narrow, tubular
shaped stomach to provide restriction of food intake and
to cause early satiety. The underlying hormonal effects
of this procedure are unknown as they have not yet been
studied. The average procedure time for EVG is approximately 45 min with minimal complications and no serious adverse events. EVG provided outcomes comparable
to bariatric surgery with 58.1% EWL at one year[158].
A separate device was developed by Bard and named
the restore suturing system. This is a single-intubation,
multi-stitch device placed at the end of a standard endoscope. An initial pilot study revealed the feasibility and
safety of this procedure, but the overall procedure time
took an average of 125 min[159]. A one year follow-up revealed only modest decreases in weight, BMI, and waist
circumference with a mean of 27.7% EWL. Furthermore, endoscopy at one year found a partial or complete
release of plications in 72% of patients[160]. Despite adequate short-term outcomes with EVG, there is a lack of
data showing the long-term durability. Given the results
noted with the Bard EndoCinch Suturing System in the
treatment of gastroesophageal reflux and the limited data
about the findings with the restore suturing system, one
might expect the efficacy to further decline in longerterm studies.
Transoral gastroplasty
An endolumenal procedure termed transoral gastroplasty
(TOGA) was developed by Satiety Inc. and involves
endoscopic stapling of the lesser curvature of the stomach to create a restrictive pouch. The pilot study for
this device did not have any serious adverse events and
had good results with 24.4% EWL at six months posttreatment. The study did note gaps in the original staple
line in 62% of patients[161]. The TOGA system was subsequently improved by developing overlapping staple
lines to avoid gaps from forming and a small follow-up
study involving 11 patients was conducted to test the new
advancements. This study confirmed the safety of the
procedure and resulted in 46.0% EWL at six months[162].
Although there have been good short-term outcomes, there is limited data about the long-term effects.
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Outcomes measured at one year in a study with 53 patients revealed a total of 38.7% EWL. Complications
were reported with one patient developing respiratory
insufficiency requiring mechanical ventilation and another with asymptomatic pneumoperitoneum. Furthermore,
23 of the patients developed gaps in the staple line seen
on endoscopy[163]. Another recent study involving a comparison of TOGA to RYGB and BPD revealed good
outcomes for a select group of patients with TOGA
after two years. Although RYGB and BPD had better overall results in the reduction of BMI, the TOGA
patients with a lower initial BMI had higher reductions
in their BMI than patients with RYGB and BPD[164].
At this time, the TOGA system is not used within the
United States. Clinical trials did not reach set targets and
research and development of the product was halted
indefinitely due to a lack of approval from the United
States Food and Drug Administration.
A variation of TOGA was recently described in a
clinical study performed at the Mayo Clinic, Rochester by
one of us (Gostout CJ) using the commercially available
endoscopic suturing device, Overstitch. This novel procedure accomplishes endoscopic gastric volume reduction
in a similar fashion to SG. It introduces a series of closely
spaced, full-thickness, interrupted sutures through the
gastric wall resulting in volume-reducing plications extending from the gastric antrum to the gastroesophageal
junction. A pilot study with four patients demonstrated
the technical feasibility of this endoscopic procedure
without any intra-operative or serious post-operative adverse events[165].
Two additional intralumenal suturing systems have
been recently reported. Espinos and associates have described a per-oral system that is designed to place transmural plications in the gastric fundus and distal gastric
body using specialized suture anchors[166]. Their clinical
study included 45 patients (76% females). A mean of 8.2
plications were placed in the fundus and a mean of 3.0
plications were placed in the distal gastric body. At 6 mo
follow up, patients had lost a mean of 49.4% of their
excess body weight with no mortality and no operative
morbidity reported. This interesting report will require
verification of the authors’ results in additional research
centers and long-term follow up of weight loss to confirm the utility of this technique.
In a multicenter report, there has been a recent, partial description of a new transoral suturing device developed by SafeStitch Medical Inc, Miami, Florida, United
States[167]. The authors describe four obese patients who
underwent proximal gastric placement of gastroplasty
sutures after mucosal excisions of gastric tissue. It was
reported that at 2 year follow up, the patients had excess
body weight lost that ranged from 0% to 68%. This study
is quite limited in that it is a small clinical trial with highly
variable results. In addition, the physiological basis for the
placement of gastroplasty sutures and the mechanisms
involved in weight loss are not well defined.
Despite the promising short-term results of TOGA
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and its variations, long-term results are not yet available.
The durability and extent of weight loss remain in question and thus far, these procedures have not demonstrated clear advantages in efficacy over surgery. These
procedures may be advantageous in a select subgroup of
morbidly obese patients, but further studies are necessary
to elucidate the long-term outcomes when compared to
other surgical and non-surgical options.
Trans-oral endoscopic restrictive implant system
The trans-oral endoscopic restrictive implant system
(TERIS) was developed by BaroSense Inc. and introduced as a new endoscopic therapy for the treatment
of obesity[168]. This procedure involves placement of a
restrictor with a 10 mm central channel for food passage
at the gastric cardia, creating a restrictive pouch. This is
considered a permanent implant, but may be removed or
modified if necessary. A prospective, observational study
was completed to evaluate the short-term safety and efficacy of TERIS. Of a total of 13 patients included in this
study, three of them experienced serious adverse events
with one developing gastric perforation requiring procedural reversal and laparoscopic treatment and two others
developing pneumoperitoneum. The percentage of EWL
was 22.2% after three months[169]. While the procedure is
feasible and weight loss and improvement in quality of
life measures are comparable to restrictive bariatric procedures, the safety profile remains a concern. Technical
improvements and long-term data are necessary to make
TERIS an effective option in the arsenal of treating obesity. Completion of multi-center feasibility studies would
be important in order to evaluate adverse events relating
to the procedure and device and the associated overall
weight loss. At this time, it does not appear that clinical
research studies utilizing TERIS will be proceeding.
DJBS
Developed as the EndoBarrier by GI Dynamics, Inc.
(Lexington, Massachusetts, United States), the DJBS is an
endoscopically implanted, removable, and impermeable
fluoropolymer sleeve with a nitinol anchor. The device
is deployed into the duodenal bulb under fluoroscopic
guidance during endoscopy and extends 60 cm into the
small bowel. It is intended to mimic a bypass procedure
without the risks and effects associated with surgery. It
does not allow food to contact the mucosa of the duodenum and upper portions of the jejunum. It also prevents
food from mixing with biliary and pancreatic secretions
until more distal segments of the jejunum. The device
was initially studied in porcine models without significant
adverse events[170], and was later successfully deployed in
the first human subject[171]. An open-label, single-center,
prospective study including 12 patients revealed good
outcomes with 23.6% EWL after 12 wk. Two patients
had explantation of the device after nine days secondary
to poor placement and there were no severe device-related events reported[172]. In a larger, multicenter, randomized clinical trial involving 41 patients with 30 undergoing
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duodeno-jejunal bypass sleeve placement, there were no
adverse events. The device could not be implanted successfully in 4 patients, but patients with the device experienced 19% EWL after 3 mo compared to 6.9% EWL in
control patients[173].
Another variation of the duodeno-jejunal bypass
sleeve has been tested using a restrictor orifice to add a
restrictive component. This device, also endoscopically
implanted into the duodenal bulb, has a 4 mm orifice to
slow gastric emptying. The device was first tested in porcine models and after safety was established, was used in
a pilot study including 10 patients. This open-label, single-center trial investigated the modified duodeno-jejunal
bypass sleeve with restrictor orifice and found the results
of duodenal exclusion and delayed gastric emptying to be
additive. Patients had an average of 40% EWL after just
12 wk, which compared favorably to results with the unmodified duodeno-jejunal bypass sleeve after 12 wk. The
gastric emptying rate was measured by scintigraphy and
noted to be significantly reduced in all patients with the
device. There were no clinically significant adverse events,
but a majority of patients experienced abdominal pain,
while others had nausea and vomiting. These symptoms
lead to seven patients requiring balloon dilation of the
restrictor orifice[174]. Currently, there are no available data
for the long-term outcomes for this device.
The duodeno-jejunal bypass sleeve has also been
tested in obese patients with type 2 diabetes mellitus.
The study included 22 patients and was an open-label
trial lasting 52 wk. Only 13 patients completed the entire
duration of the study. Reasons for explantation included
device migration in three patients, gastrointestinal bleeding in one patient, abdominal pain in two patients, and
unrelated reasons in the remaining three patients. The
duodeno-jejunal bypass sleeve improved the overall
glycemic status of the 13 patients that completed the
entire study and the reported EWL was 39.0%[175]. The
duodeno-jejunal bypass sleeve device already has approval and is being used in several countries. A large,
randomized, sham-controlled clinical trial is underway in
the United States. The long term results of the duodenojejunal bypass sleeve remain in question as there is no
long-term data. Furthermore, the device is only approved
for a short duration of 12 mo and placement for longer
intervals has not yet been tested.
Gastroduodeno-jejunal bypass sleeve
A novel device was developed by ValenTx Inc designed
to mimic the restrictive and malabsorptive aspects of
RYGB without the risks of bariatric surgery. An endolumenal, endoscopic gastroduodeno-jejunal bypass
sleeve was proposed to induce short-term weight loss
and improvements in co-morbidities. This sleeve is a
120 cm long fluoropolymer deployed through the pylorus with a toposcopic delivery technique with flow and
pressure monitoring. Fluoroscopic guidance is used to
ensure proper deployment through the duodenum and
into the proximal jejunum. The device is then secured
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at the gastroesophageal junction using endoscopic and
laparoscopic techniques. Explantation may be completed
with an endoscopic retrieval method. The resulting gastroduodeno-jejunal bypass sleeve consequently prevents
absorption of nutrients in the stomach, duodenum, and
jejunum and delivers food directly from the esophagus to
the small bowel.
An initial prospective, single-center trial included 24
patients. Two patients were excluded pre-procedurally
and the device was successfully placed in 22 patients.
The 12 wk study was completed by 17 of the patients,
who had a reported 39.7% EWL. There were no serious
adverse events experienced and the main reason for early
explantation in five patients was pain with swallowing[176].
Further development of this device may eliminate laparoscopic visualization and allow the procedure to be performed entirely endoscopically. Although the early results
are promising with weight loss results similar to those reported with RYGB and SG, further short-term and longterm data is needed to establish the clinical efficacy of
the gastroduodeno-jejunal bypass sleeve in the treatment
of morbid obesity.
Aspiration therapy
There is an endoscopic weight loss technique termed
“Aspiration Therapy” which is not designed to mimic
the physiological effects of bariatric surgery[177]. In this
endoscopic technique, a specialized tube called as aspiration tube or A-Tube (Aspire Bariatrics, King of Prussia,
Pennsylvania, United States) is placed percutaneously,
leaving both an intragastric portion with holes to permit
aspiration as well as a skin port. Ten to 14 d after A-Tube
placement, individuals in this single center trial were instructed to aspirate their gastric contents 20 min after
any breakfast, lunch or dinner that included more than
200 kcal. In this trial involving 11 subjects, ten individuals
completed the first year of the study. These ten subjects
lost a mean of 49% of their excess body weight at 1 year.
Seven of these 10 subjects were able to maintain their
weight loss at 2 years after enrollment in this study. This
of course is a small, single center clinical study. More extensive validation will be required for assurance that the
subjects are not simply being allowed to or encouraged to
develop a potentially harmful eating disorder.

OTHER PROCEDURES
Other techniques have been proposed to induce weight
loss by attempting to alter normal physiology. These
techniques, as shown in Table 4, are summarized in the
below section.
Electrical stimulation
Several animal and human studies have been completed
on the effects of electrical stimulation of the stomach
and intestines as a mode of therapy for morbid obesity.
Animal studies have shown promising results with electrical stimulation of the intestines, which causes gastric
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Table 4 Miscellaneous techniques for treatment of obesity
Technique

Proposed mechanisms of action

Electrical stimulation
Intragastric botulinum toxin
injections
Natural orifice translumenal
Endoscopic surgery

Reduced gastric accommodation and
Delayed gastric emptying
Prolonged gastric emptying time and
Reduced maximal gastric capacity
Transluminal access to intra-abdominal
Structures

relaxation, delays gastric emptying, and accelerates intestinal transit normally slowed by the ileal brake[178-180]. In
humans, gastric electrical stimulation was found to be a
safe and feasible therapy for morbid obesity. Several trials showed significant amounts of weight loss due to reduced gastric accommodation, delayed gastric emptying,
and increased intestinal transit[181-184]. Direct comparisons
of these studies is difficult as several different approaches
have been attempted including laparoscopic and endoscopic placement of electrodes. Additionally, the exact
placement varies with some studies placing electrodes in
the distal stomach and others in the duodenum. Although
these results have been encouraging, many questions
remain about this modality of therapy and its long-term
results.
Another area of active research has been vagus nerve
stimulation (VNS). As previously noted, the vagus nerve
plays an important role in the hormonal regulation
pathways involved with satiety and short-term regulation of food intake. Bodenlos et al[185] demonstrated that
depressed patients experience a significant change in
ratings of cravings for sweet foods with acute activation of a VNS device. Similarly, providers administering
treatments with cervical VNS for adjunctive therapy of
severe, treatment-resistant depression noted significant
weight loss proportional to the initial BMI, with more
severe obesity yielding greater amounts of weight loss[186].
While truncal vagotomy has also successfully been used
in the treatment of obesity[187,188], its effects may not be
maintained over time, possibly owing to the development
of collateral innervations[188].
A new therapy termed VBLOC for Vagal BLOCking therapy was developed for the treatment of obesity
using intermittent intra-abdominal vagal blocking with
high-frequency electrical currents. During a laparoscopic
procedure, electrodes are placed on the anterior and posterior vagal trunks near the gastro-esophageal junction. A
neuroregulator is placed subcutaneously and an external
controller is used to program the device. This procedure
does not require any anatomical modification or tissue
compression within the gastrointestinal tract. An openlabel, multi-centered trial was conducted to assess the
feasibility, safety, and efficacy of VNS. Patients had a
mean EWL of 7.5%, 11.6%, and 14.2% at four weeks, 12
wk, and six months, respectively. There were no devicerelated serious adverse events and patients were noted to
have decreased caloric intake, early satiety, reduced hunger, and decreased plasma PP levels[189].
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The EMPOWER study was a randomized, prospective, double-blinded trial that included 294 patients from
15 centers. All patients had an implanted VBLOC and
were randomized to treated or control groups for 12 mo.
Device-related complications were observed in 3% of patients with nearly half due to preexisting conditions. After 12 mo, the EWL for the treated and untreated groups
were 17% and 16%, respectively. There was no statistically significant weight loss between the two groups.
However, the authors suggest that electrical safety checks
of the equipment deliver a low charge for electrical impedance, safety, and diagnostic checks, which may have
contributed to the weight loss observed in the control
group[190]. Despite promising results seen in the initial
studies, the most extensive study to date was unable to
demonstrate a clear advantage with the use of VBLOC.
Given the favorable safety profile and ease of placement
of the device without alteration of the gastrointestinal
anatomy, further studies are needed to determine its longterm efficacy and feasibility in the treatment of obesity.
Intragastric botulinum toxin injections
Botulinum toxin (BTX) acts to inhibit acetylcholine release at the neuromuscular junction and causes a local
paralysis. This agent has been studied in the treatment of
obesity with injections into the wall of the stomach to
inhibit motility and delay gastric emptying. Initial experiments in animal models showed that injection of BTX
into the gastric antrum caused a reduction in food intake
and caused a reduction in body weight[191]. Initial human
studies showed the overall safety of the procedure with
no clinically significant adverse events. However, the overall outcomes were mixed. Some patients reported early
satiety, but BTX injections did not provide a clear benefit
for weight loss[192-194]. In double-blinded, randomized, controlled trials with BTX injections in the gastric antrum,
the effects of gastric emptying were variable. Although
some patients reported a reduced appetite, the amount of
weight loss was not statistically significant[195,196].
A slight variation was attempted by Foschi et al[197]
with intraparietal endoscopic administration of BTX
into the gastric antrum and fundus. This double-blinded
controlled study found a prolonged gastric emptying time
and reduced maximal gastric capacity for liquids. Patients
treated with BTX had significantly greater amounts of
weight loss after eight weeks. Given the minimal adverse
events noted in studies and the widespread availability,
BTX has the potential to have a large role in the treatment of obesity. However, additional investigation into
the sites of BTX injection and the optimum dosage are
necessary. One major limitation with BTX is its relatively
short duration of action, which is approximately three to
six months. Furthermore, data regarding long-term outcomes is lacking and additional studies may be warranted.
NOTES
NOTES procedures provide the obvious advantage to
patients of a surgical procedure without the externally
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visible incision and resultant scars. There are several advantages to performing traditional surgical procedures
with endoscopic access through natural orifices, including
reduced complications and duration of hospitalization
and a faster recovery period. Although the endoscope has
traditionally been used for treatments within the gastrointestinal lumen, recent ventures have explored translumenal access to intra-abdominal structures. Technological
advancements in endoscopy combined with efforts to
find less invasive, safer therapies in the field of bariatrics
have cultivated endolumenal bariatric surgery.
The basic principles of NOTES began with the
description of the first percutaneous endoscopic gastrostomy tube insertions[198]. Multiple novel experimental
techniques were described in animal models as this new
form of minimally invasive surgery became more feasible[199-205]. With continued development of the technique,
one of the main difficulties encountered was achieving
adequate spatial orientation. Hybrid versions with the use
of standard laparoscopic vision together with endoscopic
surgical procedures were first tested for feasibility in animal models[206] and later used in animals to perform more
technically advanced procedures including SG[207,208].
Using a hybrid technique with a transvaginal and
transgastric approach, the first RYGB was described
in a human cadaver to demonstrate the feasibility of
the procedure[209]. A similar study by Hagen et al[210] attempted RYGB in cadavers, but they experienced several
obstacles. Difficulties included bowel manipulation and
measurement, tissue dissection, stapler manipulation,
and anvil docking. Furthermore, the total procedure time
was approximately 6-9 h. While the authors found the
procedure to be feasible, they noted a lack of proper
instrumentation as a major barrier. The hybrid form of
NOTES was used by Ramos et al[211] in the first description of SG performed in four patients using a transvaginal approach. The total operative time was 90 to 100 min
and the procedure was shown to be feasible and safe with
no short-term complications reported. In order to enhance the ability of the operators in helping to navigate
the instruments, an image registration system has been
evaluated in cadavers. Operators were better able to reach
their intended targets as this system provided them with
enhanced navigation without the need for previous training or knowledge of the system[212]. However, this system
has not been widely tested and is not currently used in
conjunction with NOTES.
There are several limitations to the growth and expansion of NOTES, which initially generated high expectations. Advanced spatial and endoscopic skills are required
by practitioners to apply new techniques and learn to
operate new technology. Additionally, the advancement
in technology in production of the next generation of
endoscopic tools in the United States has been slowed by
economic considerations and stringent regulatory standards[213]. With the increasing interest and growing number of studies on NOTES, the Society of American Gastrointestinal and Endoscopic Surgeons and the American
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Society for Gastrointestinal Endoscopy assembled a Joint
Committee to review ongoing issues involving NOTES.
As a part of this effort, the Joint Committee formed an
organization called the Natural Orifice Surgery Consortium for Assessment and Research (NOSCAR). In their
most recent publication, NOSCAR notes that a major
roadblock to further advancement of NOTES remains
within the regulatory and reimbursement arenas. Innovative technology to enable the performance of NOTES
is mostly being developed by small startup companies
that cannot withstand regulatory and reimbursement difficulties of the industry. Another challenge considered
by NOSCAR is the difficulty in defining the optimal human procedures for the first widespread application of
NOTES. The best potential human applications are considered to be transanal/vaginal colorectal surgery, endolumenal myotomy for achalasia, and staging peritoneoscopy
for GI malignancies. Despite the promising research and
growth of NOTES in bariatrics, applications to this field
are not currently considered as one of the most promising areas of growth by NOSCAR[214].

CONCLUSION
Obesity and its associated co-morbidities are on the rise
worldwide and have reached epidemic proportions. To
help treat this growing and devastating disorder, the field
of bariatrics has been evolving and growing over the past
several decades. Surgical procedures have been developed
and refined to help manage obesity, and over time, the
safety and efficacy of bariatric surgery has improved.
Due to the significant benefits and minimal associated
risks, bariatric surgery is now the preferred modality of
therapy for morbidly obese individuals, especially those
with co-morbidities.
Surgical options for medically-complicated obesity
currently are supported by the best available data and
generally provide the best outcomes. However, attempts
to replace invasive techniques, with their related morbidity and mortality, are the driving factors behind studies
of newer, minimally invasive procedures. Our therapeutic
armamentarium continues to expand for treatment of
morbid obesity and its medical complication as new research is completed and novel techniques are assessed.
Preliminary results in several of these areas are promising
and provide patients and practitioners with a potential
future array of options and modes of therapy, yet many
questions remain regarding the safety, efficacy, and durability of these new procedures. With continued research
and additional technological advancements, new safe and
effective minimally invasive treatment options appear to
be on the horizon.
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Abstract
Human milk is considered to be the optimal source of
infant nutrition. Some of the benefits of breastfeeding
have been ascribed to human milk oligosaccharides
(HMO). For instance, HMO can affect faecal characteristics such as stool consistency and stool frequency.
Such effects on stool characteristics can be beneficial
for young infants as hard stools and even constipation
is common in that age group. Prebiotics in infant milk
formulas have been introduced to exert similar functionalities. A specific mixture of prebiotics consists of a
combination of short chain galacto-oligosaccharides and
long-chain fructo-oligosaccharides (scGOS/lcFOS) in a
ratio of 9:1. This specific mixture has been developed
to closely resemble the molecular size composition of
HMO. Many studies have been done with scGOS/lcFOS,
and indicators for digestive comfort have often been included as secondary outcomes. This review summarizes
the effects of scGOS/lcFOS (9:1) on stool consistency,
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stool frequency and transit time in healthy term and
preterm infants. In several of the studies with scGOS/
lcFOS in a ratio of 9:1 in infant milk formulas, positive
effects of this mixture on stool characteristics such as
stool consistency and stool frequency were observed.
As stool consistency was shown to be correlated to
whole gut transit time, scGOS/lcFOS can be hypothesised to have a role in reducing the risk of constipation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Short-chain galactooligosaccharides; Longchain fructooligosaccharides; Stool consistency; Stool
frequency; Infants
Core tip: In several clinical trials with a specific mixture of short-chain galacto-oligosaccharides and longchain fructooligosaccharides in a ratio 9:1 in infant
milk formulas, positive effects were observed on stool
consistency and stool frequency. This specific mixture
of short chain galacto-oligosaccharides and long-chain
fructo-oligosaccharides may therefore have a role in
reducing the risk of constipation.
Scholtens PAMJ, Goossens DAM, Staiano A. Stool characteristics of infants receiving short-chain galacto-oligosaccharides and
long-chain fructo-oligosaccharides: A review. World J Gastroenterol 2014; 20(37): 13446-13452 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i37/13446.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i37.13446

STOOL CHARACTERISTICS AND
CONSTIPATION IN INFANCY AND
CHILDHOOD
Childhood constipation is a common problem, with a
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prevalence ranging from 0.7% to 29.6%[1]. It is mentioned
to be the main reason for a paediatric outpatient visit in
3% of all cases[2] and for 30% of the visits to paediatric
gastroenterologists[3,4]. Symptoms of constipation start to
occur during the first year of life in about 40% of children with functional constipation[5], In the past, infants
on standard infant formula have been reported to suffer
from hard, infrequent stools and even from constipation
more often than infants receiving human milk[6-8]. This
difference has partly been ascribed to human milk oligosaccharides (HMO), which are present in human milk in
levels of approximately 1 g/100 mL[9].

EFFECTS OF HMO ON STOOL
CHARACTERISTICS
HMO are prebiotic oligosaccharides[10], which are not hydrolysed by digestive enzymes in the small intestine[11,12].
In the colon, undigested substrates can be used by colonic bacteria: the intestinal microbiota. The intestinal
microbiota is dependent on the provision of substrates
for their growth. For instance, non-digestible carbohydrates such as dietary fiber and dietary oligosaccharides
that reach the colon intact can stimulate the growth of
colonic bacteria, resulting in an increase in bacterial mass.
HMO is non-digestible oligosaccharides that reach the
colon intact, and can be used as substrate for the intestinal microbiota[12-14]. As bacteria in the colon have a preference for specific types of substrates, the provision of a
specific type of substrate in the form of HMO will result
in selective fermentation by intestinal bacteria, which
can change the composition of the intestinal microbiota.
In this case, fermentation of the non-digestible carbohydrates from human milk is associated with selective
growth of Lactobacillus species and Bifidobacteria[12,15].
As end-products of fermentation, lactate and shortchain fatty acids (SCFA), such as acetate, propionate and
butyrate are produced. Lactate and SCFA can then be
absorbed and used as an energy source for the host, but
within the colon, SCFA have also been shown to have
specific effects, such as being an energy source for the
colonic mucosa, to have trophic effects on the intestinal
mucosa, to stimulate mucosal blood flow and oxygen
uptake and to affect sodium and water absorption [16].
Furthermore, human milk oligosaccharides have been
suggested to increase mineral absorption[17,18].
As mentioned before, stool characteristics of infants
who recieved human milk have in the past been reported
to differ from infants on standard infant formula[6-8].
This difference has partly been ascribed to HMO. Several mechanisms can explain these effects. First, an increase in microbial mass due to the fermentation of the
oligosaccharides can increase the faecal water content,
which can results in softer stools. Second, the selective
fermentation and growth of Lactobacillus species and bifidobacteria[19,20] and the subsequent production of SCFA
can increase the water content of the faecal mass , but
SCFA may also stimulate gastrointestinal motility, either
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by being used as energy source for colonic epithelial cells,
or by inducing phasic and tonic contractions in circular
muscle[21-25]. Third, as HMO are specific types of dietary
fiber, they can be hypothesized to bind water and thereby
increase the water content of the faecal mass[22].

EFFECTS OF SCGOS/LCFOS ON STOOL
CHARACTERISTICS
In the last decade, several types and mixtures of nondigestible oligosaccharides have been used in infant
formulas, such as galacto-oligosaccharides, fructooligosaccharides, polydextrose, and pectin hydrolysates.
Although the compositional complexity of HMO cannot be mimicked completely today, a specific mixture of
90% short-chain galacto-oligosaccharides (derived from
lactose, degree of polymerization 3-8) and 10% longchain fructo-oligosaccharides (inulin extracted from
chicory roots, average degree of polymerization > 23)
(scGOS/lcFOS) was developed which closely resembles
the molecular size distribution of HMO[9,26]. Many studies have been done with this mixture and most of these
studies focused on the beneficial effects of scGOS/
lcFOS (9:1) on the development of the intestinal microbiota and the maturation of the immune system and
measured stool characteristics as secondary outcomes[27].
However, like HMO, fermentation of non-digestible
oligosaccharides can potentially benefit faecal characteristics[28]. A review of the colonic effects of all different
types of non-digestible oligosaccharides is beyond the
scope of this paper. The current review specifically addresses the effects of a mixture of scGOS/lcFOS on
faecal characteristics.
In most of the studies with scGOS/lcFOS, tolerance
to infant formulas and stool characteristics have been taken into account as secondary outcome outcomes. Only a
small number of studies have specifically addressed the
effects of non-digestible oligosaccharides on stool characteristics as a primary focus. Furthermore, the different
stool characteristics have not been measured with the
same methodology, which makes it difficult to compare
the outcomes of these studies systematically. However,
as these measures have been taken into account in several
of these studies, these effects and the potential mode of
actions in the individual studies described below. Table 1
summarizes the studies that included effects of a specific
mixture of scGOS/lcFOS on stool characteristics.

STOOL FREQUENCY AND STOOL
CONSISTENCY
In a study by Costalos et al[29] an infant milk formula with
0.4 g/100 mL scGOS/lcFOS (9:1) was compared to a
control formula without scGOS/lcFOS in term infants
for 10 wk. Stool characteristics were included as secondary outcomes and data were obtained from a 5-d diary
at the end of the intervention period. Effects on stool
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Table 1 Summarizes the studies that included effects of a specific mixture of short chain galacto-oligosaccharides and long-chain
fructo-oligosaccharides on stool characteristics
Author

n

Age group

Dose

Costalos 2008

Term

0.4 g/100 mL

Moro 2002

Term

Veereman 2011

Term

0.8 g/100 mL

76 (5 groups)

Bisceglia 2009

Term

0.8 g/100 mL

76 (2 groups)

Boehm 2002

Preterm

1.0 g/100 mL

42 (3 groups)

Mihatsch 2006

Preterm

1.0 g/100 mL

20 (2 groups)

Modi 2010

Preterm

0.8 g/100 mL

150 (2 groups)

140 (2 groups)

0.4/0.8 g/100 mL 90 (3 groups)

Outcome
Stool frequency
Stool consistency
Stool frequency
Stool consistency
Stool frequency
Stool consistency
Stool frequency
Stool consistency
Stool frequency
Stool consistency
Stool frequency
Stool consistency
Viscosity
Stool frequency
Stool consistency

Result in scGOS/lcFOS group
Statistically significant increase after 10 wk of intervention
Statistically significant softer stools after 10 wk of intervention
Statistically significant increase after 4 wk of intervention
Statistically significant softer stools after 4 wk of intervention
No statistically significant differences
Statistically significant softer stools after 2 and 4 wk of intervention
Statistically significant increase throughout 4 wk of intervention
Not measured
Statistically significant increase after 4 wk of intervention
Statistically significant softer stools after 4 wk of intervention
No statistically significant differences
Results not provided
Statistically significant lower viscosity after 2 wk of intervention
No statistically significant differences
No statistically significant differences

scGOS/lcFOS: Short chain galacto-oligosaccharides and long-chain fructo-oligosaccharides.

consistency were rated on a 5-point scale, ranging from 1
= watery and 5 = hard. In this study, a statistically significant higher stool frequency and a statistically significant
lower stool consistency (softer stools) were observed
with the formula with scGOS/lcFOS when compared
to the control formula. After 10 wk of intervention, the
median number of stools per day was 1.9 and 1.6 in the
scGOS/lcFOS (9:1) group and the control group respectively (P = 0.031). Stool consistency scores were 3 and 3.1
(P = 0.026) in the two groups respectively).
Moro et al[30] performed a study in term infants that
received an infant milk formula with 0.4 g/100 mL or
0.8 g/100 mL scGOS/lcFOS (9:1) or a control formula
without scGOS/lcFOS (9:1) for 28 d. In this study, stool
characteristics were also included as secondary outcomes
at baseline and after 28 d of intervention. Again, stool
consistency was rated on a 5-point scale ranging from
1-watery to 5-hard. A statistically significant lower stool
consistency (softer stools) and a statistically significant
higher stool frequency were observed in infants that
received the formula with 0.8 g/100 mL scGOS/lcFOS
when compared to infants that received the control
formula. At the end of the intervention, the median
number of stools per day was 2 for both groups (P <
0.01), and stool consistency scores were 2.3 and 4 in the
scGOS/lcFOS (9:1) group and the control group respectively (P < 0.0001).
In a study of Veereman-Wauters et al[31] a statistically
significant lower stool consistency was observed in term
infants after 2 and 4 wk of intervention with a formula
with 0.8 g/100 mL scGOS/lcFOS (9:1) when compared
to a control group without scGOS/lcFOS. Stool characteristics were included as secondary outcomes and were
recorded in 3-d diaries at baseline, and after 2 and 4 wk
of intervention. Stool consistency was measured on a
4-point scale ranging from 1-watery to 4-hard. Mean
stool consistency scores were approximately 1.9 in the
scGOS/lcFOS (9:1) group and 2.4 in the control group.
In this study, a human milk reference group was included.
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In that group, the mean stool consistency was 1.3. No
statistically significant differences were observed in stool
frequency.
Bisceglia et al[32] followed a group of 36 term infants
from birth until 28 d of life. The infants received a formula with 0.8 g/100 mL scGOS/lcFOS (9:1) or a control
formula. Stool frequency was included as a secondary
outcome. Stool frequency was recorded throughout the
study, and a significantly higher number of stools were
recorded in the scGOS/lcFOS (9:1) group when compared to the control group (3.4 and 1.7 stools per day, respectively, P < 0.001). In this study, stool consistency has
not been recorded.
The studies summarized above focused on effects of
scGOS/lcFOS in term infants, but studies in preterm infants show similar effects. In preterm infants, gastrointestinal tolerance to formula feeding is an important aspect,
and enteral feeding can be associated with a disturbed
gastrointestinal passage. One of the studies with scGOS/
lcFOS in preterm infants specifically focused on stool
characteristics as a primary outcome. In this study, Mihatsch et al[33] observed statistically significant effects of
an infant milk formula with 1.0 g/100 mL scGOS/lcFOS
(9:1) on stool viscosity and gastrointestinal transit time,
but did not demonstrate an effect on stool frequency after 14 d of intervention in preterm infants. Stool viscosity and gastrointestinal transit time were the primary outcomes in this study. Stool characteristics were recorded
throughout the study. Stool consistency was shown as a
percentage of each type of consistency (hard, formed,
soft, mushy or watery) against all stools throughout the
study. A higher proportion of soft stools were observed
in the infants that received scGOS/lcFOS (9:1) when
compared to infants receiving a control formula without
scGOS/lcFOS, but no information on the statistical
significance is provided in the paper. The median stool
viscosity (measured as extrusion force) was significantly
lower in the scGOS/lcFOS group when compared to the
control group, with a level of 31.8 mol/L and 157.5 mol/
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L in the two groups respectively (P = 0.006). In addition,
a shorter transit time (12 h) was observed in preterm
infants that had received a formula with scGOS/lcFOS,
when compared to infants who had received a control
formula (25.6 h)[33]. In this study, the difference in the
change in transit time between the groups from baseline
to day 14 was statistically significant (6 h decreased transit
time in the scGOS/lcFOS group, and a 9.1 h increased
transit time in the control group). The total number of
stools did not show a statistically significant difference,
but there was a trend toward a higher stool frequency in
the scGOS/lcFOS (9:1) group when compared to the
control group (3.6 and 2.6 respectively (P = 0.059).
Boehm et al[34] showed a statistically significant lower
stool consistency (softer stools) and a statistically significant higher stool frequency in preterm infants receiving
an infant milk formula with 1.0 g/100 mL scGOS/lcFOS
(9:1) when compared to infants receiving an infant milk
formula without scGOS/lcFOS. In this study, stool
characteristics were included as secondary outcomes
and data were collected via questionnaires. After 28 d of
intervention, a mean number of stools of 2.2 and 1.3 in
the scGOS/lcFOS (9:1) and control groups, respectively,
was observed (P = 0.0079), and a mean stool consistency
score of 2.7 and 3.5 in both groups respectively (P =
0.0102, mean score from a 5-point scale ranging from
1-watery to 5-hard).
Modi et al[35] did not find statistically significant differences in stool frequency and stool consistency between a
scGOS/lcFOS (9:1) group (0.8 g/100 mL) and a control
group of preterm infants. The intervention lasted from
preterm birth until hospital discharge, for a maximum of
12 wk. Stool characteristics were included as secondary
outcomes. In this study, a statistically significant effect
may not have been observed as stool consistency scores
were not based on diary data, but on a single observation of the hospital staff[35]. Furthermore, in this study,
formula was supplied in addition to human milk, and
the number of children exclusively receiving formula
was very low (15%). As human milk may already have
a significant effect on stool characteristics, the effect of
addition of a limited amount of formula with or without
scGOS/lcFOS may not have been visible.

POSSIBLE MECHANISMS OF ACTION
The potential beneficial effects of scGOS/lcFOS on
stool characteristics can be mediated by the increase in
microbial mass, selective fermentation and production of
SCFA, stimulation of gastrointestinal motility, or the direct effects of the provided dietary fibers in the form of
scGOS/lcFOS.
The specific mixture of scGOS/lcFOS (9:1) is a mixture of oligosaccharides that is not digested in the gastrointestinal tract and is available for fermentation in the colon[36,37]. Indeed, this mixture has been shown to increase
the total concentrations and the individual concentrations
and percentages of bifidobacteria and lactobacilli in the
colon[29-31,34,36,38-42]. For instance, in the study by Moro et
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al[30] levels of bifidobacteria increased after 28 d of intervention to 9.3 CFU/g faeces in infants who received
a formula with 0.4 g/100 mL scGOS/lcFOS, and to 9.7
CFU/g faeces in infants who received a formula with 0.8
g/100 mL scGOS/lcFOS. In the control group, a level
of bifidobacteria of 7.2 CFU/g faeces was observed. In
a study by Scholtens et al[43] intervention with infant milk
formulas with 0.6 g/100 mL resulted in higher percentages of bifidobacteria after 26 wk of intervention (59.8% vs
47.2% in the scGOS/lcFOS group and the control group
respectively). An increased microbial mass may partly
explain the stool softening effect associated with infant
milk formulas containing the specific scGOS/lcFOS (9:1)
mixture compared to infant milk formulas lacking these
oligosaccharides.
As mentioned before, selective fermentation of nondigestible components in the colon results in the production of SCFA. Infant milk formulas with scGOS/lcFOS
(9:1) have indeed been shown to affect the production of
SCFA, and to provide a faecal SCFA profile that is close
to that of human milk fed infants, with higher percentages of acetate and lower percentages of propionate and
butyrate[36,40]. In a study by Knol et al[40] the percentages
of acetate, propionate and butyrate were 85.2%, 12%
and 2.4% respectively in infants who received a formula
with scGOS/lcFOS for 6 wk. In the control group, these
percentages were 77.2%, 17.8% and 4% respectively after
6 wk of intervention. As SCFA can affect stool characteristics via stimulation of gastrointestinal motility by
being used as energy source for colonic epithelial cells,
or by inducing phasic and tonic contractions in circular
muscle[21-25], scGOS/lcFOS (9:1) may positively stimulate
the gastrointestinal motility.
NDO may also stimulate upper gastrointestinal motility. In a study bv Indrio et al[44] a beneficial effect of scGOS/lcFOS (9:1) on gastric emptying time was observed
in preterm infants that received a formula with 0.8 g/L
scGOS/lcFOS (9:1) or a control formula. In this study,
it is suggested that the production of SCFA in the scGOS/lcFOS (9:1) group was responsible for an increased
upper gastrointestinal motility, observed as a significant
increased percentage propagation (assessed by electrogastrography) in the scGOS/lcFOS group when comped to
the placebo group, and increased gastric emptying rate,
observed as lower half emptying time in the scGOS/
lcFOS group than in the placebo group[45]. As mentioned
before, similar results have been observed in the study by
Mihatsch et al[33] with a significantly shorter transit time
(12 h) in preterm infants that had received a formula
with scGOS/lcFOS, when compared to infants who
had received a control formula (25.6 h) for 14 d. The
gastrointestinal transit time measured in this study in the
scGOS/lcFOS (9:1) group was mentioned to be within
the normal range of what is observed human milk-fed
infants (not further specified in the paper).
Both a direct effect as well as fermentation related
effects can be affected by the type and structure of
NDO[46]. The specific mixture of scGOS/lcFOS (9:1)
consists of a combination of short-chain galacto-oligo-
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saccharides and long-chain fructo-oligosaccharides in a
ratio of 9:1. The composition and ratio of this specific
mixture was specifically developed to closely resemble
the molecular size composition of HMO (assessed by
Mass Spectrometry)[26]. In vitro studies have indicated that
short chain oligosaccharides are mainly fermented in the
proximal part of the colon, while longer-chain NDO
are mainly fermented in the distal colon[47]. Indeed, in a
study by Moro et al[27] it was shown that part of the scGOS/lcFOS (9:1) is still detectable in faeces of infants,
indicating that even in the distal part of the colon, not all
scGOS/lcFOS (9:1) is fermented. This indicates that scGOS/lcFOS (9:1) can be effective throughout the whole
gastrointestinal tract.
Although a direct correlation between stool consistency and/or stool frequency and bowel habit has never
been shown, both stool frequency and stool consistency
have often been used to assess bowel habit in a daily or
clinical setting[48]. Recently, Russo et al[48] indicated that
especially stool consistency is correlated with whole gut
transit time, and that stool frequency is a poor marker for
whole gut transit time. As described in the study of Mihatsch et al[33] with scGOS/lcFOS (9:1), gut transit time
was assessed in preterm infants. In this study, gut transit
time was significantly shorter in preterm infants receiving
an infant milk formula with scGOS/lcFOS (9:1) when
compared to an infant milk formula without scGOS/
lcFOS (9:1). As an increased whole gut transit time can
be a risk factor in the onset of constipation[49], scGOS/
lcFOS (9:1) may have clinical relevance in the prevention
of constipation by reducing whole gut transit time.
Effects of scGOS/lcFOS (9:1) on stool frequency
were less often observed than effects on stool consistency. This can be due to the fact that the method of assessing stool frequency. The assessment of stool frequency
was often done by the collection of faeces-containing
diapers. However, it is difficult to assess whether a diaper
contains one or more stooling episodes, and therefore,
data collection may be less accurate. This may explain
why effects on stool frequency are less commonly observed than effects on stool consistency. However, for
these young infants there are no other methods available
for a more accurate measurement of stool frequency.

CONCLUSION
In several of the studies with scGOS/lcFOS in a ratio
of 9:1 in infant milk formulas, positive effects of this
mixture on stool characteristics such as stool consistency
and stool frequency were observed. Effects on stool
consistency were more often found to be significant than
the effects on stool frequency. As stool consistency has
been shown to be correlated to whole gut transit time,
stool softening effects of scGOS/lcFOS (9:1) may have
a benefit in reducing the risk of constipation. This is crucial for the prevention of this very common functional
gastrointestinal disorder in the general population, since
one third of children followed up beyond the puberty
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continue to have severe complaints of constipation[50].
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Abstract
Hepatocellular carcinoma (HCC) is the sixth most common cancer and third leading cause of cancer-related
death in the world. The Barcelona clinic liver cancer
classification is the current standard classification system for the clinical management of patients with HCC
and suggests that patients with intermediate-stage
HCC benefit from transcatheter arterial chemoembolization (TACE). Interventional treatments such as TACE,
balloon-occluded TACE, drug-eluting bead embolization,
radioembolization, and combined therapies including
TACE and radiofrequency ablation, continue to evolve,
resulting in improved patient prognosis. However, patients with advanced-stage HCC typically receive only
chemotherapy with sorafenib, a multi-kinase inhibitor,
or palliative and conservative therapy. Most patients
receive palliative or conservative therapy only, and approximately 50% of patients with HCC are candidates
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for systemic therapy. However, these patients require
therapy that is more effective than sorafenib or conservative treatment. Several researchers try to perform
more effective therapies, such as combined therapies
(TACE with radiotherapy and sorafenib with TACE),
modified TACE for HCC with arterioportal or arteriohepatic vein shunts, TACE based on hepatic hemodynamics, and isolated hepatic perfusion. This review summarizes the published data and data on important ongoing
studies concerning interventional treatments for unresectable HCC and discusses the technical improvements
in these interventions, particularly for advanced-stage
HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Unresectable; Hepatocellular carcinoma;
Intermediate-stage; Advanced-stage; Interventional
Core tip: Hepatocellular carcinoma (HCC) is the third
leading cause of cancer-related death worldwide. Interventional treatments for intermediate-stage HCC
patients such as transcatheter arterial chemoembolization (TACE), drug-eluting bead embolization, and
radioembolization, continue to evolve, improving prognosis. However, advanced-stage HCC is typically treated
only with sorafenib, with only a modest improvement
in overall survival. More effective therapies such as
combined TACE and radiotherapy, TACE with special
techniques, and isolated hepatic perfusion have been
studied extensively. This review summarizes data on
published and important ongoing studies concerning
interventional treatments for unresectable HCC and discusses technical improvements in these interventions,
particularly for advanced-stage HCC.
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Table 1 Barcelona-clinic liver cancer classification in patients
diagnosed with hepatocellular carcinoma
Stage
Very early
Early
Intermediate
Advanced

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of cancer-related
deaths in the world[1]. The Barcelona clinic liver cancer
(BCLC) classification is the current standard classification system for clinical management of patients with
HCC (Table 1)[2] and suggests that patients presenting
with very early-stage and early-stage disease (20%-30%
of HCC patients) are suitable for curative treatments,
such as resection, liver transplantation, local ablation with
percutaneous ethanol injection, or radiofrequency ablation (RFA)[3,4]. Typically, patients with intermediate-stage
disease show a survival benefit with transarterial chemoembolization (TACE). Patients with advanced-stage HCC
with macroscopic vascular invasion (portal vein invasion),
extrahepatic spread (lymph nodes and metastases), or
cancer-related symptoms (performance status 1-2) may
have a modest improvement in prognosis from first-line
treatment with sorafenib, a molecularly targeted drug[5],
while patients with terminal-stage disease (10%-20% of
HCC patients) receive only symptomatic treatment.
TACE is the current standard of care for patients
with intermediate-stage disease and has been reported
to prolong survival and allow control of HCC symptoms[6-8]. Patients with advanced-stage HCC receive firstline therapy with sorafenib, according to the BCLC treatment algorithm, and an increase in overall survival and
time to progression has been shown in 2 major trials[5,9].
However, the median overall survivals in patients treated
with sorafenib for advanced-stage disease were 10.7 and
6.5 mo in the SHARP and Asia-Pacific trials, respectively,
and a better treatment modality is needed.
The aims of this review are to summarize the published data and important ongoing studies concerning
interventional managements for HCC and to discuss
the technical improvements in TACE, particularly for
advanced-stage HCC.

UNRESECTABLE HCC
Intermediate-stage HCC
Patients presenting with Child-Pugh class A and B liver
function and large or multinodular HCC without cancerrelated symptoms, macrovascular invasion, or extrahepatic metastasis are diagnosed with intermediate-stage
HCC. Transarterial intervention, particularly TACE, is
the recommended BCLC classification treatment and is
endorsed by the European Association for the Study of
the Liver[10] and the American Association for the Study
of Liver Diseases[11] guidelines.
TACE: The liver is a unique organ with a dual blood
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End-stage

Description
PS 0, Child-Pugh A, single HCC < 2 cm
PS 0, Child-Pugh A-B, single HCC or 3 nodules < 3 cm
PS 0, Child-Pugh A-B, multinodular HCC
PS 1-2, Child-Pugh A-B, portal neoplastic invasion,
nodal metastases, distant metastases
PS > 2, Child-Pugh C

This classification is in accordance with that outlined in reference [2]. PS:
Performance status; HCC: Hepatocellular carcinoma.

supply provided by the portal vein and hepatic artery.
The portal vein delivers 80% of the blood supply to
healthy liver tissue, while, the hepatic artery delivers 99%
of the blood supply to hepatic tumors. Based on this
observation, TACE for HCC is appropriate for patients
for whom surgical or percutaneous ablative treatment is
contraindicated. TACE involves the injection of anticancer drugs (doxorubicin, epirubicin, cisplatin or miriplatin)
and iodized oil (Lipiodol Ultra Fluide, Laboratoires Guerber, Aulnay-sous-Bois, France) into the hepatic artery,
followed by the administration of embolic agents[12,13].
The antitumor effect of TACE is greater than that of either anticancer drugs[14] or iodized oil[15,16] alone. Prognostic factors found to be associated with that a reduction in
serum alpha fetoprotein levels after the intervention[17],
the number of TACE procedures[18,19], a low model for
end-stage liver disease score[20], the absence of diffuse
disease[21,22], and small tumor size[23] have been shown to
correlate with better survival.
Iodized oil is used as an embolic agent and carrier
of anticancer drugs in TACE. Mixtures of anticancer
drugs and iodized oil are classified as either emulsions (oil
with saline and drugs) or suspensions (drugs in oil)[24,25].
Comparative studies of suspensions versus emulsions in
TACE, with cisplatin powder[26] or epirubicin[27] as anticancer agents for the treatment of rabbit VX2 liver tumors,
demonstrated that suspensions were superior to emulsions
with regard to their antitumor effects. Several factors are
thought to explain these findings. In an emulsion, most of
the powdered drug is contained in the unstable aqueous
phase[13,28], which undergoes rapid dilution in the blood,
elimination from the hepatic tissue, and excretion by the
kidneys. In a suspension, the powder is directly mixed in
the oil phase and distributed in a similar fashion to iodized oil alone through the portal venules and sinusoids
over a 24-h period[29,30]. As a result, suspensions show a
longer anticancer drug release time at the tumor border
and higher continuous drug concentrations. This longer
tissue/drug activity period associated with the use of suspensions produces superior antitumor effects, as evaluated
by changes to the growth ratio and results of histopathological investigations[24,25,31,32]. However, since most anticancer drugs are hydrophilic, it is hard to make stable drug
suspensions in oil. Additionally, tumor uptake of suspensions is poor, most likely due to their high viscosity[33]. As
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the viscosity of iodized oil has a negative correlation with
temperature exceeding 50 mPa.s at 20° but decreasing to
22 mPa.s and 12 mPa.s, at 40° and 60°, respectively[34], we
designed a syringe warmer to maintain suspensions at a
high temperature. We have obtained significant antitumor
effects without major adverse events when treating HCC
patients with warmed drug suspensions since January of
2011 (article submitted for publication), and a prospective,
comparative study of TACE with warmed suspension at
53° is currently under way.
Drug-eluting beads (DEB), which can be loaded with
doxorubicin, represent a novel drug delivery system for
chemoembolization. A slow and sustained release of
drug is predicted after intra-arterial delivery of DEB, and
several studies have reported this method to be safe and
efficacious in the treatment of HCC[35,36]. DEB-TACE is
proposed to have a better pharmacokinetic profile than
conventional Lipiodol-TACE and result in decreased
systemic adverse effects[37]. However, a recent study reported that liver/biliary injury was strongly associated
with DEB-TACE irrespectively of the type of tumor
and underlying liver disease. At least 1 liver/biliary injury
was observed after 30.4%-35.7% of DEB-TACE sessions, whereas this event occurred after only 4.2%-7.2%
of conventional Lipiodol-TACE (P < 0.001)[38]. Despite
encouraging pharmacological and antitumor advantages,
a recent large, phase Ⅱ randomized trial of HCC failed
to demonstrate a better tumor response rate to DEBTACE compared with conventional Lipiodol-TACE[39].
Further randomized, controlled, multicenter trials are
necessary to explore the differences in adverse events
and to assess the effects of DEB-TACE on short- and
long-term outcomes.
Radioembolization involves the catheter-based delivery of yttrium-90 (90Y)-embedded resin (SIR-Spheres
®; Sirtex Medical, Sidney, New South Wales, Australia)
or glass (TheraSphere®, MDS Nordion, Toronto, Ontario, Canada) microspheres into the hepatic artery[40] to
distribute radioisotopes to the tumor. 90Y is a pure betaemitter, which generates high-energy radiation with a
short half-life (2.67 d) and tissue penetration (mean 2.5
mm, maximum 11 mm)[41]. Once administered, these microspheres selectively emit high-energy, low-penetration
radiation to the tumor, resulting in necrosis. Although
there is currently a lack of sufficient prospective data
comparing treatment efficacy in terms of response or
survival between radioembolization and TACE for intermediate-stage HCC, a retrospective study[42] comparing
the outcomes between radioembolization (n = 38) and
TACE (n = 35) determined no significant difference in
survival (median 8.0 mo vs 10.3 mo, P = 0.33). However,
postembolization syndrome was significantly more severe
in patients who underwent TACE[42]. Further evaluation
of radioembolization, including direct comparisons with
TACE, is needed.
Radioembolization may cause injury to the hepatic tissue and result in fibrotic changes and tissue atrophy[43,44].
The loss of liver function can be compensated for by
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non-treated liver segments, which tend to undergo hypertrophy after radioembolization (the atrophy-hypertrophy
complex)[45]. A few studies have described the hepatic volume changes of treated and non-treated liver segments
after radioembolization and report a 40%-55% loss in
volume in treated segments and a 30%-40% increase in
volume in non-treated segments[46,47].
Combination TACE and RFA: RFA is a curative treatment for very early- and early-stage HCC but is limited in
the control of large tumors. The effectiveness of RFA is
dependent on thermal necrosis, and blood flow through
the tumor promotes heat loss and prevents proper heating. TACE can be performed strategically before RFA
treatment to reduce this heat sink effect and increase the
ablation volume of the tumor. A recently published, randomized study[48] showed that, when patients with tumors
> 3 cm were randomized to receive either TACE, RFA,
or TACE-RFA, the combination of TACE-RFA produced a superior median survival (TACE-RFA: 37 mo,
TACE: 24 mo, and RFA: 22 mo) and rate of objective tumor response (TACE-RFA: 54%, TACE: 35%, and RFA:
36%). The results of TACE-RFA support the combining
of locoregional modalities to improve the outcomes of
patients with unresectable HCCs.
Modified TACE to obtain complete necrosis of the
tumor: Histopathological investigations of HCCs resected after TACE have shown that the most viable tissue is
located at the periphery of the tumor[49]. The efficacy of
TACE is limited by the dual blood supply of liver tumors,
which makes it impossible to deliver anticancer agents to
the entire tumor area or achieve sufficient tumor ischemia
without irreversible damage to surrounding normal liver
parenchyma. Some studies[50,51] have reported superselective TACE to be useful for the treatment of small HCCs
because it can embolize both the tumor and surrounding
normal parenchyma. For large liver tumors, however, the
therapeutic options are limited to techniques that result
in complete necrosis of the tumor.
To obtain complete necrosis of a HCC, including
the periphery, several reports[52-54] have investigated the
hemodynamic changes occurring in the liver and tumors
during hepatic vein balloon occlusion using computed
tomography during hepatic arteriography (CTHA) and
arterial portography, demonstrated that the occluded area
is supplied with arterial blood alone[53,54], and suggested
that sufficient embolization may be obtained during
TACE with arterial control alone. Since balloon occlusion
of the segmental hepatic vein eliminates the dual blood
supply, leaving only the arterial supply, TACE performed
using this technique can sufficiently embolize both the
tumor and the surrounding liver parenchyma. We have
performed TACE under balloon occlusion of the hepatic
vein for more than 70 patients with advanced HCC, but
only 30% of the patients benefited from the procedure
due to the complex veno-venous communications in the
liver[34,53]. The hepatic veins assume the role of draining
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Figure 1 Selective arteriography with and without balloon-occluded feeding artery in a 72 year-old man with multiple hepatocellular carcinomas.
A: Celiac arteriography revealed multiple hepatocellular carcinomas (HCCs) in
the liver; B: Opacified HCCs were shown by medial segmental arteriography
without balloon-occluded feeding artery; C: In contrast, the arteriography with
balloon occlusion showed faint opacification of HCCs and nontumoral liver parenchyma was opacified. Arrow indicated an inflated microballoon.

veins despite single hepatic vein occlusion[53,55]; therefore,
sufficient embolization of large liver tumors using the
hepatic vein balloon occlusion technique is difficult.
When portal venous blood flow is decreased or
stopped due to tumor thrombus, thromboembolus, or
compression of the portal vein, the affected liver parenchyma appears as a hyperattenuated area with straight
borders on contrast CT[56-62]. This appearance is similar
to that seen with hepatic vein occlusion. One study[63] investigated the hepatic hemodynamic changes under acute
balloon occlusion of the portal vein using single-level
dynamic CTHA and reported several phenomena. First,
a demarcated, hyperattenuated area of the liver parenchyma was noted in the distribution of the occluded portal
vein branch, which was significantly higher than that of

WJG|www.wjgnet.com

the non-occluded area (P < 0.01). Second, the balloonoccluded portal branch enhancement appeared to result
from arterioportal communications. These findings suggest that, when portal venous flow stoppage occurs, only
the hepatic artery supplies the corresponding area and
hepatic arterial blood flow is increased. This phenomenon is known as the hepatic artery buffer response. The
observed variations in blood flow are due to the degree
of adenosine clearance, to which the hepatic artery is
very sensitive, as adenosine is a potent vasodilator of the
hepatic artery[64-66]. Finally, there is little anatomical variation in portal veins or porto-portal venous anastomosis.
Therefore, sufficient embolization may occur, even in
large liver tumors, by TACE under the corresponding
portal vein branch occlusion (TACE-PVO). We began
using TACE-PVO for large HCCs 6 years ago and have
seen promising antitumor effects, which will be reported
in the near future.
In 1981, Yamada et al[67] first reported a balloonoccluded arterial infusion therapy for liver tumors. In
the 1990s, compulsory, superselective, balloon-occluded
arterial embolization using a 3-French microballoon catheter[68] was introduced for hypovascular liver tumors. The
selective balloon-occluded TACE (B-TACE) method is
currently a useful treatment for HCC because of preventing proximal migration and leakage of embolization
materials[69]. This technique leads to dense lipiodol emulsion accumulation in the HCC nodule[69]; however, the
effectiveness of this therapy for HCC is controversial.
CT arteriography under balloon occlusion of the
sub- or segmental hepatic artery demonstrates a much
higher attenuation in the corresponding liver parenchyma
than in HCC tumors[70]. This phenomenon suggests that
B-TACE leads to dense lipiodol emulsion accumulation in nontumorous liver parenchyma and not in HCC
nodules. Indeed, arteriography via the balloon-occluded
hepatic artery shows dense opacification in the liver
parenchyma and faint opacification in the HCC, while
arteriography via the non-occluded hepatic artery shows
dense opacification in the HCC (Figure 1). Therefore,
the effectiveness of B-TACE is controversial. To remedy
this, we developed a two-step B-TACE method for liver
tumor (Figure 2). First, tumors are sufficiently embolized
by TACE, followed by the inflation of a microballoon
catheter to occlude the feeding artery in the second step.
B-TACE is then performed for full embolization of the
peritumoral liver parenchyma. Following this two-step
B-TACE procedure, CT images showed dense lipiodol
accumulation in the HCC. The two-step B-TACE method has a great advantage for therapy in patients with liver
dysfunction because it prevents proximal migration and
leakage of embolization materials, the embolized area can
be determined, and injury to the liver parenchyma can be
prevented. A comparative study of the two-step B-TACE
method with conventional TACE obtained promising results for two-step B-TACE.
Advanced-stage HCC
HCC patients with Child-Pugh class A and B liver func-
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Figure 2 Two-step balloon-occluded transarterial chemoembolization. A 76-year old woman characterized as Child-Pugh class C underwent transjugular intrahepatic portosystemic shunt (TIPS) for massive ascites before several transarterial chemoembolization (TACE) sessions. Celiac arteriography in the venous phase (A)
showed a small hepatocellular carcinoma (HCC) (arrow). A microballoon catheter was advanced into the tumor feeding artery. Then, two-step balloon-TACE (B-TACE)
was performed. First, tumors were sufficiently embolized by TACE without balloon occlusion of the tumor feeding artery (B); Second, a microballoon catheter was
inflated to occlude the feeding artery (C, black arrow), and B-TACE was performed to fully embolize the peritumoral liver parenchyma (C, white arrows). Common hepatic arteriography showed no proximal migration or leakage of embolization materials (D). Following the two-step B-TACE procedure, computed tomography showed
dense lipiodol accumulation in the HCC (E, black arrow). There was no evidence of proximal migration or leakage of embolization materials. White arrows indicated a
stent for TIPS.

tion who present with macroscopic vascular invasion,
extrahepatic spread, or cancer-related symptoms (performance status 1-2) are diagnosed with advanced-stage
HCC. First-line treatment with sorafenib is recommended for this stage of HCC according to the BCLC treatment algorithm based on the results of sorafenib therapy
in randomized trials in Europe and Asia[5,9]. However,
overall survival was only modestly improved by 2.8 mo[5].
Patients with advanced-stage HCC require more effective
therapy than sorafenib or conservative treatment, and
this is currently under consideration.
HCC with vascular invasion: In general, HCCs with
portal venous tumor thrombus (PVTT) and significant
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arterioportal or arteriohepatic vein shunts are contraindicated for TACE. Conventional TACE did not provide a survival benefit for advanced-stage patients with
PVTT[71], potentially due to hepatic infarction and acute
liver failure. Portal vein invasion is a major prognostic
factor for reduced survival in patients with advanced
HCC. Advanced HCC with PVTT in the major branches
of the portal vein, particularly the main portal vein, has
an extremely poor prognosis (3-4 mo without treatment[72]) because portal vein invasion may cause liver
failure, massive esophageal variceal bleeding, or extensive
tumor spreading throughout the liver[73]. The results of
sorafenib therapy in randomized trials in Europe and
Asia[5,9] did not provide a substantial survival improve-

13457

October 7, 2014|Volume 20|Issue 37|

Murata S et al . Interventional treatment for HCC

ment in patients with PVTT. As the incidence of patients
with HCC and PVTT was reported to be between 12.5%
and 39.7% at the time of diagnosis using recent imaging
techniques[74], effective therapies are needed for advanced
HCC patients with vascular invasion.
Combined TACE and radiotherapy (TACE + RT)
consists of TACE followed by radiation therapy to the
vascular invasions and has shown an overall survival
benefit in patients with PVTT[75-77]. Shirai et al[75] reported
that HCC patients (n = 19) with PVTT ≥ 8 cm in the
first branch or main trunk that received TACE + RT
had 1- and 2-year survival rates of 47.4% and 23.7%,
respectively. Although prospective data comparing the efficacy of TACE + RT and sorafenib therapy in terms of
response or survival in advanced-stage HCC with PVTT
are not sufficient, a retrospective study[78] comparing the
outcomes of TACE + RT (n = 27) and sorafenib therapy
(n = 27) in a propensity score-matched cohort determined that the TACE + RT group had prolonged overall
survival compared to the sorafenib group (6.7 mo vs 3.1
mo, P < 0.001). To determine the efficacy of TACE +
RT compared to sorafenib in locally advanced HCC, a
randomized controlled multicenter trial is necessary.
HCC has a tendency to spread to the portal vein and,
to a lesser extent, the hepatic vein[79], which allows the
development of arteriovenous shunts. These shunts represent the main impediment to successful TACE because
anticancer drugs or mixtures of iodized oil and anticancer
drugs easily pass through them[80]. Conventional TACE is
therefore not effective for HCC patients with hepatic arteriovenous shunts and may even be harmful, due to the
possibility of pulmonary embolism[81-83]. These patients
require an effective, low-risk alternative treatment option.
RFA may be a useful treatment for HCCs < 3 cm
in diameter; however, most HCCs with intratumoral
arteriohepatic vein shunts are large, and RFA cannot be
performed. To overcome this limitation, we performed
TACE of the HCC feeding arteries with balloon occlusion of the corresponding draining hepatic vein, which
was monitored by angiography and CT[34]. If the target
HCC is located in the lateral segment of the liver, we
recommend TACE with balloon occlusion of the left
hepatic vein. If the target HCC is located in the right or
middle lobe of the liver, particularly the upper portion,
we recommend TACE with balloon occlusion of 2 hepatic veins, typically the right and middle hepatic veins[55].
TACE with balloon occlusion of the corresponding
hepatic vein results in both significant tumor growth control and elimination of the intratumoral shunts[34]. After
this modified procedure, conventional TACE can be performed for the treatment of residual HCC.
As noted above, HCC is frequently associated with
arteriovenous shunts, which typically present as arterioportal shunts. Kojiro[84] analyzed 106 resected HCCs <
2 cm in diameter and found that nodular-type HCC was
associated with microscopic portal invasion in up to 25%
of cases. Although the presence of small arterioportal
shunts does not necessarily preclude TACE therapy for
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unresectable HCC, larger arterioportal shunts caused by
tumor invasion interfere with TACE because anticancer
drugs, either alone or mixed with iodized oil, easily pass
through the shunts[81,82]. Conventional TACE causes extensive embolization of the portal vein and can induce
extensive ischemia of nontumorous liver parenchyma[80].
The presence of significant arterioportal shunts can also
lead to liver dysfunction and portal hypertension, resulting in potentially life-threatening conditions such as
rupture of the gastroesophageal varices[85-88], refractory
ascites, or hepatic encephalopathy.
Several studies have treated significant arterioportal shunts by embolization of the hepatic arteries with
materials such as gelatin sponges or coils, and these approaches have yielded good short-term results[89,90]. However, they do not eradicate the HCC and contribute little
to patient survival[89,90]. We attempted to overcome this
complication by performing TACE of tumor-feeding arteries with occlusion of the corresponding portal vein[91].
The intrahepatic portal branch was punctured under ultrasonographic guidance using an 18-gauge percutaneous
transhepatic cholangiography needle. For TACE-PVO, a
5- or 8- French balloon catheter was advanced into the
portal vein branch identified by direct portography and
hepatic arteriography to contain the arterioportal shunt.
The balloon catheter was inflated, and a mixture of lipiodol (up to 15 mL) and anticancer agents, as an emulsion
or suspension, was injected via the target feeder artery
until reflux into the hepatic artery was confirmed. Particles of gelatin sponge were immediately injected into the
feeder artery until the target hepatic artery was occluded.
If the target HCC concurrently invades the right and left
branches of the portal vein, we recommend TACE with
balloon occlusion of the 2 portal vein branches (Figure 3).
The effectiveness of TACE-PVO for arterioportal
shunts was ascribed to balloon occlusion of the corresponding portal veins, resulting in adequate embolization
of the entire tumor, including the portions involving
arterioportal shunts. Consequently, TACE-PVO may
prevent the development of collateral anastomoses to
arterioportal shunts.
We performed a comparative, prospective, but not
randomized study of standard transarterial embolization (TAE) or TACE versus TACE-PVO for HCC with
significant arterioportal shunts[91]. Subjects differed fundamentally by patients’ choice of treatment. We found
that TACE-PVO was significantly better (P = 0.009) than
standard TAE for arterioportal shunt treatment, and subsequent angiographic findings suggested the superiority
of TACE-PVO (P = 0.028). Antitumor response (P =
0.002) and patient outcome (P = 0.032) were significantly
better in the TACE-PVO group than in the standard
treatment group. Furuse et al[90] reported that HCC patients with significant arterioportal shunts due to PVTT
who underwent embolization had 1- and 2-year survival
rates of 12% and 0%, respectively. In our study, 1- and
2-year survival rates in the standard treatment group were
28.6% and 0%, respectively, similar to that observed by
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Figure 3 Multiple hepatocellular carcinomas with significant arterioportal shunts in a 71-year-old woman. Enhanced computed tomography (CT) imaging revealed viable hepatocellular carcinomas (HCCs) (A, black arrow) with lipiodol deposit HCCs (A, white arrows). Common hepatic arteriography in the arterial phase (B)
demonstrated HCC with significant arterioportal shunts (B, arrows), consisting of P8 and P4. Common hepatic arteriography under balloon occlusion of the portal vein
branches of P8 and P4 showed an opacified tumor with non-visualized arterioportal shunts (C). CT images 2 mo after transcatheter arterial chemoembolization under
occlusion of the 2 portal vein branches (D) demonstrated a dense lipiodol deposit in the HCC and a complete response, according to modified Response Evaluation
Criteria in Solid Tumors.

Furuse et al[90]. We obtained both a good target tumor response and dramatic improvement in arterioportal shunts
with TACE-PVO therapy, with favorable 1-, 2-, and 3-year
survival rates of 85.7%, 64.3%, and 42.9%, respectively[91]. This survival was markedly better than that in the
previous series.
To our knowledge, no effective treatment for both
HCC and significant arterioportal shunts has been previously reported. We have performed TACE-PVO on 37
patients with significant arterioportal shunts at our institution, resulting in good tumor responses and prolonged
survival. Randomized controlled multicenter trials are
necessary to further explore differences in quality of life
and to assess the effects of TACE-PVO on short- and
long-term outcomes.
Finally, we introduce a specialized embolization
technique for HCC with arterioportal shunt. A patient
presented to our institution with multiple HCCs and underwent several sessions of TACE. Following therapy, 1
HCC, fed by a cystic artery with an arterioportal shunt,
remained. We attempted superselective TACE-PVO via
the branch of the cystic artery, thus avoiding embolization; however, the procedure was not successful (Figure
4). We then performed chemoembolization via the portal
vein branch with an arterioportal shunt during balloon
occlusion of the portal vein (TPCE) and observed a
dense accumulation of lipiodol in the tumor. Angiogra-

WJG|www.wjgnet.com

phy 3 mo after the TPCE procedure revealed no arterioportal shunt, and conventional TACE was performed
for the residual HCC. To our knowledge, this is the first
report of successful TPCE, and this technique may be a
useful and safe method for selected patients with HCC
and arterioportal shunts.
Isolated hepatic perfusion (IHP) is an attractive option for achieving higher tumor exposure to any given
agent while avoiding systemic toxicity by decreasing systemic drug exposure. Surgical IHP has shown promising
results[92-94]; however, this technique is therapeutically limited because it requires an aggressive surgical intervention
that is associated with considerable morbidity and mortality. Further, this technique is not amenable to repeated
interventions, mainly due to the formation of adhesions[92,94,95]. Therefore, several studies have attempted to
develop safe and repeatable percutaneous IHP techniques
without using laparotomy with balloon occlusion catheters. Ku et al[96] reported on advanced-stage HCC patients
(n = 25) that underwent percutaneous IHP after reductive
surgery and determined their 5-year overall survival rate
to be 42%. However, percutaneous IHP techniques result
in higher rates of leakage from the perfusion circuit into
the systemic circulation[97-99], mainly because the distance
between the right atrium and hepatic vein origins is often
too short to allow balloon occlusion of the suprahepatic
inferior vena cava (IVC) above the hepatic veins without
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Figure 4 Transportal chemoembolization for hepatocellular carcinoma with an arterioportal shunt in a 70-year-old man. Enhanced abdominal computed
tomography (CT) examination (A) demonstrated a recurrent hepatocellular carcinoma (HCC) (A, arrow) in the posterior segment with a lipiodol deposit (arrowhead).
Hepatic arteriography via the anterior branch (B) revealed a HCC (B, white arrow) fed by the cystic artery (B, black arrows) and an intratumoral arterioportal shunt
(B, arrowhead). A 5-French sheath was inserted into the portal vein via the lateral superior branch of the left portal vein. Direct portography via the portal vein branch
contributed an arterioportal shunt showed a tumor stain (C, arrow). Following transcatheter portal chemoembolization, proper hepatic arteriography showed nonvisualized tumor stain and arterioportal shunt (D). Non-enhanced CT 7 d after therapy (E) showed a dense accumulation of lipiodol in the tumor and peritumoral liver
parenchyma.

occluding the hepatic veins themselves[97,99]. IHP involves
an orthograde approach, employing inflow via the hepatic
artery and outflow via the IVC through the hepatic veins.
All non-surgical orthograde IHP techniques may be associated with this problem, including combinations of
orthograde percutaneous and surgical IHP techniques
that employ a double-balloon catheter for IVC occlusion.
To overcome this disadvantage, we developed a percutaneous IHP circulation system - retrograde-outflow
percutaneous IHP (R-PIHP) - by redirecting hepatic outflow through the portal vein[100,101] based on hepatic circulation under hepatic vein occlusion[53,54]. This technique
inhibits systemic leakage and maintains a high concentration of drug delivery to the liver. A phase Ⅰ/Ⅱ trial of
R-PIHP for unresectable liver malignancies, including
HCC, was begun 3 years ago, and we have obtained good
tumor responses and survival benefits although R-PIHP
recommends expert interventional techniques (Figure 5).
Unresectable HCC usually presents as a hypervascular
tumor. TACE results in both tumor hypoxia and longer
activity periods for anticancer drugs remaining in the
tumor tissues. However, TACE also induces a post-treatment surge of angiogenic factors, such as vascular endothelial growth factor (VEGF), which can occur as early as
a few hours post-TACE[102]. This process may contribute
to the revascularization of the tumor, thus reducing the
efficacy of TACE[103,104]. Sorafenib is an antiangiogenic
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drug that blocks tumor cell proliferation and angiogenesis
by inhibiting the activity of VEGF receptors. Combining
sorafenib with TACE may potentially improve the treatment outcome[105]. Several studies have evaluated the efficacy and safety of this combination treatment[106,107], and
clinical trials investigating this therapeutic approach are
currently ongoing. The dosing schedule of antiangiogenic
drugs in relation to TACE is a key factor for this method
of therapy. A randomized phase Ⅲ study comparing the
advent of sorafenib treatment with placebo 1-3 mo after
TACE failed to show a survival benefit[106]. In contrast, a
single-arm phase Ⅱ study with sorafenib beginning 1 wk
after TACE reported a disease control rate of 95%[107],
according to the response evaluation criteria for solid
tumors. Optimal scheduling of antiangiogenic agents
with TACE is essential to improve the patient prognosis. Moreover, if locoregional treatments are superior to
conventional TACE, the combination of sorafenib with
these other interventional treatments, such as DEBTACE or radioembolization, is also promising.

CONCLUSION
In this review, we have summarized the efforts of many
studies to improve the treatment outcomes of patients
with intermediate- or advanced-stage HCC. For intermediate-stage HCC patients, interventional treatments, such
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Figure 5 Retrograde-outflow percutaneous isolated hepatic perfusion for multiple hepatocellular carcinomas in a 64-year-old man. A patients received 2
sessions of transcatheter arterial chemoembolization for multiple hepatocellular carcinomas (HCCs) at other hospital. Computed tomography (CT) during arterial portography (A) and hepatic arteriography (B) demonstrated multiple HCCs with portal vein invasion (arrows). Retrograde-outflow percutaneous isolated hepatic perfusion (C, arterial phase; D, venous phase) was performed twice (arrow of D indicated a portal branch), and enhanced CT imaging 6 mo after therapy (E) revealed that
the HCC was diminished.

as TACE, drug-eluting beads embolization, radioembolization, and combination therapies, for prognostic improvement are continually evolving. For advanced-stage
HCC patients, sorafenib chemotherapy, TACE-based
therapies combined with sorafenib treatment, TACE
with radiotherapy, TACE based on hepatic hemodynamics, and IHP are all effective therapies. In conclusion, the
evolution of therapy continues to improve the prognosis
of patients with unresectable HCC.
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among patients diagnosed with IBD, and the discovery
of proteome biomarkers to diagnose or predict cancer
risks. Host genetic factors influence the etiology of
IBD, as do microbial ecosystems in the human bowel,
which are not uniform, but instead represent many different microhabitats that can be influenced by diet and
might affect processes essential to bowel metabolism.
Further advances in basic research regarding intestinal
inflammation may reveal new insights into the role of
inflammatory mediators, referred to as the inflammasome, and the macromolecular complex of metabolites
formed by intestinal bacteria. Collectively, knowledge of
the inflammasome and metagenomics will lead to the
development of biomarkers for IBD that target specific
pathogenic mechanisms involved in the spontaneous
progress of IBD. In this review article, our recent results regarding the discovery of potential proteomic biomarkers using a label-free quantification technique are
introduced and on-going projects contributing to either
the discrimination of IBD subtypes or to the prediction
of cancer risks are accompanied by updated information from IBD biomarker research.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Recent advances in genomic medicine have opened up
the possibility of tailored medicine that may eventually
replace traditional “one-size-fits all” approaches to the
treatment of inflammatory bowel disease (IBD). In addition to exploring the interactions between hosts and
microbes, referred to as the microbiome, a variety of
strategies that can be tailored to an individual in the
coming era of personalized medicine in the treatment
of IBD are being investigated. These include prompt
genomic screening of patients at risk of developing IBD,
the utility of molecular discrimination of IBD subtypes
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Key words: Inflammatory bowel disease; Biomarker;
Proteomics; Tailored medicine; Colitic cancer
Core tip: Our recent achievements in discovering biomarkers to predict cancer risk are introduced. Ultimately, models based on combinations of genotype and
gene expression data referenced with clinical, biochemical, and serological data may permit the development
of tools for individualized risk stratification and efficient
treatment selection, as well as complete rescue from
complications, including colitis-associated cancer, in the
near future.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflammatory disease that causes injury to the gastrointestinal
(GI) tract and is accompanied by clinical characteristics
of remission and relapse. The two common types of
IBD are ulcerative colitis (UC) and Crohn’s disease (CD).
Although many molecular methods for the investigation of protein and gene sequences have contributed
to diagnostic methodologies, the diagnosis of IBD is
primarily based on clinical, endoscopic, radiological, and
histological criteria. Unfortunately, there has been little
to no change in this traditional approach to diagnosis,
despite modern advances in genomics and proteomics.
However, progress in treatment strategies involving the
incorporation of marketed biologicals and molecular
targeted therapeutics has lead to the development of the
concept of “deep remission” or “mucosal healing” in the
treatment of IBD[1,2]. Furthermore, there has been major
innovation in diagnostic methods, including the development of more complicated endoscopic and non-invasive
imaging methods. These techniques are used to improve
quality of life (QOL) of patients, predict complications,
and contribute to the prevention or surveillance of cancer associated with IBD such as colitis-associated cancer
(CAC)[3].
Recent developments in the molecular pathogenesis
of IBD have highlighted three aspects. First, IBD is
caused by complex disorders influenced by susceptibility
genes, and is characterized by disturbed epithelial barrier
function, and abnormal innate and adaptive immunity.
Second, the compositions of gut microflora are altered or
the epithelial barrier function is disorganized, which leads
to a response from the immune system. Third, a murine
model has been very helpful in unraveling the pathogenesis/mucosal immunopathology of IBD[4] by suggesting
that the abnormal immune reaction to normal microbiota
results from dysregulation of the mucosal immune system[5]. For example, the composition of microbes in the
gastrointestinal tract may impair the patient’s lifestyle in
developed countries and a pathogenic infection in the
gastrointestinal tract has a significant function in modulating the immune system. These data may explain why
developing and some Asian countries are confronting
steep increases in the incidence of IBD. Developments
in gene-sequencing technologies, such as next generation
sequencing, as well as the emergence of several bioinformatic tools have led to novel insights into the microbe
balance in the human gastrointestinal tract and the effect
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of microbes on human physiology and pathology[6].
Additional innovative technologies, such as mass
spectrometry (MS)-based proteomics, also referred to as
next generation proteomics, have discovered new classes
of proteomic biomarkers that can be used to explore
the accurate and comprehensive molecular characterization of IBD genes and proteomes. These advances are
expected to lead to more reliable identification of IBD
diagnostic- or progression-specific targets and enable
molecular diagnosis, as well as provide guidance regarding the selection of treatment options and the risk of
cancer development in cases with longstanding remission
and relapse[7]. A more robust molecular definition of
IBD subtypes is likely to be based on specific molecular
pathways that determine not only disease susceptibility,
but also disease characteristics, such as location, natural
history and therapeutic response. Furthermore, such advances could be applicable in defining “deep remission”,
which has not been feasible with currently-used scoring
systems or endoscopic evaluation. Discovering biomarkers for IBD may allow objective measurements of disease
activity and severity while also serving as prognostic indicators for therapeutic outcomes[8]. Furthermore, the discovery of one or more biomarkers predictive of the risk
of IBD-associated cancers, such as CAC, combined with
advanced therapeutics, may lead to tremendous improvements in patient QOL in the near future.
In this review article, our recent achievements in discovering biomarkers to predict cancer risk are introduced.
Ultimately, models based on combinations of genotype
and gene expression data referenced with clinical, biochemical, and serological data may permit the development of tools for individualized risk stratification and
efficient treatment selection, as well as complete rescue
from complications, including CAC, in the near future[9].
Molecular pathogenesis of colorectal cancer and CAC
Chronic inflammatory diseases are associated with cancer
incidence, which is dependent on the duration and severity of the diseases. For example, Barrett’s esophagus is
relevant to esophageal cancer, chronic Helicobacter pyloriassociated chronic atrophic gastritis is relevant to gastric
cancer, and UC or CD are relevant to CAC. These are
well-acknowledged examples that support a connection
between gut inflammation and cancer. In fact, it has been
reported that patients with IBD are at enhanced risk of
colorectal cancer (CRC): approximately 15% of CRC
patients have related IBD etiology[10]. Although general
carcinogenesis is a multi-factorial process that combines
accumulation of genetic mutations, post-translational
modification, and cell-matrix reciprocal action, inflammation-prone carcinogenesis is somewhat different[11]. The
utility of biomarkers for CAC can be extended to permit
earlier detection of dysplasia; therefore, the targeted
manipulation of biomarkers might lead to advances in
cancer therapies and cancer preventions, and may prove
to be effective in reducing the development of CAC,
with clinical interventions such as blocking agents or
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endoscopic treatments. Regarding molecular aspects, the
mechanism of CAC in IBD differs from CRC ,which
is a well-known adenoma-to-carcinoma sequence. CAC
appears to take place from either flat dysplastic tissue or
dysplasia-associated lesions or masses[12]. The major pathways of sporadic CRC and CAC comprise chromosomal
instability, hypermethylation and microsatellite instability;
however, CAC shows inflamed colonic mucosa before
histological changes of dysplasia or cancer. Patients with
IBD have a high risk of CAC following diagnosis, and
patients have common symptom, such as colitis[13]. The
risk of CAC is increased in younger patients, those with
more extensive colitis, those with concomitant primary
sclerosing cholangitis, and a family history of CRC[14].
Most cancers show no high risk related to proctitis; however, increased in pancolitis, i.e., left-sided colitis, carries
an intermediate cancer risk[15]. Patients with CD and UD
have the same risk of CRC and the prevalence in the US
is greater than 200 cases per 100000, representing a total
of between 1 and 1.5 million patients with IBD. Fortunately, the incidence of CAC is lower than CRC in the
United States and other western countries[16]. A biological
background for the high risk of CRC in IBD gives a onesided interpretation, patients with high levels of inflammatory mediators production may progress to CAC. The
key signal of IBD-induced carcinogenesis is inflammatory cytokines induced by mucosal and immune cells in
the gut. The key molecules of inflammation, including
nuclear factor kappaB (NF-κB) and cyclooxygenase-2
(COX-2), are important links between inflammation and
cancer. Recently, other factors, such as tumor necrosis
factor-α (TNF-α) and interleukin-6 (IL-6) -induced signaling, have been proven to induce cancer development
in animal models of CAC[17]. Based on these aspects of
molecular carcinogenesis, we have tried to apply biologicals such as infliximab to neutralize TNF-α, a proton
pump inhibitor based on mechanisms including the
inhibition of NF-κB as well as attenuation of oxidative stress, and aspirin/celecoxib to inhibit cancer-prone
COX enzymes. As expected, all of these efforts to block
inflammation-promoted carcinogenesis efficiently prevented CAC in our mouse model experiments[18,19]. The
recent descriptions of epigenetic alterations, in particular
alterations in DNA methylation, that have been observed
during inflammation and inflammation-associated carcinogenesis, led us to explore nutritional interventions as a
means of targeting and correcting epigenetic oncogenic
abnormalities, as a form of CAC prevention[20].
Prediction of CAC
Patients with long-standing UC and CD are at increased
risk of developing CRC, and patients with small intestinal
CD have a high risk for developing small bowel adenocarcinoma. Unlike the sporadic CRC that can develop in
those with IBD, CAC development is intimately associated with IBD. In those with IBD, CAC results from a
process that is believed to begin with mutagenic benign
inflammation that develops into indeterminate, low-grade
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and high-grade dysplasia, and eventually to carcinoma.
Regarding the risk factors predisposing to carcinoma in
IBD, the risk is increased depending on duration, severity
of colitis, presence of sclerosing cholangitis, degree of
inflammation and family history of CRC. Evidence-based
medicine advises that patients with colitis should be kept
under surveillance colonoscopy after diagnosis for 8 to
10 years. As surveillance guidelines for early detection of
CAC, the general approach of periodic endoscopic examinations and systematic random biopsies of involved
mucosa is generally recommended[21]. Recently, advanced
colonoscopic techniques, including narrow band imaging,
chromoendoscopy and confocal microendoscopy, have
been used to identity abnormal areas in targeted, but
not random, biopsies, and biomarkers could be adopted
for high resolution endoscopy[22]. Although medications
such as aminosalicylates, folic acid and ursodeoxycholic acid seem to be chemopreventive, potent preventive
therapeutics, as well as surveillance of high risk patients
through the use of potential biomarkers, would seem to
be ideal[23].
Current Status Of Biological Markers For IBD
Serological markers for IBD are rapidly developing.
However, the most studied antibodies, anti-Saccharomyces
cerevisiae antibodies (ASCA) and atypical perinuclear antineutrophil cytoplasmic antibodies (P-ANCA), have
limited sensitivity. Thus, the relationship between serological markers of disease pattern and phenotype may
be of greater value than the use of serological markers
as diagnostic tools. For example, patients with CD who
have high titers of various serological makers have more
serious small intestine disease than those with low titers
of antibodies[24]. On the genetic level, application of a genome wide association study design in CD has provided
new insights into the immunopathogenesis of CD, identifying links to genes of the innate and adaptive immune
system[25]. One patient had CD associated with gene
mutations of NOD2 and the ATG16L1 autophagy gene,
both of which affect the intracellular processing of bacterial components. In addition, genetic variation of the
IL-23 receptor, STAT3 and NKX2-3 genes, were associated with CD and UC in Asian patients. Although comparative analyses of gene associations between CD and
UD can identify unique mechanisms of immunopathogenesis of IBD, such results have limited applicability in
real-world clinical settings because of ethnic, racial, and
environmental differences in the samples studied. Since
the advent of the concept of proteomics, a plethora of
proteomic technologies have been developed to study
proteomes. In IBD, several studies have used proteomics
to better understand the disease and discover molecules
that could serve as therapeutic targets. The advance of
proteomic technologies will have an important effect on
the development of new biomarkers for IBD[26]. Further
advances in proteomic technologies have allowed us
to use label-free quantification to detect biomarkers in
various IBD patients for the first time. The results are
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expected to provide additional insights in to the molecular biomarkers of IBD that may be used in predicting
responses to treatment[27].
Classic serological and fecal markers in IBD
Currently, diagnosis of IBD from the blood and stool of
patients represent reliable and quantitative tools to clinicians[28]. The C-reactive protein (CRP) and fecal-based
leukocyte markers, calprotectin (Cal) or lactoferin (Lf), can
help clinicians to assess disease activity and to distinguish
IBD from non-inflammatory diarrhea and simple colitis. Serological tests including both ASCA and P-ANCA
can be used to determine the current status and risk of
IBD[29]. The progression of IBD and inflammatory processes are assessed by tests for CRP and the erythrocyte
sedimentation rate (ESR). In addition, clinicians might
measure the levels of drug metabolites and antibodies
against therapeutic agents that aim to determine why
patients do not respond to treatment and to select alternative therapy. The advantages of using the fecal markers including, Cal or Lf, are their ease of detection and
use of an inexpensive ELISA technique, as well as their
long-term stability in feces[30]. However, several limitations have been associated with these classical serological
and fecal markers in IBD. The ESR technique is simple
to perform, widely available, and inexpensive; however,
it has several disadvantages, such as a concentration that
depends on age, several confounders, and the use of certain drugs[31]. Several factors can affect the utility of CRP,
including long half-life and prolonged latency period after
changes in chronic IBD. Determination of fecal Cal or
Lf markers is very helpful into diagnosis chronic IBD,
while other GI diseases, ischemic colitis, and non-steroidal
anti-inflammatory drug-associated intestinal damage
show greater leukocyte elimination in feces[32]. In spite of
80%-100% diagnostic accuracy levels, fecal markers are
not specific for IBD and may be elevated in a range of
organic conditions. To compensate for these limitations,
Langhorst et al[33] evaluated fecal levels of PMN-elastase
(PMN-e) in addition to the aforementioned markers and
concluded the IBD and IBS can be discriminated by the
fecal markers Cal, Lf, and PMN-e. However, these fecal
markers have shown a similar capacity to indicate endoscopic pathology, and are more efficient for diagnosis
than CRP. Therefore, the combined diagnosis using fecal
markers and CRP with disease-specific activity index will
be very useful when assessing endoscopic inflammation
in UC. It should be noted that these fecal markers were
proven to be very efficient in diagnosing IBD as well as in
predicting impending clinical relapse in pediatric patients
with IBD[34]. Despite the benefits that can be derived from
these serum and fecal biomarkers, there remains considerable room for improvement regarding disease prediction
and prognosis assessment, as none of them can be applied to predict future risk of CAC development in IBD.
Proteomic biomarkers in IBD
Matrix-assisted laser desorption/ionization time-of-flight
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(MALDI-TOF) mass spectrometry (MS) and surfaceenhanced laser desorption/ionization (SELDI)-TOF MS,
have become popular methods recently for the analysis
of macromolecules of biological origin such as tissues,
serum, or plasma[35]. MALDI-TOF MS is used in clinical
medicine to identify disease markers in combination with
classic protein gel analysis (1-D) and two dimensional gel
electrophoresis separation, accomplished through either
peptide mass fingerprinting or peptide sequence tag (2-D)
analysis followed by a data base search using proteome
blot analysis software[36]. Using these applications, evaluation of samples by MALDI-TOF MS can give novel
data regarding peptides present at high molecular mass
and may therefore be valuable to assess potential disease
markers of IBD. For example, Nanni et al[37] determined
serum proteins of 22 healthy subjects and 41 patients
with IBD (15 CD, 26 UC) extracted with reversed-phase
(C18) and subsequently performed MALDI-TOF MS .
The results of serum protein profiles showed the highest overall prognosis capability (96.9%) of identifiable
protein biomarkers involved in IBD discrimination .
Similarly, in a study by Liu et al[38], serum proteins from
74 CRC samples compared with 48 healthy samples were
applied to SELDI-TOF MS using a ProteinChip reader.
The diagnostic pattern could distinguish samples according to status of CRC from normal samples with sensitivity and specificity of 95% by independent analysis of
the samples. These two studies demonstrated the high
potential for biomarker discovery in patients with IBD
or CRC in clinical settings, and further clinical validation
in large patient cohorts is expected to promote the use
of novel biomarkers in clinical practice[39]. In addition to
protein identification, 2-D difference gel electrophoresis
(2D DIGE) is good method protein quantification; however, isobaric tags for relative and absolute quantification
(iTRAQ) and stable isotope labeling by amino acids (SILAC) are the best methods developed recently. Sample
preparation is important to the success or failure of such
analysis and subcellular fractionation can be used to give
more specific protein localization analysis than total cellular proteins[40-42]. In our recent study[43], we applied advanced technologies such as iTRAQ and SILAC for labelfree quantification in samples obtained from a mouse
model of UC and CAC to identify potential biomarkers
for cancer-prone inflammation in IBD and to evaluate
empirical therapeutics.

PROTEOMIC BIOMARKER DISCOVERY
FOR CAC: A CLASSICAL PROTEOMIC
APPROACH
Multiple chemical and biological systems, including intestinal tissue, its associated immune system, the gut
microbiota, xenobiotics, and their metabolites, meet and
interact to form a tightly regulated state of tissue homeostasis. Disturbance to this state of homeostasis can cause
IBD as well as CAC through intercalated multi-factorial
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mechanisms. Many strong pathological and mechanistic
correlates exist between mouse models of CAC and the
clinically relevant situation in humans, allowing for the
use of systems biology approaches[44]. Furthermore, the
close proximity of colonic tumors to the myriad of intestinal microbes, as well as the instrumental implication of
microbiota in IBD, introduces microbes as new factors
capable of triggering inflammation and possibly promoting CAC, necessitating high throughput metabolomic
approaches[45]. Additionally, a detailed understanding of
these interactions may also provide a means of preventing CAC[46]. In a small study, Watanabe et al[47] performed
a low density array analysis of 149 genes implicated in
CAC and identified 20 genes showing differential expression between UC- and non-UC-associated CAC, including
cancer-related genes such as CYP27B1, runt-related transcription factor 3, sterile alpha motif domain-containing
protein 1, EGF-like repeats and discoidin I-like domain
3, nucleolar protein 3, CXCL9, integrin beta2, and LYN.
Colliver et al[48] demonstrated that 392 transcripts showed
differential expression during progression from UC to
CAC. Both dysplasia and CAC showed 224 transcripts in
common and it was concluded that some genes showed
same modification both in dysplasia and CAC, signifying that they might be related to tumor initiation and
progression. Following these studies, a host of potential
biomarkers have been reported in the literature, including cytokeratin 7/20[49], a-methylacyl-CoA-racemase[50],
transgelin, a frame shift mutation in the TGF-β type Ⅱ
receptor[51,52], HSP47[53], methylation of the estrogen receptor[54], association with certain HLA class Ⅱ alleles[55],
DNA methyltransferase-1[56], 8-nitroguanine or 8-oxo-deoxyguanine[57-59], CCL20[60] and activation-induced cytidine
deaminase[61]. We used our experimental animal model for
colitic cancer, which was provoked with repeated bouts
of UC, and an additional proteomic method based on 2-D
electrophoresis and MALDI-TOF MS to analyze proteins
related in CAC. In detail, 38 proteins were differentially
expressed between CAC and healthy samples, using comparative 2-D electrophoresis analysis. Through validation
studies, 27 proteins, including enolase, GRP94, HSC70
prohibitin and transgelin, were identified. Among these
identified proteins, the downregulation of transgelin in
mouse colitic cancer was supported by western blotting
and immunohistochemistry. Moreover, transgelin was significantly decreased in colon tumors compared with nontumorous regions in humans, implying that reduced levels
of transgelin could be a good biomarker for CAC[62].

BIOMARKER DISCOVERY FOR CAC: THE
NEXT GENERATION OF PROTEOMICS
Currently, knowledge of proteomics is important and
provides researches with complicated label and labelfree techniques. This next generation of proteomics may
provide effective perspectives in the diagnosis and treatment of gastrointestinal disease and allow for translation
of proteomics from the bench to the bedside. Currently,

WJG|www.wjgnet.com

proteomic studies focus not only in the identification
of proteins in a sample, but also the quantification of
them. Various protein expression profiles are examined
because they provide useful information, especially in
clinical proteomics, involving molecular targets related to
specific diseases. The technology for proteomics study is
continuously developing, and both of labeled and labelfree methods have their several advantages. Currently,
label-free and isotope-label techniques are used to study
proteins quantitatively. The label-free approach, combining spectral and signal quantitation, for identifying amino
acids provides accurate relative protein expression data
and is an easy way to determine quantitative information.
However, this strategy is subject errors from variation in
protein preparation that may be reduced when various
stable isotopes are inserted in the specimens to make
protein isotopomers, which have different spectra according to their different masses. Therefore, several metabolic
labeling strategies that apply stable isotopes to minimize
error have been developed recently and have been applied in animal models.
Biomarkers to predict CAC risk discovered via label-free
quantification analyses
A comparative label-free quantification analysis was conducted in eight patients with UC, eight patients with CD
and eight patients with irritable bowel syndrome (IBS).
Colonic tissue biopsies were obtained during colonoscopy after written consent and stored in a deep freeze until
the assay. Using an Agilent HPLC-Chip 6520 Q-TOF MS
system and a label-free quantitative technique (IDEAL-Q
v1.0.6.3), signal pathway analysis associated with carcinogenesis was conducted to discover potential biomarkers
in CAC (Figure 1). The analysis was conducted according
to the degree of intestinal inflammation, type of IBD,
and extent of inflammation. To compare against the analysis from IBS samples, the proteins implying CAC risk
were isolated (Figure 2A and B). As seen in Figure 2A, 22
significant proteins were found to be potential biomarkers predicting CAC risk in patients with UC . Figure 2B
shows the 19 proteins found to be potential biomarkers for CAC risk in patients with CD. Further analysis
yielded four important protein biomarkers: proteoglycan
2 (PRG2), S100A6 (calcyclin), ribosomal protein L18
(RPL18), UDP-glucose dehydrogenase (UGDH) as potential target proteins and predictive biomarkers for CAC
risk in IBD (Figure 3). PRG is a major component of the
animal extracellular matrix and has been shown to be involved in the differentiation process across the epithelialmesenchymal axis. It is a potential biomarker inferred
principally through its ability to bind growth factors and
modulate their downstream signaling; malignant tumors
have their individual characteristic PRG profiles closely
associated with their differentiation and biological behavior. PRG2 has further been implicated as a biomarker for
neuropathic pain attributable to advanced pancreatic cancer[63] in an animal model of CAC[27], and as an inflammation related gene of several cancers, including prostate,
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disease. A: Applying the label-free quantification method to discover proteomic biomarkers in patients with different types and different stage of inflammatory bowel
disease (IBD). Comparative analysis was done in eight patients with ulcerative colitis (UC), eight patients with Crohn’s disease (CD) and eight patients with irritable
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Figure 2 Potential proteomic markers signifying colitis-associated cancer risks in inflammatory bowel disease. A: Proteomic markers for colitis-associated
cancer (CAC) risk in patients with ulcerative colitis (UC). The analysis was performed according to the degree of intestinal inflammation, type of inflammatory bowel
disease and extent of inflammation. Compared with the analysis of CAC, 22 significant potential biomarkers of CAC risk were obtained from patients as p with UC, six
biomarkers existing in the extracellular space, two biomarkers at the plasma membrane, seven are from the cytoplasm, and seven are nuclear proteins; B: Proteomic
markers for CAC risk in patients with Crohn’s disease (CD). Eighteen potential biomarkers for the risk of CAC were identified in patients with CD. Four were from the
plasma membrane, 11 from the cytoplasm, and three from the nucleus.

lung, CRC[64] and pancreatic cancer[65]. The expression of
S100 calcium binding protein A6 (S100A6) is upregulated
in proliferating and differentiating cells[66], and has been
reported to be a possible biomarker for hepatocellular
carcinoma[67,68], pancreatic cancer[69], acute lymphoblastic
leukemia[70], CRC[71] and breast cancer[72]. RPL18 is a 60S
ribosomal protein expressed in stem cells[73] and during
adipogenesis[74] UGDH has been suggested as biomarker
for cancer metabolism. The oxidation of UDP-glucose
is catalyzed by UGDH to generate UDP-glucuronic
acid (UDP-GlcA), a precursor of glycosaminoglycans
(GAGs). Wang et al[75] showed decreases in the expressions of UGDH, UDP-GlcA and GAG expression after
treatment with a UGDH-siRNA in HCT-8 colon cancer
cells and concluded that UGDH could be a new target
for CRC clinical treatment[76]. Additionally, UGDH has
been identified as a potential biomarker for prostate cancer[77,78], hepatocellular carcinoma[79] and breast cancer[80].
Biomarkers to predict CAC risk discovered via labelbased protein quantification analyses
Proteomic techniques with blood and biopsy provide reliable and accurate tools that provide support to clinicians
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in the diagnosis and treatment of IBD. For example,
clinically meaningful biomarkers may be used in the differential diagnosis of CD and UC, or as predictors of
treatment responses. Tandem mass spectrometry (MS/
MS) is commonly used proteomic analysis. However,
various workflows are possible for peptide analysis before
MS/MS, as well as bioinformatics, to identify peptides,
for which 2-D electrophoresis and subsequent MS, liquid
chromatography-MS, 2D DIGE, and iTRAQ are under
development. In our previous publication[43], the present status and perspectives regarding these developed
proteomic methods were discussed, with descriptions
of examples of new biomarkers for the diagnosis, treatment and prognosis of IBD and CAC in mouse models
and in humans. In detail, we showed new concepts and
technologies of proteomics, such as protein identification
and proteome coverage, as determined by iTRAQ with
different shotgun proteomic methods in samples from an
animal model of CAC that used repeated oral administration of dextran sulfate sodium (DSS) to induce CAC. As
previously reported, iTRAQ protein quantification analysis identified fibrinogen beta, prohibitin, transgelin, Hsc70-interacting protein, suppression of tumorigenicity 13
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Figure 3 Proteomic markers for colitis-associated cancer risk in patients with both ulcerative colitis and Crohn’s disease. After analyzing signaling pathways
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(ST13), a TKL kinase of the MLK family, dual leucine
zipper kinase (MKL1), actin, beta, protein-coding gene
(ACTB), ubiquitin carboxyl-term, esterase L3 (UCHL3),
coronin, actin binding protein, 1A (CORO1A), hypoxanthin-guanine phosphoribosyltransferase (HPRT), glutathione peroxidase 1 (GPX1), estrogen receptor 1 (ESR1),
transcriptional repressor protein 1 (YY1), transcription
activator1, ATP-dependent helicase SMARCA4 (BRG1),
brahma gene (BRM) and ornithine aminotransferase
(OAT) as potential biomarkers for CAC in the DSSinduced colitic cancer model[43].

CONCLUSION
MALDI imaging mass spectrometry (IMS) is a new technology to analyze small peptides in various samples and
is a novel tool for studying molecular mechanisms in biological tissues. Recent studies have demonstrated considerable diagnostic and prognostic value, which should be
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applicable to clinical settings in the near future[81,82]. However, one challenge associated with the use of MALDIIMS in the identification of potential biomarkers involves
the systematic identification of peptides introduced in
the MALDI matrix with association of top-down and
bottom-up analysis[83]. IMS will be investigated without
target-specific reagents to identify new markers for the diagnosis, treatment, and prognosis of CAC, as well as the
determination of effective therapies. In the near future,
an era of tailored medicine will provide for diagnostic algorithms that include molecular parameters for the detection of early disease and treatment algorithms guided by
predicting the individual course of the disease. However,
more trials focused on discovering proteomic biomarkers will be necessary to guide the treatment of IBD with
more advanced levels of biologicals or molecular targeted
therapeutics for inflammation. Using label-free quantification methods on biopsied tissue from patients with
IBD, four potential biomarkers, PRG2, S100A6 (calcy-
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clin), RPL18, and UGDH, have been discovered. Further
validation of these potential biomarkers will be necessary
to ascertain their clinical value.
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Abstract
MicroRNAs (miRNAs) are a class of small noncoding
RNAs that post-transcriptionally regulate the expression
of many target genes via mRNA degradation or translation inhibition. Many studies have shown that miRNAs
are involved in the modulation of gene expression and
replication of hepatitis B virus (HBV) and hepatitis C
virus (HCV) and play a pivotal role in host-virus interactions. Increasing evidence also demonstrates that viral
infection leads to alteration of the miRNA expression
profile in hepatic tissues or circulation. The deregulated
miRNAs participate in hepatocellular carcinoma (HCC)
initiation and progression by functioning as oncogenes
or tumor suppressor genes by targeting various genes
involved in cancer-related signaling pathways. The
distinct expression pattern of miRNAs may be a useful
marker for the diagnosis and prognosis of virus-related
diseases considering the limitation of currently used
biomarkers. Moreover, the role of deregulated miRNA in
host-virus interactions and HCC development suggested
that miRNAs may serve as therapeutic targets or as
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tools. In this review, we summarize the recent findings
about the deregulation and the role of miRNAs during
HBV/HCV infection and HCC development, and we discuss the possible mechanism of action of miRNAs in the
pathogenesis of virus-related diseases. Furthermore,
we discuss the potential of using miRNAs as markers
for diagnosis and prognosis as well as therapeutic targets and drugs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: MicroRNA; Hepatitis B/C virus; Host-virus
interaction; Biomarker; Therapy
Core tip: Chronic hepatitis B virus or hepatitis C virus
infection changed miRNA expression profiles at the tissue or serum level, and the altered miRNAs play pivotal
roles in gene expression and replication of the viruses
and the development of virus-related diseases. These
findings suggest that miRNAs have the potential as
novel diagnostic and prognostic biomarkers and therapeutic targets in virus-related diseases.
Fan HX, Tang H. Complex interactions between microRNAs
and hepatitis B/C viruses. World J Gastroenterol 2014; 20(37):
13477-13492 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13477.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13477

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the second leading cause of cancerrelated death worldwide. Chronic hepatitis B virus (HBV)
and/or hepatitis C virus (HCV) infections resulting in
chronic liver diseases are the major causative factors for
HCC[1]. Numerous studies have showed that HCC develops through aberrantly activation of various signaling
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pathways involved in cellular proliferation, differentiation,
angiogenesis, and metastasis. But the precise molecular
mechanisms underlying virus induced-HCC development
and progression are still unclear.
MiRNAs are endogenous, small noncoding RNAs
containing an average of 22 nucleotides that mainly
regulate gene expression at the post-transcription levels
through sequence-specific binding to the 3’-untranslated
region (UTR), coding region or 5’-UTR of the target
mRNA[2]. As most miRNAs guide the recognition of imperfect matches of target mRNAs, each miRNA can have
tens to hundreds of different mRNAs targets and further
one mRNA can be simultaneously regulated by multiple
miRNAs. More than 60% of all human protein-coding
genes were predicted to be under miRNA regulations,
which enable miRNAs to have numerous regulatory roles
in many physiological processes, such as cell proliferation,
differentiation and apoptosis[3].
Due to their fundamental role in biological process,
aberrant expression of miRNAs in the liver may be involved in pathological processes of various liver diseases.
In fact, the specific deregulation of certain miRNAs,
along with the roles of the miRNAs, was observed in
liver diseases such as HBV/HCV infection, fibrosis, cirrhosis and HCC[4]. In this review, we will focus on the
regulatory role of deregulated miRNA in HBV/HCV
infection and HCC development. In addition, we briefly
discuss miRNAs as potential diagnostic markers, prognostic markers and therapeutic targets for virus-related
liver diseases.

MiRNAs are reported to be involved in regulation of
virus expression and replication mainly by binding directly to virus transcripts or targeting the related host
genes[5,6]. Here, we will focus on a subset of miRNAs that
are reported to affect gene expression and replication of
HBV/HCV.

well-established target-prediction programs to predict
the targets of human miRNAs in the HBV genome, and
they found that let-7, miR-196b, miR-433, and miR-511
targeted the polymerase or S gene, miR-205 targeted the
X gene, and miR-345 targeted the preC gene. Moreover,
the target regions are conserved among different HBV
clades, which implied that these miRNAs can be used
in antiviral therapy. However, the anti-HBV activities of
the miRNAs need further experimental validation. miR15a/miR-16-1,MiR-20a and miR-92a-1 (two members
of miR-17-92 cluster), and miR-224, were shown to suppress HBV replication in vitro possibly by directly binding
to HBV genes[10-12].
MiRNAs can also modulate HBV replication by
targeting HBV-associated host proteins. The study
by Zhang et al[13] showed that miR-1 enhanced HBV
replication by increasing HBV core promoter activity
through augmenting farnesoid X receptor α expression.
MiRs-372/373 stimulated the production of HBV proteins and HBV core-associated DNA in HepG2 cells by
targeting nuclear factor I/B[14]. MiR-501 was recently reported to promote HBV replication in part by targeting
HBXIP, an inhibitor of HBV replication in HepG2.215
cells[15]. MiR-141 suppressed HBV replication by downregulating peroxisome proliferator-activated receptor alpha, a positive transcription factor of HBV[16]. MiR-122,
an abundant liver-specific miRNA, could inhibit gene
expression and replication of HBV in vitro via binding
to highly conserved regions of the mRNA for the viral
polymerase and the 3’-untranslated region of the mRNA
for the core protein [17]. Further mechanism studies
showed that miR-122 suppressed HBV replication partially by modulation of p53-mediated inhibition of HBV
replication through down-regulation of cyclin G1[18,19].
MiR-155 mildly inhibited HBV infection in human hepatoma cells by suppressing suppressor of cytokine signaling 1 (SOCS1) expression and subsequently promoting
JAK/STAT(signal transducer and activator of transcription) signaling pathway, which leads to enhanced innate
antiviral immunity[20] (Figure 1A).

Role of miRNAs in HBV gene expression and replication
To systemically screen for host miRNAs that affected
HBV replication, our lab employed a loss-of-function
approach (transfecting chemically synthesized antisense
oligonucleotides of 328 identified human miRNAs
into HepG2.2.15 cells) and found that miR-199a-3p
and miR-210 inhibitors could increase HBsAg expression and HBV replication without a significant effect on
host cell proliferation. Further bioinformatics analysis
and a GFP reporter assay validated that miR-199a-3p
and miR-210 reduced HBV replication by binding to
the HBV S protein coding region and pre-S1 region, respectively[7]. This is the first report that human miRNAs
can directly target HBV genes. In addition, Potenza et
al[8] reported that miR-125a-5p, a miRNA highly expressed in human liver tissue, was able to interfere with
the translation of the HBV S gene. Wu et al[9] used four

Role of miRNAs in HCV expression and replication
In contrast to the inhibitory role on HBV replication,
miR-122 is essential for HCV RNA replication. Jopling et
al[21] found that sequestration of miR-122 led to a marked
loss of HCV RNAs in vitro. Further study showed that
the interaction between miR-122 and two binding sites
in the 5’-noncoding region of the HCV genome were
essential for HCV RNA maintenance. The binding of
miR-122 to the HCV genome could also stimulate HCV
translation by enhancing ribosome binding to the viral
RNA[22]. However, results from the double-binding-site
mutation and the IRES mutation assays showed that
miR-122 may affect viral replication at other steps of the
viral life cycle[23]. Expression of miR-122 in non-hepatic
cells could facilitate efficient viral replication, which further supports the finding that miR-122 is essential for
HCV replication[24,25]. Further structure and function

REGULATION OF THE HBV/HCV LIFE
CYCLE BY HOST MIRNAS
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Figure 1 Summary of cellular miRNAs effect on hepatitis B virus and hepatitis C virus replication. A: The miRNAs which regulate hepatitis B virus (HBV) replication through targeting transcription factors known for HBV transcription, regulating immune, and direct targeting viral transcripts were indicated; B: The miRNAs
which regulate hepatitis C virus (HCV) replication through targeting entry, translation, replication, envelopment, and regulating immune were indicated.
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analysis showed that nearly all nucleotides in miR-122
were involved in binding to the second binding site, and
this additional interaction enhanced HCV replication[26].
MiR-122 could bind to HCV RNA in association with
Ago2 to protect the viral genome from 5’-exonuclease
activity and thus stabilize the HCV genome and slow its
decay[27]. A recent study showed that the formation of a
stable ternary complex between two copies of miR-122
and the HCV 5’-UTR could stabilize the HCV genome,
which also implied that miR-122 had additional functions
in the viral life cycle[28]. In addition to direct binding to
the HCV genome, miR-122 may promote HCV replication through other pathways. Shan et al[29] found that
suppression of miR-122 with an miR-122-specific antagomir decreased HCV replication and increased HO-1
expression, thus suggesting that miR-122 may promote
HCV replication in part by decreasing heme oxygenase
1(HO-1) expression. HO-1, a key enzyme with anti-oxidant and anti-inflammatory activities, can suppress HCV
RNA replication[30].
Although the specific mechanism of miR-122supported HCV replication needs further exploration,
the above studies indicated that miR-122-based therapy
may be useful in limiting HCV infection. Silencing of
miR-122 with a locked nucleic acid (LNA)-modified
oligonucleotide (SPC3649) complementary to miR-122
resulted in universal antiviral activity against diverse HCV
genotypes in vitro and led to long-lasting suppression of
HCV viremia in chronically infected chimpanzees with
no evidence of viral resistance or side effects[31,32]. In
2009, the miR-122 inhibitor miravirsen was applied to
phase 1 clinical trials by Santaris Pharma to test its safety.
The data demonstrated that miravirsen was well tolerated
and has no dose-limiting toxicities[33]. In 2010, Santaris
Pharma initiated phase 2a clinical trials and showed that
miravirsen was efficient in reducing HCV RNA in patients with chronic HCV genotype 1 infection. Moreover,
this antiviral effect was long-lasting, and no detectible
adverse events or escape mutations were observed[34].
However, it has been reported that miR-122 could inhibit
nuclear factor (NF)-κB activation and subsequently its
downstream pro-inflammatory events[35]. So silencing of
miR-122 may augment liver inflammation. One study
showed that interferon (IFN)-β treatment leads to a significant reduction in the expression of miR-122[36]. Other
studies showed that during chronic HCV infection, patients with decreased pretreatment liver miRNA-122 levels responded poorly to interferon therapy[37-39]. All these
issues should be considered when using miravirsen alone
or in combination with IFN therapy. Furthermore, the
suppression effect of miR-122 on HBV should be taken
into consideration when treating HCV infection with miravirsen in HBV and HCV co-infected patients.
In contrast to the inhibitory effect on HBV, HCV
infection-induced miR-141 could promote efficient HCV
replication in primary human hepatocytes, which was
dependent on miR-141 mediated suppression of the
tumor suppressor gene DLC-1[40]. MiR-192, miR-215,
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and miR-491, which were found to be altered after HCV
infection, could enhance HCV replication. Among these
miRNAs, miR-491 promoted HCV replication through
the PI3 kinase/Akt pathway which may enhance entry
of HCV into cells, while the mechanisms for the other
two miRNAs were not mentioned[41]. In contrast to the
enhancing capabilities of the above-mentioned miRNAs,
miR-199a inhibited HCV replication in a cell culture system by directly targeting to the sequence in domain II of
the IRES region in the HCV 5’-UTR[42]. MiR-196 inhibited HCV replication in vitro mainly through repressing the
expression of Bach1, a basic leucine zipper mammalian
transcriptional repressor of HO-1[43]. MiR-29 was downregulated in both hepatocytes and hepatic stellate cells
after HCV infection, and function analysis showed that
miR-29 overexpression reduced HCV RNA abundance
and inhibited collagen and extracellular matrix expression[44]. Therefore, miR-29 has potential as a therapy tool
by inhibiting HCV replication and decreasing fibrosis.
Expression of let-7b markedly suppressed HCV replication and down-regulated HCV accumulation and had
a synergistic inhibitory effect on HCV infection with
IFN-α-2a[45]. Although bioinformatics analysis identified
conserved binding sites for let-7b among various HCV
genotypes within the coding region of NS5B and the
5’-UTR of the HCV genome, mechanism studies showed
that let-7b-mediated suppression of HCV RNA accumulation was independent of translation inhibition. Let-7b
represents the first miRNA with a target site in the coding region of the HCV genome. Interestingly, a recent
study showed that let-7b was regulated by IFNα and
IL-28B and inhibited HCV replication and viral protein
translation by targeting host factor insulin-like growth
factor 2 mRNA-binding protein 1 (IGF2BP1)[46]. HCVinduced miR-130a inhibits HCV replication/production
by restoring host innate immune responses and/or downregulating pro-HCV miR-122[47,48]. MiR-27a induced by
HCV infection and lipid overload could in turn repress
HCV infection and lipid storage in vitro. This negative
feedback loop between miR-27a and HCV may be beneficial for immune escape and establishment of persistent
HCV infection[49]. Pedersen et al[36] found that IFNβinduced miRNAs miR-196, miR-296, miR-351, miR-431
and miR-448 could substantially attenuate HCV replication. Among them, miR-196 and miR-448 may inhibit
HCV replication by directly targeting the HCV genomic
RNA (Figure 1B).
Role of virus-encoded miRNA on the virus itself
To date, no HCV-encoded miRNAs have been reported,
which may be due to the nature of RNA viruses or to
the limitations of current detection technology. By using
computational approaches, Jin et al[50] found that HBV
putatively encodes only one candidate pre-miRNA. The
presence of the mature form of the predicted miRNA in
HBV-infected patients was validated by Northern blot.
Further target search results showed that there was only
one potential viral mRNA target, which suggested that
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HBV has evolved to produce a miRNA to regulate its
own replication. Studies investigating the specific function of this viral miRNA are in progress.

HOST MIRNA EXPRESSION AFTER HBV
OR HCV INFECTION: DEREGULATION,
FUNCTIONS AND MECHANISM
Increasing evidence showed that HBV or HCV has
evolved various strategies to evade host immune surveillance and establish a persistent chronic infection, which
includes modulating the expression of host miRNAs.
The alteration of the miRNA expression profile by HBV
or HCV infection, the possible mechanism responsible
for miRNA deregulation, and miRNA roles in virusrelated liver pathogenesis are reviewed.
MiRNA expression profiles after HBV infection and
miRNA functions
Many reports have examined miRNA expression alteration in cell culture, HCC liver tissue and serum samples
after HBV infection by miRNA-based microarray or
sequencing. The cell line HepG2.2.15, which stably
expresses HBV, and the parental cell line HepG2 are
often used to compare the effect of HBV on miRNA
expression. MiRNA microarray analysis showed that 11
miRNAs were up-regulated and 7 miRNAs were downregulated in HepG2.2.15 cells compared to HepG2
cells[51]. After this initial report, additional studies have
compared the miRNA expression profile in these two
cell lines by miRNA array[14,52,53]. Among the up-regulated
miRNAs, miR-199a, miR-210, miR-371/372, miR-501,
and the miR-17-92 cluster were involved in HBV replication[7,11,14,15]. The mechanism by which HBV regulates
miRNAs is largely unknown. It has been reported that
the viral protein HBx could transactivate a variety of viral
and host genes, including miRNAs. To date, it has been
reported that HBx modulated miRNA expression mainly
through 3 pathways. First, HBx regulates miRNA expression at the transcription level via direct binding to the
transcription factor essential for miRNA transcription or
by modulating the transcription factor expression[54-56].
Second, HBx mRNA functions as a sponge that can specifically down-regulate miRNA via the miRNA target sequence in the viral RNA[10,57]. Third, HBx modulates primiRNA biogenesis by reducing the protein levels of the
RNase III enzyme Drosha[58]. However, there is evidence
in HBV-associated HCC that the key regulators of miRNA biosynthesis, including Drosha, DGCR8, Ago1, and
Ago2, are frequently overexpressed[59]. Except for HBx,
the other HBV proteins have not been reported to be directly involved in regulating miRNA expression. The specific mechanism will be discussed in the related reference.
MiRNA array analysis of HBx-expressing versus control
HepG2 cells showed that 7 miRNAs were significantly
up-regulated and 11 were markedly down-regulated in
HBx-expressing cells[60]. HBx-mediated down-regulation
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of let-7a promoted cell proliferation and hepatocarcinogenesis in part via up-regulation of STAT3. HBx could
also reduce the levels of another let-7 family member,
let-7i, which regulated CD59 expression and thus protected the HCC cells from complement-dependent cytotoxicity[61]. Tumor suppressor-like miR-15a/16 was first
reported to be repressed by HBx-induced c-myc[62]. Two
recent findings showed that HBx transcripts could directly lead to miR-15a/16 down-regulation via the so-called
miRNA sponge effect[10,57]. Therefore, the virus gene
could regulate one miRNA expression in different ways.
Moreover, miR-15b, another member of miR-16 family,
was also repressed by HBx and suppressed cell proliferation via directly targeting fucosyltransferase 2 (FUT2),
which leads to decreased levels of Globo H[63]. A recent
study showed that HBx down-regulated tumor suppressor miRNA miR-205 through inducing hypermethylation
of miR-205 promoter, which may be another pathway
by which HBx regulating miRNA expression[64]. Quantitative real-time PCR analysis showed that miR-101,
one of the most abundantly expressed miRNAs in human normal liver, was reduced by HBx in vitro. Function
analysis showed that down-regulated miR-101 promoted
aberrant DNA hypermethylation, which contributes to
hepatocarcinogenesis by allowing DNMT3A expression[65]. Another association study of genetic variations
in miR-101-1 and miR-101-2 with HBV-related liver
diseases showed that the single nucleotide polymorphism
(SNP) in miR-101-1 was associated with the development of HCC and liver cirrhosis[66]. To date, it has been
reported that SNPs in the 3’-UTR of three miRNA processing genes, miRNA encoding genes or binding sites
are associated with miRNA deregulation in HCC[67-78].
MiR-29a was dramatically increased in p21-HBx transgenic mice, HBx-transfected HepG2-X (or H7402-X)
cells and HepG2.2.15 cells. MiR-29a enhanced hepatoma
cell migration by targeting phosphatase and tensin homolog (PTEN)[79]. HBx-induced miR-21 enhanced cell
proliferation by targeting tumor-suppressor genes Programmed Cell Death Protein-4 (PDCD4) and PTEN[80].
One report showed that miR-148 was repressed by HBx
to promote cancer growth and metastasis in a mouse
model by activating hematopoietic pre-B cell leukemia
transcription factor- interacting protein (HPIP)-mediated
mTOR signaling[54]. The mechanism studies showed that
HBx suppressed miR-148a expression by directly interacting with p53. However, another study by Yuan et al[81]
reported that miR-148 is induced by HBx, and the upregulated miR-148 stimulated hepatocellular growth and
tumorigenesis by repressing PTEN and subsequent induction of β-catenin expression. The mechanism responsible for the HBx-mediated miR-148 induction is not
mentioned in this study. The opposite effect of HBx on
miR-148 in the latter report may be because the authors
examined the miR-148 levels in stable HBx-expressing
HepG2 cell lines and because the biological characterization of HepG2 cells have changed for HBx integration.
The specific reason for the observation requires further
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exploration. Carboxyl-terminal truncated HBx (Ct-HBx)
is frequently over-expressed in HBV-associated HCC
and plays a critical role in hepatocarcinogenesis[55]. CtHBx down-regulated a set of growth-inhibitory miRNAs
that were often induced by its full-length counterpart.
Moreover, Ct-HBx could directly bind to some of these
miRNA promoters to repress transcription. All of the
above-mentioned miRNAs regulated by HBx play important roles in tumor formation. Therefore, HBx, which
has been implicated in HBV-related HCC pathogenesis,
may perform its pro-carcinogenic function partly through
regulating host miRNA expression. Recently, one report
showed that HBV up-regulated miR-181a expression by
enhancing its promoter activity, HBV induced-miR-181a
promoted cell growth in vitro and tumor formation in vivo
possibly by targeting transcription factor E2F5[82].
Jiang et al[83] showed that a large number of mature
and precursor miRNA expression was increased in hepatitis B or C virus-positive, cirrhotic tissues compared to
normal liver. This is the first report that hepatitis infection altered miRNA expression in liver tissues. Later,
Ladeiro et al[84] examined the expression of 250 miRNAs
in 46 benign and malignant hepatocellular tumors with 4
normal livers as controls with real-time PCR and found
that miR-96 was specifically overexpressed in HBV tumors. Connolly et al[85] found that two known oncomiRs,
the miR-17-92 polycistron and miR-21, were significantly
increased in human HBV-positive HCCs and woodchuck
hepatics virus-positive HCCs. Ura et al[86] analyzed the
expression of 188 miRNAs in liver tissues from 12 HBVrelated HCCs and 14 HCV-related HCCs, and 6 miRNAs
were found to be markedly decreased in the HBV group
and 13 miRNAs were decreased in the HCV group. Guo
et al[14] analyzed the miRNA expression profiles of 39 cases of HBsAg positive and 11 cases of HBsAg negative
liver tissues using microarrays. They showed that 9 miRNAs were up-regulated, with miR-373 being the most significantly up-regulated, and the up-regulation was associated with copy number variation of the miRs-371-3 gene
cluster. The copy number variation of the miRs-371-3
gene cluster may be due to gene instability resultant from
HBV integration as the genomic locus for miRs-372/373
is near to the fragile genomic site FRA19A, a known hotspot for the integration of HBV DNA[87,88]. Mizuguchi et
al[89] analyzed the miRNA transcriptome in HBV-related
HCC using combined conventional cloning with GS
454 sequencing technology. They identified more than
314000 reliable reads from HCC and more than 268000
from corresponding liver tissues for human miRNAs registered in miRBase. MiR-122, miR-21, and miR-34a were
found to be expressed aberrantly in liver cancer by clone
count analysis. Therefore, the combination of sequencing
and bioinformatics may benefit the discovery of novel
markers in HBV-related liver disease.
The identification of altered miRNA profiles in HBVassociated HCC has led to miRNA target identification
and has increased our understanding of the mechanisms
underlying HCC development and progression. MiRNAs
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can be classified as tumor suppressor-like and oncogenelike based on their functions in HCC. Furthermore, tumor suppressor-like miRNAs are often down-regulated
and oncogene-like miRNAs are often up-regulated in
HCC. To date, most of the miRNAs discovered in HBVassociated HCC belong to the tumor suppressor-like class.
Ji et al[90] examined miRNA expression patterns, survival
and response to IFN-α in a panel of 455 patients with
mainly HBV-associated HCC. They found that miR-26
expression was frequently decreased in HCC patients and
determined that patients with low miR-26 expression in
tumors had a better response to interferon therapy but
shorter survivals than patients with high miRNA-26 expression. In a study by Huang et al[91], miR-152 was found
to be frequently down-regulated in HBV-related HCC
compared to the paired non-tumor hepatic tissues and
was found to be involved in the regulation of abnormal
DNA methylation status. Further study showed that
down-regulated miR-152 induced global DNA hypermethylation and increased the methylation levels of two
tumor suppressor genes, glutathione S-transferase pi 1
(GSTP1) and E-cadherin 1 (CDH1), by allowing expression of DNA methyltransferase 1(DNMT1). Chen et al[92]
found that miR-129-2 expression was repressed in HBVHCC tissues compared to the adjacent non-tumor tissues,
and miR-129-2 methylation was significantly increased
both in frequency and intensity in tumor tissues. Further
investigation showed this methylation-mediated repression of miR-129-2 may be involved in HCC development
through enhancing oncogenic SOX4 expression. Together
with other reports, all of the findings suggested that epigenetic regulation, such as DNA methylation and histone
modification, of miRNA expression play an important
role in HCC development[93,94]. Wang et al[95] reported that
miR-29c was significantly down-regulated in HBV-related
HCC. They showed that miR-29c functioned as a tumor
suppressor in HCC development by targeting tumor necrosis factor alpha-induced protein 3 (TNFAIP3), a key
regulator in inflammation and immunity.
One study reported that miR-22 was overexpressed
in male tumor adjacent tissues as determined by SOLiD
sequencing[96]. Overexpressed miR-22 was correlated
with low estrogen receptor α (ERα) and high IL-1a expression in HBV-associated patients. These results may
explain the high incidence of HBV-associated HCC in
the male population. Another miRNA associated with
ERα is miR-18a. Elevated miR-18a was observed in
female HCC tissues compared to male HCC tissues in
HBV-related HCC. MiRNA-18a may promote HCC development in females by suppressing the expression of
ERα[97]. In Zhang et al[56]’s study, they demonstrated that
miR-143 was dramatically increased by HBx-mediated
NF-κB activation in metastatic HBV-HCC in both p21HBx transgenic mice and HCC patients. Additionally,
miR-143 was found to promote cancer cell invasion/
migration. MiR-143 behaved as an oncogene in HCC
through repressing expression of fibronectin type III domain containing 3B (FNDC3B).
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In a study by Yang et al[98], 14 miRNAs were found to
be aberrantly expressed in HBV-related patients. MiR-602
showed a progressive increase trend from chronic hepatitis
to HCC compared to normal livers and played a pro-carcinogenic role in HBV- associated hepatocarcinogenesis.
Up-regulated miR-602 acted as an oncogene by repressing
expression of tumor suppressive gene RAS association
domain family 1A (RASSF1A). In a study by Gao et al[99],
they investigated the expression of 7 cancer-related miRNAs during the early stages of HCC. Down-regulation of
tumor suppressive-like miR-145 and miR-199b, and upregulation of miR-224, was frequently observed from low
grade dysplastic nodule to high grade dysplastic nodule
and HCC. Moreover, in HBV-associated HCC patients, the
expression of low-Atg5 (autophagy-related genes), highmiR-224 and low-Smad4 showed significant correlation
with HBV infection and poor overall survival rate[100].
Recently, change in serum or plasma miRNA expression pattern was also discovered in HBV-associated patients. Li et al[101] examined the miRNA expression profiles
in serum from 210 controls and 135 HBV-, 48 HCV-,
and 120 HCC-related individuals by Solexa sequencing
followed by TaqMan probe-based quantitative real-time
PCR validation. They identified 13 miRNAs that were
differentially expressed in HBV serum compared to control serum. Two of them, miR-375 and miR-92a, were
also identified as HBV specific. This is the first report
that serum miRNA profiles can serve as a biomarker for
HBV infection. Later, additional miRNAs were found to
be significantly deregulated in serum or plasma from pa-
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tients with chronic HBV infection (CHB), HBV-associated HCC or occult HBV infection compared with healthy
controls, which suggests that serum or plasma miRNAs
have the potential to serve as biomarkers in detecting
HBV-specific cases[102-111]. Interestingly, a recent study reported that serum HBsAg particles carried selective pools
of hepatocellular miRNAs and may play a role in viral
persistence, which enriched the knowledge of HBV-host
interaction[112] (Figure 2).
MiRNA expression profile after HCV infection and their
functions
Different HCV genotypes induced different miRNA expression changes in hepatoma cells. Liu et al[113] compared
the miRNA expression profile between Huh7.5.1 hepatoma cells infected with HCV JFH-1 virus and the same
cell type infected with UV-inactivated HCV virus with
miRNA microarray analysis. One-hundred eight miRNAs
were differentially expressed (greater than 2-fold change)
at 4 d post infection. Most (60%) were up-regulated in
HCV-infected cells, and some of them were identified
to be involved in HCV entry, replication and propagation. In Huh7 cells, miR-192/miR-215 and miR-194 were
up-regulated and miR-320 and miR-491 were downregulated after HCV infection. Moreover, overexpression
of miR-192/miR-215 and miR-491 in vitro significantly
increased HCV replicon abundance[41]. In Huh7.5 cells,
7 miRNAs (miR-30b, miR-30c, miR-130a, miR-192,
miR-301, miR-324-5p, and miR-565), which were linked
to genes associated with HCV entry and replication, were
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down-regulated after infection with HCV genotype 2a[114].
The miR-192 expression is inconsistent in the two studies. This may be due to the difference in cell type, HCV
genotype and sampling time after HCV infection. Steuerwald et al[115] found that 43 miRNAs were differently expressed between Con1 cells containing a full-length HCV
genotype 1b replicon and Huh 7.5 parental hepatoma
cells. In another hepatoma cell line, HepG2, stably transfected with full length HCV genotype 1b, 75 miRNAs
were found to be aberrantly expressed. The miRNAs
miR-193b, miR-768-3p, and miR-585 were the most
significantly up-regulated. Up-regulated miR-193b made
the malignant hepatocytes more sensitive to sorafenib
by modulation of the anti-apoptotic protein Mcl-1. The
miRNAs that had been reported to be regulated by the
HCV core protein or non-structure proteins (NS3/4A,
NS4B and NS5A) included miR-93, miR-345, miR-124,
miR-21, and miR-27[116-120].
Varnholt et al[121] examined the miRNA expression profiles in HCV-infected patients with premalignant dysplastic
liver nodules and hepatocellular carcinomas by real-time
PCR. Ten miRNAs were more than 2-fold overexpressed,
and 19 were less than 0.4-fold underexpressed. Among the
overexpressed miRNAs, miR-122, miR-100, and miR-10a
were consistently overexpressed across all liver nodules.
MiR-198 and miR-145 were underexpressed progressively
from low-grade dysplastic nodule to high-grade dysplastic
nodule to HCC and further to kidney metastasis. Marquez
et al[122] found that miR-122 and miR-21 expression were
altered in HCV-infected liver. The miR-21 levels were correlated, while miR-122 levels were inversely correlated,
with viral load, fibrosis and serum liver transaminase levels. Zhang et al[123] found that miR-155 was significantly
increased by HCV-RNA-induced NF-κB activation in
chronic HCV-infected patients and HCV-HCC compared
to healthy controls. Up-regulated miR-155 repressed
Adenomatous polyposis coli (APC) and subsequently activated Wnt signaling, which resulted in hepatocyte proliferation and tumorigenesis. P65/NF-κB activated miR-224
expression in both peri-tumoral cirrhotic livers and HCC
samples from HCV-infected patients as determined by
real-time PCR. MiR-224 promoted HCC cell migration
and invasion, which is a key determinant in HCC development and progression[124]. A genome-wide microarray
analysis performed by Sarma et al[125] showed that a distinct
miRNA expression profile existed in HCV-infected liver
tissue compared to the normal liver. Particularly, miR-449a
was specifically down-regulated in HCV-infected patients
compared to the other three groups, and down-regulated
miR-449a promoted inflammatory marker YKL40 expression by modulating the NOTCH signaling pathway. Diaz
et al[126] examined the expression of 2226 miRNAs in patients with HCV-associated HCC, HCC-associated nontumorous cirrhosis, HCV-associated cirrhosis without
HCC, HBV-associated ALF and normal liver tissue using
microarrays. They found 18 miRNAs that were specifically
expressed in HCV-associated HCC and were connected in
a regulatory network, including p53 tumor suppressor, the
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PTEN phosphatase and retinoic acid signaling.
Ogawa et al[127] found that the miR-221/222 levels
increased with the progression of liver fibrosis in HCVinfected patients and significantly correlated with the
expression of a1 (I) collagen (Col1A1) and α-smooth
muscle actin (aSMA). MiR-221/222 was the first miRNA
that was reported to be related to liver fibrosis and may
be useful in the prediction of liver fibrosis progression.
Ramachandran et al[128] found that several miRNAs expression were altered by chronic HCV infection by using
miRNA expression profiling. HCV-induced-miR-200c
promotes hepatic fibrosis by repressing the expression of
FAS associated phosphatase 1 (FAP-1), a critical regulator of Src and MAP kinase pathway. It was reported that
miRNA-107 and miRNA-449a were decreased following
HCV infection in patients with HCV-mediated liver diseases. Further function analysis showed that they regulate
CCL2 expression by activation of the IL-6-mediated signaling cascade, which may be involved in HCV-mediated
induction of inflammatory responses and fibrosis[129]. A
report showed that 5 miRNAs were significantly overexpressed and 7 miRNAs were markedly reduced in splenic
marginal zone lymphoma (SMZL) from HCV-positive
patients[130]. MiR-26b, a known tumor suppressor, was
found to be significantly reduced in SMZL. This result
suggested that HCV may contribute to lymphoma development. With the hypothesis that miRNA expression
profiles from liver grafts could distinguish the severity of
HCV recurrence and discriminate this from acute cellular
rejection (ACR), Joshi et al[131] found that miR-146a, miR19a, miR-20a, and let-7e were overexpressed in patients
with slow HCV fibrosis progression compared to patients
with fast HCV fibrosis progression after liver transplantation. Distinct miRNA profiles exist between patients with
HCV recurrence and ACR. Moreover, altered hepatic
expression of miRNA is associated with HCV recurrence
and antiviral therapy in liver transplant recipients for
hepatitis C virus cirrhosis[132].
In chronic HCV-infected patients, serum miR-122
was increased, and the levels of miR-122 were correlated
with serum ALT but not with HCV RNA[133]. However,
a later study showed that miR-122 may just mirror acute
liver injury with the finding that the levels of miR-122
that were high in the early stage of fibrosis were reduced
in advanced fibrosis stages during chronic HCV infection[134]. However, Cermelli et al[135] found that serum levels of miR-122, miR-34a, and miR-16 in chronic HCVinfected patients were steadily increased during the course
of HCV infection, and miR-122 and miR-34a levels were
positively correlated with disease severity. The discordant
change trend of miR-122 may be due to the lack of a
consistent internal control for circular miRNA measurements or due to the small patient population. Moreover,
the serum miR-122 kinetics could predict the treatment
results, as patients with higher serum miR-122 showed
early and sustained virologic response to pegylated IFN
plus ribavirin therapy [38]. In addition to miRNA-122,
other miRNAs were also found to be significantly de-
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regulated in serum from HCV-related patients and were
associated with either HCV infection or HCV-mediated
liver disease progress[136-140]. MiRNA deregulation was also
found in peripheral blood mononuclear cells (PBMCs)
of HCV-infected patients. Deregulation of miRNAs
may play a key role in HCV-related pathogenesis[141,142].
One study showed that 27 miRNAs and 476 mRNAs
were differentially expressed in PBMCs from HCV/HIV
co-infected patients when compared to controls by performing genome-wide mRNA and miRNA analysis, this
is the first report of miRNAs specific for HCV/HIV
co-infection[143]. Abdalla et al[144] found that miR-323,
miR-449, miR-502d, miR-92b, miR-516-5p, and miR-650
were down-regulated while miR-335, miR-618, miR-625,
miR-532, and miR-7 were up-regulated in urine from
both the HCC-post HCV-positive group and the HCVpositive group compared to the control group. Further
study showed that the aberrant expression of miR-618
and miR-650 can be used as a marker for the early diagnosis of HCC from HCV-positive patients (Figure 2).

MIRNAS AS POTENTIAL DIAGNOSTIC
OR PROGNOSTIC MARKERS OR
THERAPEUTIC TARGETS IN HCC AND
HEPATITIS B/C INFECTION
It has been shown that miRNAs play important roles in
HBV/HCV infection and the associated liver disease.
Moreover, differential expression patterns of miRNAs
have been observed in the livers or serum of HBV- and
HCV-infected patients. The unique miRNA expression
profile in HBV- or HCV-related diseases suggested that
they may represent novel biomarkers for diagnosis or
prognosis or can be exploited as therapeutic agents or
targets in the treatment and prevention of these diseases.
MiRNA as diagnostic markers in HBV- or HCV-related
diseases
In HBV-related liver diseases, some miRNAs were aberrantly expressed in liver tissues, such as miR-148a,
miR-96, miR-29c, and miR-602, were related to virus
infection and disease progression[81,84,95,98]. Therefore,
miRNAs may serve as diagnostic markers. For example,
miR-602 was overexpressed from the very early stage of
chronic hepatitis to HBV-positive cirrhosis and HCC[98].
MiR-602 played an important regulatory role in HBVmediated hepatocarcinogenesis by inhibiting the tumor
suppressive gene RASSF1A. Therefore, this miRNA can
serve as an early diagnostic marker for HBV-mediated
HCC. In HCV-related liver diseases, some deregulated
miRNAs in liver tissues also have diagnostic potential.
HCV-induced miR-155 could promote hepatocyte proliferation and tumorigenesis by activating Wnt signaling
and thus may be a useful biomarker for early diagnostics
of HCV-HCC[123]. With high specificity and selectivity, 18
miRNAs exclusively expressed in HCV-HCC were identified by Diaz et al[126] and displayed particular clinical value
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in diagnosing HCV-HCC. Up-regulated miR-199a, miR199a*, miR-200a, miR-200b, and miR-221/222 were significantly correlated to the grade of liver fibrosis and may
serve as biomarkers for stellate cell activation and liver
fibrosis progression[127].
Although the miRNA expression profiles in liver tissues were helpful in discriminating HCC from non-tumor
tissues, they are not ideal as markers in the early diagnosis
of HCC for their invasiveness. Circulating miRNAs were
specific and stable in body fluids such as blood or urine
and can be used as potential diagnostic markers not only
for HBV or HCV infection but also for the development
of HCC. In separating the control and HBV groups, serum miR-375 or miR-10a individually had a 97.5% area
under curve (AUC) of receiver operating characteristic
(ROC) while the combination of miR-375, miR-10a,
miR-223, and miR-423 resulted in 100% AUC. Serum
miRNAs including miR-23b, miR-423, miR-375, miR23a, and miR-342-3p could clearly separate the HBVpositive HCC group from the control with an AUC of
99.9%[101]. A plasma miRNA panel (miR-122, miR-192,
miR-21, miR-223, miR-26a, miR-27a, and miR-801) had
a high diagnostic accuracy of HBV-positive HCC regardless of disease status (Barcelona Clinic Liver Cancer
stages 0, A, B, and C). This miRNA panel could also
discriminate HCC from healthy liver, chronic hepatitis
B and cirrhosis[108]. The expression profiles of miR-21,
miR-122, and miR-223 could serve as a novel biomarker
for liver injury but not specifically for detection of
HCC in chronic HBV-infected patients[105]. The serum
miR-210 level may serve as a molecular biomarker for
the severity of hepatitis in patients with hepatitis B[110].
The serum miR-125b-5p and miR223-3p are potentially
very early diagnostic biomarkers of HBV-related HCC
even at chronic hepatitis B stage of liver disease[111]. Four
serum miRNA signatures (let-7c, miR-23b, miR-122,
and miR-150) can clearly separate occult HBV-infected
patients from the control group with an AUC of 99.9%,
although larger population studies are required to validate
these findings[107]. Plasma miR-20a and miR-92a were
increased in acute and chronic HCV-infected patients
and HCV-infected fibrosis patients and thus may serve as
biomarkers for the early detection of HCV infection[137].
The urinary miRNAs signatures found by Abdalla et al[144]
is of great value for the early diagnosis of HCC, before
the onset of disease in HCV-positive patients (Table 1).
MiRNAs as prognostic markers in HBV- or HCV-related
diseases
MiRNAs were also suitable for predicting the HCC clinical outcomes. A set of 19 miRNAs were significantly
altered in cirrhotic and hepatitis B or C virus-positive
livers, and this miRNA expression signature significantly
correlated with disease outcome [83]. The expression
levels of miR-26 were reduced in HCC compared with
adjacent non-tumor tissues. Moreover, tumor tissue with
low miRNA-26 expression was associated with shorter
overall survival but better response to IFN therapy than
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Table 1 miRNAs as potential hepatocellular carcinoma diagnostic and prognostic markers
miRNA
Liver miRNAs
miR-29c
miR-96
miR-148
miR-155
miR-221/222
miR-602
Serum miRNAs
miR-18b
miR-20a
miR-26
miR-29a-5p
miR-92a
miR-122
miR-125b-5p
miR-210
miR-223
miR-224
miR-375
miR-572
miR-575
miR-638
miR-744
Urinary miRNAs
miR-618
miR-650

Expression
(vs control)

HCC etiology

Clinical relevance

Ref.

Down
Up
Up
Up
Up
Up

HBV
HBV
HBV
HCV
HCV
HBV

Diagnostic marker therapeutic agent
Diagnostic marker
Early diagnostic marker and/or therapeutic target for HBx-mediated HCC
Diagnostic marker therapeutic target
New markers for stellate cell activation and liver fibrosis progression
Early diagnostic marker

[95]
[84]
[81]
[123]
[127]
[98]

Up
Up
Down
Up
Up
Up
Up
Up
Down
Up
Up
Up
Up
Up
Down

Mainly HCV
HCV
mainly HBV
HBV
HBV
HBV
HBV
HBV
HBV
HBV
HBV
HBV
HBV
HBV
HBV

Prognostic marker
Sensitive biomarker for early detection of HCV infection
Prognostic marker
Novel predictor for early recurrence of HBV-HCC after surgical resection
Novel biomarker for HBV infection and HBV-HCC
Novel biomarker for liver injury but not specifically for HCC
Novel biomarkers of HCC in very early, even at CHB stage of liver disease
A molecular biomarker for the severity of hepatitis
Novel biomarkers of HCC in very early, even at CHB stage of liver disease
Autophagy-miR-224-Smad4 in combination could be used prognostic marker
Novel biomarker for HBV infection and HBV-HCC
Biomarker for liver injury
Biomarker for liver injury
Biomarker for liver injury
Biomarker for liver injury

[146]
[137]
[90]
[145]
[101]
[102,105]
[111]
[110]
[111]
[100]
[101]
[102]
[102]
[102]
[102]

Up
Down

HCV
HCV

Early diagnostic marker of HCC among high-risk HCV patients
Early diagnostic marker of HCC among high-risk HCV patients

[144]
[144]

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HBV: Hepatitis B virus.

tumor tissue with high miR-26. It hence appears to be a
predictor of survival[90]. MiR-29a-5p can be a novel predictor for early recurrence of HBV-related HCC after
HCC resection, especially in BCLC 0/A stage HCCs[145].
In HBV-associated HCC patients, the expression of
low-Atg5 (autophagy-related genes), high-miR-224 and
low-Smad4 shows significant correlation with HBV
infection and poor overall survival rate[100]. ROC curve
analysis revealed that the levels of miR-122, miR-572,
miR-575, miR-638, and miR-744 in serum can serve as
molecular markers to predict liver injury resulted from
chronic hepatitis B[102]. Murakami et al[146] found that
HCC patients (mainly HCV-HCC) with high miR-18b
expression had a significantly shorter relapse-free period
than those with low expression after surgical resection.
Joshi et al[131] identified a panel of miRNAs associated
with the severity of HCV recurrence which can be used
as biomarkers that are predictive of aggressive recurrence after liver transplantation. Similarly, Gehrau et
al[147] identified a 9 miRNA signature that can predict the
severity of hepatitis C virus recurrence after liver transplantation (Table 1).
MiRNAs as therapeutic targets or drugs in HBV- or HCVrelated diseases
Many in vitro studies have indicated that miRNA-based
therapy could efficiently inhibit HBV/HCV production
and impair proliferation and invasion of the HCC cells.
With the advantage that one miRNA can simultaneously
target multiple genes and pathways, and one gene or
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pathway can be targeted by multiple miRNAs, targeting
miRNA may be an efficient antiviral or anti-HCC strategy and be helpful in reducing the incidence of therapy
resistance. The application of miRNA often involves two
strategies: restoration of miRNA with antiviral or tumor
suppressor functions by reintroducing miRNA mimics
or expression from transfected/transduced vectors and
the inhibition of miRNAs with virus promoting or oncogene-like functions by using miRNA inhibitors, such as
antagomiRs and antimiRs. At present, only one miRNAbased drug has entered and passed through human clinical 1 and clinical 2a trials, the miRNA-122 inhibitor miravirsen. Miravirsen showed a promising antiviral activity
with no obvious evidence of virus escape in treatmentnaive HCV patients and thus may be useful in preventing
HCV-related HCC[33,34].
Some studies also showed that miRNAs were involved
in the response/resistance of HCC cells to chemotherapy[38,39,116,148-153]. The classical miRNA is miRNA-122,
which accounts for more than 70% of all miRNAs
present in hepatic cells. During chronic HCV infection,
patients with decreased pretreatment liver miRNA-122
levels responded poorly to IFN therapy[128]. Similarly, patients with higher pretreatment serum miRNA-122 levels
showed early and sustained virologic response to pegylated IFN plus ribavirin therapy[38]. Restoration of miRNA122-sensitized HCC cells to doxorubicin, sorafenib,
adriamycin and vincristine occurs through inactivation of
the CDK4-PSMD10-UPR pathway or down-regulation
of multidrug resistance-related genes[149-152]. Comprehen-
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sive expression profiling of miRNAs in DOX-resistant
and parental HCC HepG2 cells were recently analyzed
by deep sequencing[153]. The authors identified a panel of
differentially expressed known and novel miRNAs, and
their target genes were mainly involved in the MAPK
signaling pathway by function annotation analysis, which
may help us to overcome DOX resistance in future HCC
chemotherapy.

8

9
10

CONCLUSION
The complex interactions between miRNA and HBV/
HCV were discussed in this review. HBV/HCV infection
elicited changes in the host miRNA expression profile,
and the altered miRNAs could in turn facilitate the virus life cycle and the development of virus-associated
diseases, which suggested that the deregulated miRNA
profiles may serve as biomarkers and therapy targets for
virus-mediated diseases. For their stability and specificity
of expression in tissue and circulation, miRNAs are good
biomarkers for early diagnosis and prognostic prediction. But the patient population, the sampling and testing
technologies are often different in different studies, and
the present testing technologies (including microarray,
real time-PCR, and next generation sequencing) are either
high cost or low sensitivity, all these factors limit their
clinical application. With the broad regulatory roles of
miRNAs, and for their small size and less antigenicity,
miRNAs are good candidates for therapeutic targeting.
However, in addition to the side effects and high cost, the
stability of miRNA modulators and the specific delivery
system are the major challenges to overcome in advancing miRNA-based strategies from bench to bedside. In
view of the advantages and limitations of application
of miRNA in clinic, further research into the precise
molecular mechanism by which miRNAs regulate the
pathogenesis of virus-associated diseases will be helpful in early diagnosis, prognostic prediction and effective
treatment of these diseases.

11

12
13

14

15

16

17

REFERENCES
1
2
3

4
5
6
7

Thorgeirsson SS, Grisham JW. Molecular pathogenesis of
human hepatocellular carcinoma. Nat Genet 2002; 31: 339-346
[PMID: 12149612 DOI: 10.1038/ng0802-339]
Bartel DP. MicroRNAs: target recognition and regulatory
functions. Cell 2009; 136: 215-233 [PMID: 19167326 DOI:
10.1016/j.cell.2009.01.002]
Friedman RC, Farh KK, Burge CB, Bartel DP. Most mammalian mRNAs are conserved targets of microRNAs.
Genome Res 2009; 19: 92-105 [PMID: 18955434 DOI: 10.1101/
gr.082701.108]
Wang XW, Heegaard NH, Orum H. MicroRNAs in liver disease. Gastroenterology 2012; 142: 1431-1443 [PMID: 22504185
DOI: 10.1053/j.gastro.2012.04.007]
Lin Z, Flemington EK. miRNAs in the pathogenesis of oncogenic human viruses. Cancer Lett 2011; 305: 186-199 [PMID:
20943311 DOI: 10.1016/j.canlet.2010.08.018]
Cullen BR. Viral and cellular messenger RNA targets of
viral microRNAs. Nature 2009; 457: 421-425 [PMID: 19158788
DOI: 10.1038/nature07757]
Zhang GL, Li YX, Zheng SQ, Liu M, Li X, Tang H. Suppres-

WJG|www.wjgnet.com

18

19

20

21

13487

sion of hepatitis B virus replication by microRNA-199a-3p
and microRNA-210. Antiviral Res 2010; 88: 169-175 [PMID:
20728471 DOI: 10.1016/j.antiviral.2010.08.008]
Potenza N, Papa U, Mosca N, Zerbini F, Nobile V, Russo A.
Human microRNA hsa-miR-125a-5p interferes with expression of hepatitis B virus surface antigen. Nucleic Acids Res
2011; 39: 5157-5163 [PMID: 21317190 DOI: 10.1093/nar/
gkr067]
Wu FL, Jin WB, Li JH, Guo AG. Targets for human encoded
microRNAs in HBV genes. Virus Genes 2011; 42: 157-161
[PMID: 21113793 DOI: 10.1007/s11262-010-0555-7]
Wang Y, Jiang L, Ji X, Yang B, Zhang Y, Fu XD. Hepatitis B
viral RNA directly mediates down-regulation of the tumor
suppressor microRNA miR-15a/miR-16-1 in hepatocytes.
J Biol Chem 2013; 288: 18484-18493 [PMID: 23649629 DOI:
10.1074/jbc.M113.458158]
Jung YJ, Kim JW, Park SJ, Min BY, Jang ES, Kim NY, Jeong
SH, Shin CM, Lee SH, Park YS, Hwang JH, Kim N, Lee DH.
c-Myc-mediated overexpression of miR-17-92 suppresses
replication of hepatitis B virus in human hepatoma cells. J
Med Virol 2013; 85: 969-978 [PMID: 23532756 DOI: 10.1002/
jmv.23534]
Scisciani C, Belloni L, Guerrieri F, Levrero M, Pediconi
N.mir-224 is a direct target of hbx and modulates hbv replication.
J Hepatol 2011; 54: S444 [DOI: 10.1016/S0168-8278(11)61123-9]
Zhang X, Zhang E, Ma Z, Pei R, Jiang M, Schlaak JF, Roggendorf M, Lu M. Modulation of hepatitis B virus replication
and hepatocyte differentiation by MicroRNA-1. Hepatology 2011; 53: 1476-1485 [PMID: 21520166 DOI: 10.1002/
hep.24195]
Guo H, Liu H, Mitchelson K, Rao H, Luo M, Xie L, Sun Y,
Zhang L, Lu Y, Liu R, Ren A, Liu S, Zhou S, Zhu J, Zhou Y,
Huang A, Wei L, Guo Y, Cheng J. MicroRNAs-372/373 promote the expression of hepatitis B virus through the targeting of nuclear factor I/B. Hepatology 2011; 54: 808-819 [PMID:
21608007 DOI: 10.1002/hep.24441]
Jin J, Tang S, Xia L, Du R, Xie H, Song J, Fan R, Bi Q, Chen Z,
Yang G, Liu J, Shi Y, Fan D. MicroRNA-501 promotes HBV
replication by targeting HBXIP. Biochem Biophys Res Commun 2013; 430: 1228-1233 [PMID: 23266610 DOI: 10.1016/
j.bbrc.2012.12.071]
Hu W, Wang X, Ding X, Li Y, Zhang X, Xie P, Yang J, Wang
S. MicroRNA-141 represses HBV replication by targeting
PPARA. PLoS One 2012; 7: e34165 [PMID: 22479552 DOI:
10.1371/journal.pone.0034165]
Chen Y, Shen A, Rider PJ, Yu Y, Wu K, Mu Y, Hao Q, Liu
Y, Gong H, Zhu Y, Liu F, Wu J. A liver-specific microRNA
binds to a highly conserved RNA sequence of hepatitis B virus and negatively regulates viral gene expression and replication. FASEB J 2011; 25: 4511-4521 [PMID: 21903935 DOI:
10.1096/fj.11-187781]
Wang S, Qiu L, Yan X, Jin W, Wang Y, Chen L, Wu E, Ye
X, Gao GF, Wang F, Chen Y, Duan Z, Meng S. Loss of microRNA 122 expression in patients with hepatitis B enhances
hepatitis B virus replication through cyclin G(1) -modulated
P53 activity. Hepatology 2012; 55: 730-741 [PMID: 22105316
DOI: 10.1002/hep.24809]
Ori A, Zauberman A, Doitsh G, Paran N, Oren M, Shaul
Y. p53 binds and represses the HBV enhancer: an adjacent
enhancer element can reverse the transcription effect of p53.
EMBO J 1998; 17: 544-553 [PMID: 9430645 DOI: 10.1093/emboj/17.2.544]
Su C, Hou Z, Zhang C, Tian Z, Zhang J. Ectopic expression of microRNA-155 enhances innate antiviral immunity
against HBV infection in human hepatoma cells. Virol J 2011;
8: 354 [PMID: 21762537 DOI: 10.1186/1743-422X-8-354]
Jopling CL, Yi M, Lancaster AM, Lemon SM, Sarnow P.
Modulation of hepatitis C virus RNA abundance by a liverspecific MicroRNA. Science 2005; 309: 1577-1581 [PMID:
16141076 DOI: 10.1126/science.1113329]

October 7, 2014|Volume 20|Issue 37|

Fan HX et al . MicroRNAs interact with hepatitis B/C viruses
22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Henke JI, Goergen D, Zheng J, Song Y, Schüttler CG, Fehr C,
Jünemann C, Niepmann M. microRNA-122 stimulates translation of hepatitis C virus RNA. EMBO J 2008; 27: 3300-3310
[PMID: 19020517 DOI: 10.1038/emboj.2008.244]
Jangra RK, Yi M, Lemon SM. Regulation of hepatitis C virus
translation and infectious virus production by the microRNA miR-122. J Virol 2010; 84: 6615-6625 [PMID: 20427538
DOI: 10.1128/JVI.00417-10]
Chang J, Guo JT, Jiang D, Guo H, Taylor JM, Block TM.
Liver-specific microRNA miR-122 enhances the replication of hepatitis C virus in nonhepatic cells. J Virol 2008; 82:
8215-8223 [PMID: 18550664 DOI: 10.1128/JVI.02575-07]
Fukuhara T, Kambara H, Shiokawa M, Ono C, Katoh H,
Morita E, Okuzaki D, Maehara Y, Koike K, Matsuura Y.
Expression of microRNA miR-122 facilitates an efficient
replication in nonhepatic cells upon infection with hepatitis
C virus. J Virol 2012; 86: 7918-7933 [PMID: 22593164 DOI:
10.1128/JVI.00567-12]
Pang PS, Pham EA, Elazar M, Patel SG, Eckart MR, Glenn
JS. Structural map of a microRNA-122: hepatitis C virus
complex. J Virol 2012; 86: 1250-1254 [PMID: 22072754 DOI:
10.1128/JVI.06367-11]
Shimakami T, Yamane D, Jangra RK, Kempf BJ, Spaniel
C, Barton DJ, Lemon SM. Stabilization of hepatitis C virus RNA by an Ago2-miR-122 complex. Proc Natl Acad Sci
USA 2012; 109: 941-946 [PMID: 22215596 DOI: 10.1073/
pnas.1112263109]
Mortimer SA, Doudna JA. Unconventional miR-122 binding stabilizes the HCV genome by forming a trimolecular
RNA structure. Nucleic Acids Res 2013; 41: 4230-4240 [PMID:
23416544 DOI: 10.1093/nar/gkt075]
Shan Y, Zheng J, Lambrecht RW, Bonkovsky HL. Reciprocal
effects of micro-RNA-122 on expression of heme oxygenase-1 and hepatitis C virus genes in human hepatocytes.
Gastroenterology 2007; 133: 1166-1174 [PMID: 17919492 DOI:
10.1053/j.gastro.2007.08.002]
Zhu Z, Wilson AT, Mathahs MM, Wen F, Brown KE, Luxon
BA, Schmidt WN. Heme oxygenase-1 suppresses hepatitis
C virus replication and increases resistance of hepatocytes
to oxidant injury. Hepatology 2008; 48: 1430-1439 [PMID:
18972446 DOI: 10.1002/hep.22491]
Li YP, Gottwein JM, Scheel TK, Jensen TB, Bukh J. MicroRNA-122 antagonism against hepatitis C virus genotypes 1-6
and reduced efficacy by host RNA insertion or mutations in
the HCV 5’ UTR. Proc Natl Acad Sci USA 2011; 108: 4991-4996
[PMID: 21383155 DOI: 10.1073/pnas.1016606108]
Lanford RE, Hildebrandt-Eriksen ES, Petri A, Persson R,
Lindow M, Munk ME, Kauppinen S, Ørum H. Therapeutic
silencing of microRNA-122 in primates with chronic hepatitis C virus infection. Science 2010; 327: 198-201 [PMID:
19965718 DOI: 10.1126/science.1178178]
Hildebrandt-Eriksen ES, Bagger YZ, Knudsen TB, Petri A,
Persson R, Boergesen HM, McHulchison JG, Levin AA. A
unique therapy for HCV inhibits microRNA-122 in humans
and results in HCV RNA suppression in chronically infected
chimpanzees: results from primate and first-in-human studies. Hepatology 2009; 50: 12A-12A
Janssen HL, Reesink HW, Lawitz EJ, Zeuzem S, RodriguezTorres M, Patel K, van der Meer AJ, Patick AK, Chen A,
Zhou Y, Persson R, King BD, Kauppinen S, Levin AA, Hodges MR. Treatment of HCV infection by targeting microRNA.
N Engl J Med 2013; 368: 1685-1694 [PMID: 23534542 DOI:
10.1056/NEJMoa1209026]
Chen Y, Wang C, Liu Y, Tang L, Zheng M, Xu C, Song J,
Meng X. miR-122 targets NOD2 to decrease intestinal epithelial cell injury in Crohn’s disease. Biochem Biophys Res
Commun 2013; 438: 133-139 [PMID: 23872065 DOI: 10.1016/
j.bbrc.2013.07.040]
Pedersen IM, Cheng G, Wieland S, Volinia S, Croce CM,
Chisari FV, David M. Interferon modulation of cellular

WJG|www.wjgnet.com

37

38

39

40

41

42

43

44

45

46

47

48

49

13488

microRNAs as an antiviral mechanism. Nature 2007; 449:
919-922 [PMID: 17943132 DOI: 10.1038/nature06205]
Sarasin-Filipowicz M, Krol J, Markiewicz I, Heim MH,
Filipowicz W. Decreased levels of microRNA miR-122 in
individuals with hepatitis C responding poorly to interferon
therapy. Nat Med 2009; 15: 31-33 [PMID: 19122656 DOI:
10.1038/nm.1902]
Su TH, Liu CH, Liu CJ, Chen CL, Ting TT, Tseng TC, Chen
PJ, Kao JH, Chen DS. Serum microRNA-122 level correlates
with virologic responses to pegylated interferon therapy
in chronic hepatitis C. Proc Natl Acad Sci USA 2013; 110:
7844-7849 [PMID: 23613588 DOI: 10.1073/pnas.1306138110]
Köberle V, Waidmann O, Kronenberger B, Andrei A, Susser
S, Füller C, Perner D, Zeuzem S, Sarrazin C, Piiper A. Serum
microRNA-122 kinetics in patients with chronic hepatitis C
virus infection during antiviral therapy. J Viral Hepat 2013;
20: 530-535 [PMID: 23808991 DOI: 10.1111/jvh.12075]
Banaudha K, Kaliszewski M, Korolnek T, Florea L, Yeung
ML, Jeang KT, Kumar A. MicroRNA silencing of tumor
suppressor DLC-1 promotes efficient hepatitis C virus replication in primary human hepatocytes. Hepatology 2011; 53:
53-61 [PMID: 20967756 DOI: 10.1002/hep.24016]
Ishida H, Tatsumi T, Hosui A, Nawa T, Kodama T, Shimizu
S, Hikita H, Hiramatsu N, Kanto T, Hayashi N, Takehara T.
Alterations in microRNA expression profile in HCV-infected
hepatoma cells: involvement of miR-491 in regulation of
HCV replication via the PI3 kinase/Akt pathway. Biochem
Biophys Res Commun 2011; 412: 92-97 [PMID: 21802413 DOI:
10.1016/j.bbrc.2011.07.049]
Murakami Y, Aly HH, Tajima A, Inoue I, Shimotohno K.
Regulation of the hepatitis C virus genome replication by
miR-199a. J Hepatol 2009; 50: 453-460 [PMID: 19144437 DOI:
10.1016/j.jhep.2008.06.010]
Hou W, Tian Q, Zheng J, Bonkovsky HL. MicroRNA-196 represses Bach1 protein and hepatitis C virus gene expression
in human hepatoma cells expressing hepatitis C viral proteins. Hepatology 2010; 51: 1494-1504 [PMID: 20127796 DOI:
10.1002/hep.23401]
Bandyopadhyay S, Friedman RC, Marquez RT, Keck K,
Kong B, Icardi MS, Brown KE, Burge CB, Schmidt WN,
Wang Y, McCaffrey AP. Hepatitis C virus infection and hepatic stellate cell activation downregulate miR-29: miR-29
overexpression reduces hepatitis C viral abundance in culture. J Infect Dis 2011; 203: 1753-1762 [PMID: 21606534 DOI:
10.1093/infdis/jir186]
Cheng JC, Yeh YJ, Tseng CP, Hsu SD, Chang YL, Sakamoto
N, Huang HD. Let-7b is a novel regulator of hepatitis C virus replication. Cell Mol Life Sci 2012; 69: 2621-2633 [PMID:
22391672 DOI: 10.1007/s00018-012-0940-6]
Cheng M, Si Y, Niu Y, Liu X, Li X, Zhao J, Jin Q, Yang W.
High-throughput profiling of alpha interferon- and interleukin-28B-regulated microRNAs and identification of let7s with anti-hepatitis C virus activity by targeting IGF2BP1.
J Virol 2013; 87: 9707-9718 [PMID: 23824794 DOI: 10.1128/
JVI.00802-13]
Bhanja Chowdhury J, Shrivastava S, Steele R, Di Bisceglie
AM, Ray R, Ray RB. Hepatitis C virus infection modulates
expression of interferon stimulatory gene IFITM1 by upregulating miR-130A. J Virol 2012; 86: 10221-10225 [PMID:
22787204 DOI: 10.1128/JVI.00882-12]
Li S, Duan X, Li Y, Liu B, McGilvray I, Chen L. MicroRNA130a inhibits HCV replication by restoring the innate immune response. J Viral Hepat 2014; 21: 121-128 [PMID:
24383925 DOI: 10.1111/jvh.12131]
Shirasaki T, Honda M, Shimakami T, Horii R, Yamashita T,
Sakai Y, Sakai A, Okada H, Watanabe R, Murakami S, Yi M,
Lemon SM, Kaneko S. MicroRNA-27a regulates lipid metabolism and inhibits hepatitis C virus replication in human
hepatoma cells. J Virol 2013; 87: 5270-5286 [PMID: 23449803
DOI: 10.1128/JVI.03022-12]

October 7, 2014|Volume 20|Issue 37|

Fan HX et al . MicroRNAs interact with hepatitis B/C viruses
50
51

52

53

54

55

56

57

58

59

60

61

62

63

64

Jin WB, Wu FL, Kong D, Guo AG. HBV-encoded microRNA
candidate and its target. Comput Biol Chem 2007; 31: 124-126
[PMID: 17350341 DOI: 10.1016/j.compbiolchem.2007.01.005]
Liu Y, Zhao JJ, Wang CM, Li MY, Han P, Wang L, Cheng
YQ, Zoulim F, Ma X, Xu DP. Altered expression profiles of
microRNAs in a stable hepatitis B virus-expressing cell line.
Chin Med J (Engl) 2009; 122: 10-14 [PMID: 19187610]
Zhang ZZ, Liu X, Wang DQ, Teng MK, Niu LW, Huang AL,
Liang Z. Hepatitis B virus and hepatocellular carcinoma at
the miRNA level. World J Gastroenterol 2011; 17: 3353-3358
[PMID: 21876625 DOI: 10.3748/wjg.v17.i28.3353]
Pan XB, Ma H, Jin Q, Wei L. Characterization of microRNA
expression profiles associated with hepatitis B virus replication and clearance in vivo and in vitro. J Gastroenterol
Hepatol 2012; 27: 805-812 [PMID: 22097931 DOI: 10.1111/
j.1440-1746.2011.06979.x]
Xu X, Fan Z, Kang L, Han J, Jiang C, Zheng X, Zhu Z, Jiao
H, Lin J, Jiang K, Ding L, Zhang H, Cheng L, Fu H, Song
Y, Jiang Y, Liu J, Wang R, Du N, Ye Q. Hepatitis B virus X
protein represses miRNA-148a to enhance tumorigenesis. J
Clin Invest 2013; 123: 630-645 [PMID: 23321675 DOI: 10.1172/
JCI64265]
Yip WK, Cheng AS, Zhu R, Lung RW, Tsang DP, Lau SS,
Chen Y, Sung JG, Lai PB, Ng EK, Yu J, Wong N, To KF,
Wong VW, Sung JJ, Chan HL. Carboxyl-terminal truncated
HBx regulates a distinct microRNA transcription program
in hepatocellular carcinoma development. PLoS One 2011; 6:
e22888 [PMID: 21829663 DOI: 10.1371/journal.pone.0022888]
Zhang X, Liu S, Hu T, Liu S, He Y, Sun S. Up-regulated microRNA-143 transcribed by nuclear factor kappa B enhances
hepatocarcinoma metastasis by repressing fibronectin expression. Hepatology 2009; 50: 490-499 [PMID: 19472311 DOI:
10.1002/hep.23008]
Liu N, Zhang J, Jiao T, Li Z, Peng J, Cui Z, Ye X. Hepatitis
B virus inhibits apoptosis of hepatoma cells by sponging
the MicroRNA 15a/16 cluster. J Virol 2013; 87: 13370-13378
[PMID: 24089558 DOI: 10.1128/JVI.02130-13]
Ren M, Qin D, Li K, Qu J, Wang L, Wang Z, Huang A,
Tang H. Correlation between hepatitis B virus protein and
microRNA processor Drosha in cells expressing HBV. Antiviral Res 2012; 94: 225-231 [PMID: 22554933 DOI: 10.1016/
j.antiviral.2012.04.004]
Liu AM, Zhang C, Burchard J, Fan ST, Wong KF, Dai H,
Poon RT, Luk JM. Global regulation on microRNA in hepatitis B virus-associated hepatocellular carcinoma. OMICS 2011;
15: 187-191 [PMID: 21319996 DOI: 10.1089/omi.2010.0098]
Wang Y, Lu Y, Toh ST, Sung WK, Tan P, Chow P, Chung
AY, Jooi LL, Lee CG. Lethal-7 is down-regulated by the
hepatitis B virus x protein and targets signal transducer and
activator of transcription 3. J Hepatol 2010; 53: 57-66 [PMID:
20447714 DOI: 10.1016/j.jhep.2009.12.043]
Shan C, Zhang S, Cui W, You X, Kong G, Du Y, Qiu L, Ye L,
Zhang X. Hepatitis B virus X protein activates CD59 involving DNA binding and let-7i in protection of hepatoma and
hepatic cells from complement attack. Carcinogenesis 2011;
32: 1190-1197 [PMID: 21665888 DOI: 10.1093/carcin/bgr106]
Wu G, Yu F, Xiao Z, Xu K, Xu J, Tang W, Wang J, Song E.
Hepatitis B virus X protein downregulates expression of
the miR-16 family in malignant hepatocytes in vitro. Br J
Cancer 2011; 105: 146-153 [PMID: 21629246 DOI: 10.1038/
bjc.2011.190]
Wu CS, Yen CJ, Chou RH, Chen JN, Huang WC, Wu CY, Yu
YL. Downregulation of microRNA-15b by hepatitis B virus X
enhances hepatocellular carcinoma proliferation via fucosyltransferase 2-induced Globo H expression. Int J Cancer 2014;
134: 1638-1647 [PMID: 24122375 DOI: 10.1002/ijc.28501]
Zhang T, Zhang J, Cui M, Liu F, You X, Du Y, Gao Y, Zhang
S, Lu Z, Ye L, Zhang X. Hepatitis B virus X protein inhibits
tumor suppressor miR-205 through inducing hypermethylation of miR-205 promoter to enhance carcinogenesis.

WJG|www.wjgnet.com

65

66

67

68

69

70

71

72

73

74

75

76

77

78

13489

Neoplasia 2013; 15: 1282-1291 [PMID: 24339740 DOI: 10.1593/
neo.131362]
Wei X, Xiang T, Ren G, Tan C, Liu R, Xu X, Wu Z. miR-101
is down-regulated by the hepatitis B virus x protein and induces aberrant DNA methylation by targeting DNA methyltransferase 3A. Cell Signal 2013; 25: 439-446 [PMID: 23124077
DOI: 10.1016/j.cellsig.2012.10.013]
Bae JS, Kim JH, Pasaje CF, Cheong HS, Lee TH, Koh IS, Lee
HS, Kim YJ, Shin HD. Association study of genetic variations
in microRNAs with the risk of hepatitis B-related liver diseases. Dig Liver Dis 2012; 44: 849-854 [PMID: 22658643 DOI:
10.1016/j.dld.2012.04.021]
Liu L, An J, Liu J, Wen J, Zhai X, Liu Y, Pan S, Jiang J, Wen
Y, Liu Z, Zhang Y, Chen J, Xing J, Ji G, Shen H, Hu Z, Fan Z.
Potentially functional genetic variants in microRNA processing genes and risk of HBV-related hepatocellular carcinoma.
Mol Carcinog 2013; 52 Suppl 1: E148-E154 [PMID: 23868705
DOI: 10.1002/mc.22062]
Xu T, Zhu Y, Wei QK, Yuan Y, Zhou F, Ge YY, Yang JR, Su
H, Zhuang SM. A functional polymorphism in the miR-146a
gene is associated with the risk for hepatocellular carcinoma.
Carcinogenesis 2008; 29: 2126-2131 [PMID: 18711148 DOI:
10.1093/carcin/bgn195]
Qi P, Dou TH, Geng L, Zhou FG, Gu X, Wang H, Gao CF. Association of a variant in MIR 196A2 with susceptibility to hepatocellular carcinoma in male Chinese patients with chronic
hepatitis B virus infection. Hum Immunol 2010; 71: 621-626
[PMID: 20188135 DOI: 10.1016/j.humimm.2010.02.017]
Akkız H, Bayram S, Bekar A, Akgöllü E, Ulger Y. A functional polymorphism in pre-microRNA-196a-2 contributes to the
susceptibility of hepatocellular carcinoma in a Turkish population: a case-control study. J Viral Hepat 2011; 18: e399-e407
[PMID: 21692953 DOI: 10.1111/j.1365-2893.2010.01414.x]
Kim HY, Yoon JH, Lee HS, Cheong JY, Cho SW, Shin HD,
Kim YJ. MicroRNA-196A-2 polymorphisms and hepatocellular carcinoma in patients with chronic hepatitis B. J Med Virol
2014; 86: 446-453 [PMID: 24248733 DOI: 10.1002/jmv.23848]
Xiang Y, Fan S, Cao J, Huang S, Zhang LP. Association of the
microRNA-499 variants with susceptibility to hepatocellular
carcinoma in a Chinese population. Mol Biol Rep 2012; 39:
7019-7023 [PMID: 22311030 DOI: 10.1007/s11033-012-1532-0]
Kim WH, Min KT, Jeon YJ, Kwon CI, Ko KH, Park PW,
Hong SP, Rim KS, Kwon SW, Hwang SG, Kim NK. Association study of microRNA polymorphisms with hepatocellular carcinoma in Korean population. Gene 2012; 504: 92-97
[PMID: 22583825 DOI: 10.1016/j.gene.2012.05.014]
Liu Y, Zhang Y, Wen J, Liu L, Zhai X, Liu J, Pan S, Chen J,
Shen H, Hu Z. A genetic variant in the promoter region of
miR-106b-25 cluster and risk of HBV infection and hepatocellular carcinoma. PLoS One 2012; 7: e32230 [PMID: 22393390
DOI: 10.1371/journal.pone.0032230]
Kwak MS, Lee DH, Cho Y, Cho EJ, Lee JH, Yu SJ, Yoon JH,
Lee HS, Kim CY, Cheong JY, Cho SW, Shin HD, Kim YJ. Association of polymorphism in pri-microRNAs-371-372-373
with the occurrence of hepatocellular carcinoma in hepatitis
B virus infected patients. PLoS One 2012; 7: e41983 [PMID:
22848681 DOI: 10.1371/journal.pone.0041983]
Cheong JY, Shin HD, Kim YJ, Cho SW. Association of polymorphism in MicroRNA 219-1 with clearance of hepatitis B
virus infection. J Med Virol 2013; 85: 808-814 [PMID: 23508906
DOI: 10.1002/jmv.23551]
Guo Z, Wu C, Wang X, Wang C, Zhang R, Shan B. A polymorphism at the miR-502 binding site in the 3’-untranslated
region of the histone methyltransferase SET8 is associated
with hepatocellular carcinoma outcome. Int J Cancer 2012;
131: 1318-1322 [PMID: 22095217 DOI: 10.1002/ijc.27352]
Han Y, Pu R, Han X, Zhao J, Li W, Yin J, Zhang Y, Shen Q,
Xie J, Zhang Q, Jiang S, Li J, Zhang H, Wang H, Cao G. Association of a potential functional pre-miR-218 polymorphism
and its interaction with hepatitis B virus mutations with he-

October 7, 2014|Volume 20|Issue 37|

Fan HX et al . MicroRNAs interact with hepatitis B/C viruses

79

80

81

82

83

84

85

86

87
88

89

90

91

patocellular carcinoma risk. Liver Int 2014; 34: 728-736 [PMID:
24118778 DOI: 10.1111/liv.12313]
Kong G, Zhang J, Zhang S, Shan C, Ye L, Zhang X. Upregulated microRNA-29a by hepatitis B virus X protein enhances
hepatoma cell migration by targeting PTEN in cell culture
model. PLoS One 2011; 6: e19518 [PMID: 21573166 DOI:
10.1371/journal.pone.0019518]
Damania P, Sen B, Dar SB, Kumar S, Kumari A, Gupta E,
Sarin SK, Venugopal SK. Hepatitis B virus induces cell proliferation via HBx-induced microRNA-21 in hepatocellular
carcinoma by targeting programmed cell death protein4
(PDCD4) and phosphatase and tensin homologue (PTEN).
PLoS One 2014; 9: e91745 [PMID: 24633222 DOI: 10.1371/
journal.pone.0091745]
Yuan K, Lian Z, Sun B, Clayton MM, Ng IO, Feitelson MA.
Role of miR-148a in hepatitis B associated hepatocellular
carcinoma. PLoS One 2012; 7: e35331 [PMID: 22496917 DOI:
10.1371/journal.pone.0035331]
Zou C, Li Y, Cao Y, Zhang J, Jiang J, Sheng Y, Wang S,
Huang A, Tang H. Up-regulated MicroRNA-181a induces
carcinogenesis in Hepatitis B virus-related hepatocellular
carcinoma by targeting E2F5. BMC Cancer 2014; 14: 97 [PMID:
24529171 DOI: 10.1186/1471-2407-14-97]
Jiang J, Gusev Y, Aderca I, Mettler TA, Nagorney DM,
Brackett DJ, Roberts LR, Schmittgen TD. Association of MicroRNA expression in hepatocellular carcinomas with hepatitis infection, cirrhosis, and patient survival. Clin Cancer Res
2008; 14: 419-427 [PMID: 18223217 DOI: 10.1158/1078-0432.
CCR-07-0523]
Ladeiro Y, Couchy G, Balabaud C, Bioulac-Sage P, Pelletier L,
Rebouissou S, Zucman-Rossi J. MicroRNA profiling in hepatocellular tumors is associated with clinical features and oncogene/tumor suppressor gene mutations. Hepatology 2008;
47: 1955-1963 [PMID: 18433021 DOI: 10.1002/hep.22256]
Connolly E, Melegari M, Landgraf P, Tchaikovskaya T,
Tennant BC, Slagle BL, Rogler LE, Zavolan M, Tuschl T,
Rogler CE. Elevated expression of the miR-17-92 polycistron and miR-21 in hepadnavirus-associated hepatocellular
carcinoma contributes to the malignant phenotype. Am J
Pathol 2008; 173: 856-864 [PMID: 18688024 DOI: 10.2353/ajpath.2008.080096]
Ura S, Honda M, Yamashita T, Ueda T, Takatori H, Nishino
R, Sunakozaka H, Sakai Y, Horimoto K, Kaneko S. Differential microRNA expression between hepatitis B and hepatitis
C leading disease progression to hepatocellular carcinoma.
Hepatology 2009; 49: 1098-1112 [PMID: 19173277 DOI:
10.1002/hep.22749]
Feitelson MA, Lee J. Hepatitis B virus integration, fragile sites, and hepatocarcinogenesis. Cancer Lett 2007; 252:
157-170 [PMID: 17188425 DOI: 10.1016/j.canlet.2006.11.010]
Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch E,
Yendamuri S, Shimizu M, Rattan S, Bullrich F, Negrini M,
Croce CM. Human microRNA genes are frequently located
at fragile sites and genomic regions involved in cancers. Proc
Natl Acad Sci USA 2004; 101: 2999-3004 [PMID: 14973191
DOI: 10.1073/pnas.0307323101]
Mizuguchi Y, Mishima T, Yokomuro S, Arima Y, Kawahigashi Y, Shigehara K, Kanda T, Yoshida H, Uchida E, Tajiri
T, Takizawa T. Sequencing and bioinformatics-based analyses of the microRNA transcriptome in hepatitis B-related
hepatocellular carcinoma. PLoS One 2011; 6: e15304 [PMID:
21283620 DOI: 10.1371/journal.pone.0015304]
Ji J, Shi J, Budhu A, Yu Z, Forgues M, Roessler S, Ambs S,
Chen Y, Meltzer PS, Croce CM, Qin LX, Man K, Lo CM, Lee
J, Ng IO, Fan J, Tang ZY, Sun HC, Wang XW. MicroRNA
expression, survival, and response to interferon in liver cancer. N Engl J Med 2009; 361: 1437-1447 [PMID: 19812400 DOI:
10.1056/NEJMoa0901282]
Huang J, Wang Y, Guo Y, Sun S. Down-regulated microRNA-152 induces aberrant DNA methylation in hepatitis B

WJG|www.wjgnet.com

92

93

94

95

96

97

98

99

100

101

102

103

104

105

13490

virus-related hepatocellular carcinoma by targeting DNA
methyltransferase 1. Hepatology 2010; 52: 60-70 [PMID:
20578129 DOI: 10.1002/hep.23660]
Chen X, Zhang L, Zhang T, Hao M, Zhang X, Zhang J, Xie
Q, Wang Y, Guo M, Zhuang H, Lu F. Methylation-mediated
repression of microRNA 129-2 enhances oncogenic SOX4 expression in HCC. Liver Int 2013; 33: 476-486 [PMID: 23402613
DOI: 10.1111/liv.12097]
Furuta M, Kozaki KI, Tanaka S, Arii S, Imoto I, Inazawa J.
miR-124 and miR-203 are epigenetically silenced tumorsuppressive microRNAs in hepatocellular carcinoma. Carcinogenesis 2010; 31: 766-776 [PMID: 19843643 DOI: 10.1093/
carcin/bgp250]
Au SL, Wong CC, Lee JM, Fan DN, Tsang FH, Ng IO, Wong
CM. Enhancer of zeste homolog 2 epigenetically silences
multiple tumor suppressor microRNAs to promote liver cancer metastasis. Hepatology 2012; 56: 622-631 [PMID: 22370893
DOI: 10.1002/hep.25679]
Wang CM, Wang Y, Fan CG, Xu FF, Sun WS, Liu YG, Jia
JH. miR-29c targets TNFAIP3, inhibits cell proliferation and
induces apoptosis in hepatitis B virus-related hepatocellular
carcinoma. Biochem Biophys Res Commun 2011; 411: 586-592
[PMID: 21763284 DOI: 10.1016/j.bbrc.2011.06.191]
Jiang R, Deng L, Zhao L, Li X, Zhang F, Xia Y, Gao Y, Wang X,
Sun B. miR-22 promotes HBV-related hepatocellular carcinoma development in males. Clin Cancer Res 2011; 17: 5593-5603
[PMID: 21750200 DOI: 10.1158/1078-0432.CCR-10-1734]
Liu WH, Yeh SH, Lu CC, Yu SL, Chen HY, Lin CY, Chen
DS, Chen PJ. MicroRNA-18a prevents estrogen receptoralpha expression, promoting proliferation of hepatocellular
carcinoma cells. Gastroenterology 2009; 136: 683-693 [PMID:
19027010 DOI: 10.1053/j.gastro.2008.10.029]
Yang L, Ma Z, Wang D, Zhao W, Chen L, Wang G. MicroRNA-602 regulating tumor suppressive gene RASSF1A is
overexpressed in hepatitis B virus-infected liver and hepatocellular carcinoma. Cancer Biol Ther 2010; 9: 803-808 [PMID:
20364114 DOI: 10.4161/cbt.9.10.11440]
Gao P, Wong CC, Tung EK, Lee JM, Wong CM, Ng IO.
Deregulation of microRNA expression occurs early and
accumulates in early stages of HBV-associated multistep
hepatocarcinogenesis. J Hepatol 2011; 54: 1177-1184 [PMID:
21145831 DOI: 10.1016/j.jhep.2010.09.023]
Lan SH, Wu SY, Zuchini R, Lin XZ, Su IJ, Tsai TF, Lin YJ, Wu
CT, Liu HS. Autophagy suppresses tumorigenesis of hepatitis B virus-associated hepatocellular carcinoma through
degradation of microRNA-224. Hepatology 2014; 59: 505-517
[PMID: 23913306 DOI: 10.1002/hep.26659]
Li LM, Hu ZB, Zhou ZX, Chen X, Liu FY, Zhang JF, Shen
HB, Zhang CY, Zen K. Serum microRNA profiles serve as
novel biomarkers for HBV infection and diagnosis of HBVpositive hepatocarcinoma. Cancer Res 2010; 70: 9798-9807
[PMID: 21098710 DOI: 10.1158/0008-5472.CAN-10-1001]
Zhang H, Li QY, Guo ZZ, Guan Y, Du J, Lu YY, Hu YY, Liu P,
Huang S, Su SB. Serum levels of microRNAs can specifically
predict liver injury of chronic hepatitis B. World J Gastroenterol 2012; 18: 5188-5196 [PMID: 23066312 DOI: 10.3748/wjg.
v18.i37.5188]
Hayes CN, Akamatsu S, Tsuge M, Miki D, Akiyama R, Abe
H, Ochi H, Hiraga N, Imamura M, Takahashi S, Aikata H,
Kawaoka T, Kawakami Y, Ohishi W, Chayama K. Hepatitis
B virus-specific miRNAs and Argonaute2 play a role in the
viral life cycle. PLoS One 2012; 7: e47490 [PMID: 23091627
DOI: 10.1371/journal.pone.0047490]
Waidmann O, Bihrer V, Pleli T, Farnik H, Berger A, Zeuzem
S, Kronenberger B, Piiper A. Serum microRNA-122 levels in
different groups of patients with chronic hepatitis B virus infection. J Viral Hepat 2012; 19: e58-e65 [PMID: 22239527 DOI:
10.1111/j.1365-2893.2011.01536.x]
Qi P, Cheng SQ, Wang H, Li N, Chen YF, Gao CF. Serum microRNAs as biomarkers for hepatocellular carcinoma in Chi-

October 7, 2014|Volume 20|Issue 37|

Fan HX et al . MicroRNAs interact with hepatitis B/C viruses

106

107

108

109

110

111

112

113

114

115

116

117

118

119

nese patients with chronic hepatitis B virus infection. PLoS
One 2011; 6: e28486 [PMID: 22174818 DOI: 10.1371/journal.
pone.0028486]
Li L, Guo Z, Wang J, Mao Y, Gao Q. Serum miR-18a: a potential marker for hepatitis B virus-related hepatocellular
carcinoma screening. Dig Dis Sci 2012; 57: 2910-2916 [PMID:
22865399 DOI: 10.1007/s10620-012-2317-y]
Chen Y, Li L, Zhou Z, Wang N, Zhang CY, Zen K. A pilot
study of serum microRNA signatures as a novel biomarker
for occult hepatitis B virus infection. Med Microbiol Immunol 2012; 201: 389-395 [PMID: 22392036 DOI: 10.1007/
s00430-011-0223-0]
Zhou J, Yu L, Gao X, Hu J, Wang J, Dai Z, Wang JF, Zhang
Z, Lu S, Huang X, Wang Z, Qiu S, Wang X, Yang G, Sun
H, Tang Z, Wu Y, Zhu H, Fan J. Plasma microRNA panel
to diagnose hepatitis B virus-related hepatocellular carcinoma. J Clin Oncol 2011; 29: 4781-4788 [PMID: 22105822 DOI:
10.1200/JCO.2011.38.2697]
Winther TN, Bang-Berthelsen CH, Heiberg IL, Pociot F,
Hogh B. Differential plasma microRNA profiles in HBeAg
positive and HBeAg negative children with chronic hepatitis
B. PLoS One 2013; 8: e58236 [PMID: 23469271 DOI: 10.1371/
journal.pone.0058236]
Song G, Jia H, Xu H, Liu W, Zhu H, Li S, Shi J, Li Z, He J,
Chen Z. Studying the association of microRNA-210 level
with chronic hepatitis B progression. J Viral Hepat 2014; 21:
272-280 [PMID: 24597695 DOI: 10.1111/jvh.12138]
Giray BG, Emekdas G, Tezcan S, Ulger M, Serin MS, Sezgin
O, Altintas E, Tiftik EN. Profiles of serum microRNAs; miR125b-5p and miR223-3p serve as novel biomarkers for HBVpositive hepatocellular carcinoma. Mol Biol Rep 2014; 41:
4513-4519 [PMID: 24595450]
Novellino L, Rossi RL, Bonino F, Cavallone D, Abrignani
S, Pagani M, Brunetto MR. Circulating hepatitis B surface
antigen particles carry hepatocellular microRNAs. PLoS
One 2012; 7: e31952 [PMID: 22470417 DOI: 10.1371/journal.
pone.0031952]
Liu X, Wang T, Wakita T, Yang W. Systematic identification of microRNA and messenger RNA profiles in hepatitis
C virus-infected human hepatoma cells. Virology 2010; 398:
57-67 [PMID: 20006370 DOI: 10.1016/j.virol.2009]
Zhang X, Daucher M, Armistead D, Russell R, Kottilil S. MicroRNA expression profiling in HCV-infected human hepatoma cells identifies potential anti-viral targets induced by
interferon-α. PLoS One 2013; 8: e55733 [PMID: 23418453 DOI:
10.1371/journal.pone.0055733]
Steuerwald NM, Parsons JC, Bennett K, Bates TC,
Bonkovsky HL. Parallel microRNA and mRNA expression
profiling of (genotype 1b) human hepatoma cells expressing hepatitis C virus. Liver Int 2010; 30: 1490-1504 [PMID:
20825557 DOI: 10.1111/j.1478-3231.2010.02321.x]
Braconi C, Valeri N, Gasparini P, Huang N, Taccioli C, Nuovo G, Suzuki T, Croce CM, Patel T. Hepatitis C virus proteins modulate microRNA expression and chemosensitivity
in malignant hepatocytes. Clin Cancer Res 2010; 16: 957-966
[PMID: 20103677 DOI: 10.1158/1078-0432.CCR-09-2123]
Shiu TY, Huang SM, Shih YL, Chu HC, Chang WK,
Hsieh TY. Hepatitis C virus core protein down-regulates
p21(Waf1/Cip1) and inhibits curcumin-induced apoptosis
through microRNA-345 targeting in human hepatoma cells.
PLoS One 2013; 8: e61089 [PMID: 23577194 DOI: 10.1371/
journal.pone.0061089]
Huang S, Xie Y, Yang P, Chen P, Zhang L. HCV core protein-induced down-regulation of microRNA-152 promoted
aberrant proliferation by regulating Wnt1 in HepG2 cells.
PLoS One 2014; 9: e81730 [PMID: 24416131 DOI: 10.1371/
journal.pone.0081730]
Chen Y, Chen J, Wang H, Shi J, Wu K, Liu S, Liu Y, Wu J.
HCV-induced miR-21 contributes to evasion of host immune system by targeting MyD88 and IRAK1. PLoS Pathog

WJG|www.wjgnet.com

120

121

122

123

124

125

126

127

128

129

130

131

13491

2013; 9: e1003248 [PMID: 23633945 DOI: 10.1371/journal.
ppat.1003248]
Singaravelu R, Chen R, Lyn RK, Jones DM, O’Hara S, Rouleau Y, Cheng J, Srinivasan P, Nasheri N, Russell RS, Tyrrell
DL, Pezacki JP. Hepatitis C virus induced up-regulation
of microRNA-27: a novel mechanism for hepatic steatosis.
Hepatology 2014; 59: 98-108 [PMID: 23897856 DOI: 10.1002/
hep.26634]
Varnholt H, Drebber U, Schulze F, Wedemeyer I, Schirmacher P, Dienes HP, Odenthal M. MicroRNA gene expression profile of hepatitis C virus-associated hepatocellular
carcinoma. Hepatology 2008; 47: 1223-1232 [PMID: 18307259
DOI: 10.1002/hep.22158]
Marquez RT, Bandyopadhyay S, Wendlandt EB, Keck K,
Hoffer BA, Icardi MS, Christensen RN, Schmidt WN, McCaffrey AP. Correlation between microRNA expression levels
and clinical parameters associated with chronic hepatitis
C viral infection in humans. Lab Invest 2010; 90: 1727-1736
[PMID: 20625373 DOI: 10.1038/labinvest.2010.126]
Zhang Y, Wei W, Cheng N, Wang K, Li B, Jiang X, Sun S.
Hepatitis C virus-induced up-regulation of microRNA-155
promotes hepatocarcinogenesis by activating Wnt signaling. Hepatology 2012; 56: 1631-1640 [PMID: 22610915 DOI:
10.1002/hep.25849]
Scisciani C, Vossio S, Guerrieri F, Schinzari V, De Iaco R, D’
Onorio de Meo P, Cervello M, Montalto G, Pollicino T, Raimondo G, Levrero M, Pediconi N. Transcriptional regulation
of miR-224 upregulated in human HCCs by NFκB inflammatory pathways. J Hepatol 2012; 56: 855-861 [PMID: 22178270
DOI: 10.1016/j.jhep.2011.11.017]
Sarma NJ, Tiriveedhi V, Subramanian V, Shenoy S, Crippin JS, Chapman WC, Mohanakumar T. Hepatitis C virus
mediated changes in miRNA-449a modulates inflammatory
biomarker YKL40 through components of the NOTCH signaling pathway. PLoS One 2012; 7: e50826 [PMID: 23226395
DOI: 10.1371/journal.pone.0050826]
Diaz G, Melis M, Tice A, Kleiner DE, Mishra L, Zamboni F,
Farci P. Identification of microRNAs specifically expressed
in hepatitis C virus-associated hepatocellular carcinoma. Int
J Cancer 2013; 133: 816-824 [PMID: 23390000 DOI: 10.1002/
ijc.28075]
Ogawa T, Enomoto M, Fujii H, Sekiya Y, Yoshizato K, Ikeda
K, Kawada N. MicroRNA-221/222 upregulation indicates
the activation of stellate cells and the progression of liver
fibrosis. Gut 2012; 61: 1600-1609 [PMID: 22267590 DOI:
10.1136/gutjnl-2011-300717]
Ramachandran S, Ilias Basha H, Sarma NJ, Lin Y, Crippin JS,
Chapman WC, Mohanakumar T. Hepatitis C virus induced
miR200c down modulates FAP-1, a negative regulator of Src
signaling and promotes hepatic fibrosis. PLoS One 2013; 8:
e70744 [PMID: 23950995 DOI: 10.1371/journal.pone.0070744]
Sarma NJ, Tiriveedhi V, Crippin JS, Chapman WC, Mohanakumar T. Hepatitis C virus-induced changes in microRNA
107 (miRNA-107) and miRNA-449a modulate CCL2 by
targeting the interleukin-6 receptor complex in hepatitis.
J Virol 2014; 88: 3733-3743 [PMID: 24429361 DOI: 10.1128/
JVI.03060-13]
Peveling-Oberhag J, Crisman G, Schmidt A, Döring C,
Lucioni M, Arcaini L, Rattotti S, Hartmann S, Piiper A, Hofmann WP, Paulli M, Küppers R, Zeuzem S, Hansmann ML.
Dysregulation of global microRNA expression in splenic
marginal zone lymphoma and influence of chronic hepatitis C virus infection. Leukemia 2012; 26: 1654-1662 [PMID:
22307176 DOI: 10.1038/leu.2012.29]
Joshi D, Salehi S, Brereton H, Arno M, Quaglia A, Heaton
N, O’Grady J, Agarwal K, Aluvihare V. Distinct microRNA
profiles are associated with the severity of hepatitis C virus
recurrence and acute cellular rejection after liver transplantation. Liver Transpl 2013; 19: 383-394 [PMID: 23408392 DOI:
10.1002/lt.23613]

October 7, 2014|Volume 20|Issue 37|

Fan HX et al . MicroRNAs interact with hepatitis B/C viruses
132 Gelley F, Zadori G, Nemes B, Fassan M, Lendvai G, Sarvary
E, Doros A, Gerlei Z, Nagy P, Schaff Z, Kiss A. MicroRNA
profile before and after antiviral therapy in liver transplant
recipients for hepatitis C virus cirrhosis. J Gastroenterol
Hepatol 2014; 29: 121-127 [PMID: 24033414 DOI: 10.1111/
jgh.12362]
133 Bihrer V, Friedrich-Rust M, Kronenberger B, Forestier N,
Haupenthal J, Shi Y, Peveling-Oberhag J, Radeke HH, Sarrazin C, Herrmann E, Zeuzem S, Waidmann O, Piiper A.
Serum miR-122 as a biomarker of necroinflammation in
patients with chronic hepatitis C virus infection. Am J Gastroenterol 2011; 106: 1663-1669 [PMID: 21606975 DOI: 10.1038/
ajg.2011.161]
134 Trebicka J, Anadol E, Elfimova N, Strack I, Roggendorf M,
Viazov S, Wedemeyer I, Drebber U, Rockstroh J, Sauerbruch
T, Dienes HP, Odenthal M. Hepatic and serum levels of
miR-122 after chronic HCV-induced fibrosis. J Hepatol 2013;
58: 234-239 [PMID: 23085648 DOI: 10.1016/j.jhep.2012.10.015]
135 Cermelli S, Ruggieri A, Marrero JA, Ioannou GN, Beretta
L. Circulating microRNAs in patients with chronic hepatitis
C and non-alcoholic fatty liver disease. PLoS One 2011; 6:
e23937 [PMID: 21886843 DOI: 10.1371/journal.pone.0023937]
136 Bihrer V, Waidmann O, Friedrich-Rust M, Forestier N,
Susser S, Haupenthal J, Welker M, Shi Y, Peveling-Oberhag
J, Polta A, von Wagner M, Radeke HH, Sarrazin C, Trojan J,
Zeuzem S, Kronenberger B, Piiper A. Serum microRNA-21
as marker for necroinflammation in hepatitis C patients with
and without hepatocellular carcinoma. PLoS One 2011; 6:
e26971 [PMID: 22066022 DOI: 10.1371/journal.pone.0026971]
137 Shrivastava S, Petrone J, Steele R, Lauer GM, Di Bisceglie
AM, Ray RB. Up-regulation of circulating miR-20a is correlated with hepatitis C virus-mediated liver disease progression. Hepatology 2013; 58: 863-871 [PMID: 23390075 DOI:
10.1002/hep.26296]
138 Shwetha S, Gouthamchandra K, Chandra M, Ravishankar
B, Khaja MN, Das S. Circulating miRNA profile in HCV infected serum: novel insight into pathogenesis. Sci Rep 2013; 3:
1555 [PMID: 23549102 DOI: 10.1038/srep01555]
139 Murakami Y, Toyoda H, Tanahashi T, Tanaka J, Kumada
T, Yoshioka Y, Kosaka N, Ochiya T, Taguchi YH. Comprehensive miRNA expression analysis in peripheral blood
can diagnose liver disease. PLoS One 2012; 7: e48366 [PMID:
23152743 DOI: 10.1371/journal.pone.0048366]
140 Bala S, Tilahun Y, Taha O, Alao H, Kodys K, Catalano D, Szabo G. Increased microRNA-155 expression in the serum and
peripheral monocytes in chronic HCV infection. J Transl Med
2012; 10: 151 [PMID: 22846613 DOI: 10.1186/1479-5876-10-151]
141 Scagnolari C, Zingariello P, Vecchiet J, Selvaggi C, Racciatti
D, Taliani G, Riva E, Pizzigallo E, Antonelli G. Differential
expression of interferon-induced microRNAs in patients
with chronic hepatitis C virus infection treated with pegylated interferon alpha. Virol J 2010; 7: 311 [PMID: 21070682
DOI: 10.1186/1743-422X-7-311]
142 Fognani E, Giannini C, Piluso A, Gragnani L, Monti M, Caini
P, Ranieri J, Urraro T, Triboli E, Laffi G, Zignego AL. Role of
microRNA profile modifications in hepatitis C virus-related
mixed cryoglobulinemia. PLoS One 2013; 8: e62965 [PMID:
23650540 DOI: 10.1371/journal.pone.0062965]
143 Gupta P, Liu B, Wu JQ, Soriano V, Vispo E, Carroll AP,

144

145

146

147

148

149

150

151

152

153

Goldie BJ, Cairns MJ, Saksena NK. Genome-wide mRNA
and miRNA analysis of peripheral blood mononuclear cells
(PBMC) reveals different miRNAs regulating HIV/HCV coinfection. Virology 2014; 450-451: 336-349 [PMID: 24503097
DOI: 10.1016/j.virol.2013.12.026]
Abdalla MA, Haj-Ahmad Y. Promising Candidate Urinary
MicroRNA Biomarkers for the Early Detection of Hepatocellular Carcinoma among High-Risk Hepatitis C Virus Egyptian Patients. J Cancer 2012; 3: 19-31 [PMID: 22211142]
Zhu HT, Dong QZ, Sheng YY, Wei JW, Wang G, Zhou HJ,
Ren N, Jia HL, Ye QH, Qin LX. MicroRNA-29a-5p is a novel
predictor for early recurrence of hepatitis B virus-related
hepatocellular carcinoma after surgical resection. PLoS One
2012; 7: e52393 [PMID: 23285022 DOI: 10.1371/journal.
pone.0052393]
Murakami Y, Tamori A, Itami S, Tanahashi T, Toyoda H,
Tanaka M, Wu W, Brojigin N, Kaneoka Y, Maeda A, Kumada T, Kawada N, Kubo S, Kuroda M. The expression level of
miR-18b in hepatocellular carcinoma is associated with the
grade of malignancy and prognosis. BMC Cancer 2013; 13: 99
[PMID: 23496901 DOI: 10.1186/1471-2407-13-99]
Gehrau RC, Mas VR, Villamil FG, Dumur CI, Mehta NK,
Suh JL, Maluf DG. MicroRNA signature at the time of clinical HCV recurrence associates with aggressive fibrosis progression post-liver transplantation. Am J Transplant 2013; 13:
729-737 [PMID: 23312020 DOI: 10.1111/ajt.12047]
Su H, Yang JR, Xu T, Huang J, Xu L, Yuan Y, Zhuang SM.
MicroRNA-101, down-regulated in hepatocellular carcinoma, promotes apoptosis and suppresses tumorigenicity. Cancer Res 2009; 69: 1135-1142 [PMID: 19155302 DOI:
10.1158/0008-5472.CAN-08-2886]
Fornari F, Gramantieri L, Giovannini C, Veronese A, Ferracin M, Sabbioni S, Calin GA, Grazi GL, Croce CM, Tavolari
S, Chieco P, Negrini M, Bolondi L. MiR-122/cyclin G1 interaction modulates p53 activity and affects doxorubicin
sensitivity of human hepatocarcinoma cells. Cancer Res 2009;
69: 5761-5767 [PMID: 19584283 DOI: 10.1158/0008-5472.
CAN-08-4797]
Bai S, Nasser MW, Wang B, Hsu SH, Datta J, Kutay H, Yadav
A, Nuovo G, Kumar P, Ghoshal K. MicroRNA-122 inhibits
tumorigenic properties of hepatocellular carcinoma cells
and sensitizes these cells to sorafenib. J Biol Chem 2009; 284:
32015-32027 [PMID: 19726678 DOI: 10.1074/jbc.M109.016774]
Xu Y, Xia F, Ma L, Shan J, Shen J, Yang Z, Liu J, Cui Y, Bian X,
Bie P, Qian C. MicroRNA-122 sensitizes HCC cancer cells to
adriamycin and vincristine through modulating expression
of MDR and inducing cell cycle arrest. Cancer Lett 2011; 310:
160-169 [PMID: 21802841 DOI: 10.1016/j.canlet.2011.06.027]
Yang F, Zhang L, Wang F, Wang Y, Huo XS, Yin YX, Wang
YQ, Zhang L, Sun SH. Modulation of the unfolded protein
response is the core of microRNA-122-involved sensitivity to
chemotherapy in hepatocellular carcinoma. Neoplasia 2011;
13: 590-600 [PMID: 21750653]
Zhang J, Wang Y, Zhen P, Luo X, Zhang C, Zhou L, Lu Y,
Yang Y, Zhang W, Wan J. Genome-wide analysis of miRNA
signature differentially expressed in doxorubicin-resistant
and parental human hepatocellular carcinoma cell lines.
PLoS One 2013; 8: e54111 [PMID: 23359607 DOI: 10.1371/
journal.pone.0054111]
P- Reviewer: Komatsu S, Silva ACS, Taylor JR, Tetsuya T
S- Editor: Ma YJ L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

13492

October 7, 2014|Volume 20|Issue 37|

World J Gastroenterol 2014 October 7; 20(37): 13493-13500
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i37.13493

© 2014 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Recent insights into farnesoid X receptor in non-alcoholic
fatty liver disease
Jiao-Ya Xu, Zhong-Ping Li, Li Zhang, Guang Ji
Jiao-Ya Xu, Zhong-Ping Li, Li Zhang, Guang Ji, Institute of
Digestive Diseases, Longhua Hospital, Shanghai University of
Traditional Chinese Medicine, Shanghai 200032, China
Guang Ji, E-Institute of Shanghai Municipal Education Commission, Shanghai University of Traditional Chinese Medicine,
Shanghai 201203, China
Author contributions: Xu JY and Li ZP contributed equally to
this work; Xu JY and Li ZP wrote the manuscript under the close
supervision of Ji G; Zhang L revised the paper.
Supported by National Nature Science Foundation of China,
No. 81273727 and No. 81302927; and Innovation Program of
Shanghai Municipal Education Commission, No.14YZ054
Correspondence to: Guang Ji, MD, PhD, Professor, Institute
of Digestive Diseases, Longhua Hospital, Shanghai University
of Traditional Chinese Medicine, No. 725 South Wanping Road,
Shanghai 200032, China. jiliver@vip.sina.com
Telephone: +86-21-64286261 Fax: +86-21-64286261
Received: April 13, 2014
Revised: May 22, 2014
Accepted: June 25, 2014
Published online: October 7, 2014

Core tip: Non-alcoholic fatty liver disease (NAFLD) is
one of the most prevalent liver disorders worldwide and
has great risk potentials. While the mechanisms under
NAFLD are still in the mist, farnesoid X receptor (FXR)
provides a new aspect in this field. In addition to regulate bile acid metabolism, FXR can also be actively involved in lipid (cholesterol, triglyceride, fatty acid) and
glucose metabolism, furthermore, FXR participates in
regulating inflammation and NAFLD progression. Several FXR agonists are identified and both experimentally
and clinically proved to be optimistic in preventing and
treating NAFLD, indicating FXR quite a therapeutic target for NAFLD.
Xu JY, Li ZP, Zhang L, Ji G. Recent insights into farnesoid X receptor in non-alcoholic fatty liver disease. World J Gastroenterol
2014; 20(37): 13493-13500 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i37/13493.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i37.13493

Abstract
Non-alcoholic fatty liver disease (NAFLD) is the hepatic
manifestation of metabolic syndrome and is one of the
most prevalent liver disorders worldwide. NAFLD can
gradually progress to liver inflammation, fibrosis, cirrhosis and even hepatocellular carcinoma. However,
the pathogenesis of NAFLD is complex, and no efficient
pharmaceutic treatments have yet been established for
NAFLD. Accumulating data have shown that the farnesoid X receptor (FXR) plays important roles not only in
bile acid metabolism, but also in lipid and carbohydrate
homeostasis, inflammatory responses, among others.
In this review, we aim to highlight the role of FXR in
the pathogenesis and treatment of NAFLD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Farnesoid X receptor; Non-alcoholic fatty
liver disease; Mechanism; Therapy; Lipid metabolism
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is characterized by the presence of lipid droplets in hepatocytes
in the absence of alcohol consumption. The spectrum
of NAFLD is from simple steatosis to non-alcoholic
steatohepatitis (NASH) and eventually cirrhosis and
hepatocellular carcinoma (HCC). NAFLD is affecting
15%-40% of the general population[1], and among them
at least 10%-20% would develop to NASH[2], which is a
potentially serious condition with poor prognosis. NASH
is currently the most rapidly growing indication for liver
transplantation (LT) in patients with HCC in the United
States, and is predicted to become the leading indication
for LT in the near future[3]. A recent large cohort study
indicated that the prevalence of colorectal malignant neoplasm is also closely associated with NAFLD[4].

13493

October 7, 2014|Volume 20|Issue 37|

Xu JY et al . Recent insights into FXR in NAFLD

Frequently, NAFLD clusters with metabolic abnormalities, including type 2 diabetes, obesity, hypertension,
hyperlipidemia, etc. Growing evidence has suggested that
NAFLD is associated not only with liver-related mortality and morbidity but also with an increased incidence of
chronic kidney disease[5,6], cardiovascular disease[5,7] and
aortic valve sclerosis[8]. NAFLD is thus becoming a major health issue. To date, no optimal treatment has been
found, underscoring the need for further efforts in elucidating the pathogenesis of NAFLD and distinguishing
effective pharmacological therapies.
Farnesoid X receptor (FXR) is a ligand-activated
transcription factor belonging to the nuclear hormone receptor superfamily, it is abundantly expressed in the liver,
intestine, kidney, and adrenal cortex, while low levels of
FXR have been detected in a variety of tissues including the heart, lung, adipose tissue, etc[9,10]. It was initially
thought to be the receptor of intermediate metabolites,
farnesol, from which the name “Farnesoid X receptor”
was derived. In 1999, bile acids (BAs) were found as the
natural ligands of FXR, which has since been known as
bile acid receptor[11]. As a transcription factor, it binds to
DNA either as a monomer or as a heterodimer with a
common partner-retinoid X receptor (RXR) to regulate
the expression of various genes involved in BA, lipid and
glucose metabolism[12,13].
It has been observed that hepatic expression of FXR
is decreased in NAFLD patients, which is associated with
hepatic triglyceride (TG) accumulation and hepatic steatosis[14], FXR deficiency animal models display hepatic
steatosis, hyperlipidaemia, hyperglycemia, BA overload,
inflammation and fibrosis[15-18]. However, these can be
improved by FXR activation[19,20], indicating FXR could
be a key regulator of metabolic homeostasis. Thus FXR
appears to be a promising target for the treatment of
NAFLD.

POTENTIAL PATHOGENESIS OF NAFLD
The pathogenesis and progression of NAFLD are multifactorial and not quite so clear, while generally explained
by the “two-hit” theory[21]. The “first hit” is hepatic fat
accumulation owing to increased hepatic de novo lipogenesis (DNL) and fatty acid uptake, inhibition of fatty acid
β oxidation (FAO), impaired TG clearance and decreased
very-low-density lipoprotein (VLDL) export[22]. Oxidative
stress and subsequent inflammation are key factors of the
“second hit”, which ultimately cause further liver damage.
Studies have shown that multiple parallel hits, including
genetic differences, intestinal microbiota, adipose-derived
cytokines and so on account for the progression of
NAFLD[23].
Loss of the body’s ability to retain excess lipids in
“classical” adipose tissue stores can lead to the overdevelopment of ectopic fat deposition, often creating severe
perturbations of both glucose and lipid homeostasis[24].
Excessive fat accumulation in the liver is recognized as
a pathological state. Hepatic ectopic fat deposition, es-
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pecially TG, cholesterol and fatty acid eventually lead to
disordered hepatic lipid metabolism.
TG derives from the esterification of free fatty acid
(FFA) that may come from dietary fats, adipose tissue
and DNL, and can be used for energy through FAO in
mitochondria. Hepatic TG lipolysis is mediated by lipases,
which release FFA for oxidation. After synthesis, hepatic
TG may be stored as lipid droplets or packaged with
ApoB into VLDL and then secreted into circulation[25].

MECHANISMS OF FXR IN NAFLD
Although inappropriate lipid metabolism, insulin resistance, and inflammation represent important risk factors
for the development of NAFLD, the precise mechanisms
controlling disease pathogenesis remain largely undefined. Recent studies on FXR have provided new opportunities to elucidate the pathogenesis of NAFLD, and the
beneficial role of FXR on NAFLD is through multiple
mechanisms.
FXR in regulating bile acid metabolism
BAs are the end products of cholesterol catabolism, produced in the liver, then secreted into the bile canaliculi
and subsequently stored in the gall bladder. After ingestion of food, bile flows into the duodenum, where it contributes to the absorption of dietary lipid and fat-soluble
vitamins. Most of these BAs (95%) are then reabsorbed
from the terminal ileum and transported back to the liver
via the portal vein, which is known as enterohepatic circulation. Only about 5% of them escapes from reabsorption per cycle and expels from the body in the feces[9,10,26].
BA synthesis via two different pathways: the classical
pathway and alternative pathway. Two primary BAs cholic
acid (CA), chenodeoxycholic acid (CDCA) are the end
products of these two pathways. Secondary BAs deoxycholic acid (DCA) and lithocholic acid (LCA) are derived
from primary BAs in the intestine by bacterial enzymes.
Three enzymes play major regulatory roles in these
two pathways. Cholesterol 7α-hydroxylase (CYP7A1)
is the rate-limiting enzyme in the classical pathway,
whereas sterol-27 hydroxylase (CYP27A1) is the first
enzyme in the alternative pathway, followed by sterol 12
[10,26]
. Several members particiα-hydroxylase (CYP8B1)
pate in bile acid transport and enterohepatic circulation.
The bile salt export pump (BSEP) is mainly responsible
for bile acid transport at the canalicular membrane. Na+dependent taurocholate transporter (NTCP) is responsible for basolateral bile acid transport into the hepatocytes. BAs are reabsorbed mostly in the terminal ileum,
and are mainly mediated by the apical sodium-dependent
bile salt transporter (ASBT). Once absorbed into the enterocytes, BAs then bind the intestinal bile acid binding
protein (I-BABP) and are transported to the basolateral
membrane for secretion[27].
Although BAs have many physiological roles, abnormal high levels of BAs would increase the risk of
hepatotoxicity, because they can cause oxidative stress,
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inflammation, necrosis, and eventually fibrosis and cirrhosis[28,29], which are key roles of the pathogenesis of
NAFLD. On the other hand, they also function as signaling molecules and metabolic regulators that activate
dedicated BA receptors such as FXR to protect against
toxic accumulation of BAs, and regulate hepatic lipid,
glucose, and energy homeostasis and maintain metabolic
homeostasis[10,30].
FXR plays a central role in bile acid homeostasis by
regulating genes involved in bile acid synthesis, secretion
and reabsorption. FXR inhibits de novo BA biosynthesis
through up-regulation of the small heterodimer partner
(SHP), which interacts with and represses the transcriptional activator, liver related homolog 1 (LRH-1) and
hepatocyte nuclear factor-4α (HNF-4α), thus bind to the
CYP7A1 gene promoter, and inhibiting CYP7A1 gene
transcription[31,32]. Additionally, FXR can induce intestinal
fibroblast growth factor 19 (FGF19) in humans, as well
as FGF15, the mouse ortholog of human FGF19, which
then activate the cell-surface receptor, FGF receptor 4
(FGFR4), to eventually inhibit CYP7A1 gene transcription and bile acid synthesis intracellular via intracellular
Jun N-terminal kinase (JNK) pathway[33-36]. FXR encompasses the regulation of the enterohepatic circulation.
Through up-regulation of BSEP and multidrug resistance
protein 2 (MRP2, human canalicular bilirubin conjugate
export pump) and inhibition of NTCP, FXR reduces hepatocellular BA levels by stimulating bile acid secretion at
the canalicular membrane and limit bile acid uptake from
the portal circulation[37-39]. FXR is also able to induce alternative basolateral BA transport through organic solute
transporter α/β (OSTα/β), to efflux BAs to systemic
circulation and, subsequently, are eliminated by renal excretion[38,40]. Given the above, FXR regulates the synthesis
and export of BAs, hence activation of FXR can protect
against the liver from toxic accumulation of BAs.
FXR on cholesterol metabolism
In recent years, the role of FXR in cholesterol metabolism has been widely explored. Emerging experimental
and clinical evidence has linked altered hepatic cholesterol homeostasis and free cholesterol (FC) accumulation
to the risk and severity of NAFLD and the pathogenesis
of NASH[41]. It is considered that hepatic accumulation
of cholesterol rather than TG may play a critical role in
the NAFLD progression[42].
In hepatocytes, cholesterol homeostasis pathways
include cholesterol de novo synthesis, uptake in the form
of low density lipoprotein (LDL) and chylomicron remnants, excretion into the blood in the form of VLDL,
excretion and uptake through bile, and synthesis of BAs
and their excretion[42]. Since FXR is a key regulator of
bile acid metabolism, it is also critical in maintaining
cholesterol homeostasis. FXR deficiency mice display increased levels of hepatic and serum cholesterol[43,44], and
FXR negatively regulates cholesterol levels via various
mechanisms.
LDL receptor (LDLR), the scavenger receptor class
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B type I (SR-BI) and cluster differentiation protein-36
(CD-36) are involved in hepatic cholesterol uptake. Increased LDLR and CD-36 expression, and decreased SRBI expression are detected in NAFLD, which correlates
with the severity of steatosis[45]. Activation of FXR represses the expression of proprotein convertase subtilisin/kexin type 9 (PCSK9), an inhibitor of LDLR, thus increases LDLR activity, and potentiates the hypolipidemic
effect of statins[46]. SR-BI is critical for reverse cholesterol
transport by transporting high-density lipoprotein (HDL)
cholesterol into liver where a part of the cholesterol is metabolized to BAs[47,48]. FXR null mice exhibit reduced SRBI expression[44]. A recent study showed that FXR positively regulates SR-BI expression, and three binding sites
in the first intron of the SR-BI gene were identified[47].
Meanwhile, FXR induced reduction of CD36 also effectively prevents liver from steatosis[49]. In the liver, FXR enhances ATP-binding cassette G member 5 and member 8
(ABCG5/G8) expression, a heterodimeric cholesterol efflux transporter, which accounts for increased cholesterol
excretion[50]. Collectively, FXR inhibits cholesterol uptake
and synthesis and promotes cholesterol excretion, eventually improves cholesterol overload.
FXR in mediating fatty acid and triglyceride metabolism
Hepatic steatosis is the hallmark of NAFLD due to an
imbalance between TG synthesis and clearance. From a
liver centric point of view, this imbalance results from
abnormalities in one or more of the following four processes: (1) hepatic uptake of fatty acid, lipoprotein and
glucose; (2) de novo TG synthesis; (3) TG degradation
and FAO; and (4) lipoprotein secretion in the form of
VLDL[51].
FXR has shown considerable impact on lipogenesis.
Hepatic lipogenesis is mainly regulated by sterol regulatory element binding protein 1c (SREBP-1c), which is
known as the master regulator of lipid biosynthesis and
regulates the expression of several genes involved in lipogenesis[52]. FXR activation can inhibit the expression of
SREBP-1c and its target enzymes, such as fatty acid synthase (FAS), stearoyl-coenzyme A desaturase 1 (SCD-1)
and acetyl-CoA carboxylase (ACC), and prevent excessive
fatty acid synthesis and overproduction of TG[19,53,54].
FXR null mice develop hepatic steatosis and hypertriglyceridemia[55]. In NAFLD patients, decreased expression
of hepatic FXR also displays elevated TG synthesis, due
to increased expression of SREBP-1c[14]. FXR activation
effectively prevents hepatic TG accumulation; the underlying mechanisms may be due to FXR-mediated SHP
activation, thus suppressing the expression of SREBP-1c
and its lipogenic target genes[18]. Other mechanisms independent of the FXR-SHP-SREBP-1c pathway may also
contribute to FXR-mediated TG homeostasis[25].
FXR also demonstrates an ability to enhance TG
clearance. FXR is known to induce apolipoprotein C-II
(Apo C-II) and apolipoprotein AIV (Apo AIV) and inhibit apolipoprotein C-III (Apo C-III) and angiopoietinlike 3 expression, thus activating lipoprotein lipase (LPL)-
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mediated lipolysis of TG rich lipoproteins[56]. Peroxisome
proliferator-activated receptor alpha (PPARα) is a key
regulator of FAO and activation of FXR induces the
expression of PPARα and its target gene, carnitine palmitoyltransferase 1 (CPT1), the rate-limiting enzyme in
FAO[57]. Furthermore, FXR activation by natural and
synthetic BAs increases the expression and secretion of
fibroblast growth factor 21 (FGF21), which has been
reported to profoundly reduce hepatic TG levels via inhibition of SREBP-1c[58,59]. Furthermore, FGF21 induces
gluconeogenesis, FAO, and ketogenesis in the liver[60].
In addition, FXR-induced hepatic expression of
aldo-keto reductase B7 (Akr1b7) has revealed a striking effect on ameliorating hepatic lipid accumulation in
db/db mice[61]. A recent study showed that hepatic carboxylesterase 1 (CES1) plays a key role in regulating both
normal and FXR-controlled lipid homeostasis. Overexpression of hepatic CES1 lowered hepatic TG, while
knockdown of hepatic CES1 increased hepatic TG and
plasma cholesterol levels. These effects likely resulted
from the TG hydrolase activity of CES1. Activation of
FXR induced hepatic CES1, and reduced the levels of
hepatic and plasma TG as well as plasma cholesterol in
a CES1-dependent manner[62]. Lu et al[63] have identified
YY1 as a novel transcription factor involved in hepatic
TG metabolism in obesity. YY1 expression is markedly
up-regulated in HFD-induced obese mice and NAFLD
patients. YY1 suppresses FXR expression via interaction
with the YY1 binding site at the first intron of the FXR
gene. Liver-specific ablation of YY1 ameliorates liver TG
accumulation in obese mice.

has been explained via negatively mediating the nuclear
factor kappa-B (NF-kB) pathway[64]. Additionally, in the
intestine, FXR is required to improve biliary obstruction,
inhibit bacterial overgrowth, mucosal injury and bacterial translocation[65]. Another anti-inflammatory effect of
FXR involves induction of suppressor of cytokine signaling 3 (SOCS3) that inhibits signal transducer and activator of transcription (STAT3) signaling[66]. Recently, Peng
et al[67] identified RECK, a membrane-anchored inhibitor
of MMP-9, as a novel target gene of FXR in mouse liver.
Whether the FXR agonist attenuates hepatic inflammation and fibrosis in a mouse NASH model through the
FXR-RECK-MMP-9 cascade still needs further investigation. On the other hand, cholesterol over-intake and BAs
accumulation are correlated with the onset and severity in
NASH, while the role of FXR in the process need to be
further clarified[68].
Some microRNAs have been found to be target genes
of FXR, and regulate the process of liver fibrogenesis.
FXR-mediated miR-29a up-regulation in hepatic stellate
cells (HSCs) leads to decreased amounts of extracellular matrix, and thus protects against liver fibrosis[69].
In another study, liver tissues from patients with severe
fibrosis are found to have lower levels of FXR and liver
kinase B1 (LKB1) with up-regulated miR-199a-3p. FXR
is further confirmed to protect hepatocytes from injury
by repressing miR-199a-3p and thereby increasing levels
of LKB1[70]. Taken together, the anti-inflammatory actions of FXR are obtained from intra-hepatic and extrahepatic mechanisms, more experiments are needed to
elucidate the molecular mechanisms under the actions.

FXR and inflammation
Inflammation and fibrosis are main pathological manifestations of NASH. Recently, it has become clear that FXR
can down-regulate genes involved in inflammation. FXR
deficiency is considered as a significant risk factor in the
development of NASH. LDLR-/-/FXR-/- mice fed a highfat diet (HFD) display higher levels of pro-inflammatory
and pro-fibrogenic cytokines, such as tumor necrosis
factor α (TNF α ), intercellular adhesion molecule-1
(ICAM-1), α-smooth muscle actin (α-SMA), tissue inhibitor of metalloproteinase (TIMP)-1, transforming
growth factor (TGFβ), procollagen 1α1 and type 1 collagen compared to LDLR-/-/FXR+/+ mice[16]. These studies indicated that activation of FXR may be a therapeutic
target in curing NASH.
Indeed, FXR activation appears to protect mice
against methionine and choline-deficient (MCD) dietinduced NASH. The reduction in inflammatory cell infiltration and hepatic fibrosis correlated with decreased levels of hepatic inflammation markers such as keratinocyte
derived chemokine (mKC), MCP-1, VCAM-1, etc, and
fibrosis markers such as TIMP-1, α1(I) collagen, α-SMA,
TGF-β1, matrix metalloproteinase 2 (MMP-2) and α2(I)
collagen[20]. Furthermore, the observation that FXR null
mice are more susceptible to LPS-induced liver injury,
indicating a direct anti-inflammatory role of FXR, which

Other possible mechanisms
Type 2 diabetes is an established risk factor for development of hepatic steatosis and NAFLD. Indeed, the
prevalence of NAFLD is higher in patients with type 2
diabetes[71]. Several animal studies have shown that FXR
activation can improve insulin sensitivity and downregulate phosphoenoylpyruvate kinase (PEPCK) and
glucose-6-phosphatase (G-6-Pase), two key enzymes in
gluconeogenesis[17,49]. Activation of FXR is also reported
to induce the phosphorylation of glycogen synthase kinase 3β (GSK3β) to enhance glycogen storage in db/db
mice[72]. FXR also has a novel role in promoting liver
regeneration/repair after liver damage, including physical
resection or toxic injury[73]. Apart from this, research has
addressed the role of FXR on oxidative stress. FXR-null
mice generated enhanced oxidative stress, which may be
attributable to a continuously high level of hepatic BAs.
On the other hand, FXR activation appeared to repress
CYP2E1 expression and attenuate oxidative stress, thus
ameliorating liver injury in a murine model of alcoholic
liver disease (ALD)[74,75]. FXR is proved to have anti-atherosclerotic effects as well[76]. Recently, down-regulation
of hepatic FXR expression by endoplasmic reticulum
(ER) stress has been proposed to be in close association
with aging-induced fatty liver in mice, mainly through
inhibition of hepatocyte nuclear factor 1 alpha (HNF1α)
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transcriptional activity[53]. In general, these findings suggest extra mechanisms of FXR in treating NAFLD.

FXR AGONISTS IN TREATING NAFLD
Up to date, no efficient treatments are available for management of NAFLD. As FXR plays critical roles in mediating metabolic homeostasis and inhibiting inflammatory
response, it is emerging as an ideal target for treatment of
NAFLD. Numerous natural, semisynthetic, and synthetic
FXR agonists have shown protective role in animal models and patients with NAFLD.
GW4064 is a non-steroidal synthetic FXR agonist.
Activation of FXR by GW4064 suppressed weight gain
and attenuated hepatic inflammation in C57BL/6 mice
fed with either HFD or high-fat and high-cholesterol
diet. GW4064 treatment also repressed diet-induced hepatic steatosis as evidenced by lower TG and FFA level
in the liver, possibly due to markedly reduced lipid transporter CD36 expression. In this model, GW4064 improved hyperinsulinemia and hyperglycemia via decreasing PEPCK and G6pase[49]. Adiponectin and its receptors
are two important factors in treatment of NAFLD. A
recent study showed that treatment of GW4064 can upregulate the expression of PPARγ2, adiponectin, adiponectin receptor 2 (adipoR2) in 3T3-L1 preadipocytes and
adipoR2 in HepG2 cells, indicating that FXR agonist has
a therapeutic potential in NAFLD[77]. GW4064 strongly
induced FGF19 and inhibit CYP7A1, in which the hepatic FGF19/FGFR4/Erk1/2 pathway played a key role,
which is independent of SHP. In addition to inducing
FGF19 in the intestine, BAs in hepatocytes may activate
the liver FGF19/FGFR4 signaling pathway to inhibit BA
synthesis and prevent accumulation of toxic bile acid in
human livers[35].
Obeticholic acid (OCA or INT-747, 6 α -ethylchenodeoxycholic acid) is a semisynthetic derivative of
the primary human bile acid chenodeoxycholic acid, and
the natural agonist of FXR. Administration of OCA reversed hepatic steatosis and insulin resistance in Zucker
(fa/fa) obese rats, protecting against body weight gain and
fat deposition in liver and muscle, due to FXR-induced
lipogenesis and gluconeogenesis decrease[19]. OCA can
inhibit NF-κB-mediated hepatic inflammation, however,
the anti-inflammatory effect of OCA are not liver-specific, OCA treatment can also reduce intestinal inflammation and permeability in experimental models of colitis[78].
Also, in primary rat HSCs, 6E-CDCA reduced thrombininduced up-regulation of α1 (I) collagen, α-SMA and
TIMP-1/2 mRNA expression and protected against
fibrosis[79]. In a phase 2 clinical trial in patients with type
2 diabetes mellitus and NAFLD (ClinicalTrials.gov, No.
NCT00501592), administration of 25 or 50 mg OCA
for 6 wk was well tolerated. OCA was found to increase
insulin sensitivity and significantly decrease levels of
γ-glutamyltransferase and alanine aminotransferase (ALT).
Markers of liver inflammation and fibrosis were also decreased in these patients[80].
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WAY-362450, a synthetic potent FXR agonist, could
attenuate hepatic inflammation and fibrosis in MCD diet
induced NASH mice[20]. WAY-362450 treatment was also
found to attenuate oxidative stress in a murine model of
ALD[75]. Furthermore, treatment of obese db/db mice
with INT-767, a dual FXR/TGR5 (a G-protein-coupled
bile acid receptor) agonist, significantly improved the
histologic features of NASH, resulted from recruitment of anti-inflammatory Ly6Clow monocytes to the
liver, directly down-regulated the expression of Ly6C on
bone-marrow derived monocytes and decreased production of pro-inflammatory cytokines by macrophages. In
addition, INT-767 increased interleukin (IL)-10 production and enhanced hepatic expression of genes associated with alternatively activated macrophages. The data
suggested INT-767 as a potential treatment target of
NAFLD due to coordinating the immune phenotype
of monocytes and macrophages[81]. In another study,
INT-767 treatment markedly decreased cholesterol and
TG levels in diabetic mice[82].

CONCLUSION
The data presented suggest that FXR plays crucial roles
in mediating multiple target genes associated with bile
acid, lipid and glucose metabolism and has beneficial effects on inflammation response, thus can partly interpret
the pathogenesis of NAFLD. Accumulative data prove
that targeting FXR may be beneficial in the prevention and treatment of NAFLD. However, some reports
showed opposite results. For instance, the role of FXR
in regulating HDL metabolism is still under debate, and
need to be further evaluated. Some studies demonstrated
different results, as FXR-/- mice had increased plasma
HDL-cholesterol[44], and blockage of FXR activity also
displayed reduced serum LDL levels and increased HDL
levels [83], while activation of FXR by GW4064 suppressed apolipoprotein A-I transcription and reduced
serum HDL levels[84]. On the other hand, FXR deficiency
was shown to protect from excessive body weight gain
in both genetic (ob/ob) and diet-induced obesity murine
models and improve hyperglycemia and impaired glucose
tolerance[85]. The same result also emerged in aging FXR
deficient mice, and the reduced body weight gain is most
likely explained by the increased energy expenditure[15].
In line with this, another study showed that activation of
FXR with GW4064 was not useful for long term management of the metabolic syndrome, as it reduced the BA
pool size and subsequently decreased energy expenditure,
translating as weight gain and insulin resistance[86].
In summary, research on FXR has provided new opportunities to elucidate the pathogenesis of NAFLD and
to develop effective treatment. Although activation of
FXR by specific agonists could be an attractive pharmacological strategy for managing NAFLD, attention needs
to be paid to several undesirable contradictory results,
which remain to be elucidated. Since most evidence
comes from preclinical studies, more clinical evidence is
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urgently needed to establish treatments of FXR agonists
for NAFLD.
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Abstract
Extraintestinal manifestations of inflammatory bowel
disease (IBD) are a systemic illness that may affect up
to half of all patients. Among the extraintestinal manifestations of IBD, those involving the lungs are relatively rare and often overlooked. However, there is a wide
array of such manifestations, spanning from airway
disease to lung parenchymal disease, thromboembolic
disease, pleural disease, enteric-pulmonary fistulas,
pulmonary function test abnormalities, and adverse
drug reactions. The spectrum of IBD manifestations in
the chest is broad, and the manifestations may mimic
other diseases. Although infrequent, physicians dealing with IBD must be aware of these conditions, which
are sometimes life-threatening, to avoid further health
impairment of the patients and to alleviate their symptoms by prompt recognition and treatment. Knowledge
of these manifestations in conjunction with pertinent
clinical data is essential for establishing the correct diagnosis and treatment. The treatment of IBD-related
respiratory disorders depends on the specific pattern
of involvement, and in most patients, steroids are required in the initial management. Corticosteroids, both
systemic and aerosolized, are the mainstay therapeutic
approach, while antibiotics must also be administered in
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the case of infectious and suppurative processes, whose
sequelae sometimes require surgical intervention.
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Core tip: The clinicopathological patterns of pulmonary involvement in inflammatory bowel disease (IBD)
consist of airway disease, lung parenchymal disease,
thromboembolic disease, pleural diseases, entericpulmonary fistulas, and pulmonary function test abnormalities. The treatment of IBD-related respiratory disorders depends on the specific pattern of involvement,
and in most patients, steroids are required in the initial
management. This review focuses on the pulmonary
manifestations of IBD in an attempt to avoid further health impairment and to alleviate symptoms by
prompt recognition and treatment.
Ji XQ, Wang LX, Lu DG. Pulmonary manifestations of inflammatory bowel disease. World J Gastroenterol 2014; 20(37):
13501-13511 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13501.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13501

INTRODUCTION
Inflammatory bowel diseases (IBDs) are chronic inflammatory diseases of unknown etiology that commonly
involve the gastrointestinal tract[1]. Crohn’s disease (CD)
and ulcerative colitis (UC) are the two main forms of
chronic IBD. Extraintestinal and systemic manifestations
occur commonly in patients with IBD (21%-41%)[2-4], increase with duration of intestinal disease, and affect most
organ systems[5]. The extraintestinal manifestations are
a significant cause of morbidity and may be particularly
distressing for the patient[6]. Extraintestinal manifestations are more common in CD and may include cutane-
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ous (pyoderma gangrenosum and erythema nodosum),
ocular (anterior uveitis and episcleritis), hepatic (pericholangitis and fatty liver), and articular (peripheral and
axial arthropathies) diseases[7]. Mouth ulcers and venous
thrombosis also occur[8]. In contrast, pulmonary involvement is rare[9,10].
A possible link between UC and respiratory disease
was described first by Turner-Warwick[11] in 1968, but it
was not until the work of Kraft et al[12] in 1976 that respiratory involvement came to be included in the list of
established complications of IBD. The authors described
six adult patients with IBD who developed chronic bronchial suppuration with or without bronchiectasis. Following this report, many investigators described a similar
pattern, and other manifestations of pulmonary involvement were described, including: interstitial pneumonitis,
panbronchiolitis, bronchiolitis obliterans organizing
pneumonia (BOOP), inflammatory tracheal stenosis, serositis, pulmonary vasculitis, apical fibrosis, Langerhan’s
cell histiocytosis, sarcoidosis, and conditions resembling
Wegener’s granulomatosis[13-23]. Respiratory diseases occurring in IBD may consist merely of a subclinical abnormal lung function or, in contrast, they may manifest
as clear interstitial lung disease[15].
Pulmonary alterations are often overlooked, especially
when respiratory symptoms are already present before
the diagnosis of IBD. The true prevalence of lung involvement in IBD remains unknown and it seems rather
variable, because in some series only a few cases of respiratory complications have been found[24]. However, it can
be difficult to establish a relationship between respiratory
diseases and IBD in patients who are already affected
with pulmonary disease at diagnosis of IBD, or who are
current smokers.
An ongoing bowel inflammation is not a prerequisite
for the onset of respiratory alterations, because bronchopulmonary diseases that develop after colectomy have
been reported[25]. Pulmonary abnormalities in IBD can
present years after the onset of the bowel disease and
can affect any part of the lungs. These may be overt or
subclinical and do not correlate with the duration of IBD.
The pulmonary manifestations are variously reported as
occurring frequently during active disease, independent of
disease activity, and even in post-colectomy patients[26,27].
The pathogenesis of IBD causing lung abnormalities
involves some of the following mechanisms: both the colonic and respiratory epithelia share an embryonic origin
from the primitive foregut and have columnar epithelia
with goblet cells and submucosal mucus glands; the lungs
and gastrointestinal tract contain submucosal lymphoid
tissue and play crucial roles in host mucosal defense[28,29].
The similarity in the mucosal immune system causes the
same pathogenic changes that may result from epithelial
exposure to common antigens by inhalation and ingestion, leading to sensitization of the lymphoid tissue and
inflammation[13]. The activated inflammatory cells in the
bowel tissues are capable of producing several circulating
cytokines such as interleukin (IL)-1, IL-2 and IL-6 and
tumor necrosis factor (TNF)-α. These and other media-
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tors can regulate the endothelial cell adhesion molecules,
alter leukocyte migration, increase production of damaging reactive oxygen metabolites, and induce damage of
lung parenchyma[6,30,31].
Although pulmonary involvement is well described
in the literature, the evaluation and treatment of pulmonary disease associated with IBD remain a problem. The
pulmonary associations of IBD are poorly characterized
and early recognition is important[32]. Here, we review the
pulmonary manifestations that are associated with IBD.

PULMONARY DISEASES ASSOCIATED
WITH IBD
Airway diseases
Airway disease from the trachea to the bronchioles has
been reported in association with IBD[29,33-50]. IBD was
four times more prevalent among patients with airways
disease compared with published local IBD prevalence
in a retrospective analysis of outpatients over a 10-year
period[51]. The pathogenesis of IBD-related airway disease is unknown, but it is clearly inflammatory in nature.
Severe tracheal inflammation and obstruction are rare
manifestations of IBD and correspond to the presence
of irregularly friable and hemorrhagic tissue at endoscopy[52]. The tracheal epithelium is often ulcerated and is
replaced by a thin layer of fibrin. The main symptoms
are coughing, dyspnea, stridor and hoarseness[42]. Upper
airway involvement comprises glottic/subglottic stenosis,
tracheal inflammation and stenosis[13,40,42,43]. Most of this
rare entity involves the trachea, presenting with shortness of breath, dysphonia, and cough[45,46,53]. It can often
be identified by history, complemented by a clear X-ray
film and obstructive pattern on pulmonary function
testing. Laryngoscopic evaluation is necessary because
airway compromise can occur. The mucosa may exhibit
a cobblestone appearance similar to that seen in affected
intestines[54]. Chest radiographs and computed tomography (CT) may show narrowing of any portion of the
trachea, with circumferential tracheal wall thickening on
CT[27]. No predilection seems to exist for specific gender
or type of bowel disease.
Large airway disease, strongly associated with UC[18],
is the most common presentation of pulmonary manifestations. Bronchial inflammation and suppuration are the
most common manifestations of pulmonary involvement
in IBD and include chronic bronchitis and bronchiectasis
in which bronchial dilatation is visualized on chest X-ray
or CT scan. Bronchiectasis is the most commonly reported entity and is noted in 66% of cases of IBD involving
the large airways[13,34,35,39,50]. Infrequently, in IBD patients
developing new, persistent and unexplained symptoms of
respiratory disease, particularly chronic productive cough,
the presence of bronchiectasis may be demonstrated[18].
The majority of patients with bronchiectasis have UC.
IBD is inactive in many cases and curiously, in 60% of
patients, the symptoms develop a few days to a few weeks
following colectomy[39,42,55]. The second most common
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large airway disease in IBD is chronic bronchitis, which
is distinguished from bronchiectasis only by the degree
and extent of pulmonary abnormality[56], and further abnormalities include suppurative large airway disease and
acute bronchitis. The main symptom is chronic cough
with purulent sputum poorly responsive to antibiotics[57].
Bronchial biopsy shows similar features: squamous cell
metaplasia in the mucosa that is sometimes infiltrated by
neutrophils and a dense cuff of lymphocytes and plasma
cells infiltrating the submucosa[8].
Clinically, small airway disease is less frequently reported and is described as occurring in isolation from
large airway disease. However, the recent advent of highresolution CT has increased the detection of small airway involvement in these patients. These abnormalities
seem to occur earlier in the course of the disease and at
a younger age than large airway disease[41,47-49,58-60]. Moreover, small airway disease is more frequently apparent before the onset of IBD than other airway diseases[48]. CT
shows bronchiolar wall thickening, mucoid impaction,
centrilobular ground-glass nodules, and mosaic attenuation because of air trapping, and some patients have normal pulmonary function test (PFT) findings[32].
Bronchiolitis is an inflammatory and potentially fibrosing condition affecting mainly the intralobular conducting and transitional small airways[61]. Among small airway diseases are associated with IBD, bronchiolitis is the
most frequently detected[62,63]. Chronic bronchiolitis contributes to morbidity and/or mortality if it persists and/
or progresses to diffuse airway narrowing and distortion
or complete obliteration. Bronchiolitis in specific settings
leads to bronchiolectasis, resulting in bronchiectasis. The
main symptoms of bronchiolitis associated with IBD include mild productive cough and chronic bronchorrhea;
wheezes are heard at auscultation. Small airway involvement can precipitate abnormalities on PFTs. Histological
samples show varied patterns ranging from nonspecific
fibrosing and stenosing bronchiolitis to an inflammatory
lesion indistinguishable from the original description of
panbronchiolitis[8]. The CT appearances coupled with the
evaluation of pulmonary function parameters usually lead
to the diagnosis.
In IBD-related large airways disease, steroid drugs
are effective, but recommendations for their use including dosage, duration and route of administration remain
empirical. Steroids are the major therapy although some
patients do not require systemic therapy. Clinical improvement with inhaled steroids alone or in combination
with systemic steroids has been reported[8,29,43,64]. Ineffectiveness of inhaled corticosteroids may be due to airways
filled with inspissated secretions, in which case either
topical corticosteroids via bronchoalveolar lavage (BAL)
or systemic corticosteroids are recommended[57]. Broadly
speaking, inhaled steroids seem more effective and are
better tolerated than oral steroids. Rarely, other forms of
immunomodulation have been used to treat IBD-related
airway disease[65]. Small airway disease is usually refractory
to inhaled steroids, and the improvement brought about
by oral steroids ranges from slight to modest[8]. Lung
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transplantation has been required in some cases. Surgery
of the colon, which may aggravate prior airway disease[37],
is not recommended for treatment of airway disease.
Lung parenchymal diseases
Lung parenchymal disease associated with IBD is relatively uncommon. Analysis of diffuse lung disease in
IBD patients is further confounded by documented
pulmonary sequelae to various medical therapies used to
treat IBD. In contrast to other extraintestinal manifestations, lung parenchymal disease associated with IBD is
seen more commonly with UC than CD[8]. Age of onset
varies, and there is a slight female predominance.
BOOP is the most commonly reported parenchymal
manifestation of IBD[63,66-69]. BOOP is often caused by
inhalation injury, or results from a post-infection origin
or drugs and may present acutely or subacutely with fever, cough, dyspnea and pleuritic chest pain[15,70,71]. Chest
radiography shows focal to diffuse peripheral predominant airspace opacities. CT shows scattered, nonsegmental, unilateral, or bilateral foci of consolidation, ill-defined
centrilobular nodules, and large irregular nodules. It can
be associated with other autoimmune diseases such as
rheumatoid arthritis, lupus and Wegener’s granulomatosis. Dyspnea and cough are the most common presenting
symptoms. Systemic steroids are recommended for treatment but BOOP may also remit without treatment in a
minority of cases[13].
Other forms of parenchymal disease that may be
related to IBD or drug toxicity are eosinophilic pneumonia and nonspecific interstitial pneumonitis. Although
interstitial disease most commonly involves drug-induced
reactions with mesalamine and sulfasalazine, a small
number of unrelated cases of fibrosing alveolitis and
eosinophilic pneumonia have been reported [72-77]. On
CT, peripheral consolidation predominates in cases of
eosinophilic pneumonia, whereas nonspecific interstitial
pneumonitis shows ground-glass opacities, interlobular
septal thickening, and irregular linear opacities[78]. The interstitial lung infiltrates have been proven histologically to
be either pulmonary vasculitis[79-81] or more often granulomatous disease[82-85].
Pulmonary nodules have been infrequently reported
in patients with IBD. Histologically, these lesions have
been reported to be necrobiotic, granulomatous, or otherwise[86]. Necrobiotic nodules, composed of sterile aggregates of neutrophils with necrosis, may also be seen in
rheumatoid arthritis, Wegener’s granulomatosis, or septic
pulmonary emboli, and should be differentiated from
malignancy and infection. An infectious origin should
be excluded because necrobiotic nodules will respond to
steroids but not to antibiotics. Sarcoidosis and CD are
both granulomatous diseases, of the lung and bowel, respectively. It is not surprising that these two diseases may
simultaneously appear in the same patient, with pulmonary involvement[87], even though this happens rarely and
the two diseases usually follow an independent clinical
course[88]. An infectious cause, specifically atypical Mycobacterium has been postulated to contribute to granuloma
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formation in both sarcoidosis and CD, and has even been
detected in tissues from patients with both diseases[89].
The manifestations of lung parenchymal disease in IBD
usually respond dramatically to inhaled and/or systemic steroids. Steroids administered orally lead to marked improvement in patients with interstitial lung disease, BOOP, pulmonary infiltrates with eosinophilia, and necrotic nodules.
Intravenous steroids are required in the initial management
of life-threatening complications such as extensive interstitial
lung disease. The addition of cyclophosphamide or infliximab may show rapid clinical and radiological response and
are well tolerated in some cases[90,91].
Thromboembolic diseases
IBD is a chronic inflammatory condition, characterized by microvascular and macrovascular involvement.
Inflammation and immune response could lead to endothelial dysfunction, which is the earliest stage of the
atherosclerotic process[92]. Chronically inflamed intestinal microvessels of IBD patients have demonstrated
significant alterations in their physiology and function
compared with vessels from healthy and uninvolved
IBD intestine[93]. Thromboembolism is an extraintestinal
manifestation and an important cause of mortality in
IBD[94]. The incidence of thromboembolic events in IBD
patients is three to four times higher than in age-matched
control subjects[95,96]. It happens at an earlier age than
in non-IBD patients. The majority of thromboembolic
events among IBD patients are venous thromboembolism, manifested as either deep venous thrombosis or
pulmonary embolism, but arterial thromboembolism
and venous thrombosis at unusual sites have also been
reported[97]. Prothrombotic risk factors in IBD patients
could be distinguished as acquired, such as active inflammation, immobility, surgery, steroid therapy, and use of
central venous catheters, and inherited[93].
The risk of thromboembolism appears to be multifactorial and related to mucosal inflammatory activity in most
patients. Pulmonary embolism should be always considered in IBD patients with breathing difficulties. However,
the diagnosis of venous and arterial thromboembolism is
extremely challenging and requires a high degree of vigilance. Deep vein thrombosis and pulmonary embolism
may be clinically silent or manifest with only a few specific
symptoms. Up to one-third of thromboembolic events in
this population occur while IBD is quiescent, suggesting
an unknown risk factor that is unrelated to treatment or
disease activity[13]. The pathogenesis of increased thrombotic risk among patients with IBD is unclear. About
80% of IBD patients have active disease when pulmonary
embolism occurs[98]. Early diagnosis plays a central role in
optimizing the therapeutic intervention and reducing the
risk of short-term and long-term thrombosis-associated
complications. The decision regarding the duration of
systemic anticoagulation must take into account the individual risk of intestinal bleeding[99].
Pleural diseases
Rarely, IBD involves the pleural space and pericardium,
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causing inflammatory exudative pleural and/or pericardial
effusions[100,101]. This is a relatively rare presentation of
the uncommon and probably under-reported and underrecognized pulmonary extraintestinal manifestations of
IBD[102]. Pleuropericardial inflammatory disease and effusion can be directly related to IBD, its complications,
associated infections, or the medications used to treat
it[103]. Most patients are young, male, and have UC during
the quiescent phase of the disease. The manifestations
of pleural disease can be classified as: pneumothorax[104],
pleural thickening[105], pleuritis, and pleural effusion[106].
Pleural fluid directly related to IBD is usually unilateral,
an exudate with neutrophils, and may be hemorrhagic.
Mesalazine may also induce lupus-like symptoms, such as
arthralgia, pericarditis, tamponade, and/or pleural effusion, with positive antinuclear antibody[107]. It is important
to evaluate pleural effusion and rule out other etiologies
before making this diagnosis. Pleural or pericardial biopsies are rarely necessary, and probably show nonspecific
acute and chronic inflammatory changes[103]. Although
the specific pathophysiology of pleuropericardial disease
in patients with IBD remains unclear, the response to
systemic steroids is usually adequate. However, pleural
drainage may be required occasionally.
Enteric-pulmonary fistulas
Fistula formation is frequent in CD and occurs in 33%
of patients[107]. Most of the fistulas appear in the perineal
area[108]; to date, only a few reports (mostly as single cases) are available on the occurrence of enteric-pulmonary
fistulas in IBD, such as colobronchial[109-112], ileobronchial[113], and esophagobronchial[114,115] fistulas. In most cases,
colobronchial fistulas extend from the splenic flexure in
the colon to the lower lobe of the left lung. This is likely
due to the anatomical proximity between the two structures. However, Mercadal et al[116] reported a rare case of
right-sided colobronchial fistula in a 47-year-old, severely
malnourished man with a history of regional enteritis and
recurrent right lower and middle lobe pneumonia, medically managed with the addition of the immunomodulator infliximab prior to surgery.
Diagnosis of fecopneumothorax is based on meticulous clinical examination and additional diagnostic
procedures. Recurrent pneumonia with feculent sputum
in patients with CD should raise suspicion of colobronchial fistula. Once the abnormal connections between the
bowel and respiratory tract are suspected, an enema using
water-soluble contrast medium certainly helps to confirm
the presence of fistulas[110]. Abdominal and thoracic CT
scan or magnetic resonance imaging could provide additional information about the stage of the disease and
exclude the presence of abscess or fluid collection in
the abdominal cavity. Colopleural fistula and fecopneumothorax are rare but life-threatening complications of
CD[117]. Surgical treatment is mandatory as soon as the
diagnosis is established[118].
Pulmonary function test abnormalities
PFT abnormalities are found frequently in patients with
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IBD without presence of any respiratory symptoms
and lung radiograph findings [20]. IBD patients show
significantly decreased lung function tests in comparison to healthy controls. In a review including over 600
patients with UC, more than 50% of patients showed
abnormal PFT results when compared to healthy controls, and the decrease in diffusion capacity of the lung
for carbon monoxide (DLCO) was the most common
defect[15]. Various studies testing pulmonary function in
patients with IBD have revealed a spectrum of abnormalities including restrictive disease, obstructive disease,
bronchial hyperresponsiveness and hyperinflation as well
as a decreased diffusion capacity of the lung[119-133]. The
severity and frequency of these PFT abnormalities that
are detected even in the remission periods increase with
disease activity. There is no difference between UC and
CD in PFTs[51], and smoking status is not predictive of
these abnormalities.
The most commonly described abnormality is a decrease
in lung diffusion capacity[66]. In most studies, this alteration
could not be predicted by current or past smoking status,
occupational history, or current medication use. Lung transfer factor for carbon monoxide abnormalities is related to
the degree of disease activity[122]. Pulmonary involvement in
IBD is often asymptomatic and detectable only at the time
of lung function investigation. This is further supported by
the finding of Wallaert et al[134] of a high proportion of latent
lymphocytic pulmonary alveolitis in the BAL of 18 consecutive patients with CD; all free from respiratory symptoms
and showing normal chest X-ray. Therefore, PFT may be
used as a noninvasive diagnostic procedure in determining
the activation of IBD and might aid early diagnosis of latent
respiratory involvement[135]. Early recognition is important,
because PFT abnormalities can be steroid responsive[136].
PFT studies in IBD suggest that subclinical pulmonary disease may be present in a large subpopulation of
patients. A high degree of suspicion is necessary to detect
the pulmonary abnormalities in IBD, because a large proportion of symptom-free patients have abnormal findings on pulmonary function testing. Although the mechanism of these abnormalities remains unclear, it may be a
result of the increased capacity of alveolar macrophages
to produce superoxide anions, which has been shown in
some patients with CD[137].

DRUG-RELATED LUNG DISEASES
Although drug-related diseases are not “proper” IBDassociated diseases, because IBD patients use several
drugs for prolonged periods of time, it is not surprising
that some of these may also cause problems to the lungs.
Therefore, this type of pathology must be kept in mind
for patients taking azathioprine (AZA), 6-mercaptopurine
(6-MP), sulfasalazine, mesalamine, methotrexate, and
anti-TNF-α.
AZA and 6-MP
AZA and 6-MP are therapeutic options for patients with
moderate to severe IBD[138]. However, between 10% and
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29% of patients treated with these drugs are forced to
stop therapy due to side effects. Pulmonary toxicity due
to these drugs has been reported infrequently in the literature, although interstitial pneumonitis[139], BOOP[140],
chronic pneumonitis/fibrosis and pulmonary edema[141]
have been described after use of AZA and 6-MP. Although rare, AZA and 6-MP can cause direct, dosedependent and serious pulmonary toxicity[140,142]. The
largest number of cases of lung toxicity related to AZA
was described in seven patients undergoing renal allograft
transplant immunosuppression with AZA[142]. Lung biopsies revealed interstitial pneumonitis in 5 patients and diffuse alveolar damage in 2; 3 patients died and the other 4
improved after stopping AZA, and in 2 of these patients,
cyclophosphamide therapy was needed to resolve this
side effect completely. Thus, it is important for clinicians
to have a high index of suspicion for this adverse reaction, which occurs within 1 mo after purine analog use in
IBD.
Sulfasalazine and mesalamine
Sulfasalazine and mesalamine are commonly used medications for the long-term treatment of IBD, and their side
effects may be dose-related or idiosyncratic and should
be differentiated from the respiratory involvement occurring in IBD and due to the underlying disease, although
this is challenging because they share similar pathological
features[47]. Commonly reported lung pathology related to
the use of these compounds is mostly due to interstitial
disease[54,128,143-145], although eosinophilic pleuritis[146], eosinophilic pneumonia[71,147-150], and bronchiolitis obliterans[67]
have also been described. Patients present with progressive respiratory symptoms such as dyspnea, chest pain and
cough, and radiographic abnormalities. Alternatively, sulfasalazine and mesalamine may induce asymptomatic lung
injury more commonly than is presently suspected[151].
Although sulfasalazine or mesalazine-induced lung injury
is a rare entity, its possibility should be fully considered
in patients developing unexplained respiratory symptoms
while on sulfasalazine or mesalazine therapy[150]. In most
cases, symptoms appear after 2-6 mo of drug use, whereas
in a few cases they appear after a few days or after many
years. These pulmonary toxicities appear reversible after
withdrawal of the drug, and in some cases, with the use
of systemic corticosteroids[152,153].
Methotrexate
Methotrexate (MTX) may be useful in the treatment of
IBD[154], but can cause adverse effects in the lungs, which
in some cases are lethal[155]. The mechanism of MTX-induced lung pathology remains unclear. A hypersensitivity
reaction was suggested by lung biopsy findings: interstitial
pneumonitis, granuloma formation and bronchiolitis[156],
and by BAL findings: lymphocytic alveolitis, increased eosinophils and reversed CD4/CD8 ratio[157], together with
the clinical findings of fever, peripheral eosinophilia and
response to corticosteroids. MTX may also cause pneumonitis[158], and abnormal ventilation is an early sign and
should lead to further investigation[159]. The diagnosis of
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MTX-induced lung disease is difficult because there are
no pathognomonic findings and this condition may mimic other pulmonary diseases. The most frequent complaints include dyspnea, fever and nonproductive cough.
PFTs show a restrictive picture with low CO diffusion capacity. MTX-related lung toxicity is potentially fatal, thus,
regular monitoring of the status of the respiratory system
in MTX-treated patients is necessary and patients should
be instructed to report any new pulmonary symptoms
without delay[160]. Besides supportive therapy, withdrawal
of MTX seems to be a logical approach.
Biological therapy
Biological therapy with anti-TNF drugs such as infliximab, adalimumab and certolizumab has represented a
significant advance in the treatment of IBD over the past
few years[161-163]. However, serious side effects do occur,
necessitating careful monitoring of therapy[164]. Several
associated opportunistic infections have been observed
as a result of suppression of T-cell-mediated immunity;
the most frequent being tuberculosis[165-167]. Physicians
should be aware of the increased risk of reactivation of
tuberculosis in patients treated with anti-TNF agents and
regularly look for usual and unusual symptoms of tuberculosis. Moreover, the use of biological therapy has been
associated with Pneumocystis carinii pneumonia[168], as well
as with other pulmonary infections (coccidiomycosis, histoplasmosis, aspergillosis, nocardia asteroids, actinomycosis and listeriosis)[169-173], especially in older patients[174].
Although infective complications are the most feared
after the use of biological agents, these may induce other
uncommon effects in the lung, such as acute respiratory
distress syndrome[175], diffuse alveolar hemorrhage[176], nonbronchiolitis inflammatory nodular pattern of the lung[177],
and interstitial lung disease[178-180]. Close observation of patients undergoing treatment with TNF inhibitors for evolving signs and symptoms of autoimmunity is required. Organ
involvement is unpredictable, which makes correct diagnosis
and management extremely challenging.

CONCLUSION
Pulmonary manifestations of IBD are being increasingly
recognized. The involvement of the respiratory system in
IBD, which can range from a simple defect of pulmonary
function without symptoms, to fibrosing alveolitis with
a greater risk of mortality, is relatively rare but sometimes potentially harmful. Early identification of latent
pulmonary involvement is important to prevent future
and more severe respiratory impairment and can be lifesaving. The manifestations in the lung vary and often
represent a confounding diagnostic problem. It is imperative for clinicians to maintain a high index of suspicion
for the development of pulmonary disease in the setting
of IBD in order to institute appropriate treatment early
and avoid further complications and morbidity in IBD
patients, and to recognize prompt treatment for these
events. Steroids are effective in the majority of cases.

WJG|www.wjgnet.com

REFERENCES
1

2
3

4

5

6

7

8

9

10

11
12

13
14

15
16

17
18
19

13506

Greenstein AJ, Janowitz HD, Sachar DB. The extra-intestinal
complications of Crohn’s disease and ulcerative colitis: a
study of 700 patients. Medicine (Baltimore) 1976; 55: 401-412
[PMID: 957999]
Rankin GB. Extraintestinal and systemic manifestations of
inflammatory bowel disease. Med Clin North Am 1990; 74:
39-50 [PMID: 2404180]
Su CG, Judge TA, Lichtenstein GR. Extraintestinal manifestations of inflammatory bowel disease. Gastroenterol Clin
North Am 2002; 31: 307-327 [PMID: 12122740 DOI: 10.1016/
S0889-8553(01)00019-X]
Rankin GB, Watts HD, Melnyk CS, Kelley ML. National
Cooperative Crohn’s Disease Study: extraintestinal manifestations and perianal complications. Gastroenterology 1979; 77:
914-920 [PMID: 467943]
Larsen S, Bendtzen K, Nielsen OH. Extraintestinal manifestations of inflammatory bowel disease: epidemiology, diagnosis, and management. Ann Med 2010; 42: 97-114 [PMID:
20166813 DOI: 10.3109/07853890903559724]
Williams H, Walker D, Orchard TR. Extraintestinal manifestations of inflammatory bowel disease. Curr Gastroenterol
Rep 2008; 10: 597-605 [PMID: 19006617 DOI: 10.1007/
s11894-008-0108-6]
Veloso FT, Carvalho J, Magro F. Immune-related systemic
manifestations of inflammatory bowel disease. A prospective
study of 792 patients. J Clin Gastroenterol 1996; 23: 29-34 [PMID:
8835896 DOI: 10.1097/00004836-199607000-00009]
Camus P, Piard F, Ashcroft T, Gal AA, Colby TV. The lung
in inflammatory bowel disease. Medicine (Baltimore) 1993;
72: 151-183 [PMID: 8502168 DOI: 10.1097/00005792-19937203
0-00003]
Loftus EV. Clinical epidemiology of inflammatory bowel
disease: Incidence, prevalence, and environmental influences. Gastroenterology 2004; 126: 1504-1517 [PMID: 15168363
DOI: 10.1053/j.gastro.2004.01.063]
Hoffmann RM, Kruis W. Rare extraintestinal manifestations
of inflammatory bowel disease. Inflamm Bowel Dis 2004; 10:
140-147 [PMID: 15168815 DOI: 10.1097/00054725-20040300000013]
Turner-Warwick M. Fibrosing alveolitis and chronic liver
disease. Q J Med 1968; 37: 133-149 [PMID: 4872529]
Kraft SC, Earle RH, Roesler M, Esterly JR. Unexplained
bronchopulmonary disease with inflammatory bowel disease. Arch Intern Med 1976; 136: 454-459 [PMID: 1267553 DOI:
10.1001/archinte.136.4.454]
Black H, Mendoza M, Murin S. Thoracic manifestations of
inflammatory bowel disease. Chest 2007; 131: 524-532 [PMID:
17296657]
Tzanakis NE, Tsiligianni IG, Siafakas NM. Pulmonary involvement and allergic disorders in inflammatory bowel disease. World J Gastroenterol 2010; 16: 299-305 [PMID: 20082474
DOI: 10.3748/wjg.v16.i3.299]
Storch I, Sachar D, Katz S. Pulmonary manifestations of inflammatory bowel disease. Inflamm Bowel Dis 2003; 9: 104-115 [PMID:
12769444 DOI: 10.1097/00054725-200303000-00004]
Casey MB, Tazelaar HD, Myers JL, Hunninghake GW, Kakar S, Kalra SX, Ashton R, Colby TV. Noninfectious lung
pathology in patients with Crohn’s disease. Am J Surg Pathol
2003; 27: 213-219 [PMID: 12548168 DOI: 10.1097/00000478-20
0302000-00010]
Camus P, Colby TV. The lung in inflammatory bowel disease. Eur Respir J 2000; 15: 5-10 [PMID: 10678613 DOI: 10.118
3/09031936.00.15100500]
Spira A, Grossman R, Balter M. Large airway disease associated with inflammatory bowel disease. Chest 1998; 113:
1723-1726 [PMID: 9631822 DOI: 10.1378/chest.113.6.1723]
Douglas JG, McDonald CF, Leslie MJ, Gillon J, Crompton
GK, McHardy GJ. Respiratory impairment in inflamma-

October 7, 2014|Volume 20|Issue 37|

Ji XQ et al . Pulmonary manifestations of IBD

20

21

22

23

24

25

26

27

28

29
30
31

32

33
34
35

36

tory bowel disease: does it vary with disease activity?
Respir Med 1989; 83: 389-394 [PMID: 2616823 DOI: 10.1016/
S0954-6111(89)80070-8]
Kuzela L, Vavrecka A, Prikazska M, Drugda B, Hronec J,
Senkova A, Drugdova M, Oltman M, Novotna T, Brezina M,
Kratky A, Kristufek P. Pulmonary complications in patients
with inflammatory bowel disease. Hepatogastroenterology
1999; 46: 1714-1719 [PMID: 10430329]
Marvisi M, Bassi E, Civardi G. Pulmonary involvement in
inflammatory bowel disease. Curr Drug Targets Inflamm Allergy 2004; 3: 437-439 [PMID: 15584891 DOI: 10.2174/1568010
042634514]
Calder CJ, Lacy D, Raafat F, Weller PH, Booth IW. Crohn’
s disease with pulmonary involvement in a 3 year old boy.
Gut 1993; 34: 1636-1638 [PMID: 8244155 DOI: 10.1136/
gut.34.11.1636]
Betancourt SL, Palacio D, Jimenez CA, Martinez S, Marom
EM. Thoracic manifestations of inflammatory bowel disease.
AJR Am J Roentgenol 2011; 197: W452-W456 [PMID: 21862772
DOI: 10.2214/AJR.10.5353]
Rogers BH, Clark LM, Kirsner JB. The epidemiologic and
demographic characteristics of inflammatory bowel disease:
an analysis of a computerized file of 1400 patients. J Chronic
Dis 1971; 24: 743-773 [PMID: 5146188 DOI: 10.1016/0021-968
1(71)90087-7]
Weatherhead M, Masson S, Bourke SJ, Gunn MC, Burns
GP. Interstitial pneumonitis after infliximab therapy for
Crohn’s disease. Inflamm Bowel Dis 2006; 12: 427-428 [PMID:
16670533]
Rothfuss KS, Stange EF, Herrlinger KR. Extraintestinal
manifestations and complications in inflammatory bowel
diseases. World J Gastroenterol 2006; 12: 4819-4831 [PMID:
16937463]
Songür N, Songür Y, Tüzün M, Doğan I, Tüzün D, Ensari A,
Hekimoglu B. Pulmonary function tests and high-resolution
CT in the detection of pulmonary involvement in inflammatory bowel disease. J Clin Gastroenterol 2003; 37: 292-298
[PMID: 14506385]
van Lierop PP, Samsom JN, Escher JC, Nieuwenhuis EE.
Role of the innate immune system in the pathogenesis
of inflammatory bowel disease. J Pediatr Gastroenterol
Nutr 2009; 48: 142-151 [PMID: 19179875 DOI: 10.1097/
MPG.0b013e3181821964]
Higenbottam T, Cochrane GM, Clark TJ, Turner D, Millis
R, Seymour W. Bronchial disease in ulcerative colitis. Thorax
1980; 35: 581-585 [PMID: 7444824 DOI: 10.1136/thx.35.8.581]
Marvisi M, Fornasari G. [Is the lung a target organ in inflammatory bowel disease?]. Recenti Prog Med 2001; 92: 774-777
[PMID: 11822102]
MacDermott RP, Schloemann SR, Bertovich MJ, Nash GS,
Peters M, Stenson WF. Inhibition of antibody secretion by
5-aminosalicylic acid. Gastroenterology 1989; 96: 442-448
[PMID: 2562949]
Mahadeva R, Walsh G, Flower CD, Shneerson JM. Clinical
and radiological characteristics of lung disease in inflammatory bowel disease. Eur Respir J 2000; 15: 41-48 [PMID:
10678619 DOI: 10.1183/09031936.00.15104100]
Butland RJ, Cole P, Citron KM, Turner-Warwick M. Chronic
bronchial suppuration and inflammatory bowel disease. Q J
Med 1981; 50: 63-75 [PMID: 7267968]
Gibb WR, Dhillon DP, Zilkha KJ, Cole PJ. Bronchiectasis
with ulcerative colitis and myelopathy. Thorax 1987; 42:
155-156 [PMID: 3433242 DOI: 10.1136/thx.42.2.155]
Pang JA, Vicary FR. Carcinoma of the colon, sclerosing cholangitis, pericholangitis, and bronchiectasis in a patient with
chronic ulcerative colitis. J Clin Gastroenterol 1984; 6: 361-363
[PMID: 6481120]
Moles KW, Varghese G, Hayes JR. Pulmonary involvement
in ulcerative colitis. Br J Dis Chest 1988; 82: 79-83 [PMID:
3048360 DOI: 10.1016/0007-0971(88)90012-5]

WJG|www.wjgnet.com

37

38

39
40

41
42
43

44

45

46
47

48
49

50

51

52
53

54

55

13507

Gionchetti P, Schiavina M, Campieri M, Fabiani A, Cornia
BM, Belluzzi A, Brignola C, Iannone P, Miglioli M, Barbara L.
Bronchopulmonary involvement in ulcerative colitis. J Clin
Gastroenterol 1990; 12: 647-650 [PMID: 2266241 DOI: 10.1097/
00004836-199012000-00010]
Lamblin C, Copin MC, Billaut C, Marti R, Tacq V, Riviere
O, Wallaert B. Acute respiratory failure due to tracheobronchial involvement in Crohn’s disease. Eur Respir J 1996; 9:
2176-2178 [PMID: 8902486 DOI: 10.1183/09031936.96.091021
76]
Eaton TE, Lambie N, Wells AU. Bronchiectasis following
colectomy for Crohn’s disease. Thorax 1998; 53: 529-531
[PMID: 9713458 DOI: 10.1136/thx.53.6.529]
Garg K, Lynch DA, Newell JD. Inflammatory airways disease in ulcerative colitis: CT and high-resolution CT features.
J Thorac Imaging 1993; 8: 159-163 [PMID: 8315712 DOI: 10.109
7/00005382-199321000-00010]
Wilcox P, Miller R, Miller G, Heath J, Nelems B, Muller N,
Ostrow D. Airway involvement in ulcerative colitis. Chest
1987; 92: 18-22 [PMID: 3595232 DOI: 10.1378/chest.92.1.18]
Vasishta S, Wood JB, McGinty F. Ulcerative tracheobronchitis years after colectomy for ulcerative colitis. Chest 1994; 106:
1279-1281 [PMID: 7924516 DOI: 10.1378/chest.106.4.1279]
Rickli H, Fretz C, Hoffman M, Walser A, Knoblauch A.
Severe inflammatory upper airway stenosis in ulcerative
colitis. Eur Respir J 1994; 7: 1899-1902 [PMID: 7828702 DOI:
10.1183/09031936.94.07101899]
Kuźniar T, Sleiman C, Brugière O, Groussard O, Mal H,
Mellot F, Pariente R, Malolepszy J, Fournier M. Severe tracheobronchial stenosis in a patient with Crohn’s disease. Eur
Respir J 2000; 15: 209-212 [PMID: 10678648]
Shad JA, Sharieff GQ. Tracheobronchitis as an initial presentation of ulcerative colitis. J Clin Gastroenterol 2001; 33:
161-163 [PMID: 11468448 DOI: 10.1097/00004836-20010800000016]
Lemann M, Messing B, D’Agay F, Modigliani R. Crohn’
s disease with respiratory tract involvement. Gut 1987; 28:
1669-1672 [PMID: 3428695 DOI: 10.1136/gut.28.12.1669]
Vandenplas O, Casel S, Delos M, Trigaux JP, Melange M,
Marchand E. Granulomatous bronchiolitis associated with
Crohn’s disease. Am J Respir Crit Care Med 1998; 158: 1676-1679
[PMID: 9817724 DOI: 10.1164/ajrccm.158.5.9801070]
Desai SJ, Gephardt GN, Stoller JK. Diffuse panbronchiolitis
preceding ulcerative colitis. Chest 1989; 95: 1342-1344 [PMID:
2721273 DOI: 10.1378/chest.95.6.1342]
Hilling GA, Robertson DA, Chalmers AH, Rigby HS. Unusual pulmonary complication of ulcerative colitis with a
rapid response to corticosteroids: case report. Gut 1994; 35:
847-848 [PMID: 8020818 DOI: 10.1136/gut.35.6.847]
Shneerson JM. Lung bullae, bronchiectasis, and Hashimoto’
s disease associated with ulcerative colitis treated by colectomy. Thorax 1981; 36: 313-314 [PMID: 6895127 DOI: 10.1136/
thx.36.4.313]
Raj AA, Birring SS, Green R, Grant A, de Caestecker J,
Pavord ID. Prevalence of inflammatory bowel disease in
patients with airways disease. Respir Med 2008; 102: 780-785
[PMID: 18321696 DOI: 10.1016/j.rmed.2007.08.014]
Karasalihoğlu A, Kutlu K, Yilmaz T. Laryngotracheal obstruction in ulcerative colitis (apropos of a case). Rev Laryngol
Otol Rhinol (Bord) 1988; 109: 469-471 [PMID: 3073480]
Janssen WJ, Bierig LN, Beuther DA, Miller YE. Stridor
in a 47-year-old man with inflammatory bowel disease.
Chest 2006; 129: 1100-1106 [PMID: 16608963 DOI: 10.1378/
chest.129.4.1100]
Foster RA, Zander DS, Mergo PJ, Valentine JF. Mesalaminerelated lung disease: clinical, radiographic, and pathologic
manifestations. Inflamm Bowel Dis 2003; 9: 308-315 [PMID:
14555914 DOI: 10.1097/00054725-200309000-00004]
Alcázar Navarrete B, Quiles Ruiz-Rico N, González Vargas
F, Cabrera Torres L. [Bronchiectasis following colectomy in a

October 7, 2014|Volume 20|Issue 37|

Ji XQ et al . Pulmonary manifestations of IBD

56

57
58
59
60

61

62
63
64

65

66

67
68

69

70

71

72

73
74

patient with ulcerative colitis and factor V Leiden mutation].
Arch Bronconeumol 2005; 41: 230-232 [PMID: 15826533 DOI:
10.1016/S1579-2129(06)60428-X]
Basseri B, Enayati P, Marchevsky A, Papadakis KA. Pulmonary manifestations of inflammatory bowel disease: case
presentations and review. J Crohns Colitis 2010; 4: 390-397
[PMID: 21122534 DOI: 10.1016/j.crohns.2010.03.008]
Cohen M, Sahn SA. Bronchiectasis in systemic diseases.
Chest 1999; 116: 1063-1074 [PMID: 10531174]
Ward H, Fisher KL, Waghray R, Wright JL, Card SE, Cockcroft DW. Constrictive bronchiolitis and ulcerative colitis.
Can Respir J 1999; 6: 197-200 [PMID: 10322103]
Veloso FT, Rodrigues H, Aguiar MM. Bronchiolitis obliterans
in ulcerative colitis. J Clin Gastroenterol 1994; 19: 339-341 [PMID:
7876520 DOI: 10.1097/00004836-199412000-00019]
Bentur L, Lachter J, Koren I, Ben-Izhak O, Lavy A, Bentur Y,
Rosenthal E. Severe pulmonary disease in association with
Crohn’s disease in a 13-year-old girl. Pediatr Pulmonol 2000;
29: 151-154 [PMID: 10639206]
Papiris SA, Malagari K, Manali ED, Kolilekas L, Triantafillidou C, Baou K, Rontogianni D, Bouros D, Kagouridis K.
Bronchiolitis: adopting a unifying definition and a comprehensive etiological classification. Expert Rev Respir Med 2013;
7: 289-306 [PMID: 23734650 DOI: 10.1586/ers.13.21]
Serrano J, Plaza V, Franquet T, Giménez A, Rubio J. [Bronchiolitis associated with ulcerative colitis]. Arch Bronconeumol
1996; 32: 151-154 [PMID: 8634796]
Kubota Y, Hosogi S, Iwasaki Y. [A case of Crohn’s disease
with broncho-bronchiolitis]. Nihon Kokyuki Gakkai Zasshi
2004; 42: 655-659 [PMID: 15357269]
Trow TK, Morris DG, Miller CR, Homer RJ. Granulomatous
bronchiolitis of Crohn’s disease successfully treated with inhaled budesonide. Thorax 2009; 64: 546-547 [PMID: 19478123
DOI: 10.1136/thx.2008.107185]
Alrashid AI, Brown RD, Mihalov ML, Sekosan M, Pastika
BJ, Venu RP. Crohn’s disease involving the lung: resolution with infliximab. Dig Dis Sci 2001; 46: 1736-1739 [PMID:
11508676]
Heatley RV, Thomas P, Prokipchuk EJ, Gauldie J, Sieniewicz
DJ, Bienenstock J. Pulmonary function abnormalities in patients with inflammatory bowel disease. Q J Med 1982; 51:
241-250 [PMID: 7146309]
Haralambou G, Teirstein AS, Gil J, Present DH. Bronchiolitis
obliterans in a patient with ulcerative colitis receiving mesalamine. Mt Sinai J Med 2001; 68: 384-388 [PMID: 11687866]
Gil-Simón P, Barrio Andrés J, Atienza Sánchez R, Julián
Gómez L, López Represa C, Caro-Patón A. [Bronchiolitis
obliterans organizing pneumonia and Crohn’s disease]. Rev
Esp Enferm Dig 2008; 100: 175-177 [PMID: 18416645]
Aydoğdu M, Gürsel G, Özyilmaz E, Akyürek N, Memış L. A
case of ulcerative colitis complicated with bronchiolitis obliterans organizing pneumonia (BOOP) and air leak syndrome.
Turk J Gastroenterol 2012; 23: 590-595 [PMID: 23161307]
Carratú P, Dragonieri S, Nocerino MC, Trabucco SM, Lacedonia D, Parisi G, Resta O. A case of cryptogenic organizing
pneumonia occurring in Crohn’s disease. Can Respir J 2005;
12: 437-439 [PMID: 16331316]
Kim JH, Lee JH, Koh ES, Park SW, Jang AS, Kim D, Park CS.
Acute eosinophilic pneumonia related to a mesalazine suppository. Asia Pac Allergy 2013; 3: 136-139 [PMID: 23667838
DOI: 10.5415/apallergy.2013.3.2.136]
Hotermans G, Benard A, Guenanen H, Demarcq-Delerue
G, Malart T, Wallaert B. Nongranulomatous interstitial
lung disease in Crohn’s disease. Eur Respir J 1996; 9: 380-382
[PMID: 8777981 DOI: 10.1183/09031936.96.09020380]
Meadway J. Ulcerative colitis, colitic spondylitis and associated apical pulmonary fibrosis. Proc R Soc Med 1974; 67:
324-325 [PMID: 4835275]
McKee AL, Rajapaksa A, Kalish PE, Pitchumoni CS. Severe
interstitial pulmonary fibrosis in a patient with chronic

WJG|www.wjgnet.com

75

76

77

78

79

80
81
82

83
84
85

86

87

88

89
90

91

92

13508

ulcerative colitis. Am J Gastroenterol 1983; 78: 86-89 [PMID:
6130700]
Teague WG, Sutphen JL, Fechner RE. Desquamative interstitial pneumonitis complicating inflammatory bowel disease of
childhood. J Pediatr Gastroenterol Nutr 1985; 4: 663-667 [PMID:
2863342 DOI: 10.1097/00005176-198508000-00030]
Balestra DJ, Balestra ST, Wasson JH. Ulcerative colitis and
steroid-responsive, diffuse interstitial lung disease. A trial of
N = 1. JAMA 1988; 260: 62-64 [PMID: 3379724 DOI: 10.1001/
jama.260.1.62]
Chikano S, Sawada K, Ohnishi K, Fukunaga K, Tanaka J,
Shimoyama T. Interstitial pneumonia accompanying ulcerative colitis. Intern Med 2001; 40: 883-886 [PMID: 11579949
DOI: 10.2169/internalmedicine.40.883]
Katzenstein AL, Myers JL. Idiopathic pulmonary fibrosis:
clinical relevance of pathologic classification. Am J Respir Crit
Care Med 1998; 157: 1301-1315 [PMID: 9563754 DOI: 10.1164/
ajrccm.157.4.9707039]
Isenberg JI, Goldstein H, Korn AR, Ozeran RS, Rosen V. Pulmonary vasculitis--an uncommon complication of ulcerative
colitis. Report of a case. N Engl J Med 1968; 279: 1376-1377
[PMID: 5697529 DOI: 10.1056/NEJM196812192792506]
Forrest JA, Shearman DJ. Pulmonary vasculitis and ulcerative colitis. Am J Dig Dis 1975; 20: 482-486 [PMID: 1130374
DOI: 10.1007/BF01070795]
Collins WJ, Bendig DW, Taylor WF. Pulmonary vasculitis
complicating childhood ulcerative colitis. Gastroenterology
1979; 77: 1091-1093 [PMID: 582812]
Mazer BD, Eigen H, Gelfand EW, Brugman SM. Remission
of interstitial lung disease following therapy of associated
ulcerative colitis. Pediatr Pulmonol 1993; 15: 55-59 [PMID:
8093553]
Beer TW, Edwards CW. Pulmonary nodules due to reactive
systemic amyloidosis (AA) in Crohn’s disease. Thorax 1993;
48: 1287-1288 [PMID: 8303644 DOI: 10.1136/thx.48.12.1287]
Puntis JW, Tarlow MJ, Raafat F, Booth IW. Crohn’s disease of the lung. Arch Dis Child 1990; 65: 1270-1271 [PMID:
2248544 DOI: 10.1136/adc.65.11.1270]
Kayser K, Probst F, Gabius HJ, Müller KM. Are there characteristic alterations in lung tissue associated with Crohn’s
disease? Pathol Res Pract 1990; 186: 485-490 [PMID: 2247378
DOI: 10.1016/S0344-0338(11)80468-1]
Hardarson S, Labrecque DR, Mitros FA, Neil GA, Goeken
JA. Antineutrophil cytoplasmic antibody in inflammatory
bowel and hepatobiliary diseases. High prevalence in ulcerative colitis, primary sclerosing cholangitis, and autoimmune
hepatitis. Am J Clin Pathol 1993; 99: 277-281 [PMID: 8447289]
Fellermann K, Stahl M, Dahlhoff K, Amthor M, Ludwig
D, Stange EF. Crohn’s disease and sarcoidosis: systemic
granulomatosis? Eur J Gastroenterol Hepatol 1997; 9: 1121-1124
[PMID: 9431906]
Fries W, Grassi SA, Leone L, Giacomin D, Galeazzi F, Naccarato R, Martin A. Association between inflammatory bowel
disease and sarcoidosis. Report of two cases and review of
the literature. Scand J Gastroenterol 1995; 30: 1221-1223 [PMID:
9053978]
Storch I, Rosoff L, Katz S. Sarcoidosis and inflammatory
bowel disease. J Clin Gastroenterol 2001; 33: 345 [PMID:
11588558 DOI: 10.1097/00004836-200110000-00023]
Krishnan S, Banquet A, Newman L, Katta U, Patil A, Dozor
AJ. Lung lesions in children with Crohn’s disease presenting as nonresolving pneumonias and response to infliximab
therapy. Pediatrics 2006; 117: 1440-1443 [PMID: 16585347
DOI: 10.1542/peds.2005-1559]
Freeman HJ, Davis JE, Prest ME, Lawson EJ. Granulomatous bronchiolitis with necrobiotic pulmonary nodules in
Crohn’s disease. Can J Gastroenterol 2004; 18: 687-690 [PMID:
15565210]
Principi M, Mastrolonardo M, Scicchitano P, Gesualdo M,
Sassara M, Guida P, Bucci A, Zito A, Caputo P, Albano F,

October 7, 2014|Volume 20|Issue 37|

Ji XQ et al . Pulmonary manifestations of IBD

93

94
95

96

97

98

99

100

101

102

103

104

105

106

107
108

Ierardi E, Di Leo A, Ciccone MM. Endothelial function and
cardiovascular risk in active inflammatory bowel diseases.
J Crohns Colitis 2013; 7: e427-e433 [PMID: 23473915 DOI:
10.1016/j.crohns.2013.02.001]
Papa A, Scaldaferri F, Danese S, Guglielmo S, Roberto I,
Bonizzi M, Mocci G, Felice C, Ricci C, Andrisani G, Fedeli
G, Gasbarrini G, Gasbarrini A. Vascular involvement in
inflammatory bowel disease: pathogenesis and clinical
aspects. Dig Dis 2008; 26: 149-155 [PMID: 18431065 DOI:
10.1159/000116773]
Bernstein CN, Nabalamba A. Hospitalization-based major
comorbidity of inflammatory bowel disease in Canada. Can J
Gastroenterol 2007; 21: 507-511 [PMID: 17703250]
Miehsler W, Reinisch W, Valic E, Osterode W, Tillinger W,
Feichtenschlager T, Grisar J, Machold K, Scholz S, Vogelsang
H, Novacek G. Is inflammatory bowel disease an independent and disease specific risk factor for thromboembolism?
Gut 2004; 53: 542-548 [PMID: 15016749 DOI: 10.1136/
gut.2003.025411]
Bernstein CN, Blanchard JF, Houston DS, Wajda A. The
incidence of deep venous thrombosis and pulmonary embolism among patients with inflammatory bowel disease:
a population-based cohort study. Thromb Haemost 2001; 85:
430-434 [PMID: 11307809]
Quera R, Shanahan F. Thromboembolism--an important
manifestation of inflammatory bowel disease. Am J Gastroenterol 2004; 99: 1971-1973 [PMID: 15447758 DOI: 10.1111/
j.1572-0241.2004.40923.x]
Solem CA, Loftus EV, Tremaine WJ, Sandborn WJ. Venous
thromboembolism in inflammatory bowel disease. Am J
Gastroenterol 2004; 99: 97-101 [PMID: 14687149 DOI: 10.1046/
j.1572-0241.2003.04026.x]
Di Fabio F, Lykoudis P, Gordon PH. Thromboembolism in
inflammatory bowel disease: an insidious association requiring a high degree of vigilance. Semin Thromb Hemost 2011; 37:
220-225 [PMID: 21455856 DOI: 10.1055/s-0031-1273086]
Faller M, Gasser B, Massard G, Pauli G, Quoix E. Pulmonary migratory infiltrates and pachypleuritis in a patient
with Crohn’s disease. Respiration 2000; 67: 459-463 [PMID:
10940806 DOI: 10.1159/000029550]
Patwardhan RV, Heilpern RJ, Brewster AC, Darrah JJ.
Pleuropericarditis: an extraintestinal complication of inflammatory bowel disease. Report of three cases and review of
literature. Arch Intern Med 1983; 143: 94-96 [PMID: 6849612
DOI: 10.1001/archinte.1983.00350010098017]
Orii S, Chiba T, Nakadate I, Fujiwara T, Ito N, Ishii M, Oana
S, Chida T, Kudara N, Terui T, Yamaguchi T, Suzuki K. Pleuropericarditis and disseminated intravascular coagulation in
ulcerative colitis. J Clin Gastroenterol 2001; 32: 251-254 [PMID:
11246357 DOI: 10.1097/00004836-200103000-00017]
Abu-Hijleh M, Evans S, Aswad B. Pleuropericarditis in a
patient with inflammatory bowel disease: a case presentation
and review of the literature. Lung 2010; 188: 505-510 [PMID:
20827555 DOI: 10.1007/s00408-010-9259-y]
Smith PA, Crampton JR, Pritchard S, Li C. Pneumothorax
as a presenting feature of granulomatous disease of the lung
in a patient with Crohn’s disease. Eur J Gastroenterol Hepatol
2009; 21: 237-240 [PMID: 19212215]
Desai D, Patil S, Udwadia Z, Maheshwari S, Abraham P,
Joshi A. Pulmonary manifestations in inflammatory bowel
disease: a prospective study. Indian J Gastroenterol 2011; 30:
225-228 [PMID: 21935713 DOI: 10.1007/s12664-011-0129-1]
Mukhopadhyay D, Nasr K, Grossman BJ, Kirsner JB.
Pericarditis associated with inflammatory bowel disease.
JAMA 1970; 211: 1540-1542 [PMID: 5467054 DOI: 10.1001/
jama.211.9.1540]
Singh D, Cole JC, Cali RL, Finical EJ, Proctor DD. Colobronchial fistula: an unusual complication of Crohn’s disease. Am
J Gastroenterol 1994; 89: 2250-2252 [PMID: 7977257]
Nielsen OH, Rogler G, Hahnloser D, Thomsen OØ. Diagno-

WJG|www.wjgnet.com

109

110

111

112

113
114

115

116

117

118

119

120
121
122

123

124
125

13509

sis and management of fistulizing Crohn’s disease. Nat Clin
Pract Gastroenterol Hepatol 2009; 6: 92-106 [PMID: 19153563
DOI: 10.1038/ncpgasthep1340]
Karmy-Jones R, Chagpar A, Vallieres E, Hamilton S. Colobronchial fistula due to Crohn’s disease. Ann Thorac Surg
1995; 60: 446-448 [PMID: 7646116 DOI: 10.1016/0003-4975(95
)00207-2]
Domej W, Kullnig P, Petritsch W, Melisch B, Schaflinger E,
Smolle-Jüttner FM, Schalk V, Ratschek M. Colobronchial fistula: a rare complication of Crohn’s colitis. Am Rev Respir Dis
1990; 142: 1225-1227 [PMID: 2240849]
Flueckiger F, Kullnig P, Melzer G, Posch E. Colobronchial
and gastrocolic fistulas: rare complication of Crohn’s disease.
Gastrointest Radiol 1990; 15: 288-290 [PMID: 2210196 DOI:
10.1007/BF01888799]
Mera A, Sugimoto M, Fukuda K, Tanaka F, Imamura F, Matsuda M, Ando M, Shima K. Crohn’s disease associated with
colo-bronchial fistula. Intern Med 1996; 35: 957-960 [PMID:
9030994 DOI: 10.2169/internalmedicine.35.957]
Gumbo T, Rice TW, Mawhorter S. Recurrent pneumonia
from an ileobronchial fistula complicating Crohn’s disease. J
Clin Gastroenterol 2001; 32: 365-367 [PMID: 11276288]
Ho IK, Guarino DP, Pertsovskiy Y, Cerulli MA. Infliximab
treatment of an esophagobronchial fistula in a patient with
extensive Crohn’s disease of the esophagus. J Clin Gastroenterol 2002; 34: 488-489 [PMID: 11907371]
Rieder F, Hamer O, Gelbmann C, Schölmerich J, Gross
V, Feuerbach S, Herfarth H, Rogler G. Crohn’s disease of
the esophagus: treatment of an esophagobronchial fistula
with the novel liquid embolic polymer “onyx”. Z Gastroenterol 2006; 44: 599-602 [PMID: 16823701 DOI: 10.1055/
s-2006-926644]
Mercadal NR, Wiebke EA. Recurrent pneumonia and colobronchial fistula from Crohn’s disease: Infliximab alters and
simplifies surgical management. Ann Gastroenterol 2012; 25:
361-364 [PMID: 24714263]
Alameel T, Maclean DA, Macdougall R. Colobronchial fistula presenting with persistent pneumonia in a patient with
Crohn’s disease: a case report. Cases J 2009; 2: 9114 [PMID:
20062691 DOI: 10.1186/1757-1626-2-9114]
Barisiae G, Krivokapiae Z, Adziae T, Pavloviae A, Popoviae
M, Gojniae M. Fecopneumothorax and colopleural fistula uncommon complications of Crohn’s disease. BMC Gastroenterol 2006; 6: 17 [PMID: 16756646]
Pasquis P, Colin R, Denis P, Baptiste P, Galmiche JP, Hecketsweiler P. Transient pulmonary impairment during attacks of Crohn’s disease. Respiration 1981; 41: 56-59 [PMID:
7244392 DOI: 10.1159/000194359]
Godet PG, Cowie R, Woodman RC, Sutherland LR. Pulmonary function abnormalities in patients with ulcerative colitis. Am J Gastroenterol 1997; 92: 1154-1156 [PMID: 9219789]
Tiwary RS, Pruthi HS, Lakhera SC, Kain TC. Pulmonary
functions in ulcerative colitis. J Assoc Physicians India 1989;
37: 773-774 [PMID: 2636583]
Tzanakis N, Bouros D, Samiou M, Panagou P, Mouzas J,
Manousos O, Siafakas N. Lung function in patients with
inflammatory bowel disease. Respir Med 1998; 92: 516-522
[PMID: 9692115 DOI: 10.1016/S0954-6111(98)90301-8]
Munck A, Murciano D, Pariente R, Cezard JP, Navarro J.
Latent pulmonary function abnormalities in children with
Crohn’s disease. Eur Respir J 1995; 8: 377-380 [PMID: 7789480
DOI: 10.1183/09031936.95.08030377]
Eade OE, Smith CL, Alexander JR, Whorwell PJ. Pulmonary
function in patients with inflammatory bowel disease. Am J
Gastroenterol 1980; 73: 154-156 [PMID: 6104919]
Louis E, Louis R, Drion V, Bonnet V, Lamproye A, Radermecker M, Belaiche J. Increased frequency of bronchial
hyperresponsiveness in patients with inflammatory bowel
disease. Allergy 1995; 50: 729-733 [PMID: 8546267 DOI:
10.1111/j.1398-9995.1995.tb01214.x]

October 7, 2014|Volume 20|Issue 37|

Ji XQ et al . Pulmonary manifestations of IBD
126 Marvisi M, Borrello PD, Brianti M, Fornarsari G, Marani
G, Guariglia A. Changes in the carbon monoxide diffusing
capacity of the lung in ulcerative colitis. Eur Respir J 2000; 16:
965-968 [PMID: 11153600 DOI: 10.1183/09031936.00.1659650
0]
127 Mansi A, Cucchiara S, Greco L, Sarnelli P, Pisanti C, Franco
MT, Santamaria F. Bronchial hyperresponsiveness in children and adolescents with Crohn’s disease. Am J Respir
Crit Care Med 2000; 161: 1051-1054 [PMID: 10712362 DOI:
10.1164/ajrccm.161.3.9906013]
128 Herrlinger KR, Noftz MK, Dalhoff K, Ludwig D, Stange EF,
Fellermann K. Alterations in pulmonary function in inflammatory bowel disease are frequent and persist during remission. Am J Gastroenterol 2002; 97: 377-381 [PMID: 11866276
DOI: 10.1111/j.1572-0241.2002.05473.x]
129 Welsh L, Haller W, King LE, Soto-Martinez M, Oliver M,
Catto-Smith A, Robinson PJ. Pulmonary function abnormalities in children with active Crohn’s disease. Am J Respir
Crit Care Med 2012; 186: 1060-1061 [PMID: 23155218 DOI:
10.1164/ajrccm.186.10.1060]
130 Mikhaĭlova ZF, Parfenov AI, Ruchkina IN, Rogozina VA.
[External respiratory function in patients with Crohn’
s disease]. Eksp Klin Gastroenterol 2011; (2): 82-85 [PMID:
21560645]
131 Tzanakis N, Samiou M, Bouros D, Mouzas J, Kouroumalis E,
Siafakas NM. Small airways function in patients with inflammatory bowel disease. Am J Respir Crit Care Med 1998; 157:
382-386 [PMID: 9476847 DOI: 10.1164/ajrccm.157.2.97-04075]
132 Neilly JB, Main AN, McSharry C, Murray J, Russell RI,
Moran F. Pulmonary abnormalities in Crohn’s disease.
Respir Med 1989; 83: 487-491 [PMID: 2623217 DOI: 10.1016/
S0954-6111(89)80132-5]
133 Sommer H, Schmidt M, Gruber KD. [Pulmonary functional
disorders in ulcerative colitis and Crohn’s disease]. Dtsch
Med Wochenschr 1986; 111: 812-815 [PMID: 3698863]
134 Wallaert B, Colombel JF, Tonnel AB, Bonniere P, Cortot
A, Paris JC, Voisin C. Evidence of lymphocyte alveolitis in
Crohn’s disease. Chest 1985; 87: 363-367 [PMID: 3971763 DOI:
10.1378/chest.87.3.363]
135 Ateş F, Karincaoğlu M, Hacievlıyagıl SS, Yalniz M, Seçkın Y.
Alterations in the pulmonary function tests of inflammatory
bowel diseases. Turk J Gastroenterol 2011; 22: 293-299 [PMID:
21805420]
136 Mohamed-Hussein AA, Mohamed NA, Ibrahim ME.
Changes in pulmonary function in patients with ulcerative
colitis. Respir Med 2007; 101: 977-982 [PMID: 17049827 DOI:
10.1016/j.rmed.2006.09.005]
137 Wallaert B, Aerts C, Bonniere P, Cortot A, Tonnel AB, Paris
JC, Voisin C. Superoxide anion generation by alveolar macrophages in Crohn’s disease. N Engl J Med 1985; 312: 444-445
[PMID: 2982094]
138 Present DH, Meltzer SJ, Krumholz MP, Wolke A, Korelitz
BI. 6-Mercaptopurine in the management of inflammatory
bowel disease: short- and long-term toxicity. Ann Intern Med
1989; 111: 641-649 [PMID: 2802419 DOI: 10.7326/0003-4819-1
11-8-641]
139 Nagy F, Molnar T, Makula E, Kiss I, Milassin P, Zollei E,
Tiszlavicz L, Lonovics J. A case of interstitial pneumonitis
in a patient with ulcerative colitis treated with azathioprine.
World J Gastroenterol 2007; 13: 316-319 [PMID: 17226917]
140 Ananthakrishnan AN, Attila T, Otterson MF, Lipchik RJ,
Massey BT, Komorowski RA, Binion DG. Severe pulmonary
toxicity after azathioprine/6-mercaptopurine initiation for
the treatment of inflammatory bowel disease. J Clin Gastroenterol 2007; 41: 682-688 [PMID: 17667053 DOI: 10.1097/01.
mcg.0000225577.81008.ee]
141 Fauroux B, Meyer-Milsztain A, Boccon-Gibod L, Leverger G, Clément A, Biour M, Tournier G. Cytotoxic druginduced pulmonary disease in infants and children. Pediatr
Pulmonol 1994; 18: 347-355 [PMID: 7892068 DOI: 10.1002/

WJG|www.wjgnet.com

ppul.1950180602]
142 Bedrossian CW, Sussman J, Conklin RH, Kahan B. Azathioprine-associated interstitial pneumonitis. Am J Clin Pathol
1984; 82: 148-154 [PMID: 6380265]
143 Bitton A, Peppercorn MA, Hanrahan JP, Upton MP. Mesalamine-induced lung toxicity. Am J Gastroenterol 1996; 91:
1039-1040 [PMID: 8633548]
144 Alskaf E, Aljoudeh A, Edenborough F. Mesalazine-induced
lung fibrosis. BMJ Case Rep 2013; 2013: [PMID: 23576654 DOI:
10.1136/bcr-2013-008724]
145 Pascual-Lledó JF, Calvo-Bonachera J, Carrasco-Miras F,
Sanchez-Martínez H. Interstitial pneumonitis due to mesalamine. Ann Pharmacother 1997; 31: 499 [PMID: 9101017]
146 Trisolini R, Dore R, Biagi F, Luinetti O, Pochetti P, Carrabino N, Luisetti M. Eosinophilic pleural effusion due to mesalamine. Report of a rare occurrence. Sarcoidosis Vasc Diffuse
Lung Dis 2000; 17: 288-291 [PMID: 11033846]
147 Saltzman K, Rossoff LJ, Gouda H, Tongia S. Mesalamineinduced unilateral eosinophilic pneumonia. AJR Am J
Roentgenol 2001; 177: 257 [PMID: 11418451 DOI: 10.2214/
ajr.177.1.1770257]
148 Yaffe BH, Korelitz BI. Sulfasalazine pneumonitis. Am J Gastroenterol 1983; 78: 493-494 [PMID: 6136183]
149 Park JE, Hwangbo Y, Chang R, Chang YW, Jang JY, Kim BH,
Dong SH, Kim HJ. [Mesalazine-induced eosinophilic pneumonia in a patient with Crohn’s disease]. Korean J Gastroenterol 2009; 53: 116-120 [PMID: 19237838]
150 Tanigawa K, Sugiyama K, Matsuyama H, Nakao H, Kohno
K, Komuro Y, Iwanaga Y, Eguchi K, Kitaichi M, Takagi H.
Mesalazine-induced eosinophilic pneumonia. Respiration
1999; 66: 69-72 [PMID: 9973695 DOI: 10.1159/000029341]
151 Cilloniz R, Chesrown SE, Gonzalez-Peralta RP. Asymptomatic presentation of mesalamine-induced lung injury in
an adolescent with Crohn disease. BMJ Case Rep 2009; 2009:
[PMID: 21686567 DOI: 10.1136/bcr.09.2008.0908]
152 Sossai P, Cappellato MG, Stefani S. Can a drug-induced pulmonary hypersensitivity reaction be dose-dependent? A case
with mesalamine. Mt Sinai J Med 2001; 68: 389-395 [PMID:
11687867]
153 Parry SD, Barbatzas C, Peel ET, Barton JR. Sulphasalazine
and lung toxicity. Eur Respir J 2002; 19: 756-764 [PMID:
11999006 DOI: 10.1183/09031936.02.00267402]
154 Kozarek RA, Patterson DJ, Gelfand MD, Botoman VA, Ball
TJ, Wilske KR. Methotrexate induces clinical and histologic
remission in patients with refractory inflammatory bowel
disease. Ann Intern Med 1989; 110: 353-356 [PMID: 2492786
DOI: 10.7326/0003-4819-110-5-353]
155 Imokawa S, Colby TV, Leslie KO, Helmers RA. Methotrexate pneumonitis: review of the literature and histopathological findings in nine patients. Eur Respir J 2000; 15: 373-381
[PMID: 10706507 DOI: 10.1034/j.1399-3003.2000.15b25.x]
156 Sostman HD, Matthay RA, Putman CE, Smith GJ. Methotrexate-induced pneumonitis. Medicine (Baltimore) 1976; 55: 371-388
[PMID: 957997 DOI: 10.1097/00005792-197609000-00002]
157 White DA, Rankin JA, Stover DE, Gellene RA, Gupta S.
Methotrexate pneumonitis. Bronchoalveolar lavage findings
suggest an immunologic disorder. Am Rev Respir Dis 1989;
139: 18-21 [PMID: 2521438 DOI: 10.1164/ajrccm/139.1.18]
158 Margagnoni G, Papi V, Aratari A, Triolo L, Papi C. Methotrexate-induced pneumonitis in a patient with Crohn’s disease. J Crohns Colitis 2010; 4: 211-214 [PMID: 21122509 DOI:
10.1016/j.crohns.2009.11.007]
159 Brechmann T, Heyer C, Schmiegel W. [Methotrexate-induced pneumonitis in a woman with Crohn’s disease]. Dtsch
Med Wochenschr 2007; 132: 1759-1762 [PMID: 17713885 DOI:
10.1055/s-2007-984962]
160 Karoli NA, Rebrov AP, Roshchina AA, Steshenko RN, Bukiia AS. [Iatrogenic lung diseases]. Klin Med (Mosk) 2012; 90:
70-72 [PMID: 22896987]
161 Rutgeerts P, Vermeire S, Van Assche G. Biological therapies

13510

October 7, 2014|Volume 20|Issue 37|

Ji XQ et al . Pulmonary manifestations of IBD

162
163
164

165

166

167

168

169

170

171

for inflammatory bowel diseases. Gastroenterology 2009; 136:
1182-1197 [PMID: 19249397 DOI: 10.1053/j.gastro.2009.02.001]
Ghosh S. Anti-TNF therapy in Crohn’s disease. Novartis
Found Symp 2004; 263: 193-205; discussion 205-218 [PMID:
15669643 DOI: 10.1002/0470090480.ch14]
Cheifetz AS. Management of active Crohn disease. JAMA
2013; 309: 2150-2158 [PMID: 23695484 DOI: 10.1001/
jama.2013.4466]
Hoentjen F, van Bodegraven AA. Safety of anti-tumor necrosis factor therapy in inflammatory bowel disease. World
J Gastroenterol 2009; 15: 2067-2073 [PMID: 19418577 DOI:
10.3748/wjg.15.2067]
Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica
J, Schwieterman WD, Siegel JN, Braun MM. Tuberculosis
associated with infliximab, a tumor necrosis factor alphaneutralizing agent. N Engl J Med 2001; 345: 1098-1104 [PMID:
11596589 DOI: 10.1056/NEJMoa011110]
Mayordomo L, Marenco JL, Gomez-Mateos J, Rejon E. Pulmonary miliary tuberculosis in a patient with anti-TNFalpha treatment. Scand J Rheumatol 2002; 31: 44-45 [PMID:
11922200 DOI: 10.1080/030097402317255372]
Milenković B, Dudvarski-Ilić A, Janković G, Martinović L,
Mijac D. Anti-TNF treatment and miliary tuberculosis in
Crohn's disease. Srp Arh Celok Lek 2007; 139: 514-517 [PMID:
21980664 DOI: 10.2298/SARH1108514M]
Kaur N, Mahl TC. Pneumocystis jiroveci (carinii) pneumonia after infliximab therapy: a review of 84 cases. Dig Dis Sci
2007; 52: 1481-1484 [PMID: 17429728 DOI: 10.1007/s10620006-9250-x]
Colombel JF, Loftus EV, Tremaine WJ, Egan LJ, Harmsen
WS, Schleck CD, Zinsmeister AR, Sandborn WJ. The safety
profile of infliximab in patients with Crohn’s disease: the
Mayo clinic experience in 500 patients. Gastroenterology 2004;
126: 19-31 [PMID: 14699483 DOI: 10.1053/j.gastro.2003.10.047]
Tsiodras S, Samonis G, Boumpas DT, Kontoyiannis DP.
Fungal infections complicating tumor necrosis factor alpha
blockade therapy. Mayo Clin Proc 2008; 83: 181-194 [PMID:
18241628 DOI: 10.1016/S0025-6196(11)60839-2]
Cohen RD, Bowie WR, Enns R, Flint J, Fitzgerald JM. Pulmonary actinomycosis complicating infliximab therapy for

172

173

174

175

176

177
178

179

180

Crohn’s disease. Thorax 2007; 62: 1013-1014 [PMID: 17965080
DOI: 10.1136/thx.2006.075150]
Kasai S, Tokuda H, Otsuka Y, Ookohchi Y, Handa H, Emoto
N, Yoshikawa M. [Two cases of respiratory infection complicating treatment with infliximab]. Nihon Kokyuki Gakkai
Zasshi 2007; 45: 366-371 [PMID: 17491318]
Stratakos G, Kalomenidis I, Papas V, Malagari K, Kollintza
A, Roussos C, Anagnostopoulou M, Paniara O, Zakynthinos S, Papiris SA. Cough and fever in a female with Crohn’
s disease receiving infliximab. Eur Respir J 2005; 26: 354-357
[PMID: 16055885 DOI: 10.1183/09031936.05.00005205]
Toruner M, Loftus EV, Harmsen WS, Zinsmeister AR, Orenstein R, Sandborn WJ, Colombel JF, Egan LJ. Risk factors for
opportunistic infections in patients with inflammatory bowel
disease. Gastroenterology 2008; 134: 929-936 [PMID: 18294633
DOI: 10.1053/j.gastro.2008.01.012]
Riegert-Johnson DL, Godfrey JA, Myers JL, Hubmayr RD,
Sandborn WJ, Loftus EV. Delayed hypersensitivity reaction
and acute respiratory distress syndrome following infliximab infusion. Inflamm Bowel Dis 2002; 8: 186-191 [PMID:
11979139 DOI: 10.1097/00054725-200205000-00005]
Panagi S, Palka W, Korelitz BI, Taskin M, Lessnau KD.
Diffuse alveolar hemorrhage after infliximab treatment of
Crohn’s disease. Inflamm Bowel Dis 2004; 10: 274-277 [PMID:
15290924]
Reid JD, Bressler B, English J. A case of adalimumabinduced pneumonitis in a 45-year-old man with Crohn’s
disease. Can Respir J 2011; 18: 262-264 [PMID: 21969926]
Ostör AJ, Chilvers ER, Somerville MF, Lim AY, Lane SE,
Crisp AJ, Scott DG. Pulmonary complications of infliximab
therapy in patients with rheumatoid arthritis. J Rheumatol
2006; 33: 622-628 [PMID: 16511933]
Ramos-Casals M, Brito-Zerón P, Muñoz S, Soria N, Galiana
D, Bertolaccini L, Cuadrado MJ, Khamashta MA. Autoimmune diseases induced by TNF-targeted therapies: analysis
of 233 cases. Medicine (Baltimore) 2007; 86: 242-251 [PMID:
17632266 DOI: 10.1097/MD.0b013e3181441a68]
Villeneuve E, St-Pierre A, Haraoui B. Interstitial pneumonitis associated with infliximab therapy. J Rheumatol 2006; 33:
1189-1193 [PMID: 16622902]
P- Reviewer: Ierardi E, Mendall MA S- Editor: Ma YJ
L- Editor: O’Neill M E- Editor: Du P

WJG|www.wjgnet.com

13511

October 7, 2014|Volume 20|Issue 37|

World J Gastroenterol 2014 October 7; 20(37): 13512-13520
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i37.13512

© 2014 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Review of experimental attempts of islet allotransplantation in
rodents: Parameters involved and viability of the procedure
Leandro Ryuchi Iuamoto, Alberto Meyer, Eleazar Chaib, Luiz Augusto Carneiro D’Albuquerque
Leandro Ryuchi Iuamoto, Alberto Meyer, Eleazar Chaib,
Luiz Augusto Carneiro D’Albuquerque, Department of Gastroenterology, Liver and Pancreas Transplantation Surgery Unit,
University of Sao Paulo, Sao Paulo 05403-090, Brazil
Author contributions: Iuamoto LR and Meyer A read all the
articles, selected the most relevant of them and edited the manuscript; Chaib E and D’Albuquerque LAC designed the study and
were also involved in editing the manuscript; all authors contributed to the manuscript.
Correspondence to: Dr. Leandro Ryuchi Iuamoto, Department of Gastroenterology, Liver and Pancreas Transplantation
Surgery Unit, University of Sao Paulo, Av. Dr. Eneas de Carvalho
Aguiar 255, Sao Paulo 05403-090,
Brazil. leandro.iuamoto@gmail.com
Telephone: +55-11-30618322 Fax: +55-11-30618322
Received: March 7, 2014
Revised: May 3, 2014
Accepted: June 21, 2014
Published online: October 7, 2014

Abstract
The purpose of the present study was to organize the
parameters involved in experimental allotransplantation
in rodents to elaborate the most suitable model to supply the scarcity of islet donors. We used the PubMed
database to systematically search for published articles
containing the keywords “rodent islet transplantation”
to review. We included studies that involved allotransplantation experiments with rodents’ islets, and we
reviewed the reference lists from the eligible publications that were retrieved. We excluded articles related
to isotransplantation, autotransplantation and xenotransplantation, i.e. , transplantation in other species. A
total of 25 studies related to allotransplantation were
selected for systematic review based on their relevance
and updated data. Allotransplantation in rodents is
promising and continues to develop. Survival rates of
allografts have increased with the discovery of new immunosuppressive drugs and the use of different graft
sites. These successes suggest that islet transplantation
is a promising method to overcome the scarcity of islet
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donors and advance the treatment options for type 1
diabetes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Islet transplantation; Allograft; Immunosuppression; Type 1 diabetes; Islet grafts; Diabetes
mellitus; Islet; Hyperglycemia
Core tip: This is an important systematic review for
readers to analyze the different existing methodologies
of islet allotransplantation. This article reviews all aspects of donors and recipients, the types and dosages
of immunosuppressive therapy, graft survival time and
evolution of the recipient’s blood glucose. Therefore,
the present article permits reproduction and improvement of the experiments involving islet allotransplantation in rodents to develop alternative therapies for type
1 diabetes.

Iuamoto LR, Meyer A, Chaib E, D’Albuquerque LAC. Review
of experimental attempts of islet allotransplantation in rodents:
Parameters involved and viability of the procedure. World J
Gastroenterol 2014; 20(37): 13512-13520 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i37/13512.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i37.13512

INTRODUCTION
It is estimated that 4% of the world population is affected by diabetes mellitus, of which 10% have type 1
diabetes[1]. Furthermore, the incidence of diabetes cases
in Europe has increased, especially in children and teenagers, in whom the incidence of type 1 diabetes increased
by 4% last year. One trend is the occurrence of type 1 diabetes mellitus at younger ages, between 10 and 14 years.
Today, the disease is already at 0-5 years[2]. According to
the IBGE-CENSUS-2010, there are currently 12054827
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diabetics patients in Brazil[3]. Thus, approximately 1.2 million diabetics in Brazil may benefit from research aimed
at improving treatment of type 1 diabetes.
Currently, insulin is the primary treatment method
for diabetes. However, approximately 5%-10% of patients have severe and unexpected fluctuations in their
blood glucose levels, resulting in multiple episodes of
hypoglycemia, which has serious clinical consequences.
In such cases, pancreas transplantation is an alternative
treatment option that is already in clinical use. Another
alternative option is islet transplantation, which is a less
invasive therapeutic method but is still in development[3].
Regarding the effectiveness of treatment, some results
showed 80% insulin independence within the first year in
postoperative patients treated with islet transplantation[4];
however, the survival rate of islets remains low.
The scarcity of islets is a significant obstacle hindering the widespread use of islet allograft therapy. According to the Network of Organ Procurement and Transplantation, in 2011, only 1562 pancreases were recovered
from 8000 donor organs available in the United States.
Furthermore, many donated pancreases are not suitable
for islet extraction or do not fit the selection criteria. It
is also common for islets to be handled incorrectly. For
these reasons, only a small number of islet transplantations can be carried out[5].
Some restrictions were found in the technical development of islet transplantation: the number of donor
pancreases available for islet transplantation, below that
required for healing the millions of people with type 1
diabetes; technical difficulties and the cost of islet isolation; poor durability of insulin independence; and autoimmunity and rejection after transplantation, which must
still be overcome. It is therefore essential to develop an
unlimited source of cells capable of secreting insulin in
response to glucose and that can be transplanted with
little or no need for systemic immunosuppression[6,7].
The purpose of the present study is to review experimental allotransplantation procedures that have been
attempted in rodents to analyze the parameters involved
and the viability of the procedure.

SEARCH PROCESS
Search process
The study was performed using the PubMed database
to search for published articles containing the keywords
“rodent islet transplantation”. However, to filter the results, we searched PubMed records for the period January 2000-December 2013 using the following search
terms for islet allotransplantation in rodents: “{rodent
islet transplantation AND ["2000"(Date-Completion):
"3000"(Date-Completion) AND (allotransplantation)
NOT porcine] NOT tilapia} NOT nonhuman primate”.
This ensured that articles discussing transplantation in
porcine, tilapia and nonhuman primates (more common
species used for transplantation) were excluded from the
review to focus on those articles related to allotransplantation in rodents. Following the PubMed search, we re-
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viewed the references from the publications retrieved and
obtained the entire text of publications that could potentially be included in the systematic review. Unpublished
studies and letters were ignored. Studies that did not have
a full text available in English were purchased for review.
Eligible studies were selected for analysis based on the
following inclusion criteria: (1) studies must be related to
allotransplantation; (2) the species studied must be rodent
species; and (3) articles must be relevant and the information up to date.
The review was written in English, and the relevant
information, such as donor/recipient, immunosuppression, allotransplantation site, graft survival time, glucose
variations and diabetes induction method, was organized
into tables.

DATA ABSTRACTION
The authors abstracted the characteristics of the study,
such as the source(s) for experimental (e.g., medical records and clinical databases) and relevant data, into the
tables-donor/recipient; immunosuppression; allotransplantation site; graft survival time; glucose variations; and
diabetes induction method.

SEARCH RESULTS
A total of 2650 articles from 2000 to 2013 were found.
Only 25 articles were related to allotransplantation. These
articles were selected based on their relevance and updated information (Tables 1-6; Figure 1A and B).

DISCUSSION
Islet transplantation has the potential to provide an adequate
supply of insulin to the transplanted patient and provide a
solution to the problem of islet donor shortage[6].
The first successful islet transplantation for the surgical treatment of diabetes occurred in 1990 by Shapiro et
al[7]. Insulin independence was achieved in a patient with
type 1 diabetes at one month post-transplant. However,
many technical difficulties were found that needed to be
overcome to continue the development of this technique
and reproduce this experiment. In the decade between
1991 and 2000, 450 islet transplantation attempts were
made in type 1 diabetic patients, with a success rate of
only 8%. Fifty percent of successful cases were reported
when patients had become diabetic because they were
undergoing a pancreatectomy.
Then, in 1999/2000, Shapiro et al[7] successfully achieved
insulin independence in 7 diabetic patients by performing
experiments based on the modified Edmonton protocol[2,7].
Islet transplantation has increasingly been shown to
reduce morbidity 20-fold compared to pancreas transplant because it is surgically less invasive[8].
In the present study, we reviewed studies consisting
of rodents similar in age and weight undergoing allograft
transplantation. Strains of mice aged 6-12 wk and weighing 200 g to 350 g were used. According to these studies
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A

B

Donors
Sprague
FVB
Dawley
4%
7%

C3H
7%

Recipients
C3H
4%

A/J
4%

Wistar
12%
Lewis
18%

C57Bl/6
19%

Wistar
15%

C57BL/6
32%

Lewis
12%

Balb/c
28%

Balb/c
26%

EBA
4%

Sprague
Dawley
4%

Fisher
4%

Figure 1 Quantitative and comparative analysis of the different donor strains (A) and recipient strains (B).

Table 1 Description of the experimental studies on allografts in rodents
Ref.

Donor/recipient
[9]

Fotiadis et al

Lewis→ Wistar

Merani et al[10]

Lewis →Wistar

Nishimura et al[11]

C57BL/6 → Balb/c

Makhlouf et al[12]

C57BL/6/Balb/c

Salazar-Bañuelos et al[13]
Wee et al[14]

Wistar →Sprague
Dawley
Lewis → Fisher

Plesner et al[15]
Watanabe et al[16]

Balb/c →EBA
Balb/c → C57BL/6

Gysemans et al[17]

Immunosuppression

Allotransplantation site

Graft survival time

Mycophenolate mofetil
Spleen
(MMF) and Cyclosporine A (CsA)
AEB-071 (Protein kinase C inhibitor) Kidney capsule
+ CsA, CTLA4-Ig, MMF
Tacrolimus
Nonmetallic dorsal
skinfold chamber
Blockade of CD28:B7 and
Kidney capsule
anti-CD40L; CTLA-4
No immunosuppression
Medullary channel

N/A

CsA + Tautomycetin (synergist)

Liver (portal vein)

Kidney capsule
Kidney capsule

Balb/c→ C57BL/6

No immunosuppression
Tacrolimus and DHMEQ (NF-kB
inhibitor)
No immunosuppression

Control group - 5.2 ± 0.5 d
TMC - 5.1 ± 0.9 d
TMC (0.03 mg/kg) + CsA (5 mg/kg) - >
41 d
TMC (0.1 mg/kg) + CsA (5 mg/kg) 103.8 ± 56.8 d
60 d
100 d

Xekouki et al[18]

Wistar→Lewis

CsA and MMF

Spleen (parenchyma)

Baker et al[19]

A/J→ C57Bl/6J

Monoclonal antibody antiBIP-10

Kidney capsule

Li et al[20]
Vieiro et al[21]

FVB→ Balb/c
C57Bl/6→ C3H

Kidney capsule
Subcutaneous

Neuzillet et al[22]
Melzi et al[23]

C3H → Balb/c
C57Bl/6 → Balb/c

No immunosuppression
Tritiated thymidine (preoperative)
and CsA
No immunosuppression
Rapamycin+ FK506+ anti-IL2Ra chain mAbs and
rapamycin+IL-10

9.2 ± 4.9 d (Autoimmune diabetes)
15 ± 3 d (Not chemically diabetic
autoimmune)
8 d (CsA)
10.92 d (MMF 1)
11 d (MMF 2)
19.7 ± 2.3 d (C57Bl/6J)
20.2 ± 2.7 d (CXCR3-/-C57Bl/6J
N/A
N/A

Kidney capsule
Kidney capsule

13.8-27.5 d
> 100 d

Fiorina et al[24]
Fan et al[25]

Balb/c→ C57Bl/6
C57Bl/6 → Balb/c

No immunosuppression
LTß R-Ig, CTLA4-Ig or
LTR mAb anti mouse

Kidney capsule

14 d
LTb R-Ig- 27 d
CTLA4-Ig- 55 d
LTb R-Ig+CTLA4-Ig - > 100 d
LTR mAb anti mouse - 11 d

WJG|www.wjgnet.com

13514

Kidney capsule

100 d
N/A
1 wk
21 d
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Jung et al[26]

Balb/c → C57Bl/6

CD154 mAb (MR1) anti mouse and Kidney capsule
ROS-A (Reactive Oxygen Specie - A)

Påhlman et al[27]

Balb/c → C57Bl/6J

AR-C117977 (10 or 30 mg/kg) or
CsA 20 mg/kg

Kidney capsule

Wang et al[28]

Balb/c → C57Bl/6

B7-H4 and Ad-LacZ

Kidney capsule

Chen et al[29]

Sprague Dawley →
Lewis
C3H → Balb/c

No immunosuppression

Intra-abdominal

8 wk

No immunosuppression

Kidney capsule

Qi et al[31]

Wistar/Lewis →
Lewis

No immunosuppression

Potiron et al[32]
Jahr et al[33]

Wistar → C57Bl/6
Lewis → Wistar

CTLA4 Ig or CD40 Ig
Anti-rat antilymphocyte serum

Intraperitoneal
(Macroencapsulated)
Kidney capsule (not
macroencapsulated)
Kidney capsule
Liver (portal vein)

SCOT + PEG
20 kDa ³10 g/L - 20 d,
CMRL-1066 + 1% BSA - 17.5 ± 1 d,
Solution UW - 17.2 ± 0.4 d,
SCOT
without PEG - 14 ± 0.9 d
Solution HBSS + 0.5% BSA - 14 ± 0.7 d
24 wk (Macroencapsulated)
48 h (not macroencapsulated)

Giraud et al[30]

ROS-A - 53 d
MR1 - 82 d
ROS-A+MR1 - > 160 d
CsA - 16 d
AR-C117977, 10 mg/kg - >100 d
AR-C117977, 30 mg/kg -29,33 d
B7-H4 - approximately 60 d
Ad-LacZ - approximately > 20 d

24.3 ± 9.7 d

N/A: Not available.

Table 2 Sites of islet infusion based on the literature from
the PubMed database
Sites of islet infusion

Literature from the PubMed database

Kidney capsule
Liver
Other sites1

70%
23%
7%

1

Subcutaneous, bone marrow, sub-retinal space, sub-conjunctival space,
spleen, intraperitoneal cavity and sub-mucosal space of the duodenum.

(Table 3), C57BL/6 (B6) and Balb/c were the most commonly used strains in allograft experiments as both islet
donors (23.8% and 16.67%) and as islet recipients (28.57%
and 16.67%). However, no significant difference was observed in the results obtained using other strains.
The efficacy of combined immunosuppressive drug
therapy on islet transplantation in rodents has been widely
studied. Among these studies, Fotiadis et al[9] tested the effects of cyclosporine A (CsA) given in combination with
mycophenolate mofetil (MMF) and found that the survival
rate increased significantly compared to the isolated use of
CsA and MMF; this observation was presumably due to its
lower toxicity in the combined regimen.
Nishimura et al[11] conducted studies with tacrolimus
and demonstrated a suppression in vascular endothelial
growth factors, protein kinase 14 activated by mythogen,
tissue factor F, specific cyclin D1 for G1/S cell division and protein kinase 4. Thus, they concluded that the
drug inhibits pancreatic islet revascularization. However,
hypoxia-inducible factor 1 alpha (HIF1A) was not observed. Thus, there was a minor engraftment of islets and
subsequent degeneration. Furthermore, no differences
were observed in gene expression between the control
group and the group receiving tacrolimus.

WJG|www.wjgnet.com

Wee et al[14] studied the effects of tautomycetin and
concluded that it does not affect the viability of the islets
and spleen, but it is capable of inhibiting the proliferation of T cells. When tautomycetin was combined with
subtherapeutic doses of CsA, it led to increased survival
of islets. A dose of CsA of 15 mg/kg prolonged the survival of islets the longest. Thus, the mixture of tautomycetin with CsA or other calcineurin inhibitors increased
islet survival.
Merani et al[10] demonstrated that inhibition of PKC
using the new drug AEB -071 slowed the rejection of
islet allografts in rodents. Furthermore, addition of CsA
therapy with 5 mg/kg AEB prevented graft rejection in
80% of the rats transplanted by immunosuppressive action of the complement system and had no toxic effects.
Watanabe et al[16] conducted studies with DHMEQ, an
inhibitor of NF-kB, and concluded that the proinflammatory responses activated by HMGB1 were reduced. Moreover,
the immunosuppression allows allograft acceptance even in
cases where only a few islets were transplanted.
Xekouki et al[18] analyzed the effects of CsA and MMF.
Their results suggest a beneficial effect of MMF in maintaining the architecture of the islets without prominent
side effects in other organs, such as the kidneys or liver.
Baker et al[19] studied CXCR3 gene deletion and αIP-10
antibody therapy and concluded that they modulate posttransplant lymphocytic infiltration into the graft and contribute to prolonging allograft survival.
Fan et al[25] concluded that the simultaneous blockade
of LIGHT and CD28 prolongs graft survival because
of a synergistic effect; the presence of T-regulatory cell
activity develops donor-specific immunological tolerance.
Moreover, prevention of allograft rejection and induction
of donor-specific tolerance in lymphocyte-sufficient recipients can be achieved by local cotransplantation of the
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Table 3 Comparative analysis of the different types of rodents used and their basic characteristics-Age and Weight
Ref.
Fotiadis et al[9]
Merani et al[10]
Nishimura et al[11]
Makhlouf et al[12]
Salazar-Bañuelos et al[13]
Wee et al[14]
Plesner et al[15]
Watanabe et al[16]
Gysemans et al[17]
Xekouki et al[18]
Baker et al[19]
Li et al[20]
Vieiro et al[21]
Neuzillet et al[22]
Melzi et al[23]
Fiorina et al[24]
Fan et al[25]
Jung et al[26]
Påhlman et al[27]
Wang et al[28]
Chen et al[29]
Giraud et al[30]
Qi et al[31]
Potiron et al[32]
Jahr et al[33]

Donor/recipient

Age

Weight

Lewis→ Wistar
Lewis→ Wistar
C57BL/6 → Balb/c
C57BL/6→ Balb/c
Wistar→ Sprague Dawley
Lewis→ Fisher
Balb/c→ EBA
Balb/c→ C57BL/6
Balb/c→ C57BL/6
Wistar→Lewis
A/J→ C57Bl/6J
FVB→ Balb/c
C57Bl/6→ C3H
C3H → Balb/c
C57Bl/6 → Balb/c
Balb/c→ C57Bl/6
C57Bl/6 → Balb/c
Balb/c → C57Bl/6
Balb/c → C57Bl/6J
Balb/c → C57Bl/6
Sprague Dawley → Lewis
C3H → Balb/c
Wistar/Lewis → Lewis
Wistar → C57Bl/6
Lewis → Wistar

N/A
N/A
9-12 wk /8-12 wk
6-8 wk (male)/ N/A
N/A
10-12 wk
8-10 wk /N/A
10-14 wk /male
(8-21 d) → (> 180 d)
N/A/male
8-12 d/male
8-12 wk
N/A
N/A
9 wk (female) → 9 wk (female)
N/A
N/A - adults (female)
12 wk (male) → 12 wk (male)
N/A - (female)
8-10 wk (female) → 8-10 wk
N/A (male)
6 wk
9-10 wk (male)
N/A (male)
N/A (male) → N/A (male)

220 g-300 g
200 g (male)/150 g (female)
N/A
N/A
260-326 g
N/A
N/A
N/A
N/A
220-300 g
N/A
N/A
N/A
N/A
20-22 g
N/A
N/A
25-30 g
N/A
N/A
250-350 g → 196 ± 15 g
N/A
250-300 g
200-300 g
310-330 g→ 215-245 g

N/A: Not available.

Table 4 Analysis of the immunosuppressant drugs used at
international islet transplantation research centers
Immunosuppressant

Number of centers using the
immunosuppressant
(based on data from the literature)

CsA
MMF
CTLA4 Ig
CD40 Ig
NF-kB Inhibitor (DHMEQ)
Anti-CD154 mAb (MR1)
Tritiated thymidine
Tacrolimus
Blockade of CD28:B7
Tautomycetin
Protein Kinase C Inhibitor
(AEB-071)
Monoclonal antibody anti-BIP-10
Rapamycin+FK506+anti–IL2Ra chain mAbs, n31 and
rapamycin+IL-10; n29
LTβ R-Ig
LTR mAb
ROS-A
AR-C117977
B7-H4 and Ad-LacZ
Anti-rat antilymphocyte serum
No immunosuppression

6
3
4
2
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
9

allografts with regulatory T cells.
Jung et al[26] concluded that the combination of Ros
A and MR1 in a murine allogeneic islet transplantation
model prolonged graft survival compared to the MR1alone treatment group.
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Påhlman et al[27] evaluated the immunosuppressive
limitations of AR-C117977, an immunosuppressant
drug that maintains long-term graft survival and induces
operational tolerance, and concluded that AR-C117977
combined with CsA resulted in significant prolongation
of graft survival compared with AR-C117977 or CsA
therapy alone. Furthermore, CsA therapy alone did not
prevent acute rejection.
Wang et al[28] studied local expression of B7-H4 and
concluded that it prolongs islet allograft survival in vivo.
Studies investigating immunosuppressant drugs and
their toxic effects on islets in vivo are still in development.
The most utilized immunosuppressants were CsA, MMF
and CTLA4 Ig, as shown in Table 4. The concomitant
use of glucocorticoids was associated with high rejection
rates and is not recommended. Their immunosuppressive and toxic effects have not been rigorously tested, and
studies are still underway.
In relation to the different locations for transplantation studied according to the table, the kidney capsule
was the most frequently used site for transplantation.
Second was the portal vein in the liver[14]. The spleen[9,19],
intraperitoneal site[32], bone marrow (tibia)[13], dorsal skin
fold-intra-abdominal[30] nonmetallic chamber[11] or subcutaneous[22] was used in a small percentage of studies.
In our review of the studies, it was found that the
highest survival rate was obtained by Wee et al[14], who
used the portal vein (liver) as the site of allograft transplantation and sacrificed the mice at 100 d postoperative.
Melzi et al[23], Watanabe et al[16] and Merani et al[10] obtained
a survival rate of 100 d, where the site of engraftment
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Table 5 Quantitative analysis of immunosuppressant drugs use
Ref.

Immunosuppression

Fotiadis et al[9]

MMF and CsA

Merani et al[10]

AEB-071 (Protein Kinase C Inhibitory) +
CsA, CTLA4-Ig, MMF

Nishimura et al[11]
Makhlouf et al[12]
Wee et al[14]
Watanabe et al[16]

Tacrolimus
Blockade of CD28:B7 and anti-CD40 L;
CTLA-4
CsA+Tautomycetin (Synergist)
Tacrolimus and DHMEQ

Xekouki et al[18]

CsA and MMF1

Baker et al[19]
Vieiro et al[21]
Melzi et al[23]

Fan et al[25]

Dose

Administration frequency

12 mg/kg and 23 mg/kg (MMF) 5
mg/kg (CsA)
30 mg/kg (AEB-071)
2.5 mg/kg and 5 mg/kg (CsA)
0.25 mg (CTLA4-Ig Intraperitoneal)
10 mg/kg (MMF)
0.5 mg/kg
250mg

-

5 mg/g and 15 mg/kg (CsA)
1.5 mg/kg (Tacrolimus)
20 mg/kg (DHMEQ)

Once a day for 7 d
Once a day 0 to 3 PO and 2 times a day 0 to 14
PO (DHMEQ); 0 to 14 PO (Tacrolimus);
Once a day 0 to 3 PO (DHMEQ)+0 to 14 PO
(Tacrolimus)
Oral - Daily - 12 consecutive days

5 mg/kg (CsA)
12 mg/kg (MMF)
23 mg/kg (MMF)
Monoclonal antibody antiBIP-10
300 mg intraperitoneal
Tritiated thymidine (preoperative) and CsA 20 mg/kg (CsA)
Rapamycin + FK506 + anti–IL-2Ra chain
1 mg/kg (Rapamycin)
mAbs and rapamycin+IL-10
0.05 mg/kg (IL-10)
0.3 mg/kg (FK506)
1 mg/kg (mAbs)

Jung et al[26]

LTb R-Ig, CTLA4-Ig or LTR mAb anti
mouse
CD154 mAb (MR1) anti mouse + ROS-A

Påhlman et al[27]

AR-C117977 or CsA

Wang et al[28]

B7-H4

Potiron et al[32]

CTLA4 Ig or CD40 Ig

Jahr et al[33]

Anti-rat antilymphocyte serum

2 times a day, oral (AEB-071)
2 times a day, oral (CsA)
0, 2, 4 and 6 PO, Intraperitoneal (CTLA4-Ig)
Once a day, oral (MMF)
Infused subcutaneously - Daily - for 14 d
Intraperitoneal - 0, 2, 4 and 6 PO

Daily - 14 d1
N/A
Intraperitoneal:
Once a day - 30 PO (Rapamycin)
2 times a day - 30 d (IL-10)
Once a day - 30 d (FK506)
0.4 PO (mAbs)
Intraperitoneal- days -1, 1, 3, 5, 7 and 9

200 mg
250 mg (CD154 mAb (MR1) anti
mouse)
200 mg/kg of Ros A
0.2 mL - 3, 10, 30, or 100 mg/kg
(AR-C117977)
0.5 mL - 20 mg/kg (CsA)
5 plaque-forming units (pfu) of AdB7-H4 or Ad-LacZ
5 109 IP of AdCTLA4 IM and/or 5
109 IM or 2 109 Ⅳ of AdCD40Ig;
IM administration: 10 mL per point
(3 points)
Ⅳ administration: 150 mL with 0.9%
sodium chloride
Intraperitoneal administration 0.5 mL

Intraperitoneal injection 0, 2, 4, 6 and 8 PO
(CD154 mAb (MR1) anti mouse)
8 consecutive days (ROS-A)
Subcutaneous - once a day 0 to 9 PO
(AR-C117977)
Once a day 0-9 PO or 0-39 PO (CsA)
N/A
IM administration - anterior tibialis muscle;
Ⅳ administration - venile vein

1 d after islet transplantation

1

First dose administered 4 h preoperatively. N/A: Not available; MMF: Mycophenolate mofetil; CsA: Cyclosporine A.

Table 6 Analysis of induction and treatment of diabetic process with islet transplantation
Ref.

Number of
transplanted islets

Fotiadis et al[9]

1812 ± 145

Merani et al[10]

1500

Diabetes induction method

Streptozotocin (60 mg/kg)
+ PBS-Solution (Phosphate
Buffer Solution) - 10 mg/mL
(pH 4,5);
Streptozotocin (75 mg/kg)
intraperitoneal

Hyperglycemia Normalization of
induction
hyperglycemia
(preoperative) (postoperative)
7d

3d

12 d (MMF)
10 d (CsA)

5d

3d

22 d

-

-

N/A

2 wk

3d

-

Nishimura
2-10/dorsal skinfold
et al[11]
chamber
Makhlouf et al[12] 350 (Balb/c)
700 (NOD)

-

Salazar840 (of Wistar)
Bañuelos et al[13]

-

-

WJG|www.wjgnet.com
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Streptozotocin and
spontaneously (225 mg/kg
in peritoneal cavity)

Graft rejection

10 d (Balb/c)
5 d (NOD) and 7 d
complete rejection
(NOD)
N/A1

Criteria for primary
graft dysfunction
(PGD)
Glucose above 200
mg/dL; after 2nd
PO 2 consecutive
times
Glucose above
324 mg/dL after 2
consecutive days
200 mg/dL - 2 to 3
consecutive days

N/A
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Wee et al[14]

4000

Streptozotocin (35 mg/kg)

N/A

N/A

Plesner et al[15]

550

Streptozotocin (375 mg/dL)
intraperitoneal

3-5 d

5 d1

Watanabe et al[16] 600 or 300

Streptozotocin (180 mg/kg)
intraperitoneal

5-7 d

N/A

Gysemans et
al[17]

300

Alloxan (90 mg/kg)

24 h

N/A

Xekouki et al[18]

2000

1 wk

N/A

Baker et al[19]
Li et al[20]

300
400 (200/Kidney
capsule)

Streptozotocin (60 mg/kg)
diluted in phosphated
solution 10 mg/mL
Streptozotocin (220 mg/kg)
Streptozotocin (220 mg/kg)

N/A
N/A

N/A
N/A

Vieiro et al[21]

200

Streptozotocin (270 mg/kg)
intraperitoneal

N/A

N/A

Neuzillet et al[22] 550

N/A

N/A

4h

Melzi et al[23]

400

175 a 200 mg/kg intravenous

1-2 wk

5d

Fiorina et al[24]
Fan et al[25]

NA
500

Streptozotocin
Streptozotocin
(200 mg/kg)

N/A
N/A

N/A
N/A

Jung et al[26]

300 IEQ

Streptozotocin (180 mg/kg)

N/A

1d

Påhlman et al[27] 500-600

Alloxan
Intravenous

N/A

N/A

Wang et al[28]

400

Streptozotocin (200 mg/kg)

3-4 d

3d

Chen et al[29]

3000 IEQ

Streptozotocin dissolved in
saline (50 mg/kg)

N/A

1 wk
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Untreated - 5.2 d
200 mg/dL after 2
(± 0.5)
consecutive days
TMC - 5, 1 d (± 0, 9)
TMC (0.03 mg/kg) +
CsA (5 mg/kg) - >
41 d
TMC (0.1 mg/kg)
+ CsA (5 mg/kg) 103.8 ± 56.8 d
≥ 198 mg/dL after
60 d
2 consecutive days
69 d (Tacrolimus)
> 350 mg/dL for 2
100 d (DHMEQ 3 d consecutive days
and Tacrolimus 14 d)
N/A - 23%
Glucose level > 200
mg/dL more than
3 consecutive days
7 d (MMF ´1)
-

7d
8.36 ± 1.67
(islets of FVB)
16.2 ± 2.52
(islets of MT)
3-7 d

Glucose levels
> 250 mg/dL 2 consecutive
measurements
≥ 250 mg/dL

- 3 consecutive
measurements
PEG-Solution 8 kDa > 199.8 mmol/L
27.50 ± 3.70 d; PEG - 2 consecutive
PEG-Solution 20 kDa measurements
23.13 ± 4.39 d;
PEG-Solution 35 kDa
13.80 ± 3.49 d
29 d (mouse with
> 250 mg/dL Glucose levels < 450 2 consecutive
mg/dL) and 16 d
measurements on
(mouse with Glucose postoperative
levels > 450 mg/dL)
14 d
N/A
27 d (LT[a]R-Ig)
> 300 mg/dL- after
55 d (CTLA4-Ig)
2 consecutive days
After 100 d or more
(LT[b]R-Ig and
CTLA4-Ig)
ROS-A - 53 d
MR1 - 82 d
ROS-A+MR1 - >
160 d
CsA - 16 d
AR-C117977,
10 mg/kg - > 100 d
AR-C117977,
30 mg/kg - 29, 33 d
B7-H4 approximately 60 d
Ad-LacZ approximately > 20 d
13 wk (SGA microencapsulated)
7 wk (ABamicroencapsulated)
5 wk (APAmicroencapsulated)

> 200 mg/dL 2 consecutive
measurements on
the same week
N/A

> 250 mg/dL after
primary graft
success
N/A
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Giraud et al[30]

1400 IEQ

Streptozotocin (250 mg/kg),
intraperitoneal

N/A

N/A

Qi et al[31]
Potiron et al[32]

1940 (± 39)
800-1000

Streptozotocin (55 mg/kg)
Streptozotocin (180 mg/kg)

7d
1 wk

N/A
4d

Jahr et al[33]

700-900

Streptozotocin (55 mg/kg)

7-10 d

SCOT + PEG Solution
20 kDa ³10 g/L - 20
d,
CMRL-1066 + 1%
BSA - Solution 17.5 ±
1 d,
UW-Solution - 17.2 ±
0.4 d, SCOT
without PEG -14 ±
0.9 d
HBSS + 0.5% BSA Solution - 14 ± 0.7 d
N/A
24.3 ± 9.7 d

Right after
1 wk
transplantation

> 200 mg/dL 2 consecutive
measurements

N/A
250 mg/dL on 2
successive measurements
> 300 mg/dL after
8.9 ± 0.7 d

1

Rodents that had normalized blood glucose in 5 d were included in the study. N/A: Not available; IEQ: Islet equivalents.

the use of different graft sites. These advancements have
the potential to overcome the scarcity of islet donors and
improve the treatment of type 1 diabetes.

Table 7 Analysis of the parameters of hyperglycemia
Ref.

Blood Glucose Levels: hyperglycemia (mg/dL)
[9]

Fotiadis et al
Merani et al[10]
Makhlouf et al[12]

[14]

Wee et al
Plesner et al[15]
Watanabe et al[16]
Gysemans et al[17]
Xekouki et al[18]
Baker et al[19]
Li et al[20]
Melzi et al[23]
Fan et al[25]
Jung et al[26]
Påhlman et al[27]
Wang et al[28]
Chen et al[29]
Giraud et al[30]
Qi et al[31]
Potiron et al[32]

180 on 2 consecutive measurements
180 on 3 consecutive days
Moderate diabetes: between 240 and 350
Severe diabetes: between 351 and 550
Very severe diabetes: more than 550
200
≥ 360
200 on 2 consecutive days
200 on 2 consecutive days
300
300 on 3 consecutive days
350 to 500 after 2 consecutive measurements
250 on 2 consecutive measurements
300 on 2 consecutive measurements
300 on 2 consecutive days
288 on 2 consecutive measurements
300 after 2 consecutive days
302.4 on more than 3 consecutive days
350 after 2 consecutive days
450
> 200

REFERENCES
1
2

3

4
5

was the kidney capsule.
It is important to note that there was no standard
level of hyperglycemia that the mice must present to
be recipients of islet transplantation. A range of blood
glucose levels from 180 mg/dL to 500 mg/dL was observed, as shown in Table 7.
The articles have many independent variables that
influence the study results, such as species of rodent, immunosuppressant drugs and dosages, criteria for diabetes
and allograft site. Thus, more research is needed to develop the ideal allograft model of islet transplantation.

7

8

9

CONCLUSION
Based on the analyzed studies, we can infer that islet allotransplantation in rodents is promising and continues
to develop. The survival rates of allografts have increased
with the discovery of new immunosuppressive drugs and
WJG|www.wjgnet.com
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Abstract
AIM: To investigate the role of epidermal growth factor
(EGF) in visceral hypersensitivity and its effect on the
serotonin transporter (SERT).
METHODS: A rat model for visceral hypersensitivity
was established by intra-colonic infusion of 0.5% acetic
acid in 10-d-old Sprague-Dawley rats. The visceral sensitivity was assessed by observing the abdominal withdrawal reflex and recording electromyographic activity
of the external oblique muscle in response to colorectal
distension. An enzyme-linked immunosorbent assay
was used to measure the EGF levels in plasma and colonic tissues. SERT mRNA expression was detected by
real-time PCR while protein level was determined by
Western blot. The correlation between EGF and SERT
levels in colon tissues was analyzed by Pearson’s corre-
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lation analysis. SERT function was examined by tritiated
serotonin (5-HT) uptake experiments. Rat intestinal
epithelial cells (IEC-6) were used to examine the EGF
regulatory effect on SERT expression and function via
the EGF receptor (EGFR).
RESULTS: EGF levels were significantly lower in the
rats with visceral hypersensitivity as measured in plasma (2.639 ± 0.107 ng/mL vs 4.066 ± 0.573 ng/mL, P
< 0.01) and in colonic tissue (3.244 ± 0.135 ng/100
mg vs 3.582 ± 0.197 ng/100 mg colon tissue, P <
0.01) compared with controls. Moreover, the EGF levels
were positively correlated with SERT levels (r = 0.820,
P < 0.01). EGF displayed dose- and time-dependent
increased SERT gene expressions in IEC-6 cells. An
EGFR kinase inhibitor inhibited the effect of EGF on
SERT gene upregulation. SERT activity was enhanced
following treatment with EGF (592.908 ± 31.515 fmol/
min per milligram vs 316.789 ± 85.652 fmol/min per
milligram protein, P < 0.05) and blocked by the EGFR
kinase inhibitor in IEC-6 cells (590.274 ± 25.954 fmol/
min per milligram vs 367.834 ± 120.307 fmol/min per
milligram protein, P < 0.05).
CONCLUSION: A decrease in EGF levels may contribute to the formation of visceral hypersensitivity through
downregulation of SERT-mediated 5-HT uptake into
enterocytes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: epidermal growth factor; Visceral hypersensitivity; Rat models; Serotonin transporter; Rat small
intestinal epithelial cells; intestinal epithelial cells; Irritable bowel syndrome
Core tip: Results of this study show that visceral hypersensitivity results in a decrease in the plasma and
colon tissue levels of epidermal growth factor (EGF).

13521

October 7, 2014|Volume 20|Issue 37|

Cui XF et al . EGF, SERT and visceral hypersensitivity

Moreover, the EGF levels were positively correlated with
serotonin transporter (SERT) levels. SERT gene expression and protein activity were upregulated in a doseand time-dependent manner by EGF, and an inhibitor
of the EGF receptor kinase blocked SERT gene expression and activity in an intestinal epithelial cell line. The
data suggest that decreased EGF levels may contribute
to the formation of visceral hypersensitivity through
downregulation of SERT activity.
Cui XF, Zhou WM, Yang Y, Zhou J, Li XL, Lin L, Zhang HJ.
Epidermal growth factor upregulates serotonin transporter and its
association with visceral hypersensitivity in irritable bowel syndrome. World J Gastroenterol 2014; 20(37): 13521-13529 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i37/13521.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13521

INTRODUCTION
Irritable bowel syndrome (IBS), a common chronic functional gastrointestinal disease, is characterized by abdominal pain and discomfort, and bowel disturbance. The
pathogenesis of IBS remains unclear; however, visceral
hypersensitivity is the most likely cause for the motor and
sensory abnormalities in IBS patients[1]. Recent reports
indicate abnormalities in serotonergic signaling systems
being involved in the development of IBS, particularly
those affecting serotonin (5-HT) levels in the gastrointestinal tract[2]. Therefore, it is of interest to investigate the
role of this pathway in the pathogenesis of IBS.
High levels of 5-HT have been found in the intestinal mucosal tissue of IBS patients, especially those with
constipation[3]. 5-HT is known to facilitate communication between the enteric nervous system and its effector
systems (muscles, secretory endothelium, endocrine cells,
and vasculature of the gastrointestinal tract). An increase
in 5-HT can lead to gastrointestinal motility disorder and
visceral hypersensitivity[4]. Accumulating evidence suggests that alterations in serotonergic signaling exist in the
gut of IBS patients, including alterations in 5-HT biosynthesis, release, and/or reuptake[5,6].
The serotonin transporter (SERT) is mainly localized
to the apical membrane of intestinal epithelial cells. Due
to its role in reuptake of 5-HT, SERT plays an important
part in terminating transmitter action and maintaining transmitter homeostasis[7,8]. SERT gene expression
is downregulated in the colon[9] and rectal tissues[10] of
patients with IBS and inflammatory bowel disease. The
downregulation may contribute to the pathophysiology
of these gastrointestinal disorders; however, the underlying mechanisms are still not fully understood.
Previous studies have demonstrated that epidermal
growth factor (EGF) upregulates the reuptake of 5-HT
by increasing SERT transcription in human intestinal
epithelial cells[11,12]. EGF is a 53-amino acids peptide with
a variety of biologic functions. In the gut, EGF plays
an important role in intestinal proliferation, differentia-
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tion, and maturation[13]. EGF affects various processes
by binding to the EGF receptor (EGFR), which is expressed on the basolateral surface of both human and rat
intestinal epithelial cells[14] and is associated with certain
bowel diseases, such as inflammatory bowel disease[15,16].
Our preliminary findings demonstrated that plasma EGF
levels were decreased in IBS patients. To date, the role
of EGF in IBS patients remains unknown. Some studies
report that SERT-mediated alterations of 5-HT levels in
the intestinal space are related to IBS-like syndrome[17,18].
We hypothesized that EGF regulates SERT expression via EGFR and SERT, consequently mediating the
5-HT reuptake, which may be involved in visceral hypersensitivity. In this study, a rodent model of visceral
hypersensitivity was established by a two-week colonic infusion of 0.5% acetic acid to produce persistent chronic
hypersensitivity[18-20]. SERT expression was evaluated in
this model, and the association of EGF levels with SERT
expression was assessed. Lastly, the effect of EGF treatment on SERT expression and its function via EGFR in
intestinal epithelial cells were investigated.

MATERIALS AND METHODS
Animals
Sprague-Dawley male rats were purchased from Beijing
Vital River Laboratories Animal Technology Co., Ltd.
(Beijing, China). Rats were housed with ad libitum food
in standard rodent cages at 22 ℃ in a 12 h light-dark
controlled room. All procedures were approved by the
Institutional Animal Care and Use Committee of Nanjing Medical University (Nanjing, China), and were in
accordance with the guidelines of the International Association for the Study of Pain (IASP; Washington, DC,
United States).
Initiation of visceral hypersensitivity
Ten-day-old male rats (n = 10) received an intracolonic
infusion of 0.2 mL of 0.5% (v/v) acetic acid in saline, 2
cm from the anus. Control 10-d-old pups (n = 10) were
infused with an equal volume of saline alone[19,20]. All of
the experiments were conducted on 8-wk-old rats. Two
parallel electrodes were implanted in the external oblique
muscles of control and colonic-sensitized rats under anesthesia with pentobarbital sodium (50 mg/kg, intraperitoneal). The end of electrode was extended to the back
of the necks in both groups for electromyography (EMG)
recording. All postoperative rats were housed quietly for
seven days in individual cages to recuperate.
Assessment of visceral sensitivity
The visceral sensitivity of the rats was assessed by observing the abdominal withdrawal reflex (AWR) and
EMG activity of the external oblique muscle in response to colorectal distension (CRD), as previously described[19-21]. Briefly, the rats were anesthetized with ether,
followed by insertion of a flexible balloon, attached to
a graded pressure system, into the colon 8 cm from the
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anus and fixed on the tail. The EMG activity of the external oblique muscle in response to CRD was measured
at different pressures (20, 40, 60, and 80 mmHg). After
the rats awoke, CRD was performed with 20 s of distention, followed by a complete balloon deflation for 2 min
to rest between different distentions. Using a PowerLab
data acquisition system (8SP; AD Instruments, Sydney,
Australia) to record EMG, the area under the curve was
analyzed for each EMG signal using an in-house written computer program. AWR in response to CRD was
assessed by an observer without prior knowledge of the
test/control groups. AWR was scored as follows: 0 =
normal behavior with no response, 1 = contraction of
abdominal muscles, 2 = lifting of the abdominal wall, and
3 = body arching and lifting of pelvis[20].

changed every 2-3 d. All cell treatments were conducted
in serum-free medium following a 1 h period of serum
starvation. IEC-6 cell monolayers were treated with 0-160
ng/mL EGF (0203B16; PeproTech, Rocky Hill, NJ,
United States) for 0-48 h or with 10 µmol/L EGFR specific kinase inhibitor PD153035 (Sigma-Aldrich) to block
EGFR action.

Detection of EGF in plasma and colon tissues
EGF levels in plasma and colon tissues were quantified
using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (R and D Systems Inc., Minneapolis, MN, United States). Following rat anesthetization, 1 mL blood samples were removed from the orbital
canthus vein plexus and collected into heparin tubes
followed by centrifugation at 1000 × g for 5 min at room
temperature. The plasma (supernatant) was then collected
and stored at -70 ℃ until analysis. At the same time,
colon tissue samples (0.1 g) were homogenized in phosphate-buffered saline with a glass homogenizer on ice.
The homogenates were then sonicated with an ultrasonic
cell disrupter (New Cheese Biotech Company, NingBo,
China) and centrifuged for 5 min at 5000 × g at 4 ℃. The
supernatants were collected and stored at -70 ℃ until
EGF analysis.

Western blot detection of SERT
Intestinal tissue samples were homogenized in potency
lysate buffer [25 mmol/L Tris-HCl (pH 7.5); 5 mmol/
L EDTA, 5 mmol/L EGTA, 0.5 mmol/L PMSF, 25
µg/mL leupeptin, 10 µg/mL aprotinin, 1 mmol/L sodium vanadate] with a glass homogenizer on ice. Cells
were lysed in ice-cold cell lysis buffer [20 mmol/L
Tris (pH 7.5), 150 mmol/L NaCl, 1% (w/v) Triton
X-100, 0.1% (w/v) sodium pyrophosphate, 1 mmol/L
β-glycerophosphate, 1 mmol/L EDTA, 1 mmol/L Na3VO4, 2 µg/mL leupeptin). Protein concentrations were
determined by a BCA protein assay kit (#23250; Thermo
Fisher Scientific Inc.). The remaining supernatant (36
µL) was combined (1:1) with 1 × sodium dodecyl sulfate
polyacrylamide gel electrophoresis loading buffer, and
boiled for 5 min. Approximately 30 µg of protein from
each sample was run on a 10% polyacrylamide gel and
transferred onto a polyvinylidene difluoride membrane
for immunoblotting as previously reported[23,24]. The
membranes were blocked with 5% (w/v) non-fat milk,
and SERT protein was detected using rabbit anti-SERT
polyclonal antibody (AB9726, 1:500; EMD Millipore,
Billerica, MA, United States). Mouse anti-GAPDH (Macclesfield, Cheshire, United Kingdom) polyclonal antibody
(1:3000) was used as a reference. The membranes were
incubated with either horseradish peroxidase-conjugated
goat anti-rabbit (BS13278, 1:3000; Bioworld, Louis Park,
MN, United States) or goat anti-mouse secondary antibodies (BS12478, 1:3000; Bioworld). All the antibodies
were diluted with 5% (w/v) non-fat milk. The SERT/
GAPDH ratio was calculated from the films with the
Quantity One Analysis Software (Bio-Rad, Hercules, CA,
United States), and the results were expressed in densitometric units.

Cell culture
Rat intestinal epithelial cells (IEC-6) at the 10th culture
passage were obtained from the American Type Culture
Collection (Manassas, VA, United States) and were cultured as previously described[22]. Briefly, IEC-6 cells were
grown in Dulbecco’s Modified Eagle Medium (Gibco
of Thermo Fisher Scientific Inc., Waltham, MA, United
States), supplemented with 10% FBS (Gibco), 2 mmol/L
L-glutamine, 10 mL/L antibiotic solution containing
penicillin G (10000 U/mL) and streptomycin (10000
µg/mL; Gibco), and 0.01 mg/mL insulin (Sigma-Aldrich,
St. Louis, MO, United States). IEC-6 cells were seeded in
polystyrene plastic culture dishes (Corning Inc., Corning,
NY, United States), grown for four days (37 ℃ and 5%
CO2), and used up to the 25th passage. The medium was

Extraction of RNA and real-time PCR detection of SERT
mRNA
The total RNA from control and EGF-treated cells was
extracted using TRIzol reagent® (Invitrogen of Thermo
Fisher Scientific Inc.). After cDNA was synthesized
with a two-step reverse transcription kit (Takara, Dalian,
China), real-time PCR was performed on an Applied
Biosystems 7500 Real-time PCR System using the SYBR
Premix Ex Taq Kit (Applied Biosystems of Thermo
Fisher Scientific Inc.) in a 96-well plate. PCR cycle parameters were as follows: initial denaturation at 95 ℃ at
30 s, 40 cycles of 95 ℃ for 5 s and 60 ℃ for 34 s, followed by a dissociation stage for recording the melting
curve. The cycle threshold (Ct) values of all genes were
obtained, and the relative level of SERT gene was nor-

Evaluation of colon inflammation
After behavior testing, colon tissue specimens (4 cm
proximal to the anus) were removed from rats of both
groups and fixed in 10% (w/v) buffered formalin. Tissue
specimens were embedded in paraffin, cut into 4 µm sections, and stained with hematoxylin and eosin. A pathologist blindly assessed and assigned an inflammatory grade
to each section.
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confluence) were treated either with the optimal dose
of EGF (40 ng/mL) in a serum-free medium or with an
equal volume of the albumin-containing medium for 24 h.
For the [3H]-5-HT uptake assay, the growth medium was
completely removed, and 1 mL of Krebs-Ringer’s (KRH)
buffer (130 mmol/L NaCl, 1.3 mmol/L KCl, 2.2 mmol/
L CaCl2, 1.2 mmol/L MgSO4, 1.2 mmol/L KH2PO4, 1.8
g/L glucose, 10 mmol/L HEPES, pH 7.4) was used to
wash the cells twice. Next, cells were incubated in KRH
buffer containing 100 µmol/L pargyline and 100 µmol/L
ascorbic acid in a 5% CO2 homothermal chamber (37 ℃)
for 10 min. The uptake experiment was initiated by adding 0.1 µM [3H]-5-HT (27.9 Ci/mmol, NET498; PerkinElmer, Waltham, MA, United States) and incubating the
cells at 37 ℃ for another 10 min. The uptake assays were
terminated by three rapid washes with cold KRH buffer.
The cells were then lysed with 600 µL of 0.5 N NaOH,
and 100 µL of the cell lysate was diluted in OptiPhase
SuperMix scintillation mixture (Wallac, Gaithersburg,
MD, United States) for direct quantification of radioactivity in a Wallac liquid scintillation counter (PerkinElmer).
The total protein in the cell lysates was determined using
a Bradford assay kit (Beyotime Biotechnology, Haimen,
China). Specific SERT-mediated uptake was calculated by
subtracting the uptake of [3H]-5-HT in the presence of
100 µM paroxetine, a SERT inhibitor (Enzo, Farmingdale, NY, United States), from the total uptake.
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Figure 1 Effect of neonatal acetic acid treatment on 8-wk-old rat sensitivity to colorectal distension. A: Abdominal withdrawal reflex (AWR) responses
to the graded pressures of colorectal distension (CRD) in saline-treated (n = 10)
and acetic acid-treated (n = 10) rats. Acetic acid-treated rats show increased
AWR scores compared with the saline rats. Values are expressed as mean ±
SD; B: Representative electromyogram (EMG) traces recorded in control and
acetic acid-treated rats in response to CRD; C: EMG responses to CRD in rats
treated with saline and acetic acid at the neonatal stage. Similar to the AWR
scores, acetic acid-treated rats exhibited exaggerated EMG activity responses
to CRD at different pressures compared with the saline-treated rats. Neonatal
rats vs control rats, aP < 0.05, bP ≤ 0.01, error bars represent the mean ± SD.

malized to a housekeeping β-actin gene. Data were analyzed according to the relative expression using the 2-ΔΔCt
method. Each sample was run in triplicate, and the mean
values are presented. Primers used for the PCR were:
forward, 5’-GACTCCTCCCCTCTAAGCCA-3’ and
reverse, 5’-CACGGAAAGAAGTGGTCGGA- 3’ for
SERT; forward, 5’-CTAAGGCCAACCGTGAAAAG-3’
and reverse, 5’-TCTCAGCTGTGGTGGTGAAG-3’ for
β-actin.
[3H]-5-HT reuptake experiment
[ 3H]-5-HT uptake was examined as previously described[8,25]. Briefly, cells were plated in poly-D-lysinecoated (0.1 mg/mL) 12-well plates (Corning, Inc.) for
48 h before the uptake experiments. Cells (at 80%-90%
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Statistical analysis
The data were analyzed using SPSS 18.0 software (SPSS
Inc., Chicago, IL, United States). Results are expressed
as mean ± SD. Two-tailed Student’s t tests were used to
analyze differences between two mean values. Two-way
repeated measures analysis of variance (ANOVA) was
used to evaluate whether the AWR scores and/or EMG
area under the curves were altered in the test and/or
control groups at different pressures. The remaining data
were analyzed using one-way ANOVAs. Values were considered statistically significant if P was < 0.05.

RESULTS
Visceral hypersensitivity development after neonatal
colonic sensitization
Neonatal rats (n = 10) treated with 0.5% acetic acid developed visceral hypersensitivity. Compared with the control rats (n = 10), the AWR scores in the acetic acid-treated rats were higher during CRD at all tested distension
pressures (Figure 1A). These differences were significant
at distension pressures of 40 mmHg (P < 0.01) and 60
mmHg (P < 0.05). Similar to the AWR results, acetic acid-treated rats showed increased EMG responses to CRD
at three distension pressures tested (Figure 1B). The
EMG area under the curve of the acetic acid-treated rats
was significantly higher compared to the controls at 40
mmHg (P < 0.05), 60 mmHg (P < 0.01), and 80 mmHg
(P < 0.01) (Figure 1C). No evidence of inflammation or
structural abnormalities was found in the control or ace-
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sue from visceral-sensitized rats were also significantly
decreased compared with control rats (3.244 ± 0.135
ng/100 mg vs 3.582 ± 0.197 ng/100 mg colon tissue, P <
0.01) (Figure 2B).
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Figure 2 Epidermal growth factor levels in plasma and colon tissue of the visceral-sensitized rats. A: Plasma epidermal growth factor (EGF) levels were significantly lower in visceral-sensitized rats than in controls (visceral hypersensitive group rats vs control group rats, bP < 0.01); B: EGF levels in colon were significantly
lower in visceral-sensitized rats than in controls (visceral-sensitized rats vs control rats, dP < 0.01). Error bars represent the mean ± SD (n = 10 in each group).
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Expression of SERT in colon tissues decreased in rats
with chronic visceral hypersensitivity
Western blot analysis showed a decrease in SERT protein
levels in colon tissue of the visceral-sensitized rats (Figure
3). Analysis of the relationship between EGF and SERT
levels in colon tissue showed a positive correlation (r =
0.820, P < 0.01).
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Figure 3 Serotonin transporter levels in colon tissues of control and
visceral-sensitized rats. A: Western blot of serotonin transporter (SERT)
expression in colonic tissues in both acetic acid- and saline-treated rat groups;
B: Quantitation of SERT protein in rat colonic tissue in both acetic acid- and
saline-treated rat groups compared to GAPDH. The SERT protein expressions
in colon tissues were significantly lower in visceral-sensitized rats than in the
controls (visceral-sensitized rats vs controls, bP < 0.01) (n = 10 in each group).

tic acid-treated rats, indicating successful establishment
of visceral hypersensitivity.
EGF levels in plasma and colon tissues were lower in
rats with chronic visceral hypersensitivity
ELISA was used to detect any potential differences
in EGF levels between the visceral hypersensitive and
control group rats. As shown in Figure 2A, the visceralsensitized rats had significantly lower plasma EGF levels
compared with control rats (2.639 ± 0.107 ng/mL vs 4.066
± 0.573 ng/mL, P < 0.01). The EGF levels in colon tis-
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Effects of EGF on SERT expression and function in
intestinal epithelial cells
To observe the effect of EGF on SERT levels, IEC-6
cells were treated with various concentrations of EGF
for 24 h followed by western blot analysis of SERT
protein levels. Our results indicate that EGF upregulates
SERT in a dose-dependent manner, with a peak at a dose
of 40 ng/mL (Figure 4A). IEC-6 cells were also treated
with the optimal dose of EGF (40 ng/mL) for 0, 3, 6,
12, 24, or 48 h. SERT expression was upregulated after
a 12 h EGF treatment, with maximal effects after 24-48
h (Figure 4C). The real-time PCR analysis of the EGF
effects on SERT gene expression showed that EGF increased SERT mRNA expression in a dose- and timedependent manner in IEC-6 cells (Figure 4B and D).
A [3H]-5-HT uptake assay was used to determine
whether the high SERT expression, induced by EGF,
influenced the reuptake activity of SERT in IEC-6 cells.
Uptake of [3H]-5-HT was significantly higher in cells pretreated with EGF (40 ng/mL) for 24 h than in the solvent controls (592.908 ± 31.515 fmol/min per milligram
vs 316.789 ± 85.652 fmol/min per milligram protein, P <
0.05) (Figure 4E).
Effects of EGF on SERT gene expression and function
via EGFR
To determine whether the effects of EGF on SERT ex-
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epidermal growth factor (EGF) (0, 20, 40, 60, and 80 ng/mL) for 24 h. A: Western blots were performed to detected serotonin transporter (SERT) protein expressions.
GAPDH was used to verify equivalent protein loading (aP < 0.05 vs control; cP < 0.05 vs 20, 80, and 160 ng/mL); B: SERT gene expression was examined by real-time
PCR (aP < 0.05 vs control; eP < 0.05 vs 20 and 80 ng/L). To determine the optimal time for EGF treatment, IEC-6 cells were treated with EGF (40 ng/L) for the indicated times (0, 3, 6, 12, 24, and 48 h); C: SERT protein levels were examined by Western blot (aP < 0.05 vs control); D: SERT gene expression was examined by realtime PCR (aP < 0.05 vs control; gP < 0.05 vs 48 h); E: Uptake of [3H]-serotonin in cells pre-treated with 40 ng/ml EGF for 24 h (IP < 0.05 vs 24 h) . All values are mean
± SD of three independent experiments.

WJG|www.wjgnet.com

13526

October 7, 2014|Volume 20|Issue 37|

Cui XF et al . EGF, SERT and visceral hypersensitivity

A

SERT

DISCUSSION

64 kDa

GAPDH

36 kDa

EGF

-

+

+

-

PD153035

-

-

+

+

Relative SERT protein level

2.0

1.0

0.5

0.0

B

a

1.5

Control

EGF

EGF + PD153035 PD153035

P = 0.023

800

600

400

3

H-5-HT reuptake
(fmol/min/mg protein)

P = 0.009

200

0

Control

EGF

EGF + PD153035 PD153035

Figure 5 Role of epidermal growth factor receptor in the regulation of serotonin transporter levels and function in intestinal epithelial cells. IEC-6
cells were pre-treated with an epidermal growth factor receptor (EGFR) inhibitor
(10 mmol/L PD153035) prior to stimulation with epidermal growth factor (EGF).
A: Serotonin transporter (SERT) was detected by Western blot (aP < 0.05 vs
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Serotonin (5-HT) reuptake was estimated by an [3H]-5-HT uptake assay. Data
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pression and function were mediated via EGFR, IEC-6
cells were pre-treated with the EGFR kinase-specific inhibitor PD153035 (10 µmol/L) for 30 min, followed by a
24 h treatment with EGF (40 ng/mL). The results show
that PD153035 blocks the EGF upregulation of SERT
expression (Figure 5A), suggesting that EGF upregulates
SERT expression via EGFR.
To investigate whether EGFR is also necessary for
EGF to affect SERT reuptake activity, the [3H]-5-HT uptake assay was performed in the IEC-6 cells. PD153035
(10 µM) pre-treatment abolished the EGF-induced increase in [3H]-5-HT uptake in IEC-6 cells (Figure 5B),
suggesting that EGF influences SERT function in 5-HT
uptake via EGFR.

WJG|www.wjgnet.com

The gastrointestinal tract is a major source of endogenous
5-HT, which regulates the gastrointestinal tract’s sensory,
motor, and secretory functions through the interaction
with different receptor subtypes. 5-HT is synthesized by
tryptophan hydroxylases in enterochromaffin cells and in
brainstem and myenteric plexus neurons. It is inactivated
by SERT-mediated uptake into enterocytes or neurons.
Recent studies have reported that patients with IBS have
higher 5-HT levels and lower SERT gene expression in
rectal mucosa compared with healthy controls[3,5]. These
findings suggest that SERT may play an important role
in the pathophysiology of IBS. In this study, SERT expression was decreased in colon tissues from visceralsensitized rats, suggesting a potential association of SERT
with sensitivity of the gastrointestinal tract.
High expression of EGF in the gastrointestinal
tract[26] plays a vital role in the regulation of gastrointestinal function and protects epithelial cells from damage by
various factors[27-29]. EGF has also been shown to upregulate SERT gene expression in human intestinal epithelial[11] and glial cells[30]. In our preliminary study, the plasma
EGF levels in IBS patients were significantly decreased
compared with healthy controls (see supplemental Figure 1). Additionally, the levels of EGF in plasma and
colon tissues of visceral-sensitized rats were significantly
lower than in controls. Furthermore, the Pearson’s correlation analysis showed a positive correlation between
EGF and SERT protein levels. These results suggest that
EGF may be involved in the development of visceral
hypersensitivity via SERT-mediated 5-HT uptake into
enterocytes. Consequently, one has to ask how EGF affects SERT gene expression and function. The results
of the present study show that EGF upregulates SERT
mRNA expression in a dose- and time-dependent manner, suggesting regulation is at the transcriptional level.
EGF-stimulated SERT gene expression is known to be
dependent on tyrosine kinase activation of EGFR in human choriocarcinoma cells[31]. In this study, inhibition of
EGFR blocked the effect of EGF on SERT expression
and function in IEC-6 cells, thus suggesting that EGF
promotes SERT-mediated 5-HT uptake into enterocytes
through EGFR binding. These results are in agreement
with the report by Gill et al[11]. EGF plays important roles
in restoring tissue and enhancing SERT expression in
intestinal epithelial cells; hence, promoting reuptake of
5-HT into enterocytes. Clinical studies support the beneficial effects of EGF in decreasing inflammation and
diarrhea[32,33]. The beneficial effects of EGF, which may
contribute to a change in visceral sensitivity, are worthy
of further investigation.
In summary, plasma EGF levels were decreased both
in IBS patients and in visceral-sensitized rats, and were
correlated with SERT protein expression. Furthermore,
treatment of cells with EGF upregulated SERT expression and function via EGFR. These results suggest that
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EGF downregulates SERT-mediated 5-HT uptake into
enterocytes, potentially contributing to the development
of visceral hypersensitivity.
There are some limitations to this study. First, we did
not confirm the findings concerning EGFR signaling on
SERT expression and change of visceral hypersensitivity
in vivo. Future studies are needed to use mice expressing
dominant-negative EGFR point mutations to test whether the EGFR signaling pathway is involved in SERT
expression and visceral hypersensitivity. Although accumulating evidence indicates that alterations in 5-HT signaling occurs in IBS, the underlying mechanism remains
not well understood. Further studies are needed to better
understand the pathogenesis of visceral hypersensitivity.
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Abstract
AIM: To determine the frequency of occult hepatitis B
infection (OHBI) in a group of human immunodeficiency virus (HIV)-1+/ hepatitis B surface antigen negative

WJG|www.wjgnet.com

(HBsAg)- patients from Mexico.
METHODS: We investigated the presence of OHBI in
49 HIV-1+/HBsAg- patients. Hepatitis B virus (HBV)
DNA was analyzed using nested PCR to amplify the
Core (C) region and by real-time PCR to amplify a region of the S and X genes. The possible associations
between the variables and OHBI were investigated using Pearson’s χ 2 and/or Fisher’s exact test.
RESULTS: We found that the frequency of OHBI was
49% among the group of 49 HIV-1+/HBsAg- patients
studied. The presence of OHBI was significantly associated with the HIV-1 RNA viral load [odds ratio (OR) =
8.75; P = 0.001; 95%CI: 2.26-33.79] and with HIVantiretroviral treatment with drugs that interfere with
HBV replication (lamivudine, tenofovir or emtricitabine)
(OR = 0.25; P = 0.05; 95%CI: 0.08-1.05).
CONCLUSION: The OHBI frequency is high among
49 Mexican HIV-1+/HBsAg- patients and it was more
frequent in patients with detectable HIV RNA, and less
frequent in patients who are undergoing HIV-ARV treatment with drugs active against HBV.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this study we assessed the frequency of
occult hepatitis B infection (OHBI) in a group of 49
human immunodeficiency virus (HIV-1)+/ hepatitis B
surface antigen negative (HBsAg)- Mexican patients
using a highly sensitive in-house core-nested PCR
and real-time PCR assays for hepatitis B virus (HBV)
DNA detection. In this study we showed that the frequency of OHBI is high among HIV+/HBsAg- patients
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and suggests the need for testing HBV DNA in bigger
populations utilizing more sentitive assays. Then, we
propose to utilize the core-nested PCR assay in the initial screening for OHBI. Prospective studies would be
needed to assess the clinical value of this diagnostic
approach.
Alvarez-Muñoz MT, Maldonado-Rodriguez A, Rojas-Montes O,
Torres-Ibarra R, Gutierrez-Escolano F, Vazquez-Rosales G, Gomez
A, Muñoz O, Torres J, Lira R. Occult hepatitis B virus infection
among Mexican human immunodeficiency virus-1-infected patients. World J Gastroenterol 2014; 20(37): 13530-13537 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i37/13530.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13530

INTRODUCTION
Occult hepatitis B infection (OHBI) is characterized by
the long-lasting persistence of hepatitis B virus (HBV)
DNA in the liver, with detectable or undetectable HBV
DNA in the serum, in the absence of HBV surface antigen (HBsAg)[1-3]. The development of more sensitive
detection systems for HBV DNA has improved the ability to detect this complex entity[3]. Although OHBI has
been associated with the presence of anti-HBV antibodies directed against the viral core antigen (HBc) and/or
against HBsAg, a significant proportion of individuals
are negative for all HBV serum markers[4,5]. Thus, patients with OHBI can be classified as seropositive (antiHBc and/or anti-HBs+) or seronegative (anti-HBc and
anti-HBs negative)[3]. Prevalence rates for OHBI ranging
from < 1% to as high as 87% have been reported from
different areas around the world[6-8]. It has been reported
that OHBI seems to be more prevalent among subjects
at high risk for HBV infection and with concomitant liver
disease[9]. Human immunodeficiency virus (HIV)-infected
patients are also at risk of acquiring viral hepatitis due to
common routes of transmission. Several studies have investigated the prevalence and clinical impact of OHBI in
HIV-1-infected individuals, and these studies have shown
that co-infection is increasing worldwide[10]. However, the
clinical significance of OHBI infection in HIV-infected
patients remains unclear. In HIV+/HBsAg-/anti-HBc+
patients, the prevalence of serum HBV DNA is highly
variable. For example, a group of injection drug users (IDUs)[11] have no detectable levels of HBV DNA,
whereas in other patients, the prevalence of HBV DNA
can be as high as 89.5%[12]. The discrepancies in the reported prevalence of OHBI in HIV-infected patients
vary depending on the definition used for OHBI, the
sensitivity of the assay and the cutoff value for the HBV
viral load[13-15]. According to the Taormina statements, the
gold standard for OHBI testing is the analysis of HBV
DNA in extracts from liver tissues using highly sensitive
and specific techniques (nested PCR or real-time PCR)
with specific primers for different HBV genomic regions
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and with highly conserved nucleotide sequences[16]. The
aim of this study was to assess the prevalence of OHBI
in group of HIV-1+/HBsAg- Mexican patients, Possible associations between the presence of HBV DNA in
plasma and antibodies against HBV antigens, the HIV-1
viral load (VL), and anti-retroviral treatment (ARV) that
includes drugs active against HBV replication [lamivudine
(3TC), tenofovir (TDF) or a combination of TDF/emtricitabine (FTC)] were investigated.

MATERIALS AND METHODS
Patients
Plasma samples were collected from 42 HIV-1-infected
patients who were being treated at the La Raza Infectious Diseases Hospital, which is a tertiary referral center
of the Instituto Mexicano del Seguro Social (IMSS),
and from 13 patients attending Hospital Regional-72.
A total samples of 55 were collected during the period
of 2009-2011. The study protocol was approved by the
Ethical Committee of the IMSS, and written informed
consent was obtained from each participant.
HBV serological markers and determination of HIV
RNA-1 viral load
An 8 mL sample of blood was drawn from each of the
55 patients with known diagnoses of HIV-1 infection.
All serum samples were screened to detect the following
HBV serological markers using commercial ELISA assays (Abbot Diagnostics Laboratories): HBsAg, anti-HBc
(IgG), anti-HBs and HBeAg. Six of the 55 patients were
co-infected with HBV (HBsAg+) and were eliminated
from the study. A total of 49 samples were included for
detection of OHBI. The HIV RNA viral load was determined in plasma using the Cobas Amplicor RNA HIV-1
MonitorTM test vs 1.5 (Roche Diagnostics, IN, USA),
which has a known sensitivity of 50 copies/mL.
Diagnosis of OHBI infection by amplification of three
HBV genome regions
According to Raimondo[2], PCR primers should be designed to span at least three genomic regions of the HBV
genome to avoid false-negative or false-positive results. In
this study two different approaches, a higly nested PCR
assay and a quantitative qPCR with syber green were
utilized in order to identify the HBV DNA in the occult
HBV coinfected individuals, and confirm the utility of a
simple nested assay to screen the presence of very low
concentrations of HBV DNA. We tested for HBV DNA
using assays specific for three HBV genomic regions,
core (C), X and surface (S). To amplify the C region, we
used a nested-PCR, whereas for the X and S regions, we
designed primers for real-time PCR assays (qPCR).
Definition of OHBI: We considered a patient to be
OHBI+ when his or her sample was positive for at least
two different viral genomic regions or when positive for
the C region and confirmed by sequencing.
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RT-PCR for X and S genomic regions
Nucleic acids were extracted from plasma using the
High Pure Viral Nucleic Acid Kit (Roche Diagnostics,
Mannheim, Germany) according to the manufacturer’
s instructions. The selected X and S genomic regions
were amplified using real-time quantitative PCR (qPCR)
utilizing SYBR Green technology in a thermal cycler
LightCycler-480 (LC480) (Roche Diagnostics, Mannheim,
Germany). The following specific primers were designed
to specifically amplify a 277 bp fragment of the X-ORF
region (nt 1601-1877): forward HBVOX-1 (5´-ACGTCGCATGGAGACCACCG-3´) and reverse HBVOX-2
(5´-GCTTGGAGGCTTGAACAGTGGGA-3´). For
the S-ORF, a 145 bp fragment (nt 251-396) was amplified with the following primers: forward HBVV-Lup
5’-GACTCGTGGTGGACTTCTCTCA-3’ and reverse
HBV-Ldw (5´-TAAAACGCCGCAGACACATC-3’. The
standard curves were calibrated with a sample known to
be positive for HBV (HBV-167; VL =4 × 106 IU/mL),
with a range of detection from 50 IU/mL to 1 × 105 IU/
mL. Amplifications of the S- and X-ORF were carried
out in the Thermal Block cycler LC480 in a 10 µL reaction volume, mixing 4 µL DNA and 6 µL of the master
mix LightCycler 480 SYBRGreen I (Roche) containing
forward and reverse primers. The samples were run in
triplicate, and each test was repeated at least two times.
Negative controls, lacking nucleic acid, were included in
each run. The amplification reactions for ORF-X were
performed as follows: 95 ℃ for 5 min, followed by 40
cycles of 95 ℃ for 10 s, 60 ℃ for 10 s and 72 ℃ for 20
s. Amplification of the S region utilized the same conditions except for the annealing temperature, which was
58 ℃. Melting curves were obtained and threshold cycles
values (Ct) were calculated with the LC480 Basic software
V. 1.2 (Roche Diagnostics).

extension at 72 ℃ for 10 min. The second PCR round
was done under the same conditions with 5 µL of the
first round product. The PCR products were analyzed by
electrophoresis on 1% agarose gels. PCR fragments were
obtained using the gel purification extraction kit (QIAGEN GMBH, Germany) according to the manufacturer’s
instructions.

Nested PCR assay for the HBV-core
A known HBV-positive plasma sample (HBV-84), with
a VL of 1330 IU/mL, was used as a positive control for
the C-region nested PCR assay as previously described[17].
The limit of detection for the C-nested PCR assay was
approximately 5.7 IU/mL (30 copies/mL)[17]. The outer
primers that amplify a 560 bp fragment were as follows:
sense (5’-TTCAAGCCTCCAAGCTGTGCCTTGG-3’,
nt 1863 to 1887) and antisense (5’-TCTGCGACGCGGCGATTGAGA-3’, nt 2402 to 2422). The inner primers
that amplify a fragment of 438 bp were as follows: sense
(5’-CCTTGGGTGGCTTTGGGGCA-3’, nt 1882-1901)
and antisense (5’-AGGATAGGGGCATTTGGTGGTCTATA-3’, nt 2294-2319). The first amplification
was performed in a volume of 25 µL, containing Kappa
biosystems 1 × PCR buffer, 0.5 µmol/L of each primer,
0.2 mmol/L dNTP mix; 1.25 U Kappa Taq DNA polymerase (Kapa Biosystems) and 5 µL of DNA. The reaction was run in a DNA thermal cycler (Biometra GmbH,
Germany) with the following conditions for both PCR
rounds: 95 ℃ for 5 min, followed by 40 cycles at 95 ℃
for 30 s, 58 ℃ for 30 s and 72 ℃ for 1 min with a final

RESULTS
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Sequencing
PCR products were directly sequenced in both directions with corresponding amplification primers. DNA
sequencing was performed using the dideoxy method in
a BigDye Terminator Cycle Sequencing Ready reaction
V.2 using the ABI Prism 3100 (16-capillary) Genetic Analyzers (Applied Biosystems Foster City CA) sequencing
kit reaction mix, which contains 40 ng of purified PCR
product, according to the manufacturer’s instructions.
Sequence data were analyzed using the CLCbio software,
and HBV genotypes were determined with the genotyping tool program[18].
Statistical analyses
Comparison of the discrete variables age (< 45 or ≥ 45
years old), gender, CD4 cell count (< 200 or ≥ 200 cell/
mL), plasma HIV RNA VL (detectable: > 50 copies/mL,
or not), antiretroviral (ARV) patient treatment with or
without anti HBV-activity (3TC, TDF or FTC) and positivity for HBV DNA (OHBI+ and OHBI- groups) was
performed using Pearson’s χ 2 test or Fisher’s exact test, as
required. Proportions were described together with 95%
confidence interval (95%CI). All data with appropriate
P values ≤ 0.05 were considered to be statistically significant. All the analyses were performed using SPSS for
windows V.12.0 (SPSS, Chicago IL).

Demographic and clinical characteristics of patients
The characteristics of the 49 HIV-1+/HBsAg- patients
included in the study are summarized in Table 1. The age
ranged from 18 to 73 years with an average age of 45
years. The range of the HIV RNA-1 VL was from nondetectable (ND) to 5.1 log10 HIV-RNA copies/mL. The
CD4-T cell counts varied from 70 to 1500 cells/mm.
Forty-eight patients were receiving antiviral treatment
(ARV), and 33 patients were treated with drugs that exhibited anti-HBV activity: 3TC, TDF, or a combination
of TDF/emtricitabine (FTC). According to the HBV serological pattern of OHBI, two groups of HIV-1+/HBsAg- patients were identified: a seropositive (SP) group
that included 27 patients anti-HBc+ and a seronegative
(SN) group with 22 patients.
Variables associated with OHBI
Twenty-four patients (49%) were positive for OHBI,
and a detailed description of genome regions amplified,
the presence of serologic markers, the HIV RNA VL,
and the anti-viral treatment in each of these 24 patients
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63 HBVO-17-CP
39
HBV-84-R
75 HBVO-31-CP
HBVO-47-CP

Table 1 Overall demographic, serological, and clinical data of
the study population
HIV-1 infected patients

n = 55

Ratio M:F
Age range (yr)
HIV/HBV coinfection (HBsAg+)
HIV-1 patients included (HbsAg-)
Seropositive OHBI (SP)
Seronegative OHBI (SN)
Range of HIV RNA viral load in
plasma (log10 copies/mL)
CD4+ cell/mm3

3:1
18-73
6
49
27
22
ND-5.1

95%CI (%)

95

HBVO-35-CN

AY090460-H

10.7 (5.0-21.4)
89.0 (78.2-94.9)
49.0 (36.4-61.9)
40.0 (28.1-53.2)

HBVO-49-CP
HBV0-75-CP

49

63

HBVO-18-CN

96

HBVO-45-CN

72

70-1500

88

3

HIV: Human immunodeficiency virus; HBV: hepatitis B virus; SP: One
or more HBV serological marker except HbsAg (anti-HBc, anti-HBe,
anti-HBs); SN: Negative for all HBV markers; OHBI: Occult hepatitis B
infection; ND: No detectable by Cobas Monitor Amplicor Roche V. 1.5.

is presented in Table 2. OHBI was identified in 48.1%
(13) of the SP group and 50% of the SN group (11).
The sequences of the HBV-core amplied fragment were
analyzed using the maximum likelihood method based
on the Kimura 2-parameter model and compared to
HBsAg+/HIV-1 samples and genotype H reference sequence, because the high homology in the sequences to
genotype H (Figure 1).
No significant differences in gender, age, CD4+ levels, and the presence or absence of HBV serologic markers were found between OHBI+ patients and OHBIpatients. A positive correlation was found between the
presence of OHBI and the HIV RNA-1 VL (OR = 8.75;
P = 0.001; 95%CI: 2.26-33.79). ARV treatment with antiHBV activity was also significantly associated with OHBI
(OR = 0.25; P = 0.05; 95%CI: 0.08-1.05) (Table 3).

DISCUSSION
In Mexico HBV infection endemicity is characterized by
a low HBsAg seroprevalence (0.03%), apparently due to
a rapid resolution of the infection, low viral loads and a
high prevalence of occult Hepatitis B infection[19]. However, high endemic areas of HBV infection have been
detected in native population using anti-HBc marker and
molecular diagnosis of HBV genomes[20,21]. The present
study reports a high prevalence (49%) of occult hepatitis
B virus infection in a group 49 HIV-1-infected individuals
in Mexico. Previous reports on the prevalence of OHBI
in HIV-1 patients have shown controversial results, ranging from 0 to 89.5%. For example, Núñez et al[11] did not
detect HBV DNA in HIV-positive injection drug users,
whereas a prevalence of 0.8% was reported in French
HIV-infected patients[22]. Additional reports from Brazil[23], and the Netherlands[24] found OHBI in 5% of HIVinfected patients. In contrast, prevalences of 14% in the
UK[25] as high as 89.5% in Switzerland[12] and 88.4% in
South Africa[13] have been reported. The discrepancies in
the rate of OHBI may reflect the varying prevalences of
HBV and HIV infections in different countries and the
sensitivity of the assays used to detect HBV DNA. The
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HBVO-20-CN

46

HBV-14-C
88 HBV-42-C

HBVO-38-CN
HBVO-08-CN
3

HBVO-39-CN

HBV-12-C
4
27 HBV-02-C
HBVO-03-CN
25 33
80

HBV-10-C
HBVO-33-CN
HBVO-04-CP
HBVO-07-CP
78 HBVO-34-CN

96

AY090454-H
AY090457-H
AB036910.1 F
0.01

Figure 1 Phylogenetic tree constructed by the Maximum Likelihood
method based on the partial nucleotide sequence of the core gen (439 bp)
of 18 OHBI isolates (CP and CN); 5 sequences (C) obtained from hepatitis
B virus overt co-infection (HbsAg+), using the three genotype H reference
sequences from Genbank (AB375159.1, AB375160.1, AB375161.1), as a reference group and one hepatitis B virus sequence from a chronic hepatitis
B virus mono-infected patient (HBV-84-R). Genetic distances were estimated
using the Kimura two-parameter matrix and Bootstrap values are indicated for
the major nodes as a percentage of the data obtained from 1000 replicates. C:
Core; -CN: Seronegative OHBI; -CP: Seropositive OHBI; -S: HBsAg+ isolates.

prevalence of OHBI generally correlates with the level
of HBV endemicity in different geographic areas. Thus,
in regions with a low prevalence of HBV infection, like
our country, OHBI would be high only in groups with a
risk factor such as HIV-1 infection.
The C nested-PCR assay used in this study for HBV
DNA detection improved our ability to detect OHBI
because we had two cases negative for the X and S region but positive for nested-C PCR assay. In these cases,
the identity of the OHBI circulating in the patient was
confirmed by sequencing. One limitation of this study
was the inability to sequence all the positive samples; we
were unable to obtain the sequence in 7 of the 24 positive samples, because the amount of amplicon was very
low. However, from the samples that were sequenced it
is important to emphasize that they belong to genotype
H. In Mexico, HBV genotype H is predominant during
chronic infections and it is detected in mixtures with other genotypes and associated with other comorbities such
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Table 2 Detection of hepatitis B virus DNA regions, serologic markers, and ART treatment in 24 human immunodeficiency virus-1
patients identified with occult hepatitis B infection
Patient ID
SP
HBVO-04
HBVO-05
HBVO-07
HBVO-17
HBVO-22
HBVO-27
HBVO-31
HBVO-32
HBVO-36
HBVO-47
HBVO-49
HBVO-54
HBVO-75
SN
HBVO-03
HBVO-08
HBVO-18
HBVO-20
HBVO-26
HBVO-33
HBVO-34
HBVO-35
HBVO-38
HBVO-39
HBVO-45
Frequency (%)

HBV serological markers

qPCR

1

C-nested PCR RNA HIV (CV)

HAART Tx

HBV Tx

2

3

Log10 c/mm

aHBc

aHBs

aHBe

S

X

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

3.1
3.2
ND
2.4
ND
ND
4.3
2.2
4.3
5.1
ND
3.6
ND

+
+
+
+
+
+
+
+
+
+
+
+

3TC
TDF
3TC
TDF/FTC
3TC
3TC
TDF/FTC
TDF/FTC

-

-

-

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
49

5
1.7
2.6
3.3
3.9
3
2.7
2.4
ND
ND
ND

O
+
+
+
+
+
+
+
+
+
+

3TC
3TC
TDF
TDF

1

qPCR: Real time PCR utilizing SyberGreen assay; 2ARV treatment included tenofovir (TDF). HIV: Human immunodeficiency virus; HBV: hepatitis B virus;
SP: Seropositive (one or more HBV serological marker: anti-HBc, anti-HBe, anti-HBs); SN: Negative for all HBV markers; ND: No detectable; S: Surface
ORF; X: Protein X ORF; C: Core ORF; Tx: Treatment; TDF/FTC: Tenofovir/emtricitabine; 3TC: Lamivudine; O: Other ARV treatment (IFN).

a coinfection with HCV or HIV-1[19]. In particular, OHBI
has been identified in 6.4% of blood donors, whereas
genotype H was detected in 66.7% of the samples[17].
However, there is only one previous report of 18.4%
OHBI in a group of HIV-1 Mexican patients[26].
Several studies have examined the prevalence of
OHBI in HIV-1 patients, and few have evaluated risk
factors. We analyzed the correlations between diverse
variables and OHBI. We found no association between
age, sex, ARV treatment duration, or CD4-cell count and
OHBI. In our study, the distribution of positive cases
for HBV serologic markers was similar in both SP and
SN patients. This finding is relevant because previous
studies have suggested that OHBI is more prevalent in
SP individuals with anti-HBc[4,27]. Some studies have reported this in 13.6% of Iranian HIV-positive patients[28],
compared to 24.5% of Indian[29] and 28.7% of Lebanese
HIV-infected patients[30] although other studies have reported OHBI in SN HIV-1 patients[29,31]. In contrast, we
found a significant inverse association (OR = 0.25; P =
0.05; 95%CI: 0.08-1.05) in patients treated with HBV-active drugs (3TC, TDF, or FTC) and OHBI, which would
suggest a protective role for OHBI prevention. This
agrees with a previous report in which the use of ARV
treatment with anti-HBV activity decreased the risk for
OHBI[7]. However, other studies have found no correla-
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tion between 3TC treatment and OHBI[32-34]. Although
the P value was at the limits of statistical significance (P
= 0.05) and the statistical power of the size sample is
only of 48%, the data could suggest a protective role for
prevention of OHBI. These results suggest the necessity
to perform the screening for OHBI in a larger group of
HIV-1 patients.
Other studies have also shown that OHBI was more
frequently detected in individuals with a low CD4+ cell
count[24,35], an association that was not found in our study.
We found that a detectable level of HIV RNA was a
significant risk factor for OHBI in the group of patients
studied (OR = 8.75), suggesting that an immune dysfunction other than a low CD4 cell count might impair the
elimination of HBV and allow low levels of replication.
In accordance with this, a study reported that occult
HBV was associated with an HIV RNA level > 1000
copies/mL but not with CD4 cell counts < 200 cells/
mm3[7]. However, other studies have not found a significant association with HIV-RNA levels[22,25,36,37].
Several patients in the SN group (8/18) exhibit the
coexistence of anti-HBs with HBV DNA detectable in
plasma (Table 2), this prevalence is high and it would be
interesting in the future to define by additional sequencing
the presence of mutations at “a” major determinant at S
gene, as potential mutants to escape neutralizing antibodies.
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Table 3 Analysis of potential risk variables associated with hepatitis B virus infection in human immunodeficiency virus-1 patients
HBV DNA

Gender
Male
Female
Age
< 45 yr
≥ 45 yr
Seropositive for any marker (SP)
Yes
No
HIV RNA VL > 50 copies/mL
Detectable
No detectable
ARV-treatment
Yes
No
With TDF/FTC or 3TC
Yes
No
CD4+
< 200 cell/mm3
> 200 cell/mm3

Positive (n = 24)
n (%)

Negative (n = 25)
n (%)

17 (71)
7 (29)

20 (80)
5 (20)

12 (50)
12 (50)

χ2

P value

OR

95%CI

0.55

0.45

0.60

0.16-2.26

12 (48)
13 (52)

0.02

0.88

0.92

0.30-2.83

13 (54)
11 (46)

14 (56)
11 (44)

0.01

0.89

0.92

0.30-2.86

15 (63)
9 (37)

4 (16)
21 (84)

11.15

0.001

8.75

2.26-33.79

24 (96)
1 (4)

23 (96)
1 (4)

-

1.01

1.04

0.06-17.68

13 (54)
11 (46)

20 (80)
5 (20)

3.72

0.052

0.25

0.08-1.05

2 (8)
22 (92)

3 (12)
22 (88)

-

1.01

0.66

0.10-4.38

1

Fisher’s exact test; 2α = 95%, β = 80%, OR = 0.29 with the same percentages.

The results of this study suggest that HIV+/HBsAgpatients should be tested for OHBI, particularly those
with detectable levels of HIV RNA, regardless of the
presence of HBV serological markers. Our results also
suggest that the C-nested PCR amplification could be
used for the initial screening for OHBI. Furthermore,
this approach would make routine serological testing unnecessary, significantly reducing the cost of HBV diagnosis. Prospective studies would be needed to assess the
clinical value of this diagnostic approach.
Our study had some limitations. The sample size was
relatively small and it was a single time point testing without
any follow-up. Secondly, since it was a cross-sectional study,
liver and clinical hepatic characteristics other than CD4 and
ARV treatment were not determined in our study.
In conclusion, this study shows that the prevalence
of OHBI is high among 49 HIV+/HBsAg- patients
in Mexico and suggests the need for a sensitive test for
HBV DNA detection. We suggest that C-nested PCR
assay might be useful in the initial screening for OHBI
especially in absence of HBsAg marker.
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Background

The presence of hepatitis B virus (HBV) DNA in individuals hepatitis B surface
antigen negative (HBsAg)-negative is defined as occult HBV infection (OHBI).
Human immunodeficiency virus (HIV)-infected patients are at risk of acquiring
viral hepatitis, due to common routes of transmission. Current evidences have
shown that is relatively frequent in HIV-patients, however there are conflicting
reports on the impact of OHBI on the natural history of HIV disease. In Mexico,
few studies have been perfomed on OHBI prevalence. More studies are needed to determine the frequency of infection in this group HIV patients should be
screened for evidence of occult hepatitis B infection.

Research frontiers

The clinical significance of OHBI is not defined yet. However, this infection has
been involved in different clinical context, including acute reactivation when an
immunosuppressive status occurs, and there are also evidence suggesting that
it may contribute to the development of cirrhosis and may have an important
role in hepatocarcinogenesis.

Innovations and breakthroughs

The frequency of OHBI in HIV-1 patients is now well recognized due to advances in molecular. This is the first study in Mexico, that demonstrates the
frequency of OHBI in HIV-patients utilizing more than one genetic marker in the
analysis. The data presented here is a valuable contribution in the area of clinical virology because HIV-1 infection in our country is a very important health
problem. Other problem is the low amount of HBV DNA that can be detected in
the serum, of coinfected patients, for that more sensitive assay must be developed. The data clearly shows that the determination of the HBsAg solely may
underestimate the actual prevalence of HBVO in this group of patients.

Applications

The results of this study suggest that HIV/OHBI coinfected patients remain
undiagnosed, if only conventional serological markers for HBV are used. The
authors propose that C-nested PCR assay might be useful in the initial screening for HBV DNA detection in bigger population groups, this approach will allow
us to screen a bigger population.
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Peer review

The author investigated the presence of OHBI in 49 HIV-1/HBsAg- patients.
They would like to determine the frequency of OHBI in HIV-1+/HBsAg- patients
in Mexico. They used nested PCR or real time PCR to amplify a region of the
C, S and X genes. They found that the OHBI frequency is high among Mexican
HIV-1+/HBsAg- patients and is more frequency in patients with detectable HIV
RNA. The findings in this report are very important for managing HIV-1+/HBsAg
patients. The study population is small, but the results are sufficient to perhaps
merit an exploration in a bigger population.
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Abstract
AIM: To define the histopathological features predictive of post-transplant hepatocellular carcinoma (HCC)
recurrence after transarterial chemoembolization, ap-
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plicable for recipient risk stratification.
METHODS: We retrospectively reviewed the specimens of all suspicious nodules (total 275) from 101
consecutive liver transplant recipients which came to
our Pathology Unit over a 6-year period. All nodules
were sampled and analyzed, and follow-up data were
collected. We finally considered 11 histological variables for each patient: total number of nodules, number of viable nodules, size of the major nodule, size
of the major viable nodule, occurrence of microscopic
vascular invasion, maximum Edmondson's grade, clear
cell/sarcomatous changes, and the residual neoplastic
volume. Survival data were computed by means of
the Kaplan-Meier procedure and analyzed by means of
the Cox proportional hazards model. The multivariate
linear regression and a k-means cluster analysis were
also used in order to compute the standardized histological score.
RESULTS: The total number of nodules, the residual
neoplastic volume (the total volume of all evaluated
nodules minus the necrotic portion) and the microvascular invasion entered the Cox multivariate hazard
model with HCC recurrence as dependent variable. The
histological score was therefore computed and a cluster
analysis sorted recipients into 3 risk groups, with 3.3%,
18.5% and 53.8% respectively of tumor recurrence
rates and 1.6%, 11.1% and 38.5% of tumor-related
mortality respectively at the end of follow-up.
CONCLUSION: The histological score allows a reliable
stratification of HCC recurrence risk, especially in those
recipients found out to be beyond the Milan criteria after orthotopic liver transplantation (OLT).
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Transarterial chemoembolization (TACE) of hepatocellular carcinoma (HCC) is used for down-staging
before orthotopic liver transplantation (OLT), and as
“bridging therapy” to reduce the drop-out rates in the
waiting list. A discrepancy exists between the pretransplant (radiological) and post-transplant (pathological) staging. Few study analyzing the histology of
TACE-treated HCC exist. Here we analyzed 11 histological variables in 275 nodules from 101 consecutive
OLT recipients and we computed a histological score to
stratify recipients into 3 risk groups, with 3.3%, 18.5%
and 53.8% respectively of tumor recurrence rates. The
histological score allows a better stratification of those
recipients beyond the Milan criteria after OLT.
Vasuri F, Malvi D, Rosini F, Baldin P, Fiorentino M, Paccapelo A,
Ercolani G, Pinna AD, Golfieri R, Morselli-Labate AM, Grigioni
WF, D’Errico-Grigioni A. Revisiting the role of pathological
analysis in transarterial chemoembolization-treated hepatocellular carcinoma after transplantation. World J Gastroenterol 2014;
20(37): 13538-13545 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13538.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13538

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer and the third cause of cancer death
worldwide[1]. While hepatic resection is the choice for
single tumors in patients with good liver function, orthotopic liver transplantation (OLT) is considered the
best first-line therapeutic approach for multiple HCCs in
patients with cirrhosis, not only for the treatment of the
neoplastic disease but also for resolving the organ failure.
According to the most recent guidelines of the American
Association for the Study of Liver Disease, the European
Association for the Study of the Liver (EASL) and the
European Organization for Research and Treatment of
Cancer (EORTC)[2,3], OLT is recommended for patients
within the so-called “Milan criteria”[4]. Some studies have
shown that post-OLT survival of HCC recipients falling
into the Milan criteria seems to be comparable to that of
non-HCC OLT recipients[5], and thus Milan criteria have
been included both in the Barcelona-Clinic Liver Cancer
(BCLC) classification and in the U.S. United Network for
Organ Sharing for organ procurement[6,7], although other
models have been proposed (and validated), like the “upto-seven criteria”[8].
The main limitation for OLT is the shortening of the
donor pool, with the consequent need to extend the waiting list time for patients with cancer. Although large casecontrol studies - as well as real guidelines for HCC downstaging prior to OLT - are still lacking in the literature,
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some authors have emphasized the usefulness of local
ablation before OLT in recipient survival[9,10], since it is
likely to influence not only the drop-out rate on the waiting list, but also HCC-free survival, at least in selected
cases[11-15]. Transarterial chemoembolization (TACE) is
the most widely used local treatment[16-18], and it is recommended for patients with > 6 mo of expected time on
the waiting list and with BCLC stage B[3,11,19]. In our institution, pre-OLT TACE is used both for down-staging
in patients beyond the Milan criteria, and to delay tumor
progression of patients within the Milan criteria (“bridging therapy”) in order to grant more time and to reduce
the drop-out rate in the waiting list.
An important issue is the objective discrepancy existing between the pre-transplant (radiological) staging and
the explant staging on the OLT specimen. This discrepancy depends on the sensitivity of imaging techniques
that can fail in the recognition of small-sized atypical/hypovascular HCCs[20,21]. According to Mazzaferro et al[8],
the pre-transplant staging fails to predict the actual number of HCC in 25%-35% of patients.
Several clinical and radiological studies are present in
the literature, very few analyzing the histological aspect
of TACE-treated HCCs and tumor recurrence. Moreover, histological studies assessing the post-TACE tumor
regression (and its meaning for HCC recurrence) are still
lacking. The aims of this study were: (1) to define the histopathological features predictive of HCC recurrence in
patients treated with TACE before OLT; and (2) to establish if these features can be used for defining a histological
“score” predictive of HCC recurrence after OLT, that can
be applied by pathologists for recipient risk stratification.

MATERIALS AND METHODS
Patient selection and clinical data
We retrospectively reviewed the specimens from consecutive OLT recipients which came to our Pathology Unit
over a 6-year period (from January 2005 to December
2010). Eligibility criteria were the TACE ablation of at
least one HCC before OLT and the availability of adequate follow-up data. All patients were treated according
to the ethical guidelines of the 1975 Declaration of Helsinki (6th revision, 2008); informed consent was obtained
from each patient at the time of surgery. Data about
HCC number and size as seen at computerised tomography (CT) and/or magnetic resonance imaging (MRI) and
US analysis and the number of locally ablated nodules
were collected, together with the resulting number of patients included in the Milan criteria before TACE.
One-hundred and one patients were finally selected, 85
(84.2%) males and 16 (15.8%) females, mean age at OLT
56.61 ± 7.82 years (range 37-68 years). At pre-transplant
evaluation a mean number of 2.42 ± 1.19 HCC/patient
was found (range 1-6), with a mean size of the largest
nodule of 2.86 ± 0.98 cm (range 1.00-5.00 cm). Fortyfour (43.6%) patients were classified beyond the Milan
Criteria: the goal of TACE in these patients was the suc-
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cessful downstaging. Conversely, 57 (56.4%) patients were
within the Milan criteria, and all their HCCs were treated
as ‘‘bridging therapy’’, to prevent drop-out from the waiting list. A total of 195 nodules were treated with TACE,
for a mean of 1.93 ± 1.16 nodules/patient (range 1-6).
Follow-up data included HCC recurrence rates after
OLT (both graft and systemic localizations) and recipient
death rates for HCC recurrence and other causes.
Histopathological analysis
At gross examination of the explanted livers, we performed 1-cm cut sections of the whole parenchyma, and
all suspicious nodules, also with a necrotic component,
were described and totally sampled. After routine processing, 3-µm-thick sections were cut from all specimen
blocks for routine stainings with Hematoxylin-Eosin, Reticulin, Sirius Red, and diastase-periodic acid Schiff.
For each single nodule, the following histopathological features were collected: percentage of necrosis, tumor
margins (expansive/infiltrative), growth pattern (solid,
acinar and/or trabecular), tumor grade according to Edmondson, peritumoral microvascular invasion, presence
of clear cell or sarcomatoid areas. Nodule size was also
measured on the histological section and the volume
was calculated assuming a hypothetical spherical shape,
with the formula V = 4/3(p r3) (where V is the volume
expressed in cm3 and r the radius of the HCC)[22-24]. Furthermore, by subtracting the necrotic percentage from
the nodule volume, we obtained the viable volume of
each nodule (expressed in cm3), as previously described[25].
For each patient, the following parameters were evaluated: the total number of nodules (NNOD, considering
both the necrotic and the viable nodules), the effective
number of viable neoplastic nodules at OLT, the size of
the major nodule, the size of the major viable nodule, the
occurrence of microscopic vascular invasion (MVI), the
maximum Edmondson’s grade observed, the occurrence
of clear cell/sarcomatous changes. We also calculated
the Residual Neoplastic Volume (RNV) of each patient,
defined as the sum of all viable volumes of all nodules (in
cm3), i.e., the total volume of all evaluated nodules minus
the necrotic portion. RNV simply represents the total
volume of viable neoplasia that was present in the liver at
the time of OLT.
Statistical analysis
Data are reported as means ± SD, medians, ranges and
frequencies. One-way ANOVA, the Pearson’s correlation,
the Fisher’s exact and the linear-by-linear association tests
were applied. Survival data (mean survival times and rates
together with their standard errors, SE) were computed
by means of the Kaplan-Meier procedure and were analyzed by means of the Cox proportional hazards model.
The hazard ratios (HRs) were computed together with
their 95% confidence intervals (95%CIs). The multivariate linear regression and a k-means cluster analysis were
also used in order to compute the standardized histological score (HS). The SPSS (Version 13.0 for Windows;
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SPSS Inc., Chicago, IL, USA) was used as statistical package. Two-tailed P values less than 0.05 were considered
significant.

RESULTS
Histopathological analysis
Two-hundreds and seventy-five neoplastic or necrotic
nodules were found and sampled at gross examination in
the 101 patients. At histopathological analysis, 32 (31.7%)
patients with 1 nodule, 27 (26.7%) with 2, 15 (14.9%)
with 3, and 27 (26.7%) patients with 4 or more nodules
were found (mean 2.72 ± 1.90 nodules/patient, range
1-8). The histological characteristics of the nodules examined are illustrated in Figure 1 and summarized in Table 1. Considering only the nodules with any amount of
viable HCC, 33 (32.7%) patients showed 1 viable nodule,
19 (18.8%) showed 2, 8 (7.9%) showed 3, and 17 (16.8%)
showed 4 or more, for a total of 190 viable nodules (mean
1.88 ± 2.00 nodules/patient, range 0-8). Most important,
no viable nodules were found in 24 (23.8%) patients,
among which one had MVI near necrotic nodules: thus
23 patients were completely free from cancer at the time
of OLT, and none of them experienced HCC recurrence
in the follow-up.
The finding of de novo neoplastic nodules at OLT
analysis put 34 (33.7%) patients beyond the Milan criteria
after TACE, probably due to the small hypovascular nodules currently undetected by dynamic MRI/CT imaging
techniques[20,21], and therefore untreatable with TACE.
At histology, the mean size of the major nodule for
each patient was 2.72 ± 1.29 cm (range 0.6-6.0 cm), the
mean size of the major viable nodule was 2.57 ± 1.30
cm (range 0.4-5.5 cm), MVI was observed in 38 (37.6%)
patients, clear cell component was present in 11 (10.9%)
cases, the maximum Edmondson’s grade was 1 in one
case (1.0%), 2 in 26 (25.7%), 3 in 49 (48.5%) and 4 in one
(1.0%) case. The mean RNV was 9.44 ± 19.14 cm3 (range
0-106.35 cm3).
Correlations among nodule characteristics
The histological features of the 275 nodules were correlated with each other: the presence of MVI adjacent to
a nodule was significantly related to a high Edmondson’
s grade (76 nodules showed MVI, among which 50 had
Edmondson’s grade 3 or 4, P = 0.001, linear-by-linear
association) and to infiltrative margins (in 50 nodules, P
< 0.001, Fisher’s exact test); Edmondson’s grade and tumor infiltrative margins were correlated too (of 84 HCC
with infiltrative margins 56, 66.7%, were grade 3 or 4, of
105 HCC with expansive margins 45, 42.8%, were grade
3 and none of grade 4, P < 0.001, linear-by-linear association). These findings should not be surprising, since
all these features are typical of more aggressive HCCs.
Nodule necrosis was directly correlated with tumor size
(P = 0.001, Pearson’s R), in line with what was previously reported in our Institution[12], and inversely related
to the perinodular MVI (mean necrosis 32.8% ± 37.4%
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Figure 1 Different histological pictures after transarterial chemoembolization. A: A case of totally necrotic nodule (asterisk), with a well-visible fibrotic capsule
(white arrow); B: A case of clear cell (CC) hepatocellular carcinoma with only partial necrosis (asterisk); C: Amicrovascular invasion. Haematoxylin-Eosin stain; Magnification × 2 (A) and × 10 (B, C).

rence either in the graft or extrahepatic localizations, after
a mean of 1.12 ± 0.89 years (range 69 d to 3.01 years,
median 1.00). Twelve of these 14 (85.7%) recurrences occurred in patients discovered beyond the Milan criteria at
histology. Conversely, 65 (74.7%) out of 87 not-recurrent
cases occurred in patients within the Milan criteria after
the histological examination.
Eighteen (17.8%) recipients died, 9 for HCC recurrence, i.e., the 64.3% of the 14 recipients with HCC
recurrence. The other causes of death included HCV
recurrence (4 cases), sepsis/infection (3 cases), and cerebrovascular events (2 cases).

Table 1 Histological characteristics of all examined nodules
(above) and of all viable nodules (any amount of residual
tumor, below) n (%)
Examined nodules (n = 275)
Mean diameter (cm)
Mean volume (cm3)
Mean viable volume (cm3)
Complete coagulative necrosis
Mean necrosis percentage
Microvascular invasion
Infiltrative margins
Viable nodules (n = 190)
Trabecular/trabeculo-acinar pattern
Edmondson’s grade:
1
2
3
4
Clear cell changes

1.89 ± 1.18 (range 0.30-6.00)
8.59 ± 16.93 (range 0.01-113.04)
3.47 ± 9.56 (range 0-78.36)
85 (30.9)
48.54% ± 45.58%
81 (29.5)
84 (30.9)
129 (67.9)
10 (5.3)
78 (41.1)
100 (52.6)
2 (1.1)
14 (7.4)

in the 81 nodules with thrombosis vs 55.1% ± 47.1% in
the 194 nodules without thrombosis, P < 0.001, one-way
ANOVA). Solid architecture was correlated with a clear
cell morphology [10 of 52 (19.2%) clear-cell HCC vs 4 of
136 (2.9%), P = 0.001, Fisher’s exact test].
Follow-up
Mean follow-up from OLT was 3.55 ± 1.73 years (range
from 14 d to 6.81 years, median 3.37). At the end of
follow-up, 14 (13.9%) recipients experienced HCC recur-
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Calculation of a Histological Score (HS) predictive of
HCC recurrence
At univariate Cox analysis, the only donor variables significantly related to post-OLT recurrence were: the MVI (P
= 0.002, HR = 7.23, 95%CI: 2.01-25.94), the total number of nodules (P < 0.001, HR = 1.54, 95%CI: 1.25-1.89),
the number of viable nodules (P < 0.001, HR = 1.47,
95%CI: 1.22-1.77), and the RNV (P = 0.002, HR = 1.03,
95%CI: 1.01-1.04). In particular, 11 out of 14 HCC recurrence cases had MVI (i.e., MVI had a 78.6% sensitivity), while 60 of the 87 patients without recurrence did
not show histological MVI (i.e., specificity of the 69.0%).
Furthermore, these variables were also confirmed as the
only ones significantly predictive of HCC-related deaths
after recurrence in the subset of patients who had had
recurrence (data not shown). Age (P = 0.872), sex (P =

13541

October 7, 2014|Volume 20|Issue 37|

Vasuri F et al . Pathological analysis of HCC after TACE
Table 2 Recurrence-free survival data and hazard ratios of hepatocellular carcinoma recurrence according to the histological score
classes n (%)
HS risk classes

Mean recurrence-free survival
time (± SE; years)

5-yr recurrence-free survival
rate (± SE)

Hazard ratio
1
(95%CI)

HCC recurrence
cases

HCC-related
deaths

6.60 ± 0.15

96.7% ± 2.3%

1.00

2 (3.3)

1 (1.6)

5.43 ± 0.45

77.9% ± 8.9%

5 (18.5)

3 (11.1)

2.92 ± 0.21

40.0% ± 14.6%

6.37
(1.23-32.86)
23.18
(4.80-111.96)

7 (53.8)

5 (38.5)

Low
(HS: 0-1; n = 61)
Moderate
(HS: 1-2; n = 27)
High
(HS: >2; n = 13)
1

Univariate Cox proportional hazards model. SE: Standard error; CI: Confidence interval; HCC: Hepatocellular carcinoma; HS: Histological score.

Recurrence-free survival rate

1.0
0.8
0.6
0.4
Low risk: HS < 1 (n = 61)
Moderate risk: HS 1-2 (n = 27)
High risk: HS > 2 (n = 13)

0.2
0.0
0

1

2

3

4

5

6

7

Recurrence-free survival time (yr)

Figure 2 Recurrence-free survival according to the three histological
score classes. The actuarial recurrence-free survival rate is 96.7% in the lowrisk group, 77.9% in the moderate-risk group and 40.0% in group the high-risk
group.

0.373), inclusion in Milan criteria prior to TACE (P =
0.639) and dimension of the major nodule (P = 0.080)
were not significantly related to post-OLT recurrence.
The histological cancer variables (Edmondson’s grade,
clear cell component, dimension of the major viable nodule) were available only in the 77 patients with residual
HCC and resulted not significantly related to post-OLT
HCC recurrence (P = 0.336, P = 0.193, and P = 0.229,
respectively); therefore, they have been excluded from
the multivariate model. The model finally considered 101
cases and 8 variables: recipient age and sex, inclusion in
Milan criteria prior to TACE, RNV, number of total nodules, number of viable nodules, MVI, dimension of the
major nodule.
The number of total nodules (P = 0.073), the residual
neoplastic volume (RNV, P = 0.035) and the neoplastic
microvascular invasion (MVI, P = 0.062) entered the Cox
multivariate hazard model with HCC recurrence as dependent variable.
For the purposes of our study, we computed a score
based on predictive variables only and unrelated to timedependent components, the histological score (HS) was
computed by means of a multivariate linear regression
having the rescaled hazard level evaluated by the Cox
analysis in each patient as dependent variable and these
three parameters as the independent ones. In order to
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find a solid classification of the patients into 3 groups at
different risk levels, a cluster analysis was made. Finally,
the coefficients of the model were standardized in order
to obtain the values of 1 and 2 as cut-off separating the 3
groups at different risk levels (i.e., low risk class: HS ranging from 0 to 0.99; moderate risk class: HS ranging from
1 to 1.99; high risk class: HS equal to, or greater than, 2).
The final score resulted:
HS = (0.164 × NNOD) + (0.012 × RNV) + (1.015
× MVI)
where NNOD is the total number of total nodules,
RNV is the residual neoplastic volume and the notation
“1.015 × MVI” means that the 1.015 value should be
added to the sum of the previous two terms in patients
with presence of microvascular invasion only.
In our population of 101 patients the HS ranged between 0.164 and 3.393 (mean 0.942 ± 0.816) showing an
accuracy of 84.2% in discriminating between HCC recurrent and non-recurrent cases (AUC ± SE: 0.842 ± 0.047).
By using the best cut-off (HS ranging between 0.664
and 0.667) a sensitivity of 100% (14/14) and a specificity of 60.9% (53/87) were reached. The cluster analysis
sorted the population into the following three classes: 61
patients (60.4%) with low risk; 27 patients (26.7%) with
moderate risk; and 13 patients (12.9%) with high risk.
The cumulative recurrence-free survival of the three
classes is shown in Figure 2, while survival data, together
with the hazard ratios vs the low risk class, are shown in
Table 2. Of note, the 5-year recurrence-free survival rate
decreases from the 96.7% of the low-risk group to the
77.9% of moderate-risk group and the 40.0% of highrisk group, and the HR for the moderate- and high-risk
groups were 6.37 and 23.18 respectively when compared
to the low-risk group.

DISCUSSION
The application of TACE in the pre-transplant setting is
still controversial[25,26]. In our setting, TACE is performed
according to the most recent guidelines for downstaging in patients beyond the Milan criteria, or for patients
within the Milan criteria but with > 6 mo of expected
time on the waiting list (“bridging therapy”)[19,27]. Despite
the abundance of clinical and radiological studies on the
pre-transplant staging of HCC patients, studies analyzing

13542

October 7, 2014|Volume 20|Issue 37|

Vasuri F et al . Pathological analysis of HCC after TACE

the histological aspect of tumor regression after TACE
and its impact on HCC recurrence are still rare in the literature, since in the past few years only the percentage of
TACE-induced necrosis has been histologically studied,
mainly in comparison with MRI[12,28]. The principal aims
of our study were to define the histopathological features
predictive of HCC recurrence in patients treated with
TACE, and to combine them into a histological “score”
predictive of HCC recurrence after OLT.
The histological examination of the single nodules
(grade, architecture, growth, etc.) did not provide contributions about prognosis, while the multivariate analysis
of recipient variables allowed us to identify three histological parameters predictive both of HCC recurrence
and HCC-related mortality: MVI, the number of nodules,
and RNV. The Histological Score (HS) could be considered a variation of the well-established Milan criteria: in
fact, it includes the number of nodules and the tumor
volume (instead of dimensions)[2,4,6]. At any rate, the availability of the whole liver specimens allows the pathologist to sample and characterize all the suspicious nodules
in each case, as well as to assess the real amount of viable
HCC in each nodule, and MVI too. The first result of
this approach was that the number of nodules proved to
be predictive independently on their being viable or necrotic. A possible explanation is that a higher number of
HCC nodules implies a higher risk of vascular or intrahepatic dissemination that can manifest itself also after the
necrosis of the main nodules (and after OLT). This does
not contradict what previously reported by our group, i.e.
that partial tumor necrosis has a higher risk for HCC recurrence[29]: indeed, since the Residual Neoplastic Volume
(RNV) is part of the HS too, it is evident that incomplete
necrosis has a worse impact on disease-free survival than
complete necrosis. At any chance, no patients with complete tumor necrosis (absence of viable tumor) experienced HCC recurrence in our series.
RNV was calculated assuming a hypothetical spherical
shape of the HCCs[22-24] minus the amount of necrosis,
and it is likely to be a fairly realistic model for tumor
quantification. At a glance, the calculation of RNV might
seem complicated, but only the nodule diameter and the
percentage of necrosis, which are commonly included in
every histopathological report, are needed. The presence
of MVI in the HS is not surprising, since MVI is a wellknown prognostic parameter of HCC recurrence both
in non-transplanted patients and in OLT recipients with
or without local therapy[2]. At any chance, since MVI
resulted as a part of the HS, the diagnostic performance
(computed as the balance between sensitivity and specificity) of MVI alone was obviously lower than HS diagnostic performance (73.8% vs 80.5%). In particular, the
finding that no patients in the low risk HS class had MVI,
suggests that the absence of MVI well predicts low risk
of recurrence. Conversely, since MVI occurred similarly
in the moderate risk (25/27, 92.6%) and high risk (13/13,
100%) recipients, the other two histological features (the
number of nodules and the RNV) are likely to be needed
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to discriminate between moderate risk and high risk of
HCC recurrence.
It is noteworthy that in our proposed model the inclusion in the Milan criteria prior to TACE had not an
independent role in HCC recurrence prediction both at
univariate and multivariate analyses: it seems that the indication to TACE (i.e., down-staging vs “bridging therapy”)
did not influence tumor recurrence. This confirms previous findings from our group that the recurrence rate after
downstaging to Milan criteria is similar to the recurrence
rate of patients within Milan criteria[10].
The application of the Milan criteria on OLT specimens showed a diagnostic performance comparable to
the HS (80.2% and 80.5%, respectively), but it should
be pointed out that these values were determined by
two measures of discrimination quite different between
the two binary classification rules: i.e., HS had higher
sensitivity (100% vs 85.7%) while the Milan criteria had
higher specificity (74.7% vs 60.9%). Finally, among the 34
patients who were beyond the Milan criteria, 9 (26.5%)
were assigned to the low risk class (with only 1 case of
HCC recurrence), 13 (38.2%) to the moderate risk class
(with 4 cases of recurrence), and 12 (35.3%) to the high
risk class (with 7 cases of recurrence). The recipients in
our HS low risk class actually showed a low frequency
of HCC recurrence comparable to the recipients within
the Milan criteria (3.3% and 3.0%, respectively), while
the histopathological analysis and the HS allowed once
more a better stratification of the recipients with a higher
risk: in fact the moderate-risk class reached a recurrence
frequency assessment of 18.5% (5/27), and the highrisk class reached a recurrence frequency assessment of
53.8% (7/13), vs 35.3% of the Milan criteria alone. Briefly, our HS better stratifies the “moderate risk” from the
“high risk” in those recipients that turn out to be beyond
the Milan criteria after OLT, as for 33.7% of patients in
our series. It is true that this percentage of patients with
de novo nodules is likely to decrease in the future, with a
more widespread use of hepatospecific contrast media
on MRI, which have demonstrated an increased sensitivity for the detection of early atypical HCC, although we
surmise that the histopathological analysis will be necessary also in the future.
In conclusion, our results strengthen the role of
the pathologist in the management of HCC recipients
after OLT. Despite the improvement of imaging techniques[21,25], only a thorough gross examination and histological analysis of all suspicious liver nodules can provide
data about MVI and the finding of de novo early HCCs,
which can put the patients beyond the Milan criteria. In
these cases HS might prove to be useful in order to identify those patients with a higher risk of HCC recurrence.
Our “score” is not meant to be a universal score, applicable to all HCC patients, but it might be useful for the
pathologists in a liver transplantation setting to predict
the recipient’s real risk of HCC recurrence after TACE
and after OLT, and to help the transplant surgeon in the
post-transplant management of this group of patients.
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Background

Transarterial chemoembolization (TACE) of hepatocellular carcinoma (HCC) is
used for down-staging before orthotopic liver transplantation (OLT) in patients
beyond the Milan criteria, and to delay tumor progression in patients within the
Milan criteria (“bridging therapy”) in order to grant more time and to reduce the
drop-out rate in the waiting list.

8

Research frontiers

Imaging techniques can fail in the recognition of small-sized atypical and/or hypovascular HCCs, so that a discrepancy between the radiological pre-transplant
staging and the pathological post-transplant staging exists. According to the
literature, the pre-transplant staging fails to predict the actual number of HCC
in 25%-35% of patients. Apart from the number of neoplastic nodules, single
pathological features such as microvascular invasion, tumor grade, etc. have
already been described as important in the post-transplant HCC recurrence,
but comprehensive histopathological studies analyzing their global prognostic
impact have not been performed yet.

Innovations and breakthroughs

We retrospectively reviewed 275 suspicious nodules from 101 consecutive OLT
recipients, collecting 11 histological variables. Survival data were analyzed: the
total number of nodules, the residual neoplastic volume and the microvascular
invasion entered the Cox proportional hazards model, with HCC recurrence as
dependent variable. A standardized Histological Score (HS) was therefore computed, and a cluster analysis sorted the recipients into 3 risk groups according
to the HS, with 3.3%, 18.5% and 53.8% respectively of tumor recurrence rates
and 1.6%, 11.1% and 38.5% of tumor-related mortality respectively. This is the
first time that histological tumor features are quantified and applied in a posttreatment HCC tumoral regression score, as it is already done in other tumors
(e.g., breast, colon-rectum).

Applications
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A thorough gross examination and histological analysis of all suspicious liver
nodules is mandatory to obtain reliable data about the real amount of tumor
necrosis after TACE, the microvascular invasion, as well as to find de novo
early HCCs. The HS might prove to be useful in order to identify those patients
with a higher risk of HCC recurrence after OLT. In a liver transplantation setting,
the application of a standardized tumoral regression score after TACE and after
OLT, can help the transplant surgeon in the recipients management.
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Peer review

In this paper the authors evaluate the prognostic impact of histopathology in
post-transplant HCC recurrence after TACE treatment. The authors used appropriate methods of analysis and results are of interest.
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Abstract
AIM: To investigate the etiology and complications of
liver cirrhosis (LC) in Southern China.
METHODS: In this retrospective, cross-sectional study,
we identified cases of liver cirrhosis admitted between
January 2001 to December 2010 and reviewed the
medical records. Patient demographics, etiologies and
complications were collected, and etiological changes
were illustrated by consecutive years and within two
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time periods (2001-2005 and 2006-2010). All results
were expressed as the mean ± SD or as a percentage.
2
The χ test or Student’s t -test was used to analyze the
differences in age, gender, and etiological distribution,
and one-way analysis of variance was applied to estimate the trends in etiological changes. We analyzed
the relationship between the etiologies and complications using unconditioned logistic regression, and the
risk of upper gastrointestinal bleeding (UGIB) and hepatocellular carcinoma (HCC) in the major etiological
groups was evaluated as ORs. A P value less than 0.05
was considered significant. Statistical computation was
performed using SPSS 17.0 software.
RESULTS: In this study, we identified 6719 (83.16%)
male patients and 1361 (16.84%) female patients.
The average age of all of the patients was 50.5 years
at the time of diagnosis. The distribution of etiological
agents was as follows: viral hepatitis, 80.62% [hepatitis
B virus (HBV) 77.22%, hepatitis C virus (HCV) 2.80%,
(HBV + HCV) 0.58%]; alcohol, 5.68%; mixed etiology, 4.95%; cryptogenic, 2.93%; and autoimmune
hepatitis, 2.03%; whereas the other included etiologies accounted for less than 4% of the total. Infantile
hepatitis syndrome LC patients were the youngest (2.5
years of age), followed by the metabolic LC group (27.2
years of age). Viral hepatitis, alcohol, and mixed etiology were more prevalent in the male group, whereas
autoimmune diseases, cryptogenic cirrhosis, and
metabolic diseases were more prevalent in the female
group. When comparing the etiological distribution
in 2001-2005 with that in 2006-2010, the proportion
of viral hepatitis decreased from 84.7% to 78.3% (P
< 0.001), and the proportion of HBV-induced LC also
decreased from 81.9% to 74.6% (P < 0.001). The incidence of mixed etiology, cryptogenic cirrhosis, and
autoimmune diseases increased by 3.1% (P < 0.001),
0.5% (P = 0.158), and 1.3% (P < 0.001), respectively.
Alcohol-induced LC remained relatively steady over the
10-year period. The ORs of the development of UGIB
between HBV and other major etiologies were as fol-
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lows: HCV, 1.07; alcohol, 1.89; autoimmune, 0.90;
mixed etiology, 0.83; and cryptogenic, 1.76. The ORs
of the occurrence of HCC between HBV and other major etiologies were as follows: HCV, 0.54; alcohol, 0.16;
autoimmune, 0.05; mixed etiology, 0.58; and cryptogenic, 0.60.
CONCLUSION: The major etiology of liver cirrhosis in
Southern China is viral hepatitis. However, the proportions of viral hepatitis and HBV are gradually decreasing. Alcoholic LC patients exhibit a greater risk of experiencing UGIB, and HBV LC patients may have a greater
risk of HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver cirrhosis; Epidemiology; Etiology;
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Core tip: Liver cirrhosis (LC) is an important cause of
death globally, and prevention and treatment based on
etiology is fundamental. Large-sample epidemiology
studies of the distribution and changes of etiology in
the Southern China population are rare. This study illustrates that the major etiology of LC in Southern China
is viral hepatitis, and the proportions of viral hepatitis
and hepatitis B virus (HBV) are decreasing; whereas
autoimmune, cryptogenic, and mixed etiology cases are
increasing. Alcoholic LC patients exhibit a greater risk
of suffering from upper gastrointestinal bleeding, and
HBV LC patients exhibit greater risk of developing hepatocellular carcinoma.
Wang X, Lin sx, Tao J, Wei XQ, Liu YT, Chen YM, Wu B.
Study of liver cirrhosis over ten consecutive years in Southern China. World J Gastroenterol 2014; 20(37): 13546-13555
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i37/13546.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i37.13546

INTRODUCTION
Liver cirrhosis (LC) is a life-threatening worldwide health
problem that is characterized by regenerated nodule development due to different liver diseases. Many patients
can progress to upper gastrointestinal bleeding (UGIB),
hepatic encephalopathy (HE), and hepatocellular carcinoma (HCC) in the decompensated stage. Hepatitis B
virus (HBV) infection, hepatitis C virus (HCV) infection,
and alcohol consumption are considered to be the major
global etiologies of LC[1-3].
The epidemiological distribution of the etiology of
LC differs geographically and remains poorly described.
Globally, approximately 57% of liver cirrhosis was due
to HBV (30%) and HCV (27%) in 2006[2]. In the United
States, most European countries, and Japan, HCV and
alcohol are the most common causes, whereas HBVrelated LC is predominant in most Asian-Pacific and Af-
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rican countries[2,4-8]. The epidemiology and etiology have
changed dramatically because of socioeconomic development and hepatitis vaccination; however, the availability
of detailed information is limited. Fleming et al[5] reported
that the cirrhosis incidence increased from 12.05/100000
to 16.99/100000 person-years from 1992 to 2001 in the
United Kingdom, and a nationwide survey of Japan reported that HCV infection accounted for 60.9% of LC
in 2008, representing a decrease from 65.0% in 1998[4].
Moreover, studies have reported that different etiologies
tend to result in different complications; for example,
HCC occurs more often in viral hepatitis LC cases than
in alcoholic and autoimmune LC cases, but the exact relationship between the LC etiology and complications has
not been verified by clinical research on a large sample[2,9].
Based on this background, we designed this serial
cross-sectional study to analyze the etiology, complications, and clinical features of 8080 patients with LC in
our hospital and to determine an accurate etiological
distribution, the proportional changes over 10 consecutive years, and the relationship between LC etiology and
complications.

MATERIALS AND METHODS
Patient enrollment and data acquisition
We extracted the records of all patients admitted between
January 1, 2001, and December 31, 2010, from the hospital-based electronic database of medical records. Any
diagnostic or therapeutic code for cirrhosis, esophageal
varices, or portal hypertension in the discharge diagnosis
was included in the searching process. To minimize the
potential of missing cases with underlying LC but lacking the above diagnostic codes, we performed a second
search in the database with recorded non-malignant ascites, hepatic encephalopathy and hepatorenal syndrome.
A final diagnosis of LC and a diagnosis of etiology were
made according to the discharge diagnosis of the medical
record; if no explicit etiology was mentioned, an additional etiological diagnosis was established based on the
following criteria of etiology. Moreover, patients who had
no clinical features of chronic liver disease but exhibited
a positive pathologic diagnosis or did not undergo laboratory tests for evaluating liver function were excluded for
this study. Each enrolled patient was assigned a date of
diagnosis defined as the first record of liver cirrhosis over
the 10-year span. For patients who had several admissions to our hospital during this period, we only collected
the first record when the LC diagnosis was established.
We collected clinical information for every patient, including age, gender, birth place, admission and discharge
time, ID number, laboratory data, complications, and
data indicating etiology diagnosis. Moreover, liver function status was evaluated by the Child-Pugh scoring system and the model for end-stage liver disease (MELD)
scoring system. The ethics committees of the appropriate
institutional review boards approved this study according
to the Declaration of Helsinki 2000.
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LC Complications
UGIB, HCC, HE, secondary infection, ascites, portal
vein thrombosis, portal vein tumor thrombosis, cavernous transformation of the portal vein, hepatorenal syndrome, hepatopulmonary syndrome (HPS), and hepatic
hydrothorax were included in our study as complications
of liver cirrhosis. Complications were diagnosed in accordance with the complications listed in the medical record.

Table 1 Criteria for the etiological diagnosis of liver cirrhosis
Viral hepatitis
Hepatitis B virus (HBV): positive for HBsAg for at least 6 mo
Hepatitis C virus (HCV): positive for anti-HCV or HCV-RNA
HBV + HCV: HBV overlap with HCV
HBV + Hepatitis D virus (HDV): positive for HBsAg and anti-HDV
Alcoholic cirrhosis
The diagnosis was made by a history of alcohol use ( ≥ 40 g/d for
males and ≥ 20 g/d for females or > 80 g/d within past 2 wk),
physical examinations for signs of chronic liver disease, laboratory
abnormalities [including elevation of aspartate aminotransferase,
alanine aminotransferase, γ-glutamyl transferase (GGT)
and prothrombin time] or typical imaging features of fatty liver
and cirrhosis and the exclusion of other causes of LC[10]
Autoimmune diseases
Autoimmune hepatitis (AIH)[11]
Primary biliary cirrhosis (PBC)[12]
AIH + PBC: AIH and PBC overlap syndrome
Primary sclerosing cholangitis[13]
Secondary biliary cirrhosis
Established when compatible with the diagnosis of liver cirrhosis,
excluding some common causes of LC and indicated by cholestatic
biomarkers (such as elevated alkaline phosphatase and GGT)
Metabolic diseases
Wilson’s disease[14]
Hereditary hemochromatosis[15]
Non-alcoholic fatty liver disease[16]
Others (amyloidosis, glycogen storage disease, etc.)
Drugs
Established when the liver function test abnormalities related to drug
intake and other causes of LC were excluded[17]
Vascular diseases
Budd-Chiari syndrome[18]
Cardiac[19]
Parasite cirrhosis
The diagnosis was based on clinical manifestations, epidemiologic
features, and lab tests, excluding other types of LC; the diagnosis
needed to be verified by a positive pathogenic finding
Infantile hepatitis syndrome
The diagnosis was based on criteria of Roberts[20]
Mixed etiology
HBV + Alcohol
HBV + HCV + Alcohol
Other known etiology
Cases with a definite known etiology but not listed above
Cryptogenic cirrhosis
Diagnosed only after an extensive evaluation excluded recognizable
etiologies[21]

Statistical analysis
Data were analyzed using SPSS 17.0. All results were
expressed as the mean ± SD or as a percentage. We used
the χ 2 test or Student’s t-test to analyze the differences
in age, gender, and etiology distribution. One-way analysis of variance (ANOVA) was applied to estimate the
changes in etiology over time. We analyzed the relationship between etiologies and complications using multivariate unconditioned logistic regression. All statistical
tests were two-sided. P-values below 0.05 are considered
significant.

RESULTS
Demographic characteristics of LC patients
Of the 8080 patients with LC in this study, 6719 (83.2%)
were male, 1361 (16.8%) were female, and the ratio of
males to females was 4.9:1. The average age at the time
of diagnosis was 50.5 ± 13.0 years. Demographic characteristics of the LC patients are presented in Figure 1; the
age distribution of LC patients is delineated as a pyramid
depending on gender, and 93.5% of male patients and
89.7% of female patients were between 30-74 years old.
The overall liver function stages are listed in Table 2. In
our study population, 6728 (83.3%) patients were Cantonese, and 1300 (16.1%) were from other provinces. Moreover, we also collected data on 52 (0.6%) foreign patients
who mostly came from southeastern Asian countries.

Criteria for the diagnosis of liver cirrhosis
The diagnosis of LC was made according to the discharge diagnosis of the medical record, and the diagnosis
was made in accordance with the criteria below when no
explicit etiology was mentioned. Patients with clinical features of esophageal varices, ascites, or hepatic encephalopathy were clinically diagnosed with LC. Moreover,
LC could be confirmed by abdominal imaging (coarse
parenchyma with enlargement or shrinkage of the liver;
splenomegaly; ascites found by ultrasound, computed
tomography, or magnetic resonance imaging) or surgical
findings (laparoscopy, autopsy) combined with indicating
laboratory findings (low platelet count and albumin, high
level of serum bilirubin, and/or prolonged prothrombin
time)[4]. The criteria for the etiological diagnosis of LC
are listed in Table 1.
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Etiology distribution
The etiology distribution of all LC cases is presented
in Table 3. The top five LC causes were viral hepatitis (80.62%), alcohol (5.68%), mixed etiology (4.95%),
cryptogenic cirrhosis (2.93%), and autoimmune diseases
(2.03%). Among the remaining > 4.00% of patients,
metabolic diseases and other known etiologies were identified in 1.40% and 0.73%, respectively. In addition to 106
cases of Wilson’s disease, 4 cases of non-alcoholic fatty
liver disease (NAFLD), and 2 cases of hereditary hemochromatosis, we also observed 1 case of amyloidosis and
1 case of glycogen storage disease. Moreover, we identified 46 (0.57%) cases caused by vascular diseases, which
included Budd-Chiari syndrome (n = 31) and cardiac
congestion (n = 15). In the 38 (0.47%) cases of secondary biliary liver cirrhosis, 30 involved biliary tract constructions, and the other 8 were congenital biliary atresia
cases. Among the 33 (0.41%) cases of parasites, 30 were
caused by Clonorchis sinensis, and 3 were caused by Schistosoma japonicum. In this study, we also identified 9 (0.11%)
drug-induced LC cases, and the toxic drugs included
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Figure 1 Demographic characteristics of the 8080 enrolled liver cirrhosis patients. Age distribution of the liver cirrhosis patients is delineated as a population
pyramid depending on gender, and 93.5% of male patients and 89.7% of female patients are between 30-74 years old. Male cases are presented as red bars, and
female cases are presented as yellow bars.

The MELD score was calculated from 7145 cases in the study population
because the creatinine value was not available from the others. MELD:
Model for end-stage liver disease.

Etiology in different ages and genders
The etiology distribution among different ages and genders is listed in Table 3 and Table 4. With respect to the
etiology in different genders, we observed that the leading etiology was viral hepatitis in both genders. However,
the prevalence of viral hepatitis, alcohol, and mixed etiology was higher among men, whereas that of autoimmune
disease, cryptogenic cirrhosis, and metabolic disease was
higher among women (P < 0.001).
In all cases, IHS-induced LC patients were youngest,
and the average age was 2.5 ± 3.9 years, followed by the
metabolic disease group (27.2 ± 14.1 years). The parasite
group had the maximum average age (58.1 ± 14.9 years),
followed by the drug-induced LC group (56.0 ± 18.2 years).

Chinese herbs, chemotherapy drugs, antipsychotic drugs,
and arsenic agents. Eight cases of infantile hepatitis syndrome (IHS)-induced LC were also included in our study;
the patients were neonates or infants exhibiting jaundice,
light-colored feces, pathological hepatic signs, and ALT
elevation with proof of liver cirrhosis.
Among the 6514 LC patients with viral hepatitis,
HBV was the most common cause; HBV accounted for
nearly 96% of all viral hepatitis cases and 77.2% of the
study population. HCV was the second major cause of
viral hepatitis LC, but the proportion was only 2.8%. In
contrast, overlapping viral hepatitis involved 47 cases of
HBV plus HCV and 2 cases of HBV plus HDV. The
proportions were both less than 1.0% of all cases.

Changes in the constituent ratio of etiologies from 2001
to 2010
To determine the changes in etiology from 2001 to 2010,
we divided the study population into two groups. One
group was defined as subjects admitted from 2001 to
2005, and the other group involved subjects admitted
from 2006 to 2010. The constituent ratio of etiologies
is presented in Table 5. We noticed that the top five
categories did not change over the decade, but the ratio
changed dramatically. The top five etiologies were viral
hepatitis, alcohol, mixed etiology, cryptogenic cirrhosis,
and autoimmune disease. Viral hepatitis decreased from
84.7% to 78.3% (P < 0.001, P-trend < 0.001); meanwhile,
mixed etiology, cryptogenic cirrhosis, and autoimmune

Table 2 Liver function characteristics of the study population

n (%)

Male
Mean age (yr)
Child-Pugh score
A
B
C
Mean ± SD
MELD score (mean ± SD)
MELD: median (extreme)
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6719 (83.2)
50.5 ± 13.0
2521 (31.2)
3369 (41.7)
2190 (27.1)
8.0 ± 2.3
15.3 ± 7.2
13.6 (6-65)
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Table 3 Etiology of the 8080 enrolled liver cirrhosis patients

Table 4 Etiology of the 8080 liver cirrhosis patients by age

n (%)

Etiology
Etiology
Viral hepatitis
HBV
HCV
HBV + HDV
HBV + HCV
Alcohol
Autoimmune
AIH
PBC
AIH + PBC
PSC
Secondary
biliary
Metabolic
diseases
WD
HH
NAFLD
Others
Drugs
Vascular
diseases
BCS
Cardiac
Parasites
IHS
Mixed
etiology
HBV +
Alcohol
HBV + HCV
+ Alcohol
Other known
etiology
Cryptogenic
cirrhosis

P value

Total

Male

Female

(n = 8080)

(n = 6719)

(n = 1361)

6514 (80.62)
6239 (77.22)
226 (2.80)
2 (0.02)
47 (0.58)
459 (5.68)
163 (2.03)
54 (0.67)
87 (1.08)
19 (0.24)
3 (0.04)
38 (0.47)

5489 (81.69)
5316 (79.12)
135 (2.01)
2 (0.03)
36 (0.54)
451 (6.71)
30 (0.43)
13 (0.19)
15 (0.22)
1 (0.01)
1 (0.01)
22 (0.33)

1025 (75.31)
923 (67.82)
91 (6.69)
0 (0.00)
11 (0.81)
8 (0.59)
133 (9.77)
41 (3.01)
72 (5.29)
18 (1.32)
2 (0.15)
16 (1.18)

< 0.001

114 (1.40)

73 (1.09)

41 (3.02)

< 0.001

106 (1.31)
2 (0.02)
4 (0.05)
2 (0.02)
9 (0.11)
46 (0.57)

67 (1.00)
2 (0.03)
2 (0.03)
2 (0.03)
6 (0.09)
30 (0.44)

39 (2.87)
0 (0.00)
2 (0.15)
0 (0.00)
3 (0.22)
16 (1.17)

0.186
0.001

31 (0.38)
15 (0.19)
33 (0.41)
8 (0.10)
400 (4.95)

21 (0.31)
9 (0.13)
26 (0.39)
7 (0.10)
399 (5.93)

10 (0.73)
6 (0.44)
7 (0.51)
1 (0.07)
1 (0.07)

0.502
1.000
< 0.001

389 (4.81)

388 (5.77)

1 (0.07)

11 (0.14)

11 (0.16)

0 (0.00)

59 (0.73)

51 (0.76)

8 (0.58)

0.499

237 (2.93)

135 (2.01)

102 (7.49)

< 0.001

LC classification
Viral hepatitis
Alcohol
Autoimmune
Secondary biliary
Metabolic diseases
Drugs
Vascular diseases
Parasites
IHS
Mixed etiology
Other known etiology
Cryptogenic cirrhosis

< 0.001
< 0.001

t value

P value

50.7 ± 12.4
52.2 ± 11.0
54.3 ± 12.9
46.3 ± 25.1
27.2 ± 14.1
56.0 ± 18.2
42.8 ± 17.6
58.1 ± 14.9
2.5 ± 3.9
51.2 ± 9.7
44.7 ± 13.6
55.0 ± 17.5

-1.48
-3.66
4.33
23.49
-5.33
7.87
-7.42
48.18
-0.52
5.98
-4.29

0.308
0.029
1.000
< 0.001
1.000
0.212
0.319
< 0.001
1.000
0.079
0.015

< 0.001
The P values were determined using the independent samples t-test. The
viral hepatitis patients were used as the reference group when comparing
differences in age for different etiologies. LC: Liver cirrhosis; IHS: Infantile
hepatitis syndrome.

secondary infection, and UGIB were the most frequent
complications, and the numbers of cases were 4493
(55.6%), 2399 (29.7%), 2177 (26.9%), and 1006 (12.5%),
respectively. The other complications were relatively less
common, and HPS was rare in our study group (6 cases).
The distribution of complications classified by gender is
presented in Table 6.

The differences in gender proportion were determined using the χ 2 test.
HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV: Hepatitis D virus;
AIH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis; PSC: Primary
sclerosing cholangitis; WD: Wilson’s disease; HH: Hereditary hemochromatosis; NAFLD: Non-alcoholic fatty liver disease; BCS: Budd-Chiari syndrome; IHS: Infantile hepatitis syndrome.

disease increased by 3.1% (both P value and P-trend <
0.001), 0.5% (P value = 0.158; P-trend = 0.011), and 1.3%
(both P value and P-trend < 0.001), respectively. The incidence of alcohol-induced LC was relatively stable over
the 10-year period, although there was a slight increase
from 5.3% to 5.9% in the constituent ratio (both P value
and P-trend > 0.05, Figure 2). As the major cause of viral
hepatitis-induced LC, the proportion of HBV-induced
LC also decreased from 81.9% to 74.6% (P < 0.001,
P-trend < 0.001). Compared with the decreasing proportion of HBV-induced LC, the proportion of HCVinduced LC slightly increased from 2.3% to 3.1% (P =
0.044; P-trend = 0.263, Figure 3).
LC complication distribution
Among all of the patients, we found that ascites, HCC,
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Age, yr
mean ± SD

Relationship between etiology and complications
To determine whether various etiologies might cause a
variance in complications, the ORs of different etiologies
for UGIB and HCC are presented in Table 7 and Table
8, respectively. We found that alcoholic LC patients exhibited a higher risk of developing UGIB compared with
other major etiologies, whereas HBV infection was the
most important cause of HCC in LC patients. The ORs
of UGIB in all major etiologies were as follows: HBV,
1.00; HCV, 1.07; alcohol, 1.89; autoimmune, 0.90; mixed
etiology, 0.83; and cryptogenic cirrhosis, 1.76. The ORs
of HCC in all major etiologies were as follows: HBV, 1.00;
HCV, 0.54; alcohol, 0.16; autoimmune, 0.05; mixed etiology, 0.58; and cryptogenic cirrhosis, 0.60.

DISCUSSION
In this large sample and medical center-based study, we
found that viral hepatitis is the most prevalent cause of
LC in our hospital, accounting for more than 80% of all
LC patients. In addition, most of the viral hepatitis LC
was caused by HBV (nearly 96% of all viral hepatitis LC
cases). However, because of the admission of a large
number of patients from other provinces of Southern
China and the considerable local influence of our hospital, our single-center based findings may reflect the
changing trend of etiologies in Southern China to some
extent.
In the study group, the ratio of males to females is
4.9:1 (6719 males vs 1361 females), which is remarkably
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Table 5 Etiologic analysis for the years 2001-2005 and the years 2006-2010 n (%)
Etiology

2001-2005 (n = 2907)

2006-2010 (n = 5173)

2462 (84.7)
2381 (81.9)
67 (2.3)
12 (0.4)
2 (0.1)
155 (5.3)
34 (1.2)
12 (0.4)
32 (1.1)
1 (0.0)
17 (0.6)
14 (0.5)
2 (0.1)
87 (3.0)
16 (0.5)
75 (2.6)

4052 (78.3)
3858 (74.6)
159 (3.1)
35 (0.7)
0 (0.0)
304 (5.9)
129 (2.5)
26 (0.5)
82 (1.6)
8 (0.2)
29 (0.6)
19 (0.4)
6 (0.1)
313 (6.1)
43 (0.8)
162 (3.1)

Viral hepatitis
HBV
HCV
HBV + HCV
HBV + HDV
Alcohol
Autoimmune
Secondary biliary
Metabolic diseases
Drugs
Vascular diseases
Parasites
IHS
Mixed etiology
Other known etiology
Cryptogenic cirrhosis

χ 2-value

P value

P -trend

48.22
56.78
4.05
2.24
1.031
16.509
0.321
3.139
1.459
0.019
0.598
0.078
36.984
2.95
1.989

< 0.001
< 0.001
0.044
0.135
0.129
0.31
< 0.001
0.571
0.076
0.227
0.89
0.439
0.78
< 0.001
0.086
0.158

< 0.001
< 0.001
0.263
0.267
0.919
< 0.001
0.369
0.07
0.161
0.551
0.154
0.696
< 0.001
0.285
0.011

The P values were determined using the χ 2 test by comparing the proportion of 2001-2005 with that of 2006-2010. The P-trend values were determined using ANOVA by comparing proportions of separated years and reflected the general trend of the etiology proportion in the 10 consecutive years.
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Figure 2 Changing trends in the proportion of major etiologies over 10
consecutive years. The proportion of viral hepatitis-induced liver cirrhosis (LC)
has decreased gradually in the past 10 years and that of alcoholic, mixed etiology, autoimmune and cryptogenic-induced LC have increased to some extent.
Every marker illustrates the proportion of LC due to a different cause, and the
changing trend is simulated by lining up the markers for each etiology as different colored lines. Viral hepatitis: LC caused by viral hepatitis, P < 0.001 in 10
years comparison; Alcohol: LC caused by alcohol consumption, P = 0.919 in 10
years comparison; Mixed etiology: LC caused by mixed etiology, P < 0.001 in
10 years comparison; Autoimmune: LC caused by autoimmune diseases, P <
0.001 in 10 years comparison; Cryptogenic: LC of unknown reason, P = 0.011
in 10 years comparison.

higher than what is reported in some other countries[4,5].
The gender difference may be explained by the higher
prevalence of HBV infection (male to female 5.8:1) in
LC patients.
The HBV-predominant etiology pattern was consistent with some former studies of mainland China[22,23],
Hong Kong[24], and Taiwan[25]. China is a highly endemic
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Figure 3 Changing trends in the proportion of subgroups of viral hepatitis
over 10 consecutive years. The proportion of HBV-induced LC has decreased
gradually over the 10 years, and those of HCV- and (HBV + HCV)-induced LC
have not exhibited explicit trends. Every marker illustrates the proportion of LC
due to a different cause, and the changing trend is simulated by lining up the
markers for each etiology as different colored lines. HBV: LC caused by hepatitis B virus, P < 0.001 in 10 years comparison; HCV: LC caused by hepatitis C
virus, P = 0.263 in 10 years comparison; HBV + HCV: LC caused by hepatitis
B virus combined with hepatitis C virus, P = 0.267 in 10 years comparison. LC:
Liver cirrhosis; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

area of HBV infection. According to an epidemiological
survey of HBV infection conducted in 2006, the hepatitis
B surface antigen (HBsAg) carrier rate was 7.18% in the
overall population, meaning that there was an estimated
93 million HBV carriers, 30 million of whom developed
chronic hepatitis B in China[26].
In this study, we divided our research population into
two groups based on admission time, before 2006 and
after 2006, for a comparison of the etiology changes during the decade studied. We noticed that the ratio of viral
hepatitis LC decreased slightly in the two periods (from
84.7% to 78.3%) and decreased gradually over the 10
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Table 6 Complications in the 8080 liver cirrhosis patients by
gender n (%)
Complication
UGIB
Infection
Ascites
HCC
HE
PVT
PVTT
CTPV
HRS
HPS
HHT

2

χ value P value
Total
Male
Female
(n = 8080) (n = 6719) (n = 1361)
1006 (12.5)
2177 (26.9)
4493 (55.6)
2399 (29.7)
544 (6.7)
405 (5.0)
783 (9.7)
250 (3.1)
293 (3.6)
6 (0.1)
398 (4.9)

875 (13.0)
1806 (26.9)
3739 (55.6)
2157 (32.1)
464 (6.9)
342 (5.1)
733 (10.9)
229 (3.4)
252 (3.8)
4 (0.1)
337 (5.0)

131 (9.6)
371 (27.3)
754 (55.4)
242 (17.8)
80 (5.9)
63 (4.6)
50 (3.7)
21 (1.5)
41 (3.0)
2 (0.1)
61 (4.5)

12.00
0.001
0.08
0.773
0.03
0.867
111.21 < 0.001
1.90
0.168
0.51
0.477
67.7 < 0.001
13.13 < 0.001
1.76
0.184
1.17
0.280
0.69
0.407

Because some patients have more than one complication, number is greater than 8080; The P values were determined using the χ 2 test. UGIB: Upper
gastrointestinal bleeding; HCC: Hepatocellular carcinoma; HE: Hepatic
encephalopathy; PVT: Portal vein thrombosis; PVTT: Portal vein tumor
thrombosis; CTPV: Cavernous transformation of the portal vein; HRS:
Hepatorenal syndrome; HPS: Hepatopulmonary syndrome; HHT: Hepatic
hydrothorax.

consecutive years (as shown in Figure 2). For the HBV
group, as the leading agent of viral hepatitis, we observed
a similar trend (Figure 3). Our observation was confirmed
by another domestic study[23]. We also observed that more
patients were captured from 2006-2010 (4052) compared
with 2001-2005 (2462), consistent with what was observed
in the number of HBV patients (3858 in 2006-2010 and
2381 in 2001-2005). Because of the rapid development
and expanding influence of our hospital, admitted patients
increased each year; thus, the increase in the number of
viral hepatitis cases may be due to the increase in patient
enrollment rather than increased incidence, whereas the
proportion was not affected by the number of hospitalized patients. The decreasing tendency should be attributed to the widespread application of HBV vaccination
starting from 1996 in our nation. The HBsAg carrier rate
has decreased from 10.1% in 2001 to 7.18% in 2006 in
adolescents, and in children less than 5 years of age, the
rate was only 0.96% overall in Chinese people and 4.91%
in children from Guangdong[27,28]. Moreover, with the
development of better diagnosis options and improved
management of chronic liver diseases, more and more
cases of rare causes of LC are being identified, which may
also have played a role in reducing the ratio.
Autoimmune liver disease is composed of autoimmune hepatitis (AIH), primary biliary cirrhosis, primary
sclerosing cholangitis, and overlapping syndromes. As
a relatively rare disease, the proportion of autoimmune
liver disease increased from 1.2% in 2001-2005 to 2.5%
in 2006-2010 and increased each year in the 10-year span
(Figure 2). Song et al[23] also found a similar increasing
trend in autoimmune LC in North China. The epidemiology of AIH remains poorly characterized in China, and
the exact incidence and prevalence of AIH is not known.
Our research data may suggest a possible increase in the
incidence and prevalence of AIH, but some large-scale
nationwide epidemiology studies from Japan, Israel, NorWJG|www.wjgnet.com

way, and Sweden did not report a rise in the incidence
and prevalence of AIH and autoimmune LC[4,29-32]. We
presumed that the rapid development and wide application of diagnostic methods for detecting autoantibodies,
immunoglobulin, and other hepatitis markers may be
strongly correlated with the increasing rate of the disease
in our study.
For LC of unknown etiology, also known as cryptogenic LC, the etiology ratio increased from 2.6% in
2001-2005 to 3.1% in 2006-2010, and the point proportion was 2.7% in 2001 and 3.6% in 2010. Since the discovery of HCV and the established diagnosis of AIH,
cholestatic liver disease, and metabolic liver disease, the
etiology proportion has decreased from approximately
40% to 5%[32]. Caldwell et al[21] found that the majority of
cryptogenic cirrhosis patients were older females with
Type 2 diabetes mellitus, hyperlipidemia, and obesity.
Therefore, they assumed that some of these patients
may have unrecognized AIH or may have progressed
from nonalcoholic steatohepatitis (NASH) to LC. Similar
results were observed in a Japanese study, which found
that age, body mass index (BMI), serum triglyceride level,
and prevalence of HCC were higher in females than in
males[4]. Our data for cryptogenic cirrhosis were complicated; cryptogenic cirrhosis is more common in females
(7.5% vs 2.0%), and the mean age is older than that for
viral hepatitis (55.0 years vs 50.7 years) and very close
to that for autoimmune diseases (54.3 years). Moreover,
these cases exhibited a lower incidence of HCC compared with HBV cases (31.7% vs 51.4%). Because most
of NASH or NAFLD cases were treated as outpatients
in the clinic and few of them were admitted, we only
collected 4 cases of NAFLD LC in our study group,
and little is known about the prevalence of this disease
in hospitalized patients. Therefore, we cannot compare
cryptogenic cirrhosis with NAFLD LC. We assumed that
some of these cases may bear occult AIH or viral hepatitis due to the scarcity of liver biopsy and the absence of
viral hepatitis serum markers. Further studies are necessary to confirm our observations and reveal the possible
mechanisms.
It is reported that UGIB is the leading cause of death
for patients with alcoholic liver cirrhosis[33]. Among the
major causes of LC, the OR of alcoholic LC is highest
(OR = 1.89), indicating that alcoholic LC patients may
have the highest risk of developing UGIB. Risk factors
for UGIB include Child-Pugh classification (C > B >
A), the size of varices (large > medium > small, defined
as > 10 mm, 5-10 mm, and < 5 mm in diameter, respectively), and the endoscopic presence of red wale marks.
In addition, alcoholic cirrhosis is one of the main factors
associated with the progression from small to large varices[34]. Luca et al[35] have demonstrated that minor alcohol
consumption will increase hepatic venous pressure gradient (HVPG) and blood flow in the collateral portal vein.
Although it is controversial whether alcohol consumption
increases the incidence of gastroduodenal ulcer, research
by Auroux et al[36] suggests that recent alcohol intake favors the development of gastroduodenal erosions. Above
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Table 7 Odds ratios of the different etiologies with respect to the complications of upper gastrointestinal bleeding
Complication
UGIB (Y/N)
OR
95%CI
P value

HBV cirrhosis

Autoimmune cirrhosis

Mixed etiology

Cryptogenic cirrhosis

Others

(n = 6239)

HCV cirrhosis Alcoholic cirrhosis
(n = 226)

(n = 459)

(n = 163)

(n = 400)

(n = 237)

(n = 356)

739/5500
1.00

24/202
1.07
0.68-1.69
0.759

98/361
1.89
1.48-2.41
< 0.001

16/147
0.90
0.50-1.60
0.713

47/353
0.83
0.60-1.16
0.282

41/196
1.76
1.21-2.52
0.002

41/315
1.01
0.72-1.44
0.938

Others: cases excluding the six previous etiologies; OR (95%CI) was calculated with a multivariate logistic model adjusted for age, gender, year, birthplace
(Cantonese, Other Chinese, Foreigner), and Child-Pugh value using the stepwise forward method, and the P values were determined by unconditioned
logistic regression. HBV: Hepatitis B virus; HCV: Hepatitis C virus; UGIB: Upper gastrointestinal bleeding.

Table 8 Odds ratios of different etiologies with respect to the complications of hepatocellular carcinoma
Complication
HCC (Y/N)
OR
95%CI
P value

HBV cirrhosis

HCV cirrhosis

Alcoholic cirrhosis

Autoimmune cirrhosis

Mixed etiology

Cryptogenic cirrhosis

Others

(n = 6239)

(n = 226)

(n = 459)

(n = 163)

(n = 400)

(n = 237)

(n = 356)

2118/4121
1.00

51/175
0.54
0.38-0.75
< 0.001

41/418
0.16
0.11-0.22
< 0.001

4/159
0.05
0.02-0.17
< 0.001

97/303
0.58
0.45-0.74
< 0.001

57/180
0.60
0.44-0.83
0.002

325/31
0.20
0.13-0.31
< 0.001

Others: cases excluding the six previous etiologies. The OR (95%CI) was calculated with a multivariate logistic model adjusted for age, gender, year, birthplace (Cantonese, Other Chinese, Foreigner), and Child-Pugh value using the stepwise forward method, and the P values were determined by unconditioned logistic regression. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

all, the cases of alcoholic LC may have more serious varices, higher HVPG, and more gastroduodenal erosions,
resulting in a higher prevalence of UGIB.
HCC is the most common form of liver cancer and
has become the sixth-most common neoplasm and leading cause of death among patients with cirrhosis[37,38].
Chronic HBV infection accounts for more than 50% of
all cases of HCC globally and 70% in Asia and Africa[37].
In this study, HBV LC exhibited the highest OR compared with all other major etiologies. Our observation has
been confirmed by the other large-scale study conducted
in the same city, in which the OR of primary liver cancer
in HBV was highest for HBV, HCV, family history, aflatoxin B1, and alcohol consumption[39]. Data from other
nations and regions also suggests that HBV LC is an
independent risk factor for HCC development[40,41]. Although the exact mechanism of HBV infection resulting
in HCC has not been well described, a large number of
experiments in vitro and in vivo have demonstrated the important role of HBV infection in HCC occurrence[42,43].
In conclusion, viral hepatitis remains a major cause
of LC, but the ratio has decreased to less than 80%.
Meanwhile, cases of autoimmune, cryptogenic, and
mixed etiology are increasing gradually, from which an
increase in incidence and prevalence can be expected in
the future. LC caused by alcohol consumption accounted
for significantly more patients with upper gastrointestinal
hemorrhage. HBV has long been considered a strong carcinogenic agent in LC patients, and our study confirmed
this point of view, suggesting that more measures should
be taken to prevent and manage viral hepatitis cirrhosis.
As this is a retrospective, cross-sectional study, and although we have searched cases by all means, there are still

WJG|www.wjgnet.com

possibilities of missing cases of LC due to the lack of
clinical data; furthermore, some cases had the potential
of being falsely defined as “cryptogenic” because of the
absence of some laboratory tests, and the epidemiologic
conclusion based on a single center clinical practice is
limited. Prospective, multi-center studies need to be conducted to reveal the exact incidence and prevalence of
liver cirrhosis in China.
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Liver cirrhosis can cause gastrointestinal bleeding, liver cancer and other severe clinical complications; therefore, it is very important to prevent and treat
the disease. The epidemiology and etiology have changed dynamically in the
past decade, but to date, limited information about the epidemiological distribution of the etiology in China is available. It is reported that approximately 57% of
liver cirrhosis is due to hepatitis B virus (HBV) (30%) and hepatitis C virus (HCV)
(27%) globally, and the etiologies differ geographically. Many studies have
reported that different etiologies tend to result in different complications; for example, hepatocellular carcinoma (HCC) occurs more often in viral hepatitis liver
cirrhosis (LC) cases. However, the exact relationship between the LC etiology
and complications has not been verified in large sample studies.

Research frontiers

The research hotspot in liver cirrhosis epidemiology is to describe the etiology
distribution in different areas, to reveal the exact incidence and prevalence and
to explore the prognostic factors affecting mortality.

Innovations and breakthroughs

Clinical research concerning the etiology and complications of LC in Southern
China are rare and typically involve a small sample population. We investigated
the etiology distribution based on a cross-sectional, 8080-patient study and
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found that viral hepatitis remained the major cause of LC in Southern China.
Furthermore, we observed a continuous decrease in the constitutional ratio
of HBV cirrhosis as well as a slight increase of autoimmune, cryptogenic and
mixed etiology over 10 years. Moreover, the authors observed that alcohol
consumption is the most important risk factor for upper gastrointestinal bleeding
and confirmed that HBV is a strong carcinogenic agent in LC patients using unconditioned, multivariate logistic regression incorporating age, gender and liver
function status.

Applications
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11

The study results suggest that the major etiology of LC in Southern China is
viral hepatitis. However, the proportions of viral hepatitis and HBV are gradually decreasing. Alcoholic LC patients had a greater risk of experiencing upper
gastrointestinal bleeding, and HBV LC patients may have more hepatocellular
carcinoma.

Terminology

LC is a chronic and progressive disorder caused by varying liver diseases and
characterized by regenerated nodule development. Cirrhosis can progress
to upper gastrointestinal bleeding, hepatic encephalopathy, HCC and other
severe clinical complications in the decompensated stage. HCC is one of the
most common malignancies worldwide and is usually caused by HCV, HBV
and chronic alcohol consumption. HCC is the leading cause of death among
patients with cirrhosis.
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This is an interesting cross-sectional study aimed at evaluating the etiology and
complications of LC in Southern China. The manuscript is generally well written
and has scientific value because it discusses a relevant subject (etiology of LC)
and includes a large cohort of patients.
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Abstract
AIM: To test a new safe and simple technique for
circular-stapled esophagojejunostomy in laparoscopic
total gastrectomy (LATG).
METHODS: We selected 26 patients with gastric cancer who underwent LATG and Roux-en-Y gastrointestinal reconstruction with semi-end-to-end esophagojejunal anastomosis.
RESULTS: LATG with semi-end-to-end esophagojejunal
anastomosis was successfully performed in all 26 patients. The average operation time was 257 ± 36 min,
with an average anastomosis time of 51 ± 17 min and
an average intraoperative blood loss of 88 ± 46 mL.
The average postoperative hospital stay was 8 ± 3 d.
There were no complications and no mortality in this
series.
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CONCLUSION: The application of semi-end-to-end
esophagojejunal anastomosis after LATG is a safe and
feasible procedure, which can be easily performed and
has a short operation time in terms of anastomosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic total gastrectomy; Gastrointestinal reconstruction; Semi-end-to-end esophagojejunal anastomosis; Roux-en-Y anastomosis; Gastric
cancer
Core tip: Digestive tract reconstruction after laparoscopic total gastrectomy is always a challenge for surgeons.
Traditional Roux-en-Y anastomosis is difficult through
the small incision in laparoscopic gastrectomy and severe complications, such as anastomotic stenosis, often
occur when the operation is performed improperly. The
method of semi-end-to-end esophagojejunal anastomosis that we developed is easy to operate and can also
prevent anastomotic stenosis and other complications
effectively.
Zhao YL, Su CY, Li TF, Qian F, Luo HX, Yu PW. Novel method
for esophagojejunal anastomosis after laparoscopic total gastrectomy: Semi-end-to-end anastomosis. World J Gastroenterol 2014;
20(37): 13556-13562 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13556.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13556

INTRODUCTION
Compared with conventional open radical gastrectomy
(OG), laparoscopic radical gastrectomy (LG) is a minimally invasive surgical approach with the significant
advantages of a short recovery time and fewer postop-
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Table 1 Characteristics and operative data of patients
undergoing laparoscopic total gastrectomy
Characteristic
Gender (male/female)
Age (yr)
Body mass index (kg/m2)
Operation time (min)
Anastomotic time (min)
Blood loss (mL)
Postoperative hospital stay (d)
Complication

Data
15/11
58.6 ± 13.4
23.5 ± 5.1
257 ± 36
51 ± 17
88 ± 46
8±3
0

Gastrectomy reconstructed with semi-end-to-end anastomosis.

erative complications. Therefore, LG has been gradually
adopted worldwide and has achieved a relatively good
clinical efficacy[1-4]. With improved operative experience
of the surgeons, the laparoscopy-assisted gastric radical
total gastrectomy has also been more commonly performed in clinical practice[5-7]. Esophagojejunal Rouxen-Y anastomosis can leave patients with a relatively
good nutritional status and ideal body weight after surgery; therefore, it has been widely used in gastrointestinal
reconstruction after total gastrectomy[8,9], consisting of
end-to-side esophagojejunal anastomosis combined with
side-to-side jejunojejunal anastomosis. However, it is difficult to perform laparoscopic anastomosis, especially if
the end-to-side esophagojejunal anastomosis is at a high
level, which requires a longer operating time. In addition,
severe complications, such as anastomotic stenosis, can
occur if the operation is improperly performed[10]. Therefore, we developed a simple and safe method of laparoscopic semi-end-to-end esophagojejunal anastomosis that
can be performed easily and requires a short operative
time for anastomosis. This method can also prevent anastomotic stenosis and other complications effectively.

MATERIALS AND METHODS
Patients
This group included 26 patients with gastric cancer. The
characteristics of the patients are shown in Table 1. All
patients underwent preoperative routine examinations,
including upper gastrointestinal tract X-ray (barium-meal),
electronic gastroscopy or endoscopic ultrasonography, to
identify the tumor location and pathological type. The diagnosis of gastric cancer was confirmed by pathological
examination. The tumor was located at the gastric cardia
in seven cases, at the bottom of the stomach in 10 cases,
and in the body of the stomach in 9 cases. No hepatic,
pulmonary, or other distant metastases were found in the
preoperative examinations.
Surgical technique
The patients were placed in the supine position with their
legs spread. Five trocars were used routinely. The surgeon
stood on the left side of the patient, the surgeon assistant
stood on the right side, and the laparoscope-holder as-
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sistant stood between the patient’s legs. After a pneumoperitoneum was established and a lymphadenectomy was
performed by laparoscopy, the esophagus was isolated for
at least 5 cm over the upper edge of the tumor mass to
ensure the edge of the dissection was tumor tissue-free.
After a complete isolation, the duodenum was dissected
using an intracorporeal linear cutter stapler[2].
Before gastrointestinal reconstruction, a small incision of 5-7 cm was made at the subxiphoid. A 21- or
25-mm circular stapler (DST EEA, Covidien llc, Mansfield, MA, United States) was selected, and a thread was
passed through the small hole at the center rod tip of
the anvil as the retraction thread. The anastomosis anvil,
with the thread attached, was inserted into the abdominal
cavity for future use. After the incision, the wound was
protected by an incision closure device, and the pneumoperitoneum was re-established. Under laparoscopy, the
stomach was pulled down. The longitudinal incision of
the esophagus was made 3 cm above the tumor with an
ultrasonic harmonic scalpel, and the anvil with the thread
was completely inserted into the proximal end of the
esophagus. The retraction thread was then lifted close to
the esophagus incision edge, and a linear cutter stapler
was used to dissect the esophagus. The center rod of the
anvil was then pulled out to complete the anvil placement
(Figure 1A-C and Figure 2A-C).
The jejunum was extracted through a small incision of
the abdominal wall. A small mesenteric incision was made
at approximately 20 cm to the ligament of Treitz. Without
the isolation of the small intestinal mesentery, the jejunum
was dissected with the linear stapler. A 3-cm longitudinal
incision was made at the contralateral side of the mesentery, which was approximately 10-15 cm from the distal jejunum end. The circular stapler was then inserted through
this incision, and the center puncture rod of the circular
stapler was passed through the contralateral side of the
jejunal mesentery (Figure 1D and E; Figure 2D and E).
The circular stapler was placed into the abdominal cavity.
After the abdominal cavity was closed with the incision
closure device, the pneumoperitoneum was re-established.
The center cone of the anvil and the circular stapler were
connected and rotated to approach each other to complete the semi-end-to-end esophagojejunal anastomosis
under laparoscopic view (Figure 1F and G; Figure 2F and
G). The jejunum was again brought out of the abdominal
cavity, and the longitudinal incision of the distal jejunum
was closed with a linear cutter stapler transversely (Figure
2H). Then, a similar approach was used to perform sideto-side anastomosis of the proximal and distal end of the
jejunum. The linear cutter stapler was used 40-50 cm adjacent to the esophagojejunal anastomosis site to complete
the Roux-en-Y anastomosis (Figure 1H).

RESULTS
Twenty-six patients successfully underwent laparoscopic
total gastrectomy (LATG) without the need for conversion to open abdominal surgery during the operation
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Figure 1 Diagram of gastrointestinal reconstruction after laparoscopic total gastrectomy. A: The anvil is inserted into the esophagus; B: The esophagus is dissected; C: The anvil is pulled out from the esophagus; D: The jejunum is transected, and a 3-cm longitudinal incision is made at 10-15 cm from the jejunum distal end;
E: The circular stapler is inserted into the jejunum; F: Esophagojejunal anastomosis is performed; G: Semi-end-to-end esophagojejunal anastomosis is completed; H:
Roux-en-Y anastomosis is completed.

(Table 1). The semi-end-to-end esophagojejunal anastomosis was also successfully performed. No residual tumor was detected at the margin of the anastomosis. The
average operation time was 257 ± 36 min (range, 217-356
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min), with an average anastomosis time of 51 ± 17 min
and an average intraoperative blood loss of 88 ± 46 mL.
A liquid diet was administered on postoperative d3, and
a semi-liquid diet was administered on postoperative d5.
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Figure 2 Surgical diagram of esophagojejunal anastomosis after laparoscopic total gastrectomy. A: The anvil is inserted into the esophagus; B: The esophagus is dissected; C: The anvil is pulled out from the esophagus; D: The jejunum is transected, and a 3-cm longitudinal incision is made at 10-15 cm from the jejunum
distal end; E: The circular stapler is inserted into the distal jejunum; F: Esophagojejunal anastomosis is performed; G: Semi-end-to-end esophagojejunal anastomosis
is completed; H: The jejunum incision is closed transversely.

The average hospital stay was 8 ± 3 d after surgery. No
postoperative complications, such as anastomotic bleeding or leakage, were found. Barium meal examination
performed after the surgery demonstrated normal perfusion, without anastomosis-site stenosis (Figure 3).
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DISCUSSION
Esophagojejunal Roux-en-Y anastomosis is generally
performed for digestive tract reconstruction after total
gastrectomy, and the circular stapler is routinely used for
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Figure 3 Postoperative Barium meal examination demonstrates normal
perfusion after semi-end-to-end esophagojejunal anastomosis. An open
arrow indicates the anastomosis site.

end-to-side esophagojejunal anastomosis[11-14]. In conventional open abdominal surgery, it is relatively easy to
complete esophagojejunal anastomosis because of the
large incision and hand-guided assistance. However, it is
much more difficult to perform this procedure through a
small incision with the assistance of laparoscopy. Therefore, laparoscopic esophagojejunal anastomosis after
LATG has become a challenge for surgeons in laparoscopic surgery[15-18].
There are generally two technical difficulties in
esophagojejunal anastomosis after LATG: anvil insertion, which has been successfully resolved using various
placement methods [8,19-22], and esophagojejunal anastomosis. One method for end-to-side esophagojejunal
anastomosis has been commonly applied in the literature,
although this approach has several disadvantages. First,
if end-to-side esophagojejunal anastomosis is performed
through an incision window, the assisting incision should
be selected below the subxiphoid, which requires an
incision with a sufficient length because it is difficult to
safely complete anastomosis through a small incision[23].
Second, because the circular stapler is inserted from the
distal end of jejunum to perform end-to-side esophagojejunal anastomosis, the wall of the distal jejunum could
potentially be stapled during anastomosis if the operation
is not performed properly, which could cause subsequent
anastomosis-site stenosis[24,25]. The above incident is more
likely to occur when the anastomosis procedure is performed through a small incision or under laparoscopy
because of occlusion of the liver and intestine. In addition, the operation time for this procedure is relatively
long. Third, when the esophagojejunal anastomosis must
be performed at a higher position, the anastomotic site
will be above the diaphragmatic hiatus. In that case, there
is a greater risk of anastomosis leaks from high anastomosis tension when the jejunum and mesentery near the
anastomotic site can block the esophagus hiatus, resulting in postoperative symptoms such as obstruction-like
sensations during eating and other type of discomfort.
Furthermore, all of the above-mentioned disadvantages
are more likely to present in obese patients, patients with
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narrow costal arch, and patients receiving esophageal dissection at a high plane.
For these reasons, we developed a method for semiend-to-end anastomosis. The key concept in this surgical
operation is that the circular stapler is inserted through a
small incision of the jejunum, which is located 10-15 cm
from the distal end on the contralateral side of the mesentery. In addition, the center puncture rod of the circular stapler must pass through to the jejunal end, which is
also on the contralateral side of the mesentery. In such an
anastomosis procedure, the anastomosis at the jejunum
side is connected between the sidewall of the jejunum
and the jejunal end. We therefore termed this procedure
semi-end-to-end anastomosis. The anastomosis at the
esophagojejunal site is at some distance from the jejunal
mesentery, which can reduce the risk of anastomotic
bleeding. We have also attempted to perform complete
end-to-end esophagojejunal anastomosis, although if the
isolated jejunal end is relatively long, a complete end-toend anastomosis can lead to poor anastomotic vascular
circulation, thereby increasing the risk of anastomotic
leaks. If the mesentery is not isolated, anastomotic bleeding can easily occur after the anastomosis is completed. In
our operation procedure, the jejunal mesentery is not isolated when the jejunum is dissected; however, the anastomotic site remains a certain distance from the mesentery,
and it therefore does not cause anastomotic bleeding.
There are three main advantages to this semi-end-toend esophagojejunal anastomosis. First, the procedure is
simple, and the anastomosis time is significantly reduced.
The entire procedure only requires a small incision, and
the semi-end-to-end esophagojejunal anastomosis can
be performed either through a small incision opening or
under laparoscopy. As long as the stapler is connected
to the center rod of the anvil, the anastomosis can be
completed through rotation and tightening, which does
not require repeated adjusting of the intestinal or mesenterial location under the operation window, and has no
risk of anastomosis-site stenosis. The small incision in
the distal jejunum can be brought out of the abdominal
cavity for easy closure. Compared with the conventional
end-to-side anastomosis operation, the semi-end-to-end
esophagojejunal anastomosis is easy to perform and significantly reduces the anastomosis time, and the whole
procedure can be successfully completed through a small
incision. Second, the semi-end-to-end esophagojejunal
anastomosis can effectively reduce the risk of anastomosis-site stenosis. In conventional esophagojejunal
anastomosis, a stapler is required for insertion through
the jejunal end, and the size of the anastomosis-site does
not reflect the size of the channel for food passage after
esophagojejunal anastomosis. As a result, anastomotic
stenosis frequently occurs. However, by performing semiend-to-end esophagojejunal anastomosis, the size of the
anastomosis-site is equivalent to the size of the channel
for food passage, which is also the actual size of the stapler. Therefore, anastomotic stenosis will not occur as
long as the anastomosis is completed successfully. Third,
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semi-end-to-end esophagojejunal anastomosis reduces
the anastomotic tension, which reduces the risk of anastomotic leaks. The anastomosis site can also be easily retracted to the esophagus hiatus after the esophagojejunal
anastomosis. Therefore, this method of semi-end-to-end
esophagojejunal anastomosis can effectively reduce the
anastomotic tension in obese patients and patients receiving esophageal dissection at a high plane, thereby reducing the risk of anastomotic leaks. However, our study
also has some limitations. This study enrolled relatively
few patients and it lacks a proper control group to assess
the clinical efficacy of this new method. Despite these,
we still believe this is an important basis for subsequent
studies and large-scaled, prospective, randomized, controlled trials are needed to evaluate the short-term and
long-term outcome of this new method.
In conclusion, the application of semi-end-to-end
esophagojejunal anastomosis after LATG is a safe and
feasible procedure, which can be easily performed and has
a short operation time for anastomosis. In addition, this
procedure can effectively reduce the incidence of anastomotic stenosis and other postoperative complications.
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Abstract
AIM: To identify an appropriate therapeutic regimen
for using aconite cake-separated moxibustion to treat
diarrhea-predominant irritable bowel syndrome (D-IBS).
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METHODS: A factorial design was employed to examine
the two factors of moxibustion frequency and number
of cones. The two tested frequencies were three or six
moxibustion sessions per week, and the two tested doses were one or two cones per treatment. A total of 166
D-IBS patients were randomly divided into four treatment groups, which included each combination of the
examined frequencies and doses. The bilateral Tianshu
acupoints (ST25) and the Qihai acupoint (RN6) were selected for aconite cake-separated moxibustion. Each patient received two courses of treatment, and each course
had a duration of 2 wk. For each group, the scores on
the Birmingham irritable bowel syndrome (IBS) symptom
questionnaire, the IBS Quality of Life scale, the Self-Rating Depression Scale (SDS), the Self-Rating Anxiety Scale
(SAS), the Hamilton Depression (HAMD) scale, and the
Hamilton Anxiety (HAMA) scale were determined before
treatment, after the first course of treatment, and after
the second course of treatment.
RESULTS: The symptom, quality of life, SDS, SAS,
HAMD, and HAMA scores of the patients in all 4 aconite
cake-separated moxibustion groups were significantly
lower after the first and second courses of treatment than before treatment (P < 0.001 for all). The
symptom, quality of life, SDS, SAS, HAMD, and HAMA
scores of the patients in all four aconite cake-separated
moxibustion groups were significantly lower after the
second course of treatment than after the first course
of treatment (P < 0.001 for all). Between-group comparisons after the second course of treatment revealed
that the symptom scores for group 1 (1 cone, 3 treatments/wk) and group 3 (2 cones, 3 treatments/wk)
were significantly lower than that for group 2 (1 cone,
6 treatments/wk) (5.55 ± 5.05 vs 10.45 ± 6.61, P <
0.001; 5.65 ± 4.00 vs 10.45 ± 6.61, P < 0.001). Regarding the two levels of the two examined factors
for aconite cake-separated moxibustion, after the first
course of treatment, the changes in HAMA scores were
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significantly different for the two tested moxibustion
frequencies (P = 0.011), with greater changes for the “6
treatments/wk” groups than for the “3 treatments/wk”
groups; in addition, there were interaction effects between the number of cones and moxibustion frequency
(P = 0.028). After the second course of treatment,
changes in symptom scores for the 2 tested moxibustion frequencies were significantly different (P = 0.002),
with greater changes for the “3 treatments/wk” groups
than for the “6 treatments/wk” groups.
CONCLUSION: An aconite cake-separated moxibustion
treatment regimen of 3 treatments/wk and 1 cone/treatment appears to produce better therapeutic effects for
D-IBS compared with the other tested regimens.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diarrhea-predominant irritable bowel syndrome; Aconite cake-separated moxibustion; Factorial
design; Moxibustion quantity; Clinical research
Core tip: This is a clinical factorial study focusing on
aconite cake-separated moxibustion in the treatment of
diarrhea-predominant irritable bowel syndrome. What
is the effect of this ancient therapy on diarrhea-predominant irritable bowel syndrome patients? Which is
the key factor in the treatment, the number of cones or
the moxibustion frequency? This paper details answers
to these questions.
Zhao JM, Wu LY, Liu HR, Hu HY, Wang JY, Huang RJ, Shi
Y, Tao SP, Gao Q, Zhou CL, Qi L, Ma XP, Wu HG. Factorial
study of moxibustion in treatment of diarrhea-predominant irritable bowel syndrome. World J Gastroenterol 2014; 20(37):
13563-13572 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13563.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13563

INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder. Epidemiological surveys have
indicated that the worldwide incidence of IBS is approximately 10%-15%[1], the incidence of IBS among East
Asians is approximately 5%-10%[2], and the incidence of
IBS is higher among females than among males[3]. With
respect to age distribution, IBS is mainly found among
young adults[4]. In addition, this disease is more common
among brain workers than among manual workers[5]. IBS
causes tremendous mental stresses and heavy financial
burdens for patients. Therefore, it is necessary to search
for effective and rational therapeutic regimens for IBS.
In recent years, complementary and alternative medicine (CAM) has become widely accepted. CAM-based
approaches have exhibited extremely good efficacy for
treating chronic diseases. In particular, a study has revealed that 51% of IBS patients have received CAM-
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based treatment[6]. Moxibustion is an important treatment
approach in CAM that has been widely applied in clinical
contexts to treat various health issues, including gastrointestinal problems, cancer pain, insomnia and other diseases[7-9]. We have been committed to the study on technology and clinical application of treating bowel diseases
with moxibustion for a long time, and have achieved innovative achievements[10]. Previous studies have indicated
that moxibustion can significantly improve abdominal
pain, diarrhea, and other symptoms in IBS patients[11,12]
and in a rat model of IBS[13-17].
Herb cake-separated moxibustion is an indirect
moxibustion therapy with a variety of materials[18]. Previous studies have demonstrated that herb cake-separated
moxibustion can improve the pain thresholds of rats
with chronic visceral hypersensitivity and reduce 5-hydroxytryptamine (5-HT) expression in the colonic mucosa of rats, thereby relieving the symptoms of abdominal
pain and diarrhea[19]. Clinical studies have confirmed the
efficacy of herbal cake-separated moxibustion in IBS patients[20,21]; however, the relationship between the quantity of stimulation with herb cake-separated moxibustion
and the resulting therapeutic efficacy has not yet been
established.
The number of cones and the moxibustion frequency
are important factors that affect the quantity of moxibustion stimulation a patient receives. In this study, a factorial
design was used to examine these two factors. In particular, the Birmingham IBS symptom questionnaire, the IBSQuality of Life Scale (IBS-QOL Scale), the Self-Rating
Depression Scale (SDS), the Self-Rating Anxiety Scale
(SAS), the Hamilton Depression Scale (HAMD Scale),
and the Hamilton Anxiety Scale (HAMA Scale) were used
to evaluate the clinical efficacy of aconite cake-separated
moxibustion treatments involving different moxibustion
doses and frequencies in IBS patients. This approach allowed the selection of the optimal examined aconite cakeseparated moxibustion regimen for IBS treatment, thereby
providing a reliable basis for treating IBS with aconite
cake-separated moxibustion in clinical practice.

MATERIALS AND METHODS
Subjects
All patients were treated at the medical outpatient department of the Shanghai Research Institute of Acupuncture
and Meridian or at community health service stations in
Fenglin, which is located in the Xuhui District of Shanghai,
between July 2010 and April 2012. This clinical trial was
registered in the Chinese Clinical Trial Register (registration
number: ChiCTR-TRC-10000887) and was reviewed and
approved by the ethics committee of Yueyang Hospital
of Integrated Traditional Chinese and Western Medicine,
which is affiliated to Shanghai University of Traditional
Chinese Medicine (approval number: 2010-01).
The study subjects were patients between 18 and
65 years of age who were diagnosed with diarrheapredominant IBS (D-IBS) based on the Rome Ⅲ diagnostic criteria [22], who volunteered to participate in
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ST25

sticks were selected (Hanyi, Nanyang, China; size: 17 mm
× 200 mm) and cut into moxa cones with a height of 16
mm and a weight of 1.8 g; these cones were then used to
perform aconite cake-separated moxibustion.
The moxa cones were placed on top of the aconite
cakes and ignited. Moxibustion was then performed by
placing the aconite cakes atop the Tianshu (ST25) and
Qihai (RN6) acupoints on the patient’s abdomen (Figure 1). One cone referred to the dosage received when a
moxa cone had completed burning naturally. Moxibustion
was performed on the patients in each group in accordance with the aforementioned frequencies and numbers
of cone. Each course of treatment lasted 2 wk, and the
patients received two courses of treatment.

ST25
RN6

Figure 1 Diagram of aconite cake-separated moxibustion. ST25: Tianshu
acupoint; RN6: Qihai acupoint.

this trial and signed informed consent forms. Patients
with organic diseases of the intestinal tract and patients
whose conditions were complicated with heart, liver, or
kidney disease and/or mental illness were excluded from
the study. Patients with constipation-predominant IBS
or mixed IBS were excluded from this investigation. Patients who were currently being treated with Dioctahedral
Smectite, Pinaverium Bromide Tablets, Cisapride or traditional Chinese medicine were also excluded.
Methods
A factorial design approach was used to examine the
two factors of moxibustion frequency and number of
cones. There were 41 patients in aconite cake-separated
moxibustion group 1 (1 cone of moxibustion per treatment, 3 treatments/wk), 42 patients in group 2 (1 cone
of moxibustion per treatment, 6 treatments/wk), 42 patients in group 3 (2 cones of moxibustion per treatment,
3 treatments/wk), and 41 patients in group 4 (2 cones of
moxibustion per treatment, 6 treatments/wk).
Treatment method
The bilateral Tianshu acupoints (ST25) and the Qihai
acupoint (RN6) were selected for the moxibustion treatments in this study. The positioning of the acupoints was
based on the national standards of the People’s Republic
of China, which are set forth in “Nomenclature and
location of acupuncture points” (GB/T12346-2006).
According to traditional Chinese medicine theory, the
Tianshu and Qihai acupoints can regulate gastrointestinal functions; moreover, our previous studies have
confirmed that these acupoints can be used to effectively
treat IBS[19].
The aconite cakes used in the aconite cake-separated
moxibustion groups were produced as follows. Aconite
(Radix Aconitilateralis Preparata, Sichuan) was ground
into powder, sieved with a 100-mesh sieve, and yellow
rice wine was added to make a thick paste (with a 5:6
ratio of aconite powder to yellow wine). The paste was
pressed into a mold to form aconite cakes with a diameter
of 28 mm and a thickness of 5 mm. Refined pure moxa
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Questionnaires
Patients were asked to complete the following questionnaires:
IBS symptom severity scale: This scale was initially
developed and validated by Francis et al[23]. The scoring
system is primarily used to assess patients’ abdominal
pain severity and frequency, abdominal distention severity, defecation feelings, and quality of life. We used a Visual Analogue Scale (VAS) to score the aforementioned
five questions, with higher scores indicating more severe
symptoms. A previous study classified severity scores for
IBS as follows: scores lower than 175 indicate mild IBS
symptoms, scores between 175 and 300 indicate moderate, and scores higher than 300 indicate severe[23].
Birmingham IBS symptom questionnaire: This scale[24],
which is based on symptoms that frequently occur in IBS
cases, examines abdominal discomfort status, stool properties, and defecation feelings. The scale includes a total of
14 items, with 6 possible grades for each item that range
from 0 points (never having this symptom) to 5 points (the
symptom is always present). The total score is the sum of
the scores for each item.
IBS-QOL scale: The IBS-QOL scale was formulated
and developed by Drossman et al[25] to assess the extent
to which IBS symptoms have affected the following
nine aspects of a subject’s quality of life within the prior
month: emotional state, psychological state, sleep, energy, daily activities, eating habits, social activities, major
activities or work, and sex life. The scale contains 34
items, with each item measured independently based on
the patient’s subjective feelings. A 5-point scale ranging
from 1 point (the symptom has never occurred) to 5
points (the symptom’s description is completely accurate) was used for each item. Each item was scored separately, and then, the points for all items were summed to
obtain a total score. Lower scores indicate better quality
of life for patients, whereas higher scores indicate worse
quality of life[26].
SDS: The Zung SDS is the prototype of the SDS[27]. The
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advantages of the SDS include its ease of use and ability
to directly reflect patients’ subjective feelings. In particular, the SDS can assess specific feelings associated with
the depressive states of patients in the four experimental
groups; the phenomena detected by this scale include
spiritual emotions, somatic disorders, psychomotor disorders, and psychological disorders. The SDS contains a
total of 20 items that measure a subject’s depression level
during the prior wk. Each item was scored on a scale
ranging from 0 = never to 4 = very often, and the total
raw score was the sum of the scores for each item. The
standard score was the integer portion of the product of
1.25 and the total raw score. In China, an SDS standard
score ≥ 50 indicates conscious depression.
SAS: The SAS[28] is similar to the SDS with respect to its
structure and evaluation method. In particular, the SAS
contains 20 items that measure the subject’s anxiety levels
during the prior wk. Each item receives 1 of 4 responses
ranging from A = never to D = very often. Responses
to positively phrased questions are scored as follows: A
= 1, B = 2, C = 3, and D = 4. Responses to negatively
phrased questions are scored as A = 4, B = 3, C = 2,
and D = 1. The standard score for these 20 items is the
integer portion of the product of 1.25 and the total raw
score. An SAS standard score ≥ 50 indicates conscious
anxiety. Lower SAS scores indicate milder anxiety.
The SAS and the SDS are standard assessment tools
that have been proven to accurately reflect patients’ subjective feelings of anxiety and depression, respectively.
These two questionnaires have been translated into Chinese and have been extensively utilized in China[29].
HAMD scale: The HAMD scale[30-32] was used to evaluate the depressive states of patients during the prior
week. This scale is commonly utilized by clinicians to
assess depressive states. The 24-item version of the
HAMD scale was used in this study. This version of the
scale has clear criteria and is suitable for adults with depressive symptoms. Most of the HAMD items are scored
on a 5-point scale ranging from 0 to 4, with scores of 0, 1,
2, 3, and 4 indicating no, mild, moderate, severe, and extremely severe depressive symptoms, respectively. A few
HAMD items are scored on a 3-point scale ranging from
0 to 2, with scores of 0, 1, and 2 indicating no, mildmoderate, and severe depressive symptoms, respectively.
The final HAMD score was the sum of the scores for
each item. The following criteria were used for the total
HAMD score: a score < 8 points indicates that a patient
is normal; a score ≥ 8 points and < 20 points indicates
that a patient might suffer from depression; a score ≥ 20
points and < 35 points indicates that a patient certainly
suffers from depression; and a score ≥ 35 points indicates that a patient is severely depressed.
[30-32]

mainly examines
HAMA scale: The HAMA scale
two categories of factors, physical and mental. A 5-point
scoring system ranging from 0 points (no symptoms) to
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4 points (extremely severe symptoms) is used for each
item on this scale. The sum of the scores for the 14 items
on the HAMA scale is the total score. Scores < 7 points
indicate no anxiety; scores ≥ 7 points and < 14 points
indicate possible anxiety; scores ≥ 14 points and < 21
points indicate definite anxiety; scores ≥ 21 points and
< 29 points indicate definite and significant anxiety; and
scores ≥ 29 points indicate possible severe anxiety.
The HAMD and HAMA scale items were scored by
two doctors who assessed these items by conversing with
and observing patients. After examining each patient, the
two raters independently scored the items on these scales,
and the average HAMD and HAMA scores produced by
the two raters were then determined.
All the questionnaires were completed before and
after treatment, and the pretreatment and post-treatment
results were compared.
Safety assessment
The safety evaluation encompassed the following two
types of safety considerations: vital signs, which included
body temperature, respiration, heart rate, blood pressure,
and liver and kidney function after treatment; and moxibustion abnormalities, which included skin burns, blisters,
or other moxibustion-induced discomfort. All adverse
events and adverse reactions were accurately recorded.
If an adverse event occurred after treatment, a necessary treatment was provided as appropriate for the circumstances of the event in question. If extremely small
blisters occurred after moxibustion, no special treatment
was required; in contrast, blisters with areas larger than 1
cm2 were broken and treated with topical ointment.
Statistical analysis
Sample size: After calculation, a required sample size
of 35 cases in each group was obtained; to account for
possible dropout rates of up to 10%, each group should
include no fewer than 39 cases.
Data analysis: The SPSS16.0 (SPSS, Chicago, IL) statistical software package was used for statistical analysis.
Normally distributed measurement data are expressed
as mean ± SD; non-normally distributed measurement
data are expressed in terms of median and inter quartile
range. The change trends of indicators were analyzed
using repeated-measures analysis of variance. Betweengroup comparisons of changes in indicators were analyzed using factorial analysis of variance. Count data
were analyzed using χ 2 tests. Non-normally distributed
measurement data and ordinal data were analyzed using
nonparametric rank-sum tests. P < 0.05 was considered
statistically significant.

RESULTS
The flow chart of this investigation is presented in Figure 2.
A total of 166 patients were included in this study.
However, 6 patients dropped out during the study; in
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D-IBS patients
(n = 166)
Discontinued
(n = 6)
Aconite cake-separated
moxibustion group
Randomized

Group 1
(n = 40)
1 cone/treatment
3 treatments/wk

Group 2
(n = 40)
1 cone/treatment
6 treatments/wk

Group 3
(n = 40)
2 cones/treatment
3 treatments/wk

Group 4
(n = 40)
2 cones/treatment
6 treatments/wk

Figure 2 Flow chart overviewing the progress of patients during the course of the study. D-IBS: Diarrhea-predominant irritable bowel syndrome.

Table 1 An analysis of the general baseline conditions of the patients in each group
Group 1
n
Age (yr)
Gender
Male
Female
Disease duration (yr)
Disease severity scores

40
55
42.5%
57.5%
3
231.7 ± 68.0

Group 2

Group 3

40
46.5

40
51.5

45%
55%
5
221.5 ± 79.2

42.5%
57.5%
4
233.3 ± 73.9

Group 4
40
52
45%
55%
5
241.5 ± 79.3

P value
0.196
0.330

0.300
0.698

Group 1: 1 cone of moxibustion per treatment, 3 treatments/wk; Group 2: 1 cone of moxibustion per treatment, 6 treatments/wk; Group 3: 2 cones of
moxibustion per treatment, 3 treatments/wk; Group 4: 2 cones of moxibustion per treatment, 6 treatments/wk.

particular, 1 case, 2 cases, 2 cases, and 1 case were lost
from aconite cake-separated moxibustion groups 1, 2, 3,
and 4, respectively. Thus, ultimately, each group had 40
cases that were included in the results and the statistical
analysis of this investigation.
General condition of the patients
Table 1 presents comparisons of the baseline characteristics of the patients in the four randomized aconite cakeseparated moxibustion groups. Comparisons of the age (P
= 0.196), gender (P = 0.330), disease duration (P = 0.300),
and disease severity score (P = 0.582) of the patients in
these four groups revealed no significant differences, indicating that the four groups were comparable.
Post-treatment evaluations
Table 2 presents comparisons of the symptom scores at
different treatment stages with the pretreatment symptom scores for the patients in each group. For the patients in all four groups, the Birmingham IBS symptom
questionnaire, IBS-QOL, SDS, SAS, HAMD, and HAMA
scores were significantly lower after the first and second
courses of treatment than before treatment (P < 0.001
for all). In addition, for the patients in all four groups,
the Birmingham IBS symptom questionnaire, IBS-QOL,
SDS, SAS, HAMD, and HAMA scores were significantly
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lower after the second course of treatment than after the
first course of treatment (P < 0.001 for all). Betweengroup comparisons indicated that after the second course
of treatment, the Birmingham IBS symptom questionnaire score was significantly lower for group 1 (1 cone, 3
treatments/wk) and group 3 (2 cones, 3 treatments/wk)
than for group 2 (1 cone, 6 treatments/wk) (5.55 ± 5.05
vs 10.45 ± 6.61, P < 0.001; 5.65 ± 4.00 vs 10.45 ± 6.61, P
< 0.001). However, comparisons of quality of life scores
for the patients in the 4 groups before treatment, after
the first course of treatment, and after the second course
of treatment revealed that at any given time point, these
scores were similar across the treatment groups, with no
significant between-group differences (P > 0.05 for all).
Table 3 presents comparisons of the degree of
symptom improvement for the patients in each group at
different treatment stages. After the first course of treatment, an examination of the two levels of the two tested
factors of aconite cake-separated moxibustion revealed
that there were significant differences between the two
moxibustion frequency levels with respect to the extent
of the changes in HAMA scores, with greater changes
noted for the “6 treatments/wk” groups than for the “3
treatments/wk” groups (P = 0.011); in addition, there
were interaction effects between the number of cones
and moxibustion frequency (P = 0.028). However, after
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Table 2 Comparisons of the symptom scores for patients in each group at different stages of treatment
Group

n

Group 1

40

Group 2

40

Group 3

40

Group 4

40

Birmingham
Before
1st course
2nd course
Before
1st course
2nd course
Before
1st course
2nd course
Before
1st course
2nd course

21.10 ± 8.62
11.60 ± 7.53a
5.55 ± 5.05a,b,c
23.45 ± 8.25
15.58 ± 9.15a
10.45 ± 6.61a,b
21.50 ± 8.82
13.03 ± 8.23a
5.65 ± 4.00a,b,c
23.65 ± 7.62
13.95 ± 7.69a
8.38 ± 6.17a,b

IBS-QOL

SDS

75.75 ± 21.72
60.20 ± 14.82a
50.65 ± 10.86a,b
75.38 ± 21.02
59.40 ± 18.02a
47.90 ± 10.49a,b
78.53 ± 24.22
58.28 ± 13.39a
48.83 ± 9.38a,b
76.88 ± 19.90
60.00 ± 16.09a
48.48 ± 13.87a,b

45.33 ± 11.04
36.20 ± 8.37a
32.43 ± 6.94a,b
43.45 ± 13.93
38.13 ± 10.54a
32.53 ± 7.26a,b
46.80 ± 13.53
38.40 ± 10.41a
32.50 ± 7.95a,b
46.00 ± 12.59
38.15 ± 9.76a
32.38 ± 9.15a,b

SAS

HAMD

42.83 ± 9.62
36.65 ± 9.37a
32.08 ± 6.95a,b
43.10 ± 12.86
37.35 ± 10.03a
32.25 ± 7.14a,b
46.15 ± 12.74
37.95 ± 8.65a
33.70 ± 7.00a,b
44.38 ± 12.02
37.23 ± 10.50a
33.45 ± 8.73a,b

6.13 ± 5.43
3.75 ± 3.40a
1.75 ± 2.31a,b
7.25 ± 7.06
4.03 ± 3.28a
1.98 ± 2.38a,b
9.05 ± 6.54
4.60 ± 2.77a
2.10 ± 1.95a,b
7.50 ± 7.66
4.10 ± 4.89a
1.90 ± 3.04a,b

HAMA
5.90 ± 5.22
4.05 ± 3.57a
2.23 ± 2.90a,b
6.68 ± 4.74
3.28 ± 3.03a
1.93 ± 2.14a,b
7.53 ± 5.37
3.98 ± 2.30a
2.20 ± 1.60a,b
6.63 ± 4.78
3.68 ± 2.67a
2.20 ± 2.39a,b

Group 1: One cone of moxibustion per treatment, three treatments/wk; Group 2: One cone of moxibustion per treatment, six treatments/wk; Group 3: Two
cones of moxibustion per treatment, three treatments/wk; Group 4: Two cones of moxibustion per treatment, six treatments/wk; Before: Before treatment;
1st course: After the first course of treatment; 2nd course: After the second course of treatment; Birmingham: Birmingham irritable bowel syndrome symptom
questionnaire; IBS-QOL: Irritable bowel syndrome Quality of Life Scale; SDS: Self-Rating Depression Scale; SAS: Self-Rating Anxiety Scale; HAMD:
Hamilton Depression Scale; HAMA: Hamilton Anxiety Scale. Compared with the first course after treatment; aP < 0.001 vs before treatment; bP < 0.001 vs
the first course after treatment; cP < 0.001 vs group 2.

Table 3 Comparisons of the degrees of improvement in symptoms and relevant scales for patients in each group at different stages
of treatment
P value

Frequency
Scale
Birmingham
IBS-QOL

1st course

SDS
SAS
HAMD
HAMA
Birmingham
IBS-QOL

2nd course

SDS
SAS
HAMD
HAMA

n
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

Cone

Three treatments/wk

Six treatments/wk

Cone

Frequency

Conefrequency

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

42.24 ± 36.12
30.30 ± 77.95
17.40 ± 19.04
22.63 ± 15.67
17.99 ± 17.02
15.13 ± 19.32
13.72 ± 13.53
15.65 ± 13.50
27.69 ± 48.61
33.78 ± 40.44
12.04 ± 65.36
33.62 ± 44.65
73.74 ± 19.43
70.46 ± 27.24
29.98 ± 16.59
34.02 ± 15.29
26.12 ± 16.15
27.51 ± 17.52
23.68 ± 12.83
24.02 ± 15.77
63.06 ± 36.74
69.63 ± 30.35
49.62 ± 46.44
59.19 ± 49.29

35.20 ± 23.84
40.25 ± 29.15
20.25 ± 14.37
20.76 ± 13.83
10.49 ± 9.66
15.06 ± 15.81
11.96 ± 9.97
14.72 ± 16.67
39.54 ± 32.69
45.84 ± 42.93
46.90 ± 28.61
36.19 ± 37.95
56.19 ± 21.62
65.56 ± 20.91
34.26 ± 13.63
35.60 ± 12.88
21.65 ± 14.35
27.51 ± 15.12
22.54 ± 12.14
22.90 ± 13.81
68.88 ± 32.05
77.45 ± 29.05
62.61 ± 38.66
62.04 ± 32.62

0.643

0.845

0.254

0.255

0.847

0.348

0.734

0.133

0.140

0.279

0.535

0.849

0.347

0.071

0.987

0.458

0.011

0.028

0.393

0.002

0.078

0.247

0.208

0.562

0.149

0.373

0.373

0.871

0.604

0.996

0.139

0.182

0.845

0.502

0.238

0.450

1st course: After the first course of treatment; 2nd course: After the second course of treatment; Birmingham: Birmingham irritable bowel syndrome symptom
questionnaire; IBS-QOL: Irritable bowel syndrome Quality of Life Scale; SDS: Self-Rating Depression Scale; SAS: Self-Rating Anxiety Scale; HAMD:
Hamilton Depression Scale; HAMA: Hamilton Anxiety Scale.

the first course of treatment, there were no significant
differences between the two tested dosage levels or the
two tested frequency levels with respect to the degree of
improvement in the Birmingham IBS symptom questionnaire, IBS-QOL, SDS, SAS, and HAMD scores (P >
0.05 for all). After the second course of treatment, an examination of the two levels of the two tested factors of
aconite cake-separated moxibustion revealed that there
were significant differences between the two moxibustion
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frequency levels with respect to the extent of changes in
the Birmingham IBS symptom questionnaire scores, with
greater changes in the “3 treatments/wk” groups than
in the “6 treatments/wk groups (P = 0.002); in addition,
there were no interactive effects between number of
cones and the moxibustion frequency (P = 0.078). However, after the second course of treatment, there were no
significant differences between the two tested dosage levels or the two tested frequency levels with respect to the
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Table 4 Correlation analysis of the degrees of improvements in relevant scales and the degrees of symptom improvement
Group
Aconite
cake-separated
moxibustion
groups

n

Degrees of symptom improvement
(Birmingham)

160

66.49 ± 23.25

Degrees of improvements in
relevant scales
IBS-QOL
SDS
SAS
HAMD
HAMA

33.46 ± 14.68
25.70 ± 15.87
23.28 ± 13.59
69.75 ± 32.28
58.36 ± 42.19

r

P value

0.080
0.165
0.161
0.088
0.331

0.317
0.037
0.042
0.276
0.077

Birmingham: Birmingham irritable bowel syndrome symptom questionnaire; IBS-QOL: Irritable bowel syndrome Quality of Life Scale; SDS: Self-Rating
Depression Scale; SAS: Self-Rating Anxiety Scale; HAMD: Hamilton Depression Scale; HAMA: Hamilton Anxiety Scale.

degree of improvement in IBS-QOL, SDS, SAS, HAMD,
and HAMA scores (P > 0.05 for all).
Table 4 presents a correlation analysis indicating how
the degrees of improvement in the scores of the utilized
scales relate to the degree of improvement in symptoms.
Because there were significant improvements in the
scores for each scale after the second course of treatment, we performed a correlation analysis for the extent
of changes in each scale and the degree of improvement
in symptoms after the second course of treatment. The
results of this analysis indicated that in the aconite cakeseparated moxibustion groups, there were statistically
significant correlations between the degree of symptom
improvement and the degrees of SDS and SAS score
improvement (SDS: r = 0.165, P = 0.037; SAS: r = 0.161,
P = 0.042). Thus, for aconite cake-separated moxibustion
treatment, the degrees of improvement in SDS and SAS
scores appeared to be linearly correlated with the degrees
of improvement in symptoms.
Safety assessment
Two adverse events occurred during treatment (2/160).
Both of these events were mild burns during moxibustion (with one event in group 2 and the other event in
group 4). No serious adverse events occurred.

DISCUSSION
In modern medicine, medication time and frequency are
regulated in accordance with drug half-lives; these restrictions lead to the strict control of drug cycles. The most
significant difference between moxibustion and medication is that moxibustion requires cooperation between
doctors and patients. The required time and the frequency of moxibustion treatments are mainly determined by
doctors’ experiences. This approach will clearly result in
certain errors that diminish moxibustion efficacy. Therefore, the standardization of moxibustion frequency, number of cones, and the size and weight of moxa cones,
among other factors, has important significance for improving the clinical efficacy of moxibustion.
We know that effects associated with moxibustion
depend largely on the thermal effects of this treatment
approach[33]; in turn, the generation of these thermal effects depends on the quality of the moxibustion material, the moxa cone volume, and the number of cones
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applied. Aconite cake-separated moxibustion, which is
an important component of moxibustion therapy, has
certain distinctive characteristics. Each aspect of aconite
cake-separated moxibustion may influence treatment
outcomes; in particular, factors that may affect outcomes
include the quality of the moxibustion material, the size
of the moxa cones, the weight of the moxa cones, the
aconite cake production process, the number of cones
used for moxibustion, and the moxibustion frequency
and duration, among other considerations. In this study,
the quality of the moxibustion material, the size of the
moxa cones, and the aconite cake production process
were standardized. A factorial design approach was used
to examine various combinations of number of cones
and moxibustion frequency and thereby investigate the
effects of number of cones and moxibustion frequency
on the efficacy of aconite cake-separated moxibustion.
This randomized controlled trial used IBS-related
scales to observe the effects of aconite cake-separated
moxibustion treatment approaches involving different
numbers of cone per treatment and different moxibustion frequencies on the improvement of symptoms in
IBS patients. The results demonstrated that in all four
treatment groups, aconite cake-separated moxibustion
could significantly decrease the Birmingham IBS symptom questionnaire scores and the IBS-QOL, SDS, SAS,
HAMD, and HAMA scores of IBS patients. These results indicated that for IBS patients, aconite cake-separated moxibustion treatment approaches involving different
numbers of cone per treatment and different moxibustion frequencies could produce significant therapeutic effects that include improving clinical symptoms, increasing
quality of life, and relieving anxiety and depression.
In addition to gastrointestinal symptoms, IBS is also
closely associated with anxiety and depression[34,35]. IBSrelated gastrointestinal symptoms and psychological
conditions can severely affect patients’ quality of life[36-38].
The survey results from a prior study[39] have indicated
that populations with high anxiety and depression scores
had a higher incidence of IBS compared with other
populations. Investigations[40,41] have also revealed correlations among the severity of gastrointestinal symptoms,
the severity of psychological conditions, and the abnormal activation of certain brain regions in IBS patients;
once patients’ emotional states improved, this abnormal
activation of brain regions diminished. These results pro-
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vided objective evidence that psychological factors influence the pathogenesis of IBS. A previous study by our
research group[42] also found that in clinical practice, mild
emotional stimuli can aggravate or induce gastrointestinal
symptoms in IBS patients. This phenomenon occurred
repeatedly; as a result, a considerable percentage of IBS
patients treated in a clinical context had conditions accompanied by various degrees of anxiety, depression,
and other psychological symptoms. Through brain-gut
interactions, these psychological conditions can further
aggravate gastrointestinal symptoms, thus creating a
reciprocal causation of the physical and psychological
symptoms of IBS. In this study, to examine the improvement of IBS patients’ mood-related symptoms with aconite cake-separated moxibustion, we selected two types
of mood-related scales to determine patients’ anxiety and
depression scores and their self-perceived anxiety and
depression scores. The results demonstrated that IBS
patients suffered from emotional disorders to various
extents. In the four aconite cake-separated moxibustion
groups, the average symptom, quality of life, SDS, SAS,
HAMD, and HAMA scores were all significantly lower
after the first and second courses of treatment than before treatment. A further correlation analysis examining
how the degrees of symptom improvement related to the
degrees of improvement in relevant scales revealed that
improvements in SAS and SDS scores were linearly correlated with improvements in symptoms. These findings
indicated that aconite cake-separated moxibustion could
significantly improve emotional disorders in IBS patients
and that these emotional improvements could also significantly relieve patients’ IBS symptoms.
We performed statistical analyses on the symptom
and quality of life scale scores and four emotion-related
scales for the four groups of aconite cake-separated
moxibustion patients at different time points. The results
of these analyses demonstrated that the post-treatment
scores significantly differed from the pretreatment
scores. The scores on all scales were significantly lower
after the first course of treatment than before treatment,
and after the second course of treatment than after the
first course of treatment, indicating that treatment duration may influence efficacy. After the end of the second
course of treatment, the Birmingham IBS symptom
questionnaire score was significantly lower for group
1 (1 cone, 3 treatments/wk) and group 3 (2 cones, 3
treatments/wk) compared with group 2 (1 cone, 6 treatments/wk). In particular, the “1 cone, 3 treatments/wk”
group produced the lowest symptom score, suggesting
that this regimen may produce the best therapeutic efficacy for the second course of aconite cake-separated
moxibustion treatment.
We can draw the following conclusions from the
factorial analysis results for the number of cones and
moxibustion frequency. After the first course of treatment, an examination of the two levels of the two tested
factors of aconite cake-separated moxibustion revealed
that there were significant differences between the two
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moxibustion frequency levels in terms of the extent of
the HAMA score changes, with greater changes observed
in the “6 treatments/wk” groups than in the “3 treatments/wk” groups; in addition, there were interactive
effects between the number of cones and moxibustion
frequency (P = 0.028). After the second course of treatment, an examination of the two levels of the two tested
factors of aconite cake-separated moxibustion revealed
that there were significant differences between the two
moxibustion frequency levels with respect to the extent
of symptom score changes, with greater changes observed in the “3 treatments/wk” groups than in the “6
treatments/wk groups. These results indicated that moxibustion frequency had a significant impact on the degree
of improvement in HAMA scores after the first course
of treatment and the degree of symptom improvement
after the second course of treatment. Interactive effects
between the number of cones and the moxibustion
frequency had a significant influence on the degree of
HAMA score improvement. Therefore, we infer that
moxibustion frequency is a key factor in symptom improvement and anxiety relief resulting from aconite cakeseparated moxibustion and that the factor of number of
cones has synergistic effects with moxibustion frequency
for relieving anxiety. The study results demonstrated
that during the first course of treatment, patient anxiety
was improved more with 6 treatments/wk than with 3
treatments/wk; during the second course of treatment,
patient symptoms were improved more with three treatments/wk than with six treatments/wk. We speculated
that during the early stages of treatment, a higher number of moxibustion treatments could better relieve IBS
patients’ anxiety; as the treatment duration extended, 3
treatments/wk produced more improvement in patient
conditions than 6 treatments/wk did. IBS is a chronic
and recurrent functional intestinal disorder; most IBS
patients require long-term treatment. Therefore, based
on the comprehensive results of our study, we propose
that of the examined treatment regimens, the optimal
regimen for treating D-IBS with aconite cake-separated
moxibustion involves one cone per treatment and three
treatments per wk.
However, this study had certain limitations. Notably, better experimental results could be obtained if the
study subjects could be stratified in various ways, such
as by creating specific patient subgroups based on gender, disease duration, and age, or if an increased number
of moxibustion frequency and dosage groups could be
tested. In addition, patient follow-up after treatment is
an important aspect of evaluating D-IBS treatment using aconite cake-separated moxibustion. Therefore, the
aforementioned improvements to the current investigation will serve as important bases for our future research.
In summary, aconite cake-separated moxibustion is
an effective and safe therapeutic approach for D-IBS.
One cone per treatment and three treatments per wk is
a reasonable therapeutic regimen for D-IBS. This recommended regimen can ensure therapeutic efficacy for
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patients without excessively increasing the economic
pressure on patients. The findings of this study provide
a reliable basis for the clinical treatment of D-IBS using
aconite cake-separated moxibustion.
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Abstract
AIM: To develop a novel non-sequencing method for
the detection of hepatitis B virus (HBV) pre-S deletion
mutants in HBV carriers.
METHODS: The entire region of HBV pre-S1 and pre-S2
was amplified by polymerase chain reaction (PCR). The
size of PCR products was subsequently determined by
capillary gel electrophoresis (CGE). CGE were carried
out in a PACE-MDQ instrument equipped with a UV detector set at 254 nm. The samples were separated in
50 μm ID eCAP Neutral Coated Capillaries using a voltage of 6 kV for 30 min. Data acquisition and analysis
were performed using the 32 Karat Software. A total of
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114 DNA clones containing different sizes of the HBV
pre-S gene were used to determine the accuracy of the
CGE method. One hundred and fifty seven hepatocellular carcinoma (HCC) and 160 non-HCC patients were
recruited into the study to assess the association between HBV pre-S deletion and HCC by using the newly-established CGE method. Nine HCC cases with HBV
pre-S deletion at the diagnosis year were selected to
conduct a longitudinal observation using serial serum
samples collected 2-9 years prior to HCC diagnosis.
RESULTS: CGE allowed the separation of PCR products differing in size > 3 bp and was able to identify
10% of the deleted DNA in a background of wild-type
DNA. The accuracy rate of CGE-based analysis was
99.1% compared with the clone sequencing results.
Using this assay, pre-S deletion was more frequently
found in HCC patients than in non-HCC controls (47.1%
vs 28.1%, P < 0.001). Interestingly, the increased
risk of HCC was mainly contributed by the short deletion of pre-S. While the deletion ≤ 99 bp was associated with a 2.971-fold increased risk of HCC (95%CI:
1.723-5.122, P < 0.001), large deletion (> 99 bp) did
not show any association with HCC (P = 0.918, OR =
0.966, 95%CI: 0.501-1.863). Of the 9 patients who
carried pre-S deletions at the stage of HCC, 88.9%
(8/9) had deletions 2-5 years prior to HCC, while only
44.4%4 (4/9) contained such deletions 6-9 years prior
to HCC.
CONCLUSION: CGE is a sensitive approach for HBV
pre-S deletion analysis. Pre-S deletion, especially for
short DNA fragment deletion, is a useful predictive
marker for HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Pre-S deletion; Capillary
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Core tip: Hepatitis B virus pre-S deletions are one of
the risk factors associated with hepatocellular carcinoma (HCC). However, the lack of a convenient method
hampers its clinical application. In this study, we develop a capillary gel electrophoresis approach that can
quantitatively identify low amounts of deletions within
a heterogeneous viral population. By applying this
method in a case-control study, we not only confirmed
previous observations that pre-S deletions increased
the risk for HCC but also reported, for the first time,
that only small deletions (≤ 99 bp) have a significant
association with HCC, rather than large deletions.
Zhao ZM, Jin Y, Gan Y, Zhu Y, Chen TY, Wang JB, Sun Y,
Cao ZG, Qian GS, Tu H. Novel approach to identifying the
hepatitis B virus pre-S deletions associated with hepatocellular
carcinoma. World J Gastroenterol 2014; 20(37): 13573-13581
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i37/13573.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i37.13573

INTRODUCTION
Hepatitis B virus (HBV) infection plays a major causative
role in the development of hepatocellular carcinoma
(HCC)[1]. HBV is a small enveloped 3.2 kb DNA virus
with four open reading frames (ORFs). HBV envelope
proteins are encoded by three different in-frame start codons. Depending on the translated initiation site among
S, pre-S1, or pre-S2, three different sized proteins are
produced: a small hepatitis B surface protein (small HBs),
a medium hepatitis B surface protein (middle HBs), and
a large hepatitis B surface protein (large HBs)[2]. The
pre-S1 region mediates the attachment of the virus to
hepatocytes[3]. HBV pre-S deletion, as well as C1653T,
T1753V, and A1762T/G1764A in the basal core promoter /enhancer Ⅱ region [4-6] and G1899A [4,7] in the
pre-C gene, have been reported to increase the risk of
HCC. Pre-S mutations are highly prevalent in countries
where HBV infection is endemic[8]. In the past few decades, many studies have demonstrated that the presence
of pre-S deletions are significantly associated with the
development of HCC[5,9-15]. A meta-analysis that included
a total of 16745 HBV-infected cases revealed that pre-S1
and pre-S2 deletions had a summary odds ratio (OR) of
2.94 (95%CI: 2.22-3.89) and 3.02 (95%CI: 2.03-4.50) for
HCC, respectively[16].
Several hypotheses have been proposed to explain the
pathogenic effects of HBV pre-S deletion mutants. Because the pre-S region contains several epitopes for T or
B cells, HBV mutants carrying pre-S deletions can escape
host immune surveillance and cause persistent infections[17]. Large HBs with deletions in the pre-S region are
found to be retained in the endoplasmic reticulum (ER),
resulting in ER stress, which in turn induces oxidative
DNA damage and genomic instability[18,19]. Meanwhile,
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mutant large HBs can regulate the expression of many
cellular genes, including cyclooxygenase-2, cyclin A[20],
p27 (Kip1)[21-23], Bcl-2, Bcl-xL, and Mcl-1[24], thus promoting hepatocyte proliferation and inhibiting cell death
induced by 5-fluorouracil. In transgenic mice, pre-S deletion mutants induced dysplasia of hepatocytes and led
to the development of HCC, further supporting the fact
that this variant has striking oncogenic properties[20].
To detect pre-S deletions, the most common method
used previously was direct sequencing of polymerase
chain reaction (PCR) products[9-15,25,26]. However, most
pre-S deletion mutants co-exist with wild-type viruses in
the blood of HBV carriers[27,28]. Therefore, to reveal the
minority mutants in the viral population, a cloning procedure is required before sequence analysis. This methodology makes the detection of pre-S deletions both
tedious and expensive, which is not suitable for largescale screening tests. Other assays available to identify
HBV pre-S deletions include polyacrylamide gel electrophoresis (PAGE)[27] and pre-S gene chip[28]. However,
these techniques are relatively laborious and yield lowresolution results[29,30]. Therefore, there is an urgent need
for developing a convenient and reliable method for
detecting pre-S deletions.
Capillary gel electrophoresis (CGE) is a separation
method based on using soluble polymers to create a
replaceable molecular sieve that allows for size-based
separation. This method is characterized by high sensitivity, a short analysis time, and a small sample size requirement. These features have led to many applications
of CGE in analytical chemistry, pharmaceutical analysis,
endocrinology, and immunology[31-34]. This method has
also been successfully applied to the analysis of nucleic
acids, including rapid separation of DNA restriction
fragments[35] and DNA sequencing[36,37]. In this study, we
established a rapid method based on CGE to identify
pre-S deletion mutations in HBV-infected patients. This
approach has proved to be a useful tool in the molecular
epidemiological study of HBV pre-S deletions and the
risk of HCC.

MATERIALS AND METHODS
Samples
The HCC cases and HBV-infected non-HCC controls
were obtained from a prospective cohort started in 1992
that included 807 hepatitis B surface antigen (HBsAg)positive and 761 HBsAg-negative individuals from 7
towns in Qidong[38]. Until the end of 2012, a total of
181 HCC were diagnosed, of which 169 were from the
HBsAg-positive group and 12 from HBsAg-negative
group. The 157 HCC patients who showed positive
PCR results for pre-S gene amplification were selected
as the case group. The inclusion criteria for the nonHCC control group were: (1) HBV-infected individual
without HCC; (2) positive in HBV pre-S gene amplification; and (3) age, sex, and living location matched with
the subjects in the HCC group. According to analysis of
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Qidong Liver Cancer Institute and Shanghai Cancer Institute and conducted according to the principles of the
Declaration of Helsinki. Written informed consent was
obtained from each participant.
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Extraction of viral DNA and amplification of the pre-S
region
The QIAamp MinElute Virus Spin Kit (QIAGEN, Hilden,
Germany) was used to extract HBV DNA from 100 μL
plasma according to the manufacturer’s protocol. The HBV
pre-S gene from nt. 2815 to 175 was amplified by seminested PCR using pre-SF1 [5’-GGTCACCATATTCTTGGGAAC-3’ (nt. 2815-2835), forward] and pre-SR1 [5’
-CTGTAACACGAGCAGGGGT-3’ (nt. 184-202), reverse] as the first-round primers, and pre-SF1 and pre-SR2
[5’-CTGATGTTGTGTTCTCCATG-3’ (nt. 155-175),
reverse] as the second-round primers. PrimeSTAR Max
polymerase (Takara, Dalian, China) was used for PCR under the following conditions: 94 ℃ for 3 min, followed by
35 cycles of 94 ℃ for 25 s, 60 ℃ for 25 s, and 72 ℃ for
1 min, and a final extension at 72 ℃ for 7 min. The PCR
products were purified using AxyPrep™ PCR Cleanup
kits (Axygen Scientific, Union City, CA, United States).
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Figure 1 Establishment of a rapid method based on capillary gel electrophoresis to detect HBV pre-S deletions. A: A DNA marker was applied
to construct the standard curve. CGE was used to detect the size of DNA
fragments with a linear range of 246 bp to 576 bp and a regression coefficient
(R2) of 0.999; B: Representative CGE profiles of the pre-S DNA amplification
products from the serum samples of 5 HBV-infected subjects. Sample a: wildtype HBV; Sample b: 6 bp deletion mutant alone; Sample c: 36 bp deletion
mutant alone; Sample d: mixture of wild-type virus and a 126 bp deletion
mutant; Sample e: mixture of wild-type virus and 21 bp and 54 bp deletion
mutants. M: Maker (246 bp, 325 bp, 388 bp, 435 bp, 545 bp, and 576 bp);
AU: Absorbance units.

the phylogenetic tree constructed by pre-C/C sequence
(nt. 1824-2275), genotype C1 infection was found in
96.8% (5/157) of HCC cases and 96.2% (6/160) of the
controls. The diagnosis of HCC was based on one of
the following criteria: positive histological findings or
positive imaging on either computerized tomography or
ultrasonography along with α-fetoprotein (AFP) serum
levels ≥ 400 ng/mL. The diagnosis of chronic hepatitis B (CHB) was based on the Guideline on Prevention
and Treatment of Chronic Hepatitis B in China[39]. The
study was approved by the local ethical committee at the
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Detection of pre-S deletions by CGE
Analyses of PCR samples were carried out in a PACEMDQ instrument (Beckman Instruments, Fullerton, CA,
United States) equipped with a UV detector set at 254 nm.
Separations were performed in 50 μm ID eCAP Neutral
Coated Capillaries (Beckman P/N 477441). The separation buffer (Beckman Coulter eCAP dsDNA 1000 kit)
was injected into the capillary using 50 psi of pressure for
1 min. The samples were then injected using a voltage of
4 kV for 50 s and separated using a voltage of 6 kV for 30
min. Data acquisition and analysis were performed using
the 32 Karat software (Beckman Instruments).
Detection of pre-S deletions by DNA clone sequencing
The HBV pre-S gene from nt. 2815-175 was amplified
from 19 serum samples by PCR. The PCR products
were cloned into the pUCm-T plasmid (Shanghai Shenergy Biocolor BioScience and Technology Co.). The recombinant plasmids were introduced into the Escherichia
coli DH5α strain. A total of 114 clones were selected
for sequencing analysis. BioEdit software (version 5.0.9;
available at http://www.mbio.ncsu.edu/BioEdit/bioedit.
html) was used to align the validated sequences against
the wild-type genotype C HBV DNA reference sequence
(GenBank accession no. GU434374.1).
Statistical analysis
Statistical analyses were performed using the SPSS software, version 12.0 (SPSS Inc., Chicago, IL, United States).
The ORs and 95%CIs were calculated using a two-bytwo frequency table. The comparison between categorical
variables was tested using the χ 2 test. All of the tests were
two-tailed, and a P value of < 0.05 was considered to be
statistically significant.
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Table 1 Characteristics of the 19 cases used for clone sequencing
Cases

Sex

Age

Clinical diagnosis

Clone No.

Pre-S deletion size (bp)

Pre-S deletion site (nt)

486
6-200
440
221

Male
Male
Male
Male

33
60
52
38

HCC
HCC
HCC
HCC

644

Male

53

HCC

606

Male

41

HCC

6-133

Male

50

HCC

4-066

Female

58

HCC

140
79
96
141
207
259
70

Male
Female
Male
Male
Male
Male
Male

64
45
43
32
60
70
49

CH
CH
CH
CH
CH
CH
CH

296

Male

56

CH

356

Male

38

CH

229

Male

67

CH

322

Male

58

CH

486-1, 486-2, 486-3, 486-4, 486-5, 486-6
6-200-1,6-200-2,6-200-3,6-200-4,6-200-5,6-200-6
440-1, 440-2, 440-3, 440-4, 440-5, 440-6
221-1
221-2, 221-3, 221-4, 221-5, 221-6
644-1, 644-2, 644-3, 644-5, 644-6
644-4
606-1, 606-2, 606-3, 606-4, 606-6
606-5
6-133-1, 6-133-3, 6-133-4, 6-133-5
6-133-2, 6-133-6
4-066-1, 4-066-2, 4-066-4, 4-066-5, 4-066-6
4-066-3
140-1, 140-2, 140-3, 140-4, 140-5, 140-6
79-1, 79-2, 79-3, 79-4, 79-5, 79-6
96-1, 96-2, 96-3, 96-4, 96-5, 96-6
141-1, 141-2, 141-3, 141-4, 141-5, 141-6
207-1, 207-2, 207-3, 207-4, 207-5, 207-6
259-1, 259-2, 259-3, 259-4, 259-5, 259-6
70-1, 70-5
70-2, 70-3, 70-4, 70-6
296-1, 296-4, 296-5, 296-6
296-2, 296-3
356-1, 356-4, 356-5, 356-6
356-2
356-3
229-1, 229-6
229-2, 229-3, 229-4, 229-5
322-1. 322-2, 322-3, 322-4, 322-6
322-5

0
0
6
0
78
0
33
0
3
0
42
0
33
0
0
0
0
36
183
126
0
0
123
0
21
54
15
0
0
24

/
/
6-11
/
3107-3184
/
18-50
/
3199-3201
/
25-66
/
34-66
/
/
/
/
62-97
3015-3197
2970-3095
/
/
2922-3044
/
33-53
2906-2959
42-56
/
/
45-68

HCC: Hepatocellular carcinoma.

RESULTS
Establishment of a rapid method based on CGE to
detect the HBV pre-S deletions
According to previous results from our group[27] and others[40-45], pre-S deletions can occur at any position within
the pre-S1 and pre-S2 genes, with deletion sizes ranging
from 3 bp to 321 bp. Thus, in this study, a DNA fragment from nt. 2815-175, which covers the entire pre-S1
and pre-S2 region, was PCR amplified and subsequently
analyzed using CGE. Theoretically, the length of the PCR
products amplified from the HBV wild-type and mutants
with the maximum deletion in the pre-S region could
be 576 bp and 255 bp, respectively. Therefore, a DNA
marker containing molecular weights of 246 bp, 325 bp,
388 bp, 435 bp, 545 bp, and 576 bp was chosen to construct a standard curve. CGE showed a linear detection
range between 246 bp and 576 bp, with a regression coefficient (R2) of 0.999 (Figure 1A). Figure 1B demonstrates
the profiles of CGE separation for the DNA marker and
the 5 PCR products of the pre-S gene amplified from
the serum samples of Qidong HCC patients. The size
of the PCR fragment calculated according to the CGE
migration time was exactly the same as that obtained
from DNA sequencing. The CGE method could clearly
identify PCR products differing in size by 6 bp (sample b).
More importantly, CGE could quantitatively characterize
the mixed HBV population by calculating the different
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peak areas. In sample d, wild-type HBV co-existed with
40.1% deletion mutants, whereas in sample e, the wildtype virus was mixed with 14.7% type Ⅰ mutants (-21 bp)
and 34.1% type Ⅱ mutants (-54 bp).
Evaluation of the accuracy of CGE in the detection of
HBV pre-S deletions
A total of 114 DNA clones containing different sizes of
the HBV pre-S gene were used to test the accuracy of the
CGE method. The characteristics of the 19 cases used for
clone construction are presented in Table 1. After PCR
amplification, DNA fragments from HBV nt. 2815 to
nt. 175 were subjected to CGE analysis. Among the 114
pre-S clone inserts, 77 were wild-type sequences, while
the remaining 37 were truncated sequences with deletions ranging in size from 3 bp to 294 bp. For these 114
samples, the CGE method was able to correctly characterize 113 DNA samples. It only failed to detect one sample
with a 3 bp deletion (Table 2). The overall accuracy of the
CGE approach was 99.1% (113/114). These data indicate
that CGE is a sensitive method for DNA size prediction
and that it can generate comparable results to DNA sequencing.
Analysis of the pre-S deletions in HCC and non-HCC
patients by CGE
We used this CGE-based method to assess the associa-
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between the two groups (12.7% vs 13.1%, respectively, P
= 0.918, Table 4). This result highlights the importance
of deletion size in HCC risk prediction.

Table 2 Comparison of cloning-based sequencing and capillary gel electrophoresis analysis of HBV pre-S deletions
Size of deletion
(bp)

Cloning-based
sequencing (No.)

Capillary gel
1
electrophoresis (No.)

77

77

21
6
10
114

20
6
10
113

Wild type
Pre-S deletion
0-51
54-99
102-294
Total
1

The number of clones for which the result was in agreement with that of
the sequencing analysis.

Table 3 Analysis of pre-S deletions in hepatocellular carcinoma and non- hepatocellular carcinoma patients by capillary
gel electrophoresis n (%)
Characteristics

HCC

Non-HCC P value

n = 157 n = 160

OR (95%CI)

Age range, yr
≤ 48
78 (49.7) 88 (55.0)
0.343
> 48
79 (50.3) 72 (45.0)
/
Gender
Male
136 (86.6) 133 (83.1)
0.385
/
Female
21 (13.4) 27 (16.9)
/
Mutation pattern
Pre-S deletion alone 22 (14.0) 11 (6.9)
0.037 2.207 (1.032-4.722)
Wild type + deletion 52 (33.1) 34 (21.2)
0.017 1.835 (1.109-3.038)
Total deletions
74 (47.1) 45 (28.1) < 0.001 2.278 (1.430-3.630)

DISCUSSION

HCC: Hepatocellular carcinoma.

Table 4 Analysis of the correlation between the size of pre-S
deletion and hepatocellular carcinoma n (%)
Characteristics

P value OR (95%CI)

n = 157

HCC

Non-HCC
n = 160

Wild type
Pre-S deletion
Deletion ≤ 99 bp

83 (52.9%)

115 (71.9%)

54 (34.4%)

24 (15.0%)

< 0.001

Deletion > 99 bp

20 (12.7%)

21 (13.1%)

0.918

2.971
(1.723-5.122)
0.966
(0.501-1.863)

tion between HBV pre-S deletions and HCC in serum
samples from 157 HCC patients and 160 non-HCC
controls. The pre-S deletion was more frequently found
in HCC patients than in non-HCC controls (47.1% vs
28.1%, respectively, P < 0.001, Table 3). The presence
of the pre-S deletion was associated with a 2.278-fold
higher risk of HCC (95%CI: 1.430-3.630). It is worth
pointing out that among the 119 patients who had pre-S
deletion mutants, 86 (72.2%) were co-infected with wildtype viruses.
The relationship between HBV pre-S deletion size
and HCC was analyzed for the first time in this study.
Interestingly, while small deletions (≤ 99 bp) occurred
more frequently in the HCC group than in the non-HCC
group (34.4% vs 15.0%, respectively, P < 0.001), deletions larger than 99 bp showed no distribution difference
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Longitudinal observation of pre-S deletions during the
development of HCC
To determine the temporal relationship between HBV
pre-S deletions and HCC occurrence, we examined pre-S
deletions from serial serum samples collected 2-9 years
prior to HCC diagnosis. Figure 2 shows the evolution
of pre-S deletion mutants during the development of
HCC. Of the 9 patients who carried pre-S deletions at
the stage of HCC, 88.9% (8/9) had shown deletions 2-5
years prior to HCC, suggesting it was an early predictive
marker for HCC. However, for the samples collected 6-9
years prior to HCC, only 4 patients (44.4%) contained
HBV pre-S deletions, indicating that these deletions were
not acquired from the beginning of the infection but
arose de novo during the progression of liver disease. We
did not find the reverse mutation in any of the 9 cases
(Figure 3). It is noteworthy that, for patient 372, the
wild-type HBV co-existed with approximately 10% deletion mutants 6 years before the onset of HCC, indicating that CGE can quantitatively identify a small number
of deletions in a heterogeneous viral population.

HBV pre-S deletions have been consistently reported as
a risk factor for HCC[5,9-15]. However, the lack of an effective detection system hampers its clinical application.
In this study, we developed a CGE-based approach that
can quantitatively identify a small number of deletions in
a heterogeneous viral population. It is rapid, convenient,
and can generate a result comparable to DNA sequencing. It has potential usage in the large-scale screening of
pre-S deletions in chronic hepatitis B carriers.
Most of the previous studies used PCR direct sequencing methods to reveal pre-S deletions[9-15,25,26]. However,
PCR direct sequencing is only suitable for samples containing single viral populations. Indeed, most pre-S mutantpositive cases simultaneously contain wild-type viruses,
and the prevalence of mixed infections could be up to
90.9%[27,28]. In this study, we found the prevalence rates
of mixed infections in patients with HCC and chronic
hepatitis to be 70.3% and 75.6%, respectively. Currently, for patients infected with mixed strains of HBV,
a time-consuming clone sequencing method must be
performed. It is of great importance to develop an easy
system that can concurrently identify two or more viral
strains existing in one sample. To achieve this, two nonsequencing approaches have been reported previously:
(1) PAGE followed by silver staining[27]; and (2) an oligonucleotide chip hybridization system[28]. Compared with
these methods, CGE has a higher resolution and simpler
detection procedure; it can automatically examine 96
samples without any manual treatment and quantitatively analyze the distribution of different types of HBV
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Figure 2 Longitudinal observation of hepatocellular carcinoma-related pre-S deletions during the development of hepatocellular carcinoma. HCC: Hepatocellular carcinoma.
Cases

6-9 yr before HCC

2-5 yr before HCC

HCC

6-177
252
7-002
3-073
5-001
372
86
1-117
570

Figure 3 Longitudinal observation of hepatocellular carcinoma-related
pre-S deletions in Qidong hepatocellular carcinoma patients. Black: Pre-S
deletion; Grey: Wild type; HCC: Hepatocellular carcinoma.

mutants. The overall accuracy of CGE in the measurement of pre-S deletions was 99.1%. In a total of 114
sequence-known DNA clones, only one sample with a
deletion of 3 bp failed to be identified by CGE. Because
a 3 bp deletion of pre-S occurred in a very small number
of patients, this methodological limitation should not
drastically influence the overall specificity.
We applied this method to assess the HBV pre-S deletion rate in HCC and non-HCC patients. Consistent
with previous studies, we found there was a significantly
higher rate of pre-S deletions in HCC patients than in
non-HCC patients, confirming that pre-S deletions can
be used as a predictive marker for HCC (OR = 2.278;
WJG|www.wjgnet.com

95%CI: 1.430-3.630). Interestingly, we observed that the
short stretch pre-S deletions, not the large ones, were
significantly associated with HCC. While pre-S deletions
≤ 99 bp had an OR of 2.971 (95%CI: 1.723-5.122) for
HCC risk, deletions > 99 bp lost their association with
HCC (OR = 0.918, 95%CI: 0.501-1.863). To our knowledge, this phenomenon has never before been reported.
In one recent study, Yeh et al[46] found that, in liver tissues, short pre-S deletions located between codon 107
and 141 (nt. 3166-52) were strongly associated with a
worse postoperative prognosis. As for blood samples,
several previous papers have suggested that the location
of the pre-S deletions play a role in the outcome of liver
disease. Pre-S deletions can occur in pre-S1, pre-S2, or in
the region spanning these genes. Yeung et al[44] found that
pre-S2 deletions, but not pre-S1, were significantly associated with the development of HCC (P = 0.020). Pre-S
deletions generally occur in the 5’ half of the pre-S2
region[43,47], and it is speculated that the small deletions
in the pre-S2 region have a more significant impact on
HCC development than the large deletions occurring in
the pre-S1 or pre-S1+ pre-S2 region. To confirm this
hypothesis, we carried out a pool analysis of the pre-S
deletions in HCC and non-HCC controls by using the
sequence information provided by previous studies[40-45].
The results indicated that small deletions (≤ 99 bp) have
a significantly closer association with HCC than large deletions (data not shown). Thus, the CGE-based method,
which only measures the size of the deletion, might have
a similarly predictive value for HCC compared to the sequencing method.
Consistent with the previous reports from our group[48]
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and others[14], genotype C is highly prevalent in the Qidong area. In this study, only 5 (3.2%) in the HCC group
and 6 (3.8%) in the control group were found to be infected with the genotype B virus. Therefore, it is unclear
from this study whether HBV pre-S deletion can be
served as a predictive marker for HCC in patients infected with other viral genotypes. Pre-S deletion has been
reported to occur more frequently in HBV carriers with
genotype C than in those with genotype B[9,11], but very
few studies have focused on the relationship between
pre-S deletion and HCC in genotype B-infected patients.
This intriguing issue awaits further investigation in the
future.
In addition to the cross-sectional study, we also applied CGE technology to our longitudinal study. This
allowed us to clearly observe the appearance and evolution of the pre-S deletion mutants during liver disease
progression. The mutants seemed to have a higher survival advantage than the wild-type virus in vivo, as their
population increased constantly until they eventually
dominated the viral population. We observed no cases
in which the pre-S deletion mutants were replaced by
wild-type viruses. This observation strengthens the importance of early detection of pre-S deletions. Because
CGE can detect the presence of pre-S deletions representing as little as 10% of the viral population, its value
in HCC prediction will surpass that of the sequencing
of PCR products.
Taken together, our results provided evidence to support the idea that pre-S deletions, especially short DNA
fragment deletions, are a useful predictive marker for
HCC. CGE is a rapid and sensitive method that can be
used to detect low numbers of pre-S mutants among a
mixed viral population. It will thus be a useful tool in
the screening of chronic hepatitis patients who are at an
increased risk for HCC.

lation. By applying this method in a case-control study, we not only confirmed
previous observations that pre-S deletions increased the risk of HCC, but also
reported, for the first time, that only small deletions (≤ 99 bp) have a significant
association with HCC, rather than large deletions.

Applications

The CGE method developed in this study is a sensitive approach for the detection of low amounts of HBV pre-S deletion. It will be a useful tool in the screening of chronic hepatitis patients who are at an increased risk for HCC.

Terminology

CGE is a separation method based on using soluble polymers to create a replaceable molecular sieve that allows for size-based separation.

Peer review

The rapid PCR-CGE method in this study is able to accurately determine pre-S
deletions associated with HCC and has greater utility than sequencing based
approaches. The paper is well written.
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infected by hepatitis B virus (HBV) and/or hepatitis C virus (HCV), and assess their current management status.
METHODS: A multicenter, cross-sectional study of
HBV- and/or HCV-infected patients was conducted
from August to November, 2011 in western China. Patients ≥ 18 years of age with HBV and/or HCV infections who visited outpatient departments at 10 hospitals were evaluated, whether treated or not. Data were
collected on the day of visit from medical records and
patient interviews.
RESULTS: A total 4010 outpatients were analyzed, including 2562 HBV-infected and 1406 HCV-infected and
42 HBV/HCV co-infected patients. The median duration
of documented infection was 7.5 years in HBV-infected
and 1.8 years in HCV-infected patients. Cirrhosis was
the most frequent hepatic complication (12.2%), appearing in one-third of patients within 3 years prior to
or at diagnosis. The HCV genotype was determined in
only 10% of HCV-infected patients. Biopsy data were
only available for 54 patients (1.3%). Antiviral medications had been received by 58.2% of patients with HBV
infection and 66.6% with HCV infection. Nucleos(t)ide
analogs were the major antiviral medications prescribed
for HBV-infected patients (most commonly adefovir dipivoxil and lamivudine). Ribavirin + pegylated interferon
was prescribed for two-thirds of HCV-infected patients.
In the previous 12 mo, around one-fifth patients had
been hospitalized due to HBV or HCV infection.
CONCLUSION: This observational, real-life study has
identified some gaps between clinical practice and
guideline recommendations in China. To achieve better health outcomes, several improvements, such as
disease monitoring and optimizing antiviral regimens,
should be made to improve disease management.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To describe a population of outpatients in China
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tics; Treatment
Core tip: This observational, real-life study has identified some gaps between current clinical practice and
guideline recommendations for the treatment of hepatitis B and C infections in China. To achieve better health
outcomes, the findings of the study point to various
improvements that need to be made to align clinical
practice more closely with treatment guidelines, including: (1) routine screening for infections so that patients
are diagnosed earlier; (2) more thorough evaluation of
hepatitis B virus (HBV)/hepatitis C virus (HCV)-infected
patients; and (3) the use of more effective antiviral
agents for both anti-HBV and anti-HCV therapy and adjustment of the treatments according to the response.

Sun YT, Zhang YX, Tang H, Mao Q, Wang XZ, Zhang LY, Chen
H, Zhong YN, Lin SM, Zhang DZ. Clinical characteristics and
current management of hepatitis B and C in China. World J Gastroenterol 2014; 20(37): 13582-13590 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i37/13582.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i37.13582

INTRODUCTION
Hepatitis B and hepatitis C caused by infection with the
hepatitis B virus (HBV) and hepatitis C virus (HCV),
respectively, remain serious health problems worldwide,
affecting around 2 billion people globally in the case of
HBV and 130-170 million in the case of HCV[1-3]. HBV
infection is potentially life-threatening and is the more
serious type[1,4]. An estimated 600000 people die each
year due to the acute or chronic consequences of this
infection[1,5,6]. In China, hepatitis B is one of the top 3
infectious diseases reported by the Ministry of Health[7],
and about 30 million people are chronically infected
with HBV [8]. Every year, around 300000 people die
from HBV-related diseases in China, which accounts for
40%-50% of the total HBV-related deaths worldwide[9,10].
The burden of HCV infection is also significant
in China. In 1992, a nationwide survey estimated the
prevalence of HCV infection in China at 3.2%[11]. Following acquisition of HCV, chronic infection develops in
75%-85% of infected individuals. Cirrhosis develops in
up to 20% of those with chronic infections, and hepatocellular carcinoma (HCC) develops in 3%-4% of people
with HCV-associated cirrhosis each year[12-14].
In view of the serious socioeconomic consequences
of HBV and HCV infection, identifying patient characteristics and current treatment practice for these diseases
will enhance regulation of their medical management.
The present study was designed to provide real-life data
on HBV/HCV infection in China in an effort to improve the quality of treatment and public health practice
in controlling the diseases. As there are no data on the
management of HBV/HCV infections in routine clinical practice in China, the objective of the study was to

WJG|www.wjgnet.com

understand the characteristics of patients with these infections and the current treatment regimens employed,
in order to identify gaps between current clinical practice
and guideline recommendations[15-19].

MATERIALS AND METHODS
We undertook an observational, cross-sectional, epidemiological study at the outpatient departments of 10 hospitals in western China during the period 15 August, 2011
to 22 November, 2011. Patients with HBV and/or HCV
infection who visited outpatient hepatitis departments or
infectious disease physicians at the 10 participating hospitals during the study period were evaluated, whether they
were currently receiving treatment or not. The study was
performed in compliance with the International Conference on Harmonisation (ICH) guideline on Good Clinical
Practice (GCP) and Good Pharmacoepidemiology Practice. Approval for the study was provided by either a Central Ethics Committee (Tangdu Hospital) or Ethics Committees at the hospitals where the study was performed,
according to local hospital policies. Written informed
consent was obtained from all participating patients.
Patients
Male or female patients who were ≥ 18 years of age and
had documented hepatitis B and/or hepatitis C infection
were eligible for inclusion in the study. Hepatitis B infection was defined as a positive hepatitis B surface antigen
(HBsAg) test, while hepatitis C infection was defined as a
positive anti-HCV antibody test and HCV RNA test result above the limit of detection when the infection was
diagnosed. Exclusion criteria included pending, inconclusive or unknown HBV or HCV test results, previous antiviral treatments for hepatitis B and/or hepatitis C that
terminated > 12 mo previously, and hepatitis infection
considered by the investigator as cured.
Study procedures
Investigators screened HBV/HCV outpatients continuously in their routine consultation activities at each site
and enrolled eligible HBV- or HCV-infected patients.
The investigators were required to complete a case report
form (CRF) during the outpatient visit. Data collected
from the CRFs included demographic information, vaccination history, comorbidities, diagnosis of HBV/HCV
infection, concomitant infections, the most recent laboratory tests and results, the presence of hepatic complications, previous and current antiviral treatments, and
other/alternative treatments taken.
As patients with HCV infection are much fewer in
number than those with HBV infection, to achieve sufficient HCV patients for analysis, the investigators were
requested to ensure that about one-third of the total
population enrolled were HCV-infected. A total of 8361
outpatients with either HBV or HCV infection were
screened for inclusion in the study, 78.0% (6524/8361)
of whom had HBV infection, 21.4% (1789/8361) had
HCV infection, and 0.6% (48/8361) had both. Of these,
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Table 1 Demographic characteristics of the analyzed patient population with hepatitis B virus or hepatitis C virus infections n (%)
Characteristic

1

HBV (n = 2562)

HCV (n = 1406)

HBV and HCV (n = 42)

All patients (n = 4010)

38.3 (± 12.4)

46.9 (± 13.6)

45.5 (± 11.4)

41.4 (± 13.5)

1696 (66.2)
866 (33.8)

652 (46.4)
754 (53.6)

22 (52.4)
20 (47.6)

2370 (59.1)
1640 (40.9)

2431(94.9)
26 (1.0)
46 (1.8)
59 (2.3)

1205 (85.7)
126 (9.0)
27 (1.9)
48 (3.4)

37 (88.1)
2 (4.8)
2 (4.8)
1 (2.4)

3673 (91.6)
154 (3.8)
75 (1.9)
108 (2.7)

1831 (71.5)
731(28.5)
78 (3.5)
331 (12.9)
40 (1.6)
70 (2.7)
41 (1.6)
24 (0.9)
10 (0.4)

1212 (86.2)
194 (13.8)
38 (2.7)
394 (28.0)
97 (6.9)
50 (3.6)
26 (1.8)
26 (1.8)
40 (2.8)

33 (78.6)
9 (21.4)
0
12 (28.6)
2 (4.8)
1 (2.4)
1 (2.4)
3 (7.1)
1 (2.4)

3076 (76.7)
934 (23.3)
116 (2.9)
737 (18.4)
139 (3.5)
121 (3.0)
68 (1.7)
53 (1.3)
51 (1.3)

302 (11.8)
178 (7.0)
94 (3.7)
27 (1.1)
11 (0.4)
4 (0.2)

180 (12.8)
66 (4.7)
46 (3.3)
15 (1.1)
13 (0.9)
11 (0.8)

9 (21.4)
4 (9.5)
2 (4.8)
2 (4.8)
1 (2.4)
1 (2.4)

491 (12.2)
248 (6.2)
142 (3.5)
44 (1.1)
25 (0.6)
16 (0.4)

2009 (78.4)
122 (4.8)
43 (1.7)
388 (15.2)
146 (5.7)3

743 (52.8)
136 (9.7)
149 (10.6)
378 (26.9)
47 (3.3)

26 (61.9)
3 (7.1)
0
13 (31.0)
2 (4.8)

2778 (69.3)
261 (6.5)
192 (4.8)
779 (19.4)
195 (4.9)

Age, yr (mean ± SD)
Gender
Male
Female
Ethnicity
Han
Urghur
Hui
Other
Domicility
Urban/suburban
Rural
Alcohol consumption
Medical complications
Diabetes
Liver gallstones
Alcoholic liver disease
Respiratory disease
Coronary artery disease
Hepatic complications2
Hepatic cirrhosis
Jaundice
Ascites
Gastrointestinal bleeding
Hepatocellular carcinoma
Hepatic encephalopathy
HBV vaccination status
Never
Childhood
Adult
Unknown
Pregnant
1

One patient had HDV infection; 2Includes previous complications (3 years prior to at diagnosis) and complications occurring after diagnosis; 3Number
includes 1 patient of unknown pregnancy status.

4010 patients were enrolled in the study, including 2562
with HBV infection and 1406 with HCV infection and 42
with HBV and HCV co-infection.
Statistical analysis
Data were displayed descriptively for each patient group.
Continuous variables were described as numbers, medians, minimum and maximum values, and means ± SD.
Categorical variables were described as numbers and
percentages for each modality. Two-sided 95%CI were
calculated for prevalence data.
Data monitoring and analysis, including confirmation
of eligibility and adherence to the study protocol, were
conducted by an independent contract research organization and approved by the principal investigator.

RESULTS
Patient demographics and clinical characteristics of the
hepatitis virus infections
A total of 4010 patients (mean age, 41.4 years; range,
18-89 years) who met the inclusion/exclusion criteria and
agreed to participate were enrolled in the study (Table
1). HBV infection (without HCV) was present in 2562
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patients (63.9%), HCV infection (without HBV) in 1406
(35.1%), and co-infection with both HBV and HCV in 42
(1.0%). One HBV-infected patient (0.02%) had hepatitis
D virus co-infection, and 8 (0.2%) were human immunodeficiency virus (HIV)-positive, 7 of whom had HCV
infection and 1 HBV infection.
Patients with HCV infection tended to be slightly
older than those with HBV infection (mean, 46.9 vs 38.3
years) and were more commonly female (53.6% vs 33.8%)
(Table 1). The majority of patients were of Han ethnicity (91.6%), and most lived in urban or suburban areas
(76.7%). The proportion who were of Urghur ethnicity
was much higher in patients with HCV infection than in
those with HBV infection (9.0% vs 1.0%, respectively).
Medical complications were present in 18.4% of the total
population. The patients’ vaccination histories indicated
that 165 (6.4%) HBV-infected patients had received HBV
vaccination, most commonly in childhood (Table 1).
The median duration of documented HBV infection was 7.5 years [range, 0-46.6 years; interquartile range
(IQR), 2.7-13.8 years], which was longer than that of
documented HCV infection, which was 1.8 years (range,
0-28.7 years; IQR, 6.3 mo to 4.8 years). Although around
75% of the patients had medical insurance, 87% self-paid
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potential routes of HBV infection
Unknown

48.1%
13.9%

Vertical transmission
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Infected from sexual contact
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4.5%

Blood transfusion exposure
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Others*

3.8%
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*Others include skin perforation/tattoo, occupational exposure, acupuncture, etc .
potential routes of HCV infection
Blood transfusion exposure

65.4%
21.0%

Unknown
5.3%

Surgery/medical care (other than dialysis)
Skin perforation/tattoo

2.1%

Intravenous drug injection

1.7%

Needling (non-occupational exposure)

1.2%
3.3%

Others*
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*Others include dialysis, close living with an infected person, occupational exposure, infected from sexual
contact, vertical transmission and acupuncture

Figure 1 Most likely routes of hepatitis B virus/hepatitis C virus infection in the analyzed patient population (n = 4010).

to cover outpatient treatment costs.
Potential routes of infection and hepatic complications
In response to questioning regarding the most likely route
of acquiring the infection, 1231 HBV-infected patients
(48.1%) and 295 HCV-infected patients (21.0%) were
unable to answer this question. Among patients who did
answer, blood transfusion/exposure was the most likely
route of infection in HCV-infected patients (65.4%),
while in HBV-infected patients, vertical transmission and
infection from a family or sexual contact were the most
likely routes of infection (13.9% and 12.1%, respectively)
(Figure 1).
Cirrhosis was the most frequent hepatic complication, presenting in 12.2% of patients overall, one-third
of them within 3 years prior to or at diagnosis. Cirrhosis
was slightly more common in patients with HCV infection than in those with HBV infection (12.8% vs 11.8%,
respectively). HCC and hepatic encephalopathy were detected in 0.6% and 0.4% of patients overall (Table 1).
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Laboratory assessments
Results of the most recent laboratory tests in the study
population indicated that HBeAg and HBeAb were positive in 45.5% and 50.4% of HBV-infected patients with
test records, respectively (Table 2); the median time from
performance of these tests to the index outpatient visit
was 0.5 mo (IQR, 0-4.1). More than half of the patients
(55.9%) had positive HBV DNA test results in the most
recent tests.
In patients with HCV infections, the most recent
HCV polymerase chain reaction (PCR) test results were
positive in 99.3% (1366/1375) (Table 3), and the median
time from this test to the study visit was 1.3 mo. Liver
function tests [alanine aminotransferase (ALT) and aspartate aminotransferase (AST)] were abnormal in onethird of HBV- or HCV-infected patients, the proportions
being slightly higher in patients with HCV infection
and highest in patients with HBV/HCV co-infection
(Tables 2 and 3). Around 30% of patients had never had
an α-fetoprotein (AFP) test. Among those who did, the
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Table 2 Laboratory assessments and anti-hepatitis B virus
treatments administered to patients with hepatitis B virus
infection, and the responses to treatment n (%)

Laboratory assessments:
HBsAg positive1
HBeAg positive1
HBeAb positive1
HBV DNA positive1
ALT abnormal
AST abnormal
AFP abnormal
Received antiviral treatment
Latest antiviral therapies
Interferon (IFN)
PEG-IFN
Lamivudine
Telbivudine
Adefovir dipivoxil
Entecavir
Duration of completed treatment,
months, median (IQR)
Responses to treatment
Virological response2
Biochemical response3
Serological response4
Treatment status5
Sustained response6
Virological breakthrough

HBV
(n = 2562)

HBV and HCV
(n = 42)

2195/2207 (99.5)
971/2137 (45.4)
1056/2092 (50.4)
1278/2286 (55.9)
944 (36.8)
740 (28.9)
142/866 (16.3)
1490 (58.2)
(n = 1490)
109 (7.3)
99 (6.6)
467 (31.3)
238 (16.0)
691 (46.4)
230 (15.4)
(n = 1309)
11.2 (0-187.8)
(n = 801)
645 (80.5)
465 (58.1)
105 (13.1)

32/35 (91.4)
5/34 (14.7)
26/32 (81.3)
313/38 (34.2)
19 (45.2)
16 (38.1)
4/22 (18.2)
22 (52.4)
(n = 22)
2 (9.1)
14 (63.6)
4 (18.2)
1 (4.5)
4 (18.2)
2 (9.1)
(n = 21)
7.8 (0.6-69.6)
(n = 12)
11 (91.7)
5 (41.7)
2 (16.7)

5/38 (13.2)
20/801 (2.5)

0
0

Table 3 Laboratory assessments and anti-hepatitis C virus
treatments administered to patients with hepatitis C virus
infection, and the responses to treatment n (%)

Laboratory assessments:
HCV PCR positive1
ALT abnormal2
AST abnormal2
AFP abnormal
Received antiviral treatment
Number of treatments
First
Second
Third
Antiviral agents used in first-time
antiviral treatments
Interferon (IFN)
PEG-IFN
Ribavirin
Duration of completed treatment,
months (median, range)
Responses to treatment3
Quick response4
Early response5
Response at end of treatment6
Sustained response7
No response

HCV and HBV
(n = 42)

1366/1375 (99.3)
575 (40.9)
499 (35.5)

38/40 (95.0)

86/486 (17.7)
936 (66.6)
(n = 936)
751 (80.2)
140 (15.0)
45 (4.8)
(n = 750)

22 (52.4)
(n = 23)
20 (87.0)
3 (13.0)
0
(n = 20)

232 (30.9)
514 (68.5)
702 (93.6)
(n = 277)
11.8 (0.1-139)

5 (25.0)
15 (75.0)
15 (75.0)
(n = 3)
11.9 (5-11.9)

125/425 (29.4)
126/349 (36.1)
38/276 (13.8)
24/121 (19.8)
20/276 (7.2)

4/10 (40.0)
2/6 (33.3)
2/5 (40.0)
0
0

1

1

Patients with records from the most recent tests; 2Includes HBV DNA
not detected or below lower limit of detection, or HBV DNA decreased
by ≥ log10 IU/mL vs baseline; 3ALT and AST returned to normal;
4
Includes HBeAg negative or seroconversion and HBsAg negative or
seroconversion; 5Excludes patients in whom treatment was terminated
and patients not yet evaluated due to ongoing treatment; 6Sustained
response: patients who achieved and had a sustained response for at
least 6 mo after completing therapy. AFP: a-Fetoprotein; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; HBeAb: Hepatitis
B e antibody; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface
antigen; IQR: Interquartile range; NA: Nucleos(t)ide analog; PEG-IFN:
Pegylated interferon.

AFP result was abnormal in 16.9% of patients (232/1374)
overall (16.3%, 17.7% and 18.2% in patients with HBV
infection, HCV infection, and HBV/HCV co-infection,
respectively) (Tables 2 and 3).
Genotyping
HBV DNA typing was performed in 46 HBV-infected
patients (1.8%), 26 of whom (56.5%) demonstrated type
B, 18 (39.1%) type C, and 2 (4.3%) type G. In HCVinfected patients, the HCV genotype was determined in
144 (10.2%), 82 of whom (56.9%) demonstrated type 1,
30 (20.8%) type 2, 20 (13.9%) type 3, and 12 (8.3%) type 6.
Ultrasound, biopsy and fibrosis assessments
Ultrasound assessments were performed relatively frequently in both HBV- and HCV-infected patients (43.1%
of patients overall). Liver cancer was suspected or detected in 39 of the 1729 patients who underwent ultrasound assessments (2.3%). Slightly higher proportions of
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HCV
(n = 1406)

Results were unknown or unchecked for 2.2% of patients; 2Results were
unknown or unchecked for 10.8%-18.4% of patients; 3Excludes patients
in whom treatment was terminated early and patients not yet assessed
due to ongoing treatment; 4Quick response (HCV RNA negative on PCR
after 4 wk of treatment): calculated in patients who had received at least
4 wk therapy; 5Early response (HCV RNA negative on PCR negative or
decreased by ≥ 2 log10 (IU/mL) after 12 wk of treatment): calculated in
patients who had received at least 12 wk therapy; 6Response rate at end
of treatment: the proportion of the patients who had received at least
24 wk therapy achieved response; 7Sustained response: patients who
had a sustained response for at least 24 wk after completing therapy.
AFP: a-Fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; PCR: Polymerase chain reaction; PEG-IFN: Pegylated
interferon.

patients with HCV infection and HBV/HCV co-infection
had evidence of liver cancer in comparison with patients
with HBV infection (3.0% and 7.1% vs 1.9%, respectively).
Biopsy data were only available for 54 patients (1.3%
of the study population), including 47 HBV-infected patients, 6 HCV-infected patients, and 1 with HBV/HCV
co-infection. Non-invasive methods for assessing liver
fibrosis, principally Fibroscan®, were employed in 13.3%
of patients (534/4010).
Treatments administered and responses
Anti-HBV treatments (Table 2): At the time of the study
visit, slightly over half of the patients with HBV infection (1490; 58.2%) had previously received antiviral treatments; 80.5% (1199/1490) of these patients had only
ever received nucleos(t)ide analogs (NAs), while 19.5%
(291/1490) had received interferon (IFN) regimens (including pegylated interferon [PEG-IFN]) or IFN + NA
therapy. More than half of the treated patients had received adefovir dipivoxil (52.3%; 780/1490), while 40.1%
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Percentages of patients hospitalized in the previous 12 mo
related to HBV/HCV infections
30

Percentage of patients

25

Hospitalizations:
2 or more times
1 time

24.3%
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15
11.0%
10
5
0

HBV only

HCV only

Figure 2 Percentages of patients with hepatitis B virus or hepatitis C
virus infection hospitalized in the previous 12 mo related to hepatitis B
virus/hepatitis C virus infections.

(598/1490) had received lamivudine.
Analysis of the most recent (176; 11.8%) or ongoing
(1314; 88.2%) antiviral treatments received indicated that
86.1% (1283/1490) of those who had been prescribed
anti-HBV therapy were receiving NA monotherapy,
8.9% (132) were receiving IFN monotherapy, and 5.0%
(75) were receiving IFN and NA combination therapy.
The most commonly used NAs were adefovir dipivoxil
(46.4%) and lamivudine (31.3%) (Table 2). The median
duration of treatment in 161 patients who had completed
their antiviral treatment was 1 year (range, 0-8 years).
Of the 1380 patients who were prescribed antiHBV medications at the index outpatient visit, 88.6% (n
= 1222) continued on their present treatments without
modification, 3.3% (n = 45) had dosage or medication
changes, and 8.2% (n = 113) had anti-HBV treatment
prescribed for the first time at this visit.
Treatment responses were evaluable in 801 HBV-infected patients (53.8%) who received antiviral treatment.
A virological response [HBV DNA undetectable or decreased by ≥ log10 (IU/mL) vs baseline] was achieved
in 80.5% of these patients, a biochemical response (AST
and ALT levels returned to normal) in 58.1%, and a
serological response (HBeAg or HBsAg negative or seroconversion) in 13.1%. A sustained virological response
was noted in only 5 of 38 patients (13.2%) who were
followed for at least 6 mo after completing therapy, while
relapse of HBV infection occurred in 11 of 73 patients
(15.1%) who had completed treatment and were evaluated, failure of primary treatment occurred in 8 of 542
patients (1.5%) who had received antiviral therapy for at
least 6 mo, and virological breakthrough occurred in 20
of 801 patients who were evaluated (2.5%).
Anti-HCV treatments (Table 3): Two-thirds of the
patients with HCV infection (n = 936; 66.6%) had previously received anti-HCV therapy, the majority of whom (n
= 751; 80.2%) had received 1 course of antiviral therapy,
while 140 (15.0%) had received 2 courses, and 45 (4.8%)
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had received 3 courses. The most commonly prescribed
anti-HCV agents were ribavirin + PEG-IFN or ribavirin + conventional IFN. Ribavirin + PEG-IFN was
prescribed for 66.4% (498/750), 70.7% (99/140), and
73.3% (33/45) of patients for the first, second, and third
treatment courses, respectively, and conventional IFN
was prescribed for 30.9% (232/750), 28.6% (40/140),
and 20.0% (9/45) of patients for the first, second, and
third treatment courses, respectively. In patients who had
completed their antiviral treatment (n = 277), the median
duration of treatment was 1 year (range, 0-11.6 years).
Among 674 patients who were prescribed anti-HCV
medications at the index outpatient visit, 86.5% (n = 583)
continued on their present treatment without modification, 4.2% (n = 28) had dosage or medication changes,
and 4.5% (n = 63) had anti-HCV treatment prescribed
for the first time at this visit.
Among evaluable patients, 29.4% demonstrated a
quick response (HCV RNA negative on PCR after 4 wk
of therapy), 36.1% had an early response [HCV RNA
negative on PCR or decreased by ≥ 2 log10 (IU/mL)
after 12 wk], and 19.8% had a sustained response after 24
wk (Table 3). However, 7.2% of patients had no response.
Other treatments
Traditional Chinese herbal medicines were taken by
40.7% of patients (1632/4010) overall (48.3% of those
with HBV infection and 27.0% of those with HCV infection), while 15.8% (635/4010) took other Chinese traditional medicines (other than herbs), and 2.7% (108/4010)
took vitamin preparations.
Hospitalizations
In the 12 mo prior to the study, a total of 770 patients
(19.2%) had been hospitalized 1 or more times. Individuals with HCV infection or HBV/HCV co-infection were
2 or 3 times more likely to be hospitalized due to their
infections than those with HBV infection (24.3% and
35.7% vs 11.0%, respectively). Percentages of patients
who were hospitalized once and 2 or more times related
to HBV/HCV infections are shown in Figure 2. The median duration of hospitalization in the total study population was 14 d (range, 2-90 d).

DISCUSSION
Despite its short-term observational nature, this crosssectional study provides important real-time data on the
clinical characteristics of hepatitis infections in outpatients and on current management practice in China. Although numerous studies of the outcome of treatments
for HBV/HCV infections have been conducted in China,
few studies have attempted to profile the clinical characteristics of patients with these infections or patients’
acceptance of and responses to the antiviral treatments
administered. Consequently, the data obtained are valuable in helping to understand how patients are currently
being managed in China, and where efforts to improve
the overall quality of management need to be directed.
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The HBV-infected patients in this study had a longer
duration of disease from the time of diagnosis (median, 7.5 vs 1.8 years) but a lower average age (38.3 vs
46.9 years) compared with the HCV-infected patients,
in agreement with other studies that have generally described HCV patients as being older[20,21]. Liver cirrhosis
was the most frequent complication in the patients we
studied, and one-third of the cirrhosis cases were identified either before or at diagnosis, which suggests that
some patients did not have a timely diagnosis. As current
guidelines recommend screening for HBV infection in
high prevalence countries, and screening for HCV infection in high-risk populations[17,19], establishing an effective
routine screening program for HBV or HCV infections
could benefit the patients’ prognoses (since this is influenced by early diagnosis and treatment), and also help to
reduce disease transmission.
Although the likely route of transmission was unclear
in a proportion of patients, particularly those with HBV
infection, the transmission routes that were recorded were
similar to those reported in other studies, in that HBV
infection was principally transmitted by perinatal, percutaneous and sexual exposure, whereas HCV infection was
mainly caused by exposure to infectious blood[17,19]. Intravenous drug use and skin perforations/tatoos were identified as potential routes of infection in only 1.7% and 2.1%
of HCV-infected patients, respectively.
The proportion of patients in whom genotyping was
performed was much higher in HCV-infected patients
than in HBV-infected patients (10.2% vs 1.8%, respectively), probably because knowledge of the HCV genotype is
helpful to guide antiviral treatment, but the proportion in
whom HCV genotyping was performed was significantly
lower than expected. The current guideline[19] recommends that HCV RNA should be determined by a highly
sensitive quantitative assay shortly before or at the initiation of treatment, and thereafter at week 12 of therapy
so that treatment can be adjusted according to both the
response and the individual genotype. Our findings indicate that HCV genotyping is, to some extent, neglected in
clinical practice in China and that more attention needs
to be paid to such testing. The predominant genotypes in
the HCV-infected patients in our study were genotype 1
(56.9%) and genotype 2 (20.8%), which was similar to the
findings of previous studies[22,23].
Biopsies can help to assess the degree of the liver
damage and make decisions on therapy, and current guidelines recommend biopsies in patients who do not meet
clear-cut guidelines for treatment[15,17,19]; however, patients
are often reluctant to accept a biopsy in China because
of its invasive nature, and the proportion of patients in
this study who had ever received a liver biopsy was only
1.3%. In patients who do not agree to undergo a biopsy,
noninvasive tests are useful in defining the presence or absence of advanced fibrosis in those with chronic hepatitis
infection[19], and these tests have become more practical
in clinical practice in China, although it is appreciated that
non-invasive tests should not replace liver biopsies in rou-
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tine clinical practice. Our data indicate that the proportion
of patients who underwent non-invasive tests to assess
fibrosis (principally Fibroscan®) was only 13.3%, and this
test should have been more widely used.
In terms of antiviral treatment, our study showed that
around 58% of HBV-infected and 67% of HCV-infected
patients had received or were receiving ongoing antiviral
treatment. In comparison, a study conducted in Belgium
found that 25% of HBV carriers and 54% of newly diagnosed patients with HCV infection were receiving antiviral
therapy[20]. In the United States, another study reported that
antiviral therapy was being received by 57.9% of HBVinfected patients and 79.9% of HCV-infected patients[24].
In HBV-infected patients who were receiving antiviral
treatment, nucleos(t)ide analogs (NAs) were the most
commonly used antiviral agents for ongoing therapy;
adefovir dipivoxil was received by 46% of patients and
lamivudine by 31%. In comparison, conventional IFN or
PEG-IFN was received by only 14%. The higher proportion of NA use is probably due to their greater convenience and better tolerability, which makes them more
easily accepted by both patients and clinicians. However,
NAs do have some shortcomings such as the requirement for life-time use and the emergence of resistance.
Moreover, they have been associated with a lower HBe
seroconversion rate than IFN in clinical trials[18]. Only
around 54% of our HBV-infected patients who were receiving antiviral therapy were evaluable for treatment responses, but the remainder were not able to be evaluated,
mainly because their treatment course was still ongoing
and they hadn’t reached the right time to evaluate their
treatment or they might not have been evaluated on time.
On the basis of the most recent evaluation, 58% of
HBV-infected patients in this study achieved normal
ALT/AST levels; 80% had undetectable HBV DNA or a
decrease of ≥ log10 (IU/mL), and 13% had a serological response, which are slightly lower response rates than
those reported in clinical trials[18]. These lower response
rates could be explained by the real-life nature of this
study. Firstly, real-life populations are much more complex than those in clinical trials, and secondly, many other
factors that may impact on efficacy are not as strictly
controlled as in clinical trials, such as the treatment duration, dosages of antiviral agents, and adherence to
treatment. In addition, adefovir dipivoxil, which had the
highest usage rate in our study, has been associated with
the lowest treatment response rates[18], and the proportion of patients who were receiving IFN was very low.
We also noted that the sustained response rate (i.e., in
patients who were followed for at least 6 mo after completing their course of treatment) was only 13%, which
was lower than expected, as previous reports from clinical trials have indicated that the sustained response rate
at 6 mo post-treatment was 31% to 45% for PEG-IFN
therapy and 17% to 31% for lamivudine monotherapy,
and sustained response rates at 12 mo to 2-5 years were
only slightly lower[25-27].
In HCV-infected patients, PEG-IFN + ribavirin is
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recommended as the standard therapy[19]. In our study,
the proportion of HCV-infected patients receiving PEGIFN + ribavirin for first-time therapy was around 66%,
and the proportion receiving conventional IFN + ribavirin was around 31%. In patients receiving treatment who
were able to be evaluated, a quick response at 12 wk was
achieved in 30%, an early response at 24 wk was achieved
in 36%, and a sustained viral response (SVR) was achieved
in only 20% of the patients who had a response at the
end of treatment and were followed for at least 24 wk. In
clinical trials, an SVR at 48 wk of treatment of 53% to
56% for PEG-IFN + ribavirin and 30% to 40% for conventional IFN + ribavirin has been reported[28]. The reason for the lower response rates to anti-HCV treatment
in our real-life population is largely related to the fact that
around one-third of the patients received conventional
IFN instead of PEG-IFN because of its lower cost.
Except for the reasons cited above, we did not perform assays for HBV or HCV in this study, and this may
have impacted on the quality of treatment monitoring
and influenced the evaluation of treatment and the strategies employed, such as whether to discontinue treatment
at appropriate time according to test results.
Around 20% of the HBV- or HCV-infected patients
in our study had hepatitis-related hospitalizations within
the previous 12 mo. Notably, one-fifth of HCV-infected
patients who had ever been hospitalized had multiple
hospitalizations in the previous year. The median duration of hospitalization was 2 wk on each occasion. Our
data also showed that although 75% of the patients in
the study had medical insurance, the average self-pay rate
for HBV or HCV treatment in outpatient departments
was 87%, which reflects the heavy burden of HBV/HCV
infections to both individual patients and society.
This observational, real-life study has identified some
gaps between clinical practice and guideline recommendations in China. In order to achieve better health outcomes, several improvements need to be made to align
clinical practice more closely to treatment guidelines, including: (1) routine screening for HBV/HCV infections
so that patients are diagnosed earlier; (2) more thorough
evaluation of HBV/HCV-infected patients tests, such as
implementing fibrosis evaluations, genotype testing, and
biochemical assessments to guide the therapeutic strategy;
and (3) considering the use of more effective or recommended agents for both anti-HBV and anti-HCV therapy
and adjusting treatments according to the response.
Our study has some limitations including the fact that
information on previous treatments and tests were collected from outpatient records, and some data may therefore
have been missed due to incomplete or lost medical records. Also, in the overall assessment of disease management, we did not analyze the data for various subgroups
of patients, and this could be undertaken in future studies.
In conclusion, the findings of this study from the
western region of China provide the basis for a national
longitudinal study to better characterize the clinical and
treatment profiles of patients with HBV and HCV infection, and facilitate development of improved public
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health practice. Among the 4010 patients who were
selected for inclusion in the study, analysis of disease assessment procedures and the treatments administered revealed limitations in the current management of patients
with these infections that departed from current AsiaPacific and international guideline recommendations.
These limitations need to be addressed, e.g., by paying
more attention to the monitoring of patients, using more
effective agents for treatment, and screening patients for
HBV/HCV infections in order to improve health outcomes and reduce the burden of these diseases.
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COMMENTS
Background

Hepatitis B and hepatitis C caused by infection with the hepatitis B virus (HBV)
and hepatitis C virus (HCV), respectively, remain serious health problems worldwide. In China, about 30 million people are chronically infected with HBV, and
around 300000 die from HBV-related diseases every year. Likewise, the burden
of HCV infection is also significant in China. A nationwide survey conducted in
1992 estimated the prevalence of HCV infection at 3.2%. Following acquisition
of HCV, chronic infection develops in 75%-85% of infected individuals, and in
these patients, cirrhosis develops in up to 20%. In patients with HCV-associated
cirrhosis, hepatocellular carcinoma develops in 3%-4% each year.

Research frontiers

In view of the major socioeconomic consequences of HBV and HCV infection, identifying patient characteristics and current treatment practice for these
diseases assumes major importance for improving the quality of treatment and
public health practices in controlling them. The objective of this multicenter,
cross-sectional, outpatient study was to provide important information on patients with HBV or HCV infections in China to identify gaps in their management
and whether treatment practices differ from Asia-Pacific and international guideline recommendations.

Innovations and breakthroughs

Despite its short-term, observational nature, the study provides important realtime data on the clinical characteristics of hepatitis infections in Chinese outpatients and on current management practice in China. Although numerous studies of the outcome of treatments for HBV/HCV infections have been conducted
in China, few have attempted to profile the clinical characteristics of patients
with these infections or patients’ acceptance of and responses to the antiviral
treatments administered. Consequently, the data obtained are valuable in
helping to understand how patients are currently being managed in China, and
where efforts to improve the overall quality of management need to be directed.

Applications

The study’s findings point to a number of improvements that need to be made
to align clinical practice more closely with current treatment guidelines for HBV
and HCV infections. These include: (1) routine screening for infections so that
patients are diagnosed earlier; (2) more thorough evaluation of HBV/HCVinfected patients, such as implementing fibrosis evaluations, genotype testing,
and biochemical assessments to guide the therapeutic strategy; and (3) considering the use of more effective antiviral agents for both anti-HBV and anti-HCV
therapy and adjusting treatments according to the response.

Peer review

This is an interesting study with a large cohort of patients.
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estimated every 15 min from computed antral surfaces
and weight according to the formula of Perlas et al (Anesthesiology, 2009). Colonoscopy was performed within
the 6 h following the last intake.

Abstract

Core tip: Gastric emptying have never been evaluate
prior colonoscopy. An evaluation by ultrasound prior
colonoscopy appeared has an easy tool to identify complete gastric emptying and will allow anesthesiologist to
perform sedation.

AIM: To investigate the gastric emptying after bowel
preparation to allow general anaesthesia.
METHODS: A prospective, non-comparative, and nonrandomized trial was performed and registered on
Eudra CT database (2011-002953-80) and on www.
trial.gov (NCT01398098). All patients had a validated
indication for colonoscopy and a preparation using
sodium phosphate (NaP) tablets. The day of the procedure, patients took 4 tablets with 250 ml of water
every 15 min, three times. The gastric volume was

WJG|www.wjgnet.com

RESULTS: Thirty patients were prospectively included
in the study from November 2011 to May 2012. The
maximum volume of the antrum was 212 ml, achieved
15 min after the last intake. 24%, 67% and 92% of
subjects had an antral volume below 20 ml at 60, 120
and 150 min, respectively. 81% of patients had a Boston score equal to 2 or 3 in each colonic segment. No
adverse events leading to treatment discontinuation
were reported.
CONCLUSION: Gastric volume evaluation appeared to
be a simple and reliable method for the assessment of
gastric emptying. Data allow considering the NaP tablets bowel preparation in the morning of the procedure
and confirming that gastric emptying is achieved after
two hours, allowing general anaesthesia.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colonoscopy; preparation; ultrasound; gastric emptying
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INTRODUCTION
Colonoscopy is the gold standard procedure for the
detection of polyps and colorectal carcinoma. Bowel
preparation is a key factor of high quality colonoscopy[1].
Historically, bowel-cleansing methods consisted of dietary restrictions, oral cathartics and additional cathartic
enemas[2]. These preparations have been considered to
be effective for colonic cleansing for colonoscopy[3]. Despite their proven efficacy, recent data identified a lack of
oral intake in patients resulting in up to 10% of patients
requiring repeat colonoscopy due to insufficient bowel
preparation[1]. Consensus recommendations on bowel
preparation have been made[4] and identified that with
polyethylene glycol (PEG) up to 15% of patients did not
complete the preparation because of poor palatability
and/or large volumes to be ingested[5,6].
In the recent years, new colon cleansing preparations
have been developed to give an alternative to 4 L of
PEG. The most commonly used are osmotic laxatives,
which include sodium phosphate tablets[2]. They act by
increasing colon water content by attracting extracellular
fluid efflux through the bowel wall. Commercially available preparations with sodium phosphate are given in
two doses of tablets or bottles over at least 6-12 h. The
second dose is taken at least 4 h before the colonoscopy.
Anaesthetists require the final dose to be consumed
at least 4 h in advance to prevent aspiration pneumonia
during general sedation[7]. In western countries colonoscopies are performed using propofol sedation which does
not influence gastric emptying[8]. Fasting by reducing the
residual volume of food or liquid within the stomach is
thought to reduce the risk of regurgitation and aspiration
of gastric contents during a procedure[7]. Meta-analysis
of randomized controlled trials comparing fasting times
of 2-4 h vs more than 4 h, report smaller gastric volumes
in patients given clear liquids 2-4 h before a procedure[9].
The gastric residual volume is reduced to approximately
20 mL following a 2 h fast and is not reduced further
by an additional 10 h of fasting[10]. The ASA guidelines
indicate that patients should fast a minimum of 2 h for
clear liquids and 6 h for a light meal prior to sedation[9].
Therefore, we explored the gastric emptying in patients
over time receiving sodium phosphate tablets prior to
colonoscopy.

MATERIALS AND METHODS
A prospective, non-comparative, non-randomized open
label trial was performed. Full ethical approval for the
study was obtained from the local institutional review
board. The study was approved by an Independent Ethics Committee, (CPP “Ile-de-France III”), the French
competent health authorities (the AFSSAPS, “Agence
française de sécurité sanitaire du médicament et des
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produits de santé’’, which became Agence Nationale de
Securité du Médicament et des Produits de Santé, ANSM)
and was registered on EUDRA CT database (Eudra CT
2011-002953-80) and on www.trial.gov (NCT01398098).
Patients undergoing total colonoscopy for screening
or surveillance colonoscopy from November 2011 to
May 2012 were selected for inclusion in the study. Signed
informed consent was always required before any study
procedure. All patients included in the study were aged
from 18 to 75 years, scheduled as outpatient for a colonoscopy, able to swallow tablets and presented no contraindication for sodium phosphate such as renal failure or
inflammatory bowel disease. Exclusion criteria were pregnancy, allergy or hypersensitivity to the product or to one
of its excipient, nausea, recurrent vomiting, abdominal
pain, diabetes mellitus (insulin-dependent or non-insulin
dependent) or an history of gastric surgery. The study
size was limited to thirty patients to confirm the feasability of the technique.
All patients received 32 tablets of sodium phosphate
bowel preparation (NaP, Colokit©) in total before colonoscopy. Each tablet contains monobasic monohydrate
sodium phosphate (1102 mg) and dibasic anhydrous sodium phosphate (398 mg). Preparation was standardized
as following: The day before the examination, intakes
were restricted to a light, low-fibre breakfast (tea or coffee with or without sugar, light rusk-like toast, butter or
similar spread, jam, marmalade or honey). After midday,
only clear liquids were allowed (water, clear soup, diluted
fruit juice, black tea or coffee, clear fizzy or still soft
drinks). In addition, the evening before the examination,
patients had to take four NaP tablets with 250 mL of
water (or another clear liquid) every 15 min, repeated a
further 4 times for a total of 20 tablets. On the day of
the examination, patients were hospitalized in the outpatient unit for the second phase of the colon preparation
with a 4 tablets of NaP intake every 15 min, in addition
to 250 mL of water (or another clear liquid), repeated
another two times under the same conditions, i.e.,12 tablets in total.
Measurement of gastric emptying was performed by
antral diameters measurements using a digital abdominal
ultrasound scanner as previously published[11]. Briefly,
ultrasonographic views of the antrum were obtained
using a sixth generation electronic convex probe (Hitachi Medical Systems, Platform Concept 5500) with
transmission frequency (2.5-5 MHz) and high bandwidth
(2-6 MHz). Images were obtained between peristaltic
contractions with the stomach at rest prior to oral intake
and every 15 min for 150 min (Figure 1). The antrum
was imaged in a parasagittal plane of the epigastric area
in patients in the right lateral decubitus position (Figure
2). Three measurements were performed at each time
for the quantitative evaluation of the study. The cross
sectional area (CSA) of the antrum was calculated according to the formula previously used by Bolondi et
al[12] using two maximum perpendicular diameters representing the surface area of an ellipse (Figure 3). The
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Figure 1 Protocol schedule the day of the colonoscopy. NaP: Sodium phosphate bowel preparation.
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B

Figure 2 Measurement of the surface antral by ultrasonography in a patient in right lateral position at baseline. A: Measurement after 12 h of gastric rest; B:
Measurement after the ingestion of 750 mL water plus 12 tablets of NaP in 45 min showing a distortion of the antrum. NaP: Sodium phosphate bowel preparation.
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Volume (mL) = -372.54 + 282.49 × log (CSA) - 1.68 × Weight

Figure 3 Ultrasound method of assessing gastric emptying time based on measurements of gastric antrum. CSA: Cross sectional area.

antral cross-sectional area is linearly correlated with the
gastric volume up to 300 mL; hence it is a reliable and
reproducible method to study gastric emptying[11]. The
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principal parameter was the percentage of subjects with
antral residual volume less or equal to 20 mL, which
defines an empty stomach, at different times after the
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RESULTS

Table 1 Patients’ characteristics at baseline - intention to treat
population

Patients’ characteristics
Thirty patients were included in the present study while
three subjects were excluded from the ITT population
(ITT, n = 27) - two subjects were not exposed to the
drug and failed to complete the course of tablets. Patients’ characteristics are included in Table 1. Reasons for
colonoscopy included a personal history of polyps (44%),
anaemia or a gastrointestinal bleeding (22%), and a family
history of colorectal cancer (19%). Patients were also taking medications for diseases of the cardiovascular system
(41%), the alimentary tract (22%) and the nervous system
(18%). The median time between the first intake and the
beginning of the second sequence was 16.3 h (range:
11.9-18.7 h). The mean time between the last intake of
NaP tablets and the procedure was 4.1 ± 1.0 h.

Total, n = 27
Age (yr)
Median (Min - Max)
Gender
Male/Female (%)
Weight (kg)
Median (Min - Max)
Body Mass Index (kg/m²)
Median (Min - Max)
< 18.5 kg/m²
18.5-25 kg/m²
25-30 kg/m²
> 30 kg/m²
Smoking status (%)
Never smoke
Former smoker
Smoker
Preparation quality1 (%)
Excellent (score = 8/9)
Good (score = 7)
Medium (score = 6)
Insufficient (score ≤ 5)
Caecal Intubation (%)
Colonoscopy results (%)
Normal colonoscopy
Polyps
Diverticula
Ulcerations
Others anomalies
Number of detected sessile and/or Flat plans polyps
which were detected
Right colon
Transverse colon
Left colon and rectum

51 (31-73)
56/44
73 (48-110)
25.1 (20.2-34.7)
0
13
13
1
33
38
29

Preparation and colonoscopy procedure
The acceptability of the preparation was high as 93% and
100% of the patients considered the intake of the 32 tablets and the total quantity of liquid easy to take, respectively. The good quality of bowel preparation, defined as
BBPS score ≥ 7, was obtained for more than 65% of the
subjects and an insufficient preparation was observed in
15% (Table 1). 81% of subjects had a BBPS score ≥ 2 in
each segment. There was no need for additional cleaning
for approximately two-third of subjects (70%). The mean
duration of the colonoscopy was 33.1 ± 8.7 min. The
mean time of withdrawal was 15.9 ± 4.4 min. All colonoscopies reached the caecum and anomalies, mainly polyps,
were found in 85% of patients (Table 1).

50
15.4
19.2
15.4
100
14.8
78.3
26.1
8.7
30.4

55
11
29

1

Boston Bowel Preparation Scale Score.

second sequence of NaP intake.
All explorations were performed with a Fujinon
EC530WM colonoscope by trained endoscopists. Endoscopies were performed using total intravenous anesthesia
with propofol. A colonoscopy was defined as incomplete
when there was no visualization of anatomic features,
such as the ileocecal valve, appendiceal orifice, ileocolonic
anastomosis or terminal ileum, as previously described[13].
The good quality of bowel preparation was defined as a
global Boston Bowel Preparation Scale (BBPS) score ≥ 7,
as previously published[14].
Statistical analysis
Descriptive statistics (group size, mean, standard deviations, median, ranges, and 95%CI) were used to report
patients’ baseline characteristics. The analyses of primary
and secondary objectives were conducted on the intention to treat (ITT) population. Comparisons between
ultrasonographic examinations were performed by the
Fisher exact test, the χ 2 test with Yates correction, or the
Wilcoxon test when appropriate. A p value of < 0.05 was
considered statistically significant.

WJG|www.wjgnet.com

Gastric volume ultrasound evaluation
Patients with an antral volume less than or equal to 20
mL increased from 12% at 30 min, corresponding to the
last intake, to 92% at 150 min (Figure 4A). Thirty minutes
after the last intake of 4 NaP tablets (60 min time), 24%
of patients had an antral volume lower or equal to 20 mL.
The mean antrum volume at 0 min was 18.8 ± 18.2 mL.
The antral volume increased until 45 min, reaching a peak
of 212.0 ± 89.1 mL, and subsequently decreasing. From
120 min (90 min after the last intake) volume values are
close to the threshold value of 20 mL (Mean: 22.7 ± 21.6
mL; Figure 4B). Male subjects tended to have a 1.5 to 3
times greater antral volume than female subjects between
time 0 and 90 min (Figure 5A). At 45 min, antral volume
in males was significantly higher than in females (291.2
± 87.0 mL vs 118.5 ± 68.8 mL, P < 0.001). Subjects with
BMI lower or equal to 25 kg/m² tended to have a slightly
greater antral volume from 45 min until 90 min than
overweight subjects but off note there was no difference
after 90 min (Figure 5B). Non-smokers tended to have a
non-significant lower antral volume than former smokers and smokers from 0 to 90 min (Figure 5C). Residual
antral volume at 120 min also tended to become lower or
equal to antral volume at baseline (22.7 ± 21.6 mL vs 18.8
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Figure 4 Evaluation of gastric volume and residual volume using ultrasonography. A: Percent of patients with a residual antral volume above 20 mL at each
time. Results are expressed in percent of the overall population (n = 27); B: Modification of the gastric volume. Results are expressed in mean ± SD of the overall
population (n = 27).
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Figure 5 Evolution of gastric volume. A: Evolution of gastric volume according to gender; B: Evolution of gastric volume according to body mass index; C: Evolution
of gastric volume according to or smoking habits; D: Gastric emptying evolution considering the time when gastric volume returns to baseline (after 12 h fasting).

± 18.2 mL, P = 0.15). At 105 min, more than half of patients (57%) had a residual volume lower or equal to their
value at baseline. This proportion constantly increased
up to 87% at 150 min (Figure 5D). Data recorded during
the study did not highlight particular safety concerns, and
no adverse events requiring to treatment discontinuation
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were reported.

DISCUSSION
Our study reports for the first time the feasibility of gastric emptying evaluation in patients undergoing colonos-
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copy. The ultrasound evaluation of the antral volume will
help physicians and anaesthetists to confirm the total gastric emptying and therefore reduces the risk of interstitial
pneumonitis.
Colonic lavage using a specific laxative in addition to
a light diet and water for 24 h on the day preceding the
investigation are advised to ensure colonic cleanliness,
guaranteeing quality of bowel preparation. In western
countries, colonoscopy is mainly performed under general
anesthesia using propofol, hence subjects should be
fasting to avoid the risk of bronchial aspiration syndrome.
A fasting period of at least 6 h is recommended for the
ingestion of a solid meal. The ASA guidelines confirms
by recommending a 6 h fasting even for light meal prior
to sedation and authorizes to reduce the period to 2 h for
clear liquids[9].
In addition our study confirms the efficacy of NaP
tablets for colonoscopy cleansing. Gastric scintigraphy
had become the reference technique for gastric emptying
evaluation but has the disadvantage of irradiation, cost,
limited availability of gamma cameras, the need for radioactive labels, and many sources of error. Gastric emptying assessed by scintigraphy were therefore not possible
in current practice. Meanwhile, the study of Benini et
al[15] in solid meal confirms that ultrasound is as good
as scintigraphy for the measurement of gastric emptying. Perlas et al[11] previously identified the bedside twodimensional ultrasonography as a useful non-invasive tool
to determine gastric content and gastric volume. In their
study, subjects were scanned either after 8 h of fasting,
after intake of up to 500 mL plus effervescent powder,
or after a standardized solid meal. Our study reinforced
the feasibility of the bedside ultrasound to evaluate the
gastric emptying before colonoscopy and identified a
25% gastric emptying at 60 min rising to 70% at 120 min
and 87% at 150 min. Recently, the ultrasound technique
was validated in patients undergoing elective surgery and
reinforced the feasibility of this technique to identify the
absence of residual gastric fluid at the time of anaesthetic induction[16]. Considering the lack of toxicity of the
bedside ultrasound and the feasibility of the technique,
ultrasound evaluation appears to be a useful technique to
confirm gastric emptying prior sedation.
So far, there is no definitive standard method for the
preoperative determination of gastric contents volume.
Studies have shown that measuring the aspirated gastric
contents to determine the gastric contents volume is an
option[17]. Considering this Bouvet et al[18] identified that
the aspirated volume of fluid gastric contents was close
to the current total fluid volume in the stomach and a
positive relationship between antral CSA and volume of
aspirated gastric contents was made. Meanwhile, Bouvet
et al[18] identified a better correlation between CSA and
volume in patients moved to the right lateral decubitus
position. In addition, Perlas et al[11] set the threshold of
volume at 52 mL which corresponds to the upper limit of
a negligible fluid volume within normal expected ranges
for fasted patients. These considerations led us to study
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two thresholds in our study: a “severe” (20 mL) threshold
value, and the broader indicated by Perlas et al[11]. In our
study, results didn’t differ from a residual value of 20 mL
than 52 mL. At 45 min, 21% and 25% of patients had a
residual volume below 20 mL or 52 mL, respectively. At
120 min, 67% and 87% of patients had a residual volume
below 20 mL or 52 mL. An easy-to-use bedside tool to
reliably assess the nature and volume of gastric contents
such as ultrasound may therefore be very useful because
of its simple implementation, its non-invasive and inexpensive nature.
In the present study, we identified no modification of
gastric emptying between patients considering BMI and
smoking activity. Patients with BMI lower or equal to 25
kg/m² have no significant differences of gastric emptying
compare to patients with BMI above 25 (Figure 5B). In
the other hand, a delayed of gastric emptying have been
identify in obese patients[19]. In our study, no obese patients (BMI > 30 kg/m²) were included and diabetes was
considered as non-inclusion criteria. Those two points
may explain the trend of gastric emptying in patients
from 25 to 30 kg/m² compare to normal BMI patients.
In our study, non-smokers tended to have a lower gastric
volume in line with a higher gastric emptying than former
smokers and smokers. It has been identified that smoking delays gastric emptying of solids, but not liquids[20]. In
our study, patients’ intake are pills for a total number of
32 and water, which may explain the tendency to a higher
gastric emptying observed in non-smokers.
In the past decade, the colonoscopy procedure has
been largely studied to improve colorectal lesions detection resulting in the identification of quality indicators
for colonoscopy procedure [1]. Despite the technique
required by the operator for colonoscopy, the success depends upon a number of factors including correct cecum
intubation, cleaning of the colon, careful mucosal inspection, and operator experience[21]. With the rapidly rising
costs of healthcare and the need to rationalize spending,
it is important to spare costly repeat procedures, as in
the cases of incomplete colonoscopy[1,22]. In our study all
patients had a complete colonoscopy with a good overall
cleansing preparation. Regarding preparations for colonic
cleansing, NaP seems to have a sufficient efficacy with
more than 80% of the patients with a satisfactory BBPS.
In a prior study, adequate cleansing of the colon occurs
in up to 80% with 4 L of PEG[1]. In an outpatient setting
and in patients without contraindication to NaP tablets,
NaP appears to be a feasable and effective alternative to
4 L of PEG. In addition, patients acceptability was good
with up to 93% of the patients who considered the intake of the 32 NaP tablets easy to be taken. Colonoscopy
demand should be expected to increase significantly in
Europe over the next few years because of ongoing or
planned colorectal carcinoma screening campaigns and
colonoscopic surveillance program[2]. Bowel preparation
is essential for both the quality of the colonoscopy and
the adenoma or adenocarcinoma detection rate [1,21,23].
Aqueous sodium phosphate formulations are low volume
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hyperosmotic solutions and draw water osmotically from
intestinal tissues into the bowel lumen[2]. The NaP tablets
are validated and commercialy available in France as in
western countries for bowel preparation. Our study reinforced the use of NaP tablets for colon cleansing even in
the two hours following the last intake. Our data confirm
the option of using NaP tablets in patients undergoing
colonoscopy in an outpatient setting.
Our study has some limitations. Firstly, the diagnostic
tool extrapolates antral gastric volume from the antral
area; it requires additional development and a larger validation, with independent methods to measure gastric
volume. Also, the BMI of subjects in this relatively small
study was measured between 20.2 and 34.7 kg/m2, and
most of the subjects were in the “normal” to “overweight”
subgroups. The results may not be extrapolated to patients with obesity, as the quality of ultrasound images
may be more problematic. The easy-to-use bedside ultrasound deserves an evaluation in this particular situation,
as in diabetic patients. Despite those limitations, our preliminary results deserve to be validated in a larger study to
confirm the usefulness of ultrasound evaluation for both
the physicians and the anesthesiologists.
To conclude, gastric volume measured by extrapolation of antral ultrasound area assessment was a simple
and reliable method for the assessment of gastric emptying. Respectively, 67% and 92% of subjects had gastric
emptying with an antral volume below 20 mL at 120 and
150 min after the last intake of NaP tablets as bowel
preparation.

evaluation appears to be a simple and reliable method for the assessment of
gastric emptying.
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Abstract

Alkhalili E, Berber E. Laparoscopic liver resection for malignancy: A review of the literature. World J Gastroenterol 2014;
20(37): 13599-13606 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13599.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13599

AIM: To review the published literature about laparoscopic liver resection for malignancy.
METHODS: A PubMed search was performed for original published studies until June 2013 and original series
containing at least 30 patients were reviewed.
RESULTS: All forms of hepatic resections have been described ranging from simple wedge resections to extended right or left hepatectomies. The usual approach is
pure laparoscopic, but hand-assisted, as well as robotic
approaches have been described. Most studies showed
comparable results to open resection in terms of operative blood loss, postoperative morbidity and mortality.
Many of them showed decreased postoperative pain,
shorter hospital stays, and even lower costs. Oncological
results including resection margin status and long-term
survival were not inferior to open resection.
CONCLUSION: In the hands of experienced surgeons,
laparoscopic liver resection for malignant lesions is safe
and offers some short-term advantages over open resection. Oncologically, similar survival rates have been observed in patients treated with the laparoscopic approach
when compared to their open resection counterparts.
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Key words: Laparoscopic liver resection; Laparoscopy;
Laparoscopic liver surgery; Hepatectomy; Liver malignancy
Core tip: This paper is a review article of laparoscopic
liver resection for malignancy. We review all large studies that investigated the techniques and outcomes of
laparoscopic liver resection as well as those comparing
laparoscopic to open resections.

INTRODUCTION
Twenty-years after the first reported laparoscopic liver
resection by Gagner et al[1], there has been an exponential
growth of reports of laparoscopic liver resections but the
results are yet to be fully elucidated.
Although initially described for benign and peripheral
lesions, 50% of overall laparoscopic liver resections are
now performed for malignant lesions[2] and a growing
number of centers are now performing major resections,
including right and left hepatectomies, in North America,
Europe, and Asia[3-8].
The purpose of this study is to review the published
literature on laparoscopic liver resection for malignant
lesions. We will discuss the different types of resection,
the most common as well as the innovative techniques,
the surgical outcomes, postoperative complications, and
oncologic results.
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MATERIALS AND METHODS
A PubMed search was performed for original published
studies until June 2013. Articles were selected using the
indexing terms “hepatectomy”, “laparoscopy”, and “liver
neoplasm/surgery”. Keyword search for “laparoscopy”,
“laparoscopic”, “hepatectomy”, “resection”, “liver cancer”, “liver neoplasm”, “liver tumor”, “hepatic cancer”,
and “hepatic neoplasm”. Large series with more than 30
patients with malignant lesions were included. Reported
procedure other than resection, such as radiofrequency
ablation and cyst fenestration were excluded.

RESULTS
About 43 studies with more than 30 patients who underwent laparoscopic resection for liver malignancy were
identified. No randomized clinical trials were available.
Most data were reported as case series or case-control
studies. Although the first large series was in 2002, the
vast majority of reports were published in and after 2009.
In this review, we analyzed preoperative findings such as
indications and tumor size, intraoperative findings like
blood loss and operative time, short-term outcomes, as
well as oncologic outcomes (Table 1).

DISCUSSION
Indications and contraindications of laparoscopic liver
resection
As with open surgery, hepatocellular carcinoma (HCC)
and colorectal metastasis (CRM) are the main indications
of malignant tumor resection[2,3,6,9-15]. Much less commonly, resections of cholangiocarcinoma, lymphoma,
and non-colorectal liver metastasis (e.g., neuroendocrine
tumors, breast cancer, and renal cell carcinoma) have
been performed[9,13,15-18].
In patients who cannot tolerate pneumoperitonium
due to their cardiopulmonary status and those with adhesions that cannot be lysed laparoscopically, laparoscopic
liver resection is contraindicated. Relative contraindications are in patients with lesions adjacent to the inferior
vena cava or major vessels, in whom there is a need for
biliary and/or vascular reconstruction, those with hilar
lesions or in those with resections that require an extensive portal lymphadenectomy[2,19,20]. Although considered
a contraindication for laparoscopic resection by a large
number of surgeons, successful minimally invasive approach to gallbladder cancer has been performed in 7
patients published in two papers with no reports of port
site metastasis[21,22].
Minor resection
Minor resections including segmentectomy, subsegmentectomy, and wedge resections are the most common type
of laparoscopic liver resection performed. Left lateral
sectionectomy (LLS) which was first reported by Azagra
et al[44], is by far the most frequently reported anatomic
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resection given easy visualization of the lesions with
laparoscopy, peripheral location of the intended resection
area, and the ease of controlling the left hepatic vein.
Inagaki et al[45] reported 30 LLS for hepatocellular carcinoma using Hand-assisted technique. They postulated 2
advantages to the Hand-assisted technique; First, better
visualization of the surgical field and the transected margin with direct manipulation by the surgeon’s hand, and
second, immediate hemostasis by depressing the bleeding
point and proper application of hemostatic instruments.
Major resection
After the first reported cases of laparoscopic major
hepatectomy by Hüscher et al[46] in 1998, an increasing
number of series describing major resections have been
reported[6,13,14,17,23,25-27,47,48].
In the largest series of major hepatectomies of 210
patients, 136 with right hepatectomoies and 74 with left
hepatectomies, Dagher et al[3] showed a mean operative
time of 250 min, with mean EBL of 300 mL. The mortality in that series was 1%.
Gumbs et al[49,50] reported the first laparoscopic extended left hepatectomy as well as the first laparoscopic
extended right hepatectomy in 2008. The patient who
underwent laparoscopic extended right hepatectomy had
gallbladder adenocarcinoma and underwent preoperative
portal vein embolization followed by totally laparoscopic
extended right hepatic resection with preservation of
segment IVa and the left half of IVb due to concerns of
postoperative hepatic reserve. A total of 3 patients underwent laparoscopic extended left hepatectomy. One patient suffered a bile leak that was treated with endoscopic
biliary stents.
Three large series have also included patients who underwent extended hepatectomy[14,26,29]. The papers showed
that extended hepatectomy can be safely performed
when undertaken by experienced surgeons and with careful patient selection.
Uncommon resections and novel approaches
While laparoscopic resection of lesions in segments 2-6,
the so called “laparoscopic liver segments” have been
widely performed, posterior and superior lesions have
been classically unamenable to laparoscopic resection.
This has changed in the last 6 years.
In a series of 300 patients, including 103 with malignant liver tumors, Koffron et al[48] reported 8 caudate lobectomies, 2 of which were for cancer. Cho et al[42] documented 10 right posterior segmentectomies in a series of
71 patients with hepatocellular carcinoma and colorectal
metastasis.
Abu Hilal et al[51] reported 2 cases of pure laparoscopic en bloc left hemihepatectomy and caudate lobe
resection for intrahepatic cholangiocarcinoma. The first
patient’s operative time was 360 min and blood loss was
390 mL. The second patient’s operative time was 310 min
and blood loss was 300 mL.
Hu et al[52] reported a case of multiple hepatic colorec-
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NA
18.20%
NA
4.20%
4%
8.80%
NA
7.20%
3.70%
NA
9.60%
2.90%
NA
6.70%
NA
10%
12%
NA
5%
9%
NA
NA
6.60%
10%
6% to ha
13%
6%
9.40%
2.90%
10.80%

Conversion
95-380
239 ± 17
265
30-540
120 (80-200)
2675 ± 138
NA
79-697
180 (60-655)
180 (80-570)
150 (75-307)
NA
NA
256
225 (100-420)
180 ± 45
188 (64-488)
140 (50-240)
150 (20-390)
233.1 ± 92.7
280.9 ± 128.2
234 (60-555)
177 (70-430)
30-480
214 ± 93
299.9 (80-630)
120 (90-177.5)
268 ± 123.1
NA
250 ± 103.8
NA
240 (30-540)
95 (30-385)
118.4-488.7
NA
115 (45-360)
227 ± 109
99
85-515
187 (80-334)
40-370
214 (61-375)
NA

OT (min)

M
NA
15%
11.30%
0 40 %
11%
NA
23%
NA
11.60%
26%
14.30%
20%
25
NA
6.10%
13.30%
NA
23%
14.80%
20.40%
21.70%
12.00%
5.50%
15.10%
10%
27.50%
11.11%
11%
27%
22%
NA
15%
5.50%
6%
NA
24%
16%
9.30%
19%
16%
14%
26.40%
21%

0
NA
NA
NA
0
NA
0
0
1.20%
0
0
1.50%
0
NA
0
NA
0.90%
1%
0
2.40%
NA
NA
NA
0
NA
NA
NA
0
1.70%
1.00%
0
0
NA
NA
3.70%
0
1.40%
0
1.10%
0
0
0
0

Death
5 17
3.7
6 (1-31)
0 15
5 (3-7)
NA
4.8 vs 8.3
5-44
7 (2-76)
6 (2-42)
6.5 (2-13)
8.2 (3-15)
NA
NA
5 (2-15)
13 ± 2.1
3 (1-42)
3 (1-13)
6 (1-20)
6.7 ± 5.9
9.9 ± 5.6
4 (1-22)
8.5-10
7.9 (2-76)
17
10.9 (5-38)
5
11.8 ± 7.3
10 (5-50)
6 ± 3.5
NA
9 (4-21)
6 (0-41)
6
NA
7 (3-41)
5.9 ± 5.6
NA
11 (3-47)
3.5 (1-14)
NA
14.8
7 (2-16)

LOS (d)

2.08 ± 1.68
1 ± 0.2
NA
Pos 0-35%
NA
1.4 ± 1.4
Neg 97%
5 (1-30)
12 (0-58)
0.3 (0-4)
89.3% R0
NA
0.95
1.12, 1.5
1.8 (0-4)
NA
NA
Pos 3%
Neg 100%
1.04 ± 0.8
1.5 ± 1.6
Neg 94.4%
0.6 (0-4)
1.53 (0-5.8)
NA
1.3 (0.2-5)
0.2-3.2
NA
Neg 87%
10.5 ± 13.6
1.2 (0.5-6)
1 (0.3-6.8)
Pos in 1.2%
NA
2.80%
1 (0.1-3)
1.1 (0.1-3.2)
NA
NA
Pos in 6%
1.1 (0-3)
NA
Pos in 6.7%

Margin (cm)

HCC: Hepatocellular carcinoma; CRM: Colorectal metastasis; NET mets: Neuroendocrine metastasis; GB CA: Gallbladder adenocarcinoma; Cholangio: Cholangiocarcinoma; NA: Unavailable; EBL: Estimated blood loss; OT:
Operative time; LOS: Length of stay; Margin: Resection margin size; Pos: Positive margin rate; R0: R0 resection rate.

Year

2013
2013
2012
2012
2012
2012
2012
2012
2010
2011
2011
2011
2011
2011
2011
2011
2010
2010
2010
2010
2010
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2008
2008
2008
2008
2007
2007
2007
2006
2005
2004
2003
2002

Ref.

Table 1 Published studies of laparoscopic liver resection for malignancy
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tal metastases of the left lateral and right posterior segments who underwent laparoscopic partial hepatectomy
of the right posterior segment using a retroperitoneal
approach, followed by laparoscopic hepatic left-lateral
segmentectomy using a transabdominal approach. The
operative time was 120 min, blood loss volume was 150
mL and the patient was discharged on postoperative day 9.
Hand-assisted technique
Hand-assisted technique entails the creation of a 7-8
cm incision that would allow the operating surgeons’
hand access to the abdominal cavity through a gas-tight
port. The theoretical advantages of the hand-assisted
technique is the ability to apply liver traction and mobilization, palpate the liver with tactile feedback, and help
achieve hemostasis by applying compression[17,45,48].
The Hand-assisted technique has been proposed to
provide a safer and more attainable approach to laparoscopic resection[17,48]. The application of the handassisted technique has been proposed to help with difficult resections like those involving the posterior-superior
segments[53]. In their published series in 2007, Koffron et
al[48] reported 103 patients with laparoscopic liver resection. In 6% of the patients a conversion from a totally
laparoscopic to hand-assisted surgery was necessary while
the conversion to open surgery was nil. They suggested
that the use of hand-assistance may help prevent conversion to open surgery. However, there is no consensus on
the usefulness of the hand-assisted technique as other
authors have doubted its usefulness[7,54].
Robotic resection
Robotic laparoscopic resections are now well reported
in the literature. While the technique of port placement
is different from laparoscopic surgery, most studies have
showed encouraging results with comparable results to
laparoscopic approach[55]. In a series of 70 patients, 42 of
which had malignant lesions, Giulianotti et al[56] reported
4 conversions to open surgery (5.7%), a median operative
time for a major resection of 313 min and 198 min for
minor resection, median blood loss of 150 mL for minor
resection and 300 mL for major resection. The rate of
complications was 21%, while the mortality rate was 0%.
In a matched analysis study, Daouadi et al[57] showed
that patients undergoing robotic liver resection had
longer operative times when compared to laparoscopic
resection (253 min vs 199 min), however, the robotic approach increased the percentage of major hepatectomies
that were completed in a purely minimally invasive approach. There was no difference between the two groups
in term of other surgical outcomes like blood loss, resection margin, and 3-mo mortality.
Operative technical details
Precoagulation of the surface of hepatic parenchyma
using a variety of instruments and techniques like the
Salient monopolar Endo FB 3.0 or Endo SH 2.0 (Salient
Surgical Technologies, Inc., Dover, NH, United States)
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combined with the Microtaze (Alfresa-Pharma Co., Inc.,
Osaka, Japan), the Cool-tipTM RFA system (Valleylab, Tyco Healthcare, Mansfield, Massachusetts, United
States), and Radiofrequency precoagulation (Laparoscopic
Habib 4 ×, Angiodynamics, Queensbury) was postulated
as a way to help reduce blood loss by many authors[37,40,53].
The most commonly used equipment for parenchymal transection were the Harmonic scalpel (Ethicon Endo-Surgery), the laparoscopic ultrasonic surgical system
(USU; Olympus Optical, Tokyo, Japan), and Cavitron Ultrasonic Surgical Aspirator CUSA (Valleylab)[13,30,32,37,38,58].
Other less common techniques included the use of
staplers[17,30,38] and crush-clamp technique[40]. These are
largely dependent on surgeon or center preference.
The Pringle maneuver in which the portal triad is
clamped is the most common method used to minimize
blood loss during liver resections. There was no consensus in the published literature as to the role of the Pringle
maneuver in laparoscopic resections. It was used intermittently by some groups to reduce blood loss[13,30,32].
Belli et al[31] described the laparoscopic application of
Pringle maneuver using tape that was placed around the
porta hepatis by the use of Endo Retract TM Maxi (Tyco
Healthcare, Norwalk, Conn., United States). This was
passed through a 16-Fr rubber drain and used as a tourniquet when necessary[31]. Others, like Tranchart et al[58],
purposely didn’t use the Pringle maneuver although an
explanation to this approach was not provided.
A number of studies have reported that inflow occlusion is required less often and for shorter periods during
laparoscopic liver resections[5,35,48]. This was postulated to
be due to the magnification and improved visualization
of the hepatic parenchyma as well as the tamponade effect of pneumoperitonium on venous bleeding.
Outcomes of laparoscopic liver resection
Operative blood loss: Due to the heterogeneity of the
reported cases, blood loss was highly variable in different studies. Average blood loss ranged between 50 to 700
mL. Dagher et al[28] and Otsuka et al[40] showed that with
late experience, blood loss was significantly lower than in
early cases, i.e., surgeons had lower blood loss during laparoscopic resection with more procedure performed. Six
studies have showed that laparoscopic resection was associated with lower blood loss than open surgery[5,6,24,26,48,58].
Martin et al[5] showed lower rates of transfusions in laparoscopic resections when compared to open resections
(10% vs 48%).
Operative time: In terms of Operative time, the average operative time ranged from 95 to 280 min. Although one study showed increased operative time when
compared to open surgery[33], 3 studies demonstrated
decreased operative time in laparoscopic surgery[5,24,48].
Dagher et al[47] showed decreased operative times when
early experience is compared to an established technique
period. (270 ± 143 min vs 171 ± 95 min, P < 0.001),
which points out that there is a learning curve with lapa-
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Table 2 Reported survival after laparoscopic resection for hepatocellular carcinoma
Ref.

Disease-free survival
1 yr

Gigot et al[59]
Chen et al[53]
Tranchart et al[36]
Yoon et al[8]
Lai et al[30]
Belli et al[31]
Truant et al[32]
Lee et al[33]
Hu et al[34]
Yoon et al[25]
Choi et al[23]
Inagaki et al[45]

2 yr

Overall survival

3 yr

5 yr

1 yr

43.70%

3 yr

5 yr

66.4%-74.2%
74.40%
90.40%
67%
70%

59.4%-61.7%
59.50%

62.50%
85.4%-94.7%

85%
81%

60.90%
60.40%
47%
62%

78.80%

51%

45.60%
38%
32%
35.50%
45.30%

52.90%
71%

46.40%

96%
95%
86.90%

81.80%
93.30%
81%

52%
55%
70%
76%
50%
85.90%
79.30%

roscopic liver surgery.
Conversion to open surgery and length of stay: Conversion to laparotomy rates in the literature ranged from
0% to 19.4%. Koffron et al[48] converted to Hand-assisted
technique in 6% of the resections and had 0% conversion to open surgery which signifies that the use of the
hand-assisted technique may decrease the rate of conversion to open surgery. Ikeda et al[27] had a 0% conversion
rate in a series of 30 patients. In the series published after
2011, conversion rates never exceeded 6%, which also
may point to a learning curve effect in laparoscopic liver
surgery. The main reasons for conversion were bleeding,
adhesions, and inability to complete the resection laparoscopically due to technical or anatomical considerations.
The average length of stay ranged from 4.8 to 13 d in
the studies and many of them found a shorter length of
stay when compared to open surgery[4-6,26,33,53,58].
Morbidity and mortality: The average morbidity rate
was 5.5% to 27.5%. Common complications included
bile leak, liver abscess, and transient hepatic failure. General complications included pleural effusions, pneumonia,
urinary tract infection, and cardiac arrhythmia. Lower
morbidity as compared to open surgery was observed in
many studies[5,6,24,26,48].
Inagaki et al[38] showed markedly decreased rate of
pulmonary complications in the patients who underwent
laparoscopic resection as compared to open surgery (3%
vs 17%).
Mortality rate varied between 0% and 3.7%. Reported
causes of death included liver failure[28,58], cerebral infarction secondary to hypotension[9], postoperative hepatorenal failure[17], pseudomembranous colitis, technical clip
failure leading to massive hemorrhage[14], acute respiratory distress syndrome[28,31], bleeding from esophageal
varices[13], and multi-organ failure[35].
Potential disadvantages: While the safety of laparoscopic liver resection has been documented, possible
limitations include the significant learning curve[47], loss
of tactile feedback and inability to manually palpate the
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2 yr

liver that may cause missing other lesions, and potential
bleeding that may be harder to control laparoscopically[2].
Oncologic results
Resection margin: The surgical margins were free of
cancer in 87% to 100% of patients in the published studies. The Size of the margin varied with an average ranging
between 0.3 cm to 2.08 cm. Topal et al[6] showed a lower
rate of positive surgical margin with laparoscopic surgery
as opposed to open resection; 1.2% vs 2.1%.
Castaing also showed higher rate of R0 resection with
laparoscopic resection 87% compared to open surgery
72%[14]. The addition of intraoperative ultrasound was
associated with lower rate of positive margins[59]. Buell et
al[17] reported the only case of port site metastasis in the
literature which was in a patient who underwent laparoscopic resection for CRM.
Hepatocellular carcinoma: Hepatocellular carcinoma is
the most common primary liver malignancy. 52% of reported laparoscopic liver resections done for malignancy
are performed for HCC[2]. In the literature, the 3-year
disease-free survival was 51% to 62% and the overall
3-year survival ranged from 66.4% to 90.4%. The 5-year
disease-free survival ranged from 32% to 46.4%, while
5-year overall survival was 50% to 85.9% (Table 2).
Three studies found no difference in survival between
patients with hepatocellular carcinoma who were treated
with laparoscopic resection when compared to open resection[32,33,52].
Belli et al[60] showed reduced morbidity, especially
postoperative ascites, and a shorter length of stay in cirrhotic patients who underwent laparoscopic resection for
hepatocellular carcinoma when compared to those who
underwent open resection.
In the largest series of 163 patients with hepatocellular carcinoma treated at 3 European centers by Dagher
et al[28], the mean operative time was 180 min, mean estimated blood loss was 250 mL, the mortality rate was 1.2%
and the mean resection margin was 1.2 cm. The researchers also found that there has been a decrease in operative
time and blood loss, increase in the size of tumors re-
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Table 3 Reported survival after laparoscopic resection for colorectal metastasis
Ref.

Disease-free survival
1 yr

Gigot et al[59]
O’Rourke et al[7]
Castaing et al[14]
Shafaee et al[29]
Lai et al[30]
Topal et al[24]
Nguyen et al[62]

2 yr

Overall survival

3 yr

5 yr

1 yr

53.3%
81%
65%
92%
61.3%
65%

3 yr

5 yr

100%
30%
27%
72%

41.8%
43%

sected, and lower rate of morbidity in patients who were
operated on in the later experience series[28].
Colorectal liver metastasis
Surgery is the only curative option for metastatic colorectal cancer to the liver. 35% of laparoscopic liver resections for malignancy are performed for CRM[2].
The goal of resection in patients with CRM is resection of all liver metastasis with a negative margin but at
the same time preserving adequate post-resection liver
volume. Liver resection offers long-term survival in up to
60% of patients with CRM[61].
Disease-free survival at 1 year was 61.3% to 81%, but
dropped at 5 years to 30% to 42%. Overall survival at 1
year was 88% to 100%, at 3 years ranged from 82% to
88%, and at 5 years ranged from 51% to 64% (Table 3).
Nguyen et al[62] reported the largest series of 109 patients with laparoscopic resection for CRM. The mean estimated blood loss was 200 mL, the transfusion rate was
10%, the average length of operation was 234 min, the
resection margin was negative in 94.4%, and the conversion rate was 3.7%. Conversion was due to hemorrhage.
Shafaee et al[29] showed that the survival rates for patients undergoing repeat hepatectomy laparoscopically
were equivalent or even superior to the long-term outcomes of patients undergoing open resection. Two other
studies have showed no statistical difference in diseasefree and overall survival rates between laparoscopic and
open surgery[14,24].

CONCLUSION
In conclusion, Although laparoscopic liver surgery requires a great deal of experience by hepatobiliary surgeons, this approach is deemed safe for malignant liver
lesions with comparable oncological results to open
surgery. In addition, it offers better short term results including shorter hospital stay, lower costs, less postoperative pain, and lower complication rates. While operative
blood loss has been a major concern with laparoscopic
resection, a number of reports is showing that minimally
invasive approach is associated with lower risk of bleeding and transfusions. Tumor size is no longer an obstacle
to laparoscopic resection, although laparoscopic major
hepatectomy is still limited to experienced centers. The
disadvantages of the laparoscopic approach are the loss
of tactile sensation and palpation of the liver as well as
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2 yr

30%

88%
97%

29.9%
43%

100%
94.5%
88%

82%
83%
88%
83.5%
69%

64%
55%
59.5%
50%

the learning curve that is associated with laparoscopic
resection. It should be noted that there has been no randomized clinical trials involving laparoscopic liver resection for malignancy and such trial is needed to clarify the
risks vs benefits and help standardize the approach.
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Abstract
We report our experience with potential donors for
living donor liver transplantation (LDLT), which is the
first report from an area where there is no legalized
deceased donation program. This is a single center
retrospective analysis of potential living donors (n =
1004) between May 2004 and December 2012. This
report focuses on the analysis of causes, duration, cost,
and various implications of donor exclusion (n = 792).
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Most of the transplant candidates (82.3%) had an experience with more than one excluded donor (median
= 3). Some recipients travelled abroad for a deceased
donor transplant (n = 12) and some died before finding a suitable donor (n = 14). The evaluation of an
excluded donor is a time-consuming process (median =
3 d, range 1 d to 47 d). It is also a costly process with
a median cost of approximately 70 USD (range 35 USD
to 885 USD). From these results, living donor exclusion
has negative implications on the patients and transplant program with ethical dilemmas and an economic
impact. Many strategies are adopted by other centers
to expand the donor pool; however, they are not all
applicable in our locality. We conclude that an active
legalized deceased donor transplantation program is
necessary to overcome the shortage of available liver
grafts in Egypt.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Living donor; Liver transplantation; Excluded donors; Deceased donor; Liver disease
Core tip: This is the first case series from a country
where a deceased donor liver transplantation program
is not available and the shortage of living liver donors is
high. We report our experience regarding the problem of
excluded donors and possible strategies to overcome this
problem. We hope that this experience will be of benefit
to the readers of the World Journal of Gastroenterology.
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AM, Shehta A, Fathy O, Ezzat H, Yassen A, Elmorshedi M, Elsaadany M, Shiha U. Problem of living liver donation in the absence
of deceased liver transplantation program: Mansoura experience. World J Gastroenterol 2014; 20(37): 13607-13614 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i37/13607.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13607
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INTRODUCTION
Each center may have its own unique criteria for potential
donors of living donor liver transplantation (LDLT) regarding the geographical and cultural backgrounds, however, each center must follow the current global standards
of care[1-4]. In Egypt, a deceased donor liver transplantation (DDLT) program is still awaited, thus, LDLT is the
only hope for patients with end-stage liver disease or hepatocellular carcinoma in the presence of cirrhosis[5]. Our
experience regarding the short- and long-term impact of
liver transplantation on living donors has been published
in a previous study[5].
Few studies have examined the reasons for excluding living liver donors and its impact on transplantation.
These studies have been conducted in countries where
DDLT is allowed and the problem of donation is not
so high. Most available articles are based on a small
number of potential donors and some of these articles
included donors who were excluded for reasons related
to the recipient[6-9].
In this study, we investigated the impact of excluding living donors on patients, the transplant team and
medical resources in the absence of a DDLT program.
We discuss different possible strategies to overcome this
problem and the expected outcome following the adoption of these strategies in our center.

CASE REPORT
Study subjects
This is a retrospective cohort study of excluded donors
(n = 792) from potential donors (n = 1004) for LDLT
using a right lobe graft during the period from May 2004
to December 2012 in the Liver Transplant Program, Gastrointestinal Surgical Center, Mansoura University, Egypt.
Potential donors were any living donors who came to our
center after the recipient had been informed of the accepted donor criteria. Excluded donors were those who
were not permitted to undergo living liver donation to a
certain recipient due to reasons related to the donor, irrespective if the decision was made by the transplant team,
recipient, or the donor himself.
Data collection
Data for this study were retrieved from the internal webbased registry system supplemented by paper-based
records of the potential donors included in the medical
files of the corresponding recipients. Data were collected
and rearranged in a standardized manner including details
on donor age, sex, body mass index (BMI), liver function
tests, viral serological markers, results of liver biopsy and
imaging studies if performed, cause and phase of exclusion, duration from the donor’s first visit to the exclusion
decision, and the cost of any investigations and special
consultations carried out.
Donor evaluation
Donor candidates were thoroughly evaluated accord-
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ing to the multidisciplinary protocol shown in Table
1. A multistep consent process involving two different
surgeons and a hepatologist on separate occasions was
used, during which the operative procedure and potential complications were described in detail. Donors were
informed that the risks of morbidity and mortality were
40% and 0.5%, respectively[5].
Non-related living donation was accepted only when
the patient was approved by an independent ethical and
legal committee and none of his relatives were suitable
right liver lobe donors. The legal age of consent for donation in Egypt is 18 years when the recipient is a parent,
otherwise it is 21 years. The upper age limit for living
liver donation is 45 years. According to the 2006 Census
held by the Central Agency for Mobilization and Statistics
(CAPMAS), only 6.27% of Egyptians are aged above 60
years[10]. This implies that most chronic diseases occur at
a younger age in Egyptians in comparison to other populations. This justifies our choice of an upper age limit of
45 years, although many centers in other countries accept
higher age limits, even greater than 60 years.
Routine liver biopsy in the living liver donor evaluation protocol is controversial. Some centers have adopted
routine liver biopsy after unfortunate experiences with
living donors including operation abortion and donor
mortality due to undiscovered congenital lipodystrophy[6,11]. For safety, liver biopsy in living liver donors is
necessary. Thus, liver biopsy is routinely performed by an
experienced radiologist.
Liver biopsy is performed prior to imaging studies
such as hepatic angiography, magnetic resonance cholangiopancreatography (MRCP) and liver volumetry to
evaluate the anatomy of the vascular and biliary systems.
Although the former is an invasive procedure, it is far less
expensive (50 USD) than the imaging studies (500 USD).
Also, liver biopsy had been performed in our center since
1974 to evaluate patients with portal hypertension for
shunt operations and with this cumulative experience the
procedure is almost risk-free. The burden of the donor
evaluation costs is on the recipient with little support
from the state. Therefore, we perform liver biopsy prior
to imaging studies for economic reasons, especially as
liver biopsy is almost risk-free in our center.
Donors with a BMI > 35 were re-evaluated after they
committed to a successful weight loss program. Absolute
exclusion criteria were ABO incompatibility, pregnancy,
mental inadequacy, an underlying medical condition that
was considered to increase the risk of complications,
positive hepatitis B or C serology, underlying liver disease, steatosis > 30%, and abnormal anatomy considered
by surgeons to increase the risk of hepatectomy or affect
the remaining liver.
Statistical analysis
The Shapiro-Wilk test was used to assess normality of
the data. Numerical data are presented as means and
standard deviations or as medians with ranges. A P value
< 0.05 was considered statistically significant. Statistical
analysis was carried out using IBM SPSS v. 20.

13608

October 7, 2014|Volume 20|Issue 37|

Wahab MA et al . Problem of excluding living donors
Table 1 Living donor evaluation protocol
Potential donor: Is any living donor at our center after the recipient is informed of the accepted donor criteria. The criteria for living liver donors include
an apparently healthy relative of the recipient aged between 21 and 45 years. Recipient, donor and their families are informed regarding the risks and
benefits of right lobe hepatectomy for LDLT and both the donor and the recipient must sign an informed written consent to proceed to the evaluation
process
Phase Ⅰ: Confirmation of the relation between the living donor and the candidate recipient by the independent legal and ethical committee, confirmation
of being within the accepted age limits, assessment of BMI, initial anesthetic and surgical evaluation, confirmation of ABO compatibility, complete blood
count (CBC) and biochemistry assays, pregnancy test, abdominal Doppler ultrasound, serological tests for hepatitis C and B viruses (serum HCV RNA
qualitative and quantitative assay using PCR, HBV surface antigen, HB core antibody, HB e antigen, HB e antibody, HB surface antibody), serological assessment for different viruses (human immunodeficiency virus (HIV), Epstein-Barr virus (EBV), Herpes virus Ⅰ and Ⅱ, Cytomegalovirus (CMV), Chagas
disease and syphilis), electrocardiography (ECG), echocardiography, plain X-ray of the chest, exclusion of specific liver diseases (ferritin, transferrin, and
serum iron), and reassessment after previous investigations
Phase Ⅱ: Liver biopsy for assessment of degree of steatosis and detection of any pathological conditions
Phase Ⅲ: Hepatic angiography to delineate the anatomy of the portal vein, hepatic artery and hepatic veins. Magnetic resonance cholangiopancreatography (MRCP) is performed to assess the anatomy of the biliary system. Liver volumetry to assess the right lobe graft size, residual donor liver volume and
graft-recipient weight ratio (GRWR). The donor is accepted if GRWR > 0.8 and the residual donor liver volume ≥ 30%
Phase Ⅳ: All donors must sign a written informed consent including agreement to participate in LDLT
LDLT: Living donor liver transplantation.

Table 2 Number and ratio for each reason of donor exclusion during phase Ⅰ of the living donor evaluation protocol
Phase
Phase Ⅰ

Step

n

Exclusion

n

% from the step

Confirmation of the relative
Age
BMI

1004
1002
779

Clinical evaluation
Initial surgical evaluation
Psychological evaluation

748
746
740

ABO compatibility

736
634
611

Non-related donor
Over age limit
Overweight
Underweight
Uncontrolled HTN
Upper abdominal surgery
Algophobia
Hesitation
ABO incompatibility
Withdrawal
thrombocytopenia
uncontrolled DM
elevated liver enzymes
hyperbilirubinemia
hypoalbuminemia
Family refusal
Withdrawal
Positive test
Splenomegaly
Fatty liver
Withdrawal
HCV positive
HBV positive
CMV positive
EBV positive
HCV and HBV positive
HCV and CMV positive
Withdrawal
Smoker
IHD
Rheumatic heart disease
Valvular heart disease
Atrial ectopics
Withdrawal

2
223
26
5
2
6
1
3
102
23
3
4
7
2
1
5
6
16
1
1
29
39
34
7
1
6
1
9
28
2
3
3
1
31

0.19
22.25
3.33
0.64
0.26
0.8
0.13
0.4
13.85
3.62
0.49
0.65
1.14
0.32
0.16
0.84
1.01
2.74
0.17
0.17
5.13
7.27
6.34
1.3
0.18
1.11
0.18
2.0
6.37
0.45
0.68
0.68
0.22
7.71

CBC and biochemistry

594
Pregnancy test
Abdominal US

583
567

Serological assessment

565
536

Anesthetic reassessment

448
439

402
HCV: Hepatitis C virus; HBV: Hepatitis B virus; CMV: Cytomegalovirus.

Reasons for exclusion
Between May 2004 and December 2012, we received
1004 potential donors in the Liver Transplant Program,
Mansoura Gastrointestinal Surgical Center. Two hundred and twelve donors (21.1%) met the inclusion crite-
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ria for transplant surgery, while 792 candidates (78.8%)
were excluded. Most of these donors were excluded
during phase Ⅰ (Table 2) of the evaluation protocol (n
= 633, 79.9%), while exclusion in other phases was as
follows (Table 3): phase Ⅱ (n = 108, 13.6%), phase Ⅲ (n
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Table 3 Number and ratio for each reason of donor exclusion during phase Ⅱ to Ⅳ of the living donor evaluation protocol
Step

n

Exclusion

n

% from the step

Phase Ⅱ

Liver biopsy

371

Phase Ⅲ

Volumetry and anatomical
assessment

Phase Ⅳ

Informed consent
Donors underwent surgery

Moderate steatosis
Severe steatosis
Portal tract fibrosis
Bilharzial granuloma
Reactive hepatitis change
Focal portal infiltrate
Portal lymphocyte infiltrate
Hemosiderosis
Focal necrotic areas
Withdrawal
Portal venous variants
Biliary variants
hepatic venous variants
hepatic venous and biliary variants
hepatic and portal venous variants
Small for size graft
Small residual left lobe
Withdrawal
Withdrawal

16
9
27
10
4
1
1
1
1
38
2
6
8
1
3
15
4
9
3

4.31
2.42
7.27
2.69
1.07
0.26
0.26
0.26
0.26
12.62
0.76
2.28
3.04
0.38
1.14
5.70
1.50
4.01
1.39

Phase

301
263

224
215
212

= 48, 6.1%) and phase Ⅳ (n = 3, 0.4%).
The most frequent reason for donor exclusion was
exceeding the upper age limit (n = 172, 21.7%), while 6.4%
of potential donors (n = 51) were below the lower age
limit. ABO incompatibility represented the 2nd most common cause of exclusion during phase Ⅰ and the 3rd most
common cause in the whole evaluation process with a ratio of 12.9% (n = 102). 2% of potential donors (n = 16)
were found to be pregnant. Twenty-six (3.3%) candidate
donors were excluded due to BMI > 30, and 5 donors
(0.6%) were excluded because they were underweight.
One donor was excluded because he had algophobia.
Two potential donors were excluded as they were unrelated to the patient, which was discovered during confirmation by the independent ethical and legal committee.
One hundred and forty-eight donors (18.7%) withdrew during the evaluation process. Most of them withdrew during the first phase (n = 98), while 38 potential
donors withdrew during the second phase and 9 withdrew during the third phase. Three donors withdrew
after completion of the evaluation process on the night
of surgery. Three candidate donors expressed much
hesitation during first interviews with the transplant team
and were excluded. Interestingly, 5 donors were excluded
as their families refused donation. Of these 5 cases with
family refusal, one father refused his daughter’s donation
to himself and a husband refused his wife’s donation to
her mother. Of the potential donors, 6 donors were excluded because they had previous nephrectomy and two
of them frankly stated they wanted a renal transplant.
In a country where hepatitis C virus (HCV) is endemic, 39 potential donors (4.9%) were excluded because they
were serologically positive for HCV infection. Thirty-four
(3.4%) were serologically positive for HBV, 6 candidates
(0.8%) were positive for both HCV and hepatitis B virus
(HBV), 7 candidates (0.9%) were positive for cytomegalovirus (CMV), one candidate was positive for both HCV
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and CMV and one candidate was serologically positive
for Epstein-Barr virus (EBV). Ten candidates had abnormal liver function tests in the form of elevated liver
transaminase enzymes (n = 7), elevated serum bilirubin (n
= 2) and hypoalbuminemia with hypoprothrombinemia (n
= 1). One donor was excluded because he had fatty liver
on ultrasound. One of the excluded donors had splenomegaly and 3 candidates were excluded because they had
thrombocytopenia.
The anesthesia team excluded 28 candidates (3.5%)
because they were smokers who refused to stop smoking before surgery. They excluded other potential donors
because they had uncontrolled diabetes mellitus (n = 4),
uncontrolled hypertension (n = 2), ischemic heart disease
(n = 2), rheumatic heart disease (n = 3), valvular heart
disease (n = 3), and atrial ectopic activity (n = 1).
Twenty-five candidates (3.2%) were excluded because
they had moderate to severe macrovesicular steatosis
on liver biopsy. Many donors were also excluded during
assessment in phase Ⅱ following liver biopsy which revealed portal tract fibrosis (n = 27, 3.4%), active bilharzial
granuloma (n = 10, 1.3%), reactive hepatitis changes (n =
4, 0.5%), focal portal infiltrate and interface hepatitis (n =
1, 0.1%), portal lymphocytic infiltrate (n = 1, 0.1%), mild
hemosiderosis (n = 1, 0.1%) and hepatic focal necrotic
areas (n = 1, 0.1%).
During phase Ⅲ of evaluation, 15 candidates (1.9%)
were excluded because liver volumetry revealed decreased
right lobe size suspected to cause small for size graft,
while 4 donors had a small left lobe which would result in
inadequate reserve in the donor after surgery. Anatomical
assessment by angiography and MRCP excluded many
candidates because of unsuitable hepatic venous variants
(n = 9), unsuitable biliary variants (n = 6), unsuitable portal venous variant (n = 1), unsuitable hepatic and portal
venous variants (n = 3) and unsuitable hepatic venous
and biliary variants (n = 1).
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Impact on the recipients
Of 212 patients who underwent LDLT, 204 patients
(96.2%) had an experience with an excluded donor with a
median number of 3 donors per recipient (range 1 to 56
excluded donors). Eight patients (3.7%) did not experience
donor exclusion and they underwent liver transplantation.
Fourteen patients did not have a suitable living related donor and died due to end-stage liver disease. Twelve patients
travelled abroad and underwent surgery in countries where
LDLT is legalized, particularly China (n = 7).
Impact on the transplant team
The decision to withdraw was made by the donor in 148
cases and by pressure from family in 5 cases. The exclusion decision was made by the transplant team in 639
cases. The median duration between the candidate’s first
visit to our center and the exclusion or withdrawal date
was 3 d ranging from 1 d (n = 151) to 47 d (n = 1).
Economic impact
The average cost of the investigations carried out for
donor assessment in phase Ⅰ, phase Ⅱ and phase Ⅲ was
150 USD, 200 USD and 700 USD, respectively. 1004 candidates entered phase Ⅰ and 371 completed phase Ⅱ. 301
candidates completed phase Ⅱ and 224 potential donors
completed phase Ⅲ. Of those who completed phase Ⅲ,
9 candidates withdrew and 215 completed Phase Ⅳ, after
which 3 patients withdrew and 212 underwent transplant
surgery. The median cost of the investigations performed
for the excluded donor evaluations was 70 USD ranging
from 35 USD (n = 103) to 885 LE Should this be USD?
(n = 3). 264 donors (33.3%) were excluded without any
need for special investigation. The burden of the expenses for donor evaluation lies with the recipient.

DISCUSSION
There is a worldwide paucity of liver donors in countries
where deceased, living and domino liver transplants are all
available, while in Egypt there is the problem of endemic
hepatitis C liver cirrhosis with only living donors available. Through our experience with 1004 potential living
donors, we encountered a lot of problems that involved
the patients and transplant team; some of these problems
had social roots with ethical and economic implications.
This study describes the importance of a DLT program
even after adoption of various strategies to expand the
living donor pool, although we believe that it should not
be adopted until after public debate and agreement.
A number of studies have detailed the evaluation protocol for living liver donors. Although donor exclusion
is discussed in the context of reporting the experience
with LDLT[11,12], to our knowledge, very few reports have
exclusively discussed the impact of donor exclusion[6-9].
Apart from differences in the evaluation protocols between these reports, some authors excluded donors due
to reasons related to the recipient in their study. This
absence of uniform criteria for the presentation of data
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makes it difficult to compare our study with previous
studies. We believe that this is the first study of a large
number of potential donors from an area where there is
no DLT program.
The evaluation of living donors for LDLT is a stepwise process consisting of a comprehensive medical
work-up, psychological assessment and accurate anatomical delineation. Donor evaluation is an expensive laborintensive and time-consuming process. The evaluation
process should start with non-invasive steps, which are
less expensive and detect a greater number of unsuitable
donors and then progress to more invasive and expensive
tests[6]. Based on our above-mentioned evaluation protocol, 26.62% of potential donors were excluded before
undergoing any investigations.
In our series, 6.9% of potential donors were excluded based on abnormal liver biopsy mainly due to
steatosis (2.48%) or bilharzial liver insult in the form of
active granuloma or portal tract fibrosis (3.67%). This
ratio is lower than the ratio reported in other studies by
Valentín-Gamazo et al[6] (8%), Pomfret et al[13] (22%) and
Marcos[14] (17%).
Donor withdrawal during, or even after, evaluation
for LDLT is an inevitable cause of donor exclusion. An
ethical dilemma occurs when a competent donor candidate gives voluntary informed consent, but his family
refuses his donation. Although we adopt patient-centered
Western bioethics, undue pressure from the candidate’s
family puts the team in a difficult situation. How can you
proceed to surgery when the family calls the police to the
hospital alleging that the donor is coerced? Should you
not consider a husband who threatens to divorce his wife
if she donates her right liver lobe to her mother? These
dilemmas are not well discussed in the literature, although
there is a significant focus on donors under pressure
from the family to donate to a relative, not the reverse!
In our experience, 22.21% of potential donors were
excluded because their age was outside the accepted age
range in our center, which is between 21 and 45 years
old. The accepted age for living liver donation varies between centers. The lower age limit is determined by the
law which defines the accepted age of consent[6,15]. In
Egypt, the legal age of consent is 18 years old when the
recipient is a parent, otherwise it is 21 years old. The upper age limit is variable and most centers exceed 50 years
old and may even be up to 75 years old. Other centers
consider old age a risk factor that if associated with other risk factors, such as nicotine abuse or hypertension,
the donor is excluded, otherwise he is accepted[6,11,15,16].
In comparison to these populations, the National Census revealed that only about 6% of Egyptians are aged
above 60 years and that is why we chose an upper age
limit of 45 years old[10].
In this series, 10.15% of potential donors were excluded because of ABO incompatibility. Possible solutions include ABO incompatible LDLT and paired donor
exchange. The main concern in ABO incompatible transplantation is antibody-mediated rejection (AMR). Prophy-
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Figure 1 Examples of excluded donors due to unsuitable
anatomical variations as shown by imaging studies. (A) Computerized tomographic (CT) portography showing the right portal
vein arises from the left portal vein (B) CT volumetry showing that
drainage of right lobe is mainly through the middle hepatic vein (C)
CT venography showing drainage of the right lobe through multiple
hepatic veins (D) CT venography showing small right hepatic vein
and inferior right hepatic vein draining into the middle hepatic vein.

10 cm

laxis against AMR includes antiCD20 antibody (rituximab),
splenectomy, reinforced immunosuppression and local
infusion of prostaglandin E1 (PgE1) and/or steroids[17-19].
ABO incompatible transplantation is less favorable than
compatible transplantation due to inferior long-term patient survival[19-21]. Exchange donor transplant was first
adopted in Korea in 2003. The two main principles of the
procedure are equality and simultaneity meaning that the
two pairs are operated on at the same time. The bad news
is that the rate of paired donor exchange after long-term
application in Korea did not exceed 10%[15].
Of 536 candidates who were serologically assessed
for hepatitis B and C markers in our center, 14.9% of
them were accidentally discovered to be serologically
positive for HCV and/or HBV. Twenty-three potential
donors were excluded because they were hepatitis B
core antibody (HBcAb) positive and hepatitis B surface
antigen (HBsAg) negative. This ratio was lower than
those reported in endemic regions where it reached up
to around 50% in potential donors[22]. There is a risk of
de novo hepatitis B infection in naïve recipients for HBV
who receive grafts from HBcAb positive donors[22,23].
Immunoprophylaxis in naïve recipients using hepatitis B
immunoglobulin (HBIG), lamivudine and vaccination is
associated with a lower incidence of de novo infection[24].
However, the low prevalence of HBV infection together
with the expensive postoperative prophylactic course
(11700 USD), which the recipient cannot afford, has led
to refusal of the use of donors with positive HBcAB.
Precise and accurate knowledge of the anatomy of
hepatic vasculature and the biliary system is of paramount importance in planning the best resection and to
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lessen the risk of morbidity. With refinement of surgical
techniques and cumulative experience, exclusion of potential donors due to anatomical variations has decreased
over time, however, there are still conditions where donor
safety necessitates “no go” hepatectomy even after starting the operation[25]. In our experience, 3.38% of potential donors were excluded on an anatomical and volumetric basis. Examples of cases excluded due to anatomical
and volumetric considerations are shown in Figure 1.
Due to legislative obstacles supported by social background, deceased donor liver transplantation is not yet
available in Egypt. The paucity of suitable willing living
donors and an absence of grafts from deceased donors
have resulted in many Egyptian patients seeking transplants abroad. In nearly all cases, the follow-up and management of post-transplant complications is carried out
in Egypt. Thus, this so called “transplant tourism” has a
great impact on the progress of the LDLT program in
Egypt[26]. Significant effort is needed to establish a comprehensive legal system allowing deceased and living donor liver transplantation with airtight safeguards against
donor coercion, commercialism and time-consuming
meaningless obstacles[27].
In conclusion, dependence on LDLT is insufficient,
especially in a country where HCV-induced liver cirrhosis is prevalent. Many strategies can be adopted to
increase the living liver donor pool. Most, if not all, of
these strategies have risks for the donor (older donors)
or for the recipient (ABO incompatible LDLT and HBcAb positive donors). Legalization of DLT is essential to
cope with the increasing number of patients in need of
liver transplantation.
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is prevalent, and that strategies to increase the donor pool may involve a risk
on the marginal donor or on the recipient with ABO incompatibility and/or with
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Abstract
Intestinal obstruction is a common complication associated with Meckel’s diverticulum in adults. The diverticulum itself or its fibrous band can lead to an intestinal
volvulus, intussusceptions, or closed-loop obstructions,
which require surgery. The incarceration of Meckel’s diverticulum in either inguinal or femoral hernia sacs (Littre’s hernia) is another, less common, etiology underlying intestinal obstruction. This case report describes
a 45-year-old man who had an obstruction associated
with a Meckel’s diverticulum that passed through a
congenital defect in the mesocolon into the right subphrenic space. The patient, who had not undergone
abdominal surgery previously, came to the emergency
room with acute onset of intermittent epigastric pain
and abdominal distention. Computed tomography images showed the presence of a segment of the small
bowel and a diverticulum in the right subphrenic space
and paracolic gutter. The twisted mesentery and the dilated loops of the proximal small bowel were indicative
of an intestinal volvulus and obstruction. Meckel’s diverticulum complicated by a transmesocolic internal hernia was diagnosed, and this condition was confirmed
during emergency surgery. The patient’s postoperative
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recovery was uneventful. This case report highlights
another presentation of Meckel’s diverticulum, that is,
in combination with a transmesocolic internal hernia.
This etiology may lead to an intestinal volvulus and necessitate early surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Meckel’s diverticulum; Intestinal obstruction; Hernia; Abdominal
Core tip: Intestinal obstruction is a common complication associated with Meckel’s diverticulum in adults. It
can also be complicated with transmesocolic internal
hernia, which had not been reported before. Early
surgery is necessary since it could result in intestinal
volvulus and closed-loop obstruction. High clinical suspicion in acute abdomen is important while computed
tomography scans helps preoperative diagnosis.
Wu SY, Ho MH, Hsu SD. Meckel’s diverticulum incarcerated
in a transmesocolic internal hernia.World J Gastroenterol 2014;
20(37): 13615-13619 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13615.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13615

INTRODUCTION
Obstruction of the small bowel originating from congenital abnormalities is uncommon among adults. The
correct diagnosis of obstructions of the small bowel requires differentiation of normal anatomy from pathologic findings using radiography, and the presence of a high
index of clinical suspicion. Meckel’s diverticulum is the
most common congenital anomaly of the gastrointestinal
tract. Adult patients affected by Meckel’s diverticulum
may be asymptomatic until they experience acute smallbowel obstruction, which may be caused by either the fi-
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A

Figure 1 Serial abdominal radiographs showing gas within
the small bowel overlying the liver and relative radiolucencies
lateral to the liver, suggesting intestinal incarceration. The intestinal diverticulum between the diaphragm and liver is prominent
in the area of the latter. A: 5 mo ago; B: During the acute episode.

B

A

B
*

*

*

*

Figure 2 Computed tomography scans showing the incarceration of Meckel’s diverticulum and the small bowel in the right subphrenic space, causing the
depression of liver surface. The twisted mesenteric vessels (arrow) are indicative of a volvulus; the group of small-bowel loops lateral to the colon (asterisk) also
suggest a transmesocolic internal hernia. A: Axial view; B: Coronal view.

brous band of the diverticulum or a volvulus of the small
bowel around the diverticulum[1]. However, incarceration
of Meckel’s diverticulum within a transmesocolic internal
hernia is an unusual etiology. Here, we describe the case
of a patient who had an acute obstruction of the small
bowel. An incarcerated Meckel’s diverticulum in the right
subphrenic space with an intestinal volvulus was found
on computed tomography (CT) images. In addition, a
transmesocolic internal hernia was found during radiography, and this finding was confirmed during surgery.

CASE REPORT
A 45-year-old man who did not have a history of systemic diseases and had no history of abdominal surgery was
admitted to our emergency room (ER). On the day before he came to the ER, he had experienced acute onset
of intermittent epigastric pain and abdominal distention,
with nausea, vomiting, and diarrhea. Several years before
being admitted to the ER, the patient had experienced
episodes of dull epigastric pain, accompanied by bloating and constipation. However, the patient had ignored
the pain because the intensity of the pain fluctuated and
the pain appeared to be self-limiting. Initial physical examinations showed increased level of bowel sounds, no
abdominal tenderness, and no palpable masses. Results
from the patient’s blood tests were normal. Plain-film
radiographic images of the abdomen did not show the il-
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eus, but revealed relative radiolucencies lateral to the liver.
Compared with a plain film obtained in the outpatient
department 5 mo previously, these images showed more
prominent presence of bowel gas between the liver and
diaphragm (Figure 1). Eight hours after being admitted to
the ER, the patient’s colic became increasingly severe and
more frequent, and diffuse abdominal tenderness was
apparent on physical examination. Emergency CT scans
showed incarceration of one segment of the intestine in
the right subphrenic space where the mesenteric vessels
and the soft tissues twisted around each other in the prehepatic space, which is known as a “whirl sign” (Figure 2).
Furthermore, a segment of the strangulated intestine or
a diverticulum of the intestine depressed the liver surface
and displaced the hepatic flexure of the colon medially.
However, free air and ascites were not present within the
subphrenic space. We suspected a volvulus and bowel
ischemia, and we performed a diagnostic laparoscopy,
which was converted to a laparotomy after confirmation
of the ischemic bowel. A 20-cm segment of the ileum
passed through a 10-cm defect in the transverse mesocolon into the subphrenic space, 30 cm proximal to the
ileocecal valve. Within this, a 6-cm antimesenteric diverticulum was trapped in the subphrenic space (Figure 3).
The diverticulum served as the lead point of mesenteric
twisting, causing bowel ischemia. After clamping the
mesenteric vessels, segmental resection and end-to-end
anastomosis of the ileum were performed. The histopa-
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Figure 3 Intraoperative photographs. A: The herniated Meckel’s diverticulum and small bowel, showing the completion of the manual reduction of the mesenteric
volvulus; B: The inlet of the internal hernia in the transverse mesocolon.

A

B

Figure 4 Hematoxylin eosin stains of the resected diverticulum showing
mucosal infarction, extensive submucosal hemorrhage, and inflammatory
cell infiltration of the tissues of the ileum and continuous muscle layer,
suggesting acute bowel ischemia. A: × 25; B: ×200.

thology of the diverticulum showed mucosal infarction
and excessive submucosal hemorrhage, with neutrophil
infiltration in the ileum tissue. The bowel wall contained
all layers without metaplasia of gastric or pancreatic mucosa (Figure 4). These findings were more suggestive of
bowel ischemia rather than acute diverticulitis since no
dense lymphocyte infiltration was observed in the lamina
propria. These findings are compatible with those of a
true congenital diverticulum, namely, Meckel’s diverticulum. The patient recovered well after surgery. He was
discharged from hospital, without complications, after 9 d.

DISCUSSION
Meckel’s diverticulum, a true diverticulum arising from
the antimesenteric side, is the most common congenital
anomaly of the gastrointestinal tract. While most patients
with Meckel’s diverticula do not experience complications, between 4% and 16% of patients experience complications[1]. Bleeding in association with ectopic gastric
mucosa is the most common complication in children,
whereas obstructions caused by intussusceptions or adhesion bands are more common in adults. Furthermore, a
Meckel’s diverticulum may protrude through an abdominal opening. In Littre’s hernia, a Meckel’s diverticulum
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can enter the inguinal canal, umbilical canal, or femoral
canal, causing incarceration or strangulation[2]. Sometimes, the adhesion band of the diverticulum forms a
space that may cause the internal herniation of the small
intestine[3]. However, the protrusion of a Meckel’s diverticulum through a congenital defect in the mesocolon is
extremely rare. Indeed, when we searched the medical
literature published in English, we could not find a case
that was similar to the one that is reported here.
During the development of internal abdominal hernias, the intestines intrude into a cavity or defect in the
peritoneal cavity. Internal hernias comprise up to 5.8%
of intestinal obstructions[4]. Most internal hernias involve
intestines passing through physiologic openings, and they
may be categorized as paraduodenal hernias, pericecal
hernias, foramen of Winslow’s hernias, or inter-sigmoid
hernias. Other internal hernias are associated with congenital or acquired defects, and they are categorized as
transmesenteric, transmesocolic hernias, and transomental
hernias[5,6]. Without intestinal strangulation, patients may
have no symptoms or insidious, vague, postprandial abdominal pains, which are often ignored. Most patients are
not given a diagnosis until the nausea, vomiting, and the
acute, cramping, periumbilical pain, become suggestive
of an intestinal obstruction, and CT images are critical
in these diagnoses. The location of the herniated loops
of the small bowel is anatomically abnormal, and they
may displace adjacent organs and cause the engorgement,
crowding, twisting, or stretching of the mesenteric vessels[7]. The location of the loops of the small bowel helps
determine etiology. For left paraduodenal hernias, the
small bowel enters a congenital fossa behind the ascending duodenum, and bowel loops are present between the
stomach and pancreas. In contrast, in right paraduodenal
hernias, bowel loops are present just lateral and inferior
to the descending duodenum. In paracecal hernias, the
bowel loops are located posterior and lateral to the cecum in the right paracolic gutter. In intersigmoid hernias,
the incarcerated small bowel is posterior and lateral to the
sigmoid colon. In transmesenteric hernia, the small bowel
travels through a mesenteric defect to the lateral side of
the colon and displaces the overlying omentum, creating
a directly abutting abdominal wall. Most transmesenteric
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hernias in adults are acquired and are secondary to previous abdominal surgery such as Roux-en-Y anastomoses
for gastric bypass or hepaticojejunostomies. In contrast,
congenital defects are more frequent in children. Since
our patient had none of the etiologies that would have
led to the acquisition of an internal hernia, including
previous abdominal surgery, trauma, or peritonitis, the
defect in the mesocolon was probably congenital. CT
scans showed the entrapped intestinal diverticulum in
the right subphrenic space depressing the liver’s surface.
Furthermore, the small intestine was located lateral to the
ascending colon and displaced the hepatic flexure of the
colon downwards, indicating a possible internal hernia.
While an intestinal volvulus was also suggested by the
twisted mesenteric vessels and the proximal dilation of
the incarcerated small intestine, the incarcerated small
intestine and the diverticulum may have also served as a
leading point. The emergency surgery warranted by this
closed-loop intestinal obstruction confirmed that the
Meckel’s diverticulum passed through a congenital defect
in the mesocolon and into the right subphrenic space
with an intestinal volvulus.
As the images illustrate, the intestines were in the right
subphrenic space, and in these instances Chilaiditi’s sign,
an indication of colonic interposition between the liver
and the diaphragm, should always be considered. Chilaiditi’s sign is usually an incidental finding on abdominal
radiographs and it tends to exist without any symptoms.
Relaxation of the suspensory ligaments mobilizes the
right colic flexure, making interposition possible. When
this is accompanied by symptoms associated with bowel
obstruction, including abdominal pain, nausea, vomiting,
bloating, and anorexia, it is called Chilaiditi’s syndrome[8].
However, a diagnosis of Chilaiditi’s syndrome should be
differentiated from diseases associated with acute abdomen, which include pneumoperitoneum, subphrenic abscess, obstructions of the small bowel, volvulus, intussusceptions, ischemic bowel, and inflammatory conditions,
for example, appendicitis or diverticulitis, all of which require prompt surgical intervention. In contrast, Chilaiditi’s
syndrome is managed by medical treatment initially, rather
than surgery. Surgical intervention, in the form of cecopexy or colonic resection, is indicated when medical treatment fails, or if there is evidence of bowel ischemia, for
example, volvulus of the transverse colon or cecum. Our
patient had an acute abdomen, and CT scans showed a
small-bowel volvulus and a closed-loop obstruction. The
normal proximal ascending colon, cecum, and terminal
ileum excluded the colonic obstruction that characterizes
Chilaiditi’s syndrome. Our patient’s radiologic findings
were confirmed by diagnostic laparoscopy.
A radiologic finding of a small bowel trapped between
the diaphragm and the liver requires careful evaluation.
A patient who presents with an acute abdomen requires
emergency diagnostic laparoscopy or laparotomy. Furthermore, it is important to exclude internal hernias by identifying the relative anatomic locations of the intra-abdominal
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organs on CT images in patients who have incidental findings. If congenital anomalies such as Meckel’s diverticulum
are apparent on CT images, we suggest prompt surgical
investigation, because of risk of an intestinal volvulus.

COMMENTS
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Case characteristics

A 45-year-old man with acute intermittent epigastric pain, abdominal distention,
nausea, vomiting, and diarrhea.

Clinical diagnosis

increased level of bowel sounds, no abdominal tenderness initially then
progression to diffuse tenderness , no palpable masses.

Differential diagnosis

Intestinal obstruction related to congenital anomaly or neoplasm, Chilaiditi
syndrome.

Laboratory diagnosis

White blood cell: 13560/uL; C-reactive protein: 0.14 mg/dL; metabolic panel and
liver function test were within normal limits.

Imaging diagnosis

CT scans showed incarceration of one segment of the intestine in the right
subphrenic space where the mesenteric vessels and the soft tissues twisted
around each other in the prehepatic space.

Pathological diagnosis

Meckel’s diverticulum with ischemic change secondary to volvulus.

Treatment

Laparotomy with reduction of transmesenteric internal hernia and resection of
incarcerated ileum including Meckel’s diverticulum.

Related reports

Others reported the adhesion band of the diverticulum forms a space that may
cause the internal herniation of the small intestine. But we could not find a case
like ours with Meckel’s diverticulum passing through a congenital defect in the
mesocolon.

Experiences and lessons

In patient with clinical diagnosis of intestinal obstruction, internal hernias are
differentiated by identifying the relative anatomic locations of the intra-abdominal
organs on CT scans. Combination of Meckel’s diverticulum and transmesenteric
internal hernia is possible, and we suggest prompt surgical investigation even in
asymptomatic patients because of risk of an intestinal volvulus.

Peer review

This is a well written case report of surgical interest. On histology the authors
should comment on the presence of acute inflammation indicating if there was
also acute diverticulitis as now they only describe absence of metaplasia.
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Core tip: Gastrointestinal diverticular disease is common and asymptomatic in most cases; however, massive gastrointestinal bleeding caused by diverticular
disease is rare. This article describes the diagnosis and
management of these diseases through acute abdominal computed tomography angiography.
Xu XQ, Hong T, Li BL, Liu W. Active gastrointestinal diverticulum
bleeding diagnosed by computed tomography angiography. World
J Gastroenterol 2014; 20(37): 13620-13624 Available from: URL:
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http://dx.doi.org/10.3748/wjg.v20.i37.13620

INTRODUCTION
Abstract
A diverticulum is a bulging sack in any portion of the
gastrointestinal tract. Small intestine diverticular disease is much less common than colonic diverticular disease. The most common symptoms include non-specific
epigastric pain and a bloating sensation. Major complications include diverticulitis, gastrointestinal bleeding, acute perforation, intestinal obstruction, intestinal
perforation, localized abscess, malabsorption, anemia,
volvulus and bacterial overgrowth. We report one case
of massive jejunal diverticula bleeding and one case of
massive colonic diverticula bleeding, both diagnosed by
acute abdominal computed tomography angiography
and treated successfully by surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diverticulum; Gastrointestinal diverticular
bleeding; Angiography; Computed tomography angiography; Endoscopy
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A diverticulum is a bulging sack in any part of the gastrointestinal tract. The large intestine is the most common site for the formation of diverticula. The diverticulum forms a pouch in a weakness of the intestine, which
generally corresponds to the site where an artery enters
into the muscle layer. It is thought that spasms increase
pressure in the intestine, creating more diverticula and
enlarging existing ones. Diverticula are classified as real
or false: real diverticula are composed of all of the intestine’s layers, while false diverticula consist of the uncus
of the mucosa and the submucosa[1].
Diverticular disease is actually uncommon in people
under the age of 40. By the age of 50, about 1/3 of the
population has diverticulosis; the prevalence increases to
60% in people over 80 years of age[2].
Colonic diverticular disease is much more common
than small intestine diverticular disease. It is believed
that diverticula develop as a result of abnormalities in
intestinal peristalsis, intestinal dyskinesis and very high
intraluminal pressure, such as in the colon[3].
Most gastrointestinal diverticula are asymptomatic;
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Figure 1 Imaging of case 1. A: Computed tomography (CT) angiography revealed contrast extravasation in a jejunal diverticulum (arrow); B: CT angiography
showed the blood supply for the jejunal diverticulum source was from a branch of the superior mesenteric artery (arrow); C: Multiple diverticula in a 30 cm segment of
the jejunum.

however, they are usually complicated by diverticulitis
with or without bowel perforation, intestinal obstruction
and bleeding once they become symptomatic. Massive
upper gastrointestinal bleeding secondary to gastrointestinal diverticulosis is extremely rare. Most of them
present with obscure gastrointestinal bleeding[4-6]. However, colonic diverticular bleeding is a common cause
of hematochezia. It accounts for approximately 40% of
the episodes of massive lower gastrointestinal bleeding
and often results in hospitalization. Severe hemorrhage
can occur in 3%-5% of patients with diverticula[7]. Diverticula are predominantly observed in the left colon in
Western countries, while right-sided diverticula are more
commonly found in Asian countries[8].
Computed tomography (CT) angiography, colonoscopy and angiography are essential for the diagnosis and
treatment of gastrointestinal diverticular bleeding[1-8].
However, a precise location and definite hemostasis are
often difficult because diverticula are usually numerous
and bleeding is intermittent[6-8]. Blind segmental resection
in the cases of undiagnosed bleeding site is responsible
for the high re-bleeding rate of 42% and mortality of
57%[9]. Therefore, precise localization is essential for the
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treatment in patients with a life-threatening diverticular
bleeding. We herein describe two patients with massive
jejunal and colonic diverticular bleeding, respectively,
whose bleeding sites were located precisely and successfully by CT angiography and then treated by surgery.

CASE REPORT
Case 1
An 86-year-old male presented to the emergency department with recurrent massive hematochezia. His past
medical history was significant for hypertension for 20
years without any history of gastrointestinal bleeding.
On physical examination, the abdomen was soft without tenderness. His hemodynamic status was unstable,
with a hemoglobin of 6.5 g/dL. An acute abdominal CT
angiography revealed contrast extravasation in a jejunal
diverticulum (Figure 1A, arrow). The superior mesenteric
artery was reconstructed, which indicated the blood supply for the jejunal diverticulum source was from a branch
of the superior mesenteric artery (Figure 1B, arrow).
Once the diagnosis of jejunal diverticular bleeding was
made, a laparotomy was performed. Multiple diverticula
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Figure 2 Imaging of case 2. A: Abdominal computed tomography (CT) revealed contrast extravasation in the ascending colon (arrow); B: CT angiography revealed
bleeding from the intramural branches of the marginal artery supplying the ascending colon (arrow); C: Angiography failed to reveal the precise location of the bleeding; D:
Emergent colonoscopy revealed multiple diverticula in the middle part of the ascending colon without definite bleeding vessels identified (arrow).

in a 30 cm segment of jejunum were found, beginning
50 cm distal to the Treitz’s ligament (Figure 1C). The involved segment was resected. The patient had no further
postoperative episodes of gastrointestinal bleeding.
Case 2
A 56-year-old male presented to the emergency with recurrent massive hematochezia. His past medical history
was non-significant, with no history of gastrointestinal
bleeding. On physical examination, the abdomen was soft
without tenderness. His hemodynamic status was unstable (BP 85/50 mmHg, HR 110/min) with a hemoglobin of 5.4 g/dL. The acute abdominal CT angiography
revealed contrast extravasation in the ascending colon
(Figure 2A, arrow) and bleeding from the intramural
branches of the marginal artery supplying the ascending colon (Figure 2B). Angiography failed to reveal the
precise location of the bleeding (Figure 2C). Emergent
colonoscopy was performed, which revealed multiple
diverticula in the middle part of ascending colon (Figure
2D, arrows), but no definite bleeding vessels were identified. When the conservative treatment for colonic diverticular hemorrhage was unsuccessful after three episodes
of hemorrhage, a laparotomy was performed. Partial
colectomy for most of the ascending colon was then
performed. The patient had no further post-operative
episodes of gastrointestinal bleeding.
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DISCUSSION
Gastrointestinal diverticular disease is asymptomatic in
up to 70% of cases and patients may suffer from acute
complications such as bleeding, perforation, diverticulitis
or intestinal obstruction[4-6]. Bleeding is uncommon and
constitutes only 5%-33% of all cases[10]. Both upper and
lower gastrointestinal diverticular usually involve elderly
patients[2]. A significant number of patients also present with life-threatening bleeding. Based on these facts,
clinicians should keep in mind with this uncommon but
dangerous situation while managing elderly patients with
massive gastrointestinal bleeding.
Preoperative diagnosis of gastrointestinal diverticular bleeding is sometimes difficult[11,12]. Many modalities
have been introduced to evaluate gastrointestinal diverticular bleeding, including barium contrast study, Technetium99m (99mTc) RBC scan, CT scan, angiography, CT
angiography, capsule endoscopy, etc.
The upper gastrointestinal diverticular bleeding is
much less common than the lower gastrointestinal diverticular bleeding (colonic diverticular disease). The duodenum is the second most common location for gastrointestinal tract diverticula after the colon. Other less common
locations include the third and fourth portions of the
duodenum and the jejunum[13].
Colonic diverticula are the most common source of
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life-threatening lower gastrointestinal bleeding. Most diverticula are located in the descending or sigmoid colon;
however, spontaneous bleeding is common in diverticula
of the ascending colon[14].
Emergent endoscopy is the standard diagnostic and
therapeutic technique for gastrointestinal bleeding, but it
can be difficult when the typical gastrointestinal bleeding
involves fast and massive bleeding into an unprepared
bowel. As a matter of fact, no exact explanation is found
in up to 20% in such cases of gastrointestinal bleeding.
Arteriography is reserved for patients for whom endoscopy is unfeasible or inconclusive, and for whom bleeding persists after localization; however, it risks ischemic
damage to the bowel wall and failure to detect all bleeding
sources. CT angiography can be useful in locating the obscure source of bleeding. CT angiography showed pooled
sensitivity of 86% and specificity of 95%, respectively in
the diagnosis of acute gastrointestinal bleeding[15]. When
massive gastrointestinal bleeding occurs in patients with
unstable hemodynamic status, CT angiography is essential, it could show sac-like collections of extravasation, so
that details of its arterial supply can be clearly ascertained
in order to optimize treatment decisions[16].
CT angiography is accurate in the diagnosis of acute
gastrointestinal bleeding and can show the precise location and etiology of bleeding. Thus, CT angiography
could be used for the first line diagnostic method for
most of the patients with active gastrointestinal bleeding
without relative absolute contraindications[15].
The management of gastrointestinal diverticular
bleeding is mainly by surgical intervention, although there
are some reports of spontaneous recovery. The mortality
rate has dropped in recent years. The decrease in mortality
may be attributed to the advance of diagnostic modalities that allow clinicians to stratify patients for endoscopic
therapy, conservative treatment, or surgery[17]. For those
with less severe bleeding, endoscopic diagnosis and
treatment are good options[18]. A significant number of
patients are expected to bleed again during the followup period, although such a non-surgical approach does
control the bleeding. For those presented with massive
bleeding, emergency surgery still remains one of the
options to control the bleeding. Whether these patients
should receive surgery after initial medical management
remains unclear. This approach may be suggested only
when they suffer from recurrent bleeding. Surgery is indicated in patients with ongoing recurrent bleeding when
therapeutic endoscopy or angiography is not available or
feasible. Patients with recurrent gastrointestinal bleeding
should certainly be treated with surgery because the risk
of further episodes may increase with time[19]. Approximately 10%-25% of patients require emergency surgery
for hemodynamic instability[20].
In conclusion, CT angiography is a noninvasive, rapid,
reproducible and widely available technique that can be
performed successfully upon the majority of patients
presenting with an acute episode of gastrointestinal diverticula bleeding. Positive contrast-enhanced multidetec-
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tor CT can define the bleeding sites with high accuracy.
Occasionally, this technique can even define the cause
of active gastrointestinal bleeding, which, if combined
with anatomical information, can effectively inform
subsequent angiography or surgery. Multiphasic imaging
enables direct visualization of active bleeding into the
bowel. CT angiography could serve as a first diagnostic
modality in the evaluation of patients with substantial
bleeding[21].

COMMENTS
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Case characteristics

Active gastrointestinal diverticulum bleeding diagnosed by computed tomography (CT) angiography.

Differential diagnosis

It should be considered in the differential diagnosis of patients with gastrointestinal bleeding caused by any other reasons.

Diagnostic imaging

Diagnostic imaging mainly by CT angiography.

Treatment

Angiography or surgery may be performed when definite bleeding sites are
identified by CT angiography.

Peer review

This is a well written and well-documented report of two cases of active gastrointestinal diverticular bleeding.
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Abstract
Inflammatory myofibroblastic tumors are usually treated by surgical resection. We herein report two cases of
intra-abdominal inflammatory myofibroblastic tumors
that were unresectable and underwent spontaneous
regression without any treatment. Our case report and
literature review show that regression is more common
in the middle-aged and older male populations. Abdominal discomfort and fever were the most common
symptoms, but the majority of patients had no obvious physical signs. There was no specific indicator for
diagnosis. The majority of the lesions regressed within
3 mo and nearly all of the masses completely resolved
within 1 year. We conclude that the clinical characteristics of inflammatory myofibroblastic tumors are variable
and, accordingly, the disease needs to be subdivided
and treated on an individual basis. Surgery is always
the first-line treatment; however, for those masses assessed as unresectable, conservative therapy with in-
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tense follow-up should be considered.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory myofibroblastic tumor; Inflammatory pseudotumor; Abdominal cavity; Spontaneous regression
Core tip: This article reports two rare cases involving
the spontaneous regression of an unresectable intraabdominal inflammatory myofibroblastic tumor (IMT)
and summarizes the clinical characteristics of all published cases. The clinical characteristics of IMT are not
clear and the treatment is controversial. By analyzing
published papers, we discovered some common features of the disease and potential reasons for this unusual phenomenon. Our findings may be useful for the
clinical diagnosis and treatment of IMT.
Zhao JJ, Ling JQ, Fang Y, Gao XD, Shu P, Shen KT, Qin J, Sun
YH, Qin XY. Intra-abdominal inflammatory myofibroblastic
tumor: Spontaneous regression. World J Gastroenterol 2014;
20(37): 13625-13631 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i37/13625.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i37.13625

INTRODUCTION
Inflammatory myofibroblastic tumor (IMT), also called
inflammatory pseudotumor (IPT), is a rare disease commonly found in children and adolescents[1].
The etiology of IMT remains unclear, but is most
likely associated with inflammation, trauma[2], viral infection[3], chromosome translocation[4], and gene fusion[5].
Although IMT has long been profiled as a benign lesion,
it has presented aggressive behavior in some cases due to
local spread, recurrence, and metastasis[6,7]. In 2003, IMT
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Figure 1 Computed tomography imaging changes of patient No. 1 A: A plain computed tomography (CT) scan on admission showing a large nodular mass (white
lines mark the maximum and minimum diameter) located in the upper quadrant of the peritoneum and encasing the surrounding soft tissues; B: An enhancement CT
scan showing the mass to be multinodular. Some parts of the mass were mildly enhanced, while others were cystic degenerated; C: A CT scan obtained 3 wk after the
operation identified the spontaneous regression of the tumor; D: A CT scan obtained 3 mo later did not show any indication of relapse.

arising from the abdominal cavity, both eventually resolving completely without any treatment. We also reviewed
the relevant literature, with an emphasis on the spontaneous regression of intra-abdominal IMT, and summarized
the clinical characteristics of these patients.

Transverse mesocolon

The solid part of mass

CASE REPORT

The cystic part of mass
Incisional biopsy site

Figure 2 Intraoperative photograph of patient No. 1. A solid-cystic mass was
discovered invading adjacent organs and tissues during exploration. The mass
was approximately 15 cm × 8 cm in size and could not be entirely removed.

was classified as an intermediate neoplasm in the current
World Health Organization (WHO) histologic typing[7]
and characterized by a mixture of myofibroblasts, fibroblasts, lymphocytes, and plasma cells[8].
Surgery has long been regarded as the most effective and radical treatment. However, there were sporadic
cases which reported the effectiveness of using antibiotics[9], corticosteroids[10], nonsteroidal anti-inflammatory
drugs (NSAIDs)[2], and even non-intervention[11], which
may provide new insights into the therapeutic approach
for IMT, especially for unresectable lesions.
Herein, we present two cases of unresectable IMT

WJG|www.wjgnet.com

Case 1
A 49-year-old male sought medical treatment with symptoms including paroxysmal abdominal pain, nausea, and
vomiting, which recurred over 2 wk. A large mass was
palpated in the epigastrium. Laboratory tests showed elevated neutrophil count (6.7 × 109/L), C-reactive protein
(CRP) (27.9 mg/L), and lactic dehydrogenase (383 U/L).
Tumor markers were normal except for CA125 (44.8 IU/
mL). A computed tomography (CT) scan of the abdomen revealed the presence of a very large nodular mass
in the upper quadrant of the peritoneum (Figure 1a and
b). Although the diagnosis was not confirmed, the clinical evidence indicated that the lesions were likely to be a
malignant tumor. Based on this diagnosis, the patient was
admitted to surgery. During exploration, a 15 cm × 8 cm
large mass was discovered in the retro-peritoneum that
was attached to the posterior wall of the abdomen (Figure 2). We performed an incisional biopsy of the mass at
different sites. The histological diagnosis was of a fibroinflammatory proliferation, with immunohistochemistry
staining results showing negative expressions of CD34,
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A

B

Figure 3 Pathological images of two patients. A: Histological examination showing a proliferation of myofibroblasts and infiltration of inflammation cells (HE stain,
200 ×); B: Histological examination showing a proliferation of spindled cells, likely myofibroblasts, mixed with abundant lymphocytes and plasma cells (HE stain, 200 ×).

desmin, and anaplastic lymphoma kinase (ALK), as well
as a positive expression of SMA, which is consistent with
IMT (Figure 3a). Because the mass was unresectable, we
only performed gastrojejunostomy to relieve the obstruction. After surgery, the patient presented with delayed gastric empting and was completely symptom-free 3 wk later.
Before discharging, the patient was re-examined by CT
scan, which showed the apparent and spontaneous regression of the mass without a residual small tumor or inflammation remaining (Figure 1c). A CT scan three months
later showed no indication of relapse (Figure 1d).

A

B

C

Figure 4 Computed tomography/positron emission tomography-computer
tomography imaging changes of patient No. 2. A: A computed tomography
(CT) scan on admission showed that the gastric wall at the antrum was clearly
thickened and enhanced (white arrow) in the arterial phase. Several lymph
nodes could also be observed, the biggest one being approximately 3.9 cm
in diameter; B: A positron emission tomography-computer tomography on
admission showed a high FDG (fluorodeoxyglucose) uptake mass located at
the interval between the antrum and pancreas (white arrow). The maximum
standardized uptake value (SUV max) was 11.7, and the retention index was
21.8%; C: A CT scan obtained 1 mo after discharge identified the spontaneous
regression of the tumor.
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Case 2
A 59-year-old man was hospitalized with a 1-mo history
of abdominal distension, poor appetite, and weight loss
of more than 5 kg. He was addicted to alcohol and tobacco and had uncontrolled diabetes mellitus. Clinical examination was unremarkable other than mild abdominal
tenderness. Laboratory tests, including a routine hepatic
function test, showed that C-reactive protein and tumor
markers were all within the normal range. Gastroscopy
detected an elevated lesion at the pylorus, which was
likely from the extra-cavity. We twice performed an endoscopic biopsy, but both findings were of superficial gastritis. A CT scan and a PET-CT scan both demonstrated
that a presumptive malignant mass was located between
the gastric antrum and the neck of the pancreas (Figure
4a and b). Although we did not acquire a pathological diagnosis, we performed an exploratory laparotomy.
During the surgery, we confirmed that the mass was
located at the posterior wall of the gastric antrum and
had invaded the pancreas, transverse mesocolon, and
mesentery, which resulted in an inability to perform an
en bloc resection. We only removed the subpyloric lymph
nodes for a pathological assay. Histological examination
showed conspicuous proliferation of myofibroblasts
admixed with abundant inflammatory cells (Figure 3b),
and the immunohistochemistry results demonstrated that
CD34, desmin, and ALK were negative, while SMA was
positive. Based on these findings, the diagnosis of IMT
was made. The patient did not receive any treatment and
became symptom-free one month later. The tumor mass
regression was verified using a CT scan (Figure 4c). After
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Table 1 Published reports about spontaneous regression of
intra-abdominal Inflammatory myofibroblastic tumor
Year

Cases n

Location

Gollapudi et al[12]
Jaïs et al[13]
Su et al[2]
Koea et al[10]
Biecker et al[14]
Thompson et al[15]
Tanikawa et al[16]
Przkora et al[17]
Colakoglu et al[18]
Koide et al[19]
Tsou et al[9]
Yamaguchi et al[20]
Vassiliadis et al[21]
Motojuku et al[22]
Mattei et al[8]
Goldsmith et al[23]
Brage-Varela et al[24]
Jerraya et al[11]
Fragoso et al[7]
Shatzel et al[1]

1992
1995
2000
2003
2003
2003
2003
2004
2005
2006
2007
2007
2007
2008
2008
2009
2010
2011
2011
2012

1
1
1
6
1
1
1
2
1
1
4
3
1
1
1
5
1
1
2
1

Liver
Liver
Mesentery
Liver
Liver
Mesentery
Periureteral
Retro-peritoneum
Liver
Liver
Liver
Liver
Liver
Liver
Retro-peritoneum
Liver
Liver
Liver
Liver and pancreas
Mesentery

8

Cases n

Ref.

4
2
0

1

2

3

4

5

6

7

8

9

10

11 12 > 12

Time of complete regression (mo)

Figure 5 Time of complete regression of reported cases. The majority of
cases reported that the mass shrunk within 3 mo, and almost all patients had
complete resolution in 1 year.

highest percentage of findings (34.6%); liver function abnormity (30.8%), elevated CRP (19.2%), and erythrocyte
sedimentation rate (ESR) (19.2%) were also frequent.
Other abnormalities included hypoalbuminemia (15.4%),
elevated tumor markers (15.4%), and anemia (15.4%).

discharging, the patient underwent a CT scan every three
months at a local hospital and did not have any indication
of recurrence during a one-year follow-up.
Literature review
A systematic search of PubMed and Embase was performed. We listed 20 reports published from 1992 to date
in Table 1, with a sum of 36 intra-abdominal IMT or IPT
patients who had spontaneous regression without surgical excision[1,2,7-24]. In an effort to assess the biological behavior of IMT, we summarized the clinical characteristics
of a total of 38 patients consisting of 36 reported cases
as well as our two cases.
Age and gender: Including our two cases, the median
age of patients was 44 years (ranging from a few months
to 79 years). The largest population was the middle-aged
and elderly, with a percentage of 60.6%. There were 25
male patients, nearly twice as many as female patients.
Symptoms: Twenty-five of 31 patients were symptomatic at presentation (no data were available for 7 cases). The
most common symptoms were abdominal pain (58.1%),
fever (45.2%), weight loss (22.6%), appetite loss (12.9%),
and nausea/vomiting (12.9%). Nearly 19.4% of patients
were completely asymptomatic.
Physical examination: The majority of the 27 available
cases did not show obvious signs of disease (70.4%). As
the liver was the most frequent location, palpable enlargement of the liver was the most common sign (14.8%), followed by abdominal mass (7.4%) and tenderness (7.4%).
Laboratory examination: Nearly one in five patients
had no aberrant findings (26 case files were available).
Elevated white blood cell (WBC) count accounted for the
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6

Location: The liver was the most common location,
making up 71.8% of all the reported cases. Retro-peritoneum, mesentery, gastrointestinal tract, and pancreas
were also reported locations.
Size: The maximum diameter of the tumor was reported
in 21 cases, and ranged from 1 cm to 15 cm. The average
size was 6.1 cm.
Diagnosis: A total of 31 cases were diagnosed before
treatment. Among them, 25 cases were diagnosed as IMT
or IPT (80.6%) and led to conservative therapy. Nevertheless, 5 cases were diagnosed as malignant tumors, and
so abdominal exploration was performed. All hepatic lesions were diagnosed before treatment, with the accuracy
reaching 95.7%. However, only 77.8% of the masses
located at the retro-peritoneum and mesentery could be
diagnosed, and more than half of the masses were misdiagnosed as malignant tumors.
Management: Seventeen out of 38 cases did not receive any intervention vs 21 out of 38 cases that were
managed medically. The most commonly used therapy
was NSAIDs (15.8%), followed by steroids (13.2%) and
antibiotics (10.5%). Of the remaining cases, 3 patients
received a combination of medicines.
Outcome: All 38 patients were reported as thriving during the follow-up period. Thirty reports described the
specific time that the tumor regressed, ranging from a
few days to 3 years (Figure 5).

DISCUSSION
Although IMT and IPT were formerly regarded as the
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same disease, some authors argue they are distinct entities. As there is no uniform view at present, the use of
these two terms synonymously in the literature has led
to confusion in understanding the incidence and behavior of the disease. In this article, we still attribute IMT
to the broad category of IPT for now. IMT was initially
identified in the lungs in 1937. Since then, it has been
described at various sites[12]. As a result of various origins,
IMT may present with diverse clinical symptoms, physical
signs, and laboratory findings, which makes it difficult to
differentiate from other neoplasms[21]. Radiological appearance is nonspecific and insufficient to make a correct
diagnosis. At present, percutaneous biopsy is considered
the most useful tool. Meis et al[25] reported that most cases
of IMT expressed actin, vimentin, and keratin. Chan et
al[26] speculated that the expression of ALK may be a
specific marker for IMT. However, a biopsy is unable to
provide an absolutely certain diagnosis[21], especially for
tumors located at the retro-peritoneum. Therefore, we
recommend laparoscopic exploration first for these undiagnosed cases. Large samples taken during a laparoscopic
biopsy may increase the reliability of the histopathology
results.
The reasons for the spontaneous regression of IMT
have not been clearly elucidated; however, by analyzing
the published cases, we can generate some hypotheses for
further investigation.
First, different tumor locations might influence the
prognosis of IMT. Hepatic lesions have the most favorable outcome; in contrast, tumors occurring in the abdomen, pelvis, and retro-peritoneum tend to show more
aggressive behavior and have a poor prognosis[6,27]. Location is also associated with age and gender. The mean
age of patients with IMT is reported to be as low as 9.7
years, and females account for approximately 60% of patients. By contrast, liver lesions usually develop in men of
middle or advanced ages[22].
Second, regression cases are more frequently observed in middle-aged and older patients. Therefore, age
may have an impact on prognosis. Studies showed that
ALK positivity was detected in 36% to 60% of cases and
was associated with cytogenetic abnormalities[28] and local
recurrence[27]. Interestingly, the ALK gene was expressed
selectively in younger patients[26] and may contribute to
the unfavorable prognosis of children and adolescents.
Third, recurrence is related to a number of factors,
such as aneuploidy, atypia, and ganglion-like cells. Coffin
et al[29] demonstrated that nearly 75% of aneuploid IMT
had recurrence and malignant transformation. Hussong et
al[30] reported that atypia and ganglion-like cells were detected much more in cases with recurrence and malignant
transformation.
As discussed above, we conclude that the prognosis of IMT is closely related to location, age, and ALK
positivity. This is also the area of dispute regarding the
diagnosis of IMT and IPT. Vecchio suggested the IPT,
rather than IMT, should be seriously considered when
managing ALK-negative spindle cell lesions in adult patients[31]. Gleason also agreed that one should be wary of
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making the diagnosis of IMT in these populations and
recommended taking many factors into consideration,
including age, location, histological pattern, and ALK
expression[32]. We deem that both IPT and IMT must
be subdivided into different types according to location,
age, histology, gene expression, and chromosome condition. Different types may have dramatically different outcomes and, as a result, the therapeutic approach should
be determined accordingly.
Complete resection has been widely accepted as the
mainstay treatment, although surgery could be destructive
to adjacent structures and increase morbidity[2]. Adjuvant
chemotherapy in conjunction with radiation therapy is
also controversial[8,33].
With more spontaneous regression cases being described, there is an increasing realization of conservative
management[10,13,34]. Although some articles have reported
the recurrence[6] or malignant transformation[35,36] of IMT,
Goldsmith et al[23] compared the mortality rate of 215 liver IMT patients between medical management and resection surgery and found no significant difference. In terms
of conservative options, there is no obvious difference
in overall outcome between patients receiving antibiotics,
steroids, or no treatment[23].
Although conservative therapies have been effective
for a number of patients, these treatments are all empirical, and the mechanisms are not well understood. Some
recent studies[8,34] reported that the majority of IMT tissues were positive for COX-2 and VEGF staining, and
proposed that NSAIDs could have an anti-angiogenic
effect via the inhibition of COX-2. Others[22] found that
many plasma cells infiltrating at IMT lesions were positive for IgG4, and speculated that IMT was associated
with an immune process. Therefore, the administration
of steroids might prevent an immune response and reduce systemic symptoms[10].
To date, the optimal treatment of IMT is far from
conclusive and needs to be further studied. We agree that
resection should be the initial treatment for those patients with mass effect symptoms, those where the tumor
mass tends to increase or is easily excised, and those in
which a certain diagnosis cannot be made by biopsy[21,22].
However, when the mass is assessed as unresectable by a
CT scan or laparoscopic exploration, surgical procedures
should be avoided and conservative therapy with antibiotics, steroids, NSAIDs, or observation along with intense
follow-up, should be taken into consideration[2].
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Case characteristics

The symptoms of two middle-aged male patients were variable; one presented
with abdominal pain and vomiting, and the other with abdominal distension,
poor appetite, and weight loss.
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Clinical diagnosis

The physical signs of the two cases were also variable. A large mass was palpated in the epigastrium for the first patient, while mild abdominal tenderness
was observed during examination for the second.

7

Differential diagnosis

Malignant tumors (angiosarcoma, cystadenocarcinoma, and metastatic tumors),
benign neoplasms (focal nodular hyperplasia, hemangioma, and adenoma),
and abscesses.

8

Laboratory diagnosis

The first patient had an elevated neutrophil count (6.7 × 10 9/L), C-reactive
protein (27.9 mg/L), lactic dehydrogenase (383 U/L), and CA125 (44.8 IU/mL),
while the second had no remarkable abnormal laboratory results.

9

Imaging diagnosis

A computed tomography scan showed a large mass located in the abdominal
cavity in both cases.

Pathological diagnosis

10

Histological examination showed a proliferation of myofibroblasts and an infiltration of inflammation cells. IHC staining showed CD34, desmin, and anaplastic
lymphoma kinase (ALK) were negative, while SMA was positive in both cases.

Treatment

11

Neither patient received curative resection or further treatment.

Related reports

Spontaneous regression of an intra-abdominal inflammatory myofibroblastic
tumor is seldom reported. The clinical and pathological characteristics of inflammatory myofibroblastic tumor are unclear and the treatment is controversial.

Experiences and lessons

This case report represents the clinical characteristics of intra-abdominal
inflammatory myofibroblastic tumors and also discusses the treatment of inflammatory myofibroblastic tumors. We recommend that conservative therapy
should be considered when the tumor is unresectable, especially for middleaged patients with negative ALK expression.

Peer review

The authors have described two cases of intra-abdominal inflammatory myofibroblastic tumor which showed spontaneous resolution without intervention. The
article highlights an important point which has important therapeutic implications.
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Core tip: We report a case of giant esophageal gastrointestinal stromal tumor in a 29-year-old male successfully treated with enucleation. The patient has no
evidence of recurrence and is in good clinical conditions
up-to date, five years after surgery.
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Abstract
Gastrointestinal stromal tumors (GISTs) are rare mesenchymal neoplasms of the gastrointestinal tract. Less
than 1% occurs in the esophagus. Surgery is the primary treatment for patients with GISTs. We report a
29-year-old male was admitted after the detection of
a posterior mediastinal mass during work-up with routine examination. He did not have any disease-related
symptoms. The physical examination was unremarkable. Chest computed tomographic scan, the barium
esophagogram and endoscopic esophageal ultrasound
showed benign neoplasm. The patient was performed
an enucleation surgery through the right posterolateral
thoracotomy. The pathology revealed a 13.0 cm × 12.0
cm × 5.0 cm mass. The tumor was CD117 (C-kit), PDGFRA and DOG1 positive. These findings were consistent
with a GIST of the esophagus. So the diagnosis of GIST
of esophagus was confirmed. The pathological diagnosis
of low grade of GIST of esophagus was confirmed. The
patient has no evidence of recurrence and is in good
clinical conditions up-to date, five years after surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are rare mesenchymal neoplasms of the gastrointestinal tract. The
most frequent anatomic location of GIST is the stomach
(60%-70%), followed by small intestine (20%-25%), colon
and rectum (5%), and esophagus (< 1%)[1]. They typically
present in older individuals. Surgery is the initial treatment
for the esophageal GISTs. We present a rare case of longterm and good quality of life after enucleation of a giant
esophageal GIST.

CASE REPORT
A 29-year-old male was admitted to department of thoracic surgery after the detection of a posterior mediastinal mass during work-up with routine examination. He
did not have any disease-related symptoms, such as dysphagia, chest pain or dyspnea. The physical examination
was unremarkable. Results of laboratory studies were
all within normal limits. Chest computed tomographic
(CT) scan revealed a 13 cm hyperdense soft-tissue mass,
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Figure 1 Mass showed before the surgery. A: The frontal chest radiograph showed a widened and undulated mediastinal contour; B: Barium esophagogram demonstrated a multilobulated protuberant lesion with a relatively smooth margin in the middle thoracic esophagus; C: Chest CT scan revealed a 13 cm × 5 cm × 6 cm
hyperdense soft-tissue mass, originated from the posterior wall of the esophagus. The mass was well demarcated from the surrounding structures protruded into the
esophageal lumen and compressed the trachea and the right main bronchus, and no metastases noted was found; D: ESU demonstrates a hypoechoic, homogeneous, well-demarcated mass, arising at 24 cm from the incisors and extending to 35 cm and arising from the muscularis propria of the esophagus.

originating from the posterior wall of the esophagus. The
barium esophagogram demonstrated a multilobulated
protuberant lesion with a relatively smooth margin in
the middle thoracic esophagus. Endoscopic esophageal
ultrasound (EUS) demonstrated a hypoechoic, homogeneous, well-demarcated mass, arising from the muscularis
propria of the esophagus at 24 cm from the incisors and
extending to 35 cm (Figure 1).
Preoperative examination and intraoperative findings
showed benign neoplasm. The patient was underwent an
enucleation surgery through the right posterolateral thoracotomy. The outer esophageal muscle was incised longitudinally. Careful dissection was done to separate and
remove the mass from the underlying submucosa. After
careful dissection, the mass was enucleated completely
with unbroken pseudocapsule. During the operation,

WJG|www.wjgnet.com

one piece of mucosa was inadvertently opened during
dissection, which was repaired by interrupted suture.
The underlying mucosa and longitudinal muscle were
reapproximated. The muscularis propria and mediastinal
pleural also were sutured. Intraoperative endoscopy with
air insufflation was used to confirm mucosal integrity and
safeguard against esophageal perforation.
The pathology revealed a 13.0 cm × 12.0 cm × 5.0
cm mass with an intact pseudocapsule. The tumor was
CD117 (C-kit), PDGFRA, DOG1 and SMA positive,
CD34 and calponin and weak positive, and negative for
desmin. These findings were consistent with a GIST
of the esophagus. The mass contained less than 5 mitoses per 50 high-power fields. So the diagnosis of low
grade of GIST of esophagus was confirmed. We also
found that exon 12 and exon 18 of PDGFRA and exon

13633

October 7, 2014|Volume 20|Issue 37|

Mu ZM et al . Long-term survival after enucleation
HE stain × 100

CD117 × 100
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Desmin × 100
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Sequence of C-kit 9 exon:

Sequence of C-kit 17 exon:

Sequence of C-kit 11 exon:

Sequence of PDGFRA 12 exon:

Sequence of C-kit 13 exon:

Sequence of PDGFRA 18 exon:

Figure 2 Pathology revealed a 13.0 cm × 12.0 cm × 5.0 cm mass with an intact pseudocapsule. The tumor was CD117 (C-kit), PDGFRA, DOG1 and SMA positive, CD34 and calponinand weak positive, and negative for desmin. Mutation sequencing found that exon 12 and exon18 of PDGFRA and exon 9,11,13,17 of C-kit all
were wild type.

9,11,13,17 of C-kit all were wild type (Figure 2).
In one week postoperatively, the patient underwent an
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esophagogram that confirmed the absence of an esophageal leak or stricture. The patient had liquid diet one week
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after operation, swallowed most ordinary food with little
difficulty and had no dysphagia two weeks later. At 5-year
follow-up the patient is feeling well and CT scans have
shown no evidence of recurrent disease.

DISCUSSION
GISTs are uncommon mesenchymal tumors of the gastrointestinal tract and rare before the age of 40 years, and
less than 1% occur in the esophagus[1,2]. Bülbül Doğusoy
et al[3] reports a multicenter study of 1160 gastrointestinal stromal tumors and found 0.7% to be located in the
esophagus.
The diagnosis of esophageal GIST is frequently not
clear preoperatively. Half of patients with esophageal
GIST are asymptomatic and the remaining ones present
with dysphagia or atypical chest pain. A complete diagnostic evaluation includes esophagoscopy, EUS, CT scan,
and barium esophagogram. The presence of a rounded
filling defect on barium esophagogram, an endoscopically
normal-appearing mucosa, a well-circumscribed, nonenhancing mass on contrast -enhanced CT scan, and a
homogeneous, hypoechoic mass with smooth borders on
EUS examination will help in the differential diagnosis
with other malignant neoplasms but not with esophageal
leiomyoma. CT can be helpful in the preoperative assessment of tumor extent and presence of distant metastases. A definite diagnosis of GIST depends on a comprehensive pathologic examination of the surgical specimen.
In GIST cases, approximately 95% are KIT (CD117)positive, CD34 is positivity in 95% and SMA is positive
in 20%-30%, but often nonreactive with S-100 protein
immnostains[4]. CD117 and DOG1 positive are specific
in GIST as compared with smooth muscle and neural
tumors. In the case represented here, we diagnosed the
mass was GIST mainly because of positive staining for
CD117 and DOG1.
There were few effective therapeutic options for patients with GISTs. For patients with primary localized
and resectable GIST, surgical resection remains the only
chance for cure, as chemotherapy and radiation are ineffective. The primary goal of surgical management of
GISTs is to achieve a negative microscopic margin[5,6].
The surgery options available for esophageal GISTs
are fairly controversial, esophageal resection or GIST
enucleation.
Since a true tumor capsule does not exist, the surgeon must exercise additional care during the removal of
a GIST not to rupture the tumor, as this complication is
associated with an increased risk for the development of
peritoneal metastases[7]. Much like with most other soft
tissue sarcomas, GISTs rarely metastasize to lymph nodes,
thus a regional lymphadenectomy is not necessary, unless
locoregional lymph nodes are enlarged[8-10]. It is extremely
important to avoid tumor rupture in the surgery because
it is associated very poor outcomes. The tumor should not
be held with forceps and should be handled gently. If there
is any possibility of tumor rupture, an en bloc combined
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with a resection or even abandoning surgery and converting to neoadjuvant treatment should be considered. In
the case present, we sutured and then draged the tumor
through the stitch during the operation to avoid rupturing
the tumor. All the procedures in the enucleation were out
of pseudocapsule. We must make sure that the enucleated
tumor with unbroken pseudocapsule negative margins.
Activating mutations of KIT or platelet-derived
growth factor receptor alpha (PDGFRA) are found in
the vast majority of GISTs. Two KIT and PDGFRA kinase inhibitors, imatinib and sunitinib, have proven clinical benefit in patients with recurrent or metastatic GISTs
and have been received approval from the FDA for the
treatment of gastrointestinal stromal tumours. More
than half of patients unfortunately develop resistance to
imatinib after about 2 years, eventually develop resistance
to these agents, resulting in fatal disease progression[11,12].
Some other structurally distinct inhibitors of KIT and
PDGFRA kinases have been developed, Demetri et al[13]
showed that oral regorafenib could provide a significant
improvement in progression-free survival compared with
placebo in patients with metastatic GIST after failure of
imatinib and sunitinib. Ajuvant tyrosine-kinase inhibitor
treatment is debated as its survival benefit is controversial. Blay et al[5] reported that patients with completely
resected GISTs who received adjuvant imatinib after surgery had not improvement the overall survival, although
lower recurrence rates. Patients with wild-type GISTs are
less responsive to imatinib-based therapies. In the case
presented here, the patient was wild-type GIST, so he
didn’t take the adjuvant treatment.
The 5-year survival rate after complete resection of
GISTs is approximately 50%-65%. Many factors including tumor size, mitotic rate, tumor location, kinase mutational status and occurrence of tumor rupture have
been extensively studied and proposed to be predictors
of survival outcomes. Tumor size and mitotic activity are
the best prognostic features. Tumors are classified using
a ranking system, grouping tumors into very low-, low-,
intermediate-, and high-risk categories based on size (<
2 cm, 2-5 cm, 5-10 cm, and > 10 cm) and on number of
mitoses within 50 high-power fields (HPFs); such measurements typically being reported as less than 5, 5 to 10,
or greater than 10[14]. In the case represent here, the tumor size and the mitotic activity expressed per 50 HPFs
were 13 cm and less than 5, respectively.
Katoh et al[15] reported 5 cases of GIST, and conclusion that if low malignancy GIST is completely removed
by endoscopic resection, then no further treatment is
necessary. In the case presented here, the patient did not
receive any adjuvant therapy after surgery and no evidence of recurrent disease.
In the case presented here, the patient was diagnosed
with a giant esophageal gastrointestinal stromal tumor in
29 years old. We also found that exon 12 and exon18 of
PDGFRA and exon 9, 11, 13, 17 of C-kit all were wild
type. These findings were consistent with a GIST of the
esophagus. The mass contained less than 5 mitoses per
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50 high-power fields. So the diagnosis of low grade of
GIST of esophagus was confirmed. He did not receive
any adjuvant therapy after surgery. At 5-year follow-up
the patient is feeling well and CT scans have shown no
evidence of recurrent disease.

6

COMMENTS
COMMENTS
Clinical diagnosis

Computed tomographic (CT) the barium esophagogram; esophageal ultrasound
(EUS) showed benign neoplasm from esophagus.

Differential diagnosis

In contrast to gastrointestinal stromal tumors (GISTs), leiomyoma and
leiomyosarcoma are positive for SMA and desmin and negative for KIT and
CD34.

Imaging diagnosis

Chest CT scan, the barium esophagogram and endoscopic EUS showed benign neoplasm in esophagus.

7

8

Pathological diagnosis

The authors do the immunohistochemistry for CD117, PDGFRA, DOG1, CD34,
smooth muscle actin, desmin and calponin. We found that positive for CD117,
PDGFRA, DOG1, CD34 and smooth muscle actin, negative for desmin and
calponin.

Treatment

The authors enucleated a giant esophageal gastrointestinal stromal tumor in a
29-year-old male.

9

10

Related reports

Milman S reported enucleation of a giant esophageal gastrointestinal stromal
tumor in an old man in 2009.

Experiences and lessons

The authors can enucleated a giant esophageal gastrointestinal stromal tumor
and have good prognosis.

11

Peer review

The authors diagnosed the GISTs after the surgery, maybe we could diagnosed
through biopsy or other methods before the surgery.
12
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MANUSCRIPT PREPARATION
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Title page
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Running title: A short running title of less than 6 words should
be provided.
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for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS
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lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
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high resolution-figures for the E-versions.
Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
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Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
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publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
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P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
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Abstract
There are unstructured abstracts (no less than 200 words) and
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abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
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Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
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Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania

March 26, 2014

Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
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Abstract
Gastric cancer represents a serious health problem
on a global scale. It is the second leading cause of
cancer-related death worldwide. Novel therapeutic
targets are desperately needed because the meager
improvement in the cure rate of about 10% realized by
adjunctive treatments to surgery is unacceptable as >
50% patients with localized gastric cancer succumb to
their disease. Either postoperative chemoradiotherapy
(United States), pre-and post-operative chemotherapy
(Europe), and adjuvant chemotherapy after a D2 resection (Asia) can all be regarded as standards of care in
the localized gastric cancer management. In metastatic
disease the addition of trastuzumab to chemotherapy is
standard of care in Her2 positive disease. In the HER2
negative population, the treatments remain limited.
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In the first line setting, the standard of care is a combination of fluoropyrimidine and platinum containing
chemotherapy, with or without epirubicin or docetaxel.
The results of targeted therapy trials have by and large
been disappointing, but none of these trials looked at
an appropriately enriched population. Finally there is
a meager overall survival benefit in treating patients
with metastatic disease in the second line setting, with
either irinotecan, docetaxel or ramucirumab however
none of these drugs have been compared head to head
in a well-powered randomized controlled trial.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chemotherapy; Gastric cancer; Chemoradiation; Metastatic; Localized
Core tip: The standard of care for the management of
localized gastric cancer continues to vary depending on
where in the world this treatment takes place. In metastatic gastric cancer the outcomes remain poor. The
first line treatment consists of trastuzumab in addition
to chemotherapy in Her2 positive disease or fluoropyrimidine and platinum (with or without docetaxel or
epirubicin) in Her2 negative disease. What is now clear
is that second line chemotherapy, with either irinotecan, docetaxel or ramucirumab does improve overall
survival.
Elimova E, Shiozaki H, Wadhwa R, Sudo K, Chen Q, Estrella JS,
Blum MA, Badgwell B, Das P, Song S, Ajani JA. Medical management of gastric cancer: A 2014 update. World J Gastroenterol
2014; 20(38): 13637-13647 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i38/13637.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i38.13637

INTRODUCTION
Gastric cancer represents a serious health problem on
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a global scale. It is the second leading cause of cancerrelated death worldwide[1]. Eastern Asia, Eastern Europe,
and South America are major endemic areas with a high
incidence of gastric cancer. In the United States, gastric
cancer is relatively uncommon, with 21600 new cases and
10990 cancer deaths occurring in 2013[2]. Between 2002
and 2008 the 5-year relative survival rate was only 27%
according to the SEER database[3]. More than 90% of the
tumors are adenocarcinomas, the focus of this review.
It is important to note, that despite these worrying
statistics, the incidence of gastric cancer globally has been
decreasing since World War Ⅱ[4]. The factors that have
led to this decline include improved living standards[4-7],
and early detection strategies that have reduced death
rates in countries such as Japan[8].
The only curative option in the treatment of gastric
cancer is surgery and for metastatic disease patients, conventional chemotherapy has shown only a modest benefit
in metastatic disease with an average survival of approximately ten months.
This Review will primarily focus on the medical treatments for localized and metastatic stage gastric cancer
and the challenges we face with the development and use
of targeted molecular therapies.

RISK FACTORS FOR GASTRIC CANCER
Factors associated with an increased risk of gastric cancer include nutrition, such as high salt and nitrate intake,
a diet low in vitamins A and C, the consumption of large
amounts of smoked or cured foods, lack of refrigerated
foods and poor quality drinking water[9]. Occupational
exposure to rubber and coal also increase the risk. Other
risk factors which have been implicated include: cigarette
smoking, Helicobacter pylori (H. pylori) infection, EbsteinBarr virus, radiation exposure, and prior gastric surgery
for benign ulcer disease [10]. More recently, a number
of authors have demonstrated that polymorphisms in
inflammatory genes can be associated with gastric cancer risk[11-13]. Genetic risk factors include type A blood
group, pernicious anemia, family history of gastric
cancer, hereditary non-polyposis colon cancer, and LiFraumeni syndrome[10]. In a limited number of patients
(1%-3%), its diagnosis is associated with inherited syndromes. E-cadherin mutations occur in approximately
25% of families with an autosomal-dominant hereditary
form of diffuse gastric cancer[14]. Genetic counseling
is recommended, and prophylactic gastrectomy should
be considered in young, asymptomatic individuals with
germline truncating CDH1 (E-cadherin 1) mutations
with a family history of highly penetrant hereditary diffuse gastric cancer[15].

PREVENTION
Results from a number of studies have demonstrated
an increased likelihood of H. pylori infection in patients
with gastric cancer, particularly cancer of the distal stom-
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ach[16,17]. Although gastric cancer does not occur in most
patients infected with H. pylori, the increased risk in patients who are infected has raised the issue of whether H.
pylori eradication might decrease the risk of gastric cancer.
Although the role of H. pylori in gastric cancer pathogenesis is well defined, no definitive evidence shows that
mass eradication could reduce the incidence of gastric
cancer[18]. A large Chinese study of 1630 patients showed
no benefit in the prevention of gastric cancer with the
eradication of H. pylori[19]. However, in a subgroup of
patients with no precancerous lesions on presentation,
no patient developed gastric cancer during a follow-up of
7.5 years after H. pylori eradication treatment compared
with those who received placebo (0 vs 6; P = 0.02)[19].
In contrast, in another large study short-term treatment
with amoxicillin and omeprazole statistically significantly
reduced gastric cancer incidence by 39% during the period extending 14.7 years after H. pylori treatment[20]. A
meta-analysis suggested that eradication could reduce
the risk of gastric cancer, however this meta-analysis was
criticized for methodological issues[21]. At the present
time the treatment of this infection should be confined
to patients with peptic ulcer disease, MALT, and post endoscopic resection for esophogogastric cancer and a role
of broad prevention strategy has yet to be defined.

TREATMENT OF LOCALIZED DISEASE
Localized gastric cancer can be classified as clinical T1
disease or higher with or without involved regional
lymph nodes. A minimum of 15 examined lymph nodes
is recommended for adequate staging. Clinical staging
has improved with the availability of diagnostic modalities such as endoscopic ultrasound, computed tomography (CT), combined PET-CT, magnetic resonance
imaging, and laparoscopic staging (For details on staging
please refer to[22]).
The adjunctive therapy used for the treatment of
localized gastric cancer in addition to surgery depends
on geographic location in the world. In North America
and Europe, results from the INT-0116[23] (the adjuvant
chemoradiation approach) and Medical Research Council Adjuvant Infusional Chemotherapy (MAGIC) (the
neoadjuvant and adjuvant chemotherapy approach) trials
have established the standard of care[24]. In Asia, on the
other hand adjuvant chemotherapy following a D2 resection is considered the gold standard[25,26].
Perioperative chemotherapy
This approach is based on the assumption that neoadjuvant systemic therapy, can lead to tumor downstaging, leading to an improved R0 resection rate. This is
particularly significant in Western patients in whom the
tumors are usually bulky at diagnosis[27]. The question of
the benefit of neo-adjuvant chemotherapy was addressed
as a part of the MAGIC trial, which has established Level
1 evidence for this approach (Table 1)[24].
The MAGIC trial enrolled 503 patients with gastric,
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Table 1 Major phase Ⅲ trials for gastric cancer in the localized setting
Ref.

n

Macdonald et al[23]
Cunningham et al[24]
Fuchs et al[62]

556
503
546

Lee et al[31]
Sakuramoto et al[25]

458
1059

Bang et al[26]
Ychou et al[28]
Tsuburaya et al[63]

1035
224
1495

ARTIST II[64]
Okines et al[65]
Leong et al[33]

1000
1100
752

Treatment arms

HR for overall survival or
death (P value)

Survival comparison

Surgery and chemoradiotherapy1 vs surgery
ECF, surgery, ECF vs surgery
5-FU, chemoradiotherapy, 5‑FU vs ECF,
chemoradiotherapy, ECF
Surgery and XP vs surgery, XP, XRT, XP
Surgery vs surgery and S‑1

1.35 (0.005)
0.75 (0.009)
1.03 (0.800)

Overall survival: 36 mo vs 27 mo
5-yr overall survival: 36.3% vs 23%
Overall survival: 37 mo vs 38 mo

XELOX and surgery vs surgery
Perioperative chemotherapy vs surgery
Surgery and UFT vs surgery and S‑1 vs surgery,
paclitaxel and UFT vs surgery, paclitaxel and S‑1
Surgery and S1Ox vs surgery, S1Ox, XRT and S1Ox
ECX and bevacizumab vs ECX
Preoperative chemotherapy vs preoperative
chemoradiotherapy

HR for DFS 0.6865 (0.0471)
3-yr DFS: 74.2% vs 78.2%
0.68 (0.003) 5 yr data in
3-yr overall survival: 70.1% vs 80.1%
3-yr RFS: 72.2% vs 59.6%
JCO 0.669
0.56 (< 0.0001)
3-yr DFS: 74% vs 59%
0.69 (0.02)
5-yr overall survival: 38% vs 24%
NR
NR
NR
NR
NR

NR
NR
NR

1

Forty-five Gy radiotherapy plus 5-FU. Ongoing trial; Hazard ratio reduced to 0.8 on follow-up analysis. 5-FU: 5-Fluorouracil; ASC: Active symptom control; BSC: Best supportive care; CapeOx: Capecitabine and oxaliplatin; CF: Cisplatin and 5-FU; CX: Cisplatin and capecitabine; DFS: Diseas-free survival;
ECF: Epirubicin, cisplatin and 5-FU; ECX: Epirubicin, cisplatin and capecitabine; EOC: Epirubicin, oxaliplatin and capecitabine; HR: Hazard ratio; mEOC–
P: EOC plus panitumumab; PFS: Progression-free survival; RFS: Relapse-free survival; UFT: Tegafur and uracil; XELOX: Capecitabine and oxaliplatin; XP:
Capecitabine and cisplatin; S1Ox: S1 and oxaliplatin; XRT: Chemoradiation.

gastroesophageal junction, and esophageal carcinoma[24].
These patients were randomized to receive three cycles
of perioperative chemotherapy, consisting of epirubicin, cisplatin and 5-fluorouracil (5-FU) (ECF) followed
by surgery, followed by three more cycles of ECF or
to surgery followed by observation. In this trial, postoperative chemotherapy proved hard to deliver with only
34% of patients receiving this treatment and only 68%
of patients underwent a curative resection. Despite this,
both progression free survival (PFS) and overall survival
(OS) were improved in the group receiving ECF (HR for
PFS hazard ratio for progression, 0.66; 95%CI: 0.53-0.81;
P < 0.001, and HR for OS = 0.75; 95%CI: 0.60-0.93; P
= 0.009). Five-year survival rates were 36.3% (95%CI:
29.5%-43.0%) among patients in the perioperative-chemotherapy group and 23.0% (95%CI: 16.6%-29.4%) among
those in the surgery group[24]. Taken together this suggests
that that majority of the benefit may in fact come from
the preoperative portion of the chemotherapy.
A second, French study supports the results of the
MAGIC trial. This is the FNCLCC and FFCD multicenter phase Ⅲ trial that was terminated prematurely for
poor accrual and is therefore not adequately powered[28].
Overall, 224 patients with resectable adenocarcinoma of
the lower esophagus, gastroesophageal junction (GEJ),
or stomach (only 25%) were randomly assigned to either
perioperative chemotherapy (with Cisplatin and 5-FU)
and surgery followed by three to four cycles of cisplatin
and 5-FU or surgery alone. Only approximately 50% of
patients received any post-operative chemotherapy. Despite these issues the chemotherapy and surgery group
had a significantly higher OS (HR for death = 0.69;
95%CI: 0.50-0.95; P = 0.02) and DFS (HR for recurrence
or death = 0.65; 95%CI: 0.48-0.89; P = 0.003). Five-year
survival rates were 38% (95%CI: 29%-47%) in the che-
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motherapy and surgery group compared to 24% (95%CI:
17%-33%) in the surgery group. These results are quite
similar to those of the MAGIC trial and bring into question the usefulness of the addition of epirubicin to cisplatin and 5-FU.
In contrast, a study by the European Organization
for Research and Treatment of Cancer (EORTC) did not
demonstrate a benefit from the addition of perioperative chemotherapy[29]. This trial showed a significantly
increased R0 resection rate but failed to demonstrate a
survival benefit for the addition of chemotherapy, however it was not sufficiently powered to demonstrate a
difference given its premature termination due to poor
accrual. An ongoing Japanese Clinical Oncology Group
(JCOG0501) trial is attempting to answer the question of
whether perioperative chemotherapy with cisplatin and
S-1 adds anything to their standard of care which is surgery followed by adjuvant S-1 chemotherapy. The results
of this trial are awaited; however, they are unlikely to be
generalizable to the North American population because
of different tumor biology.

POSTOPERATIVE
CHEMORADIOTHERAPY
The appeal of adjuvant chemoradiation therapy comes
from Level 1 evidence of its benefit from the Intergroup
0116 trial that showed a significant improvement in OS in
the group of patients treated with adjuvant chemoradiotherapy (Table 1)[23,30]. In this trial 559 patients with stage
ⅠB to Ⅳ disease were randomized to chemoradiation
following surgery or surgery alone. The chemoradiation
group received chemotherapy consisting of 5-FU and
leucovorin starting on day 1 and was followed by chemo-
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radiotherapy beginning 28 d after the start of the initial
cycle of chemotherapy. Chemoradiotherapy consisted
of 4500 cGy of radiation at 180 cGy per day, five days
per week for five weeks, with fluorouracil (400 mg/m2
per day) and leucovorin (20 mg/m2 per day) on the first
four and the last three days of radiotherapy. One month
after the completion of radiotherapy, two five-day cycles
of fluorouracil (425 mg/m2 per day) plus leucovorin (20
mg/m2 per day) were given one month apart. The threeyear survival rates were 50% in the chemoradiation group
and 41% in the surgery-only group. The hazard ratio for
death in the surgery-only group, as compared with the
chemoradiation group, was 1.35 (95%CI: 1.09-1.66; P =
0.005). The hazard ratio for relapse in the surgery-only
group, as compared with the chemoradiation group, was
1.52 (95%CI: 1.23-1.86; P < 0.001)[23]. Recently updated
results of this study continue to demonstrate a benefit
both in terms of OS and recurrence free survival (RFS)[30].
The major issue of this study was that the majority of patients did not receive an adequate lymph node dissection.
Although a D1 resection was mandated per protocol,
more than 50% of patients underwent a D0 resection,
and only 10% of patients underwent a D2 resection. It is
therefore questioned whether the survival difference occurred because of inadequate surgery rather than a true
benefit of chemoradiation.
The Adjuvant Chemoradiation Therapy in Stomach
Cancer (ARTIST) trial[31] compared adjuvant chemoradiotherapy with adjuvant chemotherapy after an R0 resection with D2 dissection in 458 patients. However, the
3-year DFS rate, as the primary end point was not statistically different between the two groups. In the subgroup
analysis, patients with node-positive cancer in the adjuvant chemoradiotherapy group had a significantly better
3-year DFS rate than those in the adjuvant chemotherapy
group. This result suggests that the adjuvant chemoradiotherapy might have been beneficial compared with adjuvant chemotherapy among the node-positive populations,
a theory currently being tested in the ARTIST Ⅱ Trial.
This trial differs from The Macdonald trial in that all patients received a D2 resection and the chemotherapy administered to all patients consisted of S1 and oxaliplatin
(and not 5-FU). This brings into question the usefulness
of chemoradiation after a D2 resection.
Finally the results of two trials, the TOPGEAR trial
and the CRITICS trial, exploring the role of chemoradiotherapy are still awaited[32,33].
Adjuvant chemotherapy
The benefits of adjuvant chemotherapy after a D2 resection were initially demonstrated in Japan and the chemotherapy used was S1 (an oral fluoropyrimidine)[25]. The
Adjuvant Chemotherapy Trial of S‑1 for Gastric Cancer
(ACTS-GC) trial randomized 1059 patients to 1 year
of S‑1 or observation. The primary analysis of followup data showed that the 3-year OS rate was 80.1% in
the S-1 group and 70.1% in the surgery-only group. The

WJG|www.wjgnet.com

hazard ratio for death in the S-1 group, as compared
with the surgery-only group, was 0.68 (95%CI: 0.52-0.87;
P = 0.003). This analysis was updated after five years
of follow-up and demonstrated consistent results [34].
The OS rate at 5 years was 71.7% in the S-1 group and
61.1% in the surgery-only group (HR = 0.669; 95%CI:
0.540-0.828). The RFS rate at 5 years was 65.4% in the S-1
group and 53.1% in the surgery-alone group (HR = 0.653;
95%CI: 0.537-0.793).
A second Asian study, the Capecitabine and Oxaliplatin Adjuvant Study in Stomach Cancer (CLASSIC
trial) randomized 1035 patients who had undergone D2
gastrectomy to capecitabine plus oxaliplatin for 6 mo
or observation[26]. The study demonstrated a benefit of
capecitabine and oxaliplatin treated patients for the primary end point of disease-free survival (at 3 years; HR =
0.56, 95%CI: 0.44-0.72; P < 0.0001) at the pre-specified
interim analysis. After this analysis, the trial was stopped
after a recommendation by the data monitoring committee. The mature OS data are awaited, however 3-year
OS was 83% (95%CI: 79-87) in the chemotherapy group
and 78% (74-83) in the surgery only group (HR = 0.72,
95%CI: 0.52-1.00; P = 0.0493). It is likely that an OS
benefit will be found with longer follow-up.
A meta-analysis based on single patient-data from
3,838 patients and 17 randomized controlled trials
showed a 7% improvement in OS (HR = 0.82; 95%CI:
0.76-0.90; P < 0.001) for fluorouracil-based postoperative chemotherapy when compared with surgery alone[35].
This meta-analysis was criticized because it combined
studies from different time periods with differing eligibility criteria and therapeutic approaches, making it difficult
to make a firm conclusion.
Based on the previously mentioned trials and metaanalysis, postoperative chemoradiotherapy (United
States), pre-and post-operative chemotherapy (Europe),
and adjuvant chemotherapy after a D2 resection (Asia)
can all be regarded as standards of care in the localized
gastric cancer management.

TREATMENT OF METASTATIC DISEASE
The medical treatment of metastatic gastric cancer is primarily palliative and confers a modest effect on OS. Multiple agents are active in the treatment of gastric cancer,
including fluoropyrimidines (5-FU, capecitabine, and S1),
anthracyclines, platinum agents, taxanes, irinotecan, and
some targeted therapies such as trastuzumab for HER-2
overexpressing gastric cancers). Combination regimens
are associated with higher response rates, and according
to one meta-analysis, are also associated with increased
survival when compared with single-agent chemotherapies[36]. By and large the trials addressing the value of
targeted therapies, for example epidermal growth factor
receptor (EGFR) and vascular endothelial growth factor (VEGF) were done in un-selected (not bio-marker
enriched) populations and have not-surprisingly yielded
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Table 2 Major phase Ⅲ trials for gastric cancer in the advanced setting
n

Trial

HR for overall survival (P value)

Treatment arms

Advanced gastric cancer - first-line
Bang et al[39]
584 CX, CF and trastuzumab vs CX and CF1
Ohtsu et al[42]
774
Cisplatin and 5‑FU vs cisplatin, 5‑FU
and bevacizumab
Lordick et al[44]
904
CX vs CX and cetuximab
Waddell et al[45]
553
EOC vs mEOC–P
Van Cutsem et al[37]
445
DCF vs CF
Koizumi et al[40]
Ajani et al[66]
Hecht et al[67]

0.74 (0.0046)
0.87 (0.1002)
1.004 (0.9547)
1.37 (0.013)
TTP 1.47 (< 0.001)
OS 1.29 (0.02)
0.77 (0.04)
0.92 (0.20)
0.91 (0.35)

S‑1 and cisplatin vs S‑1
Cisplatin and S‑1 vs cisplatin and 5‑FU
CapeOx and lapatinib vs CapeOx and
placebo
Advanced gastric cancer - second-line
Ohtsu et al[51]
656
BSC and placebo vs BSC and
everolimus
Fuchs et al[47]
355
BSC and ramucirumab vs BSC
Bang et al[52]
261
Lapatinib and paclitaxel vs paclitaxel
Kang et al[50]
202
BSC vs docetaxel or irinotecan
Thuss-Patience et al[48]
40
Irinotecan and BSC vs BSC
Cook et al[49]
168
Docetaxel and ASC vs ASC
305
1053
545

Survival comparison
Overall survival: 13.8 mo vs 11.1 mo
Overall survival: 10.1 mo vs 12.1 mo
PFS: 5.3 mo vs 6.7 mo
Overall survival: 10.7 mo vs 9.4 mo
Overall survival: 11.3 mo vs 8.8 mo
Time to progression: 5.6 mo vs 3.7 mo,
9.2 mo vs 8.6 mo
Overall survival: 13.0 mo vs 11.0 mo
Overall survival: 8.6 mo vs 7.9 mo
Overall survival: 12.2 mo vs 10.5 mo

0.90 (0.1244)

Overall survival: 4.3 mo vs 5.4 mo

0.776 (0.047)
0.84 (0.2088)
0.657 (0.007)
0.48 (0.012)
0.67 (0.01)

Overall survival: 5.2 mo vs 3.8 mo
Overall survival: 11.0 mo vs 8.9 mo
Overall survival: 3.8 mo vs 5.3 mo
Overall survival: 4.0 mo vs 2.4 mo
Overall survival: 5.2 mo vs 3.6 mo

1

Hazard ratio reduced to 0.8 on follow-up analysis. 5-FU: 5-Fluorouracil; ASC: Active symptom control; BSC: Best supportive care; CapeOx: Capecitabine
and oxaliplatin; CF: Cisplatin and 5-FU; CX: Cisplatin and capecitabine; DFS: Diseas-free survival; ECF: Epirubicin, cisplatin and 5-FU; ECX: Epirubicin,
cisplatin and capecitabine; EOC: Epirubicin, oxaliplatin and capecitabine; HR: Hazard ratio; mEOC–P: EOC plus panitumumab; PFS: Progression-free survival; RFS: Relapse-free survival; UFT: Tegafur and uracil; XELOX: Capecitabine and oxaliplatin; XP: Capecitabine and cisplatin; XRT: XP and radiotherapy.

disappointing results.
First line therapy
Only a minor amount of level 1 evidence exists for the
treatment of gastric cancer in the first line setting. In fact,
only docetaxel[37], cisplatin/oxaliplatin[38], and trastuzumab[39] use is supported by high level evidence (Table 2).
A phase Ⅲ trial involving 445 patients with metastatic
cancer randomized patients to receive, cisplatin and 5-FU
or Cisplatin, 5-FU and docetaxel. They found that the
addition of docetaxel was superior in terms of response
rate (37% vs 25%; P = 0.01), time-to-tumor progression
(5.6 mo vs 3.7 mo; P < 0.001), and OS (9.2 mo vs 8.6 mo;
P = 0.02)[37]. One could question the clinical significance
of a less than one month absolute improvement in OS
particularly in the context of significant toxicities, most
notably, a high rate of febrile neutropenia (30%). Importantly, this regimen should not be used in patients who
have a reduced performance status.
Another randomized phase Ⅲ trial including 1002
patients, tried to improve on the regimen of ECF, by
substituting oral capecitabine (X) for infusional 5-FU,
and by using the non-nephrotoxic oxaliplatin (O), rather
than cisplatin. The combination of epirubicin/oxaliplatin/capecitabine (EOX) was found to be less toxic and
at least as effective as ECF. The median survival times
for ECF (control), ECX, EOF, and EOX arms were 9.9
mo, 9.9 mo, 9.3 mo, and 11.2 mo, respectively. The one
year survival rates were 37.7%, 40.8%, 40.4% and 46.8%,
respectively. In the secondary analysis, OS was longer
with EOX than with ECF, with a hazard ratio for death
of 0.80 in the EOX group (95%CI: 0.66-0.97; P = 0.02).
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Progression-free survival and response rates did not differ significantly among the regimens[38].
The third randomized phase Ⅲ trial enrolled 305
patients in Japan, to either S-1 alone or S1 and cisplatin.
Median OS was significantly longer in patients assigned
to S-1 plus cisplatin (13 mo) than in those assigned to S-1
alone [11 mo (HR for death = 0.77; 95%CI: 0.61-0.98; P
= 0.04)]. Progression-free survival was significantly longer in patients assigned to S-1 plus cisplatin than in those
assigned to S-1 alone (median progression- free survival
6 mo vs 4 mo; P < 0.0001)[40]. This trial provided evidence
for the superiority of the addition of cisplatin when
compared to a fluoropyrimidine alone, and established
the use of a fluoropyrimidine in addition to a platinum as
a reasonable treatment option.
Trastuzumab was the first targeted agent with
documented clinical activity in the advanced gastric and
gastroesophageal setting cancer setting. This treatment
is useful in the HER2 enriched population, however
approximately 20% of gastric cancers and 30% of gastroesopageal cancers overexpress HER2 so that a relatively small proportion of patients benefits from the treatment. The trastuzumab in Gastric Cancer (ToGA) trial
randomized 584 patients whose tumors overexpressed
HER2 by immunohistochemistry (IHC) or fluorescence
in situ hybridization (FISH) to receive a fluoropyrimidine
(5-FU or capecitabine) plus cisplatin with or without
trastuzumab. The chemotherapy was administered every
3 wk for six cycles and trastuzumab was administered every 3 wk until disease progression[39]. They found that the
addition of trastuzumab to chemotherapy increased OS
from 11.1 mo to 13.8 mo (HR = 0.74, 95%CI: 0.60-0.91;
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P = 0.0046). The secondary endpoints of PFS (6.7 mo vs
5.5 mo; P = 0.0002) and response rate (47.3% vs 34.5%;
P = 0.0017) were also improved. On extended followup the HR of OS for the addition of trastuzumab has
decreased to 0.80[41], indicating that although real the
response to trastuzumab may be short lived. The difference in median OS was reduced from 2.7 mo to merely
1.4 mo, representing an approximate 50% decrease in
the effect of trastuzumab, which suggests that only a few
patients benefit. Based on this trial the combination of
trastuzumab to chemotherapy has become the standard
of care in patients whose tumors overexpress HER2.
In contrast to the encouraging results with trastuzumab in HER2 overexpressing cancers, bevacizumab failed
to demonstrate an OS benefit when it was added to a
combination of cisplatin and fluoropyrimidine in patients
with advanced gastric and gastroesophageal junction adenocarcinoma[42]. A total of 774 patients were randomized
and the median OS was 12.1 mo with bevacizumab plus
fluoropyrimidine-cisplatin and 10.1 mo with placebo plus
fluoropyrimidine-cisplatin (HR = 0.87; 95%CI: 0.73-1.03;
P = 0.1002). Both median progression-free survival (6.7
mo vs 5.3 mo; HR = 0.80; 95%CI: 0.68-0.93; P = 0.0037)
and overall response rate (46.0% vs 37.4%; P = 0.0315)
were significantly improved with bevacizumab vs placebo[42]. In a pre-planned subgroup analysis, they were able
to show that a benefit in terms of OS existed for “PanAmerican” patients but not for European and Asian patients. This might point to differences in tumor biology,
but is also dependent on other factors. A subsequent
retrospective biomarker analysis of the AVAGAST trial
showed that patients with high baseline plasma VEGF-A
levels and with low baseline expression of neuropilin-1
seemed to have an improved OS. For both biomarkers, subgroup analyses demonstrated significance only
in patients from non-Asian regions[43]. It is important to
note that neither of these biomarkers has been validated.
Unlike the ToGA trial the AVAGAST trial did not use an
enriched patient population, underscoring the importance
of appropriate patient population selection in randomized controlled trials and the use of predictive biomarkers
to direct care.
Equally disappointing results were also reported from
two EGFR targeting trials (EXPAND and REAL-3)[44,45].
The EXPAND trial randomized 904 patients to receive
capecitabine and cisplatin, with or without cetuximab.
This study did not achieve its primary endpoint, with the
median PFS for 455 patients allocated capecitabine-cisplatin plus cetuximab being 4.4 mo compared to 5.6 mo
for 449 patients who were allocated to receive capecitabine-cisplatin alone (HR = 1.09, 95%CI: 0.92-1.29; P =
0.32)[44]. The REAL-3 study was terminated prematurely
because a statistically significantly lower OS was noted
in patients treated with modified epirubicin/oxaliplatin/
capecitabine (EOC) and panitumumab. The final analysis
of this study, which randomized patients with advanced
esophogogastric adenocarcinoma, was published in Lancet Oncology[45]. Median OS of patients allocated EOC
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was 11.3 mo (95%CI: 9.6-13.0) compared with 8.8 mo
(7.7-9.8) in 278 patients allocated to modified EOC and
panitumumab (HR = 1.37, 95%CI: 1.07-1.76; P = 0.013).
There was a non-significant trend to worse outcome in
patients treated with panitumumab, again highlighting the
importance of patient selection in randomized controlled
trials. A biomarker analysis of the REAL-3 trial did not
identify any biomarkers whose presence predicted resistance to modified EOC and panitumumab, however only
a few biomarkers were evaluated in this study[46].
In summary, the standard of care in the first line
setting remains a combination of fluoropyrimidine and
platinum containing chemotherapy, with the addition
of trastuzumab in the HER-2 enriched population. The
results of targeted therapy trials have by enlarge been
disappointing, but none of these trials looked at an appropriately enriched population.
Second line therapy
The validity of the use of second line chemotherapy, and
its benefit in gastric cancer has long been questioned,
however three recently published trials all demonstrated
an OS prolongation, albeit very modest, when three
agents were compared to best supportive care (BSC)
(Table 2)[47-49]. A small German phase Ⅲ study (AIO
trial) compared the efficacy of irinotecan plus BSC to
BSC alone in patients with advanced gastric and gastroesophageal junction adenocarcinoma[48]. Only 40 patients
were randomized and the study was closed early due to
poor accrual. The hazard ratio for death is 0.48 with a
95% confidence interval of 0.25-0.92 favoring the active
treatment with irinotecan (P = 0.023). The median survival is 4.0 mo (95%CI: 3.6-7.5) in the irinotecan arm and
2.4 mo (95%CI: 1.7-4.9) in the BSC-arm[48]. There were
no documented responses to irinotecan in this trial. The
second trial, COUGAR-02, randomized 186 patients to
docetaxel plus BSC vs BSC alone. Docetaxel significantly
improved OS over BSC alone [median 5.2 mo (95%CI:
4.1-5.9 mo) for docetaxel; 3.6 mo (95%CI: 3.3-4.4 mo)
for BSC, HR = 0.67 (95%CI: 0.49-0.92); P = 0.01][49].
The recently published REGARD trial, randomized 355
patients to receive ramucirumab or placebo[47]. This study
demonstrated a marginal improvement in median OS,
5.2 mo in patients in the ramucirumab group and 3.8
mo in those in the placebo group (HR = 0.776, 95%CI:
0.603-0.998; P = 0.047). Interestingly, the average patient
on study treated with ramucirumab received treatments
for two weeks longer than the average patient on placebo.
Another study which demonstrated an OS of patients
treated with chemotherapy (either docetaxel or irinotecan) vs best supportive care was published by Kang et al[50]
Median OS was 5.3 mo among 133 patients in the chemotherapy arm and 3.8 mo among 69 patients in the best
supportive care arm (HR = 0.657; 95%CI: 0.485-0.891;
one-sided P = 0.007). There was no median OS difference between docetaxel and irinotecan (5.2 mo vs 6.5 mo;
P = 0.116).
Two other large studies in the second and third
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line setting were recently published with disappointing
results[51,52]. The GRANITE-1 study randomized 656
patients to everolimus plus BSC vs placebo plus BSC.
Unfortunately this study did not achieve its primary end
point of OS [5.4 mo with everolimus and 4.3 mo with
placebo (HR = 0.90; 95%CI: 0.75-1.08; P = 0.124)][51].
Notably, the estimated percentage of patients remaining progression free at 6 mo was higher with everolimus
(12.0% vs 4.3%), as were the disease control rate (43.3%
vs 22.0%) and the tumor shrinkage rate (37.8% vs 12.3%).
These results suggest everolimus has activity in this heavily pretreated population. Identification of specific biomarkers for various patient subpopulations with advanced
gastric cancer may help define those patients who would
receive the most benefit from everolimus treatment[51]. Finally lapatinib, has been investigated in a large 420 patient
study (TYTAN Trial), which randomized HER2 positive
patients to lapatinib plus paclitaxel vs paclitaxel alone.
Median OS was 11.0 mo for L + P and 8.9 mo for P
alone in the intent-to-treat (ITT) population (HR = 0.84;
P = 0.2088). In a pre-planned subgroup analysis, median
OS in HER2 immunohistochemistry (IHC) 3+ subgroup
was 14.0 mo for the combination therapy and 7.6 mo for
paclitaxel alone (HR = 0.59; P = 0.0176)[52]. Interestingly,
it has recently been demonstrated that although the study
mandated IHC HER 2 positivity, 35% of Patients in TYTAN had tumors classified as IHC0/1[52].
Two studies highlight the importance of identification
and targeting of driver mutations, and their usefulness in
the creation of appropriate biomarkers to direct care[53,54].
In a small study with crizotinib, two out of four patients
with more than five MET copy number gains had a longer drug response duration than those with fewer gains[53].
Furthermore, in a phase Ⅱ study of rilotumumab (AMG
102), a fully human monoclonal antibody, the investigators were able to demonstrate that patients whose tumors
had a high total c-MET expression had longer OS[54].

CONCLUSION
In summary, the treatment for gastric cancer remains
quite complex with varying standards of care across the
world. However outcomes in the western world remain
poor, even in localized disease and better treatments are
clearly needed.
Either postoperative chemoradiotherapy (United
States), pre-and post-operative chemotherapy (Europe),
and adjuvant chemotherapy after a D2 resection (Asia)
can all be regarded as standards of care in the localized
gastric cancer management.
In the metastatic gastric cancer setting the benefit of
the addition of trastuzumab to standard chemotherapy,
in HER2 positive patients has clearly been established as
the standard of care[39]. In the HER2 negative population,
the treatments remain limited. In the first line setting, the
standard of care is a combination of fluoropyrimidine
and platinum containing chemotherapy, with or without
epirubicin (which is of questionable benefit). The results
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of targeted therapy trials have by enlarge been disappointing, but none of these trials looked at an appropriately enriched population.
In the second line setting three agents have now been
shown to improve OS over BSC[47-49]. The benefits in
terms of OS are modest at best, with an average absolute
improvement of one to two months. Ramucirumab provided a modest benefit over placebo in the REGARD[47]
trial, however, the combination of ramucirumab plus
paclitaxel provided greater and more meaningful benefit
compared to paclitaxel in the RAINBOW[55] trial. We recommend combination of ramucirumab and paclitaxel in
the second line setting over other options when possible.
Overall, the results with targeted therapy in the metastatic setting have generally been disappointing, this is
likely because they used unselected and un-enriched (by
bio-markers) patient populations. Sequencing strategies
will hopefully help us find new potentially useful targets,
which must be present in a larger proportion of patients.
All patients with localized gastric cancer should undergo multidisciplinary evaluation by medical oncologists,
radiation oncologists, radiologists and surgeons. To go
one step further because localized gastric cancer is a complex disease and we are dealing with a potentially curable
situation, high-volume physicians in centers which have
the necessary infrastructure should only treat patients.
Only patients with stage T1aN0 disease should be evaluated for endoscopic therapy. Patients with clinical stage
greater than T1bN0 should be offered adjunctive therapy
(either pre- or post-operative) to increase the chances
of cure. Suitable patients with metastatic disease can be
offered both first and second line therapy with a known
survival advantage.

FUTURE DIRECTIONS
Several studies of single nucleotide polymorphisms
(SNPs) and genome-wide association studies (GWAS)
have revealed some plausible genes implicated in gastric
cancer and the targeting of driver mutations/genetic alterations and this is likely the future of cancer treatment.
These types of studies although interesting, have their
limitations.
Rare germline mutations (< 0.001% of the general
population) in CDH1 have been implicated in familial
cases of gastric cancer[15,56]. Intuitively, SNPs can facilitate
gastric cancer such that one adverse allele contributes
weakly, but multiple adverse alleles can considerably increase the risk[57]. However, these studies have had limited
yield and none can be used clinically because SNP studies
require customized approaches (with a priori assumptions that alterations in certain functional SNPs would
increase susceptibility to gastric cancer). In spite of the
correlations between certain SNPs and gastric cancer,
prospective validation requiring large, population-based
studies have been lacking as they are labor-intensive and
resource-intensive.
GWAS have been used to scan the whole genome to
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identify SNPs that are implicated in the disease[58]. Such
studies have identified genes not previously known to be
involved in gastric cancer-for example, PLCE1 (encoding
pancreas-enriched phospholipase C) has an oncogenic
role in skin and intestinal cancers[59], but is now thought
to have a role in gastric cancer. A Chinese research group
documented that SNPs in PSCA (encoding prostate stemcell antigen) was associated with diffuse gastric cancer[60,61].
The large volume of genomic information in the
field of cancer medicine remains unutilized. Because
cancer is a complex and heterogeneous disease the gap
between genomic evidence and personalized medicine
is wide. The primary problem we face is an incomplete
database of genomic information important in cancer
biology and a rudimentary understanding of how those
genomic alterations translate into biologic consequences.
We are unable to experimentally validate functionally
relevant driver mutations and differentiate these from
non-relevant bystanders because of the assay limitations,
but also because genes act in specific contexts (i.e., differing microenvironments and developmental states can
influence the expression of a genetic factor of interest).
Because of the sheer complexity of cancer it is likely that
hundreds of distinct molecular entities contribute to the
maintenance of cancer in the context of hundreds of
other genetic and epigenetic events.
For the future it is important to galvanize the research
community towards the single goal of understanding the
functionality of genes and driver mutations in particular. To date our efforts have been largely uncoordinated
and random, however we believe that this effort will be
helped by the transdisciplinary team science approaches
with multiple scientists interacting and working towards
the same goal.
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Abstract
Several new treatment options for gastric cancer have
been introduced but the prognosis of patients diagnosed with gastric cancer is still poor. Disease prognosis
could be improved for high-risk individuals by implementing earlier screenings. Because many patients are
asymptomatic during the early stages of gastric cancer,
the diagnosis is often delayed and patients present with
unresectable locally advanced or metastatic disease.
Cytotoxic treatment has been shown to prolong survival
in general, but not all patients are responders. The application of targeted therapies and multimodal treatment has improved prognosis for those with advanced
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disease. However, these new therapeutic strategies do
not uniformly benefit all patients. Predicting whether patients will respond to specific therapies would be of particular value and would allow for stratifying patients for
personalized treatment strategies. Metabolic imaging by
positron emission tomography was the first technique
with the potential to predict the response of esophagogastric cancer to neoadjuvant therapy. Exploring and
validating tissue-based biomarkers are ongoing processes. In this review, we discuss the status of several targeted therapies for gastric cancer, as well as proteomic
and metabolic methods for investigating biomarkers for
therapy response prediction in gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Therapy; Response prediction; positron emission tomography; matrix-assisted
laser desorption-ionization
Core tip: The prognosis of patients diagnosed with
gastric cancer is still poor. Cytotoxic treatment and
targeted therapies have improved the prognosis of patients. However, patients do not benefit equally from
these treatment options. The ability to predict whether
patients will respond to specific therapies would be of
particular value and would allow for stratifying patients
for personalized treatment strategies. In this review,
we discuss the status of targeted therapies for gastric
cancer, as well as proteomic and metabolic methods for
investigating biomarkers for therapy response prediction in gastric cancer.
Aichler M, Luber B, Lordick F, Walch A. Proteomic and metabolic prediction of response to therapy in gastric cancer. World J
Gastroenterol 2014; 20(38): 13648-13657 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13648.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13648
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INTRODUCTION
Gastric cancer morbidity ranks number four and mortality ranks number two with respect to worldwide cancer
disease incidence and death[1]. Disease outcome depends
on the tumor stage at the time of diagnosis; if not diagnosed early, prognosis is generally poor. Because most of
the patients are asymptomatic during the early stages of
gastric cancer, the diagnosis is often delayed and patients
present with an unresectable locally advanced or metastatic disease. Current treatment protocols for gastric
cancer are based primarily on results of clinical studies,
and to a lesser degree on specific histological features.
Treatment options for gastric cancer patients include
surgery, chemotherapy and radiation therapy. The current prognosis for individuals with gastric cancer is grim,
with fewer than 25% of patients surviving at 5 years after
diagnosis[1,2]. Improved preoperative care and surgical
techniques have produced clear benefits. However, real
progress will only be achieved through the development
of new treatment options that have reduced cell toxicity
compared with that of standard therapeutic regimens.
Recent studies are exploring approaches based on molecularly targeted therapeutics. This strategy personalizes the
treatment therapy based on individual biomarkers, which
can be used to select treatments that most effectively remediate cancers with specific biomarkers. Further work is
needed to characterize early tumor responses to different
neoadjuvant therapies.
Inter-individual variability of drug response or resistance but also individual tumor heterogeneity presents a
challenge when treating gastric cancer. The identification
of predictive tumor markers at the time of diagnosis that
enable managers to develop more effective therapeutic
strategies would be invaluable for patient treatment.
Therefore, current research is focusing on indentifying
novel, cancer- and patient-specific imaging and tissueand blood-based biomarkers. Recent progress in gene
sequencing and molecular diagnostics enables the identification of potentially useful biomarkers; however, many
of these are controversial. Some studies are in apparent
disagreement. Currently, the status of human epidermal
growth factor receptor-2 (HER2) is used to select trastuzumab chemotherapy. However, no other biomarkers
have been approved by medical consensus and governing
agencies.
The quantification of molecular alterations correlating with heterogeneous gastric tumors at different stages
of disease progression is technically challenging, and prevents the development of reliable biomarkers. Another
obstacle is tumor heterogeneity, which is particularly evident in gastric cancer. New proteomic technologies are
developing rapidly. Proteomic approaches promote largescale sample screening and facilitate identification of
proteins associated with disease and treatment. Metabolic
changes associated with invasive cancers could be useful
for predicting treatment responses; these changes could
be tracked with specific metabolic tracers and molecular
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metabolic imaging during early assessment of patientspecific treatment strategies.
Gastric cancer is an active topic of clinical and basic
research due to the high morbidity and mortality. A full
understanding of molecular parameters that determine
prognosis and how to predict and control therapeutic
responses is lacking. Identification of specific biomarkers will elucidate the molecular, proteomic, and metabolic
treatment responses and drug resistance mechanisms.
This review discusses proteomic approaches for biomarker detection and metabolic imaging for early prediction of gastric cancer response to systemic and targeted
therapies.

THERAPEUTIC STRATEGIES
Due to recent large scale randomized studies, a globally
accepted standard medical treatment of gastric cancer
can be defined[3]. Recent studies have demonstrated that
preoperative and perioperative chemotherapy improves
the clinical outcome for patients with gastric cancer[4-6].
Patients with potentially resectable tumors are treated
with surgery and perioperative chemotherapy or postoperative chemoradiation[7]. In the metastatic disease setting, patients are treated with combination chemotherapy
because exposure to cytotoxins prolongs survival and
improves control of symptoms[8]. Recently, an international author team evaluated commonly used therapeutic
strategies for gastric cancer[3]. Their analysis indicated
that a combination of cisplatin and 5-fluorouracil was
the preferred strategy. However, oxaliplatin efficacy was
equivalent to that of cisplatin[3], and oral fluoropyrimidines such as S-1 and capecitabine could be substituted
for 5-fluorouracil [3]. Combination chemotherapy was
preferred for the majority of patients due to the balanced benefit-to-risk ratio[3]. For fit patients with high
tumor burden and possible secondary resectability, triplet chemotherapy had greater efficiency and produced
higher treatment response rates[3]. Docetaxel resulted in
significantly higher side effects[3]. For elderly and infirm
patients, monotherapy and dose modifications were considered as beneficial[3]. In general, approximately 50% of
patients respond to chemotherapy containing cisplatin,
fluorouracil and anthracyclines or taxanes, but median
survival is less than 12 mo with these combinations[9].
The optimal approach for a given patient remains unclear
and controversial. However, one consistent finding is
that patients who exhibit a histopathological response to
neoadjuvant therapy are more likely to receive a survival
benefit. Cytotoxic therapy provides positive response
rates ranging from 20%-60%[10]. There are a few studies
that evaluate clinical or histopathological markers that
predict response and prognosis for neoadjuvant-treated
gastric cancer, and none of the potential markers have
been validated in prospective studies[10-15]. Identifying
predictive, pretherapeutic markers for treatment response
would facilitate customization of individual care strategies. Due to this patient specific situation, there is a need
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Table 1 Potential biomarkers for therapy response prediction in gastric cancer
Ref.
Huang et al[25], 2013
Sekikawa et al[26], 2013
Okada et al[27], 2013
Sugita et al[28], 2010
Mitani et al[29], 2007

Biomarker

Sample

Patients

Chemotherapy

AMBP
REG Iα
FOXM1
BNIP3
DAPK
REG4

Serum
Tissue
Tissue
Tissue

17 GC patients
70 GC patients
81 GC patients
80 GC patients

paclitaxel, capecitabine
S-1, Cisplatin
docetaxel, 5-FU, cisplatin/5-FU, cisplatin
5-FU, irinotecan/docetaxel/cisplatin

Serum

36 GC patients

5-FU, cisplatin

AMBP: Alpha-1 microglobulin/bikunin precursor; REG Iα: Regenerating gene Iα; FoxM1: Forkhead box M1 transcription factor; BNIP3: Bcl-2/adenovirus
E1B 19 kDa-interacting protein 3; DAPK: Death associated protein kinase; REG IV: Regenerating gene IV; GC: Gastric cancer; 5-FU: 5-fluorouracil.

to use clinical, genomic, transcriptomic, proteomic, and
other information sources to plot the optimal course for
an individual patient in terms of disease risk assessment,
prevention, treatment, or palliation. This is the concept
of personalized medicine. Therapeutic approaches for
gastric cancer will become increasingly customized in future clinical practice.
Research efforts for gastric cancer have focused on
improving prognosis and decreasing chemotherapeutic
toxicity. The addition of molecularly targeted agents to
treatment protocols may achieve both of these goals. The
human HER family is one of the main targets in human
cancer therapies[16,17]. The HER family contains four related members, HER1 (ErbB1 or EGFR), HER2 (ErbB2),
HER3 (ErbB3), and HER4 (ErbB4). HER2 is an important biomarker in gastric tumors and can be specifically targeted via a monoclonal antibody for trastuzumab
therapy[18]. For patients with advanced gastric cancer or
cancer of the gastro-esophageal junction, survival is improved with trastuzumab therapy combined with chemotherapy compared with that of chemotherapy alone[19].
Trastuzumab combined with capecitabine or 5-fluorouracil and cisplatin has been approved for treating patients
with HER2-positive metastatic adenocarcinoma of the
stomach or gastro-esophageal junction by the European
Union, United States, and Japan.
Lapatinib, a tyrosine kinase inhibitor against both
epidermal growth factor receptor (EGFR) and HER2,
has had modest single activity[20]. Additionally, a statistically significant improvement in overall survival (primary
endpoint) with the addition of lapatinib to capecitabine
plus oxaliplatin (CapeOx) as the first-line treatment of
advanced or metastatic gastric or gastro-esophageal adenocarcinoma could not be demonstrated (Logic trial)[21].
With regard to toxicity, lapatinib in combination with
CapeOx showed an increased rate of grade 3 diarrhea
and a higher rate of skin toxicity. In contrast to the success obtained with trastuzumab in advanced gastric cancer, monoclonal antibodies that target EGFR have failed
to improve outcome in biologically unselected gastric
cancer patients[22,23]. It remains to be elucidated from
tumor tissue analyses if a small proportion of gastric
cancer patients may benefit from anti-EGFR targeted
therapy, e.g., in the case of EGFR gene amplification[24].
The negative results obtained with cetuximab (EXPAND
study) and panitumumab (REAL3 study) emphasize
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the need to have a biologically meaningful target before
studying targeted agents in larger populations. But the
development of trastuzumab in HER2-overexpressing
gastric cancer raises hope that further progress may be
achieved.
Developing new targeted and multimodal therapies
for gastrointestinal cancer has improved patient prognosis. However, additional treatment choices add greater
complexity to the therapeutic strategy, and selecting the
correct regimen has become more challenging for clinical
managers. Therefore, the identification of new therapeutic response biomarkers is crucial.

POTENTIAL BIOMARKERS
The selection of anticancer regimens based on individual
patient biomarkers constitutes personalized cancer treatment. There is a strong need to identify parameters that
can be used as reporters of tumor responsiveness during
the early phases of neoadjuvant therapies. Current therapeutic management is based primarily on clinical data
and histological features. Several new treatment options
have been introduced recently, but variations in individual
responses and drug resistance present challenges. Many
promising markers for disease prognosis or therapeutic
response have been identified, but the diagnostic value
of many biomarkers is controversial. The only molecular
marker currently in clinical use to tailor patient therapy is
the HER2 status for treatment with trastuzumab. Identifying new cancer-specific biomarkers for predicting patient
responses to different therapies is currently a focus of
translational research. Table 1 presents studies that have
identified potential biomarkers that could be used for
predicting therapy response in gastric cancer patients[25-33].
These “discovery” studies provide some perspectives for
establishment of further biomarkers. In this regard, in a
recently published study it was demonstrated that high
levels of serum AMBP (Alpha-1 Microglobulin/Bikunin
Precursor) could predict the poor response of gastric cancer patients treated with paclitaxel-capecitabine chemotherapy[25]. Also recently published was a study identifying
REG Iα (Regenerating Gene Iα) expression in tissue
biopsies of gastric cancer patients for predicting response
to chemotherapy with S1 plus cisplatin[26]. Another potential biomarker, FoxM1 (Forkhead Box M1 Transcription Factor), was suggested as biomarker for resistance to
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chemotherapy with docetaxel in addition to 5-fluorouracil
derivate plus cisplatin when overexpressed gastric cancer
tissue[27]. The methylation of the apoptosis-related genes,
BNIP3 (Bcl-2/Adenovirus E1B 19 kDa-interacting Protein 3) and DAPK (Death Associated Protein Kinase) was
examined in tumor samples from patients treated with
fluoropyrimidine-based chemotherapy for metastatic or
recurrent gastric cancer and was found to indicate lower
response to the chemotherapy[28]. High levels of REG
Ⅳ (regenerating gene family, member 4) in the serum of
gastric cancer patients were identified to predict resistance
to 5-fluorouracil-based chemotherapy[29].
These new biomarkers have not yet progressed from
basic research into clinical practice. A greater understanding of these biomarkers could reveal novel insights into
the molecular changes underlying cancer progression,
metabolic responses to treatments, and mechanisms leading to chemotherapy resistance. Metabolic and proteomic
changes are features of invasive cancers, and may provide
valuable information for assessing prognosis and response to treatment for patients with gastric cancer. Proteomics evaluates protein expression, post-translational
modifications, and complex expression patterns in tissues, cells, and biological fluids[34,35].

PROTEOMICS ANALYSIS FOR
PREDICTING THERAPEUTIC RESPONSES
Changes in protein profiles reflect changes in cellular
metabolism and cellular responses to extracellular conditions. Proteins are key effector molecules that influence
pathological conditions. The development of proteomics
technologies enables screening of different samples
such as fluids and clinical tissues, including fresh/frozen
and formalin-fixed paraffin embedded (FFPE) materials. Fresh/frozen tissue is more suitable for proteomics
analysis than chemically cross-linked material. However,
archival FFPE clinical samples represent a rich source
for proteomics investigations, and these are often linked
with extensive follow-up patient information that report
disease outcomes. Independent studies demonstrate
that frozen samples are equivalent to chemically fixed
samples after rehydration and heat-induced reversal of
fixation[36-38]. Obvious advantages of FFPE samples are
convenience of handling, storage, and archival follow-up
information that often covers decades. Therefore, FFPE
material has been used for cancer research by many
groups[38-44].
Proteomics studies can provide information about
general protein expression patterns, expression of individual proteins, post-translational protein modification,
and protein-protein interactions. Proteins can be analyzed by electrophoresis, chromatography, visualization,
and mass spectrometry. The development of advanced
protein separation systems such as high-resolution chromatography and high-sensitivity mass spectrometry have
facilitated development of proteomics technologies[45].
Proteomics studies using mass spectrometry techniques
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are discovering important data that can be used to predict therapy responses, particularly studies using specialized protein separation techniques, matrix-assisted laser
desorption-ionization (MALDI), and time-of-flight mass
spectrometry (TOF-MS)[46,47]. Mass spectrometry-based
proteomics is generally performed on fresh/frozen tissues. Mass spectrometry of FFPE tissues requires proteolytic digestion of the samples to generate peptides that
can be analyzed by liquid chromatography−mass spectrometry (LC-MS). Applications of LC-MS for analysis
of FFPE samples have recently been reviewed by Steiner
et al[48]. These identified protein profiles can be used for
analysis of useful biomarkers for gastric cancer. A recently published workflow for analysis of FFPE samples of
colon adenomas demonstrated that it is possible to analyze the proteome from microdissected tissue samples[49].
Recent progress in mass spectrometry techniques may
lead to quantitative, reproducible, and highly multiplex
proteomics analyses of FFPE samples in the future.

MASS SPECTROMETRY
Mass spectrometry detects and identifies the chemical
composition of samples on the basis of their mass-tocharge ratio (m/z) after ionization, and can be used to
determine protein molecular weight, structure, and posttranslational modifications. In TOF-MS, ionic flight times
are measured over a fixed distance and correlated with
specific m/z values. The measured output counts the
total number of ions at each m/z value. MALDI-TOF
analysis is highly sensitive and accurate, even for proteins
with molecular weights less than 200 kDa[50]. Coupling
mass spectrometry with protein separation methods
enables characterization of amino acid sequences and
post-translational modification. Mass spectrometry is a
powerful tool for proteomics analysis, and has been used
to identify biomarkers in cancer proteomes for early
diagnosis, to assess disease prognosis, and to predict
therapeutic responses[51-53]. Several biomarker studies have
been conducted using serum samples. The main obstacle
for proteomic analysis of serum is the large variability
in protein concentrations that can render identification
of the low-abundance proteins of interest extremely
challenging. Serum screening may identify non-specific
markers associated with systemic responses or secondary
processes unrelated to cancer. These can include effects
from diet, smoking, alcohol consumption, or other factors that complicate analysis. These serum-related issues
are not encountered when performing mass spectrometry
analysis of tissue samples.
A novel method has recently been developed for
cancer-specific biomarker screening of patient tissue
specimens. The MALDI imaging mass spectrometry
technology facilitates the application of MALDI mass
spectrometry to the analysis of tissue sections (Figure
1)[50,54-59]. In MALDI imaging mass spectrometry, the
molecular content identified by mass spectrometry is
specifically localized within tissue sections and biopsies.
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Figure 1 Principle of matrix-assisted laser desorption-ionization imaging mass spectrometry. A section is cut from frozen tissue and prepared for mass spectrometry by coating with matrix solution. Energy for desorption and ionization is supplied by a pulsed laser beam. For each point in the user-defined measurement
grid, a mass spectrum is generated by MALDI-TOF MS[79]. Copyright © 2009, Rights Managed by Nature Publishing Group. MALDI: Matrix-assisted laser desorptionionization; TOF: Time-of-flight; MS: Mass spectrometry.

Peptides, proteins, posttranslational modifications, therapeutic agents and their metabolites, lipids, cell metabolites, molecular tracers, contrast agents, and toxins can be
identified and localized[58]. This technique correlates in situ
molecular patterns with m/z distributions. Tissue sections
are scanned and a mass spectrum is acquired for selected
regions, which are then subjected to histomorphological
analysis and visualization (Figure 1). MALDI imaging
has been implemented in several studies to identify differential protein expression profiles for human glioblastoma cancer, non-small-cell lung tumors, and ovarian
cancer[54,60,61]. One of the first MALDI Imaging studies
in gastric cancer demonstrated that MALDI imaging
in combination with hierarchical clustering of the m/z
values allows the comprehensive analysis of the in situ
cancer proteome[62]. This cluster analysis allowed for the
classification of complex human tissues and facilitated
specific and cancer-related in situ biomarker analysis and
identification. Also, in the case of gastric cancer, MALDI
Imaging could be obtained as a diagnostic tool to identify early-stage tumor. By histology-directed profiling of
63 gastric cancer and 43 healthy endoscopic biopsies,
profiles for separating tumor from healthy tissue, and
for distinguishing stage Ia from more advanced stages
were identified[63]. The results from this study could be of
clinical relevance, because stage Ia lesions are potential
candidates for endoscopic treatment. For patients with
more advanced-stage disease, clinically relevant information is related to improving risk stratification. A recent
study analyzed 63 intestinal primary gastric cancer tissues
using MALDI imaging[64] and identified 7 tumor-specific
proteins that independently correlated with poor survival.
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A previously unknown protein, CRIP1, was identified
and confirmed to be an independent prognostic factor
for gastric cancer. A proof-of-principle MALDI imaging
study demonstrated that the HER2 status of gastric cancer could be predicted accurately by specific protein patterns (Figure 2)[65]. A recently published MALDI Imaging
study demonstrated that the clinical response to neoadjuvant chemotherapy with cisplatin and 5-FU in adenocarcinomas of the gastro-esophageal junction could be
correlated to preexisting defects in mitochondria of the
patients’ tumor cells[66]. Additionally in this study several
mitochondrial proteins were identified which previously
have not been recognized in the context of neoadjuvant
chemotherapy treatment. In general, because of its practical simplicity and ability to gain reliable information,
even from endoscopic biopsy sections, MALDI Imaging
might have the potential to complement histopathological evaluation for assisting diagnostic, risk assessment, or
response prediction to therapy.

METABOLIC ANALYSIS IN THERAPY
RESPONSE PREDICTION
Molecular imaging of tumor metabolism using specific
tracers could guide decisions about treatment strategies
for cancer patients. Since the discovery regarding glucose
metabolism in cancerous tumors by Warburg, there is
consensus that malignant cell metabolism is crucial for
pathogenesis and progression of cancer[67]. Changes in
glucose metabolism are determined using fluorodeoxyglucose (FDG)-positron emission tomography (PET)
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Figure 2 Matrix-assisted laser desorption-ionization imaging mass spectrometric profiles of breast and gastric cancer tissues. Human epidermal growth
factor receptor-2 (HER2)-status can be identified on a proteomic level across different cancer types suggesting that HER2 overexpression may constitute a unique
molecular event independent of the tumor site[65]. Reprinted with permission from [65]. Copyright © 2010 American Chemical Society.

and positron emission tomography-computed tomography (PET-CT) imaging. These changes can be used for
tumor diagnosis. Measurement of tumor FDG uptake
using PET can facilitate the assessment of tumor cell
metabolic activity in vivo. 18F-FDG-PET can be used to
measure the response to therapy, tumor metabolism, and
patient prognosis. PET imaging can determine the tumor
response to treatment during the course of chemotherapy, radiotherapy, or chemoradiotherapy. Changes in 18FFDG uptake compared with that in pretherapeutic scans
can be correlated with histopathological changes and/or
survival. During the early course of treatment, tumor
metabolic activity is significantly reduced in patients that
positively respond to treatment compared with those that
do not (Figure 3)[68,69].
Early assessment of treatment response for gastric
cancer using FDG-PET is challenging because many
primary tumors are not FDG avid[70-74]. If the tumor is
FDG avid, prediction of response and prognosis using
FDG-PET is feasible for gastric cancer[75]. Ott et al[75] established a standard for assessing if a treatment resulted
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in positive patient responses and improved patient prognoses; after two weeks of chemotherapy, approximately
35% of patients should have reduced FDG uptake compared with that of the pre-treatment FDG uptake. This
standard was corroborated by a subsequent study with
a larger patient cohort, in which approximately 33% of
patients had insufficient FDG to monitor using FDGPET[76]. Survival data identified three independent prognostic groups, including metabolic responders, metabolic
non-responders, and non FDG-avid patients. Herrmann
et al[77] investigated whether a marker of tumor cell proliferation, 18F-fluorothymidine (FLT), could be used to detect locally advanced gastric cancer. Absolute uptake values for 18F-FLT were lower than those for 18F-FDG, but
18
F-FLT-PET exhibited higher sensitivity. Therefore, 18FFLT-PET may be a useful diagnostic tool for quantifying
tumor cell proliferation. A recently published prospective
study by Ott et al[78] reported that non-FDG-avid gastric
tumors can be visualized with the proliferation marker
FLT. This can expand the potential of molecular imaging
for assessing responses to neoadjuvant therapy.
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sary to identify new, cancer-specific, and patient-specific
biomarkers that could be used to establish personalized
treatment strategies and clinical management of patients
with gastric cancer.
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Figure 3 Positron emission tomography with the glucose analog fluorine-18 fluorodeoxyglucose studies in patients with clinically responding
and nonresponding tumors [75]. A: In the responding tumor, fluorodeoxyglucose (FDG) uptake decreases to background level 14 d after initiation of
chemotherapy; B: In contrast, FDG uptake is almost unchanged for the nonresponding tumor. Copyright © 2003 American Society of Clinical Oncology.
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CONCLUSION
Gastric cancer is a biological heterogeneous disease;
therefore, no single medical treatment is the best option
for all types of gastric cancer. Even for the treatment
with classical cytotoxic therapies, different sensitivities to
specific agents probably exist in different gastric cancer
subtypes. Current treatment protocols for gastric cancer
are based primarily on clinical data and histological features. Therefore, new targeted agents are needed beside
the already established anti-HER2 directed treatment
with trastuzumab. Several potential biomarkers have been
identified that can predict treatment responses, and can
be used to customize therapeutic approaches with respect
to specific tumor parameters.
With a better proteomic and metabolic characterization of gastric cancer, new and improved treatment options may become available in future. To identify patients
that could benefit most from novel treatments, it is important to assess early patient responses. Molecular and
proteomics analyses have identified a number of proteins
that might be useful for predicting therapeutic responses.
Most of these biomarkers require further validation in
larger studies. Molecular imaging could facilitate early
assessment of patient responses to treatments. MALDI
imaging is a novel approach to identify new biomarkers. The combination of different approaches is neces-
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Abstract
Gastric cancer (GC) is the fourth most common cancer
worldwide and ranks second in global cancer mortality statistics. Perioperative chemotherapy plays an
important role in the management and treatment of
advanced stage disease. However, response to chemotherapy varies widely, with some patients presenting no
or only minor response to treatment. Hence, chemotherapy resistance is a major clinical problem that impacts on outcome. Unfortunately, to date there are no
reliable biomarkers available that predict response to
chemotherapy before the start of the treatment, or that
allow modification of chemotherapy resistance. MicroRNAs (miRNAs) could provide an answer to this problem.
miRNAs are involved in the initiation and progression
of a variety of cancer types, and there is evidence that
miRNAs impact on resistance towards chemotherapeutic drugs as well. This current review aims to provide
an overview about the potential clinical applicability of
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miRNAs as biomarkers for chemoresistance in GC. The
authors focus in this context on the potential of miRNAs
to predict sensitivity towards different chemotherapeutics, and on the potential of miRNAs to modulate sensitivity and resistance towards chemotherapy in GC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: MicroRNAs; Biomarker; Chemoresistance;
Gastric cancer; Diagnostic; Therapeutic
Core tip: MicroRNAs (miRNAs) are a relatively new class
of gene expression regulators, being involved in cancer initiation and progression. There is evidence that
miRNAs impact on resistance towards various chemotherapeutics and are accessible and detectable in different tissue types, including blood samples, with great
stability. Taken together, miRNAs seem to have great
potential as new biomarkers for diagnostic and therapeutic approaches. This current review aims to provide
an overview about the potential clinical applicability of
miRNAs as biomarkers for chemoresistance in gastric
cancer (GC), focusing on prediction and modulation of
sensitivity and resistance towards chemotherapeutic
drugs in GC.
Matuszcak C, Haier J, Hummel R, Lindner K. MicroRNAs:
Promising chemoresistance biomarkers in gastric cancer with
diagnostic and therapeutic potential. World J Gastroenterol 2014;
20(38): 13658-13666 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13658.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13658

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
worldwide and ranks second in global cancer mortality
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statistics[1]. The prognosis of GC is poor with an overall
5-year survival rate of less than 35%[2,3], mostly caused by
locally advanced disease at the date of initial diagnosis,
reduced response to neoadjuvant or adjuvant therapy or
tumor recurrence after surgical resection. Surgery is the
preferred primary treatment option for the early stage
of GC. Unfortunately, over 60% of the patients present
advanced stage disease at the time point of diagnosis. In
these cases, perioperative chemotherapy is widely applied
based on the data of the MAGIC[4] and the ACCORD
trials[5], including for example platinum- and fluoropyrimidine-based regimen or three-drug protocols with additional application of taxanes or anthracyclines[4,6,7]. These
therapies are recommended nowadays even for patients
with uT2 tumors[8,9]. However, response of the individual
patient to this perioperative treatment varies widely, and
some tumors are resistant to chemotherapeutic treatment
completely. Hence, one main obstacle in the success of
perioperative chemotherapy is the development of multidrug resistance (MDR) in GC[10]. Based on the current literature, there are four major mechanisms that contribute
to drug resistance in cancer cells: (1) decreased uptake of
water soluble drugs[10]; (2) changes in intracellular pathways that affect the potential of cytotoxic drugs to kill
cells, including alterations in the cell cycle, DNA repair,
apoptosis pathways, metabolism/elimination of drugs, or
others[10-12]; (3) increased energy-dependent efflux of hydrophobic drugs mediated via overexpression of a family
of energy-dependent transporters (known as ATP-binding cassette transporters) such as P-glycoprotein 1 (P-gp,
ABCB1) or breast cancer resistance protein (ABCG2)
amongst others[10]; and (4) intracellular detoxifiers such as
antioxidants (e.g., glutathione)[13,14]. Unfortunately, from
a clinical point of view, there are so far no reliable biomarkers available that allow a prediction of response to
chemotherapy in the individual patient before the start
of treatment[15]. This leads to the problem that a number
of patients undergo futile treatment with potential severe
side-effects but without any benefit. If response to chemotherapy can be predicted before treatment, therapy
could be better tailored via identification of patients that
in fact profit from chemotherapy.
In this context, microRNAs (miRNAs) could provide
a new approach for better clinical decision making. miRNAs are a relatively novel class of regulatory molecules
that control translation and stability of messenger RNA
(mRNAs) on a post-transcriptional level via interaction
with the 3’-untranslated region (UTRs) of target mRNAs,
that finally leads to destabilization and/or inhibition of
their translation[16]. So far, over 2500 human miRNAs
have been identified according to the latest release (June
2013) of miRBase database[17], and each single miRNA
can potentially target up to hundreds of mRNAs[18].
miRNAs are involved in the regulation of almost all
physiological processes such as cell development, differentiation, proliferation and apoptosis[19,20]. But more
importantly, miRNAs have been found to impact on
pathogenesis of a variety of human cancers. In this con-
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text, miRNAs can be roughly categorized into miRNAs
that promote tumor development and growth (so-called
oncomiRs), and miRNAs that inhibit tumor progression
(so-called tumor-suppressor-miRs)[21,22]. Regarding GC,
several (in vitro and in vivo) studies demonstrated according to the findings in other cancer types that tumors or
GC cell lines present aberrant miRNA expression pattern
compared to controls (normal gastric cell lines or samples
from healthy patients)[23-31]. In conclusion, this data highly
suggests that miRNAs may have an enormous potential
as diagnostic[32], prognostic[33-35], or even therapeutic biomarkers[36,37].
This current review article now aims to summarize
the evidence available so far about the impact of miRNAs on MDR in GC. We aim to specifically highlight
from a clinical point of view, that miRNAs might help to
predict tumor response to conventional chemotherapy,
thereby providing a new approach as diagnostic biomarkers in GC. Moreover, we intend to show that miRNAs
might further provide an enormous potential as therapeutic tools in the battle against GC by modulating and/
or reversing MDR.

GENERAL CONSIDERATIONS ABOUT
MIRNAs AS BIOMARKERS FOR
CHEMORESISTANCE IN GC
MiRNAs: Perfect candidates for biomarkers in clinical
settings?
The National Institutes of Health Biomarkers Definition
Working Group defined a biomarker as “a characteristic
that is objectively measured and evaluated as an indicator
of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention”[38].
This definition of “a characteristic that is objectively
measured and evaluated” implicates that molecular biomarkers which might be useful for prediction of the success of chemotherapy in cancer patients should (1) be
easily detectable and assessable in clinical patient samples;
and (2) be stably expressed and refractory to degradation in these samples in order to allow proper analysis on
clinical samples. Only if these characteristics are present,
miRNAs can further be assessed regarding their potential
as biomarkers for response prediction.
And in fact, regarding the aspect of easily accessible
clinical samples, there is a large body of evidence that
shows that miRNAs are indeed detectable in a number
of different sample types. For example, miRNAs can
be found and analyzed in fresh frozen samples such as
tumor biopsies or resection specimens, or in paraffin-embedded tissues[39]. Even more interesting from a clinical
point of view, miRNAs can be detected as so-called “circulating miRNAs” in a broad variety of human body fluids including urine[23], saliva[39], amniotic fluid[39] and pleura
fluid[40] in healthy volunteers and cancer patients[25,40-43].
These circulating miRNAs are considered believed to
originate either from immunocytes[44], as byproducts of
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dead/dying cells[44-46], or to be secreted actively from tumor cells via microvesicles such as exosomes[44-47].
Regarding the stability of miRNA expression in clinical samples, Lu et al[48] reported that miRNAs are quite
stable in different tissue samples (paraffin-embedded
sections, rapid frozen samples) and present unique expression levels in different tissue types (salvia, blood,
urine). Moreover, circulating miRNAs have been shown
to be highly stable in the peripheral circulation caused
for example by binding to RNA-binding proteins[18,49-51]
or by their excretion in microvesicles[51-54]. In addition,
Fang et al[41] reported that miRNAs present tissue-specific
expression patterns with a reproducible and consistent
expression. Finally, studies demonstrated that circulating
miRNAs are fairly resistant to different pH solutions or
repeated freeze-thawing cycles, and they are stable for 24
h at room temperature[55,56].
Taken together, miRNA expression patterns can
successfully be assessed and analyzed in a variety of different samples, including biopsy or resection specimen,
or blood samples, what supports the hypothesis that
miRNAs could be used as clinically relevant diagnostic or
therapeutic molecular biomarkers.
MiRNAs: Do these molecules impact on MDR in general?
Another aspect of using miRNAs as potential biomarkers for chemoresistance in GC includes their possible impact on MDR in general. Only if there are data available
which support that miRNAs modulate drug resistance in
general, these molecules might be useful for evaluation
of response prediction in GC patients.
And in fact, miRNAs have been proposed to play
an important role in the development of MDR in cancer progression[55-58]. Despite the fact that this field of
research is still in its infancy, it has been demonstrated
that miRNAs are highly related to cancer progression
(including growth apoptosis, invasion and metastasis)
and are responsible for cancer-related inflammation,
anticancer drug resistance and regulation of cancer
stem cells[59]. Most interestingly, a number of miRNAs
(such as members of the let-7 family, miR-16, miR-21
or miR-451 amongst others) have been confirmed to
impact on more than one anticancer drug and/or to play
a role in chemotherapy resistance in more than just one
tumor type[57,60-62]. In addition, several anti-cancer-drugs
target the same cancer-related genes that are targeted and
regulated by miRNAs, implicating a link between chemotherapy induced cancer cell death and a modulation
of chemotherapy resistance via miRNAs[63-65]. However,
it has to be noted in this respect that the regulation of
known cancer-related genes by miRNAs is much more
frequently reported simply because these genes are well
studied, and not all miRNAs show similar sensitivity
phenotypes in different cancer types. Finally, a number
of transcripts from drug resistance-related genes may be
targeted by more than one miRNA[66].
Taken together, the evidence available so far on
miRNA analysis in different sample types, their stability
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in various tissues, and their involvement in chemotherapy
resistance in general highly supports the hypothesis that
miRNAs might be perfect candidates for biomarkers for
chemoresistance in GC in clinical settings.
Limitations about the clinical use of miRNAs as
biomarkers
As miRNA research is so far still mostly limited to in vitro
experiments, its clinical applicability at this stage is somewhat limited, and there are a number of hurdles that
need to be overcome before these molecules can be used
in standard clinical settings.
With regards to sample acquisition and miRNA extraction for examples from blood samples, it has been
demonstrated that several aspects and factors impact on
results of miRNA analyses. These include the appropriate selection of samples (e.g., plasma or serum), collection
tubes (EDTA, citrate, heparin), extraction methods (phenol/chloroform, silica: distinct differences in required
fluid volume, yield, procedural contaminants etc.), quality
and quantity control, fasting or blood draw timing, all
potentially. In addition, there are a number of different
miRNA profiling methods including qRT-PCR, microarrays, sequence specific hybridization in solution followed
by miRNA molecule counting based on reporter probes,
and direct sequencing available, all of which with more
or less relevant advantages and disadvantages regarding
sensitivity and specificity, absolute quantification/accuracy and flexibility and throughput[67]. In general, it can be
postulated, that there is a lack of standardized of experimental techniques at this stage, and this impacts clearly
on the possibility to compare data of different studies.
With regards to miRNAs as therapeutic tools, in vivo
data on animal experiments are limited, and there are to
our best knowledge so far only two clinical studies on a
potential use of miRNAs as therapeutic tools in human
beings available or on its way. Both studies do not refer
to GC patients. In a phase 2a clinical trial, Janssen et al[68]
evaluated the safety and efficacy of Miravirsen® (a locked
nucleic acid-modified DNA phosphorothioate antisense
oligonucleotide that sequesters mature miR-122 in a highly stable heteroduplex, thereby inhibiting its function) in
36 patients with chronic HCV genotype 1 infection. The
authors could demonstrate prolonged dose-dependent
reductions in HCV RNA levels without evidence of viral resistance and without dose-limiting adverse events
and no escape mutations in the miR-122 binding sites
of the HCV genome[68]. It is worth to mention that in
two phase Ⅰ safety studies in humans with Miravirsen®
showed that Miravirsen® was well tolerated with no doselimiting toxicities[69,70].
The second clinical trial (phase Ⅰ trial), which is currently recruiting healthy patients as a control group, uses
MRX34 (a liposome-formulated mimic of the tumor suppressor miR-34) in patients with inoperable primary liver
cancer or metastatic cancer with liver involvement[71]. In
this trail, the safety, pharmacokinetics and pharmacodynamics MRX34 is being evaluated in healthy patients[72].
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to anticancer treatment, increasing thereby for example
drug resistance. This means that for therapeutic biomarkers, there is a need for further knowledge about the exact
mechanisms by which the respective miRNAs finally
affect cancer cell behavior. The objective in the establishment of a therapeutic biomarker is to provide a more
individualized therapy approach for every tumor type in
the future[73-75].

Table 1 MicroRNAs as potential diagnostic biomarkers for
chemoresistance in gastric cancer
miRNAs
miR-15b
miR-16
miR-19a/b
miR-21
miR-106a
miR-181b
miR-497
miR-200b/c
miR-508-5p

Regulation Drug resistance cell lines
Down ↓
Down ↓
Up ↑
Up ↑
Up ↑
Down ↓
Down ↓
Down ↓
Down ↓

Target

Vincristine
PTEN
Vincristine
PTEN
Doxorubicin, vincristine
PTEN
Cisplatin
PTEN
Cisplatin
PTEN
Cisplatin, vincristine
BCL-2
Cisplatin, vincristine
BCL-2
Cisplatin, vincristine BCL-2, XIAP
Vincristine, doxorubicin
ABCB1,
ZNRD1

Ref.
[62]
[62]
[77]
[78]
[79]
[82]
[83]
[83]
[81]

The table presents an overview about miRNAs that present different expression pattern between chemotherapy resistant gastric cancer cell lines
and controls, including downstream targets and affected chemotherapeutic agents. PTEN: Phosphatase and Tensin homolog; BCL-2: B-cell lymphoma 2; XIAP: X-linked inhibitor of apoptosis protein; ABCB1: ATP-binding
cassette sub-family B member 1; ZNRD1: DNA-directed RNA polymerase
I subunit RPA12; miRNA: MicroRNA.

Taken together, there are many hurdles that need to
be overcome before miRNAs can be safely applied as
clinical biomarkers or therapeutic tools. Standardization
of technical approaches, confirmation of in vitro results
in animal experiments and finally safety assessment and
treatment trials in humans have to show whether these
molecules find their way into the daily clinic. However,
first results are promising indeed.

MIRNAs AND MDR IN GC
There are numbers of potential applications for miRNAs
as clinically relevant biomarkers. In the context of this
review, we focus on two distinct aspects: miRNAs as
diagnostic biomarkers, and miRNAs as therapeutic biomarkers.
MiRNAs as diagnostic biomarkers have to meet various requirements, some of which have been discussed in
detail in the section above. However, the main requirement of a diagnostic biomarker in cancer is to distinguish
between different “subgroups” of patients. For example,
patients with cancer should reliably be distinguishable
from patients with precancerous conditions or from noncancer controls[73-76]. In this context, a “simple comparison” of miRNA expression pattern between different
“subgroups” of patients is needed in order to allocate patients into the respective “subgroups”, and at this stage,
there is no need for further information about the exact
impact of the respective miRNAs on tumor growth, metastasis, etc.
In contrast to this “simple analytic” approach, the use
of miRNAs as therapeutic biomarkers mandates different
key features: these miRNAs might not be differentially
expressed between different subgroups of patients (such
as responders and non-responders to chemotherapy).
However, manipulation of the levels of these miRNAs
should lead to changes in the cellular response of tumors
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MiRNAs as promising biomarkers for chemoresistance
in GC with diagnostic potential
The potential to predict response to chemotherapy treatment is a promising clinical application of miRNAs.
Successful prediction of treatment response would allow
a more tailored, individual therapy planning, as patients
who do not respond to this treatment modality would
not have to undergo futile treatment with potential severe
side-effects. However, response prediction of chemoresistance implies that miRNAs exhibit significant and
reproducible differences in expression between patients
that respond well to chemotherapy compared to patients
that show no or minimal response to this treatment
option. With other words, miRNA expression pattern
should differ between chemotherapy resistant GC tumors
and sensitive tumors.
And in fact, some first authors reported results from
in vitro experiments that showed differing expression pattern of several miRNAs in chemotherapy resistant GC
cell lines when compared to sensitive controls (Table 1),
with some miRNAs being upregulated in resistant cancer cells, and others being downregulated. For example,
Wang et al[77] demonstrated an upregulation of miR-19a/b
in a vincristine resistant GC cell line (SCG7901/VCR)
and a doxorubicin resistant GC cell line (SGC7901/
ADR). In addition, Yang et al[78] reported that miR-21 was
upregulated in cisplatin resistant GC cells (SCG7901/
DDP) vs controls. Furthermore, miR-106a was shown
to be upregulated in a cisplatin resistant GC cell line
(SCG7901/DDP)[79]. Finally, miR-195 and miR-378 were
found to be upregulated in 5-azazytidine resistant GC cell
lines (MGC803, SGC7901 and AGS)[80].
Xia et al[62] on the other hand showed that miR-15b
and miR-16 both were downregulated in a vincristine resistant GC cell line (SGC7901), and Shang et al[81] showed
that miR-508-5p was downregulated in two GC cell lines
resistant towards doxorubicin (SGC7901/ADR) and vincristine (SGC7901/VCR). Furthermore, Zhu et al[82] demonstrated in vincristine resistant GC cell lines miR-181b,
miR-200b/c and miR-497 to be downregulated compared
to controls[83].
Finally, Wu et al[84] analyzed miRNA expression patterns in hydroxycamptothecin (HCPT)-resistant and
HCPT-sensitive GC cell lines. miR-224 and miR-3383p were only expressed in HCPT-resistant cells, and
miR-141, miR-200a, miR-200b, miR-372, and miR-373
were only expressed in HCPT-sensitive cells[84].
Even more interesting from a clinical point of view,
there is some first evidence that alterations in miRNA
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Table 2 MicroRNAs as potential therapeutic biomarkers for chemoresistance in gastric cancer
miRNAs
miR-21
miR-27a
miR-106a
miR-195
miR-378
miR-449a
miR-508-5p

Regulation

Drug resistance

Target in GC

Drug treatment

Ref.

Up ↑
Down ↓
Up ↑
Up ↑
Up ↑
Up ↑
Up ↑

Up ↑
Down ↓
Up ↑
Up ↑
Up ↑
Down ↓
Down ↓

PTEN
Cyclin-D1, p21
PTEN
CDK6, VEGF
CDK6, VEGF
BCL-2, CCDN1
ABCB1, ZNRD1

Cisplatin
Vincristine, 5-fluouracil, cisplatin, doxorubicin
Cisplatin
5-azacytidine
5-azacytidine
Cisplatin
Vincristine, doxorubicin

[78]
[87]
[79]
[80]
[80]
[88]
[81]

The table presents an overview about miRNAs that impact on chemotherapy resistance in gastric cancer cell lines, including downstream targets and affected chemotherapeutic agents. PTEN: Phosphatase and Tensin homolog; CDK6: Cylin-dependent kinase 6; VEGF: Vascular endothelial growth factor; BCL-2:
B-cell lymphoma 2; CCDN1: Cyclin-D1 gene; ABCB1: ATP-binding cassette sub-family B member 1; ZNRD1: DNA-directed RNA polymerase I subunit
RPA12; MiRNA: MicroRNA.

expression pattern might be able to discriminate between
responders and non-responders in clinical patient samples
(in vivo). Kim et al[85] for example presented data based on
biopsy samples from 90 GC patients which were collected prior to chemotherapy. The authors identified a signature of several miRNAs (namely miR-363, miR-518f,
miR-519e, miR-520a, and miR-520d) that was correlated
to resistance to cisplatin and 5-fluorouracil therapy[85].
With regards to blood based circulating miRNAs, the
current literature draws a promising picture: Zhu et al[86]
showed in a recent review including 22 studies with a
sample size ranging from 37 to 164, that a total of 35 circulating miRNAs were differentially expressed between
GC patients and healthy controls. Most interestingly, 6
of these miRNAs (miR-21[78], -27a[87], -106a[79], -195[80],
-200c[83] and -378[80]) were shown to be deregulated in
chemotherapy resistant GC cell lines as demonstrated in
the in vitro experiments in the paragraph above, and to be
potentially involved in MDR.
MiRNAs as promising biomarkers for chemoresistance
in GC with therapeutic potential
The application of miRNAs as modifiers of chemotherapy sensitivity is an even more interesting approach for
a potential clinical use of these molecules, especially as
additive treatment with conventional chemotherapeutics.
This implicates that artificial manipulation of miRNA
levels lead to increased sensitivity or reduced resistance
towards various chemotherapeutic drugs. And again,
there is growing evidence that modulation of miRNA
expression in fact affects resistance of various tumors to
chemotherapeutic treatment. However, as this field of
research is still very young, results on GC are limited and
refer so far only to in vitro experiments. In vivo studies on
human patients with GC are not available yet.
Similarly to the data presented in the section about
miRNAs with diagnostic potential, some miRNAs impact
on sensitivity towards chemotherapy if their levels were
artificially upregulated, others if their levels were downregulated. For example, upregulation of miR-21 or miR106a was demonstrated to increase cisplatin resistance of
GC cells[78], and Deng et al[80] showed that upregulation of
miR-195 or miR-378 led to an enhanced 5-azacytidine re-
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sistance in normal gastric cells. Upregulation of miR-449
or miR-508-5p was demonstrated to positively impact on
sensitivity towards cisplatin (miR-449) respectively vincristine or doxorubicin (miR-508-5p)[81,88]. Interestingly, in
accordance with these findings about the modulation of
sensitivity towards chemotherapeutic drugs via miRNAs,
Bandres et al[89] reported that upregulation of miR-451
led to an increased sensitivity of cancer cells towards radiotherapy by down-regulating the macrophage migration
inhibitory factor (MIF).
Only one research group reported on the effect of
miRNA downregulation on chemotherapy resistance:
Zhao et al[87] found that increased doxorubicin sensitivity
in GC cells is connected with downregulation of miR-27a.
The authors of the aforementioned studies performed additional experiments in order to elucidate the
underlying mechanisms by which the respective miRNAs
finally impacted on sensitivity and resistance towards the
different chemotherapeutic drugs. Table 2 and Figure 1
present an overview about the results of these investigations, and highlight the downstream targets and pathways
that mediate the effects of manipulated miRNA expression in GC cells and their response to anticancer treatment.

CONCLUSION
MiRNAs are an astonishing new class of regulators of
global gene expression, and they affect tumor initiation and progression in a large number of malignancies.
Moreover, these molecules were shown to impact on
sensitivity towards various chemotherapeutic agents in a
variety of cancers. Based on the fact that miRNAs play
an important role in the development and regulation of
MDR, and in addition are accessible and detectable in
different tissue types including blood samples with great
stability, these molecules seems to have great potential as
new biomarkers for diagnostic and therapeutic approaches. In the context of this current review, we presented
an overview about the data available so far on this new
aspect of miRNAs as biomarkers for chemoresistance
in GC. Despite the fact that data on this topic is still
somewhat limited, the first reports on miRNAs as po-
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Apoptosis

miR-181b ↓
miR-497 ↓
miR-200b/c ↓

Cyt C
CASP9

Bcl2

PKB/Akt
mTOR
PIB3

Jak-STAT
signaling pathway

mTOR signaling
pathway

Evading apoptosis
Sustained
angiogenesis

VEGF
miR-195 ↑
miR-378 ↑

?

PTEN
miR-15 ↓
miR-16 ↓
miR-19a/b ↑
miR-21 ↑
miR-106a ↑

STAT3
STAT1
Multidurg resistance

Jak1

Bcl-XL

Bcl2

DNA damage

CyclinD1

Proliferation

miR-449a ↑
Effect of growth

CylinD1
CDK4/6

MAPK/ERK signaling
pathway

Raf

MEK

?

p53

miR-27a ↓

?

Ras

ERK

p21

E2F
Rb

c-Jun
c-Fos
c-Myc
Ets1

?

miR-195 ↑
miR-378 ↑

CylinD1
CDK4/6

p53 signaling
pathway

Figure 1 MicroRNAs and their influence on multidrug resistance in gastric cancer. The figure presents an overview about the targets and pathways that mediate
the effects of miRNA manipulation on multidrug resistance in gastric cancer (Data modified from DIANA miRPathv2.0[90]). The arrows indicate the up- or down-regulation of miRNA patterns in gastric cancer cells in vitro. The dashed boxes indicate nucleus related targets. Interrogation marks represent to date unknown intermediate
steps. STAT: Signal transducers and activators of transcription; mTOR: Mammalian target of rapamycin; PKB: Protein kinase B.

tential clinical biomarkers that predict sensitivity towards
chemotherapeutic drug are very promising. We found a
number of studies that demonstrated various miRNAs to
be indeed associated with chemoresistance by presenting
different expression patterns between resistant and sensitive tumors, both in vitro and in vivo. Furthermore, several
research groups could provide first evidence that manipulation of the expression of certain miRNAs lead to
changes in the sensitivity and resistance of GC towards
chemotherapeutics in vitro. Taken together, this data draw
a very promising picture of miRNAs as potential new
biomarkers for chemoresistance in GC with diagnostic
and therapeutic potential. This would help to tailor cancer therapy more individually, and to specifically select
patients for chemotherapy that would profit from this
treatment option. Further research on this highly interesting and clinically most relevant aspect of a potential use
of miRNAs is highly warranted.
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Abstract
Although a steady decline in the incidence and mortality rates of gastric carcinoma has been observed in the
last century worldwide, the absolute number of new
cases/year is increasing because of the aging of the
population. So far, surgical resection with curative intent
has been the only treatment providing hope for cure;
therefore, gastric cancer surgery has become a specialized field in digestive surgery. Gastrectomy with lymph
node (LN) dissection for cancer patients remains a challenging procedure which requires skilled, well-trained
surgeons who are very familiar with the fast-evolving
oncological principles of gastric cancer surgery. As a
matter of fact, the extent of gastric resection and LN
dissection depends on the size of the disease and gastric cancer surgery has become a patient and “diseasetailored” surgery, ranging from endoscopic resection
to laparoscopic assisted gastrectomy and conventional
extended multivisceral resections. LN metastases are
the most important prognostic factor in patients that
undergo curative resection. LN dissection remains the
most challenging part of the operation due to the location of LN stations around major retroperitoneal vessels
and adjacent organs, which are not routinely included
in the resected specimen and need to be preserved in
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order to avoid dangerous intra- and postoperative complications. Hence, the surgeon is the most important
non-TMN prognostic factor in gastric cancer. Subtotal
gastrectomy is the treatment of choice for middle and
distal-third gastric cancer as it provides similar survival
rates and better functional outcome compared to total gastrectomy, especially in early-stage disease with
favorable prognosis. Nonetheless, the resection range
for middle-third gastric cancer cases and the extent
of LN dissection at early stages remains controversial.
Due to the necessity of a more extended procedure at
advanced stages and the trend for more conservative
treatments in early gastric cancer, the indication for
conventional subtotal gastrectomy depends on multiple
variables. This review aims to clarify and define the
actual landmarks of this procedure and the role it plays
compared to the whole range of new and old treatment
methods.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Gastrectomy; Lymphadenectomy; Laparoscopy; Endoscopy; Quality of life; Gastric
stump cancer
Core tip: Gastric cancer surgical resection with curative
intent is the only treatment providing hope for cure.
Gastrectomy with lymph node dissection remains a
challenging procedure, which should abide by well-defined oncological principles. Subtotal gastrectomy is the
treatment of choice for middle and distal-third gastric
cancer; however, due to the necessity of a more extended procedure at advanced stages and the trend for
more conservative treatments in early gastric cancer,
the indication for conventional subtotal gastrectomy
depends on multiple variables. This review aims to define the actual landmarks of this procedure and the role
it plays compared to the whole range of new and old
treatment methods.
Santoro R, Ettorre GM, Santoro E. Subtotal gastrectomy for ga-
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INTRODUCTION
Although a steady decline in the incidence and mortality
rates of gastric carcinoma has been observed in the last
century worldwide, the absolute number of new cases/
year is increasing due to the aging of the population[1]. In
1990, gastric cancer was the second commonest type of
cancer in the world, with 800000 new cases and 650000
deaths per year. In 1997, the number of new cases rose
to more than 1 million[2,3]. Incidence is higher in East Asia
and Eastern Europe, with a smaller number of cases being recorded in North America and Northern Europe[4].
The aforesaid decline mainly concerns the Lauren’s intestinal (or well differentiated) type, which is more frequently reported in regions where gastric cancer is endemic;
it typically arises in the middle and distal third of the
stomach, on a background of metaplasia affecting older
male patients. On the other hand, the Lauren’s diffuse
(or poorly differentiated) type is more common in low
risk areas. It has a steady incidence and tends to affect
younger individuals, mainly females. Moreover, it often
shows hereditary characteristics[5,6]. Gastric cancer is still a
poor prognosis and high mortality disease, second only to
lung cancer, especially in countries with lower incidence[7].
After Billroth’s first successful pylorectomy in 1881 and
Schlatter’s first total gastrectomy in 1897 for gastric cancer, surgical resection is still the only treatment presently
giving hope for cure[8,9]. In 1929, MacGuire noted that all
the possibilities of partial resection of the stomach and
anastomosis with the duodenum and jejunum had been
developed[10]. He reported excellent results in terms of
postoperative morbidity and mortality rates after subtotal
gastrectomy in 16 patients. However, a carcinoma of the
pylorus with obstruction was described in one patient
only, with the others suffering from gastric and duodenal
peptic ulcer. MacGuire’s report shows that surgeons have
been familiar with partial gastrectomy for peptic disease
for a very long time; however, the surgical approach to
gastric cancer was standardized in Japan in the 1960s[11].
The first edition of the General Rules for Gastric Cancer
Study was published by the Japanese Research Society
for Gastric Cancer (JRSGC) in 1963 and the first English
edition was based on the 12th Japanese edition and was
published in 1995[12]. In Japan, the incidence is 20-fold
the incidence in United States and, while the incidence of
proximal tumors is increasing in the West, distal tumors
continue to predominate in the land of the rising sun.
Such important epidemiological differences entail different diagnostic and therapeutic strategies and prognosis. In
Japan, a mass screening program has been in place since
the 1960s and early detection of the disease combined
with improved operative techniques has led to a signifi-
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cant decrease in mortality[13]. In a large evaluation of
10000 patients treated between 1962 and 1989 at Kyushu
University of Fukuokoa, Japan, most carcinomas were
found in the distal two thirds of the stomach and a large
proportion of patients underwent subtotal distal gastrectomy[14]. Total gastrectomy was performed for widespread
disease, proximal location, multifocal disease, or due to
extensive dissection of the lymph nodes (LNs). According to the Registry of the Japanese Research Society for
Gastric Cancer, the incidence of stage-Ⅰ gastric cancer
in 1991 was 55.5%, while subtotal gastrectomy accounted
for 69.3%[15] of all surgeries. The same registry showed a
cumulative 5-year survival rate of 68.2%. In a multi-institutional randomized controlled trial carried out on behalf
of the Japan Clinical Oncology Group comparing D2
and extended para-aortic lymphadenectomy in advanced
gastric cancer, the incidence of subtotal gastrectomy was
61.1%[16]. In Western countries, gastric cancer prognosis
has been improving over the last 40 years; however, it
remains quite poor[17]. In Europe, 5-year survival varies
depending on the country, ranging from less than 10%
to nearly 25%[18]. In the past, gastric cancer located in the
distal third of the stomach was treated by total or subtotal gastrectomy, depending on the surgeon’s experience.
The “en principe” total gastrectomy was proposed in the
1970s to secure better loco-regional tumor control compared to subtotal gastrectomy[19,20]. However, the procedure did not gain worldwide acceptance and several surveys carried out at that time showed that the incidence of
subtotal gastrectomy varied between 20% and 70%[21-26].
Moreover, several non-randomized series published in
the 1980s did not show any survival-related benefit of
total gastrectomy compared to subtotal gastrectomy[27-31].
Lastly, two randomized trials published in 1989 and 1999,
respectively, comparing the survival rates for total and
subtotal gastrectomy for gastric cancer located in the distal third reported similar survival rates for the two procedures[32,33]. Since then, subtotal gastrectomy has been considered the treatment of choice in distal and middle-third
gastric cancer, provided that the resection margins fall in
healthy tissue, also in Western countries. The extent of a
gastric resection is not technically challenging for general
surgeons and the extent of the LN dissection required
in the treatment of gastric cancer with curative intent is
the most challenging part of any operation. In the 1980s
and 1990s, the role of LN dissection was also assessed
worldwide. The topographic pattern of LN metastases
was largely described and the range of the D1, D2, D3
and D4 LN dissections was validated in Japan[34,35]. A
standardized LN dissection was developed and it was
routinely used nationwide with therapeutic benefits and
good long-term survival. In Western countries, extended
LN dissection was not popular due to higher morbidity
and mortality rates and no survival benefits[36-39]. Finally,
the long-term results of two European studies showed
significant improvement in survival rates due to D2 LN
dissection in patients with stage-Ⅱ disease; moreover, the
study clearly identified the patients who may benefit from
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D2 LN dissection, also in Western countries[40,41]. In those
years, the benefits of more extended D3 and D4 LN dissections had not been clearly demonstrated compared
to D2 lymphadenectomy and they also showed higher
incidence of complications[42,43]. Based on the aforementioned results, the Japanese Gastric Cancer Association
updated the classification of gastric cancer and the guidelines for surgical treatment according to clinical stage in
1998 and in 2011, respectively[44,45]. This review aims to
point out the role of subtotal gastrectomy in the treatment of gastric cancer, focusing on the extent of gastric
resection, the extent of lymphadenectomy, the type of
reconstruction in the era of minimal invasive approach
and endoscopic resection.

ONCOLOGICAL PRINCIPLES OF
SUBTOTAL GASTRECTOMY: THE
RATIONALE
Subtotal gastrectomy vs total gastrectomy
Curative resection is the only chance for cure in patients
with resectable gastric cancer. It aims to ensure complete
removal of the tumor by providing adequate longitudinal
and circumferential resection margins. Subtotal gastrectomy is the gold standard treatment for early-stage gastric
cancer located in the distal third of the stomach. The results of two randomized studies carried out in European
countries have shown that subtotal gastrectomy for distalthird gastric cancer entails similar long-term survival
results as total gastrectomy, with lower morbidity and
mortality rates and better postoperative quality of life[32,33].
There are several advantages in performing more conservative surgery. Subtotal gastrectomy entails lower shortterm morbidity and mortality rates and shorter hospital
stay, as well as higher calorie intake and better nutritional
status with improved quality of life in the long run. A
very large multicentric prospective study on more than
4000 patients carried out in Italy in the 1980s did not find
any significant difference in terms of long-term survival
between the two procedures[46]. However, many years later, surgeons have not reached consensus yet; as a matter
of fact, the supporters of the “en principe” total gastrectomy advocate that it allows better local tumor control
of the disease. The extent of gastric resection is not a
prognostic factor, whereas the adequate LN clearance of
the LN stations beyond the perigastric ones is the most
important surgical prognostic factor in both early and
advanced gastric cancer[35,47-50]. In patients with distal-third
gastric cancer, total gastrectomy without an adequate
lymphadenectomy would be an oncological surgical mistake as it is an overtreatment from the gastric resection
standpoint and, at the same time, an undertreatment from
the LN dissection standpoint. There is no advantage in
extending the resection to the whole stomach; however,
the extent of gastric resection depends on the site and
size of the primary tumor. According to a prospective
randomized study carried out in the 1980s in Italy, the
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resection line should provide a safe 3-6 cm resection margin in a case of Lauren’s intestinal or diffuse gastric cancer, respectively[33]. However, according to the Japanese
Gastric Cancer Association guidelines, a proximal margin
of at least 3 cm is recommended for T2 or deeper tumors
with an expansive growth pattern (Types 1 and 2) and
5 cm is recommended for those with infiltrative growth
pattern (Types 3 and 4)[45]. Total gastrectomy may be required in those cases with poorly differentiated histological type located in the angularis portion of the stomach,
who are likely to show a submucosal invasion along the
lesser curvature towards the cardia with a high risk of microscopic invasion of the transection line[51], or in patients
with multicentric disease. Total gastrectomy may also be
required in patients suffering from distally located gastric
cancer with multiple LN metastases and advanced stages
in order to allow an extended D2 or D3 LN dissection.
In such cases, an aggressive surgical approach, including
multivisceral resections, is the only hope for cure. Total
gastrectomy has also been advocated as a prophylactic
treatment in the event of E-cadherin gene mutation in association with familial gastric cancer[52,53].
General LN dissection rules
Lymphatic spread is the most relevant prognostic factor in patients with gastric cancer resected for cure. LN
status and ratio are the most important prognostic factors[35,47-49,54,55]. The importance of adequate lymphadenectomy as part of a potentially curative resection has
been recognized in Western countries as well[39,41,56-58]. For
absolutely curative resection, lymphatic dissection must
be a level higher than the highest echelon of metastatic
LNs, in addition to tumor free margin. Appropriate LN
dissection is also important for accurate staging. The
number of retrieved LNs has been validated as a method
of evaluating the adequacy of LN dissection but data collection from each LN station needs considerable effort
from both surgeons and pathologists. The number of LN
metastases has been validated as a better prognostic indicator compared to the location of the LN metastases[48,49]
and the staging system was updated in the 2010 UICC/
TNM 7th edition[59]. According to the new system, pN1 is
defined as LN metastases in 1 to 2 LNs, pN2 is defined
as LN metastases in 3 to 6 LNs, N3a in patients with 7
to 15 metastatic LN, and N3b in patients with more than
16 LNs metastases. The classifications of the LN stations
and LN dissections were also updated at the same time.
LN stations classification
In the past, 16 different LN stations were identified surrounding the stomach[12]. The perigastric nodes were
defined as N1 nodes (station 1 to 6). N2 nodes corresponded to the nodes around the main vessels originating
from the celiac trunk (station 9), the left gastric, common
hepatic, splenic artery and splenic hilum and arteries (stations 7, 8, 11 and 10, respectively). Nodes at the hepatoduodenal ligament (station 12), the retropancreatic region
(station 13) and the root of the mesentery (station 14)
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were defined as N3, whereas those along the middle colic
vein (station 15) and para-aortic nodes (station 16) were
classified as N4. This topographic classification remains
very popular among surgeons and still represents a milestone knowledge that helps surgeons perform LN dissection correctly. However, nowadays it has poor clinical significance. As a matter of fact, according to the Japanese
classification of gastric carcinoma, LN stations 1-12 and
14v are now defined as “regional” gastric LNs, whereas
metastasis to any other nodes is classified as “M1”.
Definition of LN dissections
LN dissection was initially classified as D1 to D4, depending on the extent and removal of each LN station
according to the primary tumor location. In distal subtotal gastrectomy, D1 included removal of only LN stations
1, 3, 4, 5, 6 and 7 surrounding the stomach, whereas D2
included D1 LN dissection and station 8a, 12a, 9 and 11.
D3 and D4 LN dissections occur when the other LN
stations are removed. This system has been revised and
now reflects the number of retrieved LNs rather than
their location. Hence, it is as follows: D0 when less than
15 nodes are reported, D1 when 15 to 25 nodes are removed, and D2 when more than 25 nodes are reported
in the pathological findings[12,40,49,60]. As a matter of fact,
the number of LNs itself cannot give any information
about the extent of LN dissection. The original N1-3 and
D1-3 definitions are far more complicated: LN groups
are defined as compartments 1-3 and depend on the location of the primary tumor, according to which each LN
station is given a group number (1, 2, 3, or M)[44].
Oncological principles of LN dissection in distal subtotal
gastrectomy
The rate and number of metastatic LNs increases with
the depth of tumor invasion through the gastric wall
layers and shows a clear relationship with survival[35,61-63].
This rate is low in early gastric cancer (EGC) and the
Japanese Gastric Cancer Association recommends a D2
LN dissection in most gastric cancer. However, less extensive LN dissection was approved in patients with T1
cancer and clinical node-negative disease. The incidence
of LN metastases in lower-third gastric cancer at each
LN station according to the depth of tumor invasion was
well described in a recent detailed report from the Seoul
National University Hospital[62]. In this large series, curative resection for gastric cancer located in the distal third
of the stomach was carried out with subtotal gastrectomy
in 95.2% of the patients, 38.1% of whom suffered from
advanced gastric cancer. The mean number of LNs was
37.6 and LN dissection was D2 or more extended in
57.1% of the surgeries. However, extended LN dissection
was not performed in EGC, which accounted for 61%
of the cases. In the aforementioned study, a D1 + α (D1
+ station 7 and 8a) or D1 + β (D1 + stations 7, 8a and
9) LN dissection was performed in 43% of the patients.
The incidence of LN metastases in mucosal EGC (pT1a)
was very low, namely 1.1%, and a D1 + β LN dissection
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was suggested to be adequate. Instead, the incidence of
LN metastases in submucosal EGC (pT1b) was as high
as 23%. In particular, metastases to the second level (LN
stations 7-11) and third level (LN stations 12-16) were
detected in 5% of the patients. The authors concluded
that, in patients with distal third submucosal cancer, D1
+ β LN dissection entailed a risk of leaving metastatic
nodes in 3% of cases and therefore D2 LN dissection
was recommended. In other studies, the incidence of
micro-metastases in N0 pT1 and pT2 was shown to be
as high as 17%-23% and such micro-metastases were
correlated with the prognosis[64,65]. In a case of EGC, the
intraoperative histopathological evaluation of clinically
suspected metastatic nodes or the sentinel node technique might be deemed suitable in a tailored LN dissection (D1 + β) strategy and might avoid extended D2 LN
dissection in selected N0 or N1 patients who would not
tolerate complications[66,67]. In this perspective, the minivasive approach has become the gold standard procedure
for the treatment of EGC in Japan. In Western countries,
the incidence of gastric cancer is low, no screening program has been approved and most gastric cancer patients
are diagnosed with advanced stage gastric cancer. For
advanced gastric cancer (pT2-4), extended LN dissection is mandatory because the rate of second level (LN
stations 7-11) node metastases ranges between 10% and
20%. Several reports showed that extended LN dissection can be performed with low morbidity and mortality
rates[16,68,69]. Pancreatosplenectomy, thought to be necessary in the past, remains a source of postoperative complications and is not essential for adequate clearance of
nodal stations along the splenic vessels in D2 LN dissection. Accurate dissection along the splenic vessels and the
hepatic pedicle is the most challenging part of any gastric
surgery for cancer because it requires hepatobiliary and
pancreatic surgery technical skills and training. General
surgeons without such training are more likely to perform inadequate gastric cancer surgery, especially in the
event of advanced gastric cancer when an aggressive surgical procedure is the only chance for cure[70]. The higher
survival rates after D2 LN dissection compared to D1
surgery as reported by Japanese series have not been confirmed by European randomized trials[36,37]. Some skeptics
believe that extending LN dissection beyond perigastric
stations entails more diagnostic than therapeutic benefit.
However, patients with second-level node invasion who
undergo D1 gastrectomy are likely to show early local
recurrence because of inadequate LN dissection. Furthermore, such patients are understaged at the time of
primary surgical treatment which makes comparison with
studies that use a more accurate staging inaccurate[71].
However, in other major nonrandomized studies, D2
lymphadenectomy was an independent prognostic factor
and improved long-term survival in patients with stage[39,56]
. Lastly, the very comprehensive results of
Ⅱ tumors
the Dutch trial comparing D1 vs D2 lymphadenectomy
showed that extended LN dissection is associated with
lower loco-regional and gastric cancer-related death rates
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than D1 surgery[40]. This study confirmed that significant
long-term survival benefits were observed in stage-Ⅱ patients (pT2N1 or pT3N0), as had previously been shown
by the German Gastric Study Group. The Dutch trial
showed higher survival rates in D2 group N2 patients
than D1 group patients and as N2 disease is difficult to
identify preoperatively, the authors concluded that extended LN dissection might be beneficial when morbidity
and mortality rates are very low. As a result, inadequate
LN dissection accounts for more than half of the surgical failures due to loco-regional recurrence, especially in
those patients with second-level node metastases. A well
designed Italian nonrandomized prospective multicentric
study on patients with advanced gastric cancer invading
the serosa (pT3) located in the gastric antrum showed
that subtotal gastrectomy with D2 LN dissection without
splenectomy can be performed with low morbidity and
mortality rates and survival was even better than that of
patients treated with total gastrectomy[72]. In the abovementioned study, the choice of the surgical procedure
(total or subtotal gastrectomy) was based on the surgeon’
s preference. Subtotal gastrectomy was preferentially performed in older patients and when the surgeon believed
the disease to be less aggressive, as demonstrated by the
higher number of metastatic LN in the TG group. However, the type of surgery had no influence on the number
of dissected nodes. The study also confirmed that extended LN dissection can be performed in patients with
advanced gastric cancer located in the distal third of the
stomach, suitable for subtotal gastrectomy. Total gastrectomy may become necessary when the lymphatic spread
is beyond N2 LN stations. In the series reported by the
Seoul National University Hospital, the incidence of total
gastrectomy in 400 patients with advanced lower-third
gastric cancer was 6%[62]. In clinical practice, D2 standard LN dissection becomes mandatory in the majority
of patients and less extensive lymphadenectomy can be
performed in 10 to 20% of cases. Hence, surgeons need
to have technical skills and clinical experience in order
to treat most gastric cancer patients when surgery is the
main treatment option. Results of trials on gastric cancer
multidisciplinary management suggested that D2 surgery alone results in much better survival rates than less
extensive surgery plus adjuvant chemotherapy and radiotherapy, as shown by the INT0116 trial. The Intergroup
randomized trial confirmed that local recurrence of cancer is reduced by 50% after D2 resection[73,74].
With this tailored surgical approach, the Maruyama
Index (MI) of unresected disease (as the quantitative
measure of sum of the probabilities of metastases to
regional LN station 1-12 that were not removed and left
behind after primary surgical treatment) may remain low
(< 5) within the limits of curative R0 resection, decreasing the risk of loco-regional recurrence and improving
survival[75-78]. The Dutch D1 vs D2 trial was reanalyzed
using the MI as a prognostic tool and the MI < 5 proved
to be a strong predictor of survival by both univariate
and multivariate analysis. D2 LN dissection should entail
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low MI in most patients, particularly in stage Ⅱ and Ⅲ
gastric cancers[79]. Surgical experience and training are essential to perform high quality gastric cancer surgery and
advanced gastric cancer patients are more likely to have a
low MI curative surgery in high volume institutions rather
than in low volume hospitals. Subtotal gastrectomy is the
first option in the treatment of middle and lower-third
gastric cancer, regardless of the extent of LN dissection
required to achieve curative R0 resection with low MI.

ONCOLOGICAL PRINCIPLES OF
SUBTOTAL GASTRECTOMY: HOW TO
PERFORM IT
Extent of gastric resection and the resection margin
Nowadays, this procedure accounts for 23%-70% of all
cancer gastrectomies performed in specialized centers
in European and Far Eastern countries[15,23-25,43,55]. Subtotal gastrectomy can also be performed in patients with
gastric cancer arising in the middle part of the stomach
as the length of proximal resection margin is currently
the single most important factor in deciding the final
gastric resection extent[33,72]. Although total gastrectomy
was recommended in the past as the standard surgery for
middle-third gastric cancer, it has been shown that subtotal gastrectomy can be carried out in middle-third gastric
cancer patients when a 3-6 cm tumor proximal free margin can be achieved, according to the Lauren histological
type[33]. In early gastric cancer, subtotal gastrectomy is the
gold standard treatment, whereas in case of advanced
gastric cancer, the intraoperative frozen section histopathological evaluation of the transection line is useful to
detect positive margins and proceed to total gastrectomy.
Other more recent studies supported this stomach spearing strategy in the treatment of gastric cancer located in
the middle third. Subtotal gastrectomy was performed in
39.3% of the 402 patients with middle-third advanced
gastric cancer at the Korea University College in Seoul,
compared to 83.3% of the 172 patients with lowerthird cancer[80]. In this study, as expected, the patients
who underwent total gastrectomy had more advanced T
stage; however, there was no difference in stage-stratified
survival rate based on the extent of curative gastric resection. Multivariate analysis revealed that the type of gastric
resection and the length of the proximal resection margin, using cut-off value from 1-5 cm in intervals of 1 cm,
had no impact on 5-year survival. Similar results were reported in another study from the same region[81]. In order
to prevent local recurrence of cancer, a > 6.5 cm gross
margin was recommended in the past[82]. More recently,
> 3 cm a margin in the final pathology for advanced gastric cancer has been considered adequate. However, according to the Japanese Classification of Gastric Cancer
Carcinoma (2nd English edition), high chances of cure are
achieved when the resection margin is > 1 cm. The resection line infiltration is an unfavorable prognostic factor
at any stage of the disease and patients in good general
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condition for whom radical surgery is possible should be
considered for reoperation[51]. Since long-term oncological outcome does not seem to be affected by the type of
gastric resection or by the length of the proximal resection margin, patients with middle-third advanced gastric
cancer can be safely treated with subtotal gastrectomy
with curative intent. Such patients will benefit in terms
of postoperative morbidity and mortality rates, as well as
quality of life.
“Two thirds” of “four fifths” subtotal gastrectomy and
the destiny of the left gastric artery
The extent of gastric resection is usually defined as “two
thirds” or “four fifths” of the stomach. From an oncological standpoint, this is not relevant provided that the
proximal margin of the resection falls in healthy tissue
and adequate LN dissection is performed; however, the
size of the remnant stomach is important for the reconstruction phase following partial gastrectomy. If the
gastric stump is too short, reconstruction is preferably
done by using Billroth Ⅱ or Roux-en-Y methods. The
Billroth Ⅰ method can be performed when the size of
the remaining stomach allows obtaining a tension-free
gastroduodenal anastomosis. In addition, the length of
the gastric remnant may cause concern about the vascularization of the distal end of the gastric stump. The extensive resection and LN dissection disrupting the arterial
branches surrounding the stomach, including LN station
#1, that provide the blood supply to the gastric stump
may contribute to postoperative necrosis of the distal
part of the gastric stump and unfavorable outcome. After
standard D2 subtotal gastrectomy for advanced gastric
cancer, the blood supply of the gastric stump is maintained up to the level of resection by the esophagocardiotuberal branches and the short gastric arteries. However,
the gastric stump might show poor vascularization in
the resection area if the stump is too long, thus entailing
possible risk of late ischemia not detected during surgery
and postoperative fistula at the gastroduodenal or gastrojejunal anastomosis. Hence, when the left gastric artery is
divided at the root from the celiac trunk and radical lymphatic clearance is performed, the short gastric vessels
should be preserved and a “four fifth” subtotal gastrectomy performed; the type of reconstruction will depend on
the surgeon’s choice and the remaining stomach length.
In a case of EGC without gross LN metastases, D1 +
β or D2 LN dissection can be performed with preservation of the left gastric artery and its “ascending branch”,
especially if the tumor is distally located on the greater
curvature[83]. In this setting, adequate LN dissection can
be performed by skeletonizing the hepatic artery, the celiac trunk and then the left gastric artery, as in transplant
surgery, by removing the adipose tissue containing the
lymphatics along these arteries. Similarly, extended LN
dissection can be carried out along the splenic artery by
preserving the pancreatic tail and spleen. Only the stem
of the left gastric artery and the “ascending branch” can
be preserved as the feeding artery for the gastric remnant
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by dividing the “descending branch” at the root[84]. The
blood supply provided by this artery to the gastric remnant allows safely performing two-third subtotal gastrectomy, thus making it possible to proceed to reconstruction by tension-free Billroth Ⅰ anastomosis after dividing
the short gastric vessels.

ROLE OF CONVENTIONAL SURGERY IN
EARLY-STAGE GASTRIC CANCER VS
MINIMALLY INVASIVE TECHNIQUES
Subtotal gastrectomy vs endoscopic resection
Although gastrectomy with LN dissection is still the gold
standard treatment for early gastric cancer, endoscopic
surgical techniques such as endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD)
have been proposed in selected patients as alternative
treatments to maintain good quality of life[85-87]. Typically,
EMR of large lesions require piecemeal resection. ESD is
an alternative technique which enables en bloc resection.
With this technique, LN dissection is not performed and
regional LNs remain untreated. Therefore, patient selection is mandatory and this conservative technique can
only be proposed for patients with low risk of LN metastases. According to the Japanese gastric cancer treatment
guidelines of the Japanese Gastric Cancer Association
(2010, ver.3), EMR or ESD are indicated as the standard
treatment for differentiated-type adenocarcinoma without
ulcerative findings whose depth of invasion is clinically
diagnosed as T1a and with ≤ 2 cm diameter. This group
of tumors show very low incidence of LN metastases. In
a large study on 5265 patients who underwent gastrectomy with LN dissection for EGC, the incidence of LN
invasion was observed in only 2.7% of mucosal cancers
and 18.6% of EGC invading the submucosa[83]. None
of the 1230 well differentiated intramucosal cancers
with less than 30 mm diameter were associated with LN
metastases. Other risk factors for LN metastases were
lymphatic-vascular involvement, undifferentiated histological type and tumor diameter larger than 30 mm. The
endoscopic resection of tumors with the aforementioned
features is under investigation and those tumors are considered as an expanded indication. In 1091 submucosal
invasive tumors, the incidence of LN metastases was
20.3%[85]. As for intramucosal cancer, the presence of LN
metastases had a significant correlation with tumor size
larger than 30 mm, undifferentiated histological type and
lymphatic-vascular involvement. The incidence of LN
metastases in patients negative for these three risk factors
was 5.6%; the authors suggested that in this subset of
patients, LN dissection may not be necessary and EMR
or ESD should be performed. However, these criteria are
based on the full histological examination of the resected
specimen. Therefore, it is of paramount importance that
the EMR or ESD is technically well performed and the
specimen fully examined. Resection is deemed curative
when the tumor size is ≤ 2 cm and en-bloc resection
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with negative margins is performed for pT1a histologically differentiated-type without lymphovascular infiltration.
When EMR or ESD is deemed non curative, additional
surgical treatment should be recommended. Gastrectomy
is also required when EMR or ESD are not feasible and
since most tumors are located in the middle and distal
thirds of the stomach, subtotal gastrectomy with LN dissection remains the treatment of choice.
Laparoscopic-assisted distal gastrectomy vs open
procedure
Laparoscopic surgery for gastric cancer has gained popularity since its first application in 1991[88]. With the improvement of laparoscopic instruments and techniques,
minimally invasive surgery has recorded increasing
clinical application to treat early-stage gastric cancer[89].
In Asian countries such as Japan and South Korea,
laparoscopic-assisted distal gastrectomy (LADG) has become a standard therapy for early gastric cancer (EGC)
located in the distal and middle thirds[90,91]. Furthermore,
the development of this technique also entailed wide acceptance for other types of gastrectomies. The results
of a retrospective multicenter study carried out in South
Korea by the Korean Laparoscopic Gastrointestinal Surgery Study (KLASS) group showed that laparoscopicassisted gastrectomy (LAG) provided satisfactory longterm oncological outcomes, similar to those of open
surgery[92]. In the above-mentioned study, indication for
LAG was gastric cancer patients with preoperative stage
Ia (cT1N0M0) diagnosis, except those who were suitable
for endoscopic resection. However, as experience accumulated, indications were expanded to preoperative diagnosis of more advanced early-stage disease (cT1N1M0,
cT2N0M0 and cT2N1M0). The incidence of recurrence
was 1.6% (19/1186) in EGC and 13.4% (31/231) in advanced gastric cancer (AGC)[93]. The study suggests that
LAG is a good alternative to open gastrectomy in patients
with relatively early-stage gastric cancer. LAG has several significant advantages, including less intraoperative
blood loss, less postoperative pain, earlier postoperative
recovery and shorter hospital stay. However, adequate
lymphadenectomy is the most important prognostic factor in gastric cancer and the reliability of a laparoscopic
approach depends on performing D2 dissection correctly,
as in open surgery, following the criteria of the Japanese
Gastric Cancer Association guidelines. It is estimated that
a laparoscopic approach is employed in about 20% of
gastric cancer surgeries in Japan; nevertheless, according
to the Japanese Gastric Cancer Guidelines (2010, ver.3),
this minimally invasive technique should be considered an
investigational treatment. At present, although the longterm results of the phase Ⅲ KLASS trial are yet to be
published, LAG is considered to be accepted for EGC[94].
In intramucosal cancer not suitable for endoscopic resection or after non-curative endoscopic resection, surgical
treatment is recommended and the laparoscopic approach
seems to be a good alternative to conventional open surgery as a D1 + β LN dissection can be safely performed
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with curative intent. The application of LAG for AGC
remains controversial due to the technical difficulty of
performing a complete D2 lymphadenectomy. Extended
LN dissection was shown to be technically feasible with
a high number of retrieved nodes in both laparoscopic
and robotic approaches[95,96]. However, the preoperative
diagnosis of AGS with obvious node metastases is not an
indication for the minimally invasive approach. In several
series, preoperative understaging of EGC conceals the
presence of AGC in 4.6%-7.6% of cases. The retrospective analysis of the KLASS group regarding 239 patients
who were diagnosed with AGC on final pathological
examination showed that the long-term survival outcome
rates were comparable to those previously reported for
open gastrectomy[92]. In this study, a D2 LN dissection
was performed in 68.2% of the procedures; however,
only 23% of the patients were diagnosed with stage Ⅲ
or Ⅳ disease. A recent meta-analysis of LADG showed
that the short-term outcome of LADG for EGC is better than that of the open procedure[97]. However, LADG
performed significantly less well compared to open distal
gastrectomy in terms of operative time and also showed
a smaller number of harvested LNs. The long-term outcome should be proven by further results of ongoing
randomized clinical trials.
LADG technical aspects
From a technical standpoint, several techniques have
been described to perform minimally invasive distal gastrectomy, including laparoscopic-assisted and robotic-assisted techniques with extracorporeal anastomosis, which
are the most frequently described ones, and the entirely
intracorporeal technique. In the laparoscopic and roboticassisted techniques, minilaparotomy is performed after
mobilization of the stomach and division of the gastric
vessels at the root together with LN dissection. The
mobilized stomach is pulled out through the minilaparotomy site and resected. Billroth Ⅰ or Ⅱ or Roux-en-Y
anastomosis can be performed extracorporeally by using
stapling devices or hand-sewing techniques, depending
on the surgeon’s choice[98-100]. In addition, LN dissection
of the nodes behind the hepatic artery or portal vein
that are not easily harvested by laparoscopy can be safely
removed through this minilaparotomy before reconstruction. In entirely intracorporeal subtotal gastrectomy, sideto-side gastrojejunal anastomosis is usually performed
using laparoscopic linear cutter staples through two access openings of the jejunal limb and the posterior wall
of the gastric stump. Then, the openings are closed with
running suture or extracorporeal slipknots, depending
on surgeon’s preference[95]. Then, the resected stomach is
extracted using a polyethylene endobag through the enlarged umbilical incision or, preferably, from a suprapubic
incision. Since most of the tumors treated by LADG are
EGC and the tumor border is often unclear, preoperative
endoscopic marking of the proximal margin of the tumor is recommended in order to obtain a proximal resection margin of at least 2 cm in pT1 tumors.
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RECONSTRUCTION AFTER DISTAL
SUBTOTAL GASTRECTOMY AND LONGTERM OUTCOME
The extent of gastric resection does not influence survival when patients are matched for stage groups and the
type of reconstruction after SG for gastric cancer has
never been associated with any prognostic value[15,24,40].
After subtotal gastrectomy, the following reconstruction
methods are usually employed: Billroth Ⅰ gastroduode
nostomy, Billroth Ⅱ gastrojejunostomy with or without
Braun anastomosis, Roux-en-Y gastrojejunostomy, uncut
Roux-en-Y gastrojejunostomy and jejunal interposition.
Distal subtotal gastrectomy entails risks of symptomatic
gastroesophageal reflux disease (GERD) and cancer of
the gastric stump (CGS); however, in the past, the impact of partial gastrectomy for benign peptic disease on
survival was found to be so weak that prophylactic endoscopic monitoring was unrewarded until 15 to 20 years
postoperatively[101]. In Far Eastern countries where the
incidence of gastric cancer is high and subtotal gastrectomy is the most frequently performed procedure, all types
of reconstructions are routinely performed depending
on surgeon and/or institution choice and the Japanese
Gastric Cancer Treatment Guidelines 2010 (ver.3) do not
recommend any type of reconstruction after distal gastrectomy. Each type has advantages and disadvantages.
A choice should be based on personal experience and
surgical results, as well as the functional outcome and
postoperative quality of life. The most important factor
influencing postoperative quality of life is symptomatic
bile reflux esophagitis and various reconstruction methods have been introduced in order to reduce bile reflux
and prevent symptoms; however, this complication occurs in 5% of patients, regardless of the type of reconstruction[102]. Billroth Ⅰ and Billroth Ⅱ reconstructions
are the preferred method of anastomosis across Japan,
whereas reconstruction using Roux-en-Y anastomosis
is more common in Europe and North America, with
a view to preventing GERD, reducing the risk of CGS,
and improving the functional outcome[99,103-106]. However,
there is no convincing evidence proving that one method
is better than the other from both carcinogenetic and
functional standpoints[100,107-109].
Risk of cancer of the gastric stump
The interval between subtotal gastrectomy for gastric
cancer and detection of CGS is significantly shorter
compared to previous gastrectomy for benign ulcer disease, with the first one being 5-10 years from primary
operation, while the latter is more than 15-20 years[110,111].
CGS within 5 years from gastrectomy was shown to occur only in patients who had primary surgery for gastric
cancer, even at an early stage; however, such early recurrence probably results from incorrect initial diagnosis
of multicentric disease or from non-curative initial
gastrectomy. Unfortunately, such types of recurrences
may occur despite accurate pre- and intraoperatively
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patient selection and they are not related to the type of
reconstruction; rather they are due to the surgical choice
to perform partial gastrectomy instead of total gastrectomy. On the other hand, true primary CGS occurs later,
more than 5 years postoperatively, and can result from
the same pathogenetic pathway that leads to CGS after
resection for benign disease where the role of reflux and
type of reconstruction remain controversial. The incidence of true primary CGS is less than 1% in the longterm[15,111,112]. In Far Eastern countries, surgeons adopted
a radical approach to LN dissection but not to the extent
of gastric resection and SG accounts for two thirds of
all cancer gastrectomies, with early carcinoma affecting
60% of all patients[15,113]. In Japan, CGS was observed
after both Billroth Ⅰ and Billroth Ⅱ procedures, but also
after a Roux-en-Y procedure[110,111,114,115], and the type of
reconstruction after SG has never been recognized as a
prognostic factor. In our previous study, the incidence
of CGS after Billroth Ⅰ SG was 0.7% in the very longterm[112]. Therefore, the impact of the type of reconstruction on CGS development remains most theoretical than
practical. The theoretical 1% long-term risk of CGS does
not justify “en principe” TG, even in young patients with
long-term life expectancy, unless they have a history of
familial gastric cancer. In our previous study, SG in young
patients with favorable pathological staging was confirmed to improve long-term survival and have favorable
functional outcome[116]. However, lifelong endoscopic
monitoring is recommended after initial gastrectomy
for all patients, especially those operated on at an early
stage because early diagnosis of CGS entails hope for
cure[111,115,117].
Functional outcome
Postoperative quality of life is an important goal when
treating gastric cancer surgically. After partial gastrectomy, some patients report disorders such as reflux esophagitis and alkaline gastritis, as well as dumping syndrome,
delayed gastric emptying and malabsorption, which are
defined as functional dyspepsia. Duodenogastric reflux
is recognized to be a major cause of clinical symptoms
after resection. 5% incidence of functional failure (Visick
grade of Ⅲ or Ⅳ)[118] has been reported after all different
types of reconstructions but symptoms are not always
correlated with reflux disease[102,104,113,119]. Our previous
study on the functional outcome after Billroth Ⅰ SG
showed that functional failure is not only related to reflux
disease, but also to functional dyspepsia that is a multifactorial disorder[112]. Bile reflux into the gastric remnant
following Billroth Ⅰ and Ⅱ reconstruction has been reported to be a frequent event. The endoscopic evidence
of bile reflux or chronic superficial gastritis is not directly
correlated with symptoms and the latter may be similar
to those shown by healthy subjects. The conclusions of
several studies comparing the functional outcome of the
different reconstructive procedures remains controversial[101,103-109]. Roux-Y reconstruction seems to be effective in reducing bile reflux into the stomach, compared
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to Billroth Ⅰ and Ⅱ procedure[100,103,106], and conversion
to this procedure has been reported in patients with
symptomatic uncontrolled reflux disease. However,
other studies showed limited benefits from Roux-Y over
Billroth Ⅰ or Ⅱ anastomosis because of frequent complications, including Roux-Y stasis syndrome or gallstones
formation, and they failed to demonstrate that there is
any significant difference in the long-term postoperative
functional outcome[104,105,107-109,120]. A large study on the
endoscopic evaluation of the remnant stomach failed to
find significant long-term difference in terms of bile reflux for the three types of reconstructions and confirmed
that only reflux esophagitis is the real gold standard for
symptomatic reflux disease[102]; endoscopy showed that
only a minority of the patients (less than 5%) reported
signs of reflux esophagitis, independent of the type of
partial gastrectomy, thus confirming that other functional disorders, such as the decrease in lower esophageal
sphincter pressure, the presence of a hiatus hernia, or
the accommodation of the remnant stomach to a meal,
can lead to post-gastrectomy functional dyspepsia. In our
previous study on the very long-term functional outcome
of Billroth Ⅰ SG followed up to 18 years, we found encouraging results in terms of the absence of meal-related
discomfort and normal number of meals per day and we
were surprised to record that the majority of our patients
had completely recovered from surgery and could hardly
see any difference compared to their preoperative conditions[112]. Postoperative endoscopy showed no evidence
of mucosal changes in 85% of patients, including those
who had been operated on more than 10 years before.
Similar results have been reported for the other type of
reconstructions[100,106,109].

FOLLOW-UP
Pre- and intraoperative accurate patient selection remains
mandatory and this procedure can be considered a valid
option in patients with favorable pathological staging.
After resection, no specific diagnostic method has been
identified to detect recurrence. Recurrence is usually
diagnosed through a combination of exams, including
ultrasound, computed tomography, positron emission
tomography and tumor marker evaluation. Computed
tomography seems to be essential in the follow-up of
patients. Consensus has not been reached as to the optimal frequency; it is usually performed every 3 to 12 mo,
depending on the stage of the disease and time elapsed
since surgery. Furthermore, after subtotal gastrectomy,
lifelong endoscopic monitoring is recommended to detect possible mucosal changes at an early stage.

COST-EFFECTIVENESS
The clinical research that has been carried out in the
last thirty years was promoted with a view to define the
clinical benefits of subtotal gastrectomy compared to
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total gastrectomy in terms of quality of life, including
nutritional status, functional dyspepsia and long-term
survival. Moreover, it has placed special focus on gastric
stump recurrence. In the last decade, new studies have
been conducted comparing open conventional distal gastrectomy with the laparoscopic approach or endoscopic
resection in the case of EGC, and other studies compared
conventional postoperative care with the fast-track program[94,121-123]. However, the main focus of such studies
was on the clinical outcome and long-term results and,
although these novel approaches are still considered as
investigational according to the Japanese Gastric Cancer
Treatment Guidelines 2010 (ver.3), their clinical applications are gaining more and more popularity among specialized surgeons. Little is known about the cost-effectiveness of subtotal gastrectomy for gastric cancer. The costeffectiveness of the procedures is yet to be calculated and
no specific information can be provided as multiple and
different variables contribute to the cost analysis of such
an intriguing surgical procedure and its variants, including
the social organization and the health system of each individual country. In particular, the phase Ⅲ controlled randomized multicenter KLASS 01 trial carried out in South
Korea on 1415 patients included cost-effectiveness among
its secondary endpoints[124]. However, the trial is currently
ongoing and the cost analysis is still being conducted.
The cost-effectiveness analysis focused mainly on
primary and secondary preventive strategies and on postoperative adjuvant chemotherapies for resectable gastric
cancer. Helicobacter pylori (H. pylori) infection is estimated
to carry a significant lifetime risk of developing peptic
ulcer and gastric cancer. Screening the population for
the presence of H. pylori infection and treating H. pyloripositive subjects may reduce mortality and morbidity in
the future decades[125]. The serology screening and 13Curea breath test for H. pylori were shown to achieve more
health benefit at a lower cost compared to no screening
in the Chinese population. The serology screening was
found to be cost-effective[126]. A well designed study on
a limited and controlled population in Taiwan showed
that a once-only chemoprevention program should be
initiated earlier in life and suggested that primary prevention dominates on secondary prevention strategy
for high risk groups[127]. H. pylori eradication at an early
stage can effectively ameliorate the infiltration of acute
inflammatory cells and protect the gastric mucosa from
irreversible damage. Early-stage gastric cancer detection
in the secondary prevention strategy is a critical issue to
improve prognosis. Endoscopic screening of the population for gastric cancer is generally deemed not to be cost
effective, except in Japan where prevalence is very high.
However, stomach screening in moderate to high-risk
population subgroups was shown to be cost-effective[128].
Patients that are diagnosed with gastric cancer at an early
stage are more likely to undergo partial gastrectomy than
total gastrectomy, thus making moderate-high risk population screening results cost-effective, even from a surgi-
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cal standpoint.

17

CONCLUSION

18

This article on subtotal gastrectomy for gastric cancer
aimed to clarify the actual landmarks of this procedure
and the role it plays compared to the whole range of new
and old treatment methods. Since the clinical application
of the study is very helpful for patient evaluation and decision making, we recommend that the readers apply this
knowledge into routine clinical practice.
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Abstract
Although the prevalence of gastric cancer (GC) progressively decreased during the last decades, due to improved dietary habit, introduction of food refrigeration
and recovered socio-economic level, it still accounts
for 10% of the total cancer-related deaths. The best
strategy to reduce the mortality for GC is to schedule
appropriate screening and surveillance programs, that
rises many relevant concerns taking into account its
worldwide variability, natural history, diagnostic tools,
therapeutic strategies, and cost-effectiveness. Intestinal-type, the most frequent GC histotype, develops
through a multistep process triggered by Helicobacter
pylori (H. pylori ) and progressing from gastritis to atrophy, intestinal metaplasia (IM), and dysplasia. However,
the majority of patients infected with H. pylori and carrying premalignant lesions do not develop GC. Therefore, it remains unclear who should be screened, when
the screening should be started and how the screening
should be performed. It seems reasonable that screen-
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ing programs should target the general population in
eastern countries, at high prevalence of GC and the
high-risk subjects in western countries, at low prevalence of GC. As far as concern surveillance, currently,
we are lacking of standardized international recommendations and many features have to be defined regarding the optimal diagnostic approach, the patients at
higher risk, the best timing and the cost-effectiveness.
Anyway, patients with corpus atrophic gastritis, extensive incomplete IM and dysplasia should enter a
surveillance program. At present, screening and surveillance programs need further studies to draw worldwide
reliable recommendations and evaluate the impact on
mortality for GC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Screening; Surveillance; Helicobacter pylori ;
Gastric cancer; Preneoplastic lesions; Gastric atrophy;
Intestinal metaplasia; Gastric dysplasia
Core tip: Because of expansion and aging of the world
population, gastric cancer incidence is still increasing.
The primary objective of World Health Organization is
to arrange screening and surveillance programs for cancer prevention. However, although we know the main
etiological agent and the natural history, a gastric cancer elimination project, combining appropriate screening and surveillance programs, has yet to be defined
because of the lack of standardized recommendations.
This review addresses the most relevant literature focusing on this topic and tries to design the hypothetical
screening and surveillance programs.
Compare D, Rocco A, Nardone G. Screening for and surveillance of gastric cancer. World J Gastroenterol 2014; 20(38):
13681-13691 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13681.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13681
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INTRODUCTION
Gastric cancer (GC) is one of the most frequent and lethal
cancer worldwide. The current 5-year survival rate of individuals diagnosed with GC is about 24%, reflecting the reality that most cases are already in an advanced stage when
diagnosed[1]. The late diagnosis of the disease and the
intrinsic resistance to radio- and chemo-therapy may account for the worst prognosis of this malignancy. At present, the best strategy to reduce the mortality for GC is to
schedule appropriate screening and surveillance programs.
This issue is further supported by the fact that, firstly, it is
possible to recognize the major causative agent of GC, i.e.,
Helicobacter pylori (H. pylori) and secondly, the well known
gastric carcinogenesis process lasts few decades.
However, the submission of a screening or surveillance program for GC rises many relevant concerns taking into account that GC shows a worldwide variability
and the majority of patients with H. pylori infection and
premalignant lesions will not develop GC.

SCREENING
Screening is a public health service that has the potential to save lives or improve quality of life through early
diagnosis of serious conditions. Screening is the process
of checking people who have no symptoms or signs of
an unsuspected disease which can be treated more successfully than if the disease had been left until it showed
itself.
The United Kingdom National Screening Committee in 2003 wrote the criteria that should be met before
screening for a disease can be planned[2]. They concern
the condition, the diagnostic test, the treatment, and finally the program.
Condition
“The condition should be an important health problem,
the epidemiology and the natural history should be well
understood and the risk factors and the disease markers
should be detectable”. Gastric cancer continues to be
the 4th most frequently diagnosed cancer worldwide. In
2008, 989000 new cases, accounting for 8% of the total
new cancer cases and 730000 deaths, accounting for 10%
of the total cancer deaths were reported[3]. However,
there is a 10-fold variation in incidence between the various countries and, sometimes, also in the same country.
Low incidence rates are found in South Asia, North and
East Africa, North America, Australia, and New Zealand.
High-incidence areas for non-cardia GC include East
Asia, Eastern Europe, and Central and South America[4].
In Japan, GC remains the most common type of cancer among both men and women with age-standardized
incidence rates of 69.2 per 100000 in men and 28.6 per
100000 in women[5].
Due to the high incidence, the economic burden of
GC remains very high, significantly affecting social and
economic resources. Indeed, in 2010 the national cost
of GC care was estimated to be $2.26 billion in United
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States and $11.47 billion in Japan[6,7], with total cost of
illness of the stomach cancer of approximately $45000
per patient during the first year, and up to $130000 per
patient if the diagnosis was performed at 20-30 years of
age[6].
Gastric cancer may be classified, according to topography, in cardia and non-cardia, and, according to histology,
in intestinal and diffuse type[8,9]. Each GC type is characterized by a different natural history and pathogenesis[10].
In this review we will focus on non-cardia, intestinal
type GC, due to its frequency and natural history.
During the last few years, it has become apparent
that the most important single factor responsible for the
development of both intestinal and diffuse type GC is H.
pylori infection. H. pylori is a curved, motile, gram-negative
organism that represents one of the most common infections, affecting more than 50% of the world population,
with prevalence rates ranging from 30% in industrialized areas to 90% in developing countries and Eastern
Asia[11]. It is acquired during childhood and colonizes the
gastric epithelial cells where, in absence of appropriate
treatment, it may persist along life and induce a chronic
inflammatory response leading to the development of atrophy, intestinal metaplasia (IM), dysplasia and ultimately
cancer.
Epidemiological investigations (retrospective, casecontrol and prospective studies) and several metaanalyses have demonstrated that current or previous H.
pylori infection is associated with an increased risk of
GC in respect to uninfected people (OR = 2.97; 95%CI:
2.34-3.77)[12]. However, the risk depend on H. pylori strain
and duration of infection. H. pylori, indeed, is characterized by several putative virulence factors, i.e., vacA, iceA,
babA, dupA, oipA and cagA, with the cag pathogenicity
island, that are variously associated with the risk of gastric diseases[13]. Pooled data have shown that cagA positive
strains of H. pylori are associated with a higher risk of
GC (OR = 2.01; 95%CI: 1.21-3.32) in respect to cagA
negative strains[14]. A more recent meta-analysis including
44 studies (13 case-control and 31 cross-sectional studies), with a total of 17374 patients, showed that GC risk
was higher in individuals infected with cagA positive H.
pylori strains (OR = 2.09; 95%CI: 1.48-2.94) and in those
infected with vacA s1 (OR = 5.32; 95%CI 2.76-10.26),
vacA m1 (OR = 2.50; 95%CI: 1.67-3.75), vacA s1m1 (OR
= 4.36; 95%CI: 2.08-9.10) H. pylori strains[15].
CagA protein is phosphorylated on the tyrosine residue within the phosphorylation motifs in the carboxiterminal variable region. These motifs are defined as EPIYA
(Glu-Pro-Ile-Tyr-Ala) A, B, C and D according to different flanking aminoacids. The magnitude of risk for GC
increased with increasing number of EPIYA C motifs:
strains with one EPIYA C motif conferred an OR of 17
(95%CI: 5.4-55), and strains with two or more EPIYA C
motifs conferred an OR of 51 (95%CI: 13-198)[16].
Age at the time of H. pylori infection may be another
determinant of the disease outcome. Epidemiological
studies have revealed a high incidence of adulthood GC
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in areas with a high prevalence of H. pylori infection in
childhood[17,18]. The younger Japanese H. pylori-infected
generation had an increased risk for GC (OR = 13.3;
95%CI: 5.3-35.6)[19]. Diet is another important etiological
factor implicated in gastric carcinogenesis. High intake of
salted, pickled or smoked foods, as well as dried fish and
meat and refined carbohydrates, significantly increased
the risk of developing GC, while, fibers, fresh vegetables
and fruit were found to be inversely associated with GC
risk. A large prospective study on diet and cancer including 521457 individuals aged 35-70 years from 10 European countries (EPIC-European Prospective Investigation
into Cancer and Nutrition study), followed for 6.6 average years, reported a significant increase of non-cardia
GC risk associated with intake of total meat (100g/d
increase HR = 3.52; 95%CI: 1.96-6.34)[20]. A recent metaanalysis, including eight epidemiological studies, with a
total of 53,729 subjects, reported an increased risk of GC
associated with a “western/unhealthy” diet-rich in starchy
foods, meat and fats in respect to a “prudent/healthy”
diet rich in fruits and vegetables, (OR = 1.51, 95%CI:
1.21-1.89)[21]. In addition, dietary salt intake was directly
associated with the risk of GC in a prospective population study (268718 participants, 1474 events, followup 6-15 years), with progressively increasing risk across
consumption levels (high vs low consumption RR = 1.68,
95%CI: 1.17-2.41, P = 0.005, and moderately high vs low
consumption RR = 1.41; 95%CI: 1.03-1.93, P = 0.032)[22].
Opposite, the consumption of fruit and vegetables is a
protective factor for GC. A recent EPIC analysis involving 477312 subjects with 683 incident GC cases, found
an inverse association between total intake of vegetable
and fruit and GC risk (HR = 0.77; 95%CI: 0.57-1.04; P
for trend 0.02)[23]. However, although calibration revealed
somewhat stronger inverse associations, there was no association between total or specific vegetables intake and
GC risk. The inverse association between fresh fruit and
risk of GC seems to be restricted to smokers and the
Northern European countries[23]. According to the recent
report from International Agency for Research on Cancer (IARC), GC is considered a tobacco-related cancer[24].
Ferrari et al[25] studying risk factors for GC by populational databases analysis found that the consumption of
tobacco was associated with the highest incidences of
GC, with an average of 30.03% of the population being
consumers of any tobacco product, compared with an
average of 14.47% among countries with incidences of
cancer below the 25th percentile.
The variability of H. pylori infection and dietary habit
may explain, at least in part, the geographical distribution
of GC and the differences observed in the same country.
Genetic susceptibility also plays a role in the pathogenesis of GC. The risk of GC is increased in siblings or
offsprings of patients with GC of at least 1-5-times[26].
Interestingly, subjects with both a positive family history
and infection with cag A-positive H. pylori strains had a
16-fold increased risk of GC[27]. On the other hand, genetic alteration of the hosts is related to the severity of
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the H. pylori-related inﬂammation. Therefore, polymorphisms involved in the inﬂammatory response to this infection may affect susceptibility to GC. Two recent metanalyses involving a very large number of patients found
that IL-1B -511C/T polymorphism, as well as TP53
rs1042522 polymorphism might contribute to GC susceptibility[28,29]. Opposite IL-10 -819C/T polymorphism
may be a protective factor for GC in Asians[30].
Diagnostic test
“The ideal screening test should be simple, safe, validated
and acceptable to the population”. Around 1960, GC
screening using photofluorography was started in Miyagi
prefecture in Japan. In 2001, this approach has been
adopted nationwide for GC screening, even if, no randomized controlled trial has been published. Photofluorography looks for suspicious lesions such as decreased
calibrum of lumen, stenosis, deformity, rigidity, presence
of a niche or a filling defect in the gastric wall, changes in
gastric folds and presence of polypoid lesions. Most of
the case-control studies suggested a 40%-60% decrease
in GC mortality with photofluorography screening[31-33].
A meta-analysis of three case-control studies, including
4369 subjects, showed a mortality reduction from GC
(male OR = 0.47; 95%CI: 0.29-0.52; female OR = 0.50;
95%CI: 0.34-0.72)[34]. Based on cancer registry data, the
sensitivity of photofluorography ranged from 60% to
80%, whereas the specificity ranged from 80% to 90%[35].
However, due to the lack of data from prospective series,
that defined death from GC as an endpoint, photofluorography got a low grade recommendation for population-based GC screening.
The discovery of H. pylori in 1982, classified after few
years (1994) as first class carcinogen by the IARC[36], has
changed the approach to GC screening providing the
possibility to adopt diagnostic test targeting the etiological agent. H. pylori is detected by serological test, 13C-urea
Breath test (13C-UBT) and H. pylori stool antigen (HpSA),
but only serology got sufficient evidence to be considered
as screening test, mainly in terms of health costs. Overall,
studies on H. pylori screening concluded that serology
was cost-effective, but they did not show a reduction of
GC risk in the general population[37]. On the other hand,
when screening occurred at age 20, treatment for H. pylori reduced the mean lifetime GC risk by 14.5% in men
and 26.6% in women, suggesting that H. pylori prevention efforts should target younger age groups[38]. In spite
of these positive results, currently, no clinical guidelines
worldwide recommend screening for H. pylori in young
asymptomatic individuals.
Mounting evidence suggests to perform GC screening by using the serum profile of gastric secretion as
marker of gastric atrophy. Loss of gastric chief cells
leads to lower pepsinogen (PG) I levels and a decreased
PGI/PGII ratio in the peripheral blood[39,40]. Thus, such
tests may be considered a non-invasive ‘‘serological biopsy’’, to detect gastric atrophy and may be a key tool
of screening programs. Di Mario et al[41] and Bodger et
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al[42] independently found that PGI levels were inversely
associated to atrophic body gastritis while PGII levels
positively correlated with the severity of H. pylori-related
gastric inflammation. Individuals with a strong-positive
serum PG test, based on the combination of the serum
pepsinogen Ⅰ level and PGI/PGII ratio, had at least a
4-time higher risk of GC for up to 14 years of follow-up
compared with those with a negative serum PG test[43].
The potential usefulness of serum PG tests has been
documented in many countries such as Japan, China,
Italy, Sweden, Finland, Portugal, Costa Rica, Mexico and
others[44]. In 2004, a pooled meta-analysis of Japanese
studies assessing approximately 300000 people, showed
that the sensitivity and specificity of serum PG testing
for GC screening were 77% and 73%, respectively[45].
Subsequently, cancer screening programs in Japan have
accepted the measurement of serum PG as a noninvasive
screening test of GC[46].
The combination of H. pylori serology and the measurement of PG concentrations might be good for predicting GC development. In a large Japanese series, more
than 9000 people were stratified according to H. pylori
antibody status (positive vs negative) and serum PG concentrations (normal vs atrophic)[47]. PG concentrations
indicative of atrophic gastritis increased the risk of developing GC in a 5-year follow-up of 6-8-times in respect to
normal PG concentrations. In addition, individuals with
both negative H. pylori serology and reduced PGI/PGII
ratio, had a higher risk than those with positive serology,
presumably due to loss of H. pylori in advanced gastric
atrophy. Similarly, men who were older than 60 years
and who had negative H. pylori serology had the highest
(1%-8%) annual GC incidence[47].
Gastrin-17 has been proposed for the identification
of patients with gastric atrophy[46]. Serum or plasma
gastrin-17 concentrations depend on intragastric acidity and on the number of G cells in the antrum. Fasting
gastrin-17 concentration is low in people with high acid
production or atrophic antrum gastritis. Therefore, the
use of serum gastrin-17 measurement alone cannot be
used as a single serum marker for GC. The combination
of serum PG concentrations and serum gastrin-17 can
diagnose atrophic gastritis that is limited to the antrum
(i.e., low gastrin-17 concentration) or corpus (i.e., high
gastrin-17 concentration)[48,49].
Gastropanel is a diagnostic tool based on the combined serological detection of PGI, PGII, gastrin-17 and
antibodies anti-H. pylori[50]. Even if gastropanel seems
to be a promising diagnostic tool to identify patients
at increased risk of GC, currently the lack of scientific
evidence and the cost-benefit concerns do not allow to
propose gastropanel as a reliable screening tool.
The last test potentially useful for GC screening is endoscopy. This invasive technique identifies superficial flat
and non-ulcerative lesions that conventional barium examination can miss. A study from Japan, showed a detection rate of GC by endoscopy 3-5 folds higher than radiographic studies[51]. Screening by endoscopy conducted
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in Linqu County, China on 4394 residents identified 85
GCs, of which 29 cases were early cancers[52]. The overall
sensitivity of endoscopy for GC screening ranges from
78% to 84%[35]. However, in spite of these promising
data, the technique depends heavily on the skills of the
endoscopist, the compliance of patients to endoscopy
is poor, the adverse events may occur and the costs are
high. Therefore, mass screening by endoscopy is likely
to be unfeasible. The introduction of various new endoscopic techniques such as chromoendoscopy, narrow
band imaging, confocal endomicroscopy, and autofluorescence, might increase the sensitivity and detection of
GC, but this issue still remains controversial.
Treatment
“The available treatments should be effective in modifying the natural history of the disease”. Due to the strong
causal relationship between H. pylori infection and GC,
the eradication of the infection would eliminate or reduce
the cancer risk. However, only a very small proportion
of infected subjects develop GC and massive eradication
therapy may lead to the selection of antibiotic-resistant
strains of H. pylori in the general population along with
the over consumption of medical resources and high
health costs. Therefore, the benefit of eradication of H.
pylori to prevent GC remains unsubstantiated.
The first trial aimed to investigate whether eradication of H. pylori would be applicable for GC prevention
was performed in 1991 by Correa et al[53] on individuals at
high risk for GC in Colombia. After six years of followup, GC incidence was similar in both treated and untreated groups, even if a significant increase in the rates
of regression of precancerous lesions was reported. A
meta-analysis by Fuccio et al[54] including six randomized
trials, showed that 27 out of 3388 patients in the H. pylori
antibiotic treated group developed GC compared to 56
out of 3307 in those subjects who did not undergo treatment in a follow-up period ranging from 4 to 10 years (RR
= 0.65; 95%CI: 0.43-0.98). A Chinese study by Wong et
al[55] in 2004, including 1630 H. pylori-infected subjects
randomized to receive eradication treatment or not, did
not show a significant difference in the development of
GC between the two groups in a follow-up period of 7.5
years. However, the difference became significant when
only subjects without precancerous lesions were considered. More recently Yanaoka et al[56] by following 473 successful eradicated subjects up to 10 years, confirmed that
H. pylori eradication did not halt the gastric carcinogenesis
process when chronic atrophic gastritis was detected at
the time of eradication. Finally, Wu et al[57] in a large cohort study including 80255 patients, found that, patients
receiving early H. pylori eradication had a risk to develop
GC similar to that of the general population. Overall
these large prospective interventional studies suggest that
eradication of H. pylori is useful if performed in younger
subjects without precancerous lesions at baseline.
The molecular alterations underlying gastric carcinogenesis are mainly driven by the up-regulation of cy-
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Hypothetical gastric cancer screening

Low-risk countries

High-risk countries

General
population

High-risk
subjects

General
population

No screening
required

< 20 yr H. pylori serology
> 40 yr endoscopy

< 20 yr H. pylori serology
> 40 yr Photofluorography

High-risk
subjects

< 20 yr PG test + H. pylori serology
> 40 yr endoscopy

Figure 1 “Hypothetical” screening program for gastric cancer according to geographic area and individual risk. H. pylori: Helicobacter pylori; PG: Pepsinogen.

clooxygenase (COX)-2[58], thus, the inhibition of COX-2
could be a potential target for GC prevention and treatment. In 2002, in a large cohort study (635,031 subjects
followed over 6 years), supported by the American Cancer Society, aspirin users (> 16 times/mo) were found to
have a decreased risk of GC compared with non-users
(OR = 0.53; 95%CI: 0.34-0.81)[59]. In 2012, a metanalysis
by Bosetti et al[60] including seven case-control and six
cohort studies, with a total of 4519 GC cases, reported
an overall risk reduction for GC for regular aspirin use
(RR = 0.67; 95%CI: 0.54-0.83, P < 0.001). The risk reduction was greater for longer aspirin use (RR = 0.80;
95%CI: 0.66-0.98, for < 5 years and RR = 0.62; 95%CI:
0.50-0.77, for ≥ 5 years). However, the lack of prospective randomized controlled trials on one side, and the
occurrence of adverse events (gastrointestinal and renal
toxicity) on the other side, currently, do not allow to recommend NSAIDs to reduce GC risk. Selective COX-2
inhibitors (celecoxib and rofecoxib), could have been
useful to overcome the gastrointestinal side effects of
NSAIDs. However, selective coxibs were approved for
use in 1999, but just in 2004 rofecoxib (Vioxx) was withdrawn from the marketplace due to a five-fold increase
in cardiovascular risk. Nevertheless, even in the short
window of exposure to these compounds, intake of selective coxibs produced significant reductions in the risk
of the major human cancers, the magnitude of which,
was slightly higher than that of aspirin[61].
Program
“The screening program should be cost-effective, that is
successful in reducing mortality and morbidity and, in the
same time, watchful in controlling health costs”. From
a scientific perspective, there is insufficient evidence to
conclude that benefits of GC screening are greater than
possible harms in the general population. It remains
still unclear who should be screened, when the screening should be started and how the screening should be
performed. It is suggested that the screening strategy for
GC should be based on incidence of the population and

WJG|www.wjgnet.com

individual risk. Based on the available data in high-risk
countries, male subjects younger than 20 years should
be screened for H. pylori infection by serology, while
individuals older than 40 years should be screened for
precancerous lesions by PG test plus H. pylori serology or
photofluorography. In low-risk countries, screening programs should be addressed to individuals at high risk of
GC, that is, those with a positive familial history (Figure 1).
Japan since 1960, and subsequently South Korea, Singapore and Taiwan have started national screening programs. In China, where GC remains the second most common cancer, no systematic screening program is started
until now. Currently, even in the majority of the countries
at high-risk of GC, except for Japan, defined guidelines
for GC screening are largely lacking. The incidence of
GC appears to have declined substantially in several Asian
countries during the past 3 decades, but whether this is the
effect of successful screening programs remains elusive[62].

SURVEILLANCE
The intestinal type GC develops through a multistep
process triggered by H. pylori and progressing from
superﬁcial gastritis to atrophic gastritis, IM, and dysplasia [63]. Atrophy, IM and dysplasia are considered
precancerous lesions and require accurate surveillance
programs. However, such lesions, may show a different
rate of progression: some lesions remain stable, other
may progress and other may show even regression[64,65].
In a large cohort study, the risk of progression to cancer
within 10 years was 0.8% for atrophic gastritis, 1.8% for
IM and 3.9% for low-grade dysplasia[66]. In another study
from western populations the annual incidence of GC
within 5 years after diagnosis, was 0.1%, 0.25%, 0.6%, 6%
for atrophic gastritis, IM, mild-to-moderate dysplasia, and
severe dysplasia, respectively[67]. The severity of premalignant gastric lesions at initial diagnosis (i.e., severe dysplasia, HR = 40.14; 95%CI: 32.2-50.1), together with old age
(i.e., 75-84 years, HR = 3.75; 95%CI: 2.8-5.1) and male
gender (HR = 1.50; 95%CI: 1.3-1.7) remain the main risk
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factors for GC development[67].
Currently, there are no international recommendations for the surveillance of preneoplastic lesions. Here,
we will try to address this issue focusing on: (1) Which
is the optimal diagnostic approach? (2) Which patients
are at higher risk? (3) Which is the best timing of surveillance? and (4) Is surveillance of preneoplastic lesions
cost-effective?
Which is the optimal diagnostic approach?
Conventional white light endoscopy cannot accurately
differentiate, diagnose and allow the surveillance of gastric preneoplastic lesions. Magnification, chromoendoscopy and narrow band imaging (NBI) improve the ability
to follow the progression of these lesions and the probability to detect early GC. Magnification chromoendoscopy using methylene blue, indigo carmine, acetic acid, or
hematoxylin, showed a high accuracy to diagnose these
lesions and in particular dysplasia[68-70]. The recent technology of NBI, based on the irradiation with two narrow
wave band of light, blue and green, easily absorbed by
the hemoglobin in the mucosa blood vessels, may also
be useful to diagnose gastric lesions[71-73]. However, the
length of the endoscopic procedure, the workload of endoscopy team, the reduced patient compliance, the limited expertise, the additional costs, and, for NBI, the lack
of agreement on the patterns associated with precancerous lesions, do not allow to recommend routine performance of these techniques. In spite of the undoubted
advantage of endoscopic techniques in identifying the
potential precancerous lesions, the diagnosis needs biopsy
sampling and histological evaluation.
The Updated Sydney System[74], including five biopsy
samples (2 antrum, 1 incisura, 2 corpus, with 1 from
the greater and 1 from the lesser curvature) is the most
widely accepted protocol for classification and grading of
gastritis, even if el-Zimaity and Graham concluded that it
underestimated the presence of IM and identified corpus
atrophy only when it was extensive[75]. A biopsy protocol
consisting of seven non-targeted biopsies (3 antrum, 1
incisura, 3 corpus, with 1 from the greater and 2 from the
lesser curvature) diagnosed IM in 97% of cases and all
cases of dysplasia or cancer[76].
Mounting evidence suggests the use of non invasive
tests for the surveillance of precancerous lesions[40,77-81]. A
low PGI level, a low PGI/II ratio, or both are good indicators of atrophic changes in the gastric mucosa. Many
studies from different countries, comparing the levels of
the serum PGs with histology, based on different cutoff
values, showed conflicting results[77-81]. A meta-analysis
by Dinis-Ribeiro et al[82] including 27 population studies (296553 patients) and 15 selected-population studies
(4385 patients) found that a combination of PGI < 50
ng/mL and a PGⅠ/PGⅡ ratio 3.0 provided the best results, with a sensitivity of 65%, a specificity of 74%-85%,
and a negative predictive value > 95%.
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Which patients are at higher risk?
Only few patients with atrophy and IM develop GC. The
risk is closely related to the location, severity, and extension of precancerous lesions. There is a wide variability
concerning the prevalence and the pattern of chronic
atrophic gastritis worldwide. In countries at higher incidence of GC, chronic atrophic gastritis is prevalently diagnosed as pangastritis or corpus gastritis, while in western countries, at lower incidence of GC, it is diagnosed
more often in the antrum than in the corpus, and the
lesser curvature is more often affected than the greater
curvature[65].
Intestinal metaplasia is classified as complete (“smallintestinal” or type Ⅰ, showing goblet and absorptive cells
and decreased expression of gastric mucins), or incomplete (“enterocolic” or type ⅡA/ⅡB and“colonic” or
type ⅡB/Ⅲ, showing goblet and columnar non-absorptive cells, in which gastric mucins are coexpressed with
MUC2)[83,84]. Incomplete metaplasia is associated with
the risk of malignant progression[85]. In addition, the risk
of GC is least in patients with sporadic IM, is higher in
patients with more widespread IM in the antrum or along
the lesser curvature, and highest in patients with diffuse
IM[85].
The application of the operative links on gastritis assessment, addressing the grade and extension of atrophy
(OLGA) and IM (OLGIM), may be useful for identifying
subgroups of patients with different risks of progression
to GC[86,87]. Both, OLGA and OLGIM have been validated in prospective studies[89-91].
Another pattern of metaplasia, the “spasmolytic
polypeptide-expressing metaplasia” (SPEM), has been
described[92]. It is characterized by the expression of the
TFF2 spasmolytic polypeptide, that is associated with
oxyntic atrophy[93]. SPEM, which characteristically develops in the gastric body and fundus and appears to share
some characteristics with pseudopyloric metaplasia, has
a strong association with chronic infection with H. pylori
and with GC, and may represent another pathway to gastric neoplasia[94].
Gastric dysplasia is characterized by cellular atypias
reflective of abnormal differentiation and glandular architecture disorganization without evidence of tissue
invasion. The reported rates of dysplasia progression
vary greatly, ranging from 0% to 73% per year in different studies[67,95,96]. The difference between Japanese and
European/North American pathologists in categorizing
gastric dysplasia accounts for this discrepancy. In Japan,
non-invasive intramucosal neoplastic lesions with highgrade cellular and architectural atypias are termed “noninvasive intramucosal carcinoma”, whereas the same
lesions are diagnosed as high-grade dysplasia by most
pathologists in Western countries[97]. The World Health
Organization identified five diagnostic categories: (1)
negative for intraepithelial neoplasia/dysplasia; (2) indefinite for intraepithelial neoplasia/dysplasia; (3) low-
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Figure 2 Surveillance protocol of gastric precancerous lesions according to the guidelines of a recent International Consensus Project[99].

grade intraepithelial neoplasia/dysplasia; (4) high-grade
intraepithelial neoplasia/dysplasia; and (5) intramucosal
invasive neoplasia/intramucosal carcinoma[98].
In a cohort of patients with premalignant gastric lesions, approximately 25% of patients with high-grade
dysplasia received a diagnosis of GC within 1 year of
follow-up, while only 7% of patients with low-grade dysplasia progressed to invasive carcinoma[67].
In addition to histological findings other possible risk
factors for more severe lesions at surveillance endoscopy
were current or past H. pylori infection (P < 0.05), BMI >
25 kg/m2 (P < 0.05) sex, ethnicity, family history positive
for GC, alcohol consumption > 2 units/d and smoking
> 20 pack/year[65].
Which is the best timing of surveillance?
A recent International Consensus Project[99] summarizing current evidence on the management of patients
with precancerous conditions and lesions proposed the
following recommendations (Figure 2): (1) patients with
mild-to-moderate atrophy and or IM only in antrum do
not need follow-up (evidence level 4, recommendation
grade D); (2) patients with extensive atrophy and/or
extensive IM should be offered endoscopic surveillance
(evidence level 2++, recommendation grade B) every 3
years (evidence level 4, recommendation grade D); (3)
patients with low-grade dysplasia should be followed up
every 12 mo while those with high-grade dysplasia should
be closely followed up every 6 mo (evidence level 2+,
recommendation grade C); and (4) patients with dysplasia
or cancer within an endoscopically visible lesion should
undergo staging and resection.
Is surveillance of preneoplastic lesions cost-effective?
Two studies addressing the surveillance of patients with
IM concluded that endoscopic follow-up was cost-effective, with ICER (incremental cost-effectiveness ratio)
values between 1868 and 72519, but below the adopted
threshold[100,101]. Opposite, another study concluded that
only in patients with dysplasia endoscopic surveillance
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was cost-effective, with ICER values ranging from 18600
to 39800 depending on the endoscopic intervals, but all
below the 50000 threshold[102]. These conﬂicting results
might depend on many factors such as geographic area,
rate for progression of conditions, and different cost of
endoscopy.

CONCLUSION
Although there is a progressive decline of GC incidence
more cases occur because of expansion and aging of the
world population. Gastric cancer remains a major clinical challenge due to its frequency, poor prognosis and
limited treatment options. Therefore, one of the primary
objective of World Health Organization and researchers
is to arrange programs for GC screening and surveillance. This strategy should target general population in
those countries in which GC continues to be one of
the most frequent tumor disease. However, although we
know the main etiological agent and the natural history, a
GC elimination project, combining appropriate screening
and surveillance programs, has yet to be defined because
of the lack of standardized recommendations based on
a rigorous process of guideline development. At present,
screening and surveillance programs appear sufficiently
sensitive but further studies are needed to evaluate the
mortality reduction and cost-effectiveness.
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Abstract
Gastric cancer remains a significant health problem
worldwide and surgery is currently the only potentially
curative treatment option. Gastric cancer surgery is
generally considered to be high risk surgery and fiveyear survival rates are poor, therefore a continuous
strive to improve outcomes for these patients is warranted. Fortunately, in the last decades several potential advances have been introduced that intervene at
various stages of the treatment process. This review
provides an overview of methods implemented in pre-,
intra- and postoperative stage of gastric cancer surgery
to improve outcome. Better preoperative risk assessment using comorbidity index (e.g. , Charlson comorbidity index), assessment of nutritional status (e.g. ,
short nutritional assessment questionnaire, nutritional
risk screening - 2002) and frailty assessment (Groningen frailty indicator, Edmonton frail scale, Hopkins
frailty) was introduced. Also preoperative optimization

WJG|www.wjgnet.com

of patients using prehabilitation has future potential.
Implementation of fast-track or enhanced recovery
after surgery programs is showing promising results,
although future studies have to determine what the
exact optimal strategy is. Introduction of laparoscopic
surgery has shown improvement of results as well as
optimization of lymph node dissection. Hyperthermic
intraperitoneal chemotherapy has not shown to be beneficial in peritoneal metastatic disease thus far. Advances in postoperative care include optimal timing of oral
diet, which has been shown to reduce hospital stay. In
general, hospital volume, i.e. , centralization, and clinical audits might further improve the outcome in gastric
cancer surgery. In conclusion, progress has been made
in improving the surgical treatment of gastric cancer.
However, gastric cancer treatment is high risk surgery
and many areas for future research remain.

Core tip: In gastric cancer surgery comorbidities, nutritional status and geriatric frailty should be assessed
to judge surgical risks in preoperative assessment. Improving postoperative recovery by laparoscopic surgery
has improved outcomes for these patients. Enhanced
recovery after surgery and fast-track programs should
aim to further improve recovery after surgery. Advances
have been made, however many areas for future research and improvement remain.
Tegels JJW, De Maat MFG, Hulsewé KWE, Hoofwijk AGM,
Stoot JHMB. Improving the outcomes in gastric cancer surgery.
World J Gastroenterol 2014; 20(38): 13692-13704 Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/13692.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.13692
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INTRODUCTION
Gastric cancer constitutes a major health problem worldwide and is one of the leading causes of cancer-related
deaths. In the United States gastric cancer compromises
only 2% (25500 cases) of all new cancer cases yearly. In
South Korea it is the leading form of cancer constituting 20.8% of malignant neoplasms. The number of
deaths due to gastric cancer has decreased from 774000
in 1990 to 755000 in 2010 worldwide. It remains however the second leading cause of cancer death after lung
cancer[1]. Prognosis of gastric cancer is relatively poor
with an overall five-year survival rate for gastric cancer in
the United States between 1999 and 2005 of 27%[2]. For
localized disease 5-year survival rate was 63%, but only
23% of all gastric cancer cases were diagnosed at this
stage[2]. In 2008 gastric cancer was responsible for a disability-adjusted life-year (DALY) rate of 241 per 100000
for males and 146 per 100000 in females worldwide,
which is 9.8% and 6.3% of total cancer related DALYrates respectively[3].
Surgery is the mainstay of treatment for gastric malignancy. In European and other Western countries gastric
cancer surgery is regarded to be high risk surgery and
there are major differences in outcome between countries[4]. Therefore, knowledge to improve the outcome
of gastric cancer treatment is of great importance. As
with all operations perioperative planning of this type of
surgery is crucial for the clinical outcome of treatment,
not only in terms of morbidity but also in functional recovery and hospital stay. Many efforts have been made to
improve outcome after surgery for these patients in pre-,
intra- and postoperative stage of treatment. Not only surgical efforts have been implemented, medical oncology
has also contributed a great deal with neoadjuvant and
adjuvant chemotherapeutic regimens for example. However, these advances are beyond the scope of this review.
This paper will provide a structured review of current
literature that deals with advances in surgical care for gastric cancer patients in the preoperative-, intra-operativeand postoperative stage. Literature will be discussed this
order. MEDLINE database was searched using appropriate search terms for each of the discussed themes. Most
relevant and recent literature was used to complete this
review. Search terms used for each paragraph are given in
Table 1. Lastly, advances in organization of surgical care
will be discussed.

ADVANCES IN PREOPERATIVE CARE
Surgical morbidity in gastric cancer surgery is reported
to be as high as 39%[5]. In addition, complications after
curative surgery for gastric cancer have a negative effect
on overall and disease specific survival[6]. Therefore much
effort should be made in preventing morbidity and mortality. Needles to say, the preferential moment to assess
the risk of morbidity and mortality is during preoperative
work-up. Gastric cancer patients in Western countries
constitute a group that is especially frail to surgical treat-
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ment due to the condition in which patients usually present at time of diagnosis. An example is the reported rate
of malnutrition as high as 85%[7]. The on average poor
physical state and advanced age as well as disease stage
contributes to poorer outcomes in Western countries as
compared to Eastern countries such as Japan and South
Korea where nationwide screening programs exist to diagnose gastric cancer at an early stage[8].
Preventing morbidity is becoming especially important since multidisciplinary treatment schedules are becoming standard in gastric cancer. Deterioration of general condition or delay because of required rehabilitation
time due to serious adverse events (e.g., abdominal sepsis
due to anastomotic leakage requiring long-term Intensive
Care Unit treatment) may disqualify a patients for his/her
treatment.
Surgical risk assessment
Surgical risk assessment can be complex. Several risk
scores have been introduced. A globally used risk-score
is the American Society of Anesthesiologists (ASA)Physical status and was first introduced in 1941[9]. To the
best knowledge of the authors, ASA physical status as a
risk factor has not been extensively investigated in gastric
cancer surgery. ASA-physical status is only a component
of the overall risk assessment. Moreover, it might also
subject to interpretation by the assessor. Different ASA
classifications may be ascribed by different assessors depending on which factors are taken into account[9]. The
ASA classification as an instrument is also a non-specific.
Moreover, it is just a momentary status, without any clues
to improve its figure in the future. By definition each cancer patient is having systemic disease and only therefore
already ASA 2-classification. Practical applicability of this
classification remains a challenge not only in daily practice but also in clinical research. Therefore new classifications have been developed.
The Charlson comorbidity index (CCI) was established as a method for classifying comorbid conditions
that determine risks of mortality[10]. CCI was later identified and validated in a surgical setting for prediction of
mortality risk in patients undergoing complex gastrointestinal surgery[11]. It was shown in octo- and nonogenarians
who underwent radical gastrectomies that these elderly
patients had higher morbidity and mortality rates, and this
was associated with CCI ≥ 5[12]. Cancer specific survival
was comparable to younger patients[12]. In another crosssectional study the only independent factor predicting for
mortality was the presence of comorbidity not age[13]. In
contrast, a German study which included 139 gastric cancer patients did not find a significant correlation between
CCI and the occurrence of morbidity and mortality postoperatively[14]. In multivariate analysis age was found as an
independent factor for postoperative events.
Several patient factors associated with an impaired
outcome after gastric cancer surgery have been reported
over the years. In a series of 118 laparoscopic total gastrectomies, male gender was independently associated

13693

October 14, 2014|Volume 20|Issue 38|

Tegels JJW et al . Improving outcomes in gastric cancer surgery
Table 1 MEDLINE search terms used per section
Section

MEDLINE search terms

Limits

"Cancer", "Mortality", "Global Burden of Disease", "Cancer statistics", "Gastric
cancer", "Disability adjusted life years"

Language: English
Time period: 2005-2014

"Risk assessment", "ASA classification", "peri operative risk", "Charlson Comorbidity
Index", "Gastric cancer", "obesity", "complications", "previous abdominal surgery"
"Malnutrition", "screening tool", "Surgery", "Gastric cancer"

Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014

Introduction
Advances in preoperative care
Risk assessment
Nutritional status
Sarcopenia

"Gastric cancer", "Sarcopenia", "Surgery"

Frailty

"Fraily surgery", "Complications", "Gastric cancer"

Prehabilitation

"Prehabilitation", "Cancer"

Staging laparoscopy and was cytology
Advances in intra-operative care
Laparoscopic surgery (introduction)
Laparoscopic surgery

Lymph node dissection

Reconstruction technique
Intra-operative feeding jejunostomy
placement
Advances in postoperative care
Detection and treatment of
anastomotic leakage
ERAS and Fast-track programs

"Gastric cancer", "Staging laparoscopy", "peritoneal cytology", "Hyperthermic
Intreperitoneal Chemotherapy"

Language: English
Time period: 1990-2000
"Gastrectomy", "Gastric cancer", "Laparoscopy"
Language: English
Time period: 2005-2014
Article type: Review
"D2 resection", "Gastric cancer", "Nodal dissection", "Bursectomy"
Language: English
Time period: 1995-2014
Article type: Clinical Trial
"Distal gastrectomy", "Gastric cancer", "Reconstruction", "Billroth", "Reconstruction"
Language: English
Time period: 2005-2014
"Gastric cancer", "feeding jejunostomy", "morbidity"
Language: English
Time period: 2005-2014

Advances in organization of care:
centralization and audits

"Gastrectomy", "Gastric cancer", "Laparoscopy"

"Gastrectomy", "anastomotic leak", "risk factors", "gastric cancer", "covered stent"
"Gastric cancer", "ERAS", "Fast track", "Oral feeding", "Gastrectomy"
"Case load" or "hospital volume", "gastric cancer", "gastrectomy"

Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014

ASA: American Society of Anesthesiologist; ERAS: Enhanced recovery after surgery.

with postoperative morbidity[15]. Overweight patients [i.e.,
body mass index (BMI) > 25 kg/m2] are at an increased
risk of complications; this was shown in a large prospective series of 1853 patients[16]. This showed increased
complication rate (47.9% vs 35.8%, P < 0.001). Obese
patients especially had more anastomotic leakages (11.8%
vs 5.4%) and wound infections (8.9% vs 4.7%). Several
other studies have also shown the association between
higher BMI and increased postoperative morbidity[17-19].
Although no valid explanation for this finding is reported; it is suggested that in open and laparoscopic surgery,
obesity is associated with more technical difficulties[20].
A history of upper abdominal surgery is not a contraindication for laparoscopic gastrectomy. In a series of
22 cases with previous upper abdominal surgery (PUAS)
no differences were found for operative time, blood loss
or conversion to open surgery when compared to patients without a history PUAS[21]. In a larger series of 50
patients with a history of laparotomy similar results were
obtained for laparoscopic assisted gastrectomies[22]. Also,
when compared to open surgery in patients with PUAS
laparoscopic gastrectomy was performed with comparable postoperative outcome[21].
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The literature fairly uniformly states that age should
not be factored in clinical decision making, rather comorbid conditions and general condition are far more important factors predicting adverse outcomes. It remains challenging to adequately assess a patient’s general condition
and decide what factors exclude a patient from surgical
treatment. Therefore, we discuss some of the features
that are crucial to take into account during preoperative
work-up.
Nutritional status
Gastric cancer patients are at a high risk for malnutrition
and 30% to 38% of patients are reported to have > 10%
weight loss in past six months[23]. A misbalance between
energy expenditure and nutritional supplementation is the
fundamental physiologic derangement leading to cancerinduced weight loss. Tumor related causes of malnutrition include early satiety and obstruction, but also tumor
induced metabolic alterations[7]. Malnutrition is associated
with increased morbidity and mortality after gastric cancer surgery[7]. It is highly important to thoroughly screen
patients for malnutrition as interventions can be done to
preoperatively improve nutritional status and subsequently
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neo-adjuvant therapies potentially further compromising
the nutritional and metabolic status[31]. Questionnaires are
subjective methods to assess nutritional status and therefore methods to objectively measure a patient’s condition
might improve outcomes.

Table 2 Malnutrition universal screening tool and short
nutritional assessment questionnaire, screening tools for
detecting malnutrition
Points
MUST
Step 1 Body mass index
> 20
0
18.5-20
1
< 18.5
2
Step 2 Unintentional weight loss past 3-6 mo
< 5%
0
5%-10%
1
> 10%
2
Step 3 Acute disease effect
If patient is acutely ill and there has been or is likely
2
to be no nutritional intake for > 5 d
SNAQ
Did you lose weight unintentionally?
More than 6 kg in past 6 mo
3
More than 3 kg in past 3 mo
2
No
0
Did you experience a decreased appetite over the last month?
Yes
1
No
0
Did you use supplemental drinks or tube feeding over the last month?
Yes
1
No
0
Risk of malnutrition: MUST: 0 = Low risk, 1 = Medium risk, 2 or more =
High risk. SNAQ: 0-1 = Low risk, 2 = Medium risk, 3 or more = High risk.
MUST: Malnutrition universal screening tool; SNAQ: Short nutritional assessment questionnaire.

surgical outcome. Both malnourishment and weight loss
are associated with poor clinical outcome after surgery[24].
Questionnaires: An easy and non-invasive tool to
estimate the patient’s physical and/or mental condition preoperatively is the use of questionnaires. Several
questionnaires have been developed to identify patients
at risk for malnutrition. The Short Nutritional Assessment Questionnaire (SNAQ) and Malnutrition Universal
Screening Tool (MUST) scores are commonly used nutritional screening tools in surgical patients (Table 2)[25,26].
These questionnaires accurately screen for malnutrition
and are obligatory in some Western countries as a part of
governmental health care quality programs[27,28]. Although
it is easy to apply, evidence for the value of nutritional
screening tools to predict postoperative outcome in
gastric cancer surgery is scarce. It has been shown that
screening for nutritional risk in gastric cancer surgery patients using Nutritional Risk Screening 2002 (NRS 2002)
is helpful. Increased scores are associated with more
complications and increased length-of-stay[29]. A recently
published study in which SNAQ was used to evaluate
risks of adverse postoperative events after gastric cancer
surgery showed that SNAQ ≥ 1 was associated with
increased severe complications (i.e., Clavien-Dindo grade
≥ 3a, 35.7% vs 17.7%, P = 0.02) and in-hospital mortality (OR = 5.1, 95%CI: 1.01-23.8, P = 0.04)[30]. The detection of nutritional depletion is important, especially with
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Sarcopenia
Sarcopenia, or the decrease of muscle tissue, is a part
of the cachexia syndrome[7]. Presence of sarcopenia has
been shown to affect short-term postoperative outcome
with increased morbidity and mortality rates in patients
undergoing liver resection for colorectal liver metastases[32]. It also predicts adverse long-term outcome in liver
and pancreas surgery for malignancy[33,34]. The method for
measuring sarcopenia in these studies was to calculate the
total muscle or psoas muscle cross-sectional area using
a specialized software package (e.g., OsiriX5.5.2, opensource software) on computed tomography (CT) imaging
on a set level (e.g., at level of spinous process of lumbar
vertebra L3). This could also be a useful method in gastric cancer patients as they all have preoperative staging
CT-imaging of the abdomen. But as far as the authors are
aware no literature on this subject exists to date. Other
objective parameters such as lowered preoperative serum
albumin levels have been identified as risk factors for
postoperative complications after surgery for gastrointestinal carcinomas[35,36]. But the latter risk factors remain
under debate as some authors dispute the role of malnutrition and lowered serum albumin levels as risk factors
for impaired outcome after gastric cancer surgery[37].
For future research it is important to establish objective screening tools to detect malnutrition in surgical
patients and whether these results are related to perioperative outcomes. More importantly, studies need to be
done to establish whether correction of nutritional status
results in improved outcome.
Frailty
In Western countries gastric cancer is a disease of the
elderly, and therefore geriatric aspects have an important
role in these patients. Frailty is defined as a state of increased vulnerability towards stressors in older individuals, leading to increased risk of developing adverse health
outcomes. Geriatric frailty is considered by Fried et al[38]
to be a clinical syndrome in which three of following five
aspects are present. These are: unintentional weight loss
(10 lbs in the past year), self-reported exhaustion, weakness (grip strength), slow walking speed, and low physical activity. Methods for assessing frailty are numerous.
They range from a comprehensive geriatric assessment,
which often employs the use of multiple questionnaires
and short physical tests (e.g., 4-m walk test, grip strength
measurement), to using specific frailty questionnaires (e.g.,
Edmonton frail scale).
Frailty assessment is an emerging method to aid surgical risk assessment and it rapidly gaining evidence based
support[39,40]. It has been shown that scores on the Edmonton frail scale (EFS) > 7, i.e., increased frailty, were
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associated with increased complications after non-cardiac
surgery (OR = 5.02, 95%CI: 1.55-16.25)[39]. The association between frailty and adverse postoperative outcomes
has also been shown in patients undergoing cardiac
surgery[41] and patients undergoing various types of elective surgery[42]. Some use tools such as EFS or Hopkins
Frailty Score which includes various tests with regards
to cognition, ADL function and more (including laboratory tests such as serum albumin)[39,40]. Recently published
results from a large prospective study with patients who
underwent general, oncologic and urologic procedures
confirmed these findings in a larger patient population
(n = 189)[43]. They showed that “intermediately frail” or
“frail” as judged by the Hopkins Frailty score was an independent predictor for complications. Another example
of frailty assessment questionnaire is the Groningen
frailty indicator[44]. This questionnaire was used in a retrospective study to evaluate frailty assessment as a predictor
for adverse outcome after gastric cancer surgery. In this
recent study, incorporating 180 patients, increased GFI
was significantly associated with postoperative morbidity
and in-hospital mortality[30].

tor for early recurrence after curative intent surgery[53]. It
is even a negative prognostic factor in patients with overt
peritoneal metastases in patients with suspected serosal
invasion with median survival times of 14.0 and 10.0 mo
in patients without and with positive cytology respectively[54].
In patients with overt peritoneal metastases hyperthermic intraperitoneal chemotherapy (HIPEC) together
with cytoreductive surgery has been considered as additional treatment. A recent review concluded that HIPEC
was not beneficial for these patients[55]. Gastric cancer
patients with IFCC may be suitable candidates for new
treatment regimens such as neoadjuvant systemic and
intraperitoneal chemotherapy before radical surgery are
currently under investigation.

Prehabilitation
A novel strategy for improving outcomes after surgery is
by preoperatively correcting the reduced functional, nutritional, physical and neurophysiological state of patients:
prehabilitation[45]. This type of intervention might prove
to be especially beneficial in elderly patients because they
are often compromised in these respects. Most available
literature on prehabilitation concerns joint replacement
surgery. A pilot study has been published that evaluates
multimodality prehabilitation interventions in colorectal
surgical patients[46]. This study uses a trimodal approach
of preoperative exercise, nutritional intervention (dietary
behavior counseling and protein supplementation) and
anxiety reduction training (also aimed at increasing compliance of exercise and nutritional intervention). Multimodal approaches have yielded promising preliminary
results such as better walking capacity in weeks after surgery and higher physical activity levels after surgery compared to controls[46,47]. Because in Western society gastric
cancer is predominantly a disease of the elderly prehabilitation may provide a promising effort for improving
outcomes in these patients in the future[48].

Laparoscopic surgery
Introduced in Asia in the early nineties, a laparoscopic approach was first implemented for the treatment of early
gastric cancer (EGC)[56]. Early reports comparing open
and laparoscopic surgery for EGC showed several advantages of the laparoscopic approach over conventional
open surgery. These included, less intra-operative blood
loss, less postoperative pain and shorter length-of-stay.
Also serum markers indicating postoperative stress were
lower, i.e., lower C-reactive protein (CRP) level on day 7,
leukocyte count and interleukin-6 levels[57]. There were no
significant differences in operation time, number of harvested lymph nodes and postoperative complications[57,58].
A review and meta-analysis evaluating randomized controlled trials (RCT’s) and high quality non-randomized
controlled trials on laparoscopic vs open approach for
distal gastrectomy for cancer showed that major complications and mortality rates were similar between procedures and concluded that the laparoscopic approach is
safe[59]. However, the majority of patients had EGC and
therefore comparison to a Western population case-mix
is difficult. Results further showed additional benefits of
fewer overall and minor complications, shorter lengthof-stay (weighted mean difference, 3.6 d) and less blood
loss[59]. Also, longer operation time and lower number of
harvested lymph nodes was reported for laparoscopic
gastrectomy. Several other reviews and meta-analyses
have been published on this subject since (Table 3)[59-63].
The general conclusion of these studies is that laparoscopic approach offers improved recovery after surgery
at no compromise of morbidity and mortality.
Laparoscopic approach for performing a total gastrectomy for gastric cancer is technically more demanding and has therefore not gained as much widespread
acceptance as the laparoscopic distal gastrectomy. A

Staging laparoscopy and wash cytology
Preoperative staging laparoscopy improves detection of
peritoneal metastases not otherwise detected by preoperative ultrasonography or CT imaging[49]. It can therefore
prevent an unnecessary explorative laparotomy or change
management in up to 60% of cases[50,51]. An expert panel
concluded that a staging laparoscopy should be performed for reasons mentioned above, exceptions being
early gastric cancer or known metastatic disease[52].
Also, during staging laparoscopy peritoneal wash
cytology can be obtained to detect intraperitoneal free
cancer cells (IFCC). This has been shown to be a predic-
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ADVANCES IN INTRA-OPERATIVE CARE
One of the most significant and fundamental developments in gastrointestinal surgery last decades has been
the introduction of the laparoscopic technique. Large
incisions are avoided and surgical trauma is minimized.
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4 RCT’s
6 RCT’s
6 RCT’s
5 RCT’s
6 RCT’s
19 NRCT’s

Trials included (n )

82/80
323/306
343/323
164/162
1658/1397

Laparoscopic/open
procedures (n )
EGC, GC
EGC
EGC, GC
EGC, GC
ECG, GC

TumOR =
characteristics
+83 (P < 0.001)
+87 (P < 0.001)
+82 (P < 0.001)
+82 (P < 0.001)
+48.3 (P < 0.001)

Operative time (min)
(WMD)
-104 (P = 0.02)
-108 (P = 0.001)
-118 (P < 0.001)
-122 (P < 0.001)
-118 (P < 0.001)

Blood loss (mL)
(WMD)
-4.3 (P < 0.001)
-4.9 (P < 0.001)
-4.8 (P < 0.001)
-4.8 (P < 0.001)
-3.9 (P < 0.001)

Harvested lymph
nodes (WMD)
-3.3 d (P = 0.14)
-2.0 d (P = 0.14)
NA
-2.5 d (P = 0.04)
-3.6 (P < 0.001)

Length-of-stay
(WMD)
OR = 0.66 (P = 0.14)
RR = 0.61 (P = 0.01)
OR = 0.46 (P = 0.003)
OR = 0.38 (P = 0.01)
OR = 0.59 (P < 0.001)

Complication rates
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OR = 0.94 (P = 0.94)
Risk difference 0.01 (P = 0.32)
OR = 0.17 (P = 0.86)
OR = 0.47 (P = 0.54)
OR = 0.64 (P = 0.39)

Mortality
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Lymph node dissection
Differences in treatment outcome between Asian and Western countries remain striking. The debate continues whether this is due to more extensive approach of lymph node
dissection advocated by the Japanese Gastric Cancer Association. D2 lymphadenectomy has been shown increased survival in Chinese patients[70]. Initial results from randomized trials performed in the Netherlands and United Kingdom showed an increased morbidity and mortality rate in the D2 group and no survival benefit[71,72]. Fifteen-year
follow-up results of the Dutch trial showed that D2 resection was associated with lower regional recurrence (22% in D1 resection and 12% in D2 resection) and gastric-cancerrelated death[73]. They advocate a spleen preserving D2 procedure as a safer alternative. Later studies showed however that D2 resections can be performed safely in the West,
they had low overall morbidity and mortality rates (3.0% after D1 and 2.2% after D2 gastrectomy, P = 0.722)[74]. Additional value of D3 dissection (dissection of hepatoduodenal ligament, superior mesenteric vein and retro-pancreatic area) is disputed. A prospective trial in Taiwan showed a slight 5-year survival benefit for D3 resections 59.5% compared to 53.6% in D1 gastrectomy patients (P = 0.041)[70]. Para-aortic nodal dissection was shown to be performed safely in addition to D2 dissection but failed to show a 5-year
benefit[75,76].
Another strategy for attempting to improve oncological outcome of gastric cancer surgery was to perform a bursectomy in addition to resection and lymphadenectomy for
advanced stage gastric cancer. Several studies did not show a benefit of bursectomy[77,78]. But proponents of this technique argue that it may improve survival and should not be
discarded as a futile technique[79]. A phase Ⅲ trial is currently ongoing in Japan that will also evaluate the effectiveness of procedure (see: http://www.jcog.jp/en/trials/index.
html).

systematic review and meta-analysis by Chen et al[64] showed similar differences between laparoscopic assisted total gastrectomy and open total gastrectomy, i.e., longer operative time, shorter hospital stay, a decrease in medical complications and no difference in operative mortality. It included nine studies comprising 1221 patients (436 laparoscopic
procedures and 758 open procedures), but none of the studies were RCT’s. All but one study included both EGC and advanced stage disease patients. Nevertheless, the authors
concluded that laparoscopic approach for total gastrectomy can be performed safely and with improved outcome in experienced surgical centers[64].
As mentioned, most reported studies report on laparoscopic procedures for EGC. Laparoscopic approach for advanced stage disease has also been shown to be associated
with shorter length-of-stay and less blood loss with comparable morbidity and mortality rates[65-67]. Also similar oncological outcomes are reported for laparoscopic surgery in
advanced stage disease[68]. A systematic review and meta-analysis on distal gastrectomy for advanced gastric cancer concluded that further prospective controlled studies are
needed for a comprehensive comparison.
A critical issue with the laparoscopic approach is oncological adequacy. The evidence for this is still sparse although a few report similar oncological outcomes for laparoscopic procedures at five years[65,66,69].

RCT: Randomized controlled trial; NRCT: Non-randomized controlled trial; EGC: Early gastric cancer; GC: Gastric cancer (all stages); WMD: Weighted mean difference; NA: Not available.

Memon et al[62], 2008
Chen et al[60], 2009
Kodera et al[61], 2010
Ohtani et al[63], 2011
Viñuela et al[59], 2012

Ref.

Table 3 Summary of recently published meta-analysis examining laparoscopic distal gastrectomy vs open distal gastrectomy for gastric cancer
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Reconstruction technique
Roux-en-Y is the accepted standard technique for reconstructing bowel continuity after total gastrectomy.
Billroth Ⅰ and Ⅱ reconstruction after distal gastrectomy
have been the standard for a long time but are associated
with increased rates of reflux symptoms and esophagitis[80]. Roux-en-Y reconstruction as an alternative after
distal gastrectomy has been thoroughly investigated.
Studies have shown beneficial outcomes in terms of
less reflux symptoms and less gastric remnant gastritis[81,82]. These findings persist in long-term follow-up[83].
However, patients did not differ in terms of quality of
life[84]. Morbidity and mortality were similar between
Billroth Ⅰ and Roux-en-Y technique, but the latter was
associated with longer length-of-stay and discontinuance
of food intake[85].
Intra-operative feeding jejunostomy placement
Routine intra-operative placement of feeding jejunostomy can potentially decrease malnutrition and improve
tolerance of adjuvant chemotherapy[86]. A study with data
from a prospectively maintained database including 132
patients showed no advantage of jejunostomy placement
and increased complications associated with jejunostomy
placement[87]. In a series of 73 patients who received jejunostomy placement, it was shown that 21 patients had
jejunostomy specific complications (11 minor and 10
major)[88]. Therefore, routine jejunostomy placement is
not recommended and should be reserved for selected
patients.

ADVANCES IN POSTOPERATIVE CARE
Detection and treatment of anastomotic leakage
Anastomotic failure or leakage is an important complication of gastric surgery, potentially with detrimental
consequences. Risk factors for anastomotic leakage have
been identified in several studies. These include: older age
(> 65 years), longer operating time, intra-operative errors,
increased blood loss and comorbidities[89-91].
When leakage or associated intra-abdominal abscess
is suspected clinically by positive peritoneal signs, fever
and/or wound infection, further investigation using
computed tomography should be prompted. If detected
and leakage is minor it can be successfully managed with
percutaneous drainage[92,93]. Some authors advocate the
use of conservative management techniques for treating anastomotic leakage such as placement of a nasojejunal tube combined with percutaneous drainage of
abscess[94]. In this study this approach was associated with
lower mortality rates compared to operative intervention.
Therefore, reoperation is only required when conservative treatment is ineffective. When reoperation is carried
out the anastomosis can be evaluated and if it is in a poor
condition reconstruction can be carried out[95].
Endoscopic approach also offers a chance to assess
the anastomosis site and endoscopic treatment options
for leakage are available. Recent literature describes endo-
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scopic approaches for the management of anastomotic
leakage and different techniques can be applied[96]. The
authors concluded that defects smaller than 2 cm in size
could be successfully managed using endoscopy. Techniques include use of fibrosealant or Histoacryl and also
stent insertion. Multiple studies report use of removable
covered metal stents to treat anastomotic leaks with relatively good results[97,98]. Main advantage of this approach
is that it enables evaluation the anastomosis without
the need for invasive surgery. However, this technique
requires a well trained and well equipped endoscopy department.
Enhanced recovery after surgery and fast-track
programs
Enhanced recovery after surgery (ERAS) programs have
been developed and implemented with great success in
colorectal surgery[99]. All recommendations by ERAS
society for colonic surgery (see also: http://www.erassociety.org/index.php/eras-care-system/eras-protocol)
can potentially be implemented in gastric cancer patients,
i.e., early removal of urinary catheter, prevention of
postoperative ileus, postoperative analgesia, and early
mobilization and resumption of normal diet[100]. Important to note is that ERAS protocols not only include
recommendations on postoperative care, but also preoperative measures (e.g., counseling) and intra-operative
measures (e.g., avoidance of salt and water overload and
use of short acting anesthetic agents). In recent years efforts have been made to develop, implement and evaluate
the effect of similar programs in gastric cancer surgery.
Studies on the timing of oral intake after gastrectomy
for gastric cancer are sparse. Small studies that exist have
evaluated early oral feeding as safe and feasible[101]. This
study started liquid intake on days 1-2 and soft diet on
postoperative day 3. Similar studies showed significant
shorter hospital stay (e.g., 5.7 d vs 9.2 d) and earlier return
of bowel function[102-104]. Although the strategies for early
oral feeding were different, ranging from oral diet on day
one to liquid diet on day two followed by soft diet from
day three until discharge, their findings were that it is safe
and potentially leads to shorter hospital-stay.
A randomized comparison between fast-track surgery
and conventional care in gastric cancer patients (n = 45
and n = 47 respectively) showed less stress response in
the fast-track surgery group[105]. This was measured by
serum tumor necrosis factor-alfa, CRP and interleukin-6
levels. Also, fast-track patients had a shorter hospital stay
and higher quality of life with no increase in complications. Yamada et al[106] compared ERAS (n = 91) with conventional care (n = 100) after gastrectomy and found that
ERAS was associated with less postoperative pain and
analgesics use. There was no difference in complication
rates between ERAS and conventional care. They did not
find a significant difference in mean length-of-stay.
Implementation of a fast-track or ERAS program
was also investigated as an addition to laparoscopic procedures[107-109]. A consecutive series of 32 patients showed
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that it was safe and had similar postoperative results[107].
In addition, a randomized clinical trial with 22 fast-track
and 22 conventional care patients showed a shorter
length of stay for fast-track patients (5 d vs 8 d, P < 0.001)
but no difference was noted for postoperative pain[108].
Chen Hu et al[109] found that the laparoscopic assisted procedure with the addition of a fast-track approach resulted
in shortest length-of-stay.

ADVANCES IN ORGANIZATION OF
CARE: CENTRALIZATION AND AUDITS

CONCLUSION

In Western countries the incidence of gastric cancer is
relatively low. Annual hospital volume can therefore be
low in institutions in non-centralized regions. Centralization offers a chance to increase volumes in selected centers. Increased hospital volume leads to better treatment
results in gastric cancer surgery[110]. More recent studies
support this idea and show that increased volumes are
associated with lower short-term mortality and improved
survival[111,112]. Other literature suggests that hospital
volume is not a determinant for disease-free survival
or overall survival in gastric cancer surgery survivors
(i.e., perioperative mortality excluded)[113]. Although the
optimal number of procedures is not clearly defined in
literature, expert panel based recommendations state that
an annual volume of more than 15 for an institution and
more than 6 for the individual surgeon are held to be appropriate[52]. They also state that the necessity of these
volumes is undetermined.
In several countries clinical auditing has been initiated
in various fields of surgery. It is considered an important tool for quality assessment and the identification
of factors needing improvement. Furthermore, clinical
audits provide a unique dataset for research as well. For
gastric cancer surgery, a nationwide audit has been initiated in the Netherlands, the Dutch upper GI cancer audit
(DUCA) (http://duca.clinicalaudit.nl/). The DUCA has
become a performance index for gastric cancer surgeons
as it was also adopted as a quality indicator for the health
care inspectorate. It is expected that postoperative mortality and anastomotic leakage rates will decrease but few
reports have been published in the Netherlands so far.
From 2011 to 2012 30-d mortality decreased from 8.8%
to 6.7% (see: http://www.clinicalaudit.nl/jaarrapportage/
#dica_rapportages_duca). Whether these improvements
are directly related to the introduction of the audit has to
be determined. At least, it can be stated that the DUCA
has effectuated increased awareness of and insight in aspects of improvement.
Clinical audits have revealed several interesting findings with respect to postoperative complications. Hospitals with higher mortality rates had only slightly higher
incidences of postoperative complications. But in high
volume centers these patients with a serious complication had less chance dying than in high-mortality centers.
This phenomenon is addressed as failure to rescue and
was not only described for gastrectomy but also for other
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gastro-intestinal operations[114]. Data from the American
College of Surgeons National Surgical Quality Improvement Program showed that although complication incidences did not vary between hospitals, mortality rates,
largely contributed to death after major complications,
significantly varied, indicating that timely recognition and
treatment of complications deserves greater attention[115].
Future research should aim at identifying and improving
the fundamental aspects causing failure to rescue.

Surgical risk assessment is complex and difficult. In
preoperative assessment of gastric cancer patients age
should not be a criterion on which treatment decisions
are be made. Rather, presence of comorbidities, nutritional status and geriatric frailty should be assessed and
taken into account. Future studies should further determine the role geriatric frailty and nutritional status assessment has in the preoperative evaluation of gastric cancer
surgery patients, especially in Western counties, as these
patients are more often at an advanced age.
Improving postoperative recovery by using fast-track
and ERAS protocols has yielded improved results. The
timing of oral intake is still at debate, but early oral feeding (postoperative days 1-3) seems to be feasible and
safe. Further studies have to verify this and investigate
its effect on morbidity, length-of-stay and quality of life/
patient satisfaction. Also optimal fast-track/ERAS programs have to be developed to further improve outcome
and quality of care for these patients.
Introduction of laparoscopic surgery has improved
short-term postoperative outcome for gastric cancer patients. Oncological safety remains an area of debate, but
available literature suggest that oncological safety is not
compromised.
In conclusion, although advances have been made in
pre-, intra- and postoperative stage of gastric cancer surgery to improve the outcome of these patients, there still
remain many areas for improvement and future research.
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Abstract
Enzymes 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase-3 and -4 (PFKFB-3 and PFKFB-4) play
a significant role in the regulation of glycolysis in cancer cells as well as its proliferation and survival. The
expression of these mRNAs is increased in malignant
tumors and strongly induced in different cancer cell
lines by hypoxia inducible factor (HIF) through active
HIF binding sites in promoter region of PFKFB-4 and
PFKFB-3 genes. Moreover, the expression and hypoxia
responsibility of PFKFB-4 and PFKFB-3 was also shown
for pancreatic (Panc1, PSN-1, and MIA PaCa-2) as well
as gastric (MKN45 and NUGC3) cancer cells. At the
same time, their basal expression level and hypoxia
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responsiveness vary in the different cells studied:
the highest level of PFKFB-4 protein expression was
found in NUGC3 gastric cancer cell line and lowest in
Panc1 cells, with a stronger response to hypoxia in the
pancreatic cancer cell line. Overexpression of different PFKFB in pancreatic and gastric cancer cells under
hypoxic condition is correlated with enhanced expression of vascular endothelial growth factor (VEGF) and
Glut1 mRNA as well as with increased level of HIF1α protein. Increased expression of different PFKFB
genes was also demonstrated in gastric, lung, breast,
and colon cancers as compared to corresponding nonmalignant tissue counterparts from the same patients,
being more robust in the breast and lung tumors.
Moreover, induction of PFKFB-4 mRNA expression in
the breast and lung cancers is stronger than PFKFB-3
mRNA. The levels of both PFKFB-4 and PFKFB-3 proteins in non-malignant gastric and colon tissues were
more pronounced than in the non-malignant breast
and lung tissues. It is interesting to note that Panc1
and PSN-1 cells transfected with dominant/negative
PFKFB-3 (dnPFKFB-3) showed a lower level of endogenous PFKFB-3, PFKFB-4, and VEGF mRNA expressions as well as a decreased proliferation rate of these
cells. Moreover, a similar effect had dnPFKFB-4. In
conclusion, there is strong evidence that PFKFB-4 and
PFKFB-3 isoenzymes are induced under hypoxia in pancreatic and other cancer cell lines, are overexpressed in
gastric, colon, lung, and breast malignant tumors and
undergo changes in their metabolism that contribute to
the proliferation and survival of cancer cells. Thus, targeting these PFKFB may therefore present new therapeutic opportunities.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase-3; 6-phosphofructo-2-kinase/fructose2,6-bisphosphatase-4; Hypoxia; Hypoxia inducible
factor; Panc1; PST-1; MKN45; NUGC3; Gastric cancer;

13705

October 14, 2014|Volume 20|Issue 38|

Minchenko OH et al . PFKFB expression in pancreatic cancer

Lung cancer
Core tip: Enzymes 6-phosphofructo-2-kinase/fructose2,6-bisphosphatase-3 and -4 (PFKFB-3 and PFKFB-4)
play a significant role in the regulation of glycolysis and
cancer growth by inducing cell proliferation and surviving. The expression of these PFKFB is increased in malignant tumors and strongly induced in various cancer
cell lines under hypoxia, including pancreatic and gastric cells. The high expression level of PFKFB-4 protein
was found in NUGC3 gastric adenocarcinoma cells and
much lower in pancreatic Panc1 cells, with the highest
response to hypoxia in the pancreatic cancer cells. Both
PFKFB-4 and PFKFB-3 are overexpressed in gastric, colon, lung, and breast cancers being more pronounced
for PFKFB-4. Blocking both PFKFB-4 and PFKFB-3 may
present new therapeutic opportunities.
Minchenko OH, Tsuchihara K, Minchenko DO, Bikfalvi A,
Esumi H. Mechanisms of regulation of PFKFB expression in
pancreatic and gastric cancer cells. World J Gastroenterol 2014;
20(38): 13705-13717 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13705.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13705

INTRODUCTION
Pancreatic adenocarcinoma is an aggressive disease with
a high mortality rate. Despite intensive efforts, pancreatic
cancer remains a formidable challenge for oncologists[1].
Investigation of the molecular and genetic bases of
pancreatic as well as other cancers is very important for
understanding tumor formation and growth as well as for
development of anticancer strategies. Hypoxia has been
recognized as one of the fundamentally important features of solid tumors and plays a critical role in various
cellular and physiologic events, including cell proliferation, survival, angiogenesis, metabolism, as well as tumor
growth, invasion and metastasis[2-6]. Moreover, hypoxia
has the multifaceted role in the hallmarks of human cancers, including pancreatic cancer. Hypoxia-inducible factor 1 (HIF-1), represent key features in cell biochemistry,
physiology and molecular biology.
Tumors are usually exposed to a hypoxic microenvironment due to their irregular growth and insufficient
blood supply while pancreatic tumors have enhanced
vascular supply[3,7,8]. Moreover, there is heterogeneity and
genomic complexity between pancreatic tumors as well
as hierarchy of cancer cells with different properties, including a subpopulation of cancer stem cells that are inherently resistant to traditional therapies[8]. Activation of
genes that ameliorate or compensate for the oxygen deficit, especially of mRNAs involved in glycolysis and facilitate proliferation is important in adaptations to hypoxia[9-15]. A high rate of glycolytic flux, even in the presence
of oxygen, is a central metabolic hallmark of neoplastic
tumors. The high glucose metabolism of cancer cells is
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caused by a combination of hypoxia inducible transcription factors, activation of oncogenic proteins and the loss
of tumor suppressor function. Over-expression of HIF1α or HIF-2α and MYC, activation of RAS and loss of
TP53 and/or other tumor suppressor functions each
have been found to stimulate glycolysis in part by activating a family of regulatory bifunctional 6-phosphofructo2-kinase/fructose-2,6-bisphosphatases (PFKFB) and
hexokinases[16-18].

PFKFB AS AN IMPORTANT FACTOR OF
TUMOR GROWTH
Enzyme PFKFB controls of glycolysis through maintaining the cellular levels of fructose-2,6-bisphosphate,
which is considered to be the major allosteric activator of
6-phosphofructo-1-kinase, a rate-limiting enzyme of glycolysis[19,20]. Thus, the PFKFB enzymes control glycolysis
through fructose-2,6-bisphosphate level[20-23]. There are 4
different genes encode variable isoforms of this enzyme.
Importantly, most cells and tissues express more than
one isoform[23-25]. PFKFB enzyme also plays an important
role in the Warburg effect and cancer growth[16,17,26-28].
Overexpression of PFKFB-3 as well as other variants
of PFKFB is observed in various human cancers [29-33].
Moreover, enhanced expression of PFKFB as well as
hexokinase 2 is an obligatory factor of activated tumor
cell glycolysis and increased its proliferation[18,24,32-35].
The expression of different PFKFBs (PFKFB-1,
PFKFB-2, PFKFB-3 and PFKFB-4) is induced by hypoxia in vivo in organ-specific manner[21]. At the same
time, in vitro experiments clearly demonstrated that
hypoxia affects the expression only two variants of
PFKFB (3 and 4) mRNA in different cell lines[26,29,31-33].
In promoter region of PFKFB-4 and PFKFB-3 genes was
identified HIF responsive element which bind transcription factor HIF and mediate hypoxic regulation, because
deletion or point mutation of this HIF responsive element eliminates the hypoxic regulation both PFKFB-4
and PFKFB-3 genes[25,31,36,37]. Moreover, the phosphorylation - dephosphorylation of PFKFB isoenzymes is
important for enhancing of glycolysis by hypoxia as well
as by fructose-2,6-bisphosphate in monocytes upon activation[17,38,39]. There is also data supporting an important
role for PFKFB-3 protein phosphorylation in the increased glycolysis, angiogenesis and tumor progression[40].
Thus, highly phosphorylated variant of PFKFB-3 was
found in cancer cells as well as in other cells, including
vascular endothelial cells[40].
Recently, a novel mechanism by which MK2, MAPK
(mitogen-activated protein kinase)-activated protein
kinase 2, a key component of the MAPK pathway, upregulates glycolysis in response to stress in cancer cells
was described[41]. By phosphorylating specific PFKFB3
residues, MK2 promotes both increased its gene transcription and allosteric activation.
It was also shown a significant increase of PFKFB-3
in the nuclei, which associates with enhanced cell prolif-
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eration through cyclin-dependent protein kinase[34]. Moreover, PFKFB-3 isoenzyme is degraded by the E3 ubiquitin ligase APC/C-CDH1, which also degrades cell-cycle
proteins[42]. Thus, this ubiquitin ligase is linking glycolysis
to cell proliferation mainly through PFKFB-3 enzyme,
which promote glycolysis. It was shown that both aerobic
glycolysis and proliferation are prevented by overexpression of this ubiquitin ligase and enhanced by its silencing.
Furthermore, activation of glycolysis, as essential factor
of cell proliferation, in the presence of active ubiquitin
ligase APC/C-CDH1 does not change the rate of cell
proliferation[42]. Recently was also shown that PTEN
(phosphatase and tensin homolog) enhances interaction
between PFKFB3 and E3 ligase APC/C-CDH1, and
overexpression of CDH1 down-regulates the PFKFB3
protein level in wild-type, but not in PTEN-deficient
cells[43]. Moreover, PTEN knockout cells were found to
have high protein levels of PFKFB3 that has important
consequences for cell proliferation.
There is data that ubiquitin ligase SKP1-CUL1F(SCF)-beta-TrCP also participate in glycolysis regulation
during the cell cycle through PFKFB because this enzyme
or activation the glycolytic enzyme 6-phosphofructo-1kinase is needed for glycolysis up-regulation[44]. Besides
that, the induction of de novo lipid synthesis from glucose
in prostate adenocarcinoma cells by androgen requires
transcriptional up-regulation of PFKFB-2 and phosphorylation of PFKFB-2 generated by the PI3K/AKT signal
pathway to supply the source for lipogenesis[45]. The increased glycolytic flux through the enhanced expression
of PFKFB3 gene was also observed after interaction of
adenosine with macrophage TLR4 receptor agonists[46].
Thus, the enzymes of PFKFB family participate in the
regulation of glucose metabolism through glycolysis as
well as in the control of the cell cycle, apoptosis, tumor
growth, and invasiveness.
It is interesting to note that the transcriptional co-repressor myeloid translocation gene 16 (MTG16) is found
in multiple transcription factor-containing complexes as
a regulator of gene expression implicated in development and tumorigenesis. MTG16 can serve as a brake on
glycolysis, a stimulator of mitochondrial respiration and
an inhibitor of cell proliferation through suppression of
PFKFB-3, PFKFB-4 and pyruvate dehydrogenase kinase
isoenzyme 1 (PDK1)[47]. Furthermore, hypoxia-stimulated
production of PFKFB3, PFKFB4 and PDK1 was inhibited by MTG16 expression.
Several alternative splice variants for PFKFB-3 were
identified in normal and cancer cells which possibly are
important for malignant tumor growth[35,48-51]. All these
splice variants have similar N-terminus and catalytic both
6-phosphofructo-2-kinase and fructose-2,6-bisphosphatase domains, but differ in C-terminal regulatory region. It
is possible that a variable C-terminus provide not only for
differ regulatory properties and for a variable surviving
of PFKFB-3 splice variants. Moreover, the expression of
PFKFB-3 alternative splice variants in vivo differs in various organs and spectrum of these splice variants changes
in rat model of diabetes in organ-specific manner[51].
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Recent data[52-54] showed that PFKFB-4, which expression at mRNA and protein levels is strongly induced
in the lung and breast cancers, has also pleiotropic functions. This variant of PFKFB together with other members of PFKFB family participates in the regulation of
glycolysis and also promotes tumor growth and survival
of cancer cells[30,33,52-56]. It was shown that PFKFB4 is
required to balance glycolytic activity and antioxidant
production to maintain cellular redox balance in prostate
cancer cells[52]. Moreover, depletion of PFKFB4 inhibited
tumor growth in a xenograft model, indicating that it is
required under physiologic nutrient levels[52]. PFKFB4
mRNA expression was also found to be greater in metastatic prostate cancer compared with primary tumors[52].
Moreover, induction of apoptosis by sulforaphane in
human hepatic cancer cells mediated by hypoxia inducible factor-1-dependent pathway through inhibition of
PFKFB4[53]. Thus, PFKFB4, a glycolytic enzyme that
shunts glucose into the pentose phosphate pathway for
NADPH production, as a critical node for the survival of
cancer cells[52-54,56].
Aerobic glycolysis links the high rate of glucose fermentation to cancer[57]. It was found that the regulatory
glycolytic enzyme PFKFB4 is essential for prostate cancer cell survival by maintaining the balance between the
use of glucose for energy generation and the synthesis
of antioxidants. Cancer cells undergo several changes in
their metabolism that contributes to the proliferation and
survival of cancer cells. Blocking PFKFB4 induces reactive oxygen species and cancer cell death. Thus, targeting
PFKFB4 may therefore present new therapeutic opportunities.
It is interesting to note that non-malignant gastric and
colon tissues in contrast to lung and breast tissues have
higher level of PFKFB-4 protein; at the same time, no
significant differences in mRNA levels[30,32,33]. It is possible that there is some specific mechanism of PFKFB-4
protein stabilization as well as some additional functions
of this enzyme in non-malignant gastric and colon tissues. These aspects of PFKFB biochemistry warrants
further investigation.
Several alternative splice variants were identified for
human, mouse and rat PFKFB-4[58-60]. Alternative splice
variant with modified N-terminus was identified for
PFKFB-4 in melanoma DB-1 cells[58]. Its expression was
very high in these cells and is possibly related to melanoma growth. Other alternative splice variants of PFKFB-4
mRNA with modified C-terminus were founded in rat
tissues[59]. One of them with a modified C-terminal part
was observed only in the liver of rats treated by methyl
tertial butyl ether, ecologically dangerous chemical
compound[59]. It was not present in normal rat liver and
lungs. Second alternative splice variant with deletion in
fructose-2,6-bisphosphatase region is expressed in normal liver and lung tissues and its expression is affected
by methyl tertial butyl ether[59]. Results of this investigation demonstrate the sensitivity of PFKFB-4 alternative
splicing to the action of toxic chemical compounds, in
particular methyl tretbutyl ether. Several unique alterna-
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Figure 1 Effect of hypoxia (H) and hypoxia mimic dimethyloxalylglycine (I) on the expression of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3
and -4 mRNA in human gastric cancer cell lines MKN45 and NUGC3 and pancreatic cancer cell line Panc1. Measured by ribonuclease protection assay, N:
Control (normoxic) cells[32]. PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

tive splice variants were identified in mouse brain and
other tissues[60]. One of them has two ORFs (for 6-phosphofructo-2-kinase and fructose-2,6-bisphosphatase) as a
result of insert after the 7th exon. Other alternative splice
variants have inserts in kinase domain or a deletion in
bisphosphatase domain[60]. Its functional significance is
not elucidated as of yet.
At the same time, the analysis of PFKFB-3 and
PFKFB-4 expression as well as its regulation by hypoxia
in pancreatic and gastric cancer cells, which significantly
differ from many other malignant cells, is needed for
further advance our knowledge on the mechanisms of
different tumors progression. Recently, it was shown that
excess glucose induces hypoxia-inducible factor-1α in
pancreatic cancer cells and stimulates glucose metabolism
possibly through PFKFB as well as the migration of
these cancer cells and that hypoxia strongly up-regulates
the expression of PFKFB-4 and PFKFB-3[32,61].

PFKFB-4 AND PFKFB-3 GENE
EXPRESSIONS IN PANCREATIC AND
GASTRIC CANCER CELL LINES AND
MOLECULAR MECHANISMS OF ITS
REGULATION
It was shown that different PFKFB genes are expressed
in human pancreatic and gastric cancer cells and are upregulated in hypoxic condition[32]. Hypoxia induces the
expression of these genes through transcription factor
HIF binding sites to hypoxia responsible element (HRE)
of PFKFB-4 and PFKFB-3 genes, because deletion or
point mutation in these HRE eliminates the hypoxic
regulation of PFKFB-4 and PFKFB-3 genes[25,31,36,37]. As
shown in Figure 1, the expression of PFKFB-4 mRNA is
detectable at very low level in both MKN45 and NUGC3
gastric cancer cell lines growing under normal condition.
The expression of PFKFB-3 mRNA in these cell lines
was significantly higher as compared to the PFKFB-4
mRNA[32].
Exposure of MKN45 and NUGC3 gastric adenocarcinoma cells to hypoxia or dimethyloxalylglycine,
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which suppress prolyl hydroxylase enzymes, significantly
enhanced the expression of PFKFB4 as well as PFKFB3
genes (P < 0.001; Figures 1 and 2). At the same time, the
expression of PFKFB-3 mRNA in Panc1 pancreatic cancer cell line (P < 0.01) growing under normal condition
was lower as compared to gastric cancer cell lines, but for
PFKFB-4-slightly higher[32]. Moreover, the basal level of
PFKFB-4 mRNA expression as well as its hypoxia responsiveness was more robust as compared to PFKFB-3
mRNA[32]. Thus, there is a difference in the basal level
of these two variants of PFKFB mRNA between gastric
and pancreatic cancer cells as well as in its sensitivity to
hypoxia and dimethyloxalylglycine.
At the same time, the protein level of PFKFB-4
isoenzyme in non-treated gastric adenocarcinoma cells
was much higher as compared to pancreatic cancer cells
(Figure 3). Moreover, the protein level of PFKFB-4 in
NUGC3 gastric cancer cells is significantly higher than
in MKN45 cells. Hypoxia and dimethyloxalylglycine
strongly enhances the expression of PFKFB-4 at protein
level in pancreatic and gastric cancer cell lines. This increase of PFKFB-4 protein expression varies in different
cancer cell lines possibly because these gastric and pancreatic cells have significantly different constitutive level
of PFKFB-4 protein. Moreover, no strong correlation is
present between mRNA and protein of PFKFB-4 in the
pancreatic and gastric malignant cells in normoxic as well
as in hypoxic condition[32]. This data agrees with results
of previous investigations[31].
It is interesting to note that the level of PFKFB-4
mRNA and protein differs in different mammary gland
adenocarcinoma cell lines both in normal condition and
after hypoxic exposure[31]. Thus, the level of PFKFB-4
mRNA is more pronounced in the T47D malignant cell
line as compared to MCF7 cells both in normal condition
and after hypoxia. At the same time, the protein level of
PFKFB-4 is much higher in the MCF7 cells vs T47D cell
line in normal condition as well as after hypoxic exposure. Other cell lines (SKBR3 and MDA-MB-468) have
similar level of PFKFB-4 mRNA expression both in normal condition and upon hypoxia. Unexpectedly, in MDAMB-468 mammary gland adenocarcinoma cells PFKFB4
protein was detected at negligible level at the same ex-
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Figure 2 Quantification of ribonuclease protection assay of the effect of hypoxia (H) on the
expression level of 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase-4 and -3 mRNAs in
human gastric (MKN45 and NUGC3) and pancreatic (Panc1) cancer cell lines. bP < 0.01 vs control
cells; dP < 0.01 vs control cells [32]. N: Normoxic
(control) cells. PFKFB: 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase.
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Figure 3 Western blot analysis of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-4 protein in human gastric (MKN45 and NUGC3) and pancreatic
(Panc1) cancer cell lines: Effect of hypoxia (H) and dimethyloxalylglycine (I)[32]. PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

perimental conditions, which were used for SKBR3 and
other mammary gland adenocarcinoma cell lines[31]. In
contrast, the level of PFKFB-4 mRNA is correlated with
corresponding protein level both in SKBR3 and BT549
cell lines.
Really, the protein level of PFKFB-4, which in Panc1
pancreatic cancer cells is much lower as compared to gastric cancer cells and correlates with stronger induction of
both PFKFB-4 mRNA and protein expressions upon hypoxia. At the same time, the hypoxia-induced PFKFB-4
protein level in Panc1 cells is in fact lower when compared to the level of this protein in NUGC3 cells.
Moreover, the high PFKFB-4 protein level in NUGC3
gastric cancer cells is correlated with the lower induction
of PFKFB-4 mRNA and protein expressions upon hypoxia; on the other hand, the level of PFKFB-4 protein
in hypoxia-treated cells is very high as compared to the
levels of PFKFB-4 protein in both Panc1 and MKN45
control or hypoxia-treated cells[32]. This difference between mRNA and protein levels of PFKFB-4 which in
the different pancreatic and gastric cancer cells is possibly
related to the mechanisms controlling PFKFB4 protein
stability. However, the precise molecular mechanism for
these discrepancies is complex and possibly includes
PFKFB-4 enzyme posttranslational modification or its
stability in a cell-specific manner and warranties further
detailed investigation.
The induction of PFKFB-3 mRNA expression in
the NUGC3 gastric cancer cell line by hypoxia and dimethyloxalylglycine is more pronounced as compared
to PFKFB-4 mRNA expression. It is important to note
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that the expression PFKFB-3 mRNA in the Panc1 pancreatic cancer cells has the lowest hypoxia responsiveness as compared to both gastric cancer cell lines. We
have previously shown that the hypoxic induction of
PFKFB-3 mRNA expression in mammary gland cancer
cells is more robust in MCF7 and T47D breast cancer
cells (estrogen receptor-positive cell lines) as compared
to SKBR-3 and MDA-MB-468 cells (estrogen receptornegative cell lines)[31]. The dissimilar sensitivity of the
PFKFB-3 gene expression to induction by hypoxia was
also shown for other cell lines, like HeLa, Hep3B, RPE,
and fibroblasts, while induction of Glut1 mRNA by hypoxia was similar in all these cell lines[25].
It is interesting to note that the induction of
PFKFB-4 mRNA expression by hypoxia was simulated
by dimethyloxalylglycine in different pancreatic and
gastric as well as in many other cancer cell lines[25,27,31,32].
Dimethyloxalylglycine, a specific inhibitor of prolyl
hydroxylases, is an oxoglutarate analog, which protects
the HIF-1α protein from proteasomal degradation and
significantly increases its level[59]. Suppression of prolyl
hydroxylase enzymes can induce the level and functional
activity of HIF-1α under normoxia and mimics hypoxic
condition[62]. Induction of PFKFB-4 mRNA synthesis by
hypoxia is mediated by the hypoxia responsive element
located in the promoter region of this gene which is similar to the same elements, described in different hypoxia
responsive genes, including PFKFB-3 gene[25,36,63,64].
As shown in Figure 4A, hypoxia increases the expression level of PFKFB-3 and PFKFB-4 as well as VEGF
and Glut1 genes in both gastric and pancreatic cancer
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Figure 6 Effect of hypoxia (H) and hypoxia mimic dimethyloxalylglycine (I)
on the expression level of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3, -4, and GLUT1 mRNAs (measured by qPCR) in human pancreatic (MIA PaCa-2) cancer cells. n = 4, bP < 0.01 vs control cells. N: Normoxic
(control) cells; PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

cell lines and these changes are correlated with enhanced
level of HIF-1α protein[32]. This data argues with HIF1α-dependent mechanism of the induction of these
genes under hypoxia. At the same time, the constitutive
level of HIF-1α as well as HIF-2α mRNA expression
and their induction by hypoxia (Figure 4B) is dissimilar
in the MKN45 and NUGC3 gastric adenocarcinoma
cells[32]. Thus, the level of HIF-1α mRNA expression
is decreased in both gastric cancer cell lines treated by
hypoxia or dimethyloxalylglycine, but no significant
changes of HIF-2α mRNA expression were found in the
NUGC3 gastric cancer cell line under hypoxia. However,
the expression of HIF-2α mRNA in the MKN45 gastric
cancer cells was slightly induced by dimethyloxalylglycine
as well as hypoxia. A similar pattern of the expression of
HIF-1α and HIF-2α mRNAs in the A549 lung adenocarcinoma cell line and many other cancer cell lines treated
by hypoxia was shown[25,64-66].
It is important to note that there is an inverse correlation between induction of HIF-1α mRNA and protein
expressions upon hypoxic exposure. These observations
suggest that the increase in HIF-1α protein expression
was not reflected at the mRNA level. Moreover, the ex-

pression of HIF-1α mRNA is significantly decreased
both under hypoxia and dimethyloxalylglycine action. It
is possible that this discrepancy between HIF-1α mRNA
and protein levels, which was found in different gastric,
pancreatic and many other cancer cell lines, is related to
the divergence in mechanisms which control the stability
of HIF-1α mRNA and protein. Thus, the hypoxic induction of HIF-1α protein expression is a result of its stabilization, possibly mediated by specific prolyl hydroxylase
enzymes, oxygen- and iron-dependent, which utilize
oxoglutarate as a co-substrate[62,67,68]. At the same time,
the decreased expression of HIF-1α mRNA both under
hypoxia and dimethyloxalylglycine action is possibly mediated by suppression of transcription or by its increased
degradation[65].
The expression mRNA level of PFKFB variant 3 and
4 was also investigated in two other pancreatic cancer cell
lines: PSN-1 and MIA PaCa-2 (Figures 5 and 6). Hypoxia
strongly induces (P < 0.001) the expression of both
PFKFB4 and PFKFB3 genes in PSN-1 and MIA PaCa-2
cancer cells being more robust for PFKFB4 gene. Moreover, hypoxic induction of PFKFB4 and PFKFB3 gene
expressions in both these pancreatic cancer cell lines cor-
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a typical ribonuclease protection assay of different 6-phosphofructo-2kinase/fructose-2,6-bisphosphatase genes (PFKFB-1, PFKFB-2, PFKFB-3,
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expressions were used as control of RNA quantity used for analysis[32]. HIF:
Hypoxia inducible factor; PFKFB: 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase.

relates with a strong increase of GLUT1 gene expression
(P < 0.001).
In conclusion, this chapter provides evidence that
PFKFB-4 and PFKFB-3 mRNA are expressed in different cancer cell lines, including pancreatic and gastric
adenocarcinoma cells, and strongly respond to hypoxia
possibly through a HIF- dependent mechanism using
active HIF-binding sites in PFKFB4 and PFKFB3 genes.
At the same time, no clear correlation is existent between
different variants of PFKFB mRNA expressions and its
protein levels in different cancer cell lines both in normoxic and hypoxic conditions. Moreover, hypoxic induction of HIF-1α protein level correlates with a reduction
of HIF-1α mRNA expression in these cell lines. Thus,
there is an opposite correlation between hypoxic regulation of PFKFB-4 mRNA and protein levels in different
hypoxia-treated adenocarcinoma cells in vitro[31,32,65]. It is
possible that permanent degradation of HIF-1α protein
in normoxic condition support high level expression of
corresponding mRNA needed for synthesis of this protein. At the same time, stabilization of HIF-1α protein
under hypoxia suppresses transcription of this gene or/
and initiates the degradation of HIF-1α mRNA.

EXPRESSION OF DIFFERENT PFKFB IN
HUMAN GASTRIC, COLON, LUNG, AND
BREAST MALIGNANT TUMORS
There is data that PFKFB-4 and PFKFB-3 mRNA and
protein expressions are significantly increased (P < 0.001)
in gastric cancers as compared to corresponding non-malignant tissue counterparts from the same patients (Figures 7 and 8)[32]. This increase in the expression of these
PFKFB genes in gastric malignant tumors correlates with
the up-regulation of HIF-1α and known HIF-dependent
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genes GLUT1 and VEGF (P < 0.001). Moreover, the
expression of PFKFB-1 and PFKFB-2 mRNA is also
increased in gastric cancer tissue. It is interesting to note
that the expression level of different PFKFB mRNAs in
non-malignant stomach tissue was highest for PFKFB-2,
much less for PFKFB-3 and slight for PFKFB-4 and
PFKFB-1[32].
As shown in Figure 9, PFKFB-4 and PFKFB-3
mRNA are also overexpressed (P < 0.001) in lung, colon,
and breast cancers as compared to corresponding nonmalignant tissue counterparts from the same patients
being more pronounced for PFKFB-4 in lung and breast
tumors[30,33,69]. Up-regulation of PFKFB-2 mRNA is also
shown for lung cancers[30]. Moreover, the level of GLUT1
and VEGF mRNA expressions is also significantly increased (P < 0.001) in all these cancer tissues, especially
GLUT1 in lung and colon tumors (Figure 10)[30,33]. Western analysis of PFKFB-4 and PFKFB-3 proteins as well
as HIF-1α protein clearly demonstrated its up-regulation
in all analysed tumors with more pronounced changes
in PFKFB-4 protein in lung and breast cancers (Figure
11)[30,32,33]. Thus, overexpression of PFKFB-3, PFKFB-4
and PFKFB-2 is observed in various human cancers
through various mechanisms: by a combination of hypoxia inducible transcription factors (for PFKFB-4 and
PFKFB-3), activation of oncogenic proteins and the loss
of tumor suppressor function[29-33,37].
Recently, it was shown that amino acid activates AKTdependent PFKFB2 phosphorylation at Ser-483 and that
this activation was mediated by the PI3K and p38 signaling pathways[70]. Furthermore, AKT inactivation blocked
PFKFB2 phosphorylation and fructose-2,6-bisphosphate
production, thereby suggesting that the above signaling
pathways converge at AKT kinase. Moreover, MACC1
(MUC1, mucin 1, cell surface associated) may affect
tumor metabolism partly through expression and phosphorylation of PFKFB2[71].
At the same time, the protein level of both PFKFB-4
and PFKFB-3 is significantly different in non-malignant
lung, breast, colon, and gastric tissues being more pronounced for colon and gastric tissues. It is interesting
to note that the level of PFKFB-4 protein in all studied
cancers (lung, breast, colon, and gastric) was also higher
as compared to the PFKFB-3 isozyme (Figure 11). Thus,
the main protein isoform of PFKFB enzyme family
expressed in lung, breast, colon, and gastric malignant
tumors is PFKFB-4.
Moreover, there is data that hypoxia is needed for tumor progression and initiates the endoplasmic reticulum
stress for induction of neovascularization and apoptosis
inhibition[72-76]. It is known that some PFKFB enzymes
are components of the endoplasmic reticulum stress
and participate in proliferation processes[77]. Recently, it
was shown that PFKFB-3-driven glycolysis participates
in vessel sprouting process which strongly depends
upon endoplasmic reticulum stress[73,78,79]. Thus, endothelial cells relied on glycolysis rather than on oxidative
phosphorylation for ATP production and loss of the
glycolytic activator PFKFB3 in endothelial cells impaired
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Figure 9 Quantification of ribonuclease protection assay of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 and 6-phosphofructo-2kinase/fructose-2,6-bisphosphatase-4 mRNA expressions in lung, colon,
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Figure 10 Quantification of ribonuclease protection assay of VEGF and
Glut1 mRNA expressions in lung, colon, and breast malignant tumors (T)
and corresponding non-malignant tissue counterparts (C). Values of VEGF
and Glut1 mRNA expressions were normalized to 18S rRNA; n = 15-20; bP <
0.01 vs non-malignant tissues[30,33]. PFKFB: 6-phosphofructo-2-kinase/fructose2,6-bisphosphatase; VEGF: Vascular endothelial growth factor.

vessel formation[78,80]. Moreover, the glycolytic activator
PFKFB3 regulates stalk cell proliferation and renders endothelial cells more competitive to reach the tip[81].
The induction of different PFKFB as well as tumor
angiogenesis and growth is realized not only through
activation of transcription factor HIF[7,14,34,73,74,82-86]. For
PFKFB3 it was shown that its transcription as well as
allosteric activation is promoted by MAPK pathway[87].
Many growth factors may contribute to cancer progression, including pancreatic cancer, through induction of
the expression of genes without hypoxia responsive elements[88]. Moreover, hypoxia-inducible mir-210 regulates
normoxic gene expression involved in tumor initiation
and growth[89]. Recently, it was shown that clathrin heavy
chain promotes growth and angiogenesis of pancreatic

adenocarcinoma, which is an aggressive disease with a
high mortality rate, through the regulation of HIF-1α
and VEGF signaling and that hypoxia-induced pancreatic
cancer cells invasion is also mediated by transcription factor HIF[85,90]. One of the key functions of clathrin heavy
chain protein is to bind with the HIF-1α protein, increasing the stability of this protein and facilitating its nuclear
translocation, thereby regulating the expression of
VEGF. Thus, suppression of clathrin heavy chain either
by shRNA or by specific antibody inhibited pancreatic
adenocarcinoma growth and angiogenesis[85].
A better understanding of the impact of PFKFB gene
networks regulation on glycolysis as well as cell cycle control, apoptosis and cell survival promises to shed light on
the emerging association between PFKFB-3, PFKFB-4,
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Figure 12 Representative polyacrylamide gel autoradiograph employed in
a typical ribonuclease protection assay of endogenous 6-phosphofructo2-kinase/fructose-2,6-bisphosphatase-3 mRNA in pancreatic carcinoma
cell line Panc1, stable transfected by pcDNA3.1(+) vector (Panc1 cells) or
by dominant/negative 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 (Panc1 + dnPFKFB-3) in normoxic (N) condition and after treatment
of Panc1 cells with dimethyloxalylglycine, inhibitor of prolyl hydroxylase
(I; 1 mmol/L for 6 h). The 18S rRNA antisense probe was used as control
of analyzed RNA quantity[89]. PFKFB: 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase.

cell proliferation and cancer. These provide rationale for
the development of agents that selectively inhibit the
PFKFB3 and PFKFB-4 enzymes as antineoplastic agents.
Recently was shown that inhibition of PFKFB-3 activity suppresses glycolytic flux and tumor growth by rapid
induction of apoptosis in transformed cells[91,92]. It is possible, that the stimulation of glycolysis in cancer cells results by multimodal mechanism of stress stimuli affecting
PFKFB3 transcriptional regulation and kinase activation
by protein phosphorylation[41]. Moreover, the glycolytic
enzyme PFKFB3 regulates autophagy and inhibition of
PFKFB3 in tumor cells would induce autophagy as a prosurvival mechanism and inhibitors of autophagy could
increase the anti-tumor effects of PFKFB3 inhibitors[93,94].
Previously, we have shown that suppression of
PFKFB-3 and PFKFB-4 expression (P < 0.05-0.01) in
pancreatic Panc1 and PSN-1 cancer cells by dominant/
negative technology also decreases VEGF expression (P
< 0.05) and proliferation rate (P < 0.05) of these cells
(Figures 12-14)[95]. For this aim we introduced point mu-
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Figure 13 Quantification of ribonuclease protection assay of endogenous 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 mRNA
expression in pancreatic carcinoma cell line Panc1, stable transfected
by pcDNA3.1(+) vector or dominant/negative 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase-3 in normoxic (control) condition (C) and after treatment of Panc1 cells with dimethyloxalylglycine, inhibitor of prolyl
hydroxylase (I). n = 5; bP < 0.01 vs control[89]. dnPFKFB-3: Dominant/negative
6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3.

tation in ATP-binding domain of 6-phosphofructo-2kinase part of PFKFB-3 as well as PFKFB-4 cDNA and
cloned in pcDNA3.1 vector. Pancreatic Panc1 and PSN-1
cancer cells were stable transfected with dnPFKFB-3 and
dnPFKFB-4 constructs and studied the expression of
endogenous PFKFB-3, PFKFB-4, and VEGF-A mRNAs
in these cells as well as its proliferation rate. It was shown
that both dnPFKFB-3 and dnPFKFB-4 suppress the
expression of endogenous PFKFB-3, PFKFB-4, and
VEGF-A mRNAs as well as cell proliferation in pancreatic cancer cells[95]. Results of this investigation agree
with the role of PFKFB3-driven glycolysis in vessel
sprouting[78,80,81] and demonstrate possibility to apply the
dominant-negative strategy for suppression of tumor
cells glycolysis and proliferation through reduction of the
expression of PFKFB-3 and PFKFB-4 enzymes.
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PFKFB was also shown in gastric, colon, lung, and breast
cancer tissues. It is interesting to note that the protein
level of PFKFB-4 in colon and gastric malignant tumors
as well as non-malignant tissue counterparts was greater
as compared to the variant 3 of PFKFB. Both PFKFB-4
and PFKFB-3 isoenzymes are overexpressed in different
malignant tumors and undergo changes in their metabolism that contribute to the proliferation and survival of
cancer cells. A better understanding of the impact of
PFKFB gene networks regulation on cell cycle control
and glycolysis as well as nutrient balance at the molecular, cellular and system levels promises to shed light on
the emerging association between PFKFB-3, PFKFB-4,
cell proliferation and cancer. These provide rationale for
the development of agents that selectively inhibit the
PFKFB3 and PFKFB-4 enzymes as antineoplastic agents.
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Figure 14 Endogenous 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3, 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-4, and
vascular endothelial growth factor mRNA expressions in pancreatic carcinoma cell line PSN-1, stable transfected with pcDNA3.1(+) vector (Vector),
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fructose-2,6-bisphosphatase; VEGF: Vascular endothelial growth factor.

Thus, PFKFB-4 as well as PFKFB-3 participates in
the regulation of glycolysis and promotes tumor growth
and survival of cancer cells[34,52-54,91]. Moreover, targeting
PFKFB3 by specific inhibitors is a perspective therapeutic strategy against cancer[91,92]. It was also shown that
blocking of PFKFB4 induces reactive oxygen species and
cancer cell death and that targeting PFKFB4 may also,
therefore, present new therapeutic opportunities[52,53].

CONCLUSION
PFKFB-3 and PFKFB-4 play a significant role in the regulation of glycolysis and cancer growth by inducing cell
proliferation and survival. The PFKFB-4 and PFKFB-3
genes have active HIF-responsible elements and its expression is increased in different malignant tumors and
strongly induced in various cancer cell lines under hypoxia. The expression of PFKFB-4 and PFKFB-3 genes
as well as its hypoxia responsibility was also shown for
pancreatic (Panc1, PSN-1 and MIA Paca-2) and gastric
(MKN45 and NUGC3) cancer cell lines. The highest
constitutive expression level of PFKFB-4 protein was
found in the NUGC3 adenocarcinoma cells and lowest in
the Panc1 cells, with the maximum response to hypoxia
in the pancreatic adenocarcinoma cells. Moreover, the hypoxia responsiveness of PFKFB-3 and PFKFB-4 mRNA
expressions in pancreatic and gastric cancer cell lines is
correlated with the increased level of HIF-1α protein
and enhanced expression of VEGF and GLUT1 genes.
At the same time, the basal expression level of HIF-1α
as well as HIF-2α mRNA and their hypoxia responsiveness are variable in these cancer cells as well as in many
other cancer cell lines. The overexpression of different
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Abstract
The management of gastric cancer continues to evolve.
Whilst surgery alone is effective when tumours present
early, a large proportion of patients are diagnosed with
loco-regionally advanced disease, resulting in high locoregional and distant relapse rates, with subsequent
poor survival. Early attempts at improving outcomes
following resection were disappointing; however, randomized trials have now established either post-operative chemoradiotherapy (INT0116) or peri-operative
chemotherapy as standard adjuvant therapies in the
Western world. There remain, however, significant differences in the approach to management between the
West and East. In Asia, where there is the highest incidence of gastric cancer, extended resection followed
by adjuvant chemotherapy represents the standard of
care. This review discusses current standard adjuvant
therapy in gastric adenocarcinoma, as well as recent
and ongoing trials investigating novel (neo)adjuvant
approaches, which hope to build on the successes of
previous studies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Surgery remains the cornerstone of curative
therapy in gastric cancer. However, a large proportion
of patients are diagnosed with locally advanced disease, resulting in poor survival. Randomized trials have
now established either post-operative chemoradiotherapy or perioperative chemotherapy as standard adjuvant
therapies in the Western world. There remain, however,
significant differences in the approach to management
between the West and East. In Asia, extended resection followed by adjuvant chemotherapy represents the
standard of care. This review discusses the evidence
supporting current standard adjuvant therapy in gastric
cancer, as well as recent and ongoing trials investigating novel (neo)adjuvant approaches.
Foo M, Leong T. Adjuvant therapy for gastric cancer: Current and future directions. World J Gastroenterol 2014; 20(38):
13718-13727 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13718.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13718

INTRODUCTION
Gastric cancer represents the second leading cause of
cancer death worldwide and is the fourth most common malignancy in the world, with an estimated 988000
new cases diagnosed in 2008, and accounting for 736000
cancer-related deaths[1].
Surgery provides high rates of cure in the early stages;
however less than 25% of patients present with early
stage disease. The survival of the remaining patients with
potentially curable, non-metastatic disease falls below
50% and 20% when the tumour invades through the
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Table 1 American Joint Committee on Cancer 6 vs 7
edition staging of gastric cancer
th

th

AJCC 6
T1

Tumour invades
lamina propria or
submucosa

T2a

Invades Muscularis
propria
Invades Subserosa
Penetrates Serosa
(visceral peritoneum),
without invasion of
adjacent structures
Invades adjacent
structures

T2b
T3

T4

AJCC 7
T1a

Invades Lamina propria or
muscularis mucosae

T1b
T2

Invades Submucosa
Invades Muscularis propria

T3

Penetrates subserosal connective
tissue without invasion of
visceral peritoneum or adjacent
structures
Tumor invades serosa (visceral
peritoneum)
Tumor invades adjacent
structures
1-2 nodes involved
3-6 nodes involved
7-15 nodes involved
> 15 nodes involved

T4a
T4b

N1
N2
N3

1-6 nodes involved
7-15 nodes involved
> 15 nodes involved

Asian countries, both in terms of approach to management of gastric cancer, as well as efficacy of therapy.
Whereas a D1 or less lymph node dissection has been
common practice amongst Western surgeons, Japanese
surgeons in particular consider an adequate lymphadenectomy to at least include the D2 echelon of nodes
(described below). There are also frequently observed
differences in outcomes, where reported survival rates
are consistently higher in Asian studies[6-8]. It is not clear
whether the extent of surgery can solely be responsible
for this. Numerous hypotheses have been suggested to
explain this observation, the first of which relates to the
issue of stage migration, where a more extensive nodal
dissection leading to more accurate prognostic stratification and inevitable upstaging in a proportion of patients
may in fact falsely suggest a treatment benefit[9]. Other
factors may also contribute, including inherent biological
differences in the disease between the two populations[10],
as well as differing tolerance and sensitivity to chemotherapeutic agents.

th

N1
N2
N3a
N3b

AJCC: American Joint Committee on Cancer.

EXTENT OF LYMPH NODE DISSECTION

muscularis propria and involves regional lymph nodes,
respectively[2], prompting much effort to improve patient
outcomes following gastrectomy.
The publication of two landmark trials in 2001 and
2006 established both post-operative chemo-radiotherapy
(CRT) and perioperative chemotherapy (CT) as effective adjuvant treatment options, and both are currently
accepted standards of care in the Western world [3,4].
However, debate continues concerning the applicability
of these trials to the Asian population, where there is the
highest incidence of gastric cancer.
The staging of gastric cancer has recently undergone
revision, with the 7th edition of the American Joint Committee on Cancer classification amending the T-stage
definition of serosal and subserosal invasion, as well as
the extent of lymph node involvement (Table 1)[2,5]. It
also addresses the classification of tumours arising at the
gastro-oesophageal junction. Though there continues to
be wide variation and imprecise definitions of gastrooesophageal junction (GOJ) tumours (including gastric
cardia), the current staging system classifies tumours that
arise in the gastric cardia, or within 5 cm of the GOJ and
extending into the oesophagus, as oesophageal cancers.
This review will examine current standard adjuvant
therapies in resectable gastric adenocarcinoma, and will
focus predominantly on tumours arising in the stomach,
rather than the GOJ. In addition, newer strategies and
trials, which aim to build on the successes of current adjuvant and neoadjuvant approaches will be discussed.

“EAST VS WEST” APPROACH TO
GASTRIC CANCERS
There continues to be differences between Western and

WJG|www.wjgnet.com

The extent of lymphadenectomy remains a major area
of controversy in gastric cancer management. Though
a comprehensive discussion of lymphadenectomy is beyond the scope of the current review, a brief discussion
follows, as it puts into context some of the difficulties
with interpreting and comparing results of older vs newer
studies, as well as Asian vs Western trials.
Although there are slight variations in definition,
in general, a D1 lymphadenectomy entails removal of
perigastric lymph nodes as well as those around the left
gastric artery (stations 1-7), whereas a D2 dissection removes additional lymph nodes around the hepatic, celiac,
splenic, as well as splenic hilar and hepatoduodenal (stations 8-12) nodes[11]. Comprehensive guidelines describing the extent of lymphadenectomy according to primary
tumour location are detailed by the Japanese Research
Society for Gastric Cancer (JRSGC)[12]. Extended dissections beyond D2 are not routinely performed, as these
lymph nodes are often regarded as distant metastases[2].
Japanese surgeons consider a D2 dissection the standard
of care, whilst less extensive dissections are still commonplace amongst Western surgeons.
There have been at least five randomised controlled
trials (RCT’s) comparing D1 vs D2 dissection, of which
the Dutch and United Kingdom Medical Research Council (MRC) trials were the largest[13-17]. In addition, multiple
reviews of these trials have been reported. In summary,
most of these trials suggested higher rates of mortality and morbidity with D2 dissection, with no convincing overall survival benefit[18-20]. This was confirmed in
a recent meta-analysis published in 2012, of five RCT’s
where overall hospital mortality was higher in D2 patients
(RR = 2.02; 95%CI: 1.30-3.14, P = 0.002); however, overall survival at 5 years reported in three trials was similar
at 43.5% and 44.9% for D1 and D2 patients, respectively
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(RR = 1.06; 95%CI: 0.85-1.33, P = 0.58)[21]. It is interesting to note that in a recent 15-year update of the Dutch
RCT, the authors reported a reduction in gastric cancerrelated deaths, although there was still no difference in
overall survival (OS)[16].
There is evidence that at least some of the morbidity
associated with D2 dissection may relate to the requirement for spleen and pancreas resection. The most recent
results from the Italian RCT, which show no difference
in morbidity or mortality between D1 and D2 certainly
suggests there may be a contribution and benefit from
advances in modern surgical technique and perioperative
care[17]. Despite a lack of clear evidence of benefit, there
is growing consensus amongst Western surgeons that D2
dissection should be performed whenever possible.

STANDARD OF CARE IN THE
WEST-POSTOPERATIVE CRT AND
PERIOPERATIVE CT
The role of locoregional radiation is based on the fact
that a significant proportion of relapses following curative gastrectomy occur in the upper abdomen[22]. In fact,
early evidence suggested that these recurrences are likely
occult and exceeded clinically detected events, thereby
providing further rationale for adjuvant radiotherapy[23,24].
Initial efforts to improve outcomes after surgery
alone, however, were disappointing. Earlier trials of preand post-operative radiotherapy, which individually did
not demonstrate any benefit, were hampered by small
numbers, toxicity, and heterogeneous dose-fractionation
schedules[25-28].
In 2001, the INT0116 trial was reported by MacDonald et al[4] and demonstrated a major survival advantage
for the use of postoperative adjuvant chemoradiotherapy.
This trial randomly assigned 556 patients with stage IBIV gastric cancer following surgery to either observation
or adjuvant therapy with 4 monthly cycles of bolus 5-fluorouracil (5-FU) and leucovorin combined with radiation to 45 Gray in 25 fractions. With a median follow-up
period of 5 years, the 3-year survival rate was 50% in the
CRT group vs 41% in the surgery alone group (P = 0.005).
The 10-year update demonstrated persistent median OS
benefits of 35 mo vs 27 mo, with a HR of 1.32 (95%CI:
1.10-1.60; P = 0.046)[29].
The criticisms of adjuvant CRT in the MacDonald
study included the substantial rates of acute toxicity (33%
had ≥ grade 3 gastro-intestinal toxicity), lower rates and
extent of nodal dissection (54% had a D0 dissection
and only 10% had a formal D2 dissection), the relatively
simple (and now outdated) radiotherapy techniques used,
and the choice of chemotherapy regimen, the latter two
of which are further discussed below.
The publication of the MAGIC trial in 2006 provided
a new option for the treatment of gastric cancer[3]. This
trial randomly assigned 503 patients with resectable stage
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IB-IV gastric cancer to either perioperative chemotherapy [three preoperative and three postoperative cycles of
epirubicin cisplatin, 5-FU (ECF)] and surgery or surgery
alone. With a median follow-up of 4 years, the 5-year
survival rate was 36% in the perioperative chemotherapy
group vs 23% in the surgery alone group (HR = 0.75;
95%CI: 0.6-0.93; P = 0.009).
Therefore, in Western countries there are two standards of care for patients with resectable gastric cancer[30-32], leaving clinicians with the dilemma of which
strategy to employ. There are difficulties in delivering
post-operative therapy in patients who are deconditioned following surgery, and this was highlighted in both
INT0116, where only 64% of patients randomized to
the CRT arm completed all protocol treatment, as well as
MAGIC, where less than half of patients completed the
post-operative component of protocol chemotherapy. In
contrast, pre-operative therapy is far better tolerated: in
the MAGIC study, 86% of patients completed all three
neo-adjuvant cycles of ECF, with haematological toxicity being the most common toxicity (24%-28% grade 3-4
granulocytopaenia), and grade 3-4 nausea and vomiting
occurring in only 6.4% and 5.6%, respectively. In addition, the rates of post-operative complications, deaths
within 30 d and median hospital stay were similar in both
arms of the MAGIC trial.
It is obviously difficult to directly compare absolute
outcomes across both trials as the patient cohorts were
dissimilar, in that MAGIC included a slightly higher proportion of node-negative patients (28% vs 15%), as well
as patients with distal oesophageal primaries (15% vs 0%).
In addition, approximately 66% of patients in MAGIC
underwent a curative resection (according to the operating surgeon), whereas in INT0116, all patients underwent
an R0 resection. This is likely a reflection of the fact
that the MAGIC trial recruited patients pre-operatively,
whereas patients in INT0116 were randomised 20-40
days following R0 gastrectomy.
Despite the issues with INT0116 described above,
there are other lines of evidence to support a benefit for
radiotherapy in gastric cancer, including several metaanalyses and a large population-based database, all of
which consistently demonstrate a survival benefit for
the addition of radiotherapy to surgery. The four metaanalyses of radiotherapy published since 2006 are summarized in Table 2[33-36]. One of the more recent metaanalysis was reported by Ohri et al[33] and included 13
trials with 2811 patients[37-42]. Their results were consistent
with those from previous meta-analyses, suggesting that
the addition of radiotherapy to surgery (with or without
CT) improves OS [HR = 0.78 (0.70-0.86), P < 0.001].
Inclusion of the three more recent Asian trials, which
compared adjuvant CT with adjuvant CRT, also showed
improvements in DFS [HR = 0.77 (0.91-0.65), P = 0.002],
as well as OS [HR = 0.83 (0.67-1.03), P = 0.087], though
the latter did not reach statistical significance.
An analysis of the Surveillance, Epidemiology, and
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Table 2 Meta-analyses of adjuvant chemo-radiotherapy trials after 2006
Ref.
[33]

Ohri et al
Guo et al[36]
Valentini et al[35]
Fiorica et al[34]

Year

Number of trials

Number of patients

HR

2013
2011
2009
2007

13
9
9
9

2811
1548
2025
1694

HR = 0.78 [0.70-0.86]
OR = 0.57 [0.34-0.95]
RR = 1.26 [1.08-1.48]
OR = 0.54 [0.43-0.68]

P value
< 0.001
0.03
0.004
< 0.00001

Table 3 Meta-analyses of adjuvant chemotherapy after 2006
Author

Year

Number of trials included

Number of patients

HR for OS

GASTRIC
Sun et al
Zhao et al
Liu et al

2010
2009
2008
2008

17
12
15
19

3838
3809
3212
4599

HR = 0.82 [0.76-0.90]
HR = 0.78 [0.71-0.85]
RR = 0.88 [0.77-0.99]
RR = 0.85 [0.80-0.90]

P value
< 0.001
< 0.001
0.001
< 0.00001

GASTRIC: Global Advanced/Adjuvant Stomach Tumor Research International Collaboration; OS: Overall survival.

End Results database, which includes 11630 patients,
suggested a benefit for adjuvant radiotherapy predominantly in node-positive patients (5-year OS 30.4% vs
21.4%, P < 0.0001)[43]. The survival benefit of CRT was
consistently demonstrated when > 15 or > 30 lymph
nodes were removed in N1/2 and N3 patients, respectively.
Current consensus and practice guidelines from the
National Comprehensive Cancer Network, European
Society for Medical Oncology and Canada recommend
either perioperative CT or post-operative CRT as standard treatment options for patients with resectable gastric
cancer[30-32].

STANDARD OF CARE IN THE EASTADJUVANT CHEMOTHERAPY
Adjuvant CT has been a widely explored approach both
in Western and Asian countries since the 1960’s, given
the propensity for distant and metastatic relapse following curative resection. Various agents have been tested
including 5-FU, doxorubicin, mitomycin C, epirubicin,
cisplatin and various combinations of these.
Multiple meta-analyses of adjuvant CT have been
reported, the most recent of which are summarised in
Table 3[44-48]. These show a modest survival benefit for adjuvant CT, particularly in Asian patients. The GASTRIC
meta-analysis was an individual patient-level analysis of
17 trials including 3838 patients[49]. At a median follow-up
of 7 years, adjuvant CT significantly increased OS from
49.6% to 55.3% [HR = 0.82 (0.76-0.90); P < 0.001]. Similar statistically significant effects were seen with DFS.
Although adjuvant CT is not used routinely in the
West, it represents standard practice in the East, following the reporting of two large RCT’s in Asian patients,
namely the CLASSIC trial from East Asia and the Japanese ACTS-GC trial, both of which used different CT
regimens[50-52].

WJG|www.wjgnet.com

The ACTS-GC trial randomized 1059 patients with
stage Ⅱ or Ⅲ gastric cancer following D2 gastrectomy to
observation or S-1, an oral fluoropyrimidine CT preparation containing tegafur, gimeracil and oteracil, for 1 year
after surgery. Initial results were published in 2007[50],
and 5-year follow-up data have recently been reported[51].
There is a persistent OS benefit of S-1 from 61% to 71%
[HR = 0.669 (0.54-0.828)]. S-1 appears well tolerated with
< 5% of patients reporting grade 3 or higher toxicities.
S-1, however, is not widely available in Western countries.
The CLASSIC trial randomized 1035 patients with
stage Ⅱ or Ⅲ gastric cancer following D2 gastrectomy
to observation or eight cycles of capecitabine and oxaliplatin[52]. Patients in the CT arm had improved 3-year
disease-free survival, from 59% to 74% (P < 0.0001).
Overall survival was also improved (78% vs 83%, P =
0.0493). However, more than half the patients in the CT
arm experienced grade 3 or 4 toxicities.
As a result of these two trials, the current standard of
care for adjuvant therapy of gastric cancer in the East is
postoperative CT with either S-1 or capecitabine/oxaliplatin.

BEYOND MAGIC AND INT0116
Since the reporting of the MAGIC trial in 2006, a new
generation of adjuvant gastric studies have been reported
that include more recent RCT’s, and studies of novel
neoadjuvant approaches.
Perioperative chemotherapy
The MAGIC study reported that only 49.5% of patients
in the perioperative CT arm completed all post-operative
treatment, prompting some investigators to question the
relative contribution of the post-operative cycles of CT.
Two European RCT’s have evaluated pre-operative
CT vs surgery alone. The ACCORD-07/FFCD 9703 trial
reported by Ychou et al[53] which closed early because of
poor accrual, randomized 224 patients to surgery alone
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Table 4 Trials of adjuvant chemo-radiotherapy vs adjuvant chemotherapy in gastric cancer after 2006
Ref.

Year

Postop CRT arms

Lee et al[37]

2012

Surg

Yu et al[42]

2012

Surg
Surg

Kim et al[39]

2012

Surg
Surg
Surg

Bamias et al[40]

2010

Surg
Surg

Cape/Cis x2 - 45Gy/
Cape - Cape/Cis x2
Cape/Cis - x6
FU/LV - 45Gy/FU/LV FU/LV
FU/LV
5-FU/LV x5
x1 5-FU/LV - 45Gy/5-FU - x2
5-FU/LV
Docetaxel/Cisplatin x6

Yu et al[42]

2012

Surg

Docetaxel/Carboplatin +
45Gy
5-FU/LV x5

Kwon et al[41]

2010

Surg
Surg

INT-0116
5-FU/Cis x6

Surg

FPx1 - 45Gy/Cape - FP x3

No. of % having D2
patients
dissection

P value

Survival
Outcome

Outcome

P value

3-yr DFS
78.2% vs 74.2%

0.862

5-yr RFS
45.2% vs 35.8%

0.029 (for
median OS)

< 0.05

458

100%

404

100%

5-yr OS
48% vs 41.8

90

100%

54.6% vs 65.2%

147

44% D1-2

OS/DFS no
difference

68

69%

3yr OS
68% vs 44%

< 0.05

3-yr DFS
56% vs 29%

61

100%

5-yr OS
70.1 vs 70%

0.814

5-yr DFS
80% vs 75%

0.122 (for
median OS)
0.67

0.887

Cape: Capecitabine; Cis: Cisplatin; FU/LV: Fluorouracil/leucovorin; FP: Fluorouracil/cisplatin; OS: Overall survival; DFS: Disease-free survival; RFS:
Relapse-free survival.

vs two to three cycles of pre-operative cisplatin and 5-FU
CT. This study included predominantly patients with gastro-oesophageal junction adenocarcinomas, with stomach
primaries allowed later in the study and comprising 25%
of the patients enrolled. At a median follow-up of 5.7
years, pre-operative CT improved the R0 resection rate
from 74% to 84% (P = 0.004), as well as increasing 5-year
OS and DFS from 24% to 38% (P = 0.02), and 19% to
34% (P = 0.003), respectively. The EORTC 40954 trial,
which also closed early because of poor accrual, randomized 144 patients (of a planned 360) to surgery alone vs
two cycles of pre-operative cisplatin and 5-FU CT. Although this trial allowed the inclusion of Siewert Ⅰ and
Ⅱ GOJ tumours, 47.2% of patients had primary tumours in the middle and lower third of the stomach. At
a median follow up of 4.4 years, despite an improvement
in RO resection rate from 66.7% to 81.9%, there was no
difference in overall survival between the two arms[54].
The reasons for the negative result in the EORTC trial
are not clear. Possible explanations include poor accrual,
higher reported rates of postoperative complications and
lower proportion of patients completing the full protocol
of pre-operative CT. In addition, the trial has also highlighted some of the difficulties with accurate pre-operative
staging, where 50% of patients in the surgery alone arm
had pT1-2 tumours, despite inclusion criteria requiring
endoscopic ultrasound (EUS) stage T3-4 tumours only,
suggesting a degree of over-staging with EUS.
Postoperative chemoradiotherapy
An important question, particularly for Asian surgeons,
is the relative and incremental benefit of postoperative
radiation above and beyond that of CT, in the context of
extended lymphadenectomy.
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There have been at least six recent trials examining
the addition of postoperative CRT to CT, five of which
have been conducted in Asian patients. These are outlined in Table 4, with the ARTIST trial from South Korea
being the largest[37-42]. This Phase Ⅲ RCT randomized
458 patients following D2 gastrectomy to adjuvant CT
alone with six cycles of capecitabine and cisplatin (XP)
vs adjuvant CRT comprising 2 cycles of XP, then 45Gy
CRT with Capecitabine, followed by two further cycles
of XP. At a median follow up of 53 mo, the primary
endpoint was not met, with no difference in 3-year DFS.
However, an unplanned subgroup analysis of nodepositive patients (comprising 86% of patients), showed
significant improvement in 3-year DFS (77.5% vs 72.3%;
P = 0.0365). It is worth noting that the final analysis of
the study was performed earlier than initially planned, as
there were fewer events than expected. This was likely
related to the fact that almost 60% of patients had early
stage disease (i.e., IB/IIA), of which more than 20% had
T1 or T2 primaries.
In terms of treatment tolerability, only three of 203
patients that started CRT did not complete radiotherapy,
and the majority completed two further protocol cycles
of chemotherapy. In contrast to the INT0116 study,
where 33% of patients experienced grade 3 or higher GI
toxicity, the incidence of grade 3 or higher nausea, vomiting, diarrhoea, stomatitis or constipation was approximately 19%, compared with 19.9% in the chemotherapy
only arm. It is also interesting to note the incidence of
Grade 2 nausea and vomiting seemed lower in the CRT
arm (18.9% and 4.8%) compared with the chemotherapy
alone arm (27.9% and 8.4% respectively).
An analysis of failure pattern data from INT0116
showed minimal effect of 5-FU/LV on distant failure,
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INT0116

Pre-op CT ECF
x3

MAGIC

CALGB 80101

Surgery

Pre-op CRT:
5-FU/LV x1, then RT
45Gy + 5-FU, then
5-FU/LV x2

Surgery

Pre-op CT ECF
x3

Surgery

Pre-op CRT:
ECF x1, then RT 45Gy
+ 5-FU, then ECF x2

Figure 1 Experimental arms for INT0116, MAGIC and CALGB 80101 study. ECF: Epirubicin, cisplatin, 5-fluoro-uracil; LV: Leucovorin; FU/LV: Fluorouracil/leucovorin; CT: Chemotherapy; CRT: Chemo-radiotherapy.

suggesting that the improvement noted in the study entirely reflected an improvement in local control, with little
effect on distant metastases. This strongly suggests that
the 5-FU/LV combination delivered in this study produced its effect through radiosensitisation to assist radiation therapy in obtaining local control. With the aim of
improving distant disease control, the US Intergroup have
recently completed a phase Ⅲ RCT, which attempted to
build on the results from INT0116 by incorporating a potentially more active chemotherapy regimen using ECF[55].
This study randomised 546 patients to post-operative
CRT using the INT0116 regimen with 5-FU/LV vs postoperative CRT sandwiched between cycles of ECF (Figure
1). Preliminary results, which have only been reported in
abstract form, suggest no difference in survival outcomes,
although the toxicity profile favoured the ECF arm.

FUTURE DIRECTIONS/ONGOING TRIALS
A number of ongoing RCT’s are examining various neoadjuvant and adjuvant strategies.
In Asian countries, ongoing trials aim to define the
optimum postoperative strategy. The SAMIT trial from
Japan has recruited 1495 patients and will examine the
addition of paclitaxel to fluoropyrimidine adjuvant CT
following gastrectomy[56]. The addition of post-operative
CRT to CT is being further evaluated in the ARTIST2
trial from South Korea. This trial aims to build on the
first ARTIST trial by limiting eligibility to patients with
node-positive tumours only, thus randomizing patients to
adjuvant CT vs adjuvant CRT. It will incorporate S1 and
oxaliplatin CT regimens in a 4-arm design with radiotherapy.
In Western countries, ongoing trials aim to build on
the results of perioperative ECF as demonstrated in
MAGIC, either by adding novel agents or radiotherapy.
The MRC ST03 trial from the United Kingdom is a phase
Ⅲ RCT that will examine the addition of bevacizumab (a
humanized monoclonal antibody against vascular endo-
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thelial growth factor) to perioperative ECF. The Dutch
CRITICS trial is a phase Ⅲ RCT of preoperative chemotherapy using epirubicin, cisplatin and capecitabine (ECC)
followed by surgery and further ECC (i.e., MAGIC), or
by surgery and CRT (Figure 2)[57].
Preoperative radiotherapy
The benefit of using radiotherapy in the pre-operative
setting has been conclusively demonstrated in a number
of other cancer sites[58-60]. However, there are concerns
when adopting a neoadjuvant approach, including potential delay before definitive resection, the possibility of disease progression, and peri- and post-operative morbidity.
There are sound radiobiological and practical reasons to
support a neoadjuvant RT approach, including a theoretical reduction in hypoxia and, therefore, radioresistance,
potential for tumour down-staging and increased R0
resection rate, improved tolerability, as well as improved
target and tumour delineation.
A previous RCT in 370 patients with tumours of the
gastric cardia demonstrated a survival benefit for preoperative radiotherapy alone[61]. There has been increasing
interest in incorporating concurrent radio-sensitising CT
in this preoperative setting. Although no RCT’s have yet
been reported, several prospective Phase Ⅱ studies have
reported promising results (Table 5), with > 70% of
patients undergoing R0 resections, and complete pathological response rates of up to 30%[62-64]. An ongoing international RCT (TOPGEAR), is examining the addition
of this neo-adjuvant CRT strategy to perioperative CT
(Figure 2)[65].

CONCLUSION
The treatment of locally advanced gastric cancer remains
a challenge. Whilst there are promising approaches, incorporating novel targeted agents, as well as neo-adjuvant
CRT strategies, current evidence suggests postoperative
CRT and perioperative CT remain appropriate standard
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CRITICS and TOPGEAR Studies

CRITICS

Pre-op CT ECF
x3

Surgery

TOPGEAR

Pre-op CT:
ECC x2, then PRE-op
CRT 45Gy/25F + 5-FU

Surgery

Pre-op CRT 45Gy/25F +
Cisliatin/Capecitabine

Pre-op CT:
ECC x3

Figure 2 Experimental arms of CRITICS and TOPGEAR trials. ECC: Epirubicin, cisplatin and capecitabine; CRT: Chemo-radiotherapy; FU: Fluorouracil; ECF: Epirubicin, cisplatin, 5-FU; LV: Leucovorin; CT: Chemotherapy.

Table 5 Prospective phase 2 trials of preoperative chemo-radiotherapy
Ref.

Year

No. of patients

Induction CT

CRT

Proceeded to surgery

R0 resection

pCR

Ajani et al[62]
Ajani et al[63]
Ajani et al[64]

2004
2005
2006

34
41
49

x2 FU/Cis/LV
x2 FU/Cis/Paclitaxel
x2 FU/Cis/LV

45Gy/FU
45Gy/FU/Paclitaxel
45Gy/FU/Paclitaxel

85%
98%
83%

70%
78%
77%

30%
20%
26%

pCR: Pathological complete response; Cis: Cisplatin; CRT: Chemo-radiotherapy; FU: Fluorouracil; CT: Chemotherapy; LV: Leucovorin.

adjuvant treatments in the Western world. Large randomized trials have also established adjuvant CT alone, either
with S-1 or Capecitabine/Oxaliplatin, as standards of
care in Asian countries, where patients routinely undergo
D2 gastrectomy.
The role of postoperative CRT continues to be debated, especially in the setting of D2 gastrectomy. However,
based on the current evidence, post-operative chemoradiotherapy should be considered in high-risk gastric
cancer patients who undergo less than a D2 dissection.
The ongoing ARTIST Ⅱ (in the Asian population) and
CRITICS (in the Western population) trials will help to
clarify the role of postoperative CRT in these settings.
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Abstract
Advances in molecular diagnostic tools have allowed
the identification of lymph node micrometastasis (LNM),
including isolated tumor cells, in cancer patients. While
immunohistochemistry and reverse transcription-polymerase chain reaction have been used to identify LNM
in patients with gastric cancer, the clinical significance
of this finding remains unclear. Recently, minimally
invasive treatments, such as endoscopic submucosal dissection and laparoscopic surgery, are widely
performed to help improve postsurgical quality of life
(QOL). However, it is important to maintain the balance
between QOL and curability when making treatments
decision for patients with gastric cancer. If minimally
invasive surgery based on accurate intraoperative LNM
diagnosis was established, it could be performed safely.
Therefore, we reviewed the clinical significance of LNM
detected by molecular techniques as an important target for treatment decision making with gastric cancer
patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Advances in molecular diagnostic tools have allowed the identification of lymph node micrometastasis
in cancer patients. Minimally invasive treatments, such
as endoscopic submucosal dissection and laparoscopic
surgery, are widely performed to help improve postsurgical quality of life (QOL). However, it is important to
maintain the balance between QOL and curability.
Sonoda H, Tani T. Clinical significance of molecular diagnosis
for gastric cancer lymph node micrometastasis. World J Gastroenterol 2014; 20(38): 13728-13733 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13728.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13728

INTRODUCTION
Regional lymph node metastasis is the most important
prognostic factor for patients with gastric cancer. Therefore, radical gastrectomy with D2 lymph node dissection
is recognized as the standard surgical treatment for early
gastric cancer (EGC). Patients with EGC have good
prognosis, with a 5-year survival rate for mucosal and
submucosal gastric cancer of 95%-100% and 85%-95%,
respectively [1-3]. Nevertheless, some patients without
lymph node metastasis who received radical gastrectomy
based on conventional histological hematoxylin-eosin
(HE) staining occur disease recurrence[4-6]. Such reserches
have concluded that lymph node micrometastasis (LNM)
might be a key causative factor for gastric cancer recurrence. However, it is difficult to preoperatively diagnose
lymph node metastasis, including micrometastasis, using
imaging examinations (e.g., ultrasonography, computed
tomography, and positron emission tomography) in patients with gastric cancer[7].
To increase the quality of life (QOL) of patients with
EGC, minimally invasive treatments, such as endoscopic
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submucosal dissection (ESD), laparoscopic surgery and a
reduced form of a lymphadenectomy are preferred treatment options. Thus, it is more important to select those
patients in which lymph node metastatic disease is not
present. Recently, the clinical efficacy of sentinel lymph
node navigation surgery (SLNNS) has been investigated
in patients without lymph node metastasis preoperatively
(cN0), and many reserchers have reported that SLNNS
is applicable in patients who are preoperatively diagnosed
with cT1 and cN0 gastric cancer[8-11]. Accordingly, the
precise intraoperative assessment whether lymph node
metastasis, including micrometastasis, is present or not
is extremely important for treatment planning purposes
when utilizing less invasive treatments. This review will
focus on the clinical significance of molecular diagnosis
for LNM as an important therapeutic target in gastric
cancer and will discuss the recent progress in this field.

Literature search
A Pubmed search using the terms gastric cancer, micrometastasis was performed for article published from 1946
to 2013. The literature search was limited to English language only. From these searched articles, we selected and
reviewed clinical studies about LnM of gastric cancer.
Moreover, we described future perspective based on the
molecular techniques for detection of the LnM.

DEFINITION OF LNM
Micrometastasis was defined as tumor cell clusters measuring from 0.2 mm to 2.0 mm in their greatest dimension, and classified as pN1 (mi) by the criteria of the
tumor-node-metastasis (TNM) classification established
by the International Union Against Cancer (UICC)[12]. On
the other hand, isolated tumor cells (ITC) are defined as
single tumor cells or small clusters of cells measuring ≤
0.2 mm in their greatest dimension, and classified as pN0
(i+). Furthermore, patients with lymph node metastasis
detected only by using reverse transcription-polymerase
chain reaction (RT-PCR) are classified as pN0 (mol+).

DETECTION OF MICROMETASTASIS
Several procedures have been used for the detection of
LNM in gastric cancer patients. First, Isozaki et al[13] reported that the detection rate of lymph node metastases
of gastric cancer by serial sectioning was significantly
higher than that of routine histological diagnosis. Immunohistochemistry (IHC) has also been used to detect
LNMs. Epithelial marker, such as cytokeratin (CK), is
commonly used to identify LNM in IHC. According
to the previous studies, CK AE1/AE3 and CAM5.2
monoclonal antibodies (mAb) were often used to detect
LNM of gastric cancer. The greatest advantage of IHC
is that we can morphologically recognize cells in lymph
nodes. However, there are some problems to apply IHC
for the detection of LNM, such as the serial numbers of
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lymph node section required. Noura et al[14] demonstrated
that the diagnosis of LNM in colorectal cancer patients
should be assessed by IHC for at least five sections. IHC
can be time consuming, but Matsumoto et al[15] established a rapid IHC procedure that could diagnose LNM
within 30 min. They have been recently applied this rapid
IHC technique for the detection of LNM during surgery
in the upper gastrointestinal tract cancer. However, this
method has not been widely accepted.
Due to progress in molecular biological techniques,
RT-PCR can now be used for the detection of LNM. CK
and carcinoembryonic antigen (CEA) are usually used as
target markers for the detection of LNM[16-19]. CEA is a
200 kDa glycoprotein that is not expressed in normal gastric mucosa but expressed in most gastric cancer cells[20].
Although the RT-PCR assay has high sensitivity for the
detection of small numbers of occult cancer cells in
lymph nodes, several reserchers have reported that there
are some problems to apply the RT-PCR assay for the
detection of LNM[21,22]. First, false-positives may be produced by RT-PCR because of the contamination or the
presence of pseudogene[21]. Second, there is a possibility
of false-negatives because of the heterogeneous expression of target markers[22]. We previously reported that the
MUC2 RT-PCR assay was a sensitive and specific method
to detect LNM in gastric cancer patients[23]. Furthermore,
detailed assessment by duplex[24] or multiplex[25] RT-PCR
assay has been recommended in order to decrease the
rate of false-negative results. Moreover, the use of RTPCR assay as an intraoperative diagnostic tool for the detection of LNM requires rapid analysis during operation
in a highly sensitive and specific manner. Horibe et al[26]
developed a rapid method to detect LNM with the use of
a reverse transcription loop mediated isothermal amplification (RT-LAMP) reaction. This technique requires less
than 1 hour to obtain the final results. Recently, Sysmex
Corp. (Kobe, Japan) developed a one-step nucleic acid
amplification (OSNA) assay, which is an automated system that uses the RT-LAMP method for gene amplification. In this system, the cytokeratin 19 (CK19) mRNA,
cancer specific molecular marker, is directly and rapidly
amplified from the homogenized lymph nodes. Results
are available within 30 min for one lymph node because
the mRNA purification process that is usually performed
in RT-PCR methods is not required in this assay. We can
also analyze four lymph nodes simultaneously. Kumagai
et al[27] reported that the OSNA assay could detect LNM
as accurately as the histological examination of blocks
sectioned at 2-mm intervals in the patients with gastric
cancer. Therefore, they concluded that the OSNA assay is a useful tool for the intraoperative diagnosis of
LNM in gastric cancer patients. Moreover, Yaguchi et
al[28] described the use of the OSNA assay with SLNNS
in patients with gastric cancer. There is some doubt as
to whether the OSNA assay using a single marker is sufficient for detection of LNM in gastric cancer. However,
advances in the RT-PCR assay are likely, and will likely
enhance the clinical utility of this molecular system for

13729

October 14, 2014|Volume 20|Issue 38|

Sonoda H et al . Molecular diagnosis for GC LNM
Table 1 Immunohistochemical studies in gastric cancer patients with histological node negatively diagnosed by hematoxylin-eosin
staining n (%)
Ref.

Year

Marker

Depth of tumor invasion

No. of patients

Maehara et al[4]
Cai et al[1]
Harrison et al[42]
Nakajo et al[41]
Fukagawa et al[40]
Morgagni et al[39]
Choi et al[38]
Yasuda et al[29]
Morgagni et al[37]
Miyake et al[36]
Yonemura et al[35]
Kim et al[30]
Ishii et al[34]
Kim et al[33]
Cao et al[32]
Wang et al[31]

1996
2000
2000
2001
2001
2001
2002
2002
2003
2006
2007
2008
2008
2009
2011
2011

CAM5.2
CAM5.2
CAM5.2
AE1/AE3
AE1/AE3
MNF116
35βH11
CAM5.2
MNF116
AE1/AE3
AE1/AE3
AE1/AE3
O.N.352
AE1/AE3
AE1/AE3
AE1/AE3

T1
T1b
T1-T4
T1-T3
T2-T3
T1
Tib
T2-T4a
T1
T1
T1-T4
T1-T4a
T1b-T2
T1
T1
T1-T3

34
69
25
67
107
139
88
64
300
120
308
184
35
90
160
191

No. of micrometastatic patients
8 (23.5)
17 (24.6)
9 (36)
10 (14.9)
38 (35.5)
24 (17.3)
28 (31.8)
20 (31.3)
30 (10)
27 (22.5)
37 (12)
31 (16.8)
4 (11)
9 (10)
34 (21.3)
54 (28.3)

5-yr survival

P value

N/A
82% vs 100%
35% vs 66%
N/A
94% vs 89%
87% vs 88%
92.9% vs 95%
66% vs 95%
94% vs 89%
N/A
N/A
58.5% vs 91.8%
N/A
N/A
55.9% vs 92.9%
27.8% vs 87.1%

N/A
< 0.010
0.048
N/A
0.86
0.6564
0.6836
< 0.010
0.7794
N/A
N/A
< 0.001
N/A
N/A
< 0.001
< 0.001

T1: Invasion of lamina propria or submucosa; T3: Invasion of subserosa; T4: Penetration of serosa without invading adjacent structures (T4a) or invasion of
adjacent structures; N/A: Not applicable.

intraoperative detection of LNM when we intend to
perform minimally invasive surgery, such as SLNNS, in
patients with gastric cancer.

INCIDENCE OF MICROMETASTASIS
Since 1996, there have been many studies regarding LNM
detected by IHC in pN0 gastric cancer patients (Table 1).
When comparing studies, there are remarkable differences in the number of patients, dissected lymph nodes, the
depth of tumor invasion, and the number of node sections assessed by IHC. However, the incidence of LNM
ranged from 10% to 36 % in all studies[1,4,29-42]. It is noteworthy that the incidence of LNM in pN0 gastric cancer
was 10% or more even in the patients with mucosal and
submucosal cancer[1,4,32,33,36-39].
Some studies have investigated LNM as determined
by RT-PCR in pN0 gastric cancer patients[16-19,24]. In our
study[23], we detected 49 of 286 histologically node negative lymph nodes (17.1%) by RT-PCR analysis of MUC2
mRNA. Of these 49 LNM, only six were detected by
IHC using AE1/AE3 mAb. Similarly, Arigami et al[18] and
Kubota et al[43] also reported that the incidence of LNM
detected by RT-PCR was higher than that of LNM detected by IHC. These results suggest that the RT-PCR
assay is now the most sensitive method for detection of
LNM in gastric cancer patients.

CLINICAL SIGNIFICANCE OF
MICROMETASTASIS
Many studies have reported the clinical impact of LNM
in various cancers. Particularly, sentinel lymph node micrometastases were reported to be associated with adverse
outcomes in patients with malignant melanoma[44] and
breast cancer[45]. However, the clinical significance of
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LNM in patients with gastric cancer remains controversial.
Some studies have investigated the clinical impact of
LNM in gastric cancer using IHC. Yasuda et al[29] studied
64 patients with pT2-3N0 gastric cancer and reported
that the 5-year overall survival rates in patients with or
without LNM were 66% and 95% (P < 0.01), respectively. Cao et al[32] and Yonemura et al[35] also reported that
patients with LNM had significantly worse outcomes
than those without LNM in pN0 gastric cancer. In contrast, Morgagni et al[37] studied 300 patients with pT1N0
gastric cancer and reported that there were no significant
differences in the 10-year overall survival rates regardless
of the presence of LNM. Fukagawa et al[40] studied 107
gastric cancer patients with pT2N0 or pT3N0 tumors at
the Japanese National Cancer Center and also reported
that there were no significant difference in the 5-year survival rates and 10-year survival rates in patients with or
without LNM. On the other hand, no investigations have
studied the relationship between the incidence of LNM
detected by RT-PCR and patient outcomes (Table 2).
To verify these results from the viewpoint of tumor
biology, Yonemura et al[35] immunostained sections of
lymph nodes diagnosed as pN0 by H-E staining using
Ki-67 mAb (MIB-1). This IHC analysis demonstrated
positive MIB-1 labeling in 12 of 25 (48.0%) with single
isolated cancer cells and in 49 of 52 (94.2%) with clusters
of cancer cells. Similarly, Yanagita et al[46] also assessed the
proliferative activity of ITC and micrometastasis using
IHC analysis with Ki-67 mAb. According to this study,
the Ki-67 positivity rates for macrometastasis, micrometastasis and ITC were 96%, 92% and 29%, respectively.
These two studies suggest that LNM could have proliferative activity.
Although it remains clinically difficult to draw definitive conclusions regarding this issue, the clinical outcome
was not affected by the presence of LNM who underwent curative gastrectomy with D2 lymph node dissec-
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Table 2 Reverse transcription-polymerase chain reaction studies in gastric cancer patients with histological node negativity diagnosed
by hematoxylin-eosin staining n (%)
Ref.

Year

Markers

Depth of tumor invasion

No. of
patients

Okada et al[16]
Matsumoto et al[17]
Arigami et al[18]
Sonoda et al[24]

2001
2002
2005
2006

CEA, CK20, MAGE3
CEA
CEA
MUC2, TFF1

T1-T4a
T1-T4
T1-T3
T1

24
50
80
33

No. of total LNs No. of micrometastatic
patients
335
312
1862
310

10 (41.7)
14 (28)
25 (31.3)
11 (33)

Outcomes
N/A
N/A
N/A
N/A

T1: Invasion of lamina propria or submucosa; T3: Invasion of subserosa; T4: Penetration of serosa without invading adjacent structures (T4a) or invasion of
adjacent structures; N/A: Not applicable, LN: Lymph node; RT-PCR: Reverse transcription-polymerase chain reaction; CEA: Carcinoembryonic antigen;
CK: Cytokeratin.

tion in Japan.

FUTURE PERSPECTIVE
Gastrectomy with regional lymph nodes dissection has
been widely accepted as the standard treatment even for
the EGC. However, such extensive surgery is associated
with long-term reduction of patients’ QOL. The patients
with EGC could have received curative endoscopic treatment by using ESD even with the submucosal invasion.
A large number of studies have been published so as to
the good long-term outcome of EGC treated by ESD. In
the cases of the contraindication of ESD, surgery is usually required. Recently, minimally invasive surgery, such
as SLNNS, has been widely performed. An accurate and
rapid intraoperative diagnosis of lymph node metastasis,
including LNM, is essential when performing SLNNS.
Kumagai et al[27] reported that the OSNA assay could
detect LNM as accurately as that detected by histological
examination of blocks sectioned at 2-mm intervals in the
patients with gastric cancer. Moreover, such results are
available within 30 min. From these points of view, the
OSNA assay is considered to be the most accurate and
rapid method for the intraoperative detection of LNM in
patients with gastric cancer. Therefore, if intraoperative
molecular examinations, such as the OSNA assay, demonstrate no metastasis in all SLN, then patients could be
received laparoscopic partial or segmental gastrectomy
with SLN dissection. However, Shimizu et al[47] reported
that seven (6.8%) of 103 patients had LNM in non-sentinel lymph nodes (all within the same lymphatic basin),
according to RT-PCR performed with multiple markers
(CK19, CK20 and CEA). The lymphatic basin is regarded as the most important lymphatic area in which lymph
node metastasis may develops. Kinami et al[48] reported
that the gastric lymphatic basins were divided in the following five directions along the main arteries around the
stomach: left gastric artery area (l-GA), right gastric artery area (r-GA), right gastroepiploic artery area (r-GEA),
left gastroepiploic artery area (l-GEA), and posterior
gastric artery (p-GA). They also reported that nodal metastasis generally occurred in the SLNs or the lymphatic
basin, and rarely extended outside the lymphatic basin.
Therefore, those investigators concluded that if the all
SLNs are negative for cancer metastasis by intraoperative
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diagnosis, patients could be received limited gastrectomy,
such as partial or segmental gastrectomy with SLN basin
dissection. On the other hand, in the case of positive for
SLN metastasis confirmed by intraoperative diagnosis,
standard gastrectomy with regional lymphadenectomy is
considered necessary. Recently, Bok et al[49] reported that
combined ESD and sentinel lymph nodes surgery (ESN)
is a feasible minimally invasive procedure for cT1 (< 3
cm) N0 EGC. We believe that, in the near future, such
advanced technology allows the patients with EGC to
be treated with the procedures that balance between curability and QOL. Future studies will be needed to achieve
such objectives.
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Abstract
Gastric stump carcinoma was initially reported by Balfore in 1922, and many reports of this disease have
since been published. We herein review previous reports of gastric stump carcinoma with respect to epidemiology, carcinogenesis, Helicobacter pylori (H. pylori )
infection, Epstein-Barr virus infection, clinicopathologic
characteristics and endoscopic treatment. In particular,
it is noteworthy that no prognostic differences are observed between gastric stump carcinoma and primary
upper third gastric cancer. In addition, endoscopic
submucosal dissection has recently been used to treat
gastric stump carcinoma in the early stage. In contrast,
many issues concerning gastric stump carcinoma remain to be clarified, including molecular biological char-
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acteristics and the carcinogenesis of H. pylori infection.
We herein review the previous pertinent literature and
summarize the characteristics of gastric stump carcinoma reported to date.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Remnant gastric cancer; Distal gastrectomy; Carcinogenesis; Helicobacter pylori ; Endoscopic
submucosal dissection
Core tip: Recent studies concerning gastric stump carcinoma were reviewed. Its carcinogenesis took more
than 300 mo after distal gastrectomy for benign disease, in contrast to 100 mo for primary gastric cancer.
Higher carcinogenetic risk was reported by molecular
biological analysis in patients treated with Billroth Ⅱ
reconstruction than with Billroth Ⅰ. Eradication of Helicobacter pylori in the remnant stomach improved the
degree of inflammation and the pH level, and might
prevent the development of carcinogenesis. Endoscopic treatment for gastric stump carcinoma has been
recently reported, therefore, endoscopic surveillance
should be repeated after distal gastrectomy.
Takeno S, Hashimoto T, Maki K, Shibata R, Shiwaku H, Yamana I, Yamashita R, Yamashita Y. Gastric cancer arising from
the remnant stomach after distal gastrectomy: A review. World J
Gastroenterol 2014; 20(38): 13734-13740 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13734.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13734

INTRODUCTION
Gastric cancer is the second leading cause of cancer-related death in Asia and the fourth most common malignan-
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Table 1 Interval between primary gastric cancer and gastric
stump carcinoma

Table 2 Interval and location of gastric stump carcinoma by
reconstruction

Ref.

Ref.

Previous disease

Interval (mo)

Interval (mo)

(benign/
malignancy)

(all cases)

(benign/
malignancy)

21/22
11/21

180

288/118
360/63

Kaneko et al[12], 1998
Takeno et al[16], 2006
Ohashi et al[17], 2007
Ahn et al[18], 2008
Tanigawa et al[19], 2010
Ojima et al[20], 2010
Komatsu et al[21], 2012
Li et al[22], 2013

13/45
578/309
17/21
19/14
88/24

90
150
252
180
240

Location

Billroth Ⅰ/Ⅱ Billroth Ⅰ/Ⅱ B-Ⅰ ana/B-Ⅰ non/
B-Ⅱ ana/B-Ⅱ non
Takeno et al[16], 2006
Ohashi et al[17], 2007
Ahn et al[18], 2008
Tanigawa et al[19],
2010
Komatsu et al[21],
2012
Li et al[22], 2013

384/83
264/108
360/144
384/204

cy worldwide[1,2]. The five-year survival of patients with
gastric cancer is estimated to be approximately 20%, and
it has been reported that only surgery, including lymphadenectomy, can provide curative effects[3-5]. However,
recent advances in early detection and the development
of anticancer drugs have prolonged the prognosis[6,7].
Gastric stump carcinoma was originally defined as
gastric cancer arising from the remnant stomach more
than five years after distal gastrectomy for benign disease[8-10]. The incidence of gastric stump carcinoma is
estimated to be 1%-2%, according to the current literature[11,12]. However, most cases of gastric cancer arising from the remnant stomach after distal gastrectomy
involve a second primary gastric cancer, as the rate of
gastrectomy against peptic ulcers has decreased for the
last three decades due to the development of gastric acid
inhibitor drugs and improvements in the prognosis of
patients with gastric cancer, as described above[6,7,13]. In
addition, the development of endoscopic technology and
periodical endoscopic surveillance has enabled clinicians
to detect gastric cancer of the remnant stomach in the
early stage, which may improve the unfavorable prognosis of patients with gastric stump carcinoma[12].
The characteristics of remnant gastric cancer may
have changed from those previously reported in the
literature. Therefore, we reviewed recent articles and attempted to clarify the modern characteristics, carcinogenesis, diagnosis and optimal treatment of remnant gastric
cancer.

Epidemiology
In 1922, Balfore first reported that, with respect to gastric cancer arising from the remnant stomach after surgery, the most important factor affecting life expectancy
after surgery for gastric ulcers is the occurrence of gastric
cancer, which accounts for approximately 40% of the
total number of deaths in this patient population[14]. That
series included gastric cancer as well as benign ulcers as
the primary lesions and reported the incidence of remnant gastric cancer to be 3% after resection of ulcerous
lesions.
A population-based study of patients who underwent distal gastrectomy for benign disease was recently
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Primary
Interval (mo)
reconstruction

21/11
71/28
26/25
368/519

252/372

4/17/6/5
7/64/5/23
11/15/16/9
81/176/289/114

16/16

144/384

2/5/9/2

42/70

84/276

19/23/45/25

B-Ⅰ: Billroth Ⅰ; B-Ⅱ: Billroth Ⅱ; ana: Anastomosis site; non: Non-anastomosis site.

reported from Sweden. In that study, the incidence of
remnant gastric cancer was 0.74%, which is similar to the
findings of previous reports[11,12,15]. In addition, it is of
interest that the incidence of gastric stump carcinoma is
not higher than expected and increases only after more
than 30 years after surgery for benign disease[15]. Several
reports have found that it takes more than 300 mo for
gastric stump carcinoma to arise from the remnant stomach after distal gastrectomy for benign disease, in contrast
to the approximately 100 mo observed following gastrectomy for primary gastric cancer (Tables 1 and 2)[12,16-22].

Effects of Reconstruction
during Distal Gastrectomy on
Carcinogenesis in the Remnant
Stomach
It has been reported that a reduction in the level of serum gastrin and gastroduodenal reflux are factors for carcinogenesis in the remnant stomach after distal gastrectomy. This finding has also been experimentally evaluated
by Miwa et al[23]. Billroth Ⅱ reconstruction is more frequently associated with atrophic changes and an increased
S phase cell count in the proliferative zone compared
to that observed following treatment with Billroth Ⅰ in
the Wister rat model. In addition, it has been reported
that intestinal metaplasia is rare. However, to the best of
our knowledge, no clinical studies have compared the
incidence of atrophic changes and intestinal metaplasia
between patients treated with the Billroth Ⅰ and Ⅱ methods. The interval between primary distal gastrectomy and
the diagnosis of stump carcinoma is significantly longer
in patients treated with Billroth Ⅰ reconstruction than in
those treated with Billroth Ⅱ reconstruction, according to
a review of previous clinical retrospective studies[16-19,21,22].
In addition, there is a consensus that gastric stump
carcinoma tends to arise from sites of anastomosis in
patients treated with Billroth Ⅱ reconstruction, in contrast to non-anastomotic sites in patients treated with
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Table 3 Helicobacter pylori infection in the patients underwent distal gastrectomy

Table 4 Epstein-Barr infection in the patients with gastric
stump carcinoma

Total infection Billroth Ⅰ Billroth Ⅱ Roux-en-Y
rate

Ref.
Onoda et al[31], 2001
Matsukura et al[32],
2003
Abe et al[33], 2005
Chan et al[34], 2007

65.10%
68.20%

67.10%
72.20%

58.30%
58.80%

56.30%
50.00%

55.60%
58.60%

58.30%
66.70%

Ref.
Tanigawa et al[19], 2000
Nishikawa et al[36], 2002
Kaizaki et al[37], 2005

26.30%

Billroth Ⅰ reconstruction, and that the incidence of
gastric stump carcinoma is correlated with that of gastroduodenal reflux, similar to that observed in experimental
rat models[16-19,21,22].
The condition of the remnant stomach mucosa after
distal gastrectomy has been biologically examined at the
molecular level. Tanigawa reported that the apoptotic
index, p53 labeling index and Ki-67 labeling index are
significantly higher in patients treated with Billroth Ⅱ
reconstruction than in those treated with Billroth Ⅰ reco
nstruction[24]. In addition, Nakachi et al[25] and Aya et al[26]
demonstrated a higher frequency of microsatellite instability in patients with gastric stump carcinoma (88.9%,
43%) than in those with primary upper third gastric carcinoma (20%, 6%). Furthermore, Aya reported a significantly higher level of microsatellite instability, as well as a
higher frequency of both hMLH1 and hMSH2 inactivation, in patients treated with Billroth Ⅱ reconstruction
than in those treated with Billroth Ⅰ reconstruction[26].
Taking both clinicopathological and molecular biological changes into consideration, the Billroth Ⅰ procedure
is thus considered to be preferable to the Billroth Ⅱ
method, at least with respect to preventing the development of gastric stump carcinoma.
Roux-en-Y reconstruction has recently been adopted
for reconstruction after distal gastrectomy to prevent gastroduodenal reflux. The time for which the remnant gastric mucosa is exposed to bile reflux is shorter and the degree of remnant gastritis is more mild in patients treated
with Roux-en-Y reconstruction than in those treated with
Billroth Ⅰ reconstruction[27]. Both the latest multi-institutional randomized controlled study and a meta-analysis
support this finding, and it appears that a consensus has
been reached on this issue[28-30]. No reports have thus far
suggested that the incidence of gastric stump carcinoma
is lower in patients treated with Roux-en-Y reconstruction than in those treated with Billroth Ⅰ reconstruction.
However, Roux-en-Y reconstruction is preferred from
the viewpoint of reducing the incidence of gastroduodenal reflux and remnant gastric mucosal injury related to
gastric carcinogenesis.

Helicobacter pylori Infection
Helicobacter pylori (H. pylori) infection is a well-known ma-
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Total infection rate Billroth Ⅰ Billroth Ⅱ
22.2%
41.2%
23.1%

5.9%
0.0%
12.5%

32.1%
58.3%
30.4%

jor causative factor of carcinogenesis in the stomach.
Nagahata reported that the rate of infection following
gastrectomy gradually decreases over time. Recent studies
have also examined the frequency of H. pylori infection in
the remnant stomach after distal gastrectomy. The rate of
infection ranges from 50% to 68.2% among all patients
treated with distal gastrectomy, 55.6% to 72.2% among
patients treated with Billroth Ⅰ reconstruction and 58.3%
to 66.7% among patients treated with Billroth Ⅱ reconstruction (Table 3)[31-34]. Only one series has suggested the
rate of infection to be lower in patients treated with the
Roux-en-Y method, and further studies are thus required
to clarify this issue[34]. It therefore appears that there are
no significant differences between Billroth Ⅰ and Ⅱ reconstruction. Matsukura et al[32] reported that eradication
with dual and triple therapy is successful in 70% and 90%
of H. pylori patients who undergo distal gastrectomy,
respectively, and that the therapeutic efficacy is the same
in patients treated with and without distal gastrectomy.
It has also been demonstrated that the degree of inflammation improves and the pH level normalizes following eradication of H. pylori in the remnant stomach[35].
Therefore, treatment with eradication of H. pylori in the
remnant stomach is recommended to prevent the development of gastric stump carcinoma, although no significant correlations have been reported between H. pylori
infection and carcinogenesis in the remnant stomach.

Epstein-Barr Virus Infection in the
Remnant Stomach
Infection with the Epstein-Barr (EB) virus has been reported to be associated with various cancers, including
stomach cancer. A few series have examined EB virus
infection in patients with gastric stump carcinoma. According to these studies, the rate of infection ranges from
22.2% to 41.2% among all patients treated with distal
gastrectomy, 0% to 12.5% among patients treated with
Billroth Ⅰ reconstruction and 30.4% to 58.3% among
patients treated with Billroth Ⅱ reconstruction (Table
4)[19,36,37]. Therefore, a higher rate of infection with the
EB virus has been demonstrated in patients treated with
Billroth Ⅱ reconstruction.
In addition, EB-virus infection has been suggested
to be correlated with the incidence of gastritis cystic polyposa and may also facilitate the development of de novo
gastric stump carcinoma[37].

13736

October 14, 2014|Volume 20|Issue 38|

Takeno S et al . Review of gastric stump carcinoma
Table 5 Clinicopathologic characteristics of gastric stump carcinoma
Ref.
Takeno et al[16], 2006
Ohashi et al[17], 2007
Ahn et al[18], 2008
Ahn et al[18], 2008
Tanigawa et al[19], 2010
Komatsu et al[21], 2012
Li et al[22], 2013

Patients age

pT (1/2/3/4)

pN (positive/negative)

pM (positive/negative)

pStage

5-yr survival

68.7
67

10/22 (1,2/3,4)
67/16/8/17
18/17/0/19
15/31 (1/2,3,4)
315/245/197/130
10/22 (1/2,3,4)
1/3/44/64

12/20
13/84
23/29
19/25
534/327
14/13
66/46

4/28

21/11 (1,2/3,4)
77/6/2/23

53.10%

26/32 (1,2/3,4)

63.4% (3-yr)

17/15 (1/2,3,4)
3/16/62/31

11%

58
68
68

10/42
17/41
26/861
31/81

Table 6 Clinicopathological comparison between primary upper third gastric cancer and gastric stump carcinoma
Clinicopathologic
chracteristics
pT (1/2/3/4)
PUTGC
GSC
pN (negative/positive)
PUTGC
GSC
M (negative/positive)
PUTGC
GSC
5-yr survival
PUTGC
GSC

Ikeguchi et al
1993

[39]

,

P value

Chen et al
1996

[40]

P value

,

Newman et al
1997

[41]

,

P value

Komatsu et al
2012

[42]

,

P value

63/15/157/31
4/3/7/6

NS

5/30/88/20
0/5/13/7

NS

11/15/46/7
7/6/11/1

NS

69/75/54/9
10/10/7/6

0.07

99/167
11/9

NS

47/86
10/15

NS

24/54
14/11

NS

118/89
20/13

0.7

127/16
20/5

NS

Nov-68
22/3

NS

25%
46%

0.31

37%
63%

0.1

62.1%
52.5%

NS

0.67

PTUGC: Primary upper third gastric cancer; GSC: Gastric stump carcinoma; NS: Not significant.

Clinicopathological
Characteristics
The clinicopathological characteristics of gastric stump
carcinoma have been analyzed in many reports, as summarized in Table 5[16-19,21,22,38]. For example, it has been
reported that the prognosis of gastric stump carcinoma
is unfavorable compared to that of primary gastric cancer, which may result from the more advanced stage of
disease observed at diagnosis. There is currently no consensus regarding this issue based on a Japanese nationwide report of gastric cancer, although unevenness in the
disease stage at diagnosis has been observed in various
studies[19].
It has also been reported that there have been no
remarkable changes in the number of gastric stump
carcinoma patients with progressive tumor invasion. In
contrast, the number of patients with progressive cancer
invasion has been reported to gradually decrease in Japan
since 1991, according to data for resected gastric cancer.
Among patients with lymph node metastasis, there are
no significant trends, as approximately half of all such
patients were found to have node metastasis in a Japanese
nationwide study and be negative for node metastasis in
the previous literature regarding gastric stump carcinoma.
There have been several reports of prognostic analyses comparing gastric stump carcinoma and primary
upper third gastric cancer[39-42] (Table 6). All such studies
have suggested that there are no significant differences
in either the prognosis or rate of progression between
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these two diseases. In contrast, it is of interest that gastric
stump carcinoma exhibits a more favorable prognosis
than primary upper third gastric cancer in patients with
stage Ⅰ or Ⅱ disease and, inversely, a more unfavorable prognosis in patients with stage Ⅲ or Ⅳ disease[40].
Concerning this result, Chen et al[40] reported that the left
gastric artery is usually resected during distal gastrectomy,
which may change the lymphatic flow and thereby influence the difference in prognosis observed in analyses of
the cancer stage. Ikeguchi et al[39] also reported the incidence of jejuna mesenteric lymph node metastasis to be
increased in patients with gastric stump carcinoma; these
results may correlate with those of Chen. Controversially,
Newman et al[41] reported that there are no prognostic
differences between gastric stump carcinoma and upper third primary gastric cancer, even when the analysis
is classified according to the cancer stage. Meta-analyses
and/or multi-institutional randomized controlled studies with large series are therefore required to clarify these
controversial results, although it may be difficult to conduct such studies due to the rarity of the disease.

Endoscopic Treatment
Previously, radical resection was the only curable treatment for gastric stump carcinoma, as observed in the setting of primary gastric cancer. However, advancements in
endoscopic diagnosis and the popularization of periodic
endoscopic screening after gastrectomy have enabled
clinicians to detect gastric stump carcinoma at the early
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Table 7 Endoscopic submucosal dissection for gastric stump carcinoma n (%)
Ref.

No. of ESD cases

Takenaka et al[44], 2008
Hirasaki et al[45], 2008
Lee et al[46], 2010
Nonaka et al[47], 2013
Tanaka et al[48], 2013

31
17
13
139
33

En bloc resection

Complete resection

30 (97)
17 (100)
13 (100)
131 (94)
33 (100)

23 (74)
14 (82)
12 (92.3)
118 (85)
31 (94)

Mortality

Delayed bleeding

0
0
0
0
0

0
3 (18)
0
2 (1.4)
1 (3)

Perforation
4 (13)
0
0
2 (1.4)
3 (9)

ESD: Endoscopic submucosal dissection.

stage. Hosokawa reported that 15 patients with gastric
stump carcinoma were detected among 509 patients who
underwent distal gastrectomy over more than 10 years, 12
of whom were diagnosed at an early stage, and concluded
that endoscopic surveillance should be repeated every
two to three years after distal gastrectomy[43].
Similarly, several studies including small series of
endoscopic treatment for gastric stump carcinoma have
recently been reported, as summarized in Table 7[44-48]. En
bloc resection and complete resection were performed
in more than 90% of cases and 74%-94% of cases, respectively. Concerning complications after endoscopic
treatment, there were no mortalities, and 0%-18% and
0%-13% of the patients exhibited delayed bleeding and
perforation, respectively. However, morbidity, as well
as the en bloc and complete resection rates, have been
shown to have improved in the latest reports.
Only one study, by Nonaka et al[47], has reported longterm outcomes after endoscopic treatment for gastric
stump carcinoma. In that study, the overall and diseasespecific survival was 87.3% and 100%, respectively. Further studies using large series should thus be conducted
to confirm the oncological feasibility of providing endoscopic treatment in patients with gastric stump carcinoma.

5

6

7

8

9
10

CONCLUSION
Clarifying the differences in the characteristics of gastric
stump carcinoma and primary gastric cancer may enable
clinicians to make an early diagnosis and improve clinical outcomes in patients with gastric stump carcinoma.
In addition, multi-institutional analyses using large series
may positively contribute to clarifying these issues.
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Abstract
Trastuzumab that targets human epidermal growth
factor receptor 2 (HER2) protein is the only approved
molecular targeting agent for treating gastric cancer
in Japan and the outcomes have been favorable. However, trastuzumab is effective for only 10% to 20% of
the population with gastric cancer that expresses HER2
protein. Molecular targeting therapy with bevacizumab
against vascular endothelial growth factors (VEGF) and
with cetuximab and panitumumab against the epidermal growth factors pathway that have been approved
for treating colorectal cancer are not considered effective for treating gastric cancer according to several
clinical trials. However, ramucirumab that targets VEGF
receptor-2 prolonged overall survival in a large phase
Ⅲ clinical trial and it might be an effective molecular
targeting therapy for gastric cancer. The significance of
molecular targeting therapy for gastric cancer remains
controversial. A large-scale randomized clinical trial of
novel molecular targeting agents with which to treat
gastric cancer is needed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: So far, trastuzumab is the only molecular
targeting therapy that has been approved for treating
gastric cancer. The significance of molecular targeting
therapy for gastric cancer remains controversial, but
large scale randomized clinical trials might confirm the
benefits of other novel molecular targeting therapies
for gastric cancer in the near future.
Aoyagi K, Kouhuji K, Kizaki J, Isobe T, Hashimoto K, Shirouzu
K. Molecular targeting to treat gastric cancer. World J Gastroenterol 2014; 20(38): 13741-13755 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13741.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13741

INTRODUCTION
Gastric cancer is the fourth most common cancer
worldwide; 603003 and 330290 new diagnoses for men
and women, respectively, were recorded during 2002[1].
The disease is associated with an annual death rate of
700000, making it the second most common cause of
cancer death worldwide[2]. The geographic variation in
prevalence is remarkable, as 60% of gastric cancers arise
in East Asia[3,4]. Although the incidence of gastric cancer
is declining in western countries, the frequency of adenocarcinomas of the gastro-esophageal junction (GEJ)
is increasing[3-6]. Surgery and perioperative therapy are
potentially curative strategies for treating patients with
resectable cancer. However, most patients with gastric
cancer have stage Ⅳ disease at presentation and thus
are candidates for palliative chemotherapy. The median
survival of patients with advanced gastric cancer who do
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Figure 1 Human epidermal growth factor receptor 2 signaling pathways. HER: Human epidermal growth factor receptor; BAD: Bcl-2-associated death promotor
protein; Grb2: Growth factor receptor-bound protein 2; MAPK: Mitogen-activated protein kinase; MEK: Mitogen-activated protein kinase kinase 1; NF-κB: Nuclear factor κB; PI3K: Phospohoinositide 3-kinase; PKC: Protein kinase C; PLC-γ: Phospholipase C gamma 1; SOS: Son of sevenless; mTOR: Mammalian target of rapamycin; RAS: Rat sarcoma viral oncogene; RAF: Rapidly accelerated fibrosarcoma.

not receive chemotherapy is 3-4 mo. Chemotherapy plays
an important role in the treatment of advanced gastric
cancer, but an effective chemotherapy regimen for unresectable or recurrent gastric carcinoma was not established until the 1990s. The new oral fluoropyrimidine S-1,
which comprises tegafur, 5-chloro-2,4-dihydropyrimidine
and potassium oxonate, was recognized as being effective
against gastric cancer during the mid-1990s[7]. The recent
Japanese ACTS-GC trial demonstrated the effectiveness
of S-1 against stage Ⅱ-Ⅲ gastric cancer after curative
resection with D2 lymphadenectomy, and S-1 improved
the 3-year overall survival (OS) rate from 70.1% for surgery alone to 80.1%[8]. Several novel chemotherapeutic
agents, including irinotecan (CPT-11), taxanes (paclitaxel
and docetaxel), and oxaliplatin, in combination with S-1,
have offered hope for improving the outcomes of patients with gastric cancer[9-11]. The recent response rates to
several chemotherapy regimens, such as S-1 with cisplatin
in the SPIRITS trial, have been remarkably high[12], and
this regimen is frequently administered as a first-line chemotherapy, with good results against advanced disease[13].
However, the prognosis of advanced or recurrent gastric
cancer remains unsatisfactory. We believe that molecular
targeting therapy will increase the survival rates of patients with advanced or recurrent gastric cancer.
To date, various factors, such as epidermal growth
factors (EGFR) including HER2, VEGF, FEGFR, and
mammalian target of rapamycin (mTOR), have been considered as targets of therapy of gastric cancer. Monoclonal antibodies (trastuzumab, bevacizumab, ramucirumab,

WJG|www.wjgnet.com

cetuximab, and panitumumab), tyrosine kinase inhibitors
(sunitinib and lapatinib) and an mTOR inhibitor (everolimus) have been administered to patients with gastric cancer in various clinical trials. However, molecular targeting
therapy is less effective against gastric cancer compared
with other cancers such as colorectal and breast cancers.
In fact, only trastuzumab, which is a fully humanized
monoclonal antibody that binds to the extracellular domain of the HER2 receptor, is available for treating gastric cancer. Here, we describe molecular targeting therapy
for gastric cancer and review clinical trials.

TRASTUZUMAB
The 185-kDa HER2 protein is encoded by a gene located
on chromosome 17q21. It is a transmembrane tyrosine
kinase receptor with an extracellular ligand-binding domain that comprises a short transmembrane domain
and an intracellular domain that has kinase activity. The
HER2 protein is a member of the epidermal growth
factor (EGFR) family of growth factors that comprises
structurally related HER1 or ErbB1, also known as
EGFR, HER2 or ErbB2, HER3 or ErbB3 and HER4
or ErbB4. HER2 receptors also localize in the nucleus,
where they function as transcription factors for cyclin D1
and p53[14,15]. Therefore, HER2 (also known as c-erbB-2/
neu) acts as an oncogene that is involved in the regulation
of cell proliferation, differentiation, motility and apoptosis[16-20] (Figure 1).
The importance of addressing HER as a therapeutic
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target is underscored by many molecular and pathological
findings. Amplified HER2 relates to carcinogenetic processes and adverse pathological features such as tumour
size, invasion and metastatic spread; far more HER2 gene
is expressed in cancer cells than in non-malignant adult
cells[21]. The HER2 protein is overexpressed in breast,
lung, salivary gland, ovarian, colon, prostate and pancreatic cancers[22,23]. Although HER2 is not associated with
an adverse prognosis of gastric cancer to the extent that
it is in breast cancer, inhibition of the HER2 pathway in
patients with tumours overexpressing HER2 has conferred clinical benefits.
The expression of HER2 in gastric cancer is primarily
detected using immunohistochemistry (ICH) and in situ
hybridization (ISH). The basolateral membrane typically
immunostains for HER2 in gastric cancer and less so on
the luminal aspect of the cells, conferring a U-shaped
appearance to the staining, whereas complete membrane
staining is the rule for high scores in breast cancer. Another difference is the heterogeneity of immunostaining,
which is rare in breast, but frequent in gastric tumours.
The ICH should be used as the primary test; patients
with scores of 3+ would be candidates for HER2 directed therapy, those with 2+ should be re-tested using
ISH, and ISH-positive patients would be eligible for
trastuzumab with chemotherapy[24]. HER2 is becoming
regarded more and more as an important biomarker and
cause of gastric cancer, as it is mainly amplified or overexpressed in 7%-34% of intestinal as well as GEJ and
proximal tumours[21,25,26].
Trastuzumab is a fully humanized monoclonal antibody that binds to the extracellular domain of the receptor, and it acts by blocking HER2 receptor cleavage, thus
inhibiting dimerization, inducing antibody-dependent
cellular cytotoxicity, and increasing endocytosis of the
receptor, possibly through anti-angiogenic effects[27-29].
The phase Ⅲ multicentre, international ToGA trial
that proceeded in 24 countries constitutes a milestone, as
it established trastuzumab as the first biological therapy
to confer survival benefits upon patients with gastric cancer[30-32]. The trial compared the effects of trastuzumab
combined with standard chemotherapy (cisplatin + either
capecitabine or 5-FU) upon inoperable locally advanced,
recurrent or metastatic HER2-positive gastric cancer as
a ﬁrst-line therapy with those of chemotherapy alone.
Patients were treated with six cycles of chemotherapy in
both treatment arms, with patients in the experimental
arm continuing treatment with trastuzumab until disease
progressed. Cisplatin (80 mg/m2) was intravenously infused on day 1. Capecitabine (1000 mg/m2) was orally
administered twice daily for 2 wk followed by a 1-wk rest
or a continuous infusion of 5-FU (800 mg/m2 per day)
on days 1-5 of each cycle. Trastuzumab was intravenously
administered at a loading dose of 8 mg/kg on day 1 of
the ﬁrst cycle, followed by 6 mg/kg thereafter.
The primary objective of the study was to compare
OS in both arms, and the secondary objectives were to
compare progression-free survival (PFS), time to progression, overall response rates, disease control, duration of
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response and quality of life between the two treatment
arms. Among 3665 tumour tissue specimens screened
for HER2 positivity, 22% were HER2-positive (intestinal,
diffuse and mixed types: 34%, 6% and 20%, respectively).
Specimens were scored using IHC and fluorescence ISH
(FISH) as 3+ (candidates for HER2-directed therapy) or
2+ (specimens should be re-examined using ISH; ISHpositive tumours were eligible for trastuzumab with
chemotherapy). The rate was highest in 34% of GEJ and
in 20% of gastric cancer samples[33], findings that agreed
with those of other studies in which positivity rates were
between 24% and 35% and between 9.5% and 21%, respectively[21,25,34-36].
The combination of trastuzumab with chemotherapy
led to a signiﬁcantly better median OS compared with
the same chemo-therapeutic regimen alone in patients
with advanced HER2-positive cancers (13.8 mo vs 11.1
mo). This effect was evident in patients with intestinal,
but not diffuse-type gastric cancer[32,37]. Trastuzumab also
improved the median PFS (6.7 mo vs 5.5 mo) and the
radiological response rate (47% vs 35%) (Table 1). A subanalysis of these ToGA data that excluded patients with
IHC 0-1+ FISH+ tumours found a main gain in median
survival of 4.2 mo, which was comparable to the outcomes for breast cancer[38]. In fact, patients with the highest levels of HER2 expression (IHC 3+ FISH+) treated
with trastuzumab plus chemotherapy gained the greatest
benefit compared with chemotherapy alone (median
survival: 17.9 mo vs 12.3 mo). These findings have established platinum-based chemotherapy plus trastuzumab as
a standard treatment for HER2-positive gastric cancer.
In contrast, the S-1 plus CDDP (SP) regimen is a
standard treatment for advanced gastric cancer in Japan[39,40]. Despite several studies of HER2-positive gastric cancer, the effects of SP in patients with different
HER2 status remain unknown. Therefore, Honma et al[41]
retrospectively compared the effects of the SP regimen
between HER2- positive and negative types of gastric
cancer. They could not conclude whether HER2 status
influenced the survival of patients who received SP as a
first-line chemotherapy. However, their report was the
first to describe the effect of SP in HER2-positive, advanced gastric cancer. Their findings provide important
historical data with which to interpret the outcomes of
current worldwide phase Ⅱ evaluations of the effects of
SP combined with trastuzumab.
Trastuzumab is the only molecular targeting drug for
treating gastric cancer that has been approved by largescale phase Ⅲ clinical trials associated with anti-cancer
drugs. It is thought to have high therapeutic potential.
Furthermore, HER2 has acquired a key role in gastric
cancer management and it is also mandatory in order
to predict the trastuzumab response in association with
standard platinum-based chemotherapy.

SUNITINIB
Vascular endothelial growth factors (VEGF), plateletderived growth factors (PDGF) and stem cell receptors
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Table 1 Clinical trial of trastuzumab
Patients
Advanced HER-positive gastric cancer as first line (TOGA)

Phase

Treatment

n

OS (m)

PFS (m)

RR

Ⅲ

5-FU + cisplatin or capecitabine + cisplatin
5-FU + cisplatin + trastuzumab or capecitabine + cisplatin +
trastuzumab

290
294

11.1
13.8

5.5
6.7

34.5%
47.3%

OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; 5-FU: 5-fluorouracil.

Table 2 Clinical trials of sunitinib
Patients
Pretreated patients with advanced gastric cancer
Second line treatment for advanced gastric cancer
Unresectable or metastatic advanced gastric cancer
after failed treatment with fluoropyrimidine +
platinum

Phase

Treatment

n

OS (m)

PFS (m)

TTP (m)

RR

DCR

Ⅱ
Ⅱ
Ⅱ

Sunitinib
Sunitinib
Docetaxel
Docetaxel
+ sunitinib

51
78
49
56

5.8
6.8
6.6
8.0

1.28
2.3
N/A
N/A

N/A
2.3
2.6
3.9

3.9%
2.6%
14.3%
41.1%

20.0%
34.7%
51.0%
75.0%

DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.

(KIT) are expressed or overexpressed in gastric cancer.
Indeed, these pathways appear to play important roles
in gastric cancer growth and metastasis and they have
therefore become targets for the development of cancer
therapies.
Sunitinib malate (SUTENT; Pfizer Inc., New York,
NY, United States) is an oral, multitargeted tyrosine kinase inhibitor of VEGF receptors (1, 2, and 3), PDGF
receptors (α and β), KIT and several other related receptor tyrosine kinases[42-44]. Sunitinib has received multinational approval to treat unresectable and/or metastatic
imatinib-resistant/intolerant gastrointestinal stromal
tumours, advanced/metastatic renal cell carcinoma, and
unresectable or metastatic well-differentiated pancreatic
neuroendocrine tumours[45,46].
A Phase Ⅱ study investigated the outcomes of sunitinib monotherapy in pre-treated patients with advanced
gastric cancer. The patients were administered with
sunitinib (50 mg/d) for 4 wk with a 2-wk rest until disease progressed or toxicity became unacceptable. In the
intent-to-treat population (n = 51), the objective response
rate (ORR) was 3.9%, median progression free survival
(PFS) was 1.28 (95%CI: 1.18-1.90) mo, the median OS
was 5.81 (95%CI: 12.8-36.5) mo and the estimated 1-year
survival rate was 23.7% (95%CI: 12.8-36.5) (Table 2).
Serious adverse events developed in 26 patients, leading
to 13 deaths, none of which were related to sunitinib.
Thirty-eight patients died of progressive disease and nine
others died within 60 d of treatment. Sunitinib monotherapy thus appeared to be associated with a limited
tumour response[47].
A Phase Ⅱ study evaluated the safety and efficacy of
sunitinib as a second-line treatment for advanced gastric
in 78 patients. Two patients (2.6%) had partial responses
and 25 (32.1%) had the best response of stable disease
for ≥ 6 wk. The median PFS was 2.3 mo (95%CI: 1.6-2.6)
and median OS was 6.8 mo (95%CI: 4.4-9.6) (Table 2).
Grade ≥ 3 thrombocytopenia and neutropenia were
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identified in 34.6% and 29.4% of patients, respectively,
and the most common non-haematological adverse effects were fatigue, anorexia, nausea, diarrhoea and stomatitis. Although sunitinib alone has insufficient clinical
value as a second-line treatment for advanced gastric
cancer, its role in combination with chemotherapy merits
further study[48].
A randomized phase Ⅱ trial investigated the effects
of docetaxel and sunitinib in patients with unresectable
or metastatic gastric cancer who were previously treated
with fluoropyridine and platinum. The patients were assigned to either a docetaxcel monotherapy arm (D: 60
mg/m2 every 3 wk) or a combination of docetaxel +
sunitinib (DS: 37.5 mg/d). The time to progression (TTP)
was not significantly prolonged in the DS arm compared
with the D arm 3.9 (95%CI: 2.9-4.9) vs 2.6 (95%CI:
1.8-3.5) mo (P = 0.206). The hazard ratio for TTP was
0.77 (95%CI: 0.53-1.16). However, the ORR was significantly higher in the DS arm (41.1% vs 14.3%, P = 0.002)
(Table 2). Patients in the DS arm more frequently experienced stomatitis, diarrhoea and hand-foot syndrome. The
investigators concluded that adding sunitinib to docetaxel
did not significantly prolong TTP, although it significantly
increased the response[49].
These findings indicated an insufficient therapeutic
effect of sunitinib.

BEVACIZUMAB
Studies of tumour angiogenesis have provided a foundation for radical developments in the management and
treatment of human cancers. The most sensitive angiogenic factor is VEGF, which is expressed in cancer cells.
Several clinical trials have confirmed that some clinical
benefit can be derived by targeting the vascular VEGF/
VEGF receptor pathway. Senger et al[50] initially described
VEGF in 1983 as a vascular permeability factor, and Ferrara and Henzel in 1989[51] later cloned the factor and
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Table 3 Clinical trials of bevacizumab
Phase

Treatment

n

OS (m)

PFS (m)

TTP (m)

RR

Metastatic or unresectable gastric and GEJ
adenocarcinoma
Previously untreated metastatic
gastroesophageal adenocarcinoma
First-line treatment for advanced gastric
cancer (AVAGASTA)

Ⅱ

Irinotecan + cisplatin + bevacizumab

47

12.3

N/A

8.3

65%

Ⅱ

Docetaxel + fluorouracil + bevacizumab

44

16.8

12

N/A

67%

Ⅲ

Capecitabine + cisplatin

387

10.1

5.3

37.4

N/A

387

12.1

6.7

46

N/A

First-line treatment for advanced gastric
cancer (AVAGASTA)

Ⅲ

Capecitabine + cisplatin + bevacizumab

Patients

GFJ: Gastroesophageal junction; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.

found homology with VEGF. Among its many actions,
VEGF enhances the permeability of tumour vessels[52],
induces serine protease or metalloproteases[53,54], inhibits
apoptosis in endothelial cells[55,56], and inhibits dendritic
cell maturation[57]. Several randomized trials have shown
that various VEGF-targeted agents confer clinical benefits upon patients with metastatic colorectal cancer,
advanced non-small cell lung cancer, renal cell carcinoma,
hepatocellular carcinoma and metastatic breast cancer[58].
Therapy targeting VEGF has thus become an important
treatment option for several human malignancies.
The tumour/normal ratio of VEGF mRNA in gastric cancer tends to correlate with distant metastasis[59]
and the positive expression of tissue VEGF, circulating
VEGF, VEGF-C and VEGF-D were each associated
with poor prognosis for patients with resected gastric
cancer[60]. We previously reported that tissue VEGF is a
useful indicator of the peritoneal recurrence of gastric
cancer[61]. Our immunohistochemical study of clinical
specimens identified a significantly higher VEGF score
among patients with peritoneal recurrence than those
without, and that the VEGF score was a significant parameter of peritoneal recurrence, suggesting that VEGF
correlates with peritoneal metastasis from gastric cancer
and is thus a useful indicator of such recurrence[61]. Bevacizumab is a humanized monoclonal antibody against
VEGF that was the first angiogenesis inhibitor to become commercially available. The United States Food
and Drug Administration approved bevacizumab in combination with standard chemotherapy to treat metastatic
colorectal cancer in 2004, non-small cell lung cancer in
2006, and breast cancer in 2008. Bevacizumab was approved in Japan in combination with anticancer drugs
to treat unresectable advanced or metastatic colorectal
cancer in 2007. We performed a pilot study using a nude
mouse model of peritoneal metastasis to determine
whether bevacizumab could suppress peritoneal dissemination from gastric cancer[62]. The results indicated a significantly lower volume of ascites, a lower mitotic index
and significantly better survival rates in the treated, than
in the non-treated group. We concluded that VEGF correlates with peritoneal metastasis from gastric cancer, and
that bevacizumab could inhibit VEGF and thus suppress
peritoneal dissemination from gastric cancer[62].
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Shah et al[63] performed a phase Ⅱ study of irinotecan,
cisplatin and bevacizumab in 47 patients with metastatic
or unresectable gastric and GEJ adenocarcinoma. At a
median follow up of 12.2 mo, the median TTP was 8.3
mo. The ORR was 65% and the median survival was 12.3
mo in 34 patients with measurable disease. They concluded that TTP and OS are encouraging, with TTP being
improved over historical controls by 75%[63] (Table 3).
Shah et al[64] performed a phase Ⅱ study of a modified
administration schedule of docetaxel, cisplatin and fluorouracil (mDCF) with bevacizumab in 44 eligible patients
with cancer (gastric, n = 22; GEJ, n = 20; oesophageal,
n = 2). The confirmed response rate was 67% in 39 patients with measurable disease. The 6-mo PFS was 79%,
and the median PFS was 12 mo. At 26 mo of follow up,
the median OS was 16.8 mo, and the 2-year survival rate
was 37%. They found that the 6-mo PFS was 79%, which
surpassed their defined endpoint, and the median and
2-year OS were 16.8 mo and 37%, respectively (Table 3).
AVAGASTA was a global, randomized, phase Ⅲ trial
that evaluated the outcomes of bevacizumab plus chemotherapy with capecitabine xeloda/cisplatin as a firstline treatment for patients with advanced gastric cancer.
While the primary endpoint was not met (median overall
survival HR = 0.87; p = 0.1002), PFS and overall response rates significantly improved and the safety profile
for bevacizumab + chemotherapy was acceptable in these
patients[65] (Table 3). However, a sub-analysis of the AVAGAST trial that evaluated the benefit of bevacizumab in
advanced gastric cancer, found distinct differences in the
outcomes according to disease subtype. Shah[66] reported
that combining bevacizumab especially with chemotherapy appeared to improve outcomes for non-Asian patients
with diffuse or distal gastric cancer.
A large-scale phase Ⅲ trial found that bevacizumab
was not effective against gastric cancer and this agent was
not approved for this purpose. However, bevacizumab
was effective against gastric cancer in some patients.

LAPATINIB
Lapatinib is a dual tyrosine kinase inhibitor (TKI) that
acts on both EGFR and HER2, and exerts activity
against trastuzumab-resistant advanced breast cancer.
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Table 4 Clinical trial of lapatinib
Patients
Second-line treatment for HER2+ advanced gastric
cancer (TYTAN)

Phase

Treatment

n

OS (m)

PFS (m)

RR

Ⅲ

Paclitaxel
Paclitaxel + lapatinib

129
132

8.9
11.0

4.2
5.2

9%
27%

OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; HER2: Human epidermal growth factor receptor 2.

The data suggest that trastuzumab is not associated with
cross-resistance and lapatinib restored trastuzumab sensitivity in preclinical models[38,67]. Wainberg et al[68] found
that lapatinib inhibits the growth of HER2-amplified cell
lines and HER2-positive tumours in xenograft models,
induces cell cycle arrest and apoptosis, and synergistically
acts with trastuzumab.
A phase Ⅱ study of lapatinib as a first-line therapy in
47 patients with advanced gastric cancer showed modest single-agent activity, with a 12% response rate, 20%
disease stabilization, a partial response in 7% of patients
and a median OS of 5 mo, which was lower than that
found with conventional cytotoxic chemotherapy[69].
Another phase Ⅱ study of lapatinib monotherapy in
patients with GEJ overexpressing HER2 or oesophageal
cancer reported limited single-agent activity, with no objective responses and stable disease in 8% of patients[70].
Lapatinib in conjunction with capecitabine as a first line
treatment in the HER2-positive metastatic gastric cancer setting has been addressed in a multicentre phase Ⅱ
trial. The response and stable disease rates were 22%
and 45%, respectively[71]. Another phase Ⅱ trial found
a partial response of 24% and stable disease in 34% of
patients treated with lapatinib + capecitabine. The most
frequent grade 3 and 4 side effects were anorexia, handfoot syndrome, anemia and nausea and cardiotoxicity,
none of which was significant[72]. Two phase Ⅲ studies
are currently evaluating the outcomes of lapatinib combined with chemotherapy in advanced oesophagogastric
cancer: the LOGIC trial[73,74] has combined lapatinib with
oxaliplatin and capecitabine as a first-line treatment and
the TYTAN trial[75,76] has combined lapatinib with weekly
paclitaxel in a second-line setting. The OS results should
be available from the LOGIC trial in 2014. TYTAN
is the first randomized trial to compare the outcomes
and safety of adding lapatinib to weekly paclitaxel as a
second-line treatment for HER2-positive advanced gastric cancer. The TYTAN study includes 430 patients with
advanced gastric cancer who had progressed after firstline therapy with fluoropyrimidine and/or cisplatin and
had HER2 amplification detected by FISH. The median
OS of lapatinib + paclitaxel and of paclitaxel alone were
11.0 and 8.9 mo, respectively (NS; HR = 0.48; P = 0.2088),
whereas those in a HER2 IHC3+ subgroup were 14.0
and 7.6 mo, respectively (HR = 0.59; P = 0.0176). The
PFS (5.6 mo vs 4.2 mo; HR = 0.54; P = 0.0101) and the
objective response rate (27% vs 9%) were also noticeably
better with, than without lapatinib among patients in the
IHC 3+ subgroup[75,76] (Table 4).
The TYTAN trial found that lapatinib was not ef-
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fective against gastric cancer and this agent was not approved for this purpose. However, lapatinib might be
effective against HER2 IHC3+ gastric cancer.

EVEROLIMUS
Inhibition of the mammalian target of rapamycin
(mTOR) pathway represents a new therapeutic target in
the treatment of various human cancers. The key protein
kinase that regulates cell growth and proliferation, cellular
metabolism and angiogenesis, mTOR, is mainly activated
via the PI3 kinase pathway through Akt/PKB and tuberous sclerosis complex[77]. Mutations in these components
or in PTEN, a negative regulator of PI3 kinase, results
in inappropriate mTOR activation[77]. The mTOR pathway is frequently dysregulated in various human cancers,
including gastric cancer[78]. Oncogenic transformation
maintained by a dysregulated mTOR pathway might sensitize tumour cells to mTOR inhibitors[77]. The mTOR
downstream effectors, eIF4E and 4E binding protein 1
(4E-BP1) are overexpressed in GI cancer cells[77]. Everolimus reduced 4E-BP1 phosphorylation and attenuated
the production of the proangiogenic factors, hypoxiainducible factor 1α (HIF-1α) and VEGF in these gastric
cancer cell lines[78]. Everolimus is an orally bioavailable
mTOR inhibitor that binds with high affinity to its intracellular receptor FKBP12[79].
Preclinical studies[77,78,80] and a phase Ⅰ study[81] have
shown that everolimus has antitumour activity against
advanced gastric cancer. A multicentre phase Ⅱ study has
assessed the effects of everolimus in patients with previously treated metastatic gastric cancer in Japan[82]. Patients
with advanced gastric cancer that progressed despite
prior chemotherapy received oral everolimus (10 mg/d)
until disease progressed or the study was discontinued.
Fifty-three patients were assessable. Although a complete
or partial response was not obtained, a central review
found that the size of the tumour had decreased from
baseline in 45% of patients. The disease control rate
(DCR) was 56.0% and the median PFS was 2.7 mo. At
a median follow-up of 9.6 mo, the median OS was 10.1
mo (Table 5). Thus, everolimus monotherapy appeared
to result in a promising DCR for patients with previously
treated advanced gastric cancer[82].
Eric Van Cutsem[83] presented phase Ⅲ results from
the GRANITE-1 trial of everolimus monotherapy as a
second-line treatment for advanced gastric cancer at the
ASCO GI 2012 Cancer Symposium. The study enrolled
656 patients in 23 countries between July 2009 and December 2010. Among them, 439 were randomly assigned
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Table 5 Clinical trials of everolimus
Patients
Previously treated metastatic gastric cancer
Second-line treatment for advanced gastric
cancer (GRANITE-1)

Phase

Treatment

n

OS (mo)

PFS (mo)

RR

DCR

Ⅱ
Ⅲ

Everolimus
Placebo
Everolimus

53
217
439

10.1
4.34
5.39

2.7
1.41
1.68

0%
2.1%
4.5%

54.7%
N/A
N/A

DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.

therapy[83].
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Figure 2 Angiogenic signaling pathways. AKT: Protein kinase B.

to receive everolimus 10 mg/d and 217 received a placebo. Roughly 75% of the patients were male, 53.3% were
Asian, 47.7% had undergone one previous line of chemotherapy and 50.6% had undergone gastrectomy. The
drug failed to meet the primary endpoint of improved
OS. The median OS with everolimus vs placebo was 5.39
mo vs 4.34 mo (HR = 0.90; 95%CI: 0.75-1.08; P = 0.1244).
However, the median PFS was 1.68 mo vs 1.41 mo (HR
= 0.66; 95%CI: 0.56-0.78, P < 0.0001). The estimated
6-mo PFS were 12.0% and 4.3% in the experimental and
placebo groups, respectively (Table 5).
Everolimus extended the 6-mo PFS and improved
patient responses. The ORR of the everolimus vs the
placebo group was 4.5% (95%CI: 2.6%-7.1%) vs 2.1%
(95%CI: 0.6%-5.3%) (Table 5).
These findings suggested that everolimus has no
meaningful activity as a single agent in patients with advanced gastric cancer. Given the evident improvement
in PFS, everolimus might be valuable when combined
with other biological or chemotherapeutic agents. Future studies should investigate this concept as a first-line
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Tumour growth and metastasis are closely linked to angiogenesis in most human tumours and VEGF is the
most potent and specific angiogenic factor known to
date. The VEGF family includes VEGF-A, -B, -C, -D,
and -E, and placenta growth factor (PGF). VEGF-A
binds to VEGF receptors 1 and 2, whereas VEGF-B and
PGF bind to VEGF receptor (VEGFR)-1, and VEGF-C
and -D bind to VEGFR-2 and -3. Activation of these
receptors stimulates a signaling cascade that results in
endothelial mitogenesis and migration, the induction of
proteinases, extracellular matrix remodeling, increased
vascular permeability, and the maintained survival of
blood vessels formed de novo[84] (Figure 2).
Ramucirumab is a fully humanized IgG1 monoclonal antibody that targets the extracellular domain of
VEGFR-2[85,86]. Phase Ⅰ-Ⅱ trials in patients with various
malignancies have shown promising clinical antitumour
effects and tolerability[87].
At the 2013 ASCO GI Cancer Symposium, Charles
S. Fuchs presented the phase Ⅲ clinical REGARD trial
that was the largest phase Ⅲ trial of ramucirumab as a
second-line therapy for advanced gastric or GEJ adenocarcinoma[88]. This global, randomized, double-blind trial
of 355 patients with disease progression during first-line
platinum- or combination therapy containing fluoropyrimidine showed that adding ramucirumab provided the
best supportive care (BSC) and significantly prolonged
the median OS; the primary endpoint increased from 3.8
to 5.2 mo (P = 0.0473). This translated into a 22% reduction in the risk of death with ramucirumab. Bolstering
the OS results, ramucirumab also significantly prolonged
the median PFS from 1.3 to 2.1 mo when combined
with BSC (HR = 0.483; P < 0.0001). Furthermore,
ramucirumab plus BSC more than doubled the disease
control rate compared with BSC alone (48.7% vs 23.1%;
P < 0.0001) (Table 6). Patients appeared to tolerate the
VEGFR-2 inhibitor fairly well. Most adverse events associated with treatment emerged at a similar frequency in
both the ramucirumab and placebo arms[88]. The survival
benefit attained by adding ramucirumab to BSC appeared
comparable to that achieved by adding second-line cytotoxic chemotherapy to BSC, and the REGARD trial
validated the role of VEGFR-2 signaling as an important
therapeutic target of treating advanced gastric and GEJ
adenocarcinoma[88].
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Table 6 Clinical trial of ramucirumab
Patient

Phase

Treatment

n

OS (mo)

PFS (mo)

RR

DCR

Ⅲ

BSC
Ramucirumab

117
238

3.8
5.2

1.3
2.1

2.6%
3.4%

23.1%
48.7%

Second-line treatment for advanced gastric
cancer or GEJ adenocarcinoma (REGARD)

BSC: Best supportive care; DCR: Disease control rate; GFJ: Gastroesophageal junction; OS: Overall survival; PFS: Progression-free-survival; RR: Response
rate.
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Figure 3 epidermal growth factors signaling pathways. Activation of EGFR leads to downstream signaling pathways that ultimately drive tumour proliferation or
impair apoptosis. JAK: Janus kinase; STAT: Signal transduction and activator of transcrption; ERK: Extracellular signal-regulated kinase; PI3K: Phospohoinositide
3-kinase; PKC: Protein kinase C; PLC: Phospholipase C; SOS: Son of sevenless; mTOR: Mammalian target of rapamycin; RAS: Rat sarcoma viral oncogene; RAF:
Rapidly accelerated fibrosarcoma; EGFR: Epidermal growth factor receptor.

The results of the on-going phase Ⅲ RAINBOW
trial that compares second-line treatment between ramucirumab and paclitaxel might further increase the survival
benefit.
Trastuzumab remains the only molecular targeting
agent that is approved for treating gastric cancer. However, ramucirumab should soon receive approval as a molecular targeting therapeutic agent.

CETUXIMAB
The transmembrane glycoprotein EGFR belongs to
the tyrosine kinase growth factor receptor superfamily
and is an important target of cancer therapy. EGFR is
expressed in many human normal tissues and is overexpressed in a variety of tumours[89]; for example, 18%-91%
of primary gastric cancer tumours and/or metastases
overexpress EGFR and this correlates with a poor prognosis[90-94]. Cetuximab is a monoclonal IgG antibody
directed against EGFR that binds to the extracellular
domain of EGFR in an inactive configuration and competes for receptor binding by occluding the ligand-binding region[95]. This antibody-receptor interaction prevents
WJG|www.wjgnet.com

receptor dimerization and thus blocks ligand-induced
EGFR tyrosine kinase activation. Cetuximab also induces
EGFR internalization, downregulation and degradation.
Antibody-dependent cytotoxicity might also contribute
significantly to the anticancer activity of cetuximab (Figure 3). Cancer-cell proliferation (G1 phase arrest) is inhibited by cetuximab, thus provoking an immune systemmediated antitumour response, inducing VEGF as well as
tumour-induced angiogenesis, and cancer cell invasion[95].
Cetuximab potentiates the antitumour activity of cytotoxic drugs and radiotherapy in preclinical and clinical
tumour models[96] and when combined with irinotecanbased therapies, confers a benefit upon patients with
metastatic colorectal cancer, particularly for those with
KRAS wild-type tumours[97]. The encouraging preclinical
and phase Ⅱ data suggest a potential benefit of cetuximab especially in combination with conventional cytostatic therapy in patients with advanced gastroesophageal
cancer[94,98,99]. Moreover, phase 2 studies of cetuximab
plus various first-line chemotherapy regimens in patients
with advanced gastric cancer have found manageable and
predicted safety profiles with substantial activity (ORR:
41%-65%)[97,100-103].
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Table 7 Clinical trials of cetuximab and panitumumab
Patients

Phase

Treatment

n

OS (m)

PFS (m)

RR

DCR

Ⅲ

Capecitabine + cisplatin
Capecitabine + cisplatin + cetuximab
EOC (epirubicin + oxaliplatin + capecitabine)
Modified dose EOC + panitumumab

449
455
275
278

10.7
9.4
11.3
8.8

5.6
4.4
6.0
7.4

29%
30%
42%
46%

71%
73%
63%
64%

Previously untreated advanced
gastric cancer (EXPAND)
Untreated metastatic or locally
advanced oesophagogastric
adenocarcinoma (REAL 3)

Ⅲ

DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate.

Lordick et al[103] described the randomized, open-label
EXPAND phase 3 trial of capecitabine and cisplatin with
or without cetuximab that included 908 adult patients
aged ≥ 18 years with previously untreated and histologically confirmed locally advanced unresectable (M0) or
metastatic (M1) adenocarcinoma of the stomach or GEJ.
The study proceeded at teaching hospitals and clinics in
25 countries, and the participants were randomly assigned
to groups that were eligible (1:1) to receive first-line chemotherapy with or without cetuximab. Treatment consisted of three-week cycles of capecitabine (1000 mg/m2)
twice daily on days 1-14 and intravenous cisplatin (80
mg/m2) (on day 1), with or without weekly cetuximab (400
mg/m2 initial infusion on day 1 followed by 250 mg/m2
per week thereafter). The primary endpoint was PFS. The
median PFS for 455 and 449 of the 908 patients allocated
capecitabine-cisplatin with or without cetuximab were 4.4
(95%CI: 4.2-5.5) and 5.6 (95%CI: 5.1-5.7) mo, respectively (HR = 1.09; 95%CI: 0.92-1.29; P = 0.32) (Table
7). Lordick et al[103] concluded that combining cetuximab
with capecitabine/cisplatin provided no additional benefit over chemotherapy alone as a first-line treatment for
advanced gastric cancer.
The results of Phase Ⅲ clinical trials did not find a
sufficient therapeutic effect of cetuximab against gastric
cancer.

PANITUMUMAB
Panitumumab is a fully human immunoglobulin G2
monoclonal antibody directed against the EGFR and it
has conferred survival benefits for patients with advanced
colorectal cancer[104].
The REAL2 non-inferiority study established epirubicin, oxaliplatin, and capecitabine (EOC) as a standard
first-line regimen, and found a median OS of 11.2 mo[105].
This finding favorably compared with the alternative
regimens assessed in REAL2, including a combination of
epirubicin, cisplatin and fluorouracil that was associated
with a median OS of 9.9 mo[105].
Waddell et al[106] reported a randomized open-label
phase 3 trial of epirubicin, oxaliplatin and capecitabine
with or without panitumumab that included 522 patients
with previously untreated, metastatic or locally advanced
oesophagogastric adenocarcinoma at 63 centres in the
UK (REAL3). Eligible patients were randomly allocated
(1:1) to receive up to eight 21-d cycles of open-label
EOC [epirubicin (50 mg/m2) and oxaliplatin 130 mg/m2
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on day 1 and capecitabine (1250 mg/m2 per day on days
1-21) or a modified dose of EOC plus panitumumab
(mEOC+P: epirubicin, 50 mg/m2 and oxaliplatin 100
mg/m2 on day 1; capecitabine, 1000 mg/m2 per day on
days 1-21 and panitumumab 9 mg/kg on day 1). The primary endpoint was OS in the intent-to-treat population.
The median OS in 275 of the 533 patients who were
allocated to receive EOC was 11.3 (95%CI: 9.6-13.0) vs
8.8 (95%CI: 7.7-9.8) mo and in 278 patients allocated to
receive mEOC + P (HR = 1.37; 95%CI: 1.07-1.76; p =
0.013). Based on 333 events (EOC, n = 153; mEOC + P,
n = 180), the effects of PFS did not differ between the
treated groups (HR = 1.22; 95%CI, 0.98-1.52; P = 0.068).
The median PFS in the mEOC + P and EOC groups
were 6.0 (95%CI: 5.5-6.5) and 7.4 (95%CI: 6.3-8.5) mo,
respectively (Table 7). Waddell et al[106] concluded that
adding panitumumab to EOC chemotherapy does not
increase OS and cannot be recommended for use in an
unselected population with advanced oesophagogastric
adenocarcinoma.
They listed three explanations for the poor outcome
associated with mEOC + P in that trial[106]. Firstly, as
previously reported[107], combining panitumumab with
full-dose EOC during the initial stages of the trial was
associated with unacceptably high rates of grade 3 diarrhoea. Therefore, the starting doses of oxaliplatin and
capecitabine had to be reduced by 23% and 20%, respectively, in the experimental group.
Dose-intensity data also showed that a reduced proportion of patients in the experimental group achieved at
least 80% of the planned capecitabine dose, suggesting
that mEOC + P was still slightly more difficult to deliver
than standard EOC. Panitumumab might have negatively
interacted with one or more EOC components. Recent
data derived from cell lines in vitro suggest that considerably more synergy might exist between anti-EGFR therapy and irinotecan than with oxaliplatin[108]. Furthermore,
the results of adding cetuximab to treat colorectal cancer
in the COIN trial suggested that the benefit derived from
cetuximab might depend on the fluoropyrimidine partner, with patients receiving oxaliplatin plus fluorouracil
perhaps deriving more benefit than those treated with oxaliplatin plus capecitabine[109]. At the time of their study,
the significance of these potential interactions remained
unknown, and they have not been assessed in the setting
of oesophagogastric cancer.
Their findings might have been affected by assessing
panitumumab therapy in a molecularly unselected popu-
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lation. Randomized clinical trials are therefore needed to
establish whether targeting oncogenic signal transduction
pathways such as KRAS, EGFR, HER2 and MET results
in meaningful improvement.
The EXPAND trial that assessed the addition of
cetuximab to a cisplatin-capecitabine doublet in 904 patients with previously untreated adenocarcinoma of the
stomach and GEJ did not meet its primary endpoint of
improved PFS[103]. The COG trial compared the antiEGFR tyrosine-kinase inhibitor gefitinib with a placebo
in the second-line treatment of 450 patients with oesophageal and type Ⅰ-Ⅱ GEJ cancers. This trial also did
not meet its primary endpoint, as OS did not improve[110].
Adding panitumumab to EOC chemotherapy (REAL3
trial) also did not increase the OS.
These relatively consistent overall findings suggest
that the EGFR pathway probably does not represent an
important therapeutic target for most patients with oesophagogastric cancer.

CONCLUSION
So far, trastuzumab is the only molecular targeting therapy that has been approved for treating gastric cancer. The
significance of molecular targeting therapy for gastric
cancer remains controversial, but large-scale randomized
clinical trials might confirm the benefits of other novel
molecular targeting therapies for gastric cancer in the
near future.
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Abstract
Gastric cancer is one of the most frequent and lethal
malignancies worldwide because of high frequency of
metastasis. Tumor cell motility and invasion play fundamental roles in cancer metastasis. Recent studies have
revealed that the Rho/Rho-associated protein kinases
(ROCK) pathway plays a critical role in the regulation of
cancer cell motility and invasion. In addition, the Rho/
ROCK pathway plays important roles in invasion and
metastasis on the basis of its predominant function of
cell cytoskeletal regulation in gastric cancer. According
to the current understanding of tumor motility, there
are two modes of tumor cell movement: mesenchymal
and amoeboid. In addition, cancer cell movement can
be interchangeable between the mesenchymal and
amoeboid movements under certain conditions. Control
of cell motility through the actin cytoskeleton creates
the potential for regulating tumor cell metastasis. In
this review we discuss Rho GTPases and ROCK signaling and describe the mechanisms of Rho/ROCK activity
with regard to motility and metastasis in gastric cancer.
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In addition, we provide an insight of the therapeutic
potential of targeting the Rho/ROCK pathway.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: RhoGTPases; Rho-associated protein kinases; Gastric cancer; Motility; Metastasis
Core tip: Gastric cancer is one of the main causes of
cancer-associated death in the worldwide. The poor
prognosis associated with gastric cancer is mainly related to metastasis and cell motility is vital for several
steps involved in the metastasis. Rho GTPases could
affect cancer progression including cytoskeletal dynamics. This study aimed at gaining further insight into
the mechanism of Rho/Rho-associated protein kinases
pathway mediated gastric cancer metastasis, particularly with regard to cell movement.
Matsuoka T, Yashiro M. Rho/ROCK signaling in motility
and metastasis of gastric cancer. World J Gastroenterol 2014;
20(38): 13756-13766 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13756.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13756

INTRODUCTION
Gastric cancer is one of the most common and lethal
malignancies worldwide[1,2]. The poor prognosis associated with gastric cancer is mainly related to lymph node
and peritoneal metastasis, the major causes of tumor
recurrence in gastric cancer. The invasion of cancer cells
into the lymphatic vessels or peritoneal cavity facilitates
secondary growth in distant organs. Cell motility is vital
for the several steps involved in cancer metastasis such as
invasion, intravasation, and extravasation.
The ability of cancer cells to invade into surrounding
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Figure 1 Presents an overview of the Rho/Rho-associated protein kinases signaling pathway. MYPT1: Myosin phosphatase 1; MLC: Myosin light chain; ERM:
Ezrin/radixin/moesin; ROCK: Rho-associated protein kinases; LIMK: LIM kinase.

tissue is one of the hallmarks of cancer, which requires
increased cell motility driven by remodeling of the cytoskeletal system and cell contact with the extracellular
matrix (ECM)[3]. The Rho family of small GTPases (Rho,
Rac, and Cdc42) play well-characterized roles in the regulation of actin cytoskeleton organization and dynamics[4];
furthermore, Rho GTPases act as important regulators
of cellular homeostasis[5-7]. Rho-associated protein kinases (ROCK, also known as Rho kinase) belong to a family
of serine/threonine kinases modulated by interactions
with Rho GTPases to promote actin-myosin-mediated
contractile force generation by phosphorylating a variety of downstream target proteins; thus, controlling cell
motility and metastasis[8-11]. ROCK signaling plays crucial
roles in a range of human diseases and is now considered
as a potential target for the treatment of several diseases,
including diabetic nephropathy[12], as well as diseases of
the central nervous and the cardiovascular system[13-15].
Accumulating evidence suggests that Rho/ROCK activity is associated with dissemination of various tumors
to distant organs, including mammary[16], ovarian[17] and
hepatocellular[18] cancers. However, the involvement of
Rho GTPases in gastric cancer is not well understood.
Herein, we review the evidences supporting a positive
association between Rho/ROCK and gastric cancer mo-
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tility. In addition, we discuss the potential for the application of Rho/ROCK in therapy targeting gastric cancer.

OVERVIEW OF RHO/ROCK PATHWAY
The general roles of Rho/ROCK signaling has been
previously reviewed[19,20]. Figure 1 presents an overview
of the Rho/ROCK signaling pathway. Rho GTPases,
members of the Ras superfamily of small GTP-binding
proteins, are divided into three major classes: Rho, Rac,
and Cdc42. The three Rho GTPases RhoA, RhoB and
RhoC have the potential to interact with the same downstream effectors[21]. In contrast, RhoE has been said to
show the inhibitory potential[22]. Specific functions of the
isoforms of the Rho family are summarized in Table 1[23].
Upstream signals stimulate dissociation and the binding
of GTP, which leads to conformational change in the effector-binding region of GTPase resulting in interaction
with downstream targets[24]. Rho GTPases act as molecular switches to translate extracellular signals into intracellular changes in the actin cytoskeleton[25]. The activity of
Rho GTPases is usually controlled by three types of interaction molecules, guanine nucleotide exchange factors
(GEFs), GTPase-activating proteins (GAPs), and guanine
nucleotide dissociation inhibitors (GDIs). Their activity
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Table 1 Characteristics of Rho/Rho-associated protein kinases substrates
Protein

Localization

Rho
RhoA

Cytoplasm
Plasma membrane

RhoB

Endosomes
Lysosomes

RhoC

Cytoplasm
Plasma membrane

ROCK
ROCK1

ROCK2

Plasma membrane

Cytoplasm
Plasma membrane

Function

Effector proteins

Ref.

Regulation of the actin polymerization, basement membrane disassembly
ROCK and mDia1
and cortical contractility
Regulation of membrane bleb production
Regulation of the turnover of cell–extracellular matrix adhesions at the
cell rear
Regulation of the adhesive properties and wound healing in fibroblast
p76RBE and DIAPH1
Retardation of growth factor receptor trafficking
(diaphanous homolog 1)
Negative regulation of cell survival
Inhibition of metastasis
Promotion of metastasis (invasion)
ROCK and mDia1
Regulation of actin polymerization within invadopodia protrusions

[23,60]

Destabilization of the actin cytoskeleton through regulating MLC
phosphorylation
Regulation of cell migration by leading and trailing edges of motile cells
Stabilization of the actin cytoskeleton through regulating cofilin activity
Regulation of myosin Ⅱ–dependent phagocytosis
Negative regulation of cell migration

MLC and RhoE

[38,39]

LINK and Cofilin

[37,39]

[23]

[23,24]

ROCK: Rho-associated protein kinases; MLC: Myosin light chain.

is regulated by nucleotide binding or subcellular localization[4,19] (Figure 1). Rho GDIs protect Rho GTPases from
ubiquitination[26] or degradation[27].
GTPases bind to effector molecules that activate
downstream targets. ROCKs were originally isolated as
downstream targets of RhoA[28-30]. ROCK is a serine/
threonine kinase that phosphorylates downstream targets involved in cytoskeletal rearrangement. The ROCK
family comprises ROCK1 (also known as ROCKI,
p160ROCK or ROK β ) and ROCK2 (also known as
ROCKII, ROKα or Rho kinase)[31]. These proteins were
originally isolated as RhoA-GTP interacting proteins,
which share 65% overall identity and 92% identity particularly in their kinase domains[8]. Active RhoA-GTP
interacts with the C-terminal domain of ROCK that promote the formation of stress fibers and focal adhesions,
cell junctions and cell cycles[10,31].
The ROCK family elevates myosin and mediates muscle contraction, in addition to neurite retraction driven by
actomyosin contraction through phosphorylation of two
major substrates: myosin light chain (MLC) and myosin
phosphatase 1 (MYPT1)[32]. Intermediate filaments, ezrin/radixin/moesin (ERM) family proteins, collapsing
response mediator protein 2 (CRMP2), calponin and
adducin have been identified as downstream targets of
ROCK proteins[33]. Tau and MAP2 modulate the microtubule structure and dynamics[34]. Activated myosin connects the actin filaments to form stress fibers that generate actomyosin forces to facilitate cell movement. LIM
kinase (LIMK) is another important downstream effector of Rho[35]. LIMK phosphorylates cofilin and blocks
cofilin-mediated actin filament disassembly[36] Therefore,
cofilin is often referred to as the terminal effector of
the cell signaling cascades that regulate the cytoskeletal
rearrangement (Figure 1). Recently, differences in activity between the two isoforms (ROCK1 and 2) have been
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obseved (Table 1)[37,38]. A recent study has shown that
ROCK1 mediated destabilization of actin cytoskeleton
through regulating MLC2 phosphorylation In contrast,
ROCK2 played a role for stabilizing actin cytoskeleton
via cofilin[39]. Firstly, ROCK1 protein is mainly found in
organs such as liver, kidney, and lung, whereas ROCK2
protein is mainly expressed in muscle and brain tissue.
Several paper showed the inhibitory effect of RhoE on
ROCK1, but not ROCK2 activity[22,40]. Activity of MLC
and MYPT was affected after silencing ROCK Ⅰ, but
not ROCK Ⅱ[41]. LIM kinase is downstream of p21-activated kinase[42] and is not phosphorylated by full-length
ROCK1[36].

EXPRESSION AND FUNCTION OF RHO/
ROCK IN GASTRIC CANCER
Rho/ROCK activity is regulated by both protein regulator signaling and cell surface receptors. The Rho subfamily (RhoA, RhoB and RhoC) share 85% amino acid identity. Despite of this similarity, the three isoforms have
different cellular functions[43] (Table 1). Rho was found
to be activated in various cancers, such as breast, colon,
and lung cancer, as well as metastatic melanoma[43-46].
Overexpression of RhoA signaling elements has been
detected in several human tumors, including those of the
urinary tract, and cervicx[47-49]. Rho overexpression also
contributes to malignant phenotype in gastric cancer[49].
Enhanced expression of RhoC was revealed to be correlated with a motile and invasive phenotype of gastric
cancer cells[50-52]. In contrast, RhoB significantly inhibited
the proliferation, migration, and invasion of gastric cancer cells[53]. Interestingly, gastric cancer cells with a high
expression of RhoA are resistant to chemotherapeutic
drugs, such as taxol or vincristine, implying that treatment
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strategies aimed at inactivation of RhoA may have potential in improving the efficacy of these chemotherapeutic
drugs[54]. Additionally, RhoGDI is involved in gastric
tumor growth and metastasis, suggesting it to be a useful
marker for tumor progression in gastric cancer[55].
Scirrhous gastric cancer, is a diffusely infiltrating Borrmann type 4 carcinoma (also known as linitis plasticatype carcinoma) has a worse prognosis than other types
of gastric cancer[56], reflecting their rapid and progressive
invasion and frequent metastasis to the peritoneum[57,58].
Our previous study described that the expression level
of active RhoA was higher in scirrhous-type gastric
cancer cell line, OCUM-2MD3 and MKN-45 than in an
intestinal-type gastric cancer cell line, MKN-74[59]. Shinto
et al[60] revealed that TGF-β significantly upregulated the
activity of RhoA and myosin phosphorylation in diffusetype gastric cancer cells.
Somatic mutations in RHO genes (RHOA, RHOB,
and RHOC) have been found in certain solid cancers, including those in the breast, lung, ovary, and intestine[5,61].
In addition, somatic mutations in ROCK genes have been
identified in certain cancers. ROCK was overexpressed
in testicular and bladder cancers[62,63]. Furthermore, mutations have been identified in the ROCK2 gene in gastric
cancer[64]. On the other hand, application of MicroRNA148a resulted in suppression of tumor cell invasion and
metastasis by downregulating ROCK1 in gastric cancer,
suggesting that ROCK1 may be closely related with metastatic process in this type of malignancy[65].

ROLES OF RHO/ROCK PATHWAY
IN MOTILITY AND METASTASIS OF
GASTRIC CANCER
Roles in cell behavior
The Rho/ROCK pathway plays multiple roles in the
distant metastasis of cancer cells[24,34,66-68]. Zhang et al[69]
found that selective suppression of RhoA by small interfering RNA (RNAi) or a pharmacologic inhibitor
reduced the proliferation of gastric cancer cells. RhoC
stimulates the proliferation of gastric cancer cells through
recruitment of IQ-domain GTPase-activating protein 1
(IQGAP1)[70]. Lin et al[71] reported that IL-6 induces AGS
gastric cancer cell invasion through activation of the
c-Src/RhoA/ROCK signaling pathway. High expression
of RhoA is correlated with lymph node metastasis, tumor
stage, histologically diffuse type, and poor survival of patients with gastric cancer. RhoA RNAi caused a decrease
in ROCK1 expression but an increase in caspase-3/
cleaved-caspase-8[72]. miR-10b is a Twist-induced microRNA which stimulate camcer cell invasion by the upregulation of RhoC and AKT phosphorylation through
HOXD10[73]. In contrast, one of the Rho GTPase family
member RhoE inhibits RhoA signaling in part by binding
to the ROCK1[22]. RhoE also increased hypoxia-induced
epithelial-mesenchymal transition (EMT) of cancer cells
through hypoxia-inducible factor (HIF)-1a signaling[74].
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Cancer cell motility
Several studies have established the role of Rho/ROCK
signaling in tumor cell motility[75]. Directed cell movement
consists of cycles of five processes: membrane protrusion at the leading edge, adhesion of protrusions to the
substrate, translocation of the cell body, tail deadhesion
from the substrate, and retraction of the trailing edge[76]
(Figure 2). Reorganization of the actin cytoskeleton is involved in these processes which is regulated by Rho GTPases[77]. Among a various responses, reorganization of
actin cytoskeleton is the most studied. Cdc42, Rac, and
Rho are key regulators of actin assembly and control the
formation of filopodia, lamellipodia, and stress fibers[24].
Activated Rac and Cdc42 induce reorganization of the
actin cytoskeleton at the leading edge[78]: localized actin
polymerization at the leading edge pushes the membrane
forward in finger-like structures known as filopodia and
in sheet-like structures known as lamellipodia. These
structures generate the locomotive force in migrating
cells. On the other hand, Rho regulates the assembly of
contractile actomyosin filaments[79]. Rho has always been
assumed to act at the rear of migrating cells for inducing
tail detachment, but active Rho has recently been found
to localize in membrane ruffles and lamellipodia under
certain conditions. Thus, during cell movement, Rac and
Cdc42 stimulate formation of protrusions at the leading
edge, whereas Rho induces retraction at the trailing edge
(Figure 2). This coordinated reorganization permits cell
movement toward a target.
It was recently demonstrated that cancer cells display
two different modes of cell motility: EMT and amoeboid
transition[80,81] (Figure 3). In the case of epithelial tumors,
cells move in groups through the extracellular matrix and
maintain cell–cell adhesions in sheet-like structures (Figure 3A). As epithelial cancer cells advances, the function
of cadherin is suppressed and they move as single cells[82].
This transition from collective to individual motility is
termed EMT[83]. When cultured in three-dimensional
matrices, cancer cells that undergo individual cell movement similar to that of dedifferentiated epithelial tumor
cells exhibit two typical morphologies: an elongated and a
rounded morphology. These two forms use different motility mechanisms, which are termed as mesenchymal and
amoeboid movements. This review primarily discusses
the single-cell motility strategies of tumor cells, referred
to as amoeboid and mesenchymal. With respect to the
mesenchymal movement, the elongated morphology of
cells is dependent on integrin-mediated adhesion[84]. Mesenchymal movement requires degradation of the ECM,
similar to collective movement (Figure 3B). Elongated
cells are polarized, creating an obvious frontal extension
comprising of one or more leading pseudopodes, and
form integrin-dependent adhesions with the substrate. In
addition, matrix-degrading proteases such as the matrix
metalloproteinase (MMP) and serine protease families
(µPA/µPAR) accumulate at the leading edge of moving
cells, which causes localized proteolysis[85]. Elongated
cells form a pathway and overcome tissue boundaries by
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Direction of mevement

Generation of protrusion at the leading edge
with F-actin polymerization
Rac
Front protrusion

Cdc42

Formation of new adhesion
Front adhesion
Rac
Rho
Actomyosin contraction allows cell body to translate
Cell body translocation
Adhesion at the trailing end disintegrate and
F-actin depolymerizes
Actin

Tail deadhesion

Focal adhesion
Actin cable and myosin
Tail retraction

Figure 2 Reorganization of the actin cytoskeleton is involved in these processes which is regulated by Rho GTPases.

degradation of the ECM. In contrast, cells with amoeboid movement migrate in an integrin-independent manner (Figure 3C). When rounded cells migrate through the
ECM, they change their shape and squeeze themselves
into the gaps. This amoeboid movement is arguably
primitive and in some ways the most effective form of
cell movement that does not require degradation of the
ECM, which is observed in hematopoietic stem cells, leukocytes, and certain tumor cells[86-88].
The amoeboid movement of the rounded cells is
driven by actomyosin-based cortical contraction (stiffening and contracting of the cell cortex) along the plasma
membrane. Actin–myosin contractility for bleb retraction
is provided by signaling through Rho/ROCK[88-90]. The
enhanced contractility of cells that use amoeboid-like
invasive strategies enables them to squeeze through gaps
in ECM fibers and adapt their shape to the preexisting
spaces, or to exert sufficient force to deform the surrounding ECM. RhoA is important in both amoeboid
and mesenchymal movement. RhoA-ROCK signaling is
proposed to induce actomyosin-based cortical contractility leading to amoeboid movement through blebbing.
Epithelial cells expressing constitutively active RhoA
can detach from epithelial sheets and acquire a rounded,
bleb-associated mode of motility[91]. Although it is known
that Rho/ROCK plays a critical role in promoting adaptation to the cellular environment, the regulation of
RhoA in determining morbility is beginning to be unrav-
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eled. Phosphoinositide-dependent protein kinase 1 has
been identified as a regulator of amoeboid cell motility
through maintenance of ROCK1 activity, and it prevents
inhibition of ROCK1 through RhoE [40]. In addition,
Smurf1[92], EphA2[93], and loss of p53[94] have been identified as positive regulators of mesenchymal-amoeboid
transition (MAT).
The amoeboid and mesenchymal types of movement are mutually interchangeable: MAT or amoeboid–
mesenchymal transition (AMT)[95]. Whereas remodeling
of the ECM is required for mesenchymal movement, in
the presence of protease inhibitors, cancer cells change
to amoeboid and pass through the ECM[85,88]. This ability leads to difficulty in repression of cancer cell invasion
by protease inhibitors. To regulate cancer cell motility, both mesenchymal and amoeboid movement must
be repressed simultaneously. If cell–ECM interactions
are weakened, mesenchymal movement can change to
amoeboid movement (Figure 3B and C). Known mechanisms leading to MAT are the abrogation of pericellular
proteolysis by protease inhibitors, strengthening of the
Rho/ROCK signal pathways, and weakening of integrin–
ECM interactions by antagonists. These transitions are
associated with P-MLC2 levels, actin localization, RhoA
activity, or membrane blebbing[95].
Both mesenchymal and amoeboid movements are
based on reorganization of the actin cytoskeleton, but
their requirements for Rho and Rac signaling differ. A
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A

Collective

Cell-cell adhesion ↓

B

C
ECM degradation ↓
Cell-substrate adhesion ↓

Mesenchymal

Focal adhesions
connect cell to ECM

Cells move through
matrix by using MMPs
to degrade ECM

Rho ↑

Rac ↓

Rho ↓

Rac ↑

Cell-cell adhesion ↓
Cell-substrate adhesion ↓
Cells squeeze in between
gaps in the ECM

Amoeboid

Loss of cell
polarity

Membrane
blebbing

Squeeze through gaps
in the ECM fibers

Figure 3 Cancer cells display two different modes of cell motility: epithelial-mesenchymal transition and amoeboid transition. A: cells move in groups
through the extracellular matrix and maintain cell–cell adhesions in sheet-like structures; B: Mesenchymal movement requires degradation of the extracellular matrix
(ECM), similar to collective movement; C: Cells with amoeboid movement migrate in an integrin-independent manner.

siRNA screen for Rho-GEFs and Rho-GAPs has revealed specificities in the activation of RhoA and Rac
that directly affect mesenchymal and amoeboid movement[96]. With respect to mesenchymal movement, membrane protrusions at the leading edge are formed in a
Rac-dependent manner. Inactivation of Rac induces a
rounded phenotype. This effect has also been observed
with the inactivation of either NEDD9 or DOCK3, both
of which mediate the activation of Rac[97]. In contrast,
Rho signaling is not essential for mesenchymal movement[88]. In regard to amoeboid migration, the actin cytoskeleton is reorganized along the plasma membrane,
causing dynamic membrane blebbing along the cell surface[88]. This cortical actin reorganization is dependent
on Rho/ROCK signaling[98]. Inhibitors of Rho/ROCK
signaling suppress the formation of membrane blebs and
inhibit amoeboid migration.
The common features of scirrhous gastric cancer
include rapidly progressive motility and invasion, and a
high frequency of metastasis to the peritoneum[58]. Scirrhous gastric cancer cells proliferate with fibrosis when
the cancer cells invade the submucosa containing abundant stromal cells. The proliferative and invasive ability
of scirrhous gastric cancer cells is closely associated with
the growth factors produced by organ-specific fibroblasts. Threrfore, fibroblasts are a key determinant in the
malignant progression of gastric cancer[99,100]. Scirrhous
gastric cancer cells with high peritoneal metastatic ability exihited ameboid types of cell movement. Inhibition
of Rho/ROCK signaling by ROCK inhibitor, Y-27632,
induced an elongated morphology and increased the

WJG|www.wjgnet.com

invasive ability of scirrhous gastric cancer cells. The fact
that Rac1 inhibitor reduced the invasive ability of ROCK
inhibitor suggests that the invasive ability of scirrhous
gastric cancer cells is related to Rac activity. Y-27632
converted scirrhous gastric cancer cells from rounded to
elongated shape, suggesting that inhibition of the RhoA/
ROCK pathway is associated with AMT[59]. Thus, mesenchymal and amoeboid movements are dependent on Rac
and Rho signaling, respectively. Furthermore, the balance
between these signaling systems may determine the type
of cell migration. The inhibition of proteases, particularly MMPs, can change the mode of migration from
mesenchymal to amoeboid, whereas inhibition of ROCK
may alter it from amoeboid to mesenchymal. Although
it is known that the amoeboid movement is clearly Rho/
ROCK-dependent, there is an indication that Rho signaling is implicated in the mesenchymal process. Interestingly, a recent study showed that vincristine-treated gastric cancer cells activated GEF-H1/RhoA/ROCK/MLC
signaling and promoted MAT[101].

THERAPEUTIC ASPECTS OF TARGETING
RHO/ROCK
Despite the poor mortality of patients with gastric cancer, only trastumab is available for molecular targeting
therapy against gastric cancer[102]. Several preclinical and
clinical studies have utilized inhibitors of Rho/ROCK
signaling for anticancer therapeutics in prostate, lung,
melanoma, glioblastoma, and several other tumor types
with remarkable success[103-106]. The fact that Rho/ROCK

13761

October 14, 2014|Volume 20|Issue 38|

Matsuoka T et al . Rho/ROCK signaling in gastric carcinoma

is highly expressed in advanced gastric cancer suggests
that its inhibition could be a potential therapeutic target for metastatic gastric cancer. Aberrant activation of
ROCK may contribute to disastrous physiological consequences such as blood vessel constriction and extensive
retraction of neuritis[107,108].
The most frequently used inhibitors of the RhoROCK pathway can be categorized into three classes:
those inhibiting ROCK (RIs), geranylgeranyl transferase-1
(GGTIs), and 3-hydroxy-3-methylglutaryl-Coenzyme A
(HMG-CoA) reductase[11]. Several ROCK inhibitors are
currently the subject of clinical trials. For instance, fasudil
(HA1077), a potent adenosine triphosphate (ATP) competitor for ROCK, has become prominent in the treatment of human diseases by ROCK inhibitors[109,110]. Other
ROCK inhibitors such as Wf-536, H1152, and RKI-1447
have all been revealed to reduce tumor progression in
hepatocellular cancer[111,112] and lung cancers[113], melanoma[114], and breast cancers[115], but no clinical report has
utilized these inhibitors in gastric cancer.
Despite the interest in ROCK as a cancer therapeutic
target, ROCK inhibitors have not yet progressed to clinical use. Because a common problem with kinase inhibitors is their tendency toward non-selectivity, there is an
urgent need for alternative approaches to specifically target Rho/ROCK signaling pathways. Selective phosphorylation-specific antibodies for ROCK2 or ROCK1 may
represent a new type of optimized inhibitor. The ROCK
inhibitor, Y27632 and fasudil are not yet optimized for
in vivo use[11]. However, these problems associated with
inhibitors may be overcome by research using inactive
RhoA expressing cells [116], siRNA targeting RhoA [117]
and ROCK knockout mice[118,119]. Several groups have
identified miRNAs targeting the RhoGTPase pathways
in various cancer cell models, yielding a new source of
knowledge regarding the underlying mechanisms regulating these pathways[120].
MAT, the likelihood of escape by cells that can switch
between motility modes, makes it difficult to regulate
the motility of all cancer cells by a single strategy. Rho/
ROCK signaling contributes to amoeboid motility by
promoting integrin, a protease-independent mode of
tumor cell invasion. Our study implies that combined
inhibition of ROCK and Rac restored the enhanced
invasion of scirrhous gastric cancer cell lines[59]. These
data suggest that drug combinations may produce greater
anticancer effects by completely blocking the independent targets[121]. The combined inhibition of ROCK and
MRCK kinases was found to be more effective in blocking actomyosin-mediated cell activities than either in isolation[122]. Further mechanistic studies as well as unbiased
screening efforts are needed to identify additional potential agents among ROCK inhibitors.

progression and metastasis. The Rho/ROCK pathway
is important in the regulation of pathways leading to
enhanced malignancy of gastric cancer. Reorganization
of the actin cytoskeleton plays a central role in the motility of cancer cells. A single tumor cell’s invasive strategy
follows either a mesenchymal or amoeboid pattern, and
certain cell types can use both modes of invasiveness
and undergo transition between them. Inhibition of actin
polymerization by Rho/ROCK inhibitors is a good candidate for cancer therapy. To completely elucidate the details of cancer cell motility, it is important to investigate
more precisely the mechanisms underlying regulation of
the actin cytoskeleton.
Although Rho GTPases- or ROCK-based therapy
appear to have a potential role in gastric cancer therapy,
the results of further clinical trials are still pending. Thus,
it is necessary to identify new mechanisms that may offer great potential for defining new drug target sites, and
to attempt use of a novel strategy for more selective
therapeutic intervention. Several questions remain to be
completely answered with regard to the optimization of
Rho/ROCK target therapy, as outlined below: (1) what
are the precise underlying mechanisms involved in MAT
and AMT? Although MAT in response to protease inhibitors or integrin antagonists has been proposed to
be a key event in the dissemination of invasive cells, the
identification of factors regulating this conversion is still
in its infancy; (2) can we identify response biomarkers to
Rho/ROCK inhibition? The optimal patient subgroup
that would benefit from single-agent ROCK inhibitory
treatment remains to be determined. Further efforts to
better define the molecular determinants of Rho/ROCK
therapy response would be needed to unleash the complete impact of the targeted therapeutics; (3) what tumor
types are most probable to benefit from Rho/ROCK inhibitory treatment? Accordingly, Rho/ROCK activation
during amoeboid movement is believed to be relatively
high, suggesting that Rho/ROCK is closely correlated
with the progression and dedifferentiation of gastric cancer. Thus, it is vital to investigate more precisely the effect of Rho/ROCK inhibition in relation to the types of
gastric cancer; and (4) if ROCK inhibitors are to be used
for sustained periods of therapy, what are the potential
chemoresistance liabilities?
It is believed that the clarification of these questions
will provide an insight into how gastric cancer cells are integrated with various signaling pathways, which includes
Rho/ROCK pathway. Till date, investigations of the
signaling that govern these events in gastric cancer have
only just begun, and new findings may contribute to the
identification of new antimetastatic therapeutic targets
for gastric cancer treatment.
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Abstract
Gastric cancer remains the second leading cause of
cancer death worldwide. About half of the incidence
of gastric cancer is observed in East Asian countries,
which show a higher mortality than other countries.
The effectiveness of 3 new gastric cancer screening
techniques, namely, upper gastrointestinal endoscopy,
serological testing, and “screen and treat” method were
extensively reviewed. Moreover, the phases of development for cancer screening were analyzed on the basis
of the biomarker development road map. Several observational studies have reported the effectiveness of
endoscopic screening in reducing mortality from gastric
cancer. On the other hand, serologic testing has mainly
been used for targeting the high-risk group for gastric
cancer. To date, the effectiveness of new techniques
for gastric cancer screening has remained limited.
However, endoscopic screening is presently in the last
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trial phase of development before their introduction to
population-based screening. To effectively introduce
new techniques for gastric cancer screening in a community, incidence and mortality reduction from gastric
cancer must be initially and thoroughly evaluated by
conducting reliable studies. In addition to effectiveness
evaluation, the balance of benefits and harms must be
carefully assessed before introducing these new techniques for population-based screening.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The effectiveness of new gastric cancer
screening technique has remained limited to date.
The present review of 3 new gastric cancer screening
techniques, namely, upper gastrointestinal endoscopy,
serological testing, and “screen and treat” method provides invaluable insights on how screening tests should
be instituted. To effectively introduce new techniques
for gastric cancer screening in a community, incidence
and mortality reduction from gastric cancer must be
initially and thoroughly evaluated by conducting reliable
studies. In addition to effectiveness evaluation, the balance of benefits and harms must be assessed before
introducing these new techniques for population-based
screening.
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INTRODUCTION
Gastric cancer remains the second leading cause of cancer death worldwide. Over the last 3 decades, the incidence of gastric cancer has decreased around the world,
and a similar trend can be observed in Asian countries.
However, although mortality from gastric cancer has
markedly improved, its burden remains substantial.
In 2012, an estimated 1 million new cases of gastric
cancer have occurred, with half of the world total occurring in Eastern Asia[1]. The age-standardized incidence
rates are about three times as high in men as in women;
35.4 for 100000 men and 13.8 for 100000 women in the
world. The highest mortality rates are observed in Eastern Asia, occurring at 24.0 per 100000 men and 9.8 per
100000 women.
In Japan, there are more than 360000 cancer deaths,
with gastric cancer accounting for 13.6% of the total
number of cancer deaths[2]. In 2012, the reported agestandardized mortality rate of gastric cancer was 17.6 per
100000 men and 6.7 per 100000 women. Over the last
2 decades, the cancers causing mortality have changed.
Particularly, mortality from gastric cancer in men has
decreased. In 2005, the gastric cancer mortality rate was
half that in 1975.

HISTORY OF GASTRIC CANCER
SCREENING
Gastric cancer screening using upper gastrointestinal
series (radiographic screening), which was developed in
Japan, has been conducted since the 1960s[3]. In 1983, nationwide cancer screening programs were started under
the Health Service Law for the Aged. These programs
have been conducted as a public policy for the last 3
decades. In 2000, Hisamichi[4] assessed the effectiveness
of radiographic screening based on a literature review,
and they recommended this screening technique in their
report. In 2005, the Japanese guidelines for gastric cancer screening also recommended radiographic screening
based on a systematic review[5]. In the guidelines, upper
gastrointestinal endoscopy and serological testing [i.e., Helicobacter pylori (H. pylori) antibody and serum pepsinogen
screening] were also evaluated. These were not, however,
recommended because of insufficient evidence.
Since the introduction of population-based screening,
radiographic equipment has been improved and radiation exposure has gradually decreased. In the last decade,
filming has efficiently progressed to digital imaging. Highdensity barium has been used for radiographic screening
in the 2000s. Compared with previous techniques, the sensitivities of new screening techniques remain equal, but
their specificities have seen a considerable improvement[6].
Although radiographic screening has been conducted in
most municipalities in Japan, the screening rate has gradually decreased nationwide over the last decade[7]. On the
other hand, endoscopic screening has been performed in
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clinical settings as opportunistic screening[8-10]. The serum
pepsinogen method has been used mainly in clinical settings with multiphasic health check-ups[11-13], but the use
of this method has been limited to communities[14,15].
In other Asian countries, gastric cancer screening using both methods has been performed as opportunistic
screening[16]. Both radiographic screening and radiographic screening and endoscopic screening has been introduced as national programs since 2000 in South Korea[17].
Although the target age group is the same as in Japan, the
screening interval is every 2 years in South Korea. People
can choose the screening method at their own preference,
and a high selection preference for endoscopic screening
has been observed.

CURRENT STATUS OF GASTRIC CANCER
SCREENING IN JAPAN
Five cancers, namely, stomach, colon and rectum, lung,
breast and cervical cancer have been screened by nationwide screening programs in Japan. The results of population-based screening are shown in Table 1[7]. Interestingly,
the rate of gastric cancer screening has been shown to
be lower than that of other organs, although the rates
of all cancer screening programs are below 25%. Since
the introduction of gastric cancer screening in 1983, the
screening rate has gradually decreased and remained at
about 10%. Except for cervical cancer, the target groups
in these screening programs are individuals 40 years and
over. There is no upper age limit in these programs and
individuals over 70 years have constituted about 35% of
the participants in gastric cancer screening. The screening
interval for gastric, colorectal, and lung cancer is every
year. For gastric cancer screening, about 4 million people
participate each year. The positive rate is about 10% and
further examination is needed for definitive diagnosis.
The participant rate of diagnostic examinations is approximately 80% and is higher than that for colorectal
cancer screening. There were 6769 newly detected gastric
cancers in 2011. However, the detection rate in gastric
cancer screening has remained at 0.1% to 0.2%.
There are several problems with the continued use
of nationwide radiographic screening in Japan. The upper gastrointestinal series (UGI) with double-contrast
study was originally adopted for radiographic screening.
Special training is needed for the interpretation of UGI
radiographs in gastric cancer screening. The use of UGI
has now seen a rapid decrease in the clinical setting and
is presently replaced by upper gastrointestinal endoscopy,
which becomes a requisite technique for general physicians, particularly for the young generation. Inadequate
manpower for radiographic screening will become evident in the future because of the advanced age of experts
who can interpret UGI radiographs. Since the burden of
gastric cancer still remains substantial, new techniques,
including endoscopy, serological tests for H. pylori antibody and serum pepsinogen, a maker of atrophy have
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Table 1 Results of population-based screening in Japan

Total participants
Screening rate
Positive rate
Participant rate of diagnostic examination
Cancer detection rate
Positive predictive value

Stomach

Colon and rectum

Lung

Breast

Cervix

3874128
9.6%
9.4%
81.1%
0.17%
1.9

6975281
16.8%
7.3%
63.6%
0.23%
3.2

7059318
17.2%
2.8%
77.7%
0.06%
2.2

2541993
18.8%
8.6%
83.5%
0.32%
3.7

4666826
23.7%
1.6%
66.2%
0.08%
4.9

Adapted from reference [7].

Table 2 Sensitivity of endoscopy and radiography for gastric cancer screening
Screening round
Prevalence screening

Method

Sensitivity

Specificity

Sensitivity

By the detection method

By the detection method

By the incidence method

0.955
(0.875-0.991)
0.893
(0.718-0.977)
0.977
(0.919-0.997)
0.885
(0.664-0.972)

0.851
(0.843-0.859)
0.856
(0.846-0.865)
0.888
(0.883-0.892)
0.891
(0.885-0.896)

0.886
(0.698-0.976)
0.831
(0.586-0.964)
0.954
(0.842-0.994)
0.855
(0.637-0.970)

Endoscopic screening
Radiographic screening

Incidence screening

Endoscopic screening
Radiographic screening

Adapted from reference [22].

been anticipated for gastric cancer screening. A “screen
and treat” strategy is also anticipated for H. pylori eradication and surveillance for the high-risk group.

NEW CANCER SCREENING METHODS
Endoscopic screening
Endoscopic screening for gastric cancer was not recommended in the 2005 version of the Japanese guidelines[5].
Although new studies have been reported since the publication of the Japanese guidelines, these studies were
insufficient to validate the effectiveness of endoscopic
screening[8-9,18-20]. Endoscopic screening has been performed in 18.3% of municipalities as population-based
screening in Japan[21]. Several studies have reported that
endoscopic screening has a higher detection rate than
radiographic screening[8-10]. Endoscopic screening can detect cancer earlier which can be adopted for endoscopic
submucosal resection.
A comparison of the sensitivity of endoscopic and radiographic screenings has been reported[22,23]. In a Korean
study, the sensitivity of endoscopic screening was reported as 69.4% (95%CI: 66.4-72.4) for the first round and
66.9% (95%CI: 59.8-74.0) for the subsequent round[23].
On the other hand, the sensitivity of radiographic screening was reported as 38.2% (95%CI: 35.9-40.5) for the
first round and 27.3% (95%CI: 22.6-32.0) for the subsequent round[23]. Although the definition of interval
cancer was different between South Korea and Japan,
the sensitivity of endoscopic screening was always higher
than that of radiographic screening. However, there are
possibilities of an increase in the frequency of overdia-
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ganosis by endoscopic screening because it can detect
cancer earlier than radiographic screening. Although the
detection method is commonly used to measure the sensitivity of the screening method, it cannot exclude cases
of overdiagnosis. The incidence method was developed
to calculate sensitivity, avoiding cases of overdiaganosis[24]. Screening for breast, lung, and colorectal cancers
has been evaluated using the incidence method[25-27]. In
a Japanese study, the sensitivities of endoscopic and radiographic screening were calculated by both methods[22]
(Table 2). By the detection method, it was found that the
sensitivity of endoscopic screening was higher than that
of radiographic screening in both rounds (prevalence
screening: p = 0.255, incidence screening: p = 0.043).
By the incidence method, the sensitivity of endoscopic
screening for prevalence and incidence screenings was
also higher than that of radiographic screening (prevalence screening: p = 0.626, incidence screening: p =
0.117). Even if the incidence method is used, the sensitivity of endoscopic screening was always higher than
that of radiographic screening in both rounds.
Recently, the results of a community-based casecontrol study of endoscopic screening have been reported[28,29]. Based on the results of a larger case-control
study, the findings suggest a 30% reduction in gastric
cancer mortality by endoscopic screening compared with
no screening within 36 mo before the date of diagnosis
of gastric cancer[28]. Although the sample size is small in
the Nagasaki study, a higher mortality reduction from
gastric cancer by 80% was reported[29]. Although these
results suggest that gastric cancer mortality could be
reduced by endoscopic screening, prudence must be ob-
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Table 3 Results of prediction based on a combination of
Helicobacter pylori antibody and serum pepsinogen screening
Ohata et al
Basic characteristics
Year published
Location
Total number
Men/Women
Age
Follow-up (yr)
HP positive rate (%)
PG positive rate (%)
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP-/PGTotal number
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP+/PGTotal number
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP+/PG+
Total number
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP-/PG+
Total number
Number of detected
cancer
Incidence of gastric
cancer (/1000)

[38]

Watabe et al

[40]

2004
2005
Wakayama
Chiba
4655
6983
4655/0
3320/2260
48.3 (average) 48.9 (average)
7.7 (average) 4.7 (average)
78.6
46.1
28.9
21.8
45
43

Mizuno et al

[39]

2009
Kyoto
2859
1011/1848
≥ 35
10 (maximum)
75
39.2
61

9.67

6.16

21.3

967
0

3324
7

647
2

-

2.11

3.09

2341
19

2134
6

1094
15

8.12

2.81

13.71

1316
24

1082
18

1054
41

18.24

16.64

38.9

31
2

443
12

69
3

64.52

27.09

43.48

HP: Helicobacter pylori antibody; PG: Serum pepsinogen.

served in interpreting positive results because these casecontrol studies may have included self-selection bias.

TARGETING THE HIGH-RISK GROUP
Although serologic testing has been used for targeting the
high-risk group for gastric cancer, the effectiveness of
these screenings has not been fully clarified. A small casecontrol study reported mortality reduction from gastric
cancer using serum pepsinogen screening[30]; however,
this screening is insufficient to confirm the effectiveness
of serological testing. In a meta-analysis by Dinis-Ribeiro
et al[31], they found that the sensitivity of serum pepsinogen screening for gastric cancer was 77% and that the
specificity was 73% using pepsinogen Ⅰ ≤ 70 and pepsinogen Ⅰ/Ⅱ ratio ≤ 3 as cut-off values for atrophy.
Since high specificity is a major requirement for cancer
screening[32], tests with lower specificity such as serum
pepsinogen testing are not suitable for primal screening.
The 3 current serological screening methods com-
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monly used to identify the high-risk group are as follows:
(1) serum pepsinogen screening; (2) H. pylori antibody
screening; and (3) a combination of the serum pepsinogen and H. pylori antibody screening. Although cytotoxin
associated gene A (cagA) has also been anticipated as a
new biomarker for gastric cancer, its use has been limited to research-based screening[33]. Most of the reported
studies are cross-sectional studies in which the serologic
test was performed simultaneously with upper endoscopic screening. Although several studies have been reported
from European countries, their outcomes were mainly
for chronic atrophic gastritis which is a surrogate endpoint even if it can be a precursor of gastric cancer[33-35].
Lomba-Viana et al[36] previously reported the results of
a 5-year follow-up study of the serum pepsinogen test
for the early detection of gastric cancer in Portugal.
The constraint of their study was that the subjects were
limited only to 4% of the primary subjects who were
screened by the serum pepsinogen tests. For the successful introduction of a screening procedure for populationbased screening, a direct evaluation of the reduction in
gastric cancer incidence is required. Therefore, a longterm follow-up for the whole target population is needed
to evaluate the possibility of predicting the incidence of
gastric cancer.
At present, the most commonly used strategy for
serologic testing is a combination of serum pepsinogen
and H. pylori antibody screening, or the so-called “ABC
method”[37]. This combination method has been most anticipated since it can theatrically stratify the risk of gastric
cancer. However, the effects of long-term follow-up have
not yet been clarified. Thus far, there are 3 studies on
predicting the incidence of gastric cancer based on longterm follow-up[38-40]. In all of these studies, the follow-up
periods were less than 10 years. Moreover, the incidence
rates of gastric cancer were different among these studies (Table 3). The 4 groups identified on the basis of serum pepsinogen and H. pylori infections were as follows:
Group A = negative H. pylori infection and negative atrophy; Group B = positive H. pylori infection and negative
atrophy; Group C = positive H. pylori infection and positive atrophy; Group D = negative H. pylori infection and
positive atrophy. As shown in Figure 1, a meta-analysis
was conducted on the base of the results of these studies using a random effect model by Stats Direct3 (Stats
Direct Ltd. Cheshire United Kingdom). Although there
was no cancer in group A in Wakayama study by Ohata
et al[38], it assumed that there was 1 cancer in group A in
this study for meta-analysis. Because of the small number
of group D, groups C and D were combined. Although
the risk of gastric cancer of group C + D was higher
than that of group A [relative risk (RR) = 10.81, 95%CI:
5.54-21.09], the difference in gastric cancer risk between
group A and group B cannot be identified (RR = 2.93,
95%CI: 0.97-8.80). Group C + D was clearly divided by
group B (RR = 3.34, 95%CI: 1.91-5.84). Although serologic testing could be used to detect the high-risk group
for gastric cancer, the exclusion of the low-risk group
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A

B

Group A vs Group B
Relative risk meta-analysis plot (random effects)

Group A vs Group C + D
Relative risk meta-analysis plot (random effects)

Weight

Weight

Ohata I

7.85 (1.34, 46.08)

21.9

Ohata I

Watabe H

1.34 (0.47, 3.78)

45.1

Watabe H

9.34 (4.20, 20.77)

66.4

Mizuno S

4.44 (1.14, 17.37)

33.0

Mizuno S

12.67 (3.41, 47.34)

22.4

Combined [random]

2.93 (0.97, 8.80)

Combined [random]

10.81 (5.54, 21.09)

0.2 0.5

1
2
3 10
Relative risk (95%CI)

C

100

18.67 (3.22, 108.51) 11.2

2

5 10
100
Relative risk (95%CI)

1000

Group B vs Group C + D
Relative risk meta-analysis plot (random effects)

Weight

Ohata I

2.38 (1.33, 4.25)

37.3

Watabe H

7.00 (3.00, 16.35)

24.9

Mizuno S

2.86 (1.61, 5.07)

37.7

Combined [random]

3.34 (1.91, 5.84)
1

2

5
  10
Relative risk (95%CI)

100

Figure 1 Meta-analysis of 3 studies predicting gastric cancer risk. Meta-analysis was conducted on the base of the results of previous studies using the random
effect model by Stats Direct3 (Stats Direct Ltd. Cheshire United Kingdom). Subjective studies are shown in Table 3. Although there is no cancer in group A in the
Wakayama study by Ohata et al[38], it assumed that three was 1 cancer in group A in this study for meta-analysis. Because of the small number of group D, groups
C and D were combined. The relative risk of group B was calculated and referred to that of group A. The relative risk of group C + D were calculated and referred to
those of group A and group B.

remains difficult. Gastric cancer usually developed during
the follow-up even in individuals localized to Group A by
the first testing.
A serum pepsinogen Ⅰ value of ≤ 70 mL and a serum pepsinogen Ⅰ/Ⅱ ratio of ≤ 3.0 are defined as the
criteria for atrophy in Japan[11,12]. Yanaoka et al[41] reported
that gastric cancer incidence differs when a criterion of
the serum pepsinogen cut-off value was changed. The
risk of gastric cancer development remains in long-term
follow-up even if the results were negative on the basis
of the standard cut-off values.
The Japanese government has decided to adopt H.
pylori eradication for chronic gastritis under the national
fee schedule for all types of health insurance in 2013. H.
pylori eradication has rapidly expanded after this adoption,
and patients receiving treatment are now classified under
the “pseudo low-risk group” both for atrophy and H. pylori infection. In such a setting, it has become difficult to
stratify gastric cancer risk by serologic testing.

“SCREEN AND TREAT” METHOD
A chemoprevention program has been highly anticipated
for the community with high incidence of gastric can-
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cer. However, randomized controlled trials of H. pylori
eradication for asymptomatic patients have not so far
identified a significant reduction in gastric cancer[42,43]. In
2004, the “screen and treat” program was introduced on
the Matsu Island, Taiwan, which has a high incidence of
gastric cancer[44]. Compared before the introduction of
this program, the incidence of gastric cancer has been
reduced by 25% during the “screen and treat” period
(rate ratio = 0.753; 95%CI: 0.372-1.524). However, the
effects of cancer screening are not to be expected within
a short period of time after its introduction[45]. A longterm follow-up is needed to evaluate the reduction of
incidence and mortality from gastric cancer by the “screen
and treat” method.

FUTURE PERSPECTIVES
In the development of a new cancer screening technique
and in its actual introduction, a step-by-step evaluation is
required. In line with this, Pepe et al[32] proposed a strategic process for biomarker development for cancer screening. This process was conceptualized in 5 phases: Phase
1 (Preclinical exploratory), Phase 2 (Clinical assay and
validation), Phase 3 (Retrospective longitudinal), Phase
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secretarial work. I am also grateful to Dr. Edward F. Barroga for the editorial review of the manuscript.

Table 4 Biomarker development process
Phase No.
Phase 1
Phase 2
Phase 3

Phase 4

Phase 5

Aim

Detail

Preclinical
Exploratory
Clinical Assay
and Validation
Retrospective
Longitudinal

Promising directions identified

REFERENCES
1

Clinical assay detects established disease

Biomarker detects disease early before it
becomes clinical and a “screen positive”
rule is defined
Prospective
Extent and characteristics of disease
Screening
detected by the test and the false referral
rate are identified
Cancer Control
Impact of screening on reducing the
burden of disease on the population is
quantified

2
3
4
5

Adapted from reference [32].

4 (Prospective screening), and Phase 5 (Cancer control)
(Table 4). These phases can be useful in the development
of a new cancer screening technique. After validation in
the clinical setting in Phases 2 and 3, additional studies
on cancer screening are required in Phases 4 and 5.
Maintaining a high specificity is a major priority for
population-based screening because a false-positive rate
translates into a large number of people subjected to unnecessary diagnostic examinations. Even if a high sensitivity could be obtained in Phase 3, the target population
is different in cancer screening. In Phase 4, the operating
characteristics of the new biomarker-based screening in
a relevant population and the false referral rate should be
determined. Finally, cancer mortality reduction must be
evaluated by the new screening technique.
Sensitivity and specificity of endoscopic screening
have already been evaluated in South Korea and Japan.
Although mortality reduction from endoscopic screening
has been reported in several studies, the results remain
insufficient to confirm its effectiveness. Research on endoscopic screening is on its way to Phase 5 (Table 4). On
the other hand, serological testing is on its way only to
Phases 3-4 because of lack of studies to evaluate the incidence and mortality reduction from gastric cancer. The
“screen and treat” method has been limited to Phases 4-5
because evaluation study has been limited in the Matsu
Island. Therefore, new techniques for gastric cancer
screening needs to be further developed, with their effectiveness assessed in Phases 4 and 5.
To effectively introduce new techniques for gastric
cancer screening in a community, incidence and mortality reduction from gastric cancer must be evaluated by
conducting reliable studies. In addition to evaluating effectiveness, the balance of benefits and harms must also
be carefully assessed before introducing population-based
screening.
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Abstract
The treatment option for gastric cancer is usually
based on preoperative staging by imaging modalities. Endoscopic ultrasonography (EUS) and computed
tomography (CT) have been used as the diagnostic
modality of choice in preoperative staging of gastric
cancer. Magnetic resonance imaging (MRI) has been
18
employed in several studies, and ( F) 2-Fluoro-2-deoxyglucose (FDG) positron emission tomography (PET)
has emerged as a new promising imaging modality.
The purpose of this article is to provide summarized information on preoperative staging using EUS, multi-detector row CT (MDCT), MRI and PET for gastric cancer.
In T staging, both EUS and MDCT show high accuracy.
MRI seemed to have better performance, but the number of MRI studies is limited. FDG-PET is not able to
properly evaluate the depth of invasion. In N staging,
the diagnostic accuracy of EUS, MDCT and MRI is not
sufficient. In preoperative M staging, MDCT and FDGPET showed similar diagnostic accuracies. FDG-PET/CT
fusion could be expected to show better performance
in the future. Physicians should keep in mind that each
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diagnostic modality has advantages and limitations and
choose an appropriate diagnostic strategy tailored for
each patient.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Endoscopic ultrasonography; Computed tomography; Magnetic resonance imaging; Positron emission tomography
Core tip: Endoscopic ultrasonography (EUS) and computed tomography (CT) have been used as the diagnostic modality of choice in preoperative staging of
gastric cancer. Magnetic resonance imaging (MRI) and
18
( F) 2-Fluoro-2-deoxyglucose (FDG) positron emission
tomography (PET) were also employed. The purpose
of this article is to provide concisely summarized information in preoperative staging of EUS, multi-detector
row CT (MDCT), MRI and PET for gastric cancer. In T
staging, both EUS and MDCT show high accuracy. In N
staging, the diagnostic accuracy of EUS, MDCT and MRI
is not sufficient, but the specificity of FDG-PET was the
highest among the modalities.
Hwang SW, Lee DH. Is endoscopic ultrasonography still the modality of choice in preoperative staging of gastric cancer? World J
Gastroenterol 2014; 20(38): 13775-13782 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13775.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13775

INTRODUCTION
Gastric cancer is one of the most common cancers and
is related with poor prognosis and high mortality[1,2].
The treatment option for gastric cancer is usually based
on the preoperative staging by imaging modalities. With
curative intent, radical surgery is still the mainstay of the
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treatment[3-5]. However, new therapeutic options such as
endoscopic mucosal resection (EMR) and neoadjuvant
chemotherapy have been introduced[4,6-9], and precise
preoperative staging for gastric cancer is becoming increasingly important. An unnecessary treatment could be
avoided with accurate preoperative staging. The 5-year
survival of patients with gastric cancer ranges from 5%
to 95%, and the prognosis of gastric cancer has been
established to depend on the depth of invasion (T stage),
lymph node (LN) status (N stage) and distant metastasis
(M stage)[1,10-12]. Therefore, the optimal assessment of the
preoperative staging in gastric cancer is crucial for appropriate treatment planning.
Over the past decades, endoscopic ultrasonography
(EUS) has been used as the diagnostic modality of choice
in preoperative T and N staging of gastric cancer[13-15].
Especially, EUS is able to differentiate the layers of the
gastric wall and has been considered as the modality with
higher accuracy in assessing the depth of invasion of gastric cancer compared to other modalities[14,15]. However,
there were several reports concerning understaging and
overstaging of the depth of invasion and the nodal invasion, which may be influenced by inflammation around
the tumor or lymph nodes[16]. With high frequency transducer, the visualization of more distant LN is difficult
using EUS due to the limited depth of penetration, and
metastatic diseases are also not properly assessed by
EUS[14,17]. In contrast, computed tomography (CT) was
routinely used to detect the presence of distant metastasis[18]. Moreover, recent advanced technologies such as
multi-detector scanners (Multi-Detector row Computed
Tomography, MDCT) have provided better performance
in preoperative staging of gastric cancer, in which the
results were comparable with those using EUS[14,15,19,20].
In addition, magnetic resonance imaging (MRI) has
been employed for preoperative gastric cancer staging
in several studies[14,15,19,21], and (18F) 2-Fluoro-2-deoxyglucose (FDG) positron emission tomography (PET) has
emerged as a new promising imaging modality[22].
Recently, numerous original studies regarding the
preoperative staging of gastric cancer have been reported, and several meta-analysis and systematic reviews
of EUS, MDCT, MRI and FDG-PET have been published[14,15,17,19,22-25]. However, a simple review concisely
considering all four modalities is limited in the literature.
The purpose of this article is to provide summarized
information on preoperative gastric cancer staging using
EUS, MDCT, MRI and PET.

EUS IN PREOPERATIVE GASTRIC
CANCER STAGING
EUS has been used since the early 1980s and has been
considered as the imaging modality of choice in locoregional staging for gastric cancer[14,20,26]. Especially, EUS
was reported to have very high accuracy of T staging in
the 1990s, ranging from 75% to 92%[20,27]. However, EUS
is operator-dependent, and several recent studies showed
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a lower accuracy of EUS compared to the previous reports[28,29], indicating the possibilities of publication bias.
In a recent prospective study with 116 German patients,
the overall accuracy for T staging was found to be 78%:
80% for T1, 63% for T2, 95% for T3, 83% for T4[27]. In a
prospective study conducted in South Korea, the overall
accuracy for T staging was 87.5%: 87.1% for T1, 50.0%
for T2, 92.9% for T3, 100% for T4[30]. The sensitivity
and specificity were 82.4% and 96%, respectively[30]. Ang
et al[31] retrospectively reported the overall accuracy of
77.2% in Singapore: 82.9% for T1, 57.1% for T2, 81.8%
for T3. Shimoyama et al[32] retrospectively reported that
the overall accuracy of T staging was 71% in 45 Japanese
patients with gastric cardia cancer.
For the appropriate evaluation of the usefulness of
EUS in preoperative gastric cancer staging, meta-analysis
and systematic reviews were needed, and several studies
have been reported[14,15,17,23-25]. The key findings from the
meta-analysis and systematic reviews are summarized in
Tables 1 and 2. With 23 studies using EUS, Kwee et al[14]
reported that the overall accuracy of T staging varied
between 65% and 92.1%, and in assessing serosal invasion, the sensitivity and specificity were between 77.8%
and 100% and between 67.9% and 100%, respectively.
Puli et al[23] demonstrated pooled sensitivity and specificity
of each T stage from 22 EUS studies, and interestingly,
when the accuracy of EUS was calculated according to
the three periods of time, the sensitivity of EUS for T1
staging was found to have been improved over the past
two decades (56.3% in “1986 to 1994”, 82.2% in “1995
to 1999”, and 84.8% in “2000 to 2006”)[23]. Mocellin et
al[24] reported that, in the subgroup analysis, only the publication year was found to have a significant impact on
EUS performance. The average sensitivity and specificity
of studies conducted before the year 2000 were higher
than those of studies conducted after the year 2000 (93%
vs 80%, 94% vs 89%, respectively)[24]. Cardoso et al[25] did
not show any association between EUS performance and
EUS annual volume in the subgroup analysis.
Miniprobe EUS, which is performed by conventional
endoscopy with small and high frequency probes (12-20
MHz) through biopsy channel, is widely used in preoperative staging[14]. The high frequency provides excellent
resolution of the intestinal wall layers, but the depth of
penetration is limited. In late 1990s, Okamura et al[33]
reported that the diagnostic accuracy of T staging with
miniprobes was 71.7%. Hünerbein et al[34] retrospectively
reported that the overall accuracy of T staging with
miniprobe EUS was 88% in a recent study. The accuracy of miniprobes may decrease with increasing tumor
size due to the limited penetration[34], and therefore, the
miniprobe EUS was frequently used for early gastric
cancer in the clinical practice, especially for assessing the
possibility of endoscopic resection[17]. In two Japanese
prospective studies, the accuracies for detecting mucosal cancer with miniprobes were 69% and 71%[35,36].
In a systematic review including 18 studies concerning
the differentiation of mucosal lesion, subgroup analysis
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Table 1 Summarized results of endoscopic ultrasonography in preoperative T staging
Ref.

Year

Number of studies (n )

Stage

Kwee et al[14]
Puli et al[23]

2007
2008

23
22

Mocellin et al[24]

2011

54

Cardoso et al[25]

2012

22

overall T
T1
T2
T3
T4
T1-2 vs T3-4
T1
T2
T3
T4
Overall T
T1
T2
T3
T4

1

Accuracy (pooled, %)
265-92.1
75 (256.9-87.7)
77 (214-100)
65 (224-90)
85 (250-100)
79 (222-100)

Sensitivity (pooled, %)

Specificity (pooled, %)

88.1
82.3
89.7
99.2
86.0
83.0
65.0
86.0
66.0
-

100.0
95.6
94.7
96.7
91.0
96.0
91.0
85.0
98.0
-

1

Based on meta-analyses and systematic reviews; 2Range value.

Table 2 Summarized results of endoscopic ultrasonography in preoperative N staging

1

Year

Number of studies (n )

Stage

Accuracy (pooled, %)

Sensitivity (pooled, %)

Specificity (pooled, %)

Puli et al

2008

22

Kwee et al[15]
Mocellin et al[24]
Cardoso et al[25]

2009
2011
2012

30
48
22

N1
N2
N
N
N

64 (230-90)

58.2
64.9
16.7-98.82
69.0
74 (216.6-96.8)

87.2
92.4
48.4-1002
84.0
80 (57.1-100)2

Ref.
[23]

1

Based on meta-analyses and systematic reviews; 2Range value.

showed that the type of EUS transducer (conventional vs
miniprobe) did not cause between-study heterogeneity[17].
Similarly, in a Korean retrospective study, the overall accuracies of T staging according to the EUS transducer types
were not significantly different (conventional 7.5 MHz,
71.1%; 12 MHz, 78.4%; 20 MHz, 60.9%; miniprobe 20
MHz, 68.8%)[37]. In most studies, miniprobes were usually
used together with conventional EUS based on the physician’s decision[17,37,38], and thus the role of miniprobe EUS
in preoperative gastric cancer staging needs to be clarified
in the future.
In assessing LN metastasis (N staging), Puli et al[23]
reported lower diagnostic performance compared to T
staging (Table 2). The pooled sensitivity and specificity
for N1 were 58.2% and 87.2%, while the pooled sensitivity and specificity for N2 were 64.9% and 92.4%, respectively. The other three studies also demonstrated similar
results: the pooled accuracy reported by Cardoso et al[25]
was 64%. In EUS, the LN metastasis is usually diagnosed
based on the morphological characteristics, echogenicity
and size of LN[15]. In the previous study, over half of
the metastatic lymph nodes were reported to be 5mm or
less in diameter[39]. Thus, LN size, which is most commonly utilized in N staging of EUS among the criteria in
practice, is not a reliable criterion of LN metastasis, and
the low performance of EUS in N staging could be explained.
With the advanced technology of EUS devices,

WJG|www.wjgnet.com

EUS-guided Fine Needle Aspiration (FNA) can take a
sample of LN both safely and accurately[40,41]. In the literature, the sensitivity and specificity of EUS-FNA for
detecting metastatic LNs ranged from 63% to 98% and
from 87.5% to 100%, respectively[40]. The accuracy for
evaluating peri-intestinal LN by EUS-FNA was reported
from 86% and 95%[42], and the accuracy of N staging
for esophageal cancer by EUS-FNA was 89%[43]. The
data regarding the role of EUS-FNA for preoperative
gastric cancer staging has been very limited in the literature, and recently, Hassan et al[41] reported their experience in 81 gastric cancer patients in whom EUS-FNA
was performed. Among 99 lesions, 91 (62%) lesions
were found to be malignant, and in 38 of 81 patients
(42%), distant metastasis was confirmed by EUS-FNA.
By using EUS-FNA in the evaluation of gastric cancer
patients, the treatment plan was changed in 15% of the
cases, and Hassan et al[41] concluded that EUS-FNA was
a very important modality and should be integrated as a
routine procedure in preoperative gastric cancer staging.
Although more data is needed to definitely establish the
role of EUS-FNA, this modality could be considered in
the clinical setting to avoid unnecessary surgery.
In the past, the importance of EUS for preoperative
gastric cancer staging was considered as controversial:
some authors believed that preoperative EUS was not
essential, especially for advanced gastric cancer, because
the principle management of these patients was surgery
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Table 3 Summarized results of multi-detector row computed tomography in preoperative TNM staging
Ref.

Year

Number of studies (n )

Stage

Kwee et al[14,15]

2007
2009
2012

6
10
32

Overall T
N
Overall T
T1
T2
T3
T4
N
M

Seevaratnam et al[19]

Accuracy (pooled, %)
2

77.1-88.9
80.4
75.2
80.0
84.5
78.8
67.1
82.2

1

Sensitivity (pooled, %) Specificity (pooled, %)
62.5-91.9
75.8
-

2

50.0-87.9
78.8
-

2

Based on meta-analyses and systematic reviews; 2Range value.

1

or palliative treatment. However, the advance of imaging
modalities has provided more reliable preoperative diagnosis avoiding unnecessary surgery, and new therapeutic
options such as neoadjuvant could be considered[4,6,7]. In
Repiso et al[44] retrospective report including 46 gastric
cancer patients, the EUS result led to a modification in
the later therapeutic approach in 13 patients (28%): based
on conventional diagnostic techniques, 33 patients were
planned to undergo radical gastrectomy, but after EUS 2
and 3 patients had neoadjuvant and palliative treatment,
respectively. Chu et al[45] prospectively reported that the
ascites which had not been detected by CT was detected
by EUS in 36 cases (9%) among 402 gastric cancer patients. Lee et al[46] also prospectively reported that EUS
was more sensitive (87.1%) to detect ascites than combined conventional ultrasonography and CT (16.1%) and
operative findings (40.9%). These results support the
usefulness of preoperative EUS even in advanced gastric
cancer.

MDCT IN PREOPERATIVE GASTRIC
CANCER STAGING
In terms of locoregional staging, the diagnostic accuracy
of conventional CT was not high, compared to that of
EUS[19,20]. The overall accuracy of T staging ranged from
43% to 82%[14]. Instead, conventional CT was usually used
to detect the presence of distant metastasis. With the
introduction of multi-detector, faster imaging time, less
respiratory artifact, thinner imaging thickness and multiplanar reconstruction (MPR) became feasible, and more
detailed preoperative staging of gastric cancer could be
performed by MDCT[47]. The recent studies using MDCT
for preoperative staging of gastric cancer have shown improved accuracy, approaching that of EUS[14,15,19,20,48]. In
a prospective study with 126 Korean patients, the overall
accuracy for T staging was 77% with transverse CT imaging and 84% with volumetric CT imaging[49]. The overall
accuracy for N staging was 62% with transverse imaging
and 64% with volumetric imaging. Stabile Ianora et al[50]
reported that the accuracy of T staging using MPR images was 85% in 65 Japanese patients. In an Italian study,
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the accuracies of T and N stage in MDCT were 88.9%
and 70.4%, respectively. Bhandari et al[30] showed that,
when directly comparing the diagnostic accuracies of
EUS and MDCT, the accuracies of T staging in EUS and
MDCT were 87.5% and 83.3%, and the accuracies of N
staging were 79.1% and 75.0%, respectively. There was
no significant difference between MDCT and EUS. Our
group also retrospectively reported that the overall accuracies of T staging in EUS and MDCT were 61.7% and
63.8%, and the overall accuracies of N staging were 66%
and 62.8%, respectively[20]. In addition, the performance
of EUS and MDCT for large lesions and lesions located
at cardia and angle had significantly lower accuracies[20].
For early gastric cancer with ulceration, EUS showed a
significantly lower accuracy compared to lesions without ulceration (30.8% vs 93.3%), while the accuracy of
MDCT did not differ between lesions with and without
ulceration (61.5% vs 86.7%). These results suggest that
the precise T and N staging conducted by MDCT may be
useful in some gastric cancer patients with unclear EUS
results, although more EUS and MDCT comparison
studies are needed.
The key findings of meta-analyses regarding the diagnostic performance of MDCT for gastric cancer are summarized in Table 3. Kwee et al[14] reviewed the six MDCT
studies, and the overall MDCT accuracy for T staging
was from 77.1% to 88.9%. The sensitivity and specificity
for serosal invasion varied between 82.8% and 100% and
between 80% and 96.8%, respectively. With 32 studies,
Seevaratnam et al[19] reported pooled accuracy of CT in
preoperative TNM staging, and when the pooled accuracy of CT scanners with < 4 detectors was compared to
that with ≥ 4 detectors, CT scanners with ≥ 4 detectors
showed better results of T staging as shown in Table 3.
The performance of T staging with CT scanners using
MPR images was also significantly improved: overall T,
81.9%; T1, 76.4%; T2, 77.7%; T3, 85.3%; T4, 83.5%.
However, the detector number and additional MPR images did not influence N or M staging results. Similar to
EUS, because the nodal assessment is usually based on
the size in MDCT, the limitation of diagnostic criterion
of LN metastasis in EUS could also exist in MDCT[15,19].
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Table 4 Performance of magnetic resonance imaging in preoperative T and N staging
Ref.

Year

Number of patients (n )

Stage

Accuracy (%)

Overstaging (%)

Understaging (%)

Sohn et al[53]

2000

30

Kang et al[51]

2000

46

Wang et al[54]
Kim et al[52]

2000
2000

33
26 (AGC)

Zhong et al[55]
Arocena et al[21]

2005
2006

16
17

Overall T
N
Overall T
N
Overall T
Overall T
N
Overall T
Overall T
N

73.3
55.2
82.6
52.2
87.9
80.7
65.4
64.3
53
50

6.7
10.3
2.2
17.4
6
19.2
0
14.3
23.5
25

20
34.5
15.2
30.4
6
0
34.6
21.4
23.5
25

MRI IN PREOPERATIVE GASTRIC
CANCER STAGING
With MRI, only several prospective studies have been
reported in the literatures[21,51-55]. The summarized result
is shown in Table 4. The overall accuracy of MRI for
T staging ranged from 53% to 87.9%, and the overall
accuracy for N staging was from 50% to 65.4%. With
three studies using MRI, Kwee et al[14] reported that the
accuracy for overall T staging varied between 71.4% and
82.6%, and the sensitivity and specificity for detecting
serosal invasion varied between 89.5% and 93.1% and
between 94.1% and 100%, respectively. The sensitivity
and specificity for N staging varied between 54.6% and
85.3% and between 50.0% and 100%[15]. Seevaratnam
et al[19] demonstrated a similar result including the three
MRI studies conducted in the year 2000[51,53,54]: for T staging, pooled overall accuracy, 82.9%; pooled T1 accuracy,
86.3%; pooled T2 accuracy, 76.7%; pooled T3 accuracy,
86.8%; pooled T4 accuracy, 80.2%. The pooled overall
accuracy, sensitivity and specificity for N staging were
53.4%, 85.3% and 75.0%, respectively. From the studies,
the accuracy of MRI for T staging seemed to be similar
or slightly higher compared to EUS and MDCT, in contrast to the low accuracy for N staging[14,15,19]. However,
this should be interpreted carefully as all the studies
showing such excellent performance were reported in the
same early period[51-54]. The fact that reports on MRI in
preoperative staging have been rarely reported recently
supports this phenomenon. The respiratory motion artifacts, long study time and high cost of MRI imaging are
also problematic[14,19]. Thus, MRI is not routinely considered for preoperative staging of gastric cancer in clinical
practice.

PET IN PREOPERATIVE GASTRIC
CANCER STAGING
FDG-PET is a semi-quantitative method, and the Standardized Uptake Value (SUV) is used to assess the uptake
of FDG in cancer[56]. The value is measured by FDGuptake in a tumor volume normalized on the basis of a
distribution volume and is dependent on several factors
such as time after FDG injection, tumor size and blood
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glucose level[56]. Because of the inability to evaluate the
depth of invasion, the primary tumor detection rate rather than T staging was usually reported in the previous reports[19,22]. Seevaratnam et al[19] revealed a pooled detection
rate of 80.4% (from 58.1% to 95.9%), which was considered to be lower compared to those of other modalities.
The detection rate in advanced gastric cancer (83%-100%)
was higher than in early gastric cancer (26%-63%)[19].
Smyth et al[22] reported that the sensitivity and specificity
for detection of gastric lesions in several series ranged
from 21% to 100% and from 78% to 100%, respectively.
As a screening test for gastric cancer, the effectiveness of
PET in asymptomatic individuals was disappointing[57,58].
The reported sensitivity was only 10% and the positive
predictive value was 8.3%, which meant that FDG-PET
was poorly sensitive for detection of gastric cancer in
the early stage[57]. Due to the low sensitivity, FDG-PET
alone was considered not suitable for primary detection
of gastric cancer[56]. Interestingly, the detection rate varies
with histological subtype: 65.5%-83% for intestinal type,
41%-79% for non-intestinal type and 0%-78% for signet
ring cell carcinoma[19]. This result may reflect that the glucose transporter 1 (GLUT-1) is preferentially expressed
on the intestinal type of gastric cancer[59].
In assessing LN status, the results of FDG-PET
studies are summarized in Table 5. The sensitivity of
FDG-PET for N staging was generally low, ranging from
approximately 23% to 60%[22,60-63]. A pooled sensitivity of
40.3% was reported by Seevaratnam et al[19]. Thus, despite
the higher specificity than those of other modalities, the
possibility of inaccuracies for detecting true metastatic
nodes should always be considered. FDG-PET/CT fusion provides more accurate localization with increased
FDG uptake, and it seemed to overcome some limitations of FDG-PET alone mentioned above. However,
the FDG-PET/CT study conducted by Yang et al[64] did
not demonstrate significantly improved sensitivity and
specificity.
In terms of metastatic disease, Seevaratnam et al[19]
showed that the overall accuracy did not differ between
MDCT and PET (82.2% vs 88.2%). Furthermore, PET is
not reliable for peritoneal metastasis, which is a common
site of gastric cancer spread; the sensitivity was from 9%
to 50%[22,61]. In contrast, the sensitivity of CT for peritoneal disease was reported to be approximately 80%[22].
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Table 5 Performance of positron emission tomography in preoperative N staging
Ref.

Year

Number of patients (n )

Staging

Accuracy (%)

Sensitivity (%)

Specificity (%)

Mochiki et al[60]
Tian et al[63]
Chen et al[61]

2004
2004
2005

85
30
68

Yun et al[69]

2005

81

Kim et al[62]
Mukai et al[70]
Yang et al[64] (PET/CT)

2006
2006
2008

73
62
78

N
N
L-LN
D-LN
N1
N2
N3
N
N
N

73.3
63
95
56
72
95
67.7
55.1

23.3
52.9
56
88
34
34
50
40
34.5
31

100
100
92
96
96
96
99
95.2
97
97.2

L-LN: Local lymph node; D-DN: Distant lymph node; PET: Positron emission tomography; CT: Computed tomography.

However, FDG-PET/CT fusion was reported to be able
to detect occult metastatic lesions in approximately 10%
of patients with locally advanced gastric cancer in a prospective study[65]. Among 113 patients, 11 patients were
found to have metastatic disease by using FDG-PET/CT,
which was not detected by CT. In a retrospective study
with 396 gastric cancer patients, 9 cases (2.2%) were diagnosed as metastatic by FDG-PET/CT[66]. Therefore,
the role of FDG-PET/CT for metastatic disease should
be determined with more advanced technologies in the
future.

CONCLUSION
In preoperative T staging, both EUS and MDCT show
high accuracy for overall and each T stage. MRI seemed
to have better performance, but the number of MRI
studies is limited. FDG-PET is not able to properly
evaluate the depth of invasion, and it showed low detection rate of gastric cancer. In preoperative N staging,
the diagnostic accuracy of EUS, MDCT, and MRI is not
sufficient to appropriately assess LN status. In preoperative M staging, MDCT and FDG-PET showed similar
diagnostic accuracies. FDG-PET/CT fusion could be
expected to show better performance in the future.
The National Comprehensive Cancer Network
(NCCN) guideline for gastric cancer indicates that clinical
staging has greatly improved with the availability of diagnostic modalities such as EUS, chest/abdomen/pelvis
CT, PET/CT, MRI and laparoscopic staging[67]. This indicates that the treatment and prognosis of patients with
gastric cancer could be largely influenced by the quality
of preoperative imaging[67,68]. However, the guideline did
not specify a modality of choice. Instead, a various combination of the diagnostic modalities is routinely used
for preoperative staging in clinical practice because the
modalities are complementary to each other[19]. Physicians should keep in mind that each diagnostic modality
has advantages and limitations and choose an appropriate
diagnostic strategy tailored for each patient.

2
3

4

5
6

7
8
9
10

11

12
13
14
15

REFERENCES
1

de Martel C, Forman D, Plummer M. Gastric cancer: epide-

WJG|www.wjgnet.com

16

13780

miology and risk factors. Gastroenterol Clin North Am 2013;
42: 219-240 [PMID: 23639638 DOI: 10.1016/j.gtc.2013.01.003]
Shin A, Kim J, Park S. Gastric cancer epidemiology in Korea. J Gastric Cancer 2011; 11: 135-140 [PMID: 22076217 DOI:
10.5230/jgc.2011.11.3.135]
Dicken BJ, Bigam DL, Cass C, Mackey JR, Joy AA, Hamilton SM. Gastric adenocarcinoma: review and considerations
for future directions. Ann Surg 2005; 241: 27-39 [PMID:
15621988]
Jackson C, Cunningham D, Oliveira J. Gastric cancer: ESMO
clinical recommendations for diagnosis, treatment and follow-up. Ann Oncol 2009; 20 Suppl 4: 34-36 [PMID: 19454457
DOI: 10.1093/annonc/mdp122]
El Abiad R, Gerke H. Gastric cancer: endoscopic diagnosis
and staging. Surg Oncol Clin N Am 2012; 21: 1-19 [PMID:
22098828 DOI: 10.1016/j.soc.2011.09.002]
Brenner B, Shah MA, Karpeh MS, Gonen M, Brennan MF,
Coit DG, Klimstra DS, Tang LH, Kelsen DP. A phase II trial
of neoadjuvant cisplatin-fluorouracil followed by postoperative intraperitoneal floxuridine-leucovorin in patients
with locally advanced gastric cancer. Ann Oncol 2006; 17:
1404-1411 [PMID: 16788003 DOI: 10.1093/annonc/mdl133]
Gotoda T. Endoscopic resection of early gastric cancer.
Gastric Cancer 2007; 10: 1-11 [PMID: 17334711 DOI: 10.1007/
s10120-006-0408-1]
Yasuda K. Early gastric cancer: diagnosis, treatment techniques and outcomes. Eur J Gastroenterol Hepatol 2006; 18:
839-845 [PMID: 16825899]
Fujitani K. Overview of adjuvant and neoadjuvant therapy
for resectable gastric cancer in the East. Dig Surg 2013; 30:
119-129 [PMID: 23867588 DOI: 10.1159/000350877]
Dhar DK, Kubota H, Tachibana M, Kotoh T, Tabara H,
Watanabe R, Kohno H, Nagasue N. Long-term survival of
transmural advanced gastric carcinoma following curative
resection: multivariate analysis of prognostic factors. World
J Surg 2000; 24: 588-93; discussion 593-4 [PMID: 10787082]
Zhang XF, Huang CM, Lu HS, Wu XY, Wang C, Guang GX,
Zhang JZ, Zheng CH. Surgical treatment and prognosis of
gastric cancer in 2,613 patients. World J Gastroenterol 2004;
10: 3405-3408 [PMID: 15526356]
Ly QP, Sasson AR. Modern surgical considerations for gastric cancer. J Natl Compr Canc Netw 2008; 6: 885-894 [PMID:
18926098]
Fusaroli P, Caletti G. Endoscopic ultrasonography: current
clinical role. Eur J Gastroenterol Hepatol 2005; 17: 293-301
[PMID: 15716652]
Kwee RM, Kwee TC. Imaging in local staging of gastric
cancer: a systematic review. J Clin Oncol 2007; 25: 2107-2116
[PMID: 17513817 DOI: 10.1200/JCO.2006.09.5224]
Kwee RM, Kwee TC. Imaging in assessing lymph node
status in gastric cancer. Gastric Cancer 2009; 12: 6-22 [PMID:
19390927 DOI: 10.1007/s10120-008-0492-5]
Pollack BJ, Chak A, Sivak MV. Endoscopic ultrasono-

October 14, 2014|Volume 20|Issue 38|

Hwang SW et al . Preoperative staging in gastric cancer

17

18

19

20

21

22

23

24
25

26

27

28

29

30

graphy. Semin Oncol 1996; 23: 336-346 [PMID: 8658217]
Kwee RM, Kwee TC. The accuracy of endoscopic ultrasonography in differentiating mucosal from deeper gastric
cancer. Am J Gastroenterol 2008; 103: 1801-1809 [PMID:
18564110 DOI: 10.1111/j.1572-0241.2008.01923.x]
Botet JF, Lightdale CJ, Zauber AG, Gerdes H, Winawer SJ,
Urmacher C, Brennan MF. Preoperative staging of gastric
cancer: comparison of endoscopic US and dynamic CT. Radiology 1991; 181: 426-432 [PMID: 1924784 DOI: 10.1148/radiology.181.2.1924784]
Seevaratnam R, Cardoso R, McGregor C, Lourenco L, Mahar A, Sutradhar R, Law C, Paszat L, Coburn N. How useful
is preoperative imaging for tumor, node, metastasis (TNM)
staging of gastric cancer? A meta-analysis. Gastric Cancer
2012; 15 Suppl 1: S3-18 [PMID: 21837458 DOI: 10.1007/
s10120-011-0069-6]
Hwang SW, Lee DH, Lee SH, Park YS, Hwang JH, Kim JW,
Jung SH, Kim NY, Kim YH, Lee KH, Kim HH, Park do J, Lee
HS, Jung HC, Song IS. Preoperative staging of gastric cancer
by endoscopic ultrasonography and multidetector-row computed tomography. J Gastroenterol Hepatol 2010; 25: 512-518
[PMID: 20370729 DOI: 10.1111/j.1440-1746.2009.06106.x]
Arocena MG, Barturen A, Bujanda L, Casado O, Ramírez
MM, Oleagoitia JM, Galdiz Iturri M, Múgica P, Cosme A,
Gutiérrez-Stampa MA, Zapata E, Echenique-Elizondo M.
MRI and endoscopic ultrasonography in the staging of
gastric cancer. Rev Esp Enferm Dig 2006; 98: 582-590 [PMID:
17048994]
Smyth EC, Shah MA. Role of 18F 2-fluoro-2-deoxyglucose
positron emission tomography in upper gastrointestinal malignancies. World J Gastroenterol 2011; 17: 5059-5074 [PMID:
22171140 DOI: 10.3748/wjg.v17.i46.5059]
Puli SR, Batapati Krishna Reddy J, Bechtold ML, Antillon
MR, Ibdah JA. How good is endoscopic ultrasound for TNM
staging of gastric cancers? A meta-analysis and systematic
review. World J Gastroenterol 2008; 14: 4011-4019 [PMID:
18609685]
Mocellin S, Marchet A, Nitti D. EUS for the staging of
gastric cancer: a meta-analysis. Gastrointest Endosc 2011; 73:
1122-1134 [PMID: 21444080 DOI: 10.1016/j.gie.2011.01.030]
Cardoso R, Coburn N, Seevaratnam R, Sutradhar R, Lourenco LG, Mahar A, Law C, Yong E, Tinmouth J. A systematic
review and meta-analysis of the utility of EUS for preoperative staging for gastric cancer. Gastric Cancer 2012; 15 Suppl 1:
S19-S26 [PMID: 22237654 DOI: 10.1007/s10120-011-0115-4]
Maluf-Filho F, Dotti CM, Halwan B, Queiros AF, Kupski C,
Chaves DM, Nakao FS, Kumar A. An evidence-based consensus statement on the role and application of endosonography in clinical practice. Endoscopy 2009; 41: 979-987 [PMID:
19866396 DOI: 10.1055/s-0029-1215192]
Willis S, Truong S, Gribnitz S, Fass J, Schumpelick V. Endoscopic ultrasonography in the preoperative staging of gastric cancer: accuracy and impact on surgical therapy. Surg
Endosc 2000; 14: 951-954 [PMID: 11080410]
Bentrem D, Gerdes H, Tang L, Brennan M, Coit D. Clinical
correlation of endoscopic ultrasonography with pathologic
stage and outcome in patients undergoing curative resection
for gastric cancer. Ann Surg Oncol 2007; 14: 1853-1859 [PMID:
17357856 DOI: 10.1245/s10434-006-9037-5]
Meining A, Dittler HJ, Wolf A, Lorenz R, Schusdziarra V,
Siewert JR, Classen M, Höfler H, Rösch T. You get what you
expect? A critical appraisal of imaging methodology in endosonographic cancer staging. Gut 2002; 50: 599-603 [PMID:
11950802]
Bhandari S, Shim CS, Kim JH, Jung IS, Cho JY, Lee JS, Lee
MS, Kim BS. Usefulness of three-dimensional, multidetector
row CT (virtual gastroscopy and multiplanar reconstruction) in the evaluation of gastric cancer: a comparison with
conventional endoscopy, EUS, and histopathology. Gastrointest Endosc 2004; 59: 619-626 [PMID: 15114303]

WJG|www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41
42

43

44

45

46

13781

Ang TL, Ng TM, Fock KM, Teo EK. Accuracy of endoscopic
ultrasound staging of gastric cancer in routine clinical practice in Singapore. Chin J Dig Dis 2006; 7: 191-196 [PMID:
17054580 DOI: 10.1111/j.1443-9573.2006.00270.x]
Shimoyama S, Yasuda H, Hashimoto M, Tatsutomi Y, Aoki
F, Mafune K, Kaminishi M. Accuracy of linear-array EUS
for preoperative staging of gastric cardia cancer. Gastrointest
Endosc 2004; 60: 50-55 [PMID: 15229425]
Okamura S, Tsutsui A, Muguruma N, Ichikawa S, Sogabe
M, Okita Y, Fukuda T, Hayashi S, Okahisa T, Shibata H, Ito
S, Sano T. The utility and limitations of an ultrasonic miniprobe in the staging of gastric cancer. J Med Invest 1999; 46:
49-53 [PMID: 10408157]
Hünerbein M, Handke T, Ulmer C, Schlag PM. Impact of
miniprobe ultrasonography on planning of minimally invasive surgery for gastric and colonic tumors. Surg Endosc
2004; 18: 601-605 [PMID: 14752658 DOI: 10.1007/s00464-0038925-z]
Akahoshi K, Chijiwa Y, Hamada S, Sasaki I, Nawata H,
Kabemura T, Yasuda D, Okabe H. Pretreatment staging of
endoscopically early gastric cancer with a 15 MHz ultrasound catheter probe. Gastrointest Endosc 1998; 48: 470-476
[PMID: 9831834]
Yanai H, Noguchi T, Mizumachi S, Tokiyama H, Nakamura
H, Tada M, Okita K. A blind comparison of the effectiveness
of endoscopic ultrasonography and endoscopy in staging
early gastric cancer. Gut 1999; 44: 361-365 [PMID: 10026321]
Kim JH, Song KS, Youn YH, Lee YC, Cheon JH, Song SY,
Chung JB. Clinicopathologic factors influence accurate endosonographic assessment for early gastric cancer. Gastrointest Endosc 2007; 66: 901-908 [PMID: 17963876 DOI: 10.1016/
j.gie.2007.06.012]
Choi J, Kim SG, Im JP, Kim JS, Jung HC, Song IS. Comparison of endoscopic ultrasonography and conventional endoscopy for prediction of depth of tumor invasion in early
gastric cancer. Endoscopy 2010; 42: 705-713 [PMID: 20652857
DOI: 10.1055/s-0030-1255617]
Mönig SP, Zirbes TK, Schröder W, Baldus SE, Lindemann
DG, Dienes HP, Hölscher AH. Staging of gastric cancer: correlation of lymph node size and metastatic infiltration. AJR
Am J Roentgenol 1999; 173: 365-367 [PMID: 10430138 DOI:
10.2214/ajr.173.2.10430138]
Chen VK, Eloubeidi MA. Endoscopic ultrasound-guided
fine needle aspiration is superior to lymph node echofeatures: a prospective evaluation of mediastinal and peri-intestinal lymphadenopathy. Am J Gastroenterol 2004; 99: 628-633
[PMID: 15089893 DOI: 10.1111/j.1572-0241.2004.04064.x]
Hassan H, Vilmann P, Sharma V. Impact of EUS-guided FNA
on management of gastric carcinoma. Gastrointest Endosc 2010;
71: 500-504 [PMID: 20189507 DOI: 10.1016/j.gie.2009.10.044]
Wiersema MJ, Vilmann P, Giovannini M, Chang KJ, Wiersema LM. Endosonography-guided fine-needle aspiration
biopsy: diagnostic accuracy and complication assessment.
Gastroenterology 1997; 112: 1087-1095 [PMID: 9097990]
Chang KJ, Soetikno RM, Bastas D, Tu C, Nguyen PT. Impact of endoscopic ultrasound combined with fine-needle
aspiration biopsy in the management of esophageal cancer.
Endoscopy 2003; 35: 962-966 [PMID: 14606021 DOI: 10.1055/
s-2003-43470]
Repiso A, Gómez-Rodríguez R, López-Pardo R, Lombera
MM, Romero M, Aranzana A, Abad S, Rodríguez-Merlo R,
López L, Carboles JM. Usefulness of endoscopic ultrasonography in preoperative gastric cancer staging: diagnostic
yield and therapeutic impact. Rev Esp Enferm Dig 2010; 102:
413-420 [PMID: 20617861]
Chu KM, Kwok KF, Law S, Wong KH. A prospective evaluation of catheter probe EUS for the detection of ascites in
patients with gastric carcinoma. Gastrointest Endosc 2004; 59:
471-474 [PMID: 15044880]
Lee YT, Ng EK, Hung LC, Chung SC, Ching JY, Chan WY,

October 14, 2014|Volume 20|Issue 38|

Hwang SW et al . Preoperative staging in gastric cancer

47

48

49

50

51

52

53

54

55

56

57

58

Chu WC, Sung JJ. Accuracy of endoscopic ultrasonography
in diagnosing ascites and predicting peritoneal metastases
in gastric cancer patients. Gut 2005; 54: 1541-1545 [PMID:
15955787 DOI: 10.1136/gut.2004.055772]
Hargunani R, Maclachlan J, Kaniyur S, Power N, Pereira SP,
Malhotra A. Cross-sectional imaging of gastric neoplasia.
Clin Radiol 2009; 64: 420-429 [PMID: 19264188 DOI: 10.1016/
j.crad.2008.09.012]
Yang DM, Kim HC, Jin W, Ryu CW, Kang JH, Park CH,
Kim HS, Jung DH. 64 multidetector-row computed tomography for preoperative evaluation of gastric cancer: histological correlation. J Comput Assist Tomogr 2007; 31: 98-103
[PMID: 17259840 DOI: 10.1097/01.rct.0000234072.16209.ab]
Kim HJ, Kim AY, Oh ST, Kim JS, Kim KW, Kim PN, Lee
MG, Ha HK. Gastric cancer staging at multi-detector row
CT gastrography: comparison of transverse and volumetric
CT scanning. Radiology 2005; 236: 879-885 [PMID: 16020558
DOI: 10.1148/radiol.2363041101]
Stabile Ianora AA, Pedote P, Scardapane A, Memeo M,
Rotondo A, Angelelli G. Preoperative staging of gastric carcinoma with multidetector spiral CT. Radiol Med 2003; 106:
467-480 [PMID: 14735012]
Kang BC, Kim JH, Kim KW, Lee DY, Baek SY, Lee SW,
Jung WH. Value of the dynamic and delayed MR sequence
with Gd-DTPA in the T-staging of stomach cancer: correlation with the histopathology. Abdom Imaging 2000; 25: 14-24
[PMID: 10652915]
Kim AY, Han JK, Seong CK, Kim TK, Choi BI. MRI in staging advanced gastric cancer: is it useful compared with
spiral CT? J Comput Assist Tomogr 2000; 24: 389-394 [PMID:
10864073]
Sohn KM, Lee JM, Lee SY, Ahn BY, Park SM, Kim KM.
Comparing MR imaging and CT in the staging of gastric
carcinoma. AJR Am J Roentgenol 2000; 174: 1551-1557 [PMID:
10845479 DOI: 10.2214/ajr.174.6.1741551]
Wang CK, Kuo YT, Liu GC, Tsai KB, Huang YS. Dynamic
contrast-enhanced subtraction and delayed MRI of gastric
tumors: radiologic-pathologic correlation. J Comput Assist
Tomogr 2000; 24: 872-877 [PMID: 11105703]
Zhong L, Li L, Sun JH, Xu JR. Preoperative diagnosis of gastric cancer using 2-D magnetic resonance imaging with 3-D
reconstruction techniques. Chin J Dig Dis 2005; 6: 159-164
[PMID: 16246223 DOI: 10.1111/j.1443-9573.2005.00224.x]
Dassen AE, Lips DJ, Hoekstra CJ, Pruijt JF, Bosscha K. FDGPET has no definite role in preoperative imaging in gastric
cancer. Eur J Surg Oncol 2009; 35: 449-455 [PMID: 19147324
DOI: 10.1016/j.ejso.2008.11.010]
Shoda H, Kakugawa Y, Saito D, Kozu T, Terauchi T, Daisaki H, Hamashima C, Muramatsu Y, Moriyama N, Saito H.
Evaluation of 18F-2-deoxy-2-fluoro-glucose positron emission tomography for gastric cancer screening in asymptomatic individuals undergoing endoscopy. Br J Cancer 2007; 97:
1493-1498 [PMID: 18040274 DOI: 10.1038/sj.bjc.6604062]
Lee JW, Kang KW, Paeng JC, Lee SM, Jang SJ, Chung JK,
Lee MC, Lee DS. Cancer screening using 18F-FDG PET/CT
in Korean asymptomatic volunteers: a preliminary report.
Ann Nucl Med 2009; 23: 685-691 [PMID: 19662344 DOI:
10.1007/s12149-009-0291-z]

59

60

61

62

63

64

65

66

67

68
69

70

Kawamura T, Kusakabe T, Sugino T, Watanabe K, Fukuda
T, Nashimoto A, Honma K, Suzuki T. Expression of glucose
transporter-1 in human gastric carcinoma: association with
tumor aggressiveness, metastasis, and patient survival. Cancer 2001; 92: 634-641 [PMID: 11505409]
Mochiki E, Kuwano H, Katoh H, Asao T, Oriuchi N,
Endo K. Evaluation of 18F-2-deoxy-2-fluoro-D-glucose
positron emission tomography for gastric cancer. World
J Surg 2004; 28: 247-253 [PMID: 14961197 DOI: 10.1007/
s00268-003-7191-5]
Chen J, Cheong JH, Yun MJ, Kim J, Lim JS, Hyung WJ, Noh
SH. Improvement in preoperative staging of gastric adenocarcinoma with positron emission tomography. Cancer 2005;
103: 2383-2390 [PMID: 15856477 DOI: 10.1002/cncr.21074]
Kim SK, Kang KW, Lee JS, Kim HK, Chang HJ, Choi JY, Lee
JH, Ryu KW, Kim YW, Bae JM. Assessment of lymph node
metastases using 18F-FDG PET in patients with advanced
gastric cancer. Eur J Nucl Med Mol Imaging 2006; 33: 148-155
[PMID: 16228236 DOI: 10.1007/s00259-005-1887-8]
Tian J, Chen L, Wei B, Shao M, Ding Y, Yin D, Yao S. The
value of vesicant 18F-fluorodeoxyglucose positron emission
tomography (18F-FDG PET) in gastric malignancies. Nucl
Med Commun 2004; 25: 825-831 [PMID: 15266178]
Yang QM, Kawamura T, Itoh H, Bando E, Nemoto M, Akamoto S, Furukawa H, Yonemura Y. Is PET-CT suitable for
predicting lymph node status for gastric cancer? Hepatogastroenterology 2008; 55: 782-785 [PMID: 18613454]
Smyth E, Schöder H, Strong VE, Capanu M, Kelsen DP,
Coit DG, Shah MA. A prospective evaluation of the utility
of 2-deoxy-2-[(18) F]fluoro-D-glucose positron emission
tomography and computed tomography in staging locally
advanced gastric cancer. Cancer 2012; 118: 5481-5488 [PMID:
22549558 DOI: 10.1002/cncr.27550]
Youn SH, Seo KW, Lee SH, Shin YM, Yoon KY. 18F-2Deoxy-2-Fluoro-D-Glucose Positron Emission Tomography:
Computed Tomography for Preoperative Staging in Gastric
Cancer Patients. J Gastric Cancer 2012; 12: 179-186 [PMID:
23094230 DOI: 10.5230/jgc.2012.12.3.179]
Ajani JA, Bentrem DJ, Besh S, D’Amico TA, Das P, Denlinger C, Fakih MG, Fuchs CS, Gerdes H, Glasgow RE, Hayman JA, Hofstetter WL, Ilson DH, Keswani RN, Kleinberg
LR, Korn WM, Lockhart AC, Meredith K, Mulcahy MF,
Orringer MB, Posey JA, Sasson AR, Scott WJ, Strong VE,
Varghese TK, Warren G, Washington MK, Willett C, Wright
CD, McMillian NR, Sundar H. Gastric cancer, version 2.2013:
featured updates to the NCCN Guidelines. J Natl Compr
Canc Netw 2013; 11: 531-546 [PMID: 23667204]
Schwarz RE. Factors influencing change of preoperative treatment intent in a gastrointestinal cancer practice. World J Surg
Oncol 2007; 5: 32 [PMID: 17355626 DOI: 10.1186/1477-7819-5-32]
Yun M, Lim JS, Noh SH, Hyung WJ, Cheong JH, Bong JK,
Cho A, Lee JD. Lymph node staging of gastric cancer using
(18)F-FDG PET: a comparison study with CT. J Nucl Med
2005; 46: 1582-1588 [PMID: 16204706]
Mukai K, Ishida Y, Okajima K, Isozaki H, Morimoto T,
Nishiyama S. Usefulness of preoperative FDG-PET for detection of gastric cancer. Gastric Cancer 2006; 9: 192-196 [PMID:
16952037 DOI: 10.1007/s10120-006-0374-7]
P- Reviewer: Cho YD, Iglesias-Garcia J, Shimura T, UNO K
S- Editor: Qi Y L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

13782

October 14, 2014|Volume 20|Issue 38|

World J Gastroenterol 2014 October 14; 20(38): 13783-13790
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i38.13783

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (8): Gastric cancer

New approaches to gastric cancer staging: Beyond
endoscopic ultrasound, computed tomography and positron
emission tomography
Hyuk Yoon, Dong Ho Lee
Hyuk Yoon, Dong Ho Lee, Department of Internal Medicine,
Seoul National University Bundang Hospital, Seoungnam,
463-707 Gyeonggi-do, South Korea
Dong Ho Lee, Department of Internal Medicine and Liver Research Institute, Seoul National University College of Medicine,
110-744 Seoul, South Korea
Author contributions: Lee DH designed the review paper,
revised the manuscript, and approved the final version; Yoon H
collected the data and wrote the paper.
Correspondence to: Dong Ho Lee, MD, Department of Internal Medicine, Seoul National University Bundang Hospital, 300
Gumi-dong, Bundang-gu, Seongnam, 463-707 Gyeonggi-do,
South Korea. dhljohn@yahoo.co.kr
Telephone: +82-31-7877006 Fax: +82-31-7874051
Received: Feburary 28, 2014 Revised: April 16, 2014
Accepted: May 25, 2014
Published online: October 14, 2014

Abstract
Currently, there is no single gold standard modality for
staging of gastric cancer and several methods have
been used complementarily in the each clinical situation. To make up for the shortcomings of conventional
modalities such as endoscopic ultrasound, computed
18
tomography and F-fluoro-2-deoxyglucose positron
emission tomography, numerous attempts with new
approaches have been made for gastric cancer staging.
For T staging, magnifying endoscopy with narrow-band
was evaluated to differentiate mucosal cancer from
submucosal cancer. Single/double contrast-enhanced
ultrasound and diffusion-weighted magnetic resonance
imaging were also tried to improve diagnostic accuracy
of gastric cancer. For intraoperative staging with sentinel node mapping, indocyanine green infrared and fluorescence imaging was introduced. In addition, to detect
micrometastasis, real-time reverse transcription-polymerase chain reaction system with multiple markers
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was studied. Staging laparoscopy using 5-aminolevulinic
acid-mediated photodynamic diagnosis and percutaneous diagnostic peritoneal lavage were also evaluated.
However, most studies reporting new staging methods
is preliminary and further studies for validation in clinical practice are needed. In this mini-review, we discuss
new progress in gastric cancer staging. Especially, we
focus on new diagnostic approach to gastric cancer
staging beyond the conventional modalities and briefly
review the remarkable clinical results of the studies
published over the past three years.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Neoplasm staging; Diagnostic accuracy; New methods; New approaches
Core tip: Currently, there is no single gold standard modality for staging of gastric cancer. To make up for the
shortcomings of conventional modalities or to replace
these traditional methods, numerous attempts with
new approaches such as magnifying endoscopy with
narrow-band imaging, single/double contrast-enhanced
ultrasound, and diffusion-weighted magnetic resonance
imaging have been made for gastric cancer staging.
In addition, for intraoperative staging, several newer
methods associated with sentinel node mapping and diagnostic laparoscopy have been studied. However, most
studies reporting new staging methods are preliminary
and further studies for validation in clinical practice are
needed.
Yoon H, Lee DH. New approaches to gastric cancer staging:
Beyond endoscopic ultrasound, computed tomography and
positron emission tomography. World J Gastroenterol 2014;
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INTRODUCTION
Gastric cancer remains the second leading cause of
cancer death worldwide[1]. Accurate staging of gastric
cancer is pre-requisite to determine the most appropriate
therapy. However, each modality which is currently used
has limitations and no single staging modality has been
accepted as the standard. Therefore, National Comprehensive Cancer Network practice guidelines for gastric
cancer do not recommend specific modalities and suggest
using a variety of techniques complementarily as staging
work-up[2]. Currently, endoscopic ultrasound (EUS), computed tomography (CT), and 18F-fluoro-2-deoxyglucose
positron emission tomography (FDG-PET) have been
mainly used for staging modality of gastric cancer[3]. For
T staging of gastric cancer, EUS has been established as
the diagnostic modality of choice with pooled accuracy
of 75%[4]. Due to the development of imaging techniques
such as multi-detector row CT (MDCT)[5] and virtual
gastroscopy by multi-planar reconstruction of images[6],
CT may achieve similar diagnostic accuracy in T staging
to EUS. However, the diagnostic accuracy for T staging
of these two modalities is usually less than 80%-90%[7].
For N staging, the diagnostic performance of EUS is
less reliable than for T-staging; pooled accuracy was 64%
with sensitivity/specificity of 74%/80%[4]. For M staging,
FGD-PET/CT has been gaining more attention due to
the high sensitivity for distant metastasis. Recent study
reported that FDG-PET/CT identifies radiographically
occult metastasis in approximately 10% of patients with
locally advanced gastric cancer[8]. However, the sensitivity
of PET for peritoneal carcinomatosis is only approximately 50%[9]. Taken together, current staging modalities
of gastric cancer have many limitations.
In this mini-review, we discuss the new progress in
gastric cancer staging. Especially, we focus on new diagnostic approach to gastric cancer staging beyond the
conventional modalities and briefly review the remarkable clinical results of the studies published over the past
three years.

ESOPHAGOGASTRODUODENOSCOPY
Esophagogastroduodenoscopy (EGD) has been usually used for detection and diagnosis of gastric cancer
rather than staging of gastric cancer. However, for the
pure purpose of prediction of depth of invasion of early
gastric cancer (EGC) (T1a vs T1b), EGD was found to
provide reliable accuracy (overall accuracy: 78.0%-79.0%)
and may be an alternative method of EUS[10,11]. Recently,
Kubota et al[12] first reported the usefulness of computeraided diagnosis of gastric cancer invasion on endoscopic
images. The authors investigated the efficacy of T staging
of gastric cancer on endoscopic images using computeraided pattern recognition about 344 patients who under-
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went gastrectomy or endoscopic resection. Although the
overall diagnostic accuracy was 64.7% due to the relatively lower accuracy for advanced T staging, the diagnostic
accuracy and positive predictive value in the T1 staging
was nearly equal to that obtained by endoscopic diagnosis
(77.2% and 80.1%, respectively). Even though this is a
primitive study, this modality has unique and remarkable
merit in that this might lead to standardization and globalization of medicine, since physicians are required to
have no specialized techniques or special knowledge to
make a diagnosis.

MAGNIFYING ENDOSCOPY WITH
NARROW-BAND IMAGING
The development of magnifying endoscopy with narrowband imaging (ME-NBI) has allowed simple and clear visualization of vascular architecture and surface structure
of the superficial mucosa in the gastrointestinal tract[13].
In the field of gastric cancer, many studies demonstrated
the usefulness of ME-NBI in distinguishing EGC from
noncancerous lesions, evaluation of histologic types of
EGC, and determination of tumor margin in EGC[14-16].
However, whether ME-NBI is useful in predicting depth
of invasion in EGC is unclear. In Asian-Pacific consensus which was published in 2011, a panel of experts
denied the statement that ME-NBI is useful in predicting depth of gastric cancer[17]. The panel reasoned that
unlike superficial esophageal squamous carcinoma, for
EGC the invasive tissue is often not exposed at the surface and mucosal structure remains, even when cancer
invades the submucosa; therefore it is difficult to estimate
reliably the depth of invasion by surface appearance
only. However, thereafter, several studies have reported
positive results on this subject. Li et al[18] classified MENBI findings of suspected gastric lesions into 3 types:
clear regular (type A), obscure irregular (type B), and no
(type C) surface patterns and microvascular architecture.
When a lesion was classified into type B or C pattern, the
sensitivity, specificity, positive predictive value, and negative predictive value predicting deep submucosal invasion
more than sm1 in EGC was 72.7%, 80.5%, 50.0%, and
91.7%, respectively; the total accuracy was 78.9% (95%CI:
66.0%-87.8%). Kobara et al[19] reported that ME-NBI
findings of non-structure, scattery vessels and multicaliber vessels can possibly serve as indicators of deep
submucosal invasion in differentiated and depressed-type
of EGC. Kikuchi et al[20] showed that when the presence
of dilated vessels was considered a diagnostic criterion
for submucosal EGC, diagnostic accuracy, sensitivity, and
specificity were 81.5%, 37.5%, and 88.3%, respectively.
Yagi et al[21] suggested that in multivariate logistic regression analysis ME-NBI findings of a blurry mucosal pattern (OR = 12.15, 95%CI: 3.45-42.76, P = 0.000) and an
irregular mesh pattern (OR = 22.55, 95%CI: 4.22-120.45,
P = 0.000) were independent predictors of submucosal
invasion in differentiated EGC. However, several limitations in these studies were also pointed out[22]. First, the
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absolute number of reports is too small to reach any
kind of significance or consensus. Second, mostly the
depressed and differentiated types of EGC have been
studied. Third, applied criteria of ME-NBI to evaluate
the depth of invasion varied according to the studies and
inter-observe agreement of ME-NBI findings for these
criteria was not certainly validated. In addition, some
studies focused on differentiation between T1a and T1b
and others tried to distinguish sm1 EGC from sm2/3
EGC. Nevertheless, because it is very important to predict depth of invasion in EGC to decide whether it could
be treated by ESD or not[23,24], the usefulness of ME-NBI
in T staging of EGC deserves further investigation.

CONTRAST-ENHANCED ULTRASOUND
Conventional abdominal ultrasound is an attractive diagnostic method because of its general availability, simplicity and non-invasiveness. However, the value of this
modality in staging of gastric cancer remains unclear and
there are limited numbers of published studies. This is
mainly originated from the relatively low diagnostic accuracy of T staging compared with other modalities[25].
Double contrast-enhanced ultrasound is a transabdominal ultrasound technique using both intravenous and
intraluminal contrast to enhance sonographic visualization. Recently, Zheng et al[26] compared retrospectively the
staging accuracy of double contrast-enhanced ultrasound
with EUS in the 162 gastric cancer patients. Double
contrast-enhanced ultrasound was comparable to EUS in
tumor depth evaluation (overall accuracy for T staging:
77.2% vs 74.7%) and superior to EUS in N staging (overall
accuracy: 78.4% vs 57.4%, P = 0.001).
Very few studies have addressed the role of contrastenhanced ultrasound (CEUS) using intravenous injection
of microbubble contrast media in detection of metastatic
gastric cancer. Most studies regarding the usefulness of
CEUS for detection of metastatic cancer have been for
liver metastases, since CT has limitations to detect and
characterize subcentimetric liver lesions. Although it was
not gastric cancer-specific study, Piscaglia et al[27] reported
that CEUS is more sensitive than conventional ultrasound in the detection of liver metastases and could be
complementarily used with CT to achieve maximum sensitivity in M staging of gastrointestinal cancer. Recently,
Laghi et al[28] reported that CEUS can be helpful in demonstrating or excluding metastases in cancer patients with
subcentimetric, indeterminate focal liver lesions detected
by MDCT. The authors applied CEUS to the patients
in whom ultrasound failed to recognize any abnormality
or cystic imaging for indeterminate focal liver lesions by
MDCT. CEUS recognized additional liver metastases in
8 cases, but it failed to detect 3 metastatic and benign lesions. In addition, this study also was not gastric-cancer
specific; gastric cancer was the primary cancer only in 11
among 132 subjects. However, because single or double
contrast-enhanced ultrasounds are noninvasive modali-
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ties, they deserve to be evaluated for the staging of gastric cancer.

CONTRAST-ENHANCED ENDOSCOPIC
ULTRASOUND
Although contrast-enhanced EUS was introduced in the
early 1990s, most reports have been regarding pancreatic
lesions[29,30]. By contrast, the role of contrast-enhanced
EUS in gastric cancer staging is unclear. Already more
than 10 years ago, Nomura et al[31] performed EUS and
additional contrast-enhanced EUS for 30 gastric cancers
and reported that diagnostic accuracy for T staging of
gastric cancer improved from 76.7% for EUS to 90%
for contrast-enhanced EUS. However, we could not find
other articles on this subject, thereafter. Further studies
are strongly required.

MAGNETIC RESONANCE IMAGING
Even though there have been only a few studies regarding the usefulness of magnetic resonance imaging (MRI)
for gastric cancer staging, meta-analysis showed that MRI
had higher accuracy for T staging (83%) and similar accuracy for N staging (53%) compared to other staging
modalities such as CT and PET[25].
Recently, diffusion-weighted (DW)-MRI which had
been generally utilized in the early diagnosis of brain
ischemia has been studied in the diagnosis of solid
tumor. DW-MRI applies a pair of diffusion-weighted
gradient pulses to generate signals that are sensitive to
localized water diffusibility and thus permit the cellular
density of the tissue to be indirectly measured[32]. In cancerous tissues, the Brownian motion of water molecules
is confined as a result of the reduced interspace caused
by proliferated cells and interstitial substances[33]. Therefore, cancerous tissues display higher signal intensity on
DW-MRI than normal tissue. For diagnosis of gastric
cancer, Shinya et al[34] first suggested the potential efficacy
of DW-MRI in a pilot study on 15 patients. Thereafter,
Zhang et al[35] showed the addition of DW-imaging to
T1/T2-weighted MRI could more exactly differentiate
Borrmann type Ⅳ advanced gastric cancer from poorly
distended stomach wall. Recently, Liu et al[36] reported the
usefulness of DW-MRI in T staging of gastric cancer on
larger subjects. When two radiologists independently interpreted T2-weighted, contrast-enhanced and DW-MRI
in 51 patients with gastric cancer, the addition of DWMRI significantly increased overall accuracy of T staging
(76.5% vs 88.2%, P = 0.031). The authors emphasized
that DW-MRI could overcome the over-estimation problem of T staging in advanced gastric cancer. However,
the staging accuracy of DW-MRI for EGC was relatively
low in this study. In addition, the stating criteria using
DW-MRI has not been unified. Therefore, to prove the
diagnostic efficacy of DW-MRI on gastric cancer staging,
validation studies on larger subjects are required.
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SENTINEL NODE MAPPING
In countries like South Korea and Japan where the rate
of EGC is relatively high, minimally invasive gastric surgeries have been performed increasingly. Laparoscopic
function-preserving gastrectomy including partial gastrectomy, segmental gastrectomy, and proximal gastrectomy
would be expected to increase patients’ quality of life
by reducing late complications of gastric surgery, such
as dumping syndrome and body weight loss. However,
because function-preserving gastrectomy are performed
with limited stomach resection and lymph node dissection, the absence of skip metastasis in the 2nd or 3rd compartment of regional lymph nodes is prerequisite to apply
these procedures widely. To solve this problem, sentinel
node (SN) mapping which is a novel diagnostic tool for
the identification of clinically undetectable lymph node
metastasis and SN navigation surgery based on SN mapping have been studied in patients with EGC[37]. Clinical
application and validity of SN mapping in patients with
EGC has been a controversial issue for years. However, a
recent meta-analysis on 38 studies including 2128 patients
demonstrated acceptable diagnostic accuracy of SN
mapping for lymph node status[38]. The authors of this
meta-analysis reported that pooled SN identification rate,
sensitivity, negative predictive value, and accuracy were
93.7%, 76.9%, 90.3%, and 92.0%, respectively.
Sentinel node mapping and SN navigation surgery
are gaining more and more supporting evidence for possible therapeutic option for EGC, especially cT1N0M0.
However, further studies are needed to confirm the best
procedure and standard criteria. At present, dual-tracer
method with a radioactive colloid and blue dye is considered the most reliable method for SN mapping. Sentinel
node detection rate with this method was reported as
high as 97.5%[39]. By contrast, SN detection rate of other
modalities like preoperative imaging of SNs using CT
lymphography is still relatively lower than with conventional dual-tracer method[40]. Several newer methods like
indocyanine green (ICG) infrared imaging[41] and ICG
fluorescence imaging[42] have been introduced to improve
the accuracy of SN detection by endoscopic dye-tracer.
Although the clinical significance of micrometastasis
including isolated tumor cells in SNs of patients with
EGC remains unclear[43], histopathology and molecular
analysis methods to detect micrometastasis in these patients have been steadily studied. The two main methods
for detection of lymph node micrometastasis are immunohistochemistry and reverse transcription-polymerase
chain reaction (RT-PCR). Recently, Shimizu et al[44] reported a more rapid and sensitive real-time RT-PCR system
with multiple markers (cytokeratin-19, cytokeratin-20,
and carcinoembryonic antigen) to detect micrometastasis.
The authors showed that 27% (28/103 patients) of EGC
had negative histopathological but positive RT-PCR findings. However, the time (80 min) to gain results is still
too long to use in the intraoperative diagnosis of SN and
more studies are needed to improve this problem. Yano
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et al[45] recently compared the efficacy of ICG and infrared ray laparoscopy system with immunohistochemistry
for anti-cytokeratin antibody in SN navigation surgery.
In 130 patients with EGC, immunohistochemistry staining additionally detected 15 patients with micrometastasis compared with hematoxylin and eosin staining (31
patients vs 16 patients). However, all 27 lymph nodes in
these patients with metastasis by immunohistochemistry
staining but not by hematoxylin and eosin staining were
micrometastasis or less and included in the SN. Therefore, the authors concluded that ICG-positive lymphatic
basin dissection by SN navigation surgery with infrared
ray observation seems to be an adequate method of
lymph node dissection for gastric cancer.

DIAGNOSTIC LAPAROSCOPY
FDG-PET has been suggested appropriate staging modality for distant metastases. The sensitivity/specificity of
FDG-PET for detection of metastatic lymph node and
distant metastasis were reported as 21%-40%/89%-100%
and 35%-74%/74%-99%, respectively [46]. However,
FDG-PET has limitations such as frequent false-negative
cases in signet-ring cell carcinoma and the lack of a unified criteria in how to interpret for management decisions[47]. Therefore, patients with incurable or unresectable gastric cancer are still subjected to non-therapeutic
laparotomy. To solve this problem, diagnostic laparoscopy has been advocated by some to be essential in
decision-making in advanced gastric cancer[48]. However,
large retrospective series have demonstrated the yield of
diagnostic laparoscopy in staging locally advanced gastric
cancer to range from 13% to 40%[49].
For recent years, several new approaches regarding
diagnostic laparoscopy have been published. Positive
peritoneal cytology has been shown to be an independent
predictor for disease recurrence after curative resection
and poor overall survival[50,51]. Positive peritoneal cytology
confers the same prognosis as clinical stage Ⅳ disease in
gastric cancer. Therefore, it has been included in the seventh edition of the American Joint Committee on Cancer
staging manual as M1 disease[52]. However, the sensitivity
of conventional cytology examination is lower than 60%
due to sampling error[53,54]. To overcome this problem,
several studies have evaluated the clinical significance of
RT-PCR in peritoneal lavage fluid in gastric cancer[55-57].
These studies have demonstrated the increased sensitivity
of RT-PCR when compared to cytology for the detection of peritoneal cancer cells. However, these studies
have been carried in Asia and in the setting of metastatic
disease. Recently, Wong et al[58] additionally demonstrated
that RT-PCR for carcinoembryonic antigen increases the
detection of subclinical peritoneal disease and is more
sensitive than cytology in curatively resected patients at
a single Western institution. They collected peritoneal lavage samples prospectively from 156 patients with biopsy-proven gastric cancer undergoing staging laparoscopy.
These washings were analyzed by both Papanicolaou
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staining and RT-PCR for the carcinoembryonic antigen.
Among 118 patients in whom peritoneal disease was
not visible at laparoscopy, the rate of PCR-positive was
higher than that of cytology-positive (24% vs 7%).
Recently, two pilot studies regarding staging laparoscopy using 5-aminolevulinic acid (ALA)-mediated photodynamic diagnosis in advanced gastric cancers were reported in Japan[59,60]. 5-ALA is an endogenous substance
and a natural precursor of the heme pathway. Orally
administered 5-ALA is metabolized and accumulated as
protoporphyrin IX, which is a photosensitizer. 5-ALA
is immediately metabolized to heme in normal cells. On
the other hand, since the activity of porphobilinogen
deaminase is high in abnormal cells and the activity of
ferrochelatase is low, protoporphyrin IX accumulates in
the mitochondria in cancer cells[61]. Oral 5-ALA and intravesically applied 5-ALA derivative have been approved
as an optical imaging agent for the enhancement of the
intraoperative detection of malignant glioma and bladder
cancer, respectively in Europe[62]. However, only a few
experimental cases for gastric cancer patients have been
reported[63]. Kishi et al[59] performed staging laparoscopy
using 5-ALA photodynamic diagnosis in 13 patients
with serosa-invading advanced gastric cancer, and the
detection sensitivity of 5-ALA photodynamic diagnosis
was compared to the observations using conventional
white light. The tumor detection rate using 5-ALA photodynamic diagnosis was significantly higher than the
detection rate using white light (72% vs 39%, P < 0.001).
Murayama et al[60] also applied the same methods in 13 patients with advanced gastric cancer. The accuracy of the
fluorescence imaging was greater than that of the white
light imaging (100% vs 85.7%). In both studies, there
were no acute or major complications. These two studies
demonstrated that staging laparoscopy with 5-ALA photodynamic diagnosis is safe and improves the diagnostic
accuracy for peritoneal metastases in patients with gastric
cancer. However, further clinical trials in larger number
of subjects are required to generalize the results of these
studies.
Percutaneous diagnostic peritoneal lavage (DPL)
was initially introduced as a procedure to determine the
likelihood of peritoneal penetration and injury to the abdominal viscera in trauma patients. In large studies, DPL
has been shown to be rapid, safe, and effective in this
setting[64]. Typically, 1 L of saline is held above the patient
and passively infused into the peritoneal cavity through
a percutaneous catheter using the Seldinger technique.
Following infusion, the empty bag is left to gravity and
the effluent is measured for red blood cells and bilirubin
to determine the presence of solid organ injury. Patients
with positive peritoneal cytology on DPL could be spared
from a non-curative radical resection and have expedited
access to systemic therapies. Based on this idea, Mezhir
et al[65] studied whether DPL can be used to assess peritoneal cytology in patients with gastric cancer for the
first time. Patients with gastric cancer were prospectively
enrolled to undergo DPL prior to diagnostic laparoscopy.
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Saline was instilled through a percutaneous catheter and
fluid was collected for cytology. Washings obtained during diagnostic laparoscopy were used as controls. The
sensitivity and specificity of DPL was 92% (9/10 cases)
and 100% (12/12 cases), respectively. However, there
were six patients with negative DPL-cytology who had
visible M1 disease diagnosed with diagnostic laparoscopy
(DPL evaluation of M1 disease: sensitivity 54.5% and
specificity 100%). In addition, DPL was not successful
in all patients (technical failure rate: 18.5%). The authors
concluded that DPL is a safe method of detecting positive cytology in patients with gastric cancer, however
gross M1 disease may be missed without visual inspection. Because of above-mentioned limitations, a larger
series of patients would be required to determine the
optimal patient population for DPL and the specific role
of DPL in the staging workup of patients with gastric
cancer.

OTHER NEW APPROACHES
Cui et al[66] reported the first study on identification of
genes whose expression patterns can serve as markers for
overall cancer stages. Microarray gene-expression data
of 54 paired gastric cancer and adjacent noncancerous
gastric tissues were analyzed to establish gene signatures
for cancer stages. The authors identified two signatures
for cancer staging, consisting of 10 genes and 9 genes,
respectively. These two genetic signatures provided high
classification accuracies at 90.0% and 84.0%, among early
(stage Ⅰ + Ⅱ) and advanced gastric cancer stages (stage
Ⅲ + Ⅳ), respectively. The expression patterns of these
signature genes were successfully validated by other public dataset. In addition, the authors identified genes which
consistently show high positive or negative correlation
with different pathological stages (LANCL3, MFAP2 and
PPA1).
So far, scoring systems have been frequently used to
predict the outcome of patients with gastric cancer[67-69].
However, most of these prognostic scoring systems took
into account the postoperative pathologic properties
of the tumor, so they did not work during preoperative
decision-making. To improve the estimation of tumor
status and facilitate the stage-dependent treatment planning, Chen et al[70] suggested simple risk score system for
prediction of TNM stages in gastric cancer. They prospectively collected clinicopathologic data from 108 curatively resected patients with gastric cancer. The risk score
was established on the basis of independent predictive
factors for tumor stages and its performance was evaluated by receiver operating characteristic (ROC) analysis.
As a result, they found 4 independent factors (serum albumin levels, tumor size, T and N categories determined
by helical CT). When a score at 7 was defined as the
optimal cut-off point, the sensitivity and specificity for
differentiating advanced stage (stage Ⅲ + Ⅳ) from early
stage (stage Ⅰ + Ⅱ) was 79.6% and 85.2%, respectively.
The overall accuracy was 82.4% and the discriminative
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ability was also good (the area under the ROC curve,
0.861-0.965). Therefore, the authors suggested that since
patients with the risk score ≥ 7 are strongly suspected
of having advanced stage of gastric cancer, D2 lymphadenectomy combined with perioperative adjuvant therapy
should be recommended for these patients to increase
the likelihood of curative resection and reduce the risk
of recurrence. However, this study has some limitations
in that the authors used the fifth edition of the American
Joint Committee on Cancer staging manual. In addition,
to apply this risk sore in daily clinical practice, validating
on another patient series is required.
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CONCLUSION
At the present time, there is no single gold standard modality for staging of gastric cancer and several methods
have been used complementarily in the each clinical situation. To make up for the shortcomings of conventional
modalities such as EUS, CT, and PET-CT or to replace
these traditional methods, numerous attempts with new
approaches have been made for gastric cancer staging. In
addition, for intraoperative staging, several newer methods associated with SN mapping and diagnostic laparoscopy have been studied. However, most studies reporting
new staging methods are preliminary and further studies
for validation in clinical practice are needed.
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Abstract
The high incidence of gastric cancer (GC) and its consequent mortality rate severely threaten human health.
GC is frequently not diagnosed until a relatively advanced stage. Surgery is the only potentially curative
treatment. Thus, early screening and diagnosis are
critical for improving prognoses in patients with GC.
Gastroscopy with biopsy is an appropriate method capable of aiding the diagnosis of specific early GC tumor
types; however, the stress caused by this method together with it being excessively expensive makes it difficult to use it as a routine method for screening for GC
on a population basis. The currently used tumor marker
assays for detecting GC are simple and rapid, but their
use is limited by their low sensitivity and specificity. In
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recent years, several markers have been identiﬁed and
tested for their clinical relevance in the management
of GC. Here, we review the serum-based tumor markers for GC and their clinical significance, focusing on
discoveries from microarray/proteomics research. We
also review tissue-based GC tumor markers and their
clinical application, focusing on discoveries from immunohistochemical research. This review provides a brief
description of various tumor markers for the purposes
of diagnosis, prognosis and therapeutics, and we include markers already in clinical practice and various
forthcoming biomarkers.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tumor marker; Prognosis; Gastric cancer;
Serum-based; Tissue-based
Core tip: Serum-based gastric cancer tumor markers and their clinical significance or application are
discussed. Serum-based carcinoembryonic antigen,
carbohydrate antigen 19-9 and carbohydrate antigen
72-4 and tissue-based human epidermal growth factor
receptor 2/Neu are potential tumor markers for various
types of gastrointestinal cancer. This review provides a
brief description of various tumor markers for the purposes of diagnosis, prognosis and therapeutics, and we
include markers already in clinical practice and various
forthcoming biomarkers. Hopefully, based on the markers, we will generate accurate diagnoses, prognoses
and select the most appropriate therapy.
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INTRODUCTION

CARCINOEMBRYONIC ANTIGEN

Gastric cancer (GC) is the second most common cancer
worldwide and the sixth leading cause of tumor-associated death in Taiwan. However, the pathogenic mechanisms underlying GC tumorigenesis remain unknown[1].
Surgery continues to be the only curative treatment for
GC. In a recent study, more than 30% of surgical patients who presented with GC were too advanced for
curative resections. To improve the low survival outcome
and assist in the earlier diagnosis of specific tumor types,
new prognostic and/or therapeutic tumor markers are required[2]. Indeed, the identification of novel tumor markers presents a new approach for the early screening of
populations and for GC therapy.
In this review, we focus primarily on gastric adenocarcinomas. Based on Lauren’s classification, “intestinaldifferentiated” (I-GC) and “diffuse-undifferentiated”
(D-GC) are two histomorphologic GC subtypes[3,4]. Although these subtypes show related histomorphologic lesions, the tumor cells may contrast in their aggressiveness
or response to chemotherapy[5]. The molecular actions
involved in the progression of GC are multipart and involve multiple genes and steps that operate sequentially
or in concert[4]. Several risk factors for GC, including
Helicobacter pylori (H. pylori) infection, genetic alterations,
and chromosomal instability, have been reported [6-8].
The identification of various tumor markers has also
added to our basic knowledge of molecular and cellular
mechanisms of GC tumorigenesis and progression[8].
The majority of tumor markers are effective prognostic
tools that are used to identify groups of patients at risk
of relapse or metastasis or to monitor cancer survivors
following treatment[9]. However, suitable tumor markers
to expose the molecular mechanisms of GC or monitor
disease development are critical.
Cancer may increase tumor markers in blood or body
tissues. There are numerous and varying tumor markers
for specific disease processes, which are used to aid in the
diagnosis of cancer. An increase in a particular biomarker
may indicate cancer. However, there may also be other
underlying causes. Tumor markers may be produced directly by cancer cells or by non-cancer cells responding
to the tumor. In summary, the diagnostic assay should
include gastroscopy with biopsy. Thus, tumor markers
are not optimal for screening for GC on a population
basis, and as diagnostic assays, they show poor sensitivity
and specificity. Assays based on multiple tumor markers
will provide more exact results[10]. Thus far, assays based
on multiple tumor markers are helpful only as prognostic
indicators in patients with GC to monitor cancer survivors following treatment[11-15]. Recently, many studies have
been performed using microarrays/proteomics, and they
have reported new markers with potential clinical significance in patients with GC. In this paper, we review the
progress in serum-based tumor markers associated with
GC, focusing on discoveries from microarray/proteomics
research[16-20]. The most widely investigated serum-based
tumor markers for GC are listed in Table 1.

Carcinoembryonic antigen (CEA) is a cell-surfaceanchored protein involved in cell-cell adhesions. CEA
serves as a functional receptor for colon cancer E-selectin
and L-selectin ligands, which may be critical for the metastatic spreading of colon cancer cells[21,22]. Serum from individuals with colon cancer often shows higher levels of
CEA than that from healthy controls. CEA from serum
is primarily used as a biomarker to monitor colon cancer
treatment, to identify recurrences following surgical resection and to stage or localize cancer spread[23].
CEA levels may also be raised in other cancer types
and in some non-neoplastic conditions. Several factors
may influence increases in CEA. It is associated with
tumor grade, lymph node metastasis, distant metastasis
and tumor stage, suggesting that as the tumor progresses,
CEA levels increase[24].
Anti-CEA antibodies are also frequently used in IHC
to identify cells expressing CEA in tissue samples. In
adults, CEA is expressed only in cancer cells, primarily
adenocarcinomas. It can therefore be used to distinguish
between this and other similar types of cancers. Because
even anti-CEA antibodies tend to show some degree of
cross-reactivity, false positive results are observed, and
this assay is typically used in combination with other
tests[25].
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CARBOHYDRATE ANTIGEN 19-9
In 1981, carbohydrate antigen 19-9 (CA19-9) (also called
the Lewis antigen) was first discovered in the serum of
individuals with colon or pancreatic cancer. However,
CA19-9 is used primarily in the management of pancreatic cancer. CA19-9 may be increased in many types of
gastrointestinal cancer[26].

CARBOHYDRATE ANTIGEN 72-4
Carbohydrate antigen 72.4 (CA72.4) is a mucin-like glycoprotein found on the surface of many cancer cells[27].
CA72.4-Ab assay shows good specificity for GC and
is used to identify GC relapses and for follow-up after
treatment[28].

CYTOKERATIN SUBUNIT 19 FRAGMENT,
TISSUE POLYPEPTIDE ANTIGENAND
TISSUE POLYPEPTIDE-SPECIFIC ANTIGEN
Cytokeratin subunit 19 fragment (Cyfra21.1) is potentially
useful for monitoring lung carcinoma. It is a member of
the keratin family. The keratins are intermediate filament
proteins responsible for the structural integrity of epithelial cells and are grouped into cytokeratins and hair keratins. Cyfra21.1 has been suggested to play a role in lung,
colon, stomach, pancreas, breast, and prostate cancers.
Cyfra21.1 is the most sensitive tumor marker for nonsquamous cell lung cancer. Because Cyfra21.1 detects
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Table 1 Serum-based tumor markers in gastric cancer
Biological category

Biomarker
(Gene name)

Cutoff level /Expression levels in
human GC serum

Clinical significance

Associated tumor types

Ref.

Oncofetal antigen

CEA

5 μg/L

Prognosis
GC progression
monitoring

Gastrointestinal cancer
Cervix cancer

[24,25]

CA19.9

37 kU/L

CA72.4

6 kU/L

Cyfra21.1

Variable

Prognosis

TPA
TPS
Β subunit of hCG

Variable
Variable
4 μg/L

Prognosis
Prognosis
Prognosis

Reg Ⅳ
Granulin
14-3-3 protein

Overexpression
Overexpression
Downexpression

Prognosis
Prognosis
Prognosis

DKK-1

Overexpression

Prognosis

Inflammatory

SAA

Overexpression

Prognosis

Cell apoptosis
Enzyme

MG7-Ag
PG

Overexpression
Overexpression

Prognosis
Prognosis

Glycoprotein antigen

Cytokeratins

Hormone

Cell proliferation
Signaling protein

Prognosis
GC progression
monitoring
Prognosis
GC progression
monitoring

Lung cancer
Ovary cancer
Breast cancer
Urinary tract cancer
Mainly pancreatic cancer
but also colorectal cancer
other types of gastrointestinal cancer
Ovary cancer
Breast cancer
Colon cancer
Pancreatic cancer
Many types of carcinoma
Some types of sarcoma
Carcinoma
Adult epithelial tumours
Seminoma
Choriocarcinoma
Germ cell tumors
Choriocarcinoma
Islet cell tumor
Testicular cancer
Gastrointestinal malignancies
Gastrointestinal malignancies
Epithelial cancer
Lung cancer
Breast cancer
Bladder cancer
Liver cancer
Oral cancer
Head-and-neck squamous cell cancer
Prostate cancer
Breast cancer
Colon cancer
Esophageal cancer
Lung cancer
Multiple myeloma (MM)
Lung cancer
Kidney cancer
Colon cancer
Prostate cancer
Liver cancer
Gastrointestinal cancer
Gastrointestinal cancer

[26]

[27]

[29]
[30]
[30]
[31]

[33,34]
[35,36]
[40-42]

[43-49]

[50,52,53]

[55,56]
[57]

CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; CA72-4: Carbohydrate antigen 72-4; Cyfra21.1: Cytokeratin subunit 19 fragment;
TPA: Tissue polypeptide antigen; TPS: Tissue polypeptide-specific antigen; β-hCG: β-subunit of human chorionic gonadotropin; Reg Ⅳ: Regenerating gene
Ⅳ; Dkk-1: Dickkopf-1; SAA: Serum Amyloid A; MG7-Ag: Gastric cancer associated antigen; PG: Pepsinogens.

only fragments of cytokeratin 19, the test shows higher
specificity than tissue polypeptide antigen (TPA) and is
an independent prognostic factor[29].
The TPA tumor marker comprises a molecular complex of cytokeratins 8, 18, and 19. It is used in the diagnosis and staging of bronchogenic cancer. TPA assays
represent first-generation cytokeratin tumor marker tests.
Although tissue polypeptide-specific antigen has
been reported to be a potentially useful serum marker in
adult epithelial tumors, few reports have been published
on childhood malignancies. Currently, there is no widely
used marker for Wilms’ tumor[30].
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β-SUBUNIT OF HUMAN CHORIONIC
GONADOTROPIN
β-subunit of human chorionic gonadotropin (β-hCG) is
a hormone formed by the syncytiotrophoblast, a component of the fertilized egg, following conception. Following grafting, the syncytiotrophoblast gives rise to the
placenta. Some tumors produce β-hCG; thus, elevated
levels in individuals who are not pregnant may indicate
cancer. However, whether β-hCG production promotes
carcinogenesis remains unknown.
β-hCG may be used as a tumor marker as its β sub-
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unit is secreted by some tumors. Based on this reason, a
positive result in males indicates testicular cancer. Combined with α-fetoprotein, β-hCG is a good tumor marker
for monitoring of tumors of germ cells[31].

Regenerating gene Ⅳ (Reg Ⅳ ) belongs to the regenerating
family of secreted C-lectin proteins[32]. Reg proteins are
expressed normally in the gastrointestinal tract and are
induced in inflammatory bowel disease and in some gastrointestinal malignancies. They show multiple functions
including enhancing tissue regeneration, proliferation and
are anti-apoptotic[33]. Reg Ⅳ is expressed at low levels in a
subgroup of primary tumors and is moderately or highly
expressed in a majority of hormone refractory and metastatic tumors[34].

DKK1 regulates Wnt signaling by binding to the Wnt
coreceptor lipoprotein-related protein-5 (LRP5). Overexpression or down-regulation of DKK1 gene expression
levels has been observed at various stages of tumorigenesis in multiple cancers, such as breast, colorectal,
prostate, esophageal, lung cancers, and multiple myeloma
(MM). Thus, DKK1 play dual roles as an oncogene or
tumor suppressor. Serum from individuals with breast
cancer and bone metastases showed signiﬁcantly higher
DKK1 levels compared with healthy individuals. In addition, human primary lung and esophageal cancers, lung
cancer cell lines, and esophageal cancer cell lines show
increased DKK1 expression. However, DKK1 protein
expression was also down-regulated in colon cancer and
melanoma[43-49]. Qian et al[44] reported that DKK1 protein
expression was detected in the majority of MM cell lines
and clinical MM samples.

GRANULIN

SERUM AMYLOID A PROTEIN

Granulins are a family of secreted, glycosylated peptides
that are cleaved from a single precursor. Both the peptides and the intact granulins regulate cell growth. However, different members of the granulin family may act
as inhibitors, activators, or show dual roles in cell growth.
The granulin family is important for normal development, wound healing, and in tumorigenesis[35]. In addition,
the human liver contributes to the development of liver
cancer by secreting a granulin-like growth hormone[36].

Serum amyloid A (SAA) proteins combined with the
high-density lipoprotein (HDL) complex belong to a
family of apolipoproteins that are secreted during the
acute phase of inflammation[50]. There are three isoforms
of SAA. SAA (SAA1 and SAA2) levels are consistently
increased in the liver during acute inflammation, and
SAA3 is induced in various distinct tissues[50,51].
SAA are not specific for any type of cancer and are
expected to be elevated in other malignant diseases and
in inflammatory diseases[52,53]. Cho et al observed that
SAA had previously been reported to increase in several
different cancers including kidney, colon, prostate cancers, leukemias and lymphomas. However, these proteins
are released into the blood from the liver. These findings
suggest that these proteins may not be of much clinical
significance in our future efforts to more effectively diagnose and monitor cancer[50].

REGENERATING GENE Ⅳ

14-3-3 PROTEINS
14-3-3 proteins, which belong to a family of regulatory
proteins, are able to bind a multitude of signaling proteins of various functions, such as kinases, phosphatases,
and transmembrane receptors. More than 200 signaling
proteins have been reported as being ligands for 14-3-3
proteins[37,38].
Alterations in the expression of several 14-3-3 proteins have been associated with some human cancers.
The down-regulation of 14-3-3r has been reported in a
multitude of human epithelial cancers. Recently, Urano et
al[39] showed that breast cancer cells reduced 14-3-3r protein levels by upregulating the protein Efp, a ring-ﬁngerdependent ubiquitin ligase (E3), which targets 14-3-3r
for ubiquitin-mediated degradation by the proteosome.
MCF7 cells treated with antisense Efp constructs showed
increased levels of 14-3-3r, and athymic mice transplanted with these cells showed decreased tumors. Similar
trends of cancer-associated downregulation of 14-3-3r
have been reported in human lung cancer, vulva squamous neoplasias, bladder cancer, liver cancer, oral cancer,
and head-and-neck squamous cell cancer, suggesting a
common role for 14-3-3r as a tumor suppressor[40-42].

DICKKOPF-1
Dickkopf-1 (DKK1) inhibits Wnt/β-catenin signaling,
which is essential for embryonic head development.
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GASTRIC CANCER ASSOCIATED
ANTIGEN (MG7-AG)
Akashi et al[54] produced a MG7-Ag monoclonal antibody
to use for GC screening. Using the immuno-polymerase
chain reaction (Immuno-PCR) assay, the authors observed that MG7-Ag had the highest sensitivity and
speciﬁcity for detecting GC. They tested serum MG7-Ag
levels and found that the rate of MG7-Ag positivity was
82.8% for GC in 198 GC patients and 44.4% for colonic
cancer. However, the Immuno-PCR assay is too complicated and expensive for screening the high-risk population in Linqu county. Therefore, they used an ELISA to
detect MG7-Ag expression in serum from patients with
GC or other carcinomas. They also used IHC to test
MG7-Ag expression in GC tissues[55,56].

PEPSINOGENS
There are three genes that encode human pepsinogen A.
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A fourth human gene encodes gastricsin, also known as
pepsinogen C, a digestive enzyme. Gastricsin is an aspartic proteinase that belongs to the A1 peptidase family and
is produced in the stomach; it constitutes a major component of the gastric mucosa. Gastricsin is secreted into the
serum and is synthesized as an inactive zymogen that includes a highly basic prosegment. Gastricsin is converted
into its active mature form at low pH by serial cleavage
of the prosegment, performed by the enzyme. Polymorphisms in gastricsin are associated with susceptibility to
GC. Serum levels of the enzyme have been identified as
tumor markers for specific GCs and H. pylori-associated
gastritis[57].
Tumor markers may also be detected using IHC.
Although IHC remains the most reliable and cheapest
method, several efforts have been made to identify and
test novel tumor markers to achieve the prognosis goals.
In recent years, many proteins have been identified and
validated for their clinical significance in the management
of GC. The most widely investigated tissue-based tumor
markers for GC and the most correlated clinical parameters are listed in Table 2.

HUMAN EPIDERMAL GROWTH FACTOR
RECEPTOR 2/NEU
Human epidermal growth factor receptor 2/neu (HER2/
neu) is a well-known oncogene. HER2/neu belongs to a
member of the epidermal growth factor receptor family
and plasma membrane-bound receptor tyrosine kinases.
Overexpression of this oncogene has been shown to
play an important role in the tumorigenesis of aggressive
types of breast cancer. Thus, the protein has become an
important tumor marker and target of therapy for over
30% of patients with breast cancer. It is positively associated with increased breast cancer recurrence and poor
prognosis. Overexpression of HER2/neu has also been
reported in ovarian, stomach, uterine and endometrial
cancers. Dimerization results in the autophosphorylation
of tyrosine residues within the cytoplasmic domain of
the receptors and initiates a variety of signaling pathways.
IHC is used to measure levels of HER2/neu protein
in samples. Fluorescence in situ hybridization (FISH) assays may also be used to measure whether HER2/neu
gene amplification has occurred. The extracellular domain of HER2 may be shed from the surface of tumor
cells and enter the circulation. Testing serum for HER2
using enzyme-linked immunosorbent assay (ELISA) offers a method for determining HER2 levels. Changes in
serum HER2 concentrations may be useful in predicting
response to trastazumab treatment[58-63].

VASCULAR ENDOTHELIAL GROWTH
FACTOR
Vascular endothelial growth factor (VEGF) is an angiogenic factor. It is a signaling protein secreted by many
solid tumors. VEGF overexpression has been reported in
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many human cancer cells including breast, colon, gastric,
liver and lung cancers. It is also expressed in stromal cells,
particularly at sites of relative hypoxia. VEGF enhances
endothelial cell proliferation and migration and induces
endothelial cell angiogenesis. VEGF is also called vascular
permeability factor. Thus, VEGF increases vascular permeability to plasma and its proteins, a typical requirement
of tumor microvasculature. IHC and ELISA are popular
methods used to examine expression patterns of VEGF
in serum and tissues from cancer patients[64-68].

HUMAN ETHER-À-GO-GO-RELATED GENE
Human ether-à-go-go-related gene (hERG1) belongs to
the K+ channel family, which may regulate cell apoptosis
and proliferation. Overexpression of this protein has been
observed in several tumors, such as primary human endometrial, gastric and colorectal cancers. hERG1 gene expression has been used as a specific tumor marker in colon cancer, and it regulates the invasion of tumor cells[69].

KRUEPPEL-LIKE FACTOR 5 (KLF5/IKLF/
BTEB2)
KLF5/IKLF/BTEB2 is a member of the Kruppel-like
transcription factor family. Several members of the KLF
family have been implicated in the development of human cancers[70]. KLF5 repeatedly shows genetic deletions
and decreased expression in human prostate and breast
cancers[71,72]. KLF5 also plays a suppressive role in tumor
growth in colon cancer. However, overexpression of
KLF5 activated ﬁbroblast cell growth and tumorigenesis.
KLF5 has also been reported to affect H-Ras, Wnt-1,
platelet-derived growth factor A chain (PDGF), cyclin
D1, PPARg and ERBB2 oncogenes[73]. Moreover, several
growth factors, such as PMA, sphingosine-1-phosphate,
and β-FGF, induce the expression of KLF5. Furthermore, KLF5 has been reported to promote angiogenesis
in a knock-out mouse model. In a bladder cancer cell line,
KLF5 was reported to inhibit cell growth. These ﬁndings
suggest that the actual role of KLF5 in tumorigenesis remains unknown[74].

SPECIAL AT-RICH SEQUENCE-BINDING
PROTEIN-1
Special at-rich sequence-binding protein-1 (SATB1) is
an AT-rich sequence-binding protein 1 and gene regulator. It functions as a genome organizer. SATB1 is highly
expressed in many types of human cancers including
breast, gastric, colon and bladder carcinomas. It enables
tumor growth and metastasis by altering the expression
of a large number of genes[75-78].

C-MYC2
c-Myc protein is a transcription factor that activates and
represses the expression of many genes. In addition,
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Table 2 Tissue-based tumor markers in gastric cancer
Biological category
Receptor

Ion channel

Transcription factor

Enzyme

Biomarker (Gene name)

Parameters

Clinical significance

Associated tumor types

Ref.

HER2/neu

Lauren histotype
Lymph node metastasis

Prognosis
Therapeutic response

[58-63]

VEGF

Lauren histotype
Tumor progression

Prognosis
Therapeutic response

hERG1

Lauren histotype
Grading
Stage
Grading
Stage
Lymph node status

Prognosis

SATB1

Lymph node metastasis
Distant metastasis
Stage

Prognosis

c-myc2

Lymph node metastasis

Prognosis

CA IX

Lymph node metastasis

Prognosis

MMP-2

Stage
Survival

Prognosis

HDAC

Lymph node metastasis
Survival

Prognosis

COX-2

Lymph node metastasis
Survival
Depth of invasion
Serosal invasion
Lymph node metastasis
Stage
Depth of invasion
Serosal invasion
Lymph node metastasis
Stage

Prognosis

Ovarian cancer
Stomach cancer
Uterine cancer
Endometrial cancer
Breast cancer
Esophageal cancer
Breast cancer.
Colon cancer
Gastric cancer
Liver cancer
Lung cancer
Endometrial cancer
Gastric cancer
Colorectal cancer
Bladder cancer
Prostate cancer
Breast cancer
Colon cancer
Breast cancer
Gastric cancer
Colon cancer
Bladder cancer
Cervix cancer
Colon cancer
Breast cancer
Lung cancer
Stomach cancer
Kidney cancer
Colon cancer
Cervical cancer
Ovarian cancer
Colon cancer
Breast cancer
Bladder cancer
Gastric cancer
Renal cancer
Colorectal cancer
Gastric cancer
Breast cancer
Pancreatic cancer
Liver cancer
Lung cancer
Prostate cancer
Hodgkin's lymphoma
Breast cancer
Intestinal tract cancer
Ovan cancer
Cervical cancer
Gastric cancer

Ki-67

Lymph node metastasis

Prognosis

TGF-β

Stage

Prognosis

PKP3

Stage

Prognosis

E-cadherin

Invasion
Grading
Lauren histotype

Prognosis

KLF5/IKLF/BTEB2

SLPI

GLO1

Cell growth

Signal
Protein/cell adhesion
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Prognosis

Prognosis

Prognosis

Colon cancer
Breast cancer
Prostate cancer
Gastric cancer
Melanoma cancer
Prostate cancer
Brain cancer
Breast cancer
Nephroblastoma
Breast cancer
Gastric cancer
Gastric cancer
Lung cancer
Esophagus cancer
Ovary cancer
Stomach cancer

[64-68]

[69]

[71,72]

[75-78]

[80]

[81-83]

[79,80,84,85]

[86-92]

[93,94]
[96,97]

[99-103]

[104]

[105,106]
[109,110]
[111]
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Regulate cell death
(apoptosis)

Cytokine
Vesicular transport

TSP-1

Stage

Prognosis

SPARC

Depth of invasion
Serosal invasion
Lymph node metastasis
Distant metastasis

Prognosis

Bcl-2

Lymph node metastasis

Prognosis

Bcl-6

Lymph node metastasis

Prognosis

Bax

No data

Prognosis

CXCL1/CXCR2

Lymph node metastasis

Prognosis

ARF1

Depth of invasion
Serosal invasion
Lymph node metastasis
Distant metastasis
Stage

Prognosis

Breast cancer
Melanoma cancer
Lung cancer
Gastric cancer
Breast cancer
Melanoma cancer
Gastric cancer
Oesophageal cancer
Glioma cancer
Melanoma cancer
Breast cancer
Prostate cancer
Chronic lymphocytic Leukemia
lung cancer
Gastric cancer
Pancreas cancer
Colon cancer
Bladder cancer
Gastric cancer
Colon cancer
Gastric cancer
Colon cancer
Gastric cancer

[112-115]

[118-120]

[121]

[122]

[123-125]
[128]
[129]

HER2/neu: Human epidermal growth factor receptor 2/neu; VEGF: Vascular endothelial growth factor; hERG1: Human Ether-à-go-go-Related Gene;
KLF5/IKLF/BTEB2: Krueppel-like factor 5; SATB1: Special AT-rich sequence-binding protein-1; CA IX: Carbonic anhydrase 9; MMP-2: Matrix metalloproteinase-2; HDAC: Histone deacetylases; SLP1: Antiprotease secretory leukocyte protease inhibitor; GLO1: Glyoxalase I; TGF-β: Transforming growth factor
beta; PKP3: Plakophilin-3; TSP-1: Thrombospondin 1; SPARC: Secreted protein and rich in cysteine; Bcl-2: B-cell lymphoma 2; Bcl-6: B-cell lymphoma 6;
Bax: Bcl-2-associated X protein; CXCL1: Chemokine (C-X-C motif) ligand 1; CXCR2: CXC chemokine receptors 2; ARF1: ADP-ribosylation factor 1.

c-myc has three isoforms and is extremely influential in
controlling DNA replication[79].
The MAPK/ERK pathway may activate c-myc, and
c-myc activation results in many cellular effects including
cell proliferation, apoptosis, differentiation and stem cell
self-renewal. c-Myc is a very robust proto-oncogene, and
it is very often upregulated in many cancers. c-Myc is correlated with recurrence and may be a potential prognostic
factor. High levels of c-myc2 were correlated with lymph
node metastasis and poor prognosis in cancers of the
cervix, colon, breast, lung and stomach[80].

tor of overall survival. Antibodies targeted against CA9
may be used to show hypoxic regions in many solid tumors[81-83].

CARBONIC ANHYDRASE 9

HISTONE DEACETYLASES

Carbonic anhydrases (CAs) are a large family of zinc
metalloenzymes that catalyze the reversible hydration
of carbon dioxide. They are involved in some biological reactions, such as respiration, calcification, acid-base
balance, bone resorption, and the formation of aqueous
humor, cerebrospinal fluid (CSF), saliva, and gastric acid.
CA9 is a transmembrane protein and a tumor-associated
carbonic anhydrase isoenzyme. It is increased in renal
cancers and hypoxic solid tumors. It is also involved in
cell proliferation and tumorigenesis.
Drug compounds targeted to CA9 are in preclinical
development for the treatment of kidney, colon, and
cervical cancers. CA9 is one of the markers of tumor
hypoxia. Moreover, recent studies assaying CA9 levels
and various clinicopathological outcomes indicated that
CA9 expression may also be a valuable prognostic fac-

Histone deacetylases (HDACs) promote the removal
of acetyl groups from acetylated residues to release an
acetate molecule. Lysine acetylation typically occurs in a
number of non-histone proteins.
Mutation and/or aberrant expression of various
HDACs have often been observed in cancer, making
them important therapeutic targets for many human cancers. Several studies have indicated that overexpression
of HDACs is present in renal, colorectal, gastric, breast,
pancreatic, liver, lung and prostate cancers and in classical
Hodgkin’s lymphoma and that they are associated with
poor prognoses[86-92].

WJG|www.wjgnet.com

MATRIX METALLOPROTEINASE-2
Matrix metalloproteinase-2 (MMP-2) is a collagenase that
assists tumor growth and invasion by digesting the extracellular matrix surrounding the tissue. MMP-2 is considered a possible tumor marker for ovarian, colon, breast,
bladder and gastric cancers[79,80,84,85].

CYCLOOXYGENASE-2
Cyclooxygenase (COX)-2 is an enzyme responsible for

13797

October 14, 2014|Volume 20|Issue 38|

Tsai MM et al . Tumor markers for gastric cancer

inflammation and pain. COX-2 appears to be associated with cancers and irregular growths in the intestinal
tract[93]. COX inhibitors have been shown to reduce the
occurrence of cancers. COX-2 inhibitors are currently
being studied for the treatment of breast cancer[94].

ANTIPROTEASE SECRETORY
LEUKOCYTE PROTEASE INHIBITOR
Secretory leukocyte protease inhibitor (SLPI) neutralizes
elastase, tryptase, and cathepsin G[95]. Several studies have
indicated that SLPI may be involved in tumorigenesis[96].
Abundant expression of SLPI was noted in several cancers including ovarian, cervical and gastric cancers[97].

GLYOXALASE Ⅰ
Glyoxalase Ⅰ (GLO1) is an essential component in pathways leading to the detoxification of methylglyoxal (MG).
Over-expression of GLO1 has been reported in several
cancers, such as colon, breast, prostate, gastric cancers
and melanoma[98-103].

KI-67
Ki-67 is a nuclear protein that is a cellular marker of cell
proliferation. It always correlates with cell proliferation.
During interphase, Ki-67 may be exclusively detected
within the cell nucleus, and when the cell enters mitosis,
the majority of Ki-67 relocates to the surface of the
chromosomes. Ki-67 is present during all active phases
of the cell cycle (G1, S, G2, and mitosis), but is absent in
resting cells (G0). Thus, Ki-67 is a good marker for determining cell growth rate. Ki-67-positive tumor cells are
often correlated with advanced tumors including carcinomas of the prostate, brain, breast and nephroblastomas.
With respect to these tumors, survival and tumor recurrence have been positively correlated with Ki-67 IHC
staining[104].

TRANSFORMING GROWTH FACTOR-β
Transforming growth factor-β (TGF-β) regulates cellular
proliferation, differentiation and apoptosis. TGF-β is a
multifunctional cytokine, and increased or decreased production has been linked to many cancers including breast
cancer and GC[105].
TGF-β is a pluripotent cytokine with diverse effects
on normal physiology and a role in both normal mammary gland development and the progression of breast
cancer. During early stages of cancer, TGF-β acts as a tumor suppressor, whereas in later stages, when tumor cells
become resistant to growth inhibition by TGF-β, it acts
as a tumor promoter. Thus, TGF-β as a tumor marker is
useful primarily during the follow-up of cancer patients
and particularly in monitoring advanced disease[106].

WJG|www.wjgnet.com

PLAKOPHILIN-3
Plakophilin-3 (PKP3) is a member of the armadillo
(ARM)/plakophilin families. ARM-related proteins physically localize to cell desmosomes and nuclei and are
involved in linking cadherins to intermediate filaments
in the cytoskeleton. PKP3 may play a role as in cellular
desmosome-dependent adhesion and signaling pathways[107,108]. Several publications have reported that genetic aberrations in members of the ARM-protein family
including plakoglobin (PKGB), h-catenin (CTNNB1),
and adenomatous polyposis coli (APC) promote tumor
progression. However, with regard to the role(s) of the
subfamily member PKP3 during carcinogenesis, evidence
shows that PKP3 is a potential prognostic marker and
that it shows clinicopathological correlation with lung
cancer and GC[109,110].

E-CADHERIN
E-cadherin is a calcium-regulated transmembrane cellcell adhesion protein that is expressed in most normal
epithelial tissues. Selective loss of E-cadherin can cause
dedifferentiation and invasiveness in human carcinomas,
suggesting that E-cadherin may play a role as a tumor
suppressor. Reduced expression of E-cadherin has been
observed in aggressive tumors of the esophagus, ovary,
and stomach[111].

THROMBOSPONDIN 1
Thrombospondin 1 (TSP-1) is an extracellular matrix
glycoprotein that regulates cell adhesion, cell motility,
angiogenesis, and cell growth. TSP1 is down-regulated in
many tumors including breast, melanoma, lung and gastric cancers[112-115].

SECRETED PROTEIN AND RICH IN
CYSTEINE
Secreted protein and rich in cysteine (SPARC) is a member of the matricellular protein family. SPARC may
regulate cell-matrix interactions and cell function without
participating in the structural scaffold of the extracellular
matrix[116,117]. Recently, SPARC over-expression has been
reported in breast, melanoma, gastric, esophageal cancers
and gliomas[118-120].

B-CELL LYMPHOMA 2/B-CELL
LYMPHOMA 6/BCL-2-ASSOCIATED X
PROTEIN
B-cell lymphoma 2 (Bcl-2) is a member of the Bcl-2 family of regulator proteins that either induce or inhibit cell
apoptosis. Bcl-2 is an important anti-apoptotic oncoprotein. Mutation of the Bcl-2 gene causes cancers including
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melanoma, chronic lymphocytic leukemia, breast, gastric,
prostate, and lung cancers[121]. Bcl-2 is a commonly used
IHC marker, and it has been used in the classification of
lymphoid processes and the identification of specific epithelial tumors.
Bcl-6 is also a biomarker of gastric, pancreas, colon
and bladder cancers[122].
Bcl-2-associated X protein (BAX) is a member of the
Bcl-2 gene family. BAX is a pro-apoptotic factor based
on its binding to Bcl-2. It is also a prognostic marker of
colon and bladder cancers[123-125].

CXCL1/CXCR2

2

3
4
5

6

CXCL1 is thought to be a chemo-attractant for neutrophils and lymphocytes[126,127]. However, it was observed
that neutrophil infiltration into tumors was dependent on
CXCR2 signaling. Moreover, the expression of CXCL1/
CXCR2 was significantly associated with GC progression.
This evidence is consistent with the previous observation
the CXCL1/CXCR2 signaling pathway was important in
the metastasis of several cancers including breast, gastric
and colon cancers[128].

7

8

9

ADP-RIBOSYLATION FACTOR 1
ADP-ribosylation factor 1 (ARF1) is a member of the
small GTPase family. ARF1 is involved in many cellular
processes including cell differentiation, proliferation, necrosis, apoptosis, and inter- and intracellular signaling[129].

CONCLUSION
There are no current excellent tumor indices or tumor
markers for GC. However, it is very important to use many
tumor markers in different types of cancer to screen, diagnose and stage the cancer, for evaluation of prognosis and
for monitoring of recurrence following treatment. However,
determining the significance of the markers and assessing
and interpreting them requires an accumulation of expertise and experience. These processes cannot work when
based on a single tumor marker. From the viewpoint of
the clinic, it is critical to examine the performance of the
marker using imaging, to select a tumor marker assay and to
consider the variety of non-specific factors that may have
caused the increase in the biomarker. Finally, this knowledge may lead to more accurate diagnoses and prognoses,
may enable the selection of optimal and appropriate therapies and also may enable assessments of the effectiveness
of treatments, with or without postoperative tracking of
recurrence. Thus, tumor markers are only references; they
are used by the physician for examining the cancer and
cannot diagnose the disease themselves.
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Abstract
Gastric cancer (GC) is a major public health issue as the
fourth most common cancer and the second leading
cause of cancer-related death. Recent advances have
improved our understanding of its molecular pathogenesis, as best exemplified by elucidating the fundamental role of several major signaling pathways and related
molecular derangements. Central to these mechanisms
are the genetic and epigenetic alterations in these signaling pathways, such as gene mutations, copy number
variants, aberrant gene methylation and histone modification, nucleosome positioning, and microRNAs. Some
of these genetic/epigenetic alterations represent effective diagnostic and prognostic biomarkers and therapeutic targets for GC. This information has now opened
unprecedented opportunities for better understanding
of the molecular mechanisms of gastric carcinogenesis
and the development of novel therapeutic strategies for
this cancer. The pathogenetic mechanisms of GC are
the focus of this review.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Gastric cancer (GC) is one of the most common cancers
in the world, particularly in developing countries, and the
mortality of GC is the second leading cause of cancerrelated deaths[1-3]. It is often not detected until an advanced stage; consequently, the 5-year survival rate is low
(10%-20%)[4]. About 95% of gastric tumors are adenocarcinomas, which can be classified into well-differentiated
(intestinal), undifferentiated (diffuse), and ‘mixed’ types[5].
Although the incidence is declining, its prognosis remains
poor. Epidemiological evidence indicates that environmental factors play a major role in the carcinogenesis.
Among the environmental factors, diet and infection with
Helicobacter pylori (H. pylori) are the most common suspects
in gastric tumorigenesis[6,7]. In addition to environmental
factors, GC is a complex, multistep process involving
deregulation of canonical oncogenic pathways. These oncogenic signaling pathways can be overactivated by some
genetic and epigenetic alterations[8,9]. Genetic alterations,
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such as gene mutations, gene amplification, deletions or
allelic loss and chromosomal translocations, can cause
gain-of-function in oncogenes and loss-of-function in
tumor suppressor genes, ultimately contributing to gastric
carcinogenesis[9,10]. Moreover, like other human cancers,
gastric tumorigenesis can also be profoundly influenced
by epigenetic abnormalities, such as aberrant gene methylation, histone modification and microRNAs[10,11]. For
example, promoter hypermethylation as an important
hallmark of cancer cells is one of the major mechanisms
to inactivate tumor suppressor genes in gastric tumorigenesis[11,12]. Increasing evidence indicates that most cancer phenotypes are largely governed by complex interactions between multiple pro- and anti-oncogenic signaling
circuits[13]. This review discusses the recent remarkable
progress in understanding the molecular pathogenesis
and mechanisms of GC.

ENVIRONMENTAL RISK FACTORS
GC, like other cancers, is the end result of the interplay
of many risk factors as well as protective factors. Environmental and genetic factors are also likely to play a role
in the etiology of this disease. Among the environmental factors, it is clear that H. pylori infection and diet are
strong and established risk factors of GC[6,7].
H. pylori infection is an important and established risk
factor of GC. About 50% of the world’s population are
infected by H. pylori; most of the infected individuals remain asymptomatic and fewer than 0.5% of infected individuals will develop GC. Although H. pylori infection is
thus not a sufﬁcient cause for the development of GC[14],
H. pylori infection has been associated with high prevalence of GC and can also be found in the gastric mucosa
of patients with chronic gastric inflammation[15,16]. The
connection between H. pylori and GC is not only based
on epidemiologic data and animal models[17-19], but data
from clinical trials have also suggested that H. pylori eradication therapy can effectively reduce the development of
precancerous lesions and GC[20]. H. pylori infection causes
chronic inflammation, accumulation of reactive oxygen
species (ROS) and oxidative DNA damage in the gastric
mucosa, and promotes the sequential progression of normal gastric epithelium through atrophic gastritis, intestinal metaplasia, and dysplasia to carcinoma[21]. Intestinal
metaplasia is a preneoplastic lesion and confers increased
risk for GC development. However, the molecular networks connecting infection to lesion formation and the
cellular origin of this lesion remain largely unknown[22].
Although the intestinal-type GC are more related to atrophic gastritis, intestinal metaplasia and dysplasia, H. pylori
infection also can increase the risk of diffuse-type GC.
Moreover, H. pylori infection enhances aberrant promoter methylation in gastric mucosa, contributing to gastric
tumorigenesis by silencing tumor suppressor genes[23-25].
However, H. pylori infection cannot affect mRNA and
protein expression of DNA methyltransferases (DNMTs)[23,26]. Until now, the molecular mechanism of H.
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pylori-induced aberrant gene methylation in GC remains
poorly understood.
In addition to H. pylori infection, dietary and lifestyle
factors also increase the risk of gastric carcinogenesis. An
excessive intake of starch, fat, meat, salt and N-nitroso
compounds poor in protein quality increases the risk of
GC, especially preserved food rich in salt, salt per se and
N-nitroso compounds; whereas a diet rich in fresh fruits,
vegetables and dietary fiber can decrease the risk of
GC[14,27]. N-methyl-N-nitro-N-nitrosoguanidine (MNNG)
is one of the known gastric carcinogens, which enhance
the carcinogenic effects[28,29]. N-nitroso compounds can
be formed by the reaction of nitrate or nitrite during the
process of preservation and during digestion in the stomach, and they may be present in some foods including
cured meats, dried milk, instant soups, and coffee dried
on direct flame[30-32]. Ingestion of salt-preserved food can
induce direct damage to the gastric mucosa resulting in
gastritis and can increase the risk of persistent H. pylori
infection; examples are salted fish, soy sauce, pickled
vegetables, cured meat[33,34]. Moreover, high starch and
low protein diets may favor acid-catalyzed nitrosation in
the stomach and cause mechanical damage to the gastric
mucosa[14,35]. Fruits and vegetables are rich sources of
carotenoids, vitamin C, folate and phytochemicals, and
may modestly reduce risk in the process of carcinogenesis[14,34,35]. It has been reported that epigallocatechin gallate (EGCG) is the most abundant polyphenol in green
tea and it possesses a significant protective effect against
H. pylori-induced cytotoxicity in gastric epithelial cells[36].
Other established lifestyle factors, including cigarette
smoking and alcohol consumption, may affect the risk of
GC[37,38]. Alcohol, a gastric irritant, is an important risk
factor for GC. Tobacco has been reported to induce the
development of precursor gastric lesions and increase the
incidence of H. pylori infection. Accumulated evidence
has shown an association between gastroesophageal reﬂux
disease (GE reflux) and elevated risk for diffuse-type
GC[39-41]. In addition, Epstein-Barr virus (EBV) infection
is also closely associated with gastric carcinogenesis[38].

ALTERED SIGNALING PATHWAYS IN GC
GC is a complex and molecularly heterogeneous disease
involving deregulation of canonical oncogenic pathways,
such as p53[42], wnt/β-catenin[43], nuclear factor (NF)-κB[44]
and PI3K/Akt[45] pathways. Central to these mechanisms
are the genetic and epigenetic alterations in these oncogenic signaling pathways[8,9]. Of them, some molecular alterations are closely associated with poor clinical outcomes
of GC patients and are summarized in Tables 1 and 2.
p53 pathway
Gene mutations play a key role in transforming normal
cells into cancerous cells; they directly or indirectly suppress the normal function of tumor suppressor genes,
or enhance transforming activity of oncogenes. So far,
numerous gene mutations have been identified in GCs.
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One of the most commonly mutated genes is TP53 in
GC, which encodes p53 protein[46]. Tumor suppressor
p53 plays a fundamental role in the regulation of the cell
cycle and apoptosis, and its inactivation is central to the
pathogenesis of many human cancers, including GC[46].
Numerous reports have demonstrated that the function
of TP53 is more frequently inactivated in GCs by mutations and loss of heterozygosity (LOH) than by DNA
methylation. TP53 mutation pattern is characterized by
frequent G:C→A:T mutations at CpG sites. There are
about 30%-70% of GCs containing TP53 point mutations. TP53 mutations are an early event in GC and show
a different pattern in diffuse- or intestinal-type GC. Mutations of TP53 seem to be an early event and not related
to tumor stage in intestinal-type GC, but their frequency
increases with stage progression and they are common
in diffuse-type GC[42,46-48]. It has been reported that there
is signiﬁcant correlation between LOH of TP53 with
gastric precancerous lesions, suggesting that loss of TP53
may be an early event in gastric carcinogenesis[49]. Cyclindependent kinase (CDK) inhibitor p21 gene is directly
involved in human carcinogenesis through directly inhibiting DNA replication[50]. It has been reported that the
expression of p21 is usually assessed in combination with
TP53 status, and GC patients with loss of p21 have worse
survival[51]. Thus, aberrant p53 pathway may play an important role in gastric carcinogenesis.
PI3 kinase/Akt pathway
The PI3 kinase (PI3K)/Akt signaling pathway regulates
cellular metabolism and growth by acting as a cellular
sensor for nutrients and growth factors and plays an important role in tumorigenesis[52-54]. PI3K is a lipid kinase,
which is mainly activated by tyrosine kinases. PIK3CA is
a catalytic 110-kDa subunit of PI3 kinase and an activator of the PI3K/Akt pathway. It is frequently activated
by genomic amplification[55] or mutation[56-58]. Gene amplification is one of the most frequent genomic alterations
found in human cancers[59-62]. Increased gene dosage by
this genetic event is a common mechanism for oncogene
overexpression during tumorigenesis[63], and also reflects
the genetic instability of the tumor cells like other types
of genetic alterations[64]. Our recent study has demonstrated that PIK3CA mutations are not common, but its
ampliﬁcation is very common in GC[55]. Notably, PIK3CA
amplification is associated with elevated p-Akt, suggesting that this genetic alteration may be a major mechanism
in activating the PI3K/Akt signaling pathway, further
contributing to gastric tumorigenesis[55].
PTEN encodes a multifunctional phosphatase that
negatively regulates cell growth, migration and survival
via the PI3K/Akt signaling pathway. Mutations, LOH
and promoter methylation in the PTEN gene have been
frequently identiﬁed in GC[48,65,66]. These genetic/epigenetic alterations ultimately contribute to overactivation of
the PI3K/Akt signaling pathway during gastric tumorigenesis.
ERBB3 is a member of the epidermal growth fac-
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tor receptor (EGFR) family or ERBB tyrosine kinase
(TK) receptor family, and plays important roles in animal
development; deregulation has been linked to several
pathologies, including cancer. This receptor family mediates cell proliferation and survival by the MAPK and
PI3K/Akt signaling pathways[67]. ERBB3 overexpression
is frequently found in GC, particularly in the diffuse-type
tumors, contributing to the overactivation of the PI3K/
Akt pathway[68]. Thus, aberrations of the ErbB3/PI3
kinase pathway may play an important role in diffusetype GC. Collectively, specific genotype-based targeting
against the PI3K/Akt signaling pathway may be an effective therapeutic strategy for GC.
MAPK pathway
The MAPK (Ras/Raf/Mek/Erk) signaling pathway regulates a series of cell activities such as angiogenesis, proliferation, differentiation, apoptosis and migration. The
MAPK pathway consists of several kinases, including
Ras, Raf, and Mek, and is often deregulated in GC[69]. Ras
(H-, K-, N-isotypes), which encode small G proteins, belong to a commonly mutated oncogene family and function as molecular switches of numerous signaling cascades, including MAPK pathway[70]. Mutations of KRAS
and BRAF are common in GC[71-73]. ERK1/2, the final
effectors of this pathway, are also found to be activated
in GC[74]. In addition, tumor suppressor gene RASSF1A
(ras-association domain family 1A), RASSF2, and
HRASLS are usually silenced by promoter hypermethylation in various human cancers, including GC[12,75-78].
Especially, RASSF1A contains a ras-association (RA) and
a Sav/RASSF/Hpo (SARAH) domain. Its inactivation by
promoter methylation can activate the MAPK signaling
pathway, and effectively block cancer cell apoptosis, ultimately contributing to tumorigenesis, including GC[48,79].
EGFR is a member of the EGFR family, and works
as a cell surface receptor of extracellular ligands, including epidermal growth factor (EGF) and transforming
growth factor alpha. Ligand binding to EGFR extracellular domain leads to the phosphorylation of its intracellular tyrosine kinase domain. This will initiate a series
of intracellular signals, such as activation of the MAPK
signaling pathway[80]. EGFR overexpression is frequently
found in GC and is associated with the depth of invasion
and poor survival of GC patients[81]. ERBB2, a member
of the EGFR family, does not have any speciﬁc ligands
that it binds directly and may be regulated by ligands in
the same way as EGFR. Amplification or overexpression
of ERBB2 is very common in intestinal-type GC, but not
in diffuse-type GC[68,82,83]. Activated ERBB2 oncogenic
pathway may play an important role in intestinal-type
GC. ERBB2 mutations occasionally occur in metastatic
gastric carcinoma, suggesting that these mutations play a
role in the metastatic process of some GCs[82]. However,
as compared with mutations, overexpression of ERBB2
caused by copy number gain is more commonly found
in human cancers, including GC[84]. Strikingly, ERBB2
amplification may serve as a prognostic marker for tu-
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mor invasion, lymph node metastasis and poor prognosis[68,83,85]. Our recent study has demonstrated frequent
ERBB4 amplification in GC and is strongly associated
with poor survival of GC patients[86]. In addition, MiR125a-5p, which targets ERBB2[87], and miR-146a, which
targets both EGFR and IRAK1[88], are related to survival
and may be prognostic factors in GC.
Taken together, these findings suggest that the MAPK
pathway plays an important role in gastric tumorigenesis,
and may be an effective therapeutic target for GC.
Wnt pathway
Wnt signaling regulates several biological processes,
such as determination of cell fate, morphology, polarity,
adhesion and growth[89,90] and is divided into canonical
and non-canonical pathways. In the former, wnt signals
stabilize β-catenin (or CTNNB1), hereby activating gene
transcription through interaction of β-catenin with transcriptional factors[89]. Numerous reports have demonstrated that this pathway plays an important role in the
invasion and metastasis of GC and may be a good indicator for evaluating the biological behavior of GC[91,92]. The
non-canonical pathway is not related to β-catenin and is
involved in embryonic development and cell polarity, as
well as being also linked to the development of GC[93,94].
APC (adenomatous polyposis coli) is involved in
chromosomal segregation, and its inactivation causes
aneuploidy and perturbed structure of the chromosomes [95,96]. β -catenin mutations or APC inactivation
can cause accumulation and high intranuclear levels of
β-catenin, which regulate the wnt signaling pathway and
play an important role in early tumor growth, including
GC[10,48]. Mutation of the β -catenin gene may function in
initiation of invasive processes in intestinal-type GC[97].
The APC gene product binds to the multifunctional protein β-catenin, whose free concentration within the cell
is strictly regulated and kept at a low level. Inactivation
of the APC gene is more frequently caused by mutations
and LOH than DNA methylation. APC mutations are
frequently associated with moderately well differentiated
intestinal-type tumors[98,99]. There are about 30%-40% of
GCs that show LOH in the APC gene[48]. E-cadherin,
a calcium dependent cell-to-cell adhesion glycoprotein,
is encoded by the CDH1 gene and plays a critical role
in maintaining the normal epithelium architecture[100].
The cytoplasmic domain of this molecule interacts with
β-catenin, forming strong cohesive nets between the
actin cytoskeleton[101], essential for processes of cell-cell
adhesion and cell shape, polarity, migration and invasion. Inactivation of CDH1 induced by mutation, LOH
or aberrant promoter methylation markedly reduces cell
adhesion, alters morphology and enhances cellular motility[10,11,48,102], resulting in tumor dedifferentiation, invasiveness, metastasis and prognosis[103-105]. It has been reported
that approximately 50% of diffuse GC is associated with
loss of CDH1 function caused by mutations, LOH and
promoter methylation[105,106].
In addition, several antagonists of wnt signaling have
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been identified with two functional classes: the secreted
frizzled-related protein (sFRP) class and the dickkopf
(Dkk) class[107]. Recent studies on GC have described aberrant methylation for several regulators of the wnt pathway, including SFRP1, SFRP2, SFRP4, SFRP5, Dkk-3
genes[107-109], further implicating the role of the wnt pathway in gastric tumorigenesis.
NF-κ B pathway
NF-κB is a critical regulator of genes involved in cell
survival and proliferation, cellular stress response and
inflammation[110,111]. It is well documented that chronic
infections and inflammation serve as major risk factors
for various types of cancer, including GC[9]. NF-κB can
activate the genes in response to certain stimuli, including
ROS, tumor necrosis factor alpha (TNFα), interleukin 1
beta (IL-1β), and bacterial lipopolysaccharides (LPS)[112].
Activation of NF-κB is by the canonical/classical and
non-canonical/alternative pathways. The canonical pathway can be activated by several stimuli, such as inflammation cytokines and antigens[113]. The non-canonical
pathway is induced by certain receptor signals like B-cell
activating factor (BAFF), lymphotoxin β (LTβ), CD40
ligand, TNF-like weak inducer of apoptosis (TWEAK)
and receptor activator of NF-κB ligand (RANKL)[114].
There is evidence that NF-κB is constitutively activated
in GC tissues, with high levels in GC cell lines as compared with normal adjacent epithelial cells[115]. More importantly, GC patients with high NF-κB levels in cancer
cells have a lower survival time than those with low NF[116]
κB activation .
Transforming growth factor-β signaling
Transforming growth factor beta (TGF-β) is a multifunctional cytokine that controls differentiation, apoptosis,
cell growth and immune reactions. The TGF-β family mainly includes three isoforms, TGF-β1, TGF-β2,
TGF- β 3, in mammals [117,118]. In early stages of GC,
TGF-β signaling is considered to be a tumor suppressor
pathway, whereas in the late stage it promotes invasion
and metastasis[119]. The TGF-β signaling pathway is composed of two distinct receptors with intrinsic serine/
threonine kinase activity, TGF-β receptor type Ⅰ, type Ⅱ
(TGFBR1 and TGFBR2) and Smad proteins. The loss of
TGF-β response due to the dysregulation of TGFBR1,
TGFBR2 and Smad4 is well known for its contribution to
oncogenesis. Moreover, methylation of TGFBR1, TGFBR2 and Smad4 may exist in the gastric cardia dysplasia
stages and plays a key role in these genes silencing with
subsequent effects on the TGF-β/Smad signaling pathway[120]. TGF-β induces RUNX3, a transcription factor
that is an inhibitor of the wnt signaling pathway and has
been involved in gastric tumorigenesis. Reduced expression of RUNX3 in GC has been attributed to aberrant
promoter methylation. In addition, MiR-130b is identified as the top candidate miRNA for RUNX3 binding. Its
overexpression can downregulate RUNX3 expression[121].
Importantly, loss of RUNX3 expression is closely associ-
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ated with the progression, differentiation, metastasis and
poor prognosis of GC[122-124].
Cyclooxygenase -2/Prostaglandin E2 pathway
Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme responsible for the conversion of arachidonic acid to prostaglandins (PGs)[125]. Its overexpression has been reported
in various human cancers, including GC[126,127]. Moreover,
several studies have shown that treatment with COX-2
selective inhibitors suppresses chemically induced tumor
formation and xenografted tumor growth [128]. These
findings suggest that the COX-2 pathway plays an essential role in GC development. COX-2 is responsible for
catalyzing the biosynthesis of PG-H2, which is further
converted to prostaglandin E2 (PGE2) by microsomal
PGE synthase-1 (mPGES-1)[129]. COX-2-derived PGE2
can promote cell growth, inhibit apoptosis and enhance
cellular invasiveness, facilitating cancer progression[130].
Up-regulation of PGE2 is found in most of the gastrointestinal cancers[131], indicating that an increased level of
PGE2 through induction of COX-2 and mPGES-1 is
crucial for gastric tumorigenesis.
Retinoblastoma pathway
The retinoblastoma (Rb) family is involved in cell cycle
regulation and their function and/or expression is often
lost in various kinds of tumors[132]. In normal cells, the
cell cycle is controlled by a complex series of signaling
pathways by which a cell grows, replicates its DNA and
divides. Dysregulation of cell cycle components can
cause tumor formation[133]. Tumor suppressor gene p16 is
a CDK inhibitor that slows down the progression of the
cell cycle by inactivating the cyclin dependent kinase that
phosphorylates Rb protein[134,135]. Thus, p16 contributes to
the maintenance of Rb in an unphosphorylated state and
inhibits cell cycle progression. Mutations in p16 gene are
frequently found in human cancers, including GC[10,48,136].
Our previous studies have shown that there is close association of hypermethylation of p16 with poor survival
of GC patients[12,75] and methylation status of p16 can
predict response to 5-FU[137]. Strikingly, p16 methylation
can be detected in 19%-51.9% and 25%-57.4% of serum
extracted from GC patients[138,139], implicating its significance in the diagnosis and prognosis of GC.
Others
Many other molecular events are also found in gastric carcinogenesis (Tables 1 and 2). For example, the majority of
GC is characterized by genetic instability, which is generally classified into two major types: microsatellite instability (MSI) and chromosomal instability (CIN)[140,141]. MSI
is characteristic for the hereditary type of GC and results
from errors in DNA replication. These replication errors
are detected and repaired by a complex of mismatch repair (MMR) proteins[140], including hMLH1 and hMSH2.
Functional inactivation of MMR can be caused by gene
mutations and CpG island methylation. Inactivation or
deﬁciency of MMR genes often leads to inactivation of
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tumor suppressor genes, LOH and mutations in critical
genes. CIN is characterized by gross chromosomal abnormalities[141], resulting in major modifications of chromosomal quantity or quality, including genomic amplifications of oncogenes and/or LOH, deletions or allelic loss,
chromosomal translocations. Of them, chromosomal
translocations lead to the formation of protein coding
genes with oncogenic functions and rearrangements of
chromosomes. A recent study has shown that CD44SLC1A2 gene fusions are detected in 1% to 2% of GCs,
but not in adjacent matched normal gastric tissues. Fusion
of the SLC1A2 gene coding region to CD44 regulatory
elements likely causes SLC1A2 transcriptional dysregulation[142]. Thus, the genomics of GC display high instability
and all these abnormalities may lead to oncogene activation and/or tumor suppressor gene inactivation.
In addition to DNA methylation, microRNAs (miRNAs) and histone modifications are important epigenetic modiﬁcations, which play critical roles in gastric
tumorigenesis [143-145]. MiRNAs can function as either
tumor suppressors or oncogenes depending upon their
target genes. Many tumor suppressor miRNAs that target
growth-promoting genes are downregulated in human
cancers, whereas oncogenic miRNAs that target growth
inhibitory pathways are often upregulated in cancer
cells[146]. For example, miR-9 and miR-433, which target
tumor-associated genes GRB2 and RAB34 respectively,
are significantly down-regulated in GC as compared
with adjacent normal tissues[147]. MiR-146a, which targets
both EGFR and IRAK1, is related to survival and may
be a prognostic factor in GC[88]. Histones are structural
proteins of chromatin and are composed of five basic
proteins: H1, H2A, H2B, H3 and H4. The N-terminal
tails of histones are subject to posttranslational covalent
modiﬁcations, including methylation, acetylation, ubiquitination, sumoylation, phosphorylation, proline isomerization and ADP ribosylation. These modifications can
alter chromatin remodeling, and histone acetylation and
methylation are associated with pathological epigenetic
disruption in cancer cells[148,149]. High levels of H3K4me3
(trimethylation of lysine 4 on histone H3), H3K36me3,
H3K79me3, H4K20me1, H3K27ac, H2BK5ac are associated with actively transcribed genes. In contrast, low
levels of acetylation and high levels of methylation of
H3K27, H3K9 and H4K20 are associated with transcriptional repression[144]. For example, H3K9me3 is positively
correlated with tumor stage, lymphovascular invasion, tumor recurrence and poor survival, indicating that histone
modification may be a useful predictor for poor prognosis of GC patients[150]. Collectively, these observations
suggest that miRNAs and histone modification may play
a key role in gastric carcinogenesis and are closely associated with worse prognosis of cancer patients.

TRANSLATIONAL PROMISES IN GC
GC is a complex disease that involves multiple risk factors and multiple genetic/epigenetic alterations. Cur-
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Table 1 Genetic alterations in gastric cancer
Genes

Alterations

Tumor suppressor genes
TP53
Mutation/LOH
APC
Mutation/ LOH
CDHI
Mutations/LOH
hMLH1/hMSH2
Mutations
p16
RIZ

Mutations/LOH
Mutations/LOH

hMSH3
hMSH6
PTEN

Mutations
Mutations
Mutations/LOH

bcl-2

LOH

DCC
NM23

LOH
LOH

p21
FHIT
BRCA1
Oncogenes
β-Catenin
BRAF
K-Ras
PIK3CA

Pathology

Transcription factor
Signal transduction
Adhesion
DNA mismatch repair

Both
Intestinal
Diffuse
Both

Cell cycle
Nuclear
histone/protein
methyltransferase
DNA mismatch repair
DNA mismatch repair
protein tyrosine
phosphatases
Apoptosis inhibitor

Both
-

Loss
LOH
LOH

Genetic instability

Both

Mutations

Adhesion,
Signal transduction
Signal transduction
Signal transduction

Intestinal

Signal transduction
Growth factor receptor
Tyrosine kinases
Growth factor
Receptor
Tyrosine kinases
Growth factor receptor
Tyrosine kinases
Growth factor receptor
Tyrosine kinases
Growth factor receptor
Growth factor receptor
Growth factor
Cell adhesion
Cell signaling
molecules
Transcription factor
Cell cycle regulator

EGFR
ERBB2

Amplification

ERBB3

Mutations
Overexpression

ERBB4

Amplification

c-Met
KSAM
VEGF
CD44
PRL3

Amplification
Amplification
Overexpression
Amplification
Amplification
Amplification
Amplification

Ref.

Association with poor survival
[42,46,48,182]
Association with poor survival
[48,98,99]
Association with poor survival
[48,102,106,183,184]
Association with poor survival and microsatellite
[10,140,185]
instability
LOH of p16 association with lymph metastasis
[48,136,186,187]
Association with microsatellite instability
[188-190]

Intestinal
Intestinal
Both

Mutations
Mutations

Prognosis

Both

Cell adhesion
Nucleoside
diphosphate kinase
Cell cycle
Purine metabolism

Amplification
Mutations
Amplification

c-Myc
Cyclin E

Function

Both
Both

Association with microsatellite instability
Association with microsatellite instability
Association with TNM stage, lymph node
metastasis and poor survival
Association with invasion depth and lymph node
metastasis
Association with poor survival
Association with metastasis and poor survival

[191,192]
[191,192]
[65,66,193,194]

Association with poor survival
Association with invasive depth and
microsatellite instability
Association with poor survival

[51]
[200]

[182,195]
[48,196]
[197-199]

[201,202]

[71,203]
[57,71-73,204]

Both

Association with poor survival and EBVassociated GC
Association with microsatellite instability
Association with poor prognosis and
microsatellite instability
Association with poor survival

Both

Association with poor survival

[57,81,205]

Intestinal

Association with poor survival

[68,81-85,205]

Diffuse

Association with poor survival

[68,81,85]

Both

Association with poor survival

[86]

Diffuse
Diffuse
Intestinal
Both
Both

Association with poor survival
Association with poor survival
Association with metastasis and poor survival
Association with metastasis and poor survival
Association with metastasis and poor survival

[86,206]
[207]
[153,154,208]
[86,209]
[210,211]

Intestinal
Both

Association with poor survival
Association with poor survival

[212,213]
[208,214]

Both
Intestinal

[10,58,97]

[55-58]

LOH: Loss of heterozygosity.

rently, surgical resection and chemotherapy are important
strategies for GC treatment. However, despite recent
advances in perioperative and adjuvant chemotherapy,
most patients with advanced GC still have a poor prognosis. Thus, a better understanding of the pathogenetic
mechanisms of GC may lead to new diagnostic, therapeutic and preventive approaches to this disease. Screening and treatment of H. pylori infection, restriction of
dietary salt, and a diet rich in fresh fruits and vegetables
can decrease the risk of GC and prevent GC[20]. In addition, identiﬁcation of genetic and epigenetic markers
in GC patients may be an encouraging factor to advance
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individualized and targeted therapies.
In recent years, in the ToGA study, trastuzumab,
which is a specific antibody for ERBB2, has been approved as a current standard of chemotherapy in
ERBB2-positive GC patients[151,152]. Given that VEGF
overexpression is often found in GC, and is related to
tumor aggressiveness, VEGF may thus become a valid
target for antiangiogenic therapy [153,154]. Anti-VEGF
agents have recently been developed, including mAbs
and TKIs (the tyrosine kinase inhibitors). Bevacizumab,
the VEGF monoclonal antibody, is currently being investigated for GC treatment in combination with different
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Table 2 Epigenetic alterations in gastric cancer
Genes

Function

DNA methylation
BRCA1
DNA repair
hMLH1
DNA repair
MGMT
DNA repair
RASSF1A
DNA repair/Cell cycle
CDH1
Cell invasion/Metastasis
RASSF2
DNA repair/Cell cycle
P16
Cell cycle
IGFBP3
Cell cycle
CHFR
Cell cycle
P15
ADAM23
APC

Cell cycle
Cell invasion/metastasis
Cell invasion, Metastasis,
Signal transduction
Cell invasion and metastasis

LOX
TIMP3
HAND1
MLF1
PRDM5
RORA
NDRG2
BNIP3
DAPK
TMS
FHIT
GSTP1
FLNc
RUNX3

Cell invasion and metastasis
Cell differentiation
Cell differentiation
Cell differentiation
Cell differentiation
Cell differentiation
Apoptosis
Apoptosis
Apoptosis
Apoptosis
Apoptosis
Cell morphology
Transcriptional factor, Signal
transduction
Transcriptional factor
Signal transduction
Signal transduction
Signal transduction
Signal transduction

ZNF545
RARβ
HRASLS
SFRP2
SFRP1
MicroRNAs
let-7g

Tumor suppressor

miR-433

Tumor suppressor

miR-1
miR-20a
miR-27a
miR-34
miR-423-5p
miR-125a-5p

Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor

miR-146a

Tumor suppressor

miR-9
miR-375
miR-433
miR-214

Tumor suppressor
Tumor suppressor
Tumor suppressor
Oncogenesis

miR-130b

Oncogenesis

Prognosis

Detected in serum

Ref.

Association with age
Association with poor survival
Association with poor survival
Association with poor survival
Association with poor survival
Association with poor survival
Association with poor survival
Association with lymph node metastasis
Association with invasion depth,
differentiation and lymph node metastasis
Association with poor survival

Yes
Yes
Yes
Yes
-

[215]
[75,216]
[75]
[74,76,77]
[105,106,138,139,216,217]
[75]
[75,137-139,218]
[219]
[218,220]

Yes
Yes

[139,221]
[222,223]
[216]

Association with Helicobacter pylori-positive
individuals
Association with poor survival
Association with poor survival
Association with lymph node metastasis
Association with lymph node metastasis
Association with poor survival
Association with poor survival
Association with poor survival
Association with lymph node metastasis
Association with EBV-related gastric cancer
Association with poor survival
Association with poor survival

-

[22]

Yes
Yes
Yes
Yes

[74,216]
[22,75]
[75,223]
[223,224]
[223]
[225]
[226,227]
[74,139,218,227,228]
[228]
[105]
[139,229]
[75]
[120,122,123,218,220]

Association with poor survival
Association with poor survival
Association with lymph node metastasis

Yes
-

[230]
[74,138]
[75]
[108,231]
[231]

Association with invasion depth, lymph node
metastasis
Association with invasion depth, lymph node
GRB2
metastasis
Association with tumor stage
Association with tumor stage
Association with tumor stage
Association with tumor stage
Bcl-2, Notch, and HMGA2
Association with tumor stage
Association with tumor size, invasion,
ERBB2
liver metastasis, and poor survival
Association with lymph node metastasis,
EGFR, IRAK1
venous invasion, and poor survival
RAB34, CDX2, and NF-kB1
PDK1, 14-3-3zeta
GRB2
Association with invasion depth and lymph
node metastasis
RUNX3

chemotherapeutic compounds in a phase Ⅲ (AVAGAST)
study. Strikingly, adding bevacizumab to chemotherapy is
associated with signiﬁcant increases in PFS (progressionfree survival) and overall response rate in the ﬁrst-line
treatment of advanced GC[155]. Apatinib, a TKI that selectively targets VEGFR-2 (a type Ⅲ receptor tyrosine
kinase), has been investigated in a phase Ⅱ clinical trial
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[232]
[147,232]
[233]
[233]
[233]
[233,234]
[233]
[87]
[87]
[147,234,235]
[236]
[147]
[232]
[121]

that shows that apatinib improved PFS and OS (overall
survival) in heavily pretreated patients with metastatic
GC[156]. Other anti-VEGF agents, such as ramucirumab,
sunitinib, sorafenib and cediranib, have also been investigated for GC treatment[157].
Specific inhibitors against molecular target EGFR
have been developed in GC treatment although not com-
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pletely effective and they need further investigation. AntiEGFR mAbs and TKIs are currently undergoing clinical
trials for GC patients. Cetuximab has shown some encouraging results when combined with other chemotherapeutic agents in phase Ⅱ trials, whereas the phase Ⅲ trial
(EXPAND) demonstrates that addition of cetuximab
to capecitabine-cisplatin provided no additional benefit
to chemotherapy alone in the first-line treatment of advanced GC[158]. Lapatinib, a TKI, inhibits both EGFR and
ERBB2 kinases. Although a poor objective response rate
has been observed in the phase Ⅱ studies[159,160], phase
Ⅲ studies are evaluating the role of lapatinib in conjunction with chemotherapy[161]. Compounds against other
novel targets, such as mechanistic target of rapamycin
mTOR (everolimus)[162,163], hepatocyte growth factor receptor c-Met (foretinib[163] and rilotumumab[152]), KSAM
(AZD4547)[152], MMP (marimastat)[164], and protein kinase
C (bryostatin-1)[165], have also been investigated in GC.
Epigenetic changes in DNA are reversible, different from genetic changes, and they represent very attractive targets for new therapeutic approaches. Several
epigenetic drugs targeting DNA methylation and histone
deacetylation enzymes have been investigated in clinical
trials. Treatments targeting cancer are designed to inhibit
either the function of DNMTs or histone deacetylase
(HDAC). DNMT inhibitors are divided into two families:
the nucleoside analogs and the non-nucleoside inhibitors. The three most commonly used catalytic inhibitors
of DNMTs are the nucleoside analogs 5-azacytidine,
5-aza-2-deoxycytidine, and zebularine. The ﬁrst DNA
methylation inhibitor 5-azacytidine (azacitidine) and
5-aza-2-deoxycytidine (decitabine) have been recently
approved by the FDA for treatment of myelodysplastic
syndromes (MDS) and primary cutaneous T-cell lymphoma (CTCL)[166-168]. However, 5-azacytidine and 5-aza2-deoxycytidine have a weak response in solid tumors[169].
SGI-110, a second generation DNMT inhibitor, is being investigated in phase Ⅱ clinical trials for the treatment of MDS and acute myeloid leukemia(AML)[170,171].
Zebularine and 5-azacytidine need to be incorporated
into DNA to trap DNMTs; they may have additional
nonspeciﬁc toxicities, whereas non-nucleoside molecules,
such as EGCG and genistein, do not rely on DNA incorporation. EGCG, the main polyphenol of green tea,
and genistein have been characterized as enzymatic and
cellular DNMT inhibitors[172,173]. Other commonly used
drugs have been shown to bring about DNA demethylation, such as procainamide and hydralazine[174]. HDAC
inhibitors (HDACis) now also are considered as potential
therapeutics. Trichostatin A (TSA) and suberoylanilide
hydroxamic acid (SAHA) are the classic HDACis. HDAC
inhibitors can induce cell differentiation, apoptosis, and
growth suppression and may be an innovative approach
in GC treatment[175]. Vorinostat (SAHA), also known as
suberoylanilide hydroxamic acid, is the ﬁrst clinically approved HDACi, which has been recently approved for
clinical use in CTCL[176]. Preclinical studies have shown
that vorinostat has potential antitumor activity, including
in GC, and may improve clinical outcomes for GC pa-
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tients[177]. A phase Ⅰ study of vorinostat combined with
capecitabine and cisplatin has been performed to assess
the recommended phase Ⅱ trial dose in patients with
advanced GC[178]. These findings suggest that a new area
of potential interest is the development of histone methyltransferase (HMTase) inhibitors. HMTase inhibitors
may be used therapeutically to activate silenced tumor
suppressor genes.

CONCLUSION
In addition to environmental factors, gastric carcinogenesis involves complex genetic and epigenetic alterations.
It is now well established that genetic/epigenetic alterations can be driver events in the progression of normal
gastric mucosa to cancer. Moreover, these alterations also
contribute to the molecular heterogeneity of GC, as illustrated by the identification of molecular subtypes of GCs
that can be identified by their unique genetic/epigenetic
signatures. Given the role of these molecular events in
directing the pathogenesis of GC, studying their signatures and developing them as biomarkers for diagnosis,
prognosis and direction of therapy is likely to yield clinically useful assays that will be used to direct patient care.
In recent years, a large number of biomarkers have
been developed for the early detection and prognostic
evaluation of GC, as well as for predicting response to
relevant therapies. However, in many important diagnostic scenarios, DNA from the cancer cells represents only
a small fraction of the total DNA in the clinical sample,
such as plasma, serum, urine, feces, or sputum. An exciting evolution of the development of biomarkers is the
improvement of the biotechnology, such as next generation sequencing or deep sequencing, which now allows us
to profile genetic/epigenetic alterations at a much higher
sensitivity and genomic scale previously not possible[179,180].
Although recent diagnostic and therapeutic advances
have provided excellent survival for patients with early
GC, patients are usually diagnosed at an advanced stage
and the prognosis is still dismal[181]. Thus, there is a pressing need to develop effective therapeutic strategies for
this disease. Increasing evidence has demonstrated that
combinations of various targeted agents with chemotherapies will be an effective strategy for GC treatment. In
addition, continued efforts to investigate these molecular
events will allow for a better understanding of the pathogenesis of GC and will lead to the translation of these
insights into the clinical arena.
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Abstract
Although colorectal cancer (CRC) has no longer been
the leading cancer killer worldwide for years with the
exponential development in computed tomography (CT)
or magnetic resonance imaging, and positron emission tomography/CT as well as virtual colonoscopy for
early detection, the CRC related mortality is still high.
The objective of CRC screening is to reduce the burden of CRC and thereby the morbidity and mortality
rates of the disease. It is believed that this goal can
be achieved by regularly screening the average-risk
population, enabling the detection of cancer at early,
curable stages, and polyps before they become cancerous. Large-scale screening with multimodality imaging
approaches plays an important role in reaching that
goal to detect polyps, Crohn’s disease, ulcerative colitis
and CRC in early stage. This article reviews kinds of
presentative imaging procedures for various screening
options and updates detecting, staging and re-staging
of CRC patients for determining the optimal therapeutic
method and forecasting the risk of CRC recurrence and
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the overall prognosis. The combination use of virtual
colonoscopy and conventional endoscopy, advantages
and limitations of these modalities are also discussed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Colorectal polyps; Conventional colonoscopy; Magnetic resonance colonography; Computed tomography colonography; Positron
emission tomography/computed tomography colonography; Virtual colonoscopy
Core tip: Colorectal cancer is a largely preventable cancer, but still causes approximately 50000 deaths each
year in the United States. This scenario makes it interesting to screen the risk population for genuine cancer
and precancerous conditions. While there are many
potential screening modalities, a particularly interesting
approach is virtual colonoscopy. The rational combination use, advantages and limitations of these modalities
are discussed in this review.
He Q, Rao T, Guan YS. Virtual gastrointestinal colonoscopy
in combination with large bowel endoscopy: Clinical application. World J Gastroenterol 2014; 20(38): 13820-13832
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/13820.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
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INTRODUCTION
Colorectal cancer (CRC) is a largely preventable cancer,
but still causes approximately 50000 deaths each year in
the United States[1]. The majority of patients suffering
from CRC are over 50 years of age, with generally equal
gender incidence[2]. Recent declines in CRC incidence and
mortality are attributed to reduced exposure to the risk
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factors, improved treatment, early detection and polypectomy[3]. Despite this, CRC remains the third commonest
adult cancer with approximately 1 in 19 adults diagnosed
with CRC during their lifetime[2].
In the United States, CRC has relative high rates of
cancer-related morbidity and mortality (10%)[3]. A study
carried on in 2008 detected that among the 142950 diagnosed CRC people, 52857 died from the disease. Although both the incidence and mortality rates of CRC
have decreased significantly in 2007 compared to 1975,
those would be 59.5 vs 44.7 per 100000 and 28.6 vs 16.7[4].
The result above is coming to be the basis of many
worldwide screening and surveillance programs. Considering that the majority of early cancers are clinically insidious, people are interested in screening the average risk
population for genuine CRC and precancerous conditions. While there are many potential screening modalities
such as double contrast barium enema, fecal occult blood
testing (FOBT), flexible sigmoidoscopy, and conventional
colonoscopy (CC), particularly interesting approaches
are positron emission tomography (PET)/computed
tomography colonography (CTC), magnetic resonance
colonography (MRC) and CTC. They are so-called virtual
colonoscopy (VC). The rational combination use, advantages and limitations of these modalities are discussed in
this review.

RISK FACTORS FOR CRC
Prevalence of CRC increases with age[5,6] and reaches
the highest rate when people come to their sixties. Males
have more chances of suffering this diseases compared
to females[6]. Apart from age, sex, and ethnicity, lifestyle
factors such as obesity, smoking, high fat diet, and physical inactivity increase the risk of CRC[7]. Any of the following factors such as over ten years of history of Crohn’
s disease and ulcerative colitis, a previous history of CRC
or adenomas, a cholecystectomy which was performed
for more than ten years, and a family history of CRC,
etc.[8-10] can increase a person’s chances of developing
CRC, too.
Adenomatous polyps have long been considered as
the sole preneoplastic lesions leading to CRC. On the
other side, hyperplastic polyps which are often detected
in the distal colon are now regarded as harmless lesions,
although disagreements exist[11,12]. This generally accepted
belief has been challenged lately, as it turned out that
these polyps and other similar lesions commonly named
“serrated polyps” can be precursors to CRC[13,14].

COLONOSCOPY FOR CRC SCREENING
For detecting and preventing CRC, colonoscopy is imperfect despite being an outstanding test. After investigating
more than 12000 colonoscopies, a study revealed that
the level of endoscopists’ continuing medical education,
the quality of the endoscopic devices, the patients’ age
and gender, and the quality of bowel preparation were
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all factors associated with the adenoma detection rate[15].
Based on the early reports, we believed that colonoscopic
screening could reduce risk for CRC by 90%. Therefore,
CC was preferred to be the modality for both screening and preventing CRC in the United States for over a
decade. In a French study, the polyp detection rate was
35.5% (1159/3266)[16]. In the United States, CC was still
to be the main CRC screening method in 2012[17], because
the data strongly support that CC can significantly reduce the incidence and mortality rates of left-sided CRC.
However, researchers and clinicians have great interest in
its limited benefit for right-sided CRC and find that it is
likely multifactorial.
Subsequent studies found that while CC is still an
outstanding screening and detection tool for CRC, it has
several important limitations. The limitations include (1)
the mechanics of the procedure such as the inability to
detect all colonic polyps, the risk of colonic perforation,
adverse consequences of sedation and bleeding; and (2)
issues with patient perception regarding CC which might
take part in driving patient non-adherence to recommended testing[16,17].
Because early detection and removal of potential neoplastic polyps are the key points of CRC screening and
prevention, CC is still irreplaceable in current screening
and prevention programs[18]. CC must perform in high
risk population. Despite it is proved that CC and polypectomy can reduce CRC incidence and mortality[19] as a
tool for screening, CC is still imperfect. The epidemiologic data collected from North American suggest that
CC may have little effect in protecting against right-sided
CRC[20-22]. Several factors are involved in the conclusion.
Some are dependent on the operator, such as removing
identified polyps completely, achieving an adequate bowel
preparation before examination, and the most important
thing, the mucosal inspection quality performed by CC.
Some are out of the control of the operator, such as the
biology of the tumor and polyp. The former includes
employing appropriate maneuvers, spending sufficient
time and ensuring high cecal intubation rates to examine
the entire mucosal surface on scope withdrawal. Additionally, to identify and subsequently remove those easily
missed flat or diminutive lesions, we should recognize
them first[23].
Because of the so many limitations of CC and variability in quality indicators measured by operators, methods that could help to enhance polyp and adenoma detection have been investigated to improve the performance
of colonoscopy. The use of water during the insertion
phase of CC instead of air, or water-exchange, and capassisted colonoscopy has received recent attention. Usage
of these two simple methods has theoretical and practical
advantages and each individual technique could address
the limitations of the other in some degree[15,24].
In a 2000 CC study conducted in France, Coriat et
al[24] found an adenoma detection rate of 31% in complete colonoscopies, while the same thing accomplished
by Denis et al[25] found an adenoma detection rate of
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30%[26]. However, detection rates in other studies with a
larger number of patients were about 20%[27,28]. The difference might be caused by the following factors: a cecal
intubation rate < 90% caused by poor bowel preparation;
variety of indications, with about 25% patients either
having a CC for abdominal pain or changes in bowel
habits or younger than 50.
In 2011, 427865 (95%CI: 389108-466622) polypectomies had been performed in France and the overall
complication rate was 1.1%. The incidences of intestinal
perforation, hemorrhage and fever were 0.1% (1/1159),
0.6% (7/1159) and 0.2% (2/1159), respectively. Patients’
gender and age, the intake of anticoagulant or antiplatelet
drugs, a pedunculated/flat/sessile polyp type, and the
polyps’ localization did not significantly affect the rate of
complications. However, the complication rate increased
as the size of resected polyps enlarged, from 0.2% (1/556)
for polyps ≤ 5 mm to 8.2% (6/73) for polyps > 20 mm
(likelihood ratio of 8.8, P = 0.003). The only intestinal
perforation in this study occurred after polypectomy[16].
Capsule endoscopy is the latest developed of the
emerging CRC screening tests, but it is much more expensive than CC. New endoscopic techniques have some
advantages for resolution of focus, such as high definition endoscopy. Other developing techniques around
colonoscopy including retro-viewing colonoscopy, balloon colonoscopy or 330-degree viewing colonoscopy
try to enhance the efficacy by reducing the adenoma miss
rate in right-sided, non-polypoid lesions[29,30].
The future of colorectal screening will depend on
many factors such as insurance coverage of the various
options, acceptability, cost and efficacy. Some combinations of tests, such as colonoscopy with interval fecal
DNA testing, are hoped to not only lower the costs into
an acceptable range, but also promote its risk/benefit
ratio. However, whatever the future holds, CC will be the
keystone of CRC screening for not a short time. High
quality CC and recognized performance improvement
measures will maximize its effectiveness.

CTC FOR CRC
Vining et al[31] had presented the first virtual colon images
for 20 years since the 1994 meeting of the Society of
Gastrointestinal Radiologists. That was the birth of “virtual colonoscopy” or “CTC”, the name widely used now.
CTC is a minimally invasive sedation-free imaging
modality that has been shown to be comparable to optical colonoscopy in the detection of clinically significant
colon polyps and CRC[32-35] and has been endorsed by
some national guidelines as an acceptable option for CRC
screening[36-38]. In addition to the excellent performance
measures, the risks and complications related to this
examination are very low[39]. Potentially, the addition of
CTC to CRC screening options could markedly impact
current low adherence rates, likely in a cost-effective manner[40]. A recent cost-effectiveness analysis indicated that
modest increases in patient adherence to CRC screening
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guidelines with greater availability of CTC would place
CTC among the cost-effective CRC screening options[41].
CTC in CRC screening has a present and a potential
role. The present role is used in the case of incomplete
CC to replace barium enema and integrate this method
into established screening programs. The potential role
of CTC screening is the combination of it with sigmoidoscopy, fecal occult blood test and CC, taken as a firstline method. In fact, various scientific societies have approved the authentic use of CTC screening for averagerisk individuals. These include the American College of
Radiology, the American Cancer Society, and the United
States Multisociety Task Force on Colorectal Cancer.
Nevertheless, other entities have thought that the evidence is inadequate to warrant the use of CTC as a mass
screening method, such as the United States Preventive
Services Task Force[42]. Lately, Medicare has also refused
to refund for CTC screening[8]. However, there are many
advantages in the use of CTC as a CRC screening method. These include its non-invasiveness, patient comfort,
safety, high accuracy, detection of extracolonic lesions,
full assessment of the colon in almost all patients and
cost-effectiveness. The principal possible disadvantage
of a CTC screening is the patients’ exposure to ionizing
radiation. But this is not an important question, because
low-dose equipments are now usually applied. These protocols convey a dose similar to or a little higher than the
yearly radiation exposure of any person. There is indirect
evidence showing that such a dose of radiation exposure
does not increase the incidence of cancers[41,42].

CTC TECHNIQUE
Patients usually consume a standard low-volume bowel
preparation on the day before the procedure, consisting of either magnesium citrate with bisacodyl or a 2-L
polyethylene glycol bowel preparation alone. Single dose
of 2% barium sulfate and diatrizoate is used for tagging
colonic stool and fluid, respectively. Before imaging, a
small flexible rectal catheter is placed and the colon is insufflated using an automated carbon dioxide delivery system that is both pressure and volume regulated. Patients
undergo multi-row detector CT in the supine and prone
positions with a low-dose CTC protocol. Additional decubitus views are obtained in cases with areas of persistent luminal collapse. No sedation or IV medications are
administered as part of the CTC examination[16,31,42].

ANATOMICAL IMAGING BY CT
SCREENING
Although elevated serum carcinoembryonic antigen levels
are often present in CRC, they are neither sensitive nor
specific enough to be used as a screening tool for asymptomatic patients[43]. CTC allows a minimally invasive imaging examination of the entire large bowel. Compared
to optical colonoscopy, the risk for colonic perforation
during screening is extremely low, being 0.005%[44] for
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asymptomatic patients and up to 0.06% for symptomatic
patients[45]. Use of carbon dioxide with an insufflator that
regulates pressure rather than room air for gas insufflation of the colon may further reduce the incidence of
perforation[39,44]. In CTC, high resolution image acquisition of the entire large intestine in a single breath hold
is permitted by the use of multi-row detector CT. Combined 3D and 2D analysis with specific post-processing
software allows for ease of polyp detection, depiction of
lesions and location[36].
For optimal assessment, it is important to prepare the
bowel adequately and to inflate the colon with gas. Newer
techniques such as fecal tagging reduce the need for vigorous bowel preparation[46] and decrease false positives
from the presence of adherent fecal matter. In contrast
with optical colonoscopy, extra-colonic structures are also
evaluated in the same examination by CTC. Hellström
et al[47] showed that potentially important extra-colonic
findings, such as lymphadenopathy, aortic aneurysms and
solid hepatic and renal masses, were present in 23% of
patients. An Imaging Network National CT Colonography Trial has been conducted by the American College
of Radiology. This trial included 2500 patients across 15
institutions in the United States, and has shown comparable accuracy between CTC and standard colonoscopy.
Pickhardt et al[34] and Ramos et al[48] reported a sensitivity
of 89% for adenomas greater than 5 mm. For invasive
CRC, the pooled CTC sensitivity was higher at 96%. As
with other screening techniques, CTC accuracy improves
with lesion size. All patients with one or more polyps
larger than 10 mm or 3 or more polyps larger than 6 mm
should be recommended for CC[49]. However, at present
it is still controversial about the direction of patients with
fewer than three polyps of which the largest one is 6 to
9 mm or smaller[50,51]. For patients with suspected CRC,
the diagnostic accuracies of contrast-enhanced CTC
were even better. Using the tumor, node, and metastasis
system, rates of 95%, 85%, and 100% were achieved.
The sensitivity of both CTC and CC for cancer detection
were both 100%, while the overall sensitivity of CTC was
even higher than initial CC for polyp detection (90% vs
78%)[52]. The main drawback of CTC is radiation exposure. A single CTC study results in that the dose to the
colon as an organ was estimated at 7 to 13 millisievert
(mSv), and this amount is 0.044% more than the lifelong
danger of colon cancer[53]. More efficient low dose protocols (estimated organ dose ranges of 5 to 8 mSv) have
been shown to be feasible with encouraging results[54].
CT plays an important role in the management of
CRC. The use of CTC as a screening tool for CRC has
been validated and is expected to rise over time. The results of prior studies suggest that CT is suboptimal for
assessment of local T stage and moderate for N stage
disease. Recent advances in CT technology are expected
to lead to some improvement in staging accuracy. At
present, the main role of CT in pretreatment imaging
assessment lies in its use for the detection of distant
metastases, especially in the liver. In a select group of
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patients, routine post-treatment surveillance by CT confers survival benefits. Imaging plays an important role in
screening for CRC. According to the current American
Cancer Society guidelines for CRC screening, 5-yearly
CTC is recommended for asymptomatic patients with
average risk[4]. In patients with known CRC, CT plays an
important role in both pretreatment staging of disease
and assessing for response to treatment. Traditionally, this
has been done by anatomical imaging assessment on CT.
Advances in technology have further elevated the role of
CT, by promoting functional imaging by PET and perfusion studies[31].

MRC
MRC is a noninvasive method for evaluating the entire
colon. Potential uses include staging of colorectal pathology and detection of cancer and precancerous lesions. It
also allows for the evaluation of extra-colonic pathologies including cancer metastases. In the context of CRC
screening, the absence of ionizing radiation in MRC
provides an advantage over CTC. Bowel preparation is
performed in a way similar to that required for CTC or
CC and different substances for bowel preparation are
commercially available[42]. Patients must be screened for
general contraindications to MRI including the presence
of metallic implants or severe claustrophobia. As with
CTC, distension of the colon is a prerequisite for procedure and can be achieved using water, air, or carbon dioxide. Also similar to the procedure in CTC, patients can be
imaged in the prone and supine positions[31,55].
Dark lumen and bright lumen techniques of MRC
Methods of MRC are classified into bright lumen and
dark lumen manners. In the bright lumen technique,
colorectal lesions are shown as dark filling defects of low
signal on a bright background of distended colon; while
in the dark lumen technique, colorectal lesions are shown
as white defects on a dark background of distended colon. In the dark lumen technique, the intravenous application of paramagnetic contrast agents allows visualization
of the colorectal wall, discriminating it from the dark colonic lumen. This reduces the incidence of false positive
findings. Residual stools or air bubbles that might look
like polyps in the bright lumen technique remain dark[55].
The bright lumen technique is, however, less affected by
movement of the patient and may be preferable in patients unable to hold their breath[56].
Sensitivity of MRC for cancer detection
The prevalence of cancer in related studies ranged from
0% to 72.7%[57]. A total of 58 cancers were found in
1305 patients. There was no report about whether all the
cancers were detected by MRC; however, from the 54 remaining cancers, 53 were detected by MRC. Overall, the
MRC detection rate for cancer was 98.2%[58-60]. Studies
reported lesions using the size categories of larger than
10 mm in diameter, 5 to 10 mm, and less than 5 mm, as
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Figure 1 Combination use of computed tomography, computed tomography colonography and conventional colonoscopy in large bowel examination and
management. A 62-year-old woman complained of blood stool for several days and was detected with multi-polyps in colorectal cancer screening. Virtual and conventional colonoscopy all had positive results (single white arrow) and pathology after removal under conventional colonoscopy (CC) proved that the most suspected
polyp had turned to be moderately differentiated adenocarcinoma. A: Lesion revealed by cross-sectional computed tomography (CT); B: Same lesion by CT colonography (CTC); C: By CC; D: CC after removal of the cancer. The case illustrated the different roles of CT, CTC and CC, as well as the combination use of these modalities. The invasiveness of CC might explain injury and swelling of the lesion, and the role of CC in polypectomy is demonstrated.

well as using a combination of these categories (Figure 1).
The cut-off threshold did vary slightly between studies,
thus we considered three size categories, large, medium,
and small for identified polyps. Where sufficient data was
available, additional size categories were calculated (e.g.,
for medium to large or all size polyps) by grouping other
size categories if such was not reported. Generally, investigators agree that polyps less than or equal to 5 mm in
diameter have a very low likelihood to become malignant.
This causes some of them to ignore documenting polyps
so small[60]. The significance of medium-sized polyps has
aroused debate on sensitivity and specificity, as well as the
appropriate interval at which the examination should be
repeated. We included all types of polyps. Thirteen studies reported polyps regardless of their pathology while
one[61] reported adenomatous polyps only.
Sensitivity and specificity of MRC for detection of
patients with polyps
Investigators use two different ways to analyze accuracy
of MRC. One focuses on the accuracy in identification
of patient with polyps, the other on that in identification
of individual polyps themselves. From a screening point
of view, analysis aiming at for per-patient data is more
meaningful than per-polyp data as it stresses the use of
MRC as a screening method. An evidence-based analysis
from Health Quality Ontario summarized the number of
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true and false positives and true and false negatives for
MRC for detection of patients with colorectal polyps of
different sizes and drew the conclusion that the overall
performance of MRC for identification of patients with
large polyps (> 10 mm) was excellent (95%). However,
sensitivity decreased with decreasing polyp size. When
the polyp size dropped down under 5 mm the detection
rate of MRC became pretty low (10%)[58-60,62].
Dark lumen vs bright lumen
The dark lumen technique provided a further improvement in the diagnostic accuracy of MRC as demonstrated
by Lauenstein et al[63]. This study found both the sensitivity and specificity of dark lumen to be higher than
bright lumen. The former identified all the 11 polyps
larger than 5 mm in diameter (sensitivity 100%), while
the latter missed two polyps measuring 7 and 8 mm in
diameter (sensitivity 81.8%). The dark lumen technique
can differentiate residual stool from colorectal lesions. In
this study, the dark lumen technique presented no false
positive results (specificity 100%), while the bright lumen
technique produced five false positive results because of
an inability to draw this distinction.
When it comes to MRI gradient strength, most clinical studies assessing the performance characteristics of
MRC have been carried out at 1.5 T. Although experience with MRC at 3 T is limited, the clinical results are
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promising. With the consideration of the advancement in
the technique and learning curve, the sensitivity of MRC
for polyps would become higher than studies before.
The shortage in detection of polyps of small size may be
changed in future[58-60,62].

CTC VS MRC

PET/CT COLONOGRAPHY
The protocol of CTC without bowel preparation is safer
and better-tolerated than full laxation protocols, but its
comparative sensitivity and specificity may be reduced.
Uptake of 18F-fluorodeoxyglucose (18F-FDG) by colonic
neoplasia is characteristic, and the combination of nonlaxative CTC with PET could enhance accuracy. CRC
is the most common malignancy of the gastrointestinal
tract and is the third most frequent malignancy in humans. The development of CT and MRI provides an
early diagnosis of CRC and an adjustment of the therapeutic decision[61]. The major drawback of radiological
imaging such as CT and MRI is the lack of characteristic
functional data. A number of studies appear to confirm
the role of PET/CT and virtual colonography in the
judgment of primary lesions. PET/CT is useful for assessing lymph node metastases in pre-operative staging
of primary, recurrent and metastatic cancer[64,65]. PET/
CT colonoscopy provides more accurate diagnosis and
staging of CRC than ever. The use of these diagnostic
tools has certain disadvantages. The cost is expensive
for their installation. In some procedures, more ionizing
radiation exposure is needed from both radiological and
nuclear aspects. There are difficulties in combination use
of these modalities and acquisition of fusion imaging.
Non-rigid image registration is a natural extension to
rigid registration in order to achieve a good match. Nonrigid registration more or less overcomes some problems
in image integration by registering the surfaces of organs
and structures within two data sets[64].
PET/CT colonography has been reported to detect
all polyps 10 mm or larger, and all of these polyps were
18
F-FDG-avid. However, only half of the 6-9 mm polyps
and none of the 5 mm or smaller polyps were 18F-FDGavid. In a highly enriched cohort of 17 patients undergoing PET/CT colonography after full bowel preparation,
Gollub et al[66] reported 18F-FDG avidity in 13%, 35%,
and 59% of polyps sized 1-5 mm, 6-9 mm, and at least
10 mm, respectively. However, in a small feasibility study,
Mainenti et al[67] reported 18F-FDG avidity in none of
12 polyps 9 mm or smaller but in all of the 5 polyps 10
mm or larger. These data suggest that polyps 10 mm or
larger are often 18F-FDG-avid, whereas those below the
10-mm threshold are frequently not. The radiologist is
more familiar to CT interpretation. Some strategies can
be applied to overcome interpretation difficulties and
increase sensitivity for smaller lesions. For example, high
diagnostic accuracy was reported in a selected population
with fecal occult blood test positive results when bowl
preparation was limited, and computer-aided detection
improved significantly the sensitivity of less-experienced
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radiologist readers[68,69]. We were able to demonstrate the
technical feasibility and patient preference for PET/CT
colonography over CC (which were our main aims) and
benefits to reader confidence.

A meta-regression analysis compared CTC with MRC
for their diagnostic accuracy in patients with CRC, using
CC results as comparison. In CTC, the total sensitivity
was 95% and the total specificity was 95%. In MRC, the
total sensitivity was 95% and the total specificity was
95%, too. The meta-regression analysis demonstrated
that MRC and CTC with 16-slice or 64-slice scanners
have equal sensitivity for the diagnosis of CRC, as well
as for the diagnosis of large and medium sized polyps;
however, MRC does not carry the associated risks of ionizing radiation[70]. Most CRCs and large colorectal polyps
can be detected by MRC or CTC with 16-slice or 64-slice
scanners. Nevertheless, about 20% of medium-sized
colorectal polyps can not be detected by both techniques.
Neither of them can reliably detect small polyps. For the
detection of small polyps, the sensitivity of MRC is much
lower than that of CTC.
This meta-regression analysis demonstrated that the
diagnostic precision of both MRC and CTC is similar in
detecting CRC. Both techniques have high discrimination
for cases presenting with CRC and are suitable for elderly
persons with suspected CRC. There are such drawbacks
of CT/MR colonoscopy as missing small polyps or lesions. Diagnostic accuracy is influenced by intra-luminal
and or intravenous contrast agents, as well as quality and
size of the study. To make a precise comparison, it is
necessary to conduct studies in the same patient group to
evaluate CC, CTC and MRC[62,70-73].

COVENTIONAL COLONOSCOPY VS
VIRTUAL COLONOSCOPY
Since it has been confirmed that “CTC is highly specific
for the detection of colorectal polyps and tumors”[74,75],
researchers designed three important studies for further
investigation, including two large, multicenter trials comparing CTC to CC in asymptomatic subjects. The first
is the American College of Radiology Imaging Network
(ACRIN) trial. This trial was conducted in the United
States with a typical screening group of people at average risk[33]. Another is the Italian Multicenter Polyps Accuracy CTC study (IMPACT) trial conducted in patients
referred for a result of positive FOBT and in a mixed
patient cohort of symptomless individuals at higher-thanaverage risk[35]. The third is the Special Interest Group in
Gastrointestinal and Abdominal Radiology trial. It is a
multicenter trial conducted on patients with symptoms in
the United Kingdom for the detection of CRC[76].
Both the IMPACT and ACRIN trials reported high
per-patient sensitivity and per-patient specificity. The
ACRIN trial was 78%-84% for polyps larger than 6 mm
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and 90% for polyps larger than 10 mm. The IMPACT trial reported greatly high specificity, with a rate more than
85% not influenced by lesion size[74,75]. The ACRIN trial
had a positive predictive value (PPV) of 23% for polyps no larger than 10 mm, so low as its main downside.
This might produce negative impression on a screening
program, with factors of patient discomfort, useless CC,
development of complications, awkwardness of radiologists and greater expenses. The IMPACT trial had much
better PPV (62%) for lesions > 6 mm. Other studies
conducted in high-experience centers also obtained much
better PPV, such as in several Korean hospitals and in the
University of Wisconsin. The former had a PPV of 69%
for lesions larger than 6 mm and 92% for lesions larger
than 10 mm. The latter achieved a PPV of 91.5%[77,78].
However, both the ACRIN and the IMPACT trials reported rather high negative predictive values that reached
nearly 100%. This is of great significance in giving the
patients with negative results confidence in the examination. The Munich Colorectal Cancer Prevention Trial also
obtained exceptionally good results[32,79]. It is a single-center study in which around 300 asymptomatic individuals
were subject to low dose CTC, which was compared with
other screening methods such as FOBT, sigmoidoscopy
and CC.
A screening program presented by the University of
Wisconsin is worthy of mentioning[80]. More than 3000
individuals were enlisted in 2 years and divided into two
nonrandomized groups receiving CTC and CC. There
was no significant statistical difference in detection rate
for advanced adenomas between the two groups, with
3.2% for CTC and 3.4% for CC, respectively. The CTC
group had the superiority of much fewer polypectomies
and no complications. On the contrary, the CC group
had seven perforations.
Both the radiological and gastroenterological communities had several unsettled arguments, such as the significance of polyps smaller than 6 mm, the detection rate
for nonpolypoid, flat lesions, how to manage those 6-9
mm lesions, and the effect of findings outside the colon.
A systematic review[81] of published papers reported the
distribution of advanced adenomas in screening patient
groups without symptoms. It concluded that small polyps
have a minimal clinical impact. Advanced lesions were
found in 0.9%, 4.9%, 1.7%, and 73.5% of patients whose
largest polyp size was no larger than 5 mm, 6-9 mm,
smaller than 10 mm, and larger than 10 mm, respectively.
If the smallest size for polypectomy indication is set at
6 mm, over 95% of patients with advanced adenomas
would be identified. But when the minimal size was indicated as 10 mm, only 88% of such patients would be
identified. From a cost-effectiveness point of view, it is
very inefficient to detect and remove all polyps including
those smaller than 5 mm. The cost per year of life rises
to more than $460000, absolutely unacceptable in terms
of cost-effectiveness[82]. However, substantial education
of patients and primary care providers is needed to convince them not to eliminate the small polyps identified by
CTC, but to follow by CC. In fact, according to a recently
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published survey[83], most patients, primary care providers and gastroenterologists would not take this choice
because they fear the missing of precancerous lesions.
There is also a disagreement over the management of
intermediate (6 to 9 mm) lesions. According to American Cancer Society CRC screening guidelines, any polyp
with the size of 6 mm or larger should be rather recommended for CC and polypectomy. However, there is no
evidence from cost-effectiveness[84,85] as well as followup[86] studies supporting this indication. In future, referral
for CC and polypectomy might be substituted by polyp
follow-up. Studies on the rate of advanced adenoma occurring in polyps with the size of 6-9 mm with CC and
subsequent polypectomy supported these issues about
size of lesions[87]. A possible downside of CTC would be
its reduced ability to detect non-polypoid, flat lesions[84].
MRC has high accuracy as a modality full of promise for finding out colorectal polyps with a diameter >
5 mm. MRC can be used to estimate disease activity in
inflammatory bowl disease, including spreading [88,89].
The diagnostic accuracy of MRC in detecting colon lesions was reported similar to that of CC. But MRC has
the advantage of minimal invasion, usually with neither
sedation nor analgesia during examination. This advantage also reduces risk of serious complications including
bleeding, perforation and death (Figure 2A). All large
bowel segments can be assessed with multi-sectional imaging availability and 3 dimensional fly-through program
of MRC. A recent study showing the insufficiency of
preoperative colonic evaluation by CC reported that up
to 54% of all preoperative colon evaluations in patients
with CRC and up to 17%-23% of regular colonoscopies
are incomplete[90]. In this situation, MRC could be used
as a practicable and effective approach to evaluating the
entire colon in patients with incomplete CC. MRC could
be used as a safe, patient friendly alternative examination
with high sensitivity, because of the minimum invasiveness, and the excellent ability to evaluate extra-intestinal,
intramural components of lesions of the colon, cancer
metastasis and any other lesions[90].
Most of the patients considered that MRC is less
unpleasant than CC. The majority of them have a preference for MRC compared to CC as an examination of
the colon in future. MRC also seems to take less time
than CC in post-procedural monitoring for patients and
medical personnel[91,92]. When some segments cannot be
accessed by CC, MRC is often applied successfully to the
evaluation of most of the colonic segments. The identification of additional disease by MRC emphasizes that
secondary diagnostic step is needed on the background
of incomplete CC. Use of MRC for CRC screening is
worthy investigating. However, at the present time, wide
implementation of MRC for CRC screening is not likely,
largely because of the lack of skillful readers[93].

COST-EFFECTIVENESS ISSUES
As a screening test CTC is effective for detection of
colorectal neoplasia[41,94,95]. Nevertheless, CTC is usually
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Figure 2 Examples of risk and merit of conventional colonoscopy. A: A 51-year-old woman was found with perforation of the colon during conventional colonoscopy; B: A 68-year-old man was detected with multi-polyps with the smallest diameter of 2 mm (arrow) in one routine colorectal cancer screening.

less effective and sometimes more costly than CC. If the
sensitivity of CTC for 1-cm adenomas is 83% or lower,
CC is a dominant strategy (Figure 2B). CTC can be reasonably cost-effective for CRC screening among Medicare enrollees when its diagnostic accuracy is high, and if
the refund rate for each scan is considerably less than that
for CC[41,94]. According to the majority of international
thresholds, CTC seemed to have good cost-effectiveness
compared to flexible sigmoidoscopy, and CTC may also
come to be a reasonable substitute to CC[95].
A helical CT or MR scan is involved in VC of the
abdomen and pelvis to determine the presence of polyps and cancer in the colon and rectum. Compared to
CC, these two modalities are promising in sensitivity in
revealing larger polyps. Caution should be taken before
it is clinically implemented because of the existence of
significant variation among readers and learning curves.
After reviewing the evidence on the cost-effectiveness of
CRC screening from several published studies, LansdorpVogelaar et al[96] concluded the following 4 consensuses[36,96-99]: (1) All CRC screening strategies are cost-effective compared to no screening; (2) There is no consensus
on what is the preferred CRC strategy for a given willingness to pay; (3) Generalization of cost-effectiveness
analyses from one country to another cannot be done,
because screening costs, resource capacity and population
preferences differ; and (4) CTC, stool DNA and capsule
endoscopy are not yet cost-effective compared to FOBT
and endoscopy screening.

DERIVATIVE TECHNIQUES FOR CRC
SCREENING
Stool DNA testing
An acceptable substitute for CRC screening is stool-based
DNA testing. It is noninvasive and in every-day clinical
practice can establish the diagnosis of adenomatous polyps and CRC in early stage. For patients with inflammatory bowl disease, stool DNA testing with its advanced
technology has proved highly distinctive for revealing
sporadic CRC and advanced precancerous lesions[100].
Yehya et al[101] demonstrated that stool DNA testing could
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reveal CRC-related high molecular weight p53 DNA in
stool samples with an overall sensitivity of 56.3% and
specificity of 100%.
The fecal immunochemical test (FIT) is a rather novel
method for stool test which also identifies occult blood
in the stool, also called the immunochemical fecal blood
test. CRC screening was evaluated economically by Heitman et al[102] in North American subjects with average
risk. All the related screening modalities were included as
well as the current CRC treatment expenses. It was found
that annual FIT was less expensive and more effective in
comparison with all the other modalities. Its sensitivity
for cancer is high (81%) and sensitivity for advanced adenomas is moderate (54%). Among the lifetimes of every
100000 patients with average-risk, the number of CRC
and related deaths could be reduced from 4857 to 1782,
and from 1393 to 457, respectively, while saving CAN$68
per person. Finally they concluded that in comparison
with all the other methods (including no screening), annual FIT was less expensive and more effective than not
only FOBT but also CC, assuming the mid-range testing characteristics. So they suggested that FIT should be
regarded as the method of choice for CRC screening for
patients aged between 50 and 75 years in North America
with average risk.
On the other hand, Sharaf et al[103] recently explored
the comparative effectiveness and cost-effectiveness of
screening strategies including those recommended by
the United States Preventive Services Task Force. These
involved colonoscopy every 10 years, flexible sigmoidoscopy (FS) every 5 years, annual FOBT, annual FIT, and
the combination FS/FIT. They concluded that CC may
be cost-effective compared with FIT and FS, on the basis
of the relative rates of uptake and compliance and the
protective benefit of CC in the proximal colon.
PET/MRI colonography
The integration of MRI and PET could compensate for
their drawbacks and provide a few benefits compared to
sole MRI or PET. When the two outstanding diagnosis
imaging modalities are integrated into one device, the
precision of diagnosis is further improved. PET/MRI
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Figure 3 Standard low-dose positron emission tomography/computed tomography showing the colon and rectum.

promotes the registration accuracy of molecular features
and changes in metabolism of the diseases and presents
accurate link to anatomical features and details in morphology[104].
However, PET/MRI still does not match entirely
the diagnostic accuracy of standard low-dose PET/CT
according to the research result of Appenzeller et al[105].
Thus, it might only be used as a back-up solution in
limited number of patients. Therefore, more time needs
to be invested on the MRI part including higher matrix,
more breath-holds, and additional surface coil acquired
sequences, to make PET/MRI an equivalent to the standard low-dose PET/CT (Figure 3). In the near future
PET/MRI may serve as a modern effective multimodality technique in clinical oncology, presenting great capability for imaging applications apart from connection of
functional and anatomic images[106].
Single photon emission computed tomography
Single photon emission computed tomography (SPECT)
has impressive superiorities over the conventional twodimensional imaging technique in producing more
information about radionuclide distribution within the
body. SPECT employs radioactive tracers and a scanner
to record data that a computer constructs into two- or
three-dimensional (3-D) images. The imaging procedure
is executed by the application of a gamma camera to
collect multiple 2-D projections from multiple angles. A
computer is then used to do a tomographic reconstruction algorithm to the multiple projections, and then a set
of 3-D data records is generated. Tumor tissue can be
detected inside the body where the radioactive material
is taken up by the cells. When SPECT is combined with
X-ray CT (SPECT/CT), 3-D radionuclide imaging from
SPECT is combined with anatomical information from
CT, with both functional and anatomical imaging integrated[107]. Currently, this immunoscintigraphy plays a role
in detection of recurrence and metastases of CRC[108].
The integration of PET and SPECT (PET/SPECT)
is believed to provide detailed explanation of physiological and pathological information, medical descriptions
and clinical diagnoses. Molecular imaging makes it possible to noninvasively estimate various important features of cancer in patients, including such as metabolic
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disorders, cell proliferation, tumor hypoxia, and receptor
aspects[109]. PET/SPECT scanners are now available to
perform imaging for oncologic studies including staging
patients with CRC, and it is important that knowledge
regarding the usefulness of these images, and their limitations, be spread to health care providers[110].

CONCLUSION
CRC is a largely preventable cancer but remains the
third commonest adult cancer with approximately 1 in
19 adults diagnosed with CRC during their lifetime. All
CRC screening strategies are cost-effective compared to
no screening. With the rapid progress in computer processing strength, several superiorities are presented by
CT, MR and PET/CT colonography over the diagnostic
methods of traditional radiology, and VC also presents
important data not only for primary diagnosis, but also
for treatment of disease, revealing possible complications
and follow-up. Currently CC still cannot be replaced by
CT, MR and PET/CT colonography. However, combined with several derivative techniques including stool
DNA testing, PET/MRI colonography and computeraided detection, these modalities may further increase
the sensitivity and specificity of imaging methods in
screening of CRC and the resource of CC may be saved
for those patients who are in need of treatment. Theses
modalities also could be used as practicable and effective
approaches to observing the whole colon in patients who
had insufficient CC. At the present time, wide implementation of them for CRC screening is still not likely, largely
because of the lack of skillful readers. It is also important
that knowledge regarding the usefulness of these images,
and their limitations, be spread to health care providers.
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Abstract
Despite major improvements concerning its diagnosis and treatment, pancreatic ductal adenocarcinoma (PDAC) remains an aggressive disease with
an extremely poor prognosis. Pathology, as interface
discipline between basic and clinical medicine, has
substantially contributed to the recent developments
and has laid the basis for further progress. The definition and classification of precursor lesions of PDAC and
their molecular characterization is a fundamental step
for the potential identification of biomarkers and the
development of imaging methods for early detection.
In addition, by integrating findings in humans with the
knowledge acquired through the investigation of transgenic mouse models for PDAC, a new model for pancreatic carcinogenesis has been proposed and partially
validated in individuals with genetic predisposition for
PDAC. The introduction and validation of a standardized system for pathology reporting based on the axial
slicing technique has shown that most pancreatic can-

WJG|www.wjgnet.com

cer resections are R1 resections and that this is due to
inherent anatomical and biological properties of PDAC.
This standardized assessment of prognostic relevant
parameters represents the basis for the successful conduction of multicentric studies and for the interpretation
of their results. Finally, recent studies have shown that
distinct molecular subtypes of PDAC exist and are associated with different prognosis and therapy response.
The prospective validation of these results and the
integration of molecular analyses in a comprehensive
pathology report in the context of individualised cancer
therapy represent a major challenge for the future.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic ductal adenocarcinoma; Precursor lesions; Atypical flat lesion; Molecular subtypes; R1;
Pancreatic cancer
Core tip: Despite recent progresses, pancreatic ductal
adenocarcinoma (PDAC) remains a disease with poor
prognosis. Pathology has given fundamental contributions to these developments. In particular, precursor lesions have been identified and a model for PDAC development has been proposed and validated by molecular
studies, which represent the basis for the identification
of biomarkers for early diagnosis. A standardized protocol for the post-operative assessment of prognostic relevant parameters, such as the resection margin status,
has been developed and has shown a high degree of
interlaboratory reproducibility. Finally, the genome-wide
analysis of PDAC has led to the identification of distinct
molecular subtypes with different therapy response and
clinical courses.
Esposito I, Konukiewitz B, Schlitter AM, Klöppel G. Pathology
of pancreatic ductal adenocarcinoma: Facts, challenges and future
developments. World J Gastroenterol 2014; 20(38): 13833-13841
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PRECURSOR LESIONS: EARLY
DETECTION OF PANCREATIC CANCER

INTRODUCTION
In the last two decades major improvements in the understanding of pancreatic ductal adenocarcinoma (PDAC)
have been achieved by the scientific community, with extraordinary contributions from all disciplines of life sciences, from genetics and molecular biology to molecular
imaging and oncology[1,2]. Milestones of this continuing
evolving process are for instance the definition and classification of the precursor lesions of PDAC, such as the
microscopic pancreatic intraepithelial neoplasia (PanIN)[3]
and the larger intraductal papillary mucinous neoplasm
(IPMN), which have paved the way for further studies
concerning the natural history[4] and the molecular characterization of these lesions, leading to the exploitation
of new and more sensitive imaging methods for the
purpose of early diagnosis[5]. The isolation and characterization of pancreatic stellate cells[6,7] and hereby the
identification of the cancer-associated desmoplastic reaction as an active player in affecting deleterious properties
of PDAC, such as its migratory and invasive ability and
its capability to adapt to a hypoxic microenvironment[8-10]
have also been subjects of intense research activities in
the last years. In 2003 the first transgenic mouse model
that faithfully recapitulates the development of PDAC
from low-grade precursors (so-called PanIN1) to metastatic cancer has been generated and rendered available
to the scientific community[11]. Numerous further mouse
models have been generated and characterized ever
since[12]. These models represent useful instruments to
improve our knowledge of the molecular mechanisms
and the cellular interactions regulating PDAC initiation
and progression, as well as providing an indispensable
platform for the development of molecular tracers[13] and
for drug testing[14,15]. Following the complete sequencing of the human genome[16] and the advancement of
high-throughput molecular methods, the genetic complexity of PDAC has been addressed, culminating in the
sequencing of its genome and the identification of the
most relevant genetic alterations and molecular pathways
of this disease[17]. Pathology (with its branches of anatomical, clinical and molecular pathology) represents the
interface between basic research and clinical medicine
and facilitates translational research. As such, pathology
has been playing a major role in all the above described
relevant steps and achievements. In this review, the major
contributions of pathology to the improvement of our
knowledge and understanding of PDAC in recent years
will be addressed, with special focus on clinically relevant,
innovative aspects and future challenges.
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Morphology and genetics
The classical and well-characterized precursor lesions of
PDAC show a ductal phenotype, suggesting a ductal cell
of origin of this tumor. The most frequent precursors
are PanIN, followed by IPMN and mucinous cystic neoplasms (MCN). PanIN are microscopical (< 5 mm) mucinous-papillary lesions, which lead to invasive carcinoma
through an adenoma-carcinoma sequence, in analogy to
the Vogelstein’s model of colon carcinogenesis[18]. Accordingly, using modern methods of pyrosequencing and
high-resolution melt-curve analysis, it has been shown
that virtually all PanIN, including more than 90% of lowgrade PanIN, harbor mutations in the KRAS gene locus,
followed by CDKN2A/p16, SMAD4 and TP53 mutations in intermediate and later stages of pancreatic carcinogenesis[19-21]. Similarly, both IPMN and MCN give rise
to invasive PDAC by stepwise gene alterations. IPMN are
the most frequent cystic neoplasms in surgical series and
show a different malignant potential depending on their
site of origin (main pancreatic duct vs side-branch duct)
and their histological subtype[22,23]. The main histopathological, immunophenotypical and clinical characteristics
of IPMN are summarized in Table 1. KRAS and GNAS1
mutations[24], represent early genetic alterations whereas
TP53 mutations represent late changes in the adenomacarcinoma sequence of IPMN leading to invasive cancer[20,22,25]. Different histological IPMN subtypes have
been associated with different frequency of mutations,
with KRAS mutations being particularly associated with
the gastric subtype and GNAS1 mutations with the intestinal subtype[24,26]. These different molecular changes
probably reflect different pathways of cancer progression. For example it has been reported that KRAS-mutated PDAC often arises in pancreata with low-grade gastric
type IPMN, whereas GNAS1-associated intestinal type
IPMN are often high-grade lesions which can develop
into invasive carcinoma of colloid type[27]. Despite these
differences, altogether these data indicate the ductal phenotype and the presence of KRAS mutations as common
characteristics of PDAC precursors.
The generation of transgenic mouse models that
closely reproduce the human PanIN/IPMN-PDAC
sequence have on one side confirmed the relevance of
KRAS as driver gene in PDAC (for reviews about mouse
models for PDAC and the role of KRAS[12,28]). On the
other side, the ductal origin of PDAC has been challenged, since targeting the ductal compartment by genetic
manipulation has failed to generate PanIN and PDAC so
far, with the exception of a few PanIN1-like lesions[29-31].
Early progenitor cells, as well as exocrine progenitors and
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Table 1 Histopathological, immunophenotypical and clinical characteristics of intraductal papillary mucinous neoplasm (adapted
from [22])
Types and
subtypes

Main
localization

Main-duct type IPMN
Intestinal type
Pancreatic
head
Pancreatobiliary
Pancreatic
type
head
Oncocytic type
Pancreatic
head
Branch-duct type IPMN
Gastric type
Uncinate
process

Sex

Frequency

M(>)F

36%

M(>)F

7%

M(>)F

9%

M(>)F

49%

Microscopic findings

Immunophenotype

Association
with PDAC

MUC1

MUC2

MUC5AC

MUC6

CDX2

-

+

+

-

+

34%

+

-

+

+

-

58%

+

-

+

+

-

25%

-

-

+

-

-

6%

Papillae lined by columnar
cells
Papillae lined by cuboidal
cells
Complexe papillae lined by
multiple layer of cells with
eosinophilic cytoplasma
Gastric foveolar epithelium

IPMN: Intraductal papillary mucinous neoplasm; PDAC: Pancreatic ductal adenocarcinoma.

A

B

C

D

Figure 1 Precursor lesions of pancreatic ductal adenocarcinoma in familial pancreatic cancer-patients. A: Low-grade pancreatic intraepithelial neoplasia; B:
Gastric-type intraductal papillary mucinous neoplasm showing a ductal phenotype; C: Acinar-ductal metaplasia in areas of lobulocentric atrophy. Arrows indicate an
atypical flat lesion; D: Atypical flat lesion with cellular atypia and typical stromal reaction.

even adult acinar and insulin-producing cells can instead
be targeted to generate PanIN lesions thus closely reproducing the development of human PDAC[32]. These studies have raised the hypothesis of an alternative model of
pancreatic carcinogenesis, which starts from the centroacinar-acinar compartment and develops into PanIN and
PDAC through a metaplasia-dysplasia sequence[33] (Figure
1). According to recent data, it seems now plausible that
PDAC can directly originate from the centroacinar-acinar
compartment without the intermediate step of PanIN,
according to the so-called AFL- (or acinar-ductal) carci-
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nogenesis model[34,35] (Figure 2). The morphological correlate of this model is the atypical flat lesion (AFL). AFL
represents the most probable precursor lesion of PDAC
in the KrasG12D/+; Ptf1a-Creex1/+ mouse model. AFL are
localized in the centroacinar-acinar compartment and
display a ductal phenotype, thus potentially originating
through a process of acinar-ductal metaplasia. AFL consists of a CK19-positive flat to cuboidal epithelium with
enlarged nuclei, an increased nuclear to cytoplasmic ratio,
prominent nucleoli and evident mitotic figures. The Ki-67
index is elevated; CDKN2A/p16 is altered through hyper-
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Pancreatic carcinogenesis
Ductal cells

Table 2 Genetic syndromes that are associated with an
elevated lifetime risk for the development of pancreatic
ductal adenocarcinoma (adapted from [25])

Acinar cells

Syndrome
Familial breast cancer
FAMMM syndrome
Lynch syndrome
Heriditary pancreatitis
Peutz-Jeghers syndrome
Ataxia teleangiectatica

ADM

TC
MTC
?
MCN

IPMN

PanIN

BRCA2
CDKN2A/p16
MSH2, MLH1, others
PRSS1
STK11
ATM

AFL

Pancreatic ductal adenocarcinoma

Figure 2 Dual model of pancreatic carcinogenesis. The well-known precursor lesions (PanIN, IPMN and MCN) show a ductal phenotype. However,
it seems now plausible that pancreatic ductal adenocarcinoma can directly
originate from the centroacinar-acinar compartment through atypical flat lesions
without the intermediate step of pancreatic intraepithelial neoplasia (PanIN)
(acinar-ductal carcinogenesis). MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm; ADM: Acinar ductal metaplasia; TC: Tubular complexes; MTC: Mucinous tubular complexes; AFL: Atypical flat lesion.

methylation of the corresponding promoter or by intragenic deletion. The surrounding stroma shows a selective
overexpression of α-smooth muscle actin, indicating a
local activation like that seen in invasive carcinomas[34].
Relevance for the clinic
The relevance of the above described carcinogenesis
models has been confirmed by studying the pancreata
of individuals with an elevated risk of developing PDAC
during their life. An estimated 10% of all PDAC show
a familial background. Several genetic syndromes (Table
2) are known to be associated with an elevated life-time
risk for the development of PDAC [25,36-38]. However,
specific gene mutations that account for the majority of
cases, grouped under the term “familial pancreatic cancer” (FPC), have not been identified. FPC has been described as an autosomal dominant inheritance with high
penetrance[37] and the pathology of resection specimens
of FPC individuals has been recently described. Ductal
precursor lesions such as PanIN and IPMN, especially
gastric type IPMN, are a common finding. In comparison
with sporadic disease, the number of precursor lesions is
higher, they are usually multifocal throughout the organ
and they display a higher grade of dysplasia[36,39,40]. Another important finding associated with multifocal PanIN
and IPMN is the lobulocentric atrophy[25], a multifocal
change consisting of acinar atrophy, fibrosis and acinarductal metaplasia. Lesions similar to murine AFL have
been recently described in areas of lobulocentric atrophy
of FPC individuals undergoing prophylactic pancreatectomy and represent the first evidence of the existence of
an AFL-carcinogenesis pathway in humans in addition
to the established PanIN/IPMN pathway (Figure 1)[34].
Since lobulocentric atrophy can be identified by endo-
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Gene

scopic ultrasound and magnetic resonance tomography,
its strong association with PDAC precursors can be used
to identify high-risk individuals and to monitor FPC patients in future screening programs.
Future challenges
The relevance of the described changes for sporadic
PDAC has yet to be fully investigated, although it is
known that not only PanIN, but also acinar-ductal metaplasia is a common finding in the pancreas of adult patients, independently from the underlying disease[41].
Future studies should aim at further characterizing
AFL from the molecular point of view, in order to define
specific genetic signatures that may on one side strengthen the model of AFL-carcinogenesis and on the other
side help in identifying biomarkers for early detection.

ANATOMICAL AND SURGICAL
PATHOLOGY: STANDARDIZED
PATHOLOGICAL REPORTING FOR A
MORE ACCURATE DEFINITION OF
PROGNOSTIC RELEVANT PARAMETERS
Axial slicing technique and the 1-mm rule
The pathology examination procedure plays an important
role in the diagnostic and classification of PDAC. The
axial slicing technique includes a standardized inking of
the fresh or fixed resection specimen according to a predefined color code followed by axial slicing perpendicular
to the longitudinal axis of the descending duodenum, as
previously described[42,43]. After a correct orientation of
the specimen, which should follow in close collaboration with the surgical team (i.e., directly in the operating
theater or, if not possible, by marking relevant anatomic
landmarks with loose sutures), this method is rapid and
easy to perform. Moreover, it offers technical advantages
compared to other slicing methods, such as the opening
of the specimen in a longitudinal manner by exposing the
main pancreatic and the bile duct. In fact, the axial slice
technique does not depend on the configuration of the
pancreatic and the bile duct and it is not impaired by duct
obstructions, which are a relative common finding in
PDAC resections[44]. All relevant anatomic structures and
their relationship to the tumor are easily displayed, the
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Future challenges
The 1-mm rule, although based on morphological evidence of a dispersed type of growth in PDAC, was introduced arbitrarily, mostly in analogy to mesorectal margin
assessment in rectal cancer. Some studies have suggested
that wider clearances are needed[50,52]. This aspect should
be carefully evaluated in prospective studies, in order to
define optimal margin clearance for PDAC.

1 mm

Figure 3 Dispersed growth of pancreatic ductal adenocarcinoma. Tumor
deposits (star) of pancreatic ductal adenocarcinoma are found many mm away
from the main tumor bulk. The curved line highlights the tumor front.

resection margins remain intact before slicing and their
distance from the tumor can be easily measured after perpendicular sampling[42].
A striking characteristic of PDAC is its very dispersed
and infiltrative type of growth, particularly evident at the
tumor periphery, where tumor deposits may be found
many mm away from the main tumor bulk (Figure 3).
This simple morphological observation has been substantiated by a recent study where the minimum spanning
tree analysis was used to calculate tumor cell dispersion
in the tumor center and periphery[45]. The following logic
consequence of this observation has been the introduction of the so-called 1-mm rule for the assessment of
margin clearance in PDAC: in analogy to what has already been validated for the assessment of mesorectal
clearance in rectal cancer, a pancreatic resection margin is
defined as free (R0) if the tumor cells lies ≥ 1 mm from
the margin itself[42,44].
Relevance for the clinic
It has been shown that the rate of microscopic margin
involvement (R-status) is related to the different grossing techniques. In particular, the use of the axial slicing
technique and the application of the 1-mm rule lead
to a significant higher rate of R1 resections compared
to other techniques, with higher reproducibility and
smaller deviation of this and other morphology-based
parameters[42-44,46-50]. These results bear three important
consequences. First of all, they highlight the fact that a
high frequency of R1 resections for PDAC is not linked
to the surgical techniques but mostly depend on highquality pathology examination[42]. Second, a standardized
pathology report based on a highly reproducible slicing
technique allows a fair comparison between results from
different institutions, which represents the basis for the
execution of multicentric studies[51]. Third, the R-status
assessed according to the axial slicing technique becomes
a prognostic relevant factor at multivariate analysis that
can be used to tailor post-operative treatments[50] according to the concepts of individualized medicine.
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MOLECULAR SUBTYPES OF PDAC:
TOWARDS PERSONALIZED CANCER
MANAGEMENT
Molecular genetics of PDAC
Recent advances in pancreatic cancer biology have led
to the discovery of recurrent gene mutations in KRAS,
SMAD4, TP53 and CDKN2A/p16, the identification of
core signalling pathways and the definition of molecular
subtypes with distinct prognosis and therapy response.
In 2008, the first global genomic analysis of 24 advanced
PDAC identified 12 core signalling pathways that are
genetically altered in the great majority of PDAC. These
include apoptosis, DNA damage control, Hedgehog and
Wnt/Notch signalling pathways, among others[17]. Interestingly, the affected genes within these pathways highly
differed between individual tumors. An average of 63 genetic alterations was found in the cancer cells, most commonly point mutations[17,53]. The new concept that mutations in PDAC are frequent and not restricted to single
genes has important implications for treatment strategies:
Firstly, the need to target key points and downstream
targets of core signalling pathways rather that a single targetable oncogene/tumor suppressor gene. Secondly, the
identification of less characterized signalling pathways in
PDAC as additional drug targets (e.g., Hedgehog and integrin pathways)[17].
Relevance for the clinic
In 2011, Collisson et al[54] defined three distinct PDAC
subtypes based on combined analysis of transcriptional
profiles of primary tumor samples and human and
mouse PDAC cell lines: classical, quasi-mesenchymal and
exocrine-like subtypes. The authors found that stratification by subtype provided prognostic information
reflected by the significantly better survival of individuals with classical subtype compared to individuals with
quasi-mesenchymal subtype. Further analyses of human
PDAC cell lines of known subtype suggested that drug
responses differ by subtype: targeted therapies (erlotinib)
were more effective in classical subtype, whereas cancer
cell lines of the quasi-mesenchymal subtype were more
sensitive to conventional chemotherapy (gemcitabine).
In addition, targeting inactivated KRAS in classical and
quasi-mesenchymal cell lines using RNA interference
showed significantly more antiproliferative effect in the
classical cell type compared to quasi-mesenchymal cell
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Genetic fingerprint of PDAC

12 core signalling
pathways

Different
prognosis

Molecular analysis

Exocrine

TP53

1996

Personalized
treatment of PDAC
Resection/biopsy

Classical

KRAS SMAD4
p16

Molecular
subtypes of PDAC

Distinct drug
response

QM

2008

2011

Personalized therapy

Future

Figure 4 Milestones in pancreatic cancer biology. Mutations of KRAS, CDKN2A/p16, SMAD4 and TP53 represent the molecular fingerprint of pancreatic ductal
adenocarcinoma (PDAC)[53]. Global genomic analysis of PDAC defined a set of 12 core signalling pathways commonly altered in the great majority of investigated
tumors[17]. Three distinct molecular PDAC subtypes [“classical”, “quasi-mesenchymal” (QM) and “exocrine-like”] with prognostic relevance and distinct drug response
were defined based on combined analysis of transcriptional profiles of primary tumor samples and human and mouse PDAC cell lines[54].

lines[54]. Likewise, the effect of concurrent inhibition
of MEK, a downstream target of KRAS, and EGFR
was demonstrated to be restricted to epithelial/classical subtype in a recent study[55]. The clinical relevance of
the exocrine subtype, a subtype characterized by high
expression of digestive enzymes, remains questionable.
Although the exocrine subtype was identified in primary
tumor samples, no representative tumor cell line could
be identified among the investigated cell line collection,
raising the possibility of an contamination artifact with
normal pancreatic tissue[54].
The relationship between the four most common mutations of PDAC and the proposed molecular subtypes
is largely unknown. However, it is increasingly clear that
mutations in KRAS, SMAD4, TP53 and CDKN2A/p16
are “driver” mutations of PDAC, i.e., mutations that confer a selective growth advantage to the tumor cell[56], and
they are key players within a complex, and not yet fully
understood, network of core pathways[57].
The clinical significance of these driver mutations
and intact core pathways has been highlighted by several
publications. Among the four driver mutations, KRAS is
most commonly mutated in PDAC and exhibits mutations rates up to 95%[58]. Although rare, PDAC patients
with non-mutated KRAS tend to have a significantly better median survival than patients with mutated KRAS[59].
Yachida et al[60] investigated the mutation status of KRAS,
TP53, CDKN2A/p16 and SMAD4 in an autopsy study
of 79 patients and showed that the number of altered
genes correlates with a significantly better overall and
disease free survival and more indolent disease in patients
with only 1 or 2 driver mutations.
Future challenges
These data suggest that the mutation status of KRAS,
TP53, CDKN2A/p16 and SMAD4, also referred as the
genetic fingerprint of PDAC, might be an integral part
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of a comprehensive pathology report in the future (Figure
4). Taken together, definition of altered major molecular
pathways in PDAC and identification of molecular subtypes have allowed stratification of patients into groups
with different biological behaviors.

CONCLUSION
Despite enormous progresses during the last two decades, PDAC remains a disease with still high mortality
rates. Pathology plays a fundamental role as interface
discipline between basic research and clinic in improving
our knowledge about the development of the disease and
in providing tools to improve early diagnosis and personalized treatment. The morphological and molecular characterization of the precursor lesions may help in identifying biomarkers of early disease that could be first tested
in high risk individuals and then validated in the general
population. The introduction of a highly reproducible
standardized pathological reporting method based on the
axial slicing technique allows an exact definition of prognostic relevant parameters, such as the R-status, and represents the basis for the comparison of results obtained
from multicentric clinical studies. Finally, the foreseeable
identification of molecular subtypes of PDAC with different clinical behavior and response to therapy and the
integration of these data into routine histopathological diagnosis will help to individualize the treatment of
PDAC (Figure 4).
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Abstract
Gastric cancer continues to be an important healthcare
problem from a global perspective. Most of the cases
in the Western world are diagnosed at late stages
when the treatment is largely ineffective. Helicobacter
pylori (H. pylori ) infection is a well-established carcinogen for gastric cancer. While lifestyle factors are
important, the efficacy of interventions in their modification, as in the use of antioxidant supplements, is unconvincing. No organized screening programs can be
found outside Asia (Japan and South Korea). Although
several screening approaches have been proposed,
including indirect atrophy detection by measuring pepsinogen in the circulation, none of them have so far
been implemented, and more study data is required
to justify any implementation. Mass eradication of H.
pylori in high-risk areas tends to be cost-effective, but
its adverse effects and resistance remain a concern.
Searches for new screening biomarkers, including microRNA and cancer-autoantibody panels, as well as
detection of volatile organic compounds in the breath,
are in progress. Endoscopy with a proper biopsy
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follow-up remains the standard for early detection of
cancer and related premalignant lesions. At the same
time, new advanced high-resolution endoscopic technologies are showing promising results with respect to
diagnosing mucosal lesions visually and targeting each
biopsy. New histological risk stratifications (classifications), including OLGA and OLGIM, have recently been
developed. This review addresses the current means
for gastric cancer primary and secondary prevention,
the available and emerging methods for screening, and
new developments in endoscopic detection of early lesions of the stomach.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Helicobacter pylori
Core tip: Gastric cancer remains an important healthcare problem from a global perspective during the
upcoming decades. Most of the cases in the Western
world are diagnosed at late stages when the treatment
is substantially less effective. Helicobacter pylori infection is a well-established carcinogen for gastric cancer.
Pasechnikov V, Chukov S, Fedorov E, Kikuste I, Leja M.
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INTRODUCTION
Altogether 989000 new gastric cancer (GC) cases are
estimated to arise annually worldwide[1], but with substantial regional differences in incidence. The highest is
in East Asia, Eastern Europe, and parts of central and
Southern America, with the lowest in Southern Asia,
North and East Africa, Australia and North America[1-3].
More than 70% of gastric cancers occur in developing
countries due to poor standards of hygiene and higher
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Helicobacter pylori (H. pylori) prevalence rates[2].
The majority of gastric cancer cases are related to H.
pylori infection, with a conservative estimate of 74.7% of
all the non-cardia GCs (i.e., 650000 cases annually) being
related to this infection[4], but realistically the proportion
of these infection-related cancers could be higher. The
Eurogast-EPIC study in Europe found 93.2% of gastric
cancer cases positive for H. pylori[5], whereas in Japan
only 0.66% of the cancer patients showed no signs of
infection[6].
The World Health Organization (WHO) had classified H. pylori as a class Ⅰ carcinogen as early as 1994[7],
and this has been reinforced more recently by the International Agency for Research on Cancer (IARC)[8]. The
cascade of premalignant (pre-cancerous) lesions preceding the development of GC and including atrophy, intestinal metaplasia (IM) and dysplasia of the stomach mucosa is well-recognized[9]. Dysplasia is further subdivided
into low-grade and high-grade dysplasia, both being
considered advanced premalignant lesions, but with the
latter bearing a higher GC development risk[10]. The term
premalignant or precancerous is reserved for clinical
conditions associated with a significantly increased risk
of cancer, but not is obligatorily characterized by a specific histological abnormality; gastric ulcer and mucosal
hyperplasia would also be attributable to this group[10,11].
The disease incidence shows a falling trend over several decades, starting in subjects born after the beginning
of 19th century[12]. In addition to the decline in prevalence of H. pylori infection per se, this has most likely
been the result of a significant reduction in a number
of risk factors, including changes in food preservation,
improved hygiene, fall in smoking, and increase in the
use of antibiotics[13]. At the same time, rising gastric cancer incidences in some indigenous groups have emerged
from a recent systematic review by Arnold et al[14].
Although the incidence and mortality of the disease
are declining globally when estimated in age-standardized figures, the absolute number of GC cases remains
stable or may even increase due to the predicted growth
of the world population and increasing longevity[15].
The 5-year survival rate continues to be poor, with
the exception of Japan. In Western countries, including
Europe and the United States, 5-year survival does not
exceed 25%[16], whereas 52% survival has been reported
in Japan[17], and where early diagnosis of diagnosed cancer confined to the inner lining of the stomach wall has
been confirmed, a 5-year survival rate of 95% can be
reached[18]. The problem of late diagnostics is due to a
substantial proportion of patients with early stage disease being asymptomatic, or else unspecified[19].
Therefore, it is critical to diagnose the disease at an
early stage for radical cure to be possible. Ideally, the
disease should be prevented before premalignant lesions
have developed, either by the reduction (elimination) of
the risk factors or surveillance and management of the
premalignant (precancerous) conditions. Thereafter, we
have tried to review both the available and the potential
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strategies that could help reach this goal by addressing
their benefits and drawbacks.

PREVENTION
Primary and secondary prevention
The ideal and ultimate aim of GC prevention is to minimize cancer incidence and mortality rates. GC prophylaxis includes both primary and secondary prevention
strategies. Primary prevention involves avoidance of
known carcinogens, enhancement of host defense mechanisms, changes in lifestyle, and chemoprevention[20]. In
infection-related cancers, eradication of the responsible
pathogen has to be considered as a measure of primary
prevention[21]. Secondary prophylaxis includes screening
and treating premalignant lesions or early stage cancers[22]. The latter might be considered also tertiary prevention, i.e., follow-up of patients in whom the disease
has been confirmed.
The primary cancer prevention strategy has an epidemiological and a medical approach. The purpose of
the epidemiological method is to decrease cancer rate
and mortality by improving lifestyle through exclusion
of causal factors and supplementation with preventive
factors known to be anti-carcinogenic. The purpose of
the medical method is to eradicate the causative microorganism and to inhibit development of the cancer by
prescribing medicines with direct anti-carcinogenic actions. Eradication of H. pylori by antimicrobial treatment,
with additional administration of non-steroidal antiinflammatory drugs (NSAIDs) such as aspirin, has been
assessed for chemoprevention of GC[20].
Impact of lifestyle and antioxidants
The impact of lifestyle has been addressed in either epidemiological retrospective studies or experimental investigations, as well as interventional studies. The possibility
of interfering with lifestyle changes or agents bearing
low adverse event risk, such as antioxidants, would be
of considerable interest; however, the results of interventional studies have to be clearly separated from
epidemiological evidence due to the different durations
that individuals are exposed to these above mentioned
factors.
A study using an animal model (Mongolian gerbils
infected with H. pylori) demonstrated dose-dependent
augmentation of stomach carcinogenesis by salt, along
with alterations in the mucous microenvironment [23].
The augmenting action of salt was absent in H. pylorinegative Mongolian gerbils. Consumption of fresh fruit
and vegetables significantly reduces gastric cancer risk, as
demonstrated in numerous prospective studies. A cohort
study by the Japan Public Health Center revealed, after
10 years of follow-up, that consumption of vegetables
and fruit on one or more days per week was related to
a lower GC risk than consumption less than once per
week[24]. Cohort studies published before 2004 indicated
the opposite association between fruit and vegetable
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intake and GC incidence, stronger for follow-up periods
of > 10 years[25].
The protective effect of vegetables and fruit against
GC might be explained by the content of ascorbic acid,
carotenoid and beta-carotene. Ascorbic acid is an antioxidant that significantly reduces mitotic activity in
tumor cells without disturbing the growth of normal
cells[26]. Carotenoid is another important anti-oxidant
that protects against free radical-induced injury[27]. Since
beta-carotene, a retinol precursor, possesses anti-cancer
activities, it could be used to prevent gastric carcinogenesis[28]. Green tea contains polyphenols, better known
as catechins. These include epigallocatechin-3-gallate, a
substance proven to suppress carcinogenesis in in vitro
and in vivo studies[29,30].
Three publications about chemoprevention were aimed
at assessing the antioxidant effects of vitamin supplementation on precancerous stomach lesions[31-33]. These
randomized trials, designed as double-blind and placebocontrolled, were conducted on cohorts at high risk of
GC. The trial results were conflicting, and the quality
of the results was compromised by substantial loss to
follow-up and/or withdrawal in two of the studies[31,32].
Correa et al[31] reported that the patients randomized to
a distinct active intervention with either ascorbic acid (1
g BID), beta-carotene (30 mg/d) or anti-H. pylori eradication therapy were three times more likely to exhibit
improved mucosal legion histology in the stomach following a 6-year period of observation. However, this
antioxidant advantage vanished over a further 6-year
period without continuous vitamin supplementation, as
revealed by re-evaluation after 12 years of the study[34].
Conversely, a trial in Linqu County, Shandong, China,
failed to report any beneficial effect on the frequency of
precancerous stomach conditions and/or lesions after
7.2 years of vitamin supplement investigation (250 mg
ascorbic acid with 100 IU vitamin E and with 37.5 μL
selenium BID)[33]. Correspondingly, Plummer et al[32], in a
study with randomized patients receiving either vitamins
(250 mg ascorbic acid with 200 mg vitamin E and with
6 mg beta-carotene/TID) or placebo over three years,
found no noteworthy link between vitamin supplementation and the progression or regression of precancerous
stomach conditions and/or lesions.
The above-mentioned studies were conducted in
Columbia, Venezuela, and China, in cohorts with a high
incidence of GC[31-33], which makes it difficult to extrapolate the data and conclusions more widely, to cohorts
with a lower incidence of GC.
Therefore, the studies do not present unequivocal evidence that antioxidant supplementations of the regular diet
for medicinal purposes helps prevent GC[10]; one possible
explanation is that such trials have not run long enough to
assess the true situation.
Chemoprevention
In addition to antioxidant supplementation for chemoprevention discussed above, the potential use of NSAIDs
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has been under investigation. Overexpression of cyclooxygenase (COX)-2 has been detected, and the possibility that its inhibition can be chemopreventive has been
investigated in a number of cancers. COX-2 overexpression arises in non-cardiac stomach cancers and also in
well-differentiated stomach cancers[35]. A cohort study
with a meta-analysis indicated that aspirin significantly
reduced the risk of non-cardiac cancer but not of cardiac cancer[36]. A Taiwanese cohort study with multivariate
analysis suggested that systematic use of NSAIDs was
an autonomous defensive against GC development[37].
Long-term use of a selective COX-2 inhibitor decreased
the rate of development of metachronous cancer after
endoscopic resection of early cancer of the stomach,
with similar effectiveness to H. pylori eradication[38]. Systematic administration of non-selective NSAIDs such
as aspirin seems to decrease the risk for development of
stomach cancer, according to the results of retrospective
cohort studies[37] and meta-analyses[39].
Meta-analyses of observational studies have established that longstanding non-selective suppression of
COX using NSAIDs is a powerful chemopreventive approach to gastric carcinogenesis[39,40].
The efficacy of COX-2 inhibitors in preventing the
progression of precancerous gastric lesions was investigated in several medical trials including Asian populations. The overall assessment varied, irrespective of the
drugs used. Apart from one placebo-controlled randomized controlled trial (RCT)[41], the protective activity of
these drugs on precancerous stomach mucosal lesions
was demonstrated only in low quality trials, including
one small RCT[42], one pilot trial[43] and two prospective
cohort studies[38,44]. The studies were performed on very
diverse populations including first-degree relatives of
stomach cancer patients, or dyspeptic patients suffering from rheumatological diseases, or patients with early
stomach cancer, etc. This precludes any possibility of
overview and analysis of the results.
The efficacy on precancerous gastric lesions was
studied in trials of selective COX-2 inhibitors such as
rofecoxib, etodolac, and celecoxib. In an RCT, rofecoxib
taken by patients over two years conferred no important
advantage for regression of IM after eradication of H.
pylori[41]. Yanaoka et al[38] treated patients with 300 mg/d
of etodolac and reported an increased incidence of
metachronous cancer after a long follow-up period. The
authors observed no important variation in the range of
precancerous conditions and/or lesions, either with or
without administration of etodolac.
A series of studies investigated the ability of a selective COX-2 inhibitor, celecoxib, to decrease the degree
of precancerous stomach mucosal conditions and/or
lesions after H. pylori eradication. In a small randomized
trial, a 67% reduction in precancerous gastric lesions was
revealed after 12 wk administration of celecoxib[42]. In another study, administration of celecoxib for eight weeks
led to a comprehensive regression of IM in 29% of
patients with established eradication of H. pylori[43]. Fur-
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thermore, an improvement in IM severity was noticed in
those patients without complete regression (P < 0.007)[43].
Yang et al[44] demonstrated that dyspeptic patients with
rheumatological diseases exhibited a greater degree of
regression of IM with prolonged use of celecoxib than
in non-NSAID users, but only after successful H. pylori
eradication. Currently no medical chemoprevention can
be recommended for routine use in preventing the development of GC[10].
H. pylori eradication
It is generally recognized and accepted that most GCs,
including both intestinal and diffuse types, develop in
stomach mucosa infected by H. pylori, and that GC very
rarely appears in gastric mucosa in the absence of inflammation. H. pylori is therefore significant in the development of GC[45]. Certain H. pylori virulence factors and
certain host genetic polymorphisms are known to affect
the risk of any specific individual developing H. pyloriassociated disease, particularly peptic ulcer and GC[46].
H. pylori cagA-positive strains have been confirmed as
significantly associated with GC[47].
In experimental models of gastric cancer conducted
on Mongolian gerbils, H. pylori eradication lowered the
rate of GC[48]. This experiment implied that early H. pylori eradication was as successful at suppressing stomach
carcinogenesis as in the medium or late stages[49].
The regression of atrophic gastritis after H. pylori eradication has been shown in several controlled[33,50,51] and uncontrolled studies[52]. Atrophic gastritis of the gastric body
is of particular interest as it may pose a higher risk of cancer, and fortunately evidence of its regression, with eradication, seems to be assured[53]. However, a meta-analysis of
this subject indicated that gastric atrophic changes could
be reversible in cases located in the corpus but not the
antrum[54]. The possibility of regression of gastric mucosal
atrophy seems to depend on the size and topographical
distribution of atrophy[54]; yet it is uncertain whether the
results of H. pylori eradication differ with the site and the
size of atrophy.
A randomized trial and a meta-analysis revealed that
H. pylori eradication significantly restores gastric histology to normal[55,56] in chronic gastritis and atrophic gastritis without IM. In a systematic review it was established
that atrophic gastritis can undergo regression within one
or two years after successful eradication of H. pylori[57].
The presence of IM in H. pylori-associated chronic
gastritis suggests a less reversible stage than atrophic gastritis alone. The evidence suggests that eradication at the
IM stage is less effective and more likely to progress[54].
The idea of reversibility of IM after H. pylori eradication has been completely refuted[58,59]. Lower H. pylori
colonization of areas with IM could indicate that the
advantage of eradication is limited. The results of two
meta-analyses on this topic also established that there is
no substantial regression of IM following H. pylori eradication[54,56]. Nevertheless, Correa et al[31] in a randomized
6-year follow-up trial, indicated that successful anti-H.
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pylori treatment in patients with preneoplastic mucosal
changes, along with dietary antioxidant micronutrient
supplementation, can inhibit the precancerous process,
most probably by accelerating the regression of precancerous stomach mucosal conditions and/or lesions
as well as IM. This reversion of atrophy and IM was
confirmed after twelve years of follow-up[34]. However,
there is need to prove whether eradication at the stages
of atrophy and/or IM decreases the risk of GC.
One randomized trial from China was unsuccessful
in proving that H. pylori eradication considerably reduced
the rate of GC[60]. However, taking into account only the
group of patients deprived of preneoplasic conditions
and/or lesions at the outset, the incidence of GC over
7.5 years decreased after H. pylori eradication. A further
meta-analysis, containing four randomized intervention
trials with observation over 5-12 years matching H. pylori
eradication therapy against placebo therapy for preventing GC, demonstrated a minor trend in favor of H. pylori
eradication therapy. Further examination with insertion
of non-randomized trials with observation from 3 to 8.5
years revealed a substantial decrease in cancer rate after
eradication[61]. The meta-analysis updated by the authors
revealed that the comparative risk for GC after H. pylori
eradication was 0.65[62]. The authors proposed that the reduction of gastric cancer incidence could be relevant for
a subgroup of patients, possibly those in the initial stages
of non-atrophic gastritis[61,62]. De Vries et al[57] in a systematic review, established satisfactory clinical proof that H.
pylori eradication can help to prevent GC in patients with
both chronic non-atrophic and atrophic gastritis. A prospective trial also indicated that H. pylori eradication preceding the appearance of IM is possibly more successful
in decreasing the rate of gastric cancer[63].
In four prospective trials assessing the effect of H. pylori eradication on the development of premalignant conditions and/or lesions up to GC, the authors were unable
to detect a substantial decrease in cancer risk[33,34,50,60].
Studies of patients with previous endoscopic resection
of GC who had widespread IM demonstrated that the
risk of cancer was considerably decreased after successful H. pylori eradication[64,65]. In any case, H. pylori eradication decreases the development of IM in the stomach
mucosa[50,66,67]. Yet GC still arises in the setting of IM[63,68]
even following successful H. pylori eradication. Therefore,
evidence concerning the ability of H. pylori eradication
to reduce the risk of cancer in cases of widespread IM is
lacking, though it seems to reduces progression.
Kodama et al[69] examined their subjects each year for
10 years at 5 sites of the gastric mucosa, in accordance
with the updated Sydney system following eradication
of H. pylori. Atrophy at all 5 points and IM in the lesser
curvature of the corpus showed significant improvement during the follow-up period, which suggests that
improvement of gastric atrophy and IM might be associated with the reduction of GC occurrence.
Lee et al[70] first assessed the advantage of mass eradication of H. pylori infection for suppressing precancerous
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gastric lesions. This mass eradication began in 2004 for
Taiwanese patients of over 30 years of age in Matzu island, where H. pylori infection is prevalent. Patients who
were positive for the 13C-urea breath test underwent endoscopy and received clarithromycin-based triple therapy.
If the treatment was ineffective, a 10-d triple therapy
based on levofloxacin was prescribed. The main results
were changes in the frequencies of H. pylori infection and
precancerous gastric lesions. The mass eradication of H.
pylori infection was associated with a substantial decrease
in gastric mucosal atrophy but not in IM. The efficacy of
the chemoprevention in decreasing the gastric cancer rate
was 25%.
Park et al[71] concluded that appropriately designed
studies are now required before deciding on populationwide prevention programs, which should also consider
the potential risks of mass antibiotic treatment and its
effect on gut flora[71].
H. pylori eradication has been suggested by numerous
societies. For instance, there are guidelines for patients
with GC after subtotal gastrectomy[72-74]. The eradication of H. pylori in GC patients with prior endoscopic
resection reduces the incidence of new tumors and the
extent of IM[65]. In a multicenter randomized controlled
study[64], patients with GC were assigned for eradication
or none, with analogous starting point characteristics in
each group. After three years of follow-up, 24 metachronous tumors had arisen in the non-eradication group
compared with nine in the eradication group. These
examples demonstrate the protective effect of H. pylori
eradication against the development of metachronous
tumors after resection of the primary tumor.
The data regarding the effect of H. pylori eradication
on the development of gastric epithelial dysplasia are
contradictory[31,33,34]. Overall, the evidence to date suggests
that dysplastic changes are unaffected by eradication, but
a possible benefit of eradication for patients with dysplasia is a lower incidence of metachronous tumors. These
considerations indicate that H. pylori eradication is strongly
recommended for patients with a previous history of GC
or dysplasia.
Choi[75] has published a summary of the Consensus
reports on H. pylori eradication treatments published for
many geographical regions[46,74,76-79]. Reliable indications
in these guidelines, with high levels of evidence, are (1)
peptic ulcer; and (2) low-grade gastric MALT (mucosa-associated lymphoid tissue) lymphoma. H. pylori eradication
is recommended in the guidelines as a preventive tool for
GC in definite circumstances, in accordance with existing evidence[80]. The best-supported recommendation is
the use of H. pylori eradication after endoscopic resection
of GC[46]. Other recommendations for H. pylori eradication aimed at preventing GC are family members of GC
patients, patients with diagnosis of gastric atrophy, and
persons who want eradication therapy. At present, the
recommendation for H. pylori eradication with a high
level of straight evidence for GC prevention is indicated
for patients after endoscopic tumor resection in early
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gastric cancer (EGC)[64]. There is no direct evidence that
the method reduces GC frequency in other situations.
Stomach mucosal atrophy can decrease after eradication,
as proved in many reports[56], but a reduction in GC rate
in patients with atrophic gastritis is unproven.
H. pylori eradication in a family history of GC
A family history of stomach cancer is a well-known risk
factor[81], and the phenomenon seems to be multifactorial. Investigations of first-degree relatives of GC patients reveal common factors increasing the likelihood
of GC, for instance genetic aspects and ecological factors, particularly in childhood[82]. A study of H. pylori
prevalence and gastric mucosal changes in family members revealed that first-degree relatives had a considerably greater rate of H. pylori infection. Moreover, they
exhibited more advanced stages of mucosal atrophy
and greater extent of IM than control groups[83]. An increased prevalence of H. pylori and a higher stage of IM
in the stomach corpus mucosa were demonstrated in
young relatives of patients with GC diagnosed before
the age of 40[84]. In Western countries, the first-degree
relatives of patients with GC were also found to have
an increased prevalence of H. pylori infection, advanced
stages of gastric mucosal atrophy, and IM even at an
early age[85].
In general, the current guidelines recommend H. pylori eradication for patients with a family history of GC.
However, there is still no direct confirmation that eradication strategies really decrease the GC rate in this cohort.
Massarrat et al[52] examined the change and topography of inflammation, atrophy and IM in first-degree
relatives of GC patients following H. pylori eradication.
This was associated with regression of gastric atrophy,
but not IM even in its early stages. Gastric atrophy and
IM in the antrum progress more rapidly in cases left
untreated for H. pylori infection (> 4% years follow-up)
compared to H. pylori-eradicated cases.
Prevention of metachronous cancer after endoscopic
resection
Metachronous gastric cancer after endoscopic resection
of the primary tumor can often be detected at another
location within the stomach mucosa[22]. The results of
a multi-center study of metachronous gastric cancers
after endoscopic resection demonstrated that H. pylori
eradication decreases the risk of appearance of new gastric cancers, even in patients at the highest risk[64]. They
also suggested that H. pylori eradication was protective in
patients with mucosal atrophy and IM. Conversely, some
trials have demonstrated that the protective effect of H.
pylori eradication on the incidence of gastric cancer is restricted to subgroups of patients without gastric mucosal
atrophy or IM[60,86]. A retrospective trial on metachronous
GC in patients with early GC after endoscopic resection
demonstrated a higher tumor incidence in the group
with persistent H. pylori than the eradicated group[87]. A
study by Kato et al[22,45] revealed that H. pylori eradication
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protects the stomach mucosa from the development of
metachronous GC in patients after endoscopic resection, with significantly higher rates of the cancer in the
control group than in patients after successful H. pylori
eradication.
H. pylori infection is implicated in both the initiation
and progression of GC[88]. The results of many studies
demonstrate that H. pylori eradication is effective in complete suppression of tumor growth at the precancerous
gastric mucosal lesion stage. H. pylori eradication could
inhibit latent cancers (tiny cancers that are undetectable
by endoscopy) not merely by slowing their growth, but
also, potentially, by completely suppressing them[89].

SCREENING
General principles of cancer screening in settings of an
organized program
The effectiveness of a population-based cancer screening program can be measured by reduction of mortality
from a specific cancer, the results depending on the extent of organization, i.e., how well different components
of a screening process are associated[90]. In 1968 and on
behalf of WHO, Wilson and Jungner[91] defined the criteria for screening of a disease. In addition to the epidemiology, and disease management issues, the accuracy of
the test-system in parallel to cost-efficacy considerations
were listed in the criteria. High sensitivity of the screening test is one key aspect in not missing cases of the
disease at a curable stage. Organized cancer screening is
the most effective approach for achieving the target, and
IARC has defined the features with which such a program has to comply[92].
Current nationwide screening programs
Japan and South Korea are countries with ongoing
nationwide organized GC screening programs. The
screening program was launched in 1960 in Japan, with
the only recommended screening method being photofluorography (after a barium meal)[93]. From February,
2013, H. pylori eradication is reimbursed in Japan, but organized screening program. Upper endoscopy is used in
conjunction with photofluorography screening in South
Korea[94].
Kazakhstan has also decided to introduce bi-annual
screening, with upper endoscopy for esophageal and
gastric cancers for the age group 50-60. Starting from
the beginning of 2013, this has been implemented in 6
of the 16 regions in the country with the intention to expand it to the entire country. However, the set-up of the
program is unlikely to adopt or correspond to the criteria
required of an organized program, giving little expectation that the target will be reached.
Regional screening initiatives
A number of regional opportunistic screening activities
that have been conducted should be considered more as
pilot studies. The screening tools are mainly addressing
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precursors of GC, the presence of premalignant lesions
(such as atrophy) or broadly the presence of H. pylori infection.
Leung et al [95] reviewed their experience with GC
screening in Asia. Data on a screen-and-treat study from
Matzu island where there is a high gastric cancer incidence of H. pylori have now been published[70]. There
seems to be a substantial decrease of atrophy and peptic
ulcer disease following the eradication; the incidence of
GC has also decreased by 25% during the study period
(however, lack of a control group prevents any confirmation of a causal relationship).
A large H. pylori eradication study is currently in progress in Linqu county, China[96].
Meta-analysis of pepsinogens in GC, dysplasia and
atrophic gastritis screening either in Japan or outside it
has been published by Dinis-Ribeiro et al[97]. Another
meta-analysis of 27 population-based screening studies (comprising 296 553 subjects) and 15 selected group
studies (with 4385 subjects) by Miki[98] indicated that the
pepsinogen test had a sensitivity of 77% in detecting
GC, with negative predictive values ranging from 99.1
and 99.9%. These ran between 1982 and 2002, most
originating from East Asia. At the same time, studies
from other parts of the world (e.g., Finland and Venezuela) were also included. The author reaches the conclusion that this method is useful in identifying high-risk
subjects rather than cancer itself.
Lomba-Viana et al[99] have also demonstrated the feasibility of pepsinogen screening in a European population. Other regional activities using a set of biomarkers GastroPanel (pepsinogen Ⅰ, pepsinogen Ⅱ, gastrin-17,
IgG group antibodies to H. pylori) - are under way in
Northern Italy and Germany.
Currently available non-invasive tests
It is unlikely that endoscopy or photofluorography
screening methods will become effective populationbased gastric screening tools in countries outside Asia,
either because of the epidemiology of GC or the cost
implications. Therefore, the potential use of non-invasive screening approaches will be addressed in greater
detail.
Pepsinogens
Pepsinogens are pro-enzymes of pepsin, and their serum
or plasma levels reflect, indirectly, secretion by the stomach. Pepsinogen Ⅰ (PgⅠ) is exclusively produced by the
chief and mucous neck cells of the corpus, whereas pepsinogen Ⅱ (PgⅡ) is also produced by cardiac, pyloric and
Brunner gland cells[100]. Only a minor proportion (about
1%) of the secreted pepsinogens reaches the bloodstream, but this is sufficient to assess stomach function.
Pepsinogen levels decrease in atrophic gastritis, but
are increased during inflammation. To eliminate the possibility of a false normal result when atrophy and H.
pylori infection co-exist, the ratio between PgⅠ and PgⅡ
(PgⅠ/Ⅱ) is considered a more reliable marker than Pg
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Ⅰ alone

[98,101,102]

.
The diagnostic cut-off values for PgⅠ and the PgⅠ
/Ⅱ have varied in previous studies[103]. Different test-systems and methods have been traditionally used in assays
conducted in Asia and Europe; most of the recent Asian
studies, in particular in Japan, have used the latex agglutination method, whereas ELISA testing is mainly in use
in Europe. Although there is a relatively good correlation
between these results, the absolute values differ. Thus
results based on absolute values cannot be translated between the different studies where non-identical test systems are used[104]. Therefore, the current guidelines emphasize the need for regionally validated test-systems[46].
Although as previously reported [98], sensitivity results on pepsinogens for GC identification might be
considered acceptable in screening settings, worse performances have been reported in many of the studies.
Whilst the results are better for the detection of atrophy, i.e., sensitivity of 66.7%-84.6% and a specificity of
73.5%-87.1%[105-108], significantly lower sensitivity of GC
detection using the same cut-off values (36.8%-62.3%)
has been reported[109-111]. This might result in missing
half or more of the GC cases in a population-based
screening settings.
Therefore, regional validation of the tests and additional pilot studies in screening settings are required before the tests can be implemented, at least outside Asia,
in any organized screening programs.
Gastrin-17
An additional marker has now been suggested to characterize atrophy in the antral part of the stomach - amidated gastrin-17 (G-17), which is secreted exclusively by
the G-cells in the area[112]. In Europe, a combined set of
PgⅠ, PgⅡ, G-17 and H. pylori IgG antibody detection is
available under the brand, GastroPanel[113].
Although theoretically the combination of G-17 detection to pepsinogens would be an ideal reflection of
the functional status of the stomach, as well as the atrophy in the entire organ, the performance of this test in
practical terms is far from meeting expectations.
G-17 levels in plasma are influenced by multiple factors, including acidity regulating pharmaceuticals, food intake, and inflammation[113]. G-17 measurement following
provocation with a protein-rich meal is considered the
best indicator of antral G-cells functioning[114,115]. Such a
procedure is impractical and inconvenient in screening
settings; therefore fasting G-17 levels are being taken in
many studies[100]. However the sensitivity of the test in
the fasting state or after food stimulation (15.8% at fast
and 36.8% after the stimulation)[116] seems unacceptable
for screening purpose.
Many reports confirm the acceptability and accuracy
of the GastroPanel test-system, including G-17, for detecting atrophy in the gastric mucosa[113,117,118]; however
this seems to reflect the performance of pepsinogen
tests more than G-17.
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Emerging developments
During recent years there has been an increasing interest
in the potential use of molecular biology approaches in
GC risk detection. This paper will not discuss hereditary
GC with a clear association to CDH1 mutation; guidelines on how to deal with individuals at potential risk
exist[119]. Extensive work has been conducted on the role
of host-genetics to stratify the risk of GC development.
However, currently no polymorphisms of proinflammatory cytokines are being routinely used for the stratification of GC risk in an individual patient due to the lack
of association strength and of screening[46].
MicroRNAs
MicroRNAs are endogenous, small (about 22 nt in
length), non-coding RNA molecules modulating posttranscriptionally gene expression[120]. Due to their stability in different tissue, analysis of specific microRNA
signatures may become an important diagnostic and
prognostic tool for different cancers, including GC[121].
Extensive work to identify microRNAs that are upregulated and downregulated in GC as well as the related
premalignant lesions has been carried out. Several reviews
of this topic have recently been published[122-125]. More
work is required to identify the microRNA signature that
can be reliably used in the early detection of GC, as well
as in analysing the reproducibility of the results from different populations.
Cancer autoantibodies
Another potential tool for early GC diagnostics is a specific cancer autoantibody panel. Autoantibodies against
tumor-associated antigens have been identified in several
cancer types[126,127]. Although the availability antibodies
against particular tumor-associated antigens is limited,
typically ranging from 1% to 15%, an approach of panel-testing is now being used to explore cancer-specific
antibodies[128]. Such a panel antibody search has been
conducted in GC, in which 45-autoantibody signature
was found to discriminate GC from healthy controls
with 59% sensitivity and 90% specificity[128].
Volatile markers
Volatile components found in the exhaled breath and
identified either by gas-chromatography coupled massspectroscopy or nanosensor technology could also make
a reliable and easy-to-use tool for detecting cancer[129].
A recent pilot study suggests the possibility of using a
highly sensitive, cross-reactive, nanomaterial-based gas
sensor to identify and separate volatile marker patterns
between GC patients and those with benign gastric conditions with 89% sensitivity, 90% specificity and 90%
accuracy[130]. However, geographical differences between
the content of volatile substances do exist[131], making
local adaptation of the method (“teaching of the electronic nose”) might be required.
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Figure 1 White light endoscopy of the stomach of a 60-year-old man. A: Hyperplastic gastric polyp 40 mm × 20 mm in size is clearly visible in the foreground.
The flat lesion in the background has been missed during first outpatient esophagogastroduodenoscopy; B: Pathomorphology after initial biopsy and polypectomy
confirmed the hyperplastic nature of the polyp.

A

B
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Figure 2 Esophagogastroduodenoscopy of the same patient. A: The flat lesion in the background can been viewed more easily when better lit; B: Closer view
of the superficial elevated lesion; C: After chromoendoscopy with indigo carmine - a roundish lesion 25 mm in diameter can be seen, with a smooth lobulated surface
and a 6-mm, reddish protrusion in the distal part; type 0-Ⅱa+Is according to Paris classification; D: Due to the marked inflammation and presence of intestinal metaplasia the precise proximal margin of the lesion is still unclear, even with the use of chromoendscopy.

Cost implications
Endoscopic screening only becomes cost-effective in
moderate- to high-risk populations[132,133]. Two recent systematic analyses have confirmed the cost-effectiveness
of H. pylori screen-and-treat strategy in preventing GC,
even in areas with rather low incidences of GC[134,135].
However, the adverse effects of broad antibiotic use
for H. pylori widespread eradication need consideration
in future studies[135]. Insufficient evidence is available
on the cost-effectiveness of pepsinogen or other newer
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potential screening modulation approached in screening
settings for GC.

EARLY ENDOSCOPIC DIAGNOSIS
Endoscopic diagnosis of early gastric cancer (EGC) is
quite difficult because it often shows only subtle changes; endoscopists have to be well trained and familiar with
new techniques.
The first step in diagnosing EGC endoscopically is
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Figure 3 Characterization of the surrounding mucosa of the same patient. A-C: WLE + chromoendoscopy: pronounced focal mucosal hyperemia, edema, petechiae, multiply foci of intestinal metaplasia; D: Narrow band imaging (NBI) + magnified endoscopy (zoom). The results, according to VS-classification[138]: the surrounding mucosa is inflamed, with a regular stick-like microsurface pattern, slightly irregular wavy microvascular pattern; E: Confocal laser endomicroscopy (CLE): A crosssection of normal glands; F: CLE: A longitudinal section of normal glands; G: CLE: Marks of intestinal metaplasia - Goblet cells; H: Pathomorphology: Active chronic
Нр+ gastritis with incomplete intestinal metaplasia and low grade epithelial dysplasia.

to detect any suspicious lesions, to characterize them and
make an accurate diagnosis (Figures 1-7). The third step
is good reporting, based on the Paris classification as the
current standard[136].
Several simple, but very important aspects, have to
be observed for the endoscopic diagnosis of EGC, such
as the best preparation for an endoscopic examination in
minimizing the time and effort taken in removing mucus
(drinking a mixture of water with mucolytic and defoaming agents before the procedure), which is very popular
in Eastern countries, but is not always used in Western
countries, at least not in daily clinical practice.
Second,to avoid blind spots during endoscopy, it is
necessary to use a standardized procedure to map the
entire stomach. The European Society of Gastrointestinal Endoscopy (ESGE) recommendations for quality
control in gastrointestinal endoscopy: guidelines for image documentation in upper and lower GI endoscopy[137]
proposes that 8 images should be taken to illustrate the
examination of the stomach in its totality (complementary images should be taken in the case of a specific lesion). A recent review[138] proposes a minimum required
standard, a “systematic screening protocol for the stomach (SSS)” that comprises 22 endoscopic photos as a
minimum standard. If another lesion is found, additional
pictures have to be taken. The longer the examination
time and the more pictures taken, the easier it is to improve the detection of lesions[139].
Detection of subtle gastric mucosal changes during
examination requires advanced endoscopic techniques.
Different techniques, such as magnifying endoscopy,
chromoendoscopy (CE), novel high-resolution (HR)
virtual chromoendoscopy techniques with narrow-band
imaging (NBI) with or without magnification (NBI-ME),
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flexible spectral imaging color enhancement (FICE) endoscopy with or without magnification (FIME) and confocal laser endomicroscopy (CLE), have been tested for
the diagnosis of EGC, with promising results. The most
investigated endoscopic technique seems to be NBI,
which has given promising results.

NBI ENDOSCOPY FOR EGC/DYSPLASIA
DIAGNOSIS
Many studies have aimed at directly distinguishing cancerous lesions from non-cancerous lesions using NBI.
The most assessed endoscopic technique for detection
of EGC has been NBI-ME (Table 1), which has high
sensitivity and specificity.
GC differentiation
The first NBI clinical studies published dealt with cancer
differentiation. Table 2 shows the data available regarding gastric cancer differentiation using NBI-ME.
Table 3 summarizes the studies evaluating the horizontal extent (DL) of EGC on NBI-ME.
Possible data aggregation for NBI’s studies
A recently published systematic review[140] using available data from several studies working groups calculated a pooled sensitivity, specificity and DOR of 0.90
(95%CI: 0.84-0.94), 0.83 (95%CI: 0.80-0.86) and 47.61
(95%CI: 4.61-491.34), respectively, for the diagnosis of
dysplasia.
Cancer delineation using NBI
NBI endoscopy may also help in assessing the extent of
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Figure 4 Some patient after 2 wk of Helicobacter pylori eradication therapy. The characterization of the flat (Ⅱa) part of the lesion type 0-Ⅱa+Is is neoplastic:
A-D: High definition Video-EGD + chromoendoscopy + Zoom: Shows a clear demarcation line between the lesion and surrounding mucosa; E-G: NBI + zoom: A clear
demarcation line between the lesion and the surrounding mucosa; H, I: NBI + zoom: An irregular microsurface pattern - elongated and different in size and shape; J, K:
An irregular microvascular pattern - tortuous, different in shape and size of the capillaries, forming an irregular network; L: CLE: Marks of intestinal metaplasia - Goblet
cells; M: CLE: Deformed glands; N: CLE: Dark irregular glands; pseudostratified epithelium; O: CLE: Dark irregular glands; pseudostratified epithelium; P: Pathomorphology: Incomplete intestinal metaplasia and high grade dysplasia with foci of well-differentiated adenocarcinoma.

lesions (determining the margin between cancerous and
non-cancerous mucosa),and in improving safety margins
and cure rates during endoscopic resection of EGC.
As described before, different studies have reported
various descriptions of GC mucosal and vascular patterns, as well as the demarcation line (DL). A recent
invited review[138] suggested the VS classification system
for making a differential diagnosis between cancerous
and noncancerous lesions for NBI-ME endoscopy.
This simple but structured system classed the microvascular (V) and microsurface (S) patterns into three
categories: regular, irregular and absent.

WJG|www.wjgnet.com

FICE for dysplasia/cancer diagnosis and delineation
Although several studies evaluated EGC by FICE endoscopy, most looked at the DL between a GC and
its surrounding area with the FICE system [with and
without magnification, with ultraslim, with small-caliber
endoscopy and with indigo carmine (I-FICE)]. Table 4
summarizes the evaluations of the horizontal extent (DL)
of EGC on FICE.
Although FICE endoscopy seems to be a promising
tool for EGC DL detection, more studies are necessary
and welcome.
New HR advanced endoscopic technologies could
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Figure 5 Some patient after 2 wk of Helicobacter pylori eradication therapy. The characterization of the protruded (Is) part of the lesion type 0-Ⅱa+Is is a differentiated adenocarcinoma. A: High definition Video-EGD + chromoendoscopy: A closer view of the protruded part of the lesion; B-D: Barrow-band imaging (NBI) +
zoom: Unclear shredded microsurface pattern with an irregular network microvascular pattern - the capillaries differ in shape and diameter and are tortuous; E: Confocal laser endomicroscopy (CLE): Dark irregular glands; pseudostratified epithelium; irregularly shaped nuclei; F: CLE: Dark irregular glands; pseudostratified epithelium; G: Pathomorphology: A well-differentiated adenocarcinoma.

RISK STRATIFICATION
Recent guidelines emphasize the importance of GC risk
stratification for the individual patient [46,141]. Chronic
atrophic gastritis, IM and dysplasia are defined as precancerous conditions for dysplasia and gastric adenocarcinoma development[141].

Figure 6 Same patient. Endosonography of the lesion 0-Ⅱ a + Is. Area of the
lesion (25 mm in size): Thickening of mucosa up to 5-7 mm; submucosal layer
is clear under the tumor; lymph nodes are not visualized.

be helpful in detecting subtle mucosal features invisible
by standard WLE, and might improve the identification
of EGC. At present, NBI-ME is probably the most frequently examined endoscopic technique, with the largest
amount of technical data available.
However endoscopic training and experience are
highly essential, as well as good preparation for an endoscopic examination. The most important process is
scrutinizing all gastric areas with targeted biopsies as
histopathological examination remains the gold standard
for the final diagnosis of EGC.
Another problem is the continuing lack of consensus
and of mucosal features description system with these
high-resolution technologies, even for any of the technologies examined separately.

WJG|www.wjgnet.com

High grade gastric epithelial dysplasia-associated risk
Most patients who develop high-grade gastric epithelial
dysplasia are at high risk for developing invasive gastric
carcinoma[142]. According to the MAPS guidelines, histological diagnosis of high-grade dysplasia in the absence of
endoscopic data indicates an immediate need for endoscopic re-examination with wide biopsy sampling and subsequent surveillance at six-month to one-year intervals[141].
Low grade gastric epithelial dysplasia-associated risk
The risk of development of GC in patients with lowgrade gastric epithelial dysplasia is comparable to (or even
significantly higher than) the risk of cancer after resection of colonic adenomas, or in Barrett’s esophagus, or in
chronic inflammatory bowel disease[143-145]. In contrast to
patients with high-grade gastric epithelial dysplasia, lowgrade dysplasia patients have a lower risk of progression
to invasive gastric carcinoma. According to a nation-wide
study in the Netherlands, the annual incidence of GC 5
years after diagnosis was 0.6% in patients with mild-tomoderate dysplasia, but 6% with severe dysplasia[146]. It
is recommended that in cases of histologically-detected
low-grade dysplasia without an endoscopically-detected
lesion, the patients should be followed for a year; but if
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Figure 7 Same patient. A-D: The lesion was removed en-block using triangle and IT-2 knives at endoscopic submucosal dissection without any complications; E:
Well-differentiated adenocarcinoma no invasion in submucosa, clear horizontal and vertical margins, absence of vascular and lymphatic invasion.

an endoscopically defined lesion is found, endoscopic resection should be considered[141].
Atrophy or IM-associated risk
As early detection of GC can improve the survival of
patients, surveillance of precancerous gastric mucosal
conditions and/or lesions seems significant, as demonstrated by numerous trials. The speeds of progression of
gastric mucosal atrophy and IM range respectively from
0 to 1.8% and from 0 to 10% per year[141].
The Maastricht Ⅳ guidelines suggest that pre-neoplastic high-risk conditions, such as atrophy and IM, require
endoscopic follow-up; that regular follow-up should be
considered in patients with moderate-to-severe atrophy at
2-3 year intervals; and that there is a need, however, for
prospective studies to determine the correct timing of
follow-up[46].
In considering that the overall risk of developing GC
is too low to validate endoscopic surveillance for every
patient with chronic atrophic gastritis and IM, MAPS
guidelines suggest endoscopic surveillance only for patients with extensive atrophy or IM (i.e., both in the antrum or the corpus); surveillance is recommended over
three-year intervals[141].
OLGA and OLGIM staging systems
It has recently been suggested that OLGA[147] and OLGIM[148] staging systems for gastric premalignant lesions
can simplify the clinical approach, while using the same
biopsy work-up as the Sydney system (5 biopsies). The
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abbreviation OLGA stands for Operative Link on Gastritis Assessment, whereas OLGIM emphasizes the importance of IM.
Atrophy is defined as loss of appropriate glands (with or
without metaplasia). In each compartment (i.e., mucoussecreting antral and oxyntic/corpus mucosa), atrophy is
scored on a 4-tiered scale (0-3) according to the visual analogue scale of the Houston-updated Sydney system. The
staging result from the combination of atrophic changes
was assessed in the 2 mucosal compartments that were
considered. OLGIM basically incorporates the OLGA
frame, but replaces the atrophy score with an assessment
only of IM.
By itself, this staging does not allow one to judge
the topography of the lesion detected (in particular for
the lower stages), but it may be potentially linked to the
prognosis and management issues since most cancer
cases are expected to progress from stages Ⅲ and Ⅳ[149].
This stage distribution is also convenient for research
purposes[150].

CONCLUSION
GC has been a substantial healthcare problem in a large
part of the world for decades. Even though the incidence
in age-adjusted standardized figures is on the decline,
more rapid decrease could be achieved by implementing preventive measures. Screening for cancer and precancerous lesions could be beneficial, but the currently
available methods are not yet readily implementable in
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Table 1 Narrow-band imaging endoscopy for early gastric cancer/dysplasia diagnosis
Ref.

Endoscopic technique

Kaise et al[151]

NBI-ME for superficial
The triad: Absence of fine mucosal
NBI-ME specificity (85%, theoretically calculated if all of
depressed gastric le- structure with microvascular dilation and the triad were positive), which was significantly (P < 0.001)
sions vs WLE
heterogeneity
superior to WLE general diagnosis (65%)
NBI-ME vs WLE
The triad: Absence of fine mucosal
NBI-ME sensitivity (93%) and specificity (95%)
structure with microvascular dilation and
heterogeneity
NBI-ME vs WLE
Irregular V pattern with a mucosal DL
NBI the diagnostic accuracy was significantly higher for
than for WLI (79% vs 44%; P = 0.0001), as was its sensitivity
(70% vs 33%; P = 0.0005). The diagnostic specificity of NBI
(89%) was higher than that of WLI (67%), but the difference
was not statistically significant
NBI without ME
Complete loss of
The sensitivity, specificity, PPV and NPV for detection of
architectural and mucosal pattern
premalignant lesions were 71%, 58%, 65% and 65% for NBI
and 51%, 67%, 62% and 55% for WLE, respectively
NBI-ME vs WLE to
WLE: Red coloring NBI-ME: An irregular The sensitivity, specificity, and accuracy of WLE vs NBI-ME
differentiate between V pattern with a DL, or irregular S pattern were 64% (52%-76%) vs 95% (90%-100%), 94% (86%-100%)
cancer and adenoma
with a DL
vs 88% (77%-99 %), and 74% (66%-83%) vs 92% (86%-98%),
in superficial elevated
respectively
lesions of the stomach
NBI-ME
VS classification: (1) irregular V pattern
Sensitivity and specificity for carcinoma were 75.0% and
with a DL between the lesion and the sur84.9%, respectively. PPV was 81.4%
rounding area; and (2) irregular S pattern
with a DL between the lesion and the
surrounding area
NBI-ME
Fine network (net-like appearance conSensitivity 86.2%, specificity 97.0%
sisted of irregular shaped micro vessels),
core vascular (clearly visible coiled or
wavy vessels in the central area of the
mucosal structure), and unclear patterns
(micro vascular patterns is not observed)
NBI-ME vs CLE
NBI: “VS” classification system
Accuracy of the CLE and the NBI-ME diagnosis was 88%
(95%CI: 78%-98%) and 81% (95%CI: 69%-93%), respectively
NBI-ME vs WLE
The triad: Disappearance of fine mucosal The sensitivity and specificity for NBI-ME diagnosis using
structure, microvascular dilation, and
the triad (92.9% and 94.7%, respectively) were significantly
heterogeneity
better than those for WLE (42.9% and 61.0%, respectively)
NBI
“Irregular vessels and mucosa” (pattern C)
Accuracy 95%; 95%CI: 90%-99%; LR+ = 44.33

Kato et al[152]

Ezoe et al[153]

Capelle et al[154]

Maki et al[155]

Tsuji et al[156]

Omori et al[157]

Wang et al[158]
Kaise et al[159]

Pimentel-Nunes et al[160]

Mucosal and vascular pattern for GC

Accuracy

EGC: Early gastric cancer; GC: Gastric cancer; NBI-ME: Narrow-band imaging with or without magnification.

Table 2 Gastric cancer differentiation using narrow-band imaging with or without magnification
Ref.
Nakayoshi et al[161]
Endo et al[162]
Tamai et al[163]

Yao et al[164]

Yokoyama et al[165]

Endoscopic
technique

Differentiated-type EGC (D-EGC)

Undifferentiated-type EGC (UD-EGC)

NBI-ME

Relatively regular fine network pattern

Relatively irregular, twisting or corkscrew pattern,
with a relatively low density of microvessels
Short twig or branch-like pattern with hypovascularity

NBI-ME
Grid network pattern with hypervascularity
NBI-ME describing Intramucosal carcinomas were more frequently found
depressed gastric
in depressed adenomas (reddish in color, a regular
adenomas vs pro- ultrafine network pattern of mucosal microvasculature)
truding adenomas
(25%) than in protruding adenomas (4.5%)
NBI-ME
WOSa white substance within the neoplastic epithelium
that may obscure the subepithelial microvascular pattern. More frequent in non-advanced neoplasia than in
advanced carcinomas and that 100% of non- advanced
lesions demonstrated a regular distribution of WOS
NBI-ME
Amongst the D-EGC lesions, fine-network pattern,
In UD-EGC intra-lobular loop pattern-2 and corkscrew
intra-lobular loop pattern-1, intra-lobular loop pattern-2 pattern were observed in 41.2% and 58.8%, respecand corkscrew pattern were observed in 15.7%, 59.6%, tively. Therefore, UD-EGCs were all classified as intra24.2% and 0.5%, respectively. D-EGCs mainly exhibited
lobular loop pattern-2 and corkscrew pattern
fine-network pattern or intra-lobular loop pattern

NBI-ME: Narrow-band imaging with or without magnification; EGC: Early gastric cancer.

WJG|www.wjgnet.com

13854

October 14, 2014|Volume 20|Issue 38|

Pasechnikov V et al . Gastric cancer: Prevention, screening and early diagnosis
Table 3 Studies evaluating the horizontal extent (DL) of early gastric cancer on narrow-band imaging with or without magnification
Ref.

Endoscopic
technique

Okada et al[166]

Nonaka et al[167]

Kiyotoki et al[168]

Nagahama et al[169]

Aim of the study

Results

NBI-ME

Assessment the comparative relationship between NBINBI-ME images of UD-type EGCs proved to be very
ME images and histopathological findings in patients
closely related to the histopathological findings
with UD-type EGCs prior to either ESD or surgery
NBI-ME
Estimating a DL on NBI-ME in comparison with
The DL that could be recognized at 2 points on the orifice
biopsy findings as a gold-standard
and anal sides of each lesion during ME-NBI was consistent with the pathological findings in 22 patients with 0-Ⅱc
lesions, 7 with 0-IIb lesions, and 2 with 0-Ⅱb + Ⅱc lesions,
showing an accuracy of 100%
NBI-ME vs
Evaluated the usefulness of NBI-ME for determining
The rate of accurate marking of the ME-NBI group was
ICC
the tumor margin compared with ICC (indigocarmine- significantly higher than that of the ICC group (97.4% vs
chromoendoscopy)
77.8%, respectively; P = 0.009)
NBI-ME vs CE To investigate the usefulness and limitations of NBI- The proportion of cancers showing unclear margins using
ME when CE is unsuccessful for determining the
CE was 18.9% (66/350). Of these, 62 of 66 cancers were
horizontal extent of EGC
examined using ME with NBI, with the entire margins successfully delineated in 72.6% (45/62) of the lesions that had
shown unclear margins using CE. The success rate was 0%
for undifferentiated cancers, significantly lower than that
for differentiated lesions (P < 0.00001)

UD-type EGCs: Undifferentiated-type EGCs; ESD: Endoscopic submucosal dissection; ICC: Indigo carmine chromoendoscopy; NBI-ME: Narrow-band imaging with or without magnification.

Table 4 Studies evaluatingthe horizontal extent (DL) of early gastric cancer on flexible spectral imaging color enhancement
Ref.
Jung et al[170]

Mouri et al[171]

Tanioka et al[172]

Osawa et al[173]

Osawa et al[174]

Yoshizawa et al[175]

Jung et al[170]

Dohi et al[176]

Endoscopic
technique

Aim of the study

Results

FIME vs WLME

Discrimination of non-neoplastic lesion,
adenoma, and cancer of the stomach

The proportion of agreement and the degree of agreement between
endoscopic and pathological diagnosis by WLME were 0.85 and 0.76,
respectively, and those by FIME were 0.91 and 0.86, respectively
FICE vs WLE 78 differentiated, 22 undifferentiated EGC The score of the FICE observation improved in 46 cases (46%), was
were analyzed before an endoscopic or
unchanged in 54 cases (54%), and decreased in no cases (0%)
surgical resection
FICE with ultraEndoscopy focusing on the enhanced
Visibility with FICE was superior to WLE in 54% of the observations
slim endoscopy contrast between tumor and non-tumor
and comparable to WLE in 46% of the observations
vs WLE
lesions
small-caliber Evaluate median color differences between Greater median color differences were present in FICE images comFICE vs WLE
malignant lesions and the surrounding pared with WLE, resulting in images with better contrast (27.2 vs 18.7,
mucosa
P < 0.0001)
OBI(without
Delineating the depressed-type EGC
DL of the depressed-type EGC was easily identified by OBI without
magnificamagnification in 26 of 27 cases (96%)
tion and with
40-fold magnification) vs WLE
OBI vs WLE
The identification of the DLs of an
DLs were easily identified in OBI images, even without magnification
elevated-type EGC without Magnification
and the rate of success in identifying the
abnormal surface structure of GC by using
low-magnified OBI images
FIME vs WLME The discrimination of non-neoplastic leThe proportion of agreement and the degree of agreement between
sion, adenoma, and cancer of the stomach endoscopic and pathological diagnosis by WLME were 0.85 and 0.76,
respectively, and those by FIME were 0.91 and 0.86, respectively
I-FICE vs WLE, To evaluate the usefulness of I-FICE in
The median ranking score for I-FICE images was significantly higher
FICE and CE
EGC demarcation
than that obtained from the other methods

FIME: Magnifying endoscopy with flexible spectral imaging color enhancement system; WLME: White light magnifying endoscopy; FICE: Flexible spectral
imaging color enhancement; OBI: Optimal band imaging; DL: Demarcation line I-FICE- FICE with indigo carmine; CE: Chromoendoscopy (indigo carmine).

organized screening settings. Additional research is required to prove both the rationale and cost-efficacy of
implementation. Additional attention should now be paid
to early diagnosis, in particular in the Western world.

WJG|www.wjgnet.com

A number of non-invasive biomarkers are available
for screening of GC risk; however, the accuracy might
not be sufficient for organized screening programs unless further studies provide additional data; a search for
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new biomarkers is in progress as an alternative.
Currently a standardized biopsy strategy is required
during upper endoscopy to stratify the risk of GC; however, in the future targeted biopsies based on the visual
evaluation of mucosal defects could be the way forward.
However, more studies are required to prove the appropriateness of such a strategy.
New high-resolution endoscopic technologies could
be helpful in detecting subtle mucosal features invisible
with standard WLE, which might improve the identification of EGC. However, endoscopic training and experience are highly essential, as well as good preparation
for an endoscopic examination, and the most important
scrutinized visualisation of all gastric areas with targeted
biopsies for histopathological examination remains the
gold standard for final EGC diagnosis.

The work of ML and IK in preparing the manuscript
was supported from project No. 4 “Evaluation of the
possibilities to decrease the gastric cancer caused mortality in Latvia” under the National Research Program in
Public Health priority.
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Abstract
Patients with inflammatory bowel disease (IBD) have
an increased risk of vascular complications. Thromboembolic complications, both venous and arterial, are
serious extraintestinal manifestations complicating the
course of IBD and can lead to significant morbidity and
mortality. Patients with IBD are more prone to thromboembolic complications and IBD per se is a risk factor
for thromboembolic disease. Data suggest that thrombosis is a specific feature of IBD that can be involved in
both the occurrence of thromboembolic events and the
pathogenesis of the disease. The exact etiology for this
special association between IBD and thromboembolism
is as yet unknown, but it is thought that multiple acquired and inherited factors are interacting and producing the increased tendency for thrombosis in the local
intestinal microvasculature, as well as in the systemic
circulation. Clinicians’ awareness of the risks, and their
ability to promptly diagnose and manage tromboembolic complications are of vital importance. In this review
we discuss how thromboembolic disease is related to
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IBD, specifically focusing on: (1) the epidemiology and
clinical features of thromboembolic complications in
IBD; (2) the pathophysiology of thrombosis in IBD; and
(3) strategies for the prevention and management of
thromboembolic complications in IBD patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Thrombosis; Thromboembolism;
Hypercoagulability; Epidemiology; Endothelial dysfunction; Treatment
Core tip: Thromboembolic complications, both venous
and arterial, are serious and challenging complications
of inflammatory bowel disease (IBD) and can lead to
significant morbidity and mortality. Thrombosis is a
specific feature of IBD that can be involved in both
the occurrence of thromboembolic events and the
pathogenesis of the disease itself. The cause for this
association between IBD and thromboembolism is as
yet unknown, but multiple acquired and inherited factors have been implicated. Clinicians’ awareness of the
risks, and knowledge about the diagnosis and management of thromboembolic complications are of vital
importance.
Zezos P, Kouklakis G, Saibil F. Inflammatory bowel disease
and thromboembolism. World J Gastroenterol 2014; 20(38):
13863-13878 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13863.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13863

INTRODUCTION
Thromboembolic events, both venous and arterial, are
serious extra-intestinal manifestations complicating the
course of inflammatory bowel disease (IBD) and can
lead to significant morbidity and mortality. The increasing
evidence that patients suffering from both Crohn’s dis-
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ease (CD) and ulcerative colitis (UC) are more prone to
thromboembolic complications compared to the general
population implicates the IBD per se as a risk factor[1,2].
Moreover, recent data support the theory that thrombosis and thromboembolism are disease-specific manifestations in IBD, and that they also may be contributing
factors in the pathogenesis of the luminal disease. In this
review we discuss how thromboembolic disease is related to IBD, specifically, the following: (1) the epidemiology and clinical features of thromboembolic complications in IBD; (2) the pathophysiology of thrombosis in
IBD; and (3) strategies for the management, prevention
and treatment, of thromboembolic complications in
IBD patients.

IBD AND THROMBOEMBOLIC
COMPLICATIONS
Historically, in 1936, Bargen and Barker[3] first reported
arterial and venous thrombotic complications in UC patients. In a large Mayo Clinic survey, Talbot et al[4] found
that 1.3% of their IBD patients manifested thromboembolic complications, while other early studies reported
an even higher incidence, up to 7%[5-8]. Moreover, an important and interesting observation came from autopsy
studies which found a much higher incidence of venous
thromboembolic complications, up to 39%, in UC patients, implying that most of the thromboembolic episodes were either not clinically overt or were overlooked.
The thromboembolic complications were the third leading cause of death (10%) in those patients[9].
Thrombosis occurs more often in the deep veins of
the legs and the pulmonary circulation[4]; however, arterial thromboembolic complications (ATEs) and numerous
other less frequent sites of venous thrombosis have also
been described, including cerebrovascular (CVA) disease[10,11], internal carotid artery occlusion[12], mesenteric
and portal vein thrombosis[13], Budd-Chiari syndrome[14],
cutaneous gangrene secondary to microvascular thrombosis[15], retinal vein occlusion[16-18], and ischemic heart
disease (IHD)[19].
Venous thromboembolism
Over the past decade in particular, many large case-controlled and cohort studies, in centers throughout the world,
have focused on defining the association of IBD with the
risk of venous thromboembolism (VTE) and have contributed to significant progress in clarifying the epidemiological and the clinical features of VTEs in IBD[1,2,20].
Some assessed the incidence and the risk of VTE in
IBD patients compared to the general population[21-25],
while others evaluated the risk of VTE in hospitalized
IBD patients compared to hospitalized non-IBD patients[26-30]. A few studies were more focused, and analyzed
the risk of VTE in pregnant females with IBD[31,32], the
risk of VTE in postoperative IBD patients[33,34] and, finally, one study evaluated the risk of recurrent DVT in adult
IBD patients[35].
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The overall risk of VTEs, deep vein thrombosis (DVT)
and pulmonary embolism (PE), in IBD patients has been
estimated in two recent meta-analyses[1,36]. Despite the
heterogeneity and the limitations of the studies included,
both meta-analyses revealed an approximately 2-fold
increased risk for VTEs in IBD patients. Yuhara et al[36],
reported that the overall relative risk (RR) for DVT and
PE in patients with IBD compared to subjects without
IBD was 2.20 (95%CI: 1.83-2.65), and Fumery et al[1] reported that the overall risk of VTE in IBD patients was
increased by 96% compared to the general population (RR
= 1.96; 95%CI: 1.67-2.30) with no differences between
CD and UC patients.
In a recent nationwide multicenter study conducted in
Austria, Papay et al[37] investigated the prevalence and the
incidence of VTEs in 2811 IBD patients and described
many related clinical features. The overall prevalence of
all VTEs was 5.6% (157/2811) and the incidence of all
VTEs was 6.3/1000 person years. The majority of VTEs
were DVT and/or PE (about 90%; 142/157), while other
locations of venous thrombosis were rare (about 10%;
15/157) including the portal, the superior mesenteric,
the splenic, the internal jugular, and the cerebral veins.
No difference was found between CD and UC for the
frequency of all VTEs, although the prevalence and incidence for DVT and/or PE was a little higher in CD
patients.
VTEs occur earlier in life in IBD patients than in nonIBD thrombotic patients[21,26,38,39]. Bernstein et al[21] analyzed
data from IBD and non-IBD hospitalized patients and
found that the risk of VTE, DVT and/or PE, was overall
higher in hospitalized IBD patients. The most striking difference in the risk was observed in patients who were less
than 40 years of age, with an incidence rate ratio (IRR) for
VTE of 4.5 for UC and 9.6 for CD compared with the
non-IBD patients.
Thromboembolic complications are a significant cause
of morbidity and mortality in IBD patients[39-42]. In the
study by Talbot et al[4], 25% of IBD patients with thromboembolic complications had a fatal outcome during the
thrombotic episode. Recently, Nguyen and Sam[27], also
reported higher rates of VTEs in hospitalized IBD patients than in non-IBD hospitalized patients. As was the
case in Bernstein’s report, those who were less than 40
years of age were at the greatest risk. Hospitalized IBD
patients with thrombosis had a greater in-hospital mortality risk when compared to hospitalized IBD patients
without thrombosis (OR = 2.5; 95%CI: 1.83-3.43) and
to non-IBD hospitalized patients with thrombosis (OR
= 2.1; 95%CI: 1.6-2.9). In addition, the occurrence of
VTEs in hospitalized IBD patients significantly increased
the length of hospital stay and health resource utilization
cost.
Patients with IBD are at increased risk for postoperative VTE[43]. Merill and Millham[33] reported that IBD patients were at increased risk for developing postoperative
DVT or PE compared to non-IBD patients, especially
after non-intestinal surgery. Furthermore, Wallaert at al[34]
studied VTE during the first 30 postoperative days in a
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Table 1 Incidence, risk and clinical features of venous thromboembolism in inflammatory bowel disease patients
Venous thromboembolism and IBD
Prevalence: 1.3%-7% - postmortem about 40%
Risk overall: about 2-3-fold
Features
Deep vein thrombosis (legs) and pulmonary embolism
Younger age
Spontaneously
Recur - 30% (risk about 2.5-fold)
Significant morbidity and mortality
Risk factors
Active disease (ambulatory and hospitalized patients)
Complicated disease
Corticosteroid use
Extensive colonic involvement (UC and CD)
Recent hospitalization
Surgery
Pregnancy
Previous history of VTE
Family history of VTE
IBD: Inflammatory bowel disease; VTE: Venous thromboembolism; UC:
Ulcerative colitis; CD: Crohn’s disease.

large cohort of IBD patients having colorectal surgery
(10431 patients, 5001 with UC and 5430 with CD) and
found an overall incidence of 2.3% for VTEs (242 VTEs;
178 DVTs and 46 PEs). The rates of VTEs were higher
for UC patients compared to CD patients (3.3% vs 1.4%
respectively). The thromboembolic episodes occurred at
an average of 10 d postoperatively and were associated
with significant morbidity and mortality.
Recurrence of thromboembolic events has been previously reported as being 10%-13% in IBD patients[4,39].
Novacek et al[35] reported an approximately 30% probability of VTE recurrence in IBD patients 5 years after
discontinuation of the anticoagulant treatment for the
first VTE. The risk for recurrent VTE was higher in
IBD patients compared to non-IBD patients. IBD, irrespectively of the activity status, was found to be an independent risk factor for recurrent VTE with a relative risk
of 2.5 (95%CI: 1.4-4.2). In accordance with that, Papay
et al[37] reported a similar incidence of recurrent VTEs
(25%) in IBD patients; in the majority, the VTEs occurred in the same location (70%) and were of the same
type (DVT or PE) as with the first episode.
Thromboembolic events are more frequent during
active phases of IBD and correlate with the extent and
location of the disease; most of them occur without
evidence of provoking factors[4,22,40,44]. Complicated IBD
(fistula, stenosis, abscess)[22,27], use of corticosteroids[24],
and recent hospitalization for IBD[24] were all associated
with increased risk for VTEs. Solem et al[40] reported that
80% of IBD patients (both CD and UC) had active disease at the time of VTE. Regarding the extent of disease
in patients with VTE, 76% of the UC patients had pancolitis and 79% of the CD patients had colonic involvement. In contrast to the above, Talbot et al[4] found that
almost 30% of VTEs occurred when the disease was in
remission and that 77% of the peripheral VTEs occurred
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spontaneously. In a recent study, Grainge et al[25] assessed
the risk of VTE at various activity phases of IBD (flare,
chronic activity, remission) in a retrospective cohort study
of 13756 IBD patients and 71672 matched controls from
the prospectively generated General Practice Research
Database (United Kingdom). They found that there is
a significantly increased overall risk of VTE in IBD patients compared to controls during all phases of IBD (HR
= 3.4; 95%CI: 2.7-4.3). The risk was most prominently
increased during a ﬂare (HR = 8.4; 95%CI: 5.5-12.8)
compared with periods of chronic activity (HR = 6.5;
95%CI: 4.6-9) and periods of clinical remission (HR = 2.1;
95%CI: 1.6-2). In this unique study, the overall relative
risk of VTEs in ambulatory IBD patients compared to
controls appeared to be higher than in hospitalized IBD
patients compared to controls (HR = 4.3; 95%CI: 3.3-5.7
vs HR = 2.1; 95%CI: 1.4-3.2). This apparent difference
in the risk between ambulatory and hospitalized IBD
patients compared to controls was even higher during
periods of disease flares (HR = 15.8 vs 3.2, respectively).
However, when the data were expressed as absolute risk
of VTEs per 1000-person years it was obvious that the
hospitalized IBD patients were more prone to thrombosis (25.2) than the non-hospitalized IBD patients (1.8),
especially during a flare of the disease (37.5 vs 6.4, respectively). Finally, the risk of VTEs was higher during flares
and chronic activity periods compared to periods of
remission of the disease, both in ambulatory and hospitalized IBD patients. These data are further supported by
the recent study of Papay et al[37] who reported that 77%
of VTEs in the IBD cohort occurred spontaneously,
77% occurred in outpatients and 66% occurred during an
active period of the disease.
Collectively, all the recent studies discussed above confirm that patients with both CD and UC are at an approximately two-fold increased risk for VTEs compared
to the general population or to non-IBD patients. The
VTEs, mainly DVT and/or PE, tend to occur spontaneously, at a younger age, and more frequently during
periods of active disease, in both ambulatory and hospitalized patients. There is also increased risk during periods of remission, during pregnancy, and postoperatively.
They also recur frequently after the first episode. The
VTEs in IBD patients are associated with significant
morbidity and mortality (Table 1).
Arterial thromboembolism
Numerous cases and case series have reported ATEs
in IBD patients. In general, ATEs occur less frequently
than VTEs in IBD patients, and may involve the thrombosis and/or occlusion of the cerebral[11,16], retinal[16,17],
carotid[12,45,46], coronary[19], splanchnic[47], iliac[48,49], renal[48,49], and limb (upper and lower)[50,51] arteries or the
aorta[48,49,52]. They are more common after interventional
or surgical procedures, but they can also occur spontaneously[4,51].
Recent studies[53-59] and a meta-analysis[60] provide evidence for an association between IBD and ATE, similar
to that which exists with VTEs, despite the fact there
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cluded that overall IBD was associated with an increased
risk of thrombovascular events. The major risks were
for VTE and mesenteric ischemia and, to a lesser degree,
for arterial thromboembolism and ischemic heart disease. Although they did not find an increase in the risk
of cardiovascular mortality in IBD patients, Kristensen
et al[54], who investigated the risk of myocardial infarction
(MI), stroke, and cardiovascular death in patients with
IBD with correlation to disease activity in a nationwide
Danish cohort, reported that the IBD is associated with
increased risk of MI, stroke, and cardiovascular death
during periods with active disease, including acute flares
or persistent activity.
To summarize, recent data show that patients with
IBD, both CD and UC, are at an increased risk for ATEs,
mainly CVA, IHD and mesenteric ischemia, albeit to a
lesser degree than for VTEs. The ATEs tend to occur
spontaneously or post-surgically, at a younger age, in females, more frequently during periods of active disease
and are associated with significant morbidity and mortality (Table 2).

Table 2 Incidence, risk and clinical features of arterial thromboembolism in inflammatory bowel disease patients
Arterial thromboembolism and IBD
Common sites and risk
Cerebrovascular events about 1.2-fold
Ischemic heart disease about 1.2-fold
Mesenteric ischemia about 3.5-fold
Features
Younger age
Female
Post-surgically >> spontaneously
Active disease (ambulatory and hospitalized patients)
Significant morbidity and mortality
IBD: Inflammatory bowel disease.

Venous stasis
↑ blood viscosity
immobility
mechanical blockage

MECHANISMS OF THROMBOSIS IN IBD
Vascular injury
endothelial trauma
endothelial dysfunction

Hypercoagulation
↑ procoagulants
↓ anticoagulants
↑ platelet activity
↓ fibrinolysis

Figure 1 Basic mechanisms of thrombosis (Virchow’s triad).

are some controversial findings in other studies[30,61,62].
In their meta-analysis Singh et al[60] analyzed data from 9
studies and found that IBD was associated with a modest increase for the risk of cardiovascular morbidity. In
particular, 5 studies reported 2424 CVA events in 98240
patients with IBD and six studies reported 6478 occurrences of IHD in 123907 patients with IBD, which translates to a modest 18% increase in the overall risk for both
CVA (adjusted OR = 1.18; 95%CI: 1.09-1.27) and IHD
(adjusted OR = 1.18; 95%CI: 1.08-1.31). In addition,
the risk was higher in females and young patients (age <
40-50 years). There were no differences between UC and
CD patients. Finally, 2 studies reported 148 patients with
peripheral arterial disease in 25559 patients with IBD, but
the analyses showed that IBD was not associated with a
significant increase for the risk of peripheral arterial disease (adjusted OR = 1.15; 95%CI: 0.96-1.38).
A nationwide United States study[30], which investigated the association of cardiovascular diseases in
148229 hospitalized subjects with IBD compared to
17261952 controls, showed a significantly increased risk
for mesenteric ischemia (adjusted OR = 3.4; 95%CI:
2.9-4.0) and thromboembolic disease in hospitalized
IBD patients. Fumery et al[1], in their meta-analysis, con-
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In contrast to hemostasis, which is a normal response to
vascular injury, thrombosis is pathological coagulation occurring spontaneously or following a minimal vascular injury. The underlying cause of thrombosis is an imbalance
between prothrombotic and antithrombotic mechanisms.
The tendency towards thrombosis is related to three basic
mechanisms, as defined by the Virchow’s triad: vascular
stasis, endothelial injury/vascular damage and hypercoagulability (Figure 1).
Evidence from the literature suggests that thrombosis
is a specific feature of IBD that is involved in both the
occurrence of thromboembolic events and the pathogenesis of the disease itself[44]. Multifocal vascular infarcts in
the intestinal microcirculation, characterized by chronic
vasculitis, with focal arteritis and fibrin deposition, have
been reported in patients with CD[63]. Histological studies have also found mucosal capillary thrombi in patients
with UC[64]. In addition, Thompson et al[65], in a large
study involving 129 hemophilia centers in United Kingdom, reported a lower than expected incidence of IBD in
9562 patients with hemophilia or von Willebrand’s disease
and concluded that a congenital bleeding diathesis may
have a protective role against the development of IBD.
Furthermore, Miehsler et al[22] demonstrated that IBD
per se is a risk factor for thromboembolic and concluded
that thromboembolism is a specific feature of IBD since
neither rheumatoid arthritis, another chronic inflammatory disease, nor coeliac disease, another chronic bowel
disease, had an increased risk of thromboembolism.
The exact etiology for the higher occurrence of thromboembolism in IBD and the specific association between
them is yet unknown, though it seems that multiple acquired and inherited factors may be involved (Table 3).
General acquired prothrombotic factors such as
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Table 3 Acquired and hereditary thrombotic risk factors in
inflammatory bowel disease patients

Table 4 Prothrombotic abnormalities of hemostasis and coagulation in inflammatory bowel disease patients

Factors

Category

Mechanism

Acquired
Inflammation
Immobilization
Indwelling Ⅳ catheters
Dehydration
Steroid use
Oral contraceptives
Surgery
Pregnancy
Cancer
Infections
Age
Smoking
Hereditary
Proteins C and S deficiencies
Antithrombin deficiency
Factor Ⅴ Leiden
HyperhomocysteinemiaMTHFR gene mutation
Prothrombin gene mutation
G20210A
Dysfibrinogenemia

Hypercoagulation, vascular endothelial
injury
Stasis
Vascular injury
Stasis
Hypercoagulation
Hypercoagulation
Stasis, hypercoagulation, vascular injury
Stasis, hypercoagulation
Hypercoagulation
Hypercoagulation
Hypercoagulation
Hypercoagulation

Platelets

↑ V, Ⅷ, vWf, and fibrinogen
↑ F1 + 2, TAT
↑ fibrinopeptide A, D-Dimers
↑ vWf, thrombomodulin
↓ protein C, protein S, and AT
↓ t-PA
↑ PAI-1
↑ number, activation and aggregation

vWf: von Willebrand; F1 + 2: Prothrombin fragment 1 + 2; TAT: Thrombin- antithrombin complex; t-PA: Tissue plasminogen activator; PAI-1:
Plasminogen-activator inhibitor type-1.

Hypercoagulation
Hypercoagulation
Hypercoagulation
Hypercoagulation
Hypercoagulation
Hypercoagulation

inflammation, older age, surgery, prolonged immobilization, central venous catheters, fluid depletion, steroid
therapy, smoking, and oral contraceptives are frequently
observed in IBD patients, but their presence cannot adequately explain the increased risk for thromboembolisms
in IBD[44]. On the other hand, many studies and reviews
have failed to establish a significant association of the
inherited thrombophilias, such as factor Ⅴ Leiden, prothrombin G20210A mutation, MTHFR mutation-related
hyperhomocysteinemia, protein C, S and antithrombin
deficiencies, with the increased risk of thrombosis in
IBD patients, although their co-existence with IBD has a
synergistic role in thromboembolic complications[44,66,67].
Multiple risk factors are often present in IBD patients[40];
although none of them is more significant than the others, it seems obvious that as more risk factors accumulate
in a patient, thrombosis is more likely to occur in that
patient.
Inflammation and hypercoagulation in IBD
Inflammation, both intestinal and systemic, is the prominent feature in IBD. Inflammation and thrombosis are
probably interrelated in IBD, through complex and as yet
not fully understood pathways. Consequently, local and
systemic intravascular hypercoagulable and prothrombotic states or even frank thrombosis, may represent contributing underlying factors in IBD pathogenesis[68].
The hypercoagulable state has been associated particularly with active disease[69]. Several studies have reported
abnormalities in various components of hemostasis and
the coagulation cascade during exacerbations of IBD
(Table 4), as follows: (1) elevated levels of coagulation
factors (Ⅴ, Ⅷ, von Willebrand, and fibrinogen) and
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Abnormality

Coagulation factors
Products of thrombin generation
Products of fibrin formation
Vascular endothelium activation
Acquired deficiencies and dysfunction of natural anticoagulants
Defects in fibrinolytic system

products of thrombin and fibrin formation (fibrinopeptide A, prothrombin fragment 1+2 [F1+2], thrombinantithrombin complex [TAT], and D-Dimers)[70-74]; (2)
increased markers of vascular endothelial activation
(von Willebrand factor and thrombomodulin)[74-78]; (3)
acquired deficiencies and dysfunction of natural anticoagulants (protein C, protein S, and antithrombin)[79-82];
(4) defects in the fibrinolytic system [low levels of tissue
plasminogen activator (t-PA), high levels of plasminogen-activator inhibitor type-1 (PAI-1)][83,84]; and (5) elevated number of circulating platelets, platelet activation and
increased platelet aggregation tendency[85-87]. However,
in other studies, activation of coagulation was observed
both in active and inactive IBD[88-90], an observation that
is in accordance with the occurrence of thromboembolic complications even in IBD patients with quiescent
disease.
The hypercoagulable state in IBD has recently been
reviewed thoroughly elsewhere[67]. It can be postulated
that, in IBD patients, a persistent latent activation of hemostasis exists in both active and inactive disease states,
and is implicated in the thrombotic diathesis and perhaps
in disease pathogenesis. Hence, two questions emerge:
what is the underlying mechanism for the abnormal
hemostasis activation and why do clinically overt thromboembolic complications occur only in a relatively small
fraction of IBD patients? A possible explanation for
the latter question is the fact that for a thromboembolic
event to occur, hypercoagulability alone is not sufficient,
and that many other predisposing risk factors have to
be present at the same time. On the other hand, for the
former question to be answered, one must search deeper
into the pathophysiology of intestinal inflammation.
Inflammation and vasculopathy in IBD
As a result of the chronic inflammation in IBD patients,
abnormalities exist in both the local intestinal microvasculature and the systemic circulation. Bargen and Barker,
almost 80 years ago, stated that, in a subgroup of UC
patients, the disease should be described using the term
“thrombo-UC”[3]. Histological studies have revealed vas-
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culitis in a subgroup of UC patients[91], while other studies
have shown mucosal capillary thrombi in rectal biopsies
from UC and CD patients[64], although this finding is not
specific for IBD[92]. Wakefield et al[63], proposed that multifocal infarcts in the intestinal microcirculation caused
by arteritis with fibrin deposition due to focal vasculitis,
might be implicated in CD pathogenesis. Moreover, the
proximal demarcation line between involved and uninvolved colon in UC suggests that a microvascular abnormality may be associated with the pathogenesis and the
extent of inflammation in UC[93].
The hemostatic and the inflammatory pathways are
closely related in a bi-directional fashion, and the vascular endothelium has been proven to be the interface
of their interactions[68,94-97]. The “vascular hypothesis”
suggests that endothelial dysfunction in the intestinal
microcirculation plays central role in both UC and CD
pathogenesis[98-100]. Furthermore, the vascular endothelial dysfunction associated with chronic inflammation is
critically involved with the hypercoagulable state and the
development of thrombosis and atherosclerosis in IBD
patients, and clinically manifested as systemic vascular
(venous and arterial) thromboembolic complications or
IHD[99-101]. Normally, the “quiescent” intact endothelium
exhibits a strong thrombo-resistant surface, expressing
antiplatelet, anticoagulant and fibrinolytic properties. An
“activated” endothelium is rapidly transformed into a
prothrombotic surface, which promotes blood coagulation, inhibits fibrinolysis and activates platelets. The
transformation of the vascular endothelial surface from
anti-coagulant to pro-coagulant is triggered by mechanical damage, or by perturbation and activation of the
vascular endothelial cells. Agents including cytokines, endotoxins, blood mediators, hypoxia, and hemodynamic
forces are involved in endothelial cell activation[102].
Inflammation turns the “quiescent” endothelium
into a potent pro-coagulant surface. Interleukin-1 (IL-1),
tumor-necrosis factor-α (TNF-α) and other cytokines,
which are increased in IBD, are responsible for this procoagulant, thrombophilic effect, and increase both white
cell and platelet adhesion molecules on the endothelial
surface. Many studies suggest that IL-1, TNF-α and other pro-inflammatory cytokines, increase various thrombophilic factors and have a significant contribution in
intravascular thrombosis[103,104].
On the other hand, both thrombosis and “activated”
endothelium can promote inflammation. The central role
of the endothelial cell in initiation and propagation of
inflammation takes place through the recruitment of
leukocytes by cell adhesion molecules. The expression
of cell adhesion molecules on the endothelial surface
is induced by IL-1, TNF- α , and other proinflammatory cytokines. In IBD, the activated endothelial cells
express increased surface levels of various intercellular
adhesion molecules, such as ICAM-1 (intercellular adhesion molecule-1) and VCAM-1 (vascular cell adhesion
molecule-1)[105]. PECAM-1 (platelet endothelial adhesion
molecule-1) is expressed in high levels even in areas of
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the colon not affected by UC[106]. The selectin family (E-,
P-, L- selectins), which is involved in leukocyte rolling
on the endothelial surface, is increased in IBD[107]. Furthermore, the CD40/CD40L co-stimulatory pathway,
which is involved in inflammation and coagulation, is
activated in IBD tissue. In active IBD, CD40 is overexpressed in the microvascular endothelial cells, CD40L
is overexpressed in platelets and leukocytes, and the
soluble form of CD40L (sCD40L) is increased in the
circulation in patients with active disease. The contact of
the CD40L+ leukocytes and platelets with the CD40+
endothelial cells in the intestinal microvasculature results
in activation of these cells, which in turn promote leukocyte recruitment, platelet aggregation, thrombosis, vascular damage and tissue injury, through a vicious cycle
of enhanced production of cytokines and chemokines,
and overexpression of adhesion molecules and the tissue
factor on endothelial cells[108-110]. All or some of these
molecules are possible therapeutic targets in IBD management[107-109,111].
Moreover, the production of potent vasoconstrictors
from the activated endothelium, such as endothelin-1
and thromboxanes, may contribute to ischemia-reperfusion vascular and tissue injury[107]. The increased reactive
oxygen metabolites (ROMs) found in IBD come from
leukocytes and endothelial cells, and may be the products of a recurrent ischemia-reperfusion injury of the
vascular epithelium after microthrombi formation[112,113].
ROMs, in turn, may be implicated in the inflammatory
reaction and tissue injury in IBD through activation of
NF-κB factor, which promotes the production of various pro-inflammatory cytokines[114].
Thrombin, besides its actions in regulating hemostasis, possesses “non-coagulant” functions (Figure 2)[96,115,116].
Thrombin promotes the production of monocyte chemoattractant protein-1 (MCP-1) from monocytes and interleukins-6 and -8 (IL-6 and IL-8) from fibroblasts, epithelial cells, monocytes and endothelial cells. Thrombin
enhances leukocyte adhesion on endothelial cells through
induction of endothelial PAF (platelet activating factor)
formation[117-122].
Collectively, a possible pathway in IBD pathogenesis could involve the combination of a “sepsis” model
with a persistent, low-grade, controlled and compensated disseminated intravascular coagulation due to
infection-induced hemostasis activation[96,97,123-125] and an
“endothelial perturbation-inflammation” model due to
ischemia-reperfusion injury[98,107,126]. It is well known that
the increased intestinal permeability in IBD results in
an inflammatory reaction in the bowel wall, due to the
dysregulated mucosal uptake of luminal bacterial, toxic
and antigenic substances. Both the inflammatory reaction
and the endotoxemia might promote hemostasis activation and hypercoagulation[123]. Endotoxin and endotoxininduced microclots in the systemic circulation have
been found in a high proportion of IBD patients[124,125].
Furthermore, ischemia/reperfusion-induced endothelial
dysfunction[126] promotes inflammation, thrombosis, vas-
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Promotes inflammation
Selectin expression on endothelial cells
Leukocyte adhesion
Chemotactic factors for leukocytes
PAF formation in endothelial cells

Stimulates coagulants
Tissue factor ↑
Membrane coagulants ↑

Promotes coagulation
Promotes anticoagulants

Thrombin
Inhibits fibrinolysis
PAI-1 ↑

Inflammation

Promotes proliferation
Mitogen for fibroblasts
PDGF and TGF-b from platelets
PDGF formation from endothelium

Inhibits anticoagulants
Thrombomodulin ↓
a1-antithrypsin ↑
Heparin ↓

Figure 2 Inflammation and coagulation pathways are interrelated. PAF: Platelet activating factor; PAI-1: Plasminogen-activator inhibitor type-1; TGF: Transforming
growth factor.

Inflammation (vasculitis)
in enteric microvascular
endothelium

Chronic intestinal
inflammation

Ischemia
oxidative stress

Endothelial dysfunction
(NO↓, COX↑, ROMs↑, cytokines, chemokines)

Intestinal
microcirculation

Hypercoagulability

Increased leukocyte
adhesion and infiltration

Impaired vasodilation
Vasoconstriction tissue
hypoperfusion

Vascular injury
Remodeling
stenosis

Thrombosis
Tissue
damage
Ulceration

Figure 3 Proposed mechanism of the endothelial dysfunction in the intestinal microcirculation, in inflammatory bowel disease. (Adopted and modified from
Hatoum et al[98]). ROMs: Reactive oxygen metabolites; COX: Cyclooxygenase.
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Table 5 Management of thromboembolic complications in
inflammatory bowel disease patients
Primary prevention of thromboembolic complications
Ambulatory patients
General measures
Physician awareness
Patient education
Active disease treatment
and remission maintenance
Recognition, elimination or
modification of risk factors
Steroid use
Smoking
Oral contraceptives
Cardiovascular risk factors
and other co-morbidities
Long-distance flights
Post-hospitalization period

Hospitalized patients
General measures
Disease activity amelioration
Early mobilization
Judicious use of catheters
Dehydration or nutritional
deficiencies restoration
Medication modification
Peri-operatively or in severely ill
non-surgical patients
Prophylactic anticoagulation (UH
or LMHW)
Plus mechanical measures when
increased thrombosis risk or
mechanical measures only, when
anticoagulation contraindicated
with high bleeding risk

Compressive stockings?
Treatment of a thromboembolic event
Amelioration of disease activity
Hematology consultation and thrombophilia screening
Therapeutic anticoagulation - UH or LMWH
Thrombolysis - interventional radiology/surgical consultation
Secondary prevention of thromboembolic complications
After a first TE episode
Active disease - spontaneous event
Short term anticoagulation? - 3 to 6 mo
Plus anticoagulation during subsequent flares?
Inactive disease - spontaneous event
Long term anticoagulation?
Recurrent TE or inherited thrombophilia
Hematology consultation
Long term anticoagulation
UH: Unfractionated heparin; LMHW: Low molecular weight heparin.

cular anatomic and functional changes, and tissue injury
through a self-propagating loop (Figure 3).

MANAGEMENT OF THROMBOEMBOLISM
IN IBD PATIENTS
The management of thromboembolism in IBD patients
includes primary prophylaxis of first Thromboembolic
complication, treatment of a Thromboembolic complication and secondary prophylaxis of the recurrence of a
thromboembolic complication (Table 5). Currently, there
are no universal and specific guidelines for the management of Thromboembolic in IBD patients in various clinical settings, except for the primary prophylaxis of VTE in
hospitalized IBD patients with severe active disease[127-132].
Primary prevention of venous thromboembolic
complications
Hospitalization is an important risk factor for VTEs
for many patient groups, including IBD patients[25,27].
According to the American College of Chest Physicians (ACCP) guidelines for the prevention of VTE[127],
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hospitalized patients with IBD are at a moderate risk
(10%-40%) of developing DVT and prophylaxis is
the recommended beneficial strategy. The first choice
is prophylaxis with a low-molecular-weight heparin
(LMWH), low-dose unfractionated heparin (LDUH), or
fondaparinux. Mechanical thromboprophylaxis is recommended for patients at high bleeding risk, or if anticoagulants are contraindicated[127]. International and national
IBD organizations and societies in North America and
Europe have adopted these recommendations in their
recent guidelines for the management of IBD patients
requiring hospitalization[128-132]. The recommendations
are more clearly stated for patients with severe UC[128-131].
However, there are some issues regarding anticoagulation of hospitalized IBD patients which need special
consideration. Rectal bleeding is a common symptom in
IBD patients (mainly UC) and therefore there is a theoretical concern about worsening the rectal bleeding. Data
derived from randomized trials which used UH[133,134] or
LMWH[135-138] as a treatment for active IBD (UC) and
a meta-analysis[139] showed that although a clear benefit
from the heparin use in ameliorating the disease activity
was not demonstrated, its use was safe, without major
adverse events. Heparin could be an ideal drug for IBD
treatment, especially for UC, because of its anticoagulant, anti-inflammatory, immunomodulatory and mucosal healing properties. The failure of the existing trials to
prove its efficacy for the UC treatment could be related
to the small patient number and the heterogeneity of
these studies regarding the compound of LMWH and
the dosage administered, the duration of treatment and
the definition of response to treatment. Larger studies
may be needed to clarify this issue and to reveal the optimal dosing of heparin and the features of a subgroup of
patients with active UC who may benefit from LMWH
administration.
Recently, Ra et al[140] retrospectively assessed the safety
of prophylactic anticoagulation in hospitalized IBD patients. They reported that 80% of the IBD patients received anticoagulation, mainly in the form of LMWH
(93%). Anticoagulation administration was more frequent
to IBD patients on the surgical service, those with more
extensive disease and predominantly those without rectal
bleeding. They also found that the rates of major or minor bleeding were not significantly higher in patients who
received prophylactic treatment compared to those who
did not. The authors concluded that the use of anticoagulation in IBD hospitalized patients is safe, even in the
presence rectal bleeding provided that there are no signs
of hemodynamic instability[140].
Another issue which needs discussion is whether anticoagulation prophylaxis should be administered only to
severely ill hospitalized IBD patients or to all hospitalized
IBD patients. Since hospitalization is an independent risk
factor for VTEs in IBD patients and these patients may
have additional risk factors for thrombosis (inflammation,
catheters, immobilization, complicated disease), it would
be reasonable to take measures in order to reduce the
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other risk factors by aiming to: ameliorate disease activity,
institute early mobilization, use Ⅳ catheters judiciously,
avoid/treat dehydration and nutritional deficiencies, and
minimize medications predisposing to thrombosis. Finally, it would be prudent to expand the indication for
prophylaxis to inpatients with IBD who are not necessarily too ill to be confined to bed[25,27] or even are in remission and hospitalized for other indications, since there is
significantly increased risk for VTEs in these groups as
well[25]. Prophylaxis, together with the increased awareness
for signs VTEs during the routine clinical assessment of
the IBD patients admitted to the hospital, may be more
feasible and cost-effective in clinical practice than the use
of expensive screening tests[141].
Another important question that needs an answer
is the duration of prophylactic anticoagulation in nonsurgical IBD patients after discharge from the hospital.
Studies have demonstrated that many VTEs occur during
the immediate post-hospital period both in the general
population[142] and in IBD patients[24,25]. Patients with IBD
are discharged from the hospital with improved, but not
necessarily fully remitted, disease and to date there are
no data for extended VTE prophylaxis during this posthospitalization period, although its use could be justified
in patients with increased risk for thrombosis[143-145].
Patients with IBD are at increased risk for postoperative VTE[33,34,43]. According to the data from these studies and to the ACCP guidelines, patients with CD have
a moderate risk of VTEs after intestinal surgery, while
the patients with UC have a high risk of post-surgical
VTEs[146]. Furthermore, Scarpa et al[147] reported that a
standard prophylactic dose of LMWH was inadequate to
prevent VTEs in IBD patients with major colorectal surgery and in particular in patients with UC. These data suggest that the perioperative prophylactic anticoagulation in
IBD patients should include higher doses of LMWH, for
longer periods post-operatively, or even be combined with
adjunct mechanical methods[146-148].
Recent data have confirmed that ambulatory IBD patients with active disease are at increased risk for VTEs[25,37].
Although, Grainge et al[25] reported that the risk of VTEs
was significantly higher during flares and chronic activity
periods compared to periods of remission of the disease,
both in ambulatory and hospitalized IBD patients, currently there are no guidelines for the primary prevention
of VTEs nor is sufficient data for the beneficial use of
anticoagulants in the ambulatory setting[145]. However,
general prophylactic measures could also be applied in
the ambulatory setting and include: patient education
about the risks and the presenting symptoms of thromboembolic complications; enhancement of clinician
awareness of this ominous extraintestinal manifestation,
with attention to the history and clinical signs of TEs
in the routine clinical assessment of IBD patients; aggressive treatment of active disease and maintenance of
remission; early recognition and elimination or minimization of modifiable risk factors (steroid use, smoking,
oral contraceptives, hormone-replacement therapy, long-
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distance flights)[149-151]. Furthermore, in a recent decision
analysis study, Nguyen and Sharma[152] explored the costeffectiveness of pharmacological VTE prophylaxis in
ambulatory IBD patients and concluded that pharmacological VTE prophylaxis in ambulatory IBD patients with
acute disease could not be recommended, even though it
was beneficial, because it was not cost- effective.
There are no direct data that anticoagulation for VTE
prophylaxis in IBD patients actually works since there
are no randomized controlled trials that have evaluated
this issue yet. However, indirect evidence demonstrated
that in acutely ill medical patients pharmacological prophylaxis significantly reduces the incidence of VTE and
mortality[127,143,144].
Primary prevention of ATEs
Apart from the general measures mentioned previously
and anticoagulation prophylaxis during hospitalization or
post-operatively, clinicians should routinely assess IBD
patients for cardiovascular risk (hypertension, diabetes,
hyperlipidemia, obesity, hyperhomocysteinemia, positive
family history) and preventive measures and/or treatment
of these risk factors should be applied[2].
Therapy of VTE and secondary prevention
The treatment of an acute thromboembolic episode in
IBD patients is similar to non-IBD patients. Pharmacological anticoagulation (AC) with UH or LMWH is usually administered in mild to moderate Thromboembolic
events, while thrombolysis or catheter-directed thrombolysis (CDT) are reserved for more severe TEs including
massive thrombosis and organ- or life- threatening vascular occlusion[2,150]. Therapeutic doses of anticoagulants or
thrombolytics for the treatment of TEs in IBD patients
presents a major safety concern regarding the risk of
gastrointestinal (GI) and systemic hemorrhagic complications, since many of the patients have active disease
with rectal bleeding. The management decisions should
be individualized according to the clinical setting in each
patient and episode, and often requires a multidisciplinary
approach[2,150]. The safety of UH and LMWH has been
proven in previous studies which evaluated heparin for
the treatment of active IBD[139]. Tabibian et al[153] in a
systematic review evaluated the clinical outcomes with
anticoagulation and CDT in IBD patients with TE, and
reported that both CDT and AC were well tolerated by
IBD patients with TE. They suggested that CDT may be
used preferentially in patients with severe life-threatening
TE, while AC may be more suitable in patients with less
clinically significant Thromboembolic or patients at higher risk for bleeding. Furthermore, they demonstrated the
safety of these treatments, even when they were used in
patients with rectal bleeding, provided that there was no
concurrent major GI hemorrhage[153,154].
The duration of anticoagulation is another important
issue because of the increased risk of recurrence of TEs
in IBD patients. The duration of anticoagulation after
initial treatment for Thromboembolic ranges from 3 mo
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to lifelong, depending on the individual case. In cases
where a Thromboembolic event occurred during active
disease, the anticoagulation must be continued at least
until clinical remission occurs[2,154]. In a recent decision
analysis study, Nguyen and Bernstein[155] suggested that
lifetime anticoagulation was marginally more beneficial
than the time-limited (6-mo) anticoagulation after a first
unprovoked VTE in the absence of active disease. They
also recommended that in the case of VTE during a
flare of the disease, time-limited anticoagulation with or
without prophylaxis during subsequent flares would be
a more suitable option[155]. In general, LMWHs, vitamin
K antagonists (VKAs; warfarin) or even the new direct
oral anticoagulants (NOACs; rivaroxaban, dabigatran,
apixaban, and edoxaban) can be used for the long term
treatment of TEs. For NOACs new evidence from studies suggests that they have comparable efficacy to that of
VKAs with a more favorable safety profile, but there is
no direct evidence for their use in IBD patients yet[156,157].
Physicians’ perceptions of the risks and practices in
VTE prophylaxis in IBD patients
The risk of thrombosis in IBD patients is high, with significant morbidity and mortality. It is important for the
treating physicians to be aware of this serious extraintestinal manifestation and to be able to efficiently recognize
and treat the Thromboembolic events. As previously
mentioned, international and national IBD organizations
and societies in North America and Europe have recently
published guidelines for the prevention of TEs in IBD
patients[128-132]. However, surveys which have evaluated
the practices of gastroenterologists regarding the issue
of VTE prohylaxis in IBD patients have shown that although a significant proportion is aware of the increased
risk of TEs in hospitalized IBD patients, their practices
for VTE prophylaxis is variable[158-161].
Razik et al[158] reported that among 56 Canadian academic gastroenterologists, 55% reported the existence
of standard hospital protocols for DVT prophylaxis in
hospitalized IBD patients, and more than 80% reported
the administration of some form of VTE prophylaxis,
but only 50% of them were aware of the existing guidelines. Sam et al[159] in a similar survey among 135 gastroenterologists in United States, practising mainly in an
academic setting (77%), reported that although most of
them (84%) had IBD patients with VTE and realized the
risks of VTEs, only 67% had protocols for VTE prophylaxis, 45% were aware of the guidelines and finally,
14% would never administer prophylaxis in their IBD inpatients. Gastroenterologists with high volumes of IBD
patients were more likely to administer VTE prophylaxis.
In addition, Tinsley et al[160] reported that the awareness
of the heparin use for VTE prophylaxis was more frequent among gastroenterologists who were in academic
settings, and those who had high volumes of IBD patients, and those who had less than 5 years of practice
experience. Finally, Tinsley et al[161], in another study,
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investigated retrospectively the rates of pharmacologic
VTE prophylaxis in UC inpatients at a tertiary referral
center and concluded that pharmacologic prophylaxis
was not ordered or was administered inadequately in a
substantial proportion of UC patients admitted in the
hospital despite the existing guidelines.
To summarize, all these data clearly show that there
are significant variations in practice regarding VTE prophylaxis in hospitalized IBD patients due to a high level
of unawareness of current guidelines. It is important for
Gastroenterology societies and organizations to more
aggressively pursue the education of gastroenterologists,
especially those with low volumes of IBD patients, so
that they better understand the risks and the adverse
outcomes of thromboembolism in IBD patients. The
goals are to have them routinely incorporate clinical assessment for signs and symptoms of TEs and to have
them efficiently prevent or treat TEs[162]. Very recently,
during finalization of the present review, the Canadian
Association of Gastroenterology (CAG) published (in
press-on line first) specific recommendations for the
prevention and the treatment of VTE in IBD patients
in various clinical settings[163]. The CAG has addressed
many of the gaps which exist in the management of
VTE in this patient group and has provided a useful and
applicable evidence-based guide for the physicians who
are involved with the care of IBD patients. The recent
CAG guidelines give solid recommendations for some
of the important issues we have outlined in Table 5.

CONCLUSION
Evidence from the literature suggests that thrombosis is a specific feature of IBD that can be involved in
both the occurrence of thromboembolic events and the
pathogenesis of the disease itself. The precise etiology
for the higher rates of thromboembolism in IBD and
the specific association is as yet unknown, but multiple
acquired and inherited factors are implicated. Hypercoagulability is thought to be involved in IBD pathogenesis
and future research may reveal potential therapeutic targets for the IBD management. More importantly, both
arterial and venous thromboembolic complications are
serious and challenging extra-intestinal manifestations
to manage, with significant morbidity and mortality in
IBD patients. However, thromboembolism is preventable and, therefore, clinician awareness of the risks, and
the knowledge of how to efficiently prevent or treat TEs
in patients with IBD are of vital importance. Future
clinical trials should clarify the ill-defined issues of the
thromboprophylaxis in ambulatory patients with active
disease, the thromboprophylaxis in patients during the
immediate post-hospitalization period, and the duration
of thromboprophylaxis. In addition, clinical trials should
provide clinicians with reliable methods or markers for
assessing the prothrombotic risk in IBD patients in order to promptly apply preventive measures.
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Abstract
Severe acute pancreatitis (SAP), which is the most
serious type of this disorder, is associated with high
morbidity and mortality. SAP runs a biphasic course.
During the first 1-2 wk, a pro-inflammatory response
results in systemic inflammatory response syndrome
(SIRS). If the SIRS is severe, it can lead to early multisystem organ failure (MOF). After the first 1-2 wk,
a transition from a pro-inflammatory response to an
anti-inflammatory response occurs; during this transition, the patient is at risk for intestinal flora translocation and the development of secondary infection of
the necrotic tissue, which can result in sepsis and late
MOF. Many recommendations have been made regarding SAP management and its complications. However,
despite the reduction in overall mortality in the last
decade, SAP is still associated with high mortality. In
the majority of cases, sterile necrosis should be managed conservatively, whereas in infected necrotizing
pancreatitis, the infected non-vital solid tissue should
be removed to control the sepsis. Intervention should
be delayed for as long as possible to allow better demarcation and liquefaction of the necrosis. Currently,
the step-up approach (delay, drain, and debride) may
be considered as the reference standard intervention
for this disorder.
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Core tip: This review reports on the natural clinical
course, diagnostic possibilities and treatment modalities
in severe acute pancreatitis (SAP). The management of
SAP varies with the severity and depends on the type
of complication that requires treatment. Although no
universally accepted treatment algorithm exists, the
step-up approach using close monitoring, percutaneous
or endoscopic drainage, followed by minimally invasive
video-assisted retroperitoneal debridement has demonstrated to produce superior outcomes to traditional
open necrosectomy and may be considered as the reference standard intervention for this disorder.
Zerem E. Treatment of severe acute pancreatitis and its
complications. World J Gastroenterol 2014; 20(38): 13879-13892
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/13879.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.13879

INTRODUCTION
Severe acute pancreatitis (SAP) is associated with high
morbidity and mortality due to the development of pancreatic and extra-pancreatic necrosis, their subsequent
infection and multisystem organ failure (MOF)[1-3]. Despite overall reduced mortality in the last decade, SAP
is a devastating disease that is associated with mortality
ranging from less than 10% to as high as 85%, according
to various studies[1-8]. The management of SAP is complicated because of the limited understanding of the pathogenesis and multi-causality of the disease, uncertainties
in outcome prediction and few effective treatment modalities. Generally, sterile necrosis can be managed conservatively in the majority of cases with a low mortality
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Severe acute pancreatitis

Week 1-2: SIRS

> 1-2 wk: Infections/sepsis

Early MOF

Pro-inflammatory response

Severe SIRS
Severe
Immuno-suppression

Anti-inflammatory
response

Translocation of
intestinal flora

Infections → Late MOF

Figure 1 Natural clinical course of severe acute pancreatitis. SIRS: systemic inflammatory response syndrome; MOF: multisystem organ failure.

rate (12%)[2,9]. However, infection of pancreatic necrosis
can be observed in 25%-70% of patients with necrotizing disease; it is generally accepted that the infected nonvital tissue should be removed to control the sepsis[1,10,11].
Laparotomy and immediate debridement of the infected
necrotic tissue have been the gold standard treatment for
decades[1,3,12]. However, several reports have shown that
early surgical intervention for pancreatic necrosis could
result in a worse prognosis compared to cases where surgery is delayed or avoided[2,3,6,8,13-17].
Therefore, several groups worldwide have developed
new, minimally invasive approaches for managing infected necrotizing pancreatitis[2,3,6,18-24]. The applicability of
these techniques depends on the availability of specialized expertise and a multidisciplinary team dedicated to
the management of SAP and its complications[25].

pancreatic necrosis that is evident on computed tomography scan[4,26]. Peripancreatic fluid collections are common
and are termed acute fluid collections if present for less
than 4 wk, after which time they are referred to as pancreatic pseudocysts (PPCs).
After the first 1-2 wk, a transition from a pro-inflammatory to an anti-inflammatory response occurs. During
this “second or late phase”, the patient is at risk for the
translocation of intestinal flora due to intestinal barrier
failure, which is followed by the development of secondary infection in the pancreatic or peripancreatic necrotic
tissue and fluid collections. Mortality occurs in two peaks.
Early mortality is the result of severe SIRS with MOF.
Late mortality is the consequence of infection in the pancreatic necrosis and peripancreatic fluid collections resulting in sepsis[7,10,27,28].

NATURAL CLINICAL COURSE OF SAP

DIAGNOSIS OF SAP

SAP develops in two phases (Figure 1). During the first
1-2 wk, a pro-inflammatory response occurs, which results in systemic inflammatory response syndrome (SIRS),
a sterile response in which sepsis or infection rarely occurs. If the SIRS is severe, then proinflammatory mediators can cause early multiple (respiratory, cardiovascular,
renal, and hepatic) organ failure. In parallel, pancreatic
necrosis develops, usually within the first four days after
the onset of symptoms. However, the extent of pancreatic necrosis is not fixed and may progress as the disease
evolves during the first 2 wk[25]. Although in the early
phase of severe pancreatitis, SIRS can be found in the
absence of significant pancreatic necrosis, the majority
of patients with severe early organ dysfunction will have

Diagnosis of SAP is based on clinical presentation, laboratory tests, and imaging results[29-34]. Physical and radiologic scoring systems have been developed with the aim
of predicting which patients will have a severe clinical
course and which patients might recover without major
physiologic insult[32,34]. However, acute pancreatitis (AP)
is a complex disease; despite the existence of several
criteria, it is not easy to predict its subsequent course because often in patients with the same initial clinical and
radiological scores, the clinical course of the disease may
vary. It is difficult to assess the disease because of the
lack of accurate and uniformly accepted definitions of
disease severity and commonly encountered complications of AP[16,35,36].
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in Atlanta in September 1992 with the aim of achieving
international consensus on the definition of AP and its
complications[45]. Despite the worldwide acceptance of
The Atlanta Classification as the first reliable clinical classification system of AP, the accumulation of clinical data
calls for a revision of the Atlanta criteria of severity[46].

Table 1 Computer tomography indeks of illness severity for
[48]
acute pancreatitis
Computer tomography findings
Balthazar
Normal pancreas
Enlargement
Inflammation of pancreas and fat
Single fluid collection
Two or more fluid collections
Necrosis
< 30%
30%-50%
50%

Grade

Score

A
B
C
D
E

0
1
2
3
4

2
4
6
Max = 10 points

Clinical and laboratory investigations
During physical examination, the most common presenting symptoms of AP are epigastric pain, nausea, and
vomiting with physical signs that can include rebound
tenderness, distension and reduced bowel sounds. Systemic involvement and organ failure can be detected,
including shock, pulmonary insufficiency, renal failure,
gastrointestinal bleeding or any combination of these
symptoms[37-39].
Laboratory findings in SAP usually reflect organ
dysfunction and metabolic disturbances. Used for diagnosing AP, serum amylase and lipase levels greater than
three times the upper normal limit is considered to be
diagnostic of pancreatitis. In AP, these enzymes are elevated because of the pancreatic acinar cell leakage into
the interstitial space and their subsequent absorption
into the circulation[40].
There are various scoring systems (Ranson, APACHE
Ⅱ, SOFA, BISOP, etc.) that help stratify the severity of
AP. The severity of AP which can be objectively assessed on the patient’s admission to the hospital by using
Ranson’s score[33], or the APACHE Ⅱ criteria for disease
severity[41], which evaluate the disease severity based on
laboratory and clinical parameters. During the course of
AP, the disease is considered to be severe if 3 or more
Ranson’s criteria are observed within 48 h of the onset
of the attack, or if 9 or more APACHE Ⅱ criteria are
observed at any time during the course of the disease.
The severity of organ failure, determined using SOFA
score multi-step criteria, as introduced for septic patients, is considered to be clinically relevant and is being
increasingly applied for scoring disease severity and for
predicting outcome[42]. The bedside index for severity in
AP (BISAP) is a simple clinical scoring system, which
stratifies patients within the first 24 h of admission to
the hospital according to their risk of in-hospital mortality and helps identify patients at increased risk for mortality before the onset of organ failure. A score of > 3 is
associated with 5%-20% mortality[43,44].
However, as in other disease processes, physicians
face numerous dilemmas in defining AP severity and
its complications. To help physicians define AP, a multidisciplinary International Symposium was organized
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Imaging evaluation
Contrast-enhanced computed tomography (CECT) is
currently the standard imaging modality in the setting of
SAP. The most important roles for CECT are the diagnosis of pancreatic gland necrosis, the determination of the
extent of necrosis, and the diagnosis of local complications[25,47]. Because the complete development of pancreatic necrosis may not occur for up to four days after the
onset of SAP in the majority of patients, CECT cannot
be used to reliably determine the presence or the full
extent of necrosis before that time[9]. CECT cannot reliably detect underlying necrotic debris in an acute necrotic
collection or walled-off necrosis (WON), especially fluidpredominant collections[25,47]. The Balthazar’s CT severity
index (CTSI)[48] is commonly used to stratify the severity
of the disease and to predict mortality (Table 1).
Ultrasound (US) has a limited role in the assessment
of patients with AP; its primary disadvantage is the frequent association with the ileus, which tends to make the
visualization of the pancreas difficult[49]. Another disadvantage of US is that it provides no information regarding the presence or the extent of pancreatic necrosis.
However, compare to the majority of other modalities,
the primary advantage of ultrasound is that it is a portable procedure that can be performed in any location,
which is especially useful with for patients who are in a
critical care setting and who cannot be easily transported
to the CT scan suite.
Endoscopic ultrasound (EUS) is a useful modality
for evaluating patients with AP. Its role in the assessment
of choledocholithiasis is to aid in triaging patients who
require therapeutic endoscopic retrograde cholangiopancreatography (ERCP), thus eliminating potential complications that might be associated with diagnostic ERCP.
The limitations of EUS are the inconsistent availability
of skilled endosonographers with endoscopic and imaging skills, a potential for adverse events in critically ill patients, and a tendency to overestimate the necrotic debris
content of pancreatic fluid collections[25,49].
Magnetic resonance imaging (MRI) is a good alternative to CT for detecting parenchymal necrosis; magnetic
resonance cholangiopancreatography (MRCP) may
replace ERCP in the diagnostic evaluation of the pancreatic duct (PD)[47,50-52]. Due to its ability to characterize
pancreatic and peripancreatic collections or abscesses
as partial or full fluid in consistency, lack of radiation,
ability of MRCP to detect bile duct stones, and ability to
demonstrate the presence of disconnected PD, MRI has
a fundamental impact on the course of additional management. Disadvantages of MRI/MRCP include longer
acquisition times, difficult implementation in critically
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ent with paralytic ileus and keeping the pancreas at rest
is mandatory, the patients are parenterally fed. Parenteral
nutrition should be started, and positive nitrogen balance should be obtained in the first 72 h after the onset
of SAP. Enteral nutrition starting in the early phase of
SAP is superior to total parenteral nutrition unless paralytic ileus is present[59]. This positive effect is most likely
achieved using enteral nutrition that supports maintenance of the intestinal barrier. Continuous tube feeding
with peptide-based formulae is possible in the majority
of patients, and the jejunal route is recommended if gastric feeding is not tolerated by the patient. If the volume
of enteral nutrition tolerated by the patient is insufficient
to achieve adequate caloric support, combined parenteral
and enteral feeding should be instituted[60].

Table 2 Principles of intensive monitoring and systemic support
Parameters
Intensive invasive monitoring of vital constants
Analgesics (consider epidural analgesia if necessary)
Fluid resuscitation with monitoring of central venous pressure
Electrolyte solutions
Plasma expanders
Humidified oxygen administration
Catecholamines (dopamine, dobutamine)
Early nutritional support
Early treatment of systemic complications
Mechanical ventilation with positive end-expiratory pressure
Catecholamines (epinephrine)
Hemofiltration, dialysis
Insulin and calcium substitution

ill patients, toxicity of gadolinium in patients with renal
insufficiency, and contraindication of MRI in pacemakers
and other metal objects[25,49-52].
Image-guided, fine-needle aspiration of the necrotic
area is a procedure used for obtaining culture and Gram
stain and identifying the causative organism of infection.
However, therapeutic trends have altered this approach
to such a degree that the clinical relevance of this method has been substantially diminished[25].

BASIS OF THERAPY IN SAP
SAP should be managed in an intensive care unit that
is equipped to apply intensive monitoring and systemic
support, including supportive care, prompt fluid resuscitation to maintain circulation volume and prevent electrolyte imbalance, nutritional supplements, analgesics,
oxygen supplementation, mechanical ventilation, as well
as monitoring for respiratory, cardiovascular and renal
insufficiency and their early correction[3,7,53-55]. The principles of intensive monitoring and systemic support in
SAP are summarized in Table 2.
There are two primary aims in the initial treatment
of patients with SAP. The first aim is to provide supportive therapy and to treat specific complications that
may occur. The second aim is to limit both the severity
of pancreatic inflammation and necrosis and SIRS by
specifically interfering with their pathogenesis[1]. The
clinical usefulness of protease inhibitors (somatostatin,
octreotide, lexipafant and gabexate mesilate) in the treatment of SAP has not been clearly confirmed despite the
fact that several studies have shown a reduced incidence
of complications and mortality after the administration
of protease inhibitors[56-58]. Thus, the conservative treatment of AP is still primarily symptomatic and the specific medication that affects the cause of the disease is
not currently available.
Nutritional support
SAP is characterized by marked nutritional depletion,
and nutritional support is required to achieve a positive
nitrogen balance. Because these patients may often pres-
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Role of antibiotics
The aim of antibiotic prophylaxis in SAP is to prevent
superinfection in the necrotic tissues. Late deterioration
of organ dysfunction, which occurs most commonly
between the second and third week after the onset of
SAP[61], most likely results from secondary infection in
pancreatic and peripancreatic necrosis due to bacterial
translocation from the gastrointestinal tract into the necrotic tissues. Because the development of necrosis is
currently not preventable, the rationale for using prophylactic antibiotics in SAP is to prevent the infection in the
pancreatic necrosis[1]. However, antibiotic prophylaxis
is controversial concerning the clinical management of
AP. There are a large number of published studies with
questionable study designs and contradictory results,
which could be attributed to the inclusion of heterogeneous patients, different antibiotic regimes, and different
study objectives[54]. Several randomized controlled trials
offer evidence for the effectiveness of prophylactic antibiotics in reducing septic complications and mortality
of patients with necrotizing pancreatitis[62,63]. However,
other studies, of which several are meta-analyses, as
well-designed studies, don’t approve the routine use of
prophylactic antibiotics because there are no significant
differences related to surgery or mortality. Two randomized, double-blinded, prospective, controlled, multicenter
trials proved antibiotic prophylaxis to be ineffective concerning the reduction of infection in necrosis and hospital mortality[64,65]. A Cochrane meta-analysis concluded
that antibiotic prophylaxis is not protective in SAP[66].
The American Association of Gastroenterology recommends the administration of antibiotic prophylaxis in
cases of extended necrosis involving more than 30% of
the gland based on abdominal CT. Prophylaxis should be
administered for no longer than 14 d because prolonged
antibiotic therapy increases the prevalence of fungal infections. The role of prophylactic antifungal agents has
not been fully defined[54,64].
Treatment of biliary etiology
Although there is no clear consensus on all of the indications for ERCP and endoscopic sphincterotomy (ES),
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Figure 2 Three catheters inserted percutaneously into the abscess collections formed during the clinical course of necrotizing pancreatitis.

it is generally accepted that they are indicated for acute
cholangitis and obstructive jaundice[67,68]. Under these
conditions, ERCP and ES ameliorate the symptoms and
the progression of the disease when applied early, desirably within 72 h from the onset of the disease[69]. The
question remains whether patients classified as suffering
from severe biliary pancreatitis but without associated biliary sepsis or obstructive jaundice would benefit from the
endoscopic approach. Open cholecystectomy is an unacceptable emergency procedure in patients with severe
gallstone-associated pancreatitis. Co-morbidity, which is a
major predeterminant of cholecystectomy outcome, does
not apply to the use of ERCP and ES. Generally, patients
with AP of suspected biliary etiology and who are classified as suffering from severe disease should undergo
ERCP. ES should be performed when there is biliary
sludge or stones within the common bile duct[70].

IMAGING-GUIDED AND ENDOSCOPIC
PROCEDURE FOR TREATMENT OF
NECROTIZING PANCREATITIS
Image-guided percutaneous treatment
Image-guided percutaneous interventions, which seem
technically feasible in a vast majority of patients with necrotizing pancreatitis, range from needle aspiration to the
placement of multiple drainage catheters[2,3]. The choice of
image-guided intervention for percutaneous needle aspiration or percutaneous catheter drainage (PCD) depends on
the size and the location of the collection and the patient’
s habitus[16,71].
Image-guided PCD of collections in and around the
pancreas in patients with acute necrotizing pancreatitis is
an important therapeutic option either on its own or as an
adjunct to surgery. The majority of pancreatic collections
are located in the lesser sac, the anterior pararenal space,
or other parts of the retroperitoneum and can be drained
with a catheter inserted percutaneously[3,16,49,72]. Moreover,
the advantages of PCD include widespread availability,
access by transperitoneal and retroperitoneal approaches
to the left and right sides of the abdomen and pelvis,
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the ability to insert multiple catheters (Figure 2), and the
ability to flush catheters between procedures without
general anesthesia and with fewer traumas, simultaneously
performing vigorous irrigation with similar effects as performed surgically[3,73,74].
Depending on the operator experience, tandem trocar technique or Seldinger technique can be used. If
the Seldinger technique is used, then the catheter tract
should be sequentially dilated over a guidewire. Access
routes that avoid crossing the bowel and other intervening organs, or major mesenteric, peripancreatic, or
retroperitoneal blood vessels are selected to minimize
the risk of bacterial contamination and hemorrhage.
Successful percutaneous treatment of necrotic collections of the pancreas depends on several important factors. Catheters often need to remain in place for several
weeks and sometimes months; hence, close follow-up is
required[3,49,72].
The value of drainage therapy for removing solid
debris is equivocal. Generally, at the beginning of the disease, catheter drainage of the infected necrotic tissue is
poor; several authors have considered that surgical resection of the necrotic tissue is mandatory[1,7,9,11,12,14]. However, other authors have determined[2,3,6,16-21] that solid
tissue and necrotic debris could be removed with draining fluid and that the use of vigorous irrigation through
large-bore catheters could effectively remove the tissue.
The rationale for this strategy is that large-bore catheters
may be more effective for mobilizing solid tissue and
evacuating the necrotic tissue from the cavities. Other
authors have reported no significant correlation between
the drainage catheter size and the disease outcome[3,8,16].
Several percutaneous drainage procedures are performed
to stabilize the seriously ill patient before surgical debridement, whereas other procedures are performed with
the intent to cure[38,72]. In 1998, Freeny et al[75] first described a consecutive series of patients who had infected
pancreatic necrosis and who were treated primarily with
imaging-guided PCD, as an alternative to primary surgical necrosectomy. They demonstrated that the majority
of patients could be treated by drainage without the need
for necrosectomy. A major limitation of PCD is the development of pancreaticocutaneous fistulae; several authors reported that several fistulas did not close after the
procedure because of communication between the drain
and an upstream disrupted PD[2,25]. However, the disruption of PD is the initial pathologic event that triggers fistula formation in inflammatory disease and trauma of the
pancreas[76]. Therefore, the recovery of disrupted PD has
been recognized as the primary prognostic factor for successful treatment of pancreatic fistula regardless of the
treatment method (surgery or imaging intervention) used.
Moreover, in several cases, the fistula can be successfully
treated by image-guided PCD with irrigation by antiseptic
and administration of proper antibiotics[77].
Endoscopic treatment of SAP
Endoscopic necrosectomy is a minimally invasive method
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of external fistulae; however, limitations include the need
for multiple repeated procedures under sedation or anesthesia[25]. Additionally, in the case of superinfection or
drainage problems, monitoring, catheter manipulation
and analysis of cystic content are difficult using the endoscopic approach[49,83]. Combining a percutaneous approach
and endoscopic transmural drainage can prevent external
fistulae and avoid repetitive endoscopic interventions to
perform direct necrosectomy[84].

Table 3 Surgical treatment modalities in necrotizing pancre[86]
atitis
Surgical treatment modalities
Open necrosectomy with open packing - after necrosectomy, the abdomen maybe left open and repeatedly debrided until there is no residual
necrosis, and is allowed to close by secondary intention
Open necrosectomy with closed packing - after the removal of necrotic
tissue, the abdomen is closed, packing with external drains left in place.
The drains are removed singly every other day, starting 5-7 d postoperatively
Open necrosectomy with continous postoperative lavage - the procedure is based on the insertion of 2 or more double lumen catheters.
Repeated open necrosectomy is performed and the packing is removed
when there is no residual necrosis. The smaller lumen of the drains is
used for the inflow of the lavage, and the larger lumen is used for the
outflow. The drains can be removed after 2-3 wk
Programmed open necrosectomy - necrosectomy of necrotic tissue is
performed using multiple procedures. After necrosectomy, the pancreatic bed is packed with sponges and soft drains are placed on the top of
the packs. The abdomen is closed using a zipper

SURGICAL APPROACH TO NECROTIZING
PANCREATITIS

for the drainage of symptomatic pancreatic collections
and necroses whereby a nasocystic catheter is inserted
through a transmural entry site alongside a 10-Fr stent to
perform irrigation. Endoscopic necrosectomy was first
described in 1996 by Baron et al[78], whereas peroral flexible endoscopic drainage of PPCs performed via transpapillary or transmural techniques had been reported
more than 25 years ago[25]. Using the direct endoscopic
necrosectomy technique, a stoma is created endoscopically between the enteric lumen and the necrotic cavity
to allow the insertion of an endoscope directly into the
cavity, which allows mechanical debridement and lavage.
Direct endoscopic necrosectomy can be performed only
if the collection or necrosis is located within a few centimeters of the gastric or duodenal lumen. The site of
transmural puncture for direct endoscopic intervention
should be determined visually and fluoroscopically by an
observed bulge that represents the extrinsic compression
of the collection into the gut lumen. Approximately 50%
to 80% of potentially drainable collections can be performed using this approach. However, a bulge is often
absent with smaller collections, low serum albumin, and
collections in or near the pancreatic tail[79-82].
Therefore, to minimize the risk of complications, such
as puncturing adjacent structures, bleeding, and perforation, EUS is increasingly used to perform endoscopic
drainage. The advantages of EUS-guided endoscopic
drainage include the ability to visualize and determine the
optimal access into the collection, to avoid intervening
blood vessels, to assess the contents of the cavity, and to
visualize bleeding into the collection and other complications during and immediately after the procedure[25]. Randomized clinical trials of endoscopic transmural drainage
with and without EUS guidance showed that EUS visualization had an advantage over conventional endoscopic
techniques[79,80].
The advantages of the endoscopic approach compared to PCD include internal drainage and avoidance
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Open surgical necrosectomy
The indication for surgical intervention and the optimal
timing of intervention in necrotizing pancreatitis are frequently subject to discussion[85]. Traditionally, laparotomy
and immediate surgical debridement have been the gold
standard for the treatment of infected and symptomatic
sterile necroses with the aim of complete removal of the
necrotic tissue[1,12,45]. Open necrosectomy, originally described by Beger et al[61] consists of a laparotomy through
a bilateral subcostal incision. After blunt removal of all
of the necrotic tissue, two large-bore drains for postoperative lavage are inserted, and the abdomen is closed.
Currently, there are various open surgical approaches
for removing the pancreatic necroses. Table 3 outlines
various strategies for open surgical necrosectomy[86].
Open necrosectomy is associated with a high morbidity (34%-95%) and mortality ranges from 6% to 25%[25].
Randomized controlled trials have demonstrated that delayed surgical necrosectomy proves superior to early necrosectomy[14]. Therefore, the current recommendation
is to delay the surgery as late as possible after the onset
of pancreatitis until the necrotic process has stopped expanding and when there is a clear demarcation between
viable and nonviable tissues, so that the infected necrosis has become walled off or organized[9,69,86]. Potential,
immediate, postoperative, adverse events include organ
failure, perforation of a hollow viscus, wound infection,
and hemorrhage, any of which may require another
surgery. Long-term adverse events include chronic pancreaticocutaneous and enterocutaneous fistulae, diabetes
mellitus, exocrine pancreatic insufficiency, and abdominal wall hernias. Consensus supports the claim that postoperative continuous irrigation and ‘‘closed packing’’ are
superior to open packing and planned relaparotomies.
Relaparotomy increases the local intra-abdominal and
systemic trauma and has negative systemic effects on hemodynamic and systemic inflammatory response[25].
Minimally invasive surgical techniques
The traditional limitations of open surgery (significant
postoperative deterioration and organ dysfunction) have
led to the development of minimally invasive necrosectomy techniques as less invasive treatment alternatives to
open necrosectomy[22]. They can be classified according
to the type of scope used (laparoscope, nephroscope)
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tual status of endoscopic drainage seems to differ only
slightly from that of the percutaneous techniques[22].

A
Large fluid collection

MANAGEMENT OF COMPLICATIONS OF
SAP
Management of complications of AP varies depending
on the severity and the type of complications. Considering the Atlanta classification system is an important step
before determining the strategy for treating the complications of AP because different local complications
should be treated in different ways, either conservatively,
using interventional methods, or surgically[45,46]. Treating the complications of SAP, including pancreatic fluid
collections, necrosis, pseudocysts, abscesses, pancreatic
fistulas, and hemorrhage, requires a multidisciplinary approach and the application of diagnostic, interventional
and surgical methods.

Necrotic mass

B

C

r

ete

th

Ca

Fluid collection

Necrotic mass

Figure 3 Ultrasound appearance of pancreatic necroses and a large acute
fluid collection before and after drainage. A: Large fluid collection and pancreatic necroses before drainage; B: Catheter in the peripancreatic fluid collection; C: Massive pancreatic necroses with secondary fluid collection.

and the route of access (transperitoneal, retroperitoneal)[87-89] with the aim of minimizing the surgical stress and
physiological insult in patients who are already critically
ill[1,90,91]. Carter et al[92] described their technique and good
results from percutaneous retroperitoneal necrosectomy.
The retroperitoneal approach may be selected in patients
with left-sided, predominantly retroperitoneal necrosis
with a semisolid collection. In 2001, Horvath et al[93] described the video-assisted retroperitoneal debridement
(VARD) approach, using a 4-5 cm retroperitoneal incision and regular laparoscopic equipment for removing
the infected necrosis. Critics of these techniques noted
that they require several repeated procedures to perform
complete necrosectomy with a likelihood of serious complications. Each access route has its own advantages and
disadvantages, such as ease of access, ability to address
multiple collections and risk of collateral injury. The ac-
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AP fluid collections and necroses
Pancreatic necrosis develops early in the course of SAP
and is usually well established by 96 hours after the onset
of clinical symptoms. Acute necrotic collections, which
occur simultaneously in approximately 40% of patients,
as enzyme-rich pancreatic juice collections can be intrapancreatic or extrapancreatic. They are heterogeneous,
can contain non-liquid material with varying amounts of
fluid, and are without full encapsulation[38,45,49,72]. Sterile
acute necrotic collections rarely require intervention early
in the course of disease, and the conservative approach
and image-guided follow-up of acute sterile fluid collections and necroses are better than continuous drainage
from the beginning, which is frequently associated with
their bacterial colonization and catheter problems[25].
However, several patients with gross destruction of
the pancreatic gland due to impairment of the microcirculation of the pancreas during SAP can develop massive sterile pancreatic necroses, which cause systemic
release of numerous cytokines and inflammatory mediators, thus leading to activation of inflammatory cells,
fever, and multiorgan failure (Figure 3).
Although sterile pancreatic necroses are not infected, they can lead to extravasations of amylase-rich and
protein-rich intravascular fluid into the peripancreatic
regions and can result in poor clinical course and initiate
physiologic pathways, which progress to organ failure,
cardiovascular collapse and formation of abscesses and
sepsis[16]. Therefore, in this clinical setting, the removal
of toxic mediators and inflammatory substances from
sterile collections may ameliorate the systemic consequences induced by SAP[16,94]. Removing toxic mediators
and inflammatory substances can be performed by percutaneous or endoscopic transmural drainage[16,82,94,95].
Infected pancreatic necrosis
More than 80% of deaths associated with AP are attributed to septic complications as a consequence of
bacterial infection in pancreatic necrosis[49]. Therefore, in
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A

B

C

D

Figure 4 Ultrasound appearance of infected pancreatic necrosis before and after the treatment of acute pancreatitis. A: infected pancreatic necrosis (IPN)
involved the entire pancreas in the beginning of the disease; B: Liquefied areas in the IPN marked by arrows; C: Small necroses and liquid collections around the pancreas 2 mo after the beginning of treatment marked by arrows; D: Normal appearance of the pancreas 6 mo after the beginning of treatment.

infected necrotizing pancreatitis, the infected non-vital tissue should be removed to control the sepsis. For patients
with infected necrosis, there is convincing evidence that
the early surgical intervention (before 3 wk) for pancreatic
necrosis could result in a worse prognosis compared to
patients where surgery is delayed. Surgical techniques are
associated with total anesthesia and considerable trauma,
which often causes escalation of multiorgan failure, uncontrolled bleeding and sepsis[2,3,6].
Recently, minimal invasive non-surgical management,
using truly conservative or less invasive drainage techniques, was included in the treatment of infected necrotizing pancreatitis that allowed for the surgical debridement to be delayed or completely avoided[2,3,6,14,15]. In the
beginning of the disease, catheter drainage of infected
necrotic tissue is often ineffective because of catheter
blockage by necrotic tissue fragments and viscous fluid.
However, during the course of SAP, a transition from
solid necrotic tissue to more liquid contents leads to a
higher success rate of the evacuation of the necrotic
tissue from the cavities, regardless of the catheter size
(Figures 4 and 5A)[3,19].
Therefore, conservative treatment with proper intravenous hydration and the administration of proper antibiotics should be performed at the initial stages of the
disease. Less invasive drainage techniques should be considered when truly conservative treatment fails to resolve
the infected pancreatic necrosis. Surgical necrosectomy
may represent overtreatment at the beginning of the dis-
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ease onset in patients with usually poor general condition,
with difficulties in discriminating between necrotic and
normal tissue during the procedure. Additionally, surgical
necrosectomy carries a high risk of bleeding from vessels in the necrotized tissue during or immediately after
the intervention. With delayed intervention, demarcation
between the necrotic and vital tissue occurs; therefore, if
necrosectomy is performed later in the course, then resection of the vital tissue is minimized, leading to better
long-term endocrine and exocrine function and a reduction in postoperative adverse events[3,19,69].
Pancreatic WON
According to the revision of the Atlanta classification,
pancreatic WON is defined as “a circumscribed collection of pus, containing little or no pancreatic necrosis,
which arises as a consequence of AP or pancreatic
trauma”[46,96]. WON, which occurs only in the context of
necrotizing pancreatitis, is heterogeneous, contains nonliquid material with varying amounts of fluid, and has an
encapsulating wall (Figure 5B).
WON can be located intrapancreatically or extrapancreatically. This process develops due to liquefaction
and subsequent superinfection of limited pancreatic and
retroperitoneal necrosis as well as superinfection of acute
fluid collections[97-99]. In general, pancreatic WON develops later in the course of the disease (usually after four
or more weeks after the onset of SAP). Asymptomatic
WON does not mandate intervention, regardless of the
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A

Infected pancreatic
necrosis

B

Figure 5 computed tomography. A: computed tomography (CT) appearance of the infected pancreatic necrosis, which involves the entire pancreas (marked by an
arrow); B: CT appearance of a large pancreatic walled-off necrosis in the tail of the pancreas (marked by arrows).

size and extension of the collection, and may resolve
spontaneously over a period of time, even in rare cases of
infected necrosis[25]. Symptomatic WON generally requires
intervention later in the disease course if there is intractable pain, obstruction of the stomach or bile duct, or in
the case of infection[25,99,100]. Due to their less aggressive
behavior and circumscribed localization, minimally invasive treatment strategies, including percutaneous or endoscopic approach, can be easily performed with success in
the majority of these cases[99,101].
PPC
A PPC is a collection of pancreatic content enclosed by
a wall of fibrous or granulation tissue, which is not lined
by the epithelium[45]. The majority of PPCs regress spontaneously and need no treatment, whereas some PPCs
may persist and progress to produce complications.
Factors that influence the decision regarding whether to
treat PPC include pain, infection, pressure effects that
can lead to gastric outlet, intestinal or biliary obstruction.
Several conditions must be met to achieve the complete
obliteration of the cyst cavity. PD anatomy is an important factor in the prognosis of the treatment[76,83,102-104].
Traditionally, surgery was the only treatment option
for symptomatic PPC[83,105]. However, this surgical treatment involves considerable trauma and general anesthesia, with the risk of PPC recurrence not being entirely
excluded. The recent trend in managing symptomatic
PPC has been toward less invasive approaches, such as
endoscopic and image-guided PCD[83,102-104,106]. The endoscopic approach is suitable because the majority of PPCs
lie adjacent to the stomach, yet with both endoscopic
and imaging skills being required here[83]. The major advantage of the endoscopic approach is that it creates a
permanent pseudocysto-gastric tract with no spillage of
pancreatic enzymes. However, with drainage problems,
monitoring, catheter manipulation and the analysis of
cystic content are difficult or impossible to perform
endoscopically, unlike with PCD approach [83]. Drainage techniques have better results and lower recurrence
rates in patients without communication between PPC
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and PD[76]. When PPC-PD communication is identified,
the mean duration of drainage increases to between
weeks and months, depending on the condition of the
PD[76,103,104].
Pancreatic fistula
Disruption of the PD secondary to pancreatic necrosis
leads to leakage of the pancreatic secretion and its accumulation inside the abdomen in the neighborhood of
the pancreas and pseudocyst formation. However, the
pancreatic juice can also flow to other locations, causing
pancreatic ascites, pleural effusion, distant pseudocyst or
pancreatocutaneous fistula. ERCP, MRCP and wirsungraphy by using CT may be utilized in the diagnostic evaluation of PD disruption[1,47,50-52,54]. ERCP, in the same endoscopic session, may be associated with the placement
of a stent to bridge the leak site, which may contribute to
the definitive resolution of PD disruption[107]. Traditionally, pancreatic fistulas have been managed primarily by
conservative treatment with total parenteral nutrition and
the administration of pancreatic secretory inhibitor octreotide. However, conservative treatment tends to fail in
many patients whereby interventional therapies and even
surgery become the next option. A subsequent surgery
for fistula management is technically demanding and is
associated with major morbidity and mortality[77,106-109].
Hemorrhage
Hemorrhage into the pancreatic bed or adjacent retroperitoneum is usually a consequence of gastrointestinal
bleeding, which occurs due to gastroduodenitis, bleeding
peptic ulcer and pancreatitis-induced enzymatic damage
to the adjacent vasculature, such as the splenic, renal or
gastroduodenal arteries and the development of an aneurysm in one of these arteries[38,45]. Rupture of an aneurysm in these arteries usually results in acute, severe, lifethreatening hemorrhage. Diagnosis may be established
by angiography or angio-CT. Occasionally, emobilization
can be performed using angiography, which may stop
the bleeding. If this method fails, the definitive treatment must be surgery[49,54,110].
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STEP-UP APPROACH
In recent years, the treatment of infected necrotizing
pancreatitis has shifted from early surgical necrosectomy
to postponed minimally invasive step-up strategy. This
approach is based on the statement that surgical debridement may represent overtreatment at the beginning of
the disease in patients with usually poor general condition, with difficulties in discriminating between necrotic
and normal tissue during the procedure and a high risk
of bleeding from vessels in the necrotized tissue during
or immediately after the surgery. The initial step-up approach is percutaneous or endoscopic drainage of the infected collection to prevent sepsis. If this approach fails,
minimal invasive surgery is employed, with open surgery
being reserved for those patients who do not respond to
less invasive techniques[3,13,18,20,22-24,85,111].
If the patient’s condition improves (in approximately
35% of cases)[22], after percutaneous or endoscopic approach, no surgical debridement is performed. Surgical
intervention is postponed for as long as possible so that
the infected collection may become encapsulated[3,22] and
is performed when the patient’s condition does not improve or if it deteriorates. Several recently published studies compared the outcomes of the step-up approach with
open debridement as the primary treatment (step-down
approach) and demonstrated that the step-up approach
was superior because it reduced morbidity, mortality and
costs per patient[3,6,13,18,20]. Presently, the step-up approach
may be considered the reference standard intervention
for SAP. The individual components of the step-up approach may be subject to improvement. However, the
concept of the step-up approach can be summarized as
follows: delayed intervention with close monitoring and
conservative treatment, catheter drainage and minimally
invasive drain-guided debridement seem here to stay[22].

CONCLUSION
The management of SAP varies depending on the severity and the type of complication that requires treatment.
Classifying the complications of SAP according to the
revised Atlanta classification system is important before
deciding the appropriate treatment strategy because different complications of SAP are treated in different ways,
either conservatively by interventional imaging techniques
or by surgery. Although no universally accepted treatment
algorithm exists, the step-up approach using close monitoring, percutaneous or endoscopic drainage, followed by
minimally invasive video-assisted retroperitoneal debridement has been shown to produce superior outcomes to
traditional open necrosectomy and may be considered as
the reference standard intervention for this disorder. Several recently published studies showed that the step-up
approach, compared with open debridement (step-down
approach), reduced the rates of major complications and
death by minimizing surgical trauma in already critically
ill patients with necrotizing pancreatitis. The individual
components of the step-up approach may be subject to
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improvement. Additional research, preferably randomized
trials or prospective collaborative studies, are required to
improve current minimally invasive interventional techniques (drainage, endoscopic and laparoscopic) and to
define optimal duration and timing of each intervention
as part of the step-up approach. The primary principle
of intervention for necrotizing pancreatitis is that there is
no unique treatment that is optimal for all patients. The
best approach is a multidisciplinary one that is adaptable
to the individual patient. Therefore, for the management
of such complex disease entities, a multidisciplinary team
approach is essential, and the final selection of the optimal treatment of SAP will depend on multiple factors,
including the expertise available at a given center, specific
patient characteristics and risk assessment findings.
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Abstract
Pancreatic neuroendocrine neoplasms (PNENs) are rare
and account for only 2%-4% of all pancreatic neoplasms. All PNENs are potential (neurendocrine tumors
PNETs) or overt (neuroendocrine carcinomas PNECs)
malignant, but a subset of PNETs is low-risk. Even in
case of low-risk PNETs surgical resection is frequently
required to treat hormone-related symptoms and to
obtain an appropriate pathological diagnosis. Low-risk
PNETs in the body and the tail are ideal for minimallyinvasive approaches which should be tailored to the
individual patient. Generally, surgeons must aim for
parenchyma sparing in these cases. In high-risk and
malignant PNENs, indications for tumor resection are
much wider than for pancreatic adenocarcinoma, in
many cases due to the relatively benign tumor biology. Thus, patients with locally advanced and metastatic PNETs may benefit from extensive resection. In
experienced hands, even multi-organ resections are
accomplished with acceptable perioperative morbidity
and mortality rates and are associated with excellent
long term survival. However, poorly differentiated neoplasms with high proliferation rates are associated with
a dismal prognosis and may frequently only be treated
with chemotherapy. The evidence on surgical treat-
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ment of PNENs stems from reviews of mostly singlecenter series and some analyses of nation-wide tumor
registries. No randomized trial has been performed
to compare surgical and non-surgical therapies in potentially resectable PNEN. Though such a trial would
principally be desirable, ethical considerations and the
heterogeneity of PNENs preclude realization of such a
study. In the current review, we summarize recent advances in the surgical treatment of PNENs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Surgery; Laparoscopy; Liver metastases;
Pancreatic neuroendocrine neoplasms; Pancreatic neuroendocrine neoplasm
Core tip: Surgical resection is the only curative treatment for pancreatic neuroendocrine neoplasms (PNENs).
Surgical resection should be tailored and parenchymapreserving whenever possible. Laparoscopic approaches are feasible and safe for pancreatic body and tail
lesions. Regional lymph node dissection may prolong
disease free survival. Cytoreductive surgery and palliative debulking (> 90%) of PNET liver metastases may
extend survival. The most relevant prognostic factors
are surgical intervention, tumor differentiation, patient
age, and distant metastases.
D'Haese JG, Tosolini C, Ceyhan GO, Kong B, Esposito I,
Michalski CW, Kleeff J. Update on surgical treatment of
pancreatic neuroendocrine neoplasms. World J Gastroenterol
2014; 20(38): 13893-13898 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i38/13893.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i38.13893

INTRODUCTION
Pancreatic neuroendocrine neoplasms (PNENs) are rare
with an incidence of about 1/100000 per year causing
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only 1%-4% of all clinically apparent pancreatic neoplasms[1-3]. Most PNENs are sporadic but about 10% are
part of inherited disorders such as multiple endocrine
neoplasia type 1, von Hippel-Lindau syndrome, neurofibromatosis and tuberous sclerosis.
PNENs seem to arise from the islet cells of the pancreas and may or may not secrete functionally active hormones and can therefore be classified as functional or
non-functional tumors. Functional tumors are usually
detected early due to the symptoms caused by hormone
production. Recent studies suggest that most PNENs are
non-functional and therefore diagnosed either incidentally or late due to unspecific symptoms caused by the local
or distant tumor mass. However, the traditional distinction between functional and non-functional tumors has
become clinically largely irrelevant since this distinction
does not influence prognosis or treatment options.
A clinically much more relevant classification is the
generally accepted grading of PNENs on the basis of
the 2010 WHO classification for gastroenteropancreatic
neuroendocrine tumors and the expression of the cell
proliferation marker Ki-67. Accordingly, PNENs are
graded as G1 [mitotic count < 2/10 high power fields
(HPF) and a Ki-67 index < 3 %], G2 (mitotic count of
2-20/10 HPF and a Ki67 index of 3%-20%), and G3
(mitotic count > 20/10 HPF and/or a KI-67 index >
20%). Differentiation on the other hand refers to the
extent to which the neoplastic cells resemble their nonneoplastic counterparts[4]. In general, well differentiated
PNENs are either low or intermediate grade (G1 + G2)
and are termed neuroendocrine tumors (PNETs), while
poorly differentiated PNENs are considered high grade
(G3) and are called neuroendocrine carcinomas (PNECs).
The differential diagnosis between PNENs and pancreatic ductal adenocarcinoma (PDAC) is especially important
because major differences in tumor biology require different surgical treatment strategies. Since PNET patients have
a much better prognosis than PDAC patients, surgery is
more frequently the treatment of choice. This review will
provide an update on current surgical treatment options
for patients with PNENs.

SURGICAL TREATMENT OF PNETS
Surgical resection of PNETs remains the only curative
approach and must therefore be regarded as the current
standard of care even in many cases where advanced
disease is found[5-7]. However, only about two thirds of
the patients present with technically resectable disease.
Tailored surgical approaches are therefore needed to deal
with this very heterogenic disease.
Management of low risk disease
PNETs show a benign biological behavior in 10%-40%,
most of them being insulinomas[8]. If benign PNETs are
solitary and easily accessible, local resection/enucleation
is generally preferred[9]. In this respect, a recent study
demonstrated the importance of intraoperative bi-digital
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palpation and ultrasonography (IOUS) in localizing these
lesions[10]. Besides, IOUS is useful in clarifying the association of the tumor lesions, the pancreatic vasculature
and particularly, the main pancreatic duct. Therefore,
it provides important information in deciding between
enucleation and resection[10]. When the tumor is located
further than 2-3 mm from the pancreatic duct, an enucleation is generally preferred to pancreatic resection [5].
Furthermore, preoperative endoscopic tattooing of lesions in the pancreatic head or tail seems to be a feasible
alternative for intraoperative localization of the tumor
especially for laparoscopic surgical procedures[11]. When
enucleation seems possible, the tumor is carefully dissected off the surrounding pancreatic tissue[12]. After resection, a drain may be placed at the resection site[12]. As an
alternative in cases where enucleation seems impossible,
middle segmental pancreatic resection may be performed
as a parenchyma-preserving technique[13]. Such organ
preserving strategies are nowadays safe in experienced
hands with low morbidity and mortality[13,14]. Although
parenchyma-preserving techniques have slightly increased
morbidities (76%) and pancreatic fistula (69%) compared
to standard resections (58% and 42%), the patients do
clearly benefit in terms of pancreatic endo- and exocrine
function[14]. Organ preserving pancreatic surgery leads to
only 3%-5% impairment of endo- and exocrine function,
whereas in standard resections this rate can increase up
to 21%-32%[14]. Furthermore it seems evident, that while
performing organ preserving and locally limited surgery
the patients are not put at risk concerning postoperative
survival compared to standard resections[14].
Laparoscopic resection seems to be ideal for insulinomas that are usually benign, small, and located in the
body or tail of the pancreas; this procedure has been
shown to carry a low risk of morbidity and mortality[15,16]. However, because of the difficult preoperative
assessment of the nature and extension of the tumor, a
conversion to open surgery is frequent. Recently, robotassisted minimally-invasive pancreatic resections have
been suggested to be superior to the laparoscopic approach since conversions to open surgery can be significantly reduced (conversion rate of 0% vs 16%) without
increased morbidity[17]. The robot-inherent disadvantages
of a lack of haptics, a steep learning curve and high
costs however prevent many centers from implementing
this technique. Nevertheless, in the presence of tumors
with a high probability of malignancy, or in the absence
of a cleavage plane to duct and blood vessels, open surgery may be considered in the first place[12].
There is an ongoing debate on the role of lymph node
dissection in PNEN surgery. When considering organ preserving surgery for low risk PNENs other than insulinomas, recent data showing a positive lymph node status in
up to 23% of low risk PNENs with significantly shorter
disease free survival (mean 4.5 years vs 14.6 years; P <
0.0001) should be considered[18]. The frequency of lymph
node metastases was reported to be higher for tumors >
15 mm, tumors in the head as compared to tumors in the
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body and the tail, tumors with higher proliferation rates
(G3), and with lymph vessel invasion (L1)[18,19]. Partelli
and colleagues developed two predictive models to assess the risk of positive lymph nodes in non-functional
PNENs, one with histopathological grading and one
without[20]. In addition to the previously mentioned factors, radiological nodal status was associated with lymph
node metastases in their study[20]. However, considering
current evidence, it seems that preoperative variables are
not able to predict the probability of nodal involvement
sufficiently enough to omit regional lymphadenectomy.
Therefore, regional lymphadenectomy is suggested for
patients undergoing pancreatic resections for PNENs.
Management of high risk/malignant disease
In case of malignancy, recent studies proved that extensive
surgery is superior to conservative therapies in extending
patients’ survival and in controlling local and metastatic
disease.
Early and locally advanced disease
In case of localized tumors, the aim of surgery is to
achieve curative resection and to prevent or delay local or
metastatic recurrence. Here, oncological resections (partial
pancreaticoduodenectomy or distal pancreatic resection)
are required. A recent study showed a survival benefit of
79 mo for resected patients compared to those patients
who were recommended for but did not undergo resection (114 mo vs 35 mo; P < 0.0001)[21]. However, one
should note that in this study patients that were recommended for but did not undergo resection showed considerably more often distant metastases when compared
to the group of resected patients (58.3% vs 28.4%). Nevertheless, the survival advantage of resection appeared to
hold true also for the subgroup of patients with distant
metastases (60 mo vs 31 mo, P = 0.01). Even though
these data are retrospective, they suggest an impressive
benefit of surgical resection in extending survival. Furthermore, resection has been shown to reduce the risk
for the development of metachronous liver metastases.
Patients with gastrinoma that underwent surgical resection developed significantly less metachronous liver metastasis (5%) than those without surgery (29%)[22].
In locally advanced tumors that involve surrounding
organs or tissues, an aggressive surgical intervention is
technically feasible in selected patients and may offer appropriate disease control[23]. Besides, resection of locally
advanced tumors with major blood vessel involvement
and the necessity for vascular reconstruction can be beneficial[24]. Unfortunately local recurrence is frequent after
these interventions, and surgery in most cases is an intervention offering long term palliation rather than cure[25].
Interestingly, a margin-positive resection in locally advanced PNETs seems to offer a similar overall survival
compared to margin-negative resections[26]. Therefore,
a resection of locally advanced PNETs might even be
attempted when margin-positivity is expected; however,
a pre-operative assessment of putative tumor biology is
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the key to successful PNET surgery.
Metastatic and recurrent disease
Liver metastases are commonly observed in PNEN patients and are present in up to 60% at initial diagnosis[27].
At that point, only a small fraction of patients are technically and/or oncologically resectable[28]. However, the
presence of both synchronous or metachronous liver
metastases does not generally represent a contraindication to surgical treatment of PNEN patients[29,30]. It is still
unclear when and whether the primary tumor should be
resected in non resectable metastatic disease[31]. Concerning liver metastases, a significantly higher 5 year survival
(72% vs 25%) and a longer median survival (96 mo vs 20
mo) has been observed in resected patients compared to
non-resected ones[32]. A relevant oncological benefit can
be achieved by palliative surgical debulking of more than
90% of liver metastases, as also advocated by the recent
ENETS guidelines[7,33,34]. In the presence of bilobar hepatic PNEN metastasis, resections may be performed
safely in two-stage procedures in selected patients[35]. In
addition, in the palliative setting, surgical cytoreduction
has proven more efficient than transarterial chemoembolisation alone[36]. Another more recent option for the
treatment of disseminated liver metastases is the selective
internal radiation therapy (SIRT) with yttrium-90 labeled
glass microspheres[37]. This radioembolisation therapy
has been shown to be especially effective for the treatment of liver metastases of colorectal and neuroendocrine
tumors[38]. However, multi-disciplinary therapeutic approaches in specialized centers are frequently required to
maximize tumor mass reduction. In particular, surgical
resection can be complemented by other liver-directed
therapies such as radiofrequency ablation[32] or transcatheter arterial (chemo)embolisation[6].
Recurrence is a frequent finding and therefore reoperation for metastatic disease is frequently needed and
can result in excellent long term survival of up to 70%
after 10 years[30]. For early detection of PNEN recurrence, gallium-68 DOTATATE PET-CT may be helpful[39]. PNENs with a KI-67 index of more than 5%, positive lymph nodes, and tumor size > 4 cm are associated
with a significantly higher risk for recurrence[40,41]. These
data demonstrate that aggressive surgical resection can
improve survival even in metastatic and recurrent disease.
In selected individual cases liver transplantation may
be a treatment option, but evidence is limited and the
oncological outcome uncertain [42]. Rosneau and colleagues reported 1-, 5- and 10- years survival rates of
89%, 80% and 50% in a study involving 17 patients[43]
which is not better than what can be achieved by aggressive surgical debulking[33]. Furthermore, considering
the lack of organs, this indication is reserved for highly
selected patients[7,44]. The UNOS/Eurotransplant waiting
lists for liver transplantation stratify patients by disease
severity using the (lab)MELD score based on laboratory parameters. For some diseases (e.g., HCC or cystic
fibrosis) this labMELD score does not sufficiently mir-
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ror disease severity, therefore standard exceptions have
been defined for which a matchMELD can be assigned.
However, liver metastases of neuroendocrine tumors are
not considered a standard exception according to current waiting list criteria of Eurotransplant/UNOS and
therefore these patients do not qualify for a standard exception matchMELD. Nevertheless, in cases where the
treating physicians believe that liver transplant might be
a viable option, a non-standard exception matchMELD
score can be applied for. These exceptional cases are
then judged upon on an individual basis by an expert
committee. Steve Jobs, former CEO of Apple Inc., is the
most prominent of these very select cases and received
a liver transplant for metachronous PNEN liver metastases at the Methodist University Hospital Transplant
Institute in Memphis, Tennessee in 2009[45,46].
PNECs-high grade disease
Pancreatic neuroendocrine carcinomas with a high KI-67
index show an increased risk for recurrence and metastatic disease and survival is poor[40]. Therefore resection
in patients with poorly differentiated PNECs with a high
proliferation index should currently only be attempted
when an R0 resections seems possible[7]. There is currently no role for cytoreductive surgery in these highly
malignant cases. In advanced disease, targeted therapies
(e.g., VEGF and mTOR inhibitors) are increasingly acknowledged to be superior to conventional chemotherapy in case of poorly differentiated PNECs.

CONCLUSION
PNENs are rare neoplasms of the pancreas with a disease course considerably different from PDAC. Aggressive and extensive surgery may be an option for many
patients suffering from locally advanced and even metastatic disease. This may in select cases involve resection
of multiple organs to achieve a significant reduction of
the tumor mass. In patients with PNEN liver metastasis, debulking of > 90% of the macroscopically visible
tumor mass - if technically feasible - seems to extend
overall survival. However, current evidence stems from
retrospective, non-randomized studies, but obvious ethical and feasibility considerations preclude realization of
such a trial. In addition, exceptional heterogeneity of
PNENs in terms of tumor biology renders thoughtful
design of inclusion and exclusion criteria of such a trial
impracticable.
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Abstract
Primary splenic epithelial cyst is an unusual event in
everyday surgical practice with about 800 cases reported until date in the English literature. Splenic cysts
may be parasitic or non-parasitic in origin. Nonparasitic
cysts are either primary or secondary. Primary cysts
are also called true, congenital, epidermoid or epithelial cysts. Primary splenic cysts account for 10% of all
benign non-parasitic splenic cysts and are the most frequent type of splenic cysts in children. Usually, splenic
cysts are asymptomatic and can be found incidentally
during imaging techniques or on laprotomy. The symptoms are related to the size of cysts. When they assume large sizes, they may present with fullness in the
left abdomen, local or referred pain, symptoms due
to compression of adjacent structures (like nausea,
vomiting, flatulence, diarrhoea) or rarely thrombocytopenia, and occasionally complications such as infection, rupture and/or haemorrhage. The preoperative
diagnosis of primary splenic cysts can be ascertained
by ultrasonography (USG), computed tomography or
magnetic resonance imaging, although the wide use
of USG today has led to an increase in the incidence of
splenic cysts by 1%. However, careful histopathological
evaluation along with immunostaining for presence of
epithelial lining is mandatory to arrive at the diagnosis.
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The treatment has changed drastically from total splenectomy in the past to splenic preservation methods
recently.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Epithelial cyst; Spleen; Diagnosis; Splenectomy; Laporoscopy
Core tip: Accurate preoperative diagnosis of primary
epithelial cysts is difficult; the occurrence of a cystic
lesion that is either unilocular or multilocular in the
absence of previous trauma, infection or exposure to
hydatid disease may help to arrive at the diagnosis.
However, careful histopathological evaluation along
with immunostaining is important to arrive at correct
diagnosis. The treatment has changed drastically from
total splenectomy in the past to splenic preservation
methods recently. The rationale behind conservative
management is to preserve the splenic function in order to avoid untoward complications related to historical treatment.
Ingle SB, Hinge (Ingle) CR, Patrike S. Epithelial cysts of the
spleen: A minireview. World J Gastroenterol 2014; 20(38):
13899-13903 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13899.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13899

INTRODUCTION
Primary splenic cysts are unusual and often an incidental
finding in surgical practice. As per the existing literature,
since the first case was reported in 1929 by Andral, the
classification of these lesions has evolved into the present system[1].

CLASSIFICATION
Splenic cysts have been classified based on the presence
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or absence of an epithelial lining, etiology, pathogenesis, etc. Martin classified splenic cysts as type 1 cysts,
which are true cysts having lining epithelium, and type 2
cysts, which are false cysts without lining epithelium[2,3].
Pseudocysts are usually posttraumatic, due to failure of
organization of hematomas located beneath the capsule
or in the splenic parenchyma, and rarely they may occur
in splenic abscess or splenic infarction [1,4,5]. Depending on the causative agent splenic cysts can be divided
into two types: parasitic cysts and non-parasitic cysts.
Parasitic cysts are usually seen in endemic areas and are
caused mainly by Echinococcus granulosus infestation[1,6,7]. A
new classification based on the true pathogenesis of cyst
divides non-parasitic splenic cysts as congenital, neoplastic, traumatic, and degenerative[8]. Primary splenic cysts
constitute 10% of all nonparasitic cysts of the spleen.
These cysts are predominantly seen in paediatric and
adolescent age groups[2,9]. Usually they are asymptomatic
and found incidentally on ultrasound examination of the
abdomen[2]. The clinical significance is attributed mainly
because of their potential to rupture, to infect or to
bleed, and due to the potential of a serious differential
diagnosis of a neoplastic lesion in the left hypochondrium[10].
Recently, treatment of choice is open partial splenectomy as it preserves the splenic functions and there is
no recurrence of the lesion due to complete removal[11].
Histopathological evaluation along with immunohistochemistry is the mainstay to confirm the subtype of
splenic cyst and to rule out the rare possibility of malignant transformation in the pluripotent epithelial lining[12].

EPIDEMIOLOGY
Primary splenic epithelial cyst is a rare condition with an
incidence rate of 0.07% as reported in a review of 42327
autopsies[13-16]. Primary splenic cysts are seen mostly in
children, adolescents and young adults[13]. Congenital
type is common in girls[17,18]. Non-parasitic splenic cysts
are common in Europe and North America, while parasitic cysts are common in Africa and Central America[19].
The prevalence rate of splenic cysts has been increased
nowadays due to increased use of non-invasive diagnostic modalities, i.e., ultrasonography (USG) and computed
tomography (CT)[20].

PATHOPHYSIOLOGY
The pathogenesis of primary splenic cysts is not clear.
In view of this, many hypotheses were proposed.
Mesothelial invagination theory
In case of congenital cysts, it is postulated that during
development there is invasion of mesothelial lining along
with the capsule. As the lining has pluripotent nature, it
has propensity to undergo metaplasia and secretion of
fluid, leading to the formation of cysts[1,5].
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The congenital cyst lining is postulated to arise from
invasion of the peritoneum along with its mesothelial
lining after rupture of the splenic capsule or due to trapping of mesothelial cells in splenic sulci.
Lymph space theory
According to this theory the cysts may arise from the
normal lymph spaces in the spleen[16].
Endodermal inclusion theory
Endodermal inclusion theory proposes that epithelial
splenic cysts develop by true metaplasia of a heterotopic
endodermal inclusion within the spleen [21-23]. Due to
pluripotent nature of the mesothelium, there seems to
be metaplasia in the lining leading to formation of cysts
with various types of epithelial lining, i.e., squamous, columnar, etc.[12]. According to some studies the epidermoid
nature is due to teratomatous differentiation or to inclusion of fetal squamous lining instead of metaplasia.

CLINICAL FEATURES
Age
Splenic cysts are predominantly seen in the second and
third decades; however, they can be seen in paediatric
age group[24].
Sex
Splenic cysts are common in females as compared to
males[18].
Signs and symptoms
Usually small cysts are symptomless. A painless mass in
the left hypochondriac region is the main presentation in
30%-40% cases. There may be localized pain or referred
pain due to mass effect[25]. Occasionally the patients may
present with thrombocytopenia[1,26]. The initial symptoms are mainly due to pressure effect, including nausea
and belching pain in the abdomen[25]. Pleuritic pain and
persistent cough are also the presenting features[27]. Occasionally they present with complications, like infection,
rupture and haemorrhage [25,28]. Physical examination
often reveals a left hypochondriac mass. The routine
haematological and biochemical investigations are within
normal limits.
Tumour markers
The serum tumour markers carcinoembryonic antigen
(CEA) and carbohydrate antigen 19-9 (CA 19-9) may be
raised and so checked[29].

DIAGNOSIS
Clinical diagnosis
Most of primary cysts are clinically silent and are diagnosed incidentally on USG. Nowadays, the prevalence is
increased because of the increased use of non-invasive
imaging techniques, i.e., USG and CT[30].
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of a hemorrhagic cyst[33].
Accurate clinical diagnosis
Accurate clinical diagnosis of primary epithelial cysts
is difficult; the occurrence of a unilocular cyst in the
absence of previous trauma, infection or exposure to
hydatid disease may help to arrive at the diagnosis[1]. The
diagnosis of pseudocyst should be suspected in cases
with a history of trauma, elder age along with evidence
of hematoma in the organ parenchyma and calcification
in the cyst wall. The diagnosis of hydatid cyst is done by
detailed clinical history, the evidence of calcification in
the wall, and presence of daughter cysts with multiple
organ involvement[34,35].

Figure 1 Huge primary splenic cyst with glistening smooth inner wall.

Figure 2 Multiloculated primary splenic cyst.

Whenever there is a lump in the left hypochondriac
region, the clinician should exclude other causes of splenomegaly, i.e., infectious mononucleosis, fever of unknown origin, haemolytic anaemia, chronic leukaemias,
collagen vascular disease, and liver diseases. Serological
markers play key role in such circumstances[31].
USG
USG is a good non-invasive tool for screening and confirming the cystic nature of a mass[2]. Ultrasound can dif[32]
ferentiate solid and cystic lesions in most cases . Characteristically, on USG the cyst appears as an anechoic
mass with thin walls and septations or irregular walls.
There are calcific foci in case of complex cysts. Calcifications are useful to differentiate cysts from other causes
of splenomegaly[27,30,10].
CT and magnetic resonance imaging
CT and magnetic resonance imaging (MRI) may give
guidelines, with regard to the morphology of cyst, the
nature of fluid, the exact location and its relationship
with adjacent structures[10,27,30]. On T1-weighted MRI
images, the cyst is hypointense while on T2, it is hyperintense, with intensity of signal equal to water without reinforcement after contrast injection. However, the signal
intensity may be elevated according to contents in the
cyst, e.g., signal intensity on T1 can be increased in case
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Other techniques
Other techniques such as 99m technetium sulphur colloid scintigraphy and 67-gallium citrate also prove the
diagnostic utility[2]. The inner cyst wall is immunoreactive
to anti-CA 19-9 antibodies[36]. Serum levels of the markers may be low as compared to actual elevations within
the cystic cavity.
Angiography is helpful in differentiating a splenic cyst,
which is usually an avascular lesion, while the malignant
tumours (lymphoma, sarcoma) usually have a disarranged
vascular pattern[27,13].
However, definite diagnosis is possible only after
splenectomy when epithelial lining is confirmed by histopathology along with immunohistochemistry. Primary
epithelial cysts are usually solitary, but can be multiple.
Cases have also been described in accessory spleens[37,38].
The cysts are either unilocular/multilocular with occasional calcific foci. Figure 1 shows an example of a
unilocular cyst with smooth glistening inner wall surface.
A case of multilocular primary epithelial cyst of the
spleen in a postmenopausal women presenting as splenomegaly was reported (Figure 2)[12].
Histologically, primary splenic cysts have epithelial
lining, i.e., flattened, low cuboidal, low columnar or squamous type and unilayered or multilayered with benign
nuclear features[1]. Epidermoid cysts have stratified squamous epithelium with a fibrocollagenous cyst wall (Figure
3). Immunohistochemically, the epithelial cells are positive for pan-cytokeratin and negative for CD240 (a lymphatic epithelial marker) and CD34 (an endothelial cell
marker). Figure 4 shows an example of primary splenic
cyst lined with cuboidal to flattened epithelium.
The differential diagnoses for a cysts in the spleen
include parasitic echinococcal disease, congenital cyst,
posttraumatic pseudocyst, infarction, infection, pyogenic
splenic abscess, pancreatic pseudocyst, metastatic disease, and cystic neoplasms like haemangioma/lymphangioma (diffuse lymphangiomatosis of spleen) (Figure 5).

TREATMENT
Previously, splenectomy was the treatment of choice for
splenic cysts. Recently, the approach is changed towards
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Figure 3 Epidermoid cyst of the spleen (Hematoxylin and eosin staining,
× 10).

small cysts.
There are different types of surgical modalities according to the clinical situation.
Today, there are different conservative treatment modalities, including percutaneous drainage, partial splenectomy with a stapler or harmonic scalpel, total cystectomy,
marsupialisation or cyst unroofing. Laparoscopic puncture and creation of a cyst peritoneal window are also
an effective conservative treatment modality. The aim of
partial splenectomy is to retain the immunological protection of patient by preserving more than 25% of the
splenic parenchyma, which is the optimum splenic tissue
to preserve immunologic efficiency without increasing
the risk of recurrence[28].
Any type of conservative surgical treatment modality
has little value in cases such as a very large cyst in the hilum of the spleen, an intrasplenic cyst almost surrounded
by splenic parenchyma, with dense vascular adhesions to
surrounding structures, and multiple cysts. In such circumstances, splenectomy either by open approach or by
laparoscopic approach is the treatment of choice.

PROGNOSIS

Figure 4 Primary splenic cyst lined with cuboidal to flattened epithelium
(Hematoxylin and eosin staining, × 10).

The clinical importance of splenic cysts is due to their
potential to rupture, to be infected or to bleed. Cysts
with a diameter > 5 cm are more likely to rupture resulting in life threatening haemoperitoneum. Two rare cases
of patients with epithelial splenic cysts as an incidental
finding during emergency laprotomy for splenic rupture
were reported[39]. The most common infection is caused
by Salmonella bacteria[13]. A 12-year-old prepubertal gir
presenting with a large congenital splenic cyst complicated by Salmonella infection was documented[18]. Pregnancy
associated splenic cysts are extremely rare and only five
cases were described[40]. A case of squamous cell carcinoma in an epidermoid cyst was reported in a pregnant
woman[4].
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Abstract
Gastric sleeve gastrectomy has become a frequent bariatric procedure. Its apparent simplicity hides a number
of serious, sometimes fatal, complications. This is more
important in the absence of an internationally adopted
algorithm for the management of the leaks complicating this operation. The debates exist even regarding
the definition of a leak, with several classification systems that can be used to predict the cause of the leak,
and also to determine the treatment plan. Causes of
leak are classified as mechanical, technical and ischemic causes. After defining the possible causes, authors
went into suggesting a number of preventive measures
to decrease the leak rate, including gentle handling of
tissues, staple line reinforcement, larger bougie size
and routine use of methylene blue test per operatively.
In our review, we noticed that the most important clinical sign or symptom in patients with gastric leaks are
fever and tachycardia, which mandate the use of an
abdominal computed tomography, associated with an
upper gastrointrstinal series and/or gastroscopy if no
leak was detected. After diagnosis, the management
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of leak depends mainly on the clinical condition of the
patient and the onset time of leak. It varies between
prompt surgical intervention in unstable patients and
conservative management in stable ones in whom
leaks present lately. The management options include
also endoscopic interventions with closure techniques
or more commonly exclusion techniques with an endoprosthesis. The aim of this review was to highlight the
causes and thus the prevention modalities and find a
standardized algorithm to deal with gastric leaks post
sleeve gastrectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastrectomy; Bariatric surgery; Obesity; Anastomotic leak; Gastric fistula; Algorithms; Laparoscopy
Core tip: Gastric leak is one of the most feared complications after a sleeve gastrectomy. Routine oversewing
of the staple line decreases the hemorrhagic complications but may not decrease the leak rate. Fever and
tachycardia are the two most important clinical factors
in the detection of gastric leaks and should never be
neglected. The treatment modality should be based on
the clinical status of the patient and the timing of the
leak. Complete endoscopic approach via natural orifices
transluminal endoscopic surgery, diversion using a
stent and closure with glue or clips is a reasonable option in selected patients and specialized centers.

Abou Rached A, Basile M, El Masri H. Gastric leaks post sleeve
gastrectomy: Review of its prevention and management. World J
Gastroenterol 2014; 20(38): 13904-13910 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13904.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13904

INTRODUCTION
Laparoscopic sleeve gastrectomy (LSG) is a surgical ap-
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Table 1 Different leak sites as found by different series n (%)

Mui et al[64], 2008
Burgos et al[18], 2009
Csendes et al[16], 2010
Sakran et al[14], 2013

Number of patients

Proximal third

70 patients, 1 leak (1.42)
214 patients, 7 leaks (3.3)
334 patients, 16 leaks (4.66)
2834 patients, 44 leaks (1.5)

1 (100)
6 (85.6)
14 (87.5)
33 (75)

Mid-third

Distal third

Posterior wall

Not located

3 (6.8)

1 (14.3)
2 (12.5)
3 (6.8)

2 (4.5)

3 (6.8)

proach to treat morbid obesity. It restricts the stomach’s
size to induce satiety and resects fundal ghrelin-producing
cells to decrease appetite[1,2].
LSG has become a very frequent procedure in bariatric surgery, due to its simplicity and efficacy compared to
the gastric bypass procedure[3,4].
The fact that this technique has erroneously been
considered simple and easy has led to its adoption by a
large number of surgeons. Compared to gastric bypass
and biliopancreatic diversion, its complications can be
even more severe[5]. Staple line leaks, bleeding, and strictures are the commonly reported complications following
LSG. Based on the data of 12799 LSGS, the International Sleeve Gastrectomy Expert Panel Consensus Statement
2011, the leak rate was 1.06%[4], but the leak rate can vary
between 1% and 3% for primary procedure[6] and more
than 10% in revision procedures[7-9].

rect tissular injury are categorized as “mechanical-tissular”
causes and usually appear within 2 d of surgery (early),
compared to the “ischemic causes” that usually appear on
day 5-6 post operatively (post op) (intermediate).
In a multicenter experience with 2834 patients, leaks
post LSG included improper vascularization due to an
aggressive dissection especially of the posterior attachments of the upper sleeve, thermal injuries to the gastric
tube by ultrasonic devices (harmonic, Ligasure), stapler
devices misfiring, stapling of the orogastric tube[14].
Patients with distal stenosis are more likely to have
proximal leaks, because of gastric emptying impairment
leading to increased intraluminal pressure and decreased
compliance of the gastric tube[15,16].
Other mechanisms concerning gastric leak post sleeve
are still obscure, with a case report that presented 16 mo
after surgery[17].

DEFINITION OF LEAK

PREVENTION

According to the United Kingdom Surgical Infection
Study Group, a gastric leak was defined as “the leak of
luminal contents from a surgical join between two hollow viscera”. It can also be an effluent of gastrointestinal
content through a suture line, which may collect near the
anastomosis, or exit through the wall or the drain[10].
Leaks can be classified based either on the time of
onset, clinical presentation, site of leak, radiological appearance, or mixed factors (Table 1).
Csendes et al[11] defined early, intermediate and late
leaks as those appearing 1 to 4, 5 to 9 and 10 or more days
following surgery respectively. By clinical relevance and
extent of dissemination, they defined type Ⅰ or subclinical
leaks as those that are well localized without dissemination into the pleural or abdominal cavity, nor inducement
of systemic clinical manifestations, usually they are easy to
treat medically. Type Ⅱ are leaks with dissemination into
abdominal or pleural cavity, or the drains with consequent
severe and systemic clinical manifestations.
Based on both clinical and radiological findings, type
A are microperforations without clinical or radiographic
evidence of leak, while type B are leaks detected by radiological studies but without any clinical finding, and
finally, type C are leaks presenting with both radiological
and clinical evidence[12].

Some authors advocate gentle handling of tissues when
using ultrasonic devices and staplers, avoiding distal stenosis[16,18], in addition to sustaining steady compression
on the staple device before firing to washout the fluids
from the tissues[13].
Does staple line reinforcement or buttressing prevent
or decrease the leak rate is a question that was addressed
in several studies, some of them concluded that reinforcement with oversewing decreases the leakage rate[19],
some of these authors were based on retrospective, noncontrolled studies[20], others recommend the use of PSD
(Peri Strips Dry, a bovine pericardium with collagen matrix) to decrease the leakage rate[21-23]. Ser et al[24] recommend oversewing despite their admission that their high
leakage rate in their first cases (40 cases out of 118) is
probably attributed to the learning curve.
Fibrin sealants (Tissucol) were also addressed in
some studies with good impact in term of decreasing
leakage rate[25,26].
Large randomized prospective trials and a recent
meta-analysis showed no significant difference between
reinforcement (by oversewing or Seamguard) and without reinforcement in term of leakage rate[27,28], other large
series reported no leakage without any reinforcement[29],
most of the others agree that reinforcement decreases
the complication rate in term of bleeding but not in term
of leak[30,31].
Based on what we mentioned previously concerning the impact of increased intraluminal pressure on the
gastric leak formation[14,16], Márquez et al[5] leave the naso-

CAUSES
Gastric leaks can be due to mechanical or ischemic
causes. According to Baker et al[13] stapler misfiring, or di-
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Abdominal pain
Without fever and tachycardia

± Fever ± tachycardia

CBCD + CRP
Abdominal CT with
watersoluble PO and Ⅳ
+

Observation and reassess

Upper GI ± gastroscopy
+

Management according to condition of patient

+

Consider clinical status of the patient

No evidence of systemic illness

Evidence of systemic illness

Diagnostic ± therapeutic laparoscopy

Observe and treat medically

Figure 1 Algorithm for the workup of abdominal pain post sleeve gastrectomy, when a leak is suspected. CBCD: Complete blood count with differential; CRP:
C-reactive protein; CT: Computed tomography; PO: Per os; IV: Intravenous; GI: Gastrointestinal.

gastric tube in place for 24 h post op to decrease intraluminal pressure.
The size of the bougie to be used for calibration is
also a subject of controversies, with bougie size ranging between 32 and 60 fr[32], with the rational that using
smaller sizes leads to better outcome in term of sustained
excessive weight loss[33], but on the other hand a large
systematic review taking 4888 patients and another large
meta-analysis of 9991 patients suggest that larger bougie
size may decrease the leak rate, but further randomized
studies are needed to assure the exact effect of the bougie size on the leak rate[14,16,25].
Based on the fact that operative detection of a technically induced staple line defect can be treated with
prompt closure, other modalities are adopted by a wide
number of authors and surgeons including the routine
use of methylene blue test during surgery for detection
of leaks, with high sensitivity and specificity[34-36], intraoperative endoscopy or air leak test[37,38]. But we should keep
in consideration that a negative intraoperative methylene
blue test does not eliminate the presence of a leak[14,39].
The use of closed suction drain routinely near the
staple line, despite that it is performed by the majority
of surgeons, may not detect leak, and may not be helpful
also in the drainage of the collection[31,32].
The cornerstones in the revisional bariatric surgery
include clear identification of the existing anatomy necessitating extensive dissection and adhesiolysis, taking in
consideration the stomach wall thickness due to fibrosis
or edema, pushing the surgeon to appropriately choose
the size of stapler’s height (usually 4.5 mm), oversewing
of the gastric tube at the level of the staple line, leak test,
and gastrostomy tube[40].
Based on the increased incidence of leakage in the
revision surgeries, some authors advocate two steps procedure, gastric band removal followed by the sleeve with
a delay between 6 to 12 wk[41,42].
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DIAGNOSIS
Debates still exist on which diagnostic modality is the
most sensitive and specific concerning the diagnosis of
a post sleeve gastrectomy leakage, but all of them agree
that early detection is associated with better outcome,
and that a high index of suspicion is the cornerstone in
the detection and diagnosis of leaks[14,43,44].

PRESENTATION AND WORKUP
Clinical presentation can vary widely between totally
asymptomatic patients diagnosed with routine imaging
studies (upper gastrointrstinal series…) post op[36], that
are considered type A as mentioned previously[12], to the
signs and symptoms of a septic shock including fever,
abdominal pain, peritonitis, leucocytosis, tachycardia, hypotension[12] (Figure 1).
Unexplained fever and tachycardia post op should
raise the index of suspicion of a possible complication
and push the surgeon to perform further radiological investigations to R/O the presence of leak[16].
As for Csendes et al[16] and Dakwar et al[17], fever is the
most important clinical factor in the diagnosis of gastric
leak post sleeve gastrectomy.
Others agree that tachycardia is the earliest[18], and
most important and constant clinical finding indicating
the presence of a gastric leak[45], and a tachycardia above
120 beat/min is a powerful indicator of leak and systemic
compromise[46].
Early leaks usually present with sudden abdominal
pain, accompanied with fever and tachycardia in most
cases, while late leaks tend to present with insidious abdominal pain commonly associated with fever[31].
Laboratory studies including CBCD, CRP are neither
sensitive nor specific, and they rarely contribute to make
a diagnosis[14].
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Management according to condition of patient
Unstable

Stable

Prompt surgical
intervention:
Lavage + drainage
± oversewing

Prompt surgical intervention

Intermediate and late

Early

Lavage and drainage according to
the skill of the surgeon

Conservative management:
NPO, Ⅳ hydration, PPI, TPN,
percutaneous drainage of any
collection, broad spectrum
antibiotherapy, weekly upper GI series

Open

Not improving by radiological
and clinical measures

Improving by radiological
and clinical measures
Continue same
conservative management

Laparoscopy

Endoscopic trial with
endoprosthesis

Removal at 6 to 8 wk

Surgical management:
Lavage and drainage

Improving by radiological
and clinical measures

Not improving by radiological
and clinical measures

Continue same
management

More radical surgery:
Roux-en-Y gastrojejunostomy
vs gastrecomy

Figure 2 Algorithm for the management of a gastric leak post sleeve gastrectomy. NPO: Nil per os; IV: Intravenous; PPI: Proton pump inhibitor; TPN: Total parenteral nutrition; GI: Gastrointestinal.

Computed tomography (CT) of the abdomen with
IV and PO water soluble contrast is considered as a part
of the diagnostic workup of patients with suspected leak,
with the presence of abdominal collection or free fluid,
extravasation of contrast into the abdominal cavity or the
drain tube, or persistent pneumoperitoneum as diagnostic
findings of leak or fistula[47].
CT is considered to be the best non-invasive modality for detection and confirmation of a gastric leak[16,31,48].
These results are also supported in another multicenter
experience showing that CT had the highest detection
rate of gastric leaks in up to 86% of patients[14].
This superiority of CT scan over other invasive and
non-invasive modalities is questioned by some investigators, lying on the fact that obesity and large body dimensions [body mass index (BMI) over 50] produce artefacts
that reduce the image quality, added to the technical
difficulties imposed by the large body weight and dimensions that may overcome the ability of the framework to
support and thus they recommend upper gastrointestinal
(UGI) radiography and endoscopy instead[49].
Now concerning the routine performance of the gastrografin swallow test 24-72 h post op, it is still an area of
large debate. While a large recent retrospective review of
712 patient conducted by Wahby et al[36] have shown its
inability to detect post op leakage, they still recommend
it to be done routinely, especially that it can detect other
complications like strictures and anatomical consequences of the sleeve[18,47,50], but at the same time, they recommend to do routine methylene blue test per operatively as
mentioned previously.
Be aware, knowing that a normal test cannot rule out a
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fistula, it contrarily can have deleterious effects on the delay
of diagnosis when a “normal test” covers a leakage[41,51].
Even in the setting of positive diagnosis with CT scan
of a leak, an upper gastrointestinal gastrografin swallow
is of great importance to identify the magnitude and the
level of the leak[31].
One study mentioned that measuring the amylase
level in the drain, when in doubt, has a high level of sensitivity and specificity for detecting fistula post gastric
bypass surgery, but it was abandoned because it mandates
leaving an unnecessary drain in place for more than 7-10
d at least so that an early or intermediate fistula can be
diagnosed[52].

MANAGEMENT
The management of leak post sleeve gastrectomy imposes a lot of controversies and difficulties in the adoption
of a standard algorithm, due to the paucity of prospective randomized trials that are considered unethical to
perform in this situation (Figure 2).
Based on the First International Summit for Sleeve
Gastrectomy, the treatment may include early oversewing, drainage (open or laparoscopic), endoscopic clipping,
stenting or using fibrin glue, sometimes the use of a
Roux limb or total gastrectomy as the last resort[34].
The adoption of Csendes et al[16] model of classification for gastric fistula post sleeve may constitute the first
step in the establishment of such an algorithm or protocol, based on 3 characteristics: Time of appearance (early,
intermediate and late); Location (proximal, mid or distal
gastric); Severity or magnitude (type Ⅰ and Ⅱ).
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Unstable patient upon presentation justify prompt
surgical intervention by laparoscopic or open means for
washout and drainage at least, that may be coupled with
debridement and suturing of the orifice if the condition
of the patient and the tissues, and the skills and experience of the surgeon permit[18,36].
Immediate surgical intervention with washout drainage and suture if the tissue was in an early stage of
inflammation in patients with early leaks showed better
outcome than the more conservative approach. While the
adoption of a more conservative approach for intermediate and late leaks in clinically stable patients is more reasonable with adequate hydration, proton pump inhibitors,
nil per os, nutritional support, percutaneous drainage of
any collection and broad spectrum antibiotherapy[16,18,27,36],
with a follow up weekly by upper gastrointrstinal series
to ensure healing, when any concern about healing, more
invasive approaches may be considered.
Most patients who underwent suturing for their fistula failed to close directly due either to persistence of the
leak (orifice cannot be identified clearly) or failure of the
suture (inflamed and friable tissue)[13], especially after the
third day post op[16]. For that, a simultaneous endoscopic
intervention and insertion of a guide wire (rendez-vous)
from the stomach lumen so that the surgeon can identify
clearly the gastric defect to suture it can be used[36].
If the leak does not heal after several weeks, usually
2 wk, endoscopic management can be considered with
wide range of success rate according to the studies[53,54].
Endoscopic modalities
Closure techniques: (1) Endoclips were used initially for
hemostasis, later on trials to treat esophageal, colonic and
duodenal mucosal defects and perforations were extrapolated to be used in post sleeve gastrectomy leakage[55],
now the new over the scope clips (OTSC) have more
promising results, but they are limited for very small mucosal defects and microperforations[56], and are inefficacious in inflammatory or edematous mucosa, demanding
technical skills; and (2) Sealant materials including fibrin
glue and cyanoacrylates. Fibrin glue acts by dual effect,
as a plug directly occluding the defect and as a fibroblast
promoter to enhance wound healing, thus it is absorbed
after 4 wk and replaced by connective scar tissue[57,58].
Exclusion techniques - endoprosthesis (stents):
Initially stents were used to treat stenosis, it was shown
that they decrease the intraluminal pressure, which may
be part of the pathophysiology of the gastric leak post
sleeve as mentioned above[14], so its use gained a widespread in the management of proximal and middle gastric leak[51] due to the advantage of the ability to resume
per os feeding and discharge the patient home, but the
migration index is high, reaching 30%, with the same rate
when comparing self-expanding metallic stents (SEMS)
and self-expanding polyester stents (SEPS)[59].
Nguyen et al[54] used self-expanding stents with a success rate of 100%. The gastric sleeve leaks usually take
more than 6 wk to heal (average of 45 d) compared to
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healing time in laparoscopic Roux-En-Y gastric bypass
leaks (30 d)[16], at the same time keeping the stents for
long periods risks to damage the underlying mucosa, especially with uncovered stents, ideally most authors agree
that 6-8 wk is the optimal removal time, but these prosthesis should be observed closely with the possibility to
remove them after 4 wk[14,54,60].
A complete endoscopic approach was also suggested by Bège et al[61], without the need for any surgical
intervention that consists of 3 stages of endoscopic
treatment: Washout and drainage using natural orifices
transluminal endoscopic surgery (NOTES); Diversion
using a stent; Closure with glue or clips.
Patients who fail all these measures, need a definitive
surgical intervention with more aggressive and radical
treatment, including either conversion to gastric bypass,
or a Roux-En-Y with a jejunal limb oversewn over the
fistula, or finally in some cases a total gastrectomy with
esojejunal anastomosis[37,62,63].

CONCLUSION
LSG has now gained a wide spread among surgeons; its
apparent simplicity to perform hides a number of tricks
and pitfalls to avoid, and a number of general principles
to stick to.
The most dreadful complication of this apparently
simple procedure is gastric leak, which implies a long hospital stay, morbidities and sometime mortalities. Its management is variable, with no standard algorithm to follow,
but most of the data demonstrates that the management
should be planned based on the clinical evaluation, time
of diagnosis and finally the location of the leak.
On the other hand and in the absence of a clear approach and guidelines for the management of gastric
leaks post sleeve gastrectomy, appears the importance
of prevention, by the simple adherence to general surgical principles, and the particular considerations of sleeve
gastrectomies.
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were labeled using an NADH-diaphorase histochemical
staining method.
RESULTS: The analysis demonstrated that the P2X2
receptor was expressed in the cytoplasm and in the nuclear and cytoplasmic membranes only in the CG. Neu2
ronal density values (neuron/cm ) decreased 31% (CG:
6579 ± 837; OG: 4556 ± 407) and 16.5% (CG: 7796
± 528; OG: 6513 ± 610) in the NOS-ir and calretininir neurons in the OG, respectively (P < 0.05). Density
of ChAT-ir (CG: 6200 ± 310; OG: 8125 ± 749) neurons
significantly increased 31% in the OG (P < 0.05). Neuron size studies demonstrated that NOS, ChAT, and
Calr-ir neurons did not differ significantly between the
CG and OG groups. The examination of NADH-diaphorase-positive myenteric neurons revealed an overall
similarity between the OG and CG.
CONCLUSION: Obesity may exert its effects by promoting a decrease in P2X2 receptor expression and
modifications in the density of the NOS-ir, ChAT-ir and
CalR-ir myenteric neurons.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Obesity; P2X2 receptor; Myenteric neurons;
Chemical coding

Abstract
AIM: To investigate the colocalization, density and profile of neuronal areas of enteric neurons in the ileum of
male obese mice.
METHODS: The small intestinal samples of male mice
in an obese group (OG) (C57BL/6J ob/ob ) and a control group (CG) (+/+) were used. The tissues were
analyzed using a double immunostaining technique for
immunoreactivity (ir) of the P2X2 receptor, nitric oxide
synthase (NOS), choline acetyl transferase (ChAT) and
calretinin (Calr). Also, we investigated the density and
profile of neuronal areas of the NOS-, ChAT- and Calrir neurons in the myenteric plexus. Myenteric neurons
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Core tip: The neuronal density (neuron/cm2) of nitric
oxide synthase- and calretinin-ir neurons are decreased
and the density of choline acetyl transferase-ir neurons
is significantly increased in male ob/ob mice. In addition, the P2X2 receptor is only expressed in the enteric
neurons of healthy mice. These findings have clinical
relevance for understanding alterations in gastrointestinal motility in obesity.
Mizuno MS, Crisma AR, Borelli P, Schäfer BT, Silveira MP,
Castelucci P. Distribution of the P2X2 receptor and chemical
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coding in ileal enteric neurons of obese male mice (ob/ob). World
J Gastroenterol 2014; 20(38): 13911-13919 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i38/13911.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i38.13911

São Paulo, Brazil). For experiments, animals were euthanized in a CO2 chamber. All experimental procedures
were approved by the Institutional Animal Care and Use
Committee of the Biomedical Science Institute of the
University of São Paulo. The biochemical analysis of the
blood was done as described by Mizuno et al[9].

INTRODUCTION

Immunohistochemistry
Ileum samples were taken and placed in PBS (phosphatebuffered saline, pH 7.2) to which nicardipine (Sigma,
United States) was added. The samples were prepared
for double-label immunohistochemistry as described
by Mizuno et al[9] (Table 1). Quantitative analyses were
conducted with a Nikon 80i epifluorescence microscope,
and the samples were analyzed using a Zeiss confocal
scanning laser system. The analyses of neuronal double
labeling; the density of myenteric neurons positive for
the P2X2 receptor, ChAT, calretinin and NOS; and the
cell body area profiles were obtained as described by
Mizuno et al[9].

Currently, obesity is not considered a single disorder but a
multifactorial disease, with a complex and often polygenic
nature[1]. Many physiological and pathological processes
of the gastrointestinal tract rely on the integrity of the
enteric nervous system, and this integrity is essential
for normal functioning. The submucosal plexus and the
myenteric plexus are components of the enteric nervous
system and are distributed throughout the gastrointestinal tract[2]. The functions of enteric neurons in the
mouse enteric system have been elucidated by studying the chemical coding of these neurons[3-5]. Previous
studies in obese mice have revealed decreased intestinal
motility [6] and alterations in the morphology of the
myenteric plexus[7-9]. The authors of these studies have
proposed that changes in the enteric nervous system can
be regarded as factors for the development and maintenance of obesity.
In the nervous system, adenosine 5’-triphosphate
(ATP) is a neurotransmitter that binds to the P2X family
of receptors, consisting of P2X1, P2X2, P2X3, P2X4,
P2X5, P2X6 and P2X7[10]. Electrophysiological studies
of the myenteric plexus have shown that 80%-90% of
neurons have P2X receptors[11]. Immunohistochemical
studies have also shown that P2X receptors are expressed
in the myenteric and submucosal plexuses of the guinea
pig[12-16], rat[17,18] and mouse[19,20]. The presence of the
P2X2 receptor in the enteric neurons of female mice has
also been shown[9]. However, the presence of the P2X2
receptor in the myenteric plexus of male obese mice has
not yet been studied.
In the present work, we used immunohistochemical and histochemical methods to analyze the effects of
obesity on the chemical coding of the P2X2 receptor,
choline acetyltransferase (ChAT), calretinin and nitric
oxide synthase (NOS) in the small intestinal myenteric
ganglia of obese male mice. We also analyzed the effects
of obesity on neuronal density and the profile area of
these neurons.

MATERIALS AND METHODS
Animals
Eleven-month-old male mice were used. Six ob/ob mice
were assigned to an obese group (OG) and six C57BL/
6J mice comprised a control group (CG). The animals
were obtained from the Breeding Center at the State
University of Campinas (CEMIB). The mice were maintained in a cage with six mice per cage in an artificially
lit room with a 12-h light/dark cycle and were supplied
ad libitum with water and a standard pellet diet (Nuvilab,
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Histochemical method
The histochemical method was performed as described
by Mizuno et al[9]. Using NADH-diaphorase staining,
the myenteric plexus was observed by the presence of a
formazan reaction product filling the perikaryon in addition to large, round, unstained nuclei. The profile areas
of the nerve cell bodies and the numbers of neurons
were measured as described by Mizuno et al[9].
Statistical analysis
Differences between the studied groups were analyzed
using one-way analysis of variance (ANOVA) and Student’s t-test. The results were considered significant when
P < 0.05[9].

RESULTS
Body weight of the OG animals was significantly increased (by 90%) compared to the CG (Table 2). The
ileum area was increased by 40% in the obese group
compared to the control group (Table 2). The plasma
glucose levels were 224.7 ± 50 mg/dL and 195.5 ± 93.5
mg/dL in the CG and OG mice, respectively (Table 2).
Qualitative analysis
Immunohistochemistry for the P2X2 receptor, NOS,
ChAT and calretinin was performed in myenteric neurons in the CG and OG (Figures 1 and 2). The expression of the P2X2 receptor was decreased in the neurons
of the myenteric plexus of the OG mice (Figures 1 and
2). The P2X2 receptor immunoreactivity was evident
throughout the cytoplasm and on the membrane and
nuclear surfaces of the nerve cells in the CG (Figures
1 and 2). NOS immunoreactive (-ir) neurons were observed in both the CG and OG groups. Some of the
NOS neurons exhibited Dogiel type Ⅰ morphology
(Figure 1). ChAT-ir neurons were also observed; ChAT
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Figure 1 examination of immunoreactivity for the P2X2 receptor, nitric oxide synthase and choline acetyl transferase. Immunoreactivity for the P2X2 receptor (A, G), NOS (B, E), and ChAT (H, K) was examined in myenteric plexus neurons from the control group (CG) (A-C, G-I) and the obese ob/ob group (OG) (D-F, J-L).
Merged images are show in C, F, I and L. Single arrows show the double-labeled P2X2 receptor and NOS-ir neurons in the CG (A-C) and OG (D-F). Double-labeling
for P2X2 and ChAT in CG (G-I) and OG (J-L) neurons is indicated by arrows. Note that the P2X2 receptor did not label myenteric neurons in the OG (D, J). NOS: nitric oxide synthase; ChAT: choline acetyl transferase.

2

Table 2 Body weight (g), small intestine length (cm ) and
glucose level in control and obese male mice

Table 1 Characteristics of primary and secondary antibodies
Tissue antigen

Host

Dilution

Code and
reference

P2X2 receptor

Rabbit

1:120

Nitric oxide synthase
Choline acetyltransferase

Sheep
Goat

1:2000
1:50

Calretinin
Donkey anti-rabbit IgG Alexa 488

Goat

1:100
1:500

AB5244,
Chemicon
H205[38]
AB144P,
Chemicon
CG1, Swant
Molecular
probes
Molecular
probes

Donkey anti-sheep IgG Alexa 594

CG: Control group.
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1:100

Body weight (g)
Small intestine area (cm2)
Glucose (mg/dL)

Control group

Obese group

32.5 ± 0.7
28.4 ± 5.2
224.7 ± 50.1

64.7 ± 1a
40 ± 3.8a
195.5 ± 93.5

Statically different (aP < 0.05 vs control group) by Student’s t-tests.

immunoreactivity was observed in the cytoplasmic membrane of neurons in the myenteric ganglia of both the
CG and OG (Figure 1). The calretinin immunoreactivity
was similar to that observed in the ChAT neurons and
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Figure 2 examination of immunoreactivity for the P2X2 receptor and calretinin. Immunoreactivity for the P2X2 receptor (A, C) and calretinin (Calr) (B, C, E, F)
was examined in myenteric plexus neurons from the control group (CG) (A-C) and the obese ob/ob group (OG) (D-F). Single arrows show the double-labeled P2X2
receptor and calretinin-ir neurons in the CG (A-C). Note that the P2X2 receptor did not label myenteric neurons in the OG (D, F).
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Figure 3 Ileal myenteric neurons labeled for nicotinamide adenine dinucleotide-diaphorase activity in the control group (A, B) and the obese group (C, D).
Arrows show stained myenteric neurons. CG: Control group; OG: Obese group.

showed Dogiel types Ⅰ and Ⅱ morphology (Figure 2).
NADH-diaphorase histochemistry provided general
information about the myenteric neuron population; our
qualitative examination showed a similarity between the
CG and OG. The formazan reaction product stained the
neuronal cytoplasm, while the neuronal nuclei appear
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unstained (Figure 3).
Quantitative analysis

Colocalization: Double labeling for the P2X2 receptor with ChAT, NOS, or calretinin was performed to
examine the chemical coding of the myenteric neurons
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Figure 4 Neuronal density and number of neurons per ganglion. Neuronal
density (neurons/cm2) (A), neurons per ganglion (B) immunoreactive for the
P2X2 receptor, nitric oxide synthase (NOS), acetyltransferase (ChAT), and
calretinin and positive for nicotinamide adenine dinucleotide-diaphorase (NADH)
activity in the ileum myenteric plexus, and the densities of Dogiel Type Ⅰ and
Ⅱ neurons immunoreactive for calretinin (C) in control and obese mice are
shown. aP < 0.05 vs control, mean ± SE, Student’s t-test.

of the CG and OG. P2X2 receptor-ir was not evident in
the neurons of the obese group; thus, this analysis was
not possible in this group. In the CG, the percentage of
P2X2-ir neurons and NOS immunoreactive neurons was
23.4 ± 2.6. Conversely, 99% ± 1% of NOS-ir neurons
were colocalized with the P2X2 receptor. The percentage
of P2X2-ir receptor neurons that were colocalized with
ChAT-ir neurons was 34.1% ± 5.3%. In contrast, the
percentage of ChAT-ir neurons that were also positive
for the P2X2 receptor was 100%. The colocalization of
the P2X2-ir receptor with Calr-ir neurons was 31.9% ±
6%, and the Calr-ir neurons were colocalized 100% with
the P2X2-ir receptor neurons.
Neuronal density and number of neurons per ganglion:
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We observed a decrease of 31% and 16.5% in the density
of NOS-ir and Calr-ir neurons, respectively (Figure 4). The
density of ChAT-ir neurons significantly increased by 31%.
In addition, the neuronal density of P2X2-ir neurons in the
CG was 25800 ± 2300 cm2 (Figure 4). The quantitative
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Figure 5 Neuronal size. Cell body profile areas (μm2) of neurons immunoreactive for the P2X2 receptor, nitric oxide synthase (NOS), choline acetyltransferase (ChAT), and calretinin and positive for nicotinamide adenine dinucleotidediaphorase (NADH) activity in the ileum myenteric plexus of control and male
obese mice are shown. Mean ± SE, Student’s t-test.
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analysis of the NADH-diaphorase density showed an
increase of 8% in the OB group; however, the statistical analysis detected no significant difference (P > 0.05)
(Figure 4). The number of neurons per ganglion was
also assessed; there were no significant differences in
the numbers of NOS-ir neurons per ganglion, ChAT-ir
neurons per ganglion, or calretinin-ir neurons per ganglion between the CG and the OG (Figure 4). Evaluation of the neuron number per ganglion in the NADHdiaphorase-positive neurons did not show a significant
difference (P > 0.05). The values of neurons/ganglia
were 31.3 ± 4.9 (CG) and 37.1 ± 10.6 (OG) (Figure 4).
Dogiel Type Ⅰ and Dogiel Type Ⅱ neurons were detected in the calretinin-ir neurons (Figure 4). The number
of the Dogiel type Ⅰ/cm2 in control and obese groups
was 6595 ± 300/cm2 and 5477 ± 345/cm2, respectively,
showing a significant decrease of 20.4% (P < 0.05).
There were 1365 ± 270/cm2 and 1184 ± 142/cm2 Dogiel
type Ⅱ/cm2 in the control group and the obese group,
respectively, with no significant difference between the
groups (P > 0.05) (Figure 4).
Neuronal size: The average size of the cell perikary in
the P2X2 receptor-ir, NOS-ir, ChAT-ir, and Calr-ir neurons in the myenteric plexus did not differ significantly
between the CG and OG (P > 0.05) (Figure 5). Evaluations of the size of NADH-diaphorase-positive neurons
also did not show a significant difference (P > 0.05); the
profile areas of the cell body were 364.8 ± 37.6 μm2 (CG)
and 372.8 ± 34.6 μm2 (OG) (Figure 5). The size distributions of the myenteric neurons of the CG and OG
groups are shown in Figure 6.

DISCUSSION
Disorders of intestinal motility have been documented
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Figure 6 size distributions of myenteric neurons of the control group and obese group. Frequency distributions of neuronal size profiles (μm2) for neurons immunoreactive for the P2X2 receptor (A), nitric oxide synthase (NOS) (B), choline acetyltransferase (ChAT) (C), and calretinin (D) and positive for nicotinamide adenine
dinucleotide-diaphorase (NADH) (E) activity in the ileum myenteric plexus of control (white bars) and obese (black bars) male mice are shown.

in obese individuals[21]. The present study revealed that
the body weight of obese mice was twice that of control
mice (P < 0.05). The ileum area in the OG increased
by 29.6%, which is consistent with the results of Kiely
et al[6] (2005), who showed that the level of an obesityassociated gene correlated with increased body weight in
mice and that the mean overall length of the small intestine of obese mice was 33.9 cm compared to 28.0 cm in
control mice.
In the present work, we used ob/ob mice, which are
an excellent model to study obesity[9,22] and have been
characterized by motor and sensory nerve conduction
deficits, which are also characteristics of humans with
obesity and diabetes[23].
Chemical coding
We analyzed both excitatory and inhibitory motor neu-
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rons, along with interneurons, using antibodies against
NOS, ChAT and calretinin, which are markers for many
of the neuronal subtypes in the mouse small intestine[3-5]
(Table 1). Mizuno et al[9] (2012) studied female obese
mice and also found similar levels of ChAT-ir, NOS-ir
and calretinin-ir neurons.
In the present work, ChAT-ir neurons were present
in the myenteric plexus of the CG and OG, as in other
species[24]. Furthermore, all calretinin-ir neurons were
also ChAT-ir, confirming that they were cholinergic excitatory motor neurons[3,4].
Previous studies have demonstrated the distribution
of the P2X2 receptor in the guinea pig[12-16], rat[17,18], and
mouse[19,20]. We observed that the P2X2 receptor was
present in the cytoplasm of myenteric neurons only
in the CG; in the OG, the P2X2 receptor expression
decreased in the myenteric neurons. The colocalization
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of the various neuronal markers we analyzed confirms
the distribution of P2X2 receptors in NOS, ChAT and
calretinin-ir myenteric neurons in the CG. Mizuno et al[9]
(2012) demonstrated the presence of the P2X2 receptor
in the female ob/ob mouse myenteric plexus. These data
suggest that the P2X2 receptor has differential staining in ob/ob female and male animals and that it did not
change the neurochemical coding in female mice. Alterations in the P2X2 receptor and P2X7 receptor have been
demonstrated in undernourished and refeeding rats[25,26]
and ischemia/reperfusion (I/R)[27,28]. A variety of different activities in the gut involve purinergic signaling, such
as synaptic transmission and peristalsis in the myenteric
plexus. Studies on purinoceptors as therapeutic targets
for gut disorders are currently underway[29,30].
Alterations in the distribution of P2X receptors not
only occur over the course of maturation and differentiation of neurons but also result from insults such as hypoxia, ischemia, mechanical stress, and inflammation. Many
neurodegenerative conditions involve purinergic mechanisms, which may cause pathophysiological effects[31,32].
Neuronal density
Alterations in the number of neurons per unit of area
(density) have been reported in the small and large intestine as a result of malnutrition protocols[25,26,33,34] and
following intestinal I/R[27,28,35].
In the male ob/ob group, NOS-ir and calretinin-ir
neurons per area decreased by 30% and 16%, respectively. This result is explained by a 40% increase in the
area of the small intestine in the OG. ChAT-ir neurons
increased by 31%. In addition, the increased ChAT-ir
neurons may be due to neuronal plasticity in the male
ob/ob mice. In female ob/ob mice, Mizuno et al[9] (2012)
have shown a decrease of 49% and 57% in the density
of NOS-ir neurons and ChAT-ir neurons, respectively.
Using immunohistochemistry methods, Surendram and
Kondapaka (2005)[8] also observed a decreasing trend
in the inhibitory motor neurons in the duodenum of
obese diabetic mice. These authors also demonstrated
a decrease in nNOS expression in male obese diabetic
animals compared to male obese controls by RT-PCR; in
contrast, female obese diabetic animals had higher levels
of nNOS compared to female obese controls[8]. The difference observed in the myenteric neurons may also be
due to gender differences.
The NADH-diaphorase is a marker for enteric neurons and is commonly used in protocols studying the
effects of undernourishment, refeeding and aging on enteric neurons[33,34,36]. In the present study results showed
that the density of the NADH-diaphorase-positive neurons increased 8% in the ileum of male obese mice, but
this difference was not significant. In a previous study,
the NADH-diaphorase-positive female myenteric neurons in obese mice showed a tendency toward a decrease
in density[9]. The difference between the male and female
ob/ob mice indicates that gender may affect the results.
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Neuronal size
Studies have shown that undernutrition[25,26,33,34] and I/
R[27,28,35] affect the neuron size profile of the gastrointestinal tract. In the present work, the results of neuronal
staining for NOS, ChAT, calretinin and NADH did not
show a change in the cell profile of male obese mice
compared to the control group. In female ob/ob mice,
Mizuno et al[9] showed that the areas in the cellular profiles were larger in the obese group by 34%, 35% and
17% for ChAT-ir, NOS-ir and calretinin-ir neurons, respectively. Previous studies have also reported alterations
in the neuronal areas of diabetic animals, such as an increase in the profile area of the myenteric plexus in rats
with diabetes[37,38]. This suggests that obesity may differentially affect males and females. In the present work,
the distribution of the neurons was between 100-600
2
[9]
μm , which is in agreement with the literature .
The extensive innervation of the gut makes elucidating the processes involved in obesity difficult. The present study demonstrates that obesity can differently affect
neuronal subtypes. These findings have clinical relevance
for understanding alterations in gastrointestinal motility
in obesity.
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METHODS: We consecutively analyzed 70 patients
with various chronic liver diseases. Liver fibrosis was
staged from F0 to F4 according to the Batts and Ludwig
scoring system. Significant and advanced fibrosis was
defined as stage F ≥ 2 and F ≥ 3, respectively. The
accuracy of prediction for fibrosis was analyzed using
receiver operating characteristic curves.

Abstract

Core tip: This study showed that liver stiffness measurement by real time shear wave elastography was
highly accurate to predict the biopsy-proven significant
and advanced liver fibrosis and its accuracy was comparable with that of serum markers of hyaluronic acid
and type Ⅳ collagen.

AIM: To evaluate the correlation between liver stiffness
measurement (LSM) by real-time shear wave elastography (SWE) and liver fibrosis stage and the accuracy of
LSM for predicting significant and advanced fibrosis, in
comparison with serum markers.

WJG|www.wjgnet.com

RESULTS: Seventy patients, 15 were belonged to
F0-F1 stage, 20 F2, 13 F3 and 22 F4. LSM was increased with progression of fibrosis stage (F0-F1: 6.77
± 1.72, F2: 9.98 ± 3.99, F3: 15.80 ± 7.73, and F4:
22.09 ± 10.09, P < 0.001). Diagnostic accuracies of
LSM for prediction of F ≥ 2 and F ≥ 3 were 0.915
(95%CI: 0.824-0.968, P < 0.001) and 0.913 (95%CI:
0.821-0.967, P < 0.001), respectively. The cut-off values of LSM for prediction of F ≥ 2 and F ≥ 3 were 8.6
kPa with 78.2% sensitivity and 93.3% specificity and
10.46 kPa with 88.6% sensitivity and 80.0% specificity,
respectively. However, there were no significant differences between LSM and serum hyaluronic acid and
type Ⅳ collagen in diagnostic accuracy.
CONCLUSION: SWE showed a significant correlation
with the severity of liver fibrosis and was useful and
accurate to predict significant and advanced fibrosis,
comparable with serum markers.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Elastography; Liver fibrosis; Liver stiffness;
Liver biopsy; Serum markers
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INTRODUCTION
In patients with chronic hepatitis, the progression of inflammatory reactions and necrosis of hepatocytes causes
hepatic fibrosis and leads to cirrhosis, which presents
various clinical complications, including ascites, jaundice,
or hepatocellular carcinoma[1]. The staging of liver fibrosis, therefore, is of major clinical concern because it
informs the patient’s prognosis and is a key factor when
determining a treatment strategy. Particularly in cases of
chronic viral hepatitis B and C, it is important to detect
significant and advanced fibrosis, because these stages are
the critical points for anti-viral treatment[2,3]. Traditionally,
liver biopsy has been the gold standard for liver fibrosis
staging[2]. However, this invasive procedure has potential
complications, such as pain or hemorrhage, and the possibility of repeat examination is limited[3]. In addition,
hepatic fibrosis affects the liver inhomogeneously, and
biopsy specimens may be inadequate samples that do not
represent the histology of the whole hepatic parenchyma;
this can lead to inter-observer variation of 10%-20% in
histologic measurements[4,5]. Non-invasive complementary tools, including traditional imaging using ultrasonography (US) or computerized tomography and blood tests
using several serum markers, have been developed, but
there is limited clinical evidence that these techniques are
effective, particularly for predicting and diagnosing earlier
stages of hepatic fibrosis[6-9].
Recently, non-invasive methods for measuring liver
stiffness (LS), including transient elastography (TE),
acoustic radiation force impulse imaging (ARFI), and
magnetic resonance elastography have been developed,
and several studies report good results in their ability
to predict the degree of hepatic fibrosis[10-12]. More recently, real-time shear wave elastography (SWE), another
method for measuring LS, has been developed[13]. Unlike
TE, SWE measures tissue elasticity simultaneously during B-mode ultrasound examination, and elasticity values
can be measured on the basis of anatomical information. In addition, SWE provides elastography color maps
according to the degree of stiffness, allowing an assessment of homogeneity. As a result, SWE provides more
accurate information about hepatic fibrosis staging than
TE[14]. However, there are few studies comparing SWE
results with histologic diagnosis using liver biopsy, and
to our knowledge, there are no reports comparing SWE
results with indirect serologic markers of hepatic fibrosis such as aspartate aminotransferase (AST) to platelet
(PLT) ratio index (APRI), hyaluronic acid (HA), and type
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[15]

Ⅳ collagen .

Therefore, the aim of this study was to evaluate the
correlation between LS measurement (LSM) using SWE
and liver fibrosis stage determined histopathologically in
patients with various chronic liver diseases, as well as to
determine the diagnostic accuracy and clinical usefulness
of SWE in predicting significant fibrosis and advanced
liver fibrosis. We also compared LS values measured using SWE with serum markers that are also used to detect
hepatic fibrosis.

MATERIALS AND METHODS
Study population
This was a single-center retrospective study, with data
collected from 83 patients who consecutively underwent
SWE, serum sampling for HA and type Ⅳ collagen and
consequent liver biopsy between September 2010 and
February 2013 at Hanyang University Guri Hospital.
Thirteen of the 83 patients were excluded, 10 because
of body mass indexes (BMI) greater than 30 kg/m2,
and 3 due to total bilirubin levels greater than 5 mg/dL.
These two factors have been reported to cause unreliable results when performing TE measurements[16,17]. In
total, 70 patients were included in the study. The diagnostic criteria of chronic viral hepatitis were as follows:
(1) elevated serum alanine aminotransferase (ALT); (2)
elevation of serum HBV DNA levels for longer than six
months; and (3) positive serum antibody for HCV. Nonviral chronic liver diseases such as alcoholic liver disease
and non-alcoholic fatty liver disease were diagnosed
through patient history, physical examination, blood testing, abdominal ultrasonography, and liver biopsy. The
study was approved by the institution’s ethics committee
(IRB 2012-06). All participants gave informed written
consent for liver biopsy.
Patient examination
Body weight and height were measured for each patients
on the day liver biopsy was performed, and BMI was
calculated. Blood samples were taken the morning of
the same day, after patients had fasted more than eight
hours. Blood tests, which included hemoglobin, PLT,
serum albumin, total bilirubin, AST, ALT, prothrombin
time (PT; INR: international normalized ratio), gammaglutamyltranspeptidase (GGT), type Ⅳ collagen, and
HA were conducted. In addition, APRI [AST/upper
limit of normal/PLT count (× 109/L) ×100], which
is reportedly a non-invasive method for diagnosing
hepatic fibrosis, was calculated using the same blood.
HA (normal range: below 75 ng/mL) was measured by
enzyme-linked binding protein assay using a hyaluronic
acid plate kit (Corgenix, Inc., Westminster, CO, United
States), and the serum concentration of type Ⅳ collagen (normal range: below 140 ng/mL) was calibrated by
the Latex method (Fuji Chem, Ind. Ltd., Tokyo, Japan)
using monoclonal antibody that recognizes different
parts of type Ⅳ collagen. HA and type Ⅳ collagen were
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Table 1 Baseline characteristics of patients
n = 70

Characteristics
Age, yr (SD, range)
Sex, male (%)
HBV/HCV/Alcohol/NAFLD/Other (%)
Body mass index, kg/m2(SD, range)
Hemoglobin, g/dL (SD, range)
Platelet count, 103/mm3 (SD, range)
Albumin, g/dL (SD, range)
AST, U/L (IQR, range)
ALT, U/L (IQR, range)
Total bilirubin, mg/dL (IQR, range)
GGT, U/L (IQR, range)
Prothrombin time, INR (IQR, range)
APRI (IQR, range)
Hyaluronic acid1, ng/mL (IQR, range)
Type IV collagen1, ng/mL (IQR, range)
Liver stiffness by SWE, kPa (IQR, range)
Fibrosis stage (%)
F0-1
F2
F3
F4

45.9
(15.7, 12.0-82.0)
45
(64.3)
23 (32.9)/18 (25.7)/12 (17.1)/4 (5.7)/13 (18.6)
23.8
(2.9, 16.9-29.7)
12.9
(2.2, 6.7-17.8)
174.7
(55.3, 76.0-285.0)
3.9
(0.7, 1.6-5.3)
55
(31-111, 13-369)
47
(24-99, 6-473)
0.7
(0.5-1.1, 0.2-4.9)
57
(31-157, 13-1569)
0.93
(0.87-1.00, 0.76-1.48)
0.91
(0.51-1.35, 0.55-5.88)
62
(23-176, 10-2796)
182
(117-310, 66-2790)
11.1
(7.3-18.4, 4.73-48.61)
15
20
13
22

(21.4)
(28.6)
(18.6)
(31.4)

1

n = 61. HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; GGT: Gamma glutamyltranspeptidase; INR: International normalized ratio; SWE: Shear wave elastography; kPa: Kilopascals; SD:
Standard deviation; IQR: Interquartile range.

not measured in 9 patients.
SWE was conducted using an Aixplorer US system
(Supersonic Imagine S.A, Aix-en-Provence, France),
and a convex probe. All SWE measurements were made
by experienced abdominal radiologists (Y. Kim and W.
K. Jeong). Shear wave was generated by a continuously
repeated focused ultrasound beam to the target tissue
along the direction the longitudinal wave propagated.
The velocity of the generated shear wave was measured
by performing an ultra-fast ultrasound scan at a very high
frame rate (more than 4000 frames per second), and the
liver stiffness of corresponding tissue was calculated by
measuring the shear wave velocity generated. After grayscale US, SWE was performed using the same probe. The
curved transducer was placed intercostally at the level of
the right lobe of the liver, with the target area was located
in the right anterior hepatic segment at a depth of more
than 2 cm from the hepatic capsule to avoid major vessels. LS was measured within a 5 s breath hold. The measurement was performed 10 times for each patient, and
results were expressed in kilopascals (kPa). Median value
was considered representative of the LS.
Liver biopsy was conducted percutaneously under
US-guidance. Biopsy specimens were fixed in formalin
and embedded in paraffin; 5-mm-thick sections were
then cut and stained with hematoxylin-eosin. Massontrichrome staining was also performed to more accurately analyze hepatic fibrosis. All histologic analyses
were performed independently by one pathologist (Y.
Oh). The hepatic fibrosis was staged on a 0-4 scale according to the classification suggested by Batts and
Ludwig: F0 = no fibrosis; F1 = portal fibrosis; F2 =
periportal fibrosis; F3 = septal fibrosis; and F4 = cir-
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rhosis[18]. Hepatic fibrosis staged higher than F2 was
considered significant fibrosis, and higher than stage F3
as advanced fibrosis[18].
Statistical analysis
Statistical analysis was performed using the SPSS software package version 18.0 for Windows (SPSS, Chicago,
IL, United States), and Medcalc, version 9.1 (Medcalc
software, Ostend, Belgium). Statistical significance was
deﬁned as P < 0.05.
The results of each examination were described either
as mean ± SD or median value inter-quartile range (IQR).
Kruskal-Wallis’ one-way analysis of variance by ranks was
used the test differences between measured LS values,
and the Tukey test was used for post-hoc comparison.
The diagnostic performance of SWE was accessed using receiver operating characteristic (ROC) curves and
area under the ROC (AUROC) curve analysis. Diagnostic
cut-off value for the diagnosis of significant fibrosis,
advanced fibrosis and cirrhosis was determined as the
maximum combined values of sensitivity and specificity.
Spearman’s coefficient was used to test the correlation
between stage of hepatic fibrosis and each variable. Additionally, AUROC analysis was also performed to access
the efficacy of LS values measured by SWE and serum
markers for the prediction of hepatic fibrosis in chronic
liver disease.

RESULTS
Clinical characteristics of patients
The clinical characteristics of the patients are summarized in Table 1. The mean age of 70 total patients was
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P < 0.001

Table 3 Correlation between noninvasive serum markersand
histologic fibrosis in chronic liver disease (n =70)

P = 0.006
P < 0.001

50

Fibrosis stage
Age
Hemoglobin
Platelet
Albumin
AST
ALT
Total bilirubin
GGT
Prothrombin time (INR)
APRI
Hyaluronic acid1
Type IV collagen1
Liver stiffness by SWE

Liver stiffness (kPa)

40

30

20

10

0
0-1

2

3

4

Figure 1 Score values of liver stiffness by according to fibrosis stage (n =
70). Boxplots summarize the liver stiffness by shear wave elastography (SWE)
for each fibrosis classification. For each box, the box gives the interquartile
range, that is, the 25th to 75th percentiles of liver stiffness by SWE, with line
inside the box denoting the median, the 50th percentile of data. Statistical significant test was done by Tukey test using ranks.

Table 2 Liver stiffness cut-off values for the diagnosis of
significant (≥ F2) and advanced (≥ F3) fibrosis and cirrhosis
(F4) (n = 70)

Number of patients, n (%)
Optimal cut-off1 (kPa)
Sensitivity (%)
Specificity (%)
Negative likelihood ratio
Positive likelihood ratio

≥ F2

≥ F3

= F4

55 (78.6)
8.60
78.20
93.30
11.73
0.23

35 (50.0)
10.46
88.60
80.00
4.43
0.14

22 (31.4)
14.00
77.30
85.40
5.30
0.27

1

Cut-off value was calculated to maximize the sum of sensitivity and
specificity. kPa: Kilopascals.

45.9 ± 15.7 years, and the majority (64.3%) was male.
The causes of chronic liver disease were HBV (n = 23,
32.9%), HCV (18, 25.7%), alcohol (12, 17.1%), nonalcoholic liver disease (4, 5.7%), and other diseases including autoimmune hepatitis and unknown causes (13,
18.6%). The mean length of liver biopsy specimens was
16.2 ± 2.3 mm.
The stage of hepatic fibrosis in the patients showed a
relatively even distribution, as follows: F0-1, n =15 (21.4%);
F2, 20 (28.6%); F3, 13 (18.6%); and F4, 22 (31.4%). Median measured value of LS was 11.1 (IQR: 7.3-18.4) kPa.
Correlation between LSM and hepatic fibrosis
Figure 1 show the correlation between LS measured
using SWE and hepatic fibrosis diagnosed by biopsy.
The mean LSM values according to hepatic fibrosis
stage were as follows: F0-1, 6.77 ± 1.72 kPa; F2, 9.98 ±
3.99 kPa; F3, 15.80 ± 7.73 kPa; and F4, 22.09 ± 10.09
kPa. The correlation between LSM and hepatic fibro-
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P value

0.344
-0.281
-0.514
-0.505
0.215
-0.087
0.302
0.236
0.479
0.390
0.708
0.691
0.774

0.004
0.018
< 0.001
< 0.001
0.074
0.475
0.011
0.049
< 0.001
0.001
< 0.001
< 0.001
< 0.001

1

Fibrosis stage

Value

r

n = 61. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
GGT: Gamma glutamyltranspeptidase; INR: International normalized
ratio; APRI: Aspartate aminotransferase to platelet ratio index; SWE: Shear
wave elastography.

sis stage was significant (r = 0.774, P < 0.001). When
comparing LS values at different hepatic fibrosis stages,
significant differences were found between F0-1 and
F3 (P = 0.006), between F0-1 and F4 (P < 0.001), and
between F2 and F4 (P < 0.001). However, there were
no significant differences between the other hepatic
fibrosis stages.
Diagnostic performance of LSM using SWE for the
prediction of hepatic fibrosis
The AUROCs for LSM using SWE were 0.915 (95%CI:
0.824-0.968, P < 0.001), 0.913 (95%CI: 0.821-0.967, P
< 0.001), and 0.878 (95%CI, 0.778-0.944, P < 0.001)
for the diagnosis of significant fibrosis ( ≥ F2), advanced fibrosis (≥ F3) and cirrhosis (F4), respectively.
Optimal cut-off values for the different levels of
hepatic fibrosis by ROC curve analysis for SWE measurement were as follows: significant fibrosis, 8.6 kPa
(sensitivity 78.2%, specificity 93.3%); advanced fibrosis,
10.46 kPa (sensitivity 88.6%, specificity 80.0%); and
cirrhosis, 14.0 kPa (sensitivity 77.3%, specificity 85.4%)
(Figure 2, Table 2).
Correlation between serum markers and hepatic fibrosis
When analyzing paired combinations, hepatic fibrosis
showed a significant negative correlation with platelet (r
= -0.514, P < 0.001) and albumin (r = -0.505, P < 0.001)
levels, and a significant positive correlation with PT
(INR) (r = 0.479, P < 0.001), HA (r = 0.708, P < 0.001),
and type Ⅳ collagen (r = 0.691, P < 0.001). There were
only weak correlations between hepatic fibrosis and hemoglobin (r = -0.281, P = 0.018), serum total bilirubin
(r = 0.302, P = 0.011), GGT (r = 0.236, P = 0.049), and
APRI (r = 0.390, P = 0.001). AST and ALT showed no
significant correlation with hepatic fibrosis stage (Table
3). When analyzing paired combinations of hepatic fibrosis with serum markers and LSM, LSM showed the
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Figure 2 Receiver-operating characteristic curves of liver stiffness determined by shear wave elastography for diagnosis of significant fibrosis
(F0-1 vs F2-4, A), advanced fibrosis (F0-2 vs F3-4, B) and cirrhosis (F0-3
vs F4, C) (n = 70).

Figure 3 Receiver operating characteristic curves of noninvasive serum
markers for discriminating F0-1 vs F2-4 (significant fibrosis, A), F0-2 vs F3-4
(advanced fibrosis, B) and F0-3 vs F4 (cirrhosis, C) (n = 61). SWE: Shear
wave elastography; APRI: Aspartate aminotransferase to platelet ratio index.

highest correlation (r = 0.774, P < 0.001).

0.691, HA = 0.812, type Ⅳ collagen = 0.841), but the results were not statistically significant (HA, P = 0.081; and
type Ⅳ collagen, P = 0.189), except in the case of APRI
(P = 0.003). The AUROC value for the diagnosis of
advanced fibrosis was also significantly higher in SWE
(0.893) than APRI (0.743) (P = 0.032). However, LSM
showed no significant differences between the other 2
markers (HA = 0.897 and type Ⅳ collagen = 0.876; P =
0.974 and 0.631, respectively). Finally, the AUROC value

Comparison of LSM with serum markers for the
prediction of hepatic fibrosis in the whole patients
Figure 3 shows the ROC curves for APRI, HA, type Ⅳ
collagen and LSM by SWE for the diagnosis of significant fibrosis, advanced fibrosis and liver cirrhosis. The
AUROC value for the diagnosis of significant fibrosis
was higher in SWE (0.908) than serum markers (APRI =

WJG|www.wjgnet.com
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Table 4 Comparison of diagnostic performance between noninvasive serum marker for discriminating F0-1 vs F2-4 (significant
fibrosis), F0-2 vs F3-4 (advanced fibrosis) and F0-3 vs F4 (cirrhosis) (n =61)
AUROC
Significant fibrosis
SWE

95%CI

0.908

0.806-0.967

0.812

0.691-0.900

0.841
0.691

0.725-0.922
0.560-0.803

0.893

0.787-0.957

0.897

0.792-0.960

0.876
0.743

0.767-0.947
0.615-0.846

0.877

0.768-0.947

HA

0.879

0.770-0.948

Type Ⅳ
APRI

0.850
0.683

0.736-0.928
0.551-0.796

HA
Type Ⅳ
APRI
Advanced fibrosis
SWE

HA
Type Ⅳ
APRI
Cirrhosis
SWE

Pairwise comparison of ROC curves
Factor

Difference between areas (95%CI)

P value

HA
Type Ⅳ
APRI
Type Ⅳ
APRI
APRI

0.097 (-0.012-0.205)
0.067 (-0.003-0.167)
0.217 (0.074-0.359)
0.030 (-0.092-0.152)
0.120 (-0.041-0.281)
0.150 (-0.006-0.305)

0.081
0.189
0.003
0.634
0.145
0.059

HA
Type Ⅳ
APRI
Type Ⅳ
APRI
APRI

0.004 (-0.093-0.101)
0.017 (-0.080-0.113)
0.150 (0.013-0.287)
0.020 (-0.074-0.115)
0.154 (0.014-0.293)
0.133 (-0.010-0.277)

0.939
0.735
0.032
0.671
0.031
0.069

HA
Type Ⅳ
APRI
Type Ⅳ
APRI
APRI

0.002 (-0.114-0.118)
0.027 (-0.084-0.138)
0.194 (0.031-0.358)
0.029 (-0.072-0.130)
0.196 (0.022-0.371)
0.167 (-0.003-0.338)

0.974
0.631
0.002
0.571
0.027
0.055

ROC: Receiver-operating characteristic curves; AUROC: Area under the ROC curve; SWE: Shear wave elastography; HA: Hyaluronic acid; Type Ⅳ: Type Ⅳ
collagen; APRI: Aspartate aminotransferase to platelet ratio index.

Table 5 Comparison of diagnostic performance between shear wave elastography and noninvasive serum markers for discriminating
F0-1 vs F2-4 (significant fibrosis) and F0-2 vs F3-4 (advanced fibrosis) in patients with chronic viral hepatitis (n =36)
AUROC
Significant fibrosis
SWE

95%CI

0.935

0.800-0.989

0.658

0.482-0.807

0.777
0.858

0.608-0.898
0.701-0.951

0.914

0.771-0.980

HA

0.819

0.656-0.927

Type Ⅳ
APRI

0.793
0.827

0.626-0.909
0.665-0.932

HA
Type Ⅳ
APRI
Advanced fibrosis
SWE

Pairwise comparison of ROC curves

P value

Factor

Difference between areas (95%CI)

HA
Type Ⅳ
APRI
Type Ⅳ
APRI
APRI

0.277 (0.070-0.485)
0.158 (-0.009-0.325)
0.077 (-0.066-0.220)
0.119 (-0.084-0.326)
0.200 (-0.029-0.429)
0.081 (-0.126-0.288)

0.009
0.063
0.289
0.257
0.086
0.445

HA
Type Ⅳ
APRI
Type Ⅳ
APRI
APRI

0.094 (-0.054-0.243)
0.120 (-0.030-0.271)
0.086 (-0.061-0.234)
0.026 (-0.120-0.172)
0.008 (-0.168-0.183)
0.034 (-0.153-0.221)

0.214
0.118
0.250
0.725
0.931
0.722

ROC: Receiver-operating characteristic curves; AUROC: Area under the ROC curve; SWE: Shear wave elastography; HA: Hyaluronic acid; Type Ⅳ: Type Ⅳ
collagen; APRI: Aspartate aminotransferase to platelet ratio index.

for the diagnosis of liver cirrhosis was also significantly
higher in LSM (0.877) than APRI (0.683) (P = 0.032),
but there were no significant differences between LSM
and the other serum markers (HA = 0.879 and type
Ⅳ collagen = 0.850; P = 0.974 and 0.631, respectively)
(Table 4).
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Comparison of LSM with serum markers in a subgroup
of patients with chronic viral hepatitis
Figure 4 shows the ROC curves for APRI, HA, type Ⅳ
collagen and LSM for the diagnosis of significant hepatic fibrosis, advanced fibrosis and liver cirrhosis in 36
patients with chronic viral hepatitis. The AUROC value
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Figure 4 Comparison of receiver-operating characteristiccurves of noninvasive serum markers for discriminating F0F1 vs F2-4 (significant fibrosis, A) and F0-2 vs F3F4 (advanced fibrosis, B) in 36 patients with chronic
viral hepatitis. ROC: Receiver-operating characteristic curves; SWE: Shear
wave elastography; APRI: Aspartate aminotransferase to platelet ratio index.

Figure 5 Comparison of receiver-operating characteristic curves of noninvasive marker for discriminating F0F1 vs F2-4 (significant fibrosis, A) and
F0-2 vs F3F4 (advanced fibrosis, B) in 25 patients with non-viral chronic
liver diseases. ROC: Receiver-operating characteristic curves; SWE: Shear
wave elastography; APRI: Aspartate aminotransferase to platelet ratio index.

for the diagnosis of significant hepatic fibrosis was
higher in SWE (0.935) than the serum markers (APRI
= 0.858, HA = 0.658, type Ⅳ collagen = 0.777), but the
difference was only significant between SWE and HA (P
= 0.009; APRI and type Ⅳ collagen P values were 0.289
and 0.063, respectively). The AUROC value for the diagnosis of advanced fibrosis (≥ F3) was also higher in
SWE (0.914) than the serum markers (APRI = 0.827,
HA = 0.819, type Ⅳ collagen = 0.793), but the result
was not statistically significant (Table 5).

F3) was also significantly higher for LSM (0.910) than
APRI (0.615) (P = 0.014). The AUROC value of LSM
was lower than HA (0.987) and type Ⅳ collagen (1.000),
but the results were not statistically significant (P = 0.206
and 0.156, respectively) (Table 6).

Comparison of LSM with serum markers in a subgroup
of patients with non-viral chronic liver disease
Figure 5 shows the ROC curves for APRI, HA, type Ⅳ
collagen and LSM for the diagnosis of significant fibrosis,
advanced fibrosis and cirrhosis in 25 patients with nonviral chronic liver disease. AUROC values for the diagnosis of significant fibrosis were higher in LSM (0.979) than
the serum markers (APRI = 0.590, HA = 0.944, type Ⅳ
collagen = 0.944), but there was no statistical significance
(HA, P = 0.465; and type Ⅳ collagen, P = 0.429, respectively), except in the case of APRI (P = 0.001) (Table 6).
AUROC value for the diagnosis of advanced fibrosis (≥
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DISCUSSION
We assessed the clinical usefulness of LSM using SWE in
patients with various chronic liver diseases in predicting
the degree of hepatic fibrosis by comparing SWE with
histopathological results. The results clearly showed LS
values measured using SWE were significantly correlated
with severity of hepatic fibrosis (r = 0.774, P < 0.001).
Furthermore, the results indicated that the diagnostic
accuracy of LSM using SWE for the detection of significant fibrosis (≥ F2) and advanced fibrosis (≥ F3) was
very high (AUROC values of 0.915 and 0.913, respectively), suggesting that SWE offers excellent diagnostic
performance. Our results are consistent with previously
published studies. Bavu et al[14] compared the results of
SWE with that of TE after grading hepatic fibrosis into
F0-1, F2, F3, and F4 using serologic examination without
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Table 6 Comparison of diagnostic performance between shear wave elastography and noninvasive serum markers for discriminating
F0-1 vs F2-4 (significant fibrosis) and F0-2 vs F3-4 (advanced fibrosis) with non-viral chronic liver diseases (n = 25)
AUROC
Significant fibrosis
SWE

95%CI

0.979

0.826-0.988

0.944

0.773-0.993

0.944
0.590

0.773-0.993
0.378-0.781

0.910

0.726-0.985

HA

0.987

0.839-1.000

Type Ⅳ
APRI

1.000
0.615

0.862-1.000
0.401-0.801

HA
Type Ⅳ
APRI
Advanced fibrosis
SWE

Pairwise comparison of ROC curves
Factor

Difference between areas (95%CI)

P value

HA
Type Ⅳ
APRI
Type Ⅳ
APRI
APRI

0.035 (-0.058-0.128)
0.035 (-0.051-0.121)
0.389 (0.163-0.615)
0.000 (-0.103-0.103)
0.354 (0.137-0.572)
0.354 (0.130-0.578)

0.465
0.429
0.001
1.000
0.001
0.002

HA
Type Ⅳ
APRI
Type Ⅳ
APRI
APRI

0.077 (-0.042-0.196)
0.090 (-0.034-0.214)
0.295 (0.060-0.530)
0.013 (-0.034-0.060)
0.372 (0.155-0.589)
0.385 (0.160-0.609)

0.206
0.156
0.014
0.593
0.001
0.001

ROC: Receiver-operating characteristic curves; AUROC: Area under the ROC curve; SWE: Shear wave elastography; HA: Hyaluronic acid; Type Ⅳ: Type Ⅳ
collagen; APRI: Aspartate aminotransferase to platelet ratio index.

performing liver biopsies. In that study, LS measured using SWE increased according to the severity of hepatic
fibrosis, and AUROC values for the diagnosis of significant fibrosis, advanced fibrosis and cirrhosis were 0.948,
0.962 and 0.968, respectively. Ferraioli et al[15] also compared SWE with TE in chronic hepatitis C patients using
liver biopsy specimens, and LS measured using SWE
also increased according to hepatic fibrosis stage. In their
study, AUROC values for the diagnosis of significant
fibrosis, advanced fibrosis and liver cirrhosis were 0.92,
0.98 and 0.98, respectively. Taken together, these results
suggest that SWE is a promising tool for non-invasively
predicting various degrees of hepatic fibrosis in patients
with chronic liver diseases.
Previous studies have reported that serologic examinations using serum markers or TE more accurately diagnose liver cirrhosis rather than intermediate stages of
fibrosis (F2-3)[8,11]. However, in our study, the AUROC
value (0.878) of LSM using SWE for detecting cirrhosis
was slightly lower, but not significantly, than the values
for detecting fibrosis staged ≥ F2 and ≥ F3 (which
were 0.915 and 0.913, respectively). We are not currently
able to explain this difference. A small sample size and
heterogeneous causes of chronic liver diseases may explain the result. Therefore, large prospective studies in
patients with homogenous disease causes are needed.
Nonetheless, a recent study showed no significant difference between LSM using SWE for detection of intermediate stage fibrosis and cirrhosis, and, in addition,
reported that SWE was superior to TE in detecting significant fibrosis[17]; our findings suggest that SWE may
diagnose intermediate stages of fibrosis more accurately
than other modalities.
We did not compare SWE with TE in this study.
However, we performed additional serologic examinations, and included various serum markers of hepatic
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fibrosis, such as APRI, HA, and type Ⅳ collagen, as well
as other serum parameters [hemoglobin, serum bilirubin,
PT (INR), GGT]. Levels of all the listed serum markers
were positively correlated with hepatic fibrosis stage. On
the other hand, platelet and serum albumin were negatively correlated, and AST and ALT showed no significant correlations. These results are consistent with other
published data[15,19,20]. The results of LSM using SWE
showed the highest correlation with hepatic fibrosis stage
(r = 0.774, P < 0.001) of all the tested parameters.
When we compared the results of SWE and serum
markers, the AUROC value for the detection of significant fibrosis was higher in SWE than the other serum
markers, although the only significant difference was
between SWE and APRI. The AUROC value for the detection of advanced fibrosis was also significantly higher
using SWE than APRI, but the AUROC value of SWE
was similar to both HA and type Ⅳ collagen. To our
knowledge, there are no previous studies that compare
SWE with serum fibrosis markers such as APRI, HA, and
type Ⅳ collagen. In previous studies, TE was reportedly
superior to serum markers for detecting hepatic fibrosis
in hepatitis C patients[6,9,21,22]; additionally, SWE was superior to TE in detecting significant fibrosis, but similar to
TE in detecting advanced fibrosis and liver cirrhosis[15].
In sum, the diagnostic performance of SWE is similar or
superior to that of serum markers in detecting hepatic
fibrosis. Furthermore, when we analyzed the results more
specifically according chronic liver disease causes, SWE
consistently showed AUROC values greater than 0.9,
whereas the AUROC values of APRI, HA and type Ⅳ
collagen varied according to disease cause. This suggests
that SWE is a promising single method for detecting hepatic fibrosis, regardless of cause.
This study has several limitations. Firstly, it was a retrospective study of a relatively small number of patients
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conducted in a single institution. To overcome this limitation, we consecutively collected subjects for the study,
but there were lost data from serologic examinations
of some patients, including HA and type Ⅳ collagen;
and the results of these patients were excluded from
the statistical analysis when comparing SWE and serum
markers. Secondly, AUROC values of LS measured using SWE tended to be lower in our study than previously
reported studies. This could be explained by the inclusion of heterogeneous subjects with various causes of
chronic liver disease. Finally, we could not compare SWE
to other recently developed imaging modalities, such as
TE and ARFI.
In conclusion, LS measured using SWE positively
correlates to hepatic fibrosis stage assessed by liver biopsy, and SWE is a very useful and accurate method for
detecting significant fibrosis and advanced fibrosis, with
diagnostic accuracy comparable to serum HA and type
Ⅳ collagen. Prospective studies of a large cohort of patients with a homogeneous cause of chronic liver disease
should be undertaken in the near future.
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Abstract
AIM: To assess the impact of bacterial infections on
cancer-specific survival in patients with colorectal cancer.
METHODS: This was a retrospective cohort study of
colorectal cancer patients treated at the A.C. Camargo
Cancer Center between January 2006 and April 2010.
The presence of bacterial infection during cancer
treatment, or up to one year after, was confirmed by
laboratory tests or by the physician. Infections of the
urinary, respiratory or digestive tracts, bloodstream,
skin or surgical site were defined by testing within a
single laboratory. Criteria for exclusion from the study
were: chronically immunosuppressed patients; transplant patients (due to chronic immunosuppression);
human immunodeficiency virus carriers; chronic use
of corticosteroids or other immunosuppressive drugs;
patients with autoimmune disease or primary immunodeficiency; known viral or parasitic infections. Patients
with infections that did not require hospitalization were

WJG|www.wjgnet.com

not included in the study because of the difficulty of
collecting and tracking data related to infectious processes. In addition, patients hospitalized for pulmonary
thromboembolism, stroke, acute myocardial infarction,
uncontrolled diabetes, malignant hypercalcemia or
other serious non-infectious complications not directly
related to infection were also excluded. Survival curves
were plotted using the Kaplan-Meier method, and logrank tests (univariate analysis) and a Cox test assuming a proportional hazards model (multivariate analysis) were performed to examine associations between
clinical history and characteristics of infection with
cancer-specific survival.
RESULTS: One-hundred and six patients with colorectal cancer were divided into two groups based on the
presence or absence of bacterial infection. Patient ages
ranged from 23 to 91 years, with a median of 55 years.
The majority of patients were male (57/106, 53.77%)
with stage Ⅲ colorectal cancer (45/106, 44.11%). A
total of 86 bacteriologic events were recorded. Results
indicate that the presence and number of infections
during or after the end of treatment were associated
with poorer-cancer specific survivals (P = 0.02). Elevated neutrophil counts were also associated with poorer
cancer-specific survival (P = 0.02). Analysis of patient
age revealed that patients > 65 years of age had a
poorer cancer-specific survival (P = 0.04). A multivariate analysis demonstrated that infection was an independent predictor of poor survival (HR = 2.62, 95%CI:
1.26-5.45; P = 0.01) along with advanced clinical staging (HR = 2.63, 95%CI: 1.08-6.39; P = 0.03).
CONCLUSION: Infection and high neutrophil counts
are associated with a poorer cancer-specific survival in
colorectal cancer patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Previous works show evidence of both antitumoral- and tumor tolerance-directed effects of bacterial infections. The development of immunotherapies
has commenced despite the lack in understanding of
the underlying mechanism, or of the cancer-specific
survival effects, of bacterial infections. To examine the
effect of bacterial infections on cancer-specific survival,
a retrospective study of colorectal cancer patients was
performed. The results indicate that bacterial infections,
as well as the accompanying increase in neutrophil
counts, are associated with poor cancer survival. As a
result, greater attention should be paid to treatment of
infections incurred during or after cancer treatment.
Attiê R, Chinen LTD, Yoshioka EM, Silva MCF, de Lima VCC.
Acute bacterial infection negatively impacts cancer specific survival of colorectal cancer patients. World J Gastroenterol 2014;
20(38): 13930-13935 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13930.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13930

INTRODUCTION
Chronic infections contributed to approximately 2 million
of the 12.7 million new cases of cancer in 2008[1]. Furthermore, infections are associated with a higher rate of
cancer mortality, such as with the human papillomavirus
in cervical cancer and with Helicobacter pylori (H. pylori) in
stomach cancer. Inflammation, one of the principal components of chronic infections, was first linked to cancer
by Rudolf Virchow in 1863, a link that has been supported by further understanding of inflammatory mechanisms in malignant tissue[2]. However, beneficial effects
of inflammation have been implicated, as well. Busch et
al had treated cancer patients with bacterial extracts of
Streptococcus pyogenes, presuming that the resultant high fever would lead to the production of exotoxins, which can
function as superantigens and trigger polyclonal expansion of T-cells[3]. There is evidence that tumor infiltration
by T-lymphocytes is associated with a better prognosis,
though the composition and architecture of the cellular
infiltrate may influence the clinical outcome[4].
Since the first reports of bacteria use in cancer treatments in the 19th century, therapeutic effects of bacterial
infections have been observed in neoplasias[5]. The capacity of these pathogens to overcome tumor-induced immune tolerance has led to the development of a variety
of immunotherapies, including the use of viruses and
bacterial vectors, such as Bacillus Calmette-Guérin, Salmonella, Listeria monocytogenes and Streptococcus[6]. Despite the
evidence that bacterial infections can contribute to the
resolution of neoplasms, the mechanisms involved remain unclear, and nothing is known about their influence
on cancer-specific survivals. Therefore, the purpose of
this study was to examine the impact of bacterial infections on cancer survival in a cohort of colorectal can-
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cer patients. In addition, the number of infections and
neutrophil counts were assessed with respect to cancerspecific survival.

MATERIALS AND METHODS
Patients and study design
Two cohorts of colorectal cancer patients treated at the
A.C. Camargo Cancer Center between January 2006 and
April 2010 were retrospectively examined. All cases of
infection occurring within this period, as registered in
the data bank of the Hospital Infection Control Service,
were included. Controls were identified from a chart survey of cancer patients that were hospitalized for other
non-infectious reasons, such as surgery, chemotherapy
and deep venous thrombosis, among others. This study
was approved by the local ethics committee.
Inclusion criteria
All patients with colorectal cancer identified using the
International Disease Code designations C18 (colon)
and C20 (rectum) that had been hospitalized for cancer
treatment (chemotherapy, radiotherapy or surgery) or for
treatment of concomitant complications up to one year
after the end of cancer-specific treatment were included
in the study. Patients with bacterial infections suspected
from elevated white cell count and fever, confirmed by
isolation of a bacterial agent, or determined by the physician or health care team based on symptoms, signs and
lab results (elevated C-reactive protein or pro-calcitonin)
were assigned to the infected group. Results from bacteriological analysis were searched for any biological material collected (blood, urine, sputum, liquor, etc.). The control group consisted of patients hospitalized for cancerspecific treatment, without any history or evidence of
infection and negative bacteriological test results.
Exclusion criteria
The following were criteria for exclusion: chronically immunosuppressed patients, such as transplant patients (due
to the use of corticosteroids or cyclosporine); human
immunodeficiency virus carriers; use of any immunosuppressive drug on a chronic basis; diagnosed autoimmune
disease or primary immune deficiency; known viral or
parasitic infection. Patients with an infection but treated
in the ambulatory setting were also excluded due to the
difficulties with collection and tracking of corresponding
details. Patients hospitalized for pulmonary thromboembolism, stroke, acute myocardial infarction, uncontrolled
diabetes, malignant hypercalcemia or other serious noninfectious complications not directly related to infection
were also excluded.
Statistical analysis
Microsoft Excel 2007 and R software (R Development
Core Team 2011; www.r-project.org) were used for all
analyses. Cancer-specific survival was defined as the time
between cancer diagnosis and death by cancer. Patients
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Table 1 Clinical features and their association with the
occurrence of infection n (%)

Table 2 Etiological agents of bacterial infections
Bacteria (etiological agents)

Infection
No
Gender
F
26 (54)
M
22 (46)
Age
< 65
36 (80)
9 (20)
≥ 65
Stage
2 (4)
Ⅰ
12 (25)
Ⅱ
24 (50)
Ⅲ
10 (21)
Ⅳ
Treatment
Adjuvant
27 (69)
Adjuvant +
9 (23)
neoadjuvant
Surgery
3 (8)
Others
Metastasis
Não
32 (71)
Sim
13 (29)
T stage
1+2
6 (14)
3+4
36 (86)
Lymph node involvement
0
17 (41)
1+2
24 (59)

Total

Staphylococcus aureus (S. aureus)
Gram-positive
Escherichia coli
Gram-negative
Pseudomonas aeruginosa
Gram-negative
(P. aeruginosa)
Staphylococcus epidermidis
Gram-positive
Enterobacter cloacae
Gram-negative
Klebsiella pneumoniae
Gram-negative
Serratia marcescens
Gram-negative
Enterobacter aerogenes
Gram-negative
Proteus mirabilis
Gram-negative
Acinetobacter baumannii
Gram-negative
Coagulase negative Staphylococcus
Gram-negative
Enterococcus faecalis
Gram-positive
E. faecium
Gram-positive
Citrobacter freundii
Gram-negative
Enterobacter cloacae +
Gram-negative
P. aeruginosa
Staphylococcus lugdunensis
Gram-positive
Klebsiella pneumoniae +
Gram-negative
Escherichia coli
S. aureus + Klebsiela
Gram-positive and
Gram-negative
Pseudomonas aeruginosa +
Gram-positive and
Gram-negative
S. aureus
Citrobacter amalonaticus
Gram-negative
Enterococcus avium
Gram-positive
Serratia odorifera
Gram-negative
Klebsiella pneumoniae +
Gram-negative
Pseudomonas aeruginosa
P. aeruginosa + Klebsiella
Gram-negative
pneumoniae
Staphylococcus saprophyticus
Gram-positive
Staphylococcus sp
Gram-positive
Streptococcus viridans
Gram-positive
Total

Yes
23 (40)
35 (60)

49 (46.23)
57 (53.77)

0.1358

37 (65)
20 (35)

73 (71.57)
29 (28.43)

0.0935

7 (12)
12 (21)
21 (38)
16 (29)

9 (8.65)
24 (23.00)
45 (44.11)
26 (24.24)

0.2875

24 (48)
13 (26)

51 (48.11)
22 (20.75)

0.0528

13 (26)
-

16 (15.10)
17 (16.04)

44 (76)
14 (24)

76 (73.78)
27 (26.22)

0.5866

11 (20)
43 (80)

17(17.70)
79 (82.30)

0.4385

21 (38)
35 (62)

38 (39.17)
59 (60.83)

0.6928

In some cases the total number did not reach 106 because the data was not
available on medical records.

dying from other causes or lost to follow-up were censored for analyses. Survival curves were plotted using
the Kaplan-Meier method. Log-rank tests were used to
compare survival according to the variables of interest.
All variables that achieved a P ≤ 0.2 in univariate analyses were included for a multivariate analysis using a Cox
test assuming a proportional hazards model. The variables were removed from the analysis in descending order according to the descriptive level, until all remaining
variables were significant (indicated by a P < 0.05). The
supposition of proportional hazard was verified using
graphs of ln[s (t)], where s indicates estimated survival,
and t represents time. The association between infection
and neutrophilia was determined by a χ 2 test.

RESULTS
Patient characteristics
One-hundred and six patients were included in the analyses and divided into infected (n = 58) and control (n =
48) groups (Table 1). Patient ages ranged from 23 to 91
years, with a median of 55 years. The majority of patients were male (57/106, 53.77%) with stage Ⅲ disease
(45/106, 44.11%). A total of 86 bacteriologic events were
recorded (Table 2).
Colorectal cancer and infection
The median follow-up for colorectal cancer patients was

WJG|www.wjgnet.com

Classification

P value

Diagnosis of
Colorectal Cancer
15
11
10
6
7
6
1
4
1
3
3
1
2
2
1
2
1
1
1
1
1
1
1
1
1
1
1
86

31.5 mo. The risk of death significantly increased with the
presence and number of infections (P = 0.02) (Figure 1A
and B). The risk of death was also higher in patients who
developed neutrophilia (P = 0.02) (Figure 1C). Moreover,
neutrophilia was associated with the number of infections
(P = 0.01), developing in 26.51% (22/83) of patients with
only one infection and in 55.56% (15/27) of those with
two or more infections. As these patients in general had
infections in more than one place, the sites were evaluated
separately. The most common infection sites were surgical wounds, the urinary tract, and abdominal cavity. There
was no difference in survival with respect to the location
of the infection. Survival time was also analyzed according to disease stage. As expected, patients with more
advanced stages (Ⅲ, Ⅳ) had a worse survival compared
to those with an earlier stage (Ⅰ, Ⅱ) cancer. Moreover,
advanced tumor stages (T3, T4) were associated with a
shorter colorectal cancer survival (P = 0.05).
Results of a multivariate analysis indicated that variable treatment did not influence survival time of colorectal cancer patients. However, presence of infection and
cancer staging were identified as independent prognostic
factors for colorectal cancer (P < 0.05) (Table 3). The risk
of death in patients was almost three-fold higher in pa-
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Figure 1 Cancer specific survival. Curves were calculated by Kaplan-Meier method and compared log-rank test. A: Cancer specific survival according to the occurrence of infection in colorectal cancer patients. The red line corresponds to patients who had at least one infection and the black line to those who did not have any
infection; B: Cancer specific survival in colorectal cancer patients, according to the number of infections. The red line refers to patients who had one infection only, the
green line to those who had two or more infections and the black line to patients who did not have any infection; C: Cancer specific survival in colorectal cancer patients according to the presence or absence of neutrophilia. The red line refers to those patients who did not develop neutrophilia, the green line corresponds to those
who developed neutrophilia and the black line refers to patients from the control group; D: Cancer specific survival according to age for colorectal cancer. The black
line corresponds to the patients under 65 years and red line corresponds to the patients with age equal or greater than 65 years.

tients with bacterial infections or advanced cancer stages
(Ⅲ, Ⅳ).
Age and cancer-specific survival
Finally, overall survival was analyzed according to patient
age to account for a possible bias in the results due to
immunosenescence. Immunosenescence is an age-related
dysfunction of the immune system in which there is a
decline in the efficiency of vaccines and reduced immune
protection[7]. Colorectal cancer patients older than 65
years had a poorer cancer-specific survival compared to
patients younger than 65 years (P = 0.04) (Figure 1D).

DISCUSSION
The present study demonstrates that the occurrence of
infection during or after the end of treatment is associated with a poorer colorectal cancer survival. These results
corroborate findings from previous animal studies, such

WJG|www.wjgnet.com

as the tumor tolerance-directed, rather than antitumordirected, adaptive immune response induced by H. pylori[8]. However, Bohman et al[9] presented a retrospective
review of 18 glioblastoma patients from a single institution with postoperative infections over a 10-year period.
These patients did not differ from an age- and treatmentmatched group of 51 glioblastoma patients, though other
prognostic factors, such as Karnofsky Performance Scale
status and type of chemotherapy, were not considered.
Thus, although targeted immunotherapy may provide antitumoral effects, simple infection does not appear to do
so.
Another finding of the current study is that individuals with two or more infections had poorer cancerspecific survival. Although there are no reports from
experimental animal models testing this hypothesis, we
can speculate that individuals that develop more than one
infection have an already disturbed immune system. On
the other hand, a greater number of infections could also
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plasms, but the mechanisms involved are still unclear, and nothing is known
about their influence on cancer-specific survival. The purpose of this study was
to examine the impact of bacterial infections on colorectal cancer survival.

Table 3 Multivariate analysis for cancer-specific survival in
colorectal cancer
Variabel

Category

HR

95%CI

Infecion

no
yes
Ⅰ+ Ⅱ
Ⅲ+Ⅳ

1
2.62
1
2.63

1.26-5.45
1.08-6.39

Stage

Innovations and breakthroughs

P value

Although many physicians believe that infection can improve cancer-specific
survival through immune system activation, the results of this study on colorectal cancer patients indicate that infection has a negative impact.

0.01

Applications

0.03

Variables included in multivariate analysis were treatment, staging and infection. Multivariate analysis employed Cox test assuming a proportional
hazards model.

result in the release of a larger amount of inflammatory
mediators that may favor tumor growth and progression.
We initially anticipated a higher frequency of neutropenia in our patients, but conversely, observed neutrophilia, which was associated with a poorer cancer-specific
survival. Mueller and Fusenig showed that inflammatory
cells, mainly neutrophils, contribute to angiogenesis and
promote tumor growth; thus, patients with neutrophilia
had a poorer survival[10]. Although the literature suggests
a protective role of neutrophils in cancer, tumor-associated neutrophils have been found to foster malignancy
in certain situations, through the liberation of growth
stimulating signals, proteases that degrade the matrix, and
mediators of angiogenesis[11,12].
The results of the present study also demonstrate that
increasing age impacts colorectal cancer survival. Indeed,
Akbar and Henson reported that senescence in human
T-cells may limit long-term specific immune responses[13].
In this way, persistent viruses may induce senescence
in specific T-cell populations stimulated to repeatedly
proliferate over the patient’s lifetime, evidenced by immunosenescence acceleration via restriction of the T-cell
repertoire induced by cytomegalovirus infection[7].
In conclusion, this study demonstrates that rather that
producing a protective effect, infection is an independent
predictor of poor colorectal cancer survival. Therefore,
the follow-up of colorectal cancer patients should include
infection-directed therapies.

This study documents the influence of bacterial infection during the treatment
course for colorectal cancer. As the results indicate a poorer prognosis, special
attention is necessary for those patients who develop infection during chemotherapy treatment.

Terminology

Immunosenescence is an age-related gradual deterioration of the immune system. Cancer-specific survival is defined as the time between cancer diagnosis
and death by cancer.

Peer review

The authors of this study analyzed cancer-specific survival with regard to bacterial infections among patients receiving treatment for colorectal cancer. The
results indicate that bacterial infections reduce survival, and should therefore
be promptly and effectively managed in these patients.
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Abstract
AIM: To evaluate the efficacy of stents in treating patients with anastomotic site obstructions due to cancer
recurrence following colorectal surgery.
METHODS: The medical records of patients who underwent endoscopic self-expanding metal stents (SEMS)
insertion for colorectal obstructions between February
2004 and January 2014 were retrospectively reviewed.
During the study period, a total of 218 patients underwent endoscopic stenting for colorectal obstructions.
We identified and examined the patients who underwent endoscopic stenting for obstructions caused by
cancer recurrence at the anastomotic site following
colorectal surgeries for primary colorectal cancer.
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RESULTS: Five consecutive patients [mean age, 56.4
years (range: 39-82 years); 4 women, 1 man] underwent endoscopic stenting for obstructions caused by
cancer recurrence at the anastomotic site following
colorectal surgeries for primary colorectal cancer. Technical and clinical success was achieved in all 5 patients,
without any early complications. During follow-up, 3
patients did not need further intervention, prior to their
death, after the first stent insertion; thus, the overall
success rate was 3/5 (60%). Perforations occurred in 2
patients who required a second SEMS insertion due to
re-obstruction; none of the patients experienced stent
migration.
CONCLUSION: SEMS placement is a promising treatment option for patients who develop obstructions of
their colonic anastomosis sites due to cancer recurrence.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal neoplasms; Endoscopy; Intestinal
obstruction; Stents; Surgical anastomosis
Core tip: No studies have investigated the clinical
outcome of the use of self-expanding metal stents
(SEMS) for the palliation of patients with obstructions
of colorectal anastomosis sites due to cancer recurrence, following primary colorectal cancer surgery. The
mechanism of obstruction differs between primary
colorectal cancer and recurrence-related obstructions of
the anastomotic site; the scar tissue at the anastomosis site may reduce the radial expansion force of SEMS
in obstructions caused by intraluminal tumor growth.
However, based on our experience, SEMS placement
seems a promising treatment for patients who develop
recurrence-related anastomotic site obstructions.
Kim JH, Lee JJ, Cho JH, Kim KO, Chung JW, Kim YJ, Kwon
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INTRODUCTION
The incidence of recurrence at colonic anastomotic sites,
after curative resection of colorectal cancer, is relatively
low compared to recurrence at other sites, such as the
liver and lung. In patients with colorectal cancer, the
postoperative recurrence rate in patients with stage I-III
cancer is 3%-31%. Among patients experiencing recurrence, the percentage of patients with recurrence at the
anastomosis site was reported to be 2.4%[1].
In some patients with anastomotic obstructions due
to cancer recurrence, curative surgery is nearly impossible because of the patient’s poor general condition due
to the advanced stage of the primary cancer. In patients
with colorectal obstructions, the post-palliative surgery
morbidity rates range from 21% to 44%, and are accompanied by mortality rates of 13%-16%[2]. Previous
reports[2-6] have provided strong evidence regarding the
effectiveness of self-expanding metal stents (SEMS) in
these patients, including high success rates, fewer complications, and increased quality of life. However, reports on
the clinical outcome of the use of SEMS for palliation in
a homogenous population of patients with anastomotic
obstructions due to cancer recurrence, after colorectal
cancer surgery, have not been published.
Therefore, in the present study, we aimed to evaluate
the clinical outcomes and palliative benefits of SEMS
placement as the initial interventional approach in patients with colonic obstruction at anastomosis site due
to cancer recurrence. To our knowledge, this is the first
report describing the efficacy of SEMS use in the treatment of such patients.

Definitions
Technical success was defined as the successful insertion of a stent across the entire length of the stricture.
Clinical success was defined as the relief of obstructive
symptoms and signs within 72 h of stent placement.
The overall clinical success was defined as the successful
maintenance of stent function and the lack of need for
further treatment of anastomotic site obstruction during the follow-up period. Anastomotic recurrence was
defined as the recurrence of cancer indicated by endoscopic biopsy or colonoscopy as well as the presence of
CT findings showing anastomotic obstruction associated
with cancer recurrence. Event-free survival was defined
as the time from SEMS insertion to re-intervention, such
as surgery or re-stenting. Overall survival was defined as
the time from SEMS insertion to death from any cause.
Statistical analysis
Statistical analyses were performed using SPSS software
(Ver. 12.0 for Windows; IBM SPSS Statistics, IBM, Armonk, NY). Continuous variables are presented as means
(range), whereas categorical variables are presented as
absolute numbers and percentages.

RESULTS

MATERIALS AND METHODS
Patients
The medical records of 218 patients undergoing endoscopic stenting for colorectal obstruction at Gachon
University Gil Medical Center (Incheon, South Korea),
between February 2004 and January 2014, were retrospectively reviewed. The inclusion criteria were previous
surgery for primary colorectal cancer, presence of obstructive symptoms and signs, endoscopic and radiologic
evidence of colorectal obstructions, and cancer recurrence at the anastomotic site.
Procedure details
SEMS insertion was performed, as previously described[2,3]; informed consent was obtained from each
patient after explaining the endoscopic procedure. All the

WJG|www.wjgnet.com

patients underwent computed tomography (CT) before
colonic stenting, and cleansing enemas were performed
a few hours before the stenting. A colonoscope (CFQ240L; Olympus Optical Corp., Tokyo, Japan) or a twochannel therapeutic endoscope (GIF-2T240; Olympus)
was introduced into each obstructive lesion, and a guidewire was placed across the stricture, under endoscopic
and/or fluoroscopic guidance. The length of the stricture
was measured using CT and/or barium enemas and/or
fluoroscopy using water-soluble contrast. The length of
the chosen SEMS was at least 3 cm longer than the length
of the lesion. A covered or uncovered SEMS was chosen
by the endoscopist. Niti-S stents (Taewoong Medical Co.,
Seoul, South Korea) were used in the present series. Balloon dilatation of the stricture was not performed.

Five consecutive patients [mean age, 56.4 (range, 39-82)
years; 4 women, 1 man] were identified as having undergone endoscopic stenting for anastomotic site obstruction due to cancer recurrence. The anastomosis sites
were located at a mean distance of 11.2 cm (range: 7-15
cm) above the anal verge in these patients. The mean
interval between the first stent insertion and the colonic
anastomosis was 352.2 d (range: 208-488 d). Anastomosis
was performed using the stapler technique in all patients;
none of the patients experienced postoperative anastomotic leakage, and none received neoadjuvant therapy
(4 patients received adjuvant chemotherapy). The other
baseline patient characteristics are summarized in Table 1.
A total of 7 stents were deployed in the 5 patients
throughout the study period (Table 2). During the initial
stent deployment, 4 SEMS insertions involved uncovered

13937

October 14, 2014|Volume 20|Issue 38|

Kim JH et al . Stenting for recurrence-related anastomotic site obstruction
Table 1 Baseline demographic and clinical characteristics of patients
Interval IS Interval CF Adjuvant
(d)
(d)
therapy

Gender

Age

Diagnosis
(stage)

Differentiation

Initial surgery

Diverting
stoma

Level of
anastomosis
site (cm)

Type of
anastomosis
(mm)

1

F

39

MD

14

EEA (28)

47

340

CTX

F

47

Yes

10

EEA (28)

70

448

CTX

3

M

82

No

10

EEA (28)

NA

277

No

4

F

67

Yes

7

EEA (31)

218

488

CTX

5

F

47

Hartmann's
operation
Hartmann's
operation
Low anterior
resection
Hartmann's
operation
Lapaloscopic
anterior resection

Yes

2

Sigmoid colon
cancer (ⅢB)
Upper rectal
cancer (ⅢB)
Sigmoid colon
cancer (ⅢC)
Sigmoid colon
cancer (ⅢC)
Sigmoid colon
cancer (ⅢC)

No

15

EEA (28)

NA

208

CTX

Case
No.

MD
PD
MD
MD

Level of anastomosis: Distance of anastomotic site above the anal verge; Interval IS: Interval from initial surgery to stoma repair; Interval CF: Interval from
colonic anastomosis to first stenting; MD: Moderately differentiated; EEA: End-to-end anastomosis using a circular stapler; CTX: Chemotherapy; PD: Poorly
differentiated; NA: Not available; F: Female; M: Male.

Table 2 Clinical outcomes of self-expanding metal stents insertions
Case
No.

Stent characteristics
Type

Length (mm) Diameter (mm)

AT after
stenting

Cause of failure

Need for
surgery

Survival (d)
Event-free

Overall

1

Uncovered

100

24

No

Re-obstruction

Yes

13

34

2

Uncovered

120

20

No

NA

No

93

93

3
4
5

Uncovered
Covered
Uncovered

60
60
60

24
20
24

No
No
CTX

NA
NA
Re-obstruction

No
No
Yes

66
4
96

66
4
136

Outcome
Surgery performed due to
insufficient function, 10 d after
the second SEMS insertion. Died
of complications 11 d after the
surgery
Died due to multiple organ
failure, with disease progression
Died of pneumonia
Died of myocardial infarction
Perforation occurred 26 d after
the second SEMS insertion. Currently alive

AT: Adjuvant therapy; CTX: Chemotherapy; NA: Not available; SEMS: Self-expanding metal stents.

stents, with technical and clinical success being achieved
in all patients, without any early complications. During
the follow-up period, 3 patients achieved overall success and did not need further intervention prior to their
deaths; 2 patients did not achieve overall success.
One of the 2 patients who did not achieve overall
success experienced re-obstruction 13 d after the first
SEMS insertion and underwent a second SEMS insertion
(uncovered stent, 24 mm × 120 mm). Obstructive symptoms and signs were aggravated, again, 10 d after the
second SEMS insertion; therefore, the patient underwent
a re-operation. The perforation site was not detected, but
the patient was diagnosed as having a microperforation,
based on the operative findings. The patient died of disseminated intravascular coagulation and hepatic failure 11
d after surgery.
The second patient who did not achieve overall success demonstrated re-obstruction 96 d after the first
SEMS insertion, and underwent a second SEMS insertion
(Figures 1 and 2). The symptoms and signs improved after the second SEMS (uncovered stent, 24 mm × 80 mm)
insertion and stent patency was well maintained. Howev-
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er, the patient experienced acute abdominal pain 26 d after the second SEMS insertion and underwent emergent
surgery. The patient demonstrated a 1-cm perforation at
the SEMS insertion site, and a colostomy was performed.
The patient had been receiving intravenous dexamethasone for cauda equina syndrome, which was initiated 20
d before the perforation developed, along with radiation
therapy (total dose: 30 Gy/10 fractions) to the thoracic
and lumbar spine. The patient had also been prescribed
regorafenib (oral multi-kinase inhibitor), which was initiated 4 d before the perforation developed.

DISCUSSION
Healing occurs at the site of a colonic anastomosis after
surgery. The healing process in the intestinal wall occurs
in a sequence similar to that observed during skin wound
healing. During the maturation phase of the healing process, collagen cross-linking and remodeling occurs, which
ultimately leads to scar formation[7,8]. Strictures rarely
occur in the absence of cancer recurrence at the anastomosis site (7% of patients)[9]; only a few of these patients
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A

B

Figure 1 Endoscopic image of re-obstruction in a patient who underwent
self-expanding metal stent insertion for a colonic anastomosis site obstruction due to cancer recurrence. The previously inserted self-expanding
metal stent is evident (black arrow).

experience obstructive symptoms and signs postoperatively. Among those experiencing obstruction, treatment
normally includes laxatives, balloon dilation, or surgical
revision of the anastomosis, according to the severity of
the symptoms[10,11]. Recently, SEMS have been reported
to be an effective treatment for benign strictures, including those at the anastomotic site, in small case series[12-17].
In patients with obstructions of colorectal anastomosis
sites due to cancer recurrence, the obstruction occurs via
a different mechanism. Irrespective of the presence or
absence of a stricture at the anastomosis site, a combination of scar formation and intraluminal tumor growth
leads to the obstruction of the anastomotic site due to
cancer recurrence.
Many studies[4,5,18] have reported the efficacy of SEMS
for treating malignant colorectal obstructions caused by
the presence of space-occupying masses in the intestinal
lumens; however, SEMS have rarely been reported for
the treatment of recurrence-related obstructions at the
site of the anastomosis due to the rarity of the condition.
SEMS insertion is currently not an approved treatment
for obstructions of the anastomosis site[19]. However,
a less invasive modality may be needed, depending on
the patient’s general condition, underlying disease status, or refusal to undergo surgery. Moreover, the clinical
outcomes of SEMS placement in cases of recurrencerelated obstruction of the anastomotic site have not been
reported. Thus, we reported our preliminary experience
(over 10 years) of 5 patients who underwent endoscopic
stenting for the treatment of anastomotic site obstructions due to cancer recurrence.
Scars, formed during the healing process at the anastomotic site, may reduce the radial expansion of SEMS
in the obstruction caused by intraluminal tumor growth.
Therefore, the success rate observed with the SEMS,
in this study, was higher than expected; all 5 patients
achieved technical and clinical success. Furthermore, 3 of
the patients did not require additional treatment prior to
their death. However, additional experience is needed to
better determine the long-term patency in these patients.
Only a few studies have reported the use of SEMS,
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Figure 2 Fluoroscopic images of a second self-expanding metal stent
insertion, after re-obstruction in a patient who had previously undergone
second self-expanding metal stent insertion for obstruction of a colonic
anastomosis site due to cancer recurrence. A: The second stent is visible
inside the previously inserted SEMS; B: Stent patency was confirmed using
a radio-contrast dye after the second SEMS insertion. SEMS: Self-expanding
metal stents.

even for treating non-recurrence related obstructions of
colonic anastomosis sites; therefore, there are few data
regarding the incidence of complications. Similar to benign strictures, anastomotic site strictures have relatively
smooth surfaces and occur over short segments. Migration of the SEMS is a common complication of their use
in the treatment of benign strictures[14,20]. However, the
2 cases reported herein who did not achieve overall success, experienced re-obstruction rather than stent migration. This may be due to the use of uncovered stents and
ongoing tumor growth at the stent insertion site, unlike
that observed in the cases of benign strictures.
The patients included in our study had undergone
endoscopic stenting because of poor general condition
and/or advanced cancer stage and/or refusal of major
palliative surgery. However, there was no clear consensus for the treatment with colonic stents in patients with
anastomotic site obstructions due to cancer recurrence.
Therefore, the endoscopy specialists chose the SEMS
type (covered vs uncovered) on an individual basis. Most
of the patients received an uncovered SEMS to minimize
stent migration. However, the re-obstruction rate in patients with uncovered SEMS was reportedly higher than
in patients with covered SEMS. In a recent report, the
use of a covered SEMS for benign colonic strictures was
shown to be effective and safe, despite a high incidence
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of stent migration [21]. Unfortunately, the report was
mainly focused on treatment outcomes of benign colonic
stricture. In the present study, the main purpose was to
provide long-term palliation to patients with anastomotic
obstructions due to cancer recurrence following colorectal surgery.
Perforation is another important complication of
SEMS insertion, which affects the oncologic outcome[22].
Specifically designed stents (WallFlex® stents, Boston Scientific, Natick, MA, United States), used in conjunction
with balloon dilation and bevacizumab chemotherapy,
were considered to contribute to stent-related perforations in previous studies[23-25]. In the present study, perforation was experienced by 2 patients who required a second SEMS insertion due to re-obstruction. The patient
with a microperforation experienced a slight improvement in symptoms and signs, with partial colonic decompression, after the second SEMS insertion. Delaying
surgery and adopting a wait-and-see approach might have
contributed to the formation of the microperforation.
The second patient with a perforation was confirmed to
have a 1-cm perforation at the proximal portion of the
SEMS insertion site; the patient did not have any risk factors that might have been associated with the perforation,
but radiation therapy and/or regorafenib treatment may
have contributed to the risk of perforation.
Based on our experience, SEMS use seems to be
promising as a treatment option for patients with anastomotic obstructions due to cancer recurrence following
primary colorectal surgery. However, perforations were
serious complications associated with patients experiencing re-obstructions that were treated with second
SEMS insertions. Therefore, the placement of additional
SEMS should be carefully considered. Although the use
of SEMS seems to be a promising treatment modality,
only a small number of recurrence-related anastomotic
obstruction patients have been treated with these devices;
therefore, additional data are needed to determine their
long-term efficacy and safety.

with second SEMS insertions. Therefore, the placement of additional SEMS
should be carefully considered. Although the use of SEMS seems to be a promising treatment modality, only a small number of recurrence-related anastomotic
obstruction patients have been treated with these devices; therefore, additional
data are needed to determine their long-term efficacy and safety.

Applications

Many studies have reported the efficacy of SEMS for treating malignant
colorectal obstructions caused by the presence of space-occupying masses
in the intestinal lumens; however, SEMS insertion is currently not an approved
treatment for obstructions of the anastomosis site. However, a less invasive modality may be needed, depending on the patient’s general condition, underlying
disease status, or refusal to undergo surgery. Therefore, the authors’ findings
may aid therapeutic decision-making when considering surgery or endoscopic
stenting in these patients.

Peer review

This article is an interesting report of recurrent cancer in colonic anastomoses.
The authors state that they inserted a second uncovered stent in each of two
patients with neoplastic anastomotic re-obstructions.
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larger than 6.0 mm (66.3% vs 37.0%; P < 0.001), periappendiceal fat stranding (34.1% vs 8.9%; P = 0.001),
and the absence of intraluminal air (67.6% vs 48.9%;
P = 0.024) compared to the non-appendicitis group.
Furthermore, the presence of two or more of these factors increased the odds ratio to 6.8 times higher than
baseline (95%CI: 3.013-15.454; P < 0.001).

Abstract

Core tip: When equivocal computed tomography (CT)
findings for appendicitis are encountered, the diagnostic accuracy can be enhanced by identifying several
characteristic CT features: appendiceal diameter ≥ 6.0
mm, appendiceal wall thickening ≥ 2.0 mm, periappendiceal fat stranding, and the absence of intraluminal
air. Therefore, radiologists, surgeons and physicians
should apply these criteria when encountering patients
with equivocal CT findings for appendicitis.

AIM: To improve the diagnostic accuracy in patients
with symptoms and signs of appendicitis, but without
confirmative computed tomography (CT) findings.
METHODS: We retrospectively reviewed the database of 224 patients who had been operated on for
the suspicion of appendicitis, but whose CT findings
were negative or equivocal for appendicitis. The patient
population was divided into two groups: a pathologically proven appendicitis group (n = 177) and a nonappendicitis group (n = 47). The CT images of these
patients were re-evaluated according to the characteristic CT features as described in the literature. The
re-evaluations and baseline characteristics of the two
groups were compared.
RESULTS: The two groups showed significant differences with respect to appendiceal diameter, and the
presence of periappendiceal fat stranding and intraluminal air in the appendix. A larger proportion of patients
in the appendicitis group showed distended appendices
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CONCLUSION: Appendiceal diameter and wall thickening, fat stranding, and absence of intraluminal air
can be used to increased diagnostic accuracy for appendicitis with equivocal CT findings.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Appendectomy is the most common acute abdominal
surgical procedure worldwide. Appendicitis is mainly di-
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Patients accessed for eligibility, n = 2596 (2552)

Inclusion
Patients who received appendectomy or
operation including appendectomy with
a suspicion of acute appendicitis

Patients who received preperative CT scan, n = 1596

Exclusion
Patients whose preoperative CT finding
was suggestive of appendicitis

Patients with clinically suspicious but radiologically
begative or equivocal appendicitis, n = 228

Pathologically-proven appendicitis, n = 180

No appendicitis, n = 48

Figure 1 Patient selection flow chart. CT: Computed tomography.

agnosed based on meticulous history taking and physical
examination. However, a substantial proportion of patients do not present with classic signs and symptoms[1-3],
and there are many other conditions that resemble appendicitis. The introduction of computed tomography (CT)
has dramatically improved the diagnostic accuracy for
appendicitis, with a sensitivity of 90%-100% and a specificity of 91%-99%[4-6]. The CT criteria for appendicitis
are mainly comprised of an appendiceal diameter greater
than 6[7-9] or 7 mm[10-12] with thickening and enhancement of the circumferential wall, which may give a halo
or target appearance. Although CT improves diagnostic
accuracy, there can still be equivocal findings. Over time,
several CT features have been described as indicators for
a diagnosis of acute appendicitis. However, their significance and frequencies have not been extensively studied.
The purpose of this study was to systematically stratify CT findings in order to improve the diagnostic accuracy of appendicitis. To achieve this, we first reviewed the
literature and searched CT findings relating to appendicitis. Thereafter, we examined the incidences of misdiagnosis within the database from our institution in which CT
interpretation was negative or equivocal for appendicitis
and re-evaluated them based on the criteria. Finally, we
attempted to find the characteristic CT features supporting appendicitis by comparing the final pathologic results.

Department of Surgery, Daejeon St. Mary’s Hospital
between January 2006 and November 2012. The patients
were initially identified from a prospectively collected
database that included correct diagnoses and treatments.
Thereafter, the electronic medical records were thoroughly reviewed to collect additional information, such
as patient’s histories, laboratory findings, and pathologic
results. We obtained approval from the ethics committee
of Daejeon St. Mary’s Hospital, the Catholic University
of South Korea (IRB code: DC13RISI0025).
A total of 2596 patients were screened for eligibility
(Figure 1). Of these, we selected 1596 patients with preoperative CT scans. Of these, we excluded 1372 patients
whose CT interpretations coincided with the diagnosis.
Accordingly, the final study group included 224 patients
with negative or equivocal CT findings for appendicitis,
and were thereafter operated on for suspected appendicitis. We then stratified these patients into a pathologically
proven appendicitis group (PA group; n = 177) and a
non-appendicitis group (NA group; n = 47).
Throughout the study period, only one radiologist
(G Park) with more than ten years of experience in abdominal imaging interpreted the CT findings. The diagnostic criteria for appendicitis from CT scans included
a distended appendix more than 7 mm in diameter and
circumferential wall thickening and enhancement, often
shown as a target or halo appearance.

MATERIALS AND METHODS

CT scanning: Patterns of use and dosage
During the day, CT images were obtained using a 64-slice
multidetector CT (MDCT), and at night, they were obtained using a 6-slice MDCT scanner (Sensation 64 and
Emotion 6, respectively; Siemens, Erlangen, Germany).

Study design and data collection
This study included a cohort of patients who underwent
either appendectomy or an operation including appendectomy with the suspicion of acute appendicitis at the
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Oral contrast medium was not administered, instead CT
enhancement was accomplished using a 70 s delay after
intravenous contrast media infusion, consisting of 110
mL of iopromide (Ultravist; Bayer Healthcare Pharmaceuticals, Berlin, Germany), iodixanol 270 contrast (Visipaque; GE Healthcare, Princeton, NJ), or iohexol (Iobrix
350; Taejoon Pharmaceutical, Kyungkido, South Korea)
through an antecubital vein at 4 mL/s. CT parameters for
the 6-slice MDCT scanner were collimation 2 mm, pitch
1.2, and rotation time 0.8 s, and the parameters for the
64-slice MDCT scanner were collimation 1.2 mm, pitch
1.4, and rotation time 0.5 s. Axial section data were reconstructed at a thickness of 3 mm with 3 mm increments.
Re-evaluation of CT images
We thoroughly reviewed the literature related to CT features of appendicitis and non-appendicitis[1-3,6,13,14]. The
CT features related with appendicitis included: appendiceal diameter ≥ 6.0 mm, appendiceal wall thickening (≥
2.0 mm), appendiceal wall enhancement, and presence of
appendicolith, periappendiceal fat string, periappendiceal
fluid collection, and periappendiceal lymphadenopathy.
The CT features related with non-appendicitis included
the presence of intraluminal air and/or coexisting inflammatory lesions. To avoid selection bias, the radiologist
was not given information about the patient’s final diagnosis. The CT images were provided to the radiologist
as a random sequence using a PACS (Maroview; Infinitt,
Seoul, South Korea) in stack mode.
Appendiceal diameter was defined as the maximum
diameter of the appendix observed in full magnification
view, and appendiceal wall thickness was defined as a wall
thickness of ≥ 2 mm in the full magnification view. Appendiceal wall enhancement was defined as attenuation
of the appendiceal wall that was subjectively equal to or
greater than that of the normal bowel wall[15]. Mesenteric lymphadenopathy was defined as at least one lymph
node larger than 1.0 cm in the short axis diameter or as
a cluster of at least four lymph nodes of any size in the
right lower quadrant[16]. Coexisting inflammatory lesions
referred to the inflammatory lesions seen in the CT scan
that could be related with right low quadrant pain, such
as diverticulitis or ovarian cysts.
Statistical analysis
Numeric data are presented as mean and standard deviation or as median and range. Continuous variables were
analyzed with independent t-tests, and proportions were
compared with Pearson χ 2 or Fisher’s exact tests, as appropriate. For data that were not normally distributed,
Wilcoxon rank-sum tests were used to examine differences in central tendency. Statistical analyses were performed
with SPSS version 18.0 (SPSS Inc., Chicago, IL, United
States). Two-tailed P values < 0.05 were considered statis-
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tically significant.

RESULTS
Patient characteristics and baseline comparison
We analyzed the database of 224 patients who underwent
operations with the suspicion of appendicitis based on
clinical manifestations despite negative or equivocal CT
interpretation. Of these, 177 patients had appendicitis
and 47 patients did not. There were 88 men and 136
women with a mean age of 35.3 ± 20.1 years. The mean
body mass index was 22.3 ± 3.5 kg/m2. Most patients
(88.8%) did not present with high fever (≥ 37.8 ℃). The
mean serum leukocyte count was 10357 ± 4208/mm3.
Baseline and clinical features, including findings obtained
from history taking, physical examination, and laboratory results, were similar between the NA and PA groups
(Table 1), except for platelet count (P = 0.005), creatinine
level (P = 0.036) and serum bilirubin concentration (P =
0.020).
Re-evaluation of CT features
We re-evaluated the CT scans of the 224 patients included in the study (Table 2). Of these, the features indicative
of appendicitis were appendiceal visualization, appendiceal diameter ≥ 6.0 mm, appendiceal wall enhancement (Figure 2), appendiceal wall thickening ≥ 2.0 mm
(Figure 3), presence of appendicolith, periappendiceal
fat stranding (Figure 4), periappendiceal fluid collection,
and mesenteric lymphadenopathy. The features excluding
appendicitis were the presence of intraluminal air (Figure
5) and coexisting inflammatory lesion(s). Of the features
indicating appendicitis, the two groups showed significant differences in appendiceal diameter ≥ 6.0 mm and
positive periappendiceal fat stranding (P < 0.001). Of the
features excluding appendicitis, the two groups showed
significant differences in the presence of intraluminal air
(P = 0.024). There was no significant difference in the
presence of co-existing inflammatory lesion(s) between
the two groups. Ileocolitis (n = 37, 27.6%), terminal ileitis
(n = 10, 7.5%), and periappendiceal fluid collections (n
= 4, 3.0%) were the most frequently encountered lesions
(Table 3).
Risk estimation of appendicitis in patients with negative
or equivocal CT interpretation
Based on the three factors significant for appendicitis in
equivocal CT findings, we further evaluated the combination effect of these factors (Table 4). Of all possible
combinations, we found that the greatest intergroup difference was seen when they were divided into low-risk
(0-1 risk factor) and high-risk groups (2-3 risk factors).
The probability of appendicitis in the high-risk group
was 6.832 times higher than the low-risk group (95%CI:

13944

October 14, 2014|Volume 20|Issue 38|

Park G et al . Re-evaluation of CT findings of appendicitis
Table 1 Patient characteristics n (%)
Characteristics
Age (yr)
< 15
15-64
≥ 65
Gender
Male
Female
Body mass index (kg/m2)
< 20
20-25
> 25
Comorbidity
Charlson index = 0
Charlson index > 0
Symptom duration before presentation
< 72 h
≥ 72 h
Body temperature (℃)
< 37.8
≥ 37.8
Presenting symptom
Abdominal pain
Indigestion
Fever/chill
Pain migration
No
Yes
Degree of tenderness
Mild
Moderate
Severe
RLQ localization of pain
Discrete
Obscure
Lab findings, median (range)
WBC count (× 103/mm3)
Platelet count (× 103/mm3)
Creatinine (mg/dL)
Albumin (g/dL)
Total bilirubin (mg/dL)
Neutrophil fraction
< 80%
≥ 80%

Total population

Negative appendicitis

Pathologically proven appendicitis

(n = 224)

(n = 47)

(n = 177)

26 (11.6)
169 (75.4)
29 (13.0)

10 (21.3)
33 (70.2)
4 (8.5)

16 (9.0)
136 (76.9)
25 (14.1)

88 (39.3)
136 (60.7)

13 (27.7)
34 (72.3)

75 (42.4)
102 (57.6)

52 (27.1)
106 (55.2)
34 (17.7)

12 (31.6)
21 (55.2)
5 (13.2)

40 (26.0)
85 (55.2)
29 (18.8)

217 (96.9)
7 (3.1)

47 (100.0)
0 (0.0)

170 (96.0)
7 (4.0)

129 (58.1)
93 (41.9)

26 (55.3)
21 (44.7)

103 (58.9)
72 (41.1)

119 (88.8)
15 (11.2)

28 (87.5)
4 (12.5)

91 (89.2)
11 (10.8)

219 (97.8)
1 (0.4)
4 (1.8)

47 (100.0)
0 (0.0)
0 (0.0)

172 (97.2)
1 (0.6)
4 (2.2)

114 (53.3)
100 (46.7)

26 (57.8)
19 (42.2)

88 (52.1)
81 (47.9)

4 (1.8)
217 (96.9)
3 (1.3)

0 (0.0)
47 (100.0)
0 (0.0)

4 (2.3)
170 (96.0)
3 (1.7)

205 (91.5)
19 (8.5)

42 (89.4)
5 (10.6)

163 (92.1)
14 (7.9)

P value
0.052

0.092

0.635

0.350

0.740

0.755

0.507

0.507

0.383

0.559

9.55 (4.0-29.1)
250 (157- 564)
0.64 (0.41- 1.11)
4.30 (3.3-5.4)
0.50 (0.2-1.5)

9.3 (4.6-25.9)
277 (202-564)
0.56 (0.41-0.69)
4.40 (3.3-5.2)
0.55 (0.2-1.5)

160 (72.4)
61 (27.6)

36 (78.3)
10 (21.7)

9.6 (4.0-29.1)
241 (157-341)
0.70 (0.46-1.11)
4.30 (3.3-5.4)
0.77 (0.2-2.2)

0.833
0.005
0.036
0.989
0.020
0.359

124 (70.9)
51 (29.1)

Data from patients receiving operations for suspicion of appendicitis with computed tomography findings that were negative or equivocal for appendicitis.
RLQ: Right low quadrant of abdomen; WBC: White blood cells.

3.013-15.454; P = 0.001).

DISCUSSION
Although several characteristic CT features for appendicitis have been revealed, their significance and frequencies
have not been extensively studied. In this study, we applied these factors individually to the CT scans of which
previous interpretations were negative or equivocal for
appendicitis. As a result, we could arrange their priority.
We identified three factors related to appendicitis: appendiceal diameter ≥ 6.0 mm, periappendiceal fat stranding,
and the absence of intraluminal air. The patients who
had two or more of these factors showed a significantly
higher probability of appendicitis. We think that the
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application of our criteria would improve diagnostic accuracy of appendicitis, leading to a reduction in the rates
of negative appendectomy and complications associated
with delayed appendectomy.
The classical diagnostic criteria of appendicitis include
appendiceal diameter of ≥ 7 mm; however, we found
that the appendiceal diameter of 6 mm would be more
helpful when encountered with equivocal CT findings.
Actually, it is possible to have appendicitis with a 5-mmappendiceal diameter, and to not have appendicitis with
a 10-mm-appendiceal diameter. Therefore, appendiceal
diameter alone is insufficient in making a diagnosis and
should be supported by other more specific features.
Appendiceal wall thickening strongly suggests appendiceal inflammation. Administration of intravenous
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Table 2 Reevaluations of computed tomography scans preoperatively interpreted as indeterminate for appendicitis n (%)

Appendiceal visualization
No
Yes
Appendiceal diameter
< 6.0 mm
≥ 6.0 mm
Thickness of appendiceal wall
< 2.0 mm
≥ 2.0 mm
Appendiceal wall enhancement
No
Yes
Presence of intraluminal air
No
Yes
Presence of appendicolith
No
Yes

Total population

Negative appendicitis

Pathologically proven appendicitis

(n = 224)

(n = 46)

(n = 178)

6 (2.7)
218 (97.3)

1 (2.2)
45 (97.8)

5 (2.8)
173 (97.2)

89 (39.7)
135 (60.3)

29 (63.0)
17 (37.0)

60 (33.7)
118 (66.3)

54 (24.1)
170 (75.9)

15 (32.6)
31 (67.4)

39 (21.9)
139 (78.1)

138 (63.3)
80 (36.7)

34 (75.6)
11 (24.4)

104 (63.3)
69 (39.9)

139 (63.8)
79 (36.2)

22 (48.9)
23 (51.1)

117 (67.6)
56 (32.4)

206 (94.5)
12 (5.5)

43 (95.6)
2 (4.4)

163 (94.2)
10 (5.8)

41 (91.1)
4 (8.9)

114 (65.9)
59 (34.1)

44 (95.7)
2 (4.3)

172 (96.6)
6 (3.4)

41 (89.1)
5 (10.9)

159 (89.3)
19 (10.7)

30 (65.2)
16 (34.8)

139 (78.1)
39 (21.9)

1.000

< 0.001

0.175

0.059

0.024

1.000

Presence of periappendiceal fat stranding
No
155 (71.1)
Yes
63 (28.9)
Presence of periappendiceal fluid collection
No
216 (96.4)
Yes
8 (3.6)
Presence of periappendiceal lymphadenopathy
No
200 (89.3)
Yes
24 (10.7)
Presence of coexisting lesions
No
169 (75.4)
Yes
55 (24.6)

0.001

0.669

1.000

0.084

A

A

B

B

Figure 2 Enlarged appendix and appendiceal wall enhancement. A: Crosssectional (arrow); B: Sagittal abdominal computed tomography scans showing
increased appendiceal diameter (≥ 6.0 mm) (arrow).
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P value

Figure 3 Appendiceal wall thickening. A: Cross-sectional (arrow); B: Coronal
abdominal computed tomography scans showing appendiceal wall thickening
suggestive of acute appendicitis (arrow).
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A

A

B

B

Figure 4 Fat stranding. A: Cross-sectional (arrow); B: Coronal abdominal
computed tomography scans showing periappendiceal fat stranding suggestive
of acute appendicitis (arrow).

contrast media is essential for visualizing the appendiceal
wall. Because all the patients in this study underwent
contrast-enhanced CT scanning, we could estimate the
presence of the appendiceal wall thickening. Our results
indicate that appendiceal wall thickening did not strongly
suggest appendicitis in patients with equivocal CT features. However, we think that further and more intensive
study is required to validate this factor.
The extension of appendiceal inflammation to nearby
mesenteric fat results in fat inflammation surrounding
the appendix. Such fat inflammation is manifested as
periappendiceal fat stranding on the CT scan. In previous studies, periappendiceal fat stranding was reported in
more than 70% of patients with appendicitis[13,17,18]. In the
present study, we showed that the presence of periappendiceal fat stranding is also a useful differential parameter
when other CT findings are equivocal.
We also estimated whether it is helpful to detect intraluminal air in appendicitis when encountered in equivocal
CT scans. The luminal obstruction by inspissated stool or
lymphoid hyperplasia is believed to be the major cause of
appendicitis[19]. The luminal obstruction promotes bacterial overgrowth and increases mucus secretion, leading to
intraluminal distention and wall pressure elevation. Consequently, intraluminal air, which used to be easily observed in the normal appendix, can disappear in patients
with appendicitis[20]. In a previous report, appendiceal
intraluminal air was detected in 86% of patients without
appendicitis and 15% of patients with appendicitis[14]. In
this study, we also found that the presence of intralumi-

WJG|www.wjgnet.com

Figure 5 Appendiceal intraluminal air. A: Cross-sectional (arrow); B: Coronal
abdominal computed tomography scans showing appendiceal intraluminal air
suggestive of normal appendix (arrow).

Table 3 Incidence of coexisting inflammatory lesions
Coexisting lesions
Ileocolitis
Terminal ileitis
Periappendiceal fluid collection
Pelvic inflammatory disease
Epiploic appendigitis

Incidence (n )

% (n = 224)

37
10
4
2
1

17.0
4.5
1.0
0.9
0.4

Data refer to patients who underwent operation with suspicion of appendicitis based on clinical manifestations despite negative or equivocal
computed tomography interpretation.

nal air was a useful indicator for appendicitis in situations
with the equivocal CT scans.
We acknowledge that this study had several limitations. First, because it was a retrospective study, our results should be confirmed by prospective trials. Next, due
to the nature of this study, the study population size was
relatively small (n = 224). However, the use of a single
radiologist eliminates the possibility for differences in CT
interpretation. Even when the patients suspicious for appendicitis visited the hospital after work hours and were
immediately evaluated by the on-duty radiologist, the CT
findings were re-assessed and confirmed by the radiologist in charge.
In conclusion, we found that when we encountered
equivocal CT findings for appendicitis, the diagnostic accuracy would be enhanced by several characteristic CT
features: appendiceal diameter ≥ 6.0 mm, appendiceal
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Table 4 Risk estimations n (%)
1

Groups
Low-risk group
High-risk group

Number of risk factors

Patients with positive appendicitis

OR

95%CI

P value

0-1
2-3

73 (65.8)
105 (92.9)

1.000
6.832

3.013-15.454

0.001

1

Risk factors include: appendiceal diameter ≥ 6.0 mm, presence of periappendiceal fat stranding, and intraluminal air in the appendix. Data refer to patients who underwent operation for suspicion of appendicitis based on clinical manifestations despite negative or equivocal computed tomography interpretation.

wall thickening ≥ 2.0 mm, periappendiceal fat stranding,
and the absence of intraluminal air, rather than presence,
as an indicator for appendicitis. By the application of
these criteria, we could improve the diagnostic accuracy
of appendicitis up to 6.8 times in patients with equivocal CT features. These characteristic CT features are not
difficult to detect with instruction. Therefore, we recommend that not only radiologists, but also surgeons and
physicians, could improve diagnostic accuracy of appendicitis by using these criteria.
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related CT images were re-evaluated by one radiologist with specialist experience in abdominal imaging. To avoid selection bias, the radiologist who re-evaluated CT images was not given information about the patient’s final diagnosis.

Applications

The authors have developed criteria which are useful when encountering
patients with equivocal CT features: Appendiceal diameter ≥ 6.0 mm, appendiceal wall thickening ≥ 2.0 mm, periappendiceal fat stranding, and the absence
of intraluminal air. By the application of these criteria, they could improve the
diagnostic accuracy of appendicitis up to 6.8 times in patients with equivocal CT
features.
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Peer review

The original article is well presented. The application of these criteria helps to
improve the diagnostic accuracy in patients with symptoms and signs of appendicitis.
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3-16) vs 7.5 d (range: 5-25), P = 0.009. The ERAS
group had a non-significant reduction in the incidence
of postoperative complication (25% vs 48%, P =
0.094). No 30-d mortality and readmission occurred.
Patients with ERAS programme had a shorter time to
first flatus (1.6 d vs 2.8 d, P < 0.001) and time to resumption of normal diet (3.5 d vs 5.5 d, P = 0.002).
Time interval between operation and initiation of adjuvant chemotherapy was significantly shorter in the
ERAS group (37 d vs 49 d, P = 0.009).
CONCLUSION: The ERAS programme in the setting of
emergency colorectal surgery was safe and feasible. It
achieved significantly shorter hospitalisation and faster
recovery of bowel function.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the feasibility and beneficial effects of enhanced recovery after surgery (ERAS) programme in the setting of emergency colorectal surgery.
METHODS: Between January 2011 and October 2013,
patients undergoing emergency resection for obstructing colorectal cancer at the Faculty of Medicine Siriraj
Hospital, Bangkok, Thailand using ERAS programme
were compared with those using conventional care
(1:2 ratio). They were matched for their age, gender,
ColoRectal Physiological and Operative Severity Score
for the enUmeration of Mortality and Morbidity score,
and type of surgery. Primary outcomes were length
of hospital stay and postoperative morbidity. Secondary outcomes included gastrointestinal recovery, 30-d
readmission, and time interval from surgery to chemotherapy.
RESULTS: Twenty patients treated with ERAS programme were compared with 40 patients receiving
conventional postoperative care. Median of hospital
stay was shorter in the ERAS group: 5.5 d (range:
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Key words: Colorectal cancer; Obstruction; Emergency
surgery; Enhanced recovery after surgery; Enhanced
recovery programme; Outcome
Core tip: The present study is the first study examining the outcomes of enhanced recovery after surgery (ERAS) programme in the setting of emergency
colorectal surgery. This study demonstrated that ERAS
programme was also safe and beneficial in non-elective surgical setting. Comparing with a conventional
postoperative care, ERAS programme in emergency
tumour resection for obstructing colorectal cancer was
associated with a significantly shorter length of hospital stay and faster recovery of bowel function, without
an increase in 30-d mortality and readmission.
Lohsiriwat V. Enhanced recovery after surgery vs conventional
care in emergency colorectal surgery. World J Gastroenterol
2014; 20(38): 13950-13955 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i38/13950.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i38.13950
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INTRODUCTION
Up to 20% of patients with colorectal cancer present
with acute colonic obstruction[1]. A variety of procedures
have been used to treat this condition including colonic
stenting, proximal diversion and tumour resection. Even
in a modern surgical era, a high rate of postoperative
complication and prolonged hospital stay have been consistently reported in emergency surgery for obstructing
colorectal cancer[2-4]. A potential method of improving
surgical outcomes after such an operation is by optimising perioperative care. Enhanced recovery after surgery
(ERAS) programme is designed to reduce perioperative and intraoperative stress responses, and to support
the recovery of organ function aiming to help patients
getting better sooner after surgery. Two recent systematic reviews and meta-analyses have shown that ERAS
programme is associated with a reduction in the length
of hospital stay and postoperative complication after
elective colorectal surgery without any significant change
in mortality and readmission rate[5,6]. Lately, the ERAS®
Society has published evidence-based guidelines for perioperative care in elective colon surgery and rectal/pelvic
surgery[7,8].
Despite a large number of clinical studies confirming
the benefit of ERAS programmes in elective surgery, the
feasibility and effectiveness of ERAS programme in the
setting of emergency colorectal surgery is unknown. The
aim of the present study was therefore to compare the
surgical outcomes of patients with obstructing colorectal
cancer undergoing surgery with an ERAS programme
and those with conventional postoperative care, in a
matched case-control study.

MATERIALS AND METHODS
After obtaining approval from the Institutional Review
Board, a prospectively collected database of patients undergoing emergency surgery for obstructing colorectal
adenocarcinoma using an ERAS programme between
January 2011 and October 2013 in the Division of General Surgery, Department of Surgery, Faculty of Medicine Siriraj Hospital, Bangkok, Thailand were reviewed.
Patients with clinical peritonitis, those with obstructing
recurrent tumour, those having non-resection operation,
and those receiving neoadjuvant treatments were excluded. These patients (ERAS group) were compared with a
group of patients who underwent emergency resection
for obstructing colorectal cancer using a conventional
postoperative care management during the same period
(Non-ERAS group). They were matched for age, the
American Society of Anesthesiologists (ASA) grade, the
ColoRectal Physiological and Operative Severity Score
for the enUmeration of Mortality and Morbidity (CRPOSSUM) score, duration of obstruction, location of
tumour, and type of surgical procedure, with the ratio of
1 ERAS case to 2 non-ERAS cases.
In this context, emergency surgery was defined as

WJG|www.wjgnet.com

an unplanned operation performed within 24 h after
patients were admitted or consulted for acute colonic
obstruction (the duration of obstruction was not longer
than 1 wk). The evidence of complete or nearly complete colonic obstruction was confirmed by a computed
tomography (CT) scan and/or limited contrast enema.
Patients with ERAS programme were operated on by
the author (who has experienced more than 100 cases
with an ERAS programme in elective colorectal surgery)
while non-ERAS cases were taken care of by other experienced surgical consultants in the same division (a
total of 500-600 colorectal operations per annum). The
choice and technique of operation were left to the discretion of each surgeon. The protocol of conventional
care was previously described[9]. The summary of major
differences between ERAS programme and conventional
care management is shown in Table 1. In both pathways,
patients were discharged from the hospital when they
had no fever, adequate pain control with oral analgesic,
good ambulation, good appetite and satisfactory recovery of gastrointestinal function. Of note, according to
the institute’s policy any form of bowel preparation,
laparoscopic surgery and epidural analgesia were not
applied in an emergency setting. Moreover, approach to
left-sided colonic obstruction could be stenting, diversion or resection depended on clinical ground, patient’s
health coverage scheme, and surgeon’s preference.
All data were recorded including patient demographic, operative details (tumour location, procedure type,
operative time and blood loss), pathological staging and
postoperative outcomes. The postoperative outcomes include postoperative complication (graded Ⅰ-Ⅴ according to the Clavien-Dindo classification system[10]), time to
first flatus, time to first defaecation, time to resumption
of normal diet, length of hospital stay, hospital readmission and death within 30 d, and time interval between
operation and initiation of adjuvant chemotherapy (if
appropriate). All patients were scheduled for follow-up
at 30 d postoperatively. Notably, unless patients had the
Eastern Cooperative Oncology Group (ECOG) performance status more than two[11], adjuvant chemotherapy
is routinely recommended after curative resection of the
obstructed colorectal cancer. However, the decision of
whether and when to start adjuvant treatment was depended on the agreement of patients and medical oncologists. Time interval between operation and initiation of
adjuvant chemotherapy was defined as the period from
surgery to the day of the first chemotherapy session.
All data were prepared and compiled using SPSS computer software (version 15.0 for Windows). Mean and
standard deviation, or median (range) are presented for
continuous data. The Kolmogorov-Smirnov test was used
to test for the pattern of data distribution. Student unpaired t-tests were used to compare data between the two
groups when they showed normal distribution. The MannWhitney U tests were used when data were not normally
distributed. The Pearson χ 2 tests or Fisher’s exact tests
were used for categorical data. A P-value of less than 0.05
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Table 1 Summary of enhanced recovery after surgery programme and comparison with conventional care pathway
Primary
component

ERAS programme

Conventional care pathway

Before surgery Detailed information and education, including breathing exercise, mobilisation, dietary Advice given by an on-call consultant surgeon
goal, and estimated length of hospital stay
During surgery Standard anaesthetic protocol (balanced general anaesthesia) and surgical management Standard anaesthetic protocol (balanced general
anaesthesia) and surgical management
Transverse abdominal incision for right-sided colon cancer surgery
Midline incision with the application of Balfour
self-retaining retractor
Manual colonic decompression prior to primary anastomosis in obstructing left-sided
Intra-abdominal or pelvic drainage at the
colorectal cancer
surgeon’s discretion
No intra-abdominal or pelvic drainage
No standard protocol for prophylaxis of PONV
Application of O-ring wound retractor (Alexis® Retractor)
Active warming (warm intravenous fluid, Bair Hugger®, warm saline-soaked swab
around the intestine)
Infiltration of 0.5% bupivacaine into fascial layer and skin before wound closure
Prophylaxis of PONV based on risk factors
After surgery Fluid therapy to keep a urine output of 0.5-1 mL/kg per hour, with deliberate adminisCare decided by consultant surgeon
tration of colloid solution if needed
Early removal of NGT at 24-48 h postoperatively unless there was > 400 mL drainage
Crystalloid fluid replacement
in a 24-h period
Early ingestion of oral intake after NGT removal
NPO until patients passed flatus, had an active
bowel sound and NGT content < 400 mL/d
Multimodal analgesia with the preferential use of selective cyclo-oxygenese 2 inhibitors Intravenous opioids as a primary modality for
postoperative analgesia
Scheduled removal of urinary catheter at 48-72 h postoperatively in a stable patient
Regular mobilisation with daily physiotherapy
Aim to discharge on postoperative d5
After discharge
Telephone call 3 d and 1 wk after discharge
2 wk and 30 d follow-up in clinic
2 wk and 30 d follow-up in clinic
ERAS: Enhanced recovery after surgery; NGT: Nasogastric tube; NPO: Nil per os; PONV: Postoperative nausea and vomiting.

was considered statistically significant.

RESULTS
During the study period of 34 mo, 131 patients were hospitalised for acutely obstructed colorectal adenocarcinoma. Twenty-eight patients had colonic stent insertion (for
palliative care or bridge-to-surgery purpose), 26 patients
had diverting stoma, and the others (77 cases) underwent
emergency tumour resection. Of 77 patients having
tumour removal, 20 patients (26%) were taken care using the ERAS programme. For comparison purpose, 40
patients with conventional postoperative care treated during the study period were matched. The two groups were
comparable with respect to their age, gender, body mass
index, ASA grade, CR-POSSUM score, preoperative haematocrit level, preoperative serum albumin level, duration
of obstruction, and type of procedure. Characteristics
and operative details of ERAS patients and non-ERAS
patients are shown in Table 2. Of note, no diverting
stoma was performed in cases of tumour resection with
primary anastomosis.
Median of hospital stay was significantly shorter in
the ERAS group compared with non-ERAS group [5.5
d (range: 3-16) vs 7.5 d (range: 5-25), P = 0.009]. Incidence of overall postoperative complication tended to
be reduced in the ERAS group (25% vs 48%) but this
did not reach statistical significance (P = 0.094). There
was no 30-d mortality and readmission in both groups.
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Patients with ERAS programme had a shorter time to
first flatus (1.6 d vs 2.8 d, P < 0.001) and time to resumption of normal diet (3.5 d vs 5.5 d, P = 0.002), but not
time to first defaecation (3.4 d vs 3.7 d, P = 0.428). 80%
of patients in the ERAS group (16 of 20) and 68% of
patients in the non-ERAS group (27 of 40) received adjuvant chemotherapy (P = 0.375). Time interval between
operation and initiation of adjuvant chemotherapy was
significantly shorter in the ERAS group (37 d vs 49 d,
P = 0.009). Comparison of the primary and secondary
outcomes between ERAS patients and non-ERAS patients are shown in Table 3.

DISCUSSION
This case-matched study has demonstrated the feasibility and effectiveness of ERAS programme in the setting
of emergency colorectal surgery. Compared with those
having a conventional care pathway, patients within an
ERAS programme had a shorter length of hospital stay,
faster bowel recovery and shorter time to start adjuvant
therapy. The reduction in hospital stay did not lead to an
increase in 30-d readmission, or a higher rate of postoperative complication. In fact, the incidence of postoperative complication tended to be reduced in the ERAS
group.
In this study, ERAS programme shorten a median
length of hospital stay by 2 d. The magnitude of reduction in hospital stay is fairly comparable to those
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Table 2 Patient characteristics and operative details n (%)
ERAS group
(n = 20)

Non-ERAS group
(n = 40)

P value

57.6 ± 13.2
14 (70)
21.7 ± 3.3
4 (20)
3.34 ± 2.83
36.1 ± 6.4
3.6 ± 0.6
3.5 ± 1.6
10 (50)
2 (10)

62.0 ± 13.2
24 (60)
22.8 ± 3.4
4 (10)
3.56 ± 2.47
36.1 ± 5.8
3.7 ± 0.6
3.3 ± 1.6
21 (53)
5 (13)

0.22
0.45
0.22
0.42
0.76
0.98
0.63
0.69
0.71
1.00
0.93

10 (50)
3 (15)
4 (20)
2 (10)
1 (5)
16 (80)
3 (15)
216 ± 85
233 ± 200
6.3 ± 2.5
14 (70)

19 (48)
5 (13)
7 (18)
4 (10)
5 (13)
33 (83)
5 (13)
190 ± 59
192 ± 166
5.6 ± 2.2
26 (65)

Age (yr)
Male
BMI (kg/m2)
ASA grade ≥ 3
CR-POSSUM predicted mortality rate
Preoperative haematocrit (%)
Preoperative serum albumin (g/dL)
Duration of obstruction (d)
Left-sided colonic obstruction1
Obstructing rectal cancer2
Detailed procedure type
(Extended) right hemicolectomy
Left hemicolectomy/sigmoidectomy
Hartmann’s procedure
Anterior resection
Subtotal colectomy
Tumor removal with primary anastomosis
Multi-visceral organ resection
Operative time (min)
Estimated blood loss (mL)
Maximal tumour size (cm)
Pathological staging 3 or 4

1.00
1.00
0.17
0.42
0.34
0.70

1

Left-sided colonic obstruction is defined as an obstruction caused by tumor distal to the splenic flexure (including rectal cancer); 2Rectal cancer is defined
as a cancer located within 12 cm of the anal verge. ASA: American Society of Anesthesiologists; BMI: Body mass index; CR-POSSUM: ColoRectal Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity; ERAS: Enhanced recovery after surgery.

Table 3 Surgical outcomes n (%)

Median length of hospital stay (d)
Average length of hospital stay (d)
Overall complications
Complications excluding Grade I1
Time to first flatus (d)
Time to first defaecation (d)
Time to resumption of normal diet (d)
Unplanned 30-d readmission
Patients receiving adjuvant chemotherapy
Interval between operation and initiation of adjuvant chemotherapy (d)

ERAS group
(n = 20)

Non-ERAS group
(n = 40)

P value

5.5 (3-16)
6.0 ± 2.9
5 (25)
2 (10)
1.6 ± 0.7
3.4 ± 1.2
3.4 ± 1.7
0
16 (80)
37.0 ± 8.9

7.5 (5-25)
9.4 ± 5.1
19 (48)
8 (20)
2.8 ± 1.3
3.7 ± 1.4
5.5 ± 2.4
0
27 (68)
49.4 ± 20.4

0.009
0.002
0.090
0.470
< 0.001
0.430
0.002
NA
0.380
0.009

1

According to the Clavien-Dindo classification of surgical complication. ERAS: Enhanced recovery after surgery; NA: Not applicable.

reported from the ERAS pathway for elective colorectal
surgery[5,6]. A recent meta-analysis of 13 randomised trials including 1910 patients has shown that ERAS programmes in an elective setting were associated with a significant reduction in primary and total hospital stay with
a weighted mean difference of 2.44 d and 2.39 d, respectively[6]. This meta-analysis also demonstrated a significant
30% reduction in postoperative complications within
the ERAS setting. Likewise, the present study revealed a
tendency towards a lower incidence of both major and
minor postoperative complications in the ERAS group.
The reduction of postoperative complication in ERAS
programme for patient undergoing emergency resection
for obstructing colorectal cancer is likely to result from a
combination of multimodal perioperative interventions,
rather than single manoeuvre alone, aiming to attenuate

WJG|www.wjgnet.com

metabolic response to surgery, to support the recovery
of organ function, and to preserve postoperative immune system[7,8,12].
Postoperative gastrointestinal recovery seems to be
quicker in patients with ERAS programme as they had a
shorter period to pass the first flatus and they were able
to resume normal diet in less than 4 d postoperatively.
These results might be partly due to the combination
of the administration of postoperative nausea/vomiting
prophylaxis, judicious fluid therapy, and the preferential
use of non-opioid analgesia in the ERAS pathway. It
remains unclear why patients with ERAS programme
passed flatus sooner than the controls, but there was no
difference in time to first defaecation.
So far, most studies of ERAS programme in colorectal surgery have focused on short-term benefits[5,6]. Nev-
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ertheless, longer-term measures of recovery are also of
great importance. Time to initiation of adjuvant chemotherapy is potentially a mid-term outcome measure
because it could reflect patient’s overall postoperative recovery and performance[13]. In the present study, patients
with ERAS programme received postoperative chemotherapy 12 d earlier than patients with conventional care
pathway. A reduction in convalescence between surgery
and chemotherapy in the ERAS group could be partly explained by a fewer incidence of postoperative complication and quicker overall recovery with ERAS programme.
Knowingly various factors have contributed to determine
whether and when to start adjuvant treatment including
physician’s opinion and social support, but patient’s postoperative condition is a significant determinant[14,15]. Interestingly, a recent systematic review and meta-analysis has
demonstrated that colorectal cancer patients with shorter
convalescence between surgery and chemotherapy had a
better overall survival and disease-free survival[16].
Some limitations of this study included a relatively
small sample size with a selected group of patients. Lowrisk patients (i.e., low ASA grade and CR-POSSUM score)
were likely to be included, while high-risk patients with
obstructed colorectal cancer were subjected to other less
invasive management such as colonic stenting or diverting colostomy. Consequently, based on this study, ERAS
protocol might be safely applied in only low-risk patients.
However, it is of great interest to investigate the effect of
ERAS program on emergency colorectal surgery in highrisk individuals; in which optimal perioperative care is
fundamentally required.
Another limitation of this study was the fact that a
performance bias may occur since patients with ERAS
programme were taken care of by single surgeon while
non-ERAS cases were treated by other experienced surgeons. However, the performance and quality of care in
both studied groups are likely to be invariable, except the
different protocols, because all patients were treated by
highly-experienced academic surgeons and nursing staffs
in the same surgical unit of a tertiary referral center. Additionally, the patients included in this comparative study
were carefully matched with well-known confounders
such as age, ASA grade, CR-POSSUM score, tumour location and type of procedure.
Considering the fact that protocols of conventional
care might be not uniform and some ERAS components
could be applied within the conventional care pathway,
it is possible that the different outcomes in this study
were due to the application of more ERAS items in the
ERAS group than the conventional care group. Interestingly, it was evident that the optimal outcomes of ERAS
pathway were dependent on the number of ERAS
components and adherence to the protocol, like a doseresponse relationship[17,18]. Therefore, in order to make a
definite conclusion on ERAS programme in the setting
of emergency colorectal surgery, larger studies and randomised trials are required.
Since there is little information on ERAS programme
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in an emergency setting[19,20] and the randomised trials on
ERAS pathway in the setting of emergency colorectal surgery are lacking (http://www.clinicaltrials.gov/ClinicalTrials.gov; accessed on 30 March 2014), the present study has
provided encouraging results. This case-matched study
suggests that ERAS programme could be applied safely
and effectively in the setting of emergency colorectal surgery. It led to better outcomes, such as a shorter length
of hospital stay and faster recovery of bowel function,
without an increased in 30-d readmission or a higher rate
of postoperative complication. In fact, the incidence of
postoperative complication tended to be reduced in the
ERAS group.
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postoperative care. Although this is a retrospective case-matched study performed by a limited number of doctors in a single centre, this is the first study
performed in the set of emergency surgery for obstructive colorectal cancer.
The manuscript was well written. The results were reliable and encouraging.
This work provided convincing evidence of the advantages of ERAS programme.
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Abstract
AIM: To determine the clinicopathological characteristics of nonsteroidal anti-inflammatory drug (NSAID)induced acute hepato-nephrotoxicity among Chinese
patients.
METHODS: We conducted a retrospective chart review
of patients using the International Classification of Diseases, Ninth Revision diagnosis code for acute kidney
injury (AKI) (584.5 or 584.9) and for acute liver injury
(ALI) (570.0 or 573.3) from January 2004 to December
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2013. Medical records were reviewed to confirm the
diagnosis of AKI and ALI and to quantify NSAID administration.
RESULTS: Seven of 59 patients (11.8%) were identified with acute hepato-nephrotoxicity induced by
NSAIDs. Five patients (71.4%) received over the recommended NSAIDs dose. Compared with NSAIDsassociated mere AKI, the risk factors of NSAIDsinduced acute hepato-nephrotoxicity are age older
than 60 years (57.1%), a high prevalence of alcohol
use (71.4%) and positive hepatitis B virus (HBV) markers (85.7%). Compared with NSAIDs-associated mere
ALI, the risk factors of NSAIDs-induced acute hepatonephrotoxicity are age older than 60 years (57.1%),
increased extracellular volume depletion (71.4%), and
renin-angiotensin-aldosterone system (RAAS) inhibitor
combined use (57.1%). Acute interstitial nephritis and
acute tubulointerstitial disease were apparent in three
out of six (42.9%) kidney biopsy patients, respectively.
Acute hepatitis was found in four out of six (66.7%) liver biopsy patients. Overall complete recovery occurred
in four patients within a mean of 118.25 ± 55.42 d.
CONCLUSION: The injury typically occurred after an
overdose of NSAIDs. The risk factors include age older
than 60 years, alcohol use, positive HBV markers, extracellular volume depletion and RAAS inhibitor combined use.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonsteroidal anti-inflammatory drug; Hepato-nephrotoxicity; Acute interstitial nephritis; Acute
hepatitis; Cholestasis
Core tip: This is the largest series to date demonstrating that nonsteroidal anti-inflammatory drugs are a
common cause of acute combined hepato-nephrotox-
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icity in the Chinese population. The risk factors include
age older than 60 years, alcohol use, positive hepatitis
B virus markers, extracellular volume depletion and renin-angiotensin-aldosterone system inhibitor combined
use. Acute tubulointerstitial disease and acute hepatitis
were the major histological findings. Treatment for the
patients comprised discontinuation of the implicated
drugs and pulse methylprednisolone followed by oral
steroids in some patients. Cyclophosphamide was added according to the histology. The prognosis was good
with prompt diagnosis and treatment.
Cao YL, Tian ZG, Wang F, Li WG, Cheng DY, Yang YF, Gao
HM. Characteristics and clinical outcome of nonsteroidal
anti-inflammatory drug-induced acute hepato-nephrotoxicity
among Chinese patients. World J Gastroenterol 2014; 20(38):
13956-13965 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13956.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13956

INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are
among the most widely used drugs, both as prescription
and over-the counter drugs. Six percent of the adult populations in the United States report the use of at least one
prescription of NSAID per month[1] and over 30 million
people receive NSAIDs daily[2]. Although NSAIDs are
effective and generally well tolerated, their use is associated with a broad spectrum of adverse reactions[3]. Renal
dysfunction and liver function abnormalities are relatively
common, and are often symptomatic only after serious
toxic reactions have occurred[4,5]. NSAIDs account for
7% of reported cases of acute kidney injury (AKI) and
35% of drug-induced AKI in the general populations[6].
NSAIDs are responsible for roughly 10% of the total
of cases of drug-induced hepatotoxicity[7-9] and the incidence of NSAID-related acute liver injury (ALI) resulting in hospitalization ranged from 3.1 to 23.4/100000
patient-year[10]. However, the characteristics of patients
with NSAIDs-induced acute combined hepato-nephrotoxicity are poorly understood and have been limited to
case reports and a few case series[11-15] (Table 1), because
of the rarity of the condition. Thus, we initiated the
present study with the aim of estimating the clinical and
pathological features of patients with NSAIDs-induced
combined hepato-nephrotoxicity.

MATERIALS AND METHODS
Patient selection
We screened all patients hospitalized at China-Japan
Friendship Hospital, China from January 2004 to December 2013, identifying those who had a recorded
International Classification of Diseases, Ninth Revision
Clinical Modification (ICD-9-CM) codes for AKI (584.5
or 584.9) and ALI (570.0 or 573.3). Medical records were
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reviewed to confirm the diagnosis of AKI and ALI and
to quantify NSAIDs administered before diagnosis. The
Human Ethics Review Committee of the China-Japan
Friendship Hospital approved the study protocol. Our
hospital is affiliated with China’s Ministry of Health and
is a teaching hospital of Peking University and Beijing
University of Chinese Medicine. We designed a consent
form that stated that the files of hospitalized patients
would be used for teaching medical students and as the
material for some retrospective researches.
Patients were not classified as having NSAID-associated AKI and ALI if they received other known drugs (e.g.,
herbal remedies, antibiotics, mushroom intake, dietary
supplements and other drugs) or if they had comorbid
clinical conditions or diseases, such as complex congenital heart disease and malignancy. Patients were also excluded if they had a clear alternative diagnosis explaining
their AKI (e.g., hemolytic uremic syndrome, transplant rejection, or acute glomerulonephritis) and ALI (e.g., acute
viral hepatitis: hepatitis A, B, C virus, cytomegalovirus,
herpes simplex virus, and Epstein-Barr virus and other
forms of liver disease including autoimmune, metabolic
liver disease such as hemochromatosis, Wilson disease, a-1
antitrypsin deficiency, and biliary obstruction). Although
volume depletion is an independent risk factor for AKI,
patients with a history of volume depletion in the absence of sepsis or multiorgan failure were not excluded
because it is likely that volume depletion increases the
risk of NSAID use leading to AKI. Estimates of volume
depletion were obtained from the medical records as reported by the patients. Patients with convincing evidence
of absent or minimal alcohol consumption (< 15 g alcohol/d for women and < 20 g alcohol/d for men) were
also not excluded. For comparison, hospitalized patients
with NSAID-associated mere AKI or ALI were also
identified at the same periods. Criteria for inclusion were
the same as the above.
Methods
The clinical and demographic parameters were recorded
for each patient at the time of hospitalization. These
included NSAID administration dose, duration of use,
history of patients, Serological markers for viral infections [anti-hepatitis A virus (HAV) IgM, IgG, hepatitis B
surface antigen (HbsAg), anti-HBs, hepatitis B e antigen
(HbeAg), anti-HBe, anti-HBc IgM, IgG, anti-hepatitis C
virus (HCV), anti-cytomegalovirus, anti-herpes simplex
virus, and anti-Epstein-Barr virus], other drug concurrently used, clinical and laboratory markers consistent
with AKI and ALI, and treatment data were collected and
reviewed. Abdominal sonography and nuclear magnetic
resonance imaging were performed when a cholestatic
pattern injury was present.
The diagnosis of NSAIDs induced liver injury was
based on the patients’ history, clinical and biochemical
characteristics, exclusion of other forms of liver disease,
consideration of the relationships between NSAIDs
drug intake and onset of liver test abnormalities and
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Table 1 Clinical manifestations of non-steroidal anti-inflammatory drug-induced kidney and liver injury: Literature summary
No.

Age/Sex

NSAID: Dose and
duration of use

Other drugs used
concurrently

Acetaminophen: 11
None
mg/kg per dose, two
total doses over 5 h
Ibuprofen: 5 mg/kg
per dose every 8 h,
three total dose
Nimesulide 100 mg Slimming drug
b.i.d. for 4 d
containing
anthraquinones
and ampicillin
Nimesulide 100 mg
None
b.i.d. for 5 d

Peak
creatinine

Peak
ALT

6.34 mg/dL 1229 U/L

Peak ALP

Peak
bilirubin

Histology

NK

NK

ND

206 U/L

16 μmol/L

Acute tubular
necrosis

1

5/F

2

25/F

3

70/F

4

56/M

Celecoxib 200 mg
one to two tablets
per day for 10 mo

Ramipril 10
mg/d

5.2 mg/dL

3 U/L

77 U/L

5

56/M

Diclofenac 100 mg
total

Hepatoprotective
agents, calcium
carbonate, and
diuretics

485.3
μmol/L

NK

NK

431 μmol/L

72 U/L

5.6 mg/dL 1240 U/L 285 U/L

Outcome

Ref.

Recovery Zaffanello et al[11]

Recovery

Li et al[12]

Massive necrosis Deceased Schattner et al[13]
of hepatocytes
with more
cholestasis
32.4 mg/dL Acute interstitial Recovery Tabibian et al[14]
(tubulo)nephritis,
acute cholestatic
hepatitis
NK
ND
Recovery Tomaszewski et
al[15]
33 mg/dL

F: Female; M: Male; ALT: Alanine aminotransferase; ALP: Alanine aminotransferase; NK: Not-known; ND: Not-done; NSAID: Nonsteroidal anti-inflammatory drug.

histological criteria, when available[16]. An illness duration
of < 26 wk was used to differentiate acute from chronic
liver injury[17]. Patients with underlying liver disease, such
as inactive hepatitis B virus (HBV) carrier or NAFLD
having normal liver tests were included into the study if
they developed superimposed ALI. HBV DNA levels in
inactive HBV carriers with elevated liver enzymes were
also checked using polymerase chain reaction to rule out
HBV reactivation. The definition and pattern of ALI
(hepatocellular, cholestatic, or mixed) were characterized
based on the International Consensus Meeting criteria for
liver injury. Hepatocellular pattern of ALI was defined
as the ratio (R) of serum alanine aminotransferase (as a
multiple of its upper limit of normal) to serum alkaline
phosphatase (as a multiple of its upper limit of normal)
greater than 5, cholestatic as R less than 2, and mixed as
R greater than 2 to less than 5[18,19]. AKI was defined as
increasing in serum creatinine of 0.3 mg/dL developing
over 48 h or > 50% developing over 7 d or urine output of < 0.5 mL/kg per hour for > 6 h[20]. The Kidney
Disease: Improving Global Outcomes (KDIGO) criteria
were used to stage the level of AKI[20].
Percutaneous renal biopsy and liver needle biopsy
were performed. Renal paraffin sections were stained
for light microscopy with hematoxylin and eosin, periodic acid-Schiff (PAS), Masson trichrome and periodic
acid-silver methenamine. IgG, IgA, IgM, C3 and C1q
(DAKO A/S, Glostrup, Denmark) were detected with
direct immunofluorescence on frozen tissue. The fluorescence intensity was determined using a semiquantitative
scale of 0-4+. Renal ultrastructure was examined using
a JEM-1230 transmission electron microscope (JEOL,
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Tokyo, Japan). Two pathologists reviewed each kidney biopsy. Hepatic tissue samples were subjected to histological examination. Formalin- or paraformaldehyde-fixed
specimens were embedded in paraffin. Five-micrometerthick sections were cut and stained with hematoxylin and
eosin, Masson trichrome, reticulin and PAS. The samples
were also subjected to immunohistochemical examination
for CD38, CK19, CK7, hepatitis B core antigen (HBcAg),
HBsAg, HCV, Pre-S1 and Ubiquitin. Two pathologists
carefully assessed all hepatic histological findings.
Statistical analysis
Comparisons for categorical measures were performed
using χ 2 tests or Fisher exact tests for small sample sizes.
A P value of 0.05 or less was considered statistically
significant. All statistical analyses were performed using
SPSS statistical software package (version 11.0, Chicago,
IL, United States).

RESULTS
Fifty-nine patients were identified through initial International Classification of Diseases, Ninth Revision screening. Nineteen patients had comorbid conditions and multifactorial liver and kidney injury. Twenty patients had an
alternate cause of hepato-nephrotoxicity (e.g., acute viral
hepatitis, biliary obstruction, hemolytic-uremic syndrome,
glomerulonephritis). Thirteen patients had acute hepatonephrotoxicity caused by non-NSAID insult (e.g., herbal
remedies, mushroom intake, and dietary supplements).
Seven (male/female: 3/4; mean age: 54.14 ± 20.28 years;
range: 17-71 years) (11.8%) of the cohort were identified
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59 Patients with combined acute hepato-nephrotoxicity

Excluded (n = 19)
Comorbid clinical conditions
and multifactorial cause

Excluded (n = 20)
Alternate diagnosis

Excluded (n = 13)
Other known drugs
associated acute hepatonephrotoxicity

7 patients with NSAIDassociated acute hepatonephrotoxicity

5 diagnosed by
clinical course and
biopsy results

1 diagnosed by clinical
course and kidney biopsy
results, 1 diagnosed by
clinical course

Figure 1 Classification of patients with combined acute hepato-nephrotoxicity. NSAID: Nonsteroidal anti-inflammatory drug.

to have NSAID-associated acute hepato-nephrotoxicity
(Figure 1). Female sex was slightly predominant (57.1%);
One patient (14.3%) had a known underlying kidney disease and six patients (85.7%) with inactive HBV carrier
status. The median follow-up period was 320 d (range:
108-1080 d).
Demographic and clinical characteristics of the
population are presented in Table 2. Two (28.6%) of
the patients received NSAIDs in accordance with recommended dosing. Four patients (57.1%) received over
twice the recommended single dose, and 1 patient (14.3%)
received a dose that was < 25% above the recommended
upper limit. With respect to concurrently used drugs, four
patients (57.1%) received renin-angiotensin-aldosterone
system (RAAS) inhibitor, four patients (57.1%) received
antibiotics and two patients (28.6%) received herbs. Five
patients (71.4%) had a history of volume depletion. By
KDIGO criteria at the time of peak creatinine, two patients (28.6%) were classified as having Stage 2 AKI (serum creatinine 2.0 to 2.9 times baseline), and the remaining five patients (71.4%) were classified as having Stage
3 by KDIGO criteria (3.0 times baseline or increase in
serum creatinine to ≥ 4.0 mg/dL) and received renal replacement therapy. A hepatocellular pattern of liver injury was more commonly observed (four of seven, 57.1%)
followed by a cholestatic pattern (two of seven, 28.6%).
The frequent complaints were vomiting (six patients,
86%), fatigue (four patients, 57%), abdominal pain (four
patients, 57%), and decreased urine output (four patients,
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57%); pruritus (three patients, 43%), and jaundice (two
patients, 29%).
To identify the risk factors of NSAIDs-induced
acute combined hepato-nephrotoxicity, we performed
the comparison between the patients with NSAIDsinduced combined hepato-nephrotoxicity and patients
with NSAIDs associated mere AKI (n = 124) and ALI
(n = 96), respectively. As shown in Table 3, in the combined hepato-nephrotoxicity group, there were more
patients older than 60 than among mere AKI patients (P
= 0.03). There were more patients with alcohol use (P =
0.006) and positive hepatitis virus markers (P = 0.001) in
this cohort. Similarly, compared with mere ALI patients,
there were more patients older than 60 in the combined
hepato-nephrotoxicity cohort (P = 0.03). There were
more patients with extracellular volume depletion (P =
0.002) and RAAS inhibitor combined use (P = 0.006) in
the combined hepato-nephrotoxicity cohort than among
the mere ALI patients (Table 4).
The renal and liver histological findings are summarized in Table 5. Five of the seven patients had both renal
and liver biopsy. One patient had only a renal biopsy and
another had a liver biopsy. Findings consisted of acute
tubulointerstitial disease, one predominantly consisting of
tubular necrosis (Figure 2A) and another with a pattern
of proximal tubular injury more consistent with toxic
than with ischemic injury. Two patients had acute interstitial nephritis (AIN), with eosinophils consistent with
acute drug reaction in three patients (Figure 2B). One
patient had focal proliferative IgA nephropathy accompanied with acute tubulointerstitial disease (Figure 2C and
D). There were five patients manifested as acute hepatitis
ranging from mild hepatitis with spotty cell death to submassive, bridging necrosis (Figure 3A-D). One patient
with acute cholestasis recognized by cholestasis in the
form of visible bile accumulation in hepatocytes and bile
canaliculi (Figure 3E and F). Another patient had liver
transplantation and the histology before transplantation
presented as chronic cholestatic hepatitis with significant
bile duct loss and the presence of cholate stasis.
As shown in Table 5, treatment for all the patients
was discontinuation of the implicated drugs and pulse
methylprednisolone, followed by oral steroids in three of
seven patients. In two patients, cyclophosphamide was
added with the above therapy. In the remaining two patients, no steroids and immunosuppressive therapy were
given. Recovery occurred in 6 patients within a mean of
66.67 ± 42.57 d (median: 48 d, range: 33-145 d) for ALI,
in five patients with a mean of 98.8 ± 88.5 d (median: 60
d, range: 12-205 d) for AKI and overall complete recovery occurred in four patients within a mean of 118.25 ±
55.42 d (median: 116 d, range: 60-182 d).

DISCUSSION
NSAIDs are frequently useful for pain relief and taken
with food to reduce gut complaints, but patients are
generally less aware of the potential nephrotoxicity.
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Table 2 Clinical characteristics of non-steroidal anti-inflammatory drug-induced acute hepato-nephrotoxicity
No.

Sex/Age Serology of
infections

History

NSAID: Dose
and duration of
use

1

M/64

HBcAb(+) Diabetes’s mellitus, Tylenol 0.5 g × 5
alcohol use
pills, Ibuprofen
0.3 g for 2 d

2

M/71

HBsAg(+)

3

M/69

HBcAb(+)

4

F/53

HBcAb(+)
HBeAb(+)

5

F/68

HBeAb(+)

6

F/37

(-)

7

F/17

HBsAb(+)

Other drug
concurrent used
Erythromycin,
Telmisartan

Hypertension,
alcohol use

Lysine
Cefoxitin,
acetylsalicylate
Fosinopril
1.5 g × 2 pills,
Nimesulide 0.1 g
× 2 pills for 3 d
Spondylolisthesis
Celecoxib 25
Rhizoma Cibotii,
lumbar backaches,
mg/d, for 1
Herba
alcohol use
yr, Diclofenac Epimedii, Rhizoma
Drynariae,
Sodium 1/d, for
Radix Aucklandiae,
1 mo
Caulis Spatholobui,
Radix Dipsaci
IgA nephropathy, Indomethacin Lotensin, Cefaclor
Alcohol use for 20 75 mg × 2 pills
yr
for 2 d
Arthritis,
Rofecoxib 25
Irbesartan,
hypertension,
mg/d, for 1 mo Nifedipine, Herb
alcohol use
including cinnabar
and flower of
silktree albizzia
Polycystic ovary
Piroxicam 40 Herb for regulating
syndrome, dysmg/d for 10 d, the menstrual cycle,
menorrhea
Paracetamol, 0.1
slimming herb
× 35 pills intermittent for 3 mo
Chronic diarrhea
Ibuprofen
Norfloxacin Bacfor 1 yr, acute pan- 0.3 g × 5 pills,
cidal, Rifampicin,
creatitis for 1 mo
Indomethacin
Cefoperazone,
75 mg × 10 pills Meropenem, Hepaintermittent for 1 toprotective herbs,
mo
Diflucan

Extracellular
volume
depletion

Peak
Peak ALT Peak ALP Peak bilirubin
creatinine

Fever
6.7 mg/dL 2565 U/L 141 U/L 131.3 μmol/L
(40 ℃) watery
diarrhea for 2
d
Fever
5.3 mg/dL 8960 U/L 598 U/L 265.6 μmol/L
(39 ℃-40 ℃)
for 3 d

No evidence 2.2 mg/dL 619 U/L

224 U/L

21.6 μmol/L

Fever (39 ℃) 7.6 mg/dL 1336 U/L
for 2 d

74 U/L

39.1 μmol/L

Diarrhea for 3 3.9 mg/dL 1186 U/L 209 U/L 336.4 μmol/L
d

No evidence 2.1 mg/dL 105 U/L

488 U/L

214 μmol/L

Diarrhea,
5.6 mg/dL 1548 U/L 600 U/L
intermittent
fever for 1 mo

350 μmol/L

F: Female; M: Male; NSAID: Nonsteroidal anti-inflammatory drug; ALT: Alanine aminotransferase; ALP: Alanine aminotransferase; HBcAb: Hepatitis B
core antibody; HBsAg: Hepatitis B surface antigen; HBeAb: Hepatitis B e antibody; HBsAb: Hepatitis B surface antibody.

Table 3 Comparison between patients with combined acute
hepato-nephrotoxicity and patients with mere acute kidney
injury

Age (≥ 60 yr)
Hypertension
Diabetes mellitus
Alcohol use
Positive hepatitis B
virus markers
Extracellular volume depletion
RAAS inhibitor
combined used

Combined acute hepatonephrotoxicity (n = 7)

AKI
(n = 124)

P value

4
3
1
5
6

23
56
19
24
29

0.030
0.910
0.940
0.006
0.001

5

85

0.870

4

68

0.910

Table 4 Comparison between patients with combined acute
hepato-nephrotoxicity and patients with mere acute liver
injury

Age (≥ 60 yr)
Hypertension
Diabetes mellitus
Alcohol use
Positive hepatitis B
virus markers
Extracellular volume
depletion
RAAS inhibitor
combined used

Combined acute hepatonephrotoxicity (n = 7)

ALI
(n = 96)

P value

4
3
1
5
6

17
21
10
69
75

0.030
0.350
0.560
0.910
0.640

5

14

0.002

4

11

0.008

AKI: Acute kidney injury; RAAS: Renin-angiotensin-aldosterone system.

ALI: Acute liver injury; RAAS: Renin-angiotensin-aldosterone system.

Our study is the largest series to date that demonstrates
that NSAIDs are a common cause of acute combined
hepato-nephrotoxicity in the Chinese population. Dur-

ing a 10-year period, NSAID use accounted for 11.8%
of episodes of acute combined hepato-nephrotoxicity at
our institution. It should be stated that the frequency of
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Table 5 Histology and outcome of non-steroidal anti-inflammatory drug-induced acute hepato-nephrotoxicity
No.

Sex/Age

Immunofluorescent
staining

Renal lesion

Liver lesion

Treatment and outcome

1

M/64

IgM++, IgA±, C3±

Acute tubulointerstitial disease

Acute hepatitis

2

M/71

Negative

Acute interstitial nephritis

Acute hepatitis

3

M/69

IgM±, IgA±, C3±

Acute tubulointerstitial disease

Acute hepatitis

4

F/53

IgA2+, C3+

Acute hepatitis

5

F/68

IgM+, C3±

Focal proliferative IgA
nephropathy associated with acute
tubulointerstitial nephropathy
Acute interstitial nephritis

6

F/37

Negative

Acute interstitial nephritis

Acute cholestasis

7

F/17

ND

ND

Chronic cholestatic
hepatitis (during
transplantation)

Steroid 0.5 mg/kg, tappered to zero in 3 mo, ALT
normalized in day 33, Scr normalized in day 182
Anti-hepatitis B virus, steroid 0.5 mg/kg, tappered
to zero in 3 mo, ALT normalized in day 50, Scr
normalized in day 60
Steroid 1 mg/kg, tappered to zero in 6 mo,
cyclophosphamide accumulated to 6 g, potassium
supplement, correction of acidosis, ALT normalized
in day 40, Renal tubular acidosis normalized in day
15, Scr 140 μmol/L (10/8/2013)
Steroid 1 mg/kg, tappered to 10 mg/d in 1 yr,
cyclophosphamide accumulated to 6 g, ALT
normalized in day 46, Scr 154 μmol/L (11/16/2013)
Steroid 0.5 mg/kg, tappered to zero in 3 mo, ALT
normalized in day 145, Scr normalized in day 12.
symptomatic treatment, Scr normalized in day 35,
ALT normalized in day 86
Symptomatic treatment, Scr normalized in day 205,
liver transplantation

ND

F: Female; M: Male; ND: Not-done; ALI: Acute liver injury.

A

B

C

D

Figure 2 Nonsteroidal anti-inflammatory drugs-induced acute interstitial nephritis and acute tubulointerstitial disease. A: Substantial inflammatory cells,
including lymphocytes and eosinophils infiltrate, can be seen in the renal interstitium. The tubular epithelium undergoes necrosis, which can be seen by denudation
of tubular epithelial cells with the rupturing of the tubular basement membrane (HE, × 200); B: Edema and inflammatory infiltrate in the interstitium cause the renal tubules to be abnormally widely spaced with no changes to the glomerulus. The infiltrate includes inflammatory cells (eosinophils and lymphocytes), and there is obvious
disorder of the renal tubular epithelium with significant edema (HE, × 200); C: Presence of IgA is seen throughout the mesangium by immunofluorescence (Fluorescein
isothiocyanate anti-IgA, × 200); D: Proliferation of mesangial cells is seen along with focal inflammation of glomeruli. The denudation of the tubular epithelial cells, the
edema and inflammatory infiltration in the interstitum are indicted (Masson staining, × 200). HE: Hematoxylin and eosin staining.

NSAID-related hepato-nephrotoxicity is too low to assess accurately in clinical trials[21]. Spontaneous reports do
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not allow the determination of incidence or relative risk,
and available databases are scarce and based on hetero-
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A

B

C

D

E

F

Figure 3 Nonsteroidal anti-inflammatory drugs-induced acute hepatitis. A: There is a bridging necrosis zone around the central vein (HE, × 100); B: Vacuole
and necrosis are found in hepatic cells around the necrosis zone (HE, × 400); C: A substantial inflammatory cells including lymphocytes, plasma cells, and eosinophils
infiltrate can be seen in the portal tract (HE, × 400); D: Hepatic necrosis and lymphocytic infiltration, including some eosinophils (arrow), in the collapsed parenchyma
can be observed (HE, × 400); E: NSAID-induced acute cholestasis; E: Small bile duct dilation and cholestasis can be seen in the portal area (HE, × 400); F: The cholestasis accompanying hepatocellular vacuolation is presented (HE, × 100). HE: Hematoxylin and eosin staining; NSAID: Nonsteroidal anti-inflammatory drug.

geneous criteria. In this study, the diagnosis in each case
was made on the basis of clinical assessment, biochemical parameters, and histological evaluation when available,
and we also ruled out other causes of acute hepato-nephrotoxicity. Thus, this analysis more clearly characterized
the diagnosis of NSAIDs-induced acute hepato-nephrotoxicity and its clinical outcome in the long-term followup. In this study, NSAIDs-associated acute hepatonephrotoxicity typically occurred in older patients who
had ingested NSAIDs at over the recommended dose.
However, in the literature cases, there was only 1 patient
older than 60 years and the patients ingested NSAIDs at
the recommended dose[11-15].
In most circumstances, NSAIDs do not pose a significant risk to patients with normal renal function (< 1%)[22].
However, in situations in which renal perfusion may be

WJG|www.wjgnet.com

diminished, including what we have demonstrated in
this study by the comparison between NSAIDs induced
combined ALI-AKI and mere ALI, elderly age, decreased
effective circulating volume, RAAS inhibitor combined
use, the inhibition of prostaglandin-induced vasodilation
with the use of NSAIDs may further compromise renal
blood flow and exacerbate ischemic injury. Furthermore,
evidence shows that some NSAIDs induce significant
decreases in the glomerular filtration rate (GFR), urine
flow, excretion rates of sodium and potassium, osmolality
clearance and free water clearance in chronic heart failure (CHF) patients treated with angiotensin-converting
enzyme (ACE)-inhibitors[23]. The presence of renal disease might represent a contraindication for NSAIDs use.
Whelton et al[24] reported how almost 30% of patients
with renal disease have a relevant risk of worsening renal
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function when exposed to non-selective NSAIDs. In
our study, there was one patient with IgA nephropathy
(normal kidney function) who developed chronic renal
failure after exposure to the NSAIDs. In a report of 100
patients with chronic kidney disease and worsening AKI
while receiving angiotensin inhibiting agents, there was a
clear association with the concurrent use of NSAIDs in
10 patients[25]. An Australian report described the potential nephrotoxic harm from combining diuretics, angiotensin converting enzyme inhibitors, and NSAIDs - the
“triple whammy”[26].
Although drugs causing acute hepatocellular injury
tend to do so in younger patients, agents leading to cholestatic injury tend to occur in older individuals, which
suggests that age may play a role in this type of injury
pattern[27]. However, in our study, four of six cases (66.7%)
were reported to have hepatocellular injury. In western
countries, NSAIDs are widely consumed and, in addition to antimicrobial agents, are the most frequent causes
of drug induced liver injury (DILI)[9,28,29]. In contrast,
NSAIDs are not one of the top three causes of DILI in
China. In a systematic analysis, NSAIDs were the fourth
cause and only accounted for 7.6% of the 24112 Chinese DILI patients[30]. However, in our acute combined
hepato-nephrotoxicity, NSAIDs are a very common
causes (11.7%). Although differences in the association
of NSAIDs across databases are observed [7], factors
have been proposed to influence the risk of developing
drug-induced liver injury, including age, gender, chronic
alcohol consumption, concomitant drugs, underlying
disease states, obesity, diabetes mellitus type 2 and insulin resistance[31]. To differentiate alcoholic liver disease
and drug induced ALI, we only included patients with
minimal alcohol consumption (< 15 g alcohol/d for
women and < 20 g alcohol/d for men) and demonstrated
that chronic alcohol consumption was a risk factor for
NSAIDs associated acute hepato-nephrotoxicity. Positive
hepatitis markers were another risk factor and this has
not been demonstrated by the previous study. Chronic
infection with HBV affects over 400 million individuals[32]
and there is a very high endemic state for HBV infection
in China. Although the patients in our cohort were in
the inactive (carrier) phase, which is characterized by the
positive HBV marker, persistently normal ALT levels and
low or undetectable levels of serum HBV DNA, they
were more likely to develop NSAIDs-associated hepatonephrotoxicity than non-HBV carriers.
Acute hepatitis accounts for approximately 70% of
NSAIDs-induced acute hepato-nephrotoxicity. This liver
injury pattern resembles acute viral hepatitis, ranging
from mild hepatitis with spotty cell death to submassive
or massive necrosis. There was one patient diagnosed as
acute cholestasis induced by Piroxicam, which can produce both hepatocellular and cholestatic pattern in the
literature. Another patient did not have a liver biopsy at
the onset of acute hepato-nephrotoxicity. Her biopsy
was taken during the transplantation and showed chronic
cholestatic hepatitis. On the basis of several clinical and
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immunohistological findings, mechanisms involved in
NSAIDs-induced interstitial nephritis are considered cell
mediated. The interstitial infiltrate is distinguishable from
the pathological patterns seen in other causes[33,34], including edematous interstitium containing eosinophils, mononuclear cells, and plasma cells and the tubulitis, characterized by lymphocytes invading the tubules with variable
ranges of tubular epithelial cell damage. Pathological
diagnosis of NSAIDs-induced acute hepato-nephrotoxicity, however, remains challenging and should always be
included in the differential diagnosis, especially when, after excluding other possible causes, the origin of the liver
injury remains unclear. The diagnosis usually rests on a
careful medical history, which includes prescribed and
over the-counter medications, the latent period between
drug and/or toxin exposure to clinical symptoms or abnormal liver tests, and biopsy results. Overall, complete
recovery after the withdrawal of the drug occurred in
the majority of patients with NSAIDs-associated acute
hepato-nephrotoxicity.
In conclusion, NSAIDs are a common cause of acute
combined hepato-nephrotoxicity in the Chinese population. The injury typically occurred after the over-administration of NSAIDs. The treatment for the patients was
discontinuation of the implicated drugs and steroids in
some patients. Cyclophosphamide was added according
to the histology. The prognosis was good with prompt
diagnosis and treatment.

COMMENTS
COMMENTS
Background

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most widely
used drugs, both as prescription and over-the counter drugs. Although NSAIDs
are effective and generally well tolerated, their use is associated with a broad
spectrum of adverse reactions. However, the clinical and pathological characteristics of NSAIDs-induced acute hepato-nephrotoxicity among Chinese
patients are poorly understood and have been limited to case reports and a few
case series, because of the rarity of the condition.

Research frontiers

In this study, the authors demonstrate that the prevalence of NSAIDs-induced
acute hepato-nephrotoxicity was 11.8%. Most of the patients received over the
recommended NSAIDs dose. The risk factors of NSAIDs-induced acute hepatonephrotoxicity include age older than 60 years, a high prevalence of alcohol use
and positive hepatitis B virus markers, increased extracellular volume depletion
and renin-angiotensin-aldosterone system inhibitor combined use. Acute interstitial nephritis and acute hepatitis were common histological findings.

Innovations and breakthroughs

Recent reports have highlighted that NSAIDs induced mere acute kidney injury
and mere acute liver injury. This is the first study to report the clinical and pathological characteristics of NSAIDs-induced acute hepato-nephrotoxicity among
Chinese patients.

Applications

By understanding the clinical and pathological characteristics of NSAIDsinduced acute hepato-nephrotoxicity, this study indicates the prevalence of
this disease among Chinese patients. The characteristics of the patients in this
study and their treatment may help physicians to make a diagnosis and choose
the correct therapy for this disease.

Peer review

The authors examined the clinical and pathological characteristics of NSAIDsinduced acute hepato-nephrotoxicity among Chinese patients. The treatment
for such patients was discontinuation of the implicated drugs and pulse methylprednisolone followed by oral steroids in some patients. cyclophosphamide
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was added according to the histology. The prognosis was good with prompt
diagnosis and treatment. The results are interesting and may help physicians to
make a diagnosis and choose the correct therapy for this disease.
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ing spleen-preserving pancreatectomy, except in two
patients who underwent resection of the splenic vessels
and preservation only of the short gastric vessels. The
mean operation time was 123.2 ± 52.4 min, the mean
intraoperative blood loss was 78.2 ± 39.5 mL, and the
mean postoperative hospital stay was 7.6 ± 2.9 d. The
overall rate of postoperative complications was 18.4%
(7/38), and the rate of clinical pancreatic fistula was
13.2% (5/38). All postoperative complications were
treated conservatively. The postoperative pathological
diagnoses were 22 cases of benign pancreatic disease
and 16 cases of borderline or low-grade malignant lesions. During a median follow-up of 38 mo (range: 5-133
mo), no recurrence was observed.
CONCLUSION: LSPDP is a safe, feasible and effective
procedure for the treatment of benign and low-grade
malignant tumors of the distal pancreas.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic surgery; Splenic preservation;
Distal pancreatectomy; Pancreatic tumor; Pancreas

Abstract
AIM: To describe the clinical characteristics, technical
procedures, and outcomes of patients undergoing laparoscopic spleen-preserving distal pancreatectomy (LSPDP) for benign and malignant pancreatic neoplasms.
METHODS: The clinical data of 38 patients who underwent LSPDP in the Sir Run Run Shaw Hospital between
January 2003 and August 2013 were analyzed retrospectively. Surgical techniques for LSPDP included preservation of the splenic artery and vein (Kimura’s technique)
and ligation of the splenic pedicle with preservation of
the short gastric vessels (Warshaw’s technique).
RESULTS: There were no conversions to open surgery
in the 38 patients. Splenic vessels were conserved dur-
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Core tip: Laparoscopic spleen-preserving distal pancreatectomy (LSPDP), a function-preserving minimally
invasive pancreatectomy, is an ideal procedure for
treating benign and low-grade malignant tumors in the
distal pancreas. We report a consecutive series of 38
patients who underwent LSPDP. There were no conversions to open surgery and rate of splenic vessel preservation was high. LSPDP was found to be a safe, feasible
and effective procedure for the treatment of benign
and low-grade malignant tumors of the distal pancreas.
Yan JF, Xu XW, Jin WW, Huang CJ, Chen K, Zhang RC, Harsha
A, Mou YP. Laparoscopic spleen-preserving distal pancreatectomy for pancreatic neoplasms: A retrospective study. World J
Gastroenterol 2014; 20(38): 13966-13972 Available from: URL:
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INTRODUCTION
With recent advances in laparoscopic instruments and
techniques, laparoscopic distal pancreatectomy (LDP) has
become a widely accepted surgical technique for benign
and low-grade tumors of the pancreas[1-4]. The spleen is
traditionally removed when performing distal pancreatectomy, simply because of its anatomical intimacy to the
distal pancreas and for the sake of technical simplicity.
However, growing interest in the immunological role of
the spleen, along with a tendency towards healthy organ
preservation whenever possible, have led surgeons to
avoid splenectomy during pancreatectomy for benign and
low-grade malignant tumors. Unlike those with pancreatic
cancer, these patients are expected to survive for a long
time; therefore, their quality of life should be considered
when choosing surgical techniques. Function-preserving
minimally-invasive pancreatectomy may be the ideal surgical technique in these patients, and laparoscopic spleenpreserving laparoscopic distal pancreatectomy (LSPDP)
has been recommended for the treatment of benign and
low-grade malignant tumors in the distal pancreas[5-8].
We aimed to determine the outcome of LSPDP in
patients with pancreatic tumors. On the basis of our
extensive laparoscopic experience gained from LDP,
laparoscopic gastrectomy and other laparoscopic procedures[9-13], we developed LSPDP for the treatment of
these neoplasms. The purpose of this study was to outline our institution’s experience, which consisted of 38
patients who underwent LSPDP performed by the same
surgical team.

MATERIALS AND METHODS
Patients
This was a retrospective review of a pancreatic surgery
database and was approved by institutional review board.
All patients undergoing attempted LSPDP were identified. Thirty-eight patients who underwent LSPDP in the
Sir Run Run Shaw Hospital between January 2003 and
August 2013, and who gave informed consent for surgical management, were selected. Medical records were reviewed retrospectively, and perioperative clinicopathological variables, such as gender, age, body mass index (BMI),
symptoms, presence of preoperative diabetes mellitus,
preoperative physical classification defined by the American Society of Anesthesiologists (ASA) score, pathological diagnosis, tumor size, surgical records, and postoperative morbidity and mortality were evaluated. The severity
of complications was determined based on the grading
system defined by Clavien et al[14]. Pancreatic leakage was
defined according to the guidelines of the International
Study Group on Pancreatic Fistulas (ISGPF)[15].
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Surgical procedure
Surgical techniques for LSPDP included preservation of
the splenic artery and vein (Kimura’s technique)[16] and
ligation of the splenic pedicle with preservation of the
short gastric vessels (Warshaw’s technique)[17].
Kimura’s technique
The patient was placed in the supine position on the
surgical table and then shifted into the reverse Trendelenburg position with the left side up. We used five trocars.
The first one was 10 mm and was inserted into the umbilicus for location of a 30° telescope, one 12-mm and one
5-mm trocar in the right upper quadrant for the surgeon,
and two 5-mm trocars in the left upper quadrant for the
assistant. Port placement is depicted in Figure 1. The surgical procedure included: (1) exploration: we explored the
abdominal cavity to exclude metastasis in the abdominal
organs, such as the liver surface or the peritoneum. Using an ultrasonic knife, the gastrocolic and gastrosplenic
ligaments were dissected, revealing the pancreatic lesion,
its size and adjacent tissue. If necessary, intraoperative
laparoscopic ultrasound was used to assist the positioning
of the lesion; (2) dissection of the splenic artery: the upper border of the pancreas was separated to expose the
splenic artery on the superior edge of the pancreas. The
artery was dissected from the pancreatic border and was
tied with a rubber band (Figure 1B); (3) dissection of the
splenic vein: the lower pancreatic border was freed from
the transverse colon by blunt dissection, thus revealing
the superior mesenteric vein, splenic vein and portal vein
(Figure 1C); (4) dividing the pancreas: using the endoscopic stapler (ENDO-GIA) or ultrasonic knife, the
pancreas was cut at the level of the neck of the pancreas
(Figure 1D); (5) resecting the pancreatic body and tail:
the distal pancreas was lifted gently and the loose tissue
between the pancreas and splenic vessels was separated
using the ultrasound knife, thus freeing the splenic artery
and vein from the pancreatic parenchyma. Small blood
vessel branches were occluded using the ultrasonic scalpel directly or using titanium clips (Figure 1E); and (6)
removing the specimen: all bleeding points were stopped;
the umbilical incision was extended by approximately
1.2-3 cm and the specimen was removed. A rubber drainage tube was placed at the remnant pancreas (Figure 1F).
Warshaw’s technique
The patient’s position and port placement were as in
Kimura’s technique. Up to the division of the retroperitoneum along the inferior margin on the pancreas, the
procedure was performed in the same way as Kimura’s
technique. After the upper border of the pancreas was
separated, the splenic artery was dissected and sectioned
between clips. The splenic vein was sectioned after the
lower pancreatic border was freed, or the pancreatic
parenchyma and the splenic vein were both cut with an
endoscopic stapler (Figure 2A). Finally, the distal side of
the splenic vein and artery were sectioned between clips
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Figure 1 Surgical procedure of laparoscopic spleen-preserving distal pancreatectomy (Kimura’s technique). A: Trocar placement for LSPDP; B: The splenic
artery was temporarily tied with a rubber band at its root in LSPDP; C: Mobilizing the inferior border of the pancreas and revealing the splenic vein; D: Transection of
the pancreas with an endoscopic stapler; E: Branches of the splenic artery underwent ligation using a harmonic scalpel; F: Check the proximal pancreatic stump and
splenic vessels after LSPDP. LSPDP: Laparoscopic spleen-preserving distal pancreatectomy; PV: Portal vein; SMV: Superior mesenteric vein.

age of 53.2 ± 13.6 years (range: 31-79 years) successfully
underwent LSPDP for a benign or borderline malignant
tumor of the distal pancreas during the study period.
Their mean BMI was 24.4 ± 2.7 kg/m2 (range: 20.8-32.1
kg/m2). Less than one-third (12/38; 31.6%) of the patients had comorbidities, the most common being diabetes mellitus. Table 1 shows the patient characteristics. The
mean neoplasm size was 4.5 cm (range: 1-8.5 cm) and
the neoplasms were located in the body (14 cases, 36.8%)
and tail (24 cases, 63.2%) of the pancreas. The pathology
of the resected pancreas specimens and the tumor sizes
are listed in Table 2.

Table 1 Patient demographics n (%)
Variable

Data

No. of patients
Gender (Male/Female)
Mean age (yr)
ASA classification (Ⅰ/Ⅱ)
BMI (kg/m2)
Comorbidities
Diabetes mellitus
Hypertension
Cardiovascular
Pulmonary
Liver
Others

38
9 (23.7)/29 (76.3)
53.2 ± 13.6
26 (68.4)/12 (31.6)
24.4 ± 2.7
12 (31.6)
6 (15.7)
3 (7.9)
2 (5.3)
2 (5.3)
1 (2.6)
1 (2.6)

ASA: American Society of Anesthesiologists classification; BMI: Body mass
index.

or by an endoscopic stapler (Figure 2B).
Statistical analysis
Quantitative data are presented as the mean ± SD. All
statistical analyses were performed using SPSS software,
version 18.0 (SPSS Inc, Chicago, United States)

RESULTS
Patient characteristics
Thirty-eight patients (29 female and 9 male), with a mean
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Intraoperative outcomes
None of the 38 patients underwent conversion to open
procedures. Thirty-six patients underwent Kimura’s technique and two patients underwent Warshaw’s technique
because of the close proximity of the lesion to the vessels. This series included seven patients who underwent
concomitant surgery as follows: four cases underwent
cholecystectomy, one underwent case resection of a right
adrenal tumor, one case underwent myomectomy and
left ovarian teratoma resection, and one case underwent
resection of the left lateral liver lobe and choledocholithotomy. The mean operation time was 123.2 ± 52.4 min
(range: 70-320 min), the mean intraoperative blood loss
was 78.2 ± 39.5 mL (range: 50-300 mL), and only one patient needed a transfusion. The intraoperative outcomes
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Figure 2 Surgical procedure of laparoscopic spleen-preserving distal pancreatectomy (Warshaw’s technique). A: Dissect the splenic vein at its root, which
was surrounded by the pancreatic mass; B: Dissect the splenic artery; C: Check the proximal pancreatic stump and spleen after LSPDP with ligation of splenic vessels. LSPDP: Laparoscopic spleen-preserving distal pancreatectomy; SMV: Superior mesenteric vein.

Table 2 Histological analysis

Table 3 Intra-operative features of patients undergoing
laparoscopic spleen-preserving distal pancreatectomy n (%)

Histological diagnosis

n

Mean size (cm)

Pancreatic retention cyst
Pancreatic epithelial cyst
Congenital cyst of pancreas
Insulinoma
Serous cystadenoma
Mucinous cystadenoma
Pancreatic solid-pseudopapillary tumors
Well-differentiated neuroendocrine tumor
Intraductal papillary mucinous tumor
Total

2
5
1
1
13
10
4
1
1
38

5.0
5.2
4.8
3.8
3.9
3.1
3.0
2.1
2.3
4.5

LSPDP (n = 38)
Surgical technique
Splenic vessels preservation (Kimura’s method)
Splenic vessels resection (Warshaw’s method)
Operative time (min)
Estimated blood loss (mL)
Transfusion (cases)

LSPDP: Laparoscopic spleen-preserving distal pancreatectomy.

5-133 mo), no recurrence was observed.

are shown in Table 3.
Postoperative outcomes
The mean time to resuming daily activities after surgery
was 1.5 ± 0.6 d (range: 1-5 d); the mean time to first flatus was 2.2 ± 1.0 d (range: 1-4 d); the mean time to starting liquid and soft diets was 2.8 ± 0.9 d (range: 1-4 d) and
4.0 ± 1.2 d (range: 3-8 d); and the mean postoperative
hospital stay was 7.6 ± 2.9 d (range: 5-19 d). The overall
rate of postoperative complications was 18.4% (7/38),
and the rate of clinical pancreatic fistula was 13.2% (5/38).
All postoperative complications (three grade A and two
grade B postoperative pancreatic fistula; one pulmonary
infection; one intra-abdominal abscess) were treated
conservatively. The postoperative outcomes are listed in
Table 4. During a median follow-up of 38 mo (range:
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36 (94.7)
2 (5.3)
123.2 ± 52.4
78.2 ± 39.5
1 (2.6)

DISCUSSION
In 1994, Soper et al[18] first performed laparoscopic distal
pancreatectomy in a pig model to document its safety
and feasibility, and since then the use of this technique
has been reported in large series and comparative studies. The body and tail of the pancreas, and the spleen,
are generally regarded as one anatomical unit, as these
parts of the pancreas are closely associated with the
spleen. In addition, the splenic artery and vein have many
branches in the pancreatic parenchyma. In the past, surgeons preferred to remove the spleen simultaneously
as the intimate relationship between the splenic vessels
and the pancreas made separation difficult. However,
splenectomy combined with other major abdominal or-
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Table 4 Post-operative features of patients undergoing
laparoscopic spleen-preserving distal pancreatectomy n (%)
LSPDP (n = 38)
Total complications
Grade Ⅰ
Grade Ⅱ
Grade Ⅲa/Ⅲb
Details of complications
Pancreatic fistula
Grade A
Grade B
Grade C
Pneumonia
Intra-abdominal abscess
Time to activities (d)
Time to first flatus (d)
Time to starting liquid (d)
Time to starting soft diets (d)
Postoperative hospital stay (d)
30-d mortality

7 (18.4)
5 (13.2)
2 (5.3)
0 (0)/0 (0)
5 (13.2)
3 (7.9)
2 (5.3)
0 (0.0)
1 (2.6)
1 (2.6)
1.5 ± 0.6
2.2 ± 1.0
2.8 ± 0.9
4.0 ± 1.2
7.6 ± 2.9
0 (0.0)

LSPDP: Laparoscopic spleen-preserving distal pancreatectomy.

gan resection was found to be associated with increased
postoperative morbidity, especially the complications
of infection[19]. In addition, there is concern about the
increased risk of subsequent hematologic complications,
myocardial infarction, and even cancer in patients with
elective splenectomy in later years[20,21]. With regard to the
many adverse consequences reported after splenectomy,
patients with benign and low-grade malignant tumors are
expected to have long-term survival, thus their quality of
life needs to be fully considered. Therefore, spleen preservation is desirable.
Carrère et al[22] compared the results of 38 patients
who underwent open spleen-preserving distal pancreatectomy with a matched cohort of patients undergoing open
distal pancreatectomy with splenectomy, and showed that
the conservative group had less postoperative morbidity.
Shoup et al[23] demonstrated that distal pancreatectomy
with spleen preservation was associated with a reduction
in perioperative infectious complications, severe complications, and the length of hospital stay, suggesting the
value of spleen preservation in distal pancreatectomy.
At our hospital, we have performed laparoscopic distal pancreatectomy since 2003[9]. When the tumor is distant from the splenic artery and vein, and is either benign
or low-grade malignant, LSPDP is recommended. This
retrospective study shows a conversion rate of 0% and a
high percentage (94.7%) of splenic vessel preservation;
mean operative time of 123.2 min and mean operative
blood loss of 78.2 mL; low overall rate of postoperative
complications (18.4%), and low rate of clinical pancreatic
fistula (13.2%). These findings are consistent with the
best case series published to date[24-26], and demonstrated
that LSPDP is a feasible, safe and efficient approach for
benign or low-grade malignant pancreatic neoplasms.
Surgical techniques in LSPDP include preservation
of the splenic artery and vein, as well as ligation of the
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splenic pedicle with preservation of the short gastric
vessels. The use of LSPDP has been reported from
several institutes in a relatively large number of patients.
However, there are relatively few reported studies of
laparoscopic vessel-preserving SPDP. The highlight of
this study is the high rate of splenic vessel preservation
(94.7%). Whether one approach is superior to another is
still a matter of debate. Although the perioperative and
functional results of spleen-preserving distal pancreatectomy with splenic vessel resection seem acceptable in the
short-term, concern has been raised regarding potential
long-term complications, including the high incidence of
left-sided portal hypertension and perigastric varices during follow-up, with a theoretical risk of gastrointestinal
bleeding. Fernández-Cruz et al[5] compared the outcomes
of laparoscopic spleen-preserving distal pancreatectomy
with either splenic vessels preservation or resection.
Splenic vessels resection was faster and associated with
reduced blood loss. Miura et al[21] analyzed the long-term
hemodynamic changes in the splenogastric circulation
retrospectively in 10 patients after open spleen-preserving
pancreatectomy with excision of splenic vessels (with
a minimum follow-up of 52 mo). The incidence of
perigastric and submucosal varices was 70% and 20%,
respectively, and one patient experienced gastrointestinal bleeding from gastric varices 6.5 years after middle
segment pancreatectomy. On the other hand, a recent
study by Yoon et al[27] evaluated the short- and long-term
patency of the splenic vessel in 22 patients after LSPDP
with splenic vessel preservation. Vascular obliteration in
the preserved artery and vein was found in 6 (27.3%) and
17 patients (77.3%), respectively, within 1 mo of surgery,
and in 3 (13.6%) and 13 patients (59.1%) 6 mo or more
after surgery. Nine (90%) of ten patients with complete
splenic vein occlusion developed a collateral circulation
during the late postoperative phase.
In our study, some patients received computed tomography (CT) scanning during the follow-up period to
evaluate the patency of the splenic vessel, while the remaining patients only received B ultrasound examination
because of economic reasons. This, and the relatively
short follow-up period, meant that we did not observe
patients with splenic vessel occlusion after preservation of the splenic vessels. We think that splenic vessels
should be preserved as far as possible during spleen-preserving pancreatectomy. For LSPDP, the key point and
difficulty lie in the handling of splenic vessels and special
attention should be given to the followings: (1) Gentle
manipulation. The lack of direct touch and enlarged view
of tissues on laparoscopy might lead to a wrong impression for the need of more strength when manipulating
the vessels, which in turn leads to vascular rupture due to
excessive traction. Therefore, gentle actions are needed
and when required, small gauze should be used to gently
move the blood vessels; (2) Pre-exposure of vessels. Preexposed large blood vessels will help to quickly control
bleeding during vascular rupture; (3) Bleeding. For the
splenic artery and vein bleeding, when the bleeding point
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is clear, bleeding is first controlled with a clamp. After
suction, temporary occlusion is performed with titanium
clips, and then the bleeding points are sutured with 5-0
Prolene under direct vision and the titanium clips are
then removed. If the bleeding point is not clear, gauze
can be applied for small blood vessel bleeding, and after removal of the specimen, the bleeding point can be
detected; in the setting of massive bleeding without a
clear bleeding point or severe vascular rupture, timely
conversion to laparotomy is mandatory; and (4) Surgical
team. Highly precise laparoscopic surgery requires an understanding between the main surgeon and the assistant
such that in the event of bleeding, adept, timely and accurate exposure of the bleeding point can help control
the bleeding within the shortest possible time.
Pancreatic fistula, the most common complication
after distal pancreatectomy, is still a major challenge in
laparoscopic pancreatic surgery, as well as in LSPDP[28,29].
Encompassing all grades of fistula, we observed a fistula
rate of 13.2% in our study, which is comparable to that
reported by others. In our experience, the best technique
to cut the pancreas is to use the linear stapler: an appropriate ENDO-GIA is selected according to the size
and thickness of the pancreas. Usually, a 3.5 mm staple is
used. For thickening pancreas and chronic pancreatitis, a
3.8 mm staple is selected.
In conclusion, this study demonstrated the detailed
procedure for LSPDP used in our department. It is worth
attempting LSPDP in patients with a presumed benign
or low-grade malignant tumor of the pancreatic body
and tail, and preserving both splenic vessels. This was a
retrospective study based on a relatively small population.
The surgical approach for spleen preservation or splenic
vessel preservation was not chosen on an intention-totreat basis. Therefore, prospective comparative studies
are warranted to better elucidate the short- and longterm outcomes of LSPDP with or without splenic vessel
resection.

the outcomes between the two techniques. Whether one approach is superior
to another is still a matter of debate.

Innovations and breakthroughs

Surgical techniques for LSPDP include Kimura’s technique and Warshaw’s
technique). The use of LSPDP has been reported from several institutes in
a relatively large number of patients. However, there are relatively few studies of laparoscopic vessel-preserving SPDP. The highlight of this study is the
high rate of splenic vessel preservation (94.7%). Although the perioperative
and functional results of spleen-preserving distal pancreatectomy with splenic
vessel resection seem acceptable in the short-term, concern has been raised
regarding potential long-term complications, including the high incidence of
left-sided portal hypertension and perigastric varices, with a theoretical risk of
gastrointestinal bleeding. The authors suggested that splenic vessels should be
preserved as far as possible during spleen-preserving pancreatectomy.

Applications

LSPDP is a safe, feasible and effective procedure for the treatment of benign
and low-grade malignant tumors of the distal pancreas.

Peer review

This manuscript describes a complex laparoscopic procedure. This is a good
descriptive study in which the authors outline one institution’s experience with
38 LSPDPs performed by the same surgical team. The results are interesting
and suggest that LSPDP is a safe, feasible and effective procedure for the
treatment of benign and low-grade malignant tumors of the distal pancreas.
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Abstract
AIM: To establish the feasibility of simultaneous modulated accelerated radiation therapy (SMART) in esophageal cancer (EC).
METHODS: Computed tomography (CT) datasets of 10
patients with upper or middle thoracic squamous cell EC
undergoing chemoradiotherapy were used to generate
SMART, conventionally-fractionated three-dimensional
conformal radiotherapy (3DCRT) and intensity-modulated radiation therapy (cf-IMRT) plans, respectively. The
gross target volume (GTV) of the esophagus, positive
regional lymph nodes (LN), and suspected lymph nodes
(LN±) were contoured for each patient. The clinical
target volume (CTV) was delineated with 2-cm longitudinal and 0.5- to 1.0-cm radial margins with respect to
the GTV and with 0.5-cm uniform margins for LN and
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LN(±). For the SMART plans, there were two planning
target volumes (PTVs): PTV66 = (GTV + LN) + 0.5 cm
and PTV54 = CTV + 0.5 cm. For the 3DCRT and cfIMRT plans, there was only a single PTV: PTV60 = CTV
+ 0.5 cm. The prescribed dose for the SMART plans
was 66 Gy/30 F to PTV66 and 54 Gy/30 F to PTV54.
The dose prescription to the PTV60 for both the 3DCRT
and cf-IMRT plans was set to 60 Gy/30 F. All the plans
were generated on the Eclipse 10.0 treatment planning
system. Fulfillment of the dose criteria for the PTVs received the highest priority, followed by the spinal cord,
heart, and lungs. The dose-volume histograms were
compared.
RESULTS: Clinically acceptable plans were achieved
for all the SMART, cf-IMRT, and 3DCRT plans. Compared with the 3DCRT plans, the SMART plans increased the dose delivered to the primary tumor (66
Gy vs 60 Gy), with improved sparing of normal tissues
in all patients. The Dmax of the spinal cord, V20 of the
lungs, and Dmean and V50 of the heart for the SMART
and 3DCRT plans were as follows: 38.5 ± 2.0 vs 44.7
± 0.8 (P = 0.002), 17.1 ± 4.0 vs 25.8 ± 5.0 (P = 0.000),
14.4 ± 7.5 vs 21.4 ± 11.1 (P = 0.000), and 4.9 ± 3.4
vs 12.9 ± 7.6 (P = 0.000), respectively. In contrast to
the cf-IMRT plans, the SMART plans permitted a simultaneous dose escalation (6 Gy) to the primary tumor
while demonstrating a significant trend of a lower irradiation dose to all organs at risk except the spinal
cord, for which no significant difference was found.
CONCLUSION: SMART offers the potential for a 6
Gy simultaneous escalation in the irradiation dose delivered to the primary tumor of EC and improves the
sparing of normal tissues.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Simultaneous modulated accelerated radiation therapy; Three-dimensional conformal radiotherapy; Intensity-modulated radiation therapy; Esophageal
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cancer; Feasibility
Core tip: The feasibility of simultaneous modulated accelerated radiotherapy (SMART) in the treatment of upper or middle thoracic esophageal cancer is evaluated
in this study. Computed tomography datasets of 10
patients were used to generate SMART, conventionallyfractionated three-dimensional conformal radiotherapy
(3DCRT) and intensity-modulated radiotherapy (cfIMRT) plans, respectively. The prescribed dose for the
SMART plans was 66 Gy/30 F to the gross tumor and
54 Gy/30 F to subclinical diseases. The dose for both
the 3DCRT and cf-IMRT was 60 Gy/30 F to a single target volume. The results demonstrate that SMART can
offer the potential for a 6 Gy simultaneous escalation in
the dose delivered to the primary tumor of esophageal
cancer and improve normal tissue sparing compared
with 3DCRT and cf-IMRT.
Zhang WZ, Chen JZ, Li DR, Chen ZJ, Guo H, Zhuang TT, Li
DS, Zhou MZ, Chen CZ. Simultaneous modulated accelerated
radiation therapy for esophageal cancer: A feasibility study.
World J Gastroenterol 2014; 20(38): 13973-13980 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i38/13973.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.13973

INTRODUCTION
Based on the results of the Radiation Therapy Oncology Group (RTOG) phase Ⅲ intergroup trials RTOG
85-01 and 94-05, the standard therapy for patients with
localized esophageal cancer (EC) selected for nonsurgical treatment is radiation therapy (RT) plus concurrent
chemotherapy with a standard radiation dose of 50.4
Gy[1-3]. Although there is significant variation in the range
of acceptable doses (50-66 Gy) and in the acceptable
chemotherapeutic regimens, local-regional failure after
chemoradiation remains a significant clinical problem.
The techniques for radiation planning, tumor imaging, and radiation delivery have advanced rapidly over
the past several decades. The benefits of simultaneous
radiation dose escalation for tumors at other anatomic
sites in terms of improved local control and survival have
been demonstrated, and dose escalation could logically
be expected to also apply to EC[4-6]. A study including distal EC conducted at the M.D. Anderson Cancer Center
demonstrated that using a simultaneous integrated boost
(SIB) technique could increase the dose to the gross
target volume (GTV) while simultaneously reducing the
dose to adjacent critical structures[7].
Since EC is one of the most common malignant
diseases in China (with an estimated incidence and mortality of approximately 22.4 and 16.8 per 100000 inhabitants, respectively, in 2009), this issue is of a particular
importance[8]. In contrast to reports from other countries, squamous cell carcinoma (SCC) is the predominant
pathology for EC diagnosed in China. In addition, this
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malignant disease commonly occurs in the upper or
middle thoracic esophagus in China, whereas it is more
often found in the distal esophagus in western countries.
Therefore, investigating different treatment paradigms
for SCC of the esophagus arising from the upper or
middle thoracic esophagus is essential and meaningful.
In order to evaluate the potential clinical benefit of
SMART in EC, we initiated a phase Ⅱ clinical trial
(NCT01670409)[9]. This study represents the preliminary
results of said trial, aiming to establish the feasibility
of SMART in EC and compare it dosimetrically with
conventionally-fractionated three-dimensional radiation
therapy (3DCRT) and intensity-modulated radiation
therapy (cf-IMRT).

MATERIALS AND METHODS
The computer tomography (CT) datasets of 10 patients
with pathologically confirmed upper or middle thoracic esophageal squamous cell carcinoma treated with
chemoradiation at the Cancer Hospital of Shantou University Medical College were identified. This retrospective study was approved by the institutional ethics committee. Informed consent was obtained from all subjects
prior to the study. The CT datasets were acquired using
a 16-slice CT scanner (Philips Brilliance CT Big Bore
Oncology Configuration, Cleveland, OH, United States)
for all patients. Immobilization was achieved using a
thermoplastic shell with arms resting at both sides of
the body in the supine position. The CT images were
delivered to the Eclipse 10.0 treatment planning system
(Varian Medical Systems, Palo Alto, CA, United States)
for target volume, organs at risk (OAR) contouring, and
subsequent treatment planning.
Target volumes and prescribed doses
The GTV of the EC, positive regional lymph nodes (LN),
and suspected lymph nodes [LN(±)] were contoured by
the attending radiation physician for each patient. The
GTV was defined using CT images, endoscopic report,
and barium swallow fluoroscopy. The mediastinal or
supraclavicular lymph node with the shortest axis ≥ 10
mm was defined as positive, and the paraesophageal or
tracheoesophageal groove lymph node (the shortest axis
< 10 mm but ≥ 5 mm) was defined as LN(±). The clinical target volume (CTV) was delineated with 2-cm longitudinal and 0.5- to 1.0-cm radial margins with respect
to the GTV for all patients, and with 0.5-cm uniform
margins for LN and LN(±), edited from the surrounding
vessels, lung, and bone. Planning target volumes (PTVs)
were derived from the GTV + LN or CTV plus a uniform 0.5-cm margin. For the SMART plans, there were
two PTVs: PTV66 = (GTV + LN) + 0.5 cm and PTV54
= CTV + 0.5 cm. For the 3DCRT and cf-IMRT plans,
there was only a single PTV: PTV60 = CTV + 0.5 cm.
The clinical information and target volume are shown in
Table 1. OAR contours were created for the spinal cord
(planning risk volume or SC-PRV), lungs, and heart.
The prescribed dose for the SMART plans was 66
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Table 1 Patient and tumor characteristics
No.
1
2
3
4
5
6
7
8
9
10

1

Site

Stage

V-GTV (cc)

Upper
Middle
Upper
Upper
Upper
Middle
Middle
Middle
Middle
Upper

T2N1M1b
T3N0M0
T3N1M1a
T3N1M0
T3N2M0
T3N1M0
T4N1M1b
T3N0Mo
T3N0Mo
T3N0Mo

11.5
18.1
38.8
25.4
16.9
24.6
32.1
15.8
14.9
16.1

V-LN (cc)

V-PTV66 (cc)

V-PTV60/54 (cc)

80
49.1
102.1
75
47.8
86.8
82.5
42.5
41
45.5

206.3
151.2
253.3
191.6
196.4
197.6
214.4
149.9
144.6
161.9

11
0
3
1.3
1
6
2.7
0
0
0

1

According to the 2002 American Joint Committee on Cancer staging system. V-GTV: Volume of gross target tumor; V-LN: Volume of lymph node; V-PTV:
Volume of planning target volume.

Gy/30 F to PTV66 (delivered in 2.2-Gy fractions) and 54
Gy/30 F to PTV54 (delivered in 1.8-Gy fractions). The
dose prescription to the PTV60 for both the 3DCRT and
cf-IMRT plans was set to 60 Gy/30 F at 2 Gy/fraction.
Planning objectives
For each patient, SMART, 3DCRT, and cf-IMRT plans
were generated on the Eclipse 10.0 treatment planning
system with the same goals and objectives. The planning objectives for PTV were 100% of the PTV volume
receiving the prescribed dose, with V107% < 5% and V93%
< 1% (Vn% = percentage of the PTV covered by n% of
the prescribed dose). The planning objectives for OARs
were defined as follows: spinal cord, Dmax (maximum
dose) < 45 Gy; spinal cord planning risk volume (SCPRV), Dmax < 50 Gy; heart, V40 (Vm = % of the whole
OAR receiving ≤ mGy) < 100%, V45 < 67% and V50 <
33%; lungs, V20 < 30%, V10 < 50% and V5 < 60%. In the
optimization process, fulfillment of the dose criteria for
the PTVs received the highest priority, followed by the
spinal cord, heart, and lungs. Only when the criteria for
PTVs were fulfilled was the system considered sparing
of OARs.
Planning techniques
The SMART and cf-IMRT plans were generated using a
sliding window dynamic delivery with 5 coplanar beams
(angles: 210°/300°/0°/60°/150°). The beam arrangements of the 3DCRT plans were selected and optimized
based on the PTV location, shape, extension, and relationship to relevant OARs, included the anterior beam + two
posterior oblique fields in 6 cases, 4-field box in 2 cases,
and parallel-opposed anteroposterior-posteroanterior portals followed by parallel-opposed oblique fields in 2 cases.
All plans were designed to be delivered using 6-MV
photon beams from a Varian Truebeam linear accelerator
(Varian Medical Systems, Palo Alto, CA, United States)
equipped with an MLC with 120 leaves (spatial resolution of 5 mm at the isocenter for the central 20 cm and
10 mm for the outer 20 cm). Both SMART and IMRT
plans were optimized by selecting a maximum DR of 600
MU/min. Plan optimization in both the SMART and cfIMRT cases was completely disentangled from the dose
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calculation and performed with the IMRT Dose Volume
optimizer (DVO), which was implemented in Eclipse
10.0. The maximum number of iterations was set at 1000,
with the maximum time set at 100 min. The goal of the
optimization was considered to be reached and the process terminated when the value of the objective function
approached a minimum and showed no further decrease
in value. The dose calculation was performed using the
Anisotropic Analytical Algorithm (AAA, version 8.6.02)
using a grid of 2.5 mm.
Evaluation of the plans and statistical analysis
Quantitative evaluation of the plans was performed using the standard dose-volume histogram (DVH). For
the PTVs, the parameters included the mean dose, V93%,
V95%, V100%, and V107%. For the OARs, the analysis included the mean dose, maximum dose, and a set of appropriate Vm values. The average cumulative DVH for the
PTVs and OARs was constructed from the individual
DVHs. These histograms were obtained by averaging the
corresponding volumes for the entire patient cohort for
each dose bin of 0.05 Gy.
The Statistical Package for Social Sciences (SPSS,
version 19.0, Chicago, IL) was used for statistical analysis
in the present study. Comparisons of the DVHs were
performed using paired, two-tailed Student’s t-test. A
Wilcoxon matched-pair signed-rank test was alternatively
used when the data did not follow a normal distribution.
The results were considered statistically significant for
P-values less than 0.05.

RESULTS
Target coverage
Clinically acceptable plans were achieved for all the
SMART, cf-IMRT, and 3DCRT plans. Table 2 shows the
numerical findings from the DVH analysis of the PTV
and OARs. The data are presented as averages over the
investigated patients, with errors indicating inter-patient
variability at one standard deviation level.
SMART vs 3DCRT
Compared with the 3DCRT plans, the SMART plans
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Table 2 Averaged over ten patients dose-volume histograms parameters of organs at risk with P -value for comparison
SMART
Cord
SC-PRV
Heart

Lung

Dmax
D1cc
Dmax
D1cc
Dmean
V20
V30
V40
V50
Dmean
V5
V10
V13
V20
V30

38.5 ± 2.0
35.6 ± 2.2
44.5 ± 1.9
40.8 ± 2.5
14.4 ± 7.5
34.1 ± 18.9
18.2 ± 10.0
9.4 ± 5.7
4.9 ± 3.4
9.0 ± 1.7
47.6 ± 9.7
34.7 ± 7.4
27.3 ± 5.9
17.1 ± 4.0
3.6 ± 1.3

IMRT

P value

3DCRT

39.5 ± 0.9
36.3 ± 1.2
47.1 ± 2.7
42.5 ± 2.2
16.2 ± 8.5
38.1 ± 21.9
21.8 ± 11.6
12.2 ± 7.2
7.0 ± 4.6
9.9 ± 1.8
50.4 ± 10.2
37.6 ± 7.6
30.2 ± 6.1
20.2 ± 4.3
4.7 ± 1.6

44.7 ± 0.8
41.6 ± 1.6
59.3 ± 2.2
52.9 ± 3.8
21.4 ± 11.1
42.7 ± 22.4
38.0 ± 21.0
25.3 ± 16.3
12.9 ± 7.6
12.4 ± 2.1
51.0 ± 9.9
40.6 ± 8.1
34.7 ± 7.3
25.8 ± 5.0
13.4 ± 4.8

SMART vs IMRT

SMART vs 3DCRT

0.660
0.266
0.0101
0.0271
0.000
0.005
0.001
0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.000

0.0021
0.000
0.0021
0.0021
0.000
0.000
0.001
0.0021
0.000
0.000
0.017
0.002
0.000
0.000
0.000

1

By Wilcoxon matched-pair signed-rank test using exact method. SMART: Simultaneous modulated accelerated radiation therapy; IMRT: Intensity-modulated radiation therapy; 3DCRT: Three-dimensional conformal radiotherapy; SC-PRV: Spinal cord planning risk volume.

Figure 1 Dose distributions on three axial views of one esophageal cancer case for simultaneous modulated accelerated radiation therapy (left) and threedimensional conformal radiotherapy (right) plans.
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Figure 2 Dose volume histogram of one esophageal cancer case for the
simultaneous modulated accelerated radiation therapy (solid line) and
three-dimensional conformal radiotherapy (dashed line) plans. SMART:
Simultaneous modulated accelerated radiation therapy; 3DCRT: Three-dimensional conformal radiotherapy; PTV: Planning target volume.

increased the dose delivered to the primary tumor (66
Gy vs 60 Gy), with improved sparing of normal tissues
in all patients. The Dmax of the spinal cord, V20 of the
lungs, and Dmean and V50 of the heart for the SMART
and 3DCRT plans were as follows: 38.5 ± 2.0 vs 44.7 ± 0.8
(P = 0.002), 17.1 ± 4.0 vs 25.8 ± 5.0 (P = 0.000), 14.4 ±
7.5 vs 21.4 ± 11.1 (P = 0.000), and 4.9 ± 3.4 vs 12.9 ± 7.6
(P = 0.000), respectively. The dose distributions and corresponding DVHs for the SMART and 3DCRT plans in
one patient are shown in Figures 1 and 2.
SMART vs cf-IMRT
In contrast to the cf-IMRT plans, the SMART plans permitted a simultaneous dose escalation (6 Gy) to the primary tumor while demonstrating a significant trend of a
lower irradiated dose to all organs at risk except the spinal cord, for which no significant difference was found.
The dose distributions and corresponding DVHs for the
SMART and cf-IMRT plans in one patient are shown in
Figures 3 and 4.

DISCUSSION
The most widely accepted radiation technique for EC
is 3DCRT, in which the GTV and a margin are typically
treated with a uniform radiation dose of 50-60 Gy in
25-30 fractions. However, in our approach described in
the current study, we hypothesize that the GTV and CTV
should receive different radiation intensities because
these areas have different densities of cancer cells[10]. Furthermore, the fractionated schedule for EC has remained
1.8-2.0 Gy per fraction for several decades, although the
radiation techniques and imaging modalities have advanced significantly during this time. Therefore, investigating the application of modern radiotherapy techniques
in EC with multiple target volumes, depending on the
risk of disease, is important.
There is increasing evidence that tumor clonogen
proliferation during conventional radiotherapy is a significant factor responsible for relapse in SCC of the
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upper respiratory and digestive tracts[11,12]. The accelerated repopulation of tumor cells occurs as the tumor
shrinks, resulting in a more favorable microenvironment
that allows tumor cells to proliferate. These factors may
be an important aspect leading to local failure after radiotherapy. Nishimura et al[13] analyzed the local control
and survival of patients with EC treated with radical
radiation therapy, with a particular emphasis on the total
treatment time and dose per fraction. They reported a
2.3% decrease in local control per day of delay in tumors treated with radiotherapy. Kajanti et al[14] reported
a similar finding in an analysis of 353 EC SCC patients
treated with radical radiotherapy. They also found that
the overall decrease in treatment time was beneficial for
the treatment of EC. Thus, avoiding a prolonged overall
treatment time and increasing the radiation biologically
equivalent dose (BED) are critical components for improving the locoregional control of EC.
SMART is a novel radiation technique that has been
widely applied in head and neck cancer, non-small cell
lung cancer, and prostate cancer. Using this technique,
the gross tumor and sites of subclinical disease are
treated with different doses depending on the clinical
risk. Although a traditional fractionation schedule typically uses the same daily radiation dose, it is implicit
with SMART that dose acceleration is present from the
beginning of treatment, thus reducing the effect of accelerated tumor repopulation. In addition, a growing
body of evidence now suggests that tumor recurrence
is associated with failure to eradicate cancer stem cells.
These cells, which are tumorigenic and are capable of
self-renewal, are thought to be relatively radioresistant,
and a high dose per fraction may be required for effective cell killing[15-17].
In this study, we report a comparison among SMART,
3DCRT, and cf-IMRT in EC patients to determine the
feasibility of applying the SMART technique in EC patients (cases located in the distal esophagus were excluded
in the current study). We found that SMART can offer
the potential for a 6 Gy simultaneous escalation in doses
delivered to the primary tumor and can improve normal
tissue sparing compared with 3DCRT and cf-IMRT.
Previously, we performed a dosimetric study showing
that cf-IMRT has a more conformal distribution of dose
and better spinal cord sparing than 3DCRT, and can
reduce the volume of the lung that receives a dose of
10 Gy or higher[18]. The current study also demonstrates
that SMART could provide a significant and clinically
relevant dosimetric benefit in greater sparing of OARs
than 3DCRT. This result is consistent with other recently
published reports[19,20].
Our data also suggest that SMART allows a 6 Gy dose
escalation for the GTV, with a significant trend of a lower irradiated dose to all OARs except the spinal cord, in
which no significant difference was found. One explanation could be that the dose prescribed to the subclinical
disease was reduced from 60 Gy to 54 Gy, allowing more
freedom to spare the neighboring tissues. Dogan et al[21]
compared different IMRT boost delivery methods re-
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Figure 3 Dose distributions on three axial views of one esophageal cancer case for conventionally-fractionated three-dimensional conformal radiotherapy
and intensity-modulated radiation therapy (left) and conventionally-fractionated intensity-modulated radiation therapy (right) plans.
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Figure 4 Dose volume histogram of one esophageal cancer case for the
simultaneous modulated accelerated radiation therapy (solid line) and
conventionally-fractionated intensity-modulated radiation therapy (dashed
line) plans. SMART: Simultaneous modulated accelerated radiation therapy;
IMRT: Intensity-modulated radiation therapy; PTV: Planning target volume.
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garding target coverage and normal-tissue sparing in 15
patients with head-and-neck, lung, and prostate cancer.
The results indicated that SIB-IMRT could markedly reduce doses to critical structures. The conformity of the
SIB-IMRT plans was also superior to that obtained with
both sequential-IMRT techniques. Welsh et al[7] reported
a planning study in distal EC using the SIB technique to
deliver a boost dose of radiation to GTV. In that study,
the CTV and PTV received a standard IMRT dose of
50.4 Gy (1.8 Gy per fraction), and the dose to the GTV
was simultaneously escalated to 64.8 Gy (28 fractions at
2.3 Gy per faction). Their results suggested that the use
of SIB-IMRT allowed an increased dose to the GTV
while simultaneously reducing the dose to the normal
heart, lung, and liver. In the present report, we demonstrate similar findings for patients with cervical, upper,
or middle thoracic EC, using the SMART technique.
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Clinical data obtained in the treatment of lung cancer
with external beam radiotherapy to very high doses have
shown that severe esophagitis is rare, indicating that the
esophagus may be more tolerant to external beam radiotherapy than common models have suggested[22]. The
recent Quantitative Analyses of Normal Tissue Effects
in the clinic review concluded that multiple volumetric
parameters predict esophageal toxicity with conventional
fractionation and suggests that up to 74 Gy may be tolerated by small volumes[23,24]. In the present study, the
volume of the normal esophagus that received a dose
greater than 60 Gy was minimal. Further radiotherapy
dose escalation approaches should be carefully evaluated
in prospective clinical trials, particularly when combining
the technique with various systemic chemotherapies.
In the current study, nodal drainage regions were not
routinely included in the CTV for prophylactic irradiation
unless in the presence of positive lymph nodes or suspected lymph nodes of high risk. However, improved imaging techniques, such as positron emission tomographycomputed tomography, allow for a more precise delineation of both the primary tumor and the involved lymph
nodes[25-28]. Advances in image-guided techniques will
continue to increase the accuracy of radiotherapy[29-31].
Additional studies have shown that the 3D image-guided
radiation therapy technique can effectively detect setup
errors of patients with EC undergoing RT, thereby reducing PTV margins. These advances will further reduce
the radiation dose to critical organs and may translate
into lower treatment-related toxicities[32,33].
In summary, this study demonstrates that SMART
can offer the potential for a 6 Gy simultaneous escalation in the dose delivered to the primary tumor of
EC and improve normal tissue sparing compared with
3DCRT and cf-IMRT. Further studies are warranted to
evaluate the clinical benefits of SMART.
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Abstract
AIM: To evaluate the efficacy, safety and feasibility of
endoscopic full-thickness resection (EFR) for the treatment of gastric submucosal tumors (SMTs) arising from
the muscularis propria.
METHODS: A total of 35 gastric SMTs arising from the
muscularis propria layer were resected by EFR between
January 2010 and September 2013. EFR consists of five
major steps: injecting normal saline into the submucosa; pre-cutting the mucosal and submucosal layers
around the lesion; making a circumferential incision as
deep as the muscularis propria around the lesion using
endoscopic submucosal dissection and an incision into
the serosal layer around the lesion with a Hook knife;
a full-thickness resection of the tumor, including the
serosal layer with a Hook or IT knife; and closing the
gastric wall with metallic clips.
RESULTS: Of the 35 gastric SMTs, 14 were located
at the fundus, and 21 at the corpus. EFR removed all
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of the SMTs successfully, and the complete resection
rate was 100%. The mean operation time was 90 min
(60-155 min), the mean hospitalization time was 6.0 d
(4-10 d), and the mean tumor size was 2.8 cm (2.0-4.5
cm). Pathological examination confirmed the presence
of gastric stromal tumors in 25 patients, leiomyomas in
7 and gastric autonomous nerve tumors in 2. No gastric bleeding, peritonitis or abdominal abscess occurred
after EFR. Postoperative contrast roentgenography on
the third day detected no contrast extravasation into
the abdominal cavity. The mean follow-up period was 6
mo, with no lesion residue or recurrence noted.
CONCLUSION: EFR is efficacious, safe and minimally
invasive for patients with gastric SMTs arising from the
muscularis propria layer. This technique is able to resect
deep gastric lesions while providing precise pathological
information about the lesion. With the development of
EFR, the indications of endoscopic resection might be
extended.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Submucosal tumor; Stomach; Endoscopic fullthickness resection; Muscularis propria layer; Excision
Core tip: We used endoscopic full-thickness resection
(EFR) to remove gastric submucosal tumors (SMTs)
arising from muscularis propria layer. EFR removed all
the 35 SMTs successfully. The mean operation time
was 90 min (60-155 min). The mean hospitalization
time was 6.0 d (4-10 d). The mean tumor size was 2.8
cm (2.0-4.5 cm). Pathological examination confirmed
gastric stromal tumors in 25 cases, leiomyoma in 7 and
Schwannomas in 2. No gastric bleeding, peritonitis or
abdominal abscess occurred. EFR is efficacious, safe
and minimally invasive for patients with gastric SMTs
arising from the muscularis propria layer, is able to resect deep gastric lesion and provide precise pathological information about the lesion.
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INTRODUCTION
Perforation is the main complication of endoscopic
resections, and concerns about perforation have largely
limited endoscopic resection treatments to the mucosal
and submucosal layers. In an attempt to extend the applicability of endoscopic resections, the technique of
endoscopic submucosal dissection (ESD) was recently
developed for use on large, flat lesions at the mucosal
layer[1-3]. With the development of and accumulated experience with ESD, gastric submucosal tumors (SMTs) can
be excavated by a method called endoscopic submucosal
excavation (ESE)[4-6]. In recent years, based on the practices of ESD and ESE, we have achieved good efficiency
using endoscopic full-thickness resection (EFR) to treat
gastric SMTs arising from the muscularis propria layer.

MATERIALS AND METHODS
Clinical data
We retrospectively analyzed 35 patients with gastric SMTs
arising from the muscularis propria layer. All of the patients were diagnosed by endoscopic ultrasound and contrast-enhanced CT at the Yantai Yu Huang Ding Hospital
Affiliated to the Medical College of Qingdao University,
China, between January 2010 and September 2013. The
35 patients consisted of 24 males and 11 females, ranged
in age between 24 and 67 years, and had a mean age of
41.3 years. Twenty-one tumors were present in the corpus, and 14 in the fundus. All patients had a single tumor,
and none had any metastasis on computed tomography
(CT) examination. Before EFR, all of the patients underwent routine blood tests for coagulation enzymes and
liver and kidney function, as well as electrocardiography,
abdominal CT scan, and other tests. All patients and their
families were informed of the benefits and risks of EFR
and provided written informed consent.
Instruments
The instruments used included an Olympus GIF-Q260J
gastroscope (Olympus, Japan), a D-201-11304 transparent cap (Olympus, Japan), a KD-1L-1 needle knife
(Olympus, Japan), a KD-611L IT knife (Olympus, Japan),
a KD-620LR hook knife (Olympus, Japan), an NM200L-0525 injection needle (Olympus, Japan), AS-1-S
and ASJ-1-S snares (Cook Company, United States), an
FD-410LR hot biopsy forceps (Olympus), an HX-610-90
(Olympus, Japan), an HX-600-135 (Olympus, Japan), a
Boston Resolution hemostat (Boston Company, United
States), an ERBE VIO 200S high-frequency electrosurgi-
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cal unit and ERBE APC2 argon plasma coagulator (Erbe
Company, Germany), an Olympus OEV191H laparoscope (Olympus, Japan), and an SBQ 80 HY linear stapler (Johnson and Johnson, United States).
EFR method
Before EFR, a transparent cap was mounted on the end
of the gastroscope. Following intravenous anesthesia with
propofol, argon plasma coagulation was used to mark
the edge of the stromal tumor. The marked submucosal
positions were each injected with 2-3 mL of a solution
containing 2-3 mL indigo carmine, 1 mL epinephrine,
and 100 mL saline. A hook knife was used to precut the
surrounding mucosa and submucosa along the marked
points and thus expose the stromal tumor. A hook knife
or IT knife was used to isolate the tumor body along the
capsule from the muscularis propria down to the serosal
layer. The serosa was cut along the edge of the tumor; in
most cases, the serosa was tightly adherent to the tumor
body, making it impossible to remove the tumor directly
using an IT knife. Therefore, a needle knife or hook knife
was used to penetrate the serosa, resulting in an “artificial
perforation”. The liquid in the gastric cavity was fully
absorbed, and an IT or hook knife was used to cut the
serosa along the edge of the tumor, removing the tumor
completely. When a perforation was encountered, the
operator had to use an IT knife carefully to avoid injuries
to the surrounding organs, such as the transverse colon
and pancreas. Under endoscopic guidance, the incisions
on the gastric body from the two ends to the middle
were fully closed with titanium clips, and the gastric
wound was sealed. For wounds that were too large to seal
directly, negative pressure was applied to suck the omentum into the gastric cavity, and titanium clips were used
to seal the wound by clipping the omentum to the gastric
mucosa (Figure 1).
Sample processing
Resected samples were fixed with neutral formalin and
sent for pathological examination; the samples were immunohistochemically stained for CD34, CD117, Dog-1,
S-100, and SMA[7-10].
Postoperative treatment
Patients with an artificial perforation and significant
pneumoperitoneum were submitted to a puncture of the
right upper quadrant of the abdomen with an abdominal
puncture needle to reduce bloating during or after surgery. After surgery, these patients were placed in a semisupine position. Drinking and eating were forbidden,
and gastrointestinal decompression was applied. The
patients were closely monitored to determine whether
any abdominal pain, bloating, or peritoneal irritation was
present. Proton pump inhibitors and antibiotics were
administered postoperatively to prevent abdominal infection. Three days after the surgery, oral diatrizoate was
administered to determine whether any contrast agent
extravasation or gastric motility was present. In addition,
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Figure 1 Endoscopic full-thickness resection of gastric stromal tumors arising from the muscularis propria. A: A protruding submucosal lesion in the gastric
corpus; B: Endoscopic ultrasound showing that the lesion arose from the muscularis propria; C: Submucosal injection of saline containing adrenaline and indigo carmine; D: Application of the IT knife to isolate the stromal tumor along its periphery; E: An “artificial perforation” was observed after stromal tumor resection and was
sealed using titanium clips; F: Sealing of a perforation with multiple titanium clips; G: Resected tumor after the mucosa was removed (4.5 cm in diameter); H: View 9 d
after operation, showing that the perforation healed well; I: View 72 d after the operation, showing that the perforation healed well, with only ulcer residues remaining.

an ultrasound examination was performed to determine
whether effusions could be found in the abdominal or
pelvic cavity. One month after the surgery, an endoscopic
examination was performed to observe wound healing
and to determine whether any residual or recurrent tumors were present. All of the patients were followed for
6 mo after EFR.

The complete resection rate was 100%. All perforation
wounds were sealed with titanium clips. The operative time
ranged from 60 to 155 min, with a mean of 90 ± 17 min.

Statistical analysis
Data are expressed as mean ± SD. The SPSS for Windows Version 17.0 software was used for all statistical
analyses.

Number of titanium clips used
To completely close the perforation, between 6 and 25
titanium clips, with a mean of 12 clips, were used. In 8
cases, some of the normal mucosa at the periphery was
also sutured to reduce the wound size so that the remaining perforation could be closed with clips.

RESULTS
Complete resection rate and operative time
All 35 gastric SMTs arising from the muscularis propria
layer were removed successfully by EFR in a single operation, and “artificial gastric perforation” was performed.
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Hospital stay
The duration of hospitalization ranged from 4 to 10 d,
with a mean of 6.0 ± 1.8 d.

Number of patients requiring puncturing to resolve
pneumoperitoneum
In total, 5 patients had serious pneumoperitoneum that
required puncturing for its resolution.
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Maximum diameter of the resected tumors
The maximum diameter of the resected tumors ranged
from 2.0-4.5 cm, with a mean of 2.8 cm. The maximum
size of the resected specimens was 4.5 cm. The operation
demanded that the specimen be cut into several pieces
in the stomach so that it could be pulled out through the
esophagus.
Postoperative pathology
The pathological examination confirmed gastric stromal
tumors in 25 cases, leiomyomas in 7 and gastric autonomous nerve tumors in 2.
Complications
Upper gastroenterography with meglumine diatrizoate 3
d after the operation showed no leakage of the contrast
agent in any patient. Postoperative reexamination showed
good wound healing. There were no complications, such
as bleeding, signs of peritonitis, and/or abdominal abscesses, in any patient.
Post-procedure morbidity
All patients recovered well, and the morbidity was zero.
Recurrence or residual rate
During the 6-mo follow-up after the EFR, no residual or
recurrent tumors were observed.

DISCUSSION
Most gastric SMTs grow expansively in the gastric wall.
Because lymph node metastasis occurred rarely, resection
with a laparoscope was often used[11-13]. Although resection with a laparoscope is simple, without the assistance
of a gastroscope, the resected range cannot easily be
determined, resulting in frequent resection of normal
gastric tissue. For lesions at the esophagus-stomach conjunction or pyloric ring, operating the laparoscope proved
difficult. Large gastric SMTs growing in the gastric cavity
could not be observed from the serosa[14,15].
Although endoscopic snares and ligation are widely
used in the clinic, the snare can be easily detached, making it difficult to resect the lesion completely. Meanwhile,
the rate of complications due to residual tumors, bleeding and perforation was high. The rate of complications
due to perforation and bleeding was high using the ligation method. At the same time, certain lesions were difficult to ligate, and the results of the pathologic diagnosis
could not be obtained with the ligation method[16,17].
Gastric stromal tumors arising from muscularis propria layer are the most common type of gastric SMTs.
Because of their potential malignant tendencies, the
resection of gastric stromal tumors is recommended[18].
Because gastric stromal tumors arising from the muscularis mucosa are located superficially, their endoscopic
resection or ligation is not difficult; these procedures are
often performed in clinical practice. However, stromal
tumors arising from the muscularis propria are located
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within deeper layers, especially those tumors that do not
grow within cavities. Endoscopic resection can easily lead
to perforation, and the tumor excision is often not complete. Hence, stromal tumors arising from the muscularis
propria are often considered a contraindication for endoscopic resection and are therefore removed surgically
or laparoscopically, especially when they are larger than 2
cm in diameter[19,20]. In recent years, based on endoscopic
submucosal dissections and endoscopic submucosal
excavations, and on improvements in the application of
titanium clips during endoscopy and nylon purse-string
suture techniques, the EFR treatment of gastrointestinal
tumors arising from the muscularis propria has become
possible.
We found that artificial perforation was necessary
in all 35 patients with stromal tumors who were treated
by EFR. Titanium clips were used to seal the wound,
abdominal puncturing was applied to relieve intraabdominal pressure, and conservative methods were
followed for postoperative care. The key to preventing
complications was the proper use of titanium clips to
seal the wounds under endoscopy. Based on our experience, wounds from large perforations should be sutured
from both ends toward the middle; in some cases, normal
mucosa at the periphery may require suturing to reduce
the wound size. Successful treatment using EFR required
a successful repair of the perforation that could avoid
the need for additional surgical repair and postoperative peritonitis[21,22]. The most common method used to
repair perforations required titanium clips[23,24]. For small
perforations, one or a few titanium clips would be sufficient. For larger perforations, the limited spans of the
titanium clips would require the air in the gastric lumen
to be sucked out to narrow the perforation as much as
possible before the application of multiple titanium clips.
If the perforation is too large for the direct application
of titanium clips, an omental patch technique is used[25].
In this method, negative pressure is continuously applied
to suck the air from the gastric lumen until the adipose
tissue outside the gastric wall covers the perforation,
followed by the application of the titanium clips. In addition, a nylon string-purse suture technique can be used
to suture overly large perforations. During EFR, perforations will cause pneumoperitoneum, which blocks
the operative field in the stomach, making endoscopic
operations difficult. Thus, during EFR, abdominal palpation should be performed repeatedly. If the abdominal
pressure increases, timely exhaustion should be applied.
The puncture site should be located in the right lower
quadrant of the abdomen, and a 20 mL injection needle
may be used as the puncture needle. After puncturing,
the abdomen should be manipulated to exhaust the air,
and the puncture needle should be positioned at the
puncture site until the wounds are completely sealed and
the pneumoperitoneum has significantly improved. The
puncture needle should be extracted after confirming
that no air continues to flow through it. Other key elements for successful EFR treatment include avoiding the
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introduction of excessive gastric acid into the abdominal
cavity, thereby preventing postoperative infection; hemostasis to avoid repeated rinsing during the excision[26]; the
complete removal of gas and fluid from the gastric lumen prior to incision of the serosa; continuous effective
gastrointestinal decompression postoperatively; and the
administration of proton pump inhibitors and antibiotics
postoperatively to prevent abdominal infection. None of
the patients in our EFR group experienced peritonitis or
intra-abdominal abscesses.
We found that the complete resection rate in our EFR
group was 100%, with no recurrent or residual tumors.
One advantage of EFR is its accurate localization of the
tumor. Without the assistance of the gastroscope, it can
be difficult during laparoscopic surgery to determine
the extent of the excision; thus, excess normal gastric
tissue is removed. In patients with giant stromal tumors
protruding into the gastric lumen, it is difficult for the
laparoscope to distinguish the tumor from the serosal
layer or to pull and remove the tumor body. Therefore,
gastroscope-assisted laparoscopic EFR may be favorable
for treating patients with gastric stromal tumors arising
from the muscularis propria.
EFR was performed under general anesthesia. The
total cost of this procedure was less than that of LECS
(laparoscopy and endoscopy cooperative surgery).
In conclusion, EFR can completely remove gastric
SMTs arising from the muscularis propria. This technique
can replace certain surgical and laparoscopic procedures,
and its application should be recommended.
Because the present follow-up period is relatively
short (6 mo), we will follow the patients over the next 5
years to observe any iatrogenic peritoneal seeding after
EFR.
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Abstract
AIM: to investigate the feasibility and efficacy of the
combination of S-1 with gemcitabine followed by oral
S-1 with concurrent radiotherapy (intensity modulated
radiotherapy, IMRT) and maintenance therapy with S-1
for locally advanced pancreatic cancer.
METHODS: Subjects selected in the study were patients who had unresectable and locally advanced pancreatic cancer without distant metastases, adequate
organ and marrow functions, an Eastern Cooperative
Oncology Group performance status of 0-1 and no prior
anticancer therapy. Initially the subjects received two
cycles of chemotherapy, oral administration of S-1 40
2
mg/m twice daily from day 1 to day 14 of a 21-d cycle,
with 30-min intravenous infusions of gemcitabine 1000
2
mg/m on day 1 and day 8. Two weeks after the completion of chemotherapy, S-1 was administered orally
with concurrent IMRT. Oral S-1 was administered at a
2
dose of 80 mg/m per day twice daily from day 1 to day
14 and from day 22 to day 35. Radiation was concurrently delivered at a dose of 50.4 Gy (1.8 Gy/d, 5 times
per week, 28 fractions). One month after the comple-

WJG|www.wjgnet.com

tion of chemotherapy and radiotherapy, S-1 was admin2
istered orally at a dose of 80 mg/m per day twice daily
for 14 d, followed by a 14-d rest period. This cycle was
repeated as maintenance therapy, until unacceptable
toxicity occurred or the disease worsened. Thirty-two
patients were involved in this study. The median followup was 15.6 mo (range: 8.6-32.3 mo).
RESULTS: Thirty-two patients completed the scheduled course of chemotherapy, while 30 patients (93.8%)
received chemoradiotherapy with two patients ceasing
to continue with radiotherapy. The major toxic effects
were nausea and leukopenia. There was no grade 4
toxicity or treatment-related death. According to the
Response Evaluation Criteria in Solid Tumors criteria,
the objective tumor response was partial response in
17 (53.1%) patients, stable disease in 9 (28.1%), and
progressive disease in 6 (18.8%). The median overall
survival and median progression-free survival were
15.2 mo and 9.3 mo, respectively. The survival rates at
1 year and 2 years were 75% and 34.4%, respectively.
CONCLUSION: The combination of S-1 with gemcitabine followed by oral S-1 with IMRT and maintenance
therapy with S-1 alone in patients with locally advanced
pancreatic cancer may be considered a well-tolerated,
promising treatment regimen.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chemoradiotherapy; Radiosensitizer; S-1;
Pancreatic cancer; CA19-9
Core tip: The article describes a study of the combination of S-1 with gemcitabine S-1 followed by oral S-1
with concurrent radiotherapy and maintenance therapy
with S-1 for locally advanced pancreatic cancer. It is
considered a well-tolerated, promising and effective
treatment for unresectable advanced pancreatic cancer.
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INTRODUCTION
The prognosis of pancreatic cancer (PC) patients remains very poor, with a 5-year survival rate less than 5%
after diagnosis[1-4]. PC is one of the leading causes of
death worldwide. Most historical studies show that the
median survival ranges from about 8 to 12 mo[5-8] for patients with locally advanced PC.
Importance should be attached to the order in which
radiation and chemotherapy are given to patients with locally advanced PC. 20% of patients who received initial
chemoradiation experienced immediate metastases after
therapy[9,10], or even experienced higher toxicity levels
than patients who only received chemotherapy. Because
of such levels of toxicity, subsequent chemotherapy that
is needed to delay and/or prevent metastatic disease may
be involved. Therefore, this research was intended to
present an alternative approach to cope with this issue.
The approach involves several cycles of induction chemotherapy (2 to 4 cycles) before revaluing the patients.
If the patients do not suffer from distant metastases on
restaging while maintaining a good performance status,
their conditions may be consolidated by chemoradiation. The alternative approach may benefit those patients
who will receive the chemoradiation, because it will
help to delay or prevent locoregional progression which
could lead to duodenal obstruction or result in pain (of
the celiac plexus, specifically). Some studies have also
shown that when compared with chemotherapy alone,
chemoradiation-based control of local progression can
improve survival and prevent the development of metastatic disease[5,11].
Some current single phase Ⅱ studies have shown
obvious increases in median survival by using targeted
agents, radiosensitizers, and/or combination chemotherapy, in conjunction with radiation therapy in the
induction phase of treatment[12-15], which can produce
the equivalent effect of S-1, a new oral fluoropyrimidine formulation that combines tegafur, 5-chloro-2,4dihydroxypyridine (CDHP), and potassium oxonate at a
molar ratio of 1:0.4:1.
Sudo et al[9] reported promising outcomes: 70.6%
investigated reached a 1-year survival with a median OS
of 16.8 mo and acceptable toxicity rates (grade 3-4), after S-1 was given concurrently with radiation (total dose
50.4 Gy) followed by oral S-1 maintenance in patients
with locally advanced PC.
Many modern studies have reported the increase in
survival rate and the relief of toxicity[16-18] by using ag-
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gressive induction therapy and/or dose escalated radiation therapy including stereotactic body radiation therapy
(SBRT), 3D conformal radiotherapy and intensity modulated radiotherapy (IMRT).

MATERIALS AND METHODS
Patient eligibility
Entry patients were those who had been confirmed cytologically or histologically as sufferers of locally unresectable advanced pancreatic cancer. The patients whose
estimated life expectancy was 12 wk after the study begins
were aged between 46 and 69 years. The entry patients
also need to meet the following requirements: written
informed consent, no evidence of distant metastasis,
Karnofsky performance status of 70-100 points, no earlier treatment for pancreatic cancer, adequate oral intake,
adequate hepatic and renal function, and adequate haematological function.
Exclusion criteria were active gastroduodenal ulcers,
pleural effusion or ascites, watery diarrhea, active infection, complications such as active concomitant malignancy, history of drug hypersensitivity, mental disorders,
heart disease or renal disease, females of childbearing
age unless using effective contraception, and pregnant
and lactating females.
For pretreatment staging, chest and abdomen computed tomography was needed to exclude the presence
of distant metastasis and to assess the local extension of
the tumor. Tumor unresectability criteria of computed
tomography included tumor encasement of the bilateral
portal vein, superior mesenteric artery, common hepatic
artery or the celiac trunk. Before treatment, all patients
with obstructive jaundice underwent an endoscopic retrograde biliary drainage or percutaneous transhepatic.
Characteristics of patients
Thirty-two patients were involved in the study from
March 2010 to December 2012 at the Oncology Hospital of Jingzhou, China. The patients’ characteristics
are listed in Table 1. Karnofsky performance status was
80 in 3 (9.4%), 90 in 9 (28.1%), and 100 in 20 patients
(62.5%). The median age was 55 years (range: 50-69).
The median planning target volume was 255 cm3 (range:
149-398) and the median maximum tumor size was 36
mm (range: 24-57). There were 11 patients suffering
from the invasion of the superior mesenteric artery, 16
patients suffering from the invasion of the celiac trunk,
and 5 patients suffering from invasion of both regions.
Treatment schedule
Thirty-two patients received two cycles of induction chemotherapy; S-1 was administered at 40 mg/m2 twice daily
from day 1 to day 14, and gemcitabine was administered
by 30-min intravenous infusions of 1000 mg/m2 on day
1 and day 8 of a 21-d cycle.
Two weeks after the completion of the induction
chemotherapy, the patients were treated with S-1 and
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marker carbohydrate antigen) was measured every 4-6
wk. In this study, the CR (the complete response), PR
(partial response) and SD (stable disease) were assessed
at an interval of at least 4 wk to confirm the objective
response. The interval from the first documentation
of response (CR or PR) to the first documentation of
tumor progression was defined as the response duration. According to the National Cancer Institute Common Terminology Criteria for Adverse Events version
3.0, adverse events were evaluated. Objective responses
and adverse events were confirmed by an external review committee. The date of treatment initiation to the
censored date of follow-up or death was calculated as
overall survival (OS). The date of the initiation of treatment until documented disease progression or death due
to any cause was calculated as progression-free survival
(PFS).

Table 1 Characteristics of the patients n (%)
Characteristic

Number of patients

Age (yr)
Range
Median
Gender
Female
Male
Karnofsky performance status
100

50-69
55
17 (53.12)
15 (46.88)
20 (62.5)

Table 2 Toxicities
Number of patients
Leucocytes
Neutrophils
Haemoglobin
Platelets
Anorexia
Nausea
Vomiting

Grade 1

Grade 2

Grade 3

Grade 4

10
5
3
2
9
4
8

6
3
2
1
7
7
6

2
0
0
0
5
3
4

0
0
0
0
0
0
0

RESULTS

concurrent radiation. S-1 was given at 80 mg/m2 from
day 1 to day 14, from day 22 to day 35 and orally twice
daily on the day of irradiation during radiotherapy. One
month after chemoradiotherapy was completed, S-1 was
administered at 80 mg/m2 per day twice daily for 14 d,
followed by a 14-d rest period. The cycle was repeated as
maintenance therapy until the toxicity was unacceptable
or the disease deteriorated.
The IMRT was administered by three-dimensional
treatment planning using 10 or 15 MV photons. The
total dose was 50.4 Gy delivered in 28 fractions in about
5.5 wk. The area of solid macroscopic tumors that was
contrast enhanced on MR and CT-imaging and/or PET
positive was defined as the gross tumor volume (GTV).
The GTV plus a margin of at least 5 mm, including any
areas of microscopic spread and the regional lymph
nodes, was defined as the clinical target volume (CTV).
The CTV plus a 10 mm margin in the craniocaudal direction and a 5 mm margin in the lateral direction to
account for daily set-up error and respiratory organ motion was defined as the planning target volume (PTV).
The dose received by ≥ 50% of the liver was limited to
≤ 30 Gy, and that received by ≥ 50% of both kidneys
was limited to ≤ 20 Gy. The spinal cord dose was maintained below 45 Gy.
Evaluation
All the eligible patients must be included in the toxicity
and response evaluations. During chemotherapy, biochemistry tests, along with complete blood cell counts
and physical examination were assessed on day 1 and day
8 in each cycle. According to the Response Evaluation
Criteria in Solid Tumors version 1.0, objective tumor
response was evaluated every 4-6 wk by magnetic resonance imaging or computed tomography. CA 19-9 (tumor
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Efficacy
All of the patients were included in the response evaluation. Based on the Response Evaluation Criteria in Solid
Tumors version 1.0), 17 (53.1%) patients were categorized as partial response, 9 (28.1%) stable disease and 4
(12.5%) progressive disease; while tumor response in only
two (6.3%) patients could not be evaluated due to the fact
that they had ceased treatment. After the completion of
the treatment, none of the patients’ conditions improved
to the extent that they can be operated on or the tumors
resected. The serum CEA level was reduced by more
than 50%, relative to the pretreatment level in three of
four (75%) patients who had a pretreatment level of 10
ng/ml or greater; the serum CA19-9 level was reduced
by more than 50%, relative to the pretreatment level in
24 of 28 (85.7%) patients who had shown a pretreatment
level of 100 U/ml or greater. At the time of analysis, 29
of the 32 patients had disease progression. The disease
progression recurred locoregionally in three patients
(9.38%), general condition deteriorated in four (12.5%)
and distant metastases occurred in 10 (31.3%). Median
overall survival and median progression-free survival
were 15.2 mo and 9.3 mo, respectively. The survival rates
at 1 year and 2 years were 75% and 34.4%, respectively
(Figure 1).
Toxicities
The toxicities observed in the 32 enrolled patients are
listed in Table 2. Acute non-haematological toxicities
including grade 3 AST elevation (two patients), grade 3
vomiting (four patients), grade 3 anorexia and nausea
(eight patients) and grade 3 haemorrhagic gastritis (one
patient) were observed. With regard to acute haematological toxicities, grades 4 toxicities were not observed
and grade 3 neutropenia was observed in only two patients. We observed late toxicity duodenal ulcer 7 mo
after treatment in one patient, but no other late toxicities
occurred. No treatment-related deaths or other grades
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Figure 1 Progression-free survival and overall survival curves of the 32
patients.

3-4 non-haematological toxicities occurred in the study.
Because of grade 3 anorexia, the treatment was stopped
in two patients. During the therapy they did not receive
S-1 on day 3 and day 12. The compliance rate of the
patients taking S-1 reached as high as 93.8%. Among the
32 patients engaged in this study, two had to abandon
this treatment due to their progressive diseases.

DISCUSSION
The prognosis of patients with locally advanced pancreatic adenocarcinoma is extremely poor. Because many
patients with locally advanced PC are not curable through
multidisciplinary treatment, it is necessary to optimize patient selection that can balance toxicity, quality of life and
disease control.
Many previous random trials showed that concurrent
radiotherapy with 5-FU has become a frequently employed treatment for locally advanced PC[19]. Despite the
fact that no marked improvement of survival has been
observed, many investigators are still pursuing phase I
and Ⅱ clinic trials of radiotherapy with new chemotherapeutic agents, such as bevacizumab, erlotinib, gefitinib,
gemcitabine, capecitabine, oxaliplatin and paclitaxel, because 5-FU-based chemoradiotherapy has a modest survival benefit[20]. The agent S-1 is an oral fluoropyrimidine
derivative, which has demonstrated mild toxicity and
excellent efficacy in patients with metastatic and locally
advanced PC[21-24]. Therefore, it can be recommended as
an effective treatment for locally advanced PC since many
clinical trials of concurrent chemoradiotherapy with
S-1 for locally advanced PC consider it a well-tolerated,
promising regimen[25-29].
However, many patients with locally advanced PC who
received upfront chemoradioation experienced metastases
soon after they completed therapy. On the contrary, in
some clinical trials, including this trial, induction chemotherapy such as gemcitabine and S-1 followed by chemoradiotherapy demonstrated promising activity in treatment
of locally advanced PC. Therefore, further consideration
of radiation schedule and duration of induction chemotherapy is required to enhance the efficacy of this treatment strategy[30-34].
In this study, the combination of S-1 with gemcitabine followed by oral S-1 with concurrent radiotherapy
and maintenance with S-1 in the patients who suffered
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from locally advanced pancreatic cancer was tested. It
was easy to administer and keep toxicities at a relatively
low level when the standard-dose IMRT (50.4 Gy/28
fractions) and full-dose S-1 (80 mg/m2) were combined.
Moreover, since this regimen can improve local control and prevent tumors from spreading, it may benefit
patients with locally advanced pancreatic cancer. The
study demonstrated that there were 17 patients (53.1%)
with partial response, 9 (28.1%) with stable disease and
4 (12.5%) with progressive disease. Median overall survival and median progression-free survival were 15.2
mo and 9.3 mo, respectively. The survival rates at 1 year
and 2 years were 75% and 34.4%, respectively. As for
acute haematological toxicity, grade 4 toxicities were not
observed and grade 3 neutropenia was observed in only
two patients. For acute nonhaematological toxicity, grade
3 AST elevation (two patients), grade 3 vomiting (four
patients), grade 3 anorexia and nausea (eight patients)
and grade 3 haemorrhagic gastritis (one patient) were
observed. Duodenal ulcer as a late toxicity was observed
7 mo after treatment in one patient, but no other late
toxicities occurred.
Thus, with regard to the antitumor activity of this
treatment, S-1 at a daily dose of 80 mg/m2 was considered well tolerated and this dose was deemed recommendable.
In conclusion, a regimen of combination of S-1 with
gemcitabine followed by oral S-1 with IMRT and maintenance therapy with S-1 in patients having locally advanced pancreatic cancer is considered a well-tolerated,
promising regimen, which can be recommended as an
effective treatment for locally advanced PC.
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S-1 and gemcitabine followed by concurrent IMRT with S-1 and maintenance
therapy with S-1 could be considered a well-tolerated and promising regimen
for patients with locally advanced PC.
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effective in patients with locally advanced cancers.
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Abstract
AIM: To describe the prevalence, diagnosis, treatment, and outcomes of end stage liver disease (ESLD)

WJG|www.wjgnet.com

patients with severe epistaxis thought to be severe upper gastrointestinal hemorrhage (UGIH).
METHODS: This observational single center study included all consecutive patients with ESLD and epistaxis
identified from consecutive subjects hospitalized with
suspected UGIH and prospectively enrolled in our databases of severe UGIH between 1998 and 2011.
RESULTS: A total of 1249 patients were registered for
severe UGIH in the data basis, 461 (36.9%) were cirrhotics. Epistaxis rather than UGIH was the bleeding
source in 20 patients. All patients had severe coagulopathy. Epistaxis was initially controlled in all cases.
Fifteen (75%) subjects required posterior nasal packing and 2 (10%) embolization in addition to correction
of coagulopathy. Five (25%) patients died in the hospital, 12 (60%) received orthotopic liver transplantation
(OLT), and 3 (15%) were discharged without OLT. The
mortality rate was 63% in patients without OLT.
CONCLUSION: Severe epistaxis in patients with ESLD
is (1) a diagnosis of exclusion that requires upper endoscopy to exclude severe UGIH; and (2) associated
with a high mortality rate in patients not receiving OLT.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Epistaxis; Upper gastrointestinal bleeding;
End stage liver disease; Cirrhosis; Nasogastric tube;
Liver transplantation; Digestive bleeding; Nasal packing; Coagulopathy
Core tip: Severe posterior nasopharyngeal epistaxis
in hospitalized patients with end stage liver disease
(ESLD): (1) is a diagnosis of exclusion that requires
upper endoscopy to rule out common causes of upper
gastrointestinal hemorrhage (UGIH); (2) can usually
be effectively treated with nasal packing and correction
of coagulopathy; (3) was the diagnosis of the bleeding
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source in 4.3 % of cirrhotic patients with a suspected
UGIH; and (4) is associated with a high rate of mortality
(63%) in those not receiving liver transplantation. Physicians managing patients with ESLD should be aware
that epistaxis can masquerade as massive UGIH, particularly in those with severe coagulopathy.
Camus M, Jensen DM, Matthews JD, Ohning GV, Kovacs
TO, Jutabha R, Ghassemi KA, Machicado GA, Dulai GS.
Epistaxis in end stage liver disease masquerading as severe
upper gastrointestinal hemorrhage. World J Gastroenterol 2014;
20(38): 13993-13998 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13993.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13993

INTRODUCTION
Massive upper gastrointestinal hemorrhage (UGIH) in
patients with end stage liver disease (ESLD) is often
fatal[1,2]. Concomitant coagulopathy is a common comorbidity in cirrhotics and it frequently worsens the outcome. Expedient diagnosis and intervention are therefore imperative when encountering such cases.
Although rare, severe epistaxis is a diagnosis that must
be considered in patients presenting with signs and symptoms of severe UGIH, in order to avoid delays in the
provision of potentially life-saving therapy[3]. About 5%
of epistaxis originates from a posterior nasal source[4].
Bleeding in these cases can be especially severe. Local
therapy such as nasal packing or cauterization is usually
sufficient, but continued or intractable hemorrhage may
require arterial ligation, embolization or more recently
endoscopic ligation[4]. Delayed treatment may lead to excessive blood loss and increased morbidity and mortality.
Literature about epistaxis and cirrhosis is limited as
few case reports[5].
Our aims were (1) to describe the diagnosis, treatment,
and outcomes of ESLD patients with severe epistaxis
whose initial clinical diagnosis prior to endoscopy was
severe UGIH probably secondary to esophageal varices;
and (2) to estimate the prevalence of epistaxis as the final
diagnosis in cirrhotics who present with signs of severe
UGIH.

MATERIALS AND METHODS
University of California, Los Angeles Center for Health
Sciences (UCLA-CHS) is an urban, academic, tertiary
care referral medical center. Nearly 30000 patients are discharged from this facility yearly. Attending gastroenterologists from the Center for Ulcer Research and Education
(CURE) Hemostasis Research Group are available 24 h a
day for the evaluation and treatment of patients hospitalized with severe gastrointestinal (GI) hemorrhage.
The UCLA Ronald Reagan Medical Center (RRMC)
also has a liver transplant program that is one of the
largest in the world by volume. As the most experienced
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liver transplantation program in the western United
States, UCLA serves the area from California, Oregon,
Washington, and throughout the Southwest.
Cases in this report were retrospectively identified
from consecutive hospitalized subjects with severe UGIH
who were enrolled in our studies of severe UGIH in
ESLD between September 26, 1998 and June 1, 2011.
This observational study was approved by the UCLA Office for the Protection of Research Subjects. Informed
consent for endoscopy was obtained before each clinically indicated procedure. ESLD disease was diagnosed
based upon clinical parameters, radiologic imaging, and/
or liver biopsy results. Suspected severe UGIH was defined as (1) signs or symptoms of UGI hemorrhage (hematemesis and/or melena); (2) decrease in hemoglobin
from baseline of ≥ 2 g/dL; and (3) and/or transfusions
of ≥ 2 units of packed red blood cell (PRBC).
All upper endoscopies were performed by experienced endoscopists using therapeutic sized video endoscopes. Patients underwent emergency endoscopy after
resuscitation. Careful examination of the esophagus,
stomach (including retroflex views), and duodenum was
performed in each case.
Members of the CURE Hemostasis Group and a skilled
research coordinator collected prospective data from the
time of presentation using standardized data forms. All
patients underwent clinical evaluation about bleeding
symptoms: hematemesis, melena, hematochezia; bleeding severity: hypotension, shock, need for pressors;
and cirrhosis data: etiology of cirrhosis, severity of cirrhosis (Child-Pugh class and Model of End Stage Liver
Disease - MELD score) from the time of presentation.
Laboratory data (creatinine, hematocrit, hemoglobin and
coagulation tests) and endoscopic findings were also recorded from the time of presentation. The patients were
prospectively followed-up from the date of diagnosis to
hospital discharge, death, or liver transplantation.
Coagulopathy was defined as values of prothrombin
time (PT), international normalized ratio (INR), or platelet count outside the institutional normal ranges. ChildPugh class and MELD score were calculated according to
a well-accepted classification[6-8]. Hypotension was defined
as a systolic blood pressure persistently less than 100
mmHg despite adequate volume resuscitation. Rebleeding was defined as recurrent severe epistaxis (or signs
of UGI bleeding) at least 24 h after observed complete
cessation of pharyngeal bleeding following appropriate
treatment, with decrease in hemoglobin of ≥ 2 g/dL after resuscitation and initial diagnosis and/or ≥ 2 units of
PRBC. Follow-up time was calculated from the time of
presentation to the GI Hemostasis Team until death, liver
transplantation, or discharge from the hospital.
Statistical analysis
All data were de-identified and entered onto data files. SAS
software, version 9.1 (SAS Institute, Cary, NC) was used
for data management. Missing or inconsistent data were resolved by a joint review of the medical record and discussion with program instructor (DMJ) and co-investigators
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Table 1 Characteristics of patients n (%)
Characteristic

Data

Age (yr, mean ± SD, range)
54.4 ± 9.7 (40-75)
Sex (Male/Female)
12/8 (60/40)
Child Pugh class
A: 0; B: 1 (5); C: 19 (95)
MELD score, (mean ± SD, range)
29.6 ± 7.5
Etiology
HCV + Alcoholic
5 (25)
Alcoholic
5 (25)
Cryptogenetic
5 (25)
HCV
4 (20)
PBC + AIH
1 (5)
Inpatient start of bleeding
18 (90)
Nasogastric tube placed prior to bleeding
16 (80)
Hematemesis
15 (75)
Melena and/or Hematochezia
9 (45)
PT (s, mean ± SD, range)
20.7 ± 6.8 (13.4-42.6)
INR (mean ± SD, range)
2.3 ± 1.4 (1.4-7.8)
Platelet count (/mm3, mean ± SD, range) 51000 ± 32082 (11000-120000)
Hematocrit (mean ± SD, range)
23.5% ± 2.9% (18.5%-29.9%)
AIH: Autoimmune hepatitis; HCV: Hepatitis C virus; INR: International
normalized ratio; MELD: Model for end stage liver disease; PBC: Primary
biliary cirrhosis; PT: Prothrombin time; SD: Standard deviation.

(JM or MC).

RESULTS
A total of 1249 patients were registered for severe UGIH
in the data basis, 461 (36.9%) were cirrhotic patients. Epistaxis was determined to be the source of severe hemorrhage in 20 patients with ESLD hospitalized for severe
UGIH. Based on the number of cirrhotic patients evaluated for severe UGIB during the same period of time, we
estimated that the epistaxis diagnosis represented 4.3%
(20/461) of all cirrhotic patients hospitalized for suspected severe UGIH. Most patients (18/20 = 90%) developed what was clinically diagnosed as inpatient UGIH
after hospitalization for worsening liver disease and did
not have signs of UGIH on admission. In this particular
subgroup of inpatients with cirrhosis and severe UGI
hemorrhage, the prevalence of epistaxis was higher and
was estimated to be 15.3% (18/117) (Table 1).
The age (mean ± SD) of the subjects with epistaxis
was 54.4 ± 9.7 year with men comprising 12/20 (60%).
Etiologies of ESLD were hepatitis C and alcohol in 5
(25%), cryptogenic cirrhosis in 5 (25%), alcohol alone in
5 (25%), hepatitis C alone in 4 (20%), and primary biliary cirrhosis plus autoimmune hepatitis in 1 (5%). Most
patients (19/20 = 95%) were Child-Pugh class C.
The majority (16/20 = 80%) had a nasogastric (NG)
tube placed prior to the onset of bleeding. The reasons
of NG tube placement were intubation, decompression
or suctioning the stomach, checking for bright red bleeding (BRB) in stomach to establish the acuity of bleeding,
and assisting of esophagogastroduodenoscopy (EGD)
by clearing of blood, clots, or gastric contents. Seventeen (85%) patients required endotracheal intubation for
airway protection.
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All patients had clinically severe bleeding presenting
as hematemesis (15/20; 75%) or hematochezia/melena
(9/20; 45%). In 9 (45%) patients, bleeding was accompanied by shock or persistent hypotension requiring administration of intravenous pressor agents.
All patients had concurrent severe coagulopathy with
a mean PT ± SD of 20.7 ± 6.8 s (range: 13.4-42.6), INR
(mean ± SD) of 2.3 ± 1.4 (range: 1.4-7.8), and platelet
count (mean ± SD) of 51000 ± 32082/mm 3 (range:
11000-120000). The hematocrit (mean ± SD) before resuscitation was 23.5% ± 2.9% (range: 18.5-29.9).
Most (14/20; 70%) patients had esophageal varices
but none had active bleeding, platelet plugs, or other
stigmata of recent hemorrhage[9]. No other upper GI
lesions with active bleeding, visible vessels, or adherent
clots were found. Upon withdrawal of the endoscope,
fresh red blood (indicating active bleeding) was found in
the proximal esophagus coming down from the posterior nasopharynx in each case.
Once diagnosed by endoscopy, epistaxis was initially
controlled in all cases. Fifteen (75%) patients required
posterior nasal packing by an otolaryngologist in addition to correction of coagulopathy. Two (10%) patients
had angiographic embolization of branches of the splenopalatine artery after failure of nasal packing.
Five (25%) patients rebled during follow-up. During
follow-up, the number of RBC units transfused (mean ±
SD) was 9.8 ± 11.7, the number of FFP units transfused
(mean ± SD) was 14.7 ± 21.8, and the number of platelets units transfused (mean ± SD) was 8 ± 9.9.
Patients’ outcomes were summarized in Table 2. Five
(25%) patients died in the hospital, 12 (60%) received
orthotopic liver transplantation (OLT) during the hospitalization, and 3 (15%) were discharged without OLT.
The mortality rate was 63% (5/8) in patients who did
not undergo OLT. The mean ± SD length of time until
death, liver transplantation, or discharge from the hospital was 13.6± 18.3 d.
Among the 5 deaths in the hospital, one was due to
uncontrolled recurrent epistaxis and very severe hemorrhage and all others were from ESLD or severe co-morbiditis. The patient who died of uncontrolled epistaxis
was a 75-year-old male with hepatitis C and alcoholic
cirrhosis who was maintained on oral anticoagulation
with warfarin for a St. Judes mitral valve replacement.
He developed epistaxis after an increase in his outpatient warfarin dose and was admitted with an INR of
7.7. The epistaxis was controlled after correction of his
coagulopathy and posterior nasal packing but recurred 8
d later days after the packing was removed. At the time
of the rebleed, the INR was 1.5 and platelet count was
above 100000/mm. Bleeding continued despite repeat
posterior nasal packing and transfusion with fresh frozen
plasma and platelets, and the patient subsequently developed a myocardial infarction and cardiogenic shock.
The patient’s family chose to withdraw care given his
very poor prognosis and he expired soon after. Among
the four other deaths, one patient died during OLT pro-
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Table 2 Outcomes of patients n (%)

OLT
Death in
hospital
Discharge
without OLT

No. of
patients

Age (yr)

PT (s)

INR

Platelet count
3
(/mm )

MELD score

Time between diagnosis and
death, OLT or discharge (d)

Rebleeding before death,
OLT or discharge

12 (60)
5 (25)

51.5 ± 8.7
57.6 ± 10.1

22.6 ± 7.9
17.7 ± 5.5

2.7 ± 1.7
1.8 ± 0.5

43333 ± 27955
54400 ± 41578

31.8 ± 6.4
30.8 ± 9.5

8.4 ± 8.2
10.8 ± 6.0

3 (25)
1 (20)

3 (15)

60.3 ± 11.7

18.6 ± 0.7

1.8 ± 0.1

76000 ± 26514

20.5 ± 2.1

39.0 ± 39.9

1 (33)

MELD: Model for end stage liver disease; OLT: Orthotopic liver transplantation; PT: Prothrombin time; INR: International normalized ratio; SD: Standard
deviation.

cedure and the tree other patients died in intensive care
unit (ICU) because of multiorgan failure due ESLD.

DISCUSSION
Patients with ESLD presenting with massive hematemesis, hematochezia, and/or melena require rapid diagnosis
and intervention to reduce the high mortality associated
with cirrhosis[2]. Many of these patients have coexisting coagulopathies that can worsen their outcomes. In
patients, with ESLD, epistaxis can be a cause of severe
hemorrhage which may be overlooked and usually masquerades as UGIH, because of the clinical presentation[5].
We estimated that in cirrhotic patients hospitalized for
severe UGIH symptoms, epistaxis was the diagnosis in
4.3% of cases. This prevalence increased more than three
times when cirrhotic patients were already hospitalized
before they started bleeding (15.3%). Few data have been
reported about the prevalence of epistaxis in patients
presenting with signs of severe UGIH. Hutchison et al[3]
reported 10 cases with apparent upper gastrointestinal
bleeding, comprising a 0.55% incidence of hematemesis and melena in the population studied of patients
referred for UGIH without information on their liver
function.
In ambulatory patients without cirrhosis, epistaxis
most commonly arises from the vessels located in the
anterior nasopharynx (Kiesselbach’s plexus), especially in
children and young adults. The source of bleeding is usually obvious, often related to local trauma, and rarely is
clinically severe[10]. In contrast, posterior nasopharyngeal
epistaxis may be occult, large volume, and associated
with high mortality[11]. It is reported to be more common in older patients, less likely trauma-related given its
anatomic location, and more likely the result of spontaneous bleeding from a sclerotic vessel. In contrast to
published figures that only 5% of all epistaxis is from a
posterior nasopharyngeal source, all of our patients with
epistaxis had posterior hemorrhage and most 15 (75%)
required posterior nasal packing. Although ESLD is now
more often considered as a procoagulant state, in our
cirrhotic patients with epistaxis, portal hypertension and
coagulopathy were risk factors in all patients. These risk
factors predisposed them to severe posterior nasopharyngeal hemorrhage.
One of the most common causes of epistaxis is trau-
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ma. Most patients (80%) in this study had epistaxis after a
recently placed nasogastric tube. Nasogastric tube placement may initiate or exacerbate pharyngeal bleeding, especially in patients with ESLD. Altered mental status from
hepatic encephalopathy, shock, or mechanical ventilation
related sedation might increase the risk of pharyngeal
trauma during nasogastric tube placement by blunting a
patient’s natural response to pain or discomfort. Abnormal coagulation may also increase the risk of epistaxis
arising from minimal pharyngeal trauma. Therefore, NG
tube placement should be avoided as often as possible
especially forceful or traumatic insertion in the patients
with ESLD. However by clearing the stomach of blood,
clots, or gastric contents and helping establish the acuity of bleeding, these devices may help localize a bleeding source, decrease the risk of massive aspiration, and
increase the amount of gastric mucosa seen during endoscopy[12-14]. NG or orogastric tubes are also useful for
enteral delivery of medications and nutrition in ESLD
patients with severe encephalopathy. If there is concern
about inducing epistaxis in patients with ESLD and coagulopathy and a gastric tube is required, an orogastric
tube can be considered instead of a nasogastric tube.
Most patients with ESLD without epistaxis tolerate such
tubes well and do not have complications in current practice. However it would be interesting to know the prevalence of epistaxis in population of patients with ESLD
who underwent ng tube placement and further studies
are warranted.
Mortality rates approaching 5% have been reported
for all patients with posterior epistaxis[3]. Given associated
coagulopathy and other factors, it is expected that patients
with ESLD who develop a severe posterior nasopharyngeal bleed would have significantly higher mortality. Our
overall mortality rate of 25% (5/20) supports this idea,
and the rate in those not receiving liver transplantation
was even higher (5/8, 63%).
Epistaxis as a source of severe bleeding must be included in the differential diagnosis of inpatient hemorrhage for patients with ESLD and nasogastric tubes or
nasotracheal intubation. However, this is still a diagnosis
of exclusion. Especially in cirrhotic patients who often
have variceal hemorrhage, upper endoscopy should always be performed to rule out more common causes of
UGIH, and in the absence of an actively bleeding lesion
on esophagogastroduodenoscopy, careful examination
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of the mouth and nasopharynx should be performed.
Delayed diagnosis of severe epistaxis from posterior
pharyngeal sources can lead to significant blood loss and
resulting hypovolemia, shock, and death[5].
Once the diagnosis of posterior nasopharyngeal epistaxis is established, an otolaryngologist should be consulted about treatment options, which include posterior
nasal packing, possible embolization of arteries supplying that region, and/or endoscopic ligation[10,15]. Posterior nasal packing is not without potential complications,
including aspiration, hypoxia, and toxic shock as the
most serious. Supplemental oxygen should be provided
and, whenever necessary, intubation and mechanical
ventilation should be considered to help prevent aspiration and hypoxia. Nonetheless, despite rapid diagnosis
and treatment, the outcome for these patients is poor,
most likely influenced by their significant comorbidities,
particularly ESLD and coagulopathy.
In the absence of an early otolarygoscopic exam, turning the patient onto the side and looking for nasal blood
loss may help suggest an occult posterior pharyngeal hemorrhage as well as facilitate drainage. Other measures that
might influence diagnosis, treatment, and outcome include
oral passage of a gastric lavage tube and early referral for
liver transplantation.
In conclusion, severe posterior nasopharyngeal epistaxis in hospitalized patients with ESLD: (1) is a diagnosis of exclusion that requires upper endoscopy to rule
out common causes of UGIH; (2) can usually be effectively treated with nasal packing and correction of coagulopathy; (3) was the diagnosis of the bleeding source in
4.3% of cirrhotic patients with a suspected UGIH and
this prevalence increased to 15.3% in the subgroup of
cirrhotic patients in whom the hemorrhage started after
hospitalization for worsening liver disease and did not
have signs of UGIH on admission; and (4) is associated
with a high rate of mortality (63%) in those not receiving
liver transplantation. Physicians managing patients with
ESLD should be aware that posterior nasopharyngeal
epistaxis can masquerade as massive UGIH, particularly
in those with severe coagulopathy.

creased to 15.3% in the population of cirrhotic patients in whom the hemorrhage
occurred after hospitalization for worsening liver disease and did not have signs
of UGIH on admission. The authors found that epistaxis in such cases could
usually be effectively treated with nasal packing and correction of coagulopathy.
This treatment should not be delayed. In fact, epistaxis in ESLD was associated
with a high rate of mortality (63%) in those not receiving liver transplantation.

Applications

Physicians managing patients with ESLD should be aware that posterior nasopharyngeal epistaxis can masquerade as massive UGIH, particularly in those
with severe coagulopathy.

Peer review

Well written and discussed study. The authors described the prevalence, diagnosis, treatment, and outcomes of ESLD patients with severe epistaxis masqueraded as upper gastrointestinal hemorrhage. We have limited knowledge in
this subject and the authors made an important observation.
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Abstract
AIM: To investigate the influence of thiopurines and
biological drugs on the presence of small intestinal bacterial overgrowth (SIBO) in patients with inactive Crohn’
s disease (CD).
METHODS: This was a prospective study in patients
with CD in remission and without corticosteroid treatment, included consecutively from 2004 to 2010. SIBO
was investigated using the hydrogen glucose breath
test.
RESULTS: One hundred and seven patients with CD in
remission were included. Almost 58% of patients used
maintenance immunosuppressant therapy and 19.6%
used biological therapy. The prevalence of SIBO was
16.8%. No association was observed between SIBO
and the use of thiopurine Immunosuppressant (12/62
patients), administration of biological drugs (2/21 patients), or with double treatment with an anti-tumor
necrosis factor drugs plus thiopurine (1/13 patients).
Half of the patients had symptoms that were sugges-
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tive of SIBO, though meteorism was the only symptom
that was significantly associated with the presence of
SIBO on univariate analysis (P < 0.05). Multivariate
analysis revealed that the presence of meteorism and
a fistulizing pattern were associated with the presence
of SIBO (P < 0.05).
CONCLUSION: Immunosuppressants and/or biological drugs do not induce SIBO in inactive CD. Fistulizing
disease pattern and meteorism are associated with
SIBO.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Bacterial overgrowth; Thiopurines; Biologics; Inflammatory bowel disease
Core tip: Thiopurine Immunosuppressants and biological drugs used in Crohn’s disease are not free from side
effects, such as acquiring infections. Our study demonstrated no association between drug treatment and
bacterial overgrowth. These results may be explained
as the treatment promoting better disease control.
Sánchez-Montes C, Ortiz V, Bastida G, Rodríguez E, Yago
M, Beltrán B, Aguas M, Iborra M, Garrigues V, Ponce J, Nos
P. Small intestinal bacterial overgrowth in inactive Crohn’s
disease: Influence of thiopurine and biological treatment. World J
Gastroenterol 2014; 20(38): 13999-14003 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13999.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13999

INTRODUCTION
Small intestinal bacterial overgrowth (SIBO) is an imbalance in intestinal microflora, which can show a wide
clinical spectrum ranging from mild and unspecific in-
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testinal symptoms, to a severe malabsorption syndrome.
A jejunal aspirate culture is considered the gold standard
diagnostic test for SIBO; however, the hydrogen glucose
breath test (HGBT) and lactulose breath test are currently used in clinical practice. Among them, HGBT
seems to have a higher diagnostic accuracy in studies
comparing breath tests vs culture[1-3].
Crohn’s disease (CD) involves intestinal changes that
in some situations may lead to stasis of intestinal contents and, consequently, SIBO. Included among these
changes are intestinal stenosis and dilation, changes in
motility, fistulas, or changes caused by surgical treatment
of the disease. Several studies have evaluated the overall
presence of SIBO to be between 18% and 30%[4-7] in patients with CD.
In the last decade, there have been significant changes
in the therapeutic approach to inflammatory bowel disease (IBD), which have been spurred on by the growing
use of immunosuppressant agents (specially azathioprine)
and the use of biological drugs, such as anti-tumor necrosis factor agents (anti-TNF: infliximab or adalimumab).
Incorporation of these drugs in the therapeutic arsenal
has improved the results of medical treatment in IBD,
especially in CD. Nevertheless, they are not exempt from
side effects. Included among these is the increased risk
of contracting infections[8-10]. However, it is not known if
these patients have an increased prevalence of SIBO.
The primary objective of our study was to determine
the influence of thiopurine immunosuppressant and biological treatment with anti-TNF drugs on the presence
of SIBO in patients with CD. The secondary objectives
were: (1) to study other factors that may be associated
with the presence of SIBO; (2) to evaluate the association between the presence of SIBO and the presence of
symptoms compatible with SIBO in patients with CD;
and (3) to investigate the prevalence of SIBO in our area
in patients with inactive CD.

MATERIALS AND METHODS
Study design and subjects
This was a prospective study of patients that were treated
for CD in clinical remission in our hospital outpatient appointments and included consecutively from January 2004
to December 2010. Inclusion criteria were: remission
[defined as the absence of clinical signs of biological activity -C-reactive protein, erythrocyte sedimentation rate,
fibrinogen, leukocytes, platelets-, with a Crohn’s Disease
Activity Index (CDAI) less than 150 points], patients were
not on corticosteroid treatment and were over 18 years of
age. Exclusion criteria: pregnancy and refusal to participate in the study.
Hydrogen glucose breath test
With the patient fasting for at least 10 h after a carbohydrate-free dinner and without smoking since at least
the night before, the amount of hydrogen in exhaled air
was determined (Quintron model 121; Milwaukee, WI,
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United States) at baseline and every 30 min for 3 h after
ingesting 50 g of glucose in 250 ml of water. The test
was considered positive if there was an increase above
baseline in hydrogen in the exhaled air greater than 12
ppm on two consecutive measurements. Patients should
not have taken antibiotic drugs within the previous
month[11-15].
Study variables
The epidemiological variables collected were gender, age,
and body mass index. The disease-associated variables
studied were the time of disease progression, the disease
location and pattern (Montreal classification)[16], pharmacological treatment (thiopurine immunosuppressant and
anti-TNF biologic drugs: infliximab or adalimumab), and
surgical treatment (ileocecal valve resection).
The presence or absence of the symptoms compatible with SIBO (bowel frequency, abdominal pain, abdominal distension, meteorism and borborygmus) was
evaluated using a structured clinical questionnaire during
the clinical interview. This information was absent from
five patients.
Variables are reported as absolute frequencies, as percentages for qualitative data, and as mean ± SD for continuous variables. Univariate analyses were performed
using the χ 2-test for qualitative variables, or Fisher’s
exact test if the conditions for use of the previous test
were not met. A Mann-Whitney U-test for independent
samples was used, as appropriate, to assess differences
between quantitative variables. For all analyses, a value of
P < 0.05 was considered statistically significant. The variables introduced in the multivariate analysis were those
that showed statistically significant differences in the univariate analysis and those that have clinical significance.
A logistic regression was used to assess the association
between the presence of SIBO and several independent
variables (see study variables).
Ethical statement
The ethical committee (CEIC) of our Hospital approved
the study. All patients gave their written consent to undergo the breath test after receiving detailed information
on the purpose of the study.

RESULTS
Table 1 shows the baseline characteristics of the sample
studied. Eighteen of the 107 patients (16.8%) had SIBO.
Table 2 shows the association between different independent variables and the presence of SIBO. No association was seen between SIBO and the use of thiopurine
immunosuppressants, administration of anti-TNF treatment, or with the double treatment, or PPI.
Fifty-one percent of patients reported symptoms compatible with SIBO, which were graded as moderate or
intense, though meteorism was the only symptom that was
significantly associated with the presence of SIBO on univariate analysis (Figure 1).
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Table 1 Baseline characteristics of the patients n (%)
Time since disease diagnosis (yr)
Age (yr)
Gender (% female)
BMI (kg/m2)
Location
Ileum
Ileum and colon
Colon
Pattern
Inflammatory
Stenotic
Fistulizing
Ileocecal valve resection
Treatment
Immunosuppressant1
Biological treatment2
Double (immunosuppressant + biological)
Proton pump inhibitors
Bacterial overgrowth
Presence of symptoms (n = 102)
Bowel frequency (24 h)

40%

8.5 ± 7.3
40.8 ± 12.1
56 (52.3)
25.2 ± 4.9

41

Yes
No

36

30%
25%
20%

39 (36.5)
53 (49.5)
15 (14)

15%

29 (27.1)
58 (54.2)
20 (18.7)
63 (58.9)

0%

10%
5%

P value
NS

47 ± 17.8
25 ± 6.2
17 (94.4)

39.5 ± 10.3
25.2 ± 4.6
75 (84.3)

NS
NS
NS

2 (11.1)
10 (55.5)
6 (33.3)
12 (66.6)

27 (30.3)
48 (53.9)
14 (15.7)
51 (57.3)

NS
NS
NS
NS

12 (66.6)
2 (11.1)
1 (5.5)

50 (56.2)
19 (21.3)
12 (13.5)

NS
NS
NS

4 (22.2)
13 (72.2)
6 (33.3)
9 (50)
12 (66.6)
11 (61.1)
3.1 ± 1.8

15 (16.9)
42 (47.2)
36 (40.4)
43 (48.3)
37 (41.6)
42 (47.2)
2.8 ± 2.1

NS
NS
NS
NS
< 0.05
NS
NS

Meteorism

Borborygmus

With bacterial overgrowth OR (95%CI) P value

YES 18 (16.8) NO 89 (83.2)
8.4 ± 7.4

Abdominal

Table 3 Independent variables associated with bacterial overgrowth

Meteorism
No
Yes
Fistulizing pattern
No
Yes

Table 2 Study variables and the presence of bacterial overgrowth (univariate analysis) n (%)

9.5 ± 7.1

Pain

11

Figure 1 Symptoms and bacterial overgrowth in Crohn’s disease.

62 (57.9)
21 (19.6)
13 (12.1)
19 (17.8)
18 (16.8)
55 (51.4)
2.8 ± 2

Bacterial overgrowth

6

12

9

distension

Fifty-six azathioprine, six mercaptopurine; 2Seventeen infliximab, four
adalimumab. Quantitative variables are expressed as mean ± SD.

Quantitative variables are expressed as mean ± SD. NS: Not significant.

On multivariate analysis, that presence of meteorism
(p < 0.05) and a fistulizing pattern (p < 0.05) were associated with the presence of SIBO. No association was
found with the remaining variables included in the study
(table 3).

DISCUSSION
Thiopurine immunosuppressant and biological drugs
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P < 0.05

35

35%

1

Time since disease diagnosis
(yr)
Age (yr)
BMI (kg/m2)
Ileal location
Pattern
Inflammatory
Stenotic
Fistulizing
Ileocecal valve resection
Treatment
Immunosuppressant
Biological
Double (immunosuppressant
+ biological)
Proton pump inhibitors
Presence of symptoms
Abdominal pain
Abdominal distension
Meteorism
Borborygmus
Bowel frequency (24 h)

42

6/53 (11)
12/49 (24)

Reference
4.1 (1.2-13.6)

< 0.05

12/87 (14)
6/20 (30)

Reference
4.2 (1.0-17.5)

< 0.05

(anti-TNF) used in CD are not free from side effects.
Included among these is an increased risk of acquiring
infections[8-10]. Nevertheless, no studies have evaluated
the risk of SIBO in these patients. Thus, our objective
was to investigate the prevalence of SIBO in our area in
patients with inactive CD, and to determine the influence
of thiopurine drugs and anti-TNF on CD, as well as to
determine if there is an association between use of immunosuppressant or biological drugs and the presence
of SIBO symptoms.
The prevalence of SIBO in our study was 16.8%, which
is slightly lower than other published studies (18%-30%)[4-7].
One of these studies[4] included 67 non-selected patients
with CD showing a SIBO prevalence of 18% in those
patients who had not been surgically treated and 30% in
patients who had undergone surgery for CD. An association was found in this study between the presence of
SIBO and increased orocecal transit time. Mishkin et al[5]
demonstrated a SIBO prevalence of 28% (20 out of 71
patients), which was significantly associated with the presence of stenosis, but not with CDAI. In a later study[6],
SIBO was detected in 38 out of 150 patients studied
(25.3%), being most frequent in patients who had a
greater number of bowel movements, lower weight and
with ileum and colonic involvement, partial colectomy,
or a history of multiple bowel surgeries. In our study, we
found no association between SIBO and the number of
bowel movements or with BMI, though we did find a
higher percentage of SIBO in patients with CD with ileal involvement compared to patients with ileocecal valve
resection. In a previously mentioned study[6], an association was found between the presence of abdominal pain
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and SIBO. Our patients had symptoms that could be related to SIBO, though meteorism was the only symptom
to reach statistical significance, both in the univariate and
the multivariate analysis. There are other situations that
may lead to similar symptoms in CD patients. Among
these are malabsorption of bile salts or situations related
to the disease itself, such as stenosis or conditions arising
from intestinal resection.
One possible limitation of the study is that endoscopic inactivity was not ruled-out; thus, in some cases
the symptoms may be caused by intestinal activity that is
not detected with the methods used (CDAI, acute-phase
reactants, absence of corticosteroid treatment). Another
methodological limitation could be the presence of possible false-negative cases where SIBO is limited to the distal ileum because the glucose is physiologically absorbed
within the jejunum.
Immunosuppressant and biological treatment causes
changes in immunity with a slightly increased risk of developing infections. These are primarily mild, except in
the case of combined treatment of two or three drugs,
where the risk of severe opportunistic infections is at
least four times greater when the combination includes
corticosteroids[8-10]. Our study suggested that patients
with CD receiving double therapy do not have a greater
risk of developing SIBO. It is important to differentiate
between systemic infections in which risk is increased if
immunity is altered, and local infection, such as SIBO, in
which other factors certainly play a role. Our study does
not prove the existence of an association between drug
treatment and SIBO. These results may indicate that the
better disease control in these patients results from the
use of immunosuppressants or biological drugs.
Another interesting finding was that the fistulizing
pattern was associated with the presence of SIBO in the
multivariate analysis. This data differs from the study by
Mishkin et al[5], in which a higher prevalence of SIBO
was found in patients with stenosis. In both cases, there
were anatomical changes that may justify these findings.
Furthermore, chronic acid suppression and the resultant hypochlorhydria associated with PPI use have been
hypothesized to alter the intraluminal environment to
promote SIBO. This relationship between PPI remains
controversial and confusing[17]. No association was seen
between SIBO and the use of PPIs in our study.
In conclusion, treatment with immunosuppressants
and/or biological drugs was not associated with bacterial
overgrowth in patients with CD in remission. SIBO is more
frequent in those patients with a fistulizing disease pattern
and seems to be associated with the presence of meteorism.
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Abstract
AIM: To highlight magnetic resonance enterography
(MRE) for diagnosis of patients with refractory iron deficiency anemia and normal endoscopy results.
METHODS: Fifty-three patients diagnosed with iron
deficiency anemia refractory to treatment and normal
gastroscopy and colonoscopy results were admitted
to this prospective study between June 2013 and December 2013. All patients underwent a standardized
MRE examination with a 1.5 Tesla magnetic resonance
imaging system using two six-channel phased-array
abdominal coils. Adequate bowel distention and fast
imaging sequences were utilized to achieve diagnostic
accuracy. All segments of the small bowel, duodenum,
jejunum, and ileum were examined in detail. All cases
were examined independently by two radiologists with
> 5 years of experience in abdominal magnetic resonance imaging. A consensus reading was performed
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for each patient following image examination. Both
radiologists were blinded to patient history, laboratory
findings, and endoscopy results.
RESULTS: Twenty (37.7%) male and 33 (62.3%) female patients were included in the study. The mean
age of the patients was 52.2 ± 13.6 years (range:
19-81 years, median 51.0). The age difference between
the male and female patient groups was not statistically
significant (54.8 ± 16.3 years vs 50.7 ± 11.7 years).
MRE results were normal for 49 patients (92.5%). Four
patients had abnormal MRE results. One patient with
antral thickening was diagnosed with antral gastritis in
the second-look gastroscopy. One patient had focal wall
rd
th
thickening in the 3 and 4 portions of the duodenum.
The affected areas were biopsied in a subsequent duodenoscopy, and adenocarcinoma was diagnosed. One
patient had a fistula and focal contrast enhancement in
the distal ileal segments, consistent with Crohn’s disease. One patient had focal wall thickening with luminal
narrowing in the mid-jejunum that was later biopsied
during a double-balloon enteroscopy, and lymphoma
was diagnosed.
CONCLUSION: MRE is a non-invasive and effective
alternative for evaluating possible malignancies of the
small intestines and can serve as a guide for a secondlook endoscopy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anemia; Magnetic resonance enterography;
Double-balloon enteroscopy; Small intestine; Crohn’s
disease; Lymphoma; Adenocarcinoma; Gastritis
Core tip: This study stresses the importance of magnetic
resonance enterography (MRE) for small bowel pathologies in patients with iron deficiency anemia refractory
to treatment and normal gastroscopy and colonoscopy
findings. The prospect of occult bleeding must be considered in such patients. This study of 53 patients dem-
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onstrates that in cases of negative upper endoscopy
and colonoscopy, MRE is a non-invasive and effective
examination method for the evaluation of potential neoplastic processes of the small intestines. Furthermore,
MRE can serve as a guide for a second-look endoscopy
and double-balloon enteroscopy.
Cengic I, Tureli D, Aydin H, Bugdayci O, Imeryuz N, Tuney D.
Magnetic resonance enterography in refractory iron deficiency
anemia: A pictorial overview. World J Gastroenterol 2014;
20(38): 14004-14009 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/14004.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.14004

INTRODUCTION
Iron deficiency due to nutritional causes is the most frequent cause of microcytic hypochromic anemia. Occult
gastrointestinal losses, intestinal malabsorption, chronic
infection, and inflammatory conditions of the gastrointestinal tract can all lead to iron deficiency anemia
refractory to treatment. Occult gastrointestinal bleeding
is challenging for clinicians to evaluate, especially when
considering small bowel segments as the potential culprit. The stomach and colon are easily visualized using
endoscopic techniques. However, traditional endoscopy
has limited success rates in evaluation of the jejunum
and ileum due to the organs’ length and location[1,2].
Magnetic resonance enterography (MRE), owing its
success to the development of rapid imaging sequences,
is a viable alternative to more conventional methods
studying the small bowel. The aim of the present study
was to determine the role of MRE in evaluating small
bowel pathologies in patients with iron deficiency anemia refractory to treatment who have normal gastroscopy and colonoscopy findings.

MATERIALS AND METHODS
Fifty-three patients diagnosed with iron deficiency anemia refractory to treatment and normal gastroscopy and
colonoscopy results were admitted to this prospective
study between June 2013 and December 2013. An institutional review board approval was obtained prior to the
study. Each patient provided written informed consent.
All patients underwent a standardized MRE examination
with a 1.5 Tesla magnetic resonance imaging (MRI) system (Magnetom Symphony; Siemens, Munich, Bavaria,
Germany) using two six-channel phased-array abdominal
coils.
Adequate bowel distention and fast imaging sequences
were utilized to achieve diagnostic accuracy. MRE was
performed with patients in the supine position. Forty
minutes prior to the examination, an oral solution containing 120 g of polyethylene glycol 3350 and electrolytes (Golytely; Braintree Laboratories Inc., Braintree,
MA, United States) diluted in 1.5 L of water was used as
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the biphasic oral contrast agent. To decrease bowel motility and prevent peristaltic artifacts, 0.5 mg of glucagon
(Glucagen; Novo-Nordisk, Bagsvaerd, Denmark) was
administered intravenously 5 min before the examination. An additional dose of 0.5 mg glucagon was injected
after the non-contrast sequences and just before the intravenous contrast administration.
After the localizer scout images were obtained, the following were applied sequentially: (1) coronal T2-weighted
fast imaging with steady-state precession (FISP) [TR/TE
3.85/1.93 ms, slice thickness 5 mm, slice gap 0 mm, field
of view (FOV) 450 mm]; (2) axial T2-weighted FISP (TR/
TE 4.11/2.06 ms, slice thickness 5 mm, slice gap 0 mm,
FOV 350 mm); (3) coronal T2-weighted half-Fourier acquisition single-shot turbo spin-echo (HASTE) (TR/TE
800/81, slice thickness 6 mm, slice gap 0 mm, FOV 400
mm); (4) axial T2-weighted HASTE (TR/TE 1200/81,
slice thickness 6 mm, slice gap 0 mm, FOV 360 mm); and
(5) axial fat-saturated 3D volumetric interpolated breathhold examination (VIBE) (TR/TE 5.13/2.33, slice thickness 5 mm, slice gap 0.2 mm, FOV 340 mm); and (6)
coronal fat-saturated 3D VIBE (TR/TE 5.12/2.50, slice
thickness 5 mm, slice gap 0.2 mm, FOV 366 mm). Gadolinium-based contrast agent [1 mmol/mL gadobutrol
(Gadovist), Bayer Schering, Berlin-Wedding, Germany]
was given intravenously as a 0.65 mg/kg bolus dose, followed by axial fat-saturated 3D VIBE (TR/TE 5.13/2.33,
slice thickness 5 mm, slice gap 0.2 mm, FOV 340 mm)
and coronal fat-saturated 3D VIBE (TR/TE 5.12/2.50,
slice thickness 5 mm, slice gap 0.2 mm, FOV 366 mm).
Two radiologists with > 5 years of experience in abdominal MRI examined all cases independently, followed
by a consensus reading for each patient. Both radiologists were blinded to patient history, laboratory findings, and endoscopy results. All of the small intestine
segments were examined in Digital Imaging and Communications in Medicine image formats on a Picture Archiving Communication System workstation (Leonardo;
Siemens).
Statistical analysis
Demographic variables were analyzed using the Student’s t-test (SPSS version 17, SPSS Inc., Chicago, IL,
United States). A P value < 0.05 was considered statistically significant.

RESULTS
Twenty (37.7%) male and 33 (62.3%) female patients
were included in the study. The mean patient age was
52.2 ± 13.6 years (range: 19-81 years, median 51.0).
There was no significant age difference between the male
and female patient groups (54.8 ± 16.3 vs 50.7 ± 11.7
years). Forty-nine of the 53 patients (92.5%) had normal MRE findings (Figure 1). The mean age of patients
with normal MRE was 51.2 ± 13.4 years, and the mean
age of patients with abnormal findings was 64.5 ± 10.9
years. This difference was not statistically significant.
Four patients had the following abnormalities in
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Figure 1 Normal magnetic resonance enterography findings. A: Coronal T2 fast imaging with steady-state precession (FISP); B: Coronal T1 volumetric interpolated breath-hold examination with contrast; C: Axial T2 FISP images.

A

B

C

Figure 2 Magnetic resonance enterography findings of antral gastritis. A: Axial T2 half-Fourier acquisition single-shot turbo spin-echo; B: Axial T1 volumetric
interpolated breath-hold examination prior to contrast; C: Axial T1 VIBE after contrast injection. Antrum is thickened (arrows) while periantral soft tissues remain unaffected.

A

B

C

D

Figure 3 Magnetic resonance enterography findings of adenocarcinoma of the duodenum. A: Axial T2 half-fourier acquisition single-shot turbo spin-echo; B:
Axial T1 volumetric interpolated breath-hold examination (VIBE) with contrast; C: Coronal T2 fast imaging with steady-state precession; D: Coronal T1 VIBE with contrast. Asymmetric thickening of the duodenal wall and contrast enhancement is seen with luminal narrowing in the proximal and distal ends with slight dilatation in the
center (arrows). Periduodenal mesenteric adipose tissue appears infiltrated, and the tumor is in close relation with the abdominal aorta (arrowheads).

MRE images: (1) antral thickening (Figure 2); (2) asymmetric focal wall thickening and contrast enhancement
in the 3rd and 4th portions of the duodenum (Figure 3);
(3) a fistula and focal contrast enhancement in distal ileal
segments (Figure 4); and (4) segmental wall thickening
with luminal narrowing in the mid-jejunum (Figure 5).
The antral thickening was shown to be antral gastritis in
the second-look gastroscopy. Double-balloon enteros-
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copy revealed a narrow segment in the distal duodenum,
which made the impression of duodenal wall infiltration
with the mucosa eroded and fragile. The biopsy result
was adenocarcinoma of the duodenum. The images of
the abnormality in the ileal segment were almost pathognomonic for Crohn’s disease. A biopsy from the distal ileum confirmed the diagnosis. The mid-jejunum segment
was biopsied during double-balloon enteroscopy and
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Figure 4 Magnetic resonance enterography findings suggesting Crohn’s disease. A: Axial T2 half-Fourier acquisition single-shot turbo spin-echo (HASTE); B:
Axial T1 volumetric interpolated breath-hold examination (VIBE) with contrast; C: Coronal T2 HASTE; D: Coronal T1 VIBE with contrast. Wall thickening and contrast
enhancement in distal ileal segments (arrows) are observed. Ileoileal and ileomesenteric fistula formations (arrowheads) support the diagnosis of Crohn’s disease.

A

B

C

Figure 5 Atypical magnetic resonance enterography findings in a case with small bowel lymphoma. A: Axial T2 fast imaging with steady-state precession (FISP);
B: Coronal T2 FISP; C: T2 maximum intensity projection images. Long segment wall thickening and luminal narrowing in the jejunum (arrows) without accompanying
lymphadenopathy. The biopsy showed an isolated small bowel lymphoma, though imaging findings were not strongly suggestive.

diagnosed as lymphoma.

DISCUSSION
Occult gastrointestinal bleeding is an important cause of
iron deficiency anemia refractory to treatment. The condition causes recurrent or persistent blood loss despite
negative initial endoscopic and radiologic evaluations,
regardless of the fecal occult blood test result. Approximately 5% of all gastrointestinal bleeding is occult and is
frequently caused by lesions of the small bowel[3-7].
The stomach and colon can be evaluated very efficiently with traditional endoscopic techniques. On the
other hand, jejunal and proximal ileal segment evaluations are limited owing to their length and location[8-11].
New methods have been devised for better evaluation
of the small bowel including capsule endoscopy and
double-balloon enteroscopy[12-16]. Barium studies of the
small bowel are limited due to the fact that only abnormalities of the lumen can be visualized. In order to visualize the extraluminal structures, cross-sectional imaging
techniques may be used, such as computed tomography
(CT), ultrasonography, and MRI[17]. The main disadvantage of CT enterography is its use of ionizing radiation.
On the other hand, radiation exposure is not a concern
in ultrasonography, making this method more suitable,
especially for younger patients. However, ultrasonography is quite limited due to obscuring of the field of view
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by bowel gas.
Due to long acquisition times, which lead to respiratory and peristalsis artifacts, MRI of the small intestines
was not technically possible until rather recently. The
development of rapid imaging techniques and the possibility to obtain images in a single breath-hold has made
this feasible. The lack of ionizing radiation and increased
patient comfort during the procedure, compared to
conventional or magnetic resonance enteroclysis, made
MRE a more favorable method for examining the small
bowel[18-20]. In addition, when compared to CT, magnetic
resonance has four-times more contrast resolution[21].
A weakness of MRE, compared to magnetic resonance enteroclysis, is the suboptimal distension of the
jejunum. Although this problem is less pronounced with
the use of hyperosmolar oral contrast agents such as
polyethylene glycol, it may still be a cause for concern.
All hyperosmolar luminal contrast agents have a probability of inducing diarrhea, causing patient discomfort.
On the other hand, patient comfort and tolerability is
much better with MRE[20,22].
One of the major MRE applications is the ability to
monitor disease activity and extraluminal complications
of Crohn’s disease, such as mesenteric inflammation and
fistula formation[23-26]. MRE may also be used for evaluation of patients with symptoms related to jejunoileal
segments, ruling out neoplastic processes of the small
bowel. High patient acceptance and absence of ionizing
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radiation has made MRE a very feasible alternative to
the more conventional methods, such as colonoscopy,
especially when used for frequent follow-ups of Crohn’s
disease[27-30].
Double-balloon enteroscopy allows for visualization
and tissue sample harvesting from all segments of the
small bowel. However, the method’s value as a diagnostic
and therapeutic technique clearly increases when used in
conjunction with MRE. In our study, MRE made it possible to identify those patients who needed further evaluation with double-balloon enteroscopy (3/53). MRE also
guided the operator in choosing the place of entry-oral in
two patients or anal in one case-by identifying the target
intestinal segment prior to the procedure.
In summary, patients with iron deficiency anemia refractory to treatment must be examined for occult bleeding. In cases of negative upper endoscopy and colonoscopy, MRE presents a non-invasive and effective examination method for evaluating the possibility of neoplastic
processes of the small intestine. Moreover, MRE can
serve as a guide for a second-look endoscopy and doubleballoon enteroscopy.
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mass index, TC and CC genotypes were found to increase the susceptibility to NAFLD compared to the
TT genotype, with adjusted odds ratios (ORs) of 1.77
(95%CI: 1.16-2.72) and 2.80 (95%CI: 1.64-4.79), respectively. Further stratification analysis indicated that
carriers of the CC genotype was more susceptible to
insulin resistance (IR) than those of the TT genotype,
with an OR of 3.24 (95%CI: 1.52-6.92). The CC genotype also was associated with a significantly higher
risk of hypertension, hypertriglyceridemia, and low
levels of high-density lipoprotein cholesterol (HDL) (P
< 0.05). No association was found between the APOC3
(-455T>C) polymorphism and obesity, impaired glucose tolerance, hyperuricemia, hypercholesterolemia,
or high levels of low-density lipoprotein cholesterol
(LDL) (P > 0.05).
CONCLUSION: APOC3 (-455T>C) genetic variation is
involved in the susceptibility to developing NAFLD, IR,
hypertension, hypertriglyceridemia, and low HDL in the
Southern Chinese Han population.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: to investigate the relationship between Apolipoprotein C3 (APOC3 ) (-455T>C) polymorphism and
nonalcoholic fatty liver disease (NAFLD) in the Southern Chinese Han population.
METHODS: In this prospective case-control study, we
recruited 300 NAFLD patients and 300 healthy controls
to a cohort representing Southern Chinese Han population at The First Affiliated Hospital, Sun Yat-sen University, from January to December 2012. Polymerase
chain reaction-restriction fragment length polymorphism and DNA sequencing were used to genotype the
APOC3 (-455T>C) variants.
RESULTS: After adjusting for age, gender, and body-
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Key words: Apolipoprotein C3 ; Nonalcoholic fatty liver
disease; Insulin resistance; Metabolic disorder; Polymorphism
Core tip: This study represents the first study to investigate the relationship between the Apolipoprotein C3
(APOC3 ) (-455T>C) polymorphism and nonalcoholic
fatty liver disease (NAFLD) susceptibility in the Southern Chinese Han population. After adjusting for age,
gender, and body-mass index, we found that APOC3
(-455T>C) genetic variation was involved in the susceptibility to developing NAFLD, insulin resistance, hypertension, hypertriglyceridemia, and low high-density
lipoprotein cholesterol. In the additive genetic model,
carriers of variant-type homozygote CC showed the
highest susceptibility to the above disorders, followed
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by carriers of heterozygote TC and wild-type homozygote TT.

University. In addition, written consent was given by the
patients for their information to be stored in the hospital
database and used for research.

Li MR, Zhang SH, Chao K, Liao XH, Yao YJ, Chen MH, Zhong BH.
Apolipoprotein C3 (-455T>C) polymorphism confers susceptibility
to nonalcoholic fatty liver disease in the southern Han Chinese
population. World J Gastroenterol 2014; 20(38): 14010-14017
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i38/14010.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i38.14010

Subjects
In this prospective, case-control study, 600 unrelated individuals, including 300 NAFLD patients and 300 ageand gender-matched healthy controls, were enrolled
between January and December 2012. The study was
conducted in the health examination center of The First
Affiliated Hospital, Sun Yat-sen University, Guangzhou,
China. The male-to-female ratio was 2. For the NAFLD
group, subjects were enrolled after a diagnosis of fatty
liver defined by the presence of at least two of the following three abnormal findings on abdominal ultrasonography: diffusely increased liver near field ultrasound
echo (“bright liver”); liver echo greater than kidney echo;
vascular blurring and the gradual attenuation of far field
ultrasound echo [13]. Subjects with secondary diagnoses of hepatic steatosis, such as that caused by alcohol
abuse (alcohol consumption > 140 g/wk in men or >
70 g/wk in women), hepatitis B, hepatitis C, or other
cryptogenic liver diseases, were excluded from the study.
For the healthy control group, subjects who were free
of elevated alanine aminotranferase (ALT) and aspartate
aminotransferase (AST) and had no liver steatosis examined by abdominal ultrasonography, and lacked any sign
of metabolic disorders such as hypertension, overweight,
obesity, hyperuricemia, and dyslipidemia were enrolled.
All subjects were of Southern Chinese Han ethnicity.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is an escalating
public health problem, affecting up to 35% of adults in
the United States and 15% in relatively affluent regions in
China[1,2]. NAFLD includes a spectrum of hepatic disorders extending from nonalcoholic fatty liver (NAFL) to
nonalcoholic steatohepatitis (NASH), fibrosis/cirrhosis,
and hepatocellular carcinoma (HCC). It was estimated
that 10%-20% of patients with NAFL would develop
NASH, and 10%-29% of patients with NASH would
progress to cirrhosis within 10 years[3,4]. The hallmark
of NAFLD is an imbalance between triglyceride (TG)
acquisition and removal in the liver, and steatosis is defined as TG accumulation to levels that are more than
5% of the total liver weight. Therefore, genetic factors
that promote TG acquisition in the liver and inhibit
TG removal from the liver would cause steatosis[5]. The
major pathway for TG export from the liver is secretion
into the blood as very-low-density lipoprotein (VLDL).
Mutations in the major components involved in VLDL
pathways may be additional causes for hepatic steatosis[5].
Apolipoprotein C3 (APOC3) is a major constituent
of VLDL, and inhibits the hydrolysis of TG-rich particles by lipoprotein lipase[6]. Transgenic mice overexpressing human APOC3 were predisposed to hepatic steatosis,
which indicated that APOC3 might play an important
role in the development of NAFLD[7,8]. Recently, a singlenucleotide polymorphism [SNP; rs2854116, APOC3
(-455T>C)] in the promoter region of APOC3 has been
reported to be associated with the susceptibility to developing NAFLD and insulin resistance (IR)[9]. However,
conclusions drew from other studies were not in accordance with that finding[10-12]. This inconsistency might be
due to factors such as gender, geographical region, and
ethnicity. Until now, no data about this field have been
reported in the Southern Chinese Han population. In this
prospective case-control study, we explored the genotype
frequency of APOC3 (-455T>C) in the Southern Chinese Han population and analyzed its association with
NAFLD and metabolic disorders.

MATERIALS AND METHODS
Ethics statement
This study protocol was approved by the Human Ethics
Committee of The First Affiliated Hospital, Sun Yat-sen

WJG|www.wjgnet.com

Clinical data collection
Demographic and clinical data were collected by structured interview using a questionnaire. Body mass, height,
and blood pressure were measured by trained nurses.
Body-mass index [BMI (kg/m2)] was calculated. BMI ≥
25 kg/m2 was considered as obesity. Abdominal ultrasonography and blood biochemical analysis were routinely
conducted. TG, high-density lipoprotein cholesterol
(HDL), total cholesterol, low-density lipoprotein cholesterol (LDL), fasting plasma glucose (FPG), fasting plasma
insulin (FPI), serum uric acid (UA), ALT, and AST were
measured with an Abbott i2000 Automatic Biochemistry
Analyzer (Abbott, United States). The homeostasis model
for assessment of insulin resistance (HOMA-IR) was calculated as described in a previous study[14]. IR was defined
as HOMA-IR > 3. Hypertension, low HDL, hypertriglyceridemia, and impaired glucose tolerance (IGT) were
diagnosed using the International Diabetes Federation
consensus worldwide definition of metabolic syndrome[15].
Hyperuricemia, hypercholesterolemia, and increased LDL
were diagnosed according to American College of Rheumatology guidelines for management of gout and ACCF/
AHA guideline for assessment of cardiovascular risk in
asymptomatic adults[16,17].
DNA extraction
Genomic DNA was extracted from 200 ul of peripheral
blood using the Blood DNA Extraction Kit (Qiagen, Ger-
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Table 1 Clinical characteristics between the control group and the nonalcoholic fatty liver disease group n (%)
Item
Gender (n)
Male
Female
Age (yr)
BMI (kg/m2)
Blood pressure (mmHg)
Systolic pressure
Diastolic pressure
HDL (mmol/L)
Male
Female
Total cholesterol (mmol/L)
TG (mmol/L)
UA (μmol/L)
Male
Female
LDL (mmol/L)
FPI (μU/mL)
HOMA-IR
FPG (mmol/L)
ALT (U/L)
AST (U/L)

Control

NAFLD

P value

Frequency of disorders in NAFLD group

200
100
39.5 ± 9.1
22.1 ± 2.8
-119 ± 13
75 ± 10
-1.4 ± 0.2
1.4 ± 0.2
4.7 ± 0.5
1.0 ± 0.5
-335.3 ± 51.2
241.3 ± 39.5
2.7 ± 0.5
6.0 ± 3.1
1.2 ± 0.7
4.8 ± 0.5
19.0 ± 8.7
24.1 ± 4.9

200
100
40.7 ± 9.7
26.3 ± 4.2
-127 ± 13
82 ± 9
-1.1 ± 0.2
1.3 ± 0.3
5.4 ± 1.0
2.5 ± 2.5
-415.5 ± 97.2
324.0 ± 83.6
3.3 ± 0.9
10.62 ± 4.5
2.4 ± 1.2
5.3 ± 1.1
42.1 ± 32.6
33.1 ± 14.8

1.0
1.0
0.11
< 0.001
-< 0.001
< 0.001
-< 0.001
< 0.001
< 0.001
< 0.001
-< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

----186 (62.0)
64 (21.3)
--128 (42.7)
107 (53.5)
21 (21.0)
122 (40.7)
119 (39.7)
104 (34.7)
89 (44.5)
15 (15.0)
90 (30.0)
-74 (24.7)
67 (22.3)
114 (38.0)
148 (49.3)

NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass index; HDL: High-density lipoprotein cholesterol; TG: Triglyceride; UA: Uric acid; LDL: Lowdensity lipoprotein cholesterol; FPI: Fasting plasma insulin; HOMA-IR: Homeostasis model of assessment for insulin resistance index; FPG: Fasting plasma
glucose; ALT: Alanine aminotranferase; AST: Aspartate aminotransferase.

many). DNA concentration and quality were measured
and assessed by Nanodrop 2000C (Thermo Fisher, United
States) and 2% agarose gel electrophoresis (Sigma, Germany).
Genotype analysis
Genotypes of APOC3 (-455T>C) were examined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. The primers were described
previously[18], and were used for PCR with an annealing
temperature of 68 ℃ to amplify a 194-bp fragment containing the APOC3 target site (-455T>C). PCR products
were separated by 8% polyacrylamide gel electrophoresis
(PAGE) after digestion with BtsCI (New England BioLabs, United States) in a water bath at 50 ℃ overnight. To
confirm the genotyping results, randomly selected PCR
samples were examined by DNA sequencing using ABI
3730 XL (ABI, United States) by the chain termination
method (Shenzhen BGI, China).
Statistical analysis
Data were analyzed using SPSS software (version 19.0,
IBM, United States). Hardy-Weinberg equilibrium in the
control group was tested using Pearson’s χ 2-test. Logistic
regression analyses were performed to obtain the odds
ratios (ORs) and their 95%CIs. Age (> 40 years), gender,
and BMI were considered as potential confounders for
NAFLD and metabolic disorders including hypertension,
IR, IGT, dyslipidemia, and hyperuricemia. Therefore,
they were included in the multivariate analyses with a forward conditional model when we explored the associa-
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tions between the APOC3 (-455T>C) polymorphism and
NAFLD susceptibility and the above metabolic disorders.
Independent t-tests or nonparametric Mann-Whitney U
tests were used as appropriate to evaluate the difference
between the control and NAFLD groups. A two-tailed P
< 0.05 was considered statistically significant.

RESULTS
Clinical characteristics
There was no significant difference between the NAFLD
group and the control group with respect to the age and
gender distribution (Table 1). Measurement values of
BMI, blood pressure, UA, FPG, FPI, and lipid profile
were significantly different between the control group and
NAFLD group (P < 0.001, Table 1). Obesity, elevated
AST, low HDL, hypercholesterolemia, and hypertriglyceridemia were the most common characteristics in the
NAFLD group (Table 1).
APOC3 (-455T>C) polymorphism
Genotypes of all 600 subjects including 300 NAFLD
patients and 300 controls were successfully assessed by
PCR-RFLP. The PCR-RFLP products were separated
into three genotypes, including wild-type homozygote
(TT), heterozygote (TC), and variant-type homozygote
(CC). These genotypes were resolved as fragments of
122 and 72 bp (TT); 122, 72, and 194 bp (TC); and 194
bp (CC) (Figure 1). These genotypes were confirmed by
DNA sequencing in randomly selected samples (Figure
2). Among healthy controls, the APOC3 genotype distri-
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194 bp

Table 3 Correlation between Apolipoprotein C3 (-455T>C)
polymorphism and insulin resistance, impaired glucose tolerance in the nonalcoholic fatty liver disease group n (%)

122 bp

Genotype

9

200 bp

100 bp

72 bp

Figure 1 Genotyping of the Apolipoprotein C3 (-455T>C) polymorphism.
Polymerase chain reaction-restriction fragment length polymorphism and
polyacrylamide gel (8%) electrophoresis of the Apolipoprotein C3 (-455T>C)
polymorphism illustrated the wild-type homozygote TT (122 and 72 bp), heterozygote TC (194, 122, and 72 bp), and variant-type homozygote CC (194 bp)
genotypes. TT: 4, 6-9; TC: 2, 3, 5; CC: 1.

C
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A C
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Figure 2 Sequencing analysis for genotypes of the Apolipoprotein C3
(-455T>C) polymorphism. A: TT genotype; B: TC genotype; C: CC genotype.

Table 2 Association between Apolipoprotein C3 (-455T>C)
polymorphism and nonalcoholic fatty liver disease susceptibility n (%)
Genotype

TT
TC
CC

Group

P value

Adjusted OR
(95%CI)

Control group NAFLD group
134 (44.7)
94 (31.3)
123 (41.0)
131 (43.7)
43 (14.3)
75 (25.0)

0.0091
< 0.0012

1
1.77 (1.16-2.72)1
2.80 (1.64-4.79)2

1

TC vs TT; 2CC vs TT. NAFLD: Nonalcoholic fatty liver disease.

bution was in Hardy-Weinberg equilibrium (P > 0.05).
Association between the APOC3 (-455T>C)
polymorphism and NAFLD susceptibility
The frequencies of APOC3 (-455T>C) genotypes in the
control group (44.7% TT, 41.0% TC, and 14.3% CC) were
significantly different from those in the NAFLD group
(31.3% TT, 43.7% TC, and 25.0% CC) (P < 0.001) (Table
2). After adjusting for age, gender, and BMI, the TC and
CC genotypes showed an increased risk of NAFLD, with
adjusted ORs of 1.77 (95%CI: 1.16-2.72) and 2.80 (95%CI:
1.64-4.79), respectively (Table 2).
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TT
TC
CC

Non-IR
78 (34.5)
99 (43.8)
49 (21.7)
Non-IGT
77 (33.0)
98 (42.1)
58 (24.9)

IR
16 (21.7)
32 (43.2)
26 (35.1)
IGT
17 (25.4)
33 (49.2)
17 (25.4)

P value

Adjusted OR
(95%CI)

0.061
0.002

1
1.96 (0.97-3.96)1
3.24 (1.52-6.92)2

0.231
0.892

1
-

1

TC vs TT; 2CC vs TT. IR: Insulin resistance; IGT: Impaired glucose tolerance.

Correlation of the APOC3 (-455T>C) polymorphism with
IR or IGT in the NAFLD group
Compared to the TT genotype, the CC genotype was associated with an increased risk of IR in NAFLD patients,
with an adjusted OR of 3.24 (95%CI: 1.52-6.92). The TC
genotype shared the similar frequency in both non-IR
and IR patients in the NAFLD group (95%CI: 0.97-3.96,
P = 0.06). In addition, no association was found between
the APOC3 (-455T>C) polymorphism and IGT in the
NAFLD group (P > 0.05) (Table 3).

TT

C

TT
TC
CC

Metabolic component

Correlation of the APOC3 (-455T>C) polymorphism with
hypertension or dyslipidemia in the NAFLD group
Compared to the TT genotype, the TC and CC genotypes were associated with an increased risk of hypertension in NAFLD patients, with adjusted ORs of 2.16
(95%CI: 1.02-4.57) and 3.42 (95%CI: 1.53-7.60), respectively (Table 4).
Compared to the TT genotype, NAFLD patients with
the TC and CC genotypes were more susceptible to hypertriglyceridemia, with adjusted ORs of 2.03 (95%CI:
1.12-3.68) and 3.80 (95%CI: 1.95-7.41), respectively. The
CC genotype was associated with a significantly higher risk
of low HDL in NAFLD patients, with an adjusted OR of
2.34 (95%CI: 1.21-4.52) compared to the TT genotype.
The TC genotype had a similar incidence of low HDL
as that of the TT genotype (95%CI: 0.76-2.42, P = 0.30).
No association between the APOC3 (-455T>C) polymorphism and hypercholesterolemia or increased LDL was
found in the Southern Chinese Han population (P > 0.05)
(Table 4). No association was found between the APOC
(-455T>C) polymorphism and obesity, hyperuricemia, or
elevated ALT and AST (P > 0.05, data not shown).

DISCUSSION
The present study examined 300 NAFLD patients and
300 healthy controls to investigate the relationship between APOC3 (-455T>C) polymorphism and NAFLD
susceptibility in the Southern Chinese Han population.
We found that variation in APOC3 (-455T>C) conferred
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Table 4 Correlation between Apolipoprotein C3 (-455T>C) polymorphism and hypertension, dyslipidemia in the nonalcoholic
fatty liver disease group n (%)
Genotype

P value

Metabolic component
Non-hypertension
82 (34.7)
102 (43.2)
52 (22.1)
Non-hypertriglyceridemia
71 (39.3)
77 (42.5)
33 (18.2)
Normal HDL
63 (36.6)
75 (43.6)
34 (19.8)
Non-hypercholesterolemia
57 (32.0)
81 (45.5)
40 (22.5)
Normal LDL
65 (31.0)
89 (42.3)
56 (26.7)

TT
TC
CC
TT
TC
CC
TT
TC
CC
TT
TC
CC
TT
TC
CC

Hypertension
12 (18.8)
29 (45.3)
23 (35.9)
Hypertriglyceridemia
23 (19.3)
54 (45.4)
42 (35.3)
Low HDL
31 (24.2)
56 (43.8)
41 (32.0)
Hypercholesterolemia
37 (30.3)
50 (41.0)
35 (28.7)
Increased LDL
29 (32.2)
42 (46.7)
19 (21.1)

Adjusted OR (95%CI)

0.041
0.0032

1
2.16 (1.02-4.57)1
3.42 (1.53-7.60)2

0.021
< 0.0012

1
2.03 (1.12-3.68)1
3.80 (1.95-7.41)2

0.301
0.012

1
1.36 (0.76-2.42)1
2.34 (1.21-4.52)2

0.521
0.202

1
-

0.411
0.332

1
-

1

TC vs TT; 2CC vs TT. HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol.

Table 5 Apolipoprotein C3 (-455T>C) polymorphism among
different ethnicities: data from the literature n (%)
Ref.

Ethnicity

Kozlitina et al[10]
Kozlitina et al[10]
Kozlitina et al[10]
Hyysalo et al[12]
Niu et al[20]

African
Americans
Europeans
Hipanics
Finns
Northern
Chinese

Genotype of APOC3 (-455T>C)
TT

TC

CC

106 (8.7)

484 (39.9)

623 (51.4)

316 (38.4)
163 (37.7)
145 (33.7)
206 (25.8)

390 (47.4)
209 (48.4)
190 (44.2)
375 (46.9)

117 (14.2)
60 (13.9)
95 (22.1)
218 (27.3)

susceptibility to NAFLD. These results did not support
those of previous studies from Shenyang and Qingdao
(the Northern China) that found no association between
APOC3 (-455T>C) and susceptibility to NAFLD[19,20].
These inconsistencies may be explained by several considerations. First, the previous studies performed in Shenyang
and Qingdao enrolled the Northern Chinese population
as the study subjects. By contrast, our study was performed
in Southern China and enrolled only the Southern Chinese Han population. Second, the two previous studies
defined healthy controls as “no hepatic steatosis.” This
was different from our definition of healthy controls as
“subjects who were free of elevated ALT or AST and had
no liver steatosis, and lacked any kind of metabolic disorders such as hypertension, obesity, hyperuricemia, and
dyslipidemia”. In fact, similar discrepancies were found
in studies of the association between APOC3 (-455T>C)
polymorphism and acute coronary syndrome (ACS) that
were conducted in different regions of China[21,22]. Third,
PAGE gel was used to differentiate PCR products after
enzyme digestion in the present study. This method had
a much higher sensitivity in detecting smaller-sized PCR
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products.
Our discovery of the association between APOC3
(-455T>C) polymorphism and NAFLD was similar to
the results from a study of an Asian Indian population[9],
which revealed that C allele carriers showed a markedly
higher hepatic TG content (HTGC)[9]. By contrast, another study enrolling multi-ethnicities showed that the
C allele was associated with a significant reduction in
HTGC in African Americans[10], while the association
was not found in European Americans and Hispanics.
Other two studies enrolling Finns and Caucasians did
not find the association either[12,23].
There is strong evidence for a close association between NAFLD and IR[24-28]. IR is a key disorder that
promotes the development and progression of NAFLD,
and it is associated with APOC3[7,8,29,30]. Transgenic mice
overexpressing human APOC3 were predisposed to hepatic steatosis and IR[7,8]. In our study, NAFLD patients
had a greater probability of IR than that of controls, as
expected (24.7% vs 1.3%, P < 0.001). Subjects carrying
the C allele (TC or CC) developed IR more commonly,
and it was in agreement with that found in the Indian
population[9]. However, one study recruiting multi-ethnicities including African Americans, European Americans
and Hispanics found no association between APOC3
(-455T>C) polymorphism and the level of HOMA-IR
except in Hispanics, and C allele carriers showed a lower
level of HOMA-IR[10]. No association between APOC3
(-455T>C) polymorphism and IGT was found in our
study. These results might be due to the small sample size
of NAFLD patients with IGT [67 of 300 (22.3%)].
The association between APOC3 (-455T>C) polymorphism and metabolic syndrome (MetS) has been
reported, in which an APOC3 variant was associated with
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a greater likelihood of MetS compared with that of wild
type[31-33]. Carriers of APOC3 (-455T>C) variations were
more susceptible to metabolic disorders, such as hypertriglyceridemia, low HDL levels[21,34], and hypertension[31].
However, no association between APOC3 (-455T>C)
and total cholesterol or LDL was found in our study or in
a previous study[34]. The role of APOC3 in lipid metabolism was confirmed in a previous study, which showed
that a null mutation of APOC3 leads to lower fasting
and postprandial plasma TGs, higher levels of HDL, and
lower levels of LDL[35].
The -455T>C conversion is located in a putative insulin-response element of APOC3, which is associated with
plasma TG levels[33,36,37]. In vitro promoter studies indicated
that insulin bound to this site and inhibited APOC3 transcription and translation. By contrast, the polymorphic
variants prevent insulin binding and promote APOC3
transcription, thus promoting the synthesis of APOC3.
As a result, the level of circulating APOC3 increases and
acts as a lipoprotein lipase inhibitor, leading to decreased
clearance of TG-rich particles, which ultimately results
in hypertriglyceridemia[38,39]. The circulating TG-rich particles are preferentially taken up by the liver by means of a
receptor-mediated process[40-42], which results in NAFLD
and hepatic IR.
The reasons for the different conclusions between our
study and previous studies are not clear[10-12]. One possible
explanation might be that alcohol use, obesity, and exercise training confounded the relationship between APOC3
(-455T>C) polymorphism, NAFLD susceptibility, and
IR. Another possibility might be different roles of the
APOC3 (-455T>C) polymorphism in different ethnicities.
Previous studies examined APOC3 polymorphisms in
Asian Indians, African Americans, European Americans,
Hispanics, Finns, Caucasians, and Northern Chinese Han
population[9-12,19,20] (Table 5), but the association between
APOC3 (-455T>C) polymorphism and NAFLD susceptibility was found only in the Asian Indian and African
American populations. We examined the Southern Chinese Han population to assess the correlation between
APOC3 (-455T>C) polymorphism and NAFLD susceptibility, and the result was similar to that found in the Asian
Indian population[9].
In summary, our results indicate that APOC3 (-455T>C)
polymorphism is associated with an increased susceptibility
to NAFLD, IR, and metabolic disorders. However, there
are several limitations in our study. First, the diagnosis of
NAFLD was based primarily on ultrasonographic results,
not on the quantitative measurement of hepatic TG content by magnetic resonance imaging. Second, the serum
concentration of APOC3 was not obtained in our study.
Further studies will be conducted to explore the function
of the APOC3 polymorphism.
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Abstract
AIM: To systematically review the available evidence
regarding cytoreductive surgery (CRS) and intraperitoneal chemotherapy (IPC) for colorectal peritoneal metastases (CPM).
METHODS: An electronic literature search was carried
out to identify publications reporting oncological outcome data (overall survival and/or disease free survival
and/or recurrence rates) following CRS and IPC for
treatment of CPM. Studies reporting outcomes following
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CRS and IPC for cancer subtypes other than colorectal
were only included if data were reported independently
for colorectal cancer-associated cases; in addition studies reporting outcomes for peritoneal carcinomatosis of
appendiceal origin were excluded.
RESULTS: Twenty seven studies, published between
1999 and 2013 with a combined population of 2838
patients met the predefined inclusion criteria. Included
studies comprised 21 case series, 5 case-control studies
and 1 randomised controlled trial. Four studies provided
comparative oncological outcome data for patients undergoing CRS in combination with IPC vs systemic chemotherapy alone. The primary indication for treatment
was CPM in 96% of cases (2714/2838) and recurrent
CPM (rCPM) in the remaining 4% (124/2838). In the
majority of included studies (20/27) CRS was combined with hyperthermic intraperitoneal chemotherapy
(HIPEC). In 3 studies HIPEC was used in combination
with early post-operative intraperitoneal chemotherapy
(EPIC), and 2 studies used EPIC only, following CRS.
Two studies evaluated comparative outcomes with CRS
+ HIPEC vs CRS + EPIC for treatment of CPM. The delivery of IPC was performed using an “open” or “closed”
abdomen approach in the included studies.
CONCLUSION: The available evidence presented in
this review indicates that enhanced survival times can
be achieved for CPM after combined treatment with
CRS and IPC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Peritoneal metastasis;
Cytoreductive surgery; Intraperitoneal chemotherapy;
Hyperthermic intraperitoneal chemotherapy
Core tip: Colorectal cancer peritoneal metastases (CPM)
confer a dismal prognosis and traditional treatment involving systemic chemotherapy, with or without pallia-
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tive surgery has poor outcomes. Cytoreductive surgery
(CRS) combined with intraperitoneal chemotherapy
(IPC) is now advocated for selected patients with CPM.
The present study provides a comprehensive summary
of the available evidence relating to CRS in combination
with IPC in the setting of CPM, focusing on techniques,
oncological outcomes, and complications.
Mirnezami R, Moran BJ, Harvey K, Cecil T, Chandrakumaran
K, Carr N, Mohamed F, Mirnezami AH. Cytoreductive surgery
and intraperitoneal chemotherapy for colorectal peritoneal metastases. World J Gastroenterol 2014; 20(38): 14018-14032
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/14018.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.14018

INTRODUCTION
Colorectal cancer (CRC) is a major cause of cancer-associated mortality world-wide with over 1 million new cases
diagnosed annually[1]. Disseminated disease represents the
principal cause of mortality in CRC and a significant proportion of patients are found to have locally advanced or
systemically disseminated disease at initial presentation. It
is estimated that at the time of diagnosis 30%-40% have
locally advanced disease (Stage Ⅱ-Ⅲ) and approximately
20% have distant metastases (Stage Ⅳ)[2,3]. Haematogenous spread to the liver is the most common route for
distant-organ dissemination, followed by pulmonary
metastases[4]. Historically, patients with stage Ⅳ disease
have been offered supportive therapy only, with 5-year
survival rarely exceeding 5%[5]. Over the past two decades
the widespread use of newer chemotherapeutic agents
such as irinotecan and oxaliplatin, as well as novel targeted therapies, have led to a significant improvement in
progression-free and overall survival in stage Ⅳ CRC[6,7].
In parallel there has been sharp increase in the volume of
surgical resections/ablative procedures being undertaken
for stage Ⅳ disease, and curative intent hepatic and pulmonary metastasectomy are now routinely performed[8,9].
Synchronous peritoneal carcinomatosis is identified at primary surgery in approximately 5%-10% of
patients undergoing CRC resection[10-12]. Additionally
up to 20%-50% of patients undergoing curative intent
colorectal cancer resection can go on to develop disease
recurrence limited to the peritoneal cavity[10]. In theory,
the development of colorectal peritoneal disease starts
with primary tumour rupture or invasion through the serosa, followed by seeding of free intra-peritoneal tumour
cells[13]. The precise mechanistic principles that govern
distribution within the peritoneal cavity are multifactorial
and have been well described and referred to as “redistribution phenomena”[14,15]. Briefly, these factors include
gravitational pooling of cancer-cell containing fluid in
the pelvis, clockwise directional flow of peritoneal fluid
in the abdominal cavity leading to sub-phrenic implanta-
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tion[16], and phagocytic activity of the greater and lesser
omentum which leads to the formation of characteristic
“omental cake” deposits[16-18].
The presence of peritoneal disease in the context of
CRC confers a dismal prognosis, and traditional treatment involving systemic chemotherapy, with or without
palliative surgery (typically reserved for acute complications such as intestinal obstruction) is associated with a
median survival of 5-7 mo[10-12]. Since the 1990s however,
several pioneering groups around the world have sought
to employ more radical strategies for the treatment of
peritoneal surface malignancy. Cytoreductive surgery
(CRS), popularised by Sugarbaker initially for relatively
non-invasive tumours such as Pseudomyxoma Peritonei[19,20], is now offered to selected patients at specialist units for what is best termed “Colorectal peritoneal
metastases (CPM)”, analogous to the concept of resectable liver metastases[21]. The aim of CRS is to remove all
macroscopic disease through peritonectomy and multivisceral resections where required. The extensiveness of
these approaches varies according to cancer volume and
anatomical location; CPM involving visceral peritoneal
surfaces requires organ resection at times[13,19], while treatment of disease confined to the parietal peritoneum involves more limited regional peritoneal stripping[20].
The combination of these surgical approaches with
peri-operative intra-peritoneal chemotherapy (IPC) has
been advocated in order to eradicate residual cancer
cells after macroscopic cytoreduction[22]. The peritoneal
route of chemotherapy is based on the peritoneal-plasma
partition concept whereby a high concentration of the
chemotherapy is in direct contact with cancerous cells
with minimal systemic absorption and side effects. A variety of strategies have been proposed and investigated
including hyperthermic intraperitoneal chemotherapy
(HIPEC)[23,24] and early post-operative intraperitoneal
chemotherapy (EPIC)[25]. The rationale for this combination in favour of systemic therapy alone stems from the
understanding that reducing tumour burden represents
a critical factor in achieving tumour response to chemotherapy[13]. This notion is supported by the findings of a
Dutch randomized-controlled trial (RCT) which reported
significantly improved survival outcomes with CRS and
HIPEC compared with systemic chemotherapy alone for
patients with CPM[26]. Despite these encouraging reports,
the otherwise lack of level-1 evidence and concerns with
respect to peri-operative morbidity, mortality, quality of
life, and healthcare related costs, have polarised opinions
regarding these aggressive multi-modality approaches,
and the management of CPM remains controversial[21].
To date there has been only one systematic review
and meta-analysis of data regarding the utility of CRS
and IPC in the context of CPM[27,28].
The present study therefore aims to provide an up-todate systematic review of the available literature regarding the use of CRS in combination with intra-peritoneal
chemotherapy for treatment of CPM specifically. In particular, we focus on the current techniques, oncological
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Publications identified through database searches n = 265

Studies excluded after screening titles and abstracts n = 175
Reviews n = 57
Consensus statements/editorials/letters n = 22
Other cancer subtypes n = 46
Lack of required data n = 50

Number of full text articles retrieved and assessed for eligibility n = 90
Articles identified from
manual and bibliographic
searches n = 3

Total number of articles chosen for full text review n = 93

Full text articles excluded n = 66
Studies with < 15 patients n = 17
Duplicate data n = 35
Other cancer subtypes with no colorectal specific data reported n = 14

Number of publications entered into review process n = 27

Figure 1 Modified preferred reporting items for systematic reviews and meta-analyses flow diagram outlining study selection strategy.

outcomes, and associated complications.

MATERIALS AND METHODS
Identification of studies
An electronic literature search was carried out using
the following medical subject heading (MeSH) terms:
“colorectal cancer”; “peritoneal”; “carcinomatosis”; “cytoreductive surgery”; “chemotherapy”; “intra-operative”;
“intra-peritoneal”. The “related articles” function was
used to broaden search output. All potentially eligible
publications were obtained in full text and assessed for
suitability. Text references were manually searched for
identification of additional eligible studies.
Study inclusion criteria and data extraction
Review methodology was conducted according to guidelines outlined in the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)” framework[29]. Identified publications had to meet the following
criteria to be included in the systematic review process:
(1) English language; (2) ≥ 15 male/female adult patients
(≥ 18 years); and (3) histologically verified diagnosis of
CPM receiving multi-modality treatment with CRS and
IPC. Studies reporting outcomes following CRS and
IPC for cancer subtypes other than colorectal were only
included if survival outcome data were reported independently for CRC-associated cases; in addition studies
reporting outcomes in patients undergoing treatment for
peritoneal disease of appendiceal origin were excluded,
as there is significant variation in the natural history and
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prognosis of this sub-group of patients[28]; and (4) reporting oncological outcome data (survival and/or recurrence rates). Complication related data was also extracted
where provided. Where multiple studies with potentially
overlapping patient populations were identified, the
most recent study was included. Figure 1 summarizes the
review search strategy. Two reviewers (RM and AHM)
derived the following data from eligible publications:
author, location, year of publication and study timeframe, study type, population characteristics, primary or
recurrent disease, stage of CPM [peritoneal cancer index
(PCI)[30] or alternative scoring method for disease extent],
chemotherapeutic regimen, details of previous treatment
(chemotherapy/radiotherapy), length of follow-up, treatment associated morbidity and mortality, completeness
of cytoreduction [completeness of cytoreduction (CCR)
score[31] and/or R-classification where reported], oncological data (survival and/or recurrence rates). Studies
that met inclusion criteria were evaluated based on methodological quality and validity using the Scottish Intercollegiate Guidelines Network (SIGN) framework[32].

RESULTS
Literature search and description of studies
Initial literature searching identified 265 publications
of potential relevance. From these 57 reviews and 118
irrelevant studies were excluded, leaving 90 articles retrieved in full text. Manual reference searches from these
articles revealed an additional 3 potentially eligible publications, providing a total of 93 articles. Of these, 66
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1991-2002
1996-2005

1996-2006

2002-2005

1998-2001

1997-2007

Kianmanesh et
al[41]

Gusani et al[42]

Verwaal et al[26]

Yan et al[62]

1991-1999 36 (18 vs 18) Case-control (2-)

Mahteme et al[53]

Shen et al[39]
Cavaliere et al[40]

1989-2002

Glehen et al[37]

1987-2002

1995-2003

Verwaal et al[36]

Glehen et al[38]

1995-2001

14021

Case series (3)

Case series (3)

Case series (3)
Multicentre case
series (3)

Multinational
case series (3)

Multicentre case
series (3)

Case series (3)

Case series (3)

50

Case series (3)

105 (54 vs Randomized trial
51)
(1-)

28

43

77
120

506

53

106

34

Case series (3)

Pilati et al[35]

29

1995-1997

Case series (3)

CPM3

CPM2

PCI < 10 20/50
PCI 10-20 23/50
PCI > 20 7/50

-

Treatment arm: CRS
+ HIPEC (n = 54)
Control arm: Systemic
CT only (n = 51)
CRS + HIPEC

CRS + HIPEC

Stage Ⅲ 6/43 (14)
Stage Ⅳ 27/43 (63)
-

CPM2

CRS + HIPEC

Stage2 Ⅰ/Ⅱ 10/43 (23)

CPM3

CRS + HIPEC
CRS + HIPEC

Control arm: Systemic
CT only
(n = 18)
CRS + HIPEC and/or
EPIC

Treatment arm: CRS
+ EPIC (n = 18)

CRS + HIPEC

CRS + HIPEC

CRS + HIPEC

CRS + HIPEC

CRS + EPIC

Treatment summary

-

Extended 329/506

Limited 171/506

Stage2 Ⅰ 13/53 (25)
Stage Ⅱ 8/53 (15)
Stage Ⅲ 7/53 (13)
Stage Ⅳ 25/53 (47)
-

-

-

-

PCI > 12, 8/18 (38)

PCI < 12, 10/18 (60)

Extent of CPM

CPM3
CPM1

CPM3

CPM2

CPM2

rCPM2

CPM2

CPM2

rCPM1

Study design
Indication
(evidence level)

Witkamp et al[34]

18

n

1985-1996

Time
frame

Portilla et al[33]

Ref.

Open coliseum
technique

Open coliseum
technique

Closed technique

Closed abdomen
technique Open 56.7%
Closed 43.3%
Open technique

Open or closed
technique

Closed abdomen
technique

10/34 closed technique
14/34 open technique
Closed abdomen
technique
Closed abdomen
technique

Closed technique

Closed technique

Technique

Intraperitoneal chemotherapeutic regimen

Systemic CT protocol: 5-FU (400 mg/m2) + leucovorin (80 mg/m2) weekly
for 26 wk
MMC 10-12.5 mg/m2 in 3 L of 1.5% dextrose peritoneal dialysis solution for
90 min at 42 ℃

HIPEC protocol: MMC 17.5 mg/m2 at 40 ℃ for 90 min

MMC 30-40 mg in 3 L saline solution at temperature of 40 ℃ for 100 min

HIPEC protocol: Various (MMC alone 274/506; MMC + cisplatin 48/506;
oxaliplatin 32/506; other 29/506)
EPIC protocol: Various (MMC alone 2/506; MMC + 5-FU 113/506; 5-FU
alone 95/506; other 7/506)
40 mg MMC introduced into dialysis fluid for 120 min at ≥ 38.5 ℃
109/120: MMC (3.3 mg/m2 per liter) and cisplatin (25 mg/m2 per liter) at
41.5 ℃-43 ℃ for 60-90 min
11/120: oxaliplatin (460 mg/m2) for 30 min after Ⅳ 5-FU and leucovorin
MMC 120 mg + cisplatin 200 mg/m2 at 41 ℃-43 ℃ for 90 to 120 min

EPIC protocol: 5-FU 550 mg/m2 in 500 mL normal saline administered
intraperitoneally from POD 1. Ⅳ infusion of leucovorin (60 mg/m2)
commenced at 60 min after initiation of PIC. Regimen offered 1-8 courses as
tolerated with 4-6 wk interval between cycles.
Systemic CT protocol: Chemotherapeutic regimen not specified

POD 1: MMC in 1 L 1.5% dextrose peritoneal dialysis solution
(10-12.5 mg/m2)
POD 2-6: 5-FU in 1 L 1.5% dextrose peritoneal dialysis solution + 50 mEq
sodium bicarbonate
MMC 35 mg/m2 in 3-4 L of isotonic dialysis fluid at a temperature of
40 ℃-41 ℃ for 90 min
MMC (3.3 mg/m2 per liter) + cisplatin (25 mg/m2 per liter) for 90 min at
temperature of 41 ℃-42 ℃
MMC 35 mg/m2 in 3-4 L of isotonic dialysis fluid at a temperature of
40 ℃-41 ℃ for 90 min
MMC 40-60 mg in 4-6 L of perfusate at a temperature of 46 ℃-48 ℃ for 90
min

Table 1 Summary of study design, treatment indications and treatment protocols for studies included in systematic review process n (%)
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Case series (3)

Case-control (2-)

1991-2010

2004-2008

1996-2010

Passot et al[47]

Hompes et al[48]

Cashin et al[56]

151 (69 vs
57)

48

120

Case control (2-)

Case series (3)

Case series (3)

1993-2008 32 (16 vs 16) Case-control (2-)

146

105 (67 vs
38)

Multi-centre case
series (3)

Cashin et al[57]

2001-2007

Franko et al[55]

523

Case series (3)
Case series (3)

1998-2007

1989-2007

Glehen et al[45]

142
40

Quenet et al[46]

1991-2007
1997-2008

1998-2003 96 (48 vs 48) Case-control (2-)

Varban et al[43]
Vaira et al[44]

Elias et al[54]

CPM3

CPM2

CPM3

CPM2

CPM3

CPM2

CPM3

CPM3
CPM2

CPM3

Treatment arm: CRS+
HIPEC (n = 67)
Control arm:
Systemic CT only (n =
38)
CRS + HIPEC

CRS + HIPEC and/or
EPIC

CRS + HIPEC
CRS + HIPEC

Control arm:
Systemic CT only
(n = 48)

Treatment arm: CRS
+ HIPEC (n = 48)

Closed technique

Closed abdomen
technique

Various techniques

Closed technique
Closed technique

-

2

2

Systemic CT protocol: Chemotherapeutic regimen(s) not clearly described

MMC 40 mg at 40.5 ℃-42.5 ℃ for 120 min
Cisplatin (100 mg/m2) + MMC (16 mg/m2) at 41.5 ℃ for 30 min
OR
Oxaliplatin (460 mg/m2) + Ⅳ 5-FU at 42 ℃ for 30 min
OR
MMC (35 mg/m2) at 40.5 ℃ for 60 min
HIPEC protocol: MMC (30-50 mg/m2) with or without cisplatin (50-100
mg/m2) delivered over 60-120 min at 41 ℃-42.5 ℃
OR
Oxaliplatin (360-460 mg/m2) +/- irinotecan (100-200 mg/m2) +/- Ⅳ 5-FU
and leucovorin delivered over 30 min at 43 ℃
EPIC protocol: Abdominal cavity filled at the end of surgery with 1 L/m2
Ringer lactate. EPIC lasted 5 d (POD 1-5); POD 1: MMC (10 mg/m2); POD 2-5:
5FU (600 mg/m2)
HIPEC protocol: MMC 40 mg for 100 min

HIPEC protocol: Oxaliplatin 460 mg/m2 in 2 L/m2 at 43 ℃ for 30 min. Before
HIPEC (during CRS) patients received Ⅳ 5-FU 400 mg/m2 + leucovorin 20
mg/m2
Systemic CT protocol:
Various regimens (5-FU based 46/48; Capecitabine based 1/48;
Camptothecin 1/48)

Ⅳ 5-FU (400 mg/m ) + leucovorin (20 mg/m ) followed by: ip oxaliplatin (460
mg/m2) in 2 L/m2 dextrose
PCI 11-19 57/146
OR
PCI >20 20/146
ip oxaliplatin (300 mg/m2) + ip irinotecan (200 mg/m2) in 2 L/m2 dextrose
HIPEC group: Mean PCI CRS + HIPEC (n = 16)
HIPEC:
HIPEC protocol: Oxaliplatin 460 mg/m2 for 30 min at 41 ℃-42 ℃ combined
14.4
Open coliseum
with Ⅳ 5-FU (450-500 mg/m2) + leucovorin (25-30 mg/m2)
EPIC group: Mean PCI 13.2 CRS + EPIC (n = 16)
EPIC protocol: 5-FU (500-600 mg/m2) + Ⅳ leucovorin (20-30 mg/m2) once
technique
daily for 86-d cycles
EPIC: Closed technique
Stage2 Ⅰ-Ⅱ 41/120
CRS + HIPEC
Closed technique
MMC + irinotecan or oxaliplatin
Stage Ⅲ-Ⅳ 79/120
Exact dosing protocol not described
Mean PCI 8.2
2
2
Median PCI 11 (1-22)
CRS + HIPEC
Open coliseum
Ⅳ folinic acid (20 mg/m ) + 5-FU (400 mg/m ) followed by ip oxaliplatin (460
2
2
technique
mg/m ) in 2 L/m 5% glucose solution at 41 ℃-42 ℃ for 30 min
PCI 1-10 49/151
CRS+ HIPEC (n = 69) HIPEC: Open coliseum
HIPEC protocol: MMC ip (30 mg/m2) for 90 min at 41 ℃-42 ℃ OR
technique
oxaliplatin (460 mg/m2) ip for 30 min at 41 ℃-42 ℃ + Ⅳ 5-FU (400 mg/m2)
and calcium folinate (60 mg/m2) OR oxaliplatin (360 mg/m2) ip + irinotecan
(360 mg/m2) for 30 min at 41 ℃-42 ℃ + Ⅳ 5-FU (450-500 mg/m2) and
calcium folinate (60 mg/m2)
PCI 11-20 45/151
CRS + EPIC (n = 57) EPIC: Closed technique EPIC protocol: 5-FU (500-600 mg/m2) ip + Ⅳ leucovorin (60 mg/m2) once
daily for 8 6-d cycles
PCI 21-39 56/151
PCI < 10 69/146

-

-

Treatment arm: Limited
27/48
Extended 21/48
Control arm:
Limited 26/48
Extended 17/48
Not recorded 5/48
PCI > 16 11/40
PCI < 16 29/40
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2003-2011
2004-2012

Haslinger et al[51]
Yonemura et al[52]

38
142

26

24

Case series (3)
Case series (3)

Case series (3)

Case series (3)

CPM2
CPM3

CPM1

CPM1,4

-

-

-

CRS+ HIPEC
CRS + HIPEC

CRS + HIPEC + EPIC
(6/24)
CRS + HIPEC

CRS + EPIC (6/24)

CRS+ HIPEC (12/24)

Open coliseum
technique
Closed technique
-

Open coliseum
technique

Oxaliplatin ip (460 mg/m2) in 2 L/m2 dextrose solution at 43 ℃ for 30 min
after 1 h infusion of Ⅳ 5-FU (400 mg/m2) + leucovorin (20 mg/m2)
MMC 40 mg at temperature of 41 ℃ for 60-120 min
MMC 20 mg/m2 + cisplatin 100 mg/m2 in $L saline at 42 ℃-43 ℃ for 60 min

HIPEC protocol: ip chemotherapy (MMC or oxaliplatin; dosing not stated) at
42 ℃ for 90 min
EPIC protocol: 5-FU (650-800 mg/m2 per day) in 1 L 1.5% dextrose for 23 h
on POD 1-5
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Techniques used for IPC
In the majority of included studies (20/27) CRS was combined with HIPEC[17,26,34-37,39-44,46-48,50-52,54,55]. In 3 studies HIPEC was used in combination with EPIC[37,45,49], and 2 studies used EPIC only following cytoreduction[33,53]. Two studies were specifically designed to assess comparative outcomes with CRS + HIPEC vs CRS + EPIC for treatment of
CPM[56,57].
The delivery of IPC was performed using an “open” or “closed” abdomen approach in the included studies. The open approach was generally performed using the Coliseum technique, as proposed by Sugarbaker (Figure 2A)[59]. Briefly, this involves placement of a Tenckhoff catheter and four closed suction drains through the abdominal wall before the skin edges are suspended with a running suture to a Thompson self-retaining retractor, creating an open cavity for IPC delivery. Typically, IPC is pumped into the open
abdomen via the Tenckhoff catheter for between 30-90 min at a temperature of 41 ℃-43 ℃. This fluid is then circulated back out of the abdomen via the four suction drains.

Exclusion criteria: (1) Evidence of extra-abdominal disease on pre-operative imaging[17,33-38,43-45,47,48,50-54,56,57]; (2) Evidence of liver metastases on pre-operative imaging[26,34-37,44,48,51,53,55,57]; (3) Advanced age (>71 years;[26,36] >70 years;[37,44,47] > 75 years[46,50,53]; > 80[17]; > 66[54]); and (4) Significant medical co-morbidity[34,43,44,46,47,51,52,55-57]. In the case
of the latter criterion, 3 studies used the WHO performance score to determine suitability for aggressive treatment (≥ 2 excluded)[47,56,57] and 3 studies used the Eastern Cooperative Oncology Group (ECOG) Performance Status metric[58] (≥ 2 excluded)[46,51,52]. The remaining 4 studies did not use any formal method for functional assessment[34,43,44,55].
None of the identified studies performed formal assessment of functional capacity using cardiopulmonary exercise testing.

Patient selection
All studies defined first-time treated or recurrent CPM as the primary indication for treatment. Patient selection characteristics with respect to consideration for CRS +/- IPC
were stated as follows: Inclusion criteria: (1) CPM of colorectal origin[17,26,33-57]; (2) Adequate resection deemed technically feasible based on pre-operative imaging[34,55,57]; and (3)
Normal marrow indices/renal function/liver function pre-operatively[26,34,36,43,47,50,56].

failed to meet inclusion criteria and were withdrawn after full text appraisal, leaving 27 studies (1999-2013) for systematic review (Figure 1). The combined number of patients
with CPM in these studies was 2838 (range 18-523), of whom 2683 (95%) underwent combined modality treatment involving CRS and IPC. The remaining 155 patients (5%)
received systemic chemotherapy alone. Studies included in the review comprised 21 case series[17,33-52] (evidence level 3), 5 case-control studies[53-57] (evidence level 2-) and 1 randomised controlled trial[26] (evidence level 1-). Four studies provided comparative oncological outcome data for patients undergoing CRS in combination with IPC vs systemic
chemotherapy alone[26,53-55]. The primary indication for treatment was CPM in 96% of cases (2714/2838) and recurrent CPM (rCPM) in the remaining 4% (124/2838). Table 1
provides a summary of study design, treatment indications and treatment protocols for studies included in the systematic review process.

Not stated clearly whether patients with distant metastases to other sites included/excluded; 2Patients with distant metastases excluded; 3Cases with extra-abdominal metastatic involvement excluded (LN positive and liver
metastasised cases included); 4All patients ≥ 70 years of age. PCI: Peritoneal cancer index; CRS: Cytoreductive surgery; EPIC: Early post-operative intraperitoneal chemotherapy; POD: Postoperative day; MMC: Mytomycin C;
HIPEC: Hyperthermic intra-peritoneal chemotherapy.

1

2004-2010

1996-2010

Turrini et al[50]

Klaver et al[49]
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A

B

Figure 2 Open (A) and closed (B) methods of intraperitoneal chemotherapy.

The main advantage with this technique is that IPC is
distributed evenly throughout the abdomen, though heat
dissipation makes it more time consuming to reach the
required temperature. With the closed technique catheters
are introduced before the laparotomy wound is sutured
and perfusion is carried out via a closed circuit, with the
abdominal wall manually agitated to facilitate even distribution of IPC and temperature (Figure 2B). After adequate perfusion, the abdominal wound is opened in order
to evacuate the IPC before re-closure. An advantage with
this method is the ability to rapidly achieve the required
temperature, as heat dissipation is minimized.
Oncological outcomes
Oncological outcome data from the 27 studies included
in this review are summarised in Table 2. Median survival
ranged from 3.7 to 62.7 mo and showed strong correlation with completeness of cytoreduction (as determined
by CCS score or R-classification). To date there has been
only one RCT carried out to compare outcomes with
CRS + HIPEC and conventional systemic chemotherapy
alone for treatment of CPM[26]. This study included 105
patients randomly assigned to receive either Ⅳ 5-FU or
experimental treatment which consisted of an aggressive
multimodality approach incorporating CRS combined
with HIPEC using mitomycin C. After a median follow
up time of 96 mo the authors reported median survival
of 22.2 mo in the CRS + HIPEC group compared with
12.6 mo in patients receiving chemotherapy alone[26].
Three case-control studies provided non-randomized
comparative data evaluating the impact of aggressive
treatment on survival for patients with CPM. Mahteme et
al[53] reported outcomes in 18 patients undergoing CRS +
EPIC compared with 18 age and gender matched patients
receiving chemotherapy only. This study reported overall
2- and 5-year survival of 60% and 28% in the CRS +
EPIC group compared with 10% and 5% respectively
in the chemotherapy group. Median survival for patients
undergoing complete cytoreduction (CC0) was 32 mo
compared with 14 mo in the control group. A 2009 study
by Elias et al[54] reported similarly improved survival with
aggressive multi-modality treatment; here the authors
compared survival data from 48 patients undergoing CRS
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+ HIPEC with 48 receiving chemotherapy alone. Median survival, 2- and 5-year survival were all superior in
the CRS + HIPEC treatment group (62.7 mo, 81% and
51%) compared with the chemotherapy group (23.9 mo,
65% and 13%). Franko et al[55] reported outcomes of a
case-control study of 105 patients with CPM in which 67
underwent CRS + HIPEC and 38 received systemic chemotherapy only. The authors reported 1-, 3- and 5- year
survival of 90%, 50% and 25% in the CRS + HIPEC
group compared with 55%, 12% and 7% in the control
group.
Complications
Treatment-associated mortality ranged from 0% to 12%
in the included studies and overall morbidity was high,
ranging from 21.8%-62%. Five of the studies did not
provide any morbidity data[26,33,36,54,55] and in two studies complications were not reported specifically for
patients being treated for CPM[45,51]. Specific complications and their incidence are presented in Table 3. The
most commonly encountered surgical complications
were wound associated problems (infection/dehiscence,
3%-12%)[34,40-44,49] fistulae (intestinal/pancreatic/urinary,
1%-11%)[17,37,38,41-44,46-50] and intra-abdominal abscess formation (1.8%-14%)[17,38,41,42,44,46,48] The re-operation rate
reported from all studies ranged from 4% to 20.8%. Haematological toxicity as a result of chemotherapy was reported with an incidence of 2% to 52%[34,35,38,39,43,44,48,50,53].

DISCUSSION
Peritoneal metastasis from colorectal cancer (CPM), either at initial presentation, or at subsequent recurrence,
presents significant challenges. The majority of patients
have extensive disease (correctly labelled colorectal carcinomatosis; Figure 3A), and are not amenable to curative
surgical intervention. A proportion, best categorized as
Colorectal Peritoneal Metastasis (CPM) (Figure 3B and
C) can be treated with curative intent by a combination
of CRS and IPC. Without treatment, practically all patients with cancer spread to the peritoneum have poor
outcomes, exceptionally impaired quality of life, and abbreviated survival. Conventional surgical resection alone
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Yan[17]

Kianmanesh et al[41]
Gusani et al[42]
Verwaal et al[26]

Cavaliere et al[40]

Shen et al[39]

Glehen et al[38]

Mahteme et al[53]

14 (1-56)

35.9 (19-57.7)
96 (72-115)

16

15 (3-85)

53

-

59.5

Glehen et al[37]

14.5 (6-34)

Pilati et al[35]

47.5 (1.3-88.3)

38 (26-52)

Witkamp et al[34]

Verwaal et al[36]

36.21

Median FU
(mth)

Portilla et al[33]

Ref.

Post-op CT

-

70%
-

72%

75%

54%

-

-

-

0%

-

-

75%
-

-

-

40%

68% (5-FU
+ irinotecan
leucovorin)
-

15%
(leucovorin)

-

72% (5-FU+
leucovorin)

22% (regimen
100%
not stated)
(regimen not
stated)

Pre-op CT

Table 2 Oncological outcome data n (%)

CC0 (41/50; 82)
CC1-3 (9/50; 8)

R1 (22/54; 41)
R2a (23/54; 43)
R2b (9/54; 17)

R0 (13/77; 17)
R1 (24/77; 31)
R2a (11/77; 14)
R2b (9/77; 12)
R2c (20/77; 26)
CC0 (102/120; 85)
CC1 (9/120; 7)
CC2-3 (9/120; 7)

CC0 (271/506; 54)
CC1 (106/506; 21)
CC2 (129/506; 25)

CC1-2 (7/18; 39)

R1 (54/106; 51)
R2a (37/106; 35)
R2b (15/106; 14)
CC0 (23/53; 43)
CC1 (11/53; 21)
CC2 (19/53; 36)
CC0 (11/18; 61)

CC0-1 34/34

CC0-CC1 (14/18; 64)
CC2-CC3 (4/18; 36)
PCI < 12 (10/18; 56)
PCI > 12 (8/18; 44)
-

Extent of cytoreduction/
2
disease CCRS

CC0 85%
CC1-3 51%

78%
R1 95%
R2a 65%
R2b 22%

-

-

CC0 87%
CC1 79%
CC2 38%

CC0 85%
CC1 46%
CC2 24%
-

-

68%

CC0-CC1 (91%)
CC2-CC3 (43%)
PC1 < 12 (N/A)
PCI > 12 (N/A)
82%

1-yr survival

-

72%
37%
R1 80%
R2a 20%
R2b 12%

-

-

-

Control arm 10%

CC0 54%
CC1 36%
CC2 0%
CRS + EPIC 60%

-

31%

CC0-CC1 (64%)
CC2-CC3 (14%)
PCI < 12 (64%)
PCI > 12 (14%)
45%

2-yr survival

CC0 62%
CC1-3 0%

R0 69%
R1 19%
R2a 28%
R2b 0%
R2c 6%
Overall
25.8%
CC0
33.5%
37%
R1 58%
R2a 10%
R2b 0%

CC0 47%
CC1 29%
CC2 6%

-

-

-

-

23%

-

-

44%
R1 52%
R2a 10%
R2c 0%

-

-

-

-

-

-

-

-

-

18

-

Overall
20

LR 28%
DR 17%
LR + DR 28%
LR 59%
DR 12%
LR + DR 18%
Unspecified recurrence
65%

-

Local/distant
recurrence

-

R1 45%
R2a 10%
R2c 0%

38.4
15.2
CRS + HIPEC
22.2
Systemic CT
12.6
CC0 37
CC1-3 14

Unspecified recurrence
34%

-

R1 11.1
R2a 5.9
R2b 3.7
CC0 22%
CC0 32.9
Unspecified recurrence
CC1 9%
CC1 12.5
19%
CC2 8.1
CRS + EPIC CRS + EPIC overall
28%
32; CC0 34.5 CC1-2
10
Control arm
Control arm: 14
5%
CC0 31%
Males
Unspecified recurrence
CC1 15%
16.8
73%
CC2 0%
Females
21.6
R0 55%
R0 N/R
Unspecified recurrence
R1 19%
R1 17.8
68%
R2a 14%
R2a 12.7
R2b 0%
R2b 4.1
R2c 0%
R2c 5.0
19
-

-

-

-

-

3-yr survival 4-yr survival 5-yr survival Median survival (mo)
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38
EPIC
66
58.5 (1-183)

22.7 (3.2-55.7)

49 (0.5-100)

Passot et al[47]

Hompes et al[48]

Cashin et al[57]

-

-

Turrini et al[50]
Haslinger et al[51]

Yonemura et al[52]

77%

-

-

31%

-

100%

100

-

-

-

18%

62.50%

38%
EPIC
38%
64.30%

HIPEC

-

-

-

-

-

CC0 (108/142; 76)
CC1 34/142 (24)

CC0 (22/24; 92)
CC1 (2/24; 8)
-

CC0 (97/151; 64)
CC1-3 (54/151; 36)

CC0 (93/120; 78)
CC1 (11/120; 9)
CC2 (16/120; 13)
CC0 (48/48; 100)

CC0 (132/146; 90)
CC1 (12/146; 8)
CC2 (2/146; 2)
-

-

CC0 (29/40; 73)
CC2 (11/40; 27)

-

-

-

OS 98%
DFS 66%
HIPEC
80%
EPIC
5%
Overall
83%
100%
-

100%
EPIC
80%
Overall
77%

-

-

OS 89%
DFS 46%
HIPEC
50%
EPIC
-

78%
EPIC group
48%
Overall
51%

HIPEC group

65%
Systemic CT
35%
Overall
72%

90%
Systemic CT
55%
Overall
92%
HIPEC

58%
CRS + HIPEC

-

81%
Systemic CT
65%
HM 43.3%
No HM 36.8%

CRS + HIPEC

81%
CRS + HIPEC

CC0 88%
CC2 42%

-

-

CRS +
HIPEC
51%
Systemic CT
13%
HM 14.4%
No HM
17.4%
-

-

-

51%
-

HIPEC
27%
EPIC
-

-

60%
EPIC group
25%
-

HIPEC group

-

-

HIPEC
18%
EPIC
-

-

HIPEC
group
48%
EPIC group
17%
-

37%
OS 38%
PFS15%
Overall
23.4%
CC0 20%
CC1 9.9%

-

-

-

Overall
33%

-

34%
28%
CRS +
CRS +
HIPEC
HIPEC
50%
42%
25%
Systemic CT Systemic CT Systemic CT
12%
10%
7%
Overall
Overall
55%
50%

39%
CRS + HIPEC

-

-

-

Overall
24.4
CC0 25.9
CC1 8

HIPEC
34
EPIC
25
Overall
35
-

-

36.5
EPIC group
23.9
Overall
36.2

HIPEC group

34.7
Systemic CT
16.8
Overall
41

Overall: 43
CC0: 24
CC2: 9.7
CRS + HIPEC

62.7
Systemic CT
23.9
HM 23
No HM 15.8

CRS + HIPEC

-

Unspecified recurrence
54%
-

-

-

-

-

Unspecified recurrence
70%

-

-

-

-

Peritoneal cancer index (PCI) - Calculated by combining lesion size (0-3; 0-no nodules present, 1-nodule(s) ≤ 5 mm diameter, 2-nodule(s) 5-50 mm in diameter, 3-nodule(s) ≥ 50 mm in diameter) with the abdominopelvic regions
affected[33]; 2Completeness of cytoreduction score (CCRS)[33]; CC0 No visible tumour remaining; CC1 residual tumour deposits < 2.5 mm in diameter; CC2 residual tumour deposits 2.5-25 mm in diameter; CC3 residual tumour
deposits > 25 mm in diameter. HIPEC: Hyperthermic intraperitoneal chemotherapy; EPIC: Early post-operative intraperitoneal chemotherapy; CRS: Cytoreductive surgery; CT: Computed tomography.

1

HIPEC

Cashin et al[56]

10.5 (1-52)

81%
EPIC
44%
75%

48.5

Quenet et al[46]

Klaver et al[49]

HIPEC

-

Glehen et al[45]
Franko et al[55]

55%

-

Vaira et al[44]

-

-

14.6

95.7

Varban et al[43]

Elias et al[54]
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Table 3 Reported treatment-associated morbidity and mortality following multi-modality therapy for colorectal peritoneal metastase
Ref.

n

Portilla et al[33]
Witkamp et al[34]

18
29

0
3

38

Pilati et al[35]

34

0

35

Verwaal et al[36]
Glehen et al[37]

106
53

4

23

Mahteme et al[53]

18

0

61

Glehen et al[38]

506

4%

22.9

Shen et al[39]
Cavaliere et al[40]

77
120

12
3.3

30
22.5

Kianmanesh et al[41]

43

2.3

39

Gusani et al[42]

28

0

56.5

Verwaal et al[26]
Yan[17]

54
50

0

46

Elias et al[54]
Varban et al[43]

48
142

CPM with
HM
7.1%
CPM with no
HM
7.7%

Vaira et al[44]

Glehen et al[45]
Franko et al[55]
Quenet et al[46]

Cashin et al[57]

Mortality (%) Overall morbidity (%)

40

2.5

523
105
146

4.1

32 HIPEC group;
6%
EPIC group;
6%

WJG|www.wjgnet.com

CPM with HM

No of bowel
anastomoses

Intra-abdominal complications (%)

Extra-abdominal complications
(%)

No treatment-associated morbidity data provided
2 (0-5)
Postoperative bleeding (3)
Grade Ⅰ-Ⅱ leucopenia (21)
Bowel perforation (3)
Grade Ⅲ leucopenia (31)
Bladder perforation (3)
Peripheral neuropathy (10)
Return to theatre (17)
Subclavian vein thrombosis (3)
Hydronephrosis requiring
nephrostomy (7)
Wound dehiscence (3)
Prolonged chyle leak (3)
Non-specified complications: Ozols’
Haematological toxicity (12)
Pneumonia (12)
grade Ⅰ (53), grade Ⅱ (9), grade Ⅲ
(1), grade Ⅳ (1)
No treatment-associated morbidity data provided
0.4 (0-4)
Return to theatre (4)
Gastrointestinal fistula (8)
Severe nausea and vomiting (12)
Transient neutropaenia (6)
Leak from drain (6)
Catheter-related problems (39)
Re-operation (10.7)
Haematological toxicity (2.4)
Fistula (8.3)
Systemic sepsis (2)
Intra-abdominal abscess (1.8)
Cardiorespiratory
Urinary fistula (1)
complications (3.5)
Bowel perforation (3)
Haematological toxicity (19)
Perforation (5)
Anastomotic leak (3.3)
Infection (3.3)
Deep abscess (14)
Pleural effusion (12)
Intestinal fistula (9)
Renal failure (7)
Delayed gastric emptying (9)
Superficial wound infection (12)
Re-operation (4)
Re-operation (8)
Systemic sepsis (4)
Anastomotic leak (8)
Intra-abdomoninal abscess (4)
Wound dehiscence (4)
Enterocutaneous fistula (2)
No treatment-associated morbidity data provided
Small bowel obstruction (12)
Pleural effusion (34)
Fistula (10)
Pneumonia (4)
Intra-abdominal abscess (10)
Perforation (4)
No treatment-associated morbidity data provided
CPM with HM
CPM with HM

57.1%
CPM with no HM

Bowel leak (11)
Wound infection (11)

Pneumonia (7)
Neutropaenia (7)

40.1%

Pancreatic fistula (11)
Ileus (11)
CPM with no HM
Bowel leak (5)
Wound infection (5)
Ileus (5)
Enterocutaneous fistula (1)
Fistula (10)
Abdominal abscess (7.5)

DVT (7)
CPM with no HM
Pneumonia (6)
Neutropaenia (8)
AF (3)
Thrombocytopaenia (2)

55

0 (17.5)
1(55)
2 (27.5)

Haematological toxicity (12.5)
Pleural effusion (22.5)
Superficial wound infection
(12.5)
Not specifically provided for patients undergoing procedures for CPM
No treatment-associated morbidity data provided
47.2
GI fistula (4.8)
Urinary fistula (1.4)
Abdominal abscess (2.7)
Reoperation (11.6)
HIPEC group;
HIPEC group;
HIPEC group;
37%
Reoperation (12)
CVA (6)
EPIC group;
EPIC group;
EPIC group;
19%
Reoperation (6)
-
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Passot et al[47]
Hompes et al[48]

Cashin et al[56]

Klaver et al[49]

Turrini et al[50]
Haslinger et al[51]
Yonemura et al[52]

120

3.8

21.8

-

48

0

52.1

1 (0-6)

HIPEC group:
41%
EPIC group:
30%
62

-

151 HIPEC group:
4%
EPIC group:
3%
24
0

26

0

33

38
142

0.7

42.9

Reoperation (13.3)
Fistula (7.5)
Prolonged ileus (23)
Anastomotic leakage (10.4)
Bleeding (6.3)
Bowel perforation (2.1)
Fistula (2.1)
Abscess (2.1)
Reoperation (20.8)
-

Pulmonary (12.5)
Cardiac (2.1)
Urological (12.5)
Haematological (2.5)

-

-

Prolonged ileus (21)
Superficial wound infection (4)
Intra-abdominal collection requiring
Cardiorespiratory
drainage (21)
complications (38)
Fistula (4)
Urological (4)
Splenic infarction (4)
Fistula (10)
Haematological toxicity (10)
Delayed gastric emptying (10)
Not specifically provided for patients undergoing procedures for CPM
-

CPM: Colorectal peritoneal metastase; HM: Hepatic metastasis; HIPEC: Hyperthermic intraperitoneal chemotherapy; EPIC: Early post-operative intraperitoneal chemotherapy.

A

B

C

Figure 3 Widespread colorectal peritoneal carcinomatosis (A) compared to colorectal peritoneal metastasis on the parietal peritoneal surface (B, arrows)
or on the peritoneum of the small bowel mesentry (C).

has not been demonstrated to be effective for treatment
of CPM, and is associated with a median survival of less
than 6 mo[60]. Similarly, orthodox systemic chemotherapy
treatment for CPM has only limited efficacy, at least in
part owing to the plasma-peritoneal barrier which results
in decreased intra-peritoneal drug penetration.
For all these reasons, aggressive multidisciplinary
treatment incorporating cytoreductive surgical (CRS)
techniques and intra-peritoneal chemotherapy has been
proposed and pursued as a logical treatment strategy to
improve long-term survival, and may represent an appealing and natural evolution of the management of complex
and advanced CRC.
Historically, this form of radical approach has been
rarely applied owing to concerns regarding high morbidity and mortality. In more recent times however, advances
in radiological staging and surgical and anaesthetic practice, improved experience in chemotherapeutic methods, and better management of associated toxicity, have
helped expand the treatment options for patients with
peritoneal disease, allowing enhanced prognosis and sur-
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vivorship through increased application of CRS and IPC.
However, despite a recent consensus statement published
on the role of CRS in combination with HIPEC in the
management of CPM[24], there is on-going disagreement
and controversy regarding the precise role of this multimodality approach in treatment algorithms, and firm
evidence to support widespread implementation has been
questioned.
The purpose of the present review was to systematically and critically analyse the available literature. Twenty
seven studies with a combined population of 2838 patients met the predefined inclusion criteria and were included in the review process. Only publications in the last
15 years were included to eliminate any time-dependant
bias from subtle alterations to treatment approaches and
drugs. The available literature consists mainly of lowgrade evidence with small case series or comparative
studies, with the exception of one relatively recent randomised trial. Furthermore, there is substantial betweenstudy heterogeneity, non-standardised definitions, and
inconsistent reporting of data. In spite of these limita-
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tions, this body of data clearly indicates that the greatest
survival times from CPM are achieved after treatment in
specialist institutions by CRS and IPC, with a predictable
high, but perhaps acceptable, frequency of complications. The exact nature and location of re-recurrence
was reported in few studies, with disease recurring in the
peritoneal compartment (ranging from 28%-59%); in distant organs alone (12%-17%); or in both peritoneal and
distant organs (18%-28%; Table 2).
One key consideration is the selection of patients for
radical treatment strategies. The studies included in this
review illustrate a wide variety of methods with no overall consensus or approach. While a number of studies
stated medical co-morbidity as one exclusion criterion,
this was generally poorly defined. Cardiopulmonary exercise testing is one of the most reliable methods of risk
prediction in non-cardiopulmonary surgical procedures,
outperforming alternative methods of risk stratification,
and can readily aid in identification of patients at an increased risk of adverse perioperative events[61]. No studies
included in the present review used formal pre-operative
cardiopulmonary exercise testing as a risk stratification
measure however. Similarly, while some authors would
consider the presence of other solid organ metastases on
pre-operative imaging to be a contraindication to CRS
and PIC[26,34-37,42,44,48,51,53,55,57] this is not an absolute if other
metastases are resectable[38]. Further stratification factors are the extent of disease, and the ability to achieve
a complete cytoreduction. Both are major predictors of
oncological outcome, however significant variability was
noted in the assessment methods used for the evaluation
of disease extent in the studies examined. In 10 of the
included studies a marked reduction in long-term survival
was reported following CC2-3, compared with CC0-1 resection[26,33,36-39,44,52,53,62]. In the largest study included in this
review, analysis of outcomes in 506 patients treated with
CRS and HIPEC found completeness of cytoreduction
to be the strongest predictor of survival on multivariate
analysis (P < 0.0001)[38]. The authors of this study also
found extent of disease at time of surgery (PCI) to be
a significant determinant of survival (P < 0.001)[38] This
finding is supported by the results of Quenet et al[46] who
reported 5-year survival of 65%, 26% and 18% respectively for patients with PCI < 10, PCI 11-19 and PCI >
20. Other factors such as tumour differentiation[17,35,38,52]
the presence of bowel obstruction[39], malignant ascites[39],
age[38] lymph node dissemination[38] and extent of small
bowel involvement[52] have also been identified as negative prognostic indicators, and further investigation is required in order to better define the relative contributions
of these factors to disease outcome.
The present systematic analysis is subject to a number of limitations. All but one of the studies were nonrandomised, mainly with small sample sizes, and were
heterogeneous with respect to extent of peritoneal disease and its manner of assessment; protocol and type of
chemotherapy applied; and measured outcomes. Most
were conducted in large tertiary referral cancer centres.

WJG|www.wjgnet.com

Crucially, it is not possible to separate the incremental
contribution of CRS and IPC from the available data,
making it difficult to draw definitive conclusions regarding the individual contribution of each to the positive
outcomes. Only one RCT has been undertaken to date
comparing CRS and IPC with conventional systemic
chemotherapy[26]. Verwaal et al[26] found improved survival
with CRS + HIPEC compared with systemic chemotherapy alone, though these findings are limited somewhat
by the single institution nature of the study, the relatively
modest sample size, and the fact that patients in the control arm received 5-FU, rather than more contemporary
oxaliplatin-based therapy. Clearly therefore, the findings
presented here must be interpreted within these limitations. Nevertheless, in view of the limited evidence base
in this field at the present time, synthesised evidence in
the present form represents the most informative means
of evaluation.
A number of questions still remain. Better methods
of patient selection are clearly required, and the role of
physiological testing preoperatively may well merit further study to more effectively gauge functional capacity
and risk of adverse events. In addition, an important
challenge in the future will be to identify methods to
avoid over-treatment in patients with chemotherapy insensitive tumours, and to limit side-effects in those with
chemo-sensitive disease. The exact type of chemotherapy
and its method of administration remain unclear at the
present time, as is the precise contribution of CRS and
IPC to the favourable outcomes observed. A further key
question will be whether different/more radical/dose
escalated IPC regimes can counter unfavourable peritoneal disease extent scores. Robust molecular biomarkers
of oncological outcome and disease response are clearly
required and are presently lacking. Exciting developments in the molecular sciences and the multi-platform
high-throughput methods increasingly applied to diverse
tumour types are transforming established treatment approaches, and offer the opportunity for the development
of more personalised strategies in the treatment of CPM.
Although no targeted therapeutic agents are currently
approved for use in the treatment of CPM, it is expected
that emerging tumour-targeted molecular therapies will
permit more cancer-specific cytotoxicity, potentially enhancing oncological outcome and minimising unwanted
toxicity.
In conclusion, Peritoneal disease from colorectal cancer remains a significant clinical problem and presents
unique challenges and opportunities. The concept of
resectable CPM is useful in this complex field. The present review indicates that the evidence base for CRS and
IPC is composed largely of prospective and retrospective
series with only one RCT on the subject to date. Nevertheless these studies appear to demonstrate survival
rates greater than any available alternative, justifying an
aggressive approach. Similar to acceptance of surgery for
liver, lung, and occasionally brain metastatic CRC, radical
treatment for peritoneal disease from CRC now has an
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established place in selected patients, offering the only
realistic chance of long-term survival. In the future, highnumber, multi-institutional studies with limited heterogeneity in assessment and treatment protocols may better
enable clarification of some of the controversies in the
treatment of CPM.
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The finding of peritoneal surface malignancy in the context of colorectal cancer
confers a dismal prognosis. Conventional treatment for this sub-group of patients involves systemic chemotherapy with or without palliative surgery. Multimodality treatment with cytoreductive surgery in combination with intraoperative
chemotherapy is performed at specialist units around the world and can result
in improved oncological outcome.
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The aim of cytoreductive surgery (CRS) is to remove all macroscopic disease
through peritonectomy and multi-visceral resections where required. The
extensiveness of these approaches varies according to cancer volume and
anatomical location. The combination of CRS with intraperitoneal chemotherapy
(IPC) has been advocated in order to eradicate residual cancer cells after macroscopic cytoreduction. In this study, the authors provide a Systematic Review
of the available evidence regarding these multimodality treatment approaches.
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result in improved oncological outcome and even long-term survival in patients
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Although subject to inherent methodological limitations, the studies included in
this review appear to support the use of an aggressive multimodality treatment
approach in the management of CPM.

12

CRS refers to the macroscopic removal of peritoneal surface cancer deposits
through peritoneal stripping procedures and/or visceral resection, depending on
extent and location of carcinomatosis. Intraperitoneal chemotherapy is administered in combination with CRS as a means of eradicating residual tumour.
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Terminology

Peer review

The authors present a systematic review of the literature of cytoreductive
surgery combined with intraperitoneal chemotherapy in colorectal cancer peritoneal metastasis. The authors spent a lot of efforts on the summary of clinical
data from 27 studies. It has been reported the effectiveness of intraperitoneal
chemotherapy in the patients with peritoneal metastasis. However, this kind of
review work has not been reported. Therefore, this work has very high originality to contribute to the further clinical works.
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Abstract
AIM: To investigate the benefits of endoscopic sphincterotomy (EST) before stent placement by meta-analysis of randomized controlled trials (RCTs).
METHODS: PubMed, EMBASE, Cochrane Library, and
Science Citation Index databases up to March 2014
were searched. The primary outcome was incidence of
post-endoscopic retrograde cholangiopancreatography
(ERCP) pancreatitis (PEP) and successful stent insertion
rate. The secondary outcomes were the incidence of
post-ERCP bleeding, stent migration and occlusion. The
free software Review Manager was used to perform the
meta-analysis.
RESULTS: Three studies (n = 338 patients, 170 in
the EST group and 168 in the non-EST group) were
included. All three studies described a comparison of
baseline patient characteristics and showed that there
were no statistically significant differences between the
two groups. Three RCTs, including 338 patients, were

WJG|www.wjgnet.com

included in this meta-analysis. Most of the analyzed
outcomes were similar between the groups. Although
EST reduced the incidence of PEP, it also led to a higher
incidence of post-ERCP bleeding (OR = 0.34, 95%CI:
0.12-0.93, P = 0.04; OR = 9.70, 95%CI: 1.21-77.75, P
= 0.03, respectively).
CONCLUSION: EST before stent placement may be
useful in reducing the incidence of PEP. However, ESTrelated complications, such as bleeding and perforation,
may offset this effect.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Biliary stent; Endoscopic sphincterotomy;
Endoscopic retrograde cholangiopancreatography; Malignant biliary obstruction
Core tip: It is unclear whether patients with malignant
biliary obstruction who receive stent placement benefit
from endoscopic sphincterotomy (EST). The present
meta-analysis was performed to investigate the clinical
outcomes of patients who did and did not undergo EST
before stent placement.
Cui PJ, Yao J, Zhao YJ, Han HZ, Yang J. Biliary stenting with
or without sphincterotomy for malignant biliary obstruction: A
meta-analysis. World J Gastroenterol 2014; 20(38): 14033-14039
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/14033.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.14033

INTRODUCTION
Malignant biliary obstruction is often caused by pancreatic
carcinoma, cholangiocarcinoma and metastatic disease.
The majority of these patients will require non-surgical
treatment because of the advanced nature of the disease
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Study selection
The initial inclusion criteria were as follows: (1) RCTs
irrespective of blinding used or not; (2) the treatment
group received biliary stenting with EST; and (3) a parallel control group received biliary stenting without EST.
Studies that met the initial inclusion criteria were further
examined. Those with duplicate publications, unbalanced
matching procedures or incomplete data were excluded.
When publication duplication occurred, or the studies
were reported in conference proceedings, the earliest
publications were excluded.

Records identified through
database searching (n = 845)
Excluded for
reviews and metaanalysis (n = 146)
Original articles (n = 699)

Excluded for
non-RCT (n = 666)

Data extraction
Two reviewers (Cui PJ and Yao J) independently extracted the data according to the prescribed selection criteria.
Any disagreements were resolved by discussion between
the two reviewers. The following data were extracted: the
baseline trial data (e.g., mean age, gender, primary disease,
type of stent and interventions during stent deployment);
and the outcomes of ERCP (incidence of PEP and successful stent insertion rate, the incidence of post-ERCP
bleeding, and stent migration and occlusion). Wherever
necessary, the corresponding authors were contacted to
obtain supplementary information.

Studies retrieved for
detailed
evaluation (n = 33)
Excluded for
obviously
irrelevant records
(n = 30)

Original studies include in the
meta-analysis (n = 3)

Figure 1 Search protocol for the meta-analysis. RCT: Randomized controlled trial.

or significant co-morbidity associated with surgery[1]. A
biliary stent is often the only feasible therapeutic option
for such patients. Some studies have reported the effectiveness of endoscopic biliary stent placement in relieving jaundice and improving quality of life[2,3]. Currently,
there is still controversy regarding the use of endoscopic
sphincterotomy (EST) before the placement of biliary
stents. The idea of carrying out EST before stent insertion may stem from previous studies that suggested that
the incidence of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) may be lower[4,5] and stent placement may be easier[6]. However, EST
may pose several risks, especially bleeding and perforation,
even when performed by experienced endoscopists[7].
Therefore, it is unclear whether patients with malignant
biliary obstruction who receive stent placement benefit
from EST. The present meta-analysis was performed to
investigate the clinical outcomes of patients who did and
did not undergo EST before stent placement.

MATERIALS AND METHODS
Literature search
Electronic databases, including PubMed, EMBASE, the
Cochrane Library and the Science Citation Index up to
March 2014, were searched. Literature references were
hand-searched during the same period. The search terms
used were “stent or endoprosthesis and endoscopic
sphincterotomy”.
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Study quality
The Jadad composite scale[8] assessed the quality of the
included trials in addition to a description of an adequate
method for allocation concealment. The Jadad score assesses descriptions of randomization, double-blinding,
and withdrawals or dropouts. It ranges from 0-5 points,
with a low-quality study having a score of ≤ 2 and a
high-quality study having a score of ≥ 3[9]. Two authors
(Cui PJ and Yao J) independently assessed the quality if
the studies, and any discrepancies in interpretation were
resolved by consensus.
Statistical analysis
The meta-analysis was performed using the free software
Review Manager (Version 4.2.10, Cochrane Collaboration, Oxford, United Kingdom). Differences observed
between the two groups were expressed as the OR with
a 95%CI. A fixed effects model was used to pool data
when statistical heterogeneity was absent. If statistical
heterogeneity was present (P < 0.05), a random effects
model was used.

RESULTS
Three studies (n = 338 patients, 170 in the EST group
and 168 in the non-EST group) were included; all were
published in English (Figure 1). Tables 1 and 2 show the
clinical details for each trial. All three studies described
a comparison of baseline patient characteristics and
showed that there were no statistically significant differences between the two groups. Table 3 presents the
quality analysis of the included trials. The outcomes were
measured as follows.
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Table 1 Baseline characteristics of the included trials in the meta-analysis
Ref.

Definition of
complications

Giorgio
et al[10]

According to
EST
the criteria of Non-EST
Cotton et al[32]

Artifon
et al[11]

According to
EST
72.1
65.4
the criteria of Non-EST
Cotton et al[32]
According to
EST
65.1 ± 9.5
the criteria of Non-EST 64.0 ± 7.5
Cotton et al[32]

Zhou
et al[12]

Group

Age (yr)

72 ± 6
75 ± 6

Diagnosis (n )
Pancreatic Cholangio- Others
cancer
carcinoma
64
31
1
67
28
1

Gender
(M/F)

Endoscopist

Type of
stent

Sedation

51/35
47/39

Two
experienced
endoscopists

Plastic stent

Not
mentioned

Three
experienced
endoscopists
Two
experienced
endoscopists

Covered
SEMS

Midazolam Before ERCP
and fentanyl

Uncovered
SEMS

Not
During ERCP
mentioned

30
30

0
0

7
7

18/19
12/25

11

26

4

24/17

10

27

4

23/18

Prophy
lactic
antibiotics
Not
mentioned

SEMS: Self-expandable metal stent; EST: Endoscopic sphincterotomy; ERCP: Endoscopic retrograde cholangiopancreatography.

Table 2 Characteristics of randomized comparisons of endoscopic sphincterotomy and non-endoscopic sphincterotomy groups n (%)
Ref.
Giorgio et al[10]
Artifon et al[11]
Zhou et al[12]

Group

Successful stent
insertion

EST
Non-EST
EST
Non-EST
EST
Non-EST

92 (95.8)
90 (93.7)
37 (100)
37 (100)
41 (100)
41 (100)

Pancreatitis
2 (2.2)
2 (2.2)
0 (0)
0 (0)
4 (9.8)
13 (31.7)

Bleeding

Acute
cholangitis

Stent
occlusion

Stent
migration

Duodenal
perforation

3 (3.3)
0 (0)
5 (13.5)
0 (0)
NR

NR

1 (1.1)
2 (2.2)
3 (8.1)
3 (8.1)
5 (12.2)
4 (9.8)

3 (3.3)
3 (3.3)
6 (16.2)
1 (2.7)
NR

NR

NR
24 (58.5)
13 (31.7)

4 (10.8)
0 (0)
NR

NR: Not reported; EST: Endoscopic sphincterotomy.

Table 3 Quality analysis of the included trials
Ref.
[10]

Giorgio et al
Artifon et al[11]
Zhou et al[12]

Randomization method

Allocation concealment

Blinding

Withdrawals

Not mentioned
Computer-generated
Computer-generated

Adequate
Adequate
Adequate

Not mentioned
Double-blind
Not mentioned

Not mentioned
Not mentioned
Not mentioned

Primary outcome
The purpose of performing EST before stent placement is to lower the incidence of PEP and to make stent
insertion easier.; therefore, we considered the rates of
PEP and successful stent insertion to be the primary
outcomes. All three studies[10-12] reported these data, and
170 patients received EST and 168 were allocated to the
non-EST group. A comparison of PEP between the
groups showed that the incidence was signiﬁcantly lower
with EST than without EST [6/170 (3.5%) vs 15/168
(8.9%), P = 0.04, OR = 0.34, 95%CI: 0.12-0.93] (Figure
2A). No significant difference in the rate of successful
stent insertion was observed between the two groups
[170/174 (97.7%) vs 168/174 (96.6%), P = 0.52, OR =
1.53, 95%CI: 0.42-5.62] (Figure 2B).
Secondary outcomes
The secondary outcomes were the incidence of postERCP bleeding, stent migration and occlusion. The postERCP bleeding rate was derived from two RCTs[10,11].
These trials included 256 patients, 129 of whom received
EST. Eight patients experienced bleeding after ERCP, and
all were in the EST group. The incidence was signiﬁcantly
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higher in this group [8/129 (6.2%) vs 0/127 (0%), P =
0.03, OR = 9.70, 95%CI: 1.21-77.75] (Figure 2C). Two
RCTs[10,11] reported 13 cases of stent migration, of whom
nine received EST. There was no signiﬁcant difference
between the two groups [9/129 (7.0%) vs 4/127(3.1%), P
= 0.17, OR = 2.31, 95%CI: 0.70-7.63] (Figure 2D). Three
RCTs[10-12] reported 18 cases of stent occlusion, nine of
which received EST. There was no signiﬁcant difference
between the two groups [9/170 (5.3%) vs 9/168 (5.4%),
P = 0.99, OR = 1.00, 95%CI: 0.38-2.61] (Figure 2E).

DISCUSSION
Endoscopic biliary stenting is a useful technique for the
relief of malignant lower bile duct obstruction, particularly in patients who are not eligible for surgery[13].
However, controversy has existed for a long time regarding the use of EST before stent placement. Those who
prefer to perform EST based their choice on the fact that
it was easier to place stents[14,15] and EST would decrease
the incidence of PEP[4,5]. Others have indicated that the
risks of EST might outweigh any potential benefits for
the patient because of EST-related complications[16].
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A

Study or subgroup

EST
Events

Artifon 2008
Giorgio 2004
Zhou 2012

Non-EST
Total

Odds Ratio
M-H, fixed, 95%CI

14.4%
85.6%

Not estimable
0.98 [0.13, 7.10]
0.23 [0.07, 0.79]

Total (95%CI)
170
Total Events
6
15
2
2
Heterogeneity: χ = 1.46, df = 1 (P = 0.23); I = 31%
Test for overall effect: Z = 2.10 (P = 0.04)

168

100.0%

0.34 [0.12, 0.93]

EST
Events

Artifon 2008
Giorgio 2004
Zhou 2012

C

37
92
41

Study or subgroup

37
96
41

EST
Events

Artifon 2008
Giorgio 2004

0.01
0.1
1
Favours experiments

Non-EST
Total

Total (95%CI)
174
Total events
170
Heterogeneity: Not applicable
Test for overall effect: Z = 0.65 (P = 0.52)

Events
37
90
41

5
3

174

100.0%

1.53 [0.42, 5.62]

168
0.01
0.1
1
Favours experiments

Events

Weight

Total

Total (95%CI)
129
Total events
8
0
2
2
Heterogeneity: χ = 0.08, df = 1 (P = 0.78); I = 0%
Test for overall effect: Z = 2.14 (P = 0.03)

127

100.0%

EST

Artifon 2008
Giorgio 2004

6
3

Weight

Total

1
3

37
90

22.2%
77.8%

Total (95%CI)
129
Total events
9
4
2
2
Heterogeneity: χ = 2.07, df = 1 (P = 0.15); I = 52%
Test for overall effect: Z = 1.37 (P = 0.17)

127

100.0%

Study or subgroup

EST
Events

Artifon 2008
Giorgio 2004
Zhou 2012

37
92

Events

3
1
5

37
92
41

Events

Odds Ratio

Odds ratio
M-H, fixed, 95%CI

12.69 [0.68, 238.39]
7.08 [0.36, 139.01]
9.70 [1.21, 77.75]

1

Weight

Total

10
100
Favours control

Odds Ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

6.97 [0.79, 61.07]
0.98 [0.19, 4.98]
2.31 [0.70, 7.63]

0.01
0.1
1
Favours experiments

Non-EST
Total

10
100
Favours control

M-H, fixed, 95%CI

0.01
0.1
Favours experiments

Non-EST
Total

Odds ratio
M-H, fixed, 95%CI

Not estimable
1.53 [0.42, 5.62]
Not estimable

46.8%
53.2%

Events

Odds Ratio

100.0%

37
90

Study or subgroup

37
92

10
100
Favours control

M-H, fixed, 95%CI

37
96
41

Non-EST
Total

Weight

Total

0
0

D

E

Odds Ratio
M-H, fixed, 95%CI

37
90
41

Study or subgroup

37
92
41

Weight

Total

0
2
13

B

0
2
4

Events

10
100
Favours control

Odds Ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

3
2
4

37
90
41

33.3%
24.2%
42.5%

1.00 [0.19, 5.31]
0.48 [0.04, 5.43]
1.28 [0.32, 5.17]

Total (95%CI)
170
Total events
9
9
2
2
Heterogeneity: χ = 0.47, df = 2 (P = 0.79); I = 0%
Test for overall effect: Z = 0.01 (P = 0.99)

168

100.0%

1.00 [0.38, 2.61]

0.01
0.1
Favours experiments

1

10
100
Favours control

Figure 2 Forest plot. A: Comparison of the incidence of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) between the endoscopic
sphincterotomy (EST) and non-EST groups; B: Comparison of the rate of successful stent insertion between the EST and non-EST groups; C: Comparison of the rate
of post-ERCP bleeding between the EST and non-EST groups; D: Comparison of the rate of stent migration between the EST and non-EST groups; E: Comparison of
the rate of stent occlusion between the EST and non-EST groups.
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In the present meta-analysis, most baseline characteristics in the two groups were similar in all the studies
included. Apart from the incidence of PEP (OR = 0.34,
95%CI: 0.12-0.93, P = 0.04) and the incidence of postERCP bleeding (OR = 9.70, 95%CI: 1.21-77.75, P = 0.03),
other outcomes were not significantly different between
the EST and non-EST groups.
On the one hand, our results seem to go against the
idea that EST performed before stent placement will
make the procedure easier. Usually, in patients with a
malignant biliary obstruction, the biliary stricture is narrow and rigid, especially in those with pancreatic cancer.
However, in the studies of Giorgio et al[10] and Zhou et
al[12], the number of pancreatic cancer cases was similar
between the two groups. Artifon et al[11] enrolled patients
with pancreatic cancer, and their results indicated that
stent insertion will presumably be difficult in patients
with a malignant biliary obstruction; however, insertion should be possible even without EST. On the other
hand, our results seem to support the idea that EST may
decrease the rate of PEP. However, we realize that this
result may result from biases. Firstly, unlike large plastic
stents and covered self-expandable metal stents (SEMS),
which are considered to cause occlusion of the pancreatic duct orifice by physical compression by the stent
covered section[4], partially covered or uncovered SEMS
will not close the pancreatic duct orifice[17]. Thus, the type
of stent deployed will influence the possible development
of PEP. Secondly, the various illnesses being treated may
also have contributed to the biases in these results. For
malignant tumors involving the head of the pancreas or
the ampulla, partial or complete obstruction of the pancreatic duct outﬂow, diversion of pancreatic juice through
the accessory pancreatic duct and diminished pancreatic
function because atrophy of the distal pancreatic parenchyma may all lead to a low rate of PEP after stent placement, even if the stenting was to obstruct the opening of
the main pancreatic duct. In contrast, in the presence of
cholangiocarcinoma or lymph node metastasis, the potential for PEP may be higher as a result of compression
of the oriﬁce of the pancreatic duct. Some retrospective
studies[18-20] suggested that in the presence of pancreatic
duct obstruction associated with a malignant tumor, the
risk of developing PEP is low, regardless of whether
EST is performed, or whether plastic or metal stents are
used. Biases may also occur because of different EST
procedures and the experience of the endoscopists:
when stents are deployed by skilled endoscopists, the
overall rate of PEP may be low[19]. However, in this metaanalysis, we were unable to perform separate subgroup
analyses of the outcome in patients with plastic vs metal
stents, covered SEMS vs uncovered SEMS and pancreatic
cancer vs cholangiocarcinoma or lymph node metastasis
because of insufﬁcient data.
Stent migration and occlusion are late complications
of biliary stent placement. Biliary stenting may involve
proximal or distal migration, which occurs in 5%-10%
of patients[21-23]. There are few data on whether undergoing EST before placement of a biliary stent affects
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the risk of migration. Results based on clinical trials are
contradictory. Some studies showed that EST did not
significantly affect the frequency of stent migration[10,24].
One of the trials included in this meta-analysis showed
that EST led to a higher rate of stent migration; however,
this finding was not statistically signiﬁcant (16.2% vs 2.7%,
P = 0.075). In contrast, another trial indicated a higher
frequency of stent migration in the non-sphincterotomy
group vs the sphincterotomy group (8.5% vs 0%, P =
0.03)[25]. In our meta-analysis, only two trials reported
the rate of stent migration and there was no signiﬁcant
difference between the two groups (OR = 2.31, 95%CI:
0.70-7.63, P = 0.17). The higher rate of migration in patients with EST could be explained by EST before stent
deployment preventing the stent from embedding in the
common bile duct[11]. However, multiple factors, such as
stent diameter, length[22], bile duct diameter, stent design
and even the deﬁnition of stent migration, may influence
the final results[11]. Possible reasons for stent occlusion
may include the formation of biliary sludge, tumor ingrowth or overgrowth, and epithelial hyperplasia inside
the stent[26,27]. A breached sphincter in patients with EST
may lead to bacterial invasion from the duodenum[28], and
an increased risk of acute cholangitis at the early stage
of stent placement[12]. With the expansion of stent and
tumor growth, this phenomenon may decrease gradually. This may partially explain the result obtained in our
meta-analysis where EST did not influence the incidence
of stent occlusion.
The most important outcomes of this meta-analysis
were the incidence of EST-related bleeding and perforation. The rates of bleeding and perforation have been
estimated to be less than 1% and 2%. However, in patients with obstructing lesions of the common bile duct,
such complication rates may be higher than expected.
For those undergoing therapeutic interventions such as
precut, the rate of these complications may be even higher[11]. One study[11] included in our meta-analysis reported
a higher rate of bleeding and duodenal perforation (13.5%
and 10.8%, respectively) in the patients undergoing needle-knife sphincterotomy before stent placement. Moreover, coagulopathy has been found to be an independent
risk factor for hemorrhage after EST[29] and its incidence
increases in cholestasis[30]. As with the previous studies,
bleeding and perforation, which can sometimes be severe
and life threatening, were only observed in those undergoing EST. In contrast, the reported PEP rate was only
around 1.2%-6.3%[25,31] in patients with stent placement,
regardless of whether EST was performed or the type
of stents used. Most episodes were mild, and were not
associated with any long-term pancreatic injury. It seems
reasonable that EST should be avoided unless other indications, such as the insertion of a medical device into the
bile duct for biopsy or brushing cytology, are required.
In conclusion, the present meta-analysis showed that
EST before stent placement may be useful in reducing
the incidence of PEP. However, the possible biases and
EST-related complications, such as bleeding and perfora-
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tion, may offset this reduction in PEP. Further large multicenter RCTs are required.
8
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Endoscopic biliary stenting is a useful technique for the relief of malignant lower
bile duct obstruction, particularly in patients who are not eligible for surgery.
However, there is still controversy over the use of endoscopic sphincterotomy
(EST) before the placement of a biliary stent.

Research frontiers

A biliary stent is often the only feasible therapeutic option for patients with malignant biliary obstruction. Some studies have reported that EST prior to stent
insertion may lower the incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis (PEP) and make stent placement easier. However, it
is unclear whether patients with malignant biliary obstruction who undergo stent
placement benefit from EST.
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The present meta-analysis was performed to investigate the clinical outcomes
in patients who did and did not undergo EST before stent placement based on
available clinical trials.

Applications

The present meta-analysis showed that EST before stent placement may be
useful in reducing the incidence of PEP. However, the possible biases and ESTrelated complications may offset this effect. Further large multicenter randomized controlled trials (RCTs) are required.
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EST, a method to provide access to the biliary system for therapy, is used by
some biliary endoscopists as a common practice before stent placement.

Peer review

In this article, the authors investigated the clinical outcomes in patients who did
or did not undergo EST before stent placement by a meta-analysis of available
RCTs. The results showed that the EST before stent placement may be useful
to reduce the incidence of PEP. However, the authors were unable to perform a
separate subgroup analysis because of insufficient data; therefore, further large
multicenter RCTs are required.
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Abstract
AIM: To evaluate the accuracy of methylation of genes
in stool samples for diagnosing colorectal tumours.
METHODS: Electronic databases including PubMed,
Web of Science, Chinese Journals Full-Text Database and Wanfang Journals Full-Text Database were
searched to find relevant original articles about methylated genes to be used in diagnosing colorectal tumours. A quality assessment of diagnostic accuracy
studies tool (QADAS) was used to evaluate the quality
of the included articles, and the Meta-disc 1.4 and SPSS
13.0 software programs were used for data analysis.
RESULTS: Thirty-seven articles met the inclusion
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criteria, and 4484 patients were included. The sensitivity and specificity for the detection of colorectal
cancer (CRC) were 73% (95%CI: 71%-75%) and
92% (95%CI: 90%-93%), respectively. For adenoma,
the sensitivity and specificity were 51% (95%CI:
47%-54%) and 92% (95%CI: 90%-93%), respectively.
Pooled diagnostic performance of SFRP2 methylation
for CRC provided the following results: the sensitivity was 79% (95%CI: 75%-82%), the specificity was
93% (95%CI: 90%-96%), the diagnostic OR was 47.57
(95%CI: 20.08-112.72), the area under the curve was
0.9565. Additionally, the results of accuracy of SFRP2
methylation for detecting colorectal adenomas were
as follows: sensitivity was 43% (95%CI: 38%-49%),
specificity was 94% (95%CI: 91%-97%), the diagnostic OR was 11.06 (95%CI: 5.77-21.18), and the area
under the curve was 0.9563.

Core tip: The analysis of stool methylation markers as
a non-invasive test is important for the early diagnosis
of colorectal tumours. However, no consensus has been
reached with regard to the role of stool methylation
markers in colorectal tumour diagnosis. We performed
a meta-analysis of 37 articles, and the pooled results
showed that stool methylation markers could be used
as a valuable diagnostic and predictive tool for colorectal tumours, and that SFRP2 methylation serves as a
promising marker with great potential in early colorectal cancer diagnosis.
Zhang H, Qi J, Wu YQ, Zhang P, Jiang J, Wang QX, Zhu YQ.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy and the second leading cause of cancer-related
deaths in Western countries[1,2]. A 5-year survival rate for
stage Ⅰ CRC has reached 90%[3], but less than 10% for
CRC cases who have distant metastases[4]. However, most
CRC patients are diagnosed in the middle or late stages
because no typical symptoms for the early stage of CRC
exist[5]. Therefore, the diagnosis of CRC in early stages
has great importance for reducing CRC mortality.
Early diagnosis of colorectal cancer will help to reduce mortality and the costs for surgery. Currently, the
colonoscopy screening test is of high efficacy, but the
acceptability of this procedure in the general public is
rather low. As an available non-invasive method, faecal
testing has a unique advantage when compared to other
screening modalities. Although faecal occult blood testing
(FOBT) has been confirmed to reduce mortality due to
CRC, the test has little or no impact on the incidence of
CRC because of its low-level sensitivity to adenoma[6], i.e.,
a sensitivity of only 10%-20%[7]. Compared to FOBT, the
most important advantage of a methylation marker test
in stool samples is its higher accuracy and sensitivity for
the diagnosis of premalignant lesions of CRC[8].
DNA methylation often occurs in the early stages of
CRC, and many studies have been performed on the diagnosis of colorectal tumours by determining the methylation of genes in stool samples. However, the results
of these studies are variable although inspiring. Thus, this
meta-analysis will be conducted to assess the accuracy of
the detection of colorectal tumours by the methylation
of genes in stool samples.

MATERIALS AND METHODS
Search strategy
A literature search was performed independently by two
investigators (Zhang H and Qi J) using the following
databases: Pubmed, Web of Science, Chinese Journals
Full-Text Database and Wanfang Journals Full-Text Database. All references that were cited in these studies and
all published reviews were also searched. All English and
Chinese references for analysis were published before
January 2014. The following keywords were used in the
search strategy: “colon/rectal/colorectal”, “cancer/tumours”, “stool”, and “methylation”. In this meta-analysis,
2 × 2 tables were constructed from each study for the
true-positive, false-negative, and true-negative and falsepositive values.
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Inclusion and exclusion criteria
Eligible studies were required to meet all of the following criteria: (1) the data were independent; (2) the CRC
was diagnosed using DNA methylation analysis in stool
sample; (3) the patients were diagnosed with colorectal
cancer or colorectal adenomas by pathology; and (4) the
colonoscopy result of the control individuals was normal.
Exclusion criteria for this meta-analysis were as follows: (1) studies on secondary CRC or primary CRC with
other organ metastases; and (2) studies on CRC patients
receiving chemotherapy or curative surgery.
Data extraction and quality assessment
The following data were extracted from each study: author, year of publication, country or region, sample size,
the name of genes, the detection method of methylation
and the study design. The data were independently extracted by two investigators (Zhang H and Qi J), and discrepancies were solved by a third investigator (Zhu YQ)
and collective discussion. Quality Assessment of Studies
of Diagnostic Accuracy (QUADAS)[9] was used to assess the quality of the primary studies with diagnostic
accuracy, and quality scoring was appraised based on the
empirical evidence, the experts’ opinions and the formal
consensus. Score of 1, 0 and -1 were given to the articles
that were in compliance with the standards completely,
unclear or out of standards, respectively, and the full
score was 14.
Statistical analysis
All statistics were calculated and then combined using
a random-effects model and 95%CI as effect measurements. The diagnostic odds ratio (DOR) reflects the relationship between the result of the diagnostic test and the
disease. The summary receiver operation characteristic
(SROC) curve displays the trade-off between sensitivity
and specificity and represents a global summary of test
performance. We used the Q-value, which is the intersection point of the SROC curve with a diagonal line from
the left upper corner to the right lower corner of the
receiver operation characteristic (ROC) space, which corresponds to the highest value of sensitivity and specificity
for the test. The positive likelihood ratio (PLR) represents
the value by which the odds of the disease increase when
a test is positive, whereas the negative likelihood ratio
(NLR) shows the value by which the odds of the disease
decrease when a test is negative. Statistical heterogeneity was assessed using the χ 2 test, and alpha significance
testing was performed at the two-tailed 0.05 level. The
professional statistical software programs (Meta-DiSc 1.4
and SPSS 13.0) were used for analysis. Publication bias
was assessed by Egger analysis.

RESULTS
The literature search retrieved 541 citations, 408 of which
were excluded because they were duplicates. Of the 133
potentially eligible studies, 96 publications were excluded
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analysis (MS-MCA). The quantitative method included
Methyl-BEAMing; quantitative MSP (qMSP); MethyLight; combined bisulfite restriction analysis (COBRA);
pyrosequencing; and quantitative, allele-specific, real-time
target and signal amplification (QuARTS).

541 citations were
retrieved from database
searches
408 repetitive articles
were excluded
133 complete articles
were assessed according
to the selection criteria
96 articles were excluded
according to explicit
exclusion criteria
37 studies were finally
included in meta-analysis

Figure 1 Flowchart of the study selection.

because they did not investigate colorectal tumour or human stool studies (n = 21), included no diagnostic value
studies (n = 20), were reviews (n = 27) or had overlapping data (n = 28). Finally, 37 studies that focused on the
target patient spectrum were included (Figure 1).
Study characteristics
Of the 37 studies, 7 were Chinese and 30 were English,
and they included 4484 patients (Table 1). These studies were performed in 10 countries or regions (including
China, the United States, the Netherlands, Spain, Japan,
Germany, Iran, Hong Kong, Austria and South Korea).
In these studies, 34 evaluated CRC, and 26 evaluated
colorectal adenoma. Twenty-four studies focused on the
methylation of a single gene, and the other 13 studies involved the methylation of multiple genes.
Genes evaluated in these studies were mainly involved in three types of regulation pathways: the Wnt
pathway, the DNA damage repair pathway and other
pathways. Five genes of the Wnt pathway were involved
in 11 studies: secreted frizzled-related proteins (SFRP1,
SFRP2, SFRP5), Adenomatous Polyposis Coli (APC) and
WNT2. Two genes of the DNA damage repair pathway
were involved in 7 of the studies: O-6-MethylguanineDNA Methyltransferase (MGMT) and MutL Homologue
1(MLH1). Twenty-nine studies involved 22 genes of
other pathways: Vimentin, Oncostain M Receptor-β (OSMR),
Phosphatase and Actin Regulator 3 (PHACTR3), Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A), Tissue Factor Pathway
Inhibitor (TFPI2), Hyperplastic Polyposis Protein Gene (HPP1),
GATA4, Human Lactoferrin (HLTF), ATM, Ras Association Domain Family2 (RASSF2), RARB2, Hypermethylated In
Cancer 1 (HIC), Engrailed gene (EN1), N-Myc DownstreamRegulated Gene family (NDRG4), IGTA4, T-cell differentiation
protein (MAL), Spastic Paraplegia-20 ISPG20), Fibrillin-1
(FBN1), AGTR1, SLIT2, SEPT9 and Angiotensin Ⅱ type 1
receptor gene (AGTR1).
Qualitative and quantitative methods were the two
main types of methods used for methylation detection.
The qualitative method included methylation-specific
PCR (MSP) and methylation-specific melting curve
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Colorectal carcinoma meta-analysis
The colorectal carcinoma results were pooled from 34
studies and are shown in Table 2. The meta-analysis
showed that the sensitivity and specificity of the detection of colorectal carcinoma by the methylation of
genes were 73% (95%CI: 71%-75%) and 92% (95%CI:
90%-93%), respectively. The positive likelihood ratio was
8.07 (95%CI: 6.26-10.41), the negative likelihood ratio
was 0.31 (95%CI: 0.25-0.38), the diagnostic odds ratio
was 31.49 (95%CI: 23.25-42.64), and the symmetric area
under the curve was 0.9281.
Heterogeneity was significant for the sensitivity (P <
0.001), specificity (P = 0.0008), positive likelihood ratio (P
= 0.0025), negative likelihood ratio (P < 0.001), and diagnostic odds ratios (P = 0.0340).
Of the involved regulation mechanisms, we found
that DOR and AUC of the methylated genes belonging
to the Wnt pathway were higher than those of genes of
the DNA damage repair pathway and other pathways.
The sensitivity, specificity, DOR and AUC of different
methylated genes in the three types of pathways were
calculated (Table 2), and the results indicated that the accuracy of faecal SFRP2 methylation in the diagnosis of
colorectal carcinoma was higher than that of other genes,
with a sensitivity of 79% (95%CI: 75%-82%) (Figure
2A), a specificity of 93% (95%CI: 90%-96%) (Figure 2B),
a diagnostic OR of 47.57 (95%CI: 20.08-112.72), and an
area under the curve of 0.9565 (Figure 2C).
Colorectal adenoma meta-analysis
Pooled colorectal adenoma analysis (Table 3), including
26 studies, provided the following results: the sensitivity
and specificity of gene methylation for colorectal adenoma diagnosis were 51% (95%CI: 47%-54%) and 92%
(95%CI: 90%-93%), respectively. The positive likelihood
ratio was 5.52 (95%CI: 4.23-7.19), the negative likelihood
ratio was 0.52 (95%CI: 0.44-0.61), and the diagnostic
odds ratio and symmetric area under the curve were
12.61 (95%CI: 8.66-18.37) and 0.8830, respectively.
Heterogeneity was also clear regarding sensitivity (P <
0.001), specificity (P = 0.0233), positive likelihood ratio (P
= 0.1166), negative likelihood ratio (P < 0.001), and diagnostic odds ratios (P = 0.0565).
The DOR and AUC of the methylated Wnt pathway
genes were higher than those of the genes of the DNA
damage repair pathway and other pathways when grouping all of the genes by pathway for analysis. In these
regulation mechanisms, we also found that the Wnt pathway was higher than the DNA damage repair pathway
and the other pathway group. The sensitivity, specificity,
DOR and AUC of the different methylated genes in the
three types of pathways were calculated (Table 3), and
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Table 1 Characteristics of the included studies in the meta-analysis and quality assessment of studies of diagnostic accuracy scores
Ref.

Country/region

Ahlquist et al[10] 2012

n

Methylation of genes

Li et al[16] 2009

Vimentin/NDRG4/BMP3/
TFPI2
The Netherlands
PHACTR3
GATA4
OSMR
Ireland
PHACTR3
Spain
RARB2/P16/MGMT/APC
RARB2
P16
MGMT
APC
China
SFRP2
South Korea
Vimentin/MGMT/MLH1
MLH1
Vimentin
MGMT
United States
Vimentin

Melotte et al[17] 2009
Ausch et al[18] 2009
Hellebrekers et al[19] 2009
Mayor et al[20] 2009
Kim et al[21] 2009

The Netherlands
United States
The Netherlands
Spain
United States

Bosch et al[11] 2011

Ahlquist et al[12] 2011
Azuara et al[13] 2010

Tang et al[14] 2011
Baek et al[15] 2009

Nagasaka et al[22] 2009

Ireland

Japan

Glöckner et al[23] 2009
Wang et al[24] 2008
Oberwalder et al[25] 2008
Itzkowitz et al[26] 2008
Huang et al[27] 2007

United States
China
Australia
United States
China

Itzkowitz et al[28] 2007

United States

Abbaszadegan et al[29] 2007
Zhang et al[30] 2007
Leung et al[31] 2007

Hong kong
Germany
Hong kong

Petko et al[32] 2005

United States

Lenhard et al[33] 2005
Chen et al[34] 2005
Müller et al[35] 2004

Germany
United States
Australia

Xu et al[36] 2012
Kang et al[37] 2011

China
China

Zhang et al[38] 2011

China
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NDRG4
IGTA4
GATA4
EN1
OSMR/SFRP1
OSMR
SFRP1
SFRP2
RASSF2
TFPI2
SFRP2
SFRP2
Vimentin
SFRP2/HPP1/MGMT
SFRP2
HPP1
MGMT
Vimentin/HLTF
HLTF
Vimentin
p16
SFRP1
SFRP2/MGMT/MLH1/
HLTF/ATM/APC
SFRP2
MGMT
MLH1
HLTF
ATM
APC
MGMT/CDKN2A/MLH1
CDKN2A
MGMT
MLH1
HIC1
Vimentin
SFRP2/SFRP5
SFRP2
SFRP5
SFRP2
MGMT/MAL/CDKN2A
MAL
CDKN2A
MGMT
Vimentin/OSMR/TFPI2
Vimentin
OSMR
TFPI2

CRC

Adenoma

Normal

Blind
design

Detection
method

QUADAS
score

41

Yes

QuARTS

11

4
6
7
29
0
0
0
0
0
2
5
0
0
5
2

97
95
94
264
20
13
13
15
15
28
32
37
37
32
36

Unclear

qMSP

10

Yes
Yes

QuARTS
MS-MCA

11
10

Yes
Yes

MSP
MSP

9
9

Unclear

5

NR
2
NR
NR
11
14
12
38
49
19
13
7
11
6
10
9
15
NR
NR
NR
NR
0
7

3
6
9
1
0
4
0
9
6
2
2
0
2
1
1
0
0
19
9
16
0
2
3

72
22
66
29
5
92
15
104
107
43
28
6
36
23
23
24
24
103
113
106
20
15
27

Yes
Unclear
Yes
Unclear
Yes

MethylBEAMing
qMSP
qMSP
qMSP
MS-MCA
qMSP

11
4
10
7
9

Unclear

COBRA

10

Yes
Yes
Yes
Yes
Yes

qMSP
MethyLight
MethyLight
MSP
MSP

12
8
9
13
8

Yes

MSP

13

Unclear
Yes
Yes

MSP
MSP
MSP

8
9
13

22
22
22
20
20
21
13
20
15
29
9
44
NR
NR
NR
15
7
10
14
15
4
12
10
6

2
0
0
1
0
0
7
3
5
2
0
8
8
4
5
1
2
1
0
1
4
0
0
4

28
30
30
29
30
30
12
16
14
17
32
111
8
12
11
29
24
25
26
25
26
30
30
26

Yes

MSP

9

Yes
Yes
Unclear

MSP
MSP
MethyLight

11
11
5

Unclear
Unclear

MSP
MSP

5
7

Unclear

MSP

9

+

-

+

-

+

-

98

26

4

18

4

5

185
160
185
639
98
85
77
80
77
262
149
149
149
149
80

40
29
25
214
25
11
9
9
9
142
45
18
23
31
9

25
11
40
38
13
23
21
19
19
27
15
42
37
29
13

6
3
4
51
20
7
6
3
9
29
31
6
8
19
9

13
16
15
43
20
31
28
34
25
34
21
46
44
33
11

150
37
150
60
42
201
52
253
253
129
133
19
80
97
97
97
97
162
162
162
45
44
75

42
NR
44
8
12
35
11
53
38
44
60
NR
9
50
49
37
25
31
15
29
5
16
16

33
NR
31
22
8
54
9
31
46
14
9
NR
13
2
3
15
27
9
25
11
20
4
4

NR
7
NR
NR
6
2
5
18
7
7
21
6
9
15
11
12
6
NR
NR
NR
NR
7
18

75
75
75
75
75
75
48
48
48
48
71
263
39
39
39
90
119
119
119
119
107
107
107
107

6
4
4
5
5
4
NR
NR
NR
NR
11
43
20
19
18
20
64
54
36
38
52
32
41
45

14
3
16
3
16
3
15
5
15
5
16
4
NR 16
NR 9
NR 14
NR 0
15
4
51
6
3 NR
4 NR
5 NR
10 15
5
17
15 14
33 10
31
9
8
13
28
5
19
7
15 11
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Fu et al[39] 2010
Ling et al[40] 2009
Cheng et al[41] 2007
Zhao et al[42]
2009
Chang et al[43] 2010

China
China
China
China

Vimentin
P16
SFRP2
NDRG4

22
108
97
114

5
47
49
64

9
14
3
20

NR
16
11
NR

NR
11
10
NR

0
1
1
3

8
19
23
27

Unclear
Unclear
Unclear
Unclear

MSP
MSP
MSP
MSP

5
7
5
6

South Korea

IGTA4/SFRP2/P16
IGTA4
SFRP2
P16
SPG20
AGTR1/WNT2/SLIT2
AGTR1
WNT2
SLIT2
9-Sep
Vimentin
FBN1

86
86
86
86
126
102
107
91
108
61
55
105

21
11
18
12
77
50
14
21
37
7
18
54

9
19
12
18
19
14
54
31
34
28
15
21

18
4
11
6
NR
NR
NR
NR
NR
NR
NR
NR

7
21
14
19
NR
NR
NR
NR
NR
NR
NR
NR

1
0
0
1
0
4
2
1
2
0
3
2

30
31
31
30
30
34
37
38
35
26
19
28

Yes

MSP

8

Zhang et al[44] 2013
Carmona et al[45] 2013

China
Spain

Guo et al[46] 2013

China

Unclear
MSP
Unclear Pyrosequencing

MSP

7
10

6

+: Represents the number of individuals when the DNA methylation test was positive; -: Represents the number of individuals when the DNA methylation
test was negative; MSP: Methylation-specific PCR; NR: Not reported; n: Total number.

Table 2 Methylation of pooled genes for the diagnosis of colorectal cancer
Wnt pathway

DNA damage repair pathway

Other pathways

SE (95%CI)

SP (95%CI)

Wnt pathway
Wnt pathway
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2

DNA damage repair pathway
DNA damage repair pathway
MGMT
MLH
MGMT
MLH
MLH
MLH
MLH

Other pathways
Other pathways
Vimentin
OSMR
P16
Vimentin
OSMR
P16

73% (71%-75%)
72% (68%-75%)
42% (36%-47%)
57% (55%-59%)
79% (75%-82%)
47% (40%-53%)
28% (18%-39%)
49% (43%-54%)
47% (40%-54%)
50% (42%-58%)
69% (66%-72%)
72% (68%-75%)
64% (60%-67%)
65% (62%-69%)
68% (64%-71%)

92% (90%-93%)
93% (90%-96%)
97% (94%-99%)
94% (93%-95%)
93% (90%-96%)
95% (90%-98%)
100% (95%-100%)
93% (90%-95%)
95% (91%-98%)
98% (92%-100%)
94% (91%-96%)
94% (92%-96%)
93% (92%-95%)
95% (93%-96%)
95% (93%-97%)

DOR (95%CI)
31.49 (23.25-42.64)
33.99 (17.99-60.50)
12.87 (5.98-27.72)
20.17 (15.18-26.80)
47.57 (20.08-112.72)
11.67 (5.10-26.67)
23.68 (3.02-185.44)
13.81 (8.57-22.27)
14.66 (5.06-42.47)
24.39 (7.26-81.96)
33.24 (16.76-65.93)
43.03 (20.15-91.87)
24.93 (15.34-40.50)
33.10 (17.12-63.98)
38.86 (20.11-67.54)

AUC
0.928
0.931
0.730
0.921
0.957
0.709
0.500
0.847
0.225
0.975
0.946
0.953
0.928
0.951
0.952

SE: Sensitivity; SP: Specificity; DOR: Diagnostic odds ratios; AUC: The area under the curve; CI: Confidence interval; MLH: MutL Homologue; MGMT: O-6Methylguanine-DNA Methyltransferase.

the results indicated that the values of DOR and AUC of
P16 and SFRP2 were higher than those of other genes,
but the accuracy of faecal SFRP2 methylation for the
diagnosis of colorectal adenoma was higher than that of
P16 according to sensitivity (Figure 3A-C).
Meta-regression
In the meta-regression analysis, the difference in relative
diagnostic odds ratio values between the higher and lower
quality studies was not significant. We also noted that the
differences between blinded and non-blinded methods,
qualitative and quantitative methods, single and multiple
gene methylation did not reach statistical significance, indicating that these potential factors did not substantially
affect the diagnostic accuracy, as shown in Table 4.
Publication bias
In our meta-analysis, publication bias was evaluated using
the Egger test. The results showed no significant publication bias among the studies of SFRP2 methylation in fae-
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cal samples from CRC or adenoma patients (Figures 4A
and B).

DISCUSSION
It is widely accepted that DNA methylation in stool may
be valuable for increasing the rate of CRC detection at
earlier stages[47]. In the present study, we focused on the
detection performance of gene methylation in stool samples for patients with colorectal tumours. Our analysis
suggests that the specificity of SFRP2 methylation is high
(93% for CRC and 94% for colorectal adenoma) for the
detection of colorectal tumours; however, it has moderate (79%) and low sensitivity (43%) for diagnosing CRC
and adenoma, respectively. Compared to FOBT, with a
sensitivity of 14% for colorectal tumour diagnosis[48], the
detection accuracy of faecal methylation biomarkers was
higher as a CRC-screening method.
The diagnostic odds ratio (DOR) is an indicator of
test accuracy. The value of the DOR ranges from 0 to
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A

Study

Sensitivity (95%CI)
[14]

Wang 2010
[22]
Nagasaka 2009
[24]
Wang 2008
[27]
Huang 2007
[31]
Leung 2007
[35]
Hannes 2004
[36]
Xu 2012
[41]
Cheng 2007
[43]
Park 2011

0.84
0.63
0.87
0.94
0.30
0.83
0.67
0.94
0.60

(0.78-0.89)
(0.52-0.73)
(0.77-0.94)
(0.84-0.99)
(0.12-0.54)
(0.61-0.95)
(0.47-0.83)
(0.84-0.99)
(0.41-0.77)

Pooled sensitivity = 0.79 (0.75-0.82)
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Figure 2 Forest plot of SFRP2 methylation in the diagnosis of colorectal cancer. A: Shows the sensitivity of SFRP2 methylation in stool samples used for
colorectal carcinoma diagnosis. The point estimates of specificity from each study are shown as red squares; B: Shows the specificity of SFRP2 methylation in stool
samples used for colorectal cancer diagnosis. The point estimates of specificity from each study are shown as blue squares; C: Shows the summary receiver operating characteristic curves (SROC) of SFRP2 methylation assays used for diagnosis of colorectal carcinoma. Red circles represent each study that was included in
the meta-analysis. The size of each study is indicated by the size of the red circle. SROC curves summarize the overall diagnostic accuracy. Error bars indicate the
95%CI, and df indicates the degrees of freedom.

infinity, and higher values indicate better discriminatory
test performance. In this meta-analysis, we found that the
DOR of faecal SFRP2 methylation for colorectal carcinoma and adenoma were 47.57 and 11.06, respectively,
which indicated a high level of overall accuracy for CRC
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and a low level for adenoma. The SROC curve represents
an overall measure of the discriminatory power of a test.
The area under the curve of 1 for any test indicates that
the test is excellent. Our data showed that the area under
the curve (AUC) values of the SROC curve for faecal
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Table 3 Methylation of pooled genes for the diagnosis of colorectal adenomas
Wnt pathway

DNA damage repair pathway

Other pathways

SE(95%CI)

SP(95%CI)

DOR(95%CI)

AUC

Wnt pathway
Wnt pathway
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2
SFRP2

DNA damage repair pathway
DNA damage repair pathway
MGMT
MLH
MLH
MGMT
MGMT
MGMT
MGMT
MLH
MLH
MLH

Other pathways
Other pathways
Vimentin
OSMR
P16
OSMR
Vimentin
P16
Vimentin
OSMR
P16
Vimentin
OSMR
P16

51% (47%-54%)
40% (35%-46%)
21% (17%-27%)
32% (28%-35%)
43% (38%-49%)
29% (22%-36%)
8% (4%-16%)
23% (17%-31%)
25% (14%-39%)
33% (23%-44%)
34% (29%-39%)
38% (33%-42%)
41% (35%-46%)
36% (32%-41%)
41% (36%-46%)
34% (30%-38%)
36% (32%-41%)
37% (33%-41%)
31% (27%-35%)
33% (29%-38%)
34% (30%-38%)

92% (90%-93%)
95% (92%-97%)
95% (91%-97%)
94% (93%-95%)
94% (91%-97%)
93% (87%-96%)
98% (92%-100%)
95% (92%-98%)
95% (91%-98%)
97% (89%-100%)
95% (92%-97%)
94% (91%-96%)
95% (92%-96%)
95% (93%-96%)
95% (92%-97%)
94% (92%-96%)
94% (92%-96%)
94% (92%-96%)
95% (93%-97%)
95% (93%-97%)
95% (93%-97%)

12.61 (8.66-18.37)
10.81 (6.43-18.16)
4.23 (2.01-8.88)
7.78 (5.48-11.05)
11.06 (5.77-21.18)
4.42 (2.18-8.95)
2.35 (0.14-40.83)
8.30 (2.60-26.55)
5.20 (1.44-18.82)
13.27 (3.40-51.83)
9.62 (4.64-19.93)
7.85 (4.79-12.87)
9.25 (5.13-16.69)
9.88 (5.55-17.57)
10.37 (6.21-17.31)
7.81 (4.96-12.29)
7.25 (4.61-11.39)
7.92 (5.14-12.21)
8.99 (4.95-16.31)
8.37 (4.50-15.59)
9.98 (5.45-18.27)

0.883
0.932
0.672
0.873
0.956
0.614
0.898
0.817
0.97
0.947
0.753
0.948
0.946
0.948
0.804
0.775
0.772
0.944
0.941
0.947

SE: Sensitivity; SP: Specificity; DOR: Diagnostic odds ratios; AUC: The area under the curve; MLH: MutL Homologue; MGMT: O-6-Methylguanine-DNA
Methyltransferase.
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Figure 3 Forest plot of SFRP2 methylation in the diagnosis of colorectal adenomas. A: Shows the sensitivity of SFRP2 methylation in stool samples for colorectal adenoma diagnosis; B: Shows the specificity of SFRP2 methylation in stool samples for colorectal adenoma diagnosis; C: Shows the summary receiver operating
characteristic curves (SROC) of SFRP2 methylation assays for the diagnosis of colorectal adenomas.
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Figure 4 Assessment of the publication bias in faecal SFPR2 methylation for the diagnosis of colorectal cancer (A) and adenomas (B). No significant publication biases were found in any of these studies (all P > 0.05).

SFRP2 methylation for the diagnosis of colorectal carcinoma and adenoma were 0.9565 and 0.9563, respectively,
which indicated that faecal SFRP2 methylation is an excellent diagnostic biomarker for colorectal tumours.
Because the DOR and SROC curve are not easy to
use in clinical practice, the likelihood ratios are considered to be more clinically meaningful. For a high-quality
diagnostic test, a PLR of > 10 or NLR < 0.1 is typically
required. However, our meta-analysis showed that neither
PLR nor NLR alone was adequate to confirm or exclude
the diagnosis of colorectal carcinoma or adenoma. The
PLR value was 9.12 in the diagnosis analysis of CRC,
which suggested that patients with a positive faecal
SFRP2 methylation assay had a nine-fold chance of being
diagnosed with CRC rather than non-CRC. Therefore, a
colonoscopy was necessary for patients with a positive
faecal SFRP2 methylation assay to confirm the diagnosis
of CRC with high probability. On the other hand, a NLR
of 0.24 in the diagnosis analysis of CRC suggested that if
a faecal SFRP2 methylation assay result was negative, the
probability rate of the individual having CRC was 24%.
For the diagnosis of colorectal adenoma, a PLR of 5.99
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suggested a moderate necessity to consider colonoscopy
for patients with a positive faecal SFRP2 methylation
assay to confirm the diagnosis of colorectal adenoma.
Moreover, the NLR was 0.60 in the diagnosis analysis of
colorectal adenoma. These data suggest that a negative
faecal SFRP2 methylation assay result should not be used
alone as a justification for denying or discontinuing the
screening of colorectal adenomas.
An aberrant Wnt signalling pathway is an early event
in 90% of colorectal carcinomas. SFRPs are secreted glycoproteins that antagonise Wnt signalling by different direct or indirect mechanisms. Thus, the role of SFRPs as a
negative regulator of Wnt signalling may have important
significance in tumourigenesis. These epigenetic events
are involved in the early steps of colon carcinogenesis,
and changes in the status of DNA methylation are associated with early stages of the histologic progression
of colon carcinoma. Our previous studies of CRC tissue
showed that SFRP1 and SFRP2 were methylated in more
than 80.6% of colorectal carcinomas[49]. Therefore, faecal
SFRP2 methylation could be expected to be a biomarker
for the screening of colorectal tumours. Although it

14047

October 14, 2014|Volume 20|Issue 38|

Zhang H et al . Stool methylation markers in colorectal tumours
that has great potential in early CRC diagnosis.

Table 4 Weighted meta-regression on the diagnostic accuracy
of the methylation of genes assays
Covariates

P value RDOR

Coefficient

SE

QUADAS score1
Detection method2

0.062
-0.146

0.413
0.401

0.881
0.719

1.06
0.86

(0.46-2.47)
(0.38-1.96)

Blinded design3
Methylation genes4

-0.166
-0.036

0.364
0.444

0.651
0.936

0.85
0.96

(0.40-1.78)
(0.39-2.39)

Terminology

95%CI

1

QUADAS score, which was divided into studies with higher quality
(QUADAS score ≥ 10) and those with lower quality (QUADAS score < 10);
2
Detection method, which was divided into qualitative and quantitative
assay methods; 3Blinded design: the study was included with or without
blinded design; 4Methylation genes, which were divided into single gene
and combination genes.

cannot be generally used as a screening tool because of
financial limitations, the analysis of methylation markers
offers a variety of new opportunities for developing biomarkers at the molecular level of colorectal tumours.
Our meta-analysis had several limitations: (1) none of
the included studies were multicentre or large-blinded,
randomized, controlled trials; (2) conference abstracts
and non-English and non-Chinese language studies were
excluded, which might have led to publication bias; (3)
studies on DNA methylation with statistical significance
tend to be published and cited; and (4) due to the absence
of case-mix difference analysis, smaller trials may show
larger treatment effects than larger studies (e.g., patients
with only localised vs metastatic disease).
To sum up, stool-based DNA methylation has been
shown to be highly discriminatory in the detection of
colorectal tumours. Our results demonstrate that SFRP2
methylation, as a non-invasive modality, shows promise
for the accurate detection of CRC; however, a large number of studies are required to further confirm the role
of faecal SFRP2 methylation for early and accurate CRC
diagnosis.

Diagnostic odds ratio (DOR) reflects the relationship between the result of the
diagnostic test and the disease. The summary receiver operation characteristic
(SROC) curve displays the trade-off between sensitivity and specificity and
represents a global summary of test performance. The authors used the Q-value,
the intersection point of the SROC curve with a diagonal line from the left upper
corner to the right lower corner of the receiver operation characteristic (ROC)
space, which corresponds to the highest value of sensitivity and specificity for
the test. The positive likelihood ratio (PLR) represents the value by which the
odds of the disease increase when a test is positive, whereas negative likelihood ratio (NLR) shows the value by which the odds of the disease decrease
when a test is negative.

Peer review

This study reviewed 37 trials to evaluate the accuracy of stool methylation
genes for diagnosing colorectal tumours. Based on these analyses, the authors
conclude that stool SFRP2 methylation is a promising marker that has great
potential in early CRC diagnosis. The analysis was carefully performed, and the
results were clearly presented and summarized and provided valuable advice
for early clinical diagnosis of colorectal tumours.
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CONCLUSION: BM-MSC infusion in the treatment of
decompensated liver cirrhosis improved liver function.
At the end of year 1, there were no serious side effects
or complications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To assess the efficacy and safety of bone marrow-derived mesenchymal stem cell (BM-MSC) in the
treatment of decompensated liver cirrhosis.
METHODS: The search terms “bone marrow stem
cell” “chronic liver disease” “transfusion” and “injection”
were used in the Cochrane Library, Med-Line (Pub-Med)
and Embase without any limitations with respect to
publication date or language. Journals were also handsearched and experts in the field were contacted. The
studies which used BM-MSC in the treatment of any
chronic liver disease were included. Comprehensive Review Manager and Meta-Analyst software were used for
statistical analysis. Publication bias was evaluated using
Begg’s test.
RESULTS: Out of 78 studies identified, five studies
were included in the final analysis. The studies were
conducted in China, Iran, Egypt and Brazil. Analysis of
pooled data of two controlled studies by Review Manager showed that the mean decline in scores for the
model for end-stage liver disease (MELD) was -1.23
[95%CI: -2.45-(-0.01)], -1.87 [95%CI: -3.16-(-0.58)],
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-2.01 [95%CI: -3.35-(-0.68)] at 2, 4 and 24 wk, respectively after transfusion. Meta-analysis of the 5
studies showed that the mean improvement in albumin
levels was -0.28, 2.60, 5.28, 4.39 g/L at the end of 8,
16, 24, and 48 wk, respectively, after transfusion. MELD
scores, alanine aminotransferase, total bilirubin levels
and prothrombin times improved to some extent. BMMSC injections resulted in no serious adverse events or
complications.

Key words: Decompensated liver cirrhosis; Bone marrow stem cell; Transfusion; Meta-analysis
Core tip: Out of 78 studies identified, five studies were
included in the final analysis, which showed that the
mean decline in scores for the model for end-stage
liver disease was -1.23 [95%CI: -2.45-(-0.01)], -1.87
[95%CI: -3.16-(-0.58)], -2.01 [95%CI: -3.35-(-0.68)]
at 2, 4 and 24 wk, respectively. The mean improvement
in albumin levels was -0.28, 2.60, 5.28, 4.39 g/L at
the end of 8, 16, 24, and 48 wk, respectively. Alanine
aminotransferase, total bilirubin levels and prothrombin
times improved to some extent. Bone marrow-derived
mesenchymal stem cell injections resulted in no serious
adverse events or complications.
Pan XN, Zheng LQ, Lai XH. Bone marrow-derived mesenchymal stem cell therapy for decompensated liver cirrhosis: A metaanalysis. World J Gastroenterol 2014; 20(38): 14051-14057
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/14051.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.14051
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INTRODUCTION
Liver fibrosis is the main cause of morbidity in patients
with chronic liver disease (CLD). The most common
causes of CLD are hepatitis B virus (HBV), alcohol, hepatitis C virus (HCV), autoimmune liver disease and primary biliary cirrhosis (PBC). CLD frequently progresses
to liver cirrhosis (LC)[1]. LC usually progresses irreversibly
to a decompensated stage which is characterized by liver
functional impairment and portal hypertension. Many
patients die from one or more clinical complications of
decompensated liver cirrhosis (DLC)[2]. Although DLC
can be treated conventionally, liver transplantation is the
only option that can improve the survival rate of these
patients. However, because of the shortage of donor
livers, high costs, and potential serious complications,
the availability of liver transplantation is limited worldwide[3-5]. Therefore, alternative strategies are under intense
investigation.
Mesenchymal stem cells (MSC) originate from the
many mesenchymal and connective tissues and have the
potential to differentiate into various lineages[6,7]. Petersen
et al[8] suggested that bone marrow can differentiate into
mature hepatocytes. Furthermore, bone-marrow stem
cells are thought to contribute to liver regeneration[9-11],
and this aspect has been studied in the treatment of some
liver diseases[12,13]. However, the effectiveness of bone
marrow-MSC (BM-MSC) in the treatment of DLC has
been inconclusive. Some studies on animal models have
shown that BM-MSC infusions ameliorated liver fibrosis,
and reversed fulminant hepatic failure[14-17]. Clinical trials
have shown that BM-MSC transfusion can quickly improve liver function without significant side effects[18-22].
Use of BM-MSCs decreased ascites and fatigue as well as
improving survival rates[18]. Some studies have suggested
that BM-MSCs improved cases of liver fibrosis and hepatocellular carcinoma[23]. In contrast, other studies have
reported that treatment using BM-MSC did not improve
liver function or survival, and even aggravated liver fibrosis[24]. The aim of the current study was to determine the
efficacy and safety of BM-MSC in the treatment of DLC
by meta-analysis.

MATERIALS AND METHODS
Literature search
We searched the Cochrane Library, Pub-Med and EMBASE for BM-MSC infusions in the treatment of CLD
using key words, “bone marrow stem cell”, “chronic liver
disease”, “liver cirrhosis”, “transfusion”, and “injection”.
No language limitation was imposed. Major journals were
hand-searched and experts in this field were contacted to
identify potentially eligible clinical studies, published, and
unpublished.
Inclusion and exclusion criteria
Adults between the ages of 18 and 74 years were enrolled
with advanced CLD of various etiologies. These included
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chronic hepatic failure, evidence of ultrasonographic
cirrhosis and portal hypertension with abnormal serum
albumin (ALB) and/or total bilirubin (TBIL) levels and/
or prothrombin times (PT), model for end-stage liver disease (MELD) scores less than 25, and platelet counts ≥
30000/mm3. Exclusion criteria were the presence of liver
tumors, human immunodeficiency virus infection, kidney
or heart failure, portal vein thrombosis, and pregnancy or
lactation.
Data collection
In order to avoid systematic error in this meta-analysis,
two reviewers, Zheng LQ and Pan XN, independently
assessed all the studies to ensure conformity in the application of the inclusion and exclusion criteria. Disagreements were resolved by discussion with a third author
until a consensus was reached.
Statistical analysis
The data were analyzed using Meta-Analyst (version 3.13
Beta), and Review Manager (version 5.1) software was
used to extract and pool data for summary estimates.
Results for continuous outcomes were expressed as
weighted mean differences and variances by using Review Manager. The data of mean differences before and
after treatment were calculated by Forest plot by using
meta-analysis in one arm. Statistical heterogeneity of the
results was evaluated using Cochrane Q-test and the I2
statistic with significance set at P < 0.10. We used a fixedeffect model for non-heterogeneous data using 95%CIs.
For data with significant heterogeneity, a random-effects
statistical model was used. Publication bias was assessed
using the Begg-test.

RESULTS
We identified 78 potentially eligible studies and excluded
73 studies for the following reasons: they were either
animal studies, review articles, meeting reports, or there
was a lack of proper data. Finally, 5 appropriate studies,
including a total of 80 patients were selected for analysis
(Figure 1). The characteristics of the 5 studies are shown
in Table 1. These studies were published between 2007
and 2011, and used injections of between 106 to 108 cells
in the treatment groups. The studies were from four
countries (China, Iran, Egypt, and Brazil). In a study by
Peng et al[19], reduced glutathione, glycyrrhizin, ademetionine, polyene phosphatidylcholine, alprostadil, and human serum albumin were administered to both the BMMSC and the control group[18]. None of the other trials
used this extra treatment.
Efficacy of BM-MSC in the treatment of chronic liver
disease
Long-term follow-up studies were performed by Peng
et al[19] in which 6 cases of end-stage liver disease were
reported. After injection of BM-MSC, the liver function
improved significantly. The minimum MELD score oc-
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Records identified through
database searching (n = 78)
The Cochrane Library 12
PUBMED 60
EMBASE 6

A
Additional records identified
through other sources
(n = 0)

20

PT (sec.)
MELD (score)

15

ALB (g/L)

10

5

Records after elimination of repetitive studies by
note-express (n = 74)

0

0

1

2

3

4

12

24

36

48

12

24

36

48

t /wk
Records screen
(n = 13)

Exclude by reading abstract
according the included
criteria (n = 61)

B

200

ALT (IU/L)
TBIL (μmol/L)

150

Full-text studies assessed for
eligibility
(n = 5)

100

Exclude with follow reasons
(n = 8)
No-eligibility outcomes 5
The data just showed in
Figure 3

50

0
The appropriate studies
(n = 5)

1

2

3

4

t /wk

Figure 1 Flow chart indicating the selection process for this meta analysis.

curred at 6 mo, and minimum PT occurred at 3-mo after
infusion. Values increased slowly thereafter. The maximum decline in TBIL levels occurred at 3 mo while the
peak ALB level occurred at 1 mo post-infusion. However, the TBIL levels were maintained at low levels during
the follow-up period. The ALB levels remained at about
7 g/L higher than baseline after 1 year of follow-up (Figures 1 and 2). After 36 wk, there were no significant differences compared with the control group (P = 0.132)[19].
We found 2 control trials[18,19] (61 participants) which
reported declines of MELD scores. There was no heterogeneity at the 2 and 24 wk time points among the
studies included, using the fixed-effects model [total of
mean difference was 1.68, 95%CI: -2.42-(-0.94), P <
0.001]. The outcomes of the subgroup at 2, 4 and 24 wk
were -1.23 [95%CI: -2.45-(-0.01), P = 0.05], -1.87 [95%CI:
-3.16-(-0.58), P = 0.005], -2.01 [95%CI: -3.35-(-0.68), P
= 0.003], respectively. As time progressed, the magnitude
of the mean differences became more obvious as shown
in Figure 3.
Five studies[18-22] reported changes in levels of alanine aminotransferase (ALT), TBIL, ALB, PT-value and
MELD scores. We extracted and pooled differences in
the means before and after BM-MSC infusions in treatment group using Meta Analyst software (one arm).
According to the heterogeneity evaluation, there was
significant heterogeneity between these studies (Table 2).
Therefore, a random effects model was used. The trend
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0

Figure 2 Mean relative changes from baseline of liver function and model
for end-stage liver disease scores during 48 wk follow-up. A: The changetrend of model for end-stage liver disease (MELD) scores, and prothrombin
times (PT) and abnormal serum albumin (ALB) levels; B: The change-trend of
alanine aminotransferase (ALT) and total bilirubin (TBIL) levels (Data were from
Peng et al[19]).

in ALB levels gradually increased after 8 wk, which was
significantly better than before transfusion. After BMMSC treatment, levels of ALT and TBIL increased while
PT and MELD scores decreased during 1 year followup. The results are shown in Table 2. None of the studies
described the changes in liver histology before and after
the transfusion.
Other evidence of the efficacy of the BM-MSC infusions
A control trial reported by Amer et al[18] in which 40 HCV
patients were treated with BM-MSC or control revealed
that fatigue scores were significantly lower, and the
performance status significantly better in the BM-MSC
group than the control group (Figure 4). The amount of
ascites in the treatment group was less than that in the
control group at 2 wk (χ 2 = 0.01, P = 0.00-0.04), but this
was not maintained beyond 6 mo (χ 2 = 1.03, P = 0.311).
Other studies[20,25] demonstrated that after injecting BMMSC, the liver volume increased compared to that before
treatment.
Side effects
There were no significance adverse effects after the infusions. Peng et al[19] reported that in 53 cases there were
no serious side effects or complications observed in
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Table 1 Characteristics of the included studies
Ref.

Year

Country

Assessment of purity

Type of infused cells and
volume

Infused cells
(n )

Patients
and disease
etiology (n )

Frequency
of stem cell
transfusions

The route of
transfusion

Peng et al[19]

2011

China

Flow cytometry

BMNCs (MSCs) from iliac
crest (120 mL)

NA

Once

Hepatic artery

Mohamadnejad
et al[20]

2007

Iran

Cultured bone marrowderived MSCs (80-100 mL)

31.7 × 106
(mean)

Once

Mohamadnejad
et al[21]

2007

Iran

Fluorescenceassisted cell sorting
flowcytometry
FACS Calibur flow
cytometer

6 HBV +
15ctrl. after 48
wk follow-up
3 Cryptogenic,
1 AIH

Once

Amer et al[18]

2010

Egypt

1 HBV, 1 PBC,
1 AIH1, 1
cryptogenic
20 HCV + 20
ctrl

Cubital vein of
the arm over 30
min
Hepatic artery

Once

Intrasplenic or
intrahepatic

Lyra et al[22]

2007

Brazil

10 NA

Once

Hepatic artery

Bone marrow-derived
CD34+ Cells from iliac crest
(200 mL)
Immunophenotyping
Cultured bone-marrow
derived MSCs stimulated to
hepatic lineage using HGFcontaining medium
(95 ± 25 mL)
NA
BMNCs (MSCs) from iliac
crest (maximum 50 mL)

5.25 × 106
(mean)
2 × 108

1 × 108

1

This patient developed progressive renal failure, and went on to develop type 1 hepatorenal syndrome and died of liver failure. MSCs: Mesenchymal stem
cells; FACS: Florescence-assisted cell sorting; NA: Not available; HBV: Hepatitis B virus; AIH: Autoimmune liver disease; PBC: Primary biliary cirrhosis;
HCV: Hepatitis C virus.

Treatment with MSC
Study or subgroup

mean

SD

Total

Control
mean

SD

1.1.1 Changing of MELD score from baseline 2 wk follow-up
Amer ME 2011
-0.45
2.24
20
0.5
2.57
Peng L 2011
-6.13
0.93
6
-4.34
3.89
Subtotal (95%CI)
26
2
2
Heterogeneity: χ = 0.41, df = 1 (P = 0.52); I = 0%
Test for overall effect: Z = 1.98 (P = 0.05)
1.1.2 The change of MELD score from baseline 4 wk follow-up
Amer ME 2011
-0.39
2.23
20
0.67
2.64
Peng L 2011
-12.2
1.80
6
-8.26
3.88
Subtotal (95%CI)
26
2
2
Heterogeneity: χ = 3.86, df = 1 (P = 0.05); I = 74%
Test for overall effect: Z = 2.84 (P = 0.005)
1.1.2 The change of MELD score from baseline 24 wk follow-up
Amer ME 2011
0.09
2.28
20
1.56
2.67
Peng L 2011
-14.91
2.56
6
-11.25
3.41
Subtotal (95%CI)
26
2
2
Heterogeneity: χ = 1.93, df = 1 (P = 0.16); I = 48%
Test for overall effect: Z = 2.96 (P = 0.003)
Subtotal (95%CI)
78
2
2
Heterogeneity: χ = 7.04, df = 5 (P = 0.22); I = 29%
Test for overall effect: Z = 4.46 (P < 0.00001)
2
2
Test for subgroup differences: χ = 0.84, df = 2 (P = 0.66), I = 0%

Mean difference

Mean difference

Total

Weight

IV, Fixed, 95%CI

IV, Fixed, 95%CI

20
15
35

24.4%
12.3%
36.7%

-0.95 [-2.44, 0.54]
-1.79 [-3.89, 0.31]
-1.23 [-2.45, -0.01]

20
15
35

23.5%
9.2%
32.7%

-1.06 [-2.58, 0.46]
-3.94 [-6.38, -1.50]
-1.87 [-3.16, -0.58]

20
15
35

23.0%
7.6%
30.6%

-1.47 [-3.01, 0.07]
-3.94 [-6.34, -0.98]
- 2.01 [-3.35, -0.68]

105

100.0%

-1.68 [-2.42, -0.94]
-10
-5
0
Favours experimental

5
10
Favours control

Figure 3 Forest plot of overall model for end-stage liver disease scores during follow up.

short- and long-term follow up. However, in the study
by Mohamadnejad et al[20] which included 4 patients,
one of them appeared to develop some degree of renal
failure after 5 mo follow-up. Another patient developed
progressive renal failure and died of liver failure. The authors speculate that radio-contrast nephropathy may have
contributed to the acute renal failure in that case. Clinical
studies by Lyra et al[22] in Brazil, which included 10 pa-
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tients, reported that two patients experienced mild pain at
the sites of bone marrow puncture, but no other complications or specific side effects related to the infusion. In
a report by Amer et al[18] which included 40 patients, fever
was observed within 24 h. This responded to antipyretic
therapy. In summary, there were no significant side effects in the treatment of chronic liver disease using BMMSCs.
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Table 2 Albumin, total bilirubin, prothrombin times, and model for end-stage liver disease values during follow-up
Studies (n )

Time point

Cases (n )

Type of model

I2

P value

Estimate

RE
RE
RE
RE

0.000
0.000
0.413
0.831

0.969
0.995
0.185
0.015

-0.28
2.60
5.28
4.39

-3.31-2.85
-0.35-5.56
1.81-8.75
-1.62-10.40

RE
RE
RE

0.667
0.647
0.333

0.083
0.059
0.221

-16.33
-7.04
-18.18

-50.71-18.06
-33.99-19.91
-44.03-7.06

RE
RE
RE

0.948
0.945
0.966

0.000
0.000
0.000

-69.34
-47.21
-86.17

-191.12-53.45
-130.18-35.76
-254.53-82.19

RE
RE

0.843
0.931

0.002
0.000

-4.77
-5.88

-9.22--0.33
-13.42-1.65

RE
RE
RE
RE
RE
RE

0.977
0.994
0.606
0.000
0.982
0.948

0.000
0.000
0.111
0.644
0.000
0.000

-3.27
-6.28
-1.43
0.31
-4.28
-7.62

-8.84-2.30
-17.86-5.29
-4.92-2.06
-0.67-1.30
-13.39-4.83
-16.86-1.63

Change from baseline of albumin levels (g/L)
8 wk
2
9
16 wk
2
13
24 wk
3
13
48 wk
2
14
Change from baseline of ALT levels (IU/L)
4 wk
2
16
24 wk
3
13
48 wk
2
10
Change from baseline of TBIL levels
4 wk
2
16
24 wk
3
13
48 wk
2
10
Change from baseline of PT values (s)
24 wk
3
13
48 wk
2
10
Change from baseline MELD scores
2 wk
2
26
4 wk
2
26
8 wk
2
23
16 wk
2
23
24 wk
4
33
48 wk
2
10

95%CI

PT: Prothrombin times; MELD: Model for end-stage liver disease; TBIL: Total bilirubin; ALT: Alanine aminotransferase; RE: Random effects.

A

Control (n = 20)
4

P = 0.038 P = 0.035

B

BM-MSCs (n = 20)

P = 0.035 P = 0.039

Control (n = 20)
150

P = 0.045

P = 0.005 P = 0.005

BM-MSCs (n = 20)

P = 0.007 P = 0.009

P = 0.019

3

Score

Score

100
2

50
1

0

0
2

4

8
t /wk

16

24

2

4

8

16

24

t /wk

Figure 4 Comparison of changes in performance scale and fatigue scale at various times after transfusion of bone marrow-derived mesenchymal stem
cells. A: Changes in performance scale; B: Changes in fatigue scale (Data were from Amer et al[18]). BM-MSCs: Bone marrow-derived mesenchymal stem cells.

DISCUSSION
Peng et al[19] showed that improvements of liver function
and MELD score were not maintained after 36 wk, and
there were no significant differences in the incidence of
HCC or survival rates between the two groups during
192 wk of follow-up. The animal studies of Zheng et
al[15] showed that the number of human BM-MSCs which
were injected into the liver by the intraportal route decreased significantly by week 15. However, 13 of 15 pigs
achieved long-term survival in the intraportal transplantation group while all of the animals that received peripheral vein transplantations and the animals in the control
group died within 96 h. Some recent studies considered
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that these preliminary outcomes suggested that transient
benefit was most likely to occur in persons with acute
liver diseases.
A pilot randomized controlled study by Lyra et al[25]
showed that MELD scores stabilized in the cell therapy
group, but increased in the control group. Peng et al[19]
showed that liver function and MELD scores gradually
declined from 4 to 24 wk (Figure 2). Similarly, in the current studies, MELD scores declined from -1.23 to -2.01
during the first 24 wk, and were significantly different
from those of the control group (P < 0.05) (Figure 3). In
one arm analysis, the MELD scores were also decreased
at 4, 8, 24, and 48 wk, but were stable at 16 wk. This phenomenon may be due to renal failure at 16 wk in some
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studies. Some trials reported that the improvement of
liver function began at 1 wk, but was not maintained after 36 wk. In studies by Kharaziha et al[26] which included
8 patients, ALB and TBIL levels were improved and
remained up to 24 wk. In the current studies, ALB increased after 8 wk, and remained stable during the 1 year
follow-up. Since the half-life of ALB is about 21 d, the
improvement observed in the first few weeks may have
been due to an injection of blood product in some studies. As seen in previous studies, the levels of ALT and
TBIL increased, while PT and MELD scores decreased
after transplantation. These levels were maintained at low
levels during the 1 year follow-up (Table 2). There were
no serious side effects or complications.
There are some limitations to this meta-analysis.
The population, purity, method of assessment, type of
infused cells and volume of cells in the included studies
were not consistent. For example, in the studies of Peng
et al[19], the BM-MSCs were isolated from the iliac crest,
and grown to a density of 1.0 × 106 cells/mL. Cells were
detected by flow cytometry (FACScan; BD Biosciences)
using mouse isotype immunoglobulin G1 as a control.
Mohamadnejad et al[20] extracted about 80-100 mL bone
marrow from the iliac crest, harvested and cultured MSCs
at density at 1.0 × 106 cells/cm2. Typical surface marker
proteins were analyzed using florescence-assisted cell
sorting (FACS) flow cytometry. In another study by Mohamadnejad et al[21], a total of 200 mL of bone marrow
was aspirated from four different sites of the iliac crest.
The cells were counted and assessed for viability using
trypan blue dye exclusion. Purity was determined using
a FACS Calibur flow cytometer (Becton Dickinson, San
Jose, CA, United States). In a study by Amer et al[18], 120
ml of bone marrow was aspirated from three different
sites in the iliac crest, and immunophenotyping was done
on the mononuclear cell population using CD34, CD133,
CD90, CD105, CD73, and CD44 markers. In a study by
Lyra et al[22], approximately 50 mL of bone marrow was
aspirated from the iliac crest, centrifuged, and about 108
mononuclear- enriched BMC was suspended in 20 mL of
saline. Assessing these methodologies, it appears possible
that the LC preparations were not the same throughout
the trials, and it is therefore likely that some variations in
the infusions may have affected the results.
The methodology of the studies was generally poor.
Due to ethical and other issues, we did not include many
studies, and these studies included only two controlled
trials, neither of which were randomized or blinded. This
might have generated high performance bias and measurement bias. In the studies by Peng et al[19], HBV load,
genotype, and E antigen status for subjects and controls
were not matched. In order to reduce the effect from
baseline, we calculated the mean relative changes from
baseline. Although this method can reduce some selection bias, it may also have affected the stability of the
outcome. We did not perform the Begg’s test for publication bias because there were less than 5 studies in each
subgroup. Some included studies which did not men-
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tion the application and effects of the antiviral and antifibrosis treatment that could have influenced the stability
of the results.
The findings of this meta-analysis indicate that BMMSCs may be beneficial in improving liver function in
the treatment of LC. There were few symptoms and no
serious side effects or complications after 1 year followup. BM-MSC therapy may potentially improve fibrosis
and reduce ascites. However, this improvement was not
maintained in long term follow-up analyses. Further studies using multicenter, randomized, prospective trials to
control for the primary disease, number of transfusions,
and routes of injection are needed to substantiate the
findings of this meta-analysis.
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Abstract
Ascaris lumbricoides infection is rare among children in
developed countries. Although large numbers of adult

Ascaris in the small intestine can cause various abdomi-

nal symptoms, this infection remains asymptomatic
until the number of worms in the intestine considerably increases in most cases. Ascaris causing bilious
vomiting suggesting ileus is rare, especially in developed countries. A 6-year-old boy who lived in Japan,
presented with abdominal colic, bilious vomiting at the
pediatric emergency room. He appeared pale, and had
no abdominal distention, tenderness, palpable abdominal mass, or findings of dehydration. He experienced
bilious vomiting again during a physical examination.
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Laboratory tests showed mild elevation of white blood
cells and C-reactive protein levels. Antigens of adenovirus, rotavirus, and norovirus were not detected from
his stool, and stool culture showed normal flora. Ultrasonography showed multiple, round-shaped structures
within the small intestine, and a tubular structure in a
longitudinal scan of the small intestine. Capsule endoscopy showed a moving worm of Ascaris in the jejunum.
Intestinal ascariasis should be considered as a cause
of bilious vomiting in children, even at the emergency
room in industrial countries. Ultrasound examination
and capsule endoscopy are useful for diagnosis of pediatric intestinal ascariasis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ascaris lumbricoides ; Paralytic ileus; Capsule endoscopy; Ultrasound; Bilious vomiting
Core tip: Intestinal ascariasis usually remains asymptomatic until the number of worms in the intestine considerably increases. A single worm of Ascaris can enter
the ampulla of Vater and result in biliary colic. Ileus
caused by a single worm is rare. Moreover, the diagnosis of intestinal ascariasis might not be considered as a
cause of symptoms suggesting ileus because ascariasis
is rare in developed countries. This is the report of a
child who presented with bilious vomiting caused by
a single worm of Ascaris lumbricoides . Pediatricians in
developed country need to be aware that Ascaris infection can cause bilious vomiting.
Umetsu S, Sogo T, Iwasawa K, Kondo T, Tsunoda T, OikawaKawamoto M, Komatsu H, Inui A, Fujisawa T. Intestinal ascariasis at pediatric emergency room in a developed country. World J
Gastroenterol 2014; 20(38): 14058-14062 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/14058.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.14058
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INTRODUCTION

A

Ascaris lumbricoides (A. lumbricoides) is the most common
intestinal helminth parasite, and it is estimated that the
infected population is 0.8-1.2 billion worldwide[1]. The
highest prevalence of ascariasis occurs in tropical and
semitropical countries where sanitation is poor. However,
there has been a dramatic decrease in the prevalence of
ascariasis in several Asian and Latin American countries
with economic development[2]. In developed countries,
Ascaris infection is rare, especially among children.
Although large numbers of adult Ascaris in the small
intestine can cause abdominal distension, abdominal
pain, obstructive ileus, malnutrition, and growth failure,
this infection remains asymptomatic until the number
of worms in the intestine considerably increases in most
cases[1]. A single worm of A. lumbricoides can enter the
ampulla of Vater and result in biliary colic, obstructive
jaundice, ascending cholangitis, acalculous cholecystitis,
or acute pancreatitis[1,3,4]. Because of the low prevalence
of ascariasis among children living in developed countries, pediatricians rarely encounter ascariasis as a cause
of obstructive ileus in the pediatric emergency room.
We describe a 6-year-old boy who presented with
symptoms suggesting ileus caused by a single worm of
A. lumbricoides at the pediatric emergency room in a developed country.

CASE REPORT
A 6-year-old boy, who lived in Yokohama, Japan, presented with abdominal colic, bilious vomiting, and a fever
of 38.0 ℃ at the pediatric emergency room in Saiseikai
Yokohama City Tobu Hospital. He had no history of digestive diseases, except for infectious gastroenteritis, and
no growth failure, anemia, or metabolic diseases before
this episode. He had a history of traveling to the Philippines annually. The last visit to the Philippines was 5 mo
ago. His height was 113 cm (-0.3 standard deviation) and
body weight was 18.1 kg (-0.8 standard deviation). On
physical examination, he appeared pale, and had no abdominal distention, tenderness, palpable abdominal mass,
or findings of dehydration. He experienced bilious vomiting repeatedly during a physical examination. Therefore,
he received an abdominal ultrasound examination with
suspicion of ileus.
Ultrasonography showed multiple, round-shaped
structures with a target-like appearance within the small
intestine. We also observed a tubular structure with two
parallel, outer high echogenic lines in a longitudinal scan
of the small intestine (Figure 1). There was no dilation of
the small intestine with fluid retention, suggesting ileus.
There was also no thickened wall of the gut, indicating
gastrointestinal inflammation or edema. Color Doppler ultrasound did not detect blood flow in the tubular
structure within the small intestine. The biliary system
and pancreas were normal. Abdominal computed tomography following an ultrasound examination also showed
a tubular structure within the small intestine without dila-
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B

Figure 1 Abdominal ultrasound examination at the pediatric emergency
room. A: Ultrasonography shows multiple, round-shaped structures with a target-like appearance within the small intestine (white arrows); B: In a longitudinal
scan of the small intestine, ultrasound shows a tubular structure with two parallel, outer high echogenic lines (black arrows). Space between the intestinal wall
and the tubular structure was not observed.

tion. He was admitted for further examinations. Laboratory tests at admission were as follows: white blood cells,
14400/μL; eosinophils, 100/μL; hemoglobin level, 13.1
mg/dL; platelets, 328000/μL; and C-reactive protein
level, 1.29 mg/dL. All other results, including electrolytes
and urinalysis, were within normal limits. Antigens of
adenovirus, rotavirus, and norovirus were not detected
from his stool by immunochromatography, and stool culture showed normal flora.
The day after admission, his clinical symptoms disappeared, but the tubular structure in his small intestine
remained, as shown by an ultrasound examination (Figure
2). Capsule endoscopy was performed 3 d after admission, and showed a moving roundworm, with an estimated length of at least 10 cm, in the jejunum (Figure 3). No
worms were observed in other sites.
He was treated with pyrantel pamoate 4 d after admission, and defecated a single roundworm 5 d after admission (Figure 4). The diagnosis of a single roundworm
infection (A. lumbricoides) was determined.

DISCUSSION
A. lumbricoides has a worldwide distribution, but it occurs
most frequently in developing countries where the sanitation is poor, and is rare in industrialized countries[1,2,5].
While the majority of A. lumbricoides infections are as-
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A

B

Figure 3 Capsule endoscopy. Capsule endoscopy shows a single roundworm
moving in the jejunum. There appears to be more than one worm body. However, movement of each part of a body able to be visualized was coordinated. A
single worm of Ascaris infection was diagnosed.

Figure 2 Abdominal ultrasound examination on the day after admission.
The tubular structure in the patient’s small intestine was still observed. An ultrasound examination shows a space between the intestinal wall and the tubular
structure, and fluid could pass through this space.

ymptomatic, an estimated 8%-15% of those infected are
associated with morbidity[6]. Severity of this infection
increases with worm burden, and those who harbor light
infections tend to be asymptomatic[6]. When adult worms
in the duodenum enter and block the ampullary orifice of
the common bile duct or main pancreatic duct, they cause
biliary colic, cholecystitis, cholangitis, pancreatitis, and
hepatic abscesses[1,3,4]. Large numbers of adult worms can
cause obstructive ileus, especially in children whose intestinal lumen is small[1,6-10]. Obstruction by Ascaris is the
most common etiology in developing countries, whereas
adhesion obstruction is the most common in developed
countries[7-9]. Obstruction owing to ascariasis commonly
occurs at the terminal ileum, although large numbers of
worms are found in the jejunum. Surgical removal of
worms is often required[7-10]. Other causes of obstruction
from Ascaris are the result of associated volvulus or intussusception caused by the bolus of worms[7-10]. In these
cases, large numbers of worms cause ileus, although a
single worm rarely causes ileus or ileus-like symptoms.
Riggin et al[11] reported a case of paralytic ileus caused by
intestinal ascariasis. In addition, Ascaris may excrete neurotoxins that make the small bowel contract (spasticity),
resulting in obstruction[8]. We encountered a child presenting with symptoms suggesting ileus, such as bilious
vomiting and abdominal colic caused by a single worm
of A. lumbricoides at the pediatric emergency room in a
developed country. Diagnosis of intestinal ascariasis was
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Figure 4 Excreted Ascaris lumbricoides after treatment. A single worm of
Ascaris lumbricoides was excreted the day after treatment of pyrantel pamoate.
The worm length was approximately 20 cm.

made by ultrasound examination and capsule endoscopy.
There have been reports on sonographic diagnosis of
intestinal ascariasis[12-17]. Characteristic sonographic findings
of intestinal ascariasis are as follows: a “winding highway”
or “parallel lines,” a “railway track” or “3-line” or “4-line”
signs on longitudinal scans, a “target” or “bull’s eye” appearance on transverse scans, and a “zig-zag sign”, which
indicates that the live worm shows characteristic slow,
pendular, non-directional movements. Ultrasonography
of the abdomen is a quick, safe, easily available, non-invasive, and useful modality for intestinal ascariasis[12-14,17]. An
ultrasound examination should initially be performed if
intestinal ascariasis is suspected. A. lumbricoides in the biliary system and pancreatic duct is relatively easy to detect
by ultrasound examination because these organs are fixed
in the abdomen. Occasionally, it is difficult to recognize
Ascaris in the small intestine with an ultrasound examination when worms are mixed with feces, when intestinal
gas interferes with observation, or when patients cannot
keep still in childhood. In addition, another factor that interferes with observation is mobility of the small bowel.
Moreover, in developed countries where ascariasis is rare,
the diagnosis of intestinal ascariasis might not be consid-
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ered. Therefore, pediatricians need to be aware that Ascaris infection can be a cause of bilious vomiting, indicating
ileus. In our case, we should have suspected parasitosis
as a cause of the symptoms suggesting ileus because the
patient had a history of traveling to the Philippines. We
might have been able to avoid further examinations, including computed tomography (CT) and capsule endoscopy, if we had been familiar to ascariasis and suspected
ascariasis as a cause of bilious vomiting. There were
several reasons why we could not reach a diagnosis with
ultrasonography as follows: we did not consider intestinal
ascariasis as a cause of bilious vomiting and abdominal
pain, we could not observe mobile worms despite repeated ultrasound examinations, and symptoms suggesting
ileus were not assumed to be caused by a single worm infection. We reached a diagnosis of intestinal ascariasis by
capsule endoscopy following an ultrasound examination.
Capsule endoscopy is a prevailing technology mainly
used in developed countries, which are not endemic areas
of Ascaris, and it is not widely used in endemic areas. In
previous reports on diagnosis of intestinal ascariasis using
capsule endoscopy, most of the patients were adults[18-23].
To the best of our knowledge, only one report described
this technique in a pediatric case[23]. In our case, we placed
a capsule endoscope into the duodenum endoscopically,
and identified a tubular object that was detected by ultrasound in his small intestine. Detecting specific ultrasound
findings of intestinal ascariasis is easy, and treatment can
be initiated in cases where a large number of adult worms
cause symptoms. Capsule endoscopy is useful in cases
where a small number of worms or a single worm causes
symptoms. In addition, capsule endoscopy can clarify
the type and be used to estimate the number of infected
parasites. In our case, capsule endoscopy revealed a single
worm of Ascaris infection in the small intestine.
Aggregation of adult worms usually leads to obstructive ileus caused by ascariasis. In some cases, obstruction
from Ascaris is the result of associated volvulus or intussusception caused by a bolus of worms[7-10]. In our case,
there were no findings of volvulus or intussusceptions,
and no intestinal dilatation of the oral side of an infected
worm. However, the patient presented with colicky abdominal pain and recurrent bilious vomiting, suggesting
ileus. Bilious vomiting at any age is an ominous sign that
mandates immediate evaluation, and a sign of intestinal
obstruction until proven otherwise[24]. He also presented
with a fever and elevation of serum C-reactive protein
levels. No pathogens of acute gastroenteritis were detected. An ultrasound examination showed no space between
the worm and intestinal wall at the emergency room, but
a space between the worm and intestinal wall appeared
after clinical symptoms disappeared. Ascaris may excrete
neurotoxins, which make the small bowel contract (spasticity), resulting in obstruction[8]. Findings in our case
support this putative pathogenesis.
In conclusion, intestinal ascariasis should be considered as a cause of bilious vomiting, suggesting ileus
in children, even at the emergency room in industrial
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countries, especially in children with a history of traveling
to endemic areas. Ultrasound examinations and capsule
endoscopy are useful for diagnosis of pediatric intestinal
ascariasis.
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Background

Ascaris lumbricoides (A. lumbricoides) is the most common intestinal helminth
parasite, the highest prevalence of ascariasis occurs in tropical and semitropical countries where sanitation is poor. However, Ascaris infection is rare in developed countries, especially among children. Large numbers of adult Ascaris
infection can cause intestinal obstruction, but a single worm of Ascaris infection
usually asymptomatic.

Research frontiers

Capsule endoscopy is a recently developed modality for the evaluation of small
bowel diseases, first developed in adults, and thereafter applied to children.
For children who cannot swallow a capsule endoscope, the capsule is placed
into the duodenum endoscopically. In previous reports on diagnosis of intestinal
ascariasis using capsule endoscopy, most of the patients were adults. In this
report, authors detected a tubular structure in small intestine, and confirmed a
single worm infection of Ascaris using capsule endoscopy.

Innovations and breakthroughs

In this case, the authors placed a capsule endoscope into the duodenum endoscopically in a pediatric case, and identified a tubular object that was detected
by ultrasound in his small intestine. Moreover, capsule endoscopy revealed a
single worm of Ascaris infection in the small intestine as a cause of bilious vomiting.

Applications

Intestinal ascariasis should be considered as a cause of bilious vomiting in
children, even at the emergency room in industrial countries, especially in
children with a history of traveling to endemic areas. Ultrasound examinations
and capsule endoscopy should be applied to a diagnosis of pediatric intestinal
ascariasis.

Terminology

A. lumbricoides, the human roundworm, is one of the most common soil transmitted parasites in the world, infecting about 1.2 billion people globally.

Peer review

This case report presents a patient with symptomatic ascaridiasis diagnosed
in an area in which this infection is infrequent. The images and comments may
be interesting for the readers because the paper includes some characteristic
ultrasonographic images facilitating easy diagnosis.
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Core tip: We report the first case of intramedullary
spinal cord metastasis (ISCM) from a pancreatic neuroendocrine tumor. Despite its rarity, ISCM is a significant clinical condition that can cause critical neurologic
issues. We suggest that taking an immediate surgical
approach can increase the chances of restoring neurologic deficits and improving quality of life in cases of
pancreatic neuroendocrine tumor with ISCM. Our report
includes a review of previous studies of surgical and
non-surgical approaches to ISCM.
Kim JH, Hyun CL, Han SH. Intramedullary spinal cord metastasis from pancreatic neuroendocrine tumor. World J Gastroenterol
2014; 20(38): 14063-14067 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i38/14063.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i38.14063

Abstract
Intramedullary spinal cord metastasis (ISCM) is very
rare and its optimal treatment remains controversial.
Pancreatic neuroendocrine tumor (pNET) is a rare
tumor that usually presents with hepatic metastasis.
Hepatic failure due to tumor progression is the major
cause of death in cases of pNET. To date, no report
has described a case of ISCM from pNET. Although
spinal cord metastasis of a solid tumor is uncommon,
it is a critical condition that can cause a potentially irreversible loss of neurologic function. Here, we report
the case of a 45-year-old man who presented with leg
weakness and voiding difficulty, and was found to have
ISCM from pNET. Surgical treatment prevented further
neurological deterioration. This is the first case report
of ISCM from pNET.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intramedullary; Spinal cord neoplasm; Me-

WJG|www.wjgnet.com

INTRODUCTION
When advanced cancers show metastasis to the spine, the
major sites of metastasis are the vertebral body and the
extradural space of the spinal cord. However, metastasis
to the spinal cord parenchyma is rare, accounting for only
4.2%-8.5% of all central nervous system (CNS) metastasis[1].
Intramedullary spinal cord metastasis (ISCM) accounts for less than 5% of all spinal metastasis[1]. There
have only been a small number of case series and retrospective reports concerning ISCM[1]. Despite the rarity of
ISCM as a complication of malignant tumors, it should
be handled as a critical condition that can potentially
cause an irreversible loss of neurologic function. ISCM
most commonly originates from lung cancer. However,
breast cancer, renal cell carcinoma, malignant lymphoma,
and melanoma have also been reported to be major
causes of ISCM.
Neuroendocrine tumors (NET) comprise a hetero-
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geneous group of tumors that originate from various organs. Pancreatic neuroendocrine tumor (pNET) is a rare
cancer, accounting for only 1%-2% of all cancers of the
pancreas[2]. The most common metastatic site of pNET
is the liver[3]. In cases of pNET, the major cause of death
is hepatic failure due to the progression of cancer with
hepatic metastasis[4]. To the best of our knowledge, no
reports have discussed cases of ISCM from pNET. Here,
we report the first case of ISCM from pNET.

CASE REPORT
A 45-year-old man was transferred to our center. At the
hospital that he had initially visited, the patient underwent liver biopsy due to multiple metastastic masses of
the pancreas tail, gallbladder, liver, and bone. Based on
the results of the liver biopsy, he was diagnosed with
pNET. Immunohistochemical staining showed that the
tissue was positive for synaptophysin, chromogranin,
and CD45, as well as being negative for mucicarmin.
The Ki67 labeling index was 50%. Because of his poor
performance status, chemotherapy was attempted at the
initial hospital. After the patient was transferred to our
center for supportive care, his performance status fortunately improved, and it was determined that he could begin palliative chemotherapy. Palliative chemotherapy was
initiated 15 d after the pNET had been confirmed based
on biopsy samples. The patient received the following
regimen, which was repeated every 3 wk: 100 mg/m2 of
etoposide on days 1-3 and 70 mg/m2 of cisplatin on day
1. Long-acting octreotide was also administered monthly.
After 3 cycles of chemotherapy, response was evaluated
as stable disease.
However, on the fifth day of the fourth cycle of chemotherapy, the patient visited the emergency room (ER),
presenting with voiding difficulty and right leg weakness.
His anal sphincter tone was becoming weak and he complained of encopresis. The weakness of his right leg had
begun 5 h before visiting the ER and he could not ambulate well.
His vital signs were normal, including a blood pressure of 100/70 mmHg, a pulse rate of 105 per minute,
a respiratory rate of 18/min, and a body temperature of
36.4 ℃. Blood tests showed a leukocyte count of 6800/
μL, an absolute neutrophil count of 6430/μL (segmented
neutrophil, 95.3%), 9.7 g/dL hemoglobin, a platelet
count of 131000/μL, 4.7 mg/dL total bilirubin, 250 IU/
L aspartate aminotransferase, 304 IU/L alanine aminotransferase, 1855 IU/L alkaline phosphatase, 35.0 mg/dL
blood urea nitrogen, and 1.5 mg/dL creatinine. Motor
power was normal for both upper extremities. However,
the motor power of the right leg was grade Ⅲ and the
motor power of the left leg was grade Ⅴ, as assessed following the British Medical Council grading system.
Although magnetic resonance imaging (MRI) of the
brain showed multiple metastases in the left cerebellum
and the left inferior temporal lobe, those lesions were
each less than 5 mm in size and their locations were not
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correlated with any of the neurologic deficits experienced
by the patient. An MRI scan of the spine did not reveal
any lesion that compressed the spinal cord, although diffuse vertebral bone metastasis was observed. Further, in
the T10/11 level, a 5.9 mm × 5.3 mm × 14.8 mm ISCM
was found (Figure 1). Dexamethasone treatment was
started immediately and urgent radiotherapy was considered as an empirical treatment. However, the neurologic
symptoms rapidly worsened and the motor function of
the left leg, which was initially grade Ⅴ, progressed to
grade Ⅲ.
We concluded that radiation therapy offered little
benefit for ISCM. We chose surgical treatment to address
the rapid deterioration of neurologic symptoms. A gross
total removal of the metastatic intramedullary tumor at
the T10/T11 level was performed. Biopsy tissue from
the surgical excision showed positivity for CD56, chromogranin, and synaptophysin (Figure 2), and the Ki67
index was 50%. These findings were consistent with an
high grade neuroendocrine tumor (according to World
Health Organization classification), indicating that the tumor was a metastasis from pNET[5]. After the operation,
motor power was restored to grade IV for both legs. The
patient was able to use a walker for assisted ambulation
and could control voiding and defecation. After the operation, he received everolimus as palliative chemotherapy
and survived 105 additional days before expiring from
biliary sepsis with the progression of massive hepatic
metastasis.

DISCUSSION
pNET is a rare cancer, having an incidence of approximately 1 per 1000000 individuals per year. In the United
States, approximately 1000 patients are newly diagnosed
with pNET each year[6]. Many of the patients with malignant pNET are diagnosed with hepatic metastasis[3,7].
In our case, the patient was also diagnosed with pNET
and massive hepatic metastasis. For patients who only
have limited hepatic metastasis, surgical excision can
be considered for both the primary tumor and the liver
metastasis. According to recent data, the 10-year overall
survival rate reaches 50.4% among patients who undergo
curative excision following this method (excision of both
lesions)[8]. However, as in our case, patients who have
advanced pNET with extensive metastasis are not indicated for curative resection. For these patients, a biological therapy (such as everolimus or sunitinib) or cytotoxic
chemotherapy with octreotide treatment would generally
be considered[3,9]. ISCM is one of the rarest clinical features of cases of cancer that involve the CNS. Only 8.5%
of cases of CNS metastasis show this particular clinical
feature and, overall, 0.1%-0.4% of patients with cancer
develop ISCM.
Hematogeneous spread via the arterial route is most
commonly suggested as a mechanism of ISCM occurrence. The metastases that most commonly accompany
ISCM are pulmonary and brain metastases. Particularly,
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A

Figure 1 T1-weighted magnetic resonance image of the
spine. A: The 5.9 mm × 5.3 mm × 14.8 mm metastatic tumor
was observed in the T10/11 level (arrow). Diffuse vertebral metastases were also observed in almost the entire spine; B: The
intramedullary tumor was removed by surgical treatment.

B

A

B

C

D

Figure 2 Pathologic findings of surgically removed tissue. A: High-power view of the tumor shows medium to large sized tumor cells with scanty cytoplasm,
prominent nucleoli, and coarse “salt and pepper” chromatin. The tumor cells exhibited intense mitosis greater than 10/10 HPF (HE × 400); B-D: Immunohistochemically, tumor cells showed a diffuse and strong membranous positivity for CD56 (B), as well as cytoplasmic positivity for chromogranin (C) and synaptophysin (D) (immunohistochemical staining × 400).

brain metastasis is found in 35% of patients with ISCM.
As compared with brain metastasis, ISCM is extremely
rare, likely because the cerebral artery that supplies brain
is almost a direct extension with high pressure from the
aorta. Accordingly, the brain supplied by the cerebral
artery is more favor to the embolic seeding of cancer
cells[10].
By the time ISCM is identified, the primary cancer has
usually reached an advanced state. Patients usually present with rapidly progressing myelopathy due to ISCM[11].
In our case, the primary tumor had already metastasized
to multiple sites; a curative treatment approach was not
indicated. Further, the progression of myelopathy was so
rapid that the patient had to visit emergency room only 5
h after the onset of symptoms.
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Cases in which the metastatic tumor involves the
spinal cord are quite critical. Usually, primary intramedullary tumor is clinically described as having a slower onset
and progression. In contrast, the onset of symptoms is
abrupt and progression is very rapid if the intramedullary
mass is a metastatic tumor. Therefore, patients experience the rapid progression of neurologic deficits within a
short time[12].
Myelopathy due to metastatic spinal cord compression (MSCC) in patients with pNET is also very rare. Although MSCC with pNET is very rare, a case of MSCC
due to vertebral body metastasis from pNET has been
reported. In that case, metastases were identified in multiple levels of the thoracic vertebral bodies and myelopathy
had occurred as a consequence of MSCC[13]. However,
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excluding our case, there has been no report of ISCM in
a patient with pNET.
The optimal treatment of ISCM remains controversial
and there is no established consensus. In resemblance to
cases of MSCC, an empirical steroid is generally recommended in cases of ISCM, and external beam radiation
would also be provided as treatment. In a single-institution study of 12 patients with ISCM, Lee et al[11] reported
that 92% of the patients received a combination therapy
of radiation and steroids, but no patient underwent surgery. In their study, the median survival time was 3.9 mo,
and 17% of the patients showed immediate neurological
improvement after the combination radiation and steroid
treatment. However, neurological deterioration ultimately
progressed in all cases. Despite the rarity of studies concerning ISCM, radiation-based therapy is generally agreed
to provide only transient improvements in neurological
symptoms[11,14]. Indeed, pNET is known to be a radioresistant tumor[4] and, accordingly, we do not regard radiation therapy as an optimal treatment for ISCM from
pNET.
On the other hand, a few reports have considered
the benefits and general role of surgical resection for
ISCM [10,15,16]. Gasser et al [15] studied 13 patients with
ISCM, each of whom had received surgical treatment.
The median survival time was 7.1 mo. They reported
that surgical treatment did not restore neurologic deficit.
Although 15% of the patients showed ongoing progression of neurologic deficits, 85% of the patients were free
from further neurologic deterioration after surgery. Their
report provides important evidence that surgical treatment can prevent further neurologic progression due to
ISCM. Wilson et al[16] reported the characteristics of 10
ISCM cases from 9 patients, each of whom had received
surgical treatment. The median overall duration of postoperative survival was 6.4 mo. The authors reported
that further neurologic deterioration was prevented in 8
patients (89%), including 1 patient who was neurologically improved. Only 1 (11%) of the 9 patients showed
further neurological deterioration after surgical treatment.
The reports of Gasser et al[15] and Wilson et al[16] recommend that clinicians pursue surgical treatment for ISCM,
noting that it is a relatively favorable treatment. Nonetheless, their studies are small case series and do not show
consistent results. Because ISCM is quite rare, scant data
and evidence are available, limiting efforts to establish the
optimal treatment for this form of metastasis.
Nevertheless, mounting evidence suggests that early
surgical treatment (rather than non-surgical treatment) is
suitable for preventing neurological deterioration in cases
of ISCM. Particularly, there is a growing consensus that
surgical treatment can help to preserve ambulatory function in patients who present neurologic symptoms of
ISCM and are preoperatively ambulatory[16].
To date, there have been no reports of ISCM from
pNET, and no studies have discussed the optimal treatment for such cases. Moreover, NET is known to be
radio-resistant[4], so surgical treatment should be regarded
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as a significant therapeutic option, such as in our case.
Although ISCM is a rare complication, it is an important
clinical entity that can cause critical neurologic issues.
Our experience with this first reported case of ISCM
from pNET suggests that surgical management may be
favorable. Naturally, further case reports are necessary
to grow the evidence base for ISCM from pNET. In the
meantime, however, we expect that an immediate surgical
approach can increase the chance of restoring neurologic deficits and improve quality of life for patients with
ISCM and pNET.

COMMENTS
COMMENTS
Case characteristics

A 45-year-old man with pancreatic neuroendocrine tumor (pNET) visited the
emergency room, presenting with voiding difficulty and right leg weakness.

Clinical diagnosis

According to the British Medical Council grading system, the motor power of the
right leg was grade Ⅲ and the motor power of the left leg was grade Ⅴ.

Differential diagnosis

Spinal cord compression of pNET, spine metastasis of malignant tumor.

Laboratory diagnosis

His vital signs were normal, including a blood pressure of 100/70 mmHg, a
pulse rate of 105/min, a respiratory rate of 18/min, and a body temperature of
36.4 ℃. Blood tests showed a leukocyte count of 6800/μL, an absolute neutrophil count of 6430/μL (segmented neutrophil, 95.3%), 9.7 g/dL hemoglobin,
a platelet count of 131000/μL, 4.7 mg/dL total bilirubin, 250 IU/L aspartate
aminotransferase, 304 IU/L alanine aminotransferase, 1855 IU/L alkaline phosphatase, 35.0 mg/dL blood urea nitrogen, and 1.5 mg/dL creatinine.

Imaging diagnosis

In a magnetic resonance imaging of the spine, a 5.9 mm × 5.3 mm × 14.8 mm
intramedullary spinal cord metastasis (ISCM) was found at the T10/11 level.

Pathological diagnosis

Biopsy tissue from the surgical excision showed positivity for CD56, chromogranin, and synaptophysin, and the Ki67 index was 50%. These findings were
consistent with an high grade neuroendocrine tumor, indicating that the tumor
was a metastasis from pNET.

Treatment

A gross total removal of the metastatic intramedullary tumor at the T10/T11
level was performed and sequential chemotherapy was continued.

Related reports

To date, there have been no reports of ISCM from NET (including pNET and
midgut NET) and no studies have discussed the optimal treatment for such
cases.

Term explanation

ISCM is one of the rarest clinical features of cases of cancers that involve the
central nervous system.

Experiences and lessons

Although ISCM is a rare complication, it is an important clinical entity that can
cause critical neurologic issues. The authors’ experience with this first reported
case of ISCM from pNET suggests that surgical management may be favorable.

Peer review

The authors have described the first case of ISCM from a pNET. This is interesting case report describing a new association and suggesting a surgical approach for ISCM.
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Abstract
Gallbladder torsion is a rare, acute abdominal disease.
It was first reported by Wendell in 1898. Since then,
only 500 cases have been reported. Gallbladder torsion
occurs in all age groups, although it usually appears in
the latter stages of life. The occurrence ratio between
women and men is 3:1. Most cases are diagnosed during surgery. The main treatment is surgical detorsion
and cholecystectomy. Despite progress in radiologic
imaging diagnosis, it is not easy to obtain a precise
preoperative diagnosis of gallbladder torsion. In previous reports, only 9.8% of all gallbladder torsion cases
were diagnosed preoperatively. We present a case
of acute body-neck gallbladder torsion in an elderly
man, and we review the radiologic findings of magnetic resonance imaging, computed tomography, and
ultrasonography. The radiologic findings in the present
case were helpful in obtaining a preoperative diagnosis
of gallbladder torsion. The diagnosis was confirmed
by T2-weighted magnetic resonance images, which
showed an intra-gallbladder segment located between
the body and neck of the gallbladder, with a notable
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crease within this segment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gallbladder torsion; Gallbladder volvulus;
Acute abdomen; Magnetic resonance imaging; Laparoscopy; Cholecystectomy; Detorsion
Core tip: Torsion of the gallbladder is a rare condition
and is very difficult to diagnose preoperatively, despite advances in diagnostic imaging. This diagnosis
should be considered in all elderly patients presenting
with acute or non-resolving symptoms and signs suggestive of cholecystitis, particularly in the absence of
gallstones. Early diagnostic imaging and prompt cholecystectomy are crucial. In this case of gross type 1
floating gallbladder, T2-weighted magnetic resonance
imaging showed an intra-gallbladder segment located
between the body and neck of the gallbladder. Magnetic resonance cholangiopancreatography indicated
V-shaped distortion of the extrahepatic bile duct and a
tapered cyst duct.
Pu TW, Fu CY, Lu HE, Cheng WT. Complete body-neck torsion
of the gallbladder: A case report. World J Gastroenterol 2014;
20(38): 14068-14072 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/14068.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.14068

INTRODUCTION
Gallbladder torsion was first reported by Wendell in
1898[1]. Since then, only 500 cases have been reported[2-6].
Gallbladder torsion is a rare, extremely acute abdominal
disease, and it is treated by emergency surgery. Gallbladder torsion occurs in all age groups, although it usually
appears in the later stages of life[7]. The occurrence ratio between women and men is 3:1[6,8-11]. This diagnosis
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bladder, in which T2-weighted magnetic resonance imaging (MRI) showed an intra-gallbladder segment located
between the body and neck of the gallbladder. The results of magnetic resonance cholangiopancreatography
(MRCP) indicated V-shaped distortion of the extrahepatic bile duct and a tapered cyst duct.

Length = 4.10 cm
Length = 9.04 cm

CASE REPORT

Figure 1 Abdominal ultrasonography. Ultrasonography revealed a large,
thick-walled gallbladder and the absence of gallstones.

A

B

Figure 2 Abdominal computed tomography scan. a: Computed tomography
scan of abdomen in axial section indicating a hyperdense lesion (arrow); b: The
hepatic cyst was located in the hilar region (arrow).

should be considered in all elderly patients presenting
with acute or non-resolving symptoms and signs suggestive of cholecystitis, particularly in the absence of
gallstones. The disease leads to obstruction of biliary
drainage and blood flow. Therefore, a delay in diagnosis and treatment can be life threatening. An accurate
preoperative diagnosis of gallbladder torsion has only
rarely been obtained[2-4,12,13]. Laboratory evaluations often
provide nonspecific results. White blood cell count and
C-reactive protein levels are frequently elevated. However, the results of liver function tests and biliary enzymes
are often normal[2,4,14].
We report here a case of gross type 1 floating gall-
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A 73-year-old man arrived in our hospital’s emergency
department with severe pain in the upper-right quadrant.
He reported that the pain had persisted progressively
since the previous day. He had no history of previous
abdominal surgery or trauma. Upon physical examination, his body temperature and vital signs were all within
the normal ranges. An abdominal examination revealed
no palpable mass or Murphy’s sign. Laboratory data indicated that his white cell count was 5.25 × 103/μL, with
a neutrophil count of 53.7% and a lymphocyte count of
36.8%. His C-reactive protein level was < 0.03 mg/dL.
The results of liver function tests were normal, including aspartate aminotransferase, alanine aminotransferase,
and total bilirubin with values of 16 U/L, 10 U/L, and
0.75 mg/dL, respectively. Abdominal ultrasonography
indicated thickening of the gallbladder wall. However,
gallstones were not present, and there was no intra- or
extrahepatic biliary duct dilatation (Figure 1).
Computed tomography (CT) of the abdomen without contrast revealed a hyperdense lesion (Figure 2a)
and a cyst in the hilar region (Figure 2b). Because of
suspected intra-gallbladder hemorrhage and considering
that a choledochal cyst could not be excluded, we conducted an MRI examination of the abdomen and MRCP.
T1-weighted images revealed gallbladder wall thickening (Figure 3A). T2-weighted images showed an intragallbladder crease between the body and neck of the
gallbladder.
These results indicated a twisting at the junction of
the gallbladder body and neck (Figure 3B). The MRCP
results indicated V-shaped distortion of the extrahepatic
bile duct and a tapered cyst duct (Figure 4A). A choledochal cyst was excluded because the hepatic cyst was
not connected to the biliary tract, as revealed by further
examination (Figure 4B).
These physical and radiographic findings indicated
the presence of gallbladder torsion. We then performed
laparoscopy to diagnose and treat the gallbladder torsion. Closer inspection showed that the gallbladder was
not adhered to the liver bed and had rotated approximately 180° in the clockwise direction (Figure 5). After
detorsion, cholecystectomy was performed. Histological
examination of the specimen revealed acute gangrenous
cholecystitis. The patient recovered without incident and
was discharged from the hospital within 1 wk.

DISCUSSION
Gallbladder torsion occurs when the gallbladder rotates
within its mesentery. This rotation follows the axis of
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A

B

Figure 3 Abdominal T1-weighted and coronal reformatted abdominal T2-weighted magnetic resonance imaging. A: Thickening of the gallbladder wall can be
seen (arrow); B: An intra-gallbladder segment was located between the body and neck of the gallbladder (arrow), and within this segment, there was a notable crease.

A

B

Figure 4 Magnetic resonance cholangiopancreatography results and image. A: V-shaped distortion of the extrahepatic bile ducts (arrowhead) and tapered cystic
duct (arrow) were observed; B: choledochal cyst was excluded.

A

B

Figure 5 Laparoscopy. a: gallbladder appeared gangrenous; b: Gallbladder was not totally attached to the liver bed and had twisted approximately 180° in the
clockwise direction (arrow). Hartmann’s pouch and the gallbladder neck were attached to the inferior surface of the liver (arrowhead).

the cystic duct and cystic artery, resulting in a compromised blood supply and obstructed biliary drainage. A
preoperative diagnosis is unlikely, typically necessitating
prompt surgery to avoid death, because a high mortality rate is associated with gallbladder torsion. This high
mortality rate is increased because of concomitant gangrene and perforation[4-6].
Torsion is believed to occur more often in the elderly
because of the loss of visceral fat and elasticity of the
viscera. With aging, the gallbladder becomes more pre-
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disposed to hang free and undergo torsion. The torsion
can be complete or incomplete. In complete torsion, the
rotation is greater than 180°, whereas in incomplete torsion, the rotation is less than 180°[4,5,7,9,11,12].
Several signs accompany the preoperative diagnosis of
gallbladder torsion by MRCP. First, because of cystic duct
traction, V-shaped distortion of extrahepatic bile might be
noted[7,10]. Second, twisting interruption and tapering of
the cystic duct might be observed. Third, the gallbladder
might deviate to the midline, with distention and enlarge-
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Figure 6 Gross type 1 floating gallbladder. Clockwise torsion was observed at the neck-body junction of the gallbladder (arrow), as the result of the gallbladder being attached to the inferior surface of the liver via the mesentery. This condition allowed the gallbladder to hang free in an unstable state.

ment. Fourth, the gallbladder, extrahepatic bile ducts, and
cystic duct might display different intensities[6,15].
There are two gross congenital types of free-floating
gallbladders. Type 1, as illustrated in the present case, is
represented by the attachment of the gallbladder and
cystic duct to the inferior surface of the liver via the
mesentery (Figure 6). Type 2 involves attachment of
only the cystic duct to the liver[2,13]. Anatomical anomalies, such as an abnormally long mesentery, can result in
a suspended gallbladder, allowing it to float freely from
the liver bed. This suspension consequently increases
susceptibility to rotational instability. Additional factors
that can contribute to gallbladder torsion are peristalsis
of the surrounding stomach, duodenum, or transverse
colon, spinal deformities, and tortuous atherosclerotic
cystic arteries. Gallstones are unlikely to cause torsion
because they are only present in 25%-50% of affected
patients[4,7,13].
In incomplete torsion, patients frequently present
with symptoms similar to those of recurrent biliary colic,
but in complete torsion, patients generally present with a
short history of sudden-onset, severe upper-right quadrant pain and vomiting. An abdominal mass might or
might not be palpable, and there are usually no signs of
toxemia or jaundice[8]. Laboratory investigations reveal
a normal or high white cell count and normal results on
liver function tests because the common bile duct is usually unobstructed[4,11].
Preoperative diagnosis of gallbladder torsion remains
difficult because the symptoms and signs are similar to
those of acute cholecystitis[3,5,13,16]. In previous reports,
only 9.8% of all gallbladder torsion cases have been
diagnosed preoperatively[13]. Laboratory evaluations are
often nonspecific. White blood cell count and C-reactive
protein levels are frequently elevated. However, the results of liver function tests and biliary enzyme are often
normal[2,4,14]. On ultrasonography, 3 features are suggestive of gallbladder torsion: a diffusely thickened and hypoechoic gallbladder wall that displays gangrene and/or
inflammation[3]; a floating gallbladder, in which the major
part of the organ is not adhered to the liver bed; and a
conical structure at the gallbladder neck, consisting of
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multiple linear echoes converging toward the tip of the
“cone”.
In advanced stages, ultrasonography and CT are the
main imaging approaches used for diagnosis. Ultrasonography and CT can reveal a ‘floating gallbladder’, with
gallbladder wall thickening. The present results indicate
that a precise comparison of radiologic imaging findings
is crucial in diagnosing gallbladder torsion[7,12]. Our experiences have indicated that T2-weighted MRI images
are very useful for evaluating necrosis of the gallbladder
wall in cases of gallbladder torsion. Early diagnosis of
gallbladder torsion can help to prevent life-threatening
complications, such as gallbladder gangrene, perforations causing bilious peritonitis, and other infections.
Preventing these complications reduces the mortality
and morbidity rates, as well as the cost and days of hospitalization[2,9].
In summary, torsion of the gallbladder is a rare condition and is very difficult to diagnose preoperatively,
despite advances in diagnostic imaging. However, this
diagnosis should be considered in all elderly patients
presenting with symptoms suggestive of acute or nonresolving symptoms and signs of cholecystitis, particularly in the absence of gallstones. To achieve the best
patient outcome, early diagnostic imaging investigation
and prompt cholecystectomy are crucial.

COMMENTS
COMMENTS
Case characteristics

A 73-year-old male presented with severe pain that persisted and increased
progressively since the previous day in the upper-right quadrant.

Clinical diagnosis

Physical examination demonstrated no palpable mass or Murphy’s sign.

Differential diagnosis

Acute cholecystitis, acute cholangitis, or gallstones.

Laboratory diagnosis

Routine blood tests, including tests for liver function, biliary enzyme, and inflammatory markers, showed no abnormalities.

Imaging diagnosis

T2-weighted magnetic resonance imaging (MRI) showed an intra-gallbladder
segment located between the body and neck of the gallbladder, and magnetic
resonance cholangiopancreatography indicated V-shaped distortion of the extrahepatic bile duct and a tapered cyst duct.

14071

October 14, 2014|Volume 20|Issue 38|

Pu TW et al . Acute body-neck torsion of the gallbladder

Pathological diagnosis
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Histological examination of the specimen revealed acute gangrenous cholecystitis.

Experiences and lessons

torsion of the gallbladder should be considered in all elderly patients presenting with symptoms suggestive of acute or non-resolving symptoms and signs
of cholecystitis, particularly in the absence of gallstones. To achieve the best
patient outcome, early diagnostic imaging investigation and prompt cholecystectomy are crucial.

8
9

Peer review

The authors are reporting a case of complete body-neck torsion of the gallbladder concluding that T2-weighted MRI images are not only helpful to confirm the
diagnosis, but also in evaluating necrosis of the gallbladder wall in such situations. The report is well written with excellent documentation and demonstration
of the images taken for the case.
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Abstract
Gastric antral vascular ectasia (GAVE) is an uncommon
and often neglected cause of gastric hemorrhage. The
treatments for GAVE include surgery, endoscopy and
medical therapies. Here, we report an unusual case of
GAVE. A 72-year-old man with a three-month history of
recurrent melena was diagnosed with GAVE. Endoscopy
revealed the classical “watermelon stomach” appearance of GAVE and complete pyloric involvement. Melena reoccurred three days after argon plasma coagulation treatment, and the level of hemoglobin dropped to
47 g/L. The patient was then successfully treated with
distal gastrectomy with Billroth Ⅱ anastomosis. We
propose that surgery should be considered as an effective option for GAVE patients with extensive and severe
lesions upon deterioration of general conditions and
hemodynamic instability.

Core tip: Gastric antral vascular ectasia (GAVE) is still an
uncommon and often neglected cause of gastric hemorrhage and surgery for treatment is not often reported in
the literature. This case report represents that a GAVE
patient who had recurrent melena successfully treated
with distal gastrectomy. When clinical condition of GAVE
patients deteriorate, surgery should be considered.
Jin T, Fei BY, Zheng WH, Wang YX. Successful treatment of
refractory gastric antral vascular ectasia by distal gastrectomy:
A case report. World J Gastroenterol 2014; 20(38): 14073-14075
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/14073.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.14073

INTRODUCTION
Gastric antral vascular ectasia (GAVE) was ﬁrst described
in 1953 by Rider et al[1] as a cause of massive gastric hemorrhage. GAVE is an uncommon and often neglected
cause of upper gastrointestinal (GI) bleeding. Endoscopic
ﬁndings demonstrated that GAVE was limited almost exclusively to the antrum, and red spots were either aggregated in linear stripes (watermelon stomach) or diffusely
spread[2]. Treatments include endoscopic therapy, surgery
and pharmacotherapies, such as hormones, tranexamic
acid and somatostatin analogues. For intractable cases,
surgery is the last resort[3] because this approach has significant mortality and morbidity risks, especially in the
setting of portal hypertension and liver cirrhosis[4]. Here,
we report a case of recurrent GAVE refractory to argon
plasma coagulation (APC) and successfully controlled by
distal gastrectomy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric antral vascular ectasia; Melena; Distal gastrectomy; Argon plasma coagulation; Endoscopic
band ligation

WJG|www.wjgnet.com

CASE REPORT
A 72-year-old man presented with a three-month history of recurrent melena. He described three episodes
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Figure 1 Endoscopy revealed striped lesion radially departing from the
pylorus.

Figure 3 Surgical pathologic specimens indicated gastric antral mucosal
erosion with bleeding from mesenchymal dilated vessels.

ing of distal gastrectomy with Billroth Ⅱ anastomosis.
The operation was successful without any postoperative
complication except tolerable pain. Surgical specimens
revealed that the lesion was extensive and severe and that
the pylorus was completely involved (Figure 2). Specimen
histology revealed gastric antral mucosal erosion with
bleeding from mesenchymal dilated vessels (Figure 3).
Over a 12-mo follow-up period, the patient has experienced no further episodes of bleeding. His hemoglobin
levels are stabilized at normal levels.

DISCUSSION
Figure 2 Pathological specimen revealed that lesion is extensive and serious and that the pylorus was completely involved.

of melena with dizziness. His past medical history in a
community hospital included necessary transfusion and
acid suppression therapy, such as the administration of
a proton pump inhibitor. The past two gastrointestinal
endoscopies indicated a diagnosis of hemorrhagic erosive
gastritis and chronic superficial gastritis with gastric antral
erosion. His social history was significant for hypertension, which he controls well with Norvasc (10 mg, qd),
and gout, which is treated with aspirin and discontinued
after the first bleeding. Cirrhosis, renal failure, and connective tissue diseases were excluded.
The most recent episode occurred three days before
being admitted to the hospital. Initial laboratory studies
were significant for 66 g/L hemoglobin (reference range
129-173 g/L). Colonoscopy was negative. The capsule
endoscopy indicated a diagnosis of hemorrhagic gastritis.
Repeated endoscopy revealed the classical “watermelon
stomach” appearance of GAVE and complete pyloric
involvement (Figure 1). The lesion was so extensive
and severe that it made it difficult for the endoscope to
pass through the pylorus. After a successful pass, the
friction between the endoscope and the lesions caused
bleeding. Then, the patient was treated with APC (Erbe
ICC200 high-frequency electrotome, 40 W) primarily for
the bleeding areas. The melena recurred three days after
APC, and the level of hemoglobin dropped to 47 g/L.
He was then transferred to have an open surgery consist-
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GAVE is an uncommon but severe cause of upper GI
bleeding, and evidence suggests that GAVE is identified
in 26 of 744 (4%) consecutive endoscopies for non-variceal upper GI bleeding[5]. Clinically, GAVE often coexists
with other disorders. Most GAVE patients are thought
to have GAVE-related comorbid conditions. Cirrhosis
is observed in 30% of GAVE patients[6]. In noncirrhotic
patients, autoimmune disorders are the most common;
the majority of GAVE-associated disorders are connective tissue diseases, with an incidence as high as 62%[7].
Currently, many therapeutic options are available, including surgical, endoscopic and medical choices. Drug
therapies, such as hormones, octreotide, and tranexamic
acid, have no definite role in the cure of GAVE-related
bleeding and should be considered an experimental therapeutic approach[4]. Endoscopic therapy, particularly APC
treatment, has shown to be as effective as and also safer
than surgery, and this therapeutic option should always
be considered as the first-line treatment for patients with
GAVE-related bleeding. In recent years, another endoscopic treatment, endoscopic band ligation, appeared;
endoscopic band ligation was firstly reported by Sinha et
al[8] as a treatment for refractory GAVE in the patients
who failed other treatment modalities, such as APC or
hormonal therapy. However, its utilization is still sparse,
and future randomized multicenter prospective studies are
necessary to conclusively establish the superiority of EBL
over conventional methods for the treatment of GAVE[7].
In this case, the patient was firstly advised to have
APC treatment after being diagnosed with GAVE. How-
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ever, given the limited depth of thermal injury, APC
treatment might not be effective in some cases[9]. In this
patient, the extensive and serious area of involvement
might have affected the treatment-resistant hemorrhage.
Given the deteriorating clinical condition of the patient,
distal gastrectomy was performed.
Surgery for GAVE treatment is not often reported
in the literature. Although surgical resection is associated
with a high rate of morbidity and mortality (the postoperative mortality rate was 6.6% to 7.4%) when attempted
in patients with GAVE especially those with combined
liver cirrhosis and other serious concomitant diseases,
this treatment modality remains the only reliable method
and often the last resort for refractory cases or recurrent
GI bleeding[10]. Here, we propose that surgery should be
considered as an effective option for GAVE patients with
extensive and severe lesions upon deterioration of general conditions and hemodynamic instability.
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Experiences and lessons

APC treatment may not be effective in some GAVE patients and when their
clinical condition deteriorate, surgery should be considered.
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of GAVE patients.
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Core tip: A 47-year-old man presented at the hospital 5
mo ago with dark stool. Several angiomas were detected by oral approach enteroscopy, but no active bleeding was observed. Additionally, no lesion was detected
by anal approach enteroscopy; however, gastrointestinal tract bleeding occurred for an unknown reason.
Ileal vascular malformation was detected by abdominal
vascular enhanced computed tomography, and ileal
angioma and vascular malformation were detected
by a laparoscopic approach. Segmental resection was
performed for both lesions, which were confirmed by
pathological diagnosis. This report systemically emphasizes the imaging findings of small intestinal vascular
malformation bleeding.

Abstract
The small intestine is approximately 5-6 m long and occupies a large area in the abdominal cavity. These factors preclude the use of ordinary endoscopy and X-ray
to thoroughly examine the small intestine for bleeding
of vascular malformations. Thus, the diagnosis of intestinal bleeding is very difficult. A 47-year-old man presented at the hospital 5 mo ago with dark stool. Several
angiomas were detected by oral approach enteroscopy,
but no active bleeding was observed. Additionally, no
lesions were detected by anal approach enteroscopy;
however, gastrointestinal tract bleeding still occurred
for an unknown reason. We performed an abdominal
vascular enhanced computed tomography examination and detected ileal vascular malformations. Ileum
angioma and vascular malformation were detected by
a laparoscopic approach, and segmental resection was
performed for both lesions, which were confirmed by
pathological diagnosis. This report systemically emphasizes the imaging findings of small intestinal vascular
malformation bleeding.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Generally, the first sign of small intestinal disease is
bleeding, the small intestine is about several meters long.
These factors preclude the use of ordinary endoscopy
and X-ray to thoroughly examine the small intestine[1].
Electronic enteroscopy can be used to examine the small
intestine[2]. However, in some patients, bleeding of small
intestinal lesions cannot be detected by enteroscopy because oral and anal approach enteroscopy do not reach
a “blind region” from either side. Thus, a bleeding site
in the “blind region” cannot be detected by enteroscopy,
especially for cases of bleeding caused by vascular malformation. Generally, diagnoses of bleeding in the “blind
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Figure 1 Skin, enteroscopy, abdominal vascular enhanced computed tomography, laparoscopy and pathological findings of the patient. A: Pathological
analysis showed cavernous angioma on the right knee (× 400); B: Angioma was indicated by oral approach enteroscopy; C: Arterior-venous malformation at the
branch of the superior mesenteric artery was shown by abdominal vascular enhanced computed tomography (CT); D: Contrast media remained in the arterior-venous
malformation, as shown by abdominal vascular enhanced CT at the cross section; E: Contrast media remained in the arterior-venous malformation, as shown by abdominal vascular enhanced CT in a reconstruction of a coronal view; F: A small intestinal angioma was detected by a laparoscopic approach; the tissue in this image
corresponds to B; G: Arterior-venous malformation was found by a laparoscopic approach; the tissue in this image corresponds to C-E; H: By pathological examination, the resected small intestinal arterior-venous malformation was shown to have a vessel wall that was irregular, distorted and dilated (× 400).

region” requires angiography, but angiography has the
drawbacks of causing trauma, having a long time of duration and costing large amounts[3].
Here, we report a case of bleeding at a small intestinal
vascular malformation with an emphasis on the imaging
findings obtained by small intestinal endoscopy, abdominal vascular contrast-enhanced computed tomography
(CT), laparoscopy and pathology.

DISCUSSION

CASE REPORT
A 47-year-old man, presented at the hospital 5 mo ago with
dark stool. The patient was anemic, with a hemoglobin
level of 73 g/L. Several angiomas were detected by oral approach enteroscopy without active bleeding site detected.
Additionally, no bleeding site was observed by anal approach enteroscopy; however, gastrointestinal tract bleeding
still occurred for an unknown reason. Next, we performed

WJG|www.wjgnet.com

an abdominal vascular enhanced CT examination. After CT
scanning, reconstruction for CT images was performed.
Ileal vascular malformation was detected by abdominal vascular enhanced CT, and ileal angioma and vascular
malformation were detected by a laparoscopic procedure.
Segmental resection was done for both lesions, which
were confirmed by pathological diagnosis (Figure 1).

Small intestinal bleeding, which includes bleeding lesions
located at any site from the Treitz ligament to the ileocecal junction, is known to occur for the following reasons:
duodenal ulcer, inflammatory bowel disease or small intestinal vascular malformation or tumor[4]. Among these
conditions, vascular malformation, tumor and inflammatory bowel disease are the most common causes of
bleeding. Because the small intestine is difficult to reach
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by gastroscope, duodenoscope or colonoscope, ordinary
diagnostic methods have limitations for small intestinal
examinations and, therefore, small intestinal bleeding is
difficult to diagnose[5].
Arteriography is useful for small intestine bleeding,
however, according to previous reports, when extravasation of contrast media can be detected by X-ray, it means
that the bleeding rate is more than 0.5 mL/min. Therefore, angiography is useful for the diagnosis of active gastrointestinal tract bleeding[6]. However, arteriography can
cause trauma, and it is only useful for vascular diseases or
tumors with a rich blood supply.
When gastrointestinal tract bleeding cannot be controlled by non-surgical measures, exploratory laparotomy
becomes necessary. Because the cause of bleeding is unclear, exploratory laparotomy can fail or the lesion might
not be properly treated and, therefore, the postoperative
re-bleeding rate is high. Recently, small intestinal bleeding
has been diagnosed by enteroscopy, but not all bleeding
sites could be detected[7,8]. Diagnosis often fails because
enteroscopy through both the mouth and anus does not
cover the entire gastrointestinal tract. With image reconstruction function of enhanced CT, CT angiography
has replaced ordinary angiography for the diagnosis of
vascular malformation[9,10]. For the patient described in
this case report, vascular malformation was diagnosed by
abdominal enhanced CT, while the malformation was not
observed by enteroscopy. Therefore, for patients with
small intestinal bleeding, we recommend that abdominal
vascular enhanced CT should be conducted before a surgical operation to avoid missing other vascular malformations. We suggest this approach regardless of whether the
bleeding sites can be detected by enteroscopy.
We reported a patient with cavernous angioma on the
right knee. Several years later, small intestinal angioma and
vascular malformation was detected by double-balloon enteroscopy and CT, indicating that he had multiple angiomas.

Related reports

The small intestine was difficult to reach using a gastroscope, duodenoscope
or colonoscope. Therefore, these ordinary diagnostic methods were difficult to
diagnose small intestine disease.

Explanation of terms

Abdominal vascular contrast-enhanced CT indicates that contrast media was
injected through a peripheral vein. CT scanning indicates that CT images were
obtained and refined by post-processing; the best images were selected for
analysis and diagnosis.

Experiences and lessons

This paper shows that abdominal vascular enhanced CT has a practical value
for the diagnosis of small intestinal vascular malformations. This approach can
offest the shortcomings of double-balloon enteroscopy, and is especially useful
for the diagnosis of obscure gastrointestinal tract bleeding.

Peer review

This is a case report of a patient with bleeding of a small intestinal vascular
malformation with imaging findings. It is quite nice.
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A 47-year-old man presented at hospital with dark stool.

Clinical diagnosis
The patient was anemic.

Differential diagnosis
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Peptic ulcer, colon cancer, small intestinal tumor.

Laboratory diagnosis
Hemoglobin was 73 g/L.

Imaging diagnosis

Ileal vascular malformation was detected by abdominal vascular enhanced
computed tomography (CT).
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Small intestinal vascular malformation.
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Pathological diagnosis
Treatment

Segmental resection was performed for the small intestinal angioma and vascular malformation by a laparoscopic approach.
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Clinical Practice in Clinical Trials) and/or the World Medical
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undertaken with the understanding and appropriate informed
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If experimental animals were used, the materials and methods
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Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata

March 26, 2014

Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
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Abstract
Spontaneous bacterial peritonitis (SBP) is the most
typical infection observed in cirrhosis patients. SBP is
responsible for an in-hospital mortality rate of approximately 32%. Recently, pattern changes in the bacterial flora of cirrhosis patients have been observed, and
an increase in the prevalence of infections caused by
multi-resistant bacteria has been noted. The wide-scale
use of quinolones in the prophylaxis of SBP has promoted flora modifications and resulted in the development of bacterial resistance. The efficacy of traditionally recommended therapy has been low in nosocomial
infections (up to 40%), and multi-resistance has been
observed in up to 22% of isolated germs in nosocomial
SBP. For this reason, the use of a broad empirical spectrum antibiotic has been suggested in these situations.
The distinction between community-acquired infectious
episodes, healthcare-associated infections, or nosocomial infections, and the identification of risk factors for
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multi-resistant germs can aid in the decision-making
process regarding the empirical choice of antibiotic
therapy. Broad-spectrum antimicrobial agents, such as
carbapenems with or without glycopeptides or piperacillin-tazobactam, should be considered for the initial
treatment not only of nosocomial infections but also of
healthcare-associated infections when the risk factors
or severity signs for multi-resistant bacteria are apparent. The use of cephalosporins should be restricted to
community-acquired infections.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Spontaneous peritonitis; Multi-resistant bacteria; Cirrhosis; Infection; Ascites
Core tip: Spontaneous bacterial peritonitis (SBP) is the
most typical infection observed in cirrhosis patients.
The increasing trend of bacterial resistance development in cirrhotic patients with SBP has been associated
with a low treatment efficacy of traditional therapy in
nosocomial infections. The use of a broad empirical
spectrum antibiotic has been suggested as an alternative. Cephalosporin use should be restricted to community-acquired infections, while changes are necessary with regard to empiric therapy recommendations.
Broad-spectrum antimicrobial agents, such as carbapenems with or without glycopeptides or piperacillintazobactam, should be considered for the initial treatment of nosocomial infections.
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INTRODUCTION
Chronic liver disease is one of the most common types
of acquired immunodeficiency and bacterial infections
are a common complication. In cirrhosis patients, specifically, bacterial infection represents the most frequent
and worrisome complication. It is well established that
30% to 50% of cirrhotic patients either have bacterial
infections when admitted to a hospital or acquire them
during this period, and such infections are responsible
for up to 25% of deaths in this patient population. In a
recent systematic review of 178 studies including 11987
patients, an average mortality rate of 38% was observed.
Using a meta-analysis approach, the study assessed mortality in relation to bacterial infection and found that infection increased the mortality risk approximately fourfold[1]. It is important to note that although the infection
is often not the direct cause of death, it accelerates a
negative outcome by promoting gastrointestinal bleeding, renal failure, and hepatic encephalopathy. When we
assessed 541 consecutive hospital admissions (n = 426
patients), 25% of hepatic cirrhosis cases had infections,
of which the most frequently observed were urinary
tract infection, spontaneous bacterial peritonitis (SBP),
respiratory infection, and skin infections. We observed
an association between bacterial infections and the alcoholic etiology of liver disease, Child-Pugh class C, and
the occurrence of upper gastrointestinal bleeding[2].
SBP is the most common form of infection seen in
patients with cirrhosis[3-5]. Its incidence in hospitalized
patients with chronic liver disease and ascites varies from
10%-30%. Approximately half of the cases already have
SBP at the time of hospitalization, while the other half
develop SBP during the hospitalization period[6]. The
associated in-hospital mortality rate for SBP is approximately 32%. A high Child-Pugh score, low protein levels
in the ascitic fluid, and the occurrence of upper gastrointestinal bleeding have been identified as risk factors for
SBP development[3,4]. In our own hospital, 114 episodes
of SBP from 1030 assessed hospitalizations of patients
with cirrhosis and ascites were documented, corresponding to an incidence of 11.1% and an associated mortality of 21.9%. A majority of patients had communityacquired infections (61.4%), while the remaining patient
population had hospital-acquired infections (37.7%)[7].
Until recently, guidelines from the International Ascites Club, the American Association for the Study of Liver
Diseases, and the European Association for the Study of
the Liver recommended treatment with third-generation
cephalosporins for the majority of infections in patients
with chronic liver disease due to their efficacy against the
main etiologic agents (e.g., enterobacteria)[8-10]. Recently,
however, studies have documented changes in the pattern
of bacterial flora in cirrhosis patient infections, as well as
an increase in infection prevalence attributed to multi-resistant bacteria[11-17]. Some of the findings highlighted an
increase in the rate of infections caused by gram-positive
cocci associated with invasive procedures during hospitalization[11]. Additionally, the widespread use of quinolones

WJG|www.wjgnet.com

Table 1 Characteristics of ascitic fluid in spontaneous bacterial peritonitis and variants
Diagnosis/variants
SBP culture positive
Neutrocytic ascites
Bacterascites

Polymorphonuclear count

Culture

> 250 cells/mm3
> 250 cells/mm3
< 250 cells/mm3

Positive
Negative
Positive

SBP: Spontaneous bacterial peritonitis.

and other antibiotics in the prophylactic treatment of
SBP in cirrhotic patients has also favored flora modifications and the development of bacterial resistance, directly
affecting the current management of infections in this
patient group[11,16].

SBP DIAGNOSIS
SBP is defined as an infection of the ascitic fluid in the
absence of an intra-abdominal infection focus (Table 1)[8].
The primary symptoms for SBP are abdominal pain and
fever[18]. Clinical identification, however, is often delayed
as the infection presentation is generally atypical or with
few symptoms. To achieve early diagnosis, diagnostic
paracentesis should be performed on all cirrhotic patients
with ascites at the time of hospital admission, regardless
of the presence of symptoms, as well as in patients who
display local or systemic signs of infection, hepatic encephalopathy, or sudden loss of renal function[6,8-10].
A diagnosis of SBP is made when the polymorphonuclear (PMN) count in the ascitic fluid is higher than
250 cells/mm3, with no evidence of an intra-abdominal
infection source[10]. A PMN count higher than 250 cells/
mm3 and a positive culture of ascitic fluid results in the
diagnosis of culture-positive SBP. A PMN count higher
than 250 cells/mm3 with a negative culture of ascitic fluid
results in a diagnosis of culture-negative SBP or neutrocytic ascites. Because treatment cannot be delayed until
the culture results are obtained, early empirical antibiotic
therapy is initiated in patients with a PMN count > 250
cells/mm3 in the ascitic fluid, regardless of the clinical
status[9].
Despite the use of sensitive methods for the culture
and inoculation of ascitic fluid in bedside hemoculture
bottles, approximately 60% of ascitic fluid samples with
a PMN count > 250 cells/mm3 do not show evidence of
bacterial growth[10,19]. This is likely due to the liberal use
of prophylactic antibiotics and to the increasingly earlier
diagnosis of SBP, as well as to the low bacteria population (1-2 bacteria/mL) in this infection[20]. Upon assessing different ascitic fluid culture techniques, our group
confirmed the superiority of the bedside hemoculture
bottle with material inoculation; the bacteriological exam
tested positive in 63% of the cases[21].
Some patients can present with bacterascites (positive
culture of ascitic fluid and a PMN count < 250 cells/
mm3), which generally represents a transitory spontaneous colonization of the ascitic fluid[22]. Some studies have
recommended antimicrobial treatment for patients with
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bacterascites, however this has not been our standard
practice. We have found that the survival rate was similar
between patients with bacterascites that were not administered antibiotic therapy and patients with sterile ascites,
suggesting that the use of antibiotic therapy ab initio in
such cases is not warranted[23]. We understand, however,
that control paracentesis should be performed[10].
Secondary peritonitis is the main differential diagnosis
for SBP, accounting for 5%-10% of the cases of peritonitis in patients with cirrhosis and ascites. It arises from
perforation or inflammation of an intra-abdominal organ, and its mortality rate is significantly higher than that
of SBP (66% vs 10%, respectively)[24]. A diagnosis of secondary peritonitis is likely when two out of three Runyon
criteria are present: glucose < 50 mg/dL, proteins > 10
g/L, and lactate dehydrogenase > 225 mU/mL in the ascites fluid[9]. To differentiate between SBP and secondary
peritonitis, measurements of carcinoembryonic antigen
and alkaline phosphatase levels in ascitic fluid are useful.
A previous study demonstrated that carcinoembryonic
antigen levels > 5 ng/mL or alkaline phosphatase > 250
units/L were associated with a sensitivity of 92% and
specificity of 88% in the differentiation between SBP
and secondary peritonitis, while the presence of two out
of three Runyon criteria was correlated with a sensitivity
of 97% and a specificity of 56%. In suspected cases of
secondary peritonitis, an early abdominal imaging exam
should also be performed[25].

MICROBIOLOGICAL ASPECTS AND
BACTERIAL RESISTANCE IN SBP
Aerobic gram-negative bacteria, such as Escherichia coli,
are the most commonly found pathogens in SBP[10,26-29].
Importantly, approximately 30% of isolated gram-negative bacteria are resistant to quinolone[10]. Gram-positive
bacteria have also been identified by studies as frequent
germs in patients with cirrhosis and infections. Some
studies also identified methicillin-resistant Staphylococcus
aureus in up to 27% of SBP cases[22]. It is currently believed that this type of infection occurs because of the
wide use of quinolones as prophylaxis for SBP, as well as
the increasingly frequent use of invasive procedures for
the treatment of cirrhosis complications[11].
A higher prevalence of extended spectrum beta-lactamase (ESBL)-producing bacteria has been described
among nosocomial infections in cirrhotic patients. The
production of ESBL is associated with the resistance to
many antibiotics, including third-generation cephalosporins and monobactams. Frequently, ESBL-producing bacteria are carriers of genes that encode resistance to other
antibiotics such as quinolones, tetracyclines, and antifolates, all of which are easily spread around hospitals[22].
The mortality rate among cirrhotic patients with infection by germs resistant to third-generation cephalosporins is greater than the rate among patients infected
by pathogens that are sensitive to antimicrobials[4,13]. A
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study assessing the occurrence of SBP with hemoculture
and/or positive culture of ascitic fluid found an average
global resistance to third-generation cephalosporins of
21.5%, where 7.1% were found in community-acquired
infections, 21.1% in healthcare-associated infections, and
40.9% in nosocomial infections[30]. Healthcare-associated
infections were considered to be those diagnosed within
the first 48 h after hospital admission in patients who
had had contact with the health care system in the previous three months (e.g., emergency visits). The empirical
treatment was considered adequate in 92.9% of community-acquired infections, 85.3% of healthcare-associated
infections, and 69.7% of nosocomial infections. The
mortality rate within 30 d was 28.2% in patients with
community-acquired infections, 25.8% in healthcareassociated infections, and 54.2% in nosocomial infections. A Spanish study also showed that the development
of infections by resistant bacteria was associated with
an increase in the mortality rates[29]. Other studies have
demonstrated that administration of the usual antibiotic
therapy in cirrhotic patients with resistant bacterial infections was associated with an increase in septic shock and
death rates[12,13,29,31]. This increase in bacterial resistance
was not restricted to the European continent, as a study
performed in the United States also showed a high rate
of resistance (45%) to cephalosporins in patients with
SBP[32]. Up to 22% of the germs isolated in nosocomial
SBP are multi-resistant[27], defined as bacterial resistance
to at least two of the three main classes of antimicrobials, including beta-lactams. Thus, it is important to revise
the prevalence of the varied bacterial species in each
institution, since the change of spectrum is very likely a
global one, which greatly affects the therapy that should
be administered.

SBP TREATMENT
A new diagnostic paracentesis is recommended 48 h after the beginning of treatment, in which at least a 25%
reduction in the PMN count should be observed. If the
PMN count is not reduced by 25%, the possibility of infection by bacteria resistant to the initial treatment or the
occurrence of secondary bacterial peritonitis should be
considered[10].
The use of third-generation cephalosporins has been
implemented as the standard empirical antimicrobial
treatment of SBP over the past several years, as they are
well tolerated and active against enterobacteria and nonenterococcal streptococci[9,10]. When we assessed the efficacy of two antibiotic therapy regimens in cirrhotic patients treated for SBP, patients who received cefotaxime
showed a lower hospital mortality rate when compared
to patients who received other antibiotic regimens (28.1%
vs 61.1%, respectively)[33]. Recent studies, however, have
shown an increase in the prevalence of infections caused
by multi-resistant bacteria, especially in nosocomial
episodes, which has prompted a change in practice[12,34].
Thus, recommendations regarding SBP treatment should
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Spontaneous bacterial peritonitis

Community-acquired

Healthcare-associated

Nosocomial-acquired

Signs of severity

No

Beta lactams

Yes

No response in
paracentesis after 48 h

Carbapenems/
piperacillin-tazobactam

Figure 1 Use of antibiotics in spontaneous bacterial peritonitis.

distinguish between episodes of nosocomial infections
and those that are community-acquired[34,35]. Infections
of nosocomial origin, patients with hospitalizations over
the past three months, with long-term norfloxacin prophylaxis, a history of recent infection by multi-resistant
bacteria and recent use of beta-lactams should be treated
according to these new insights[16,29]. It is important to
stress that healthcare-associated infections also present a
higher risk for infection by multi-resistant bacteria, and
active antibiotics against specific resistant bacteria should
be used. Moreover, a new epidemiological classification
has been suggested with regard to the places where infections are acquired: community-acquired infections,
nosocomial, and healthcare-associated infections[12,30].
The efficacy of classically recommended therapy has
been low in nosocomial infections (up to 40%). The
complete resolution of infection by multi-resistant germs
occurs less frequently than when other pathogens are
involved (72% vs 90%, respectively). The hospital mortality rate associated with multi-resistant bacteria is twice as
large as the mortality rate associated with other germs[12].
Similarly, mortality rates are higher in nosocomial infections when compared to community-acquired ones (58.7%
vs 37.3%, respectively)[13].
In our experience, mortality rates between 1991 and
2000 were 18.6% for community-acquired infections
and 27.9% for nosocomial infections among the 114
SBP episodes documented. Infections were controlled
in 91.1% of the episodes and the mortality rate in this
case was 16.7%. In cases where the infection was not
controlled, however, the mortality rate was 80%[7]. Given
the dramatic changes in the bacterial spectrum, however,
the present numbers would likely be different. Thus, it is
necessary to assess the prevalent microbiota in each hospital with regard to the use of empirical therapy.
Because there is evidence of increased mortality in
the presence of multi-resistant germs and the smaller ef-
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ficacy of standard therapies recommended up until now
in hospital and healthcare-associated infections, some
clinicians have suggested the empirical use of the widest
spectrum antibiotics in these situations. Fernández et al[29]
observed a failure rate of up to 60% in empirical therapy
for nosocomial infections, and suggested that carbapenems and tigecycline should be used in the treatment of
nosocomial SBP and spontaneous bacteremia. Pleguezuelo et al[16] suggested that a combination of penicillin and
a beta-lactamase inhibitor, such as piperacillin-tazobactam, might represent an adequate alternative to the use
of carbapenems in nosocomial infections. For these cases, third-generation cephalosporins might be inefficient
in the treatment of a significant portion of infections in
patients with cirrhosis. Currently, its use should be restricted to community-acquired infections, with changes
being necessary with regard to recommendations for
the empirical therapy of infections[12,34,36]. The current
management of SBP with antibiotics is summarized in
Figure 1.
It is worth noting that despite the proposals for new
antibiotics to be instituted, the use of albumin should
not be neglected. Renal failure is a frequent complication
in patients with SBP and appears in approximately onethird of these patients. Renal failure is also considered a
strong predictor of mortality during hospitalization[37].
When we assessed the occurrence of renal failure and its
predictive factor in cirrhotic patients with SBP, we observed a permanent or progressive loss of renal function
in 24% of the cases. Mortality in those with renal failure
was 36.1%, and only 6.3% in patients with preserved
renal function[38]. Intravenous albumin, given at a dose
of 1.5 g/kg body weight on the first day and 1 g/kg of
body weight on the third day of treatment, in addition to
antibiotic therapy, reduced the incidence of renal failure
from 33 to 10% and decreased the mortality rate from
29% to 10%[37]. The patients that benefited most from
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albumin treatment are those with creatinine levels > 1
mg/dL and total bilirubin > 4 mg/dL[39]. Thus, we believe that the administration of albumin in combination
with antibiotic therapy is critical to the success of SBP
treatment. It is important to note that albumin, in addition to boosting plasma volume, also has antioxidant,
immunomodulatory, and detoxification properties, indicating that it should be seen as a drug and not a mere
component of oncotic function[40]. A recent systematic
review and meta-analysis evaluating albumin infusion
recommended its use in all patients with SBP, whether or
not they presented with higher risk factors[41].
It is important to highlight that the survival rate observed in patients with SBP is substantially smaller than
in cirrhotic patients receiving a liver transplantation.
Thus, liver transplantation must always be considered
for those who survive an SBP episode. The association
between the Model for End-Stage Liver Disease (MELD)
score and the incidence of SBP must also be emphasized. A higher MELD score is associated with a higher
SBP incidence (10% for each MELD point)[42,43]. The
occurrence of SBP before liver transplantation does not
influence patient survival, although it can put the patient
at risk for major complications[44].

SBP PROPHYLAXIS
Patients who survive an episode of SBP have a high
risk for recurrence (70% in the first year) and a reduced
survival rate (30%-50% in the first year). Thus, cirrhotic
patients who recovered from their first SBP episode are
candidates for long-term prophylactic therapy with norfloxacin, and for liver transplantation assessment[6,8-10].
Prophylactic therapy with norfloxacin (400 mg/d) reduces the recurrence of SBP to approximately 20% in
the first year, while the probability of SBP recurrence by
a gram-negative microorganism is reduced from 60% to
3%[45,46].
Patients with cirrhosis and gastrointestinal bleeding
have a higher frequency of bacterial infections, which
favors a worse prognosis. The implementation of prophylactic antibiotics reduces the incidence of infections,
re-bleeding, and mortality rates in this patient population[47-50]. In this context, norfloxacin (400 mg bid for
seven days) has been used more commonly. A study demonstrated that endovenous ceftriaxone (1 g/d for seven
days) was more effective than oral norfloxacin in the prevention of infections among patients with at least two of
the following criteria: ascites, severe malnutrition, hepatic
encephalopathy, or serum total bilirubin of > 3 mg/dL[51].
Thus, its use is recommended as a prophylactic therapy
of choice for infections in patients with gastrointestinal
bleeding and advanced cirrhosis[10]. It is worth noting that
when comparing patients that received norfloxacin with
those that received ceftriaxone, the former showed more
frequent infections by gram-negative bacilli resistant to
quinolones and by non-enterococcal streptococci[6]. This
approach can be particularly useful in centers with high
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prevalence of germs resistant to quinolones.
Selective decontamination of the intestine with norfloxacin (400 mg/d orally) also seems to be efficient in
the prevention of the first SBP episode in patients with
low levels of proteins in the ascitic fluid[52]. In patients
with ascitic fluid protein levels lower than 1.5 g/dL and
advanced hepatic disease, the administration of prophylactic norfloxacin resulted in a reduction of the occurrence of SBP and hepatorenal syndrome during the
first year, as well as an increase in survival rate over three
months and over the first year[53]. However, the increasingly frequent number of bacterial infections caused by
quinolone-resistant microorganisms and by gram-positive bacteria in cirrhotic patients should be kept in mind,
as it may limit the efficacy of this approach[11].
More recently, studies have assessed the role of rifaximin in the prevention of SBP in cirrhotic patients because it is a non-absorbable antibiotic with a broad spectrum against gram-positive and gram-negative bacteria in
the gastrointestinal tract, and has a low risk of bacterial
resistance[54-56]. A recent study showed that patients who
were treated long-term with rifaximin prophylactically
had a smaller chance of developing SBP in comparison
to those who did not receive it long-term (4.5% vs 46%,
respectively)[55]. Moreover, no resistance to the drug was
observed. Another study showed a 73% reduction in the
risk for SBP in patients who used this antibiotic, and a
survival rate free of liver transplantation that was greater
than patients who did not use rifaximin (72% vs 57%,
respectively)[56]. Thus, intestinal decontamination with
rifaximin may be a promising alternative in SBP prevention, particularly if prophylactic use of quinolones
constitutes a risk factor for infection by multi-resistant
bacteria[29].
A brief commentary regarding prophylaxis without
the use of antibiotics is also pertinent. A correlation between proton pump inhibitors and higher incidences of
SBP has been suggested because the inhibitors favor enteric colonization, bacterial overgrowth and, ultimately,
bacterial translocation among individuals with cirrhosis.
Given that approximately 70% of patients with SBP use
proton pump inhibitors without justification, it is clear
that this medication should only be used in cirrhotic patients when it is indicated[57-59].

CONCLUSION
Taking into account the increasing evidence for multiresistance among the bacteria that cause SBP and the
lower efficacy of treatment with third-generation cephalosporins, new treatment recommendations have become
necessary for the management of infections in cirrhotic
patients.
The distinction between community-acquired infectious episodes, healthcare-associated or nosocomial infections, and the identification of risk factors for multiresistant germs aid in the decision-making process for
empirical antibiotic therapy choice. Broad-spectrum an-
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timicrobial agents, such as carbapenems with or without
glycopeptides or piperacillin-tazobactam, should be considered for the initial treatment, not only for nosocomial
infections but also for healthcare-associated infections
when signs of severity or risk factors for multi-resistant
bacteria are present. It is crucial to identify the microbiological profile in each hospital to administer therapy
early with the appropriate antibiotics, which will decrease
the risk of bacterial mortality.
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Abstract
The authors revise the latest evidence in the literature regarding managing of osteoporosis in ulcerative
colitis (UC), paying particular attention to the latest
tendency of the research concerning the management of bone damage in the patient affected by UC. It
is wise to assess vitamin D status in ulcerative colitis
patients to recognize who is predisposed to low levels
of vitamin D, whose deficiency has to be treated with
oral or parenteral vitamin D supplementation. An adequate dietary calcium intake or supplementation and
physical activity, if possible, should be guaranteed.
Osteoporotic risk factors, such as smoking and excessive alcohol intake, must be avoided. Steroid has to be
prescribed at the lowest possible dosage and for the
shortest possible time. Moreover, conditions favoring
falling have to been minimized, like carpets, low illumination, sedatives assumption, vitamin D deficiency. It
is advisable to assess the fracture risk in all UC patient
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by the fracture assessment risk tool (FRAX® tool), that
calculates the ten years risk of fracture for the population aged from 40 to 90 years in many countries of the
world. A high risk value could indicate the necessity of
treatment, whereas a low risk value suggests a followup only. An intermediate risk supports the decision to
prescribe bone mineral density (BMD) assessment and
a subsequent patient revaluation for treatment. Dual
energy X-ray absorptiometry bone densitometry can
be used not only for BMD measurement, but also to
collect data about bone quality by the means of trabecular bone score and hip structural analysis assessment. These two indices could represent a method of
interesting perspectives in evaluating bone status in
patients affected by diseases like UC, which may present an impairment of bone quality as well as of bone
quantity. In literature there is no strong evidence for
instituting pharmacological therapy of bone impairment
in UC patients for clinical indications other than those
that are also applied to the patients with osteoporosis.
Therefore, a reasonable advice is to consider pharmacological treatment for osteoporosis in those UC
patients who already present fragility fractures, which
bring a high risk of subsequent fractures. Therapy has
also to be considered in patients with a high risk of
fracture even if it did not yet happen, and particularly
when they had long periods of corticosteroid therapy
or cumulative high dosages. In patients without fragility fractures or steroid treatment, a medical decision
about treatment could be guided by the FRAX tool to
determine the intervention threshold. Among drugs for
osteoporosis treatment, the bisphosphonates are the
most studied ones, with the best and longest evidence
of efficacy and safety. Despite this, several questions
are still open, such as the duration of treatment, the
necessity to discontinue it, the indication of therapy in
young patients, particularly in those without previous
fractures. Further, it has to be mentioned that a longterm bisphosphonates use in primary osteoporosis
has been associated with an increased incidence of
dramatic side-effects, even if uncommon, like osteonecrosis of the jaw and atypical sub-trochanteric and
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diaphyseal femoral fractures. UC is a long-lasting disease and the majority of patients is relatively young.
In this scenario primary prevention of fragility fracture
is the best cost-effective strategy. Vitamin D supplementation, adequate calcium intake, suitable physical
activity (when possible), removing of risk factors for
osteoporosis like smoking, and avoiding falling are the
best medical acts.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Osteoporosis; Fragility
fracture; Bone mineral density; Trabecular bone score;
Hip structural analysis; Fracture assessment risk tool;
Dual energy X-ray absorptiometry
Core tip: Diagnosis and treatment of osteoporosis in
ulcerative colitis are discussed according to the latest
evidence. Innovative applications of new programs derived from bone densitometry to evaluate bone quality
and to predict fracture risk in patients affected by ulcerative colitis are described. Charts for ten years fracture
risk may be utilized to refer patients to bone densitometry and/or to prescribe drugs against osteoporosis.
Trabecular bone score and hip structural analysis may
be considered to assess bone quality, that could be
impaired by malabsorption and chronic inflammatory
status. Advices for prevention and treatment of bone
damage are given, also considering cost-effectiveness.
Piodi LP, Poloni A, Ulivieri FM. Managing osteoporosis in
ulcerative colitis: Something new? World J Gastroenterol 2014;
20(39): 14087-14098 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14087.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14087

INTRODUCTION
Osteoporosis is a well known extraintestinal manifestation of the inflammatory bowel diseases (IBD), more
common in Crohn’s disease (CD) than in ulcerative
colitis (UC). Nowadays its management has been recognized as a relevant aspect in patients’ follow up. As
IBD is a chronic condition lasting the whole life of the
patient, the effects of the disease and of its treatment,
together with the ageing of the population, determine
an increase in the prevalence and in the incidence of
osteoporosis. The present article revises the latest evidences (2009-2014) in the literature regarding this theme,
paying particular attention to the latest tendency of the
research concerning the management of bone damage in
the patient affected by UC. The authors have consulted
PubMed, Embase, Cochrane Library, National Institute
for Health and clinical excellence. In addition, the official positions of the gastroenterological societies and the
leading guidelines for the management of osteoporosis
have been examined.
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ULCERATIVE COLITIS
UC is a chronic inflammatory disease of colon and rectum. The disease reaches from the anal verge to a variable proximal extension of the colon. The main peak
incidence is between the second and the fourth decade,
but the disease may also start later. Both men and women are affected with a similar frequency.
Aetiology is unknown. Regarding pathogenesis, the
inflammation is probably caused by a pathologic immune
response to an unknown environmental stimulus in the
lumen of the colon in genetic susceptible people. A defective colonic epithelium may allow commensal bacteria
to be sampled by dendritic cells of the mucosa and act
as antigenic stimulus to induce an immune response,
sustained by T-cells, leading to inflammation[1].
Symptoms are rectal blood and mucus, tenesmus,
urgency and diarrhoea, depending on the extent and the
severity of the disease. Usually UC is classified in mild,
moderate and severe, depending on the clinical manifestations according to the Montreal criteria[2] (Table 1).
About one third of patients presents immune mediated inflammatory extra intestinal manifestations, which
may affect liver and biliary system, joints and bone, skin,
eyes.
The usual course of UC presents periods of acute
inflammation and phases of remission of symptoms. In
rare cases there is only one flare of disease, which can
be very severe (“fulminant” colitis). The recurrences are
variable in extent and severity and unpredictable in timing. Aim of the therapy is to induce the remission and to
maintain it as long as possible.
Systemic and/or topical therapy is focused against
pathologic immune response. Mainsteps of the pharmacological treatment are 5-aminosalicylic acid, glucocorticoids, azathioprine and its derivative 6-mercaptopurine,
cyclosporine and biological agents such as infliximab and
adalimumab.
Bone implication of UC is represented by osteoporosis,
even if it is less frequent than in CD.

OSTEOPOROSIS
Osteoporosis is defined as a systemic disease characterized by low bone mass and micro-architectural deterioration of the bone tissue, with a consequent increase
in bone fragility [3]. The compromised bone strength
leads to an increased risk of fracture, as bone strength
reflects the integration of bone mineral density (BMD)
and bone quality[4]. The disease typically occurs in postmenopausal women and in the elderly people (primary
osteoporosis) or in patients with diseases affecting bone
mineral metabolism, like IBD (secondary osteoporosis).
Also glucocorticoid treatment is a well-known factor
leading to osteoporosis.
Common sites of osteoporotic fractures are the spine,
the hip, the distal forearm and the proximal homerus.
Osteoporotic fractures also occur at many other sites in-
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Table 1 Montreal classification of extent and severity of ulcerative colitis
Extent
E1: Ulcerative proctitis
E2: Left sided (distal)
ulcerative colitis
E3: Extensive (pancolitis)
ulcerative colitis

Anatomy

Severity

Definition

Limited to the rectum

S0: Clinical
remission
S1: Mild

Asymptomatic

Limited to a proportion of the colorectum
distal to the splenic flexure
Extends proximally to the splenic flexure

S2: Moderate
S3: Severe

≤ 4 stools/d (with or without blood), absence of systemic illness,

and normal inflammatory markers
> 4 stools/d but minimal signs of systemic toxicity
≥ 6 bloody stools/day, pulse ≥ 90 beats/min, temperature ≥
37.5 ℃, haemoglobin < 1.05 g/L, and erythrocyte sedimentation
rate ≥ 30 mm in the first hour

Adapted from: Ford et al[1].

Table 2 Effect on vertebral fracture rates (from randomized
controlled trials)

Raloxifene
Alendronate
Risedronate
Ibandronate
Zoledronate
Teriparatide
Strontium ranelate
Denosumab

Osteopenia

Osteoporosis

Established

●
NA
NA
NA
NA
NA
●
NA

■
■
●
■
■
NA
■
■

■
■
■
■
■
■
■
■

■ Denotes a preplanned analysis in the entire study population; ●Denotes a
post hoc analysis. NA: No evidence available. Adapted from: Body et al[12].

cluding pelvis, ribs and distal femur and tibia.
Osteoporotic fractures are associated with high rates
of disability and mortality. Approximately 50% of fracture-related deaths in women are due to hip fractures,
28% to clinical vertebral fractures and 22% to other fractures[3]. In individuals who experience hip fractures, 20%
die within the next year and 20% will require permanent
nursing home care[4-6]. Vertebral fragility fractures are
the most frequent fractures in osteoporotic patients, and
even if this kind of injuries has less severe complications
than hip fractures, they are associated with substantial
disability due to impairment in spine dynamics and static
biomechanics. Furthermore, the number and the severity
of vertebral fractures are related to an exponential increase of subsequent fractures[7,8].
The gold standard method for the diagnosis of osteoporosis is the dual energy X-ray absorptiometry (DXA)
which is a radiological tool based on the principle of photon absorptiometry developed in the sixties[9] that allows
to quantify the BMD[10].
Bone densitometry scans for diagnostic classification
and prediction of fracture risk are performed according
to the international guidelines[11] on lumbar spine and
proximal femur, which are the most important sites of
fragility fractures. Absolute values of BMD are expressed
as T-score and Z-score. T-score is calculated as standard
deviation from the normal reference population, and
Z-score is calculated as standard deviation from the sex
and age matched population. Osteopenia is defined as a
T-score between -1 and -2.5. Osteoporosis is defined as a
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T-score < -2.5[10]. Low BMD is directly correlated with an
increase in fracture risk[3].
The goal of the pharmacological therapy of osteopenia and osteoporosis is to increase bone strength, in
order to decrease the risk of fracture[3] mainly by increasing BMD. This can be achieved by decreasing bone
resorption and/or increasing bone formation.
A lot of effective medications are approved for the
prevention and the treatment of osteoporosis. Drugs can
be divided into two categories: anti-resorptive (or anti-catabolic) and anabolic agents. Anti-resorptive agents, which
include oestrogens, selective oestrogen receptor modulators (raloxifene), calcitonin, bisphosphonates (alendronate,
risedronate, ibandronate, zoledronate) and denosumab,
reduce osteoclast activity, preserving bone mineral density.
The currently used anabolic agent is teriparatide (PTH
1-34) which stimulates osteoblast activity. Strontium ranelate is another agent that reduces fracture risk. It improves
bone strength mainly through effects on bone formation
and bone properties[3], even if it also has an anti-resorptive
action.
The anti-fracture efficacy of the most frequent used
drugs for osteoporosis is illustrated in Tables 2 and 3.
The effectiveness of drugs in primary and secondary
prevention of fragility fracture is quite different. Regarding
vertebral fractures, all the considered drugs are effective in
preventing secondary osteoporotic fractures, whereas not
all these drugs are also effective in primary prevention. No
effectiveness is found in reduction of vertebral fracture
rate in osteopenic patients. There are very few evidences
regarding the prevention of hip and non-vertebral fractures: only few drugs seem to be useful, and among them
only some of the bisphosphonates and denosumab[3,12].
In addition, to enhance the effectiveness of the pharmacological treatment, calcium and vitamin D supplements
may be prescribed. In fact, vitamin D deficient patients do
not show the same increase in bone mass and reduction in
fracture rate as observed in vitamin D repleted patients[13].
Moreover, in order to improve bone mass, some changes in lifestyle are suggested, such as increasing physical
activity, stop smoking, avoiding excessive alcoholic intake,
maintaining an adequate body weight. Furthermore, in order to reduce fracture risk also the prevention of falling is
important; so it is advisable to avoid inappropriate housing conditions (e.g., carpets, low illumination), and the use
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Table 3 Effect on nonvertebral/hip fracture rates (from randomized controlled trials)
Nonvertebral
Osteoporosis (without prevalent
vertebral fractures)
Raloxifene
Alendronate
Risedronate
Ibandronate
Zoledronate
Teriparatide
Strontium Ranelate
Denosumab

NA
■
NA
NA
■
NA
●
■

Hip

Established osteoporosis (with
Osteoporosis (without
Established osteoporosis (with
prevalent vertebral fractures) prevalent vertebral fractures) prevalent vertebral fractures)
●
■
■
●
NA
■
■
NA

NA
NA
NA
NA
■
NA
●
■

NA
■
■
NA
NA
NA
▲
NA

■ Denotes a preplanned analysis in the entire study population; ▲ Denotes a preplanned analysis on a subset of the study population; ● Denotes a post hoc
analysis. NA: No evidence available. Adapted from: Body et al[12].

of hypnotic and sedative drugs[12].
Patients should also be aware of the importance of
the adherence to the treatment. In fact, it has been observed that only a low percentage (about 30%) of patients
still follows therapy after one year[14].

ULCERATIVE COLITIS AND
OSTEOPOROSIS
In literature it has been estimated that osteopenia in UC
is found in about 35% of the patients, and osteoporosis
in about 15%, based on DXA scans[15]. However, studies
about the prevalence of osteopenic/osteoporotic fractures in patients with UC are scarce, with a small sample
size and with a follow up that is not sufficiently prolonged to allow fracture detection[16]. Another bias is that
investigated IBD patients’ groups are not homogeneous
regarding age, gender, severity and activity of disease, and
type of treatment (steroids, supplementation of calcium
and vitamin D). A recent retrospective ten years database analysis on UC male patients found a prevalence of
fragility fractures of 7.9% in osteoporotic patients, 4.4%
in osteopenic patients and 1.1% in patients with normal
BMD[17]. Low bone mass in UC is also related to the
severity of the disease, in so far mild and moderate UC
seem not to represent a risk factor for osteoporosis[18].
Obviously, severe UC presents a higher level of inflammation and therefore the need of steroid administration,
which are per se risk factors for bone loss and fracture.
Many factors have been suggested to be implicated in
the pathogenesis of osteoporosis in UC. They are mainly
classified in two groups: nutritional factors and inflammatory mechanisms.
In UC patients poor nutrition and malabsorption, particularly of calcium, vitamin D and K, can be caused by
anorexia, insufficient diet, diarrhoea. On the other hand,
IBD associated inflammatory cytokines [interleukin 1 (IL1)
and 6 (IL6), tumour necrosis factor alfa (TNF-α)] have
been shown to affect bone metabolism directly[19]. These
cytokines are known to increase synthesis of receptoractivated nuclear factor K B ligand (RANKL), which is
produced by osteoblasts and which activates proliferation
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and differentiation of osteoclasts, thereby inducing bone
resorption[19]. In fact, the biological drugs inhibiting TNF
alfa have been shown to increase BMD[19]. Moreover, recent studies in animals have indicated that these cytokines
also negatively act on intestinal and renal absorption of
minerals and vitamins[20]. Of course, the usual risk factors
for osteoporosis may also be present in UC patients, such
as low body mass index, older age, immobilization, smoking, prolonged use of corticosteroids, low peak of bone
mass particularly in the case of paediatric onset of the
disease.
Anyway, the two most important factors for developing OP in UC seem to be systemic inflammatory activity
and the prolonged use of glucocorticoid. Corticosteroid
treatment in UC patients is related to the inflammatory
status, being cumulative doses of steroid directly related
both to the severity of UC and the risk of low BMD[17].
Glucocorticoids act negatively on bone mineral metabolism inducing an impairment of bone cells coupling
and activity, stimulating osteoclasts formation and activity, promoting osteoblasts apoptosis, inhibiting osteoblasts proliferation and synthesis of type Ⅰ collagen and
osteocalcin. In addition, they reduce intestinal absorption of calcium and increase urinary calcium excretion,
leading to an increase in PTH secretion. Moreover, they
reduce sex hormones production by inhibiting hypothalamic-pituitary-gonadal axis[21].
It has to be kept in mind that all these actions of glucocorticoid finally lead to a significant increase in bone
loss and in vertebral and non-vertebral fracture risk. This
effect is already observed in the first three-six months of
steroid treatment, and it is already present with daily doses of 5 or more milligrams of prednisone equivalent[22].

SOMETHING NEW IN THE MANAGEMENT
OF OSTEOPOROSIS IN ULCERATIVE
COLITIS
The most cited scientific gastroenterological societies such
as American Gastroenterological Association[23], American College of Gastroenterology[24], British Society of
Gastroenterology[25], have dealt in their guidelines with
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the management of osteoporosis in IBD patients. They
give general recommendations regarding prevention
and removing of fracture risk, indication of DXA test
and prescription of specific pharmacological treatment
of osteoporosis. These suggestions do not substantially
differ from guidelines for prevention, diagnosis and
treatment of primary and secondary osteoporosis in the
general population[26-31].
In recent years, besides DXA test, another tool for
assessing fracture risk has been proposed by the Health
Organization Collaborating Centre for Metabolic Bone
Diseases, University of Sheffield (United Kingdom), and
introduced in clinical practice.
Prediction of fracture risk
Fracture risk assessment tool (FRAX® tool - http://www.
shef.ac.uk/FRAX/[32]) is based on the collection of the
main anagraphic, anthropometric and anamnestic data
regarding fracture risk factors, with or without BMD.
This collection allows to compile a chart, available both
for men and women aged 40 years or more, that predicts
the 10-year probability of a hip fracture or of a major
osteoporotic fracture, such as clinical spine, hip, forearm
and humerus fractures. At the moment these charts are
prepared for 59 countries worldwide.
Frax score is calculated by online compiling twelve
fields of an algorithm: age; gender; height and weight;
history of minimal trauma fractures; history of parental
hip fractures; corticosteroid exposure (defined as oral
glucocorticoids for more than 3 mo at a dose of prednisolone equivalent of 5 mg daily or more); concomitant
rheumatoid arthritis; secondary strongly associated causes
of osteoporosis, such as type Ⅰ (insulin dependent) diabetes, osteogenesis imperfecta in adults, untreated longstanding hyperthyroidism, hypogonadism or premature
menopause (< 45 years), chronic malnutrition, malabsorption and chronic liver disease; more than three units
of daily alcohol intake; smoking. Lastly, if available, BMD
may be inserted, expressed as absolute value (g/cm2) or
T-score.
Entering these variables one can obtain a number,
that quantifies the probability of having a major or a hip
fracture in the subsequent ten years. This parameter helps
the clinician in the decision whether to prescribe or not
a pharmacological treatment for osteoporosis, according to a threshold of intervention. This threshold is not
uniquely established and has not the same cut-off for all
countries, depending on the clinical contest and health
economic factors. The fracture risk varies markedly between the different countries, whereas the T-score varies
only by a small amount. In addition, the clinical interpretation of a given T-score for fracture risk in women of
every country depends on the age and on the presence
of clinical risk factors. Intervention thresholds are also
partly determined by the willingness to pay for health
care in osteoporosis and by the access to DXA, which
vary from country to country[29].
The use of FRAX tool in assessing fracture risk in

WJG|www.wjgnet.com

UC patients was examined only in two retrospective
studies[15,33]. Results are controversial, but encourage to
explore the utility of this clinical tool in the management
of IBD. The first[15] shows that the clinical FRAX score
alone can accurately predict the risk of a osteoporotic
fracture, reducing the need for DXA scans and for unnecessary pharmacological treatment for osteoporosis.
As indicated in a position paper of the National Osteoporosis Guideline Group (NOGG)[34], if the patient results at low risk, no DXA scan is required. If the FRAX
score, based only on clinical risk factors, is intermediate,
patients should undergo DXA scanning and once the
BMD is known, the FRAX score has to be recalculated
to determine the need for specific anti-osteoporosis
treatment.
The Authors of the first cited study[15] confirmed an
increased prevalence of osteoporosis in their UC population and found that by using the FRAX score over
5 years they could have avoided 36% of DXA scans.
They also found that patients who carry a high clinical
risk of fracture are frequently not considered for treatment when this decision is based on T-score alone. Furthermore, considering NOGG guidelines[35], 8% of the
patients examined in the study were over-treated with
bisphosphonates. As illustrated by the Authors there
are, however, some limitations in using FRAX tool in
IBD patients. First, the FRAX algorithms are based on
general population cohort studies undertaken in over
40 years old people, and have not been validated in IBD
populations, where younger, under 40 years old people
are frequently represented. In this condition FRAX tool
calculates the risk for patients under the age of 40 using
the data of individuals aged 40 years or more. It is likely,
therefore, that the fracture risk in IBD subjects could be
overestimated. It will be useful to collect specific data
for patients under 40, particularly in IBD populations,
but probably it will take several decades to complete a
prospective cohort observation in young patients for the
collection of an adequate number of fractures. Second,
body mass index, a component of the FRAX score, in
the general population does not fluctuate at the same
rate as in IBD, where periods of active disease may cause
substantial weight loss. Third, although the FRAX score
includes corticosteroids use as a dichotomous risk factor
(yes/no), it does not take into account the cumulative
dose of steroids.
The other cited retrospective study[33] in IBD patients,
raising from a population database of the province of
Manitoba (Canada), examined the risk of major osteoporotic fractures (MOF) and of hip fractures after controlling for FRAX, independently from FRAX probability.
The Authors did not find an increase in the risk of MOF
in IBD patients after having controlled the FRAX probability, estimated both with and without BMD. The results
for patients with CD and UC considered separately were
similar. They found, conversely, an increase in the risk of
developing a hip fracture, even after having controlled
the FRAX probability, estimated both with and without
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BMD. Due to the small number of events (hip fracture)
it was not possible to compare UC and CD. The addition
of the femoral neck BMD to calculate the risk did not
significantly increase the estimated risk for hip fractures
associated with IBD, suggesting, therefore, that IBD
exerts a BMD independent effect on hip fracture risk. It
may be useful that further studies confirm these results,
differentiating UC from CD. It would be also desirable
that IBD would be added as anamnestic dichotomous
factor in FRAX risk calculation.
Assessment of bone structure
DXA represents the gold standard method for the diagnosis of osteoporosis[10]. However, while BMD is clearly
one of the major determinants of bone strength[36], the
assessment of fracture risk by BMD could lack sensitivity. In fact, many fragility fractures occur in osteopenic
individuals (T-score between -2.5 and -1.0), not only in
subjects with osteoporosis (T-score < -2.5)[37]. Other factors in addition to BMD account for bone strength and
fracture risk, like bone geometry and bone microarchitecture, that concur to determine bone quality[38].
The best method for the direct assessment of bone
micro-architecture is histomorphometry of the transiliac
crest bone biopsy, but it is an invasive procedure and,
moreover, it does not necessarily reflect microstructure
at sites where the fragility fractures occur, like spine and
femur. A number of techniques have been developed to
assess bone geometry, as quantitative computed tomography (QCT)[39,40], high resolution peripheral quantitative computed tomography (HRpQCT)[41] and magnetic
resonance imaging[42]. However, these techniques present
more invasivity, higher costs, long time for their execution (long lasting scans). Alternatively, adaptation of
X-ray based images, like plain radiographs, using graylevel textural features, have been tested, utilizing fractal
dimension[43-45] and Fourier analysis[46-48]. An ideal solution, in terms of practicability, costs and risks, could be
the adaptation of DXA-based images. DXA can be used
to identify existing vertebral fractures[49-52], to evaluate hip
geometry and to estimate femoral strength[53-55]. Moreover, a new DXA-based technique that considers bone
mineral distribution in the proximal femur, instead of
only bone mineral density, may be well-suited to enhance
standard densitometric evaluation as a predictor of hip
fracture risk[56]. The latest development is the trabecular
bone score (TBS), a new gray-level textural measure that
can be extracted from the 2-dimensional lumbar spine
DXA image to estimate trabecular microstructure. TBS
may provide skeletal informations that are not captured
by the standard BMD measurement. Based on experimental variograms of the projected DXA image, TBS
has the potential to discern differences in 3-dimensional
(3D) micro-architecture between 2-D DXA measurements that are similar to each other[57,58]. An elevated TBS
value correlates with better skeletal texture (a reflection
of better microarchitecture); a low TBS value correlates
with weaker skeletal texture (a reflection of degraded
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microarchitecture). The relationship between TBS texture
parameters and 3D micro-architecture parameters has
been documented by several ex vivo studies that have reported significant correlations between TBS and various
micro-structural parameters of bone assessed by microcomputed tomography[57,59,60].
TBS is an imaging technique adapted directly from
the DXA image of the lumbar spine. Thus, it is potentially readily and widely available. In recent years, a large
number of studies have demonstrated that TBS is significantly associated with direct measurements of bone microarchitecture, and may be a useful adjunct to BMD for
detection and prediction of fragility fractures in primary
osteoporosis[58]. Thus, it promises potential utility also in
secondary causes of osteoporosis[61]. In some conditions,
like glucocorticoid-induced osteoporosis and in diabetes
mellitus, the TBS appears to out-perform DXA. It also
appears useful in numerous other diseases associated
with diminished bone health, such as primary hyperparathyroidism, androgen-deficiency, hormone-receptor positive breast cancer treatment, chronic kidney disease, and
autoimmune diseases like rheumatoid arthritis[61]. Further
research is required to establish clearly the role of TBS
in these and other disorders that adversely affect bone
health, like CD and UC.
In adjunction to BMD measurement, TBS can be a
useful tool also for monitoring treatment efficacy over
time.
Assessment of hip geometry
Hip geometry, like BMD, has been shown to relate independently to hip fracture risk[62]. Loading forces on bone
are distributed over the bone material in cross sections.
The concentrations of loading forces, defined stresses,
are a function of bending moments and cross sectional
geometry. Based on the principle described by Martin
and Burr[53,63] a specific program for bone densitometry has been developed, named hip structural analysis
(HSA), that derives the cross sectional geometry from
images acquired from a bone mineral scanner by the
means of DXA. The main structural parameters are the
surface area of the bone in the cross section (CSA) and
the section modulus (Z), which are inversely related to
maximum stresses due to axial and bending loads, respectively[64,65]. CSA is an index of bone resistance to axially
directed loads. Z is computed from the cross sectional
moment of inertia (CSMI) that weights the area in the
cross section by the square of its distance from the centroid. CSMI reflects the flexural strength and is an index
of structural rigidity. The maximum distance between the
center of mass and outer cortex over the average cortical
thickness provides a stability index of the cortex under
compressive loads, bending included, the so called buckling ratio.
A few works have been published about HSA in primary and secondary osteoporosis[62,64,66-68] and to estimate
bone quality variations after pharmacological treatment
for osteoporosis[69]. A combination of BMD assessment
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and geometric structural measurements may represent an
additional and helpful mean in estimating bone strength
and fracture risk. After therapy, particularly with new
bone formation agents, changes in axial and bending
strength and, for some drugs, in cortical thickness, are
expected.
No data about these topics are available in UC patients and their investigation could be of considerable
interest.
Treatment of osteoporosis in ulcerative colitis
Calcium and vitamin D represent a well-known nonpharmacological treatment for osteoporosis, which is
usually employed in conjunction with drugs for primary
and secondary fragility fracture prevention. Measurement
of serum 25-OH-cholecalciferol is the standard method
to assess vitamin D status. A recent point of view of
the Institute of Medicine of the United States National
Academies[70], considers at least 50 nmol/L (20 ng/mL)
the sufficient level for the general healthy population
and suggests a daily global intake of vitamin D of about
700-800 IU for the general population. However, this position is not overall accepted and other recommendations
suggest higher doses of vitamin D intake for healthy
adults[71].
Vitamin D insufficiency is a condition associated with
rickets and osteomalacia, reduced muscle strength, reduced appendicular muscle mass, increase in muscle pain,
increase in body sway and consequent risk of falls, and
reduced response to osteoporosis treatment. For insufficiency [30-50 nmol/L (12-20 ng/mL)] or deficiency [<
30 nmol/L (12 ng/mL)] a greater amount of vitamin D
supplementation is required, identified by IOM up to a
maximum daily dose of 4.000 IU. In this case, a periodic
check of the vitamin D status is necessary (every 1-3
mo), considering the extreme individual variability in the
response, due to various clinical conditions such as malabsorption.
In UC vitamin D insufficiency and deficiency are
common, ranging from 45% to 60% of patients[72,73].
Therefore, it appears advisable to routinely check 25OHvitamin D in UC patients in order to identify and treat
adequately the vitamin D pathological status. Vitamin D
in association with calcium has been used in the treatment of osteoporosis in UC, without significant BMD
improvement.
In the last decade vitamin D has gained a new surge
of scientific interest for its extra-skeletal effects beyond
its action on bone metabolism. The vitamin D receptor
(VDR) has been isolated in tissues other than intestinal
epithelium, distal renal tubules and osteocytes: adrenals,
parathyroids, pituitary gland, mammary gland, ovary,
testis, skin, heart, thymus, lymphocytes and promielocytes, hepatocytes, biliary epithelial cells and colon. Also
1alfa-hydroxylase, the vitamin D activating enzyme, is
expressed in colonic cells[74,75]. A local production of
1,25(OH)2-vitamin D has been found in skin, lymph
nodes, pancreas, brain, adrenal medulla, monocytes
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and macrophages, and colon[76]. A recent meta-analysis
showed that higher blood 25OH vitamin D levels were
associated with a reduced risk of colorectal cancer:
pooled adjusted OR was 0.94 per 10 nmol/L increase in
25OH-vitamin D concentration[77]. All these experimental data indicate that vitamin D plays a role in the function of the cited tissues and organs. It is notable that in
colonic biopsies’ specimens of patients with UC both
VDR expression and VDR protein are reduced respect
to normal. Therefore it is hypothesised that vitamin D
supplementation may be useful in UC patients not only
for osteoporosis treatment purpose, but also for its extraskeletal actions.
Moreover, in UC patients various other actions of
vitamin D might be useful, considering its involvement
in inflammation and immune modulation: reduction of
inflammatory cytokines[78,79], protective immune modulating properties[80,81], maintenance of integrity of the
epithelial barrier of the colon[82].
Few original clinical trials regarding medical treatments for low bone mass in UC have been published in
literature since the eighties. A recent systematic review
and meta-analysis[83] has listed only nine works concerning anti-osteoporotic drugs in UC patients. However,
populations considered in these studies are mainly not
homogenous, including both CD and UC, male and female, pre- and post-menopausal women, active and nonactive disease, different steroid exposure. Within the analyzed anti-osteoporotic treatments, there are variable concomitant medications, with different dosages of calcium
and vitamin D supplementation. Seven of the cited nine
studies have used anti-osteoporotic drugs and two nonpharmacological treatments (calcium and vitamin D supplementation). Among the seven using drugs, six utilized
anti-resorptive agents (bisphosphonates and calcitonin)
and one an agent stimulating bone formation (fluoride).
Also the duration of the studies is quite different, ranging
from few weeks to few years; this is important because
the effect of osteoporosis treatment on bone mass and
fracture risk is assessable in a reliable way only on a long
period, lasting several years. Moreover, not all these studies are of outstanding quality.
For all these reasons it is difficult to draw firm conclusions, and consequently, definitive recommendations.
To our knowledge in the last five years only three
clinical trials dealt with anti-osteoporotic drugs in UC[84-86].
These Authors have utilized bisphosphonates (alendronate, risedronate) and calcitonin. Kitazaki and Kriel used
bisphosphonates to prevent glucocorticoid associated
osteoporosis in active UC disease. Alendronate improved
spine BMD after one year of treatment in a steroid
treated UC population very heterogeneous for age (17-70
years, mean age 41 years)[84]. Kriel administered risedronate for a very short period (two months)[85]. Pappa
prescribed calcitonin to study its short term efficacy on
spine BMD in UC children and adolescents, without seeing significant clinical advance[86].
Amino-bisphosphonates, like alendronate and risedro-
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nate, inhibit the enzyme farnesylpyrophosphate-synthase
implicated in the biosynthesis of cholesterol. This action
significantly reduces the prenylation of GTPase proteins,
thus disrupting function of osteoclasts, leading to their
apoptosis [87]. Experimental data in cell culture have
shown that the described bisphosphonate action occurs also in various cancer cell lines[88]. GTPase proteins
have been found to be involved in cancer of colon and
rectum[89,90]. Being very poorly absorbed (less than 1%),
oral bisphosphonates reach the colon and come in contact with the intestinal epithelium. Thus, they could lead
colon cancer cells to apoptosis with the same mechanism[88]. Moreover, there are experimental evidences that
bisphosphonates could hinder the growth of colon and
rectum cancer inhibiting macrophages[91,92] and stimulating a subset of T-cells[93,94] involved in cancer developing.
This potential therapeutic effect could be relevant in UC,
where the risk of developing a colorectal cancer is notoriously increased.

FINAL CONSIDERATIONS ABOUT
MANAGING OSTEOPOROSIS IN
ULCERATIVE COLITIS
Osteoporosis in UC patients is a high prevalent and a high
incident pathology, and fracture prevention is a mandatory
question. On the other hand, there are scarce evidences
about this issue, and therefore it appears not reasonable
to give specific, population-based-approach recommendations about primary and secondary prevention of fragility
fractures in UC patients. So it may be more advisable to
suggest an individual-high-risk-approach, inspired by the
consolidated guidelines for the diagnosis and treatment of
post-menopausal osteoporosis.
First step
It is wise to assess vitamin D status in UC patients to
recognize who is predisposed to low levels of vitamin
D. Serum levels of 25OH-vitamin D could be measured
in all patients and particularly in those who present wellknown risk factors for deficiency: severe disease, elderly
patients, reduced sun light exposure. Deficiency has to
be treated, preferably with an oral daily cholecalciferol
or calcifediol supplementation. Intermittent large doses,
orally or parenterally, should be reserved in the case of
reduced adherence to therapy. An adequate dietary calcium intake or supplementation and physical activity, if
possible, should be guaranteed.
Osteoporotic risk factors such as smoking and excessive alcohol intake must be avoided. Steroid has to
be prescribed at the lowest possible dosage and for the
shortest possible time. Moreover, conditions favouring
falling have to been minimized, like carpets, low illumination, sedatives assumption, vitamin D deficiency.
Secondly
It is advisable to predict the ten years fracture risk in all
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UC patient by the FRAX® tool, that calculates the risk
for many countries of the world for the population aged
from 40 to 90 years.
The use of FRAX in clinical practice demands a
consideration about the fracture probability at which it
is useful to intervene, both for treatment (intervention
threshold) and for BMD testing (assessment threshold).
Assessing fracture probability could be useful to help
physicians in deciding whether to treat or not for osteoporosis in order to prevent fragility fractures. A high risk
value could indicate the necessity of treatment, whereas a
low risk value suggests a follow-up only. An intermediate
risk supports the decision to prescribe BMD assessment
and a subsequent patient revaluation for treatment. The
thresholds are variable, since they depend critically on local factors varying from country to country, like fracture
incidence, willingness and capability to pay for access to
BMD measurement and for health care in osteoporosis.
Different scenarios are represented for example by The
National Osteoporosis Foundation recommendation for
the United States (www.nof.org) and by The National Osteoporosis Guideline Group (NOGG) for the UK (www.
shef.ac.uk/NOGG/)[35].
Thirdly
Bone densitometry could be used not only for BMD
measurement, but also to collect data about bone quality
by the means of TBS and HSA assessment. These two
indices could represent a method of interesting perspectives in evaluating bone status in patients affected by
diseases like UC, in which there may be an impairment
of bone quality as well as of bone quantity. Bone quantity accounts for most, but not for all, of the fragility
fractures. No data are published about TBS and HSA in
UC population, and this could be an interesting field for
research.
Fourthly
In literature there is no strong evidence for instituting a
pharmacological therapy in UC patients for clinical indications other than those that are applied to the patients
with established osteoporosis.
Therefore, a reasonable advice is to prescribe pharmacological treatment for OP in those UC patients who
present fragility fractures, that bring a high risk for subsequent fractures. Therapy has also to be considered in
presence of a high risk of fracture, particularly when corticosteroid therapy is prolonged and with high cumulative
doses. In patients without fragility fractures or steroid
treatment, fracture risk assessment could support the
medical decision about treatment, and in this case FRAX
could be of relevant help.
Among drugs for osteoporosis the bisphosphonates
are the most studied, with the best and longest evidence
of efficacy and safety. Despite this, several questions are
still open, such as the lasting of treatment, the necessity to discontinue it, the indication of therapy in young
patients, particularly in those without previous fracture.
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Further, a long-term bisphosphonates use in primary
osteoporosis has been associated with an increased incidence of dramatic, even if uncommon, side effects, like
osteonecrosis of the jaw and atypical sub-trochanteric
and diaphyseal femoral fractures.
UC is a long-lasting disease and the majority of
patients are relatively young. In this condition primary
prevention of fragility fracture is the best cost-effective
strategy. Vitamin D supplementation, adequate calcium
intake, suitable physical activity (when possible), removing usual risk factors for osteoporosis (like smoking),
and avoiding falling, are the best and the cheapest medical acts.
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Core tip: Herbal medicine has already been used for
some diseases including infections and headache in
China since the third century BC. Recently, herbs have
emerged as a useful treatment for ulcerative colitis as
shown by clinical trials. A better understanding of the
herbal bioactivities may provide new alternatives to
our current treatment for ulcerative colitis.
Wan P, Chen H, Guo Y, Bai AP. Advances in treatment of ulcerative
colitis with herbs: From bench to bedside. World J Gastroenterol
2014; 20(39): 14099-14104 Available from: URL: http://www.
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Abstract
Ulcerative colitis (UC), an idiopathic inflammatory disorder in the colon, has become a clinical challenge, owing
to the increasing incidence and poor prognosis. The
conventional treatments for UC including aminosalicylates, corticosteroids, and immunosuppressants, induce
remission in only half of patients. Meanwhile, the treatments often come with serious side effects which can
be life-threatening. Herbal medicine, one of the most
common traditional Chinese medicine modalities, has
been introduced for centuries into clinical treatment of
many human diseases such as infections and functional
disorders. Recently, the potential effectiveness of herbs
has been suggested as the treatment of UC, as shown
by a variety of clinical trials and experimental studies.
The herbs reported in the literature include aloe vera
gel, butyrate, tormentil extracts, wheat grass juice, and
curcumin. In the review, bioactivity of the herbs and
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INTRODUCTION
Ulcerative colitis (UC), one type of inflammatory bowel
disease (IBD), is characterized by uncontrolled inflammation in the colon and rectum. The incidence and
prevalence of UC have been reported to be increasing
over the past two decades[1]. Due to its unknown etiology, high risk of recurrence, and poor prognosis, UC has
become a clinical challenge in terms of treatment. Meanwhile, conventional therapies for UC fail to successfully
induce remission and prevent relapse, and also possibly
cause various side effects. Therefore, studies exploring
the alternative therapies for UC have become a topic of
great interest.
In recent years, herbal medicine, the most common
modality of alternative and complementary treatment,
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has been established for the treatment of UC, and the
bioactivities of herbs have been explored by taking a
bench-to-bedside approach. Intriguingly, combination
treatments with traditional Chinese medicine, especially
herbs, have shown to exhibit the preferential effect than
single conventional treatment for UC[2], indicating that
herb medicine may be a promising alternative treatment
for UC in future. In this review, we summarize the potentials of these herbs and their involvement in clinical
management of UC.

PATHOGENESIS OF UC
UC is characterized by aberrant innate and adaptive immune responses. Neutrophils, the first line of innate immune cells, are responsible for intestinal tissue damage,
through releasing a large amount of toxic components
and free radicals upon stimulation, during the progression of UC[3,4]. Meanwhile, atypical T helper cell (Th)
type 2 responses is reported in the pathogenesis of UC,
including excessive activation of non-classic natural killer
T cells and Th2 cells, as well as substantial production
of cytokines, e.g., interleukin (IL)-5 and IL-13. Elevated
cytokine levels are noted in UC patients, including IL-5,
IL-13, and other proinflammatory cytokines such as
tumor necrosis factor (TNF). Once released by immune
cells, the cytokines act to further trigger immune responses, induce apoptosis of epithelial cells and upregulate claudin-2 expression, which result in impairment
of tight junction of intestinal epithelial cells, and herein
damage of the epithelial barrier[5-7].
Nuclear factor kappaB (NF-κB) is a transcription
factor regulating the expression of a variety of genes,
e.g., TNF, in response to extracellular inflammatory
stimuli[8]. Since elevated TNF expression is reported in
blood[9], stool samples[10], and the mucosa[11] of patients
with active UC, it is widely accepted that NF-κB plays
a pivotal role in the development of UC. The relevance
of NF-κB inhibition in IBD is further demonstrated
by treatment of experimental colitis with a NF-κB antisense oligonucleotide, which resulted in amelioration of
inflammation in the colon[12].
Intestinal microbiota is also suggested to participate
in the progression of UC. A recent study has showed
that fecal microbiota composition of UC patients varies
significantly from healthy subjects, indicating the potentials of microbial alterations in patients with UC[13]. Intestinal immune cells are tolerant to lumina commensal
antigens, but such tolerance is broken as seen in patients
with UC and Crohn’s disease[14,15]. The current findings
suggest that the defective dynamic balance between
commensal microbiota and host defense may contribute
to the pathogenesis of UC[16].

HERBAL MEDICINE: THERAPY FOR UC
Herbal medicine is the traditional Chinese clinical practice using plants or/and plant extracts for medical treatment. Due to lack of desirable efficacy and poor toler-
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ance of conventional drugs, more and more populations
prefer to accept herb medicine under disease conditions,
e.g., headache and infections. Approximately 9.6% to
12.1% of the US adults use one or more forms of herbal products to alleviate disease symptoms, amongst them
proximately 10% for digestive symptoms[17]. Recently,
herb medicine is employed in clinical trials for UC treatment in many countries including China and India[18].
To study the clinical effect of herbal medicine treatment on UC patients, we searched the controlled clinical
trials in PubMed, Google Scholar, and Cochrane Trial
Register databases. As a result, a total of 9 controlled
studies were included regarding the treatment for UC patients by herb medicine. Among them, 5 were randomized, double-blind, placebo-controlled studies, and one
was individually controlled cohort study. These herbs/
herb extracts used in the clinical trials included aloe vera
gel, butyrate, tormentil extracts, wheat grass juice, and
curcumin, which are mainly summarized in Table 1.

ALOE VERA GEL
The aloe vera plant has been used for skin care as well
as medicine for centuries. The leaf of the aloe vera plant
consists of two main parts: an inner central leaf pulp
that stores aloe vera gel, the bioactive component, and
an outer leaf pulp responsible for transportation of aloe
vera latex. Aloe vera gel becomes well known due to its
anti-inflammatory properties, and is under therapeutic
evaluation for UC treatment[19]. For example, aloe vera gel
inhibits prostaglandin E2 and IL-8 secretion, while having no effect on thromboxane B2 production in the human colorectal mucosa[20]. Aleo vera gel has been further
reported to inhibit the release of reactive oxygen species
(ROS) by PMA-stimulated human neutrophils, and abrogate the ROS-dependent cytotoxicity of neutrophils
such as lysis of red blood cells[21]. The anti-inflammatory
activities of aloe vera gel provide the evidence that it may
have a therapeutic effect on IBD.
The clinical value of aloe vera gel has been assessed. In
a randomized, double-blind, placebo-controlled trial, 44
hospitalized patients with mild or moderate UC received
oral aloe vera gel treatment or placebo, 200 mL daily for
4 wk[22]. Clinical remission, improvement and response
of the disease had been observed in 9 (30%), 11 (37%)
and 14 (47%), respectively, of 30 UC patients taking aloe
vera, compared to one (7%), one (7%), and two (14%),
respectively, of 14 UC patients receiving placebo. The
clinical colitis activity index and histological scores of
the patients decreased significantly during treatment with
aloe vera (P = 0.01 and P = 0.03, respectively), but not
with placebo. Endoscopic score and laboratory variables
displayed no significant differences in both groups of
patients with aloe vera or placebo treatment. Side events
were minimal and similar between aloe vera and placebo.

BUTYRATE
Butyrate, a four-carbon short-chain fatty acid, is the main
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Table 1 Summary of trials using herbal therapy for patients with ulcerative colitis
Ref.

Herbal medicine

Patient
number

Trial design

Treatment
method

Duration of
treatment

Aloe vera gel

44

Oral

4 wk

30%

7%

Vernia et al[34]

Butyrate

25

Oral

6 wk

58.3%

38.4%

Huber et al[39]

Tormentil extracts

16

Oral

3 wk

-

-

Ben-Arye et al[42]

Wheat grass juice

23

Randomized, double-blind,
placebo-controlled study
Randomized, double-blind,
placebo-controlled study
Individually controlled cohort
study
Randomized, double-blind,
placebo-controlled study

Oral

4 wk

Not stated

Curcumin

45

Randomized, double-blind,
placebo-controlled study
Randomized, double-blind,
placebo-controlled study

Enema

8 wk

Not stated, but wheat
grass improved symptoms and bleeding more
than placebo
43.4%

Oral

6 mo

95.3%

79.5%

Langmead et al[22]

Singla et al[45]
Hanai et al[46]

89

metabolite in the colon derived from bacterial fermentation, and also an important energy source of intestinal
epithelial cells. Depletion in butyrate-producing microbial
communities has been reported in colon mucosal samples from UC patients, attributing to deficiency of butyrate production and exhaustion of energy supplies to intestinal epithelial cells[23,24]. Nevertheless, oral supplement
of butyrate exhibits anti-inflammation functions, and
ameliorates murine colitis, via reduction of neutrophil
infiltration and attenuation of intestinal inflammation[25].
Currently, functions of butyrate have been linked with
regulation of innate immune responses. For example,
butyrate down-regulates lipopolysaccharide-induced expression of proinflammatory mediators by macrophages
and neutrophils, including nitric oxide, IL-6, and IL-12,
through inhibition of NF- κ B activation and histone
deacetylase activities[26-29]. Butyrate has also emerged as a
modulator of adaptive responses, owing to its multiple
bio-functions, i.e., restoring transforming growth factor
beta and IL-10 production in the colon mucosa, inducing T cell apoptosis and dampening interferon-γ (IFN-γ)
secretion[30].
Clinical trials have shown the effectiveness of butyrate monotherapy or/and in combination with conventional treatment in patients with UC, di-version colitis, as
well as acute radiation proctitis[31-33].
A randomized, double-blind, placebo-controlled pilot study on UC patients was conducted to evaluate the
safety and efficacy of oral sodium butyrate tablets, coated
with a pH-dependent soluble polymer[34]. Administration
of butyrate (4 gram daily) in combination with mesalazine significantly improved the disease activity score in 25
patients with active UC, in comparison with mesalazine
treatment alone. The combined treatments other than
mesalazine alone decreased disease activity index score,
and significantly improved disease outcomes vs baseline
values (P < 0.05). Meanwhile, the histological and endoscopic scores improved after treatment in both groups (P
< 0.05). The similar observations were reported in other
non-controlled clinical trials using oral administration or
enemas of butyrate[32,35,36].
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Remission on herb

Remission on
placebo

22.7%

TORMENTIL EXTRACTS
Tormentil is a member of the rose family that grows wild
over Europe. Tormentil extracts contain a high content
of tannins which displays potent superoxide-scavenging
effects, suggesting tannins as an anti-inflammatory agent.
Tormentil has also been shown to be effective in treatment of diarrhea or intestinal inflammation[37,38]. In vitro
studies have further confirmed the anti-inflammatory,
anti-oxidative, and bacterial growth regulatory effects of
tormentil extracts[37].
Positive results of tormentil extract treatment have
been observed in individual patients with UC[39]. Sixteen
patients with active disease took oral tormentil extracts
in escalating doses of 1200, 1800, 2400, and 3000 mg every day for three weeks each. Every treatment phase was
followed by a 4-wk washout phase. During treatment
with 2400 mg of tormentil extracts per day, the clinical
activity index, and C-reactive protein levels decreased
from 8 mg/L (range: 6-10.75 mg/L) and 8 mg/L (range:
3-17.75 mg/L) at baseline to 4.5 mg/L (range: 1.75-6
mg/L) and 3 mg/L (range: 3-6 mg/L), respectively. During treatment, the clinical activity index improved in all
patients, but it turned to increase during the washout
phase. There were no apparent side effects with tormentil extract treatment observed during the study.

WHEAT GRASS JUICE
Wheat grass juice is the extract from the pulp of wheat
grass and has been used for the treatment of various
intestinal diseases and thalassemia for several years. By
radical scavenging in correlation with phenolic and flavonoid contents inside, wheatgrass extracts exhibited an
antioxidant activity[40]. In particular, pigenin, the main
constituent in wheat grass, was shown to inhibit the production of proinflammatory cytokines, e.g., IL-1β, IL-8,
and TNF in LPS-stimulated human and mouse macrophages, by inactivating NF-κB through suppression of
p65 phosphorylation[41].
The clinical usage of wheat grass juice in UC treat-
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ment has been reported [42]. In a randomized doubleblind placebo-controlled trial, 23 patients with active
UC were randomly grouped to receive either 100 mL
of wheat grass juice, or the same volume of placebo,
daily for 1 mo. Efficacy of treatment was evaluated by
disease activity index, bleeding feces, number of bowel
movements, sigmoidoscopic evaluation, and global assessment. The patients treated with wheat grass juice
showed significant reductions in disease activity index (P
= 0.031) and severity of rectal bleeding (P = 0.025), in
contrast to those receiving placebo. No adverse effects
of wheat grass juice were observed.

CURCUMIN
Curcumin is an active phytochemical substance in turmeric, and exhibits pharmacologic activities that might
benefit patients with UC. A large number of publications have reported the promising pharmacologic effects
of curcumin, i.e., inhibition of expression of a variety of
inflammatory genes, including cyclooxygenase (COX)-1,
COX-2, lipoxygenase, TNF, IFN-γ, inducible nitric oxide
synthase, as well as abrogation of NF-κB activation[43].
Recently, curcumin has been shown to attenuate colonic
inflammation through direct inhibition of neutrophil
chemotaxis and chemokinesis, and partly through inhibition of the chemokine expression[44].
Clinical trials have evaluated the therapeutic effect
of curcumin in patients with mild-to-moderate UC. In a
randomized, double-blind, single-centre pilot study, 45
patients received oral 5-aminosalicylic acid in combination with either curcumin preparation (140 mg in 20 mL
water) or placebo enema. The patients receiving additional curcumin preparation treatment showed improvements in disease activity, compared with those patients
with placebo enema[45]. Another group also showed the
similar efficacy of combination treatment of curcumin (2
g daily) and sulfasalazine or mesalamine in maintenance
therapy for 89 patients with quiescent UC, indicating
that curcumin may confer additional therapeutic advantages when used in combination with conventional antiinflammatory medications in UC[46].

SAFETY OF HERB MEDICINE
So far, it remains unclear about the safety of herb medicine. Butyrate, the most common treatment used for
UC patients, has been shown to be relatively safe for UC
patients. Hallert et al[47] reported that supplement of dietary fiber elevated the fecal butyrate level, and kept UC
patients in remission, without increment in gastrointestinal complaints during the trial. Recently, a meta-analysis
evaluated the efficacy and tolerance of herbal medicines
in patients with IBD. With the results from seven placebo-controlled clinical trials, the analysis has showed that
herbal medicines can induce clinical response and remission in IBD patients, without serious side events[48].
Due to limitation of human studies, animal models
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become alternatives to explore the safety of herbs. Acute
toxicity of Tormentil rhizomes was assessed in rats and
mice, with a single dose administration by gavage of 2.5
and 6.8 g/kg (body weight), respectively[49]. No apparent toxic effects have been recorded at two weeks after
the administration of Tormentil rhizomes. Nevertheless,
some researchers questioned the safety of herbs with the
evidence that fatal hepatic and irreversible renal failure
occurred with some herb preparations, and that interactions of herbs with conventional drugs were potentially
detrimental[50]. Meanwhile, a recent study has reported
the increased incidences of mucosa hyperplasia and
goblet cell hyperplasia in the colon of rats and mice at
13 wk after exposure to drinking water containing aloe
vera[51]. Thus, the safety and long-term benefits of herb
medicine need to be intensively investigated before it can
be applied for patients.

CONCLUSION
Because of the relatively natural and multiple biological
properties, herbs have emerged as the alternative for current treatment of inflammatory disorders, including UC.
Clinical trials have indicated the promising possibility of
herb medicine for UC treatment. However, there have
some concerns to be clarified before herb medicine can
be securely introduced into UC patients. So far, the clinical trials with herb medicine treatment were conducted
in a small number of UC patients, and large case-controlled studies and reliable data about the detailed mechanism of the herbs are still lacking. Meanwhile, herbal
preparations are the mixture containing a huge range of
biological compounds, other than purified single component. It might not be known which component in the
herbs provides the exact pharmacological effects, even
in some cases the herb mixtures exhibit clinical benefits.
Thus, determination of herb components, dosage and
course of herb treatment becomes a challenge for clinical employment. In addition, the safety of herb medicine
remains to be further investigated, especially under long
term treatment.
Overall, herb medicine treatment becomes widespread
and prevalent, with encouraging results from clinical trials. Further evidence about the components of herbs and
their bio-functions will shed light on clinical administrations of herb medicine in future. With discerned safety
of herbs, herb medicine itself or in combination with
conventional therapies would largely benefit patients with
UC and other immune disorders.
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Abstract
Irritable bowel syndrome (IBS) is an extremely prevalent but poorly understood gastrointestinal disorder.
Consequently, there are no clear diagnostic markers to
help diagnose the disorder and treatment options are
limited to management of the symptoms. The concept
of a dysregulated gut-brain axis has been adopted as
a suitable model for the disorder. The gut microbiome
may play an important role in the onset and exacerbation of symptoms in the disorder and has been extensively studied in this context. Although a causal role
cannot yet be inferred from the clinical studies which
have attempted to characterise the gut microbiota in
IBS, they do confirm alterations in both community
stability and diversity. Moreover, it has been reliably
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demonstrated that manipulation of the microbiota can
influence the key symptoms, including abdominal pain
and bowel habit, and other prominent features of IBS. A
variety of strategies have been taken to study these interactions, including probiotics, antibiotics, faecal transplantations and the use of germ-free animals. There
are clear mechanisms through which the microbiota can
produce these effects, both humoral and neural. Taken
together, these findings firmly establish the microbiota
as a critical node in the gut-brain axis and one which is
amenable to therapeutic interventions.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Irritable bowel syndrome; Microbiome; Anxiety; Tryptophan; Abdominal pain; Gastrointestinal motility; Cognition
Core tip: A dysregulated gut-brain axis may be responsible for the main features of irritable bowel syndrome
(IBS). However, the role of the gut microbiota is an
underappreciated but critical node in this construct.
Numerous clinical studies have documented various
alterations in the composition of the gut microbiota in
IBS, indicating defects in stability and diversity of this
virtual organ. Manipulation of the gut microbiome influences the symptom profile in IBS and clear mechanisms have been elucidated to explain these interactions. This has important clinical implications and may
offer hope for future treatment options to alleviate the
suffering caused by this debilitating disorder.
Kennedy PJ, Cryan JF, Dinan TG, Clarke G. Irritable bowel
syndrome: A microbiome-gut-brain axis disorder? World J
Gastroenterol 2014; 20(39): 14105-14125 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i39/14105.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i39.14105
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INTRODUCTION
Irritable bowel syndrome (IBS) is the most common functional gastrointestinal (GI) disorder accounting for up to
50% of visits to general practitioners for GI complaints[1].
Despite considerable research efforts, adequate treatment
of GI symptoms in IBS has proved a considerable challenge and remains a venture undermined by a poorly
understood pathophysiology[2]. That such a rudimentary
grasp of this debilitating condition persists despite a high
worldwide community prevalence, between 10%-25%
in developed countries, offers some perspective on the
complex character of the disorder[3-5]. Impairments in
the quality of life of afflicted individuals are associated
with a chronic symptom profile incorporating abdominal
pain, bloating and abnormal defecation[6]. Patients with
IBS were painfully aware of the kind of signals the gut
can send to the brain long before the concept of a dysregulated gut-brain axis emerged as the favoured explanation for their travails[7]. This bidirectional communication system provided the basis for incremental and much
needed improvements in our understanding of IBS[8]. In
parallel, it has become increasingly apparent that the gut
microbiome constitutes a critical node within this axis in
both health and disease[9-11].
In this review, we briefly detail the key components
of the microbiota-gut-brain axis and critically evaluate
the evidence, both direct and indirect, supporting a role
for microbiome perturbations in IBS. The ability of this
virtual organ to influence the gut-brain axis and relevant
behaviours is explored and putative mechanisms outlined. Finally, we discuss the diagnostic and therapeutic
implications arising from this corpus of knowledge.

MICROBIOME-GUT-BRAIN AXIS
The microbiome-gut-brain axis comprises a number
of fundamental elements including the central nervous
system (CNS), the neuroendocrine and neuroimmune
systems, both the sympathetic and parasympathetic limbs
of the autonomic nervous system, the enteric nervous
system (ENS) and, of course, the gut microbiome[9,12].
Signalling along the axis is facilitated by a complex reflex network of afferent fibers projecting to integrative
cortical CNS structures and efferent projections to the
smooth muscle in the intestinal wall[13]. Thus, a triad of
neural, hormonal and immunological lines of communication combine to allow the brain to influence the motor, sensory, autonomic and secretory functions of the
gastrointestinal tract (Figure 1). These same connections
allow the gastrointestinal tract to modulate brain function[7,10]. Although reciprocal communication between
the ENS and the CNS is well described, the proposed
role of the gut microbiota within this construct remains
to be fully defined. The commitment to building a more
complete picture of our legion of gastrointestinal inhabitants in both health and disease and their myriad of
functions is clear from large-scale projects such as the
NIH funded Human Microbiome Project[3]. Thus, it is
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becoming increasingly certain that our gut microbiome
has a hand in virtually all aspects of normal physiological
processes including those immunological features which
buttress the gut-brain axis[14,15]. Interestingly, in the context of IBS as a stress-related disorder, the composition
of the gut microbiota can be influenced by stressors[16,17]
and the gut microbiome can itself regulate the host endocrine repertoire[18,19].

IBS AND MICROBIOME: DIRECT
EVIDENCE
The true nature of gut microbiota disturbances in IBS
and the functional consequences remains elusive and
although direct evidence for alterations does exist, it is
perhaps not as conclusive or consistent as one might
expect for consideration as a prototypical microbiomegut-brain axis disorder (Table 1). Much of the evidence
predates the metagenomic approaches which now dominate this terrain and these early studies indicated subtle
qualitative and quantitative alterations as well as a temporal instability in the composition of the microbiota in
IBS compared to healthy controls[20-24]. Since a stable but
diverse microbiota is generally considered beneficial to
health, these studies provided a plausible basis to further
consider shifts in microbiota composition as a pathogenic factor in IBS.
Although no consensus has emerged regarding the
precise differences which are present, the application
of modern high-throughput culture-independent techniques of superior resolution has largely supported the
general thrust of the earlier findings[25]. At the phylum
level, one of the more consistent findings across techniques appears to be the enrichment of Firmicutes and
a reduced abundance of Bacteroidetes[26-28]. Such alterations may contribute to the reported lower diversity in
the gut microbiota of IBS subjects compared to healthy
controls[29-31]. More work remains to determine whether
the Rome Ⅲ defined subtypes of IBS[32] are reflected in
distinct microbiota conformations but it has been reported that there is a lower abundance of mucosa-associated Bifidobacteria in diarrhea predominant IBS (IBS-D)
compared to constipation predominant IBS (IBS-C)
patients[33]. There are also reports of subtype specific
faecal microbiome compositions in children with IBS[34].
Interestingly, it has also been reported that children diagnosed with IBS-D also have a lower abundance of some
members of the Bifidobacterium genera compared to
healthy controls[35]. This suggests that alterations in the
gut microbiota occur early in life and could be a chronic
feature of IBS across the lifespan but this possibility requires further investigation and verification. The application of pyrosequencing technology to faecal samples has
yielded a number of interesting findings including cohorts within the overall IBS group with both an altered
and similar microbiota compared to healthy controls
suggesting that microbiota differences might only be a
feature in a subset of IBS patients[27]. Of further note
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Figure 1 Microbiome-gut-brain Axis. The central nervous system (CNS) and enteric nervous system (ENS) communicate along vagal and autonomic pathways
to modulate many gastrointestinal (GI) functions. The enteric microbiota influence the development and function of the ENS and immune system which affects CNS
function. The hypothalamic pituitary adrenal (HPA) axis forms a key component of brain-gut signalling, responding to stress or heightened immune activity. Mood and
various cognitive processes can mediate top-down bottom / bottom-up signalling. The HPA axis can be activated in response to environmental stress or by elevated
systemic proinflammatory cytokines. Cortisol released from the adrenal glands feeds back to the pituitary, hypothalamus (HYP), amygdala (AMG), hippocampus (HIPP)
and prefrontal cortex (PFC) to shut off the HPA axis. Cortisol released from the adrenals has a predominantly anti-inflammatory role on the systemic and GI immune
system. In response to stress, GI activity can be altered and corticotropin releasing factor (CRF) increased. Stress can increase systemic proinflammatory cytokines
which can act at the pituitary to activate the HPA axis and can signal to the central nervous system via the vagus nerve, which also transmits changes due to mast cell
activation in the GI tract.

in this study was the presence of distinct microbiota
defined subtypes of IBS among those cohorts with an
altered microbiota which were unrelated to the Rome Ⅲ
defined categories.
Differential microbiota compositions might not necessarily have functional consequences but there are some
indications that the reported alterations have relevance
for symptom expression in IBS. Of note is the report
in healthy adults that subjects who experienced pain, assessed by questionnaire, over the 7 wk duration of the
study had over five-fold less Bifidobacteria compared to
those without pain[36]. However, in general, the association between specific symptoms and microbiota altera-
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tions remains under-investigated in IBS. Studies which
have examined this topic have reported associations between stool frequency and musoca-associated Bifidobacteria and Lactobacilli[33], a correlation between Firmicutes and
Proteobacteria and symptom scores[28] as well as a correlation between symptom scores and a Ruminococcus-torqueslike phylotype[37].
Although the findings discussed above affirm the
likelihood of a perturbed microbiome in IBS, some caution is advisable and a number of caveats should be considered before reaching this conclusion. All studies, not
just those concerned with characterising the microbiota,
must contend with the considerable heterogeneity within
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Table 1 Microbiota alterations in irritable bowel syndrome
Sample type/method

Subjects recruited

Key finding

Faecal microbiota (at 3 mo intervals)/Q-PCR IBS (27, Rome Ⅱ Criteria; IBS-D = Decreased Lactobacillus spp in IBS-D; Increased Veillonella spp
(covering about 300 bacterial species)
12; IBS-C = 9; IBS-A = 6); Healthy in IBS-C; Differences in the Clostridium coccoides subgroup and
Controls (22)
Bifidobacterium catenulatum group between IBS patients and
controls
Faecal microbiota/Q-PCR (10 bacterial
IBS (26, Rome Ⅱ/Ⅲ; IBS-D = 8; Higher counts of Veillonella and Lactobacillus in IBS vs controls;
groups), Culture, HPLC
IBS-C = 11, IBS-A = 7); Healthy
Higher levels of acetic acid, propionic acid and total organic
Controls (26)
acids in IBS vs controls
Faecal microbiota(0, 3, 6 mo)/Culture-based
IBS (26, Rome Ⅱ; IBS-D = 12;
More temporal instability in IBS group; No difference in the
techniques, PCR-DGGE analysis
IBS-C = 9; IBS-A = 5); Healthy
bacteroides, bifidobacteria, spore-forming bacteria, lactobacilli,
Controls (25)
enterococci or yeasts, Slightly higher numbers of coliforms as
well as an increased aerobe:anaerobe ratio in IBS group
Faecal microbiota/DNA-based PCR-DGGE, IBS (16, Rome Ⅱ; IBS-D = 7; IBS-C Higher instability of the bacterial population in IBS compared
RNA-based RT-PCR-DGGE
= 6; IBS-A = 3); Healthy Controls to controls; Decreased proportion of C. coccoides-Eubacterium
(16)
rectale in IBS-C
Faecal Microbiota/GC Fractionation, 16S
IBS (24, Rome Ⅱ; IBS-D = 10;
Significant differences in phylotypes belonging to the genera
ribosomal RNA gene cloning and clone
IBS-C = 8; IBS-A = 6); Healthy
Coprococcus, Collinsella and Coprobacillus
sequencing, qRT-PCR
Controls (23)
Faecal Microbiota/GC Fractionation, 16S
IBS (12, Rome Ⅱ, All IBS-D);
Significant differences between clone libraries of IBS-D paribosomal RNA gene cloning and clone
Healthy Controls (22)
tients and controls; Microbial communities of IBS-D patients
sequencing, qRT-PCR
enriched in Proteobacteria and Firmicutes, reduced Actinobacteria
and Bacteroidetes compared to control; Greater abundance of
the family Lachnospiraceae in IBS-D
Faecal Microbiota/qRT-PCR
IBS (20, Rome Ⅱ; IBS-D = 8; IBS-C
Intestinal microbiota of the IBS-D patients differed from
= 8; IBS-M = 4); Healthy Controls other sample groups; A phylotype with 85% similarity to C.
(15)
thermosuccinogenes significantly different between IBS-D and
controls/IBS-M; A phylotype with 94% similarity to R. torques
more prevalent in IBS-D than controls; A phylotype with 93%
similarity to R. torques was altered in IBS-M compared to
controls; R. bromii-like phylotype altered in IBS-C comparison
to controls
Faecal Microbiota/DGGE 16s rRNA
IBS (11, Rome Ⅱ); Healthy Con- Biodiversity of the bacterial species was significantly lower in
trols (22)
IBS than controls; presence of B. vulgatus, B. ovatus, B. uniformis
and Parabacteroides sp. in healthy volunteers distinguished
them from IBS
Faecal Microbiota/DGGE 16s rRNA, qRT-PCR, IBS (11, Rome Ⅱ; Non-IBS paIBS subjects had a significantly higher diversity BacteroideGC-MS
tients (8)
tes and Lactobacillus groups; Less diversity for Bifidobacteria
and C. coccoides; Elevated levels of amino acids and phenolic
compounds in IBS which correlated with the abundance of
Lactobacilli and Clostridium
Faecal Microbiota and sigmoid colon biopsies/ IBS (47, Rome Ⅱ); Healthy ConSignificant difference in mean similarity index between IBS
DGGE 16s rRNA
trols (33)
and healthy controls; Significantly more variation in the gut
microbiota of healthy volunteers than that of IBS patients
Faecal Microbiota and brush duodenal
IBS (41, Rome Ⅱ; IBS-D = 14,
2-fold decrease in the level of bifidobacteria in IBS patients
samples/FISH + qRT-PCR
IBS-C = 11; IBS-A = 16); Healthy
compared to healthy subjects; no major differences in other
Controls (26)
bacterial groups. At the species level, B. catenulatum significantly lower in IBS patients in both faecal and duodenal brush
samples than in healthy subjects
Faecal Microbiota and brush duodenal
IBS (37, Rome Ⅱ; IBS-D = 13,
Higher levels P. aeruginosa in the small intestine and faeces of
samples/DGGE 16s rRNA, q-RT-PCR
IBS-C = 11; IBS-A = 13); Healthy
IBS than healthy subjects
Controls (20)
Faecal Microbiota and colonic mucosal
IBS (10, Rome Ⅲ, all IBS-D);
Significant reduction in the concentration of aerobic bacteria in
samples/Culture, qRT-PCR
Healthy Controls (10)
faecal samples from D-IBS patients when compared to healthy
controls 3.6 fold increase in concentrations of faecal Lactobacillus species between D-IBS and healthy controls; No significant
differences were observed in the levels of aerobic or anaerobic
bacteria in colonic mucosal samples between D-IBS patients
healthy controls; No significant differences in mucosal samples
between groups for Clostridium, Bacteroides, Bifidobacterium and
Lactobacillus species and E. coli
Faecal Microbiota and colonic mucosal
IBS (16, Rome Ⅲ, All IBS-D);
1.2-fold lower biodiversity of microbes within faecal samples
samples/T-RFLP) fingerprinting of the bacterial
Healthy Controls (21)
from D-IBS compared to healthy controls; No difference in
16S rRNA gene
biodiversity of mucosal samples between D-IBS and healthy
controls
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IBS (62, Rome Ⅱ; IBS-D = 25;
2-fold increased ratio of the Firmicutes to Bacteroidetes in IBS;
IBS-C = 18; IBS-A = 19); Healthy
1.5-fold increase in numbers of Dorea, Ruminococcus and
Controls (46)
Clostridium spp; 2-fold decrease in the number of Bacteroidetes;
1.5-fold decrease in Bifidobacterium and Faecalibacterium spp;
4-fold lower average number of methanogens
Rectal biopsies/FISH
IBS (47, Rome Ⅲ; IBS-D = 27,
Greater numbers of total mucosa-associated bacteria per
IBS-C = 20); Healthy Controls (26) mm of rectal epithelium in IBS than controls, comprised of
bacteroides and Eubacterium rectale-C. coccoides; Bifidobacteria
lower in the IBS-D group than in the IBS-C group and controls;
Maximum number of stools per day negatively correlated with
the number of mucosa-associated Bifidobacteria and Lactobacilli
only in IBS
Faecal Microbiota/16s rRNA amplicon pyroIBS (37, Rome Ⅱ; IBS-D = 15,
IBS subgroup (n = 22) defined by large microbiota-wide
sequencing
IBS-C = 10, IBS-A = 12); Healthy changes with an increase of Firmicutes-associated taxa and a
Controls (20)
depletion of Bacteroidetes-related taxa
Faecal Microbiota/Phylogenetic microarray, IBS (23, Rome Ⅱ; IBS-D = 12, PIBacterial profile of 27 genus-like groups separated patient
qRT-PCR
IBS = 11); 11 Healthy Controls
groups and controls; Faecal microbiota of patients with PIIBS differs from that of healthy controls and resembles that
(11); Subjects who 6 mo after
gastroenteritis experienced no
of patients with IBS-D; Members of Bacteroidetes phylum
bowel dysfunction (PI-nonBD, were increased 12-fold in patients, while healthy controls had
n = 12) or had recurrent bowel 35-fold more uncultured Clostridia; Correlation between index
dysfunction (PI-BD, n = 11)
of microbial dysbiosis and amino acid synthesis, cell junction
integrity and inflammatory response
Faecal Microbiota/Phylogenetic Microbiota
IBS (22, pediatric Rome Ⅲ, All
At the higher taxonomical level gut microbiota was similar
Array, high-throughput DNA sequencing,
IBS-D); Healthy Controls (22)
between healthy and IBS-D children. Levels of Veillonella,
r-RT- PCR, FISH
Prevotella, Lactobacillus and Parasporo bacterium increased in
IBS, Bifidobacterium and Verrucomicrobium less abundant in IBS
Faecal Microbiota/16s rRNA pyrosequencing, IBS (22, Pediatric Rome Ⅲ; IBS-D Greater percentage of the class gamma-proteobacteria in IBS
DNA microarray (Phylochip)
= 1, IBS-C = 13; IBS-U = 7, other = compared to controls; Novel Ruminococcus-like microbe as1); Healthy Controls (22)
sociated with IBS; Greater frequency of pain in IBS correlated
with an increased abundance of several bacterial taxa from the
genus Alistipes
Faecal Microbiota/Phylogenetic microarray,
qRT-PCR

[28]

[33]

[27]

[50]

[35]

[34]

IBS (D/C/A/U): Irritable bowel syndrome (diarrhoea/constipation/alternating/unsub typed); PI: Post-infectious; Q: Quantitative; DGGE: Denaturing
gradient gel electrophoresis; qRT: Quantitative reverse transcriptase; PCR: Polymerase chain reaction; HPLC: High performance liquid chromatography;
GC: Gas chromatograph; DNA: Deoxyribonucleic acid; RNA: Ribonucleic acid; rRNA: Ribosomal ribonucleic acid; FISH: Fluorescence in situ hybridization;
T-RFLP: Terminal restriction fragment length polymorphism.

this patient group. There is no doubt that this lack of
uniformity contributes to some of the inconsistencies in
the reported data and larger studies are required which
factor in not just IBS subtypes but also the influence of
gender, genetics, presence of comorbidities, whether the
patients recruited are in the active or quiescent phase at
the time of sampling and increased standardisation in
healthy control cohorts[38]. This feature is then superimposed on our rapidly evolving impressions of what constitutes a healthy microbiome which is highly individual
specific but still lacks full definition[39-41]. Diet plays a major role in shaping the gut microbiota[42-44] and given the
often self-imposed dietary restriction practises among
the IBS population[45], it is difficult to rule out the possibility that the observed alterations are a consequence of
these changes. Indeed, in isolation, the studies outlined
do not clearly establish a causal role for the microbiome
in IBS and the alterations described could be a consequence not just of dietary alterations but also the main
GI symptoms, which wax and wane, as well as the altered stress reactivity.
Considerable debate also exists surrounding the sample
type used across the various studies. Practical logistical
reasons favour faecal sampling protocols but this strategy fails to capture the complexity of the gut microbiota
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and the clear distinction between the mucosa-associated
and lumen residing microbiota. There is also a microbiota gradient along the gastrointestinal tract which is not
captured by a faecal microbiota analysis. Although some
studies have logically attempted to link alterations in
the faecal microbiota with disturbances in the musosaassociated microbial complement[21,29,30,33,46,47], the precise
relationship between altered composition, diversity and/
or stability in the faecal compartment and microbemucosa interactions remains to be fully defined. Indeed,
the subtleties of any equilibrium between these different microbial niches is the subject of on-going investigation in both and health and disease and we cannot
yet confidently predict how one affects the other, either
positively or negatively. Other methodological considerations relating to the merits and limitations of the variety of techniques which have been used to characterise
the microbiome in IBS are likely to have contributed to
some of the inconsistencies reported[48,49]. The consequences of any altered composition are less frequently
reported although a number of interesting studies have
taken this approach[50-52] which is likely to feature more
prominently as the field undertakes to establish not just
who is or isn’t there but also what they are or are not
doing.
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Taken together, this direct and indirect evidence makes
a plausible case to include the microbiome as a critical
conceptual node in a framework for understanding the
disorder.

Visceral perception
pain processing
ACC
Mood
stress

Insula

IBS SYMPTOMS AND MICROBIOTA

Orbitofrontal
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Dorsal
horn

Spinothalamic
tract
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Figure 2 Visceral pain perception. The microbiota can influence the spinothalamic projections from the gastrointestinal tract which reach higher cortical
areas including the insula, anterior cingulate cortex and orbitofrontal cortex
where visceral sensory and pain signals reach the conscious awareness. These
regions mediate the cognitive processing of visceral signals and integrate mood
and stress-related information and initiate autonomic and behavioural responses. ACC: Anterior cingulate cortex.

IBS AND MICROBIOME: INDIRECT
EVIDENCE
The lack of consensus in studies which have sought to directly quantify microbiota alterations in IBS has prompted
the consideration of alternative but more indirect lines of
support. These approaches are in line with the recognised
requirement for a better knowledge of the mechanisms
through which changes in microbiota composition can
promote disease to help the transition for correlation to
causation[53,54].
An endorsement of the importance of the gut microbiome is taken from the emergence of IBS following
an enteric infection, post-infectious IBS (PI-IBS), which
bears most similarity to IBS-D[55]. One of the highest
incidences of this phenomenon, 36%, was reported following a gastroenteritis outbreak in Walkerton due to
contamination of the town water supply[56]. The ability
of certain probiotic strains to ameliorate some symptoms of IBS also indicts dysbiosis of the microbiota as
an important factor in the disorder[57]. Interestingly, antibiotic usage has been linked with both an increased risk
for IBS[58,59] as well having some beneficial effects as in
the case of rifaximin[60,61]. Small intestinal bacterial overgrowth (SIBO) has also been proposed as a factor in IBS
and while it can be responsible for IBS-like symptoms, it
remains a controversial topic and inadequately substantiated[62]. The presence of low grade inflammation could
potentially be driven by an altered microbiota composition and in turn support a proinflammatory microbial
community and offers a further strand of support[8,25,63].
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If gut microbiome disturbances are pertinent to IBS,
then this virtual organ should demonstrate an ability to
influence the canonical symptoms of the disorder as well
as other prominent behavioural alterations. In addition,
it should be possible to therapeutically target the microbiome to ameliorate the symptoms which are purported
to be under its influence. This certainly seems to be the
case for the abdominal pain component of the disorder
which is underpinned by visceral hypersensitivity (Figure 2) in a large proportion of individuals with IBS[64-66].
It appears, for example, that the visceral hypersensitivity
phenotype characteristic of IBS can be transferred via the
microbiota of IBS patients to previously germ-free rats[67].
In other preclinical approaches, visceral hypersensitivity
is also induced following manipulation of the intestinal
microbiome with antibiotics[68] and following deliberate infection[69,70] or endotoxin administration[71]. Moreover, maternal separation, an early-life stress based animal model
of IBS, produces an adult phenotype with both an altered
microbiota and visceral hypersensitivity[13,17].
From a therapeutic perspective, certain probiotic strains,
such as B. infantis 35624 and Lactobacillus acidophilus, can
ameliorate colonic hypersensitivity in animal models[72-74]
and this and other probiotic strains are also of some benefit in clinical populations[57,75]. Interestingly, visceral hypersensitivity due to chronic psychological stress in mice
can be prevented by pre-treatment with oral rifaximin[76].
Also of note is that mast cells have been implicated as
a downstream mediator of microbiota-driven immune
alterations in the pain component of IBS[77-80] and a mast
cell stabiliser, disodium cromoglycate, can reverse colonic
visceral hypersensitivity in a stress-sensitive rat strain used
to model IBS[81].
Although not simply a bowel habit disorder of disrupted gastrointestinal motility and transit[82], it does
appear likely that these features might at least partially
explain the altered defecatory patterns that are typical
of IBS[83]. Clearly, it has long been known that both enteric infections and antibiotics can induce diarrhoea[84,85].
Certain strains of probiotic have demonstrated efficacy
for the treatment of diarrhoea[86]. Thus, a role for the
microbiota in the regulation of colonic motility has been
proposed[87] and the interaction between the intestinal
microbiota and the gastrointestinal tract also regulates
absorption, secretion and intestinal permeability[88]. The
olfactory bulbectomy mouse model of depression has
recently been shown to have both an altered microbiota
and aberrant colonic motility[89]. However, the effect of
the gut microbiota on gastrointestinal transit is complex
and studies in humanized mice indicate that while GI
transit can be regulated by the microbiota, this is a dietdependent feature[90]. Of course, gut motor patterns can
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also influence the microbiota, highlighting further the bidirectional, intricate nature of the relationship[91]. Studies
in mice indicate a role for gut microbial products in the
regulation of gastrointestinal motility via toll-like receptor 4 (TLR4)[92]. Given the recent association between
this receptor and the control of stress-induced visceral
pain in mice[93], it may represent an interesting target for
modulation of two cardinal features of IBS.
Psychiatric comorbidity in IBS
It is well established that psychiatric comorbidities, particularly anxiety and depression, are common among
patients with IBS [94,95]. Although concerns about the
screening instruments such as the Hospital Anxiety and
Depression Scale (HADS) used in research studies are
noted[96-98], psychiatric co-morbidity is readily identifiable in IBS when well validated instruments such as the
structured clinical interview for DSM-IV-TR are employed[99]. Following acute gastroenteritis, prior anxiety
and depression has been identified as a risk factor for
the subsequent development of PI-IBS[100,101]. Higher
anxiety and depression scores have also been reported in
this population following the initial infection[102]. Prenatal infection can also result in a depressive phenotype in
adult mice[103]. Following endotoxin challenge in rodents,
depressive-like behaviours can emerge once the initial
inflammation-induced sickness behaviours subside[104].
This complexity indicates that a reciprocal relationship
is likely, an important consideration when discussing the
association between changes in the gut microbiota in
IBS and central disturbances. Such alterations may then
be secondary to changes in the composition of the gut
microbiota, or indeed, perturbations of the gut microbiota, via pathways of the brain-gut axis, may arise as a
result of changes in central function.
While as yet neither correlative or causative clinical
studies exist that directly interrogate the qualitative and
quantitative structure of the gut microbiome in psychiatric illnesses for abnormalities, there is now strong
evidence from the preclinical literature that changes in
the microbiome can influence these aspects of brain and
behaviour[12,14]. This is most convincing for anxiety-like
behaviours and multiple independent teams of researchers have confirmed in proof of principle studies that
germ-free mice are less anxious than their conventionally
colonised counterparts[105-107] while reintroduction of the
microbiota prior to critical time windows can normalise
these behaviours[105]. Ablation of the microbiota in mice
using a non-absorbable antimicrobial cocktail reproduces
this behavioural feature while it has also been established
that this is a trait which is transmissible via the microbiota[108]. Interesting, in germ-free rats, absence of the
microbiota seems to confer elevated levels of anxietylike behaviours[109] but regardless of the direction of the
alterations, these studies confirm that this is a behaviour
under the influence of the microbiota. Deliberate infection of the GI tract in mice also consistently produces an
anxious phenotype[110-112] while certain probiotic strains
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may have anxiolytic potential[113].
Although there are now a number of examples of
animal models of depression which have an altered
microbiota[17,89,114], the preclinical evidence linking the
microbiota to depressive-like behaviours is mostly derived from probiotic studies where certain strains such
as L. rhamnosus[115], B. infantis[116] and a formulation of L.
helveticus and B. longum displayed antidepressant like properties[117]. Interestingly, the latter study also demonstrated
that at least in healthy volunteers, targeting the microbiota in this manner could alleviate psychological distress
including an index of depression.
Evidence from the clinical domain comes indirectly
from the utility of a variety of antibacterial agents in the
modulation of depression. This includes, in addition to
support from preclinical studies[118,119], preliminary clinical confirmation that minocycline (a broad-spectrum
tetracycline antibiotic) possesses antidepressant properties[120,121]. Whether this effect generalises to all tetracycline antibiotics is not known but another member of
this class, doxycycline, seems to have similar beneficial
effects, at least in preclinical studies[122]. The mechanism
of action of minocycline has been considered in the
context of neuroprotection, suppression of microglial activation or anti-inflammatory actions and it does
reach clinically relevant concentrations in the CNS[123].
Even if its anti-inflammatory action is distinct from its
antimicrobial action as when used in preclinical stroke
models[124], the action of minocycline against bacteria
in the gut now need to be considered in its putative antidepressant effects. Indeed, a number of other antimicrobial agents have shown some potential as antidepressants but all have other relevant mechanisms of action
which have been preferentially adopted to explain their
efficacy. This includes D-cycloserine[125] [antibiotic effective against tuberculosis which is also a partial agonist
of the N-methyl-D-asparate (NMDA) receptor] and ceftriaxone[126] (a beta-lactam antibiotic that also stimulates
uptake of glutamate). Moreover, in aged populations
fluoroquinolone antibiotics can potentially induced depressive symptoms[127]. Similarly, norfloxacin (a quinoline
antibiotic with antibacterial activity against gram-positive
and gram-negative bacteria) has been linked with depressive side effects in the clinic[128]. It is also interesting to
note that iproniazid, a drug which in many ways sparked
the monoamine hypothesis of depression and heralded
the psychopharmacological era in the management of
depression, is primarily an antimicrobial agent whose
antidepressant effects were presumed to be mediated via
inhibition of monoamine oxidase[129]. It would not be
without irony if future treatment options for depression,
as has been suggested, focus instead on targeting the microbiota[114,130].
Cognition function in IBS
Extensive cognitive testing in germ-free animals has not
been carried out, likely as it is logistically challenging and
the difficulty in conducting the lengthy testing protocols
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Table 2 Cognitive performance in irritable bowel syndrome
Cognitive domain
Visuospatial memory

Sample size:
IBS/Control/Other

IBS subtype

Sex
Male:Female

Mean age
IBS/Control/Other

Key finding

Ref.

39/40

IBS-D = 7; IBS-C = 4;
IBS-A = 28
N.S.

6:33 (IBS)
11:29 (Control)
13:27 (IBS)
16:25 (Control)
6:33 (IBS)
11:29 (Control)
13:27 (IBS)
16:25 (Control)
15:15 (IBS)
15:15 (Control)
6:33 (IBS)
11:29 (Control)
13:27 (IBS)
16:25 (Control)
6:33 (IBS)
11:29 (Control)
13:27 (IBS)
16:25 (Control)
3:24 (IBS)
3:24 (Control)
13:27 (IBS)
16:25 (Control)
4:11 (IBS)
5:10 (IBS)
2:18 (IBS)
12:21 (Control)
12:24 (IBS)
16:24 (mixed organic GI disease)
N.S.

28/28

[140]

37/43

Impaired performance which correlated with salivary cortisol levels
No group differences

28/28

No group differences

[140]

37/43

No group differences

[245]

21/21

[141]

28/28

Impaired cognitive flexibility and
altered frontal brain activity in IBS
No group differences

37/43

No group differences

[245]

28/28

No group differences

[140]

37/43

No group differences

[245]

45/42

No group differences

[246]

37/43

No group differences

[245]

40/41
Working memory

39/40
40/41

Cognitive flexibility

30/30
39/40
40/41

Selective attention

IBS-D = 13; IBS-C =
13; IBS-A = 4
IBS-D = 7; IBS-C = 4;
IBS-A = 28
N.S.

40/41

IBS-D = 7; IBS-C = 4;
IBS-A = 28
N.S.

27/27

N.S.

Reaction time

40/41

N.S.

Affective attention

15/15

IBS-D = 6; IBS-C = 3;
IBS-A = 3; Other = 3
N.S.

Affective memory

39/40

IBS-D = 7; IBS-C = 4;
IBS-A = 28
N.S.

20 (Rome Ⅱ Criteria)/33
36 (Rome Ⅱ Criteria)/40 (mixed
organic GI disease)
30 (Manning criteria)/30/28 (depressed
patients)/28 (organic
GI disease)

N.S.

N.S.

30/30

[245]

[140]

Enhanced attention to GI symptom- [247]
related words
Enhanced attention to pain-related [248]
words
Enhanced recognition of GI-related [249]
words

31/27
35/36

36/35/38/27 (median age)

Enhanced recall of negative words [250]
compared to control and organic GI
disease - no difference in comparison to depression group

GI: Gastrointestinal; IBS (D/C/A): Irritable bowel syndrome (diarrhoea/constipation/alternating); N.S.; Not specified.

required while simultaneously maintaining the animal in
a germ-free state should not be underestimated. Nevertheless, studies which have used the most feasible paradigms such as novel object recognition and the T-maze
have demonstrated non-spatial, hippocampal mediated,
and working memory deficits[131]. In addition, germ-free
animals also exhibit pronounced social-cognitive deficits
relevant to neurodevelopmental disorders which can
be partially ameliorated by bacterial colonisation of the
gut[132]. Studies in conventional mice have shown that
infection with C. rodentium combined with acute stress,
leads to memory dysfunction which could be prevented
by daily administration of a probiotic prior to infection[131], thus highlighting a complex interaction between
stress and the gut microbiota on brain function. In addition, modulating the composition of the gut microbiota
using a specific diet has been shown to affect cognition
in conventional mice[133,134].
Clinically, the influence of microbial disturbances
on cognitive performance has long been recognised in
hepatic encephalopathy where cognitive impairment,
which in some cases may present as dementia, can be
reversed with oral antibiotic treatment[135,136]. Although
data linking changes in the gut microbiota with cognitive
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function in IBS is currently lacking, there is nevertheless
a growing body of evidence that cognitive alterations
may be a key feature of IBS and other brain-gut axis
disorders[7,137]. Initial studies focusing on cognitive function within the cognitive-behavioural model of IBS[138,139]
identified that patients exhibit greater attention to GI
symptom and pain related stimuli (Table 2 for details).
This enhanced attention to, and inability to re-direct attention from, GI symptoms, purportedly maintains a
continual cycle of symptom exacerbation which can be
ameliorated in some patients using cognitive-behavioural
psychotherapeutic techniques (for extensive review of
the cognitive-behavioural model of IBS[137]).
An advanced understanding of cognitive alterations
in IBS has been provided by recent studies utilising well
validated and sensitive neuropsychological measures with
patients. For example, patients with IBS have been found
to exhibit a hippocampal mediated visuospatial memory
deficit which was related to hypothalamic-pituitaryadrenal (HPA) axis activity[140]. In addition, a study employing functional brain imaging reported that patients
were impaired on a test of cognitive flexibility, whilst also
displaying abnormal brain activity in frontal brain regions
during the task[141]. However, there is a disparity in find-
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ings between studies (Table 2) which likely reflects the
noted heterogeneity of IBS and different approaches to
subject matching on the basis of demographic and other
important variables. Regardless of these methodological
drawbacks, such studies have added to our understanding
of the complex behavioural phenotype of IBS. When
considering the gut microbiota mediated alterations in
brain function and cognition that have been shown preclinically[115,131,132,134], it is likely that an altered gut microbiota may leverage a significant influence on cognitive
dysfunction in IBS. Of note then, is a recent study in a
healthy human population which has provided preliminary evidence that intake of a fermented milk product
with probiotic can modulate brain activity in regions involved in mediating cognitive performance[142]. As such,
interventions targeting the gut microbiota in IBS may
prove beneficial in alleviating impaired cognition and associated central alterations.

STRESS, IBS AND THE GUT MICROBIOTA
Stress impacts greatly on virtually all aspects of gut
physiology relevant to IBS including motility, visceral
perception, gastrointestinal secretion and intestinal permeability while also having negative effects on the intestinal microbiota[17,143,144]. A maladaptive stress response
may thus be fundamental to the initiation, persistence
and severity of symptoms in IBS as well as the stressrelated psychiatric comorbidities[145]. Although the findings pertaining to HPA axis irregularities in IBS are far
from consistent[8,137], the well validated Trier Social Stress
Test (TSST)[146] has recently been used to demonstrate a
sustained HPA axis response to an acute stress in IBS,
possibly indicating an inability to appropriately shutdown
the stress response[147].
Accumulating evidence suggests aberrant stress responses could be mediated via the gut microbiota. A
landmark study by Sudo et al[148] neatly validated this
possibility by demonstrating the absence of a gut microbiota impaired control of the stress response, at least in
terms of the exaggerated corticosterone production following acute stress in germ-free mice[148]. Subsequently
independently replicated[105], the ability of the microbiota
to modulate the stress response is also evident following probiotic administration[115], C. rodentium infection[131]
and indeed following colonisation of germ-free mice[148].
Many now view the gut microbiota as an endocrine organ and as a key regulator of the stress response[18,19]. It
must also be acknowledged that whilst the microbiota
can modulate the stress response, stress can also affect
the composition of the gut microbiota[17]. Thus, stress
induced changes in the microbiota may precede any subsequent GI and central disturbances in IBS.
Mechanisms
When considering the preclinical evidence reviewed above,
and preliminary evidence from healthy humans[142] it appears that the perturbations in composition of the gut
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microbiota may be considered as a primary factor in
driving changes in central function in IBS. However, as
IBS is a stress related disorder, the preclinical evidence
indicating that chronic stress can alter the gut microbiota
must also be borne in mind. As noted, stress and the gut
microbiota have been shown to interact in a complex
manner to influence brain function, at least in rodents[131]
and it will be important to delineate this interaction in
IBS. Nevertheless, when considering the gut microbiota
as the primary factor in driving changes in central functioning, a number of potential mechanisms have been
considered, with varying degrees of evidence supporting
both humoral and neural lines of communication to the
level of the CNS as well as more localised effects from
compositional alterations.
Tryptophan, an essential amino acid and precursor
for the neurotransmitter serotonin (5-HT), in particular
has received much attention (Figure 3). 5-HT is a key
signalling molecule in the brain-gut axis, both in the enteric nervous system[149] and the CNS[150]. The information gleaned from studies in germ-free animals suggests
that the peripheral availability of tryptophan, which is
critical for CNS 5-HT synthesis, is coordinated by the
gut microbiota[105]. Plasma tryptophan concentrations
can be normalised following colonisation of germ-free
animals[105] and can also be augmented following administration of the probiotic B. infantis[116]. How the bacteria
in our gut regulate circulating tryptophan concentrations
is unclear but may involve controlling the degradation
of tryptophan along an alternative and physiologically
dominant metabolic route, the kynurenine pathway[151,152].
The enzymes responsible for the initial metabolic step
in this pathway, indoleamine-2,3-dioxygenase (IDO) and
tryptophan-2,3-dioxygenase (TDO), are immune and glucocorticoid responsive respectively and the decreased ratio of kynurenine to tryptophan (an index of IDO/TDO
activity) in germ-free animals implicates this pathway in
the reported alterations (Figure 4)[105]. Moreover, an increased ratio is observed following infection with Trichuris
Muris, likely due to increased IDO activity following the
associated chronic gastrointestinal inflammation[153].
The relevance of these preclinical findings to IBS is
well reflected in the clinical literature which has demonstrated increased IDO activity in both male and female
IBS populations [154-156]. Interestingly, TLR receptors,
which have altered expression and activity in both clinical IBS populations[157,158] and animal models of the disorder[159], might drive the low grade inflammation in IBS
and mediate the immune consequences of the misfiring
engagement between the microbiota and the host in IBS.
In this context, it is interesting to note that once TLR
receptors are engaged by their cognate ligands, degradation of tryptophan can ensue in general[155,160,161] and
there appears to be a differential TLR-specific pattern of
kynurenine production in IBS[155].
There are also other potential explanations for the
alterations in tryptophan supply due to microbiota alterations and in addition to the growth requirements
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Figure 3 Tryptophan metabolism. Tryptophan is converted to 5-hydroxytryptophan by tryptophan hydroxylase (TPH) and this is the rate limiting step in the pathway.
Aromatic amino acid decarboxylase (AAAD) subsequently converts 5-HTP into serotonin (5-HT). These reactions occur both in the central nervous system (CNS) (where
5-HT regulates a myriad of functions including emotion, cognition, stress and visceral perception) and in the enteric nervous system (gastrointestinal motility and secretion).

for bacteria[162], a bacteria-specific tryptophanase enzyme
also recruits tryptophan for indole production[163,164]. One
such bacteria, Bacteroides fragilis, harbours this enzyme and
has recently been linked to gastrointestinal abnormalities in autism spectrum disorders[165]. Of further interest
and adding to the complexity of the narrative is that,
in contrast to eukaryotes, bacteria retain a capacity for
tryptophan biosynthesis via enzymes such as tryptophan
synthase[166,167]. It seems a curious quirk of the evolutionary process that we have lost the capacity for endogenous
tryptophan synthesis, given the pivotal nature of this amino acid not alone as a precursor to serotonin, which itself
has an expansive physiological repertoire[168], but also the
other metabolic pathways it serves[150,151].
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The production of serotonin from tryptophan, at least
in-vitro, is also possible in some bacterial strains[169-171].
Harnessing this knowledge to specifically target the 5-HT
receptors and receptor subtypes expressed in the gut of
most relevance to IBS[172-175] or indeed alternative receptors activated by kynurenine pathway metabolites that
interact with gastrointestinal functions[176] presents an
interesting challenge. Similarly, whether we can accurately
“titer” the gut microbiota to deliver precise circulating or
regional tryptophan concentrations is an intriguing possibility but one beyond our current capabilities.
Of course, immune system mediators and glucocorticoids can impact both locally in the gut and at the level
of the CNS independently of their effects on trypto-
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Figure 4 Impact of altered tryptophan metabolism in irritable bowel syndrome. In addition to serotonin, tryptophan can also be metabolised along the
kynurenine pathway to generate neurotoxic and neuroprotective metabolites.
The enzymes responsible for degradation along this pathway are immune
(indoleamine-2,3-dioxygenase, IDO) and stress (tryptophan-2,3-dioxygenase,
TDO) responsive. In IBS, this pathway is activated leading to a potential serotonergic deficiency and/or altered enteric nervous system (ENS) and central
nervous system (CNS) availability of kynurenine and its metabolites. The microbiota appears to directly or indirectly regulate enzyme activity.

phan metabolism and represent viable alternative routes
through which the gut microbiota can modulate gut-brain
axis signalling and influence IBS symptoms[14,19,104,177,178].
In addition, the more general concept of a “leaky gut”
has been proposed to explain the common feature of
a low-grade circulating inflammation in both IBS itself
and depression, which, as outlined above, is a prominent
psychiatric comorbidity in IBS[179-182]. This model relies
on the presence of increased intestinal permeability in
IBS which allows the gut microbiota to drive the reported proinflammatory state and influence the CNS via
the ensuing elevations in circulating cytokines[104] as well
as visceral hypersensitivity via local gut mechanisms[183].
There is certainly accumulating evidence to support the
hypothesis of altered intestinal permeability, a compromised integrity of the intestinal epithelial barrier and related tight junction disturbances in IBS, if not in depression[183-187].
Defects of the intestinal epithelial barrier may also
play a significant role in cognitive dysfunction in IBS. The
maternal immune activation (MIA) mouse model produces epithelial barrier defects, changes in the gut microbiota,
and associated cognitive and behavioural features of neurodevelopmental disorders in rodents[188]. A recent study
has provided strong evidence that maternal infection in
the MIA model drives changes in the gut microbiota in
the offspring, which subsequently leads to the cognitive
and behavioural alterations in this model. Treatment with
B. fragillis in MIA offspring restored gut barrier integrity
and alleviated some of the cognitive and behavioural de-
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fects displayed by these animals[189]. Importantly, restoration of gut barrier integrity in MIA offspring appeared to
stop a number of neuroactive metabolites being released
systemically to reach the CNS and affect behavioural and
cognitive function[189]. Thus, when extrapolated to IBS,
epithelial barrier dysfunction may lead to the release of
numerous metabolites that could impact centrally and
impair cognitive performance. Of note, some probiotic
strains have shown efficacy in repairing epithelial barrier
function[190] in preclinical models which may also explain
the efficacy in treating some GI symptoms in IBS[57]. If
probiotics also prove beneficial in alleviating central disturbances in IBS, this may potentially be via restoration
of epithelial barrier integrity leading to the reduction of
harmful neuroactive metabolites being released from the
gut and impacting centrally.
The gut microbiome can also be considered a metabolic organ[191,192] and the array of microbial metabolites
produced can impact greatly on GI health and the gutbrain axis scaffolding. Interestingly, dietary restriction
of fermentable carbohydrates (fermentable oligosaccharides, disaccharides, monosaccharides and polyols:
the low FODMAP diet) has received much attention for
the management of symptoms in IBS[193,194]. Although
microbial metabolism of carbohydrates, proteins and
amino acids by human gut bacteria generates a variety of
compounds[195], short chain fatty acids (SCFAs) may be
of particular importance in the context of microbiomegut-brain axis signalling. For example, these organic acids
are altered in IBS and may be related to symptoms[52,196].
Preclinically, administration of sodium butyrate increases
visceral sensitivity in rats[197]. Interestingly, it has recently
been demonstrated that butyrate can regulate intestinal
macrophage function via histone deacetylase inhibition[198]
which is in line with the proposed epigenetic mechanism
of gut-brain axis dysfunction[199,200]. Butyrate can also
mediate its immunomodulatory effects via G-protein
coupled receptors[201] or indirectly via TLRs[202].
Receptors and transporters for SCFAs are expressed
in the gastrointestinal tract and appear to be of relevance
to gastrointestinal function[203-208]. For example, SCFAs
may modulate both 5-HT secretion[18] and peptide YY
release, an important neuropeptide at multiple levels of
the gut-brain axis[209]. Thus, there is patently a role for
these microbial metabolites beyond the regulation of
energy homeostasis [210]. Interestingly, intraventricular
administration of propionic acid in rats induces a variety
of behavioural alterations although it is unclear if this
occurs via similar mechanisms to the periphery[211]. It is
worth noting that G protein-coupled receptor (GPR)
41, a receptor activated by propionic acid, is highly expressed in rat brain tissue[212]. Although we know that
fibre metabolized by the gut microbiota can increase the
concentration of circulating SCFAs[213], it remains to be
established if this is reflected at physiologically relevant
concentrations in the CNS.
The gut microbiota can also engage neural mechanisms to influence brain-gut axis signalling. In particular,
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many of the behavioural effects of specific probiotic
strains are abolished in vagotomized animals[113,115]. Germfree studies have confirmed that the presence of intestinal bacteria is also essential for normal postnatal development of the ENS[214] and for normal gut intrinsic primary afferent neuron excitability in the mouse[215]. Thus,
there is direct evidence of bacterial communication to
the enteric nervous system while as indicated above, the
microbiota is also a potential source of relevant ENS
neurotransmitters including serotonin and GABA[216-218].
Interestingly, colorectal distension induces specific of
patterns of prefrontal cortex activation in the viscerally hypersensitive maternal separation model of IBS,
in which microbiota alterations are also manifested[219].
Taken together, it seems likely that the gut microbiota
can modulate both the physiological information flow to
the CNS via vagal afferents and the noxious information
that is encoded by spinal afferents[10,220].
Implications and perspectives
Human microbiome science has become a focal point
across multiple research domains and is now a mainstream endeavour. The benefits of the associated theoretical, practical and technological advances can be accrued to advance research in IBS. From a diagnostic perspective, it is difficult on the basis of the present clinical
data to pinpoint with accuracy a microbiota-derived signature of IBS. Conceptually, the notion of the microbial
community as a pathological entity is challenging for traditional biomarker approaches. Moreover, it is unclear if
the current subtyping of IBS according to the dominant
bowel habit aligns with specific alterations in the microbiota. In fact, research points to subtypes defined by the
microbiota which are bowel-habit independent[27,50,221].
The constant stream of improvements in the technology used to qualitatively and quantitatively describe the
gut microbiome make it likely that if a microbiota-based
biosignature is present, it will be uncovered[49]. However,
the challenges associated with analysis of these datasets
should not be underestimated and it will be interesting
to see if a format can be devised which would facilitate
more routine and affordable screening.
The fact that the composition of the gut microbiota
is malleable make it an interesting therapeutic target.
Of the options available, certain probiotic strains have
already shown some potential[57] while antibiotics also
seem beneficial in some cases[222]. Probiotics are probably the more appealing option given their long record
of safety although as for their efficacy, this does need
to be evaluated on a strain-by-strain basis[223]. Prebiotics
should also be considered on the basis of some studies
indicating efficacy in the treatment of GI symptoms in
IBS[224-226], and preclinical data indicating that prebiotic
administration can modulate levels of important cognitive and behavioural related neurotrophins such as brain
derived neurotrophic factor (BDNF) and glutamatergic
receptor expression[227]. Diet offers an alternative mechanism to sculpt the gut microbiome[44] although it is diffi-
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cult to grapple with the subtleties of using the approach
to engender a switch from a “diseased” to a “healthy”
microbiota. It is also worth noting the capacity of the
gut microbiota to metabolise dietary components and
associated health consequences, as in the case of L-carnitine which is associated with cardiovascular risk[228].
There is much current interest in the therapeutic
potential of faecal microbiota transplantation[229]. This
has largely stemmed from the demonstrated efficacy of
donor faecal infusions in the treatment of recurrent C.
difficile[230-232]. However, there are legitimate safety concerns regarding, for example, the provenance of the donor sample. The Food and Drug Administration (FDA)
has taken a two track approach to its regulation strategy,
opting not to enforce an investigational new drug (IND)
requirement for use in C. difficile infections but adopting a stricter policy for other indications[229]. The IND
requirement is an onerous and time consuming process
which may impede or delay the emergence of FMT as
a potential treatment option for IBS, if indeed it does
prove effective. However, it is interesting to note the
emergence of stool banks like OpenBiome (http://www.
openbiome.org/) that provide screened, filtered, and
frozen material ready for clinical use in the treatment of
C. difficile. It is thus likely an extensive infrastructure will
already be in place by the time FMT is more fully evaluated in IBS.
The contribution of the gut microbiome to drug
metabolism, with potential implications for efficacy and
toxicity, is also an emerging area of interest[233]. Recently,
for example, it has been demonstrated that digoxin, a
cardiac drug, can be inactivated by the gut Actinobacterium Eggerthella lenta[234]. Whether specific enzyme targets
expressed by the microbiota can be selectively targeted
to achieve desirable clinical outcomes is an interesting
question[235] and may be of relevance to IBS. Clearly,
achieving a superior mechanistic understanding of how
the gut microbiota directly and indirectly affects drug
metabolism could be of great benefit[236]. This is likely a
bidirectional relationship with host-targeted drugs also
modulating the composition and activity of the gut microbiome[237]. In this regard, it is interesting to note that
the adverse impact of olanzapine (an antipsychotic) on
metabolic function, possibly mediated by alterations in
microbiota composition, can be attenuated by concurrent antibiotic administration in rats[238,239]. Some members of the selective serotonin reuptake inhibitors (SSRIs)
may also possess antimicrobial activity[240]. This will need
to be considered in the context of antidepressant agents
used to treat IBS[241] or in any renewed attempts to more
successfully target specific serotonergic receptors in the
future[174,242]. The therapeutic potential in targeting microbial metabolites or their receptors (e.g. SCFAs) also
warrants consideration[243].

CONCLUSION
There are biologically plausible mechanisms through
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which the gut microbiome can influence both the cardinal symptoms and other prominent features of IBS.
Moreover, the outcomes of a variety of experimental
strategies offer convincing evidence that this is indeed
the case. Although no consensus exists on the precise
compositional alteration of the gut microbiota, the
clinical data converges to support the concept of a less
diverse and unstable community of bacteria in the disorder. While a causal role is yet to be verified clinically, it
seems likely that this will be addressed once the necessary longitudinal studies are embraced. Moving forward
the concept of IBS as a microbiome-gut-brain axis disorder offers a solid framework to further advance our
understanding of the disorder. This approach promises
much needed diagnostic and therapeutic innovations, but
requires a continued concerted effort from researchers
and clinicians across multiple disciplines.
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Abstract
Psychological stress is an important factor for the development of irritable bowel syndrome (IBS). More and
more clinical and experimental evidence showed that
IBS is a combination of irritable bowel and irritable
brain. In the present review we discuss the potential
role of psychological stress in the pathogenesis of IBS
and provide comprehensive approaches in clinical treatment. Evidence from clinical and experimental studies
showed that psychological stresses have marked impact
on intestinal sensitivity, motility, secretion and permeability, and the underlying mechanism has a close correlation with mucosal immune activation, alterations in
central nervous system, peripheral neurons and gastrointestinal microbiota. Stress-induced alterations in neuro-endocrine-immune pathways acts on the gut-brain
axis and microbiota-gut-brain axis, and cause symptom flare-ups or exaggeration in IBS. IBS is a stresssensitive disorder, therefore, the treatment of IBS
should focus on managing stress and stress-induced
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responses. Now, non-pharmacological approaches and
pharmacological strategies that target on stress-related
alterations, such as antidepressants, antipsychotics,
miscellaneous agents, 5-HT synthesis inhibitors, selective 5-HT reuptake inhibitors, and specific 5-HT receptor antagonists or agonists have shown a critical role in
IBS management. A integrative approach for IBS management is a necessary.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Psychological stress; Irritable bowel syndrome; Microbiota-gut-brain axis; Immune activation
Core tip: Evidence from both clinical and experimental studies showed that psychological stress, acute
or chronic, occurring in early life or adulthood, has
marked impact on intestinal sensitivity, motility, secretion and permeability, and the underlying mechanism
has a close correlation with mucosal immune activation,
alteration in central nervous system, peripheral neurons
and gastrointestinal microbiota. This review provides
an overview about how psychological stress contributes
to the development of irritable bowel syndrome (IBS)
and aggravation of IBS symptoms, and informs a more
comprehensive approach to the management of IBS.
Qin HY, Cheng CW, Tong XD, Bian ZX. Impact of psychological
stress on irritable bowel syndrome. World J Gastroenterol 2014;
20(39): 14126-14131 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14126.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14126

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic continuous
or remittent functional gastrointestinal (GI) disorder affecting, statistically, 11.2% of the global population[1]. It
is characterized by abdominal pain or discomfort associ-
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ated with a change in consistency or frequency of stools
but without gross abnormalities[2]. The pathophysiology
of IBS is still inadequately understood, but it is most
likely due to complex interactions between the immune,
hormonal and nervous systems[3]. Diverse factors, including psychological stress, food intolerance or allergy,
intestinal infection, injury (e.g., abdominal or pelvic
surgery), intestinal immune disruption and/or inflammation, changes in the intestinal microbiota or bacterial
overgrowth, and genetic transmission, abuse and early
life learning, have been found to contribute to the development of IBS syndrome according to the research in
the last decade[4,5].
Recently, disturbance of the bidirectional brain-gut
axis is increasingly recognized as a conceptual model of
IBS pathophysiology, involving abnormal function in
the enteric, autonomic and/or central nervous systems[6].
As stress can result in overactivity or underactivity along
the hypothalamic-pituitary-adrenal (HPA) axis and of
the autonomic nervous (ANS), metabolic, and immune
systems, it can alter brain-gut interactions, ultimately
affecting different physiological functions of the gastrointestinal tract[7]. The relationship between psychological
stress and visceral hypersensitivity has been studied and
well described by Musial et al[8] and Larauche et al[9], so
this review will not cover that aspect of this topic. The
purposes of this review are (1) to provide an overview
of how psychological stress contributes to the development of IBS and aggravation of IBS symptoms; and (2)
to inform a more comprehensive approach to the management of IBS.

Psychological stress and
stress-activated pathways
Stress as a specific medical term was first defined by the
endocrinologist Hans Selye in 1936[9] as the physiological adaptive responses to perceived (psychological) or
real (physical) threats (“stressors”) to an organism[7,9]. An
acute (sudden or short-term) stressor can evoke a “fight
or flight” response that prepares to defend the stability
of the internal environment in order to ensure the survival of the organism. When the stress passes, a negative
feedback is triggered to terminate the stress response
and bring the body back to a state of homeostasis or eustasis[10]. However, if the stressor becomes chronic and/
or exceeds the organism’s ability to maintain the stress
response, it becomes harmful because basal homeostasis
cannot be reached[9]. For most humans in modern societies, psychological stress is more frequent than physical stress and it may be induced by various social and
emotional triggers, some of which can be unique for an
individual.
In the stress-activated pathways, the corticotrophin
releasing factor (CRF) signaling system is a key element
in the biochemical mechanism by which the brain translates a stimulus into an integrated physical response[10].
This system is composed of the 41 amino acid peptide,
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three related peptides, namely urocortin 1, urocortin
2 and urocortin 3, as well as the CRF receptors CRF1
and CRF2 and their variants[9]. When the body experiences stress, the CRF signaling system plays a primary
neuroendocrine role in stimulating the HPA axis, acting
as a neurotransmitter/neuromodulator to coordinate the
immune and visceral efferent limbs, and activating the
locus coeruleus and its noradrenergic projections. The
CRF system can also modulate the forebrain, hindbrain
and spinal sites for regulating the autonomic nervous
system activity, leading to the stimulation of the sympathetic nervous system, release of catecholamines and
induction of sacral parasympathetic activity[10]. In addition, stress affects directly or indirectly the composition
and the growth of microbiota, which helps to maintain
bidirectional communication between the components
of the brain and the gut axis[7]. The impact of stress on
the brain-gut axis has been reviewed by Grenham et al[11]
and O’Malley et al[12].
Cellular effectors are also considered to play an important role in stress-induced alterations of the gut.
These factors include mast cells, enterochromaffin (EC)
cells, and lymphocytes, as well as the neurotransmitters,
e.g., proteases, 5-HT, and pro-inflammatory cytokines. It
is well known that mast cells, EC cells and lymphocytes
located in the lamina propria and mucosa constitute the
major subpopulation of mucosal leukocytes which are
involved in mucosal innate immunity against alimentary
allergens and infections. Immune activation has been
observed more frequently in IBS patients than in healthy
controls. A wide array of mediators released by immune
cells in IBS patients have been found to evoke peripheral
sensitization of mucosal neuronal afferents and recruitment of “silent” nociceptors[13,14]. Moreover, at the cellular level, immune cells are known to express receptors for
several different stress-related peptides including CRF,
and the CRF family of peptides has potent immunomodulatory actions, suggesting that there may be crosstalk
between stressors and immune factors in IBS[12].
The role of intestinal microbiota in the pathogenesis
of IBS has drawn much attention in recent years. As
a natural reservoir of microbiota, the GI tract plays a
physiological role in metabolic, protective and structural
functions in the body, while dysbiosis may contribute
to several diseases, including IBS[15]. Chronic stress can
induce dysbiosis and enhanced bacterial wall adherence,
while the interaction between host and microbiota can
modulate the neuro-immune-endocrine systems[16], suggesting that stress-induced microbiota alteration of the
gut also plays a critical role in the pathogenesis of IBS.
It has been reported that the abnormal GI microbiota
interacts with the immune system and nervous system,
which may cause the GI tract dysfunction by disturbing
the brain-gut axis[17]. Now, the emerging concept of a
microbiota-gut-brain axis suggests that targeting the gut
microbiota may be a viable approach to treating complex
disorders of the central nervous system[18].
Stress stimulates the HPA axis and then triggers the
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release of CRF, ACTH, and cortisol, which directly or
indirectly affect gut function, influences the composition and the growth of microbiota, and also stimulates
the sympathetic nervous system. Stress alters the quantity of mast cells, EC cells, lymphocytes as well as their
produced neurotransmitters, which are all involved in
mucosal immune activation and further interact with gut
microbiota and gut function. Stress-related changes in
gut microbiota help maintain contact between the brain
and gut.

Psychological stress in IBS
development
Evidence from clinical research
The co-morbidity of IBS and psychological distress is
common, and the prevalence of at least one psychiatric
disorder typically ranges from 40% to 60% and has been
reported as high as 80%[19,20]. A strong correlation can
also be observed between the severity of IBS and its comorbid psychiatric disorders, especially depression and
anxiety[12,19]. One review about the psychosocial determinants of IBS published in 2013[21], reports a significant
increase in stressor score just before progression from
IBS non-patient to IBS patient. And also major life
traumas (e.g., disruption of a close relationship, a marital
separation, a family member leaving home, or break-up
of a serious girl/boyfriend relationship) were frequently
reported 38 wk prior to onset of IBS symptoms. In addition, other previous studies have demonstrated that
early adverse life events (EALs) are associated with the
prevalence of IBS[22,23]. EALs refer to traumatic experiences during childhood (e.g., maladjusted relationships,
severe illness or death of a parent, and physical, sexual
or emotion abuse). In patients, the occurrence of IBS is
typically associated with a higher total early life trauma
score and impacted on health related quality of life
(HRQOL)[22]. These studies strongly and clearly suggest
that psychological or psychosocial stressors determine
the development of IBS.
At the same time, there is some conflicting evidence
about the relationship between stress and severity of IBS.
In his review, Surdea-Blaga et al[21] showed that stressful
life events can exacerbate abdominal pain and abdominal
distension in up to one-third of IBS patients. In contrast, Blanchard et al[24] showed that the relation between
stress and IBS symptoms was in a reciprocal, not causal,
relationship after studying 254 treatment-seeking IBS
patients for 4 wk. In yet another cross-sectional study
of 153 consecutive patients diagnosed with different
IBS subtypes (i.e., constipation-predominant, diarrheapredominant and mixed), Farzaneh et al[25] found no significant difference in the psychological profiles.
Evidence from animal studies
Based on the stress-related modulation in IBS patients,
different experimental animal stress models have been
developed to assess the vulnerability, the triggering and
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perpetuating factors determining stress. These include:
an acute/chronic mild stress model with exposure to water avoidance stress; neonatal maternal separation stress
model; restraint stress, genetic models of chronic stress,
post-traumatic stress disorder model, neonatal inflammation/neonatal pain models, post-infectious IBS model
and post-inflammatory IBS model. They provide a variety of approaches to explore hypotheses regarding the
pathophysiological mechanisms underlying stress-related
modulation of pain, visceral sensation and motility[9,10].
Experimental studies have shown that mucosal mast
cells are activated after acute stress, and that they are increased or located closer to enteric nerves after chronic
stress[26-28]. These mast cells release neuropeptides, i.e.,
5-HT, proteases and pro-inflammatory cytokines, known
to be the mediators responsible for the altered intestinal
sensation, motility, secretion and permeability characteristic of IBS[29]. As the majority of enteroendocrine cells,
intestinal EC number and its product 5-HT content are
elevated after early life stress (neonatal maternal separation)[30-32], and the increased 5-HT has been confirmed
to have close correlation with the symptom generation
of IBS[33,34]. In addition to mast cells and EC cells, the
increased numbers of immune cells, such as T cells,
with production of various cytokines are observed in
the intestinal mucosa, which may be responsible for the
immune activation in IBS. Dysfunction of the intestinal
barrier, such as increased intestinal permeability and
reduced intestinal blood flow, can be caused by different types of stress and the underlying mechanism was
found to have a correlation with release of acetylcholine,
glucocorticoids and corticotrophin-releasing hormone,
activation of intestinal mast cells, and even splanchnic
vasoconstriction driven by activation of the parasympathetic nervous system[35]. Intestinal barrier dysfunction may cause local or systemic inflammatory reactions
and immune activation, which further affect the neuroendocrine-immune pathways and lead to abnormal GI
function. It is becoming well recognized that low-grade
inflammation and the activated innate and adaptive immune responses play a vital role in the pathogenesis of
IBS[36,37]. Now, psychological stress was found to mediate
the immune activation and alter the body’s responses to
stress, which may facilitate the immune activation and/or
exacerbate the dysregulation of stress response in IBS,
and thus cause symptom flare-ups or exaggeration[12].
Besides the gut, early life stress also has an impact on
the central nervous system and peripheral neurons. For
example, stress up-regulates the tyrosine kinase receptor
A nociceptive fibers, c-fos expression and CRF expression in the spinal cord and brain[38-40]; while stress downregulates voltage-gated potassium channels and upregulates sodium channels in colonic DRG neurons[41,42].
All of these factors contribute to the altered visceral hypersensitivity in IBS. It is found that both chronic water
avoidance stress and acute restraint stress can increase
colonic motility and induce sustained visceral hyperalgesia in rats, and CRF has been reported to be the key
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factor responsible for stress-induced intestinal dysfunction[43,44]. In recent years, the fecal microbiota was also
found altered in the rats exposed to early life stress, and
gastrointestinal microbiota has been considered to play
an important role in the pathogenesis of IBS[45,46].
The above experimental evidence from animals shows
that stress, acute or chronic, applied in early life or adulthood, has marked impact on intestinal functions, and
that the underlying mechanism has close correlation with
alterations in mucosal immune cells, the central nervous
system, peripheral neurons and gastrointestinal microbiota. The strong linkage of psychological stress and
IBS originates from the brain-gut axis. Under normal
conditions, the brain (central nervous system) communicates with the gut (enteric nervous system). The enteric
nervous system (also named as “little brain”) plays an essential role in the regulation of gut physiology, including
secretion, motility and release of various neuropeptides
and hormones[7]. Stress can induce alternations in central
stress and arousal circuits (emotional motor system),
result in increased CRF and noradrenergic release and
activation of behavioral and autonomic responses. These
may disrupt the sympathetic and parasympathetic nervous systems, HPA axis, endogenous pain modulation
systems, and ascending aminergic pathway[22].
In fact, the communication between the central nervous system and enteric nervous system can be twodirectional; whereas the brain can influence the function
of the enteric nervous system. Therefore, stress can be
the etiology for the development of IBS or aggravation
of IBS symptoms (top-down model). IBS symptoms (e.g.,
chronic continuous or remittent abdominal pain or discomfort associated with a change in consistency or frequency of stools) can elucidate or aggravate psychological disorders (e.g., depression and anxiety) and lower the
health related quality of life (bottom-up model). Combination of the both top-down and bottom-up models is
also available for this bi-directional mechanism[47].

should be developed further to treat the irritable bowel
and irritable brain.
It is well known that 5-HT plays a critical role in
stress-related alteration of gut motility, visceral sensitivity,
and intestinal secretion, and also in the pathophysiology
of many extra-intestinal stress-related disorders, such as
anxiety, depression or chronic pain syndrome[9]. Therefore, therapeutic strategies that target 5-HT availability
has been studied extensively, such as the inhibitor of
5-HT synthesis enzyme (tryptophan hydroxylase, TPH),
selective 5-HT reuptake inhibitors, 5-HT-norepinephrine
reuptake inhibitors, 5-HT3 receptor antagonists, and
5-HT4 receptor agonists have been investigated and some
of them have been applied clinically to relieve symptoms
of IBS. LX1031, an locally acting, small molecule inhibitor of TPH, has been confirmed to relieve symptoms
and increase stool consistency in non-constipating IBS
patients in a phase 2 study[49]. Alosetron, a representative antagonist of 5-HT3 receptors, is an effective agent
in the symptom improvement of diarrhea-predominant
IBS, but the serious adverse effects (i.e., constipation and
ischemic colitis) made it only being used under restrictive
guideline. Tegaserod, a selective partial agonist of the
5-HT4 receptor, improved bowel habit but not abdominal pain in IBS patients, but the possible cardiovascular
adverse effects made it being withdrawn. Nowadays, strategies targeting serotonergic systems remain active, 5-HT4
agonists, i.e. prucalopride, ATI-7505 and TD-5108, have
been reported to have selectivity for 5-HT4 and will be
advanced to human trial[50]. Ramosetron, a 5-HT3 receptor antagonist, was found effective in the treatment of
visceral pain in IBS patients[51].
The pharmacological approaches for stress-related
disorders also include tricyclic antidepressants, atypical
antipsychotics and some miscellaneous agents[20]. Thorough development and assessment from the brain-gut
aspect will provide more solid evidence about their usage in IBS patients.

Management of IBS
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Abstract
Minimally invasive surgery for gastric cancer has rapidly
gained popularity due to the early detection of early
gastric cancer. As advances in instruments and the accumulation of laparoscopic experience increase, laparoscopic techniques are being used for less invasive but
highly technical procedures. Recent evidence suggests
that the short- and long-term outcomes of minimally
invasive surgery for early gastric cancer and advanced
gastric cancer are comparable to those of conventional
open surgery. However, these results should be confirmed by large-scale multicenter prospective randomized controlled clinical trials.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Minimally invasive surgery has become an alternative modality for the treatment of gastric cancer.
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INTRODUCTION
Gastric cancer is the second leading cause of cancerrelated death and the fourth most common cancer worldwide; nevertheless, its incidence has decreased substantially in most parts of the world. A total of 989600 new
cases and 738000 deaths are estimated to have occurred
in 2008, accounting for 8% of the total cancer cases and
10% of total cancer deaths. Nearly 70% of new cases
and deaths occur in developing countries, and about 40%
occur in Eastern Asia[1,2]. The highest incidence of gastric cancer is found in South Korea at 41.4 per 100000,
including both sexes[3]. Due to health screening programs
and improved diagnostic techniques, diagnoses of early
gastric cancer (EGC) have steadily increased, accounting
for nearly 50% of all gastric cancers in Japan and South
Korea[4,5].
As the incidence of EGC has increased in Eastern
Asia, so has minimally invasive surgery (MIS), including
laparoscopy- or robot-assisted surgery. According to the
tenth national survey by the Japan Society of Endoscopic
Surgery, 7341 laparoscopic gastrectomies were performed
during 2009, which was an approximately ten-fold increase over a decade and accounted for approximately
25% of gastric cancer surgeries that year[6]. In South
Korea, 3083 laparoscopic gastrectomies (26% of gastric
cancer surgeries) were performed in 2009, which was an
almost five-fold increase over a 5-year period[4]. Recently,
laparoscopic gastric surgery has spread rapidly and has
been adopted in China (fourth-highest prevalence of
gastric cancer and the largest population in the world).
Furthermore, the publication of Chinese studies on the
topic is rapidly increasing[7].
Laparoscopic surgery, a type of MIS, has been used
for the treatment of gastric cancer since the 1990s. Ohgami et al[8] first developed laparoscopic wedge resection
of the stomach using a lesion-lifting method in 1991. Ki-
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tano et al[9] and Nagai et al[10] reported the success of laparoscopy-assisted distal gastrectomy (LADG) for EGC in
1994 and 1995. In the early 2000s, robot-assisted surgery
emerged as one of the treatment modalities for EGC, and
the first robot-assisted gastrectomy (RAG) for EGC was
reported by Hashizume et al[11] in 2003. In 2011, singleincision laparoscopic surgery was described for EGC[12].
MIS has revolutionized the surgical approach to gastric
cancer for the past two decades, leading to improvements
in patients’ quality of life by producing less pain, less
blood loss, earlier postoperative recovery, and a shorter
hospital stay[13-19].
Currently, MIS is evolving in two major directions[20].
First, MIS techniques are being used in more radical but
less invasive procedures, such as totally laparoscopic distal
gastrectomy or laparoscopic total gastrectomy with D1+
or D2 lymphadenectomy. These procedures are comparable to conventional open surgery and can be performed
even in patients with advanced gastric cancer (AGC)[21-23].
Second, MIS is being employed for function-preserving
surgery, including pylorus-preserving gastrectomy (PPG),
proximal gastrectomy, and limited gastrectomy with sentinel node navigation surgery. These procedures can assist
in improving patients’ late postoperative function and
quality of life[20,24-26].

RECENT ADVANCES IN LAPAROSCOPIC
GASTRECTOMY
As advances in instruments and the accumulation of
laparoscopic experience increase, laparoscopic techniques
are being used for less invasive but highly technical procedures. Totally laparoscopic gastrectomy (TLG) is one
example. TLG has gained popularity since Kanaya et al[27]
reported the first delta-shaped anastomosis. A recent
meta-analysis (five studies, 652 patients) showed that
totally laparoscopic distal gastrectomy has less bleeding,
shorter time to first flatus, and lower rates of postoperative complications than LADG. Various intracorporeal
anastomoses have been introduced for TLG, such as the
Billroth Ⅱ anastomosis using linear staplers, the betashaped Roux-en-Y reconstruction, the semi-loop and
overlap method after total gastrectomy, and the inverted
T-shaped anastomosis using linear staplers[28-32].
Laparoscopic surgery is now also being used even for
advanced cancers or remnant gastric cancer. Son et al[33]
reported three cases of laparoscopic para-aortic lymphadenectomy after palliative chemotherapy for AGC with
isolated para-aortic lymph node metastasis. The mean
operation time was 365 min, and the mean estimated
blood loss was 158 mL. The mean number of retrieved
para-aortic lymph nodes was nine. Shinohara et al[34] reported the first series of successful totally laparoscopic
completion total gastrectomy (TLCG) for remnant gastric cancer. The mean operation time of the five TLCGs
was 360 min, and the mean blood loss was 20 mL. The
mean number of retrieved lymph nodes was 19.
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Single port surgery is increasingly being used to treat
EGC. Omori et al[12] first reported single-incision laparoscopic distal gastrectomy in seven patients with EGC:
the median operation time was 344 min, the median estimated blood loss was 25 mL, and the median number of
retrieved lymph nodes was 67. Recently, Ahn et al[35] reported the first case of single-incision laparoscopic total
gastrectomy for proximal EGC.

CURRENT STATUS OF ONCOLOGICAL
SAFETY IN LAPAROSCOPIC
GASTRECTOMY
Laparoscopic surgery for EGC has gained popularity
based on evidence from six prospective randomized controlled trials (RCTs) that it can achieve comparable oncological outcomes to open surgery[13,14,17,36-38]. However,
the majority of these trials were limited by a small sample
size, using patients from a single center, and having a
short-term follow-up period.
Recently, several long-term outcome studies of laparoscopic gastrectomy were published (Table 1). Zeng et al[39]
conducted a meta-analysis using five RCTs and 17 nonRCTs with 3411 patients, and reported that LADG may
reduce intraoperative blood loss, postoperative analgesic
consumption, and hospital duration, without increasing the total hospitalization costs and cancer recurrence
rate. In relation to oncological safety, they reported that
the mean number of retrieved lymph nodes in LADG
was similar to that in open distal gastrectomy (ODG),
and the long-term survival rate of patients was similar
between both groups. Viñuela et al[40] and Jiang et al[41] also
conducted meta-analyses and reported the superiority of
laparoscopic gastrectomy in postoperative recovery. Kim
et al[42] reported the long-term outcomes of a prospective RCT (COACT 0301) with 164 patients and median
follow-up period of 74.3 mo. They reported that the
LADG and ODG groups showed similar survival (5-year
disease-free survival: 98.8% in LADG vs 97.6% in ODG,
P = 0.514; 5-year overall survival: 97.6% in LADG vs
96.3% in ODG, P = 0.721) with reductions in mild complications observed with LADG (23.2% in LADG vs
41.5% in ODG, P = 0.012). In relation to patient quality
of life, LADG showed better short-term functional and
symptom scores, but no long-term advantages.
Currently, two large-scale multicenter RCTs are underway to elucidate the long-term oncological results of
laparoscopic gastrectomy: The Korean Laparoscopic
Gastrointestinal Surgery Study (KLASS)-01 and Japanese
Clinical Oncology Group (JCOG) 0912 trials (Table 2).
KLASS trial is the first multicenter (13 institutions) randomized controlled clinical trial to compare open and
laparoscopic surgery in patients with clinical stage I gastric cancer. The primary endpoint is overall survival, and
secondary endpoints are disease-free survival, morbidity
and mortality, quality of life, inflammatory and immune
responses, and cost-effectiveness. From 2006 to 2010,
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Table 1 Long-term outcomes of laparoscopic gastrectomy for gastric cancer n (%)
Ref.

Year

Patients (n )
LG

OG

Follow-up
period

Inclusion

Lymphadenectomy

5-yr survival
LG

Lee et al[18]
An et al[108]
Jeong et al[109]
MacLellan et al[110]

2009
2010
2011
2012

106
42
138
21

105
162
261
182

55.0
35.0
36.8
21.3

cT1
pT1N+
≤ cT3N1
Stage Ⅰ-Ⅳ

D2
D1 + β, D2
D1 + β, D2
-

Hamabe et al[111]

2012

66

101

cT1

D2

Moisan et al[22]

2012

31

31

30.4 (LG)
53.3 (OG)
50.0

-

D1 + α, D1 + β, D2

Shinohara et al[46]
Kim et al[42]

2013
2013

186
82

150
82

48.8
74.3

cT2-4

D2
D2

≤ cT1N1

P value

OG

Recurrence
LG

OG

NS

1 (0.94)
4 (9.5)
35 (13.4)
8 (38.1)

1 (0.95)
14 (8.6)
30 (21.7)
67 (36.8)

95.9%
94.9%
89.7%
89.9%
Median OS: 30 mo
69.5%
65.6%
(3YSR)
(3YSR)
94.4%
78.5%

NS
NS

NS

4 (6.0)

22 (21.7)

74.0%
(3YSR)
68.1%
97.6%

NS

5 (16.1)

4 (12.9)

NS
NS

53 (28.4)
1 (1.2)

2 (2.4)

75.0%
(3YSR)
63.7%
96.3%

LG: Laparoscopic gastrectomy; OG: Open gastrectomy; OS: Overall survival.

Table 2 Ongoing prospective randomized controlled trials in gastric cancer surgery
Study

Country

Start year

Phase

Study design

Inclusion

Sample size

Primary endpoint

KLASS-01
JCOG 0912
JLSSG 0901

South Korea
Japan
Japan

2006
2010
2010

Ⅲ
Ⅲ
Ⅱ/Ⅲ

LADG vs ODG
LADG vs ODG
LADG vs ODG

cT1-2/N0
cT1-2/N0
cT2-4a/N0-2/M0

KLASS-02
CLASS-01
COACT 1001
KRGS
SENORITA

South Korea
China
South Korea
South Korea
South Korea

2011
2012
2010
2011
2012

Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ

LADG vs ODG
LADG vs ODG
LADG vs ODG
Robot vs Laparoscopy
Laparoscopic SNNS

cT2-4a/N0-4a/M0
cT2-4a/N0-4a/M0
cT2-4a/N0-3a/M0
cT1-3/M0
cT1-2/N0/size < 4 cm

1400
920
Ⅱ: 180
Ⅲ: 500
1050
1056
204
1700
160

Overall survival
Overall survival
Ⅱ: Morbidity
Ⅲ: Relapse-free survival
3-yr DFS
3-yr DFS
Noncompliance rate
Surgical outcomes
Safety/efficacy

LADG: Laparoscopy-assisted distal gastrectomy; ODG: Open distal gastrectomy; SNNS: Sentinel node navigation surgery; DFS: Disease-free survival.

1416 patients (705 patients in LADG and 711 patients in
ODG) were enrolled, and the final results are expected
to be reported in 2015[43]. In 2010, the JCOG also started
a multicenter RCT to compare ODG and LADG in 920
patients with stage Ⅰ gastric cancer accrued from 33 institutions. The primary endpoint of JCOG 0912 is overall survival, and the secondary endpoints are relapse-free
survival, proportion of LADG completion and conversion to open surgery, adverse events, short-term clinical
outcomes, and postoperative quality of life[44].
There is also notable interest in the application of
MIS for AGC. As the accumulation of laparoscopic
experience increases, some experienced surgeons are
extending the indication of laparoscopic gastrectomy
to locally AGC. There is also evidence that MIS is feasible for AGC. Recently, Choi et al[45] conducted a metaanalysis using one RCT and nine non-RCTs with 1819
patients (960 patients in the open group and 859 patients
in the laparoscopy group), and reported that there was
no statistical difference in overall survival and diseasefree survival between laparoscopic gastrectomy and open
gastrectomy. Shinohara et al[46] reported the results of a
retrospective cohort study in 336 patients (150 open and
186 laparoscopy) who underwent gastrectomy with D2
lymph node dissection for cT2-T4 cancers. Laparoscopic
D2 gastrectomy showed significantly less operative blood
loss and shorter hospital stay, but there was no difference
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in the morbidity and mortality rates between both groups.
The 5-year disease-free and overall survival rate were
65.8% and 68.1% in the laparoscopic group and 62.0%
and 63.7% in the open group (P = 0.737 and P = 0.968,
retrospectively). Moreover, there were no differences in
the patterns of recurrence between both groups. In the
laparoscopic group, 53 patients (28.4%) developed tumor
recurrence: 29 (54.7%) peritoneal recurrences, 23 (43.4%)
distant or hematogenous recurrences, and 15 (28.3%)
locoregional or lymphatic recurrences vs 17 (50%), 15
(44.1%), and 11 (32.6%), respectively, in the open group.
Park do et al[47] reported the long-term outcomes of 239
laparoscopic gastrectomies for AGC. These patients
were preoperatively diagnosed with EGC but diagnosed
with AGC on final pathological examination from a
multicenter retrospective study. They reported that the
overall 5-year survival rates were 90.5% in stage ⅠB,
86.4% in ⅡA, 52.8% in ⅢA, 52.9% in ⅢB, and 37.5%
in ⅢC, and the results were comparable to the previous
reports for open gastrectomy. Lee et al[23] reported the
short-term outcomes of a prospective phase Ⅱ trial. A
total of 157 patients with cT2N0-T4aN2 gastric cancer
were finally enrolled in this study. The mean number of
retrieved lymph nodes was 52.7 for LADG and 63.8 for
laparoscopy-assisted total gastrectomy. The complication
rate was 25.5% and local and systemic complication rates
(more than grade Ⅱ on the Clavien-Dindo classification)
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were 8.3% and 3.2%. They concluded that laparoscopic
gastrectomy with D2 lymph node dissection was safe and
technically feasible for the treatment of AGC, with an acceptable rate of morbidity and mortality.
There are presently three large-scale multicenter trials underway for AGC, being conducted in three different countries. The KLASS-02 trial is a phase Ⅲ study to
evaluate the efficacy of LADG with D2 lymph node dissection for AGC. The estimated sample size is 1050 and
the primary endpoint is 3-year disease-free survival. For
quality control, all surgeons are required to be standardized and are qualified through a review of six unedited
videos of their procedures (3 laparoscopic and 3 open
procedures) by independent reviewers. The Japanese
Laparoscopic Surgery Study Group (JLSSG) launched a
multicenter phase Ⅱ/Ⅲ study, entitled JLSSG 0901, to
compare LADG and ODG in patients with cT2-T4aM0
gastric cancer. After the accrual of 180 patients, the incidence of major complications will be assessed. If an
early-stopping rule does not apply due to a high complication rate, the trial will continue accrual until 500 patients are enrolled[48]. Recently, the Chinese laparoscopic
gastrointestinal Surgical Study (CLASS) group started a
phase Ⅲ study, which is entitled “CLASS-01” and the
study design is similar to that of the KLASS-02 trial.

LAPAROSCOPIC FUNCTION-PRESERVING
SURGERY
PPG was originally used for the treatment of peptic ulcer, and it has been introduced as a surgical therapy for
EGC that is designed to preserve function and maintain a
better quality of life[49-53]. By preserving pyloric function,
it has several nutritional advantages and has less postgastrectomy-related disorders, such as dumping syndrome
and alkaline reflux, a lower incidence of disturbed bowel
habits, and a reduced flatus frequency[26,54,55].
Recently, laparoscopy-assisted PPG (LAPPG) has
been attempted as both a function-preserving and minimally invasive technique, with reported benefits over
conventional PPG. Jiang et al[56] reported the short-term
outcomes of 307 LAPPGs. The mean operation time
was 229.4 min, the estimated blood loss was 49.1 mL,
and the mean total number of dissected lymph nodes
was 31.6. Major complications developed in four patients (1.3%), and gastric stasis was the most common
complication, occurring in 19 patients (6.2%). The mean
serum total protein and albumin levels did not change
significantly after surgery, so the authors concluded that
LAPPG is a safe operation with a notable reduction in
major complications in patients with EGC in the middle
third of the stomach. Recently, Suh et al[26] compared the
surgical, oncological, nutritional, and functional benefits
between 116 LAPPGs and 176 LADGs. They reported
that delayed gastric emptying was less frequent in LADG
than in LAPPG (1.7% vs 7.8%, P = 0.015), but the rate
of other complications was significantly higher in LADG
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than in LAPPG (17.0% vs 7.8%, P = 0.023). The 3-year
recurrence-free survival was similar between LADG and
LAPPG (98.8% vs 98.2%, P = 0.702), but decrease in
serum protein and albumin levels at 1 to 6 mo postoperation and abdominal fat volumes at 1 year postoperation
were significantly greater in LADG than in LAPPG.
They concluded that for middle-third EGC, LAPPG can
be considered a superior treatment option over LADG in
terms of nutritional advantage and a lower incidence of
gallstone.
As the incidence of proximal gastric cancer has recently increased, proximal gastrectomy (PG) is widely
accepted as a function-preserving surgery for proximal
EGC[57-59]. In spite of functional benefits such as improved postoperative nutrition, preventing anemia, and
release of gut hormones, PG has not gained in popularity, mainly due to postoperative complications such as
esophageal reflux and anastomotic stricture[60-64]. To overcome these complications, various reconstruction methods and esophagojejunostomies have been developed,
including jejunal interposition and double tract reconstruction, which are considered to be superior to esophagogastrostomy in preventing postoperative esophageal
reflux. Recently, these procedures have been performed
laparoscopically with demonstrated clinical efficacy.
Kinoshita et al[24] compared 22 laparoscopic proximal gastrectomies (LPGs) with 68 open proximal gastrectomies,
both with jejunal interposition. The operation time was
longer in the LPG group, but estimated blood loss was
significantly less in the LPG group. The average number
of harvested lymph nodes did not differ and there was
no difference in complication rates, including leakage of
the esophagojejunostomy. Ahn et al[65] reported the shortterm outcomes of LPG with double tract reconstruction for proximal EGG in 43 patients from June 2009 to
April 2012. The mean surgical time was 180.7 min, and
the estimated blood loss was 120.4 mL. During the mean
follow-up period of 21.6 mo, two patients had esophagojejunostomy stenosis, but they were successfully treated
with fluoroscopic balloon dilatations. In addition, two
patients had Visick grade Ⅱ reflux symptoms (4.6%), but
were effectively managed by medication.

LAPAROSCOPIC SENTINEL NODE
NAVIGATION SURGERY
Sentinel node (SN) biopsy was widely used in patients
with melanoma and breast cancer[66,67]. The SNs are the
lymph nodes associated with the primary site of a tumor
that are thought to be the first possible micrometastasis site along the lymphatic drainage pathway from the
tumor[66]. The concept of SN biopsy revolutionized the
approach to the surgical treatment in both melanoma and
breast cancer.
The clinical application of SN biopsy for EGC has
been controversial due to its low sensitivity and accuracy[68-70]. Recently, however, SN biopsy detection and
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accuracy rates of 90% to 100% have been achieved[71-77].
According to a recent meta-analysis that included 38
studies (2128 patients), the pooled SN identification rate,
sensitivity, negative predictive value, and accuracy were
93.7%, 76.9%, 90.3%, and 92.0%, respectively. In a subgroup analysis, early T stage, combined tracers, a submucosal injection method, conventional open surgery, and
usage of immuno-histochemistry were associated with a
higher SN identification rate and sensitivity. The authors
concluded that SN biopsy in gastric cancer is technically
feasible, especially in cases with early T stage, and when
combined tracers and submucosal injection methods
are employed[78]. A study group in the Japan Society of
Sentinel Node Navigation Surgery recently conducted a
multicenter, single-arm, phase Ⅱ study of SN mapping
using a standardized dual-tracer method. The inclusion
criterion was untreated stage cT1-2 adenocarcinoma with
tumor size less than 4 cm in gross diameter. SN biopsy
was performed in 397 eligible patients. The SN detection
rate was 97.5% and the accuracy of nodal evaluation for
metastasis was 99%[79].
Therefore, a dual-tracer method using radioactive
colloids and blue dyes are currently considered the most
reliable method for SN biopsy[74-77]. In recent years, computed tomography lymphangiography, infrared ray electronic endoscopy, and indocyanine green fluorescence
imaging are emerging as new tracers for laparoscopic SN
biopsy[71,80-84].
Furthermore, a multicenter prospective phase Ⅲ trial
(SENORITA) started last year with the aim of validating
the clinical role of laparoscopic SN biopsy. The inclusion criterion was stage cT1N0 tumor of size less than
3 cm and the estimated sample size was 580. The results
of this clinical trial are expected to provide perspectives
on the future of laparoscopic SN navigation surgery for
EGC.

ROBOTIC SURGERY IN GASTRIC
CANCER
Robotic surgical systems were introduced in early 2000 to
overcome the shortcomings of conventional laparoscopic
surgery. They provide the surgeon with technical features
such as three-dimensional vision and the elimination of
physiologic tremor using a computerized mechanical
interface. Moreover, the articulated arms provide natural
movement similar to that of the human hand, thus facilitating straightforward manipulation[85].
Many studies have reported that RAG for gastric
cancer has comparable short-term outcomes and oncological feasibility to laparoscopic gastrectomy, but there
is no available long-term oncological or RCT data[86-88].
Recently, the Korean Robot Gastrectomy Study Group
began a multicenter prospective, case-matched clinical
trial to compare robotic vs laparoscopic gastrectomy for
EGC. A total of 400 patients were enrolled and the study
was completed in 2012. Surgical complications, quality of
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life, immunologic response, and cost-effectiveness will be
analyzed[89].
Recently, a robotic system was introduced that included image-guided assistance. Kim et al[90] performed 12 robotic gastrectomies using intraoperative vascular images,
which depicted vasculatures around the stomach. The
authors reported that the use of image-guidance during
the operation provided a vascular map and enabled the
surgeon to avoid bleeding and damage to other organs by
preventing vascular injury.

ENDOSCOPIC SURGERY FOR GASTRIC
CANCER
Endoscopic resection has changed the main axis of treatment for patients with intramucosal gastric cancer in the
past decade[91]. Because endoscopic resection provides
the maintained volume and function of stomach even after curative resection of the tumor, the patient can avoid
postgastrectomy complications and retain a good quality
of life[92].
According to the Japanese gastric cancer guidelines,
the indication of endoscopic resection is currently recommended in differentiated adenocarcinoma without
ulcerative findings, of which the depth invasion is clinically diagnosed as T1a and the diameter is less than 2
cm[93]. Recently, many reports showed the superiority of
endoscopic submucosal dissection (ESD) compared with
endoscopic mucosal resection in terms of higher en bloc
and complete resection rate[94-96], and this new technique
and the advance of devices allowed to extend the indication of endoscopic resection, which included mucosal
cancer without ulcerative findings regardless of tumor
size or mucosal cancer with ulcerative findings less than
3 cm, or submucosal invasive cancer (less than 500 μm
from the muscularis mucosae) less than 3 cm[97-100].
Several studies reported acceptable results of the
ESD in extended indication. Sanomura et al[101] reported
that complete resection was achieved for 93.2% of the
submucosal cancer (sm1, less than 500 μm) that met the
extended criteria and there was neither lymph node metastasis nor local recurrence. Ahn et al[102] reported that
there was no difference in local recurrence rate between
the absolute indication group and the extended indication
group at a median follow-up of 32 mo (0.9% vs 1.1%,
P = 0.006). Recently, two long-term outcomes of ESD
in extended indication were reported and these studies
demonstrated that there was no difference in disease-free
survival between both indication groups[103,104].
However, some studies showed positive lymph node
metastasis in patients with the extended criteria. Jee et al[105]
reviewed 129 gastrectomies indicated for extended indication of endoscopic resection and they reported that
there was lymph node metastasis in two patients (4%).
An et al[106] reported 1.7% of lymph node metastasis even
in submucosal cancer (sm1, less than 500 μm) less than 2
cm. Recently, Kang et al[107] reported that lymph node me-
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tastasis was found in 15% of intestinal-type submucosal
cancers (sm1, less than 500 μm) less than 3 cm without
lymphovascular invasion.
Therefore, the selection of appropriate lesion for endoscopic resection still remains controversial and more
long-term follow-up data are needed to achieve a concensus of endoscopic indication for early gastric cancer.

Recent evidence suggests that the short- and long-term
outcomes of MIS for EGC and AGC are comparable to
those of conventional open surgery. However, further
Level 1 evidence is required to confirm the suitability of
MIS for gastric cancer, as well as the appropriate indications for its use. The ongoing large-scale multicenter
RCTs are expected to clarify the oncologic safety of MIS
in the near future.
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Abstract
Hepatitis B virus (HBV) continues to be a major cause
of morbidity and mortality worldwide. It is estimated
that about 350 million people throughout the world are
chronically infected with HBV. Some of these people will
develop hepatic cirrhosis with decompensation and/
or hepatocellular carcinoma. For such patients, liver
transplantation may be the only hope for cure or real
improvement in quality and quantity of life. Formerly,
due to rapidity of recurrence of HBV infection after
liver transplantation, usually rapidly progressive, liver
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transplantation was considered to be contraindicated.
This changed dramatically following the demonstration
that hepatitis B immune globulin (HBIG), could prevent
recurrent HBV infection. HBIG has been the standard of
care for the past two decades or so. Recently, with the
advent of highly active inhibitors of the ribose nucleic
acid polymerase of HBV (entecavir, tenofovir), there has
been growing evidence that HBIG needs to be given
for shorter lengths of time; indeed, it may no longer
be necessary at all. In this review, we describe genetic
variants of HBV and past, present, and future prophylaxis of HBV infection during and after liver transplantation. We have reviewed the extant medical literature
on the subject of infection with the HBV, placing particular emphasis upon the prevention and treatment of
recurrent HBV during and after liver transplantation.
For the review, we searched PubMed for all papers on
the subject of “hepatitis B virus AND liver transplantation”. We describe some of the more clinically relevant
and important genetic variations in the HBV. We also
describe current practices at our medical centers, provide a summary and analysis of comparative costs for
alternative strategies for prevention of recurrent HBV,
and pose important still unanswered questions that are
in need of answers during the next decade or two. We
conclude that it is now rational and cost-effective to decrease and, perhaps, cease altogether, the routine use
of HBIG during and following liver transplantation for
HBV infection. Here we propose an individualized prophylaxis regimen, based on an integrated approach and
risk-assessment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis B viral (HBV) infection continues to
be a major health problem world-wide. Recurrence of
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HBV following liver transplantation was a major problem in the 1980’s-1990’s, which led most insurers to
refuse to cover costs of such transplants. This changed
dramatically following the landmark demonstration that
high-dose hepatitis B immune globulin (HBIG) could
prevent recurrent infection. Recently, highly effective
inhibitors of the HBV polymerase, with high barrier to
resistance (entecavir, tenofovir) have become available,
and they promise to decrease the need for HBIG and
the costs and complexity of preventing recurrent HBV
after liver transplantation.
Ghaziani T, Sendi H, Shahraz S, Zamor P, Bonkovsky HL. Hepatitis B and liver transplantation: Molecular and clinical features
that influence recurrence and outcome. World J Gastroenterol
2014; 20(39): 14142-14155 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i39/14142.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i39.14142

INTRODUCTION
Infection with hepatitis B virus (HBV) continues to be
a major cause of acute and chronic disease throughout
the world, but most especially in East Asia, sub-Saharan
Africa and Alaska. Recent estimates are that about 350
million people world-wide are chronically infected with
HBV and that more than 1 million persons die each year
due to advanced liver disease and/or hepatocellular carcinoma (HCC) caused by HBV infection. Other papers
in this anniversary issue provide greater details regarding
the epidemiology and prevalence of HBV infection, also
reviewed in[1]. Fortunately, most adolescents or adults
who contract acute HBV infection, chiefly from blood
or blood products or from unprotected sex with infected
persons, recover spontaneously from the infection. In
contrast, neonates or young infants infected at or shortly
after birth, usually due to vertical transmission from their
mothers, do not mount immune responses to HBV or to
infected hepatocytes. About 95% of these become immune-tolerant chronic carriers of the virus. Such children
typically have no symptoms or signs of active hepatitis
and are asymptomatic carriers of the virus.
Because of the high prevalence of chronic HBV infection and its proclivity for causing cirrhosis and HCC, it
is not surprising that chronic hepatitis B (CHB) would be
a leading indication for liver transplantation (LT), as this
dramatic new, life-changing therapy was being introduced
in the 1970’s and 1980’s throughout the world. However,
due to the high frequency (above 90%) with which LT for
CHB was followed by recurrent and rapidly progressive
CHB with early graft failure, CHB was generally assessed
as a contra-indication for LT, and, in the 1980’s and early
1990’s, United States Medicare and Medicaid and many
private insurers refused to cover costs of LT for CHB.
This changed dramatically following the initial report
of Samuel et al[2] from Europe, which established that
hepatitis B immune globulin (HBIG), in sufficient doses
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and for long duration, could prevent recurrence of CHB
in virtually all recipients of LT.
Thus, for the past 20 years, HBIG has been the cornerstone of prophylactic therapy. This is now beginning
to change because of the advent of highly effective nucleoside and nucleotide inhibitors of the RNA polymerase
(reverse transcriptase) of HBV called nucleos/tide analogues (NAs), especially tenofovir (TFV, Viread, Gilead)
and entecavir (ETV, Baraclude, BMS).
In this paper, we present a review of the recent history of therapy of HBV during and after LT, a description of some of the major mutations of HBV that arise
from the pressure of anti-viral therapy, and the promise
of therapeutic regimens that, in the near future, will not
include HBIG at all or that will involve HBIG for only a
few months, rather than for indefinite durations. A number of unanswered questions remain and we suggest that
carefully designed prospective randomized controlled trials should be carried out across the globe to answer these
questions.

MOLECULAR VIROLOGY OF HBV AND
ROLE OF SELECTED HBV MUTANTS IN
POST-LT RECURRENCE
HBV is a member of the Hepadnaviridae family. Its partially double-stranded, circular desoxyribose nucleic acid
(DNA) genome is contained in an icosahedron capsid,
itself enveloped by a lipid bilayer decorated with three
different surface proteins. Viral proteins that are clinically important include the following: envelope protein,
hepatitis B surface antigen (HBsAg); a structural nucleocapsid core protein, hepatitis B core antigen (HBcAg);
and a soluble nucleocapsid protein, hepatitis B e antigen
(HBeAg) (Figure 1). Eight HBV genotypes have been
recognized by a sequence divergence of more than 8% in
the entire genome and designated by capital letters (A-H)
in the order of discovery[3]. The predominant genotypes
show geographical variations[3].
During the course of CHB, a proportion of infected
persons spontaneously achieve significant reduction in
virus replication with loss of HBeAg and seroconversion
to its antibody, anti-HBe. Some of such HBeAg-negative
subjects have persistent or intermittently high HBV replication associated with liver inflammation and ongoing
fibrosis. This form of CHB, defined as HBeAg-negative
CHB (e-negative CHB)[4], is mostly associated with mutations within the basal core promoter (BCP) and pre-core
regions that result in reduction or prevention of HBeAg
synthesis without affecting the replicative ability of the
virus. The most well-known of these is a G to A mutation at nt 1896 in the pre-core region, which prevents
HBeAg production[5]. Mutations within the BCP have
also been reported in patients with e-negative CHB or
fulminant hepatitis. The most commonly detected mutations within the BCP region are an A1762T transversion
and a G1764A transition[6]. These BCP promoter double
mutations, as well as pre-core mutation and HBV geno-
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Figure 1 Schematic model of hepatitis B virus. HBV: Hepatitis B virus.

types, are among the best known predictors of HCC risk.
These promoter double mutations were also found to be
an important predictor of post-LT clinical outcomes in
patients with HBV-related HCC.
Recently, we identified another novel double promoter
mutations known as T1764G1766 and suggested that
this double mutant should be prevalent in genotype D of
HBV isolates[7]. In this study performed on HBV-infected
Iranians, we found that one third of subjects studied
harbored HBV isolates containing these double mutations. We suggested that these mutations form a putative
new binding site for the transcription factor hepatocyte
nuclear factor 3 (HNF3)[7]. Furthermore, we showed
that only patients harboring strains with A1757 had the
T1764G1766 double mutations, and these mutations are
likely to occur mainly in genotype D and possibly genotype E[7]. This mutational constraint depending on a single
silent nucleotide polymorphism within the viral genome
was among the first mutational constraints described in
the HBV genome. These mutations were later found to
be widespread in different regions of world where genotypes D, and E are more prevalent and are associated with
increased risk of HCC[8-11]; the potential role of these mutations on post-LT HBV recurrence is yet to be explored.
There are only a few studies that have investigated the
potential influences of precore or BCP mutants on outcome of liver transplantation. Angus et al[12] found that
infection with precore mutant strains of HBV predisposes patients to severe recurrent disease and early graft loss
following transplantation. In a recent follow-up study,
performed on 78 consecutive patients who underwent
LT because of HBV-related HCC, it was shown that BCP
mutations independently predicted a shorter survival
period free from HBV relapse[13]. Whole HBV genome
sequencing of viral isolates from patients with recurrent HBV showed that infecting HBV strain(s) harbored
T1753G/A1762T/G1764A triple mutations in the basal
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core promoter and the G1896A nonsense mutation in the
pre-core region both pre- and post-transplant. After transplantation and therapy, several point mutations within the
HBV genome emerged or became dominant. These mutations caused L426I/L526M/M550I triple mutations in
the polymerase gene, and D144E mutation within the ‘‘a’’
determinant of HBsAg[14]. McMillan et al[15] showed that
genotype D and accumulated mutations throughout the
HBV precore/core gene, but not core promoter, were
associated with severe recurrent disease post-transplantation. Mutations were found throughout the entire HBV
core gene. However, at the amino acid level, clustering
was observed in the B- and helper T-cell epitopes, as well
as in nuclear localization signals.
Many related factors may be responsible for HBV
recurrence, including recipient host factors (ethnic background, HLA type, pre-transplant HBV replication status,
extra-hepatic foci of HBV), donor factors (compromised
donor liver, HLA type and compatibilities, presence of
donor HBV-specific lymphocyte), perioperative treatment
(use of antiviral agents and immunosuppressants, drug
resistance, viral mutations)[16]. Survival rates are known
to be compromised after liver transplantation in patients
who are HBeAg positive prior to liver transplant[17]. It is
not surprising that viral replication is higher under druginduced immunosuppression after liver transplantation.
In particular, corticosteroids lead to increase replication
of HBV and are thought to play a role in HBV recurrence after liver transplant. It has been shown that viral
replication is stimulated by steroids that bind to the
glucocorticoid responsive enhancer region of the HBV
genome[18]. As a consequence it has been proposed that
corticosteroids should be rapidly removed from immunosuppressive regimens to minimize the risk of HBV recurrence. Different HBV genotypes could potentially influence recurrence rates of HBV, but thus far differences
in the recurrence rates among different HBV genotypes
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have not been observed[19,20].
Among numerous potential factors, HBV variants
with antiviral drug-resistant mutations and/or HBIGresistant mutations are main causes of HBV reinfections post-liver transplant[21]. While the use of NAs pretransplant and combination of NAs and HBIG posttransplant have been shown to decrease the rate of HBV
reinfection post-transplant to less than 10%, almost all
cases of HBV reinfection are due to HBV variants with
antiviral drug-resistant mutations and/or HBIG-resistant
mutations[21]. Mutations associated with antiviral resistance may be classified as either primary (responsible for
decreased susceptibility to the drug) or compensatory (responsible for restoring replication fitness of the mutant
virus)[21].
Amino acid substitutions within the HBs antigen may
produce conformational changes and influence the binding of neutralizing antibodies. Consequently, these HBV
mutants have been shown to be able to escape from
vaccine-induced antibody responses. The most frequent
form of these substitutions is the sG145R mutation of
HBsAg. The emergence of resistance to NAs is a major
issue affecting long-term therapy with some of these
agents. NAs directly inhibit the reverse transcriptase
activity of the HBV RNA polymerase and may lead to
emergence of HBV strains containing primary substitutions in the viral genome and associated resistance to
NAs. Lamivudine (LAM) resistance occurs frequently
and is observed in up to 80% of patients treated for 5
years[22]. These mutations lead to amino acid changes in
the YMDD (Tyrosine-methionine-aspartic acid-aspartic
acid, a four amino acid motif of HBV protein that is often mutated) motif of the viral reverse transcriptase (rt).
Primary resistance mutations result in the replacement of
the methionine by valine, leucine, or occasionally serine
and are designated rtM204I/V/S[23]. Adefovir dipivoxil
(ADV) treatment, which is an alternative therapy for
LAM-resistant HBV, can also result in the selection of
ADV-resistant variants like rtA181T/V or rtN236T. TFV
is closely related to ADV. The primary mutations associated with ADV resistance can also decrease the efﬁcacy
of TFV[23].
A recent 53-mo follow-up study was done on 362
patients with CHB who underwent LT. None of the patients received HBIG. Half of the patients were on LAM,
while 39% received ETV, and 12% were on combination
therapy (LAM + ADV) at the time of transplant[24]. The
virological relapse rates at 3 years were 17%, 0%, and 7%
for LAM, ETV, and LAM + ADV. Forty-two patients
had virological relapse, of which the majority had a HBV
isolate harboring the YMDD mutation. These findings
show the importance of using new agents with a high
barrier to resistance for minimizing drug resistance[24].
Administration of HBIG that exerts an anti-HBs-mediated immune pressure on HBV is also associated with
the emergence of immune escape HBV mutants. These
HBsAg escape mutants harbor single or double point
mutations that may significantly alter the immunological
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characteristics of HBsAg. Most escape mutations that
influence HBsAg recognition by anti-HBs antibodies are
located within the second ‘a’ determinant loop. Notably,
HBsAg with an arginine replacement for glycine at amino
acid 145 is considered the major immune escape mutant[25]. Schätzl et al[26] suggested that the high rate of reinfection in liver transplant recipients seems not to be associated with specific sequence variations in the major HBs
gene, but shows a remarkable inter- and intra-individual
variability. No correlation between heterogeneity in this
gene and clinical outcome was present. In another study,
Shen et al[27] found that mutations within the HBV DNA
that encodes for HBV P and S proteins were factors affecting re-infection post-transplantation. In yet another
study on 75 patients who received HBIG prophylaxis for
more than 6 mo after liver transplantation from anti-HBc
positive donors, it was shown that escape mutations from
anti-HBs caused de novo activation of HBV under HBIG
prophylaxis after liver transplantation[28].
Apart from molecular viral factors that were discussed
above, the presence of HBV specific lymphocytes - in
human liver grafts from HBV immune donors - plays a
major role in HBV recurrence after liver transplantation.
In a study by Luo et al[29], 48.6% of post-LT patients with
chronic HBV infection showed a spontaneous anti-HBs
production, which was signiﬁcantly associated with a
higher number of donor-derived T lymphocytes speciﬁc
for HBsAg, and it was suggested that the presence of
considerable numbers of donor-derived HB-speciﬁc immunocompetent cells in grafts may account for the adoptive transfer of HBV immunity through liver transplantation.
In summary, among numerous potential viral factors,
HBV variants with antiviral drug-resistant mutations and
HBIG-resistant mutations remain as major causes of
HBV reinfections post-liver transplant while the role of
other HBV mutants (e.g., BCP mutations or cytotoxic T
lymphocyte escape mutations[30]) are yet to be adequately
investigated.

MANAGEMENT OF HBV INFECTION IN
THE PERI-TRANSPLANT PERIOD
Past
Major advances have been made in regards to the management of CHB pre- and post-liver transplantation.
During the 1950’s, what is considered the early era of
treating hepatitis B, corticosteroids were used for treatment. Their use was predicated on the knowledge even
then that host immune responses (natural killer cells and
cytotoxic T lymphocytes) were important in pathogenesis. In the 1960’s, landmark prospective controlled, randomized trials spearheaded by Dame Sheila Sherlock and
her students[31,32], established that corticosteroids were of
benefit for treatment of idiopathic autoimmune hepatitis.
Such treatment was undoubtedly also given to many patients with infectious hepatitis, especially what then was
called non-A, non-B hepatitis and which we now know
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was caused mainly by chronic hepatitis C. Such patients
often showed improvements in the severity of hepatic inflammation, as measured biochemically and histologically,
but at the expense of increased viral replication. Not
surprisingly, the HBV infected patients treated with corticosteroids did not flare as well as those with autoimmune
idiopathic hepatitis. A variety of other antiviral agents,
(not specific for HBV) have been studied in HBV, including adenine arabinoside, acyclovir, zidovudine, foscarnet,
ribavirin, and D-penicillamine. None of these agents
proved to be useful or successful for HBV.
With development and growth of liver transplantation in the 1980’s-1990’s, chiefly fueled by improvement
in surgical techniques and in immunosuppressant medications (cyclosporine, tacrolimus), it was expected that
increasing numbers of patients with CHB, complicated
by development of end-stage liver disease or hepatocellular carcinoma, would need to be considered for LT. It
rapidly became clear that graft re-infection with HBV
post LT was usual and led to rapidly progressive and fatal
recurrent hepatitis B. These occurrences quickly fostered
policies and practices that rendered active HBV infection
a contraindication to LT in many centers[33]. Indeed, in
the 1980’s through early 1990’s, United States Medicare
and Medicaid, and many private insurers refused to cover
LT for patients with active HBV infection.
Introduction of long-term intravenous (iv) high dose
HBIG dramatically reduced the rate of post-transplant
HBV recurrent infection and improved post-transplant
survival[2]. This was a retrospective analysis from many
European liver transplant centers. Because of these dramatic improvements in outcomes with HBIG use, transplant policies were again revised and it became acceptable
to perform LT for HBV related liver disease[2,34]. HBV did
recur as evidenced by the appearance of HBsAg escape
mutants during long term prophylaxis with HBIG. Short
term HBIG administration (< 6 mo) post-transplant
dosing was also quite disappointing, with a very high
HBV recurrence rate, similar to no immunoprophylaxis
at all.
Interferon (IFN)-α was introduced in the late 1990’s
as an antiviral agent for both HBV and HCV, but its use
was quite limited, especially in those with decompensated
liver disease[35]. Traditionally, it has had a limited role in
the post-LT setting, most notably due to its numerous adverse effects/toxicities and the increased risk of graft rejection due to the immunostimulatory effects of IFN[36].
Lamivudine (LAM), an oral cytosine analogue, was
introduced as the first nucleoside analogue for CHB.
Compared to IFN, LAM was generally well tolerated and
effective, making it a major advancement for the field
of hepatology. LAM therapy improved liver function in
many patients with CHB, making listing for LT in some
cases no longer necessary. Initial reports of administration of LAM at 100 mg daily resulted in promising short
term results[37], but subsequently virologic breakthroughs
due to the emergence of resistant viral strains, as described above, occurred in 40%-50% of patients[38]. The
emergence of HBV resistance to LAM is due chiefly to
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mutations within the YMDD motif of the HBV polymerase gene (see above). There are conflicting reports
as to significance of these resistant mutants in the posttransplant setting.
In the post-transplant setting, LAM proved to be superior to HBIG at preventing recurrence of hepatitis B,
because of its efficacy, ease of administration, and lower
cost. Serum HBV-DNA levels usually became undetectable as assessed by hybridization assays after a mean of
12-25 mo of LAM treatment[39].
Adefovir dipivoxil (ADV) was approved for therapy
of HBV infection several years after LAM. It is as active on wild-type virus as on LAM-resistant mutants, and
therefore was approved as a first-line therapy, but also as a
salvage therapy for patients with resistance to LAM[40,41].
Approximately 25% of patients had a decrease less than
2.2 log10 copies/mL after one year of ADV administration[42,43]. While there was initial enthusiasm following the
introduction of ADV, this was tempered by its relatively
weak potency. It has been shown to suppress levels of
HBV more slowly than the NAs; LAM, telbivudine and
the currently used TFV and ETV. Because of its relatively weaker potency, the recommendation was for use
of ADV in the treatment of HBeAg-negative CHB infection. Patients who are HBeAg negative typically have
lower rates of replication and levels of virus in serum,
as compared to HBeAg-positive patients. Thus the potential for development of resistant mutants was diminished. Of note, ADV-resistant strains of HBV are usually susceptible to LAM, just as LAM-resistant strains are
usually susceptible to ADV. A major concern with the
long term use of ADV was the development of nephrotoxicity[44]. Patients with chronic liver disease are already
at increased risk for developing renal insufficiency, as are
patients who have undergone solid organ transplantations (heart, kidney, liver, lung) due to the use of nephrotoxic calcineurin inhibitors to prevent organ rejection.
Thus, the manufacturer of ADV and the United States
Food and Drug Administration issued a black box warning regarding risks of use of the drug in patients with
advanced liver disease.
Present
Since the introduction of oral NAs as potent antiviral
agents against HBV, a significant outcome benefit has
been provided by using combination of HBIG plus NAs
in post-LT patients, lowering HBV recurrence rates to
5%-10% and improving the 5-year graft survival to more
than 80%. Using HBIG plus antivirals has been the standard of care for patients undergoing LT for acute fulminant or CHB disease over the past decade. The type of
HBV prophylaxis regimens in post-LT patients has been
evolving since ETV and TFV with more potent antiviral
effect and higher resistant barrier became available.
Entecavir: 0.5 mg/d, an oral nucleoside analogue, was
introduced in the mid-2000s as a potent anti-HBV agent.
In comparison with LAM, ETV was associated with a
higher rate of viral suppression (36% vs 67%) at 4 years
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Table 1 Three protocols for prevention of recurrent hepatitis B virus infection after liver transplantation
HBIG-indefinite (HBIG continued for life)

HBIG-light (HBIG for first 6 mo only)

HBIG-free (No HBIG)

HBIG 10000 IU iv during anhepatic phase;
then 5000 IU iv daily for 5 d; followed by 800 IU im monthly indefinitely
Plus
ETV or TFV indefinitely
HBIG 10000 IU iv during anhepatic phase;
then 5000 IU iv daily for 5 d; followed by 800 IU im monthly for 6 mo
Plus
ETV and/or TFV indefinitely
ETV and/or TFV indefinitely

ETV: Entecavir; HBIG: Hepatitis B immune globulin; im: Intramuscular; iv: Intravenous; TFV: Tenofovir. The appropriate annual costs of these are set out in
Table 2.

of therapy in nucleoside-naïve patients with CHB and a
very low rate of viral resistance (around 1%) up to 5 years
of treatment[45,46]. ETV is not recommended in patients
with LAM-resistance given that emergence of resistance
to ETV can be as high as 50% in this group of patients[46].
ETV is both more potent than ADV with a higher rate of
HBV DNA suppression resulting in an undetectable HBV
DNA at 48 wk of treatment in 58% vs 19% patients on
ETV and ADV, respectively[47]. Given the lack of nephrotoxicity, ETV is the preferred treatment option in both
decompensated cirrhosis and after LT.
Tenofovir disoproxil fumarate: 300 mg/d, is a NA initially introduced for the treatment of human immunodeficiency virus (HIV) infection and subsequently approved
for use in patients with CHB in 2008. It is available as
tenofovir disoproxil fumarate (TFV) only or in combination with emtricitabine. The use of TFV in post-LT setting comes as a second choice following ETV due to the
concern of nephrotoxicity associated with TFV. This is
particularly important because of the considerable incidence of renal impairment in liver transplant patients due
to calcineurin inhibitor use, peri-transplant acute kidney
injury, as well as coexistence of diabetic and hypertensive
nephropathy in these patients. The long term use of TFV
in HIV patients has been associated with metabolic bone
disease and osteomalacia[48]. This observation is relevant
to post-LT patients who are already at higher risk of
metabolic bone disease.

EFFECT OF HBIG PLUS LAM OR NEWER
NAs COMBINED PROPHYLAXIS ON HBV
RECURRENCE POST-LT
Despite dramatic reduction in post-LT HBV recurrence
rate made by either HBIG or LAM monotherapy, due
to emergence of drug resistance both options are clearly
inferior to the combined prophylaxis. Combination of iv
HBIG and LAM was first reported in 1998 to provide
higher efficacy in HBV prophylaxis in a small group of
post-LT patients[49]. Several reports subsequently showed
that combination of HBIG and LAM brought the postLT HBV recurrence rate to lower than 10%[50,51]. Later on,
substitution of LAM with options that carried less risk of

WJG|www.wjgnet.com

resistance including ADV or ADV plus LAM was studied
in post-LT setting. A systematic review comparing patients
who received combinations of HBIG and ADV with or
without LAM with patients on HBIG and LAM, showed
a lower rate of HBV recurrence post-LT in the group that
received ADV (25% vs 6% respectively), although more
patients in the HBIG + LAM group had high-risk factors
for HBV recurrence, including detectable HBV DNA
in serum at transplant[52]. Although, most centers have
moved from using LAM or LAM plus ADV as the oral
agents to the newer NAs, published outcome data still are
limited.
A recent systematic review of data published in
2008-2012 by Cholongitas et al[53] compared patients who
received combined prophylaxis regimens of HBIG [iv
or intramuscular (im) with various durations and doses]
plus older or newer NAs. Patients who received ADV or
LAM + ADV were not included in the comparisons. All
the patients who received ETV or TFV with or without
another NA were included under the newer NAs group.
This study concluded that patients on HBIG + LAM
had a higher HBV recurrence rate (115/1889 or 6.1%)
than patients who received HBIG plus newer NAs (3/303
or 1%). About 90% of all patients received indefinite
HBIG.
Various strategies for routes and doses of HBIG
administration exist. HBIG administration based on serum HBsAb titer with maintaining the titer above 50-100
IU/mL is less expensive than a fixed-dose HBIG protocol, however, it is time-consuming. A typical high dose
iv HBIG protocol consists of a 10000 IU at anhepatic
phase followed by daily (5000-10000 IU) for 1 wk, and
then 5000 IU monthly for 6-12 mo and every 3 mo thereafter (Table 1). im HBIG has similar pharmacokinetics to
iv HBIG and was shown to be more cost effective compared to high dose iv HBIG when it was combined with
LAM[54]. Combination of LAM and low dose im HBIG
(400-800 IU) daily for the first week post-LT and monthly thereafter was associated with 4% HBV recurrence
at 5 year[50]. In another study using LAM plus im HBIG
daily for 1 wk followed by weekly for 3 wk, then monthly
thereafter, an 8% recurrence HBV was noted at 2 year
in patients with low viremia (≤ 105 copies/mL) at transplant[55]. The combination of LAM plus low dose HBIG
aiming to maintain HBsAb titer ≥ 100 IU/mL, revealed
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HBV recurrence of 8% at 5 year which was within the
similar range of HBV recurrence rate in other fixed-dose
HBIG + LAM combined protocols.

EFFECT OF DISCONTINUATION OF HBIG
FOLLOWING A COURSE OF COMBINED
PROPHYLAXIS
Combination of HBIG and NAs is an effective regimen
in preventing HBV recurrence, however, the cost and inconvenience of HBIG administration have led to evolution of HBIG protocols toward more limited durations.
The most recent systematic review of four published
studies on patients who remained on newer NAs after
withdrawal of HBIG did not show statistically significant
HBV recurrence rates in patients receiving newer NAs
prophylaxis after withdrawal of HBIG compared to
the group that remained on long term HBIG and LAM
[3.9% (4/102) vs 6.1% (115/1889), respectively][53]. HBIG
therapy was continued for a median 6 mo prior to withdrawal. In this study, the majority of patients (93/102)
remained on TFV alone or TFV + emtricitabine/LAM
after discontinuation of HBIG for a median follow up
of 24 mo (range 11-31 mo). If HBV recurrence was
defined based on a detectable HBV DNA instead of
HBsAg positivity alone, only 0.9% (1/102) of patients in
this group had HBV recurrence. One out of 10 patients
who were on ETV alone during HBIG-free period had
HBV recurrence. The study did not show statistically significant difference in HBV recurrence rate between those
who remained on ETV or TFV monotherapy compared
to those who received long term dual antiviral therapy
[5.2% (1/19) vs 3.6% (3/83)]. Wesdorp et al[56] recently
published the safety and efficacy of combination of NAs
after withdrawal of HBIG in 16 patients who underwent
LT for chronic HBV disease. All patients had undetectable HBV DNA at transplant and received HBIG for a
minimum of 6 mo post-LT followed by TFV + emtricitabine dual therapy without HBIG for a mean duration
of 2 years. No HBV recurrence was noted as defined by
HBV DNA positivity in serum. Only 1 patient developed
a positive HBsAg, however, with undetectable HBV
DNA and no clinical evidence of hepatitis. The results of
this study favor HBIG withdrawal and use of combined
NA regimen, however, confidence in the conclusions
is limited by the small size of study. Given the fact that
nearly all patients (15/16) had a stable undetectable HBV
DNA prior to cessation of HBIG-including regimen and
start of the combination of TFV and emtricitabine, it is
unclear that combination of NAs offers any benefit over
NA monotherapy in patients with potentially a more favorable long term outcome. Teperman et al[57] studied the
HBV recurrence rate in 40 patients who received combined dual NAs prophylaxis at a median follow up of 3.4
years post-LT. In this study, all patients received 24 wk of
HBIG and subsequently were randomized to TFV plus
emtricitabine combination with (18 patients) or without
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(19 patients) HBIG therapy. All the patients with post-LT
recurrent HBV as well as those with likely higher risk for
HBV recurrence such as those with history of HCC were
excluded from the study. None of the patients in either
arm of the study had HBV recurrence through 72 wk of
follow up. Eighty-two percent of the patients had renal
dysfunction (creatinine clearance less than 80 mL/min)
at the pre-randomization stage, but serum creatinine remained stable throughout the study follow up.
In summary, small prospective and retrospective studies with rather short term follow up in those patients with
lower risk for recurrence, reveal efficacy and safety of
combination newer NAs regimen after a finite HBIG treatment. Limited data are available to compare the efficacy of
NA combined therapy over monotherapy in such patients,
therefore, larger and more definitive studies are necessary.

EFFECT OF HBIG-FREE PROPHYLAXIS
WITH NEWER NAs ON HBV RECURRENCE
POST-LT
Although studies have shown efficacy of HBIG withdrawal in post-LT setting, one of the key questions is
whether HBIG can be omitted even during the early
post-LT period. The results of a large cohort of 362 patients from Hong Kong showed a promising and effective
outcome from an HBIG-free protocol using ETV alone
with a 0% recurrence rate at 3 years post-transplant[24].
Extending results of their earlier study on 80 patients
who underwent deceased or living donor liver transplant
for chronic HBV disease followed for a median time of
26 mo post-LT on HBIG-free prophylaxis[24]. The study
patients were heterogeneous with regards to the HBV
recurrence risk as only 26% had an undetectable HBV
DNA at transplant, 25% of patients had HCC, and 14/19
patients had LAM-resistant mutation. Interestingly, undetectable HBV DNA and HBsAg seroclearance at 2 years
of follow up were achieved by ETV monotherapy in
98.8% and 91% of patients, respectively. In a series of 6
patients who had undetectable HBV DNA at transplant,
a regimen of ETV monotherapy in addition to a single
high dose of iv HBIG at anhepatic phase was shown to
be effective[58]. Another smaller study also showed effective HBV prophylaxis via HBIG-free regimen using the
combination of LAM plus ADV in patients with low
risk of recurrence at transplant[59]. These studies suggest
that HBIG-free regimens with newer NAs are effective
in HBV prophylaxis post-LT and that monotherapy with
NAs are not inferior to combined NAs regimens.

CONSIDERATION OF COSTS/COST
EFFECTIVENESS/ALTERNATIVE
STRATEGIES; ISSUES OF PUBLIC AND
PRIVATE POLICY
The costs of HBV prophylaxis post-LT vary widely.
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Table 2 Approximate annual costs ($USD) for three post-transplant protocols for hepatitis B virus prophylaxis
Costs for the first year
HBIG-indefinite
HBIG 10K
HBIG-light
HBIG 10K
HBIG-free
None
Costs in the subsequent years
HBIG-indefinite
None
HBIG-light
None
HBIG-free
None

7051
7051
None

5K IU
5K IU
None

$17628
800 IU monthly
$17628 800 IU × 6 monthly
None
None

$6723
$3385
None

ETV, TFV
ETV, TFV
ETV, TFV

$9900
$9900
$9900

$41302 ($31059-$51545)
$37964 ($28549-$47379)
$9900

None
None
None

None
None
None

None
None
None

$6723
None
None

ETV, TFV
ETV, TFV
ETV, TFV

$9900
$9900
$9900

$16623 ($14097-$19149)
$9900
$9900

800 IU monthly
None
None

ETV: Entecavir; HBIG: Hepatitis B immunoglobulin; iv: Intravenous; im: Intramuscular; 1K: 1000 units; 10K: 10000 units; TFV: Tenofovir; NAs: Nucleotide
analogues. These costs will be approximately doubled if two NAs are administered.

Treatment has previously been estimated to be > $100000
in upper income countries for the first year post transplant and > $50000 for subsequent years[60-62]; however,
these studies have cited older work by Lok in 2002 and
Han in 2000 as a source for these estimates. Our estimates
for the most expensive medication, HBIG, obtained
through contemporary sources[63,64], indicate lower costs
than noted in the literature (Table 2). Nonetheless, HBIGcontaining regimens incur medication costs of upwards
of $50000 in the first year in the United States. In low and
middle income countries with far higher rates of HBV
and lower access to treatment, higher costs may occur
due to import fees and other charges. The high costs of
HBIG present a barrier to HBV treatment, including LT,
especially in low and middle income countries.
In the United States, insurers may not cover the prohibitive costs of HBIG, all or in part, leading patients
to have decreased access to treatment and increased
risk of HBV recurrence. As already described, the three
oral drugs that can potentially replace HBIG, i.e., NAs
such as ETV, ADV, and TFV, offer another option for
prophylaxis. Although those are more costly than LAM,
each dramatically lowers the cost of care as compared to
HBIG. For example, the estimated monthly price for NA
in Canada was estimated to be between $600 and $900[65],
or a mean yearly cost of $7200-$10800 per year.
Here we review the cost of three commonly used
prophylaxis regimens in transplant centers in the United
States (Table 1, Table 2): (1) HBIG-given indefinitely;
and (2) HBIG-light, and c) HBIG-free (See the details
of each protocol above). Using the cost estimates for
United States in 2008 United States dollars made by Saab
et al[60], Tanaka et al[65], and Di Paolo et al[66] augmented by
published data from United States health facilities and
the Centers for Disease Control, the cost for one unit
HBIG iv is between $0.4 and $1.15 United States. In the
same fashion, based on Tanaka et al[65], Tsai et al[67], Saab
et al[60], and Ahn et al[68], the cost for one month of the
ETV or TFV is between $600 and $1000. For the sake of
simplicity, we disregarded the difference in cost of HBIG
iv and that of HBIG im, assumed no cost difference between ETV and TFV prescriptions and used the mean
cost estimates of each medication. Accordingly, the cost
for the HBIG -indefinite protocol in the first year is ap-
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proximately $41302 (range $31059 -$51545), for HBIGlight it is $37964 (range $28549-$47379) and for HBIG
free-consisting of monotherapy, it is about $10000. In
subsequent years, the total annual costs drop to about
$17000 for HBIG -indefinite, and $10000 for HBIG-light
and NA only treatment. We also estimated an interval
for HBIG-free protocol to allow for the option of mono
($10000) or combination therapy (2 × $10000). From
the perspective of cost it is evident that HBIG-free is
associated with the lowest cost burden of the three options, however, the HBIG-light regimen also dramatically
reduces the costs over the long term. Replacing HBIG,
fully or partially, by any of the alternative protocols presented in this paper, would result in a drop of between
11%-75% in medication costs for patients in the first
year after transplant[61,65,69]. The wide range of estimates
is due to variable methods of cost calculation for HBIG
available from the published sources. It’s important to
note that we did not include any costs of administration
of HBIG in our cost estimates. These costs can show
marked variability, more so than the cost of the medications. In the United States, for example, the costs of drug
infusion services are usually higher than those in most
of the other high-income and middle-income countries
where LT is performed.
It is evident from our approximate cost calculations
that the dose and interval of HBIG administration are
the most important determinants of cost projections, as
also noted by Dan et al[61]. While the decision of the optimal protocol ideally is a clinical one, based on evidence
of treatment efficacy, the high cost of HBIG affects
the therapeutic decisions in particular in resource - poor
settings. The route of drug administration (HBIG iv or
HBIG im for example) can be a determinant of access
to these medications as HBIG iv needs more services at
higher costs compared to HBIG im administration. Also,
small differences in the price of oral medications can
significantly affect the long-term costs of care for the
patients. We believe clinicians make implicit cost-effective
decisions when the cost differences among available
treatment options are large. This can be especially true in
settings where third party payers refuse to cover certain
expensive treatment strategies in the presence of less expensive options[70].
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Table 3 Proposed individualized protocols for prophylaxis of hepatitis B virus recurrence post- liver transplantation, based on risk of
recurrence
HBV recurrence risk
High-risk:
Resistant mutations pre-LT
HCC at transplant
HDV/HBV co-infection
HIV/HBV co-infection
Non-adherence
Moderate-risk:
HbcAb + donors into HbsAb-recipients
Early post-LT renal dysfunction requiring
Indentation NA dose adjustment
Low risk:
Undetectable HBV DNA at transplant
HbcAb + donors into HbsAb + recipients
Unknown risk:
HBV naïve donor into HbcAb + recipient

First 6 mo post-LT

Withdrawal of HBIG

HBIG-Light
Plus
Monotherapy with NA (ETV or TFV)

Combination of NAs
(ETV + TFV)

HBIG-Light
Plus
Monotherapy with NA (ETV or TFV)

Monotherapy with NA
(ETV or TFV)

HBIG-free
Monotherapy with NA (ETV or TFV)

Monotherapy with NA
(ETV or TFV)

None

None

Ab: Antibody; ETV: Entecavir; HBIG: Hepatitis B immune globulin; HBc: Hepatitis B core; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HDV:
Hepatitis D (delta agent); LT: Liver transplantation; NAs: Nucleotide analogues; TFV: Tenofovir; HIV: Human immunodeficiency virus.

FUTURE: INDIVIDUALIZED
PROPHYLACTIC THERAPY
The current state of HBV post-transplant prophylaxis is
going through another phase of changes while transplant
centers around the world are trying to either minimize
the duration of HBIG therapy or take the HBIG-free
approach (Table 3). In most centers, an HBV recurrence
rate less than 5% at 3 years is expected post-LT in patients with CHB. A similar or better outcome is expected
with any newer HBIG-light or HBIG-free protocols.
We suggest a comprehensive approach, integrating risks
related to patient, viral, and antiviral factors, cost and
convenience of different protocols in the current era of
post-LT HBV prophylaxis.
Risk assessment
HBV replication status at transplant: Presence of a
replicating virus pre-transplant is highly predictive of
HBV recurrence. A serum HBV DNA ≥ 5 or 6 log10 copies/mL at transplant has been shown consistently to be
associated with post-transplant HBV recurrence[24,50,71,72].
Growing data support the safety and efficacy of newer
NA in patients with decompensated liver disease due to
HBV, thus more patients are expected to benefit from
achieving an undetectable HBV DNA in serum at transplant, which leads to a lower risk of HBV recurrence
post-LT[73,74]. A randomized prospective study on 112
patients with decompensated HBV cirrhosis showed
that the majority of patients who received TFV, emtricitabine/TFV, or ETV were able to achieve a low level of
HBV DNA < 400 copies/mL (69 IU/mL) at week 48
(70%, 87%, and 72%, respectively)[74]. Fulminant hepatitis
B on the other hand is associated with a lower risk of
HBV recurrence[75].
LAM resistance: Presence of LAM-resistant HBV pretransplant or emergence of drug resistance while on
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post-LT prophylaxis has been consistently predictive of
HBV recurrence. Recognizing drug-resistance especially
pre-transplant would determine the high-risk patients
who potentially benefit from a conservative approach,
including a combination of HBIG plus NAs. Combination of LAM plus either ADV or emtricitabine have
shown efficacy with a low recurrence rate of HBV postLT. Newer antiviral drugs used either alone or in combination are clearly superior to LAM and ADV in nontransplant patients, and as discussed earlier, single or
combined regimens of newer NAs are also effective for
HBV prophylaxis in post-LT setting when used with or
without HBIG. No resistant HBV was detected at 3 year
post-transplant in the study by Fung et al[24] in patients on
ETV monotherapy. In this study, ETV monotherapy was
superior to combination of LAM plus ADV with regards
to recurrence rate.
Definition of HBV recurrence: Most studies have defined HBV recurrence as reappearance of HBsAg and/
or HBV DNA post-transplant. It needs to be emphasized that, although reappearance of HBsAg has been
considered the marker of viral recurrence, detection of
HBV DNA is an important factor to determine posttransplant virologic relapse and prophylaxis failure as no
definite hepatitis or graft dysfunction are always reported in the presence of HBsAg alone with an undetectable
HBV DNA especially in patients on newer and potent
antivirals.
Salvage therapy: With availability of newer drugs for
salvage therapy as well as tools for testing resistance mutations to guide the treatment choice, the concern for
HBV recurrence under HBIG-free or HBIG-light protocols due to emergence of drug-resistant HBV variants
or inadequate viral suppression is much less, although
not zero given case reports of graft failure subsequent to
HBV recurrence despite initiation of salvage therapy[24,71].
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Addition of TFV to LAM is preferred over ADV in cases
with drug-resistant HBV recurrence. A combination of
ETV plus TFV may represent a potential option for salvage therapy.
Association of HCC at transplant with HBV recurrence post-LT: Patients with HCC seem to have a higher
risk for HBV recurrence than those patients without HCC.
The reasons for this finding are currently unknown[76]. The
study of Fung et al[24] showed a more than 7 fold higher
risk of HBV recurrence in patients who had HCC at
transplant. A recent retrospective study on 354 patients
who underwent liver transplant for HBV and HCC
found that patients who had HBV recurrence were 3.6
times more likely to develop HCC recurrence[77]. It is
unclear if more aggressive HBV prophylaxis regimens
have any benefit on long-term outcome of graft survival
or HCC recurrence. In a rare case of recurrent extrahepatic HCC, persistent presence of HBsAg despite an
aggressive HBV prophylaxis regimen led to further investigation for recurrent HCC and was used as a tumor
marker[78].
Adverse profile of newer NAs with regards to posttransplant renal function: ETV is not associated with
nephrotoxicity, hence, is the drug of choice of treatment in post-LT patients who are at risk of calcineurin
inhibitor-induced renal dysfunction. ETV monotherapy
in post-LT patients has been shown to be safe and without renal adverse effect[24,79]. According to the studies of
long term use of antiviral drugs in HIV patients, TFV is
known to cause nephrotoxicity due to tubular dysfunction[80]. In a majority of studies on post-LT patients, the
combination of TFV and ETV/emtricitabine was tolerable and did not lead to discontinuation of treatment due
to adverse renal effects[57,81]. In a study on 21 patients who
remained on TFV plus emtricitabine for a median follow
up of 31 mo, 3 patients developed reversible acute kidney injury of which 1 had possible TFV/emtricitabineinduced tubular necrosis on biopsy[82].
Hepatitis D or delta virus and HBV co-infection: The
risk of HBV recurrence post-LT is lower in patients with
HBV/hepatitis D or delta virus (HDV) co-infection
rather than in those with HBV disease alone. These coinfected patients are at high risk (up to 80%) of HDV reinfection in their grafts; however, no clinical or histological hepatitis is seen in the absence of HBV recurrence
and the 5-year graft survival is up to 88%[75,83]. The treatment options are limited if HBV recurs in these patients.
HBcAb-positive donors: Although the use of HBcAb
positive grafts expands the donors available for LT, this
can carry the risk of de novo hepatitis B in the graft. The
prevalence of isolated positive HBcAb varies between
4.9%-25% among different populations in the United
States[84]. The true risk of de novo hepatitis is unclear with
likely highest rate in HBV naïve recipients (i.e., HBcAb
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negative, HbsAb negative), ranging from 33%-100%
among those who do not receive antiviral prophylaxis[85].
A consensus about the optimal prophylaxis protocol
to prevent de novo hepatitis B in recipients of HBcAbpositive grafts has not yet been emerged; however, the
common current practice is to commence HBV prophylaxis in all recipients of HBcAb positive grafts. The data
on the effectiveness of LAM monotherapy as the primary prophylactic regimen widely used to prevent de novo
HBV is limited to small studies with short follow up. A
recent retrospective study of 62 patients on LAM monotherapy for a median follow up of 5.3 years, of which
44% were HBV naïve, showed 8% rate of de novo HBV
post-LT[85]. Another systematic review of 73 patients
receiving LAM only and 110 patients receiving LAM +
HBIG with a short follow up (median time of 25.4 mo
and 31.1 mo, respectively) revealed that the rate of de novo
HBV was 2.7% in LAM-only group vs 3.6% in LAM +
HBIG group, regardless of the recipients HBV serology at transplant[81]. Given the known high risk of LAMresistance, newer NAs are likely more effective than LAM
monotherapy but have yet to be studied.
Patient compliance: HBIG-free prophylaxis may not be
a suitable strategy in patients with poor compliance due
to the risk of emergence of resistant or inadequate viral
suppression.
In summary, pending results of well-designed, adequately powered prospective randomized controlled trials, we recommend an individualized approach to HBV
prophylactic therapy utilizing risk-assessment profiles
of patients (Table 3). In the current era most patients
with HBV suppression pre-LT, are able to benefit from
an HBIG-free regimen and only subgroups of high-risk
category patients may need a combination of HBIG plus
NA. Current data favor a finite period of regimens that
include HBIG in patients with viremia at transplant. Most
of the studies chose to withdraw HBIG after at least 6
mo post-LT in their protocols. The question that remains
unanswered is whether HBIG can be discontinued at an
earlier time point such as 3 mo post-LT when most transplant centers discontinue corticosteroid treatment as part
of the early post-LT immunosuppression protocols. Patients with poor adherence to medications likely need to
remain on either indefinite low dose HBIG or long term
combined NA regimens. Patients with HDV or HIV coinfection have limited salvage therapy if they develop
HBV recurrence, and thus may need more intensive prophylaxis. More comparative studies are needed to address
whether patients with LAM-resistance should remain on
monotherapy or combinations of newer NAs.
Unanswered questions/Need for more research
The excellent track record and now 20 years of clinical
experience with HBIG during and after LT have rendered
it the cornerstone of anti-viral therapy. In the United
States and some other countries, survival for the first year
after LT, both for the graft and for the patient, is of para-
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mount importance to assure that centers performing LT
will continue to be approved by Medicare, Medicaid, and
private insurers. Unfortunately, this discourages the testing and adoption of new modes of therapy, such as the
early use of TFV or ETV and early tapering of HBIG
doses.
The government and private insurance authorities
should revisit and liberalize their policies in this regard,
to encourage the design and performance of adequatelypowered multi-center trials of simpler and less expensive
therapeutic regimens. We suggest that such trials should
be sponsored by the insurers and by the pharmaceutical
companies that might stand to gain if their drugs, rather
than HBIG, were shown to be of equal or similar efficacy
with appreciable savings in costs.
Although TFV and ETV currently are quite expensive, they are fairly simple small molecules, the prices of
which will probably fall considerably when their current
patents expire in a few years. Thus, in the future, it appears to us inevitable that we will markedly diminish our
use of HBIG and increase our use of small molecule
RNA polymerase inhibitors. With careful follow-up (perhaps, dependent more upon the behaviors of the patients
being treated than the treating physicians), we believe that
HBIG can safely have a much diminished role in prevention of recurrent HBV infection after LT.
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Abstract
Chronic hepatitis B (CHB) is a widespread infectious
disease with unfavorable outcomes and life-threatening
consequences for patients, in spite of modern vaccination and antiviral treatment modalities. Cutting-edge
experimental approaches have demonstrated key pathways that involve cross-talk between viral particles and
host immune cells. All events, including penetration of
hepatitis B virus (HBV) particles into host cells, establishing persistence, and chronization of CHB infection,
and possibility of complete elimination of HBV particles
are controlled by the immune system. Researchers
have paid special attention to the replication capacity
of HBV in host cells, which is associated with cellular
changes that reflect presentation of viral antigens and
variability of HBV antigen features. In addition, specific
HBV proteins have an immune-modulating ability to initiate molecular mechanisms that “avoid” control by the
immune system. The relationship between immunological shifts and chronic infection stages has been intensively studied since it was recognized that the immune
system is a direct participant in the recurrent (cyclic)
nature of CHB. Understanding the wide diversity of molecular pathways and the crosstalk between innate and
adaptive immune system components will provide fresh
insight into CHB immune pathogenesis and the possibilities of developing new treatment strategies for this
disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Immune response; Hepatocellular carcinoma; Antiviral
drugs
Core tip: Chronic hepatitis B (CHB) immunopathogenesis has been comprehensively studied worldwide.
Current evidence on the molecular pathways, crosstalk
between viral particles and host cells, the role of viral
proteins in triggering immune responses, and the content of recruited cells during different stages of viral
infection is reviewed aimed at comprehensive analysis
and systematization. Concepts concerning the interactions of immune cells in persistent CHB infection have
changed, reflecting the possibility of designing new
treatment strategies for this disease based on personalized approaches, molecular pathways, and evidencebased criteria.
Balmasova IP, Yushchuk ND, Mynbaev OA, Alla NR, Malova ES,
Shi Z, Gao CL. Immunopathogenesis of chronic hepatitis B. World
J Gastroenterol 2014; 20(39): 14156-14171 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i39/14156.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14156

INTRODUCTION
Despite significant progress made in vaccination and
antiviral therapy, viral hepatitis B still remains one of the
most serious problems in medicine. As of now, 350-400
million people worldwide are chronically infected with
hepatitis B virus (HBV). The prevalence of HBV-infection in various countries ranges from 0.1% to 20%[1,2],
and annually about 1 million people die from HBVassociated diseases[3]. About 10%-30% of patients with
chronic HBV infection are at increased risk of developing a progressive liver disease, coupled with fibrosis and
cirrhosis[4-7]. One out of every four patients with cirrhosis
due to HBV infection suffers from decompensation of
liver function within 5 years, and 5%-10% of the patients
develop hepatocellular carcinoma. Nearly 15% of patients with cirrhosis of liver succumb to death within 5
years, if untreated[8,9].
Chronic inflammatory and fibrous changes in the
liver during HBV infection, as well as oncogenesis in the
case of chronic hepatitis B, are by and large propelled by
complex interactions between the virus and the host immune system[10]. Although extensive clinical and experimental research has helped improve diagnostic assessment, prevention and treatment of hepatitis B, a better
understanding of the interplay between the host immune
response and the virus may lead to the discovery of new
immunotherapeutic and antiviral approaches to control
persistent HBV infection. The focus of this review is to
discuss previous accomplishments and studies on the effects of HBV proteins and innate and adaptive immune
response of the host against the development of chronic
hepatitis B (CHB).

WJG|www.wjgnet.com

HEPATITIS B VIRUS: STRUCTURE AND
REPLICATION
Hepatitis B virus (HBV) is a hepatotropic DNA-containing virus of the Hepadnaviridae family. It is able to cause
acute and chronic liver infections and is unique in many
respects.
The HBV genome is represented by a partially doublestranded, relaxed-circular DNA (RC-DNA) molecule,
which is surrounded by a lipid bilayer studded with viral
glycoprotein complexes[11]. The external minus strand is
15%-45% longer than the internal plus strand and has
a protein covalently linked to its 5’ end-the viral polymerase[12]. The plus strand has a short capped RNA appended to its 5’ end[13]. HBV DNA molecules are enclosed
in a capsid protein with an antigenic structure designated
as hepatitis B virus core antigen (HBcAg), and precore
protein termed hepatitis B e antigen (HBeAg). On the
exterior are envelope proteins-hepatitis B surface antigen
(HBsAg) (S), preS1 (M), and preS2 (L)[11].
Early events in the HBV life cycle in the hepatocyte,
including entry, uncoating, and delivery of the viral genome into the nucleus are not well understood. The details of the replication cycle are shown in Figure 1. Upon
infection, the viral nucleocapsid moves into the cell and
enters the nucleus exemplified by an in vitro model for
the nuclear transport of the hepadnavirus genome[14]. In
the nucleus, the viral RC-DNA is converted into doublestranded, covalently closed circular DNA (cccDNA). The
cccDNA serves as the template for transcription of four
polyA-tailed viral mRNAs with lengths of 3.5, 2.4, 2.1
and 0.7 kb[15]. These RNAs are transported to the cytoplasm where translation provides the viral nucleocapsid
and precore antigen C (C, pre-C), polymerase (P), envelope large (L), medium (M), small (S), and transcriptional
transactivating proteins (X). The 3.5 kb RNA molecule
longer than the genome itself (pregenomic RNA, or
pgRNA) is enveloped into the core particles along with
the polymerase[16].
The pgRNA inside the particles serves as template for
the reverse transcription of viral genome[17]. The newly
formed polymerase/reverse transcriptase binds to the 5′
end of pgRNA template. First, the minus strand is formed
by reverse transcription of pgRNA which in turn serves as
a template for the synthesis of plus strand. Once partially
double-stranded DNA has been generated, nucleocapsids
can go through a maturation event that enables the acquisition of an outer envelope via budding into the lumen of
endoplasmic reticulum (ER)[15]. These nucleocapsids also
can travel to the nucleus to enhance the copy number of
cccDNA[11,18].
In the course of viral replication, α-taxilin has been
shown to have a crucial role in the release of HBV particles[19]. The envelope surface polypeptides L, M and S
are synthesized in excess (conventionally known as “HBsAg”) and are most frequently identified in the blood of
HBV-infected persons[20]. The functions of supplemen-
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Figure 1 Hepatitis B virus DNA replication. Hepatitis B virus (HBV) penetration inside a hepatocyte occurs via interaction of envelope proteins with the cell receptors. Viral DNA release from the nucleocapsid with the help of the cellular enzymes takes place in the cytoplasm. After that the viral DNA gets into the nucleus and
forms a circular structure-covalently closed circular DNA (cccDNA) which by transcription contributes to the formation of pregenomic RNA and three more mRNAs.
Pregenomic RNA leaves the nucleus, gets into endoplasmic reticulum (ER) and serves as a template for synthesis of the core protein and the viral reverse transcriptase. The newly synthesized proteins in combination with free molecules of pregenomic RNA form the nucleocapsid. In the nucleocapsid with help of the reverse
transcriptase and the pregenomic RNA as template, the minus strand is synthesized, which later serves as a template for the formation of the plus strand. The formed
virus nucleocapsid can either take part in amplication of the viral genome or reach the ER and associate with precore protein and envelope proteins coded by other
(non-pregenomic) mRNAs to form a mature virion, then leave the hepatocyte.

tary HBV genic products, е antigen (HBeAg) and viral
Х-protein (HBxP), are closely linked with hepatitis B
pathogenesis and its outcome. HBeAg is an end product
of translation of the 3.5 kb mRNA[20]. Detection of this
antigen in the circulation of HBV-infected persons is
known to be a substitute marker of high-level viral replication[20]. The presence or absence of the above antigen
in the blood makes it possible to distinguish between
HBeAg-positive and HBeAg-negative variants in the
course of chronic hepatitis В[21]. HBeAg-positive variant
is characterized by a more severe course, with unpredictable spontaneous outbursts of hepatic inflammation that
quickly progress to hepatic fibrosis[22].
Close and distinct functional interconnection of
HBV replication with the host gives rise to a high HBV
variability. Indeed, the HBV genome exhibits nucleotide
divergence, from which it is possible to distinguish eight
main genotypes (A-H), with a different geographic prevalence. An interrelationship apparently exists between
HBV genotype and clinical manifestations, as well as effectiveness of antiviral therapy[23,24].
Domingo et al[25] viewed cccDNA as the main object
of mutation, giving rise to genotype variants in HBV.
Sequences that were dominant at an earlier phase of evo-
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lution of the same HBV lineage can be reintroduced in
the pool of actively replicating HBV[16]. HBV cccDNA
is responsible for occult HBV infection in patients with
low or negative HBsAg and HbeAb, and who may have a
low or undetectable level of HBV DNA in serum[26]. Persistence of HBV DNA, and possibly its integration into
cellular DNA, might play a role in the development of
hepatocellular carcinoma (HCC)[27]. Selection of different
HBV variants is affected by multiple factors in addition
to viral and host factors, such as antiviral treatment (nucleoside and nucleotide analogues), HBIg intervention,
vaccination, and the lack of proofreading by the viral reverse transcriptase[25,28].
HBV does not have a direct cytopathic effect on the
liver cell[10,29]. Typically, the death of hepatocytes in CHB
is a result of apoptosis. HBV by itself, as well as some of
its proteins (HBxP and HBsAg), were reported to induce
hepatocyte apoptosis, in particular, by the TRAIL-mediated mechanism[30], bringing the number of perishing
cells to a clinically significant level[31]. Damage to hepatic
tissue results from the immune reaction against viral
antigens and the activation of cytotoxic T cells (СD8+,
CTL)[32]. It was verified that there is no cause-and-effect
relationship between the extent of hepatocyte damage
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and viral load[33]. Also, association between T cell mediated damage of the hepatic tissue, and HBeAg-positivity
of the patient has not been confirmed[34]. Nevertheless,
every HBV protein is able to affect the immune process.

HBV PROTEINS AS INDUCERS OF
IMMUNE RESPONSES AGAINST
CHRONIC HEPATITIS B
In considering the induction of the immune response
following HBV infection it is important to stress the
influence of certain viral structural components on the
immune system, which to a large extent defines the development of a chronic infection, its progress, and outcome.
The main mechanisms of HBV influence on hepatocyte
and lymphocyte function are provided in Figure 2.
The host immune response against antigen-presenting
hepatocytes, in particular against HBcAg, mediates the
pathogenesis of HBV infection. According to Roseman
et al[40], the HBV core protein has an intrinsic ability to activate the immune system[41], in both a T cell-independent
and T cell-dependent manner[42]. Many epitopes with high
density and proper spacing, generated from the native
core protein, can efficiently crosslink with B cell receptors[43]. Liver tissue from patients with HBV-associated
acute liver failure is characterized by an overwhelming
B cell response that is apparently centered in the liver-
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Figure 2 Structural model of hepatitis B virus protein interaction with host cells. In the course of viral replication or in integration of viral DNA into that of hepatocytes, viral proteins are synthesized in excess. These proteins presented by hepatocytes, or
released when the hepatocytes undergo apoptosis, may have a
regulating impact on both hepatocytes and the immune system.
Hepatitis B surface antigen (HBsAg) synthesized excessively
by infected hepatocytes circulates in blood and is presented by
dendritic cells, inducing T-helpers mainly of the T-helper (Th)2type[35]. Anti-HBsAg anti-bodies help to eliminate the virus, while
HBsAg itself stimulates the TRAIL-mediated apoptosis of affected hepatocytes[30]. At the same time, the excessive HBsAg is
produced when viral DNA integrates into the cell genome and interferes with the formation of anti-bodies (the virus immunologic
flight)[25]. Hepatitis B virus core antigen (HBcAg) is presented by
hepatocytes to the cytotoxic T-cells (Tctl) that induces cytolysis
of the infected hepatocytes[36]. The stimulation of Tctl also may
occur indirectly, with participation of Thl cytokines [interleukin
(IL)-2, Interferon (IFN)-γ, tumor necrosis factor (TNF)-α] induced
by hepatitis B e antigen (HBeAg)[37]. In HBV-infected newborns
or young children, HBcAg, often in combination with HBeAg,
effectively stimulates regulatory T cells (Tregs) via cytokines
[transforming growth factor (ТGF)-β, IL-10], suppress the immune response, facilitating virus immunologic flight[38] that is also
contributed by frequent mutations of HBV when it integrates its
DNA into the genome of a hepatocyte[39].

targeting HBcAg[44]. As a result, HBcAg is potentially able
to induce an efficient immune response involving СD8+
T cells, and direct B cell activation with the production
of antiviral antibodies aimed against the infected hepatocytes. However, execution of the above-mentioned
mechanism is hindered by intracellular localization of
the antigen as well as its concealment in viral particles
with envelope proteins[40]. Under ideal conditions, CD8+
T cells are the key effector immune cells, reducing active
virus replication and propagation in the course of acute
HBV infection[45] by killing infected hepatocytes[29].
Li et al[46] demonstrated that HBcAg-specific IL21producing CD4+ T cell responses might contribute to
viral control by sustaining CD8+ T cell antiviral function.
Therefore, one can hypothesize that small amounts of
soluble HBcAg that enter the bloodstream as a result of
viral particle destruction or cytolysis of infected hepatocytes may bind to B lymphocyte receptors and be presented to CD4+ T cells. This ability of HBcAg to stimulate both cellular and humoral immune response has been
used by some groups in dеsigning therapeutic vaccines
for chronic hepatitis В[47].
HBeAg plays a prominent role in the process of
virus-host immune system interaction, particularly at
the stage of viral antigen presentation and recognition
by CD4+ T cells[34]. This antigen serves as an important
marker in immunopathogenesis of CHB. This process is
divided into four stages, each of which, in addition to im-
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munological shifts, is accompanied by specific clinical and
morphological changes[31].
The first stage of CHB, “immune tolerance,” is characterized by (1) the detection of HBeAg in patient’s serum;
(2) high viral load; (3) normal serum levels of aminotransferases; and (4) minimal or no inflammatory changes
identified in liver biopsy[48]. The above state of immune
tolerance to HBeAg is characteristic of people infected
during the neonatal period or in early infancy, but also is
occasionally seen in adult CHB patients[31]. Although high
serum levels of HBV DNA in patients with liver disease,
but with minimal or no inflammation, is believed to be
a consequence of immune tolerance to HBeAg, it has
been shown that HBeAg serves as an immune regulator
and may foster chronic HBV infection[49]. For instance,
in transgenic mice, transplacental transport of maternal HBeAg may induce a state of immunological nonresponsiveness by acting as a tolerogen[50]. T cell tolerance
towards HBeAg can be facilitated by central deletion of
high-affinity HBe/HBcAg-specific CD4+ T cells, clonal
ignorance, or adaptive tolerance, resulting in ineffective
cytotoxic T cell lysis of infected hepatocytes[31]. Hence,
the capability of serum HBeAg to act as a T cell tolerogen and to suppress the immune response towards HBcAg may result in the reduction of HBcAg-specific liver
damage during an acute infection, and in the promotion
of chronic HBV infection[51]. HBeAg-specific Th2 cells
preferentially evade tolerance induction as compared to
their Th1 cell counterparts and therefore Th2 cells predominate above Th1 cells at this stage[49]. Regulatory T
cells (Tregs) also can down-regulate effector T cells and
may thus be key players in eliciting impaired immune
response and development of immune tolerance[53]. HbcAg, in complex with HBeAg, acts as the basic inducer
of Tregs [38]. Secretion of monomeric HBeAg in the
relatively Th2-biased newborn immune system following neonatal or prenatal HBV infection (absent in uterus
tolerance), may also have an anti-inflammatory effect on
nucleoprotein-specific immune response by stimulating
Th2 cytokines. The secreted HBeAg can also enter the
thymus. It has been reported that HbeAg-specific Th2
cells can preferentially avoid induction of tolerance to a
greater extent than HBeAg-specific Th1 cells[53].
During the second “immune clearance” stage of
HBV infection, seroconversion occurs with the participation of HBeAb and a subsequent drop of HBeAg serum
concentration. As a result, there is a changeover from the
HBeAg-specific Тh2-response to the relatively low-avidity, HBeAg-specific Тh1 activation in the liver[31]. The suppression of viral replication and reduction of viral load
in the blood observed after loss of HBeAg is mainly explained by a reduced cccDNA load in the liver[54]. In parallel, the secretion of interleukin (IL)-2, interferons (IFN),
and tumor necrosis factors (TNF) mediates hepatocyte
damage, inflammatory changes in the liver, elevated serum aminotransferase activity (to a larger extent ALT),
and fibrous changes to the liver aggregate. The process
passes into its active phase (CHB second stage)[31]. Several
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studies indicate that seroconversion is coincident with
remission of the inflammatory process in the liver[55]. The
end result of seroconversion is transition into immune
stage 3 in the course of CHB, “inactive HBsAg carrier
stage”.
HBsAg carriers comprise an overwhelming group
of HBV patients. Morphological changes in the liver of
these patients vary, from no or minimal fibrosis, to slow
cirrhosis [31,56]. Long-term epidemiologic studies have
shown that after seroconversion, the majority of HBsAg
carriers maintain the HBеAg negative status in combination with low or undetectable levels of HBV DNA in the
blood, with a negligible activity of enzymatic hepatic systems[56]. A small group of HBsAg carriers is made up of
patients with short-lived virological activity[31]. Approximately, 1%-2% of patients at this stage of the infection
exhibit spontaneous HBsAg removal from the blood,
independent of hepatic fibrosis[30,50]. However this event
does not fully prevent decompensation of hepatic function and development of HCC[31,57].
Approximately 20%-30% of the inactive HBsAg
carriers exhibit spontaneous reactivation of hepatitis B,
increasing the risk of developing progressive hepatic
damage and hepatic function decompensation. The reactivation of HBV is not always associated with HBеAg
reversion, since HBV can lose the ability to produce
HBеAg due to multiple genic mutations[31,39,58]. There are
some opinions that the loss of HBeAg may represent an
attempt to circumvent immune control by HBV[31,50]. The
absence of circulating HBеAg results in a decrease of
the specific Th2-response, and subsequent increase in the
Th1-mediated liver inflammation[31,53]. Comparative studies of HBsAg seroconversion have shown that HBеAgpositive patients exhibit much higher indices of ALT and
HBV DNA levels in the blood[31]. Dunn et al[59] theorized
that liver cell damage is mediated by activated NK cells
exhibiting increased levels of a TRAIL death-inducing
receptor, and that this non-antigen-specific mechanism
can be switched on by cytokines produced during active
HBV infection. In summary, a dynamic balance between
viral replication and host immune response is pivotal to
pathogenesis. In this regard, Shi et al[31] suggested that
long-term monitoring and optimal timing of antiviral
therapy for chronic HBV infection can help to prevent
progression of HBV-related liver disease to its later stages, particularly in patients exhibiting higher risk markers
of HCC, such as serum HBV DNA load, HBeAg status,
serum aminotransferase, HBV genotypes, and pre-core
or core mutants.
HBxP also contributes to CHB immunopathogenesis.
The protein acts as a strong transcriptional activator that
can trigger malignant transformation by enhancing production of reactive oxygen species, which in turn induces
higher mutation rates[60].
As mentioned above, HBV DNA has the ability to
integrate and persist in the hepatocyte genetic material as
minichromosomes, that can persist for a few months to
several years. The process of HBV integration and repli-
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cation occurs simultaneously. In this case, the integrated
DNA can serve as an independent template for HBsAg
mRNA synthesis, which accounts for the presence of
HBsAg in infected patients in the absence of detectable
HBV DNA replication[61]. During the course of hepatocyte division, HBV DNA is asymmetrically distributed
between the daughter cells. This makes it possible for
the virus to create mutated copies of the genome and
provide for long-term intrahepatic survival of the mutant
virus even under the conditions of antiviral therapy[34].
Thus, the integration process does not support virus particle reproduction, but instead contributes to long-term
HBV persistence in hepatocytes.
There is an additional molecular mechanism for the
virus to “avoid” the immune system. HBsAg produced
in hepatocytes can efficiently polymerize, thereby becoming resistant to degradation by proteasomes in the
endoplasmic reticulum. This effectively blocks presentation of the protein to CTL by the class Ⅰ major histocompatibility complex, and allows the virus to remain
“invisible” to the immune cells[62]. Hence, nuts and bolts
for HBV infection chronicity lie in the molecular biology
of the virus, its ability to mutate and interaction of HBV
with the immune system of the host accompanied by
immune avoidance[63,64].

INNATE IMMUNE RESPONSE AGAINST
CHRONIC HEPATITIS B
HBV can suppress the production of primary cytokines
(IFNα/β and IFNγ) by cells involved in the innate immune response, or by specifically modulating the cellular
response to IFN [65], and activation of other mechanisms[66,67]. Subsequently, an adaptive T cell response is
triggered[68,69].
Immune cells producing IFNα/β and IFNγ play an
important role in mounting an innate immune response
against HBV under the conditions of a chronic infectious
process[21]. Macrophages, natural killer cells (NK cells),
NKT, TCRγδ+ T cells secreting IFNγ, and the production
of IFNα/β by plasmacytoid dendritic cells (pDCs)[35,70,71]
and infected hepatocytes all function to enhance a systemic
antiviral response[29,72]. On the other hand, there exists an
experimentally confirmed CD8+ specific T cell-induced inflammation of hepatic tissue that is actively supported and
aggravated by the above-mentioned non-specific cellular
components of the immune system present in hepatic cellular infiltrate[32,73]. Such a dual approach requires a detailed
functional analysis of the innate immune response against
chronic hepatitis B.
The macrophage-mediated antiviral immune response
in CHB is mainly provided by Kupffer cells and circulating monocytes.
Kupffer cells perform a number of roles in their
capacity as the resident macrophages of the liver. These
roles include phagocytosis, antigen recognition and presentation, and secretion of proinflammatory mediators[32].
The exact role of Kupffer cells in HBV infection is only
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partially understood. In the HBV transgenic mouse model, Kupffer cells produce the chemokines CXCL9 and
CXCL10, which assist in the recruitment of inflammatory cells to the liver[74]. IL-12 and IL-18 made by Kupffer
cells can stimulate NK cells to produce IFNγ[75,76].
HBeAg-positive chronic hepatitis is also associated
with the disruption of monocyte functions, including a
significant decrease in expression of the key component
of innate antiviral immunity - Toll-like receptors type
three (TLR3)[77-79], which brings about HBV persistence
by blocking non-specific defense processes[79]. There is no
debate about the ability of HBcAg and HBеAg in CHB
to stimulate IL-10 production by peripheral blood mononuclear cells. This cytokine aggravates immune tolerance
to HBV[63] and the development of anti fibroid effects
in the liver[80]. The pool of IL-10 secreting cells in this
viral disorder is formed by 26%-35% by T cells (mainly,
CD4+and CD8+), 62%-70% by monocytes and less than
1% by В cells, whereas in healthy subjects exclusively
blood monocytes have the ability to produce IL-10 when
stimulated by HBcAg[63].
These data that indicate IL-10 immunosuppressive
effects have been indirectly confirmed in the course of
clinical observations, and suggest in particular the worsening of CHB prognosis in case of a significant decrease
in the T cell/monocyte ratio in the blood[81].
Dendritic cells (DCs) are specialized antigen-presenting cells that choreograph immune responses. In viral
hepatitis, dysfunction of DCs from peripheral blood has
been reported[82]. Maturation of DCs from peripheral
blood of CHB patients after incubation with cytokines
is lower than that of normal subjects. CHB patients have
lower expression of HLA-DR and co-stimulatory molecules[49], leading to low allostimulatory function of DCs.
The peripheral(p) DC population is known to be heterogeneous, both in generation mode and origin, that makes
certain DC categories especially interesting in terms of
immune response induction in chronic hepatitis B.
Recently, HBV itself was shown to inhibit the functions of pDCs[83]. The reduced number and impaired
function of circulating pDCs in patients with CHB may
be linked to disease progression. The isolated pDCs
from CHB patients produced lower levels of IFNα and
expressed lower levels of CD80 and CD40 compared
to those of the healthy controls[84]. Moreover, the pDCs
frequency level was inversely correlated with serum ALT
levels in the HBV infected patients[84]. Type 2 precursor
pDCs, which are the most important cells in antiviral innate immunity, are also reported to exhibit quantitative
and qualitative impairment in patients with chronic HBV
infection[35]. Importantly, in acute-on-chronic hepatitis B
liver failure patients, activated pDCs accumulate in large
numbers in the liver, and regulate local immune response
against chronic HBV infection[85].
Both HBV particles and purified HBsAg may possess
immunomodulatory capability and directly contribute
to myeloid DCs (mDC) dysfunction[86]. HBV- induced
deficiency of monocyte-derived dendritic cells (MoDC)
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leads to impaired Th1 cell responses in vitro[87]. It was also
shown that MoDC impairment correlates with severe
liver damage in acute HBV infection. Here, TLR3/IFNβ
expression in MoDCs may be a potential diagnostic
marker[78]. It is interesting to note that impaired function
of MoDCs from patients with CHB could be reversed by
inhibiting viral replication with nucleoside analogs such
as lamivudine[87]. These data indicate that DCs in patients
with CHB exhibit impaired function that leads to inadequate T cell response to HBV, which could be a potential
mechanism for chronic HBV infection.
Most studies of DCs as part of CHB immunopathogenesis were carried out when the disease was progressing. Ratnam et al[32] stated that “the DCs in other stages
of chronic hepatitis B are not only capable of generating
and coordinating adaptive immune responses but also
play a role in inducing tolerance to both self and foreign
antigens”. In this context it is important to emphasize
the capability of DCs to induce Tregs in CHB patients.
Initial studies in TCR transgenic mice have shown that
mature DCs are specialized antigen-presenting cells for
expanding antigen-specific CD25+ CD4+ Tregs[67]. The
DC-expanded Tregs continue to express high levels of
forkhead box P3 (Foxp3) protein. When triggered by a
specific antigen, these Tregs act on immature DCs via a
feedback mechanism to block the upregulation of CD80
and CD86 co-stimulatory molecules[67]. However, these
findings are highly controversial. Experimental studies
of intrahepatic DCs from HBV-transgenic mice reveal
impaired T-cell proliferative capacity and production of
IL-12, IL-6, IFNγ, and TNFα[43].
Thus, DCs play a major role in CHB immunopathogenesis and modulate their function depending on the
stage of the infection process. Especially important in
this context is the interaction between DCs and other
cells of the innate or adaptive immune response. A key
role in the regulation of DC function in CHB patients is
played by the intrahepatic pool of natural killer cells (NK
cells, Pit cells) that make up 30%-40% of all lymphocytes
in the inflammatory infiltrate[59,88]. The number of intrahepatic NK cells in CHB patients is 10-12 fold higher,
compared to healthy controls[73].
Activated NK cells function via two key mechanisms:
direct cytotoxicity towards infected cells through cellcell contact (CD56-bright subset) and production of
inflammatory cytokines (CD56-dim subset)[88,89]. The
mechanism of NK antiviral cytotoxicity appears to
be organ-dependent. Receptor-mediated cell death via
ligand-receptor pairs belonging to the TNF superfamily
is mediated by TNF-related apoptosis-inducing ligand
(TRAIL), expressed on infiltrating lymphocytes. Interaction with TRAIL death-inducing receptors (TRAIL-R1
and TRAIL-R2) on hepatocytes likely plays an important
role in liver damage[59]. Cytokines produced by NK cells
include those with direct antiviral activity, such as IFNγ
and TNFα, and those with immunomodulatory activity[90], such as IL-3, granulocyte-macrophage colonystimulating factor, and macrophage colony-stimulating
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factor[32]. The induction of infected cell death in the liver
appears to be not only due to NK cells but also by a synergistic effect of two or more cytokines. IL-8 enhances
the expression of the apoptosis receptor on hepatocytes,
while IFNα in turn enhances expression of the ligand for
the same receptor on NK cells[59,91]. These cytokines have
been confirmed to be involved in the antigen-nonspecific
liver damage, as well as in the regulation of NK cell migration into the liver when the inflammatory response
increases[59].
Studies using the transgenic mouse model found that
the HBsAg mice were much more sensitive to liver injury
in response to both polyI:C and concanavalin A treatment.
Notably, this oversensitivity to liver injury was dependent
on the accumulation of intrahepatic NK cells, and the
IFNγ produced by them[92]. The effect of concanavalin A
appeared to be mediated by the stress-induced expression
of NKG2D, an activating killer cell receptor on hepatocytes, which is independent of Kupffer cell and IL-12
activity[93].
It has been clinically established that excessive NKcytotoxic characteristic of CD56-dim NK cells is associated with an unfavorable prognosis of viral hepatitis[94],
while at lower viral loads the secretory CD56-bright subpopulation in the liver remains dominant[95]. NK cells can
be activated in the liver via Toll-like receptors that have
viral nucleic acids as ligands[96]. More often, the effector
functions of NK cells are integrated by balancing signals
from activating and inhibiting natural killer receptors on
the surfaces of NK cells that interact with class Ⅰ MHC
molecules[97]. Therefore, certain cytokines may enhance
the antiviral activity of NK cells. For example, IFNα is a
promoter of cytotoxic reactions with the participation of
these cells, while IL-8 induces IFNγ production, and IL-2
helps activate NK cells[59,91].
NK cell participation in CHB immune pathogenesis
occurs via active contact and paracrine interaction with
other cells. Studies have shown that NK interaction with
hepatocytes occurs via the activating lectin receptors
NKG2D during HBV-related damage of the liver[54,93,98].
Expression of NKG2D ligands (Rae-1 and Mult-1) in
hepatocytes is markedly enhanced, and strongly activates
hepatic NK cells via NKG2D/Rae-1 or Mult-1 recognition[93].
However, intercellular interactions with NK cells do
not always lead to direct cytolysis of virus-infected cells.
For instance, NK interactions with HLA-E expressing
hepatocytes via the NKG2A-inhibiting receptor leads to
dendritic cell-mediated induction of CD4+ CD25+ T cell
activity and appearance of their regulatory behaviors[99].
This happens through the NK cell immunosuppressive cytokines IL-10 and ТGFβ, but not through the
direct NK cell contact with DCs. Decreased secretion
of TNFα as a TGFβ antagonist also was observed[100].
The regulatory T-cells induced by NK-primed DCs are
capable of inducing a suppressor effect via the negative
co-stimulation of Programmed Death-1 (PD-1) isolated
from CD4+CD25+ T cells. The PD-1-mediated signals
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Figure 3 Intracellular interactions in the innate immune system in
chronic hepatitis B patients. An infected hepatocyte (Hp) expresses
ligands for inhibiting (CD94/NKG2A) and activating (NKG2D) receptors
of natural killer (NK) cells, which stimulate these cells to secrete immunosuppressive cytokines (IL-10 and TGFβ), assisting in the induction
of regulatory T cells (Tregs) with the participation of mDC[98]. Under the
influence of viral antigens, pDC decreases its adhesive properties as
well as its abilities to produce interferon (IFN)-α[35,107,108], thus creating
ideal conditions for the involvement of Th2 in the immune response.
Simultaneously, there is monocyte stimulation to produce immunosuppressive IL-10. Viral antigens also contribute to the differentiation of
monocytes to the dendritic cells[41]. Monocytic dendritic cells (moDC)
induce Th1 defects that are characteristic of chronic hepatitis C patients[109], and that may be corrected by treatment with lamivudine[87].
NKTs, actively producing IFNγ in chronic hepatitis B (CHB)[102], assist in
the increase of efficacy of cell-mediated immune response with participation of Th1 and cytotoxic T cells (CTL)[110].
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induce anergy of CD8+ T cells and the attenuation of the
antiviral response mediated by CTL during chronic viral
infection[99,101].
NKT cells are a T lymphocyte subset expressing classic NK cell markers. They comprise approximately onethird of the intrahepatic T cells. They also can be induced
to produce IFNγ in response to NK cell stimulation
and IL-12. Interestingly, NKT cells produce IL-4 during
innate immune responses[102].
NKT cells can exhibit three phenotypes that differ
in the functions of cytokines they produce: (1) CD4+;
(2) CD8+; and (3) CD4/CD8 or double-negative (DN)
NKT [103]. The CD3 +CD56 +CD4 + cells perform immunoregulatory functions by actively producing either
IFNγ (Th1 immune response induction) or IL-4 (Th2
response regulation). The second subpopulation of NKT
(CD3+CD56+CD8+) that produces IL-10 and TGFβ is
capable of immunosuppression. The double-negative
NKT (CD3+CD56+CD4-CD8-) has antigen-identifying
(via CD1d-restricted mechanism) and cytotoxic (NK)
functions with an appropriate set of perforins and granzymes[104]. Evidence indicates a prevalent CD8+ subpopulation among NKT cells in chronic hepatitis B[105].
DCs prove to be the most effective inducers of IFNs
and NKT cell secretions in the liver in CHB[102]. The antiviral activity of NKT cells in HBV infection in turn is
associated with a rise in intrahepatic production of IFNγ
and IFNα/β. IFNγ has also been shown to up-regulate
MHC class 1 expression on hepatocytes, and mediate
macrophage- and DC-dependent inhibition of viral
replication[89]. NKT cells rapidly activate NK cells in the
liver that have a synergistic cytokine-producing effect on
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IFNγ. All these processes of intrahepatic NKT activation and their antiviral effects proceed quickly because of
their massive presence in the liver[106].
According to the present analysis, the quantitative
composition and functions of innate immune cells have
pronounced effects on the causative agent in chronic
hepatitis B. Figure 3 describes the processes and intracellular interactions involved in the development of CHB.

ADAPTIVE IMMUNE RESPONSE IN
CHRONIC HEPATITIS B PATIENTS
The development of the adaptive immune response
is primarily due to heterogeneity of the T and B lymphocyte systems. The literature indicates that CHB is
associated primarily with disturbances in proliferation
processes, cytokine production, and the effector cytotoxic function of HBV-specific T cells in combination
with certain shifts in humoral immunity[29,32]. At the same
time, most authors view the CD4+CD25+ Tregs as probable candidates for suppressing the antiviral response to
the infection[37,52].
Known are several subsets of regulatory CD4+ Tregs
that express the receptor CD-25, secrete IL-10 and/or
TGFβ, IL-35 leading to immunosuppression. The marker
of most Tregs is the FoxP3 molecule-also known as
scurfin-which is involved in immune response. A member of the Fox protein family, FoxP3 appears to function
as a master regulator (transcription factor) of development and function of Tregs[111]. While the precise control
mechanism has not yet been established, Fox proteins
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belong to the forkhead/winged-helix family of transcriptional regulators and are believed to exercise control via
similar DNA-binding interactions during transcription.
In the Tregs model, the FoxP3 transcription factor occupies the promoters for genes involved in regulatory T-cell
function, and may suppress transcription of key genes
following stimulation of T cell receptors[112].
In human, Tregs make up 5%-10% of the CD4+ cells
and are characterized by a low level of proliferation in
response to a specific stimulation by the T-cell receptor
(TCR). CD4+ CD25+ Tregs produce IL-10 but not IFNγ
under anti-CD3 stimulation, and are capable of suppressing Th1 and Th2 responses[37]. In HBV infection, the inhibiting effect of Tregs on immune cells makes it possible
for the virus to persist[37,113]. Simultaneously, the levels of
TGFβ increase leading to fibrous changes in the liver[114].
It should also be noted that FoxP3+Tregs (1) show diverse phenotypes; (2) occur in both CD4+ and CD8+ T
cell subsets; and (3) express CD25 (IL-2 receptor chain)
and/or cytotoxic T-lymphocyte antigen 4 (CTLA-4) in
addition to Foxp3[115]. In HBV infection, HBeAg-positive
patients with high HBV DNA levels in the serum show
elevated numbers of CD4+CD25+ Treg cells in the blood
compared to patients with acute or chronic hepatitis C
virus (HCV) infection[116]. Significant accumulation of
CD4+CD25+FoxP3+ Tregs in the liver is seen in patients
with chronic HBV infection. Furthermore, patients with
a high viral load have a higher percentage of Treg cells
in the liver[117], suggesting a role for intrahepatic Tregs
in suppressing antiviral immune responses in the liver in
chronic HBV infection. Additionally, the expansion of
CD4+CD25+ Tregs and the enhancement of the suppressor function of CD4+CD25+ Tregs induced by HBV infection-related factors could suppress the anti-tumor immune response and inhibit tumor immune-surveillance,
which may be involved in the immunopathogenesis, from
CHB to hepatocellular carcinoma[45,118].
As indicated above, the main inducer of Tregs in
chronic hepatitis B is HBcAg[38] as it initiates interactions
among innate immune cells, specifically DCs, NKs and
NKTs. Apparently, the developments discussed previously are likely to be characteristic of a chronic process
at the stage of immunological tolerance, which results in
progression of the disease. At the stage of immunological clearance in HBeAg-positive hepatitis, a completely
formed CD4+CD25+FoxP3+ Tregs pool operates mainly
in the liver through its impact on blood cells. However,
as the infection expands, the T lymphocyte phenotypic
profile undergoes substantial changes.
Some evidence exists that with a rise of viral load and
HBeAg in the serum of CHB patients, there is a significant decrease in CD3+ and CD4+ cells, and the CD4+/
CD8+ ratio, but with an increased number of CD8 +
cells compared to uninfected controls[34]. Meanwhile, as
shown in Figure 3, a major component responsible for
the immunological shifts observed in CHB appears to be
excessive production of certain anti-inflammatory cytokines, specifically IL-10, which positively correlates with
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the activity of hepatic ALT and detectable viral DNA in
blood[63].
There are additional mechanisms of inhibiting T lymphocyte function, which involve secretion of immunosuppressing cytokines and intercellular contacts. According to Shimizu et al[119], PD-1 is a surface receptor critical
for the regulation of T cell function[120]. Binding to PD-1
by its ligands, PD-L1 and PD-L2, results in the antigenspecific inhibition of T cell proliferation, cytokine production and cytolytic function, leading to exhaustion of
T cells. In the liver, PD-1 is expressed on lymphocytes,
whereas PD-L1 is expressed on lymphocytes, hepatocytes
and sinusoidal endothelial cells, while PD-L2 is expressed
on Kupffer cells and DCs[121]. HBeAg-positive patients
with elevated HBV DNA levels in the serum exhibit increased PD-1 and CTLA-4 expression on HBV-specific
CD8+ T cells[122]. Moreover, PD-1 expression on CD4+
T cells correlates positively with serum HBV DNA load
in CHB patients[123]. Intrahepatic HBV-specific CD8+ T
cells express higher levels of PD-1, and upregulation of
intrahepatic PD-1/PD-L1 is associated with liver inflammation and ALT elevation. Inhibition of PD-1/PD-L1
has been suggested as a potential therapeutic approach
for the control of hepatitis B[119].
Present literature indicates that marked deviations
found in the composition of helper CD4+ T cells and
CD8+ CTLs in CHB[34,124] not only are quantitative but
also functional in nature[97], which calls for their separate
assessment in terms of the disease stage, their location (in
peripheral blood or the liver) and capacity to show high
specificity or alloreactivity.
In peripheral blood, HBV-specific helper T lymphocytes and CTLs are barely detectable in patients with
chronic hepatitis B[4]. This is probably due to exhaustion,
because of high viral load or tolerance to HBV[119]. In
contrast, several studies have characterized intrahepatic
CD4+ and CD8+ T lymphocytes in CHB. Intrahepatic
CD4+ T lymphocytes in patients with CHB have been
found to contain Th0 cells, which produce IFNγ, IL-4,
and IL-5, and differs from cells in the livers of patients
with chronic hepatitis C, which are mostly Th1 cells[125].
CD4+ T lymphocytes that produce IL-17 infiltrate into
the livers of patients with CHB and are involved in liver
inflammation[126].
It was also demonstrated that a high content of IL17-producing CD4+ T cells was observed not only in
the liver but also in the blood of CHB patients, and is
correlated with a high level of IL-27 in serum[127]. It is
possible that these cells can help to sustain the inflammatory changes in the liver and perform certain protective functions. Zhang et al[128] showed that the increase in
Th17 cells and concomitant decrease in Tregs creates an
imbalance that negatively correlates with disease progression. Kitani and Xu[129] put forward an idea that Tregs
themselves may be the source of Thl7 differentiation.
Moreover, the resulting imbalance is conducive for the
elimination of Tregs involved in immune pathogenesis of
hepatocellular carcinoma.
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Table 1 Immunologic characteristics of the stages of chronic hepatitis B
Stage of CHB

Markers of stage

T cell subsets
Th1

Immune
tolerance
stage

HBsAg+
HBeAg+
HBeAbHBV DNA +
ALT normal
Liver histology: normal or
mild inflammation[56]
Immune
HBsAg+
clearance
HBeAg+
stage
HBeAbHBV DNA +
ALT ↑
Liver histology: active
inflammation[56]
Inactive
HBsAg+
HBsAg carrier
HBeAgstage
HBeAb+
HBV DNA+
ALT normal/↑
Liver histology: mild
inflammation or inactive
cirrhosis[56]
Reactivation
HBsAg+
stage
HBeAgHBeAb+
HBV DNA +/ALT normal/↑
Liver histology: from
normal to cirrhosis and
hepatocellular carcinoma[56]

Th2

Th17

Treg

CTL

Inactive HBe/HBcspecific
Th1[53]

Predominance of
Significant accumulation
HBeAg-specific
of CD4+CD25+ FoxP3+
Th2 cells.
Treg cells in the liver. CD8+
Predominance of
CTLA-4+ FoxP3+ Treg cells
anti-inflammatory
present[117]
cytokines - IL-4, IL-5,
IL-10[53,56]
Intrahepatic CD4+ T Inactive HBe-specific High content
Treg cells elevate in the
HBcAg-specific
cells are mostly Th1 Th2 clones with low of Th17 in
beginning and then fall in CD8+ CTLs increase
cells.
avidity[141]
the liver[126] the liver and elevate in the in the liver[34] but not
Predominance of
and in the
blood[123,128,132]
in the blood[56,142]
[127]
IL-2, IFNγ, TNFα
blood
cytokines[141]
Predominance of
inflammatory Th1
cells[56]

HBV-specific central
memory CD8+
T cell response[143]

Low HBV-specific immune responses[84]

Predominance of
inflammatory Th1
cells[56]

HBeAg-specific Th2
cells fall down[56]

CD8+ CTLs fall
down[144]

Anergy of HBc/HBeAg and HBeAg specific T-cells in the liver[117]
Serum cytokine levels (interferon IFNγ, TNFα, IL-1β, IL-4, IL-12, IL-10, IL-2, IL-5, IL-8) are evaluated[145]

CHB: Chronic hepatitis B; Th: T helper; Tregs: Regulatory T cells; CTL: Cytotoxic T cells; IL: Interleukin; ALT: Alanine transaminase; INF: Interferon; TNF:
Tumor necrosis factor; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBcAb: Hepatitis B virus core antibody; HBV: Hepatitis B virus.

It was shown that, along with viral antigens, anti-inflammatory cytokines (such as IFNγ) increase the expression of one of the apoptosis membrane factors (TRAIL)
on the surface of CD4+ and CD8+ T lymphocytes[92].
A reference can be made to the evidence obtained by
Wang et al[130], who investigated the potential role and
mechanism of microRNA miR-146a in regulating T cell
immune responses in CHB. They found that miR-146a
expression in T cells is significantly up-regulated in CHB
compared to healthy controls, and that miR-146a levels
correlate with serum ALT levels. STAT1 (signal transducers and activators of transcription 1) was identified as
a miR-146a target that is involved in antiviral cytokine
production and the cytotoxicity of CD4+ and CD8+ T
cells. The in vitro blockage of miR-146a in T cells in CHB
greatly enhanced virus-specific T cell activity. Similarly,
in CHB and HBV-associated acute-on-chronic liver failure patients, miR-233 is significantly increased, whereas
in HBeAg positive patients, liver-specific miR122 and
miR149 are both significantly up-regulated[131].
The immunopathogenesis of CHB is crucial for a
number of other events. On one hand, some evidence
for an association between a high viral load in CHB, and
the production of IFNγ, TNFα and cytokines, including IL-18, by macrophages, dendritic cells and CD8+
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cells[3,132]. On the other hand, the presence of the HBxP
significantly induces the impact of TNFα on hepatocyte
damage via initiation of apoptosis[132,133]. An etiological
role of enhanced expression of IFNγ has been proposed
in the development of induced hepatitis and its ability to
increase TNFα mediated hepatocyte damage[3,134]. Moreover, the given cytokines, by stimulating the release of
chemokines by hepatocytes, contribute to the enhancement of non-specific infiltration into the liver by Tlymphocytes, B-lymphocytes, NK cells, NKT cells, neutrophils, monocytes, macrophages, and dendrites[3,73,135].
To prevent the severe impairment of the liver in the
presence of excessive IFNγ, the system triggers a protective suppression mechanism through stimulating the
production of IL-10 by the peripheral blood monocytes.
This contributes to the cellular immune response insufficiency, and the uncontrolled replication of the virus in
CHB[63,136]. Thus, the mechanisms of immune protection
and immune damage of hepatocytes develop simultaneously.
It is believed that factors for functional failures on
the part of CD8+ cells in CHB patients may include not
only the high level of anti-inflammatory cytokines, but
also the exhaustion of nutritive components (e.g., the
perturbation of L-arginine metabolism)[137,138] necessary
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for proper functioning of T-cells[139,140]. Accumulation of
toxic metabolites (e.g., tryptophane catabolites) in the liver
also interferes with the CD4+ cell function[3]. The data
pertaining to the prevalence of subsets of T lymphocytes
at different stages of CHB development according to
their effector functions and clonal specificity are summarized in Table 1.
Intriguingly, since the levels of some immune markers
change significantly during clinical course of the disease
and treatment, these have been reported as indices to
guide clinicians in predicting prognosis and treatment decisions. After receiving entecavir therapy, the restored cytokine-producing capacity of NK cells participates in viral clearance in CHB patients, which could be monitored
by CD56-dim NK cell activation[146]. During in vitro IFNα
treatment, the dampened Z39Ig (a novel inhibitor of the
B7 superfamily) signals from macrophages are also found
to contribute to CHB clinical therapy[147]. Restoration of
peripheral mDCs during adefovir treatment and plasmocytoid dendritic cells during IFNα therapy may represent prognostic markers for favorable responses[148,149].
A recent study further reported that during lamivudine
therapy, patients may only exhibit a transient restoration
of circulating DC[131].

2

CONCLUSION

6

The combined outcome of all the processes described
above envisions the immune system as being unable to
ensure the appropriate level of specific response, which
leads to very high number of circulating viruses that are
virtually impossible to be eliminated by the humoral response alone[34]. The programmed death of immune cells,
primarily CD8+ lymphocytes[140], is induced by exhausted
production of IL-2 in the liver[3,150]. This causes worsening of the functional defects of lymphocytes, further
reducing the efficacy of specific immune reactions[144,101].
Thus, at the heart of CHB development lies a gamut
of pathogenic mechanisms responsible for the disturbed
immune response. A wave-like modulation in cytotoxic
and secretory functions, the exhaustion of innate and
adaptive immune responses, and a changed induction
in Treg suppressor and Th17 inflammatory functions
are a few known immunologic mechanisms in the CHB
pathogenesis. An in-depth understanding of immunopathogenic mechanisms induced by distinct antigen
components of HBV that cause both chronic hepatitis B
and its unfavorable outcomes will provide the basis for
driving explicit and prognostically meaningful methods
of immunodiagnostics as well as effective treatment and
prevention of the disease.
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Abstract
Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder in reproductive-aged women. Women with PCOS frequently have metabolic complications
including insulin resistance (IR), early diabetes, hypertension and dyslipidemia. Recent studies have demonstrated an association between PCOS and another
metabolic complication: nonalcoholic fatty liver disease
(NAFLD). NAFLD occurs as a result of abnormal lipid
handling by the liver, which sensitizes the liver to injury
and inflammation. It can progress to nonalcoholic steatohepatitis (NASH), which is characterized by hepatocyte injury and apoptosis. With time and further inflammation, NASH can progress to cirrhosis. Thus, given the
young age at which NAFLD may occur in PCOS, these
women may be at significant risk for progressive hepatic injury over the course of their lives. Many potential
links between PCOS and NAFLD have been proposed,
most notably IR and hyperandrogenemia. Further studies are needed to clarify the association between PCOS
and NAFLD. In the interim, clinicians should be aware
of this connection and consider screening for NAFLD in
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PCOS patients who have other metabolic risk factors.
The optimal method of screening is unknown. However,
measuring alanine aminotransferase and/or obtaining
ultrasound on high-risk patients can be considered.
First line treatment consists of lifestyle interventions
and weight loss, with possible pharmacologic interventions in some cases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Polycystic ovary syndrome; Fatty liver; Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis
Core tip: Nonalcoholic fatty liver disease (NAFLD) is a
relatively common condition that can progress to nonalcoholic steatohepatitis (NASH) and even cirrhosis.
Polycystic ovary syndrome (PCOS) has recently been
recognized as a potential risk factor for NAFLD/NASH.
Although screening for NAFLD is problematic, clinicians
need to be aware that some patients with PCOS may
develop significant liver disease, and at a much younger
age than is typical. Identifying PCOS patients at risk
for NAFLD, and early intervention in these patients, is
needed to help prevent long term and serious complications of fatty liver.
Kelley CE, Brown AJ, Diehl AM, Setji TL. Review of nonalcoholic fatty liver disease in women with polycystic ovary syndrome.
World J Gastroenterol 2014; 20(39): 14172-14184 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i39/14172.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14172

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most
common form of liver disease in the western world
and is now recognized as the leading cause of cryptogenic cirrhosis[1,2]. NAFLD encompasses a spectrum of
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Table 1 Summary of polycystic ovary syndrome diagnostic criteria

Hyperandrogenism
Oligo- or anovulation
PCO morphology
Exclusion of other
diagnoses2

1

1

Recommended tests

NIH
[17]
diagnosis

Rotterdam
[18]
diagnosis

Androgen excess polycystic
[19]
ovary syndrome society

Clinical: hirsutism, acne, androgenic alopecia
Biochemical: elevated total, bioavailable, or free testosterone level
Assessment of frequent bleeding intervals < 21 d or infrequent
bleeding intervals > 35 d
Presence of 12 or more follicles 2-9 mm in diameter and/or an
increased ovarian volume > 10 mL in either ovary
Thyroid disease (thyroid stimulating hormone)
Prolactin excess (prolactin)
Nonclassical congenital adrenal hyperplasia (17-hydroxy
progesterone)

x

x

xx

x

x

x

x

x

xx

xx

xx

1

All criteria require exclusion of other diagnoses. Rotterdam additionally requires 2 of the remaining 3 criteria; NIH criteria do not include PCO
morphology for diagnosis; the Androgen Excess Society requires hyperandrogenism with 1 of 2 remaining criteria; 2In select women, may also consider
pregnancy, hypothalamic amenorrhea, primary ovarian insufficiency, androgen-secreting tumor, Cushing’s syndrome, acromegaly[103]. NIH: National
Institutes of Health; PCO: Polycystic ovary.

diseases ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH) to cirrhosis[3,4]. Diagnosis of
NAFLD depends on evidence of hepatic steatosis, either
by imaging or histology, in the absence of other possible
causes for hepatic fat accumulation, such as significant
alcohol consumption, use of teratogenic medication,
hepatitis C virus infection, nutritional disorders, or hereditary disorders[5,6]. Hepatic steatosis occurs as a result
of abnormal lipid handling by the liver, which sensitizes
the liver to injury and inflammation while NASH is characterized by increased hepatocyte injury and apoptosis[7].
Simple hepatic steatosis is often benign and reversible,
rarely progresses to NASH, and carries a 1%-2% risk of
developing cirrhosis[8]. On the other hand, NASH carries
a 30% risk of progressive fibrosis, which may develop
further into cirrhosis, or hepatocellular carcinoma[9,10].
Data from two registry-based cohorts[11,12] indicated that
patients with NAFLD had a 2.6-fold increased mortality
compared to the general population; these data were confirmed by Adams et al [10] who showed an excess mortality
risk in NAFLD patients with longer follow-up[13].
The estimated worldwide prevalence of NAFLD is
6.3%-33% with a median of 20% in the general population[5,14]. However, in the presence of obesity or type 2
diabetes, the prevalence of NAFLD increases to about
75%[6]. Additional risk factors for the development of
NAFLD are dyslipidemia, older age, male gender, ethnicity, hypothyroidism, hypopituitarism, hypogonadism, and
sleep apnea[5]. Most important to this review, polycystic
ovary syndrome (PCOS) has emerged as a significant risk
factor for the development of NAFLD in young women.
PCOS is a complex endocrine disorder of uncertain etiology[15]. Clinical features consist of anovulatory
infertility, hirsutism, menstrual dysfunction, acne, and
alopecia. Metabolic aberrations include insulin resistance,
with compensatory hyperinsulinemia, type 2 diabetes, endometrial carcinoma and possibly cardiovascular disease.
Endocrine evaluation may reveal elevated androgens and
luteinizing hormone (LH) levels. The ovarian follicles develop poorly, giving rise to the multiple cysts commonly
seen in this disorder[16]. After exclusion of related disor-
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ders, the diagnosis of PCOS is made using the National
Institutes of Health (NIH) 1990 definition[17], Rotterdam
2003 criteria[18], or Androgen Excess Society criteria[19].
(Table 1) The reported prevalence of PCOS is anywhere
from 5%-18% in the general population, depending on
the diagnostic criteria used[15,20].
In this review, we will discuss the association between
NAFLD and PCOS and risk factors for development of
NAFLD in women with PCOS. We will then discuss the
pathophysiology, screening, and finally management of
NAFLD in this select group of women.

INCREASED PREVALENCE OF NAFLD IN
WOMEN WITH PCOS
The first connection between NAFLD and PCOS was
reported in 2005 and subsequent retrospective studies
have confirmed this association[21]. The prevalence of
NAFLD within the PCOS population is now estimated
to be anywhere between 15% and 55%, depending on
the diagnostic index used for both NAFLD and PCOS,
since NIH criteria identify a more metabolic PCOS phenotype[22-25]. In 2005, Schwimmer et al[22] found a 30% risk
of alanine aminotransferase (ALT) elevation (> 35 U/L)
amongst a cohort of PCOS patients attending a fertility
clinic. We found elevated aminotransferases in 15% of
our PCOS population using a higher cut-off value for abnormal ALT (> 60 U/L)[23]. However, applying the same
ALT elevation criteria as Schwimmer et al[22], 28% of our
cohort had an ALT > 35 U/L. Further, using ultrasound
to diagnose hepatic steatosis, Gambarin-Gelwan et al[24]
demonstrated hepatic steatosis in 55% of the 88 PCOS
women in their retrospective study. The first study to include a control group was a prospective study of Chilean
women with PCOS by Cerda et al[25]. In this study, the
prevalence of hepatic steatosis diagnosed by ultrasound
was 41.5% amongst PCOS women compared to 19.4%
in controls while ALT was elevated (> 25 U/L) in 39%
of PCOS women vs 3.2% of controls.
Of note, the presence of PCOS is also common in
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patients with NAFLD. Brzozowska et al[26] found a 71%
prevalence of PCOS amongst reproductive aged women
with NAFLD attending a liver clinic. Interestingly, all
PCOS women in this study had biopsy-proven NASH.
Similarly, we included a subset of women with liver biopsies; all six liver biopsies demonstrated steatohepatitis
with fibrosis despite the young mean age of 29 in our
cohort to suggest that PCOS women may have an increased risk for more advanced disease at diagnosis[23].
Hossain et al[27] supported this finding, when they compared PCOS patients and controls with similar clinical
and laboratory profiles: 44% of patients with PCOS and
20.8% of controls had histologic NASH.
Prevalence of NAFLD in adolescents with PCOS
NAFLD is prevalent in adolescent females with PCOS.
A retrospective chart review by Barfield et al[28] found
a 15.4% prevalence rate of elevated aminotransferases
within an adolescent PCOS population. Michaliszyn et al[29]
demonstrated that in obese adolescent girls with PCOS,
liver fat is associated with increasing age, even in the narrow adolescent age range, increasing abdominal adiposity,
worsening insulin sensitivity, and dyslipoproteinemia; age
and total testosterone made the greatest contribution to
liver fat in this study.
Prevalence of NAFLD in lean women with PCOS
The data are less clear on whether or not NAFLD is
also more prevalent in lean PCOS patients. Importantly,
PCOS has been noted to affect 28% of obese women,
but only 5% of lean women[20,30]. Of the previous studies
discussed thus far, Gambarin-Gelwan et al[24] was the only
one to include both lean and obese patients. They found
a prevalence of NAFLD in 39% of lean PCOS women
to suggest that PCOS may confer a risk for NAFLD that
is independent of obesity. However, these findings have
not been confirmed in other studies including a small
study of 17 young women with PCOS as well as an additional study that included a subgroup of 34 lean PCOS
women compared to lean controls[31,32].

CARDIOVASCULAR RISK ASSOCIATED
WITH NAFLD IN WOMEN WITH PCOS
NAFLD is considered to be the hepatic manifestation of
the metabolic syndrome while PCOS may be the ovarian
manifestation of the metabolic syndrome[33]. The prevalence of the metabolic syndrome in PCOS is 50%, which
is about seven times the prevalence in the female population of a similar age. Both PCOS and NAFLD are thus
associated with cardiovascular risk factors, which embody
the metabolic syndrome: insulin resistance (IR), obesity,
dyslipidemia, type 2 diabetes, endothelial dysfunction, and
carotid atherosclerosis[33-35]. Convincing epidemiological
data now exist linking NAFLD with long-term risk of
adverse cardiovascular outcomes[36], but the data on longterm cardiovascular outcomes in PCOS are less clear. A
recent study looked at cardiovascular risk in women with
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PCOS and NAFLD compared to PCOS alone[37]. Mean
weight and body mass index (BMI) were higher in the
NAFLD group but there was no difference in other cardiovascular risk factors, such as fasting lipids, blood pressure, and endothelial function. Therefore, these authors
suggested that the presence of NAFLD does not amplify
the cardiovascular risk profile in women with PCOS.

PATHOPHYSIOLOGY OF NAFLD IN PCOS
Role of insulin resistance in the pathogenesis of NAFLD
in PCOS
Insulin resistance is detected in up to 80% of cases of
NAFLD and there is a near universal association between
NAFLD and IR irrespective of obesity[33,38]. While the
exact pathogenesis of NAFLD is still unclear, evidence
supports IR as a primary factor in its development[39].
The “two-hit theory” that was initially suggested about
15 years ago suggested that IR is the first “hit” to cause
hepatic steatosis, when insulin resistant visceral adipocytes release free fatty acids that flow to the liver and accumulate; cytokine stresses and apoptosis are the second
“hit”, which mediate the progression to NASH[7,40,41].
More recently, two additional concepts, “multiplehit” and “distinct hit” theories, are being considered to
explain the pathogenesis of NAFLD/NASH, and both
still include IR as an integral component[41,42]. The “multiple-hit” theory conceptualizes NAFLD/NASH pathogenesis in the same way as the “two-hit” theory, where
NASH is generally a condition preceded histologically
by simple steatosis and pathophysiologically by IR and
its associated metabolic disturbances[41]. However, fatty
infiltration of the liver then leads to a series of parallel
multiple hits, such as cytokines, adipokines, and oxidative stresses, which mediate the progression to NASH
and fibrosis. The “distinct hit” hypothesis was generated
by evidence that NASH and pure fatty liver could arise
as two independent conditions, since inflammation occasionally precedes steatosis and patients with NASH may
present with very little steatosis[41,42]. Therefore, according to this model, distinct pathways are activated (potentially by IR) which lead to either simple steatosis or
NASH, rather than an accumulation of multiple parallel
hepatotoxic injuries[41].
Similarly, IR is thought to play a central pathophysiological role in PCOS that is not explained alone by its
frequent association with obesity[43]. The landmark 1989
study by Dunaif et al[44] first showed that IR is present in
both obese and non-obese women with PCOS and this
was confirmed in later studies[45,46]. There are several proposed reasons why PCOS women may have a decreased
sensitivity to insulin, which include both insulin receptor
defects and insulin signaling defects at the level of glucose transport into skeletal muscle[47].
A systematic review determined that IR is present in
50%-80% of women with both PCOS and NAFLD[47]
and multiple studies have shown that PCOS women with
hepatic steatosis have elevated levels of IR compared to
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PCOS women without steatosis[24,25,48-50]. Those with steatosis showed higher BMI, waist-hip ratio, fasting insulin,
and homeostasis model assessment-estimated insulin resistance (HOMA-IR) scores than PCOS women without
steatosis[25]. Further, Targher et al[51] found that insulin
sensitivity by euglycemic hyperinsulinemic clamp measures markedly decreased in PCOS women with abnormal ALT levels (defined as ALT over 19 U/L) whereas
it was similar between PCOS women with normal ALT
levels and matched healthy controls.
Role of androgens and their connection to insulin
resistance
Insulin resistance in the ovaries may be central to the
pathogenesis of PCOS[52]. The ovaries are abundant with
insulin receptors and the dysregulation of insulin signaling may augment the production of androgens in theca
cells, the primary source of excessive androgen biosynthesis in women with PCOS[47]. IR leads to compensatory
hyperinsulinemia, which stimulates theca cells in LHsensitized ovaries to secrete testosterone and androstenedione[53]. Interestingly, if a patient with PCOS and hyperandrogenism has chemical or surgical ablation of the
ovaries, the hyperandrogenism is reversed but elevated
insulin levels persist[22,54-56].
This combination of hyperandrogenism and IR may
contribute to the pathogenesis of NAFLD in PCOS, but
there is still speculation as to their independent effects
and relationship to each other. A case report of a woman
with hyperthecosis and biopsy-proven NAFLD documented the reversal of abnormal liver tests and hirsutism
after bilateral oophorectomy[57]. Because an oophorectomy should not improve IR, this report suggests an
independent contribution of hyperandrogenism to fatty
liver in these women[22,57].
One theory for how hyperandrogenism puts PCOS
women at risk for NAFLD regards its effects on the lowdensity lipoprotein receptor (LDLR), which is down-regulated 0.51 fold in PCOS women[33]. Androgens may suppress LDLR gene transcription to prolong the half-life of
very low-density lipoprotein (VLDL) and LDL and thus
induce lipid accumulation in the liver. The LDLR gene is
a subject of estrogen control that is maintained through
the estrogen-responsive region adjacent to the sterol response element within the LDLR promoter; androgen
receptor agonists have been shown to attenuate the estrogen-induced up-regulation of LDLR in hepatocytes[33,58].
It is possible that hyperandrogenemia may have a direct
suppressive influence on LDLR levels in both adipocytes
and the liver, thus making PCOS women more prone to
liver disease[33].
Observational findings from multiple studies suggest
that to better understand and control NAFLD in women
with PCOS, not only metabolic variables, but also hyperandrogenism should be taken into consideration. For instance, hirsutism may be a risk factor for elevated ALT[22].
In addition, hyperandrogenemia has been associated with
elevation of ALT levels in PCOS women independent
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of obesity[49,58]. Further, Jones et al[45] showed that after
statistical adjustment for BMI, HOMA-IR, and visceral
adipose tissue, 19 hyperandrogenic PCOS women had a
significantly higher quantity of liver fat, as measured by
proton magnetic resonance spectroscopy (H-MRS) compared with 10 non-hyperandrogenic PCOS or 22 controls
(3.7% and 2.1% respectively; p < 0.05).
Further evidence that androgens may exert harmful
effects to the liver was noted by Chen et al[59]: (1) men
have been shown to have higher serum levels of ALT
and a higher risk of NAFLD than women, after adjusting
for obesity[60-64]; (2) long-term administration of androgens for female-to-male transsexuals has been noted to
be associated with borderline elevated ALT levels[65]; (3)
androgens and androgen receptors are known to be involved in the carcinogenesis of hepatocellular carcinoma
(HCC) both in men and women[66,67]; and (4) androgen
ablation therapy is one of the potential therapeutic treatment options for HCC[68,69].
Role of obstructive sleep apnea and its connection to
insulin resistance
Obstructive sleep apnea (OSA), while common in women
with PCOS, may contribute to NAFLD development and
accelerate its progression to NASH[70-74]. A recent metaanalysis found that NAFLD is 2.6 times more frequent in
OSA patients and these patients have a 2.6-fold higher risk
of progressing to liver fibrosis[74]. The presence of OSA
has been shown to increase the chance of NAFLD by 7.6
times in women with PCOS[70]. The mechanism through
which this occurs is likely related to IR. Chronic intermittent hypoxia increases production of inflammatory cytokines, increases oxidative stress, and decreases adiponectin, all of which contribute to IR and to fat accumulation
in the liver. This process may be androgen-driven, since
generally men are at a higher risk for OSA[75]. Therefore,
the high free testosterone levels in women with PCOS
may be one of the predisposing factors leading to OSA
in this group[70].
Role of apoptosis in the progression of NAFLD
There is evidence for a pro-apoptotic environment contributing to the progression from NAFLD to NASH[7].
Hepatic apoptosis triggers regenerative mechanisms to
replace dead hepatocytes; however, aberrant responses
may occur in some individuals, resulting in the activation
of hepatic stellate cells to myofibroblasts and the hepatic
recruitment of pro-inflammatory, pro-fibrogenic immune
cells. Induction of apoptosis occurs through the activation of effector caspases that cleave a host of intracellular substrates including cytokeratin 18 (CK18), a member
of the intermediate filament family of cytoskeletal proteins[76,77]. It has been shown that the plasma-borne caspase-generated CK18 fragment levels correlate with the
magnitude of hepatocyte apoptosis and independently
predict NASH in multivariate analysis[78].
Two studies examined CK18 fragment levels (measured as “M30”) as both a marker of apoptotic cell
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death and a qualifier for NAFLD/NASH in women
with PCOS[33,76]. M30 levels were significantly elevated
in PCOS patients compared to non-PCOS age-matched
controls after correction for BMI[76]. Tan et al[76] found
that 27.6% of PCOS patients compared to only 1.4% of
the non-PCOS controls showed M30 levels considered
high enough to qualify for NASH though no confirmatory biopsies were done. A separate study of biopsyproven NAFLD patients undergoing bariatric surgery
found higher M30 levels in the PCOS-NAFLD group
compared to the non-PCOS-NAFLD group[33]. These
data by Baranova et al[33] are interesting, because patients
with histologically confirmed NASH were excluded, thus
indicating that an increase in apoptosis is an early feature
of NAFLD observed in PCOS subjects.
Some have hypothesized that the pro-apoptotic environment is exacerbated by androgens[33]. Androgens are
known as pro-apoptotic agents and have been shown to
act upon many types of peripheral cells, including hepatocytes[33,79]. The hyperandrogenism of PCOS may therefore contribute to an increased risk of NAFLD progression through its effects on apoptosis.
Dysfunctional adipose tissue in the pathogenesis of
NAFLD in women with PCOS
Visceral fat accumulation and adipose tissue dysfunction
have been implicated in the pathogenesis of NAFLD
in PCOS women. Central obesity has been shown to be
associated with both hepatic steatosis and hepatic IR in
women with PCOS[80,81]. Women with PCOS have higher
global adiposity and increased amounts of visceral adipose tissue, especially in the intraperitoneal and mesenteric depots[80,82]. Furthermore, on multivariate logistic regression, fasting insulin and mesenteric fat thickness were
identified as independent predictors of fatty liver among
subjects with PCOS[80].
Villa et al[83] suggests that the distribution of fat to
abdominal/visceral sites is not the only explanation for
the metabolic abnormalities in women with PCOS. These
women also exhibit clear abnormalities in their adipose tissue, compared to similarly obese women without PCOS.
PCOS women have an adipocyte diameter that is generally increased by 25% relative to that in comparably obese
control women who do not have PCOS[83,84]. Their obesity
is therefore characterized by an increase in fat cell size,
termed “hypertrophic obesity”, rather than an increase in
number, or “hyperplastic obesity.” Hypertrophic obesity
is associated with IR, because the hypertrophic adipocyte
cells themselves are insulin resistant[83,85]. Androgens again
may play an extrinsic role, since they have been shown to
induce IR in subcutaneous adipose cells in vitro[83,86].
Adipokines and inflammatory mediators in the
pathogenesis of NAFLD in women with PCOS
A number of adipokines have been implicated in the
pathogenesis of PCOS: leptin, adiponectin, vaspin, visfatin, chimerin, and acute-phase amyloid A[87]. Adiponectin may have anti-inflammatory and insulin-sensitizing
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effects. Secreted by adipocytes, it is the only adipokine
downregulated by obesity[47]. PCOS women have been
shown to have lower levels of adiponectin when compared
to weight-matched controls and low levels of adiponectin
were correlated with IR[88]. In cases where lean women
with PCOS maintain normal sensitivity to insulin, adiponectin biosynthesis deficiency or chronic low level inflammation is often present[47]. However, Baranova et al[47] found
no difference in levels of adiponectin between PCOS and
non-PCOS obese women undergoing bariatric surgery
with biopsy-proven NAFLD.
A number of inflammatory and macrophage-derived
factors have also been studied in the pathogenesis of
PCOS: resistin, tumor necrosis factor-alpha (TNFα),
interleukins, and C-reactive protein (CRP)[87]. TNFα impairs insulin action and individuals with IR show higher
serum levels of TNFα[7]. Its expression is up regulated
in both PCOS and NASH, independent of obesity[87].
The effects of TNFα may actually lie in part with its
biological relationship to adiponectin. Higher TNFα
may activate downstream kinases that induce cytokine
production, while attenuating the expression and activity
of adiponectin[7].
Protective role of estrogen
One study looked at the role of estrogens in NAFLD
and PCOS[89]. Gutierrez-Grobe et al[89] found that women
without NAFLD had significantly higher levels of serum estradiol (100 +/- 95.4) compared to women with
NAFLD (55.5 +/- 66.6). The estradiol level specifically
in PCOS women with NAFLD was 64.9 compared to
101.36 in PCOS women without NAFLD. The prevalence of NAFLD in premenopausal, postmenopausal,
and PCOS women was 32.2%, 57.9%, and 62% respectively. These results suggest that NAFLD is more
prevalent in postmenopausal and PCOS women than
premenopausal women and estrogens may have a protective effect. Furthermore, it has been shown that NAFLD
severity worsens after menopause and this is believed to
be due to the loss of estrogens[90,91].
Harmful role of bisphenol a
One study suggested a potential role for bisphenol A
(BPA)[92]. BPA at very low doses alters several metabolic
functions, including oxidative stress, a key component of
inflammatory reactions. Studies have implicated BPA in
the global rise of obesity, type 2 diabetes, cardiovascular
disease, and most recently, PCOS[93-95]. Tarantino et al[92]
showed that in premenopausal women with PCOS, there
was an association of serum BPA levels with hepatic
steatosis and markers of low-grade inflammation, particularly spleen size. Increased spleen volume has been
proposed as an index of chronic inflammation associated
with fatty infiltration of the liver[92,96]. It is possible that
BPA acts as a pro-inflammatory primer, via macrophage
activation and pro-inflammatory cytokine hypersecretion; within this context, the spleen enlargement could
represent a marker of this inflammatory process, and the
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inflammation may contribute to NASH[92]. Further studies are needed to investigate this hypothesis.
Role of genetics
A number of genes have been implicated in both PCOS
and NAFLD and some of them are linked to the pathogenetic mechanisms already discussed above. Some examples of these genes are the following: LDLR, genes
involved in steroidogenesis, 5-alpha reductase, sex hormone binding globulin, fat mass gene, inflammatory mediators (such as hsCRP, which is increased by interleukin
6 produced by macrophages and adipocytes), and adiponectin[47].

ISSUES REGARDING SCREENING FOR
NAFLD AND IMPLICATIONS FOR WOMEN
WITH PCOS
Early detection of NAFLD in PCOS patients is important, because these women develop NAFLD at a relatively young age. Furthermore, intervention at an early
stage may decrease or even eliminate the possibility of
disease progression[49]. The progression to NASH should
be an important concern in patients with PCOS, because
PCOS patients seem to have more histologic NASH than
women with similar clinical and laboratory profiles[27].
The young age of this population puts them at increased
risk to develop metabolic and hepatic complications over
their lifetime[97]. The mean age of women with NASH in
our study[23] was 29, though NASH is not typically diagnosed until age 41-60 years[98].
The 2012 guidelines by the American Association for
the Study of Liver Diseases (AASLD), American College
of Gastroenterology, and the American Gastroenterological Association[5] argue that there should be systematic
screening for NAFLD, at least among higher-risk individuals; however, routine screening is not advised at this
time, because of significant gaps in our knowledge. The
gold standard for NAFLD diagnosis is liver biopsy. However, liver biopsy is limited by cost, sampling error, and
procedure-related morbidity and mortality. Liver biopsy
is therefore a limited tool. It should be considered in patients with NAFLD who are at an increased risk to have
steatohepatitis and advanced fibrosis or for those with
metabolic syndrome. It should also be used in patients
with suspected NAFLD in whom competing etiologies
for hepatic steatosis and co-existing chronic liver diseases
can’t be excluded without a liver biopsy.
Because liver biopsy in all cases would not be feasible or cost effective, there is a need for optimization of
noninvasive testing[48]. Serum aminotransferase levels and
imaging tests such as ultrasound, computed tomography
(CT) scan, and magnetic resonance (MR) are the noninvasive tests that are more frequently used[5]. A number of
other noninvasive tests have been researched, but are still
under investigation: transient elastography, scoring systems, and serum markers of cell death[5,99].
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None of the imaging modalities have sufficient sensitivity and specificity for staging NAFLD and they cannot
distinguish between simple steatosis and NASH with or
without fibrosis[100]. Ultrasound is often combined with
aminotransferase levels for detection of NAFLD. Aminotransferase levels alone are not sufficiently sensitive for
screening, because they may actually be within the normal
range for patients with NAFLD and NASH[5]. GambarinGelwan et al[24] found that only 15% of the PCOS subjects with ultrasound evidence of fatty liver had concurrent abnormal aminotransferases, which is concerning,
because significant liver pathology could potentially go
unrecognized for long periods of time in a group of
women who are at risk of progressive and severe hepatic
disease[23].
An additional area of contention to recognize is the
disagreement over the upper limit of aminotransferase
value to consider abnormal. Prati et al[101] suggested a cutoff value of 19 U/L for ALT, which has a 76% sensitivity and 88% specificity compared to a lower 55% sensitivity and higher 97% specificity using a cut-off ALT value
of 30 U/L.
Targeted approach to screening for NAFLD in PCOS
women
Early recognition of NAFLD in PCOS patients is warranted, but as discussed above, routine screening is not
currently recommended and our screening tests are limited. Therefore, screening in this population of women
should potentially target those more likely to develop
NASH, such as those with metabolic syndrome[5,87]. The
presence of metabolic syndrome is a strong predictor for
the presence of steatohepatitis in patients with NAFLD,
so guidelines by AASLD recommend using the presence
of metabolic syndrome to target patients for liver biopsy[5].
Gangale et al[97] studied a group of 140 hyperinsulinemic overweight women with PCOS and showed that
all cases of the metabolic syndrome in their cohort were
detected in women with NAFLD. Furthermore, NAFLD
affected up to nearly half of their overweight hyperinsulinemic patients, so they suggested NAFLD screening
in all PCOS women who are overweight and hyperinsulinemic. On the other hand, Ciotta et al[102] found a
NAFLD incidence rate of 40% in lean PCOS women
and therefore felt that it would be prudent to screen all
PCOS women, regardless of BMI. Some suggest screening PCOS women with both liver biochemistries and
ultrasound, while others feel that an ultrasound is warranted regardless of the serological evaluation of the
liver[32,97,102,103]. Although the Endocrine Society clinical
practice guidelines[104] for PCOS recommend against routine screening for NAFLD, they suggest obtaining serum
markers of liver dysfunction in women with metabolic
risk factors and/or IR. If serum markers are elevated,
ultrasound and liver biopsy can then be considered.
The fatty liver index (FLI) might serve as a simple and
accurate tool to help physicians select subjects for liver
ultrasonography and intensified lifestyle counseling, be-
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cause it has been shown to correlate well with hepatic steatosis on ultrasound[105,106]. The FLI is an algorithm based
on BMI, waist circumference, triglycerides, and GGT.
PCOS women had an odds ratio of 2.52 for elevated FLI
compared to non-PCOS BMI matched controls. The
FLI may therefore identify PCOS patients at high risk for
hepatic disturbances, though future confirmatory studies
are needed.
Finally, a hepatology referral should be considered if
there is concern that the patient has steatohepatitis, her
ALT is double the upper limit of the reference range,
or there is evidence of cirrhosis[37]. On the contrary, an
endocrinology referral should be considered and the existence of PCOS should be investigated in a young woman
with NAFLD[26].

MANAGEMENT OF NAFLD IN WOMEN
WITH PCOS
There is currently no medication licensed to treat NAFLD,
so the current advice to patients is to lose weight, screen
for cardiovascular risk factors, and appropriately treat
those risk factors[5,87]. Weight loss of 5%-10% of initial
body weight should be implemented as first-line therapy
in all patients with NAFLD/NASH and is usually enough
to reduce steatosis and improve liver function tests[5].
However, weight loss alone is not enough to reverse
fibrosis, so more advanced cases may be treated with
medications that correct IR and metabolic disorders or
specific hepatoprotectors, such as antioxidants and antiinflammatory agents. The decision about which specific
therapy to use should include a consideration of both the
efficacy and the adverse effects of therapy as compared
to other available therapies[107].
A personalized, or pathogenesis-based, approach
should be taken to treating PCOS women with NAFLD/
NASH[108]. Younossi et al[108] suggests that patients may
share risk factors for the first insult to the liver, the accumulation of hepatic fat. However, patient cohorts may
then have distinctly different second or subsequent insults (as per the “two-hit” or “multiple hit” theories[41,42]).
In other words, different pathogenic pathways may be involved in the development of NASH, so one single treatment for all of NASH is unlikely to be successful[108]. The
following section will highlight the various treatments
options for NAFLD to date, focusing only on those that
have been studied in women with PCOS.
Lifestyle intervention
Weight loss is a key treatment for both PCOS and
NAFLD. A systematic review of 23 studies supports the
link between weight reduction and/or increased physical activity and reduced liver fat and improved glucose
control/insulin sensitivity in patients with NAFLD[109].
We reported a young woman with PCOS and NASH
who showed histopathologic improvement on liver biopsy after lifestyle modification[21]. However, no large
studies to date have examined the effects of lifestyle
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interventions on NAFLD specifically in women with
PCOS. A Cochrane review found that lifestyle therapy
gave modest benefits in women with PCOS compared
with minimal treatment for a variety of other surrogate
outcomes, including lower total testosterone, improved
hirsutism, weight, lower waist circumference, and fasting
serum insulin; however, markers of liver disease were not
reviewed[110]. No specific diet has been shown to improve
PCOS and generally the recommendation from experts
has been for a hypo-caloric diet with a 500 kcal/d deficit and a composition likely to increase adherence[52,111].
Similarly, no specific diet has been proven superior for
treatment of NAFLD; in fact, studies published to date
do not allow a clear differentiation of the effects of diet
composition or of diet relative to physical activity[109].
A systematic review and meta-analysis [112], which
examined 78 randomized trials for the treatment of
NAFLD found that although weight loss of greater than
or equal to 7% improved histological disease activity, this
was only achieved in less than 50% of patients. Hurdles
to implementation of lifestyle changes specifically in the
PCOS population may include the following: (1) high
dropout rates; (2) difficulty in morbidly obese women to
adapt to significant lifestyle changes; and (3) the overall
lack of clinical infrastructure to implement lifestyle therapy in many settings throughout the United States and the
world[52,113,114].
Pharmacotherapy: treating insulin resistance
Metformin is a widely utilized diabetes drug that works
by suppressing hepatic gluconeogenesis and improving
insulin-sensitizing ability[52]. Metformin is generally not
recommended as a specific treatment for liver disease in
adults with NASH, because studies have shown mixed
results[5]. In women with PCOS, metformin has been
shown to improve markers related to liver disease and the
metabolic syndrome[97]. In this study by Gangale et al[97],
long-term treatment with metformin in 70 overweight
women with PCOS and NAFLD demonstrated a significant reduction in AST levels and AST/ALT ratio at
6 mo despite no significant change in BMI; however, no
change in hepatic steatosis was detected by ultrasound at
12 mo. Another study showed significantly reduced levels
of ALT and GGT in 66 obese women with PCOS after
8 mo of treatment with metformin[115]. Data are limited
on metformin treatment in lean PCOS patients with
NAFLD. Gastrointestinal discomfort is a common side
effect, but metformin otherwise has a low risk of severe
adverse effects and has been studied fairly extensively in
women of reproductive age[52,116].
Thiazolidinediones (TZDs) are known to enhance
insulin sensitivity by acting on peroxisome proliferatoractivated receptor gamma and increasing circulating adiponectin[117]. They also reduce fat accumulation in the liver
through stimulation of free fatty acid storage in adipose
tissue. TZDs have shown promising effects on treating
NAFLD/NASH in the general population. A multicenter
study of troglitazone for PCOS provided important
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proof of concept for the use of TZDs in the treatment
of these women, due to the resultant improvements in
ovulatory function, hirsutism, hyperandrogenism, and
insulin resistance[52,117-119]. However, this class of medication has not been specifically studied with regards to its
effects on NAFLD in PCOS.
There are a number of limitations in using TZDs in
patients with NAFLD and PCOS, particularly the associated weight gain[52,107,108]. Patients are likely to relapse
after the drug’s discontinuation, so it would have to be
taken indefinitely[108]; however, the significant weight gain
detracts from its long-term usefulness. Additionally, the
safety concerns regarding this class of medication have
restricted their availability or removed them from the
market: toxicity from troglitazone, increased cardiovascular events with rosiglitazone, and bladder cancer with pioglitazone. The risk-benefit ratio is inadequate for women
with PCOS when taking all these factors into account on
top of concerns for teratogenicity[52].
Liraglutide is the first glucagon-like peptide-1 analogue shown to improve liver fibrosis markers in obese
women with PCOS and NAFLD[120]. This medication
may be an attractive option for obese women with PCOS,
because it causes glucose dependent insulin secretion,
promotes weight loss, and may subsequently improve IR.
In a case control study of young obese PCOS women
with age and weight matched controls, 6 mo of liraglutide
treatment resulted in a mild reduction in weight and significant improvement of IR, inflammation, and liver fibrosis markers. However, liraglutide is not FDA approved
for NAFLD treatment and further studies are needed to
confirm these findings before use of this medication is
recommended in this setting.
Pharmacotherapy: antioxidants and anti-inflammatory
medications
Antioxidant supplements may potentially protect cellular
structures against damage from oxygen-free radicals and
reactive products of lipid peroxidation[121]. Vitamin E is
thought to be the “last antioxidant defense” in lipid metabolism, thus justifying its use in preventing the progression of NAFLD to NASH. A 2007 Cochrane review[121]
found insufficient data to either support or refute the use
of antioxidant supplements for treatment of NAFLD
and data from subsequent clinical trials have shown
mixed results[107,122]. However, no studies have examined
the effects of Vitamin E on NAFLD in women with
PCOS.
Omega-3 fatty acids may treat NAFLD through a
number of mechanisms. In addition to their anti-inflammatory and antioxidant properties, they inhibit triglyceride
synthesis, alter hepatic genes involved in lipid and glucose
metabolism, decrease postprandial lipemia, and increase
lipoprotein lipase activity[123]. It is therefore not surprising that omega-3 fatty acid supplementation has been
shown to significantly reduce liver fat, triglycerides, fasting insulin, and HOMA-IR scores in PCOS women with
hepatic steatosis. A recent systematic review and meta-
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analysis further supports the role of omea-3 fatty acids in
reducing liver fat, but suggests that the optimal dose is not
currently known[124]. Omega-3 fatty acids are an attractive
option for women with PCOS and NAFLD, but they are
not recommended as first line treatment for NAFLD unless the patient has concurrent hypertriglyceridemia[5].
Other pharmacotherapies
Other pharmacotherapies include ursodeoxycholic acid,
probiotics therapies[125], pentoxifylline[126], traditional chinese herbal medicine[127], and most recently the farnesoid
X receptor ligand Obeticholic Acid[128]. None of these
therapies have been studied specifically in women with
PCOS.
Treatment with statins
Controversy surrounds the use of statins in both PCOS
and NAFLD. Although some open-label trials have suggested improvement in liver enzymes with statins, there
is no convincing histological data supporting their use
for treating NAFLD[5]. The AASLD guidelines[5] state
that there is a lack of evidence to show that patients with
NAFLD and NASH are at an increased risk for serious
drug-induced liver injury from statins and suggest that
they can be used to treat dyslipidemia in patients with
NAFLD and NASH. Statins may have intrinsic antioxidant properties that justify treatment for PCOS and many
of these women have dyslipidemia that will benefit from
treatment with statins. However, these benefits must
be weighed with the possibility that statin therapy will
worsen insulin sensitivity in this group of women who
are at a higher risk of developing type 2 diabetes[129]. The
teratogenicity of statins must also be kept in mind when
treating women of reproductive age.
Treatment with bariatric surgery
Finally, bariatric surgery may improve steatosis, steatohepatitis, and fibrosis; some cases of NAFLD/NASH may
even resolve[108,130]. The AASLD guidelines suggest that
it is premature to consider this surgery as an established
option to specifically treat NASH, but it is important to
note that foregut bariatric surgery is not contraindicated
in otherwise eligible obese individuals with NAFLD or
NASH (but without established cirrhosis)[5]. A study of
389 PCOS women who underwent Roux-en-Y gastric bypass surgery resulted in a significant decrease in liver aminotransferases for Hispanic women only[131]. It is possible
that cardio-metabolic disease risk improvements vary by
ethnicity. Thus, obesity may impact liver function changes
more in Hispanic vs non-Hispanic women with PCOS.

CONCLUSION
NAFLD encompasses a wide spectrum of liver disease,
ranging from simple steatosis to NASH and even cirrhosis. The prevalence of NAFLD is greater in women
with PCOS compared to the general population. Data
are conflicting on whether PCOS represents an indepen-
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dent risk factor for NAFLD or whether the increased
risk in this population is due to obesity, insulin resistance,
metabolic syndrome, or hyperandrogenemia. Early recognition of NAFLD in women with PCOS is important,
because they develop a more progressive, severe form of
liver disease at a younger age. Although routine screening
is not recommended, it should be considered for some
high-risk PCOS women, especially those with insulin
resistance and/or the metabolic syndrome. There are no
proven treatments for NAFLD to date, but a personalized pathogenesis-based approach to treatment should be
considered for this multifactorial disease. More research
is needed to determine the best approach to management
of NAFLD in women with PCOS.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is common in
the elderly, in whom it carries a more substantial burden of hepatic (nonalcoholic steatohepatitis, cirrhosis
and hepatocellular carcinoma) and extra-hepatic manifestations and complications (cardiovascular disease,
extrahepatic neoplasms) than in younger age groups.
Therefore, proper identification and management of
this condition is a major task for clinical geriatricians
and geriatric hepatologists. In this paper, the epidemiology and pathophysiology of this condition are reviewed, and a full discussion of the link between NAFLD
and the aspects that are peculiar to elderly individuals
is provided; these aspects include frailty, multimorbid-
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ity, polypharmacy and dementia. The proper treatment
strategy will have to consider the peculiarities of geriatric patients, so a multidisciplinary approach is mandatory. Non-pharmacological treatment (diet and physical
exercise) has to be tailored individually considering the
physical limitations of most elderly people and the need
for an adequate caloric supply. Similarly, the choice of
drug treatment must carefully balance the benefits and
risks in terms of adverse events and pharmacological
interactions in the common context of both multiple
health conditions and polypharmacy. In conclusion,
further epidemiological and pathophysiological insight
is warranted. More accurate understanding of the molecular mechanisms of geriatric NAFLD will help in identifying the most appropriate diagnostic and therapeutic
approach for individual elderly patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Adipose tissue; Atherosclerosis; Aortic valve
sclerosis; Autonomic dysfunction; Arrhythmia; Cirrhosis;
Dementia; Falls; Frailty; Hepatocellular carcinoma; Microbiota; Nuclear receptors; Pathogenesis; Sarcopenia;
Treatment
Core tip: Nonalcoholic fatty liver disease (NAFLD) is a
common disease in the elderly, in whom it follows a
more severe course due to worse hepatic and extrahepatic manifestations. The former include nonalcoholic
steatohepatitis and hepatocellular carcinoma; the latter
include cardiovascular and metabolic complications. The
pathophysiology, diagnosis and principles of treatment
that are specifically relevant to elderly patients with
NAFLD are critically revised here. Based on these findings, we conclude that a more accurate understanding
of the molecular mechanisms of geriatric NAFLD will
help in identifying the most appropriate diagnostic and
therapeutic approach in the individual elderly patient.
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Table 1 Anatomical and physiological changes associated with
aging liver
Increased fibrosis with reduced percentage of fat on liver biopsy[3,4];
decreased size mirroring decreased hepatic blood flow[5]
Loss of regenerative capacity, i.e. “replicative senescence” involving
cross talks of growth hormone, glycogen synthase kinase 3β and cyclin
D3 and shortening of telomeric ends of chromosomes[5,6]
Increased inflammatory changes, hence the definition of “inflamm-aging”
which, in its turn, has a detrimental effect on the regenerative response[7]
Defective autophagy[8,9]
Decrease in hepatic free radical scavenging system leads to increased
oxidative stress resulting mainly from non-enzymatic processes in the
liver[5] and is exacerbated by ethanol drinking[10]

BACKGROUND
Increased life expectancy has resulted in a dramatic surge
of the median age of the population. Given that such a
trend is expected to continue, the increased proportion
of elderly and very elderly people in future decades will
undoubtedly represent a relevant challenge in terms of
health costs and proper resource allocation[1]. With aging,
the liver undergoes substantial changes in structure and
function that are associated with significant impairment
of many hepatic metabolic and detoxification activities[2-10] (Table 1).
Non-alcoholic fatty liver disease (NAFLD), the spectrum of hepatic disorders embracing uncomplicated fatty
liver (i.e., “pure steatosis”) and nonalcoholic steatohepatitis (NASH) is associated with features of metabolic
syndrome (MS) and several hepatic and extra-hepatic
complications[11,12]. Not uncommon in young adults, in
children and teen-agers[13-15], NAFLD occurs more often
in males than in females[16] and affects mainly the middleaged and the elderly given that that risk factors for its
development tend to increase in prevalence with advancing age[3,17,18]. Worryingly, older patients show more severe
biochemical, hematological and histological changes[3],
and the female sex is no longer protective with increasing
age[18].
No specific recommendations are provided by the
available guidelines regarding the diagnostic conduct to
be followed in the elderly[19]. Accordingly, a non-invasive
diagnostic approach[20] appears to be more rational in this
age group. Finally, physical exercise and dietary restriction
can be very effective in carefully selected patients and
should be used as part of a multidisciplinary approach
to overcome the physical limitations not uncommon in
older patients[11].
On these grounds, the present review paper aims to
systematically and critically analyze bibliographic data
that are specifically relevant to NAFLD in geriatric clinical practice.

EPIDEMIOLOGY AND NATURAL HISTORY
OF NAFLD
Epidemiological data on NAFLD may be derived from
studies conducted either in the general population/large
cohorts or in selected geriatric cohorts.
Epidemiology of NAFLD from general population and
large cohort studies: Intersected roles of age and gender
Data from studies conducted in three continents are sum-
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marized in Table 2[17,18,21-46]. By analyzing such data, the
role of gender and age may be discussed in some detail.
Our group previously reported a prevalence of male
individuals with NAFLD in published studies[16], supporting a role for endocrine determinants in the development
of this condition. Most Asian and European studies
strongly confirm such a view (Table 2). In males, NAFLD
tends to increase from younger to middle-aged groups
of individuals and the prevalence of disease begins to
decline at the age of 50 or 60. This has been defined as
an “inverted U shaped curve”. Of interest, a study by
Nakajima, although conducted in a restricted series of
liver biopsies, was nevertheless able to demonstrate that
advancing age was inversely correlated with steatosis[47].
Consistent with a protective role of estrogens, during their fertile period, women tend to be spared from
NAFLD compared to men. However, although they tend
to develop the disease approximately 10 years later than
men, post-menopausal women are no longer spared from
NAFLD. The prevalence of NAFLD in women tends to
decrease after the seventh decade of life based on both
epidemiological (Table 2) and clinical studies[48].
While hormonal changes have consistently been
proposed to account for the varying prevalence rates of
NAFLD in either gender, the explanation of decreased
rates of NAFLD in the elderly is deemed to reflect either
selectively decreased survival in those with NAFLD[17,39]
or decreased fatty changes in advanced NASH[49].
Epidemiology and natural history of NAFLD in the
geriatric age group
Findings from three studies conducted in selected geriatric cohorts are summarized in Table 3[3,50,51]. Information
from such studies needs to be interpreted with caution
because the findings may merely reflect bias introduced
by restricting the analysis to this relatively unique subset
of patients[52]. Accordingly, more extensive, less biased
cohort clinical studies need to be conducted before drawing any significant conclusions on the prevalence and risk
factors of NAFLD in geriatric patients.
Our understanding of the natural history of NAFLD
is based on relatively few studies conducted in the United
States and northern Europe (reviewed in[12,53,54]). Based on
such studies, it may be concluded that NAFLD carries a
risk of both hepatic and extrahepatic disease.

14186

October 21, 2014|Volume 20|Issue 39|

Bertolotti M et al . Nonalcoholic fatty liver disease and aging
Table 2 Influences of age and gender on non alcoholic fatty liver disease prevalence: Evidence from population-based and large
[17,18,21-46]
cohort studies from three continents
Asia
Nomura et al[21],
1988

Cross sectional study on 2574 Japanese healthy residents
(1271 males), age 0-70+ yr , FL in 14%

Kojima et al[22],
2003

Cross-sectional and prospective study on 39151 Japanese
first-time examinees, 61% males, 12-yr survey period

Shen et al[23],
2003

4009 administrative officers non-drinkers, aged 20-81 yr, 64%
males, FL in 12.9%

Fan et al[24],
2005

This cross-sectional study with randomized multistage stratified
cluster sampling included 3175 subjects (1218 men) with a mean
age of 52 yr. FL was found in 661 (20.82%) subjects

Chen et al[25],
2006

The cross-sectional community study examined 3245 adults in
a rural village of Taiwan.The prevalence of NAFLD was 11.5%
(372/3245)
Park et al[26],
Cross-sectional study was performed with data obtained from
2006
6648 subjects, all of whom were older than 20 yr of age (3530 men
and 3118 women). The unadjusted and age-adjusted prevalences
of NAFLD were 18.7% (23% in men, 13.7% in women) and 16.1%
(21.6% in men, 11.2% in women), respectively
Zelber-Sagi et al[27], A cross-sectional study of a subsample of the Israeli national
2006
health survey (n = 352). Three hundred and twenty-six subjects
(53.4% male, mean age 50.5 ± 10.3) met the inclusion criteria. The
prevalence of primary NAFLD was 30% (25%-35% 95%CI)
Zhou et al[28],
A cross-sectional survey of a random sample of 3543 over 7-yr2007
old inhabitants in 6 urban and rural areas in China. Among the
3543 subjects, 609 (17.2%) were diagnosed having FLD (18.0%
males, 16.7% females, P > 0.05). Among them, the prevalence
of confirmed alcoholic liver disease (ALD), suspected ALD and
nonalcoholic fatty liver disease (NAFLD) were 0.4%, 1.8%, and
15.0%, respectively. The prevalence rate (23.0%) was significantly
higher in urban areas than (12.9%) in rural areas
Eguchi et al[34],
A cross-sectional study was conducted among 8352 subjects
2012
who received health checkups from 2009 to 2010 in three health
centers in Japan
The overall prevalence of NAFLD was 29.7%
Al-hamoudi et al[35], Prospective study among 1312 patients referred for
2012
ultrasonography in Saudi Arabia
The prevalence of NAFLD was 16.6% (218/1312)
Wang et al[18],
Chinese case-control study based on all 4226 adults above 60 yr
2013
of age from a previously cohort investigated compared to 3145
randomly selected younger controls (< 60 yr) from the same
cohort. NAFDL was higher in the elderly (26.7%) than in the
non-elderly (22.8%) and similar in the elderly between men and
women (26.6% vs 27.0%, P > 0.05)
Foster et al[36],
3056 participants of the Multi Ethnic Study of Atherosclerosis
2013
were included in this study. NAFLD was defined as LS ratio < 1,
the prevalence of NAFLD was and 11 % in African Americans
Xu et al[37],
Cross-sectional study on 6905 nonobese (BMI < 25). Risk factors
2013
for the development of NAFLD were assessed in a subsequent
prospective study in NAFLD-free individuals at baseline, 494
of whom had developed NAFLD during the 5-yr follow-up.
Prevalence of NAFLD was 7.27%
Yan et al[38],
Random sampling of 3762 adults Chinese residents.
2013
Ultrasonography revealed fatty liver in 1486 residents with a
prevalence of 39.5%
Europe
Lonardo et al[39],
Hospital cohort study of 449 individuals undergoing both liver
2006
and carotid US evaluation for clinical indications
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Prevalence of FL in persons under 19 yr old was only 1.2%, and
increased with age to a maximum (25.6%) in persons 40-49 yr of
age and then decreased
The prevalence of FL was uniformly high in males and declined
in those in the 6th and 7th decades. The prevalence in females
tended to rise gradually with age and declined in those in their
7th decade of life
At multivariate analysis the prevalence of FL was positively
correlated to several risk factors, including male gender and age
> 50 yr
Age-adjusted prevalence of FL was significantly higher in men
than women, and LRA showed that male gender was closely
related to FL. The prevalence of FL increased with age in both
sexes, peaking in women 60-69 yr of age, and in men 40-49 yr
of age. Interestingly, the prevalence was higher in males than
females under the age of 50, but was lower in males than females
among people older than 50 yr
Male sex was an independent risk factors for NAFLD in the
general population. Age ≥ or 65 yr was inversely related to
NAFLD
NAFLD prevalence was higher in men than in women. Age was
an independent predictor of NAFLD in women only. Menopause
status was an independent predictor of NAFLD

Male gender was found to be an independent risk factor for
NAFLD which remained significant even after adjustment for
obesity and abdominal obesity
The prevalence rate was significantly higher in men than
in women under the age of 50 yr. However, the opposite
phenomenon was found over the age of 50 yr
Multivariate and logistic regression analysis indicated that male
gender was among the independent risk factors for FLD

The prevalence of NAFLD is higher in males than that in females
at all ages, it is “inverted U-Shaped” in males (peaking at 40-49
yr); it gradually increases in all age groups in women but
declines in those ladies in their seventies
In a multivariate analysis, younger age and being male were
significant predictors of high ALT levels
The prevalence of FLD is higher in the elderly, and is broadly
related to the same metabolic risk factors as in the non-elderly.
However, female-sex is no longer protective with increasing age,
and the prevalence of steatohepatitis with advanced fibrosis is
estimated to be considerably higher in the elderly FLD patients
than in the younger FLD controls
Younger age was among the independent correlates of NAFLD
in this population
Older age and male gender are associated with both the
prevalence and the incidence of novel NAFLD cases in a non
obese Chinese population

At univariate analysis, NAFLD cases were statistically younger
and more often males

U-shaped curve with NAFLD peak prevalence in the 30-39 and
40-49 age groups. The phenomenon may either reflect a decrease
of risk factor for NAFLD, (e.g., obesity) or selectively increased
mortality among those with FL. At logistic regression analysis
FL is more common in younger male individuals
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Bedogni et al[40],
2007
Caballeria et al[41],
2010
Koehler et al[17],
2012
Soresi et al[42],
2013

A follow-up study on 144 subjects without and 336 with fatty
liver followed for a median 8.5 yr time
multicentre, cross-sectional, populational study recruiting 766
Individuals between 15 and 85 yr of age randomly selected from
25 primary healthcare centres in Spain
2811 participants in the population-based Rotterdam Study.
Mean age of participants was 76.4 yr (range 65.3-98.7 yr)
Study on the prevalence of NAFLD in metabolic syndrome

Male sex is a predictor of incidence of fatty liver; male sex and
age are predictors of death in those with fatty liver
On multivariate analysis, male sex, age and other factors were
associated with NAFLD
NAFLD is common in the elderly. However, the prevalence of
NAFLD decreased with advancing age suggesting a positive
selection of the elderly without NAFLD
Men and women with steatosis were younger than those without
steatosis. At multivariate analyses, was associated with higher
ALT

United States of America
Browning et al[43],
An observational study on 2287 subjects from a multiethnic,
2004
population-based sample (of white, Black, and Hispanic)

Younossi et al[44],
2012

Bambha et al[45],
2012
North et al[46],
2012
Foster et al[36],
2013

In whites, but not in Hispanics or blacks, the frequency of
hepatic steatosis was approximately 2-fold higher in men than
in women related to ethanol intake, not to differences in the
frequency of obesity or insulin resistance
A retrospective study on 11613 participants included in
NAFLD was independently associated with younger age and
the National Health and Nutrition Examination Survey Ⅲ
female sex; and NASH was independently associated with
(NHANES Ⅲ); 2185 had NAFLD; and, of these, 307 had NASH having a younger age in those United States lean individuals
with NAFLD
628 adults enrolled either in the observational Database or the
Advancing age and female gender were among the independent
PIVENS trial between 2004 and 2008 and thus submitted to liver predictors of advanced fibrosis at LRA
biopsy
A total of 1242 (1064 EA, 178 AA) and 1477 (1150 EA, 327 AA)
Mean LA varied significantly by sex, [(men) 57.76 ± 10.03 HU
men and women, respectively, underwent CT examination from and (women) 60.03 ± 10.91 HU, P = 0.0002], but not by race.
which LA and abdominal adipose volume were measured
Higher LA was associated with older age
3056 participants of the Multi Ethnic Study of Atherosclerosis
Younger age was among the independent correlates of NAFLD
were included in this study. NAFLD was defined as LS ratio < 1 in this population

AA: African Americans; ALD: Alcoholic liver disease; FL: Fatty liver; FLD: Fatty liver disease; NAFLD: Non alcoholic fatty liver disease; NASH: Non
alcoholic steatohepatitis.

Cryptogenic cirrhosis and hepatocellular carcinoma
Data suggest that in middle-aged individuals (especially
in the 45-54 year-old age group), NAFLD is a strong
independent risk factor for cardiovascular (CV) mortality[55]. NASH-cirrhosis is expected to occur in older
ladies with multiple metabolic derangements and moderately raised liver enzymes because of the following four
reasons: (1) the male sex is typically prone to premature
coronary deaths; (2) NAFLD occurs in women later
than in men (Table 2); (3) female gender and older age
are significantly associated with severe fibrosis[30]; and
(4) younger ages are associated with more elevated liver
enzymes[35]. Such a prediction is confirmed by Ludwig
et al[56] and by more recent evidence. Caldwell et al[57,58],
by comparing different series of cirrhosis due to varying etiologies, concluded by inference that “cryptogenic
cirrhosis” featuring a prevalence of female gender, associated metabolic conditions and slightly raised liver
enzymes is nothing but NASH-cirrhosis.
Bugianesi et al[59] group went further in identifying the
risk of hepatocellular carcinoma (HCC) as a part of the
NAFLD disease spectrum, confirming early hypotheses
published as early as in 1990[60].
Risk factors for HCC in NAFLD include advanced
age, type 2 diabetes (T2D) and cirrhosis[61-63]. Of concern,
however, is that HCC may also develop against the background of non-cirrhotic NAFLD[64,65] accounting for the
finding that these patients are missed by surveillance programs and are diagnosed later than those associated with
viral etiology[66,67]. This is of importance given that, by expanding the percentage of cancers amenable to effective
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treatments, surveillance for HCC is deemed to improve
the survival rates of elderly patients[68].
In the elderly, decreased cytochrome P450 activity
can affect drug metabolism, increasing the susceptibility
to drug-induced liver injury. Immune responses against
pathogens or neoplastic cells are reduced in the elderly,
although these individuals may be predisposed to autoimmunity through impairment of dendritic cell maturation
and reduction of regulatory T cells. These changes in
immune functions could alter the pathogenesis of viral
hepatitis and autoimmune liver diseases, as well as the development of HCC[69].
Cardiovascular disease, metabolic complications,
extrahepatic cancer
As is now clear from consistent evidence in the literature, NAFLD stands not only as a primary disease of the
liver but rather as a systemic condition with an inherent
increased risk for CV disease (CVD). Evidence for a
link between NAFLD and CVD, notably including atherosclerosis, which occurs independent of components
of MS, has extensively been reviewed by our group and
others[12,54,70-75]. Such a view is specifically confirmed in
elderly people.
By evaluating 810 males and 1273 elderly women in
Japan, Akahoshi et al[76] demonstrated that NAFLD was
associated with coronary risk factors independent of
obesity in either gender.
Evidence for those NAFLD patients who are T2Dfree at baseline to develop the disease during the followup period have been extensively reviewed elsewhere[12,54].
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Table 3 Selected cohort studies of geriatric patients

[3,50,51]

Kagansky et al[50], 2004 In this prospective study, 91 octogenarians who were
admitted to the rehabilitation departments of a geriatric
hospital were compared to 46 NAFLD young patients
Frith et al[3], 2009
In this retrospective, cohort study set in a tertiary liver
clinic in United Kingdom. Three hundred and fifty
one consecutive biopsy-proven NAFLD patients were
divided into an older (≥ 60), a middle-aged (≥ 50 to <
60) and a younger (< 50) group
Noureddin et al[51], 2013 A cross-sectional analysis of adult participants who
were prospectively enrolled in the NASH Clinical
Research Network studies. Participants were included
based on availability of the centrally reviewed liver
histology data within 1 year of enrollment, resulting in
61 elderly (age ≥ 65 yr) and 735 nonelderly (18-64 yr)
participants

NAFLD is a common and benign finding in the elderly population, in
whom it is not associated with the metabolic syndrome
NAFLD affects mainly the middle-aged and the elderly. Older patients
show more risk factors and more severe laboratori alterations and histological changes, with cirrhotics having a significantly more advanced
age than those with milder disease
The main outcomes were the presence of NASH and advanced fibrosis.
Compared to nonelderly patients with NAFLD, elderly patients had
a higher prevalence of NASH (56% vs 72%, P = 0.02), and advanced
fibrosis (25% vs 44%, P = 0.002). Compared to nonelderly patients with
NASH, elderly patients with NASH had higher rates of advanced
fibrosis (35% vs 52%, P = 0.03), as well as other features of severe liver
disease including the presence of ballooning degeneration, acidophil
bodies, megamitochondria, and Mallory-Denk bodies (P ≤ 0.05 for each)

NAFLD: Non alcoholic fatty liver disease; NASH: Non alcoholic steatohepatitis.

Clearly, in the elderly, the combination of T2D with
NAFLD is likely to manifest a high-risk interaction[62].
Of particular concern is that NAFLD was associated
with osteoporotic fractures in middle-aged and elderly
men in a recent Chinese study[77].
Finally, a line of research has highlighted NASH (but
not simple steatosis) as an independent risk factor for
(particularly right-sided) colonic adenomas and advanced
neoplasms[78]. Given the strong age-dependency of the
disease, findings from this study suggest that colorectal
cancer screening is strongly indicated in elderly individuals with NASH.
In conclusion, NAFLD is neither an uncommon nor
benign disease in the aged individual.
Elderly people have a high risk for strongly age-dependent hepatic and extra-hepatic complications.
Awareness of NAFLD epidemiology and natural history allows prompt recognition of the disease and the
management of complications.
Figure 1A summarizes the epidemiology of NAFLD
with respect to age (adapted from References[39,75]).

PATHOPHYSIOLOGY OF AGEASSOCIATED METABOLIC ALTERATIONS
Liver
An age-specific pattern of liver disease cannot be defined[79,80]; nonetheless, a number of pathophysiological
changes have been described with aging, which can ultimately affect hepatic lipid metabolism.
The reduced liver function, which occurs with aging,
has been causally associated with a decline in hepatic
blood flow and liver volume[80]. Specific alterations in the
metabolism of drugs with a high hepatic extraction rate
have been described[81]. However, the metabolic impact
of such changes remains unclear. The possible role of
the alterations in drug disposition on the progression of
liver disease has been commented above[69].
Age-related alterations in hepatic cholesterol homeostasis are poorly defined. Epidemiological evidence supWJG|www.wjgnet.com

ports increased serum cholesterol values that tend to plateau in very old individuals[82] and an increased prevalence
of gallstone disease[83] with aging. Again, the underlying
mechanisms are incompletely defined; a limited number
of reports on in vivo studies in humans have described a
reduction in low density lipoprotein turnover[84] and an
increase in biliary cholesterol output, possibly related to a
decrease in cholesterol degradation to bile acid[85,86]. Data
from humans also suggest that a reduction of whole
body, and presumably hepatic, cholesterol synthesis occurs with aging[87].
The pathogenesis of NAFLD undoubtedly involves
IR[88-91]. However, the role of IR as a determinant of agerelated liver disease has been recently questioned on the
grounds that it may represent a compensatory rather
than a causal mechanism[92]. Age-related decreases in hormones such as insulin-like growth factor-1 and dehydroepiandrosterone contribute to NAFLD development via
increased IR[93-97].
The role of glucocorticoids in the balance between
liver injury and protection is controversial[98]. Hypercortisolism may associate with NAFLD, even if its prevalence in this condition is lower than expected[99]; the antiinflammatory effects of endogenous corticosteroids have
been evoked in this regard.
The molecular mechanisms leading to hepatic steatogenesis may theoretically involve increased fat intake (dietary uptake and lipogenesis) or decreased fat output (beta-oxidation, lipoprotein secretion)[88,100,101]. The reduced
beta-oxidation was related to reduced hepatic expression
of the nuclear receptors of the peroxysome proliferatoractivated receptors family (PPARs), whereas the expression of liver X receptors (LXRs) was enhanced[102,103]; the
role of other nuclear receptors of the hepatocyte nuclear
factor (HNF) family cannot be ruled out as well[96,102].
Interestingly, an inverse correlation between NAFLD
and serum levels of adipocyte-fatty acid binding protein,
an intracellular lipid transporter, has been reported in the
elderly[104].
Human NAFLD in the elderly is frequently more
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Figure 1 Geriatric nonalcoholic fatty liver disease at a glance (modified from Refs[39,75]). A: Epidemiology; B: Pathogenesis; C: Clinical manifestations. Schematic
representation of chief epidemiological, pathogenic and clinical features of nonalcoholic fatty liver disease (NAFLD) observed in geriatric age based on data critically
reviewed in the text. From an epidemiological point of view, NAFLD tends to peak in middle life and its occurrence is reduced in the extreme decades. Pathogenically,
altered body fat distribution and changes in gut microbiota predispose to those metabolic changes which tend to be even more closely associated with NAFLD in the
elderly than in the young. The biochemical and molecular mechanisms underlying the development of fatty liver may involve insulin resistance and inherent hormonal
changes, as well as mediators of inflammation and possibly vitamin D and a number nuclear receptors. Regarding the latter, only indirect evidence can be inferred
from the literature (see text for details). Clinically, NAFLD tends to be associated with the typical geriatric syndromes, such as dementia, sarcopenia, autonomic
dysfunction, aortic valve sclerosis and autonomic changes predisposing to fatigue, falls and arrhythmia. HNF4: Hepatocyte nuclear factor 4 alpha; IGF-1: Insulin-like
growth factor 1; PPAR: Peroxisome proliferator-activated receptor; DHEA: Dehydroepiandrosterone; LXR: Liver X receptor.

severe and therefore carries a worse prognosis than in
younger age groups. This finding has also been substantiated in a murine model of steatohepatitis[105]. Agingrelated alterations of the pro-inflammatory vs anti-
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inflammatory balance (described as the “inflamm-aging”
theory) may represent the biological background of these
findings[106].
The pivotal role of inflammation in the pathogenesis
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of liver steatosis has been emphasized in the literature;
the link between insulin resistance and inflammation
and the possible role of JNKs in the progression of
this condition has been clearly defined, along with the
involvement of endoplasmic reticulum stress and of the
unfolded protein response[71].
In addition, hormonal changes involving the GH/
IGF axis have been related to inflammation in NAFLD.
In this context, the adipokine pattern plays an important
role; in particular, circulating levels and tissue expression of adiponectin seem to be inversely correlated with
NAFLD and its progression[107]; a condition of lowgrade chronic inflammation, where interleukins, in particular IL-6, play a relevant role, is also present[107]. These
findings together underscore the complex relationship
between insulin resistance and inflammation. Increased
spleen volume has also been correlated with this condition and with the alterations in the hormonal and inflammatory pattern[108].
Finally, the role of the apoptosis-antiapoptosis balance has to be considered; serum concentrations of
Bcl-2, a well-known anti-apoptotic marker, were found to
be decreased in subjects with NAFLD and NASH[109-111].
Serum levels of Bcl-2 also tended to decrease with increasing age[111], even if the data in very elderly individuals are missing.
Altered distribution of inflammatory cytokines in the
different body compartments may further contribute to
worsening NAFLD course in the elderly[112].
Adipose tissue
Aging is typically associated with profound alterations
in the amount and distribution of body fat depots with
a shift occurring from subcutaneous to visceral localization. Such a shift, in turn, is frequently associated with
chronic conditions linked to increased CVR[113,114] such as
IR (see above) and other stigmata of MS[113].
The relationship between IR and epicardial fat content, a marker of coronary risk, has been highlighted[115];
evidence in humans, although limited, seems to suggest
that in the elderly, epicardial fat accumulation and liver
steatosis may be associated [116]. Animal models have
confirmed that the amount of adipocytes in fat depots
increases with aging[117].
Together with the well-known deleterious effects of
visceral fat accumulation and IR, subcutaneous fat loss,
and the age-related reduced capacity of subcutaneous fat
cells to store lipids may also lead to metabolic complications via lipotoxic effects[118].
Furthermore, the role of preadipocytes, fat cell progenitors, in fat distribution and function has been highlighted in animals[114] and humans[119]. The decline in preadipocyte proliferation and differentiation described with
aging may account for an imbalance between lipogenesis
and lipolysis, ultimately leading to an increased exposure
to free fatty acids and potential lipotoxicity[120,121]. Among
the different compounds, saturated fatty acids appear to
be particularly hepato-toxic[114,122]. Such toxic potential
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translates into stress responses, oxidative stress and increased expression of proinflammatory cytokines[123].
The constellation of the alterations in fat cell biochemistry, proliferative capacity and response to inflammation and immune response accompany the process of
fat cell senescence[118].
Indeed, fine tuning of the cross-talk between adipogenic and anti-adipogenic pathways[120] and together with
previously mentioned age-related hormonal derangements (GH and IGF-1) and activation of proinflammatory cytokines cascade may play a specific role in NAFLD
development in the elderly.
The expression of nuclear receptors and transcriptional modulators in adipose tissue is fundamental in
such regulation; the role of PPARγ and other coactivators such as CCAAT/enhancer-binding protein α and β
has been clarified[124-127]. A role for liver X receptors cannot be ruled out as well, considering its role in adipogenesis[128], even if no definite evidence with respect to aging
is presently available.
Closely related the above mentioned findings, it is important to recall the possible therapeutic implications of
reducing abdominal fat, and not only BMI, in improving
survival in the elderly, as recently reported[129].

MICROBIOTA IN THE ELDERLY
The human gut microbiome is a complex “superorganism” that is mostly confined to the colon, which contains
at least 1014 microorganisms, equal to 1.5 kg of microbes
of 5000 species with a predominance of anaerobic bacteria)[130-132]. The collective genome of gut microbiota,
termed the metagenome, is composed of almost 5 million genes[133]. Microbiota is considered an “organ within
an organ”, with its own functions: it modulates the expression of genes involved in mucosal barrier development, maturation and maintenance of the GI sensory and
motor functions and the mucosal immune system[134,135].
It also has a critical role in supporting normal digestion,
affects energy extraction from the diet and produces essential nutrients such as vitamins (e.g., vitamin K, vitamin
B12 and folic acid) and amino acids, which humans are
unable to produce themselves [136,137]. In addition, the
intestinal microbiota participates in the defense against
pathogens. Compositional changes have been linked with
inflammatory bowel disease, irritable bowel syndrome
and metabolic disorders, such as T2D and obesity[138-140].
Microbiota and aging
During adulthood, the composition of the intestinal microbiota at the species level is relatively stable. This relative stability, however, decreases in old age[141,142].
Aging produces modifications in the homeostasis of
GI microbiota with changes in the prevalence of different bacteria[143]. There is a general agreement regarding
large inter-individual variability in older subjects, with a
certain country specificity, possibly related to differences
in lifestyle and dietary habits[144].
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A decrease in Firmicutes has been reported in the Italian population over 60 years and centenarians, which is in
contrast with other European populations. The decrease
of both Clostridium cluster XIV and Faecalibacterium prausnitzii group members was also correlated with frailty, hospitalization, and antibiotic and non-steroidal anti-inflammatory treatment. An age-related increase in Bacteroidetes
was found in elderly subjects from Northern Europe but
not in Italian elderly and centenarians[142,145].
Recent studies observed higher levels of health-promoting bifidobacteria in the elderly in contrast with the common assumption of their decreased levels with age[145-147].
Certainly, there is an age-related increase in facultative
anaerobes (like streptococci, staphylococci, enterococci,
and enterobacteria), and pro-inflammatory pathobionts
are present in the healthy gut microbiota at low concentrations[142,148,149].
A decrease in immunomodulatory species belonging
to the Clostridium clusters Ⅳ and ⅩⅣ associated with increased pro-inflammatory pathobionts seems to promote
inflammatory disorders, and elderly subjects generally
have reduced immune function, particularly a deterioration in cell-mediated responses, that affect gut microbiota
composition[150].
During aging, the impairment of the gut-associated
lymphoid tissue and the reduced efficiency of the innate
immune defenses are responsible for uncontrolled microbial growth on the enterocyte surface. Indeed, aging is
also accompanied by a chronic, low grade overall inflammatory status responsible for the development of pathobionts that can support inflammation with compromised
host longevity[151]. Finally, decreased cellular immune
functions can lead to an increased emphasis on antibodyassociated responses in the elderly, the subsequent excess
of antibodies reflects an increased autoimmunity to selfantigens, predisposing the person to the development of
autoimmune diseases[152-154].
In addition to immunosenescence and inflamm-aging,
lifestyle and dietary habits are other major factors that are
responsible for age-related changes in microbiota. Diet
impacts on the selection of microbial species are able to
optimize energy extraction from dietary substrates[148,155,156].
Age-related changes in taste and smell sensations,
tooth loss and chewing difficulties strongly influence diet
with a reduced intake of fiber, non-starch carbohydrates
and proteins, producing modifications in the composition
of the bowel ecosystem through a reduction in microbial
fermentation. In contrast, reduced acid secretion in the
stomach can lead to bacterial overgrowth and subsequent
nutrient and vitamin malabsorption[157-160].
An unbalanced diet with inadequate intake of vitamin
D and B12, calcium and protein can affect both the composition and activity of intestinal microbiota[161-164]. The
common decreased sensation of thirst adversely affects
bowel motility and bodily water balance[165].
Lifestyle differences, notably including dietary habits,
may further affect the geographic-dependent modulation
of age on microbiota[148].
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The poor quality of the diet associated with diminished physical activity in the elderly is also responsible for
reduced intestinal motility, which will result in bacterial
overgrowth and enhanced metabolic activity, which are
difficult to control in an immunosenescent host[148,155,166].
Age-related neurodegeneration in the enteric nervous
system may further contribute to impaired bowel peristalsis[166,167].
Increased incidence of disease will be conducive to
increased drug consumption by elderly individuals, and
this will eventually alter the composition of intestinal microbiota. Most drugs cause hyposalivation responsible for
changes in oral microbiota, candidiasis and dysphagia[168].
Proton pump inhibitors, by lowering gastric pH, may lead
to malabsorption of nutrients and microbial overgrowth
with associated risk of Clostridium difficile (C. difficile) diarrhea[169]. Similarly, broad-spectrum antibiotics may lead
to overgrowth of pathogenic bacteria such as C. difficile;
however, non-absorbable antibiotics (e.g., rifaximin) play
a therapeutic role in restoring intestinal microbiota imbalance in several intestinal disorders. The frequent use of
nonsteroidal anti-inflammatory drugs is associated with
mucosal gastric and duodenal damage with alteration in
the local ecosystem[170]. Finally, the use of opioids may
lead to reduced intestinal motility and subsequent bacterial overgrowth[171].
Figure 1B illustrates in a schematic way some aspects
of the pathophysiology and pathogenesis of the relationship between aging and NAFLD.

NAFLD AND THE GERIATRIC
SYNDROMES: SARCOPENIA, FRAILTY,
DEMENTIA
The relationship between NAFLD and the typical clinical
syndromes associated with aging is ill-defined. Some of
the clinical manifestations associated with NAFLD are
schematically summarized in Figure 1C.
Sarcopenia and frailty
Sarcopenia is characterized by reduced muscle mass and
strength[172] and replacement of muscle with adipose
and fibrous tissue; sarcopenia represents one of the
hallmarks of frailty, according to its commonly adopted
definition[173].
The documentation of an association between fat
accumulation in the two tissues (liver and muscle) is relatively recent: morphological imaging has shown that fat
content in the paravertebral muscles is correlated with aging and steatosis based on CT analysis and suggested that
a reduction in muscle fat can be associated with an improvement of steatosis[174]. A very recent paper by Hong
et al[175], on behalf of the Korean Sarcopenic Obesity
Study, has provided substantial evidence of a correlation
between fat liver content, expressed as the liver attenuation index at CT, and the skeletal muscle mass index determined by DXA.
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Sarcopenia and NAFLD may share a number of
pathophysiological mechanisms. First, IR has been consistently associated with both conditions. The relationship between IR (and the inherent presence of the MS)
and NAFLD has long been recognized[89-91] and critically
reviewed[92], as discussed above. The relationship between
IR and sarcopenia has been outlined more recently: mediated by mitochondrial dysfunction, IR seems to be a
key mediator of the loss of muscle mass[176]. Closing the
circle, intramuscular steatosis, which occurs with aging, is
associated with IR[177].
A strong relationship links body mass and insulin
sensitivity in younger subjects[178] and presumably in the
elderly as well.
Interestingly, Hong et al[175] reported an inverse correlation between IR and muscle mass, and a direct correlation between IR and liver fat accumulation, supporting a
common pathophysiological substrate of the two conditions mediated by IR itself. Consistent with this view, the
MS that is associated with IR has also been associated
with NAFLD and sarcopenia[179].
Inflammation represents another factor that potentially links sarcopenia to NAFLD. The association between
NASH and inflammation[13], or “inflamm-aging[106], is well
known, as discussed above. A number of epidemiological studies have also shown an association between low
grade inflammation and sarcopenia[180]. Several circulating
markers of inflammation, such as TNF-α and interleukins (IL-6 in particular) as well as CRP, have clearly been
associated with sarcopenia and hepatic steatosis[175,180]. Inflammation is obviously related to IR, as discussed above,
and the possible pathophysiological role of increased cytokine release from adipose tissue in the elderly[89] needs
to be emphasized.
Finally, a possible role for vitamin D needs to be emphasized. Several lines of evidence have shown that low
vitamin D levels are associated with sarcopenia, on the one
hand[181], and with NAFLD on the other[182]. A possible
common pathophysiological substrate involving shared molecular pathways[183] is highly plausible. However, no such
association was observed in Asian populations[175,184].
Dementia
Cognitive decline is another typical feature of pathological aging, which might be associated with liver disease in
general. Apart from the well-known association between
end-stage liver failure and encephalopathy, the presence
of more subtle mechanisms linking “milder” liver disease and some forms of cognitive decline deserves full
consideration. For instance, primary biliary cirrhosis and
hepatitis C have been correlated with some forms of
neuropsychological impairment even in earlier stages of
the disease[185,186]. NAFLD has recently been postulated to
be an additional risk factor for dementia[187] and is associated with carotid atherosclerosis[39,188] which, in turn, can
heavily impair cognitive function.
Apart from the obvious effects of cerebrovascular
disease, hormonal alterations associated with NAFLD
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and possibly linked to IR may play a role; among these,
the reduction of IGF-1 levels, as previously discussed[93].
Interestingly, IR was found to be associated with visual
and cognitive performance deficits that are strictly linked
with frailty and dementia[189].
A possible link with vitamin B12, folate and homocysteine levels also needs to be considered. An association
between low levels of vitamin B12 and NAFLD is described in the literature[190]. A similar relationship between
dementia and vitamin B12 deficiency is well known[191];
an increased plasma concentration of homocysteine,
often caused by cobalamine and folate deficiency, is also
a strong, independent risk factor for the development
of dementia and Alzheimer’s disease[192]. Although there
are no studies that compare the three conditions, the
presence of a common pathway linking dementia with
NAFLD (vitamin B12 and folate deficiency, higher levels
of homocysteine) seems plausible.

AUTONOMIC AND CARDIOVASCULAR
CHANGES IN NAFLD
Autonomic changes can be measured to assess heart rate
variability (HRV), that defines non-invasively and with a
high repeatability cardiac autonomic function[193,194]. Frequent symptoms of cardiac autonomic dysregulation are
fatigue, orthostatic hypotension and vasovagal syncope.
A strong association links NAFLD, autonomic changes, and MS. Liu et al[195] showed an association between
NAFLD and the natural logarithm of standard deviation
of NN (lnSDNN) after adjustment for the main CVR
factors. Moreover, these authors showed a relationship
between MS and an index of sympathetic activity at the
symbolic dynamics analysis of HRV[196], indicating activation of sympathetic tone in NAFLD patients.
Studies have reported a high prevalence of autonomic
dysfunction in patients with chronic liver disease[197].
Most NAFLD patients do not present with symptoms
directly attributable to their liver disease. It is increasingly
recognized, however, that those with NAFLD report a
wide ranging spectrum of non-specific symptoms, such
as fatigue and daytime sleepiness, which may be the presenting complaint and may dramatically impact quality
of life[198]. Fatigue is a significant issue in NAFLD, the
severity of which does not mirror the severity of hepatic
histological changes and dysfunction but is associated
with daytime sleepiness and autonomic dysfunction[198].
Dysfunction of the autonomic nervous system leads to
symptoms such as postural dizziness and syncope and is
also associated with a number of clinical consequences in
hepatic diseases such as cognitive dysfunction, falls and
fall-related injuries. Falls are also considered a direct consequence of autonomic nervous system dysfunction[198].
Newton demonstrated that a history of falls is common
in NAFLD (43%). The proportion of recurrent fallers
was significantly higher in a NAFLD cohort compared to
controls, with injuries, emergency medical attention, fracture rates and hospital admission all being significantly
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more common in the NAFLD group, independent of
the presence of T2D or the severity of liver disease[198].
Fatigue is a significant symptom in NAFLD that
impacts quality of life and is unrelated to liver disease
severity. Newton et al[199] demonstrated a relationship between fatigue and altered autonomic response, higher orthostatic symptoms, and a higher prevalence of positive
response to head-up tilt test.
Recognition of systemic symptoms in NAFLD has
important implications for patients because many are
potentially modifiable with targeted interventions. Several
authors demonstrated that an 8-wk resistance exercise
program improves sympathovagal balance, expressed as
LF/HF ratio measured at rest, and HR and blood pressure response to submaximal exercise[200].
The spectrum of CVD associated with NAFLD extends beyond the commonly recognized premature atherosclerosis. In particular, arrhythmia and non-rheumatic
aortic valve sclerosis (a common finding in geriatric practice) have been recently included among CV complications of NAFLD[75].
The prevalence of atrial fibrillation (AF) increases
from approximately 1% in individuals less than 55 years
of age to approximately 10%-12% in those older than 80
years of age[201]. Along with older age, many pathologic
conditions such as obesity, hypertension, coronary heart
disease, heart failure and heart valve disease are the strongest risk factors for new-onset AF, which is a disease
associated with high rates of hospitalization and death.
Not unexpectedly, given that NAFLD is associated with
multiple abnormalities in cardiac structure and function
and shares multiple cardiometabolic risk factors with AF,
an association between NAFLD and an increased risk of
incident AF in patients older than 60 years and T2D, independent of other CVR factors[202] has recently been reported. It may be postulated that NAFLD is a marker of
ectopic fat accumulation in other tissues, including both
the myocardium and pericardium. Rijzewijk et al[203] and
Ng et al[204] showed that the intramyocardial fat content, as
detected by proton magnetic resonance spectroscopy, was
greater in patients with T2D than in nondiabetic controls
and was associated with LV diastolic dysfunction. Moreover, it is possible that NAFLD is not only associated
with the risk of AF as the consequence of the shared
risk factors but that NAFLD per se might partly contribute to the development and persistence of AF, through
the systemic release of pathogenic mediators from the
steatotic and inflamed liver, including C-reactive protein,
interleukin-6, tumor necrosis factor-alpha, plasminogen
activator inhibitor-1 and other inflammatory cytokines;
these pathogenic mediators are remarkably higher in patients with NAFLD than in those without, as commented
above, and may play a role in the development and persistence of AF, possibly by inducing structural and/or
electrical remodeling of the atria[205,206].
Finally, plasma homocysteine levels, a well-known risk
factor for CV and cerebrovascular disease, are higher in
patients with NAFLD[207]. No direct evidence for a corre-
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lation that links aging, NAFLD, homocysteine levels and
CV disease is available; however, an association of these
factors, as mentioned above for dementia, seems likely.

PRINCIPLES OF NAFLD MANAGEMENT
IN THE ELDERLY
Lifestyle changes
Given that geriatric NAFLD is not a benign disease, elderly patients have a high necessity of treatment. Of concern, lifestyle changes including diet and exercise, which
are universally recommended as a first-line approach[19]
and which may particularly improve autonomic dysfunction[200], are unlikely to be accepted by elderly individuals.
Therefore, the results appear to be largely unpredictable[208] in this specific age-group, particularly regarding
increased physical activity[209].
The findings that decreased choline intake is associated with increased fibrosis in postmenopausal NAFLD
women[210] and that fish consumption decreases HCC
risk[211,212] fully support the recommendation for a balanced diet in the elderly NAFLD patient[213].
Drug treatment
Drug treatment is an alternative/adjunctive approach to
lifestyle changes. Such a choice might, in principle, appear to be more effective than lifestyle changes. However,
to date, no drug has been specifically approved for use
in NAFLD[208]. Moreover, current guidelines provide no
specific therapeutic recommendations for those older
than 65 years[19]. Finally, aging and NAFLD per se may
expose these patients to a higher risk of polypharmacy
and adverse drug reactions including drug-induced liver
injury[214-216].
In the elderly, special attention should be paid to the
early identification of cirrhosis and to the diagnosis and
treatment of its complications. No significant differences
in diagnostic investigations or treatment options are observed between the elderly and the young[217] except that
liver transplantation is more rarely performed in the former age group. Fibrosis progression is best detected and
monitored through non-invasive techniques[218]. However,
after careful consideration of the cost/benefit balance
of this procedure, liver biopsy might be considered in
selected elderly patients[51].
Next we discuss the principles of treatment of the
main metabolic risk factors associated with NAFLD in
the elderly.
Dyslipidemia
Dyslipidemia in NAFLD individuals generally requires
aggressive management[219]. Statins, the main cholesterollowering class of drugs, are the most effective and
widely used for the primary and secondary prevention
of CVD[220]. Statins are remarkably safe in NAFLD patients[70,221,222]. The available small sample of mostly nonrandomized studies have shown limited evidence of
hepatic histological benefit in NAFLD[19,223]. Recently,
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two studies have shown that statins reduce CV events in
patients with increased transaminases presumably due
to NAFLD. Moreover, one of them reported that the
CVD benefit was greater than in patients with normal
liver tests[224]. Given that CVD is the main cause of death
in NAFLD patients[75], statins play a key role in NAFLD
management[225]. Finally, statins may also exert a potentially beneficial role both on portal hypertension and
HCC chemoprevention[226-230].
Therapeutic options in the elderly must carefully balance the potential CV benefits vs the possible side effects
and risk of drug interactions. No universal guidelines may
be proposed, and treatment decisions need to be tailored
considering the specific features of the individual patient,
such as biological age, comorbidities and functional organ
impairment[231].
Diabetes
Metformin is the first-line drug for the treatment of T2D.
Despite beneficial effects on IR, it exerts only a small
effect on serum aminotransferases and fails to improve
liver histology in NAFLD[232]. Accordingly, metformin
should not be used in non-diabetic NAFLD patients[19]
although it has important beneficial effects on NAFLD
complications/comorbidities: metformin moderately reduces the risk of HCC[233-235] and significantly decreases
arterial stiffness, a predictor of cardiovascular mortality[236]. A particular concern in the elderly is represented by
the frequent impairment of liver function, requiring the
need for individualized dosage and warning that metformin is contra-indicated in the presence of overt kidney
failure.
Glitazones (i.e., pioglitazone) are recommended by
current guidelines for the treatment of subjects with
NASH. Large randomized controlled trials reported
a beneficial effect of pioglitazone on systemic IR and
liver histology, although the advantage was limited for
fibrosis[237-239]. However, the beneficial effects on liver
histology disappeared after treatment discontinuation[240].
Moreover, pioglitazone - due to increased subcutaneous
fat depots - is associated with weight gain; the increased
risk of congestive heart failure and bone fractures and a
slightly increased risk of bladder cancer limit its clinical
appeal[19], especially in the elderly.
Finally, preliminary evidence for potentially favorable
action has been described in an experimental model with
pharmacological agents inducing a small increase in mitochondrial uncoupling, leading to an improvement of T2D
and IR associated with decreased hepatic steatosis[241].
Hypertension
Angiotensin receptor blockers are widely used antihypertensive agents with a well-characterized safety profile.
Chronic liver damage up-regulates the local tissue reninangiotensin system, which contributes to the recruitment
of inflammatory cells and the development of fibrosis[70].
Some animal and small sample human studies have suggested that angiotensin receptor blockers improve serum
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liver enzyme levels and histological features of NAFLD;
however, further larger clinical trials are needed to corroborate these findings[75].
Recently, telmisartan has prevented hepatocarcinogenesis via inhibited hepatic angiogenesis in a rat NASH
model[242].
When considering treatment with blood pressurelowering agents, attention needs to be paid to the risk of
orthostatic hypotension (see above).
Obesity
The association between NAFLD and obesity in the
elderly may be less relevant due to a physiologic weight
loss occurring with aging [39]. Lifestyle modification
through hypocaloric diet and increased physical activity is
the mainstay of the treatment of obesity. A 5% to 10%
weight loss is recommended to improve steatosis and
NASH[19]. Consolidated habits and common physical limitations hamper lifestyle changes in the elderly. No specific drugs are approved for weight-loss, and indications
to perform bariatric surgery are restricted by reduced life
expectancy and comorbidities of elderly patients.
Vitamin E
Vitamin E (800 IU/d) has been shown able to improve
NASH histological features (except for fibrosis)[19]. However, no long-term follow-up data are available, and this
vitamin is not recommended in those with diabetes[243].
Of major concern, high-dose Vitamin E supplementation has been linked to increased all-cause mortality[244].
Vitamin D
Vitamin D deficiency is common in the elderly[245]. An
increasing body of evidence suggests that low vitamin D
status is associated with NAFLD and its histological severity as well as to T2D, MS and CV events[75]. Randomized clinical trials are needed to determine whether vitamin D supplementation improves NAFLD and reduces
the incidence of cardiovascular outcomes.
Prebiotics and probiotics
Dietary prebiotic consumption, which modulates gut
microbiota[246], although associated with subjective satiety,
reduced postprandial glucose and insulin concentrations,
exhibits inconsistent results regarding total energy intake,
body weight, gut peptides, insulin sensitivity, serum lipids,
inflammatory markers and immune function[247]. Moreover, despite encouraging results in animals[248-250], the
effect of probiotics on metabolic parameters have provided conflicting results in humans. Transplantation of
intestinal microbiota from lean donors improves insulin
sensitivity in subjects with MS[251]. The wide use of this
interesting approach, however, is likely to be limited by
the potential risk of transmitting the recipient (unknown)
pathogens. Further studies are needed to identify strategies to target gut microbiota composition as an innovative NAFLD treatment in the elderly.
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CONCLUSION
Aging is a major social and economic challenge that will
steadily increase in the coming decades. NAFLD is expected to play an important role in age-related liver disease in the setting of the secular worldwide trend towards
an increment of metabolic diseases, notably including
those associated with reduced insulin sensitivity such as
obesity and T2D.
Of concern, NAFLD in the elderly is expected to carry
a substantial burden of NASH, cirrhosis and HCC, which
along with the worrying extra-hepatic manifestations and
correlates of disease, makes proper identification and management of this condition a major task for clinical geriatricians and geriatric hepatologists. Careful consideration of
the aspects that are peculiar to elderly subjects, including
the typical geriatric syndromes (frailty, multimorbidity,
polypharmacy, and dementia), is also required.
Proper treatment strategies will have to consider the
peculiarities of the geriatric population and will require a
multidisciplinary approach. Non-pharmacological treatment (diet and physical exercise) has to be individually
tailored considering the physical limitations of most elderly people and the need for an adequate caloric supply.
Similarly, the choice for drug treatment must carefully
balance the benefits and costs in terms of adverse events
and pharmacological interactions, in the common context
of both multiple comorbidities and polypharmacy.
Further epidemiological and pathophysiological insight
is warranted. More accurate understanding of the molecular mechanisms of geriatric NAFLD will help in identifying
the most appropriate diagnostic and therapeutic approach
in individual elderly patients.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is today considered the most common form of chronic liver disease,
affecting a high proportion of the population worldwide.
NAFLD encompasses a large spectrum of liver damage, ranging from simple steatosis to steatohepatitis,
advanced fibrosis and cirrhosis. Obesity, hyperglycemia,
type 2 diabetes and hypertriglyceridemia are the most
important risk factors. The pathogenesis of NAFLD and
its progression to fibrosis and chronic liver disease is
still unknown. Accumulating evidence indicates that
mitochondrial dysfunction plays a key role in the physiopathology of NAFLD, although the mechanisms underlying this dysfunction are still unclear. Oxidative stress is
considered an important factor in producing lethal hepatocyte injury associated with NAFLD. Mitochondrial respiratory chain is the main subcellular source of reactive
oxygen species (ROS), which may damage mitochondrial proteins, lipids and mitochondrial DNA. Cardiolipin,
a phospholipid located at the level of the inner mitochondrial membrane, plays an important role in several

WJG|www.wjgnet.com

reactions and processes involved in mitochondrial bioenergetics as well as in mitochondrial dependent steps of
apoptosis. This phospholipid is particularly susceptible
to ROS attack. Cardiolipin peroxidation has been associated with mitochondrial dysfunction in multiple tissues in several physiopathological conditions, including
NAFLD. In this review, we focus on the potential roles
played by oxidative stress and cardiolipin alterations in
mitochondrial dysfunction associated with NAFLD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Oxidative stress; Cardiolipin; Mitochondrial
bioenergetics; Antioxidants; Nonalcoholic fatty liver
disease
Core tip: Nonalcoholic fatty liver disease (NAFLD) is considered the most common form of chronic liver disease.
Mitochondrial dysfunction and oxidative stress play a
key role in the physiopathology of NAFLD. Mitochondrial
respiratory chain is the main source of reactive oxygen
species, which may damage mitochondrial proteins, lipids and mitochondrial DNA. Cardiolipin, a phospholipid
of the inner mitochondrial membrane, plays an important role in mitochondrial bioenergetics and in apoptosis. Cardiolipin abnormalities have been associated with
mitochondrial dysfunction in several physiopathological
conditions, including NAFLD. In this review, we focus on
the potential roles played by oxidative stress and cardiolipin alterations in mitochondrial dysfunction in NAFLD.
Paradies G, Paradies V, Ruggiero FM, Petrosillo G. Oxidative
stress, cardiolipin and mitochondrial dysfunction in nonalcoholic fatty liver disease. World J Gastroenterol 2014; 20(39):
14205-14218 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14205.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14205
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most
common form of chronic liver disease, affecting a high
proportion of the population worldwide[1,2]. NAFLD
refers to the wide spectrum of liver damage including
several pathological conditions such as nonalcoholic steatohepatitis (NASH), advanced fibrosis and cirrhosis[3-5].
A number of predisposing factors have been related to
NAFLD, such as obesity, diabetes, dyslipidemia, drugs
and parenteral nutrition[6,7]. However, the pathogenesis
of NAFLD and its progression to fibrosis and chronic
liver disease is still unknown. The leading hypothesis
for nonalcoholic-induced liver disease is the two-hits
model[8]. The first hit is an initial metabolic alteration, like
insulin resistance, hyperglycemia and hyperlipidemia and
the accumulation of triglyceride in hepatocytes, leading
to steatosis. The second hit triggers the progression to
more severe liver pathologies like steatohepatitis, fibrosis
and cirrhosis of liver. Examples of the second hit could
be genetic and environmental factors like diet, smoke and
pollutants leading to mitochondrial dysfunction. All these
factors are recognized to induce oxidative stress, mainly
via mitochondrial alterations. Mitochondrial dysfunction impairs fat homeostasis in liver and also leads to an
overproduction of reactive oxygen species (ROS). These
reactive oxygen species are considered to play an important role in inducing lethal hepatocyte injury associated
with NAFLD[9-13]. Oxidative stress may cause damage at
cellular level, such as membrane lipid peroxidation, cell
degeneration and necrosis, cell death by apoptosis[14-16],
proinflammatory cytokine expression, liver stellate cell
activation and fibrogenesis[11,17-19].
It is well known that the mitochondrial respiratory
chain is an important source of ROS at subcellular level
and hence a potential contributing factor to NAFLD. Results obtained in our laboratory demonstrated enhanced
mitochondrial ROS formation associated with an impairment of the mitochondrial respiratory chain in rats fed
a choline-deficient diet (CDD)[20-22]. Similar results have
been reported in patients with nonalcoholic steatosis[23].
In addition, it has been shown that patients with steatohepatitis present with ultrastructural mitochondrial alterations[24,25] and impairment of hepatic ATP synthesis[26].
Cardiolipin is a dimeric phospholipid found almost
exclusively in the inner mitochondrial membrane (IMM)
where it plays a pivotal role in several reactions and processes involved in mitochondrial bioenergetics, primarily the process of the oxidative phosphorylation[27-31]. In
addition, cardiolipin is believed to participate in several
steps of the intrinsic (mitochondrial) pathway of the
apoptotic process[32-35], in mitochondrial morphology and
dynamics, including fusion and fission processes, as well
as in protein translocation, insertion and assembly into
mitochondria[36,37]. Cardiolipin alterations are considered
an important contributing factor in mitochondrial dysfunction in multiple tissues in several physiopathological
situations[37-39]. Cardiolipin oxidation has been shown to
be involved in mitochondrial dysfunction in insulin re-
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sistance[40], obesity[41] and NAFLD[22]. In this review, we
focus on the potential roles played by oxidative stress and
cardiolipin alterations in mitochondrial dysfunction associated with nonalcoholic fatty liver disease.

MITOCHONDRIAL ABNORMALITIES IN
NAFLD
The mechanisms responsible for NAFLD are still not
fully elucidated. Reduced capacity to oxidize fatty acids,
increased delivery and transport of free fatty acids (FFAs)
into the liver and enhanced hepatic fatty acid synthesis
are considered important factors in the pathogenesis of
fatty liver. Structural and functional mitochondrial alterations have been shown to contribute to the pathogenesis
of NAFLD. Structural alterations include morphological
changes, ultrastructural lesions and depletion of mitochondrial DNA (mtDNA), while functional alterations
include the activity of respiratory chain complexes and
the mitochondrial β-oxidation[19]. Abnormal morphological changes in liver mitochondria have been observed in
patients and animal models of NASH[24,42]. Results obtained by electronic microscopy revealed that mitochondria in a mouse model with fatty oxidation defect and
hepatic steatosis are large and swollen, limited in number,
and that the mitochondrial matrix has paracrystalline
inclusions and hypodensity[13]. These ultrastructural mitochondrial perturbations in patients with NAFLD may be
indicative of altered mitochondrial functions, primarily
the process of oxidative phosphorylation[23,43]. NAFLD,
often found in patients with insulin resistance, obesity
and type 2 diabetes, is associated with decreased oxygen
consumption and ATP generation, reduced total mtDNA
and mtDNA transcription factor A, and reduced content
of respiratory proteins in the fat, muscle and liver[44].
MtDNA depletion in hepatocytes impairs mitochondrial
function and causes hepatic steatosis and other liver injury[45]. Patients with NASH have decreased expression
of mtDNA encoded polypeptides[46] and impaired activity of respiratory chain complexes[23].
Another important factor underlying the mitochondrial dysfunction found in NAFLD patients and animal
models is tumor necrosis factor (TNF-a). The involvement of this cytokine in the pathogenesis of NASH is
well documented[4]. High blood TNF-a levels have been
found in patients with nonalcoholic fatty liver disease[47].
The levels of TNF-a in liver tissue of ob/ob mice were
much higher than in normal mice[48]. The likely sources
of hepatic TNF-a are hepatocytes and Kupffer cells[49].
TNF-a induces mitochondrial perturbations such as
swelling with a lighter matrix and abnormal morphological alterations in the membrane. In addition, TNF-ainduced mitochondrial swelling causes a bursting of the
membrane leading to an interference between respiratory
chain complexes Ⅰ and Ⅲ[50]. Treatment of ob/ob mice
with anti-TNF-a has a beneficial effect on mitochondrial
respiratory chain complexes (Ⅰ, Ⅲ, Ⅳ and Ⅴ) activity,
[48]
a-oxidation activity and liver histology . TNF-a may
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also alter electron transport chain (ETC) by inducing
hypoxia-inducible factor -1a and mtDNA damage[18,48,51].

MITOCHONDRIA AS SOURCE OF ROS
PRODUCTION
Oxidative stress is a condition due to an altered balance
between the production of ROS and/or reactive nitrogen species (RNS) and the antioxidant defences capacity.
The resulting imbalance appears to be involved in various
physiopathological situations in which an oxidative insult
causes tissue damage and cell death. The effects of ROS
and RNS are not always injurious but, under physiological conditions, they represent essential signaling roles and
physiological regulatory mechanisms in several vital cellular processes[52,53].
The redox state of the ETC components is considered the main factor involved in mitochondrial ROS
generation. Electron transfer through the mitochondrial
respiratory chain generates an electrochemical gradient
which is utilized to synthesize ATP. In certain metabolic
situations, such as high-fat or high-glucose states, inhibited ETC complexes activity or exposure to xenobiotics,
the mitochondrial electrochemical gradient is high. Under
these conditions the life of superoxide-generating electron transport intermediates, such as the ubisemiquinone
radical, is prolonged, facilitating the transfer of electrons
one at a time to oxygen, thus increasing the superoxide
anion (O2•-) generation.
Mitochondria are the primary source of cellular reactive oxygen species. It has been reported that approximately 0.2%-2% of the oxygen consumed by the cell is
converted by mitochondria to ROS, mainly through the
production of superoxide anion (O2•-)[54]. Mitochondria
consume around 90% of a cell’s oxygen to produce ATP
through the process of oxidative phosphorylation. This
process, however, comes with additional cost, the production of potentially harmful ROS. The mitochondrial
electron transport chain is considered the main source of
ROS. The primary oxygen radical species generated by
mitochondria is superoxide anion which is then converted
to hydrogen peroxide (H2O2) by spontaneous dismutation
or by superoxide dismutase (SOD), present both within
the mitochondria and in the cytosol. Hydrogen peroxide,
in turn, is converted into water by glutathione peroxidase
or catalase, otherwise, in the presence of divalent cations
such as iron, H2O2 can undergo Fenton’s reaction to produce hydroxyl radical •OH.
Mechanisms of ROS production by mitochondrial
respiratory chain complexes and the sites of their production have been reviewed extensively [55]. The two
major sites of O2•- production are complex Ⅰ (NADHcoenzyme Q reductase) and complex Ⅲ (ubiquinonecytochrome c oxidoreductase). Mitochondria can produce superoxide anion, predominantly from complex Ⅰ,
likely at the site of FMN[55] and from complex Ⅲ, at
the site of the unstable ubisemiquinone molecules[56,57]
or the cytochrome b[58]. ROS are also generated, to a
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lesser extent, outside of the mitochondrion by nonenzymatic and/or enzymatic reactions. Reactions involved in
extra-mitochondrial ROS production include NADPH
oxidase, xanthine oxidase, D-amino oxidase, the P-450
cytochromes and proline and lysine hydroxylase, uncoupled NO synthase. ROS may also be generated by FFA
oxidation in peroxisomes and microsomes and from
Kupffer cell activation. In the obese and in patients with
NASH, the pro-oxidant cytochrome P450 2E1 (CYP2E1)
isoform activity is increased[59], likely induced by FFA or
ketones. This microsomal enzyme, in addition to its involvement in the degradation of xenobiotics, promotes
FFA β-oxidation, during which ROS are generated[60].
Kupffer cells may also generate ROS via the NADPHoxidase system[61].
Mitochondrial ROS generation might be regulated by
nitric oxide (NO)[62]. This compound can be converted
to other RNS such as nitroxyl anion (NO-) or the toxic
peroxynitrite (ONOO -) [62]. It has been reported that
mitochondria can produce NO from mitochondrial nitric oxide synthase (iNOS)[62,63]; however, this has been
questioned[64]. NO may affect mitochondrial respiratory
chain function by reacting with cytochrome c oxidase,
thus interrupting electron transfer to oxygen[65]. In addition, peroxynitrite, a product resulting from NO
reaction with O2•-, inhibits the activity of various proteins, including electron transport chain complexes[66].
Mechanism through which peroxynitrite exert this effect are varied and include its oxidative potential[67] and
its ability to damage DNA[68]. Oxidizing reactivity of
ONOO- is comparable to that of •OH[69]. Endogenous
NO can regulate mitochondrial production of ROS by
two mechanisms: at low levels NO can increase O2•and H2O2 generation by modulating the rate of oxygen
consumption at the level of cytochrome c oxidase[70],
whereas at high levels, NO inhibits H2O2 production by
reacting with O2•-, resulting in ONOO- formation[71]. NO
and other RNS are increased in response to chronic alcohol consumption through induction of iNOS[72]. Studies also report increased iNOS expression in the liver of
ob/ob mice[48]. iNOS induction is linked to alterations in
the NO-dependent control of mitochondrial respiration
(at the level of cytochrome c oxidase), which potentially
contributes to the development of alcoholic steatohepatitis. The importance of understanding the role of NO
in the modulation of the mitochondrial electron transport chain activity in hepatic physiology and pathophysiology is supported by various studies, indicating that
localized NO production can occur within the organelle
through a specific mitochondrial NOS isoform or via
metabolism of nitrite to NO[73,74].
Within the mitochondrial matrix, manganese-SOD
converts O2•- to H2O2. Hydrogen peroxide can be further
metabolized by glutathione peroxidase (Gpx Ⅰ) and peroxiredoxin (Prx Ⅲ) or can diffuse from the mitochondria
into the cytosol. O2•- is unable to cross the mitochondrial
membrane except in its protonated form, which is a small
fraction of this radical at physiological pH[75]. The O2•-
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present in the intermembrane space might be scavenged
by the oxidized form of cytochrome c or can diffuse into
the cytosol through the voltage dependent anion channel
(VDAC)[76].
Important mitochondrial antioxidant defence systems are represented by glutathione (GSH) and multiple
GSH-linked antioxidant enzymes. Among these are Gpx
1, mainly located in the cytosol, and Gpx 4, also known
as phospholipid hydroperoxide glutathione peroxidase,
predominantly linked to the mitochondrial membrane.
These enzymes catalyze the reduction of H2O2 and lipid
hydroperoxides.
Depletion of mitochondrial GSH has been implicated in the development of alcoholic liver disease in
that GSH participates in pathways responsible for ROS
detoxification[77]. It has been also proposed that depletion of mitochondrial GSH sensitizes hepatocytes from
alcohol-fed animals to TNF a -induced cell death [78].
Conflicting effects of NAFLD on mitochondrial GSH
levels have also been reported. For example, decreased[48]
and increased[79] levels of mitochondria GSH have been
reported in a murine model of NASH such as the ob/ob
mice. It is possible that the age of animals and their diet
could explain, at least in part, the differences observed
in mitochondrial GSH[80,81]. Depletion of mitochondrial
GSH levels could also be due to its reduced uptake by
mitochondria as a result of enhanced levels of cholesterol within the inner mitochondrial membrane[82] and the
decrease in synthesis of S-adenosylmethionine, the major
methyl donor in liver and precursor to GSH[83]. Recently,
lower hepatic expression of the Mu-class glutathione Stransferase was reported in obese patients with steatosis
compared to obese individuals without NAFLD[84]. Thus,
low levels of GSH and decreased expression and/or
activity of some glutathione-related enzymes may have
additional deleterious effects on fatty liver. These findings
demonstrate that although GSH is a potential player in
the pathogenesis of fatty liver disease, additional studies
are necessary to delineate the precise role of mitochondrial GSH alterations in the pathogenesis of alcohol and
non-alcohol mediated mitochondrial dysfunction and
liver injury.

MITOCHONDRIAL OXIDATIVE DAMAGE
IN NAFLD
Mitochondrial ROS generation is considered an important contributing factor to various liver diseases via the
accumulation of mtDNA mutations that could lead to
lethal cell injury[85] through the impairment of several
bioenergetic reactions involved in the oxidative phosphorylation. In addition, due to its close proximity to
the ETC, the lack of protective histones and incomplete
repair mechanisms, mtDNA is highly prone to oxidative
damage, leading to DNA breaks and the occurrence of
somatic of mtDNA mutations[55]. Mitochondrial DNA
encodes 13 proteins involved in ETC functioning, as well
as the two mitochondrial ribosomal RNAs and all the mi-

WJG|www.wjgnet.com

tochondrial transfer RNAs required for the synthesis of
mtDNA-encoded polypeptides within mitochondria.
During NASH, different types of mtDNA damage
have been detected, including deletions, point mutations and increased 8-hydroxydeoxyguanosine level[24,86].
Reduced levels of mtDNA have also been reported in
patients with NASH[87] that seem to be responsible for
the impairment of mitochondrial function and development and progression of liver steatosis and other
liver injuries. Reduced expression of mtDNA-encoded
polypeptides has been reported in patients with NASH,
further supporting a role for mtDNA depletion in mitochondrial dysfunction[88]. Interestingly, although loss of
mtDNA has been demonstrated in the livers of patients
with NASH, mtDNA level was shown to be markedly
enhanced in patients with fatty liver but without inflammation or fibrosis[89]. Increased levels of mutations in the
mitochondrially encoded subunit Ⅰ and subunit Ⅱ genes
of complex Ⅰ and complex Ⅳ, respectively, have been
detected in the livers of NASH patients compared to
patients with simple fatty livers[90]. The accumulation of
mtDNA mutations may lead to mitochondrial respiratory
chain dysfunction, which in turn results in an increase
in mitochondrial ROS production and subsequent accumulation of more mtDNA mutations. This triggers a
vicious cycle of oxidative damage in which mitochondrial
dysfunction produces larger amounts of reactive oxygen
species which in turn can induce further oxidative damage to mitochondrial structure and function, as well as to
other cellular components. Damage to mtDNA can be
propagated as mitochondria and cell divide[91]. Therefore,
oxidative damage to mtDNA could have severe implications for mitochondrial dysfunction in fatty liver, allowing the physiological consequences of the damage to be
amplified.
In addition to mtDNA and proteins, phospholipid
constituents of the mitochondrial membranes are particularly prone to ROS-induced oxidative attack, especially the long chain polyunsaturated fatty acids. Phospholipids are the most abundant lipid components of
the mitochondrial membranes where they play multiple
roles. Phospholipids modulate the membrane permeability barrier, the structural and functional properties of
membrane-associated enzymatic activities and provide a
matrix for the assembly and function of a variety of catalytic processes. Polyunsaturated fatty acids (PUFA) are essential components of mitochondrial phospholipids. The
presence of high concentration of PUFA in their structure render mitochondrial phospholipids a prime target
for reactions with oxidizing agents and enables them to
participate in long free radical chain reactions, producing
a variety of by-products of lipid peroxidation process,
such as hydroperoxides and endoperoxides. These compounds may undergo fragmentation to produce several
reactive intermediates, among them, malondialdehyde
and the most reactive 4-hydroxy-trans-2-nonenal. These
two by-products of lipid peroxidation have been shown
to interact with and inactivate ETC components, includ-

14208

October 21, 2014|Volume 20|Issue 39|

Paradies G et al . Mitochondrial dysfunction in NAFLD

ing cytochrome c oxidase, by forming adducts with this
enzyme[92], contributing to triggering mitochondrial dysfunction in NASH[93,94].
Phospholipid peroxidation is considered an important
contributing factor in mitochondrial dysfunction in several physiopathological conditions as well as during the
aging process[95]. In fact, phospholipid peroxidation alters
the structural organization of the mitochondrial bilayer,
perturbing membrane fluidity and permeability. These
alterations, in turn, affect mitochondrial ETC activity, the
oxidative phosphorylation process, inner membrane barrier properties, maintenance of mitochondrial membrane
potential and mitochondrial Ca2+ buffer capacity.
Cardiolipin is a phospholipid component of the inner mitochondrial membrane, rich in unsaturated fatty
acids, particularly linoleic acid in heart and liver tissues
or arachidonic and docosahexaenoic acid in brain tissue
mitochondria[96]. Due to its high content of unsaturated
fatty acids, cardiolipin is highly sensitive to ROS-induced
oxidative damage. In fact, the presence of a methylene
bridge between two double bonds of CL fatty acids
makes these compounds highly prone to oxidative damage. In addition, CL molecules seem to be a primary
target for ROS attack due to their location in the inner
mitochondrial membrane in the proximity of the sites of
ROS generation, notably the ETC complexes. Normal
CL can be measured directly by a normal-phase HPLC
technique with UV detection at 206 nm, while oxidized
cardiolipin form can be detected with the same HPLC
technique with detection at 235 nm (indicative of conjugated dienes)[96]. Results obtained in our laboratory have
demonstrated an oxidation/depletion of cardiolipin in
hepatic mitochondria isolated from rat fed with CDD,
an experimental animal model of non-alcoholic fatty
liver[22].

ROLE OF CARDIOLIPIN IN
MITOCHONDRIAL BIOENERGETICS
Cardiolipin plays pleiotropic functions in mitochondria.
This phospholipid is particularly abundant in biological
membranes involved in the generation of an electrochemical gradient that is used to produce ATP, such the
bacterial plasma membrane and the inner mitochondrial
membrane[28]. The association between CL and these
energy-transducing membranes suggests a critical role for
CL in mitochondrial bioenergetics. Cardiolipin has been
shown to interact with and to be required for optimal
functioning of several inner mitochondrial membrane
proteins and enzymes[27-31,97], including among others, the
ETC complexes involved in the oxidative phosphorylation process and ADP/ATP translocator. Crystallographic studies have demonstrated the presence of few tightly
bound CL molecules in each of the crystal structures of
complex Ⅲ, complex Ⅳ and ADP/ATP carrier[98]. These
results suggest that CL is an integral component of these
proteins, the presence of which is critical to folding,
structure and function.
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Mitochondrial respiratory chain complexes are organized into higher oligomeric structures, generically
called supercomplexes or respirosomes[99]. Cardiolipin,
due to its dimeric structure, seems to affect the assembly,
stabilization and functional activity of such respiratory
supercomplexes. Indeed, in mitochondria lacking CL,
a respiratory supercomplex formed by complex Ⅲ and
[100]
Ⅳ is destabilized . Similarly, dimeric organization of
ADP/ATP carrier and other ADP/ATP carrier-containing supercomplexes are destabilized in CL-deficient
mitochondria[101]. Altogether, these findings indicate the
potential role played by CL in the supramolecular organization of proteins involved in mitochondrial bioenergetics. Thus, abnormalities in CL structure, content and
fatty acids composition may have a deleterious effect in
mitochondrial function in several physiopathological conditions[37,38,96,102], including fatty liver diseases[22].

CARDIOLIPIN OXIDATION AND
RESPIRATORY CHAIN DYSFUNCTION IN
NAFLD
As discussed earlier in this review, CL molecules seem
to be required for functional activity of several mitochondrial inner membrane proteins, including respiratory
chain complexes involved in the oxidative phosphorylation process. Cardiolipin oxidation may significantly
affect the respiratory chain complexes activity and mitochondrial function. Results from our laboratory showed
that exposure of beef heart submitochondrial particles to
mitochondrial-mediated ROS generation or ROS generating systems resulted in an oxidation and depletion of mitochondrial CL and in a significant decrease of the complexes Ⅰ, Ⅲ and Ⅳ activity[103-105]. Moreover, exogenously
added CL-liposomes were able to significantly prevent
the ROS-mediated decrease of the activity of these respiratory chain complexes[103-105]. Thus, the oxidation and
depletion of mitochondrial CL seem to be responsible
for the ROS-induced alterations of the respiratory chain
complexes Ⅰ, Ⅲ and Ⅳ activities.
Choline deficient diet (CDD) is a well-known experimental model to induce fatty liver in rats[106]. The
depletion of choline interferes with the synthesis and/or
secretion of very low-density lipoproteins and thus inhibits the transport of triglycerides outside of the hepatocytes, resulting in fatty liver in rats. Steatosis induced
by the CDD is characterized by pathological and biochemical similarities with fatty liver in humans. Reactive
oxygen species have been shown to have an important
role in hepatic tissue injury in fatty liver[18,19]. Alterations in mitochondrial respiratory chain activity seem
to be involved in the oxygen radicals production and
thus they are considered a potential contributing factor
in the pathogenesis of NAFLD[12,20,23]. Due to the fact
that ROS are a highly reactive and short lived species, it
is likely that mitochondrial-mediated ROS production
leads to primary reactions and damage to cellular com-
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Figure 1 Possible role of reactive oxygen species and cardiolipin oxidation in hepatic mitochondrial dysfunction in nonalcoholic steatohepatitis.

ponents located near the site of their production. Therefore, mitochondria could be considered both as a major
source of ROS production and as a major target of their
oxidative attack. The effect of ROS should be greatest
at the level of mitochondrial membrane constituents,
especially the protein complexes involved in the electron
transport chain and phospholipid constituents rich in
unsaturated fatty acids, particularly cardiolipin. Results
obtained in our and other laboratories have shown that
the activity of complex Ⅰ is significantly diminished in
liver mitochondria isolated from CDD rats compared
to control animals[20,22]. Complex Ⅰ has been shown to
also be affected in the liver of patients with NASH[23].
The molecular mechanism underlying this alteration in
complex Ⅰ activity was also explored. In vitro experiments demonstrated that some CL molecules are linked
to complex Ⅰ and are required for functional activity
of this enzyme complex[97,107]. As mentioned above, the
content of CL decreased in liver mitochondria from
CDD animals, while the level of oxidized cardiolipin
increased [22]. Furthermore, the lowered activity of
complex Ⅰ in liver mitochondria from CDD animals
could be restored to the level of control liver by the
addition of exogenous CL. Other major phospholipid
components of the mitochondrial membranes, such as
phosphatidylcholine and phosphatidylethanolamine and
peroxidized CL, were unable to replace CL in this effect.
Moreover, oxidized cardiolipin markedly inhibited the
activity of complex Ⅰ in beef heart submitochondrial
particles (personal observations). These results suggest
that the observed dysfunction of complex Ⅰ in hepatic
mitochondria from CDD animals could be attributed, at

WJG|www.wjgnet.com

least in part, to ROS-induced cardiolipin alterations.
The activity of complex Ⅰ is considered a rate-limiting step for the mitochondrial ETC and thus is an important factor for the regulation of the oxidative phosphorylation process. In addition, complex Ⅰ is an important
locus of mitochondrial ROS production and therefore
a likely source of reactive oxygen species in fatty liver
diseases. The impairment of complex Ⅰ, observed in
liver mitochondria from CDD animals and attributable
to ROS induced cardiolipin damage, may generate more
superoxide radicals, triggering a vicious cycle of ROSinduced mitochondrial membrane damage that leads to
mitochondrial malfunction and subsequently to hepatocyte injury (Figure 1). Long-chain free fatty acids which
accumulate in nonalcoholic fatty liver are considered the
initial source of this ROS damaging cycle[18]. These compounds have been shown to promote ROS production in
mitochondria, although the mechanism(s) underlying this
effect is still unclear[108,109].
It is now accepted that individual components of
the ETC may exist as large macromolecular assemblies,
or so called supercomplexes[99]. Several biochemical and
biophysical lines of evidence support the existence of
such supercomplexes. Such supercomplex organization
of ETC would likely increase the efficiency of electron/
proton translocation and hence that of ATP synthesis[101].
Another important consequence of the supercomplex organization of ETC is that of minimizing the production
of ROS[110]. Experimental evidence indicates that cardiolipin molecules participate in the structural organization
and stabilization of these supercomplexes[100]. As mentioned above, the content of CL declines, while that of its
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oxidized form increases in liver mitochondria from CDD
animals. On this basis, it could be predicted that these
CL alterations might be involved in the destabilization of
the respiratory chain supercomplexes in fatty liver. Thus,
the CL-dependent alterations of the ETC organization in
supercomplexes could be another factor contributing to
ROS generation and to mitochondrial bioenergetic decay
in NAFLD. Cardiolipin-dependent destabilization of
mitochondrial respiratory chain supercomplexes has been
already reported in some pathophysiological situations,
such as Barth syndrome[111] and diabetes[112].

APOPTOSIS IN NAFLD
Cell death in the liver and peripheral tissues has emerged
as an important mechanism involved in the development
and progression of NAFLD. An increase in hepatocyte
cell death by apoptosis is typically present in patients with
NAFLD and in experimental models of steatohepatitis[15,16]. Apoptosis may be executed by two fundamental
pathways[113]: the extrinsic pathway is mediated by death
receptors on the cellular surface and the intrinsic pathway is organelle-based. The extrinsic pathway is initiated by death receptors, including Fas, TNF-receptors
and TNF-related apoptosis-inducing ligand receptors.
These receptors trigger intracellular cascades that activate death-inducing proteolytic enzymes, especially
caspases. Apoptosis can be initiated by mitochondria in
the intrinsic pathway. In liver cells, mitochondrial dysfunction plays a critical role by amplifying the apoptotic
signal and integrating both pathways into a final common pathway. Mitochondrial dysfunction results in the
release of several proapoptotic proteins into the cytosol,
including cytochrome c. This hemoprotein then forms
an activation complex with apoptotic protease activating
factor 1 and caspase 9, known as the apoptosome. This
complex activates the downstream effectors caspases 3,
6 and 7, which execute the final apoptotic changes[114].
The mitochondrial events are regulated by the Bcl-2 family proteins, which comprises the antiapoptotic proteins
Bcl-2 and Bcl-xL, the proapoptotic proteins, such as Bax
and Bak, and the BH3-only proteins, such as Bad, Bim
and Bid, which provide crosstalk between intrinsic and
extrinsic pathways[115]. Indeed, activated caspase 8 cleaves
the cytosolic protein Bid to a truncated active fragment
t-Bid, which translocates to mitochondria and induces cytochrome c release[116]. Cardiolipin has been shown to be
involved in several steps of the intrinsic pathway of the
apoptotic process[32,33], including mitochondrial permeability transition pore (MPTP) and cytochrome c release
from mitochondria[117].

CARDIOLIPIN OXIDATION, MPTP AND
CYTOCHROME C RELEASE FROM
MITOCHONDRIA
MPTP is defined as the sudden increase of mitochondri-
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al inner membrane permeability to low molecular weight
solutes (1.5 kDa) in response to many stimuli, including
high levels of Ca2+ and oxidant stress. MPTP activation
by a combination of elevated intramitochondrial Ca2+
and oxidative stress promotes the collapse of transmembrane ion gradients, resulting in membrane depolarization, uncoupling of oxidative phosphorylation and ATP
depletion[118,119]. Under conditions of low ATP levels,
the cells are unable to maintain structural and functional
integrity, including ion homeostasis. This results in outer
membrane permeabilization and cytochrome c release
into the cytoplasm to initiate pro-apoptotic signals. The
duration of MPTP opening directly affects maintenance
of ATP stores and cellular integrity. If MPTP opening is transient, the cell can recover; while in conditions
of prolonged MPTP opening and ATP depletion, irreversible damage and cell death occur, predominantly
through necrosis. A number of molecules were accepted
as key structural components of the MPTP, including
cyclophilin-D, a peptidyl-prolyl cis-trans isomerase, in
the matrix, ADP/ATP and phosphate carriers in the inner membrane and VDAC (also known as porin) in the
outer membrane[120]. Very recently, it was reported that
reconstituted dimers of the F0F1 ATP synthase, incorporated into lipid bilayers, form Ca2+-activated channels
with properties identical to those of the mitochondrial
megachannel, the electrophysiological equivalent of the
MPTP, indicating dimers of the F0F1ATP synthase to be
a new putative component of the MPTP[121].
Ca2+ ions are considered the main inducers of the
MPTP opening. Our studies have shown that exogenous
added oxidized CL sensitized mitochondria to Ca2+-induced MPTP opening[117]. Similarly, oxidation of endogenous CL by tert-Butyl hydroperoxide resulted in MPTP
opening[122]. Ca2+ and oxidized CL seem to play a coordinated role in MPTP opening by interacting with components of the MPTP, probably ADP/ATP carrier. It was
recently reported that hepatic mitochondria from CDD
rats were more vulnerable to Ca2+-induced MPTP activation in comparison to the respective control animals[123].
Pretreatment with cyclosporine A completely prevented
Ca2+-dependent mitochondrial swelling. It is conceivable
that oxidized CL, the level of which increases in mitochondria from CDD animals[22], could be a contributing
factor to the enhanced susceptibility of these mitochondria to Ca2+-dependent MPTP opening. Interestingly, the
induction of MPTP opening by oxidized CL and Ca2+ is
associated with the release of cytochrome c from mitochondria[117].
Release of cytochrome c, as well as other proteins,
from the mitochondria to the cytosol appears to play a
central role in the induction of the apoptotic cascade
that ultimately leads to the programmed cell death[117].
Cardiolipin has been implicated in the process of apoptosis in animal cells through its interaction with cytochrome c[32,33,117]. This hemoprotein is normally bound to
the outer leaflet of the inner mitochondrial membrane,
primarily to CL molecules[124]. The strength of the bind-
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ing of cytochrome c to mitochondria is dependent on
the fatty acyl chain composition of CL. Oxidation of
CL promotes the detachment of cytochrome c from
mitochondrial membrane[32,35]. Experimental evidence
indicates that cytochrome c release from mitochondria
during apoptosis occurs via a two-step process. This
mechanism first involves the detachment of cytochrome
c from the outer leaflet of the inner mitochondrial
membrane, followed by permeabilization of the outer
mitochondrial membrane and the release of cytochrome
c into the cytosol space[33]. Oxidized cardiolipin, in the
presence of Ca2+, induces the mitochondrial permeability transition pore opening[117]. In addition, CL oxidation
seems to promote the permeabilization of the outer mitochondrial membrane, probably interacting with Bcl2
family proteins, such as Bax and Bid[125]. Thus, oxidized
CL may have a critical role in several steps of the apoptotic process such as: the translocation of t-Bid to mitochondria with subsequent oligomerization of Bax and
Bak leading to membrane permeabilization; cytochrome
c dissociation from the inner mitochondrial membrane;
and activation of MPTP, followed by the release of this
hemoprotein from the mitochondrial intermembrane
space to the cytosol (Figure 1). The fact that CL oxidation/depletion has been detected in liver mitochondria
from CDD animals[22] suggests a potential role of these
CL alterations in the apoptotic process associated with
fatty liver. Indeed, apoptosis is an important mechanism
of cell death in patients with NASH[126]. Thus, modulation of CL vulnerability to peroxidation may be a potential target for sensitizing cells to apoptosis in fatty liver.
Another consequence of cytochrome c release from
mitochondria is that it interferes with electron transport
through ETC, resulting in ROS formation and triggering
a new vicious cycle, which will worsen the disturbance.

MITOCHONDRIAL-TARGETED
ANTIOXIDANTS IN NAFLD
Several therapeutic agents have been tested for their ability to alleviate fatty liver diseases; however, no proven
drug therapies have emerged as being highly effective.
As mitochondrial oxidative stress is considered an important factor in the etiology of fatty liver, the majority
of drug discovery efforts to date have centered on compounds that prevent mitochondrial ROS overproduction. Both traditional and new antioxidant compounds
have been shown to reduce the development and/or
reverse the pathological effects of fatty liver disease,
presumably through their capability to decrease oxidative
stress in tissues. Antioxidants which have been shown
to be particularly effective in treating fatty liver disease
include N-acetyl-L-cysteine, zinc, ursodeoxycholic acid,
a-tocopherol (vitamin E), lipoic acid, carnitine, S-adenosyl-L-methionine and polyphenolic compounds, such
as silybin and resveratrol, just to name a few. Further information on antioxidant therapy for treatment of fatty
liver diseases can be found in the following excellent
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review articles[127-132].
Despite a large number of experimental studies
encouraging the antioxidant therapy in the treatment
of NAFLD, there are few clinical trials that support
the efficacy of these compounds. Some antioxidants
have been shown to have a positive effect and others
as ineffective, probably due to the fact that these compounds do not reach the site of free radical generation,
especially when mitochondria are the primary source
of ROS. It should be considered that in certain physiological conditions the effect of ROS are not injurious
but may have important signaling roles in physiological
regulatory mechanisms. For example, mitochondrialmediated ROS production has been shown to play an
important signaling role in the glucose-stimulated insulin
secretory pathway in B-cells and is also involved in insulin signaling and sensitivity[133]. Recently, new antioxidant
compounds have been synthesized by attaching them
to a lipophilic triphenylphosphonium moiety in order
to target these agents to the mitochondrion[134]. These
new modified antioxidant agents have been shown to
accumulate several hundredfold in the mitochondrion
in response to the mitochondrial membrane potential.
Indeed, mitochondrial-targeted ubiquinone, modified by
conjugation to lipophilic cations, was shown to reduce
cardiac ischemia/reperfusion injury[135].
As discussed above, CL alterations, especially CL
oxidation, may be involved in mitochondrial dysfunction, as well as in mitochondrial-mediated steps of the
apoptotic process in NAFLD, such as MPTP opening
and cytochrome c release from mitochondria. Therefore,
compounds that target CL on the IMM preventing its
oxidation would be particularly useful in improving mitochondrial function and reducing ROS generation. New
mitochondrial-targeted antioxidant agents are cationic derivatives of plastoquinones which are selectively accumulated within mitochondria[136]. The mechanism by which
these antioxidant compounds exert their antioxidant
activity includes, in particular, prevention of mitochondrial cardiolipin oxidation by ROS attack. Although these
mitochondria-targeted antioxidant agents can decrease
mitochondrial ROS production, recent studies indicate
they impair several reactions involved in mitochondrial
bioenergetics[137]. Therefore, more studies are needed to
demonstrate the safety and efficacy of these antioxidant
agents in diseases for which mitochondrial dysfunction
and oxidative stress are proposed to be important factors
in their etiology, including NAFLD.
Melatonin, a hormonal product of the pineal gland,
has been shown to protect against physiopathological
states characterized by ROS overproduction [138]. The
mechanism(s) by which this compound exerts these
protective effects are not well established. Experimental
evidence indicates that some of the protective effects of
melatonin may be produced through its action at mitochondrial level by preventing ROS-induced cardiolipin
oxidation[139,140]. In this respect, our studies have demonstrated that melatonin is able to prevent cardiolipin per-
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oxidation in mitochondria isolated from heart and brain
tissues. This effect may underlie the protection afforded
by melatonin against mitochondrial dysfunction in heart
ischemia/reperfusion[141] and brain aging[142].
Another new family of agents that target CL in the
inner mitochondrial membrane are the SS (Szeto-Schiller)
peptide antioxidants[143]. These compounds have been
shown to optimize cristae architecture, improve mitochondrial bioenergetics and reduce ROS production. In
addition, these antioxidant peptides have been evaluated
in numerous preclinical disease models characterized by
bioenergetic failure. Additional studies are needed to better investigate the potential efficacy of these new CLtargeted antioxidants in diseases for which oxidant stress,
CL abnormalities and mitochondrial dysfunction play a
role in pathology, including fatty liver diseases.

Strong evidence indicates that the pathogenesis of nonalcoholic fatty liver disease is linked to mitochondrial
structural and functional alterations. ROS overproduction and altered oxidative phosphorylation are important
factors involved in mitochondrial dysfunction. Oxidative
damage to mitochondria alters mitochondrial respiratory
chain complexes and mitochondrial DNA to partially
block the flow of electrons. The subsequent increase in
mitochondrial ROS formation triggers a vicious cycle of
damage amplification. CL, the signature phospholipid of
the mitochondria, is particularly prone to ROS-induced
oxidative damage. This phospholipid plays a pivotal role
in modulating the activity of a variety of mitochondrial
bioenergetic reactions and processes, especially oxidative
phosphorylation and coupled respiration. Cardiolipin is
also an important player in different stages of the mitochondrial apoptotic process. A number of studies have
demonstrated the involvement of CL alterations in mitochondrial dysfunction in multiple tissues in a variety of
physiopathological states. In this review, we highlighted
the potential roles played by CL alterations in mitochondrial bioenergetics decay and in the mitochondrial
apoptotic process associated with nonalcoholic fatty liver
disease. Thus, CL oxidation seems to affect the activity
of several mitochondrial bioenergetic reactions in fatty
liver, including electron transport chain and mitochondrial permeability transition, as well as the release of
cytochrome c from mitochondria. The development of
new and effective antioxidant strategies aimed at reducing
the production of oxidants and hence CL oxidation in
mitochondria offers great promise for the prevention and
treatment of liver disease.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is an umbrella
term to describe the entire spectrum of this common
liver disease. In patients with NAFLD, especially those
with non-alcoholic steatohepatitis (NASH), most often
have one or more components of the metabolic syndrome, but this is not universal. Although most patients
with NAFLD share many clinical features, only a subset
of patients develops significant liver inflammation and
progressive fibrosis. On the other hand, not all patients
with NASH exhibit insulin resistance. NASH can be
seen in patients who are lean and have no identifiable
risk factors. Many clinical studies have tried numerous
drugs and alternative medicine, however, investigators
have failed to identify a safe and effective therapy for
patients with NASH. As summarized, the heterogeneity of pathogenic pathways in individual patients with
NASH may warrant the development of an individualized treatment according to the underlying pathogenic
pathway. The differentiation of pathogenetic targets
may require the development of diagnostic and prognostic biomarkers, and the identification of genetic
susceptibilities. At present, evidence-based medicine
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provides only a few options including life-style modifications targeting weight loss, pioglitazone and vitamin
E in non-diabetic patients with biopsy-proven NASH.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-alcoholic steatohepatitis; Pathogenesis;
Inflammation; Fibrosis; Life-style changes; Pharmacologic treatment
Core tip: Many clinical studies have tried numerous
drugs and alternative medicine, but investigators have
failed to identify a safe and effective therapy for patients with non-alcoholic steatohepatitis (NASH). As
summarized, the heterogeneity of pathogenic pathways in individual patients with NASH may warrant the
development of an individualized treatment according
to the underlying pathogenic pathway. The differentiation of pathogenetic targets may require the development of diagnostic and prognostic biomarkers, and
the identification of genetic susceptibilities. At present,
evidence-based medicine provides only a few options
including life-style modifications targeting weight loss,
pioglitazone and vitamin E in non-diabetic patients with
biopsy-proven NASH.
Baran B, Akyüz F. Non-alcoholic fatty liver disease: What has
changed in the treatment since the beginning? World J Gastroenterol 2014; 20(39): 14219-14229 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i39/14219.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i39.14219

INTRODUCTION
More than 30 years ago, Ludwig et al[1] described an unnamed disease as non-alcoholic steatohepatitis (NASH)
for the first time. This initial report, however, did not reveal the full spectrum of this multifaceted disease. After
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Table 1 Common causes of secondary liver steatosis
Macrovesicular steatosis
Alcohol consumption
Parenteral nutrition
Hepatitis C
Starvation/Malnutrition

Abetalipoproteinemia
Lipodystrophy

Microvesicular steatosis
Reye’s syndrome
Acute fatty liver of pregnancy
HELLP syndrome
Genetic metabolic diseases
(e.g., LCAT deficiency, cholesterol
ester storage disease)
Heat stroke
Drugs (valproate, anti-retroviral
drugs)

Celiac disease
Wilson’s disease
Drugs (e.g., corticosteroids, tamoxifen, amiodarone)
HELLP syndrome: Hemolysis, elevated liver enzymes and low platelets
syndrome; LCAT: Lecithin-cholesterol-acyltransferase.

three decades, numerous studies have been conducted
which have contributed to a better understanding of the
epidemiology, etiology, pathophysiology, natural history
and treatment of the disease.
Non-alcoholic fatty liver disease (NAFLD) is an umbrella term to describe the entire spectrum of this common liver disease. NAFLD is among the causes of fatty
liver and one of the leading etiologies of chronic liver
disease. There are a number of factors associated with
fatty liver, and the diagnosis of NAFLD requires exclusion of secondary etiologies for hepatic fat accumulation,
such as heavy alcohol consumption (Table 1)[2]. Histological features, predominantly macrovesicular steatosis,
resemble alcohol-induced liver injury; however, by definition it occurs in patients with little or no history of alcohol consumption. NAFLD is classically subdivided into
non-alcoholic fatty liver or simple steatosis and NASH.
In simple steatosis, fat accumulation in the liver is present without evidence of significant inflammation or liver
fibrosis, whereas in NASH, liver steatosis is associated
with hepatic inflammation, hepatocellular ballooning and
fibrosis which may be indistinguishable from alcoholic
steatohepatitis[3].
NAFLD is seen worldwide and it is considered the
most common liver disorder in Western countries. The
worldwide estimated prevalence of NAFLD ranges from
6.3% to 33% in the general population with a median
prevalence of 20%[4]. The estimated prevalence of NASH
is much lower, and ranges from 3% to 5%[4]. The disease is
asymptomatic and is often discovered by routine laboratory
investigations incidentally showing elevated transaminases.
The evidence indicates that although simple steatosis
is a benign condition, NASH can progress to fibrosis
and lead to end-stage liver disease[5]. In patients with
cryptogenic cirrhosis, up to 70% have risk factors for
NAFLD[6]. The risk factors associated with progression
of the disease include elevated serum transaminases,
inflammation on liver biopsy, older age, diabetes mellitus, high body mass index (≥ 28 kg/m2), presence of
ballooning plus Mallory hyaline or fibrosis on biopsy and
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increased visceral adipose tissue[7-10]. However, mechanisms which drive the progression from simple steatosis
to NASH are not yet fully elucidated.
Although the pathophysiological mechanisms involved in the development of NASH are out of the
scope of this review, a brief examination of the recent
understanding of the pathogenesis may improve the discussion on potential therapies. For decades, NAFLD has
been thought to be a disease spectrum which progresses
from simple steatosis to NASH and from NASH to
advanced liver fibrosis. Therefore, variable clinical presentations in individuals with NAFLD have always been
thought to be different stages of this pathophysiologic
continuum. Under this assumption, the two-hit hypothesis was established to explain the pathogenesis of the disease[11]. According to this well-known hypothesis for the
mechanism of disease progression, an initial insult occurs
during the development of macrovesicular steatosis due
to excessive triglyceride accumulation in the liver. There
is a range of conditions associated with lipid deposition
in hepatocytes. Excessive triglyceride accumulation in the
liver can occur due to excessive importation of free fatty
acids from adipose tissue, from diminished hepatic export
of free fatty acids or from impaired beta-oxidation of
free fatty acids[12]. Increases in visceral adipose tissue and
intrahepatic fat correlate with increased gluconeogenesis,
increased free fatty acid levels, and insulin resistance[13].
Insulin resistance and subsequent hyperinsulinemia seem
to be the major factors behind the alterations in the hepatic pathways of uptake, synthesis, degradation, and
secretion of free fatty acids which ultimately leads to accumulation of lipids in the hepatocytes[14]. These changes
seem to make the liver susceptible to a second insult,
resulting in an inflammatory response and progression
of liver damage. The second hit occurs due to increased
hepatic oxidative stress which is associated with increased
free fatty acid metabolism, diminished antioxidant activity, increased proinflammatory cytokines, such as tumor
necrosis factor alpha (TNFα) and endotoxin levels, and
especially mitochondrial dysfunction and/or endoplasmic
reticulum stress in the liver[14]. Mitochondrial dysfunction,
the generation of reactive oxygen species and inflammatory response enhance endoplasmic reticulum stress with
subsequent activation of hepatocyte apoptotic pathways
and eventually hepatic fibrogenesis. Other oxidative
stressors that may contribute to inflammation and fibrogenesis in patients with NAFLD include, but not limited
to, hepatic iron, leptin, depressed antioxidant levels and
intestinal microbiota[15-18]. A very recent and important
advancement in our understanding of hepatic fibrogenesis is the demonstrated relationship between free cholesterol accumulation in hepatic stellate cells and progressive
liver fibrosis in animal models[19]. Free cholesterol accumulation in hepatic stellate cells increases and further
sensitizes these cells to transforming growth factor-betainduced activation of liver fibrogenesis in NASH[20].
Although the traditional “two-hit” hypothesis has
dominated the literature to explain NAFLD pathophysi-
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Initial hits
Insulin resistance↑
Diet-visceral obesity
Genetics
Dysregulation of adipokines
FFA↑
Fatty liver

Secondary hits
Oxidative stress
FFA oxidation
Antioxidant activity↓
Mitocondrial dysfunction/ER stress
Hepatocyte apoptosis↑
Proinflammatory cytokines↑

NASH
Inflammation
Fibrosis progression
Free cholesterol accumulation in HSCs

Figure 1 Pathogenesis of non-alcoholic liver fatty liver disease. FFA: Free fatty acid; ER: Endoplasmic reticulum; NASH: Non-alcoholic steatohepatitis; HSCs:
Hepatic stellate cells.

ology for more than a decade, it has been overtaken as
the relationship and interaction between insulin resistance, adipokines, liver inflammation, hepatocyte apoptosis and other numerous pathogenetic components have
been further elucidated in recent years. It is evident that
numerous complex pathways which interact with each
other are responsible for the pathogenesis of NASH
and progression to advanced fibrosis. These pathways of
pathogenesis may not exist together in every individual
with NAFLD and additional pathways can supervene at
any time during the course of the disease, which leads
to a heterogeneous patient cohort with diverse clinical
presentations[21]. Patients with NAFLD, especially those
with NASH, most often have one or more components
of the metabolic syndrome, but this is not universal[22,23].
Although most patients with NAFLD share many clinical features, only a subset of patients develops significant
liver inflammation and progressive fibrosis. An example
of this heterogeneity is that insulin resistance can be observed in NASH in the absence of obesity and glucose
intolerance. On the other hand, not all patients with
NASH exhibit insulin resistance. NASH can be seen in
patients who are lean and have no identifiable risk factors[24]. There is consistent evidence on the relationship
between genetic factors and NAFLD pathogenesis[25,26],
which may partially explain the heterogeneity of the
disease. The single nucleotide polymorphism (rs738409
C>G) in the human patatin-like phospholipase domain
containing 3 gene is the best example of these genetic
factors associated with NAFLD pathogenesis. It has
been shown to be a strong predictor of hepatic steatosis,
inflammation and fibrosis independent of body mass
index and insulin resistance[27]. With this insight, the
traditional “two-hit” mechanism to explain disease progression in NAFLD has been challenged by the novel
“multiple parallel hits” hypothesis[28]. In this version of
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the pathogenetic explanation, the initial insult to the liver
starts with insulin resistance and concurrent metabolic
abnormalities (Figure 1). Hyperinsulinemia resulting
from insulin resistance leads to the above-mentioned
mechanisms of altered free fatty acid metabolism and
fatty infiltration of the liver which makes the liver susceptible to numerous injurious effects. A parallel interaction and intensification between these complex injurious
mechanisms lead to mitochondrial dysfunction, the
subsequent induction of hepatocyte apoptotic pathways
and fibrogenesis. Although the histopathological picture
of steatohepatitis is universal, the evidence behind the
“multiple parallel hits” theory indicates that each patient
can have shared and distinct pathophysiological factors
behind the progression from NAFLD to NASH. In this
context, the need for an individualized pathogenesisbased approach to medical therapy for patients with
NAFLD has been conceptualized in recent years. In this
review, we aimed to summarize the evolution and current status of the different treatment regimens studied in
patients with NAFLD.

MANAGEMENT
General principles
Although the increasing prevalence of NASH has led to
a significant demand for a medical therapy, three decades
of research on pharmacological treatment have provided
limited options. The only management guideline to be
published recently is by the American Association of
the Study of the Liver Diseases (AASLD)[2]. Since the
definition of the disease, it was promptly recognized that
obesity, glucose intolerance and type 2 diabetes, which
are the conditions associated with insulin resistance, are
frequently observed in patients with NAFLD. Due to the
strong association between NAFLD and insulin resis-
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Table 2 International diabetes federation definition of the
metabolic syndrome
Increased waist circumference [≥ 94 cm (men) or ≥ 80 cm (women)],
with ethnic-specific waist circumference1 cut-points; plus any two of the
following:
Triglycerides > 150 mg/dL (1.7 mmol/L) or treatment for elevated
triglycerides
HDL cholesterol < 40 mg/dL (1.03 mmol/L) in men or < 50 mg/dL
(1.29 mmol/L) in women, or treatment for low HDL
Systolic blood pressure > 130, diastolic blood pressure > 85 mmHg, or
treatment for hypertension
Fasting plasma glucose > 100 mg/dL (5.6 mmol/L) or previously
diagnosed type 2 diabetes; an oral glucose tolerance test is
recommended for patients with an elevated fasting plasma glucose,
but not required
1

For South Asia and Chinese patients, waist ≥ 90 cm (men) or ≥ 80 cm
(women); for Japanese patients, waist ≥ 90 cm (men) or ≥ 80 cm (women).
HDL: High density lipoprotein.

tance, there is a wide consensus to describe the condition
as the hepatic component of the metabolic syndrome.
Therefore, initial studies investigating treatment options
in NAFLD focused on the management of components
of the metabolic syndrome (Table 2)[29]. Cardiovascular
risk factors are highly prevalent among patients with
NAFLD and general lifestyle interventions including dietary changes and physical exercise to achieve weight loss
have been recommended as the backbone of the management of the disease. The rationale for recommending
lifestyle modifications as a first-line treatment was based
on the pathophysiological evidence obtained in studies
showing improvement of insulin resistance and fatty
acid metabolism after significant weight loss (> 5%-10%
of body weight)[30,31]. These modifications in lifestyle
may also improve steatosis and hepatic inflammation,
especially if patients can incorporate and maintain these
changes into their life for a sufficient period of time[32].
However, most patients may experience problems regarding long-term adherence to lifestyle interventions. Only
15% of patients may achieve greater than 10% weight
loss, and even then patients may regain lost weight leading to recurrence of NASH[33-35]. In addition to targeting
weight loss by caloric restriction and exercise, the content
of the diet is increasingly recognized as having significant
importance in lifestyle modifications. In several studies
it was suggested that drinks and foods containing high
fructose and trans-fats should be avoided in patients
with NASH[36,37]. Hepatic metabolism of fructose causes
ATP depletion in hepatocytes, increased lipotoxicity and
enhanced TNF expression[38]. Fructose and trans-fats are
responsible for altered insulin sensitivity and increased
hepatic fat accumulation which is considered the initial
insult in the pathogenesis of the disease[36,37,39].
Another important consideration regarding nutrition
and lifestyle has been focused on the metabolic benefits
of coffee consumption, which has recently attracted
great interest among researchers and practitioners in gastroenterology. Several studies have reported an associa-
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tion between coffee consumption and improvement of
NASH[40,41], however, the biological mechanisms involved
in this protective effect have not yet been elucidated. The
possible mechanisms of the hepato-protective effects of
coffee were discussed in detail elsewhere[42]. Nonetheless,
most studies investigating the effects of coffee consumption on NAFLD had methodological issues which necessitate careful interpretation of the results. There is a need
for further investigations to explain the exact mechanisms
and to unveil which compounds are responsible for the
beneficial effects of coffee before recommending it as a
treatment option.
In summary, the current evidence suggests that lifestyle modifications including dietary changes and exercise
targeting significant weight loss can improve components
of NASH and should be recommended in all patients as
a part of primary care.
Pharmacologic therapies
Although many benefits may be accomplished with persistent lifestyle changes in patients with NASH, there is
still an unmet need for pharmacological therapy to improve the potentially progressive course of this disease.
It is of utmost importance to provide personalized treatment regimens for individual patients that can effectively
target the pathophysiological pathways of NAFLD. Many
studies have been conducted on the treatment of patients
with NASH during the last 30 years. However, the duration of most studies was short which made selection of
an optimal endpoint in the development of cirrhosis
unfeasible. Previous studies usually focused on surrogate
outcomes including serum transaminase levels, markers
of inflammation and histological findings. The management of patients with NAFLD consists of treating associated and co-morbid metabolic disturbances such as obesity, hyperlipidemia, hypertension, insulin resistance and
type 2 diabetes mellitus. The initial choice of pharmacological treatments should focus on these associated conditions. It should be noted that there is evidence showing
the superiority of diet and exercise compared with relying
solely on pharmacological therapy[43]. Pharmacological
treatment options are summarized in Table 3[2,21].

INSULIN SENSITIZERS
The use of insulin-sensitizing agents is based on the role
of insulin resistance in the development of NAFLD.
Metformin and thiazolidinediones including pioglitazone
and rosiglitazone are insulin-sensitizing agents which
have been widely studied in patients with NASH.
Metformin
Metformin has well-known beneficial effects on insulin
resistance which contributes to the lowering of blood
glucose by decreasing hepatic gluconeogenesis, inducing glucose uptake by muscles, and increasing fatty acid
oxidation in adipose tissue. Several studies investigated
the effect of metformin on aminotransferases and liver
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Table 3 Summary of treatment options in patients with non-alcoholic steatohepatitis
Intervention

Recommendation

Weight loss

Highly recommended

Metformin

Not recommended

Thiazolidinediones
RAAS inhibition
(ACE-I/ARBs)
Incretin mimetics
Vitamin E

Recommended in selected
patients
Not recommended
Not recommended
Recommended in selected
patients

Statins

Not recommended

Ursodeoxycholic acid
Orlistat
Omega-3 fatty acids
Pentoxifylline

Not recommended
Not recommended
Not recommended
Not recommended

Notes
Diet and exercise should target significant weight loss
5% weight loss reduces hepatic steatosis
Greater weight loss may be needed to improve hepatic inflammation
Not recommended for specific therapy of NASH
Should be used when indicated for treatment of type 2 diabetes mellitus
There is evidence for pioglitazone usage in non-diabetic patients with biopsy-proven NASH
There are questions regarding long-term safety
Not recommended for specific therapy of NASH
Can be used when indicated for treatment of hypertension
Not recommended for specific therapy of NASH
Can be used when indicated for type 2 diabetes mellitus
Vitamin E 800 IU/d
Evidence in non-diabetic biopsy-proven NASH
There is evidence regarding increased all-cause mortality associated with vitamin E usage
Not recommended for specific therapy of NASH
Can be used safely when indicated for dyslipidemia
A RCT showed no benefit of UDCA
Can be used as an adjunct for weight loss in selected cases
Can be used to treat hypertriglyceridemia
Inconclusive evidence
May warrant further investigation

NASH: Non-alcoholic steatohepatitis; ACE-I: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin receptor blocker; UDCA: Ursodeoxycholic acid;
RCT: Randomized-controlled trial.

histology in patients with NASH. There is contradictory
evidence regarding the improvement of aminotransferases under metformin therapy. Although many studies
reported an improvement during treatment, others did
not report similar results[44,45]. Research evaluating histological improvement also provided conflicting results.
A randomized placebo-controlled study investigated the
efficacy of metformin and failed to show an improvement in liver histology[44]. This result was confirmed in a
meta-analysis that included three randomized controlled
trials with available histological data. In this meta-analysis,
there was no difference between the patients receiving
metformin or placebo, regarding any of the histological
parameters including steatosis, inflammation or fibrosis[46]. Therefore, metformin is not recommended as a
primary treatment in guidelines, especially solely from the
standpoint of NASH[2]. Nevertheless, it can be used in
diabetic patients with NAFLD for other indications.
Thiazolidinediones
Thiazolidinediones, including pioglitazone and rosiglitazone, are insulin-sensitizing agents that have been
shown to improve liver biochemical and histologic
parameters in patients with NASH [47,48]. The insulinsensitizing effects of thiazolidinediones act on adipose
tissue, muscle, and liver by increasing glucose utilization
and decreasing gluconeogenesis. Although the exact
mechanism by which thiazolidinediones improve insulin sensitivity is not fully elucidated, it is considered to
be associated with their effects on several peroxisome
proliferator-activated receptors (PPARs) which regulate
expression of crucial genes modulating insulin effects[49].
The effects of thiazolidinediones on adipose tissue are
particularly important in understanding their potential
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benefits in patients with NAFLD. Thiazolidinediones are
reported to enhance the expression of genes that increase
lipid storage and reduce expression of genes associated
with inflammation including interleukin-6 and TNFα.
In addition, thiazolidinediones have regulatory effects
through PPAR-gamma activation on the production of
adipokines which have fundamental roles on the pathogenesis of NAFLD[50]. Several studies have investigated
rosiglitazone for treatment of NASH. In summary, it has
been shown that rosiglitazone improves aminotransferases and inflammation on histology, but has no beneficial
effects on fibrosis stage[48,51]. Pioglitazone has also been
investigated in several studies which reported improvements in aminotransferases, histological inflammation
and steatosis[52]. In these studies, a regression in fibrosis
stage was not observed, but there is also evidence indicating the opposite result. A randomized placebo-controlled
study in non-diabetic subjects with NASH demonstrated
that pioglitazone therapy for more than 12 mo improved
metabolic and histologic parameters including fibrosis
stage[47]. There is also a meta-analysis including 4 randomized controlled studies showing that pioglitazone, but not
rosiglitazone, improves fibrosis[53]. However, a large multicenter controlled trial that randomized 247 patients with
NASH into pioglitazone, vitamin E and placebo groups
did not report a statistically significant improvement in
fibrosis stage for either treatment arm[54]. Despite these
promising results there are serious concerns regarding the
safety of long-term treatment with thiazolidinediones including, but not limited to, weight gain, congestive heart
failure, cardiovascular morbidity, increased bone fracture
risk and an increase in bladder cancers[49,55,56]. The benefits
of therapy in patients with NASH are not durable after
cessation of treatment as shown by Lutchman et al[57], and
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the need for long-term treatment without an endpoint
makes the routine application of thiazolidinedione therapy questionable. Nevertheless, there is a general consensus and a guideline recommendation suggesting that
thiazolidinediones, especially pioglitazone, can be used to
treat patients with biopsy-proven NASH who have not
responded adequately to lifestyle modifications[2,21]. However, safety issues should be monitored carefully during
treatment.

ANGIOTENSIN-CONVERTING ENZYME
INHIBITORS AND ANGIOTENSIN
RECEPTOR BLOCKERS
The renin-angiotensin-aldosterone system (RAAS) has a
central role in the pathogenesis of hypertension which is
a component of the metabolic syndrome. Experimental
evidence suggests that RAAS has an influence over intracellular insulin signaling by several mechanisms which
may result in worsening of insulin resistance. Angiotensin
Ⅱ, the primary effector mediator of the RAAS, induces
serine phosphorylation of insulin receptor beta-subunit
and the p85 regulatory subunit of PI3-kinase that negatively modulates early components of the insulin signaling cascade[58]. Angiotensin Ⅱ induced generation of
reactive oxygen species which is mainly associated with
activation of the nicotinamide adenine dinucleotide phosphate (NADPH) oxidase enzyme system, initiates and
propagates the production of pro-inflammatory mediators including TNFα, interleukin-6, and platelet activator
inhibitor 1[59]. In animal models, it has been demonstrated
that angiotensin Ⅱ increases hepatic steatosis, impairs
mitochondrial function, and contributes to progression of
hepatic fibrosis[60]. Despite this cumulative in vitro and in
vivo evidence, human data on the effects of RAAS inhibition on liver fibrosis are lacking. Several studies evaluated
the effects of angiotensin-converting enzyme inhibitors
(ACE-Ⅰ) and angiotensin receptor blockers (ARBs) on
hepatic fibrosis in patients with hepatitis C under different settings. These studies were mostly retrospective and
provided conflicting results[61-63]. In the NAFLD setting,
no studies evaluated the effects of ACE-Ⅰ, but there are
a number of small scale studies which investigated the
effects of ARBs in this population. In summary, limited
evidence suggests that ARBs including losartan, valsartan and telmisartan may improve transaminases, hepatic
steatosis and inflammation in the NAFLD setting[64],
however, there is a need for larger randomized-controlled
trials to assess the long-term effects of ARBs on hepatic
fibrosis in NASH. Currently, treatment with ACE-Ⅰ and
ARBs can only be recommended in NALFD patients with
an established indication of anti-hypertensive therapy.

INCRETIN-BASED THERAPIES
The incretin hormones, glucagon-like peptide-1 (GLP-1)
and glucose-dependent insulinotropic polypeptide, which

WJG|www.wjgnet.com

are secreted from intestinal endocrine cells in response
to a meal, have been demonstrated to induce glucosedependent insulin secretion, slow gastric emptying, inhibit inappropriate post-meal glucagon release and reduce
food intake[65]. Two groups of incretin mimetics were
developed for the treatment of type 2 diabetes mellitus:
GLP-1 analogs and dipeptidyl peptidase-4 inhibitors[65,66].
These drugs mimic the physiological effects of incretin
hormones and improve glycemic control in patients with
type 2 diabetes mellitus. Growing pre-clinical evidence
shows that incretin-based therapies have the potential to
improve hepatic steatosis in animal models of obesity
and diabetes[67]. However, in the absence of human trials
it is not appropriate to recommend treatment with incretin mimetics in patients with NAFLD, if this is the sole
indication.

VITAMIN E
Oxidative stress and depletion of endogenous antioxidants is essential in the pathogenesis of disease progression in NASH. Many drugs with antioxidant features were
tried in studies for the treatment of NASH with variable
conclusions. Vitamin E (α-tocopherol) is a well-known
antioxidant and this feature is the best studied of its many
other biological functions. Vitamin E functions as a free
radical scavenger which protects polyunsaturated fatty acids from peroxidation[68]. There are also other functions of
vitamin E independent of antioxidant activity, which may
have a role in NAFLD pathogenesis, including inhibition
of cell proliferation, platelet aggregation and monocyte
adhesion[69]. In this context, vitamin E was investigated
in several studies for the treatment of NASH with different results. The largest randomized controlled study
on vitamin E, the PIVENS trial, demonstrated a greater
histological improvement in inflammation in non-diabetic
patients with biopsy-proven NASH compared with the
placebo and pioglitazone groups. However, only 42% of
patients receiving high dose vitamin E (800 IU/d) for 96
wk achieved an improvement in histological parameters
compared with 19% in placebo-treated patients[54]. A more
recent study, the TONIC trial, included pediatric patients
with biopsy-proven NASH which were randomized to
vitamin E, metformin and placebo arms. In this study, patients treated with either medication did not achieve sustained ALT reductions, but histological improvement was
significant in the children taking vitamin E[70]. In line with
this evidence, the recent guideline by the AASLD recommends vitamin E at a daily dose of 800 IU/d in nondiabetic adult patients with biopsy-proven NASH as a
first-line pharmacologic therapy[2]. However, it is crucial to
note that there have been some serious concerns regarding the safety of long-term vitamin E treatment. Metaanalyses have reported an increase in all-cause mortality
with vitamin E treatment, while other studies have not reported this association[71-73]. Moreover, vitamin E at a dose
of 400 IU/d has been found to be associated with an increased risk of prostate cancer[74]. Physicians who choose
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to initiate vitamin E therapy should consider the potential
risks of long-term treatment with this drug. In particular,
in patients with diabetes and significant cardiovascular risk
factors, vitamin E treatment should be avoided until sufficient data on long-term safety and efficacy are established.

STATINS
There is convincing evidence to show that cardiovascular events are the most common cause of death in patients with NAFLD, which necessitates management and
optimization of cardiovascular risks in each patient[75].
However, there is a considerable degree of preoccupation with avoiding statins in patients with elevated transaminases and chronic liver diseases. Contrary to concerns
about safety, there is substantial evidence demonstrating
that statins are safe in patients with chronic liver disease including NAFLD and NASH. Therefore, patients
with NAFLD and dyslipidemia should be treated with
statins as indicated by relevant guidelines[76,77]. Other
than the management of dyslipidemia in patients with
NAFLD, evidence on the use of statins to change the
natural course of NAFLD is absent. Although there are
several small-scale studies that found statins benefitted
liver enzymes, data regarding histological improvement is
lacking[78,79]. Until more data showing histological benefit
are available, there is no indication that statins should be
used to specifically treat NASH.

URSODEOXYCHOLIC ACID
Ursodeoxycolic acid decreases the cholesterol content
of bile by reducing the secretion of cholesterol from the
liver and the fractional reabsorption of cholesterol by
the intestines. It is also has anti-apoptotic, cytoprotective
and anti-inflammatory effects[80]. In a pilot study, a possible benefit of ursodeoxycolic acid was suggested in the
treatment of NASH[81]. However, this was not confirmed
in larger randomized controlled trials using histological
assessment[82,83]. According to the latest guideline issued
by the AASLD, ursodeoxycolic acid therapy is not recommended for the treatment of NAFLD or NASH[2].

ORLISTAT
Orlistat is a reversible inhibitor of gastric and pancreatic
lipases which prevents lipid absorption throughout the
small intestines. It is indicated in the treatment of obesity
and type 2 diabetes mellitus. In combination with lifestyle
modifications, orlistat was evaluated in the treatment of
NASH in several studies, and variable conclusions were
reached. In a pilot study, 44 patients who participated in a
weight loss program were randomized to receive orlistat
or placebo. Orlistat significantly improved ALT levels and
liver steatosis, however, steatosis was assessed by ultrasound only, which is an unreliable method in the absence
of histological confirmation[84]. In a well-designed study,
patients receiving caloric restriction and vitamin E (800
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IU/d) with or without orlistat showed similar improvements in transaminases, liver steatosis and inflammation[85]. Histologic parameters were improved regardless
of orlistat therapy only in patients who achieved significant weight loss (≥ 9%). Based on these data, the efficacy of orlistat in the treatment of patients with NASH is
indefinite, and can only be used as an adjunct for weight
loss in the treatment of obesity.

OMEGA-3 FATTY ACIDS
Observational and clinical studies which have examined
the effects of the long-chain n-3 polyunsaturated fatty
acids (n-3 PUFAs) on cardiovascular risk factors showed
significant benefits on cardiovascular outcomes[86]. The
favorable effects of n-3 PUFAs on lipids, blood pressure,
atherosclerosis, and especially on inflammation provide a
hypothetical basis for research on patients with NAFLD.
The experimental evidence suggests a potential benefit
for omega-3 fatty acids in the treatment of NAFLD,
however, the results of human studies were inconclusive
due to small sample size and methodological flaws[87]. A
recent meta-analysis of 9 studies including 355 patients
with NAFLD demonstrated that treatment with n-3 PUFAs improves the degree of hepatic steatosis, decreases
aspartate aminotransferase levels and an insignificant
trend for improvement in alanine aminotransferase levels[88]. Considering the available evidence, there is limited
data for suggesting n-3 PUFAs for the specific treatment
of patients with NAFLD.

PENTOXIFYLLINE
Pentoxifylline inhibits the production of TNFα which
has been associated with a possible role in the progression of NAFLD[89]. A recent study also showed that
pentoxifylline therapy significantly reduces oxidized lipid
products which have been known to play a key role in the
pathogenesis of NASH[90]. The largest placebo-controlled
trial randomized 55 patients with biopsy-proven NASH
to receive pentoxifylline 1200 mg/d or placebo[91]. The
investigators reported that patients treated with pentoxifylline showed significant improvement in hepatic
steatosis, lobular inflammation and fibrosis. Despite these
results, the evidence regarding the benefits of pentoxifylline therapy in NASH is still inconclusive; however, this
drug may warrant further investigation in a larger patient
population.

CONCLUSION
Since the description of NASH three decades ago, our
understanding regarding the pathophysiology of the disease has evolved significantly, however, the reasons that
shape the heterogeneity among patients and the factors
that influence the development and progression of inflammation are not yet well understood. Although growing evidence achieved by basic research has improved our
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knowledge on hepatic inflammation and fibrogenesis,
translational studies have not provided a solution from
bench to bedside, to help clinicians who care for patients
with NAFLD. Many clinical studies have tried numerous drugs and alternative medicine, but investigators
have failed to identify a safe and effective therapy for patients with NASH. As summarized, the heterogeneity of
pathogenic pathways in individual patients with NASH
may warrant the development of an individualized treatment according to the underlying pathogenic pathway.
The differentiation of pathogenetic targets may require
the development of diagnostic and prognostic biomarkers, and the identification of genetic susceptibilities. At
present, evidence-based medicine provides only a few
options including life-style modifications targeting weight
loss, pioglitazone and vitamin E in non-diabetic patients
with biopsy-proven NASH. The current evidence is too
premature to provide a pathogenesis-based management algorithm, however, it is suggested that the initial
management strategy should be tailored according to individual patient characteristics including the presence of
obesity and/or insulin resistance. It seems life-style modifications should be the first step in NASH patients with
obesity and/or insulin resistance. The components of the
metabolic syndrome should be targeted in those patients,
particularly aiming to improve insulin resistance. Drug
therapy, especially vitamin E, may be the initial choice in
lean patients without insulin resistance.

2

3
4

5

6

7

8

Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic
steatohepatitis: Mayo Clinic experiences with a hitherto
unnamed disease. Mayo Clin Proc 1980; 55: 434-438 [PMID:
7382552]
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM,
Cusi K, Charlton M, Sanyal AJ. The diagnosis and management of non-alcoholic fatty liver disease: practice guideline
by the American Gastroenterological Association, American
Association for the Study of Liver Diseases, and American
College of Gastroenterology. Gastroenterology 2012; 142:
1592-1609 [PMID: 22656328 DOI: 10.1053/j.gastro.2012.04.001]
Sheth SG, Gordon FD, Chopra S. Nonalcoholic steatohepatitis. Ann Intern Med 1997; 126: 137-145 [PMID: 9005748]
Vernon G, Baranova A, Younossi ZM. Systematic review:
the epidemiology and natural history of non-alcoholic fatty
liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI:
10.1111/j.1365-2036.2011.04724.x]
Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, Kechagias S. Long-term follow-up of
patients with NAFLD and elevated liver enzymes. Hepatology
2006; 44: 865-873 [PMID: 17006923 DOI: 10.1002/hep.21327]
Poonawala A, Nair SP, Thuluvath PJ. Prevalence of obesity
and diabetes in patients with cryptogenic cirrhosis: a casecontrol study. Hepatology 2000; 32: 689-692 [PMID: 11003611
DOI: 10.1053/jhep.2000.17894]
Ratziu V, Giral P, Charlotte F, Bruckert E, Thibault V, Theodorou I, Khalil L, Turpin G, Opolon P, Poynard T. Liver
fibrosis in overweight patients. Gastroenterology 2000; 118:
1117-1123 [PMID: 10833486]
Hossain N, Afendy A, Stepanova M, Nader F, Srishord M,
Rafiq N, Goodman Z, Younossi Z. Independent predictors of
fibrosis in patients with nonalcoholic fatty liver disease. Clin

WJG|www.wjgnet.com

10

11
12

13

14

15

16

REFERENCES
1

9

17

18
19

20

21

22

14226

Gastroenterol Hepatol 2009; 7: 1224-1229, 1229.e1-e2 [PMID:
19559819 DOI: 10.1016/j.cgh.2009.06.007]
Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC,
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum
of clinical and pathological severity. Gastroenterology 1999;
116: 1413-1419 [PMID: 10348825]
Petta S, Amato MC, Di Marco V, Cammà C, Pizzolanti G,
Barcellona MR, Cabibi D, Galluzzo A, Sinagra D, Giordano C,
Craxì A. Visceral adiposity index is associated with significant fibrosis in patients with non-alcoholic fatty liver disease.
Aliment Pharmacol Ther 2012; 35: 238-247 [PMID: 22117531
DOI: 10.1111/j.1365-2036.2011.04929.x]
Day CP, James OF. Steatohepatitis: a tale of two “hits”? Gastroenterology 1998; 114: 842-845 [PMID: 9547102]
Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J,
Boldt MD, Parks EJ. Sources of fatty acids stored in liver
and secreted via lipoproteins in patients with nonalcoholic
fatty liver disease. J Clin Invest 2005; 115: 1343-1351 [PMID:
15864352 DOI: 10.1172/JCI23621]
Gastaldelli A, Cusi K, Pettiti M, Hardies J, Miyazaki Y, Berria R, Buzzigoli E, Sironi AM, Cersosimo E, Ferrannini E,
Defronzo RA. Relationship between hepatic/visceral fat and
hepatic insulin resistance in nondiabetic and type 2 diabetic
subjects. Gastroenterology 2007; 133: 496-506 [PMID: 17681171
DOI: 10.1053/j.gastro.2007.04.068]
Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB,
Contos MJ, Sterling RK, Luketic VA, Shiffman ML, Clore JN.
Nonalcoholic steatohepatitis: association of insulin resistance
and mitochondrial abnormalities. Gastroenterology 2001; 120:
1183-1192 [PMID: 11266382 DOI: 10.1053/gast.2001.23256]
Nelson JE, Wilson L, Brunt EM, Yeh MM, Kleiner DE,
Unalp-Arida A, Kowdley KV. Relationship between the pattern of hepatic iron deposition and histological severity in
nonalcoholic fatty liver disease. Hepatology 2011; 53: 448-457
[PMID: 21274866 DOI: 10.1002/hep.24038]
Cohen B, Novick D, Rubinstein M. Modulation of insulin
activities by leptin. Science 1996; 274: 1185-1188 [PMID:
8895466]
Baskol G, Baskol M, Kocer D. Oxidative stress and antioxidant defenses in serum of patients with non-alcoholic steatohepatitis. Clin Biochem 2007; 40: 776-780 [PMID: 17477913
DOI: 10.1016/j.clinbiochem.2007.02.006]
Schnabl B, Brenner DA. Interactions between the intestinal
microbiome and liver diseases. Gastroenterology 2014; 146:
1513-1524 [PMID: 24440671 DOI: 10.1053/j.gastro.2014.01.020]
Teratani T, Tomita K, Suzuki T, Oshikawa T, Yokoyama H,
Shimamura K, Tominaga S, Hiroi S, Irie R, Okada Y, Kurihara C, Ebinuma H, Saito H, Hokari R, Sugiyama K, Kanai T,
Miura S, Hibi T. A high-cholesterol diet exacerbates liver fibrosis in mice via accumulation of free cholesterol in hepatic
stellate cells. Gastroenterology 2012; 142: 152-164.e10 [PMID:
21995947 DOI: 10.1053/j.gastro.2011.09.049]
Tomita K, Teratani T, Suzuki T, Shimizu M, Sato H, Narimatsu K, Okada Y, Kurihara C, Irie R, Yokoyama H, Shimamura
K, Usui S, Ebinuma H, Saito H, Watanabe C, Komoto S,
Kawaguchi A, Nagao S, Sugiyama K, Hokari R, Kanai T, Miura S, Hibi T. Free cholesterol accumulation in hepatic stellate
cells: mechanism of liver fibrosis aggravation in nonalcoholic
steatohepatitis in mice. Hepatology 2014; 59: 154-169 [PMID:
23832448 DOI: 10.1002/hep.26604]
Younossi ZM, Reyes MJ, Mishra A, Mehta R, Henry L.
Systematic review with meta-analysis: non-alcoholic steatohepatitis - a case for personalised treatment based on pathogenic targets. Aliment Pharmacol Ther 2014; 39: 3-14 [PMID:
24206433 DOI: 10.1111/apt.12543]
Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M,
Manini R, Natale S, Vanni E, Villanova N, Melchionda N,
Rizzetto M. Nonalcoholic fatty liver, steatohepatitis, and the
metabolic syndrome. Hepatology 2003; 37: 917-923 [PMID:
12668987 DOI: 10.1053/jhep.2003.50161]

October 21, 2014|Volume 20|Issue 39|

Baran B et al . NAFLD and treatment
23

24

25

26

27

28

29
30
31

32

33
34

35

36

37

Yilmaz Y, Senates E, Ayyildiz T, Colak Y, Tuncer I, Ovunc
AO, Dolar E, Kalayci C. Characterization of nonalcoholic
fatty liver disease unrelated to the metabolic syndrome. Eur
J Clin Invest 2012; 42: 411-418 [PMID: 21913918 DOI: 10.1111/
j.1365-2362.2011.02597.x]
Souza MR, Diniz Mde F, Medeiros-Filho JE, Araújo MS.
Metabolic syndrome and risk factors for non-alcoholic
fatty liver disease. Arq Gastroenterol 2012; 49: 89-96 [PMID:
22481692]
Hernaez R. Genetic factors associated with the presence and
progression of nonalcoholic fatty liver disease: a narrative
review. Gastroenterol Hepatol 2012; 35: 32-41 [PMID: 22093607
DOI: 10.1016/j.gastrohep.2011.08.002]
Di Rosa M, Malaguarnera L. Genetic variants in candidate
genes influencing NAFLD progression. J Mol Med (Berl)
2012; 90: 105-118 [PMID: 21894552 DOI: 10.1007/s00109-0110803-x]
Trépo E, Nahon P, Bontempi G, Valenti L, Falleti E, Nischalke HD, Hamza S, Corradini SG, Burza MA, Guyot E, Donati
B, Spengler U, Hillon P, Toniutto P, Henrion J, Franchimont
D, Devière J, Mathurin P, Moreno C, Romeo S, Deltenre P.
Association between the PNPLA3 (rs738409 C& gt; G) variant and hepatocellular carcinoma: Evidence from a metaanalysis of individual participant data. Hepatology 2014; 59:
2170-2177 [PMID: 24114809 DOI: 10.1002/hep.26767]
Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic fatty liver disease: the multiple parallel hits hypothesis. Hepatology 2010; 52: 1836-1846 [PMID: 21038418 DOI:
10.1002/hep.24001]
Alberti KG, Zimmet P, Shaw J. The metabolic syndrome-a new worldwide definition. Lancet 2005; 366: 1059-1062
[PMID: 16182882 DOI: 10.1016/S0140-6736(05)67402-8]
Marra F, Lotersztajn S. Pathophysiology of NASH: perspectives for a targeted treatment. Curr Pharm Des 2013; 19:
5250-5269 [PMID: 23394092]
Thoma C, Day CP, Trenell MI. Lifestyle interventions for the
treatment of non-alcoholic fatty liver disease in adults: a systematic review. J Hepatol 2012; 56: 255-266 [PMID: 21723839
DOI: 10.1016/j.jhep.2011.06.010]
Eckard C, Cole R, Lockwood J, Torres DM, Williams CD,
Shaw JC, Harrison SA. Prospective histopathologic evaluation of lifestyle modification in nonalcoholic fatty liver
disease: a randomized trial. Therap Adv Gastroenterol 2013; 6:
249-259 [PMID: 23814606 DOI: 10.1177/1756283X13484078]
Peng L, Wang J, Li F. Weight reduction for non-alcoholic fatty
liver disease. Cochrane Database Syst Rev 2011; (6): CD003619
[PMID: 21678341 DOI: 10.1002/14651858.CD003619.pub3]
Franz MJ, VanWormer JJ, Crain AL, Boucher JL, Histon T,
Caplan W, Bowman JD, Pronk NP. Weight-loss outcomes:
a systematic review and meta-analysis of weight-loss
clinical trials with a minimum 1-year follow-up. J Am Diet
Assoc 2007; 107: 1755-1767 [PMID: 17904936 DOI: 10.1016/
j.jada.2007.07.017]
Centis E, Marzocchi R, Di Domizio S, Ciaravella MF, Marchesini G. The effect of lifestyle changes in non-alcoholic
fatty liver disease. Dig Dis 2010; 28: 267-273 [PMID: 20460922
DOI: 10.1159/000282101]
Capanni M, Calella F, Biagini MR, Genise S, Raimondi L,
Bedogni G, Svegliati-Baroni G, Sofi F, Milani S, Abbate R,
Surrenti C, Casini A. Prolonged n-3 polyunsaturated fatty
acid supplementation ameliorates hepatic steatosis in patients with non-alcoholic fatty liver disease: a pilot study.
Aliment Pharmacol Ther 2006; 23: 1143-1151 [PMID: 16611275
DOI: 10.1111/j.1365-2036.2006.02885.x]
Petta S, Marchesini G, Caracausi L, Macaluso FS, Cammà
C, Ciminnisi S, Cabibi D, Porcasi R, Craxì A, Di Marco V.
Industrial, not fruit fructose intake is associated with the
severity of liver fibrosis in genotype 1 chronic hepatitis C
patients. J Hepatol 2013; 59: 1169-1176 [PMID: 23933265 DOI:
10.1016/j.jhep.2013.07.037]

WJG|www.wjgnet.com

38

39

40

41

42

43

44

45

46

47

48

49
50

51

14227

Ouyang X, Cirillo P, Sautin Y, McCall S, Bruchette JL, Diehl
AM, Johnson RJ, Abdelmalek MF. Fructose consumption as a
risk factor for non-alcoholic fatty liver disease. J Hepatol 2008;
48: 993-999 [PMID: 18395287 DOI: 10.1016/j.jhep.2008.02.011]
Simopoulos AP. Dietary omega-3 fatty acid deficiency and
high fructose intake in the development of metabolic syndrome, brain metabolic abnormalities, and non-alcoholic fatty liver disease. Nutrients 2013; 5: 2901-2923 [PMID: 23896654
DOI: 10.3390/nu5082901]
Birerdinc A, Stepanova M, Pawloski L, Younossi ZM. Caffeine is protective in patients with non-alcoholic fatty liver
disease. Aliment Pharmacol Ther 2012; 35: 76-82 [PMID:
22059453 DOI: 10.1111/j.1365-2036.2011.04916.x]
Molloy JW, Calcagno CJ, Williams CD, Jones FJ, Torres DM,
Harrison SA. Association of coffee and caffeine consumption
with fatty liver disease, nonalcoholic steatohepatitis, and
degree of hepatic fibrosis. Hepatology 2012; 55: 429-436 [PMID:
21987293 DOI: 10.1002/hep.24731]
Yesil A, Yilmaz Y. Review article: coffee consumption, the
metabolic syndrome and non-alcoholic fatty liver disease.
Aliment Pharmacol Ther 2013; 38: 1038-1044 [PMID: 24024834
DOI: 10.1111/apt.12489]
Akyüz F, Demir K, Ozdil S, Aksoy N, Poturoğlu S, Ibrişim
D, Kaymakoğlu S, Beşişik F, Boztaş G, Cakaloğlu Y, Mungan
Z, Cevikbaş U, Okten A. The effects of rosiglitazone, metformin, and diet with exercise in nonalcoholic fatty liver disease. Dig Dis Sci 2007; 52: 2359-2367 [PMID: 17429734 DOI:
10.1007/s10620-006-9145-x]
Haukeland JW, Konopski Z, Eggesbø HB, von Volkmann
HL, Raschpichler G, Bjøro K, Haaland T, Løberg EM, Birkeland K. Metformin in patients with non-alcoholic fatty liver
disease: a randomized, controlled trial. Scand J Gastroenterol
2009; 44: 853-860 [PMID: 19811343 DOI: 10.1080/0036552090
2845268]
Loomba R, Lutchman G, Kleiner DE, Ricks M, Feld JJ, Borg
BB, Modi A, Nagabhyru P, Sumner AE, Liang TJ, Hoofnagle
JH. Clinical trial: pilot study of metformin for the treatment of non-alcoholic steatohepatitis. Aliment Pharmacol
Ther 2009; 29: 172-182 [PMID: 18945255 DOI: 10.1111/
j.1365-2036.2008.03869.x]
Rakoski MO, Singal AG, Rogers MA, Conjeevaram H. Metaanalysis: insulin sensitizers for the treatment of non-alcoholic
steatohepatitis. Aliment Pharmacol Ther 2010; 32: 1211-1221
[PMID: 20955440 DOI: 10.1111/j.1365-2036.2010.04467.x]
Aithal GP, Thomas JA, Kaye PV, Lawson A, Ryder SD,
Spendlove I, Austin AS, Freeman JG, Morgan L, Webber J.
Randomized, placebo-controlled trial of pioglitazone in nondiabetic subjects with nonalcoholic steatohepatitis. Gastroenterology 2008; 135: 1176-1184 [PMID: 18718471 DOI: 10.1053/
j.gastro.2008.06.047]
Ratziu V, Giral P, Jacqueminet S, Charlotte F, HartemannHeurtier A, Serfaty L, Podevin P, Lacorte JM, Bernhardt C,
Bruckert E, Grimaldi A, Poynard T. Rosiglitazone for nonalcoholic steatohepatitis: one-year results of the randomized
placebo-controlled Fatty Liver Improvement with Rosiglitazone Therapy (FLIRT) Trial. Gastroenterology 2008; 135:
100-110 [PMID: 18503774 DOI: 10.1053/j.gastro.2008.03.078]
Yki-Järvinen H. Thiazolidinediones and the liver in humans.
Curr Opin Lipidol 2009; 20: 477-483 [PMID: 19779336 DOI:
10.1097/MOL.0b013e3283321d37]
Sharma AM, Staels B. Review: Peroxisome proliferator-activated receptor gamma and adipose tissue--understanding
obesity-related changes in regulation of lipid and glucose
metabolism. J Clin Endocrinol Metab 2007; 92: 386-395 [PMID:
17148564 DOI: 10.1210/jc.2006-1268]
Neuschwander-Tetri BA, Brunt EM, Wehmeier KR, Oliver
D, Bacon BR. Improved nonalcoholic steatohepatitis after 48
weeks of treatment with the PPAR-gamma ligand rosiglitazone. Hepatology 2003; 38: 1008-1017 [PMID: 14512888 DOI:
10.1053/jhep.2003.50420]

October 21, 2014|Volume 20|Issue 39|

Baran B et al . NAFLD and treatment
52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, Balas B, Gastaldelli A, Tio F, Pulcini J, Berria R, Ma JZ,
Dwivedi S, Havranek R, Fincke C, DeFronzo R, Bannayan
GA, Schenker S, Cusi K. A placebo-controlled trial of pioglitazone in subjects with nonalcoholic steatohepatitis. N Engl
J Med 2006; 355: 2297-2307 [PMID: 17135584 DOI: 10.1056/
NEJMoa060326]
Boettcher E, Csako G, Pucino F, Wesley R, Loomba R. Metaanalysis: pioglitazone improves liver histology and fibrosis
in patients with non-alcoholic steatohepatitis. Aliment Pharmacol Ther 2012; 35: 66-75 [PMID: 22050199 DOI: 10.1111/
j.1365-2036.2011.04912.x]
Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl
AM, Bass NM, Neuschwander-Tetri BA, Lavine JE, Tonascia
J, Unalp A, Van Natta M, Clark J, Brunt EM, Kleiner DE,
Hoofnagle JH, Robuck PR. Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis. N Engl J Med 2010; 362:
1675-1685 [PMID: 20427778 DOI: 10.1056/NEJMoa0907929]
Bilik D, McEwen LN, Brown MB, Pomeroy NE, Kim C,
Asao K, Crosson JC, Duru OK, Ferrara A, Hsiao VC, Karter
AJ, Lee PG, Marrero DG, Selby JV, Subramanian U, Herman WH. Thiazolidinediones and fractures: evidence from
translating research into action for diabetes. J Clin Endocrinol
Metab 2010; 95: 4560-4565 [PMID: 20631021 DOI: 10.1210/
jc.2009-2638]
Dormandy J, Bhattacharya M, van Troostenburg de Bruyn
AR. Safety and tolerability of pioglitazone in high-risk
patients with type 2 diabetes: an overview of data from
PROactive. Drug Saf 2009; 32: 187-202 [PMID: 19338377 DOI:
10.2165/00002018-200932030-00002]
Lutchman G, Modi A, Kleiner DE, Promrat K, Heller T,
Ghany M, Borg B, Loomba R, Liang TJ, Premkumar A,
Hoofnagle JH. The effects of discontinuing pioglitazone in
patients with nonalcoholic steatohepatitis. Hepatology 2007;
46: 424-429 [PMID: 17559148 DOI: 10.1002/hep.21661]
Folli F, Saad MJ, Velloso L, Hansen H, Carandente O, Feener
EP, Kahn CR. Crosstalk between insulin and angiotensin II
signalling systems. Exp Clin Endocrinol Diabetes 1999; 107:
133-139 [PMID: 10320054 DOI: 10.1055/s-0029-1212088]
Wei Y, Sowers JR, Nistala R, Gong H, Uptergrove GM, Clark
SE, Morris EM, Szary N, Manrique C, Stump CS. Angiotensin II-induced NADPH oxidase activation impairs insulin
signaling in skeletal muscle cells. J Biol Chem 2006; 281:
35137-35146 [PMID: 16982630 DOI: 10.1074/jbc.M601320200]
Matthew Morris E, Fletcher JA, Thyfault JP, Rector RS. The
role of angiotensin II in nonalcoholic steatohepatitis. Mol Cell
Endocrinol 2013; 378: 29-40 [PMID: 22579612 DOI: 10.1016/
j.mce.2012.04.013]
Cholongitas E, Vibhakorn S, Lodato F, Burroughs AK. Angiotensin II antagonists in patients with recurrent hepatitis C virus
infection after liver transplantation. Liver Int 2010; 30: 334-335
[PMID: 19515217 DOI: 10.1111/j.1478-3231.2009.02059.x]
Corey KE, Shah N, Misdraji J, Abu Dayyeh BK, Zheng
H, Bhan AK, Chung RT. The effect of angiotensin-blocking agents on liver fibrosis in patients with hepatitis C.
Liver Int 2009; 29: 748-753 [PMID: 19220742 DOI: 10.1111/
j.1478-3231.2009.01973.x]
Abu Dayyeh BK, Yang M, Dienstag JL, Chung RT. The effects of angiotensin blocking agents on the progression of
liver fibrosis in the HALT-C Trial cohort. Dig Dis Sci 2011; 56:
564-568 [PMID: 21136163 DOI: 10.1007/s10620-010-1507-8]
Paschos P, Tziomalos K. Nonalcoholic fatty liver disease
and the renin-angiotensin system: Implications for treatment. World J Hepatol 2012; 4: 327-331 [PMID: 23355909 DOI:
10.4254/wjh.v4.i12.327]
Koliaki C, Doupis J. Incretin-based therapy: a powerful and
promising weapon in the treatment of type 2 diabetes mellitus. Diabetes Ther 2011; 2: 101-121 [PMID: 22127804 DOI:
10.1007/s13300-011-0002-3]
McIntosh CH. Dipeptidyl peptidase IV inhibitors and diabe-

WJG|www.wjgnet.com

67

68

69
70

71

72

73

74

75

76

77

78

79

14228

tes therapy. Front Biosci 2008; 13: 1753-1773 [PMID: 17981665]
Samson SL, Bajaj M. Potential of incretin-based therapies
for non-alcoholic fatty liver disease. J Diabetes Complications 2013; 27: 401-406 [PMID: 23352496 DOI: 10.1016/
j.jdiacomp.2012.12.005]
Burton GW, Joyce A, Ingold KU. Is vitamin E the only lipidsoluble, chain-breaking antioxidant in human blood plasma
and erythrocyte membranes? Arch Biochem Biophys 1983; 221:
281-290 [PMID: 6830261]
Zingg JM, Azzi A. Non-antioxidant activities of vitamin E.
Curr Med Chem 2004; 11: 1113-1133 [PMID: 15134510]
Lavine JE, Schwimmer JB, Van Natta ML, Molleston JP,
Murray KF, Rosenthal P, Abrams SH, Scheimann AO, Sanyal
AJ, Chalasani N, Tonascia J, Ünalp A, Clark JM, Brunt EM,
Kleiner DE, Hoofnagle JH, Robuck PR. Effect of vitamin E or
metformin for treatment of nonalcoholic fatty liver disease in
children and adolescents: the TONIC randomized controlled
trial. JAMA 2011; 305: 1659-1668 [PMID: 21521847 DOI:
10.1001/jama.2011.520]
Miller ER, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E. Meta-analysis: high-dosage vitamin E supplementation may increase all-cause mortality. Ann Intern
Med 2005; 142: 37-46 [PMID: 15537682]
Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud
C. Mortality in randomized trials of antioxidant supplements for primary and secondary prevention: systematic
review and meta-analysis. JAMA 2007; 297: 842-857 [PMID:
17327526 DOI: 10.1001/jama.297.8.842]
Gerss J, Köpcke W. The questionable association of vitamin
E supplementation and mortality--inconsistent results of
different meta-analytic approaches. Cell Mol Biol (Noisy-legrand) 2009; 55 Suppl: OL1111-OL1120 [PMID: 19267994]
Klein EA, Thompson IM, Tangen CM, Crowley JJ, Lucia MS,
Goodman PJ, Minasian LM, Ford LG, Parnes HL, Gaziano
JM, Karp DD, Lieber MM, Walther PJ, Klotz L, Parsons JK,
Chin JL, Darke AK, Lippman SM, Goodman GE, Meyskens
FL, Baker LH. Vitamin E and the risk of prostate cancer: the
Selenium and Vitamin E Cancer Prevention Trial (SELECT).
JAMA 2011; 306: 1549-1556 [PMID: 21990298 DOI: 10.1001/
jama.2011.1437]
Targher G, Day CP, Bonora E. Risk of cardiovascular disease
in patients with nonalcoholic fatty liver disease. N Engl J Med
2010; 363: 1341-1350 [PMID: 20879883 DOI: 10.1056/NEJMra0912063]
Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN,
Blum CB, Eckel RH, Goldberg AC, Gordon D, Levy D,
Lloyd-Jones DM, McBride P, Schwartz JS, Shero ST, Smith
SC, Watson K, Wilson PW, Eddleman KM, Jarrett NM, LaBresh K, Nevo L, Wnek J, Anderson JL, Halperin JL, Albert
NM, Bozkurt B, Brindis RG, Curtis LH, DeMets D, Hochman JS, Kovacs RJ, Ohman EM, Pressler SJ, Sellke FW, Shen
WK, Smith SC, Tomaselli GF. 2013 ACC/AHA guideline on
the treatment of blood cholesterol to reduce atherosclerotic
cardiovascular risk in adults: a report of the American College of Cardiology/American Heart Association Task Force
on Practice Guidelines. Circulation 2014; 129: S1-S45 [PMID:
24222016 DOI: 10.1161/01.cir.0000437738.63853.7a]
Cooper A, O’Flynn N. Risk assessment and lipid modification for primary and secondary prevention of cardiovascular disease: summary of NICE guidance. BMJ 2008; 336:
1246-1248 [PMID: 18511800 DOI: 10.1136/bmj.39554.624086.
AD]
Georgescu EF, Georgescu M. Therapeutic options in nonalcoholic steatohepatitis (NASH). Are all agents alike? Results of a preliminary study. J Gastrointestin Liver Dis 2007;
16: 39-46 [PMID: 17410287]
Hyogo H, Tazuma S, Arihiro K, Iwamoto K, Nabeshima
Y, Inoue M, Ishitobi T, Nonaka M, Chayama K. Efficacy of
atorvastatin for the treatment of nonalcoholic steatohepatitis
with dyslipidemia. Metabolism 2008; 57: 1711-1718 [PMID:

October 21, 2014|Volume 20|Issue 39|

Baran B et al . NAFLD and treatment

80

81

82

83

84

85

19013295 DOI: 10.1016/j.metabol.2008.07.030]
Bellentani S. Immunomodulating and anti-apoptotic action
of ursodeoxycholic acid: where are we and where should
we go? Eur J Gastroenterol Hepatol 2005; 17: 137-140 [PMID:
15674088]
Laurin J, Lindor KD, Crippin JS, Gossard A, Gores GJ, Ludwig J, Rakela J, McGill DB. Ursodeoxycholic acid or clofibrate in the treatment of non-alcohol-induced steatohepatitis:
a pilot study. Hepatology 1996; 23: 1464-1467 [PMID: 8675165
DOI: 10.1002/hep.510230624]
Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME, Jorgensen R, Angulo P, Lymp JF, Burgart L, Colin P. Ursodeoxycholic acid for treatment of nonalcoholic steatohepatitis:
results of a randomized trial. Hepatology 2004; 39: 770-778
[PMID: 14999696 DOI: 10.1002/hep.20092]
Leuschner UF, Lindenthal B, Herrmann G, Arnold JC,
Rössle M, Cordes HJ, Zeuzem S, Hein J, Berg T. High-dose
ursodeoxycholic acid therapy for nonalcoholic steatohepatitis: a double-blind, randomized, placebo-controlled trial.
Hepatology 2010; 52: 472-479 [PMID: 20683947 DOI: 10.1002/
hep.23727]
Zelber-Sagi S, Kessler A, Brazowsky E, Webb M, Lurie Y,
Santo M, Leshno M, Blendis L, Halpern Z, Oren R. A doubleblind randomized placebo-controlled trial of orlistat for the
treatment of nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 2006; 4: 639-644 [PMID: 16630771 DOI: 10.1016/
j.cgh.2006.02.004]
Harrison SA, Fecht W, Brunt EM, Neuschwander-Tetri BA.

86
87

88

89
90

91

Orlistat for overweight subjects with nonalcoholic steatohepatitis: A randomized, prospective trial. Hepatology 2009;
49: 80-86 [PMID: 19053049 DOI: 10.1002/hep.22575]
De Caterina R. n-3 fatty acids in cardiovascular disease.
N Engl J Med 2011; 364: 2439-2450 [PMID: 21696310 DOI:
10.1056/NEJMra1008153]
Masterton GS, Plevris JN, Hayes PC. Review article: omega-3 fatty acids - a promising novel therapy for non-alcoholic
fatty liver disease. Aliment Pharmacol Ther 2010; 31: 679-692
[PMID: 20415840 DOI: 10.1111/j.1365-2036.2010.04230.x]
Parker HM, Johnson NA, Burdon CA, Cohn JS, O’Connor
HT, George J. Omega-3 supplementation and non-alcoholic
fatty liver disease: a systematic review and meta-analysis.
J Hepatol 2012; 56: 944-951 [PMID: 22023985 DOI: 10.1016/
j.jhep.2011.08.018]
Tilg H. The role of cytokines in non-alcoholic fatty liver
disease. Dig Dis 2010; 28: 179-185 [PMID: 20460908 DOI:
10.1159/000282083]
Zein CO, Lopez R, Fu X, Kirwan JP, Yerian LM, McCullough
AJ, Hazen SL, Feldstein AE. Pentoxifylline decreases oxidized
lipid products in nonalcoholic steatohepatitis: new evidence
on the potential therapeutic mechanism. Hepatology 2012; 56:
1291-1299 [PMID: 22505276 DOI: 10.1002/hep.25778]
Zein CO, Yerian LM, Gogate P, Lopez R, Kirwan JP, Feldstein AE, McCullough AJ. Pentoxifylline improves nonalcoholic steatohepatitis: a randomized placebo-controlled
trial. Hepatology 2011; 54: 1610-1619 [PMID: 21748765 DOI:
10.1002/hep.24544]
P- Reviewer: Ahmed M, Ballestri S, Liu QG, Mikolasevic I, Peltec A
S- Editor: Ding Y L- Editor: Webster JR E- Editor: Wang CH

WJG|www.wjgnet.com

14229

October 21, 2014|Volume 20|Issue 39|

World J Gastroenterol 2014 October 21; 20(39): 14230-14236
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i39.14230

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (13): Gastrointestinal endoscopy

Utility of endoscopic ultrasound in patients with portal
hypertension
Ghassan M Hammoud, Jamal A Ibdah
Ghassan M Hammoud, Jamal A Ibdah, Division of Gastroenterology and Hepatology, University of Missouri School of Medicine, Columbia, MO 65212, United States
Author contributions: Hammoud GM wrote the manuscript;
Ibdah JA edited the manuscript.
Correspondence to: Jamal A Ibdah, MD, PhD, Professor, Director, Division of Gastroenterology and Hepatology, University
of Missouri School of Medicine, One Hospital Drive, CE 405, Columbia, MO 65212, United States. ibdahj@health.missouri.edu
Telephone: +1-573-8827349 Fax: +1-573-8844595
Received: November 28, 2013 Revised: March 22, 2014
Accepted: June 14, 2014
Published online: October 21, 2014

Abstract
Endoscopic ultrasound (EUS) has revolutionized the
diagnostic and therapeutic approach to patients with
gastrointestinal disorders. Its application in patients
with liver disease and portal hypertension is increasing. Patients with chronic liver disease are at risk for
development of portal hypertension sequale such as
ascites, spontaneous bacterial peritonitis and gastroesophageal varices. Bleeding esophageal and gastric
varices are among the most common causes of mortality in patients with cirrhosis. Thus, early detection and
treatment improve the outcome in this population. EUS
can improve the detection and diagnosis of gastroesophageal varices and collateral veins and can provide
endoscopic therapy of gastroesophageal varices such
as EUS-guided sclerotherapy of esophageal collateral
vessels and EUS-guided cynoacrylate (Glue) injection
of gastric varices. EUS can also provide knowledge on
the efficacy of pharmacotherapy of portal hypertension. Furthermore, EUS can provide assessment and
prediction of variceal recurrence after endoscopic
therapy and assessment of portal hemodynamics such
as E-Flow and Doppler study of the azygous and portal
veins. Moreover, EUS-guided fine needle aspiration may
provide cytologic diagnosis of focal hepatic tumors and
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analysis of free abdominal fluid. Using specialized EUSguided needle biopsy, a sample of liver tissue can be
obtained to diagnose and evaluate for chronic liver disease. EUS-guided fine needle injection can be used to
study portal vein pressure and hemodynamics, and potentially could be used to assist in exact measurement
of portal vein pressure and placement of intrahepatic
portosystemic shunt.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic ultrasound; Cirrhosis; Portal hypertension; Gastroesophageal varices; Cyanoacrylate;
Hepatocellular carcinoma; Fine needle aspiration
Core tip: This review provides an up-to-date summary
of published studies and case reports on the utilization
of endoscopic ultrasound in patients with advanced
liver disease and portal hypertension. We highlight the
significance of portal hypertension and the potential
application of endoscopic ultrasound, endoscopic ultrasound (EUS)-guided fine needle aspiration, and EUSguided injection in the management of portal hypertension. In addition, we highlight the utilization of EUS in
the diagnosis and management of gastroesophageal
varices. This review also provides insights on the limitation of endoscopic ultrasound in patients with portal
hypertension.
Hammoud GM, Ibdah JA. Utility of endoscopic ultrasound in
patients with portal hypertension. World J Gastroenterol 2014;
20(39): 14230-14236 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14230.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14230

INTRODUCTION
Endoscopic ultrasound (EUS) has provided a great
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Table 1 Child-Turcotte-Pugh classification of the severity of
cirrhosis
1

Points

Ascites
Encephalopathy
Bilirubin (mg/dL)
Albumin (g/dL)
INR

1

2

3

None
None
<2
> 3.5
< 1.7

Mild/moderate
Grade 1-2
2-3
2.3-3.5
1.7-2.3

Tense
Grade 3-4
>3
< 2.8
> 2.3

1

5-6 points: Child A; 7-9 points: Child B; 10-15 points: Child C. INR: International normalised ratio.

insight on our understanding of the complex vascular
structural changes associated with portal hypertension. Its
ability to define the internal anatomy and mucosal vascular changes related to portal hypertension is magnificent.
These changes may not be readily seen on direct forward
viewing upper endoscope in early stages of advanced liver disease. EUS combines endoscopy and ultrasound to
obtain images and provide detailed information about the
digestive tract and the surrounding tissue and organs. The
combined utilization of EUS with color or flow Doppler
technique enhanced the study of the venous anatomy of
the distal esophagus. These include detection of so called
“deep varices”, assessment of the thickness of gastric
wall, differentiation between thickened folds and varices
or detection of subclinical amounts of ascitic fluid. Using
the high-frequency (20 MHz) ultrasound catheter probes,
or miniprobes, may add further evaluation and understanding of the venous anatomy at the distal esophagus
in patients with portal hypertension. EUS-guided injection of cyanoacrylate in perforating feeding veins in gastric varices seems to be a safe therapy. EUS-guided portal
vein catheterization is a novel approach for portal angiography and portal vein pressure measurement[1,2]. The
use of elastography in conjunction with EUS imaging of
the liver for hepatocellular carcinoma (HCC) screening or
surveillance is promising.
In this review, we opted to highlight the utility of endoscopic ultrasound in patients with portal hypertension.
Articles for this review were selected from MEDLINE
review of English-language articles as well as relevant
textbooks. Furthermore, references were reviewed to retrieve additional articles related to this field.

ANATOMY OF THE PORTAL VENOUS
SYSTEM AND ENDOSONOGRAPHIC
VISUALIZATION
The portal vein forms behind the head of the pancreas
at the level of the second lumbar vertebra through the
confluence of the superior mesenteric vein and splenic
vein (SV). The length of the portal vein is approximately
6-8 cm with a mean diameter of 1.09 cm. This may significantly increase in patients with portal hypertension.
The portal vein is best imaged using EUS at the duodenal
bulb although can be seen from the stomach. The splenic
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vein drains the lower esophagus (esophageal veins), stomach (short gastric and left gastro-epiploic veins), pancreas
(pancreas veins) and first portion of the duodenum. The
splenic vein diameter is less than 0.45 cm. The splenic
vein could be larger and tortuous in patients with portal
hypertension. The splenic vein is best visualized at the
gastric body/fundus and can be traced from the splenic
hilum to the confluence of the portal vein. The azygous
vein (AV) which plays an important role in portosystemic
shunting, draining the gastroesophageal varices to the
superior vena cava, is visualized on EUS images at the
central mediastinum to the right of the spine between the
descending abdominal aorta and spine. Varices are visualized on endoscopic ultrasound images as anechoic submucosal structures that possess flow signals on Doppler
flow study. These appear as a conglomerate of round,
oval or tubular veins, with or without adjacent periesophageal or paraesophageal collateral veins.

DIAGNOSIS OF PORTAL HYPERTENSION
Portal hypertension is a progressive complication of
cirrhosis which is the end stage of any chronic liver disease. Portal hypertension can result from an increase in
resistance to portal flow and/or increase in portal venous
flow in the setting of cirrhosis. It is a pathologic increase
in portal venous pressure gradient between the portal
vein and the inferior vena cava. This is defined as increase in portal venous pressure gradient (HVPG) more
than 5 mmHg. HVPG is an invasive but precise and indirect measurement of portal venous pressure gradient.
This is a procedure that requires catheterization of the
hepatic veins through the internal jugular or femoral vein
route. HVPG is obtained by subtracting the free hepatic
venous pressure (FHVP) from the wedged hepatic venous pressure (WHVP), i.e., [HVPG = WHVP - FHVP].
Gastroesophageal varices form only when the HVPG
is more than 10 mmHg[3]. This is known as a clinically
significant portal hypertension; CSPH[4,5] and bleed only
when the HVPG exceeds 12 mmHg[6,7]. It is important to
realize that not every patient with HVPG more than 12
mmHg bleeds from varices. Other factors such as ChildTurcotte-Pugh score (Table 1), the size of the varix and
presence of red wale marking on the varix such as hematocystic spots and the blue colored varices are all prognostic indicators of first variceal hemorrhage[8-10].

ANATOMY OF THE DISTAL ESOPHAGUS
AND PROXIMAL STOMACH IN PORTAL
HYPERTENSION
The venous anatomy of the lower esophagus and upper
stomach has been described into four layers: intraepithelial channels, superficial venous plexus, deep venous plexus
and adventitial veins[11,12]. The superficial venous plexus
communicate with the deep venous plexus periesophageal collateral veins (peri-ECV) and paraesophageal col-
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Figure 1 Anatomy of the distal esophagus and proximal stomach in portal hypertension. A: Radial echoendoscope shows esophageal varices, periesophageal
varices and paraesophgaeal varices with associated perforating vein; B: Upper endoscopy: Large esophageal varices extending to the cardia; C: Upper endoscopy:
Type-2 large gastroesophageal varices; D: Radial echoendoscope shows large gastric and perigastric collaterals.

lateral veins (para-ECV) through the perforating veins
(Figure 1A). The perforating connecting veins are located
within the submucosal layer of the esophageal wall. In
patients with portal hypertension all of these veins are
significantly dilated. These dilated submucosal veins can
be readily seen on upper endoscopy as columns of dilated veins (Figure 1B). However, the deep venous plexus
such as the periesophageal and paraesophageal veins are
not seen on conventional endoscopy (Figure 1A).
Gastric varices are classified according to Sarin classification as gastroesophageal or isolated gastric varices[13].
Type 1 gastroesophageal varices (lesser curve varices)
are the most common (75%). Type 2 gastroesophageal
varices, which extend to greater curvature, bleed often
(55%) and are associated with high mortality (Figure 1C,
D). These veins meet the upper end of the cardia of the
stomach and drain into the left gastric and short gastric
veins. Type 1 isolated gastric varices are only fundal varices, with a high (78%) incidence of bleeding. Type 2 isolated gastric varices are in the distal stomach or proximal
duodenum.
Portal hypertension may also be seen with other
two forms of macroscopically visible mucosal changes
within the gastric mucosa that are seen by a careful upper
gastrointestinal endoscopy and meticulous histological
assessment of patients with cirrhosis[14]. These are portal
hypertensive gastropathy (PHG) and gastric antral vascular ectasia (GAVE). PHG involves the proximal stomach and is classified as either mild or severe. Mild portal
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hypertensive gastropathy is characterized by a snakeskin
or mosaic appearance (cobblestone) of the proximal
gastric mucosa. Severe portal hypertensive gastropathy is
characterized by a background cobblestone appearance
with superimposed red or brown spots and is associated
with a higher risk of bleeding[15]. Histological features of
these lesions characterized by the presence of spindle cell
proliferation and fibro-hyalinosis[16]. On the other hand,
GAVE which may be present in patients with or without
liver disease are dilated and ectatic blood vessels that are
commonly seen at the distal stomach in the absence of a
background of cobblestone and may not directly related
to portal hypertension[17]. These can be either punctatetype (the so called honeycomb) or striped-type (the so
called watermelon stomach)[18]. Their histologic features
are primarily the presence of thrombi. Portal hypertensive duodenopathy can manifest with several endoscopic
features such as erythema, erosions, ulcers, telangiectasia,
exaggerated villous pattern, duodenal varices, and mixed
lesions[19]. Portal hypertensive enteropathy and colopathy
have also been described.

EUS IN PORTAL HYPERTENSION
Early detection of portal hypertension and the presence
of gastroesophageal varices is the mainstay in the management of portal hypertension. Once gastroesophageal
varices are detected and assessed based on its risks of
bleeding such as size of varices and presence of red
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Table 2 Summary of the use of endoscopic ultrasound in
portal hypertension
Diagnosis of gastroesophageal varices
Visualization of collateral veins
Endoscopic ultrasound-guide therapy of gastroesophageal varices such
as sclerotherapy and cyanoacrylate injection
Assessment of variceal recurrence and rebleeding
Evaluation of efficacy of pharmacotherapy
Assessment of portal hemodynamics
Tissue and fluid acquisition of ascites and focal liver lesions

wale markings, intervention is applied. Either pharmacotherapy and/or endoscopic band ligation is considered
based on whether primary prophylaxis (no previous
variceal bleeding) or secondary prophylaxis (previous
variceal bleeding) is encountered. Earlier studies revealed
EUS was inferior to endoscopy in detecting and grading
esophageal varices[20,21]. However, with improved instrumentation and increased availability and training in the
field of endosonography, EUS has enhanced the diagnostic and therapeutic approach to patients with portal
hypertension.
Endoscopic ultrasound with its ability to provide
both endoscopic and ultrasonographic visualization
has expanded the diagnostic and therapeutic armamentarium in patients with portal hypertension (Table
2). Endoscopic ultrasound has been used to study
gastroesophageal varices and to identify high risks of
bleeding by determining the size of the varix on crosssectional imaging[22]. EUS has a higher sensitivity for
detection of varices than gastroduodenoscopy. While a
careful examination of the gastroesophageal junction
by esophagogastroduodenoscopy can detect almost
all cases of large esophageal varices, small varices may
not be readily seen and gastric varices may not be easily detected. In a study by Choudhuri et al[21] to evaluate
the cross-sectional venous anatomy around the gastroesophageal junction using EUS in different grades of
esophageal varices. Forty-five percent of patients with
small varices were seen while all 30 (100%) patients with
large varices were noted. However, gastric varices were
detected significantly more often by EUS (66%) compared with endoscopy (17; 34%, P < 0.005). In a study
by Faigel et al[23]. Paraesophageal varices were detected
in 97% of cirrhotic patients (n = 66) and 3% of control
patients (n = 32) (P < 0.001) and were a more sensitive
predictor of cirrhosis than varices at endoscopy (74%,
P < 0.0001). Lee et al[24] compared 52 cirrhotic and 166
dyspeptic patients to assess gastroesophageal varices and
extraluminal venous abnormalities sonographically. EUS
identified esophageal varices endoscopically in 53.8%
with good correlation with EGD (r = 0.855, P < 0.001).
EUS detected gastric varices sonographically in 30.8%,
compared with 17.3% detected by EGD. Extraluminal
venous abnormalities were detected in 92% of patients
with cirrhosis. Endoscopic ultrasound is capable of providing visualization of vascular and structural changes
within and outside the esophageal, gastric and rectal wall
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in patients with portal hypertension. The early detection
of gastroesophageal varices may potentially reduce the
need for liver biopsy indicating underlying cirrhosis if
the underlying etiology is known. These changes related
to early formation and engorgement of collateral vessels
in the distal esophagus, azygous vein, proximal stomach
and splenic vein are not seen at conventional endoscopy.
In a study of 16 children, median age 13 mo (range, 7-88
mo), being assessed for intestinal transplant underwent
simultaneous EGD and EUS to evaluate for portal hypertension if combined liver-intestine transplantation
is needed. In 56.2% of patients the results of EGD
and EUS were concordant for the detection of gastroesophageal varices. In seven patients, gastroesophageal
varices were only identified by EUS and liver biopsy was
avoided in four of these cases[25]. In patients with portal
hypertension, EUS reveals the presence of collateral
vessels within and outside the esophageal wall such as
esophageal varices, periesophageal collateral veins, paraesophageal collateral veins, and perforating veins[20] (Figure
1). Collateral esophageal veins demonstrated by radial
EUS in patients with portal hypertension correspond to
collateral veins identified histopathologically[26]. Collateral
deep veins were also associated with recurrence of varices seen on high frequency (20 MHz) ultrasound catheter
probe while the presence of veins at the gastroesophageal junction did not correlate with recurrence[27]. ParaECV which are detected on EUS after endoscopic sclerotherapy for esophageal varices correlates with varices
recurrence[28]. The presence of severe cardial submucosal
veins and severe-grade perforating veins seen on high
frequency ultrasound catheter probe before endoscopic
variceal ligation were useful for predicting the likelihood
of recurrence of esophageal varices[22]. Sato et al[29] found
that the presence of patent inflowing perforating veins
on endoscopic color Doppler ultrasonography before
and after endoscopic injection sclerotherapy was predictive of early variceal recurrence.
EUS provides a reliable and unique assessment of
gastric varices and allows visualization of the left gastric
vein. The diameter of the left gastric vein is associated
with variceal size[30]. The presence of a rapid hepatofugal flow velocity of 12 cm/s in the left gastric vein seen
under color Doppler EUS examination may have a high
risk of an early recurrence of esophageal varices treated
with either esophageal band ligation or sclerotherapy[31].
EUS can improve the detection of gastroesophageal
varices and can provide an assessment to the efficacy of
therapy in these patients. Indeed, endoscopic Doppler ultrasound can assist in differentiating gastric varices from
other gastric submucosal lesions and enlarged gastric
folds and preclude biopsy in these cases. In a study of
eight patients with uncertain gastric submucosal lesions
seen on EGD, EUS-guided Doppler US probe revealed 6
cases of gastric varices, one case of gastrointestinal stromal tumor and one case of Menetrier’s disease[32]. EUSguided therapeutic intervention is one of the mainstays
in treatment of portal hypertension. Varices can be seen
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on echosonographic images as dilated anechoic rounded
or tubular structures can be targeted using endoscopicguided fine needle injection with a sclerosing agent or
a coil. Fundal varices are so large in caliber and thus
when they rupture, massive bleeding is encountered.
These veins cannot be treated effectively using band ligation. The treatment of this condition calls for complete
thrombosis of all varicose veins and/or perforating veins.
EUS-guided cyanoacrylate injection and/or cyanoacrylate with coiling with precise injection in the perforating
veins deems a useful measured in eradicating gastric varices[33-35]. EUS-guided coil application required fewer endoscopies and tended to have fewer adverse events compared with EUS-guided cyanoacrylate injection although
larger comparative studies are needed[35]. In a randomized
controlled trial by de Paulo et al[36] of 50 cirrhotic patients
with esophageal varices, endoscopic sclerotherapy and
EUS-guided sclerotherapy were equally effective in eradicating esophageal varices, with similar mean numbers of
sessions and times to eradication.
Fine-needle aspiration under EUS guidance may be
useful in the diagnosis of focal liver lesions and early
HCC in patients with portal hypertension and evaluation
of perihepatic adenopathy[37,38]. EUS can also provide
some option of treatment to patients with hepatocellular carcinoma difficult to treat with percutaneous local
treatment. EUS-guided ethanol injection for HCC[39] and
EUS-guided Nd:YAG laser ablation of a hepatocellular
carcinoma in the caudate lobe are feasible treatment options[40]. In addition to providing imaging of tumors and
enhancing TNM staging, EUS also provide guidance
for fine needle aspiration and biopsies of undiagnosed
masses and lymph node suspicious for metastasis. Moreover, EUS plays a role in evaluating biliary tract diseases
in patients with cirrhosis such as cholelithiasis, choledocholithiasis, choledochocele or sphincter of Oddi dysfunction.
Endosonographers have pushed the limit of the use
of EUS. Novel techniques in portal vein catheterization
and portal vein pressure measurement have been studied. EUS-guided portal vein catheterization appears to
be feasible, safe, and can be used for portal angiography
and portal vein pressure measurements in several porcine
model[1,2,41]. Post mortem examination revealed no active
bleeding and no damage to the liver[41]. Very few adverse
events were encountered. The ability to access the portal
vein through the stomach or duodenum may provide
potential future therapeutic use such as the direct injection of thrombolytic or thrombotic agents, and the direct
placement of EUS-guided intrahepatic portosystemic
shunt[42].

sion is expanding with the increasing availability of the
instrument worldwide and improved understanding and
training in endosonography. Portal hypertension is a progressive complication of cirrhosis and is a major cause
for mortality in patients with cirrhosis. Using endoscopic
ultrasound, endosonographers are able to recognize early
changes of portal hypertension and provide accurate
assessment and plan for early therapeutic intervention.
EUS combined with color Doppler imaging and fine
needle aspiration and injection can provide early detection and therapy of gastroesophageal varices, and ascites.
Moreover, it can evaluate the efficacy of pharmacotherapy applied to portal hypertension and may provide early
detection of focal liver tumors. The future use of EUS in
hepatology is expanding and endoscopic ultrasound continues to have a role in this field.
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Abstract
This review focused in the perioperative management
of patients with pancreatic cancer in order to improve
the outcome of the disease. We consider that the most
controversial points in pancreatic cancer management
are jaundice management, vascular resection and neoadjuvant therapy. Preoperative biliary drainage is recommended only in patients with severe jaundice, as it
can lead to infectious cholangitis, pancreatitis and delay
in resection, which can lead to tumor progression. The
development of a phase Ⅲ clinical trial is mandatory to
clarify the role of neo-adjuvant radiochemotherapy in
pancreatic adenocarcinoma. Venous resection does not
adversely affect postoperative mortality and morbidity, therefore, the need for venous resection should not
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be a contraindication to surgical resection in selected
patients. The data on arterial resection alone, or combined with vascular resection at the time of pancreatectomy are more heterogeneous, thus, patient age and
comorbidity should be evaluated before a decision on
operability is made. In patients undergoing R0 resection, arterial resection can also be performed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Obstructive jaundice;
Preoperative drainage; Neo-adjuvant therapy; Vascular
resection
Core tip: The pancreatic cancer is one of the most
virulent malignancies. The review is focused in the
different perioperative management of the patients with
pancreatic cancer in order to improve the outcome of
the disease.
Álamo JM, Marín LM, Suarez G, Bernal C, Serrano J, Barrera L,
Gómez MA, Muntané J, Padillo FJ. Improving outcomes in pancreatic cancer: Key points in perioperative management. World J
Gastroenterol 2014; 20(39): 14237-14245 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i39/14237.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i39.14237

INTRODUCTION
Approximately 45000 people will develop exocrine pancreatic cancer in 2013 in the United States. A high percentage (85%) of diagnosed cases will die which shows
the virulent nature of this malignancy[1]. Surgical resection offers the only chance of cure.
Unfortunately, the vast majority of patients are diagnosed with locally advanced unresectable or metastatic
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disease. Up to 15%-20% of patients are eligible for initial
resection[2]. Furthermore, even for those undergoing
complete resection (R0) the prognosis is poor, because
most of these patients will eventually relapse and die of
their disease.
Reported five-year survival rates following pancreaticoduodenectomy for node-negative and node-positive
disease are 25%-30% and 10%, respectively[3].
There are many interesting factors in the perioperative management of pancreatic cancer which could result
in an improvement in the long-term outcome of this aggressive disease, such as intraoperative radiation therapy,
standard or extended lymphadenectomy and adjuvant
chemotherapy. However, we consider that the most controversial points nowadays are jaundice management,
vascular resection and neo-adjuvant therapy.

PREOPERATIVE DRAINAGE IN
JAUNDICED PATIENTS
The most frequent location of pancreatic cancer is the
head of the pancreas; therefore, obstructive jaundice is a
common presenting symptom. Pre-operative biliary drainage has been used to provisionally resolve the obstruction
and may reverse the dysfunction resulting in obstruction
of biliary flow. In recent years, this issue has been controversial. However, there is insufficient evidence on this
therapeutic option. Several positive outcomes were observed after preoperative drainage in jaundiced patients:
(1) higher postoperative morbi-mortality is associated
with prolonged acute-phase response. More than 10 d of
biliary tract obstruction was related to an increase in endotoxin levels, and a positive acute-phase response peak[4].
After biliary drainage a transitory improvement in these
alterations was observed, although values remained high
1 wk post-drainage[5]; (2) malignant obstructive jaundice
per se induces significant changes in food intake. Anorectic
endocrine mediators, liver injury and biliary obstruction
are related to protein-caloric malnutrition. This is a reversible situation. Nutritional markers improve after new
bile flow into the duodenum[6]; (3) patients with biliary
tract obstruction who require surgery often have protein
calorie malnutrition, which is associated with increased
peri-operative morbidity and mortality. Internal biliary
drainage yields good results, and experimental studies
have shown that it may improve nutritional status. The
levels of pre-albumin and transferrin improved 10 d after
internal biliary drainage for both benign and malignant
obstruction[7,8] as nutritional alterations in patients with
obstructive jaundice were determined by the intensity of
the biliary obstruction[5]; (4) fluid administration expands
the extracellular water compartment before drainage, but
fails to improve renal function after drainage. Definitive
improvement in endocrine and renal function requires
the restoration of bile flow into the duodenum[9]; and (5)
plasma levels of atrial natriuretic peptide increase due to
obstruction of the biliary tree[10]. In these cases, this may
reflect a subclinical myocardial dysfunction related to the
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severity of jaundice. There is a measurable improvement
in cardiac function after internal biliary drainage[11].
The safety of routine pre-operative biliary drainage
has not been established[12]. Pre-operative biliary drainage
may increase the rate of serious adverse events, such as
a significant increase on the rate of bile cultures positive
for bacteria and significantly increase the probability of
wound infection. In addition, bile cultures positive for
bacteria seem to adversely impact mortality and morbidity after surgery in jaundiced patients[13]. In a large
multicenter randomized trial comparing early surgery vs
preoperative biliary drainage followed by surgery in patients with cancer of the pancreas head, the rates of serious complications were 39% (37 of 96 patients) in the
early surgery group and 74% (75 of 106 patients) in the
patients submitted to preoperative biliary drainage (P ≤
0.001)[14]. A follow-up report from the same trial showed
that there was a significant delay in time to surgery (1
wk vs 5 wk), but no influence on survival rate[15]. While
there was an increase in overall infectious complications
following surgery in the stented group, the detrimental
effects of pre-operative biliary stenting were likely limited
to those with subsequent bacterial colonization of the
biliary tree due to stent placement[16].
The rapid and direct scheduling for surgery may limit
the number of interventions and thus decrease costs and
potential procedure-related complications. Siddiqui et al[17]
observed immediate complications such as post-operative
endoscopic retrograde cholangiopancreatography pancreatitis (n = 14), stent migration (n = 3), and duodenal
perforation (n = 3), as well as long-term complications
included stent migration (n = 9) and hepatic abscess (n =
1). Fourteen patients (5.8%) experienced stent occlusion
at an average of 6.6 mo (range 1 to 20 mo) after surgery.
A total of 144 out of 174 patients (83%) deemed to have
resectable cancer at the time of diagnosis subsequently
underwent curative surgery. Due to disease progression
or the discovery of metastasis after neo-adjuvant therapy,
only 22 of 67 patients (33%) with borderline-resectable
cancer underwent curative surgery.
The pre-operative placement of biliary stents in patients undergoing pancreatoduodenectomy significantly
increases blood loss, with non-significant increases in operative time and peri-operative fluid resuscitation. In this
cohort, these intra-operative considerations do not translate into increased peri-operative morbidity and mortality,
with the data overall showing negligible differences in improved outcomes in stented patients. Consequently, preoperative biliary stents may complicate intra-operative
surgical management[18].

NEO-ADJUVANT THERAPY IN
PANCREATIC CANCER
The low rate of resectability and the poor long-term outcomes following pancreatoduodenectomy have led to the
investigation of pre-operative chemo-radiation therapy
or a combination of pre-operative and post-operative
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Table 1 Methods data of the three published meta-analyses on neo-adjuvant therapy in pancreatic carcinoma n (%)

Gillen et al[2]
Assifi et al[35]
Andriulli et al[36]

Year

n

Type study

Mean age (yr)

80-09
93-10
97-08

111
14
20

78P-33R
14P-0R
20P-0R

62.5
N/P
63.0

Chemotherapy
Agents regimen
107 (96.4)
14 (100)
20 (100)

Radiotherapy
Dose (Gy) IORT

5FU > GEM > Tax > Others
GEM > 5FU
GEM > Cis

44S + 48C
3S + 11C
13S + 7C

104 (93.7)
12 (85)
17 (85)

24-63
30-50
30-40

13 (12.5)
0 (0)
N/P

P: Prospective; R: Retrospective; 5FU: 5-fluor-uracil; GEM: Gemcitabine; Cis: Cisplatine; Tax: Taxanes; S: Single; C: Combined; IORT: Intraoperative
radiotherapy; N/P: Not provided.

Table 2 Results of the three published meta-analyses on neo-adjuvant therapy in pancreatic carcinoma in terms of safety
(postoperative morbidity and toxicity) and efficacy (response and resection)
Response (%)
Toxicity (%) Complete
Gillen et al[2]
Assifi et al[35]
Andriulli et al[36]

01:26.3
02:31.3
1:37
02:46.2
1:29
2:33

3.6
4.8
0.8
4.0

Resection (%)

Partial

Progression

Resected

R0

Mono

Combined

Postoperative morbidity
(%)

30.6
30.2
9.5
31.8

20.9
20.8
17.0
21.8
15.0
32.0

73.6
33.2
65.8
31.6
81.2
26.4

60.4
26.2
55.9
19.6
66.4
16.0

80.9
27.3
N/P

66.2
33.0
N/P

N/P

N/P

26.7
39.1
N/P
N/P
N/P
N/P

12
27

1: Group of patients with potentially resectable pancreatic adenocarcinoma; 2: Group of patients with borderline resectable pancreatic adenocarcinoma.
Toxicity: Only grade 3 and 4; Resection R0: Complete resection of the tumor; Resection Mono: Single chemotherapy drug; Resection Combined: Combined
chemotherapy drugs; N/P: Not provided.

Table 3 Results of the three published meta-analyses on neoadjuvant therapy in pancreatic carcinoma in terms of survival
and mortality

Gillen et al[2]
Assifi et al[35]
Andriulli et al[36]

Mean Survival

Mortality

(mo)

(%)

Estimated survival (%)
1-yr

2-yr

01:23.3
02:20.5
01:15.1
02:11.2
01:18.8
2:14

3.9
7.1
N/P

77.9
79.8
N/P

47.4
50.1
N/P

N/P

91.7
67.2

86.3
54.2

Referred only after surgical resection. 1: Group of patients with potentially
resectable pancreatic adenocarcinoma; 2: Group of patients with borderline
resectable pancreatic adenocarcinoma. N/P: Not provided.

therapies [19]. In this context, neo-adjuvant therapy is
defined as any pre-operative therapy aiming to convert
un-resectable to resectable tumors and/or to increase
microscopic complete tumor resection rates[20]. Given
this situation, the rationale for neo-adjuvant therapy in
pancreatic cancer are as follows[21]: (1) the main objective
is down-staging of the tumor to increase the probability
of survival after an R0 resection; (2) a certain percentage
of potentially un-resectable tumors may be down-staged
to enable surgical resection; (3) radiation therapy is more
effective on well-oxygenated cells that have not been devascularized by surgery; (4) pre-operative treatment may
prevent implantation and dissemination of tumor cells at
laparotomy; (5) patients with metastatic disease on restaging after neo-adjuvant therapy will not be subjected to
unnecessary laparotomy; and (6) delayed post-operative
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recovery will not affect the delivery of neo-adjuvant
therapy.
Candidates for neo-adjuvant therapy are those with
radiographically resectable and biopsy-proven pancreatic adenocarcinoma[22]. Numerous phase Ⅱ trials have
been performed with encouraging results[23-25]. Although
median survival durations from some uncontrolled trials
showed that neo-adjuvant therapy compared favorably
with modern adjuvant therapy approaches[24,26,27], whether
pre-operative therapy is better than post-operative therapy is uncertain. No phase Ⅲ trial comparing neo-adjuvant
and post-operative adjuvant therapy has been performed,
however, there are many retrospective comparisons using the borderline resectable pancreatic cancer criteria[28]
which favor neo-adjuvant therapy for these cancers that
almost certainly would have had a positive resection margin if surgery were performed first[29-31]. Moreover, such
retrospective studies may have sample selection bias[32].
In this review we distinguish the results of neo-adjuvant therapy between patients with potentially resectable
(Group 1) and borderline resectable pancreatic adenocarcinoma (Group 2). In fact, this is one of the main
limitations of different meta-analyses, as the criteria for
considering borderline carcinoma are heterogenous. The
expert consensus statement was published in 2009[33]. The
conclusions of the three published meta-analyses (level
of evidence 1+ of the SIGN related to neo-adjuvant
therapy in pancreatic cancer are shown in Tables 1, 2 and
3[34].
The methods data of the three published metaanalyses on neo-adjuvant therapy in pancreatic carcinoma
(Table 1) are different. Gillen et al[2] included retrospective
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and prospective phase Ⅰ-Ⅱ trials, as well as cohort studies and case series during an interval of 29 years (from
1980 to 2009) with an important variety of neo-adjuvant
regimens.
The authors consider that the heterogeneity of the
data is a limiting factor for extrapolation of the results.
However, this first meta-analysis concluded that patients
with locally advanced/un-resectable tumors should be
included in neo-adjuvant protocols and subsequently be
re-evaluated for resection, which is possible in a relevant
number of patients. Moreover, in the group of patients
with resectable tumors, resection and survival rates after
neo-adjuvant therapy were similar to those observed in
primary resected tumors treated with adjuvant therapy.
Thus, in this group of patients, the current data do not
demonstrate an obvious advantage of neo-adjuvant
therapy. The study designs provided by Assifi et al[35] and
Andriulli et al[36] are less heterogeneous. The data collection was limited only to prospective phase Ⅱ trials investigating the effects of neo-adjuvant therapy on patients
with pancreatic cancer during a similar time period. The
last study included patients receiving gemcitabine alone
or in combination with other drugs and/or radiotherapy.
The problem of heterogeneity found in all meta-analyses
was handled satisfactorily using the random effects model
and a P < 0.10 in the Cochran Q test in the case of Assifi
et al[35]. Despite a rigorous selection of studies, Andriulli
et al[36] found significant heterogeneity which may indicate
that the evidence was biased, confounded or inconsistent. Two factors which could, at least partly, explain the
heterogeneity were identified. First, the patients’ initial
disease stage (resectable vs un-resectable) and, second, the
study design. We think that one of the main limitations
of the meta-analyses was the definition of unresectability and borderline resectability. These terms were not
consistent between the studies, or clearly described in
the manuscripts. Although the definitions have recently
undergone standardization[33], the majority of studies analyzed preceded the adaption of such definitions or they
were not utilized by the authors.
A recent meta-analysis of prospective studies published by Festa et al[37] involving patients who received
chemotherapy with or without radiotherapy which was
given before surgery to patients with borderline resectable cancer, estimated that the surgically explored and
resection rate was higher in patients who received preoperative treatment with gemcitabine. Promising results
in retrospective studies have been reported with neoadjuvant FOLFIRINOX in borderline resectable pancreatic adenocarcinoma followed by radiation[25]. We have
assessed the results of the meta-analyses in terms of
safety (toxicity of the neo-adjuvant regimen and postoperative morbidity), efficacy (response and resection rate),
survival and mortality (Tables 2 and 3). Toxicity data were
not available in all the studies revised in the three metaanalyses.
However, these studies agree on the increasing incidence of grade 3-4 toxicity with the combined therapy
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(two or more chemotherapeutic agents or radiotherapy).
In spite of the high estimated heterogeneity of these
results, toxicity was higher in the group of patients who
were borderline resectable than in those with potentially
resectable pancreatic adenocarcinoma[2,35,36].
Postoperative morbidity was only reported by Gillen
et al[2], and the results are comparable to others series[38,39].
In a systematic review reported by Laurence et al[40], neoadjuvant chemoradiotherapy was not associated with a
statistically significant increase in the rate of pancreatic
fistula formation or total complications. One of the
most important aspects of this review was the response
and resection rate after neo-adjuvant therapy. A 30%
response rate (complete and partial) in borderline resectable patients provides marginal support for the benefit of
preoperative therapy.
The median survival of patients with locally advanced
unresectable pancreatic cancer is approximately 10 to 12
mo. Interest in applying the principles of neo-adjuvant
or induction therapy to such patients is due to their poor
prognosis and the potential for longer term survival if
the disease can be resected. Both Gillen et al[2] and Andriulli et al[36] calculated that the 1-year and 2-year estimated
survival were 75% and 50%, respectively.
However, these data must be interpreted cautiously
given the heterogeneous nature of this group of patients
and their treatments. The influence of preoperative
therapy on patient survival remains uncertain. Whether
the improved median survival times in resected patients
can be ascribed to the chemoradiotherapy administered
before surgery or to a better selection of patients with
non-progressive disease during the interval from diagnosis to completion of chemoradiotherapy and restaging
remains to be addressed in a properly designed randomized trial[36].
It is probable that if pancreatic cancer can be completely resected, the best option is still surgical resection;
neo-adjuvant therapy (chemotherapy or chemoradiotherapy) should be given in those patients with doubtful R0
resection, mostly locally advanced tumors, although this
definition is not clearly defined.

VASCULAR RESECTION IN
PANCREATODUODENECTOMY
The objective of vascular resection in case of vascular
tumor invasion in pancreatic cancer is a potentially curative resection. Metastases must be the reference to performance a venous or arterial resection, so we must not
practice it if there would be metastases in peritoneum or
other organs. Venous invasion usually affects the superior
mesenteric vein (SMV) or portal vein (PV), while hepatic
artery (HA) the superior mesenteric artery (SMA) are the
most affected arteries in pancreatic cancer. The indications and outcomes of vascular resections in pancreatic
cancer are still in continuous study.
The purpose of vascular resection is, obviously, to increase the possibility of a curative R0 resection, because
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a complete resection is the most important prognostic
factor that influences long time survival. This is the reason why obtaining tumor-free resection margins must be
the most important objective during vascular resection in
pancreatitis ic cancer. In our experience, we have operated on 22 patients with pancreatic cancer including vascular resection:5 with arterial and 17 with venous resection
(2005-2013). The mortality associated with the procedure
was 36.4% (8 patients), and 6 surviving patients showed
tumor recurrence (27.3%). The 5-year survival rate was
36.4% (range 1-96 mo, median 54 mo).
Arterial resection
The narrowing or vessel encasement of SMA, HA or celiac trunk (CT) observed on CT scan[41] or intraoperatively
is usually due to a locally advanced tumor, but sometimes,
this narrowing is secondary to a peri-tumour fibrosis, and
this fact is most of times very difficult to define before
or during surgical procedure. Furthermore, if we are sure
that this arterial invasion indicates unresectability is in order to technical aspects and prognosis, highly debatable.
There are some doubts about arterial infiltration: (1) is
arterial invasion result of an advanced carcinoma or is because of cancer location, near of these important vessels?
(2) Is it supposed the finding of arterial infiltration the
patient is in stage Ⅳ situation? (3) Do arterial resections
influence in complications and mortality after pancreatic
resection? Several articles show similar long-term survival
in patients with arterial invasion compared with patients
without vascular invasion. The fact that microscopy
showed that vascular tumor invasion is an adverse factor has been changed by these studies[42-44]. This could be
explained because the most important factor in survival
in patients with pancreatic carcinoma is the presence of
metastases in peritoneum or other organs. Yekebas et al[45]
showed that arterial resection can be a safely procedure in
cases with secure vascular invasion, being morbidity and
mortality rates comparable to pancreatectomies without
arterial resection. In this article, vascular resection did not
influence in survival after surgery. When potentially curative pancreatectomy is performed, 2- and 5-year survival
rates in patients with vascular invasion are 35% and 15%,
respectively, the same rates that patients without arterial
invasion. The median survival after pancreatectomy with
arterial resection is 6 and 39 mo, much longer than pancreatic cancer treated with chemotherapy or palliative surgery. Although tumor arterial invasion of more than 180º
is considered the most important criterion for unresectable cancer in persons with pancreatic tumors according
to updated guidelines[46], there is still insufficient data to
assert this fact.
The advances in pancreatic surgery together with the
poor survival of patients who do not undergo surgical
resection, have led to a debate regarding the importance
of arterial resection in patients without distant metastasis.
There are some studies on pancreatectomy with arterial resection in small series of patients. These articles
showed that overall survival in patients with arterial re-
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section is significantly worse when compared with operated patients without arterial resection. Vascular invasion
should be considered an indicator of aggressive tumor
biology, and it seems to be worse arterial than venous invasion: when simultaneous venous and arterial resection
was performed in some studies, patients with arterial had
a higher risk of R1 resection and more presence of affected nodes, so survival was reduced[47-49].
In the meta-analysis published by Mollberg et al[50] a
significantly better survival was observed in patients with
arterial resection compared with patients without tumor resection. The results of these analyses should be interpreted
very cautiously, as it was an uncontrolled study: patients
without resection with more advanced tumors had a worse
prognosis compared to patients who underwent pancreatic
and arterial resection. This meta-analysis found that patients with arterial resection had more postoperative complications and a worse long-term survival. The authors
concluded that the need for arterial resection should be
a contraindication to resectability. However, the survival
benefit offered by pancreatectomy with arterial resection
compared to palliative therapy without tumor resection
could justify arterial resection in highly selected patients,
only if performed at specialized institutions.
Bachellier et al[51] showed that pancreatic resection
with arterial resection for locally advanced pancreatic
cancer can be performed safely with survival rates similar
to patients with locally advanced pancreatic adenocarcinoma without arterial resection (survival rates of 20%
at 5 years). This study showed that perineural invasion,
number of resected lymph nodes (< 15 vs > 15), and
arterial wall invasion were independent prognostic factors for overall survival. The authors recommended the
following: (1) radiological arterial invasion should not be
considered a contraindication to pancreatic resection if
the patient undergoes R0 resection; (2) the specificity of
CT scanning to predict histological arterial wall invasion
is still low; (3) in the case of radiological arterial invasion the patient should be a candidate for neo-adjuvant
treatment; (4) after neo-adjuvant therapy in the absence
of cancer progression an exploratory laparotomy should
be performed to explore the resectability of the tumor;
(5) arterial resection should be performed if the patient
is undergoing R0 resection; and (6) pancreatic resection
with arterial resection should be performed in specialized
centers.
Bockhorn et al[52] reported a study of eighteen patients
who required reconstruction of the HA, eight CT and
three SMA. Fifteen patients also required resection of
PV. Complications and mortality were significantly higher
in patients with arterial resection than in patients without
arterial resection (P = 0.031 and P = 0.037, respectively).
Venous resection was an independent factor for morbidity (P < 0.001). Median overall survival was the same for
both groups (14.0 vs 15.8 mo; P = 0.152). This article
concluded than, in selected patients, overall survival following arterial resection was similar to standard resection
and better than palliative treatment.
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In conclusion, due to the doubtful data available, the
operative and oncological results of these patients should
be documented in centralized patient registries in prospective studies.
Venous resection
PV and SMV invasion is due to the location of the tumor, because this venous trunk is in the anatomic origin
of pancreatic cancer. For a long time, venous invasion
was regarded a contraindication to resection in pancreatic cancer. Today, there is controversy regarding arterial
resection and whether pancreatic carcinoma with involvement of the PV/SMV should be resected.
The first resection and reconstruction of the PV/SMV
during pancreatectomy were reported by Moore et al[53]
(1951) and by Asada et al[54] (1963). In 1973, Fortner[55]
proposed “regional pancreatectomy” which involved a
systematic resection PV/SMV vessels and peripancreatic
nodal and adipous tissue clearance, to increase the longterm survival rate. This procedure showed no survival
benefit and was associated with high morbidity[56,57]; thus,
most authors regard tumor invasion of the PV/SMV as a
contraindication to curative pancreatic surgery.
However, several reports have confirmed that resection of the PV/SMV can be performed with acceptable
mortality, complications and survival rates, comparable
to those observed in pancreatic surgery without venous
resection[43,44,58,59]. On the other hand, some author have
reported poor survival results after this surgical procedure[60]. In general, the current opinion confirms the
safety and feasibility of this surgical techniques, with
mortality rates about 0 to 7.7%, which are similar to accepted mortality for pancreatectomy without venous
resection reported in some studies[61-63]. Also, morbidity
rates are similar to pancreatic resections performed without PV/SMV resections (16.7% to 54%)[64,65]. Reported
5-year survival rate in patients with venous resections
is not different those without PV/SMV reconstruction
(9%-18%)[66].
Many studies uphold PV/SMV resection during pancreatoduodenectomy, although some studies report a low
5-year survival rate because a venous infiltration leads to
a more probability of nodal spread[67]. In a retrospective
review of two prospective registers with 593 consecutive
pancreatic resections for pancreatic cancer reported by
Martin et al[68], 36 patients (18 men and 18 women, aged
42-82 years) (6.1%) underwent vascular resection at the
time of pancreatectomy. Among them, 31 (88%) needed
PV/SMV resection, 3 (8%) both arterial and venous resection; and 2 (6%) only arterial resection. The 90-d mortality was 0% and morbidity was 35%. In control group
rates were 2% and 39% respectively (P = 0.034). Median
survival was 18 mo in the venous or arterial resection
group, and 19 mo in the control group.
The current literature suggests that PV/SMV resection while pancreatic resections, is a safe and feasible
surgical technique, but this procedure must be made only
in experienced centers with acceptable morbidity and
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mortality rates. Complication rates are similar to observed
for pancreatic resections without venous reconstruction.
Only venous resections can make R0 pancreatectomies in
some cancer, and this is, today, the only curative therapy
in these patients.
In conclusion, pancreatectomy combined with venous resection should always be considered in cases of
suspected tumor infiltration of PV/SMV to obtain good
resection margins, in the absence of distant metastasis.
R0 resection continues to be the ultimate goal for patients with pancreatic carcinoma, because this is the most
important technique in improving survival, thus, venous
involvement should not contraindicate pancreatic resection, especially when R0 margins are possible and when
reasonable reconstructions can be performed.
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Abstract
The application of minimally invasive approaches to
pancreatic resection for benign and malignant diseases
has been growing in the last two decades. Studies have
demonstrated that laparoscopic distal pancreatectomy
(LDP) is feasible and safe, and many of them show
that compared to open distal pancreatectomy, LDP has
decreased blood loss and length of hospital stay, and
equivalent post-operative complication rates and shortterm oncologic outcomes. LDP is becoming the procedure of choice for benign or small low-grade malignant
lesions in the distal pancreas. Minimally invasive pancreaticoduodenectomy (MIPD) has not yet been widely
adopted. There is no clear evidence in favor of MIPD
over open pancreaticoduodenectomy in operative time,
blood loss, length of stay or rate of complications. Robotic surgery has recently been applied to pancreatectomy, and many of the advantages of laparoscopy over
open surgery have been observed in robotic surgery.
Laparoscopic enucleation is considered safe for patients
with small, benign or low-grade malignant lesions of
the pancreas that is amenable to parenchyma-preserving procedure. As surgeons’ experience with advanced
laparoscopic and robotic skills has been growing around
the world, new innovations and breakthrough in minimally invasive pancreatic procedures will evolve.

WJG|www.wjgnet.com
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Key words: Laparoscopy; Distal pancreatectomy; Pancreaticoduodenectomy; Robotic pancreatectomy; Enucleation
Core tip: This review discusses recent advances in
laparoscopic distal pancreatectomy (LDP), minimally
invasive pancreaticoduodenectomy (MIPD), and enucleation. Recent studies show that LDP have improved
perioperative recovery and equivalent oncologic outcomes. Studies on MIPD demonstrate that it is safe
in terms of intra-operative outcomes, post-operative
recovery and early oncologic outcomes; however, it
requires advanced laparoscopic skills. Laparoscopic
enucleation has become the operation of choice for
small benign tumours that are away from the main
pancreatic duct, especially insulinomas. We also summarize key results in pre-operative, perioperative and
post-operative outcomes from contemporary series
comparing open and laparoscopic pancreatic resections
in the tables.
Liang S, Hameed U, Jayaraman S. Laparoscopic pancreatectomy: Indications and outcomes. World J Gastroenterol 2014;
20(39): 14246-14254 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14246.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14246

INTRODUCTION
Pancreatic resection is technically challenging due to anatomic factors such as retroperitoneal location, and close
proximity to the duodenum and major vasculature. As a
result, the application of laparoscopy to pancreatectomy
has been slower compared to other abdominal procedures. As surgeons become more adept at advanced laparoscopy, there is increasing evidence demonstrating not
only the safety and feasibility of laparoscopic pancreatic
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Table 1 Summary of laparoscopic distal pancreatectomy series comparing the pre-operative variables and intra-operative outcomes
laparoscopic distal pancreatectomy and open distal pancreatectomy
Ref.

LDP/ODP

Abu Hilal et al[2]
Fox et al[3]
Mehta et al[4]
Limongelli et al[5]
Soh et al[6]
Butturini et al[7]
Cho et al[8]
Aly et al[9]
DiNorcia et al[10]
Jayaraman et al[11]
Kooby et al[12]
Vijan et al[13]
Baker et al[14]
Finan et al[15]
Nakamura et al[16]
Bruzoni et al[17]
Eom et al[18]
Kim et al[19]
Matsumoto et al[20]
Misawa et al[21]
Tang et al[22]
Teh et al[23]
Velanovich et al[24]
Fernández-Cruz et al[25]

35/16
42/76
30/30
16/29
10/21
43/73
254/439
40/35
71/192
107/236
23/189
100/100
27/85
44/104
21/16
7/4
31/62
93/35
14/19
8/9
9/5
12/16
15/15
5/41

BMI
N/A
27.3/26.5
N/A
26.4/27.1
25/21
N/A
NS
21/21
N/A
27/27
28.5/26.2
27.4/27.9
N/A
28.3/26.9
23.4/21.3
29.5/29
22.2/23
23.4/23.9
N/A
N/A
N/A
26.4/27.5
N/A
N/A

Comorbidity

Splenic preservation

N/A
NS
N/A
NS
NS
N/A
NS
N/A
NS
N/A
NS
NS
NS
NS
NS
N/A
N/A
NS
NS
N/A
NS
NS
N/A
N/A

40%/19%
35.7%/22.4%
70%/30%a
31%/14%
N/A
44.2%/11%a
34%/10%a
32%/8%a
15.5%/15.6%
21%/14%
N/A
25%/N/A
N/A
2%/2.7%
35%/31%
100%/100%
42%/NR
40.9%/5.7%a
N/A
12.5%/0%
55.6%/0%
41.7%/6.3%
0%/0%
100%/39.9%

OR time (min)

Blood loss (cc)

Conversion

200/225
304/281
188/226
204/160a
383/330
180/180
NS
342/250a
250/270a
194/163a
238/230
214/208
236/253
156/200a
308/282
182/152
217.7/194.8
195/190
290.7/213.8a
255/205
180/210
212/278a
N/A
N/A

200/394a
375/375
294/729a
160/365a
275/600a
N/A
24%/54% (> 300cc)
363/606a
150/900a
150/350a
422/790a
171/519a
219.4/612.6a
157/719a
249/714a
214/362
N/A
NS
247.1/400.3
14/307a
100/450a
193/609a
N/A
450/N/A

0.0%
11.9%
N/A
6.0%
N/A
0.0%
9.4%
10.0%
25.3%
30.0%
17.0%
4.0%
3.6%
4.1%
4.8%
0.0%
N/A
N/A
7.0%
0.0%
0.0%
16.0%
20.0%
N/A

Summary of laparoscopic distal pancreatectomy (LDP) series comparing the pre-operative variables and intra-operative outcomes LDP and open distal
pancreatectomy (ODP). The results are shown as “LDP/ODP”; aP < 0.05. NS: Statistically non-significant between the two groups; N/A: Data not available.

resection, but also potential advantages in postoperative
recovery and equivalent oncological outcome. Here, we
review recent advances in laparoscopic distal pancreatectomy, pancreaticoduodenectomy, and enucleation, with
emphasis on patient selection, surgical technique, perioperative outcomes, oncologic outcomes, and the emerging
role of robotics.

LAPAROSCOPIC DISTAL
PANCREATECTOMY
Laparoscopic distal pancreatectomy (LDP) is the most
commonly performed pancreatic resection using minimally invasive techniques. The main advantages of LDP
over open distal pancreatectomy (ODP) are the potential
for improved surgical exposure and visualization, and
enhanced post-operative recovery and morbidity[1]. A
summary of series that compare the pre-operative, intraoperative and post-operative factors and outcomes in
LDP and OPD at their institutions is shown in Tables 1
and 2[2-25].

nor is the size of the tumour being resected[8,11,12,26]. The
laparoscopic approach may be even more beneficial in
patients with higher BMI because of better access into
the deep abdomen, less post-operative incisional pain and
faster postoperative recovery.
Tumor factors may also affect a patient’s suitability for
a laparoscopic resection. Malignant potential should not
necessarily be a limiting factor for laparoscopic resection.
However, large, locally advanced malignancies may not
be technically feasible laparoscopically due to concerns
with tumor handling, seeding, and risk of positive margins. Likewise, cancerous lesions located near the neck of
the pancreas or close to the celiac trunk and its branches
should be approached with caution[11]. In the absence
of randomized controlled trials, most series suggest that
patients with isolated benign, pre-malignant or small lowgrade malignant lesions in the distal pancreas should be
considered for undergoing LDP[1]. In experienced centres, LDPs can be safely performed in patients with high
BMI, large tumour size and malignant diseases.

PATIENT SELECTION

SURGICAL TECHNIQUE AND INTRAOPERATIVE CONSIDERATIONS

Appropriate patient selection is essential for any surgical procedure attempted with a laparoscopic approach.
Patient factors, such as body habitus, cardiopulmonary
comorbidity, and a history of previous laparotomy are
typical factors that may make laparoscopic surgery more
challenging. High BMI is not a contraindication for LDP,

In the early 1990s the first reports of laparoscopic pancreatic resection were published[27]. Since then, this technique
has gained widespread adoption. Distal pancreatectomy
in many respects is an ideal minimally invasive approach
since it involves resection without reconstruction.
To help ascend the learning curve for a novel ap-
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proach, some authors advocate the use of hand-access
ports in the midline and right lower quadrant[28]. The
main advantages of hand-access ports are allowing direct
palpation of the tumour, and control of hemorrhage
by manual pressure[1]. The need for these ancillary access devices has been mitigated by advances in surgical
technique, vascular sealing devices and endomechanical
staplers which allow for safe performance of pancreatic
resections fully laparoscopically.
LDP may be performed with or without splenic preservation. The main advantage to splenic preservation
is to avoid the risk of overwhelming post-splenectomy
infection, which has an annual incidence of 0.23%-0.42%
per year and a lifetime risk of 5%[29]. LDP with preservation of the spleen is preferred for benign diagnoses as
the need for lymph node retrieval is not as crucial[1,30].
Likewise, the splenic vasculature should be taken in malignant cases to facilitate total extirpation and negative
margins. Distal pancreatectomy with splenic preservation
has similar rates of post-operative morbidity and pancreatic fistulas as distal pancreatectomy with splenectomy[10].
Although long-term prospective studies are lacking, we
advocate preservation of the spleen in LDP performed
for benign diseases whenever possible in order to minimize the effect on the immune system against encapsulated organisms.
Spleen-preserving distal pancreatectomy may also be
performed using the Warshaw technique, which divides
the splenic artery and vein while preserving the blood
supply to the spleen from the short gastric vessels[31].
Intraoperative variables include operating time, blood
loss, and conversion, and selected studies comparing
LDP and ODP at the same institutions are shown in
Table 1. Some series report a shorter operating time for
LDPs compared to ODP[10,15,23], but some of the studies’
calculation of the average LDP operating time does not
include the converted cases, which are much longer[10,15].
Other series reported equivalent or longer operating time
with LDP compared to ODP[9,11,12]. One may note that
the operating time is variable even though the surgical
techniques are similar. This may be explained by the difference in the surgeons’ learning curve[26].
A LDP that is not converted to open is associated
with significantly less intra-operative blood loss compared to ODP in many series[2,4-6,10-12,14,16,21,23]. The usual
rate of conversion to ODP is about 10%-20% (Table
1), but can be over 25% in series with less selected patients[11,32]. Reasons for conversion include high BMI, adhesions, difficulty localizing the lesion, large and proximal
tumours, hemorrhage, and concern for margin adequacy.
Conversion to open surgery may also be associated with
a greater risk of postoperative complications[11].

POST-OPERATIVE OUTCOMES
Patients with cardiac and pulmonary comorbidities risk
prolonged postoperative recovery and comorbidity after
undergoing a midline laparotomy or subcostal incision
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due to postoperative pain, atelectasis, pneumonia, and
ileus. Some argue that these patients are ideal candidates
for laparoscopic resection due a potential greater benefit
of an enhanced postoperative recovery. Although there
is a lack of randomized trials comparing LDP and ODP,
there have been many retrospective series in the past
decade studying the post-operative outcomes of LDP
(Table 2). The main advantages of LDP include shorter
hospital stay (difference of 2 d or more)[2-6,9,11-16,19-21,23,24],
decreased requirement for pain medications, and swifter
return to regular diet (difference of 1.7 d)[19]. The overall
morbidity is approximately 26%-40%[2,10,11,13], which is
similar to ODP from contemporary series (29%-57%).
Most published series suggest mortality is rare with the
laparoscopic technique and that it can be done reliably
and safely in most cases[10-12,15].
The rate of pancreatic fistula is similar between LDP
and ODP, with most studies reporting it to be in the acceptable ranges for both approaches[10,11,13,15]. There is a
wide range of reported rates of pancreatic fistulas, as
shown in Table 2. The large difference in rates of pancreatic fistulas may be explained by the different reporting
strategies. For example, some studies report an overall
rate, whereas others report only the pancreatic fistulas
that require interventions. In addition, this difference may
also be due to differences in intra-operative technique
and equipment.
In summary, LDPs demonstrate significantly faster
post-operative recovery and shortened length of stay, and
similar safety compared to ODP.

ONCOLOGIC OUTCOMES
Oncologic outcomes can be categorized into intraoperative and long-term. Comparisons between LDP
and ODP in pathologic considerations, such as tumour
size, specimen length, proportion of malignant histology,
margin positivity and lymph node harvest have been described in various case series comparing their LDP with
ODP experience (Table 2). In Kneuertz et al[26] there is
no difference in tumour size, proportion of malignant
histology, and margin positivity between early and recent
experiences.
Patients undergoing LDP tend to have smaller size
lesions (2.5-3.3 cm in LDP vs 3-7.7 cm in ODP)[10,11,13,15].
The range for specimen length in LDP is 7.7-9.4 cm[10,12,13],
which is slightly smaller than in ODP (9.4-10 cm). In
most series, patients with malignancy tend to undergo
open resections. Therefore, the margin positivity from
the LDP group in these series should be interpreted with
caution, because of pre-existing selection bias. However,
in Kooby et al[12]’s analysis of patients undergoing LDP
and ODP for malignant diseases only, they reported similar rates of margin positivity (26% in LDP and 27% in
ODP), lymph node retrieval (13.8 vs 12.5), and specimen
length (9.4 cm vs 9.9 cm).
There is little data on long term oncologic outcomes
after LDP. Marangos et al[33] found that the 3-year survival
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Table 2 Summary of laparoscopic distal pancreatectomy series comparing the post-operative outcomes in laparoscopic distal
pancreatectomy and open distal pancreatectomy
Ref.

Hospital stay

Abu Hilal et al[2]
Fox et al[3]
Mehta et al[4]
Limongelli et al[5]
Soh et al[6]
Butturini et al[7]
Cho et al[8]

7/11a
0%/6%
40%/69%
5/7a
0
21.4%/19.7%
8.7/12.6a
0%/3.3% 50%/43.3%
6.4/8.8a
0%/3%
25%/41%
5/8a
0
70%/57.1%
8/9
0
48.2/45.2%
16%/54% (> 7d) 0.5%/1%
12%/15%

Aly et al[9]
DiNorcia et al[10]
Jayaraman et al[11]
Kooby et al[12]
Vijan et al[13]
Baker et al[14]
Finan et al[15]
Nakamura et al[16]
Bruzoni et al[17]
Eom et al[18]
Kim et al[19]
Matsumoto et al[20]
Misawa et al[21]
Tang et al[22]
Teh et al[23]
Velanovich et al[24]
Fernández-Cruz et al[25]

Mortality

22/27a
5/6a
5/7a
7.4/10.7a
6.1/8.6a
4.0/8.6a
5.9/8.6a
10/25.8a
6.2/9
11.5/13.5a
10/16a
12.9/23.8a
10/16a
7/11
6.2/10.6a
5/8a
6/12

Morbidity

0
20%/31%
0%/1% 28.2%/43.8%a
0%/0.8% 27%/40%a
N/A
N/A
3%/1%
34%/29%
0%/2%
37%/35%
0%/4.8%
NS
N/A
0%/18.8%
N/A
14.2%/0%
0
35.5%/24.2%
0
24.7%/29%
0
7.1%/21.1%
0
N/A
0
33.3%/0%
0
16.7%/56.2%a
N/A
20%/27%
N/A
20%/48%

Re-operation
N/A
4.76%/2.63%
3.3%/6.7%
0%/7%
N/A
9.3%/9.6%
1%/3%
N/A
5.6%/3.6%
2%/2%
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
0
N/A
20%/0%

Pancreatic
fistula

Tumour size
(cm)

%
Malignancy

Margin Lymph node
positivity
harvest

29%/44%
3.4/3.3
11%/25%
2.9%/6.2%
28.57%/13.16%a
2.9/3.5
4.8%/2.6%
N/A
16.7%/13.3%1
3.8/4.3
23.3%/23.3%
N/A
18%/20%
3.2/4.3a
37%/45%
6%/7%
70%/42.9%
2.45/5a
10%/66.7%a
N/A
29.7%/13.7%
3.9/4.0
4.7%/2.7%
N/A
23%/27%
40%/58%
9%/29%
N/A
(> 3.5 cm)
12%/17%
3/4
N/A
N/A
11.3%/14.1%
2.5/3.6a 12.7%/38.5%a 2.8%/13%a
15%/13%
3/3a
17%/47%a
3%/4%
N/A
3.5/4.5
100%/100%
26%/27%
17%/17%
3.3/4a
23%/23%
0
22%/14%
3.78/4.03 30.1%/29.0%
N/A
50%/46%
3.26/7.73a
25%/42%a
0
0%/12.5%1
4.8/4.1a 14.3%/6.25%
N/A
N/A
2.3/3.8
0%/0%
0
9.7%/6.5%
3.95/6.15a
9.7%/6.5%
N/A
8.6%/14.3%
3/3
0
N/A
0%/10.5%
3.0/3.4
0
N/A
0%/22%
7.5/2
0%/0%
N/A
22.2%/0%
N/A
0%/0%
0%/0%
8.3%/6.2%
3.4/3.4
0%/0%
N/A
13%/13%
N/A
20%/32%
N/A
N/A/12.2%
N/A
N/A
N/A

N/A
N/A
8.4/13.8
N/A
2/4a
N/A
N/A
N/A
6/8
6/7
13.8/12.5
NS
5.2/9.4a
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

1

Denotes pancreatic fistula rates for grades B and C. Summary of laparoscopic distal pancreatectomy (LDP) series comparing the post-operative outcomes
in LDP and open distal pancreatectomy (ODP). The results are shown as “LDP/ODP”; aP < 0.05. NS: Statistically non-significant between the two groups;
N/A: Data not available. In the pancreatic fistula column, the default is recording percentage of patients with pancreatic fistula of all grades and severity.

rate in a cohort of 30-patient with 93% margin negativity
for exocrine carcinoma is 36%, and the median survival
time was 23 mo (range 0.5-108 mo).
In conclusion, LDP is safe, effective, and has become
the operation of choice for lesions involving the distal
pancreas. It should be considered a standard approach
for most indications for distal pancreatectomy except
in large cancers or large, centrally located lesions near
the pancreatic neck or major vessels. Its application has
been broadened to include patients with higher BMIs
and comorbidity scores. LDP’s main advantages are
shorter length of stay, faster post-operative recovery, and
decreased requirement for pain medications with no difference in post-operative morbidity, mortality and shortterm oncologic outcome. Further studies are needed to
evaluate the long-term oncologic outcomes of LDP.

MINIMALLY INVASIVE
PANCREATICODUODENECTOMY
Since the first laparoscopic pancreaticoduodenectomy in
1994[34], the experience with minimally invasive pancreaticoduodenectomy (MIPD) has increased. Despite the
known benefits of laparoscopy, the anatomic challenges,
the inherent technical complexity of this operation and
the difficulty of performing three major anastomoses
have limited the widespread use of minimally invasive
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pancreaticoduodenectomy. A summary of series that
compare the pre-operative, intra-operative and post-operative factors and outcomes in MIPD and OPD at their
institutions is shown in Tables 3 and 4[35-38].

PATIENT SELECTION
In adopting laparoscopic approaches, or in the infancy of
novel techniques, the traditional indications for open surgery include patients with morbid obesity[39,40], and severe
cardiac or pulmonary comorbidity[39]. However, these patients may benefit the most from the minimally invasive
approaches if they can be done safely. The earliest series
of MIPD involved patients with small[39-41], benign or low
grade[38,41,42] tumours of the pancreatic head, duodenal
ampulla, and distal common bile duct, in the absence
vascular or extrabiliary involvement[39,40,42,43]. Patients with
ampullary lesions, mucinous cystic neoplasms and Intrapapillary Mucinous Neoplasms (IPMNs) are ideal surgical
candidates for MIPD due to the tendency for them to be
non-adherent to the major arterial and venous structures
near the pancreatic neck and uncinate process.

SURGICAL TECHNIQUE AND INTRAOPERATIVE CONSIDERATIONS
MIPD has been slow to adopt because of the anatomi-
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Table 3 Summary of minimally invasive pancreaticoduodenectomy series comparing the pre-operative variables and intra-operative
outcomes minimally invasive pancreaticoduodenectomy and open pancreaticoduodenectomy
Ref.

TLPD LAPD HAPD OPD

Asbun et al[35]
Kuroki et al[36]
Zureikat et al[37]
Cho et al[38]

53
N/A
14
N/A

N/A
20
N/A
15

N/A
N/A
N/A
N/A

BMI

215
31
14
15

27.6/26.6
21.9/22.9
28.5/30
23/25

Comorbidity Indication
NS
NS
NS
NS

N/A
N/A
N/A
N/A

Pylorus
preservation

OR time
(min)

73.6%/45.6%a
80%/83.9%
0/0
100%/100%

541/401a
656.6/554.6
456/372a
338/287

Blood loss (cc)
195/1032a
376.6/1509.5a
300/400
445/552

Conversion
15%
0
14%
0

Summary of minimally invasive pancreaticoduodenectomy (MIPD) series comparing the pre-operative variables and intra-operative outcomes MIPD and
open pancreaticoduodenectomy (OPD). The results are shown as “MIPD/OPD”; aP < 0.05. TLPD: Total laparoscopic pancreaticoduodenectomy; LAPD:
Laparoscopically assisted pancreaticoduodenectomy; HAPD: Hand-assisted pancreaticoduodenectomy; NS: Statistically non-significant between the two
groups; N/A: Data not available.

Table 4 Summary of minimally invasive pancreaticoduodenectomy series comparing the post-operative outcomes in minimally
invasive pancreaticoduodenectomy and open pancreaticoduodenectomy
Study
Asbun et al[35]
Kuroki et al[36]
Zureikat et al[37]
Cho et al[38]

Hospital stay

Mortality

8/12.4a
N/A
8/8.5
16.4/15.6

5.7%/8.8%
N/A
7%/0%
0

Overall
morbidity
NS
NS
62%/42.8%
27%/27%

Re-operation

Pancreatic
fistula

Tumour size
(cm)

PDAC

Margin
positivity

3.8%/7%
N/A
7%/7%
N/A

16.7%/17.3%
45%/39%
36%/42.8%
13%/13%

2.74/3.14
N/A
2.2/3.6a
N/A

41.5%/46.5%
0/12.9%
57%/57%
6.7%/13.3%

5.1%/17%
N/A
0/8.3%
0

Lymph node
harvest
23.44/16.84a
N/A
18.5/19.1
18.5/20

Summary of minimally invasive pancreaticoduodenectomy (MIPD) series comparing the post-operative outcomes in MIPD and open pancreaticoduodenectomy
(OPD). The results are shown as “MIPD/OPD”; aP < 0.05. N/A: Data not available.

cal and reconstructive challenges previously mentioned.
There are two general approaches to MIPD: a total laparoscopic approach (TLPD) where the anastomoses (pancreaticojejunostomy, hepaticojejunostomy, gastrojejunostomy) along with the resection are done intracorporeally;
and the laparoscopic-assisted, or hybrid approach where
the reconstruction is done through a small incision which
is also used for specimen extraction[38,40,42,44-46].
TLPD and the hybrid approach have similar mean
operative time (268 min vs 286 min), blood loss (75 cc
vs 83 cc), complication rate (33% vs 25%), and length of
stay (13.4 d vs 14 d)[45]. Several retrospective series demonstrate that MIPD can be safely performed in experienced hands. The average operating time and blood loss
for three large MIPD series are 368-541 min, and 65-240
cc, respectively[35,41,43]. In comparison, a contemporary
OPD series by Cho et al[38] shows that the average operating time is shorter (287 min), and blood loss is greater
(552 cc) in open cases. Asbun et al[35] and Kuroki et al[36]
compared their LPD and OPD cases and also found that
LPD resulted in significantly less blood loss. The rate of
converting MIPD to open ranges from 0%-31.6%[36,38,40
,41,44]
. Common reasons for conversion are hemorrhage,
portal vein bleeding, difficult dissection, adhesions, and
tumour involvement of major vascular structures[1,47].

POST-OPERATIVE RECOVERY
It is unclear whether patients who undergo TLPD or
hybrid have better post-operative outcomes than OPD.
It is also difficult to compare the post-operative outcome
measures across series because each hospital may have
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different practices and enhanced recovery programs in
post-operative pain management, diet advancement, and
criteria for discharge. In addition, the institutional and personal experience with the technical challenges of MIPD
varies among the series, and the studies may take place
in different stages of the institution and surgeon’s learning curves. Since many MIPD series are small in sample
size and they often exclude patients with major vascular
involvement, extensive adhesions, large tumours and
morbid obesity, the post-operative outcomes may favor
MIPD over OPD, because of the intrinsic differences in
patient selection. As a result, it is very difficult to objectively compare and summarize the rate of major morbidity and mortality among the studies. Tables 3 and 4 lists
studies that compared outcomes of LPDs and OPDs at
their institutions.
Most MIPD series report low mortality rate[38-46];
Gumbs et al[48] reviewed 285 cases and found the overall
mortality was 2%. A more recent series reports a 100-d
mortality rate of 5.7%, which is not significantly different
than the mortality rate of 8.8% in the OPD group in the
same series[35]. Their reported mortality rate is higher than
many other past studies because the authors extended the
time range to 100 d. The majority of MIPD series have a
30-d mortality rate that is lower than that reported by the
American College of Surgeons’ National Surgical Quality
Improvement Program (ACS NSQIP) database of pancreaticoduodenectomy (mortality rate of 1.9%-2.8% in
6988 patients)[49]. The MIPD’s rate of major morbidity in
the series mentioned above ranges from 25%-48%, compared to 31% in OPD[50]. The rate of pancreatic fistulas is
an important post-operative outcome and is reported in
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majority of series. the rate of International Study Group
of Pancreatic Fistula (ISGPF) grade B pancreatic fistula
ranges from 2.4%-18%[35,38,40,41,43]. Cho et al[38] and Asbun
and Stauffer[35] compared their MIPD to contemporary
OPD, and found that the OPD group have similar rate
of pancreatic fistula (3%-13%). Other complications
reported include biliary leak (2.4%-7%)[38,40,41], delayed
gastric emptying (7%-9.1%)[38,44], small bowel obstruction 6.2% [45], intra-abdominal hemorrhage (5.3%) [40],
intra-abdominal abscess (2.4%-19.9%)[35,40], wound infection (11.3%)[35], pulmonary complications and DVT
(2.4%-14.3%)[39,41].
The average length of stay for MIPD varies between
8 and 18[35,38-41,44,45]. Asbun et al[35] found that the length
of stay is significantly shorter in MIPD group compared
to OPD group (8 d vs 12.4 d), whereas Cho et al[38] did
not (16.4 d vs 15.6 d)[38]. Diet advancement usually occurs
around 7 d[38,40,46], which is similar to OPD in Cho et al[38]
series. In summary, there is no clear evidence that MIPD
results in significant improvement in post-operative mortality, morbidity and recovery (Tables 3 and 4). Tremendous patient selection and institutional bias undoubtedly
influences the published literature.

ONCOLOGIC OUTCOMES
The short-term oncologic outcomes of MIPD appear
similar to OPD. Once again, published series have highly
selected patients without major vascular involvement and
relatively small tumour sizes of 2.1-3 cm[40,41,43-45]. Negative margins are achieved in 100% cases in these series
which is far different from the typical R0 margin rate
of 70%-80% in large trials of OPD[50]. We believe this
is a reflection of patient selection in that patients with
smaller, lower grade lesions are likely selected for MIPD.
The rate of lymph node retrieval in published reports of
MIPD seems adequate[35,38].
There are few long-term oncologic outcome studies
in MIPD. Palanivelu et al[41] found that the median survival for 42 patients undergoing MIPD is 46 mo; their
five-year survival rates for pancreatic head adenocarcinoma is 19.1%, and for ampullary adenocarcinoma is
30.7%. The authors did comment on the biased patient
selection based on non-obese patients with small, early
lesions. Therefore, it is difficult to make conclusions
on oncologic outcomes in the absence of randomized
studies or studies with large sample size and long-term
follow-up.
In conclusion, MIPD has not yet been wide adopted
for lesions involving the ampulla and pancreatic head.
MIPD is safe in experienced hands, but there is no clear
evidence in favor of MIPD in post-operative major morbidity, mortality, recovery, and oncologic outcomes compared to OPD. TLPD and LAPD do not seem to differ
in operative time, blood loss, length of stay, or rate of
complications. A plausible explanation is that both TLPD
and hybrid require a mini-laparotomy of similar length,
so the degree of surgical trauma and the resulting post-
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operative morbidity should be similar as well. Given that
OPD done in high-volume centres has excellent perioperative outcomes, it may be hard to justify the increased
operative time and resource utilization in MIPD. However, the traditional advantages of minimally invasive
procedures may also hold true, such as decreased blood
loss and less post-operative pain. Future studies may consider standardizing institutional or personal experience
with MIPD, include larger sample size, and include better separation of outcomes by TLPD vs hybrid, Greater
follow-up is required and a better understanding of the
learning curve for this approach is needed.

ROBOTIC PANCREATECTOMY
Robotic surgery has recently been applied to pancreatectomy. Its main advantages are three-dimensional
binocular vision and higher degree of freedom of the
instruments than laparoscopy[1]. The main disadvantages
are increased operative time and cost. There is different
extent of robotic involvement, such as totally robotic
technique of resection and reconstruction, laparoscopic
resection and robotic reconstruction, and various hybrid
techniques. Many of the advantages of conventional
laparoscopy over open surgery have been observed in the
robotic experience[51]. No clear benefit or advantage over
laparoscopy has been established with the application of
robotics[51-54]. It may be reasonable to postulate that the
added dexterity of the robotic system may facilitate intracorporeal reconstruction[51-53,55-59].
The surgical technique of robotic pancreatectomy has
not been standardized, and there is varying extent of the
robotic involvement. Recent studies suggest that robotic
pancreatectomy has longer operative time and cost, lower
conversion rate, and similar post-operative recovery and
length of stay as MIPD. In addition, some studies report
higher re-operation rate after RPD[53].

LAPAROSCOPIC ENUCLEATION
Laparoscopic enucleation has gained great popularity
compared to open enucleation in recent years in treating
benign or low-grade malignant pancreatic tumours. It is a
“parenchyma-sparing procedure”, and its main advantages are preservation of normal pancreatic endocrine and
exocrine function, avoidance of dissection or reconstruction of pancreatic or biliary duct, less blood loss and less
demand for advanced laparoscopic skills[60,61]. Indication
for laparoscopic enucleation is for benign or low-grade
malignant tumours that can be safely removed without
damaging the pancreatic or biliary duct. Examples include
insulinomas, nonfunctional neuroendocrine tumours, cystic tumours, cystadenomas, IPMNs, and solitary metastasis from renal cell carcinoma[60,62].
The main drawback to this technique is the risk
of pancreatic fistula formation. A recent review summarizes that the rate of pancreatic fistula ranges from
13%-38%[62]. Dedieu et al[60] noted that their incidence
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of pancreatic fistula after laparoscopic enucleation in
21 patients was 13%, which is lower than that reported
for open enucleation (38%-42%). Their rate of ISGPF[63] grade B or C fistula was only 4.5%, compared
to 21%-23% in open series[60,64,65]. The length of stay is
about 6-9 d[60,61,66], which is shorter than 10-14 d in series
with enucleation done with open technique in > 90% of
the patients[64,65].
Currently, laparoscopic enucleation is considered safe
for patients with small benign or low-grade malignant
lesions of the pancreas that is amenable to parenchymapreserving procedure. Pre-operative imaging and intraoperative ultrasound assessment are crucial in ensuring
that the tumour can be enucleated with negative margins
and leaving the main pancreatic duct intact. In cases of
non-functional neuroendocrine tumours, it is also advised
to perform lymphadenectomy as these lesions can behave
aggressively[61].
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CONCLUSION
Recent studies show that LDP is safe, and may result in
improved perioperative recovery, and equivalent oncologic outcomes. LDP is increasingly applied to patients
with high BMI, history of previous abdominal surgery,
presence of comorbidities and large tumours. LDP has
become the operation of choice for most lesions involving the distal pancreas. Studies on MIPD demonstrate
that it is safe in terms of intra-operative outcomes, postoperative recovery and early oncologic outcomes; however, there is likely a degree of publication bias and little
is known regarding the learning curve for this approach.
Further studies with larger sample size and long-term follow up are needed. It has not been widely incorporated
into surgeons’ practice due to the need for advanced
laparoscopic skills. Laparoscopic enucleation has become
the operation of choice for small benign tumours that are
away from the main pancreatic duct, especially insulinomas. Its application has been expanded to non-functional
neuroendocrine and low-grade malignant tumours. As
surgeons’ experience with advanced laparoscopic and
robotic skills has been growing around the world, new
innovations and breakthrough in minimally invasive pancreatic procedures will evolve.
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Abstract
Laparoscopic pancreatic surgery is in its infancy despite initial procedures reported two decades ago.
Both laparoscopic distal pancreatectomy (LDP) and
laparoscopic pancreaticoduodenectomy (LPD) can be
performed competently; however when minimally invasive surgical (MIS) approaches are implemented the
indication is often benign or low-grade malignant pathologies. Nonetheless, LDP and LPD afford improved
perioperative outcomes, similar to those observed
when MIS is utilized for other purposes. This includes
decreased blood loss, shorter length of hospital stay,
reduced post-operative pain, and expedited time to
functional recovery. What then is its role for resection
of pancreatic adenocarcinoma? The biology of this aggressive cancer and the inherent challenge of pancreatic surgery have slowed MIS progress in this field. In
general, the overall quality of evidence is low with a
lack of randomized control trials, a preponderance of
uncontrolled series, short follow-up intervals, and small
sample sizes in the studies available. Available evi-
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dence compiles heterogeneous pathologic diagnoses
and is limited by case-by-case follow-up, which makes
extrapolation of results difficult. Nonetheless, shortterm surrogate markers of oncologic success, such as
margin status and lymph node harvest, are comparable to open procedures. Unfortunately disease recurrence and long-term survival data are lacking. In this
review we explore the evidence available regarding
laparoscopic resection of pancreatic adenocarcinoma, a
promising approach for future widespread application.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic surgery; Pancreatic cancer;
Laparoscopic distal pancreatectomy; Laparoscopic pancreaticoduodenectomy; Adenocarcinoma
Core tip: Laparoscopic pancreatic surgery is in its infancy despite initial procedures reported two decades
ago. Both laparoscopic distal pancreatectomy and laparoscopic pancreaticoduodenectomy can be performed
competently with improved perioperative outcomes,
similar to those observed when minimally invasive
surgical (MIS) is utilized for other purposes. However,
when MIS approaches are implemented the indication
is often benign or low-grade malignant pathologies. In
this review we explore the evidence available regarding
laparoscopic resection of pancreatic adenocarcinoma, a
promising approach for future widespread application.
Anderson B, Karmali S. Laparoscopic resection of pancreatic
adenocarcinoma: Dream or reality? World J Gastroenterol 2014;
20(39): 14255-14262 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14255.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14255

INTRODUCTION
In 2013 an estimated 45220 new cases of pancreatic
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cancer will be diagnosed in the United States resulting
in approximately 28460 deaths[1]. Pancreatic adenocarcinoma is one of the most aggressive malignant tumors.
Overall, prognosis is dismal with recent 5-year survival
estimates merely 6%[1]. Oncologic surgical resection is
the only potentially curative treatment[2,3]. Unfortunately
only 15%-20% of patients have resectable disease at presentation[4]. This is secondary to rapid local spread, invasion of critical surrounding structures, and early distant
metastases. Surgical options are as follows; pancreatic
body and tail tumors can be resected by subtotal or distal
pancreatectomy (DP), while pancreatic head tumors are
amendable to pancreaticoduodenectomy (PD).

LAPAROSCOPIC PANCREATIC SURGERY
Laparoscopic pancreatic surgery has been slow to evolve,
primarily reserved for staging and palliation[5-9] despite the
performance of initial minimally invasive surgical (MIS)
pancreatic procedures two decades ago[10-12]. This delay
can likely be attributed to multiple factors, including the
retroperitoneal location of the pancreas, anatomic complexity of surrounding structures, friable nature of the
gland, and propensity for post-operative complications.
To date laparoscopic procedures currently executed include: (1) diagnostic laparoscopy with or without biopsy;
(2) palliative interventions including gastro- and hepaticojejunostomy; (3) DP with or without splenectomy; (4)
PD; (5) tumor enucleation; and (6) central pancreatectomy. Feasibility is well established[13-16]; however by no
means are MIS techniques mainstream and when utilized
reserved for benign and low-grade malignant tumors.

LAPAROSCOPIC SURGERY FOR
PANCREATIC ADENOCARCINOMA
The results of the Clinical Outcomes of Surgical Therapy trial have promoted the implementation of MIS techniques in the treatment of colon cancer with equivalent
recurrence and overall survival rates[17]. As well, further
studies have demonstrated oncologic outcomes in MIS
resection of other abdominal malignancies to be equivalent to open techniques[18-22]. MIS approaches offer the
added benefits of decreased blood loss, shorter length of
hospital stay, reduced post-operative pain, and expedited
time to functional recovery. These improved perioperative outcomes are of paramount importance in regards
to pancreatic adenocarcinoma, where improved recovery
can mean earlier instigation of adjuvant treatment. Skepticism persists surrounding oncologically sound surgical
resection, crucial in any malignancy. Additionally, due
to tumor biology and aggressiveness of disease process
pancreatic resections for adenocarcinoma are not commonly performed making it difficult to overcome the associated learning curve. Long-term survival data is scarce
leaving evidence reliant on short-term surrogate markers
including margin status and lymph node retrieval. In general, lack of quality data has hindered MIS progress for
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pancreatic malignancies.

LAPAROSCOPIC DISTAL
PANCREATECTOMY
Laparoscopic approaches to DP improve visualization
of the retroperitoneal pancreas and minimize incisional
trauma. This procedure is amendable to MIS techniques,
as it requires limited dissection and no anastamoses.
However, pancreatic stump management and the prevention of fistulae prove trying. Variations exist in the utilizations of hand-access approaches, which provide the
benefit of improved tactile feedback, and splenic preservation, which has been reported to reduce postoperative
and overall infectious complications[23]. Overall, cosmesis,
reduced blood loss, shorter length of hospital stay, less
post-operative pain, and expedited time to functional
recovery results from laparoscopic distal pancreatectomy
(LDP)[14,24-33]. Additionally, in a Canadian study, Fox et al[34]
demonstrated equal surgical costs, decreased length of
stay, and decreased overall costs ($10842 vs $13656 for
LDP and ODP respectively). Long-term oncologic outcomes have yet to be reported; however R0 resection and
lymph node harvest are comparable to open resections
(Table 1)[35-47].
Pancreatic fistulae
In several large case control series morbidity has proven to
be comparable to open approaches (Tables 1 and 2). The
potentially devastating nature of complications associated
with pancreatic fistula has led to great debate regarding the optimal management of the pancreatic stump[48].
Techniques currently utilized include staple closure with
or without staple line reinforcement, electrocautery, ultrasound coagulation, radiofrequency, omental patch, fibrin
glue, enteric anastamosis, occtreotide administration, or a
combination[49-55]. There has yet to be a consensus on the
best method for stump management, even in the literature
for open procedures[55]. Kooby et al[45] reported fistula
rates to be similar between LDP and ODP (26% vs 32%,
P = 0.28). In this study linear stapler was utilized for
pancreatic transaction. Topical sealants and perioperative
octreotide were added at the discretion of the treating
surgeon. With MIS approaches providing comparable
results in terms of pancreatic fistula rates, this should
not deter laparoscopic advancement.
Splenic preservation
MIS approaches lead to greater splenic preservation[26,45,56];
however, in the case of malignancy, proximity of tumor
to splenic vasculature often makes preservation difficult
while achieving oncologic resection. The Warshaw technique, in which splenic vessels are resected en bloc, leaves
the spleen to survive on the short gastric and left gastroepiploic vessels; providing an alternative more oncologically appropriate approach[57]. Complications associated
with this method include gastric variceal hemorrhage
and splenic infarction. Ferrone et al[58] in a retrospective
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Table 1 Published comparisons of laparoscopic distal pancreatectomy and open distal pancreatectomy with at least five cases of adenocarcinoma
Study

Cases

Rehman et al[35]
Mehta et al[36]
Limongelli et al[37]
Abu Hilal et al[38]
DiNorcia et al[39]
Vijan et al[40]
Kooby et al[41]
Jayaraman et al[42]
Baker et al[43]
Finan et al[44]
Kooby et al[45]
Eom et al[46]
Velanovich[47]

LDP
8
30
16
35
71
100
23
107
27
44
142
31
15

ODP
14
30
29
16
168
100
189
236
85
98
200
62
15

Malignant
pathology
LDP
100%
23%
36%
19%
13%
23%
100%
17%
29%
25%
36%
10%
20%

ODP
100%
23
45%
11%
39%
23%
100%
47%
30%
42%
49%
7%
32%

Mean node
harvest

R0 margins

Mean blood Mean length
loss (mL)
of stay (d)

LDP
161
8
NR
NR
6
NR
14
6
5
NR
NR
NR
NR

LDP
88%
NR
94%
75%
97%
0%
73%
97%
NR
0%
92%
NR
NR

LDP ODP LDP ODP
306
650
8
12
294
726
9
13
160
365
6
9
200
394
7
11
150
900
5
6
171
519
6
9
422
790
7
11
175
300
5
6
219
612
4
8
157
719
6
9
357
588
6
9
NR
NR
12
14
NR
NR
5
8

ODP
141
14
NR
NR
8
NR
12
7
9
NR
NR
NR
NR

ODP
86%
NR
93%
67%
87%
0
74%
96%
NR
0%
93%
NR
NR

Pancreatic
fistula rate
LDP
25%
17%
18%
29%
11%
17%
NR
15%
22%
50%
11%
10%
13%

ODP
21%
13%
20%
44%
14%
17%
NR
13%
14%
46%
18%
7%
13%

Mortality

Overall
morbidity

LDP ODP LDP
0%
0%
NR
0%
3% 50%
0%
3% 25%
0%
6% 40%
0%
1% 28%
3%
1% 34%
0%
1%
NR
0%
1% 26%
0%
2% 37%
0%
5%
NR
0%
1% 40%
0%
0% 36%
0%
0% 20%

ODP
NR
43%
41%
69%
44%
29%
NR
33%
35%
NR
57%
24%
27%

1

Median. NR: Not reported; LDP: Laparoscopic distal pancreatectomy; ODP: Open distal pancreatectomy.

nique compared with splenic vessel preservation, 84.7%
vs 96.4% respectively (P = 0.03). Nine patients in the
Warshaw group presented to hospital with symptomatic
post-operative splenic infarction, necessitating splenectomy in four. Greater splenic preservation without compromised oncologic resection is favorable and achievable
with laparoscopic approaches.

Table 2 Definitions of post-operative pancreatic fistulae
Study

Definition of post-operative pancreatic fistula

Rehman et al[35]
Mehta et al[36]
Limongelli et al[37]
Abu Hilal et al[38]
DiNorcia et al[39]
Vijan et al[40]
Kooby et al[41]
Jayaraman et al[42]
Baker et al[43]
Finan et al[44]
Kooby et al[45]
Eom et al[46]
Velanovich[47]

ISGPF definition
ISGPF (grade B and C)
ISGPF definition
ISGPF definition
ISGPF definition
ISGPF definition
NR
ISGPF definition
ISGPF definition
ISGPF definition
ISGPF definition
Drainage > 30 mL with amylase > 600 U/dL
Amylase-rich fluid after POD 3

ISGPF: International Study Group on Pancreatic Fistula; NR: Not reported;
POD: Post-operative day.

review of 721 patients who underwent open distal pancreatectomy, 158 of who had a Warshaw spleen preserving distal pancreatectomy, reported evidence of perigastric varices in 25% of patients on follow-up computed
tomography scan. Perhaps a paraphysiologic finding,
as no clinically relevant adverse events were observed
at up to 21 years follow-up. Re-operation, splenectomy,
for splenic infarction was required in only 3 cases. From
this, it was postulated that splenic preservation using
the Warshaw technique should be considered in patients
undergoing distal pancreatectomy for nonmalignant pathologies. Only 6% of this study population had pancreatic adenocarcinoma leaving reservations in the extrapolation of results to this subgroup. Similar findings have
been published in laparoscopic series[25,59-63]. Jean-Philippe
Adam et al[64] reviewed a cohort of 154 patients who
underwent LDP with splenic preservation. Again, the
indication for operation was benign or low-grade malignant tumors. Overall morbidity, pancreatic fistula, and
reoperation were similar regardless of technique. Splenic
preservation was less successful with the Warshaw tech-
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Oncologic outcomes
Potential for cure in this disease process is approached
with R0 resection, therefore margin status is of paramount importance [65]. Another short-term surrogate
measure of oncologic outcome is lymph node harvest.
Venkat’s[24] recent systematic review and meta-analysis
reported no significant difference between R0 resection in LDP, 95.5%, and ODP, 91.2% (P = 0.27). Metaanalysis was not completed for lymph node harvest due
to inadequately reported data. A retrospective cohort
study by Jayaraman et al[42] compared 343 patients. The
laparoscopic group had fewer cancer cases (17% vs 47%,
P < 0.0001); however oncologic outcomes including
R0 negative margins (97% vs 96%, P = 0.76) and lymph
node harvest (6 vs 7, P = 0.53) were equivalent. Subsequently, Kooby et al[41] in a multicenter analysis of LDP
(11%) vs ODP (89%) for adenocarcinoma, which included 212 patients, published similar results for R0 resection (27% vs 26% positive margins, P = 0.98) and lymph
node harvest (12.5 ± 8.5 vs 13.8 ± 8.4 nodes, P = 0.47).
DiNorcia et al[39] retrospective cohort study of 360 patients reported lymph node yield (6 LDP vs 8 ODP, P =
0.29); however more successful R0 resection in the LDP
group with 2.8% positive margins compared to 13% in
the ODP group (P = 0.01). Song et al[62] presented results
of a 359 patients case series, 6.7% with adenocarcinoma.
They achieved a 91% R0 resection and mean lymph
node harvest of 10.3 ± 8.6 with overall survival rates of
85.2% at up to 2 years follow-up. Contrarily, Baker et al[43]
in a retrospective cohort study of 112 patients reported
a “less robust lymphadenectomy” with 5 compared to
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Table 3 Published series on laparoscopic and robotic pancreaticoduodenectomy with at least five cases of adenocarcinoma (variables
reported for entire series, not just malignant cases)
Study

Cases Malignant pathology

2

Bao et al[77]

28

Kim et al[78]

100

Asbun et al[76]

53

2

Chalikonda et al[79]
Lai et al[80]

30
20

Zeh et al[81]

50

Suzuki et al[72]

6

Ammori et al[15]

7

2

2

2

Giulianotti et al[82]

60

Kendrick et al[83]

62

Cho et al[66]

15

Palanivelu et al[84]

75

Pugliese et al[67]

19

Dulucq et al[75]

25

Staudacher et al[69]
Gagner et al[85]

7
10

4 AC
10 PDAC
4 AMP
7 PDAC
8 AMP
22 PDAC
14 adeno-carcinoma
5 AC
7 PC
9 AMP
14 PDAC
4 AMP
1 PDAC
2 AMP
5 PDAC
15 AMP
27 PDAC
8 AMP
31 PDAC
1 AMP
4 PDAC
29 AMP
33 PDAC
4 AMP
6 PDAC
4 AMP
11 PDAC
1 PDAC
3 AMP
4 PDAC

Mean node
R0 margin Mean blood Mean length Pancreatic Mortality Overall
Mean
harvest (range)
loss (mL)
of stay (d) fistula rate
morbidity operative
time (min)
15 (8-32)1

63%

1001

13 (7-34)

100%

NR

23 (SD 10)

95%

13 (1-37)
10 (SD 60)

71

21%

7%

NR

4311

14

6%

1%

25%

487

195

8

17%

6%

22%

608

100%
73%

486
247

10
14

7%
35%

3%
0%

30%
50%

476
492

17 (5-37)

89%

3501

10

20%

2%

30%3

5681

18 (16-27)

100%

4711

231

33%

0%

33%

5811

20.8 (11-32)

NR

350

11

14%

0%

29%

628

18 (5-45)

92%

394

22

31%

14%

31%

421

15 (6-31)

89%

240

7

18%

2%

42%

3681

19 (NR)

100%

445

16

13%

0%

27%

338

14 (8-22)

97%

74

8

7%

1%

27%

357

12 (4-22)

100%

180

18

23%

0%

37%

461

18 (NR)

100%

107

16

5%

5%

32%

287

26 (16-47)
7 (3-14)

100%
100%

325
NR

12
22

0%
17%

0%
0%

0%
50%

416
510

1

Median; 2Robotic hybrid; 3Clavien Ⅲ/Ⅳ. AC: Ampullary cancer; PDAC: Pancreatic ductal adenocarcinoma; AMP: Ampullary adenocarcinoma/ampullary
dysplastic adenoma; NR: Not reported; PC: Pancreatic cancer.

9 nodes harvested with the open approach (P = 0.04).
Again, in this cohort study adenocarcinoma was more
commonly found on final pathology in the open group
(21% vs 4%). Perhaps this difference partially explains
the observed results. Unfortunately, margin status was
not reported.

LAPAROSCOPIC
PANCREATICODUODENECTOMY
Approaching PD laparoscopically is more complex owing to the intricacy of dissection and reconstruction as
well as the necessity of multiple critical anastomoses.
None-the-less feasibility has been demonstrated[66-70]. The
use of a mini-laparotomy and hand-port for creation of
the anastomoses is helpful[67,71-75]. MIS approaches are
promising, with lower rates of delayed gastric emptying and wound infection when compared to historic
open PD controls[16]. Asbun and Stauffer[76] unmatched
comparative trial of patients undergoing laparoscopic
pancreaticoduodenectomy (LPD) (n = 53) and OPD (n
= 215) demonstrated advantages for LPD in terms of
blood loss (103 mL vs 195 mL, P < 0.001), transfusion
requirement (4.7 units vs 0.6 units, P < 0.001), length of
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intensive care unit stay (3 d vs 1 d, P < 0.001), and total
hospital stay (12 d vs 8 d, P < 0.001). Again, long-term
oncologic outcomes have yet to be reported[76]; however
R0 resection and lymph node harvest seem sufficient
(Table 3)[15,67,69,72,75-85]. It is clear that higher levels of evidence including controlled trials are needed to elucidate
clear conclusions.
Resource allocation
In the absence of definitive clinical improvements, feasibility with no poorer results may not justify LPD in light of
prolonged operative times, with initial case reports taking
upwards of 750 min to completion[10,86]. The learning curve
can be overcome in high volume centers, with average
operative times decreased to less than 400 min, similar to
open PDs (Table 3). Kendrick and Cusati[83], in one of the
largest single series available, describe their initial duration
of LPD to be 7.7 h, which improved to 5.3 h after approximately 50 cases. Time is money. Mesleh et al[87] in an
American cost-analysis study comparing open and LPD
at a single institution proclaimed that LDP was associated
with equivalent overall costs compared with open PD. In
their study, operating time and supply costs were higher
for LPD; however post-operative admission was more
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cost-effective. Neither operative time nor cost should
be detrimental to further application of novel MIS approaches in pancreatic surgery.
Oncologic outcomes
PD is mainly utilized for malignant rather than benign
disease therefore oncologic safety must be demonstrated
prior to widespread application. Gumbs et al[16] published
a large review that incorporated 27 published papers
for a total of 285 cases, of which 32% were adenocarcinoma. Cumulatively, the mean number of lymph nodes
harvested ranged from 7 to 36 with a weighted average
of 15 nodes. Of the reported margins (174) only 0.4%
were positive. Perioperative morbidity and mortality
rates were similar compared to open PDs. The study
of Kendrick and Cusati[83], described earlier, which included 65 patients who underwent total LPD, 48% for
pancreatic adenocarcinoma and 12% for ampullary adenocarcinoma, published outcomes comparable to the
open approach. Their study demonstrated an 89% R0
resection with an average of 15 lymph nodes harvested
(range 6-31). Recently, 2-year survival rates of 43% and
36% were reported for LDP and OPD respectively[88].
Dulucq et al[75] performed a prospective case series of 25
patients, 44% with pancreatic adenocarcinoma and 12%
with ampullary adenocarcinoma. They demonstrated a
100% R0 resection with an average lymph node retrieval
of 18 ± 5. Gumbs and Gayete[89] found similar results
in their experience with the posterior approach, laparoscopic duodenopancreatectomy, retrieving an average of
16 lymph nodes. Unfortunately, resection margins were
not reported. Results are encouraging.

A WORD ON ROBOTICS
Robotic-assisted procedures are of interest in pancreatic
resection as theoretically they add increased maneuverability, provide precise tissue manipulation, and improve
visualization in three dimensions. Disadvantages include
loss of tactile feedback, equipment setup and maintenance issues, increased operative times, and associated
learning curve. Several studies have presented promising
results for robotically assisted DP, with operative morbidity and mortality comparable to other techniques[90-95].
Similarly, supportive evidence exists for combined laparoscopic-robotic and purely robotic PD procedures[95-102].
Additionally, cost does not appear to be as much of a
factor as was initially perceived. An American study by
Waters et al[91] confirmed cost effectiveness for robotic
DP. The total cost of robotic DP was $10588, compared
to $16059 and $12986 for ODP and LDP respectively.
Boggi et al[97] reported costs of robotic PD to be an additional 6193 Euros compared to OPD. Yet in its infancy,
enthusiasm should not be dampened for robotic pancreatic surgery, as preliminary results are praiseworthy.

surgery is feasible and provides benefits over open surgery including decreased blood loss, shorter length of
stay, reduced post-operative pain, and expedited time to
functional recovery. However, the implementation of
MIS approaches to pancreatic adenocarcinoma is limited
compared to open approaches. The technical complexity
and lack of resectable cases necessary to overcome steep
learning curves partly explains the limited utilization
by surgeons. Concerns regarding oncologic outcomes
may also be implicated. Data on long-term outcomes of
tumor recurrence and patient survival are not well defined and ultimately, the success of oncologic operations
depends on cancer related long-term survival. Currently
laparoscopic pancreatic surgery remains a reasonable
surgical option for benign disease and low-grade malignant tumors when performed by expert surgeons in high
volume specialty centers. In the future, perhaps after
oncologic safety has been well demonstrated, MIS techniques can be recommended for pancreatic adenocarcinoma, as early results are promising.
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Abstract
Alimentary tract duplications are rare congenital lesions normally diagnosed in newborns and children
that can occur anywhere from the mouth to the anus
and have a reported incidence of approximately 1 in
4500 life births. Symptoms and clinical presentation
vary greatly. The presentation varies according to age
and location. The treatment finally is surgical; total
resection when possible should be the aim of the intervention. In pediatric surgery minimally invasive surgical
procedures became more and more important over the
last decades. In consequence the operative procedure
on alimentary tract duplications changed in this manner. We review on case reports and clinical reports on
minimally invasive surgery in the treatment of alimentary tract duplications, determine the importance of
minimally invasive techniques in the treatment of this
rare entity and rule out that further studies in the field
should be performed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Alimentary tract duplications are rare congenital lesions which treatment is surgical. In the last
two decades minimally invasive surgery became very
important in the field of pediatric abdominal surgery.
With this review we want to give the reader an overview on recent literature reporting on minimally invasive surgery in alimentary tract duplications.
Patiño Mayer J, Bettolli M. Alimentary tract duplications in
newborns and children: Diagnostic aspects and the role of
laparoscopic treatment. World J Gastroenterol 2014; 20(39):
14263-14271 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14263.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14263

INTRODUCTION
Alimentary tract duplications are rare congenital lesions
normally diagnosed in newborns and children (although
in adulthood it occurs with the same frequency). They
can occur anywhere from the mouth to the anus with
a reported incidence of approximately 1 in 4500 life
births[1,2]. The symptoms and clinical presentation vary
greatly depending on size, location, presence of gastric
mucosa, and communication with the normal bowel.
They may present with intestinal obstruction, abdominal
pain, intestinal bleeding and intussusception. They often
require surgical intervention in the neonatal, infant or
older child[1,3]. About two thirds of these duplications are
in the abdominal cavity, and more than half are in the
jejuno-ileal segments[4]. Affected sites are the thorax or
thoraco-abdomen (4%)[5], the foregut (extremely rare)[6],
the gastrum (7%)[7], duodenum (5%-7%)[8,9], the pylorus (extremely rare)[10], biliary tract (extremely rare)[11],
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The definitive diagnosis is confirmed by histological examination. They have a well-developed coat of smooth
muscle and they have an epithelial lining representing
some portion of the alimentary tract (usually the mucosa
native to the lesion), but ectopic tissue is present in approximately 35% of specimens[12]. Gastric mucosa is the
most common type, i.e., 15% of duplications contain
ectopic gastric mucosa followed by pancreatic tissue[3,7],
which predisposes the patient to ulceration that can
progress to haemorrhage and perforation[23]. They may
extend into the liver or even trans-diaphragmatically[24].
These are generally diagnosed after onset of high intestinal obstruction or hemorrhage that may be accompanied
by icterus or pancreatitis[13].

Pylorus
Duodenal
duplication

Duodenum
Pancreas

TYPES OF DUPLICATIONS
Three quarters of gastrointestinal duplications are cystic
with no communication to the adjacent alimentary tract
while the remaining are tubular, and may communicate
with the intestinal lumen[25].

Figure 1 Duodenal duplication cyst (scheme).

the small intestine (44%)[7,12-14] the appendix (extremely
rare)[15] and the colon (15%)[16]. Associated anomalies are
frequently present in patients with alimentary tract duplications[12-18].
Several hypotheses about their etiology had been
proposed, although no single hypothesis can explain all
possible combinations of duplications, locations and associated anomalies[4]. Duplications occur before the 12th
week of gestation[19]. The luminal recanalization theory
explains duplications in those portions of the gastrointestinal tract that go through a “solid stage”, including
the esophagus, small bowel, and colon[20]. In the 5th to
6th week of life, the foregut is covered by cells similar
to those in the respiratory tract. This lining grows and
obliterates the lumen and later produces secretions that
form vacuoles in the intercellular space. These vacuoles
line up and eventually coalesce to form a new lumen. If
some vacuoles failed to coalesce along this longitudinal
axis, a cyst forms and becomes surrounded by the muscular layers[19]. This theory doesn’t explain duplications at
other levels.
The intrauterine vascular accident theory suggests
that, like the small-bowel atresias, gastrointestinal duplications arise from an intrauterine vascular accident
during early fetal development and may be a valid explanation for small-bowel atresias and, perhaps, their associated duplications[21].
The abortive twinning theory proposes that gastrointestinal tract duplications represent incomplete twinning[22]. This could explain the colorectal tubular duplications or duplications of the hindgut that are associated
with genitourinary malformations[18].
By definition enteric duplications have an intimate
attachment to some portion of the alimentary tract and
they share a blood supply with the intestine[2,3] (Figure 1).
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Thoracic and thoracoabdominal duplications
Duplications of the esophagus are the second most common duplication of the gastrointestinal tract after the ileal
duplications. They account for 15%-21% of all reported
duplications, whereas thoracoabdominal lesions are rare
(approximately 2%). Thoracic duplications appear to be
more common on the right side and have the highest
incidence of associated vertebral anomalies, including anterior or posterior spina bifida, hemivertebrae, or myelomeningocele. They are twice as common in male patients,
and typically present in neonates and infants[1,4,26].
The preferred treatment for both types of duplications is complete excision. These are generally straightforward for the non-communicating type, but can be
technically challenging in the more complex lesions.
Thoracoabdominal lesions communicate with the
intestinal tract below the diaphragm, most often through
the esophageal hiatus and generally connect to the duodenum or jejunum after passing behind the stomach and
pancreas. The likely presentation in an infant or neonate
is respiratory distress as a result of accumulation of fluid
and debris within the cyst[1,4,26].
Gastric and duodenal duplications
Duplications of the stomach are mostly non-communicating, cystic and typically located along the greater curvature[13,27] (Figure 2A). They are more common in boys
than girls, and they typically present early in the first
year of life with vomiting, poor feeding and weight gain,
or abdominal distension. Peptic ulceration may lead to
painless gastrointestinal haemorrhage and melena; it can
progress to perforation. The treatment of gastric duplications is resection to prevent future gastrointestinal
bleeding. Partial gastrectomy is often required due the
size of the duplication[28].
Duodenal duplications are located in the medial and
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B

Figure 2 Gastric and duodenal duplications. A: Isolated gastric duplication cyst; B: Duodenal duplication cyst after being shelled out laparoscopically in a 6-year-old
girl.

A

B

Figure 3 Small intestine duplications. A: Ileal duplication cyst (containing heterotopic mucosa causing acute intestinal bleeding in 13-year-old girl); B: Ileal duplication cyst embedded in the muscle layer wall removed laparoscopically.

posterior aspect of the second and third portions of
the duodenum, normally non-communicating to the
gastrointestinal tract[8,9] (Figure 2B). They may present
with biliary (e.g., jaundice) or pancreatic (e.g., pancreatitis)
symptoms. Symptoms are typically vague, consisting of
upper abdominal pain, failure to thrive or early satiety.
These duplications may be confused with choledochal
cysts and should always be considered in the differential
diagnosis. Figure 1 displays a scheme of a cystic type
duodenal duplication (Figure 1).
The preferred treatment for duodenal duplications is
complete excision with the attached segment of duodenum, but this is rarely possible because of proximity to
the ampulla of Vater and the potential for injury to/of
the biliary tree and pancreatic duct. Marsupialization or
internal drainage to the duodenum or jejunum (Rouxen-Y) are adequate alternatives provided the duplication
cyst does not contain gastric mucosa[9].
Gallblader duplications
Congenital duplication anomalies of the biliary tract can
occur as a pure double gallbladder or biliary duplication
cyst[11]. Any cystic structure lined with smooth muscle
and mucosa is considered a duplication, although it may
be fairly distant from the gastrointestinal tract[11]. They
may contain functional heterotopic gastric mucosa lying
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within a biliary duplication cyst, with peptic acid secretion
into the biliary system causing signs and symptoms of
inflammation, ulceration, and obstruction. The patients
often present pre-operatively with acute cholecystitis[29].
Small intestine duplications
These are the most common enteric duplications (50%
of all reported duplications). The majority occurs in the
ileum. They may be cystic or tubular; the typical ileal
duplication are located on the mesenteric border[1,4] (Figure 3) sharing its muscular wall and blood supply with
the adjacent intestine, and does not communicate with
the associated bowel. There is an association with smallbowel atresia, and 24% of the cystic duplications contain
ectopic gastric mucosa[2,4,7,30].
These cysts may cause abdominal pain from distension, leading to obstruction, volvulus, intussusception or
remain asymptomatic.
The preferred treatment is resection of the duplication together with the adjacent normal intestine, followed by primary anastomosis. Long tubular duplications of the small intestine represent a surgical challenge,
if the extent of the resection place the patient at risk for
short-bowel syndrome, malabsorption and other nutrional deficits[7,25]. These situations can be managed with
internal drainage, creating a window in the native bowel
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B

Figure 4 Colonic and rectal duplications. A: Ileoceacal duplication cyst causing obstructive symptoms; B: Cecal tubular colonic duplication.

Table 1 Clinical presentation and differential diagnosis of alimentary tract duplications
Location

Clinical presentation

Foregut complications
Gastric and duodenal duplications
Gallblader duplications
Duplications of the small intestine
Colonic and rectal duplications

Differential diagnosis

Respiratory distress, obstruction
Tracheoesophageal fistula, intrathoracic mass
Hemorrhage, obstruction (ileus)
Pyloric stenosis, gastroesophageal reflux
Cholecystitis, peptic acid secretion into the biliary system causing signs Gallblader atresia and cyst, pre-hepatic icterus
and symptoms of inflammation, ulceration, and obstruction, Icterus
Hemorrhage, obstruction (ileus), intussusception
Meckel´diverticel, intussusception
Constipation obstruction and volvulus
Constipation, Hirschsprung´s disease

lumen at the end of the duplication. This technique requires stripping of the mucosa along the common wall
of the duplication to avoid complications associated
with retained gastric mucosa[31,32].
Colonic and rectal duplications
Duplications of the large bowel constitute about 13% of
all duplications[1,4]. They are divided into 2 subtypes: cystic duplications of the colon (Figure 4A), and colorectal
tubular duplications (Figure 4B). Cystic colonic duplications present as closed spherical cysts[27]. About 40% of
cystic colonic duplications involve the caecum and have
imaging features similar to small-bowel duplications[4].
Ectopic gastric mucosa is occasionally present in these
duplications, but associated vertebral anomalies are not
a consistent finding[1,27]. Clinically, they can manifest as
an abdominal mass, bowel obstruction, volvulus and
constipation. Colorectal tubular duplications are doublebarrelled duplications involving part or all of the large
bowel[16,17]. The ”twin“ segment may lie on the mesenteric or antimesenteric side of the colon, usually communicating with it. Colorectal tubular duplications may
be associated with rectogenital or rectourinary fistula,
duplication of internal or external genitalia, or vertebral
anomalies[33]. The surgical treatment of these complex
hindgut duplications represents a real challenge.
Rare duplications
Since alimentary tract duplications may occur al any location from the gastrointestinal tract[1,2], there are a number
of rare duplications, only reported in case reports. These
include: hypopharynx[6], pylorus[10] and appendix[15].
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CLINICAL PRESENTATION
Gastrointestinal duplications are generally identified during childhood (80%), although some remain silent and
present later on in life. The presentation varies according
to the age of the patient as well as their location. Some
may be totally asymptomatic, identified on routine physical examination or during incidental investigations[2].
With the increasing use of prenatal ultrasound scan,
many are now being identified in utero. Abdominal pain,
vomiting and abdominal mass are the most common
symptoms and signs attributable to enteric duplications
located in the abdomen[14]. The mode of presentation
depends on the anatomic level of the duplication, the
mass effect of the lesion and whether they contain heterotopic gastric mucosa[26], with potential penetrating
ulcer and severe bleeding[23]. Symptoms are often caused
by obstruction caused due the raising volume of the duplication[9,14,34]. Foregut duplications may induce respiratory symptoms[28] and airway obstruction[6].
At the level of the duodenum and pancreas they
can cause severe pancreatic obstructive symptoms with
consecutive pancreatitis[35,36]. Dias et al[37] describes an
intussusception arising from an ileal duplication. Colonic
duplications cause obstructive symptoms or diverticulitis-like symptoms[16,17]. An infection of the cyst is also
possible [38]. In adulthood, malignancies arising from
alimentary tract duplications are reported[39-42]. The incidence of neoplastic change in hindgut duplications is
higher than in any other location (predominantly adenocarcinoma).
Table 1 resumes the clinical presentation of alimen-
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B

Figure 6 Duodenal duplication removed laparoscopically (stripping
method).

cosa[30]. Regarding the age of pediatric patients, the MR
scan is preferable to the CT scan[4,35], demonstrating the
liquid filled cystic structure (Figure 5B)[47].

TREATMENT

Figure 5 Diagnostic imaging. A: Ultrasound of a cystic duodenal duplication;
B: Magnetic resonance scan of a cystic duodenal duplication.

tary tract duplications.

DIAGNOSTIC IMAGING
Diagnostics rely on ultrasonography, barium swallow,
computed tomography (CT) or magnetic resonance
(MR) imaging scans[4]. Currently GI duplications or the
suspicion of a one are often seen/diagnosed in prenatal
ultrasound[43]. The prenatal detection of gastrointestinal
duplications has been possible since the mid 90’s[44]. They
rarely affect the fetal outcome or require intervention
in utero[44]. Pre-operative diagnosis has changed in the
last 25 years, today it lays on sonography of the abdomen normally showing a cystic structure situated next to
the intestine (Figure 5A)[45]. This cystic structure differs
from others because it has a “gut signature”; this term
is often used by the radiologists to described an hyperechoic inner layer that is produced by the mucosa and the
relatively hypoechoic outer layer produced by smooth
muscle[46]. Technetium-99m pertechnetate scintigraphy
can be helpful for suspected oesophageal, duodenal,
and small-bowel lesions that contain ectopic gastric mu-
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Because these lesions are rare and can present with a wide
range of clinical manifestations or may even be encountered intraoperatively, the appropriate surgical management requires the surgeon to be familiar with the anatomy
and clinical characteristics of these lesions. The treatment
finally is surgical; total resection when possible should be
the aim of the intervention, the partial excision or puncture contains high risk of recurrence[9]. Due the risk of
potential complications GI duplications should be always
excised, even if they are asymptomatic[1,9,14]. The operation should be performed electively as long as patient
does not present with acute symptoms[14]. The resection
can be indicated for relieving symptoms or preventing
the malignant change, even if it is a rare complication,
as the prognosis is very poor once malignancy has occurred[40,41,48].
Surgical complications are related to the size and location of the duplication, communication with the gastrointestinal tract or vertebral canal, presence of heterotopic gastric mucosa and involvement of mesenteric vessels[9,49,50].
Because of the mesenteric location of most duplications,
they share a common blood supply with the normal
intestine[51]. Segmental resection may be required in few
cases. Otherwise, one may excise or “shell out” the cyst
if an adequate plane exists[34,49]. Mucosal stripping is also
possible[34,50] (Figure 6). If excision is not possible due
to proximity to the biliary or pancreatic ducts, a drainage procedure may be performed[34]. However, if this is
planned, one must determine whether gastric mucosa
is present, and, in this case the excision of the ectopic
mucosa is the surgical aim to prevent future ulceration
or bleeding[51]. Mucosectomy can be a semi-conservative
alternative if resection is not possible due the location or
extension of the duplication[52,53].
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LAPAROSCOPIC (AND THORACOSCOPIC)
OPERATION ALIMENTARY TRACT
DUPLICATIONS
With the rise of laparoscopy in the 1990’s, one saw the
first reports on laparoscopic treatment of duplication
cysts. The first were on the treatment of gallbladder
duplications in adults, as result of a normally planned
laparoscopic gallbladder resection[29].
The first duodenal duplication cyst removal by laparoscopic technique in an adult was reported by Félix et al[54].
Schleef et al[55] published in 2000 two cases of small
bowel duplications, combining diagnostic laparoscopy
and definitive surgery.
Machado et al[56], Tayar et al[57] and Sasaki et al[58] published on successful laparoscopic resection of a gastric
duplication cyst in 2003, as did Kin for a intra-abdominal
esophageal duplication cyst[59]. Martínez-Ferro described
a combined thoraco-laparoscopic approach for a transdiaphragmatic thoraco-abdominal enteric duplication
cyst[24].
A large retrospective multicenter study on the outcome of alimentary tract duplications operated by minimally invasive surgery (MIS) was published in 2011.
102 of 114 patients had laparoscopy (esophageal to
rectal uplications) and 12 patients had thoracoscopy for
esophageal duplications. The mean operative time was
90 min (range = 82-98 min). There were 32 (28%) resection anastomoses, 55 (48%) enucleations, and 27 (24%)
unroofings. The conversion rate was 32%, but in a multivariate analysis, it was significantly higher, up to 41%
for patients weighing < 10 kg. Ten patients (8%) had unintentional perioperative opening of the digestive tract
during the dissection. Eight patients had nine postoperative complications, including six small bowel obstructions. The median length of hospital stay was 4 d (range
= 1-21 d) without conversion and 6 d (range = 1-27 d)
with conversion (P = 0.01). The median follow-up was
3 mo (range = 1-120 mo). Eighteen of the 27 patients
who under-went partial surgery had an ultrasound examination during follow-up. Five (18%) of them had macroscopic residue. In conclusion this study showed that
MIS is feasible with a low rate of complications. Patients
with prenatal diagnosis should have prompt surgery to
prevent symptoms, despite a high rate of conversion in
small infants[47].
There are cases reported about complete endoscopic
resection of duodenal duplications. Though they do not
report about the further outcome on the cases[36,60-62].
Thoracic oesophageal duplication cysts are excised by
thoracotomy or VATS. The intra-abdominal oesophageal
duplication cysts are excised by laparotomy or laparoscopically[63,64].
Laparoscopic techniques and strategies that have to
be mentioned are: (1) simple cyst excision: with closure
of the muscle defect by suture or stapler[65,66]; and (2) unroofing: Partial shell-out of the cyst, optional with drain-
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ing[55].
Resection with end-to-end or end to side anastomosis eventually with a trans-umbilical video-assisted procedure[49,63].
Enucleation of duplication cyst by excision of adherent mucosal layer of the cyst wall[64,67] (Figure 6).
Mesorectal excision using the prolapsing technique
(for rectal duplications)[68].
Combined thoraco-laparoscopy for trans-diaphragmatic thoraco-abdominal enteric duplications[24].
Endoscopic treatment of upper duplications: An endoscopic section of the common duodenal wall, using a
precut needle or sphincterotome, is used when the biliary
tree is not involved. In a study by Romeo of 2011, this
technique was successfully used in 4 of 6 patients, but in
2 open surgery had to be performed[62].

CONCLUSION
Alimentary tract duplications are rare congenital lesions
that can occur anywhere from the mouth to the anus.
Presenting with intestinal obstruction, abdominal pain,
intestinal bleeding, intussusception, etc and requiring
surgical intervention. Two thirds are located in the abdominal cavity. Enteric duplications have an attachment
to the alimentary tract sharing a common blood supply
with the intestine. The diagnosis is confirmed by histological examination. In 80% of all cases, gastrointestinal
duplications are identified in childhood, the presentation
depends on the age of the patient and their location.
About 75% of the gastrointestinal duplications are cystic, with no communication to the adjacent alimentary
tract while the remaining are tubular, sometimes communicating with the intestinal lumen.
Diagnostis relies on ultrasound, completed by barium
swallow, CT or MR scans, nowadays duplication cysts
are often diagnosed prenatally, in recent studies more
than 50% were detected prenatally. Scintigraphy can be
helpful for suspected oesophageal, duodenal, and smallbowel lesions that may contain ectopic gastric mucosa.
The treatment of alimentary tract duplications is
surgical; the total resection should be the aim of the
intervention, because the partial excision or puncture
contains high risk of recurrence.
The operation should be performed electively, indicated for relieving symptoms or preventing further complications. Possible complications are related to the size
and location of the duplication, its communication with
the gastrointestinal tract or vertebral canal, presence of
heterotopic gastric mucosa and the involvement of mesenteric vessels.
In review of current literature there are only few
controlled studies of the outcome in laparoscopic surgery in alimentary tract duplications, as it´s a infrequent
anomaly.
The largest retrospective multicenter study was published in 2011. In conclusion this study showed that
minimal invasive surgery for alimentary tract duplica-
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tions is feasible with a low rate of complications. These
patients with a prenatal diagnosis should have prompt
surgery to prevent symptoms, despite of a high rate of
conversion in small infants.
In conclusion the decision if to perform a surgery in
(although) suspected alimentary tract duplication relies
on the experience of the surgical team. With a sufficient
curriculum of the surgeon in the application of above
named techniques it can be in benefit of the patient
for the advantages that minimally invasive surgery (less
invasive) offers to the child. Completely endoscopic
techniques - until now only described in case reports should be considered too.
Unfortunately there are no controlled studies to determine if minimally invasive surgery is beneficial for
the patient in a sense of quality improvement compared
to open surgery techniques, so that it has to be resumed
that further studies should be performed. Regarding the
frequency of alimentary tract duplications these studies
should be performed as multi-center studies.
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Abstract
Gastroesophageal reflux disease (GERD) is a condition that develops when the reflux of gastric contents
into the esophagus leads to troublesome symptoms
and/or complications. Heartburn is the cardinal symptom, often associated with regurgitation. In patients
with endoscopy-negative heartburn refractory to proton pump inhibitor (PPI) therapy and when the diagnosis of GERD is in question, direct reflux testing by
impedance-pH monitoring is warranted. Laparoscopic
fundoplication is the standard surgical treatment for
GERD. It is highly effective in curing GERD with a 80%
success rate at 20-year follow-up. The Nissen fundoplication, consisting of a total (360°) wrap, is the most
commonly performed antireflux operation. To reduce
postoperative dysphagia and gas bloating, partial
fundoplications are also used, including the posterior
(Toupet) fundoplication, and the anterior (Dor) fundoplication. Currently, there is consensus to advise laparoscopic fundoplication in PPI-responsive GERD only for
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those patients who develop untoward side-effects or
complications from PPI therapy. PPI resistance is the
real challenge in GERD. There is consensus that carefully selected GERD patients refractory to PPI therapy
are eligible for laparoscopic fundoplication, provided
that objective evidence of reflux as the cause of ongoing symptoms has been obtained. For this purpose,
impedance-pH monitoring is regarded as the diagnostic gold standard.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastroesophageal reflux disease; Refractory gastroesophageal reflux disease; Laparoscopic fundoplication; Impedance-pH monitoring; Proton pump
inhibitors
Core tip: The present review focuses on the definition and diagnosis of gastroesophageal reflux disease
(GERD), the techniques and results of laparoscopic
fundoplication, and the currently accepted indications
for antireflux surgery. Proton pump inhibitor-refractory
GERD is thoroughly considered, with a special regard to
impedance-pH monitoring criteria useful for diagnosing
this condition which currently represents the main indication for laparoscopic fundoplication.
Frazzoni M, Piccoli M, Conigliaro R, Frazzoni L, Melotti
G. Laparoscopic fundoplication for gastroesophageal reflux
disease. World J Gastroenterol 2014; 20(39): 14272-14279
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i39/14272.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i39.14272

DEFINITIONS
Gastroesophageal reflux disease (GERD) is currently
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defined as a condition that develops when the reflux of
gastric contents into the esophagus leads to troublesome
symptoms and/or complications[1-4]. GERD is the most
common disease encountered by the gastroenterologist
with a 20% prevalence in the adult population. It has
been classified as the presence of reflux symptoms without erosions on endoscopic examination, i.e., nonerosive
reflux disease (NERD) or reflux symptoms with mucosal
breaks at endoscopic examination, i.e., erosive reflux disease (ERD)[3].
ERD is found in up to 20% of GERD patients and
should be regarded as the most common complication of
GERD rather than its principal manifestation[4]. Esophageal peptic ulcers and strictures have become quite uncommon in the proton pump inhibitor (PPI) era[4].
Barrett’s esophagus is a condition in which the stratified squamous esophageal epithelium is replaced by endoscopically detectable columnar metaplasia[5,6] : it occurs
in 2% of the general adult population and represents
the most dreaded complication of GERD because it
predisposes to esophageal adenocarcinoma, the fastest
growing cause of cancer mortality. There is still debate
about the working definition of Barrett’s esophagus[5,6].
According to the American Gastroenterological Association, Barrett’s esophagus is a change in the distal esophageal epithelium of any length that can be recognized as
columnar type mucosa at endoscopy and is confirmed
to have intestinal metaplasia by biopsy of the tubular
esophagus[5]. According to the British Society of Gastroenterology, only 1 cm or more of endoscopically visible
columnar epithelium above the gastroesophageal junction dictates biopsy sampling, whereas the detection of
intestinal metaplasia is not a prerequisite for the definition of Barrett’s esophagus but only for the necessity of
endoscopic surveillance[6].
The typical reflux syndrome includes heartburn and
regurgitation. Heartburn is the cardinal GERD symptom
and is defined as a burning sensation in the retrosternal
area, behind the breastbone. Regurgitation is defined
as the perception of refluxed gastric content into the
mouth or hypopharynx.
Atypical reflux syndromes include noncardiac chest
pain (NCCP) and extraesophageal syndromes. NCCP
consists of chest pain indistinguishable from ischemic
cardiac pain in patients in whom cardiac disease has been
carefully excluded: it can be caused by GERD, mainly
when it is associated with heartburn, or by esophageal
motility disorders. Extraesophageal syndromes include
chronic cough, chronic asthma, chronic laryngitis, and
dental erosions: a cause-and-effect relationship between
extraesophageal syndromes and reflux can be shown in
few patients only, more often in those also complaining
of heartburn.
Associated syndromes include dyspepsia (epigastric
pain/burn, post-prandial fullness, early satiety) and irritable bowel syndrome (abdominal pain or discomfort
with disturbed bowel habit and/or bloating): no causal
link with reflux has been shown but these syndromes
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can be found in up to 50% of patients with GERD.

DIAGNOSIS
ERD and Barrett’s esophagus are found at endoscopy in
up to 30% of patients with the typical reflux syndrome.
Accordingly, endoscopic assessment is recommended
only in the presence of alarm symptoms (dysphagia,
vomiting, anemia, involuntary weight loss) and the diagnosis of GERD is currently patient-centered, based on
the presence of heartburn with/without regurgitation
and on a positive response to a PPI therapeutic trial[1,3],
given the extraordinary high efficacy of PPIs in providing rapid heartburn relief and mucosal healing in ERD.
The current definition of NERD, i.e., reflux symptoms
without erosions at endoscopic examination[3,4] does not
completely fit with the definition of disease, however. A
disease is a morbid entity characterized by at least two of
three criteria: (1) recognized etiologic agent(s); (2) identifiable group of signs and symptoms; and (3) consistent anatomic alterations[4]. In patients with endoscopynegative heartburn, i.e., without consistent anatomic
alterations, to make a diagnosis of disease (NERD) we
must rely upon the efficacy of PPIs in suppressing acid
reflux-related symptoms, acid reflux being then identified as the etiologic agent of the typical reflux syndrome.
However, between 10% and 30% of patients with heartburn remain symptomatic on standard and even high
PPI dosages[7]. In these cases, direct reflux monitoring
is warranted to distinguish patients with reflux-related
PPI-unresponsive heartburn, i.e., refractory NERD from
those with reflux-unrelated endoscopy-negative PPIunresponsive heartburn, i.e., functional heartburn (FH)[8].
Direct reflux monitoring is also indicated in all other
situations when the diagnosis of GERD is in question,
i.e., NCCP and extraesophageal syndromes in patients
not complaining of heartburn.
Traditional and wireless pH-monitoring have limited
accuracy in studying reflux because they only detect
reflux episodes with a pH < 4.0. Gastroesophageal refluxate contains a variety of noxious agents, including
hydrochloric acid and pepsins. PPI therapy transforms
the vast majority of acid refluxes into weakly acidic refluxes[9]. As the proteolytic activity of pepsins is essential
for mucosal damage to occur and is maintained up to
pH 6, weakly acidic refluxes can damage esophageal
mucosa and have been implicated in the pathogenesis of
ERD persisting despite PPI therapy[10].
Impedance-pH monitoring provides a complete assessment of reflux, allowing detection of acid, weakly
acidic, and weakly alkaline refluxes, and should be regarded as the gold standard for distinguishing patients
with reflux-related from those with reflux-unrelated
syndromes[8,11]. In patients evaluated off PPI therapy,
impedance-pH monitoring criteria afford a 12% diagnostic gain over pH-only criteria, allowing identification
of NERD patients even when esophageal acid exposure
is normal by means of a positive symptom-reflux as-
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sociation with nonacid refluxes[12]. However, off-PPI impedance-pH criteria to distinguish NERD from FH have
not yet been validated by outcome studies in the clinical
setting of PPI refractoriness. By adding quantitative
analysis of impedance-pH parameters to symptom-reflux
association, a subdivision of PPI-refractory patients into
refractory NERD and FH can be obtained by on-PPI
impedance-pH monitoring[13] which is substantiated by
pathophysiological findings peculiar to GERD[14] as well
as by outcome data[15-18]. In this respect, a recently developed new quantitative parameter, namely the post-reflux
swallow-induced peristaltic wave index, allows a clearcut separation of NERD from FH in patients evaluated
off- as well as on-PPI therapy[19]. By adding quantitative
analysis of on-PPI impedance-pH parameters to symptom-reflux association, NERD was diagnosed in two
thirds of endoscopy-negative PPI-refractory patients
as opposed to less than half of cases using symptomreflux association only[13]. Therefore, on-PPI impedancepH monitoring represents a cost-effective diagnostic
strategy in patients with PPI-unresponsive typical reflux
syndrome, validated by outcome studies [15-18]. On the
other hand, given the low probability that NCCP and
respiratory symptoms are due to reflux in the absence of
heartburn, patients with atypical symptoms only should
be assessed with impedance-pH monitoring after PPI
withdrawal[3,11].

MEDICAL MANAGEMENT
PPIs represent the mainstay of medical treatment in
GERD[1,3]. They provide the most rapid symptomatic
relief and heal esophagitis in the highest percentage
of patients[1,3], transforming the vast majority of acid
refluxes into weakly acidic refluxes[9]. However, typical GERD symptoms recur within 1 year in more than
90% of patients after PPI-withdrawal, in many of them
within few days. Moreover, up to 30% of patients with
heartburn[7] and even more patients with regurgitation[20]
fail to respond, either partially or completely, to PPI
therapy at standard and even high dosages. Laparoscopic
fundoplication is the only treatment modality currently
recommended for overcoming PPI failures[1-3].

SURGICAL MANAGEMENT
Fundoplication is the standard surgical treatment for
GERD. The question of laparoscopic vs open surgery
is no longer relevant. Randomized studies and metaanalyses have shown that laparoscopic fundoplication
should be preferred over the open alternative: efficacy is
comparable but mortality is lower (0.04% vs 0.2%) and
cosmesis is undoubtedly better[21].
Many studies have shown that laparoscopic fundoplication is highly effective in curing PPI-responsive GERD,
long-term postoperative assessment consisting of symptom evaluation[21-26]: persistent relief of heartburn and
regurgitation has been reported in 90% and 80% of
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patients at 10-year[22-24] and 20-year follow-up[21,25,26], respectively, with less than one half of those few patients
with recurrent heartburn having evidence of abnormal
reflux[22].
The Nissen fundoplication, consisting of a total (360°)
wrap, is the most commonly performed antireflux operation. Dysphagia and gas bloating are the primary causes
of dissatisfaction despite general reflux alleviation[27].
Aiming to reduce postoperative dysphagia and gas bloating, a variety of procedures in which the fundus is only
partially wrapped have been proposed, including the Toupet fundoplication, consisting of a posterior (270°) wrap,
and the Dor fundoplication, consisting of an anterior
(180°) wrap. Recent studies suggest that anterior fundoplication is as effective as total fundoplication in terms
of reflux and heartburn/regurgitation control with less
dysphagia and gas bloat[28-30]. Likewise, at 6-12 mo after
intervention, similar efficacy on heartburn/regurgitation
and reflux parameters have been reported when Toupet
and Nissen fundoplications have been compared but
with less dysphagia and gas bloat with the former (3%
and 23%) than with the latter (7% and 36%)[31-33]: however, it should be noted that such differences are minor
and that with both the techniques the fundoplication
was performed by fixing the wrap to the anterior wall of
the esophagus. The Nissen procedure can also be carried
out without anchoring the fundoplication: no wrap slipping, negligible gas bloating, and cumulative incidence
of postoperative dysphagia quite similar to that of the
Toupet procedure, in conjunction with normal reflux
parameters and sustained symptom remission in the vast
majority of cases have been reported[15-18]. To prevent
postoperative dysphagia, other key technical issues must
be considered including division of the short gastric vessels whenever deemed necessary in order to adequately
mobilize the esophagus and to make the fundoplication
tension-free, and insertion of a 52-Fr bougie into the
esophagus during construction of the wrap[2,15-18]. Finally,
the reported differences in postoperative side-effects
favoring the partial wrap disappear after 2 decades of
follow-up[25].

WHO IS SUITABLE FOR LAPAROSCOPIC
FUNDOPLICATION?
Controversies in indications for laparoscopic fundoplication are reflected by most recent guidelines (Table 1).
PPI-responsive typical GERD
According to the American Gastroenterological Association, GERD patients who are well maintained on
medical therapy have nothing to gain from laparoscopic
fundoplication and should be advised against surgery[1].
On the other hand, guidelines from the American College of Gastroenterology state that surgical therapy is
a treatment option for long-term therapy in GERD
patients[3]. A recent multicenter trial showed that most
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Table 1 Indications for laparoscopic fundoplication
AGA

Patients with esophagitis who are intolerant of PPI therapy
Patients with symptoms of the esophageal GERD syndrome poorly controlled by PPI therapy, especially in
the setting of persistent troublesome regurgitation
Carefully selected patients with extraesophageal GERD syndromes in whom a reflux causality has been
established to the greatest degree possible
Patients who have failed medical management (inadequate symptom control, severe regurgitation not controlled
with acid suppression, or medication side-effects)
Patients who opt for surgery despite successful medical management
Patients who have complications of GERD (e.g., Barrett’s esophagus, peptic stricture)
Patients who have extra-esophageal manifestations (asthma, hoarseness, cough, chest pain, aspiration)
Surgical therapy is a treatment option for long-term therapy in GERD patients
Surgical therapy is generally not recommended in patients who do not respond to PPI therapy
Refractory patients with objective evidence of ongoing reflux as the cause of symptoms should be considered
for additional antireflux therapies, which may include surgery
Surgery should generally not be performed to treat extraesophageal symptoms of GERD in patients who do
not respond to acid suppression with a PPI

SAGES

ACG

PPI: Proton pump inhibitor; GERD: Gastroesophageal reflux disease; AGA: American Gastroenterological Association; SAGES: Society of Gastrointestinal
and Endoscopic Surgeons; ACG: American College of Gastroenterology.

Headache (< 2%)
Diarrhea (< 2%)
Malabsorption of magnesium, calcium, vitamin B12, iron (doubtful)
Increased risk of Clostridium difficile colitis in antibiotic users (doubtful)
Increased risk of pneumonia (doubtful)
Acute interstitial nephritis (extremely rare)
Drug-drug interactions (doubtful)
Accelerated progression of Helicobacter pylori gastritis (doubtful)
Formation of gastric fundic gland polyps (potentially harmful when >
1 cm)

etry to rule out severe esophageal motility disorders[1-3].
Impedance-pH monitoring should be performed during
PPI withdrawal and only after symptoms have recurred
in order to assess symptom-reflux association (Figure
1) and identify patients with esophageal hypersensitivity
(positive symptom-reflux association with normal reflux
parameters) because they can benefit from laparoscopic
fundoplication[39]. In patients with negative impedancepH results FH is the most likely diagnosis, PPIs resumption should be postponed, and only watchful follow-up
is warranted.

PPI-responsive GERD patients achieve and remain in
heartburn remission at 5 years with laparoscopic fundoplication or esomeprazole in a dose-escalating manner
when required, with a higher prevalence of dysphagia
and gas-bloating and a lower prevalence of regurgitation
in the surgically-treated patients[34]. In advising laparoscopic fundoplication to PPI-responsive GERD patients,
side effects and complications of laparoscopic fundoplication[35] and the excellent safety profile of PPIs[36]
should be taken into account. Fundic gland polyps are a
frequent complication of prolonged PPI therapy but are
considered potentially harmful only when larger than 1
cm[37]. Therefore, in PPI-responsive patients the current
consensus is to advise antireflux surgery only for those
few patients who develop untoward side-effects or complications from PPI therapy (Table 2).
As far as endoscopic treatment modalities are concerned, the usage of current endoscopic therapies cannot
be recommended as an alternative to medical or traditional surgical therapy[3]. A laparoscopically implanted sphincter augmentation device has recently been proposed[38]
but more data on long-term efficacy, safety, and costs are
required before widespread usage can be recommended[3].
Before surgical intervention impedance-pH monitoring is warranted, always preceded by esophageal manom-

PPI-refractory typical GERD
Currently, PPI resistance is the real challenge in GERD[40].
It has been claimed that up to 30% of patients with
heartburn fail to respond symptomatically, either partially
or completely, to a standard dose of PPI, and high dosages may be effective in less than one half of them[7].
Furthermore, regurgitation persists in many patients
despite PPI therapy[20], often awakening patients at night.
Management of PPI-refractory GERD patients is a challenging task. Baclofen could be helpful as add-on therapy
with PPIs, but its use is limited by poor tolerability[7] and
it is not approved for GERD management. Transoral incisionless fundoplication proved significantly less effective
than laparoscopic fundoplication in inducing symptom
remission and improving reflux parameters in refractory
GERD[16]. Currently, patients with typical GERD unresponsive to PPIs are considered eligible for laparoscopic
fundoplication [1-3,40]. However, outcome data in this
particular clinical setting are scanty and controlled trials
are lacking as effective alternative treatment modalities
to surgery are not available. Nevertheless, the results of
well-designed observational studies do not systematically
overestimate the magnitude of the effects of treatment as
compared with those in randomized, controlled trials[41,42].
In order to assess the efficacy of laparoscopic fundoplication in PPI-refractory GERD, postoperative PPI

Table 2 Side-effects and complications of proton pump inhibitors
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4-wk PPI wash-out

Endoscopy

Impedance-pH monitoring (OFF PPI)
(preceded by esophageal manometry)

Abnormal reflux parameters
and/or positive SAP/SI

Normal reflux parameters
and/or negative SAP/SI

Surgery

Re-evaluation

Figure 1 Diagnostic algorithm for proton pump inhibitor responsive patients with typical reflux symptoms. Endoscopy should be performed in uninvestigated
patients and in patients with previous detection of reflux esophagitis or Barrett’s esophagus. Impedance-pH monitoring should be performed during proton pump inhibitor (PPI) withdrawal after symptoms have recurred. SAP: Symptom association probability; SI: Symptom index.

usage is a poorly reliable parameter: PPIs are widely used
for dyspeptic symptoms too, and post-surgical usage is
associated with objective evidence of reflux recurrence
in only a minority of cases[22]. Heartburn and regurgitation are the typical reflux symptoms but they have a
number of non-reflux related causes[4] There is a general
lack of studies validating reflux questionnaires measuring
heartburn and regurgitation in response to surgical treatment[43]. As impedance-pH monitoring allows detection
of all types of reflux, both acid and nonacid, off and on
PPI therapy, it represents the ideal test to evaluate PPI-refractory patients in the pre- and post-operative setting[11].
In a recent study, normal reflux parameters and sustained
symptom remission at 3-year follow-up, i.e., GERD cure,
was achieved with laparoscopic fundoplication in 90%
of patients with PPI-refractory GERD as diagnosed by
on-PPI impedance-pH monitoring[18]. Interestingly, this
study shows that weakly acidic refluxes are the main determinants of PPI refractoriness: preoperatively, positive
symptom/reflux indexes and abnormal reflux parameters
were mainly associated with weakly acidic refluxes; postoperatively, persistent remission of heartburn/regurgitation was associated with total/subtotal abolition of weakly acidic refluxes[18]. Furthermore, at postoperative offPPI assessment the percentage of esophageal acid exposure time decreased significantly, despite restored gastric
acidity, a result showing that laparoscopic fundoplication
acts not only by reducing the number of transient lower
esophageal sphincter relaxations accompanied by reflux,
but also by reducing the volume of the postprandial acid
pocket at the gastroesophageal junction[18]. According
to this study, refractory GERD as diagnosed by on-PPI
impedance-pH monitoring can be cured by laparoscopic
fundoplication.
On-PPI impedance-pH monitoring is warranted in
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all PPI-refractory patients before laparoscopic fundoplication (Figure 2) in order to establish a cause-and-effect
relationship between reflux and heartburn/regurgitation
persisting despite PPI therapy; indeed, no reflux pattern
can be demonstrated associated with PPI failure at offPPI testing[44]. Impedance-pH monitoring should always
be preceded by esophageal manometry to rule out severe
esophageal motility disorders. Surgery is indicated in patients with abnormal impedance-pH parameters and/or
positive symptom-reflux associations whereas in those
with negative results FH is the most likely diagnosis, and
only re-evaluation after PPI withdrawal is warranted.
Atypical GERD
NCCP in patients with endoscopic or pH-monitoring evidence of GERD tends to improve, but not resolve, with
PPI therapy, whereas GERD-negative patients have little
or no response[45].
PPIs for treatment of extraesophageal syndromes in
patients without heartburn are considered ineffective[1] and
a PPI trial is recommended to treat extraesophageal symptoms only in patients who also have typical symptoms[3].
Only small observational studies suggest some benefit of
antireflux surgery for highly selected patients with cough
and asthma[1].
The main problem in the clinical setting of extraesophageal GERD is that currently available diagnostic tools
to establish GERD as the cause of atypical symptoms
have serious limitations[3]. Ambulatory reflux monitoring
can confirm the presence of GERD but it is difficult to
establish a causal link between reflux and atypical symptoms by means of symptom-reflux association.
Given these limitations, there is lack of consensus for
performing laparoscopic fundoplication in patients with
NCCP or extraesophageal syndromes in the absence of
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Check PPI compliance and dosage

Endoscopy

Impedance-pH monitoring (ON PPI)
(preceded by esophageal manometry)

Abnormal reflux parameters
and/or positive SAP/SI

Normal reflux parameters
and/or negative SAP/SI

Surgery

PPI wash-out - Re-evaluation

Figure 2 Diagnostic algorithm for proton pump inhibitor refractory patients with typical reflux symptoms. Endoscopy should be performed in uninvestigated
patients and in patients with previous detection of reflux esophagitis or Barrett’s esophagus. Impedance-pH monitoring should be performed during ongoing proton
pump inhibitor (PPI) treatment. SAP: Symptom association probability; SI: Symptom index.

typical GERD symptoms[1-3].
Barrett’s esophagus
Recently, uncontrolled reflux exposure as expressed by
a high number of weakly acidic refluxes at impedancepH monitoring during high-dosage PPI therapy has been
implicated in the pathogenesis of persistent esophageal
intestinal metaplasia in patients with dysplastic Barrett’s
esophagus undergoing radiofrequency ablation[46]. In a
small case-control series, patients with Barrett’s esophagus who had laparoscopic fundoplication in conjunction
with endoluminal radiofrequency ablation were more
likely to achieve durable ablation of intestinal metaplasia
in comparison with patients who were treated with PPI
therapy[47]. These data are inconclusive, however, and the
current goal of laparoscopic fundoplication for Barrett’s
esophagus remains relief of symptoms in patients unresponsive to PPI therapy[5,6].

2

3

4

5

6

CONCLUSION
Laparoscopic fundoplication is highly effective in curing
GERD. However, considering its side effects laparoscopic fundoplication should be advised only for those
few PPI-responsive GERD patients who develop sideeffects or complications from PPI therapy. Currently, the
main indication for laparoscopic fundoplication is represented by PPI-refractory GERD, provided that objective
evidence of reflux as the cause of ongoing symptoms
has been obtained by impedance-pH monitoring.
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Abstract
Gastric cancer poses a significant public health problem,
especially in the Far East, due to its high incidence in
these areas. Surgical treatment and guidelines have
been markedly different in the West, but nowadays this
debate is apparently coming to an end. Laparoscopic
surgery has been employed in the surgical treatment of
gastric cancer for two decades now, but with controversies about the extent of resection and lymphadenectomy. Despite these difficulties, the apparent advantages
of the laparoscopic approach helped its implementation
in early stage and distal gastric cancer, with an increase
on the uptake for distal gastrectomy for more advanced
disease and total gastrectomy. Nevertheless, there is no
conclusive evidence about the laparoscopic approach
yet. In this review article we present and analyse the
current status of laparoscopic surgery in the treatment
of gastric cancer.
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Core tip: The laparoscopic practice for gastric cancer is
growing worldwide; primarily for distal early tumours and
to a lesser extent for advanced and/or proximal lesions.
The supporting evidence for the extent of the resection
and the minimally invasive approach has yet to become
conclusive. In view of these limitations and the future
perspectives, the current status of laparoscopic surgery
in the treatment of gastric cancer is presented herein.
Antonakis PT, Ashrafian H, Isla AM. Laparoscopic gastric surgery for cancer: Where do we stand? World J Gastroenterol 2014;
20(39): 14280-14291 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14280.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14280

BACKGROUND
Gastric cancer has a long history since the first alleged
case reports in the Ebers papyrus in 1600 Before Christ[1].
The modern era of gastric cancer treatment commenced
in the late 18th century. The first successful subtotal gastrectomy for cancer was performed by Billroth in 1881,
followed by the first total gastrectomy performed by Karl
Schlatter in 1897[1]. Throughout the 20th century open
gastrectomy (total or subtotal) became the cornerstone
of gastric cancer therapy for non-metastatic disease in
medically fit patients. In 1992 Kitano from Japan pioneered minimally invasive surgery for gastric cancer by
performing the first laparoscopic assisted gastrectomy[2].
Since then, significant advances occurred in the applica-
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tion of minimally invasive approaches to gastric cancer.
Our aim herein, is to review the current standards and
trends of laparoscopic surgery in gastric cancer therapy.

INFLUENTIAL HISTORICAL,
EPIDEMIOLOGICAL AND CLINICAL DATA
During the 20th century mortality from gastric cancer improved worldwide because of its decreasing incidence[3],
together with the improvement in surgical technique
and patient care. Despite this, gastric cancer still remains
one of the most important contributors to global cancer
deaths. About one million new cases of stomach cancer were estimated to have occurred in 2008[4] (988000
cases, 7.8% of the total), making it currently the fourth
most common malignancy worldwide. This disease demonstrates marked geographic variation of its incidence.
More than 70% of cases occur in developing countries
including Eastern Asia, Central and Eastern Europe and
South America. East Asia (mainly China) by itself accounts for 50% of all global cases[4].
Due to these differences, Eastern health systems, especially those in Japan have employed a different approach
to the disease. Mass screening in the East contributes to
detection in earlier stages of the disease process, which
results in better prognosis. This contrasting approach
has conditioned almost every aspect of its treatment,
including the staging and the extent of surgery (mainly
lymphadenectomy), leading to an unfruitful/antagonistic
“Eastern vs Western debate”. Fortunately, in the last decade, this debate seems to be coming to an end, following
a better understanding in the West on tumour location
and staging[5], minimizing the perception that gastric cancer in the East is a different disease to that in the West.
Nonetheless gastric cancer lesions in the West are more
advanced at diagnosis, located more proximally, and more
commonly of the diffuse-type histology, compared to
the ones in the East[6], so that overall outcomes are more
similar than previously thought, when comparing the
same gastric cancer subtypes[7]. This has led to the unification of the two previously divergent staging systems
from the Japanese Gastric Cancer Association (JGCA)[8]
and the Union for International Cancer Control (UICC/
TNM)[9], which is supported by data from Eastern[10] and
Western randomized controlled trials (RCTs)[11,12]. Consequently D2 lymphadenectomy has been implemented in
the guidelines for the surgical treatment of gastric cancer
in the West[13,14], and to the acceptance that no more than
D2 is mandatory in the East[15].
This new, almost identical consideration of gastric
cancer in the East and the West, has profound implications in the practice of laparoscopic surgery, since, for
the first time, there is a common language for staging and
treatment. This offers an opportunity for the standardization of both training and surgical techniques, presenting
the potential for improved outcomes; even in Western
countries with low case volumes[16]. Gastric cancer remains to have an overall prognosis with a 70% fatality-to-

WJG|www.wjgnet.com

case ratio, and the inherent limitations in surgical practice
and patient care in developing countries increase this
figure by 5%-10%, resulting in a disappointing 75% for
women and 81% for men in these areas[17].

CURRENT STATUS AND GUIDELINES
FOR LAPAROSCOPIC SURGERY IN
GASTRIC CANCER
Laparoscopic surgery for gastric cancer has evolved rapidly and has increased in popularity during the last two
decades in both East and West; though at a slower pace
and case load in the latter. Japan demonstrated a tenfold increase in the use of laparoscopic surgery between
1991-2009[18] with an impressive 42% of laparoscopic
operations for Stage Ⅰ and Ⅱ cancer in 2010[19]. In South
Korea, laparoscopic gastric cancer operations increased
from 6.6% in 2004 to 25.8% in 2009[20]. In the West the
pace was much slower[21], but recent data suggest that
the uptake of laparoscopic surgery for gastric cancer is
slowly increasing, with a concurrent increase in case load,
but not to the level of Asian countries. In Spain there
were 245 laparoscopic operations for gastric cancer between 2005-2008[22], whereas in the Unites Kingdom 133
out of 747 operations for gastric cancer with a curative
intent were performed laparoscopically (18%) between
2011-2012 (National Oesophago-Gastric Cancer Audit
2013, available at www.hscic.gov.uk/og). As a comparison
Japanese surgeons performed 7341 laparoscopic distal and
1103 total gastrectomies in 2009[18], while in the same year
Korean surgeons performed 3.783 laparoscopic procedures[20].
Despite the vast numbers of cases performed, laparoscopic gastrectomy is still considered as under review
in most published guidelines, including the ones from the
NCCN in the United States, from ESMO in Europe and
from JGCA in Japan[13-15]. The rationale for this, is that
large RCTs, providing conclusive evidence on the long
term oncologic safety of laparoscopic gastric surgery, are
still pending for the early, and are certainly lacking for the
advanced gastric cancer.
These guidelines reflect the variation in Eastern and
Western approaches to gastric cancer. The minimum requirements in the West are an R0 resection with adequate
margins and a D1 or modified D2 lymphadenectomy
(without pancreatectomy/splenectomy) of at least 15
lymph nodes[13,14]. One key difference is the margin of 4-5
cm required in Western guidelines that is not mandatory
in the Japanese ones. Depending on tumour growth pattern and T status, “adequate margins” can range from 2 to
5 cm in the Japanese guidelines[15]. D1 lymphadenectomy
in the West does not include the dissection of the nodes
along the left gastric artery (station 7) and D2 lymphadenectomy is not required. This is in contrast to the Japanese guidelines where D1 lymphadenectomy includes the
dissection of left gastric artery nodes and D2 is mandatory for T2-T4 tumours or even T1N+ disease[15].
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procedure for early gastric cancer due to high disease incidence and distal tumour predominance in the East. The
progress in advanced gastric cancer has been slower due
to technical difficulty. Nevertheless, LDG currently has
a small role in the surgical treatment of advanced gastric
cancer in Japan and South Korea[26].

Figure 1 Common trocar layout for laparoscopic distal gastrectomy. The
10 mm port is for the laparoscope and can also be placed infraumbilically based
on the patient’s habitus. The 12 mm are the working ports. The 5 mm ports are
used for assistance/retraction.

These differences make it very difficult to standardise
the universal role of laparoscopic surgery in gastric cancer, a disease for which optimal treatment has yet to be
defined. This problem is also reflected in the results from
a recent international expert consensus collaboration in
2010, trying to define the worldwide appropriate standards of care for gastric cancer[23]. The panel agreed on
the appropriateness of laparoscopic distal gastrectomy
(LDG) for T1-2 N0 distal tumours and on that of laparoscopic total gastrectomy (LTG) for T1 N0 proximal tumours. There was no consensus for all other stages. Conversely, the 1st St. Gallen EORTC Gastrointestinal Cancer
consensus meeting with participants from 43 countries
proposed a standard approach for both Europe and Asia.
This consisted of a modified D2 procedure (gastrectomy
with D2 lymph node dissection without routine splenectomy and without pancreatic tail resection)[24].

LAPAROSCOPIC PROCEDURES FOR
GASTRIC CANCER
There are two main types of formal laparoscopic gastrectomy for gastric cancer, distal and total gastrectomy. For
T1 tumours in the middle third of the stomach without
lymph node involvement (according to the Japanese
guidelines[15]) there is also the alternative of a pyloruspreserving procedure or a proximal gastrectomy, neither
of which will be reviewed here further, on the basis of
the low frequency that they are performed worldwide.
There is however promising data on laparoscopic pylorous-preserving gastrectomy revealing improved nutrition status and lower percentage of gallstone formation
during follow-up[25].

LAPAROSCOPIC DISTAL GASTRECTOMY
LDG is the most common curative minimally invasive
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Aim of the operation
LDG includes the resection of the lower two-thirds of
the stomach, along with adequate lymphadenectomy depending on T and N status. Western guidelines support
an R0 resection of at least 4-5 cm[13,14], whereas for the
JGCA smaller margins could be acceptable depending
on tumour macroscopic features[15]. For non-infiltrating
tumours (type 1 and 2) a 3 cm margin is required.
According to Western guidelines, the dissection of 15
lymph nodes is adequate (D2 lymphadenectomy is not
required). Conversely, JGCA guidelines specify that D1 is
only acceptable for differentiated tumours with a diameter less than or equal to 1.5 cm, not extending beyond the
submucosa, and in the absence of preoperatively detected lymph node involvement (T1N0). Furthermore, the
Japanese definition of N1 includes the perigastric nodes
(stations 1, 3a, 3b, 4sb, 4d, 5, 6) alongside the ones on the
left gastric artery (station 7). For the same stage (T1N0)
if the tumour is undifferentiated and/or larger than 1.5
cm in diameter, a D1+ lymphadenectomy is advocated,
which extends the dissection to include the lymph nodes
along the anterior aspect of the common hepatic artery
(station 8a) and the coeliac axis (station 9). For all other
combinations of higher T and N status (excluding of
course metastatic disease), D2 lymphadenectomy which
includes the lymph node dissection of the proximal half
of the splenic artery (station 11p) and the proper hepatic
artery, from the pancreas to the bifurcation of the common bile duct (station 12a) is required.
Technical considerations
This laparoscopically procedure can be performed either
totally or partially. The usual terms for descriptive purposes are totally laparoscopic distal gastrectomy (TLDG)
and laparoscopic assisted distal gastrectomy (LADG).
LADG includes hand-assisted procedures. There is no
prospective data in favour of either LADG or TLDG,
and despite favourable results in case series[27,28] a clear-cut
benefit for TLDG over LADG has not been established
up to now yet[29]. By far, the most commonly performed
technique is LADG without hand assistance, which is
also the most frequently used procedure in the current
literature and ongoing RCTs[30-37].
In LADG 4-6 trocars are used, one in the middle-line
at or above the umbilicus for the 30 degree scope, and
usually two on each side of the abdomen for dissection
and retraction (Figure 1). A subxiphoid trocar can also be
used instead of the far right trocar. This position is our
own preference, since it allows for the introduction of a
Nathanson® retractor for liver and gastric retraction during lymphadenectomy of the coeliac axis (Figure 1). The
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Table 1 Noticeable prospective randomized controlled trials comparing laparoscopic assisted distal gastrectomy with open distal
gastrectomy
Region
Country

East
Japan

Author
Year
Patients
Reconstruction
Lymphadenectomy type
Blood Loss
Operation Time
Pain or analgesia consumption
Time to Oral Intake or First Flatus
Morbidity
Pulmonary complications
Mortality
Length of Stay
Mean number of lymph nodes
5-yr survival

West
South Korea

China

Italy

Kitano et al[30] Hayashi et al[31] Lee et al[33] Takiguchi et al[36] Kim et al[34,47]
2002
2002
2005
2013
2008, 2013
28
28
47
40
164
B-Ⅰ
B-Ⅰ
B-Ⅰ
B-Ⅰ
B-Ⅰ
D1 + a
↓
↑
↓
NS
NS
↓ NC
0% NC
NS
↓4.7-NS
NR

D1 + a
NS
↑
↓
↓
↓ NC
↓ NC
0% NC
↓
NS
NR

D2
NS
↑
NS
NS
NS
↓
0% NC
NS
↓6.3 - NS
NR

D1 + b or D2
↓
↑
↓
↓
NS
NR
0% NC
↓
NS
100% NC

Kim et al[35] Cai et al[56] Huscher et al[32]
2010
2011
2005
342
123
59
B-Ⅰ or B-Ⅱ B-Ⅰ or B-Ⅱ B-Ⅱ or R-Y
(mostly)
D1 + b or D2 D1 + b or D2
D2
D1 or D2
↓
↓
↓
↓
↑
NR
↑
NS
↓
NR
NR
NR
↓
NR
NS
↓
↓
NS
NS
NS
NS
0% NS
↓
↓ NC
0% NC
About 0% NS 0% NC
NS
↓
NR
NS
↓
↓6.1 P < 0.01
NR
NS
↓3.3 - NS
NS
NR
NR
NS

Upward arrow (↑): increased or more in the laparoscopic assisted distal gastrectomy (LADG) group compared to the open distal gastrectomy (ODG)
group; Downward arrow (↓): decreased or less in the LADG group compared to the ODG group. B-Ⅰ: Billroth Ⅰ; B-Ⅱ: Billroth Ⅱ; R-Y: Roux-en-Y; NS: Not
significant; NR: Not reported; NC: Not computed; LADG: Laparoscopic assisted distal gastrectomy; ODG: Open distal gastrectomy.

number of trocars may decrease with the expertise gained
by the surgeon. In an impressive recently published Korean series of 528 laparoscopic gastrectomies, the authors
performed all cases after the 331st with 4 trocars, instead
of the initial 5[38].
The anastomosis can be hand-sewn or, more usually
with a stapler. The reconstruction varies and is a matter of
personal preference. We favour the side to side anastomosis with linear stapler and manual closure of the opening.
The three usual types of reconstruction are Billroth Ⅰ (ga
stroduodenostomy), Billroth Ⅱ (loop gastrojejunostomy)
and Roux-en-Y gastrojejunostomy. Billroth I is by far
the most popular type of reconstruction in studies from
Eastern countries, especially RCTs[30,31,33-36], while Billroth
Ⅱ and Roux-en-Y reconstruction are almost exclusively
employed in the West[32,39-42]. This probably reflects the
different perception of distal gastrectomy between the
East and the West. Because of the more advanced stage
and the higher percentage of diffuse histology found in
western patients, it is not surprising that western surgeons
tend to be more extensive in the portion of the stomach
resected, and therefore are more easily inclined to resect
the 3/4 or 4/5 of the stomach (i.e., subtotal gastrectomy),
rendering a Billroth Ⅰ anastomosis after such an extensive
resection unlikely. On the other hand, Eastern surgeons
supported by clear-cut JGCA guidelines for necessary resection margins, perform their operations on more distal,
and more often non-diffuse lesions with a standardized
Billroth Ⅰ technique for LADG[26], that allows for the inspection and the marking of the lesion from the inside on
the gastric wall.
TLDG differs from LADG mainly in three aspects.
Firstly, there is a need for intraoperative localization of
the tumour that will allow the correct marking of the
resection line, in order to provide adequate margins. Intra-

WJG|www.wjgnet.com

operative endoscopy[43] is one way to solve this problem.
An alternative is clip placement in preoperative endoscopy, the position of which can be compared with that
of laparoscopic clips placed in the greater and the lesser
curve at the level of the planned resection line. This comparison is performed intraoperatively with a plain abdominal radiograph, taken after laparoscopic clip placement[44].
Secondly, in TLDG the anastomosis is performed intracorporeally, usually a delta shaped anastomosis[45]. Thirdly,
the specimen extraction site is not necessarily situated in
the upper abdominal wall. A Pfannenstiel incision can be
employed, the extended umbilical port can be used for
distal specimens and even a transvaginal route has been
reported[46].
Evaluation of short and long term results of
laparoscopic distal gastrectomy
The literature is rich in retrospective studies, case series,
and comparative studies and there is less wealth of RCTs
and high quality meta-analyses. Unsurprisingly, most data
on laparoscopic distal gastrectomy come from Eastern
countries and are mainly related to early gastric cancer.
Despite enthusiasm for LADG, and its popularity in the
East, there are only a few noticeable published prospective RCTs[30-36,47]. All but one came from the East (Table 1).
In the first ever published RCT Kitano et al[30] from
Japan compared LADG and open distal gastrectomy
(ODG) in 28 patients with early gastric cancer employing
a D1+ lymphadenectomy and Billroth I reconstruction.
Their laparoscopic approach proved advantageous in
terms of blood loss, postoperative pain, and pulmonary
function despite a longer operative time and fewer (but
non-significant) lymph-node harvest (Table 1). Hayashi
et al[31] published a similar-sized study using the same
surgical technique as Kitano with no difference in blood
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loss or number of harvested lymph nodes, although
identified earlier restoration of oral intake and a shorter
length of stay by 6 d. Neither study identified any recurrences. The authors concluded that LADG is a safe
and less invasive procedure than ODG. These studies
reported that LADG is advantageous compared to ODG
without compromising the short-term oncological result,
although both suffered from a small number of patients
and a short follow-up period.
The only RCT from a Western country by Huscher
et al[32] compared LADG and ODG for early and nonearly gastric cancer in 59 patients and reported on 5-year
survival. They performed D1 (30%) or D2 (70%) gastrectomy and employed Roux-en-Y (80%) or Billroth
Ⅱ (20%) for reconstruction. Earlier resumption of oral
intake and shorter hospital stay (by 4 d) were found
in the LADG group with no significant differences in
morbidity, mortality or 5-year overall survival. Lee et al[33]
from South Korea reported their early results from the
comparison of LADG versus ODG in 47 early gastric
cancer patients where D2 lymphadenectomy and Billroth
I reconstruction was utilised in all cases. LADG took
longer to perform but was statistically advantageous for a
lower incidence of pulmonary complications.
The first prospective RCT for LADG exceeding 100
patients came from South Korea in 2008. Kim et al[47] reported on 164 patients with early gastric cancer managed
by D1+ or D2 lymphadenectomy and a primarily Billroth
I reconstruction. Operating time was significantly longer
and lymph node harvest was lower for LADG whilst
5-year disease free survival was not significantly different when compared to ODG. However blood loss, 3 mo
quality of life (QoL) and hospital stay (decreased by 1.5 d)
were more advantageous for LADG. Furthermore, 5-year
disease free and overall survival and long-term QoL were
not significantly different between the two groups[34]. The
demonstration of earlier recovery of physical activity was
also verified in another recently published small RCT[36],
from Japan.
The small number of patients and the lack of convincing long-term results from these trials are obvious.
In view of these limitations several noteworthy metaanalyses were published[48-52]. In order to compensate
for the small number of available RCTs, three of these
meta-analyses included high-quality nonrandomized
studies[48,49,51], while three included not only early gastric
cancer cases but also advanced ones[48,50,52]. Regardless
of methodology or case mix, the results from all these
studies point to the direction that LADG is a safe option
for early gastric cancer. Despite of the prolonged operative time, LADG apparently compares favourably with
its open counterpart in terms of perioperative results. In
two meta-analyses[48,52], the smaller number of retrieved
lymph nodes by 4 in the LADG group, raised authors’
concern about its oncological completeness. A common
conclusion among the authors of all the aforementioned
studies was, that long-term oncological non-inferiority
to ODG needs to be documented, and that only large
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prospective randomized trials can substantiate the role of
LADG.
The need for large well organized trials resulted in a
step-wise Japanese approach. The Japan Clinical Oncology Group (JCOG) conducted a multicentre, phase Ⅱ trial
(JCOG0703) to confirm the safety of LADG for clinical
Stage Ⅰ gastric cancer[53], and then launched a multicentre prospective randomized trial (JCOG0912) in 2010
to compare LADG to ODG for clinical Stage Ⅰ gastric
cancer[37]. This study is planned to recruit 920 patients, in
33 centres, within 5 years. The primary endpoint is survival. Secondary endpoints include disease-free survival,
perioperative results, and postoperative quality of life. A
similar study to JCOG0912 was launched by the Korean
Laparoendoscopic Gastrointestinal Surgery Study group
(KLASS-01). Between 2006 and 2010, 1415 patients were
enrolled, 704 in the LADG arm and 711 in the ODG
arm[54]. The primary endpoint is also overall survival. The
secondary endpoints are disease-free survival, morbidity, mortality, quality of life, inflammatory and immune
responses, and cost-effectiveness. An interim report from
KLASS-01 was published in 2010[35]. Based on the results
from 342 patients, the authors reported that the differences in morbidity (about 5% in favour of LADG), and
mortality (about 1% in favour of ODG) were not of statistical significance.
Both JCOG0912 and KLASS-01 are based on the
sound principle that, only accredited surgeons, experienced with both laparoscopic (30 cases for each in JCOG
and 50 for each in KLASS) and open techniques (50
cases), can participate in such trials, thereby limiting any
learning curve effects in these studies.
JCOG0912 and KLASS-01 are also unique in design
for another reason: patients with Stage Ⅰ disease and not
with early gastric cancer are included. This shift of focus
from early gastric cancer (tumour up to submucosa i.e.
up to T1b, regardless of lymph node involvement Nx)
to early stage gastric cancer (Stage Ⅰ: T1N0, T2N0 or
T1N1) in study design, was an important step forward,
towards a better understanding and communication between the East and the West. JCOG0912 and KLASS-01
trials expand the indication for LADG beyond early gastric cancer, for the first time in Japan and South Korea,
in studies of such magnitude. This is because patients
with T2N0 tumours (extending to the muscularis propria
without lymph node involvement) are actually included
in these trials, and are treated with D2 LADG. To avoid
confusion it is very important to clarify here that both
these studies were planned to include patients with T2a
tumours, according to the previous (6th) version of the
TNM, which in the latest version are denoted as T2. Survival results from both these trials will facilitate consideration by Western surgeons and oncologists as well.
Data for LADG in advanced (non-early) or advanced
stage (Stage Ⅱ and Stage Ⅲ) gastric cancer are much less
abundant in the literature. This is no surprise considering
the technical difficulties a formal D2 lymphadenectomy
entails, let alone a laparoscopic one. To make things
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even more complex, comparisons are more difficult to
make with the use of different neoadjuvant or adjuvant
therapies. For advanced gastric cancer, even in Japan and
South Korea, the laparoscopic practice is limited and
technical details are still evolving[20,26,55].
Apart from the aforementioned study from Italy[32]
there is only one more published prospective RCT from
China[56] on LADG for advanced gastric cancer, but without long-term survival data. Retrospective case series and
comparative studies, along with the two aforementioned
RCTs, either by themselves or included in later metaanalyses, are up to now the only available data for LADG
in advanced (stage) gastric cancer. For instance, a recent
meta-analysis from Spain and the Netherlands[57] concurred with other meta-analyses that LADG compared to
ODG for advanced (stage) gastric cancer is a more time
consuming procedure, with better perioperative outcome,
allegedly without compromise of the oncologic result
(lymph node yield). Another relatively standard conclusion
was that multicentre prospective RCTs are necessary in
order to clarify the short-term advantage and comparability of long-term survival for LADG to open techniques.
Once more these issues are expected to be addressed
by high quality prospective RCTs from Japan and South
Korea. The Japanese Laparoscopic Surgery study group
launched in 2010 a multicentre phase Ⅱ/Ⅲ prospective
randomized trial (JLSSG0901) in order to evaluate firstly
safety (Phase Ⅱ: incidence of anastomotic leakage or
pancreatic fistula), and later on survival after LADG for
early gastric cancer. Expert accredited Japanese surgeons
will participate in this trial.
Following phase Ⅱ trial evidence regarding the technical feasibility and safety of LADG in the treatment of
advanced gastric cancer[58], the Korean KLASS group
launched a multicentre prospective phase Ⅲ RCT (KLASS02-RCT) in 2011 with an estimated sample of 1050 patients and the primary end-point of 3-year disease free
survival[20]. In a recent review[59], the flow chart of this
RCT was made available along with a report on an about
30% completion of accrual within the first 18 mo.
An important lesson taken from these RCTs of
laparoscopic distal and total gastrectomy (JCOG0912,
JLSSG0901, KLASS-01 and KLASS-02) is their focus on
surgical quality and the aforementioned focus on surgical
experience. For example the 10 participating surgeons in
the KLASS-01 trial visited and observed the other participating surgeons and watched recorded tapes or DVDs
of LADGs, as well as standardized operative field photos
of ODGs before entering the trial[35]. The KLASS group
took standardisation and qualification of participating
surgeons to the next level in the KLASS-02-RCT, by
launching a surgical quality control trial (KLASS-02-QC),
which allows an independent review of surgical performance during D2 LADG in action. Eligibility for participation in the KLASS-02-RCT includes only surgeons certified by KLASS-02-QC.
The planned quality of these 4 multicentre prospective RCTs for LADG, brings once more to the surface
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the consequences of the marked differences in gastric
cancer incidence between the East and the West. The
step-wise approach that was adopted both in Japan and
South Korea with the organization of these large scale
trials, firstly for early stage gastric cancer and secondly for
more advanced disease, is a luxury that western surgeons
simply can’t afford. In a recent review article, Y. Kodera
astutely observed that Far East surgeons had a much
greater chance to train themselves, due to the abundance
of early stage gastric cancer in their areas, and ample opportunity to comfortably develop both the surgical skills
and necessary instrumentation, while keeping patient-related consequences to a minimum[60]. This learning process was complete before launching the aforementioned
large scale trials, initially for early and in the second round
for advanced gastric cancer[60]. This has never been an
option in the West, where low incidence prohibits the organization of such trials, let alone gaining vast experience
outside them for individual surgeons.
Assembling high-quality data from well-organized
multicentre prospective RCTs is a necessary step before
worldwide recommendations for the use of LADG in the
surgery of curable gastric cancer can be developed. Before
the implementation of any results in western guidelines, all
differences in data variables must be taken into account,
including patient characteristics (higher age, BMI, lower
ASA score, higher probability of having received neoadjuvant therapy), stage and pathology (more advanced
stage, more proximal tumours, and higher percentage of
diffuse histology type) as well as surgical experience/quality characteristics (higher complication rate, less number
of harvested lymph nodes). These well documented differences are prevalent, even in the more recent comparative studies[6]. One cannot simply extrapolate results and
issue guidelines for western patients, based on the results
from trials, even of the highest quality, which are/were
performed with the participation of patients and surgeons only from the Far East. The participation of western patients in high quality trials could possibly represent
a solution to this issue[48], but due to low incidence rates
in the West, actually this is rather impractical and unlikely
to happen[60].

LAPAROSCOPIC TOTAL GASTRECTOMY
Laparoscopic total gastrectomy (LTG) has a quite different history from LDG. The intrinsic difficulties in
the surgical approach of the upper third of the stomach
and the OG junction, pose significant extra technical
challenge, especially during the oesophago-jejunal anastomosis, even in the most experienced hands. Advanced
technical skills are required for a safe and oncologically
sound LTG. Increased difficulty combined with the low
incidence of upper gastric cancer in the Far East set the
slow pace of LTG uptake worldwide. In the West, LTG is
only performed in highly specialized centres and in small
numbers mainly for Stage Ⅱ and Ⅲ disease. In the East,
the general indication is upper third early gastric cancer,
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and the procedure is slowly gaining popularity, even in Japan and South Korea. Nevertheless the collective eastern
experience in LTG mainly from these two countries significantly outscores the western one. Only in 2009, 1103
patients in Japan[18] and 231 in South Korea[61] underwent
LTG for gastric cancer, whereas in United Kingdom, the
reported number of LTGs for 2012, in the 2013 edition
of the annual audit of upper GI cancer cases, was only
53. LTG remains an investigational technique according
to published guidelines worldwide[13-15].
The aim of LTG is an R0 total resection of the
stomach. The rules for the extent of lymphadenectomy
are different between the East and the West in line
with those described for LDG. In the West, 15 or more
lymph nodes suffice for staging purposes and D1+ or
D2 lymphadenectomy are employed. The Japanese system is more complicated and the extent of necessary
lymphadenectomy is derived from the T and N status as
previously reported. D1+ according to the JGCA guidelines in total gastrectomy includes the nodes along the
proximal half of the splenic artery (station 11p), which
for distal gastrectomy are required only for D2. Furthermore, nodes at the splenic hilum (station 10) and along
the distant part of the splenic artery (station 11d) are included in D2 total gastrectomy. Therefore, the Japanese
approach is much more radical even for D1 gastrectomy
and definitely for D2 total gastrectomy, mandating total
clearance of spleen-related lymph nodes. The latter is
the very essence of the long-standing debate of spleenpreservation vs splenectomy in total gastrectomy and
consequently LTG. In the West, splenectomy is only
indicated if there is direct involvement of the spleen
or its hilum, whereas in Japanese guidelines this issue is
considered unresolved pending further evidence from
the JCOG0110 RCT[62].
From a technical point of view, whether splenectomy
is performed or not, LTG presents the surgeon with a
unique challenge: the oesophagojejunal (OJ) anastomosis. Whether intracorporeal in totally laparoscopic total
gastrectomy (TLTG), or extracorporeal through a 5 cm
minilaparotomy in laparoscopic assisted total gastrectomy
(LATG), OJ anastomosis is the most technically challenging and morbidity causing surgical manoeuvre. Our
practice is to introduce the circular stapler, already placed
in the jejunal loop, through an small 6-7 cm midline incision, used to retrieve the specimen, where a hand-port
has been placed and fitted around the stapler in order the
keep it air tight. Anastomotic leak and morbidity/mortality attributed to this anastomosis, coupled with anastomotic stricture later on, are the most dreaded complications. For OJ anastomosis there is no accepted standard
and various techniques have been used worldwide. Intracorporeal and extracorporeal hand-sewn, circular stapled
end to side, linear stapled side to side anastomoses, and
the use of various technical adjuncts like OrVil® (which
allows for trans oral introduction of the circular stapler
anvil and is our technique of choice) and EndoCameleon
® (which allows better visualization of the surgical field
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from various angles), have all been tried by various accomplished surgical teams, but no technique is markedly
outstanding or preferable[55,63]. As a result, in the largest
ongoing multicentre prospective RCT from the KLASS
group (KLASS-03), the type of OJ anastomosis is left to
surgeon’s preference.
Short and long term results of laparoscopic total
gastrectomy
The use of LTG for gastric cancer is selective, even in
highly specialized centres. This fact is reflected in the
marked paucity of concrete data from prospective RCTs
in the literature. Pioneer surgical teams in the field have
published retrospective or prospective case series and
comparative studies, from both eastern and western countries[64-68]. Dulucq et al[64] in 2005 and Huscher et al[65] in
2007 from Europe published 8 and 11 laparoscopic total
gastrectomies respectively, showing the feasibility of the
operation in the Western setting. Median operative time
was approximately 3 h in the former study and 5 h in
the latter, while perioperative mortality was 0% and 18%
respectively. The median lymph node yield was 22 and 35
respectively. The reports coming from eastern populations are much larger in patient accrual. In their multicentre trial from South Korea, Jeong et al[66] published their
collective experience from 131 laparoscopic assisted total
gastrectomies in 2009. They showed that LATG is feasible and safe (morbidity 19%, mortality 0%) but a lengthy
procedure (mean operative times 4.5 h), which allows for
adequate lymph node dissection (mean number of harvested lymph nodes 35). There was an impressive 94%
and 89% disease specific and overall survival respectively.
Equivalent results were reported concurrently from Japan
by Shinohara et al[67]. Their 31% morbidity and zero mortality rates along with a median number of 46 harvested
lymph nodes, strongly suggested that D2 laparoscopic
total gastrectomy was both safe and effective in their
series of 55 cases. Despite these initial promising results
the uptake of LTG in the West remains low. Even in the
most contemporary western series coming from the most
prestigious specialized upper GI cancer centres[68], the
number of patients is too small to allow for conclusions
on the safety and the efficacy of the procedure. On the
other hand Eastern surgeons have continued publishing their results, thus allowing the comparison between
laparoscopic and open gastrectomy by means of several
large-sized recent contemporary meta-analyses [69-71].
These studies suggest that, in experienced hands, LTG
(TLTG and LATG) are both feasible and safe, with an
advantage over open total gastrectomy in the perioperative course (blood loss, pain, restoration of oral diet,
length of stay) at the expense of a longer operative time.
From an oncologic point of view, the available data point
to the direction of non-inferiority of LTG compared to
open surgery, in terms of lymph node yield and survival.
All these data are retrospective or prospectively collected, but there are no multicentre RCTs. Thus, an
important conclusion from the published data on LTG,
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is the need for well-organized RCTs in the same manner with the ongoing ones in South Korea and Japan for
distal gastrectomy. In this context, the KLASS group
launched recently a phase Ⅱ trial (KLASS-03) for LTG
in patients with stage Ⅰ gastric cancer to properly evaluate the perioperative morbidity and mortality of the procedure. The results of this trial are eagerly awaited.

EDUCATION - LEARNING CURVE CENTRALISATION - ACCREDITATION
Becoming an accomplished laparoscopic upper GI gastric
cancer surgeon is difficult. Advanced laparoscopic skills
and expertise in open gastric surgery are indispensable,
and participation in a large number of operations is required, before one can embark as the operating surgeon.
With the exception of Japan, where centralisation of gastric cancer treatment is not mandated by the health system, in all other developed countries laparoscopic gastric
cancer surgery is practiced in only a few highly specialized
centres. Residency followed by an upper GI fellowship
is the typical training pathway. In an upper GI fellowship in Japan or South Korea one can initially assist, and
after 3 to 6 mo, perform parts of LADG. This should
be complemented with lab-based training and simulator systems[26]. For western health systems an important
available educational pathway is the experience that can
be gained in the context of a fellowship in a bariatric surgical unit. Bariatric surgery with all the surgical manoeuvres and anastomoses performed in the oesophagogastric
junction area is probably the second best stepping stone
for a future laparoscopic gastric cancer surgeon.
Dealing with the steep learning curve is a very important part of the training of a laparoscopic upper GI cancer surgeon. For LDG a number between 40 and 60 cases
is considered to represent the learning curve, and that can
be higher for D2 LDG[72-75]. This can be helped by a solid
background in open surgery[76], and the completion of
an organised fellowship; which will markedly accelerate
the progress, without compromising patient safety. This
is particularly salient in countries such as Japan where
there is a high incidence and a corresponding case-load
of the disease[77]. After the completion of the learning
curve, and working in an environment with standardized techniques and within a multidisciplinary team, the
effects of operating in low-volume hospitals on patient
outcomes, can be alleviated[78]. Therefore, it is reasonable
to believe that, with proper training, surgical quality can
be satisfactory in laparoscopic surgery for gastric cancer,
particularly in western countries, where low incidence
limits case load. Of course, there is a number of cases
per year below which, it is not prudent for a surgeon to
practice laparoscopic surgery for gastric cancer. According to a recent study based in experts’ opinions, an annual
case load of 20 cases is currently an appropriate minimum[79]. In the West, the problem of low volume due to
low incidence has traditionally been dealt with centralization. Patients are referred to highly specialized centres in
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order to allow expert upper GI surgeons to overcome
the limitations of the learning curve and provide the
highest possible quality of care and outcomes. Clinical
governance and centralization are suggested as the only
possible mechanisms of modern health systems, in order to overcome the problems in quality of care, arising
from the low incidence of gastric cancer[80]. In Eastern
countries, where the incidence of gastric cancer is higher,
surgical quality is easier to quantify. In recent years, the
documentation of surgical quality and the accreditation
of surgeons came into focus. A stringent accreditation
system is currently employed both in South Korea[20] and
Japan[55]. A recent study demonstrated the benefits of
these advanced accreditation systems, where the authors
found that the complication rate after LDG was significantly lower in the hands of accredited surgeons in Japan,
compared to not accredited ones[81]. Such accreditation
methodology is likely to represent the future direction of
quality control in laparoscopic upper GI surgery.

FEW NOTES ON ROBOTICALLY
ASSISTED LAPAROSCOPIC
GASTRECTOMY
Robotic assistance is one of the latest adjuncts to laparoscopic gastrectomy. The high cost and the increased
operating times are the main drawbacks of the technique.
Another potential disadvantage is the smaller view of the
operating field, at least at the beginning of the robotic
experience. The main advantages of robotic assistance
are (1) the three dimensional view of an absolutely
steady operating field, chosen by the surgeon and not
by the camera assistant (the surgeon chooses when and
what to see); (2) the 7 degrees of freedom that robotic
instruments have, which allows for open-surgery-like manoeuvres; (3) the motion scaling and tremor elimination
that provide extraordinary movement precision; (4) the
improved ergonomics for the console surgeon, which allows less fatigue throughout the operation; and (5) that it
potentially allows the application of future technologies
including augmented reality for enhanced lymphadenectomy. These advantages are believed to ease the learning
curve[82] and also to improve surgical competence, thus
making an operation easier to perform for any given surgeon of definite surgical skills.
The aforementioned advantages are theoretically well
suited for the special needs of the minimally invasive (MI)
surgery for gastric cancer. Visualisation of a small and
focused operating field, combined with enhanced dexterity and movement precision are of utmost importance in
the dissection around vessels during lymphadenectomy,
especially near the pancreas and the spleen, and definitely
during the construction of the OJ anastomosis, in case
of total gastrectomy. Furthermore, ergonomics and tremor filtering are definitely an advantage, when the expected
operating time is more than 4 h, as in MI surgery for
gastric cancer. Finally, robotic assistance could help mini-
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mize the steep learning curve of this kind of surgery, and
allow upper GI surgeons without advanced laparoscopic
skills, to perform it.
These potential benefits and applications to MI surgery for gastric cancer have sparkled worldwide enthusiasm. Several groups started reporting on feasibility, safety
and initial experience, in terms of perioperative and later
on long term results, from both western and eastern
countries, for robotic assisted gastrectomy alone or in
comparison to the open and/or laparoscopic approaches[42,83-88]. The initial results suggest that, robotic gastrectomy is a safe and feasible technique, with potential benefits in terms of blood loss and length of stay, without
compromising the completeness of lymphadenectomy, at
the expense of prolonged operating time. These are also
in concert with a recent meta-analysis[89]. Despite these results, the potential benefits from robotic assistance need
further validation with well organised RCTs. The KLASS
group in South Korea launched in 2010 and finished
accrual in 2012 of a multicentre prospective RCT. The
aim of this study is to analyse the surgical outcomes of
the robotic gastrectomy, focusing on the learning curve,
cost-effectiveness, quality of life, and acute-inflammatory
reaction in comparison with laparoscopic gastrectomy in
a sample of 400 patients.

safety are still pending. LADG for more advanced than
Stage Ⅰ tumours as well LTG require in-depth consideration before they become widely accepted and practiced to
the same extent. Data for these techniques are also pending. Laparoscopic surgery for gastric cancer requires high
surgical skills, if quality of care is to be kept up to the
highest standards. Appropriate training with fellowships
and practice within a multidisciplinary setting should be
the aim. Technical advancements such as robotic surgery,
that can decrease learning-curves with increased surgical
efficiency are welcome, as long they prove themselves to
be comparable in terms of outcome and cost-effective.
The future of laparoscopic gastric cancer surgery remains
an area of continued innovation and anticipation as it offers the enhanced management and outcomes to combat
this unremitting global disease.

FUTURE PERSPECTIVES

4

Laparoscopic upper GI cancer surgeons currently operate in an exciting era. The results from high quality trials
that will define the role of the laparoscopic approach to
all types of gastrectomy are awaited in the near future. In
the meanwhile, the ongoing debate between the West and
the East over gastric cancer in general, is apparently coming towards its conclusion for the first time in history,
through a newly adopted common language of sound
evidence for standardising every aspect of gastric cancer
treatment, from diagnosis and staging to surgical training and accepted practice. On the other hand, whilst the
old questions are still waiting to be answered, new ones
arise about the benefits from new technical adjuncts. On
occasion, it has proven difficult to establish international
guidelines regarding contemporaneous laparoscopic gastric surgery due to the persistent introduction of evernewer technologies and techniques, which constantly
change the reference standards and evidence for disease
treatment.

REFERENCES
1
2
3

5

6

7

8
9

10

CONCLUSION
Laparoscopic surgery in the treatment of gastric cancer
is a relatively new technique that is beginning to enjoy
worldwide popularity. In the Far East, LADG is practiced
on a large scale, owing mainly to the high incidence of
early stage gastric cancer and the high percentage of distal gastric tumours in these geographical areas. Concrete
evidence is now being acquired to support its advantages over its open counterpart and long-term oncologic

WJG|www.wjgnet.com

11

14288

Santoro E. The history of gastric cancer: legends and chronicles. Gastric Cancer 2005; 8: 71-74 [PMID: 15864712 DOI:
10.1007/s10120-005-0325-8]
Kitano S, Iso Y, Moriyama M, Sugimachi K. Laparoscopyassisted Billroth I gastrectomy. Surg Laparosc Endosc 1994; 4:
146-148 [PMID: 8180768]
Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide
incidence of eighteen major cancers in 1985. Int J Cancer 1993;
54: 594-606 [PMID: 8514451]
Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Noguchi Y, Yoshikawa T, Tsuburaya A, Motohashi H, Karpeh MS, Brennan MF. Is gastric carcinoma different between
Japan and the United States? Cancer 2000; 89: 2237-2246
[PMID: 11147594]
Strong VE, Song KY, Park CH, Jacks LM, Gonen M, Shah
M, Coit DG, Brennan MF. Comparison of gastric cancer
survival following R0 resection in the United States and
Korea using an internationally validated nomogram. Ann
Surg 2010; 251: 640-646 [PMID: 20224369 DOI: 10.1097/
SLA.0b013e3181d3d29b]
Strong VE, Song KY, Park CH, Jacks LM, Gonen M, Shah
MA, Coit DG, Brennan MF. Comparison of disease-specific
survival in the United States and Korea after resection for
early-stage node-negative gastric carcinoma. J Surg Oncol
2013; 107: 634-640 [PMID: 23192297 DOI: 10.1002/jso.23288]
Japanese Gastric Cancer Association. Japanese classification
of gastric carcinoma: 3rd English edition. Gastric Cancer 2011;
14: 101-112 [PMID: 21573743 DOI: 10.1007/s10120-011-0041-5]
Sobin LH, Gospodarowicz MK, Wittekind C, International
Union against Cancer. TNM classification of malignant tumours. 7th ed. West Sussex, UK: Chichester; Hoboken, NJ:
Wiley-Blackwell, 2010
Sasako M, Sano T, Yamamoto S, Kurokawa Y, Nashimoto
A, Kurita A, Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K,
Yamamura Y, Okajima K. D2 lymphadenectomy alone or
with para-aortic nodal dissection for gastric cancer. N Engl J
Med 2008; 359: 453-462 [PMID: 18669424 DOI: 10.1056/NEJMoa0707035]
Hartgrink HH, van de Velde CJ, Putter H, Bonenkamp JJ,
Klein Kranenbarg E, Songun I, Welvaart K, van Krieken JH,
Meijer S, Plukker JT, van Elk PJ, Obertop H, Gouma DJ, van
Lanschot JJ, Taat CW, de Graaf PW, von Meyenfeldt MF,
Tilanus H, Sasako M. Extended lymph node dissection for
gastric cancer: who may benefit? Final results of the randomized Dutch gastric cancer group trial. J Clin Oncol 2004; 22:

October 21, 2014|Volume 20|Issue 39|

Antonakis Pt et al . Review of laparoscopic surgery for cancer

12

13

14

15
16

17
18
19

20
21
22

23

24

2069-2077 [PMID: 15082726 DOI: 10.1200/JCO.2004.08.026]
Degiuli M, Sasako M, Ponti A; Italian Gastric Cancer Study
Group. Morbidity and mortality in the Italian Gastric Cancer
Study Group randomized clinical trial of D1 versus D2 resection for gastric cancer. Br J Surg 2010; 97: 643-649 [PMID:
20186890 DOI: 10.1002/bjs.6936]
Ajani JA, Bentrem DJ, Besh S, D’Amico TA, Das P, Denlinger
C, Fakih MG, Fuchs CS, Gerdes H, Glasgow RE, Hayman JA,
Hofstetter WL, Ilson DH, Keswani RN, Kleinberg LR, Korn
WM, Lockhart AC, Meredith K, Mulcahy MF, Orringer MB,
Posey JA, Sasson AR, Scott WJ, Strong VE, Varghese TK,
Warren G, Washington MK, Willett C, Wright CD, McMillian NR, Sundar H. Gastric cancer, version 2.2013: featured
updates to the NCCN Guidelines. J Natl Compr Canc Netw
2013; 11: 531-546 [PMID: 23667204]
Okines A, Verheij M, Allum W, Cunningham D, Cervantes
A. Gastric cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2010; 21 Suppl 5:
v50-v54 [PMID: 20555102 DOI: 10.1093/annonc/mdq164]
Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2010 (ver. 3). Gastric Cancer 2011; 14:
113-123 [PMID: 21573742 DOI: 10.1007/s10120-011-0042-4]
Krijnen P, den Dulk M, Meershoek-Klein Kranenbarg E,
Jansen-Landheer ML, van de Velde CJ. Improved survival
after resectable non-cardia gastric cancer in The Netherlands:
the importance of surgical training and quality control. Eur J
Surg Oncol 2009; 35: 715-720 [PMID: 19144490 DOI: 10.1016/
j.ejso.2008.12.008]
Guggenheim DE, Shah MA. Gastric cancer epidemiology
and risk factors. J Surg Oncol 2013; 107: 230-236 [PMID:
23129495 DOI: 10.1002/jso.23262]
Etoh T, Shiraishi N, Kitano S. Current trends of laparoscopic
gastrectomy for gastric cancer in Japan. Asian J Endosc Surg
2009; 2: 18-23 [DOI: 10.1111/j.1758-5910.2009.00003.x]
Yasunaga H, Horiguchi H, Kuwabara K, Matsuda S, Fushimi
K, Hashimoto H, Ayanian JZ. Outcomes after laparoscopic
or open distal gastrectomy for early-stage gastric cancer: a
propensity-matched analysis. Ann Surg 2013; 257: 640-646
[PMID: 23023204 DOI: 10.1097/SLA.0b013e31826fd541]
Yang HK, Suh YS, Lee HJ. Minimally invasive approaches
for gastric cancer-Korean experience. J Surg Oncol 2013; 107:
277-281 [PMID: 22806494 DOI: 10.1002/jso.23179]
Strong VE, Devaud N, Karpeh M. The role of laparoscopy
for gastric surgery in the West. Gastric Cancer 2009; 12:
127-131 [PMID: 19890691 DOI: 10.1007/s10120-008-0516-1]
Rodríguez Santiago JM, Clemares M, Roig-Garcia J, Asensio
JI, Feliu X, Toscano E, Resa J, Targarona E, Ibáñez-Aguirre
J, Castell J, Sanfeliu G, Sánchez Cano JJ, Ramón JM, Del
Olmo MF, Gutiérrez A, Arteaga J, Vázquez J, Mozos FL,
Vallejo FM. [Gastric cancer and laparoscopy: analysis of data
from the national register of laparoscopic gastric surgery].
Cir Esp 2009; 85: 280-286 [PMID: 19371864 DOI: 10.1016/
j.ciresp.2008.10.009]
Brar S, Law C, McLeod R, Helyer L, Swallow C, Paszat L, Seevaratnam R, Cardoso R, Dixon M, Mahar A, Lourenco LG,
Yohanathan L, Bocicariu A, Bekaii-Saab T, Chau I, Church
N, Coit D, Crane CH, Earle C, Mansfield P, Marcon N, Miner
T, Noh SH, Porter G, Posner MC, Prachand V, Sano T, van
de Velde C, Wong S, Coburn N. Defining surgical quality
in gastric cancer: a RAND/UCLA appropriateness study.
J Am Coll Surg 2013; 217: 347-357.e1 [PMID: 23664139 DOI:
10.1016/j.jamcollsurg.2013.01.067]
Lutz MP, Zalcberg JR, Ducreux M, Ajani JA, Allum W, Aust
D, Bang YJ, Cascinu S, Hölscher A, Jankowski J, Jansen EP,
Kisslich R, Lordick F, Mariette C, Moehler M, Oyama T, Roth
A, Rueschoff J, Ruhstaller T, Seruca R, Stahl M, Sterzing F,
van Cutsem E, van der Gaast A, van Lanschot J, Ychou M,
Otto F. Highlights of the EORTC St. Gallen International
Expert Consensus on the primary therapy of gastric, gastroesophageal and oesophageal cancer - differential treatment

WJG|www.wjgnet.com

25

26

27

28

29

30

31

32

33

34

35

36

14289

strategies for subtypes of early gastroesophageal cancer. Eur
J Cancer 2012; 48: 2941-2953 [PMID: 22921186 DOI: 10.1016/
j.ejca.2012.07.029]
Suh YS, Han DS, Kong SH, Kwon S, Shin CI, Kim WH,
Kim HH, Lee HJ, Yang HK. Laparoscopy-assisted pyloruspreserving gastrectomy is better than laparoscopy-assisted
distal gastrectomy for middle-third early gastric cancer.
Ann Surg 2014; 259: 485-493 [PMID: 23652333 DOI: 10.1097/
SLA.0b013e318294d142]
Lee HJ, Shiraishi N, Kim HH, Hiki N, Uyama I, Choi SH,
Yang HK, Kitano S. Standard of practice on laparoscopic gastric cancer surgery in Korea and Japan: experts’ survey. Asian
J Endosc Surg 2012; 5: 5-11 [PMID: 22776335 DOI: 10.1111/
j.1758-5910.2011.00111.x]
Kanaji S, Harada H, Nakayama S, Yasuda T, Oshikiri T,
Kawasaki K, Yamamoto M, Imanishi T, Nakamura T, Suzuki S, Tanaka K, Fujino Y, Tominaga M, Kakeji Y. Surgical
outcomes in the newly introduced phase of intracorporeal
anastomosis following laparoscopic distal gastrectomy is
safe and feasible compared with established procedures of
extracorporeal anastomosis. Surg Endosc 2014; 28: 1250-1255
[PMID: 24232135 DOI: 10.1007/s00464-013-3315-7]
Lee SW, Tanigawa N, Nomura E, Tokuhara T, Kawai M, Yokoyama K, Hiramatsu M, Okuda J, Uchiyama K. Benefits of
intracorporeal gastrointestinal anastomosis following laparoscopic distal gastrectomy. World J Surg Oncol 2012; 10: 267
[PMID: 23232031 DOI: 10.1186/1477-7819-10-267]
Kim DG, Choi YY, An JY, Kwon IG, Cho I, Kim YM, Bae JM,
Song MG, Noh SH. Comparing the short-term outcomes of totally intracorporeal gastroduodenostomy with extracorporeal
gastroduodenostomy after laparoscopic distal gastrectomy
for gastric cancer: a single surgeon’s experience and a rapid
systematic review with meta-analysis. Surg Endosc 2013; 27:
3153-3161 [PMID: 23494509 DOI: 10.1007/s00464-013-2869-8]
Kitano S, Shiraishi N, Fujii K, Yasuda K, Inomata M, Adachi Y. A randomized controlled trial comparing open vs
laparoscopy-assisted distal gastrectomy for the treatment
of early gastric cancer: an interim report. Surgery 2002; 131:
S306-S311 [PMID: 11821829]
Hayashi H, Ochiai T, Shimada H, Gunji Y. Prospective randomized study of open versus laparoscopy-assisted distal
gastrectomy with extraperigastric lymph node dissection for
early gastric cancer. Surg Endosc 2005; 19: 1172-1176 [PMID:
16132323 DOI: 10.1007/s00464-004-8207-4]
Huscher CG, Mingoli A, Sgarzini G, Sansonetti A, Di Paola
M, Recher A, Ponzano C. Laparoscopic versus open subtotal
gastrectomy for distal gastric cancer: five-year results of a
randomized prospective trial. Ann Surg 2005; 241: 232-237
[PMID: 15650632]
Lee JH, Han HS, Lee JH. A prospective randomized study
comparing open vs laparoscopy-assisted distal gastrectomy
in early gastric cancer: early results. Surg Endosc 2005; 19:
168-173 [PMID: 15580441 DOI: 10.1007/s00464-004-8808-y]
Kim YW, Yoon HM, Yun YH, Nam BH, Eom BW, Baik YH,
Lee SE, Lee Y, Kim YA, Park JY, Ryu KW. Long-term outcomes of laparoscopy-assisted distal gastrectomy for early
gastric cancer: result of a randomized controlled trial (COACT 0301). Surg Endosc 2013; 27: 4267-4276 [PMID: 23793805
DOI: 10.1007/s00464-013-3037-x]
Kim HH, Hyung WJ, Cho GS, Kim MC, Han SU, Kim
W, Ryu SW, Lee HJ, Song KY. Morbidity and mortality of laparoscopic gastrectomy versus open gastrectomy
for gastric cancer: an interim report--a phase III multicenter, prospective, randomized Trial (KLASS Trial). Ann
Surg 2010; 251: 417-420 [PMID: 20160637 DOI: 10.1097/
SLA.0b013e3181cc8f6b]
Takiguchi S, Fujiwara Y, Yamasaki M, Miyata H, Nakajima
K, Sekimoto M, Mori M, Doki Y. Laparoscopy-assisted distal
gastrectomy versus open distal gastrectomy. A prospective randomized single-blind study. World J Surg 2013; 37:

October 21, 2014|Volume 20|Issue 39|

Antonakis Pt et al . Review of laparoscopic surgery for cancer

37

38
39
40

41
42

43

44

45

46

47

48

49

50

51

2379-2386 [PMID: 23783252 DOI: 10.1007/s00268-013-2121-7]
Nakamura K, Katai H, Mizusawa J, Yoshikawa T, Ando M,
Terashima M, Ito S, Takagi M, Takagane A, Ninomiya M,
Fukushima N, Sasako M. A phase III study of laparoscopy-assisted versus open distal gastrectomy with nodal dissection for
clinical stage IA/IB gastric Cancer (JCOG0912). Jpn J Clin Oncol
2013; 43: 324-327 [PMID: 23275644 DOI: 10.1093/jjco/hys220]
Lee J, Kim W. Clinical experience of 528 laparoscopic gastrectomies on gastric cancer in a single institution. Surgery 2013;
153: 611-618 [PMID: 23294878 DOI: 10.1016/j.surg.2012.10.019]
Rosin D, Goldes Y, Bar Zakai B, Shabtai M, Ayalon A, Zmora O. Laparoscopic subtotal gastrectomy for gastric cancer.
JSLS 2009; 13: 318-322 [PMID: 19793469]
Strong VE, Devaud N, Allen PJ, Gonen M, Brennan MF, Coit
D. Laparoscopic versus open subtotal gastrectomy for adenocarcinoma: a case-control study. Ann Surg Oncol 2009; 16:
1507-1513 [PMID: 19347407 DOI: 10.1245/s10434-009-0386-8]
Grantcharov TP, Kehlet H. Laparoscopic gastric surgery in an
enhanced recovery programme. Br J Surg 2010; 97: 1547-1551
[PMID: 20665480 DOI: 10.1002/bjs.7184]
Pugliese R, Maggioni D, Sansonna F, Costanzi A, Ferrari
GC, Di Lernia S, Magistro C, De Martini P, Pugliese F. Subtotal gastrectomy with D2 dissection by minimally invasive
surgery for distal adenocarcinoma of the stomach: results
and 5-year survival. Surg Endosc 2010; 24: 2594-2602 [PMID:
20414682 DOI: 10.1007/s00464-010-1014-1]
Xuan Y, Hur H, Byun CS, Han SU, Cho YK. Efficacy of intraoperative gastroscopy for tumor localization in totally
laparoscopic distal gastrectomy for cancer in the middle
third of the stomach. Surg Endosc 2013; 27: 4364-4370 [PMID:
23780327 DOI: 10.1007/s00464-013-3042-0]
Kim HI, Hyung WJ, Lee CR, Lim JS, An JY, Cheong JH, Choi
SH, Noh SH. Intraoperative portable abdominal radiograph
for tumor localization: a simple and accurate method for laparoscopic gastrectomy. Surg Endosc 2011; 25: 958-963 [PMID:
20725742 DOI: 10.1007/s00464-010-1288-3]
Kanaya S, Kawamura Y, Kawada H, Iwasaki H, Gomi T, Satoh S, Uyama I. The delta-shaped anastomosis in laparoscopic distal gastrectomy: analysis of the initial 100 consecutive
procedures of intracorporeal gastroduodenostomy. Gastric
Cancer 2011; 14: 365-371 [PMID: 21573920 DOI: 10.1007/
s10120-011-0054-0]
Jeong SH, Lee YJ, Choi WJ, Paik WY, Jeong CY, Park ST,
Choi SK, Hong SC, Jung EJ, Joo YT, Ha WS. Trans-vaginal
specimen extraction following totally laparoscopic subtotal
gastrectomy in early gastric cancer. Gastric Cancer 2011; 14:
91-96 [PMID: 21264485 DOI: 10.1007/s10120-011-0006-8]
Kim YW, Baik YH, Yun YH, Nam BH, Kim DH, Choi IJ, Bae
JM. Improved quality of life outcomes after laparoscopy-assisted distal gastrectomy for early gastric cancer: results of a prospective randomized clinical trial. Ann Surg 2008; 248: 721-727
[PMID: 18948798 DOI: 10.1097/SLA.0b013e318185e62e]
Viñuela EF, Gonen M, Brennan MF, Coit DG, Strong VE.
Laparoscopic versus open distal gastrectomy for gastric cancer: a meta-analysis of randomized controlled trials and highquality nonrandomized studies. Ann Surg 2012; 255: 446-456
[PMID: 22330034 DOI: 10.1097/SLA.0b013e31824682f4]
Zeng YK, Yang ZL, Peng JS, Lin HS, Cai L. Laparoscopyassisted versus open distal gastrectomy for early gastric cancer: evidence from randomized and nonrandomized clinical trials. Ann Surg 2012; 256: 39-52 [PMID: 22664559 DOI:
10.1097/SLA.0b013e3182583e2e]
Jiang L, Yang KH, Guan QL, Cao N, Chen Y, Zhao P,
Chen YL, Yao L. Laparoscopy-assisted gastrectomy versus
open gastrectomy for resectable gastric cancer: an update
meta-analysis based on randomized controlled trials. Surg
Endosc 2013; 27: 2466-2480 [PMID: 23361259 DOI: 10.1007/
s00464-012-2758-6]
Wang Y, Wang S, Huang ZQ, Chou WP. Meta-analysis of
laparoscopy assisted distal gastrectomy and conventional

WJG|www.wjgnet.com

52

53

54

55

56

57

58

59
60
61

62

63
64

65

66

14290

open distal gastrectomy for EGC. Surgeon 2014; 12: 53-58
[PMID: 23806307 DOI: 10.1016/j.surge.2013.03.006]
Memon MA, Khan S, Yunus RM, Barr R, Memon B. Metaanalysis of laparoscopic and open distal gastrectomy for
gastric carcinoma. Surg Endosc 2008; 22: 1781-1789 [PMID:
18437472 DOI: 10.1007/s00464-008-9925-9]
Kurokawa Y, Katai H, Fukuda H, Sasako M; Gastric Cancer
Surgical Study Group of the Japan Clinical Oncology Group.
Phase II study of laparoscopy-assisted distal gastrectomy
with nodal dissection for clinical stage I gastric cancer: Japan Clinical Oncology Group Study JCOG0703. Jpn J Clin
Oncol 2008; 38: 501-503 [PMID: 18586666 DOI: 10.1093/jjco/
hyn055]
Kim HH, Han SU, Kim MC, Hyung WJ, Kim W, Lee HJ,
Ryu SW, Cho GS, Kim CY, Yang HK, Park do J, Song KY,
Lee SI, Ryu SY, Lee JH. Prospective randomized controlled
trial (phase III) to comparing laparoscopic distal gastrectomy
with open distal gastrectomy for gastric adenocarcinoma
(KLASS 01). J Korean Surg Soc 2013; 84: 123-130 [PMID:
23396494 DOI: 10.4174/jkss.2013.84.2.123]
Etoh T, Inomata M, Shiraishi N, Kitano S. Minimally invasive approaches for gastric cancer-Japanese experiences. J
Surg Oncol 2013; 107: 282-288 [PMID: 22504947 DOI: 10.1002/
jso.23128]
Cai J, Wei D, Gao CF, Zhang CS, Zhang H, Zhao T. A prospective randomized study comparing open versus laparoscopy-assisted D2 radical gastrectomy in advanced gastric
cancer. Dig Surg 2011; 28: 331-337 [PMID: 21934308 DOI:
10.1159/000330782]
Martínez-Ramos D, Miralles-Tena JM, Cuesta MA, EscrigSos J, Van der Peet D, Hoashi JS, Salvador-Sanchís JL. Laparoscopy versus open surgery for advanced and resectable
gastric cancer: a meta-analysis. Rev Esp Enferm Dig 2011; 103:
133-141 [PMID: 21434716]
Lee JH, Son SY, Lee CM, Ahn SH, Park do J, Kim HH. Morbidity and mortality after laparoscopic gastrectomy for advanced gastric cancer: results of a phase II clinical trial. Surg
Endosc 2013; 27: 2877-2885 [PMID: 23404155 DOI: 10.1007/
s00464-013-2848-0]
Lee HJ, Yang HK. Laparoscopic gastrectomy for gastric
cancer. Dig Surg 2013; 30: 132-141 [PMID: 23867590 DOI:
10.1159/000350884]
Kodera Y. Surgery for gastric cancer: has the East versus
West issue been solved? Dig Surg 2013; 30: 92-95 [PMID:
23867584 DOI: 10.1159/000350883]
Jeong O, Park YK. Clinicopathological features and surgical
treatment of gastric cancer in South Korea: the results of 2009
nationwide survey on surgically treated gastric cancer patients. J Gastric Cancer 2011; 11: 69-77 [PMID: 22076206 DOI:
10.5230/jgc.2011.11.2.69]
Sano T, Yamamoto S, Sasako M; Japan Clinical Oncology
Group Study LCOG 0110-MF. Randomized controlled trial
to evaluate splenectomy in total gastrectomy for proximal
gastric carcinoma: Japan clinical oncology group study JCOG
0110-MF. Jpn J Clin Oncol 2002; 32: 363-364 [PMID: 12417603]
Kitano S. Laparoscopic Gastrectomy for Cancer: Standard
Techniques and Clinical Evidences. Tokyo: Springer Japan,
2012
Dulucq JL, Wintringer P, Perissat J, Mahajna A. Completely
laparoscopic total and partial gastrectomy for benign and
malignant diseases: a single institute’s prospective analysis.
J Am Coll Surg 2005; 200: 191-197 [PMID: 15664093 DOI:
10.1016/j.jamcollsurg.2004.10.004]
Huscher CG, Mingoli A, Sgarzini G, Brachini G, Binda B, Di
Paola M, Ponzano C. Totally laparoscopic total and subtotal
gastrectomy with extended lymph node dissection for early
and advanced gastric cancer: early and long-term results of a
100-patient series. Am J Surg 2007; 194: 839-44; discussion 844
[PMID: 18005781 DOI: 10.1016/j.amjsurg.2007.08.037]
Jeong GA, Cho GS, Kim HH, Lee HJ, Ryu SW, Song KY.

October 21, 2014|Volume 20|Issue 39|

Antonakis Pt et al . Review of laparoscopic surgery for cancer

67

68

69

70

71

72

73

74

75

76

77

78

Laparoscopy-assisted total gastrectomy for gastric cancer: a
multicenter retrospective analysis. Surgery 2009; 146: 469-474
[PMID: 19715803 DOI: 10.1016/j.surg.2009.03.023]
Shinohara T, Kanaya S, Taniguchi K, Fujita T, Yanaga K,
Uyama I. Laparoscopic total gastrectomy with D2 lymph
node dissection for gastric cancer. Arch Surg 2009; 144:
1138-1142 [PMID: 20026832 DOI: 10.1001/archsurg.2009.223]
LaFemina J, Viñuela EF, Schattner MA, Gerdes H, Strong
VE. Esophagojejunal reconstruction after total gastrectomy
for gastric cancer using a transorally inserted anvil delivery
system. Ann Surg Oncol 2013; 20: 2975-2983 [PMID: 23584558
DOI: 10.1245/s10434-013-2978-6]
Wang W, Li Z, Tang J, Wang M, Wang B, Xu Z. Laparoscopic
versus open total gastrectomy with D2 dissection for gastric
cancer: a meta-analysis. J Cancer Res Clin Oncol 2013; 139:
1721-1734 [PMID: 23990014 DOI: 10.1007/s00432-013-1462-9]
Haverkamp L, Weijs TJ, van der Sluis PC, van der Tweel I,
Ruurda JP, van Hillegersberg R. Laparoscopic total gastrectomy versus open total gastrectomy for cancer: a systematic
review and meta-analysis. Surg Endosc 2013; 27: 1509-1520
[PMID: 23263644 DOI: 10.1007/s00464-012-2661-1]
Chen K, Xu XW, Zhang RC, Pan Y, Wu D, Mou YP. Systematic review and meta-analysis of laparoscopy-assisted and
open total gastrectomy for gastric cancer. World J Gastroenterol 2013; 19: 5365-5376 [PMID: 23983442 DOI: 10.3748/wjg.
v19.i32.5365]
Kim MC, Jung GJ, Kim HH. Learning curve of laparoscopyassisted distal gastrectomy with systemic lymphadenectomy for early gastric cancer. World J Gastroenterol 2005; 11:
7508-7511 [PMID: 16437724]
Jin SH, Kim DY, Kim H, Jeong IH, Kim MW, Cho YK, Han
SU. Multidimensional learning curve in laparoscopy-assisted
gastrectomy for early gastric cancer. Surg Endosc 2007; 21:
28-33 [PMID: 16960676 DOI: 10.1007/s00464-005-0634-3]
Kunisaki C, Makino H, Yamamoto N, Sato T, Oshima T,
Nagano Y, Fujii S, Akiyama H, Otsuka Y, Ono HA, Kosaka
T, Takagawa R, Shimada H. Learning curve for laparoscopyassisted distal gastrectomy with regional lymph node dissection for early gastric cancer. Surg Laparosc Endosc Percutan
Tech 2008; 18: 236-241 [PMID: 18574408 DOI: 10.1097/
SLE.0b013e31816aa13f]
Yoo CH, Kim HO, Hwang SI, Son BH, Shin JH, Kim H.
Short-term outcomes of laparoscopic-assisted distal gastrectomy for gastric cancer during a surgeon’s learning curve
period. Surg Endosc 2009; 23: 2250-2257 [PMID: 19172352
DOI: 10.1007/s00464-008-0315-0]
Kang SY, Lee SY, Kim CY, Yang DH. Comparison of Learning Curves and Clinical Outcomes between Laparoscopyassisted Distal Gastrectomy and Open Distal Gastrectomy.
J Gastric Cancer 2010; 10: 247-253 [PMID: 22076193 DOI:
10.5230/jgc.2010.10.4.247]
Nunobe S, Hiki N, Tanimura S, Nohara K, Sano T, Yamaguchi T. The clinical safety of performing laparoscopic gastrectomy for gastric cancer by trainees after sufficient experience
in assisting. World J Surg 2013; 37: 424-429 [PMID: 23052817
DOI: 10.1007/s00268-012-1827-2]
Ichikawa D, Komatsu S, Kubota T, Okamoto K, Deguchi K,
Tamai H, Obayashi T, Kitagawa K, Soga K, Inoue K, Yamaoka N, Imanishi T, Hagiwara A, Otsuji E. Effect of hospital
volume on long-term outcomes of laparoscopic gastrectomy

79

80
81

82

83

84

85

86

87

88

89

for clinical stage I gastric cancer. Anticancer Res 2013; 33:
5165-5170 [PMID: 24222165]
Dixon M, Mahar A, Paszat L, McLeod R, Law C, Swallow C,
Helyer L, Seeveratnam R, Cardoso R, Bekaii-Saab T, Chau I,
Church N, Coit D, Crane CH, Earle C, Mansfield P, Marcon N,
Miner T, Noh SH, Porter G, Posner MC, Prachand V, Sano
T, Van de Velde CJ, Wong S, Coburn N. What provider volumes and characteristics are appropriate for gastric cancer
resection? Results of an international RAND/UCLA expert
panel. Surgery 2013; 154: 1100-1109 [PMID: 24075275 DOI:
10.1016/j.surg.2013.05.021]
de Steur WO, Dikken JL, Hartgrink HH. Lymph node dissection in resectable advanced gastric cancer. Dig Surg 2013;
30: 96-103 [PMID: 23867585 DOI: 10.1159/000350873]
Mori T, Kimura T, Kitajima M. Skill accreditation system
for laparoscopic gastroenterologic surgeons in Japan. Minim
Invasive Ther Allied Technol 2010; 19: 18-23 [PMID: 20095893
DOI: 10.3109/13645700903492969]
Heemskerk J, van Gemert WG, de Vries J, Greve J, Bouvy
ND. Learning curves of robot-assisted laparoscopic surgery
compared with conventional laparoscopic surgery: an experimental study evaluating skill acquisition of robot-assisted
laparoscopic tasks compared with conventional laparoscopic
tasks in inexperienced users. Surg Laparosc Endosc Percutan Tech 2007; 17: 171-174 [PMID: 17581459 DOI: 10.1097/
SLE.0b013e31805b8346]
Song J, Oh SJ, Kang WH, Hyung WJ, Choi SH, Noh SH.
Robot-assisted gastrectomy with lymph node dissection for
gastric cancer: lessons learned from an initial 100 consecutive
procedures. Ann Surg 2009; 249: 927-932 [PMID: 19474671
DOI: 10.1097/01.sla.0000351688.64999.73]
Yoon HM, Kim YW, Lee JH, Ryu KW, Eom BW, Park JY,
Choi IJ, Kim CG, Lee JY, Cho SJ, Rho JY. Robot-assisted total
gastrectomy is comparable with laparoscopically assisted total gastrectomy for early gastric cancer. Surg Endosc 2012; 26:
1377-1381 [PMID: 22083338 DOI: 10.1007/s00464-011-2043-0]
Kim MC, Heo GU, Jung GJ. Robotic gastrectomy for gastric cancer: surgical techniques and clinical merits. Surg
Endosc 2010; 24: 610-615 [PMID: 19688399 DOI: 10.1007/
s00464-009-0618-9]
Anderson C, Ellenhorn J, Hellan M, Pigazzi A. Pilot series of robot-assisted laparoscopic subtotal gastrectomy
with extended lymphadenectomy for gastric cancer. Surg
Endosc 2007; 21: 1662-1666 [PMID: 17345142 DOI: 10.1007/
s00464-007-9266-0]
Huang KH, Lan YT, Fang WL, Chen JH, Lo SS, Hsieh MC, Li
AF, Chiou SH, Wu CW. Initial experience of robotic gastrectomy and comparison with open and laparoscopic gastrectomy for gastric cancer. J Gastrointest Surg 2012; 16: 1303-1310
[PMID: 22450954 DOI: 10.1007/s11605-012-1874-x]
D’Annibale A, Pende V, Pernazza G, Monsellato I, Mazzocchi P, Lucandri G, Morpurgo E, Contardo T, Sovernigo G.
Full robotic gastrectomy with extended (D2) lymphadenectomy for gastric cancer: surgical technique and preliminary
results. J Surg Res 2011; 166: e113-e120 [PMID: 21227455 DOI:
10.1016/j.jss.2010.11.881]
Marano A, Choi YY, Hyung WJ, Kim YM, Kim J, Noh SH.
Robotic versus Laparoscopic versus Open Gastrectomy:
A Meta-Analysis. J Gastric Cancer 2013; 13: 136-148 [PMID:
24156033 DOI: 10.5230/jgc.2013.13.3.136]
P- Reviewer: Kuper MA, Spinoglio G, Zheng B
S- Editor: Ma YJ L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

14291

October 21, 2014|Volume 20|Issue 39|

World J Gastroenterol 2014 October 21; 20(39): 14292-14300
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i39.14292

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (15): Laparoscopic resection of gastrointestinal

Endoscopic ultrasound guided fine needle aspiration and
useful ancillary methods
Mario Tadic, Tajana Stoos-Veic, Rajko Kusec
Mario Tadic, Department of Gastroenterology, Dubrava University Hospital Zagreb, University of Zagreb, Faculty of Pharmacy and Biochemistry, 10040 Zagreb, Croatia
Tajana Stoos-Veic, Department of Pathology and Cytology,
Dubrava University Hospital Zagreb, 10040 Zagreb, Croatia
Rajko Kusec, Division of molecular diagnostics and genetics,
Dubrava University Hospital Zagreb, University of Zagreb,
School of Medicine, 10040 Zagreb, Croatia
Author contributions: Tadic M, Stoos-Veic T and Kusec R contributed equally to the concept and design, drafting and revising of
the article and have approved the final version of the manuscript.
Correspondence to: Mario Tadic, MD, PhD, Assistant Professor, Department of Gastroenterology, Dubrava University
Hospital Zagreb, University of Zagreb, Faculty of Pharmacy
and Biochemistry, Av. Gojka Suska 6, 10040 Zagreb,
Croatia. mtadic1@gmail.com
Telephone: +385-1-2902550 Fax: +385-1-2902550
Received: November 28, 2013 Revised: June 25, 2014
Accepted: July 11, 2014
Published online: October 21, 2014

performed. This is a multi-step process and could be
quite a challenge in some cases. In this article, we
discuss the technical aspects of tissue acquisition by
EUS-guided-FNA (EUS-FNA), as well as the role of an
on-site cytopathologist, various means of specimen
processing, and the selection of the appropriate ancillary method for providing an accurate tissue diagnosis
and maximizing the yield of this method. The main
goal of this review is to alert endosonographers, not
only to the different possibilities of tissue acquisition,
namely EUS-FNA, but also to bring to their attention
the importance of proper sample processing in the
evaluation of various lesions in the gastrointestinal
tract and other accessible organs. All aspects of tissue
acquisition (needles, suction, use of stylet, complications, etc .) have been well discussed lately. Adequate
tissue samples enable comprehensive diagnoses,
which answer the main clinical questions, thus enabling targeted therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
The role of endoscopic ultrasound (EUS) in evaluating
pancreatic pathology has been well documented from
the beginning of its clinical use. High spatial resolution
and the close proximity to the evaluated organs within
the mediastinum and abdominal cavity allow detection
of small focal lesions and precise tissue acquisition
from suspected lesions within the reach of this method. Fine needle aspiration (FNA) is considered of additional value to EUS and is performed to obtain tissue
diagnosis. Tissue acquisition from suspected lesions
for cytological or histological analysis allows, not only
the differentiation between malignant and non-malignant lesions, but, in most cases, also the accurate
distinction between the various types of malignant lesions. It is well documented that the best results are
achieved only if an adequate sample is obtained for
further analysis, if the material is processed in an appropriate way, and if adequate ancillary methods are
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Key words: Endoscopic ultrasound; Endoscopic ultrasound-guided fine needle aspiration; Endoscopic ultrasound-guided tissue acquisition; Fine needle aspiration
cytology; Ancillary studies; Molecular testing; Flow
cytometry immunophenotyping
Core tip: All aspects of endoscopic ultrasound tissue
acquisition have been well discussed in recent studies. In addition to discussions about important factors
that impact tissue acquisition, in this article we have
highlighted the methods of ancillary testing needed
to satisfy the growing demands of precision medicine
standards. Adequate tissue samples and appropriate
ancillary testing enable comprehensive diagnosis, and
answer the main clinical questions, thus enabling targeted therapy.
Tadic M, Stoos-Veic T, Kusec R. Endoscopic ultrasound guided
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INTRODUCTION
Endoscopic ultrasound guided fine needle aspiration
(EUS-FNA) is an effective and widespread method
for the procurement of pancreatic tissue and, as such,
is capable of providing an accurate preoperative diagnosis. EUS-FNA is also the method of choice for the
evaluation of mural lesions of the gastrointestinal tract
and deep seated structures, such as mediastinal lesions,
lymph nodes, liver, spleen and suprarenal glands. It has
become very important to accurately determine the type
of tumor, to precisely differentiate between primary
tumors and metastases, and to identify potentially actionable genetic mutations in order to tailor an adequate
therapeutic approach. The novel treatment protocols
and application of chemotherapeutic agents are often
based on the molecular markers present in the tumor tissue, where classic cytological or histological analyses fail
to provide necessary information for further treatment
decisions, especially important for neo-adjuvant chemotherapy. Therefore, there is a growing demand to obtain
sufficient amounts of tissue samples from suspected
lesions for further analyses, or for the procurement of
core tissue for histological analysis, if necessary.

TECHNICAL ASPECTS OF EUS-GUIDED
TISSUE ACQUISITION
Needles
Several types of needles for EUS-FNA are present on
the market, and there is an abundance of recently published high quality references addressing this important
issue. EUS-FNA can be performed using 25-gauge (G),
22-G or 19-G needles. Similar diagnostic yields are reported for all types of needles[1-6]. The most widely used
needle for EUS-FNA is the 22-G needle. Thinner and
more flexible, the 25-G needle should have better performance for targeting the uncinate process and for the
transduodenal approach to the pancreatic head. Still, no
significant difference in the diagnostic accuracy has been
described[6-8]. The flexibility of the needle is especially
important in locations where the scope needs to be bent
to target the lesion. However, only one study of 24 patients documented a better technical success rate of the
25-G needle but the study evaluated only lesions located
in the uncinate process[3].
On the other hand, a randomized controlled study
of 131 patients did not show a significant difference
between the 22-G and the 25-G needle in the diagnostic
yield, the ease of targeting the lesion, malfunction of the
needle, and the complication rate[2]. A larger 19-G needle
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was developed to obtain larger amounts of material
from the lesions, but compared to the 22-G needle, the
19-G needle is stiffer and has a higher rate of technical
failure. This is seen in particular in pancreatic head lesions[3]. There is one study showing that the 19-G needle
has a higher diagnostic accuracy than the 22-G needle,
but technical failures were excluded from the calculations[3]. In a multicenter study with the novel 19-G flexible needle made of nitinol (Expect 19 G Flex, Boston
Scientific, Natick, MA, United States), there was no
significant difference in diagnostic accuracy between the
22-G and the 19-G needle, but histological core tissue
was obtained in a larger number of patients using the
19-G flexible needle[9]. A needle especially designed to
obtain core tissue for histological analysis was the Trucut
(Cook Endoscopy, Winston Salem, NC, United States)
biopsy needle. The idea about the needle was good,
but the needles had weak performance due to technical
design problems[10-12]. The ProCore (ProCore, Cook Endoscopy) needle overcame some obvious limitations of
the Trucut needle, enabling easier acquisition of the core
tissue for histological analysis due to the special design.
However, transduodenal passage still remained a challenge[13-15]. In the ProCore gamma, there are also 22-G
and the 25-G needles with the same design available.
Two groups of authors recently studied the utility of the
standard 19-G needle[16] and the 19-G flexible needle[17]
for obtaining core tissue for histological analysis. The
standard 19-G needle experienced problems with the
transduodenal approach, while the 19-G flexible needle
had no technical difficulties in the acquisition of the
specimens for histological analysis[17].
Stylet
The role of stylets should be to prevent sample contamination by cells that do not originate from the targeted
lesion. However, three different studies have not found
any advantage or disadvantage of using stylets for EUSFNA[18-20]. The procedures in which a stylet is used may
be clumsy and time-consuming. Although some authors
advocate no stylet FNAs, we find it very useful for contamination prevention in routine practice. Furthermore,
the stylet can be very useful for pushing out the sample
from the needle to the slides or into the liquid transport
medium.
Suction
Suction applied during EUS-FNA will result in acquisition of more material for further analysis, but it will also
make the specimen bloodier[21,22], thus potentially hindering the morphological tissue analysis. EUS-FNA without
suction provides specimens with less blood. Applying
suction during EUS-FNA of solid lesions was associated with a significantly higher sensitivity (86% vs 67%;
P = 0.005) in one study only[21]. Another study reported
establishing diagnoses in over 90% of patients without
applying suction[22]. For lymph node sampling, applying
suction can result in significantly bloodier samples which
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can affect the diagnostic yield of EUS-FNA[23].
Tissue acquisition
Obtaining “diagnostic” tissue by EUS-FNA may be
hindered by necrosis of the suspected lesion. Obtaining the tissue from the peripheral area of the lesion or
from multiple areas in the “fanning” way may improve
diagnostic yield. A sufficient number of passes must
be performed to provide enough material for analysis,
and in the case of failure, the procedure needs to be
repeated[24]. One study described the advantages of the
“fanning” technique in primary tumors, although these
advantages were not described regarding lymph node
sampling[25].

COMPLICATION
Tissue acquisition by endoscopic ultrasound is a safe
procedure. The reported overall complication rate ranges
from 0.3% to 2.2%. The most worrisome complication
of an FNA is tumor cell seeding. However, only three
cases of needle tract seeding following EUS-FNA have
been reported to date[26]. The major complications of
EUS tissue acquisition are infections of cystic lesions,
bleeding and acute pancreatitis[27,28]. In order to prevent
infection, prophylactic antibiotics must be considered
for EUS-FNA of cystic lesions. Intracystic bleeding is
rarely significant. A change in echogenicity of the cystic
fluid indicates intracystic bleeding. The bleeding usually
resolves spontaneously, but some medications that affect
the process of coagulation may pose problems. In order
to avoid bleeding, clopidogrel must be discontinued 7
d prior to the procedure, low molecular-weight heparin
12-24 h prior, and unfractionated heparin 6 h prior to
EUS-FNA. Aspirin does not have to be discontinued. It
is recommended to discontinue warfarin 5 d prior to the
procedure and bridge it with heparin to avoid thrombotic events in high risk patients[29]. Coagulation parameters
should be checked before the procedure.

ON-SITE CYTOPATHOLOGIST
Rapid on-site evaluation (ROSE) by attending cytopathologists undoubtedly improves the diagnostic yield of
EUS-FNA, reduces costs and decrease the number of
repeated procedures[30]. Macroscopic specimen analysis
is of limited value when performed by an endosonographer, but it may be useful for the rough assessment of
specimen adequacy. When performed by an experienced
cytopathologist [24,31], it can save time and reduce the
number of passes necessary to acquire additional tissue
after the initial ROSE. The ROSE findings and clinical
suspicions should be considered as the starting point for
the selection of further ancillary methods.

ANCILLARY METHODS
Individualized medicine and various options of targeted
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therapy in modern health care increase the demands
for molecular and other ancillary testing on small tissue specimens. Requests for minimally invasive procedures for tissue acquisition are especially emphasized
in patients with unresectable malignant diseases, and
for patients requiring neoadjuvant chemotherapy. EUSFNA is an efficient, cost-effective and minimally invasive
method for tissue acquisition with diagnostic accuracy
comparable to excisional biopsy[32].
A number of ancillary laboratory tests are routinely
employed in establishing diagnostic and prognostic factors in tissue specimens from various lesions of the gastrointestinal tract, pancreatic masses and other accessible
organs. These include microbiology, immunocyto(histo)
chemistry, flow cytometry, biochemical analyses, conventional cytogenetics and various molecular methods.
The correct choice of ancillary method often depends
on the type of aspirated sample, the quality of the specimen and the preliminary cytological diagnosis (ROSE).
It is also institution- and resource-dependent, hence, inhouse protocols and algorithms defining sample processing should be developed. The on-site cytopathologist can
serve to liaise between the laboratory and the clinician,
triage the samples and ensure optimal sample collection
and processing[33]. This approach is gaining in importance
as we witness the expanding role of cytological samples
in providing data for targeted therapy[34].
Except in the formalin-fixed, paraffin-embedded (FFPE)
histological tissue, a number of ancillary tests are also easily
performed on the EUS-guided FNA samples[27]. Specimens
can be processed in different ways depending on the laboratory set-up and the pathologist’s preference.
Most laboratories prefer at least two direct cytological smears for ROSE, one air-dried and one ethanolfixed, then rinsing of the needle for the preparation of
cell blocks (FFPE tissue). Another method of cell block
preparation is simply letting the aspirated sample clot
on the glass and then fixing it in formalin as described
by Bellizzi and Stelow[35]. Different practices, with more
direct slides made on the spot are not unusual in institutions where a cytopathologist is present on-site to make
the decision regarding specimen processing. The advantages and disadvantages of cell block preparation, and its
use, are discussed elsewhere[33,36].
Core tissue for histological diagnosis is not easily obtained from the pancreas and other deep-seated sites, as
adequate tissue sampling requires special types of needles.
Reported sensitivities and specificities are similar for FNA
and core biopsy for malignant diagnoses[13]. In addition,
formalin, as a fixative, can damage DNA for molecular
testing. Thus, EUS-FNA remains the primary means of
establishing a tissue diagnosis preoperatively, and it ensures samples for ancillary testing.
A major complaint regarding EUS-FNA is that it does
not yield enough tissue to meet the increasing demands
for ancillary (molecular) testing[33]. This drawback can be
overcome by implementing ROSE, which determines the
number of passes necessary to ensure adequate sample
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Table 1 Possible methods of sample processing
Sample types

Ancillary methods

Direct cytological smears

Cytomorphological diagnostic evaluation
ICC staining
Molecular testing (FISH)
Excellent source for isolation of good quality DNA[39,40]
IHC
Various molecular tests
Tissue storage
IHC
Molecular testing (FISH)
Flow cytometry - immunophenotyping
RNA based gene expression studies
DNA based studies[41]
RNA based gene expression studies
DNA based studies[42]
Effective RNA and DNA preservation
Not suitable for morphology[43]
Histological morphologic evaluation
IHC and molecular studies

Cell blocks (formalin-fixed, paraffin-embedded tissue)

Touch imprint slides (tumor cell rich slides made by imprinting the tumor)
Fresh aspirated specimens (especially of lymph nodes)

Fresh frozen (cryopreserved) FNA specimens
FTA cards (filter paper)
Formalin fixed paraffin embedded core tissue

FISH: Fluorescence in situ hybridization; FNA: Fine needle aspiration; ICC: Immunocytochemistry; IHC: Immunohistochemistry.

collection, processing and storage[37]. EUS-FNA has some
additional advantages, including sampling of the wider
area of the lesion. Aspirates also usually yield more tumor and less stromal cells than core biopsy[33]. The inability to assess tissue architecture, and to determine some
valuable prognostic factors, such as the number of mitoses or angioinvasion, remains a major disadvantage. The
assessment of such prognostic factors can be a problem
with small core biopsy specimens as well.
Based on the type of specimen, some tests are more
likely to be employed then others. Liquid samples from
cystic pancreatic lesions need to be evaluated macroscopically for viscosity, which can provide valuable information about the nature of the cyst. The cyst fluid is
then submitted for routine cytology, biochemical analysis, microbiology if necessary, and possibly for molecular
analysis[38]. If the fluid is thick, direct smears, instead of
cytospins, can be made for cytomorphologic evaluation.
For solid lesions, immunocytochemistry (ICC) or immunohistochemistry (IHC) are methods of choice for
the diagnosis and tumor subclassification. Cell blocks
or smears can also be submitted for molecular tests if
needed. Lymphoid tissue and liquid specimens are highly
suitable for the flow cytometry immunophenotyping.
There are several possible means of processing aspirated samples obtained by EUS-FNA for molecular and
other ancillary tests (Table 1).

BIOCHEMISTRY
The most useful addition to cytology in routine preoperative evaluation of pancreatic cystic lesions is the
biochemical measurement of enzyme levels, especially
carcinoembryonic antigen (CEA) and amylase levels[44].
The cytological analysis of cystic lesions is accurate in
diagnosing cystic pancreatic neoplasms and is currently
the only method that can accurately differentiate between
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malignant and benign cysts, as well as between various
types of benign cysts. The diagnostic yield of cytology
alone is limited because, despite a high specificity, it has
low sensitivity for detecting malignancy due to the low
cellularity of cystic lesions[45]. The measurements of CEA
and amylase levels in the cystic fluid help differentiate
serous from mucinous cysts[46]. Mucinous cysts are considered, at least, premalignant or low-grade non-invasive
neoplasms, but the distinction of mucinous cystic neoplasms (MCN) from non-mucinous cysts is not sufficient
to determine the need for operative treatment, as it was a
few years ago[47]. Cysts with a low risk of progression are
suitable for surveillance. The threshold value of 192 ng/
mL is usually found to be distinctive between mucinous
and non-mucinous cysts. CEA levels have limited value in
the subclassification of mucinous cysts[48,49], and contrary
to early studies[50], subsequent studies[51,52] have shown
that CEA levels do not discriminate between malignant
and benign mucinous cysts.
Amylase levels are usually higher in post-pancreatitis
lesions, e.g., pseudocysts, but can be elevated in mucinous
cystic neoplasm as well. Al- Rushdan[49] reports that the
measurements of amylase levels do not discriminate between the various types of MCN and intraductal papillary
mucinous neoplasms. Nevertheless, cytology, coupled
with biochemical measurements of CEA and amylase
levels in cystic fluid, is currently the best way of assessing
pancreatic cysts preoperatively. The addition of molecular studies seems promising[53,54].

IMMUNOCYTOCHEMISTRY AND
IMMUNOHISTOCHEMISTRY
A wide application of ICC and IHC on small tissue samples enables better characterization and subclassification
of tumors, which have become increasingly important
with regard to targeted therapy for malignant diseases.
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The main principle of these methods is detecting and visualizing antigens on the cell surface, cytoplasm or nucleus. The method is suitable for FFPE samples, including
excisional or small core biopsies or cell blocks obtained
during EUS-FNA. It is also routinely performed on airdried, previously unstained direct cytological smears,
cytospins or liquid based cytology preparations. ICC can
also be performed on previously stained (Papanicolaou)
and archived cytological smears.
Presently, IHC (ICC) is routinely used for the diagnosis and subtyping of various tumors, and is increasingly
used for the evaluation of prognostic factors[55,56].
While the diagnosis of pancreatic ductal adenocarcinoma does not require IHC confirmation, other solid
neoplasms, including lymphoma, neuroendocrine tumors
(NET), solid pseudo-papillary neoplasms or acinic cell
carcinoma, need IHC or ICC for the final diagnosis.
The biological behavior of pancreatic NETs cannot be
predicted by morphology alone, so proliferative markers,
such as Ki-67, have become an essential tool for grading
pancreatic NETs, which is necessary for adequate patient
management. Spindle cell submucosal gastric tumors are
another example of neoplasms which require IHC or
ICC for definitive diagnosis and grading.
Most laboratories use direct smears for ROSE, and
cell blocks for IHC and other ancillary methods. Major disadvantages of cell blocks include low cellularity,
pooled nature of the specimen, uneven distribution of
tumor cells in the block, and the lack of ROSE. Because
of these drawbacks, we should bear in mind that direct
smears and cytospins are also suitable for ICC.

FLOW CYTOMETRY
IMMUNOPHENOTYPING
Flow cytometry is a technology that simultaneously measures and then analyses multiple physical characteristics
of single particles, usually cells, as they ﬂow in a ﬂuid
stream through a laser-beam. The measured properties
include particle relative size, relative granularity or internal complexity, and relative ﬂuorescence intensity.
Immunophenotyping has become a fundamental step
in the diagnosis and subclassification of hematologic
malignancies, especially nodal and extra nodal lymphoproliferative disorders. The main advantage of the method
is the possibility of detecting a specific surface or cytoplasmatic antigen on targeted cells by applying a complete
panel of antibodies to small samples. Other applications
include DNA/RNA analysis and functional analysis (oxygenation, enzyme activity, phagocytosis, etc.).
EUS-FNA coupled with flow cytometry has become
widely used in evaluating the deep-seated lesions, especially mediastinal and retroperitoneal lymph nodes[57],
and there are several described cases of a primary lymphoma of the pancreas diagnosed by EUS- FNA and
flow cytometry[58-60]. Flow cytometry has broadened the
usefulness of EUS-FNA and increased its diagnostic
yield[55].
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CONVENTIONAL CYTOGENETICS
Conventional cytogenetics for detecting structural chromosomal abnormalities studying the whole karyotype is
not routinely used on EUS-FNA samples of pancreatic
lesions, but is used in the diagnostic algorithms of some
deep-seated soft tissue lesions and hematological malignancies. EUS-FNA can be a good tissue source for cell
cultures when needed[61].

MOLECULAR METHODS
With emerging targeted therapies for various types of
malignant diseases, there is an increased demand for
molecular testing as part of the routine diagnostic and
prognostic workup, as well as for research purposes. The
main goal is to identify any actionable genetic mutations.
EUS-FNA is a minimally invasive, highly suitable method
of tissue acquisition for molecular studies. The integrity
of DNA and RNA available from FFPE tissue is often
compromised because of the methods for tissue fixation
and storage. Although genomic studies of large archival
FFPE cohorts are critical for molecular studies, the best
material for molecular studies remains fresh tissue[62].
With improved isolation techniques, DNA isolation is
possible from paraffin-embedded tissue. Cytological material obtained by EUS-FNA provides good quality DNA
regardless of the differences in sample preparation[63]. This
is partly due to the use of nucleic acid-friendly fixatives
other than formalin[34]. FNA samples for molecular studies can be processed in different ways[33], depending on the
type of the sampled tissue (ROSE diagnosis), the laboratory resources, and the type of test needed. The choice
of ancillary method should be focused on answering the
dominant clinical questions.
Various methods of molecular analysis are employed
in the evaluation of pancreatic cysts and solid masses.
The ones most frequently used in diagnostic and prognostic workups are the polymerase chain reaction (PCR)
based techniques and fluorescence in situ hybridization
(FISH).
PCR-based DNA studies usually evaluate the kras mutational status and the loss of heterozygosity of several
markers situated on different chromosomes, particularly
in the cystic pancreatic lesions, in an attempt to increase
the diagnostic sensitivity[64,65]. After the initial enthusiasm, recent studies have reported low sensitivity for the
kras mutational analysis in cystic fluid[66]. The value of
the kras analysis in solid pancreatic masses is not as well
documented, as there are only a limited number of studies addressing the issue, and they have reported variable
results[67-69]. Salek et al[70] Studied the kras mutation, p53
and allelic loses at 9p and 18q, and have concluded that
they are not suitable prognostic markers for pancreatic
cancer. Nevertheless, the meta-analysis by Fuccio et al[71]
concluded that kras mutation analysis can be helpful in
the diagnostic workup of pancreatic lesions when there
is a limited tissue sample obtained and the diagnosis is
inconclusive. A study by Pellisé et al[72] showed increased
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sensitivity to the detection of lymph node micrometastases using hypermethylation analysis performed by methylation-specific PCR using EUS-FNA samples from the
lymph nodes of patients with various types of gastric,
intestinal and lung cancer.
RNA studies of gene expressions are presently limited to research purposes, but there are several reports analyzing RNA expression of various genes for diagnostic
expression analysis[73,74], and a report studying the preservation of the sensitive RNA molecules for future use[42].
FISH is a molecular method performed on the intact cell
nuclei and has the advantage of visualization of the cells
with the detected abnormality. There have been several
attempts to use FISH in the diagnostic workup of pancreatic lesions using probes for different markers (chromosomal polysomy, deletions, etc.). Cohorts of included
patients were usually small, so a comparison of the data
is of limited value. The main conclusion is, that in the
setting of inconclusive cytology, FISH can aid in the
diagnosis of pancreatic malignancy[64,75,76]. On the other
hand, FISH is crucial for the diagnosis and prognosis
of some tumors with well-defined chromosomal abnormalities and gene rearrangements, such as lung cancers
(including metastases), lymphomas and other tumors.
As there are no specific molecular markers identified as
yet for the specific diagnosis of solid or cystic pancreatic
masses, the research area remains wide. High-throughput
techniques look promising in finding adequate biomarkers for pancreatic neoplasms. Methods using DNA microarrays, comparative genomic hybridization and DNA
sequencing can be performed on samples obtained by
EUS-FNA, as high quality DNA can be harvested and
adequately processed[77].
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The main issue with tissue acquisition is obtaining a large
enough sample that will be able to provide a comprehensive diagnosis to satisfy the growing demands for
individualized patient management and targeted therapy
for the malignant disease. EUS-FNA remains a minimally
invasive, easy to perform, and altogether more effective
method of sampling tissue from deep-seated lesions than
any other available method. Numerous factors influence
the yield of the EUS-FNA. At present, the best results
are achieved by collaboration between a skilled endosonographer performing the EUS-FNA (tissue acquisition) and an on-site cytopathologist. The choice of the
needle and sampling technique should be up to the performing endosonographer. The preliminary cytological
diagnosis directs further action. The ROSE findings and
clinical suspicions should be taken as the starting point
for the selection of further ancillary methods. The choice
of specimen processing should be in accordance with
institutional protocols and available resources in the best
interest of optimal patient care.
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Abstract
Complete mesocolic excision is a relatively new concept
in western literature. It follows the same concept of total mesorectal excision and units’ routinely performing
complete mesocolic excisions have good pathological
results as well as good improvements in overall survival, disease free survival and local recurrence. And yet
unlike total mesorectal excision, uptake in the West has
been relatively slow with many units sceptical of the
true benefits gained by taking up a more technically
challenging and potentially more morbid procedure
when there is a paucity of literature to support these
claims. This article reviews complete mesocolic excision
for colon cancer, attempting to identify the risks and
benefits of the technique and particularly looking at
the reasons why its uptake has not been universal. It
also discusses the similarities of a complete mesocolic
excision to a colon resection with a D3 lymphadenectomy as well as the role of a laparoscopic approach to
this technique. Considering a D3 lymphadenectomy
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has been the standard of care for stage Ⅱ and Ⅲ colon cancers in many of our Asian neighbours for over
20 years, combining this data with data on complete
mesocolic excision may provide enough evidence to
support or refute the need for complete mesocolic excisions. Maybe there might be lessons to be learnt from
our colleagues in the east.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Complete mesocolic excision; Colorectal surgery; Laparoscopy; Colonic neoplasms; D3 lymphadenectomy
Core tip: In specialised units, complete mesocolic excision is shown to improve pathological parameters as
well as improve overall survival, disease free survival
and reduce local recurrence. Yet many western units
have not taken up the technique. This article explores
reasons for and against complete mesocolic excision
(CME) as well as D3 lymphadenectomy and the feasibility of laparoscopic CME.
Chow CFK, Kim SH. Laparoscopic complete mesocolic excision:
West meets East. World J Gastroenterol 2014; 20(39): 14301-14307
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i39/14301.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14301

INTRODUCTION
Since Heald published on the “Holy Plane” of rectal
cancer surgery[1], local recurrence and overall survival
have improved greatly[2-4]. Traditionally, the overall survival for rectal cancer has been significantly worse than
for colon cancer. However, since total mesorectal excision has been more broadly adopted, these figures are
now reversed in some countries[5,6].
In 2007, Hohenberger published his sentinel paper on
complete mesocolic excision (CME) with central vascular
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Figure 1 Standard right hemicolectomy. Completed standard dissection of
a right hemicolectomy with ligated ileocolic pedicle (A) and right branch of the
middle colic artery (B). Note no dissection over the superior mesenteric vein or
artery.

Figure 2 Complete mesocolic excision right hemicolectomy. complete mesocolic excision dissection of a right hemicolectomy showing the superior mesenteric vein and artery and ligated Ileocolic (A) and right branch of the middle
colic (B) pedicles.

ligation for colon cancer[7] which was then published in
English in 2009[8]. CME surgery follows similar oncological principles as total mesorectal excision does for rectal
cancer. Since CME became standard of care in Honenberger’s unit, their 5 year local recurrence rate nearly
halved from 6.5% to 3.6% and 5 year cancer related survival improved from 82.1% to 89.1%.
CME in the West is arguably a new concept[9] as traditionally oncological principles of surgery amongst Western surgeons, deemed that local control of disease dictated survival and lymphadenectomy was performed for
pathological staging purposes and prognostication, rather
than actual survival benefits[10].
In a number of countries in the East however, oncological principles of surgery are slightly different with
more emphasis being placed on lymphadenectomy. Eastern teaching feels that leaving draining lymph nodes behind potentially leaves behind residual disease which has
implications for local control and thus survival. Much
of our literature on lymph node mapping of disease has
come from Asia[11-14]. As such, a D3 extended lymphadenectomy has become the standard of care for many
oncological operations especially in Japan, Korea and a
number of other Asian countries. This extends to colonic cancer with a D3 lymphadenectomy considered the
standard of care for clinical stage Ⅱ and Ⅲ disease[15].
The concept of CME does not appear to have generated as much interest in the West as TME has done previously. One of the reasons for this might be a notion that
there is a lack of evidence to convince units to retrain
and change the surgical tradition already present. Maybe
the west should look east to broaden their horizon.

of spillage of cancer cells into the peritoneal cavity. An
intact visceral peritoneal layer is best achieved through
sharp dissection. To improve lymph node harvest, central vascular ligation of the relevant blood supply flush
with its feeding vessel is performed[7,8].
When comparing CME to current standard surgery,
for left sided resections, there realistically is not much
difference between standard surgery and CME as most
colorectal units now follow the TME principles which
aims for an intact mesocolic/mesorectal fascia and includes central vascular ligation of the inferior mesenteric
artery flush with the aorta. However, for right sided
resections, there can be quite radical differences. Even
though a high vascular tie has always been recommended, there has never been clear guidelines as to exactly
how high the vascular tie should be. Thus it has been at
the surgeons’ discretion as to where the vascular ligation
occurs and as such, it often is where it is anatomically
convenient. This is usually at the mid mesenteric level
or equivalent to taking intermediate nodes[16,17] (Figure
1). We have described our CME right hemicolectomy
in previously published papers[18,19] and this is similar to
other descriptions[20]. For a true central vascular ligation,
mobilisation of the mesocolon needs to be more radical than a standard resection, fully exposing the head of
the pancreas, the anterior surface of the SMV and SMA.
This allows accurate identification of the origins of the
ileocolic artery and vein and middle colic artery and vein
(Figure 2).

PRINCIPLES OF CME
The aim of a CME is to resect the affected colon with
its associated lymphovascular supply by taking the colon
and mesocolon in an intact envelope of visceral peritoneum. This envelope contains potentially involved lymph
nodes and by keeping it intact, aims to minimise the risk
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GRADING OF A CME
The most commonly used grading system is the one
devised for the CLASSIC trial by the medical research
council[21,22] and is based on the grading system used for
TME. Surgery is classified as being in the muscularis
propria plane (“poor”) if the plane of dissection gives
little bulk to the mesocolon and contains disruptions
extending down to the muscularis propria. The intramesocolic plane (“moderate” plane of surgery) occurs if
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the plane of dissection gives moderate bulk to the mesocolon and breaches in the mesocolon fascia do not reach
the muscularis propria. The mesocolic plane (“good”
plane of surgery) occurs when there is an intact mesocolon with a smooth, peritoneal lined surface.

WHY PERFORM A CME?
Hohenberger proposes that a CME is a more oncologically sound procedure than a standard colonic resection as it includes a more radical lymph node dissection within an intact fascial envelope to reduce risk of
tumour spread. Higher numbers of lymph nodes more
accurately stage a patient and may improve survival in its
own right[8].
Many studies have shown with a CME technique, an
improved lymph node yield can be attained. The median
number of lymph nodes across a number of studies on
CME range from 18-46[22-31]. Traditionally, many western
surgeons believe that the number of lymph nodes harvested determines prognosis but does not affect survival.
However, there are a number of studies that now show
the lymph node count regardless of positivity correlates
with survival in stage Ⅱ and Ⅲ disease[12,32,33]. Hohenberger also showed that a lymph node count of ≥ 28
was independently associated with an improved 5 year
cancer related survival (96.3% vs 90.7%; P = 0.018) in
node negative patients. Even in node positive patients,
this trend continued with 5 year cancer related survival
improving from 64.6% to 71.7% if ≥ 28 nodes were
harvested however with the smaller numbers in this
group, but did not reach statistical significance (P = 0.088).
This paper suggested that lymph node count was a good
surrogate marker for surgical quality[8].
Other studies have also shown an improved overall
survival, disease free survival and local recurrence when
CME has been compared to standard controls[33,34] with
further studies showing similarly impressive survival and
local recurrence figures[19,31].
Stage migration is also thought to play a role in the
improved survival of patients undergoing CME[35]. The
hypothesis is that a higher lymph node yield achieved
by CME may more accurately stage disease. This is particularly true for colon cancer as it has been shown that
lymph node metastases may not occur in a step wise
fashion (i.e., from paracolic to intermediate to apical
nodes) in up to 18% of patients[12,16]. More importantly in
these studies, the apical node was involved in up to 5.1%
of patients who had no other nodal disease. Thus with
standard surgery, these patients may not have received
appropriate adjuvant therapy.
Excising the mesocolon within an intact fascial envelope is also associated with improved survival in its own
right. West reported a 15% improved overall survival if
the mesocolic plane was intact in a comparison to dissection in the muscularis plane. This survival advantage
increased to 27% in stage Ⅲ disease[23]. Similarly, another
study by Bokey et al[36] showed a 15.6% improvement in
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overall 5 year survival when a standardized technique of
mobilisation along embryological planes was introduced.

WHY NOT PERFORM A CME?
The issue with CME is that performing the procedure
can be more traumatic for the patient (and maybe for
the surgeon) than a standard operation. In the original description of a CME, surgery was performed via
a laparotomy[7,8] where many centres are preferentially
performing laparoscopic surgery with its associated
benefits[37-39] as standard for colonic cancer. Operation
time on average is much longer for a CME compared
with standard surgery with reported average operation
times ranging from 150-220 min[26-30]. Longer operation
times may or may not translate to increased morbidity
but it does affect the efficiency of an operating theatre
and thus health economics in a time of increasingly tight
health budgets.
There is also the risk of complications. Being a longer
and more technically challenging operation, one may assume a higher complication rate and also the possibility
of catastrophic complications that might occur less frequently in a standard procedure. However, the literature
does not seem to support these concerns, with equivalent
major morbidity rates being reported when CME is compared to standard surgery[24,40,41] or acceptable morbidity
rates in other case series published[19,27,29,30,41,42]. One series
reported exceptionally high rates of genitourinary dysfunction in patients undergoing CME for rectosigmoid
carcinomas. When genitourinary function was formally
tested, voiding dysfunction occurred in 75.5% of patients
with 14.8% of these being permanent dysfunction. Sexual
dysfunction was even higher with 91.7% with ejaculatory
difficulty[25]. Some more unusual complications have been
reported including chyle leakage, duodenal injury and
significant vascular injury[29,42]. Our unit has also reported
cases of chyle leak post CME[19]. In our experience, chyle
leakage does not require intervention and spontaneously
resolves in a matter of days.
Sceptics may also argue that there might not be as
good a survival advantage as proposed by specialised
units. Most studies use surrogate markers for survival including lymph node count and distance from the apical
node to the tumour. In a systematic review of 22 papers
on CME, there was an overall survival (58.7% vs 53.5%),
disease free survival (77.4% vs 66.7%) and local recurrence advantage (4.5% vs 7.8%) in the CME patients,
however, the external validity of Hohenbergers paper
was questioned and when this data was excluded, survival was similar to current survival data with standard
surgery[40].

IS THE CONCEPT OF CME NEW?
Complete mesocolic excision has been called “the new
kid on the block”[9] and in western literature appears to
be a current controversy in colonic surgery[43]. Mean-
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while, in eastern countries such as Korea, a D3 lymphadenectomy for clinical stage Ⅱ and Ⅲ patients is highly
recommended for colon cancers across the country and
has been the standard of care in our institution for over
10 years.
A D3 lymphadenectomy has been recommended by
the Japanese since their first publication of the General
rules for Clinical and Pathological studies on Cancer of
the colon, rectum and anus was published in 1977[44].
They defined a D3 lymphadenectomy as resection of the
paracolic nodes, intermediate nodes and central lymph
nodes. The Chinese have also published similar recommendations in the “Chinese Standards” where lymph
node dissection must cover three groups: paracolic lymph
nodes, intermediate lymph nodes and nodes at the mesenteric root[45]. D3 lymphadenectomy resections for colon
cancer have now been widely published by the Japanese,
Chinese, Korean and Taiwanese[26-29,46,47].
In these publications, the principles of surgery follows the same oncological principles as Hohenberger
has suggested for their CME, that is, excision of the
mesocolon within an intact fascial envelope with central
vascular ligation. In Japan, a D3 lymphadenectomy has
remained the standard of care for clinical stage Ⅱ and
Ⅲ colon and rectal cancer surgery through all editions
of their General Rules[15,44].
However, is a D3 lymphadenectomy equivalent to
a CME? Theoretically, they should be equivalent procedures with the principles of both procedures being
the same. In a pathological comparison study between
specimens from Hohenberger’s unit in Erlangen and two
Japanese centres, the length from tumour to high tie was
equivalent. Rates for intact mesocolic plane were both
high as were lymph node yield but both were significantly
greater in the Erlangen specimens, however, lymph node
positivity rates was equivalent. It was postulated that the
differences between these specimens were likely related
to the technique adopted by each country. The Japanese
have previously shown that positive lymph node spread
rarely occurs beyond 10 cm from the tumour and as
such, the Japanese rarely resect more than 10 cm from
the tumour. The Erlangen specimens on the other hand,
were significantly longer and hence the resulting larger
mesocolic surface area and lymph node counts. Survival
and local recurrence data are similarly impressive between
these countries and as such, a D3 lymphadenectomy
should be considered equivalent to CME[23].

LAPAROSCOPIC CME
The original description of a CME by Hohenberger
used an open technique and as a result, this has been
adopted by other centres[31,35]. However, this might be a
factor as to why many centres have not adopted CME
as a laparoscopic approach is the preferred approach in
their institutions. There have been a number of studies
looking at the feasibility of performing a CME laparoscopically, especially for right sided cancers, all of which
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have shown feasibility and safety of a laparoscopic procedure with acceptable operation times, morbidity and
oncological outcomes[26,28,30,42,47]. There have also been 4
comparison studies looking at laparoscopic versus open
CME.
In a small Japanese study[1] 31 laparoscopic cases were
compared to 118 open cases. The laparoscopic cases for
right and left sided tumours yielded a similar number of
lymph nodes compared to the open cases (R median 24
vs 24; P = 0.81, Left median 19 vs 16 P = 0.257). There
was no difference in the achievement of an intact mesocolic plane in the laparoscopic group vs the open group (R
82% vs 76%; P = 0.681, L 85% vs 73%; P = 0.257). Interestingly, the laparoscopic group showed a greater distance
from tumour to high tie and nearest bowel wall to high
tie in both right and left sided resections (Right: 121 vs
100 mm; P = 0.018, 113 vs 89 mm; P = 0.18, Left: 136 vs
122 mm; P = 0.013, 126 vs 110; P = 0.018). However, the
laparoscopic left sided resections, the specimen length
was significantly shorter than the open comparison group
(106 vs 154 mm; P < 0.001). Transverse colon tumours
were not performed laparoscopically. However, the median BMI of the entire group was 22 and the question is
to be raised if this is applicable to a western population.
In a comparison study from Greece[25], open vs laparoscopic proximal right, hepatic flexure and transverse
colon and left sided resection were compared. The median BMI of this population was 27.7. This study also
showed equivalence between laparoscopic and open
groups in terms of lymph node harvest, rate of achievement of an intact mesocolic plane and distance from
high tie to tumour and high tie to nearest bowel wall in
proximal right and left sided resections. However, for
hepatic flexure and transverse colon tumours, the open
group achieved superior outcomes in distance from tumour to high tie and nearest bowel wall to high tie compared to the laparoscopic group (11.7 cm vs 8.72 cm; P
= 0.049, 9.1 cm vs 6.5 cm; P = 0.015). There was also a
correspondingly lower lymph node yield for this group
[median LN yield 48 (32-56) vs 39 (32-46); P = 0.04].
In the only comparison study with long term outcomes[41], 123 open CME were compared to 128 laparoscopic CME. The median BMI was 25.6. Transverse
colon tumours were included in the analysis but there
was no subgroup analysis. Pathologically, lymph node
harvest was equivalent [17.5 (open) vs 15.8 (lap) P = 0.092]
although specimen length was significantly longer in the
open group (29.4 cm vs 22.8 cm; P < 0.001). There was
no mention of rates of intact mesocolic plane. Morbidity was significantly higher in the open group including
major morbidity (11.4% vs 5.4%; P < 0.001). 3 year overall survival (80.4% vs 88.2%; P = 0.152) and disease free
survival (74.8% vs 80.0%; P = 0.405) were equivalent.
In a Danish article[24], laparoscopic resections pre
and post the introduction of the CME as a standard of
care were compared. The mean BMI of this group was
26.7. Again, hepatic flexure and proximal transverse colon tumours were not performed laparoscopically. They
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were able to show that for proximal right sided cancers,
the introduction of a laparoscopic CME increased the
lymph node yield [26.8 (11-58) in the CME group vs 23.6
(9-43) in the standard group (P = 0.010)] and distance
from tumour to high tie [9.4 cm (4-16) vs 7.7 cm (1-12)
P = 0.0018] compared to their standard laparoscopic operation. There was also an increase in length from the tumour to high tie in the left sided resections [9.8 cm (3-17)
vs 6.7 cm (3.5-10) P < 0.001], but no significant increase
in the number of lymph nodes harvested was noted [25.7
(11-57) vs 22.8 (11-41) P = 0.076].
Thus, CME can be performed laparoscopically for
proximal right and left sided tumours safely with a good
oncological profile. The evidence for hepatic flexure and
transverse colon tumours however still remains lacking.
Interestingly, there has not been much published recently on the feasibility of a laparoscopic CME from Asia
and yet, in many parts of Asia, a resection with an equivalent D3 lymphadenectomy is performed laparoscopically
or robotically as standard of care. Certainly, in Korea, our
institution has performed such a procedure for more than
10 years. It can only be deduced that as a D3 lymphadenectomy has always been the standard of care in these
countries open or laparoscopically, one would assume that
it has not been felt to be necessary to publish specifically
on the feasibility of performing a CME laparoscopically
as performing general colonic surgery laparoscopically
had already been published.

DISCUSSION
Complete mesocolic excision for colon cancer follows
the same principles as total mesorectal excision does for
rectal cancer. Sharp dissection along embryological planes
to keep an intact fascial envelope to reduce tumour seeding combined with central vascular ligation to maximise
the lymph node yield made a marked difference to rectal
cancer and it appears to make a similar difference to
colon cancer. However the international uptake of this
concept has been slow. This may be related to a number
of factors. A CME is a technically challenging operation
that usually takes longer than the standard operation.
A re-education process is necessary and this takes time
to propagate. In Australia, most colorectal units already
advocate dissection in the embryological plane with a
high tie on the inferior mesenteric artery flush with the
aorta recommended for most left sided resections. As
such, many units are already doing a CME for left sided
resections and as a result, some units felt the CME concept was not a new concept and that it was already being
achieved for all resections. However, in most units, this is
not true for right sided resections. Sharp dissection in the
embryological plane is being achieved, but central vascular ligation of the ileocolic artery - flush with the superior
mesenteric artery and right branch of the middle colic
artery at its bifurcation is often less radical. Even in left
sided resections, some Asian units perform a much more
extensive paraaortic dissection compared to that being
performed in Australia. The offset of this, however, is a
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higher pelvic nerve dysfunction rate[12]. In Asia, surgeons
are prepared to accept this higher risk as a D3 lymphadenectomy is considered necessary for good oncology
and a risk of pelvic nerve dysfunction is accepted by the
patients and surgeons as a part of doing an adequate
operation. In the West, however, this is not the case and
nerve preservation is often considered a marker of “good
surgery”. As such, patients and surgeons will preferentially preserve nerve function rather than perform a more
radical operation unless there is a very clear indication to
do so.
It is generally well known that a D3 lymphadenectomy is essentially the standard of care in Asia but there
is also a general feeling amongst Western surgeons that
this is because a more radical dissection is much easier
in the lower BMI, Asian patient. Many Western surgeons
feel that Asian data cannot be translated to the generally more overweight/obese Western patients. However,
Hohenberger[8] and other units have shown that these
differences in BMI between regions does not affect feasibility for achieving CME. Indeed, a laparoscopic CME
is still possible even in larger patients[24,25,41].
The problem may well be propagation of the technique. Learning quite a different technique is best achieved
by visiting a unit that is performing such resections. In
Australia, very few units are well known to be doing CME
for right sided resections and as such, very few surgeons
are learning the technique. Internationally, language may
also be a barrier as many of the units advocating CME are
not English speaking and this may be a disincentive for
Westerners to visit these units.
Many may feel that this increased complexity of the
procedure, time of surgery and the perceived increased
risk to the patients is not worth the gain made by doing a more radical lymphadenectomy as the gains are
small compared to those achieved by TME for rectal
cancer[48]. However, sufficient data now exists to show
that a CME can be done safely, in a timely fashion, laparoscopically with little or no increased morbidity to the
patients[19,25,26,28-30,42,47,48].
Local recurrence in colon cancer has traditionally been
less of a problem than in rectal cancer. Prior to TME resections, local recurrence in rectal cancer was such a problem that surgeons searched for a solution[1,3,4,48]. This has
not been the case for colon cancer and as such many surgeons have not felt the need to search for a better option.
From a teaching perspective, if a CME becomes the
standard right hemicolectomy, there is a loss of the basic
right hemicolectomy which has traditionally been the first
bowel resection taught to junior trainees. However, this
fact is more of a problem in Eastern countries where
there is very little benign colorectal disease [49]. In the
West, benign colorectal disease is more prevalent[50] and
as such, there will always be the need for a standard right
hemicolectomy.

CONCLUSION
Complete mesocolic excision is considered a new con-
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cept in the west. Centres adopting CME have shown
great improvements in local recurrence and overall survival similar to the improved outcomes TME had for
rectal cancer. Many centres, however, have not taken
up CME in the west and it remains a rarity for a unit to
perform CME routinely. The equivalent D3 lymphadenectomy has been performed in the East much more
routinely for much longer and is considered standard of
care in many countries. Maybe if the West looked East,
more units might give CME more consideration.
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Abstract
The introduction of laparoscopy in the surgeon’s armamentarium was in fact a “revolution in the history of
surgery”. Since this technique involves insufflation of
carbon dioxide it produces several pathophysiological
changes which have to be understood by the anaesthesiologist who can modify the anaesthesia technique
accordingly. Advantages of laparoscopy include reduced pain, small scars and early return to work. Certain complications specific to laparoscopic surgery are
due to carboperitoneum and increased intra-abdominal
pressure. Venous air embolism, although very rare, can
be lethal if not managed promptly. Other complications
include subcutaneous emphysema, haemodynamic
compromise and arrhythmias. Although associated
with minimal postoperative morbidity, postoperative
pain, nausea and vomiting can be quite problematic.
The limitations of laparoscopy have been overcome
by the introduction of robotic surgery. There are important implications for the anaesthesiologist during
robotic surgeries which have to be practiced accordingly. Robotic surgery has a learning curve for both the
surgeon and the anaesthesiologist. The robot is bulky,
and cannot be disengaged after docking. Therefore it
is important that the anaesthetized patient remains immobile throughout surgery and anaesthesia is reversed
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only after the robot has been disengaged at the end of
surgery. Advances in laparoscopy and robotic surgery
have modified anaesthetic techniques too.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopy; Anaesthesia; Robotic; Advances; Pathophysiological changes; Complications
Core tip: Laparoscopy is the gold standard for cholecystectomy. The layman may perceive laparoscopy as
“minimally invasive”, but the procedure has profound
effects on the physiology of the patient. The surgeon
and anaesthesiologist must be well versed with these
pathophysiological changes so that the safety of the
patient is not compromised. Robotic assisted laparoscopic surgeries are gaining popularity; here the role of
the anaesthesiologist is paramount. Anaesthesiologists
must fine-tune their anaesthetic techniques to meet the
specific requirements of such operations.
Sood J. Advancing frontiers in anaesthesiology with laparoscopy.
World J Gastroenterol 2014; 20(39): 14308-14314 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i39/14308.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14308

INTRODUCTION
After the successful demonstration of anaesthesia using
ether on 16th October, 1846 at the Massachusetts General Hospital in Boston, surgery began to progress. This
day is celebrated as the “World Anaesthesia Day”. Gradually anaesthetic techniques and apparatus improved, allowing major surgical procedures with improved results.
Major advances in surgery were possible due to refinements in anaesthesia. One such major advancement
was the introduction of laparoscopy in the surgical armamentarium, which can be called the laparoscopic “revolution.” The scars were minimal, there was less pain, early
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Figure 1 Robotic surgery.

discharge from hospital and patient satisfaction was immense. The history of this laparoscopic “revolution” is
very intriguing.
The creation of pneumoperitoneum was not a new
idea. Insufflation of air into the abdominal cavity for diagnosis and treatment of abdominal tuberculosis was being practiced as early as 1882. Kelling strongly believed
in this concept and he wanted not only to inject air into
the abdomen, but also observe its effects by using an endoscope[1].
Jacobaeus described the first therapeutic application
of laparoscopy in 1912. He was an energetic proponent
of laparoscopy and did much to popularize laparothoracoscopy.
All these procedures were being performed under
local anaesthesia. In the late 1920s, Albert Decker a
surgeon in New York performed coelioscopy for about
10 years before giving it up, because it required general
anaesthesia. He remarked that with good anaesthesia and
an operating room he preferred to explore the abdomen
and at the same time correct the condition properly. He
preferred “culdoscopy” over laparoscopy, since it was
successfully carried out under local anaesthesia[1].
Raoul Palmer, a French gynecologist who migrated
to the United States, performed culdoscopy under local anaesthesia mainly because of technical reasons: the
small rooms did not allow enough space for an anaesthesiologist and the anaesthetic equipment. Palmer observed that patients who had submitted to laparoscopic
examination under local anaesthesia were unwilling to
repeat the experience. It was only in 1952 that Palmer
was finally allotted a permanent berth in the operation
theatre where he performed laparoscopies under general
anaesthesia[1]. In 1959 the first book about “Methods of
Endoscopic Examination in Gynecology” was published
by Hans Frangenheim.
A key breakthrough in endoscopic technique was the
invention of the so called “cold light”.
After 1969, interest in laparoscopy boomed as patients rushed for the new technique. Cohen remarked
“I am confident that with the availability of fine optical
instruments and safe anaesthesia the technique is here to
stay”[1].
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Introduction of videoscopic technologies in the 1980s
began the era of video guided surgery in which laparoscopic surgical techniques could be viewed on a monitor
and could be used for more complicated procedures. This
advance in technology proved to be the critical factor
that allowed the widespread acceptance of laparoscopy
in the surgical armamentarium. In 1987, Philippe Mouret
performed the first complete removal of a diseased gall
bladder in Lyon, France.
In its nascent stages, laparoscopy was used only for
short diagnostic surgery in young patients with no comorbidities; but gradually as the popularity of this technique increased, older and high risk patients were also
considered for it.
The present scenario is such that major surgeries including gastrectomy, radical prostatectomy and bariatric
surgery are all being performed laparoscopically.
Even after several decades of its popularity the basic
drawbacks of laparoscopic surgery still remain: though
the monitors show enlarged images of the operating
field, it takes time to get accustomed working in a three
dimensional space while looking at a flat image; also,
the long surgical instruments used and enlarged images
obviously magnify natural hand tremors. In an effort
to overcome these shortcomings remote instrumentation was envisaged[2]. The idea of combining telerobotic
surgery with laparoscopic surgery eventually led to the
development of the da Vinci and the Zeus Robotic Surgical Systems in 1999. Robotic surgery was a significant
improvement on minimally invasive surgical procedures
with several advantages (Figure 1)[3].
The advantages of extremely precise instrument manipulation, reduction in intraoperative blood loss, reduced
analgesic requirements and length of stay, and advantages
of ergonomics have made robotic assisted laparoscopic
surgery a popular option.
In fact, with the spurt in the demand for minimally
invasive surgery and further improvements of the existing
robotic systems it is possible that in the future robotic assistance will be the norm for all surgical procedures.
New surgical procedures pose new anaesthetic challenges and demand consequent changes in anaesthesia
techniques and practice. Robotic assisted laparoscopic
surgery requires special anaesthetic considerations.
Although visually minimally invasive to the patient,
laparoscopy results in several trespasses to normal homeostasis which are very important for the anaesthesiologist to understand, so that appropriate modifications
are made to the anaesthetic technique for an uneventful
surgical and anaesthesia outcome. These trespasses are
patient positioning, insufflation of exogenous gas and
increased intra-abdominal pressure.

PATIENT POSITIONING
Since retraction is limited in laparoscopic surgery, the
patient is positioned several times during the surgical
procedure using gravity to move viscera away from the
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operating site for good exposure of the lesion. Exaggerated positions are frequently employed in laparoscopic
surgery, especially robotic surgery.
The Trendelenburg position adopted for operative
gynaecological surgical procedures may favour haemodynamics but adversely affects the respiratory system.
It may also result in an increase in the intracranial and
intraocular pressure. The steep Trendelenburg position
adopted for robotic assisted laparoscopic surgery (radical prostatectomy) predisposes to acid reflux leading to
oral ulceration, conjunctival burns[4], and with prolonged
head down position, there may be laryngeal edema and
respiratory stridor following extubation of the trachea
at the end of the operation [5]. A rare, but dangerous
complication, “Well Leg Compartment Syndrome” may
develop during prolonged surgery in a steep Trendelenburg position. This is due to a combination of impaired
arterial perfusion in the raised lower limbs, compression
of venous vessels by lower limb supports and reduced
femoral venous drainage due to carboperitoneum[6].
The robotic system does not allow for changes in patient position on the operating table once the robot has
been docked. Access to the patient’s airway is sometimes
very difficult, since the OR table is rotated 90°-180° away
from the anaesthesiologist, as in upper abdominal and
thoracic surgeries[3].
Adequate pressure point padding is absolutely imperative since no movement of the patient is possible after
docking, and it is difficult to access the patient intraoperatively. A steep Trendelenburg position along with carboperitoneum interferes with effective ventilation. The
reverse Trendelenburg position, however, contributes
to betterment of diaphragm function but it adversely
affects the cardiovascular system, reducing venous return and cardiac output[7]. Gravity induced venous stasis
in the lower limbs is another drawback with the steep
head up position, and deep vein thrombosis, especially
in lengthy procedures, is a real possibility. Deep vein
thrombosis prophylaxis is necessary in the population at
risk[2]. Thus, to prevent haemodynamic disturbances, it is
important to gradually alter the position of the anaesthetized patients[8].

INSUFFLATING GAS
The insufflating gas used for pneumoperitoneum should
be non-toxic, inert, colourless, non-inflammable, readily
soluble in blood, easily ventilated through the lungs and
inexpensive.
Air was the first gas to be used since it was cheap
and easily available. Later oxygen was also used for a
long time. However both these gases are inflammable
and have a low Ostwald’s blood gas solubility coefficient
(0.006, 0.013), thus having a potential for air embolism
in case of an accidental entry into a blood vessel. In
the 1970s, nitrous oxide emerged as the gas preferred
by gynaecologists, however it supports combustion
if mixed with methane (from the bowel). CO 2 is the
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choice of insufflating gas used for carboperitoneum. It
is relatively inert, non-flammable, readily absorbed if
there is an accidental entry into a blood vessel (blood
gas solubility coefficient 0.48), so it produces less severe
air embolism and is easily expired by the lungs[9]. Alternative gases including helium, argon and xenon have
been studied. They are inert, and provide a good optical
vision, but have a very low blood gas solubility coefficient (0.00018) and so there are very high chances of air
embolism if there is accidental entry into a blood vessel;
however they are very diffusible. They are very expensive
as well[10].
Carboperitoneum
Hypercarbia can occur with carboperitoneum where the
rising end tidal CO2 (EtCO2) is due to absorption of CO2
from the peritoneal cavity[11]. Normocarbia can be maintained by a 15%-20% increase in minute ventilation[12].
The minute ventilation increase is achieved by increasing
the respiratory rate rather than increasing the tidal volume.
Usually there is a good correlation between the EtCO2
and the arterial carbon dioxide (PaCO2) but where the
surgery is prolonged or a preoperative pulmonary pathology is present there is a decreased capacity of CO2
elimination, leading to serum acidosis and hypercarbia[13].
A direct measurement of arterial CO2 by ABG may be
required in such instances[14].
Normally intraoperative hemodynamics are altered
only when there is a 30% or more increase above the
normal carbon dioxide levels. Even a mild hypercapnia
results in sympathetic stimulation manifesting as tachycardia, increased cardiac output and systemic resistance[15].
These in turn could lead to coronary ischemia because of
a short left ventricular ejection time and a short diastolic
filling phase, and result in complications for patients
suffering from ischemic heart disease. Reduced left ventricular function and negative inotropic action result from
severe hypercapnia[16].
Earlier, CO2 absorption was observed to be greater
during extraperitoneal rather than intraperitoneal insufflation[17]. However later studies showed that it was not
so, and that absorption of CO2 was not greater in extraperitoneal surgery[18]. Slow mobilization of CO2 from
body stores to the blood for removal from the body is
responsible for the effects of hypercarbia persisting in
the postoperative period. The shoulder pain seen in the
postoperative period is thought to be due to residual
CO2 forming carbonic acid in the intrapleural area[19].
The insufflation of several litres of CO2 results in an
increase in intra-abdominal pressure (IAP). Several pathophysiological changes occur due to carboperitoneum and
an increase in IAP which require adjustments in the anaesthesia technique.
The most important reason for hemodynamic instability during laparoscopic procedures is high IAP[20].
During insufflation the peritoneum is stretched causing
vagal stimulation which could lead to bradycardia[21].
Gradual insufflation is therefore recommended. The
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threshold pressure that produces minimal changes in haemodynamics is 12 mmHg. Up to an IAP of 10 mmHg,
the filling pressures are maintained and the cardiac output
may increase. Beyond an IAP of 15 mmHg, there is a fall
in the preload and an increase in the afterload and systemic vascular resistance (SVR). The increase in SVR is
manifested as hypertension[22]. The mean arterial pressure
rises and the cardiac output falls.
The rise in the IAP and decrease in the cardiac output are directly proportional to each other. The cardiac
index may be reduced by as much as 50%, due to the
combination of reverse Trendelenburg position, anaesthesia and peritoneal insufflation (increase in IAP)[23].
The hypertensive response should not be corrected
with opioids or inhalation agents since they will delay recovery, but should be managed pharmacologically with a
β blocker (esmolol or metoprolol) or an α agonist (dexmedetomidine)[24].
The anaesthesiologist must be aware that inadvertent
right endobronchial intubation and consequent hypoxemia is a distinct possibility during laparoscopic surgery
because of the Trendelenburg position, which with the
raised IAP, lifts the diaphragm and carina, while the tracheal tube remains fixed at its proximal end[25].
Therefore the position of the tracheal tube should be
confirmed intermittently. A rise in intragastric pressure
consequent to the increase in IAP may predispose these
patients to gastric regurgitation and aspiration. However
this complication is usually not observed since the lower
oesophageal sphincter tone which increases more than
the intragastric pressure during carboperitoneum, increases the barrier pressure[26,27].

PREANAESTHETIC ASSESSMENT
A thorough preanesthetic assessment is mandatory and
all comorbidities should be optimized in case the procedure needs to be converted to an open one.
Premedication should include a short acting anxiolytic, an H2 receptor antagonist and an analgesic for preemptive analgesia[28].
Thromboprophylaxis is essential in the morbidly obese
scheduled for bariatric surgery. Low molecular weight
heparin, enoxaparin 0.6 mL s/c, dalteparin 5000 IU s/c
or fondaparineux 2.5 mg s/c is given 12 h before surgery.
Mechanical thromboprophylaxis with sequential compression devices is mandatory[29-31].

ANAESTHESIA TECHNIQUE
General anaesthesia with tracheal intubation and controlled ventilation is recommended. This provides optimal control of CO2, facilitates surgical access and protects against aspiration of gastric contents.
Traditional volume controlled ventilation ensures an
adequate tidal volume, but there is an increased risk of
high inflation pressures and barotrauma. This is especially seen in bariatric surgery for the morbidly obese.
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Use of pressure controlled ventilation minimizes peak
pressure and improves oxygenation in such situations.
Addition of alveolar recruitment maneuvers and titrated
levels of PEEP are recommended, since they improve
oxygenation, probably by opening the collapsed alveoli
and increasing respiratory compliance, but should be
used cautiously since PEEP can further compromise
cardiac output[32,33].
The use of laryngeal mask airways is controversial
since it does not give protection against aspiration of
gastric contents beyond 20 cm H2O intrathoracic pressure. However the ProSeal LMA has been found to be
as effective as a tracheal tube for pulmonary ventilation
in laparoscopic surgery[34,35]. ProSeal has also been found
to increase the “safe apnoea time” during difficult mask
ventilation in morbidly obese patients during induction
of anaesthesia[36].
Maintenance of anaesthesia with desflurane ensures
a quick recovery[37]. Benefits of laparoscopic procedures
are particularly important for patients with pre-existing
cardio-pulmonary disease[38].
Recommendations for laparoscopic surgery in high
risk cardiac patients are that induction of anaesthesia and
release of carboperitoneum should be slow, smooth and
progressive. Gradual positioning helps to maintain the
haemodynamic status of the patient. Increased intrathoracic pressure interferes with interpretation of measured
central venous and pulmonary artery pressure, and so
should be interpreted accordingly. Normocarbia should
be achieved by adjusting the minute volume. Use of vasodilators instead of inhalation anaesthetics counteracts
the increase in MAP due to increase in SVR[10].
Pregnant women
Pregnant women undergoing laparoscopic surgery present several challenges to the anaesthesiologist. Important concerns are the effect of carboperitoneum and
increased intra-abdominal pressure on the uteroplacental
blood flow and its overall effect on the well being of the
foetus. In addition, space constraint, trocar insertion and
surgical manipulation are compounding factors.
The gravid uterus pressing on the diaphragm leads
to further decreases in FRC, increases in V/Q mismatch
and an increase in the arterio-alveolar gradient. The SAGES guidelines for laparoscopic surgery during pregnancy
should be followed[39]. These include placing the patient
in left lateral decubitus position, using open Hasson’
s technique for gaining access to the abdominal cavity,
maintaining the IAP as low as possible and continuously
monitoring the maternal EtCO2.
Fast-track laparoscopic bariatric surgery
Fast-track laparoscopic bariatric surgery (Figure 2) is
practiced in some centres due to advances in anaesthesia
and surgical techniques[40]. While propofol is the induction agent of choice, dexmedetomidine (an α2 adrenoreceptor agonist which possesses hypnotic, sedative, anxiolytic, sympatholytic and analgesic properties) decreases
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neuromuscular blocking drug is indispensable[2]. Reversal
of neuromuscular block should be done only after the
robotic arms have been detached from the patient at the
close of surgery[11]. Since the robot is so bulky, an emergency drill for removal of the robotic cart should be
practised, in case the need arises.

MONITORING

Figure 2 Bariatric surgery.

intraoperative fentanyl use, antiemetic therapy and length
of stay in the post anaesthesia care unit[41].
Target control infusions of remifentanil and propofol,
maintenance with BIS titrated desflurane, multimodal analgesia and antiemetic prophylaxis result in a successful and
safe “short stay” bariatric surgery programme[42].
Pheochromocytoma
Pheochromocytoma excision is a challenge to the surgeon and the anaesthesiologist and laparoscopic excision
adds further trespasses of CO2 insufflation and raised
IAP. Low IAP (< 10 mmHg) along with slow insufflation of CO2 and gradual positioning of the patient has
been found to produce minimal changes in catecholamine levels and haemodynamics and is therefore recommended[43].
Thoracoscopy
Thoracoscopy too has been practised since 1912. Initially
these procedures were conducted with local anaesthetic
injected at the point of entry, or under intercostal block.
This often resulted in hypoxia and hypercarbia due to
the pneumothorax[44].
Thoracoscopic surgery is now traditionally done under
general anaesthesia and one lung ventilation. As thoracoscopic surgery can lead to capnothorax, slow insufflation of CO2 in the pleural cavity to produce capnothorax
should be done since fast insufflation may result in major
haemodynamic compromise[3].
Robotic thoracoscopic surgeries, including thymectomy, lobectomy and coronary revascularization procedures
are being done regularly in some centres. Similar precautions as in other robotic surgeries should be practised.
The anaesthesiologist has a major role in the success
of the robotic programme. To provide safe patient care,
the anaesthesiologist has to understand the impact of
robotically assisted laparoscopic surgery on anaesthetic
management.
In the “docked” position, the robotic arms of the
bulky robot have hardly any natural elasticity. It is therefore paramount that the patient remains completely
immobile with no movement whatsoever or else tearing
can occur at the port sites. A continuous infusion of

WJG|www.wjgnet.com

Mandatory monitoring includes noninvasive blood pressure, pulse oximetry, capnography and ECG. Peak and
plateau airway pressure can be measured from the anaesthesia machine. An IBP is indicated in high risk patients
undergoing major surgery[6].
CVP is misleading since the raised IAP and airway
pressure interfere with pressure based indices of preload.
Pulse pressure variation and stroke volume variation may
be measured by lithium dilution cardiac output monitor
or vigileo monitor[45].
Postoperative pain
Common complaints in the postoperative period are postoperative nausea, vomiting and pain - mainly abdominal
and shoulder[46]. Several mechanisms have been implicated
including residual CO2 in the abdominal cavity[19], neuropraxia due to stretching of the phrenic nerve and acidic
milieu due to H2CO3.
Multimodal analgesia with Non Steroidal Anti Inflammatory Drugs, short acting opioids, dexmedetomidine
and local infiltration of local anaesthetics provide superior
pain relief with reduced postoperative nausea and vomiting (PONV) and early discharge[46].
PONV
PONV can be quite problematic after laparoscopic surgery. Some of the causative factors implicated are peritoneal insufflation and irritation, bowel manipulation and
pelvic surgery[47]. A multimodal technique including propofol, NSAIDs and antiemetics is essential for reducing
the incidence of PONV[48].

COMPLICATIONS
The anaesthesiologist should be aware of the complications which are likely to occur during laparoscopic
procedures so that he can diagnose and manage them as
soon as possible[22].
Accidental misplacement of the Veress needle may
result in subcutaneous emphysema. It resolves by itself
after a couple of hours of mechanical ventilation.
Pneumothorax, pneumomediastinum and pneumopericardium may occur. Treatment is usually conservative[8].
Venous air embolism is the most rare but lethal complication in case of an accidental entry of gas into a blood
vessel. It has to be managed on a war footing[22].
Rhabdomyolysis is a potential threat after bariatric
surgery. Damage of muscle sarcolemma with leakage of
intracellular contents into the circulation leads to renal
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failure[49]. Severity ranges from mild, elevated muscle enzyme levels to mortality.

10
11

FUTURE
As robotic surgery finds new applications, perhaps the
foreseeable future will have telerobotic surgery reaching
far-flung rural areas. In such situations it will be important and crucial to ensure that the anaesthesiologist who
is present in the remote site knows all the aspects of
laparoscopic and robotic surgery.
Our daily lives have been affected by mobile technology. In a similar manner, mobile technology may also be
implemented in mobile or digital health care, including
surgery in the near future.
Natural orifice transluminal endoscopic surgery is an
emerging field in which the peritoneal cavity is accessed
via a hollow viscous to perform diagnostic and therapeutic procedures. Since these procedures are in an investigational stage, anaesthetic considerations will need to be
modified accordingly[50].
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CONCLUSION
Laparoscopy is the gold standard for cholecystectomy.
Although laparoscopy is labelled “minimally invasive”,
the anaesthesiologist and surgeon must be thoroughly
cognizant of the unique important pathophysiological
changes that take place during laparoscopic procedures
and be able to manage any intraoperative complications
that may result from these changes[13]. With robotic assisted laparoscopic surgeries gaining popularity, anaesthesiologists must be aware of the specific requirements
of these procedures and adjust their anaesthesia practice
accordingly to provide safe patient care.
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Abstract
Medical therapy for type 2 diabetes mellitus is ineffective in the long term due to the progressive nature of
the disease, which requires increasing medication doses and polypharmacy. Conversely, bariatric surgery has
emerged as a cost-effective strategy for obese diabetic
individuals; it has low complication rates and results
in durable weight loss, glycemic control and improvements in the quality of life, obesity-related co-morbidity
and overall survival. The finding that glucose homeostasis can be achieved with a weight loss-independent
mechanism immediately after bariatric surgery, especially gastric bypass, has led to the paradigm of metabolic surgery. However, the primary focus of metabolic
surgery is the alteration of the physio-anatomy of
the gastrointestinal tract to achieve glycemic control,
metabolic control and cardio-metabolic risk reduction.
To date, metabolic surgery is still not well defined, as
it is used most frequently for less obese patients with
poorly controlled diabetes. The mechanism of glycemic control is still incompletely understood. Published
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research findings on metabolic surgery are promising, but many aspects still need to be defined. This
paper examines the proposed mechanism of diabetes
remission, the efficacy of different types of metabolic
procedures, the durability of glucose control, and the
risks and complications associated with this procedure.
We propose a tailored approach for the selection of
the ideal metabolic procedure for different groups of
patients, considering the indications and prognostic
factors for diabetes remission.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The success of bariatric surgery in obese diabetic individuals [body mass index, body mass index
2
(BMI) > 35 kg/m ] has led to the paradigm of metabolic surgery for the treatment of type 2 diabetes mel2
litus, including patients with a BMI < 35 kg/m . The
mechanisms of metabolic gastrointestinal surgery are
thought to depend on the dramatic entero-hormonal
changes after physio-anatomical re-arrangement of the
gastrointestinal tract. However, data have shown that
weight loss is still the cornerstone of diabetes remission. This review will discuss the current recommendations regarding the use of gastrointestinal surgery for
glycemic and metabolic control in diabetic individuals
2
with a BMI < 35 kg/m .
Pok EH, Lee WJ. Gastrointestinal metabolic surgery for the
treatment of type 2 diabetes mellitus. World J Gastroenterol
2014; 20(39): 14315-14328 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i39/14315.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i39.14315
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INTRODUCTION
Amidst the current worldwide epidemic of type 2 diabetes mellitus (T2DM), the global diabetes health burden is
projected to reach 522 million in 2030[1], with much of this
increase occurring in developing countries. Asia’s population is predicted to become a hotspot of the “metabolically obese” phenotype (normal body weight with
increased abdominal adiposity) that is characterized by
a relatively young age of onset with a low body mass index (BMI)[2]. In China specifically, the estimated prevalence of diabetes in 2010 was 11.6%, and that of prediabetes was 50.1%, accounting for up to 113.9 million
Chinese adults with diabetes and 493.4 million with prediabetes[3]. Furthermore, given the increasing prevalence
of obesity worldwide, the epidemic of diabetes has become an even larger economic and social public health
challenge. The free fatty acids derived from visceral adipose tissue impair insulin sensitivity and β-cell function
(lipotoxicity), leading to metabolic syndrome (MetS) and
T2DM.
Long-term glycemic control of diabetes can halt the
progression of the disease, prevent complications and
reduce cardiovascular risk[4]. There are still, however,
major unmet needs that are not addressed by intensified
multifactorial interventions due to the need for continual
monitoring and increasing doses over time with disease progression[5]. Most diabetic patients are unable to
achieve adequate glucose control with medical therapy in
the long term due to time-consuming medical interventions[6,7]. In the United States, only 50% of diabetic patients are able to achieve glycated haemoglobin (HbA1c)
< 7% with medical therapy as recommended by the
American Diabetic Association[7].
In contrast, bariatric surgery has been shown to induce the remission of diabetes or to reduce the need for
medications with durable long-term results in morbidly
obese patients[8,9], thereby providing a potentially costeffective approach to treating T2DM. Considering weight
loss-independent mechanisms for diabetes improvement,
metabolic gastrointestinal surgery is now being performed for mildly obese or even overweight patients (BMI
< 35 kg/m2), with a focus on diabetes rather than obesity. The aims of metabolic surgery are glycemic control,
metabolic control and cardio-metabolic risk reduction.
Therefore, this review will examine the current use
of gastrointestinal surgery for the metabolic control of
T2DM. Data on patients with a BMI < 35 kg/m2 will be
discussed in depth to reflect the current research focus.

LITERATURE SEARCH
An extensive literature search of English-language journals was performed using the following databases from
1987 to October 2013: MEDLINE/Pubmed, Embase
and the Cochrane database.
The MeSH headings used included the following:
“metabolic surgery”, “type 2 diabetes mellitus”, “gastro-
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intestinal surgery”, “non-obese”, “BMI < 35 kg/m2”, “
obesity”, “diabetes remission”, “HbA1c”, “glucolipotoxicity” and “prognostic factor”. The terms were searched
with combination of “OR” and “AND”. All abstracts
identified were read to ensure that they met the inclusion
criteria of any form of metabolic surgery for T2DM.
Additional articles found in the references of the selected articles were reviewed to determine if they met
the inclusion criteria. Critically, articles were reviewed
for data on changes in BMI, HbA1c, type of surgery, reported remission and complications.

Types of metabolic surgery
Bariatric surgery denotes any surgical procedure that is
aimed at the reduction of excess weight. The conventional bariatric operations are divided as follows: restrictive type [laparoscopic adjustable gastric banding (LAGB)
or laparoscopic sleeve gastrectomy (LSG)], malabsorptive type [bilio-pancreatic division with duodenal switch
(BPD/DS)] and combination type [roux-en-Y gastric bypass (RYGB) or mini gastric bypass]. Interestingly, both
bypass and restrictive procedures were reported to cause
diabetes remission, but through different mechanisms,
depending on the degree of the physio-anatomical alteration of the gastro-intestinal tract[9]. Essentially, the
rapid induction of a negative energy balance after surgery, limited foregut bypass, rapid nutrient delivery to
the hindgut and decreased adipocyte mass may all play
important roles in durable weight loss, decreased satiety,
improved insulin resistance and resolution of the proinflammatory state associated with obesity.

role of obesity in METS AND T2DM
Obesity, particularly central obesity, is closely associated
with insulin resistance and T2DM [10]. Long-standing
obesity will eventually lead to glucose intolerance due to
stress failure of the beta cells in predisposed individuals[11]. Biologically, as adipose tissue is an active endocrine and immune tissue, the pathogenic nature of adipose tissue depends on how the positive calorie balance
results in “sick fat’ in genetically and environmentally
susceptible individuals rather than on the total amount
of fat mass[12,13]. This adipose dysfunction will result in
pathogenic adipocyte deposits with lipotoxicity, resulting in cardiovascular disease and mortality[14] (Figure 1).
Visceral fat, the most metabolically active adipose tissue
deposit, releases various pathogenic mediators into the
portal system, leading to hepatic-mediated metabolic disease (dyslipidemia and T2DM)[14]. High levels of circulating free fatty acids are also “lipotoxic” to various organs,
especially the pancreas and liver, leading to metabolic
disease. Therefore, effective weight loss after bariatric
surgery that reduces metabolically active “sick fat” will
improve metabolic disease and lead to the resolution of
T2DM[15].
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Figure 1 How lipotoxicity causes type 2 diabetes mellitus and metabolic syndrome.

Mechanism of glycemic control
after gastrointestinal surgery
Although various types of bariatric procedures have been
used to treat T2DM, the physiology of remission is still
incompletely understood[16]. Diabetes remission results
from improvements in both insulin resistance and β-cell
dysfunction, but the degree of their improvement also
depends on the type of surgery performed. To elucidate
the molecular mechanism of diabetes control, it is critical to understand which part of the typical anatomical
rearrangement of gastrointestinal surgery is essential for
the glycemic control of T2DM.
The restrictive procedure (LAGB) is thought to achieve
glycemic control purely through weight loss without an entero-hormonal effect. Therefore, the remission of diabetes
is slow and occurs in parallel with gradual weight loss. In
contrast, the most investigated metabolic procedure is
RYGB, which exhibits significant hormonal changes after
surgery; the glycemic control is acute and immediate via
an anti-diabetic weight-independent mechanism, even
without significant weight loss after surgery. Moreover,
the magnitude of metabolic control is much greater than
the expected degree of weight loss, which might be a clue
that the altered hormonal milieu of gut-hormone release
explains the metabolic disease control[8]. Generally, im-
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mediately after RYGB, acute calorie restriction, usually
200-300 kcal/d, leads to improved glucose tolerance
due to improved hepatic insulin sensitivity and reduced
hepatic glycogen stores[17]. Later, the incretin effect due
to hormonal changes is responsible for further improvements in insulin secretion and sensitivity[18]. For those patients with obesity and lipotoxicity, significant subsequent
weight loss will account for improved pancreatic function
and decreased insulin resistance due to resolution of the
pro-inflammation state[13]. Based on this observation,
several plausible mechanisms are possibly responsible for
the early and long-term glycemic normalization after bariatric surgery. The most prominent glycemic effects are
the decrease in insulin resistance and the increase in early
phase insulin release[18,19]. Nevertheless, the interaction
of multiple organ-related pathways involving the brain,
gut, liver, pancreas, muscle, adipose tissues and other
undiscovered tissues may result in dramatic resolution of
the diabetic state. The main suggested hypotheses of the
possible related mechanisms are discussed below.
Calorie restriction and weight loss
Calorie restriction and subsequent weight loss can have
potent effects on insulin sensitivity due to either surgical
or medical interventions. Studies have shown that the
effect of 48 h of acute calorie restriction (approximately
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1100 kcal/d) could result in improved hepatic insulin
sensitivity with reduced hepatic gluconeogenesis; however, there is no effect on muscle insulin sensitivity unless greater weight loss is achieved in obese subjects[20].
Similarly, the static measure of the HOMA-IR score
improves within days after bariatric surgery when weight
loss is minimal[21], but greater weight loss (> 20%) after
RYGB or LAGB is required to improve skeletal muscle
insulin sensitivity[22-24]. RYGB and BPD produced a significant decrease in insulin resistance at 2 wk after surgery[21]. However, the effect of BPD on muscle sensitivity is unique and possibly related to massive lipid malabsorption, as this surgery results in a rapid improvement
in muscle insulin sensitivity despite minimal weight loss
(< 10%)[25,26] and minimal improvement thereafter despite greater weight loss[27,28]. Interestingly, one study has
shown that despite similar weight losses of 30% after
RYGB and LAGB, the RYGB cohort had higher rates of
diabetes remission (72% vs 17%) at 2 years[29]. This result
clearly suggests that in addition to weight loss, there is a
weight-independent anti-diabetes mechanism in diabetes
remission after RYGB.
Foregut effect
The “foregut hypothesis” proposes that the exclusion of
the duodenum and proximal jejunum from the transit of
nutrients may prevent the secretion of a putative signal
that promotes insulin resistance and T2DM, suggesting that a yet unidentified inhibitory product from the
proximal bowel causes metabolic changes (anti-incretin).
This hypothesis was based on an animal study by Rubino et al[30], which supported the foregut hypothesis as
a dominant mechanism in improving glucose homeostasis after RYGB. In their study, duodenal-jejunal bypass
(DJB) (gastrojejunostomy + duodenal exclusion as in
RYGB) greatly improved diabetes in Goto-Kakizaki
rats, an animal model of non-obese T2DM. Conversely,
a simple gastrojejunostomy without excluding nutrient
flow through the proximal intestine did not improve
diabetes. Interestingly, when the authors reestablished
the normal gastroduodenal route but preserved the gastrojejunostomy, the glycemic abnormality returned in the
DJB-treated rats. Thus, the authors proposed that excluding the proximal intestine from nutrient flow would
improve glucose tolerance and suggested that a putative
signal originating in the foregut might be involved in
the pathophysiology of T2DM. Similarly, strong support for the foregut hypothesis came from the use of
an endoluminal sleeve to endoscopically achieve DJB,
which produced significant weight loss, resolution of
T2DM and improvement in the cardiovascular risk factor profile[31]; these findings might open new avenues for
diabetes research. Interestingly, Zhang et al[32] investigated
the role of Billoth-Ⅱ gastrojejunostomy, with exclusion of the proximal gut (almost similar to RYGB), in
glucose metabolism and gut hormone modulations in
non-obese Chinese gastric cancer patients. They found
that blood glucose tolerance was improved in the non-
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obese T2DM patients but worsened in the non-diabetic
patients. All patients had comparable weight loss. These
results suggested that the role of the proximal gut in the
pathophysiology of T2DM and the glycemic effect is
weight independent. Clinically, there is strong evidence
from randomized trials by Lee et al[33] and Schauer et al[34]
showing that gastric bypass is superior to sleeve gastrectomy without duodenal exclusion for diabetes remission
in patients with poorly controlled diabetes.
Hindgut effect
The “hindgut hypothesis” proposes that diabetes control
results from the expedited delivery of nutrients to the
distal bowel, thus producing a physiologic signal that improves glucose homeostasis. The potential mediators of
this effect are glucagon-like peptide-1 (GLP-1), GIP (incretin effect) and peptide YY (non-incretin). The rapid
delivery of nutrients has been demonstrated to stimulate
the “L” cells in the distal intestine to secrete incretin,
thus enhancing insulin secretion and insulin sensitivity[35].
GLP-1, which is suppressed in T2DM, is an insulinotropic hormone secreted from the gut in response to luminal glucose[36]. It acts mainly as an incretin, promoting
post-prandial insulin release and improving pancreatic
[37]
β-cell function . Furthermore, GLP-1 exerts proliferative and anti-apoptotic effects on pancreatic β-cells[38].
Interesting results have been recently reported with the
use of GLP-1 agonists, now widely used in the treatment
of T2DM[39]. A novel procedure with ileal interposition
has been used as an “ileal brake” to induce the early
release of GLP-1 with favorable results[40]. In contrast,
peptide YY is an anorexic hormone co-secreted with
GLP-1 from intestinal L cells in response to nutrients. It
acts to decrease food intake due to faster satiation and
may reduce insulin resistance. Most studies have shown
the elevation of peptide YY together with GLP-1 in response to nutrients after RYGB, which is not observed
after LAGB.
Ghrelin effect
Ghrelin is an orexigenic gut hormone and has stimulatory effects on growth hormone release. It is mainly secreted from the gastric fundus and displays an ultradian
rhythm with an increase before meals and a decrease
after meals. However, its levels are reduced in obese
individuals compared with normal weight individuals.
When this gastric segment is disconnected and isolated
from food contact, fatigue in ghrelin hormone production is hypothesized to develop, which stops the ghrelin
effects. Geloneze et al[41] demonstrated that ghrelin levels
decrease dramatically in patients who have undergone
RYGB. Ghrelin has also been shown to have diabetogenic effects[42] because ghrelin administration in humans suppresses insulin secretion, even in the setting of
ghrelin-induced hyperglycemia[43]. However, published
studies on ghrelin levels after gastric bypass are inconsistent and have shown that the levels increase, decrease
or do not change after surgery[44]. These inconsistent
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findings might be due to variations in the surgical resection/isolation of the gastric fundus or to differences in
the time of measurement of the ghrelin levels due to the
physiological fluctuations of hormone levels. However,
ghrelin is undoubtedly decreased after sleeve gastrectomy and, over the long term, may play an important
role in the sustainable effect of weight loss after sleeve
gastrectomy[45].
Role of bile acid
Bile acids are a key stimulus for the farnesoid Ⅹ receptor in the liver[46,47], affecting hepatic metabolism and
G-protein-coupled bile acid-activated receptors (TGR5)
of the enteroendocrine L-cells[48,49] and promoting the release of incretin. Therefore, bile acids play an important
role in glucose homoeostasis. Post-operative increases in
circulating bile acids have been suggested to contribute
to the metabolic benefits of bariatric surgery; however,
their mechanisms remain undefined. Recent human clinical trials with the bile acid sequestrant colesevelam have
shown its effectiveness in improving glycemic control
in patients with T2DM[50]. The re-route of nutrients due
to altered physio-anatomy after gastric bypass may also
affect the enterohepatic recirculation of bile acids and
contribute to improved glycemic control[51]. Therefore,
manipulation of bile acid homeostasis might be an attractive approach for T2DM.
Role of microbiota
The microbiota of the intestine can affect the control of
energy metabolism by increasing the energy harvested
from the diet; thus, changes in the gut microbiota might
contribute to the epidemics of obesity and T2DM in
human evolution[52]. However, the pathophysiology remains poorly understood. Probiotics, which include lactic acid bacteria, have been investigated extensively for
their beneficial role in the alteration of gut microbiota
by affecting the inflammatory state of the human body.
Their role in T2DM was recently explored in an animal
model. Naito et al[53] reported that Lactobacillus casei in dietinduced obese mice has the potential to prevent obesityassociated metabolic abnormalities by improving insulin
resistance. The weight-gain suppressive effect of Lactobacillus in high calorie-fed mice has also been reported;
thus, it may be an alternative method for treating obesity[54]. However, the translation of these beneficial animal
study results into humans has still not been achieved.

Efficacy of glycemic control in
T2DM for BMI > 35 kg/m2 vs BMI <
35 kg/m2
Multiple studies have demonstrated impressive improvements in T2DM after bariatric surgery in morbidly obese
patients. In a meta-analysis of bariatric surgery involving
3188 patients with T2DM, Buchwald et al[9] reported an
overall 78% rate of complete diabetes remission that
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lasted at least 2 years. The weight loss and diabetes resolution were greatest for patients undergoing BPD/DS,
followed by RYGB, and least for gastric restrictive procedures, such as vertical gastric banding and LAGB[9], with
remission rates of 95%, 80%, 79% and 56%, respectively. The procedures producing greater excess weight loss
led to higher remission rates. Moreover, in the morbidly
obese population, there are compelling data on long
term cardiovascular risk reduction and mortality based
on the longitudinal prospective Swedish Obese Subjects
study[55,56]. The majority of patients underwent a gastric
restrictive procedure rather than a gastric bypass procedure in this study.
Nevertheless, there is level 1 evidence showing the efficacy of bariatric surgery over medical therapy in T2DM,
based on 4 randomized clinical trials (RCT) that directly
compared bariatric surgery with a non-surgical intervention for the treatment of T2DM (Table 1). However, none
of these trials exclusively enrolled patients with diabetes
with a BMI < 35 kg/m2.
The results of a study by Dixon et al[57] strongly supported early surgical intervention in early obese diabetes.
Interestingly, in their study subgroup with a BMI of
30-35 kg/m2 (22% of the total cohort), there was evidence that glycemic control and weight loss were as efficacious as those in the higher BMI group. However, the
Schauer et al[34] study demonstrated that bariatric surgery
was even effective in more advanced T2DM patients.
The most recent multicenter RCT by Ikramuddin et al[58]
showed that there was a benefit of adding RYGB to optimal medical therapy instead of using medical therapy
alone in achieving diabetes therapeutic goals (49% vs
19%) for cardiovascular risk reduction. This study included a higher proportion of the cohort with a BMI of
30-35 (59%), suggesting that metabolic surgery might
play a very important role in cardio-metabolic risk reduction in patients with a BMI < 35 kg/m2 and T2DM.
All these trials included insufficient numbers of patients,
used different diagnostic criteria for diabetes remission
and had only 1-2 years of follow-up; therefore, cardiovascular risk reduction and the durability of glycemic
control still remain to be defined using longer follow-up
data in the future.
Currently, emerging data have shown good outcomes after metabolic surgery aiming to treat T2DM in
less obese diabetics with a BMI < 35 kg/m2[18,59-62]. The
extraordinary glucose, lipid and blood pressure control
reported in the published series[63] also suggest good
long-term effects on the cardiovascular risk profile and
mortality.
Lee et al[61] reported a prospective multicenter study
of metabolic surgery involving 200 Asian patients with
T2DM and a BMI < 35 kg/m2, with an end point of
T2DM remission, which was defined by a fasting plasma
glucose < 110 mg/dL and HbA1C < 6.0%. In that
study, 172 patients underwent gastric bypass, 24 underwent sleeve gastrectomy, and 4 underwent adjustable
banding. At 1 year, the mean BMI decreased from 28.5
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Table 1 Randomized controlled trials that directly compared the effectiveness of bariatric procedures with medical management for
the treatment of type 2 diabetes
Dixon et al

Trial
Intervention arms

[57]

LAGB; standard medical management
2

Follow-up duration (yr)
Baseline characteristics
n
60
Mean BMI (kg/m2)
37 (30-40)
Duration of T2DM (yr)
<2
Mean HbA1c
7.8%
Primary end-point
FBG < 126 mg/dL with HbA1c <
6.2% without pharmacotherapy
End results
Diabetes remission

LAGB 73%; medical arm 13%

Schauer et al

[34]

RYGB; LSG; medical management
1
150
36 (27-43)
>8
9.2%
HbA1c < 6% with or without
pharmacotherapy

RYGB 42%; LSG 37%; medical
arm 12%
RYGB 6.4%; LSG 6.6%; medical
arm 7.5%
RYGB 26.8; LSG 27.2; medical
arm 34.4
RYGB 88%; LSG 81%; medical
arm 13%
4 re-operations (4.0%) due to
intra-abdominal hematoma,
vomiting, cholecystectomy, and
feeding access after gastric leak

Mingrone et al

[105]

RYGB; BPD; medical
management
2

Ikramuddin et al

[58]

RYGB with medical management;
medical management
1

60
120
45 (35-60)
34 (30-40)
6
9
8.7%
9.6%
FBG < 100 mg/dL with CV risk reduction with HbA1c < 7%
HbA1c < 6.5% without with LDL cholesterol < 100 mg/dL
pharmacotherapy
and systolic BP < 130 mmHg

BPD 95%; RYGB 75%;
medical arm 0%
Mean HbA1c
LAGB 6.0%; medical arm 7.2%
BPD 4.9%; RYGB 6.3%;
medical arm 7.7%
Mean BMI (kg/m2)
LAGB 29.5; medical arm 36.6
BPD 29.1; RYGB 29.3;
medical arm 43.1
Mean excess weight loss LAGB 62%; medical arm 4.3%
BPD 69%; RYGB 68%;
medical arm 9%
Major surgical compli2 revision surgeries (6.7%)
2 re-operations (5.0%)
cations
due to pouch enlargement; 1
due to incisional hernia
required band removal due to
and bowel obstruction.
persistent regurgitation
More nutritional risk in
BPD than in RYGB
Mortality
Nil
Nil
Nil
Comment
This trial involved patients with This trial involved patients with
This trial involved
early (< 2 yr) diabetes of mild
more advanced diabetes (> 8
severely obese diabetic
severity (HbA1c < 7.8%), but
years and HbA1c 9.2%), with
patients and showed
only 22% of patients had BMI
34% of patients having BMI <
the greater effective30-35. This trial supported early 35. This trial supported surgi- ness of bariatric surgery
surgical intervention for early cal intervention in more severe over medical therapy
obese T2DM
T2DM
in poorly controlled
T2DM

RYGB 75%; medical arm 32%
RYGB 6.3%; medical arm 7.8%
RYGB 25.8 medical arm 31.6
1

RYGB 26.1 medical arm 7.9%

2 re-operations (3.3%) due to
anastomotic leak. Surgical group
had 50% more serious events with
greater nutritional deficiency than
medical arm
Nil
This trial showed the potential
benefits and risks of adding RYGB
to the best medical therapy in
achieving therapeutic goals for diabetes (49% vs 19%). This trial had
a higher proportion of BMI 30-35
(59%)

1

Mean weight loss. T2DM: Type 2 diabetes mellitus; BMI: Body mass index; LAGB: Laparoscopic adjusted gastric banding; RYGB: Roux-en-Y gastric bypass; LSG: Laparoscopic sleeve gastrectomy; BPD: Bilio-pancreatic diversion; FBG: Fasting blood glucose; HbA1c: Glycosylated hemoglobin; LDL: Low
density lipoprotein; CV: Cardiovascular.

to 23.4 kg/m2, and HbA1C decreased to 6.3%. T2DM
remission was achieved in 72.4% of the patients. Diabetes remission was significantly higher in patients with
a duration of diabetes < 5 years and a BMI > 30 kg/m2
who underwent gastric bypass surgery.
The longest prospective study on patients with T2DM
and a BMI < 35 kg/m2 and who underwent metabolic
surgery was published by Cohen et al[64] In that study, 66
patients with a BMI of 30-35 kg/m2, a disease duration
of 12.5 ± 7.4 years and a baseline HbA1c 9.7 ± 1.5% underwent RYGB. At 6 years, with 100% follow-up, durable
diabetic remission (defined as HbA1c < 6.5% without
medication) was achieved in 66% of patients, with glycemic improvement in 11% of patients and HbA1c reduced
to 5.9%. There was no mortality, major morbidity or excessive weight loss. The improvement of hypertension,
dyslipidemia and glycemia translated to a 50%-84% predicted 10-year cardiocerebral risk reduction.
Regarding the efficacy of metabolic surgery, two randomized clinical trials directly compared different bariatric procedures in a diabetic population. Lee et al[33] ran-
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domized 60 diabetic patients with a mean BMI of 30.3
to undergo either gastric bypass or sleeve gastrectomy.
At 1 year, the gastric bypass group had a higher rate of
diabetes remission, with HbA1c < 6.5% (93% vs 47%), a
significantly higher reduction in weight (BMI 22.8 kg/m2
vs 24.4 kg/m2), HbA1c change (4.2% vs 3.0%) and fasting glucose level change (99.3 mg/dL vs 140.1 mg/dL).
Similarly, Schauer et al[34] published a randomized trial
with 3 different arms of gastric bypass, sleeve gastrectomy and medical therapy for diabetic patients; patients
in the gastric bypass group lost more weight than those
in the sleeve gastrectomy group (-29.4 kg vs -25.1 kg) at
1 year. Although there was no difference in glucose levels, 30% of patients in the sleeve gastrectomy group still
needed medication to achieve the target level of HbA1c
< 6.0%.
Although the best evidence is based on 1-2 years of
short-term results from available randomized trials[33,34,57,58],
metabolic surgery for the treatment of T2DM in patients
with a BMI of 30-35 kg/m2 is promising. These data
also indicate that gastric bypass is an effective metabolic
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surgery because patients who underwent gastric bypass
had more weight loss and higher diabetes remission
rates than individuals who underwent restrictive-type
procedures. Post-operative weight loss[65,66] and a shorter
duration of diabetes[61] are still powerful predictors of
early remission after metabolic surgery. Therefore, surgical results are not independent of initial BMI or weight
loss. Caution is still required when performing metabolic
surgery for low BMI patients.

Indications for metabolic surgery
Current guidelines[67,68] strongly recommend that conventional bariatric surgery be considered for the treatment
of T2DM in surgical candidates with poorly controlled
diabetes and a BMI > 35 kg/m2. However, according to
the international diabetes federation (IDF) position statement from March 2011, surgery should be considered as
an alternative treatment option in patients with a BMI between 30 and 35 when the diabetes cannot be adequately
controlled with an optimal medical regimen, especially in
the presence of other major cardiovascular disease risk
factors. In Asians, the BMI cut-off point is 2.5 points
lower compared with Western populations to reflect
the higher obesity risk profile in Asian populations[69].
Historically, that report was the first to include bariatric
surgery in a diabetes treatment algorithm. For individual
diabetic patients with a BMI < 30 kg/m2, some data have
shown encouraging results[18,33,59,61,62,66,70-73]. As shown by
our study, good outcomes could be achieved, especially
for patients with some degree of weight loss, good β-cell
function and central obesity[61,66].
However, with metabolic surgery, the BMI may not
be considered an appropriate selection criterion, as it
does not reflect the metabolic profile of at-risk patients.
The BMI was originally derived from the Caucasian population and may not be applicable to other populations,
especially Asian populations[74]. Moreover, BMI does
not necessarily reflect the fat composition and distribution in the body, which affect metabolic risk[74]. Studies
have shown that insulin resistance is secondary to an
increase in hepatic triglyceride content and visceral adiposity[75,76], of which BMI is not a good indicator. T2DM
individuals have been shown to have altered adipose
tissue distribution with more visceral adipose tissue and
intermuscular adipose tissue than subcutaneous tissue[76].
In other words, BMI is a poor indicator of metabolically significant obesity[74]. Therefore, BMI should not be
used as the sole criterion for metabolic surgery[77]. Suitable criteria that reflect the metabolic profile of patients
are needed for the appropriate selection of patients for
metabolic surgery.

Tailored approach for the
selection of the appropriate
metabolic surgery
The selection of patients for metabolic surgery should
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be matched to an ideal risk-benefit profile to obtain the
optimal outcomes of metabolic control. Therefore, we
propose a tailored approach for the selection of metabolic surgery for poorly controlled T2DM.
LAGB is ideal for patients with early, newly diagnosed T2DM (< 2 years) and a BMI > 30 kg/m2, as the
mechanisms of glycemic control are calorie restriction
and effective weight loss. The RCT by Dixon et al[57] has
proven its role in early T2DM. LAGB results in more
limited weight reduction with higher probability of repeated interventions due to band erosion and slippage
but carries a minimal risk of long-term complications
such as malnutrition and internal hernias.
LSG is suitable for individuals with a BMI > 27 kg/m2
but with a duration of DM < 5 years and good C-peptide
levels indicative of good pancreatic β-cell function[73].
The metabolic effect is related to greater improvement
in insulin resistance secondary to calorie restriction and
weight loss rather than an increase in insulin secretion.
Although the metabolic effect due to the hindgut effect
with the elevation of GLP-1 and peptide YY has been
reported, the long-term glycemic amelioration effect is
still unknown. C-peptide > 3 ng/mL is the most important predictor of successful treatment[73,78]. This procedure has the risk of acute complications such as leakage,
bleeding and stricture due to very long stapler lines but
carries minimal long-term nutritional risks.
RYGB, the most investigated metabolic procedure,
is ideal for individuals with poorly controlled DM with a
BMI > 27 kg/m2. Studies have confirmed the superiority
of gastric bypass over restrictive procedures due to the
bypass of the hormonally active foregut and early nutrient stimulation of the hindgut[33,34,79]. This procedure
should be reserved for those with more advanced and
long-standing T2DM. The surgical risks are acute complications such as anastomotic leakage and bleeding, and
the long-term risks are malnutrition and internal hernias.
For those subjects with a high operative risk, mini-gastric
bypass is likely the best alternative due to the shorter
surgical time and only one anastomosis.
BPD, which is a purely malabsorptive procedure with
superior glycemic control[9] compared with the above
metabolic procedures, may not be appropriate in lowerBMI individuals due to the high complication rates and
long-term malnutrition risk. Instead, the novel procedure of duodenal-jejunal bypass with sleeve gastrectomy
(DJB-SG)[80,81] should be considered, although the longterm results have not yet been reported (refer to new
perspectives).

PATIENT SELECTION
The long-term risk of T2DM is highly associated with
elevated HbA1c levels, not a high BMI[82]. Therefore,
considering the potential benefits of metabolic surgery
and the risk of surgery in the BMI < 35 kg/m2 population, the selection of the ideal candidate should be based
on the presence of MetS with poorly controlled T2DM.
In other words, the selection criteria should be specific
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for diabetes and MetS.
The diabetes-specific criteria should include HbA1c,
diabetes duration and C-peptide levels. Reducing HbA1c
below 7% has been shown to reduce microvascular
complications, and a reduction soon after the diagnosis
of diabetes is associated with a long-term reduction in
macrovascular disease[68]. Therefore, the cut-off point of
HbA1c is 7%, which indicates that poorly controlled glycemia is an appropriate selection criterion for metabolic
surgery. Moreover, performing surgery on individuals
with a short duration of diabetes, especially < 5 years,
and a C-peptide > 2.9 ng/dL will produce better longterm outcomes due to better preserved pancreatic β-cell
function[61,66,83].
For metabolic-specific criteria, waist circumference (WC)
is most likely a pragmatic clinical consideration. Central obesity is associated with the increasing prevalence
of MetS with insulin resistance, which is driven by the
strong relationship between WC and increasing adiposity.
If diabetes is not already present, MetS is a strong predictor of T2DM, which is five times more likely to occur
in individuals with this syndrome[84]. Therefore, WC is
a surrogate of metabolic disease with insulin resistance.
WC as defined by the IDF, which is ethnically specific[85],
should be part of the clinical criteria for the selection of
patients for metabolic surgery.
Given the operative risk of cardiovascular complications in this higher-risk group compared with the conventional bariatric population, metabolic surgery should
be avoided in patients with any recent major cardiovascular event.

not able to defend themselves against complications due
to limited organ reserve. This risk is especially true for
poor-health T2DM patients with impaired organ function.
Generally, the mortality and morbidity rates are low,
most likely due to the standardization of surgical techniques and peri-operative care; however, post-operative
complications can be serious and must be addressed
promptly by surgeons who are familiar with these problems. For overweight patients with a BMI > 25 kg/m2,
there is no risk of excessive weight loss that will move
them into the normal weight category[16]. Given the risk
of hypoglycemia immediately after metabolic surgery
due to acute calorie restriction in diabetic patients, close
monitoring of glucose levels with the appropriate withdrawal of anti-diabetes medications is essential postoperatively.
Metabolic surgery is a life-changing operation with
associated risks and complications, especially long-term
nutritional deficiencies. The surgical risk is not negligible,
as shown in Table 1. Surgical intervention was associated
with 50% more serious events with greater nutritional
deficiency than medical therapy[58]. Therefore, patients
should be counselled regarding life-style modifications,
especially the restrictions related to eating after surgery
and the commitment to life-long follow-up to prevent
potential complications. For lower BMI individuals, the
risk of each metabolic procedure needs to be considered
in light of the individual risk-benefit ratio with respect
to potential reductions in diabetes-associated mortality
and morbidity and improvements in the quality of life.

Complications

Durability of THe glycemic effect

MetS is a constellation of syndromes, including T2DM,
hypertension, hyperlipidemia and central obesity, that
lead to increased cardiovascular disease. Although bariatric surgery is relatively safe, with a complication risk of
0.1%-0.3%, which is considered low even in the era of
laparoscopic surgery and is similar to the complication
risk of laparoscopic cholecystectomy[86], the presence of
MetS might be a risk factor for adverse events in bariatric
surgery. In a study based on the Bariatric Outcomes Longitudinal Database, the national database for the American Society for Metabolic and Bariatric Surgery’s Bariatric
Surgery Center of Excellence Program, MetS patients
had a higher incidence of early adverse outcomes compared with non-MetS patients[87]. Patients with MetS
tend to be older males with more visceral fat (central
obesity), a higher incidence of obstructive sleep apnea
and an American Society of Anesthesiologists category
of Class Ⅲ or greater that may lead to surgical difficulty
with high peri-operative risk. The MetS patients had
significantly higher incidences of serious complications
(2.4% vs 1.0%) and mortality 90 d after bariatric surgery
(0.3% vs 0.1%) compared with non-MetS patients. This
finding is expected because individuals with MetS who
already have a heightened pro-inflammatory state will

The durability and degree of glycemic control in different
surgical procedures remain uncertain. Bypass procedures
have been reported to have a higher degree of glycemic
control and resolution of associated comorbidities[9].
RYGB is more effective than LSG with respect to glycemic control[33]. A small-scale prospective study in mildly
obese patients (class 1 obesity) with long term followup showed that RYGB achieved 88% diabetic remission
over 6 years, with glycemic improvement in 11% of
patients[64]. However, there is a substantial rate of relapse
within 5 years after the initial diabetes remission[88,89],
which might suggest that metabolic surgery slows but
does not prevent the progressive loss of the insulin secretory capacity of the pancreas. In relapsed patients, it
is unclear how a period of good control after metabolic
surgery will affect the long-term morbidity and mortality
rates. Although the large ACCORD[90], ADVANCE[91]
and UKPDS 33[92] trials have suggested that tight glucose reduction has a microvascular benefit but not a
macrovascular benefit, the legacy effect, as shown by
the UKPDS study, is that the benefit of a brief period
of intensive glycemic control in patients with T2DM
might extend into subsequent years, with a reduced risk
of macrovascular disease and mortality[93]. Clearly, longer
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Table 2 Diabetes surgery score system
Variable

Score

Age (yr)
BMI (kg/m2)
C-peptide (ng/mL)
Duration of T2DM (yr)

0
≥ 40
< 30
<2
> 10

1
< 40
30-39
2-3.9
5-10

2

3

40-49
4-6
2-4.9

≥ 50

>6
<2

Total possible score ranges from 0 to 10. BMI: Body mass index; T2DM:
Type 2 diabetes mellitus (data adapted from Lee et al[98]).

term follow-ups in larger series are needed to clarify this
important issue.

PROGNOSTIC FACTORS
Currently, there is no consensus regarding how to choose
appropriate T2DM patients for metabolic surgery because various surgeries have different remission rates
with different mechanisms[94]. Offering surgery only to
those patients who are young and in the early stages of
diabetes with better preserved pancreatic β-cell mass
may result in better outcomes. In addition, the variation
of a patient’s metabolic profile in poorly controlled diabetes might affect the reported remission rate in various
published metabolic surgery results. Therefore, the ability to predict diabetes remission after metabolic surgery
has great implications for choosing the type of surgical
procedure that is best suited for particular patients and
for evaluating the risk-benefit profile and the likelihood
of success after surgery so that optimal metabolic surgery outcomes can be achieved. Perhaps, more importantly, we could avoid the unnecessary risk of surgery
without a clear clinical benefit in patients who are not
expected to respond well to metabolic surgery.
Generally, the possible predictors of diabetes remission that have been studied may produce better outcomes after metabolic surgery and might be related to
younger age, better pancreatic β-cell function (C-peptide
level), lower disease severity (duration of diabetes, intensity of medication and insulin dosage), lower obesity
(BMI), the amount of weight loss, the high sensitivity
C-reactive protein and insulin resistance[18,61,65,78,83,95-97].
Dixon et al[66] studied the factors that influence glycemic control following gastric bypass surgery in patients
with T2DM and a BMI < 30 kg/m2. A baseline BMI of
< 27 kg/m2 and C-peptide of < 2.0 ng/mL were associated with a poor glycemic response. A higher baseline
BMI, shorter disease duration (< 7 years) and higher
fasting C-peptide (> 2.4 ng/mL) with post-surgery
weight loss (> 16%) were associated with excellent glycemic control. DiGiorgi et al[88] reported that those patients
who required insulin or oral medication before RYGB
were more likely to experience improvement rather than
resolution. The patients with recurrence or worsening
associated with a lower preoperative BMI regained a
greater percentage of lost weight, had a greater weight
loss failure rate and had greater postoperative glucose
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levels. However, all these factors might be inter-related,
and it is difficult to interpret them without a clinically
meaningful grading system to categorize and help select
the most appropriate patients for metabolic surgery.
In Asia, Lee et al[98] has advocated a simple but validated multidimensional grading system for metabolic
surgery (diabetic surgery score) to stratify T2DM patients
with regard to their metabolic status and to predict the
outcome of metabolic surgery (Table 2). Patients with a
higher diabetic surgery score have a higher T2DM remission rate (from 33% for score 0 to 100% for score 10); a
1-point increase in the score translates to an absolute 6.7%
increase in the success rate. However, in patients with low
scores (1-3), low remission rates (0%-33%) are expected.
Therefore, this score might be used as a tool to achieve
realistic expectations of the surgical outcome and might
be used in future research to stratify the metabolic profile of patients according to the probability of diabetes
remission instead of according to BMI alone. However,
this grading system was derived from an Asian population, which is prone to diabetes at relatively younger ages
with lower BMIs; therefore, the system may not be applicable to Western populations.

New perspectives
Several investigations of metabolic procedures were introduced in recent years. As newer metabolic procedures,
the efficacy, durability and safety of these procedures
have yet to be established.
Duodenal-jejunal bypass
The duodenal-jejunal bypass stomach-sparing operation
was introduced as a procedure that could induce the remission of diabetes without weight loss in lean diabetic
patients. The operation is based on the work of Rubino
and colleagues in Goto-Kakizaki genetically diabetic lean
rats[30]. Early human trials are encouraging[70,99]. Moreover, a novel procedure, DJB-SG, designed as a variant
of the mini-duodenal switch by a combination of duodenal-jejunal bypass and sleeve gastrectomy, has shown
good outcomes in the treatment of T2DM[80,81].
The EndoBarrier is a fluoropolymer sleeve that is
reversibly fixed to the duodenal bulb and extends 80 cm
into the small bowel, usually terminating in the proximal
jejunum[31]. This endoscopically inserted device facilitates
weight loss through malabsorption by preventing the
mixture of pancreatic juice and chyme. It also results in
improved glycemic control by activating the hormonal
triggers based on the foregut bypass theory. To date,
the favorable outcomes have been based on short-term
studies alone[31]. The EndoBarrier has been reported to
be implanted for 52 wk in patients with T2DM, with statistically significant reductions in fasting blood glucose,
fasting glucose and HbA1c by the end of the 52 wk in
16 out of 22 patients[100]. Currently, its role in the preoperative control of glycemia and weight loss, compared
with a very low calorie diet, in morbidly obese patients
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still needs to be defined. Although it is not a permanent
procedure, it is non-invasive and could be used to explore, at the molecular level, the role of duodenal-jejunal
dysfunction in the pathogenesis of T2DM.
Ileal interposition
Ileal interposition with the aim of early exposure of the
hindgut to nutrients in order to increase the secretion of
GLP-1, is still in the early stages of human trials[40,101].
It was first described by DePaula as an operation that
is specifically performed for the treatment of T2DM in
non-morbidly obese patients[102]. It functions as a neuroendocrine brake to increase the early phase of insulin
secretion after meals, which is characteristically absent in
T2DM[103].
Metabolic surgery as a new clinical pathway
As most metabolic surgery is performed as part of a
conventional bariatric program, Rubino et al[104] suggested
that the separation of the clinical pathway of metabolic
surgery from conventional bariatric surgery might have
far-reaching clinical implications in terms of patient expectations, specific outcome measures, the involvement
of appropriate multidisciplinary teams and the level
of care. Moreover, the demographics of the referred
patients were different from those of the conventional
bariatric program, as they were much older males with
a higher prevalence of severe diabetes, MetS and cardiovascular disease[105]. These demographics might place
these patients at higher risk compared with conventional
bariatric surgery patients, which would necessitate more
intense and detailed peri-operative care. Moreover, with
the name change to diabetic/metabolic surgery, public
perceptions may change because obesity is currently
perceived as a life-style problem that requires behavioral
therapy, but MetS and diabetes are perceived as chronic
and deadly diseases that need to be treated effectively.
This change in perception might encourage patients to
seek surgery and might improve access to gastrointestinal metabolic surgery. Finally, an integrated and multidisciplinary approach to metabolic surgery, especially one
that involves endocrinologists and surgeons, is necessary
for addressing the issues and challenges in this evolving
field.
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Abstract
Single-port laparoscopic surgery (SPLS) is proposed
to be a step towards minimizing the invasiveness of
surgery, and has since gained popularity in several surgical sub-specialties including hepatopancreatobiliary
surgery. SPLS has since been applied to cholecystectomy, liver resection as well as pancreatectomy for a
multitude of pathologies. Benefits of SPLS over conventional multi-incision laparoscopic surgery include
improved cosmesis and potentially post-operative pain
at specific time periods and extra-umbilical sites. However, it is also associated with longer operating time,
increased rate of complications, and increased rate
of port-site hernia. There is no significant difference
between length of hospital stay. SPLS has a significant
learning curve that affects operating time, rate of conversion and rate of complications. In this article, we
review the literature on SPLS in hepatobiliary surgery
- cholecystectomy, hepatectomy and pancreatectomy,
and offer tips on overcoming potential technical obstacles and minimizing the complications when performing SPLS - surgeon position, position of port and in-
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struments, instrument crossing position, standard hand
grip vs reverse hand grip, snooker cue guide position,
prevention of incisional hernia. SPLS is a promising
direction in laparoscopic surgery, and we recommend
step-wise progression of applications of SPLS to various hepatopancreatobiliary surgeries to ensure safe
adoption of the surgical technique.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Single port laparoscopic; Cholecystectomy;
Hepatectomy; Pancreatectomy; Liver resection
Core tip: This manuscript is an up-to-date review of the
recent developments in single port laparoscopic hepatopancreatobiliary surgeries. A comprehensive review
of all meta-analyses published on the topic of single
port laparoscopic cholecystectomy will be discussed as
well as a summary of the published literature of the
application of single port laparoscopic surgery in liver
and pancreatic surgeries will be presented. The author who has a personal experience of more than 350
single port laparoscopic hepatopancreatobiliary surgeries will offer a detailed description of his technique and
tips on how to avoid the pitfalls as well as adopting the
technique easily.
Chang sky, Lee ky. Therapeutic advances: Single incision
laparoscopic hepatopancreatobiliary surgery. World J Gastroenterol
2014; 20(39): 14329-14337 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i39/14329.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14329

INTRODUCTION
Since Eric Muhe first described laparoscopic cholecystectomy in 1985[1], minimally invasive surgery has revolu-
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tionized surgical techniques, and has made a huge impact
particularly in hepatopancreatobiliary surgery. Benefits
over traditional open surgery include improved cosmesis,
decreased post-operative pain, shortened length of hospital stay and faster return to function[2].
Single-port laparoscopic surgery (SPLS) was first described by Inoue et al[3] for appendectomy, and is proposed
to be a step towards the same direction of minimizing the
invasiveness of surgery; potentially offering benefits such
as improved cosmesis, decreased post-operative pain and
shorter length of hospital stay as compared to conventional multi-incision laparoscopic surgery. This technique
has since gained popularity in several surgical subspecialties, including hepatopancreaticobiliary diseases. SPLS
for cholecystectomy gained popularity in 2000s and has
since been applied to more complex procedures, including
hepatectomies and pancreatectomies.
To date, there is a significant amount of literature
available on SPLS for a vast range of diseases, ranging
from single case reports to meta-analyses on the feasibility and outcomes of SPLS. There is a need to consolidate
the evidence available for clinicians to better understand
this surgical technique and its benefits and potential risks.
This article reviews the literature on SPLS in hepatobiliary surgery - cholecystectomy, hepatectomy and pancreatectomy, and offers tips in overcoming potential technical obstacles when performing SPLS.

Single-port laparoscopic
cholecystectomy
Currently, laparoscopic cholecystectomy is the gold standard for surgical treatment of benign gallbladder diseases. SPLS for cholecystectomy was first described by
Navarra et al[4] in 1997. Today, SPLS is most commonly
applied to cholecystectomy, as clearly demonstrated by
the large amount of literature on single-incision laparoscopic cholecystectomy (SILC) in contrast to other
single-port laparoscopic surgeries.
There have been several meta-analyses[5-10] published
comparing SILC with CLC in a large range of parameters - from operating time, complications, to cosmesis.
While there are slight differences in conclusions with
regards to rate of procedural failure and complications,
most derive results that concur with each other.
Safety and complications of SILC
Safety of the procedure is commonly determined by the
incidence and rate of complications. SILC is considered
to be a safe and effective procedure for the treatment
of carefully selected patients with uncomplicated benign
gallbladder disease[5]. Although there is a reported higher
complications rate with SILC as compared to CLC, it
is not statistically significant. Common post-operative
complications include wound site infection (4.0% vs
1.6%)[5] and gallbladder perforation (1.9% vs 1.3%)[1].
Of importance, bile duct injury is found in 0.72%[11]
for SILC, compared to 0.5[12] in CLC. This is likely due
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to the fact that many of the studies were in their early
stages of SILC, and could have experienced difficulty in
visualizing the Calot’s triangle in order to facilitate safe
dissection. We offer tips to overcome this obstacle in
later sections. SILC is also associated with higher intraoperative blood loss (1.0% vs 0.9%), although not shown
to be statistically significant[5].
Procedural failure rate
The rate of conversion to open surgery is comparable
to that of CLC (mean 0.4% vs 0.7%)[5]. When including
the addition of a port to SILC procedures or conversion
to CLC as a procedural failure, the failure rate is higher
(8.4% vs 0.7%)[6]. There is a median of 8.55% of SILCs
that required an additional port[13]. Trastulli et al[6] also
found a higher rate of failure when using a transparietal
suture to anchor the gallbladder to the abdominal wall
as compared to using a grasper to retract the gallbladder. The higher rate of conversions may be due to the
learning curve associated with SILC. In a study of the
learning curve of SILC by Tay et al[14], 80% of conversions took place in the surgeon’s first 20 cases, and were
usually due to the obscured anatomy of Calot’s triangle.
Rate of conversion is likely to decrease with experience.
Intra-operative time and learning curve
All meta-analyses[5-10] have shown that intra-operative
time with SILC is significantly longer than CLC. A metaanalysis of prospective randomized controlled trials by
Pisanu et al[5] found that the mean time for SILC is 63.0
min vs 45.8 min in CLC [SMD = 1.004 (0.434-1.573)].
The longer operating times have been attributed to the
learning curve associated with the adoption of a new
technique. A study by Tay et al[14] on a single institution
experience of the learning curve of SILC shows that
the mean operating time of a surgeon is significantly
lower (62.5 min vs 90.6 min) after overcoming the learning curve, and continues to decrease to 37 min after
performing 60 cases. As surgeons gain more experience
with SPLS, the operating time consistently reduces[15,16],
and the operating time for SILC decreases with experience to a comparative level of CLC[14,17]. The number
of cases required to overcome the learning curve ranges
from 5-10[18] to 20-25[19,20]. The wide range of learning
curve may be due to the degree of ease of surgery based
on the indication for surgery and patient profile (e.g.,
high BMI), or the prior experience of the surgeon with
laparoscopy.
Post-operative pain and recovery time
Several meta-analyses[5-9] found no statistically significant
differences in post-operative pain. This may be due to
the increase in total tension of the umbilical incision[21].
However, it is worth noting that the studies thus far have
assessed post-operative pain as an overall score that is
neither site-specific nor time-specific. Geng et al[10] found
significant difference in post-operative pain (by VAS
scores) between the SILC and CLC groups when specific
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Table 1 Comparing mean post-operative pain between study arms
Technique

Pain score: mean

4 h post-procedure

Umbilical

At rest
On movement

Extra-umbilical

At rest
On movement

24 h post-procedure

Umbilical

At rest
On movement

Extra-umbilical

At rest
On movement

14 d post-procedure

Umbilical

At rest
On movement

Extra-umbilical

At rest
On movement

SILC
(s.d.)
1.604
-1.644
2.275
-2.063
0.933
-1.764
1.258
-2.147
2.300
-1.895
3.613
-2.668
0.696
-1.406
0.942
-1.767
0.833
-1.465
1.583
-1.717
0.167
-0.637
0.375
-1.096

LC
(s.d.)
2.085
-2.275
2.469
-2.479
1.631
-2.621
1.773
-2.656
2.652
-2.632
3.548
-3.196
2.684
-2.660
3.124
-3.104
0.960
-1.457
1.720
-1.696
0.400
-0.957
0.640
-1.551

Reduction of pain P value
in SILC:

1

Conclusions
regarding SILC

Mean (95%CI)
0.48
(-0.657-1.618)
0.194
(-1.109-1.497)
0.697
(-0.567-1.962)
0.515
(-0.866-1.895)
0.352
(-0.965-1.669)
-0.065
(-1.760-1.631)
1.988
(0.763-3.213)
2.182
(0.729-3.635)
0.127
(-0.713-0.966)
0.137
(-0.844-1.118)
0.233
(-0.234-0.700)
0.265
(-0.510-1.040)

0.400

Non-inferior

0.766

Inconclusive

0.272

Non-inferior

0.457

Non-inferior

0.593

Non-inferior

0.939

Inconclusive

0.002

Superior

0.004

Superior

0.763

Non-inferior

0.781

Non-inferior

0.319

Non-inferior

0.495

Non-inferior

1

There is a significant reduction in extra-umbilical pain scores 24 h post-operatively. SILC: Single-incision laparoscopic cholecystectomy.

time periods were analysed; patients who underwent SILC
had less pain at 3-4 h (-0.704 favouring SILC), and at 6-8
h (0.613 favouring SILC).
Our institution investigated post-operative pain in
SILC vs CLC in a randomized controlled trial[22], where
we measured post-operative pain by site and severity at
4 h, 24 h, 2 wk and 6 mo. We found that at 24 h postoperatively, there is significantly less extra-umbilical pain
at rest and on movement, with mean reduction of 1.988
(0.763-3.3213) and 2.182 (0.729-3.635) in pain score at
rest and on movement respectively (Table 1). This could
suggest superiority of pain reduction in SILC at site specific areas. Otherwise, there is also no significant difference in the length of hospital stay[5-9].

Cosmesis
The satisfaction with cosmesis in patients who underwent
SILC is undeniably greater than patients who underwent
CLC, and is likely the largest benefit that SILC confers
to patients. Post-operative satisfaction with cosmesis
from the meta-analysis by Pisanu et al[5] favours the SILC
group (8.2 vs 7.2 on a 10-point scale, SMD = -0.759),
and Trastulli et al[6] reported that there is a significant
difference in satisfaction with cosmesis from 2 wk after
surgery, with an overall weighted mean difference of 0.97
[-1.51-(-0.43)] in favour of SILC (P < 0.001).

Port site hernia
There appears to be a higher incidence of port site hernia in patients who undergo SILC compared to CLC
(1.43% vs 0.32%)[8], although not statistically significant.
However, the length of post-operative follow-up is not
known. In a systematic review by Hall et al[13], the overall
rate of incisional hernia is 0.35%, but the 49 studies had
a range of follow-up from 2 wk to 1 year. The increase
in port site hernias with SILC may be due to the longer
incision made for single-incision surgeries, particularly
with multi-port devices. Longer length of follow-up is
required to make a better conclusion on whether port
site hernia is a significant long term complication with
SILC. Experience in port-site close is also vital in pre-

Cost-effectiveness
It is difficult to compare the cost-effectiveness of SILC
with CLC as there is a wide variation of methods applied under “single-incision”. Although all SPLS make
use of a single intra-umbilical incision, techniques range
from using multi-port devices, to making use of surgical
gloves to insert multiple ports while maintaining pneumoperitoneum[23]. The cost of using surgical gloves was
shown to be one-quarter of the cost of CLC[13], while
Chang et al[24] used ports specific to SPLS and described
costs as greater than CLC (USD $2547 vs $1976). The
use of surgical gloves is a promising method that may
significantly reduce costs for the patients while providing
quality results.
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vention of incision hernias, and will be discussed in a
later section.
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SILC for complicated patients and diseases
Currently, SILC is only performed for a select group
of patients, with common exclusion criteria including
BMI > 30[25], ASA > Ⅲ[26] > Ⅱ[27], and acute cholecystitis[25,26,28-30]. The safety of SILC on more complicated
patients is not known and will require more evidence
before deciding if this procedure can be more widely applicable.
Overall, SILC is proven to be safe and effective for
patients with uncomplicated benign gallbladder disease,
with significant benefits of improved cosmesis. The
main drawback is that of longer operating time (which
is associated with the learning curve), and possible long
term increased risk for incisional hernia. Otherwise,
the complications rate, rate of procedure failure, postoperative pain and recovery time are comparable with
CLC, and post-operative pain may be superior in certain
sites or time periods. It is difficult to assess cost-effectiveness due to the variety of methods used, but using
ports tailored for SPLS is likely to be more expensive as
compared to improvising with conventional instruments.
More studies are needed to study the safety and complications of SILC with more complex patient factors and
biliary pathologies.

Single-port Laparoscopic Liver
Surgeries
SPLS for liver surgery is a fairly new application, with
the first case of single-incision laparoscopic hepatectomy
(SILH) being described in 2010 by Cai et al[31] for a liver
hemangioma. In contrast to SILC, SILH is performed
less commonly and literature on SILH is limited to single
case reports or small case series. To date, only 31 cases
of SILH have been described[31-36]. This is because SILH
is a technically demanding surgery with high risk of
bleeding, thus requiring strict patient selection and also
the use of specific surgical instruments that may not be
widely available in institutions.
SILH confers essentially the same benefits of SPLS,
and has been used for a larger variety of pathological
conditions, from benign cysts to metastatic liver masses
and in patients with poor Child-Pugh classification
grades (i.e., grade C[32]). Early experience with SILH has
shown that it is a safe and effective procedure for selected patients with good recovery, and has not shown to
have any post-operative complications.
Patient characteristics
From the pooled published patient data, the age of patients ranged from 52[32] to 90[32] years old, and majority
were Child-Pugh grade A, although there was 1 patient
each of Child-Pugh grade B and C. The indications for
SILH included benign cyst fenestration[32-34], hepatectomy for hepatocellular carcinoma, distant metastasis
(ovarian, colorectal)[33], endocrine tumour[32], or hemangioma[31].
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Tumour characteristics
In the context of conducting SILH for malignant tumours, it is imperative to select appropriate cases based
on the size and position of the tumour, as well as its relation with the peripheral great vessels[37]. Currently, cutoffs for size of the lesions are < 5 cm[35] or < 4 cm[31].
There is consensus of the need for the tumour to be superficial, although authors argue about the ideal location
as either antero-lateral[32] or left liver[33]. In the studies,
the location of mass differs vastly between each paper
(segment 4, 8[32], and segment 2, 3, 4[33,35]), but is consistent with their selection criteria. Studies that recommend
SILH for the left lobe of the liver argue that the suspensory ligament aids in the surgical-site exposure[33].
Surgical technique
Length of initial incision ranged from 0.7 cm[32] to 3 cm[31],
although the length of incisions were occasionally extended in order to deliver the specimen out of the incision. All
reports[31-37] used multi-port systems for single-port laparoscopic surgery, as well as a hemostatic coagulation device or clips and staplers to control bleeding and achieve
hemostasis. Technical skills must also be available to allow
the surgeon to perform laparoscopic intra-corporeal
stitching and knot tying through the single incision site.
Some studies also created a zone of heat-coagulative
necrosis along the line of intended liver parenchyma
division in order to maintain a blood free division[33,35,36].
Sasaki et al[34] also described the use of 2 trocars with a
wire retractor in the same incision for deroofing of a
liver cyst in order to reduce the number of instruments,
hence minimizing collisions between devices. SILH for
malignant tumours were performed under oncologic
principles - no direct touching of tumour, and to ensure
that radical excision (R0) and adequate resection margins
of at least 1 cm[38,39] is achieved.
Post-operative outcomes
Operating time for SILH ranged from 75[31] to 235 min[32].
The operating time has a large range due to the different complexities and pathology of each surgery, and is
hence difficult to comment on. There were no reported
cases of significant blood loss, with no patients requiring blood transfusion. Post-operatively, none of the
patients reported significant pain, and length of hospital
stay ranged from 3-11 d[32]. There were also no reported
cases of complications such as hematoma, vessel or bile
duct injury.
SILH with portal hypertension
Gaujoux et al[33] described a patient with a child alcoholic
cirrhosis and portal hypertension who underwent SILH
for a 2 cm solitary hepatocellular carcinoma. To reduce
the risk of transecting umbilical varices and cause bleeding or worsened portal hypertension, a supra-umbilical
incision was made instead. This is useful for future cases
of patients with SPLS for engorged umbilical varices.
SILH is a highly challenging procedure that is at the
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early stages of development and is currently limited to
select groups of patients under strict criteria, due to the
high risks of morbidity from bleeding and potential difficulty in accessibility and execution. Early studies of
SILH have shown that it is a safe procedure for a large
variety of pathologies. SILH may be useful in small lesions that are on the peripheral and anterior surfaces of
the liver, and could be used for HCC lesions that may
not be easily accessible by radiofrequency ablation, such
as tumours in the periphery of segment 3[36]. More studies are also needed to come up with more meaningful
conclusions on whether the location of the lesion is useful to determine if SILH is appropriate treatment, and if
so, which location. Overall, studies of a larger scale are
needed in order to provide useful evidence on the safety
and outcomes of SILH.

Single-port laparoscopic
pancreatectomy
Laparoscopic pancreatectomy is not frequently performed
due to the limited cases that are suitable, the technical
challenges involved and need for specialized surgical
equipment[40]. Thus, single-port laparoscopic pancreatectomy (SPLP) have only been explored and described in
recent years, and literature is limited mostly to single case
reports or small case series, with a total of 11 cases being
described[40-43].
Multi-incision laparoscopic pancreatectomy is usually
performed for distal pancreatectomy, and has been performed for numerous pathologies - from benign[44,45] to
malignant[46]. Laparoscopic surgery is preferred to open
surgery in pancreatectomy due to benefits of decreased
morbidity and faster recovery[42]. SPLP have been performed for distal pancreatectomy, including splenectomy
for several cases[40,47,48]. Indications for SPLP range from
benign serous cystadenomas[40,49], neuroendocrine tumours[48,49] or metastatic renal cell carcinoma[43].
Surgical technique
General surgical technique and difficulties faced with
SPLS applies to SPLP, but surgeons have developed
several ways to ensure proper traction and visualization
of the lesion, which is important especially since the
pancreas is a retroperitoneal organ. To achieve gastric
traction, trans-abdominal sutures can be placed on the
posterior gastric wall to sling it up in order to expose
the pancreas[40,48], or a loop made of suture and plastic
tubing from a Ⅳ serum set can be used to encircle the
stomach corpus[43]. Some studies also made use of ribbon gauze to loop around the pancreas body to provide
additional traction[40,48]. The pancreas was dissected either
with electrocautery[40,43,48] or staplers[49], and the stump
was reinforced with continuous suture and/or topical
sealant[48,49].
Operative outcomes
There is only 1 study available comparing SPLP and con-
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ventional laparoscopic distal pancreatectomy (CLDP) by
Haugvik et al[43]. They reported no significant differences
in operating time, intra-operative bleeding, resection
status, tumour size or length of hospital stay. Surgical
morbidity is comparable with CLDP, and CLDP actually
appears to be associated with more serious complications (2 patients with splenic artery bleeding, requiring
laparoscopic revision, splenectomy and transfusion) as
compared to SPLP. However, it is difficult to make a definitive evaluation given the small number of cases being
compared.
Post-operative complications
Pancreatic fistulas are common post-operative complications in distal pancreas resection, and occur in 8%-30%
of patients[50-52]. Haugvik et al[43] found no significant
differences in occurrence of pancreatic fistulas, with 2
patients each from SILDP and CLDP groups developing post-operative pancreatic fistulas (ISGPF grade B[43]).
Another complication reported was a delayed presentation of abscess formation at the pancreatic stump, which
was treated with antibiotics and percutaenous catheter
drainage[48].
Overall, SPLP appears to be a safe and feasible procedure for selected patients, and may potentially offer
the same benefits of laparoscopic surgery with minimal
abdominal trauma and improved cosmesis. More experience is needed to better evaluate the safety and morbidity of SPLP, and its applications with regards to pancreatic pathologies.

Tips from our institution’s
experience with SPLS
In SPLS, multiple instruments (including the operating
instruments and laparoscopic camera) are introduced
into the same incision, the limited space is challenging for both the surgeon and assistant to work together
compared to conventional multi-incision laparoscopic
surgery. As such, instruments and the hands holding the
instruments tend to “clash”. SILC also loses the principle
of triangulation in laparoscopic surgery, and hence poses
a new set of technical difficulties. The main challenges
of SILC is hence to allow both surgeon and assistant
to work together effectively in the space constraints, to
avoid collision of instruments and to maintain adequate
retraction for proper dissection. Authors have proposed
different methods to overcome these difficulties, including a chopstick method, where instruments were crossed
outside the abdomen to allow for the distal portion of the
instruments within the abdomen to be further away from
each other, hence minimizing instrument collisions. The
use of roticulating instruments on a “mirror image”[5], as
the left hand controlling the right-sided instrument on
the screen and vice versa, takes time to get used to, and
contributes toward the learning curve. We herein offer
our techniques as practical solutions to overcome the
technical obstacles.
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Figure 1 Surgeon standing in between patient’s legs with assistant on
patient’s left.

Figure 4 “Snooker cue guide” position.

Surgeon’s position
By placing the patient in a French position, it allows for
adequate space for both the surgeon and assistant to
work in coordination without awkward positions (Figure
1). The surgeon usually stands in between the patient’s
legs while the assistant stands on the patient’s left. In the
classical instrument holding position, the surgeon should
be holding the 2 instruments while the assistant operates
the camera seated in order to provide the surgeon maximum space for easier instrument manipulation.

Figure 2 Position of instruments showing laparoscopic camera in most
dependent position.

A

Port position and SPLS instruments
A multi-port device for single-incision surgery is recommended. The laparoscopic camera should be placed in
the most dependent position, with the instruments superior to the camera (Figure 2).
Instrument crossing positions
Instruments should be crossed inside the abdomen, ensuring that the distance between the crossing point and
surgeon’s hand is greater than the distance between the
crossing point to the effector site. This is to reduce the
chance of hand clashing and more accurate movement
of the effector hand.
Standard hand grip vs reverse hand grip
Holding instruments conventionally with the finger rings
inferiorly is not ergonomic in SPLS and often results
in the surgeon colliding with the laparoscopic camera.
Hence, we recommend that the surgeon should hold the
instruments with key rings facing outwards (Figure 3A)
or superiorly in a reverse hand grip (Figure 3B).

B

Figure 3 Surgeon demonstrating standard hand grip (A) and reverse hand
grip (b).
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Snooker cue guide position
In this position, the surgeon handles both the instrument and camera (Figure 4). Given that the field of vision is significantly narrower with SILC, this is useful in
fine dissection. The assistant retracts and the surgeon
dissects smoothly while being in control of the field of
vision, hence ensuring optimal visualization especially of
the Calot’s triangle, which is pertinent to minimize risks
of bile duct injuries.
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5

6

7

Figure 5 Enforced wound closure using two figure-of-8 stitches and interrupted stitch.

Prevention of incisional hernia
Early studies of long term complications with SPLS have
shown an increased risk of incisional hernia compared
to conventional laparoscopic surgeries. This may be due
to the increased dissection of the umbilical wound with
increased abdominal tension over a longer operating
time, causing ischemia of the fascia. Closure technique is
crucial to prevent incisional hernia, and a double figureof-8 stitch (Figure 5) is usually needed.

8

9

10

11

CONCLUSION
SPLS is a promising direction in laparoscopic surgery,
and is extending its applications to increasing types of
hepatopancreaticobiliary surgeries. We recommend a
step-wise approach to performing SPLS for hepatobiliary disease; starting from the least complicated cases in
cholecystectomy and subsequently move to more complicated cases such as tumour removal in pancreatectomy
in order to ensure a safe adoption of surgical technique.
Further technical refinement of the instruments and
innovations will be useful in improving the surgical technique in order to maximize the benefits of SPLS while
minimizing complications and failure rates.
The evaluation of the real value of this approach will
require randomized controlled trials of larger scale, with
open reporting of both early and late complications. International consensus is needed before its adoption into
routine practice.
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Abstract
The use of laparoscopy has been established in improving perioperative and postoperative outcomes for
patients with simple appendicitis. Laparoscopic appendectomy is associated with less wound pain, less
wound infection, a shorter hospital stay, and faster
overall recovery when compared to the open appendectomy for uncomplicated cases. In the past two
decades, the use of laparoscopy for the treatment of
perforated appendicitis to take the advantages of minimally invasiveness has increased. This article reviewed
the prevalence, approaches, safety disclaimers, perioperative and postoperative outcomes of the laparoscopic
appendectomy in the treatment of patients with perforated appendicitis. Special issues including the conversion, interval appendectomy, laparoscopic approach for
elderly or obese patient are also discussed to define
the role of laparoscopic treatment for patients with
perforated appendicitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Perforation; Laparoscopic appendectomy;
Intra-abdominal abscess; Cost
Core tip: Appendicitis is the most common abdominal
emergency, and the perforated appendicitis often leads
to serious infectious complication. There are concerns
of using laparoscopic appendectomy to perforated appendicitis This article reviewed the recent progress
and concerns in using laparoscopic appendectomy for
treating perforated appendicitis.
Lin HF, Lai HS, Lai IR. Laparoscopic treatment of perforated
appendicitis. World J Gastroenterol 2014; 20(39): 14338-14347
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i39/14338.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i39.14338

INTRODUCTION
Laparoscopic appendectomy (LA) is a safe and effective procedure for the treatment of simple appendicitis.
Laparoscopic approach is superior to open appendectomy (OA) in terms of postoperative wound infections,
analgesia requirement, hospital length of stay (LOS),
return to work, and overall recovery[1,2]. With the accumulated experience in simple appendicitis, LA has
been attempted more frequently for treating perforated
appendicitis. In our retrospective, comparative study, 91
of 99 patients with perforated appendicitis were treated
successfully by LA, and the wound infection rate (15.2%)
was lower than that of the OA group (30.7%)[3]. Similar
favorable outcomes in terms of LOS, antibiotic usage,
return of oral intake, and rate of wound infection of
LA than OA for patients with perforated appendicitis
were shown, too[4-6]. However, the higher incidence of
intra-abdominal abscess (IAA) formation following the
uses of laparoscopy for perforated appendicitis were reported[7-9], which remained a major concern in using LA
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for perforated appendicitis[10-12]. Compared to OA, the
beneficial role of LA for perforated appendicitis is still
controversial. This literature review summarized the past
and the current status on the effectiveness and outcomes
of LA in compared to OA for perforated appendicitis.
We search the website for original articles whose keywords included laparoscopic, appendicitis, and perforation. Case reports or case series which lack in a control
group for comparison were excluded from this review.

TREND AND TECHNIQUE OF LA TO
TREAT PERFORATED APPENDICITIS
Use of laparoscopy for perforated appendicitis:
Increased
With the advance of laparoscopic instruments and accumulated experience in using LA for uncomplicated
appendicitis, LA has been more frequently used for perforated appendicitis. Nationwide studies in United States
demonstrated that utilization rate of LA for perforated
appendicitis increased from 45.0% in 2006 to 50.5% in
2008 for adults[6], and from 9.9% in 1999 to 46.6% in
2007 for children[13] Another nationwide populationbased study in Taiwan also illustrated that the increased
use of LA for both simple and perforated appendicitis
from 2001 to 2008[14]. Besides, reports showed that the
use of LA on females increased, although the majority
of patients were males[6,15,16].
Who uses LA to treat perforated appendicitis: Surgeons’
characteristics
In the establishment of a new technique for treating an
old disease, the surgeons’ training and decisions are always important. In Taiwan, LA was more popularly used
to treat uncomplicated and complicated appendicitis by
surgeons younger than 50 years, by surgeons who practice in urban rather than rural areas, and by surgeons in
teaching rather than district hospitals[15]. The same happened in United States where surgeons recertifying after
10 years performed more laparoscopic procedures, when
compared with those recertifying after 20 or 30 years[17].
The training of using laparoscopic surgery in their residency might account for these characteristics.
Is single-port better than multiport technique?
The most common approach of LA is by a multiport
laparoscopic technique, whether the appendix perforated
or not. Further efforts to minimize the invasiveness of
the procedure led the idea of performing a single-port
LA. With the recent development of multichannel, single-port articulating and curved instruments, successful
single-port LA have been reported in adult[18] and pediatric patients[19,20]. Kim et al[18] had performed a successful single-port procedure for 2 perforated appendicitis
in 43 adult patients. Although the rate of conversion to
multi-port was high (25% need additional trocars) and
technically demanding, Muensterer et al[19] still considered
single-port approach is achievable for children with per-
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forated appendicitis. However, most of the perforated
appendicitis cases were not diagnosed preoperatively in
these series. The feasibility of using single port LA for
perforated appendicitis remains undetermined. At present, multiport approach technique is still the choice of
approach for patients with perforated appendicitis.
Methods of the appendiceal stump closure
The insecure management of the appendiceal stump is
one of the most important causes that lead to the formation of IAA when treating appendicitis. Different techniques including endoclips, endoloops, or staplers have
been used for secure ligations of appendiceal stumps
while performing LA[21]. Staplers have the advantage of
relatively easy handling and a possible reduction in the
incidence of leakage in advanced appendicitis owing to
closure with a double row of staples[22]. Kazemier et al[23]
reported that using a stapler for an appendiceal stump is
safer than an endoloop: because there is an evident reduction in operation time, wound infection, and postoperative
ileus. Similarly, Beldi et al[24] reached the conclusion in a
study of 6489 patients that stapler usage is safer than endoloops in terms of IAA formation and readmission. On
the other hand, using endoloops is advantageous in reducing medical costs because they are 6 to 12 times cheaper
than stapling devices. Concerns of using an endoloop
in perforated appendicitis included first, it takes good
surgical technique to settle a knot and adjust the strain in
laparoscopic procedure; Second, the risks of stump leakage by using endoloops may be higher, because the fragile,
necrotic appendiceal tissue might not sustain the ligature.
Sahm et al[25] showed that the rate of IAA after using endoloops or staplers for perforated appendicitis is not significantly different with the use of staplers in the majority
of patients (3.5% vs 4.2%, P = 0.870), and staplers were
indicated in only a few patients. The decision of using an
endoloop or a stapler for appendiceal stump closure in
perforated appendicitis needs more studies.
Efficacy of peritoneal lavage
The practice of peritoneal lavage for the management
of perforated appendicitis was common, only 7% the
respondents in the survey of North American pediatric
surgeons in 2004 reported using no irrigation[26]. However,
the efficacy of lavage remains a controversy. The pros suggest that thorough lavage under laparoscopic guide before
closing the wound decrease residual fluid accumulation
in patients with perforated appendicitis[3]. Ohno et al[27]
has shown a large amount of lavage fluid is necessary
to minimize residual contamination in perforated appendicitis. The European guideline also recommended
thorough peritoneal lavage (6-8 L) and aspiration can
minimize the IAA rate in complicated appendicitis[28].
In contrast, the cons proposed that lavage itself might
help spreading the infectious materials. One comparative
study documented a higher abscess rate when irrigation
was used during appendectomy for perforated appendicitis including LA[29]. A prospective randomized study
for children also showed that there is no advantage to
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Table 1 Summary of the population-based studies on the mortality and morbidities for patients with perforated appendicitis in United States
Study

Patient numbers

Mortality

Overall morbidities

30-d readmission

Wound infection

IAA

Bowel obstruction

Tuggle et al[12]

LA: 2060
OA: 730

-

-

LA: 2.56%b
OA: 8.05%

LA: 6.74%b
OA: 3.69%

-

Tiwari et al[16]

LA: 5212
OA: 5323
LA: 69840
OA: 68344
Total 72787
LA: 29.2%
OA: 70.8%
LA: 9246
OA: 21347

LA: 0.54%
OA: 1.11%
(P = 0.11)
LA : 0.13%b
OA: 1.03%
LA: 0.06%b
OA: 0.31%
-

LA: 17.43%b
OA: 26.68%
LA: 18.75%b
OA: 26.76%
-

LA: 5.04%
OA: 5.93% (P = 0.05)
-

-

-

-

-

LA: 0.58%b
OA: 2.09%
-

LA: 1.65%b
OA: 3.57%
LA: 4.9%
OA: 3.8%

LA: 1.24%b
OA: 2.84%
-

-

-

LA: 6.3%
OA: 6.9%
(P = 0.16)

LA: 5.5%
OA: 6.4%
(P = 0.02)

-

LA: 2.0%
OA: 2.6%
(P = 0.02)

Masoomi et al[6]
Oyetunji et al[13]

Jen et al[45]

b

P < 0.01 vs perforated appendicitis (OA) group. LA: Laparoscopic appendectomy; IAA: Intra-abdominal abscess.

irrigation of the peritoneal cavity over suction alone during LA for perforated appendicitis, for the rate of IAA
was similar (18.3% vs 19.1%, P = 1.0) but the operation
time was longer[30]. The necessity of peritoneal irrigation
in LA for perforated appendicitis remains debatable.
Routine abdominal drainage
To reduce fluid collections and thus reduce postoperative intra-abdominal infectious complications, drains
have been routinely used in various abdominal surgeries.
There are two different intentions to drain the abdominal cavity in the setting of emergency surgery, therapeutic and prophylactic[31]. Placement of a drain tube after
LA for perforated appendicitis consisted of both to
evacuate the residual abscess and prevent recurrent IAA.
The positioning of a drain for the aspiration of the residual fluid after peritoneal lavage in the first 24 h postoperatively might lower the incidence of IAA in case of
insufficient lavage. Routine prophylactic drainage of the
abdominal cavity after LA has been a common practice
in order to prevent abscess formation in case of perforation with pre-existing abscess[32], but this concept has
been challenged. Sleem et al[5] has found placement of a
pelvic drain did not reduce the rate of IAA at the time
of LA or OA. Allemann et al[33] showed that patients
without drain had significantly less overall complications
(7.7% vs 18.5%, P = 0.01) and a shorter hospital LOS (4.2
vs 7.3 d , P < 0.0001) in their case match study. Similarly,
Pessaux et al[32] also reported increased wound infection
rates after drainage of the abdominal cavity during laparoscopic interventions. It seems that routine drainage of
the abdominal cavity for complicated appendicitis might
not be not routine, because the intentions to reduce
intra-abdominal infections were questioned[32,33].

SAFETY OF USING LA TO TREAT
PERFORATED APPENDICITIS
Conversion of laparoscopy to an open procedure for
perforated appendicitis
Laparoscopic treatment of perforated appendicitis is
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technically more demanding and has been associated with
a higher conversion rate than treating uncomplicated appendicitis[34-36]. The conversion rates from LA to OA from
0% to 47% have been reported[3-4,11,36-39] and correlated
with the surgeon’s experience[36]. The conversion rate did
have an impact on the outcomes analysis between LA
and OA for perforated appendicitis. A higher conversion
rate would place more patients undergoing converting
appendectomy into the LA group because the use of “intention to treat” analysis. In this case, the advantages of
LA than would be underestimated[21]. Piskun et al[39] found
a 19.2% conversion rate of patients undergoing LA for
perforated appendicitis and concluded that conversion is
associated with longer operation time and increased rates
of morbidities. Vahdad et al[40] demonstrated that pediatric patients who required a conversion procedure take a
longer operation time and carry higher risks of re-admissions, re-operations, and occurrence of wound infections
compared to either LA or OA. These results might be
simply explained by the presence of more severe inflammation in the conversion groups or an impact of a longer
operation time. It deserves further studies to assess the
actual role of the conversion procedure on the outcomes
of patients with perforated appendicitis.
Surgical mortality
The results of population-based studies from United
States regarding postoperative mortality and morbidities
were listed in Table 1. As shown in Table 1, Masoomi
et al[6] reported that the in-hospital mortality rate was
significantly lower for LA than OA for perforated appendicitis, so as Tiwari et al[16]. The study by Tuggle et al[12]
illustrated a not significantly lower mortality rate of LA
compared to OA (0.54% vs 1.11%, P = 0.11) The small
mortality and the small differences in percentage between the two procedures can be attributed to the fact
that appendicitis is not commonly a fatal disease for
adult patients.
Overall morbidities
Early studies on LA often reported higher complication
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rates for LA than OA[41,42], but recent studies have noticeably found LA to have lower complication rates than
OA[21]. The rates of overall postoperative morbidities for
perforated appendicitis with LA has been shown to be
consistently lower than OA, varied from 12.8% to 39.5%
for LA and 26% to 37% for OA[3,11,36]. As shown in Table
1, Tiwari et al[16] showed a 9.2% reduction of the overall
complication rates by LA than OA (17.43% vs 26.68%,
P < 0.001). Similarly, Masoomi et al[6] also illustrated that
the overall frequency of postoperative complications
was significantly lower for LA than OA for perforated
appendicitis.
30-d readmission rate
Since Bonanni et al[8] reported 5 of 11 patients who underwent LA for perforated appendicitis required readmission, the 30-d readmission rate after discharge remained
a concern in LA for perforated appendicitis. For children,
Vahdad et al[40] have shown that LA resulted in fewer readmissions (1.3% vs 12.3%, P = 0.006) compared to OA.
As shown in Table 1, Tiwari et al[16] also reported a relatively less 30-d readmission rate in LA compared to OA
(5.04% vs 5.93%, P = 0.050). Wang et al[15] showed that
patients undergoing LA had significantly lower odds of
30-d readmission than patients undergoing OA for perforated appendicitis. Consistent with the results in reducing the postoperative complications, most recent studies
concluded a lower 30-d readmission rate for perforated
appendicitis in LA than OA[15,16,40].

INFECTIOUS COMPLICATIONS
Wound infection rate
Most of the studies reported that LA reduced the postoperative wound infection rate than OA in adults[2-6,11,12,36,38]
and children[10,40,43-45] with perforated appendicitis. The
wound infection rates in the reported series were 0% to
15% for LA, compared to 2% to 48% for OA[21]. The
contamination of the perforated appendix or infected
discharge of the incision wounds may explain the higher
wound infection rate in treating complicated appendicitis
than in simple appendicitis. In practice, the removed appendix is placed in an endoscopic bag before retrieved
out of abdomen, and the accumulated fluid is aspirated
before closing the wound in laparoscopic appendectomy
procedure. These maneuvers prevent the abdominal wall
from being in contact with the infected source, and thus
reduce the rate of wound infection[4].
Intra-abdominal abscess rate
A major concern in earlier studies about using LA for
perforated appendicitis was the increased occurrence of
IAA. The occurrence of IAA leads to prolonged antibiotic usage, increased rate of readmission, and increased
medical costs. Frazee et al[7] reported 26% IAA in 34 cases of gangrenous perforated appendicitis treated by LA.
As experience in using LA for perforated appendicitis
accumulated, the occurrence of postoperative IAA has
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improved. Some studies have shown the rates of postoperative IAA is similar[3-5,10-11,36-38,40,43] or even lower[6,46]
in LA compared to OA. Masoomi et al[6] also reported
a superior outcome of reducing the rate of IAA in LA
than OA (1.65% vs 3.57%, P < 0.01) on a large administrative basis. However, the incidences of IAA following
LA for perforated appendicitis were still high in some recent reports[12,45,47]. The risk factors associated with IAA
formation after LA include the methods of the appendiceal stump closure, efficacy of peritoneal irrigation, and
the role of routine abdominal drainage which have been
discussed in the previous sections.

NON-INFECTIOUS COMPLICATION
(SMALL BOWEL OBSTRUCTION)
Small bowel obstructions (SBO) can occur following
any abdominal surgery secondary to adhesion formation. SBO following appendectomy has been thought to
be uncommon with the rate to be approximately 1%[48].
Leung et al[49] reported a 2.8% rate of SBO following
1777 appendectomy in over an average 4.1-year followup period. The authors found that the risk factors of
developing SBO included perforated appendicitis, but
did not find significant difference in SBO rates following
LA compared with OA. However, as shown in Table 2,
Masoomi et al[6] found that application of LA for perforated appendicitis was associated with a lower rate of
SBO than OA (1.24% vs 2.84%, P < 0.01). A pediatric
study by Tsao et al[50] demonstrated that 7 (6 perforated)
patients required adhesiolysis for SBO after OA, in contrast to 1 patient after LA (P = 0.01). The authors argued
that LA may be associated with less adhesion formation
for patients with perforated appendicitis, and hence a
lower rate of SBO. As shown in Table 1, Jen et al[45] also
demonstrated a lower rate of postoperative SBO in LA
than OA.

EFFICIENCY AND COST IN USING LA TO
TREAT PERFORATED APPENDICITIS
Impact of surgical procedures on duration of operation
Most studies for adults suggested that LA has a similar[2,36,37] or longer[3,11,39] operation time than OA, while
few reported a shorter operation time[4,38]. The disparity
in the results of these reports may be attributed to the
surgeons’ experience in LA and the effect of a learning
curve[21].
Although the majority of reports illustrated a longer
operation time for LA[44,51,52], some studies concluded
that there is no difference in operation time between LA
and OA for children with complicated appendicitis[40,53].
Increased experience of the pediatric surgeons in LA
for perforated appendicitis could explain the lack of a
significant difference in operation time[53]. The issue of
operation time between LA and OA for perforated appendicitis is in debate, both for the adult and pediatric
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Table 2 Population-based studies of patients with perforated appendicitis in United States: Profiles of study, length of stay, and
medical costs
Study

Patient population

Data source

Study period

Patient numbers

[12]

Tuggle et al

Adults

NSQIPD

2005-2007

LA: 2060, OA: 730

Tiwari et al[16]

Adults

UHCD

2006-2008

Masoomi et al[6]

Adults

NISD

2006-2008

Oyetunji et al[13]

Children < 18 yr

HCUP

1998-2007

Jen et al[45]

Children < 18 yr

CAPDD

1999-2006

LA: 5212
OA: 5323
LA: 69840
OA: 68344
Total: 72787
LA: 29.2%
OA: 70.8%
LA: 9246
OA: 21347

Length of hospital stay, d
b

LA: 3.97
OA: 5.13
LA: 4.34b
OA: 7.31
LA: 4.0b
OA: 6.0
LA: 5.06b
OA: 5.60
LA: 5.2b
OA: 5.5

Medical costs, USD
LA: 12125b
OA: 17594
LA: 32487b
OA: 38503
LA: 27951b
OA: 24965
-

b

P < 0.01 vs perforated appendicitis (OA) group. NISD: Nationwide Inpatient Sample Database; UHCD: University Health System Consortium Database;
HCUP: Healthcare Cost and Utilization Project; CAPDD: California Patient Discharge Database; NSQIPD: (American College of Surgeon’s) National Surgical Quality Improvement Project Database; LA: Laparoscopic appendectomy; IAA: Intra-abdominal abscess.

patients.

DOES A PATIENT UNDERGOING
LAPAROSCOPIC TREATMENT OF
PERFORATED APPENDICITIS HAVE A
FASTER RECOVERY?
Postoperative analgesia
Some studies showed the value of LA in reducing the
postoperative analgesics use, and concluded that LA cause
less pain than OA for adult patients with perforated appendicitis[3,4,11]. In contrast, most of the reports for children operated on by LA showed no difference[54,55]. It is
difficult to form a conclusion because lack in a pain scoring system in most of these reports.
Restart of oral intake
While some studies have shown that there was no significant difference in the time of restart of oral intake
between LA and OA for children with perforated appendicitis[10,55], Lin et al[3] illustrated that return of oral
intake was 1.8 d earlier in LA than OA in adult patients.
Fukami et al[4] and the other series[11,36] also demonstrated
the same trend. However, lack in a precise definition of
restart of oral intake (liquid or solid food) in these studies precluded a further analysis.
Length of hospital stay
Similar to the results of uncomplicated appendicitis treatment[56], LA was reported to reduce the hospital LOS
either in adults[3-4,11,38,57] or in children[10,58,59] with perforated appendicitis. Because most of these case series were
performed by surgeons experience in laparoscopy, it is
prudent to assess LOS by analyzing studies on a large
administrative basis. Yeh et al[14] concluded LA was associated with comparable costs and reduced LOS for patients
with complicated appendicitis when compared with OA.
Another population-based study in Taiwan also showed
that patients undergoing LA for perforated appendicitis
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had significantly lower odds of 30-d readmission and a
shorter LOS than patients undergoing OA[15]. As shown
in Table 2, several nationwide population-based studies
from United States including adult[6,12,16] and pediatric[13]
patients assessed the impact of laparoscopic treatment
on LOS for perforated appendicitis. Masoomi et al[6] has
analyzed a total of 573244 adults undergoing urgency appendectomy from the Nationwide Inpatient Sample Data.
They concluded that the difference in LOS was much
more pronounced than non-perforated (0.7 d) where LA
was shorter than OA by 2 d (4.0 d vs 6.0 d, P < 0.01) for
perforated appendicitis. All these studies concluded that
LA was associated with a shorter hospital LOS compared
to OA for perforated appendicitis[6,12,13,16].
Medical cost
When examining the medical costs, some early studies
found that the total hospital charges of LA were higher
than OA[60,61]. Factors contributing to the higher operative costs of LA consisted of disposable laparoscopic
instruments, high energy devices, and equipments for securing the appendiceal stumps. Both the in hospital costs
and outpatient costs have to be considered in economical evaluation. In Germany, the health technology assessment reports concluded that the total in-patient costs
of both procedures are approximately the same. They
found that LA is associated with additional operation
costs of approximately 150 to 200 Euro in comparison
with OA, and there are cost savings of approximately
200 Euro due to shortening the hospital LOS. The total
costs of both procedures lie in the same range because
similar direct and indirect costs (costs of the productivity loss). The incremental cost-effectiveness ratio of LA
and OA was thus driven to zero[62].
In other countries, studies for adults[14] and children[13]
have demonstrated that LA was associated with comparable costs and reduced LOS for complicated appendicitis. Moreover, as shown in Table 2, Tiwari et al[16] and
Masoomi et al[6] concluded that reduced medical costs for
perforated appendicitis in LA than OA in their popula-

14342

October 21, 2014|Volume 20|Issue 39|

Lin HF et al . Laparoscopy for perforated appendicitis

et al[71] illustrated that families managed with interval LA
are likely to suffer more negative impact on the quality
of life than those managed with immediate LA. Based on
these results, the issue of whether interval LA is superior
to early LA for an appendiceal phlegmon remains a topic
of debate.

Table 3 Summary of 2 population-bases studies for elderly
patients with perforated appendicitis
Harrell et al

Study
Study period
Data source
Patient numbers
Length of hospital stay, d
Routine discharge
Mortality
Overall complication rate

Surgical charge, USD

[76]

1997-2003
NCHAPD
LA: 203, OA: 1289
LA: 6.8, OA: 9.0b
LA: 86.6%, OA: 70.9%b
LA: 1.0%, OA: 2.98%
(P = 0.10)
LA: 23.65%, OA:
23.74%
(P = 0.97)
LA: 22334, OA: 23855
(P = 0.93)

Masoomi et al

[6]

2006-2008
NISD
LA: 13765, OA:
18915
LA: 5.8, OA: 8.7b
LA: 1.4%, OA:
2.63%b
LA: 36.27%, OA:
46.92%b

GERIATRIC PATIENTS

LA: 47339, OA:
57963b

b

P < 0.01 vs perforated appendicitis (OA) group. NISD: Nationwide Inpatient Sample Database; NCHAPD: North Carolina Hospital Association
Patient Data; LA: Laparoscopic appendectomy.

tion-based studies. Despite the actual impact of LA on the
medical costs vary in different regions, there is a definite
economic benefit from a patient-centered social perspective with a shorter hospitalization and quicker return to
daily activities[63].

SPECIAL CONSIDERATIONS
Laparoscopic interval appendectomy for perforated
appendicitis with phlegmon
Appendiceal abscess or phlegmon is found in about 3.8%
of patients with appendicitis[64]. The management of patients with perforated appendicitis with a sizeable inflammatory phlegmon is usually conservative. Immediate appendecotmy is technically demanding with distorted anatomy,
adhesive loops of bowel, and difficult to close the appendiceal stump because of the inflamed tissues[65]. Not infrequently, early laparoscopic treatment will become open
conversion, ileocecal resection, or right hemicolectomy
due to technical problems or distorted anatomy[66]. An
alternative treatment for these patients is nonsurgical, including intravenous antibiotics and selective percutaneous
drainage. Interval appendectomy has been advocated to
prevent the recurrence of appendicitis and reported feasible (mostly LA) by some surgeons[67,68]. The advantage
of the interval appendectomy is to perform the operation
at a time when peritoneal contamination has resolved,
potentially resulting in fewer intraoperative and/or postoperative complications[64]. However, the superiority of
early LA over interval LA has been shown in some recent
reports[69,70]. One pilot randomized trial found no major
differences in outcomes when comparing early LA with
interval LA in patients with well-formed IAA[69]. In a randomized study for children with appendiceal phlegmon,
Blakely et al[70] concluded that early LA significantly reduced the time away from normal activities and the rates
of overall adverse events than interval LA, with a comparable conversion rate to OA. Lastly, a study by Schurman
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As the size of the elderly population has been increasing, an increase in the occurrence of appendicitis in the
elderly can be expected. A higher perforation rate in the
geriatric population than younger age groups presented
a challenge to surgeons[72]. The rate of perforation appendicitis has been reported as high as 50% in the elderly patients with appendicitis[73] . The high perforation
rate in the elderly may attribute to the delay in diagnosing appendicitis, atypical presentations and underlying
comorbidities in elderly patients[73]. Paranjape et al[74] has
reported that the classical presentation of appendicitis
was seen in only 10% of the elderly patients. Diagnostic
discrepancies greatly influence the perforation rate of appendicitis in the geriatric population. In a retrospective
analysis of 113 elderly patients, Storm-Dickerson et al[72]
showed a decreased perforation rate over 10 years from
72% to 51% by utilizing computed tomography (CT)
scanning on seriously ill patients for early diagnosis.
Besides, Italian consensus guidelines on LA also recommended the routine use of preoperative CT for elderly
patients to exclude other pathology[75].
The utility rate of LA for perforated appendicitis in
elderly patients (age ≥ 65 years) has been increasing, but
still lower than those in younger age groups[73,76]. The
use of pneumoperitoneum which might compromise
the cardiopulmonary co-morbidities of the elderly, and
the longer operation time might be the main concerns
that surgeons favored open rather than laparoscopic appendectomy in this patient population. There were a few
studies reporting the outcomes of LA to OA in the elderly population[2,14,74,76]. Paranjape et al[74] recommended
using preoperative CT to increase the diagnosis rate, and
they successfully performed LA for 18 of 29 elderly patients with perforated appendicitis. They concluded that
laparoscopic cases had a shorter LOS and fewer complications than open cases with comparable operation
time[2,14,74,76]. In 2006, Harrell et al[76] reported that the
elderly patients treated by LA for their perforated appendicitis had a shorter LOS, a higher rate of discharge
to home and equivalent cost when compared with OA.
In another population- based study, Masoomi et al[73]
reported the increased use of LA, the lower overall mortality and complication rates, shorter LOS, and less hospital costs than OA for treating perforated appendicitis
in the selected patients elder than 65 year-old. Table 3
summarizes the results of 2 large studies comparing the
outcomes between LA and OA for the management of
elderly patients with perforated appendicitis. The utility
of LA in elderly patients with perforated appendicitis
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Table 4 Summary of 2 population-bases studies for obese
patients with perforated appendicitis
Varela et al

Study

[80]

Study period
2002-2007
Data source
UHCD
Patient numbers
LA: 238, OA: 441
Definition of obesity
BMI ≥ 40 kg/m2
Length of hospital stay, d
LA: 5, OA: 7b
Mortality
LA: 0%, OA: 0%
Overall complication rate LA: 18%, OA: 27%b
Mean costs, USD

LA: 12300, OA:
16600b

Masoomi et al

[6]

2006-2008
NISD
LA: 6769, OA: 7110
BMI ≥ 30 kg/m2
LA: 4.4, OA: 6.5b
LA: 0%, OA: 0.50%b
LA: 22.34%, OA:
34.65%b
LA: 36483, OA: 43901b

b

P < 0.01 vs perforated appendicitis (OA) group. NISD: Nationwide Inpatient Sample Database; UHCD: University Health System Consortium
Database; LA: Laparoscopic appendectomy; BMI: Body mass index.

deserves further studies.

OBESE PATIENTS
Obesity is now an epidemic problem worldwide. Surgeons were once reluctant to perform laparoscopic procedures on obese patients for difficulties including the
access of abdominal entry, inflation-related ventilation
problem, poor visualization for the intra- abdominal fat,
longer operation time[77] and also the higher pre-operative sepsis rate[78].
With the advancement of laparoscopic skills, surgeon
gradually favored using LA rather than OA on obese
patients with appendicitis. Corneille et al[79] reported their
successful LA in 73 of 85 patients with BMI more than
30, though 4 of the 12 converted LA had perforated
appendicitis[79,80]. Varela et al[80] reported the cumulated
experience of LA in 906 morbid obesity patients with
appendicitis, and found that LA was associated with less
overall complication, shorter hospital stay and equivalent or lower hospital charges when compared to OA.
However, limited data was available for the use of LA
in obese patients with perforated appendicitis. Table 4
showed the results of 2 population-based studies of using LA for obese patients with perforated appendicitis.
Compared to OA, the overall complication rate and costs
were lower in the LA group[80]. Another subgroup analysis using the database of American College of Surgeons
National Surgical Quality Improvement Program also
showed that the overall morbidity was lower in obese
patients receiving LA[78]. Although the superiority of LA
seems obvious in these studies, the selection bias existed.
A randomized trial would be more informative to define
the role of LA on obese patients with perforated appendicitis.

CONCLUSION
With the accumulated experience in simple appendicitis,
LA has been more frequently used for perforated appendicitis in adults and children by surgeons experienced in
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laparoscopy. Although the operation time of LA may be
longer, most studies have concluded that LA is superior
to OA in terms of a faster recovery and less morbidities.
LA is associated with a shorter hospital LOS, a lower
mortality rate, a lower overall complication rates, a lower
30-d readmission rate, a lower SBO rate, a lower wound
infection rate, and comparable costs in compared to OA
for patients with perforated appendicitis. IAA remains a
major concern in LA for perforated appendicitis, and the
roles of irrigation and routine drainage to reduce risks
of IAA remain debatable. Conversion procedure from
LA to OA may be associated with higher rates of morbidities. For perforated appendicitis with phlegmon, the
interval LA does not provide definite advantages over
early LA. Laparoscopic treatment may be beneficial for
some subsets of population, such as elderly and obese
patients. It deserves more randomized and populationbased studies to definite the actual roles of LA in the
management of perforated appendicitis.
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Abstract

INTRODUCTION

Neuroendocrine tumors (NET) are a heterogeneous
group of cancers, with indolent behavior. The most common primary origin is the gastro-intestinal tract but can
also appear in the lungs, kidneys, adrenals, ovaries and
other organs. In general, NET is usually discovered in the
metastatic phase (40%-80%). The liver is the most common organ involved when metastases occur (40%-93%),
followed by bone (12%-20%) and lung (8%-10%).
A number of different therapeutic options are available
for the treatment of hepatic metastases including surgical resection, transplantation, ablation, trans-arterial
chemoembolization, chemotherapy and somatostatin
analogues. Recently, molecular targeted therapies have
been used, usually in combination with other treatment
options, to improve outcomes in patients with metastases. This article emphasizes on the role of surgery in the
treatment of liver metastases from NET.

Neuroendocrine tumors are a heterogeneous group of
neoplasms, with indolent patterns of growth and bizarre
hormonal symptoms. Although sporadic, a small group
of patients are affected by Multiple Endocrine Neoplasia
type 1. They include carcinoid tumors, pancreatic islet cell
tumors, paragangliomas, pheochromocytomas and medullary thyroid carcinoma. These tumors can be broadly
classified into two categories as high grade malignant neuroendocrine carcinomas with characteristic small cell, anaplastic or undifferentiated appearance in light microscopy
and low grade malignant neuroendocrine carcinomas with
characteristic, well differentiated histologic features that
arise primarily in the gastro-intestinal tract but also appear
in the lungs, kidneys and ovaries. In general, NET is usually discovered in the metastatic phase (40%-80%). The
liver is the most common organ involved when metastases
occur (40%-93%), followed by bone (12%-20%) and lung
(8%-10%). Liver metastases from NET is the main cause
of death with 90% of the patients affected having multifocal and bilateral metastases[1-4].
A number of different therapeutic options are avail-
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able for the treatment of hepatic metastases including
surgical resection, transplantation, transarterial chemoembolization, radiofrequency ablation, chemotherapy
and somatostatin analogues. The low proliferative rate of
NET makes cytotoxic chemotherapeutic agents ineffective in controlling the growth and spread of the majority
of these lesions. The 5-year survival rate in untreated patients is approximately 30%. The use chemo-therapeutic
agents prolong survival by only a mean of 12-24 mo. Somatostatin analogues remain the priority of treatment of
functioning syndromes with unresectable metastases[5,6].
The standard treatment for neuroendocrine tumors is
surgery even in the presence of hepatic metastases. Some
experts have suggested that resection should be considered if resection of 90% or more of the tumor volume
is feasible. The use of image guided ablative techniques
has served as an adjunct to surgery in selected patients to
improve patient symptoms and overall survival. Although
all these approaches are associated with favorable response rates, metastatic NET is ultimately a fatal disease
with high rates of tumor recurrence after treatment. The
recurrence rate is high even in patients with unilobar disease with no evidence of extra-hepatic metastases. Surgical resection provides excellent disease control with an
overall survival rate of 47%-92%. Resolution of symptoms is possible in more than 90% of patients with very
low operative mortality[7,8]. Total hepatectomy and Liver
transplantation has been advocated in selected patients
with bilateral unresectable symptomatic liver metastases.
There has been an increasing interest in determining the
role of liver transplantation in treating these patients. Recent evidences suggested that 5 year overall survival after
liver transplantation for unresectable Liver metastasis can
be as good as 60%-80% with improved patient selection
and adjustments in the clinical-pathological definition of
stages[9,10].
The aim of this study is to do an extensive review of
the existing literature on the use of liver resection and
transplantation in patients with liver metastases from NET.

ROLE OF SURGERY
Surgical resection is considered the best treatment option
for patients with hepatic metastases from neuro-endocrine tumors. Resection is feasible only when 90%-100%
of the tumor metastases are amenable to resection[11-15].
Søreide et al[16] compared the overall survival in patients
who underwent surgical resection vs conservative management and found a median survival of 216 mo in
resected patients with 48 mo in the unresected patients.
However, relatively long survival rates have been reported
in untreated patients commonly due to the indolent nature of these tumors.
The various strategies of surgical resection have been
suggested such as resection with curative intent and palliative cyto-reductive surgery to reduce local and systemic
effects of the disease. Curative resection of liver metastases is possible only in 10%-25% of the patients. In a
significant number of patients, residual tumor is left be-
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hind which is associated with disease progression. Recent
evidences have suggested that the reason behind high
incidence of intra-hepatic recurrence is related to underestimated disease by current imaging techniques in close
to 50% of patients. Mayo et al[11] reported an R0 resection
rate of only 53.7% with an R1 resection rate of around
33%. Saxena et al[14] did a systematic review of all the 29
studies conducted between 1990 and 2009 and found a
median rate of 63% R0 resection in a total of 1469 patients who underwent liver resection of hepatic metastases
from neuro-endocrine tumors. Interestingly, the median
overall progression free survival was only 21 mo and disease free survival (DFS) median at 5 and 10 years of 29%
and 1% respectively.
Palliative cytoreduction is indicated in patients with
the main intent to control the systemic and local tumor
related symptoms. A recent study demonstrated an improvement of symptoms in 95% of the patients after
cyto-reduction. The rationale behind this approach is that
removal of more than 90% of the tumor bulk allows a
significant clinical improvement otherwise not achievable
by other non-surgical approaches[13].
Liver resection of metastases from NET has an overall survival rate in the range of 47%-92% with resolution
of symptoms in more than 90% of the patients with very
low operative mortality (Table 1). Que et al[4] proposed
that surgical resection in metastatic NETs is indicated if
the primary tumor is resectable and if 90% of the liver
metastases are resectable and/or are amenable for ablation. Their overall survival is 75% with this approach.
However, in the same group disease free survival was
only 15% indicating again the high incidence of recurrence after hepatectomy. Due to these low rates of DFS
and high rates of recurrence, several experts have questioned the role of surgical resection in these patients. A
study from the Mayo Clinic reported a 5 year overall survival for patients treated by surgical resection and intraarterial therapy be 74% and 30% respectively with also an
increased median survival in the surgically resected group
of 123 mo vs only 34 mo for the Intra-arterial therapy.
They also reported a 10-year survival rate of 51% postsurgical resection but very high recurrence rates after resection at 5 and 10 years[21]. Glazer et al[26] also reported similar
results with 5-year survival of 77% in patients undergoing
hepatectomy for NET metastases.
Saxena et al[24] also reported in a review of the literature a median perioperative mortality of 0%, a surgical
morbidity of 23% and a median overall survival of 70.5%
at 5 years and 42% at 10 years. These findings support
aggressive surgical resection if feasible.
A study by Glazer et al[26] from the Mayo Clinic reported 60 among the initial 159 patients underwent repeated
surgery for recurrence with an overall survival was higher
than 60%[23,26]. Although the data suggests a benefit from
the second surgery, the selection of patients should be
carefully done based on a number of factors including a
thorough assessment of the perioperative risk. Ablation
is frequently used with surgical resection as the metastases are frequently multifocal and bilateral. It has been re-
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Table 1 Comparison of outcomes
Labels

Publication year

Number of patients LR/other

5 yr OS LR/other

1992
1998
2000
2009

36/39
15/23
9/19
50/310

73%/29%
92.6%/18.5%2
78%/52%

2001
2006

16/20
38 Complete and 23 palliative/53

70%/40%
78% and 64%/35%

/32
50 ± 27.6/32 ± 18.9

2011

339/414

74%/30%

123/34

2001

9/20

67%/70%

29%/53%

2011

Resection +/- Ablation
(66 simultaneous ablation)
Resection +/- Ablation
Resection
Resection +/- Ablation
(18 Patients only RFA)
Resection
Resection
Resection
Resection
Cytoreduction
Resection +/- Ablation
Resection +/- Ablation
Complete resection in 70 patients
Resection and 36 with concurrent
extrahepatic resection
Resection
Resection
Resection

339

Liver resection vs no Liver
resection
Søreide et al[16]
Chen et al[17]
Grazi et al[7]
Ahmed et al[18]
Surgery vs Ablation
Yao et al[19]
Osborne et al[20]
Surgery vs Intra-arterial therapy
Mayo et al[21]
Surgery vs Transplantation
Coppa et al[22]
Surgical resection
Mayo et al[23]
Saxena et al[24]
Karabulut et al[25]
Glazer et al[26]

2011
2011
2010

Scigliano et al[27]
Fischer et al[28]
Kianmanesh et al[29]
Gomez et al[30]
Osborne et al[20]
Musunuru et al[31]
Touzios et al[32]
Sarmiento et al[2]
Elias et al[33]

2009
2008
2008
2007
2006
2006
2005
2003
2003

Coppa et al[22]
Grazi et al[7]
Chen et al[17]

2001
2000
1998

74
27
172

Median survival LR/other (mo)

216/48
1
/27
135/66
3

77.40%

41
118
23
18
704
13
18
170
47

79%
44%
94%
86%
83%5
72%
61%
71%

20
19
15

67%
92%6
73%

1

Median survival not reached during the study period; 24 year survival; 3Median survival not reached during the study period; 4Mean survival; 53 year
survival; 64-year survival.

to treat local recurrence[34].
Elias et al[33] also reported current imaging techniques
underestimated the disease burden in almost 50% of patients resulting in increased recurrence. Although extrahepatic disease has been shown to have a worst prognosis
in several series, patients with stable limited extra hepatic
involvement can be considered for surgery, especially in
symptomatic patients based on the underlying tumor biology and grade.

Table 2 Comparison of outcomes of liver transplantation
Ref.

Publication
year

Number of
patients

Overall
survival
(5 yr)

Progression/
disease free
survival (5 yr)

Le Treut et al[10]

(1982-2009)
(2000-2009)
(1988-2011)
(2002-2011)
2011
2011
2008
1998

213
106
184
110
150
89
85
103

52%
59%
49%
58%
49%
44%
47%
47%

30%
39%

Nguyen et al[39]
Gedaly et al[9]
Máthé et al[38]
Le Treut et al[37]
Lehnert et al[36]

32%

ROLE OF LIVER TRANSPLANTATION

ported that ablation is performed in at least one-fifth of
the patients undergoing surgery for treatment of NET
metastases[34]. The role of ablation vs resection was studied by Osborne et al[20] reporting a 5 year overall survival
of 35% and 78% respectively. A similar study by Yao et
al[19] reported similar overall survival of 70% and 40%
after hepatectomy vs ablation respectively. Elias et al[33]
reported an improved overall survival of 84% at 3 years
with disease free survival of 50% when combining surgical resection and ablation. Hence, ablation can be used as
an adjunct with hepatic resection as initial treatment and

WJG|www.wjgnet.com

Until recently, clear evidence was lacking regarding the
role of Orthotropic Liver Transplantation in the treatment of unresectable liver metastases from NET (Table 2).
The inconsistency in the data available can be attributed
to the low incidence of the disease leading to a small sample size and a wide variety of treatments and algorithms
offered in the initial stages. Considerable controversy
exists due to the absence of adequate available data comparing transplantation for unresectable liver metastases to
other treatment modalities. Also, transplantation for any
malignancy should generate a sustained response with satisfactory 5 year overall survival rates to be considered an
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option[35,36]. Mazzaferro et al[40] emphasized the importance
of patient selection. He initially proposed a selection
criteria for patients undergoing transplantation for hepatocellular carcinoma (HCC) which has been used now
for several years in transplant centers around the world.
More recently and based in his previous results with hepatocellular carcinoma patients, the group from Milan has
suggested selection criteria for potential candidates for
LT with diagnosis of liver metastases from NET. They
proposed that age less than 55, Ki-67 proliferation index
of less than 10%, primary that is limited to tumors with
portal venous drainage, no other spread to a secondary
organ other than the liver, and metastatic disease involving no more than 50% of the hepatic volume. This criteria was based on limited number of patients and has not
been significantly validated by other transplant groups[40].
However, using this approach they reported excellent
results with a 5-year survival rate close to 90%. These results are significantly better than those obtained in similar
patients undergoing conservative management. They also
observed that liver transplantation was associated with a
recurrence free survival of about 80% at 5 years, which is
significantly higher compared to less than 50% associated
with the non-transplant strategy[41].
Other groups have obtained comparable overall survival rates (70%-90%). Olausson et al[42] transplanted 10
patients with expanded criteria with higher proliferation
rate, large tumor burden and increased age but were still
able to show a 90% 5-year survival. Le Treut et al[10] did a
systematic review of the European Liver Transplant Registry and observed the following; three month postoperative mortality was 10%, after 5 years of LT the overall
survival was 52% and disease free survival was 30%. The
most significant predictors of poor outcome were other
major procedure in addition to LT, poor tumor differentiation and liver size and involvement. The highest risk
factor for peri-operative mortality was upper abdominal
exenteration at the time of Liver transplantation. They
also observed that since 2000, the 5-year survival has
increased to 59% in relation to the recent advances in
patient selection, surgical techniques, increased wait time
for stabilization of the disease and possibly the use of
pre-transplant treatments. They also suggest that a multistage approach for the removal of primary prior to LT is
associated with an improved overall survival.
It has been reported that overall 5-year survival rates
of untreated NET is around 35% at 5 years with a median
survival of 39 mo. It is interesting to note that although
Liver transplantation is usually performed after all other
treatment options have been exhausted, the 5 year overall
survival rate from the time of diagnosis was 73% in this
large European series. Although it is very difficult to compare studies using different treatment options and without
standardizing of patients characteristics it seems to be
some evidence that selected patients may benefit from LT.
Our group, in a systematic review analysis of the UNOS
database found an overall survival after transplantation
for liver metastases of NET not significantly different
than Hepatocellular carcinoma which is the second most
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common indication for liver transplantation in the United
States after 2010. It is important to remember that HCC
patients are usually transplanted within certain criteria (Milan, UCSF, etc.,) while there is not a clear selection criteria
for patients with liver metastases from NET. However,
tumor recurrence rate was 31% which is higher than the
rates in the range of 10%-15% reported in patients undergoing transplantation for HCC. We performed an analysis
of survival by quartile of wait-time and found the longer
the wait the better the overall survival in these patients.
The mean wait time was around 60 d in the UNOS series.
Patients who underwent transplantation for liver metastases of NET have significantly better survival if they have
to wait more than 60 d. We proposed that patients should
wait for disease stability before being considered for LT[9].
Nguyen et al[39] also conducted a review of the UNOS
database and found a significant increased 5-year survival
from 49.2% to 57.8% compared to the pre MELD era after the introduction of the MELD/PELD score in 2002.
However the overall survival of patients transplanted for
non-malignant indications was 73.7%, still significantly
higher than patients transplanted for malignant indications. They also found a deleterious effect with elevated
serum creatinine in the donor, elevated serum bilirubin in
the recipient and a protective effect with normal serum
albumin in the recipient at time of transplant.
The role of transplantation as a salvage or curative
procedure in this patient population is still under debate.
Available data suggested that transplantation can offer
a significant survival benefit when patients are selected
properly[43]. LT can therefore be used as a treatment option in patients who have stable disease, well differentiated unresectable symptomatic or asymptomatic liver
metastases of NET, confined to the liver and in which
the removal of the primary tumor was performed before
the liver transplant procedure. Prospective multi-centric
studies are still warranted to validate a specific selection
criteria for liver transplantation.

IMAGE GUIDED ABLATIVE TECHNIQUES
FOR THE TREATMENT OF LIVER
METASTASES FROM NET
Ablation therapy has been extensively used to treat liver
metastases from NET (Table 3). Some experts believe that
aggressive ablative techniques with reduction in tumor
volume of more than 90% should provide good results
similar to surgical resection. RFA of oligonodular liver
metastases of less than 5 cm can result in symptomatic
response in 70%-80% of patients with hormonal syndromes. The role of RFA in symptom control, reducing
octreotide dependence and in the treatment of metastases
that are amenable to surgical resection has been well documented in the literature[34,44-48]. Ablation treatment provides
complementary treatment in the operative management
of patients with bilobar or extensive liver disease. Only a
small number of patients are eligible for complete resection at the time of diagnosis either due to extensive tumor

14351

October 21, 2014|Volume 20|Issue 39|

Alagusundaramoorthy SS et al . Liver metastases from neuroendocrine tumors
Table 3 Comparison of outcomes of ablative techniques
Ref.
Taner et al[34]
Karabulut et al[25]
Akyildiz et al[44]
Martin et al[45]
Mazzaglia et al[46]
Gillams et al[47]
Seifert et al[49]
Shapiro et al[50]
Bilchik et al[51]

Publication year

Mode of therapy

Number of patients
ablated

Median PFS

2012
2011
2010
2010
2007
2005
1998
1998
1997

RFA and extra-hepatic resection
RFA
RFA
MWA and extra-hepatic resection
RFA and extra-hepatic resection
RFA
Cryotherapy
Cryotherapy
Cryotherapy

94
69
30
11
63
25
13
5
19

24 mo
10.5 mo
15.6 mo
8 mo

1

10 mo

Median OS

73 mo
72 mo
18 mo
47 mo
29 mo
103 mo
49 mo

1

Mean follow-up 2.5 years, overall survival 20%. MWA: Microwave ablation.

Table 4 Comparison of outcomes of Intra-arterial therapies
Ref.

Publication year

Mode of therapy

Number of patients
ablated

Median PFS

2011
2011
2010
2010
2008
2008
2007
2007
2006
2005

RE
HACE
RE
RE
RE
RE
HAE/HACE
HACE
HAE
HAE/HACE

42
123
48
58
148
37
46
57
84
123
74 HAE
49 HACE
100
51 HAE
49 HACE
24

1

Paprottka et al[58]
Dong et al[59]
Saxena et al[60]
Cao et al[61]
Kennedy et al[62]
King et al[63]
Ho et al[64]
Ruutiainen et al[65]
Strosberg et al[66]
Gupta et al[67]

Touzios et al[32]

Ruszniewski et al[68]

2008

1993

HAE/HACE

HACE

18 mo
36 mo

Median OS

40 mo
35 mo
36 mo
70 mo
29 mo
42 mo
36 mo

22 mo
16 mo

34 mo
23 mo
25.5 mo
25.7 mo

14 mo

1

Mean follow up 16. 2 mo, 95.2% alive. HACE: Hepatic artery chemo-embolization; HAE: Hepatic artery.

burden, critical location of the metastases within the liver
and the presence of significant extrahepatic disease. The
incorporation of RFA as an adjunct to surgical resection
has led to an increase in the number of patients eligible
for resection of hepatic metastases from neuroendocrine
metastases. Taner et al[34] reported a 5-year survival of 80%
and 10-year survival of 59% with if more than 90% of
the intrahepatic disease can be resected or ablated. Use of
cryotherapy along with RFA has also been described in
the literature[52].
In completely inoperable patients due to co-existing
medical conditions, percutaneous ablation can be safely
used to treat hepatic metastases. This reduces the hepatic
tumor burden and may improve the patient survival (Table
3). Percutaneous ablation can also be used to treat recurrences in previously resected patients. Microwave ablation
is being used in some centers as an alternative to RFA[53].
The use of interstitial laser ablation, microwave ablation,
complications encountered in such ablations versus radiofrequency coagulation has been extensively studied both
in animal models as well as in multi-center hospital settings[54-56]. Microwave ablation (MWA) can reduce the time
required to ablate this lesions and could also be used in
metastases closer to major hepatic vasculature where RFA
WJG|www.wjgnet.com

might not be that effective due to the heat sink effect.
Martin et al[45], reported a success rate of 90% with MWA
for hepatic metastases from NET. Gravante et al[57] did a
systematic review and found no viable cells as far as 6 cm
away from the center of ablation in 93% of cases treated
with MWA. There is no available data comparing the effectiveness of RFA to MWA for the treatment of hepatic
metastases form NET.

INTRA-ARTERIAL THERAPIES
NET liver metastases are highly vascular and amenable
to ischemia and necrosis if blood supply is occluded. The
blood supply of these metastases is mostly dependent on
hepatic artery for their oxygenation[58-71].
The vascular blockade can be accomplished through
bland embolization of the hepatic artery (HAE), chemoembolization (HACE), or embolization with drug eluting beads (DEB-HACE) (Table 4). Chemoembolization
involves the use of chemo-therapeutic agents such as
doxorubicin, cisplatin, mirplatin, gemcitabine, streptozocin, mitomycin C, 5-FU mixed with an embolic agent
like ethiodized oil or lipoidol with the slurry then infused.
Potential contraindications to embolization include oc-

14352

October 21, 2014|Volume 20|Issue 39|

Alagusundaramoorthy SS et al . Liver metastases from neuroendocrine tumors

clusion of the portal vein, severe liver dysfunction and
presence of a biliary anastomosis. Vascular occlusion
can achieve reduction of hormonal symptoms, reduced
tumor burden and improved survival in patients not candidates for surgical resection. Sequential embolization
of hepatic artery can offer prolonged palliation for responsive patients even if performed later in their course
of the disease. Clinical response rates of over 90% have
been reported with a median survival ranging 3 years with
a progression free survival of 18 mo[72-80] (Table 4). A
small randomized trial by Touzios et al[32] comparing TAE
vs TACE in all NETs has shown no difference in time to
progression (25.5 mo vs 25.7 mo). DEB-HACE aims for
a durable and less toxic impact from chemotherapy by
loading larger embolic beads with a drug that is released
over a period of time with less systemic exposure and
toxicity thereby. Mayo et al[13] reported a 90% symptom
control in 6 mo using drug eluding beads, however their
trial was interrupted by a higher than anticipated rate of
bilomas. Ho et al[64] reported that even in patients with
unresectable extra-hepatic disease, liver directed embolization can be done with a post-embolization survival
benefit and 80% symptomatic improvement.
Recently, radio-embolization using Yttrium 90 microspheres in patients with inoperable or even disseminated
disease have been utilized to treat NET metastases even
in patients with previous TAE/TACE[74,76]. They deliver
a form of internal radiation therapy to selected vascular
territory. Contra-indications to this therapy are a large
tumor burden and severe liver dysfunction with vascular involvement such as portal vein thrombosis. Median
survival in this approach varies from 36 to 70 mo with
tumor grade, radiographic response to treatment and
presence of extra-hepatic disease being the most significant prognostic factors reported. Most causes of death
were due to disease progression outside the liver[58,60,61].
Evidence is lacking comparing the effectiveness of radioembolization to other modes of intra-arterial embolization. The advantage of radio embolization is that the
hospital stay is usually shorter and procedures are fewer
when compared to HAE/HACE. Also repeated radioembolization to treat recurrence is possible as the microspheres are smaller and leave the vascular supply patent
the so called pruning effect. Complications including radiation pneumonitis, gastritis, etc have also been reported
in the literature. Hence pre-procedural scans with 99 mTc
labeled macro aggregate albumin is necessary to rule out
major pulmonary shunting[58,60].

SYSTEMIC THERAPIES
Somatostatin analogues are used for symptom relief in
most patients because over 70% of NETs express somatostatin receptors that can be targeted. Octreotide provides symptomatic benefit in about 85% of patients and
biochemical response in 70% of patients within weeks
of commencement[81]. Carcinoid syndromes due to the
release of serotonin intra-procedurally can be overcome
by the pre and post procedural administration of Octreto-
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tide. Somatostatin analogues also have an anti-proliferative
property as they lengthen the time of tumor progression
as compared to placebo injections. This benefit is seen
both in functionally active as well as inactive tumors[82].
The PROMID study group conducted a double blind randomized phase Ⅲ placebo controlled trial for Octreotide
LAR and found the median survival for patients receiving
Octreotide LAR to be 14.3 mo vs 6 mo on the placebo
arm. Octreotide can be safely and effectively used in patients in whom primary has been resected and have a low
hepatic tumor burden[6,83-85].
The role of systemic chemotherapy is highly variable
in treating NETs because of the disparities in the underlying tumor biology, differences in the endpoints that
are measured and the regimens used. Chemotherapeutic
agents usually target the actively dividing cells and tumors
with a high proliferation index are more susceptible to
chemotherapy. Poorly differentiated tumors with a high
proliferation index are more susceptible to chemotherapy
than well differentiated tumors with a low proliferation
index. The overall response to chemotherapy varies from
25%-78% with progression free periods between 4-22
mo. Hence, patient selection and individualized chemotherapy are required to maximize response and prevent
hepatic toxicity. Response can be measured radiologically
by decreased or stabilized tumor size, improved biochemical markers and improvement in the overall quality of
life[86-98].
Interferon alpha has also been used in place of somatostatin analogues for some symptomatic response but
no clear survival benefit or reduction in tumor size and
progression has been established. It may be an alternative
for patients who have failed therapy with somatostatin
analogues[94,95].
No difference has been shown to exist between the
new agents as monotherapy such as paclitaxel, gemcitabine[97], temozolomide[92], topotecan[86] and the older
ones like streptozocin[88,93,96], dacarbazine[87], 5FU[93,96] and
doxorubicin[93]. Traditionally a combination of two agents
to treat has been shown to have a higher response rate
and improved overall survival when compared to a single
agent[5]. Response rates for the combination of streptozocin and doxorubicin vary from 30%-70% emphasizing
the importance of patient selection and individualization
of treatment[91]. Recently a combination of capecitabine
and temozolomide has been shown to have a progression
free survival of 70% at 18 mo and a 2-year survival of
92%[90]. A triplet combination of streptozocin, doxorubicin and 5 FU in 84 patients with locally advanced or
metastatic pancreatic NETs was shown to have an overall
response rate of 39%. The standard chemotherapeutic
regimen continues to be streptozocin based due to the
absence of randomized trials evaluating the efficacy of
other regimes. A combination of cisplatin and etoposide
has been used to treat anaplastic NETs. The prognosis remains poor in this group with a 2-year survival at
20%-30%[89].
NETs that express somatostatin receptor subtype 2
showing an uptake in octreotidescintigraphy or soma-
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tostatin based PET imaging can be treated with beta
emitting 90 Y and 177 Lu labeled somatostatin analogues.
This presents a therapeutic option in patients with otherwise systemic inoperable and drug resistant disease having
a survival ranging from 40-72 mo. The use of these treatments stabilizes the disease with a time to progression of
40 mo and response rates of up to 30%. With this method there is a delivery of the radio-isotope selectively to all
the to both intra-hepatic and extra-hepatic somatostatin
avid metastases[99-106]. Adverse effects including radiation
induced bone marrow toxicity, nephrotoxicity and gastro
intestinal disturbances have been reported. The use of
alpha emitting isotopes with higher cytotoxicity than the
beta emitting isotopes such as Act 225 and addition of
radio-sensitizers like gemcitabine and capecitabine may
improve clinical outcomes[99,103].
Patients with a positive MIBG uptake scan can be
treated with 131 I-MIBG therapy. This is associated with
an improved overall survival with marked improvement
in clinical symptoms as well as biochemical markers[104].
The evolution of molecular genetics and targeting
the molecular mechanisms involved in the pathogenesis
of NETs have resulted in newer drugs that target the
intra-mural pathways in these tumors. Liver metastases
from NETS show a significantly up regulated VEGF C
expression which may be involved in their progression
and can be used as a potential target[106,107]. Some of the
recent drugs that have been implicated in the treatment
of NETs include Sunitinib-a multi targeted tyrosine
kinase inhibitor having activity against a wide range
of molecular pathways including VEGF derived and
platelet derived growth factor receptors[108,109], Bevacizumab-a ligand monoclonal antibody directed against
VEGF[110,111] and Everolimus-an oral inhibitor of mammalian target of rapamycin[112]. Adverse effects such as
diarrhea, vomiting, fatigue, stomatitis and nausea have
been reported in all these therapies. The median progression free survival was 11.4 mo for sunitinib and 11.0
mo for everolimus vs 4.6 mo and 5.5 mo on placebo
respectively. There are also reports of clinical benefit
when these are combined with existing chemotherapy
treatments. Targeted therapy is appropriate in patients
who have a progressive disease where tumor stability
would yield a clinical benefit.

been resected, less than 50% of liver involvement, no extrahepatic disease and in those with disease stability for a
period of time prior to surgery. The role of transplantation for the treatment of hepatic metastases from NET is
still to be defined. The combination of hepatectomy plus
ablation could be recommended specially in symptomatic patients and if more than 90% of the tumors can be
resected or ablated. Radio or chemoembolization should
have a role in those patients not candidates for surgery
or ablation alone or combined. Somatostatin analogues
should be used for symptom control and also for their
anti-proliferative effect. Molecular targeted therapies can
be used before, during or after conventional chemotherapy. An individualized treatment approach to patient care
is needed given the breadth of symptoms and disease, the
lack of a validated treatment pathway, as well as the indolent nature of the disease. Future trials are needed to still
validate the role of specific therapies in the management
of this difficult neoplasm.
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Abstract
Laparoscopic rectal surgery continues to be a challenging operation associated to a steep learning curve.
Robotic surgical systems have dramatically changed
minimally invasive surgery. Three-dimensional, magnified and stable view, articulated instruments, and
reduction of physiologic tremors leading to superior
dexterity and ergonomics. Therefore, robotic platforms
could potentially address limitations of laparoscopic
rectal surgery. It was aimed at reviewing current literature on short-term clinical and oncological (pathological)
outcomes after robotic rectal cancer surgery in comparison with laparoscopic surgery. A systematic review
was performed for the period 2002 to 2014. A total of
1776 patients with rectal cancer underwent minimally
invasive robotic treatment in 32 studies. After robotic
and laparoscopic approach to oncologic rectal surgery,
respectively, mean operating time varied from 192-385
min, and from 158-297 min; mean estimated blood

WJG|www.wjgnet.com

loss was between 33 and 283 mL, and between 127
and 300 mL; mean length of stay varied from 4-10 d;
and from 6-15 d. Conversion after robotic rectal surgery varied from 0% to 9.4%, and from 0 to 22% after
laparoscopy. There was no difference between robotic
(0%-41.3%) and laparoscopic (5.5%-29.3%) surgery
regarding morbidity and anastomotic complications
(respectively, 0%-13.5%, and 0%-11.1%). Regarding
immediate oncologic outcomes, respectively among
robotic and laparoscopic cases, positive circumferential margins varied from 0% to 7.5%, and from 0% to
8.8%; the mean number of retrieved lymph nodes was
between 10 and 20, and between 11 and 21; and the
mean distal resection margin was from 0.8 to 4.7 cm,
and from 1.9 to 4.5 cm. Robotic rectal cancer surgery is
being undertaken by experienced surgeons. However,
the quality of the assembled evidence does not support definite conclusions about most studies variables.
Robotic rectal cancer surgery is associated to increased
costs and operating time. It also seems to be associated to reduced conversion rates. Other short-term
outcomes are comparable to conventional laparoscopy
techniques, if not better. Ultimately, pathological data
evaluation suggests that oncologic safety may be preserved after robotic total mesorectal excision. However,
further studies are required to evaluate oncologic safety
and functional results.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Surgical procedures; Minimally invasive; Rectal neoplasms; Robotics; Colorectal surgery
Core tip: Laparoscopic oncologic rectal surgery remains
a challenging procedure. Robotic systems aim at overcoming the limits of conventional laparoscopic techniques. The evidence on robotic and robotic-assisted
rectal cancer surgery is rapidly increasing. Currently,
published studies have demonstrated exciting evidence
regarding similar or improved short-term outcomes
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after robotic rectal surgery when compared to laparoscopic conventional techniques. Moreover, robotic
surgery seems to be oncologic safe. Further studies are
required to evaluate the long-term oncologic and functional results of robotic over laparoscopic surgery for
rectal cancer treatment.
Araujo SEA, Seid VE, Klajner S. Robotic surgery for rectal cancer: Current immediate clinical and oncological outcomes. World
J Gastroenterol 2014; 20(39): 14359-14370 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i39/14359.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14359

INTRODUCTION
Laparoscopic colorectal surgery was first described in
1991[1]. In the past two decades, it has progressively expanded. Since it was proven to be as safe and effective as
open surgery[2], it was recognized as a reliable alternative
to conventional surgery. It has become the standard of
care for benign and malignant colonic diseases mainly
due to the fact that laparoscopic colectomy is consistently
associated to early postoperative outcomes, such as less
postoperative pain, reduced postoperative morbidity,
shorter length of stay, and earlier return to normal activities[3,4]. Moreover, it was also demonstrated that laparoscopic colectomy has oncological results comparable to
open surgery[5-8].
However, the adoption of laparoscopic colectomy
remains disappointing in most countries for several reasons, but mainly because it represents a challenging procedure associated to a steep learning curve[9-11]. Moreover,
although laparoscopic access has been widely accepted
for colonic surgery, there are several limitations associated to the laparoscopic approach to colorectal diseases.
The fulcrum effect results in reduced motion range, especially inside the pelvis. A poorly trained camera operator
may lead to an unstable bidimensional view leading to a
reduction in the dissection accuracy required to properly
approach Waldeyer’s and Dennonvillier’s fascias.
Total mesorectal excision (TME) has long been established as the standard surgical technique[12], laparoscopic
TME remains a technically demanding procedure. The
reported high conversion rates and involvement of circumferential resection margins[13] are thought to reflect
the high level of difficulty associated to laparoscopic
TME.
The Da Vinci robotic surgical system (Intuitive Surgical Inc., Sunnyvale, California, United States) has dramatically changed minimally invasive surgery. A robotic-assisted approach could potentially overcome some of the
limitations of conventional laparoscopic rectal surgery.
Robotic system enables the surgeon to control a threedimensional, high-definition, 10-fold magnification vision
steady camera. It provides wristed motion for endoscopic
instruments (7 o of freedom, 180o articulation, and 540o
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rotation). Motion scaling results in reduced physiological tremors, superior dexterity, and far greater ergonomic
comfort[14]. Therefore, robotic systems are particularly
designed for operations conducted within a small anatomical field in which high precision is demanded, such
as cardiac surgery, prostate surgery and rectal surgery.
Although robotic-assisted operations have been utilized
for years in other surgical specialties, it was not until 2002
that Weber et al[15] reported the first two cases of roboticassisted colectomies.
Case series, comparative, and multicenter studies have
demonstrated that robotic rectal surgery is feasible, effective and safe for minimally invasive TME. However,
evidence of its clinical superiority regarding short-term
outcomes over conventional rectal surgery conducted by
expert surgeons is still lacking. Moreover, long-term oncological safety remains to be demonstrated. Ultimately,
robotic surgery is expensive, which results in a major
impediment to greater spread of its use. Therefore, currently, there are two multicenter randomized controlled
trials comparing robotic versus laparoscopic surgery for
rectal cancer: the ROLARR and the ACOSOG-Z6051.
However, at this moment, both trials are recruiting.
Although the abovementioned limitations potentially associated to robotic rectal surgery, two recent systematic
reviews followed by meta-analysis have concluded that
robotic-assisted surgery decreases conversion rate when
compared to a conventional laparoscopic approach for
rectal cancer surgery and is also associated to reduced
blood loss[16,17].
In the present study, it was aimed at reviewing the
rapidly expanding current available literature on shortterm clinical and immediate oncological (pathological)
outcomes after robotic rectal cancer surgery in comparison with standard laparoscopic rectal surgery or conventional resections, and to provide a perspective on the use
of robotics for the curative surgical treatment of rectal
cancer.

LITERATURE REVIEW
A systematic review of the electronic literature examining
robotics for rectal cancer surgery was performed. Two
reviewers (Araujo SEA and Seid VE) conducted a search
of electronic databases (PubMed, Google Scholar and
Embase) for the period 2002 to 2014. The search strategy
included the terms “robot”, “robotic”, “Da Vinci”, “rectum”, “rectal surgery”, “proctectomy”, “anterior resection”, and “abdominoperineal excision”. No other search
restrictions were applied. Then, an additional manual
search was conducted in the reference list of all relevant
selected publications to prevent article loss by the search
strategy. The last search was performed on March 2014.
Case series, comparative studies, and randomized controlled trials were all selected. The definition of oncologic
rectal surgery included: anterior resection, low anterior
resection, TME, coloanal anastomosis, intersphincteric,
and abdominoperineal resections. The exclusion criteria
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Records identified through
database searching
(n = 68)

Additional records identified
through other sources
(n = 0)

Eligibility

Screening

Records after duplicates removed
(n = 49)

Records screened
(n = 49)

Full-text articles assessed
for eligibility
(n = 32)

Records excluded
(n = 17)
Robotic surgery for colon cancer
(n = 11)
Robotic surgery for benign disease
(n = 6)

Included

Studies included in
qualitative synthesis
(n = 32)

Studies included in
quantitative synthesis
(systematic review)
(n = 32)

Figure 1 Preferred reporting items for systematic reviews and meta-analyses diagram.

were: review articles or letters, studies on robotic surgery
for colon cancer or benign colonic disease, animal experiments, case reports, studies using only robotic camera
holders (AESOP 3000; Computer Motion, Santa Barbara, California, United States) or the not commercially
available Zeus Surgical System (Computer Motion, Santa
Barbara, California, United States), studies with inappropriate data or not written in English language.
The following parameters were extracted to a specific
protocol: name of first author, year of publication, country, study design, surgical technique, number of patients,
neoadjuvant treatment, type of TME, operating time,
estimated blood loss, conversion rate, overall morbidity
rate, anastomotic complications, positivity of circumferential resection margins (CRMs), extent of distal resection margins (DRMs), and mean number of lymph nodes
harvested.

QUALITY OF THE ASSEMBLED EVIDENCE
Published data on robotic oncologic rectal surgery comprise case series, nonrandomized retrospective and prospective comparative studies, and one randomized trial[18].
In these cases, bias associated to the evidence come from
the unknown criteria used to recruit patients, and also
from the quality of data collection. Although it is highly
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expected that experienced colorectal surgeons undertook
all procedures, the expertise of the minimally invasive
surgical team with laparoscopy and robotic approaches is
seldom reported on the evaluated studies.

PATIENTS AND OPERATIONS
The electronic search followed by manual review identified 68 abstracts (Figure 1). After excluding 21 duplicates,
49 papers were reviewed. Seventeen articles were excluded. Eleven papers were on robotic surgery for colon
cancer, and six papers comprised patients operated on
for benign colonic diseases. Thirty-two studies[18-49] were
suitable for inclusion in the systematic review. Seventeen
studies[19-21,24,28-40] represented case series, 14[22,23,25-27,41-49]
were comparative studies, and there was only one randomized controlled trial[18] (Table 1).
Regarding the distribution of papers according to
the publication year (Figure 1), the number of publications on minimally invasive robot-assisted rectal surgery
is increasing. In 2006 and 2007, the systematic review
returned only one paper per year. Some authors rather
not consider these experiences for evaluation, since they
represent initial case series. In the years 2010, 2011, 2012,
and 2013 it was observed, respectively, eight, seven, five,
and three published papers. Although global numbers
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Table 1 Use of robotics in rectal cancer surgery (case series, comparative, and randomized studies)
Ref.

Year

Hellan et al[28]
Choi et al[29]
Choi et al[19]
Ng et al[30]
deSouza et al[31]
Pigazzi et al[32]

2007
2009
2009
2009
2010
2010

Baek et al[33]
Zimmern et al[34]
Kang et al[20]
Koh et al[35]
Leong et al[21]
Marecik et al[36]
Alimoglu et al[24]
Kang et al[37]
Karahasanoglu et al[38]
Park et al[39]
Du et al[40]
Pigazzi et al[41]
Baik et al[18]
Patriti et al[42]
Baik et al[43]
Bianchi et al[22]
Popescu et al[44]
Kim et al[23]
Park et al[45]
Park et al[46]
Baek et al[47]
Kwak et al[48]
Kim et al[25]
Park et al[49]
Kang et al[26]
D’Annibale et al[27]

Country

Study design

Surgical
technique

Number
of
patients

Neoadjuvant
treatment

TME operation
Anterior
resection

Intersphincteric
resection

Abdominoperineal
resection

Case series
Case series
Case series
Case series
Case series
Case series

Hybrid
Hybrid
Totally robotic
Hybrid
Hybrid
Hybrid

39
13
50
8
44
143

33
NA
NA
NA
31
93

22
13
40
8
30
80

11

6

8

2

6
32

8
31

2010
2010
2011

United States
Korea
Korea
Singapore
United States
United States, Italy,
Korea
United States
United States
Korea

Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Comparative
Randomized
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative

34
47
265
118
18

18

Singapore
Korea
United States
Turkey
United States
Turkey
United States
China
United States
Korea
Italy
Korea
Italy
Romania
Korea
Korea
Korea
United States
Korea
Korea
Korea
Korea
Italy

64
58
269
120
19
29
5
7
6
30
30
22
6
18
29
56
25
38
100
41
52
41
59
100
40
165
50

55
23
72

2011
2011
2011
2012
2012
2012
2012
2013
2006
2008
2009
2009
2010
2010
2010
2010
2011
2011
2011
2012
2013
2013
2013

Hybrid
Hybrid
Totally robotic
Hybrid
Hybrid
Totally robotic
Hybrid
Totally robotic
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Totally robotic
Hybrid
Totally robotic
Hybrid
Hybrid
Hybrid
Hybrid
Totally robotic
Hybrid
Totally robotic
Totally robotic

12
11
4
2
1

2
11
4
4
5
7
20
NA
2
0
7
5
13
NA
14
14
12
33
8
34
32
39
34

29

27
5
22
6
18
29
56
18
30
100
29
52
33
54
55

19

5
7
6
3
6

0

7
8

12
2
5
45
40

6

165
50

TME: Total mesorectal excision; NA: Not available.

seem to be diminishing, an increase in the publication of
studies comparing robotic-assisted and conventional laparoscopic approaches for rectal surgery may be observed,
starting in 2010.
A total of 1776 patients with rectal cancer underwent
minimally invasive robotic or robotic-assisted treatment
in 32 studies. Of these, 956 patients were operated on a
case series design study. Only 795 patients of eight studies[19-27] were operated on using a totally robotic approach.
The mean number of patients operated on with robotic
assistance for publication was 55.5 (5-379). Only 125 (7%)
patients undergoing robotic TME underwent sphincter
ablation operations. Among the 1651 patients who underwent sphincter preserving-operations, 227 (13.7%)
were submitted to an intersphincteric dissection prior to
coloanal anastomosis.

385 min (Table 2). For the 887 patients operated on using a laparoscopic approach in the selected comparative
studies, the mean operating time ranged from 158 to 297
min. In the two studies[25,26] using a cohort of patients undergoing TME through an open approach, the results of
this particular group of patients were not considered in
the present review.
Although the overall results of operating time in the
study of Patriti et al[42] have not demonstrated significant
differences after robotic and conventional laparoscopy,
operative times after robotic surgery with TME with and
without sphincter preservation were significantly higher.
In the reports of Popescu et al[44], Kim et al[23], Park et al[45],
Kwak et al[48], Kim et al[25], Park et al[49], and Kang et al[26],
operating times were significantly longer after operations
with robotic assistance.

OPERATING TIME

ESTIMATED BLOOD LOSS

For the total of 1776 patients with rectal cancer who underwent robotic or robotic-assisted surgical treatment in
32 studies, the mean operating time ranged from 192 to

The estimated blood loss values were not available in 14
publications. For the remaining 17 studies in this systematic review, mean estimated blood loss after oncologic
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Table 2 Use of robotics in rectal cancer surgery - clinical outcomes
Ref.

Type of
procedure

Number of
patients

Hellan et al[28]
Choi et al[29]
Choi et al[19]
Ng et al[30]
deSouza et al[31]
Pigazzi et al[32]
Baek et al[33]
Zimmern et al[34]
Kang et al[20]

RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME

39
13
50
8
44
143
64
58
389

Koh et al[35]
Leong et al[21]
Marecik et al[36]
Alimoglu et al[24]
Kang et al[37]
Karahasanoglu et al[38]

RTME
RTME
RTME
RTME
RTME
RTME
RPME
RTME
RTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
OTME
RTME
LTME
RTME
LTME
OTME
RTME
LTME

19
29
5
7
6
22
8
30
22
6
6
18
18
29
37
56
57
25
25
38
84
100
100
41
82
52
123
41
41
59
59
100
100
40
40
165
165
165
50
50

Park et al[39]
Du et al[40]
Pigazzi et al[41]
Baik et al[18]
Patriti et al[42]
Baik et al[43]
Bianchi et al[22]
Popescu et al[44]
Kim et al[23]
Park et al[45]
Park et al[46]
Baek et al[47]
Kwak et al[48]
Kim et al[25]
Park et al[49]
Kang et al[26]

D’Annibale et al[27]

Mean operating Estimated blood
time (min)
loss (mL)
200 (25-6000)
NA
NA
NA
250 (50-1000)
283 (0-6000)
200 (20-6000)
250
NA

Length of
stay (d)

285 (180-540)
260 (210-390)
304 (190-405)
192 (145-2500
347 (155-510)
297 (90-660)
270 (150-540)
350
305.4 ± 111.5/
339.3 ± 127.41
316 (232-444)
325 (235-435)
343 (270-442)
NA
335 (267-452)
270 (175-480)

NA
50 (50-1000)
230 (100-400)
NA
250 (150-400)
50 (20-100)

4
7
9.2 (5-24)
5 (4-30)
5 (3-36)
8.3 (2-33)
5 (2-33)
6
8.7 ± 3.0/
17.6 ± 13.31
6.4 (3-21)
9 (5-15)
5.8 (5-7)
8.1 (5-10)
5 (4-7)
4 (4-20)

369 (306-410)
220 (152-286)
264 (192-318)
258 (198-312)
203 (149-315)
196 (114-297)
202 ± 12
208 ± 7
178 (120-315)
179 (100-360)
240 (170-420)
237 (170-545)
208 (180-300)4
182 (140-220)4
385.3 ± 102.64
297.3 ± 83.74
231.9 ± 61.44
168.6 ± 49.34
233 ± 52.4
158 ± 49.2
296 (150-520)
315 (174-584)
270 (241-325)4
228 (177-254)4
188 ± 454
103 ± 234
235.5 ± 57.54
185.4 ± 72.84
309.7 ± 115.24
277.8 ± 81.94
252.6 ± 88.14
270 (240-315)
280 (240-350)

100 (75-200)
33 (10-70)
104
150
NA
NA
137 ± 156
127 ± 169
NA
NA
NA
NA
1004
1504
NA
NA
NA
NA
NA
NA
200 (20-2000)
300 (17-1000)
NA
NA
NA
NA
45.7 ± 40
59.2 ± 35.8
133 ± 192.34
140.1 ± 216.44
275.4 ± 368.84
NA
NA

4 (3-6)
7.8 (7-13)
4.5 (3-11)
3.6 (3-6)
7 (5-10)4
9 (6-12)4
11.9 (6-29)
9.6 (5-37)
5 (5-10)4
6 (4-16)4
6.5 (4-15)
6 (4-20)
8.1 ± 4.5
8.4 ± 3.5
11.7 ± 6.7
14.4 ± 10
9.9
9.4
10 ± 19.2
15 ± 12.2
6.5 (2-33)
6.6 (3-20)
NA
NA
7.1 ± 2.1
6.9 ± 1.5
10.6 ± 4.2
11.3 ± 3.6
10.8 ± 5.54
13.5 ± 9.24
16 ± 8.64
8 (7-11)
10 (8-14)

Conversion
rate (%)

Overall
complication rate

Anastomotic
complications

2.6
0
0
0
4.5
4.9
9.4
1.7
0/11

12.8%
23%
18%
0%
4.5%
41.3%
35.9%
24.1%
19%

12.1%
7.7%
8.3%
0%
4.5%
10.5%
7.7%
3.4%
7%

0
0
0
0
0
0

14.3%
10.3%
20%
28.6%
50%
13.3%

0%
31%
0%2
0%2
0%2
3.3%

0
0
0
0
0
11.1
04
18.94
04
10.54
0
4
5.2
10.5
2
3
0
0
0
0
7.3
22
0
3.4
0
03
0
0
0.6
1.8
03
0
12

36.6%
4.5%
16.6%
16.6%
22.2%
5.5%
30.6%
18.9%
5.4%4
19.3%4
16%
24%
15.7%
15.3%
20%
27%
19.3%
29.3%
10%
15%
22%
26.8%
32.2%
27.1%
26%
27%
15%
12.5%
20.6%
27.9%
24.8%
10%
22%

4.2%
0%
0%
0%
0%
0%
6.8%
2.7%
1.7%
7%
4%
8%
5.2%
7.1%
8.2%
11.1%
9.7%
7.3%
9.6%
5.6%
8.6%
2.9%
13.5%
10.1%
2%
4%
7.5%
5%
7.3%
10.8%
3.4%
10%
14%

1

Non-complicated/complicated cases; 2Abdominoperineal resections only; 3Conventional (open) approach; 4The original publication as statistically
significant (P < 0.05). RTME: Robotic total mesorectal excision; LTME: Laparoscopic total mesorectal excision; RPME: Robotic partial mesorectal excision;
OTME: Open total mesorectal excision; NA: Not available.

robotic rectal surgery varied from 33 to 283 mL. For the
comparative studies where data after laparoscopic operations have also been available, mean estimated blood
loss was between 127 and 300 mL (Table 2). Only in the
reports of Popescu et al[44] (100 mL vs 150 mL) and Kang
et al[26] (133 mL vs 140 mL), the estimated blood loss was
significantly reduced after robotic rectal surgery when
compared to the laparoscopic approach.
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LENGTH OF STAY
The mean length of stay was not available for only one
comparative study[48]. Among rectal cancer patients undergoing robotic surgery, the length of stay for 29 studies ranged from 4 to 10 d (Table 2). For the comparative
studies, mean length of hospital stay after laparoscopic
rectal surgery ranged from 6 to 15 d (Table 2). In three
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studies[18,23,46], one of them a small randomized trial[18],
which enrolled a total of 84 patients, the mean length of
stay was significantly reduced after robotic surgery when
compared to laparoscopic access.

compared comprising a total of 674 recruited patients. In
this study, robotic surgery was significantly associated to
less anastomotic complications (7.3%) when compared to
the laparoscopic (10.8%) approach.

CONVERSION

IMMEDIATE ONCOLOGICAL OUTCOMES

Conversion rates were available for all 32 studies included
in this systematic review. Among 1776 patients with rectal cancer undergoing robotic or robotic-assisted surgical
treatment in this systematic review, the mean conversion
rate varied between 0% and 9.4%. For the laparoscopic
cases, mean conversion to open surgery was between 0%
and 22% (Table 2).
In three comparative studies[27,42,43] included in this
review, robotic surgery for rectal cancer was significantly
associated to a lower conversion rate. This three studies
included 279 patients. In the publication of Patriti et al [42],
the majority of patients in the robotic group had previous abdominal surgery and low rectal cancer requiring a
TME. In addition, more patients in the robotic group had
undergone neoadjuvant chemoradiation when compared
to the laparoscopic group. In the second study where
conversion was reduced after a robotic approach[43], conversion was null in the robotic group. In the laparoscopic
group, the rate was 10.5% (6 cases). The reasons for conversion in the laparoscopic group were hemorrhage from
the lateral pelvic wall, failure to progress due to a severe
narrow pelvis, and rectal perforation.

CRM positivity results after TME or tumor-specific mesorectal excision was available for all studies in this review
with the exception of one case series[34], two comparative studies[41,44], and one randomized trial[18]. The mean
frequency of CRM positivity after robotic rectal cancer
surgery for 1656 operated on rectal cancer patients in the
present review was between 0% and 7.5%. After laparoscopic rectal surgery, for 879 patients, it ranged from 0%
to 8.8% (Table 3). Only in two recent comparative studies[26,27], the involvement of CRM showed a significant
decrease after robotic rectal surgery when compared to
the laparoscopic access. In the study of Kang et al[26], 495
patients submitted to robotic, laparoscopic, or open rectal
surgery were retrospectively selected and matched according to clinical characteristics. No significant differences in
baseline characteristics were observed among the matched
cohort with 165 pairs of patients. CRM involvement was
observed in 4.2%, 6.7%, and 10.3% of patients undergoing robotic, laparoscopic, or open access TME, respectively. In the experience of D’Annibale et al[27], 50 patients underwent robotic TME and were retrospectively compared
to 50 patients undergoing laparoscopic TME. In spite of
CRM involvement could have depended on pathology
site and extension, the authors stated that robot-assisted
surgery allowed them to achieve a complete and oncologic
adequate resection of the specimen due to articulation of
the instruments and the 3-D magnified vision.
In the present review, data regarding the extent of
lymphadenectomy associated to robotic rectal surgery
was available for all 32 selected studies (1776 rectal
cancer patients). The mean number of retrieved lymph
nodes after robotic rectal surgery was between 10.3 and
20. After laparoscopic surgery, the mean number of
retrieved lymph nodes among 987 operated on patients
was between 11.1 and 21). In all comparative, and in the
randomized study, there was no difference in the extent
of lymphadenectomy due to a robotic or laparoscopic
approach. In the study of D’Annibale et al[27], the mean
number of lymph nodes retrieved after robotic TME was
16.5 (range 11-44), and was 13.8 (4-29) after laparoscopic
TME. In this paper, there was no difference in the extent
of the lymphadenectomy (P = 0.053) (Table 2). However,
in the discussion session, the authors stated that there
was no difference in the extent of lymphadenectomy
among the groups (P = 0.073).
Regarding the extent of DRM, among the 17 comparative studies, the information was not available for
four studies[20,31,34,39] due to not declared reasons, for three
studies comprising only patients submitted to robotic
abdominoperineal excisions[24,36,37] and for one comparative study[44]. For 1199 patients undergoing robotic rectal

POSTOPERATIVE COMPLICATIONS
(OVERALL)
For the 32 studies included in this systematic review, the
overall morbidity after robotic or robotic-assisted rectal
cancer surgery ranged from 0% to 41.3% (Table 2). The
overall postoperative complication rate after laparoscopic
treatment of rectal cancer on 14 comparative studies and
1 randomized controlled trial varied between 5.5% and
29.3% (Table 2).
In only one comparative study[43], where 56 and 57 patients underwent a robotic and laparoscopic low anterior
resection respectively, postoperative morbidity was significantly reduced after robotic surgery (5.4% vs 19.3%).

ANASTOMOTIC COMPLICATIONS
Among the 32 studies included in this review, the occurrence of complications of colorectal or coloanal anastomosis was not available on three publications dealing
exclusively with sphincter-ablative rectal operations[24,36,37]
(Table 2).
After robotic or robotic-assisted sphincter preserving rectal surgery, the mean occurrence of anastomotic
complications varied between 0% and 13.5%. After laparoscopic sphincter-preserving surgery, it varied between
0% and 11.1% (Table 2). In one recent study[26], matched
robotic, laparoscopic and open rectal cancer cases were

WJG|www.wjgnet.com
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Table 3 Use of robotics in rectal cancer surgery - immediate oncological outcomes
Ref.

Hellan et al[28]
Choi et al[29]
Choi et al[19]
Ng et al[30]
deSouza et al[31]
Pigazzi et al[32]
Baek et al[33]
Zimmern et al[34]
Kang et al[20]
Koh et al[35]
Leong et al[21]
Marecik et al[36]
Alimoglu et al[24]
Kang et al[37]
Karahasanoglu et al[38]
Park et al[39]
Du et al[40]
Pigazzi et al[41]
Baik et al[18]
Patriti et al[42]
Baik et al[43]
Bianchi et al[22]
Popescu et al[44]
Kim et al[23]
Park et al[45]
Park et al[46]
Baek et al[47]
Kwak

[48]

Kim et al[25]
Park et al[49]
Kang et al[26]

D’Annibale et al[27]

Type of procedure

Number of patients

Positivity of
circumferential
resection margin (%)

Distal resection
margins, cm

RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
OTME
RTME
LTME
RTME
LTME
OTME
RTME
LTME

39
13
50
8
44
143
64
58
389
19
29
5
7
6
30
30
22
6
6
18
18
29
37
56
57
25
25
38
84
100
100
41
82
52
123
41
41
59
59
100
100
40
40
165
165
165
50
50

0
0
2
0
0
0.7
0
NA
3.6
5.3
6.8
0
0
0
0
0
0
NA
NA
NA
NA
0
0
7.2
8.8
0
4
NA
NA
3
2
1.2
7.3
1.9
2.4
4.9
2.4
1.7
0
1
1
7.5
5
4.22
6.72
10.32
02
122

2.6 (0.4-7.5)
4.7 ± 1.8
1.9 ± 1.1
>2
NA
2.9 ± 1.8
3.4 (0.2-10)
NA
NA
0.8-1
0.8 (0-4)
-1
-1
-1
4 (2-8)
NA
2.6 (1-5.5)
3.8 (1.8-9)
3.5 (2.2-5)
4.0 ± 1.1
3.7 ± 1.1
2.1 ± 0.9
4.5 ± 7.2
4 (1-7)
3 (1-9)
2 (1.5-4.5)
2 (1.8-3.5)
Negative
Negative
2.7 ± 1.9
2.6 ± 1.8
2.1 ± 1.4
2.3 ± 1.5
2.8 ± 1.9
3.2 ± 2.1
3.6 (0.4-10)
3.8 (0.4-11)
2.2 (1.5-3)
2 (1.2-3.5)
2.7 ± 1.72
1.9 ± 1.32
1.4 ± 0.9
1.3 ± 0.9
1.9 ± 1.4
2 ± 1.4
2.2 ± 1.7
3 (2-7)
3 (1-6)

Mean/median number of
lymph nodes harvested
13 (7-28)
24.6 ± 16.7
20.6 ± 10
15 (2-26)
14 (5-45)
14.1 (1-39)
14.5 (3-28)
11.8-15.3
15.7 ± 10
17.8 ± 7.1
16 (1-44)
12.4
16 (14-21)
20 (7-58)
15 (3-38)
20 (14-25)
14.3 (8-27)
14 (9-28)
17 (9-39)
18 (6-49)
22 (9-42)
10.3 ± 4
11.2 ± 5
17.5 (4-43)
17 (4-53)
18 (7-34)
17 (8-37)
11.7 ± 3.8
11.1 ± 3.2
14.7 ± 9.7
16.6 ± 9.1
17.3 ± 7.7
14.2 ± 8.9
19.4 ± 10.2
15.9 ± 10.1
13.1 (3-33)
16.2 (3-33)
20 (12-27)
21 (14-28)
20 ± 6.9
19.6 ± 8.5
12.9 ± 7.5
13.3 ± 8.6
15 ± 9.4
15.6 ± 9.1
17.4 ± 10.9
16.5 (11-44)
13.8 (4-29)

1

Abdominoperineal resections only; 2The original publication as statistically significant (P < 0.05). RTME: Robotic total mesorectal excision; LTME:
Laparoscopic total mesorectal excision; RPME: Robotic partial mesorectal excision; OTME: Open total mesorectal excision; NA: Not available.

cancer, surgery, the mean value of DRM varied between
0.8 and 4.7 cm. For 903 patients undergoing laparoscopic
sphincter-preserving rectal cancer surgery, the mean
value for DRM ranged from 1.9 to 4.5 cm. In all selected
comparative studies, there was no difference for DRM
value between robotic and laparoscopic cases. However,
in one study[25] comparing 100 matched robotic to open
cases, mean DRM was longer (2.7 vs 1.9; P = 0.001) after
robotic approach.
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DISCUSSION
It was demonstrated that laparoscopic colorectal surgery is as safe and effective as open surgery regarding
early postoperative outcomes. These data are at this time
mature and reflect a modest but significant benefit on
short-term outcomes when compared to conventional
colectomies[50]. Long-term oncological results also demonstrate that laparoscopic surgery is entirely equivalent to
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laparotomy regarding oncologic safety[6].
Similarly, laparoscopic rectal resection is fully feasible[51]. However, laparoscopic TME remains a technically
demanding procedure associated with a steep learning
curve, high conversion and positive CRM rates[11,13]. The
16% rate of CRM involvement reported in the MRC
CLASICC trial has been advocated as an indirect evidence
of increased technical difficulty associated to laparoscopic
TME[13]. Particular features of laparoscopic TME include
the limited dexterity of non-articulating instruments attached to a fulcrum effect especially in the narrow male
pelvis or when dealing with bulky tumors, and loss of
three-dimensional view.
Robotic surgery for the management of rectal cancer
remains a highly controversial issue. The current robotic
surgical platform provides a stable, three-dimensional,
high-definition, 10-fold magnification vision, intuitive
articulated instrument manipulation, tremor elimination,
superior dexterity, and high precision of the movement
of the robotic arms. Therefore, robotic surgical systems
may be particularly suited for deep and precise pelvic surgery, obviating some of the limitations of conventional
laparoscopic surgery as required during TME operations.
The first robotic colectomy was reported in 2002[15]. Since
then, the number of publications on robotic colorectal
surgery has markedly increased[52]. In 2004, D’Annibale
et al[53] reported on 52 cases of robotic-assisted colon
and rectal surgery. In this report, 10 cases of roboticassisted anterior resection were included. The first paper
on robotic TME included 6 cases of rectal cancer and
was published in 2006[41].
The high costs associated with the currently available
robotic platform have limited the implementation of this
technology. Therefore, before robotic surgery can be
accepted as the preferred approach for rectal cancer surgery, it should be confirmed that the technology provides
superior short-term outcomes and equal or improved oncologic and functional results in comparison with other
approaches. Due to the lack of evidence from controlled
randomized trials, a systematic review of the currently
available literature might help to critically assess such an
argument. The interest on the matter is elevated and the
first TME operation was reported in 2004[53]. Nevertheless, since then there is only one very small randomized
controlled trial[18] comparing robotic to conventional
laparoscopic rectal surgery, published in 2008. On the
other hand, we could find at least two non-systematic
reviews on robotic surgery for colorectal diseases[54,55],
and one systematic review on robotic surgery for rectal
cancer[56]. The available published data on robotic colon
and rectal surgery comprise case reports, case series, and
non-randomized retrospective and prospective comparative studies. All of these studies are, by their very nature,
subject to significant bias derived from patient selection,
and quality of reported data extraction. However, this
concept did not prevent the publication of meta-analyses
on robotic colorectal surgery[52], and on robotic rectal
surgery[16,17,57]. Because of the lack of available evidence
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from ongoing prospective randomized trials (ROLLAR[58]
and ACOSOG-Z6051[59]), systematic reviews as conducted in the present paper represent the most organized
way to evaluate current evidence on robotics for rectal
malignancy.
Before the present study design was accomplished,
the findings of two recent meta-analyses[16,17] on robotic
surgery for rectal cancer demonstrated non-similar results
but the same limitations. Both meta-analyses included
seven studies. In both, four studies[22,42,43,48] were present.
Yang et al[17] found that robotic proctectomy is associated with increased operative time, less estimated blood
loss, lower conversion rate, and higher hospital costs.
Memon et al[16] were able to confirm only the findings of
lower conversion associated with robotic surgery when
compared to conventional laparoscopy. Meta-analyses
of robotics for rectal surgery have several limitations.
Non-randomized, retrospective or prospective, not casematched or matched studies are biased. Moreover, the
number of studies in the analysis is small, precluding
subgroup analysis. In the present study, we calculated the
mean number of robotic cancer cases being 55.5 (range,
5-379). Ultimately, uncontrolled variables included in
biased studies lead to under- or over-estimation of risk
effects[17].
In the present systematic review, it could be observed
that robotic TME is associated with a prolonged operating time when compared to laparoscopic TME[23,26,44,45,48,49].
The extended time taken to dock the robot may be an
important issue on the longer operating time. In the present review, it was observed that 795 patients of 8 studies[19-27] were operated on using a totally robotic approach.
In the hybrid technique, the abdominal part of minimally
invasive TME (inferior mesenteric vein and artery division, splenic flexure and left colon mobilization) is accomplished using conventional laparoscopic techniques.
And the robot is used for the pelvic TME part of the
operation. Most surgeons use the hybrid technique to
avoid robot repositioning/re-docking. One time docking
could also be done for a fully robotic technique by changing some trocars or arms. In the fully robotic technique
reported by several authors[19,60,61], the robotic approach is
used for the abdominal and pelvic parts of the operation.
To the present moment, no study has compared a hybrid
to a fully robotic technique.
There is no current significant evidence that a robotic
approach to rectal cancer may reduce estimated blood
loss. Only in the small report by Popescu et al[44] and Kang
et al[26], intraoperative blood loss was significantly reduced
after robotic rectal surgery. Popescu et al[44] have reported
on only 38 robotic rectal cancer cases. Moreover, in the
study of Kang et al[26], the difference between mean estimated blood loss after robotic (133 mL) and laparoscopic
(140 mL) cases was very small. Ultimately, it must be
remembered that estimating blood loss in a retrospective
design may be imprecise.
Regarding hospital stay, in only three studies[18,23,46]
involving 239 patients operated with robotic assistance,
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a shorter hospital stay could be observed. In all other
selected comparative studies there was no significant difference. Moreover, Yang et al[17] and Memon et al[16] independently looked at the same data using meta-analytical
techniques and could detect no difference. Variability
between comparative retrospective studies may include
differences in discharge criteria. Certainly, a shorter duration of hospitalization produced by robotic access to the
rectum when compared to laparoscopy remains to be
demonstrated.
Robotic surgery may overcome limitations derived
from conventional laparoscopic TME. High-definition
three-dimensional view and superior dexterity due to
motion scale and articulated instruments may contribute
to superior visualization and a more precise pelvic dissection. In the present systematic review, conversion to
laparotomy after robotic rectal surgery (0%-9.4%) seems
to be reduced when compared to laparoscopy (0%-22%).
This result was directly observed in three[7,42,43] comparative studies included in this review and may be due to the
ability to perform fine dissection in a narrow surgical field.
On the other hand, it is important to highlight that none
of the studies were randomized neither blinded. Therefore, these results must be interpreted with caution since
selection bias may have inadvertently favored robotic
cases, since robotics was the technology under evaluation.
There is no current evidence regarding a role for
robotic surgery in reducing postoperative or anastomotic complications in all comparative studies selected
in this review. In only one small study[43] comprising 56
and 57 patients undergoing a low anterior robotic and
laparoscopic rectal resection, respectively, postoperative
complications were higher in the laparoscopic group. The
authors believe that the higher incidence of anastomotic
complications observed in the laparoscopic group may be
due to a difficulty in the perpendicular rectal transection
leading to an increased number of stapler firings which
was reported to be significantly related to anastomotic
leakage. However, the number of stapler firings were not
accrued in the study[62].
Although most specialists performing minimally invasive TME are highly experienced laparoscopic surgeons,
performing precise dissection in the pelvis is especially
difficult. On this matter, robotic surgery may provide
some advantages. The oncologic outcomes after surgery
for rectal cancer rely on the quality of mesorectal excision. Regarding CRM involvement in the present review,
available data on robotic cases from case series and comparative studies indicate a (+)CRM from 0% to 7.5%; and
from 0% to 8.8% after laparoscopic cases from comparative studies. However, there was no difference regarding
(+)CRM rates for 10 comparative studies[22,23,25,42,43,45-49] included in this review. Three meta-analyses support these
findings[16,17,23]. Only for the two most recent comparative
studies[26,27], (+)CRM was more frequent after a laparoscopic approach.
Regarding the extent of dissected lymph nodes
among TME specimens in this systematic review, the re-
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sults were available for all 32 included studies. There was
no significant difference between a robotic and laparoscopic approach in the total number of lymph nodes extracted. Despite the numerous variables determining the
number of lymph nodes in the surgical specimen after
TME, it is likely that the oncological efficacy and safety
of robotic surgical treatment of rectal cancer may be
improved after more experienced surgeons foster robotic
technique.
Robotics is a minimally invasive technology with advantages over conventional laparoscopic surgery. It has
been reported to enhance a surgeon’s ability to perform
difficult cases such as a low rectal anastomosis in an
obese patient. The approach proposed by Prasad et al[63]
represents a clear example of robotic technology enhanced capabilities. In this approach, after completion of
robotic TME, the distal rectum is divided, the specimen
is passed through the low rectal (anal) stump, and, with
the aid of the robotic movements, a purse-string suture is
placed on the distal rectal stump, allowing a single-stapled
transanal anastomosis to be performed. However, one of
the unique drawbacks of robotic surgery is the loss of
tactile sensation (haptic feedback). In the initial experience, it may lead to organ injury and perforation. Only
through carefully observing robotic instrumentations
effect on the tissue, the surgeon can offset the lack of
tactile sensation. External robotic arms collisions remain
another important issue in robotic surgery. Patient positioning, port placement, and arms adjustment are crucial
for robotic surgery.
Undoubtedly, the most important obstacle to widespread implementation of robotic technology includes
the high start-up and maintenance costs (US$1-2.5 million per robot, and approximately US$160000 annually
for upkeep)[55]. Baek et al[64] reported that robotic surgery
is more expensive than laparoscopic surgery for rectal
cancer. In their study, total hospital charges were approximately 1.5 times higher in the robotic group compared
with the laparoscopic group. Given the high costs involved in surgical treatment using robotics, it is imperative that the cost-effectiveness of robotic rectal cancer
surgery be determined based on oncological outcomes
and functional results of forthcoming studies.
When evaluating the learning curve of a new technology for oncologic rectal cancer surgery, long-term
oncological and functional outcomes (voiding and sexual
function) must be addressed. To date, no prospective
studies have evaluated long-term functional outcomes
of robotic rectal cancer surgery. Kim et al[65] have demonstrated that urinary function was recovered over 6 mo
after laparoscopic TME compared to over three months
after robotic TME. In the same study, patients operated
on using a robotic approach also exhibited a shorter recovery time for erectile function (6 mo vs 12 mo) when
compared to laparoscopic TME. Luca et al[66] have assigned that a better preservation of voiding and sexual
functions derive from superior movement of articulated
robotic instruments, and from a more precise dissection
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in the narrow pelvis, with accurate identification of the
anatomical planes and smaller neural components.

10

CONCLUSION
In conclusion, it was observed that more frequently, very
experienced minimally invasive surgeons are performing
robotic rectal cancer surgery. However, the quality of the
assembled evidence does not support strong conclusions
about most of the parameters of interest. Robotic rectal
cancer surgery is still associated to increased cost and
operating time. In the setting of the selected patients that
characterizes this review, robotic rectal cancer surgery is
associated to reduced conversion rates when compared
to conventional laparoscopic techniques. Other shortterm outcomes are comparable to conventional laparoscopic techniques, if not better. Furthermore, pathological data evaluation suggests that oncologic safety may be
preserved after robotic TME. However, further studies
are required to evaluate oncologic safety and functional
results associated to robotic rectal cancer surgery.
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Abstract
The peritoneal stromal tissue which provides a rich
source of growth factors and chemokines is a favorable
environment for tumor proliferation. The pathophysiological mechanism of peritoneal carcinomatosis is an
individual sequence consisting of genetic and environmental factors and remains controversial. The natural
history of the disease reveals a poor median prognosis
of approximately 6 mo; however aggressive surgery
and multimodal treatment options can improve oncologic outcomes. Considering peritoneal carcinomatosis
as though it is a locoregional disease but not a metastatic process, cytoreductive surgery and and intraperitoneal chemotherapy has been a curative option during
recent years. Cytoreductive surgery implies a series of
visceral resections and peritonectomy procedures. Although the aim of cytoreductive surgery is to eliminate
all macroscopic disease, viable tumor cells may remain
in the peritoneal cavity. At that point, intraperitoneal
chemotherapy can extend the macroscopic disease
elimination to microscopic disease elimination. The successful treatment of peritoneal carcinomatosis requires
a comprehensive management plan including proper
patient selection, complete resection of all visible dis-
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ease, perioperative intraperitoneal chemotherapy and
postoperative systemic chemotherapy. Surgical and oncologic outcomes are strictly associated with extent of
the tumor, completeness of cytoreduction and patientrelated factors as well as multidisciplinary management
and experience of the surgical team. In this review,
pathophysiology and current management of peritoneal
carcinomatosis originating from gastrointestinal tumors
are discussed according to the latest literature.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this review, pathophysiology and current
management of peritoneal carcinomatosis originating
from gastrointestinal tumors are discussed according to
the latest literature.
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INTRODUCTION
The peritoneal surface is a failure site for patients with
gastrointestinal tumors. Addition to lymphatic and hematogenous routes of dissemination, transcoelomic spread
of tumor cells is a route that ends up to peritoneal carcinomatosis (PC). This condition was considered beyond
curative intent treatment until cytoreductive surgery (CRS)
and hyperthermic intraperitoneal chemotherapy (HIPEC)
have been popularized during recent years. In this review
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pathophysiology and current management of PC originating from gastrointestinal tumors are discussed according to the latest literature.

PATHOPHYSIOLOGY
There are two different ways to develop PC. First, via
transversal growth, tumor cells can exfoliate from the
primary tumor into the peritoneal cavity preoperatively
(synchronous PC). Second, via intraperitoneal spread,
surgical trauma can cause the release of tumor cells from
transected lymph and blood vessels or by manipulation
of the primary tumor (metachronous PC). Dissemination, adhesion, invasion and proliferation are crucial steps
of the process from a free tumor to PC.
The most probable dissemination mechanism in
gastrointestinal PC is the spontaneous exfoliation of
malignant cells from T4 tumors. Independently of the
mechanism, once liberated from their host tissue, tumor
cells are free to disseminate around the peritoneal cavity.
Several leukocyte-associated adhesion molecules such
as CD44, integrin superfamily and selectins have been
implicated in tumor-mesothelial interaction[1-3]. After adherence to submesothelial connective tissue, tumor cells
penetrate the mesothelial monolayer and the process ending with PC begins.
The peritoneal stromal tissue, which provides a rich
source of growth factors and chemokines, is a favorable environment for tumor proliferation. The effect of
gravity, postoperative complications such as anastomotic
leak, open surgical technique, non-curative procedures
and even powdered gloves have been in charge of this
pathological sequence[4]. However the pathophysiological
mechanism of PC is an individual sequence which consists of genetic and environmental factors and remains
controversial.

CLINICAL FEATURES, NATURAL
HISTORY AND PROGNOSIS
The first studies on the natural history of non-gynecologic PC reported that 54.6% of the patients had synchronous PC where ascites (34.9%) and bowel obstruction
(24.3%) were the main symptoms[5,6]. Chu et al[5] reported
the results of 100 patients (45 colorectal, 20 pancreas, 6
gastric, 4 small bowel, 2 appendix, 2 unknown primary
and 21 miscellaneous) in 1989. The median survival was
6 mo for colorectal origin, 0.7 mo for pancreas origin and
1 mo for gastric origin.
The French EVOCAPE study including 370 patients
(125 gastric, 118 colorectal, 58 pancreas, 4 small bowel,
3 liver, 12 pseudomyxoma, 7 mesothelioma and 43 unknown) revealed further details on the natural history of
the disease[6]. The extent of PC was staged into 5 groups
and 41.9% (155/370) patients presented with terminal
stage disease (Stage 4). All 370 patients underwent surgery including resection of primary tumor, bypass and
laparotomy with biopsy. Adjuvant systemic chemotherapy
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(CT) was administered to 26.2% of the patients. The
mean and median overall survival were 6 mo (0.1-48) and
3.1 mo, respectively. For gastric cancer median survival
was 3.1 mo. Initial pT stage, PC stage, presence of ascites
and hepatic metastases were associated with overall survival. Median overall survival was 5.2 mo for colorectal
origin and only the PC stage was associated with overall
survival. Results for pancreatic carcinoma were very poor
with a median overall survival of 1.5 mo. Presence of
ascites was significantly related with survival rates in PC
from pancreas origin where PC stage was not. These patients had the benefit of fluorouracil-based systemic chemotherapy, but the results were similar to those reported
by Chu et al[5] a decade earlier.
In 2002, Jayne et al[7] performed a retrospective analysis of 349 PC out of 3019 colorectal cancer patients. Median survival was only 7 mo and affected by the extent of
PC and stage of the primary tumor. A phase Ⅲ trial by
Brücher et al[8] revealed a median disease-specific survival
of 12.6 mo with systemic CT in colorectal PC patients.
Elias et al[9] reported improved survival to 23.9 mo in
48 patients with colorectal PC with recent systemic CT
protocols based on oxaliplatin or irinotecan. In another
study by Franko et al[10] median survival was reported as
16.8 mo in 38 patients with colorectal PC. A retrospective analysis of 2406 colorectal cancer patients compared
treatment without CT, 5-Fluorouracil only and contemporary systemic CT[11]. Out of 256 (10.6%) PC patients,
141 (5.85%) were metachronous. Contemporary systemic
CT did not improve survival rates significantly (17.9 mo
vs 7 mo). In the same study the independent risk factors
for the development of metachronous PC were younger
age (< 62 year), N2 status, T4 status and the location of
the primary tumor (left colon or appendix). However,
a series of non-gynecologic PC has reported very poor
prognosis with palliative care alone[5-12].

CYTOREDUCTIVE SURGERY AND
HYPERTHERMIC INTRAPERITONEAL
CHEMOTHERAPY
Since Sugarbaker[13] have asserted that management of
PC should be performed as though it is a locoregional
disease but not a metastatic process, CRS and intraperitoneal CT has been a curative option for PC patients.
Cytoreductive surgery implies a series of visceral resections and peritonectomy procedures described by Sugarbaker[13]. Although the aim of CRS is to eliminate all
macroscopic disease, viable tumor cells may remain in
the peritoneal cavity. At that point, intraperitoneal chemotherapy extends the macroscopic disease elimination
to microscopic disease elimination. By intraperitoneal
administration, therapeutic concentrations in the peritoneal cavity can be reached with low doses of chemotherapeutics. This means a more effective therapy with
less systemic side effects. Intraperitoneal administration
of chemotherapeutics is shown to have superior phar-
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cates CRS and HIPEC as the only curative treatment of
PC as of yet[21].

STAGING AND PATIENT SELECTION

Figure 1 Closed abdominal technique for hyperthermic intraperitoneal
chemotherapy.

macokinetic activity than intravenous ways[14]. Hyperthermia, which has effects on peritoneal blood flow and
the tumor microenvironment, enhances the efficiency of
intraperitoneal chemotherapy[15]. Therefore, administration of intraperitoneal chemotherapy is recommended in
a hyperthermic setting at 40-42 ℃ in which the thermal
chemo sensitization is maximum[16]. Several techniques
for HIPEC have been described[17], however there is no
sufficient evidence in the literature confirming the superiority of one technique over the others in terms of
outcome, morbidity and safety. In the closed abdominal
technique which we prefer in our institution, after completion of CRS and anastomoses and/or stoma, closed
suction drains and temperature probes are placed through
the abdominal wall and the abdomen is closed (Figure 1).
Perfusion of the chemotherapeutics at a constant intraperitoneal temperature of 41-42 ℃ is performed with a
hyperthermic perfusion system. The duration of perfusion varies by chemotherapeutic agent between 30-120
min. The theoretical advantages of this method includes
quicker reach and stabilization of constant target temperature, increased penetration of chemotherapeutics
with high intra-abdominal pressure, safety of staff in the
operation theater and easier application than open methods. After HIPEC, temperature probes are removed and
drains are left in the abdomen for 2-3 d.
Hyperthermic intraperitoneal CT is highly recommended for the treatments of PMP, colorectal PC with
limited extension and peritoneal mesotheliomas and in
the evaluation phase for gastric PC and ovarian PC and
neuroendocrine tumors[18,19]. The role of HIPEC in the
prophylactic setting to prevent PC in patients with high
risk of peritoneal metastases and the “second look” approach is promising[20]. In the treatment of sarcomatosis
from GIST and small round-cell tumors, clinical trials are
limited and HIPEC is not currently indicated. Cytoreductive surgery and HIPEC can be considered as a new
standard of care in PC patients. There are many studies suggesting the survival benefit of CRS and HIPEC.
Moreover, the lack of clinical evidence reporting better
oncologic results with alternative treatment options indi-
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The successful treatment of PC requires a comprehensive management plan including proper patient selection,
complete resection of all visible disease, perioperative
intraperitoneal chemotherapy and postoperative systemic
chemotherapy. Mesenteric root infiltration, massive involvement of retroperitoneum, massively infiltrated pancreatic capsule, expected small bowel resection for more
than one-third of the whole length and unresectable liver
metastases are widely accepted absolute exclusion criteria for radical CRS[8,22]. Before final decision of radical
cytoreduction, patient should be fully examined in terms
of resectability of the tumor as well as perioperative
risks. The reliability of radiologic findings on computed
tomography, positron emission tomography and/or magnetic resonance imaging is limited for preoperative clinical staging of PC. Intraoperative staging is recommended
to select proper patients for radical treatment[23].
The peritoneal carcinomatosis index (PCI) is a useful
classification of disease extensity for both prognosis and
operability[17,24]. This classification system divides abdomen into 9 sectors and the small bowel into 4 more sectors. The total score is calculated according to lesion size
scores of each sector (Figure 2). Sugarbaker[17] recommends palliative interventions for the patients with a PCI
score greater than 20.
The completeness of cytoreduction (CC) score which
is closely associated with PCI score is a major prognostic
factor for survival in PC patients[25]. This classification
responds to the need of target criteria for resectability in
CRS, as R0 resection is not a realistic aim for the majority of multivisceral resections. Besides, CRS and HIPEC
procedures can eliminate some microscopic disease especially in mucinous tumors, therefore the prerequisite for
curative intent in PC patients is not absolute R0 resection.
According to this residual tumor classification, CC-0 surgery is defined as no visible peritoneal seeding after CRS.
Persisting nodules less than 0.25 cm after CRS indicates
CC-1, nodules between 0.25 and 2.5 cm indicates CC-2
and nodules greater than 2.5 cm indicates CC-3. The
aim of CRS and HIPEC should be complete cytoreduction which is determined as CC-0 and CC-1[26]. The R0
resection refers to CC-0 and CC-1 status in patients with
mucinous pseudomyxoma peritonei, where only CC-0
status is equivalent to R0 resection in colorectal or gastric
carcinomas (Figure 3). Patients with CC-0/CC-1 resections have significantly superior oncologic results[27,28].
The possibility of complete cytoreduction is the major
determinant for estimating potential benefits of CRS and
HIPEC treatment.
Patients without signs of unresectable systemic metastases and/or mesenteric root infiltration in preoperative radiologic examination are candidates for surgical
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Regions
0 Central
1 Right upper
2 Epigastrium
3 Left upper

Lesion size

Lesion size score
LS 0 No tumor seen
LS 1 Tumor up to 0.5 cm
LS 2 Tumor up to 5.0 cm
LS 3 Tumor > 5.0 cm or confluence

4 Left flank
5 Left lower
6 Pelvis
1

2

3

7 Right lower

8

0

4

8 Right flank

7

6

5

9 Upper jejunum
10 Lower jejunum
11 Upper ileum

9

11

12 Lower ileum

PCI
10
12

Figure 2 Sugarbaker peritoneal carcinomatosis index[9]. PCI: Peritoneal carcinomatosis index.

Figure 3 Peritonectomy, cauterization of the tumor nodules on small bowel mesentery and the view of the abdomen after a complete cytoreduction for
peritoneal carcinomatosis from rectum origin.

exploration. Diagnostic laparoscopy can give valuable
information for staging almost equivalent to laparotomy.
Imaging-based PCI is still considered the main staging
method; however diagnostic laparoscopy allows assessment of the true PCI and a correct selection of patients
who can benefit from CRS and HIPEC [22]. Palliative
HIPEC for the treatment of malign ascites can be performed in the same laparoscopic session after staging[29].
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PERIOPERATIVE COMPLICATIONS AND
MORTALITY WITH CRS AND HIPEC
Candidates for CRS and HIPEC treatment usually have
the history of multiple previous operations and several
cycles of CT, some of those present in a poor condition.
The potential side effects of multivisceral resections and
HIPEC are additional factors that make PC patients a po-
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Table 1 Results of large studies on cytoreductive surgery and intraperitoneal chemotherapy in peritoneal carcinomatosis from
colorectal origin
Ref.

Study design

Number of patients

Complete CRS

Intraperitoneal
chemotherapy

Median follow-up
(mo)

Median survival
(mo)

Verwaal et al[12]
Glehen et al[47]
Levine et al[46]
Elias et al[9]
Elias et al[42]

Randomized
Retrospective
Retrospective
Retrospective
Retrospective

105
506
133
48
523

NA
53.5%
NA
NA
84%

HIPEC
HIPEC/EPIC
HIPEC
HIPEC
HIPEC/EPIC

21.6
53.0
55.4
63.0
45.0

22.3
19.2
16.4
62.7
30.1

CRS: Cytoreductive surgery; NA: Not available; HIPEC: Hyperthermic intraperitoneal chemotherapy; EPIC: Early postoperative intraperitoneal
chemotherapy.

tentially high-risk population. Systemic effects of HIPEC
can be life-threatening after a complex and prolonged
surgical procedure[30,31]. Literature reveals an overall morbidity ranging from 12% to 56% and mortality from 0%
to 12%[28,31-35]. The extent of carcinomatosis and cytoreduction, age, number of resected organs and blood loss
as well as the length of the operation are factors associated with increased morbidity rate[34,35]. Particularly, infectious complications have been indicated as the leading
cause of increased morbidity[36]. A standard perioperative
care protocol to prevent complications is recommended
for PC patients. As well as patient and tumor-related
factors, the experience of the surgical team plays an important role on surgical complications. In a recent study,
the significance of the learning curve in CRS and HIPEC
was demonstrated and a minimum number of 200 procedures was recommended before optimization in surgical outcome[37]. However, some studies from tertiary or
community care hospitals have reported morbidity and
mortality rates comparable to other surgical procedures
of similar extent[38].
Regarding high early and late perioperative complication rates, candidates for CRS and HIPEC should be
considered as a special group of patients. As well as early
surgical and infectious complications, HIPEC related
toxicity and side effects which may present even after discharge from hospital, should be monitored closely[31].

PERITONEAL CARCINOMATOSIS FROM
COLORECTAL ORIGIN
Patients with colorectal cancer present with PC in approximately 10% of all cases[35]. Forty percent of patients
with recurrent colorectal cancer have peritoneal metastases without other distant organ invasion to the peritoneum[39]. Half of those are synchronous PC with advanced
stage of the primary tumor and the median survival rate
with palliative management is very poor[6]. Despite M1
clinical stage, these patients indicate a special disease pattern considered as a locoregional disease limited to the
abdominal cavity.
The first randomized trial on CRS and HIPEC revealed a 2-times shorter median survival (12.6 mo) in
patients with systemic CT alone than in the CRS and
HIPEC group (P = 0.03)[12]. Recent targeted therapies
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such as bevacizumab or cetuximab enhanced median survival by 3 to 6 mo[40]. Modern CT agents have prolonged
median survival up to 19 mo in patients with synchronous colorectal PC; however the results of systemic CT
alone is still poorer than CRS and HIPEC treatment[41].
The success of CRS and HIPEC in PC from colorectal carcinoma is strongly related with the clinical status of
the patient and resectability[42]. Completeness of cytoreduction and PCI scores are quantitative prognostic indicators of long-term results[8]. A French multicenter study,
including 523 patients, revealed that patients who were
not amenable to complete cytoreduction have similar
median survival (9 mo) with systemic CT alone[42]. In another study of 43 patients with unresectable PC reported
that R2 resection resulted in a median survival of only 6.3
mo[43]. The results of the Erlangen group also confirmed
that an incomplete resection does not afford any benefit
in colorectal PC[44]. However, complete cytoreduction can
be achieved in approximately 80% of the patients[42]. A
comparative study questioning the effect of HIPEC on
survival reported that 5-year overall survival was significantly superior in patients who underwent complete cytoreduction and HIPEC than the patients in complete cytoreduction alone group (51% vs 13%)[9]. Median survival
of 523 patients treated with CRS and HIPEC in a French
study was 33 mo[42]. In their prospective study, Quenet et
al[45] obtained 42% 5-year overall survival in 143 patients
after CRS and HIPEC with oxaliplatin. In this series,
definitive cure was achieved in 16% of the patients who
survived more than 5 years. Improved survival of HIPEC
was shown by some other studies[46,47]. A meta-analysis of
47 studies on CRS and HIPEC in PC of colorectal origin
showed that CRS plus HIPEC had a statistically significant survival benefit over control groups[48]. Some large
series are summarized in Table 1.
Currently, there are two main approaches to HIPEC
in colorectal PC: The use of mytomycin C for 60-90 min
at 41 ℃ and oxaliplatin for 30 min at 43 ℃. In the literature results on survival and morbidity in HIPEC series
for the two agents are comparable[49].
Currently, the absolute contraindications for CRS
and HIPEC in colorectal PC are poor general status, the
presence of extraabdominal metastases and > 3 liver
metastases[50]. Resection of < 4 liver metastases can be
performed[50,51]. For determining clear indications and
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contraindications, more randomized trials are needed.
However, the use of HIPEC in prophylaxis has emerged
recently. The argument that early PC cannot be detected
with clinical, biological or radiologic signs revealed the
necessity of defining some high risk criteria for metachronous PC. Management of high risk patients includes
close follow up and a planned “second look” surgery.
Elias et al[52] described a high risk population as completely resected primary tumor and a few synchronous nodules, ovarian metastasis and perforated primary tumor.
They recommended adjuvant systemic chemotherapy for
6 mo after prior surgery and a second look surgery at the
end of the first year. Sugarbaker[20] has also developed an
algorithm for the management of high risk patients. He
stated that high risk patients should have second look
surgery immediately in case of any suspicious findings
in physical examination, computed tomography or CEA
levels. Independently of symptoms and findings during
the follow up, he recommends planned laparotomy at the
end of the first year for asymptomatic patients. If second
look exploration reveals any recurrent disease CRS and
HIPEC is performed, where omentectomy, oophorectomy and HIPEC is recommended in patients without
recurrence.

PERITONEAL CARCINOMATOSIS FROM
APPENDICEAL ORIGIN
The terminology “pseudomyxoma peritonei” refers to a
syndrome which characterized with gelatinous ascites and
peritoneal implants secreting mucin and commonly used
for PC originating from appendiceal tumors. Treatment
of PC from appendiceal origin with CRS and intraperitoneal CT was first described by the Basingstoke group
in 1987[53]. This management which enhanced survival
from months to decades can be accepted as a revolution
for the treatment. There are three widely accepted types
of PMP which Ronnett et al[54] reported significantly different prognosis for each; disseminated peritoneal adenomucinosis (DPAM), peritoneal mucinous carcinomatosis
(PMCA) and PMCA with intermediate or discordant features. In this study the most significant prognostic factor
was achieving CC-0/CC-1 cytoreduction. Similar results
with an overall 10-year survival in patients who underwent CC-0/CC-1 CRS were reported by Deraco et al[55].
The 10-year overall survival rate was 67% in patients with
DPAM and 40.7% in patients with PMCA. A new classification of PC from appendiceal cancer tiers patients into
two groups regarding histopathological features. According to Wake Forest Classification cases formerly classified
as DPAM, well differentiated mucinous carcinomatosis
and low-grade mucinous appendiceal neoplasms are
named “low-grade mucinous carcinoma peritonei”, while
moderately or poorly differentiated adenocarcinomas,
PMCA and cases with signet-ring cell component are
classified as high-grade mucinous carcinoma peritonei[56].
In a retrospective study including 134 patients treated
with CRS and HIPEC 5-year overall survival rates were
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62.5% for low-grade and 37.7% for high-grade mucinous
carcinoma peritonei[57]. In subgroup analysis of high
grade mucinous patients who underwent complete CRS,
5-year overall survival of patients with PCI > 20 was
poorer (45% vs 66%). The results of 301 patients treated
with CRS and HIPEC was reported by a multi-institutional European study, the 5-year disease free survival rate
was 56%[58]. A multi-institutional retrospective analysis of
2296 patients from 16 centers revealed a 10-year overall
survival of 63%, a median overall survival of 196 mo
and a median disease free survival of 98 mo. In this trial,
mean PCI was 20 and 83% of the procedures achieved
CC-0/CC-1 CRS. Perioperative mortality and major morbidity rates were 2% and 24%, respectively. Previous CT,
major complications, CC-2/CC-3 CRS, age were found
as independent prognostic factors for overall survival,
while CRS without HIPEC and high PCI score were
negative prognostic factors for disease free survival in addition to the factors stated above[59]. Tumor markers such
as CEA, CA-19-9 and CA-125 were shown as predictors
of incomplete CRS and valuable prognostic factors in
several studies[60,61]. Nodal involvement also has prognostic significance but does not refer a contra-indication
if complete CRS is possible[62]. Eligibility for CRS and
HIPEC can be determined by contrast-enhanced computed tomography[63]. The probability of incomplete resection is 88% for patients who have segmental obstruction
of small bowel or tumor nodules greater than 5 cm on
the small bowel in radiology, while complete CRS can be
achieved in 92% of those without these radiologic findings[64]. Patients with ECOG performance score 2 and 3
have poorer survival compared to patients with ECOG
score 1[65], however poor performance is not an absolute
contra-indication for surgery. The role of laparoscopy
in staging is controversial[63]. On the contrary, with other
origins high PCI score is not an exclusion criterion for
PMP, however tumor grade, age, mesenteric invasion and
liver metastases should be considered together with PCI.
Currently, quantitative prognostic factors for PC from
appendiceal origin are histopathological type, complete
CRS and tumor markers. High-grade nonmucinous appendiceal primaries such as appendiceal adenocarcinoma,
goblet cell and carcinoid tumors have less benefit from
CRS and HIPEC with a 3-year overall survival of 15%[66].
Complete cytoreduction and HIPEC is the standard of
care in PMP. Unlike other gastrointestinal primaries of
PC, resection of all peritoneal surfaces is highly recommended[67]; however this issue is controversial due to the
lack of randomized trials comparing limited and complete peritonectomy in PMP.

PERITONEAL CARCINOMATOSIS FROM
GASTRIC ORIGIN
Peritoneal metastasis is present in 5%-30% of the patients undergoing potentially curative surgery for gastric
cancer[68]. Unlike the position with distant metastasis of
gastric cancer, systemic CT does not provide an improve-
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ment on survival in PC from gastric origin; the median
survival of these patients has been reported as 1-3 mo[69].
The benefit of CRS and HIPEC in PC of gastric cancer
is controversial. Glehen et al[70] published the results of
150 patients from 15 centers in 2010. The overall median
survival and 5-year overall survival rates were 9.2 mo and
13%, respectively. The only independent prognostic factor was CC score in this retrospective analysis. In 2011,
Yang et al[71] performed the first prospective randomized
phase Ⅲ clinical trial on CRS and HIPEC in 68 patients
with PC from gastric cancer. Median survival was significantly better in the CRS and HIPEC group than the CRS
only group (11 mo vs 6.5 mo) with an increase to 13.5 mo
after complete CRS. A review of 10 studies including 441
patients who underwent CRS and HIPEC for gastric PC
reported an overall median survival of 7 mo which was
improved to 15 mo when complete CRS was achieved[68].
Peritoneal lavage followed by intraperitoneal CT was
shown to improve 5-year survival in advanced gastric
cancer[60]. Recently, three meta-analyses demonstrated the
prophylactic effect of HIPEC[72-74].
Regarding the literature, quantitative prognostic factors for PC from gastric cancer are completeness of
cytoreduction and presence of ascites. Currently, selected
patients with potential complete cytoreduction are considered to benefit from CRS and HIPEC. Eligibility for
HIPEC can be determined with laparoscopic staging in
patients with PC and peritoneal lavage in advanced gastric cancer.

PERITONEAL CARCINOMATOSIS FROM
SMALL BOWEL ORIGIN

oncologic outcomes. Regardless of origin, some factors
such as patient performance, tumor burden, extra-abdominal metastases and completeness of CRS should be
considered carefully to achieve good outcomes, minimal
mortality and morbidity. In conclusion, these procedure
have promising results with early diagnosis and proper
patient selection when performed in experienced centers.
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Abstract
Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy. The treatment of HCC is
complex and complicated by the severity of associated
chronic liver disease, the stage of HCC, and the clinical condition of the patient. Liver resection (LR) is one
of the most efficient treatments for patients with HCC,
with an expected 5-year survival of 38%-61% depending on the stage of the disease. Improved liver function
assessment, increased understanding of segmental
liver anatomy from advanced imaging studies, and surgical technical progress are important factors that have
led to reduced mortality in patients with HCC. The indication for LR may be expanded due to emerging evidences from laparoscopic hepatectomies and combined
treatments with newly developed chemotherapies. Liver
transplantation (LT) is considered as an ideal treatment
for removal of existing tumors and the injured/preneoplastic underlying liver tissue with impaired liver
function and the risk of multicentric carcinogenesis
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that results from chronically injured liver. However,
LT is restricted to patients with minimal risk of tumor
recurrence under immunosuppression. The expansion
of criteria for LT in HCC patients is still under trial and
discussion. Limited availability of grafts, as well as the
risk and the cost of transplantation have led to considerable interest in expansion of the donor pool, living
donor-related transplantation, and combined treatment
involving LR and LT. This highlight presents evidence
concerning recent studies evaluating LR and LT in HCC
patients. In addition, alternative therapies for the treatment of early stage tumors and the management of
patients on transplant waiting lists are discussed.

Core tip: Liver resection (LR) is one of the most efficient
treatments for patients with hepatocellular carcinoma
(HCC). Advances in assessment and treatment, including emerging evidence from laparoscopic hepatectomies and combined treatments with newly developed
chemotherapies, may lead to expanded indications
for LR. Liver transplantation (LT) is an ideal treatment
for chronically injured liver tissue with impaired liver
function and risk of multicentric carcinogenesis. The
expansion of criteria for LT in HCC patients and combined treatment involving LR and LT are under trial and
discussion. This highlight presents and discusses recent
studies concerning LR and LT in HCC patients.
Morise Z, Kawabe N, Tomishige H, Nagata H, Kawase J, Arakawa S, Yoshida R, Isetani M. Recent advances in the surgical treatment of hepatocellular carcinoma. World J Gastroenterol 2014;
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Table 1 Treatment options for hepatocellular carcinoma within
injured liver
Local ablation Only for small tumors (in size and number)
therapy
Liver resection Most available and efficient treatment
Applicable to < 30% of all HCC patients
5-yr survival of 38%-61% depending on the tumor stage
80% of patients recur within five years after resection
Liver
Ideal treatment for removal of existing tumor and
transplantation underlying injured/preneoplastic tissue
Tumor progression while on waiting list
Patients with advanced/extensive HCC
have very poor outcomes

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the most common primary liver malignancy[1]. The treatment of HCC is complex and challenging due to its well-known association with chronic liver
disease (CLD), which can be caused by viral infection,
alcohol consumption, metabolic syndrome, etc. The parenchyma underlying chronically injured liver tissue can
display various histologic changes, including steatosis,
inflammation, fibrosis, and/or cirrhosis. Combined with
the risk of multicentric carcinogenesis, these histologic
changes limit the possibility of curative treatments, which
include liver resection (LR), liver transplantation (LT),
and the local ablation of small tumors[2].
LR is one of the most efficient treatments for HCC[3,4].
Considerable progress over the past ten years in screening,
early radiologic diagnosis, treatment of the underlying
liver disease, and surgical techniques has resulted in revision of the indications for LR[2]. Furthermore, improved
liver function assessment, understanding of segmental
liver anatomy using more accurate imaging studies, and
surgical technical progress are the most important factors that have led to reduced mortality, with an expected
5-year survival of 38%-61%, depending on the stage of
the disease[5]. Despite these advances, less than 30% of
HCC patients are eligible for LR[3,4]. However, emerging
evidence from laparoscopic hepatectomies[6] and the use
of combined treatments with newly developed chemotherapies[7] may lead to expansion of the indication for
LR (Table 1).
Impairment of liver function and the risk of multicentric carcinogenesis from chronically injured liver
tissue lead to consideration of LT as the ideal treatment
for removal of existing tumors and injured/preneoplastic underlying liver. However, LT is restricted to patients
with minimal risk of tumor recurrence under immunosuppression[8]. Expansion of criteria for LT in HCC
patients is still under trial and discussion[9,10]. The limited
availability of donor grafts for LT, as well as the risk and
cost of the procedure, has led to considerable interest
for expansion of the donor pool and living donor-related
transplantation[11], and combined treatments involving LR
and LT[8,12].
This review presents and discusses recent advances
in the surgical treatment of HCC (Table 2). Advances
in the assessment of liver function are also described,
along with discussion of patient management and combinatorial treatment options. In addition, a brief discussion is presented concerning nonsurgical methods that
play an important role in HCC treatment, either alone
or combined with surgical approaches. These methods
include local ablation therapies, such as percutaneous or
laparoscopic radiofrequency ablation (RFA)[13], as well
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HCC: Hepatocellular carcinoma.

Table 2 Summary of recent advances in liver resection for
hepatocellular carcinoma
Established
Screening and early detection for high-risk patients (i.e., with HCV or
HBV infection, alcoholic, metabolic chronic liver disease, etc.)
Diagnosis with contrast-enhanced imaging for the detection of early
lesions
Assessment of liver function (Child-Pugh classification, indocyanine
green retention test, MELD score)
Modulation of residual liver function with preoperative portal vein
embolization
Anatomic resection removing undetectable disseminated tumor foci in
the same portal territory
Under discussion
Three dimensional-CT-assisted preoperative surgical planning
facilitates:
Unconventional types of liver resection
Laparoscopic liver resection could be beneficial:
For patients with severe liver dysfunction with lower morbidity
For repeat resection
As a bridging therapy for liver transplantation
Under trial or proposal
Adjuvant and/or combined therapy for advanced tumor
Sorafenib
Intraarterial 5-FU plus IFN therapy for hepatocellular carcinoma
with VTT
CT: Computed tomography; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; IFN: Interferon; MELD: Model for end-stage liver disease; VTT:
Venous tumor thrombosis; 5-FU: 5-Fluorouracil.

as a newly developed and promising approach involving
transarterial radioembolization with radioactive substances such as 131iodine-labeled Lipiodol[14] or microspheres
containing yttrium-90[15].

LIVER RESECTION
The largest study concerning LR for the treatment of
HCC is from the Liver Cancer Study Group in Japan,
which involved 27062 resected HCC patients treated
between 1992 and 2003[16]. This study reported 1-, 3-,
5-, and 10-year survival rates of 87.8%, 69.2%, 53.4%,
and 27.7%, respectively, which are comparable to rates
reported by other groups worldwide, without differences
between Western and Eastern countries. Survival rates

14382

October 21, 2014|Volume 20|Issue 39|

Morise Z et al . Surgical treatment of hepatocellular carcinoma

as high as 60% at five years could have been achieved in
Child-Pugh A patients with well-encapsulated tumors of
≤ 2 cm in diameter. Results from patients with good liver
function and anatomic LR according to the architecture
of the portal vein (although less than 10% of all patients)
were comparable with those from patients with LT.
There are reports describing that significantly better
overall and disease-free survival rates are achieved with
anatomic LR for small solitary HCC compared to limited
resection, without increasing the postoperative risk[17,18].
Intrahepatic metastasis of HCC along the portal vein and
the presence of satellite nodules within 2 cm of the main
nodule is the basis for anatomic LR[19], which involves the
complete removal of tumor-bearing portal territory. Anatomic LR has the potential to remove undetected cancerous foci (portal vein metastases and satellite nodules)
disseminated from the main tumor, and thus is recommended when possible in many reports.
The indication for and extent of LR in patients with
HCC is influenced both by tumor extension and the severity of liver dysfunction. For the treatment of HCC
patients with CLD, the degree of invasive surgical stress,
especially to the impaired liver, should be considered in
addition to the oncologic therapeutic effects. Patients
with severe CLD can present with various signs (overt
and preliminary), such as (1) deterioration of protein synthesis and metabolism; (2) gastrointestinal tract congestion, ascites, pancytopenia due to portal hypertension and
hypersplenism; and (3) susceptibility to infectious diseases and hepatopulmonary syndrome (hypoxemia) due
to increased shunt vessels[20]. Cirrhotic patients have high
morbidity and mortality following anesthesia and surgery[21] and the risk from abdominal operations increases
according to the preoperative Child-Pugh classification[22]
of the patients[23].
Major histologic changes that are observed in patients
with HCC can range from mild fibrosis (F1) to cirrhosis
(F4). Patients with cirrhosis have a lower rate of regeneration after LR, more frequent association with portal
hypertension, and a higher risk of tumor multiplicity/recurrence[12,24]. Even in the absence of extensive fibrosis,
steatosis and inflammation can also have a significant
influence on the course after LR. The diseased liver parenchyma presents an operative risk due to the altered texture
of the liver parenchyma, impaired liver regeneration, and
deteriorated liver function, which lead to coagulation defects, increased risk of infection, etc.[25]. Moreover, there is a
close relationship between the volume of resected liver and
postoperative morbidity/mortality of LR in patients with
CLD. Therefore, there is limited indication for LR in cases
of large tumors or small but centrally located tumors[26].
LR in patients with HCC and CLD is complicated by the
fact that it should be curative with the resection of the
tumor vascular territories yet also preserve as much liver
volume as possible to prevent postoperative liver failure.
Assessment and modulation of remnant liver function
A small remnant liver volume is associated with poor
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postoperative liver function and a high mortality/morbidity after LR[27]. Although the safety limit for the remnant
liver volume in patients with normal liver is approximately 30% of the total liver volume (TLV), it is generally
thought that a remnant liver volume of 40%-50% should
be preserved in patients with CLD[28]. The liver is characterized by its capacity to ensure normal function with
a reduced functional volume and the ability to regenerate. However, the extent of fibrosis in the remnant liver,
portal flow, and other factors can affect the ability of
the liver to regenerate. Thus, the volume of future liver
remnant (FLR) that is adequate will vary from patient to
patient. Although the aim of preoperative assessment
of liver function is to prevent postoperative liver failure,
determining the postoperative functionality of a reducedvolume FLR and its capacity to regenerate is difficult. As
there are no reliable stress tests to assess potential liver
function, preoperative assessment in patients with CLD
involves a combined interpretation of several biologic,
morphologic, histologic, and hemodynamic factors.
One widely used method of biologic assessment is
the Child-Pugh classification, which provides scores from
grade A to C and was originally designed for predicting the prognosis of patients with portal hypertension
undergoing shunting operations[19]. Resection is contraindicated in grade C cirrhotic patients and restricted to
very limited resection in grade B cirrhotic patients[29].
However, the risk from liver surgery is increased even in
grade A cirrhotic patients with apparently normal liver
function, which necessitated the development of more
sophisticated, quantitative liver function tests. Among the
various methods available, the indocyanine green (ICG)
clearance rate represents the most common test for predicting mortality after hepatectomy[30,31]. A normal ICG
rate in healthy patients is approximately 10%, and cutoff
values predictive of safe major hepatectomies range from
14% to 17%[32,33]. Minor resections can be performed for
ICG clearance rates of up to 22%[34], limited hepatectomies (without sacrifice of non-tumorous liver) for values
up to 40%[26], and limited wedge laparoscopic resections
can possibly be tolerated for even higher values[35,36]. The
model for end-stage liver disease (MELD) score, which
has been validated as an accurate predictor of survival
among different populations of patients with advanced
liver disease[37,38], has only been retrospectively studied in
two series of cirrhotic patients who had undergone LR
for HCC[37,38]. These studies indicated that a MELD score
> 8 was associated with a higher risk of mortality, morbidity, and impaired long-term survival in these patients.
Preoperative portal vein embolization (PVE), first
introduced by Makuuchi et al[39], has been widely recognized as an effective method for the preoperative volume
modulation of small FLR. However, the degree of hypertrophy of the FLR after PVE is variable in patients
with CLD[27,40]. The absence of early hypertrophy in
non-embolized liver following PVE is considered to be
an indicator of low regenerative capacity that would contraindicate LR. Thus, the response to PVE represents a
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valid dynamic stress test before major LR[41]. It has been
shown that sequential selective transarterial chemoembolization (TACE) before PVE can increase the rate of
hypertrophy[41,42], which may be effective for treatment
of HCC in the event of inadequate FLR hypertrophy. As
an additional means of anticipating postoperative liver
failure, there are several reports using volumetric data
from computed tomography (CT) to evaluate FLR volume proportional to body weight, body surface area, and
TLV[43,44], and to determine the hypertrophy rate from the
FLR/TLV ratio[45].
Anatomic resection and imaging
The anatomic territory of HCC, determined by the tumor size and location, can range from a subsegment to an
entire lobe of the liver. Although anatomic resections are
effective for treating small solitary HCCs, the benefit of
segmental resection may only become apparent in tumors
between 2 and 5 cm. Tumors < 2 cm in size, considered
to have negligible risk for dissemination, can be treated by
local ablative therapy with equal efficacy. For the tumors
> 5 cm, the majority of patients will already have macroscopic vascular invasion or satellite nodules, leading to
a high incidence of recurrence[46]. In the case of central
tumors with undefined vascular territory, recurrence rates
and greater survival have been reported with 2 cm surgical margins compared to 1 cm margins[47], though other
studies report no difference between margins smaller or
larger than 1 cm[48,49]. However, an adequate margin of
LR also depends on the tumor type (with/without capsules, with/without invasion outside the capsule, etc.), and
is still under discussion.
Three-dimensional CT-assisted preoperative surgical
planning allows for determination of resectability and
changes to the operative strategy (resection modifications/extensions, intrahepatic vascular reconstructions,
study of portal distribution and hepatic vein anatomy for
adequate venous drainage, and study of biliary distribution for avoiding biliary fistula)[50]. Preoperative surgical
planning that incorporates imaging is particularly helpful for procedures requiring unconventional resection
planes and/or involving central tumors. Furthermore, it
allows for the adaptation of complicated anatomic LR to
a greater number of patients, such as the adaptation of
sub-subsegment anatomic LR for small tumors in highly
injured liver and anatomic LR of combined territories for
deep centrally-located tumors.
Laparoscopic LR
First successfully reported in 1992[51], laparoscopic LR
is a less invasive procedure than conventional open LR
for the treatment of hepatic lesions[52]. A comprehensive
meta-analysis of 26 studies involving 1678 patients found
that although laparoscopic LR procedures were associated with longer operating times, the oncologic outcomes
were not different from open LR[53]. However, there were
advantages associated with laparoscopic LR, such as reduced blood loss, decreased portal clamp time, decreases
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in overall and liver-specific complications, and shorter
post-operative hospital stays. The recent technologic development of devices and accumulation of experience
have led to an expansion of the indication for laparoscopic LR[6,54].
Laparoscopic hepatectomy has the benefit of earlier
intake, recovery and discharge, and reduced postoperative pain[55]. The safety and feasibility of the laparoscopic
approach and its short-term benefits for HCC patients
with CLD have been demonstrated by many studies[36].
Tranchart et al[56] also reported better postoperative outcomes, without long- or short-term oncologic consequences, following laparoscopic LR of HCC for select
patients. Laparoscopic LR may be particularly advantageous for patients with severe CLD, who often develop
refractory ascites with open LR, which leads to fatal
complications[57,58]. Laparoscopic LR has the advantage
of minimal ascites[59], due to preservation of venous and
lymphatic collateral circulation, which leads to lower risk
of disturbance in water and/or electrolyte balance and
hypoproteinemia that could trigger fatal liver failure. This
feature could be the most remarkable specific advantage
for laparoscopic LR. On the other hand, there are also
disadvantages of laparoscopic hepatectomy, such as the
motion restriction of the forceps on manipulation, the
lack of sensation and 3-dimentional view, difficulty on
handling large volume mass, the lack of good overview
of operative field. Several strategies, such as uses of
magnified view and multiple conversions of positioning
during surgery for the use of gravity on the dissection
(which is more easily used in laparoscopic than open operation), preoperative simulation with 3D-CT imagings,
are applied to overcome these disadvantages. Therefore,
there is a learning curve for laparoscopic hepatectomy,
which surgeons should be experienced. Vigano et al[59]
demonstrated a learning curve effect by outcomes improvement in operative time, conversion rate, blood loss,
need of pedicle clamping and its duration, postoperative morbidity, and hospital stay and reported that the
shape of the learning curve is similar to left-sided colonic
surgery, changing its direction after the 60th consecutive
case. They also mentioned the results suggest that Laparoscopic hepatectomy is reproducible in centers regularly
performing liver surgery, but requires specific training to
advanced laparoscopy.
Patients who undergo LR are exposed to three different types of stresses: (1) general, whole-body surgical
stress; (2) reduced liver function due to resected liver
volume; and (3) surgery-induced injury of liver parenchyma and surrounding area, caused by destruction of
the collateral blood/lymphatic flow by laparotomy and
mobilization of the liver, and parenchymal injury by compression of the liver. Reduction of surgery-induced injury with laparoscopic LR should lower the risk for HCC
patients with severe CLD. Laparoscopic LR also results
in improved vision and manipulation in a small operative
field under the proper conditions, including repeat hepatectomy with adhesions[60]. These characteristics indicate

14384

October 21, 2014|Volume 20|Issue 39|

Morise Z et al . Surgical treatment of hepatocellular carcinoma

that laparoscopic LR may be superior to open LR under
certain conditions. The laparoscopic procedure could also
be an optional bridging therapy to LT for certain HCC
patients with severe CLD.
Adjuvant and/or combined therapy for LR
Recurrence occurs in up to 80% of patients five years
after LR[61]. Two-thirds of these are early recurrences,
occurring within two years, which is considered as dissemination from the original tumor[62]. The factors related
to this recurrence are tumor size, microvascular invasion,
satellite nodules, α-fetoprotein levels, and nonanatomic
resection. A large portion of delayed recurrences (after
two years) may correspond to “de novo” tumors in the oncogenic chronically injured liver[63]. Delayed recurrences
are associated with the presence of cirrhosis (F4), hepatitis activity, and multi modularity, in addition to vascular
invasion, and moderately or poorly differentiated HCC[62].
Several strategies have been tested to prevent recurrence, such as preoperative chemoembolization[64], chemotherapy, internal radiation[65], adoptive immunotherapy[66], and treatment with retinoids[67]. Treatment with
interferon is favored based on results of two meta-analyses[68,69], though few good-quality studies are available.
The efficacy of interferon and whether the effect is on
early recurrence as an anti-cancerous agent or on delayed
recurrence through the control of CLD activity, are still
under discussion. The efficacy of sorafenib in advanced
stages[70] has encouraged evaluation of its use in earlier
phases of the disease, with trials ongoing. However, there
is no proven neoadjuvant therapy that can decrease or
delay the incidence of intrahepatic recurrence after LR[71].
Despite the fact that TACE can downstage HCC, prospective trials have failed to show any significant benefit
of this treatment before LR[72,73]. Although recurrence
following LR is associated with a poor outcome in most
cases, there is growing evidence that some patients with
only intrahepatic recurrence will benefit from more aggressive approaches[74,75]. Multimodality therapy of recurrence, including TACE, percutaneous ablative therapy,
and re-resection could result in prolonged survival for
recurrent patients, with an overall 5-year survival rate of
20%[74].
Vascular invasion of HCC, particularly portal and hepatic venous tumor thrombus (VTT), is one of the indicators of patient prognosis, and the development of tumor thrombi in a major branch of the veins is a frequent
terminal feature of HCC. The prognosis of such patients
is extremely poor, and survival is limited to a few months
after diagnosis[76-78]. For these advanced HCCs, conventional therapies like TACE and percutaneous ablative
therapy are not indicated due to lack of efficacy and associated complications[78,79]. LT is also a contra-indication
for such cases[80]. Although several reports suggest LR is
feasible for patients with VTT, the outcome is unsatisfactory, with a median survival of 6-12 mo[76,77,81,82], except
for the cases with VTT located in the segmental or sectoral branches[83]. Several approaches, including combined
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radiotherapy and TACE, have been attempted to improve
the outcome with unsatisfactory results[84-87]. There are
recent reports showing that combination therapy with
interferon-α and trans-arterial 5-fluorouracil is a promising candidate for treatment of advanced HCC with VTT
and intrahepatic metastasis[88-90], and as a postoperative
adjuvant[91] and a multimodal treatment[7] for resectable
HCC. Several clinical trials are currently underway to further evaluate this combination therapy.

LIVER TRANSPLANTATION
LT is the ideal treatment for the removal of existing
tumors and replacement of chronically injured and preneoplastic liver. Furthermore, it also prevents the development of postoperative complications associated with
portal hypertension and liver failure. LT is not limited by
liver function, and in select patients with limited tumors,
survival is similar to LT for other indications[92,93]. However, patients with extensive HCC have very poor outcomes, whereas most patients with small tumor loads can
be cured. Due to the shortage of available organs, there
are discussions concerning the selection of patients with
HCC for LT, and the control of tumors in patients on the
waiting list[94]. Furthermore, an international consensus
conference (involving 300 experts from five continents)
was recently held in order to develop internationally accepted standards and guidelines[95].
Criteria for listing candidates
A meta-analysis conducted by Germani et al[96] found that
the diameter of the largest nodule or total diameter of
nodules was the best predictor of post-transplant recurrence and survival. Patients with HCC within the Milan
criteria (MC; solitary HCC ≤ 5 cm or up to three nodules
of ≤ 3 cm)[80] had a 5-year survival of 70% after LT,
which matches survivals for other indications, with recurrence in less than 10%. Mazzaferro et al[97] recently showed
that the MC is an independent prognostic factor for outcome after LT. The MC was recommended by the international consensus conference as the current benchmark
for the selection of HCC patients for LT and the basis
for comparison with other suggested criteria[95]. However,
evidence suggesting good outcomes in some patients outside the MC has led to attempts to expand the criteria. At
the University of California, San Francisco (UCSF), one
of the first attempts was made to include single tumors
≤ 6.5 cm or two to three tumors ≤ 4.5 cm, with a total
tumor diameter ≤ 8 cm (UCSF criteria)[9]. Although the
study was retrospective and used post-transplant pathologic staging instead of pre-transplant image staging,
retrospective analyses by the authors and others showed
survival rates were equivalent to those of patients who
underwent LT within the MC[98-100]. An additional multicenter study that used pre-transplant image staging found
that survival rates were lower in patients within the UCSF
criteria compared to those meeting the MC, though the
difference was not statistically significant[101]. Independent
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Table 3 Summary of recent advances in liver transplantation for hepatocellular carcinoma
Established
Criteria for listing
candidate

Management on the
waiting list
(about 40% dropout
rate at 12 mo)

The Milan criteria:
Solitary tumor of ≤ 5 cm or up to 3
nodules ≤ 3 cm
5-yr survival of 70% with recurrence in
less than 10%
Local ablation therapy and TACE are
performed without solid evidence

Under discussion

Under trial or proposal

The UCSF criteria:
Add parameters for biologic features of
Single tumors ≤ 6.5 cm or 2–3 tumors ≤ 4.5 tumors related to risk of recurrence (AFP,
cm, with a total tumor diameter ≤ 8 cm
PIVKA-Ⅱ, etc.)
Expansion of criteria for living donor-LT
Different models have been developed to
quantify the risk of death in neoplastic and
non-neoplastic patients
Association with liver resection: "bridging
resection" to transplantation and "salvage
transplantation" following resection

Application of living donor-LT to shorten
the waiting time
Candidate selection with information from
precedent therapy (histologic specimen,
response to locoregional therapy, etc.)

AFP: α-fetoprotein; PIVKA: Protein induced by vitamin K absence; LT: Liver transplantation; TACE: Transarterial chemoembolization; UCSF: University of
California, San Francisco; HCC: Hepatocellular carcinoma.

studies from the UCSF group and a group from the University of California at Los Angeles found similar results
of LT in HCC cases, with 5-year survival rates of 80.9%
(median follow-up: 26 mo) and 64% (mean follow-up:
6.6 years), respectively[102,103]. Although most studies have
proposed expanded criteria based on tumor number and
size as an estimate of tumor load, additional parameters
concerning tumor biologic features related to risk of recurrence have also been proposed[10] (Table 3).
In addition to expanding the criteria for recipients
of LT, the acceptance of marginal livers (advanced age
or steatotic organs, non-heart beating, hepatitis C virusinfected) and domino or split LT have been considered.
Living donor-LT has emerged as the most feasible alternative to cadaveric-LT for early HCC in patients with
waiting times exceeding seven months[11]. However, a
massive expansion of the criteria to include patients
with larger tumor loads may significantly constrain the
outcomes of transplantation. With the certain morbidity/
mortality of the donor, it is of concern to put a donor at
risk for an uncertain recipient prognosis[104].
Management on the waiting list
While on the waiting list for LT, HCC patients can experience tumor growth beyond the LT criteria resulting in a
high cumulative probability of dropout from the waiting list. This probability ranges from between 7% and
11% at six months to approximately 38% at 12 mo after
enrollment as determined by two reports from the late
1990s[105,106]. Accordingly, strategies to increase the donor
pool and diminish the dropout rate due to tumor progression became a priority in many centers. Allocation policies
for HCC patients awaiting LT remain controversial in
the era of the MELD score. Different models have been
developed to quantify the risk of death in neoplastic and
nonneoplastic patients[107-111]. As the neoplastic risk assessment is not considered in MELD scoring, patients with
unresectable HCC within the MC have been considered
exceptions in the American allocation system. Patients
with HCC fulfilling the MC enter the waiting list with a
MELD score equal to 22 and receive incremental points
for every three months spent on the waiting list[112,113].
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The 22 threshold was set to offer HCC patients the same
dropout probability as patients without malignancy[114].
For HCC patients listed within the MC, a delay of
over six to 12 mo for LT without bridging treatment is
a well-recognized risk factor for tumor progression and
dropout from the list, or interval dissemination with posttransplant tumor recurrence[105,106,114]. If a longer waittime is needed, the use of bridging treatments is recommended in many guidelines[94,95,115]. However, there is no
evidence that bridging treatments are useful in patients
with early stage HCC[95]. Although no specific nonsurgical bridging therapy is recommended over another[95],
RFA could be the first-line treatment for lesions up to 3
cm, in which complete tumor necrosis has been shown in
more than 50% of cases[116]. Percutaneous ethanol injection appears to show lower efficacy and can be reserved
for small lesions located in sites considered “dangerous”
for RFA (e.g., near the gallbladder or bowel loops). TACE
may be preferred for treating lesions > 3 cm, as it may
be more effective in well-vascularized large tumors with
thick feeding arteries. Multimodal treatment strategies,
including sequentially applied TACE and RFA, are also
likely to be effective[117].
Belghiti et al[118] demonstrated that surgical resection
before LT does not increase the surgical risk nor impair
survival and stated that resection and transplantation
could be associated rather than considered separately.
The authors proposed that resection could be used as a
bridge to transplantation, especially for tumors located
in the upper part of the right liver, which can be easily
and completely removed through a transthoracic incision.
Similarly, some superficial tumors that are not easily accessible by a percutaneous approach could be resected
through a laparoscopic approach. Additional studies have
confirmed that LT for recurrence after LR does not increase the operative risk and offers a chance of long-term
survival when HCC recurrence is limited[118-120]. Initial LR
of HCC as a primary therapy in patients who otherwise
would have received transplants offers a good quality of
life and is less demanding than LT. Patients do not need
long-term immunosuppression, and grafts can be reallocated to patients with no alternative to LT[8,118,119]. “Sal-
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Table 4 Overview of current outcomes of liver resection and liver transplantation for hepatocellular carcinoma
Liver resection
Overall survival after liver resection
1 yr
3 yr
5 yr
87.8%
69.2%
53.4%

(Japanese registry, n = 27062)[16]
90% 72% 56% (Multi-center study of the HCC East-West Study Group, n = 2046)[5]

Disease free survival after liver resection
67%
38%
23%
(Multi-centrer study of the hepatocellular carcinoma (HCC) East-West Study Group, n = 2046)[5]
90 d mortality rate: 2.7% Morbidity rate: 42% (Multi-central study of the HCC East-West Study Group, n = 2046)[5]
Overall survival of the patients with massive portal vein invasion after liver resection
50.4%
25.8%
18.4%
(Japanese registry, n = 976)[16]
Liver transplantation
Overall survival after liver transplantation
1 yr
3 yr
5 yr
Within Milan
91%
85%
79%
(72% of 5 yr DFS, UCLA, n = 467)
60.1%
(Multi-centrer study of 14 French institutes, n = 479)
Beyond Milan and Within UCSF
88%
74%
64%
(64% of DFS, UCLA, n = 467)
45.6%
(Multi-center study of 14 French institutes, n = 479)
Beyond UCSF
71%
49%
41%
(UCLA, n = 467)
34.7%
(Multi-central study of 14 French centers, n = 479)
30 d mortality rate: 5.3% Re-transplantation rate: 4.2% (UCLA, n = 467)
DFS: Disease free survival; Milan: Milan criteria = Solitary tumor of ≤ 5 cm or up to 3 nodules ≤ 3 cm; UCSF: University of California: San Francisco
Criteria = Single tumors ≤ 6.5 cm or 2 – 3 tumors ≤ 4.5 cm, with a total tumor diameter ≤ 8 cm; UCLA: Single center study from University of California,
Los Angeles.

vage transplantation” was first proposed by Majno et al[121]
for tumor recurrence or deterioration of liver function in
patients after LR as a primary therapy. This concept is
applicable to a significant proportion of patients, with
long-term survivals similar to those of patients who
undergo LT as a primary treatment[118-120]. Moreover, the
response to pre-LT locoregional therapies, including LR,
and histologic analysis of specimens (from LR), either in
“bridging” or “salvage” settings, can aid in the selection
of patients who could most benefit from subsequent LT.

NONSURGICAL TREATMENTS
In addition to surgical treatments, local ablation therapies play important roles in HCC treatment, either alone
or combined with surgical approaches. RFA is effective
for treatment of early stage (small in number and size)
HCC, with complete ablation of lesions smaller than 2
cm in more than 90% of cases[13]. The advantage of RFA
treatment for HCC in cirrhotic patients is that it allows
selective destruction of the tumor, sparing the surrounding parenchyma, and can be easily repeated in case of
recurrence. In addition to tumor size, the use of RFA is
limited in cases where the tumor is adjacent to a major
blood vessel, or with subcapsular lesions that can undergo rupture and/or injure adjacent organs. However, the
benefit of RFA in the treatment of HCC has been well
demonstrated, with overall 5-year survival rates between
33% and 55%[122]. Rather than competing techniques,
RFA and LR are effective therapeutic options that can be
chosen based on the severity of CLD as well as the size
and location of the tumor. Microwave coagulation thera-
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py (MCT) also has been shown to be an effective thermal
ablation procedure for the percutaneous treatment of
HCC. Compared to RFA, this technique could theoretically provide a larger volume of necrosis and be more
effective when treating nodules adjacent to large vessels;
however, a clear advantage of MCT with respect to RFA
has not been demonstrated[123,124] (Table 4).
There are also promising results involving the use
of transarterial radioembolization with radioactive substances such as 131iodine-labeled Lipiodol[14] or microspheres containing yttrium-90[15], which has been shown
to be safe and feasible for the treatment of HCC in cirrhotic patients[125,126]. This treatment involves the delivery
of high-energy and low-penetration radiation to the
tumor area. Radioembolization can be safely performed
in patients with VTT due to the minimally embolic effect of yttrium-90 microspheres[127]. The reported rate
of complete tumor necrosis is 90% for patients with
HCC < 3 cm[128], whereas the rate of complete necrosis
after TACE varies widely in the literature, from 15% to
70%[129]. However, Y90 is contraindicated in patients with
significant hepatopulmonary shunting because it could
result in very high levels of pulmonary radiation exposure[130]. This new and promising treatment should be
further examined and the 2010 Clinical Practice Guidelines from the AASLD state that radioembolization cannot be recommended as standard therapy for advanced
HCC outside of clinical trials.
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Abstract
Recurrence after ileocolectomy for Crohn’s disease (CD)
is common and occurs in up to 80% of patients. Such
recurrence can result in repeated surgical interventions, an increased need for medical treatment and,
frequently, an impaired quality of life. The aim of this
overview is to provide a summary of the factors associated with disease recurrence after ileocolectomy
for CD. Recurrence can be measured clinically or endoscopically using established scoring systems. Radiology and serologic tests can also be used, oftentimes
in conjunction with endoscopy and/or clinical findings.
Many patient and operative factors as well as pharmacologic treatments have been studied as potential
predictors of recurrence. Of these, only smoking and
immunomodulatory or biologic medical treatment have
repeatedly been shown to effect recurrence. Genetic
predictors have been studied and suggested but further evaluation in larger cohorts is necessary. This paper highlights validated, reproducible scoring systems
for recurrence and the key findings of studies including
patient demographics, operative techniques, various
pharmacological treatments and histological findings
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as predictors of recurrence post ileocolectomy in CD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Ileocolectomy; Recurrence;
Surgical genetics; Inflammatory bowel disease
Core tip: Disease recurrence after ileocolectomy for
Crohn’s disease is common. Studies have been very
heterogenous in defining recurrence as it can be clinical, endoscopic, radiologic or serologic. Of the potential
predictive factors studied, smoking has been consistently demonstrated to increase the risk of recurrence.
While immunomodulator and biologic medical treatment have been shown to increase the time between
surgery and recurrence and may decrease overall risk.
Genetic predictors have been suggested but further
evaluation in large groups is needed. Several other
demographic and operative factors have been studied.
However, none have been consistently shown to affect
recurrence risk.
Connelly TM, Messaris E. Predictors of recurrence of Crohn’s
disease after ileocolectomy: A review. World J Gastroenterol
2014; 20(39): 14393-14406 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i39/14393.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i39.14393

INTRODUCTION
Crohn’s disease (CD) is a chronic immune mediated disease of the gut that was first described as “regional ileitis”
by Crohn, Ginzburg and Oppenheimer in a case series presented at American Medical Association annual meeting
in 1932[1]. CD is characterized by inflammation, abscesses,
fistulization and stricturing that can affect any part of the
gastrointestinal tract. However, the most common distribution is the ileocolic region, the location where the small
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logic recurrence.

Table 1 Types of postoperative recurrence and evaluation type
Type of recurrence
Clinical
Endoscopic
Radiographic
Serological
Surgical

Evaluation method
Questionnaire, CDAI, Harvey-Bradshaw Index,
IBDQ
Rutgeerts score, Crohn’s disease endoscopic index
of severity
CT or MR enterography, barium enema small
bowel follow through
Measurement of CRP and ESR
Requirement for repeat surgery

CDAI: Crohn’s disease activity score; IBDQ: Inflammatory Bowel Disease
Questionnaire; CT: Computed tomography; MR: Magnetic resonance;
CRP: C reactive protein; ESR: Erythrocyte sedimentation rate.

Table 2 Factors in the Crohn’s disease activity score
General well-being
Number of stools/d
Abdominal pain
Weight loss
Presence of arthralgia, fistuli, fever and/or ocular, dermatological or
anal manifestations
The need for anti-diarrheal medication
Abdominal mass
Hematocrit
Based on patient symptoms during the 7 d prior to taking the survey.

Table 3 Factors in the Rutgeerts endoscopic recurrence score
for postoperative recurrence of Crohn’s disease in the distal
ileum
Endoscopic appearance
No aphthous ulcers
< 5 aphthous ulcers
> 5 aphthous ulcers with normal mucosa between the ulcers
Diffuse aphthous ulcers throughout the ileum with intervening inflamed mucosa
Large ulcers with diffuse inflammation, nodules or narrowing
of the ileum

Score
0
1
2
3
4

bowel and colon meet. Approximately 55% of all CD
patients have an ileocolic disease distribution, followed
by colonic and small bowel distributions in approximately
20%-30% and 15%-20% and of patients respectively[2].
Although not curative, surgery is commonly required
for the sequelae CD (e.g., abscess, fistula, perforation,
bleeding and failure of medical treatment). Up to 80%
of CD patients require at least one surgical intervention
in their lifetime. The most common resection is the ileocolectomy. Recurrence at the site of the anastomosis
is common and challenging[3,4]. Multiple resections due
to recurrent disease can lead to short gut syndrome,
malabsorption and malnutrition with significant morbidity, decreased quality of life and increased hospital and
outpatient costs[5]. This review highlights the patient and
disease related factors that are associated with an increased risk of disease recurrence after ileocolectomy in
its many forms including clinical, endoscopic and radio-
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Defining recurrence
Recurrence can be defined in several different ways using a multitude of modalities. Such inconsistency in regard to what constitutes recurrence in conjunction with
heterogeneity among patient populations and prophylactic measures against recurrence given leads to a large
variance in recurrence rates between studies (Table 1)[6].
Clinical and endoscopic recurrence are most commonly
reported.
Clinical recurrence is loosely defined as an increase
in patients’ symptoms including diarrhea, weight loss
and abdominal pain. For the most appropriate investigation and reporting of clinical recurrence, established
validated quality of life questionnaires such as the Inflammatory Bowel Disease Questionnaire[7] or scoring
systems such as the Crohn’s disease activity score (CDAI)
or Harvey-Bradshaw Index should be used[8]. The CDAI
can be clinician or self-administered and contains subjective questions (on general well-being and symptoms such
as abdominal pain) as well as objective measures (such as
hematocrit, numbers of stools per day, weight loss, the
presence of arthralgia, fistuli, fever, an abdominal mass
and/or ocular, dermatological or anal manifestations)
(Table 2)[9,10]. Endoscopic recurrence uses colonoscopy
or ileoscopy as appropriate to determine the presence of
recurrence, which is most commonly found at the site
of the anastomosis. The Rutgeerts visual grading system
evaluates the presence and number of aphthous ulcers
and the intervening mucosa in the perianastomotic region and is the most commonly used internationally recognized endoscopic grading system for post ileocolectomy recurrence (Table 3)[11,12]. Radiographic recurrence is
less commonly studied and is often utilized as an adjunct
to clinical or endoscopic recurrence. CT or MR enterography, small bowel follow through and/or barium enema
are the modalities currently employed [13]. Serological
recurrence is defined by the elevation of serum inflammatory markers such as C reactive protein (CRP) and
erythrocyte sedimentation rate (ESR). Although more
novel interleukin markers have been studied, none are
in clinical use to date. Surgical recurrence is determined
by the requirement for repeat ileocolectomy and is often
indicative of more severe disease. Oftentimes, these different classifications of recurrence are studied in conjunction with each other.
Endoscopic, radiographic and serologic recurrence
rates are in actuality higher than reported as frequently,
only clinically symptomatic patients are investigated.
Additionally, there is limited concordance between the
different types of recurrence in the individual patient.
For example, Bordieianou et al[14] compared endoscopic,
symptomatic and surgical recurrence rates in approximately 200 ileocolectomy patients and found that while
31.2% of their cohort had documented endoscopic
recurrence, only 23.1% had symptomatic and 11% had
surgical recurrence. This disparity was also demonstrated
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Table 4 Overall recurrence rates by post ileocolectomy follow up and type of recurrence
Time post
ileocolectomy
1 yr

Type of
recurrence

% of
ileocolectomy
Patients

Ref.

Clinical

0%-44%

McLeod et al[61], Walters et
al[10], Aratari et al[27], Bordeianou et al[14], Sorrentino
et al[28], Pascua et al[53]
Bordeianou et al[14],
Walters et al[10], McLeod et
al[15,61], Regueiro et al[16,82],
Rutgeerts et al[11], Pascua
et al[53], Domènech et al[80],
Sorrentino et al[28], Meresse
et al[40], Lasson et al[89]
Aratari et al[27], Iesalnieks
et al[57]
Aratari et al[27]
Bordeianou et al[14],
McLeod et al[15], Yamaoto
et al[42]
Bordeianou et al[14]
Bordeianou et al[14], Aratari
et al[27], Riss et al[56], Yamamoto et al[42]
Aratari et al[27]
Malireddy et al[17], Bordeianou et al[14]
Stocchi et al[18], Aratari et
al[27], Riss et al[56], Iesalnieks
et al[57]

Endoscopic

5 yr

10 yr

0%-84%

Surgical

4%-25%

Clinical
Endoscopic

32%
55%-77%

Symptomatic
Surgical

50%
4%-25%

Clinical
Endoscopic

52%
74%

Surgical

12%-57%

Table 5 Effect of smoking on postoperative recurrence

in McLeod et al[15] 1997 study which included a variety
of CD resections, of which 60% were ileocolectomies.
Interestingly, 21% of patients with severe symptoms had
minimal endoscopic or radiologic evidence of recurrence. Conversely, 28% of the asymptomatic patients
studied had endoscopic or radiologic evidence of severe recurrence. Similarly, Regueiro’s study of 24 CD
patients 1 year post ileocolectomy demonstrated a poor
correlation between CDAI scores, serum CRP or ESR
and endoscopy findings[16]. Only 87% of patients with
endoscopic or radiologic recurrence had symptoms in
Malireddy’s study[17].
Endoscopic recurrence generally occurs earlier than
other types of recurrence with an overall mean time from
surgery to endoscopic recurrence ranging from 6 mo to
4 years[14,17]. Mean time to symptomatic recurrence is approximately 5 years[14]. Mean time to repeat surgery has
the longest duration, approximately 7 (range of 5-11)
years[9]. Overall, rates of approximately 30% for endoscopic, 23% for symptomatic or clinical and 11%-50%
for surgical recurrence are documented in the literature[3,14,18]. However, it is more clinically relevant to evaluate recurrence by time period, according to time since
ileocolectomy. Overall recurrence rates by time period are
shown in Table 4. The multiple factors affecting recurrence are discussed below.
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Association

Number and
type of patients

Ref.

Recurrent clinical symptoms (OR =
2.96)
Shorter duration to clinical relapse
(104 wk shorter)
Recurrent clinical symptoms (worse
CDAI scores)
Increased rates of endoscopic
recurrence
Increased likelihood of requiring
surgery
Smoking at the time of the 1st
ileocolectomy conferred a 2.1 fold
increased likelihood of requiring
another operation
OR of 2.2 for clinical recurrence
Increased risk of surgical recurrence
particularly at 10 years (OR = 2.6)
Smokers had a lower 5 and 10-yr
recurrence free likelihood (65 and
45% vs 81 and 64% in nonsmokers)
Recurrence free rates were lower in
those that smoked > 15 cigarettes
per day
Patients that quit smoking are less
likely to require redo ileocolectomy
No association with recurrence

59 patients post
colonic resection
for CD (not only
ileocolectomies)
182 post colonic
resection for CD
(not only ileocolectomies)

Kane et al[22]

No association with clinical or surgical recurrence
No association with clinical or
endoscopic recurrence

Cottone et al[23]

Unkart et al[21]

176 post ileocolectomy patients
with at least 1
recurrence
Meta-analysis of
16 studies, 2962
patients
141 ileocolectomy patients

Yamamoto and
Keighley[26]

266

Ryan et al[25]

Reese et al[24]

89 lap ileocolec- Malireddy et al[17]
tomy patients
83
Aratari[27]
43 resections (30
= Ileocolectomies)

Sorrentino[28]

CD: Crohn’s disease; CDAI: Crohn’s disease activity score.

PATIENT FACTORS
Demographics
Although gender, age at diagnosis, age at surgery and
disease duration have been studied as potential predictors
of post-operative recurrence, no correlation has been
consistently demonstrated[14,17,19,20].
A positive family history of IBD was demonstrated
to confer a 2.2 fold increased likelihood of requiring a
second ileocolectomy in Unkart’s study of 176 post ileocolectomy patients with at least one surgical recurrence.
However, this result has not been replicated in the literature[21].
The most studied and most recognized risk factor for
post-operative recurrence is smoking (Table 5). Several
studies evaluating smoking as a predictor of recurrence
do not exclusively study ileocolectomies. One such study
by Kane et al[22] followed 59 CD patients post colonic
resection. Sixty-nine percent of smokers vs 23% of
nonsmokers had recurrence documented using a clinical
symptom activity score. Odds ratio for recurrence was
2.96 in the smoking cohort and a strikingly shorter dura-
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tion to clinical relapse was seen in smokers (130 vs 234
wk in nonsmokers). Cottone et al[23] similarly followed
182 surgical CD resection patients for 6 years and demonstrated that both smoking and greater disease extent
were associated with worse clinical (CDAI) scores and
increased risk of endoscopic recurrence. Although several variable were studied, the only significant predictor
of surgical recurrence was smoking. Meta-analysis of 16
studies published between 1966-2007 inclusive of 2962
patients undergoing resection for CD demonstrated an
OR of 2.2 for clinical postoperative recurrence in smokers and an increased risk of surgical recurrence particularly at 10 years (OR = 2.6, 55.5% vs 32.1% in nonsmokers)[24]. However, again, this analysis was not limited to
patients who had undergone ileocolectomies only.
Studies that focus solely on ileocolectomy recurrence
include Unkart et al[21] study which demonstrated that
smoking at the time of the 1st ileocolectomy confers a 2.1
fold increased likelihood of requiring another operation.
http://www.ncbi.nlm.nih.gov/pubmed?term=Unkart%20J
T%5BAuthor%5D&cauthor=true&cauthor_uid=18536967
Repeat ileocolectomy rates of 59%-69% in smokers have
been noted by Cullen et al[3] and Ryan et al[25]. Another
study evaluated the relationship between the number of
cigarettes smoked daily and recurrence in 141 ileocolectomy patients. Smokers had lower 5 and 10 year recurrence free likelihoods (65% and 45 % vs 81% and 64%
in non-smokers). Recurrence free rates were lower in
those that smoked > 15 cigarettes per day[26]. Although
the majority of studies have shown an increased risk for
reoperation, Maliredy, Aratari and Sorrentino did not see
such an association in their studies which included approximately 195 patients combined[17,27,28].
Genetics
Since the advent of genome wide associations studies,
several studies inclusive of large cohorts of both IBD
patients and healthy individuals have been performed
thus creating a pool of IBD-associated genes and single
nucleotide polymorphisms (SNPs). To date, over 300
SNPs and 150 genetic loci have been associated with
IBD[29]. With these IBD-associated genes established, a
shift towards using these markers to further characterize disease behavior, including postoperative recurrence
in CD, has begun[30]. Several “surgical genetics” studies have identified markers of the need for resection
in their CD cohorts including mutations within the
NOD2, TNFSF15 and C13ORF31 genes[31]. However,
fewer studies have focused on determining a marker of
recurrence.
NOD2 (nucleotide-binding oligomerization domaincontaining protein 2), also known as CARD15 (caspase
recruitment domain-containing protein 15), was the first
gene to be associated with IBD in 2001[32]. Located on
chromosome 16, the gene is expressed in several different cell types key to the pathogenesis of CD such as
dendritic cells, monocytes, intestinal epithelial cells and
Paneth cells. Its protein product is involved in the rec-
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ognition a dipeptide found in the bacterial cell wall[33].
NOD2 has been previously associated with ileal[34] and
stricturing CD[35].
An early German study evaluated the NOD2 genotypes of 51 post ileocolectomy patients. Fourteen patients
required a repeat ileocolectomy. Of the 14, 12 harbored
at least 1 NOD2 mutation[36]. This association may be
specific to patients of German and other not yet determined ethnicities, as this increased incidence of NOD2
mutations in patients with recurrent disease was not
replicated in an Italian multi-center study of 253CD patients, 42% of whom had ileocolic disease. In this study,
no relation between NOD2 genotype, age at diagnosis
or smoking status and recurrence was found[37]. Similarly,
in a recent meta-analysis of 6 studies inclusive of 1003
patients with CD NOD2 genotype was not associated
with surgical recurrence. Overall, 39% of patients with
a NOD2 mutation required further resection vs 30.5%
of patients without a mutation (P = 0.06). However, the
included studies were very heterogenous, which may have
affected results[38].
Another study of only ileocolectomy patients demonstrated the presence of a mutation in the autophagy
associated IRGM (Immunity-related GTPase family, M)
gene to be significantly associated with more frequent
ileocolectomies and earlier time to reoperation in 66 CD
patients. Ileocolectomy was performed every 6.8 +/- 1.3
years on average in patients with the at risk genotype for
SNP rs4958847 vs once every 11.4 years in patients with
the wild type genotype[39].
Meresse et al[40] studied G microsatellite genotype
with the anti-inflammatory gene, IL10 in 36 post ileocolectomy patients. Although genotype affected IL-10
production, no association was seen with endoscopic
recurrence.
Nutritional status
Poor nutritional status has been consistently associated
with poor outcomes in CD surgery[41]. Thus postoperative enteral feeding has been studied as a potential way to
reduce the risk of complications and recurrence. Often,
such studies are technically difficult to perform, particularly after patients are discharged from the hospital, and
mid-study patient exclusion due to noncompliance is
common. In one such Japanese study of 40 post ileocolectomy patients followed for 5 years, 20 received nighttime continuous nasogastric feeding with an elemental
diet and a low fat diet during the day. The other 20 did
not receive the nighttime feed and had an unrestricted
diet. No postoperative steroid, immunosuppressants or
biologics treatment was given to either cohort. Thirty
percent of the nighttime feeding group vs 70% of the
controls had endoscopic recurrence at 1 year. Twelve
months after surgery, 10% of the night feed and 45% of
the control group required biologics during the follow
up. Rates for surgical recurrence were 5% and 25% in
the 2 groups but this was not statistically significant[42].
Much attention has been given to the gut microbi-
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ome and how it interacts with the disease process in
CD[43]. However, few studied have centered on altering
the gut microbiome to maintain remission in patients
who have undergone resection. A meta-analysis of 10
controlled clinical trials evaluating disease recurrence,
demonstrated that probiotics were not associated with
either endoscopic or surgical remission. In this metaanalysis patients who had undergone surgery or medical
treatment prior to the administration of probiotics were
not considered separately[44]. Another systematic review
of 24 manuscripts evaluating endoscopic recurrence
demonstrated that enteric diets were associated with
61% reduction in endoscopic scores. However, again
postoperative patients and patients in medical remission were not considered separately[45]. One multicenter
randomized study by Van Gossum et al[46] focused only
on post ileocolectomy patients and the effect of administration of the probiotic LAl vs placebo on early (12 wk)
post ileocolectomy recurrence in 49 patients. Patients
were stratified according to smoking status. There was
no difference in endoscopic or clinical recurrence scores
seen between the 2 groups. Twenty one percent of the
placebo vs 15% of the probiotic group had recurrence
scores indicative of severe recurrence but this difference
was not statistically significantly different.

DISEASE BEHAVIOR
Penetrating vs non-penetrating
Disease behavior is difficult to use as a predictor of endoscopic recurrence due to the varying course of CD
typically seen within the individual patient. The Montreal
classification of inflammatory vs stricturing vs penetrating (fistulizing/abscessing) disease is commonly used
to classify CD according to its behavior [47]; however,
behavior often changes from inflammatory to stricturing
or penetrating over time[48-50]. Also, at any time point a
patient may have more than 1 type of disease behavior,
(i.e., a stricture and a fistula) presenting challenges with
classification. Additionally, penetrating disease that is
initially responsive to a particular medical treatment may
lose responsiveness with repeated doses and thus transform from a penetrating to inflammatory to penetrating
phenotype when responsiveness ceases[51].
Nonetheless, several studies have attempted to correlate disease behavior with risk of post-operative recurrence. In multiple studies, including 2 large Italian multicenter studies, disease behavior was not shown to affect
the risk of disease recurrence clinically, surgically or
endoscopically[14,20,27,52]. Although not a primary end point
of the study, a meta-analysis of 12 randomized controlled
trials that evaluated medical therapies after CD resections (not exclusively ileocolectomies) from 1966 to 2005,
demonstrated that fistulizing disease was significantly
associated with endoscopic but not clinical recurrence in
patients who had been given placebo treatment[53].
Granulomatous disease
Granulomas, or histologic areas of macrophage fusion,
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are a hallmark of CD but need not be present for a definitive diagnosis[54]. An association between granulomas
and disease severity has been suggested but not proven[55]; however, an association between the presence of
granulomas in the ileocolic resection specimen and recurrence has been consistently demonstrated. In an observational study by Malireddy et al[17] recurrence rates in
89 patients who had undergone laparoscopic ileocolectomy from April 1994-August 2006 (with a median follow up of 3.5 years) were evaluated. A 61% endoscopic,
radiologic or pathologic recurrence rate was noted. The
median time for recurrence was 13.1 mo (range, 1.3 mo
to 8.7 years). Several potential prognosticators for recurrence including postoperative biologic and other medical
treatment were also studied. The only significant predictor of recurrence found on multivariate analysis was the
presence of granulomas in the initial resection specimen.
An earlier Irish study of 139 patients who underwent
ileocolectomy between 1980 and 2000 evaluated the
presence of symptoms, endoscopic recurrence and radiological recurrence. Again, the presence of granulomas
in the specimen was significantly associated with clinical
and surgical recurrence[3]. In a similar early study of 114
ileocolectomy patients, 66% with granulomas vs 48%
without experienced an endoscopic recurrence within
the first year after an ileocolectomy[11]. In 1997, Anseline
et al[20] evaluated 130 CD patients undergoing a variety
of resections. After multivariate analysis, the presence of
granulomas was significantly associated with recurrence.

INDEX ILEOCOLECTOMY DETAILS
Urgent vs elective resection
Several groups have hypothesized that if a patient’s first
ileocolectomy is performed under emergency circumstances, this likely reflects more severe disease and thus
may predict an increased likelihood of recurrence. One
retrospective multicenter Italian review evaluated clinical
recurrence (defined as the need for steroids in conjunction with endoscopic or radiologic findings) and surgical
recurrence in 83 CD patients who underwent ileocolectomy for severe disease at the time of diagnosis vs 124
who underwent surgery later in their disease for medical
refractory disease and/or complications secondary to
their disease. Recurrence was evaluated at 1, 5 and 10
years. Clinical recurrence was less frequent in the early
surgery group at all-time points. No difference was seen
in the need for or timing of repeat surgery between the
2 groups[27]. Another retrospective study of 116 consecutive patients undergoing their first ileocolectomy at
a large Austrian referral center between 1997 and 2006
demonstrated that urgent index ileocolectomy increased
the risk of repeat surgery approximately 6 fold[56].
Sepsis
Another potential marker of severe disease is perioperative sepsis at the time of index ileocolectomy. However,
results are conflicting and further study is warranted. Elevated white cell count was associated with endoscopic
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recurrence on univariate analysis in Caprilli et al[52] study
of 110 ileocolectomy patients. However, an increased
risk of recurrence in urgent vs elective ileocolectomy
patients was not demonstrated. Iesalnieks et al[57] studied
282 patients who underwent 331 varied CD resections
between 1992-2005. On multivariate analysis, postop
intraabdominal septic complications and history of a
previous resection were associated with increased surgical recurrence risk at all-time points studied from 1-10
years. At 1 year patients with a history of sepsis had a
recurrence rate of 25% vs 4% of those without sepsis.
At 10 years rates were 57% and 38% respectively.
Laparoscopic vs open approach
As laparoscopic surgery and stapled anastomosis initially gained popularity for use in the CD population in
the 1980s, an interest in determining if either technique
decreases the risk of recurrence post ileocolectomy led
to several studies. One such retrospective review of 113
patients undergoing their index ileocolectomy between
1987-2003 (with a mean follow up of approximately 70
mo) demonstrated a slightly lower, but not significantly
different, rate of postoperative medical treatment requirement in laparoscopic vs open patients (39% vs 54%).
Surgical recurrence was seen in 9.5% (6/63) of laparoscopic vs 24% (12/50) of open ileocolectomy patients
during a mean follow up of 81 mo. Time to recurrence
was not affected. Both groups had a median time to recurrence of approximately 60 mo[58]. Similarly, Stocchi et al[18]
performed a prospective randomized trial in which 77
patients underwent laparoscopic ileocolectomy and 29
underwent an open procedure. Both cohorts had a similar postoperative prophylactic medication regimen and
a mean follow up of 10.5 years. Reoperation rates were
the same in the 2 groups (approximately 26% in each).
Endoscopic and radiologic recurrence rates were similar.
Forty-eight percent of laparoscopic patients experienced
endoscopic or radiologic recurrence vs open patients
who demonstrated a 66% endoscopic recurrence and
52% radiologic recurrence rate. The most recent metaanalysis on laparoscopic vs open approach included 33
studies and included 2519 patients. No statistical difference was seen in surgical recurrence rates which were 25
per 1000 person years in the laparoscopic group vs 34
per 1000 person years in the open group[59].
Resection margins and type of anastomosis
Stapled anastomosis has now virtually replaced the hand
sewn technique in the majority of centers performing ileocolectomies for CD. Two studies, inclusive of 199 and
89 ileocolectomy patients, evaluated resection margins
and anastomotic type. In both studies, no difference in
clinical recurrence was found between patients whose
resection margins were affected by disease vs those who
had unaffected margins. There was also no difference
seen between stapled or hand sewn anastomoses[14,17]. In
the only randomized study to date, Fazio et al[60] evaluated recurrence in 131 ileocolectomy patients random-
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ized to undergo resections with proximal margins either
2 or 12 cm from the macroscopically diseased tissue
followed up for median of 56 mo. The resection specimen was also studied for microscopic signs of disease.
Surgical recurrence was found in 25% of patients who
had undergone a limited resection vs 18% of those who
had undergone the more extensive resection (P > 0.05).
Clinical recurrence was demonstrated in 33% vs 29% of
those with limited and extended resections respectively.
No relation was seen between microscopic CD found at
the resection margin and recurrence.
In Bordeianou’s study of approximately 200 ileocolectomies, stapled anastomosis although significant on
univariate analysis, lost significance on multivariate analysis[14]. End-to-end vs side-to-side anastomotic techniques
has also been evaluated in 2 randomised trials comparing
anastomosis types in 98 and 139 CD patients respectively. Both studies failed to demonstrate a difference in
symptomatic or endoscopic recurrence rates between
the groups. The first study demonstrated an endoscopic
recurrence rate of 42.5% in the end-end vs 37.9% in the
side-side anastomosis groups and a symptomatic recurrence rate of approximately 22% in both groups[61]. The
second study demonstrated that overall, on multivariate
analysis, anastomosis type did not affect endoscopic recurrence. However, a 3 fold risk of recurrence was seen
in a subgroup of patients with end-end anastomoses
who were treated with 5 aminosalicylates (ASAs). This
increased risk was not seen in those not treated with
ASAs[52]. Meta-analysis of 8 studies published between
1992-2005 inclusive of 661 ileocolectomy patients compared end-to-end anastomosis vs other anastomotic configurations (stapled side-to-side, end-to-side or side-toend, stapled circular end-to-end). No significant difference was found in clinical or surgical recurrence between
the different groups[62].
Techniques to potentially minimize risk of recurrence
are currently under development. The Kono-S is one such
novel technique. This technique utilizes a linear staplercutter to transversely divide the tissue for resection. The
corners of the 2 stapled lines are sutured together and
antimesenteric longitudinal enterotomies are created on
both sides. The enterotomies are then closed transversely in two layers resulting in an anti-mesenteric functional
end-to-end anastomosis. This technique has shown
promise in a small cohort of 18 patients, 43% of whom
have undergone follow-up endoscopic surveillance with
an average Rutgeert’s score of 0.7 (0-3) at a mean of 6.8
mo[63].

MEDICAL TREATMENT TO PREVENT
DISEASE RECURRENCE
Key studies on the effect of medical treatment for the
prevention of recurrence are highlighted in Table 6.
Traditionally, treatment paradigms for CD followed a
“bottom up” approach with initial treatment comprised
of corticosteroids, antibiotics and/or 5 ASAs. Escalating
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Table 6 Key studies on medical treatment for the prevention of postoperative recurrence in post ileocolectomy patients
Interventions
Compared

Study Design

Mesalamine
vs Placebo

Double Blind,
Multicenter

Budesonide vs
Double-blind,
placebo
randomized trial

Mesalamine
vs placebo

Double-blind, placebo controlled1,2

Mesalamine
vs placebo

Randomized

6 MP, mesalamine or
placebo

Multi (5) center,
double blind,
randomized

Infliximab vs
mesalamine
(control)

Prospective,
multicenter pilot
study to determine
if giving infliximab
after diagnosis of
postoperative endoscopic ileocolic
CD recurrence at
6 mo can induce
endoscopic remission at 54 wk

Follow-up
Study
Numbers (end
of follow-up)
87

Clinical
Improvement

Endoscopic
Improvement

12 mo

59% of placebo
Significantly less sevs 41% of mevere and less frequent
salamine had a lesions in mesalamine
clinical relapse
group (P < 0.008)
129
12 mo
No difference
Only patients who
in CDAI at any
underwent surgery
time point in the for increased disease
study
symptoms (not fibrostenotic or fistulizing disease) had a significantly
lower endoscopic recurrence rate (32% vs 65%
of the placebo group)
246
48 wk 25% of the mesalamine vs 36% of
the placebo had
a relapse [(per
CDAI) P = 0.06]
On subgroup
analysis ileocolonic patients
had fewer
relapses on mesalamine (21% vs
41%) P = 0.003
163 post-surMaxiEndoscopic and radiogical patients1 mum 72
logical recurrence was
109 were post
mo
significantly decreased
ileocolectomy
in the mesalamine
group with relative
risks of 0.6 (P = 0.016)
131
24 mo
Clinical recur- Only 6 MP, not mesalarence was
mine was superior
improved by
to placebo to prevent
mesalamine or endoscopic and radio6 MP. Clinical re- graphic recurrence at
currence rates at 24 mo. Relapse was
24 mo were 50% 43% with 6 MP, 63%
for 6 MP, 58% for with mesalamine, 64%
mesalamine and with placebo (P = 0.03)
77% for placebo
(P = 0.04)
24 (19 had
54 wk
No clinical
No endoscopic remisileocaecal
recurrence in the sion at 54 wk in the
disease)
infliximab group mesalamine group vs
at 6 mo
the infliximab group
54% had endoscopic
remission at 54 wk (P =
0.01)

18% of mesalamine who had
clinical relapse
by 9 mo
Adalizumab
vs AZA vs
mesalamine

Randomized
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51

2 yr

The ADA treated
patients had the lowest
incidence of endoscopic recurrence (6.3%
vs 64.7% of the AZA
group and 83.3% of the
mesalamine group)

14399

Other

Ref.

Severe endoscopic or radiologic was 24% in mesalamine
vs 56% of placebo (P = 0.004)

Brignola et al[68]

AT 12 mo the ESR value was
Hellers et al[64]
13.3 mm/h in the budesonide
group vs 20.2 mm/h in the
placebo group (P = 0.017).
Mean CRP values after decreased from 19.0 to 6.2 mg/L
in the budesonide group and
from 12.7 to 12.2 mg/L in the
placebo group (P = 0.018)
10% vs 23% surgical recur- Sutherland et al[67]
rence (P = 0.13)

31% symptomatic recurrence
rate (symptoms plus endoscopic and/or radiological
confirmation of disease) vs
41% in the control group, P =
0.03
Radiographic recurrence
rates were 33% for 6 MP, 46%
for mesalamine and 49% for
placebo (P > 0.05)

McLeod et al[69]

Hanauer et al[76]

Sorrentino et al[28]

Savarino et al[83]
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Infliximab vs
placebo

Randomized

24

Metronidazole +AZA or
placebo

62

Randomized

Metronidazole
vs placebo

Double-blind
controlled

51

Immunosuppressants
(AZA/6 MP or
MTX) vs control (5 ASAs or
no treatment)

26 patients
undergoing their 2nd
ileocolectomy

AZA therapy Prospective, obser- 56 consecutive
commenced
vational
patients 15 or
immediatiely
27% had ileopost resection
colectomies

Endoscopic and histo- Lower histologic recurrence Regueiro et al[82]
logic recurrence was in the IFX group (3 of 11/27%
significantly lower at 1 vs 11 of 13/85% of placebo) P
yr in the patients treated
= 0.01
with infliximab (1 of 11;
9.1% and) vs placebo (11
of 13 patients; 84.6%). P
= 0.0006
12 mo Endoscopic recurD'Haens et al[77]
rence was observed in 14 of 32
(43.7%) patients
in the AZA group
and in 20 of 29
(69.0%) patients
in the placebo
group at 12 mo
post-surgery (P
= 0.048. At 1 yr
21% of the AZA
group were lesion
free vs 3% of the
placebo (P = 0.04)
3 yr
Clinical recurAt 12 wk, 21 of 28
Rutgeerts et al[65]
rence rates at 1
patients (75%) in the
yr were 4% in the placebo group had
metronidazole vs recurrent lesions in the
25% of placebo) neoterminal ileum vs
NSD P = 0.04. 12 of 23 patients (52%)
Reductions at 2 in the metronidazole
yr (26% vs 43%)
group (P = 0.09)
and 3 yr (30% vs
50%) both NSD
3 yr
Clinical recurThe control group required a
Alves et al[79]
rence was lower
3rd resection more commonly.
in the immmu(7/12, 58% vs 2/14, 17% P <
nosuppressant
0.02)
group vs the
control group
(3/12, 25% vs
6/10, 60%; P <
0.05)
(range No difference in
17-178
time to recurmo)
rence was seen
(approximately
27 mo in both
groups)
Mean No clinical recur- 70% had endoscopic
Domènech[90]
12-84 mo rence at 12 mo recurrence at 12 mo. The
recurrence
cumulative probability
of endoscopic recurrence was 82% at 5 yr
1 yr

Clinical remission was higher
in the IFX group
(80% vs 54%) but
P = 0.38)

1

Study included non ileocolectomy patients in addition to ileocolectomy patients; 2Study included medically treated patients in addition to ileocolectomy
patients. AZA: Azathioprine; 6 MP: 6 mercaptopurine; ASAs: Aminosalicylates.

treatment in the form of immunomodulators or biologics either replaced this treatment or was added to it as
the disease flared or progressed. Steroids and antibiotics
are rarely given as monotherapy to prevent relapse in
CD currently. Thus, studies that focus on their efficacy
are commonly from the 1980s and 1990s. One such
double-blind, randomized trial performed in 13 European centers followed 63 patients given budesonide and 66
patients given placebo post ileocolectomy. At 1 year, no
difference in endoscopic recurrence was seen between
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the 2 groups. However, a significantly lower endoscopic
recurrence rate was seen in a subgroup of patients
treated with budesonide, namely those who had undergone surgery for increased disease symptoms rather than
obstruction or fistulization (32% vs 65% of the placebo
group)[64].
Studies on antibiotic monotherapy have been limited to metronidazole. In a double-blind controlled trial
evaluating the use of metronidazole as monotherapy
post ileal resection in 51 patients, recurrent lesions were
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seen in 75% of the placebo group vs 52% of the metronidazole group at 12 wk (P = 0.09). At 1 year, clinical
recurrence rates were much lower in the metronidazole
group (4% vs 25%); however significance was lost at 2
years (26% vs 43%)[65].
The commonly used aminosalicylate based drugs,
including mesalamine, generally have low side effect profiles and have been shown by meta-analysis to prevent
relapse in inactive CD[66]. However, results from studies
evaluating their long term efficacy in the prevention of
post ileocolectomy recurrence are not impressive, particularly in regard to clinical recurrence. One large double
blind, placebo controlled study by Sutherland et al[67]
compared clinical recurrence as defined by CDAI scores
in medical and surgical CD patients (who had undergone
a variety of resections) treated with either mesalamine
or placebo. At 48 wk, 25% of the mesalamine vs 36% of
the placebo had a clinical recurrence. However, disease
recurrence was only 10 d later in the mesalamine treated
patients. Interestingly, ileocolonic patients had fewer
relapses on mesalamine (21% vs 41% given placebo) on
subgroup analysis. In another double-blind, multicenter
clinical trial published in 1995, 87 patients were treated
with mesalamine or placebo within 1 mo after undergoing ileocolectomy. At 12 mo, 41% of the 17 patients
who relapsed clinically had been given mesalamine. Using endoscopic and radiological evaluation with scoring
systems, the mesalamine group had significantly less
frequent and less severe lesions and milder disease. Disease was classified as “severe” in 24% of the mesalamine
treated patients vs 56% of those given placebo[68]. In another study published the same year, 163 post resection
patients (of whom 109 had undergone ileocolectomy)
were randomized to receive either mesalamine twice a
day or placebo. During a maximum follow up of 72 mo,
31% of those given mesalamine experienced a symptomatic recurrence defined as symptoms plus endoscopic
and/or radiological confirmation of disease vs 41% in
the control group[69].
A new paradigm of a “top down” approach to the
treatment of CD in which surgery and early institution
of immunomodulatory and/or biologic drug therapy
has been suggested by large trials such as the SONIC
trial. This approach has demonstrated improved mucosal healing, a reduction in steroid use, longer remission
times and faster clinical response than the traditional
bottom up approach[70,71]. Additionally, multidrug therapy
has been proven to increase drug serum levels, address
multiple disease mechanisms and potentially reduce the
production of anti-drug antibodies[70,72,73]. The immunomodulatory drugs azathioprine (AZA) and 6 mercaptopurine (6 MP) are two drugs commonly used in the top
down approach. Used on their own or in conjunction
with other IBD medications, these drugs have a high
success rate in treating flares, reducing the steroid requirement and increasing remission rates in medically
treated disease and[74,75] have been suggested to be effective at reducing recurrence and increasing duration from
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surgery to recurrence. In a 5 center, double blind study
inclusive of 131 post ileocolectomy patients randomized
to receive 6 MP, mesalamine or placebo, only 6 MP was
superior to placebo for the prevention of endoscopic
and radiographic recurrence at the study endpoint of 24
mo. Clinical recurrence rates were improved by mesalamine or 6 MP administration with recurrence rates of
50% for 6 MP, 58% for mesalamine and 77% for placebo at 24 mo demonstrated. Endoscopic and radiologic
recurrence rates were 43% and 33% for 6 MP, 63% and
46% for mesalamine and 64% and 49% for placebo[76].
The utility of immunomodulatory drugs has been
studied in subgroups of patients who are at increased
risk for recurrence. D’Haens et al[77] studied 62 patients
who were aged < 30, had a history of multiple ileocolectomies and/or had penetrating disease. Post ileocolectomy,
all patients were given metronidazole for 3 mo with either
azathioprine or placebo for 12 mo. At 12 mo, a significant difference in endoscopic recurrence was observed
with 43.7% of patients in the AZA group experiencing
recurrence vs 69.0% of those in the placebo group. Endoscopically, 21% of the AZA group were lesion free vs
3% of the placebo (P = 0.04). Mañosa et al[78] virtually
reversed this study and administered AZA to 50 ileocolectomy patients postoperatively. At 3 mo, patients were
randomized to receive either metronidazole or placebo.
At 12 mo, endoscopic recurrence was seen in 36% of the
metronidazole and 56% of the placebo group. However,
this difference was not significant, suggesting that AZA
on its own may be sufficient. In another high risk group,
those undergoing their 2nd ileocolectomy for anastomotic recurrence, immunosuppressant drugs were shown
to decrease clinical and surgical recurrence. Twenty-six
patients were randomized to receive an immunosuppressant drug (6 MP, AZA, Methotrexate, n = 14) or a
control treatment (5 ASAs, n = 5 or no treatment, n =
7). Clinical recurrence rates were lower in the immunosuppressant treated group vs the control group (3/12,
25% vs 6/10, 60%; P < 0.05). No difference in time to
recurrence was demonstrated between the groups (approximately 27 mo in both groups). The control group
required a 3rd resection more commonly (7/12, 58% vs
2/14, 17%, P < 0.02)[79]. Other evidence suggests that
AZA/6 MP treatment may delay but not prevent recurrence. Fifty-six consecutive patients commenced on AZA
treatment immediately after resection were studied in
Domènech et al[80] observational study. Fifteen (27%)
had ileocolectomies. Seventy percent of the cohort had
endoscopic recurrence at 12 mo. However, no clinical recurrence was observed. At approximately 3 years’ follow
up, 30% of patients maintained endoscopic remission.
At 5 years, the cumulative probability of endoscopic remission dropped to 18%. Due such evidence, the American Gastrological Association has recommended that as
6 MPs likely reduce the risk of clinical and endoscopic
recurrence, they should be used in those at “high risk”
for recurrence or ‘in whom postoperative recurrence
would have deleterious effects[81].
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The anti-tumor necrosis factor (TNF) drugs, including infliximab and adalimumab are among the newest
IBD drugs and have rapidly gained popularity over the
past 10 years. A role for these drugs in the prolongation
of postoperative remission has been suggested by preliminary studies. In one such study, significantly lower 1
year postoperative endoscopic and histologic recurrence
rates were demonstrated in patients who had undergone
ileal resection who were treated with infliximab. 9.1% (1
of 11) of these patients had endoscopic recurrence vs
27% (3 of 11) that were given placebo. Clinical remission rates were also higher in the infliximab group (80%
vs 54% of the placebo group) but this difference wasn’t
significant[82]. One prospective, multicenter but also small
Italian study, aimed to determine if the administration
of infliximab after diagnosis of postoperative endoscopic recurrence of ileocolic CD can induce endoscopic
remission at 54 wk. Mesalamine was used as the control. In the mesalamine group (n = 11), no endoscopic
remission was seen at 54 wk. Two patients had clinical
recurrences at 8 and 9 mo. In the infliximab group (n =
23), 54% had endoscopic remission at 54 wk. None had
clinical recurrence[28].
Infliximab is the most commonly used and studied
anti-TNF drug. However, a recent randomized control
trial evaluated the efficacy of adalimumab for the prevention of post ileocolectomy recurrence[83]. Fifty-one
patients were randomized to receive adalizumab, AZA or
mesalamine postoperatively. At 2 years, the adalizumab
treated patients had the lowest incidence of endoscopic
recurrence (6.3% vs 64.7% of the AZA group and 83.3%
of the mesalamine group). Similarly clinical recurrence
was lower in the adalizumab treated patients (12.5% vs
65% in both the AZA and mesalamine groups).
The timing of postoperative treatment has sparked a
great interest due to the side effects of many IBD medications. The use of a “tailored treatment approach” to
determine the effect of the timing of drug commencement on symptomatic recurrence after ileocolectomy
was studied by Bordeianou et al[14]. In their cohort of
199 ileocolectomy patients, 35% were given immediate
post ileocolectomy prophylaxis in the form of antibiotics, 5 ASAs, immunomodulators (6 MP/AZA) and/or
anti-TNFs. Sixteen percent were commenced on a drug
regimen at the time of endoscopic recurrence and 49%
percent did not receive any treatment. Symptomatic recurrence occurred in 29% of those treated immediately
postoperatively vs 44% of those who were treated after
recurrence. After multivariate analysis, the significant
difference between the 2 groups was lost and the only
remaining significant prognostic factor recurrence was
Charlson Comorbidity Index[84]. Malireddy et al[17] studied
pre vs postoperative administration of anti-TNFs and
immunomodulators in 89 laparoscopic ileocolectomies.
Timing of treatment did not affect recurrence rates.
Postoperative medical treatment lengthened the time to
recurrence with a median time to recurrence of 25 mo
demonstrated in the group given pharmacoprophylaxis
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vs 16 mo in the control group. However, this difference
was not statistically significant.

SERUM MARKERS
Serum markers such as CRP and ESR are relatively noninvasive to obtain and have been demonstrated to reflect
disease activity. Thus such markers may be potential
prognosticators for post ileocolectomy recurrence. ESR
and CRP were studied in a randomized controlled multicenter Italian trial of 98 patients undergoing their first
ileocolectomy. When evaluating endoscopic recurrence
at 6, 12, 24, and 36 mo post operatively, ESR and CRP
were not correlated with endoscopic recurrence[52].
Pro and anti-inflammatory cytokines are not measured in clinical practice. However, they offer the potential to be used as markers of disease activity and, possibly,
disease recurrence. Yamamoto et al[85] evaluated levels of
the proinflammatory cytokines IL-6 (interleukin 6), IL1B
and TNFα in blood, ileal biopsies and rectal biopsies at
enrollment and 1 year after ileocolectomy in 36 patients.
On univariate analysis, the 16 patients who experienced
a clinical relapse (determined by CDAI scores) demonstrated significantly higher IL1B, IL-6 and TNFα levels
in their ileal mucosa compared to the 20 patients who
did not experience clinical relapse. There was no association with these markers in either the blood or rectal mucosa and relapse demonstrated. On multivariate analysis,
IL-6 remained as an independent predictor of clinical
relapse. IL-6 has also been demonstrated to be increased
in the serum of CD patients with previously quiescent
CD experiencing a disease flare[86]. IL10 is a well-known
anti-inflammatory cytokine. Meresse et al[40] studied IL-10
levels and endoscopic recurrence in 36 patients 3 mo
post ileocolectomy. Recurrence rate was 53%. Patients
with recurrence had significantly lower IL-10 production.
When ileal mRNA expression levels were compared with
the patients’ individual genotypes, varying IL10 production based on IL-10. G microsatellite genotype was seen.
However, there was no correlation between genotype
and endoscopic recurrence.
Faecal calprotectin (FC) and lactoferrin have been
widely studied as noninvasive markers of gut inflammation. Recently, several groups have attempted to correlate levels of these markers with risk of postoperative
recurrence in CD. Lamb et al[87] were among the first to
study a potential correlation. In their cohort of 13 postsurgical CD patients followed for 1 year (3 of whom had
ileocolic disease) and a separate cohort of 104 patients
who gave a single stool sample at a median of 24 mo
postoperatively (28 of whom had ileocolic disease) both
FC and lactoferrin correlated with clinical symptoms
as evaluated by Harvey Bradshaw Index. Both markers
were found to be more accurate at predicting clinical
recurrence than CRP, platelet count and endoscopic appearance. Patients with Harvey Bradshaw scores indicative of severe disease activity (n = 28) had FC and lactoferrin levels of 661 μg/g and 116.6 μg/g vs 70.2 μg/g
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and 5.9 μg/g in those with clinically inactive disease
(n = 43) (P < 0.001). Although levels of both markers
were slightly higher in those with endoscopic recurrence,
this difference was not statistically significantly different
between the groups. Subsequently, FC levels of 29 ileocolectomy patients were studied by Lobatón et al[88] Levels
correlated more closely with clinical recurrence than CRP,
white cell count and platelet count. Endoscopic recurrence scores also correlated with levels. Lasson et al[89] in
a study published in Jan 2014, evaluated FC levels in 30
ileocolectomy patients in specimens collected monthly
postoperatively for 1 year. Fifty-eight percent had endoscopic remission at one year. FC levels fluctuated over
time and were mainly affected by diarrhea. Although
median calprotectin levels were not significantly different between patients in remission and patients with
recurrence, the majority of patients with high values had
recurrence. This may have been influenced by diarrhea
at the time of sampling.
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CONCLUSION
Crohn’s disease cannot be cured. Surgical resection offers an opportunity for “resetting” the disease into a
state of temporary remission. It is known that after
surgical resection recurrence rates range from 20 to over
60 percent. Identifying modifiable risk factors for postoperative disease recurrence can assist the clinician in
implementing more aggressive prophylactic treatment to
prevent recurrence and to sustain remission. The application of an optimal strategy for preventing postoperative recurrence is a multidisciplinary task that includes
the gastroenterologist and the colorectal surgeon, as well
as all the supporting staff that can ensure preoperative
optimization, detailed and timely surgical intervention
and early implementation of appropriate treatment to
keep the patient in remission.

14

15

16

17

REFERENCES
1

2
3

4

5
6

Crohn BB, Ginzburg L, Oppenheimer GD. Landmark article
Oct 15, 1932. Regional ileitis. A pathological and clinical
entity. By Burril B. Crohn, Leon Ginzburg, and Gordon D.
Oppenheimer. JAMA 1984; 251: 73-79 [PMID: 6361290]
Baumgart DC, Sandborn WJ. Crohn’s disease. Lancet 2012; 380:
1590-1605 [PMID: 22914295 DOI: 10.1016/S0140-6736(12)60026-9]
Cullen G, O’toole A, Keegan D, Sheahan K, Hyland JM, O’
donoghue DP. Long-term clinical results of ileocecal resection
for Crohn’s disease. Inflamm Bowel Dis 2007; 13: 1369-1373
[PMID: 17600379]
Whelan G, Farmer RG, Fazio VW, Goormastic M. Recurrence after surgery in Crohn’s disease. Relationship to location of disease (clinical pattern) and surgical indication.
Gastroenterology 1985; 88: 1826-1833 [PMID: 3996839]
Thompson JS, Iyer KR, DiBaise JK, Young RL, Brown CR,
Langnas AN. Short bowel syndrome and Crohn’s disease. J
Gastrointest Surg 2003; 7: 1069-1072 [PMID: 14675717]
Cunningham MF, Docherty NG, Coffey JC, Burke JP, O’
Connell PR. Postsurgical recurrence of ileal Crohn’s disease:
an update on risk factors and intervention points to a central role for impaired host-microflora homeostasis. World
J Surg 2010; 34: 1615-1626 [PMID: 20195604 DOI: 10.1007/

WJG|www.wjgnet.com

18

19

20

21

22

14403

s00268-010-0504-6]
Irvine EJ. Quality of life of patients with ulcerative colitis:
past, present, and future. Inflamm Bowel Dis 2008; 14: 554-565
[PMID: 17973299]
Harvey RF, Bradshaw JM. A simple index of Crohn’s-disease activity. Lancet 1980; 1: 514 [PMID: 6102236]
Best WR, Becktel JM, Singleton JW, Kern F. Development
of a Crohn’s disease activity index. National Cooperative
Crohn’s Disease Study. Gastroenterology 1976; 70: 439-444
[PMID: 1248701]
Walters TD, Steinhart AH, Bernstein CN, Tremaine W, McKenzie M, Wolff BG, McLeod RS. Validating Crohn‘s disease
activity indices for use in assessing postoperative recurrence.
Inflamm Bowel Dis 2011; 17: 1547-1556 [PMID: 21674711 DOI:
10.1002/ibd.21524]
Rutgeerts P, Geboes K, Vantrappen G, Kerremans R, Coenegrachts JL, Coremans G. Natural history of recurrent Crohn’
s disease at the ileocolonic anastomosis after curative surgery. Gut 1984; 25: 665-672 [PMID: 6735250]
Marshall JK. Reporting ileocolonoscopy in inflammatory
bowel disease. Can J Gastroenterol 2006; 20: 399-400 [PMID:
16779456]
Sailer J, Peloschek P, Reinisch W, Vogelsang H, Turetschek
K, Schima W. Anastomotic recurrence of Crohn’s disease
after ileocolic resection: comparison of MR enteroclysis with
endoscopy. Eur Radiol 2008; 18: 2512-2521 [PMID: 18504592
DOI: 10.1007/s00330-008-1034-6]
Bordeianou L, Stein SL, Ho VP, Dursun A, Sands BE, Korzenik JR, Hodin RA. Immediate versus tailored prophylaxis to
prevent symptomatic recurrences after surgery for ileocecal
Crohn’s disease? Surgery 2011; 149: 72-78 [PMID: 20434748
DOI: 10.1016/j.surg.2010.03.009]
McLeod RS, Wolff BG, Steinhart AH, Carryer PW, O’Rourke
K, Andrews DF, Blair JE, Cangemi JR, Cohen Z, Cullen JB,
Chaytor RG, Greenberg GR, Jaffer NM, Jeejeebhoy KN, MacCarty RL, Ready RL, Weiland LH. Risk and significance of
endoscopic/radiological evidence of recurrent Crohn’s disease. Gastroenterology 1997; 113: 1823-1827 [PMID: 9394721]
Regueiro M, Kip KE, Schraut W, Baidoo L, Sepulveda AR,
Pesci M, El-Hachem S, Harrison J, Binion D. Crohn’s disease
activity index does not correlate with endoscopic recurrence
one year after ileocolonic resection. Inflamm Bowel Dis 2011;
17: 118-126 [PMID: 20848538 DOI: 10.1002/ibd.21355]
Malireddy K, Larson DW, Sandborn WJ, Loftus EV, Faubion WA, Pardi DS, Qin R, Gullerud RE, Cima RR, Wolff
B, Dozois EJ. Recurrence and impact of postoperative prophylaxis in laparoscopically treated primary ileocolic Crohn
disease. Arch Surg 2010; 145: 42-47 [PMID: 20083753 DOI:
10.1001/archsurg.2009.248]
Stocchi L, Milsom JW, Fazio VW. Long-term outcomes of
laparoscopic versus open ileocolic resection for Crohn’s disease: follow-up of a prospective randomized trial. Surgery
2008; 144: 622-627; discussion 627-628 [PMID: 18847647 DOI:
10.1016/j.surg.2008.06.016]
Ellis L, Calhoun P, Kaiser DL, Rudolf LE, Hanks JB. Postoperative recurrence in Crohn’s disease. The effect of the initial length of bowel resection and operative procedure. Ann
Surg 1984; 199: 340-347 [PMID: 6703794]
Anseline PF, Wlodarczyk J, Murugasu R. Presence of granulomas is associated with recurrence after surgery for Crohn’s
disease: experience of a surgical unit. Br J Surg 1997; 84: 78-82
[PMID: 9043461]
Unkart JT, Anderson L, Li E, Miller C, Yan Y, Gu CC, Chen J,
Stone CD, Hunt S, Dietz DW. Risk factors for surgical recurrence after ileocolic resection of Crohn’s disease. Dis Colon
Rectum 2008; 51: 1211-1216 [PMID: 18536967 DOI: 10.1007/
s10350-008-9348-7]
Kane SV, Flicker M, Katz-Nelson F. Tobacco use is associated with accelerated clinical recurrence of Crohn’s disease
after surgically induced remission. J Clin Gastroenterol 2005;

October 21, 2014|Volume 20|Issue 39|

Connelly TM et al . Post ileocolectomy recurrence in Crohn's

23

24

25

26

27
28

29

30
31

32

39: 32-35 [PMID: 15599207]
Cottone M, Rosselli M, Orlando A, Oliva L, Puleo A, Cappello M, Traina M, Tonelli F, Pagliaro L. Smoking habits and
recurrence in Crohn’s disease. Gastroenterology 1994; 106:
643-648 [PMID: 8119535]
Reese GE, Nanidis T, Borysiewicz C, Yamamoto T, Orchard
T, Tekkis PP. The effect of smoking after surgery for Crohn’
s disease: a meta-analysis of observational studies. Int J
Colorectal Dis 2008; 23: 1213-1221 [PMID: 18762954 DOI:
10.1007/s00384-008-0542-9]
Ryan WR, Allan RN, Yamamoto T, Keighley MR. Crohn’s
disease patients who quit smoking have a reduced risk of reoperation for recurrence. Am J Surg 2004; 187: 219-225 [PMID:
14769308]
Yamamoto T, Keighley MR. The association of cigarette
smoking with a high risk of recurrence after ileocolonic resection for ileocecal Crohn’s disease. Surg Today 1999; 29: 579-580
[PMID: 10385380]
Aratari A, Papi C, Leandro G, Viscido A, Capurso L, Caprilli
R. Early versus late surgery for ileo-caecal Crohn’s disease.
Aliment Pharmacol Ther 2007; 26: 1303-1312 [PMID: 17848181]
Sorrentino D, Terrosu G, Paviotti A, Geraci M, Avellini C, Zoli
G, Fries W, Danese S, Occhipinti P, Croatto T, Zarifi D. Early
diagnosis and treatment of postoperative endoscopic recurrence of Crohn’s disease: partial benefit by infliximab--a pilot
study. Dig Dis Sci 2012; 57: 1341-1348 [PMID: 22252267 DOI:
10.1007/s10620-011-2025-z]
Jostins L, Ripke S, Weersma RK, Duerr RH, McGovern DP,
Hui KY, Lee JC, Schumm LP, Sharma Y, Anderson CA, Essers J, Mitrovic M, Ning K, Cleynen I, Theatre E, Spain SL,
Raychaudhuri S, Goyette P, Wei Z, Abraham C, Achkar JP,
Ahmad T, Amininejad L, Ananthakrishnan AN, Andersen V,
Andrews JM, Baidoo L, Balschun T, Bampton PA, Bitton A,
Boucher G, Brand S, Büning C, Cohain A, Cichon S, D’Amato
M, De Jong D, Devaney KL, Dubinsky M, Edwards C, Ellinghaus D, Ferguson LR, Franchimont D, Fransen K, Gearry R,
Georges M, Gieger C, Glas J, Haritunians T, Hart A, Hawkey
C, Hedl M, Hu X, Karlsen TH, Kupcinskas L, Kugathasan
S, Latiano A, Laukens D, Lawrance IC, Lees CW, Louis E,
Mahy G, Mansfield J, Morgan AR, Mowat C, Newman W,
Palmieri O, Ponsioen CY, Potocnik U, Prescott NJ, Regueiro
M, Rotter JI, Russell RK, Sanderson JD, Sans M, Satsangi J,
Schreiber S, Simms LA, Sventoraityte J, Targan SR, Taylor
KD, Tremelling M, Verspaget HW, De Vos M, Wijmenga C,
Wilson DC, Winkelmann J, Xavier RJ, Zeissig S, Zhang B,
Zhang CK, Zhao H, Silverberg MS, Annese V, Hakonarson H,
Brant SR, Radford-Smith G, Mathew CG, Rioux JD, Schadt
EE, Daly MJ, Franke A, Parkes M, Vermeire S, Barrett JC,
Cho JH. Host-microbe interactions have shaped the genetic
architecture of inflammatory bowel disease. Nature 2012; 491:
119-124 [PMID: 23128233 DOI: 10.1038/nature11582]
Koltun WA. The future of surgical management of inflammatory bowel disease. Dis Colon Rectum 2008; 51: 813-817
[PMID: 18461398 DOI: 10.1007/s10350-008-9266-8]
Cleynen I, González JR, Figueroa C, Franke A, McGovern D,
Bortlík M, Crusius BJ, Vecchi M, Artieda M, Szczypiorska
M, Bethge J, Arteta D, Ayala E, Danese S, van Hogezand
RA, Panés J, Peña SA, Lukas M, Jewell DP, Schreiber S,
Vermeire S, Sans M. Genetic factors conferring an increased
susceptibility to develop Crohn’s disease also influence disease phenotype: results from the IBDchip European Project.
Gut 2013; 62: 1556-1565 [PMID: 23263249 DOI: 10.1136/
gutjnl-2011-300777]
Hugot JP, Chamaillard M, Zouali H, Lesage S, Cézard JP,
Belaiche J, Almer S, Tysk C, O’Morain CA, Gassull M, Binder
V, Finkel Y, Cortot A, Modigliani R, Laurent-Puig P, GowerRousseau C, Macry J, Colombel JF, Sahbatou M, Thomas G.
Association of NOD2 leucine-rich repeat variants with susceptibility to Crohn’s disease. Nature 2001; 411: 599-603 [PMID:
11385576]

WJG|www.wjgnet.com

33
34

35

36

37

38

39

40

41
42

43
44

45

46

47

48

14404

McCauley JL, Abreu MT. Genetics in diagnosing and managing
inflammatory bowel disease. Gastroenterol Clin North Am 2012;
41: 513-522 [PMID: 22500532 DOI: 10.1016/j.gtc.2012.01.002]
Roberts RL, Hollis-Moffatt JE, Gearry RB, Kennedy MA,
Barclay ML, Merriman TR. Confirmation of association of
IRGM and NCF4 with ileal Crohn’s disease in a populationbased cohort. Genes Immun 2008; 9: 561-565 [PMID: 18580884
DOI: 10.1038/gene.2008.49]
Ahmad T, Armuzzi A, Bunce M, Mulcahy-Hawes K, Marshall SE, Orchard TR, Crawshaw J, Large O, de Silva A, Cook
JT, Barnardo M, Cullen S, Welsh KI, Jewell DP. The molecular
classification of the clinical manifestations of Crohn’s disease.
Gastroenterology 2002; 122: 854-866 [PMID: 11910336]
Büning C, Genschel J, Bühner S, Krüger S, Kling K, Dignass
A, Baier P, Bochow B, Ockenga J, Schmidt HH, Lochs H.
Mutations in the NOD2/CARD15 gene in Crohn’s disease
are associated with ileocecal resection and are a risk factor
for reoperation. Aliment Pharmacol Ther 2004; 19: 1073-1078
[PMID: 15142196]
Maconi G, Colombo E, Sampietro GM, Lamboglia F, D’Incà R,
Daperno M, Cassinotti A, Sturniolo GC, Ardizzone S, Duca
P, Porro GB, Annese V. CARD15 gene variants and risk of reoperation in Crohn’s disease patients. Am J Gastroenterol 2009;
104: 2483-2491 [PMID: 19638967 DOI: 10.1038/ajg.2009.413]
Solon JG, Burke JP, Walsh SR, Coffey JC. The effect of NOD2
polymorphism on postsurgical recurrence in Crohn’s disease:
a systematic review and meta-analysis of available literature.
Inflamm Bowel Dis 2013; 19: 1099-1105 [PMID: 23493074 DOI:
10.1097/MIB.0b013e3182813391]
Sehgal R, Berg A, Polinski JI, Hegarty JP, Lin Z, McKenna KJ,
Stewart DB, Poritz LS, Koltun WA. Mutations in IRGM are associated with more frequent need for surgery in patients with
ileocolonic Crohn’s disease. Dis Colon Rectum 2012; 55: 115-121
[PMID: 22228152 DOI: 10.1097/DCR.0b013e31823ccea8]
Meresse B, Rutgeerts P, Malchow H, Dubucquoi S, Dessaint
JP, Cohard M, Colombel JF, Desreumaux P. Low ileal interleukin 10 concentrations are predictive of endoscopic recurrence in patients with Crohn’s disease. Gut 2002; 50: 25-28
[PMID: 11772962]
Wagner IJ, Rombeau JL. Nutritional support of surgical patients
with inflammatory bowel disease. Surg Clin North Am 2011; 91:
787-803, viii [PMID: 21787968 DOI: 10.1016/j.suc.2011.04.013]
Yamamoto T, Shiraki M, Nakahigashi M, Umegae S, Matsumoto K. Enteral nutrition to suppress postoperative Crohn’s
disease recurrence: a five-year prospective cohort study. Int J
Colorectal Dis 2013; 28: 335-340 [PMID: 23014978 DOI: 10.1007/
s00384-012-1587-3]
Manichanh C, Borruel N, Casellas F, Guarner F. The gut microbiota in IBD. Nat Rev Gastroenterol Hepatol 2012; 9: 599-608
[PMID: 22907164 DOI: 10.1038/nrgastro.2012.152]
Rahimi R, Nikfar S, Rahimi F, Elahi B, Derakhshani S, Vafaie
M, Abdollahi M. A meta-analysis on the efficacy of probiotics
for maintenance of remission and prevention of clinical and
endoscopic relapse in Crohn’s disease. Dig Dis Sci 2008; 53:
2524-2531 [PMID: 18270836 DOI: 10.1007/s10620-007-0171-0]
Pimentel-Nunes P, Dinis-Ribeiro M, Magro F. Systematic
review on drug and diet-induced endoscopic remission in
Crohn’s disease. Eur J Gastroenterol Hepatol 2009; 21: 491-503
[PMID: 19293722 DOI: 10.1097/MEG.0b013e3283196b03]
Van Gossum A, Dewit O, Louis E, de Hertogh G, Baert F,
Fontaine F, DeVos M, Enslen M, Paintin M, Franchimont D.
Multicenter randomized-controlled clinical trial of probiotics (Lactobacillus johnsonii, LA1) on early endoscopic recurrence of Crohn’s disease after lleo-caecal resection. Inflamm
Bowel Dis 2007; 13: 135-142 [PMID: 17206696]
Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The
Montreal classification of inflammatory bowel disease: controversies, consensus, and implications. Gut 2006; 55: 749-753
[PMID: 16698746]
Pariente B, Cosnes J, Danese S, Sandborn WJ, Lewin M, Fletch-

October 21, 2014|Volume 20|Issue 39|

Connelly TM et al . Post ileocolectomy recurrence in Crohn's

49

50

51
52

53

54
55
56

57

58

59

60

61

62

er JG, Chowers Y, D’Haens G, Feagan BG, Hibi T, Hommes
DW, Irvine EJ, Kamm MA, Loftus EV, Louis E, Michetti P,
Munkholm P, Oresland T, Panés J, Peyrin-Biroulet L, Reinisch W, Sands BE, Schoelmerich J, Schreiber S, Tilg H, Travis
S, van Assche G, Vecchi M, Mary JY, Colombel JF, Lémann M.
Development of the Crohn’s disease digestive damage score,
the Lémann score. Inflamm Bowel Dis 2011; 17: 1415-1422
[PMID: 21560202 DOI: 10.1002/ibd.21506]
Cosnes J, Cattan S, Blain A, Beaugerie L, Carbonnel F, Parc
R, Gendre JP. Long-term evolution of disease behavior of
Crohn’s disease. Inflamm Bowel Dis 2002; 8: 244-250 [PMID:
12131607]
Louis E, Collard A, Oger AF, Degroote E, Aboul Nasr El Yafi
FA, Belaiche J. Behaviour of Crohn’s disease according to the
Vienna classification: changing pattern over the course of the
disease. Gut 2001; 49: 777-782 [PMID: 11709511]
Reinisch W. “How to manage loss of response to anti-TNF in
Crohn’s disease?“. Curr Drug Targets 2010; 11: 152-155 [PMID:
20210764]
Caprilli R, Corrao G, Taddei G, Tonelli F, Torchio P, Viscido A. Prognostic factors for postoperative recurrence of
Crohn’s disease. Gruppo Italiano per lo Studio del Colon e
del Retto (GISC) Dis Colon Rectum 1996; 39: 335-341 [PMID:
8603558]
Pascua M, Su C, Lewis JD, Brensinger C, Lichtenstein GR.
Meta-analysis: factors predicting post-operative recurrence
with placebo therapy in patients with Crohn‘s disease. Aliment Pharmacol Ther 2008; 28: 545-556 [PMID: 18565159 DOI:
10.1111/j.1365-2036.2008.03774.x]
Geboes K. What histologic features best differentiate Crohn’
s disease from ulcerative colitis? Inflamm Bowel Dis 2008; 14
Suppl 2: S168-S169 [PMID: 18816725 DOI: 10.1002/ibd.20598]
Ramzan NN, Leighton JA, Heigh RI, Shapiro MS. Clinical
significance of granuloma in Crohn’s disease. Inflamm Bowel
Dis 2002; 8: 168-173 [PMID: 11979136]
Riss S, Schuster I, Papay P, Herbst F, Mittlböck M, Chitsabesan P, Stift A. Surgical recurrence after primary ileocolic resection for Crohn’s disease. Tech Coloproctol 2014; 18:
365-371 [PMID: 23982768]
Iesalnieks I, Kilger A, Glass H, Müller-Wille R, Klebl F, Ott
C, Strauch U, Piso P, Schlitt HJ, Agha A. Intraabdominal
septic complications following bowel resection for Crohn’
s disease: detrimental influence on long-term outcome. Int
J Colorectal Dis 2008; 23: 1167-1174 [PMID: 18690466 DOI:
10.1007/s00384-008-0534-9]
Lowney JK, Dietz DW, Birnbaum EH, Kodner IJ, Mutch
MG, Fleshman JW. Is there any difference in recurrence
rates in laparoscopic ileocolic resection for Crohn’s disease
compared with conventional surgery? A long-term, followup study. Dis Colon Rectum 2006; 49: 58-63 [PMID: 16328612]
Patel SV, Patel SV, Ramagopalan SV, Ott MC. Laparoscopic
surgery for Crohn’s disease: a meta-analysis of perioperative complications and long term outcomes compared with
open surgery. BMC Surg 2013; 13: 14 [PMID: 23705825 DOI:
10.1186/1471-2482-13-14]
Fazio VW, Marchetti F, Church M, Goldblum JR, Lavery C,
Hull TL, Milsom JW, Strong SA, Oakley JR, Secic M. Effect
of resection margins on the recurrence of Crohn’s disease in
the small bowel. A randomized controlled trial. Ann Surg
1996; 224: 563-571; discussion 571-573 [PMID: 8857860]
McLeod RS, Wolff BG, Ross S, Parkes R, McKenzie M. Recurrence of Crohn’s disease after ileocolic resection is not
affected by anastomotic type: results of a multicenter, randomized, controlled trial. Dis Colon Rectum 2009; 52: 919-927
[PMID: 19502857 DOI: 10.1007/DCR.0b013e3181a4fa58]
Simillis C, Purkayastha S, Yamamoto T, Strong SA, Darzi
AW, Tekkis PP. A meta-analysis comparing conventional
end-to-end anastomosis vs. other anastomotic configurations after resection in Crohn’s disease. Dis Colon Rectum
2007; 50: 1674-1687 [PMID: 17682822]

WJG|www.wjgnet.com

63
64

65

66

67

68

69

70

71

72

73
74

75

76

77

14405

Fichera A, Zoccali M, Kono T. Antimesenteric functional endto-end handsewn (Kono-S) anastomosis. J Gastrointest Surg 2012;
16: 1412-1416 [PMID: 22580840 DOI: 10.1007/s11605-012-1905-7]
Hellers G, Cortot A, Jewell D, Leijonmarck CE, Löfberg R,
Malchow H, Nilsson LG, Pallone F, Pena S, Persson T, Prantera
C, Rutgeerts P. Oral budesonide for prevention of postsurgical
recurrence in Crohn’s disease. The IOIBD Budesonide Study
Group. Gastroenterology 1999; 116: 294-300 [PMID: 9922309]
Rutgeerts P, Hiele M, Geboes K, Peeters M, Penninckx F,
Aerts R, Kerremans R. Controlled trial of metronidazole
treatment for prevention of Crohn’s recurrence after ileal resection. Gastroenterology 1995; 108: 1617-1621 [PMID: 7768364]
Messori A, Brignola C, Trallori G, Rampazzo R, Bardazzi G,
Belloli C, d’Albasio G, De Simone G, Martini N. Effectiveness of 5-aminosalicylic acid for maintaining remission in
patients with Crohn’s disease: a meta-analysis. Am J Gastroenterol 1994; 89: 692-698 [PMID: 8172139]
Sutherland LR, Martin F, Bailey RJ, Fedorak RN, Poleski M,
Dallaire C, Rossman R, Saibil F, Lariviere L. A randomized,
placebo-controlled, double-blind trial of mesalamine in the
maintenance of remission of Crohn’s disease. The Canadian
Mesalamine for Remission of Crohn’s Disease Study Group.
Gastroenterology 1997; 112: 1069-1077 [PMID: 9097988]
Brignola C, Cottone M, Pera A, Ardizzone S, Scribano ML,
De Franchis R, D’Arienzo A, D’Albasio G, Pennestri D. Mesalamine in the prevention of endoscopic recurrence after intestinal resection for Crohn’s disease. Italian Cooperative Study
Group. Gastroenterology 1995; 108: 345-349 [PMID: 7835575]
McLeod RS, Wolff BG, Steinhart AH, Carryer PW, O’Rourke
K, Andrews DF, Blair JE, Cangemi JR, Cohen Z, Cullen JB.
Prophylactic mesalamine treatment decreases postoperative
recurrence of Crohn’s disease. Gastroenterology 1995; 109:
404-413 [PMID: 7615189]
Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ,
Kornbluth A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond RH, Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P. Infliximab, azathioprine, or combination therapy
for Crohn’s disease. N Engl J Med 2010; 362: 1383-1395 [PMID:
20393175 DOI: 10.1056/NEJMoa0904492]
Baert F, Moortgat L, Van Assche G, Caenepeel P, Vergauwe P,
De Vos M, Stokkers P, Hommes D, Rutgeerts P, Vermeire S, D’
Haens G. Mucosal healing predicts sustained clinical remission in patients with early-stage Crohn’s disease. Gastroenterology 2010; 138: 463-468; quiz e10-e11 [PMID: 19818785 DOI:
10.1053/j.gastro.2009.09.056]
Cammà C, Giunta M, Rosselli M, Cottone M. Mesalamine
in the maintenance treatment of Crohn’s disease: a metaanalysis adjusted for confounding variables. Gastroenterology 1997; 113: 1465-1473 [PMID: 9352848]
Pearson DC, May GR, Fick GH, Sutherland LR. Azathioprine
and 6-mercaptopurine in Crohn disease. A meta-analysis.
Ann Intern Med 1995; 123: 132-142 [PMID: 7778826]
Ewe K, Press AG, Singe CC, Stufler M, Ueberschaer B,
Hommel G, Meyer zum Büschenfelde KH. Azathioprine
combined with prednisolone or monotherapy with prednisolone in active Crohn‘s disease. Gastroenterology 1993; 105:
367-372 [PMID: 8335191]
Candy S, Wright J, Gerber M, Adams G, Gerig M, Goodman R. A controlled double blind study of azathioprine in
the management of Crohn’s disease. Gut 1995; 37: 674-678
[PMID: 8549944]
Hanauer SB, Korelitz BI, Rutgeerts P, Peppercorn MA, Thisted RA, Cohen RD, Present DH. Postoperative maintenance
of Crohn’s disease remission with 6-mercaptopurine, mesalamine, or placebo: a 2-year trial. Gastroenterology 2004; 127:
723-729 [PMID: 15362027]
D’Haens GR, Vermeire S, Van Assche G, Noman M, Aerden
I, Van Olmen G, Rutgeerts P. Therapy of metronidazole
with azathioprine to prevent postoperative recurrence of
Crohn’s disease: a controlled randomized trial. Gastroenter-

October 21, 2014|Volume 20|Issue 39|

Connelly TM et al . Post ileocolectomy recurrence in Crohn's

78

79

80

81

82

83

ology 2008; 135: 1123-1129 [PMID: 18727929 DOI: 10.1053/
j.gastro.2008.07.010]
Mañosa M, Cabré E, Bernal I, Esteve M, Garcia-Planella E,
Ricart E, Peñalva M, Cortes X, Boix J, Piñol M, Gassull MA,
Domènech E. Addition of metronidazole to azathioprine for
the prevention of postoperative recurrence of Crohn’s disease: a randomized, double-blind, placebo-controlled trial.
Inflamm Bowel Dis 2013; 19: 1889-1895 [PMID: 23689809 DOI:
10.1097/MIB.0b013e31828ef13f]
Alves A, Panis Y, Joly F, Pocard M, Lavergne-Slove A, Bouhnik Y, Valleur P. Could immunosuppressive drugs reduce
recurrence rate after second resection for Crohn disease? Inflamm Bowel Dis 2004; 10: 491-495 [PMID: 15472507]
Domènech E, Mañosa M, Bernal I, Garcia-Planella E, Cabré
E, Piñol M, Lorenzo-Zúñiga V, Boix J, Gassull MA. Impact
of azathioprine on the prevention of postoperative Crohn’
s disease recurrence: results of a prospective, observational,
long-term follow-up study. Inflamm Bowel Dis 2008; 14:
508-513 [PMID: 18183602 DOI: 10.1002/ibd.20359]
Lichtenstein GR, Abreu MT, Cohen R, Tremaine W. American Gastroenterological Association Institute medical position statement on corticosteroids, immunomodulators, and
infliximab in inflammatory bowel disease. Gastroenterology
2006; 130: 935-939 [PMID: 16530531]
Regueiro M, Schraut W, Baidoo L, Kip KE, Sepulveda AR,
Pesci M, Harrison J, Plevy SE. Infliximab prevents Crohn’s
disease recurrence after ileal resection. Gastroenterology 2009;
136: 441-450.e1; quiz 716 [PMID: 19109962 DOI: 10.1053/
j.gastro.2008.10.051]
Savarino E, Bodini G, Dulbecco P, Assandri L, Bruzzone L,
Mazza F, Frigo AC, Fazio V, Marabotto E, Savarino V. Adalimumab is more effective than azathioprine and mesalamine
at preventing postoperative recurrence of Crohn’s disease:
a randomized controlled trial. Am J Gastroenterol 2013; 108:

84

85

86

87

88

89

90

1731-1742 [PMID: 24019080 DOI: 10.1038/ajg.2013.287]
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis 1987;
40: 373-383 [PMID: 3558716]
Yamamoto T, Umegae S, Kitagawa T, Matsumoto K. Mucosal cytokine production during remission after resection for
Crohn’s disease and its relationship to future relapse. Aliment Pharmacol Ther 2004; 19: 671-678 [PMID: 15023169]
Louis E, Belaiche J, van Kemseke C, Franchimont D, de Groote
D, Gueenen V, Mary JY. A high serum concentration of interleukin-6 is predictive of relapse in quiescent Crohn’s disease.
Eur J Gastroenterol Hepatol 1997; 9: 939-944 [PMID: 9391781]
Lamb CA, Mohiuddin MK, Gicquel J, Neely D, Bergin FG,
Hanson JM, Mansfield JC. Faecal calprotectin or lactoferrin can
identify postoperative recurrence in Crohn’s disease. Br J Surg
2009; 96: 663-674 [PMID: 19384912 DOI: 10.1002/bjs.6593]
Lobatón T, López-García A, Rodríguez-Moranta F, Ruiz A,
Rodríguez L, Guardiola J. A new rapid test for fecal calprotectin predicts endoscopic remission and postoperative recurrence in Crohn’s disease. J Crohns Colitis 2013; 7: e641-e651
[PMID: 23810085 DOI: 10.1016/j.crohns.2013.05.005]
Lasson A, Strid H, Ohman L, Isaksson S, Olsson M, Rydström B, Ung KA, Stotzer PO. Fecal calprotectin one year
after ileocaecal resection for Crohn’s disease--a comparison
with findings at ileocolonoscopy. J Crohns Colitis 2014; 8:
789-795 [PMID: 24418661 DOI: 10.1016/j.crohns.2013.12.015]
Domènech E, Zabana Y, Garcia-Planella E, López San Román
A, Nos P, Ginard D, Gordillo J, Martínez-Silva F, Beltrán B,
Mañosa M, Cabré E, Gassull MA. Clinical outcome of newly
diagnosed Crohn’s disease: a comparative, retrospective
study before and after infliximab availability. Aliment Pharmacol Ther 2010; 31: 233-239 [PMID: 19832727 DOI: 10.1111/
j.1365-2036.2009.04170.x]
P- Reviewer: Miki K, Takumi K
S- Editor: Qi Y L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

14406

October 21, 2014|Volume 20|Issue 39|

World J Gastroenterol 2014 October 21; 20(39): 14407-14419
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i39.14407

© 2014 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Bloating and functional gastro-intestinal disorders: where
are we and where are we going?
Paola Iovino, Cristina Bucci, Fabrizio Tremolaterra, Antonella Santonicola, Giuseppe Chiarioni
Paola Iovino, Cristina Bucci, Antonella Santonicola, Gastrointestinal Unit, Department of Medicine and Surgery, University of Salerno, 84081 Baronissi, salerno, Italy
Fabrizio Tremolaterra, IRCCS, Centro di riferimento Oncologico di Basilicata, Rionero in Vulture, 85100 Potenza, Italy
Giuseppe Chiarioni, Division of Gastroenterology of the University of Verona, Azienda Ospedaliera Universitaria Integrata
di Verona, 37100 Verona, Italy
Giuseppe Chiarioni, Division of Gastroenterology and Hepatology and Center for functional GI and Motility Disorders,
University of North Carolina at Chapel Hill, Chapel Hill, NC
27599, United States
Author contributions: Iovino P contributed to conception and
design of the study, analysis and interpretation of data, revising of the article critically for important intellectual content
and final approval of the version to be published; Bucci C
contributed to conception and design of the study, analysis and
interpretation of data, drafting of the article and final approval
of the version to be published; Tremolaterra F and Santonicola
A contributed to acquisition of interpretation, drafting of the
article and final approval of the version to be published; Chiarioni g contributed to conception and study design, revising of
the article critically for important intellectual content and final
approval of the version to be published.
Correspondence to: Paola Iovino, MD, Gastrointestinal Unit,
Department of Medicine and Surgery, University of Salerno, Via
S Allende, 84081 Baronissi-salerno, Italy. piovino@unisa.it
Telephone: +39-89-965030 Fax: +39-89-672452
Received: February 13, 2014 Revised: April 7, 2014
Accepted: June 13, 2014
Published online: October 21, 2014

associated with functional gastrointestinal disorders,
like irritable bowel syndrome, but when bloating is not
part of another functional bowel or gastrointestinal disorder it is included as an independent entity in Rome
Ⅲ criteria named functional bloating. In terms of diagnosis, major difficulties are due to the lack of measurable parameters to assess and grade this symptom. In
addition, it is still unclear to what extent the individual
patient complaint of subjective bloating correlates with
the objective evidence of abdominal distension. In
fact, despite its clinical, social and economic relevance,
bloating lacks a clear pathophysiology explanation,
and an effective management endorsement, turning
this common symptom into a true challenge for both
patients and clinicians. Different theories on bloating etiology call into questions an increased luminal
contents (gas, stools, liquid or fat) and/or an impaired
abdominal empting and/or an altered intra-abdominal
volume displacement (abdomino-phrenic theory) and/
or an increased perception of intestinal stimuli with a
subsequent use of empirical treatments (diet modifications, antibiotics and/or probiotics, prokinetic drugs,
antispasmodics, gas reducing agents and tricyclic antidepressants). In this review, our aim was to review
the latest knowledge on bloating physiopathology and
therapeutic options trying to shed lights on those processes where a clinician could intervene to modify disease course.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Bloating is one of the most common and bothersome
symptoms complained by a large proportion of patients. This symptom has been described with various
definitions, such as sensation of a distended abdomen or an abdominal tension or even excessive gas in
the abdomen, although bloating should probably be
defined as the feeling (e.g. a subjective sensation) of
increased pressure within the abdomen. It is usually
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Core tip: Bloating is one of the most common and bothersome symptoms complained by a large proportion of
patients, mostly with functional gastrointestinal disorders, but when bloating is not part of another functional bowel or gastrointestinal disorder it is included as
an independent entity in Rome Ⅲ criteria named functional bloating. Despite its clinical, social and economic
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relevance, bloating lacks a clear pathophysiology explanation and an effective management endorsement.
Moreover, it is unclear to what extent subjective complaint of bloating correlates with the objective evidence
of abdominal distension. The aim of this paper is to
review the latest knowledge on bloating and to explore
future research directions to improve its management.
Iovino P, Bucci C, Tremolaterra F, Santonicola A, Chiarioni
G. Bloating and functional gastro-intestinal disorders: where
are we and where are we going? World J Gastroenterol 2014;
20(39): 14407-14419 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14407.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14407

Background
There is no consensus concerning the definition of bloating which is a term very ambiguous both in English and
in other languages. Patients refer bloating when they feel
a full and tight abdomen, or a sensation of a swollen/
distended abdomen, or an abdominal pressure or wall
tension, or even the sensation of excessive gas in the abdomen. Furthermore, other complains such as burping
and belching which reflect the expulsion of excess gas
from the stomach, nausea, crampy, gurgling, or rumbling
stomach; or needing to go to the bathroom are misleading with bloating from patient’s perspective. The definition of bloating should probably be regarded as meaning
that there is a feeling (subjective sensation) of increased
pressure within the abdomen, whereas abdominal distension should be reserved to an actual (objective) increase
in diameter of the abdominal area. While often considered closely related, bloating is not always accompanied
by visible distention[1,2]. However, irrespective of whether
bloating is or is not accompanied by distension, patients
usually refer to it as bloating and currently even clinicians
tend to use the term bloating to cover both features.
Bloating is also reported in organic diseases such as
enteropathogenic infections, malabsorptive conditions,
acute or subacute bowel ischemia, and even neoplastic diseases. Bloating has been shown to be even useful for the
early diagnosis of ovarian cancer and falls into a specific
ovarian cancer symptoms index to its earlier detection,
while it remains an unspecific signal for gastro-intestinal
tumors[1-4].
Bloating is one of the most common and bothersome
complaints in a large proportion of patients with various
functional gastro-intestinal disorders (FGIDs), namely:
functional dyspepsia (FD)[5,6], irritable bowel syndrome
(IBS)[5-7], and functional constipation[5,6,8]. Up to 80% of
patients with constipation complain of bloating and abdominal distension[9,10]. However, bloating in the absence
of visible distension is frequently reported by patients
with diarrhea[11]. Bloating is one of the principal symptoms of postprandial distress syndrome, one of the two
subgroups of FD, where it is often located in the upper
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abdomen and precipitated by meals[6,12].
When bloating is not part of another functional bowel or gastroduodenal disorder, functional bloating is also
included as an independent entity in Rome Ⅲ criteria[13].
In details, its diagnostic criteria include recurrent feeling
of bloating or visible distension at least 3 d a month in
the last 3 mo with symptom onset at least 6 mo prior to
diagnosis[13]. The name has been changed from functional
abdominal bloating in Rome Ⅰ and Ⅱ criteria to functional bloating in Rome Ⅲ criteria[13].
Epidemiologically, one in six to one in five healthy
individual reported bloating in population based studies
both in western[14,15] and east countries[16]. This prevalence
dramatically increases, being reported by up to 96% in
IBS patients[7]. Also, the majority of those patients (60%)
rate bloating as their most bothersome symptom, scoring
worse than abdominal pain[17].
Finally, there is some evidence documenting the association between bloating and quality of life[18]. However,
only abdominal pain and diarrhea, but not bloating and
other IBS related symptoms, were independently associated with reduced quality of life[19,20].
Typically, the symptom is variably reported over the
months and fluctuates in intensity over daytime, particularly in the postprandial period, being worse at the end
of the day and improving at night-time[11,21]. Changes in
abdominal girth are greater in patients with IBS, and these
patients are more likely to be symptomatic[22]. The severity
of bloating may, therefore, vary from very mild to severe
and uncomfortable[15]. In addition, most of the patients
report typical symptom exacerbation after eating, no matter the size of the meal assumed[22,23]. High-fiber food
and supplements, fatty meals and dairy products are frequently reported as offending[24,25]. Bloating symptoms are
described more frequently by women[11,26,27] with a female
to male ratio of 2:1[26,27], but this may be due to divergent
health-seeking behaviors[28].
Despite its clinical, social and economic relevance[29],
the pathophysiology of bloating and abdominal distension is complicated and incompletely understood, and no
treatment is reported as universally effective. However,
with the increasing knowledge of these disorders due to
more objective ways of assessing it in combination with
the availability of several new therapies over the past
decade[30], we aim to review the latest knowledge on patophysiological mechanisms of bloating, and to explore
present and future research directions aimed on improving its management.
We reviewed the literature of mechanisms and treatment interventions for abdominal bloating based on
a PubMed search on the following terms; “abdominal
bloating,” “intestinal gas and IBS,” “distension and IBS”
and “FGID.”

Pathophysiology
Bloating, like many other abdominal symptoms, is probably a heterogeneous condition produced by a combination of pathophysiological mechanisms that differ
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Figure 1 Possible underlining mechanism behind bloating.

among individuals.
Different theories on bloating/abdominal distension
etiology have been postulated (Figure 1), incriminating
time after time as (1) increased luminal contents (gas,
stools, liquid or fat); (2) impaired abdominal empting (e.g.,
defective propulsion, obstructed evacuation); (3) altered
intra-abdominal volume displacement (abdomino-phrenic theory); and/or (4) increased perception of intestinal
stimuli (sensory dysfunction or psychological factors).
Increased luminal contents
Gas: It can be speculated that bloating and, even more,
abdominal distension depend on an increase in intraabdominal contents. Since years considering the rapidly
changing and fluctuating trend of such symptoms, gas
has been always considered the element most heavily implicated in explaining them.
The homeostasis of intestinal gas depends on the balance between its formation and elimination. Briefly, gas
input results at different level in the human being. For
example, it results from swallowed air, chemical reactions
(specifically, neutralization of acids and alkali in the upper gut), and diffusion from bloodstream. In the lower
part of the GI tract it occurs primarily due to bacterial
fermentation. Gas output is achieved by belching, absorption into the blood, bacterial consumption, and anal
evacuation (Figure 2)[31].
An excessive introduction of gas, for example, occurs
in aerophagia, a functional disorder in which patients
swallow air so frequently and in such large quantities to
result in symptoms of abdominal distention and bloating[32]. Increased air swallowing, however, is either not or
rarely observed in IBS patients[33]. Although not covered
in this review, eating disorders may also be associated
with symptoms of gas and bloating[34].
Moreover, it has been shown that some food compo-
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nents in the normal diet, such as resistant starch, oligosaccharides and plant fibres, are incompletely absorbed
in the small bowel and enter the colon[35] with subsequent fermentation, and secondary bacterial overgrowth
with abnormal fermentation of foodstuffs within the
small bowel or hyperactive colonic microflora. Some
studies suggest that the absorption capacity of certain
substrates (e.g., fructose) in the small bowel is reduced in
IBS patients[35-37]. However, studies evaluating the benefit
of exclusion diets on bloating have given contradictory
results[38,39].
A potential small bowel bacterial overgrowth etiology
has been suggested by some studies reporting increased
positivity of the lactulose breath test in IBS[40]. However,
the relevance of these data has been questioned for both
the low reliability of the test, the weak clinical response
to antibiotic therapy and the low placebo effect compared to other IBS studies[41]. However, there is general
agreement that at least in a proportion of patients with
IBS and bloating[42-44] an increased bacterial fermentation
can contribute to the symptoms[45].
The net effect of colonic microflora on gas metabolism depends on the balance between gas-producing and
gas-consuming microorganisms, which varies considerably among individuals[46].
For the most part, the colon hosts bacteria that produce hydrogen and carbon dioxide mainly from the fermentation of carbohydrates[47,48]. There is then, other
pools of colonic microorganisms, for example sulfatereducing bacteria, that consume a large proportion of
the gases produced by fermentation and, release small
amounts of odoriferous sulfur-containing gas. About
30% of the population is also home to methane-producing bacteria that consume large quantities of hydrogen
and release methane[48-52]. Relevant factors contributing
to the intraluminal gas homeostasis are: (1) the consume
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Figure 2 Gas physiology in the gastrointestinal tract. Gas input is determined by swallowing, chemical reactions (bacterial fermentation, food digestion)
and diffusion from blood stream. Output is achieved by belching, absorption into
the blood, bacterial consumption and anal evacuation. Adapted from[31].

of gases (in particular hydrogen) by the bacteria strains;
(2) the diffusibility of single gases (greater for oxygen
and the carbon dioxide, medium for hydrogen, low for
nitrogen); and (3) the gas partial pressure and the time
of exposure to the diffusion surface which is influenced
by intestinal transit speed[53,54]. Everything accounts for
the gaseous composition of flatus and is the basis for
the hydrogen and methane breath tests.
However, evaluation of intestinal gas production by
breath tests has yielded inconclusive results. In one study
breath hydrogen concentration was found to be similar
in both IBS patients and healthy controls[55]. In contrast,
another study measuring total excretion (breath plus
anal) by indirect calorimetry showed that IBS patients
excreted more hydrogen than healthy subjects when on
a standard diet, suggesting an hyperactive gas-producing
colonic microflora as potential etiology[45].
However, the stated increase in the production of
intestinal gas should lead to an increase in flatulence but
not necessarily of bloating, in fact several studies show
that most of the normal subjects are able to excrete large
amounts of gas without complain of symptoms [24,56].
Therefore, additional etiology factors are to be speculated
in the genesis of bloating.
In their early studies with the washout technique
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Lasser et al[57] showed that the amount (and composition)
of intestinal gas in IBS patients, in fasting condition, was
similar to that of healthy subjects, about 100-300 ml. In
these studies, gas was measured by infusing argon into
the intestine at a relatively high flow rate (40 mL/min)
and recovering rectal gas. The Barcelona group more
than twenty years later, using a gas challenge test figure
3), came to the same conclusion[58]. In contrast studies
conducted using plain abdominal radiographs concluded
that intra-abdominal gas content was larger in IBS patients than in healthy subjects[59,60]. However, the differences in the amount of gas between the two groups,
reported by these studies, appears to be relatively low in
absolute volume and in addition these increases did not
correlate with the symptoms reported. In fact, a computed tomography study of intestinal gas could not detect significant differences between controls and patients
with significant daytime abdominal girth increments and
bloating[21].
These data suggest that clinical bloating may not be
simply the result of too much intestinal gas, but abnormal gas handling and distribution within the gut might
play a relevant role as well.
Stools: Bloating is a frequent complains in constipated
patients[22]. Retained feces in the rectum causes delayed
small intestinal as well as colonic transit, probably explaining the aggravated bloating in constipated patients[61]. It
has been previously suggested that anorectal dysfunction
underlying functional constipation may be an important
contributory factor to the development of bloating and
abdominal distension[62].
We found that in healthy men who underwent experimentally-controlled 35-d of bed rest, at the end of
the study, 60% had new onset of functional constipation
fulfilling Rome Ⅲ criteria, moreover, there was a significant increase in flatulence and a significant correlation
between the change in flatulence and the change in number of evacuations that significantly decreased[63]. It is
possible that during bed rest due to an ineffective evacua-
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tion of stools, a larger amount of faeces were retained in
the rectum, then causing rectal distension and explaining
the decreased bowel frequency and the increase in desire
of defecate along the experimental period. It is common
knowledge that also normal subjects when provided with
a sensation of stooling may show a dyssynergic pattern
of defecation, particularly when tested in left lateral position[64]. Since in healthy subjects experimentally-induced
rectal distension accelerates gas evacuation and prevents
gas retention[65], we hypothesized this mechanism underlying the demonstrated increase in flatulence. In fact,
intestinal gas handling is a dynamic and efficient process
that allows the normal gut to accommodate and evacuate
large gas loads without inducing symptoms[65].
Although the relationship between bloating/abdominal distension and constipation can be intuitive, contrasting data have been published showing that also IBS-D
patients claim for bloating. In 2006, Houghton et al[22]
showed that in IBS patients there is a real increase in abdominal circumference (up to 12 cm in IBS) compared
to healthy subjects. However, a direct correlation among
bloating, abdominal distension and girth increase was evident in IBS-constipation patient only. In this study, the
relationship of distension to subjective bloating showed
a good correlation in constipation-predominant patients
but not in diarrhea-predominant IBS [66]. Conflicting
results were evidenced by Chang et al[11] who correlated
IBS patterns with bloating and objective abdominal distension showing that patients complaining bloating plus
abdominal distension were more frequently constipated
(IBS-C), while those complaining of simple bloating
were more frequently diarrhea-predominant (IBS-D).
These data has been subsequently confirmed by Jiang
et al[14] who reported that IBS-C patients, compared to
controls, experienced more frequently abdominal distension (14-fold more likely) than IBS-D who report more
frequently bloating alone. In the attempt to explain possible underlining mechanisms, Authors again implicate
an impaired colonic transit with subsequent bacterial
overgrowth, fermentation and increased abdominal girth
distension, even if definitive data are still lacking.
Liquids: Once eaten, food is diluted in a large amount
of gastric secretion in order to suspend and disperse solid
parts and facilitate digestion and absorption mechanisms.
Typically, bloating patients do not claim for symptoms
when fasten, but shortly after a meal. Thus one can speculate that the liquid, proximal, small bowel stimulation can
be responsible for symptoms in bloating patients. Moreover, it has been shown that in bloating patients a liquid
infusion of lipids is associated with slow gut propulsive
motility significantly more than in healthy individuals[67].
This stimulus seems to begin in the proximal small bowel
for an impaired motor jejunum response, while distal ileum and colon are not affected by any change in motor
patters. Moreover jejunal gas infusion, but not distal infusions, was able to induce abdominal symptoms[68].
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Fat: An excessive weight is known to be correlated with
some clinical manifestations of functional GI disorders,
such as dyspepsia, however, the relationship between
bloating and BMI is contradictory. Two clinical studies demonstrated that a BMI ≥ 30 positively correlates
with bloating symptoms[69,70], while a recent meta-analysis
showed that there was no relationship between bloating
and increasing BMI[71].
Two interesting studies showed the possible association between weight gain and bloating. In 1994, Sullivan
et al[72] indicated that about 40% of bloating complainers
gained weight concurrently to the onset of symptoms
and, in 2001, Chang et al[11] found that 24% of patients
believed that their bloating symptoms began when weight
started to increase. In our experience massive obese patients on a waiting list prior to bariatric surgery do not
have a significant increase in intensity-frequency scores
of bloating and flatulence compared to controls[34]. Thus
one can speculate that the recent fat accumulation in the
abdomen, not massive obesity as chronic condition may
favor the development or awareness of bloating as a
symptom.
Impaired abdominal empting
Even if intestinal motility since long is recognized as one
of the key features in functional bowel disorders pathophysiology[73], its central role can be questioned when it
comes to bloating generation using conventional techniques[74]. A recent study has also suggested that altered
colon transit correlates poorly or not at all with IBS symptoms such as bloating, flatulence or pain[75]. On the other
hand the Barcelona group has undertaken a series of elegant studies on intestinal gas transit and tolerance, which
have helped our understanding of how gas might cause
symptoms in IBS.
They have suggested that while gas volumes may be
normal in patients with bloating, they have an impaired
intestinal handling of gas loads[57,67,76,77]. This may be of
particular relevance since a sensory-motor gut abnormality
might represent the pathophysiological basis of bloating.
Lasser et al[57] evidenced that in a number of patients
complaining of bloating the gas infused into the small
bowel provokes both the flow back into the stomach of
the gas and symptoms such as excessive gas, abdominal
pain, and bloating. Over twenty years later, it has been
shown that patients with IBS and functional bloating had
impaired transit and tolerance of intestinal gas[67,76,77]. For
example, they retained gas and complaining about their
usual symptoms in response to infusion of gas, which was
well tolerated by the majority of healthy subjects. Interestingly abdominal distension correlated with the volume of
gas retained in their gut.
In healthy volunteers two important mechanisms have
been demonstrated to give a possible explanation of the
mechanisms of gas retention increased resistance to gas
flow and impaired intestinal propulsion[77]. In particular,
subjective abdominal complaints were much higher when

14411

October 21, 2014|Volume 20|Issue 39|

Iovino P et al . Bloating and functional gastro-intestinal disorders

it were produced by increased resistance to flow than
when gas retention was induced by inhibition of propulsion produced by glucagon-induced motor inhibition.
Therefore, if abdominal distention depends largely on
the volume of gas retained independently of the mechanism (i.e., high-resistance barrier obstructing flow or an
impaired propulsion), symptom perception depends on
the mechanism of retention: at the same volumes, flow
obstruction produces more symptoms than impaired propulsion. Conceivably, small gas bubbles, pushed against
high-resistance barriers (maybe simultaneously at different points of the intestine), may increase intestinal wall
tension and produce symptoms also by means of a spatial summation phenomena[58]. Hence a disorder involving the pelvic floor (defecation disorder) or the voluntary
inhibition of anal flatus, might contribute to gas retention
and symptoms.
The origin of such bowel motor alterations would
be an abnormal reflex control. The transit of gas seems
to happen secondary to tonic motor activity and unrelated to phasic activity[65,74,78], finely regulated by gastrointestinal and intestine-intestinal reflexes[65,67,78-81]. Gas
transit seems also being influenced by posture and physical activity[82-85], suggesting possible somato-visceral reflexes[80,81,86].
In healthy subjects it was shown that jejunal gas infusion produced, on similar gas volume retained and
abdominal distension, more symptoms than rectal infusion[87]. These results indicate that the symptoms are influenced by the segment in which the gas is trapped.
Moreover, studies performed with a scintigraphic technique, using Xenon 133, have shown that in patients
with bloating there is a impaired small-intestinal propulsion of gases[88], (interestingly the proximal small bowel
is the site where are normally produced large amounts
of carbon dioxide). More recently this alteration in gas
handling was detected in the proximal colon[86,89] that
is the first physiological site of colonic gas production.
While alterations of the aforementioned intestine-intestinal reflexes could explain the small intestinal impaired
gas transit[68,88], the proximal colon gas retention could
be due to a proximal-to-distal uncoupling: low colon
proximal tone, increased resistance to flow through the
distal colon or both[77]. However, the clinical correlation
remains unclear.
Altered intra-abdominal volume displacement
abdomino-phrenic theory: One of the hypotheses for
abdominal distension is that if the distension is not related
to increased luminal contents, but to gas displacement.
In other words, the overall volume is still the same, but is
shifted from its original position.
The abdomen is limited by the vertebral column, which
determines the configuration of the posterior abdominal
wall, the diaphragm, and the anterolateral muscles. Furthermore, it is intuitive that abdominal wall mechanics and
postural activity are different in supine position compared
when the trunk is erect.
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It has been showed firstly that in healthy individuals,
the increase of intra-abdominal volume, using colonic gas
infusion, causes girth enlargement and activates muscular
contractions of the anterior abdominal wall and that the
same phenomena is impaired in bloating patients that
showed an altered pattern of abdominal contractions and
an exaggerate girth increase caused by abdominal-wall
dystony[90].
Subsequently, the same group tested in a series of
elegant electromyographic (EMG) studies, the hypothesis of an impaired abdomino-phrenic coordination or
abdomino-phrenic dyssynergia.
Using colonic gas infusions and EMG of the diaphragm and of the anterior wall, they found that in
healthy individuals, studied in the in upright position, gas
infusion causes a contraction of the muscles in the anterior abdominal wall (all except the internal oblique muscles
already contracted as it exerts anti-gravitational activity)[90]
and an adaptative relaxation of the diaphragm[91] leading
to a volumetric increase of the abdominal cavity by an
upper expansion and redistribution of intra-abdominal
contents to accommodate the extra volume load preventing an exaggerated girth increments. These changes were
observed also during more physiological conditions such
as meal ingestion[92]. In supine position, these responses
to volume load express a similar posture-dependent coordination: the diaphragm in this case contracts to exert anti-gravitational activity while the anterior abdominal wall
remains inactive. Conversely, in functional patients, by
the same experimental model, was shown a paradoxical
relaxation of the anterior wall (inhibition of the internal
oblique without a significant contraction of the rest of
the anterior wall muscles)[90]. Moreover, by using a simultaneous abdominal CT scans observations in supine position, a marked and significant diaphragmatic drop was
evidenced which correlated with the degree of anterior
wall distension[93]. In particular, functional patients exhibit
a paradoxical contraction of the diaphragm (change in
EMG activity) that in combination with relaxation of the
anterior wall muscles determined an altered redistribution
of luminal content (figure 4). It was further proven a
contribution of the thorax to abdominal accommodation
during gas load with a simultaneous intercostals muscles
contraction coordinated with diaphragmatic relaxation and
cephalad displacement, to increase thoracic perimeter[94].
These abnormal responses to gas load in patients, may be
triggered by uncomfortable abdominal sensation[95,96]. So,
even modest gas retention, alone or in conjunction with
other factors such as meals, stress, etc., may induce symptoms and visible abdominal distension[8].
Increased perception of intestinal stimuli
Sensory dysfunction: As previously reported, patients
with dyspepsia perceived and tolerated smaller meal volumes than healthy subjects[97,98]. Perception of intragastric content depends on stimulation of tension receptors
in the gastric wall[99].
The difference between patients and healthy subjects
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though this association was not confirmed by others[106].
Neri et al[107] rated abdominal bloating as one of the
six useful symptoms on discriminating functional bowel
disorders. More recently, Jiang et al[14] reported higher
Somatic Symptom Checklist (a measure of somatization) scores in patients with bloating and distension,
suggesting that the process of somatization could play
a role. Further studies applying standardized psychiatric
questionnaires and the Diagnostic and Statistical Manual
of Mental Disorders criteria are needed to clarify the
possible association between psychological factors and
bloating.

Abnormal viscerosomatic reflexes abdomino-phrenic discoordination
in patient with bloating and abdominal distension

Paradoxical
contraction of
the diaphragm
Paradoxical
relaxation
of anterior
abdominal wall

Treatment

Figure 4 Altered intra-abdominal volume displacement as possible explanation of bloating. Bloating patients show an impaired abdomino-phrenic
coordination with a paradoxical contraction of the diaphragm coupled with a
relaxation of the abdominal wall leading to a modification in abdominal girth.
Adapted from[129].

is more pronounced in the postprandial period because
the presence of nutrients increases visceral sensitivity
in healthy subjects[100], but this effect is exaggerated in
patients with dyspepsia[101]. Although during rectal distension not all IBS patients show visceral hypersensitivity, the
presence of an altered visceral sensitivity is considered
greatly important in the pathogenesis of IBS[10]. The gas
challenge test proved a role of sensory disturbances in IBS
patients, and recent clinical experiment has demonstrated
that bloating without visible distension is associated with
visceral hypersensitivity[8]. Moreover, IBS patients with
bloating pay more attention to their abdominal symptoms, which is a kind of hyper-vigilance[102]. Therefore, altered sensory threshold combined with altered conscious
perception may explain the mechanism of bloating.
Moreover, a role for hormones has been hypothesized
based on female predominance in IBS. Although healthy
women may report changes in bowel function at the time
of menstruation, this effect is far more pronounced in
women with IBS with approximately 40%-75% claiming that bowel habit and bloating are exacerbated perimenstrually[11,72,103]. This suggests that bloating may be
strongly influenced by hormonal status to modify visceral
sensitivity. However, whether estrogens have pronociceptive or antinociceptive properties is still a controversial
issue[104].
Psycological factors: The role of psychological factors in the etiology induction pathogenesis of bloating
is still controversial. Some authors reported a strong link
between symptoms of mental stress such as depression,
sleeping difficulties, problems of coping and abdominal
complaints, including bloating, in IBS patients[105], al-
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As a consequence of unclear pathophysiological mechanisms underlining bloating, the management remains
mostly empiric. Currently, the primary therapeutic aim
is limited on reducing gas production or accelerating
colonic transit, but there is a lack of concrete scientific
basis. Also, there are few trails assessing relief of bloating as primary end point, thus therapeutic options derive
from data extrapolated from IBS studies with a consequent limited reliability.
A change in diet habits is commonly considered as
first line therapy. Most of the primary care patients have
already tested the efficacy of different exclusion diet before consulting a gastroenterologist. Among exclusion diets, recent evidences suggest a strong role of FODMAPs
(fermentable oligosaccharides, disaccharides, monosaccharides, and polyols) in the genesis of IBS symptoms.
Halmos et al[108] tested the effects of a low FODMAPs
diet in a randomized, controlled, single-blind, cross-over
trial of patients with IBS showing a reduction of overall
IBS symptoms, including bloating, pain and passage of
gas[39].
Evidences of a role of physical activity on bloating
symptoms were studied by the Barcelona group. They
showed that mild physical activity and upright position accelerate gas transit and reduce bloating and abdominal
distension[87]. Theoretically, a change in hydrostatic forces
distribution and increased intra-abdominal pressure during upright position or a propulsive gut motor response
induced by exercise, promote gas transit. Non-pharmacological agents showed inconstant results. We speculated
that mechanical compression of the abdominal wall could
exert a passive effect on gas displacement and stimulate
a propulsive gut motor response, making the gas evacuation easier and the symptoms to reduce. On the contrary,
our data demonstrated that a mechanical massage of the
abdominal wall does not modify colonic gas evacuation,
perception and abdominal distension[86].
An interesting hypothesis is the possibility to correct
the abnormal abdominal-phrenic coordination, which,
as mentioned above, is one of the theories involved in
the abdominal bloating genesis. Preliminary data show
the effectiveness of a new treatments based on correction of inappropriate diaphragm contraction with bio-
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Table 1 Summary of randomised clinical trials specifically assessing bloating reliefs
Agent
Probiotics

Symbiotics
Antibiotics

Prokinetics

Antispasmodic

Antidepressant

Main outcome on bloating symptom

Rome
criteria

Bifidobacterium bifidum MIMBb75: Improving
bloating/distension[136]
Lactobacillus plantarum 299v: improvement[137]
Multispecies: improvement[138]
Symbiotic mixture: no benefits[115,116]
Rifaximin: reduction in bloating-specific
scores[110]
Rifaximin: improvement (39.5% vs 28.7%)[112]
Tegaserod: improvement[120]
Tegaserod: improvement[139-141]
Tegaserod: no differences vs placebo[142]
Prucalopride: improvement[126]
Otilonium bromide improvement[143]
Mebeverine vs Otilonium bromide: improvement significantly achieved by both treatments[144]
Paroxetine: no difference vs placebo[145]
Citalopram: improvement[146]
Fluoxetine: improvement[147]

Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅱ
Ⅰ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

Ⅰ
Ⅱ
Ⅱ

feedback techniques to prevent anterior protrusion of
the abdominal wall and so manage bloating[109].
A second widely used approach to treat bloating is
the use of antibiotics and/or probiotics. The rationale
underling this drug is that an intestinal dysbiosis could
increase gas production. In 2006, Sharara et al[110] demonstrated that a 10 d course of rifaximin is effective in
reducing bloating symptoms without significant adverse
events. Also, another interesting double blind, randomized, placebo-controlled trial, showed that patients with
IBS (based on Rome Ⅰ criteria) treated with rifaximin
reported a significant improvement in bloating and IBS
symptoms compared to patients who received placebo (p
= 0.010)[111].
The same group in 2011 analyzing data from 2 large,
double-blind, placebo-controlled studies for a total of
1260 non-constipated IBS patients (TARGET 1 and 2)
found that, compared to placebo, patients in the rifaximin group were more likely to have adequate relief of
bloating (p < 0.001)[112].
Regarding the use of probiotics, conflicting results
were published in the last years. Most of the studies were
limited for relevant methodological limitations, such as
the use of different probiotic bacteria in each study and,
the use of heterogeneous and not clearly defined study
population. An interesting study in 2003 showed that in
Rome Ⅱ IBS-D patients, VSL#3 reduced post-treatment
abdominal bloating (p = 0.046) and the same Authors in
the subsequent trial in patients with IBS and significant
abdominal bloating demonstrated that VSL#3 reduces
specifically flatulence[113]. A recent trial of Lactobacillus
acidophilus and Bifidobacterium lactis in patients with IBS
found an improvement in bloating severity during an
8-wk trial period[114].
Conversely, our group found that a in IBS patients
(Rome Ⅲ criteria) a symbiotic mixture (Probinul, 5 g bid)
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for 4 wk was effective in decreasing the severity of flatulence in IBS patients, but failed to achieve an improvement in global satisfactory relief of flatulence and bloating[115] although maintenance for further 6 mo still showed
a benefits on flatulence[116].
A recent metanalysis, among different items, specifically addressed the use of probiotics in bloating patients
(Table 1). After including all published trials in which
probiotics were tested to asses bloating or distension relief as primary or secondary endpoints in IBS or non IBS
patients, conclusion was that speciﬁc probiotics can lead
to bloating relief in some patients with IBS[117].
Experimental data in healthy controls showed that
glucagon, a potent muscle relaxant, reduced abdominal
symptoms but gas retention and objective abdominal
distension were unaffected[77]. Domperidone has been
shown to be ineffective in IBS symptoms[118] whereas
the administration of neostigmine, a prokinetic drug,
produced gas clearance and improvement of both abdominal symptoms and objective distension[119]. Likewise
the 5-HT4 receptor agonist tegaserod has demonstrated
potent prokinetic effects on small intestinal and colonic
transit in IBS patients with constipation, also reducing
the symptoms of bloating[120]. Ischemic cardiac effects
have been reported with tegaserod used in a patient
population at potentially high risk of cardiovascular
complications[121-123]. For these reasons, its use in clinical
practice is very limited. Prucalopride is a highly selective
5-HT4 receptor agonist with strong enterokinetic activity[124,125] and requires lower dose for this therapeutic effect[119] making this drug potentially suitable for bloating
patients[126]. Itopride, a dopamine receptors antagonist
and acetylcholinesterase inhibitor, has shown conflicting
results in patients with functional dyspepsia[127,128].
Other commonly used drugs to relieve bloating and
more general IBS symptoms are antispasmodics (including peppermint oil), gas reducing agents such as simethicone and tricyclic antidepressants (TCAs).
Antispasmodics, such as mebeverine, otilonium, and
trimebutine, act decreasing the tone and contractility of
intestinal smooth muscle by an antimuscarinic effect.
Those drugs are widely prescribed and whereas scientific
evidence on relieving IBS symptom exists[129], efficacy
on bloating is under discussion[130]. In a meta-analysis of
therapeutic options in IBS, Ford et al[131] reviewed clinical
trials on peppermint oil in IBS patients. Authors’ conclusions were that it was superior to placebo, although
with a statistically significant heterogeneity among those
studies (4 in total). In 2013, Khanna et al[132], reviewing
published data on this drug, concluded that peppermint
oil is significantly superior to placebo in controlling both
IBS symptoms and abdominal pain with some minor
and brief adverse events (manly heartburn).
As regard to gas adsorbing agents, the first licensed
for bloating symptoms was metylpolysiloxane or syloxone then substituted by simethicone[133]. A combination
of simethicone plus activated charcoal and magnesium
oxide was tested against placebo in a double blind, ran-
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domized, multicenter trial in patients with FD meeting
the Rome Ⅲ criteria[134]. This study showed a reductions
in the intensity of post-prandial fullness, epigastric pain,
epigastric burning and bloating in the active treatment
arm compared to placebo[134].
Low dose of antidepressants are effective treatment
for IBS. The rationale behind the use of these drugs is
that at low dosage they act, through an anticholinergic effect, similarly to spasmolytics agents. A recent systematic
review and meta-analysis of 12 randomized controlled
trials showed that TCAs are effective in the treatment of
IBS while there is less high-quality evidence for psychological therapies in IBS[135].
In conclusion, advances in the understanding of functional bloating have accelerated in the past decade owing
to increased attention placed on the definition and diagnostic criteria, and inroads into the understanding of the
underlying pathophysiology. Other studies that may also
add significant breakthroughs in therapy are welcomed.
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Abstract
AIM: To examine whether commensal bacteria are a
contributing cause of stress-related mucosal inflammation.
METHODS: Human peripheral blood monocyte-derived
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dendritic cells (MoDCs) were stimulated by commensal
bacterial strains, including Escherichia coli , Clostridium
clostridioforme , Bacteroides vulgatus (B. vulgatus ),
Fusobacterium varium (F. varium ), and Lactobacillus
delbrueckii subsp. bulgaricus . After incubation, corticotropin-releasing factor (CRF) and urocortin 1 (UCN1)
mRNA in the cells was examined by real-time reverse
transcription polymerase chain reaction. Supernatants
from the cells were tested for CRF and UCN1 using an
enzyme-linked immunosorbent assay.
RESULTS: Both CRF and UCN1 were significantly augmented by B. vulgatus and F. varium at both the mRNA
and protein levels. In particular, B. vulgatus stimulated
human MoDCs, resulting in extremely high levels of
CRF and UCN1.
CONCLUSION: Stimulation of MoDCs by B. vulgatus
and F. varium may be associated with CRF/UCN1-related
intestinal disorders, such as irritable bowel syndrome
and inflammatory bowel disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Commensal bacteria; Corticotropin-releasing
factor; Dendritic cell; Irritable bowel syndrome; Inflammatory bowel disease; Urocortin
Core tip: Corticotropin-releasing factor (CRF) and urocortin 1 (UCN1) play critical roles in many stress-related
intestinal disorders, such as irritable bowel syndrome
and inflammatory bowel disease. However, little is
known about the pathophysiology of these diseases. To
examine whether commensal bacteria are a contributing cause of stress-related mucosal inflammation, human peripheral blood monocyte-derived dendritic cells
were stimulated by commensal bacterial strains. Both
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CRF and UCN1 were significantly augmented by Bacteroides vulgatus (B. vulgatus ) and Fusobacterium varium
(F. varium ) at both the mRNA and protein levels. Thus, B.
vulgatus and F. varium may be associated with stressrelated intestinal disorders.

Koido S, Ohkusa T, Kan S, Takakura K, Saito K, Komita H,
Ito Z, Kobayashi H, Takami S, Uchiyama K, Arakawa H, Ito
M, Okamoto M, Kajihara M, Homma S, Tajiri H. Production
of corticotropin-releasing factor and urocortin from human
monocyte-derived dendritic cells is stimulated by commensal
bacteria in intestine. World J Gastroenterol 2014; 20(39):
14420-14429 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14420.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14420

INTRODUCTION
Psychological stress affects all people. The individual
stress hormone response is mediated by corticotropinreleasing factor (CRF); this factor is produced mainly in
the paraventricular nucleus of the hypothalamus system
and is highly likely to affect the features of many stressreleased disorders[1-3]. Therefore, CRF plays a critical
role in stress-released stimulation of the hypothalamicpituitary-adrenal axis through activation of the pituitary
CRF1 receptor and, in association with urocortin 1
(UCN1), acts as a neuromodulator to coordinate visceral
hypersensitivity[1,4]. Both CRF and UCN1 act within the
brain stress network to increase anxiety-like behavior,
abdominal pain, colon secretions, and muscle motility[5-7].
Interestingly, both CRF and UCN1 are also expressed
in peripheral tissues and act directly within the colon,
where they stimulate secretion and motor activity, leading to the development of watery stools/diarrhea[5-7].
These events are more common in patients with irritable
bowel syndrome (IBS) or inflammatory bowel disease
(IBD)[5-7].
The permeability of the bowel lining can allow the
passage of bacteria through the intestine into the bowel
wall [5-7]. Therefore, patients with intestinal disorders,
such as IBS and IBD, experience quantitative changes in
the indigenous microbiota[8,9]. Moreover, bacterial overgrowth in the small intestine is associated with increased
severity of stress-related IBS and IBD symptoms and
with increased intestinal gas and immune responses, and
antibiotic therapy has been shown to attenuate these
symptoms in human patients[10]. In animal models, the
presence of intestinal flora is also essentially required
for the development of colitis because colitis fails to develop under germ-free conditions[11,12].
An increased density of mast cells in the colonic mucosa and intraepithelial lymphocytosis is also observed
in IBS patients[13]. Accumulating evidence suggests a
close association between commensal bacteria and the
proximity of immune cells to neural elements in patients
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with IBS or IBD. Dendritic cells (DCs) are the most
potent professional antigen-presenting cells and are usually located at surveillance interfaces of the human body,
such as the skin or mucosa. These cells are thought to
play an important role in the generation and regulation
of immune responses[14]. The relationship between hosts
and their microbiota is only just beginning to be studied
in detail, and given the major role of DCs in bacterialassociated antigen presentation in the gut, it would not
be surprising if DC activity was altered in patients with
IBS or IBD[15-17]. Indeed, DCs are considered to represent the link between allergen uptake and the clinical
manifestations of intestinal inflammation[16]. However,
little is known about the effects of commensal bacteria
on human DCs in relation to stress-induced mucosal inflammatory disease. Previously, we reported that certain
commensal bacteria, such as Clostridium clostridioforme (C.
clostridioforme), Bacteroides vulgatus (B. vulgatus), Escherichia
coli (E. coli), and Fusobacterium varium (F. varium), can invade colonic epithelial cells, thereby activating early intracellular signaling systems to trigger host inflammatory
reactions[17]. Therefore, we assessed the relationship between these bacterial strains and CRF/UCN1 expression
at both the mRNA and protein levels in human DCs in
this study.
We show that significantly increased levels of CRF
and UCN1 are detected at both the mRNA and protein
levels in human monocyte-derived DCs (MoDCs) upon
stimulation with either B. vulgatus or F. varium. In particular, B. vulgatus stimulated human MoDCs, resulting
in extremely high levels of CRF and UCN1 production.
Moreover, the stimulation of human MoDCs with these
bacterial strains resulted in the up-regulation of the expression of HLA-ABC, HLA-DR, CD80, CD86, and
CD83. Understanding how CRF and UCN1 function
will help us to find improved ways to treat stress-related
intestinal disorders.

MATERIALS AND METHODS
Study subjects
The study protocol was reviewed and approved by the
ethics committee of the Jikei Institutional Review Board,
Jikei University School of Medicine and by the Clinical
Study Committee of Jikei University Kashiwa Hospital
[No. 23-278 (6739)]. Peripheral blood mononuclear cells
(PBMCs) were obtained from 5 healthy donors, and individual written informed consent was obtained.
Generation of human MoDCs
PBMCs were prepared using Ficoll density-gradient
centrifugation and incubated in tissue culture flasks at
37 ℃ for 30 min in AIM Ⅴ medium (Life Technologies
Japan Ltd., Tokyo, Japan) without serum supplementation or antibiotics. After incubation to enable adherence,
nonadherent cells were removed, and adherent cells
were cultured for 6 d in AIM Ⅴ medium supplemented
with 1000 U/mL recombinant human (rh)GM-CSF (Pe-
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proTech, Rocky Hill, NJ, United States) and 500 U/mL
rhIL-4 (Diaclone Research, Besancon, France) to generate human MoDCs. On day 6 of culturing, nonadherent
and loosely adherent cells were collected and cultured in
100-mm tissue culture dishes (106 cells/mL; 10 mL/dish)
for 30 min. Nonadherent cells were then removed and
further enriched using the repeated adherence method
to purify MoDCs[18].
Preparation of commensal bacteria
We used four commensal bacterial strains, E. coli (JCM1649),
C. clostridioforme (JCM1219; Japan Collection of Microorganisms, RIKEN, Wako, Japan), B. vulgatus (JCM5826),
and F. varium (ATCC8501; ATCC, Rockville, MD, United
States). These strains have been reported to be pathogens
for inflammatory intestine disorders[17,19]. In addition, a
probiotic, Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus) (LB-021001; Meiji Dairies), was used as a control.
The bacterial strains were harvested from GAM agar
plates (Nissui Pharmaceutical Co. Ltd., Tokyo, Japan)
that had been cultured at 37 ℃ for 72 h. Aerobic bacteria
(E. coli) were incubated under 5% CO2 in a humidified
incubator. Anaerobic bacteria (C. clostridioforme, B. vulgatus,
F. varium, and L. bulgaricus) were incubated in an anaerobic chamber (Forma Scientific, Marietta, OH) containing 10% CO2, 10% H2, and 80% N2. After the colonies
were collected using a disposable plastic loop, they were
suspended at 1 × 105 cells/mL in RPMI-1640 medium
supplemented with 1000 U/mL rhGM-CSF and 500 U/
mL rhIL-4 in the absence of antibiotics and serum.
Stimulation of human MoDCs with commensal bacteria
Purified human MoDCs (1.5 × 10 5/500 μ L) from 5
healthy donors were incubated with each commensal
bacteria strain (E. coli, C. clostridioforme, B. vulgatus, F.
varium, or L. bulgaricus) (1 × 108/500 μL) in 1 mL of
RPMI-1640 supplemented with 1000 U/mL rhGM-CSF
and 500 U/mL rhIL-4 in the absence of antibiotics and
serum in a 24-well plate under 5% CO2 at 37 ℃.

× 108/500 μL) in RPMI-1640 medium (total volume,
1 mL) without antibiotics or serum for 0.5, 1, 1.5, and
24 h under 5% CO2 at 37 ℃. After incubation, the cells
were collected, resuspended in 200 μL of Isogen (Nippon Gene Inc., Tokyo, Japan), and frozen at -80 ℃. Total
RNA was isolated from the stored cells using an RNeasy
plus Mini Kit (QIAGEN, Inc., Hilden, Germany) following the manufacturer’s instructions. Reverse transcription
(RT) was carried out to synthesize first-strand cDNA
using a High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA) according to the
manufacturer’s instructions. The resultant cDNA (corresponding to 100 ng of total RNA) was examined using
qRT-PCR in an ABI 7300 instrument (Applied Biosystems) with the TaqMan Gene Expression Master Mix
(Applied Biosystems). TaqMan primers and non-fluorescent quencher probes complementary to CRF (Assay ID:
Hs01921237_s1), UCN1 (Assay ID: Hs01849155_s1),
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH,
Assay ID: Hs99999905_m1) genes were purchased from
Applied Biosystems. GAPDH gene expression was used
as an internal reference. CRF or UCN1 gene expression
was examined using the comparative CT method. CT values reflect the PCR cycle number at which the amount of
amplified target reaches a fixed threshold. The values of
CT for the target and reference genes were calculated for
each sample. ΔCT is calculated as the difference in CT between the target and reference genes. ΔΔCT is calculated
as the difference between the ΔCT of the sample and the
ΔCT of the calibrator (control DC 0 min sample). CRF
and UCN1 mRNA expressions normalized to an internal
reference and expressed relative to the control sample
treated without bacteria are given by 2-ΔΔCT. mRNA expression levels are expressed as the fold-change from
human MoDCs without bacterial treatment (0 min). Data
represent the means ± SD of 3 independent experiments.

Phenotype analysis
Cells were incubated with FITC-conjugated monoclonal antibodies (mAbs) against HLA-ABC, HLA-DR,
CD80, CD86, CD83, or matched isotype control IgG
(BD Pharmingen, San Jose, CA, United States). Purified
MoDC populations were gated based on their forwardvs side-scatter profile and then analyzed for HLA-ABC,
HLA-DR, CD80, CD86, and CD83 expression. The
mean fluorescence intensity (MFI) of the indicated molecules, which were expressed by MoDCs derived from 5
healthy donors, was analyzed.

Enzyme-linked immunosorbent assay
To examine whether human MoDCs produce CRF and
UCN1, purified human MoDCs derived from 5 healthy
donors (1.5 × 105/500 μL) were incubated with each
sample of commensal bacteria (1 × 10 8/500 μ L) in
RPMI-1640 medium with neither antibiotics nor serum
for 24 h under 5% CO2 at 37 ℃. Supernatants from these
cells were collected and tested for CRF (Phoenix Pharmaceuticals Inc., Belmont, CA) and UCN1 (Phoenix Pharmaceuticals Inc.) using an enzyme-linked immunosorbent
assay (ELISA) following the manufacturer’s instructions.
Data represent the averages of 5 healthy donors from the
same sets of experiments. Background cytokine levels in
conditioned medium were subtracted from each sample.

Quantitative reverse transcription polymerase chain
reaction (qRT-PCR)
Purified human MoDCs (1.5 × 105/500 μL) from healthy
donors were incubated with the commensal bacteria (1

Statistical analysis
Results are expressed as the mean ± SD. One-way analysis
of variance was used to determine significance. Differences were considered statistically significant when P-values
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Figure 1 Phenotypic characterization of dendritic cells. A: Human monocyte-derived dendritic cells (MoDCs) were analyzed using flow cytometry for expression
of the indicated antigens (n = 5). Unfilled histogram profiles indicate the isotype control, and solid histograms indicate the specific antibodies; B: Analysis of the mean
fluorescence intensity of the indicated molecules expressed in MoDCs stimulated with commensal bacteria (n = 5). Unstimulated MoDCs were used as a control. The
results are expressed as the mean ± SD. aP < 0.05.

were 0.05 or less.

ence was observed in the MFI between MoDCs stimulated with each of the commensal bacterial strains (Figure
1B).

RESULTS
Phenotype of human MoDCs
Purified MoDCs derived from 5 healthy donors (mean
age: 41.2 ± 7.5 years; 5 males) were analyzed in the same
sets of experiments. Human MoDCs exhibited a characteristic phenotype regarding their expressions of HLAABC, HLA-DR, and CD86, but low levels of CD80 and
CD83 were noted (Figure 1). Moreover, these expression levels were not significantly different from those of
healthy donors (Figure 1A, B). Next, to assess the effects
of commensal bacteria on human MoDCs, MoDCs were
stimulated with commensal bacterial strains for 24 h,
after which their phenotypes were analyzed. We selected
certain commensal bacterial strains (E. coli, C. clostridioforme, B. vulgatus, and F. varium) that have been reported
as pathogens for inflammatory intestinal disorders[17,19,20].
The stimulation of MoDCs with each commensal bacterial strain significantly up-regulated the MFI of HLAABC, HLA-DR, CD80, CD86, and CD83 compared with
unstimulated MoDCs (Figure 1B). In addition, no differ-
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Expression of CRF and UCN1 mRNA upon stimulation
with commensal bacteria
To assess the effects of commensal bacteria on human
MoDCs, we analyzed the CRF and UCN1 mRNA levels
in human MoDCs upon stimulation with each bacterial strain. CRF and UCN1 mRNA levels in bacteria
alone and in uninfected and L. bulgaricus-infected human
MoDCs were used as controls. Significant increases in
CRF and UCN1 mRNA levels were observed in human
MoDCs after 30 min of B. vulgatus or F. varium stimulation; thereafter, the levels decreased (data not shown).
Interestingly, the expression levels of CRF and UCN1
mRNA were significantly higher in B. vulgatus and F.
varium than in C. clostridioforme and E. coli (Figure 2A, B).
In particular, the co-culture of human MoDCs with B.
vulgatus was associated with high expression levels of
both CRF and UCN1 mRNA (Figure 2A, B). In addition,
CRF and UCN1 mRNA levels in bacteria alone and in
uninfected and L. bulgaricus-infected human MoDCs were
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Figure 2 Detection of corticotropin-releasing factor and urocortin 1 mRNA in dendritic cells stimulated with commensal bacteria. Human monocyte-derived
dendritic cells (MoDCs) were stimulated with Escherichia coli (E. coli), Clostridium clostridioforme (C. clostridioforme), Bacteroides vulgatus (B. vulgatus), Fusobacterium varium (F. varium), and Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus) for 30 min, and A: corticotropin-releasing factor (CRF) and B: urocortin 1 (UCN1)
mRNA were analyzed. Human MoDCs were cultured alone for 0 and 30 min and used as controls. CT values reflect the polymerase chain reaction cycle number at
which the amount of amplified target reached a fixed threshold. The results are expressed as the mean ± SD from 3 repeated experiments. aP < 0.05 vs other groups.

not increased until at least 24 h (Figure 2A, B). These results indicate that stimulation of human MoDCs with B.
vulgatus and F. varium is associated with the expression of
both CRF and UCN1 mRNA in MoDCs.
Production of CRF upon stimulation with commensal
bacteria
To assess the effects of commensal bacteria on human
MoDCs, human MoDCs generated from 5 healthy donors were cultured with each commensal bacterial strain
for 24 h. When human MoDCs were stimulated with B.
vulgatus or F. varium, CRF production was significantly increased (Figure 3A, B). However, there was little, if any,
production of CRF after stimulation with E. coli, C. clostridioforme, or L. bulgaricus or after no stimulation in this
experimental assay (Figure 3C, D, E, F and G). Interestingly, B. vulgatus significantly stimulated human MoDCs,
resulting in a much higher production of CRF than in F.
varium (P < 0.01) (Figure 3H).
Production of UCN1 upon stimulation with commensal
bacteria
Human MoDCs, when stimulated with B. vulgatus or F.
varium, produced high levels of UCN1 (Figure 4A, B).
Moreover, UCN1 up-regulation was also detected in E.
coli-stimulated MoDCs; however, the level of up-regu-
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lation was much lower than with B. vulgatus or F. varium
(Figure 4C). In addition, there was little, if any, production of UCN1 after stimulation with C. clostridioforme or
L. bulgaricus or after no stimulation (Figure 4D, E, F, and
G). In particular, stimulation of human MoDCs with B.
vulgatus resulted in a much higher production of UCN1
than stimulation with F. varium (P < 0.001) (Figure 4H).

DISCUSSION
The present study demonstrates for the first time that
human MoDCs can produce the CRF and UCN1 proteins upon stimulation with commensal bacteria, such as
B. vulgatus and F. varium. In particular, B. vulgatus significantly stimulated human MoDCs, resulting in extremely
high production of both CRF and UCN1.
CRF and UCN1 are expressed in the central nervous
system and in peripheral tissues and can be released by
regional sensory and sympathetic nerves, immune cells,
and gut enteroendocrine and enteric cells to act locally
in response to stress[13,19,21-24]. Thus, CRF and UCN1 play
a central role in the pathophysiology of stress-induced
intestinal disturbances, such as IBS and IBD[13,19,21-24].
Moreover, it has been reported that intestinal microbiota
appear to play an important role in IBS and IBD; qualitative and quantitative changes of intestinal microbiota
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D: Clostridium clostridioforme (C. clostridioforme); E: Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus) for 24 h, after which the production of corticotropinreleasing factor (CRF) was analyzed. Supernatants from F: human MoDCs alone and G: commensal bacteria alone were used as controls; H: The production of CRF
in human MoDCs stimulated with B. vulgatus was compared with that in human MoDCs stimulated with F. varium. The results are expressed as the mean ± SD from 5
healthy donors. bP < 0.01, MoDCs + B. vulgatus vs MoDCs s + F. varium.

occur in IBS and IBD subtypes[17,25]. The evidence suggests that crosstalk between bacteria and the production
of CRF and UCN1 in humans might be involved in the
exacerbation of inflammatory conditions by stress, but
the mechanism by which this occurs remains unclear at
present. DCs are potent APCs that can recognize luminal exogenous antigens, such as common intestinal microbes, and can activate innate and acquired immunity[14].
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Therefore, the immunogenicity of bacteria strongly depends on the character of its interaction with DCs. Of
note, evidence exists that various subsets of DCs differ
in their antigen processing capacities in vivo[26]. Previously, we have shown that JAWS Ⅱ mouse cells, a GMCSF-dependent DC line established from bone marrow
cells of a p53-knockout C57BL/6 mouse, produce CRF
after stimulation with B. vulgatus or F. varium at equal
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Figure 4 Production of urocortin 1 in dendritic cells stimulated with commensal bacteria. Human monocyte-derived DCs (MoDCs) from 5 healthy donors (①,
②, ③, ④, and ⑤) were stimulated with A: Bacteroides vulgatus (B. vulgatus); B: Fusobacterium varium (F. varium); C: Escherichia coli (E. coli); D: Clostridium clostridioforme (C. clostridioforme); E: Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus) for 24 h, after which the production of urocortin 1 (UCN1) was analyzed.
Supernatants from F: human MoDCs alone and G: commensal bacteria alone were used as controls; H: The production of UCN1 in human MoDCs stimulated with B.
vulgatus was compared with that in human MoDCs stimulated with F. varium. The results are expressed as the mean ± SD from 5 healthy donors. bP < 0.01, MoDCs + B.
vulgatus vs MoDCs s + F. varium.

levels[27]. The JAWS Ⅱ mouse cells contain lysosomal
endo- and exo-peptidases, which have been shown to be
involved in antigen processing, thus providing a reliable
tool for in vitro estimation of protein immunogenicity[28,29]. Therefore, we speculated that human DCs also
react to commensal bacteria, resulting in the production
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of CRF and UCN1. However, differences should exist
in the capacities for antigen processing between human
DCs and bone marrow derived JAWS Ⅱ from a p53knockout C57BL/6 mouse. As it is difficult to obtain
large amounts of DCs from the colonic mucosa in human samples, MoDCs were generated from 5 healthy
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male donors with no previous history of acute bacterial
gastroenteritis caused by C. clostridioforme, B. vulgatus, E.
coli, or F. varium. Our findings demonstrated that CRF
and UCN1 were up-regulated in MoDCs after stimulation with B. vulgatus or F. varium; however, differing from
the results from mice, the levels were much higher after
stimulation with B. vulgatus than with F. varium. Moreover, low levels of UCN1 production were detected in
E. coli-stimulated MoDCs, but this was not observed in
a previous mouse study[27]. In this study, human MoDCs
were generated using rhGM-CSF and rhIL-4, as previously described[18]. However, JAWS Ⅱ was generated
with murine GM-CSF alone. The origin and differentiation of DCs may be, at least in part, associated with
the extremely high levels of CRF and UCN1 produced
upon stimulation with B. vulgatus in human MoDCs.
The amount of crosstalk between B. vulgatus and human MoDCs was previously unknown. Using electron
microscopy, we detected B. vulgates in the cytoplasm of
human MoDCs when co-cultured with B. vulgates (data
not shown). Therefore, we speculated that B. vulgates
stimulated molecules associated with CRF and UCN1
production. Recently, it was reported that CRF induced
the release of proteases and TNF-α via mast cells, all of
which are associated with CRF-induced intestinal paracellular permeability; these processes are regulated by
the enteric nervous system[30]. However, the molecular
signaling basis and function of CRF and UCN1 production by MoDCs remain unclear. Previously, it has been
reported that CRF-producing cells in the central nervous
system[31] and colon[32] of rats are activated by bacterial endotoxins, particularly lipopolysaccharides (LPS).
In this experimental setting, CRF production was not
detected in E. coli-stimulated MoDCs. The apparent conflict between these results might be associated with the
concentration of LPS used in vivo. Moreover, the binding
of pathogen-associated molecular patterns to Toll-like
receptors may trigger a complex series of events, leading
to increased expression of proinflammatory genes in human MoDCs[33]; therefore, differences in the activation
of such pathways by commensal bacteria may lead to
different levels of CRF and UCN1 production.
Interestingly, a significant increase in CRF and UCN1
mRNA levels was observed in human MoDCs after 30
min of B. vulgatus and F. varium stimulation, although
the levels decreased after that point. These findings may
imply an immunomodulatory role for CRF and UCN1
by peripheral DCs that could be due to autocrine and/or
paracrine interactions. Although mental stress is implicated in the development of IBS and IBD[34], peripheral
CRF and UCN1 production by certain commensal bacteria, such as B. vulgatus and F. varium, may also be involved in gastrointestinal sensorimotor and immune cell
activation within the gut. Moreover, mental stress may be
not directly connected to the local release of CRF neuropeptides. Indeed, the activation of peripheral CRF receptor signaling is mostly considered to be caused by inflammatory processes in the gut[34]. Colonic permeability
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was increased after local immune cell activation by CRF
and UCN1, resulting in increased antigenic challenge in
the gut, which might be associated with intestinal disorders, such as IBS and IBD. Given the clinical significance
of these pathways in bacteria-related intestinal disorders,
a greater understanding of how these pathways are integrated during health and colonic disorders is needed.
Our results show that the production of CRF and
UCN1 in human MoDCs is strongly augmented by commensal bacteria, such as F. varium and B. vulgatus. Although
the biological significance of these observations remains
obscure, these common intestinal microbes may be, at
least in part, associated with the pathogenesis of disease
through the increased production of CRF and/or UCN1.
Further studies are needed to investigate how commensal
bacteria are involved in CRF/UCN1-related intestinal inflammation triggered by gut-associated DCs.

COMMENTS
COMMENTS
Background

Corticotropin-releasing factor (CRF) and urocortin 1 (UCN1) play critical roles in
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levels. Infection of B. vulgatus and F. varium may be associated with stressrelated intestinal disorders.

Applications
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cell line RAW 264.7 cultured with or without GW4064 (2
μmol/L) before treatment with LPS.
RESULTS: In patients with NAFLD, the expression of
FXR was detected by immunohistochemical staining
and the relation between FXR expression and NAFLD
activity score (NAS) was analyzed. Activation of FXR
by GW4064 alleviated hepatic inflammation induced by
endotoxin in a murine NAFLD model fed an HF diet as
reflected by reduced serum levels of aspartate aminotransferase and alanine aminotransferase. Apoptosis
and proinflammatory cytokine levels in liver tissues
were also reduced by GW4064, and GW4064 could
reduce induction of proinflammatory cytokines by LPS
in vitro . FXR levels were reduced in patients with nonalcoholic steatohepatitis compared with healthy controls
and were negatively correlated with NAS.
CONCLUSION: FXR activation attenuates LPS-induced
hepatic inflammation in murine NAFLD by reducing expression of proinflammatory cytokines in macrophages.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To examine the effect of farnesoid X receptor
(FXR) activation by GW4064 on endotoxin-induced
hepatic inflammation in nonalcoholic fatty liver disease
(NAFLD) and the underlying mechanism.
METHODS: Six-week-old male C57BL/6 mice were fed
a normal diet or a high-fat (HF) diet for 8 wk. HF dietfed mice were intraperitoneally injected with GW4064
(30 mg/kg) or DMSO (vehicle) once daily for a week
and then sacrificed after lipopolysaccharide (LPS, 50
μg/mouse) administration. Hepatic inflammation, levels
of the macrophage marker F4/80, and apoptosis were
measured at the end of the study. Additionally, the expression of proinflammatory genes involved in NAFLD
(interleukin-6, interleukin-1β, interferon-γ, MCP-1) were
analyzed by real-time PCR in the murine macrophage
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Key words: Farnesoid X receptor; Nonalcoholic fatty
liver disease; GW4064; Nonalcoholic fatty liver disease
activity score; Lipopolysaccharide-induced hepatic inflammation; Macrophage activation
Core tip: We found that the synthetic farnesoid X receptor (FXR) agonist GW4064 attenuated lipopolysaccharide-induced hepatic injury in high-fat diet-fed mice by
reducing proinflammatory cytokine expression in macrophages. Moreover, we found that FXR expression was
decreased in patients with nonalcoholic steatohepatitis,
the most extreme form of nonalcoholic fatty liver disease (NAFLD), and was inversely correlated with the
NAFLD activity score. Together, these findings provide
insights into the etiology of NAFLD and suggest that
FXR activation with synthetic agonists may represent
a potential therapeutic option for patients with NAFLD,
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which we believe will be of great interest to the readers
of the journal.
Yao J, Zhou CS, Ma X, Fu BQ, Tao LS, Chen M, Xu YP. FXR
agonist GW4064 alleviates endotoxin-induced hepatic inflammation by repressing macrophage activation. World J Gastroenterol
2014; 20(39): 14430-14441 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i39/14430.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i39.14430

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) affects a large
population worldwide[1-4]. NAFLD is frequently associated with metabolic syndrome including insulin resistance,
diabetes, obesity, and hyperlipidemia[5-8]. The spectrum of
NAFLD ranges from simple steatosis without inflammation to nonalcoholic steatohepatitis (NASH) and cirrhosis[9]. Currently, liver transplantation is the only therapeutic option for patients with end-stage NASH.
Farnesoid X receptor (FXR), a nuclear receptor for
bile acids, is highly expressed in the liver, intestine, kidney,
heart, and adipose tissue. FXR has pleiotropic functions
in bile metabolism, immune modulation, and lipid metabolism[10-14] and plays a critical role in maintaining bile
acid and cholesterol homeostasis by regulating cholesterol
catabolism, bile acid synthesis, and absorption[15,16]. Recently, the role of FXR in lipid and glucose metabolism
has been explored. FXR activation lowers plasma and
liver triglyceride levels by enhancing plasma triglyceride
clearance and repressing hepatic lipogenesis[17]. FXR-null
mice fed a normal diet display elevated serum glucose
and impaired insulin tolerance[18-20]. In contrast, FXR deficiency protects mice from high-fat diet-induced obesity
and improves glucose homeostasis[21,22].
How FXR affects hepatic inflammation in NASH
is not well understood. In this study, we examined the
protective effects of FXR activation by GW4064 in mice
with hepatic inflammation induced by lipopolysaccharide
(LPS). We also investigated the possible mechanism of
alleviation of hepatic inflammation by GW4064 in a murine model of NAFLD. Our data demonstrate that FXR
activation suppresses hepatic inflammation and apoptosis
by inhibiting secretion of proinflammatory cytokines by
macrophages.

MATERIALS AND METHODS
Animals
Male wild-type C57BL/6 mice, aged 6-8 wk, were purchased from Shanghai Slac Laboratory Animal Co., Ltd..
All animals were housed in the animal house of the
Central Laboratory of our hospital under pathogen-free
conditions. There were five mice in each experimental
group. Mice were fed diets (BioServ, Inc., Frenchtown,
NJ) containing either high amounts of fat (HF, 59% kcal
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from fat, 25% total carbohydrate, 16% protein) or normal amounts of fat (ND, 12% kcal from fat, 59% total
carbohydrate, 29% protein) for 8 wk. Mice received 30
mg/kg of the FXR agonist GW4064 (Cayman Chemical
Co., Ann Arbor, MI) through daily intraperitoneal injection for 7 d after the mice had been on an HF diet for 7
wk. HF diet-fed mice were injected intraperitoneally with
Escherichia coli LPS (50 μg/mouse, Sigma, St. Louis, MO)
and sacrificed 6 h later to obtain serum and liver tissues.
Body and liver weights were measured for all mice.
Human liver samples
Hepatic hemangioma samples and normal adjacent liver
tissue were obtained upon surgical resection. The experiments were approved by the Ethics Committee of
the First People’s Hospital of Zhenjiang and all patients
signed an informed consent form.
Serum alanine aminotransferase and aspartate
aminotransferase levels
Serum alanine aminotransferase (AST) and aspartate aminotransferase (ALT) levels were measured in the Clinical
Chemistry Laboratory of the Department of Shanghai
Institutes for Biological Sciences, Chinese Academy of
Sciences.
Histology and terminal deoxynucleotidyl transferase
dUTP nick end labeling
All liver tissues were fixed in buffered formaldehyde
(10%) overnight, embedded in paraffin, and cut into 4-μm
sections. Liver tissue sections were stained with hematoxylin and eosin. The histology was evaluated by an experienced hepatologist to determine NAFLD activity score
(NAS; Ref. 9) in a blinded fashion. A transferase dUTP
nick end labeling (TUNEL) FITC kit (ShanghaRuian
bioTechnologies Co., Ltd, Shanghai, China) was used to
detect cell apoptosis in murine liver tissues according to
the manufacturer’s instructions.
Immunohistochemistry
Slides were incubated with 3% H2O2 for 10 min after
dewaxing, then washed in phosphate-buffered saline
(PBS). Antigen retrieval was done in citrate buffer (pH
6.0) by microwave heating, and blocking was performed
with 10% non-immune goat serum for 30 min after cooling. Slides were incubated with an anti-F4/80 antibody
(Abcam, Cambridge, United Kingdom) overnight at 4 ℃.
After rinsing with PBS, sections were incubated with an
HRP-conjugated secondary antibody (Changdao, Shanghai, China) for 30 min at room temperature and then
stained with 3,3’-diaminobenzidine (DAB; Maixin-Bio,
Guangzhou, China) for 3 min. Hematoxylin was applied
as a counterstain. Five fields were randomly selected for
quantification of positive cells in every sample.
Cell culture
The murine macrophage RAW 264.7 cell line was pur-
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Table 1 Primer sequences
Mcp1
Il6
Tnf
Ifng
Il1b
Il17
18S

CAGCCAGATGCAGTTAACGC and GCCTACTCATTGGGATCATCTTG
TCCATCCAGTTGCCTTCTTG and TTCCACGATTTCCCAGAGAAC
CCACATCTCCCTCCAGAAAA and AGGGTCTGGGCCATAGAACT
TCAAGTGGCATAGATGTGGAAGAA and TGGCTCTGCAGGATTTTCATG
GCAACTGTTCCTGAACTCAACT and ATCTTTTGGGGTCCGTCAACT
TTTAACTCCCTTGGCGCAAAA and CTTTCCCTCCGCATTGACAC
CGGACAGGATTGACAGATTGATAGCandTGCCAGAGTCTCGTTCGTTATCG

chased from Shanghai Institute of Cell Biology (Chinese
Academy of Sciences). RAW 264.7 cells were cultured in
RPMI-1640 with 10% FBS (v/v) at 37 ℃ and 5% CO2
in a humidified atmosphere. GW4064 (2 μmol/L) was
administered for 24 h before treatment with LPS (1 μg/
mL). RNA was then extracted from cells (see below).
RNA extraction and real-time polymerase chain reaction
Total RNA was extracted from liver tissues and cells using
TRIzol reagent (Invitrogen, Carlsbad, CA) and complementary DNA was synthesized according to the manufacturer’s instructions (Takara, Shiga, Japan). Real-time quantitative polymerase chain reaction (PCR) assays (SYBR
Green) were carried out using a 7900HT Fast Real-Time
PCR System (ABI/Life Technologies). The primer sequences of Mcp1, Il1b, Il17, Il6, Ifng and Tnf are described
in Table 1. 18S rRNA, a housekeeping gene, was used as
an internal standard.
Statistical analysis
All values are expressed as mean ± SD. The group means
were compared by one-way analysis of variance (ANOVA). All statistical analyses were performed using GraphPad Prism 5 (GraphPad Software, San Diego, California).
P values < 0.05 were considered statistically significant.

RESULTS
GW4064 alleviates LPS-induced liver injury in a murine
NAFLD model
To determine whether activation of bile acid receptors
(FXR) affects hepatic inflammation, we administered
the FXR bile acid receptor agonist GW4064 to HF dietfed mice for 1 wk. In mice treated with LPS only, there
were many inflammatory cells, but after administration
of GW4064 the number of inflammatory cells within
the liver decreased (Figure 1A). No changes in bile duct
morphology were observed in either group. In order to
evaluate the histological changes in mice treated with
GW4064, the NAFLD activity score was used. The
group treated with GW4064 had a lower NAFLD score
than mice treated with LPS only (Figure 1B). Treatment
with the FXR agonist GW4064 also significantly decreased serum ALT and AST levels in HF diet-fed mice
treated with LPS, further suggesting that FXR may have a
protective role against liver injury in this NAFLD model
(Figure 1C, D).
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GW4064 reduces apoptosis and macrophage infiltration
in a murine NAFLD model
Apoptosis and macrophage infiltration are hallmarks of
NASH, with macrophages regarded as the major drivers of NASH pathogenesis given that they are the major
source of proinflammatory cytokines in both adipose tissue and the liver in NASH. Macrophages can cause hepatocyte damage and promote insulin resistance by secreting cytokines such as tumor necrosis factor-α (TNF-α)
and interleukin-6 (IL-6)[23]. We wondered whether the
FXR agonist GW4064 would affect hepatocyte apoptosis and macrophage infiltration in a murine model of
NAFLD. Whereas only a few TUNEL-positive cells
were observed in mice fed an ND or HF diet only, more
TUNEL-positive cells were observed after treatment with
LPS (about ten in each high power field, HPF). However,
if we treated mice with GW4064 for 1 wk before administration of LPS, TUNEL-positive cells were decreased
(Figure 2A, B). Consistent with these findings, immunohistochemical staining for the macrophage marker F4/80
in liver tissues was also increased upon LPS treatment.
Moreover, GW4064 reduced apoptosis and macrophage
infiltration induced by LPS in HF diet-fed mice (Figure
2C-E).
GW4064 reduces hepatic proinflammatory cytokine
expression in a murine model of NAFLD and in murine
macrophages
Proinflammatory cytokines such as TNF-α, MCP-1, IL1β, and IL-6 participate in macrophage infiltration, lipid
metabolism, and insulin resistance and are involved in
the pathogenesis of NAFLD. Neutralization of TNF-α
or MCP-1 activity has been shown to ameliorate insulin
resistance and fatty liver disease in animal models[24,25]. In
order to demonstrate whether GW4064 affects proinflammatory cytokines in a murine model of NAFLD, RTPCR was used to detect the mRNA levels of Tnfa, Mcp1,
Il1b, and Il6. We found that expression levels of Tnfa,
Mcp1, Il1b, and Il6 mRNAs were significantly increased in
the livers of HF diet-fed mice treated with LPS, whereas
GW4064 treatment attenuated LPS-induced expression
of Tnfa, Mcp1, Il1b and Il6 in HF-diet fed mice (Figure 3).
In order to determine whether GW4064 can directly
regulate proinflammatory cytokine expression in macrophages, we treated the murine macrophage cell line RAW
264.7 with GW4064 for 24 h before administration of
LPS. RT-PCR was then used to determine the levels of
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Figure 1 GW4064 alleviates lipopolysaccharide-induced liver injury in a murine nonalcoholic fatty liver disease model. Mice fed on a high-fat (HF) diet for 8
wk received GW4064 for a week before the administration of lipopolysaccharide (LPS). Serum and liver tissues were obtained 6 h after LPS injection. A: Representative hematoxylin and eosin staining of liver sections (arrows) from normal diet, HF, HF + LPS, and HF + GW4064 + LPS mice; B: NAFLD activity scores (NAS) of
normal diet, HF, HF + LPS, and HF + GW4064 + LPS mice; C: Serum levels of aspartate aminotransferase (AST) (mean ± SD) of normal diet, HF, HF + LPS, and HF
+ GW4064 + LPS mice (n = 5/group). aP < 0.05, bP < 0.01 vs HF + LPS group; D: Serum levels of alanine aminotransferase (ALT) (mean ± SD) of normal diet, HF, HF
+ LPS, and HF + GW4064 + LPS mice (n = 5/group). aP < 0.05, bP < 0.01 vs HF + LPS group.

proinflammatory cytokine expression. LPS treatment
dramatically increased the levels of Il1b, Il6, and Ifng, but
pretreatment with GW4064 prevented the induction of
cytokine expression induced by LPS (Figure 4).
FXR is decreased and reversely correlated with NAS in
patients
FXR expression in the livers of NASH patients was examined by immunohistochemical staining. FXR is highly
expressed in hepatocytes in healthy control livers (Table
2), but less so in the livers of patients with NASH, a
condition associated with high-grade steatosis, lobular
inflammation, and ballooning (Figure 5A). We counted
the number of FXR-positive cells in healthy controls
and patients with NASH and found that there are about
25 FXR-positive cells per HPF in healthy controls, but
only 10 in patients with NASH (Figure 5B). NAS, a scoring system for NAFLD, is used to assess the degree of
NAFLD in clinical and experimental studies. We found
that FXR expression was inversely correlated with NAS
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in patients with NASH (Figure 5C).

DISCUSSION
The current study demonstrates that activation of FXR
by GW4064 alleviates hepatic inflammation and macrophage infiltration in a murine model of NAFLD.
GW4064 treatment significantly decreased the NAS,
serum levels of ALT and AST, and proinflammatory
cytokines, all of which are characteristics of hepatic injury. LPS-induced hepatocyte apoptosis and macrophage
infiltration were dramatically reduced in mice treated with
GW4064, and GW4064 repressed LPS-induced proinflammatory cytokine expression in macrophages in vitro.
In patients with NASH, FXR expression was decreased
compared with healthy controls, and the level of FXR
expression was negatively correlated with NAS. These
results provide direct evidence that FXR activation is an
effective method to block hepatic inflammation induced
by an HF diet and LPS that operates by repressing proin-
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by regulating CD36, a mediator of long-chain fatty acid
transport, which reduces hepatic steatosis in mice fed an
HF diet[34]. Repression of FXR in obese mice promotes
hepatic steatosis[35], and hepatic FXR was reduced in
Zucker fatty rats[36], which are consistent with our findings in patients with NASH.
Collectively, our data indicate that treatment with the
FXR agonist GW4064 decreases intrahepatic inflammation in a murine model of NAFLD by inhibiting proinflammatory cytokine expression in macrophages and
reducing hepatocyte apoptosis and serum levels of ALT
and AST. These findings suggest that FXR activation
using synthetic agonists may represent a promising therapeutic option for fatty liver diseases.

Table 2 Clinical and biochemical features of healthy control
subjects and patients with nonalcoholic steatohepatitis

Female (n)
Age (yr)
ALT (U/L)
AST (U/L)
Alkaline phosphatase
(U/L)
Gamma-glutamyl
transferase (U/L)
BMI (kg/m2)
Fasting insulin (uIU/mL)
Triglycerides (mmol/L)

Healthy control
(n = 4)

NASH
(n = 18)

P value

2
47.20 ± 6.04
32.40 ± 17.09
16.80 ± 4.92
96.20 ± 17.83

7
51.29 ± 12.33
128.27 ± 98.07
71.71 ± 53.47
101.74 ± 24.09

NS
NS
< 0.05
< 0.05
NS

14.00 ± 15.68

95.40 ± 56.94

< 0.05

19.78 ± 1.19
7.75 ± 4.15
1.59 ± 0.10

26.63 ± 1.55
14.05 ± 2.94
2.85 ± 0.92

< 0.05
< 0.05
< 0.05

All values are means ± SD. NASH: Nonalcoholic steatohepatitis; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; NS: Not significant.

flammatory cytokine expression in macrophages.
Kupffer cells, also known as stellate macrophages, are
the largest component of the reticuloendothelial system
and represent about 10% of the resting total liver cell
population[26,27]. Kupffer cells are important to innate immunity and are responsible for the rapid containment and
clearance of exogenous particulate and immunoreactive
material. In NAFLD, Kupffer cells primarily recognize
endotoxin. After activation by LPS in NAFLD, Kupffer
cells are enabled to initiate a biochemical attack and interactions with hepatocytes by releasing proinflammatory
cytokines, chemokines, reactive oxygen species, and nitric
oxide[28]. We found that GW4064 treatment decreased the
level of LPS-induced macrophage infiltration in the livers
of mice fed an HF diet in association with a reduction in
hepatic inflammation.
There are two macrophage phenotypes in the livers
of patients with NAFLD: the classical M1 (proinflammatory phenotype) and M2 (alternatively activated macrophages)[29]. The alternative activation of macrophages is
primarily induced by IL-4 and IL-13[30] and characterized
by the expression of M2 signature genes such as those
encoding arginase-1 and the mannose receptor. Recently,
McMahan et al[31] reported that INT-767 could alter the
phenotype of monocytes. We have shown that FXR activation by GW4064 inhibits the production of proinflammatory cytokines by macrophages and decreases intrahepatic expression of the genes encoding TNF-α, MCP-1,
IL-1β, and IL-6.
FXR, a metabolic nuclear receptor abundantly expressed in the liver, intestine, and kidney, is a major
transcriptional factor involved in glucose and lipid metabolism in the liver[32]. Previous studies showed that mice
with FXR deficiency displayed hepatic steatosis as well
as glucose and insulin intolerance, the main hallmarks of
NAFLD in humans. At the molecular level, FXR controls
lipid and glucose homeostasis through the regulation of
PGC-1α, FOXO1 and SIRT1[33]. Recent findings have
shown that FXR also participates in lipid metabolism

WJG|www.wjgnet.com
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Abstract
AIM: To determine whether intra-arterial infusion of
triolein emulsion has biochemical and histopathologic
effect on rabbit liver.
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METHODS: An emulsion of 0.2 mL triolein in 20 mL
of saline was infused into either the hepatic arteries of
nine rabbits (group 1) or the superior mesenteric arteries of 12 rabbits (group 2). Five rabbits infused with 20
mL of normal saline were used as a control group (group
3). The serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels were measured
to evaluate liver function in each group just before
the infusion, at 2 h, day 1, day 4, and day 7 following
infusion. Each rabbit in all of the groups was infused
with Evans blue on day 7 to evaluate changes in vascular permeability, and obtain the stained area of the
hepatic surface. If the stained area was not available,
the anteroinferior portion of the right hepatic lobe was
selected. The obtained tissues were examined by light,
electron and confocal microscopy. The changes in AST
and ALT levels at each time point were calculated and
statistically analyzed using a mixed linear model. A p
value < 0.05 was regarded as statistically significant.
RESULTS: In group 1 (hepatic artery group), both the
AST and ALT serum levels increased significantly on
day 1 (p = 0.0016 and p < 0.0001, respectively) compared with the control group, followed by a decrease
thereafter. In group 2 (portal vein group), the AST level
increased on day 4 (p = 0.0095), while the ALT level
increased significantly on day 1 (p < 0.0001), and decreased thereafter, as compared with the control. For
the remainder of the examination days, there were no
significant changes in the AST and ALT levels (p > 0.05).
Only three rabbits in each group showed hepatic surface staining with the Evans blue dye. Light and electron microscopic findings showed no specific changes
in the selected hepatic tissues. Confocal microscopic
examination with transferase-mediated dUTP nick-end
labeling stain revealed lack of hepatocyte apoptosis in
any of the groups. There were no differences in the results between group 1 and group 2.
CONCLUSION: Infusion of triolein emulsion into rabbit livers revealed a minimal transient decrease of liver
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function, and no specific histopathologic changes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Triolein; Emulsions; Hepatology; Liver dysfunction; Histopathology
Core tip: Unlike triolein bolus, the infusion of triolein
emulsion into a liver did not lead to mechanical obstruction of the vessels. In fact, triolein emulsion transiently and reversibly increased the vascular permeability, while triolein bolus induced obstruction similar to
the fat embolism syndrome. This result suggests that
trioleincould be applicable for adjuvant treatment for
intractable diseases due to blood barriers (blood-brain,
blood-retinal, or blood-testis barrier). This study aimed
to determine potential side effects of triolein emulsion
infusion into the liver with the sinusoidal capillary prior
to the application of the technique in the organs with
blood barrier.
Kim YW, Park YM, Yoon S, Kim HJ, Park DY, Cho BM, Choi
SH. Effect of intra-arterial infusion with triolein emulsion on
rabbit liver. World J Gastroenterol 2014; 20(39): 14442-14449
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i39/14442.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i39.14442

INTRODUCTION
The capillaries can be classified into three types according to their structural characteristics as determined by
electron microscopy. The type Ⅰ capillaries, also known
as continuous capillaries, are found in many tissues, including muscle, lung, the central nervous system, and
skin. The type Ⅰ endothelial cells contain a large amount
of cytoplasm in relation to the nucleus, fine filaments,
and numerous pinocytotic vesicles. The pinocytotic
vesicles have a diameter of 50-70 nm and are most likely
involved in the transport of fluid across the capillary
wall, representing the sites of the so-called “large-pore”
system of capillary permeability. The endothelial cells are
held together by either simple or interdigitated junctions.
In most type Ⅰ endothelial cells, a narrow gap exists
between the opposed cell membranes containing some
electron-dense material. However, in certain regions, the
opposed cell membranes fuse to form tight junctions.
The type Ⅱ capillaries or the fenestral capillaries are commonly found in the intestinal mucosa, many endocrine
glands, the renal glomerulus, and the pancreas. Within the
fenestral capillary endothelium, the cytoplasm on each
side of the nucleus is extremely thin and is perforated
at intervals by “pores” ranging in diameter from 30-50
nm. These pores, or circular fenestrations, may be closed
by a thin diaphragm. The diaphragm, which is thinner
than the cell membrane, has a complex structure, and its
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chemical composition is unknown. The endothelial cells
in these capillaries are separated by gap junctions[1]. The
type Ⅲ or the sinusoids or sinusoidal capillaries are found
in the liver, the spleen, the bone marrow, and the lymph
nodes. These capillaries have a luminal diameter much
greater than that of normal capillaries. In fact, sinusoids
may be 30 mm or more in diameter and have irregular,
tortuous walls. Furthermore, their walls are not formed
by a continuous layer of endothelial cells, as in true capillaries, and wide gaps (approximately 100 nm in diameter)
exist between cells. The basal lamina in sinusoids is incomplete, and there is no morphologic barrier between
the sinusoids and the perisinusoidal space. Plasma has a
direct access to the surface of the liver cell, a structural
feature of great functional importance for active metabolic exchange between the liver and the blood[2].
The brain, the eyeball, and the testis are comprised of
continuous capillaries and specialized blood-organ barriers (the blood-brain barrier, the blood-ocular barrier, and
the blood-testis barrier, respectively) to protect from penetration of harmful agents. These barriers can, however,
be obstacles to drug delivery and can decrease therapeutic drug effects[3-5]. There have been studies attempting to
open the blood-organ barriers by intra-arterially injected
triolein emulsion in the brain[6], the eyeball[7], and the testis[8]. The blood-organ barrier breakdown and increased
vascular permeability induced by triolein injection appear as a contrast enhancement on gadolinium-enhanced
magnetic resonance images[6,8]. Although the increased
vascular permeability appears immediately after triolein
injection, and continues for one to three days, it is reversible and reverts to normal after seven days. Furthermore,
histologic findings appear to be mostly normal, except
for the mild perivascular swelling[6]. Intra-arterial infusion
of a triolein emulsion in the skeletal muscles, which have
continuous capillaries but no blood-organ barrier, also
increases vascular permeability without significant histologic changes[9]. These results suggest an adjunctive role
of the triolein emulsion in chemotherapy. It is thought
that if a drug is infused after a triolein emulsion injection, not only can one achieve the therapeutic effect with
a small amount, but one can also enhance the drugs with
a little therapeutic effect. Prior to clinical use of triolein
as an adjunctive drug for chemotherapeutic treatment of
tumors in the organs with blood barrier (brain, eyeball, or
testis), it is necessary to study the histologic or functional
changes in the other body organs into which triolein are
injected.
The effect of triolein emulsion on sinusoidal capillaries has not been reported. The sinusoidal capillaries do
not have a barrier, especially in the liver. Therefore, it is
expected that the triolein-induced vascular change will
differ from those of continuous capillaries in the brain
or eyeball. The purpose of this study was to evaluate biochemical and histopathologic effects of the intra-arterial
infusion of triolein emulsion on the liver’s sinusoidal capillaries as a preliminary basis of future studies.
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MATERIALS AND METHODS
Animal models and intra-arterial infusion with triolein
emulsion
The Animal Research Committee of the Medical Research Institution approved all experiments and surgical procedures. The study included 26 rabbits weighing
2.1-3.7 kg (average, 2.455 kg) anesthetized with intramuscularly-administered ketamine HCL (2.5 mg/kg; Korea
United Pharm, Inc., Seoul, South Korea) and xylazine
(0.125 mg/kg; Bayer Korea, Seoul, South Korea) and
ventilated with room air. The rabbit body temperature
was measured with a rectal probe (MGA-Ⅲ 219; Shibaura
Electronics Co. Ltd., Tokyo, Japan) and was maintained
at 37.0-37.5 ℃.
Following anesthetization, the right femoral artery
was isolated and ligated with 4-0 silk ties. An 18-gauge
catheter (Insyte; Becton Dickinson, Sandy, UT, United
States) was inserted into an artery and a 2.2 F microcatheter (Progreat; Terumo, Tokyo, Japan) with a micro-guide
wire (GT 0.016”; Terumo) was passed through the catheter into the lumen of an artery. The micro-catheter tip
was positioned in the abdominal aorta under digital subtraction angiography (Multistar TOP; Siemens, Erlangen,
Germany).
A 1-mL syringe containing 0.2 mL of triolein (1,2,3-tri
[cis-9-octadecenoyl]glycerol, 99% purity, d = 0.91 g/
mL; Sigma-Aldrich, St. Louis, MO, United States) and a
20-mL syringe containing 20 mL saline was connected to
a 3-way stopcock. The fat emulsion was made by mixing
via the stopcock using a vigorous to-and-fro movement
of the syringes for 2 min. The rabbits were divided into
two groups [hepatic artery group (group 1, n = 9) and
portal vein group (group 2, n = 11)] with fat emulsion
injected into the hepatic artery and the portal vein, respectively. In the control group (group 3, n = 5), 20 mL
of saline was infused into the hepatic artery.
Hepatic artery group (group 1)
In nine rabbits, the emulsified fat was infused manually
into the hepatic artery at a rate of 4 mL/min for 5 min.
Blood sampling was performed, and the aspartate aminotransferase (AST) and alanine aminotransferase (ALT) serum levels were checked before and at 2 h, and 1, 4, and
7 d after infusion to assess liver function changes following the infusion of triolein emulsion. The blood sampling
before infusion of triolein emulsion was obtained from
the femoral artery just before insertion of a 2.2-F microcatheter as a control. The blood samples taken at 2 h, day
1, and day 4 after the infusion of triolein emulsion were
obtained from the ear artery of each rabbit; the sample
taken at day 7 after the infusion was taken from the right
ventricle of the heart after opening of the thorax.
For the evaluation of the permeability change of the
hepatic artery or portal vein, 4% Evans blue (1 mL/kg;
Sigma-Aldrich) was injected intravenously to check the
presence or absence of a stained hepatic surface. One
hour after the injection of 4% Evans blue, the thorax of
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each rabbit was opened, and a small hole was made in the
right ventricular wall through which blood was drained.
After inserting an 18-gauge catheter (Insyte) into the left
ventricle, saline was injected slowly for 2 min, followed by
injection of 10% formalin for 2 min and a complete replacement of blood with clear saline. The abdominal wall
was opened to check the presence or absence of staining
of the hepatic surface by Evans blue, and a picture of the
hepatic surface was taken by a digital camera.
Portal vein group (group 2)
In 12 rabbits, emulsified fat was injected into the portal
vein via the superior mesenteric artery. The effect of the
triolein emulsion on the liver was compared with the hepatic artery group (group 1). Injection of triolein emulsion into the superior mesenteric artery was performed
using the same technique described in group 1.
Control group (group 3)
In the five rabbits designated as controls, 20 mL of saline
was infused into the hepatic artery using the same procedure described for group 1.
Histopathologic examinations
The rabbits were infused with Evans blue on day 7 postinfusion, and the stained areas of the hepatic surfaces
were observed. In the absence of a stained area, the anteroinferior portion of the right hepatic lobe was selected.
The obtained tissues were then stained with hematoxylin
and eosin (H and E) and examined by light microscopy.
The sample tissues were cut into 1 mm3 cubes for electron microscopic examination. The samples were prefixed
with 2.5% glutaraldehyde in phosphate buffer (PB; pH 7.2)
for 2 h at 1-4 ℃ and washed in 0.1 mol/L PB. Next, samples were fixed in 1% OsO4 solution for 2 h and washed
in 0.1 mol/L PB. After washing, all specimens were
processed according to a standard procedure through upgraded alcohols and propylene oxide, and were then embedded in Epon 812 resin (Polysciences, Warrington, PA,
United States). The resin-embedded blocks were cut into
1 µm thick sections and stained with toluidine blue. The
areas of interest were selected under a light microscope.
Ultrathin sections were cut with a diamond knife using
an ultramicrotome (Leica, Wien, Austria) and applied to
nickel 150 mesh grids. Samples were stained with uranyl
acetate and lead citrate, and examined with a transmission
electron microscope (JEM 1200 EX-Ⅱ; JEOL, Tokyo,
Japan). The presence or absence of vasogenic or cytotoxic
edema, as well as the integrity of the vascular endothelial
wall, were evaluated.
The samples were examined for apoptosis using a terminal deoxynucleotidyltransferase (TdT)-mediated dUTP
nick-end labeling (TUNEL) assay. For paraffin sections,
the tissues were fixed in 4% paraformaldehyde and neutral-buffered formalin. The specimens were dehydrated in
graded ethanol, embedded in paraffin, and cut into 4 µm
thick sections on a microtome (Leica, Wetzlar, Germany).
The paraffin sections were mounted on 3-aminopropyl-
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Table 1 Data of aspartate aminotransferase and alanine aminotransferase in groups 1, 2 and 3
Rabbit
No.

AST, IU/L
Pre

2h

D1

ALT, IU/L
D4

D7

Pre

2h

D1

D4

D7

Group 1 (n = 9)
Mean ± SD 46.33 ± 13.86 61.78 ± 20.50 124.33 ± 71.68 30.56 ± 5.36 58.56 ± 21.86 58.78 ± 23.66 59.67 ± 21.15 116.56 ± 53.35 75.78 ± 30.65 30.65 ± 15.45
Group 2 (n = 11)
Mean ± SD 45.58 ± 9.11 50.08 ± 13.13 44.42 ± 16.97 31.18 ± 11.99 37.18 ± 10.01 38.50 ± 14.39 38.00 ± 13.62 57.92 ± 19.96 46.82 ± 16.19 43.73 ± 12.72
Group 3 (n = 5)
Mean ± SD 38.20 ± 9.68 39.40 ± 6.07 45.80 ± 23.41 53.80 ± 19.97 63.20 ± 4.97 52.20 ± 4.21 53.80 ± 6.38 60.20 ± 11.14 62.60 ± 7.16 63.80 ± 13.05
Group 1: Hepatic artery group; Group 2: Portal vein group; Group 3: Control group; D: The day after triolein emulsion was injected into the hepatic artery
in group 1 and into the portal vein via the superior mesenteric artery in group 2, while D in group 3 represents the day after normal saline was injected
into the hepatic artery; pre: Before triolein emulsion was injected into the hepatic vessels of a rabbit.AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; IU: International units.

Statistical analysis of AST and ALT serum levels in each
group
Statistical analysis of the data for each group was performed by analysis of time-series changes. That is, changes in AST and ALT serum levels between before and 2
h, and 1, 4, and 7 d after triolein injection were measured
for each group. Both the changes of median and interquartile range were determined. Statistical analysis of
these values was performed using a linear mixed model
after logarithmic transformation. A p value < 0.05 was
regarded as statistically significant.

Table 2 Group 1, 2, and 3 aspartate aminotransferase
median and interquartile range and statistical analysis
AST, IU/L
Group 1
(n = 9)
P = 0.0016
Group 2
(n = 11)
P = 0.0095
Group 3
(n = 5)
P = 0.0355

2h
D1
D4
D7
2h
D1
D4
D7
2h
D1
D4
D7

Median, IU/L Interquartile range, IU/L
18.00
90.001
-14.00
6.00
6.00
-3.00
-14.001
-8.00
1.00
0.00
13.00
31.001

-5.00-31.00
16.00-113.00
-28.00-(-4.50)
-6.00-30.50
-5.00-8.00
-11.00-18.00
-21.00-(-8.00)
-11.00-(-3.00)
-3.00-5.50
-3.50-22.50
3.00-29.50
13.00-34.00

RESULTS

1

Statistical significance at day 1 in group 1 (90.00 IU/L, P = 0.0016 vs
control group) and at day 4 in group 2 (-14.00 IU/L, P = 0.0095 vs control
group). Group 1: Hepatic artery group; Group 2: Portal vein group; Group
3:Control group; D represents the day after triolein emulsion in group 1
and after normal saline in group 3 was injected into the hepatic artery of a
rabbit, while D in group 2 represents the day after triolein emulsion was
injected into the portal vein via the superior mesenteric artery of a rabbit.
The group 3 shows statistical significance at day 7 (P = 0.0355). AST:
Aspartate aminotransferase.

triethoxysilane-coated slides and left overnight at 40 ℃.
After deparaffinization and rehydration, the sections
were incubated with proteinase K (20 µg/mL; Roche,
Indianapolis, IN, United States) for 15 min at room temperature, and rinsed twice with phosphate-buffered saline
(PBS) for 2 min each. Next, the sections were incubated
in equilibration buffer for at least 10 s at room temperature, and thereafter in working strength TdT enzyme for
1 h at 37 ℃. The sections were shaken about 15 times in
a coplin jar containing a working strength stop/wash buffer, incubated at room temperature for 10 min, and then
rinsed three times in PBS for 3 min each. Next, the sections were incubated with working strength anti-digoxigenin conjugate for 30 min in a dark room, followed by a
3-time rinse with PBS for 3 min each and mounting with
mounting medium. Finally, the slides were analyzed under
a Leica TCS confocal laser scanning microscope (Leica).
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AST and ALT serum levels
The mean AST and ALT serum levels in group 1 measured just before the infusion of triolein emulsion were
set as a baseline (46.33 IU/L and 58.78 IU/L, respectively; Table 1). The mean change values for the group
1 in AST and ALT serum levels 2 h after infusion of
triolein emulsion showed no statistically significant difference (p > 0.05). However, the medians of mean values
of changes in the group 1 AST and ALT serum levels
one day after infusion were 90.00 IU/L and 56.00 IU/L
(p < 0.0016 and p < 0.0001, respectively), and showed a
significant increase as compared with the control group.
There was no difference in the mean values of changes
for the group 1 AST and ALT serum levels at day 4 and
day 7 after infusion as compared with the mean values of
changes before infusion (p > 0.05; Tables 2 and 3).
The group 2 mean AST and ALT serum levels determined just before infusion of triolein emulsion were
taken as baseline values (45.58 IU/L and 38.50 IU/L, respectively; Table 1). As compared with the values before
triolein infusion, the group 2 median of mean changes
showed statistical significance in AST levels at day 4
(-14.00 IU/L, p = 0.0095) and in ALT levels at day 1
(16.00 IU/L, p < 0.0001) after infusion. For the remaining examination days, there were no significant changes in
the group 2 AST and ALT serum levels (p > 0.05; Tables
2 and 3).
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A

Table 3 Group 1, 2, and 3 alanine aminotransferase median
and interquartile range and statistical analysis
ALT, IU/L
Group 1
(n = 9)
P < 0.0001
Group 2
(n = 11)
P < 0.0001
Group 3
(n = 5)
P > 0.05

2h
D1
D4
D7
2h
D1
D4
D7
2h
D1
D4
D7

Median, IU/L Interquartile range, IU/L
1.00
56.001
20.00
3.00
0.00
16.001
6.00
4.00
1.00
4.00
7.00
6.00

-5.50- 5.00
29.50-84.00
4.00-34.00
-7.00-10.50
-4.00-3.00
12.00-31.00
3.00-11.00
3.00-11.00
-1.00-4.50
2.00-16.00
4.00-18.50
2.50-23.50

100 mm

B

1

Statistical significance at day 1 in group 1 (56.00 IU/L, P < 0.01 vs control
group) and group 2 (16.00 IU/L, P < 0.01 vs control group).Group 1:
Hepatic artery group; Group 2: Portal vein group; Group 3: Control group;
D represents the day after triolein emulsion in group 1 and normal saline
in group 3 was injected into the hepatic artery of a rabbit; D in group 2
represents the day after triolein emulsion was injected into the portal vein
via the superior mesenteric artery of a rabbit. The group 3 (control group)
shows no significant difference (P > 0.05, not significant) at each time after
saline injection. ALT: Alanine aminotransferase.

Figure 2 Histologic findings in the portal area from a rabbit in group 1. A:
Light microscopic finding shows no specific abnormality in the hepatocytes and
sinusoids (H and E, × 200); B: Electron microscopic finding shows multiple fat
vacuoles (arrows) within the vascular lumen. However, there is no evidence of
interstitial edema. The integrity of the endothelium is well preserved.

A

Gross findings
In 3/9 rabbits of group 1, the hepatic surfaces were stained
blue with Evans blue (Figure 1A). The stained area measured approximately 1 cm × 1 cm to 5 cm × 2 cm. In the
remaining six rabbits, the hepatic surfaces did not show
blue staining. The cut surfaces of all of the rabbits revealed
blue-stained hepatic vessels (Figure 1B).
One of 12 rabbits in group 2 was excluded due to
death on day 4. In three of the remaining 11 rabbits, the
hepatic surfaces were stained blue with Evans blue. The
cut surfaces of the livers of all 11 rabbits revealed bluestained hepatic vessels.
The hepatic surface after injection of Evans blue did
not reveal blue stain in the control group. The cut surface
of the liver in the control group showed blue-stained hepatic vessels.

B

Figure 1 Gross findings of the hepatic surface from a rabbit in group 1
after Evans blue staining. A: Anterior surface of the right lobe shows blue
staining; B: Cut surface of the liver shows blue-stained hepatic vessels.

Changes in AST and ALT serum levels before and each
time after saline injection in the control group are shown
in Table 1. There was no significant difference in control
group AST and ALT levels between before and each time
after saline injection, except for the AST level at day 7 following saline injection (p = 0.0355; Tables 2 and 3).
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Histologic findings
All nine rabbits in group 1 had normal livers according
to results from the H and E staining and the light microscopic examination (Figure 2A). The electron microscopic
examination showed multiple fat vacuoles within the vascular lumen of the group 1 rabbits with no evidence of
interstitial edema. The integrity of the endothelium was
well preserved in the rabbits of group 1 (Figure 2B).
In group 2, all 11 rabbits had normal liver as determined by H and E staining and light microscopy (Figure
3A). These rabbits did have multiple fat vacuoles within
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A

A

100 mm

50.17 mm

B

B

50.17 mm

C

Figure 3 Histologic findings in the portal and central area from a rabbit
in group 2. A: Light microscopic finding shows no specific abnormality in the
hepatic artery, hepatocytes, sinusoids or central hepatic veins (HE, × 200); B:
Electron microscopic finding shows multiple fat vacuoles (arrows) within the
vascular lumen. However, there is no evidence of interstitial edema. The integrity of the endothelium is well preserved.

the vascular lumen, as determined by the electron microscopic examination, with no evidence of vasogenic or
cytotoxic edema. The integrity of the endothelium was
well preserved in the rabbits of group 2 (Figure 3B). The
confocal microscopic examination after TUNEL staining
revealed no evidence of apoptosis in the hepatocytes of
both group 1 and group 2 (Figure 4A, B).
The control group rabbits exhibited normal findings
in hepatic lobules, hepatocytes, portal veins, bile canaliculi, and sinusoids upon light microscopic examination
after H and E staining. The electron microscopy results
showed absence of both vasogenic and cytotoxic edema,
and a well preserved vascular wall. The confocal microscopy results revealed no evidence of apoptosis of the
hepatocytes in the control group (Figure 4C).

DISCUSSION
In the present study, a triolein emulsion was infused either into the hepatic artery (hepatic artery group; group
1) or the portal vein via superior mesenteric artery (portal
vein group; group 2). The changes in hepatic function
were evaluated biochemically and histopathologically
for seven days. In group 1, AST and ALT levels were increased significantly on day 1 and decreased thereafter. In
group 2, the AST level increased on day 4, while the ALT
level increased significantly on day 1 and decreased thereafter. When the rabbits were sacrificed and stained with
Evans blue on day 7 after triolein infusion, only three
rabbits in each group had their hepatic surfaces stained.
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50.17 mm

Figure 4 Confocal microscopic images of the central area of rabbit liver
with transferase-mediated dUTP nick-end labeling staining. A: Representative group 1 liver specimen shows no evidence of hepatocyte apoptosis. The
two small dots with green staining represent apoptotic blood cells within the
sinusoid (× 400); B: Representative group 2 liver specimen shows no evidence
of apoptosis in the hepatocytes; C: Representative group 3 liver specimen reveals no evidence of hepatocyte apoptosis. The highly fluorescent signals that
highlight intensely stained scattered diffuse nuclei are white blood cells within
the sinusoids (× 400).

The light microscopic and electron microscopic findings
showed no specific change in the selected hepatic tissue
for either of the groups. All of the rabbits, regardless of
their grouping, did not show apoptosis in their hepatocytes, as determined by the confocal microscopic examination after TUNEL staining. There were no statistical
differences in the results from groups 1 and 2. These
results suggest that triolein emulsion (0.2 mL triolein in
20 mL of saline) infused into the rabbit liver does not
cause significant changes in hepatic function or structure.
Of note, hepatic function can be momentarily affected
following triolein infusion, resulting in an increase in
AST and ALT levels. This tendency has been reported
in previous studies involving triolein emulsions in which
infusion of triolein emulsion into the carotid artery led
to reversible changes in increased vascular permeability[6].
Thus, increased vascular permeability or tissue edema
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worsened on the day of examination or day 1, and then
decreased in subsequent days, returning to normal by day
7[6]. These findings are similar to the clinical reports on the
fat embolism syndrome, in which the patient’s condition
worsened on day 1 after onset of fat embolism syndrome
only to revert to normal[10]. Thus, triolein emulsion causes
symptoms related to increased vascular permeability with
symptoms being transient.
When triolein emulsion is infused into a vessel, it can
cause increased vascular permeability appearing as lesional
enhancement by contrast material on imaging studies[6-8].
The increase in vascular permeability reverts to normal
over time and histopathologic examinations reveal no
permanent changes. The embolized lesions induced by
triolein emulsion show no significant difference in cerebral hemodynamics from the contralateral normal side[11].
Also, on magnetic resonance spectroscopic examination,
cerebral fat embolism induced by a triolein emulsion results in no significant changes in the major metabolites of
the brain[12]. However, fat emboli, unlike other emboli, are
fluid and deformable, with the ability to penetrate capillaries. As the fat emboli penetrate capillaries, they break up
into smaller globules. After a temporary hold-up in systemic capillaries, the emboli pass into veins and return to
the lung. The cycle gets repeated again and again, resulting
in the globules becoming smaller and smaller until they
are no longer embolic. As the globules approach micron
size, the phagocytic systems in the liver and elsewhere
readily remove them from the blood[10]. Thus, fat emboli
can reach the heart and lungs under continuous perfusion
pressure from the heart, thereby entering the systemic circulation and gaining a potential to affect other organs.
The portal vein and hepatic artery provide the liver
with a dual blood supply. Blood flows through the sinusoids and empties into the central vein of each lobule
and the hepatic veins, which leave the liver and empty
into the inferior vena cava. The portal vein carries venous blood drained from the nutrient rich alimentary
tract. Most of the substances from the alimentary tract
are transferred to the liver via the portal vein, except
lipids that are carried via the lymphatics. The liver breaks
down or modifies toxic substances. Histologically, the
liver consists of hepatic lobules. A hepatic lobule is 1-2
mm in diameter and consists of a roughly hexagonal arrangement of hepatocytic plates radiating outward from
a central vein. Portal triads are regularly distributed at the
vertices of the lobule containing a bile duct and branches of the hepatic artery and hepatic portal vein. A portal
lobule has at its center a portal triad, with three central
hepatic veins peripherally adjacent. The blood of the
liver flows through the sinusoids and empties into the
central vein of each lobule and the hepatic veins[2]. Since
the hepatic damage is related to the vascular supply, it is
important to study changes to the hepatocytes adjacent
to the sinusoids. Unlike the brain, testis, and orbit, which
have blood-organ barriers, the liver has no barriers
between the sinusoids and adjacent tissues. Therefore,
one may assume that a triolein injection into the liver
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would result in considerable histological and biochemical changes. Contrary to the expectation, however, no
significant changes were found in the present study.
The results in this study suggest that the injection of a
triolein emulsion into the hepatic artery, or portal vein
may not lead to histopathologic changes of the liver if
the volume of infused triolein is controlled. Therefore,
although used as an adjunctive drug in chemotherapeutic
treatment of cancer patients, a triolein emulsion may not
damage the liver histopathologically.
Apoptosis, the process of programmed cell death,
is a result of irreparable cellular damage. Living organisms use this control mechanism to maintain their internal states within certain limits. The TUNEL reaction
identifies the presence of either single-strand or doublestranded breaks in genomic DNA[13]. Presence of a fluorescent color on the confocal microscopic examination
after TUNEL staining is indicative of apoptosis. In the
present study, there was no evidence of apoptosis of the
hepatocytes, suggesting that the triolein emulsion did not
affect the homeostasis of hepatocytes.
A limitation of the current study was that only a single
triolein volume was used (0.2 mL of triolein in 20 mL of
normal saline). The previous studies involving trioleinemulsions[6,11] used 0.05 mL or 1 mL of infused triolein in
20 mL of saline. It is thought that the vascular permeability may be associated with infused triolein volume, but
there have been no studies on the correlation between
the volume of infused triolein and vascular permeability.
Therefore, it is necessary to determine the proper volume
of infused triolein that minimizes the effect on the tissue, while increasing the vascular permeability as desired.
Another limitation was that the mechanism of a transient
rise in the AST level could not be unveiled. The third
limitation involved the difficulty in comparing the AST
and ALT levels of the experimental groups and the normal ranges due to the low number of rabbits in the control group. The fourth limitation was inability to directly
demonstrate to what degree the vascular permeability was
increased after infusion of the triolein emulsion into the
hepatic artery or portal vein. This limitation can be overcome with computed tomography.
In conclusion, infusion of triolein emulsion (0.2 mL
triolein in 20 mL of saline) into rabbit livers resulted in a
minimal and transient decrease of hepatic function, and
no specific histopathologic changes. These results will be
useful in future studies of triolein emulsion in the liver.
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permeability of the vessels with blood barrier in the brain, testis, and retina without significant histopathologic change. Intra-arterial infusion of a triolein emulsion in the skeletal muscles, which have continuous capillaries and no bloodorgan barrier, also increased vascular permeability without significant histologic
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clinical use, as an adjunctive drug for chemotherapy, it is necessary to determine
the potential histologic or functional changes triolein may induce in other body
organs into which it is injected. The effect of triolein emulsion on sinusoidal capillaries has not been previously reported. Since no barrier exists around sinusoidal
capillaries, especially in the liver, one may expect the triolein-induced vascular
changes to differ from those of continuous capillaries in the brain or eyeball.
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Infusion of triolein emulsion into arteries transiently increases vascular permeability in the vessels with blood barrier in the brain, testis and retina, with no
significant histopathologic change. Intra-arterial infusion of a triolein emulsion
in the skeletal muscles, which have continuous capillaries and no blood-organ
barrier, also increases vascular permeability without significant histologic
changes. However, fat emboli are fluid and deformable, and can penetrate
capillaries. Thus, fat emboli can reach the heart and lungs under continuous
perfusion pressure from the heart, thereby entering the systemic circulation and
gaining the potential to affect other organs. There has been no report evaluating
the effect of triolein emulsion on the vessel with the sinusoidal type of capillaries, such as in the liver. Infusion of triolein emulsion (0.2 mL triolein in 20 mL of
saline) into the rabbit livers caused a minimal and transient decrease of hepatic
function, with no specific histopathologic changes.

Applications

The study results suggest that an infusion of triolein emulsion produces a
minimal and transient effect, without specific histopathologic changes on the sinusoidal capillaries, and these findings may be useful in future triolein emulsion
studies for adjuvant chemotherapeutic treatment of tumors.
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Terminology
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Triolein, a triglyceride composed of three oleic acids, is the most important constituent fatty acid of the neutral fat in the long bone. It has been reported that
triolein is connected with a breakdown of the blood-brain barrier in fat embolism
syndrome.
This manuscript investigated the effect of intra-arterial infusion of triolein emulsion on rabbit liver. The authors showed that infusion of triolein emulsion into
rabbit livers manifested a minimal transient effect on the alanine aminotransferase and aspartate aminotransferase levels and produced no significant effect
on liver histology. These results, although primarily descriptive, may provide a
preliminary basis for further studies regarding the intra-arterial infusion of triolein emulsion.
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Abstract
AIM: To evaluate the accuracy of red cell distribution
width (RDW) to platelet ratio (RPR) to predict in-hospital mortality in acute pancreatitis (AP).
METHODS: Between January 2010 and June 2012,
102 patients with AP were recruited to the study. In
this retrospective cohort study, for all subjects, demographic data on hospital admission, AP etiology, comorbid diseases, organ failure assessment, laboratory
parameters and length of hospital stay were examined.
Additionally, we used a non-invasive prediction method
in addition to the RPR to evaluate the disease severity.
Multivariate logistic regression analyses were used to
evaluate the impact of RPR on hospital admission to
predict mortality.
RESULTS: The male-female ratio (59/43) was 1.37
with a median age of 56.5 years (17-89 years). In both
univariate and multivariate analyses, RDW and RPR
were presented as independent and significant variables
on admission to predict mortality. The RPR obtained
on hospital admission was persistently higher among
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non-survivors than among survivors (P < 0.0001). The
median RPR was 0.000087 in the non-survivor group
and 0.000058 in the survivor group. RPR with a cutoff
value of 0.000067 presented an area under the curve
of 0.783 (95%CI: 0.688-0.878) in receiver operating
characteristic curves and could predict the mortality of
approximately 80% of the patients.
CONCLUSION: We identified RPR as a valuable, novel
laboratory test to predict mortality in AP.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Red cell distribution
width; Red cell distribution width to platelet ratio
Core tip: Although the majority of patients with acute
pancreatitis have a mild course of the disease, severe
forms require more attention because of their high
morbidity and mortality. Several single- and multiparameter scoring systems, including laboratory parameters, physiological and radiological assessments, have
been described to evaluate disease severity. Sometimes, it is not clinically practicable to use these scoring
systems for evaluation; therefore, an easy to use and
accurate method is needed to predict mortality.
Çetinkaya E, Şenol K, Saylam B, Tez M. Red cell distribution width to platelet ratio: New and promising prognostic
marker in acute pancreatitis. World J Gastroenterol 2014;
20(39): 14450-14454 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14450.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14450

INTRODUCTION
Acute pancreatitis (AP) is an acute inflammatory disease,
and is one of the most frequent gastrointestinal causes of
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hospital admission. The incidence of AP is 150-420 cases
per million in the United Kingdom, and 330-430 cases per
million in the United States[1]. The majority of patients
have mild, self-limited disease; however approximately
20% of patients have a severe form[2]. AP has three phases. The first phase is characterized by enzymatic activation
and cellular injury that leads to early symptoms. In the
second phase, pro-inflammatory and anti-inflammatory
mediators play a role in a systemic inflammatory response
and an intrapancreatic inflammatory reaction occurs. The
third phase involves complications of AP[1]. The early assessment of disease severity to estimate the complications
and even organ failure is fundamental: approximately 23%
of the deaths attributable to AP occur in the first 3 d, and
53% within the first week [3].
Several single- and multi-parameter predictors have
been described to evaluate the severity of the disease.
Some scoring systems, such as Ranson, Glasgow and
APACHE Ⅱ, provide valuable clues to evaluate the severity and mortality of AP. In several studies, certain biological markers, such as elevated C-reactive protein, elevated
creatinine, high blood glucose and hemoconcentration on
admission, have been used to predict mortality[4].
Complete blood count is a laboratory test frequently
used in clinical practice and comprises white blood cell,
red blood cell and platelet counts, and their morphological indices, such as the red cell distribution width (RDW).
RDW measures the size variability of erythrocytes. It
is widely used to differentiate the etiology of anemia;
thus, in previous studies, the RDW was shown to be a
useful marker for celiac disease, colon cancer and acute
coronary syndromes[5,6]. In addition, hemostatic disorders
ranging from hypercoagulopathy to disseminated intavascular coagulation appear in the acute phase of AP and are
related to disease severity[7]. In a recent study to predict
hepatic fibrosis stages in patients with chronic Hepatitis B,
Chen et al[8] used the RDW to platelet ratio (RPR). Using
these two parameters, which are easily calculated, the necessity for liver biopsy for these patients will be reduced.
The RPR ratio reflects inflammation severity; therefore,
we aimed to evaluate the severity of patients with AP using RPR on hospital admission.

MATERIALS AND METHODS
A total of 102 patients with AP were recruited in the
study between January 2010 and June 2012. AP was diagnosed with typical physical examination findings associated with a plasma amylase level greater that 500 IU/L,
and radiological verification of the disease by ultrasonography and/or abdominal tomography. In this retrospective study, for all subjects, demographic data on hospital
admission, etiology of pancreatitis, organ failure, comorbid diseases, length of hospital stay, and the following laboratory measures such as serum amylase, C-reactive
protein, complete blood count, serum electrolytes, serum
enzymes associated with cholestasis, serum hepatic and
renal function tests, bilirubin levels, fasting blood glucose,
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lactate dehydrogenase, capillary gas analysis (partial pressure of oxygen, pH, and base excess), were analyzed from
each patient records. Also we calculate the RPR using the
following index. RPR = RDW (%)/platelet (109/L)[8].
Statistical analysis
Data were presented as median values (interquartile
range), and Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to assess the normality. The prognostic factors that influenced mortality in univariate analyses were
determined using the Mann-Whitney U and χ 2 tests. Factors identified as significant in univariate analyses were included in multivariate logistic regression analysis. Receiver
operating curve analyses were used to evaluate the mortality predictive performances and sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value (NPV) measures of each significant variable, with
different cutoff values.
All statistical procedures were performed with SPSS
15.0 (SPSS Inc, Chicago, Illinois). A P value < 0.05 was
considered to statistically significant.

RESULTS
In this retrospective cohort study, 59 female and 43 male
patients were included, with a median age of 56.5 years
(17-89 years). AP etiology was biliary stones in 75 and alcohol in 37 of the patients. Local complications observed
during follow-up were; 15 pseudocysts, four pancreatic
abscesses and six necrotizing pancreatitis. Thirteen patients died after a median of 6 d of hospitalization (1-88
d). The demographic and clinical features of the patients
are summarized in Table 1.
Age, WBC count, platelet count, calcium level, BUN
level, RDW, RPR and albumin level were the significant
variables in the univariate analysis that influenced the
survival rates of AP on admission. These significant
variables in univariate analyses were entered into multivariate analyses. In multivariate analyses, the RDW and
RPR were predicted as independent and significant variables on admission to predict mortality (Table 1). The
RPR obtained on hospital admission was persistently
higher among non-survivors than among survivors (P <
0.0001). Median RPR was 0.000087 in the non-survivor
group and 0.000058 in the survivor group. We further
analyzed the PPV (26.67%, 95%CI: 14.6-41.9) and NPV
(96.39%, 95%CI: 89.7-99.2) of high RPR. An RPR with
a cutoff value of 0.000067 presented an area under the
curve of 0.783 (95%CI: 0.688-0.878) in Receiver operating characteristic curves (Figure 1) and predicted mortality in approximately 80% of the patients (sensitivity,
80.00%, 95%CI: 51.91-95.43; specificity, 70.08%, 95%CI:
61.50-78.97; +LR: 2.74; -LR: 0.28).

DISCUSSION
Although a majority of patients with acute pancreatitis
have a mild course of the disease, severe forms require
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Table 1 Summary of the demographic and clinical characteristics of the patients
Non-survivors (n = 13)
Age
Sex (M/F)
BUN (mg/dL)
RDW1
RDW/PLT ratio1
Hematocrit
Platelet count (thousand per μL)
Amylase (U/L)
WBC count (thousand per μL)
Albumin (g/L)
Total bilirubin (mg/dL)
Lactate dehydrogenase (U/L)
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Calcium (mg/dL)
Serum glucose (mg/dL)
Hospital stay

Survivors (n = 89)

52 (41-72)
4/9
20.56 (12.29-48.6)
15.6% (14%-21%)
0.000
45.5 (37.2-49.5)
193 (173-212)
1223 (820-2860)
14.4 (12.9-16.0)
29 (22-31)
2 (1.5-2.7)
274 (185-331)
77 (29-108)
121 (38-186)
7.84 (7.39-8.49)
149 (128-200)
3 (2-19)

77 (73-82)
39/50
12.66 (10.28-17.76)
13.3% (12.5%-14.3%)
0.000
41.7 (37.9-45.2)
236 (197-298)
1114 (614-1663)
11.4 (8.2-14.3)
35 (30-38)
2 (0.90-3.60)
301 (195-481)
118 (30-291)
122 (41-253)
8.75 (8.32-9.13)
138 (112-172)
6 (3-9)

Univariate P

Multivariate P

0.001
NS
0.001
0.000
0.000
NS
0.037
NS
0.018
0.001
NS
NS
NS
NS
0.001
NS
NS

NS
NS
0.001
0.001
NS
NS
NS

NS

1

Indicates statistical significance. Data are presented as median value (interquartile range). BUN: Blood urea nitrogen; WBC: White blood cell; RDW: Red
cell distribution width; PLT: Platelet count; NS: Non significant.

ROC curve

1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

Figure 1 Receiver operating characteristic curve analysis of red cell distribution width to platelet ratio levels. ROC: Receiver operating characteristic.

more attention because of its high morbidity and mortality. The rate of mortality in severe acute pancreatitis may
be as high as 25%[4]. Thus, early diagnosis and management is fundamental to maximize organ support and to
prevent irreversible organ dysfunction.
There are several simple predictors to evaluate the
severity of the disease. Several scoring systems, such as
Ranson, Glasgow and APACHE Ⅱ, are useful in clinical
practice. These scoring systems are expected to provide
valuable clues in the assessment of severity. However, a
meta-analysis of 110 studies demonstrated that the Ranson score proved insufficient data to predict the severe
form of disease with lower positive and negative predictive values[9]. In addition, it has been argued that SIRS on
admission to assess the severity of the disease is more
accurate than the APACHE Ⅱ scoring system[10]. In the
present study, the performance of the RPR was compared with the Ranson criteria, and found to be more
sensitive than this severity score.
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To recognize organ dysfunction earlier, some biological markers could be used. In a large observational cohort
study, serial BUN measurements of AP patients on admission, and at 24 and 48 h were described as the most predictive marker of in-hospital mortality compared with the
serial hemoglobin/hematocrit measurements. The authors
also noticed that the extent of BUN increase was a single
accurate prognostic marker that was highly associated with
the risk of mortality[11]. In another study, hemoconcentration caused by fluid loss in a third space was mentioned
as a single reliable severity predictor of AP. Patients presented with a hematocrit level below 44%-47% on admission and patients not responding to resuscitation within
24 h have are at risk of developing necrotizing pancreatitis; therefore, patients with hemoconcentration should be
monitored in an intensive care unit with exclusive attention on aggressive fluid resuscitation. Hemoconcentration
usually correlates with pancreatic necrosis, and absence
of hemoconcentration suggests a benign course of the
disease[12,13]. In addition, many other serum markers have
been studied to predict the severity of the disease, such as
C-reactive protein, urinary trypsinogen activation peptide,
procalcitonin, polymorphonuclear elastase, interleukins-1,
6, 8 and 10, antithrombin Ⅲ (AT Ⅲ) and platelet activating factor[14]. Each of these markers have some limitations
in clinical use. For example, C-reactive protein and procalcitonin are non-specific and require a longer time for the
results. A test for urinary trypsinogen activating peptide,
the specific marker of protease activation, is not currently
available[11].
Inflammatory mediators have a pivotal role in the
pathogenesis of AP, and also influence hemostasis,
leading to coagulation abnormalities. These range from
intravascular thrombosis to disseminated intravascular
coagulation. Platelet activating factor is an inflammatory mediator and plays a role in the early stages, where
it activates platelets, neutrophils, mast cells and amplifies
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the production of other cytokines. Another important
factor in the coagulation cascade, known as tissue factor,
induces coagulopathy and leads to reduced platelet count,
fibrinogen and AT Ⅲ levels[7]. In a study of 27 patients
with acute pancreatitis, platelet counts, prothrombin levels were decreased[15,16]. In another study, plasma prekallikrein, AT Ⅲ and platelet count were reduced during the
first week after admission[14].
The RDW, an index of variability of erythrocyte size,
has been reported as a predictor of mortality in some
conditions, such as cardiac disease, strokes, infections
and peripheral artery disease[17]. Hu et al[17] evaluated the
RDW in various liver diseases. The RDW was increased
in patients and was positively correlated with bilirubin,
creatinine levels, prothrombin time, and negatively correlated with platelet count and albumin level. The half life
of red blood cells is higher than bilirubin and albumin;
therefore, the RDW represented a more stable index.
Proinflammatory cytokines of sepsis affect the survival
of erythrocytes in circulation, damage the membranes,
suppress maturation and lead to larger and newer reticulocytes to enter circulation and increase the RDW. In
addition, high oxidative stress can also reduce erythrocyte survival and increase the release of large premature
erythrocytes into the circulation. Sadaka et al[18] demonstrated that an RDW on the first day of septic shock was
very strongly associated with mortality and morbidity.
As mentioned above, the RDW was increased in some
pathological conditions, including acute pancreatitis. Some
of the inflammatory cytokines that play a role in the etiology of pancreatitis affect hemostasis and lead to coagulation abnormalities. In a recent study, Chen et al[8] evaluated
the RPR to predict hepatic fibrosis stages in patients with
chronic hepatitis B. Using these two indices, they stated
that with such a simple and non-invasive method, the
necessity for liver biopsy would be reduced because they
found that this ratio provided the greatest value of liver
fibrosis. In a study from our clinic, Şenol et al[19] demonstrated that an increased RDW level was an independent
predictor of mortality in AP patients. Based on this study,
we asked whether RPR could be useful to assess the mortality of patients with AP. We then evaluated these parameters for our patients on hospital admission.
Early recognition of disease severity and early treatment interventions are very important to reduce the
rates of morbidity and mortality. Severe AP needs urgent
management, admission to an intensive care unit, optimization of oxygen delivery and maintenance of tissue
perfusion. Improved outcome is associated with early restoration of blood volume circulation[20]; therefore, careful
monitoring of patients with AP improves survival. Consistent with the correlations mentioned above, we found
that the RPR could predict mortality in patients with AP.
The CBC is a simple and inexpensive laboratory test that
is used routinely in clinical practice and these two indices
will help us to assess the mortality rate of this disease.
In our study, we found that if RPR is used in clinical
practice with the accompanying assessments, it could be a
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useful and important marker for predicting the mortality
of patients with acute pancreatitis.
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RESULTS: From January 2001 to May 2010 in a tertiary centre, ten patients presenting with ≥ 2 metabolic
disorders without any other known cause of liver disorders died during perioperative course of major liver
resection. The same four-consecutive-steps sequence
of events occurred, including jaundice. The analysis of
this series suggested a rapidly deteriorating congestive
liver resulting in an increased portal hypertension leading to hepatorenal syndrome and lately to multiorgan
failure (mimicking septic collapse) as the mechanism
leading to exitus. The acute portal hypertension is
mainly related to the surgical procedure. The chronic
portal hypertension is indeterminate. Patients with ≥ 2
metabolic disorders should be considered as potentially
presenting with portal hypertension possibly evolving towards hepatorenal syndrome; thus, they should
be considered as having a high perioperative risk and
should be carefully evaluated before undergoing major
liver resection.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the mechanism leading to perioperative mortality in patients undergoing major liver
resection and presenting with metabolic disorders.

Key words: Metabolic syndrome; Major hepatectomy;
Liver resection; Postoperative mortality; Hepatorenal
syndrome

METHODS: The link between Metabolic Syndrome and
non-alcoholic fatty liver disease is currently demonstrated. Various metabolic disorders and the Metabolic
Syndrome (the association of ≥ 3 metabolic disorders)
have been recently described as a risk factor of perioperative mortality in major liver resection. Patients who
passed away during perioperative course of major liver
resection and presenting with the association of ≥ 2
metabolic disorders without any other known cause of
liver disorders were reviewed.

Core tip: Patients who passed away during perioperative course of major liver resection and presenting with
the association of ≥ 2 metabolic disorders without any
other known cause of liver disorders were reviewed.
The same four-consecutive-steps sequence of events
occurred, including jaundice/ascites, renal failure, hemodynamic collapse with inotrope use and death. The
analysis suggested a rapidly deteriorating congestive
liver resulting in an increased portal hypertension leading to hepatorenal syndrome and lately to multiorgan
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CONCLUSION: As fibrosis was not present or marginal in liver specimens, the real cause of portal hypertension in patients with multiple metabolic disorders
should be investigated with further studies.
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failure as the mechanism leading to exitus. As fibrosis
was marginal in liver specimens, cause of portal hypertension in patients with multiple metabolic disorders
should be investigated with further studies.
Zarzavadjian Le Bian A, Costi R, Sbai-Idrissi MS, Smadja C. Liver
resection and metabolic disorders: An undescribed mechanism
leading to postoperative mortality. World J Gastroenterol 2014;
20(39): 14455-14462 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i39/14455.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14455

INTRODUCTION
Metabolic syndrome (MS)[1] consists in the association
of three (or more) criteria among increased waist circumference, increased fasting glucose, arterial hypertension, increased triglycerides and reduced high-density
lipoprotein (HDL) cholesterol. With a rising incidence
in Western countries[2] and a demonstrated link to nonalcoholic fatty liver disease (NAFLD)[3-5] and hepatocellular carcinoma[3,6], MS has become a major concern in
the field of Hepatology.
Aside from that, and in spite of a trend towards aggressive strategies, advances in hepatic surgical care have
led to a significant improvement in perioperative outcome after liver resection. This mortality has gradually
decreased from 8.6%-14.7%[7,8] to 3.1%-8.7%[9-14] in the
last three decades. Recently, we reported an unusually
high perioperative mortality after right hepatectomy in
patients with two or more metabolic disorders[15]. Interestingly, mortality was related to a recurrent sequence
leading to multiorgan failure (MOF). The pathogenetic
mechanism of this MOF remains unclear.
As we noted this recurrent sequence of events finally
leading to death, we hypothesized that a keen analysis of
surgical procedures, peri- and postoperative outcomes,
laboratory examinations and medical managements may
possibly allow for a better clinical understanding of the
response of patients presenting with the association of
≥ 2 metabolic disorders (or metabolic disorders association, MDA) and undergoing major hepatic resection.
Here we present a retrospective analysis of consecutive
patients presenting with two or more metabolic disorders, undergoing major liver resection and who postoperatively passed away.

MATERIALS AND METHODS
From January 2001 to May 2010, a retrospective analysis
was performed in the Service de Chirurgie Hépatobiliaire
of Antoine Béclère Hospital, an academic tertiary centre. All consecutive patients presenting with at least two
metabolic disorders, undergoing major liver resection
and who deceased during the perioperative course, were
included in the study. Metabolic disorders included[1]:
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increased waist circumference, increased fasting glucose
(fasting plasma glucose > 5.5 mmol/L), arterial hypertension (> 130/85 mmHg), increased triglycerides (≥ 1.7
mmol/L) and reduced HDL cholesterol (< 1 mmol/L in
males or < 1.3 mmol/L in females).
The presence of two or more metabolic disorders is
defined as MDA, whereas the presence of three or more
metabolic disorders is defined as MS, in accordance with
previous publications[6,15]. Major liver resection is defined
as the resection of three or more Couinaud’s liver segments[16]. Renal insufficiency is defined as glomerular
filtration rate (GFR) < 50 mL/min (Cockroft formula[17])
or oliguria without obstructive process; oliguria is defined as an urine ouput < 500 mL/d (Measure of Creatinine using Creatinine Reagents OSR6178 and OSR 6678
from Beckman Coulter®). Postoperative hepatocellular
insufficiency is defined as prothrombin ratio (PR) < 50%
and serum total bilirubin (STB) > 50 μmol/L, according
to the fifty-fifty score[18] (measure of prothrombin time
using neoplastine CI from Beckman Coulter®); jaundice
is defined as STB > 50 μmol/L (measure of total bilirubin using total bilirubin reagents OSR6112, OSR 6212
and OSR 6512 from Beckman Coulter® and measure of
direct bilirubin using direct bilirubin reagents OSR6111,
OSR 6211 and OSR 6511). Arterial hypotension is defined as systolic blood pressure < 90 mmHg or diastolic
< 60 mmHg.
All patients presenting with any of the following conditions were excluded from the analysis: positive serology
for hepatitis B or C virus, autoimmune liver diseases (serum autoantibodies), alcohol abuse (alcoholic consumption > 40 g/d), or genetic hemochromatosis (positive
genetic testing or hepatic iron index > 1.9).
Parenchymal transection was performed using “the
clamp-crushing technique” or electrothermal bipolar vessel sealing system; when required, vessels and bile ducts
were ligated and divided intra-parenchymally or managed
by mechanical stapling.
Collected data included: Preoperative data, including
age, gender, body mass index (BMI), American Society
of Anesthesiology score, metabolic disorders, coronary
disease, renal insufficiency, tobacco/alcohol consumption, and preoperative treatment (chemotherapy/embolization); Intraoperative management, including type of
procedure, number and type of resected hepatic veins,
blood loss, pedicular clamping and its duration, hepatic
vascular exclusion, procedure duration, associated procedures; Perioperative outcome, including any postoperative events and morbidity, need of surgical/radiologicalyguided drainage, intensive care unit (ICU) stay, postoperative day of death, cause of death; Histopathology of
tumor(s) and adjacent parenchyma, specimen weight.
Steatosis was considered absent when less than 5%
of hepatocytes were involved, otherwise it was defined
as mild (5% to 33%), moderate (34% to 66%) or severe
(> 66%). Morphologically, steatosis was described as
macrovacuolar, microvacuolare or mixed. Fibrosis was
staged according to Kleiner et al[19]: stage 0 (no fibrosis),
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Postoperative GFR: evolution

Table 1 Patients characteristics

Median
140

Age (range) (yr)
ASA score: Median (range)
Body mass index: Median (range) (kg/m²)
Metabolic disorders:
2 disorders
3 disorders
4 disorders
5 disorders
Hepatic tumor histopathology:
Hepatocellular carcinoma
Colorectal cancer metastasis
Intrahepatic cholangiocarcinoma
Muco-secreting adenocarcinoma metastasis

Max

120

Value
67.7 (52.1-79)
2 (2-3)
26.1 (20.7-38.6)

GFR (mL/min)

Patients characteristics

Min

2
4
1
3

100
80
60
40
20
0
Preop Day2 Day4 Day6 Day8 Day10 Day12 Day14 Day16 Day18 Day20
Postoperative time (d)

4
3
2
1

Figure 1 Postoperative glomerular filtration rate: Evolution. GFR: Glomerular rate.

performed three to five weeks preoperatively).
stage 1 (zone 3 or perisinusoidal and portal fibrosis),
stage 2 (perisinusoidal and portal fibrosis without bridging), stage 3 (bridging fibrosis) or stage 4 (cirrhosis) (stage
4). Lobular inflammation was reported.
The patients have been anonymized in order to meet
Ethical and Legal obligations. The study was cleared by
IRB.

RESULTS
From January 2001 to May 2010, 27 patients out of 769
undergoing liver resection deceased perioperatively (mortality rate: 3.5%). Out of 27 deceased patients, 24 patients
underwent major liver resection. Out of 24 patients who
underwent a major liver resection and perioperatively
passed away, ten patients had no underlying cause of liver
disease except only MDA/MS. These ten patients are the
studied sample.
Preoperative results
Patients characteristics are presented in Table 1, metabolic
disorders are reported in Table 2. Prior surgical procedure,
no patient had known cirrhosis/renal insufficiency; coronaropathy (without contraindication to hepatectomy) was
reported in three patients. No patient declared an alcohol
consumption exceeding 20 g/d; only one patient smoked
(60 cigarettes/d).
Considering preoperative usual blood tests, median
PR was 87% (range: 79%-100%), median creatininemia
was 92.5 μmol/L (range: 56-117 μmol/L), median GFR
was 71.85 mL/min (range: 45.1-126.8 mL/min, with
only one patient < 50 mL/min) and median STB was 13
μmol/L (range: 5-51 μmol/L, with only one patient >
20 μmol/L -a stented hilar cholangiocarcinoma).
Surgical decisions were made during multidisciplinary
team meetings. Two patients received chemotherapy 4 to
6 wk prior the liver resection: Leucovorin, fluorouracil
and irinotecan in one case, and bevacizumab, leucovorin,
fluorouracil and oxaliplatin and cetuximab in the other.
In all patients, preoperative volumetric liver evaluation showed a remnant liver > 30% of total volume (in
four patients, after a right portal branch embolisation
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Intraoperative results
Surgical procedures are summarized in Table 2. The
surgical procedure was the first hepatic resection in all
but one patient (who previously underwent a left lobe
wedge resection[16]). A right portal branch thrombus was
removed in one patient. A middle hepatic vein resection was performed in six patients. Intermittent pedicle
clamping technique (15-min-ischemia, 5-min-reperfusion)
was used in six patients, with a median clamping time
of 22 min (range 19-80 min). An hepaticojejunostomy
(Roux-en-Y anastomosis) was completed in one patient,
without specific complication. A drain was left in place
in one patient. Median blood loss was 1000 mL (range:
300-3000 mL). An inferior vena cava injury was reported
during a laparoscopic right hepatectomy, requiring a conversion to laparotomy.
Histopathology
Median specimen weight was 950 g (range: 620-1380
g). Median liver steatosis percentage was 10% (range
0%-60%). Steatosis was evaluated as absent, mild and
moderate, in one, six and one patient, respectively (in two
patients, steatosis was not evaluated). Steatosis was defined
as macrovacuolar, “mixed” and microvacuolare, in seven
patients, two patients and no patient, respectively.
Considering fibrosis, stage 0, 1, 2 and 4 were found
in six, one, one and two patients, respectively. Unspecific
inflammatory infiltration, without Mallory bodies, was
reported in six patients.
Postoperative results
Postoperative course is summarized in Table 2. All patients presented with four common steps.
Acute renal failure: Acute renal failure, associated with
oligoanuria and non-responsiveness to volume expansion:
Patients’ GFR evolution before hemodialysis is reported
in Figure 1 (hemodialysis was used in eight patients).
Jaundice/ascitis: Jaundice/ascitis without any sign of
hepatic insufficiency, such as hepatic encephalopathy
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Table 2 Step by step and timeline (expressed in postoperative day)
Patient

Gender Increased
waist
circumference

Arterial
hypertension

First day of renal First day of Day of death
First
First
Procedure:
Decreased
Increased
day in day of failure or oliguria/ inotropes
Segments and
HDL cholestefasting
3
use
first day of
ICU jaundice
rol/increased wedge resections
glucose
or ascites hemofil--tration
trigly-cerides

Patient 11
Patient 2
Patient 3
Patient 4

Male
Male
Male
Male

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

No / No
Yes/Yes
Yes/Yes
Yes/Yes

Patient 5
Patient 6
Patient 7

Male
Male
Male

No
No
Yes

Yes
Yes
No

Yes
No
No

Yes/No
Yes/No
Yes/Yes

Patient 8

Male

Yes

Yes

No

No/No

Patient 9
Patient 10

Male
Lady

Yes
No

Yes
Yes

No
Yes

Yes/Yes
Yes/No

9 M/1 F

7

9

6

8/5

Total or
median
(range)

Ⅴ, Ⅵ, Ⅶ, Ⅷ
Ⅴ, Ⅵ, Ⅶ, Ⅷ
Ⅴ, Ⅵ, Ⅶ, Ⅷ
Partial Ⅳ, Ⅴ, Ⅵ,
Ⅶ, Ⅷ
Ⅴ, Ⅵ, Ⅶ, Ⅷ
Ⅴ, Ⅵ, Ⅶ, Ⅷ
Partial Ⅳ, Ⅴ, Ⅵ,
Ⅶ, Ⅷ
Ⅱ, Ⅲ, Ⅶ
3 Wedge resections: Ⅳ, Ⅴ, Ⅷ
Ⅴ, Ⅵ, Ⅶ, Ⅷ
Partial Ⅳ, Ⅴ, Ⅵ,
Ⅶ, Ⅷ,
Wedge of Ⅲ
N/A

1
22
12
3

2
4
6
3

1/6
2/6
4/14
3/9

1
1
14
8

7
10
15
18

12
7
12

7
7
2

4/6
8/no
10/no

4
18
1

25
29
35

12

3

5/8

1

38

8
12

6
4

8/22
4/9

8
10

43
52

1
(1-8)

4
(2-7)

4 (1-10)/8.5 (6-22)

6
(1-18)

27
(7-52)

1

A vena cava injury with 3000 mL blood loss; 2Patient admitted in ITU for elective postoperative observation; 3As described in Blumgart LH, Surgery of the
Liver, Biliaru Tract, and Pancreas, Fourth Edition. Elsevier/Saunders 2006. No: Patient who did not undergo hemofiltration; HDL: High-density lipoprotein; ICU: Intensive care unit.

Coagulase-negative Staphylococcus were isolated in ascites
sampling in the other). Large spectrum antibiotherapy
and antifungal treatment were administered to all patients; after massive repletion, owing to hypotension persistency, all patients received noradrenalin, without effect
on arterial hypotension. Prior decision to discontinue the
treatment, noradrenalin reached a median maximal dose
of 3.5 mg/h (range 1-20 mg/h).

Mediam serum total bilirubin

Serum total bilirubin (micromol/
L)/prothrombin ratio (%)

Mediam prothrombin ratio
100
90
80
70
60
50
40
30
20
10
0

Late MOF and death: In all patients, hepatic failure
associated with hepatic encephalopathy was observed as
a pre-mortem step. Cardio-circulatory collapse was the
etiology of death.

Preop Day1 Day2 Day3 Day4 Day5 Day6 Day7
Postoperative time (d)

Figure 2 Prothrombin ratio and serum total bilirubin: Postoperative evolution.

(inverted sleep-wake pattern, confusion, flapping tremors) and with PR stably > 50%. STB and PR evolution is
reported in Figure 2. All patients had several abdominal
imaging (including CT-scan and US-scan): no investigation demonstrated any biliary dilatation/obstruction, nor
portal/hepatic vein thrombosis.
Arterial hypotension: Arterial hypotension, non-responsive to volume expansion and (later) inotropes administration (noradrenalin). In all patients, arterial hypotension was attributed to sepsis of intra-abdominal origin
in spite of repeated bacteriological examinations on ascites/collection resulted negative in eight patients (Gram
negative bacteria was isolated in an intra-abdominal collection/hematoma in one patient, Candida Albicans and
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DISCUSSION
During the course of the study, in hospital postoperative mortality rate of liver resection reached 3.5% in the
department. Among these deceased patients, 89% underwent major liver resection and 37% underwent major
liver resection and did present without any underlying
cause of liver disease except MDA. The observation of
a recurrent sequence of events ending up with death
in an unusually high number of patients compelled an
analysis.
First, the cause of death in this small series is not
clear. No bleeding, no infection/sepsis (after retrospective overview), no cardiac arrest, no pulmonary embolism or any other cause of death was reported as cause
of death; all patients experienced the same course of
events (Figure 2) starting with early renal failure associated with jaundice/ascites, then arterial hypotension re-
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fractory to volume expansion/inotropes administration,
and finally MOF leading to death. Repeated abdominal
imaging did not show biliary dilatation or obstruction
(causing jaundice) or portal/hepatic vein thrombosis. Although jaundice/ascites was an early event, interestingly
enough, patients did not present with any alteration of
hepatic function until the very end-stage of the disease
(Figure 2); PR was stable around 50% and no clinical
symptom of hepatic failure was reported. Such a dissociation between the clinical picture (jaundice/ascitis) and
liver function tests is not usual after major hepatic resection with fatal outcome[18]. Yet, jaundice does not explain
such a sequence of events and mortality.
Although the whole course of events is evidently
triggered by major liver resection, and the occurrence
of early jaundice and late hepatic failure seems to point
out liver as the responsible of fatal outcome, the pathogenic mechanism remains unclear. Indeed, considering
demonstrated risk factors of perioperative mortality
after major liver resection, none seems to be related to
the observed mechanism: first, in no case remnant liver
volume was inferior to 30%[20]; second, no patient presented with any underlying liver disease except NAFLD;
third, only two patients out of ten were found to have
cirrhosis (at surgery), whereas the others had no or
marginal liver fibrosis (stage 0 to 2); fourth, liver parenchyma showed no specific histopathological alteration
in the two patients who had preoperative chemotherapy.
By exclusion, it seems that there is only one common,
newly identified risk factor for major liver surgery[15]:
MDA and MS.
Analyzing the timeline of the mechanism, renal failure occurred concomitantly to jaundice, as the fourth
postoperative day was the median day of occurrence for
both events (Table 2). No known renal disease was preoperatively identified and preoperative GFR was virtually
normal (median 71.85 mL/min, in only one case below
50-45.1 mL/min). Interestingly, renal failure was interpreted as being caused by sepsis. As such, it was treated by
volume expansion followed by inotropes’ administration.
Since GFR worsened with time (and volume expansion),
renal failure seems to meet the definition of hepato-renal
syndrome (HRS)[21].
Since HRS is invariably associated with acute portal
hypertension, we hypothesized that this latter may have
had a pivotal role in determining the escalation from
jaundice/ascitis to HRS to MOF and death, in patients
presenting a MDA (and possibly NAFLD) undergoing major liver resection. This thesis may be even more
intriguing when considering recent literature: on one
hand, metabolic disorders and MS are associated with
NAFLD[3-5], and NAFLD (steatosis) may be associated
with portal hypertension without fibrosis/cirrhosis[22,23].
On the other hand, major liver resections may be associated to increased portal tension[24]. This report may
suggest that performing a major resection of a liver exposed to multiple metabolic disorders may cumulatively
increase the risk of developing portal hypertension, thus
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triggering the HRS.
Moreover, interestingly, such an evolution of the clinical picture and laboratory tests of these patients may
also remind another condition associated to “acute” portal hypertension: the post-liver transplantation “smallfor-size syndrome”, typically occurring after partial liver
grafting[25]. Due to the increased vascular inflow to the
grafted liver (and a decreased vascular outflow), the
transplanted liver is too small compared to the recipient, leading to liver congestion and portal hypertension,
potentially resulting in graft failure[25]. Indeed, major liver
resection in patients with MDA has the same trigger factors of “small-for-size-syndrome”: a recognized underlying liver alteration (NAFLD), an increased preoperative
vascular inflow associated with chronic portal hypertension[22,23] and its postsurgical further increase[24], and a reduction of vascular outflow especially when one or two
hepatic veins are removed[26]. Moreover, the fact that,
the middle hepatic vein resection in patients affected by
MDA undergoing right (extended-right) hepatectomy
resulted as related to > 50% mortality[15], somehow corroborates the hypothesis that not only portal hypertension, but also a low outflow may be responsible of liver
parenchyma congestion[26] and, secondarily, HRS. We
propose an algorithm to resume the mechanism leading
patients with MDA undergoing massive liver reduction
to death (Figure 3).
Such a hypothesis has practical consequences. First,
HRS misinterpretation may lead to massive vascular
expansion, as in our series where hypotension was interpreted as resulting from intra-abdominal infection and
treated consequently. In our series, the massive vascular
expansion probably led to an increase of the vascular
retention in the liver, so worsening the congestion and
increasing the portal hypertension until HRS and liver failure developed. The most appropriate management should
probably have been the depletion instead of the massive
repletion, in order to interrupt the sequence of events
leading to HRS and, ultimately, to death. Such a management was performed in an eleventh case. This patient
presented with HRS (liver/renal failure) after right hepatectomy for colorectal metastases and finally survived.
This otherwise healthy, 51-year-old, male patient (GFR of
104 mL/min and no liver alteration at preoperative labs)
presented with MS (low HDL-cholesterolemia, arterial hypertension and increased waist circumference). BMI was
28.4 kg/m2. A preoperative chemotherapy (six cycles of
fluorouracil + oxaliplatin + bevacizumab) was performed
prior the surgical procedure. Intraoperative blood loss was
3100 mL owing to technical difficulty. Histology of the
1730 g-specimen showed stage 1 fibrosis, severe (90%)
macrovacuolare steatosis, and an aspecific inflammation.
Postoperatively (day 3, 5 and 7), PR was 53%, 73%, 78%,
respectively, whereas STB increased (93, 138, 159 μmol/L,
respectively). GFR was initially preserved (87 mL/min on
day 3, 95.2 on day 5) then the patient developed oliguria.
Differently from the other patients and also because he
was hemodynamically stable, we opted for a daily hemofil-
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Figure 3 Physiopathology of the multiorgan failure related to major liver resection in patients presenting with metabolic syndrome.

tration with fluids depletion. This treatment was effective,
jaundice and ascites decreased before the renal function
recovered. After a 53-d hospital stay (including 41 d in
ICU) the patient was discharged. At 2-year follow-up, the
patient is going well. Although one case obviously does
not set a rule, the case of the patient with ongoing HRS/
jaundice after right hepatectomy successfully treated using fluids depletion seems to confirm our hypothesis and
should be considered when deciding for the most appropriate treatment of such a severe condition.
From an etiological point of view, it is not clear why
and how MDA predisposes liver to HRS when undergoing massive resection. Since steatosis and inflammation
(and oxydative stress) are the only liver alterations found
at histology, their possible role is worth a commentary.
Steatosis, which is often associated to NAFLD, varied
widely through the current series, as it was absent, mild,
moderate, in one, six and one patient, respectively (in two
patients it was not measured). As steatosis was not severe
in the very majority of patients, the vascular/hepatocellular physiopathology leading to portal hypertension and
HRS is still unclear. Such a dissociation between steatosis’ severity and the possible development of portal hypertension and fatal HRS after major liver resection does
not support the hypothesis of a major role played by
steatosis in the described sequence of events, and has the
practical consequence to limit the interest of performing
liver biopsy before surgery in order to identify patients
at risk. Moreover, even if we admit that also mild steatosis may somehow be a risk factor of developing portal
hypertension and HRS in patients presenting with MDA
undergoing major liver resection, unfortunately, liver
biopsy is ineffective to assess steatosis, as it may vary
widely in liver parenchyma[27]. For all these reasons, identifying MDA when collecting patient’s personal history
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is, at the present state of art, the only possible screening
able to identify patients at risk of developing a postoperative acute portal hypertension and HRS after major
liver resection.
The relationship between portal hypertension, steatosis and inflammation, and the possible role of this latter
in the sequence of events described in our series, may
also be discussed. After the association between liver steatosis (including NAFLD) and chronic portal hypertension has been shown[23], this latter has very recently been
reported to cause splanchnic and systemic low-grade
inflammation in an experimental model[28]. Similarly, a
vasculopathy caused by a low-grade, chronic inflammation caused by steatosis-related portal hypertension may
be supposed to occur even in human patients (including
our series). Such a chronic inflammation, characterized
by oxidative stress, increased levels of proinflammatory
cytokines and profibrogenic mediators, is seemingly not
confined to portal-liver district, but rather related to a
systemic vasculopathy, including aortopathy. As proposed by Aller et al[28], the increased aortic reduced-nicotinamide-adenine dinucleotide phosphate [NAD(P)H]
oxidase activity could be associated with the production
of reactive oxygen species promoting inflammation.
If we also consider that oxidative stress mediated by
NAD(P)H oxidase has been associated with risk factors
for inflammation and atherosclerosis, we can have a rudimental model of how the inflammation process may
develop from portal hypertension. Interestingly, in order
to increase portal pressure in their experimental model,
Aller et al[28] performed a triple portal ligation; this latter
is comparable to the surgical portal ligation performed
during major liver resection, which is also related to an
increase of portal hypertension[24], somehow strengthening the idea that a correlation between the two models
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exists and that major liver resection may imply a further
increase of portal hypertension and play a role in the sequence of events leading to HRS.
Our study actually presents the typical bias of a retrospective analysis performed in a small-sized population;
moreover, the main hypothesis is based on the pivotal
role played by portal hypertension. Indeed, its presence is
deduced by the sudden development of HRS (which implies portal hypertension), but it has not been measured
since the series is retrospective and no portal catheterism
is routinely performed in our daily practice. Nevertheless, among the strengths of the paper, it should be remarked that the studied sample was highly selected (patients with ≥ 2 metabolic disorders undergoing major
liver surgery and concomitantly not presenting any other
possible etiology for liver-related disease) from a large
series of patients treated in a Tertiary Level University
Hospital specialized in hepato-biliary surgery. Also considering the extremely high death-rate of patients entering the sequence of events described above, we definitely believe that ethics compels us to share our findings in
order to show a previously unknown risk factor for liver
surgery, to identify a more appropriate management and
to orient future research.
In conclusion, postoperative mortality after major
liver resection in patients presenting with MDA seems to
be related to a misunderstood hepatic mechanism, with
portal hypertension playing a central role in a vicious circle
leading to HRS and, ultimately, to death. When evaluating
therapeutic options, patients with MDA should be considered to have a patent portal hypertension potentially
leading to HRS when undergoing major liver resection,
thus, being related to higher mortality rate. In the future,
patients with multiple metabolic disorders undergoing
major liver surgery should be considered at higher perioperative risk, portal pressure should be possibly measured
and included in the preoperative work up and considered
in prospective trials.

Applications

In spite of a small sample, this demonstration is of major interest in daily hepatology and in order to understand NAFLD.

Peer review

In spite of a small sample, the topic of the manuscript is important. This demonstration is of major interest in daily hepatology and in order to understand
NAFLD. This is an interesting report for the clinical practice. Overall the report
appears to be carefully examined and data adequately discussed.
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Abstract
AIM: Optimal molecular markers for detecting colorectal cancer (CRC) in a blood-based assay were evaluated.
METHODS: A matched (by variables of age and sex)
case-control design (111 CRC and 227 non-cancer
samples) was applied. Total RNAs isolated from the
338 blood samples were reverse-transcribed, and
the relative transcript levels of candidate genes were
analyzed. The training set was made of 162 random
samples of the total 338 samples. A logistic regression analysis was performed, and odds ratios for each
gene were determined between CRC and non-cancer.
The samples (n = 176) in the testing set were used
to validate the logistic model, and an inferred performance (generality) was verified. By pooling 12 public
microarray datasets(GSE 4107, 4183, 8671, 9348,
10961, 13067, 13294, 13471, 14333, 15960, 17538,
and 18105), which included 519 cases of adenocarcinoma and 88 controls of normal mucosa, we were able
to verify the selected genes from logistic models and
estimate their external generality.
RESULTS: The logistic regression analysis resulted
in the selection of five significant genes (P < 0.05;
MDM2 , DUSP6 , CPEB4 , MMD , and EIF2S3 ), with odds
ratios of 2.978, 6.029, 3.776, 0.538 and 0.138, respectively. The five-gene model performed stably for the
discrimination of CRC cases from controls in the training set, with accuracies ranging from 73.9% to 87.0%,
a sensitivity of 95% and a specificity of 95%. In addition, a good performance in the test set was obtained
using the discrimination model, providing 83.5% ac-
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curacy, 66.0% sensitivity, 92.0% specificity, a positive
predictive value of 89.2% and a negative predictive
value of 73.0%. Multivariate logistic regressions analyzed 12 pooled public microarray data sets as an external validation. Models that provided similar expected
and observed event rates in subgroups were termed
well calibrated. A model in which MDM2 , DUSP6 ,
CPEB4 , MMD , and EIF2S3 were selected showed the
result in logistic regression analysis (H-L P = 0.460,
R2= 0.853, AUC = 0.978, accuracy = 0.949, specificity
= 0.818 and sensitivity = 0.971).
CONCLUSION: A novel gene expression profile was
associated with CRC and can potentially be applied to
blood-based detection assays.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A novel gene expression profile was associated
with colorectal cancer and can potentially be applied to
blood-based detection assays. The model that selected
MDM2 , DUSP6 , CPEB4 , MMD , and EIF2S3 showed the
result in logistic regression analysis (H-L P = 0.460, R2
= 0.853, AUC = 0.978, accuracy = 0.949, specificity =
0.818 and sensitivity = 0.971).
Chang YT, Huang CS, Yao CT, Su SL, Terng HJ, Chou HL, Chou
YC, Chen KH, Shih YW, Lu CY, Lai CH, Jian CE, Lin CH, Chen
CT, Wu YS, Lin KS, Wetter T, Chang CW, Chu CM. Gene expression profile of peripheral blood in colorectal cancer. World J
Gastroenterol 2014; 20(39): 14463-14471 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i39/14463.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i39.14463

INTRODUCTION
Colorectal cancer (CRC) is a common cancer worldwide[1].
An estimated 146970 new cases of CRC and 49920 deaths
were expected to occur in 2009 in the United States[2].
CRC screening can possibly reduce the incidence of advanced disease and provide better overall and progressionfree survival. Conventional CRC screening tests include
fecal occult blood testing, flexible sigmoidoscopy, doublecontrast barium enema X-ray, and colonoscopy[3]. Although they are commonly used, these tests have limitations, including highly variable sensitivity (i.e., 37%-80%)
and diet-test interactions[4].
The dissemination of malignant cells from a primary
neoplasm is the pivotal event in cancer progression. In
many clinical cases, tumor cells metastasize before the
primary tumor is diagnosed[5-11]. Individual circulating
tumor cells may be the earliest detectable form of metastasis[12]. PCR-based analyses of mRNA from cytokeratins,
identified the carcinoembryonic antigen (CEA), and

WJG|www.wjgnet.com

epidermal growth factor receptor (EGFR) genes in peripheral blood samples from CRC patients[13]. However,
the low sensitivities and specificities for these well-known
genes are not considered acceptable for the detection
of colorectal cancer. Recently, multiple biomarkers were
reported for the detection of colorectal cancer that delivered a better sensitivity or specificity[14-15].
In the present study, expression levels of 28 cancerassociated candidate genes from the study of Quyun et al[16]
in peripheral blood samples from 111 colorectal cancer
patients and 227 non-cancer controls were analyzed using quantitative real time-PCR. Genes correlated with
CRC were selected, and a discrimination model was
constructed using multivariate logistic regression. Sensitivity, specificity, accuracy, positive and negative predictive values, and the area under the curve (AUC) of the
discrimination model are reported. Meanwhile, models
from the present study (Model 1: five genes), Marshall
et al[14] (Model 2: seven genes) and Han et al[15] (Model
3: five genes) were used to validate 17 selected genes by
pooling 12 public microarray data sets, in addition to external validation.

MATERIALS AND METHODS
Patients, controls, and blood samples
One hundred eleven patients with histologically confirmed colorectal cancer were enrolled (2006-2009) in a
prospective investigational protocol, which was approved
by the Institutional Review Board at Cheng Hsin Rehabilitation Medical Center (Taipei, Taiwan). CRC patients
at different stages were classified according to the TNM
system (Table 1). Peripheral blood samples (6-8 mL) were
drawn from patients before any therapeutic treatment,
including surgery, but after written informed consent was
obtained. All blood samples were collected using a BD
vacutainer CPT™ tubes containing sodium citrate as an
anti-coagulant (Becton Dickinson, NJ, United States) and
were stored at 4 ℃.
The healthy controls were 227 volunteers matched by
variables of age and sex who had come in for a routine
health examination and had no evidence of any clinically detectable cancer. Each participant gave informed
consent for the analysis. The same volume of peripheral
blood was collected from controls as from patients. Samples were randomly divided into a training set (n = 162)
and a testing set (n = 176). There were no significant differences in age, sex, cancer stage or tumor site between
the two sets (Table 1).
RNA isolation and reverse transcription
The mononuclear cell (MNC) fraction was isolated within
three hours after blood collection, using a BD vacutainer
CPT™ tubes (Becton Dickinson), according to the manufacturer’s instructions. Total RNA was then extracted
from the MNC fraction using the Super RNApure™ kit
(Genesis, Taiwan), according to the manufacturer’s instructions. The average yield of total RNA per milliliter
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n (%)

Table 1 Characteristics of the training and testing sets
Training set (n = 162)
CRC (n = 55) Non-CRC (n = 107)
Age, yr (S.E.)
Gender
Male
Female
Stage

66.47 (1.50)

68.31 (1.12)

32 (58.2)
23 (41.8)

58 (54.2)
49 (45.8)

Testing set (n = 176)
CRC (n = 56)

Non-CRC (n = 120)

P value

Cases

Controls

0.335
0.630

67.38 (1.83)

69.99 (1.03)

0.216
0.176

0.704
0.387

0.270
0.313

28 (50.0)
28 (50.0)

73 (60.8)
47 (39.2)
-

0.447

-

-

0.286

-

21 (38.2)
10 (18.2)
14 (25.5)
10 (18.2)

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Tumor site
Colon
Rectum
Cecum
Colon+Rectum

-

P value

P value

15 (26.8)
9 (16.1)
21 (37.5)
11 (19.6)
-

28 (50.9)
22 (40.0)
4 (7.3)
1 (1.8)

-

30 (53.6)
16 (28.6)
5 (8.9)
5 (8.9)

1

Data are given as means (SE) or as the number of cases (%); 2P-values were estimated using the t-test. CRC: Colorectal cancer.

primer sets purchased from Advpharma, Inc. (Taiwan),
nucleotide probes from Universal ProbeLibrary™ (Roche,
Germany) and TaqMan® Master Mix (Roche) on a Roche
LightCycler® 1.5 instrument. The hypoxanthine phosphoribosyltransferase 1 (HPRT1) gene was used as the
internal control because its expression accurately reflects
the mean expression of multiple commonly used normalization genes[18-19]. The cycle number for each candidate
gene, Ct(test), was normalized against the cycle number
of HPRT1,Ct(HK). The calculation was performed as
follows: ∆Ct(test) = Ct(HK)-Ct(test). The derived (normalized) value, ∆Ct(test), for each candidate gene was
presented as the relative difference compared with the
mRNA expression level of the reference gene[20]. The
transcripts of 14 genes were identified as being correlated with the incidence of tumor tissues and were associated with clinical outcomes in a microarray study[21].
Two genes with elevated expression in colon cancer
patients[22-23], encoding the A3 adenosine receptor and
CCSP-2, were also assayed at the beginning of our study.
Since the measurement of a higher cycle number (i.e., Ct
greater than 30) generally implies lower amplification efficiency[24], 15 genes were used for further analysis (Table 2)
after eliminating genes with low amplification efficiencies.

Table 2 Multivariate analysis of colorectal cancer-related
molecular markers and the discrimination model based on
age, sex, and 15 genes, using the logistic regression model on
the training set
95%CI of OR
Sex
Age
MCM4
ZNF264
RNF4
GRB2
MDM2
STAT2
WEE1
DUSP6
CPEB4
MMD
NF1
IRF4
EIF2S3
EXT2
POLDIP2

B

OR

Upper

Lower

P value

0.577
0.028
0.142
1.450
-0.550
2.009
1.359
-1.178
1.264
2.465
2.045
-1.067
-1.417
0.057
-2.105
-1.933
-1.294

1.780
1.028
1.152
4.265
0.577
7.456
3.892
0.308
3.540
11.769
7.725
0.344
0.243
1.059
0.122
0.145
0.274

7.582
1.083
4.504
18.208
5.146
37.131
15.166
1.466
14.784
40.330
27.695
0.865
1.517
3.350
0.718
1.235
1.515

0.418
0.976
0.295
0.999
0.065
1.497
0.999
0.065
0.848
3.435
2.155
0.137
0.039
0.335
0.021
0.017
0.050

0.435
0.293
0.838
0.050
0.622
0.014
0.050
0.139
0.083
1.33E-11
0.002
0.023
0.130
0.923
0.020
0.077
0.138

B: Coefficient of logistic regression; OR: Odds ratio; CI: Confidence
interval.

of peripheral blood was 1.6 µg. The mRNA quality was
assessed by the electrophoresis of total RNA, followed
by staining with ethidium bromide, which showed two
clear rRNA bands of 28S and 18S. Using a spectrophotometer, the ratio of the absorbances of each RNA at
260 and 280 nm (A260:A280) was confirmed to be greater
than 1.7, which is an indicator of RNA purity[17]. One
microgram of total RNA was used for cDNA synthesis
with random hexamer primers (Amersham Bioscience,
United Kingdom) and Superscript™ Ⅱ reverse transcriptase (Invitrogen, United States).
Quantitative real-time polymerase chain reaction
Real-time polymerase chain reaction (PCR) was performed using pre-designed, gene-specific amplification
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Statistical analysis
The χ 2 test and t-test were performed to characterize sex
and age distributions between cases and controls. The
transcript levels of candidate genes were tested statistically for differences between the case and control samples
using the t-test. A logistic regression was performed, and
odds ratios were determined to study the association of
candidate genes with CRC. The power of the study was
100% for each candidate gene. The statistical alpha level
was 0.05. The Bonferroni adjustment for multiple testing
was performed using SISA[25] to control for a family-wise
error rate of 0.05, for which a significance level was considered as 0.05/42 = 0.00114. The P-values in the tables
are reported in scientific notation if too many digits were
needed for the evaluation and to address the issue of
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et al[14] (Model 2: 7 genes) and Han et al[15] (Model 3: 5
genes) and performed the multivariate logistic regression
analysis using the pooled 12 public microarray data sets,
in addition to external validation.

Table 3 Discrimination power and receiver operating
characteristic analysis of different combinations of colorectal
cancer-associated genes in the training set
95%CI
Genes used for models

AUC

SE

DUSP6
DUSP6, CPEB4
DUSP6, CPEB4, EIF2S3
DUSP6, CPEB4, EIF2S3, MDM2
DUSP6, CPEB4, EIF2S3, MDM2,
MMD

0.804
0.855
0.882
0.895
0.905

0.038
0.032
0.032
0.030
0.028

P value Lower Upper
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.73
0.791
0.820
0.838
0.849

RESULTS

0.879
0.919
0.945
0.953
0.960

-values for AUC were estimated using the Z test. ROC: Receiver operating
characteristic; AUC: Area under the ROC curve; SE: Standard Error; CI:
Confidence interval.

multiple testing.
Multivariate logistic regression was used to analyze
the relationship of the cases and controls to the ∆Ct(test)
values of candidate genes. The logistic probabilities were
calculated using the modeling equations from logistic regression analysis. Diagnostic performances were further
used to evaluate multivariate logistic models, including
sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV). We used the HosmerLemeshow test to check goodness-of-fit. A receiver operating characteristic (ROC) curve analysis was performed
to determine the cut-off logistic probabilities and the
areas under the ROC curves (AUC), to identify the performance of each candidate gene and combinations of
multiple genes. A sensitivity analysis demonstrated the
influence on performance of different cut-off logistic
probabilities [Logit(P)] in the logistic model.
Internet public microarray data sets
The microarray gene expression data were obtained
searches using “colon cancer” AND “human [organism]”
AND “expression profiling by array [dataset type]” as the
key words in the GEO database of the National Center
for Biotechnology Information (NCBI). The eligible criteria were (1) the examined samples were frozen tissue
sections of normal human colorectal mucosa, primary
colorectal cancer or hepatic metastases from colorectal
cancer; (2) the microarray platform used was limited to
single-color, whole genome gene chips from Affymetrix; and (3) the data were presented as gene expression
levels. The exclusion criteria were (1) data from cultured
cell lines or other in vitro assays; (2) datasets without the
original gene expression level data files; and (3) those
with redundant sub-datasets. A total of 175 GEO series
(GSE) datasets were excluded, leaving 12 public microarray dataset: GSE 4107, 4183, 8671, 9348, 10961, 13067,
13294, 13471, 14333, 15960, 17538, and 18105. These
data included 519 cases of adenocarcinoma and 88 controls of normal mucosa.
Furthermore, we validated the 17 CRC-associated
genes from the studies (Model 1: 5 genes), Marshall
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Genes correlated with colorectal cancer
A multivariate analysis based on age, sex and 15 genes
was used in a logistic regression model in the training
set because the peripheral blood samples were drawn
from patients before any therapeutic treatment (Table 2).
However this full model seemed capable of discriminating between the CRC cases and controls, it may have resulted in overfitting.
Discrimination of colorectal cancer and non-cancer
controls using five genes
Five genes, i.e., MDM2, DUSP6, CPEB4, MMD, and
EIF2S3, were significantly associated with CRC. Discrimination models can be constructed with one of the
five genes selected, based on forward multivariate logistic
regression analysis using the training set. AUCs were used
to compare the performance of discrimination models
for single gene and combinations of two, three, four, or
five marker genes. The DUSP6 model (Table 3) displayed
the best discrimination ability, with an AUC of 0.804
(95%CI: 0.730-0.879) compared with the other one-gene
models (AUC: 0.49-0.69). Distinct increases in the AUC
of up to 0.905 (95%CI: 0.849-0.960) resulted from the
combination of the five genes. The logistic regression
analysis (Table 3) resulted in the selection of five significant genes (i.e., P < 0.05), MDM2, DUSP6, CPEB4,
MMD, and EIF2S3, with odds ratios of 2.978, 6.029,
3.776, 0.538 and 0.138, respectively. This model was reduced to a panel of five genes in a forward stepwise regression, in which the statistical powers of the five genes
were 1.00 between case and control groups in training
and testing sets (Table 4).
The cut-off value of Logit(P) for the five-gene model
could also be adjusted to achieve high sensitivity or
specificity, i.e., 99%, 95% or 90%. The five-gene model
performed stably to discriminate between CRC cases
and controls in the training set (Table 5), with accuracies
ranging from 73.9% to 87.0%, a sensitivity of 95%, and a
specificity of 95%. The five-gene model fulfilled the criteria of good performance for diagnostic tests, as well as
accuracy (87.0%), sensitivity (78%), and specificity (92%);
in addition, the Hosmer-Lemeshow test was not significant (P = 0.108). In addition, a good performance in the
testing set (Table 6) was obtained using the discrimination
model, with 84% accuracy, 66% sensitivity, 92% specificity, 79% PPV and 85% NPV. In external validation (Tables
6 and 7), the five-gene model performed with 94.9% accuracy, 97.1% sensitivity, 81.8% specificity, 96.9% PPV,
82.8% NPV, and an area under the ROC curve of 0.978
(0.912-1).
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Table 4 Mean expression levels, standard error and statistical power of selected genes between case and control groups in the
training and testing sets
Training set

Testing set

Selected genes

Case (n = 55)

Control (n = 107)

Power

Case (n = 56)

Control (n = 120)

Power

MDM2
DUSP6
CPEB4
MMD
EIF2S3

-0.4225 (0.08945)
2.5483 (0.13248)
1.3413 (0.11016)
2.0567 (0.15441)
3.4489 (0.07883)

-0.8913 (0.04572)
1.5458 (0.06415)
0.3932 (0.09799)
1.3178 (0.09799)
3.6158 (0.05331)

1
1
1
1
1

-0.3270 (0.09063)
2.0335 (0.12041)
1.4595 (0.11851)
1.7029 (0.15958)
3.4311 (0.05937)

-0.9209 (0.03618)
1.7462 (0.06135)
0.4014 (0.06980)
1.4320 (0.07806)
3.5620 (0.03815)

1
1
1
1
1

Values in cells: Mean expression levels (standard error); a-level is 0.05.

Table 5 Performance of the statistical model based on the
five-gene profile logistic probabilities for the training set
Logit(P)
0.020
0.051
0.178
0.500
0.475
0.685
0.901

Sensitivity Specificity
99%
95%
90%
78%
80%
61%
25%

16%
63%
72%
92%
90%
95%
99%

PPV

NPV

Accuracy

2.3%
12.1%
41.1%
82.7%
87.8%
96.4%
99.6%

99.9%
99.6%
97.1%
89.1%
83.3%
52.9%
12.6%

44.2%
73.9%
78.1%
87.0%
86.6%
83.5%
73.9%

Table 6 Performance of the statistical model on the training,
testing sets and external validation dataset from 12 public
microarray studies with Logit(P) = 0.5

Non-Cancers
True negative
False positive
Colorectal Cancers
False negative
True positive
Total
Sensitivity
Specificity
PPV
NPV
Accuracy

Logit(P): Logistic probabilities; PPV: Positive predictive value; NPV:
Negative predictive value.

Pooling 12 microarray studies to verify the 17 selected
genes and estimate their external generality.
Furthermore, we performed multivariate logistic regression analysis for the 12 pooled public microarray data
sets, as well as the external validation (Tables 6 and 7), to
verify the CRC-associated genes from three studies (the
present one, Marshall et al[14] and Han et al[15]). As shown in
Table 7, we validated the 17 CRC-associated genes from
this study (Model 1: 5 genes), Marshall et al[14] (Model 2: 7
genes) and Han et al[15] (Model 3: 5 genes) by pooling 12
public microarray dataset of GSE 4107, 4183, 8671, 9348,
10961, 13067, 13294, 13471, 14333, 15960, 17538, and
18105, which included 519 cases of adenocarcinoma and
88 controls of normal mucosa. The Hosmer-Lemeshow
(H-L) goodness-of-fit test showed statistical significance
(P = 0.044) for Model 2 of Marshall et al[14], in which the
observed event rates did not match the expected event
rates in the subgroups of the model population. Models
showing similar expected and observed event rates in subgroups were called well calibrated (Model 1 and 3).

DISCUSSION
Common serum tumor markers used in primary care practice have not demonstrated a survival benefit in randomized controlled trials for screening in the general population. Most of them showed elevated levels only in some
early-stage or late-stage cancer patients[26]. A recent review
of real-time PCR-based assays with single molecular
markers, such as CEA, CK19, and CK20, demonstrated
low sensitivity, ranging from 4% to 35.9%, 25.9% to
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Training set

Testing set

External
validation

107
98
9
55
12
43
162
78.2%
91.5%
82.7%
89.1%
87.0%

120
110
10
56
19
37
176
66.1%
91.7%
78.7%
85.3%
83.5%

88
72
16
519
15
504
607
97.1%
81.8%
96.9%
82.8%
94.9%

Logit(P): Logistic probabilities; PPV: Positive predictive value; NPV:
Negative predictive value.

41.9%, and 5.1% to 28.3%, respectively[13]. One study, performed with a newly identified molecular marker known
as ProtM[27], also attained unsatisfactory sensitivity.
Circulating cancer cells from any cancer type are
capable of disseminating from solid tumor tissues, penetrating and invading blood vessels, and circulating in the
peripheral blood[28-29]. The number of circulating tumor
cells has been used to predict the clinical outcome of
cancer patients[30-31]. On the basis of the presence of circulating tumor cells, we identified five molecular markers,
MDM2, DUSP6, CPEB4, MMD and EIF2S3, which were
differentially expressed between peripheral blood samples
of CRC patients and healthy controls. The application of
multivariate logistic regression analysis resulted in a fivegene discrimination model, which achieved good diagnostic performance and provided stable conditions, with
accuracies ranging from 73.9% to 87.0%, a sensitivity of
95% and a specificity of 95%.
Both mRNAs and proteins in the peripheral blood
have been tested for their diagnostic utility to detect circulating tumor cells of different solid tumors or to determine prognoses of various cancers. In the present study,
we confirmed that the AUCs of the discrimination models greatly improved from 0.80 for the model based on
a single gene (DUSP6) to 0.91 for the combined model
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Table 7 Logistic regression models for 12 pooled microarray data sets as the external validation of colorectal cancer -associated
genes from three studies
Model 1
Five selected genes of
this study:
MDM2
DUSP6
CPEB4
MMD
EIF2S3
Seven selected genes of
Marshall et al[14]
ANXA3
CLEC4D
LMNB1
PRRG4
TNFAIP6
VNN1
IL2RB
Five selected genes of
Han et al[15]
CDA
MGC20553
BANK1
BCNP1
MS4A1
Constant
H-L
R2
AUC
Accuracy
Specificity
Sensitivity

Model 2

B

S.E.

P value

6.069
1.360
-3.177
0.335
1.462

1.461
0.235
0.383
0.442
0.244

< 0.001
< 0.001
< 0.001
0.448
< 0.001

B

0.559
46.259
1.883
-1.284
1.787
0.207
0.269

-32.758

6.001
0.460
0.853
0.978
0.949
0.818
0.971

< 0.001

-124.678

Model 3

S.E.

P value

0.212
9.918
0.330
0.371
0.377
0.159
0.216

0.008
< 0.001
< 0.001
0.001
< 0.001
0.194
0.213

25.437
0.044
0.841
0.985
0.974
0.886
0.988

< 0.001

B

S.E.

P value

-0.496
-1.386
0.565
-0.944
-1.483
16.601

0.090
0.197
0.373
1.148
0.457
2.995
0.194
0.693
0.957
0.939
0.716
0.977

< 0.001
< 0.001
0.129
0.411
0.001
< 0.001

Model 1: Five selected genes of this study; Model 2: Seven selected genes of Marshall et al[14]; Model 3: Five selected genes of Han et al[15]; B: Logistic
regression coefficient beta; SE: Standard error of B; P: P value with statistical significance; H-L: Hosmer and Lemeshow test P value R2: Nagelkerke R
Square; AUC: Area under ROC.

with all five genes. An increasing number of clinical studies have shown improvements in the sensitivity of cancer
detection by assaying transcript levels of multiple genes
in patient peripheral blood[14-15,32].
A higher sensitivity or specificity of the discriminatory performance of our five-gene model (Table 5) was
achieved by adjusting the cut-off value of Logit(P). This
five-gene discrimination model with Logit(P) = 0.0511
had a sensitivity of 95%, a specificity of 63% and an accuracy of 74%, which is ideal for screening colorectal
cancer. However, setting Logit(P) to 0.4747 resulted in a
specificity of 90%, a sensitivity of 80% and an accuracy
of 86%, which indicates that our five-gene model is robust and highly accurate for discriminating CRC from
healthy or benign conditions. Similar accuracy rates (i.e.,
80%-86%) were achieved with Logit(P) values ranging
from 0.0511 to 0.4747. In the testing set, the five-gene
model performed with satisfactory accuracy, sensitivity
and specificity.
Two reports[14-15] with similar screening approaches
used different gene sets to detect CRC (Table 7). The
two gene sets were obtained by direct selection from differentially expressed genes in peripheral blood samples
using microarray techniques, followed by real-time PCR.
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The biomarkers they selected may more or less reflect
the static and dynamic changes of the immune system
in response to cancer. In our study, genes clinically confirmed to be cancer-associated in tumor tissues were
chosen for selection and validation in peripheral blood
samples.
The five genes identified here for discrimination between CRC patients and healthy controls might be useful
to evaluate the therapeutic responses and prognoses of
colorectal cancer patients. They could also be selected
as targets for the development of therapies because of
their strong association with CRC. MDM2 is a negative regulator of the tumor suppressor protein p53[33].
Higher MDM2 expression has been reported in a variety
of human stromal and epithelial malignancies, including
colorectal cancers[33-38]. DUSP6, also known as MAPK
phosphatase 3 (MKP3), inactivates MAPK1/ERK2[39-42].
Elevated DUSP6 transcript levels have been reported as a
risk factor for poor prognosis in non-small cell lung cancer patients[21] and tamoxifen resistance in breast cancer
patients[43]. In contrast, DUSP6 is a candidate tumor suppressor gene in pancreatic cancer[42] and primary human
ovarian cancer cells. CPEB4 binds to the cytoplasmic
polyadenylation element (CPE) of target mRNAs and
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controls cytoplasmic polyadenylation and translational
activation during development[44-46]. MMD is an integral
membrane protein with seven putative transmembrane
segments[47]. Its biological function is still unclear. EIF2S3
is the largest subunit (gamma) of eukaryotic translation
initiation factor 2[48], and might be indirectly involved
in the inhibition of prostate cancer metastasis through
N-myc downstream regulated gene 1[49]. This is the first
study to show an association of MDM2, DUSP6, CPEB4,
MMD and EIF2S3 with CRC.
Meanwhile, we verified the CRC-associated genes by
pooling 12 public microarray data sets such that the three
logistic models performed similar AUCs without statistically significant difference. In the future, the causal relations should be confirmed among the selected genes and
CRC. In future works, the expression signature of these
CRC-associated genes should be evaluated for early detection, with more samples randomly screened from the
population. In addition, subjects who eventually receive a
diagnosis of CRC should be evaluated. Early CRC detection could provide inherent benefits to the patient and
could also enable screening for post-operative residual
tumor cells and occult metastases, an early indicator of
tumor recurrence. Early detection could thus improve
survival in patients before symptoms are detectable, during treatment, or during remission.
In conclusion, we found the gene expression profile of
peripheral blood that five genes (MDM2, DUSP6, CPEB4,
MMD, and EIF2S3) are highly associated with colorectal
cancer. Detection of cancer cell-specific biomarkers in the
peripheral blood can be an effective screening strategy for
CRC.
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totype at 2 and 4 frames-per-second, respectively, in
terms of clinical and therapeutic impact.
METHODS: One hundred patients with an indication
for capsule endoscopy were included in the study. All
procedures were performed with the new device (SB24).
After an exhaustive evaluation of the SB24 videos, they
were then converted to “SB2-like” videos for their
evaluation. Findings, frames per finding, and clinical
and therapeutic impact derived from video visualization
were analyzed. Kappa index for interobserver agree2
ment and χ and Student’s t tests for qualitative/quantitative variables, respectively, were used. Values of P
under 0.05 were considered statistically significant.
RESULTS: Eighty-nine out of 100 cases included in
the study were ultimately included in the analysis. The
SB24 videos detected the anatomical landmarks (Zline and duodenal papilla) and lesions in more patients
than the “SB2-like” videos. On the other hand, the SB24
videos detected more frames per landmark/lesion than
the “SB2-like” videos. However, these differences were
not statistically significant (P > 0.05). Both clinical and
therapeutic impacts were similar between SB24 and
“SB2-like” videos (K = 0.954). The time spent by readers was significantly higher for SB24 videos visualization
(P < 0.05) than for “SB2-like” videos when all images
captured by the capsule were considered. However,
these differences become non-significant if we only
take into account small bowel images (P > 0.05).
CONCLUSION: More frames-per-second detect more
landmarks, lesions, and frames per landmark/lesion,
but is time consuming and has a very low impact on
clinical and therapeutic management.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To compare the current capsule and a new pro-
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Core tip: Capsule endoscopy has been demonstrated to
be very accurate for small bowel lesions detection. Currently, most capsule endoscopes take 2 frames-per-second. Whether more frames-per-second could increase
the diagnostic accuracy has not been previously investigated. The present study demonstrates that more
frames per second is time consuming and has a very
low impact in clinical and therapeutic management.
Fernandez-Urien I, Carretero C, Borobio E, Borda A, Estevez E,
Galter S, Gonzalez-Suarez B, Gonzalez B, Lujan MS, Martinez
JL, Martínez V, Menchén P, Navajas J, Pons V, Prieto C, Valle J.
Capsule endoscopy capture rate: Has 4 frames-per-second any
impact over 2 frames-per-second? World J Gastroenterol 2014;
20(39): 14472-14478 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14472.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14472

INTRODUCTION
After 12 years of use, capsule endoscopy has demonstrated to be an accurate, painless, and safe procedure for
patients with suspected small bowel diseases[1-3]. It has
also been proven to be superior to other diagnostic modalities such as small bowel follow-through, CT-enterography, and push enteroscopy in obscure gastrointestinal
bleeding, inflammatory bowel disease, and other clinical
scenarios, and so is currently considered the new stateof-the-art procedure for small bowel visualization[4-8]. In
fact, more than 2000000 capsule procedures have been
performed worldwide (unpublished data). Due to its excellent acceptance by both patients and physicians, Given
Imaging (Yoqneam, Israel) decided to introduce some
modifications on the first generation of small bowel capsules (M2A) in order to improve its diagnostic accuracy.
In 2004 the PillCam™ SB was developed, followed by
the PillCam™ SB2 in 2007. However, capsule endoscopy
is still not perfect and has some limitations. Firstly, some
lesions are missed, probably due to the speed and/or
orientation of the capsule in some segments of the gastrointestinal tract. In addition, some lesions are detected
by the capsule in just one frame, leading to difficulties
in their characterization that may have a negative impact
on the final diagnosis. Despite a lack of available data
to support it, one solution to these limitations could be
increasing the frame rate detection of the capsule. Based
on this hypothesis, the aims of this study were to evaluate the differences between a new prototype of capsule
endoscopy that takes 4 images per second vs the current
capsule endoscopy that takes 2 frames per second in
terms of findings and diagnostic and therapeutic impact.

MATERIALS AND METHODS
The present study was conducted at 10 Spanish institutions. Institutions and patients included per institution are
shown in Table 1.

WJG|www.wjgnet.com

Table 1 Institutions and patients included
Institution

n

Hospital de Navarra
Clinica Universidad de Navarra
Hospital Gregorio Marañon
Hospital Juan Canalejo
Hospital Puerta de Hierro
Hospital del Mar
Complejo Hospitalario de Toledo
Hospital La Fe
Hospital General de Valencia
Mutua de Tarrassa
Total

8
5
10
10
9
8
9
10
10
10
89

Patients
One hundred (n = 100) consecutive patients who had indication and no contraindications for capsule endoscopy
were prospectively included in the study. Before capsule
ingestion all patients received a fully oral explanation of
both the study and the capsule endoscopy procedure and
were asked to sign an informed consent form. This study
was designed under the principles of the Declaration of
Helsinki and was approved by the institutional review
boards.
Methods
After written consent to be included in the study, all patients swallowed the PillCam™ SB24 (Given Imaging Ltd,
Yoqneam, Israel). The main difference between PillCam
™ SB24 and PillCam™ SB2 is the rate of images per
second taken by the capsule, 4 instead of 2, respectively.
Other technical specifications of the PillCam™ SB24 are
shown in Table 2. Capsule appearance, sensor arrays, data
recorders, and software used in all procedures were exactly the same as those used in routine practice. The day
before capsule ingestion, all patients were asked to have (1)
a low fiber diet; (2) 2 liters of polyethylene glycol; and (3)
a minimum of 8 hours fast prior to capsule ingestion. All
patients then swallowed the capsule in the right supine
position in order to obtain good images of the esophagus and Z-line. After capsule ingestion all patients were
discharged from the hospital and asked to come back
10 h later. Laxatives and/or prokinetics were permitted, but the use of such products required that the study
coordinator be notified. After downloading process had
finished, 3 independent capsule endoscopy-experienced
endoscopists reviewed the videos at 4 frames per second
in order to detect all the lesions present in the videos. All
readers were asked to review all the images of each one
of the videos, including those obtained in the esophagus,
stomach, and colon. An expert panel reviewed all findings
and only clinically significant lesions were selected for the
purpose of the study. Doubtful or minor lesions were not
considered in the analysis. All videos were then labeled,
recorded in portable hard discs, and sent to a technician
in Israel who converted the videos from 4 frames per
second to 2 frames per second to simulate conventional
SB2 videos (“SB2-like videos”). Three independent read-
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Table 3 Overall number of lesions and abnormal frames
detected n (%)

Table 2 PillCam SB24 specifications
Physical dimensions
Weight
Number of imaging heads
Imager type
Image capture rate
Optical illumination
Field of view
Depth of field
Mucosa area images at 4.5 mm
Magnification
Min. detectable object size
Min. operation time
Max. operation time
Shelf life
Transmitter frequency
Battery type
Storage temperature
Activation

26 mm × 11 mm
2.89 ± 0.15 g
1
CMOS
4 frames per second
4 white light emitting diodes with
ALC
156° - working distance of 4.5 mm
0-30 mm
Approximately 1100 mm2
1.8
0.1 mm
7 h and 58 min
9:00 h
10 mo after manufacturing date
434.1 MHz
Silver oxide, non-toxic
0°-30°
Magnetic, automatic from blister

Lesions
Total
Esophagus
Stomach
Small bowel
Colon
Total

17 (6.6)
30 (11.6)
193 (75)
17 (6.6)
257 (100)

132 (4)
617 (19.1)
2227 (69)
249 (7.7)
3225 (100)

Table 4 Comparative analysis of landmark detection n (%)
SB24 patients “SB2-like” patients P value
Z-line
Papilla

53 (59.5)
7 (7.9)

45 (50.6)
6 (6.7)

NS
NS

K value
0.820
0.917

NS: Not significant.

ers unaware of the results derived from the first visualization reviewed all converted videos. Again, only clinically
significant findings were considered and those doubtful
findings were discussed by an expert panel. For each one
of the videos reviewed the following variables were noted: patient baseline characteristics, procedure indication,
Z-line, duodenal papilla and lesion visualization, number
of frames per image/lesion selected, final diagnosis, need
for more diagnostic procedures, final treatment, and
reading times. The present study is a prospective, multicenter, and comparative study where quantitative data
are shown as mean and range or standard deviation, with
qualitative data as simple proportions. The interobserver
agreement analysis was performed using the kappa index
and the benchmarks considered by Fleiss[9] (< 0.40 poor
agreement; 0.40-0.75 good agreement; > 0.75 excellent
agreement). Comparative analysis was performed using
the χ 2 test for qualitative variables and the Student´s t test
for quantitative variables. Values of P under 0.05 were
considered statistically significant.

RESULTS
A total of 100 procedures were performed but only 89
(89%) were included in the analysis. Eleven procedures
(11%) were withdrawn due to technical issues and protocol violations: one capsule was retained in the stomach,
6 SB24 videos were not converted to “SB2-like” videos
because the raw data were not correctly downloaded and
4 patients did not ingested the PEG solution.
Patient and procedure baseline characteristics
The mean age of patients included in the study was 51.6
years (range 21-84), with 35 (39.3%) males and 54 (60.7%)
females. Procedure indications were as follows: obscure
gastrointestinal bleeding in 55 (61.8%), inflammatory
bowel disease in 19 (21.3%), malabsorption in 5 (5.6%),
tumors in 5 (5.6%), and abdominal pain in 5 (5.6%) patients. The capsule was ingested by the patients in the
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Frames
Total

Table 5 Comparative analysis of frames per landmark n (%)
SB24
Z-line
Papilla

"SB2-like"

Frames

Mean ± SD

Frames

Mean ± SD

616
35

11.6 ± 20.4
5.0 ± 2.0

391
15

8.6 ± 10.6
2.5 ± 1.4

P value
NS
< 0.05

NS: Not significant.

right supine position in 74 (83%) of the cases and the
cecum was achieved in 80 patients (90%).
Findings: Overall view
Anatomy: The Z-line and duodenal papilla were detected
in 53/89 (59.5%) and 7/89 (7.8%) patients and in 616 (11.6
frames per positive procedure on average) and 35 frames (5
frames per positive procedure on average), respectively.
Pathology
A total of 257 different lesions and 3291 pathologic
frames were detected. The distribution of lesions and
pathologic frames dependent on their localization are
shown in Table 3.
Comparative analysis
Comparative analysis has been summarized in Table 4,
Table 5, Table 6, Table 7, Table 8, Table 9 and illustrated
in Figures 1 and 2.
Anatomy: The SB24 detected both Z-line and duodenal
papilla in more patients than the “SB2-like”: 53 (59.5%)
vs 45 (50.6%) and 7 (7.9%) vs 6 (6.7%) out of 89 patients
included in the analysis, respectively. However, these
differences were not statistically significant (P > 0.05).
Moreover, there was an excellent agreement between
SB24 and “SB2-like” in selecting those patients with at
least one image of the Z-line and duodenal papilla (kappa
index 0.820 and 0.917, respectively). There were no cases
with positive findings on “SB2-like” videos and negative
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Table 6 Comparative analysis of quality of images detected
Quality

1

SB24
Mean ± SD

“SB2-like”
Mean ± SD

P value

91.94 ± 21.82

88.01 ± 34.87

NS

Table 8 Lesions detection: Per-lesion analysis
SB24

Table 7 Lesions detection: Per-patient analysis n (%)
1

SB2 patients
4

Esophagus
Stomach
Small bowel
Colon
Total

15 (23.0)
18 (27.7)
59 (90.7)
11 (16.9)
65 (100)

1

“SB2-like” patients
14 (22.2)
18 (28.5)
59 (93.6)
11 (17.4)
64 (100)

Lesions

Mean ± SD

17
30
193
17
257

0.2 ± 0.4
0.3 ± 0.8
2.2 ± 3.1
0.2 ± 0.6
2.9 ± 3.8

14
30
183
17
244

0.1 ± 0.4
0.3 ± 0.8
2.1 ± 2.8
0.2 ± 0.6
2.7 ± 3.5

P value
NS
NS
NS
NS
NS

NS: Not significant.

P value K value
NS
NS
NS
NS
NS

0.9
1.0
1.0
0.9
0.9

Table 9 Comparative analysis of frames per lesion
SB24

Patients could be included in more than one category. NS: Not significant.

on SB24. Furthermore, the SB24 captured more frames of
both Z-line (overall 616 and average 11.6 ± 20.4 for SB24
vs overall 391 and average 8.6 ± 10.6 for “SB2-like”; P >
0.05) and duodenal papilla (overall 35 and average 5.0 ±
2.0 for SB24 vs overall 15 and average 2.5 ± 1.4 for “SB2like”; P < 0.05). Focusing on the quality of the images
detected of Z-line (percent of Z-line detected), there
were not significant differences between the two capsules
(P > 0.05).
Pathology
Per-patient analysis: Almost all patients with lesions,
despite their location, were detected by both methods,
resulting in no significant differences between them (P >
0.05). Moreover there was an excellent agreement between
the videos for detecting patients with lesions (kappa index
from 0.9 to 1.0; excellent agreement). There were no positive cases in “SB2-like” videos that were negative in SB24
videos.
Per-lesion analysis: Most of the lesions detected in the
videos at 4 frames per second were also detected in the
“SB2-like” videos, resulting in no statistically significant
differences. Moreover, there were no cases with positive
findings on “SB2-like” videos and negative on SB24. In
fact, the SB24 detected 257 lesions (2.9 ± 3.8 on average
per patient) and the “SB2-like” 244 (2.7 ± 3.5 on average
per patient). When only considering the esophagus and
small bowel, the SB24 videos detected more lesions compared to “SB2-like” (17 vs 14 in the esophagus and 193 vs
183 in the small bowel). Furthermore, the SB24 captured
more frames of each lesion despite its localization, but
these differences were not statistically significant (P >
0.05). All lesions (100%) lost in the “SB2-like” videos
were detected in 1-2 frames in the SB24 videos. There
were no lesions detected in more than 2 frames in SB24
videos that were lost in “SB2-like” videos.
Time spent
The time spent for video reading was higher for the SB24

“SB2-like”

Frames

Mean ± SD

Frames

Mean ± SD

132
617
2227
249
3225

7.7 ± 9.0
20.5 ± 34.2
11.5 ± 28.1
14.6 ± 18.2
12.8 ± 15.2

91
403
1490
155
2139

6.5 ± 8.7
13.4 ± 25.8
8.1 ± 18.1
9.1 ± 12.4
8.7 ± 15.6

Esophagus
Stomach
Small Bowel
Colon
Total

1
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Mean ± SD

Esophagus
Stomach
Small bowel
Colon
Total

NS: Not significant. 1Defined as percent of Z-line detected by the capsule.

“SB2-like”

Lesions

P value
NS
NS
NS
NS
NS

NS: Not significant.

videos. However, this differences were significant only in
those cases where all the images (from mouth to the last
procedure image) where reviewed (average time of 39.6
± 15.8 for SB24 vs 29.5 ± 12.4 for SB2-like; P < 0.05).
Clinical and therapeutic impact
When clinical and therapeutic impact was analyzed, it was
seen that the agreement between SB24 and “SB2-like”
videos was excellent (K = 0.954). Only in one case (1.12%)
did the use of SB24 instead of SB2 lead to a different
diagnosis and management, as there was a single frame
showing Barrett’s esophagus that was missed in the “SB2like video”.

DISCUSSION
Capsule endoscopy has opened up a new era in small
bowel examination. Its diagnostic accuracy is very high,
particularly in those patients with obscure gastrointestinal
bleeding and inflammatory bowel disease, and is currently
the first line diagnostic tool for small bowel suspected
diseases[1-8]. Despite its excellent performance, capsule endoscopy has some limitations. On one hand, it has been
demonstrated that some lesions can be missed by capsule
endoscopy[10-12]. Although these false negatives could be
related to non-accurate readings, the presence of blind
areas and fast transit times in some segments could be the
main reasons in most cases. On the other hand, it is also
known that false positive lesions could be detected during
small bowel capsule endoscopy leading to unnecessary diagnostic and therapeutic procedures. Most false positives
are due to doubtful images detected in a low number of
frames, or even in just one frame. During most capsule
endoscopy training programs, one general rule that is
usually given to trainees is to avoid diagnoses based only
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A

B

Figure 1 Sequence of the Z-line detected. A: PillCam™ SB24; B: “SB2-like” capsule.

A

B

Figure 2 Sequence of a submucosal lesion detected. A: PillCam™ SB24 video; B: “SB2-like” video.

on one frame. In these situations they are usually asked
to use the mouse scroll in order to find more frames of
the suspected image in order to make a more accurate
diagnosis. However, sometimes this is not possible due
to there being only one frame of the suspected lesion
and the diagnosis has to be based on that. So, it makes
sense that the number of frames of suspicious lesions is
directly related to correct characterizations and diagnoses.
Currently, there are 5 capsule endoscopes in the market:
PillCam SB2 (Given Imaging Ltd., Yoqneam, Israel), EndoCapsule (Olympus Medical Systems Corp., Tokyo, Japan), OMOM (Jianshan Science and Technology Group
Co., Ltd., Chongqing, China) small bowel capsule systems
which capture 2 frames per second, Mirocam small bowel
capsule system (Intromedic Ltd, Seoul, Korea) that can
capture 3 frames per second, and the recently developed
CapsoCam capsule (CapsoVision Inc., Silicon Valley,
CA, United States) that captures 3-5 frames per second.
Moreover, since 2007 there have been capsules designed
for the study of the colon that have 2 optical heads taking 4 frames per second (PillCam™ COLON1; Given
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Imaging Ltd, Yoqneam, Israel), and recently from 4 to 35
frames per second (PillCam™ COLON2; Given Imaging Ltd, Yoqneam, Israel). It is well known that some
physicians use the PillCam™ COLON/2 for the study
of the small bowel, considering the higher number of
frames per second captured. However, it is not still clear
if it increases diagnostic accuracy[13,14]. Previous reports
comparing the Mirocam and the PillCam SB capsules
showed no benefits from 3 over 2 frames per second
capture rate in terms of diagnostic accuracy[15,16]. To our
knowledge, the present study is the first to compare the
clinical and diagnostic impact of more frames per second
capture rate using the same capsule endoscope. The present study compares a new prototype of small bowel capsule endoscopy by Given Imaging that takes 4 frames per
second. One of the positive aspects of this study is that
we could compare the number of frames of the same
lesions captured in both videos. We did not perform
examinations of each capsule in each patient, instead
performing all procedures with the new prototype of
the capsule (4 frames per second), with the videos then
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being sent to Given Imaging in order to be converted
into conventional videos at 2 frames per second (“SB2like”). We were then able to compare anatomic landmark
visualization, lesions detection, and frames per lesion in
the same images and in both 4 frames and 2 frames per
second videos. The present study focused mainly on lesions but also on anatomic landmarks because, in daily
practice, it is quite frequent to find lesions there, including GERD lesions, Barrett esophagus, hiatal hernia, and
tumors[17-19]. In order to obtain the best images of the
esophagus, all patients swallowed the capsule in the right
supine position, as this has been demonstrated to be the
best approach for this purpose[20,21]. Moreover, this study
analyzed not only lesions located in the small bowel, but
also in the esophagus, stomach, and colon. For that purpose, all patients underwent PEG administration prior to
capsule ingestion and all readers were requested to read
all the images contained in the videos from mouth to
last video image. We did not find significant differences
in the detection of anatomy and lesions between the
two capsules. SB24 and “SB2-like” detected anatomical
landmarks in a very similar number of patients. However,
there were still differences in both number of frames
per landmark and quality of images detected. In fact,
the 4 frames per second capsule detected more frames
of the Z-line and duodenal papilla, but these differences
were not significant. On the other hand, the same situation was observed when lesions were analyzed. Again,
the SB24 detected more patients with lesions and more
frames per lesion, especially in those located in the small
bowel. However, these differences were not statistically
significant. All lesions lost in “SB2-like” videos were detected in 1-2 frames, which means that the benefits of
4 frames per second over 2 frames per second could be
expected when small, isolated, and esophageal/duodenal
(fast transits) lesions are present. Obviously, our analysis
resulted in no great differences in clinical and therapeutic
impact except for one patient where the SB24 detected a
Barrett´s esophagus that was missed by the “SB2-like”.
In fact, this lesion was only visualized in just one frame.
Once the statistical analysis was completed it seemed
that, although no significant differences between the capsules were found, the tendency (especially for small bowel
lesions) was to reach statistically significant differences.
This could be the main limitation of the study. This was
a pilot study were, initially, 100 patients were included,
but this sample size was not enough to reach statistical
significant differences. Future studies should use larger
populations in order to obtain solid conclusions of the
benefit of using more frames per second in small bowel
examinations. The use of more frames per second means
more images to review and longer reading times. The
present study demonstrates that the reading times were
significantly longer when the videos were reviewed from
mouth to the last video image. There were no significant
differences when only the small bowel was read. Reading times are an important issue in capsule endoscopy.
On one hand, physicians are usually working under pres-
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sure in public hospitals and there is no chance for timeconsuming procedures. On the other hand, although it is
not published, the time spent in video reading is inversely
proportional to reader accuracy. It may be helpful to
modify the software in order to delete similar images and
consequently, decrease reading and video downloading
times.
In summary, this study demonstrates that there is no
clinical or therapeutic impact derived from the use of a
4-frame per second capsule over the conventional one.
However, it is also shown that more frames per second,
which takes more time to process for the readers, gives
more images of the same lesion/image, especially in the
small bowel, and this could be helpful in some situations.
Future studies in larger series should be done in order to
confirm our results.
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RESULTS: Seventy-seven patients were enrolled, with
38 in Group Ⅰ and 39 in Group Ⅱ. By week 30, deep
remission rates were 44.7% and 17.9% in Groups Ⅰ and
Ⅱ, respectively (P = 0.011). The median time to clinical remission was longer for patients in Group Ⅱ (14.2
wk) than for patients in Group Ⅰ (6.8 wk, P = 0.009).
More patients in Group Ⅰ were in clinical remission than
in Group Ⅱ at weeks 2, 6, 22 and 30 (2 wk: 26.3%
vs 2.6%; 6 wk: 65.8% vs 28.2%; 22 wk: 71.1% vs
46.2%; 30 wk: 68.4% vs 43.6%, P < 0.05). The rates
of clinical remission and deep remission were greater at
weeks 54 and 102 in Group Ⅰ, but the differences were
insignificant.
CONCLUSION: Top-down treatment with infliximab
and azathioprine, as compared with corticosteroid and
azathioprine, results in higher rates of earlier deep remission in early CD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To assess “top-down” treatment for deep remission of early moderate to severe Crohn’s disease (CD)
by double balloon enteroscopy.
METHODS: Patients with early active moderate to severe ileocolonic CD received either infusion of infliximab
5 mg/kg at weeks 0, 2, 6, 14, 22 and 30 with azathioprine from week 6 onwards (Group Ⅰ), or prednisone
from week 0 as induction therapy with azathioprine
from week 6 onwards (Group Ⅱ). Endoscopic evaluation was performed at weeks 0, 30, 54 and 102 by
double balloon enteroscopy. The primary endpoints
were deep remission rates at weeks 30, 54 and 102.
Secondary endpoints included the time to achieve clinical remission, clinical remission rates at weeks 2, 6, 14,
22, 30, 54 and 102, and improvement of Crohn’s Dis-
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ease Endoscopic Index of Severity scores at weeks 30
and 54 relative to baseline. Intention-to-treat analyses
of the endpoints were performed.

Key words: Crohn’s disease; Top-down treatment; Deep
remission; Double balloon enteroscopy; Mucosal healing
Core tip: We assessed the outcome of “top-down”
treatment in terms of deep remission in treatment-naïve patients with early Crohn’s disease (CD) with small
bowel involvement. This study is believed to be the first
designed with deep remission as the primary endpoint.
Furthermore, mucosal healing was assessed by double
balloon enteroscopy for the first time in patients with
CD treated with biologic agents. We excluded patients
with luminal fibrostenotic or abdominal fistulizing CD
in screening, resulting in encouraging deep remission
rates at week 30. These results may have implications
in the treatment of CD.
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INTRODUCTION
Inflammatory bowel disease (IBD) comprises a heterogeneous group of conditions affecting the gastrointestinal
tract; Crohn’s disease (CD) and ulcerative colitis (UC)
are the two main recognized entities. CD is a transmural
inflammatory disorder that may involve various sites of
the gastrointestinal tract, including the terminal ileum in
40%-70% of cases. Data from population-based cohort
studies show that the majority of patients experience a
progressive course that transits from pure inflammatory
lesions to destructive complications such as stricture,
fistula and abscess[1-3]. There are many reports indicating
a change in behavior over time from a non-stricturing,
non-penetrating type (disease complications absent) to
stricturing and/or penetrating disease (disease complications present)[1,2,4-6]. These complications and the surgical
resection for them can result in irreversible bowel damage
that in turn leads to loss of gastrointestinal tract function
and disability.
Changing the natural history and avoiding evolution
to a disabling disease should be the main goal of treatment. Historically, induction and maintenance of clinical remission seemed insufficient to change the natural
history of IBD. Mucosal healing (MH) as a therapeutic
endpoint has recently become more widely incorporated
into clinical trials, in addition to more traditional subjective clinical activity indices, because it has been shown to
reduce the likelihood of clinical relapse, reduce the risk
of future surgery, and reduce hospitalization. The concept of deep remission is a recently introduced endpoint,
which includes clinical remission and MH. Several studies
have indicated that corticosteroids cannot induce complete MH[7,8], while azathioprine is able to achieve MH in
patients with CD, but with a delayed onset of action[9,10].
The introduction of tumor necrosis factor (TNF)- α
antibody therapy has changed the approach to the management of CD patients, mainly as a result of the rapid
effects of biologic therapy[11,12]. Numerous studies have
demonstrated MH in patients with CD who were treated
with infliximab[12-15].
Conventionally, treatment escalation with the use
of increasingly potent immunosuppressants has been
performed in a stepwise fashion, such that the most potent therapies including TNF antibodies and surgery are
reserved for patients who have failed to respond to (or
tolerate) milder treatments. Indeed, this approach, which
is termed “step-up” treatment, has recently been challenged, and an aggressive “top-down” strategy has been
advocated instead, and supported by evidence that early
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use of anti-TNF therapies induces higher remission rates
in CD[12-15]. In addition, immunomodulators and biologic
agents might be able to change the natural history of
the disease mainly when introduced early in the course
of the disease[16,17]. Treatment strategy for IBD should
be tailored according to the risk that some patients (e.g.,
age < 40 years at diagnosis, and disease location in the
ileum) could develop disabling disease[18-20]. Indeed, these
patients are exactly those thought most likely to benefit
from top-down therapy[21].
In this study, we aimed to assess by double balloon
enteroscopy (DBE) the outcome of top-down treatment
with infliximab and azathioprine in terms of induction
and maintenance of remission efficacy, as well as MH in
patients with early active moderate to severe CD naïve to
treatment.

MATERIALS AND METHODS
Patients
This was an open-label, prospective controlled study.
Eligible patients were at least 18 years old and had newly
diagnosed moderate to severe active CD naïve to treatment, with a Crohn’s Disease Activity Index (CDAI) score
between 220 and 450 and with ileal and colonic mucosal
ulcerations that were observed by DBE. Patients were excluded from the study if they had fibrostenotic or fistulizing CD or penetrating disease (intraabdominal masses, abscesses and/or fistula) revealed by computed tomography
enterography (CTE). Additional exclusion criteria were
diabetes; history of tuberculosis; hepatitis B virus, HIV
or hepatitis C virus infection; regular use of nonsteroidal
anti-inflammatory drugs; current or intended pregnancy;
lactation; peptic ulcer disease; and chronic renal, hepatic
or heart failure. The protocol was approved by the Ethics
Committee of Ruijin Hospital. Written informed consent
was obtained from all patients.
DBE
DBE (EN-450 P5/20, Fujifilm, China) was performed
up to the site 1.5-2 m proximal to the ileocecal valve via
the retrograde route at baseline (week 0), at weeks 30 and
54, and at the end of the study (week 102) by one of the
authors (JZ) who was unaware of the patient’s clinical
status and treatment category to assess MH of CD. All
lesions were graded using CDEIS as described by Mary
and Modigliani for French GETAID[22].
Study design
Before the study, all patients underwent thorough clinical
assessment, routine hematological and biochemical tests,
and assessment of disease severity according to CDAI,
tuberculin skin test with purified protein derivative, chest
X-ray, CTE, and DBE. Patients received early induction
therapy with infliximab (Remicade; Xi’an-Janssen, China)
at a dose of 5 mg/kg, which was administered intravenously in 250 mL saline solution over 2 h at weeks 0, 2,
6, 14, 22 and 30 (Group Ⅰ), or prednisone at a dose of 1
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mg/kg per day for 7-14 d followed by a tapering schedule
of 6-12 wk (Group Ⅱ). All patients received azathioprine (Imuran; GlaxoSmithKline, Brentford, Middlesex,
United Kingdom) at doses of 1.0-2.5 mg/kg per day
from week 6 onwards (starting with an initial dose of
50 mg followed by a schedule of increasing dose of 25
mg biweekly until the maximum tolerated dose). Patients
continuing to experience flares/lack of response/intolerance to medication discontinued the treatment at the investigator’s discretion. Patients were assessed at weeks 0, 2,
6, 8, 10, 12 and 14, and every 8 wk onwards. At each visit
or on the occasion of relapse, clinical assessment, laboratory tests, check for adverse events and compliance, and
CDAI calculations were performed.
Efficacy assessment
The primary endpoints of this study were deep remission rates as defined by CDAI score < 150 plus complete
MH at weeks 30 and 54, and at the end of the trial in the
intention-to-treat (ITT) population. Secondary endpoints
included the time to achieve clinical remission; clinical
remission rates at weeks 2, 6, 14, 22, 30 54 and 102; and
improvement of CDEIS scores at weeks 30 and 54 relative to baseline. Complete MH was defined as complete
absence of mucosal ulcerations that were observed at
baseline. Clinical remission was defined by CDAI score
≤ 150. Deep remission was defined as CDAI score <
150 plus complete MH. Endoscopic response was defined as a decrease in CDEIS score of > 5. Endoscopic
remission was defined as CDEIS score < 6. Complete
endoscopic remission was defined as CDEIS score < 3[23].
Patients who received a drug not allowed by the protocol,
who had surgery for CD, or who discontinued follow-up
due to lack of efficacy or loss of response, were judged
to have failed treatment, irrespective of CDAI score.
Safety assessment
Safety was assessed in terms of the incidence of adverse
events, changes in vital signs, and routine laboratory measures monitored during each infusion and at each study
visit. Infusion reactions were defined as any adverse experience that occurred during or within 1 h after infusion.
Serum sickness-like reactions were defined as a cluster
of features (myalgia and/or arthralgia with fever and/or
rash) occurring 1-14 d after reinfusion of infliximab.
Statistical analysis
All patients who were enrolled were included in the ITT
population. Patients who withdrew from the study, or
did not have a value at an originally scheduled visit, and
those with missing CDAI or CDEIS scores had their last
value carried forward for these analyses. ITT analyses of
the endpoints were performed. Statistical analysis was
performed with SPSS version 16.0 (SPSS, Chicago, IL,
United States). Qualitative variables are described as n
and percentage and comparison of ratios was tested by χ 2
test. Quantitative variables are expressed as mean ± standard deviation (SD) or median and interquartile range de-
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Table 1 Baseline characteristics
Group Ⅰ
(n = 38)

Group Ⅱ
(n = 39)

All patients P value
(n = 77)

Age at onset (yr),
24 (19-28)
27 (19-32)
25 (19-31)
median (IQR)
Male sex, n (%)
22 (57.9)
25 (64.1)
47 (61.0)
Median disease
10 (4-20)
10 (4.5-18)
10 (4-20)
duration (wk, IQR)
CDAI, median (IQR) 280 (247-347) 274 (258-340) 279 (251-346)
CDEIS, mean (SD)
13.7 ± 4.4
13.2 ± 4.0
13.5 ± 4.1

0.259
0.577
0.854
0.699
0.708

CDAI: Crohn’s Disease Activity Index; CDEIS: Crohn’s Disease Endoscopic
Index of Severity.

pending on data distribution. Comparison of continuous
variables was performed using Student’s t-test depending
on data distribution. P < 0.05 was considered statistically
significant. The time-to-event distribution of the treatment arms was performed using a life-table analysis.

RESULTS
Baseline characteristics
From February 2009 to February 2012, 77 eligible patients with newly diagnosed moderate to severe active
ileocolonic CD naïve to treatment were enrolled in this
open-label, prospective controlled study. For results up to
102 wk, the last completed visit was on January 2, 2014.
Thirty-eight patients were allocated to Group Ⅰ and 39
patients to Group Ⅱ. The baseline demographic clinical
characteristics of these patients were similar in the treatment groups (Table 1).
Efficacy results
Efficacy analyses were performed according to the ITT
principle. By week 30, the higher proportion of patients
in Group Ⅰ (44.7%; 17/38) than in Group Ⅱ (17.9%;
7/39) who were in deep remission approached statistical
significance (P = 0.011) (Table 2). The response to initial
infusion of infliximab was more rapid than to induction
therapy with corticosteroids, with 26.3% of patients in
remission in Group Ⅰ and 2.6% in Group Ⅱ at week 2.
Significantly, more patients in Group Ⅰ were in clinical
remission than in Group Ⅱ at weeks 6, 22 and 30 (P <
0.05) (Figure 1). The median time to clinical remission
was longer in Group Ⅱ (14.2 wk) than in Group Ⅰ (6.8
wk, P = 0.009) (Figure 2). The rates of clinical remission
and deep remission were higher at weeks 54 and 102 in
Group Ⅰ, but these differences were not significant.
At week 30, endoscopic response, based on CDEIS,
occurred in 30/38 patients (78.9%) in Group Ⅰ, compared with 19/39 patients (48.7%) in Group Ⅱ (P =
0.006). At week 30, a significantly higher proportion of
patients in Group Ⅰ demonstrated endoscopic remission
compared with patients in Group Ⅱ (60.5% vs 30.8%; P
= 0.009). Complete endoscopic remission rate was 36.8%
for patients in Group Ⅰ and 20.5% in Group Ⅱ at week
30 (P = 0.113). The rates of endoscopic response, en-

14481

October 21, 2014|Volume 20|Issue 39|

Fan R et al . Treatment of early Crohn’s disease
Table 2 Efficacy results n (%)

Patients with clinical remission
Week 2
Week 6
Week 14
Week 22
Week 30
Week 54
Week 102
Median clinical remission time (wk)
Patients with MH at week 30
Patients with deep remission at week 30
Endoscopic response at week 30 (decrease
in CDEIS score > 5)
Endoscopic remission at week 30 (CDEIS
score < 6)
Complete endoscopic remission at week
30 (CDEIS score < 3)
Patients with MH at week 54
Patients with deep remission at week 54
Endoscopic response at week 54 (decrease
in CDEIS score > 5)
Endoscopic remission at week 54 (CDEIS
score < 6)
Complete endoscopic remission at week
54 (CDEIS score < 3)
Patients with MH at week 102
Patients with deep remission at week 102
Maximum tolerated dose of azathioprine
(mg/kg) , mean (SD)

10 (26.3)
25 (65.8)
27 (71.1)
27 (71.1)
26 (68.4)
27 (71.1)
31 (81.5)
6.8
17 (44.7)
17 (44.7)
30 (78.9)

1 (2.6)
11 (28.2)
21 (53.84)
18 (46.2)
17 (43.6)
22 (56.4)
27 (69.2)
14.2
7 (17.9)
7 (17.9)
19 (48.7)

0.003
0.001
0.119
0.027
0.028
0.182
0.209
0.009
0.011
0.011
0.006

23 (60.5)

12 (30.8)

0.009

14 (36.8)

8 (20.5)

0.113

20 (52.6)
20 (52.6)
32 (84.2)

14 (35.9)
14 (35.9)
30 (77.0)

0.139
0.139
0.420

31 (81.6)

29 (74.4)

0.445

18 (47.4)

18 (46.2)

0.915

Proportion of patients in clinical
remission (%)

Group Ⅰ Group Ⅱ
P
(n = 38) (n = 39) value

Group Ⅰ
Group Ⅱ

70

a

a

a

60
50
40
30

a

20
10
0

2

6

14

t/wk

22

30

52

Figure 1 Proportion of patients in clinical remission. Clinical remission
rates at weeks 2, 6, 14, 22, 30, 54 and 102 are shown. Clinical remission was
defined by CDAI score ≤ 150. Significantly, more patients in Group Ⅰ was
in clinical remission than in Group Ⅱ at weeks 2, 6, 22 and 30 (aP < 0.05,
Group Ⅰ vs Group Ⅱ).

DISCUSSION

22 (57.9) 15 (38.5) 0.088
22 (57.9) 15 (38.5) 0.088
1.73 ± 0.18 1.71 ± 0.19 0.748

MH: Mucosal healing; CDEIS: Crohn’s Disease Endoscopic Index of
Severity.

doscopic remission and complete endoscopic remission
were greater at week 54 in Group Ⅰ, but these differences were not significant. The maximum tolerated dose of
azathioprine was 1.73 mg/kg for patients in Group Ⅰ and
1.71 mg/kg in Group Ⅱ (P = 0.748).
Safety data
Thirty-four (89.5%) patients in Group Ⅰ developed drugrelated side effects compared with 33 (84.6%) in Group
Ⅱ (Table 3). The most common adverse effects were
headache, nausea and abdominal pain. Leukopenia was
observed in seven patients (18.4%) in Group Ⅰ and nine
(23.1%) in Group Ⅱ. Infusion reactions generally characterized by headache, dizziness, nausea, injection-site irritation, flushing, chest pain, dyspnea and pruritus occurred
in 6/228 (2.6%) infliximab infusions. Infections occurred
in 10.5% (4/38) of patients in Group Ⅰ and 10.3% (4/39)
in Group Ⅱ; all of which resolved with appropriate medical therapy. There were no unusual or severe infections.
Treatment with thiopurines resulted in acute pancreatitis
(n = 1) in Group Ⅰ and alopecia (n = 1) in Group Ⅱ.
Increased aspartate aminotransferase was seen in one patient in each group. Amenorrhea occurred in two (5.3%)
patients in Group Ⅰ and one (2.6%) in Group Ⅱ. No
deaths or cancer occurred during the study.
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80

Corticosteroids are highly effective in inducing clinical
remission in patients with chronic active CD[24,25]. However, their role is primarily ameliorative because they are
ineffective in maintaining remission or healing mucosal
lesions[7,8]. The thiopurines azathioprine and 6-mercaptopurine have been used in the treatment of CD and UC
for > 40 years and been the drug of choice in steroid-dependent patients. Despite their slow-acting defect, these
agents have demonstrated efficacy in inducing and maintaining remission, and in producing MH[26,27]. Infliximab
is a monoclonal IgG1 antibody against TNF-α, and has
been proven effective for Crohn’s CD since 1995, with
rapid effects[11,12,28]. Trial data demonstrate that infliximab
is effective for inducing remission of active CD, healing
fistulizing CD, preventing relapse once in remission, and
healing mucosal ulcerations[12-14,26,29]. The results of the
current study showed earlier clinical remission and MH in
infliximab/azathioprine-treated patients compared with
corticosteroid/azathioprine-treated patients with moderate to severe ileocolonic CD.
The timing of immunomodulator and biologic therapy has been hotly debated in recent years. Conventionally, treatment guidelines generally recommend initiating
treatment with first-line agents, including mesalamine and
systemic corticosteroids, followed by immunosuppressants, with anti-TNF therapies reserved for patients in
whom conventional therapies have failed[30-32]. This treatment strategy, which is termed step-up, is suboptimal for
patients with progressive or treatment-refractory disease,
who will continue to experience disease-related morbidity
and risk of the development of complications. Indeed,
this approach has recently been challenged, and an aggressive top-down strategy was advocated instead, and
supported by evidence that early use of anti-TNF therapies induces higher remission rates in CD[15,21,29]. Using
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Group Ⅰ
Group Ⅱ

Proportion of patients with
clinical remission
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Figure 2 Proportion of patients with clinical remission. Life table timeto-remission curve of the two groups is shown. The median time to clinical
remission was longer for patients in Group Ⅱ (14.2 wk) than for patients in
Group Ⅰ (6.8 wk, P = 0.009).

data from the EXTEND (Extend the Safety and Efficacy
of Adalimumab Through Endoscopic Healing) trial,
Sandborn et al[33] found higher rates of MH with adalimumab in patients with shorter disease duration.
An operational definition of early CD is essential to
assess whether early intervention algorithms have greater
efficacy than conventional step care. Recently, such a
definition has been proposed by Peyrin-Biroulet et al[34].
The essential components of the definition are disease
duration < 2 years and no previous treatment with immunosuppressive agents or TNF antagonists. In addition,
the absence of existing bowel damage is an important
modifier for this definition. The high rate of deep remission observed in the current study may be due to initiation of anti-TNF therapies early after the onset of symptoms of CD in patients who were naïve to treatment, and
the exclusion of patients with fibrostenotic or abdominal
fistulizing CD revealed by CTE.
CD is a progressive condition, characterized by frequent development of CD-related complications, such as
internal fistulas and abscesses, perianal fistulas and bowel
strictures. One of the key factors determining the natural
history of CD is disease duration, because an increasing
number of complications have been described over time.
Louis et al[1] assessed retrospectively the evolution of
the disease after 1-25 years since diagnosis. At diagnosis,
73.7% of patients had an inflammatory phenotype, while
at 20 years, only 12% had this phenotype and 32% and
48.8% had stricturing and penetrating behavior, respectively. Lakatos et al[35] observed a change in disease behavior in 30.8% of patients with an initially non-stricturing,
non-penetrating disease behavior after a mean disease
duration of 9.0 ± 7.2 years.
CTE allows visualization of the entire bowel wall,
multiplanar imaging, no obscuration of small bowel loops
due to superimposition, and better detection of abscesses,
fistulas, strictures and mesenteric abnormalities [36-38],
therefore, it has played an increasing role in assessment
of patients with CD. Differentiation of fibrotic strictures
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from inflammatory strictures is important because acute
inflammation is treated medically, while fibrotic strictures
are treated with invasive procedures (dilatation or excision). Hara et al[39] found that scar tissue may have low
homogenous enhancement on CT, which differs from
the lower attenuation bowel wall edema in acute inflammatory CD. In population-based studies, 19%-36% of
patients newly diagnosed with CD present with bowel
damage, that is, disease complications such as strictures,
fistulas or abscesses[3,18,40,41]. The median time from the
onset of symptoms to diagnosis was 10 wk in the current
study. Despite the inclusion criterion of newly diagnosed
patients naïve to treatment, the existing irreversible bowel
damage may reduce efficacy. The relatively high rate of
deep remission in this study can be attributed in part to
the exclusion of patients with luminal fibrostenotic or
abdominal fistulizing CD revealed by CTE in screening.
However, although trial evidence supports early aggressive therapy, there is concern around prohibitive
costs regarding implementation of such a treatment strategy in all IBD patients. Infliximab is the only anti-TNF
agent for the treatment of IBD patients that is available
in the Chinese market. The standard national health insurance reimbursement does not cover infliximab treatment for IBD patients. In view of the fact that cultural
values, economical and legal issues may differ from one
country to another, selection criteria for patients who are
candidates for top-down treatment are essential in such
a developing country. Studies have shown that age < 40
years at diagnosis, disease location in the terminal ileum,
and penetrating/stricturing complications are associated
with higher risk of surgery[18-20]. Similarly, progression
to complicated disease is more rapid in those with small
bowel than colonic disease[40]. Patients with a high risk of
developing medically irreversible complications are exactly those thought most likely to benefit from top-down
therapy[21]. In the current study, we included recently diagnosed CD patients with a median age of 25 years and
small bowel involvement naïve to treatment, resulting
in encouraging deep remission rates at weeks 30 and 54.
Nevertheless, further study is needed to evaluate the costeffectiveness of early top-down treatment, including the
impact on hospitalization, surgery, work attendance, and
productivity.
Historically, the therapeutic goals of induction and
maintenance of clinical remission seemed insufficient
to change the natural history of IBD. The concept of
deep remission is a recently introduced endpoint, which
includes clinical remission and MH. The latter is usually
assessed by endoscopy in CD and UC and defined as the
absence of ulcers[42]. Evidence has accumulated to show
that MH can alter the course of IBD[42-45]. MH has now
emerged as an important treatment goal for patients with
IBD. The EXTEND trial[33] was the first study designed
with MH measured by ileocolonscopy as the primary
endpoint in CD. The percentage of patients from the
continuous adalimumab group who had MH at week 12
was 27%, compared with 13% for the induction-only/
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Table 3 Safety data n (%)

Patients with any adverse events
Adverse events leading to discontinuation of study drug
Infusion reaction
Serum-sickness-like reactions
Infection
Headache
Nausea
Abdominal pain
Acute pancreatitis
Alopecia
Amenorrhea
Elevation of transaminase
Leukopenia
Tuberculosis
Colon cancer
Hematologic cancer
Death

placebo group (P = 0.056). The difference in MH rate at
week 52 reached statistical significance, with 24% of patients in the continuous adalimumab group and none of
the patients who remained on placebo during the doubleblind period achieving healing at week 52 (P = 0.001). In
the current study, MH was measured by DBE. The deep
remission and MH rates at weeks 30, 54 and 102 were
44.7%, 52.6% and 57.9% in Group Ⅰ compared with
17.9%, 35.9% and 38.5% in Group Ⅱ. There has been a
strong trend towards earlier deep remission with infliximab as induction therapy. The 30-wk evaluation showed
a significantly higher MH rate in Group Ⅰ than in Group
Ⅱ. There was a higher proportion of patients in deep remission at weeks 54 and 102 in Group Ⅰ, although there
were no significant between-group differences. In our
experience, the optimal time point for the first followup by DBE was between 30 and 54 wk after treatment in
Group Ⅰ and at least 54 wk after treatment in Group Ⅱ,
which conformed to our previous study[46]. The benefits
of early MH were recognized before approval of biologic
therapies for IBD[47]. A population-based cohort study
confirmed that MH had a significant impact on disease
outcome in patients with UC. In patients with UC, 3/178
patients (2%) with MH at 1 year underwent colectomy by
5 years as compared with 13/176 patients (7%) without
MH at 1 year (P = 0.002)[47]. Colombel et al[48] indicated
that achievement of early MH (i.e., endoscopy subscores
of 0 or 1 at week 8) after treatment with infliximab may
lead to better long-term clinical outcomes for patients
with moderate to severe active UC. The study of longterm outcome with regard to early MH of CD is warranted.
The small bowel is the most commonly involved
site of the gastrointestinal tract in CD. In nearly half of
patients, CD involves both the large and small bowel,
and in another third of patients, only the small bowel is
involved, while it is least common (about 20%) to have
disease confined to the colon. The development capsule
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Group Ⅰ
(n = 38)

Group Ⅱ
(n = 39)

All patients
(n = 77)

P value

34 (89.5)
5 (13.2)
5 (13.2)
0
4 (10.5)
6 (15.8)
6 (15.8)
7 (18.4)
1 (2.6)
0
2 (5.3)
1 (2.6)
7 (18.4)
0
0
0
0

33 (84.6)
4 (10.3)
4 (10.3)
7 (17.9)
9 (23.1)
11 (28.2)
0
1 (2.6)
1 (2.6)
1 (2.6)
9 (23.1)
0
0
0
0

77 (87.0)
9 (11.7)
8 (10.4)
13 (16.9)
15 (19.5)
18 (23.4)
1 (1.3)
1 (1.3)
3 (3.9)
2 (2.6)
16 (20.8)
0
0
0
0

0.737
0.663
1.000
1.000
0.420
0.310
0.494
1.000
0.615
1.000
0.615
-

endoscopy in 2001 and DBE in 2004[49] made possible
the endoscopic examination of the entire small bowel.
The growing experience with DBE in patients with CD
reported in the literature is modifying the indications for
morphological investigations in this framework and the
management of patients. A study of DBE demonstrated
that, in a high percentage of patients, ileal involvement
in CD may be outside the range of ileocoloscopy[50]. In
the current study, MH was assessed by DBE for the first
time in patients with CD treated with biologic agents. At
baseline, ileal lesions proximal to the terminal ileum were
found in 24 and 26 patients in Group Ⅰ and Group Ⅱ,
respectively. Ileal lesions proximal to the terminal ileum
without terminal ileal involvement were found in 10 and
15 patients in Group Ⅰ and Group Ⅱ, respectively. At
week 102, ileal lesions proximal to the terminal ileum
without terminal ileal or colonic lesions were detected in
three and two patients in Group Ⅰ and Group Ⅱ, respectively (in other words, these five patients may be classified
with MH using conventional ileocolonoscopy). Therefore,
DBE may identify lesions in the small bowel beyond the
reach of conventional ileocolonoscopy and undoubtedly
allow for a more comprehensive and objective measurement of MH for CD involving the small bowel, which
may have an impact on the cessation of medication and
regime change. At present, there is no standardized and
validated small intestine mucosal disease scoring index
that can be applied to DBE findings. Existing endoscopic
scores for CD have only been validated for conventional
ileocolonoscopy that include CDEIS and the Simple Endoscopic Score for Crohn’s Disease. In our study, all lesions were graded using CDEIS, which may have relative
weight deviation between colon and small bowel in terms
of scoring. Establishment of a feasible score correlating
with clinical disease activity for assessing the activity or
severity of small bowel involvement in CD by DBE is
necessary.
In our study, 15 patients who developed hemorrhage
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were successfully treated with infliximab (data not shown).
Several case reports[51] demonstrated that infliximab was
effective in stopping the bleeding and promoting MH,
which may be related to its anti-TNF-α effect. The benefit
of infliximab to treat hemorrhagic CD should be evaluated in a further study.
Our study had three limitations. First, this was an
open-label study, which introduced bias in terms of evaluating subjective symptom scores. Second, DBE was used
to evaluate macroscopic MH at weeks 30, 54 and 102,
but not all patients underwent histological evaluation. Using biopsy or miniprobe confocal laser endomicroscopy
via double-balloon endoscopy may provide histological
evidence of MH as a more objective outcome for disease
activity assessment, which may be used to guide safe
discontinuation of therapy in patients with IBD. Third,
infliximab concentration or antibodies to infliximab were
not detected in the current study. It has been shown that
the concurrent use of immunosuppressants is associated
with higher rates and a longer duration of response to
infliximab in CD patients[52]. In several trials, there is a
trend for a lower incidence of development of antibodies to infliximab and infusion reaction with concomitant
use of corticosteroids or immunomodulators [12,36,53].
Hürlimann et al[54] observed in patients with rheumatoid
arthritis that infliximab could reduce the clearance of
azathioprine from serum. In the current study, the difference of maximum tolerated dose of azathioprine in the
two groups was not statistically significant. However, the
risk of opportunistic infection and hepatosplenic T-cell
lymphoma in patients with long-term use of combined
anti-TNF biologic agents and immunomodulators, cost,
as well as concern about pregnancy should be considered
simultaneously.
The results of this study indicate that maintenance
therapy with azathioprine, after induction therapy with
infliximab, provides important benefits for the treatment of patients with early CD compared with induction
therapy with corticosteroids. The beneficial outcome of
the former does not seem to be restricted to deep remission, but also extends to the time interval until remission
is achieved.
In conclusion, early treatment with infliximab followed
by azathioprine-based top-down strategies, as compared
with step-up treatment with a conventional induction
regimen with corticosteroids followed by azathioprine, resulted in significantly higher rates of clinical remission and
MH at week 30, and corticosteroid-sparing effect among
patients with early active moderate to severe ileocolonic
CD naïve to treatment.

such as stricture, fistula and abscess. Induction and maintenance of clinical
remission seemed insufficient to change the natural history of CD.

Research frontiers

Mucosal healing (MH) as a therapeutic endpoint has recently become more
widely incorporated into clinical trials, in addition to more traditional subjective
clinical activity indices, because it has been shown to reduce the likelihood
of clinical relapse, reduce the risk of future surgery, and reduce hospitalization. The concept of “deep remission” is a recently introduced endpoint, which
includes clinical remission and MH. “Step-up” treatment strategy has recently
been challenged, and an aggressive “top-down” strategy has been advocated
instead and supported by evidence that early use of anti-TNF therapies induces
higher remission rates in CD.

Innovations and breakthroughs

Optimal treatment strategies in patients with CD who are candidates for topdown treatment are still debated. The authors performed a generally well-designed prospective trial of infliximab as induction therapy plus azathioprine (topdown treatment strategy) vs prednisone as induction therapy plus azathioprine
in treatment-naïve patients with CD. This is the first study designed with deep
remission as the primary endpoint. Furthermore, MH is assessed with double
balloon enteroscopy (DBE) for the first time in patients with CD treated with
biologic agents.

Applications

DBE may identify lesions in the small bowel beyond the reach of conventional
ileocolonoscopy and undoubtedly allow for a more comprehensive and objective measurement of MH in CD involving the small bowel, which may have an
impact on the cessation of medication and regime change.

Terminology

The concept of deep remission includes clinical remission and MH. The essential components of the definition of early CD are disease duration < 2 years and
no previous treatment with immunosuppressive agents or tumor necrosis factor
antagonists. In addition, the absence of existing bowel damage is an important
modifier for this definition.

Peer review

In general, the study design was rigorous and thoughtfully explained. The
unique component of this study was the utilization of DBE for assessment of
MH. The demographics of the study were also unique, because East Asian individuals with IBD are an understudied population.
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Abstract
AIM: To compare same-day whole-dose vs split-dose
of 2-litre polyethylene glycol electrolyte lavage solution
(PEG-ELS) plus bisacodyl for colon cleansing for morning colonoscopy.
METHODS: Consecutive adult patients undergoing
morning colonoscopy were allocated into two groups
i.e. , same-day whole-dose or split-dose of 2-litre PEGELS. Investigators and endoscopists were blinded to
the allocation. All patients completed a questionnaire
that was designed by Aronchick and colleagues to assess the tolerability of the bowel preparation regime
used. In addition, patients answered an ordinal fivevalue Likert scale question on comfort level during
bowel preparation. Endoscopists graded the quality of
bowel preparation using the Boston bowel preparation
scale (BBPS). In addition, endoscopists gave an overall
grading of the quality of bowel preparation. Cecal intu-
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bation time, withdrawal time, total colonoscopy time,
adenoma detection rate and number of adenomas
detected for each patient were recorded. Sample size
was calculated using an online calculator for binary
outcome non-inferiority trial. Analyses was based upon
intent-to-treat. Significance was assumed at P -value <
0.05.
RESULTS: Data for 295 patients were analysed. Mean
age was 62.0 ± 14.4 years old and consisted of 50.2
% male. There were 143 and 152 patients in the
split-dose and whole-dose group, respectively. Splitdose was as good as whole-dose for quality of bowel
preparation. The total BBPS score was as good in the
split-dose group compared to the whole-dose group
[6 (6-8) vs 6 (6-7), P = 0.038]. There was no difference in cecal intubation rate, cecal intubation time,
withdrawal time, total colonoscopy time and adenoma
detection rate. Median number of adenoma detected
was marginally higher in the split-dose group [2 (1-3)
vs 1 (1-2), P = 0.010]. Patients in the whole-dose
group had more nausea (37.5% vs 25.2%, P = 0.023)
and vomiting (16.4% vs 8.4%, P = 0.037), and were
less likely to complete the bowel preparation (94.1%
vs 99.3%, P = 0.020). Patients in the split-dose group
were less likely to refuse the same bowel preparation
regime (6.3% vs 13.8%, P = 0.033) and less likely to
want to try another bowel preparation regime (53.8%
vs 78.9%, P < 0.001).
CONCLUSION: Splitting reduced-volume PEG-ELS for
morning colonoscopy is as effective as taking the whole
dose on the same morning but is better tolerated and
preferred by patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bowel preparation; Colonoscopy; Splitdose; Polyethylene glycol electrolyte lavage solution
Core tip: In this study of adult patients undergoing morning colonoscopy, split-dose administration of reduced-
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volume polyethylene glycol electrolyte lavage solution
(PEG-ELS) plus bisacodyl was found to be as effective
but better tolerated than whole-dose taken on the
same morning. To the best of our knowledge, this
is the first time these regimes have been compared.
Moreover, bowel preparation using split-dose reducedvolume PEG-ELS has not been reported before although there have been many studies comparing splitdose and previous-evening whole-dose regimes using
larger volumes of PEG-ELS. We believe the findings of
this study will be of interest to those in related fields.
Chan WK, Azmi N, Mahadeva S, Goh KL. Split-dose vs sameday reduced-volume polyethylene glycol electrolyte lavage
solution for morning colonoscopy. World J Gastroenterol 2014;
20(39): 14488-14494 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i39/14488.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14488

INTRODUCTION
The incidence of colorectal cancer has rapidly increased
in the Asia-Pacific region[1]. Colonoscopy remains the
most accurate tool in diagnosing colorectal cancer and is
advocated in many regions to be the modality of choice
for screening and surveillance[2]. However, the sensitivity depends largely on the quality of bowel preparation.
Detection of neoplastic lesions is significantly reduced
when bowel preparation is poor[3,4]. Poor bowel preparation increases technical difficulty, prolongs procedure
duration, decreases cecal intubation rate, and leads to
greater costs associated with colonoscopy[3,5,6].
A good bowel preparation regime is one that is not
only effective in cleansing the colon but should be relatively small in volume and well-tolerated by patients with
minimal adverse gastrointestinal symptoms [7]. At our
centre, reduced-volume 2-litre polyethylene glycol electrolyte lavage solution (PEG-ELS) plus bisacodyl and
low fibre diet is used for bowel preparation for patients
undergoing colonoscopy. Patients undergoing morning outpatient colonoscopy would normally ingest the
PEG-ELS the day before. This regime is better tolerated
by patients without compromising the quality of bowel
preparation when compared with conventional 4-litre
PEG-ELS[8,9].
However, a previous study on patient satisfaction
found that nearly half of the patients attending the
outpatient colonoscopy service at our centre were dissatisfied with the bowel preparation regime used. Of
the seven items considered in the evaluation of patient
satisfaction, comfort level during bowel preparation was
the main cause of unfavorable responses[10]. Moreover, a
separate study using the same bowel preparation regime
at our centre found a high percentage of poor quality
bowel preparation, which was associated with greater
technical difficulty and patient discomfort during colonoscopy[11]. There was clearly a need for a better bowel
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preparation regime.
Current literature suggests that either taking reducedvolume PEG-ELS on the same morning instead of
the previous evening[12], or splitting the bowel preparation[7], would enhance the quality of bowel preparation.
However, it is uncertain which of these two regimes are
better. The aim of our study was to compare the use of
same-day whole-dose and split-dose reduced-volume
PEG-ELS for colon cleansing in patients undergoing
morning colonoscopy.

MATERIALS AND METHODS
The study included consecutive adult patients attending
morning outpatient colonoscopy at the Endoscopy Suite
of the University of Malaya Medical Centre from August
2012 to March 2013. The colonoscopy service is openaccess, whereby patients are referred directly for colonoscopy from primary as well as secondary care clinics.
The following subjects were excluded from the study:
in-patients, patients scheduled for colonoscopy in the
afternoon, patients who used other methods of bowel
preparation than that assigned and patients who had an
incomplete examination that was unrelated to quality of
colon cleansing e.g., obstructing tumour. The study was
approved by the ethics committee of the institution. The
study was registered with ClinicalTrials.gov. The protocol
may be accessed at http://clinicaltrials.gov/ct2/show/
study/ NCT01916564?term = chan+wah+kheong&rank
= 1. All co-authors had access to the study data and had
reviewed and approved the final manuscript.
Allocation and bowel preparation regime
Patients were assigned into two groups i.e., split-dose or
same-day whole-dose in a deterministic manner. Patients
scheduled for colonoscopy on a particular day were
listed by alphabetical order. Patients who were numbered
odd were assigned to the same-day whole-dose group
while patients who were numbered even were assigned
to the split-dose group. The list did not reflect the sequence that patients would undergo colonoscopy. All
patients were given instructions for bowel preparation
through phone call 3-5 d prior to scheduled colonoscopy. In the whole-dose group, patients had to complete
2 L of PEG-ELS between 5 am and 6 am on the day
of procedure. In the split-dose group, patients had to
complete 1 L of PEG-ELS between 8 pm and 8.30 pm
on the day before followed by another 1 L of PEG-ELS
between 5.30 am and 6 am on the day of the procedure.
All patients received 2 tablets of bisacodyl 5 mg on the
two evenings prior to the procedure and were told to be
on low residue diet on the day before the procedure. Patients were advised to drink clear liquids only after dinner at 6 pm and to keep nil orally once at the Endoscopy
Unit. Adherence to instructions for bowel preparation
was checked when patients arrived at the Endoscopy
Unit. Allocation, providing instructions for bowel preparation and checking for adherence were carried out by a
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trained research assistant who was not involved in other
parts of the study.
Assessment of patient tolerability
All patients completed a questionnaire on tolerability of
the bowel preparation regime used which was designed
by Aronchick and colleagues[13]. In addition, patients
answered a question on comfort level during bowel
preparation. This question was the same as that used in
the earlier study on patient satisfaction of our colonoscopy service[10]. This question has an ordinal five-value
Likert scale (excellent, very good, good, fair, and poor).
Patient response to this question was dichotomized to
favourable (excellent, very good, good) and unfavourable (fair, poor) during analysis. An investigator who was
blinded to the colon cleansing regime gathered other
relevant information using a standard protocol. Completion of questionnaire and gathering of information were
performed prior to patient undergoing the colonoscopy
procedure. Patients were given Midazolam 2.5-5 mg and
Fentanyl 50-100 mcg as sedation for the colonoscopy
procedure.
Assessment of quality of bowel preparation
Standard video-endoscopes (CF 160AL, Olympus, Tokyo, Japan) were used for the colonoscopy procedures.
The endoscopists were considered as trainee if they had
performed < 200 colonoscopies and as senior if they
had performed ≥ 200 colonoscopies. The endoscopists
were unaware of the regime used for bowel preparation.
They graded the quality of bowel preparation using the
Boston bowel preparation scale (BBPS)[14]. According to
the BPPS, three broad regions of the colon i.e., the right
colon (including the cecum and ascending colon), the
transverse colon (including the hepatic and splenic flexures), and the left colon (including the descending colon,
sigmoid colon, and rectum) are given a score of 0-3 as
follows: 0 = unprepared colon segment with mucosa not
seen due to solid stool that cannot be cleared; 1 = portion of mucosa of the colon segment seen, but other
areas of the colon segment not well seen due to staining,
residual stool and/or opaque liquid; 2 = minor amount
of residual staining, small fragments of stool and/or
opaque liquid, but mucosa of colon segment seen well;
and 3 = entire mucosa of colon segment seen well with
no residual staining, small fragments of stool or opaque
liquid.
In addition, endoscopists gave an overall grading of
the quality of bowel preparation as follows: excellent
= adequate visualization without flushing and suction;
good = adequate visualization requiring minimal flushing
and suction; fair = unsatisfactory visualization of all or
part of the colon with coloured fluid requiring flushing
and suction; poor = unsatisfactory visualization of all or
part of the colon with coloured fluid and faeces requiring flushing and suction and repeat colonoscopy had to
be considered. The overall quality of bowel preparation
was then re-categorized as good (i.e., excellent), inter-
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mediate (i.e., good and fair) and poor as this has been
shown to have better inter-observer variability during the
previous study on quality of bowel preparation at our
centre[11]. Good and intermediate quality bowel preparation were considered satisfactory while poor quality
bowel preparation was considered non-satisfactory.
Other colonoscopy procedure details
The following information was obtained: cecal intubation time i.e., time taken after the colonoscope was
inserted through the anus until the cecum was reached,
withdrawal time i.e., time taken to pull back colonoscope
from cecum till complete withdrawal from the anus, and
total colonoscopy time i.e., time from colonoscope insertion until complete removal from the anus. Times were
recorded from the display screen during colonoscopy
and adjustment was made for the time spent to carry out
therapeutic work. Adenoma detection rate and number
of adenomas detected for each patient (if detected) were
also recorded. All adenomas were at least 0.5 cm in size
and were followed by histological confirmation.
Statistical analysis
Sample size was calculated using an online calculator
for binary outcome non-inferiority trial[15]. The rate of
satisfactory bowel preparation using same-day wholedose reduced-volume PEG-ELS has been reported to
be 93%[12]. The rate of satisfactory bowel preparation
using split-dose 4-L PEG-ELS has been reported to be
95.6%[16]. As reduced-volume PEG-ELS plus bisacodyl
has been shown to be as good as 4-L PEG-ELS, and as
the rate of satisfactory bowel preparation using splitdose reduced-volume PEG-ELS plus bisacodyl has
never been reported before, we assumed that the rate of
satisfactory bowel preparation using split-dose reducedvolume PEG-ELS plus bisacodyl to be 93%. A sample
size of 112 patients per group will have 90% power to
detect a treatment difference of 10% at a significance
level of 0.05.
Data were analysed using SPSS 16 (SPSS Inc., Chicago, Illinois, United States). Analyses was based upon
intent-to-treat. Categorical variables were expressed as
percentages and analysed using χ 2 test or Fisher exact
test where appropriate. Continuous variables were expressed as means ± standard deviations or median with
inter-quartile range and analysed with student’s t-test or
Mann-Whitney test where appropriate. Significance was
assumed at P-value < 0.05.

RESULTS
Three hundred and three patients attended outpatient
colonoscopy in the morning during the study period.
Eight patients were excluded for the following reasons:
obstructing tumour n = 3, acute colonic angulation n =
2, patient used a different bowel preparation regime than
that assigned n = 3. Data for 295 patients were analysed.
Mean age of the study population was 62.0 ± 14.4 years
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vs 2 (2-2), P = 0.060]. Scores for the transverse and left
colon were similar between the groups. The total BBPS
score was as good in the split-dose group compared
to the whole-dose group [6 (6-8) vs 6 (6-7), P = 0.038].
Similarly, there was a trend towards a higher proportion
of patients graded as having good or intermediate quality bowel preparation in the split-dose group (97.2% vs
92.1%, P = 0.071).
A greater proportion of patients in the split-dose
group were able to complete the prescribed bowel preparation regime (99.3% vs 94.1%, P = 0.020). When enquired
about willingness to repeat the type of bowel preparation regime, patients in the split-dose group were less
likely to refuse the same bowel preparation regime (6.3%
vs 13.8%, P = 0.033) and less likely to want to try another bowel preparation regime (53.8% vs 78.9%, P <
0.001). With regard to adverse symptoms, more patients
in the whole-dose group had nausea (37.5% vs 25.2%, P
= 0.023) and vomiting (16.4% vs 8.4%, P = 0.037). Other adverse effects were similar between the two groups.
There was a trend towards higher proportion of unfavourable responses for level of comfort during bowel
preparation in the whole-dose group (28.3% vs 18.9%, P
= 0.058).

Table 1 Patient characteristics
Characteristics

Age, yr
Male
Race
Chinese
Malay
Indian
Others
Education level
None or primary
Secondary or higher
Appointment waiting time
Less than 16 wk
16 wk or longer
Medical condition
Diabetes mellitus
Chronic constipation
Neurological condition
Others
Previous abdominal surgery
Previous colonic resection
Indication
Surveillance
Screening
Altered bowel habit
Per rectal bleeding
Abdominal pain
Anemia
Chronic diarrhoea
Chronic constipation
Others
Diagnosis
Normal colonoscopy
Colonic polyp
Diverticular disease
Colorectal carcinoma
Others
Seniority of endoscopist
Senior
Trainee

Whole-dose
same-morning

Split-dose

P

n = 152
61.3 ± 14.9
51.3%

n = 143
62.8 ± 13.9
49.0%

0.378
0.685

56.6%
21.7%
21.7%
0%

60.1%
18.9%
19.6%
1.4%

0.434

28.9%
71.1%

23.8%
76.2%

0.314

52.6%
47.4%

48.3%
51.7%

0.452

23.7%
7.9%
2.0%
52.6%
39.5%
21.1%

19.6%
8.4%
2.8%
55.2%
38.5%
13.3%

0.393
0.876
0.716
0.514
0.859
0.078

30.3%
16.4%
13.8%
12.5%
11.2%
5.3%
3.9%
3.3%
3.3%

32.9%
27.3%
14.0%
9.8%
6.3%
3.5%
1.4%
3.5%
1.4%

0.263

53.0%
23.2%
9.3%
4.0%
10.6%

46.5%
26.8%
11.3%
0.7%
14.8%

0.233

34.2%
65.8%

39.9%
60.1%

0.315

DISCUSSION

old and consisted of 50.2% male. There were 152 patients in the whole-dose group and 143 patients in the
split-dose group. Patient characteristics were comparable
between the two groups (Table 1). A higher proportion
of patients in the whole-dose group had previous colonic resection but this was not statistically significant.
Data on technical performance of colonoscopy, quality of bowel preparation and patient tolerability of the
bowel preparation regimes are presented in Table 2. Cecal
intubation rate (98.6% vs 98.7%), cecal intubation time
[657 (480-980) s vs 600 (432-900) s], withdrawal time [244
(180-348) s vs 298 (180-418) s] and total colonoscopy
time [960 (720-1304) s vs 960 (660-1320) s] were similar
between the two groups. Although adenoma detection
rates were similar between the two groups (30.1% vs
31.6%), the number of adenoma that were detected was
marginally higher in the split-dose group [2 (1-3) vs 1 (1-2),
P = 0.010].
Using the BPSS, there was a trend towards a better
score for the right colon in the split-dose group [2 (2-3)
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Several factors are recognized to influence the quality of
colon cleansing in adults undergoing colonoscopy, and
the timing of colon cleansing is one such determinant[17].
In this study, we have found that split-dose reduced-volume PEG-ELS is as effective as, but better tolerated and
preferred by patients, compared to whole-dose reducedvolume PEG-ELS taken on the same day. To the best
of our knowledge, this is the first time these regimes
have been compared. Moreover, bowel preparation using split-dose reduced-volume PEG-ELS has not been
reported before, although there have been many studies
comparing split-dose and previous-evening whole-dose
regimes using larger volumes of PEG-ELS[7]. In contrast
to recent studies at our centre that used previous-evening
whole-dose reduced-volume PEG-ELS[10,11], both bowel
preparation regimes in the current study were superior.
Chiu et al[12] have already reported that a significantly
greater proportion of patients had satisfactory bowel
preparation when reduced-volume PEG-ELS was taken
in the morning of colonoscopy instead of the previous
evening (93% vs 72%, P = 0.003). Similarly, we found that
92.1% of our patients had satisfactory bowel preparation with same-morning reduced-volume PEG-ELS in
this study. In contrast, only 69.9% had satisfactory bowel
preparation with previous-evening reduced-volume PEGELS in an earlier study[11]. Same-morning as opposed to a
previous-evening PEG-ELS is superior due to a shorter
interval between completion of bowel preparation and
the colonoscopy procedure. The quality of bowel preparation has been shown to decline with an increasing interval between completion of bowel preparation and the
colonoscopy procedure[18]. Church et al[19] hypothesized
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Table 2 Comparison of technical performance of colonoscopy, quality of bowel preparation and patient tolerability between groups
Technical performance

Whole-dose same-morning

Split-dose

n = 152

n = 143

Completed colonoscopy
Cecal intubation time, s
Withdrawal time, s
Total colonoscopy time, s
Adenoma detection rate
Number of adenoma detected
Boston bowel preparation scale
Right
Transverse
Left
Total
Overall grading of quality of bowel preparation
Good or intermediate
Poor
Completed bowel preparation
Difficult to complete bowel preparation
Will try another preparation
Refuse the same preparation
Barely tolerable or unacceptable taste
Nausea
Vomiting
Abdominal pain
Bloating
Chest pain
Dizziness
Level of comfort during bowel preparation
Unfavourable response
Favourable response

that there is a window period following bowel preparation, after which the quality of bowel preparation begins
to decline due to increasing entry of small bowel content
into the colon.
In this study, the percentage of patients with an unfavourable response to a question on comfort level during
bowel preparation with same-morning reduced-volume
PEG-ELS was 23.7%. This is much lower than that found
in an earlier study using previous-evening reduced-volume
PEG-ELS (48.6%)[10]. The reason for this is unclear. We
hypothesize that the better response for same-morning
PEG-ELS could be related to the shorter interval between
completing bowel preparation and the colonoscopy procedure itself.
Although reduced-volume PEG-ELS plus bisacodyl
has been shown to be as good as conventional 4-liter
PEG-ELS[8], it was uncertain if splitting an already lower
volume of PEG-ELS would compromise its efficacy. We
have demonstrated in this study that split-dose reducedvolume PEG-ELS was as effective as whole-dose samemorning reduced-volume PEG-ELS in terms of quality
of bowel preparation. Importantly, splitting the dose resulted in significantly less side effects (nausea and vomiting), was more tolerable and resulted in more patients
being able to complete the bowel preparation. This may
have compensated for any negative effect of splitting the
dose and would explain the quality of bowel preparation
seen in the split-dose group.
There are some concerns with taking part of or the
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P

98.7%
600 (432-900)
298 (180-418)
960 (660-1320)
31.6%
1 (1-2)

98.6%
657 (480-980)
244 (180-348)
960 (720-1304)
30.1%
2 (1-3)

1.000
0.510
0.235
0.888
0.779
0.010

2 (2-2)
2 (2-3)
2 (2-3)
6 (6-7)

2 (2-3)
2 (2-3)
2 (2-3)
6 (6-8)

0.060
0.119
0.176
0.038

92.1%
7.9%
94.1%
61.2%
78.9%
13.8%
7.9%
37.5%
16.4%
19.7%
32.2%
3.9%
10.5%

97.2%
2.8%
99.3%
29.4%
53.8%
6.3%
5.6%
25.2%
8.4%
13.3%
30.1%
5.6%
9.8%

0.071

28.3%
71.7%

18.9%
81.1%

0.020
< 0.001
< 0.001
0.033
0.432
0.023
0.037
0.137
0.688
0.506
0.834
0.058

whole dose of a bowel preparation solution in the same
morning for a morning colonoscopy procedure. For example, bowel movements during transit to the Endoscopy Unit may inconvenience patients. A randomized study
comparing a split-dose and a whole-dose bowel preparation regime found slightly more toilet stops on the way
to the hospital for patients in the split-dose group. However, patients in the split-dose group found it easier to
complete their bowel preparation, were more satisfied,
and had better quality of bowel preparation compared to
the whole-dose group[20]. Another concern is aspiration
of bowel preparation solution from the stomach into the
lung following administration of sedation for the procedure. However, a randomized study found no difference
in residual gastric volume between patients who fasted
for 2 h and patients who fasted for 6-23 h[21].
Approximately 40% of colonoscopy patients in our
centre are direct referrals from primary care clinics[22].
Hence, data from this study may be generalized to populations scheduled for colonoscopy at large. However,
the study was specifically on patients attending morning
outpatient colonoscopy. The findings may be different
for patients attending afternoon outpatient colonoscopy
and for in-patients. Recently, Longcroft-Wheaton and
colleagues reported that same-day bowel preparation
produced better quality bowel preparation compared to
split-dose bowel preparation for afternoon colonoscopy
and was preferred by patients[23]. However, the sameday group had to take less amount of bowel preparation
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and completed bowel preparation closer to the colonoscopy procedure, both factors which were in favour
of the same-day group. Moreover, the colonoscopy was
performed by the same endoscopist and there was no information regarding randomization and blinding. Hence,
further studies are needed to elucidate which bowel
preparation regime is better for afternoon colonoscopy.
In summary, patients scheduled for morning colonoscopy preferred a split-dose to the whole-dose samemorning of reduced-volume PEG-ELS for colon cleansing. Patients given split-dose experienced significantly
less nausea and vomiting, and were more likely to complete the regime. The quality of bowel preparation using
split-dose was as good as using whole-dose same-morning reduced-volume PEG-ELS. For endoscopy units
using a PEG-ELS-based bowel preparation regime, we
recommend a split-dose reduced-volume PEG-ELS plus
bisacodyl as the regime of choice for patients undergoing morning colonoscopy (ClinicalTrials.gov Identifier:
NCT01916564).
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knowledge, this case represents the first report in the
literature of bleeding gastric varices treated with partial
splenic embolization in a patient with a MPD that could
not undergo transjugular intrahepatic portosystemic
shunt or balloon retrograde transvenous obliteration.
Gianotti R, Charles H, Hymes K, Chandarana H, Sigal S. Treatment of gastric varices with partial splenic embolization in a
patient with portal vein thrombosis and a myeloproliferative disorder. World J Gastroenterol 2014; 20(39): 14495-14499 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i39/14495.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14495

INTRODUCTION
Abstract
Therapeutic options for gastric variceal bleeding in the
presence of extensive portal vein thrombosis associated
with a myeloproliferative disorder are limited. We report
a case of a young woman who presented with gastric
variceal bleeding secondary to extensive splanchnic venous thrombosis due to a Janus kinase 2 mutation associated myeloproliferative disorder that was managed
effectively with partial splenic embolization.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric varices; Partial splenic embolization;
Myeloproliferative disorder; Janus kinase 2, Portal hypertension; Portal vein thrombosis
Core tip: Non-cirrhotic portal hypertension is uncommon in the United States. The myeloproliferative disorders (MPD) are a common cause of portal vein thrombosis and non-cirrhotic portal hypertension. To our
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The treatment of bleeding gastric varices can be difficult. This is especially true in situations where standard
treatments are not technically possible or available to the
treating gastroenterologist. Partial splenic embolization is
a technique that is often paired with balloon retrograde
transvenous obliteration (BRTO) to treat bleeding gastric varices. Here, we report a case where partial splenic
embolization (PSE) was used alone in the treatment
of a patient with extensive portal vein thrombosis and
bleeding gastric varices, when BRTO was not technically
possible. To our knowledge, this is the first reported case
where this technique was employed in a patient with extensive thrombosis and an underlying myeloproliferative
disorder (MPD).

CASE REPORT
A 37-year-old woman with chronic Hepatitis B carrier
state initially presented with abdominal pain associated
with cholelithiasis in 2005. At the time of laparoscopic
cholecystectomy extensive portal vein thrombosis was
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Figure 1 Magnetic resonance imaging - abdomen from two months prior to embolization. Massive splenomegaly is shown (A, asterisk) with associated cavernous transformation of the portal vein (B, arrow head) and large splenorenal varices (C, arrow).

A

B

Figure 2 Splenic artery embolization with a single, inferomedial branch
targeted to achieve 30%-40% of splenic parenchymal embolization. The
pre-embolization blood supply to this vascular territory (A, black arrow) is
significantly reduced following the embolization (B, white arrow), with reactive
hyperemia of the medial aspect of the spleen.

noted. Evaluation revealed a myeloproliferative disorder
with a gain of function point mutation (V617F) of the
Janus kinase 2 (JAK2) signaling protein. She was treated
with warfarin for less than 1 year and was subsequently
lost to follow up. She was not treated with beta blockers
for primary prophylaxis of variceal bleeding. In 2008, she
presented with transient diffuse abdominal pain and fever. Magnetic resonance imaging (MRI) of the abdomen
revealed splenomegaly (16.3 cm) with cavernous transformation of the portal vein and marked gastric, esophageal,
mesenteric, and splenic varices. She was again lost to follow up prior to treatment for portal hypertension.
The patient was asymptomatic for the next 2 years
until May 2010 when she presented to our hospital with
hematemesis. Laboratory evaluation was remarkable for
normal liver tests, hemoglobin level of 9.6 g/dL, white
blood cell count of 8.2 × 109/L, and platelet count of
398 × 109/L. Hepatitis B carrier state was confirmed
with positive hepatitis B surface antigen, negative surface
antibody, and undetectable hepatitis B DNA. Upper endoscopy revealed non-bleeding, moderate to large sized
varices in the lower esophagus and large gastric varices,
one of which had an ulcer with an associated fibrin plug
and adherent clot. Abdominal MRI again showed cavernous transformation at the porta-hepatis with occlusion of
the main portal and splenic veins. The spleen measured
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18 cm, and there were multiple mesenteric, gastric, esophageal and splenorenal varices (Figure 1). The liver had a
normal radiographic appearance. Visualization of the gastric varices and spleno-renal shunt for direct embolization
was unsuccessful, and the patient was discharged on daily
nadolol for secondary variceal bleeding prophylaxis with
an achieved heart rate of 65 beats per minute. The patient
expressed great anxiety about the potential for re-bleeding
and opted for PSE after a careful discussion of the potential risks. She was not a candidate for BRTO without
a patent spleno-renal shunt or transjugular intrahepatic
portosystemic shunt (TIPS) due to extensive portal vein
thrombosis. Cyanoacrylate glue was not available in our
center. Elective PSE to limit venous inflow into the portal
circulation was performed with micro-catheter injection
of 100-500 micron microspheres at the hilar aspect of
the splenic artery. Completion splenic angiogram demonstrated embolization of 30%-40% of the splenic parenchyma with sparing of the superior and inferior portions
of the spleen (Figure 2). The patient was discharged on a
course of moxifloxacin and metronidazole.
Five days following the procedure, the patient presented with severe abdominal pain and distention associated with new onset ascites and left upper abdominal
tenderness. Laboratory evaluation was remarkable for a
white blood cell count of 25 × 109/L with 82% neutrophils, and a platelet count of 1061 × 109/L. International
normalized ratio was 1.4. Computed tomography with
intravenous contrast revealed splenomegaly with extensive
infarction and non-enhancement of most of the spleen
with only a small focus of enhancing splenic parenchyma
(Figure 3). Diagnostic paracentesis revealed a white blood
cell count of 4.8 × 109/L with 71% neutrophils, protein
3.4 g/dL, and albumin 1.4 g/dL. Intravenous cefotaxime
was administered. The white blood cell count and platelet count progressively rose to 36 × 109/L and 1600 ×
109/L, respectively. Cultures of both blood and ascitic
fluid remained negative. Aspirin, unfractionated heparin,
hydroxyurea 1000 mg twice daily were administered, and
three cycles of platelet-pheresis were performed. The
white blood cell and platelet count progressively decreased
to within normal limits during the hospitalization over 1
wk. The abdominal pain and distention improved, and she
was discharged on aspirin, warfarin, and hydroxyurea.
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A

B

Figure 3 Five days following embolization the patient presented with symptoms of post-embolization syndrome and extensive splenic infarction, markedly
exceeding that expected by the targeted vascular territory. Arrows demonstrate significant volume of non-enhancing spleen in both coronal (A) and axial (B) images

A

B

*

Figure 4 Abdominal magnetic resonance imaging 3 years post partial splenic embolization shows a significantly reduced splenic volume (A, asterisk) with
partial recuperation of the previously embolized parenchyma (B) and near complete resolution of the peri-renal varices, confirming reduced variceal and
portal venous pressures (B, arrow).

The patient remains asymptomatic, without recurrent
bleeding 3 years following PSE. Abdominal MRI in September 2012 revealed persistent cavernous transformation of the portal vein, stable splenic infarction limited
to the superior and posterior portions of the spleen, and
markedly reduced burden of splanchnic varices (Figure 4).

DISCUSSION
Approximately 40% of cases of non-cirrhotic portal
vein thrombosis (PVT) are related to an underlying myeloproliferative disorder, including essential thrombocytosis, polycythemia vera, and primary myelofibrosis[1].
The JAK2 tyrosine kinase mutation has been found in
20%-40% of patients with splanchnic venous thrombosis[2-6]. The clinical presentation of PVT associated with
the JAK2 mutation can be either acute or chronic. Although patients may present with acute thrombosis and
abdominal pain, fever, and other signs of bowel ischemia
resulting from splanchnic venous congestion, patients
typically present with long-standing complications from
portal hypertension due to portal and splanchnic venous
thrombosis with gastro-esophageal variceal bleeding and
ascites[6]. Varices in cirrhosis develop as a manifestation
of portal hypertension due to both increases in intrahepatic resistance limiting portal blood flow, and increased
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splanchnic blood flow from mesenteric arterial vasodilatation. Importantly, in patients with MPD and portal and
splanchnic venous thrombosis increased splenic blood
flow associated with marked splenomegaly coupled with
high resistance and limitation of venous outflow is an
important driving force to the development of gastric
varices.
Treatment of gastric variceal bleeding in the presence of PVT is frequently problematic. Pharmacologic
options include somatostatin and its analogue octreotide
and non-selective beta-blockers. Somatostatin is not appropriate for long-term therapy owing to its short halflife and tachyphylaxis. The non-selective beta blockers
alone are often inadequate to prevent rebleeding, with
rates as high as 55% at 26 mo[7]. Sclerotherapy and band
ligation are not effective due to the high risk of early
rebleeding. Although endoscopic treatment with cyanoacrylate glue reduces rates of gastric variceal rebleeding
in cirrhotic patients by as much as 40% compared to beta
blockers alone[7], it is not widely available in the United
States, and the technique has not been extensively studied
in patients with non-cirrhotic portal hypertension from
thrombotic disorders. The re-bleeding rates in patients
treated with cyanoacrylate glue are high, in some series
occurring in over 50% of patients[8]. Finally, placement of
a TIPS frequently is not possible in patients with cavern-
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ous transformation and extensive thrombosis[9]. As in our
case, it may not always be possible to access the varices
of concern with balloon-occluded retrograde transvenous obliteration (BRTO) in which the presence of a
spontaneous splenorenal shunt is utilized to gain access
to the gastroesophageal variceal complex via the left renal
vein[10]. In addition, BRTO has been shown to exacerbate
esophageal varices[11].
Obstruction to portal inflow resulting from either
pre-hepatic causes as in PVT or in cirrhosis leads to
splenic hyperplasia, splenomegaly, and a resultant increase
in the splenic contribution to portal blood flow[12-13]. PSE
aims to reduce venous inflow into the portal vein, and
in this manner decreases portal venous pressure. PSE
has been shown to reduce both splenic and portal vein
pressures in patients with gastroesophageal varices and
splenomegaly[14], and it has been used to successfully treat
thrombocytopenia and esophageal varices either alone or
in combination with BRTO and band ligation[15-18].
Following the procedure, our patient developed “postembolization syndrome”. This syndrome is a common
side effect of any solid organ embolization and includes
abdominal pain, fever and vomiting. Importantly, greater
than 70% infarction is associated with longer symptom
duration and higher complication rates, especially splenic
abscess formation[18]. We speculate that reduced hypersplenism further unmasked the underlying thrombocytosis related to the MPD which led to a self-perpetuating
process of excessive splenic auto-infarction. This phenomenon is similar to the unmasking of latent essential
thrombocytosis that has been described in a patient
undergoing splenectomy to control variceal bleeding in
the presence of a large mesenteric clot burden[19]. A subsequent decrease in splenic blood flow led to a remarkable reduction in portal pressure as demonstrated by the
nearly complete resolution of gastric variceal burden.
There are currently no published guidelines for the
management of gastric varices in the presence of extensive portal and splanchnic thrombosis in MPD in which
TIPS or BRTO are not possible. Our case demonstrates
that partial splenic embolization can be an effective strategy in this otherwise difficult clinical scenario. Unmasking
of an underlying thrombocytosis and “post-embolization
syndrome” should be anticipated with measures taken to
limit the extent of embolization, considering pre-procedure hydroxyurea, and to closely monitor for and rapidly
treat the ensuing thrombocytosis with platelet-pheresis if
necessary[20].
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Abstract
We report the case of a 46-year-old woman who presented with chronic intermittent abdominal pain without jaundice; abdominal ultrasonography showed thickening of the gallbladder wall and dilatation of the bile
duct. Endoscopic retrograde cholangiopancreaticography showed pancreatobiliary maljunction with proximal
common bile duct dilatation. Pancreatobiliary maljunction was diagnosed. A computed tomography scan of
the abdomen showed suspected gallbladder cancer
and distal common bile duct obstruction. A pancreatic
head mass was incidentally found intraoperative. Radical cholecystectomy with pancreatoduodenectomy was
performed. The pathological report showed gallbladder
cancer that was synchronous with pancreatic head cancer. In the pancreatobiliary maljunction with pancreatobiliary reflux condition, double primary cancer of the
pancreatobiliary system should be awared.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreaticobiliary maljunction; Gallbladder
cancer; Pancreatic cancer; Endoscopic retrograde cholangiopancreaticography
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Core tip: We reported a case of 46-year-old women
presented with chronic intermittent abdominal pain
without jaundice. Endoscopic retrograde cholangiopancreaticography revealed pancreatobiliary maljunction.
Radical cholecystectomy with pancreatoduodenectomy
was performed. Pathological report showed gallbladder
cancer synchronous with pancreatic head cancer. In the
pancreatobiliary maljunction with pancreatobiliary reflux condition double primary cancer of pancreatobiliary
system should be kept in mind.
Rungsakulkij N, Boonsakan P. Synchronous gallbladder and
pancreatic cancer associated with pancreaticobiliary maljunction. World J Gastroenterol 2014; 20(39): 14500-14504 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i39/14500.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14500

INTRODUCTION
Gallbladder cancer is a rare malignancy in Thailand, but
it is the most common biliary tract cancer. A report from
the United States noted that there are 9000 new cases
of gallbladder cancer per year[1]. The incidence is 1.2
cases/100000 population/year[2]. This cancer has a dismal
prognosis because patients mostly have advanced-stage
cancer when they are diagnosed. Early gallbladder cancer stages are rarely ever symptomatic. The most common presented symptom is abdominal pain[3]. Overall,
0.3%-1.0% of the patients are diagnosed from cholecystectomy specimens in other indications, especially from
gallstones[4].
One of the known risk factors for gallbladder cancer
is pancreaticobiliary maljunction, which is a congenital
anomaly in which the pancreatic and bile ducts meet anatomically outside the duodenal wall, causing abnormal
flow of the pancreatic juice and bile due to the absence
of control of the sphincter of Oddi[5]. This rare condi-
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A
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Figure 1 Ultrasound. A: Ultrasound showing thick-walled gallbladder and intraluminal mass (arrow); B: Ultrasound showing right intrahepatic bile duct dilation.

A

B

Figure 2 Computed tomography scan. A: Computed tomography (CT) scan showing asymmetrical wall thickening of gallbladder (arrow); B: CT scan showing right
intrahepatic duct dilation and small cyst in right lobe.

tion is commonly reported in Asia and particularly in
Japan. This condition causes bile duct irritation from
pancreatic juice and dysplastic changes in the bile duct
mucosa[6]. Pancreaticobiliary maljunction with or without
bile duct dilatation is associated with carcinoma of the
pancreaticobiliary tract.
Gallbladder cancer is commonly associated with bile
duct cancer. However, synchronous gallbladder and pancreatic cancer is extremely rare. To date, we have reported
only 3 cases of gallbladder cancer[7,8]. This is the first case
report of this condition in Thailand.

CASE REPORT
A 46-year-old Thai woman presented at the clinic with
chronic intermittent abdominal pain for 2 mo, and ultrasound of her abdomen showed multiple hepatic cysts
involving the right lobe and periportal areas with a relatively ill-defined mixed echoic lesion in the gallbladder
lumen that was approximately 3.4 cm × 2.5 cm. She did
not have a stone but had abnormal gallbladder wall thickening and bile duct dilatation (Figure 1A, B).
Her laboratory tests revealed a normal complete
blood count and normal liver function with an alkaline
phosphatase level of 71 U/L, a total bilirubin level of 0.5
mg/dL, a direct bilirubin level of 0.2 mg/dL, and an aspartate transaminase-alanine transaminase ratio of 22/31.
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She was sent for a computed tomography (CT) scan of
her abdomen, which showed cystic dilatation of both the
intrahepatic bile duct and proximal common bile duct
with smooth narrowing of the proximal to mid common
bile duct and no obvious masses. Asymmetric gallbladder
wall thickening is observed at the transverse septum (Figure 2A, B).
Then, endoscopic retrograde cholangiopancraticography was performed and revealed proximal common
hepatic duct dilatation and long segment smooth stenosis
of the distal common bile duct as well as abnormal insertion of the pancreatic duct into the common bile duct at
approximately 3.0 cm above the ampulla. Sphincterotomy
was performed, and a 7 Fr, 5-cm Amsterdam plastic biliary stent was inserted. Bile duct biopsy was performed
and showed only inflammatory cells without evidence of
malignancy. She suffered from severe pancreatitis after
the endoscopic retrograde cholangiopancraticography
that required percutaneous drainage for peripancreatic
fluid collection (Figure 3).
Two months later, she underwent an operation for
radical cholecystectomy with bile duct resection. Unfortunately, the intraoperative finding showed periportal
lymphadenopathy and a hard nodule at the peripancreatic
head area that suggested synchronous pancreatic head
cancer, which was not visible in the preoperative CT
scan. So, we decided to perform a radical cholecystec-
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Table 1 Summary of the reported patients with pancreatobiliary maljunction with double gallbladder and pancreas involvement
Ref.
Ueda et al[12], 1992

Gender/age

Diagnosis

Location
(pancreas)

Operation

Survival (mo)

Bile duct dilation

Male/58

Synchronous
(GBC, PC, BDC)
Metachronous
(GBC then PC)
Metachronous
(GBC then PC)
Synchronous
(GBC, PC)

Diffuse

Alive 30

-

Tail

Total pancreatectomy
and extended cholecystectomy
Distal pancreatectomy

Alive 78

+

Head

Pancreatoduodenectomy

Alive > 12

+

Head

Pancreatoduodenectomy
and extended cholecystectomy

Alive > 12

+

Minami et al[8], 2008

Female/50

Lahmar et al[7], 2010

Female/68

Our patient, 2013

Female/46

GBC: Gallbladder cancer; PC: Pancreatic cancer; BDC: Bile duct cancer.

Figure 3 Abnormal junction of pancreatic duct and common bile duct (arrowhead). Marked dilation of proximal common hepatic duct (arrow).

tomy, including partial hepatectomy of liver segments V
and IVb with pancreatoduodenectomy. The operation
was uneventful. The total operation time was 8 h, and intraoperative blood loss was 1000 cc.
Postoperatively, she had pancreatic leakage and intraabdominal collection that required percutaneous drainage. Ultimately, she had to be re-operated on to remove
the collection fluid after the percutaneous drainage failed.
Finally, she was well when she was discharged from the
hospital and did not have a drainage catheter.
Pathological report of the gallbladder: Adenocarcinoma, well-differentiated, biliary type at the fundus,
perforated serosa into the peri-gallbladder soft tissue, and
presence of perineural invasion (pT3).
Pancreas: Adenocarcinoma, well-differentiated, ductal
type, 2.8 cm in the greatest dimension, and presence of
perineural and lymphovascular space invasions. Metastatic adenocarcinoma in all 6 peripancreatic lymph nodes
and in one metastatic lymph node at the common hepatic
duct (Figures 4 and 5). She received adjuvant chemotherapy with gemcitabine.
Approximately 10 mo postoperatively, she is still alive
and has no tumor recurrence.

DISCUSSION
Pancreaticobiliary maljunction is more common in the
Asian population and especially in Japan than in Western
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populations[9]. This condition includes abnormal connection of the pancreatic duct and common bile duct outside
the duodenal wall. A report shows that there were 2561
cases of pancreaticobiliary maljunction in Japan between
1990 and 2007[10]. This condition is considered a risk factor for gallbladder cancer. There are many reports of synchronous and metachronous gallbladder cancer and other
biliary tract cancers[5,11]. In this patient, cholangiogram
from the endoscopic retrograde cholangiopancreaticography showed abnormal junction of the common bile duct
and pancreatic duct and a long segment of common bile
duct stricture from the pancreaticobiliary maljunction
rather than distal common bile duct obstruction from
pancreatic head cancer because the level of obstruction
was high.
Synchronous gallbladder and pancreatic cancer is extremely rare. To the best of our knowledge, there have
been only 3 cases reported worldwide in English and 5
cases reported in Japanese (Table 1)[7,8,12]. This is the first
case reported from Thailand.
Carcinogenesis of pancreatic cancer in this condition
is unclear, but pancreaticobiliary maljunction can cause
reciprocal reflux of pancreatic juices and bile due to the
inability of the sphincter of Oddi to control normal flow.
Pancreatobiliary reflux is confirmed with high levels of
amylase and lipase in bile specimens from endoscopic
retrograde cholangiopancraticography [5,6]. However,
proof of bile in the pancreatic juice is difficult to obtain.
In cases of acute pancreatitis, one hypothesis for the etiology explains the common channel hypothesis of distal
common bile duct obstruction from gallstones and bile
that is refluxed into the pancreatic duct causes acute pancreatitis[5,11,13].
Owing to reflux of pancreatic juice into the bile duct,
there is a proliferation of the bile duct epithelium from
normal epithelium to hyperplasia, metaplasia and dysplasia. Furthermore, there is evidence that gene mutations
are associated with carcinogenesis, such as in the K-ras
and p53 genes, which are involved in carcinogenesis of
gallbladder cancer in this condition[14-16]. This is different
from the general principle of carcinogenesis that arises
from the adenoma-carcinoma sequence[5].
Although, the evidence of carcinogenesis of pancreatic carcinoma in pancreaticobiliary maljunction is still
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Figure 4 Adenocarcinoma of the gallbladder. A: Tumor invades the serosa (HE, × 20); B: Tumor is well differentiated (HE, × 100); C: Lymphovascular invasions; D:
Perineural invasions by the tumor are observed (HE, × 100).

A

B

Figure 5 Adenocarcinoma of the pancreas. A: HE, × 40; B: HE, × 100.

lacking, the reflux of bile into the pancreatic duct may
cause chronic inflammation of the pancreas and may give
rise to cancer of the pancreas[11].
The management of pancreaticobiliary maljunction
with or without bile duct dilatation at that time of diagnosis and without cancer evidence involves cholecystectomy
with or without bile duct resection and biliary reconstruction according to dilatation of the bile duct to divert flow
and prevent future cancer development[5,17]. The cancer
treatment at the time of diagnosis depends on the stage
of gallbladder cancer and synchronous lesion.
In summary, a patient with pancreaticobiliary maljunction should be made aware of synchronous cancer
of the pancreaticobiliary system.
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COMMENTS
COMMENTS
Case characteristics

A 46-year-old Thai woman presented at the clinic with chronic intermittent abdominal pain for 2 mo.

Clinical diagnosis

The Thai woman presented at the clinic with chronic intermittent abdominal pain
for 2 mo and ultrasound of her abdomen showed multiple hepatic cysts involving the right lobe.

Laboratory diagnosis

Her laboratory tests revealed a normal complete blood count and normal liver
function with an alkaline phosphatase level of 71 U/L, a total bilirubin level of
0.5 mg/dL, a direct bilirubin level of 0.2 mg/dL, and an aspartate transaminasealanine transaminase ratio of 22/31.

Imaging diagnosis

Ultrasound of her abdomen showed multiple hepatic cysts involving the right
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lobe and periportal areas with a relatively ill-defined mixed echoic lesion in the
gallbladder lumen that was approximately 3.4 cm × 2.5 cm.

Experiences and lessons

Pancreatobiliary reflux is confirmed with high levels of amylase and lipase in
bile specimens from endoscopic retrograde cholangiopancraticography.

10

Peer review

This manuscript presented the case of pancreaticobiliary maljunction complicated with synchronous gallbladder and pancreatic cancer. The present case
report will provide useful information for the management of pancreaticobiliary
maljunction.

11

REFERENCES
1
2
3

4
5

6

7

8

9

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer
statistics, 2009. CA Cancer J Clin 2009; 59: 225-249 [PMID:
19474385 DOI: 10.3322/caac.20006]
Carriaga MT, Henson DE. Liver, gallbladder, extrahepatic
bile ducts, and pancreas. Cancer 1995; 75: 171-190 [PMID:
8000995 DOI: 10.1002/1097-0142(19950101)75:1]
Batra Y, Pal S, Dutta U, Desai P, Garg PK, Makharia G, Ahuja V, Pande GK, Sahni P, Chattopadhyay TK, Tandon RK.
Gallbladder cancer in India: a dismal picture. J Gastroenterol
Hepatol 2005; 20: 309-314 [PMID: 15683437 DOI: 10.1111/
j.1440-1746.2005.03576.x]
Hueman MT, Vollmer CM, Pawlik TM. Evolving treatment
strategies for gallbladder cancer. Ann Surg Oncol 2009; 16:
2101-2115 [PMID: 19495882 DOI: 10.1245/s10434-009-0538-x]
Kamisawa T, Ando H, Suyama M, Shimada M, Morine Y,
Shimada H. Japanese clinical practice guidelines for pancreaticobiliary maljunction. J Gastroenterol 2012; 47: 731-759
[PMID: 22722902 DOI: 10.1007/s00535-012-0611-2]
Kamisawa T, Okamoto A. Biliopancreatic and pancreatobiliary refluxes in cases with and without pancreaticobiliary
maljunction: diagnosis and clinical implications. Digestion
2006; 73: 228-236 [PMID: 16940726 DOI: 10.1159/000095424]
Lahmar A, Abid SB, Arfa MN, Bayar R, Khalfallah MT, Mzabi-Regaya S. Metachronous cancer of gallbladder and pancreas with pancreatobiliary maljunction. World J Gastrointest
Surg 2010; 2: 143-146 [PMID: 21160863 DOI: 10.4240/wjgs.
v2.i4.143]
Minami Y, Hasuike Y, Takeda Y, Tsujinaka T. Metachronous
double cancer of the gallbladder and pancreas associated
with pancreaticobiliary maljunction. J Hepatobiliary Pancreat
Surg 2008; 15: 330-333 [PMID: 18535774 DOI: 10.1007/
s00534-007-1208-7]
Roukounakis N, Manolakopoulos S, Tzourmakliotis D,

12

13

14

15

16

17

Bethanis S, McCarty TM, Cuhn J. Biliary tract malignancy
and abnormal pancreaticobiliary junction in a Western
population. J Gastroenterol Hepatol 2007; 22: 1949-1952 [PMID:
17914975 DOI: 10.1111/j.1440-1746.2006.04624.x]
Morine Y, Shimada M, Takamatsu H, Araida T, Endo I, Kubota M, Toki A, Noda T, Matsumura T, Miyakawa S, Ishibashi
H, Kamisawa T, Shimada H. Clinical features of pancreaticobiliary maljunction: update analysis of 2nd Japan-nationwide
survey. J Hepatobiliary Pancreat Sci 2013; 20: 472-480 [PMID:
23579999 DOI: 10.1007/s00534-013-0606-2]
Funabiki T, Matsubara T, Miyakawa S, Ishihara S. Pancreaticobiliary maljunction and carcinogenesis to biliary and pancreatic malignancy. Langenbecks Arch Surg 2009; 394: 159-169
[PMID: 18500533 DOI: 10.1007/s00423-008-0336-0]
Ueda N, Nagakawa T, Ohta T, Kayahara M, Ueno K, Konishi I, Izumi R, Miyazaki I. Synchronous cancer of the biliary
tract and pancreas associated with anomalous arrangement
of the pancreaticobiliary ductal system. J Clin Gastroenterol
1992; 15: 136-141 [PMID: 1401825 DOI: 10.1097/00004836-199
209000-00011]
Kamisawa T, Honda G, Kurata M, Tokura M, Tsuruta K.
Pancreatobiliary disorders associated with pancreaticobiliary
maljunction. Dig Surg 2010; 27: 100-104 [PMID: 20551651 DOI:
10.1159/000286502]
Hanada K, Itoh M, Fujii K, Tsuchida A, Hirata M, Ishimaru
S, Iwao T, Eguchi N, Kajiyama G. Pathology and cellular kinetics of gallbladder with an anomalous junction of the pancreaticobiliary duct. Am J Gastroenterol 1996; 91: 1007-1011
[PMID: 8633539]
Matsubara T, Sakurai Y, Sasayama Y, Hori H, Ochiai M,
Funabiki T, Matsumoto K, Hirono I. K-ras point mutations
in cancerous and noncancerous biliary epithelium in patients
with pancreaticobiliary maljunction. Cancer 1996; 77: 1752-1757
[PMID: 8608574]
Noda Y, Fujita N, Kobayashi G, Ito K, Horaguchi J, Takasawa
O, Obana T, Ishida K, Senoo S, Yonechi M, Suzuki T, Hirasawa D, Sugawara T, Kobari M, Sawai T, Uzuki M, Watanabe
M. Histological study of gallbladder and bile duct epithelia
in patients with anomalous arrangement of the pancreaticobiliary ductal system: comparison between those with and
without a dilated common bile duct. J Gastroenterol 2007; 42:
211-218 [PMID: 17380279 DOI: 10.1007/s00535-006-1991-y]
Takeshita N, Ota T, Yamamoto M. Forty-year experience
with flow-diversion surgery for patients with congenital choledochal cysts with pancreaticobiliary maljunction at a single
institution. Ann Surg 2011; 254: 1050-1053 [PMID: 21659852
DOI: 10.1097/SLA.0b013e3182243550]
P- Reviewer: Kawa S, Symeonidis NG, Triantopoulou C
S- Editor: Gou SX L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

14504

October 21, 2014|Volume 20|Issue 39|

World J Gastroenterol 2014 October 21; 20(39): 14505-14509
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i39.14505

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Complete response to sorafenib in a patient with recurrent
hepatocellular carcinoma
Hong-Bo Huan, Wan-Yee Lau, Feng Xia, Kuan-Sheng Ma, Ping Bie
Hong-bo Huan, Wan-Yee Lau, Feng Xia, Kuan-sheng Ma,
Ping Bie, Institute of Hepatobiliary Surgery, Southwest Hospital, Southwest Cancer Center, Third Military Medical University, Chongqing 400038, China
Wan-Yee Lau, Faculty of Medicine, The Chinese University of
Hong Kong, Shatin, Hong Kong
Author contributions: Xia F conceived the study and contributed to the literature review; Huan HB prepared the figures and
drafted the manuscript; Lau WY helped to write the manuscript;
Ma KS and Bie P acquired and interpreted the clinical data; all
authors read and approved the final manuscript.
Correspondence to: Feng Xia, MD, PhD, Institute of Hepatobiliary Surgery, Southwest Hospital, Southwest Cancer Center,
Third Military Medical University, No. 30 Gaotanyan Street,
Shapingba District, Chongqing 400038, China. txzzxf@163.com
Telephone: +86-23-68765797 Fax: +86-23-65317637
Received: February 27, 2014 Revised: May 12, 2014
Accepted: June 13, 2014
Published online: October 21, 2014

Abstract
Partial hepatectomy is still the treatment of choice
aiming at a cure for patients with hepatocellular carcinoma (HCC), provided that the patient can tolerate the
treatment. For patients with multiple recurrent HCC
after partial hepatectomy which cannot be treated by
re-hepatectomy or local ablative therapy, the prognosis
is extremely poor. Sorafenib is a molecular-targeted
agent which has been demonstrated in two global
phase III randomized controlled trials to show survival
benefit for advanced HCC. Here, we present a 56-yearold patient with HCC who showed complete clinical response after sorafenib was used for tumor recurrence
which developed 3 mo after partial hepatectomy. There
was no evidence of progression of disease for 60 mo
till now after continuous treatment with sorafenib.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

WJG|www.wjgnet.com

Key words: Hepatocellular carcinoma; Partial hepatectomy; Sorafenib; Complete response
Core tip: For patients with multiple recurrent hepatocellular carcinoma (HCC) after partial hepatectomy which
cannot be treated by re-hepatectomy or local ablative therapy, the prognosis is extremely poor. Our case
showed that the patient with recurrent HCC treated with
sorafenib can achieve a complete clinical response as it
did in advanced HCC.
Huan HB, Lau WY, Xia F, Ma KS, Bie P. Complete response to
sorafenib in a patient with recurrent hepatocellular carcinoma.
World J Gastroenterol 2014; 20(39): 14505-14509 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i39/14505.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i39.14505

INTRODUCTION
Partial hepatectomy is still the treatment of choice aiming at a cure for patients with hepatocellular carcinoma
(HCC), provided that the patient can tolerate the treatment. For patients with multiple recurrent HCC after
partial hepatectomy which cannot be treated by re-hepatectomy or local ablative therapy, the prognosis is extremely
poor[1,2].
Sorafenib is a molecular-targeted agent which has
been demonstrated in two global phase Ⅲ randomized
controlled trials to show survival benefit for advanced
HCC. It is an oral multi-kinase inhibitor that targets Raf
kinases (Raf-1, wild-type B-Raf, and b-raf V600E), in
addition to receptor tyrosine kinases associated with angiogenesis [vascular endothelial growth factor receptor
(VEGFR)-2/-3, platelet-derived growth factor receptor (PDGFR)-β] or tumor progression (Flt-3, c-kit)[3].
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Figure 1 Computed tomography and Histopathological examination of the tumor specimen. A: Computed tomography showing the tumor (A1) and the intrahepatic metastasis (A2); B: Histopathological features of the tumor [B1: AFP(+); B2: CK8/18(+)].

However, in the SHARP (Sorafenib Hepatocellular Carcinoma Assessment Randomized Protocol) trial, only 7
sorafenib-treated patients had a partial response and no
patient had a complete response[4]. In the Asia-Pacific
trial, only 5 sorafenib-treated patients had a partial response and no patient had a complete response[5].
Here, we present a 56-year-old patient with HCC
who showed a complete clinical response after sorafenib
was used for tumor recurrence which developed 3 mo
after partial hepatectomy. There was no evidence of progression of disease for 60 mo after continuous treatment
with sorafenib.

CASE REPORT
In June 2008, a 56-year-old male was diagnosed with
HCC on a background of hepatitis B virus (HBV)-related
cirrhosis. Computed tomography (CT) showed a 4 cm ×
4 cm mass in liver segment 6 with an adjacent metastatic
satellite tumor nodule (Figure 1A). The a-fetoprotein
(AFP) level was raised to 205 ng/ml. Resection of liver
segments 5 and 6 together with cholecystectomy was
performed. Histopathological examination of the tumor
specimen revealed HCC with intrahepatic metastasis and
AFP(+) and CK8/18(+) (Figure 1B). Adjuvant transcatheter hepatic arterial chemoembolization (TACE) was
performed 1 mo after hepatectomy. Hepatic angiography
revealed no residual or recurrent lesion. The AFP level
decreased to 127 ng/ml. On routine CT surveillance 2
mo later, multiple nodules were found in the right and
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left hemilivers (Figure 2A). Repeat hepatic angiography
revealed multiple tumor nodules (maximum 41 mm ×
24 mm) in the liver (Figure 2B). The AFP level rose to
283 ng/ml. The patient was diagnosed with multiple recurrent HCC and was treated by TACE once in August
2008. After 1 mo, the AFP continued to increase to 670
ng/ml. CT revealed an increase in the size of the recurrent lesions in the liver (Figure 2C). The patient’s Eastern
Cooperative Oncology Group performance status was 1
(Child-Pugh class A). Treatment with oral sorafenib was
initiated at 400 mg two times a day from September 26,
2008. After 2 wk, the sorafenib dosage was decreased to
400 mg/d (half the standard dose) for 1 wk because the
patient developed thrombocytopenia together with laryngeal foreign body sensation and pain. Then, the drug
dosage was returned to the standard dose of 400 mg
twice a day. The AFP level increased to 708 ng/ml after
3 wk of treatment with sorafenib. At 6 wk of treatment,
CT showed that the majority of the intrahepatic lesions
shrank. The AFP level decreased to 93 ng/ml. At 3 mo,
CT revealed only a small number of liver lesions. The
AFP level further decreased to 54 ng/ml. At 6 mo, CT
showed that the liver lesions completely disappeared
(Figure 2D). The AFP level decreased to 9.3 ng/ml. A
complete response was achieved. The patient continued
to receive sorafenib till now. At a recent follow-up, the
patient had a disease-free survival for more than 60 mo
after complete clinical response. The AFP remained to
be within normal limits and CT continued to show complete remission. The change in AFP level is shown in
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Figure 2 Multiple tumor nodules. A: Multiple tumor nodules in the liver 2 mo after hepatectomy [right (A1) and left hemilivers(A2)]; B: Hepatic angiography showing
multiple tumor nodules; C: Multiple tumor nodules in the liver 3 mo after hepatectomy; D: all the tumor nodules disappeared in the liver after administration of sorfenib
for 6 mo.
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Figure 3 Changes of a-fetoprotein level. AFP: A-fetoprotein.

Figure 3.
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Sorafenib acts on tumor cell proliferation and angiogenesis in patients with HCC[3]. It is therefore possible that
HCC patients treated with sorafenib can achieve complete remission, although such a phenomenon is extremely rare. The effectiveness and safety of sorafenib have
been confirmed in two multi-center clinical studies (the
SHARP and the Asia-Pacific Studies)[4,5]. In the SHARP
trial, 299 patients received sorafenib therapy. The survival
rate at 1 year was 44% in the sorafenib group and 33% in
the placebo group. However, only 7 patients (2%) developed a partial response and 211 (71%) showed stable disease (using the Response Evaluation Criteria in Solid Tumors). The disease-control rate was significantly higher in
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the sorafenib group than in the placebo group. There was
no complete response in the trial[4]. In the Asia-Pacific
trial, 150 patients received sorafenib, most of whom had
associated chronic HBV infection. The disease-control
rate was significantly greater in the sorafenib group (53%)
than the placebo group (12%). Only 5 patients (3.3%)
developed a partial response in the sorafenib group and
there was no complete response[5]. So et al[6] reported on
the first patient with HCC who developed a complete response following sorafenib for six months. Irtan et al[7] reported on two patients who achieved complete regression
using sorafenib which was followed by radical resection
surgery. In addition, there have been a small number of
patients with HCC who developed a complete response
with sorafenib treatment.
Our case provides additional evidence to show that
sorafenib is effective for patients with HCC, and it can
achieve complete remission, long disease-free survival
and provide patients with good quality of life. This case
report is special because, first, there has not been any
report of complete tumor remission with sorafenib for
recurrent HCC after partial hepatectomy. In our patient,
the sorafenib treatment was initiated for disease progression 3 mo after surgery and the patient had a long
disease-free survival of 60 mo. Second, the patient had a
long history of HBV-related chronic hepatitis. The high
HCC rate in China largely reflects the high prevalence
of chronic HBV infection[8]. To the best of our knowledge, this is the first report on a Chinese patient who
had a complete response with sorafenib. Third, disease
progression was observed within 3 wk of treatment
with sorafenib. However, when its use was continued,
remission of the disease was observed after 6 wk, which
indicates that the patient had a delay in responses. The
patient continued sorafenib for 6 mo, and a complete response was achieved. This suggests that tumor progression during treatment is not a sign to withdraw sorafenib.
Moreover, a recent study demonstrated that sorafenib administration beyond the first radiological evidence showing progressive disease could later show suppression of
HCC growth and survival benefit[9]. Fourth, our patient
received surgery and TACE before sorafenib therapy.
The combination therapy may be beneficial to patients.
There have been reports which showed that sorafenib,
in combination with other drugs, radiation therapy, or
immunotherapy, promotes better clinical outcomes in
HCC patients. Fifth, our patient developed thrombocytopenia and laryngeal foreign body sensation and pain.
Complications usually occur within 1-3 wk after initiation of sorafenib. Effective control of complications
can make patients accept the treatment better. In our
case, sorafenib was continued and 6 mo later the patient
achieved complete remission.
In conclusion, our patient shows the effectiveness of
sorafenib on disease progression in patients with recurrent HCC after partial hepatectomy.
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COMMENTS
COMMENTS
Case characteristics

A 56-year-old male patient with recurrent hepatocellular carcinoma (HCC)
achieved a complete clinical response after administration of sorafenib.

Clinical diagnosis
Recurrent HCC.

Differential diagnosis

Hepatic hemangioma, focal nodular hyperplasia, and hepatic cirrhosis nodule.

Laboratory diagnosis

HbsAg(+), HbeAb(+), HbcAb(+), and AFP 670 ng/ml.

Imaging diagnosis

Computed tomography scan and hepatic angiography showed multiple tumor
nodules in the liver.

Pathological diagnosis

Postoperative biopsy revealed hepatocellular carcinoma as well as a-fetoprotein,
CK8/18 and CK19 positivity.

Treatment

The patient was treated with sorafenib for recurrent HCC.

Experiences and lessons

This case shows the effectiveness of sorafenib on disease progression in patients with recurrent HCC after partial hepatecotmy.

Peer review

This case showed that the patient with recurrent HCC treated with sorafenib
can achieve a complete clinical response as it did in advanced HCC.
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Abstract
Foreign body ingestion is a common complaint in gastrointestinal clinics. It is usually not difficult to diagnose
because most of the patients report a definitive history
of accidental foreign body ingestion. However, in rare
cases, patients do not have a clear history. Thus, the
actual condition of the patient is difficult to diagnosis or
is misdiagnosed; consequently, treatment is delayed or
the wrong treatment is administered, respectively. This
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report describes a fatal case of esophageal perforation
caused by an unknowingly ingested fishbone, which
resulted in lower esophageal necrosis, chest cavity infection, posterior mediastinum fester, and significant
upper gastrointestinal accumulation of blood. However,
his clinical symptoms and imaging data are very similar
with esophageal hiatal hernia. Unfortunately, because
the patient was too late in consulting a physician, he
finally died of chest infection and hemorrhage caused
by thoracic aortic rupture. First, this case report underlines the importance of immediate consultation with a
physician as soon as symptoms are experienced so as
not to delay diagnosis and treatment, and thus avoid
a fatal outcome. Second, diagnostic imaging should be
performed in the early stage, without interference by
clinical judgment. Third, when computed tomography
reveals esophageal hiatus hernia with stomach incarceration, posterior mediastinal hematoma, and pneumatosis caused by esophageal, a foreign body should
be suspected. Finally, medical professionals are responsible for making people aware of the danger of foreign
body ingestion, especially among children, those who
abuse alcohol, and those who wear dentures, particularly among the elderly, whose discriminability of foreign bodies is decreased, to avoid dire consequences.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal hiatus hernia; Foreign body;
Esophageal perforation; Gastrointestinal accumulation
Core tip: Foreign body ingestion is associated with a
variety of symptoms and complications, including perforation of the esophagus, perforation of the aorta,
embedment in the thyroid gland, and perforation of
the carotid artery. However, gastrointestinal accumulation has been rarely reported. The clinical symptoms
and imaging data of the patient in the current case report are very similar with esophageal hiatal hernia. In
the present case, the patient unknowingly ingested a
fishbone shaped similarly to a distorted toothpick. The
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migrating bone caused lower esophageal perforation
and upper gastrointestinal accumulation, an unusual
presentation after foreign body ingestion.
Lu YP, Yao M, Zhou XY, Huang B, Qi WB, Chen ZH, Xu LS.
False esophageal hiatus hernia caused by a foreign body: A
fatal event. World J Gastroenterol 2014; 20(39): 14510-14514
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i39/14510.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i39.14510

INTRODUCTION
Among adults, the most commonly ingested foreign
bodies are fishbones and crushed chicken and duck
bones[1]. Smith and Sokolove[2] reported a case of a patient who ingested a chicken bone, while Komninos and
Tsiligianni[3] reported a case of a patient who ingested a
key. Ingested foreign bodies often penetrate the tonsils,
tongue base, epiglottis, valleculae, larynx, pyriform fossa,
and esophagus[4-6]. Foreign body ingestion is associated
with a variety of symptoms and complications, including
perforation of the esophagus, perforation of the aorta,
embedment in the thyroid gland, and perforation of the
carotid artery[7,8]. However, gastrointestinal accumulation
has been rarely reported. In the present case, the patient
unknowingly ingested a fishbone similarly shaped to a
distorted toothpick. The migrating bone caused lower
esophageal perforation and upper gastrointestinal accumulation, an unusual presentation after foreign body
ingestion. To our knowledge, this is the first report of
upper gastrointestinal accumulation caused by a fishbone
as the foreign body without the patient being aware of
its accidental ingestion.

CASE REPORT
A 53-year-old Chinese man was admitted to our hospital
owing to low back pain that persisted for 8 d, which was
aggravated by general abdomen pain since 3 d before admission. Eight days before admission, the patient began
to sense a persistent low back pain without an obvious
precipitating factor. Three days before admission, the
symptoms gradually worsened, with the onset of total
abdominal pain accompanied by nausea, vomiting (hemorrhagic), decreased flatulence, and the inability to lie
down because of intolerable swelling pain. The patient
did not report any history of accidental foreign body
ingestion. On physical examination, the patient’s blood
pressure was 106/62 mm Hg; heart rate, 97 beats/min;
and respiration rate, 22 breaths/min. He was conscious
upon admission, with a painful facial expression and pale
lips. Respiratory sound was weak and chest percussion
produced a slightly turbid sound. Abdominal inspection
revealed obvious swelling and no gastric and intestinal
convexity or varicose vein in the abdominal wall. Aus-
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Figure 1 Computed tomography scan of the anacardium revealing posterior mediastinal widening, hydrops, and pneumatosis, mimicking findings
of esophageal hiatus hernia.

cultation revealed that the low-bowel sound occurred
1-3 times/min, with occasional gurgling. On palpation
of the upper abdomen, muscle tension, tenderness, and
obvious rebound tenderness were observed. Percussion
of the abdomen produced a tympany, without a change
in percussion note on alteration of the position.
Computed tomography (CT) scans of the chest and
anacardium revealed that the posterior mediastinum
was broadened and that a portion of the stomach was
embedded in the posterior mediastinum (Figure 1). The
stomach itself was perforated. The texture of the lower
lungs became thickened, with segmental consolidation.
Both sides of the pleural cavity were arc-shaped and had
near-water density. The right pleural effusion was more
severe than the left pleural effusion. On the basis of the
CT findings, esophageal hiatus hernia with stomach incarceration was diagnosed, accompanied by perforation
of the stomach, bilateral pleural effusion, atelectasis (bilateral lower lobes), and gas collected in the right pleural
cavity.
According to the clinical manifestations and CT
scans, the patient had an esophageal hiatus hernia with
stomach incarceration, acute peritonitis, pleural effusion,
necrosis, and stomach perforation. After the patient
and his family provided informed consent, the patient
underwent an exploratory laparotomy under general anesthesia in March 2012. On examination by laparotomy,
we found that the diaphragmatic muscle was intact and
that the hiatus esophagus was not expanded. However,
the stomach and small intestine were filled with blood. A
hard irregular strip was in contact with the stomach. After the stomach wall was cut, an approximately 3-mm (the
widest point) × 57-mm irregular fishbone (with pointed
ends) was removed (Figure 2A, B), with a large number
of blood clots of an approximately 1600-mL total volume (Figure 3). After closure of the abdominal cavity,
we performed an exploratory thoracotomy. Because 8 d
had elapsed, the lower esophagus had necrotized; in addition, turbid bloody fluid, and a large number of blood
clots and pus had accumulated in the chest cavity and
posterior mediastinum, respectively. We removed ap-

14511

October 21, 2014|Volume 20|Issue 39|

Lu YP et al . Complications caused by foreign bodies

A

B

Figure 2 Stomach surgery for the removal of the hard thick fishbone (A and B).

Figure 3 Removal of a massive blood clot from the stomach.

proximately 500 mL of turbid bloody fluid and several
blood clots and pus. After flushing the chest cavity, we
inserted drainage tubes in the mediastinum and chest
cavity. We had intended to perform an esophagectomy
after his general condition improved, as his vital signs
were unstable and so the patient could not initially tolerate the complex operation.
The following postoperative diagnoses were made:
lower esophageal perforation, upper gastrointestinal massive accumulation of blood, and posterior mediastinal
hematoma with fester caused by the foreign body. The
patient was admitted to the intensive care unit where he
received antibiotic and symptomatic treatments. In ICU,
septic shock was corrected, and vital signs tended to stability. To further control the infection, we had intended
to perform surgery where the perforated esophagus met
his stomach, which we would have implemented in two
stages. However, the patient died 3 d later owing to severe hemorrhage due to the thoracic aortic rupture.

DISCUSSION
In the present case, the patient swallowed a hard thick
fishbone with sharp ends. The fishbone lacerated the
blood vessels of the stomach and esophagus, and caused
massive upper gastrointestinal accumulation and lower
esophageal perforation. A large amount of blood accumulated in the gastric bowel cavity, which repressed and
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stimulated the gastrointestinal wall to cause sympathetic
hyperexcitability, inhibition of intestinal smooth muscle
relaxation, and weakening of intestinal movement, which
in turn caused paralytic ileus. Blood and gas migrated
from the esophagus through the esophageal holes into
the posterior mediastinum, causing blood accumulation
and pneumatosis. CT revealed them abreast of the stomach bubble, which was compatible with esophageal hiatus hernia with stomach incarceration (Figure 1). Therefore, the disease was misdiagnosed as esophageal hiatus
hernia. However, the symptoms on presentation proved
otherwise, given the fact that the patient unknowingly
ingested a foreign body, causing a first-onset symptom
of low back pain, which was gradually aggravated by
general abdomen pain accompanied by nausea, vomiting
(hemorrhagic), decreased flatulence, and inability to lie
down due to intolerable pain.
After the operation, we carefully reviewed the patient’s thin-layer (5 mm/layer) scan obtained by thoracic
abdominal CT and found that the fishbone obliquely
penetrated 7 layers of the stomach wall (Figure 4).
On the basis of our findings from the present case,
we gathered the following inferences: First, public awareness should be raised on the importance of immediately
consulting a physician as soon as symptoms are experienced so as not to delay diagnosis and treatment, and
avoid a fatal outcome. Second, medical professionals
are responsible for making people aware of the danger
of foreign body ingestion, especially among children,
those who abuse alcohol, and those who wear dentures,
particularly among the elderly, whose discriminability of
foreign bodies is decreased, to avoid dire consequences.
Third, diagnostic imaging should be performed at an
early stage to guide clinical diagnosis, without interference by clinical judgment. Finally, when CT reveals
esophageal hiatus hernia with stomach incarceration,
esophageal perforation caused by a foreign body should
be suspected. The medical history of the patient should
be repeatedly reviewed, and the CT scan should be carefully reviewed and interpreted. To confirm the diagnosis,
thin-layer CT should be performed for the upper digestive tract. In this case, the hard thick fishbone was difficult to digest. Fortunately, the fishbone settled in the
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Figure 4 Computed tomography scan of the abdomen revealing the fishbone in the stomach that penetrated 7 layers of the stomach wall (A-G).

stomach. If it entered the intestines, exploratory operation and clinical diagnosis would have been more diffi-
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cult to perform, making it impossible to obtain a definite
diagnosis.

14513

October 21, 2014|Volume 20|Issue 39|

Lu YP et al . Complications caused by foreign bodies
tions and CT examination after the ingestion of foreign bodies.
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Abstract
A novel upper gastrointestinal bleeding risk stratification score (AIMS65) has recently been developed and
validated. It has advantages over existing risk scores
including being easy to remember and lack of subjectivity in calculation. We comment on a recent study
that has cast doubt on the applicability of AIMS65 in
the peptic ulcer disease population. Although promising, further studies are required to evaluate the validity
of AIMS65 in various populations.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A novel upper gastrointestinal bleeding risk
stratification score (AIMS65) has recently been developed and validated. It has advantages over existing risk scores including being easy to remember and
lack of subjectivity in calculation. We comment on a
recent study that has cast doubt on the applicability of AIMS65 in the peptic ulcer disease population.
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Although promising, further studies are required to
evaluate the validity of AIMS65 in various populations.
Boyapati R, Majumdar A, Robertson M. AIMS65: A promising
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TO THE EDITOR
We read with interest the recent article by Jung et al[1] titled “Is the AIMS65 score useful in predicting outcomes
in peptic ulcer bleeding?”. The study examined the validity of the novel upper gastrointestinal bleeding (UGIB)
risk stratification system AIMS65 in patients presenting
with peptic ulcer-related bleeding. The original AIMS65
study included all patients with UGIB irrespective of aetiology[2]. Jung et al[1] hypothesised that because three of
the five AIMS65 criteria (albumin, altered mental status
and INR) are associated with variceal UGIB, AIMS65
may not be applicable to non-variceal UGIB. Although
the study’s results were interesting, we would like to suggest two considerations.
First, the authors used a composite endpoint of rebleeding within 30 d of index endoscopy, death within
30 d, repeat endoscopy, surgical intervention or interventional radiology procedure to evaluate the sensitivity
and specificity of AIMS65. However, the AIMS65 score
was derived and validated for a specific endpoint of inhospital mortality[2]. It was also found to be accurate for
length of stay and cost. Furthermore, the other commonly used scoring systems [Rockall score and Glasgow
Blatchford Score (GBS)] were designed for different
endpoints to the one used by the authors. The Rockall
score was designed to predict mortality and GBS for a
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composite of in-hospital mortality, rebleeding, endoscopic or surgical intervention and blood transfusion.
The authors did not explain the reasoning behind the
use of their composite endpoint.
Second, the authors did not compare the performance of AIMS65 with any of the existing risk stratification scores. Although the authors aim was to investigate the applicability of AIMS65 in peptic ulcer-related
bleeding, the important unanswered clinical question is
which risk stratification score is best in terms of accuracy and ease of use in the clinical setting. Despite consensus guidelines recommending the use of risk scoring
systems, there has not been widespread adoption in clinical practice. This appears mainly due to their complexity
of use and/or the requirement of endoscopic data to
calculate the score.
Although AIMS65 needs to be further validated, it
has the advantages of simplicity and lack of subjectivity compared to existing scoring systems. It has been
recently validated for in-hospital mortality[2], 30 and 90
d mortality[3] and compared favourably to the GBS for

in-hospital mortality[4]. Further studies are required to
determine the future role of AIMS65 as a useful clinical
tool for risk stratification of UGIB.
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Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Damian Casadesus, Havana
Germany
Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere
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Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn

III

Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
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Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
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Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia

IV

Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome

October 22, 2014

Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo



Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
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Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara

WJG|www.wjgnet.com

Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Jordan

Portugal

Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

VI

Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
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Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
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Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund

VII

Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
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Abstract
Clinical practice with respect to metastatic colorectal
cancer differs from the other two most common cancers, breast and lung, in that routine surveillance is
recommended with the specific intent of detecting liver
and lung metastases and undertaking liver and lung
resections for their removal. We trace the history of this
approach to colorectal cancer by reviewing evidence for
effectiveness from the 1950s to the present day. Our
sources included published citation network analyses,
the documented proposal for randomised trials, large
systematic reviews, and meta-analysis of observational
studies. The present consensus position has been adopted on the basis of a large number of observational
studies but the randomised trials proposed in the 1980s
and 1990s were either not done, or having been done,
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were not reported. Clinical opinion is the mainstay of
current practice but in the absence of randomised trials
there remains a possibility of selection bias. Randomised
controlled trials (RCTs) are now routine before adoption
of a new practice but RCTs are harder to run in evaluation of already established practice. One such trial is
recruiting and shows that controlled trial are possible.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Metastasectomy; Liver
resection; Pulmonary metastasectomy; Oligometastatic
state
Core tip: In this review we examine the present position with respect to liver and lung metastasectomy
for colorectal cancer and explore the history of how
these clinical practices were adopted. We find that
these practices are based on observational and largely
retrospective data. The mechanistic rationale and the
basic science are insufficient for proof of effectiveness.
Although randomised studies have been proposed none
have been completed so current practice does not
reach the standards required for acceptance of other
therapies. We provide an update of the present position
and propose a way ahead.
Treasure T, Milošević M, Fiorentino F, Pfannschmidt J. History
and present status of pulmonary metastasectomy in colorectal
cancer. World J Gastroenterol 2014; 20(40): 14517-14526 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i40/14517.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i40.14517

INTRODUCTION
Data on incidence and mortality from the World Health
Organization’s GLOBOCAN database shows that
colorectal cancer is one of the commonest cancers world-
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wide. Its position in the ranking varies from country to
country but colorectal cancer is usually ranked in the top
three most frequent cancers for both sexes[1]. In 2008,
over 1.2 million new cases of colorectal cancer have been
recorded worldwide. In 2013, it is projected that there will
be approximately 600000 deaths from colorectal cancer
worldwide. The possibility of cure is dependent on early
diagnosis, however at presentation 15%-25% of patients
have metastases and it is estimated that 50%-60% of patients with colorectal cancer will develop metastases during the course of their disease.
Current practice in the management of colorectal
cancer has developed from the continuous effort to reduce the incidence and mortality from this disease. Early
diagnoses, aggressive treatment and screening programs
have all aimed at reducing mortality. However prognosis
remains poor, especially for those patients that will develop metastases.
Current clinical guidance from the United Kingdom’s
National Institute for Health and Clinical Excellence (NICE)[2]
and from America’s National Comprehensive Cancer
Network (NCCN)[3,4] make recommendations for surveillance strategies to identify recurrence and for further imaging to evaluate liver and/or lung metastases. This allows
for early detection of metastases. Both guideline publishing bodies recommend liver metastasectomy where
possible and NCCN guidance is unequivocal in making
similar recommendations for pulmonary metastasectomy:
“Complete resection based on the anatomic location and
extent of disease with maintenance of adequate function
is required”[3,4].
“Required” is a strong word and suggests no uncertainty. It should be noted that NCCN is an alliance of
the world’s leading cancer centres whose members, both
individually and as institutions, have financial interests in
cancer treatments. The UK’s NICE publishes guidance in
line with international agreed standards of impartiality[5].
Current NICE guidance (2011) takes a similar stance
to NCCN with respect to liver metastasectomy but is
more guarded with respect to lung metastases: “There
is uncertainty about the role of metastasectomy for the
treatment of resectable lung metastases and this is being
investigated in the PulMiCC trial”[2]. PulMiCC is an acronym signifying Pulmonary Metastasectomy in Colorectal
Cancer, a multicentre randomised trial funded by Cancer
Research UK[6].
In this review we examine the history of how the
present positions with respect to liver and lung metastases have been reached, what is the current practice,
and what is the evidence behind it. The authors share
a commitment to obtaining and implementing the best
evidence in the care of patients with advanced and metastatic cancer while bringing their own different perspectives on the question. The three thoracic surgeon authors
come from different health care environments and in this
review have worked with a methodologist with an interest
in this subject. The surgeons do not necessarily agree on
what might be the best clinical management of individual
patients, either with each other or with the published
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guidance, but we do agree that it is important to recognise that there are boundaries beyond which metastasectomy does not improve survival or patients’ well-being.
Research in defining those boundaries is needed.

“SECOND LOOK” CANCER SURGERY
AND CARCINOEMBRYONIC ANTIGEN
MONITORING
The concept of further surgery to rescue patients whose
cancer has recurred after primary resection is not new or
even recent. In 1954 Wangensteen et al[7] from Minneapolis reported their experience with “second-look” abdominal operations for stomach and colorectal cancers. These
were operations performed electively, about six months
after resection of a primary cancer at which lymph node
metastases had been found. The report included information on 103 patients with stomach, colon or rectal cancer
who had up to six re-look operations. Among 64 patients
with colorectal cancer, resectable recurrence was found
in 29 providing an opportunity for further surgery which
was intended to cure. It should be noted that in 55% no
recurrence was found so these patients went through an
operation and no further resection was done. Conversely
in a report from Philadelphia in 1959, in which clinical
evidence of cancer was the trigger for a second-look operation, 55 of the 93 patients were found to have inoperable disease; waiting for clinically evident recurrence led
to 59% of unavailing operations[8].
Which if either was appropriate appears to have remained unresolved. During the 1970s there were reports
of five-year survival rates of about 30% attributed to the
effect of second look laparotomy in selected patients[9-12].
Other surgeons were unable to confirm the effectiveness
of second-look surgery[11] but it may well be that there
was a degree of reporting bias in the favour of publishing better results. In 1980 Cochrane et al[13] reviewed 406
patients operated on between 1958 and 1962 and despite
a policy of regular follow up comprising 2319 clinical
examinations over 15 years they could only identify one
patient for whom second-look surgery might have been
curative. They could not justify routine second-look laparotomy in asymptomatic patients but operating when disease was evident was clearly futile and raised a question
about the value of clinical surveillance.
By the end of the 1970s, in an attempt to detect
recurrences while still asymptomatic, attention turned
to surveillance with the tumour marker carcinoembryonic antigen (CEA) in the hope that curative resection
of recurrence might be more frequently possible[14-18].
A randomised controlled trial (the CRC/NIH funded
CEA second-look trial, CEASL) was run from 1982 to
1993 using elevation of CEA levels to trigger reinvestigation[19,20]. No survival benefit was demonstrated in the
study: “the only demonstrable product (of CEA monitoring…) for most patients would seem to be the needless anxiety produced by premature knowledge of a fatal
disease”[21]. CEASL has now been published in full[22]
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as the first restored trial in the (Restoring Invisible and
Abandoned Trials) initiative[23].

LIVER RESECTION FOR METASTATIC
COLORECTAL CANCER: THE HISTORY
OF ADOPTION
The emphasis in the earliest second-look laparotomy reports was on lymph node metastases and anastomotic recurrence[7,8] but this era in which CEA-prompted secondlook surgery was explored was of great importance in
setting the scene for the advances in liver metastasectomy
for colorectal cancer. Liver metastases evident at the time
of primary surgery, or appearing at an interval, presented
a frustrating obstacle to surgical cure[24]. There had been
some surgery on these metastases from as early as the
1940s[25-27] and liver resection for metastases was included
in Wangensteen et al[7]’s 1954 report but it was in the
1970s and 1980s that liver resection started to gather momentum[27-39]. Full mobilisation of the liver was included
in the 1982 protocol of the CEA second-look trial[40].
There followed a concerted effort to tackle the problem
of liver recurrence and as a result hepatic resection is
now included in the standard of care[24].
The development of surgical skill and confidence in
resecting the liver was central to this advance but so was
the debate around what would be required for proof
of effectiveness. Adson of the Mayo Clinic wrote in
1984 “...there is no good way of knowing whether survival rates at two or three years should be attributed to
removal of hepatic lesions or to the natural history of
the disease”[26]. Mayo surgeons subsequently provided
a power calculation for a randomised trial[38]. To have a
90% likelihood of demonstrating a significant difference
between two randomized patient groups, it was calculated
that 36 randomised patients would be sufficient when
they used 1% as the anticipated rate in their power calculation. This was based on the 25% 5-year survival rates
being reported following liver resection compared with
the near zero survival anticipated without liver resection.
If survival were 5% without resection, 74 patients would
have been sufficient[38]. The Erlangen group’s argued that
a trial was both unnecessary and unethical[41]. This argument prevailed and the trial was not done. Liver resection
became the standard of care and is now recommended in
American and British clinical guidelines[2-4]. The case for a
trial of liver resection could still be made; many patients
(probably most) who have liver resection go on to have
further recurrence[42]. There is no evidence that they have
lived longer or better as result of this surgery.

PULMONARY METASTASECTOMY:
WHERE LIVER SURGEON LEADS,
SHOULD THORACIC SURGEONS
FOLLOW?
The report of the International Registry of Lung Metas-
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tases (IRLM)[43] is a landmark in the history of lung metastasectomy. It is a collection of 5206 metastasectomy
cases from 18 centres in Europe and North America including operations from as far back as 1945. Early single
institution reports tended to bundle all their pulmonary
metastasectomy operations into one paper, usually with
colorectal cancer at the top of the frequency table with
a tail of smaller numbers of other cancers[44]. The IRLM
subdivided the analysis into four groups: epithelial cancers, sarcoma, germ cell, and melanoma. This was an
important distinction because it highlights the different
oncological considerations. Rather than making general
statements about pulmonary metastasectomy, in this article we will confine our further considerations to evidence
obtained specifically in colorectal cancer.
The venous drainage of the mid-gut is via the hepatic
portal vein. There is a disproportionately high rate of
liver-first and liver-only metastases for colorectal cancer
compared with other carcinomas and there is a further
differential between cancer of the colon and of the rectum, the rectal cancers having a proportionally higher
rated of lung-first metastasis[45,46]. Liver resection was a
natural extension of the second-look surgery approach
because the capillary bed of the liver was regarded as
providing a first filter containing metastases. In contrast,
lung metastases were regarded as evidence that metastases had escaped that first filter and that the disease was
systemic and beyond surgical cure. At the outset of the
practice of second-look surgery for colorectal cancer,
if pulmonary metastases were discovered, they were regarded as a contraindication to a second-look laparotomy
because their presence precluded regaining control of the
disease by resection of recurrence in the abdomen[7].
The promulgation of pulmonary metastasectomy
as a routine practice in the oncological management
of colorectal cancer came about as an extension of GI
oncological custom and practice[47]. This is evident in a
recommendation for pulmonary metastasectomy which
appeared in a colorectal cancer guidance in 2004[48]. The
only citation given in support was to a paper by the Erlangen group confined to liver metastasectomy[39]. Liver
metastasectomy remains without RCT evidence but there
is a consensus of belief in its effectiveness and a strong
tendency to believe that this can be extrapolated to pulmonary metastasectomy. To quote Primrose: “the state
of the art on metastasectomy in thoracic surgery is a decade behind that in liver surgery”[49]. We do not find that
it is as simple as this.

CITATION NETWORK ANALYSIS
Citation network analysis allows us to get a better understanding of how a belief comes to be accepted and
how a practice was adopted by analysing what authors
choose to cite and what to omit. The citation of prior
publications that support the authors opinions tends to
inflate authority of evidence by so called information
cascades[50]. In the course of a systematic review and
quantitative synthesis, 51 case series of pulmonary me-
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tastasectomy operations for colorectal cancer were identified as providing data usable for analysis[51]. The analysis
showed a pattern of mutually supporting citation which
creates a distorted impression of evidence. Only two reports cited a paper overtly critical of the practice[52]. The
paper had appeared in a leading thoracic surgical journal
and had metastasectomy in the title so it would have been
found on any reasonable search. Conversely 14 papers
out of 51 cited a lecture summary of Blalock[53]’s from
1944 given to the Boston Medical Society paper. It has an
opaque title and would not have been found on a search.
It includes reference to Blalock’s first pneumonectomy
which coincidentally was a colorectal cancer metastasis.
It is human nature to prefer to cite those who support us
rather than those who are in opposition to our views but
it is a way of distorting the weight of evidence. Recruiting the great name of Blalock is a bonus.

OPEN QUESTION OF
“OLIGOMETASTATIC DISEASE”
In 1995 Hellman and Weichselbaum[54] proposed a clinical
state of oligometastatic disease. According to this theory
“ anatomy and physiology may limit or concentrate these
metastases to a single or a limited number of organs”.
This oligometastatic state may make localized forms
of cancer treatment, such as metastasectomy, a curative
treatment option for a selected group of patients[55]. The
therapeutic opportunity represented by oligometastases[56]
was implicit from the outset: “recognition of the existence and implications of a state of oligometastases is
necessary to invite active clinical investigation of new and
potentially curative therapeutic strategies”[54].
The attitude to pulmonary metastases from sarcoma
illustrates their line of thought. It was for osteogenic sarcoma that pulmonary metastasectomy was first advocated
as a clinical policy[57]. In sarcoma, metastases are predominately to the lung and if there has been adequate local
resection of the primary cancer with clear margins, pulmonary metastasectomy offered the chance of removal
of all the cancer and a possibility of cure[58]. Furthermore
these are often young patients with potentially many years
ahead to them[59]. Pulmonary metastasectomy for sarcoma was recommended as the standard of care in a paper
from Memorial Sloan-Kettering Cancer Center (MSKCC)
in 1971[57]. A report in 1979 from the same institution
on a series of 35 pulmonary metastasectomy operations
for colorectal cancer is regarded as the seminal paper for
pulmonary metastasectomy in the growing movement for
surgery of recurrent colorectal cancer[60].
As pulmonary metastasectomy became accepted oncologists increasingly asked for this surgery. Torkel Åberg
in 1980 challenged the belief in its effectiveness. He reported 25% 5-year survival in a small series of patients
(3/12) who would have been candidates for metastasectomy but did not have this surgery. Åberg is infrequently
cited[61] and whether this is because the evidence was
insufficient or that the point of view was unwelcome,
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surgeons were not deterred from offering their patients
pulmonary metastasectomy in the belief that it is a curative therapy. Between 1986 and 1992 several surgical
follow-up studies were published, dedicated to colorectal
cancer, some with ten year follow up[47,62-69]. Remarkable
outcomes in patients with hepatic and pulmonary metastasectomies, multiple metastases, and with repeated
resections were published then and subsequently. It was
the MSKCC reports[60,70] that marked the introduction
of pulmonary metastasectomy for colorectal cancer into
clinical practice rather than the pneumonectomy case report of Blalock[53] in 1944 which was only coincidentally
for a colorectal cancer metastasis.
Currently a multistep model of metastasis is gaining
attraction, in which primary tumors contain cells with differing metastatic potential[71-73]. The likelihood of metastases occurring, as well as the number and sites of these
metastases, may reflect the stage of tumor development.
In this context it is essential from a clinical perspective
to identify whether limited metastases represent a true
oligometastatic state or a transitional state leading to
disseminated metastases. In the latter case local control
would not translate into improved survival. However hypothetically appealing, the idea of an oligometastatic state
needs further empirical investigation[74].

WILL BETTER MARKERS ENABLE US TO
TARGET CURABLE PATIENTS?
The leaders of the European Society of Thoracic Surgeons (ESTS), recognising that resection of metastases in
the lung from a wide range of primary sites had become
a routine part of the daily clinical practice of a thoracic
surgeon, set up the Lung Metastasectomy Project in
2006[75]. One of the ESTS projects first investigations and
its first published output was a survey of its members’
views on which patients should be offered surgery[76,77].
Only a third of surgeons responding to the ESTS survey
used biomarkers in making their decision[77]. In patients
with colorectal cancer there is a strong statistical association between elevation of CEA and shorter survival. It
has been repeatedly demonstrated that this association
applies in patients who have had pulmonary metastasectomy[51] and it has been confirmed in a meta-analysis[78].
However this is a general prognostic feature and while
elevated CEA makes long survival improbable, normal
CEA does not identify a patient as being curable by pulmonary metastasectomy[79].
The Heidelberg group used immunohistochemical
techniques in the surgical specimens of pulmonary metastatic lesions to investigate the expression of vascular
endothelial growth factor-D, FBJ murine osteosarcoma
viral oncogene homolog B (FOS-B), and melanoma
antigen-A[80]. Among the 39 patients studied, three-year
survival was strongly associated with low pre-operative
CEA but of the novel markers only FOS-B came close to
significance (P = 0.059).
There continues to be interest in circulating tumour
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cells the discovery of which must in itself indicate metastatic potential[81]. Researchers in Santiago de Compostela
have characterised the genetic make-up of these circulating tumour cells related to cell movement and adhesion,
cell death and proliferation, and cell signalling and interaction in five patients. It is too early and probably far
too complicated as yet to see this as helpful in identifying
suitable patients or metastasectomy[82].
The Chicago group who first proposed the oligometastatic concept have reported that progression of
colorectal lung metastases is associated with specific
micro-RNAs. Whether this work will help identify patients who can be cured by metastasectomy is yet to be
shown[74].

CURRENT “REAL WORLD” PRACTICE
Of the 146 surgeons responding to the ESTS survey,
93% were not concerned by an inter-operative interval
of less than a year, 85% would operate for multiple metastases and 70% did not look at preoperative markers
which included CEA. This very liberal interpretation of
available evidence was of some concern but a survey
cannot capture what actually happens; there is no means
of verification.
Two year prospective data on 543 patients have since
been captured in a registry study of Grupo Español
de Cirugía Metástasis Pulmonares de Carcinoma ColoRectal de la Sociedad Española de Neumologa y Cirurga
Torácica. The median interval was 28 mo, 55% were solitary metastases and the majority of patients had normal/
low CEA[83]. This represents an estimated 60% of clinical
practice in Spain and it is believed to be representative in
the time frame of the data collection.
The reality in clinical practice is more in line with the
meta-analysis results of Gonzalez et al[78] than surgeons
perception of current practice when surveyed on Survey
Monkey[77]. We now turn to an analysis of the available
evidence.

IS THERE SYMPTOMATIC BENEFIT FROM
PULMONARY METASTASECTOMY?

REPORTED OUTCOMES OF PULMONARY
METASTASECTOMY: SYSTEMATIC
REVIEWS
Evidence available to the ESTS project included the first
systematic review published in 2007[84]. Twenty studies including 1684 patients who had a metastasectomy between
1980 and 2004 were analysed. The review was conducted
to describe criteria for selecting patients with pulmonary
metastases in an attempt to identify patients who would
benefit from surgical resection. The reviewers found no
randomised trials. They remarked on the overall poor
standard and incompleteness of reporting and noted that
these were highly selected series including the best prognosis patients. Nevertheless the survival rates reported,
amongst patients having pulmonary metastasectomy,
were 40%-60% at five years, far higher than the most op-
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timistic expectations for patients with advanced colorectal cancer. The group in Heidelberg updated their analysis
with reports from 1990 to 2007 for the Metastasectomy
Project report in 2010[85]. Fifteen studies which included
1539 patients were analysed.
In comparing reports from the different groups there
was a notable improvement of overall survival rates with
time. This may reflect the fact that surgery is becoming
more and more part of multi-modality treatment regimes.
Thus, with efficient diagnostic staging algorithms and
modern multi-drug chemotherapy more long-term survival can be expected[86]. In accordance with the now established principles in the management of hepatic and pulmonary metastasectomy more recent studies explore the
effects of post-metastasectomy adjuvant chemotherapy in
an attempt to further improve long-term survival[87,88].
That results are improving in line with the use of
more effective chemotherapy does not however resolve
the question of whether surgery itself is effective. In the
most recent systematic review published in 2013 from
Switzerland there were 94 surgical follow-up studies
found in the search of papers for inclusion. Their metaanalysis confined to reports from 2001 to 2011 includes
2925 patients from 25 reports[78]. There is no shortage of
observational evidence; we are awash with data. But there
were still no randomised trials or any other forms of
control data. The same three prognostic factors emerge
(number of metastases, interval since primary resection,
and CEA) with larger numbers and better reporting in
the more recent case series. The statistics are more robust
and more stark: the reviewers found that more than one
metastasis, an inter-operative interval shorter than about
two years, and elevated CEA each double the hazard ratio
for recurrence[78]. The evidence based criteria on which
pulmonary metastasectomy can be recommended with
expectation of improving survival have become more
stringent. For patients with more than one metastasis and
recurrence evident within two years, there is now evidence to doubt survival benefit.

In general patients having pulmonary metastasectomy
are asymptomatic and it is therefore consistent that no
mention has been made in these reports of symptomatic
benefit. For individual patients with symptoms likely to
be relieved by pulmonary metastasectomy, surgery should
be considered as an individualised clinical decision, but
for a policy of pulmonary metastasectomy there is no
evidence of symptomatic benefit. The most inclusive
review found no documented change in either symptoms
or measurements of lung function amongst 51 surgical follow up studies including 3504 patients[51]. There
has been one prospective study of 177 patients which
showed a measurable and significant decline of a range
of standard lung function tests[89]. Furthermore the quick
and easy approach to metastasectomy, wedge resection
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by videothoracoscopy must come under scrutiny. The researchers found that there was a decline in lung function
proportional to the number of wedge resections[90].
Patients offered pulmonary metastasectomy are usually asymptomatic and patients in the terminal stage of
colorectal cancer do not die of, or with, respiratory problems that might have been pre-empted by pulmonary
metastasectomy[91]. There is a significant loss of patient
reported quality of life[92] and a palliative role for a policy
of pulmonary metastasectomy in asymptomatic patients
can be discounted.

IS COHORT SURVIVAL A CONSEQUENCE
OF SURGERY OR A RESULT OF
SELECTION?
There has been confirmation that several factors, already
identified by the IRLM, and in subsequent studies, were
consistently associated with more favourable outcomes
amongst the reports in the systematic reviews[51,78,84,85].
Amongst them were fewer metastases, longer interval
since the primary cancer resection and non-elevated
CEA. These are prognostic factors: they are features
which are statistically associated with the outcome irrespective of treatment[79].
Predictive factors are those that differentiate between
patients who will or will not benefit from a particular
treatment[79] and R0 vs R1/2 resection should be considered in this respect. It is difficult matter to analyse
because many authors include only R0 cases in evaluation
of their outcomes[84] precisely because failure to achieve
R0 resection is a failure of the intent of the operation.
Indeed, if survival were similar irrespective of R0/R1
resection, this would seriously undermine belief in its effectiveness. Only a minority of studies report an analysis
of the R0 vs R1 resection and only some of them find
it to be associated with a difference in survival. Even if
significantly associated in some reports there is a risk that
R1 might be confounded with other unfavourable factors.
In 2007 the British Medical Journal published an analysis
which challenged the whole basis of metastasectomy[93].
The alternative interpretation offered was that the selection of patients was so expertly done that the operated
cohorts included patients who were naturally destined to
survive beyond five years due to an inherently favourable
prognosis. It was proposed that the attribution of survival benefit to surgery might be in fact a result of the selection of a proportion of patients inherently more likely
to survive[94]. The same argument had been made nearly
thirty years earlier[52,95].

MATHEMATICAL MODELLING WITH
CANCER REGISTRY DATA
No comparison had ever been made with survival among
unoperated patients with similar prognostic features to
those operated on. This was put to the test in a math-
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ematical model[96]. Two large follow-up studies (n = 144
and 159) were identified that contained prognostic factors
that also existed in a cancer registry with long term survival data[67,97]. Cancer registry data were used to create a
survival model for patients with a similar mix of primary
colorectal cancer stage and survival to a time similar to the
interval between primary resection and metastasectomy.
The modellers designated this the “death free interval”
(DFI) alluding to the more familiar meaning of “DFI”
for “disease free interval” with which there was some
equivalence in the mathematical model. The actual fiveyear survival for the two case series were 40% and 41%, in
fact lower than the 55% and 50% estimated in the model.
Even if the veracity of the model is doubted it does emphasise that not all of the 40%-50% five-year survival
rates now being reported following pulmonary metastasectomy can be realistically attributed to the surgery.

TAKING AN EVIDENCE-BASED
PERSPECTIVE
A report of the Lung Metastasectomy Project[75] was
published as a Supplement to the Journal of Thoracic Oncology in 2010. The leaders wrote “It rapidly became clear
that although there was great experience in performing
this surgery, the belief in its benefit relied on clinical case
series and registry reports. Evidence fell well short of
Evidence Based Medicine standards and robust guidance
could not be produced on this basis”[75]. They pointed the
way to a randomised controlled trial[98].
The pre-eminence of the randomised controlled
trial (RCT) as a form of evidence however does not go
unchallenged. Cooper argued that in the evaluation of
surgical operations the RCT was a “square peg in a round
hole”[99]. Proponents of observational studies in surgery
argue that they require less time, are less expensive, and
avoid the ethical question of enrolling sometimes vulnerable patients in a randomization process. At a more
philosophical level it has been argued that there isn’t “any
practical reason for thinking of randomization as having
unique epistemic power”[100]. It is accepted by EBM gurus
that the RCT is by no means the only form of acceptable
“evidence”[101]. While the general point is fully accepted
that there may be many circumstances when observation
and clinical impression serve well enough[102] the specific
point here is whether any one of the hundred or so follow up studies of pulmonary metastasectomy convincingly overcomes the central problem of selection bias[103].
The problem is endemic in follow-up studies of patients
who have been selected for a particular form of surgery[104] and doing more of the same form of study does
not resolve the problem.
The leaders of the ESTS study concluded “In the
absence of a randomized controlled trial looking at the
effectiveness of pulmonary metastasectomy on survival
and quality of life, it is unlikely that the current practice
will ever be influenced”[75]. This led to the PulMiCC
trial[98]. The trial is based on clinical practice in which

14522

October 28, 2014|Volume 20|Issue 40|

Treasure T et al . History and present status of pulmonary metastasectomy

many patients with colorectal cancer metastasised to the
lung are considered unsuitable for metastasectomy while
others are deemed to be ideal candidates[6,105,106]. Between
these two groups of patients there are many less clear
cut cases and the decision cannot be made by looking at
evidence but by debate within the clinical teams and in
discussion with the patient. Surgeons have even used the
expression “gut feeling” to explain how their decisions
are made. Randomisation may be as rational an approach
when that degree of scientific uncertainty is evident.

CONCLUSION
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Abstract
Peptic ulcer disease continues to be issue especially
due to its high prevalence in the developing world.
Helicobacter pylori (H. pylori ) infection associated duodenal ulcers should undergo eradication therapy. There
are many regimens offered for H. pylori eradication
which include triple, quadruple, or sequential therapy
regimens. The central aim of this systematic review is
to evaluate the evidence for H. pylori therapy from a
meta-analytical outlook. The consequence of the dose,
type of proton-pump inhibitor, and the length of the
treatment will be debated. The most important risk factor for eradication failure is resistance to clarithromycin
and metronidazole.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Peptic ulcer disease;
Systematic review; Proton-pump inhibitors
Core tip: This review will discuss the different traits
of treatment regimens for Helicobacter pylori (H.
pylori )and will also give an insight about some unconventional and novel treatment strategies from a
meta-analytic viewpoint. This review summarizes the
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INTRODUCTION
Marshall and Warren[1] identified and subsequently cultured the Helicobacter pylori (H. pylori) in 1982. This organism is associated with chronic gastritis[2], most peptic ulcers[3], and gastric adenocarcinoma[4] and lymphoma[5]. A
meta-analysis that included seven controlled trials (all in
areas with a high incidence of gastric cancer) found significantly lower rates of gastric cancer (1.1% vs 1.7%) in
patients randomized to eradication (OR = 0.65, 95%CI:
0.43-0.98)[6].
There are numerous regimens recommended for
H. pylori eradication which include triple, quadruple, or
sequential therapy regimens. Currently regimens that
use proton-pump inhibitors (PPIs) in combination with
several antibiotics such as clarithromycin, amoxycillin and
metronidazole have been highly successful for H. pylori
eradication[7,8]. Numerous treatments have been evaluated
for H. pylori therapy in randomized controlled trials[9-11].
In spite of the numerous studies, the ideal schedule is still
controversial. This review will discuss the different traits
of treatment regimens for H. pylori and will also give an
insight about some unconventional and novel treatment
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strategies from a meta-analytic viewpoint.

LITERATURE SEARCH
We followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses PRISMA guidelines
where possible in performing our systematic review[12].
We performed a systematic search through MEDLINE
(from 1950), PubMed (from 1946), EMBASE (from
1949), Current Contents Connect (from 1998), Cochrane
library, Google scholar, Science Direct, and Web of Science to July 2013. The search terms included “Helicobacter
pylori, gastric cancer, intestinal metaplasia, gastric atrophy,
dysplasia, prevention, treatment, and eradication”. In
addition, we identified relevant trials from the reference
list of each selected article. Selection criteria were established. To be eligible, the studies have to be systematic reviews or meta-analyses about various eradication regimes
and alternate remedies. No language restrictions were
used in either the search or study selection. The reference
lists of relevant articles were also searched for appropriate studies. A search for unpublished literature was not
performed.

WHAT IS THE ROLE OF THE DIFFERENT
PPI DOSES IN H. PYLORI ERADICATION
THERAPY?
A combination of a double dose of proton pump inhibitor plus two antibiotics is the standard regimen for
H. pylori infection. A report also suggests that the use
of single dose of proton pump inhibitor is similarly efficacious[13]. Unitat de Malalties Digestives[13] conducted
a MEDLINE search for their meta-analysis comparing single and double dose of a proton pump inhibitor
head to head in triple therapy for H. pylori eradication.
As a result thirteen studies were included (double dose
of proton pump inhibitor: 1211 patients, single dose of
proton pump inhibitor: 1180 patients). Eradication rates
with double doses of proton pump inhibitor (80 mg of
pantaprazole, 60 mg of lansoprazloe, 40 mg of omeprazole) were greater in both the intention-to-treat analysis
and per protocol analysis. To summarize, the use of highdose (twice a day) PPI increases the effectiveness of triple
therapy compared to a single dose PPI (level of evidence
1b, grade of recommendation A)[14].

DIFFERENT PPIS IN H. PYLORI
ERADICATION THERAPY
In a systematic review published by Gisbert et al[15] low
doses of rabeprazole (10 mg bid), reached similar H.
pylori eradication rates to omeprazole and lansoprazole
(Figure 1). A systematic review regarding lansoprazole
demonstrates a greater efficacy in eradicating H. pylori.
1076 patients were prescribed rabeprazole and 1150 with
other PPIs. This efficacy is comparable to that of other
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PPIs[16]. Twelve studies equating pantoprazole and other
PPIs were included in a meta-analysis by Gisbert et al[17]
The average H. pylori eradication rate for using pantoprazole plus antibiotics was similar in the two cohorts. A
sub-analysis was no different statistically which included
only studies comparing pantoprazole with omeprazole, or
pantoprazole with lansoprazole. The subgroup analysis
of six studies administering equivalent doses of all PPIs
established statistically homogeneous results with pantoprazole.
Shanghai Institute of Digestive Disease[18] screened
75 articles and included 11 RCTs (2159 subjects) in their
meta-analysis of esomeprazole-based triple therapy. The
mean H. pylori eradication rates (intention-to-treat, ITT)
with esomeprazole + antibiotics were 6% higher than
other PPI therapies with a statistically significant odd
ratio of 1.38. A subgroup analysis of six selected highquality studies produced statistically homogeneous results. In 2004, Gisbert et al[19] performed a similar metaanalysis and published analogous results. Vergara et al[20]
performed a MEDLINE search for their meta-analysis
of fourteen studies that compared the efficacy of different proton-pump inhibitors in triple therapy showed
similar results. The effectiveness of different protonpump inhibitors is comparable in standard triple therapy.

DURATION OF PPI-BASED TRIPLE
THERAPIES
An extended period of therapy (2 wk against 1 wk) could
be more efficacious in eradicating infection but this is
contentious[21,22]. Fuccio et al[21] performed a meta-analysis
with 21 studies. Diarrhea and dysgeusia were the most
commonly described side effects (5%). They concluded
that prolonging the period of PPI-clarithromycin-containing triple treatment from 7 to 10-14 d increases the
eradication rate by about 5%. This is currently equates to
level of evidence 1b and grade of recommendation A[14].

PPI-BASED TRIPLE REGIMENS AS
OPPOSED TO QUADRUPLE THERAPY
The University of North Texas Health Science Center
performed a meta-analysis with 93 studies (10178 participants)[23]. For triple therapies, clarithromycin resistance
had a larger effect on treatment effectiveness than nitroimidazole resistance. Metronidazole resistance reduced
effectiveness by a quarter in triple therapies containing a
nitroimidazole, tetracycline and bismuth, while effectiveness was reduced by only 14% when a proton pump inhibitor was added to the regimen. The occurrence of nitroimidazole and clarithromycin resistance has increased
considerably; standard triple therapies are inadequate to
eradicate H. pylori. Quadruple regimens are usually used
as second line; they should be considered as first-line, essentially in areas of high drug resistance however, it may
not be effective in context of concomitant clarithromycin
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Rabeprazole n/N

Study
Inaba et al
Kawabata et al
Kuwayama et al
Miki et al
Miwa et al
Murakami et al
Wong et al

49/64
30/55
31/46
34/40
87/100
47/49
51/58

Total (95%CI)
329/412
2
Test for heterogeneity χ = 11.03 df = 6 P = 0.087
Test for overall effect Z = 0.77 P = 0.4

Other PPI n/N

OR (95%CI random)

Weight%

OR (95%CI random)

101/119
30/47
28/46
32/40
86/104
116/148
47/57

17.7
17.0
15.9
11.1
17.5
8.0
12.7

0.58 (0.27, 1.25)
0.68 (0.31, 1.51)
1.33 (0.57, 3.12)
1.42 (0.44, 4.53)
1.40 (0.65, 3.03)
6.48 (1.49, 28.15)
1.55 (0.55, 4.40)

440/561

100.00

1.21 (0.75, 1.95)

0.1 0.2
Favours other PPI

1

5
10
Favours rabeprazole

Figure 1 Meta-analysis of studies comparing Helicobacter pylori eradication with rabeprazole 10 mg bid vs omeprazole 20 mg bid or lansoprazole 30 mg
bid in triple therapies[15]. PPI: Proton pump inhibitor.

and metronidazole resistance. In regions of low clarithromycin resistance, clarithromycin- containing treatments
are recommended for first-line empirical treatment. However, Bismuth-containing quadruple treatment is also an
alternative. (level of evidence 1a, grade of recommendation A)[14]. In areas of high clarithromycin resistance, bismuth-containing quadruple treatments are recommended
for first-line empirical treatment. If this regimen is not
available a non-bismuth quadruple treatment is recommended (level of evidence 1a, grade of recommendation
A)[14].

SEQUENTIAL THERAPY FOR
HELICOBACTER PYLORI INFECTION
Multiple randomized trials have demonstrated that sequential therapy and concomitant quadruple therapy are
equally effective for eradication of H. pylori in treatmentnaïve patients. Sequential therapy for 14 d may be more
effective in eradicating H. pylori as compared with triple
therapy in regions where clarithromycin resistance is high
and metronidazole resistance is low[24-27]. This difference
in antimicrobial resistance patterns may explain the seemingly contradictory results in two randomized controlled
trials conducted in Taiwan and Latin America[28,29]. In a
randomized controlled trial in Taiwan, 900 adults with
H. pylori were assigned to 14-d triple therapy (lansoprazole, amoxicillin, and clarithromycin) or 14-d sequential
therapy (lansoprazole and amoxicillin for seven days followed by lansoprazole, clarithromycin, and metronidazole
for seven days) or 10-d sequential therapy (lansoprazole
and amoxicillin for five days followed by lansoprazole,
clarithromycin, and metronidazole for five days)[29]. In
this study, 14-d sequential therapy was significantly more
likely to eradicate H. pylori as compared with the 14-d
triple therapy. In contrast, in a randomized trial of 1463 H.
pylori infected patients in Latin America, 14-d triple therapy (lansoprazole, amoxicillin, and clarithromycin) had
higher eradication rates than five-day concomitant quadruple therapy (lansoprazole, amoxicillin, clarithromycin,
and metronidazole) and 10-d clarithromycin containing
sequential therapy (82%, 74% and 77%, respectively)[28].
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However, among 1091 patients in whom H. pylori had
been successfully eradicated, one-year recurrence rates
were not significantly different based on the antibiotic
regimen[30].
Horvath et al[31] ten RCTs involving a total of 857 children. This resulted in a statistically significant relative risk
of 1.14 and with a number needed to treat of 15 for the
eradication rate for sequential therapy. Sequential therapy
had greater efficacy to 7-d standard triple therapy, however failed to statistical significant better results than 10-d
or 14-d triple therapy. The risks of adverse effects were
similar in the different groups.
In 2008 University of Louisville[32] concluded that
sequential therapy is better than standard triple therapy
for eradication of H. pylori infection. However, there was
clear evidence of publication bias.
Gatta et al[33] included ten RCTs with 3006 adults. The
eradication rate for H. pylori with sequential therapy (ST)
compared with triple therapy (TT) produced a number
needed to treat of 6. In patients with clarithromycin resistance, eradication with ST was clearly 10 times more superior to TT. However, the number of studies was small
(Figure 2). In regions of high clarithromycin resistance,
bismuth-containing quadruple treatments are suggested
for first-line empirical treatment if this is unavailable, sequential treatment is the level of evidence 1a and with a
grade A recommendation[14].

PPIS AS OPPOSED TO RANITIDINE
BISMUTH CITRATE-BASED REGIMENS
Gisbert et al[9] performed a meta-analysis using randomized controlled trials that compared PPI vs ranitidine
bismuth citrate (RBC) plus two antibiotics for 1 wk. The
mean H. pylori eradication with 7-d RBC-clarithromycinamoxicillin, RBC-clarithromycin-nitroimidazole, and
RBC-amoxicillin-nitroimidazole were 83%, 86%, and
71%, respectively. They concluded the effectiveness of
ranitidine bismuth citrate and PPI-based triple regimens
were similar. Nonetheless, equating PPI vs RBC plus clarithromycin and a nitroimidazole demonstrated superior
cure rates with RBC than with PPI.
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Author

Year

Focareta
2003
Zullo
2003
De Francesco 2004
Zullo
2005
Scaccianoce
2006
Paoluzzi
2008
Choi
2008
Wu
2008
Pooled fixed effect

TT

ST

149/184
389/527
82/115
72/90
53/70
59/90
58/81
48/65

166/174
481/522
110/116
84/89
68/72
78/90
60/77
50/65

910/1222 1097/1205
Pooled random effect

1/64

1/16

1/4

1

4

16

64

3.217 (2.605/3.974)
3.224 (2.122/4.898)
Favor TT

Favor ST

Figure 2 Sequential vs triple therapy lasting 7 d[33]. ST: Sequential therapy; TT: Triple therapy.

Two other meta-analyses published in Alimentary
Pharmacology and Therapeutics by the University Medical Centre St[34] and University Hospital of ‘La Princesa’[35]
proposed similar conclusions. The effectiveness of RBC
and PPI-based triple regimens are similar to the clarithromycin-amoxicillin or the amoxicillin-metronidazole
combination. Nevertheless, RBC seems to have a greater
effectiveness than PPI when clarithromycin and a nitroimidazole are the antibiotics administered.

H. PYLORI ERADICATION WHEN FIRSTLINE THERAPY FAILS: QUINOLONEBASED RESCUE REGIMENS
Fluoroquinolones are inhibitors of bacterial DNA synthesis by inhibiting DNA gyrase and topoisomerase
IV[36]. The First Affiliated Hospital of Nanjing Medical
University[37] in 2010 conducted a meta-analysis compare
the efficacy and safety of clarithromycin and second-generation fluoroquinolone-based triple therapy vs bismuthbased quadruple therapy for the treatment of persistent
H. pylori infection. Thirteen RCTs equated levofloxacinbased triple therapy to bismuth-based quadruple therapy;
the eradication rates of the two regimens were similar.
However, the eradication rates established greater efficacy for the 10-d levofloxacin-based triple therapy over
7-d bismuth-based quadruple therapy and was better accepted than bismuth-based quadruple therapy with lower
incidence of adverse events and lower rates of cessation
of therapy due to side effects.
Similar meta-analyses performed by University of
Michigan Medical Center[38] and University Hospital of
“La Princesa”[39] concluded that 10-d course Quinolone
triple therapy has superior efficacy than 7-d bismuthbased quadruple therapy in the treatment of stubborn
H. pylori infection. Evidence-Based Medicine Center of
Lanzhou University[40] proved that moxifloxacin-based
triple therapy is superior and does not rise the frequency
of adverse events equated to clarithromycin-based triple
therapy. Fluoroquinolone-based triple therapy is more
active and does not increase the incidence of overall side
effects compared to clarithromycin-based triple therapy
in the treatment of H. pylori infection. H. pylori resistant
to a PPI-clarithromycin containing therapy, either a bis-

WJG|www.wjgnet.com

muth containing quadruple therapy or levofloxacin containing triple therapy is suggested (level of evidence 1b,
grade of recommendation A)[14]. The first-line regimens
for H. pylori eradication have been summarized in Table 1.

ADVERSE EFFECTS
The incidence of side effects is up to half of the individuals taking one of the triple therapies[41,42]. These are
typically minor; fewer than 10 percent of individuals halt
treatment due to side effects[42].
The most common adverse effect reported due to
metronidazole or clarithromycin is a metallic taste[43].
Metronidazole can lead to a disulfiram-like reaction, peripheral neuropathy, and seizures[43]. Clarithromycin can
cause taste alteration, nausea, vomiting, abdominal pain,
and rarely QT prolongation[43]. Doxycycline and tetracycline can lead to a photosensitivity reaction and it is
contraindicated in pregnant women and young children.
Amoxicillin can cause diarrhea or skin rash[43].
Levofloxacin has been linked with anorexia, nausea,
vomiting, and abdominal discomfort[43]. In institutional
settings with outbreaks of the epidemic fluoroquinoloneresistant strain of Clostridium difficile (C. difficile), use of fluoroquinolones has been a risk factor for development of
C. difficile-associated diarrhea[44]. Central nervous system
toxicities of levofloxacin including mild headache and
dizziness have predominated, followed by insomnia and
alterations in mood. Other adverse effects comprise of
rashes and other allergic reactions, tendinitis and tendon
rupture, QT prolongation, hypoglycemia and hyperglycemia, and hematologic toxicity[43].
Common side effects of Bismuth subcitrate are blackening of faeces, darkening of teeth and tongue. The
infrequent adverse effects are nausea, vomiting, dizziness,
headache and diarrhea[43].
The primary concern with bismuth compounds is
bismuth intoxication; this was a problem primarily when
bismuth subgallate was used for prolonged periods at
high doses. Bismuth absorption varies with the specific
form of bismuth; absorption is much greater with colloidal bismuth subcitrate than with bismuth subsalicylate[45].
Concurrent administration of H2 receptor antagonists
increases bismuth absorption from CBS, but not from
bismuth subsalicylate[46]. Nevertheless, significant clinical
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Table 1 First-line regimens for Helicobacter pylori eradication
Regimen

Note

Standard dose PPI bid
(esomeprazole is qid),
clarithromycin 500 mg bid,
amoxicillin 1000 mg bid for
10–14 d
Consider in nonpenicillin
allergic patients who have
not previously received a
macrolide

[88]

Standard dose PPI bid, clarithromycin
Bismuth subsalicylate 525 mg po
PPI + amoxicillin 1 g
500 mg bid metronidazole 500 mg bid for
qid metronidazole 250 mg po qid,
bid 5 d followed by PPI,
10–14 d
tetracycline 500 mg po qid, ranitidine
clarithromycin 500 mg,
150 mg po bid or standard dose PPI tinidazole 500 mg bid for 5 d
qid to bid for 10–14 d
Consider in penicillin allergic patients
Consider in penicillin allergic
Requires validation in North
who have not previously received a
patients
America
macrolide or are unable to tolerate
bismuth quadruple therapy

PPI: Proton-pump inhibitors.

toxicity has not been reported in clinical trials with colloidal bismuth subcitrate or bismuth subsalicylate[47,48].
Bismuth should be avoided or serum bismuth concentrations monitored in patients with renal failure[49].
The subsalicylate moiety in bismuth subsalicylate is
converted to salicylic acid and absorbed; however, salicylate in the absence of the acetyl group does not inhibit
platelet function or appear to share the same high risk
of aspirin for gastrointestinal bleeding[50,51]. However, the
salicylate from bismuth subsalicylate will contribute to
serum salicylate levels and cause salicylate toxicity, and
combination with other salicylate products should therefore be avoided.
Proton pump inhibitors are usually well accepted.
Common side effects include headache, nausea, vomiting,
diarrhea, abdominal pain, constipation and flatulence.
Uncommon adverse effects are rash, itch, dizziness, fatigue, drowsiness, insomnia and dry mouth[43]. There have
been some concerns regarding long term use of proton
pump inhibitors.
Recently, a meta-analysis of 42 observational studies
that included 313000 patients found that PPI use was
linked with an increased risk of both incident and recurrent C. difficile infection (OR = 1.7, 95%CI: 1.5-2.9 and
2.5, 95%CI: 1.2-5.4, respectively)[52]. A meta-analysis of
31 studies found that patients taking PPIs or H2 receptor
antagonists were at increased risk for pneumonia, with an
odds ratio of 1.27 (95%CI: 1.11-1.46) with PPIs and 1.22
(95%CI: 1.09-1.36) with H2 receptor antagonists[53]. Hypomagnesemia due to reduced intestinal absorption has
been described[54]. Yu et al[55] included 11 studies to evaluate the relationship between proton pump inhibitor or H2
receptor antagonist use and fractures (1084560 patients
with 62210 PPI users, 71339 patients with hip fractures,
161179 patients with any-site fractures, and 5728 patients
with spine fractures). The risk of hip fracture was increased among PPI users compared with nonusers (RR =
1.30, 95%CI: 1.19-1.43). There was also an increased risk
of spine fracture (RR = 1.56, 95%CI: 1.31-1.85) and anysite fracture (RR = 1.16, 95%CI: 1.02-1.32)[55].

ALTERNATIVE THERAPIES
Probiotics
The intestinal tract is host to a vast ecology of microbes,
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which are necessary for health, but also have the potential
to contribute to the development of diseases by a variety of mechanisms. Perturbations in intestinal epithelial
barrier function or innate immune bacterial killing, for
example, can lead to an inflammatory response caused by
increased uptake of bacterial and food antigens that stimulate the mucosal immune system[56,57]. The maximum understanding has been in the inflammatory bowel diseases,
ulcerative colitis[58], Crohn’s disease[59], and pouchitis[60-62],
although clinical trials are emerging in several other conditions.
Wang et al[63] proposed that regular consumption of
yogurt containing Lactobacillus acidophilus or Bifidobacterium
lactis successfully curbed H. pylori infection in human beings. The Medical University of Warsaw[64] identified five
RCTs that compared with placebo or no intervention,
Saccharomyces boulardii given along with triple therapy.
When S. boulardii was given along with triple therapy a
significant increase in eradication rates was observed and
lowered the rate of side effects principally of diarrhea.
The Shanghai Institute of Digestive Disease[65] performed a meta-analysis using 14 randomized trials with
1671 subjects. The pooled H. pylori eradication rates
improved significantly with an odds ratio of 1.84 the incidence of total side effects was reduced by almost 14%
and reduced diarrhea significantly (Figure 3).
Zou et al[66] identified nine randomized trials (n = 1343)
in their meta-analysis that investigated the role of lactoferrin. The pooled H. pylori eradication rates improved significantly with an odds ratio of 2.26 and the rate of total
side-effects reduced by half, particularly nausea.
Probiotics have reduced the incidence of total side
effect H. pylori therapy-related side effects and could be
an efficacious strategy in amplifying eradication rates of
anti-H. pylori therapy and might be useful for patients
with eradication failure. (level of evidence 5, grade of
recommendation D)[14].
Chinese herbal therapy
Herbs have been used conventionally for the management of a extensive variety of ailments, including gastrointestinal ailments[67]. Department of Gastroenterology at
Shuguang Hospital[68] assessed the efficacy of traditional
Chinese medicine by performing a systematic review with
the help of sixteen trials. Large statistical heterogeneity
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Comarison: 01 Eradication rate
Outcome: 02 Eradication rate-ITT
Study or sub-category
Probiltic n/N
Canducci-2000
Armuzzi-APT
Armuzzi-Digestion
Cremonini-2002
Sheu-2002
Guo-2004
Nista-2004
Cao-2005
Myllyluoma-2005
Sykora-2005
Goldman-2006

52/60
25/30
48/60
51/64
73/80
44/47
39/54
62/64
21/23
33/39
15/33

Control n/N

OR (fixed) 95%CI

42/60
24/30
46/60
16/21
63/80
44/50
37/52
59/64
19/24
27/47
12/32

Total (95%CI)
554
520
Total events: 463 (probiotic), 389 (control)
2
2
Test for heterogeneity: χ = 7.80, df = 10 (P = 0.65), I = 0%
Test for overall effect: Z = 3.75 (P = 0.0002)
0.1

0.2
0.5
Favours control

1

Weight%

OR (fixed) 95%CI

9.95
7.11
16.35
8.70
9.80
4.84
18.61
3.28
2.87
6.69
11.81

2.79 (1.10, 7.04)
1.25 (0.34, 4.64)
1.22 (0.51, 2.91)
1.23 (0.38, 3.97)
2.81 (1.10, 7.22)
2.00 (0.47, 8.51)
1.05 (0.45, 2.45)
2.63 (0.49, 14.07)
2.76 (0.48, 15.95)
4.07 (1.43, 11.58)
1.39 (0.52, 3.74)

100.00

1.84 (1.34, 2.54)

2
5
10
Favours probiotic

Figure 3 The effect of probiotics supplementation vs without probiotics on eradication rates by intention-to-treat analysis[65]. n: Number of successful eradication; N: Number of participants; ITT: Intention-to-treat.

Many Brazilian medicinal plants like Davilla elliptica
and Davilla nitida[71], Alchornea glandulosa[72], Mouririelliptica[73], Calophyllum brasiliense Camb[74-76], Hancornia speciosa[77],
Strychnos species[78] and many more have been evaluated for
their anti-H. pylori effect in vitro.

Review: Systemic review: randomized and controlled clinical
trials of treating H. pylori with TCM
Comparison: 01 efficacy comparison between TCM and
triple therapies
Outcome: 01 H. pylori eradication rate
0.0

Honey
Honey is frequently utilized by numerous individuals
with the trust due to its antimicrobial properties, cost
effectiveness and accessibility. It is utilized as a wound
antiseptic and cough syrup. University of Buea[79] assessed the antimicrobial potential of honeys (Manuka™,
Capillano®, Eco- and Mountain) at diverse concentrations
against of H. pylori, no statistically significant difference
was eminent among the honeys at diverse concentrations.
The antimicrobial properties of these honeys at diverse
concentrations were highly analogous to clarithromycin.
A prospective randomized trial would help in deciding its
efficacy.

SE (log RR)

0.1

0.2

0.3

0.4

0.1

0.2

0.5

1
RR (fixed)

2

5

10

Figure 4 Clinical trials treating Helicobacter pylori with traditional Chinese
medicine[68]. H. pylori: Helicobacter pylori; TCM: Traditional Chinese medicine.

was observed among the trials. The mean eradication
rates subsequent traditional Chinese medicine and triple
therapy were similar and the incidence of side effects was
15 times lower with Chinese medicine (Figure 4).
Guangzhou University of Chinese Medicine[69] reported that oral administration with HZJW and ranitidine
in rodent experimental models considerably reduced the
ulcerative lesion index in a dose-dependent way.
Liu et al[70] investigated the bactericidal effects of
Jinghua Weikang Capsule and its individual herb Chenopodium ambrosioides L. against antibiotic-resistant H. pylori.
In vitro they are considered to be active against antibioticresistant H. pylori.
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Green tea
Tea extracts for instance catechins deter the growth of
Staphylococcus aureus (S. aureus), Staphylococcus epidermidis,
Vibrio cholerae (V. cholerae) O1, V. cholerae non-O1, Vibrio
parahaemolyticus, Vibrio mimicus, Campylobacter jejuni and Plesiomonas shigelloides in vitro[80] and have antimicrobial activity
against meticillin-resistant S. aureus in vitro[81].
University of Massachusetts Medical School[82] assessed
the antimicrobial activity of green tea against Helicobacter
felis and H. pylori in vitro and assessed the consequence of
green tea on the pathogenesis of Helicobacter-induced
gastritis in an animal experimental model. This resulted
in significant inhibition of Helicobacter and averts gastric
mucosal inflammation if consumed before being infected
with Helicobacter.
Similarly an Italian study [83] proposed that in H.
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pylori-infected mice, Ethanol-free red wine and green
tea mixture considerably reduced gastritis, restricted the
localization of bacteria and VacA to the gastric mucosa.
Another study from Japan[84] concluded that H. pylori was
significantly decreased by Green tea catechins-sucralfate
in Mongolian gerbils.
Recently, Yonsei University[85] performed a meta-analysis
regarding green tea consumption and stomach cancer risk.
A total of 18 studies were incorporated in the publication
which demonstrated a statistically significant of 14% reduction in the risk of stomach cancer with high green tea
consumption. Some studies have suggested that Green tea
has antimicrobial activity[86,87], which can extend to H. pylori.
Natural remedies could be used in the future for inhibition and management of Helicobacter-induced gastritis
in Homo sapiens however, further studies are required in
this field.

6

CONCLUSION

10

The advancement of H. pylori treatment over the years
has been admirable. Bismuth-containing quadruple regimens for 7-14 d are alternative first-line treatment option. Sequential therapy for 10 d has revealed potential.
Bismuth quadruple therapy is the most commonly used
rescue regimen in patients with persistent H. pylori. The
first-line regimens for H. pylori eradication are listed in
Table 1. Current facts propose that a PPI, levofloxacin,
and amoxicillin for 10 d is superior to bismuth quadruple
therapy for persistent H. pylori infection[88]. The current
literature suggests that probiotics[64] and Chinese herbal
therapy[68] might be beneficial in eradicating H. pylori. Further research in the area of alternative medicine might
help us achieve higher rates of eradication and reduce
side effects.
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Abstract
Gastric cancer is the fourth most common malignant
neoplasm and the second leading cause of death for
cancer in Western countries with more than 20000 new
cases yearly diagnosed in the United States. Surgery
represents the main approach for this disease but, notwithstanding the advances in surgical techniques, we
observed a minimal improvement in terms of overall
survival with a significant increasing of relapsing disease rates. Despite the development of new drugs has
significantly improved the effectiveness of chemothera-
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py, the prognosis of patients with unresectable or metastatic gastric adenocarcinoma remains poor. Recently,
several molecular target agents have been investigated; in particular, trastuzumab represents the first target
molecule showing improvements in overall survival in
human epithelial growth factor 2-positive gastric cancer
patients. New molecules targeting vascular epithelial
growth factor, mammalian target of rapamycin, and anti
hepatocyte growth factor-c-Met pathway are also under
investigation, with interesting results. Anyway, it seems
necessary to select more accurately the population to
treat with new agents by the identification of new biomarkers in order to optimize the results. In this paper
we review the actual “scenario” of targeted treatments,
also focusing on the new agents in development for
gastric cancer and gastro-esophageal carcinoma, discussing their efficacy and potential applications in clinical practice.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Advanced gastric cancer; Gastrointestinal
cancer; Targeted therapy; Monoclonal antibodies; Tyrosine-kinase inhibitor; Gastric cancer
Core tip: In this article we review the actual “scenario”
of targeted treatments in advanced gastric cancer, also
focusing on the new agents in development,discussing
their efficacy and potential applications in clinical practice.
De Vita F, Di Martino N, Fabozzi A, Laterza MM, Ventriglia J,
Savastano B, Petrillo A, Gambardella V, Sforza V, Marano L,
Auricchio A, Galizia G, Ciardiello F, Orditura M. Clinical management of advanced gastric cancer: The role of new molecular
drugs. World J Gastroenterol 2014; 20(40): 14537-14558 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i40/14537.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i40.14537

14537

October 28, 2014|Volume 20|Issue 40|

De Vita F et al . New molecular drugs in advanced gastric cancer

INTRODUCTION
Despite the worldwide incidence of gastric cancer (GC)
decreased in the last decades, it represents the fourth
most common malignant neoplasm and the second leading cause of death for cancer[1]. In the United States
approximately 21600 patients are diagnosed every year,
and about 50% of them are expected to die[2]. Surgery
is considered as the only option for cure and multidisciplinary treatment has improved the prognosis in radically resectable disease[3-6]. However, most of patients
shows an advanced disease at diagnosis or relapses after
a prior curative surgical approach. For these sub-group
of patients the prognosis is very poor and chemotherapy
represents the reference treatment determining a significantly higher survival compared to supportive care
alone[7]. Nevertheless, despite the use of last generation
chemotherapy schedules, the median survival in these
cases remains low, reaching about 9-10 mo[7]. These results can be also explained by the consideration that GC,
such as other solid tumors, is an heterogeneous disease
that can be divided into subgroups according to histological, anatomical, epidemiological and molecular classifications[8-13]. For instance, the breakdown of gastric cancer
in three subgroups represented by proximal non diffuse,
diffuse, and distal non diffuse, is associated not only to
epidemiological and histological differences, but also to
different genetic patterns[14]. Proximal non diffuse GC
corresponds to a lesion located in the cardia and gastroesophageal junction where carcinogenic inflammation is
often related to gastric acid reflux[13]. The overexpression
of human epidermal growth factor receptor 2 (HER2) is
more prevalent in proximal GC[15-17] similarly to epidermal growth factor receptor (EGFR) expression that is
reported in 30%-60% of proximal tumors[18-20]. Such as
HER2 and EGFR, also MET amplification occurs more
frequently in gastroesophageal cancer[21,22]. Distal non
diffuse tumors, that are located between the gastric body
and pylorus, are often the consequence of a chronic
Helicobacter pylori (H. pylori) infection[11]. This subtype
significantly expresses high vascular-endothelial growth
factor (VEGF), interleukin-8 and nitric oxide levels: these
molecules are implicated in H. pylori-related gastric carcinogenesis, at least in part due to the stimulation of angiogenesis, suggesting the critical role of this pathway in
the form[23-25]. Finally, diffuse GC appears as a poorly differentiated signet ring cell type without apparent gastritis,
associated with a downregulation of CDH1, a tumor
suppressor gene encoding for E-cadherin, a protein playing a key-role in cellular adhesion, forming junctions to
bind cells within tissues together[26-29]. Further molecular
aberrations include fibroblastic growth factor receptor 2
(FGFR2) signaling and phosphoinositide 3 kinase-AKTmammalian target of rapamycin (PI3K-AKT-mTOR)
pathway activation[30-32]. Furthermore, human epitelial
growth factor receptor 3 (HER3) signalling, selectively activated in undifferentiated GC cells, is highly expressed in
diffuse subtype compared with the intestinal subtype[17,33].
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Finally, matrix metalloproteinases are enzymes involved
in degradation of extracellular matrix with an important
role in metastasization. Their expression is significantly
higher in diffuse than in intestinal GC subtypes contributing to tumor aggressiveness[29]. The distinction of different subtypes of GC is related to a different outcome
in terms of survival and response to chemotherapy[34].
Therefore, it seems clear that there are multiple molecular
alterations related to signaling pathways associated with
cell proliferation, apoptosis and angiogenesis that can be
considered as potential targets for specific biomolecular
treatments. Recent data based on GC primary tumors,
suggest the existence of five distinct gastric cancer patients subgroups, defined by specific genomic amplifications that occur in a mutually exclusive way: FGFR2 (9%
of tumors), KRAS (9%), EGFR (8%), ERBB2 (7%) and
MET (4%). Collectively, these subgroups suggest that at
least 37% of GC patients may be potentially treatable by
RTK/RAS directed therapies[22]. These results have been
confirmed by a further analysis showing that amplified
genes were noted in 37% of gastro-esophageal tumors,
including in therapeutically targetable kinases such as
ERBB2, FGFR1, FGFR2, EGFR, and MET[35]. Moving
from these results, several agents such as monoclonal
antibodies (mAbs) and receptor tyrosine kinase inhibitors
targeting these pathways, have been developed.

ANTI-VEGF/VEGFR AGENTS
Angiogenesis is one of the main mechanisms for the
development and progression of cancer and the VEGF
plays a crucial role in the growth of most primary tumors
and the subsequent process of metastasis[36]. The family of VEGF consists of VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E, and placental growth factor (PGF).
Each component of this family links several VEGF receptors (VEGFR): in particular, VEGF-A binds to VEGFR-1 and VEGFR-2, VEGF-B and PGF to VEGFR-1,
and VEGF-C and D to VEGFR-2 and 3[37]. VEGFR2
has critical functions in physiological and pathological
angiogenesisis and it is widely considered the main receptor driving angiogenesis[38]. The expression of VEGFR2
in intestinal-type GC was found to correlate with the
vessel count and the stage of disease[39]. Furthermore,
there is evidence that VEGFR2 plays a key-role in regulation of proliferation of GC cells[40]. The overexpression
of VEGF is usually associated to the increase of the
microvascular density and advanced stage, representing,
therefore, an indicator of poor prognosis[41-46]. Many antiVEGF agents have been developed; among these, monoclonal antibodies and multi-target tyrosine kinase inhibitors (TKIs) have found more clinical applications.
Bevacizumab
Bevacizumab is a monoclonal antibody targeting
VEGF-A that showed activity in several solid tumors
such as colorectal, breast, ovarian and non-small cell lung
cancer. It binds to VEGF, preventing its interaction to
VEGFR-1 and VEGFR-2 on the surface of endothelial
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Table 1 Phase Ⅱ/Ⅲ trials with anti vascular-endothelial growth factor agents for advanced gastric cancer and gastro-esophageal
junction cancers
Phase

Setting

Regimen

Patients (n )

OS (mo)

TTP/PFS (mo)

NCT00084604[49], 2006
NCT00217581[50], 2010

Ⅱ
Ⅱ

1st line
1st line

Iri + C + Bev
DOCOX + Bev

47
38

65%
59%

12.3
11.1

8.3
6.61

AVAGAST[51,54], 2010

Ⅲ

1st line

Ⅱ/Ⅲ

Perioperative

XC + Bev
XC + Placebo
ECX-B

387
387
200

46%
37.4%
-

12.1
10.1
-

6.7
5.3
-

REGARD[58], 2012

Ⅲ

2nd line

Ⅲ

2nd line

235
117
665

-

RAINBOW[60], 2014

28%

5.2
3.8
9.6

2.11
1.71
4.4

ECOG 5203[63], 2010

Ⅱ

1st line

Ram + BSC
BSC
PTX + Ram
PTX + placebo
TXT + C + Sor

44

39%

13.6

5.8

NCT01262482[64], 2012

Ⅱ

2nd line

Sor + O

40

-

6.5

3.01

NCT00411151[67], 2011

Ⅱ

2nd line

Sun

52

3.9%

5.81

1.281

NCT00226811[68], 2011

Ⅱ

2nd line

Sun

78

2.6%

6.8

2.3

NCT00970138[73], 2011

Ⅱ

3rd line

-

NCT01512745[74], 2012

Ⅲ

3rd line

2.5
4.83
4.27
-

TEL0805 trial[75], 2011

Ⅱ

1st line

A: Placebo
B: Apa (850 mg)
C: Apa (425 mg bid)
Apa
Placebo
XC + Tel

Trial

ST03[55], 2012

144
39

RR

6.7%

-

1.41
3.671
3.21
-

1

Progression free survival (PFS). Iri: Irinotecan; Cis: Cisplatin; Bev: Bevacizumab; X: Capecitabine; C: Cisplatin; E: Epirubicin; Ram: Ramucirumab; PTX:
Paclitaxel; Sor: Sorafenib; Sun: Sunitinib; Apa: Apatinib; Tel: Telantinib; DOCOX: Docetaxel plus oxaliplatin; O: Oxaliplatin; TXT: Docetaxel; BSC: Best supportive care; RR: Response rate; OS: Overall survival; TTP/PFS: Time to progression/progression free survival.

cells. The biological activity of VEGF interferes with the
formation of new tumor blood vessels thus preventing
tumor growth[47,48].
Several phase Ⅱ and phase Ⅲ trials investigate the
efficacy of first-line Bevacizumab combined with chemotherapy (CT), in patients with advanced GC and gastroesophageal junction (GEJ) tumors (Table 1).
In a multicenter phase Ⅱ study, conducted by Shah et
al[49], the efficacy and safety of the addition of bevacizumab (15 mg/kg on day 1) to CT with CPT11 (65 mg/m2
on days 1 and 8, every 21 d) and CDDP (30 mg/m2 on
days 1 and 8, every 21 d) in 47 patient with GC and GEJ
tumors were evaluated. The response rate (RR) was 65%
(95%CI: 46-80) and the median overall survival (mOS)
was 12.3 mo (95%CI: 11.3-17.2). No increase in chemotherapy-related toxicity was registered. Bevacizumabrelated toxicity included a 28% incidence of grade 3 hypertension, 25% of grade 3 to 4 thromboembolic events,
4.2% of gastric perforation and a 2.1 of cardiovascular
events. Although the primary cancer was not resected in
40 patients, in only two cases an upper gastrointestinal
bleeding has been detected (one patient was treated with
anticoagulants for a pulmonary embolism).
In a second phase Ⅱ trial, bevacizumab (7.5 mg/kg)
in addition to the chemotherapy regimen with docetaxel
(70 mg/mq) and oxaliplatin (75 mg/mq) was administered in 38 patients. A 79% disease control rate (DCR), a
6.6 mo median progression free survival (PFS) and a 11.1
mo OS was observed. In 2 cases, a complete response
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was achieved. Grade 3-4 neutropenia was observed in
34% of patients and intestinal perforation occurred in 3
patients[50].
Basing on the results of these phase Ⅱ trials, it was
conducted a double blind international randomized phase
Ⅲ trial (AVAGAST). This study included 774 patients
with previously untreated locally advanced or metastatic
GC or GEJ cancer. Patients were treated with capecitabine (1000 mg/mq twice daily for 14 d every 3 wk) and
cisplatin (80 mg/mq) in combination with either bevacizumab (7.5 mg/kg) or a placebo. Although bevacizumabarm was associated with a significantly longer PFS (38.0
mo vs 29.5 mo, P = 0.0121) vs placebo, the mOS did not
obtain a statistical significance advantage (10.1 mo with
placebo and 12.1 mo with bevacizumab, HR = 0.87, P =
0.1002). Grade 3 and grade 4 toxicities were observed in
0.5% in the placebo group and in 6.2% in the B group.
Arterial or venous thrombois and gastrointestinal perforation were observed in 15.2% and 2.1% of patients in
the placebo group vs 9.6% and 1.3% of patients in the
bevacizumab arm[51,52]. In a subgroup analysis, OS for the
pan-American cohort was 6.8 mo for placebo vs 11.5 mo
for bevacizumab (HR = 0.63). For European and AsianPacific subgroups, OS was 8.6 mo vs 11.1 mo (HR =
0.85), and 12.1 mo vs 13.9 mo (HR = 0.97), respectively.
These results indicate that the patients enrolled in AsianPacific trial showed a better survival, regardless other
prognostic factors. European and American patients with
one or more bad prognostic factors seems to have an ad-
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vantage in terms of overall survival from bevacizumab[52].
Diversity of patient selection, clinical practice, population genetics, and second-line chemotherapy may explain
these results. An update of biomarker analysis performed
in AVAGAST trial evidenced that patients with increased
plasmatic levels of VEGF-A and a low tumour neuropilin-1 (NRP-1) expression, showed better outcomes;
moreover, these markers were more diffused in distal and
diffuse GC, and were identified as potential predictors of
efficacy for bevacizumab[53,54].
ST03 is a multicenter, randomized, phase Ⅱ/Ⅲ study
aiming to assess in 200 patients enrolled between October 2007 and April 2010, the safety, the feasibility and the
efficacy of the addition of bevacizumab (7.5 mg/kg) to
perioperative epirubicin (50 mg/m2), cisplatin (60 mg/
m2), capecitabine (dose banded as based on patient BSA)
CT. The incidence of cardiac complications was similar
in both arms except for arterial thromboembolic events
and more asymptomatic left ventricular ejection fraction
falls that were more frequent with ECX plus bevacizumab. OS was the primary end-point while response rate,
resection rate, DFS, safety of treatment, and quality of
life were the secondary end-points. The preliminary data
are expected in 2014[55].
Ramucirumab
Ramucirumab (IMC-1121B) is a fully human IgG1
monoclonal antibody specifically blocking with high affinity the extracellular VEGF-binding domain of VEGFR-2 and inhibiting downstream signaling involved in the
formation and maintenance of aberrant blood vessels
that supply blood to tumor[56]. The specific targeting of
VEGFR2 by anti-angiogenetic agents is more effective
since their principal targets are endothelial cells, which are
genetically stable and, therefore, less likely to develop resistance to these agents. Ramucirumab is administered intravenously. Pharmacokinetic data support dosing every 1,
2, or 3 wk with a maximum tolerated dose (MTD) weekly
identified as 13 mg/kg; dose-limiting toxicities (DLT)
observed in Cycle 1 weekly dosing were hypertension
(at 10 mg/kg per week and 16 mg/kg per week): deep
vein thrombosis (at 16 mg/kg per week). No DLT and
no MTD were identified in every 2 wk and every 3 wk
study. Phase Ⅰ clinical trials demonstrated its safety and
efficacy also in patients with advanced cancer refractory
to standard chemotherapy[57]. REGARD, an international,
randomised, double-blind, placebo-controlled, phase Ⅲ
trial is the first positive study with a biological monotherapy in patients with advanced GC progressing after
first line chemotherapy. Patients were randomly assigned
with a 2:1 ratio to receive best supportive care plus ramucirumab 8 mg/kg or placebo, intravenously once every 2
wk. Ramucirumab improved significantly OS (5.2 mo vs
3.8 mo with placebo, HR = 0.776, P = 0.047) and PFS
(2.1 mo vs 1.3 mo with placebo, HR 0.483, P < 0.0001);
the rate of disease control was significantly higher in
patients given ramucirumab than in those given placebo.
Finally, the duration of disease control was significantly
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longer in the ramucirumab group than in the placebo one
(median 4.2 mo vs 2.9 mo, P = 0.036)[58]. Ramucirumab
was well tolerated. Rates of serious adverse events were
similar between arms; for ramucirumab, the incidence of
any individual severe toxicity was low and supportive care
requirements were modest. The patients who received at
least 4 cycles of therapy with ramucirumab, maintained
their quality of life. Performance status (PS) was maintained for a significantly longer time with ramucirumab[59].
The RAINBOW trial is a randomized, multicenter,
double-blind, placebo controlled phase Ⅲ study testing
paclitaxel (80 mg/kg on days 1, 8, 15, every 4 wk) with or
without ramucirumab (8 mg/kg inta-venous infusion on
days 1 and 15 every 4 wk) in patients with metastatic GC
refractory or progressive after first-line therapy with platinum and fluoropyrimidine. The study, which randomized
a total of 665 patients, had as primary endpoint OS while
secondary endpoints included: PFS, time to progression
(TTP), objective response, quality of life and safety[60].
This study has met its primary endpoint of improved
OS and secondary endpoint of improved PFS. In fact,
median overall survival was 9.6 mo for the combination
and 7.4 mo for paclitaxel alone with a 19% reduction in
the risk of death (P = 0.0169) with ramucirumab. Median
progression-free survival was 4.4 mo and 2.9 mo, respectively, a 27% reduction in risk (P < 0.0001). The objective
response rate associated with the combination was 28%
vs 16% with paclitaxel alone (P = 0.0001). At 6 mo, the
progression-free survival rate was 36% vs 17%, and at 9
mo was 22% vs 10%, respectively. In addition, the disease
control rate was much better with ramucirumab, 80% vs
64%, respectively (P < 0.0001). Ramucirumab was relatively well tolerated, although adverse events of grade ≥
3 were somewhat greater with combination treatment
and included neutropenia (40.7% vs 18.8%) - but the incidence of febrile neutropenia was comparable (3.1% vs
2.4%) - leukopenia (17.4% vs 6.7%), hypertension (14.1%
vs 2.4%) and fatigue (7.0% vs 4.0%). These adverse events
did not lead to increased treatment discontinuation in the
ramucirumab arm, nor were rates of treatment-related
deaths different between the two arms (4.0% with ramucirumab/paclitaxel vs 4.6% with paclitaxel alone). Other
adverse events were anaemia (9.2% vs 10.3%), abdominal
pain (5.5% vs 3.3%) and asthenia (5.5% vs 3.3%). Ramuricumab is an effective new drug for patients with metastatic or locally advanced gastric cancer for whom firstline combination chemotherapy has failed. It also shows
that an effective second-line therapy improves overall
survival. It is the only study to show a two-month improvement in survival in this setting[60]. A randomized ongoing phase Ⅱ study (NCT01246960) for patients with
untreated advanced esophageal, GC and GEJ carcinoma
is evaluating FOLFOX-6 ± ramucirumab; it will enroll
a total of 166 patients with PFS as primary endpoint[61]
(Table 1).
Sorafenib
Sorafenib is an oral multi-target TKI inhibitor, linking
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to VEGFR-1, VEGFR-2, VEGFR-3, platelet derived
growth factor receptor (PDGFR), B-Raf, Raf-1 and c-Kit.
It plays its antineoplastic role through two pathways:
firstly, it acts directly through the inhibition of tumor
proliferation by blocking the RAF/MEK/ERK-mediated
cell signaling pathway; on the other hand it indirectly inhibits angiogenesis by blocking VEGFR and PDGFR[62].
The ECOG 5203 phase Ⅱ trial[63] tested sorafenib (400
mg orally twice a day for 21 d) in combination with
cisplatin (75 mg/m2) and docetaxel (75 mg/m2) in 44
patient with advanced GC and GEJ carcinoma. They
achieved an overall response rate (ORR) of 41% (primary
end point), an OS of 13.6 mo and a PFS of 5.8 mo. This
result is lower than the PFS obtained in a phase Ⅲ trial
of chemotherapy alone. The results of this study suggest
that sorafenib may confer an additional antitumor effect
to the combination of docetaxel and cisplatin in the treatment of metastatic and advanced unresectable GC and
GEJ adenocarcinoma but there is no significant superiority over historical data from the docetaxel and cisplatin
combination CT, thereby prompting no further clinical
development of sorafenib in GC. In a phase Ⅱ trial presented by a Spanish group at 2012 ASCO annual meeting,
evaluated the combination of oxaliplatin (130 mg/m2)
and sorafenib (400 mg orally) in previously treated with
cisplatin and fluoropyrimidine advanced GC patients. In
this trial 40 patients (36 evaluable for response) in second
line setting were enrolled: 47.2% of patients obtained a
SD and in one case a CR, while The median PFS and OS
was 3 mo and 6.5 mo respectively. However for patients
who obtained a PFS to first line > 6 mo, was recorded
an OS of 9.7 mo; on the other hand the OS was only 5.6
mo for patients with and PFS was lower than 6 mo (P =
0.04). The association of sorafenib and oxliplatin resulted
in a good safety profile and suggested that PFS after a
first line treatment based on cisplatin plus fluoropyrimidine identifies more subgroups of patients with different
clinical features[64] (Table 1).
A randomized phase Ⅱ trial comparing the addition
of sorafenib to cisplatin and capecitabine as first line
treatment with PFS as primary endpoint, has completed
the accrual and the results are waited[65].

or partial response (PR), as defined by RECIST criteria.
Two patients (2.6%) had partial responses and 25 patients
(32.1%) had as best response a stable disease for ≥ 6
wk. Between the secondary end-points, the median PFS
was 2.3 mo and median OS was 6.8 mo. Thought the low
toxicity profile, no further clinical trials in GC are actually
scheduled[68] (Table 1).

Sunitinib
Sunitinib is an oral TKI targeting RET, VEGFR-1,
VEGFR-2, VEGFR-3, PDGFRα, PDGFRβ, Flt3, c-KIT,
and colony-stimulating factor receptor 1 (CSFR-1). In
advanced GC, Sunitinib showed a low activity as single
agent in second-line setting[66]. In a phase Ⅱ study, 52
patients with chemo-resistant advanced GC, received
sunitinib as single agent obtaining a mOS of 5.8 mo.
Tumoral VEGF-C expression was linked to a shorter median PFS if compared with no expression (1.2 mo vs 2.8
mo, P = 0.0119) even if no differences in RR were observed[67]. In a further phase Ⅱ study, sunitinib was tested
in 78 patients as 2nd-line therapy. The primary endpoint
was the ORR, defined as the percentage of all patients
who experienced a confirmed complete response (CR)

Telatinib
Telatinib is an oral selective inhibitor of VEGFR,
PDGFR and KIT tyrosine kinases. It is well tolerated
at high doses and shows no overlapping toxicities with
CT. Telatinib associated with standard chemotherapy has
been tested in in 39 untreated patients in a phase Ⅱ trial.
The objective of this study was evaluating the antitumor
activity, safety and tolerability of telatinib. The primary
outcome was PFS, and secondary outcomes were OS,
ORR, safety and tolerability, pharmacokinetic (PK) and
biomarkers. Sixty four percent of patients showed a PR
and 1 patient (2.6%) had a CR. A 92% DCR and 140 d
PFS were detected; the association was well tolerated at
standard dose, In fact hypertension and fatigue, the most
represented toxicities, were manageable and reversible[75].
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Cediranib
Cediranib (AZD2171) is a powerful VEGFR-1 and
VEGFR-2, c-Kit and PDGFR-β inhibitor[69]. Its efficacy
in association with cisplatin plus S-1 or capecitabine
has been evaluated in a phase Ⅰ trial in 14 untreated advanced GC patients. It emerged a good tolerability prifile
(anorexia, fatigue and nausea were the most commonly
observed toxicities). Anyway, preliminary efficacy results
evidenced only one CR and three PR. Therefore, more
confirmatory studies are needed[69,70].
Apatinib
Apatinib is a TKI selectively targeting VEGFR-2, similar
to vatalanib (PTK787), but with a binding affinity higher
than that of vatalanib or sorafenib[71,72]. A randomized,
three-arm phase Ⅱ trial investigated apatinib (850 mg/d)
as third-line therapy in 141 patients with advanced GC.
DCR of 51%, 34.7% and 10.4% respectively and median
PFS of 3.4, 3.4 and 1.4 mo respectively were observed.
The median OS was 4.8, 4.3 and 2.5 mo, respectively.
Most common adverse effects included hypertension
and hand-foot syndrome. Patients given apatinib as a
once-daily regimen had fewer grade 3 to 4 adverse events
than those given apatinib at a dose of 425 mg twice
daily. Also, the incidence of hypertension, hand-foot
syndrome, thrombocytopenia, and diarrhea was reduced
among patients treated with apatinib 850 mg once daily.
Therefore, the dosing regimen of 850 mg once daily was
recommended for following studies[73]. A third line setting
randomized phase Ⅲ trial is actually comparing apatinib
(850 mg/daily) to placebo. The enrollment target is 270
patients. PFS and OS are the primary endpoints; DCR,
ORR, quality of life, safety profile are the secondary endpoints[74] (Table 1).
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On the basis of these data, a phase Ⅲ multicenter, double-blind, randomized trial testing telatinib plus cisplatin
and capecitabine is planned (Table 1).

ANTI-EGFR THERAPIES
EGFR-HER1 is one of four receptors involved in the
pathway of epidermal growth factor transfer (HER,
human epidermal growth factor receptor). It is a transmembrane receptor composed of an extracellular binding
domain, a transmembrane portion, and an intracellular
cytoplasmic domain with a tyrosine kinase functionality[76]. It is activated by specific ligands, such as epidermal
growth factor (EGF), transforming growth factor-α, amphiregulin, heparin-binding EGF, betacelulin, epiregulin,
and neuregulin 2-α; the ligand binding can induce homodimerization or heterodimerization with a consequent
tyrosine kinase autophosphorylation and activation[77].
This process leads to several intracellular signals cascades, including the Ras/Raf/mitogen activated protein
kinase (MAPK) or the Akt/mTOR pathway determining
cell proliferation and growth, prevention of apoptosis,
tumor-induced angiogenesis, and activation of invasion
and metastatic growth[77,78]. In a large study of EGFR
expression in GC using immunohistochemistry (IHC)
and fluorescence in situ hybridization (FISH), it has been
evidenced that the samples were positive for IHC (2+
and 3+) in 27.4% of cases, while an amplification of
EGFR was found only in 2.3% of the samples. EGFR
IHC expression correlated with lymph node metastasis,
lymphatic invasion and higher stage. Furthermore, differently from FISH amplification, EGFR expression was a
poor prognostic factor[79].
In preclinical models it has been shown that the
EGFR inhibition leads to an anti-tumour activity with
synergy with chemotherapy as well as radiotherapy[80,81].
In colorectal cancer models, the presence of a KRAS
mutation is usually associated with a downstream activation
of the Ras/MAPK pathway, leading to cell proliferation
that can’t be blocked by anti EGFR-antibodies. Therefore,
KRAS mutational status represents an important predictor
of response to cetuximab and panitumumab and a wild
type status is usually associated with a higher RR, OS and
PFS[82]. However, differently from colon cancer, only in
a low percentage of GC can be detected a KRAS mutation[81]. In one of the largest international multicenter database on 710 GC patients, KRAS mutations were detected in 4.1% of samples; the frequency was 5.8% among
United Kingdom patients, 4% among Japanese patients
and 2.8% among Chinese patients[83]. Therefore, at present, none of trials with anti-EGFR mAbs was restricted
to patients with wild-type KRAS and no data suggesting
that KRAS gene mutation is predictive of lack of efficacy
of EGFR-targeted MAb therapy in this tumor type are
currently available.
TKIs inhibitors: Gefitinib and erlotinib
Gefitinib is an oral EGFR quinazoline tyrosine kinases
inhibitor, and its antitumor activity on GC cell cultures
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(GLM-1, GLM-2, GLM-4, NCI-N87) lead the research
of its clinical efficacy[84]. It has been firstly tested in GC
in a phase Ⅱ trial where 75 previously treated unselected
patients with locally advanced or metastatic GC (77%)
and GEJ carcinoma (21%) received the drug at the dose
of 250 or 500 mg/die in order to assess its biologic activity in tumor samples. Although gefitinib reached enough
tumor concentrations to inhibit EGFR activation with
some evidences of biological effect on EGFR pathway,
these results were not translated in a clinical benefit, obtaining a low DCR (18.3%)[85]. In a second phase Ⅱ trial,
gefitinib in combination with cisplatin (20 mg/m2 daily)
and fluorouracil (1000 mg/m2 daily) with concomitant
radiotherapy (30 and 1.5 Gy bis in die) was compared to
chemoradiotherapy alone as neo-adjuvant treatment in
80 patients with locally advanced esophageal cancer and
GEJ cancer. ORR was not increased but it was observed
a benefit in 3-year OS if compared with historical controls (42% vs 28%, P = 0.06)[86].
Gefitinib showed anticancer properties in HER2
overexpressed GC cells inducing apoptosis, and a low antitumor effect in EGFR positive ones. This controversial
activity of drug is still unclear but it could be explained
by the studies that hypothesized gefitinib to prevent the
formation of HER2/HER3 heterodimers by taking part
in the sequestration of HER2 and HER3 with inactive EGFR/HER2 and EGFR/HER3 heterodimers[87].
Furthermore, it seems to be able to selectively arrest the
phosphorylation of Akt in cells with HER2 overexpression, although cells with low HER2 expression also displayed constitutive activation of P13K/Akt pathway[84]
(Table 2).
Erlotinib hydrochloride is an oral reversible inhibitor of the adenosine triphosphate binding site of EGFR
receptor tyrosine kinase[88]. Its efficacy in GC was tested
in a large phase Ⅱ trial conduced by Southwestern Oncology Group (SWOG 0127)[89] where 70 patients with
unresectable or metastatic GC (37%) or GEJ carcinoma
(63%) were treated. The GC group (n = 26) was closed
after the first phase due to lack of activity of the drug,
while esophageal/GEJ group (n = 46) completed the
accrual. In this group were observed all of the objective
responses (1 CR and 4 PR) with an ORR of 9%, (95%CI:
3-22). Most common toxicities were skin rash (86% and
72%), fatigue (51% and 44%) and AST/ALT elevation
(28% and 28%), respectively for GEJ and gastric localizations. Therefore, erlotinib seems to be a moderately
active drug in clinical management of patients with GEJ
adenocarcinoma, but appears inactive in GC. Considering
all these data, it emerges a low efficacy of EGFR TKIs in
GC: this evidence could be also explained because EGFR
mutations, in particular L858R or delE746-A750 mutations that are related to the activity of EGFR TKIs, are
very rare in this tumor[90] (Table 3).
Monoclonal antibodies: Cetuximab, panitumumab,
matuzumab and nimotuzumab
Anti-EGFR monoclonal antibodies cetuximab and panitumumab (MAbs) compete with ligand-receptor interac-
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Table 2 Phase Ⅱ trials of epidermal growth factor receptor tyrosine kinase inhibitors for advanced gastric cancer and gastroesophageal junction cancers
Author/trial
NCT00237900[86], 2010
SWOG 0127[89], 2006

Phase

Setting

Regimen

Patients (n )

RR

OS (mo)

TTP (mo)

Ⅱ

Neoadjuvant
1st line

CF + G + RT
Erlotinib 150 mg/d

80
44 (GEJ)
26 (stomach)

9% (GEJ)
0% (stomach)

42% (3-yr)
6.7 (GEJ)
3.5 (stomach)

-

Ⅱ

C: Cisplatin; F: 5 fluorouracil; G: Gefitinib; RT: Radiotherapy; RR: Response rate; OS: Overall survival; TTP: Time to progression; GEJ: Gastro-esophageal
junction.

Table 3 Phase Ⅱ/Ⅲ trials of anti-epidermal growth factor receptor agents for advanced gastric cancer and gastro-esophageal
junction cancer
Phase

Setting

Regimen

Patients (n )

RR

FOLCETUX[187], 2007
NCT00477711[188], 2008
DOCETUX[95], 2009
AIO[93], 2010
NCT01123811[94], 2011
NCT00398398[189], 2011
NCT00517829[96], 2013

Ⅱ

Ⅱ

1st line
1st line
1st line
1st line
1st line
1st line
1st line

EXPAND[97], 2013

Ⅲ

1st line

REAL-Ⅲ[103], 2013

Ⅱ-Ⅲ

1st line

NCT00113581[107], 2008
MATRIX[190], 2010

Ⅰ
Ⅱ

1st line
1st line

38
54
72
52
49
44
75
75
455
449
278
275
21
35

NCT01813253[111], 2011

Ⅱ

2nd line

FOLFIRI + Cet
CX + Cet
C + TXT + Cet
FUFOX + Cet
FOLFIRI + Cet
XELOX + Cet
DOCOX
DOCOX + Cet
CX + Cet
CX
EOX + P
EOX
ECX + M
ECX + M
ECX
Iri
Iri + N

44.1%
48.1%
41.2%
65.0%
46.0%
52.3%
26.5%
38.0%
29.0%
30.0%
42.0%
46.0%
65.0%
58.0%
31.0%
18.4%
10.3%

Trial

Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

82

OS (mo)
16.0
9.0
9.5
16.5
11.8
8.5
9.4
9.4
10.7
8.8
11.3
12.2
9.4
7.5%
9.7%

TTP (mo)
8.0
5.23
5.0
7.6
90.0
6.5
4.4
5.6
6.0
7.4
5.2
7.1
4.8
85 d
73 d

Cet: Cetuximab; C: Cisplatin; TXT: Docetaxel; X: Capecitabine; E: Epirubicin; O: Oxaliplatin; P: Panituimumab; E: Epirubicin; Iri: Irinotecan; M: Matuzumab;
N: Nimotuzumab; FOLFIRI: 5 fluorouracil plus folinic acid plus irinotecan; FUFOX: 5 fluorouracil plus oxaliplatin; DOCOX: Docetaxel plus oxaliplatin; XELOX: Capecitabine plus oxaliplatin; RR: Response rate; OS: Overall survival; TTP: Time to progression.

tion and downstream tyrosine kinase activity through the
binding to the extracellular EGFR domain, occluding in
this way the ligand-binding region. It results in a receptor internalization and degradation. Another mechanism
of activity is represented by an indirect antitumor effect
by antibody-dependent cell-mediated cytotoxicity activity[76,91].
Cetuximab is a chimeric (mouse/human) IgG1 antibody, able to initiate an immune-mediated antitumor
response (i.e., antibody-dependent cell-mediated cytotoxicity) through natural killer cell binding[76].
The employment of cetuximab as single agent in metastatic or unresectable GC did not seem effective[92]. On
the other side, the addition of the monoclonal antibody
to fluoropyrimidine-based regimens showed interesting
results. In a small phase Ⅱ trial conduced by Lordick et
al[93], 52 patients received cetuximab (400 mg/m2 at first
infusion followed by weekly infusions of 250 mg/m2)
with FUFOX (oxaliplatin 50 mg/m2, 5-FU 2000 mg/
m2, and folinic acid 200 mg/m2 on days 1, 8, 15 and 22
qd36). Among 46 patients assessable for response, ORR
was 65% (95%CI: 50-79) with a median TTP of 7.6 mo
(95%CI: 5.0-10.1) and a median OS of 9.5 mo (95%CI:
9.7-11.1). The treatment was well tolerated: the most
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common grade 3/4 toxicities were diarrhoea (33%), and
skin toxicity (24%). Furthermore, no clear association
between the detection of EGFR and the response rate
was found. Moehler et al[94] published in 2010 the results
of a phase Ⅱ trial testing the efficacy of the addition of
cetuximab to irinotecan (80 mg/m2) and a 24-h continuous infusion of folinic acid (200 mg/m2) and 5-FU (1500
mg/m2). After a median follow-up of 31.2 mo, results
showed an ORR of 46% (95%CI: 31-61) with a DCR of
79%. Median PFS and OS times were 9.0 mo (95%CI:
7.1-15.6) and 16.5 mo (95%CI: 11.7-30.1) respectively.
The biomarkers analysis evidenced that tumor response
was more frequent in EGFR-expressing tumors (P =
0.041); furthermore, PTEN overexpression was associated with a longer PFS (P = 0.035) and OS (P = 0.0127).
In a phase Ⅱ Italian study[95], 72 patients with metastatic
or unresectable disease (stomach 81.9% and GEJ 18.1%)
were enrolled to receive a first-line CT with cetuximab
(initial dose of 400 mg/m2 followed by weekly doses of
250 mg/m2), cisplatin (75 mg/m2 on day 1), docetaxel
(75 mg/m2 on day 1), every 3 wk. The assessed ORR
was 41.2% (95%CI: 29.5-52.9), with a DCR of 76.5%, a
median TTP of 5 mo (95%CI: 3.7-5.4) and a median OS
time of 9 mo (95%CI: 7-11). Most common G3-G4 tox-
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icity observed was neutropenia (44.4%). Recently it has
been published a phase Ⅱ trial evaluating the addition
of cetuximab (400 mg/m2 first dose then 250 mg/m2
weekly) to DOCOX (docetaxel 60 mg/m2 plus oxaliplatin
130 mg/m2 on day 1 of each 21-d cycle) in 150 patients
with previously untreated advanced GC. Results evidenced in two arms of treatment (DOCOX vs DOCOX
+ cetuximab) a RR of 26.5% and 38.0% respectively,
with a median PFS of 4.7 and 5.1 mo respectively (95%CI:
3.0-5.6/4.3-5.9) and a median OS of 8.5 and 9.4 mo
respectively. Grade 3-4 treatment-related adverse events
included neutropenia (50% vs 44%), febrile neutropenia
(13% vs 19%), diarrhoea (12% vs 17%), fatigue (12% vs
17%) and leukopenia (7% vs 14%)[96].
Moving from these promising data, the EXPAND
trial has been designed in order to assess the real impact
of addition of cetuximab to standard chemotherapy in
advanced GC[97]. In this phase Ⅲ trial, 904 patients with
locally advanced or metastatic disease were randomly assigned to receive capecitabine (1000 mg/m2 twice daily,
on days 1 to 15) and cisplatin (80 mg/m2) with or without
cetuximab (400 mg/m2 followed by 250 mg/m2 per week)
every 3 wk. The median PFS (primary endpoint of this
trial) was 4.4 mo (95%CI: 4.2-5.5) in the cetuximab arm,
a not statistically significant data if compared with 5.6 mo
(95%CI: 5.1-5.7) obtained in the XP alone arm (HR =
1.091, 95%CI: 0.920-1.292, P = 0.3158). The addition of
monoclonal antibody to chemotherapy resulted even detrimental in terms of median OS: 9.4 mo (95%CI: 8.3-10.6)
in the cetuximab arm and 10.7 mo (9.4-11.3) in the XP
arm (HR = 1.004, 95%CI: 0.866-1.165, P = 0.9547). The
RR was similar in cetuximab and chemotherapy arm (30%
and 29% respectively). Fifty four percent of 446 patients
in the cetuximab group and 44% of 436 in the control
group had any grade of serious adverse event. In particular, 83% of patients in the chemotherapy plus cetuximab
group and 77% in the chemotherapy group experienced
grade 3-4 toxicities; the most common G3-4 toxic events
were: diarrhoea, hypokalaemia, hypomagnesaemia, rash,
and hand-foot syndrome. Grade 3-4 neutropenia was
more common in controls than in patients who received
cetuximab. Incidence of grade 3-4 skin reactions and
acne-like rash was higher in the cetuximab arm than in
the control arm. These results suggest that cetuximab
in addition to standard chemotherapy is not an effective
choice in patients with advanced GC[97].
Panitumumab is a fully human IgG2 monoclonal
antibody targeting the epithelial growth factor receptor.
Its immunogenicity is minimal or non-existent, therefore
it avoids the problem of generating human murine antibodies, minimizing the risk of hypersensitivity reactions
and compromising treatment efficacy[98].
In metastatic wild-type KRAS colorectal cancer, panitumumab showed activity in combination with chemotherapy in chemo-refractory patients improving PFS both
in the first[98] and in second-line settings[99,100]. Its efficacy
in addition to standard treatment in advanced settings of
esophageal-gastic cancer has been tested in a large phase
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[101-103]

Ⅲ trial, also known as REAL-3 study

. Five hundred
fifty-three patients were randomised to receive EOC
[epirubicin (50 mg/m2), oxaliplatin (130 mg/m2), and
capecitabine (1250 mg/m2/d)], or mEOC [epirubicin (50
mg/m2), oxaliplatin (100 mg/m2), capecitabine (1000 mg/
m2 per day)], and panitumumab 9 mg/kg. The primary
endpoint was OS, the secondary endpoints were PFS,
RR, and safety. The median survival time was 11.3 mo
with EOC compared to 8.8 mo with mEOC plus panitumumab (HR = 1.37, 95%CI: 1.07-1.76, P = 0.013). The
median PFS was 7.4 and 6.0 mo, respectively (HR = 1.22,
95%CI: 0.98-1.52, P = 0.068), with a RR of 42% and
46% respectively. Multivariate analysis demonstrated that
KRAS mutation (HR = 2.1, 95%CI: 1.10-4.05, P = 0.025)
and PIK3CA mutation (HR = 3.2, 95%CI: 1.01-10.40,
P = 0.048) had a negative prognostic value. According
to these results, the addiction of a monoclonal antibody
targeting EGFR does not seem to be a valid therapeutic
option for advanced GC. A phase Ⅱ trial assessing the
efficacy and safety of panitumumab in combination with
docetaxel and cisplatin in patients with untreated GC or
GEJ carcinoma (SPIGA trial) is actually ongoing[104] (Table
3).
Matuzumab (EMD 72000) is a humanized IgG1
monoclonal antibody against human EGFR. It has approximately a 10% murine origin, therefore it is characterized by a limited immunogenicity, and being IgG1, it
is able to induce antibody dependent cell cytotoxicity[105].
Matuzumab showed an anti-tumoural activity in preclinical studies of xenograft models of different human tumours in mice[106]. Its efficacy in advanced GC has been
tested in a small phase Ⅰ trial where 21 EGFR-positive
patients received matuzumab (400 and 800 mg weekly
and 1200 mg every 3 wk) plus ECX (epirubicin 50 mg/
m2, cisplatin 60 mg/m2 on day 1 and capecitabine 1000
mg/m2 daily) until disease progression or unacceptable
toxicities. Even if this study was designed in order to
assess the safety, tolerability, pharmacokinetics and pharmacodynamics of the drug, efficacy results were very
interesting: ORR was 65% (95%CI: 43-82) with 25% of
SD (95%CI: 11-47) and 10% of PD; the overall median
TTP was 5.2 mo (95%CI: 3.0-16.0). The treatment resulted well tolerated, and fatigue was the major dose-limiting
toxicity[107].
Nimotuzumab (h-R3) is a humanized IgG1 monoclonal antibody targeting human EGFR showing efficacy
in malignant gliomas and head and neck squamous cells
cancer[108-110]. Its activity and tolerance in advanced GC
has been recently studied with interesting results: in a
randomized phase Ⅱ trial[111], patients received nimotuzumab plus irinotecan or irinotecan alone as a secondline therapy. The primary endpoint was PFS. Median
PFS was 73 and 85 d, respectively (HR = 0.860, 95%CI:
0.516-1.435, P = 0.5668). The median OS was 250.5 and
232 d in the nimotuzumab and irinotecan monotherapy
groups, respectively (HR = 0.994, 95%CI: 0.618-1.599, P
= 0.9778). The RR was 18.4% and 10.3%, respectively. In
a subgroup analysis of EGFR 2+ or 3+ patients (assessed
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Table 4 Clinical trials with anti-human epidermal growth factor receptor 2 agents for advanced gastric
cancer and gastro-esophageal junction cancer
Phase

Setting

Regimen

Patients (n )

OS (mo)

TTP/PFS (mo)

ToGa Trial[122], 2010

Ⅲ

1st line

594

NCT00680901[129], 2013

Ⅲ

1st line

NCT00486954[130], 2010

Ⅲ

2nd line

CF/X + T
CF/X
OX + Lap
OX
PTX + Lap
PTX

13.8
11.1
12.2
10.5
11.0
8.9

6.7
5.5
6.0
5.4
5.6
4.2

Trial

487
430

C: Cisplatin; F: 5-fluorouracil; X: Capecitabine; T: Trastuzumab; O: Oxaliplatin; Lap: Lapatinib; PTX: Paclitaxel; OS: Overall survival; TTP/PFS: Time to progression/progression free survival.

by IHC) a median PFS of 118.5 and 59.0 d in the nimotuzumab and irinotecan monotherapy groups respectively
was assessed. On the other hand, a shorter median PFS
was observed in EGFR 0 or 1+ patients (58.5 and 87.5
d). Therefore, these results, even if preliminary, did not
show a clear benefit by the addition of nimotuzumab to
standard chemotherapy but it might show some activity in EGFR 2+, 3+ patients. In a recent phase Ⅱ trial
presented at the 2012 ASCO annual meeting, 62 patients
with advanced GC were randomized to receive cisplatin
and S-1 chemotherapy with or without nimotuzumab.
Median TTP was 5 and 3 mo respectively with a good
tolerability of association[112] (Table 3).

HER2 TARGETING AGENTS
HER2 is a transmembrane receptor belonging to the
family of epidermal growth factor receptors (HER1,
HER2, HER3 and HER4). Its structure is composed by
an extracellular ligand-binding domain, a short hydrophobic transmembrane region, and an intracellular domain
with a tyrosine kinase activity (except for HER3). The
activation of HER2 does not require a ligand[113] and induces a receptor homo- or hetero-dimerization that initiates phosphorylation cascades and subsequent activation
of the PI3K-Akt-mTOR and Ras-Raf-ERK pathways[114].
Among different dimers the HER2-HER3 heterodimer is
considered the most active; moreover, HER3 has a critical function in HER2-mediated transformation and plays
a central role in the tumor cell growth and proliferation in
HER2 overexpressed tumors. In GC HER2 and HER3
co-expression was found in 15% of cases[115].
Recent studies show a main role of HER2 in the development of several types of human cancer including
GC and GEJ cancers. HER2 overexpression is observed
in 10%-38% of GC tumor samples, with a higher prevalence in intestinal-type and GEJ tumors than in diffuse
type and GC[116]. Hofmann et al[117] examined the HER2
status in 178 GC samples with immune-histo-chemistry
(IHC) and fluorescence in situ hybridization (FISH) analysis and reported that IHC and FISH differences occurred
mainly for non-uniformity of staining between the basement membrane side (positive) and granular lumen side
(negative) of fundic gland cells, and heterogeneous GC
cells. Basing on these considerations, a modified HercepT-
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est has been developed, taking more into account the
characteristics of GC. Differently from breast cancer, the
prognostic value of HER-2 overexpression in GC remains
controversial. A recent trial investigating the prognostic
significance of HER-2 evaluated in 382 patients with metastatic GC and GEJ adenocarcinoma, found that approximately 20% of patients were HER2 positive, but HER2
positivity wasn’t an independent prognostic factor[118].
Anti-HER2 drugs include trastuzumab, lapatinib and
pertuzumab[119] (Table 4).
Trastuzumab
Trastuzumab is a humanized recombinant monoclonal
antibody selectively binding to the extracellular domain
of HER2, blocking its downstream signaling, downmodulation of the HER2 protein, and activation of
apoptotic signals of the tumor cells. Another mechanism
of activity is represented by an indirect antitumor effect by antibody-dependent cell-mediated cytotoxicity
activity[120]. These therapeutic effects are enhanced when
trastuzumab is associated with chemotherapeutic agents
such as cisplatin, capecitabine, irinotecan, doxorubicin
and taxanes achieving an ORR ranging from 35% to 44%
in clinical phase Ⅱ trials[121].
ToGA trial was the first randomized phase Ⅲ controlled study to be conduced in order to verify trastuzumab efficacy and safety in combination with chemotherapy
for patients with HER2-positive advanced GC and GEJ
cancers. In this study, 594 patients were randomized to
receive 5-fluorouracil (800 mg/m2 per day on days 1-5
continuous infusion) or capecitabine (1000 mg/m2/d
on days 1-14) and cisplatin (80 mg/m2 on day 1) with
trastuzumab (8 mg/kg loading dose on day 1 followed
by 6 mg/kg) every 3 wk for 6 cycles, or CT alone. The
primary aim was to compare OS in both arms, and the
secondary ones were PFS, TTP, ORR, control disease,
duration of response, and quality of life. Tumor specimens from 3807 patients were centrally tested to determine the HER2 status: 22.1% were HER2-positive with
a higher rate of HER2 positivity for the intestinal type
than diffuse one (34% vs 6%) and for adenocarcinoma of
GEJ compared to GC (33.2% vs 20.9%). Five hundred
eighty-four patients included in primary analysis were allocated to either the FC arm or the FC + trastuzumab
arm and at randomization, patients were stratified ac-
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cording to ECOG PS, chemotherapy regimen, extent of
disease, primary cancer site, and measurability of disease.
The addition of trastuzumab to chemotherapy led to
a significantly higher ORR (47% vs 35%, P = 0.0017),
significantly longer PFS, (6.7 mo vs 5.5 mo, P = 0.0002),
and significantly longer OS duration (13.8 mo vs 11.1 mo,
P = 0.0046). The greatest benefit was seen in patients
with higher levels of HER2 expression (IHC score of 3
or 2 with FISH positivity) in which the OS time reached
16 mo. The safety profiles in the two groups were similar, and there were no unexpected adverse events in the
trastuzumab arm. There was no difference in terms of
heart failure between the two arms. Decreases in asymptomatic left ventricular ejection fraction were reported
in 4.6% of patients in the trastuzumab combined arm
and in 1.1% of those in the chemotherapy arm[122]. The
ToGA trial is a milestone of a targeted therapy in GC
and GEJ cancer and, the first study to demonstrate a
significant improvement in OS for a preselected patient
population. Therefore, trastuzumab with chemotherapy
is the new standard treatment of HER2-positive GC and
GEJ cancer in the first line setting.
In the second-line setting, a trial studied single-agent
trastuzumab after failure of platinum or 5-FU-based regimens, but it was limited by poor accrual[123].
A randomized, open-label, multicenter, international
phase Ⅲb study will compare the efficacy and safety of
two trastuzumab dosing regimens in combination with
cisplatin/capecitabine chemotherapy in patients with
metastatic gastric or gastro-esophageal junction adenocarcinoma. Patients who have not received prior treatment for metastatic disease will be randomized to receive
trastuzumab either an 8 mg/kg loading dose followed
by 6 mg/kg every 3 wk or an 8 mg/kg loading dose followed by 10 mg/kg every 3 wk. Capecitabine will be
administered for 6 cycles at a dose of 800 mg/m2 orally
twice on days 1-14 of each 3-wk cycle, cisplatin will be
administered intravenously for 6 cycles at a dose of 80
mg/m2 on day 1 of each 3-wk cycle. Anticipated time on
study treatment is until disease progression occurs[124].
Trastuzumab emtansine (T-DM1) is an antibody-drug
conjugate currently in clinical development combining
the humanized antibody trastuzumab and the potent
cytotoxic antimicrotubule DM1 (derivative of maytansine). When T-DM1 binds to HER2, a proportion of the
receptors are thought to be internalized by the process
of receptor endocytosis, with a consequent intracellular
release of an active form of DM1, causing cell death.
Trastuzumab-DM1 showed highly effective in preclinical
models of HER2-positive GC and so it has investigated
in phase Ⅱ/Ⅲ studies[125].
An ongoing multicenter, randomized, phase Ⅱ/Ⅲ
study will evaluate the efficacy and safety of T-DM1
compared to standard taxane in patients with previously
treated locally advanced or metastatic HER2-positive
GC, including adenocarcinoma of the GEJ. About 100
patients will be randomized to receive trastuzumab emtansine 3.6 mg/kg every 3 wk or 2.4 mg/kg every week
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and standard taxane therapy (docetaxel or paclitaxel) with
primary endpoint OS[126].
Lapatinib
Lapatinib is an oral TKI inhibiting both EGFR and
HER2 kinases that can be employed in subjects with
trastuzumab-resistant tumors. Many phase Ⅱ studies investigated lapatinib in monotherapy in GC.
A phase Ⅱ trial tested single agent lapatinib as firstline therapy in 47 patients with advanced GC demonstrating an excellent tolerability and moderate activity with a
median time to treatment failure of 1.9 mo and OS of 4.8
mo. Only 7% of patients showed a partial response (PR)
and 20% a stable disease (SD)[127].
Furthermore, out of 21 previously treated patients
in another phase Ⅱ study, only 2 cases of SD were observed with lapatinib, although these two trials did not
limit patients to HER2-positive[128]. In another phase Ⅱ
trial of capecitabine in combination to lapatinib as firstline treatment in 58 patients with GC (76%) or GEJ cancer (24%), 24% of patients showed PR (17% confirmed),
36 % a SD and 26% a progression disease (PD)[125].
Two phase Ⅲ studies are currently conducted to
investigate the efficacy of lapatinib in combination
with chemotherapy in second-line and first-line setting for patients with HER2-positive GC. The LOGiC
study (Lapatinib Optimization Study in HER2 Positive
Gastric Cancer) is a phase Ⅲ global study, designed to
evaluate clinical endpoints and safety of chemotherapy
(capecitabine and oxaliplatin with or without lapatinib)
plus lapatinib in a first line setting. Patients were randomized in a 1:1 ratio to receive CapeOx (oxaliplatin 130 mg/
m2 day 1; capecitabine 850 mg/m2 bid days 1-14, every 3
wk) plus daily lapatinib (1250 mg) or placebo. The primary endpoint was OS and secondary endpoints included
PFS, ORR and safety. Five hundred forty-five patients
were randomized and 487 had HER2 positivity centrally
confirmed. The primary endpoint was not reached with a
hazard ratio for OS of CapeOx plus lapatinib compared
to CapeOx plus placebo of 0.91 (95%CI: 0.73-1.12, P =
0.35); median PFS was 12.2 mo vs 10.5 mo, respectively.
HR for uncensored PFS was 0.86 (95%CI: 0.71-1.04, P
= 0.10); median 6.0 mo vs 5.4 mo. The analysis of PFS
showed a HR of 0.82 (95%CI: 0.68-1.00, P = 0.04). ORR
was 53% in the CapeOx + lapatinib arm and 40% in the
CapeOx + placebo arm. Pre-specified subgroup analysis
showed significant improvements in OS in Asian patients
(HR = 0.68) and those under 60 years (HR = 0.69).
There was no association between IHC and OS. Toxicity
profiles were similar except for increased overall diarrhea, and skin toxicity and grade 3+ diarrhea (12% vs 3%)
with CapeOx + lapatinib[129]. The addition of lapatinib to
CapeOx did not reach its primary endpoint, though certain subgroups showed improvement (Table 4).
The TYTAN trial is a randomized, phase Ⅲ study
comparing paclitaxel with and without lapatinib as
second-line treatment in advanced HER2-positive GC.
The study included 430 patients with advanced GC who
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had progressed on first-line fluoropyrimidine and/or
cisplatin-containing therapy and who showed HER2
amplification by FISH. Prior to randomization, patients
were stratified by previous trastuzumab treatment and
gastrectomy status.
mOS of the entire study population was 11.0 mo
with the addition of lapatinib to paclitaxel compared
with 8.9 mo with paclitaxel alone. Despite the 2.1 mo
improvement in survival, the difference between arms
did not reach statistical significance (HR = 0.84, P =
0.2088). However, the findings of a preplanned subgroup
analysis revealed that median OS among patients in the
HER2 IHC 3+ subgroup was 14.0 mo with lapatinib and
paclitaxel compared with 7.6 mo with paclitaxel alone, a
striking and significant 6.4 mo difference (HR = 0.59, P
= 0.0176). PFS (5.6 mo vs 4.2 mo, HR 0.54, P = 0.0101)
and the ORR (27% vs 9%) were also better than population treated without lapatinib among patients in the IHC
3+ subgroup[130].
Pertuzumab
Pertuzumab is a new humanized anti-HER2 antibody
exercising its antitumor activity through the binding to
HER2 domain Ⅱ, the region of dimer formation, inhibiting the dimerization of HER2 with other HER family
proteins and preventing ligand-dependent HER2 signalling. It induces the suppression of several HER signaling
pathways. As it can be supposed by the different mechanisms of HER2 inhibition, pertuzumab and trastuzumab
in combination might provide more effective antitumor
activity than either single agent for HER2-positive tumors
including GC. In fact, the combination of pertuzumab
and trastuzumab dramatically increases the antitumor
activity compared with pertuzumab or trastuzumab alone
in HER2-positive human GC xenograft models[131].
In order to identify pertuzumab dose for clinical studies in HER2 positive GC and GEJ cancer, the JOSHUA
phase Ⅱ trial was conducted, evaluating the pharmacokinetics (PK) of two different dose of pertuzumab
in the fisrt metastatic setting. Patients will be randomized to receive pertuzumab 840 mg q3w for cycle 1 and
420 mg for cycles 2-6 (ARM A) or pertuzumab 840 mg
(ARM B) intravenously every 3 wk in combination with
trastuzumab (initial dose of 8 mg/kg iv followed by 6
mg/kg iv every 3 wk) and cisplatin and fluoropyrimidine
(capecitabine or 5-fluorouracil) for the first 6 treatment
cycles. Patients will continue to receive pertuzumab or
placebo and trastuzumab until disease progression or unacceptable toxicities. Primary endpoints were pertuzumab
trough concentration at day 43 and safety. Of 15 patients
randomized to each arm, 15 and 13 were evaluable for
pertuzumab at day 43 in Arm A e B respectively[132].
The mean concentration was higher in patients in
arm B than arm A at day 43 (57.9 μg/mL vs 40.0 μg/mL)
and so a dose of 840 mg 3 weekly was selected for an
ongoing phase Ⅲ trial JACOB, a double-blind, placebocontrolled, randomized, multicenter, international, parallel arm study that will evaluate the efficacy and safety of
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pertuzumab in combination with trastuzumab, fluoropyrimidine and cisplatin as first-line treatment in patients
with HER2-positive metastatic GEJ or GC. Patients will
be randomized to receive pertuzumab 840 mg or placebo
intravenously every 3 wk in combination with trastuzumab (initial dose of 8 mg/kg iv followed by 6 mg/kg iv every 3 wk) and cisplatin and fluoropyrimidine (capecitabine
or 5-fluorouracil) for the first 6 treatment cycles. Patients
will continue to receive pertuzumab or placebo and
trastuzumab until disease progression or unacceptable
toxicity occurs[133].

PI3K-AKT-MTOR TARGETED THERAPY
PI3K/AKT pathway is an intracellular signaling pathway
transducing signals from cell membrane receptors (i.e.,
VEGF, HER2, IGF) to the cytoplasm and playing an
important role in cell proliferation by acting on the antiapoptosis and cell cycle, in protein translation and synthesis via mTOR and angiogenesis[134]. PI3K/AKT/mTOR
activation was observed in 30%-60% of tumors including
GC due to PIK3CA mutations and gene amplification,
AKT gene amplification and loss of PTEN[135].
Everolimus (RAD001) is an oral inhibitor of the
mammalian target of rapamycin serine-threonine kinase
(mTOR) inhibiting the PI3K/Akt/ mTOR pathway; it
showed efficacy in preclinical and phase Ⅰ/Ⅱ studies in
patients with GC[136].
The activity of the drug has been tested in a phase
Ⅱ study in which 53 patients with previously treated
metastatic GC received everolimus (10 mg orally daily)
until disease progression or unacceptable toxicity. The
results showed a DCR of 56.0% (95%CI: 41.3-70.0) and
median PFS of 2.7 mo (95%CI: 1.6-3.0). After a median
follow-up of 9.6 mo, the median OS was 10.1 mo (95%CI:
6.5-12.1) and good tolerability was noted[137]. According
to these results, a global phase Ⅲ trial (GRANITE-1) was
conducted to compare everolimus vs placebo in a total
of 656 patients with advanced GC who showed disease
progression after prior treatment with first or second-line
CT. Data released from the 2012 ASCO Gastrointestinal
Cancers Symposium showed no significant OS advantages in subjects receiving everolimus compared to best
supportive care (BSC) (5.4 mo vs 4.3 mo, P = 0.1244).
However, everolimus showed a reduction of the progression risk by 34% with a PFS of 1.7 mo vs 1.4 mo respectively (P = 0.0001)[138]. The most common everolimusrelated toxicities observed were: anemia (everolimus
16.0% vs placebo 12.6%), anorexia (11.0% vs 5.6%) and
fatigue (7.8% vs 5.1%), and were almost similar to those
observed in other carcinomas. GRANITE-1 represents
one of the larger randomised trials in this population
with results anticipated, anyway the primary endpoint was
not achieved. The results of PFS and disease stabilization
provided, however, some evidence that they have antitumor effect for GC.
The ongoing randomized, double blind phase Ⅲ twoarm multi-center study (AIO-STO-0111/RADPAC) is
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Table 5 Clinical trials with everolimus in previously treated patients with advance gastric cancer and gastroesophageal junction cancer
Phase

Setting

Regimen

Patients (n )

OS (mo)

PFS (mo)

NCT00985192[137], 2010
NCT00879333[138], 2013

Ⅱ
Ⅲ

Advanced
Advanced

53
656

NCT01248403[139], Ongoing

Ⅲ

Advanced

Eve
Eve + BSC
BSC
Eve + PTX
PTX

10.1
5.4
4.3
-

2.7
1.7
1.4
-

Trial

480

Eve: Everolimus; PTX: Paclitaxel; OS: Overall survival; PFS: Progression free survival.

actually evaluating the efficacy of the combination of
RAD001 (10 mg 2 × 5 mg tablets/d d1-d28 ) and paclitaxel vs paclitaxel alone (80 mg/m2 on day 1, day 8 and
day 15 of every 28-d cycle) in patients with advanced GC
and GEJ carcinoma relapsed after up to two prior treatment regimen containing a fluoropyrimidine (e.g., 5-FU,
S-1, capecitabine and other 5-FU prodrugs or derivatives)
with OS as primary endpoint. A total of 480 patients
(240 patients per treatment arm) will be enrolled in the
study[139]. Both of these studies (GRANITE-1 and RADPAC) include an exploratory biomarker research program
that will examine the predictive role of phosphorylated
S6K1, HER2, phosphorylated Akt, HIF-2a, PTEN, cyclin D1, Ki-67 frequency, p53 and CC3, as well as the
mutational status of PI3K catalytic subunit and PTEN,
with efficacy endpoints. Therefore, it will be possible to
identify potential markers of response to everolimus and
validate their role in future studies (Table 5).
Recently a phase Ⅰ trial of everolimus in combination
with mitomycin C (MMC) was conducted in 16 metastatic pretreated GC patients to assess the recommended
dose and the dose-limiting toxicity (DLT) of everolimus
in association with MMC. In this trial, patients received
escalated doses of oral everolimus (5, 7.5, and 10 mg/d)
in combination with intravenous MMC (5 mg/m2 every 3
wk). Endpoints were the DLT, safety, and response rates.
HER2-status, mutations in the PTEN, PIK3CA, AKT1,
CTNNB1, and E-cadherin type 1 genes were tested on
tumor tissue. Most frequent grade 3 toxicities were leukopenia (18.8%) and neutropenia (18.8%). Other grade
3 toxicities were lower than 10%. No grade 4 toxicities
occurred. 18.8% of patients experienced PR and four
patients achieved a SD. Antitumor activity, according to
RECIST-criteria, was highest in the 10 mg/d cohort. According to these results, recommended dose of everolimus combined with MMC is 10 mg/d[140] (Table 5).

upper gastrointestinal malignancies[143,144]. MET amplification was described in approximately 4%-10% of gastric
tumors[145,146] and MET protein overexpression assessed
by IHC in approximately 50% of advanced gastric cancers[147-149]. MET amplification and overexpression correlate with a worse clinical outcome, in particular with
increased invasiveness and increased potential of metastasization[147-149]. Recently, a MET amplification was confirmed in 10% of resected GC patients (21 out of 216)
who showed a significantly worse prognosis in terms of
DFS and OS[143].
The c-Met expression and activation in GC was
studied in preclinical trial in cell lines and tumor tissue
evidencing that c-Met activation was strongly related to
invasion and liver metastasis[150,151].
Therefore, several drugs playing an inhibitory role
against c-Met activity have been developed in recent years.

HGF-C-MET PATHWAY

Tivantinib
Tivantinib is a selective, non-ATP competitive, smallmolecule c-Met inhibitor. In a phase Ⅱ trial the activity
of single agent tivantinib was tested in 30 previously
treated metastatic GC subjects. Primary outcome was
DCR and secondary efficacy endpoints include antitumor effect (tumor response), PFS and OS. Also PK and
safety were evaluated. The results showed no objective

The receptor tyrosine kinase mesenchymal-epithelial
transition factor (c-Met) is the cell surface receptor for
hepatocyte growth factor (HGF) and leads to activation of different signalling pathway regulating the cancer
cell metastasization, proliferation, motility, invasion and
angiogenesis[141,142]. High c-Met expression is associated
with poor prognosis in several cancer types, including
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Foretinib
Foretinib is an oral multikinase inhibitor targeting MET,
RON, AXL, TIE-2, and VEGFR2 receptors. A phase Ⅱ
study evaluated safety, tolerability and ORR of 2 dosing
schedules (240 mg/d, for 5 d every 2 wk or 80 mg/d) of
oral foretinib (GSK1363089), in 74 patients with metastatic GC (93% previously treated). Best response was
SD in 23% of patients receiving intermittent dosing and
20% receiving daily dosing; SD duration was 1.9-7.2 mo
(median 3.2 mo). Of 67 patients with tumor samples, 3
showed a MET amplification, one of whom achieved a
SD. Treatment-related adverse events occurred in 91% of
patients. Rates of hypertension (35% vs 15%) and elevated aspartate aminotransferase (23% vs 8%) were higher
with intermittent dosing. In both patients with high baseline tumor phospho-Met (pMET), the pMet/total Met
protein ratio decreased with foretinib treatment. These
results indicate that single-agent foretinib lacked efficacy
in unselected patients with metastatic GC[152].
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responses, a DCR of 36.7% with a median PFS of 43 d
(95%CI: 29.0-92.0). Grade 3 or 4 toxicities were observed
in 43.3% of patients[153].
Crizotinib
Crizotinib (PF-02341066) was recently approved for the
treatment of non small-cell lung cancer positive for fusion of the echinoderm microtubule-associated proteinlike 4 and anaplastic lymphoma kinase genes. This agent
is also a potent MET inhibitor, playing at the ATPbinding sites of the MET kinase domain: therefore, it
represents a potential drug for the treatment of patients
with GC with MET amplification. In GC cellular lines,
the inhibition of MET activity with crizotinib resulted
in an inhibition of AKT and ERK signaling pathways as
well as in the induction of apoptosis by the upregulation
of BIM, a member of the Bcl-2 family with a proapoptotic activity[154].
It has been recently found that crizotinib has an antitumor activity in 2 of 4 patients with MET-amplified
gastroesophageal cancer, suggesting further analysis of
the molecular mechanism underlying its anticancer action
in this type of tumors[155].
Rilotumumab
Rilotumumab (AMG102) is a human IgG2 targeting human hepatocyte growth factor/scatter factor (SF) that
blocks the binding of HGF/SF to its receptor MET; it
results in inhibition of the MET signaling pathways as
shown in preclinical models[156,157]. In clinical trials, rilotumumab administered biweekly as single agent or in
combination with CT showed manageable toxicities and
a maximum tolerated dose was not reached[158]. The effectiveness of this agent was reported in a randomised
phase Ⅱ trial presented at 2011 ESMO congress. The
results showed an advantage in PFS for the arm treated
with rilotumumab plus chemotherapy compared to chemotherapy alone (PFS median 5.6 mo vs 4.2 mo, HR =
0.58) and more remarkable for c-Met overexpression
patients established by IHC. Recently, in 2012 ASCO annual meeting, the results of study were updated according
to c-Met expression analysis. Patients with c-Met overexpression who received rilotumumab plus chemotherapy,
had an OS of 11.1 mo with an absolute benefit of 5.4
mo over patients who received chemotherapy alone (HR
= 0.29, 95%CI: 0.11-0.76)[159]. Moving from these results,
a phase Ⅲ, randomized double-blind placebo controlled
study (RILOMET-1) is actually ongoing. This trial is
evaluating epirubicin (50 mg/mq), cisplatin (60 mg/mq),
capecitabine (625 mg/mq bid) with rilotumumab (15 mg/
kg) or placebo for untreated advanced MET-positive gastric or GEJ adenocarcinoma. OS is the primary outcome
while secondary outcomes are represented by PFS, TTP,
ORR, DCR, TTR and safety[160].
Onartuzumab
Onartuzumab is a monovalent, humanized anti-MET
antibody, that binds the extracellular domain of c-Met,
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preventing the link of HGF; the activation of the c-Met
signaling pathway results thus inhibited, inducing the
death of the cell in c-Met-expressing tumors. A randomized, multicenter, double-blind, placebo-controlled phase
Ⅲ study, evaluating the efficacy and safety of onartuzumab in combination with mFOLFOX6 in patients with
metastatic HER2-negative and MET positive adenocarcinoma of the stomach or gastroesophageal junction is
now ongoing. Patients are being randomized in a 1:1 ratio
to receive onartuzumab or placebo in combination with
mFOLFOX6[161]; the primary endpoint is OS and secondary endpoints include: PFS, TTP, ORR, and safety.

TARGETING FIBROBLAST GROWTH
FACTOR RECEPTOR AGENTS
The fibroblast growth factor receptors (FGFR) bind
fibroblast growth factor (FGF), belonging to the largest family of growth factor ligands. Each receptor consists of a cellular ligand domain, composed of three
immunoglobulin-like domains, a single transmembrane
helix domain and an intracellular domain with tyrosine
kinase activity. The FGFR family comprises four different tyrosine kinase receptors: FGFR1, FGFR2, FGFR3
and FGFR4[162]. Recently it was discovered another receptor known as FGFR5 or FGFRL1, lacking the tyrosine
kinase domain and thus it can not signal by transautophosphorylation as other FGFRs, but it probably acts as
a decoy receptor that binds FGF ligands and sequesters
them away from the conventional FGFRs[163].
FGFR signaling starts by the binding of the receptors
to different FGFs ligands and the formation of various
complexes which lead to the signal transduction[164,165].
FGFRs are involved in many physiological processes,
including development, cellular proliferation, differentiation, motility, transforming activities, regulation of
angiogenesis and wound repair[166-169]. Furthermore, they
play leading roles in many types of neoplasms, because
mutations or gene amplification induce aberrant FGFR
activation, leading to carcinogenesis[170]. The most known
FGFR mutations related to tumors are: the gain of function mutation of FGFR1 kinase domain in glioblastoma;
chromosomal translocation of FGFR1 in the 8p11 myeloproliferative syndrome and alveolar rhabdomyosarcoma[171,172]; gene amplification of FGFR1 in lung cancer,
in oral squamous carcinoma and in about 10% of breast
cancer[173]; the FGFR2 mutations in 12% of endometrial
cancer[174]; the FGFR3 mutation in about 50% of bladder
cancer[165,169,175]. In a recent study, FGFR2 amplification
was evaluated by FISH in 313 resected GC samples and
correlated to clinicopathologic parameters and survival.
FGFR2 amplification was found in 4.5% (14 out of 313)
of samples and was associated with a higher T stage, a
higher N stage, and distant metastasis; furthermore it
was significantly associated with a worse survival, confirming the correlation among FGFR2 amplification,
advanced disease and poor prognosis[176]. On the other
hand, FGFR2 amplification was observed in 4.1% (11

14549

October 28, 2014|Volume 20|Issue 40|

De Vita F et al . New molecular drugs in advanced gastric cancer

out of 267) of patients who underwent surgery for a GC
in another retrospective study[166]. These data suggest that
FGFR2 may be a promising therapeutic target in GC.
Different small molecules such as PD173074, KI23057,
SU5402, cediranib (AZD2171), dovitinib (TKI258) and
ponatinib (AP24534) inhibit FGFR2 phosphorylation
and cell growth in FGFR2-amplified GC cell lines in preclinical trials[22,177-179].
Ponatinib (AP24534) is an oral multitarget tyrosine
kinase inhibitor with a pan-FGFR activity: exposure of
GC cell lines with high levels of FGFR2 activity due
to genomic amplification results in a potent inhibition
of cell growth[180]. Dovitinib is a multitarget tyrosine
kinase receptors inhibitor, including FGFR1, FGFR2,
FGFR3, VEGFR-1, VEGFR-2, VEGFR-3, PDGFRβ
and c-kit[181,182]. In preclinical model, a potent growth
inhibitory activity of dovitinib was observed in FGFR2amplified GC cell lines. AZD4547 is an oral, highly selective, and potent ATP-competitive small-molecule TKI
of FGFR1-3. GC cell lines with FGFR2 amplification,
were extremely sensitive to AZD4547 which effectively
inhibited phosphorylation of FGFR2 and its downstream
signaling molecules. Furthermore, an enhancement of
in vivo antitumor efficacy was seen combining AZD4547
with chemotherapy[183]. Actually the SHINE phase Ⅱ
study (NCT01457846) is evaluating the efficacy and safety of FGFR2 inhibitor AZD4547 in GC patients with
FGFR2 polysomy or gene amplification and one prior
chemotherapy. In this trial 160 patients will be randomized between paclitaxel or AZD4547 with PFS as primary
endpoint[184].

CONCLUSION
The understanding of different molecular alterations
that could play a pivotal role in the pathogenesis of GC,
albeit still incomplete, is undoubtedly the main progress
recorded in recent years in the treatment of this disease.
In fact, if the outcome of patients with metastatic disease
under chemotherapy continues to remain particularly
disappointing, studies such as ToGA have indicated the
route to be followed over the coming years, providing
for the first time an algorithm of first-line treatment selection of GC based on a key molecular driver such as
HER-2. Based on this trial the addition of trastuzumab
to combination chemotherapy is now considered the
standard first-line treatment for HER2 positive advanced
GC patients. However, beside the need to improve our
biological knowledge concerning GC, several points
remain to be elucidate. First of all, the selection of patients based on the identification of specific predictive
biomarkers appears as a very crucial point. A paradigmatic example of this statement lies in the results of the
two randomized phase Ⅲ trials REAL-3 and EXPAND
with panitumumab and cetuximab that have recruited
over 1450 unselected patients with negative and inferior
results when compared to control arm with chemotherapy alone. Not different appear the considerations for
GRANITE-1 study that enrolled more than 600 patients
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without achieving its primary endpoint. However at this
time various markers, including EGFR and VEGF overexpression, have not been validated to be predictive in
advanced GC patients, and HER-2 overexpression and
HER-2 amplification remain the only predictive biomarkers. Moreover, because the expression of different and
potential targets depends on the tumor site, histology and
ethnics differences, it seems important to design clinical
trials stratified according to these factors. The onset of
resistance to targeted therapy is an issue particularly relevant which involves mechanisms rather complex. A costitutive activation of the PI3K pathway through PIK3CA
mutation or PTEN loss may play a role in resistance to
receptor monoclonal antibodies, including trastuzumab.
In preclinical studies carried with the aim to identify pathway regulating the sensitivity of HER2-positive GC cells
to trastuzumab, the overexpression of micro-RNA gene
21 down-regulated PTEN expression and increased AKT
phosphorylation, significantly suppressing trastuzumabinduced apoptosis and finally decreasing the sensitivity of
GC cells to trastuzumab[185]. Taken together, these data
provide a support to evaluate the combination of mTOR
inhibitors with trastuzumab in HER2-positive GC. Several studies have shown that also activation of alternative
receptor tyrosine kinases may promote resistance to antiHER-2 therapy. For instance, activation of MET RTK
substantially reduces growth inhibition of HER2 positive
GC cell lines induced by lapatinib and is an example of
acquired resistance mediated by activation of secondary RTK restoring downstream signaling pathways[186].
Although only few studies (ToGA, REGARD) with targeted agents have obtained positive results at this time, it
is unquestionable that this is the only way that has shown
promising results in this setting. Nevertheless given that
only a small number of GC patients carries specific molecular alterations, it is paramount to identify emerging
molecular pathways that characterize cell growth, cell
cycle, apoptosis, angiogenesis and invasion so providing
rationally designed therapies aimed at specific novel molecular targets in selected patients to improve advanced
GC outcome.
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Abstract
Hepatitis B virus (HBV) and hepatitis C virus (HCV)
share common mode of transmission and both are able
to induce a chronic infection. Dual HBV/HCV chronic
coinfection is a fairly frequent occurrence, especially in
high endemic areas and among individuals at high risk
of parenterally transmitted infections. The intracellular
interplay between HBV and HCV has not yet been sufficiently clarified, also due to the lack of a proper in vitro
cellular model. Longitudinal evaluation of serum HBV
DNA and HCV RNA amounts has revealed that complex
virological profiles may be present in coinfected patients. Dual HBV/HCV infection has been associated to
a severe course of the liver disease and to a high risk
of developing hepatocellular carcinoma. Despite the
clinical importance, solid evidence and clear guidelines
for treatment of this special population are still lacking.
This review summarizes the available data on the virological and clinical features as well as the therapeutic
options of the dual HBV/HCV infection, and highlights
the aspects that need to be better clarified.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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tion; Chronic hepatitis; Viral interaction; Cirrhosis;
Hepatocellular carcinoma; Antiviral therapy
Core tip: This review analyses the available virological
and clinical data about the dual hepatitis B virus/hepatitis C virus infection. In particular, it highlights the
aspects concerning the possible viral interactions, the
impact on liver disease progression and hepatocellular
carcinoma development as well as the therapeutic options in this special population.
Caccamo G, Saffioti F, Raimondo G. Hepatitis B virus and
hepatitis C virus dual infection. World J Gastroenterol 2014;
20(40): 14559-14567 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14559.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14559

INTRODUCTION
Hepatitis B virus (HBV) and hepatitis C virus (HCV)
share several important similarities, including considerable diffusion worldwide, the modes of transmission,
the hepato-tropism and the capacity to induce a chronic
infection that may lead to cirrhosis and hepatocellular
carcinoma (HCC) development[1-3]. Consequently, it is not
surprising that their combined infection is a fairly frequent occurrence particularly in highly endemic areas and
among subjects with a high risk of parenteral infections[4].
In this context it is of importance to stress that a large
body of evidence shows that the prevalence of occult
HBV infection [i.e., the long-lasting persistence of HBV
genomes in individuals negative for HBV surface antigen
(HBsAg)[5] is particularly elevated in HCV patients[6-8].
Nevertheless, the condition of occult HBV and HCV
coinfection is not the subject of the present paper that
is, instead, strictly focused on reviewing the available data
concerning virological interaction, clinical course and
treatment options of the chronic HCV and overt HBV
(i.e., HBsAg positive) dual infection. The review begins
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with very concise but necessary notes of epidemiology
and virology concerning the two viruses.

NOTES OF EPIDEMIOLOGY
The World Health Organization estimates that more than
500 Million people all around the world are chronically
infected with HBV or HCV and approximately 1 million people die each year (about 2.7% of all deaths) from
causes related to viral hepatitis and liver disease, including
liver cancer[1-3].
Despite some differences in the geographical distribution of the two viruses (HBV is more prevalent in
Far East, Sub-Saharian Africa, and Southern America
with 2%-15% of populations infected, whereas HCV is
more prevalent in Asia, North-Africa and Europe with
2.5%-10% of population infected), they quite frequently
co-exist especially in countries at high endemicity for one
or both viruses and among patients with a high risk of
parenterally transmitted infections. The estimated prevalence of HBV/HCV dual infection is approximately
5%-20% in HBsAg positive patients and 2%-10% in
HCV positive patients, with a quite different geographical distribution, as showed in Table 1[4,9-29]. A large cohort study recently conducted in the United States. By
Tyson et al[4] in HCV positive patients, showed a 1.4%
prevalence of overt HBV coinfection, whereas about
one third of the study population showed positivity for
antibody directed to HBV antigens. Moreover, there was
a significantly increased risk of HBV coinfection associated with male sex, age lower than 50 years, positive human immunodeficiency virus (HIV) status, a history of
genetic haematological disease, of blood transfusion or
of cocaine and other recreational drug use[4]. Of note,
hepatitis Delta virus (HDV) and HIV also share common
modes of transmission with HBV and HCV. For this reason - and mostly in highly endemic areas, in economically
depressed regions and among intravenous drug addicts they can be responsible, with HBV and HCV, for triple
(HBV/HCV/HDV, HBV/HDV/HIV or HBV/HCV/
HIV) or quadruple (HBV/HCV/HDV/HIV) infection[30-34]. The virological and clinical patterns of these
very complex kinds of multiple infection will not be discussed in this review.

NOTES OF VIROLOGY
Despite the considerable similarities in terms of diffusion, transmission and tropism, HBV and HCV are biologically very different from each other.
HBV is a DNA virus belonging to the Hepadnavirus
family. The viral DNA is a closed, circular, partially double stranded molecule of 3.2 kilobases [relaxed circular
DNA (rcDNA)], and contains four partially overlapping
open reading frames: the S gene, coding for the envelope
proteins; the Core gene, coding for the core and “e” proteins; the P gene, coding for a protein with multiple functions, including reverse transcriptase and DNA polymer-

WJG|www.wjgnet.com

ase activities; the X gene, coding for the “X” protein of
yet not well defined functions, but with transcriptional
transactivating properties and a likely important role in
the viral replication[35]. Once it has penetrated into the
hepatocyte, the viral core is transported to the nucleus
and the rcDNA is converted into a circular, covalently
closed, fully double stranded supercoiled DNA (cccDNA)
that is the template for the production of the virus messenger RNAs including a RNA pregenome that - similarly to the retroviruses - is reverse transcribed in the
cytoplasm of the infected cells for the synthesis of the
viral DNA[35,36]. HBV cccDNA molecules bind histons
and other proteins and are organized as a stable, longterm persisting chromatinized episomes that - together
with the long half-life of hepatocytes - imply that HBV
infection, once it has occurred, may continue indefinitely
over time[37-39]. HBV-DNA can be directly integrated into
the host DNA but, unlike what happens for retroviruses,
integration has no role in the viral replicative cycle since
it involves only fragments of the viral genome. Integration is possibly a cofactor related to the development
of HCC[40,41]. Moreover, HBV may exert its direct prooncogenic role also through the production of proteins such as X and truncated preS-S proteins - with potential
transforming properties[39-42].
HCV is an enveloped, single-stranded, positive-sense
RNA virus, with a genome of approximately 9600 nucleotides[43,44]. Due to its considerable sequence heterogeneity HCV is classified as a separate genus in the Flaviviridae family and distinguished into six major genotypes
showing a fairly different geographic distribution[45]. Its
genome consists of 5’ and 3’ non coding regions and a
single open reading frame that encodes a single viral polyprotein of 3010-3033 amino acids[44,46]. The viral polyprotein undergoes post-translational cleavages to form
functional viral proteins, both structural (core and envelope proteins) and non-structural (NS2-NS5 proteins),
which produce the enzymes required for viral growth
and replication[44,46]. Because of its rapid replication and
the high rate of error insertion of the RNA-dependent
RNA polymerase, HCV spontaneously mutates within a
given infected individual, resulting in related but distinct
“quasispecies[47]. The generation of these mutants appears to be one of the key mechanisms by which HCV
escape the host’s immunoresponse, maintaining persistent infection[48]. Very importantly, the replication cycle of
the HCV occurs totally in the cytoplasm and - once the
replication is stopped - the virus can be cleared from the
cells and thus the infection definitively cured[49].

VIROLOGICAL INTERACTION
From both the biological and clinical points of view, a
crucial question is whether HBV and HCV may interfere
in the life cycle of each other in cases of co-infection.
In vitro studies performed since the early 90s had clearly
demonstrated that the HCV “core” protein strongly
inhibits HBV replication[50-53]. Two subsequent reports
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Table 1 Selection of papers concerning the prevalence of hepatitis B virus/hepatitis C virus dual infection in different countries and
populations
Ref., country
Tyson et al[4], United States
Bini et al[9], United States
Siddiqui et al[10], United States
Fong et al[11], United States
Chen et al[12], China
Li et al[13], China
Tsatsralt-Od et al[14], Mongolia
Tsatsralt-Od et al[15], Mongolia
Liaw et al[16], Taiwan
Dai et al[17], Taiwan
Chan et al[18], Taiwan
Sato et al[19], Japan
Ohkawa et al[20], Japan
Saravanan et al[21], India
Chakravarti et al[22], India
Semnani et al[23], Iran
Murad et al[24], Yemen
Gaeta et al[25], Italy
Di Marco et al[26], Italy
Fattovich et al[27], Italy
Crespo et al[28], Spain
Voiculescu et al[29], Romania

Study population

Cases (n )

Co-infected individuals

Anti-HCV+
Anti-HCV+
Anti-HCV+
HBsAg+
HBsAg+
HBsAg+
Children
Chronic liver disease
HBsAg+
HBsAg+
HBsAg+
HBsAg+
HBsAg+
Chronic liver disease
Chronic liver disease
HBsAg+
Pregnant women
HBsAg+
HBsAg+
HBsAg+
HBsAg+
Subjects asking for a medical examination

102971
1257
743
148
712
193
655
207
1498
100
323
82
156
251
150
139
400
837
302
184
132
2540

1.3%
5.8%
3%
11%
14.47%
11.39%
1.2%
7.7%
12%
18%
3.4%
23%
12.8%
5.9%
16%
12.3%
0%
7%
14.2%
15%
13%
0.24%

HCV: Hepatitis C virus; HBsAg: Hepatitis B virus surface antigen.

indicated that also the HCV NS5A protein may influence
HBV activity, although they produced contrasting data in
terms of inhibition or enhancement of the HBV replication[54,55]. However, more recent studies have brought into
question the interplay between HCV and HBV, and when
the in vitro co-transfection experiments were conducted
with full-length HBV genomes and HCV replicons (thus,
not limiting the study to a single HCV protein) it was
shown that the two viruses could replicate in the same
hepatocyte without evidence of interference[56], and that
hepatocytes with replicating HBV could be infected by
HCV without superinfection exclusion[57] (as a note, the
possible co-existence of HBV and HCV in the same
hepatocytes form liver biopsy specimens has been reported)[58]. Because of several limitations, however, the
transformed-hepatocyte cell culture systems used so far
are not ideal for exploring the co-existence of the two
viruses and, consequently, the experimental data available
at present do not definitively clarify the possible interaction between them. Similarly, an in vivo model to study
the dynamic process of a possible reciprocal interference
in the replicative cycle and the production of respective
viral proteins is not yet available[59].
The HBV and HCV virological patterns have also
been investigated in quite a large number of clinical studies. Most of these studies were cross-sectional evaluation
of the viral load of the two viruses at a single time point,
showing an apparent dominant role of the HCV (high
HCV RNA and low HBV DNA levels) in the majority
of the cases. Other reports, however, suggest a reciprocal
interference or even a dominant effect of HBV[20,28,60-62],
and ethnic factors have also been proposed to influence
the dominant role of one virus on the other[63]. In the
middle of the last decade, an Italian multicenter study
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longitudinally examined a large series of HBsAg and antiHCV antibody positive patients and showed that a wide
and complex spectrum of virological profiles may occur
in cases of coinfection[64]. In fact, about one third of the
cases presented broad changes over time of the amount
of circulating HBV DNA or - less frequently - HCV
RNA, thus revealing alternate phases of activity of one
or both viruses. In this context, one should consider that
the typical anti-HBe positive chronic hepatitis B is often
characterized by phases of low levels of HBV replication interspersed with episodes of viral reactivation[65-68],
and many HBsAg/anti-HCV cases are anti-HBe positive.
Similarly, also HCV - although infrequently - may show
alternating phases of active and suppressed replication
also in cases of single infection[69-71]. In the context of
the hypothesized interaction between the two viruses and
particularly of the inhibitory effect operated by HCV on
HBV, some anecdotal reports concerning co-infected patients treated with interferon (IFN) therapy for the productive HCV infection had showed the reactivation of
the previously, apparently suppressed HBV once a favorable response to therapy had been achieved as shown by
the permanent disappearance of serum HCV RNA[72,73].
Therefore, curing the HCV infection would produce the
loss of the suppression on HBV that may reactivate[74].
However, a more recent study longitudinally evaluating
the behavior of apparently inactive HBV infection in patients under treatment for the simultaneous HCV infection showed that the inactive HBV status was maintained
independently of the HCV response to therapy in all but
two non-responder cases with persistently high HCV
viremia levels who showed HBV DNA flares during the
antiviral treatment, thus indicating a status of productive
HBV infection with fluctuating virological profiles and
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suggesting that the HBV activity can be independent of
the HCV during anti-HCV therapy[75].
Summarizing, the available information indicates
that in a considerable portion of cases with coinfection
the behaviour of each virus appears to be independent
of the contemporary presence of the other and a serial
evaluation overtime of the viral loads of both viruses is
mandatory for a correct identification of a true active (as
well as inactive) infection of one or both of them, also in
the course of antiviral treatments.
The immunology of the HBV-HCV dual infection has been evaluated in a few studies focused on
T-lymphocyte response and analyzing small numbers of
cases[76,77]. Larger studies are needed to better clarify the
complex immunological aspects of this condition.

CLINICAL ASPECTS
Dual infection with HBV and HCV is usually first identified in clinical practice by serum positivity for HBsAg
and anti-HCV, although the subsequent detection of
viral genomes (particularly of HCV RNA) is essential for
proofing the current status of productive infection. In
the majority of the cases this finding is occasional and
it is impossible to date back to the time of the coinfection. Less frequently, there is a clinical history of acute
hepatitis that could be related to three different events: (1)
simultaneous HBV and HCV infections in a subject previously unexposed to both viruses[78-81]; (2) HCV superinfection occurring in a chronic HBsAg carrier[82-84]; and
(3) HBV superinfection occurring in a chronically HCV
RNA positive patient[85-87]. Although all typical outcomes
of the acute hepatitis may be observed in each of these
three events (the acute hepatitis may result in fulminant
or subfulminant hepatitis or in chronic coinfection or in
complete recovery from one or both infections), indeed
in the majority of cases these three conditions present
substantial differences from clinical/virological points of
view. In fact, acute hepatitis in cases with simultaneous infection often has a self-limiting, benign course with complete recovery from one or both infections[78-81], whereas
the acute hepatitis due to superinfection frequently has a
severe and sometimes fatal course[82-87]. Moreover, in cases
of HCV superinfection, the pre-existing HBV - after an
initial phase of strong suppression of its activity - usually
goes back to being a productive chronic infection[87-89],
whereas in cases with HBV superinfection the HCV can
be suppressed and then cleared[85-88]. The clinical pattern
of the chronic HBV/HCV coinfection is indistinguishable from that of a chronic monoinfection. The liver
histology from these patients does not show any peculiar
characteristic but the coexistence of the typical features
of HBV or HCV mono-infection such as lymphoid follicles or ground-glass hepatocytes[90]. Moreover, studies
comparing the histological degree of liver damage between co-infected and mono-infected patients produced
conflicting results since some of them did not observe
any difference [90,91] whereas others reported a higher

WJG|www.wjgnet.com

necroinflammatory activity and fibrosis progression in
cases with coinfection[61,92-94].
Much evidence indicates that HBV/HCV coinfection
has a more severe evolution in the long term compared
to HBV or HCV monoinfection. Indeed, several crosssectional studies found that coinfection is associated
with a higher prevalence of liver cirrhosis and hepatic
decompensation as compared with HBV or HCV monoinfection[11,27-28,61,95,96]. Moreover, co-infection has been
associated with increased risk of progression of the liver
fibrosis and the establishment of cirrhosis[96-98] and is an
independent predictor of HCC development[96,99-103]. In
this context, however, it has to be mentioned that various
meta analysis performed over time have produced contrasting results concerning the risk of HCC occurrence
in the HBV/HCV coinfected population[96,97]. In this
context, it has to be stressed that dually infected patients
are an extremely heterogeneous population and most of
the clinical studies performed so far did not examine the
differences among patients, either those concerning the
viruses (i.e., viral genotypes, main HBV genomic mutations, activity status of one or both viruses, etc.) or those
regarding the host factors (i.e., presence of metabolic
syndrome, diabetes, alcohol intake, etc.)[99].

THERAPY
Despite the evident clinical importance of the chronic
HBV/HCV coinfection, the therapeutic studies focused
on these patients are still limited in number and often
also in methodological quality. Consequently, solid evidence and clear guidelines for treatment of this special
population are still lacking. Nevertheless, some aspects
of primary importance for making proper therapeutic
decisions have been identified. In fact, it is well established that the virological profiles must be defined in
each individual patient before starting any treatment to
verify whether one or both infections are active and thus
to identify the agent(s) likely responsible for the liver
damage and against which antiviral treatment should
be addressed[98]. This careful evaluation may allow the
identification of several different clinical/virological
conditions that may require particular therapeutic approaches[98,101]. Obviously, HBsAg/anti-HCV patients
found to be persistently HCV RNA negative (indeed, a
minority of the cases) must be considered as HBV mono-infected individuals, thus treated or not treated with
anti-HBV therapy on the basis of the active or inactive
status of the HBV infection. Similarly, HCV RNA positive patients with inactive HBV infection must be treated
like HCV mono-infected individuals. The therapeutic approach to patients with double active infection is much
more difficult, and indeed this important event has been
understudied so far[102]. For many years these individuals
were considered a difficult to cure category of patients
since the first studies based on traditional IFN therapy
demonstrated very low chances of HCV eradication
whereas the HBV infection status has been taken into

14562

October 28, 2014|Volume 20|Issue 40|

Caccamo G et al . HBV and HCV co-infection
Table 2 Differences in relevant studies concerning the pegylated inteferon + ribavirin treatment of patients with hepatitis B virus/
hepatitis C virus dual infection

Ref., country

Type of study

Senturk et al[109],
Turkey

Retrospective,
single center
Prospective,
multicenter,
pilot study
Prospective,
multicenter
Prospective,
single center
Retrospective,
single center

Pothoff et al[110],
Germany
Liu et al[111],
Taiwan
Viganò et al[112],
Italy
Yu et al[113],
China

HBV DNA detect- HBV DNA disappear- HBV DNA reappearance after therapy
ance after therapy
able at baseline
(n )
(n )
(n )

Severe
CH or
cirrhosis

HCV
genotype
1b

HCV RNA
SVR

Anti-HBe
positive

36

13.9%

100%

5%-6%

100%

0

Not reported

Not reported

19

10.5%

52%

93%

94.7%

6

2

4

161

40.4%

60%

72.2%-82.8%

100%

81

471

28

223

50%

50%

41%

100%

3

22

4

50

10%

60%

54%

88%

4

4

11

n

18 hepatitis B virus surface antigen (HBsAg) seroclearance; 22 HBsAg seroclearance; 36 cases with undetectable hepatitis B virus (HBV) DNA at baseline
serocleared HBsAg after treatment. CH: Chronic hepatitis; SVR: Sustained virological response; HCV: Hepatitis C virus.
1

account very little[103-105]. However, more recent studies
[despite their heterogeneity in terms of study populations and parameters evaluated (Table 2)] clearly showed
that the combination of pegylated inteferon (PEGIFN) and ribavirine (RBV) has the same possibilities to
be effective in coinfected than in HCV monoinfected
individuals[106-110]. In fact, the PEG-IFN plus RBV therapeutic schedules for the HCV treatment are at present
identical in cases with coinfection and monoinfection (of
note, there are no data concerning the use of anti-HCV
direct antiviral agents in this special population). In this
context, one should consider that PEG-IFN may also
have an effect on the HBV. In fact there is evidence of
an increased possibility of HBsAg loss and HBeAg seroconversion during or off-treatment with PEG-IFN and
RBV in coinfected patients[111-113]. The beneficial effects
of treatment appears to be stable up to five years, and
patients who responded to the treatment for the HCV
infection appear to have a high rate of HBsAg seroclearance and a low recurrence rate of HCV infection in
the long term[114]. Nevertheless, in the large majority of
cases the HBV status is not modified by the anti-HCV
therapy, and this might explain the data from a recent
metanalysis showing that coinfected patients successfully
treated for HCV infection had a lower rate of end of
follow-up serum ALT normalization than monoinfected
patients[115]. In this context and also considering what is
reported in the above section “Virological Interactions”,
the possible fluctuating profile of the HBV DNA levels
also during the anti-HCV therapy should be taken into
account. In fact, these cases (as well as, of course, those
with persistently high levels of HBV viremia) must be
considered for treatment with a nucleot(s)ide analogue
(NA) to suppress the HBV replication and block the
HBV-induced liver injury, independently of a positive or
negative response to the anti-HCV treatment[98,101]. However, no data are available and - very importantly - no
trial has been performed using a triple therapy (PEG-IFN
+ RBV + NA) for the treatment of the coinfection.

WJG|www.wjgnet.com

CONCLUSION
In conclusion, HBV/HCV dual infection is a complex
clinical/virological entity. This co-infection appears to be
associated with the most severe forms of chronic liver
disease and it is an important risk factor for hepatocellular carcinoma development. Different, often dynamic virological profiles may be observed that are strictly related
with the activity of one or both the viruses overtime.
Thus, a careful longitudinal evaluation of the HBV and
HCV viremia levels is mandatory for a correct diagnosis
and proper therapeutic approach.
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Abstract
The goal of this review is to provide a comprehensive
picture of the role, clinical applications and future perspectives of the most widely used non-invasive techniques for the evaluation of hepatitis B virus (HBV)
infection. During the past decade many non-invasive
methods have been developed to reduce the need
for liver biopsy in staging fibrosis and to overcome
whenever possible its limitations, mainly: invasiveness,
costs, low reproducibility, poor acceptance by patients.
Elastographic techniques conceived to assess liver stiffness, in particular transient elastography, and the most
commonly used biological markers will be assessed
against their respective role and limitations in staging
hepatic fibrosis. Recent evidence highlights that both
liver stiffness and some bio-chemical markers correlate
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with survival and major clinical end-points such as liver
decompensation, development of hepatocellular carcinoma and portal hypertension. Thus the non-invasive
techniques here discussed can play a major role in
the management of patients with chronic HBV-related
hepatitis. Given their prognostic value, transient elastography and some bio-chemical markers can be used
to better categorize patients with advanced fibrosis and
cirrhosis and assign them to different classes of risk for
clinically relevant outcomes. Very recent data indicates
that the combined measurements of liver and spleen
stiffness enable the reliable prediction of portal hypertension and esophageal varices development.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver fibrosis; Cirrhosis; Hepatitis B virus;
Transient elastography; Non invasive markers
Core tip: Several non-invasive techniques for the assessment of liver disease severity, including transient
elastography and serological markers, have been developed to overcome the limitations and invasivity of liver
biopsy. The application of these techniques in the setting of hepatitis B viral disease for both the assessment
of liver fibrosis and the prediction of liver-related complications can lead to improved patient management.
Branchi F, Conti CB, Baccarin A, Lampertico P, Conte D,
Fraquelli M. Non-invasive assessment of liver fibrosis in chronic
hepatitis B. World J Gastroenterol 2014; 20(40): 14568-14580
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i40/14568.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i40.14568

INTRODUCTION
Hepatitis B virus (HBV) infection is a major global health
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problem with over 240 million people chronically infected worldwide[1]. The spectrum of the disease and the history of chronic HBV infection are various and variable,
ranging from inactive carrier state to progressive chronic
hepatitis B (CHB), which can evolve to cirrhosis in up to
20% of the cases, with hepatic insufficiency and portal
hypertension being the most serious consequences[2].
Chronically infected subjects also have a 100 times higher
risk of hepatocellular carcinoma than non-carriers[3]. The
prognosis and management of chronic liver diseases,
especially HBV-related chronic hepatitis, strongly depend
on the degree of liver fibrosis.
Even if liver biopsy is still considered the reference
standard for the staging of hepatic fibrosis, it is an invasive painful procedure. Its diagnostic accuracy decreases
because of sampling errors and a significant rate of intraand inter-observer variability too, this latter leading to
the over- or under-staging of fibrosis even in adequately
sized specimens, thus yielding false-negative results in up
to 30% of cases[4,5].
Therefore, the growing need for alternative approaches to the assessment of liver disease severity has driven
the development of several non-invasive methods in order to overcome the limitations of liver biopsy.
This review will focus on the role of non-invasive
instrumental techniques -mainly ultra-sound elastography
techniques and serum markers - in the diagnosis and assessment of liver disease severity in the complex setting
of CHB. CHB shows some peculiarities against other
chronic liver diseases, such as its profile of necroinflammation flares, its higher expression as macro-nodular
cirrhosis and the natural history of hepatocellular carcinoma (HCC) development in this setting.

ULTRASOUND ELASTOGRAPHIC
TECHNIQUES
Transient elastography
Transient elastography (TE) (Fibroscan®-Echosens, Paris,
France) is a non-invasive technique developed in 2003. It
was conceived to indirectly assess liver fibrosis by measuring liver stiffness (LS)[6]. It is performed with an ultrasound transducer probe mounted on the axis of a vibrator that produces vibrations of mild amplitude and low
frequency. This induces an elastic shear wave that propagates through the underlying liver tissues. The velocity of
the shear wave is directly related to tissue stiffness: the
harder the tissue, the faster the shear wave propagates.
TE explores a volume of liver parenchyma which is approximately 1/500 of the total liver mass, at least 100
times bigger and far more representative than a biopsy
sample. The examination is painless, rapid, user-friendly
and easy to perform at the bedside or in the outpatient
clinic[7]. It is worth stressing though that the clinical interpretation of TE results should always be carried out
by an expert clinician, aware of patient demographics,
disease aetiology and routine laboratory parameters[7]. In
fact, an Italian core group study has recently highlighted
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the need for a very careful quality control in order to better apply TE to clinical practice, with special attention to
a patient’s conditions and to the success rate of the stiffness measures. That study has also recommended the use
of a detailed report form for routine TE results[8].
Reproducibility of TE
TE has been demonstrated to be a highly reproducible
technique in terms of inter- and intra-observer agreement with intra-class correlation coefficients of 0.98[9].
Limitations of TE
Absolute contra-indications to TE examination are pregnancy and the presence of implantable devices, such as
pacemakers or defibrillators. Liver stiffness measurement
(LSM) can be difficult or even impossible in obese patients or in those people with narrow intercostal space
or ascites[6]. Several studies in this field have reported
failure rates ranging from 2.4% to 9.4%[6,9-16]. Foucher
et al[16] reported that the only factor associated to failure
was a body mass index above 28 (odds ratio 10.0; 95%CI:
5.7-17.9, P = 0.001). Further experience has allowed to
indicate that, rather than the body mass index, a limiting
factor for the success rate may be a fatty thoracic belt[7].
In fact, in over-weight or obese patients the fatty thoracic
belt seems responsible for the attenuation of both elastic
waves and ultra-sound, making LSM impossible. Dedicated probes and new algorithms based on the attenuation
of both ultra-sonic and shear waves have been proposed
with some benefits on TE accuracy[10,17].
Normal values of liver stiffness
Some studies examined LS values in apparently healthy
subjects[18,19] leading to comparable results. In fact, the
mean LS values reported by these studies were superimposable and ranged from 4.8 to 6.9 kilopascal (kPa). In
addition, LS values were not influenced by age but higher
values were reported in men as compared to women and
in the presence of steatosis or features of the metabolic
syndrome[18,20].
TE in inactive HBV carriers
Inactive HBV carriers are defined as hepatitis B e antigen
(HBeAg) negative chronic HBV carriers with normal
alanine aminotransferase (ALT) and HBV-DNA persistently at < 2000 international units/mL. Some studies
have assessed LS values in inactive HBV carriers showing results superimposable to those of healthy subjects.
Oliveri et al[21] measured the LS value in 68 inactive HBV
carriers. The mean stiffness value was 5.0 ± 1.8 kPa, with
a significant difference between subjects with abnormal
ALT and steatohepatitis or steatosis at histology (n = 17,
6.9 ± 2.3 kPa), and subjects with normal ALT and without dysmetabolic profile (n = 57, 4.3 ± 1.0 kPa). Similar
results have also been obtained by Maimone et al[22] who
focused on the usefulness of TE in the discrimination
between HBeAg-negative disease and inactive HBeAgnegative carriers. TE was performed in 220 subjects, of
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Table 1 Transient elastography performance for the diagnosis of significant fibrosis (F
Ref.
[21]

Oliveri et al
Marcellin et al[89]
Chan et al[34]
Degos et al[90]
Viganò et al[25]
Verveer et al[27]
Cardoso et al[26]

≥

2) in chronic hepatitis B
-

Patients (n )

Cut-off (kPa)

Sn

Sp

LR

188
173
161
284
217
241
202

7.5
7.2
8.4
5.2
8.7
6.0
7.2

93%
70%
84%
89%
64%
74%

88%
83%
76%
38%
92%
88%

0.07
0.36
0.20
0.28
0.40
0.30

LR

+

8.2
2.6
3.5
1.4
7.5
6.2

AUROC (95%CI)
0.96 (0.94-0.99)
0.81 (0.73-0.86)
0.87 (0.82-0.93)
0.85
0.86

Sn: Sensitivity; Sp: Specificity; LR-: Negative likelihood ratio; LR+: Positive likelihood ratio; AUROC: Area under receiver operating characteristic.

Table 2 Transient elastography performance for the diagnosis of cirrhosis (F4) in chronic hepatitis B
Ref.

-

Patients (n )

Cut-off (kPa)

Sn

Sp

LR

188
173
161
217
202

11.8
11.0
13.4
9.4
11.0

93%
70%
79%
100%
75%

88%
83%
92%
82%
90%

0.07
0.36
0.20
0.01
0.20

[21]

Oliveri et al
Marcellin et al[89]
Chan et al[34]
Viganò et al[25]
Cardoso et al[26]

LR

+

8.2
7.1
9.8
5.5
7.3

AUROC (95%CI)
0.97 (0.95-0.99)
0.93 (0.82-0.98)
0.93 (0.89-0.97)
0.93

Sn: Sensitivity; Sp: Specificity; LR-: Negative likelihood ratio; LR+: Positive likelihood ratio; AUROC: Area under receiver operating characteristic.

whom 125 inactive carriers. LS values resulted significantly lower in the inactive carriers group than in the chronic
disease group, with the inactive carriers showing a mean
LS value of 4.8 ± 1.2 kPa and a median value of 4.7 kPa
(range: 2.4-7.9 kPa).
Castéra et al[23] evaluated 201 inactive HBV carriers
by means of TE, obtaining LS values (median 4.8 kPa vs
6.8 kPa, P < 0.0001) significantly lower than in 128 CHB
patients, without differences related to HBV DNA levels.
Among them, 82 inactive carriers could be evaluated with
repeated TE within a median of 21.7 mo (range: 3.3-49.1
mo), showing no significant variation in LS values over
time [median intra-patient changes at the end of followup -0.2 kPa, range: (-1.2)-(+0.7), P = 0.12], pointing to
TE as a reliable tool for the follow-up of inactive HBV
carriers and for a better selection of patients requiring
liver biopsy.
In a recent study[24] performed on a cohort of 361
HBeAg negative HBV carriers who underwent TE at
baseline and 3 years later, liver fibrosis progression which was arbitrarily defined as “an increase in LS by
at least 30% to a value suggestive of advanced fibrosis”
according to internal diagnostic algorithms - appeared to
be rare among patients with a HBV DNA level < 20000
UI/mL (2.8%) and extremely rare in inactive HBV carriers (0.8%)[24].
Role of TE in chronic hepatitis B
In CHB the assessment of the extent of fibrosis is crucially important to take appropriate therapeutic decisions
on whether to start antiviral treatment or to evaluate
the need for HCC surveillance. Because of the complex
natural history of CHB, which frequently displays fluctuating patterns in term of necroinflammation, differences
evidently exist between CHB and other chronic liver diseases such as chronic hepatitis C (CHC). Several studies
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have analysed the diagnostic accuracy of TE in predicting
the stage of fibrosis in CHB patients: the main results are
summarized in Table 1. For the purpose of diagnosing
significant fibrosis (i.e., F ≥ 2 or S ≥ 3) the LS cut-off
used ranged from 5.2 to 8.7 kPa. The sensitivity estimates ranged from 70% to 93% and specificity estimates
from 38% to 92%. Corresponding positive and negative
likelihood ratios (LR+ and LR-) ranged from 1.4 to 8.2
and from 0.07 to 0.40, respectively. For the purpose of
diagnosing liver cirrhosis, the proposed LS cut-off values
varied from 10.3 to 13.4 kPa with sensitivity estimates
ranging from 59% to 100% and specificity from 79% to
94% and corresponding LR+ and LR- from 0.07 to 0.3
and from 2.0 to 9.9 respectively, as shown in Table 2.
These wide variations in diagnostic accuracy estimates
among the studies available in the literature can be related
to differences in the spectrum of the population analysed
and in the prevalence of the disease and particularly to
the different LS cut-off values used. In fact, the main
limitation to the use of the technique in clinical practice
is the definition of LS cut-off values that help reliably
classify patients in a given fibrosis stage: it is widely
known that a substantial degree of overlap exists among
patient groups of adjacent fibrosis stages. Usually, the
cut-off value is derived from the receiver operating characteristics (ROC) curve and it is the one optimizing both
sensitivity and specificity. An available different approach
is about choosing two different cut-offs, one that maximizes sensitivity to exclude the diagnosis and the other
that maximizes specificity for a confirmation strategy.
Viganò et al[25] validated an algorithm with two distinct
cut-offs for the positive and negative prediction of significant fibrosis and cirrhosis in treatment-naïve patients
with CHB. Patients were examined by percutaneous liver
biopsy and TE: a > 13.1 kPa positive and a ≤ 9.4 kPa
negative cut-off for cirrhosis had a > 90% sensitivity and
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specificity, with an overall accuracy prediction of 94%,
independent of alanine aminotransferase values.
Only a few studies have carried out direct comparisons between CHB and CHC patients. Both Cardoso
et al[26] and Verveer et al[27] have assessed - in a crosssectional study - treatment-naive patients with CHB or
CHC who underwent TE measurement and liver biopsy,
showing that the overall TE diagnostic performance was
similar in the two patient groups. In the meta-analysis by
Tsochatzis et al[28] the reported LS cut-offs were globally
lower in CHB as compared to CHC group (on average 7.0
vs 7.6 for F ≥ 2, 8.2 vs 10.9 for F ≥ 3 and 11.3 vs 15.3
for F4). The authors have suggested that a possible logical explanation for this finding is that fibrosis septa are
usually thinner in CHB patients than in those with CHC.
In addition, because CHB tends to result in cirrhosis
with larger nodules, i.e., macro-nodular cirrhosis, than
CHC does, TE waves are more likely to pass the normal
liver parenchyma between fibrotic bands leading to lower
stiffness values.
TE and possible confounders - the role of
necroinflammation in HBV
Liver stiffness is a physical parameter primarily related
to fibrosis, but it can also be influenced by other factors
that modify liver elasticity, such as inflammatory infiltrate
variations[15], oedema, vascular congestion[29], cholestasis[30] and, even if still controversial, hepatic steatosis[31].
Some earlier reports have suggested the influence of steatosis on LS be negligible but this association has possibly been attenuated by the low prevalence of steatosis[32].
Data from literature seems to show a poorer association
between steatosis and CHB than between steatosis and
CHC, with lower LS values and corresponding cut-offs in
CHB. By contrast, liver inflammation clearly contributes
to LS and may be more pronounced in CHB patients,
especially during a hepatitis flare or viral reactivation. In
their prospective study Verveer et al[27] confirmed that
necroinflammation may induce higher LS values in both
CHC and CHB. A demonstration that the presence of
elevated ALT levels can increase LS values descends
from the evidence that after the introduction of an antiviral therapy there is a rapid decrease of LS in parallel
with ALT normalization[33]. A question remains unsolved
about whether ALT levels, which frequently fluctuate in
CHB, should be taken into consideration to adapt the
cut-offs used for LS categorization: Chan et al[34] have
proposed an algorithm which uses higher cut-offs in
patients with elevated ALT levels, to avoid the overestimation of fibrosis because of the inflammation. Interestingly, adapting cut-offs on ALT did not improve the
overall percentage of patients correctly classified. From
all these data one can possibly conclude that, since LS is
the consequence of multiple intra-hepatic events, including steatosis and inflammation, it will never be a perfect
marker of fibrosis by itself, especially in the context of
CHB but it can more usefully used as an overall marker
of hepatic “well-being”.
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In a study by our own group[31], we have made a
comprehensive evaluation of the factors that would account for any discrepancies in diagnostic accuracy between TE and the standard-of-care liver biopsy in CHB
as compared to CHC patients. The results of the study
evidenced that fibrosis stage and liver cell necroinflammatory activity were independently associated with TE
results in both HBV and HCV patients, whereas steatosis
was independently associated with TE only in HCV. Fibrosis over-estimation was predicted by severe/moderate necroinflammatory activity in HBV and by older age
(41-60 years or > 60 years vs < 40 years), > 2 upper limit
of normal (UNL) AST and > 2 UNL GGT, as well as
severe/moderate necroinflammatory activity and severe/
moderate steatosis in HCV.
Liver stiffness and the complications of liver cirrhosis
Patients with cirrhosis need strict follow-up for the surveillance of hepatic decompensation, portal hypertension
and its complications and the early detection of HCC.
Hepatic vein pressure gradient (HVPG) and upper gastro-intestinal endoscopy are the current reference standards in the assessment of portal hypertension, both techniques being expensive and invasive. Several groups have
tried to develop non-invasive methods to stage the grade
of portal hypertension and possibly predict its complications. Literature data suggest TE be a simple and reliable
method to use in every-day clinical practice[35].
Portal hypertension and the presence of varices
TE has showed a good correlation with HVPG in different studies[36-40]. The main objectives on which the studies
focused have been the detection of clinically significant
portal hypertension and the presence of esophageal
varices (EV): in CHC and other aetiology settings, TE
accuracy seems to be satisfactory in predicting significant
portal hypertention whereas its diagnostic performance
in predicting the presence and severity of EV is lower
and often sub-optimal.
In HBV settings some groups, mainly from Asia, have
tried to assess the role of liver stiffness measurement
by TE in predicting the presence of varices in cirrhotic
patients, especially high-grade EV. Data are summarized
in Table 3. Chen et al[41] performed both TE and upper
endoscopy in 238 HBV cirrhotic patients. As TE alone
could not predict EV with satisfactory efficiency (area under receiver operating characteristic curve, AUROC 0.73,
95%CI: 0.66-0.80), they tried to create a novel algorithm
to improve the performance: USLS, an ultrasonic score
calculated on the morphologic parameters reflecting
hepatic fibrosis progression. The AUROC comparison
thus showed an improved performance in predicting the
presence of high-grade EV in the sub-group of patients
with ALT > 5 ULN (0.85, 95%CI: 0.76-0.94). Kim et al[42]
enrolled and evaluated 401 consecutive CHB patients,
developing a prediction model to detect high-grade EV
by means of combining LS, spleen diameter and platelet
count, showing a good overall accuracy (AUROC 0.953).
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Table 3 Transient elastography performance for the detection of portal hypertension and esophageal varices in various settings
including chronic hepatitis B
Ref.

Prevalence

Bureau et al[91]
Robic et al[38]
Kazemi et al[40]
Bureau et al[91]
Nguyen-Khac et al[92]
Kim et al[42]
Sporea et al[39]
Chen et al[41]
Wang et al[93]

Significant PH
51%
51%
EV
41%

Aetiology

Patients (n )

Mixed
Mixed

150
100

21.0
21.1

Mixed

165

Mixed

150

Mixed
HBV
Mixed
HBV
HBV

183
280
1000
222
126

13.9
19
21.1
29.3
48
5.53
31
17.1
12
21

Cut off (kPa)

Sn

-

LR

+

Sp

LR

AUROC

90%
100%

93%
65%

0.10
0.00

12.8
2.8

0.94 (0.90-0.98)
0.84 (0.76-0.82)

95%
91%
84%
81%
73%
94%
83%
90%
67%
77%

43%
60%
71%
61%
73%
94%
62%
44%
77%
87%

0.13
0.14
0.22
0.31
0.37
0.06
0.27
0.22
0.43
0.27

1.7
2.3
2.9
2.1
2.7
15.7
2.2
1.6
2.89
5.79

0.83 (0.78-0.90)
0.84 (0.76-0.89)
0.85 (0.77-0.82)
0.76 (0.67-0.85)
0.76 (0.69-0.82)
0.95 (0.93-0.97)
0.78
0.73 (0.66-0.80)
0.73 (0.65-0.80)
0.86 (0.79-0.91)

1

72%
48%2
22%
32%2
35%2
80%2
38%
10%2

1

Hepatic vein pressure gradient > 12 mmHg; 2Large/high risk esophageal varices; 3LSPS. Sn: Sensitivity; Sp: Specificity; LR-: Negative likelihood ratio; LR+:
Positive likelihood ratio; AUROC: Area under receiver operating characteristic; HBV: Hepatitis B virus.

The same group[43] assessed the cumulative risk of future
EV bleeding in 577 consecutive HBV cirrhosis patients
without history of EV bleeding. The combination of LS,
spleen diameter and platelet count was useful in identifying a sub-group of patients at significantly higher risk of
bleeding among the patients with so-defined high-risk
EV (P < 0.001).
Hepatocellular carcinoma and hepatic decompensation
LS has been evaluated also as a possible predictor of the
development of HCC. Several groups assessed this aspect, mainly in CHC settings, showing a good correlation
between high basal values of LS and the increased risk of
HCC development during follow-up[44-46].
In HBV settings Chon et al[47] compared the accuracy
of several non-invasive liver fibrosis panels [age-spleenplatelet ratio index, LS, SSM; LS-spleen diameter-platelet
ratio index (LSPI), P2/MS, and fibrosis score 4 (FIB-4)]
in predicting the development of HCC or hepatic decompensation - defined as variceal bleeding, ascites, hepatic encephalopathy, spontaneous bacterial peritonitis,
or hepatorenal syndrome - in a large cohort of CHB
patients (n = 1126). During a median follow-up of 30.7
mo the accuracy of LS values and LSPI in predicting the
development of HCC or hepatic decompensation was
higher than that of other parameters, although with a
relatively low predictive capacity (AUROC = 0.789 and
0.788 vs 0.729, 0.756, 0.696, 0.744 for HCC development;
AUROC = 0.820 and 0.848 vs 0.787, 0.799, 0.812, 0.784
for hepatic decompensation). By multivariate analysis including demographic and laboratory data, LS was found
to be an independent predictor of HCC development (HR
1.040; 95%CI: 0.012-1.070, P = 0.006) together with age,
male gender, and HBeAg positivity. Both LS (HR 1.033
95%CI: 1.007-1.060, P = 0.013) and LSPI (HR 1.002;
95%CI: 1.001-1.004, P = 0.003) were independent predictors of hepatic decompensation.
In a separate study[48] 128 patients with CHB underwent TE and liver biopsy before starting nucleot(s)ide
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analogues (38.3% lamivudine, 61.7% entecavir); all the
patients were viremics (HBV DNA > 2000 IU/mL) with
histological fibrosis ≥ F3. All the patients were followed
up regularly to detect decompensation (variceal bleeding,
ascites, hepatic encephalopathy, spontaneous bacterial
peritonitis, hepatorenal syndrome) and HCC. During a
median follow-up period of 27.8 mo, 19 patients developed major events (14.8% of all patients): hepatic decompensation (n = 5), HCC (n = 13) and both conditions
(n = 1). Serum albumin, prothrombin time, and platelet
count were significantly higher in those patients without
liver related events; AFP, and LSM values were significantly higher among those who developed liver-related
events. Multivariate analysis including demographic data,
laboratory tests, liver biopsy data, type of antiviral treatment and HBV DNA levels after treatment initiation,
identified LS as the only independent predictor of liver
related events (HR 1.038; 95%CI: 1.002-1.081, P = 0.044),
especially for patients with LS ≥ 19 kPa (HR 7.176;
95%CI: 2.257-22.812, P = 0.001).
Finally, also the large study by Jung et al[49] assessed the
new role of TE in predicting the risk of HCC development in 1130 patients with CHB. Between May 2005 and
December 2007, 672 (59.5%) patients were treated with
antiviral drugs before or after enrolment. All 1130 patients underwent LSM with a median value of 7.7 kPa and
then attended regular follow-up for HCC surveillance.
During a median period of 30.7 mo (range: 24.0-50.9
mo), 57 patients developed HCC with cumulative incidence rates of HCC development in the first, second
and third year of 0.80%, 3.26%, and 5.98%, respectively.
The data collected showed that the patients with higher
LS value (> 8 kPa) were at a significantly greater risk of
HCC development: HR were: 3.07 (95%CI: 1.01-9.31, P
= 0.047) for LS 8.1-13 kPa, 4.68 (95%CI: 1.40-15.64, P =
0.012) for LS 13.1-18 kPa, 5.55 (95%CI: 1.53-20.04, P =
0.009) for LS 18.1-23 kPa and 6.60 (95%CI: 1.83-23.84, P
= 0.004) for LS > 23 kPa, encouraging the regular use of
TE in clinical practice to stratify the risk of development
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of HCC also in the HBV subset.
Liver stiffness and survival in chronic HBV
Some studies in HCV settings[38,50] have recently showed
that TE as well as other non-invasive tests can predict
clinically relevant outcomes, including survival, even better than liver biopsy[50].
In HBV setting de Lédinghen et al[51] first investigated
the prognostic role for liver fibrosis of TE and other
non-invasive tests (FibroTest, APRI, FIB-4) as compared
to liver biopsy. The Authors assessed the 5-year overall
survival in a consecutive cohort of 600 patients with
CHB (inactive carriers 36%, n = 209). After a 5 years
long observation period they had 25 deaths of which 13
for liver-related factors and four patients underwent OLT.
Among inactive carriers no liver-related deaths were observed. Survival without liver-related death was 96.3%,
overall survival 94.1%, and it resulted significantly low in
patients with severe fibrosis, detected by both non-invasive method (P < 0.0001) and liver biopsy (P = 0.02). At
year 5, 97.1% of patients with a LSM < 9 kPa was alive
vs 38.5% of patients with a LSM > 20 kPa. In the multivariate analysis, FibroTest and LS were both independent
predictors of survival: LS showed a HR of 6.8 (1.6-28.7),
P < 0.001 with a prognostic AUROC of 0.80 (0.70-0.87).
TE and HBV: Monitoring treatment response
HBV-related liver cirrhosis is a complex clinical field, in
which recent clinical trials have suggested that CHB treatment may lead to cirrhosis improvement. A recent study
was performed on CHB patients with advanced fibrosis
or cirrhosis prior to treatment with nucleoside/nucleotide
analogue for at least one year; they underwent LS measurement by means of TE at follow-up[52]. LS cut-off levels for diagnosing fibrosis stage F2, F3 and F4 were ≥ 7.2
kPa, ≥ 8.1, and ≥ 11.0 kPa, respectively. Eighty percent
of the patients had cirrhosis and 20% advanced fibrosis
(F3) prior to treatment. The median treatment duration
was 50.5 mo. Among the patients with cirrhosis prior to
treatment, 26 (49%) had LS below 11.0 kPa at follow-up,
suggesting cirrhosis regression. Among the patients with
advanced fibrosis (F3) prior to treatment, 10 (77%) had
LS below 8.1 kPa after treatment, suggesting fibrosis improvement.
Other elastographic techniques for the assessment of
liver stiffness
Acoustic radiation force impulse: Acoustic radiation
force impulse (ARFI) quantification (Virtual Touch™
Siemens ACUSON S2000™, Siemens Medical Solution,
Mountain View, CA, United States; ElastoQ Philips iU22,
Philips, Bothell, United States) is obtained by means of
short-duration acoustic pulses around 2.6 mHz. The
pulses induce the compression of the tissue and consequently the development of shear waves that propagate
at a certain velocity proportional to tissue stiffness; the
propagation velocity of the shear wave is detected by the
ultrasound probe and is displayed on the screen. Basically,
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the speed of the shear wave propagation correlates with
the stiffness of the tissue and thus with the severity of
liver fibrosis in the context of liver disease[53]. The advantage of this technique is that ARFI can be included in the
standard B-mode liver ultra-sound equipment, becoming
an easy immediate complement to abdominal ultra-sound
examination.
Data on several patients with chronic liver disease of
different aetiology show that ARFI quantification has a
good performance for liver fibrosis staging with slightly
better results with regard to the assessment of severe fibrosis (AUROC 0.91) and cirrhosis (AUROC 0.93) than
for significant fibrosis, coherently with the results of TE.
Proposed optimal cut-offs are 1.34 m/s for the diagnosis
of significant fibrosis, 1.55 m/s for severe fibrosis and
1.8 m/s for cirrhosis[54]. A recent study assessed ARFI in
114 CHB patients undergoing liver biopsy and showed a
significant correlation between ARFI quantification and
histological fibrosis stage. The overall diagnostic accuracy
expressed as areas under ROC curves for ARFI imaging
was 0.75 for the diagnosis of significant fibrosis (F ≥
2), 0.93 for severe fibrosis (F ≥ 3) and 0.97 for cirrhosis,
without any significant difference between ARFI and TE
performed in 92 out of 114 patients, thus confirming the
reliability of this technique also in the HBV setting[55]. To
our knowledge, there is still a lack of data to support the
prognostic value of ARFI quantification of LS in terms
of prediction of mortality or liver-related complications,
especially in chronic HBV settings.

OTHER INSTRUMENTAL TECHNIQUES
Magnetic resonance elastography
Magnetic resonance elastography (MRE) is a MRI-based
technique which has been extensively evaluated and demonstrated as an accurate predictor of liver fibrosis with
very high diagnostic performances[56-60].
Most of the studies were performed in populations
with chronic liver disease of various aetiologies, such as
CHC and alcohol-related cirrhosis and NASH. One study
by Venkatesh et al[61] assessed the performance of MRE
in 63 CHB patients, showing a good performance in the
diagnosis of significant fibrosis (AUROC 0.99), and cirrhosis (AUROC 0.98).
Spleen stiffness measurement
Very recently a further promising use of TE has been
found to be the measurement of spleen stiffness (SS) in
assessing liver disease severity in CLD patients, considering the well-known role of splenomegaly as an indicator
of cirrhosis, related to portal hypertension and splenic
congestion in increased vascular resistance, leading to
fibrosis of the spleen. In the last four years many studies
have focused on this application of TE or ARFI elastography in clinical practice[62-64]. In CHC settings the correlation of SS with fibrosis stage has been assessed, showing
a good correlation between SS values > 60 kPa and the
presence of cirrhosis[63]. PH and varices presence have
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relation (ρ = 0.65; P < 0.001) was found between SS and
the varices grade, promising an important role of this
technique also in HVB related cirrhosis, although further
studies are required.

Table 4 Major biochemical markers evaluated in chronic
hepatitis B setting
Serum panel
Fibrotest
APRI
FIB-4
Forn’s
GUCI
Hui’s

Parameters
Haptoglobin, a2macroglobulin, apolipoprotein-A1, gGT,
total bilirubin, gammaglobulin
AST, platelets
Age, AST, ALT, platelets
Age, platelets, gGT, cholesterol
AST, INR, platelets
Body mass index, platelets, albumin and bilirubin

BIO-CHEMICAL MARKERS

gGT: Gammaglutamyltranspeptidase; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferaese; INR: Intrnational normalised ratio;
APRI: AST to platelet ratio index; FIB-4: Fibrosis score 4.

also been evaluated in this setting, showing a significant
correlation between HVPG values and both LS and SS
and an association between SS values and EV presence.
Data from our group[62] suggest a good inter-observer
agreement for SS measurement in chronic hepatitis settings and a positive correlation between SS, as well as LS,
and EV presence, thus suggesting that the combined use
of the two parameters can reliably predict the presence
of varices and be useful in assessing liver disease severity.
Spleen stiffness in HBV setting
Most studies on SS assessment have been conducted in
HCV settings, but the interest in its role for HBV positive
patients is increasing. The main studies conducted in this
population have measured SS using ARFI technology.
In fact, preliminary results indicated that the ARFI
measurement of SS can be used as a non-invasive tool to
rule out cirrhosis (AUROC = 0.91, accuracy = 87.1%)
and to predict the presence of EV[65-67].
Chen et al[68] evaluated the diagnostic role of SS measurement, using ARFI technology, for liver fibrosis assessment in patients with CHB (n = 61) or C (n = 102), performing also LSM and percutaneous liver biopsy. Intraobserver correlations coefficients (ICC) were evaluated:
ICC for LSM and SSM were 0.993 (95%CI: 0.981-0.997,
P < 0.001) and 0.834 (95%CI: 0.627-0.931, P < 0.001),
respectively. Using the METAVIR fibrosis scoring system, 138 patients were scored as F1-F3 (47 HBV+, 91
HCV+): 62 F1, 56 F2, 20 F3 and 25 as F4 (14 HBV+ and
11 HCV+). A significant correlation was obtained between LSM and SSM (r2 = 0.574, P < 0.0001); AUROC
0.839 (95%CI: 0.780-0.898) for METAVIR F1 vs F2-4,
0.936 (95%CI: 0.898-0.975) for F1-2 vs F3-4 and 0.932
(95%CI: 0.893-0.971) for F1-3 vs F4, all P < 0.001.
Considering the role of SS in predicting complications, Ye et al[69] evaluated the performance of liver and
spleen stiffness, by ARFI elastography, for the assessment
of liver fibrosis and esophageal varices in 66 patients
with CHB, who underwent liver biopsy, and 138 with cirrhosis HBV related, examined by upper endoscopy. They
obtained a significant linear correlation between liver
(ρ = 0.87; P < 0.001) and spleen (ρ = 0.76; P < 0.001)
stiffness and liver fibrosis. A fairly significant linear cor-
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Several non-invasive markers have been developed in recent years, as an alternative to liver biopsy, for the evaluation of chronic liver disease severity. A few of them have
been validated as diagnostic and prognostic markers of
liver disease severity in HBV setting, as summarised in
Table 4.
FibroTest (Biopredictive, Paris, France; FibroSureLabcorp, Burlington, NC, United States) is a non-invasive
marker which has been widely validated as a tool for the
detection of liver fibrosis in the setting of CHC. The
FibroTest is a scoring algorithm which combines various simple serum markers (serum haptoglobin, beta2macroglobulin, apolipoprotein A1, gamma-glutamyltransferase and bilirubin) with an adjustment for age and
sex[70]. It was shown to have a high degree of accuracy
and reproducibility in predicting bridging fibrosis and
cirrhosis in patients with chronic liver diseases, its only
theoretical limit being the inclusion of very sensitive fluctuating parameters such as bilirubin and platelet count[71].
It is known that liver disease aetiology can influence the
performance of non-invasive serum markers as well as
it does with liver stiffness measurement. In a study by
Sebastiani et al[72], however, the performance of Fibrotest
was good in all aetiologies including HCV, HBV and
NASH for both F ≥ 2 and F4 (AUROC adjusted for
DANA - difference between advanced and non-advanced
fibrosis - AdjAUROC > 0.73), except for ≥ F2 in NASH
(AdjAUROC = 0.64). In fact, Fibrotest has been recently
validated for the diagnosis of significant fibrosis and
cirrhosis in the setting of CHB. With an area under the
ROCs (AUROCs) of 0.84-0.90 for the diagnosis of significant fibrosis and an AUROC of 0.85-0.87 for the diagnosis of cirrhosis, its performance seems to be of high
significance[73,74]. A recent study on 330 Asian patients
with CHB compared FibroTest and liver biopsy, showing
that the detection of advanced fibrosis (F3-4) is the only
independent factor of discordance between the two techniques[75].
Some studies have recently tested FibroTest as a prognostic index in different settings of liver disease, showing
that this tool has a 5-year long prognostic value similar to
liver biopsy for the prediction of cirrhosis decompensation and survival in patients with CHC virus (HCV)[50,76,77].
A recent meta-analysis concluded that Fibrotest can be
considered a validated bio-marker for predicting liver disease mortality in the setting of chronic liver disease[78]. As
for hepatitis B, Ngo et al[79] demonstrated that the evaluation of HBV carriers with FibroTest is useful in terms
of definition of inactive carrier state and prediction of
prognosis in CHB patients. de Lédinghen et al[51] recently
evaluated the prognostic value of several non-invasive
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Table 5 Performances of Fibrotest for the diagnosis of fibrosis (F2-F4) and assessment of prognosis in chronic hepatitis B
Outcome
Significant fibrosis F ≥ 2
Cirrhosis F4
Prediction of 5-yr survival

Patients (n )

Cut-off (kPa)

Sn

Sp

LR

+

LR

-

194
254
194
254
600

0.32
0.48
0.68
0.75
≤ 0.73
> 0.85

79.3%
54.2%
80.0%
42.1%
-

93.3%
83.3%
84.0%
91.4%
-

11.8
3.3
5
4.9
-

0.2
0.6
0.2
0.6
-

AUROC (95%CI)

Ref

0.90 (0.84-0.97)
0.69 (0.63-0.75)
0.87 (0.82-0.92)
0.68 (0.63-0.73)
0.82 (0.71-0.89)

[74]
[72]
[74]
[72]
[51]

Sn: Sensitivity; Sp: Specificity; LR-: Negative likelihood ratio; LR+: Positive likelihood ratio; AUROC: Area under receiver operating characteristic.

tests, concluding that FibroTest can be useful in predicting 5-year mortality and liver transplantation in chronic
hepatitis B patients, with a hazard ratio similar to TE
(overall prognostic performance: AUROC 0.82, 95%CI:
0.71-0.89 for Fibrotest) and far more significant than that
of liver biopsy. Operating characteristics of FibroTest in
CHB settings are detailed in Table 5.
APRI The aspartate aminotransferase (AST) to platelet ratio index (APRI) is a simple non-invasive marker
also developed in the setting of CHC, combining AST
and platelet count[80]. In other chronic hepatitis settings,
APRI score does have a significant performance in assessing fibrosis and cirrhosis and its prognostic value in
predicting mortality has been tested also in patients with
HCV/HIV co-infection[81]. In their study, de Lédinghen
et al[51] aimed at assessing the prognostic value of several
non-invasive methods in HBV settings: APRI score did
not reach the prognostic performance of LSM or FibroTest.
FIB-4 is another non-invasive test which combines
standard bio-chemical values (platelets, ALT, AST) and
age, also validated in the context of CHC[82]. Like APRI,
it is a relatively simple score but its diagnostic and prognostic performance does not seem as promising as that
of liver stiffness or FibroTest, as recently demonstrated
in chronic HBV patients[51].
Forn’s index is a non-invasive test that includes the
evaluation of age, platelet count, gamma-glutamyl-tranferase and cholesterol levels. It shows a lower diagnostic
performance in CHB as compared to CHC settings, with
an 0.79 AUROC for the diagnosis of significant fibrosis
(i.e., F2-F4) and 0.86 for the diagnosis of severe fibrosis
(F3-4) in 78 CHB patients[83].
The GUCI index was first developed by a Scandinavian group[84] as a simple non-invasive tool to exclude
liver cirrhosis in CHC patients. It can be easily computed
by using these variables: normalized AST × prothrombin-international normalized ratio × 100/platelet count
(× 109/L). In 2007 Sebastiani et al[85] evaluated the GUCI
index in CHB settings, obtaining a good overall performance for the detection of significant fibrosis (AUROC
0.81, 95%CI: 0.70-0.92) but not cirrhosis (AUROC 0.56).
Moreover, a recent study[86] on 221 CHB showed poor
performances of the GUCI score for CHB staging.
Hui’s model[87] is another simple bio-chemical panel
including BMI, platelet count, serum albumin and bilirubin levels. It was developed in 2005 and it was dem-
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onstrated to accurately predict the absence of significant
fibrosis with a high degree of accuracy. Sebastiani et al[85]
reported a moderate overall accuracy of this model for
the detection of significant fibrosis (AUROC 0.71),
whereas the model performances for the detection of
cirrhosis resulted sub-optimal.
Furthermore, some of the aforementioned noninvasive markers have been tested as possible tools for
evaluating the response to HBV treatment. In the study
by Basar et al[88] several bio-chemical markers such as
APRI, FIB-4, Forn’s index, were assessed before and after
treatment, reporting significantly lower values of these
indexes in post-treatment CHB patients in comparison to
pre-treatment patients.
Diagnostic algorithms
Interestingly, almost all the mentioned bio-chemical
markers have been evaluated in combination with one
another or with elastographic techniques in order to
build sequential algorithms, aiming at correctly allocating
and staging CHC and CHB patients. In CHB settings,
Sebastiani et al[85] evaluated a series of possible algorithms
combining various non-invasive markers concluding that
the sequential combination of APRI, FibroTest and liver
biopsy turned out the most promising approach.

CONCLUSION
Non-invasive methods for the assessment of liver disease severity have witnessed major advancements in the
last few years. The great interest in developing more
and more accurate non-invasive methods for the assessment and management of chronic liver disease can be
explained by several reasons: first of all, the well-known
limitations of liver biopsy, the increasing awareness of its
unreliability to predict liver disease severity, partly because
of its being an “imperfect gold standard”, partly because
of the new data on its poor correlation with mortality
and development of liver-related complications.
In the setting of chronic HBV-related liver disease,
which has a peculiar clinical history of frequent flares of
necroinflammation and a histological pattern of macronodularity after its shift to cirrhosis, it is extremely important to define novel methods to assess the stage of
fibrosis and the stage of liver disease in an acceptable
cost-effective safe way.
Among the non-invasive methods TE is a simple
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user-friendly reproducible technique for the non-invasive
evaluation of LSM as a surrogate marker of liver fibrosis.
In inactive HBV carriers, mean FS values are similar
to those in healthy controls and significantly lower than
in CHB patients. In this setting TE can be introduced as
an adjunct to transaminase levels and HBV DNA determination in order to discriminate inactive HBV carriers
and to select subjects in need for further characterisation,
as for HBV carriers with inactive viral profile when the
increased LS values suggest the presence of liver damage
caused by other causes. HBV inactive carriers can also be
monitored with periodic LSM for a better surveillance of
disease reactivation.
In patients with chronic liver disease LSM is accurate
especially for the diagnosis of severe fibrosis and cirrhosis whereas its ability to diagnose significant fibrosis is
lower. In CHB settings, the LS cut-off values proposed
for the diagnosis of significant liver fibrosis and cirrhosis
are lower than those used in CHC patients, partly because
of differences in the pathogenesis and progression of
liver damage (i.e., differences in extent and structure of
the collagen septa, and in type and extent of liver inflammatory infiltrate). The proposed cut-offs range from 7.2
to 8.4 kPa for significant fibrosis and from 10.3 to 13.4
for cirrhosis.
For the proper assessment of treatment naïve patients
- a category of patient who need a correct management
in terms of therapy and biopsy timing - the development
of diagnostic algorithms with a confirmatory and an exclusion LS threshold may provide a promising tool for a
correct classification of patients, keeping liver biopsy as
the reference standard for patients with ambiguous LS
values. As to the follow-up of CHB patients undergoing treatment, the regular monitoring of LS by means of
TE can add more knowledge about the mechanisms of
fibrosis progression and regression. Given the proved
influence of necroinflammation on LS values, the pattern of bio-chemical activity must be taken into account
in the interpretation of TE before and during treatment.
Cirrhotic HBV patients would benefit from the recent
advances in assessing the correlation between LS values
and the development of complications, especially portal
hypertensions and HCC.
Other elastography techniques have yet to be fully
studied but have shown promising results in terms of
reproducibility and applicability in clinical practice, especially ARFI quantification which can be added to any
standard liver ultra-sound examination. Both ARFI and
MRI show a good performance in the assessment of liver
fibrosis in several settings, including CHB. Available data
on their prognostic performance in HBV setting is however still insufficient.
SS measurement, both by TE and ARFI, is currently
under investigation by various groups in order to achieve
sufficient results also in the setting of CHB after showing
promising results in terms of prediction of portal hypertension, EV and variceal bleeding in HCV settings.
Serum markers such as FibroTest, APRI and FIB-4
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are simple non-invasive tests which can be computed by
means of simple mathematical algorithms and carried
out with a few blood tests, most of which are usually collected during routine controls. The minimal invasiveness
and costs together with the optimal accuracy profile of
Fibrotest lead to expect that it will be widely adopted in
a near future, along with elastography techniques, in order to assess and follow up the complications of chronic
HBV related disease.

REFERENCES
1
2
3
4
5
6

7
8

9

10

11

12

13

14576

WHO. Hepatitis B Fact Sheet. Available from: URL: http://
www.who.int/mediacentre/factsheets/fs2. Accessed on Oct
20, 2013
Ganem D, Prince AM. Hepatitis B virus infection--natural
history and clinical consequences. N Engl J Med 2004; 350:
1118-1129 [PMID: 15014185 DOI: 10.1056/NEJMra031087]
Beasley RP. Hepatitis B virus. The major etiology of hepatocellular carcinoma. Cancer 1988; 61: 1942-1956 [PMID:
2834034]
Bedossa P, Carrat F. Liver biopsy: the best, not the gold standard. J Hepatol 2009; 50: 1-3 [PMID: 19017551 DOI: 10.1016/
j.jhep.2008.10.014]
Bedossa P, Dargère D, Paradis V. Sampling variability of
liver fibrosis in chronic hepatitis C. Hepatology 2003; 38:
1449-1457 [PMID: 14647056 DOI: 10.1016/j.hep.2003.09.022]
Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C,
Mal F, Christidis C, Ziol M, Poulet B, Kazemi F, Beaugrand M,
Palau R. Transient elastography: a new noninvasive method
for assessment of hepatic fibrosis. Ultrasound Med Biol 2003;
29: 1705-1713 [PMID: 14698338]
Castera L, Forns X, Alberti A. Non-invasive evaluation of
liver fibrosis using transient elastography. J Hepatol 2008; 48:
835-847 [PMID: 18334275 DOI: 10.1016/j.jhep.2008.02.008]
Bonino F, Arena U, Brunetto MR, Coco B, Fraquelli M,
Oliveri F, Pinzani M, Prati D, Rigamonti C, Vizzuti F. Liver
stiffness, a non-invasive marker of liver disease: a core study
group report. Antivir Ther 2010; 15 Suppl 3: 69-78 [PMID:
21041906 DOI: 10.3851/IMP1626]
Fraquelli M, Rigamonti C, Casazza G, Conte D, Donato MF,
Ronchi G, Colombo M. Reproducibility of transient elastography in the evaluation of liver fibrosis in patients with
chronic liver disease. Gut 2007; 56: 968-973 [PMID: 17255218
DOI: 10.1136/gut.2006.111302]
Kettaneh A, Marcellin P, Douvin C, Poupon R, Ziol M, Beaugrand M, de Lédinghen V. Features associated with success
rate and performance of FibroScan measurements for the
diagnosis of cirrhosis in HCV patients: a prospective study
of 935 patients. J Hepatol 2007; 46: 628-634 [PMID: 17258346
DOI: 10.1016/j.jhep.2006.11.010]
Castéra L, Vergniol J, Foucher J, Le Bail B, Chanteloup E,
Haaser M, Darriet M, Couzigou P, De Lédinghen V. Prospective comparison of transient elastography, Fibrotest,
APRI, and liver biopsy for the assessment of fibrosis in
chronic hepatitis C. Gastroenterology 2005; 128: 343-350 [PMID:
15685546 DOI: 10.1053/j.gastro.2004.11.018]
Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal
F, Kazemi F, de Lédinghen V, Marcellin P, Dhumeaux D,
Trinchet JC, Beaugrand M. Noninvasive assessment of liver
fibrosis by measurement of stiffness in patients with chronic
hepatitis C. Hepatology 2005; 41: 48-54 [PMID: 15690481 DOI:
10.1002/hep.20506]
Foucher J, Chanteloup E, Vergniol J, Castéra L, Le Bail B,
Adhoute X, Bertet J, Couzigou P, de Lédinghen V. Diagnosis
of cirrhosis by transient elastography (FibroScan): a prospective study. Gut 2006; 55: 403-408 [PMID: 16020491 DOI:

October 28, 2014|Volume 20|Issue 40|

Branchi F et al . Assessing HBV liver disease

14

15

16

17

18

19
20

21

22

23

24

25

26

10.1136/gut.2005.069153]
Ganne-Carrié N, Ziol M, de Ledinghen V, Douvin C, Marcellin P, Castera L, Dhumeaux D, Trinchet JC, Beaugrand M.
Accuracy of liver stiffness measurement for the diagnosis
of cirrhosis in patients with chronic liver diseases. Hepatology 2006; 44: 1511-1517 [PMID: 17133503 DOI: 10.1002/
hep.21420]
Coco B, Oliveri F, Maina AM, Ciccorossi P, Sacco R, Colombatto P, Bonino F, Brunetto MR. Transient elastography: a
new surrogate marker of liver fibrosis influenced by major
changes of transaminases. J Viral Hepat 2007; 14: 360-369
[PMID: 17439526 DOI: 10.1111/j.1365-2893.2006.00811.x]
Foucher J, Castéra L, Bernard PH, Adhoute X, Laharie D,
Bertet J, Couzigou P, de Lédinghen V. Prevalence and factors
associated with failure of liver stiffness measurement using
FibroScan in a prospective study of 2114 examinations. Eur J
Gastroenterol Hepatol 2006; 18: 411-412 [PMID: 16538113]
de Lédinghen V, Wong VW, Vergniol J, Wong GL, Foucher J,
Chu SH, Le Bail B, Choi PC, Chermak F, Yiu KK, Merrouche
W, Chan HL. Diagnosis of liver fibrosis and cirrhosis using
liver stiffness measurement: comparison between M and
XL probe of FibroScan®. J Hepatol 2012; 56: 833-839 [PMID:
22173167 DOI: 10.1016/j.jhep.2011.10.017]
Roulot D, Czernichow S, Le Clésiau H, Costes JL, Vergnaud AC, Beaugrand M. Liver stiffness values in apparently
healthy subjects: influence of gender and metabolic syndrome. J Hepatol 2008; 48: 606-613 [PMID: 18222014 DOI:
10.1016/j.jhep.2007.11.020]
Corpechot C, El Naggar A, Poupon R. Gender and liver: is
the liver stiffness weaker in weaker sex? Hepatology 2006; 44:
513-514 [PMID: 16871581 DOI: 10.1002/hep.21306]
Colombo S, Belloli L, Zaccanelli M, Badia E, Jamoletti C,
Buonocore M, Del Poggio P. Normal liver stiffness and its
determinants in healthy blood donors. Dig Liver Dis 2011; 43:
231-236 [PMID: 20817625 DOI: 10.1016/j.dld.2010.07.008]
Oliveri F, Coco B, Ciccorossi P, Colombatto P, Romagnoli
V, Cherubini B, Bonino F, Brunetto MR. Liver stiffness in
the hepatitis B virus carrier: a non-invasive marker of liver
disease influenced by the pattern of transaminases. World
J Gastroenterol 2008; 14: 6154-6162 [PMID: 18985805 DOI:
10.3748/wig.14.6154]
Maimone S, Calvaruso V, Pleguezuelo M, Squadrito G,
Amaddeo G, Jacobs M, Khanna P, Raimondo G, Dusheiko
G. An evaluation of transient elastography in the discrimination of HBeAg-negative disease from inactive hepatitis B
carriers. J Viral Hepat 2009; 16: 769-774 [PMID: 19709363 DOI:
10.1111/j.1365-2893.2009.01120]
Castéra L, Bernard PH, Le Bail B, Foucher J, Trimoulet P,
Merrouche W, Couzigou P, de Lédinghen V. Transient
elastography and biomarkers for liver fibrosis assessment
and follow-up of inactive hepatitis B carriers. Aliment Pharmacol Ther 2011; 33: 455-465 [PMID: 21235598 DOI: 10.1111/
j.1365-2036.2010.04547.x]
Wong GL, Chan HL, Yu Z, Chan HY, Tse CH, Wong VW.
Liver fibrosis progression is uncommon in patients with
inactive chronic hepatitis B: a prospective cohort study with
paired transient elastography examination. J Gastroenterol
Hepatol 2013; 28: 1842-1848 [PMID: 23829381 DOI: 10.1111/
jgh.1232]
Viganò M, Paggi S, Lampertico P, Fraquelli M, Massironi
S, Ronchi G, Rigamonti C, Conte D, Colombo M. Dual cutoff transient elastography to assess liver fibrosis in chronic
hepatitis B: a cohort study with internal validation. Aliment
Pharmacol Ther 2011; 34: 353-362 [PMID: 21631559 DOI:
10.1111/j.1365-2036.2011.04722.x]
Cardoso AC, Carvalho-Filho RJ, Stern C, Dipumpo A, Giuily N, Ripault MP, Asselah T, Boyer N, Lada O, Castelnau
C, Martinot-Peignoux M, Valla DC, Bedossa P, Marcellin P.
Direct comparison of diagnostic performance of transient
elastography in patients with chronic hepatitis B and chronic

WJG|www.wjgnet.com

27

28

29

30

31

32

33

34

35

36

37

38

39

40

14577

hepatitis C. Liver Int 2012; 32: 612-621 [PMID: 22103765 DOI:
10.1111/j.1478-3231.2011.02660.x]
Verveer C, Zondervan PE, ten Kate FJ, Hansen BE, Janssen
HL, de Knegt RJ. Evaluation of transient elastography for
fibrosis assessment compared with large biopsies in chronic
hepatitis B and C. Liver Int 2012; 32: 622-628 [PMID: 22098684
DOI: 10.1111/j.1478-3231.2011.02663.x]
Tsochatzis EA, Gurusamy KS, Ntaoula S, Cholongitas E, Davidson BR, Burroughs AK. Elastography for the diagnosis of
severity of fibrosis in chronic liver disease: a meta-analysis
of diagnostic accuracy. J Hepatol 2011; 54: 650-659 [PMID:
21146892 DOI: 10.1016/j.jhep.2010.07.033]
Colli A, Pozzoni P, Berzuini A, Gerosa A, Canovi C, Molteni
EE, Barbarini M, Bonino F, Prati D. Decompensated chronic
heart failure: increased liver stiffness measured by means of
transient elastography. Radiology 2010; 257: 872-878 [PMID:
20935077 DOI: 10.1148/radiol.10100013]
Millonig G, Reimann FM, Friedrich S, Fonouni H, Mehrabi
A, Büchler MW, Seitz HK, Mueller S. Extrahepatic cholestasis increases liver stiffness (FibroScan) irrespective of fibrosis. Hepatology 2008; 48: 1718-1723 [PMID: 18836992 DOI:
10.1002/hep.22577]
Fraquelli M, Rigamonti C, Casazza G, Donato MF, Ronchi
G, Conte D, Rumi M, Lampertico P, Colombo M. Etiologyrelated determinants of liver stiffness values in chronic viral
hepatitis B or C. J Hepatol 2011; 54: 621-628 [PMID: 21146243
DOI: 10.1016/j.jhep.2010.07.017]
Wong VW, Vergniol J, Wong GL, Foucher J, Chan HL, Le
Bail B, Choi PC, Kowo M, Chan AW, Merrouche W, Sung
JJ, de Lédinghen V. Diagnosis of fibrosis and cirrhosis using liver stiffness measurement in nonalcoholic fatty liver
disease. Hepatology 2010; 51: 454-462 [PMID: 20101745 DOI:
10.1002/hep.23312]
Fung J, Lai CL, Cheng C, Wu R, Wong DK, Yuen MF. Mildto-moderate elevation of alanine aminotransferase increases
liver stiffness measurement by transient elastography in patients with chronic hepatitis B. Am J Gastroenterol 2011; 106:
492-496 [PMID: 21157442 DOI: 10.1038/ajg.2010.463]
Chan HL, Wong GL, Choi PC, Chan AW, Chim AM, Yiu
KK, Chan FK, Sung JJ, Wong VW. Alanine aminotransferasebased algorithms of liver stiffness measurement by transient
elastography (Fibroscan) for liver fibrosis in chronic hepatitis B. J Viral Hepat 2009; 16: 36-44 [PMID: 18673426 DOI:
10.1111/j.1365-2893.2008.01037.x]
Castera L, Pinzani M, Bosch J. Non invasive evaluation
of portal hypertension using transient elastography. J
Hepatol 2012; 56: 696-703 [PMID: 21767510 DOI: 10.1016/
j.jhep.2011.07.005]
Carrión JA, Navasa M, Bosch J, Bruguera M, Gilabert R,
Forns X. Transient elastography for diagnosis of advanced
fibrosis and portal hypertension in patients with hepatitis C
recurrence after liver transplantation. Liver Transpl 2006; 12:
1791-1798 [PMID: 16823833 DOI: 10.1002/lt.20857]
Vizzutti F, Arena U, Romanelli RG, Rega L, Foschi M, Colagrande S, Petrarca A, Moscarella S, Belli G, Zignego AL,
Marra F, Laffi G, Pinzani M. Liver stiffness measurement
predicts severe portal hypertension in patients with HCVrelated cirrhosis. Hepatology 2007; 45: 1290-1297 [PMID:
17464971 DOI: 10.1002/hep.21665]
Robic MA, Procopet B, Métivier S, Péron JM, Selves J, Vinel
JP, Bureau C. Liver stiffness accurately predicts portal hypertension related complications in patients with chronic liver
disease: a prospective study. J Hepatol 2011; 55: 1017-1024
[PMID: 21354450 DOI: 10.1016/j.jhep.2011.01.051]
Sporea I, Raţiu I, Sirli R, Popescu A, Bota S. Value of transient elastography for the prediction of variceal bleeding.
World J Gastroenterol 2011; 17: 2206-2210 [PMID: 21633530
DOI: 10.3748/wjg.v17.i17.2206]
Kazemi F, Kettaneh A, N’kontchou G, Pinto E, Ganne-Carrie
N, Trinchet JC, Beaugrand M. Liver stiffness measurement

October 28, 2014|Volume 20|Issue 40|

Branchi F et al . Assessing HBV liver disease

41

42

43

44

45

46

47

48

49

50

51

52

53

selects patients with cirrhosis at risk of bearing large oesophageal varices. J Hepatol 2006; 45: 230-235 [PMID: 16797100
DOI: 10.1016/j.jhep.2006.04.006]
Chen YP, Zhang Q, Dai L, Liang XE, Peng J, Hou JL. Is transient elastography valuable for high-risk esophageal varices
prediction in patients with hepatitis-B-related cirrhosis? J
Gastroenterol Hepatol 2012; 27: 533-539 [PMID: 21871027 DOI:
10.1111/j.1440-1746.2011.06889.x]
Kim BK, Han KH, Park JY, Ahn SH, Kim JK, Paik YH, Lee
KS, Chon CY, Kim do Y. A liver stiffness measurementbased, noninvasive prediction model for high-risk esophageal varices in B-viral liver cirrhosis. Am J Gastroenterol 2010;
105: 1382-1390 [PMID: 20087336 DOI: 10.1038/ajg.2009.750]
Kim BK, Kim do Y, Han KH, Park JY, Kim JK, Paik YH,
Lee KS, Chon CY, Ahn SH. Risk assessment of esophageal
variceal bleeding in B-viral liver cirrhosis by a liver stiffness
measurement-based model. Am J Gastroenterol 2011; 106:
1654-162, 1730 [PMID: 21691339 DOI: 10.1038/ajg.2011.160]
Akima T, Tamano M, Hiraishi H. Liver stiffness measured
by transient elastography is a predictor of hepatocellular carcinoma development in viral hepatitis. Hepatol Res
2011; 41: 965-970 [PMID: 21883739 DOI: 10.1111/j.1872034X.2011.00846.x]
Wang HM, Hung CH, Lu SN, Chen CH, Lee CM, Hu TH,
Wang JH. Liver stiffness measurement as an alternative to
fibrotic stage in risk assessment of hepatocellular carcinoma
incidence for chronic hepatitis C patients. Liver Int 2013; 33:
756-761 [PMID: 23405889 DOI: 10.1111/liv.12118]
Feier D, Lupsor Platon M, Stefanescu H, Badea R. Transient
elastography for the detection of hepatocellular carcinoma in
viral C liver cirrhosis. Is there something else than increased
liver stiffness? J Gastrointestin Liver Dis 2013; 22: 283-289
[PMID: 24078985]
Chon YE, Jung ES, Park JY, Kim do Y, Ahn SH, Han KH,
Chon CY, Jung KS, Kim SU. The accuracy of noninvasive
methods in predicting the development of hepatocellular
carcinoma and hepatic decompensation in patients with
chronic hepatitis B. J Clin Gastroenterol 2012; 46: 518-525
[PMID: 22688146 DOI: 10.1097/MCG.0b013e31825079f1]
Kim SU, Lee JH, Kim do Y, Ahn SH, Jung KS, Choi EH, Park
YN, Han KH, Chon CY, Park JY. Prediction of liver-related
events using fibroscan in chronic hepatitis B patients showing advanced liver fibrosis. PLoS One 2012; 7: e36676 [PMID:
22574212 DOI: 10.1371/journal.pone.0036676]
Jung KS, Kim SU, Ahn SH, Park YN, Kim do Y, Park JY,
Chon CY, Choi EH, Han KH. Risk assessment of hepatitis B
virus-related hepatocellular carcinoma development using
liver stiffness measurement (FibroScan). Hepatology 2011; 53:
885-894 [PMID: 21319193 DOI: 10.1002/hep.24121]
Vergniol J, Foucher J, Terrebonne E, Bernard PH, le Bail
B, Merrouche W, Couzigou P, de Ledinghen V. Noninvasive tests for fibrosis and liver stiffness predict 5-year
outcomes of patients with chronic hepatitis C. Gastroenterology 2011; 140: 1970-1979 [PMID: 21376047 DOI: 10.1053/
j.gastro.2011.02.058]
de Lédinghen V, Vergniol J, Barthe C, Foucher J, Chermak F,
Le Bail B, Merrouche W, Bernard PH. Non-invasive tests for
fibrosis and liver stiffness predict 5-year survival of patients
chronically infected with hepatitis B virus. Aliment Pharmacol Ther 2013; 37: 979-988 [PMID: 23557139 DOI: 10.1111/
apt.12307]
Andersen ES, Weiland O, Leutscher P, Krarup H, Westin J,
Moessner B, Konopski Z, Frigstad SO, Kjær M, Christensen
PB, Weis N. Low liver stiffness among cirrhotic patients with
hepatitis B after prolonged treatment with nucleoside analogs. Scand J Gastroenterol 2011; 46: 760-766 [PMID: 21438780
DOI: 10.3109/00365521.2011.565068]
Bamber J, Cosgrove D, Dietrich CF, Fromageau J, Bojunga J,
Calliada F, Cantisani V, Correas JM, D’Onofrio M, Drakonaki EE, Fink M, Friedrich-Rust M, Gilja OH, Havre RF, Jens-

WJG|www.wjgnet.com

54

55

56

57

58

59

60

61

62

63

64

65

14578

sen C, Klauser AS, Ohlinger R, Saftoiu A, Schaefer F, Sporea
I, Piscaglia F. EFSUMB guidelines and recommendations
on the clinical use of ultrasound elastography. Part 1: Basic
principles and technology. Ultraschall Med 2013; 34: 169-184
[PMID: 23558397 DOI: 10.1055/s-0033-1335205]
Friedrich-Rust M, Nierhoff J, Lupsor M, Sporea I, Fierbinteanu-Braticevici C, Strobel D, Takahashi H, Yoneda M, Suda
T, Zeuzem S, Herrmann E. Performance of Acoustic Radiation Force Impulse imaging for the staging of liver fibrosis: a
pooled meta-analysis. J Viral Hepat 2012; 19: e212-e219 [PMID:
22239521 DOI: 10.1111/j.1365-2893.2011.01537.x]
Friedrich-Rust M, Buggisch P, de Knegt RJ, Dries V, Shi Y,
Matschenz K, Schneider MD, Herrmann E, Petersen J, Schulze F, Zeuzem S, Sarrazin C. Acoustic radiation force impulse
imaging for non-invasive assessment of liver fibrosis in
chronic hepatitis B. J Viral Hepat 2013; 20: 240-247 [PMID:
23490368 DOI: 10.1111/j.1365-2893.2012.01646.x]
Ichikawa S, Motosugi U, Ichikawa T, Sano K, Morisaka
H, Enomoto N, Matsuda M, Fujii H, Araki T. Magnetic
resonance elastography for staging liver fibrosis in chronic
hepatitis C. Magn Reson Med Sci 2012; 11: 291-297 [PMID:
23269016]
Wang Y, Ganger DR, Levitsky J, Sternick LA, McCarthy RJ,
Chen ZE, Fasanati CW, Bolster B, Shah S, Zuehlsdorff S,
Omary RA, Ehman RL, Miller FH. Assessment of chronic
hepatitis and fibrosis: comparison of MR elastography and
diffusion-weighted imaging. AJR Am J Roentgenol 2011; 196:
553-561 [PMID: 21343496 DOI: 10.2214/AJR.10.4580]
Chen J, Talwalkar JA, Yin M, Glaser KJ, Sanderson SO,
Ehman RL. Early detection of nonalcoholic steatohepatitis in
patients with nonalcoholic fatty liver disease by using MR
elastography. Radiology 2011; 259: 749-756 [PMID: 21460032
DOI: 10.1148/radiol.11101942]
Yin M, Talwalkar JA, Glaser KJ, Manduca A, Grimm RC,
Rossman PJ, Fidler JL, Ehman RL. Assessment of hepatic
fibrosis with magnetic resonance elastography. Clin Gastroenterol Hepatol 2007; 5: 1207-1213.e2 [PMID: 17916548]
Huwart L, Sempoux C, Vicaut E, Salameh N, Annet L, Danse
E, Peeters F, ter Beek LC, Rahier J, Sinkus R, Horsmans Y,
Van Beers BE. Magnetic resonance elastography for the noninvasive staging of liver fibrosis. Gastroenterology 2008; 135:
32-40 [PMID: 18471441 DOI: 10.1053/j.gastro.2008.03.076]
Venkatesh SK, Wang G, Lim SG, Wee A. Magnetic resonance elastography for the detection and staging of liver fibrosis in chronic hepatitis B. Eur Radiol 2014; 24: 70-78 [PMID:
23928932 DOI: 10.1007/s00330-013-2978-8]
Fraquelli M, Giunta M, Pozzi R, Rigamonti C, Della Valle
S, Massironi S, Conti CB, Aghemo A, Ronchi G, Iurlo A,
Primignani M, Conte D, Colombo M. Feasibility and reproducibility of spleen transient elastography and its role in
combination with liver transient elastography for predicting
the severity of chronic viral hepatitis. J Viral Hepat 2014; 21:
90-98 [PMID: 24383922 DOI: 10.1111/jvh.12119]
Stefanescu H, Grigorescu M, Lupsor M, Procopet B, Maniu
A, Badea R. Spleen stiffness measurement using Fibroscan
for the noninvasive assessment of esophageal varices in liver
cirrhosis patients. J Gastroenterol Hepatol 2011; 26: 164-170
[PMID: 21175810 DOI: 10.1111/j.1440-1746.2010.06325.x]
Colecchia A, Montrone L, Scaioli E, Bacchi-Reggiani ML,
Colli A, Casazza G, Schiumerini R, Turco L, Di Biase AR,
Mazzella G, Marzi L, Arena U, Pinzani M, Festi D. Measurement of spleen stiffness to evaluate portal hypertension and
the presence of esophageal varices in patients with HCVrelated cirrhosis. Gastroenterology 2012; 143: 646-654 [PMID:
22643348 DOI: 10.1053/j.gastro.2012.05.035]
Bota S, Sporea I, Sirli R, Popescu A, Dănilă M, Sendroiu M,
Focşa M. Spleen assessment by Acoustic Radiation Force
Impulse Elastography (ARFI) for prediction of liver cirrhosis and portal hypertension. Med Ultrason 2010; 12: 213-217
[PMID: 21203598]

October 28, 2014|Volume 20|Issue 40|

Branchi F et al . Assessing HBV liver disease
66

67

68

69

70

71

72

73
74

75

76

77

78

79

Takuma Y, Nouso K, Morimoto Y, Tomokuni J, Sahara A,
Toshikuni N, Takabatake H, Shimomura H, Doi A, Sakakibara I, Matsueda K, Yamamoto H. Measurement of spleen
stiffness by acoustic radiation force impulse imaging identifies cirrhotic patients with esophageal varices. Gastroenterology 2013; 144: 92-101.e2 [PMID: 23022955 DOI: 10.1053/
j.gastro.2012.09.049]
Gao J, Ran HT, Ye XP, Zheng YY, Zhang DZ, Wang ZG.
The stiffness of the liver and spleen on ARFI Imaging pre
and post TIPS placement: a preliminary observation. Clin
Imaging 2012; 36: 135-141 [PMID: 22370134 DOI: 10.1016/
j.clinimag.2011.11.014]
Chen SH, Li YF, Lai HC, Kao JT, Peng CY, Chuang PH, Su
WP, Chiang IP. Noninvasive assessment of liver fibrosis via
spleen stiffness measurement using acoustic radiation force
impulse sonoelastography in patients with chronic hepatitis
B or C. J Viral Hepat 2012; 19: 654-663 [PMID: 22863270 DOI:
10.1111/j.1365-2893.2012.01588.x]
Ye XP, Ran HT, Cheng J, Zhu YF, Zhang DZ, Zhang P,
Zheng YY. Liver and spleen stiffness measured by acoustic
radiation force impulse elastography for noninvasive assessment of liver fibrosis and esophageal varices in patients
with chronic hepatitis B. J Ultrasound Med 2012; 31: 1245-1253
[PMID: 22837289]
Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou Y, Poynard T. Biochemical markers of liver fibrosis in
patients with hepatitis C virus infection: a prospective study.
Lancet 2001; 357: 1069-1075 [PMID: 11297957]
Poynard T. First-line assessment of patients with chronic
liver disease with non-invasive techniques and without
recourse to liver biopsy. J Hepatol 2011; 54: 586-587 [PMID:
21087806 DOI: 10.1016/j.jhep.2010.09.012]
Sebastiani G, Castera L, Halfon P, Pol S, Mangia A, Di
Marco V, Pirisi M, Voiculescu M, Bourliere M, Alberti A. The
impact of liver disease aetiology and the stages of hepatic fibrosis on the performance of non-invasive fibrosis biomarkers: an international study of 2411 cases. Aliment Pharmacol
Ther 2011; 34: 1202-1216 [PMID: 21981787 DOI: 10.1111/
j.1365-2036.2011.04861]
Poynard T, Ngo Y, Munteanu M, Thabut D, Ratziu V. Noninvasive Markers of Hepatic Fibrosis in Chronic Hepatitis B.
Curr Hepat Rep 2011; 10: 87-97 [PMID: 21654911]
Kim BK, Kim SU, Kim HS, Park JY, Ahn SH, Chon CY,
Cho IR, Joh DH, Park YN, Han KH, Kim do Y. Prospective
validation of FibroTest in comparison with liver stiffness
for predicting liver fibrosis in Asian subjects with chronic
hepatitis B. PLoS One 2012; 7: e35825 [PMID: 22536445 DOI:
10.1371/journal.pone.0035825]
Park MS, Kim BK, Cheong JY, Kim DJ, Park JY, Kim do
Y, Ahn SH, Han KH, Chon CY, Kim SU. Discordance between liver biopsy and FibroTest in assessing liver fibrosis
in chronic hepatitis B. PLoS One 2013; 8: e55759 [PMID:
23405210 DOI: 10.1371/journal.pone.0055759]
Ngo Y, Munteanu M, Messous D, Charlotte F, Imbert-Bismut
F, Thabut D, Lebray P, Thibault V, Benhamou Y, Moussalli J,
Ratziu V, Poynard T. A prospective analysis of the prognostic value of biomarkers (FibroTest) in patients with chronic
hepatitis C. Clin Chem 2006; 52: 1887-1896 [PMID: 16931569
DOI: 10.1373/clinchem.2006.070961]
Morra R, Lebray P, Ingiliz P, Ngo Y, Munteanu M, Ratziu
V, Poynard T. FibroTest has better diagnostic and prognostic values than the aspartate aminotransferase-to-platelet
ratio index in patients with chronic hepatitis C. Hepatology
2008; 47: 353-34; author reply 353-34; [PMID: 18161711 DOI:
10.1002/hep.22046]
Poynard T, Ngo Y, Perazzo H, Munteanu M, Lebray P,
Moussalli J, Thabut D, Benhamou Y, Ratziu V. Prognostic
value of liver fibrosis biomarkers: a meta-analysis. Gastroenterol Hepatol (N Y) 2011; 7: 445-454 [PMID: 22298979]
Ngo Y, Benhamou Y, Thibault V, Ingiliz P, Munteanu M,

WJG|www.wjgnet.com

80

81

82

83

84

85

86

87

88

89

90

91

92

14579

Lebray P, Thabut D, Morra R, Messous D, Charlotte F,
Imbert-Bismut F, Bonnefont-Rousselot D, Moussalli J, Ratziu
V, Poynard T. An accurate definition of the status of inactive hepatitis B virus carrier by a combination of biomarkers
(FibroTest-ActiTest) and viral load. PLoS One 2008; 3: e2573
[PMID: 18596917 DOI: 10.1371/journal.pone.0002573]
Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero
JA, Conjeevaram HS, Lok AS. A simple noninvasive index
can predict both significant fibrosis and cirrhosis in patients
with chronic hepatitis C. Hepatology 2003; 38: 518-526 [PMID:
12883497 DOI: 10.1053/jhep.2003.5034]
Nunes D, Fleming C, Offner G, Craven D, Fix O, Heeren T,
Koziel MJ, Graham C, Tumilty S, Skolnik P, Stuver S, Horsburgh CR, Cotton D. Noninvasive markers of liver fibrosis
are highly predictive of liver-related death in a cohort of
HCV-infected individuals with and without HIV infection.
Am J Gastroenterol 2010; 105: 1346-1353 [PMID: 20179698
DOI: 10.1038/ajg.2009.746]
Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A,
Dhalluin-Venier V, Fontaine H, Pol S. FIB-4: an inexpensive
and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepatology 2007; 46: 32-36
[PMID: 17567829 DOI: 10.1002/hep.21669]
Wu SD, Wang JY, Li L. Staging of liver fibrosis in chronic
hepatitis B patients with a composite predictive model: a
comparative study. World J Gastroenterol 2010; 16: 501-507
[PMID: 20101779 DOI: 10.3748/wjg.v16.i4.501]
Islam S, Antonsson L, Westin J, Lagging M. Cirrhosis in
hepatitis C virus-infected patients can be excluded using an
index of standard biochemical serum markers. Scand J Gastroenterol 2005; 40: 867-872 [PMID: 16109665 DOI: 10.1080/00
365520510015674]
Sebastiani G, Vario A, Guido M, Alberti A. Sequential algorithms combining non-invasive markers and biopsy for
the assessment of liver fibrosis in chronic hepatitis B. World J
Gastroenterol 2007; 13: 525-531 [PMID: 17278217]
Erdogan S, Dogan HO, Sezer S, Uysal S, Ozhamam E,
Kayacetin S, Koca Y. The diagnostic value of non-invasive
tests for the evaluation of liver fibrosis in chronic hepatitis
B patients. Scand J Clin Lab Invest 2013; Epub ahead of print
[PMID: 23514016 DOI: 10.3109/00365513.2013.773592]
Hui AY, Chan HL, Wong VW, Liew CT, Chim AM, Chan FK,
Sung JJ. Identification of chronic hepatitis B patients without
significant liver fibrosis by a simple noninvasive predictive
model. Am J Gastroenterol 2005; 100: 616-623 [PMID: 15743360
DOI: 10.1111/j.1572-0241.2005.41289.x]
Başar O, Yimaz B, Ekiz F, Giniş Z, Altinbaş A, Aktaş B, Tuna
Y, Çoban S, Delibaş N, Yüksel O. Non-invasive tests in prediction of liver fibrosis in chronic hepatitis B and comparison
with post-antiviral treatment results. Clin Res Hepatol Gastroenterol 2013; 37: 152-158 [PMID: 23391746 DOI: 10.1016/
j.clinre.2012.07.003]
Marcellin P, Ziol M, Bedossa P, Douvin C, Poupon R, de
Lédinghen V, Beaugrand M. Non-invasive assessment of liver fibrosis by stiffness measurement in patients with chronic
hepatitis B. Liver Int 2009; 29: 242-247 [PMID: 18637064 DOI:
10.1111/j.1478-3231.2008.01802.x]
Degos F, Perez P, Roche B, Mahmoudi A, Asselineau J, Voitot H, Bedossa P. Diagnostic accuracy of FibroScan and comparison to liver fibrosis biomarkers in chronic viral hepatitis:
a multicenter prospective study (the FIBROSTIC study). J
Hepatol 2010; 53: 1013-1021 [PMID: 20850886 DOI: 10.1016/
j.jhep.2010.05.035]
Bureau C, Metivier S, Peron JM, Selves J, Robic MA, Gourraud PA, Rouquet O, Dupuis E, Alric L, Vinel JP. Transient
elastography accurately predicts presence of significant
portal hypertension in patients with chronic liver disease.
Aliment Pharmacol Ther 2008; 27: 1261-1268 [PMID: 18397389
DOI: 10.1111/j.1365-2036.2008.03701]
Nguyen-Khac E, Saint-Leger P, Tramier B, Coevoet H, Cap-

October 28, 2014|Volume 20|Issue 40|

Branchi F et al . Assessing HBV liver disease

93

ron D, Dupas JL. Noninvasive diagnosis of large esophageal
varices by Fibroscan: strong influence of the cirrhosis etiology. Alcohol Clin Exp Res 2010; 34: 1146-1153 [PMID: 20477777
DOI: 10.1111/j.1530-0277.2010.01191.x]
Wang HM, Lo GH, Chen WC, Hsu PI, Yu HC, Lin CK, Chan

HH, Tsai WL, Tsay FW, Liu TP, Wang EM, Lai KH. Efficacy
of transient elastography in screening for large esophageal
varices in patients with suspicious or proven liver cirrhosis.
J Dig Dis 2012; 13: 430-438 [PMID: 22788929 DOI: 10.1111/
j.1751-2980.2012.00603.x]
P- Reviewer: Assy N, Komatsu H, Ocker M S- Editor: Gou SX
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

14580

October 28, 2014|Volume 20|Issue 40|

World J Gastroenterol 2014 October 28; 20(40): 14581-14588
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i40.14581

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (9): Hepatitis B virus

Chemotherapy-related reactivation of hepatitis B infection:
Updates in 2013
Hwi Young Kim, Won Kim
Hwi Young Kim, Won Kim, Division of Gastroenterology and
Hepatology, Department of Internal Medicine, Seoul Metropolitan Government-Seoul National University Boramae Medical
Center, Seoul 156-707, South Korea
Author contributions: Kim HY collected data, reviewed literatures, and wrote the manuscript; Kim W designed this review,
appraised critically and revised the manuscript.
Correspondence to: Won Kim, MD, PhD, Associate Professor, Division of Gastroenterology and Hepatology, Department
of Internal Medicine, Seoul Metropolitan Government-Seoul National University Boramae Medical Center, 20, Boramae-ro 5-gil,
Dongjak-gu, Seoul 156-707, South Korea. drwon1@snu.ac.kr
Telephone: +82-2-8702233 Fax: +82-2-8312826
Received: October 29, 2013 Revised: February 18, 2014
Accepted: May 19, 2014
Published online: October 28, 2014

Abstract
Hepatitis B reactivation is a potentially serious complication of anticancer chemotherapy, which occurs during and after therapy. This condition affects primarily
hepatitis B surface antigen (HBsAg)-positive patients,
but sometimes HBsAg-negative patients can be at risk,
based only on evidence of past infection or occult infection with a low titer of detectable hepatitis B virus
(HBV) DNA. The clinical outcomes vary with the different degrees of virologic and biochemical rebound,
ranging from asymptomatic elevations in liver enzymes
to hepatic failure and even death. Despite the remarkable advancement in the treatment of chronic hepatitis
B over the past decade, proper strategies for the prevention and management of HBV reactivation remain
elusive. Moreover, with the increasing use of rituximab
in patients with lymphoma, HBV reactivation in occult
or past infections has become increasingly problematic,
especially in HBV-endemic regions. This review addresses the current knowledge on the clinical aspects
and management of chemotherapy-related HBV reactivation, updates from recent reports, several unresolved
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issues and future perspectives.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Chemotherapy; Reactivation
Core tip: Hepatitis B reactivation is a serious complication of anticancer chemotherapy, affecting both hepatitis B surface antigen-positive and anti-hepatitis B
core antibody-positive patients. Although treatment of
hepatitis B has been dramatically improved in the past
decade, management of hepatitis B virus (HBV) reactivation remains unsatisfactory. This review covers updates from recent reports, unresolved issues and future
perspectives on HBV reactivation.
Kim HY, Kim W. Chemotherapy-related reactivation of hepatitis B infection: Updates in 2013. World J Gastroenterol 2014;
20(40): 14581-14588 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14581.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14581

INTRODUCTION
Overview
Chronic infection with hepatitis B virus (HBV) is a major
health burden that affects approximately 350 million people worldwide[1]. The hallmark of progressive liver disease
in HBV infection is active viral replication. In contrast,
patients with low serum HBV DNA level (usually below 1000 IU/mL) and normal alanine aminotransferase
(ALT) activity are considered inactive carriers with a low
risk of clinical progression. However, HBV reactivation
can occur in these inactive carriers, either spontaneously
or upon immunosuppression[2]. Impairment of the host
immune system due to treatment with chemotherapeutic
or immunosuppressive agents raises the risk of HBV re-
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activation[3]. HBV reactivation presents with reemergence
of necroinflammation in patients of inactive carrier status or even in patients with resolved hepatitis B[4], which
is preceded by rise in serum HBV DNA of 10 times or
higher, sometimes reaching ≥ 108 IU/mL, with serum
ALT elevation (≥ three times of upper limit of normal
or an absolute rise of more than 100 IU/L)[5,6]. Prior
to the diagnosis of HBV reactivation, it is necessary to
exclude other conditions which might cause abovementioned biochemical changes, including hepatic injury due
to chemotherapy, metastatic malignancies in the liver, or
hepatitis due to other viruses. The reported rate of HBV
reactivation was diverse among literature, approximately
ranging from 20%-50%. Although initial presentation
of HBV reactivation is mostly asymptomatic, some patients show clinical deterioration with the development
of jaundice or other signs of decompensation, with
some patients dying due to hepatic failure[5,7-9]. Typically,
serum HBV DNA becomes detectable during anticancer
therapy or immunosuppression, and then serum ALT
rises after completion of the treatment. If HBV reactivation occurs in relation to chemotherapy among patients
with malignancy, subsequent treatment disruption or
premature termination may adversely influence treatment
outcomes[10-12].
Risk factors
Several clinical predictors of HBV reactivation have been
identified, including a certain serum HBV DNA level
prior to immunosuppression, the type of underlying malignancy, the regimen of chemotherapy, and the intensity
of immunosuppression. HBV reactivation occurs more
frequently in patients with non-Hodgkin’s lymphoma
with higher reported rates ranging from 24% to 67%
compared to patients with solid tumors[8,13]. This finding
is directly attributable to the intense chemotherapeutic
regimens for lymphoma and relatively higher rates of
hepatitis B surface antigen (HBsAg) positivity in lymphoma patients[8,13-15]. The risk of HBV reactivation is raised
with corticosteroid use because of immune suppression
or the direct stimulation of HBV replication. Rituximab,
which commonly comprises chemotherapy regimens
with corticosteroids for lymphoma, raises the risk of
reactivation even further[16,17]. In hematopoietic stem cell
transplantation for hematologic malignancies, preceding highly intensive chemotherapy frequently increases
the risk of HBV reactivation[18,19]. Given the reactivation
rate of 14%-21% in solid tumors, reactivation was more
frequently reported in breast cancer (41%-56%), which
might be explained by the higher doses of chemotherapy
and the use of anthracycline[12,20,21]. Other known factors
for the elevated risk of HBV reactivation are HBV genotype, specific mutations on HBV genome such as precore/core and precore promoter mutations, and recovery
from neutropenia[22-25]. In addition to HBsAg-positive patients, HBV reactivation rarely occurs in anti-hepatitis B
core immunoglobulin G (anti-HBc IgG)-positive patients
without HBsAg; this result that can be interpreted as an
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occult HBV infection or a past infection[26]. In an occult
or past HBV infection, HBV DNA can be detected in
the hepatocytes or even in the serum with a low titer. If
HBV reactivation occurs from the occult/past infection,
HBV replication resumes following immunosuppression
with or without the reemergence of HBsAg (reverse
seroconversion or seroreversion of HBsAg)[5,27,28]. The
risk of HBV reactivation in occult/past infection was
particularly well documented in patients with rituximabtreated B-cell lymphoma or patients who underwent
hematopoietic stem cell transplantation for their hematologic malignancies[29-35]. Low titer of hepatitis B surface
antibody (HBsAb) was suggested as a risk factor of HBV
reactivation in rituximab-treated lymphoma patients[17].
In addition, caution is needed in HBsAb-positive patients
without HBsAg or anti-HBc IgG, since there have been
case reports where HBV reactivation occurred in such
patients causing fatality[36]. Risk factors for HBV reactivation are summarized in Table 1.
Management
In addition to its adverse influences on the maintenance
of chemotherapy and on the outcomes of underlying
malignancy, prevention of HBV reactivation is of paramount importance when considering the potential risk
of hepatic failure or death. For prevention, the evidence
of HBV infection (HBsAg and anti-HBc IgG) should be
screened before the initiation of chemotherapy. HBV vaccination is indicated in case of negativity for both HBsAg
and anti-HBc IgG. Preemptive antiviral therapy is needed
for HBsAg-positive patients, irrespective of their serum
HBV DNA levels[24]. Randomized controlled studies from
Hong Kong and Taiwan demonstrated that preemptive
lamivudine significantly reduced HBV reactivation, hepatic failure and mortality in lymphoma patients[14,19,37,38].
Based on those studies, current guidelines recommend
starting preemptive antiviral therapy from the beginning
of chemotherapy, rather than deferring until HBV DNA
rises, and maintaining preemptive therapy for a specific
period of time after the end of chemotherapy (e.g., 6 mo
or longer, up to 12 mo)[38-40]. However, the optimal duration of preemptive antiviral therapy remains elusive to
date due to the lack of evidence. The risk of HBV reactivation was increased after the cessation of preemptive
lamivudine therapy 3 mo following the end of chemotherapy, particularly in cases with high pre-chemotherapy
HBV DNA (≥ 2000 IU/mL)[41]. Hence, the optimal
duration for patients with high pretreatment HBV DNA
can be determined according to the current treatment
guidelines for chronic hepatitis B. In addition, it should
be noted that HBV reactivation may occur following
longer than 6 mo from the cessation of chemotherapy
irrespective of the pretreatment viral load. Evidence on
the proper choice of preemptive antiviral agents is also
limited. However, antiviral agents other than lamivudine,
such as adefovir, tenofovir, entecavir, and telbivudine,
could be used for preemptive therapy, considering their
similar mechanisms of action and advantages in potency
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LESSONS FROM RECENT REPORTS

Table 1 Risk factors for anticancer chemotherapy-related
hepatitis B virus reactivation
Categories
Host factors

Tumor- or
treatment-related
factors

Viral factors

Risk factors

Ref.

Male gender
Young age
Elevated baseline ALT
Lymphoma
Hematologic malignancies
Brease cancer
Glucocorticoid use
Anthracycline use
Rituximab-based regimen
Hematopoietic stem cell transplantation
High pre-chemotherapy viral load
Positive HBeAg
Presence of precore mutant
Negative or low titer of HBsAb (in case
of occult/past infection)

[8]
[8]
[63]
[6,8]
[8,64]
[6]
[6,16]
[6]
[17,29]
[65]
[66]
[8,67]
[25,68]
[17]

ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HBsAb:
Hepatitis B surface antibody.

and resistance (especially for entecavir and tenofovir).
Since resistance to lamivudine was reported even during
the preemptive use, other antiviral agents with a high genetic barrier to resistance should be preferred in cases of
prolonged chemotherapeutic schedules (e.g., more than
a year)[14]. Recently, a retrospective study demonstrated a
reduced risk of hepatitis and chemotherapy disruption
due to HBV reactivation with entecavir compared with
lamivudine in lymphoma patients[42]. However, relevant
data regarding the superior efficacy or cost-effectiveness
of certain antiviral agents have remained scarce until the
present. Without the consideration of cost, entecavir and
tenofovir are relatively safer choices in view of their high
potency and low resistance profiles. (Peg-)interferon is
contraindicated as a preemptive antiviral agent because of
its myelosuppression and possible exacerbation of hepatitis. Although patients with occult/past HBV infection
(i.e., anti-HBc IgG-positive and HBsAg-negative patients)
possess a potential risk of reactivation, preemptive treatment cannot be uniformly recommended because their
specific HBV reactivation risks are not clearly known,
according to the type of malignancy or chemotherapeutic
regimens. However, preemptive therapy should be considered in high-risk patients with detectable serum HBV
DNA, including lymphoma receiving rituximab-based
chemotherapy and leukemia undergoing hematopoietic
stem cell transplantation. The need for preemptive treatment, however, may be determined based on periodic (e.g.,
monthly or bimonthly) monitoring of the serum HBV
DNA in patients who are negative for serum HBV DNA
prior to chemotherapy.
To date, there are three recently updated practice
guidelines from major liver societies worldwide as summarized below. The recommendations for the management of HBV reactivation are largely similar among these
guidelines, but there are some minor discrepancies in the
details. Table 2 summarizes and compares the differences
among these guidelines.
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Because the clinical practice guidelines for HBV infection, including the management of HBV reactivation,
were released by AASLD (2009), EASL (2012) and
APASL (2012)[1,40,43], this section mainly covers newer
reports, released after these guidelines. During the past
couple of years, research interests in the field of HBV
reactivation have focused on lymphoma, particularly the
risk of HBV reactivation with rituximab-based treatment
in occult/past HBV infection. A retrospective study by
Pei et al[44] (n = 29) reported that decreases in the antiHBs titer after rituximab treatment were observed, especially in HBsAg-negative patients with low baseline
anti-HBs titers (< 100 mIU/mL). This seems relevant,
as previous reports showed that the absence or presence
of low titers of anti-HBs was associated with the risk
of HBV reactivation among lymphoma patients under
rituximab-containing treatments [17,26,29]. Although the
demonstration of decreasing anti-HBs titer was intriguing
in the study by Pei et al[44], the small number of study subjects prevented the investigators from providing clearer
and more robust evidence regarding the role of changing
anti-HBs titers in the dynamic risk of HBV reactivation
in rituximab-treated lymphoma patients. Indeed, hepatitis
flares after chemotherapy occurred in only 6 patients.
Instead, the study presented a provisional association of
the risk of HBV reactivation with anti-HBs, in which the
risk of hepatitis flares was higher in patients with lost
anti-HBs after chemotherapy (4/8 vs 2/21, P = 0.033). A
recent multi-center prospective study from Taiwan demonstrated HBV reactivation under rituximab-based chemotherapy occurred in 17 out of 150 lymphoma patients
with anti-HBc (HBsAg-negative), whilst HBV DNA
was being monitored at baseline, at the start of every
chemotherapy cycle, and every 4 wk after completion of
chemotherapy[45]. In this study, hepatitis flare (defined as
increase in ALT of 3 fold or higher, exceeding 100 IU/L)
was more frequently associated with re-appearance of
HBsAg after reactivation of HBV. Regarding the risk of
reactivation of occult/past HBV infection in lymphoma
patients, a meta-analysis by Dong et al[46], including 971
lymphoma patients from 9 studies, demonstrated that
the relative risk of HBV reactivation by rituximab-based
treatments was 5.52 (95%CI: 2.05-14.85, P = 0.0007) in
patients with occult/past infections (anti-HBc IgG-positive, HBsAg-negative). Although the obvious heterogeneity in the included studies and presence of publication
bias should be prudently taken into consideration when
interpreting the results, this meta-analysis contributed
further supporting evidence of the HBV reactivation risk
in the lymphoma patient population with occult/past
HBV infections. Another retrospective study from Japan
included 109 HBsAg-negative patients (59 with antiHBc) undergoing chemotherapy for either lymphoma or
multiple myeloma, in which serum HBV DNA was quantified monthly during and after chemotherapy in each
study subject[47]. During the median follow-up period
of 20.5 mo, four out of 59 anti-HBc-positive patients
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Table 2 Comparison of prophylactic strategies against the reactivation of hepatitis B with recent major guidelines
[1]

Screening
tests

[40]

AASLD (2009)

EASL (2012)

HBsAg, anti-HBc

HBsAg, anti-HBc

[43]

APASL (2012)

HBsAg; anti-HBc in
rituximab- or anti-TNFα-treated patients
At least 24 wk after the
end of chemotherapy

Duration of
6 mo after the completion of chemotherapy/
12 mo after cessation of chemotherapy
therapy
immunosuppression, if baseline HBV DNA < 2000 IU/mL;
continue treatment until treatment endpoints in immune
competent patients if HBV DNA > 2000 IU/mL
Antiviral
Lamivudine or telbivudine if duration of treatment ≤ 12
Lamivudine if low HBV DNA (< 2000 IU/mL)
Lamivudine; entecavir
agent
mo and baseline HBV DNA is undetectable; tenofovir or and a finite, short duration of immunosuppression or tenofovir can be used
entecavir if longer treatment duration is needed
is planned; entecavir or tenofovir if high HBV
DNA and/or lengthy, repeated cycles of
immunosuppression are planned
Occult/
Monitor HBV DNA; treat if HBV DNA becomes detectable Test for HBV DNA; if HBV DNA-positive, treat
Monitor HBV DNA;
past
similarly to HBsAg-positive patients; if HBV DNAtreat when needed
infection
negative, follow every 1-3 mo with ALT and HBV
DNA and treat upon reactivation before ALT
elevation; preemptive therapy can be given if
monitoring is not guaranteed or in cases of stem cell
transplantation
AASLD: American Association for the Study of Liver Diseases; EASL: European Association for the Study of the Liver; APASL: Asian Pacific Association
for the Study of the Liver; HBsAg: Hepatitis B surface antigen; anti-HBc: Anti-hepatitis B core antibody; TNF: Tumor necrosis factor; HBV: Hepatitis B
virus; ALT: Alanine aminotransferase.

developed HBV reactivation, and three of them were
negative for anti-HBs. Due to the small sample size, the
statistical significance of anti-HBc for HBV reactivation
was not proven. However, the authors underscored that
the HBV DNA should be monitored during and after
chemotherapy in order to detect HBV reactivation earlier.
In line with these reports, a cost-effectiveness analysis on
HBV screening before chemotherapy for lymphoma was
recently conducted in Canada[48]. Out of the three strategies (screening all patients, screening high-risk patients
for HBV infections, and no screening), a decision tree
model analysis revealed that the rate of HBV reactivation
was reduced to one-tenth with screening all patients, resulting in lower costs among patients receiving rituximabbased chemotherapy for lymphoma. Prior to this report,
another cost-effectiveness study on HBV screening from
Australia was published[49]; its results indicated that universal HBV screening was not cost-effective in patients
with solid tumors, specifically in hypothetical patient
cohorts receiving adjuvant chemotherapy for early breast
cancer or palliative chemotherapy for advanced nonsmall cell lung cancer. However, cost-effectiveness was
maintained in limited HBsAg screening in the population
with adjuvant chemotherapy. Taken together, cost-effectiveness seems to be dependent on the different risks of
HBV reactivation in different clinical settings.
The proper choice of an antiviral agent is another important issue to be resolved. Lamivudine has been widely
accepted as a representative antiviral agent for preemptive therapy in HBsAg-positive patients undergoing chemotherapy, based on the results of previous randomized
controlled trials, as described earlier. However, the development of resistance to lamivudine has been a major
concern in its preemptive use[50-52]. Newer potent antiviral
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agents with high genetic barriers to resistance have been
launched in recent years, and their efficacy in the preemptive setting needs to be further investigated. A recent
multinational retrospective study in Asia (n = 340) revealed that breakthrough HBV reactivation was observed
in more than 20% of lamivudine-treated HBsAg-positive
lymphoma patients undergoing rituximab-containing chemotherapy[53]. In this study, the entecavir-treated group
showed a reduced rate of HBV reactivation compared
with the lamivudine-treated group (6.3% vs 39.3%, P <
0.05). The optimal duration of preemptive antiviral therapy also remains unclear. In the rituximab era, late HBV
reactivation has been reported up to 170 d after the last
dose of rituximab-containing chemotherapy[17]. A recent
retrospective study by Chen et al[54] reported that HBV
reactivation occurred up to 230 d after the last dose of
rituximab. It seems necessary to monitor the serum HBV
DNA titers regularly during and after the completion of
any rituximab-based chemotherapy in lymphoma patients
as well as to consider longer durations of preemptive
antiviral therapies, especially among those receiving prolonged chemotherapy. An intriguing case report from
Italy showed that viral breakthrough occurred during
entecavir prophylaxis in the absence of viral mutations
in a patient with chronic lymphocytic leukemia under
bendamustine therapy[55]. The authors argued that this
uncontrolled viral replication resulted from ‘‘immunological escape’’ phenomenon under persistent and severe
immune system impairment, necessitating combination
treatment[56]. Although this combination strategy was advocated by a case report by the same author group[57], it
requires further investigation.
Recently, a randomized controlled trial of prophylactic entecavir for lymphoma patients with resolved
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HBV infection was reported[58]. Serum HBV DNA was
undetectable in 62.5% of the lymphoma patients at baseline. Patients were randomly assigned to either entecavir
prophylaxis (started before chemotherapy until 3 mo
after chemotherapy; n = 41) or therapeutic entecavir at
the time of HBV reactivation (n = 39). The incidences
of HBV reactivation at 18 mo of follow-up were 4.3% in
the treatment group and 25.9% in the control group (P
= 0.019). Although this study provided valuable information regarding preemptive antiviral therapy in lymphoma
patients with “resolved” HBV infections, the study design
seems debatable because 30 patients (37.5%) had “occult”
HBV infections and were positive for serum HBV DNA.
Those patients require preemptive antiviral therapy from
the beginning of chemotherapy, rather than deferred
treatment, according to the latest EASL guideline [40].
However, this study began in 2009, when there was no
recommendation for a preemptive therapy in patients
with occult/past infections. Thus, further studies with
updated designs are warranted to support the findings of
this trial.
Lastly, an interesting report from Singapore on the
risk of HBV reactivation in patients with solid tumors
was published recently. Ling et al[59] reported in their
large-scale retrospective analysis (n = 1149) that only 0.3%
(3 out of 1149) of patients developed HBV reactivation
if they had not been screened for HBV infection prior
to chemotherapy and instead received a doxorubicinbased regimen; on the other hand, those patients who
received oxaliplatin/irinotecan-based or carboplatin plus
gemcitabine capecitabine chemotherapy did not develop
HBV reactivations. The authors argued that routine
screening and preemptive therapy for lower-risk chemotherapy regimens may not be necessary, even in HBVendemic regions.

UNRESOLVED ISSUES AND FUTURE
PERSPECTIVES
What is (are) the proper antiviral agent(s) for preemptive
treatment?
The current recommendations on the preemptive antiviral therapy are largely based on previous data from
clinical trials of lamivudine in HBsAg-positive patients.
Published studies, especially randomized trials, are mostly
limited to lamivudine, both in lymphoma and in solid
tumors[14,38,60]. A systematic review also concluded that
preemptive lamivudine therapy reduced the risk of HBV
reactivation-related hepatitis by approximately 80%[9].
However, the most concerning and serious drawback of
lamivudine therapy is the emergence of resistant strains
to lamivudine, as mentioned earlier[14]. In addition, the
failure of prophylaxis with lamivudine due to virologic
breakthroughs and cases of withdrawal hepatitis has been
reported, especially if the baseline viral load was high or
rituximab was used[61]. More potent antiviral agents with
a high genetic barrier might be preferable, particularly in
cases of high-risk patients for HBV reactivation or after
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prolonged chemotherapy. To date, however, only limited
data exist on the prophylactic efficacy of such newer
agents. A recent retrospective study from China reported
the superiority of entecavir (n = 34) compared to lamivudine (n = 89) in preventing HBV reactivation in lymphoma patents[42]. Another multicenter retrospective study
included a heterogeneous population with lymphoma and
various solid tumors (n = 241), the results of which are
currently available as an abstract; the results of that study
showed that prophylaxis with entecavir (n = 31) or telbivudine (n = 124) was more effective than with lamivudine
(n = 86). The HBV reactivation rate was not significantly
different between entecavir and telbivudine[62]. A multicenter, randomized controlled trial comparing entecavir
and lamivudine in patients with lymphoma or solid tumors is in progress, and the results are anticipated with
keen interest (NCT01580202).
What is the optimal duration of preemptive antiviral
therapy?
Discontinuation of lamivudine prophylaxis at 3 mo after
the completion of chemotherapy resulted in an HBV
reactivation rate of 24% in a previous study, especially
among patients with high baseline HBV DNA levels[41].
The EASL guidelines strongly recommend continuing
preemptive therapy for 12 mo in HBsAg-positive patients
after the cessation of chemotherapy based on previous
studies[9,14], with the level of evidence “A” and the grade
of recommendation “1”[40]. However, neither of the
two references for this recommendation provided sufficient evidence to support the preference of 12 mo of
maintaining preemptive therapy over a shorter treatment
duration. Furthermore, these references were based on
studies using lamivudine[9,14], and currently, the data are
insufficient to determine the optimal durations of more
potent antiviral agents, such as entecavir or tenofovir.
The AASLD guideline (2009) recommended a graded
approach, in which lamivudine or telbivudine could be
used for a planned duration of less than 12 mo, while
entecavir or tenofovir was recommended for a longer duration of therapy[1]. However, supporting data were not
sufficient for these recommendations. In addition, HBsAg titer is used for prediction of treatment response to
peginterferon[40]. However, use of HBsAg quantification
is currently not supported by sufficient evidence in terms
of prediction of response or determination of duration
of prophylactic antiviral therapy for HBV reactivation.
Prophylaxis in patients with occult/past infections
undergoing chemotherapy
Based on the most recent reports described earlier,
screening for evidence of past HBV infection in HBsAgnegative patients seems reasonable among high-risk patients, including those undergoing rituximab-based chemotherapy or with hematologic malignancies, especially
in HBV-endemic areas. The randomized controlled trial
of entecavir prophylaxis in patients with lymphoma and
resolved HBV infections conveyed important messages
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for the management of patients at potential risk of HBV
reactivation in the rituximab era[58]. However, its study design, which included the possibility of assigning patients
with occult infections with detectable serum HBV DNA
to the control (or deferred treatment) arm, made its conclusion somewhat questionable, as discussed earlier. Further compelling evidence is urgently required to resolve
this unmet need.

CONCLUSION

9

10

11

Patients with HBV infections who receive anticancer
chemotherapy are at risk of HBV reactivation during and
after the completion of chemotherapy. Recent guidelines
recommend preemptive antiviral therapy for HBsAgpositive patients undergoing chemotherapy, irrespective
of their baseline viral load. However, the proper choice
of antiviral agent and the optimal treatment duration are
still under debate. Recently, several studies have reported
the risk of reactivation in occult/past HBV infections.
Based on the aforementioned observational studies and
cost-effectiveness analyses, screening for occult/past
infections in HBsAg-negative patients is strongly recommended, especially among lymphoma patients who
receive rituximab-based chemotherapy or patients undergoing intensive immunosuppression. Again, the proper
antiviral agent(s) and the optimal treatment duration
remain unclear. Randomized controlled trials to compare
different antiviral agents in homogeneous populations are
urgently warranted to establish management strategies
for the prevention of HBV reactivation in at-risk patients
undergoing chemotherapy.
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Abstract
Viral hepatitis remains a worldwide public health problem. The hepatitis D virus (HDV) must either coinfect or
superinfect with the hepatitis B virus (HBV). HDV contains a small RNA genome (approximately 1.7 kb) with
a single open reading frame (ORF) and requires HBV
supplying surface antigens (HBsAgs) to assemble a new
HDV virion. During HDV replication, two isoforms of a
delta antigen, a small delta antigen (SDAg) and a large
delta antigen (LDAg), are produced from the same ORF
of the HDV genome. The SDAg is required for HDV replication, whereas the interaction of LDAg with HBsAgs
is crucial for packaging of HDV RNA. Various clinical
outcomes of HBV/HDV dual infection have been reported, but the molecular interaction between HBV and
HDV is poorly understood, especially regarding how

WJG|www.wjgnet.com

HBV and HDV compete with HBsAgs for assembling virions. In this paper, we review the role of endoplasmic
reticulum stress induced by HBsAgs and the molecular
pathway involved in their promotion of LDAg nuclear
export. Because the nuclear sublocalization and export
of LDAg is regulated by posttranslational modifications
(PTMs), including acetylation, phosphorylation, and isoprenylation, we also summarize the relationship among
HBsAg-induced endoplasmic reticulum stress signaling,
LDAg PTMs, and nuclear export mechanisms in this review.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Hepatitis D virus; Posttranslational modification; Endoplasmic reticulum stress;
Nuclear export
Core tip: Hepatitis D virus (HDV) is a defective virus
that depends on hepatitis B virus (HBV) to supply envelope proteins (HBsAgs) for assembling a new virion.
The association of the clinical severity of hepatitis with
HDV genotypes (HDV-1 to 8) has been reported, but
the mechanism is unknown. Whether the combinations
of HBV genotypes (A to H) with HDV genotypes cause
varying clinical outcomes remains to be explored. This
review focuses on HDV replication, the cross-talk between HDV and HBV, and the endoplasmic reticulum
(ER) stress induced by HBsAgs in the ER which results
in the promotion of large delta antigen export from the
nucleus to interact with HBsAgs.
Huang CR, Lo SJ. Hepatitis D virus infection, replication and
cross-talk with the hepatitis B virus. World J Gastroenterol 2014;
20(40): 14589-14597 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14589.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14589
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HEPATITIS D VIRUS INFECTION
At least five hepatitis viruses, including the hepatitis A
virus (HAV), hepatitis B virus (HBV), hepatitis C virus
(HCV), hepatitis D virus (HDV), and hepatitis E virus
(HEV), which can infect humans have been identified
and their transmission routes are diverse[1]. These routes
can be divided into the oral-fecal route (HAV and HEV)
and the blood transmission route (HBV, HCV, and
HDV). All hepatitis virus infections cause acute hepatitis;
the group that is transmitted through blood can cause
both acute and chronic hepatitis[2]. Four hepatitis viruses
(HAV, HBV, HCV, and HEV) can infect humans independently, but HDV cannot. HDV either coinfects or
superinfects with HBV because it requires the support
of HBV to complete its life cycle. Therefore, HDV is
known as a defective virus, or a satellite virus of HBV[3-5].
Globally, 350 million people are HBV carriers; among
them, more than 15-20 million people are infected by
HDV, which is associated with the most severe form
of viral hepatitis[6,7]. Although HDV infection has been
reported worldwide, its prevalence is not uniform. The
regions with a high prevalence of HDV infection are in
the northern region of South America, West and Central
Africa, and in Mediterranean countries[6,8,9]. According to
a survey conducted in the 1980s, the prevalence of HDV
infection varied from 0% to 84.9% among HBV carriers world-wide[10]. The prevalence of HDV infection was
1.5% in Far East Asia, and 21.0% in the Middle East. A
higher prevalence was discovered in the following countries: Romania (69.5%), the USSR (38.8%), Italy (24.7%),
Turkey (23.4%), and France (20.2%)[10]. However, in other
European countries, the rate of HDV infection among
HBV carriers varied from 8.5% to 11.0%[11]. A remarkably low prevalence (< 5%) of HDV infection in HBV
carriers was reported in HBV highly endemic countries,
such as Vietnam, certain provinces of China, Hong Kong
(China), and South Korea[12-14]. After the HBV vaccination was administered in Italy, the prevalence of HDV infection was reduced from 24.6% (1983) to 8.1% (1997)[15].
Similarly, in Taiwan, an HBV endemic region, the prevalence of HDV also decreased from 23.7% in 1983 to 4.2%
in 1995[16]. Thus, the prevalence of HDV infection was
efficiently reduced by the prevention of HBV infection
in HBV endemic regions.
Clinically, the coinfection of HDV with HBV leads
to acute hepatitis, but subsequent chronic infection is
rare, whereas the superinfection of HDV in HBV carriers typically induces a severe form of hepatitis and
causes chronic infection compared with the effects of
HBV monoinfection[6,8]. In addition, HBV suppression is
also observed as an outcome of HDV superinfection in
HBV carriers, which results in the persistence of HDV
infection[17-20]. Although the mechanism of HDV-induced
pathogenesis has not been fully clarified, HDV infection
is a critical etiological factor for serious liver diseases,
such as fulminant hepatitis[6,21-23]. The role of HDV infection as a risk factor in hepatocellular carcinoma (HCC)
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remains debatable[23-29]. A report indicated that HDV infection could promote the risk of HCC by nearly threefold in comparison with HBV monoinfection, which
is prevalent in Western European countries[27]. Similar
results were also reported in Italy[28], Sweden[24], and Sahelian Africa[23]. A 28-year follow-up study demonstrated
that persistent HDV infection promotes cirrhosis and
HCC at rates of 4% and 2.8% annually, respectively[26].
Conversely, several reports have indicated that HDV superinfection is not related to the development of HCC in
Taiwan[30,31]. Therefore, the role of HDV in the progression of HBV-related liver diseases is a controversial topic.
Previous studies showed that the large delta antigen
(LDAg) of HDV might play a role in the HDV-associated
pathogenesis because LDAg can activate many eukaryotic
promoters to turn on their downstream gene expression[32,33]. It is also reported that the LDAg can modulate
tumor growth factor beta (TGFβ)- or c-Jun-induced signal activation[34] and trigger tumor necrosis factor alpha
(TNFα)-induced nuclear factor kappa B (NF-κB) nuclear
import[35]. Therefore, gene expression or signal activation
is considered to contribute to HDV-induced hepatitis.
Studies regarding the linkage of HDV-related pathogenesis with HBV are relatively rare. A few studies demonstrated that the LDAg could activate gene expression
driven by the pre-S, S and core promoter of HBV[32], but
inhibition of that gene expression was mediated by HBV
enhancer 1 (Enh1)- and 2 (Enh2).[36] One report showed
the X protein of HBV (HBx) induces a synergistic effect
on LDAg-activated gene expression[37]. Taken together,
these studies might provide some clues to understanding
the connection of HDV/HBV-associated pathogenesis.
Nevertheless, the contribution of HBV in HDV-related
diseases and vice versa remains to be clarified.
The association between the severity of hepatitis and
HDV genotypes (HDV-1 to 8) has been reported[6,38-44];
HDV-1 is distributed worldwide and causes hepatitis with
a wide range of severity, whereas HDV-2 and HDV-4
infections are distributed only in Japan and Taiwan,
and lead to comparatively less severe clinical manifestations[43,45,46]. HDV-3 has been reported to cause a severe
form of fulminant hepatitis, which is isolated in the
northern region of South America[41,44,47]. HDV-5 to -8
isolates are predominant in Africa, but the relationship
between these isolates and the severity of liver diseases
requires clarification[38,40,48]. An alternative observation
indicated that various combinations of HBV genotypes (A
to H) with HDV clades might contribute to the etiology
of various clinical outcomes, suggesting that the interaction between HBV and HDV may influence pathogenesis[41,47]. Infection with HBV genotype F has been
observed in patients with HDV-3-induced severe hepatitis[49], but a subsequent study demonstrated that HBV
genotypes A and D were also isolated in patients with
HDV-3-induced hepatitis[41]. Additionally, the influence
of the HBV genotype on the replication and assembly of
various HDV genotypes has been associated with various
clinical outcomes[45,50,51]. The results of previous studies
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have indicated that the replication level of various HDV
genotypes is not associated with the HBV genotype. In
contrast, the assembly of various HDV genotypes is correlated with the expression level of HBsAgs, and not
with HBV genotypes[50,51]. Therefore, the relationship
between the combinations of HBV-HDV genotypes and
the clinical outcome of HDV-induced liver diseases remains obscure.

HEPATITIS D VIRUS REPLICATION
HDV may share the same receptor as HBV for entering hepatocytes because both viruses are enveloped in a
phospholipid bilayer embedded with HBsAgs. Several research groups have demonstrated that sodium taurocholate cotransporting peptide[52] and the glycoaminoglycan
side chain of heparan sufate proteoglycans are functional
receptors for HBV and HDV[53,54]. In addition, purinergic
receptors, which are nonhepatocyte-specific receptors,
have been suggested to be binding partners of HBV and
HDV[55]. Therefore, the exact function of these multiple
cell surface receptors for HDV-binding hepatocytes requires further verification. After the HDV attaches to the
receptors and enters the hepatocytes, HDV replication
requires the assistance of host RNA polymerases for
genome amplification and that of HBV surface antigens
for new virion assembly. Primarily, HDV replication occurs in the nucleus and new virion assembly occurs in the
cytoplasm. Additional details regarding genome amplification and virion assembly are described in the following
subsections.
Genome amplification
The HDV genome is a negative-sense, which contains
1.7-kb circular RNA[56-59]. Its genome sequence is separated into the protein-coding region and the viroid-like
region[60]. The protein-coding region contains the only
open reading frame that can be used to produce hepatitis
delta antigens (HDAgs), and the viroid-like region contains the ribozyme sequence required for the monomerization of the HDV genome from the multimer products
generated during RNA replication[60,61]. During HDV replication, two types of HDAgs are produced: small delta
antigen (SDAg) and LDAg[62,63]. The production of LDAg
is mediated through small ADAR-1 (ADAR-1S; adenosine deaminase that acts on RNA), converting the amber
stop codon (UAG) of SDAg into the tryptophan codon
(UGG). Consequently, the LDAg, depending on various
HDV genotypes, contains an additional 19 or 20 amino
acids at its carboxyl terminus[64-67]. Both HDAgs have an
identical amino acid sequence in the N-terminus, but
the additional 19 or 20 amino acids of LDAg results in
varying degrees of functionality between the LDAg and
SDAg in the process of HDV replication. The SDAg is
composed of 194 or 195 amino acids and supports HDV
replication, whereas the LDAg consists of 214 amino
acids, which inhibit HDV replication[63] and interact with
HBsAgs to assemble new virions[68].
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Both HDAgs are able to bind to HDV genomic RNA,
but lack RNA polymerase or replicase activity[69-71]. Therefore, the genome replication of HDV completely depends on the cellular DNA-dependent RNA polymerases
(RNAPs) and occurs in the nucleus[69,72-77]. Three species
of host RNAPⅠ, Ⅱ, and Ⅲ have been demonstrated to
interact with the HDV genome[72,78]. However, the role
of RNAPⅠ and Ⅲ in HDV replication remains undetermined, unlike that of RNAPⅡ[69,75-77]. The role of RNAP
Ⅱ in HDV replication involves the de novo synthesis of
HDV genomic RNA and HDAg-coding mRNA [69,75].
Whether RNAPⅠ plays a role in HDV replication is
debatable. The studies conducted by Lai and colleagues
demonstrated that newly synthesized HDV antigenomic
RNA is present after treatment with a specific inhibitor
of RNAPⅡ, α-amanitin. In contrast, treatment with actinomycin D, an inhibitor of RNAPⅠ, decreases the de
novo synthesis of HDV antigenomic RNA[69,76]. However,
Taylor and coworkers provided evidence suggesting that
RNAPⅡ is the only host RNAP and that it is required
for the amplification of both HDV genomic and antigenomic RNA[75,77]. There is no evidence supporting the
role of RNAPⅢ in HDV replication, except for its interaction with the HDV genome[78].
In vitro transfection studies revealed that SDAg is
required for HDV replication[63]. SDAg has been demonstrated to interact with RNAPⅡ[76,79,80] and the transcription initiation factor, SL1, of RNAPⅠ[61]. Therefore,
SDAg-supporting HDV replication is mediated through
the interaction with the host RNAPs to drive the replication of HDV[74,79,80]. Because of the rolling circle
mechanism, the replication process produces a linear
form of multimeric antigenomes or genomes, which is
subsequently cleaved by the ribozyme residing in the antigenomic and genomic sequence to form a monomeric
circularized unit. The total number of HDV genomes
can reach 300000 copies per single cell and the ratio of
genome to antigenome is approximately 5-22 in HDVinfected hepatocytes[81]. The HDV genome also serves as
a template for making mRNA to produce SDAg. LDAg is
subsequently produced, resulting from ADAR-1 editing,
and trans-inhibits HDV replication through the interaction with SDAg to reduce the binding specificity between
the HDV genome and SDAg[82]. The LDAg interacts
with SDAg and genomic RNA to form RNP that can be
exported from the nucleus and assembled with HBsAgs.
How the amplified HDV genome, but not antigenome, is
selected by HDAgs to form RNP is still unclear.
Virion assembly
Several studies have demonstrated that the LDAg alone,
or in the presence of HDV RNP, can interact with HBsAgs residing in the endoplasmic reticulum (ER) or Golgi
apparatus to form empty viral-like particles or HDV virions[83-85]. The interaction between LDAgs and HBsAgs
is dependent on the additional 19 or 20 amino acids at
the C-terminus of LDAgs[86]. However, the predominant
cellular distribution of LDAgs is in the nucleus, whereas
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the major location of HBsAgs is in the cytoplasm[85,87-89];
two questions are thus raised: (1) how the LDAg receives
signals to export from the nucleus to the cytoplasm; and
(2) how the HBsAgs participates in LDAg nuclear export.
Furthermore, the exact location, ER or Golgi, where
LDAgs interact with HBsAgs to form particles remains
undetermined. The study conducted by Tavanez et al[90]
demonstrated that the HDV RNP could be shuttled
between the nucleus and cytoplasm, suggesting that the
interaction between HBsAg and HDV RNP is the consequence of HDV RNP being shuttled from the nucleus
to the cytoplasm. The isoprenylation of LDAg is the key
event for HDV assembly when HBsAgs interact with
HDV RNP[85,89,91]. However, isoprenylated LDAg has
been detected inside the nucleus of cells transfected with
recombinant LDAg-expressing constructs in the absence
of HBsAgs[92]. Thus the role of HBsAgs in the isoprenylation of LDAg remains to be elucidated. Collectively, neither the mechanism of HDV RNP shuttling between the
nucleus and cytoplasm nor the cross-talk between LDAg
and HBsAg that contributes to the packaging of HDV is
fully understood.

POSTTRANSLATIONAL MODIFICATIONS
OF LDAG
According to accumulated studies, the posttranslational
modifications (PTMs) of HDAgs are required to execute
various functions during HDV replication, assembly,
and secretion. The isoprenylation, phosphorylation, and
acetylation of LDAg have been reported to be associated with the dynamic distributions of LDAg and HDV
packages[85,86,91,93,94] For example, the cysteine-211 isoprenylation of LDAg is essential for the association with
HBsAgs and HDV secretion[86,91], the deficiency of isoprenylated LDAg leads to the loss of dynamic distribution from nucleoli to nuclear speckles and nuclear export,
even in the presence of HBsAgs[84,89]. Although isoprenylated LDAgs have been observed inside the nucleus[89],
the location where LDAg isoprenylation occurs is still
debatable. The serine-123 phosphorylation of LDAgs
is crucial for the nucleolus to SC35 nuclear speckle redistribution and HDV secretion[85]. The deficiency of
serine-123 phosphorylation in LDAgs results in SC35
nuclear speckle-specific accumulation and leads to the reduction of LDAgs nuclear exportation and viral particle
secretion[85]. The lysine-72 acetylation of LDAgs favors
their nuclear retention because the lack of lysine-72 acetylation in LDAgs profoundly increases their cytoplasmic
accumulation[93]. Combined, the progression of LDAg
nuclear export is closely associated with PTMs. However,
how the PTMs of LDAgs are regulated is unclear.
Numerous enzymes involved in the PTMs of various
proteins are activated or their cellular localizations are
changed under ER stress conditions. In HBV-infected
cells and under the ER stress condition, the up-regulation
of protein phosphatase 2A (PP2A) has been observed[95].
The dephosphorylation of LDAgs is required for the
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dynamic distribution of LDAgs from the nucleoli to the
SC35 nuclear speckle[85]. Whether the PP2A or other protein phosphatases participate in the dephosphorylation
of LDAgs for various nuclear translocations has not been
clarified. In addition to PP2A, p38 MAPK or ERK1/2 is
activated in the ER stress condition[96]. ERK1/2 has been
reported to phosphorylate SDAg at serine-177[97], and
the ERK1/2 recognition sequence is also present in the
LDAg. Whether serine-177 of LDAgs is the site phosphorylated by ERK1/2 for LDAg export is still unclear.
We hypothesized that various PTMs of LDAg or various amino acid sequences of LDAg encoded by different genotypes may result in different conformations of
LDAg resulting in different targeting patterns to various
subcellular sites (Figure 1).

ER STRESS INDUCED BY HBSAGS AND
TNFα SIGNALING
Three types of HBsAg are encoded by the HBV genome, which are designated as small, middle, and large
HBsAgs according to their molecular weight. The presence of a large surface antigen (LHBsAg) in virions has
been shown to enhance the infectivity of both HBV and
HDV[98]. An in vitro HDV package system revealed that
the presence of small surface antigen (SHBsAg) is sufficient for completing HDV assembly and secretion[99].
Furthermore, the nuclear export and cytoplasmic retention of HDAgs has been observed to increase in the
presence of HBsAgs[83,85,89]. Therefore, this suggests that
HBsAgs play a role in the facilitation of HDAg nuclear
export because HBsAgs induce ER stress[84].
The HDV RNP shuttles back and forth between the
nucleus and cytoplasm[90], but the dynamics of LDAg
alone in the absence or presence of HBsAgs is poorly
understood. To understand the dynamics of LDAg during HDV assembly and secretion[68,83,85,89], in vitro systems
have been used in which green-fluorescent protein (GFP)
fused with LDAg (GFP-LDAg) is used to trace the location of LDAg under various conditions. In the absence
of HBsAg of any type, there is virtually no nuclear export of GFP-LDAg. The highest rate of GFP-LDAg
export was detected in the presence of LHBsAg, whereas
the lowest rate was observed in the presence of SHBsAg[84] (Figure 2). Together with a study demonstrating
that a higher efficiency of HDV packaging was observed
in the presence of authentic small HBsAgs than in the
presence of nonglycosylated small HBsAgs[100], we hypothesize that the various degrees of glycosylation in the
three HBsAgs may result in various capabilities for causing ER stress.
To mimic HBsAg-induced ER stress to facilitate
LDAg nuclear export, experiments have been conducted
by adding ER stress inducers (brefeldin A and tunicamycin) in the absence of HBsAgs, which resulted in a high
amount of GFP-LDAg accumulation in the cytoplasm[84].
The ER stress typically results in activation of NF-κB,
which is a transcription factor that facilitates NF-κB
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Figure 1 Large delta antigen resulting in different targeting patterns to various subcellular sites. A: Green-fluorescent protein (GFP) fused with LDAg (GFPLDAg) distribution shown by a fluorescence microscopic image. HeLa cells were transfected with GFP-LDAg expressing construct and the GFP signal was photographed under a fluorescence microscope. The distribution of GFP-LDAg is in different nuclear compartments indicated by the GFP signal. Three predominant locations of GFP-LDAg in GFP positive cells are nucleolus (Nu), nuclear speckles (SC35) and non-SC35 nuclear speckles (NS). The cells marked with arrow, arrowhead
and circle indicate the most GFP signals in Nu, SC35 and NS, respectively; B: A schematic model of HBsAgs-induced LDAg nuclear exportation. The newly synthesized LDAg is acetylated by p300 (a type of acetyltransferase) followed by targeting to the nucleolus (genotype 1) or non-SC35 speckles (genotype 3). It is unclear
whether there is a direct association between acetylation and/or serine-123 phosphorylation and LDAg localization to the nucleolus or nuclear speckles. Nevertheless,
in both hepatitis D virus genotypes, LDAg moves to the SC35 speckles later (step 2) and it is speculated that phosphatase (PP2A) might contribute to the dephosphorylation of LDAgs. Afterwards, LDAg is deacetylated by histone deacetylases (HDACs) and exported out of the nucleus (step 3) and the ERK1/2 might participate
in the re-phosphorylation of LDAgs. Finally, in the cytoplasm, the LDAg interacts with hepatitis B virus supplying surface antigens (HBsAgs) to assemble into empty
viral particles or virions.

down-stream gene expression[101]. Although three types
of HBsAgs individually induce varying degrees of NFκB activation with various results in LDAg nuclear export, the study conducted by Huang et al[84] may provide a
line of evidence that cross-talk occurs between HBV and
HDV, via signaling through NF-κB activation.
During the course of infection, numerous cyto-
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kines, including tumor necrosis factor alpha (TNFα),
interferon, and interleukins, are up-regulated in HBV
patients; the up-regulated TNFα and IFNγ derived from
the T cells limit HBV replication in hepatocytes[102]. The
TNFα-activating signal transduction participates in the
disruption of HBV capsid integrity via activation of NF[103]
κB . In the absence of HBsAgs, TNFα is reported to
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Abstract
Hepatitis B virus (HBV) infection is a leading cause of
chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma worldwide. Due to the shared modes of transmission, coinfection with HBV and human immunodeficiency virus (HIV) is not uncommon. It is estimated
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that 10% of HIV-infected patients worldwide are coinfected with HBV. In areas where an HBV vaccination
program is implemented, the HBV seroprevalence has
declined significantly. In HIV/HBV-coinfected patients,
HBV coinfection accelerates immunologic and clinical
progression of HIV infection and increases the risk of
hepatotoxicity when combination antiretroviral therapy
(cART) is initiated, while HIV infection increases the
risk of hepatitis events, cirrhosis, and end-stage liver
disease related to chronic HBV infection. With the advances in antiviral therapy, concurrent, successful longterm suppression of HIV and HBV replication can be
achieved in the cART era. To reduce the disease burden
of HBV infection among HIV-infected patients, adoption
of safe sex practices, avoidance of sharing needles and
diluent, HBV vaccination and use of cART containing tenofovir disoproxil fumarate plus emtricitabine or lamivudine are the most effective approaches. However, due
to HIV-related immunosuppression, using increased
doses of HBV vaccine and novel approaches to HBV
vaccination are needed to improve the immunogenicity
of HBV vaccine among HIV-infected patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Viral hepatitis; Seroepidemiology; Sexually
transmitted diseases; Nucleoside reverse-transcriptase
inhibitor; Vaccination
Core tip: We provide an updated review of hepatitis
B virus (HBV) coinfection among human immunodeficiency virus (HIV)-infected patients, focusing on the
epidemiology, management and prevention of HBV infection. The mutually detrimental interactions between
HBV and HIV are discussed. Three updated treatment
guidelines for the management of patients with HIV/
HBV coinfection are summarized. We also review the
published data on the effectiveness or efficacy of HBV
vaccination studies, with emphasis on the different approaches to improvement of the serologic responses to
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conventional HBV vaccine among HIV-infected patients.
Sun HY, Sheng WH, Tsai MS, Lee KY, Chang SY, Hung CC.
Hepatitis B virus coinfection in human immunodeficiency
virus-infected patients: A review. World J Gastroenterol 2014;
20(40): 14598-14614 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14598.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14598

INTRODUCTION
Hepatitis B virus (HBV) infection is a leading cause of
chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma (HCC) worldwide[1]. Due to the shared modes
of transmission, coinfection with HBV and human
immunodeficiency virus (HIV) is not uncommon. It is
estimated by the Joint United Nations Program on HIV/
AIDS that 10% of 33 million HIV-infected patients has
concurrent chronic HBV infection[2]. The prevalence or
incidence of HBV infection among HIV-infected patients
may vary widely with risks for HIV and HBV transmission, implementation of HBV vaccination programs, and
the geographic regions with different levels of endemicity of HBV infection in the general population[2]. HBV
and HIV have a mutually detrimental impact in that HIV
infection accelerates HBV-related liver damage, leading
to earlier cirrhosis and end-stage liver disease[3,4], and the
presence of HBV infection complicates the management
of HIV infection, impairs CD4 recovery, accelerates immunologic progression, and increases the morbidity and
mortality of HIV-infected patients[4-8]. In this article we
review the epidemiology, interactions between HIV and
HBV, and management and prevention of HBV infection in HIV-infected patients in the era of combination
antiretroviral therapy (cART) that often contains 1 or 2
nucleos(t)ide reverse-transcriptase inhibitors (NRTIs)
that are active against HBV as well as HIV.

Epidemiology of hepatitis B
virus coinfection in HIV-infected
patients
Epidemiology of hepatitis B virus in HIV-infected
populations
According to the World Health Organization[9], the world
can be divided into 3 areas based on the levels of endemicity of HBV infection that are defined by the prevalence of chronic HBV infection: low endemicity, < 2%;
intermediate endemicity, 2%-8%; and high endemicity, >
8%. In areas of high endemicity of chronic HBV infection, the transmission of HBV mainly occurs through
perinatal transmission (predominantly in East and Southeast Asia) or in young children through close household
contact or through medical or traditional scarification
procedures (predominantly in Africa) [2,9]. Given the
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shared transmission routes of HIV and HBV, coinfection
with HBV and HIV is common. Approximately 10%
of the HIV-infected population in Asia and Africa has
concurrent chronic HBV infection with coinfection more
common in areas of high prevalence for both viruses[2,10].
The rate can be as high as 25% in countries where the
viruses are highly endemic[10]. In areas where HBV is less
endemic (North America, Europe, and Australia), HBV
and HIV are most often acquired during adolescence
or adulthood through sexual transmission or injection
drug use[10]. In Western Europe and the United States,
the overall prevalence of chronic HBV infection among
HIV-infected persons is estimated to be 6%-14%[3,4,11-13],
including 4%-6% of HIV-infected heterosexuals [3,12],
9%-17% of HIV-infected men who have sex with men
(MSM)[3,11,12], and 7%-10% of injecting drug users[3,4,11,12].
Previous studies have shown that seropositivity for syphilis and HIV infection, the number of lifetime sexual partners, and receptive anal intercourse are associated with
increased risk of HBV infection in MSM[14-16].
Seroprevalence of hepatitis B virus before and after
implementation of vaccination
In a recent review of global epidemiology of HBV infection[17], the prevalence of HBV infection has been shown
to be decreasing, particularly evident in central sub-Saharan Africa, tropical and central Latin America, southeast
Asia and central Europe. Expanded programs of immunization against HBV have been proposed to significantly
contribute to such an observation[17]. In areas that implemented universal neonatal HBV vaccination program
such as Taiwan and Alaska, the incidence of acute HBV
infection[18,19], prevalence of chronic HBV infection[19,20],
and incidence of HCC in children have significantly declined[19,21], so has mortality due to chronic liver disease as
well as HCC in persons aged 5-29 years[22].
Recent studies that evaluated the long-term impact
of universal neonatal HBV vaccination on HBV seroprevalence among HIV-infected populations and persons
at high risk for HIV transmission in Taiwan also demonstrated decreasing trends in chronic HBV infection
in those persons born after implementation of neonatal
HBV vaccination and catch-up vaccination programs
(Figure 1)[23,24]. The prevalence of hepatitis B surface antigen (HBsAg) positivity in HIV-infected patients born
after July 1984, when the nationwide HBV vaccination
program in Taiwan was initially implemented to vaccinate
newborns of HBsAg-positive mothers, has declined to
3.3% vs 20.3% in those born before July 1984 (P < 0.05)[23].
Furthermore, the prevalence of HBsAg positivity was
similar between HIV-infected MSM and HIV-uninfected
MSM (3.7% vs 2.4%) who were born in the era of universal HBV vaccination (in or after 1986), despite the fact
that HIV-infected MSM were more likely to have syphilis
(21.2% vs 2.8%) and had a higher prevalence of HBV
core antibody (anti-HBc) positivity (26.3% vs 19.6%),
while HIV-infected MSM born in 1984-1985 had a significantly higher prevalence of HBsAg positivity than HIV-
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Figure 1 Seroprevalence of hepatitis B virus infection in human immunodeficiency virus-infected patients according to birth year in Taiwan.
The seroprevalence declined significantly from 20.3% in those who were born
before in 1984 (n = 3034) when the neonatal hepatitis B virus (HBV) vaccination was provided to newborns whose mothers tested positive for HBV surface
antigen (HBsAg) to 3.7% in those who were born after 1986 (n = 507) when
universal neonatal vaccination and catch-up vaccination were implemented[23,24].

infected MSM born in or after 1986 (7.8% vs 3.7%)[24].
Additionally, syphilis and positive anti-HCV were significantly associated with HBsAg positivity in HIV-infected
patients born in the era of universal HBV vaccination.
Genotype distribution of HBV and its impact
Based on the extent of genetic diversity in HBV sequences, HBV can be divided into 10 genotypes (A to
J) and several subtypes[25,26]. Genotypes A to D are more
prevalent, with genotype A in sub-Saharan Africa, Northern Europe, and West Africa; genotypes B and C in Asia;
and genotype D in Africa, eastern Europe, the Mediterranean region, and India. Other HBV genotypes are less
prevalent with genotype E in West Africa; genotype F in
Central and South America; genotype G in France, Germany, and the United States; and genotype H in Central
America. Unlike other genotypes, the 2 newly identified
genotypes, I and J, have yet to establish characteristic geographic and ethnic distribution. Genotype I is known as
a recombinant of genotypes A, C, and G, and was found
in Vietnam and Laos[27]. Genotype J was first identified in
Ryukyu Island, Japan[28].
Many retrospective and prospective studies have been
conducted to determine the impact of HBV genotypes
on disease outcomes among the general population. Although some controversial results were observed likely
due to the transmission route and age when HBV infection occurs, which are closely correlated with seroprevalence of HBV in the geographic areas studied, several
studies suggested that patients infected with genotypes
C and D had lower rates of seroconversion than patients
infected with genotypes A and B, which is likely correlated with the relatively delayed onset of spontaneous
HBV envelope antigen (HBeAg) seroconversion and
HBsAg seroclearance[29-31]; infection with genotype C
was associated with an increased risk of HCC than with
genotype B in retrospective, prospective, and case-control
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studies[32-36]; and patients infected with genotype C tended
to have higher HBV viral load and higher frequency of
basal core promoter A1762T/G1764A mutation than
those with genotype B[34,35,37]. In addition, although HBV
genotyping before antiviral therapy is not recommended
by current guidelines[38], the impact of HBV genotypes
on clinical responses to interferon (IFN) have been described. First, in HBeAg-positive patients receiving standard IFN-α, the sustained virologic response rate was
higher in patients infected with genotypes A and B than
those with genotypes C and D[39-41]. Even among HBeAgnegative patients treated with IFN-α, HBsAg clearance
was significantly higher in patients with genotype A (20%)
than those with genotypes B (6%), C (9%), and D (6%)[42].
While Chien et al[43] first reported that the sustained response rate to lamivudine (LAM) was much higher in
patients with genotype B than those with genotype C,
subsequent studies demonstrated similar therapeutic responses or risk of emergence of LAM resistance among
patients infected with different HBV genotypes[44-46].
No statistically significant difference was observed in
response to adefovir dipivoxil (ADV)[47] and telbivudine
(LdT)[48], either.
In HIV/HBV-coinfected patients, HBV genotype A
is the most prevalent in Western countries[49], although
the distribution of HBV genotypes might also vary
according to the risk factors, geographic origin, and
coinfection with other hepatitis viruses[50,51]. The impact
of HBV genotypes on the course of HBV infection
observed included more advanced fibrosis in patients infected with non-A genotypes[49], especially with genotype
G[52], although a recent study with more than 5 years of
follow-up demonstrated that infection with HBV genotype G was not significantly associated with severe liver
disease and had no impact on fibrosis progression[53]. In
another study in HIV/HBV-coinfected patients receiving long-term LAM-containing ART by Sheng et al[54],
patients coinfected with genotype B were more likely to
experience acute exacerbations of hepatitis, HBeAg seroconversion, LAM resistance, and liver disease-related
death than those coinfected with genotype C.

Interactions between HBV and
HIV in the era of combination
antiretroviral therapy
Impact of HBV coinfection on HIV infection
It is suggested that a persistent state of immune activation in patients with chronic HBV infection could upregulate HIV replication[55], and an in vitro study showed
that HBV X protein could induce ongoing HIV replication and long-term repeated transcription of HIV by synergizing with kappa B-like enhancer and T-cell activation
signals[56,57]. Early prospective cohort studies of HIV/
HBV-coinfected patients revealed a 3.6 to 6.8-fold relative
risk of progression to AIDS compared to those without
coinfection[58,59]. However, other reports failed to confirm
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these results[3,60]. To minimize the inﬂuence of duration
of HIV infection, a prospective observational cohort of
adult patients with primary HIV infection (seroconversion window ≤ 6 mo)[7] has shown that HBV coinfection
(adjusted hazards ratio, 3.46; 95%CI: 1.16-10.32) was an
independent predictor of immunologic progression that
was deﬁned as the occurrence of a CD4 cell count < 350
cells/μL 3 mo or more after diagnosis of primary HIV
infection[7]. Chun et al[6] examined the interactions of
HBV and HIV using the composite endpoint of AIDSdeﬁning illnesses and death among HIV-infected individuals who had a seroconversion window of ≤ 3 years
in a large cohort, which revealed that the hazards ratio
for an AIDS or death event was almost double (adjusted
hazards ratio, 1.80; 95%CI: 1.20-2.69) for those with
HBV coinfection. The adverse impact of HBV on HIV
was also recently demonstrated by the Swiss HIV Cohort
Study[8], in which patients who tested positive for HBsAg
had significantly impaired CD4 recovery during the first
3 years of cART despite similar virologic effectiveness of
antiretroviral therapy compared to patients without HBV
infection [504 cells/μL (95%CI: 496-511) vs 449 cells/μL
(95%CI: 428-469)].
Impact of HIV infection on HBV infection
Compared to HIV-uninfected subjects, patients with HIV
infection have a higher risk of chronicity after acute HBV
infection[61]. A higher proportion of chronic HBs antigenemia has been found in HIV-infected patients because
HIV destroys CD4 cells which compromises host immunity against HBV[62]. A previous study on pregnant women with chronic HBV infection in Zambia showed that
those with HIV coinfection had a 3-fold higher HBeAgpositive rate than HIV-uninfected pregnant women (25%
vs 8.5%, P < 0.05)[63]. Another similar study showed that
HBV DNA was detected in 26.7% of pregnant women
with HIV/HBV coinfection vs 9.4% of those with HBV
infection alone (P = 0.06) [64]. Clinical observational
studies have demonstrated that HIV/HBV-coinfected
patients may have faster progression of hepatic fibrosis
and a higher risk of cirrhosis, end-stage liver disease, and
HCC than HBV-monoinfected patients[4,65]. Similarly,
compared with HIV-monoinfected patients, those with
HIV/HBV coinfection, especially HBV genotype B, had
a higher risk of acute hepatitis, hepatic decompensation,
and liver-related mortality[4,54,66]. Superinfection or coinfection with hepatitis D virus may further exacerbate the
complications in patients with HIV/HBV coinfection,
which has recently been observed to increase in incidence
in an area which was used to be hyperendemic for HBV
infection in the general population[67,68].

Management of HBV coinfection in
HIV-infected patients
Interferon and nucleos(t)ide reverse-transcriptase
inhibitors
The goal of antiviral therapy for HBV is to suppress
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HBV DNA replication, reduce necroinflammatory activity, and prevent progression to cirrhosis and HCC. At
present, seven therapeutic agents, including IFN, pegylated-interferon (peg-IFN), LAM, emtricitabine (FTC),
ADV, entecavir (ETV), LdT and tenofovir disoproxil
fumarate (TDF) are approved by the US Food and Drug
Administration (FDA) for the treatment of chronic HBV
infection[69]. The characteristics of anti-HBV therapeutic
agents are shown in Table 1[70-81]. LAM, FTC and TDF
have both anti-HBV and anti-HIV activities. According
to current treatment guidelines for HIV-infected adult
patients, when patients meet the criteria to start cART,
2 agents active against HBV should be included and the
most commonly chosen agent is TDF in combination
with either FTC or LAM[69,82]. If TDF is not available or
not well tolerated, either ADV or ETV in combination
with either FTC or LAM are recommended (Table 2)[82-84].
CART regimens containing LAM as the only agent with
anti-HBV activity should be avoided due to the high
risk of emergence of HBV with LAM resistance during
therapy[85-90].
IFN
Peg-IFN is superior to conventional IFN in the treatment of chronic HBV infection because of its longacting characteristics and weekly administration[91]. The
response rate of HBeAg seroconversion and suppression
of HBV replication to peg-IFN with or without LAM
among HBV-monoinfected patients ranges from 24%
to 32%[91,92], compared with 0% to 20% among HBV/
HIV-coinfected patients[71]. Nevertheless, IFN should be
avoided in patients with low CD4 counts due to significant lymphocytopenia related to IFN[93]. As IFN has potential anti-HIV effects[94] without resulting in emergence
of IFN-resistant HIV[93], IFN can be used in those who
may need anti-HBV therapy but not anti-HIV therapy
(e.g., CD4 count ≥ 500 cells/μL). However, IFN is contraindicated in patients with decompensated liver disease
because of concerns about hepatic failure and deaths
during IFN treatment[95].
Lamivudine and emtricitabine
LAM has activity against both HIV and HBV at the daily
dose of 300 mg and 100 mg, respectively. This agent is
well tolerated with few adverse effects[96]. The rates of
HBeAg seroconversion and HBV viral suppression (HBV
DNA < 400 copies/mL) among HBV/HIV-coinfected
patients receiving LAM 300 mg daily for 1 year ranged
from 22% to 35% and 40% to 84%, respectively[85-88].
However, the genetic barrier to LAM resistance is low
and LAM resistance rates may be as high as 50% after
2 years and 90% after 4 years of LAM therapy in HIV/
HBV-coinfected patients[85-90].
FTC is a cytosine analogue that is structurally similar to LAM, and the daily dose for both HBV and HIV
is 200 mg. The resistance profile and efficacy of FTC
against HIV and HBV are also similar to LAM[97,98]. After
2 years of treatment with FTC, 53% of HBV-monoin-
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Table 1 Characteristics of antiviral drugs for chronic hepatitis B in human immunodeficiency virus-infected patients
Characteristics

Interferon
1
alfa-2b

Pegylated
1
interferon alfa-2a

Lamivudine

Emtricitabine

Adefovir

Entecavir

Antiviral effect

Immune
modulation

Immune
modulation

Interference
of HBV DNA
synthesis

Interference
of HBV DNA
synthesis

Interference
of HBV DNA
synthesis

Interference
of HBV DNA
synthesis

HIV-1
activity
Dosage and
administration

No

No

Yes

Yes

Yes

200 mg/d oral

No, at low
dose2
10 mg/d oral

Indefinite

Defined
treatment
duration
Undetectable
HBV DNA

10 million IU 180 mg SC once a 300 mg/d oral
SC or IM 3
week
times a week
48 wk
48 wk
Indefinite

Telbivudine Tenofovir disoproxil fumarate
Interference
of HBV
DNA
synthesis
No7

Interference
of HBV DNA
synthesis

0.5 mg/d oral5

600 mg/d
oral

300 mg/d oral

Indefinite

Indefinite

Indefinite

Indefinite

8.6% and
5.7% at 36 wk
36 and 48,
respectively8
9% at 144 wk

38% by the end
of study (mean
follow-up, 74
wk)9
-

-

Up to 91% at 5
yr

-

Good
Nephrotoxicity
(3%)
High

Excellent
-

Good
-

High

-

50% of TDF use;
57% of TDF plus
FTC use at 5 yr
Good
Nephrotoxicity
(1%-3%)
High

M204I
A181T/V

A194T3
A181T/V
N236T

Yes

No

Zidovudine;
stavudine6

Didanosine;
atazanavir6

-

-

40%-84% at 1
yr

53% at 2 yr

HBeAg
seroconversion

0%-20%

0%-20%

22%-35% at 1
yr

14% at 48 wk

Tolerability
Major adverse
events
Viral resistance
barrier

Poor
Leukopenia,
depression
No

Poor
Leukopenia,
depression
No

Excellent
-

Excellent
Intermediate
(18% at 2 yr)

HBV resistance
mutations

No

No

Low (50% at 2
yr and 90% at 4
yr)
M204I/V
L180M
A181T/V
V173L

M204I/V
L180M
A181T/V

N236T
A181T/V

Cross-resistance
to LAM
Interaction
with other
antiretrovirals

No

No

-

Yes

No

M204I/V4
L180M
T184I/A/G/L
S202I/G
I169T
No

No

No

No

No

No

No

Yes

1

HBeAg positive subjects with CD4 cell counts of > 350 cells/μL and aminotransferase levels elevated to at least twice the upper limit of normal would
probably achieve the greatest benefit from IFN-alfa therapy[70,71]; 2While ADV (20 mg/d) does have minimal HIV-1 activity, the development of HIV-1
resistance mutations has not been demonstrated at low dose adefovir (10 mg/d)[72,80]; 3TDF mutations have not been clearly associated with decreased antiHBV efficacy[73]; 4Presence of several mutations is necessary to decrease efficacy for ETV at a dose of 1 mg/d; 51 mg/d for LAM-resistant HBV infection;
6
LdT is a thymidine analogue that might interact with zidovudine or stavudine[74]. TDF can interact with didanosine by increasing the concentration of
didanosine and impairing immunologic response[75]. It also decreases the concentration of atazanavir sulfate[76]; 7LdT showed a potent anti-HBV activity in
HIV-1-positive, hepatitis B e antigen-positive patients with high HBV viremia in a case report. However, a transient reduction in HIV-1 RNA between 2 and
3 log10 copies/mL after 24 wk of telbivudine therapy was found in 2 of 3 patients although no genotypic resistance mutations to anti-HIV-1 were found[81].
In another study, no significant decline in HIV-1 RNA load or in the selection of genotypic or phenotypic resistance in HIV-1 RT was observed in 2 patients
who received LdT treatment[77]. In vitro virologic analyses demonstrated that LdT had no activity against wild-type HIV and drug-resistant variants; 8In
a prospective randomized, double-blind, placebo-controlled trial of 10 mg/d ADV vs 300 mg/d of TDF in subjects with HBV and HIV coinfection on
stable ART, with serum HBV DNA > 100000 copies/mL, and plasma HIV-1 RNA < 10000 copies/mL, the mean time-weighted average change in serum
HBV DNA from baseline to week 48 was -4.44log10 copies/mL for TDF and -3.21log10 copies/mL for ADV[78]; 9In a small cohort of 13 patients with positive
HBeAg and detectable HBV DNA who had received > 6 mo of TDF/FTC therapy, add-on ETV to TDF/FTC-experienced patients achieved undetectable
HBV DNA load in 38% and normal ALT levels in 8 (62%)[79]. ADV: Adefovir dipivoxil; ETV: Entecavir; FTC: Emtricitabine; HBV: Hepatitis B virus; HBeAg:
HBV envelope antigen; IM: Intramuscularly; LAM: Lamivudine; LdT: Telbivudine; SC: Subcutaneously; TDF: Tenofovir disoproxil fumarate.

fected patients had undetectable serum HBV DNA (<
4700 copies/mL), 33% seroconverted to anti-HBe, and
85% had normal alanine aminotransferase (ALT) levels.
The rate of mutations in the YMDD motif was 18% at 2
years of FTC treatment[99]. In a small cohort of 16 HBV/
HIV-coinfected patients treated with TDF and FTC for
48 wk, 94% patients had undetectable serum HBV DNA
and 14% of them seroconverted to anti-HBe[100].
LAM may promote the selection of resistant mutations in the HBV DNA polymerase gene at the YMDD
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motif, rtM204V/I, which predisposes to FTC and LdT
cross-resistance[101]. Furthermore, the common LAMresistant mutations, rtL180M and rtM204V, are 2 of the
3 major mutations required for the development of ETV
resistance. In addition, the rtA181T/V mutation confers
cross-resistance to ADV[102]. Therefore, the combination
of LAM with other anti-HBV agents without cross-resistance as part of antiretroviral therapy is the most effective
approach to prevent against emergence of LAM-resistant
HBV strains among HIV/HBV-coinfected patients.

14602

October 28, 2014|Volume 20|Issue 40|

Sun HY et al . HBV and HIV coinfection
Table 2 Comparisons regarding the use of anti-hepatitis B virus agents in human immunodeficiency virus-infected patients among
the different guidelines

DHHS 2013[82]

EACS 2013[83]

BHIVA 2013[84]

Agents for HBV
treatment only

Agents for HBV/HIV
treatment

Timing of cART
initiation

Comments

ADV, ETV, or
LdT

TDF can safely be used:
TDF/LAM-containing
cART or TDF/FTCcontaining cART
TDF cannot safely be used:
ETV plus LAM-cART, or
ETV plus LAM-cART

HBV: NA

CART may attenuate liver disease progression by preserving or
restoring immune function and reducing HIV-related immune
activation and inflammation

ADV and LdT

NA

HIV: prioritized;
regardless of CD4
count

LAM-naïve
HBV: HBV DNA
cART including TDF/
> 2000 IU/mL;
LAM or FTC
significant liver
LAM-experienced
fibrosis (F2-F4) even
Add or substitute 1 NRTI when HBV-DNA is
with TDF as part of cART below 2000 IU/mL
HBV treatment indicated and liver enzymes
Early ART including
are not elevated
TDF/FTC or LAM
PEF-IFN (if genotype A,
HIV: CD4 <
high ALT, low HBV DNA)
500 cells/μL or
symptomatic HIV,
cirrhosis, or HBV
treatment indicated

The optimal treatment duration for nucleos(t)ide analogues with antiHBV activity has not yet been determined and experts recommend
life-long therapy if anti-HBV nucleos(t)ides are given as part of ART
In persons with HBV genotype A, high ALT and low HBV DNA, PegIFN might be used for a total treatment period of 48 wk. The addition
of an NRTI-based anti-HBV regimen has not been proved to increase
Peg-IFN efficacy
In persons with liver cirrhosis, stopping effective anti-HBV treatment
is not recommended in order to avoid liver decompensation due to
flares of liver enzymes
Anti-HBV therapy may be stopped cautiously in HBeAg-positive
persons who have achieved HBe seroconversion for at least 6 mo or
after confirmed HBs seroconversion in those who are HBeAg-positive
The addition of ETV to TDF in persons with low persistent HB
-replication has not been statistically proved to be efficient and should
therefore be avoided
Caution is warranted when switching from a TDF-based regimen to
drugs with a lower genetic barrier, e.g., FTC or LAM, in particular
in LAM-pretreated cirrhotic persons as viral breakthrough due to
archived YMDD mutations is likely to occur

CD4 count > 500 cells/μL:
HBV: HBV DNA
At least 2 baseline HBV DNA measurements 3 to 6 mo apart to guide
TDF/FTC-cART
> 2000 IU/mL;
initiation of therapy
Unwilling or unable to
more than minimal
6-mo HBV DNA measurements for routine monitoring of therapy
receive TDF/FTC: ADV
fibrosis on liver
An ALT level below the upper limit of normal (30 IU/L for men; 19
or 48 wk of PEG-IFN plus biopsy (Metavir > IU/L for women) should not be used to exclude fibrosis or as a reason
cART
F2 or Ishak > S2) or
to defer HBV therapy
CD4 count < 500 cells/μL: indicative of > F2 by
Wild-type HBV: TDF/
TE (FibroScan > 9.0
FTC-cART or TDF/LAM- kPa) regardless of
cART
HBV DNA
LAM/FTC-resistant HBV
or HIV: TDF as the sole
HIV: CD4 < 500
anti-HBV active agent
cells/μL or patients
TDF is contraindicated:
requiring HBV
ETV plus cART
therapy

ADV: Adefovir dipivoxil; ALT: Alanine aminotransferase; cART: Combination antiretroviral therapy; ETV: Entacavir; FTC: Emtricitabine; HBV: Hepatitis B
virus; LAM: Lamivudine; LdT: Telbivudine; NA: Not available; Peg-IFN: Pegylated interferon; TDF: Tenofovir disoproxil fumarate; TE: Transient elastography.

Adefovir dipivoxil
ADV had sustained antiviral activity against LAM-resistant HBV strains in 29 HIV/HBV-coinfected patients
throughout 144 wk of treatment, with 25% achieving
undetectable HBV DNA and 9% HBeAg seroconversion[103]. In a prospective randomized controlled study of
52 HBV/HIV-coinfected patients, the anti-HBV activity of ADV was comparable to TDF (average change
in serum HBV DNA from baseline to week 48, -4.44
log copies/mL for TDF and -3.21log10 copies/mL for
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ADV)[78]. The incidence of HBV resistant to ADV is less
frequent than that to LAM[104,105]. Mutations at rtN236T
and rtA181V, which confer resistance to ADV, occurred
in 29% of the patients receiving 5 years of ADV treatment[105]. These mutations are potentially cross-resistant
to TDF, and rtA181V is partially cross-resistant to
LAM[102]. The rate of ADV resistance is markedly reduced when ADV is added to LAM rather than used as
sequential monotherapy in patients with LAM-resistant
HBV infection[106,107]. In addition, no genotypic resistance
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of HIV to ADV was found after 3 years of therapy[103].
Tenofovir disoproxil fumarate
TDF is a potent agent and effective against LAMresistant HBV[108] and ADV-resistant HBV[109]. In a study
that included 110 HIV/HBV-coinfected patients with
57% being HBeAg-positive at baseline, TDF-containing
cART led to high rates of HBeAg seroconversion after 5 years of treatment: 21% in the LAM group, 50%
in the TDF group and in 57% in the TDF plus FTC
group[110]. During a median observation period of 83
mo, 91% achieved suppression of HBV replication[110].
In a meta-analysis of available data from 23 studies that
included 550 HBV/HIV-coinfected patients treated with
TDF[111], the overall proportion achieving suppression
of HBV replication was 57.4%, 79.0% and 85.6% at 1, 2
and 3 years, respectively, and prior or concomitant 3TC
or FTC did not impact the virologic response of HBV
infection to TDF; furthermore, virologic rebound on
TDF treatment was rare. Those findings of dual antiHBV and anti-HIV activity and a high genetic barrier to
resistance have made TDF an attractive option for the
treatment of both viruses in patients with HIV/HBV
coinfection. However, TDF may cause renal impairment
(1%-3%), which includes Fanconi’s syndrome, tubular
dysfunction, increases in serum creatinine, and, in rare
cases, acute renal failure. Therefore, regular monitoring
of renal function in patients receiving TDF-containing
regimens is advised[112].
Entecavir
ETV is a guanosine analogue that is highly active against
wild-type HBV at a daily dose of 0.5 mg and LAM-resistant HBV at 1 mg. It has been demonstrated that ETV
reduced HBV DNA by 4.20log10 copies/mL in HIV/
HBV-coinfected patients with HBV resistant to LAM at
48 wk of therapy[113]. ETV has been found to be associated with a 1-log10 reduction of plasma HIV RNA load
and mutation in HIV polymerase (rtM184V) that confers
resistance to both LAM and FTC[114]. ETV resistance is
the result of 3 major mutations, rtL180M, rtM204V and
either rtT184G/S, rtS202I or rtM250V. The first 2 mutations also confer resistance to LAM[115]. Therefore, ETV
is not recommended as monotherapy in HIV/HBVcoinfected patients.
Telbivudine
Data on the antiviral effect of LdT against HBV in HIV/
HBV-coinfected patients are sparse. In HBV-monoinfected patients, LdT decreased HBV DNA levels by 6.45
log10 copies/mL in HBeAg-positive and by 5.23 log10
copies/mL in HBeAg-negative patients[116,117]. LdT has
greater anti-HBV efficacy than LAM or ADV, and selects
for resistance mutations at an intermediate rate. Resistant
mutations were selected in 11% of HBeAg-negative and
25% of HBeAg-positive patients after 2 years of treatment with LdT[116,117]. In an in vitro and human study, LdT
was not shown to exert antiviral activity against HIV-1[77],
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while a transient reduction in HIV-1 RNA between 2 and
3 log10 copies/mL after 24 wk of telbivudine therapy was
seen in 2 of 3 patients without showing genotypic resistance mutations to antiretrovirals[81].
Impact on progression to end-stage liver diseases or
regression of cirrhosis and reduced risk of recurrent
HCC
Serum HBV DNA level is a marker of viral replication
and efficacy of antiviral treatment in individuals with
chronic HBV infection. Maintaining suppression of
HBV replication using anti-HBV therapy may reduce the
progression of liver fibrosis, reverse advanced fibrosis,
reduce the development of cirrhosis, and prevent hepatic
decompensation and HCC in patients with advanced
fibrosis or cirrhosis. In a prospective cohort study of
3653 HBsAg-positive participants (aged 30-65 years) in
Taiwan[118], the incidence of HCC increased with increasing serum HBV DNA levels at study entry in a doseresponse relationship, from 108 per 100000 person-years
for patients with an HBV DNA level of < 300 copies/
mL to 1152 per 100000 person-years for those with an
HBV DNA level of 1 million copies/mL or greater; the
corresponding cumulative incidence rates of HCC were
1.3% and 14.9%, respectively. A high serum HBV DNA
level (≥ 10000 copies/mL) is a significant risk predictor
of HCC independent of HBeAg, serum alanine aminotransferase level, and cirrhosis of the liver[118].
In a systemic review of 21 studies conducted among
3881 anti-HBV NRTI-treated (for at least 24 mo or
more) and 534 untreated patients, HCC developed less
frequently in anti-HBV NRTI-treated patients (2.8% vs
6.4%, P = 0.003) during a 46 mo (range, 32-108 mo) observation period[119]; furthermore, HCC developed significantly less frequently in patients remaining in virologic remission than in those with virologic breakthrough or no
response (2.3% vs 7.5%, P < 0.001)[119]. In a recent report
conducted in an HIV-uninfected population, long-term
ETV treatment reduced the incidence of HCC in HBVinfected patients and the treatment effect was greater in
patients at higher risk of HCC[120]. These findings provide supportive evidence to the well-known association
between the biologic gradients of HBV DNA levels and
risk of HCC[118].
Management of lamivudine resistance
If LAM-resistant HBV is present, LAM can be continued
for the management of HIV as LAM-resistant HIV has
reduced viral fitness in vitro and slower progression in vivo.
TDF, ADV and ETV are active against LAM-resistant
HBV[78,103,108,109,113,121]. A previous study comparing the efficacy of TDF and LAM combination therapy vs TDF
after LAM failure for the treatment of HBV in HIV/
HBV-coinfected patients revealed no statistically significant difference in terms of HBeAg loss or HBV suppression[122]. ETV is less preferred because LAM resistance
predisposes to ETV resistance [115]. However, a small
cohort of 13 patients with positive HBeAg and detect-
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able HBV DNA who had received > 6 mo of TDF/FTC
therapy, add-on ETV to TDF/FTC-experienced patients
achieved undetectable HBV DNA load in 4 (30%) and
normal ALT levels in 8 (62%)[79].
During anti-HBV treatment, monitoring of liver
functions (alanine aminotransferase, aspartate aminotransferase, and total bilirubin) is advised every 3 to 6
mo and serum HBV DNA levels every 6 to 12 mo[83].
The presence of detectable serum HBV DNA with the
use of sensitive assays after 24 wk of therapy suggests
a suboptimal response or treatment failure, and add-on
therapy with agents without cross-resistance should be
considered at this stage[102].
Management of end-stage liver disease
The advances in therapy for HIV infection have prolonged the life expectancy of HIV-infected patients
receiving cART[123], which has led to a greater need for
treating HBV-related chronic complications. The 2 major
adverse outcomes in patients with chronic HBV infection
are cirrhosis and HCC, both of which can lead to liverrelated death[124]. A low CD4 cell count in HIV/HBVcoinfected patients has been associated with increased
risk of cirrhosis and HCC[10,125,126]. Overall, less treatable
cases and lower survival rates have been described in
HIV-infected patients following the diagnosis of HCC[4].
New treatment strategies are available for advanced
HCC, but data are limited for HIV/HBV-coinfected patients. Case reports suggest some benefit from sorafenib
treatment in HIV/HBV-infected patients with newly
diagnosed HCC[127-130]. For most patients with end-stage
liver disease, orthotopic liver transplantation remains
the only therapeutic option. Accumulated experience in
North America and Europe indicated that the patient and
graft survival rates in selected HIV-infected recipients
of liver transplants were almost similar to those of HIVuninfected recipients[131,132]. Therefore, HIV infection by
itself is not a contraindication to liver transplantation.
Together with screening of patients at risk and an early
diagnosis, aggressive treatment of HCC, including treatment of relapses and maintenance of HIV and HBV
suppression, are the best management strategies for HCC
in people living with HIV. All patients should receive
anti-HBV NRTIs, and hepatitis B immune globulin indefinitely post-transplantation with a decrease in dose
frequency after 12 mo[131]. It is recommended that patients with liver disease should start referral and workup
for liver transplantation if they become symptomatic
with liver disease[133], which includes the development of
hepatic encephalopathy, ascites, variceal bleeding, or liver
dysfunction with albumin < 3 g/dL and prolongation of
prothrombin time by > 5 s[133].

Prevention of HBV infection
among HIV-infected patients
Although the modes of transmission of HBV are the
same as those for HIV, HBV is transmitted more effi-
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ciently than HIV[134,135]. Other than adoption of safe sex
practices and avoidance of sharing needles and diluent,
HBV vaccination remains the most effective approach
to prevent against HBV infection and its chronic consequences. According to the HIV treatment guidelines by
the US Department of Health and Human Services[82],
pre-vaccination screening should include HBsAg, antiHBsAg antibody (anti-HBs), and anti-HBc. Serological
markers may be time-dependent variables in HIV-infected patients, which are associated with host immunity and
viral activities; and, therefore, periodic measurements
are recommended[5]. The presence of anti-HBs at levels
of > 10 international units/L (IU/L) is consistent with
seroprotection and at levels of > 100 IU/L is associated
with long-term protection[136,137]. Anti-HBs antibody titers
decrease over time and can fall below protective concentrations.
HBV vaccine series should be administered on the
standard schedule (3 × 20-μg doses, administered intramuscularly at 0, 1, and 6 mo) if HBsAg, anti-HBs
antibody, and anti-HBc antibody are all negative. Approximately 90% to 95% of healthy adults have protective anti-HBs titers after standard doses of HBV vaccines[138,139].
However, only 17.5% to 71% of HIV-infected patients
could retain protective anti-HBs[137,139-148] (Table 3). In
HIV-infected patients, variable immune responses to
HBV vaccine have been shown to be associated with
dysfunction of CD4 T cells, specific B-cell defects, and
hyper-immune activation status and genes within the human leukocyte antigen complex[149-151].
In HIV-infected patients, those with CD4 cell counts
350
cells/μL had a higher seroconversion rate (anti≥
HBs ≥ 10 IU/L) than those with CD4 cell counts <
350 cells/μL (39.3% vs 26.3%)[140]. Failure of anti-HBs
seroconversion and lower anti-HBs titers after HBV vaccination in HIV-infected patients have been shown to be
associated with detectable plasma HIV RNA, lower CD4
cell counts[142,147,152,153], age, HCV coinfection, occult HBV
infection, alcohol abuse, and the general health status of
the host[144,148,154,155]. A favorable response to cART may
improve serological response[137,156] (Table 3).
Based on these data, early vaccination is recommended in HIV-infected patients before CD4 cell counts decline. These also strengthen the arguments for universal
HBV vaccination of individuals at risk for HIV infection
before they become HIV-infected and their immunosuppression worsens. Post-vaccination testing is recommended 1 to 2 mo after administration of the final dose of the
primary vaccine series to determine the response to the
vaccine. The height of the antibody titers is associated
with the durability of effective antibody[136].
To improve the response rate and long-term persistence of antibodies, numerous studies have tried to use a
variety of strategies such as increased doses, intradermal
vaccination, and co-administration of immunomodulators. A fundamental strategy is to ensure that patients
have optimal adherence to the vaccination schedule. A
study conducted in a clinic specializing in the care of
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2010
2011

Prospective
RCT

94
98
39
40
47
145
148
144

293
310
3 × 20
3 × 40
3 × 10
3 × 40
3 × 40
3 × 20
4 × 40
4×4
0, 1, 2, 6 mo, IM
0, 1, 6 mo, IM
0, 1, 2, 6 mo, IM
0, 1, 2, 6 mo, ID

0, 1, 6 mo, IM

0, 1, 6 mo, IM

0, 1 to 3, 6 mo, IM

0, 1 to 3, 6-9 mo, IM
0, 1, 6 mo, IM
0, 1, 6 mo, IM
0, 1, 6 mo, IM

3 × 10 (97%-99%)
3 × 20
3 × 20
3 × 20

3 × 20

0, 1, 2 mo, IM
NA

Schedules/
administration

3 × 20
52.5% ≥ 3 × 20

Dose (μg)

35.6
34.1
36
43
42
43

37

31

34.1
39
35
39

30.5
41

85.1%
87.8%
56.4%
72.5%
79%
86%
80%
86%

0%

82.0%
88%
100%
31%

85%
70.7%

80.9%
75.5%
≤ 20000, 56.6%
≤ 20000, 55.6%
< 80, 70%
< 50, 79%
< 50, 77%
< 50, 78%

HIV-1 uninfected
65.7%

38.1% (< 400)
> 75%
100% (< 50)
24% (< 400)

NA
> 75%

Age,
CART HIV-1 VL, RNA copies/
median, yr
mL < 10000

402
516
509
482

≥ 350, 47.5%

≥ 200, 48.8%

≥ 350, 57.1%

≥ 350, 59.6%

557

290
345
324
325

470
406

CD4, median,
cells/μL

34%
47% (P = 0.07)
61.5%
60% (P = 0.89)
89%
65% (95%CI: 56-72)
82% (95%CI: 77-88)
77% (95%CI: 56-72)

85.7%
64.2%

17.5%
46%
71.4%
44%

55%
37.2%

Response rate

HIV-1 VL < 80 copies/mL
Young age; four-dose

CD4 > 350 cells/μL; HIV-1 VL <
10000 copies/mL
CD4 ≥ 200 cells/μL

CD4 > 500 cells/μL
Higher CD4; HIV-1 VL < level of
detection
HIV-1 VL < level of detection
Higher CD4; young age
Higher CD4; use of efavirenz
Nadir CD4 > 200 cells/μL; young
age ( < 40 yr); HIV-1 VL < level of
detection
CD4 > 500 cells/μL; female

Predictors

Dosing, vaccination schedules, and administration
For patients undergoing hemodialysis and for adults with general immune suppression, higher vaccine doses given on a standard schedule (3 × 40-μg doses administered intramuscularly at 0, 1, 6 mo) are recommended[160,161]. However, appropriate vaccine dosage has not been well defined in HIV-infected patients. In 1 double-blinded, randomized,
controlled trial in 210 HIV-infected adults, 94 in the standard-dose group (3 × 20-μg doses at 0, 1, 6 mo) and 98 in the double-dose group (3 × 40-μg doses at 0, 1, 6 mo) completed the study[140]. There was no overall benefit in the double-dose group (seroconversion rate 47% vs 34%, P = 0.07), but a statistically significant higher seroconversion rate
was found in patients with CD4 cell counts ≥ 350 cells/μL and receiving double doses (64.3% vs 39.3%, P = 0.008). The double-dose strategy also improved seroconversion
compared with standard-dose strategy in patients with an HIV viral load < 10000 copies/mL (58.3% vs 37.3%, P = 0.01). In a small double-blinded, randomized controlled
trial comparing a 40-μg dose to a 10-μg dose in 3 administrations[147], the increased dose of HBV vaccine did not increase the response rate in HIV-infected subjects (60.0% vs
61.5%, P = 0.89). Stratified by CD4 cell count or viral load, CD4 cell count ≥ 200 cells/μL was the only significant factor associated with the response rate and no difference
was observed between the 2 different vaccine doses.
For travelers or subjects exposed to HBV, an accelerated vaccination schedule of 3 doses at 0, 1, and 2 mo, followed by a booster at 12 mo, can be given to achieve rapid
protection[162,163]. A randomized study was designed to evaluate the protective efficacy of an accelerated vaccination schedule (n = 407; 3 × 10-μg doses administered intramus-

HIV-infected adults revealed that 7.5% had evidence or documentation of prior HBV vaccination at screening, and only 49% of those eligible for vaccination completed the
standard vaccination schedule[157]. Other studies have also reported completion rates ranging from 29% to 62%[12,158,159].

ID: Intradermal injections; IM Intramuscular injections; RCT: Randomized clinical trial; VL: Viral load; cART: Combination antiretroviral therapy.

Potsch et al[145]
Launay et al[146]

RCT

Cornejo-Juárez et al[147] 2006

Prospective

RCT

2013

2005

Alternative strategies
Fonseca et al[140]

Irungu et al[139]

Standard-dose vaccination
Rey et al[141]
2000 Prospective
20
Tedaldi et al[143]
2004 Retrospective, 198
cross-sectional
Overton et al[142]
2005 Retrospective 194
Ungulkraiwit et al[148] 2007 Prospective
65
Paitoonpong et al[137]
2008 Prospective
28
Kim et al[144]
2008 Retrospective
97

Ref.

Table 3 Hepatitis B vaccine in adults with human immunodeficiency virus: Standard and alternative strategies
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cularly at 0, 1 and 3 wk) in comparison to a standard
schedule (n = 434; 3 × 10-μg doses at 0, 4 and 24 wk)
in HIV-infected individuals[164]. The study showed that
compliance to the accelerated schedule was better than
that to the standard schedule (91.8% vs 82.7%), but the
overall response rate was higher in the standard schedule
arm [50% vs 38.7%; difference, 11.3% (95%CI: 4.3-18.3)].
Noninferiority was demonstrated only in patients with
CD4 cell counts > 500 cells/μL.
Potsch and colleagues reported a higher response rate
(89%) using a modiﬁed HBV vaccination schedule that
administered 4 × 40-μg doses intramuscularly at 0, 4, 8
and 24 wk, with 79% achieving antibody titers above 100
IU/L[145]. A subsequent study conﬁrmed these results
with response rates of 83% and 91% following vaccination with 3 and 4 double doses, respectively[165].
An alternative vaccine delivery method, the intradermal route, driven by the fact that the dermis and epidermis of human skin are rich in antigen-presenting cells,
could permit vaccine dose sparing, as 20% of the antigen
dose has elicited good vaccine responses. It has shown
improved immunogenicity in patients with chronic
kidney disease[166]. However, there are significant operational challenges, such as reformulation, changing from a
single- to a multiple-dose presentation, development of
intradermal delivery devices and training health workers.
An open-label, multicenter, 1:1:1 parallel-group, randomized trial compared the standard HBV vaccination
schedule (3 × 20-μg doses administered intramuscularly
at 0, 4, and 24 wk; n = 145), 4 double doses (4 × 40-μg
doses administered intramuscularly at 0, 4, 8 and 24 wk;
n = 148), and 4 intradermal low-doses (4 × 4-μg doses
administered intradermally at 0, 4, 8 and 24 wk; n = 144)
in HIV-infected adults with CD4 cell counts ≥ 200 cells/
[146]
μL . At week 28, both the 4 intramuscular double-dose
group (82%) and the 4 intradermal low-dose group (77%)
showed statistically significant higher response rates than
the standard regimen. The four-dose schedule allowed
for the possibility of overcoming age, a negative predictor for response in the standard schedule. However, data
on long-term persistence of immunity are yet to be seen,
and patients with CD4 cell counts of < 200 cells/μL
were not evaluated.
Vaccine safety
HBV vaccination appeared to be safe in HIV-infected
patients compared with HIV-uninfected persons and
has no effect on HIV viral load, progression to AIDS or
depletion of CD4 cell counts[140,141,146,147]. In the study by
Launay et al[146], 1 serious hepatic cytolysis event possibly
related to the vaccine was reported in the 4 intramuscular double-dose group. A higher incidence of injection
site adverse events was reported in the 4 intramuscular
double-dose group compared with the standard group,
but these adverse events were generally mild.
The use of newer adjuvants may also augment hepatitis B vaccine efﬁcacy. Standard hepatitis B vaccines
contain aluminum adjuvants. Two new adjuvants in ad-
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dition to a commercial HBV vaccine have been evaluated in randomized trials in HIV-infected patients[167-170].
The granulocyte macrophage colony-stimulating factor
(GM-CSF), a cytokine produced primarily by activated
T and B lymphocytes that increases neutrophil count,
improves APC function, and is involved in the development and perpetuation of cellular immune responses,
has been studied as an adjuvant in HIV-infected individuals[167-169]. GM-CSF is safe with expected side effects in
HIV-infected subjects when administered as an adjuvant.
While 1 study showed promise for the role of adjuvant to
augment immune response[169], no additive benefits were
noted in the 2 other trials[167,168]. CPG 7909, is an oligodeoxynucleotide containing immunostimulatory CpG motifs, which activates human B and plasmacytoid dendritic
cells via Toll-like receptor 9. A randomized, double-blind
controlled trial was conducted in HIV-infected adults on
effective antiretroviral therapy who underwent HBV vaccination (3 × 40-μg administered intramuscularly at 0, 1,
and 2 mo) with/without 1 mg CPG 7909[170]. The study
showed that significantly more CPG 7909 recipients than
control subjects maintained seroprotective titers for up to
60 mo in vaccine-naive participants and in those who had
previously experienced vaccine failure[170]. While more
studies are warranted to determine optimal vaccination
strategies in patients with advanced immunosuppression,
the vaccination series should be initiated at first visit regardless of CD4 cell count.

TREATMENT WITH COMBINATION
ANTIRETROVIRAL THERAPY FOR THE
PREVENTION OF HBV INFECTION
Some health-care practitioners may weigh the risk of
vaccination delay and the likelihood of HBV infection
in patients when making decisions to postpone vaccination until cART is started and virologic suppression is
achieved to improve serologic response to vaccination.
A cohort study in Japan examined the prophylactic effect against HBV in HIV-infected patients who had not
received HBV vaccination and were negative for HBsAg,
anti-HBs, and anti-HBc at baseline[171]. The incidence rate
of HBV infection was lower during LAM- or TDF-containing cART (0.669 incident infections in 100 personyears of follow-up) than during no antiretroviral therapy
(6.726 incident infections in 100 person-years) and other
antiretroviral therapy (5.263 incident infections in 100
person-years) (P < 0.001). A similar trend was also noted
in Taiwan[172].

CONCLUSION
In this review, we have found in the published data that
the prevalence or incidence of HBV infection among
HIV-infected patients is likely to decrease in areas where
HBV vaccination programs are implemented and the
coverage of cART containing TDF plus LAM or FTC is
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high. The challenges in the prevention of HBV transmission are to ensure that HIV-monoinfected patients have
optimal adherence to protected sex and an HBV vaccination schedule, and to identify novel approaches or novel
adjuvants to improve vaccination effectiveness. While the
experience with management of HBV/HIV-coinfected
patients using cART containing TDF plus LAM or FTC
is accumulating in clinical practice, early diagnosis of
HIV infection and initiation of cART to achieve durable
suppression of both HIV and HBV replication in those
with coinfection are warranted to ensure long-term success in the prevention of HBV-related chronic complications. With the progress made in liver transplantation
over the past decades, early referral for workup for liver
transplantation is advised when HIV/HBV-coinfected
patients become symptomatic with liver disease.
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Abstract
Hepatitis B virus (HBV) is one of the important global
health problems today. Infection with HBV can lead
to a variety of clinical manifestations including severe
hepatic complications like liver cirrhosis and hepatocellular carcinoma. Presently, routine HBV screening and
diagnosis is primarily based on the immuno-detection
of HBV surface antigen (HBsAg). However, identification of HBV DNA positive cases, who do not have
detectable HBsAg has greatly encouraged the use of
nucleic acid amplification based assays, that are highly
sensitive, specific and are to some extent tolerant to
sequence variation. In the last few years, the field of
HBV molecular diagnostics has evolved rapidly with
advancements in the molecular biology tools, such as
polymerase chain reaction (PCR) and real-time PCR.
Recently, apart of PCR based amplification methods,
a number of isothermal amplification assays, such as
loop mediated isothermal amplification, transcription
mediated amplification, ligase chain reaction, and rolling circle amplification have been utilized for HBV diag-
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nosis. These assays also offer options for real time detection and integration into biosensing devices. In this
manuscript, we review the molecular technologies that
are presently available for HBV diagnostics, with special
emphasis on isothermal amplification based technologies. We have also included the recent trends in the
development of biosensors and use of next generation
sequencing technologies for HBV.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Polymerase chain reaction; Isothermal amplification; Real time polymerase
chain reaction; Biosensors; Next generation sequencing
Core tip: In the past decades, introduction of molecular
biology tools such as polymerase chain reaction (PCR)
has entirely revolutionized the field of hepatitis B virus
(HBV) diagnosis by allowing sensitive and specific detection of the virus in body fluids. In the recent years
a number of isothermal nucleic acid amplification have
also evolved, that provide certain advantages over PCR.
These isothermal amplification techniques are comparatively sensitive, specific, require less instrumentation
and automation. This manuscript reviews the advantages/disadvantages of prevailing isothermal technologies
to serve as an assay selection guide for the readers,
working in the field of HBV molecular diagnostics.
Datta S, Chatterjee S, Veer V. Recent advances in molecular
diagnostics of hepatitis B virus. World J Gastroenterol 2014;
20(40): 14615-14625 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14615.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14615

INTRODUCTION
Hepatitis B virus (HBV) infection is amongst the most

14615

October 28, 2014|Volume 20|Issue 40|

Datta S et al . Advances in HBV molecular diagnostics

important global health problems today. According to
estimates, approximately 2 billion people worldwide have
serologic evidence of past or present HBV infection,
of which 350-400 million people are chronic carriers of
HBV[1,2]. Although a highly immunogenic and effective
vaccine against HBV is available, but its cost has precluded its use for mass vaccination in less developed nations
where HBV is highly endemic. As a result, approximately,
10-30 million people get infected with HBV each year,
and estimated 1 million people die annually due to HBV
related complications[3]. Worldwide, chronic HBV infection is responsible for 80% of all primary hepatocellular
carcinoma (HCC), which positions HBV infection as
the 10th leading cause of death and HCC as the 5th most
frequent cancer[1]. HBV is primarily transmitted through
infective blood and other body fluids, and is almost 100
times more infective than the human immunodeficiency
virus (HIV)[1].

DIAGNOSIS OF HBV
Specific diagnostic methods are required to discriminate
HBV infection from other hepatitis causing pathogens;
hence, clinical tests are essential. Diagnosis of HBV is
primarily based on detection of HBV antigens [e.g., HBV
surface antigen (HBsAg), hepatitis B e antigen (HBeAg)],
human antibodies against these antigens (anti-hepatitis
B surface antigen, hepatitis B core antibody etc.) and also
the presence of viral nucleic acids (HBV DNA), primarily in blood, followed by liver and in other extra hepatic
sites, in certain circumstances. Based on the presence or
absence of a combination of antigens/antibodies, acute/
chronic, ongoing/past infections with HBV could be
distinguished[4]. Among the different markers, laboratory
diagnosis of HBV infection is, to a great extent, based
on the immune-detection of the HBsAg, ever since the
discovery of the virus[3]. However the issue of HBsAg
non detection due to diagnostic-escape mutations in the
epitopes or due to low antigen levels has greatly emphasized the importance of using robust molecular biology
tools for efficient detection of HBV. Nevertheless, the
advancement of molecular based assays has also greatly
augmented the field of molecular diagnostics of HBV[5,6].
Molecular methods include thermal cycling based techniques for amplification of HBV DNA, such as polymerase chain reaction (PCR), qPCR or isothermal amplification based methods such as nucleic acid sequence
based amplification (NASBA), transcription mediated
amplification (TMA), loop mediated isothermal amplification (LAMP), rolling circle amplification (RCA) etc.
Every detection method has its own advantages and
disadvantages, which promote or restrict their use in clinical settings. The main purpose of this review is to discuss
the contemporary molecular methods or those having
significant future potential in molecular diagnostics of
HBV. Since a number of reviews have been published on
sero-diagnostics based approaches, we have kept this review focused on nucleic acid detection based techniques,

WJG|www.wjgnet.com

with emphasis on isothermal nucleic acid amplification
based methods.

NUCLEIC ACID BASED DETECTION
ASSAYS FOR HBV DNA
Since the last decade, with the increased findings of
groups of serologically negative HBV infections [HBeAg
negative chronic hepatitis B (CHB), occult HBV Infection etc.] and rapid emergence of diagnostic escape mutants, nucleic acid based HBV DNA assays have gained
importance in clinical settings. With the technological
advancement and reduction in cost, nucleic acid based
methods have become supplementary or alternative to
the sero-diagnostic assays. Moreover, nucleic acid based
methods have allowed more accurate quantification of
HBV DNA levels in the patients, crucial for assessment
of replicative stage and efficacy of antiviral treatment[4].
Initially there was a dilemma regarding the levels of
serum HBV DNA for recommending patients for antiviral therapy or to assess the efficacy of therapeutic response. To address this issue, an arbitrary value of 20000
IU/mL was recommended as a cut-off at the 2000 NIH
conference as a diagnostic criterion for CHB[7]. However,
later it was found that serum HBV DNA levels may
fluctuate widely among the CHB patients and low HBV
DNA is also a predictive factor of severe liver diseases
such as LC and HCC[4,8]. It is now recognized that lower
HBV DNA levels (approximately 3-5 log10 IU/mL) may
also be associated with liver disease progression and necessitate treatment[4]. Hence, highly sensitive HBV DNA
detection methods are essential and serial monitoring
of HBV DNA levels is important than a single point
arbitrary cut-off value for prognostic and diagnostic
purposes[9]. To make HBV DNA assays highly sensitive,
a large number of techniques have been developed using different molecular biology tools. Broadly, assays for
detection of HBV nucleic acids can be divided into two
categories: (1) Direct detection assays, utilizing probes
to hybridize directly to the HBV DNA. These assays are
relatively simple, requirement of sophisticated instruments is less but they lack sensitivity. The detection limit
of direct assays is typically 103-105 templates. Sensitivity
may be increased by adopting different methods of signal
amplification; and (2) Indirect detection involves an in vitro amplification step to increase the amount of the target
sequence, followed by detection of the amplified target.
This format of detection is highly sensitive and can even
detect as low as 1-10 templates in a reaction. However,
amplification based assays need technical expertise and
sophisticated instrumentation. A number of in vitro target
nucleic acid amplification methods have evolved in the
last three decades. Although, PCR based detection assays
are the most widely practiced procedure, other techniques
such as LAMP, NASBA, TMA, RCA etc. have also been
employed for HBV DNA detection and quantification.
A common problem with the amplification based techniques is the issue of contamination or false positive re-
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sults. However, this may be avoided by adopting specific
precautions and use of proper controls in the assays[10,11].

POLYMERASE CHAIN REACTION BASED
STRATEGIES
Polymerase chain reaction (PCR), developed by Mullis et al[12] is the amplification technique that has entirely
transformed the fields of biological research as well as
clinical diagnostics[13]. Subsequent to the discovery of
PCR, identification and availability of thermostable Taq
polymerases and reverse transcriptase enzymes have enabled scientists and researchers to adapt and modify the
basic PCR technology for automated amplification and
detection of DNA and RNA. Furthermore, with the development of fluorescence based real-time amplification
detection methods, simultaneous detection and quantification have become possible in clinical environments[14].
Theoretically, PCR reactions are capable of exponentially
amplifying single copy target DNA, and are thus highly
sensitive. A number of modifications have been done on
the basic PCR to detect several nucleic acid sequences
simultaneously in a multiplex PCR or by making the
technique more sensitive and specific by second round
of amplification with “nested” primers, or the amplification of divergent but related sequences using degenerate
primers.
For HBV diagnosis through PCR, covalently closed
circular DNA of HBV (cccDNA) level monitoring in
the hepatocytes is the most precise way of assessing the
number of infected hepatocytes, but it requires invasive
procedures and thus are not part of routine diagnostics.
However, quantitation of HBV DNA in the serum provides an alternative to cccDNA detection, through less
invasive method. According to the recommendations of
the Taormina Group[15], detection of very low levels of
HBV DNA should be done with highly sensitive PCR using primers specific for highly conserved sequences (genotype independent) of different HBV genomic regions.
It has been observed that sensitivity of the HBV DNA
detection by PCR may vary across different genetic regions of the HBV genome[16,17]. Interestingly, it has been
reported that the S gene PCR is most sensitive for HBV
DNA detection in serum, while X gene PCR is more sensitive for HBV DNA in liver tissues[18].
Most PCR based methods of HBV DNA detection
for clinical purposes have a sensitivity of 50-200 IU/mL
with dynamic range of 4-5 log10 IU/mL[19]. In comparison, RTD PCR based assays have higher sensitivity (5-10
IU/mL) with a wider dynamic range 8-9 log10 IU/mL[20].
A large number of laboratories have developed highly
sensitive “in-house” PCR and RTD PCR based methods,
which exhibit remarkable sensitivity and reproducibility
as well[21]. Previously there was a problem regarding the
use of units for expression of HBV DNA levels (copies/
genome equivalent/IU per mL) and standardization of
quantitative assays. This issue has also been addressed by
an international effort to establish a WHO international

WJG|www.wjgnet.com

standard for HBV DNA (NAT) assays[22]. The standard
comprises a dilution of the Eurohep reference R1 (genotype A2, subgenotype Ae/A2, HBsAg subtype adw2) in
anti-HIV-1; anti-HCV; HCV RNA, syphilis and HBVnegative pooled human plasma and has been calibrated in
IU[23,24].
Apart from standard PCR and RTD PCR, a number
of modified PCR methods have been widely employed
in HBV diagnostics[25]. PCR-restriction fragment length
polymorphism (RFLP) methods have been developed
for HBV genotyping and mutation detection[26,27]. These
PCR-RFLP techniques are simple, rapid and are suitable
for large number of samples. However, due to single
round PCR, these assays lack sensitivity required for typing of samples with low HBV DNA levels. To overcome
this problem, nested PCR based genotyping methods
were developed. Naito et al[28] developed a nested multiplex PCR method for the detection and genotyping of
HBV genotypes A-F, using type specific primers in the
second round of amplification. This method was further
modified by Kirschberg et al[29], where genotypes A-F
could be detected in a single PCR. Another multiplex
PCR based assay was developed for HBV genotyping
by a single PCR, that also allowed subgeno typing of
genotypes B and C in an additional PCR reaction[30]. As
compared to the RFLP methods, multiplex PCR is more
sensitive, accurate and also capable of detecting minor
population of mix genotypes[25]. However, developing an
efficient multiplex PCR requires complex modeling and
laborious standardization with respect to primer design,
primer-template ratios, fragment lengths, PCR buffer
composition and thermal cycling conditions[31].
In addition to increase in sensitivity, development of
RTD PCR techniques have also solved the problem of
contamination to large extent, by obviating the requirement for post-PCR manipulations, and also permitted
very high throughput capabilities. The advancement in
optical instrumentation and use of different fluorophore
chemistries has further allowed multiplexing for detection of multiple targets simultaneously. RTD PCR is a
kinetics-based quantitative PCR technique, where the
quantity of synthesized DNA is calculated at each cycle
throughout the PCR process[32]. RTD PCR has been
extensively used in rcHBV DNA detection, cccDNA
detection, quantitation, HBV genotyping as well as mutation screening[33-36]. The main disadvantage of RTD PCR
genotyping method is that methods involving multiplex
RTD PCR require extensive standardization, while methods involving non-specific DNA binding dyes (such as
SYBR green) are not specific enough for exact distinction
of the genotypes, based on melting temperatures of the
amplicons.

LIGASE CHAIN REACTION
Ligase chain reaction (LCR) was originally developed by
the Abbott Laboratories to amplify shorter DNA targets and is also known as ligase-mediated amplification
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or oligonucleotide ligation assay[37,38]. LCR uses a DNA
polymerase enzyme and a DNA ligase enzyme to drive
the reaction. LCR uses the ligase to join two same-strand
targeting oligonucleotides, which are designed to hybridize at adjacent positions of the template nucleic acid.
When the target sequence is present in the reaction mix,
oligonucleotides correctly hybridize to adjacent sequences
of the target sequence and the gap between the oligonucleotides is ligated by a DNA ligase and a continuous
fragment is generated. This ligation product then serves
as a template for a PCR like reaction resulting in amplification of the target nucleic acid molecule[39]. A modified
reaction, known as the gap-LCR was developed later,
that allowed amplification of longer DNA stretches by
inclusion of a polymerase extension[40]. Like other target
amplification techniques, LCR can also be integrated into
real time detection or can be used for multiplexing.
LCR has been utilized for detection of HBV S gene
and PreC mutations[41-43]. Although the limit of detection
for LCR alone was found to be very high for detection or
precore mutations[43], LCR has been reported to be useful
for semi-quantitative detection of HBV[44]. Like TMA,
LCR has also been less utilized in the field of HBV diagnostics.

ISOTHERMAL AMPLIFICATION
STRATEGIES
As opposed to the requirement of thermal cycling of
different temperatures, isothermal amplification based
methods are designed to take place at a uniform temperature. In these amplification strategies, strand displacing
polymerases/specially designed primers/chemicals are
used, that displace two strands of the dsDNA during
primer extension. Till date a number of isothermal amplification strategies have been described in the literature,
but these technologies have started gaining importance
only recently due to their potential for application in
field conditions, at point of care (POC) or in biosensing
devices. Detailed mechanism of these techniques have already been reviewed elsewhere[45,46]. Here we will discuss
only those isothermal amplification techniques that have
been used for HBV DNA detection or have significant
potential for application in this field.

LAMP
LAMP (developed at Eiken Chemical Co. Ltd, Japan) is a
fast amplification method that amplifies DNA with high
specificity, efficiency using a strand displacing Bst DNA
polymerase and a set of four to six specially designed
primers, two of which are designed to form loop for self
priming[47,48]. This is a one-step amplification reaction,
which takes place at 58-65 ℃ for 30-60 min and results
in synthesis of a large amount of DNA (more than 500
µg/mL). This technique also allows simple detection either by agarose gel electrophoresis, visual inspection of
turbidity or by visualizing fluorescence under ultraviolet
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light. Moreover, LAMP may also be used for RNA templates as well as it may also be integrated with real time
turbidity detection for quantification[49]. In comparison to
PCR, LAMP is reported to be a robust technique, being
less vulnerable to inhibitors, generally present in clinical
samples. Thus very less sample preparation is required
for LAMP. Successful LAMP requires perfectly designed
primers, which have been referred to as a reason for its
less application in practice[45]. Nevertheless, a web-based
software is available for designing LAMP primers (http://
primerexplorer.jp/) and the method is now being increasingly adapted for detection of different pathogens.
Incidentally, the original paper on LAMP used HBV
DNA extracted from HBV-positive serum, as template[47].
It was demonstrated that using cloned HBV DNA as a
template, 600 and 6000 copies of DNA were detected
at 13 and 11 min, respectively, reflecting a very high efficiency of the LAMP method. However, since then,
only a few papers reported using this technique for HBV
detection. Recently Cai et al[50] developed and evaluated a
highly sensitive real-time fluorogenic (RtF-LAMP) protocol to quantitate HBV DNA. They documented a lower
detection limit of 48 IU/mL, dynamic range of 8 orders
of magnitude, low intra-assay and inter-assay variability
(4.24%-12.11%) and excellent correlation between RtFLAMP and real-time PCR (r2 = 0.96). Similar highly sensitive LAMP assays were reported by other research groups
also[51,52]. More recently LAMP has been employed in developing biosensors for on-site detection of the HBV[53],
showing the immense potential of this technique for future diagnostic devices.

NASBA
NASBA was originally developed by Organon Teknika.
Similar to LAMP, it is also an isothermal process and
is particularly suited to the detection of RNA viruses.
However this can be used for amplification of DNA
templates with certain modifications in the basic method.
The amplification process utilizes a modified primer including the T7 promoter sequence, which forms a modified cDNA after hybridizing with the template. This is
subsequently amplified into ssRNA amplicons in a process catalyzed by T7 RNA polymerase (T7 RNA Pol)[45,54].
Since its development, NASBA has been broadly used in
the detection of a variety of targets through quantitative
real-time assays[45].
In the field of HBV diagnostics, NASBA has been
used since 2001 by Yates et al[55]. They reported a wide
detection range of 103 to 109 copies/mL of HBV DNA,
with good reproducibility and precision when NASBA
was used with real-time detection with molecular beacon
technology. Recently, Deiman et al[56] reported the amplification of HBV DNA by NASBA and found it to be
capable of detecting even 10 IU/mL with a dynamic detection range of 102 to 109 IU/mL. Like LAMP, incorporation of NASBA with molecular beacon detection onto
lab-on-a-chip systems, pathogen capture devices and
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microfluidic devices have been attempted, that show high
sensitivity even in microliter and nanoliter reaction volumes[57,58]. This robust technology also has great potential
for application in future detection devices.

ROLLING CIRCLE AMPLIFICATION
The rolling circle amplification (RCA) model of isothermal amplification (developed by Molecular Staging Inc.)
imitates natural replication strategy of circular DNA
molecules[59,60]. This powerful technique utilizes the strand
displacement activity of the highly processive Phi29 bacteriophage DNA polymerase (φ29 DNA polymerase),
acting on circular DNA molecules at low temperature
(30-60 ℃). RCA reaction is initiated by annealing of
primers to the circular ssDNA, followed by elongation
of the new strand upto the point of initiation, displacing
the strand and continuing again and again. This repeated
elongation due to strand displacement, generates a continuous catenated ssDNA even upto 109 folds[46]. RCA
has been integrated with various detection strategies and
employed for pathogen detection[45]. Apart from the original RCA, a number of variants of RCA amplification
have been developed that can amplify as low as 10 copies
to a detectable amount within 30-90 min. A major advantage of RCA is that it is resistant to inhibitors present in
clinical samples and requires little or no assay optimization. Moreover, RCA can amplify targets in solution or
on solid support, offering opportunity for biosensor and
microarray applications[61].
The requirement for a circular template for RCA
makes it ideal for detection of HBV DNA especially the
cccDNA of HBV in the hepatocytes. RCA has been used
for amplification of rcDNA (with some enzymatic modification) as well as for direct amplification of cccDNA.
Margeridon et al[62] used RCA for amplification of full
genome of HBV DNA with low viral loads, from sera as
well as from liver. They could amplify as low as 13 copies of cccDNA from liver biopsy samples. Martel et al[63]
developed a RCA based method for complete genome
amplification of HBV rcDNA from sera, with viral loads
ranging from 103 IU/mL to 108 IU/mL. Recently, RCA
has been used in combination with quartz crystal microbalance biosensor for direct detection of HBV DNA in
clinical samples, which could detect as low as 104 copies/
mL of HBV DNA[64].

TRANSCRIPTION MEDIATED
AMPLIFICATION
Transcription mediated amplification (TMA reaction)
(developed by GenProbe Inc.) is an isothermal amp
lification method that produces single-stranded RNA
amplicons from RNA target molecules. TMA uses a reverse transcriptase that converts the template RNA into
a cDNA, which in turn is converted by an RNA polymerase into numerous copies of RNA that are detected
with fluorescent or chemiluminescent probes. TMA
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produces amplicon RNA exponentially since the newly
produced RNAs repeatedly undergo TMA in the subsequent stage of amplification. The amplicons generated
in this process may also be detected in real time, using
fluorescent tagged probes. TMA produces 100-1000 copies per cycle (RNA) rather than the two copies per cycle
produced by PCR (DNA)[65].
Although TMA has been used by different laboratories for sensitive detection and quantification of different pathogens, it has been used much less for HBV.
Kamisango et al[66] developed a transcription-mediated
amplification and hybridization protection assay, which
could detect 5 × 10 3 to 5 × 10 8 genome equivalents
(GE)/mL of HBV. Ide et al[67] used TMA for monitoring
changes in the HBV DNA level during the treatment of
CHB patients with lamivudine. Kubo et al[68] utilized this
technique to measure HBV DNA among patients who
underwent HCC resection. Overall TMA is a highly sensitive technology, with multiplexing possibilities and being
isothermal reaction, it is well suited for routine clinical
applications in laboratories with basic molecular biology
facilities.

STRAND DISPLACEMENT
AMPLIFICATION
Strand displacement amplification (SDA) (developed by
Becton Dickinson and Company) is a form of isothermal
nucleic acid amplification technique which was first described by Walker et al[69,70]. It utilizes restriction enzyme
cleavage of the DNA template for strand displacement.
SDA use two pairs of specially designed primers for template recognition. The inner pair is also designed to contain a restriction enzyme motif. Initially, template DNA is
denatured by heating at 95 ℃, to which the primer pairs
anneal and extend with the help of Escherichia coli DNA
polymerase 1 (exo-Klenow), incorporating the restriction
target into the new amplicons. The outer primers in turn
displace the strands synthesized by the inner primers.
Similarly, consecutive rounds of primer binding and extension generates DNA duplex incorporating restriction
sites, upon which restriction enzyme acts and nicks one
of the newly formed strands. This nick allows the DNA
polymerase to displace the existing strand and extension
of the nick to add in a new amplicon. This repetition of
nick and run scheme results in exponential amplification.
The main advantage of SDA is its simplicity and
requirement of user intervention only for initial heat denaturation and addition of enzymes (DNA polymerase
and restriction enzyme). In a single reaction, SDA can
produce 109 copies of target DNA in less than an hour.
These features make SDA suitable for point-of care applications. However, since SDA is performed at low nonstringent temperatures, generation of high background
signals with clinical samples (due to the abundance of
human genetic material) restrict the use of SDA in diagnostic applications. Although, SDA has been used in a
commercially available tuberculosis diagnostic assay[71], its
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use in commercial or lab-brew HBV diagnostics is almost
negligible.

THERMOPHILIC HELICASE-DEPENDENT
ISOTHERMAL AMPLIFICATION
Thermophilic helicase dependent amplification (tHDA)
(developed by Biohelix Corporation) is an isothermal
nucleic acid amplification method that imitates the cellular replication fork mechanism. tHDA utilizes the DNA
strand unwinding potential of thermophilic helicase in
the presence of adenosine tri phosphate (ATP) to substitute the thermal denaturing[72]. In this reaction, helicase
unwinds DNA strands and keeps them denatured with
the help of single-strand binding proteins and accessory
proteins. Subsequently, two sequence specific primers anneal to each of the single stranded DNA templates and
are extended by the DNA polymerases (exonuclease deficient) to produce a double stranded DNA. The process is
repeated at a single temperature to produce amplicons in
exponential manner.
As compared to other isothermal amplification techniques, HDA has certain advantages. tHDA has enormous potential in diagnostics due to its extremely simple
format, does not require initial high temperature for
denaturing DNA strands, has high speed (approximately
100 bp/s) and high processivity (approximately 10 kb/
binding)[73]. Although, these properties of tHDA offer
prospective for the development of simple DNA diagnostic assays, but like SDA, this technology has been very
less used in HBV diagnostics.

NEXT GENERATION SEQUENCING
Gene sequencing has always been a gold standard, especially in viral diagnostic setting. Sequencing and computational tools have allowed identification and confirmation
of HBV mutants/variants, genotypes, subgenotypes etc,
which has helped enormously in patient management,
in drug resistance testing, and for the epidemiological
analysis of disease outbreaks[33]. Initially, two DNA sequencing technologies were available (1) Sanger sequencing (DNA sequencing with chain terminating inhibitors);
and (2) Maxam-Gilbert sequencing (chemical cleavage
technique). Of them, the Sanger method for its simplicity
became popular and remained a standard for more than
three decades.
Nevertheless, in the past decade, the field of sequencing technology has been entirely revolutionized by the introduction and development of advanced chemistries for
nucleotide sequencing, such as sequencing-by-synthesis
chemistry coupled with enzymatic luminometric inorganic pyrophosphate detection assay[74,75] which ultimately
led to the evolution of the pyrosequencing technology.
Pyrosequencing was further developed into an arraybased massively parallel microfluidic-sequencing platform
for extremely high throughput sequencing[76]. Alongside
the pyrosequencing technology, alternate technologies
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have also evolved, such as clonal bridge amplification and
sequencing-by-ligation technologies, which have allowed
simultaneous sequencing of millions of templates. These
technologies are known as Next Generation sequencing technologies and the present parallel sequencing
platforms can produce several Giga bases (Gb) of high
quality sequence data in a single run. However, handling
and analysis of such huge sequence data require very
high level computational instrumentation and complex
pipeline of softwares. These technologies have permitted whole genome sequencing, ultra-deep sequencing,
amplification and identification of previously unknown
microbes (no prior sequence information is required for
sequencing of unknown genomes) and also the analyses
of viral quasispecies populations within very short time.
Although these next generation sequencing technologies are still expensive to be used for clinical virology
diagnostics, but they have already proven their power and
significance in clinical research[77]. These are gradually replacing Sanger sequencing, by allowing direct sequencing
of the mixed virus population and even quantifying the
relative abundance of certain mutations with extremely
high coverage within a short time frame. In a recent
study, Margeridon-Thermet et al[78] performed ultra-deep
pyrosequencing of hepatitis B virus quasispecies from
nucleoside and nucleotide reverse-transcriptase inhibitor
(NRTI)-treated patients and NRTI-naive patients and detected coinfection and recombination among two different HBV genotypes in some of the patients. In another
recent study, ultradeep sequencing was used to examine
the diversity between intrahepatic HBV strains and those
circulating in the serum[79]. Interestingly drug-resistant
HBV variants were identified in treatment naive patients,
suggestive of natural existence of HBV variants in patients, a finding that clearly supports Darwinian theory
of evolution in emergence of HBV drug resistance variants and has significant implications HBV management.
Very recently, this powerful technique has been used for
analysis of HBV reverse transcriptase quasispecies heterogeneity, to identify host genes that are frequent sites
of HBV integration and to study the effects of HBV
integration into the genomes of HCC patients[80-82]. Increasing number of studies, based on these technologies
is being published rapidly; those are uncovering or may in
future reveal more interesting facts about HBV.

BIOSENSORS, MICROARRAY AND
MICROFLUIDIC DEVICES
In the recent years, development of biosensors has
gained vast momentum due to their wide application in
the fields of clinical diagnostics, public health and even
for military purposes. Newman et al[83] defined biosensor
as: “a compact analytical device incorporating a biological
or biologically-derived sensing element either integrated
within or intimately associated with a physicochemical transducer”. Earlier biosensors especially integrated
enzymes with transducers that convert the biological
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Table 1 Comparison between different nucleic acid amplification technologies
Method

PCR

Template
requirement

Sensitivity/
specificity

Enzyme(s) required

Temperature
requirement

dsDNA1,
RNA
DNA1

About 1-10 copies/ DNA polymerase 95 ℃ →55-60 ℃ →
Very high
68-72 ℃ (Cyclic)
LCR
About 1-10 copies/
DNA ligase and
94 ℃ →65 ℃
Very high
DNA polymerase
(Cyclic)
LAMP
ssDNA1,
About 5 copies/
Bst DNA
60-65 ℃
RNA
Very high
polymerase
(Isothermal)
NASBA RNA1, DNA
About 1 copy/
Reverse transcripta37-41 ℃
Very high
se, T7 RNA polyme(Isothermal)
rase, RNAse H
RCA
Circular
About 10 copies/
30-65 ℃
φ29 DNA
ssDNA1
high
polymerase
(Isothermal)
TMA
RNA1, DNA About 1-10 copies/
Reverse
50-60 ℃
high
transcriptase, RNA
(Isothermal)
polymerase
SDA
ssDNA1,
About 10 copies/
Bst DNA
95 ℃ →37 ℃
RNA,
low
polymerase or exo(Isothermal)
Klenow Fragment
tHDA
dsDNA1
About 1-10 copies/
Helicase, DNA
60-65 ℃
Very high
polymerase
(Isothermal)

Rapid
detection
possibility

Time to
detect in
(min)

Sensitive to
biological
inhibitors

Yes

Yes2

Yes

Yes

Yes2

N/A

Yes2,3,4

About
40-120
About
100-180
About 60-90

Yes

Yes2,4

About
60-120

Yes

1/
simple
2/
simple

N/A

Yes2

About 60-90

Less

Yes

Yes2

About
120-140

Yes

4/
complex

Yes

Yes2,4

About
90-120

Yes

2/
simple

Yes

Yes2,4

About 75-90

Less

Primers/
Multiplex
primer design possibility
≥ 2/

simple
4/
simple
4-6/
complex
2/
simple

Yes
Less

1

Preferred template; 2Real time detection of fluorescence; 3Real time detection of turbidity; 4Nucleic acid lateral flow. PCR: Polymerase chain reaction;
LCR: Ligase chain reaction; LAMP: Loop mediated isothermal amplification; NASBA: Nucleic acid sequence based amplification; RCA: Rolling circle
amplification; TMA: Transcription mediated amplification; SDA: Strand displacement amplification; tHDA: Thermophilic helicase dependent amplification.

reaction into a measurable electrical or electronic signal.
Later, biosensors utilized other biological materials, such
as antibodies, receptors and more recently nucleic acids.
Presently, most of the biosensors being developed utilize affinity interaction (antigen-antibody or receptorligand interaction) or nucleic acid hybridization based
interaction for generating biological responses. Although
antigen-antibody or receptor-ligand based biosensors are
faster, biosensors that utilize nucleic acid or signal amplification based technologies are more specific and sensitive[84,85]. Currently available biosensors technologies and
applications have been reviewed in details elsewhere[45,86].
As with other viruses, a number of biosensors based on
different principles have been developed recently for the
detection of HBV DNA, or its antigens or anti-HBV
human antibodies[87-89]. Assembly of numerous (up to a
few thousand) DNA biosensors onto the same detection
platform results in DNA microarrays (or DNA chips),
devices that are increasingly used for large-scale transcriptional profiling and single-nucleotide polymorphism
discovery. Microarray based diagnostic systems have been
developed for HBV detection, genotyping and detection
of mutants[90,91]. However such systems are time consuming and require sensitive instrumentation for detection,
limiting their application for clinical diagnostics.
Apart from biosensors and microarrays, microfluidic
devices are being developed since 1990, which are also
known as “lab-on-chip” capable of sample and reagent
processing as rapid micro total analysis system[92]. Revolutionary advancement of micro-electro-mechanical
systems has made fabrication of microchambers/microchannels possible, leading to miniaturization of reaction
chambers, significantly decreasing assay time, reagent
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volume and sample use[93,94]. High-speed PCR performed
on microfluidic devices have been shown to be extremely
rapid, capable of amplifying upto 500 bp fragments in
just 1.7 min and 997 bp in only 3.2 min[95]. NASBA based
pathogen detection microfluidic devices have also been
developed[96]. Recently, microfluidic devices have been
used for study of HBV detection, replication and genotyping[97-99].

CONCLUSION
Molecular diagnostic methods have evolved dramatically
over the past decades. Among these, nucleic acid based
methods have better sensitivity, and specificity; however,
these are comparatively expensive and are mostly confined to research laboratories. Nevertheless, there is a
huge potential for their application in clinical diagnostics,
military and other settings where faster and accurate detection is required at the POC. Though many sensitive
nucleic acid amplification based technologies have been
developed in the last few decades, but none of them have
become so popular, as PCR. Despite being highly sensitive, isothermal amplification techniques have remained
less-utilized for developing detection assays, especially
HBV. Although some kits based on isothermal amplification methods (e.g., TMA, LAMP, NASBA, SDA etc.) are
available for other viruses (HSV, HPV, HIV etc.) but most
of the commercially available kits for HBV detection and
quantitation are primarily based on PCR.
As evident from the ongoing discussion, a number of
isothermal amplification methods have prospective to be
used for HBV diagnostics. A comparison of these important techniques has been put into Table 1, for ready ref-
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erence. Among these techniques, LAMP, NASBA, RCA
and tHDA are good candidates for the purpose, although
with certain advantages and disadvantages. NASBA is a
very sensitive technique, but the use of three different
enzymes may be economically prohibitive for certain
laboratories. Similarly, the requirement of circular DNA
as a template restricts the use of RCA mostly for amplification of cccDNA. LAMP and tHDA are reported to
be tolerant to biological inhibitors, which are most often
present in clinical preparation. This compatibility with
clinical samples obviates the need of highly pure template preparations for these methods and is definitely an
advantage for off-lab situations. Earlier primers designing for LAMP were complex, but at present softwares
are available, that can easily work out primers. In comparison, among the isothermal amplification techniques,
tHDA is a fast and simple reaction, require simple primer
sets, highly sensitive assay that also supports multiplex
and real time detection formats. In addition, most of the
isothermal amplification techniques require simple thermal conditions for amplification, support different rapid
detection formats and thus could be easily integrated for
biosensor applications. Taken together, there is a range
of amplification techniques available, which could be selected and further evaluated for their wide application in
the field of HBV molecular diagnostics.
Ironically, even after decades of discovery of HBV
and availability of a highly effective vaccine, HBV is
transmitted to 10-30 million naive people, of which more
than 1 million die worldwide each year. Notably, majority
of the HBV transmissions and deaths related to it occur
in less developed or poor countries, where HBV is highly
endemic. Thus most important advancement required
urgently in HBV diagnostics is to make available low cost
sensitive assays in highly endemic countries, to contain
the “man-hunt” of this “silent killer”.
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Abstract
Alcoholic liver disease (ALD) is the most common liver
disease in the Western world. For many reasons, it is
underestimated and underdiagnosed. An early diagnosis is absolutely essential since it (1) helps to identify
patients at genetic risk for ALD; (2) can trigger efficient
abstinence namely in non-addicted patients; and (3)
initiate screening programs to prevent life-threatening
complications such as bleeding from varices, spontaneous bacterial peritonitis or hepatocellular cancer. The
two major end points of ALD are alcoholic liver cirrhosis
and the rare and clinically-defined alcoholic hepatitis
(AH). The prediction and early diagnosis of both entities is still insufficiently solved and usually relies on a
combination of laboratory, clinical and imaging findings.
It is not widely conceived that conventional screening
tools for ALD such as ultrasound imaging or routine
laboratory testing can easily overlook ca. 40% of manifest alcoholic liver cirrhosis. Non-invasive methods such
as transient elastography (Fibroscan), acoustic radiation
force impulse imaging or shear wave elastography have
significantly improved the early diagnosis of alcoholic
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cirrhosis. Present algorithms allow either the exclusion
or the exact definition of advanced fibrosis stages in ca.
95% of patients. The correct interpretation of liver stiffness requires a timely abdominal ultrasound and actual
transaminase levels. Other non-invasive methods such
as controlled attenuation parameter, serum levels of
M30 or M65, susceptometry or breath tests are under
current evaluation to assess the degree of steatosis,
apoptosis and iron overload in these patients. Liver
biopsy still remains an important option to rule out
comorbidities and to confirm the prognosis namely for
patients with AH.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: alcoholic hepatitis; Alcoholic steatohepatitis; Alcoholic liver disease; Non-invasive; Liver stiffness;
Serum marker; Steatosis
Core tip: This review article summarizes recent advantages in non-invasive assessment of patients with
alcoholic liver disease (ALD) such as elastographic
techniques (Fibroscan), acoustic radiation force impulse
imaging, shear wave elastography or serum marker and
highlights future perspectives which may improve the
early diagnosis of ALD.
Mueller S, Seitz HK, Rausch V. Non-invasive diagnosis of
alcoholic liver disease. World J Gastroenterol 2014; 20(40):
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EPIDEMIOLOGY OF ALCOHOLIC LIVER
DISEASE
alcoholic liver disease (ALD) is, either alone or in association with other comorbidities such as obesity or viral
hepatitis, the leading cause of liver disease. The liver is
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Figure 1 Natural course of alcoholic liver disease and major end points. HCC: Hepatocellular carcinoma.

also the most common target organ of chronic alcohol
abuse. In Germany and the United States, chronic alcohol
consumption is responsible for over 50% of chronic liver
diseases[1]. In South Korea, 7%-31% of cirrhosis cases
have been addressed to alcohol in a few single center
studies[2]. The treatment of ALD causes huge costs for
the health care system with nearly $3 billion per year[3].
Considering the sum of death and disability-adjusted life
years (DALYs), in Portugal, liver diseases represented the
main source of the burden attributable to alcohol with
31.5% of total DALYs, followed by traffic accidents and
several types of cancer[4]. At present, China recorded a
40% increase in the annual per capita consumption of
alcohol depending on the region and has therefore experienced the highest increase in alcohol associated health
problems[5].
It is difficult to calculate alcohol related deaths because
of imprecise or incomplete information about the actual
drinking patterns. Moreover, patients with compensated
liver cirrhosis have normal laboratory and ultrasound
findings in ca. Forty percent and may often die by seemingly non-liver-related complications such as infections
(e.g., pneumonia). The consumption of 20 and 30 g of
alcohol per day for women and men enhances the risk of
developing ALD, respectively. Liver cirrhosis develops in
a minority of ca. Fifteen percent of people consuming
more than 80 g of ethanol daily[3] clearly indicating the importance of additional genetic factors for disease progression. Approximately 5% of the whole population show
high risk drinking behavior in the United States[6] and
Germany[7] and similar ca. Seven percent showed heavy
alcohol consumption according to the Korean National
Health and Nutrition Examination survey 2009[8]. In the
global death statistics published in 2010, liver cirrhosis and
hepatocellular carcinoma (HCC) are ranked at position
12 and 16[9] with one third directly attributable to alcohol.
Liver cirrhosis accounts for over 170000 deaths per year
in Europe and is in the fourth place in the so-called years
of life lost statistics. In ALD patients with cirrhosis, HCC
is the most common fatal complication ranking straight
behind viral hepatitis B and C. Furthermore, in a global
perspective HCC has the second highest cancer incidence
rate after kidney tumors[10].
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GENERAL DIAGNOSTIC ASPECTS OF
ALD
The early and exact diagnosis of ALD and namely of
fibrosis/cirrhosis is important since patients receive an
explanation for their symptoms and complaints and get
the opportunity to control disease progression through
change of life style, avoidance of alcohol and other potentially harmful factors such as obesity. Furthermore,
ALD should be separated from other comorbidities (e.g.,
viral hepatitis) or disease modifying factors (e.g., obesity,
drugs) to provide detailed prognostic information. After
diagnosis, a targeted search for potential complications
such as varices or HCC can be started and surveillance
intervals e.g., for HCC can be defined. The diagnosis of
ALD is complicated by a rather varied clinical presentation, underreporting by patients and the lack of good
biomarkers for alcohol consumption. It is therefore routinely underestimated both by physicians and health statistics[11,12]. Therefore, its diagnosis has to rely on a combination of imaging, laboratory, clinical and elastographic
findings.
The early detection of severe steatohepatitis and alcoholic cirrhosis is most important for several reasons: it
safes lifes, prevents complications and may initiate follow
up programs (Figure 1). Most critical and life threatening
end points are (1) decompensated alcoholic liver cirrhosis;
and (2) the rare and clinically defined alcoholic hepatitis
(AH). AH should not be mismatched with the commonly
and histologically detectable steatohepatitis (Figure 1). AH
patients classically show not very high transaminase levels
but rapidly become icteric[13]. Due to the jaundice they are
rapidly diagnosed and presented to more specialized units.
Nevertheless they show a poor prognosis usually assessed
by the Maddrey discrimination function[14], the Glasgow
ASH score[15] or the Lille model[16]. The nature of AH
is still poorly understood. In contrast, the slow progression of ALD towards liver cirrhosis can be unnoticed for
many years. For these reasons, patients who are sensitive
to alcohol-mediated liver damage but diagnosed too late
may have an unfavourable outcome. These patients are
listed late for transplantation and are at high risk of dying
from complications while waiting for a transplant.
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Table 1 Diagnosis of confirmed advanced fibrosis/cirrhosis (F3-4) (histology, elastography) by conventional clinical parameters
(ultrasound, laboratory) from Salem Medical Center (n = 364)
Parameter
Bilirubin
INR
Platelets
Spleen size
Signs of liver cirrhosis
Bilirubin, INR, signs of liver cirrhosis
Bilirubin, INR, platelets, spleen size, signs of liver cirrhosis

Pathologic

F0-2 elevated

F3-4 normal

> 1.3 mg/dL
> 1.27
< 150 /nL
> 11.5 cm
>0
>0
>0

7.6%
1.2%
18.5%
6.4%
1.6%
10.0%
27.7%

58.3%
74.8%
49.6%
70.4%
59.1%
43.5%
22.6%

The table shows typical findings of fibrosis/cirrhosis as indicated in the ultrasound (spleen size, signs of cirrhosis) or laboratory [bilirubin, international
normalized ratio (INR) and platelets] in patients with no or low fibrosis stages (F0-2) vs advanced fibrosis stages (F3-4). In the last two rows, cirrhosis was
considered if one of 3 or 5 parameters was pathologic. As an example, ca. 43% of F3-4 cirrhosis are not diagnosed by a combination of bilirubin, INR and
ultrasound signs of liver cirrhosis.
Liver disease stages

ALD

Fatty liver

Steatohepatitis

Cirrhosis

HCC

Test
Alcohol
detection

Alcohol reporting, CDT, ethyl glucuronid

Laboratory

GGT, GOT/GPT, MCV, ferritin
Billirubin, platelets, hyaluronic
acid, and others

Imaging

Ultrasound, CT, MRI
TE, ARFI, MRE, SWE

Liver stiffness
More

CAP

Endoscopy, AFP

Susceptometry, genetic profiling, M30, M65, breath tests

Figure 2 General non-invasive approaches for patients with suspected alcoholic liver disease. Combination of different tests will help to establish alcohol as
underlying reason and to assess the stage of liver disease. ALD: Alcoholic liver disease; HCC: Hepatocellular carcinoma; CDT: Carbohydrate deficient transferrin;
MCV: Mean corpuscular volume; CT: Computed tomography; MRI: Magnetic resonance imaging; TE: Transient elastography; ARFI: Acoustic radiation force impulse
imaging elastography (Siemens); CAP: Controlled attenuation parameter (Echosens); MRE: Magnetic resonance elastography; SWE: Shear wave elastography (Supersonic imaging); GGT: γ-glutamyl transpeptadase; GOT: Glutamic-oxal(o)acetic transaminase; GPT: Glutamate pyruvate transaminase; AFP: a-fetoprotein.

The increasing use of transient elastography (TE) as
novel ultrasound-based technique has significantly improved early diagnosis and follow up. It is a widespread
misconception that conventional approaches such as
routine imaging studies or blood tests are able to rule out
fibrosis/cirrhosis. Our experience on over 364 patients
at Salem Medical Center in Heidelberg indicates that approximately 40% of manifest cirrhosis is overlooked by
routine ultrasound and lab tests which are clearly seen
with elastography or histology (Table 1). Thus, 22.6%
with established F3-4 cirrhosis by histology or elastography have normal bilirubin, INR, platelets, spleen size and
no signs of liver cirrhosis. If only ultrasound, bilirubin
and INR are considered, 43.5% are normal. Although no
long-term prognostic studies have been performed on
cirrhotic patients solely identified by elastography, they
are certainly at an increased risk of developing HCC or
complications of portal hypertension.
In addition, many other non-invasive approaches to
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detect various stages of ALD are currently under investigation, such as controlled attenuation parameter (CAP) for
fatty liver disease, susceptometry to detect cancerogenic
hepatic iron accumulation or serum markers of liver damage or apoptosis such as M65 and M30 (Figure 2). Of
course, modern imaging techniques are absolutely essential
for HCC screening and are continuously improved. Finally,
genetic tests e.g., for PNPLA3 mutations are potential options in the near future since such mutations are increasingly recognized as risk factors for cirrhosis progression.

CLINICAL APPROACH TO ALD
The diagnosis of ALD has first to establish the consumption of alcohol as cause of the liver disease. Beside
serum alcohol concentration measurements as indicator
for alcohol consumption within the last 20 h, no serologic marker can be used to monitor chronic alcohol
consumption on its own. Ethyl glucuronide levels in the
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Table 3 Relative distribution of histological features in
alcoholic liver disease patients

Table 2 Fibrosis stages of alcoholic liver disease patients
undergoing alcohol detoxication as determined by liver biopsy
n (%)

Kleiner score (range)
Fibrosis stage
F0
F1-2
F3
F4
Total

Histology

TE

All

5
46
17
21
89

162
36
26
51
275

167 (45.9)
82 (22.5)
43 (11.8)
72 (19.8)
364

Preliminary data from Salem Medical Center (n = 364). TE: Transient
elastography.

urine (up to 3 d) and, more widely, carbohydrate deficient
transferrin (CDT) are being used to detect alcohol consumed previously (4 -21 d). CDT is only a reliable marker
if more than 50 g alcohol are consumed per day and even
then shows a moderate sensitivity of 60%. A rather new
and longer tracking of alcohol consumption is provided
by determination of ethyl glucuronide in the hair, which
is especially useful in the transplant setting[17]. Next, the
pathologic stages of ALD should be ascertained such as
steatosis, steatohepatitis, fibrosis/cirrhosis (Figure 2)[11].
Sometimes, the diagnosis of ALD is not so obvious
because alcohol consequences may manifest for example in the brain (Wernicke Korsakov Syndrome), in the
peripheral nerves (polyneuropathy) or as alcoholic cardiomyopathy. Therefore, they may need a more extended
clinical view on the patient symptoms from experienced
physicians. Along with rib fractures commonly seen on X
ray images, other clinical symptoms such as parotid enlargement, Dupuytren’s contracture, and clinical findings
are highly associated with ALD.

HISTOLOGY AND ALD
Liver biopsy is still considered the gold standard for assessment of fibrosis/cirrhosis particular in the context
of ALD. This is especially the case when in doubt or
when non-invasive tests are unreliable. Liver biopsy can
be done percutaneous, transjugular or laparoscopic with
the latter having probably the safest risk profile. In ALD
patients with severe steatohepatitis or AH, which require
certain medication, e.g., corticosteroids and/or pentoxifylline or in patients with suspected comorbidities such
as HCV or NASH, biopsies are highly indicated. Furthermore, liver biopsy may be necessary to establish the
nature of hepatic lesions.
In the daily clinical routine, however, liver biopsy is
often limited in ALD patients due to technical requirements (cylinder size larger than 15 mm), inter-observer
variability and sampling errors with regard to fibrosis
staging which can reach 30%[18-22] or mild (pain and small
bleedings in 6%) or severe complications (fatal perforations and bleedings in 0.1%)[23,24]. Because of newly introduced elastographic techniques, liver biopsy should no
longer be regularly performed to quantitate fibrosis stage
or steatosis except in complex cases or studies. Elemen-
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Kleiner steatosis 0-3
Lobular inflammation 0-3
Portal inflammation 0-1
Ballooning 0-2
Megamitochondria 0-1
Mallory hyaline 0-1
Classification steatohepatitis 0-2

Considered
elevated

Percentage

>1
>1
>0
>1
>0
>0
>0

69.4%
38.8%
15.3%
15.3%
1.6%
25.9%
75.3%

Preliminary data from Salem Medical Center (n = 89).

tary histological features in ALD include steatosis, with
macro- and micro-vesicles, hepatocellular ballooning,
inflammatory infiltrates (neutrophils) that predominate
in the lobules and variable degrees of fibrosis including
pericellular fibrosis and lobular distortion perhaps progressing to cirrhosis[25].
Patients symptoms may range from a single lesion or
combinations of elementary lesions[26,27]. Until today, the
prevalence and distribution of histological lesions among
heavy drinkers is not well known. Naveau et al[28] showed
in a large study of 1604 patients diagnosed with ALD
undergoing liver biopsy that 14% of patients had normal
liver, 28% steatosis without fibrosis, 20% presented with
fibrosis (with or without steatosis), 8.5% with acute AH,
and 29% indicated cirrhosis. Table 2 shows number and
percentage of fibrosis stages of the Heidelberg cohort of
patients undergoing alcohol detoxification. In the biopsyproven group (n = 89), ca. 30% were F3-4 while almost
no one was F0. In patients staged by transient elastography after alcohol withdrawal (n = 275) 60.7% were classified as F0 and 41.8% were F3-4. These data indicate
that biopsy-proven studies are naturally biased missing
many patients without liver cirrhosis. Table 3 shows the
distribution of histological features in the biopsy proven
cohort. More than 70% showed steatosis and 75.3% steatohepatitis.
Steatosis represents the early phase of ALD and is
most frequently seen in injured livers[29]. Nevertheless, it is
still not clear whether simple steatosis is a benign condition, a prerequisite for further progression towards steatohepatitis or even a compensatory protective reaction. Alcoholic steatohepatitis (ASH) is characterized by steatosis
in combination with hepatocyte ballooning, hepatocellular
damage and tissue inflammation represented by infiltrates
of polymorphonuclear cells[12]. Among ASH, steatosis and
the extent of fibrosis, ASH demonstrated the highest risk
for cirrhosis development in at least 40% of cases[30-35]. The
assessment of the fibrosis degree should be performed by
special techniques, such as trichrome or Sirius red staining.
Reticulin is commonly used to assess the extent of fibrosis
and liver architecture in parallel. Despite missing validation
in the setting of ALD, semi-quantitative methods such as
the Metavir scale are also used. The Kleiner-Brunt score,
originally developed for NAFLD, has been recently used
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Table 4 Typical routine blood tests in alcoholic liver disease
Parameter

Pathologic

GOT (U/L)
GPT (U/L)
GGT (U/L)
AP (U/L)
Bilirubin total (mg/dL)
INR
Platelets (/nL)
Ferritin (ng/mL)
Ferritin (ng/mL)
Triglycerides (mg/dL)
Cholesterine (mg/dL)
Albumin (g/dL)
Transferrin (g/A)
Transferrin saturation
Hepatic steatosis (US)
Spleen size (cm)
Ascites
Signs of cirrhosis (US)
Liver stiffness (final)
CAP (dB/m)

> 50
> 50
> 60
> 130
> 1.3
> 1.27
< 150
> 1000
> 400
> 200
> 200
< 3.8
<2
> 45%
>1
> 11.5
>0
>0
>8
> 300

F0-2
F3-4
Mean
(<8 kPa) (>8 kPA) F0-2
56.9%
50.6%
69.4%
9.0%
7.8%
0.8%
17.5%
15.6%
39.8%
29.4%
65.5%
4.3%
14.8%
32.0%
70.9%
7.5%
0.0%
1.7%
0.0%
42.2%

78.4%
48.6%
97.3%
50.5%
43.2%
25.9%
48.6%
35.4%
60.4%
25.7%
52.8%
37.3%
38.6%
45.9%
82.4%
35.5%
20.7%
43.9%
100.0%
64.9%

89.5
75.0
238.8
90.2
0.8
1.2
222.5
524.7
524.7
187.9
225.7
5.4
2.5
42.0
1.9
9.6
0.0
0.0
4.8
287.0

Mean
F3-4
135.4
70.6
792.8
152.0
2.9
1.1
172.0
830.7
830.7
206.5
202.8
5.2
2.2
48.0
2.2
11.1
0.2
0.4
32.7
308.3

The table shows percentage and means of pathologic routine blood tests in
patients with alcoholic liver disease (ALD) (preliminary data from Salem
Medical Center n = 275) solely characterized by non-invasive transient
elastography (TE). US: Ultrasonography; CAP: Controlled attenuation
parameter (Echosens); GGT: γ-glutamyl transpeptadase; GOT: Glutamicoxal(o)acetic transaminase; GPT: Glutamate pyruvate transaminase; AFP:
a-fetoprotein; AP: Alkaline phosphatase.

in ALD studies since NAFLD and ALD show common
features if not to the same extent[36,37].

NON-INVASIVE DIAGNOSIS OF
ALCOHOLIC STEATOSIS
Early screening for steatosis can be carried out using
ultrasonography (US), computed tomography (CT) and
magnetic resonance imaging (MRI) [38]. Among those
methods, hepatic steatosis assessment via US, especially
in patients below 30% fat deposition has poor analytical sensitivity and specificity. MRI and MR technique
are the imaging tools of choice allowing for accurate
steatosis assessment but limited by the lack of established standardization of sequence characteristics and
their high cost[39,40]. Recent ultrasound based techniques
such as CAP are promising. CAP is run on the Fibroscan
platform and so far restricted to the M probe. CAP is reproducible and quantitative with an AUROC up to 90%
for fatty liver[41]. However, the histological validation of
alcoholic steatosis and CAP in large studies with ALD
patients is still pending. More details are given below. In
clinical practice, US can be proposed in heavy drinkers as
a screening procedure for steatosis[42].

NON-INVASIVE DIAGNOSIS OF ALD BY
BLOOD TESTS
ALD patients are represented by characteristic laboratory
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findings depending on the stage of liver disease. One of
the best marker in ALD is elevated γ-glutamyl transpeptadase (GGT) representing an induction of enzymatic
activity with a combined sensitivity and specificity of >
70%[43,44]. In addition, GGT activity is not very specific
for alcohol intoxication and can be also caused by other
conditions namely cholestastic liver disease, cardiac insufficiency, drugs and many more. Furthermore, serum GGT
looses its alcohol specificity in more advanced stages[12,45].
Glutamic-oxal(o)acetic transaminase (GOT) is typically
elevated in severe AH while GOT levels > 300 U/L are
rarely detected. In about 70% of patients with non-viral
liver disorders, the GOT/glutamate pyruvate transaminase (GPT) ratio is higher than two[46]. In cirrhotic stages,
transaminases may normalize and GOT levels are slightly
continuously increased in the absence of alcohol consumption. The blood test also shows alterations in patients with ALD, such as an increased mean cell volume
(MCV) being equally sensitive as elevated transaminases,
low numbers of platelets as indicator for cirrhosis or
elevated leukocytes as marker for acute alcoholic steatohepatitis[47]. The combination of GGT, MCV, IgA, CDT,
and GOT/GPT ratio increases the diagnostic accuracy
for ALD with a sensitivity and specificity > 90%[48]. Elevated direct bilirubin levels are also increasingly noted
in ALD patients either due to cirrhosis or severe steatohepatitis[48]. Table 4 illustrates typical routine blood tests
together with some common ultrasound parameters in
patients with ALD from our Heidelberg cohort (n = 364).
The fibrosis profile of this population for F0, F1-2, F3
and F4 cirrhosis is 61.7%, 10%, 10% and 18.1%. Changes
in iron metabolisms and iron related proteins may be also
detected and can be easily mixed up with e.g., hereditary
hemochromatosis. In the Heidelberg population, serum
ferritin levels are above normal (> 400 ng/ml) in 37%
and higher than 1000 ng/ml in 16% (see also Table 4).
Transferrin saturation is also often elevated (> 45%) in
36% and > 60% in more than ca. 20% of patients which
indicates that transferrin saturation is not indicative for
hereditary iron overload (see also Table 4). Therefore, alcohol withdrawal for at least four weeks is recommended
since liver iron parameters will change slowly.

NON-INVASIVE DIAGNOSIS OF
ALCOHOLIC LIVER FIBROSIS/CIRRHOSIS
Hepatic imaging techniques
US, MRI and CT may allow the assessment of steatosis
or more advanced stages, help to exclude other causes
of chronic liver disease and its complications independent of the etiology[49]. Imaging techniques could help
to exclude other causes of abnormal liver tests, such
as obstructive cholestasis, infiltrative or neoplastic liver
diseases. With respect to fibrosis assessment, all imaging
techniques have to rely on so called sure morphological
signs of cirrhosis such as nodular aspects of the liver or
recanalization of the umbilical vein while splenomegaly
or ascites are not specific. Despite high diagnostic accuracy for the detection of ALD under study conditions,
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Table 5 Serum fibrosis markers in alcoholic liver disease
Serum marker

n

PⅢNP

44

ApoA1
PGA (GGT PT ApoA1) PT
PⅢNP, Laminin
PⅢNP
Type I col
TIMP1, PⅢNP
CDT
HA, PⅢNP
7S-Ⅳ col, TH-Ⅳ col, Laminin,
TIMP

482
624
44
69
44
74
45
58

HA PT
YKL-40

160
20

YKL-40, HA, PGA, Tran index

146

HA

70

TPS

77

Laminin

Type-Ⅳ col

Type-VI col
Type-ⅩⅣ col
PT
YKL-40, PⅢNP

80
61
13
243
370

HA

87

ELF panel

64

Outcome

Ref.

Correlation of PⅢNP with fibrosis, but not inflammation or steatosis; PⅢ
NP also positively correlated with ALP and GGT
Correlation with fibrosis (r = -0.70; P ≤ 0.001)
AUROC not significant
PⅢNP, PⅢNP-Fab and laminin measured by RIA were 21 ± 19 µg/L, 90 ±
42 µg/L and 2.5 ± 0.8 U/mL in alcoholic cirrhosis
Correlation PⅢNP and score of alcoholic hepatitis (r = 0.60, P ≤ 0.0001)
Correlation type I collagen and fibrosis score (r = 0.34, P ≤ 0.001)
Correlation TIMP1 and fibrosis (r = 0.70, P < 0.001 AUROC 0.96 ± 0.03)
Sensitivity of CDT for alcohol consumption 57% with 100% specificity
AUROC for PⅢNP 0.867 ± 0.054
TH-Ⅳ concentration as best marker to distinguish ALD from non-ALD;
good correlation between hepatic type V collagen and serum TH-Ⅳ,
but not 7S-Ⅳ collagen; TIMP, may be useful in evaluating the degree of
hepatic fibrosis
Accuracy for cirrhosis diagnosis from 89.5% to 95%
YKL-40 was significantly increased in patients with alcoholic cirrhosis
(median, 523 mg/L; P < 0.001)
Threshold of 330 µg/L gave sensitivity of 50.8% with specificity 88.5%
Correlation HA and prothrombin index
Significant correlation (P < 0.01) between HA and albumin, platelets and
bilirubin, but not with ALT
TPS correlated significantly with liver cell necrosis and Mallory's hyaline
degeneration
Cut-off for Laminin 4.1 UI/mL gave 90% sensitivity, 77% specificity, cutoff for CⅣ 150 ng/mL gave 89% sensitivity 77% specificity
CⅥ and CⅩⅣ as sensitive marker in fibrosis progression in alcoholics

Gabrielli et al[106], 1989

Correlation PT and fibrosis score; r = -0.70, P < 0.0001
Serum levels of YKL-40 and PⅢNP are elevated in alcoholic patients;
related to fibrosis
Correlation HA and histological stage of ALD (r = 0.54, P < 0.0001);
AUROC for HA and fibrosis 0.76
AUROC 0.94 ± 0.056

Bedossa et al[107], 1989
Poynard et al[108], 1991
Lotterer et al[109], 1992
Trinchet et al[110], 1992
Li et al[111], 1994
Seitz et al[112], 1995
Pares et al[55], 1996
Tsutsumi et al[113], 1996

Oberti et al[114], 1997
Johansen et al[115], 1997
Tran et al[116,117], 2000
Plevris et al[118], 2000
González-Quintela et al[119], 2000
Castera et al[120], 2000
Stickel et al[121], 2001
Croquet et al[122], 2002
Nøjgaard et al[123], 2003
Stickel et al[124], 2003
Rosenberg et al[125], 2004

ALD: Alcoholic liver disease.

imaging techniques are especially limited in the daily routine in diagnosing compensated liver cirrhosis (sensitivity
< 70%) (see also Table 3). Conventional grey scale US
is one imaging modality in screening for liver cirrhosis
and relies on liver parenchyma abnormalities and morphological changes. Colour Doppler US provides further
information on haemodynamics of portal venous system,
the hepatic artery and the hepatic veins, but the reliability
and reproducibility are limitations for its daily usage as
screening tool[50]. US findings can be considered to confirm cirrhotic livers but a negative result cannot fully rule
out cirrhosis. Although acoustic structure quantification
is a promising new ultrasound software program which
provides encouraging results in the diagnosis of cirrhosis/fibrosis, it has to date not attained the same diagnostic
performance as Fibroscan[51]. The diagnostic accuracies
for cirrhosis detection using MRI and CT were reported
with 70% and 67% with sensitivities and specificities of
87%, 84%, 52% and 54%, respectively[52].
Serum marker
In the last decades, serum markers have been intensively
studied to assess fibrosis and inflammation. Table 5
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shows important serum fibrosis markers and their outcome in ALD studies. So-called indirect markers correlate
with the hepatic function, but not directly with the deposition of extracellular matrix. Indirect markers are e.g.,
platelet count, parameter of liver synthesis, such as INR
or albumin and transaminase levels. In contrast, direct
markers are tightly associated with matrix deposition, the
key feature of liver cirrhosis. Examples of such markers are hyaluronic acid, procollagen Type Ⅰ and Ⅲ and
TIMP1. Some more complex systems combine direct and
indirect markers (see Table 5).
Four fibrosis serum marker systems have been extensively studied: FibroTest/FibroSure, Hepascore, FibroSpect and the ELF test (“European Liver Fibrosis
Study Group panel”). The ideal serum marker should be
specific, non-invasive, reproducible, be correlated with disease severity and prognosis and unaffected by drugs and
other (metabolic) conditions. Today available markers do
not meet all of these requirements because they are not
liver-specific, may represent impaired hepatic clearance
or are affected by inflammation rather than fibrosis stage.
Some liver disease specific markers e.g., the APRI score is
widely used in viral hepatitis but useless in ALD[53].
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Soft

Stiff

Normal Gray range
< 6 kPa

6-8 kPa

F3 fibrosis

F4 cirrhosis

8-12.5 kPa

> 12.5 kPa

Table 6 Liver stiffness and fibrosis stages in alcoholic liver
disease (biopsy proven studies)
Ref.

6

8

12.5

75
Nahon et al[126], 2008
Nguyen-Khac et al[62], 2008
Kim et al[127], 2009
Mueller et al[37], 2010
Janssens et al[128], 2010

Liver stiffness (kPa)

Figure 3 Liver stiffness scale with cut-off values for various fibrosis
stages in alcoholic liver disease patients without pronounced inflammation, congestion, tumors or mechanic cholestasis.

In principle, serum markers allow a good differentiation between F0-1 and F2-4 and no special equipment is
required. For some patented tests (e.g., Fibrotest), however, serum needs to be sent to special institutions and
the real algorithm (exclusion criteria) cannot be validated.
Fibrotest has been evaluated in ALD and has reached a
diagnostic accuracy of 0.8[54]. Other markers include the
ELF test or determination of cytokeratin 18 (CK18).
Unfortunately, the possible interference of these markers with steatohepatitis has not been studied and they
were not applied in clinical practice. Interestingly, the best
single serum marker was hyaluronic acid formerly introduced by Parés et al[55] showing a significant correlation
with the histological fibrosis independent of the inflammatory status. Future studies are required to better define
which serum markers should be used in cases where no
liver stiffness (LS) can be obtained and to which extent it
is modified by co-existing inflammation.
Fibrotest®, a marker panel analysing alpha-2-macroglobulin, haptoglobin, GGT, ApoA1 and bilirubin and
corrected for age and sex[56] has high diagnostic potential
for the detection of significant fibrosis in patients with
ALD. In a study of 221 patients with biopsy-proven ALD,
the mean Fibrotest® value ranged from 0.29 in patients
with F0 to 0.88 in those with F4 cirrhosis. For the diagnosis of F4 cirrhosis, the AUROC was very high (0.95)[57].
FibrometerA®, combining PT, alpha-2-macroglobulin,
hyaluronic acid and age has similar diagnostic accuracy in
ALD with an AUROC of 0.962[58]. The diagnostic value
of Hepascore® combining bilirubin, GGT, hyaluronic acid,
alpha-2-macroglobulin, age and sex did not differ from
that of FibrometerA® or Fibrotest® and was significantly
greater than those of non-patented biomarkers (APRI,
Forns, FIB4)[54]. The combination of any of these tests
did not improve diagnostic accuracy[54]. In addition to their
diagnostic performance in the screening of fibrosis, noninvasive tests may be useful in predicting liver-related mortality as shown in a study of patients with ALD followedup for more than 8 years, where survival was correlated
with baseline non-invasive fibrosis score[54]. The so-called
ELF® test may also predict clinical outcomes in patients
with chronic liver disease[59] but its efficacy needs further
evaluation in larger ALD cohorts. Preliminary comparative analysis from the Heidelberg Center suggests that the
formerly introduced single hyaluronic acid[55] is quite useful
and could well serve as backup marker in those ALD patients that cannot be measured by elastography.
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Patients
(n )

Correlation

174
103
45
101
49

0.70, P < 0.0001
0.72, P < 0.014
0.72; P < 0.001

AUROC Cut-off
F4
F4
0.87
0.92
0.97
0.92
0.86

22.6
19.5
25.8
11.5
21.1

Assessment of fibrosis stage by elastographic
techniques via LS
The new approaches to assess LS have significantly improved the diagnosis of liver fibrosis[60,61]. TE (Fibroscan
®
) was the first technique to be introduced. Consequently,
most published LS studies have been performed with
TE. In the last year, Fibroscan was also approved by the
FDA in the United States. Acoustic radiation force impulse imaging (ARFI, Siemens) and shear wave elastography (SWE, Supersonic Imaging) are additional competing
ultrasound-based techniques that are commercially available. Magnetic resonance elastography (MRE) hold great
promises for three-dimensional assessment of stiffness
in various organs not restricted to the liver. However, it is
routinely used only in few centers. First comparative studies indicate that ARFI, SWE and MRE are matching with
TE with regard to accuracy. Future studies will identify
individual limitations and strengths. We here consider the
interpretation of LS in general and independent of the
methodology. Unfortunately, different non-standardized
units are used by the above mentioned techniques that
may lead to confusion when comparing different studies.
LS is an excellent surrogate marker of advanced fibrosis (F3) and cirrhosis (F4) in ALD and superior to
all serum markers[62]. LS scale with cut-off values for
various fibrosis stages in ALD are shown in Figure 3. LS
values below 6 kPa are generally considered as normal
and exclude even mild fibrosis (Figure 3). Although severe fat deposition may lower LS, it rarely has an impact
on fibrosis stage determined by LS. Due to the narrow
“gray range” from 6 to 8 kPa and potential interferences
(positioning, breathing or eating), an exact discrimination between F1 and F2 stages is not recommended for
clinical purpose. Finally, LS highly correlates with portal
pressure and esophageal varices and HCC are likely at
LS > 20 kPa[60,61]. However, LS can be also elevated by
inflammation[63,64], liver congestion[65], and mechanic cholestasis[66] in the absence of fibrosis. Since all these conditions may be present in ALD patients, LS should always
be interpreted in the context of imaging, laboratory and
clinical findings. Table 6 lists all biopsy-proven studies
on patients with ALD so far. Although an excellent performance could be shown in all studies, they differ quite
drastically with regard to the cut-off values. In our opinion, this is mainly due to the presence of inflammation as
assessed by transaminase levels[37]. In this study, we demonstrated that LS decreases in patients with ALD dur-
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Laboratory

GOT/GPT, GGT, MCV

Bilirubin, platelets, INR

Ultrasound

Signs of liver cirrhosis
Exclude congestion
cholestasis, nodules

< 6 kPa

Splenomegaly
ascites, HCC?

Liver stiffness

> 6-30 kPa

GOT < 100 U/L

> 100 U/L

> 30 kPa

No valid LS
obtained

Alcohol detoxification

< 6 kPa

No liver
fibrosis

6-8 kPa

F3

F1-2

Follow up

> 8 kPa

12 mo

Hyaluronic acid,
other serum
markers

> 12.5 kPa

F4

Established liver cirrhosis

6 mo, US, AFP, endoscopy?

Figure 4 Complete non-invasive diagnostic work plan for patients with alcoholic liver disease at Salem Medical Center Heidelberg with follow up. Flow
scheme allowed diagnosis of fibrosis in 95% of patients. In the remaining 5% of patients without valid LS measurements, the role of serum markers need to be settled
but single hyaluronic acid looks promising. In patients with LS > 30 kPa, cirrhosis is established despite increased transaminase levels. MCV: Mean corpuscular volume; HCC: Hepatocellular carcinoma; LS: Liver stiffness; US: Ultrasonography; GGT: γ-glutamyl transpeptadase; GOT: Glutamic-oxal(o)acetic transaminase; GPT:
Glutamate pyruvate transaminase; AFP: a-fetoprotein.

ing alcohol withdrawal[37]. The decrease of LS was best
estimated based on GOT levels. Thus, GOT levels higher
than 100 U/l were predictive for an inflammation-associated elevation of LS. When only considering patients
with low or normal transaminase levels, cut-off values
were comparable to those observed in patients with viral
hepatitis[37], e.g., 12.5 kPa for F4 cirrhosis. In addition, the
diagnostic accuracy of LS could be improved when considering the GOT levels. These data have also been confirmed by others[67]. In our present cohort of 364 patients
undergoing alcohol withdrawal, the overall mean decrease
of LS was 10%, which transformed into overestimation
of fibrosis stage in 27%. In some patients, fibrosis stage
changed up to three degrees after alcohol withdrawal.
For these reasons, we require actual laboratory testing for
correct LS interpretation. More practical algorithms are
provided below.
Transfer into clinical practice
In Figure 4, the work up plan is shown as applied daily
at the Salem Medical Center. After suspicion of ALD
either by patients reporting, clinical or laboratory signs,
TE is performed directly after the abdominal ultrasound
and routine blood tests. During the ultrasound, liver size,
spleen size, morphology, abnormalities such as congestion, cholestasis, morphological signs of cirrhosis, the
presence of ascites and the diameter of the lower caval
vein are assessed. TE is then performed either with the
M probe or in cases of M probe failure, obvious obesity
or ascites with the XL probe[68,69]. If LS was elevated and
patients had GOT > 100 U/mL, alcohol withdrawal for
at least 2 wk is recommended followed by a second LS
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measurement. The following practical setting is applied in
Heidelberg: (1) we always perform the LS measurement
right after the abdominal ultrasound. By doing so, direct
and indirect ultrasound criteria for cirrhosis are seen and
important other non-cirrhotic factors for an increased LS
(congestion, cholestasis, tumors, others) are diagnosed; (2)
a LS < 6 kPa excludes cirrhosis and even mild fibrosis;
(3) if the LS > 12.5 kPa, the patient has compensated cirrhosis in case of GOT levels < 100 U/l. Transaminases
typically normalize within 1-3 wk, so LS can always be remeasured after 1-3 wk of abstaining from alcohol; and (4)
in patients with LS > 30 kPa, the diagnosis of cirrhosis
is settled despite steatohepatitis as measured by elevated
transaminase levels. At these levels, the development of
ascites is very likely.
This approach allows definitive non-invasive assessment of fibrosis stage in ca. 95%. Compared to
conventional routine ultrasound, TE identifies twice as
many patients with advanced fibrosis/cirrhosis and has a
smaller sample error as compared to histology (3%-5%
vs 20%-50%). In a recent French elastography screening
study on more than 1000 apparently healthy people older
than 45 years, 7.5% had a pathologically increased liver
stiffness > 8 kPa with 36% of them eventually being due
to ALD[70]. Therefore, it is anticipated that these novel
non-invasive screening tools will improve the early recognition and follow up of patients with ALD, the most
common and unfortunately too often underestimated
liver disease. Whether in addition GOT-adapted cut-off
values should be used e.g., for ad hoc decisions in patients
with no time or options to withdraw from alcohol, remains still a matter of debate.
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Liver cirrhosis

Liver cell damage
Necrosis/apoptosis
Regeneration

Matrix deposition and
increased vascular
resistance

Impaired synthesis

Portal hypertension

Vasodilatation
Albumin

Ischemia/
regeneration

RAAS activation
Coagulopathia
Other factors

Collaterals
Water retention

Ascites
HCC

Immunosuppression
Liver failure

SBP

Bleeding

Figure 5 Clinical significance of synthesis impairment and portal hypertension in cirrhotics. Both factors are independently and individually occurring in cirrhotic patients and determine the individual risk of severe complications (framed). While synthesis is easily assessed by lab tests, elastographic techniques are the
future highly sensitive method of choice to identify patients with portal hypertension. HCC: Hepatocellular carcinoma; SBP: Systolic blood pressure.

FUTURE CHALLENGES
Importance to discriminate between impaired liver
synthesis and portal hypertension in cirrhotic patients
One problem in discussing the term liver cirrhosis is the
fact that histomorphological features of liver cirrhosis
(gold standard) are associated with a broad variety of
clinical symptoms and complications. Dependent on their
clinical specialization, physicians will be confronted with
different aspects of the liver disease and, consequently,
will have a distinct look on liver cirrhosis per se. This
sometimes causes a different usage of terminology. Figure 5 demonstrates that liver cirrhosis manifests in every
patient individually via clinically different but diagnostically accessible routes mainly due to impaired synthesis,
metabolic activity and detoxification or portal hypertension. Although both impairments, portal hypertension
or reduced synthesis, can coexist in every patient and are
highly associated with each other, patients exist in which
one or the other impairment is dominant and determines
prognosis and survival.
Thus, the degree of synthesis impairment and portal
hypertension should be evaluated separately to better
determine the natural course and potential complications.
In practice, patients can be seen with normal synthesis
parameters but pronounced portal hypertension and vice
versa. Despite normal INR and albumin levels, they can
develop massive ascites and may later die from spontaneous bacterial peritonitis or varical bleeding. Such patients
have a stiff liver and show vast matrix deposition in the
biopsy. In contrast, other patients show rather early signs
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of icterus and impaired coagulation tests but portal hypertension is less pronounced. More research needs to
be performed to better understand genetic determinants
of these individual natural courses. The different aspects
of liver cirrhosis and the absence of standardized usage
of terminology are challenged by novel elastographic
methods. It can be expected that liver cirrhosis will be
evaluated differently in the near future. The new perspective may easily explain why conventional laboratory based
scores rather detect the synthesis-impaired cirrhotics but
overlook patients with portal hypertension. By contrast,
we think that elastographic techniques are highly sensitive
to identify patients with portal hypertension as also suggested in a recent Korean study by Hong et al[71].
AH
AH is characterized by a high mortality rate and typically
affects younger patients with a shorter drinking history[72].
Despite much effort, invasive and non-invasive methods
for early AH detection are limited and diagnosis by serum
markers or histology is still a matter of controversies.
So far, liver transplantation is the therapy of choice with
a success rate of 90%[73,74]. However, it is not allowed
in most countries before 6 mo of abstinence. In addition, only a small group of patients with early bilirubin
response and no contraindications are candidates for steroids or pentoxifylline[72]. At the moment, there is a huge
controversy of using non-invasive clinical vs histological
scores the latter being recommended by most guidelines.
Table 7 shows three more recently introduced histological
scores to assess alcoholic hepatitis with an AUROC of
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Table 7 Histological scores for alcoholic hepatitis
Ref.

Score

n

AUROC

Forrest et al[15],
GAHS 241/195 (137)
2005
Mookerjee et al[129], ASH
68
2011
Grade

Affò et al[130],
2013

ASH
score

Day
survival

0.65-0.71 28 and 84 d

121+205

0.80

-

0.74

90 d

Histological
parameters

INR

Bilirubin Age Albumin Urea Leuko MELD DF

Steatohepatitis

-

9

-

-

-

-

Fibrosis
Cholestasis
Cholangiolitis Steatosis
Ballooning
Steatosis
Fibrosis
Bilirubinostasis
Megamitochondria
PMN infiltration

1.7

13.3

51

25

13.5

13.3

1.6

9.7

49

-

-

-

Albumin

Bili decrease

+

+

-

41

12.5

18

38

-

ASH: Alcoholic steatohepatitis; PMN: Polymorphonuclear.

Table 8 Clinical scores and alcoholic hepatitis
Ref.

n

Score

AUROC

Parameters

30 d 90 d 6 mo INR Bilirubin
Maddrey et al[14], 1978
Dunn et al[131], 2005
Forrest et al[15], 2005
Louvet et al[16], 2007
Dominguez et al[132], 2008

DF
MELD
GAHS
Lille
model
ABIC

55
73
0.83
241/195 0.81
295/115
103/80

0.86
0.78
0.89

+
+
+
+

+
+
+
+

+

+

ca. 0.8 to predict 90-d survival. Moreover, biliary features
seem to be of high interest to early recognize signs of
infection, sepsis and poor prognosis.
It is interesting to note, that the well-established
clinical scores (Table 8) show a comparable AUROC to
predict survival. As shown in Table 8, major non-invasive
routine markers that have been identified in various studies include INR, bilirubin, creatinine, age, leukocytes,
urea, albumin and decrease of bilirubin over 7 d. Unfortunately, both clinical and histological scores are not yet
accurate enough and none of the studies really compared
all clinical scores vs all histological scores. Preliminary first
observations also suggest that liver stiffness will not add
any new and helpful information with regard to prognosis of AH. Interestingly, transaminase levels are usually
only slightly increased and are also not predictive. Recent
data suggest that serum CK18 fragments (M65 and M30)
are highly sensitive and more significant markers of the
histological degree of inflammation and liver damage
clearly exceeding transaminase levels. In addition, a recent
study on ALD patients undergoing alcohol detoxification
showed an unexpected increase of M30 while M65 and
transaminases decreased or even normalized. These data
could give a first hint on the role of dysregulated apoptotic events during AH[75].
Future non-invasive tests for ALD
Various aspects of ALD could be potentially assessed in
a non-invasive manner and a broad and diverse array of
promising techniques are currently under investigation.
This paragraph is far from being complete and only a few
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Creatinin

Age

Leukocytes

Urea

+
+

+

+

+
+

+

+

novel methods are mentioned for the lack of space.
CAP
With regard to hepatic steatosis, CAP (controlled attenuation parameter) looks very encouraging and is already
commercially available. CAP uses a sophisticated process
based on vibration control transient elastography (VCTE,
Fibroscan) but is so far restricted to the M probe. CAP
was first validated as an estimate of ultrasonic attenuation at 3.5 MHz using Field Ⅱ simulations and tissuemimicking phantoms. Although ALD was not addressed
specifically, CAP correlated well with the histological
degree of steatosis (Spearman rho = 0.81, p < 10-16) and
the AUROC was equal to 0.91 and 0.95 for the detection
of more than 10% and 33% of steatosis, respectively[41].
Factors significantly associated with elevated CAP were
BMI (> 30 kg/m2), metabolic syndrome, alcohol consumption of higher than 14 drinks per week and an
elevated liver stiffness[76]. Comparative studies in patients
with NAFLD, HCV and HBV indicated that CAP seems
to work independent of the etiology of the liver disease[77] and ethnic origin[78].
Susceptometry
ALD patients often show pathological high iron deposits
in the liver. Iron could lead to progressive liver disease
because of its high cancerogenicity due to Fenton-like
reactions thereby determining outcome [79]. Both the
underlying mechanisms and potential therapeutic approaches are still unresolved. In addition, it is often overlooked that routine iron parameters do not reliably reflect
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hepatic iron overload namely in patients with ALD.
Techniques such as the SQUID technology are only on
few places worldwide available and are too expensive for
screening purposes. Although modified MRI techniques
can principally be used to quantitate hepatic iron and are
used in some centers to measure liver iron in e.g., patients
with heavy iron overload such as β-thalassemia, they have
not been really explored in ALD patients. Furthermore,
their potential interferences and detection limits in such
common metabolic liver diseases have not been carefully
studied. The recently developed room temperature susceptometer[80,81] seems to be an alternative approach and
first preliminary data on ALD patients at Salem Medical
Center are encouraging.
Breath tests
It is surprising that information from the exhaled air have
not been more intensively explored given the enormous
technical progress e.g., such as mass spectroscopy. A few
studies have been published so far. Millonig et al[82] tested
if ion-molecule-reaction mass spectrometry combined
with a new statistical modality could be used for the diagnosis of liver diseases including some individuals with
alcoholic fatty liver disease. Characteristic exhalation patterns could be identified reaching an AUROC for individual liver diseases between 0.88 and 0.97. Other authors
tested whether volatile compounds from breath samples
as detected by selected-ion flow-tube mass spectrometry correlate with the diagnosis of AH and the severity
of liver disease in patients with AH. In this study six
compounds (2-propanol, acetaldehyde, acetone, ethanol,
pentane and trimethylamine) were identified whose levels
were increased in patients with liver disease compared
with control subjects[83].
Apoptosis markers
Quantification of hepatocyte cell death by circulating
CK18 levels and its caspase-cleaved fragments has been
recently explored to evaluate the progression of ALD[84].
M30 and M65 antibodies can be used for monitoring
liver cell death in heavy alcoholics[85,86]. CK18 was higher
in the serum of heavy drinkers as compared to controls
and also increased in patients with alcoholic hepatitis
when compared to patients with fatty liver[87]. Furthermore urinary levels of full length CK18 are enhanced
in alcoholics[88]. Recently, Lavallard et al[84] quantified and
correlated CK18 and its fragments in the serum of 143
heavy alcoholics with disease severity. They reported a
strong correlation of CK18 and its fragments with Mallory-Denk bodies, ballooning, fibrosis and with hepatic
TNF-a and TGF-b assessed in the liver of 24 patients.
Elevated levels of serum hepatocyte death and apoptotic
markers were independent risk factors in predicting severe fibrosis in a model combining alkaline phosphatase,
bilirubin, prothrombin index, HA, hepatocyte death and
apoptotic markers (AUROC 0.84 and 0.76). Recent data
suggest that M65 and M30 are highly sensitive and more
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significant markers of the histological degree of inflammation and liver damage clearly exceeding transaminase
levels. In addition, a recent study on ALD patients undergoing alcohol detoxification showed an unexpected
increase of M30 while M65 and transaminases decreased
or even normalized[75]. These data could give a first hint
on the role of dysregulated apoptotic events during AH.
Another study examined the tumor necrosis factor related apoptosis inducing ligand (TRAIL) as essential factor
involved in apoptosis in liver injury animal models after
alcohol consumption. They showed that after alcohol
consumption in the livers of animals virally transfected
with TRAIL, TRAIL expression led to hepatic steatosis,
without hepatocyte cell death, indicating that TRAILmediated apoptosis and steatosis may be independently
modulated after viral infection and alcohol intake. Therefore, TRAIL was proposed as a new mediator of hepatic
steatosis after alcohol intake[89]. An additional approach
could be the analysis of Stat3 DNA-binding in ALD
patients, because in vitro and animal studies suggest that
alcohol might interfere with Stat3 signaling, a regulator
of hepatocyte cell death and proliferation[90-92]. Stärkel
et al[93] assessed Stat3 expression, binding activity and
the apoptotic-proliferation balance in ALD patients and
found no detectable Stat3 DNA-binding activity in all
ALD samples. This was also associated with high Pias3
expression, but not with increased Socs3 levels. Bcl-2 was
upregulated in ALD together with decreased Caspase-3
activity. They concluded from the results that alcoholic
cirrhosis is characterized by impaired Stat3 DNA-binding
activity and this might contribute to disturbed liver regeneration and repair and the fatal outcome.
Genetic profiling (PNPLA3)
Since only 15% of heavy drinkers will develop cirrhosis,
it has been conceived for a long time that genetic factors
are important disease modifiers in ALD[94]. Studies examining ethnic factors, familial history or twin studies point
also to ALD as a genetically determined disease[95,96]. Only
recently, a genome-wide association study (GWAS) identified a small nucleotide polymorphism (SNP; rs738409
C->G) in the patatin-like phospholipase domain containing 3 (PNPLA3/Adiponutrin) gene as genetic variant associated with steatosis[97]. Several studies confirmed that
this variant predisposes towards all stages of liver damage starting from simple steatosis to steatohepatitis and
progressive fibrosis and is also linked to increased risk of
ALD (steatohepatitis to cirrhosis)[98,99]. In a well-characterized cohort of ALD patients, a significant correlation
was found between the GG allelic variant with histological signs of hepatocyte damage (microgranulomas and
ballooning r > 0.3, P < 0.005) but less with histological
steatosis (r = 0.24, P < 0.05)[100]. Therefore, the determination of SNP status and following consequences will
reveal novel mechanisms involved in ALD development
and progression and may possibly help to establish new
treatment options.
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Other markers
Further intensively discussed markers of diagnostic potential include miRNA[101-103] and osteopontin[104,105] just
to name a few. It is quite conceivable that the intensive
search for novel physical or molecular markers will drastically improve the non-invasive management of ALD in
the upcoming decade.
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Abstract
Alcoholic liver disease encompasses a broad spectrum of
diseases ranging from steatosis steatohepatitis, fibrosis,
and cirrhosis to hepatocellular carcinoma. Forty-four per
cent of all deaths from cirrhosis are attributed to alcohol.
Alcoholic liver disease is the second most common diagnosis among patients undergoing liver transplantation
(LT). The vast majority of transplant programmes (85%)
require 6 mo of abstinence prior to transplantation; commonly referred to as the “6-mo rule”. Both in the case
of progressive end-stage liver disease (ESLD) and in the
case of severe acute alcoholic hepatitis (AAH), not responding to medical therapy, there is a lack of evidence
to support a 6-mo sobriety period. It is necessary to
identify other risk factors that could be associated with
the resumption of alcohol drinking. The “Group of Italian
Regions” suggests that: in a case of ESLD with model for
end-stage liver disease < 19 a 6-mo abstinence period is
required; in a case of ESLD, a 3-mo sober period before
LT may be more ideal than a 6-mo period, in selected
patients; and in a case of severe AAH, not respond-
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ing to medical therapies (up to 70% of patients die
within 6 mo), LT is mandatory, even without achieving
abstinence. The multidisciplinary transplant team must
include an addiction specialist/hepato-alcohologist. Patients have to participate in self-help groups.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Alcoholic liver disease is the second most common diagnosis among patients undergoing liver transplantation. The vast majority of transplant programmes
(85%) require 6 mo of abstinence prior to transplantation; commonly referred to as the “6-mo rule”. The
“Group of Italian Regions” suggests a reduction of the
waiting period in some cases. The multidisciplinary
transplant team must include an addiction specialist/
hepato-alcohologist. Patients have to participate in selfhelp groups.
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INTRODUCTION
Every organ and system in the human body is harmed to
some degree by alcohol. Medically speaking, the nervous,
circulatory and hepato-gastroenterological systems suffer the most damage[1]. The connection between alcohol
abuse and liver disease has been known about for centuries. Liver damage can present as a wide range of alcoholic liver diseases (ALD): simple liver damage, fatty liver,
steatohepatitis, fibrosis, hepatocellular carcinoma (HCC),
or cirrhosis.
There are many pathognomonic histological features
of ALD. These include steatosis (caused by the diversion of metabolic reducing equivalents from the conversion of ethanol into acetate, and then into fatty acids
and triglyceride synthesis); ballooning degeneration (this
is when the plasma membrane loses osmo-regulatory
control); Mallory body formation (when intracellular cytokeratin microfilaments become condensed into skeins
of clumped intracellular protein); inflammation, largely
neutrophilic within the parenchyma but may also occur
as mixed inflammation inside the portal tracts; fibrosis;
and regeneration which is less common in ALDs than in
other forms of hepatitis. The three major scarring types
most commonly found in human ALD are centrilobular
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scarring, pericellular fibrosis, and periportal fibrosis. Progressive liver fibrosis leads to alcoholic cirrhosis[1,2].

ALD: ACTIONS LEADING TO LIVER
DAMAGE
Alcohol abuse causes liver damage directly due to oxidative stress, inflammation, and endotoxins[1,3].
The progression of ALD is specifically connected to
an increase in intestinal permeability and, as a result, to
endotoxemia. Ethanol and acetaldehyde have a negative
effect on epithelial tight junctions in the intestine, thus
increasing intestinal permeability to endotoxins.
Endotoxemia leads to hepatic damage in two ways.
First, it causes Kupffer cells to secrete reactive oxygen intermediates and cytokines. Second, and more importantly,
it affects the hepatic sinusoids, thus increasing vascular
permeability.
These inflammatory substances, for example tumor
necrosis factor alpha (TNF-a), along with a higher incidence of TNF-a receptors, could lead to further liver
damage. High levels of TNF-a have been well documented as being related to a poor prognosis.
Cellular oxidative-stress (caused by an imbalance between the generation of free radicals generation and a
lack of anti-oxidant defence mechanisms, and which includes a reduction in phosphatidylcholine, vitamin E and
glutathione), together with endotoxemia, act as catalysts
to the progression of steatohepatitis into hepatic necrosis, fibrosis, and cirrhosis.
20%-40% of patients with steatosis have liver biopsy
results indicating alcoholic steatohepatitis. Therefore, steatosis along with hepatocellular damage is associated with
both inflammation and fibrosis.
Any reversal of steatohepatitis, once it has developed,
has been found to be rare, and the risk of cirrhosis increases significantly.
Following damage to the liver, the hepatic stellate cells
(HSCs) go through a transition called “activation,” which
is when quiescent cells transform into proliferative, fibrogenic, and contractile myofibroblasts. So, once activated,
HSCs react to different outside pressures in both an autocrine and paracrine way in order to proliferate, migrate
and contract; they secrete extracellular matrix components, chemokines, cytokines, proteases, and growth factors. They also express transcription factors and signalling
molecules[1].
These HSC are crucial in the control of sinusoidal
tone and blood flow. They have a tendency to cause
contraction, which slows portal blood flow and increases
vascular resistance during the occurrence of fibrosis and
cirrhosis. Endothelin-1 (ET-1) is the main cause of contraction in activated stellate cells.
There is an increase in the expression of ET-1 and a
decrease in the production of nitric oxide (NO) in liver
fibrosis due to the occurrence of sinusoidal endothelium,
thus creating more favourable conditions for stellate cell
contractility[1,2].
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ALD: HOST FACTORS AND
COMORBIDITIES
There is no clear linear relationship between the volume
of alcohol ingested and the progression of liver disease.
Alcohol-mediated hepatotoxicity has been found to
affect women twice as much as men, and so women may
present more severe ALD over a shorter period of time
and with lower levels of alcohol consumption than men.
The risk of developing cirrhosis increases with the
consumption of more than 60-80 g/d of alcohol for ≥
10 years in men, and more than 20 g/d in women[3,4].
The chances of developing lesser degrees of liver
disease or cirrhosis with a daily alcohol consumption of
more than 30 g/d are 13.7 and 23.6, respectively, when
compared with non-drinkers[5].
The following results of a meta-analysis were recently
published by The European Association for the Study
of the Liver (EASL): it was found that there was an
increased risk of death from liver cirrhosis in men and
women drinking 12-24 g of ethanol per day. They also
discovered a significant increase in this risk for women
drinking up to 12 g/d[6]. These are the recommended
safe levels of alcohol ingestion (< 25 g/d), and are significantly lower than most public health advice for what
are widely considered to be safe levels of alcohol intake.
The EASL came to the conclusion that if a safe level of
alcohol consumption can be quantified, it is very low, and
may be difficult to measure due to limitations in measuring an intake of below 10-12 g per day.
It was recently found that even a relatively low alcohol
intake can cause ALD which requires liver transplantation (LT)[7]. It was also indicated that consuming alcohol
outside of meal times can increase the risk of ALD by
2.7-fold in comparison with people who drink alcohol
only with their meals[8].
It has also been demonstrated that binge drinking increases the risk of ALD and mortality[7].
Several significant independent risk factors are also
present: obesity, visceral fat, hyperlipidaemia, diabetes
and insulin resistance, metabolic syndrome, hepatitis
viruses [mostly hepatitis B virus (HBV) and hepatitis C
virus (HCV)] and Pearls grade[1].
It has also been demonstrated that body mass index
(BMI) and fasting blood glucose concentrations are
other independent risk factors for fibrosis in liver disease
caused by alcohol consumption[9]. Pearls grade has also
been independently correlated with the fibrosis score.
Being overweight or obese significantly increases susceptibility to endotoxin liver damage. It has been well documented that there is a close correlation between endotoxemia and the severity of liver damage due to alcohol
ingestion.
70%-90% of all cases of liver disease in Western
countries are due to infection with chronic hepatitis C
virus, for which alcohol consumption is responsible. Furthermore, 8%-43% of patients with ALD also test positive for anti-HCV[1].
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In terms of the histological and clinical progression
of HCV infection, alcohol consumption is one of the
main risks. Ethanol and HCV were recently shown to act
in combination to alter the liver’s antioxidant defences and
to increase the formation of free radicals. This study also
demonstrated that moderate alcohol intake (< 50 g/d)
and heavy consumption (> 50 g/d) increase the chance
of developing oxidative stress by 3 times and by 13-24
times, respectively[10]. HCV and ethanol assumption were
demonstrated in a further study to increase hepatic lipid
peroxidation. Moreover, they synergistically increase the
incidence of hepatic TNF-α and tumor growth factor
(TGF)-β[10]. TGF-β causes the activation of HSC, which
leads to extracellular matrix overproduction. The occurrence of TNF-a also involves reactive oxygen species formation, which can lead to an increase in hepatic fibrosis.
The effects of alcohol on serum HCV-RNA have
been widely reported and have shown some conflicting
evidence. Some reports state that a higher viral load can
be caused by chronic ethanol ingestion. Conversely, other
reports discovered no clear relationship between alcohol
consumption and HCV-RNA.
Furthermore, a downturn in patients’ responses to
antiviral therapy in chronic hepatitis C was also associated
with alcohol intake[1].
A significant correlation between alcohol consumption, viral hepatitis, diabetes mellitus, and BMI was also
shown by Hassan et al[11].
Patients with a heavy alcohol intake (> 80 g/d) who
had chronic viral hepatitis (HBV or HCV) presented an
odds ratio (OR) of 53.9 (the virus alone was OR = 19.1,
alcohol alone was 2.4), and those patients with a high
level of alcohol consumption who had diabetes (insulindependent or non-insulin-dependent) presented an OR
of 9.9 (the diabetes alone was 2.4)[1,12-14].
Alcohol drinkers who have a BMI of 30 kg/m2 or
more have a 3.1 times greater risk of developing incident
HCC as compared with non-drinkers with a BMI of less
than 30 kg/m2; this could well be a synergic effect. The
risk of incident HCC in alcohol drinkers who are obese
is much higher than in non-drinkers[13].
Recently, French et al[15] found evidence of the role
played by the Toll-like receptor (TLR), which triggers
the mechanism of the transformation of liver stem cell/
progenitors into HCC. This mechanism is the cause behind alcohol intake increasing the risk of incident HCC
in cases of hepatitis C, hepatitis B, diabetes and obesity.
This synergism is due to the activation of a common
pathway: signals from the TLR trigger the production
of both pro-inflammatory cytokines (as nuclear factorkB activation) and growth factors (via the stimulation of
activator protein 1).
Out of the several host factors that could be linked to
the various types of ALD, the most research has gone into
genetic determinants, or the so-called susceptibility genes[16].
Some genetic variations have already been described:
genes coding for alcohol-metabolizing enzymes, genes
with some relation to oxidative stress, genes involved in
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immune reactions, genes coding for factors related to fibrosis and genes which take part in modulating steatosis[16].

END STAGE LIVER DISEASE AND LIVER
TRANSPLANTATION
Those patients with cirrhosis who continue to drink have
a 5-year life expectancy of less than 70%, although this
increases to 90% if they do not consume any more alcohol. For those patients with decompensated cirrhosis
who no longer drink alcohol, they have a life expectancy
of more than 50%, but this falls to less than 30% if they
continue to consume alcohol[1].
It was recently proved that refraining from drinking
alcohol one month after diagnosis is one of the main
factors for the survival of patients with cirrhosis; for abstainers there is a 72% chance of a 7-year life expectancy,
but only 44% for patients who continue to drink. Verrill
et al[17] have confirmed through biopsy that it is never too
late to stop alcohol consumption, even in the later stages
of cirrhosis[18].
Eighty percent of deaths from liver disease are attributed to alcohol. Deaths from cirrhosis caused by alcohol
stand at 44%[4]. ALD is the second most common factor in
patients having a LT in the United States and in Europe.
Burra et al[19] found a rise in LTs attributed to alcohol.
They collected and analysed data from: 9880 patients who
underwent a transplant for ALD; 10943 with viral cirrhosis (6672 with HCV, 3579 with HBV and 584 with HCVHBV combined); 1478 patients who had ALD as well
as a viral infection; and 2410 with cryptogenic cirrhosis.
They excluded 108 patients who were infected with hepatitis viruses other than HBV and HCV. They observed
that the number of patients undergoing an LD for ALD
with or without concomitant viral infection increased
significantly between 1988 and 1995, and between 1996
and 2005. This was linked to an associated drop in the
percentage of transplants performed for cryptogenic cirrhosis (14.3% vs 8%, P < 0.001)[18,19].
Some data was recently reported supporting LTs in
cases of ALD.
Most transplants (85%) routinely require 6 mo of
zero alcohol consumption before the operation; this is
known as the “6-mo rule.” This rule became a general requirement in 1997, when the United Network for Organ
Sharing (UNOS) had a meeting to discuss the criteria as
to how adult patients are selected for placement on a liver
transplant waiting list[20].
The UNOS broadly agreed on this requirement, although they did not make it absolute and advised “exceptional” cases be referred to “regional review boards for
consideration”[20].
The American Association for the Study of Liver
Disease (AASLD) recent guidelines also advise 6 mo of
zero alcohol consumption before a LT, but they emphasised that this rule as it stands is not a defining factor as
to whether a patient is accepted as a candidate for a liver
transplant[18,20].
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It has been shown that patients who have undergone
a liver transplant for ALD have a slightly higher life expectancy compared to those with viral etiologies, and a
much greater unadjusted life expectancy overall when
compared to liver transplant patients with cryptogenic
cirrhosis[19]. The proportion of alcoholic patients who
suffered a recurrence of their disease leading to death or
graft failure was only 4%. After a liver transplantation for
ALD, acute and chronic cellular rejections are not common[18,21,22]. The most common causes of death in those
patients who continued to consume alcohol were cardiovascular events and cancer, and not liver failure directly
caused by alcohol consumption.
Several studies have indicated that patients with HCV
and ALD have similar graft and life expectancies as those
who have undergone transplantation for either HCV or
ALD alone[23,24].
There is evidence that patients with ALD and HCV
have a much lower life expectancy than those with both
ALD and the HBV infection[19].
From an evaluation of 12 selected studies, two showed
that a 6-mo abstinence period was one factor linked to a
relapse to alcohol consumption[24].
In a 2008 meta-analysis, fifty trials researching the
predictors of relapse in alcoholic transplant patients were
studied and one major cause of patients consuming more
alcohol was an abstinence of fewer than 6 mo before the
operation[20,25].
On the other hand, it has been demonstrated that
many carefully chosen patients with ALD have shown
that even if they stick to the 6-mo rule, there are still
high rates of alcoholic relapse[20]. Although, with each additional month of pre-transplant abstinence, the risk of
relapse after the transplant decreases by 33%[20,26]. They
were not able to pinpoint the clinical cut-off point that
would guarantee abstinence after an LT.
Evidence has also been found that the 5-year life
expectancy in anti-HCV-positive and anti-HCV-negative
patients affected by ALD was similar (69.9% and 72%,
respectively)[27]. Post-transplantation, 10%-21% of HCVpositive patients suffered fibrosis or cirrhosis within 5
years. It has also been recently demonstrated that there is
no difference in life expectancy between alcoholics and
non-drinkers after a LT[28].
A study was recently carried out which involved collecting urine samples in order to measure urinary ethyl
glucuronide (EtG) from ALD patients about to undergo
liver transplantation. Fifty percent had consumed alcohol
at least once during the group therapy stage, but they
neither admitted this when asked, nor was it proved by
alcohol breath testing[29].
If we take all these trials into consideration, in theory
at least, 5 years of not consuming alcohol may be the
best predictor of zero post-transplant relapse. Although,
unfortunately, patients with decompensated ALD waiting
for an LT rarely achieve this outcome.
We can therefore conclude that the 6-mo period of
zero alcohol consumption does not guarantee abstinence,
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which may have an impact on patients who abstain despite a shorter period of not consuming alcohol before
their LT[20].

CLINICAL FEATURES OF ACUTE
ALCOHOLIC HEPATITIS: ITS
MANAGEMENT AND TRANSPLANT
Jaundice and liver failure are symptoms of alcoholic
hepatitis (AH) that mostly present after decades of heavy
alcohol consumption[30].
Patients with acute alcoholic hepatitis may have
symptoms clinically similar to those with decompensated
cirrhosis, and it is therefore difficult to determine if
they also have associated cirrhosis. Histologically, most
patients with acute AH generally have either significant
fibrosis or cirrhosis of the liver.
The average age of a patient diagnosed with AH is
approximately 50 years. The actual number of patients
with AH is not known. The occurrence of AH in liver biopsy patients is around 20%, and it may be in 10%-35%
of alcoholic patients in hospital[31].
Mild and moderate forms of acute AH (AAH) often
respond to complete cessation of alcohol consumption,
while the prognosis for patients with severe AAH is poor;
as many as 70% die within 6 mo.
One effect of severe AAH, even when cirrhosis is not
present, is that the main (portal) vein bringing blood from
the intestine and stomach into the liver can experience increased pressure due to scarring of the liver, thus leading
to portal vein hypertension and various complications[1,32].
The ability to provide a prognosis for any given patient
is critical when making decisions about the treatment.
The Maddrey discriminant function (DF) has been
used in AH cases to grade the severity of a patient’s illness. The initial formula came as a result of clinical trials
of AH, and was subsequently modified to: 4.6 (patient’s
prothrombin time PT-control prothrombin time PT) +
total bilirubin (mg/dL). A DF score of > 32 in cases
of hepatic encephalopathy predicts a > 50% chance of
death within 28 d in alcoholic hepatitis patients. However,
mortality has also been seen to occur in patients with a
modified DF score of < 32, which suggests a need for
alternative scoring systems due to the low specificity of
the DF.
One reliable measure of the risk of mortality in patients with end-stage liver disease is The Model for EndStage Liver Disease (MELD). A MELD score of ≥ 21
(within 24 h of presentation) is a good indication of a
90-d life expectancy. Both the MELD and modified DF
scores (within 24 h of presentation) provide a similar
prognosis in predicting 30- and 90-d life expectancy in
AH patients[33].
One composite scoring system based on age, blood
urea nitrogen, serum bilirubin prothrombin time (PT),
and peripheral leucocyte count is The Glasgow Alcoholic
Hepatitis Score (GAHS). A GAHS score equal to or >
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9 provides a prognosis of life expectancy and is more
accurate than DF as a prediction of both 28- and 84-d
mortality, but is similar to MELD in predicting the 28-d
mortality.
Another model, The Lille, includes age, renal insufficiency, PT, albumin, and bilirubin and its evolution on
day 7 in order to predict the 6-mo life expectancy in acute
alcoholic hepatitis patients who have undergone corticosteroid therapy[33].
The ABIC score, which takes into consideration age,
serum bilirubin, INR, and the serum creatinine score, has
been suggested as a standard for AH. Preliminary studies
testing the ABIC score have suggested greater accuracy
in predicting 28-d and 90-d outcomes than DF, but external validation is still needed (EASL)[34].
In terms of pharmacology, along with lifestyle changes and adequate nutrition, there is evidence indicating
the usefulness of glucocorticoids, pentoxifylline (a suppressor of TNF-α, thus preventing leukocyte adherence
to vascular endothelium and reduces the incidence of
intracellular adhesion of the molecule-1 in monocytes),
infliximab (a chimeric antibody found in mice and human, which binds to the TNF-a), S-adenosyl-methionine
(a precursor to glutathione), antioxidants and colchicine.
A common trait in alcoholics is significant protein
calorie malnutrition, as well as a lack of a variety of vitamins and minerals, the most common being vitamins A
and D, thiamine, folate, pyridoxine, and zinc[1,4].
Currently, the mainstay treatment for acute AAH is
the provision of glucocorticoids. Despite this, the efficacy of corticosteroids is still regarded as being a debatable issue for some authors. A comprehensive review of
the relevant literature was carried out which came to the
conclusion that a more discerning use of glucocorticoids
in patients with a DF score of ≥ 32 is required[35]. These
authors recommend that glucocorticoids be withdrawn if
there is no improvement in bilirubin after 7 d; changing
over to pentoxifylline could be a reasonable alternative in
these cases. Common contraindications are recent upper
gastrointestinal bleeding, uncontrollable infection and renal failure.
A meta-analysis was carried out using the data from
more than 200 patients with a modified DF equal to or
more than 32[36]. They concluded that the 28-d survival
rate with the use of glucocorticoids was 85%, while a
placebo yielded a result of 65%. Patients with a modified DF equal to or > 32 improved in the short-term
when treated with glucocorticoids in terms of a 28-d life
expectancy, with the mortality rate falling from 35% in
the control group to 15% in those treated with steroid
therapy. On the other hand, patients with a modified
DF of < 32 had a > 90% survival rate without the use
of steroids. More recently, improved survival rates were
demonstrated during a study researching the use of corticosteroid treatment[6]. In this study, those patients receiving corticosteroid treatment had higher 28-d survival
rates than those receiving non-corticosteroid treatment.
The results were 80% and 66%, respectively. The patients
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were classified into three groups: the first consisted of
complete responders (a Lille score of < or equal to 0.16;
< or equal to the 35th percentile); the second group consisted of partial responders (a Lille score of 0.16-0.56;
within the 35th-70th percentile); and the third group consisted of null responders (a Lille score of > or equal to
0.56; > or equal to the 70th percentile). This method identified three categories of response: complete, partial, and
null, with significant differences in life expectancy (91%,
79% and 53%, respectively, P < 0.0001). Corticosteroids
had a significant effect on 28-d survival in the complete
responder and in partial responder groups, but not in the
null responder group.
The EASL emphasises the crucial role of nutrition.
The recommended protein-caloric ingestion is often difficult by mouth in a significant percentage of AH patients.
A randomised, controlled trial which compared intestinal
nutrition with corticosteroids did not yield any difference
in the 28-d life expectancy, although mortalities occurred
sooner with intestinal nutrition, steroid therapy caused a
higher mortality rate in the weeks following treatment. A
combination of intestinal nutrition with corticosteroids
should be tested[34].
In ALD and AH, how to manage bleeding due to
portal hypertension is similar to that in other causes of
end-stage chronic liver disease. Hepatorenal syndrome
(HRS) in spontaneous bacterial peritonitis can be avoided
with oral pentoxifylline: this decreases the risk of HRS
and of death from 35% and 46%, respectively (in control
groups) to 8% and 24%, respectively. The AASLD and
the American Gastroenterological Association have issued guidelines advising the prescription of pentoxifylline
(400 mg orally 3 times a day for 4 wk) instead of glucocorticoids in patients with acute AH (DF > 32), especially
if there are adverse reactions to glucocorticoids[1,30,37].
The placement of a transjugular intrahepatic portosystemic stent shunt (TIPS) in patients with AAH with
HRS could keep portal hypertension under control and
improve renal function with a significant decrease in serum creatinine levels along with an increased output of
urine. In conclusion we can state that TIPS is a worthwhile option for patients with advanced alcoholic liver
disease, or with acute AAH with complications caused by
HRS, and who are waiting for an LT[38-41].
One possible treatment option for acute AAH is LT,
but these are rarely carried out due to the required 6-mo
abstinence period before being allowed on the waiting
list. LT should be considered as a necessary therapeutic
option in patients with AAH, due to the high risk of
early mortality.
In one study 26 patients were listed for transplantation (average age: 47.4 years), who had not responded
to medical therapy after an average time of 13 d [42].
There was an average wait of 9 d for transplantation. A
Lille score of 0.45 or more indicated a non-response to
steroids or a significant deterioration of liver function.
There was a much higher 6-mo survival rate in patients
who had received transplantation (77% ± 8%) than in the

WJG|www.wjgnet.com

case-matched controls (23% ± 8%). During this period
there were no observed alcoholic relapses, although three
patients later started consuming alcohol again. None of
the patients showed signs of graft dysfunction.
A further study demonstrated that the patients surviving AAH, as well as the post-LT recidivism rates produced the same statistical results as the overall group of
those receiving transplantation[43].
We observed seven patients with an average age of
49, who did respond not to medical therapies, and who
manifested clinical evidence of acute AAH (MELD > 21
and DF > 32) and type-1 HRS. They were submitted to
TIPS followed by successful transplantations after 30-45
d. They were advised against the use of steroids due to
the risk of renal failure. During the first 5 years of follow-up, none of these patients went back to consuming
alcohol[44,45].
Recently it was shown that, when patients with alcoholic cirrhosis were compared with those with alcoholic
hepatitis, they presented similar post-LT graft and survival rates[46].
We can draw the conclusion from these initial findings
that LT could be a significant treatment option in those
patients with alcoholic hepatitis who do not improve with
medical therapy.

PROPOSAL FOR ALCOHOL AND LIVER
TRANSPLANTATION
The EASL has reported that general practitioners most
likely consider that alcoholic patients should be given
lower priority than other patients, due to the lack of donor organs, even when the alcoholics had a lower chance
of a successful result from transplantation[34].
The results of liver transplantations for ALD are as
successful as those for other reasons, whereas patients
with HCV have lower patient and graft survival rates than
those with ALD.
Reports by the Japanese Liver Transplantation Society
indicate survival rates in ALD patients of 81.3% after 1
year, 78.5% after 3 years and 75.7% after 5 years. Similar
results were reported in Europe for ALD patients of
84% after 1 year, 78% after 3 years and 73% after 5 years.
In the United States the results were 92% after 1 year
and 86% after both 3 and 5 years. Recently, another study
recorded the long-term survival rates after living donor
liver transplantation. The survival rates after 1, 3, and
5 years overall survival were 100%, 91% and 91% in a
group with ALD, respectively, and 90%, 86% and 83% in
a non-ALD group, respectively[7].
There is insufficient scientific evidence which backs
up the 6-mo sobriety rule in patients who have both progressive end stage liver disease (ESLD) and with AAH,
and who do not respond to steroid therapy[8].
ESLD patients who do not recover within the first 3
mo of abstinence generally die, indicating a 3-mo period
of abstinence could be more useful than a 6-mo period[47].
For patients with AAH, up to 70% of whom die
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Table 1 Risk factors for predicting alcohol relapse
Alcohol drinking anamnesis (consumption habits: harmful drinking or
mild/moderate dependence)
Drug abuse anamnesis
Family history of alcohol abuse/dependence
Psychiatric comorbidities
High risk alcoholism relapse test, SCL 90 Score
Adherence to treatment: patients are asked to attend follow-up
appointments
Ability to develop a therapeutic alliance, and to build good relationships
with the transplant team
Social support (family, friends)
Self-help group attendance and active participation
Adherence to behavioural support programs
Alcohol units attendance, with the presence of an addiction specialist/
hepato-alcohologist
Period of abstinence before liver transplantation

within 6 mo, LT should be compulsory for some, even if
these patients did not abstain[42].
The UNOS and the French Consensus Conference[48]
have confirmed that: (1) A 6-mo abstinence period
should not be compulsory for patients with progressive
ESLD and/or AAH, and who do not respond to steroid
therapy, nor should it be a determining factor for graft
access; (2) the word ‘‘recurrence’’ does not seem correct:
it would be better use the term ‘‘relapse’’ in alcoholics to
differentiate it from isolated cases of alcohol consumption; (3) the term ‘‘relapse’’ should not always be used to
describe one episode of alcohol consumption; (4) alcoholic cirrhosis is still a good indication of LT; the success and failure rates are similar to LTs for non-alcoholic
causes of cirrhosis; (5) LT for alcoholic cirrhosis should
be the cornerstone of treating alcoholic patients, thus
giving specific responsibilities to the medical staff involved in their follow-up care. There should be a system
in place for the management of alcohol-related diseases
by specialised teams. Therefore, a team which specialises
in alcoholic-related problems is recommended; and (6)
there must be a change in social attitudes towards alcoholic patients. These patients should be seen as suffering
from a double pathology, both hepatic and alcoholic.
Studies concerning alcoholism are used to label any
alcohol intake as a “relapse”. This statement is under debate, and some further clarifications are needed. Indeed,
relapse may be defined as the resumption of heavy alcohol intake.
Approximately 10% of patients relapse into heavy
drinking usually within the first year after liver transplantation, as confirmed by the EASL[34].
Furthermore, it has been indicated that a relapse into
consuming alcohol shows risk of alcoholism, but not always of ALD[49]. This disassociation could be due to the
fact that a transplanted liver changes the patient’s genetic
tendency towards damage by alcohol. There have been
challenges to this focus on alcoholic relapse, rather than
survival being the primary result after transplantation for
alcoholic cirrhosis.
Another report showed that the rates of alcohol re-
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lapse ranged from 11.5% to 49%, although this was rarely
a consideration when looking for reasons for graft failure in ALD patients[50]. Relapse directly leading to graft
dysfunction ranged from 0% to 17%, whereas relapse
directly causing mortality ranged from 0% to 5%.
It has been successfully affirmed that 3 mo of abstaining from consuming alcohol may be more useful than 6
mo[51]. There are other groups of patients who should
only be included with caution: patients with a lack of social support, those who smoke, those with psychotic or
personality disorders, or those with a pattern of relapse.
We are not sure if this is an effective indicator for
post-transplant abstinence, or just a consistent method
of selection, approved by insurance companies[52].
Although there is evidence that a shorter pre-listing
abstinence period corresponds to a shorter period before
post-transplant relapse, the ideal period of abstinence
pre-transplant is still debatable[52].
Therefore, other factors must be identified that are
associated with a relapse into drinking alcohol (Table 1).
A multivariate logistic regression analysis was carried out on dangerous drinking post-transplantation and
found the following: an abstinence period of under 6
mo, patients with psychiatric disorders, and patients with
a high risk alcoholism relapse score of higher than 3 all
significantly corresponded to an increased incidence of
relapse[53]. In patients who had none of these 3 factors,
alcohol relapse was 5%, while the presence of 1, 2, or
3 of the factors corresponded to relapse rates of 18%,
64%, and 100%, respectively. Therefore, they declared
that the overall survival rate seems not to be significantly
affected by alcohol relapse.
It is well-known, in fact, that the leading causes of death
post-LT are: cancer, cardiac diseases and infections[19,53].
It has been emphasised that teenage patients who suffer liver failure after a deliberate paracetamol overdose,
after consuming ecstasy, or after contracting hepatitis B
through irresponsible sexual practice should have full
access to LT[54]. There is no reason why their peers with
alcoholic hepatitis should be treated differently.
There is a risk that the 6-mo rule may be used as an
excuse for not having to make difficult ethical decisions[54].
Specialised Alcohol Units (AU) responsible for the
early management of ALD patients could play a significant role in their long-term prognosis.
Altamirano et al[55] reported a median of 40 mo between ALD diagnosis and the first medical examination
in a specialized alcohol unit (AU). This fact necessarily
leads to a growing public health concern: a proper national action plan is urgently required to encourage patients to turn to specialized AU in the early stage of the
disease, and before liver transplant is needed.
The policy of the strict application of an abstinence
period in order to be eligible for transplant is not fair on
acute AAH and/or ESLD patients, as most of them die
before the end of the 6-mo period.
Most ESLD patients usually do not recover even
during the first 3 mo of sobriety, and acute AAH pa-
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tients usually die. Therefore, a shorter period before LT
would be more appropriate. Patients who have good
social support, who do not suffer from psychotic or
personality disorders, and who have decompensated
liver disease, should be added to the liver transplant list,
without taking the length of their period of abstinence
into consideration[44,45].
One study confirmed that when patients relapse,
the risk of developing graft loss or ALD is not easy to
predict as the transplanted liver changes their genetic
tendency alcoholic damage[56]. They concluded that the
period of abstinence pre-LT should be less, at least in patients who are strictly controlled by an Alcohol Addiction
Unit.
There should be compulsory pre- and post-LT selfhelp group attendance and active participation (for example, Alcoholics Anonymous)[44,57].
Post-LT patients with other minor medical conditions and who have strong social support, should be
offered cognitive behavioural therapy, while patients
with significant other medical conditions and/or limited
social support should be allowed onto multi-component
programs, which include multi-dimensional family therapy, functional family therapy and brief strategic family
therapy[45,58].
In conclusion, we consider that patients with progressive ESLD and acute AAH, and who do not respond
to medical treatment, should not be excluded from liver
transplant waiting lists solely due to a lack of pre-LT abstinence[51].
Alcoholism is a disease; it should not be considered a
reason to exclude patients from being listed for LT.
Public education campaigns are strongly needed; alcoholism should be universally recognised as a disease, and
LT as a possible therapeutic option to treat patients and
to save lives[59-64].
The “Group of Italian Regions” (Department of
Health), on the basis of a comprehensive review of the
published literature, and, with particular regard to the
daily clinical practice of those who have participated in
the workshop “Alcohol and Liver Transplant”, affirms
that the “6-mo rule” is not an evidence-based practice[65].
Therefore the “Group of Italian Regions” suggests
the following: (1) screening of de novo tumors after liver
transplantation, and prevention of cardiovascular complications are needed to achieve better long-term outcomes;
(2) Child-Pugh class “C” cirrhotic patients with ESLD
should be placed on the transplant list; (3) in cases of
ESLD with MELD < 19 six months of abstinence are
required; (4) in cases of progressive ESLD with MELD
> 19, three months of abstinence are more ideal than six
months in selected patients; (5) in cases of severe AAH,
not responding to medical therapy (Maddrey DF > 32
or MELD > 21), LT is mandatory in selected patients,
independent of the sober period achieved; (6) the multidisciplinary transplant team must include an addiction
specialist/hepato-alcohologist; and (7) patients have to
participate in self-help groups.
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Abstract
The harmful use of alcohol is a worldwide problem.
It has been estimated that alcohol abuse represents
the world’s third largest risk factor for disease and disability; it is a causal factor of 60 types of diseases and
injuries and a concurrent cause of at least 200 others.
Liver is the main organ responsible for metabolizing
ethanol, thus it has been considered for long time the
major victim of the harmful use of alcohol. Ethanol and
its bioactive products, acetaldehyde-acetate, fatty acid
ethanol esters, ethanol-protein adducts, have been regarded as hepatotoxins that directly and indirectly exert
their toxic effect on the liver. A similar mechanism has
been postulated for the alcohol-related pancreatic damage. Alcohol and its metabolites directly injure acinar
cells and elicit stellate cells to produce and deposit extracellular matrix thus triggering the “necrosis-fibrosis”
sequence that finally leads to atrophy and fibrosis, morphological hallmarks of alcoholic chronic pancreatitis.
Even if less attention has been paid to the upper and
lower gastrointestinal tract, ethanol produces harmful
effects by inducing: (1) direct damaging of the mucosa
of the esophagus and stomach; (2) modification of the
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sphincterial pressure and impairment of motility; and
(3) alteration of gastric acid output. In the intestine,
ethanol can damage the intestinal mucosa directly or
indirectly by altering the resident microflora and impairing the mucosal immune system. Notably, disruption
of the intestinal mucosal barrier of the small and large
intestine contribute to liver damage. This review summarizes the most clinically relevant alcohol-related diseases of the digestive tract focusing on the pathogenic
mechanisms by which ethanol damages liver, pancreas
and gastrointestinal tract.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholic liver disease; Alcoholic pancreatitis; Alcohol and gastrointestinal tract
Core tip: Alcohol abuse represents the world’s third
largest risk factor for disease and disability. According
to a “hepatocentric” vision of the problem, liver has
been considered for long time the main victim of the
harmful use of alcohol. However, growing evidence
suggests that alcoholic disease should not be considered limited to the liver but as a true systemic disease
including damage to the digestive tract, the central and
peripheral nervous systems, the heart and vascular system, the bone and skeletal muscle, the endocrine and
immune systems and disruption of nutritional status
and finally cancer.
Rocco A, Compare D, Angrisani D, Sanduzzi Zamparelli M,
Nardone G. Alcoholic disease: Liver and beyond. World J
Gastroenterol 2014; 20(40): 14652-14659 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14652.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14652

BURDEN OF DISEASE
Alcohol is a major risk factor for chronic diseases and
one of the leading causes of “preventable” morbidity and
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mortality worldwide. It has been estimated that the harmful use of alcohol results in approximately 2.5 million
deaths each year with much of the burden depending on
alcoholic liver disease (ALD)[1]. Even if the liver has been
for long time considered the major victim of the harmful
use of alcohol, the likelihood of systemic effects parallels
the severity of liver damage dependent on the alcohol
abuse. According to the World Health Organization Report on Alcohol and Health (2011), alcohol abuse is responsible for at least 60 major types of systemic diseases.
Furthermore, alcohol consumption significantly increases
the overall risk of developing cancer[1].
This review will focus on ethanol-dependent damages
to liver, pancreas and digestive apparatus.

ALCOHOL AND LIVER
After C virus-related hepatitis, alcohol represents the
most common cause of chronic liver disease in the majority of the industrialized countries[2]. Overall, about
25% of the cases of liver cirrhosis recognize as initial
trigger the over-exposition to alcohol[2,3]. However, although virtually all individuals chronically exposed to alcohol develop fatty liver, the earliest response of the liver
to alcohol consumption, only a minority progresses up
to cirrhosis[4,5]. Duration and amount of alcohol ingested
remain the most important risk factors for the development of a progressive form of alcohol-dependent liver
disease even if there is not a definite cut-off of alcohol
consumption able to predict a severe form of ALD[6,7]. It
has been reported that a daily consumption of 60-80 g/d
of alcohol for 10 years or longer in men, and 20 g/d in
women leads to an advanced form of liver disease in <
40% of the cases[4,5]. A recent population-based study including 6917 northern Italian subjects demonstrated that
only 13.5% developed ALD even when exposed to a very
high daily alcohol intake (120 g/d)[8]. Female sex, obesity,
non-sex-linked genetic factors and cigarette smoking can
modulate the host susceptibility to develop ALD and
contribute to overall risk of developing the severe form
of the disease[9]. Furthermore, alcohol synergistically interacts with other well-known causative agents of liver
damage such as hepatitis virus B or C and/or human immunodeficiency virus infection, nonalcoholic fatty liver
disease, and disorders such as hemochromatosis to promote the progression of alcohol-related liver injury[10].
Many hypothesis have been advanced to explain the
pathogenic mechanisms of ALD. Firstly, the liver is the
main organ responsible for metabolizing ethanol, thus it
is conceivable that ethanol and its metabolites [acetaldehyde-acetate, fatty acid ethanol esters (FAEEs), ethanolprotein adducts] can exert a direct cytotoxic effect acting
as hepatotoxins[11]. Hepatic metabolism of the ethanol
proceeds via oxidative and non-oxidative pathways (Figure
1). The main steps of the oxidative pathway are mediated
by alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase (ALDH) that transform ethanol to acetaldehyde and acetaldehyde to acetate, respectively[12]. The end
products of this reaction are acetaldehyde, acetate and
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high levels of NADH. Acetaldehyde damages liver by directly triggering inflammation, extracellular matrix (ECM)
remodeling and fibrogenesis[13]. Furthermore, it covalently binds to proteins and DNA leading to the production
of immunogenic adducts (i.e., malondialdehyde) in the
hepatocytes[14]. Finally, acetaldehyde stimulates transforming growth factor (TGF)-beta signaling in hepatic stellate
cells that acquire a pro-fibrogenic and pro-inflammatory
profile [15]. Electrons from alcohol are transferred to
NADP+ by ADH. Changes in NADH/NAD+ ratio may
affect biochemical reactions in the mitochondria and
gene expression in nucleus. The burn of NADH requires
additional oxygen amount in the mitochondria; the hepatocytes take up more than their normal share of oxygen
from arterious blood but not enough to adequately supply all liver regions. Thus, alcohol consumption results in
significant hypoxia of the perivenous hepatocytes that are
the first ones to show evidence of damage from chronic
alcohol consumption[16,17].
Cytochrome P450s and especially cytochrome P450
2E1 (CYP2E1) is up-regulated in condition of chronic
alcohol abuse and assists ADH in converting alcohol to
acetaldehyde[11]. Reactive oxygen species (ROS), such as
hydrogen peroxide and superoxide ions, generated by
CYP2E1 are responsible for the pro-inflammatory profile of the alcohol-related liver injury by: (1) activating
redox-sensitive transcription factors [i.e., nuclear factor
kappa B (NF-κB)][18]; (2) recruiting neutrophils and other
immune cells; (3) increasing the level of circulating proinflammatory cytokines; and (4) contributing to the lipid
peroxidation associated with alcoholic liver injury[11].
Catalase, a peroxisomal enzyme, is the master regulator
of non-oxidative metabolism of alcohol the final product
of which is FAEE responsible for alcoholic steatosis[9,11] and
useful as biomarker of chronic alcohol consumption[19,20].
Gut-derived lipopolysaccharide (LPS) is another critical trigger of liver steatosis, inflammation, and fibrosis.
Gut houses billions of microorganisms but, under physiological condition, LPS derived from Gram-negative bacteria enters the portal circulation only in trace to be cleared
by Kupffer cells (resident macrophages) and hepatocytes
that possess different LPS recognition systems[21-23]. Alcohol impairs intestinal barrier leading to increased circulating endotoxin levels which binds to the surface receptor
CD14 on hepatic Kupffer cells via LPS-binding protein
(LBP). The CD14-LPBLPS complex, via NADPH oxidase, produces ROS and stimulates the toll-like receptor 4
(TLR4) signaling cascade with the end result of the activation of NF-κB and the release of inflammatory cytokines,
notably tumor necrosis factor (TNF)-α[24,25]. TNF-α, in
turn, sustains liver injury by worsening the gut permeability on one side, and upholding the necro-inflammatory
hepatic damage, on the other side[26].

ALCOHOL AND PANCREAS
Since the initial observation by Friedreich in 1878,
growing evidence linked alcohol misuse and pancreatic
damage. Because of difficulties in accurately identifying
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Figure 1 Main steps of alcohol metabolism in the liver. ADH: Alcohol dehydrogenase; ALDH: Acetaldehyde dehydrogenase.

alcohol abuse, differences in the populations studied and
classification of pancreatitis, based on morphology rather
than on etiology, the proportion of cases of alcoholrelated pancreatitis widely varies between and even in the
same country. Overall, it has been estimated that prevalence of pancreatitis in alcoholics increased approximately 4-fold when compared with teetotalers[27]. Although a
dose-related toxic effect of the alcohol on the pancreas
has been described, the alcohol consumption and risk of
developing pancreatitis are not linearly linked[28]. In fact,
the risk curve remains relatively flat up to the threshold
of approximately 4-5 drinks/d and markedly increases as
levels of consumption increase[29-31]. Notably, after a first
acute episode of pancreatitis, alcoholics have a risk of
developing chronic disease approximately of 14% with
complete abstinence or occasional drinking and 41% if
alcohol intake persists[32].
The pancreas directly metabolizes ethanol producing metabolites and byproducts responsible for injury of
acinar cells and stimulation of stellate cells to produce
and deposit ECM [33]. Acetaldehyde and ROS induce
microtubular dysfunction and disruption of the actin cytoskeleton, alteration in the intracellular redox state and
destabilization of zymogen granules and lysosomes. Even
if FAEE tissue levels are lower than those of acetate
(product of alcohol oxidation), they have been shown
to be sufficient to produce pancreatic injury[33]. FAAEs
exert their toxic effects by directly interacting with cellular membranes, stimulating cholesteryl ester synthesis
and free fatty acids release with consequent mitochondrial
damage. Furthermore, FAAEs can induce activation of
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NF-κB and AP-1 transcription factors[33] and alteration of
intracellular calcium metabolism[34,35]. Damaging of microtubular function and instability of zymogen granules
and lysosomes results in an inappropriate activation of
the digestive enzymes and autodigestion of the pancreatic
glands. Acinar cell death (both by necrosis or apoptosis),
activated by proliferative and profibrinogenic growth
factors such as platelet-derived growth factor (PDGF),
TGF-α and connective growth factor, drives pancreatic
stellate cells (PSCs) into a highly proliferative state triggering their myofibroblast-like transformation and subsequent tissue fibrosis[36,37]. However, exposure to alcohol
or bacterial endotoxin-like LPS may also directly activate
PSCs. In a rat model, the administration of alcohol and
LPS was effective in inducing pancreatic injury while
alcohol alone failed to trigger inflammatory process suggesting that alcohol and LPS exert synergistic effects on
PSCs activation[37]. The “necrosis-fibrosis” sequence leads
to acinar atrophy and fibrosis, morphological hallmarks of
chronic pancreatitis, resulting in exocrine and endocrine
glandular dysfunction.

ALCOHOL AND UPPER
GASTROINTESTINAL TRACT
Despite the association between excessive drinking and
risk of gastric bleeding dates back 170 years, the effects
of alcohol on upper gastrointestinal (GI) tract have systematically been investigated only in the last 15 years.
Both acute and chronic alcohol consumption affects
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upper GI tract by multiple and complex mechanisms
depending either by direct contact of ethanol and/or its
metabolite acetaldehyde with the mucosa as well as by
non-alcoholic components of alcoholic beverages (i.e.,
fermentation products). These mechanisms result in: (1)
inflammation of the esophageal and gastric mucosa; (2)
modification of sphincterial pressure and impairment
of motility; and (3) alteration of gastric acid output. All
these effects are dose-dependent and reversible following
abstinence[38].
Increased prevalence of heartburn and increased risk
of gastro-esophageal reflux disease (GERD) or erosive
esophagitis have been reported in alcoholics[39-42] as well
as GERD patients are more likely to consume alcohol
than controls[43]. Ethanol-induced inflammation of the
esophageal mucosa depends on the direct damage of the
mucosal barrier that, in turn, predisposes tissue to acid
injury. In rabbit, the exposition of esophageal epithelium
to chloride acid (HCl) alone induced little or no morphological alterations or functional changes as measured by
means of mucosal potential difference (PD) and electrical
resistance of the mucosa. However, the simultaneous exposure to both ethanol and HCl resulted in morphologic
damage and significantly greater declines in PD[44].
Both acute and chronic alcohol consumption affect esophageal motility. Acute ethanol administration
in vivo, in man as well as in cats, transiently decreased
lower esophageal sphinteric (LES) pressure, degree of
contraction of the smooth muscle layer of the lower
esophagus and mucosal clearance due to a primary and
secondary peristalsis reduction[45]. In a cat model, neural
decentralization (cervical vagotomy) or nerve block did
not prevent the effects of acute ethanol administration suggesting a direct inhibitory effect of alcohol on
esophageal muscle cells[46,47]. In an in vitro model, the preexposition of esophageal smooth muscle cells to ethanol
significantly decreased carbachol-dependent shortening
of the cells, thus confirming that ethanol directly inhibits
the contractile activity of the esophageal muscle cells[46].
Paradoxically, chronic effect of alcohol on esophageal
motility consisted in an increased tonus of the LES and
reduced esophageal clearance[45]. In an alcohol-fed rat
model, Yazir et al[48] recently demonstrated that chronic
alcohol consumption impaired relaxant and contractile
responses of both LES and tunica muscularis mucosae
of the esophagus.
More than 40 years ago Roberts[49] already reported
that gastritis and gastroduodenal ulcer were common in
alcoholics. However, the mechanisms by which alcohol
damages gastric mucosa are still largely unknown. Ethanol can cause mucosal edema, erosion, hemorrhage and
necrosis by directly damaging the gastric mucosal barrier
and thus affecting the ability of the gastric mucosa to defend itself by gastric acid, bile and digestive enzymes[49].
Recent studies demonstrated that an impaired gastric microcirculation, accompanied by increased blood levels of
endothelin-1 (ET-1) and decreased levels of nitric oxide
(NO) and prostaglandin (PG)E2 can critically contribute
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to mucosal barrier damage in a rat model[50]. NO and
PGE2 accelerate the flow of the gastric mucosal microcirculation, promote the secretion of bicarbonate, mediate the adaptive immune protective function, increase
protein synthesis and cell renewal, and finally enhance
the repair ability of the damaged gastric mucosa[50]. In
contrast, ET-1 is the strongest vasoconstrictor of gastric
mucosa microcirculation. Pre-injection of an endothelin
receptor antagonist significantly reduced ET-1-dependent
gastric mucosal damage in rat. In addition, high ethanol
intake rats had ET-1 plasma levels significantly higher
and NO and PGE2 decreased in respect to the normal
control group[51]. Taken together these data suggests that
ethanol damages gastric mucosa and weakens its ability to
repair by stimulating ET-1 secretion and inhibiting NO
and PGE2 synthesis and secretion[51].
Contradictory results exist on the effect of alcohol
upon gastric emptying, depending on dose and type of
beverage involved. In fact gastric emptying seems to be
accelerated after a low alcohol dose while high doses of
ethanol delay emptying and reduce motility[52]. Several
reports emphasized the potential role of NO in alcoholseeking behavior as a main target of alcohol-related GI
motility disorders[53,54]. Studies in NO sintase knockout
animals demonstrated that NO is the main inhibitory
nonadrenergic noncholinergic neurotransmitter in the
enteric neuronal system and that NOS inhibitors delay
gastric emptying and colonic transit[53]. Recently, it has
been shown that chronic ethanol administration in rats
markedly increases NOS activity, the amount of NOS
protein and the number of nitrergic neurons prompting
to conclude that the overproduction of NO may be a
direct cause of gastrointestinal motility disturbances in
alcoholics[54].
Finally, alcohol can differently affect gastric acid output. Low doses of ethanol stimulate gastric acid secretion
while high doses either exert or not inhibitory effect[38].
Similarly contradictory results have been reported on
the effect of alcohol on endocrine cells regulating acid
secretion (G cells). According to one group of authors,
chronic alcohol consumption reduced the number of G
cells while increased gastrin plasma level in experimental
animals[55]. On the other hand, another study found that
neither acute nor chronic ethanol consumption significantly changed the number of G cells or gastrin serum
level[56]. Finally, a recent study demonstrated that ethanol
consumption over a 4-mo period, resulted in a nonsignificant decrease of antral and plasma levels of gastrin
and an increased volume density and diameter of G cells
suggesting that a more complex network of endocrine
mechanisms (i.e., simultaneous reduction of D cell and
somatostatin levels) can be involved in ethanol acid output modifications[57].

ALCOHOL AND LOWER
GASTROINTESTINAL TRACT
Alcohol can affect lower gastrointestinal tract directly by
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damaging the intestinal mucosa or indirectly by altering
the resident microflora and impairing the mucosal immune system[58].
In spite the “first-pass” metabolism of ethanol by
gastric ADH, high concentration of ethanol can reach
duodenum and upper jejunum where direct effects on
the mucosa are plausible. In experimental animal models
(rodents or dogs), even low concentration of ethanol (≥
4%, vol/vol) damages the intestinal mucosa[59]. The histological hallmarks of alcohol exposition that are loss of
epithelium at the tips of the villi, hemorrhagic erosions
of the mucosa and hemorrhage in the lamina propria
have been also demonstrated in volunteers with previously normal upper gastrointestinal endoscopy 3 h after
the assumption of 1 g/kg body weight of ethanol[60]. According to these findings, a case-control study conducted
in United States, Sweden and Hungary demonstrated
that the risk of major duodenal bleeding was significantly
higher in non-predisposed drinkers than in non-drinkers,
particularly in the heaviest consumers[61]. The mechanisms by which alcohol causes the structural changes of
the intestinal mucosa have not been completely clarified.
It is likely that alcohol directly causes villus contraction
with consequent villus tip bleb formation, lymphatic
obstruction and exfoliation of the tips of the villi[62]. In
addition, ethanol can indirectly contribute to the mucosal damage by triggering an “inflammatory state” of the
intestinal mucosa with invasion of leukocytes and release
of noxious mediators, such as ROS[63], leukotrienes[64] and
release of histamine by mast cells[65]. Finally, alcohol can
increase the permeability of the mucosal micro-vessels
with enhanced transcapillary fluid filtration and disruption of the epithelial continuity[58]. If the damaging effect
of acute alcohol exposure is clear, whether or not chronic
alcohol ingestion damages the mucosa of the small intestine remains controversial. Duodenal biopsies of chronic
alcohol abusers either had normal histology or showed
reduced villus height, increase in the number of intraepithelial mononuclear cells, goblet cell hyperplasia and
gastric metaplasia[58,66]. Furthermore, chronic alcohol
abuse can induce fibrosis of the intestinal mucosa by
increasing number of myofibroblast-like cells in the duodenal mucosa[67]. The loss of the anatomical integrity of
the mucosa can, at least in part, account for the alcoholrelated increased intestinal permeability. In animal models
it has been reported that alcohol exposition can induce
increased permeability for hemoglobin, horseradish peroxidase and polyethyleneglycol (PEG) 1500 Mr[58]. In
human, a significantly increased intestinal permeability
for macromolecules such as PEG 4.000 Mr and 10000
Mr has been reported in actively drinking alcoholics[24].
The increased intestinal permeability to macromolecules
may account for the transient endotoxaemia described in
healthy volunteers after acute alcohol consumption and in
alcoholics with fatty liver[24,68]. The increased permeability
of the gut mucosa reported in alcoholics since the early
stage of liver disease, further supports the hypothesis that
it is caused by ethanol itself and is not a consequence of
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advanced ALD.
Alcohol can also affect the intestinal microenvironment by inducing qualitative and quantitative alterations
of the jejunal microflora[69]. Small intestinal bacterial
overgrowth, defined as 105 colony forming units/mL of
jejunal juice, has been demonstrated in about half of individuals chronically exposed to alcohol[58]. Similar results
were obtained by using glucose or lactulose H2-breath
test[69]. Small intestinal bacterial overgrowth not only contributes to the direct damage of the intestinal mucosa but
it also leads to an increased production of bacterial toxins, especially those derived from Gram-negative bacteria.
The combination of mucosal injury and the increased
bacterial-derived products results in the enhanced endotoxin translocation from the luminal side into the portal
blood[70].
Both specific and unspecific immune system is affected by alcohol ingestion[71]. In animal models, perfusion of jejunum with 6% ethanol triggered inflammatory
reactions characterized by leukocyte infiltration and mast
cells release of histamine and ROS[63,72]. The abstention
from alcohol for up to 5 d increased the number of
B-lymphocytes and halved the number of mononuclear
macrophages in the lamina propria of duodenal mucosa[73]. These changes were no longer observed in subjects
abstaining for 5-10 d.
Finally, both acute and chronic exposure of the small
intestine to alcohol can impair the absorption of monosaccharides, several L-amino acid residues and lipids (fatty
acids, monoglycerides) as well as some vitamins even in
absence of advanced liver disease or pancreatic insufficiency[58]. The functional interference of ethanol with
the physiological absorption of nutrients can contribute
to qualitative and quantitative malnutrition frequently observed in alcoholics.
In contrast to duodenum and upper jejunum, alcohol
does not directly reach the large bowel. Indeed, the concentration of ethanol in the colon, even when assumed
in large quantity, is similar to that observed in the blood,
thus suggesting that ethanol enters this organ from the
vascular space. The oxidation of alcohol to acetaldehyde
by colonic bacteria via ADH largely exceeds the capability
to metabolize acetaldehyde to acetate, thus leading to a
significant increase of the former[74]. The increased level
of acetaldehyde not only damages the colonic mucosa
but, after absorption into the portal blood, contributes to
liver injury.
Finally, acetaldehyde can exert a local carcinogenic by
stimulating the proliferation rate of the epithelial cells in
the rectum of both animal and humans[75,76].

CONCLUSION
Alcohol abuse represents a serious public health concern
in many countries. According to a “hepatocentric” vision
of the problem, liver has been considered for long time
the main victim of the harmful use of alcohol. However,
growing evidence suggest that ALD have to be consid-

14656

October 28, 2014|Volume 20|Issue 40|

Rocco A et al . Alcohol and digestive apparatus

ered a true systemic disease. The “multisystemic scenario” of the alcohol-related diseases underlies the urgent
need to promote research oriented to pathophysiologytargeted therapies as well as preventive policy strategies
to reduce the clinical and economic burden of alcohol
abuse.
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Abstract
Excessive ethanol consumption affects virtually any
organ, both by indirect and direct mechanisms. Considerable research in the last two decades has widened
the knowledge about the paramount importance of
proinflammatory cytokines and oxidative damage in
the pathogenesis of many of the systemic manifestations of alcoholism. These cytokines derive primarily
from activated Kupffer cells exposed to Gram-negative
intestinal bacteria, which reach the liver in supra-physiological amounts due to ethanol-mediated increased
gut permeability. Reactive oxygen species (ROS) that
enhance the inflammatory response are generated both
by activation of Kupffer cells and by the direct metabolic effects of ethanol. The effects of this increased
cytokine secretion and ROS generation lie far beyond
liver damage. In addition to the classic consequences
of endotoxemia associated with liver cirrhosis that were
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described several decades ago, important research in
the last ten years has shown that cytokines may also
induce damage in remote organs such as brain, bone,
muscle, heart, lung, gonads, peripheral nerve, and pancreas. These effects are even seen in alcoholics without
significant liver disease. Therefore, alcoholism can be
viewed as an inflammatory condition, a concept which
opens the possibility of using new therapeutic weapons
to treat some of the complications of this devastating
and frequent disease. In this review we examine some
of the most outstanding consequences of the altered
cytokine regulation that occurs in alcoholics in organs
other than the liver.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholism; Cytokines; Brain; Bone; Muscle; Oxidative damage; Atherosclerosis; Sepsis; Lung;
Chronic pancreatitis; Alcoholic liver disease
Core tip: Alcoholism is a multisystemic disease. In the
last ten years it has been shown that an inflammatory
response is triggered by ethanol itself, by reactive oxygen species derived from ethanol metabolism, and by
increased amounts of mainly Gram-negative bacteria
that reach liver and peripheral organs due to ethanolinduced increased intestinal permeability. In addition
to direct organ injury caused by ethanol itself, these
mechanisms especially affect end organs such as brain,
lung, muscle, bone, heart, blood vessels, pancreas, and
the immune system. The main features of these effects
are highlighted in this review.
González-Reimers E, Santolaria-Fernández F, Martín-González
MC, Fernández-Rodríguez CM, Quintero-Platt G. Alcoholism:
a systemic proinflammatory condition. World J Gastroenterol
2014; 20(40): 14660-14671 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i40/14660.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i40.14660
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INTRODUCTION
It has been well known for more than two decades that in
alcoholic hepatitis, cytokine production (by Kupffer cells
and other liver cells) and reactive oxygen species (ROS)
production (by activated macrophages and through the
effects of ethanol metabolism) play a major role in the
development and progression of liver disease [1]. The
role of ethanol and ethanol-mediated inflammation in
the pathogenesis of alcoholic hepatitis, together with
the importance of ethanol-mediated bacterial translocation (both Gram-negative and Gram-positive[2]) has been
subjected to robust research in the last decade. Excellent
reviews on this topic have been written recently[3-7]. However, the effects of ethanol metabolism and increased
ROS and cytokine production are by no means restricted
to the liver[8]. Along with the increased knowledge about
the key metabolic pathways by which ethanol consumption leads to the development of alcoholic hepatitis, it has
also been shown that cytokines and lipopolysaccharide
(LPS) may induce damage in remote organs in alcoholics,
even in those without significant liver disease. There is a
clear-cut relation between oxidative damage and inflammation and alcoholism-associated diseases such as brain
dysfunction, bone and muscle diseases, lung alterations,
increased severity of infections, malnutrition, and an increased prevalence of cardiovascular disease or cancer.
Lipid peroxidation may be also involved in ethanol-mediated testicular injury[9] and ovarian dysfunction[10]. Malnutrition, a frequent complication of alcoholism[11], is also
associated with increased bacterial translocation and with
spreading of bacteria due to altered immunity[12], therefore contributing to systemic alterations and increased
mortality. Mortality of mice fed a protein-poor diet that
were exposed to endotoxin was 70% vs 0% in normally
fed animals[13].
This review is mainly devoted to analyzing the systemic effects provoked by ethanol on organs other than
the liver. The development of cancer is an important
consequence of heavy alcoholism. However, increased
cytokine secretion and inflammation probably derive, in
part, from the tumor itself. For this reason, cancer will
not be discussed in this review.
Central nervous system alterations
Several different clinical scenarios derived from the effects of alcohol on the central nervous system (CNS)
may be considered in the clinical evaluation of patients
with impaired mood and/or judgement, obtundation or
coma, with or without symptoms related to cerebellar
dysfunction (Table 1).
Brain atrophy is the most common CNS complication of heavy alcoholics and it may lead to dementia,
even in young drinkers[14]. Although some discrepancy
exists regarding the prevalence of cognitive impairment,
its mildest forms have been documented in 50%-80% of
alcoholics[15].
Ethanol provokes generalized brain shrinkage and af-
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fects both cerebral white matter and cortical grey matter.
This is especially evident using magnetic resonance imaging. Both increased neuronal death and decreased neurogenesis account for such an effect. In general, the intensity of brain atrophy has been associated with the intensity
of ethanol consumption. Ding et al[16] observed a relation
between the amount of ethanol ingested and the area of
the fluid-filled spaces in the brain. Harper[17] showed an
increase in the pericerebral space in men drinking more
than 8 drinks per day.
Neuronal death in alcoholics is related to the inflammatory status of these patients. Two transcription factors
are important for neuronal survival: cAMP responsive
element binding protein (CREB), which promotes neuronal survival and protects neurons from excitotoxicity, and
nuclear factor κB (NFκB), which is proinflammatory.
Activation of NFκB transcription is associated with increases in tumor necrosis factor (TNF)-α. Ethanol treatment is associated with higher DNA binding to NFκB
and a reduced binding to CREB[18]. CREB regulates brain
derived neurotrophic factor. It is reduced in alcoholic
models, especially in areas of neurodegeneration [19].
Therefore, ethanol causes a decrease in trophic signals
together with an increase in proinflammatory ones.
Neurogenesis takes place in at least two regions of
the normal adult brain: the subventricular zone of the
anterior lateral ventricles and the subgranular zone of
the dentate gyrus. Ethanol directly inhibits neurogenesis,
mainly affecting neural stem cell proliferation[20]; ethanolinduced inflammation enhances this effect[21].
Peripheral endotoxemia results in brain inflammation, probably due to increased cytokine secretion. These
cytokines may be locally produced or they may be transported from serum to brain - especially TNF-α, interleukin (IL)-1β, IL-6 and interferon γ (IFNG)[22]. Within
the brain, several toll-like receptors (TLRs) are located on
glial cells, especially microglia and astrocytes. Both cells
produce cytokines when stimulated by their corresponding ligands[23]. In ethanol-treated mice, within an hour
of LPS injection there is a several-fold increase in proinflammatory cytokines in serum, liver, and brain. Whereas
liver and serum levels returned to normal values within
a day, brain cytokines lasted for long periods[24]. On the
other hand, there is also evidence that ethanol is able to
directly activate the (TLR)-4/type Ⅰ IL-1 receptor on astrocytes, leading to recruitment of downstream signaling
molecules and promoting cytokine secretion[25]. Ethanol
also up-regulates inducible nitric oxide synthase (iNOS)
and cyclooxygenase (COX)-2, causing inflammation and
cell death within 3 h[26]. In addition, ethanol increases
the brain expression of NADPH oxidase (NOX) that
persists at least 8 d after abstinence[25]. Increases in NOX
induce production of ROS, which play an outstanding
role in brain degeneration[27], since they enhance TNF-α
production by microglial cells[28].
Oxidative stress may also depend on other mechanisms. Alcoholics are prone to falls and traumatic brain
injury[29]. Increased iron has been related to early edema
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Table 1 Central nervous system alterations in alcoholic
patients
Anatomo-clinical
forms of chronic
central nervous
system damage

Brain cortical and subcortical atrophy
Cerebellar degeneration
Decreased blood flow
Pellagra
Wernicke-Korsakoff encephalopathy
Marchiafava-Bignami disease
Central pontine myelinolysis
Increased prevalence of stroke
Cerebral trauma
Clinical features May vary from frank dementia to subtle alterations
of brain atrophy Reversible with prolonged ethanol withdrawal
Underlying
Neuronal death
anatomic lesions Apoptosis
of brain atrophy Decreased neuronogenesis
White matter alterations
Main mechanisms Effects of ethanol and lipopolysaccharide
of brain atrophy Cytokine (especially TNF-α) mediated
neuroinflammation.
Oxidative damage (mainly ethanol-mediated), iron
excess
Vitamins (antioxidants?) deficiency
Protein deficiency and malnutrition?
Excitotoxicity?
Co-existing liver disease?
TNF: tumor necrosis factor.

and late brain atrophy after intracerebral bleeding, a process which may be reversed by deferoxamine[30]. After
bleeding, once hemoglobin is degraded, iron concentration increases several fold[31], and causes edema and brain
lesion by oxidative stress. A single study has failed to find
any relation between vermal atrophy and dentate iron
concentrations - assessed by magnetic resonance - in
alcoholics[32]. Recent reports suggest that antioxidants including red wine - may improve cognitive dysfunction,
at least in Alzheimer disease[33], reinforcing the possibility
that oxidative damage plays a major role in cognitive impairment.
By these mechanisms, ethanol leads to brain atrophy,
which recovers slowly after months of abstinence[34,35]. As
in other organs affected by ethanol, cytokines play a pivotal role.
Muscle
In alcoholics two forms of myopathy have been described: acute rhabdomyolysis and chronic alcoholic myopathy. The latter is defined by muscle atrophy and weakness that affects predominantly proximal muscles and
that is sometimes incapacitating. It may affect 40%-60%
alcoholics, constituting the most frequent form of myopathy, at least in Western countries[36].
The main histologic feature is type Ⅱ fiber atrophy[36].
Fiber atrophy ensues from an imbalance between protein
synthesis and protein breakdown, although apoptosis of
muscle fibers has been also described[37]. Ethanol exerts
a direct effect on protein synthesis, reducing translational
efficiency by dephosphorylation of mTOR, a proteinkinase system that controls mRNA translation, an ef-
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fect which may be more intense in men[38]. In addition,
ethanol may alter insulin and insulin-like growth factor
(IGF)-1 signaling, which may contribute to muscle atrophy given their important roles in growth and muscle
metabolism. The effect on these factors may also lead to
oxidative damage and mitochondrial dysfunction. Oxidative stress may also inhibit acetylcholinesterase, which
may be further involved in myofiber atrophy[39]. High
TNF-α levels increase protein catabolism via the ubiquitin/proteasome system and impair protein synthesis in
skeletal and cardiac muscle[38]. TNF-α exerts its action
by activating the NFκB pathway in muscle, an effect
strongly potentiated by IFNG. Indeed, several cytokines
such as IL-6, IFNG, and IL-1β modulate the effects of
TNF-α. Leptin, an adipokine which regulates fat mass
by decreasing food intake and increasing resting energy,
also exerts a proinflammatory effect in alcoholics[40].
Leptin promotes Th-1 immune response, increases macrophage production of IL-6 and TNF-α, and activates
neutrophils[41]. The role of proinflammatory cytokines on
muscle atrophy is supported by the finding of an inverse
association between TNF-α and IL-6 and muscle mass in
elderly individuals[42]. In a study on 55 alcoholics without
cirrhosis, TNF-α was inversely related to lean mass, especially in the legs. Despite the theoretical protective effect of IL-15 on muscle, we failed to find an association
between decreased lean mass in alcoholics and decreased
levels of IL-15. Higher values were observed in alcoholics than in controls[43]. In these alcoholic patients, as
was shown in the study mentioned previously, IL-6 was
inversely related with muscle mass (measured on the left
arm). Regarding oxidative damage, Fernández-Sola et al[44]
did not find a clear relation between alcoholic myopathy
and lipid peroxidation. They found a 16% reduction in
gluthathione peroxidase activity but a 13% increase in superoxide dismutase activity. However, in an experimental
study with rats using the Lieber-deCarli model, we found
that both protein deficiency and ethanol contributed to
type Ⅱ muscle fiber atrophy. This, in turn, was associated
with increased muscle MDA levels and muscle iron overload[45].
Other factors may be also involved. Ethanol, and
especially acetaldehyde, may alter muscle membranes by
forming protein adducts which leads to disturbed function[46]. Ethanol was associated with increased myostatin
expression in cardiac myocytes of alcoholic patients with
dilated alcoholic cardiomyopathy[47]. Similar results were
shown in an experimental study on skeletal muscle in
ethanol-treated HIV-1 transgenic rats[48]. Decreased vitamin D levels, a common finding in alcoholics, may also
contribute to the development of alcoholic myopathy.
Serum 1,25 (OH)2D3 levels were lower in ethanol-fed
rats following the Lieber-de Carli model and were directly
related to type Ⅱ muscle fiber area[49]. However, the exact
role and mechanism of action of vitamin D in alcoholic
myopathy are still areas of uncertainty.
Alcoholics also develop peripheral polyneuropathy,
which may lead to muscle atrophy. In addition to nutri-
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tional deficiency, a direct toxic effect of acetaldehyde has
been proposed as an etiologic factor. However, there is
evidence that ethanol-induced lipid peroxidation and defective antioxidant mechanisms within the sciatic nerve
may be involved in the genesis of polyneuropathy[50].
Therefore, the association between myopathy and neuropathy in alcoholics might be due to direct effects on
ethanol/acetaldehyde and ethanol-mediated oxidative
stress on both organs.
Lung damage
Ethanol intake is associated with an increased incidence
of acute respiratory distress syndrome (ARDS), irrespective of the cause (septic, trauma, or ARDS in critically
ill patients)[51]. Alcoholism carries a relative risk of 3.7
(1.83-7.71)[52] for ARDS, and alcoholics need mechanical
ventilation more frequently than non-alcoholics[53]. There
is also an increased prevalence of pneumonia, mainly due
to Streptococcus pneumoniae[54], Klebsiella, Haemophilus, Campylobacter, or Legionella. Pneumonia is the main cause of
sepsis, the course of pneumonia is protracted, and the severity of pneumonia and pneumonia-associated sepsis is
greater[55,56]. Although many of these effects may depend
upon altered oropharyngeal flora and esophageal motility,
it is also important to be aware of local conditions in the
lungs[57]. Alcohol alters the normal alveolar barrier function, induces oxidative stress and alters the channel function of alveolar type 2 epithelial cells[58]. This causes dehydration of the epithelial lining fluid, mucus stasis, and
inflammation, a constellation which favors the growth of
bacteria. As in other organs, there is also up-regulation of
NADPH oxidase, with generation of increased amounts
of H2O2. Additionally, a marked decrease - up to 80%
- of glutathione in the epithelial lining fluid has been
observed in the lungs[59], severely decreasing antioxidant
capacity. This pro-oxidant milieu leads to activation of alveolar macrophages which secrete increased amounts of
cytokines such as IL-13 and transforming growth factor
[60]
β-1 (TGF β-1) . After an endotoxemia challenge there
was a five-fold increase of TGF-β into the alveolar space
of alcoholized rats, inducing edema[61]. Pulmonary macrophages show decreased defensive capacity[62,63], and recover after restoration of glutathione[64]. Moreover, in the
face of a decreased GSH pool, T-lymphocytes become
activated with a shift to a Th-2 phenotype, which contributes to an increased secretion of the aforementioned
immunosuppressive cytokines[65]. Depleted antioxidant
mechanisms may also inactivate α-1 proteinase inhibitor[66], an event which would favor the development of
emphysema. In addition, ethanol may also inhibit GMCSF expression in the lung of experimental animals. This
factor, the expression of which is reduced in oxidative
stress, is essential for activating and priming alveolar
macrophage function. Its decreased expression leads to
a blunted defensive response[67]. In the lung, previous
alcohol exposure favors burn injury by upregulation of
IL-18[68].
In addition to the impairment of the defense system
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within the lung, ethanol also affects circulating cells such
as neutrophils, macrophages, monocytes and lymphocytes. However, there are some conflicting results regarding total lymphocyte count, lymphocyte subsets, and
monocyte function in alcoholic experimental models and
human studies.
In the systemic circulation, uptake of endotoxin and
cytokine production takes place primarily in splenic and
alveolar macrophages. In peripheral monocytes, acute
ethanol down-regulates TNF- α production whether
induced by IFNG, LPS, or by a combination of both
factors[69,70]. Simultaneously, it enhances production of
IL-10[71], an inhibitory cytokine; the down-regulation of
TNF-α production by monocytes depends not only on
IL-10, but also on a direct effect of ethanol[72]. When
IL-10 level was compared among 25 chronic alcoholics
and 20 non-alcoholics immediately after surgery, the former showed a four-fold increase in IL-10 than the latter,
and a three-fold increased rate of wound infection and
pneumonia, as well as a prolonged stay in the intensive
care unit[73]. Neutrophils from patients with alcoholic
hepatitis show a lower baseline phagocytic capacity, possibly due in part to an inhibitory effect of LPS[74].
In contrast with acute ethanol exposure, which decreases monocyte activation, in chronic alcoholics there
is an enhanced cytokine production by these cells[75]. In a
murine model of septic peritonitis, splenic CD4+ population was normal in ethanol-fed animals, but TNF-α and
IFNG production was markedly increased compared with
water-fed septic controls. In that study, the proportion of
NK cells was decreased in alcoholic septic animals[76]. It
is important to note that monocytes also become directly
stimulated by Gram-positive bacteria through TLR-2[77].
Both signaling pathways contribute to increased TNF
production.
Discrepancy also exists regarding lymphocyte count
and function. Laso et al[78] studied peripheral blood in
patients with a first episode of alcoholic hepatitis with
no other lesions on liver biopsy and found an increased
number of CD4+ and CD8+ lymphocytes, NK cells and
NKT cells. They also found an increase in cytotoxic activity which persisted after a 3-mo withdrawal period. On
the contrary, Matos et al[79] reported a decreased number
of all the lymphocyte subpopulations in alcoholics
without advanced liver disease, and also in cirrhotics. A
decreased lymphocyte count was described in adolescent
alcoholics[80]. Others have found an increase in cytotoxic
lymphocytes[81]. Ethanol also affects late differentiation
of progenitor B cells[82].
In any case, alcoholics are prone to more infections
such as postoperative infections[83], pneumonia and sepsis,
and also to an increased severity of these infections[84,85].
The role of altered immunity and cytokine response was
studied in alcoholics with sepsis, non-alcoholics with sepsis, alcoholics admitted for programmed withdrawal, and
controls. No differences were found in the inflammatory
response in these groups besides low G-CSF and C-reactive protein (CRP) levels in alcoholics with sepsis[86].
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- in the 52 patients with chronic alcoholic pancreatitis
compared with the 57 non-alcoholic patients. Fractalkine
levels increased in all these patients compared to 116
controls, so they may constitute a valuable diagnostic tool
for early stage of the disease. It is of interest that LPS
may not only directly stimulate hepatic stellate cells, but
also pancreatic ones, leading to pancreatic fibrosis[91]. The
effect of angiotensin Ⅱ on pancreatic fibrosis via induction of TGF-β is also remarkable[92]. TNF-α is a main
factor involved in the activation of pancreatic stellate
cells, whereas IL-6 seems to exert an anti-apoptotic effect
on these cells[93].

Table 2 Main factors involved in ethanol-associated
osteopenia
Factors

Main mechanism(s) involved

Direct effect of ethanol

Direct effect on osteoblast function (oxidative
damage). Possible effect on bone resorption
(cytokines)
Decreased absorption of proteins, calcium,
vitamin D, nutrients in general
Altered hormonal profile (altered IGF-1,
vitamin D, gonadal hormones)
Altered absorption. Malnutrition
Decreased osteoid synthesis. Decreased
IGF-1 levels. Altered nutrient intake. Altered
absorption. Increased cytokine levels?
Altered trophic effect on bone and muscle

Liver disease

Chronic pancreatitis
Malnutrition

Alcoholic
hypogonadism
Alcoholic myopathy/
neuropathy
Iron excess (increased
absorption)
Zinc deficiency
(malnutrition; alcohol?)
Cytokines (IL-6; TNF-α)
Lifestyle

Altered trophic effect on bone (probably via
Wnt β catenin pathway)
Interference with osteoblast function
Possibly, defective protein synthesis
Possibly, increased bone resorption
Trauma. Bone fractures. Impaired nutrient
intake

IGF: insulin-like growth factor; TNF: tumor necrosis factor; IL: interleukin.

Siggins et al[87] showed that ethanol markedly impaired the
granulopoietic response to pulmonary Streptococcus pneumoniae infection by interrupting normal signaling of G-CSF
on granulopoiesis and enhancing the inhibitory signaling
pathway which induces cell cycling arrest. Von Dossow et
al[88] found a decreased inflammatory response in alcoholics in the early phase of septic shock, with lower TNF-α,
IL-6, IL-8 and IL-1b than non alcoholics.
Therefore, alcoholics show impaired defense against
infections. Both local and systemic alterations lead to an
increased prevalence of severe lung disease.
Chronic pancreatitis
Acute pancreatitis is characterized by a “cytokine storm”,
which is not related to ethanol itself, but to the acute
pancreatic inflammation. Chronic pancreatitis is common
in alcoholics, is partly responsible for nutritional impairment among these patients, and poses a risk for the development of pancreatic cancer.
Ethanol leads to progressive fibrosis of the pancreas
due to its direct and indirect effects on pancreatic stellate
cells. Cytokines such as TGF β-1 activate pancreatic stellate cells, which leads to their transformation into myofibroblasts. These cytokines are produced by macrophages
infiltrating the pancreas in early stages of the necroticfibrotic process[89]. Activated myofibroblasts, epithelial
ductal cells, macrophages, granulocytes, and lymphocytes
secrete TGF β-1, TGF β-1 precursor peptide, and platelet-derived growth factor B. These cytokines increase
fibrous tissue deposition. Yasuda et al[90] studied 109 patients and reported significantly increased serum TGF
β-1 and fractalkine - a soluble monocyte chemoattractant
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Bone
Alcoholism is associated with several bone alterations,
summarized in Table 2. Decreased bone synthesis is the
common underlying mechanism. Aseptic necrosis is an
uncommon complication of uncertain pathogenesis, perhaps related to liver steatosis[94].
Osteopenia depends on the disrupted homeostasis
between bone synthesis and bone resorption. Ethanol
directly inhibits osteoblast function. In 77 alcoholics and
28 controls, marked differences in osteocalcin levels - a
biochemical marker of bone synthesis - and reduced bone
mineral density (BMD) at different parts of the skeleton
were observed[95]. In an experimental model, Giuliani et al[96]
showed a direct toxic effect of ethanol, and especially
acetaldehyde, on osteoblastogenesis. Ethanol-mediated
oxidative stress may be involved in the reduced osteoblast activity[97]. In close association with the inhibition of
bone synthesis, ethanol may exert an inhibitory effect on
bone growth. In two different sets of patients[98], we have
observed that those alcoholics who began to drink before
18 years of age (self reported data) were shorter than the
controls. These patients also showed Harris lines in their
right tibiae, a condition attributed to episodes of stunted
growth and described in experimental malnutrition and
in severe diseases and/or malnutrition during childhood. Delayed bone fracture repair may be also related
to the inhibitory effect of ethanol on bone synthesis[99].
It was recently shown that TNF-α, acting through TNF
receptor 1, may be responsible, at least in part, for this
inhibitory action[100]. Zinc is involved in bone synthesis,
probably due to its effects on enzymes involved in DNA
and RNA synthesis. Zinc supplementation increases bone
growth in zinc-deficient growing animals or in premature
children. Zinc deficiency has been described in alcoholics.
The addition of zinc increases reduced BMD in alcoholic
rats, but the clinical significance of this finding is uncertain[101]. It has been also hypothesized that certain trace
elements may be beneficial due to their antioxidant activity, but no consistent results are available. Inconclusive results were also observed for several substances with antioxidative properties, which theoretically could counteract
the ROS-mediated inhibition of osteoblast function.
In addition to the inhibition of osteoblast function,
increased bone breakdown has been reported in heavy
alcoholics[95,102]. Ethanol effects on bone resorption may
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be also mediated by oxidative damage[103]. Osteoclasts are
the cells involved in bone resorption. Differentiation and
activation of osteoclasts involves binding of receptor activator of NFκB (RANK) ligand (RANK-L) to RANK,
expressed in pre-osteoclast cell membranes. Osteoprotegerin (OPG) is a soluble decoy receptor which ultimately inhibits binding of RANK-L to RANK, therefore
preventing bone resorption. Cytokines such as TNF-α,
IL-1 and IL-6 activate RANK-L[104]. However, hormones
involved in bone homeostasis, such as estrogens, vitamin
D, corticosteroids and parathyroid hormone modulate
osteoprotegerin[105]. In the absence of OPG, RANKL becomes activated by TNF-α, and bone resorption ensues.
On the other hand, activation of the Wnt-beta catenin
system blocks osteoclastogenesis by increasing the OPG/
RANKL ratio. Therefore, TNF-α, IL-1 and IL-6 are
also involved in bone alterations observed in alcoholics.
The effects of other cytokines, such as IL-4, IL-8, IL-13,
IL-15, IL-17 and IL-10 on ethanol-mediated bone alterations are less consistent.
In any case, cytokines seem to play a role in ethanolmediated bone changes. Similarly to what happens in
other organs, abstinence ameliorates these changes[106].
Cardiovascular system
Alcohol may affect the cardiovascular system in four
ways: (1) Heavy ethanol consumption is associated with
cardiomyopathy, usually of the dilated phenotype. This
process is reversible with ethanol withdrawal or even
reduction in the amount consumed[107]; (2) It is associated with arrhythmias, usually atrial fibrillation, especially
when binge drinking. The onset of arrhythmias can precipitate myocardial infarction and sudden death[108]; (3) It
seems to be a risk factor for hypertension[109]. However,
in 1995 Gillman et al[110] studied a cohort of 139 young
men and found the lowest systolic blood pressure among
those consuming 1-3 drinks a day (up to 60 g of ethanol);
and (4) It is probably related to increased atheromatosis,
although considerable controversy exists regarding this
point. In this section we will discuss how alcohol, inflammation, and oxidative stress are intertwined to affect cardiovascular health. Finally, we will review the conflicting
evidence of alcohol as a cardiovascular risk factor.
Alcoholic cardiomyopathy: The effects of alcohol on
cardiac muscle are dose-dependent. In a study that compared alcoholic patients with healthy controls, the former
had a lower ejection fraction, a greater end-diastolic diameter, and a greater left ventricular mass[107]. Ultrastructural changes in cardiomyocytes similar to those seen in
humans have been shown in Wistar rats exposed to a diet
where alcohol constituted 36% of total caloric intake.
These changes include myofibrillar disarray, large intracellular vacuoles, mitochondrial swelling, lipofuscin granules,
and lipid infiltration[111].
Metabolic changes have also been described, such as a
decrease in respiratory enzyme and lactate dehydrogenase
activity, a decrease in beta oxidation of fatty acids, and
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an increase in alcohol dehydrogenase activity, which may
lead to acetaldehyde accumulation and impaired protein
synthesis. However, some studies have shown that ventricular contractile and non-contractile protein synthesis
inhibition may be directly mediated by alcohol. Additionally, the oxidation of acetaldehyde gives rise to ROS that
are responsible for lipid peroxidation and organelle damage through the oxidation of amino acid residues. Possibly, autophagia is also induced by acetaldehyde. All these
effects eventually lead to myocardial injury[112].
Atrial fibrillation: Heavy alcohol intake is a risk factor
for the development of arrhythmias such as atrial fibrillation (AF). P wave signal averaging, which is a predictor
of paroxysmal AF, has been found to be prolonged in
healthy subjects exposed to alcohol and in sober patients
who have been diagnosed with paroxysmal AF associated with previous alcohol intake[113]. Once again, ROS
play a major role in the pathogenesis of AF in alcoholic
patients. Reactive oxidative metabolites such as reduced
glutathione and cysteine are associated with permanent
AF. Interestingly, an association was not found between
AF and elevated inflammatory markers such as C-reactive
protein[114]. Lin et al[115] studied rabbit left atrium and pulmonary vein specimens exposed to hydrogen peroxide.
They showed that oxidative stress induced an increase in
contractile force and a decrease in action potential length
which led to the onset of atrial fibrillation. These events
are inhibited by free radical scavengers such as ascorbic
acid or N-acetylcysteine, which has been used in clinical
trials for the prevention of AF[116]. The information from
these studies can be extrapolated to the oxidative stress
that occurs in alcoholics.
Mechanical changes in myofibril activity have also
been reported in association with oxidative stress. In particular, contractile dysfunction can be secondary to oxidative modifications of myofibrillar creatine kinase (MMCK) by nitrate species formed by the reaction of NO
with superoxide anions. Mihm et al[117] have shown that
AF patients have decreased MM-CK maximum velocity
and changes in myosin isoform gene expression. These
patients tend to have a low velocity form of myosin
(β-myosin). Additionally, the extent of nitration of MMCK is inversely correlated with its maximum velocity and
directly correlated with myosin isoform switching. These
findings highlight the vulnerability of myofibrils to oxidative stress.
Hypertension: Epidemiological surveys show a J-shaped
relationship between hypertension and alcohol consumption. The threshold for increased risk is variable: the
intake of 3 to 5 drinks per day was associated with increased blood pressure in a study performed in 1977[118].
In an Australian study, hypertension was present in 10.4%
of subjects who consumed 3 glasses of beer per day,
whereas the prevalence of hypertension among teetotalers was 2.6%[119]. In an experimental study in alcoholized
rats it was found that hypertension was related to an early
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increase in catecholamine secretion, followed by a late
increase in angiotensin Ⅱ[120].
Atherosclerosis: Angiotensin Ⅱ is an important mediator of atherosclerosis. Atherosclerosis is an inflammatory
process of the vessel wall in which chemokines play a
major role. These molecules recruit cells into the subendothelial space, leading to the formation of atherosclerotic plaques and vascular inflammation. Atherosclerotic
plaques have an inflammatory infiltrate with cells that
secrete TNF-α and IFNG. This infiltrate contains monocytes, macrophages, lipid-laden macrophages (foam cells)
and T lymphocytes including T8 cytotoxic lymphocytes
(containing proapoptotic perforin and Fas ligand), and
T4 lymphocytes of the Th-1 phenotype[121]. There is also
a high proportion (30%) of γδ lymphocytes and some
Th-2 lymphocytes.
Vulnerable plaques have a large soft lipid core and
a fibrous cap formed by collagen and vascular smooth
muscle cells that are lined by endothelium. The proportion of macrophages is increased in vulnerable plaques.
They are attracted to the plaques by an increased expression of endothelial cell adhesion molecules such as
P-selectin, intercellular adhesion molecule 1 (ICAM-1),
endothelial-leukocyte adhesion molecule-1, vascular
cell adhesion molecule-1 (VCAM-1), and E- selectin[122].
These are upregulated by several risk factors (diabetes,
oxidized low-density lipoproteins or LDL, smoking, and
hypertension). Soluble mediators with a potent monocyte
chemoattractant capacity, especially chemokines such as
monocyte chemoattractant protein (MCP)-1, play a crucial role in the genesis and evolution of the plaque[123].
Macrophages infiltrating the plaque are of diverse phenotype and are able to promote vascular smooth muscle
cell apoptosis. This process is mediated by NO and
Fas/Fas ligand interaction and is facilitated by TNF-α[122].
Oxidized LDL, advanced glycosylation end products,
angiotensin Ⅱ, and endothelin activate macrophages. In
addition, T-helper (CD4+) lymphocytes recognize oxidized LDL as an antigen. They are also able to activate
macrophages by binding to CD40, a macrophage surface
protein. Activated macrophages promote tissue damage,
angiogenesis, inflammation, coagulation, and fibrinolysis,
which may lead to plaque rupture and thrombus formation. Alternatively, activated macrophages may also play a
role: IL-10 knockout mice are more susceptible to atherosclerosis. However, the role of other Th-2 cytokines, such
as IL-4, is less known[124].
Impaired endothelial repair may also affect the development of atherosclerotic lesions. This reparative
process is largely dependent upon the presence and activity of fibrocytes and endothelial progenitor cells which
migrate to the injured sites and restore the integrity of
the vascular endothelium. Stromal cell-derived factor 1
(SDF-1) and vascular endothelial growth factor promote
differentiation and homing of these cells in injured sites.
Ethanol consumption can interfere with these mechanisms at different levels. In an experimental rat model,
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the intake of a high dose of ethanol was associated with
considerable plaque formation. Low doses of ethanol
were associated with increased secretion of SDF-1 by
fibroblasts while high ethanol doses led to a reduced
secretion. The number of circulating fibrocytes was
significantly lower in the high ethanol dose group when
compared with controls, although a reduction in their
number was also observed in rats treated with low doses
of ethanol[125]. Ethanol leads to increased iNOS expression, which may exert positive effects on myocardial
blood flow. Ethanol also activates transient receptor potential vanilloid 1 channels on perivascular sensory nerve
terminals, which release calcitonine gene-related peptide,
a potent vasodilator[126]. Moreover, moderate alcohol use
is associated with a favorable serum lipid profile (increased
high density lipoprotein or HDL, cholesterol, and lipoprotein A1 levels), hemostatic factors (decreased fibrinogen), and adipokines (increased adiponectin)[127]. On the
other hand, the effect of ethanol on several cytokines,
chemokines, oxidative metabolism, and inflammatory
cells makes it theoretically possible that alcohol or its
metabolites play paramount roles in ongoing atherosclerosis and vascular inflammation. Ethanol metabolism
is associated with oxidative damage, and oxidized LDL
is a major factor contributing to atherosclerosis. In an
experimental study on rats, ethanol promoted rat aortic
vascular smooth muscle cell proliferation, accompanied
by increased homocysteine levels and oxidized LDL.
These findings support the pro-atherogenic effect of
ethanol[128].
Alcoholic beverages usually contain several antioxidants which counteract the deleterious effect of excessive
oxidation. In a study performed on 67 volunteers, individuals received 30 g of ethanol in the form of red wine,
30 g of de-alcoholized red wine, and 30 g of alcohol in
the form of gin for 4 wk. The antioxidants contained in
the alcoholic beverage reduced serum ICAM-1, E-selectin,
and IL-6, and inhibited the expression of lymphocyte
function-associated antigen and CCR2 receptor, which
suggests a protective effect of antioxidants. However,
in contrast with the deleterious effects of high doses of
ethanol, data relative to the effect of lower doses are conflicting: ethanol added to polyphenols (in the form of red
wine) reduced IL-16, MCP-1, CD40 and CD40 ligand,
and VCAM-1[129].
Alcoholism as a cardiovascular risk factor: Many studies show that light to moderate drinking is associated with
a lower rate of myocardial infarction[130] and stroke[131,132].
Although it has been argued that some bias could be
present (self reported ethanol consumption, the inclusion of light to moderate drinkers with healthy lifestyle
behaviors, among other factors), these studies include
more than 107000 individuals and they provide quite robust evidence. Many other studies show a J-shaped curve
that illustrates the association between cardiovascular
disease or mortality and alcohol intake. However, there is
controversy regarding the amount of ethanol that could
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offer cardiovascular protection, since heavy drinkers are
at increased cardiovascular risk.
The controversy surrounding alcohol as a cardiovascular risk factor extends to animal models. Several models
of the cardioprotective effects of a moderate intake of
alcohol have been published. In a study where rats were
exposed to drinking water with 1% ethanol (equivalent
to 18 g/d of alcohol in an adult male) harmful effects
were not found[133], but instead beneficial effects such
as an improved lipid profile and lower pulmonary arterial pressure were observed. In this study there were
no changes in systemic arterial pressure. The beneficial
effects of moderate alcohol intake were recently demonstrated by Lassaletta et al[134] in an experimental model
of chronic myocardial ischemia in swine. In addition to
improved vasorelaxation, animals supplemented with
alcohol had increased arteriolar density and consequently
improved myocardial perfusion. Notch 2 receptor and
Notch ligands Jagged 1 and 2 (involved in vascular repair), were increased in the animals that received alcohol.
Antiangiogenic proteins such as endostatin and IL-8 were
decreased in this group, but no significant improvements
were seen in hemodynamic variables.
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CONCLUSION
This review illustrates the complexity of the interplay between ethanol, oxidative damage, cytokines and some organic complications seen in alcoholics. In addition to the
direct effects of ethanol, cytokine production (which is
ultimately dependent on ethanol) seems to be involved in
many of the manifestations of these patients, including
mortality at an early adult age. As briefly reviewed, there
is a considerable body of knowledge about the systemic
inflammatory reaction in alcoholics but there are many
questions that remain unanswered. For instance, further
studies are needed to elucidate the atherogenic effect of
alcohol, the exact role of vitamin D on the development
of alcoholic myopathy, the possible relationship between
ethanol intake and emphysema, the therapeutic role of
antioxidants, among others. In any case, the underlying
proinflammatory status should be considered in the management of these patients, in addition to the effects of
other unhealthy lifestyle behaviors that may be present in
alcoholics such as protein-calorie malnutrition, viral infections and drug use. These factors complicate the correct diagnosis and management of the multiple organic
complications presented by alcoholics who seek medical
attention.

2

Bird GL, Sheron N, Goka AK, Alexander GJ, Williams RS.
Increased plasma tumor necrosis factor in severe alcoholic
hepatitis. Ann Intern Med 1990; 112: 917-920 [PMID: 2339855
DOI: 10.7326/0003-4819-112-12-917]
Gustot T, Lemmers A, Moreno C, Nagy N, Quertinmont
E, Nicaise C, Franchimont D, Louis H, Devière J, Le Moine
O. Differential liver sensitization to toll-like receptor pathways in mice with alcoholic fatty liver. Hepatology 2006; 43:

WJG|www.wjgnet.com

12

13

14

15

16

REFERENCES
1

11

17
18

14667

989-1000 [PMID: 16628628 DOI: 10.1002/hep.21138]
Singal AK, Kamath PS, Gores GJ, Shah VH. Alcoholic hepatitis: current challenges and future directions. Clin Gastroenterol Hepatol 2014; 12: 555-64; quiz e31-2 [PMID: 23811249
DOI: 10.1016/j.cgh.2013.06.013]
Wang HJ, Gao B, Zakhari S, Nagy LE. Inflammation in alcoholic liver disease. Annu Rev Nutr 2012; 32: 343-368 [PMID:
22524187 DOI: 10.1146/annurev-nutr-072610-145138]
Gao B. Hepatoprotective and anti-inflammatory cytokines in
alcoholic liver disease. J Gastroenterol Hepatol 2012; 27 Suppl 2:
89-93 [PMID: 22320924 DOI: 10.1111/j.1440-1746.2011.07003.
x]
Wang HJ, Zakhari S, Jung MK. Alcohol, inflammation, and
gut-liver-brain interactions in tissue damage and disease development. World J Gastroenterol 2010; 16: 1304-1313 [PMID:
20238396 DOI: 10.3748/wjg.v16.i11.1304]
Rao R. Endotoxemia and gut barrier dysfunction in alcoholic
liver disease. Hepatology 2009; 50: 638-644 [PMID: 19575462
DOI: 10.1002/hep.23009]
Kaphalia L, Calhoun WJ. Alcoholic lung injury: metabolic, biochemical and immunological aspects. Toxicol
Lett 2013; 222: 171-179 [PMID: 23892124 DOI: 10.1016/
j.toxlet.2013.07.016]
Grattagliano I, Vendemiale G, Errico F, Bolognino AE, Lillo
F, Salerno MT, Altomare E. Chronic ethanol intake induces
oxidative alterations in rat testis. J Appl Toxicol 1997; 17:
307-311 [PMID: 9339743 DOI: 10.1002/(SICI)1099-1263(19970
9)17: 5]
Faut M, Rodríguez de Castro C, Bietto FM, Castro JA, Castro
GD. Metabolism of ethanol to acetaldehyde and increased
susceptibility to oxidative stress could play a role in the
ovarian tissue cell injury promoted by alcohol drinking.
Toxicol Ind Health 2009; 25: 525-538 [PMID: 19825859 DOI:
10.1177/0748233709345937]
Mendenhall CL, Moritz TE, Roselle GA, Morgan TR, Nemchausky BA, Tamburro CH, Schiff ER, McClain CJ, Marsano
LS, Allen JI. Protein energy malnutrition in severe alcoholic
hepatitis: diagnosis and response to treatment. The VA Cooperative Study Group #275. JPEN J Parenter Enteral Nutr
1995; 19: 258-265 [PMID: 8523623 DOI: 10.1177/01486071950
19004258]
Casafont F, Sánchez E, Martín L, Agüero J, Romero FP.
Influence of malnutrition on the prevalence of bacterial
translocation and spontaneous bacterial peritonitis in experimental cirrhosis in rats. Hepatology 1997; 25: 1334-1337 [PMID:
9185748]
Deitch EA, Xu DZ, Qi L, Specian RD, Berg RD. Protein malnutrition alone and in combination with endotoxin impairs
systemic and gut-associated immunity. JPEN J Parenter Enteral Nutr 1992; 16: 25-31 [PMID: 1738215 DOI: 10.1177/0148
60719201600125]
Nordström P, Nordström A, Eriksson M, Wahlund LO,
Gustafson Y. Risk factors in late adolescence for young-onset
dementia in men: a nationwide cohort study. JAMA Intern
Med 2013; 173: 1612-1618 [PMID: 23939347 DOI: 10.1001/jamainternmed.2013.9079]
Bates ME, Bowden SC, Barry D. Neurocognitive impairment associated with alcohol use disorders: implications for
treatment. Exp Clin Psychopharmacol 2002; 10: 193-212 [PMID:
12233981 DOI: 10.1037/1064-1297.10.3.193]
Ding J, Eigenbrodt ML, Mosley TH, Hutchinson RG, Folsom
AR, Harris TB, Nieto FJ. Alcohol intake and cerebral abnormalities on magnetic resonance imaging in a communitybased population of middle-aged adults: the Atherosclerosis
Risk in Communities (ARIC) study. Stroke 2004; 35: 16-21
[PMID: 14657449 DOI: 10.1161/01.STR.0000105929.88691.8E]
Harper C. The neuropathology of alcohol-related brain damage. Alcohol Alcohol 2009; 44: 136-140 [PMID: 19147798 DOI:
10.1093/alcalc/agn102]
Crews FT, Nixon K. Mechanisms of neurodegeneration and

October 28, 2014|Volume 20|Issue 40|

González-Reimers E et al . Inflammation and alcoholism

19

20

21
22
23

24

25

26

27

28

29

30

31

32

33

34

regeneration in alcoholism. Alcohol Alcohol 2009; 44: 115-127
[PMID: 18940959 DOI: 10.1093/alcalc/agn079]
Zou J, Crews F. Induction of innate immune gene expression cascades in brain slice cultures by ethanol: key role
of NF-κB and proinflammatory cytokines. Alcohol Clin
Exp Res 2010; 34: 777-789 [PMID: 20201932 DOI: 10.1111/
j.1530-0277.2010.01150.x]
Nixon K, Crews FT. Binge ethanol exposure decreases neurogenesis in adult rat hippocampus. J Neurochem 2002; 83:
1087-1093 [PMID: 12437579 DOI: 10.1046/j.1471-4159.2002.01214.
x]
Monje ML, Toda H, Palmer TD. Inflammatory blockade
restores adult hippocampal neurogenesis. Science 2003; 302:
1760-1765 [PMID: 14615545 DOI: 10.1126/science.1088417]
Banks WA. Blood-brain barrier transport of cytokines: a
mechanism for neuropathology. Curr Pharm Des 2005; 11:
973-984 [PMID: 15777248 DOI: 10.2174/1381612053381684]
Wang L, Jiang Q, Chu J, Lin L, Li XG, Chai GS, Wang Q,
Wang JZ, Tian Q. Expression of Tau40 induces activation of
cultured rat microglial cells. PLoS One 2013; 8: e76057 [PMID:
24146816 DOI: 10.1371/journal.pone.0076057]
Qin L, He J, Hanes RN, Pluzarev O, Hong JS, Crews FT.
Increased systemic and brain cytokine production and
neuroinflammation by endotoxin following ethanol treatment. J Neuroinflammation 2008; 5: 10 [PMID: 18348728 DOI:
10.1186/1742-2094-5-10]
Blanco AM, Vallés SL, Pascual M, Guerri C. Involvement
of TLR4/type I IL-1 receptor signaling in the induction of
inflammatory mediators and cell death induced by ethanol
in cultured astrocytes. J Immunol 2005; 175: 6893-6899 [PMID:
16272348 DOI: 10.4049/jimmunol.175.106893]
Blanco AM, Perez-Arago A, Fernandez-Lizarbe S, Guerri C.
Ethanol mimics ligand-mediated activation and endocytosis
of IL-1RI/TLR4 receptors via lipid rafts caveolae in astroglial
cells. J Neurochem 2008; 106: 625-639 [PMID: 18419766 DOI:
10.1111/j.1471-4159.2008.05425.x]
Qin L, Crews FT. NADPH oxidase and reactive oxygen species contribute to alcohol-induced microglial activation and
neurodegeneration. J Neuroinflammation 2012; 9: 5 [PMID:
22240163 DOI: 10.1186/1742-2094-9-5]
Qin L, Liu Y, Wang T, Wei SJ, Block ML, Wilson B, Liu B,
Hong JS. NADPH oxidase mediates lipopolysaccharideinduced neurotoxicity and proinflammatory gene expression in activated microglia. J Biol Chem 2004; 279: 1415-1421
[PMID: 14578353 DOI: 10.1074/jbc.M307657200]
Taylor LA, Kreutzer JS, Demm SR, Meade MA. Traumatic
brain injury and substance abuse: A review and analysis of
the literature. Neuropsychol Rehabil 2003; 13: 165-188 [PMID:
21854333 DOI: 10.1080/09602010244000336]
Hatakeyama T, Okauchi M, Hua Y, Keep RF, Xi G. Deferoxamine reduces neuronal death and hematoma lysis after
intracerebral hemorrhage in aged rats. Transl Stroke Res 2013;
4: 546-553 [PMID: 24187595 DOI: 10.1007/s12975-013-0270-5]
Hua Y, Keep RF, Hoff JT, Xi G. Brain injury after intracerebral
hemorrhage: the role of thrombin and iron. Stroke 2007; 38:
759-762 [PMID: 17261733 DOI: 10.1161/01.STR.0000247868.97
078.10]
Maschke M, Weber J, Bonnet U, Dimitrova A, Bohrenkämper J, Sturm S, Müller BW, Gastpar M, Diener HC, Forsting
M, Timmann D. Vermal atrophy of alcoholics correlate with
serum thiamine levels but not with dentate iron concentrations as estimated by MRI. J Neurol 2005; 252: 704-711 [PMID:
15778906 DOI: 10.1007/s00415-005-0722-2]
Valls-Pedret C, Lamuela-Raventós RM, Medina-Remón A,
Quintana M, Corella D, Pintó X, Martínez-González MÁ, Estruch R, Ros E. Polyphenol-rich foods in the Mediterranean
diet are associated with better cognitive function in elderly
subjects at high cardiovascular risk. J Alzheimers Dis 2012; 29:
773-782 [PMID: 22349682 DOI: 10.3233/JAD-2012-111799]
Demirakca T, Ende G, Kämmerer N, Welzel-Marquez H,

WJG|www.wjgnet.com

35

36

37

38

39

40
41

42
43

44

45

46

47

48

49

14668

Hermann D, Heinz A, Mann K. Effects of alcoholism and
continued abstinence on brain volumes in both genders. Alcohol Clin Exp Res 2011; 35: 1678-1685 [PMID: 21599718 DOI:
10.1111/j.1530-0277.2011.01514.x]
Fein G, Torres J, Price LJ, Di Sclafani V. Cognitive performance in long-term abstinent alcoholic individuals. Alcohol
Clin Exp Res 2006; 30: 1538-1544 [PMID: 16930216 DOI:
10.1111/j.1530-0277.2006.00185.x]
Preedy VR, Adachi J, Ueno Y, Ahmed S, Mantle D, Mullatti
N, Rajendram R, Peters TJ. Alcoholic skeletal muscle myopathy: definitions, features, contribution of neuropathy, impact
and diagnosis. Eur J Neurol 2001; 8: 677-687 [PMID: 11784353
DOI: 10.1046/j.1468-1331.2001.00303.x]
Fernández-Solà J, Nicolás JM, Fatjó F, García G, Sacanella E,
Estruch R, Tobías E, Badia E, Urbano-Márquez A. Evidence
of apoptosis in chronic alcoholic skeletal myopathy. Hum
Pathol 2003; 34: 1247-1252 [PMID: 14691909 DOI: 10.1016/
j.humpath.2003.07.017]
Lang CH, Frost RA, Nairn AC, MacLean DA, Vary TC. TNFalpha impairs heart and skeletal muscle protein synthesis by
altering translation initiation. Am J Physiol Endocrinol Metab
2002; 282: E336-E347 [PMID: 11788365 DOI: 10.1152/ajpendo.00366.2001]
Nguyen VA, Le T, Tong M, Silbermann E, Gundogan F, de
la Monte SM. Impaired insulin/IGF signaling in experimental alcohol-related myopathy. Nutrients 2012; 4: 1058-1075
[PMID: 23016132 DOI: 10.3390/nu4081058]
Marra F, Bertolani C. Adipokines in liver diseases. Hepatology
2009; 50: 957-969 [PMID: 19585655 DOI: 10.1002/hep.23046]
Guzik K, Bzowska M, Smagur J, Krupa O, Sieprawska M,
Travis J, Potempa J. A new insight into phagocytosis of
apoptotic cells: proteolytic enzymes divert the recognition
and clearance of polymorphonuclear leukocytes by macrophages. Cell Death Differ 2007; 14: 171-182 [PMID: 16628232
DOI: 10.1038/sj.cdd.4401927]
Kanapuru B, Ershler WB. Inflammation, coagulation, and
the pathway to frailty. Am J Med 2009; 122: 605-613 [PMID:
19559159 DOI: 10.1016/j.amjmed.2009.01.030]
González-Reimers E, Fernández-Rodríguez CM, SantolariaFernández F, de la Vega-Prieto MJ, Martín-González C, Gómez-Rodríguez MÁ, Alemán-Valls MR, Rodríguez-Gaspar
M. Interleukin-15 and other myokines in chronic alcoholics. Alcohol Alcohol 2011; 46: 529-533 [PMID: 21636604 DOI:
10.1093/alcalc/agr064]
Fernández-Solà J, García G, Elena M, Tobías E, Sacanella E,
Estruch R, Nicolás JM. Muscle antioxidant status in chronic
alcoholism. Alcohol Clin Exp Res 2002; 26: 1858-1862 [PMID:
12500110 DOI: 10.1111/j.1530-0277.2002.tb02493.x]
Durán Castellón MC, González-Reimers E, López-Lirola A,
Martín Olivera R, Santolaria-Fernández F, Galindo-Martín
L, Abreu-González P, González-Hernández T. Alcoholic
myopathy: lack of effect of zinc supplementation. Food Chem
Toxicol 2005; 43: 1333-1343 [PMID: 15869836 DOI: 10.1016/
j.fct.2005.03.006]
Adachi J, Asano M, Ueno Y, Niemelä O, Ohlendieck K,
Peters TJ, Preedy VR. Alcoholic muscle disease and biomembrane perturbations (review). J Nutr Biochem 2003; 14: 616-625
[PMID: 14629892 DOI: 10.1016/S0955-2863(03)00114-1]
Fernández-Solà J, Lluis M, Sacanella E, Estruch R, Antúnez
E, Urbano-Márquez A. Increased myostatin activity and
decreased myocyte proliferation in chronic alcoholic cardiomyopathy. Alcohol Clin Exp Res 2011; 35: 1220-1229 [PMID:
21463333 DOI: 10.1111/j.1530-0277.2011.01456.x]
Clary CR, Guidot DM, Bratina MA, Otis JS. Chronic alcohol
ingestion exacerbates skeletal muscle myopathy in HIV-1
transgenic rats. AIDS Res Ther 2011; 8: 30 [PMID: 21846370
DOI: 10.1186/1742-6405-8-30]
González-Reimers E, Durán-Castellón MC, López-Lirola A,
Santolaria-Fernández F, Abreu-González P, Alvisa-Negrín
J, Sánchez-Pérez MJ. Alcoholic myopathy: vitamin D defi-

October 28, 2014|Volume 20|Issue 40|

González-Reimers E et al . Inflammation and alcoholism

50

51

52

53

54

55
56

57

58

59

60

61

62

63

64

65

ciency is related to muscle fibre atrophy in a murine model.
Alcohol Alcohol 2010; 45: 223-230 [PMID: 20190231 DOI:
10.1093/alcalc/agq010]
Chopra K, Tiwari V. Alcoholic neuropathy: possible
mechanisms and future treatment possibilities. Br J Clin
Pharmacol 2012; 73: 348-362 [PMID: 21988193 DOI: 10.1111/
j.1365-2125.2011.04111.x]
Liang Y, Yeligar SM, Brown LA. Chronic-alcohol-abuseinduced oxidative stress in the development of acute respiratory distress syndrome. ScientificWorldJournal 2012; 2012:
740308 [PMID: 23346021 DOI: 10.1100/2012/740308]
Joshi PC, Guidot DM. The alcoholic lung: epidemiology,
pathophysiology, and potential therapies. Am J Physiol Lung
Cell Mol Physiol 2007; 292: L813-L823 [PMID: 17220370 DOI:
10.1152/ajplung.00348.2006]
Jurkovich GJ, Rivara FP, Gurney JG, Fligner C, Ries R,
Mueller BA, Copass M. The effect of acute alcohol intoxication and chronic alcohol abuse on outcome from trauma.
JAMA 1993; 270: 51-56 [PMID: 8510296 DOI: 10.1001/jama.19
93.03510010057029]
Fernández-Solá J, Junqué A, Estruch R, Monforte R, Torres A, Urbano-Márquez A. High alcohol intake as a risk
and prognostic factor for community-acquired pneumonia.
Arch Intern Med 1995; 155: 1649-1654 [PMID: 7618989 DOI:
10.1001/archinte.1995.00430150137014]
Mehta AJ, Guidot DM. Alcohol abuse, the alveolar macrophage and pneumonia. Am J Med Sci 2012; 343: 244-247
[PMID: 22173040 DOI: 10.1097/MAJ.0b013e31823ede77]
Jong GM, Hsiue TR, Chen CR, Chang HY, Chen CW. Rapidly fatal outcome of bacteremic Klebsiella pneumoniae pneumonia in alcoholics. Chest 1995; 107: 214-217 [PMID: 7813281
DOI: 10.1378/chest.107.1.214]
de Wit M, Jones DG, Sessler CN, Zilberberg MD, Weaver
MF. Alcohol-use disorders in the critically ill patient.
Chest 2010; 138: 994-1003 [PMID: 20923804 DOI: 10.1378/
chest.09-1425]
Downs CA, Trac D, Brewer EM, Brown LA, Helms MN.
Chronic alcohol ingestion changes the landscape of the alveolar epithelium. Biomed Res Int 2013; 2013: 470217 [PMID:
23509726 DOI: 10.1155/2013/470217]
Yeh MY, Burnham EL, Moss M, Brown LA. Chronic alcoholism alters systemic and pulmonary glutathione redox status.
Am J Respir Crit Care Med 2007; 176: 270-276 [PMID: 17507544
DOI: 10.1164/rccm.200611.1722OC]
Bechara RI, Brown LA, Roman J, Joshi PC, Guidot DM.
Transforming growth factor beta1 expression and activation
is increased in the alcoholic rat lung. Am J Respir Crit Care
Med 2004; 170: 188-194 [PMID: 15105163]
Curry-McCoy TV, Venado A, Guidot DM, Joshi PC. Alcohol ingestion disrupts alveolar epithelial barrier function
by activation of macrophage-derived transforming growth
factor beta1. Respir Res 2013; 14: 39 [PMID: 23547562 DOI:
10.1186/1465-9921-14-39]
D’Souza NB, Nelson S, Summer WR, Deaciuc IV. Alcohol
modulates alveolar macrophage tumor necrosis factoralpha, superoxide anion, and nitric oxide secretion in the rat.
Alcohol Clin Exp Res 1996; 20: 156-163 [PMID: 8651446 DOI:
10.1111/j.1530-0277.1996.tb01059.x]
Zhang P, Nelson S, Summer WR, Spitzer JA. Acute ethanol
intoxication suppresses the pulmonary inflammatory response in rats challenged with intrapulmonary endotoxin.
Alcohol Clin Exp Res 1997; 21: 773-778 [PMID: 9267524 DOI:
10.1111/j.1530-0277.1997.tb03838.x]
Mehta AJ, Yeligar SM, Elon L, Brown LA, Guidot DM.
Alcoholism causes alveolar macrophage zinc deficiency
and immune dysfunction. Am J Respir Crit Care Med 2013;
188: 716-723 [PMID: 23805851 DOI: 10.1164/rccm.2013010061OC]
Liang Y, Harris FL, Jones DP, Brown LA. Alcohol induces
mitochondrial redox imbalance in alveolar macrophages.

WJG|www.wjgnet.com

66
67

68

69

70

71

72

73

74

75

76

77

78

79

14669

Free Radic Biol Med 2013; 65: 1427-1434 [PMID: 24140864 DOI:
10.1016/j.freeradbiomed.2013.10.010]
Sisson JH. Alcohol and airways function in health and
disease. Alcohol 2007; 41: 293-307 [PMID: 17764883 DOI:
10.1016/j.alcohol.2007.06.003]
Sturrock A, Mir-Kasimov M, Baker J, Rowley J, Paine R.
Key role of microRNA in the regulation of granulocyte
macrophage colony-stimulating factor expression in murine
alveolar epithelial cells during oxidative stress. J Biol Chem
2014; 289: 4095-4105 [PMID: 24371146 DOI: 10.1074/jbc.
M113.535922]
Li X, Kovacs EJ, Schwacha MG, Chaudry IH, Choudhry
MA. Acute alcohol intoxication increases interleukin-18mediated neutrophil infiltration and lung inflammation following burn injury in rats. Am J Physiol Lung Cell Mol Physiol
2007; 292: L1193-L1201 [PMID: 17220368 DOI: 10.1152/ajplung.00408.2006]
Karavitis J, Murdoch EL, Gomez CR, Ramirez L, Kovacs
EJ. Acute ethanol exposure attenuates pattern recognition
receptor activated macrophage functions. J Interferon Cytokine Res 2008; 28: 413-422 [PMID: 18597620 DOI: 10.1089/
jir.2007.0111]
Zhao XJ, Marrero L, Song K, Oliver P, Chin SY, Simon H,
Schurr JR, Zhang Z, Thoppil D, Lee S, Nelson S, Kolls JK.
Acute alcohol inhibits TNF-alpha processing in human
monocytes by inhibiting TNF/TNF-alpha-converting enzyme interactions in the cell membrane. J Immunol 2003; 170:
2923-2931 [PMID: 12626543]
Drechsler Y, Dolganiuc A, Norkina O, Romics L, Li W, Kodys K, Bach FH, Mandrekar P, Szabo G. Heme oxygenase-1
mediates the anti-inflammatory effects of acute alcohol on
IL-10 induction involving p38 MAPK activation in monocytes. J Immunol 2006; 177: 2592-2600 [PMID: 16888021]
Mandrekar P, Catalano D, Girouard L, Szabo G. Human
monocyte IL-10 production is increased by acute ethanol
treatment. Cytokine 1996; 8: 567-577 [PMID: 8891438 DOI:
10.1006/cyto.1996.0076]
Sander M, Irwin M, Sinha P, Naumann E, Kox WJ, Spies
CD. Suppression of interleukin-6 to interleukin-10 ratio in
chronic alcoholics: association with postoperative infections.
Intensive Care Med 2002; 28: 285-292 [PMID: 11904657 DOI:
10.1007/s00134-001-1199-9]
Mookerjee RP, Stadlbauer V, Lidder S, Wright GA, Hodges
SJ, Davies NA, Jalan R. Neutrophil dysfunction in alcoholic hepatitis superimposed on cirrhosis is reversible and
predicts the outcome. Hepatology 2007; 46: 831-840 [PMID:
17680644 DOI: 10.1002/hep.21737]
Crews FT, Bechara R, Brown LA, Guidot DM, Mandrekar P,
Oak S, Qin L, Szabo G, Wheeler M, Zou J. Cytokines and alcohol. Alcohol Clin Exp Res 2006; 30: 720-730 [PMID: 16573591
DOI: 10.1111/j.1530-0277.2006.00084.x]
Yoseph BP, Breed E, Overgaard CE, Ward CJ, Liang Z, Wagener ME, Lexcen DR, Lusczek ER, Beilman GJ, Burd EM,
Farris AB, Guidot DM, Koval M, Ford ML, Coopersmith
CM. Chronic alcohol ingestion increases mortality and organ
injury in a murine model of septic peritonitis. PLoS One 2013;
8: e62792 [PMID: 23717394]
Riordan SM, Skinner N, Nagree A, McCallum H, McIver
CJ, Kurtovic J, Hamilton JA, Bengmark S, Williams R, Visvanathan K. Peripheral blood mononuclear cell expression
of toll-like receptors and relation to cytokine levels in cirrhosis. Hepatology 2003; 37: 1154-1164 [PMID: 12717397 DOI:
10.1053/jhep.2003.50180]
Laso FJ, Madruga JI, López A, Ciudad J, Alvarez-Mon M,
San Miguel J, Orfao A. Abnormalities of peripheral blood
T lymphocytes and natural killer cells in alcoholic hepatitis persist after a 3-month withdrawal period. Alcohol Clin
Exp Res 1997; 21: 672-676 [PMID: 9194923 DOI: 10.1111/
j.1530-0277.1997.tb03821.x]
Matos LC, Batista P, Monteiro N, Ribeiro J, Cipriano MA,

October 28, 2014|Volume 20|Issue 40|

González-Reimers E et al . Inflammation and alcoholism

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

Henriques P, Girão F, Carvalho A. Lymphocyte subsets in
alcoholic liver disease. World J Hepatol 2013; 5: 46-55 [PMID:
23646229 DOI: 10.4254/wjh.v5.i2.46]
Naude CE, Bouic P, Senekal M, Kidd M, Ferrett HL, Fein
G, Carey PD. Lymphocyte measures in treatment-naïve
13-15-year old adolescents with alcohol use disorders.
Alcohol 2011; 45: 507-514 [PMID: 21624786 DOI: 10.1016/
j.alcohol.2011.02.307]
Laso FJ, Almeida J, Torres E, Vaquero JM, Marcos M, Orfao
A. Chronic alcohol consumption is associated with an increased cytotoxic profile of circulating lymphocytes that may
be related with the development of liver injury. Alcohol Clin
Exp Res 2010; 34: 876-885 [PMID: 20201930 DOI: 10.1111/
j.1530-0277.2010.01160.x]
Wang H, Zhou H, Mahler S, Chervenak R, Wolcott M. Alcohol affects the late differentiation of progenitor B cells. Alcohol Alcohol 2011; 46: 26-32 [PMID: 21098503 DOI: 10.1093/alcalc/agq076]
Kork F, Neumann T, Spies C. Perioperative management of
patients with alcohol, tobacco and drug dependency. Curr
Opin Anaesthesiol 2010; 23: 384-390 [PMID: 20404723 DOI:
10.1097/ACO.0b013e3283391f79]
Giner AM, Kuster SP, Zbinden R, Ruef C, Ledergerber B,
Weber R. Initial management of and outcome in patients
with pneumococcal bacteremia: a retrospective study at
a Swiss university hospital, 2003-2009. Infection 2011; 39:
519-526 [PMID: 22065426 DOI: 10.1007/s15010-011-0218-1]
Torres A, Peetermans WE, Viegi G, Blasi F. Risk factors for
community-acquired pneumonia in adults in Europe: a literature review. Thorax 2013; 68: 1057-1065 [PMID: 24130229
DOI: 10.1136/thoraxjnl-2013-204282]
Santolaria F, Rodríguez-López C, Martín-Hernández B,
Alemán-Valls MR, González-Reimers E, Alonso-Socas MD,
Ros R, Viña JJ. Similar inflammatory response in alcoholic
and non-alcoholic sepsis patients. Eur Cytokine Netw 2011; 22:
1-4 [PMID: 21421450 DOI: 10.1684/ecn.2011.0272_1]
Siggins RW, Melvan JN, Welsh DA, Bagby GJ, Nelson S,
Zhang P. Alcohol suppresses the granulopoietic response
to pulmonary Streptococcus pneumoniae infection with
enhancement of STAT3 signaling. J Immunol 2011; 186:
4306-4313 [PMID: 21357267 DOI: 10.4049/jimmunol.1002885]
von Dossow V, Schilling C, Beller S, Hein OV, von
Heymann C, Kox WJ, Spies CD. Altered immune parameters
in chronic alcoholic patients at the onset of infection and of
septic shock. Crit Care 2004; 8: R312-R321 [PMID: 15469574]
Detlefsen S, Sipos B, Feyerabend B, Klöppel G. Fibrogenesis
in alcoholic chronic pancreatitis: the role of tissue necrosis,
macrophages, myofibroblasts and cytokines. Mod Pathol
2006; 19: 1019-1026 [PMID: 16680157 DOI: 10.1038/modpathol.3800613]
Yasuda M, Ito T, Oono T, Kawabe K, Kaku T, Igarashi H,
Nakamura T, Takayanagi R. Fractalkine and TGF-beta1
levels reflect the severity of chronic pancreatitis in humans.
World J Gastroenterol 2008; 14: 6488-6495 [PMID: 19030200
DOI: 10.3748/wjg.14.6488]
Vonlaufen A, Xu Z, Daniel B, Kumar RK, Pirola R, Wilson J,
Apte MV. Bacterial endotoxin: a trigger factor for alcoholic
pancreatitis? Evidence from a novel, physiologically relevant
animal model. Gastroenterology 2007; 133: 1293-1303 [PMID:
17919500 DOI: 10.1053/j.gastro.2007.06.062]
Uesugi T, Froh M, Gäbele E, Isayama F, Bradford BU, Ikai
I, Yamaoka Y, Arteel GE. Contribution of angiotensin II
to alcohol-induced pancreatic fibrosis in rats. J Pharmacol
Exp Ther 2004; 311: 921-928 [PMID: 15316086 DOI: 10.1124/
jpet.104.071324]
Marzoq AJ, Giese N, Hoheisel JD, Alhamdani MS. Proteome
variations in pancreatic stellate cells upon stimulation with
proinflammatory factors. J Biol Chem 2013; 288: 32517-32527
[PMID: 24089530 DOI: 10.074/jbc.M]
Okazaki S, Nagoya S, Tateda K, Katada R, Mizuo K, Wata-

WJG|www.wjgnet.com

95

96

97

98

99
100

101
102

103

104

105

106

107

108

14670

nabe S, Yamashita T, Matsumoto H. Experimental rat model
for alcohol-induced osteonecrosis of the femoral head. Int J
Exp Pathol 2013; 94: 312-319 [PMID: 24020403 DOI: 10.1111/
iep.12035]
Alvisa-Negrín J, González-Reimers E, Santolaria-Fernández F, García-Valdecasas-Campelo E, Valls MR, PelazasGonzález R, Durán-Castellón MC, de Los Angeles GómezRodríguez M. Osteopenia in alcoholics: effect of alcohol
abstinence. Alcohol Alcohol 2009; 44: 468-475 [PMID: 19535494
DOI: 10.1093/alcalc/agp038]
Giuliani N, Girasole G, Vescovi PP, Passeri G, Pedrazzoni M.
Ethanol and acetaldehyde inhibit the formation of early osteoblast progenitors in murine and human bone marrow cultures. Alcohol Clin Exp Res 1999; 23: 381-385 [PMID: 10069572
DOI: 10.1111/j.1530-0277.1999.tb04126.x]
Chen JR, Lazarenko OP, Shankar K, Blackburn ML, Lumpkin CK, Badger TM, Ronis MJ. Inhibition of NADPH oxidases prevents chronic ethanol-induced bone loss in female
rats. J Pharmacol Exp Ther 2011; 336: 734-742 [PMID: 21098090
DOI: 10.1124/jpet.110.175091]
González-Reimers E, Pérez-Ramírez A, SantolariaFernández F, Rodríguez-Rodríguez E, Martínez-Riera A,
Durán-Castellón Mdel C, Alemán-Valls MR, Gaspar MR.
Association of Harris lines and shorter stature with ethanol
consumption during growth. Alcohol 2007; 41: 511-515 [PMID:
17913441]
Chakkalakal DA. Alcohol-induced bone loss and deficient
bone repair. Alcohol Clin Exp Res 2005; 29: 2077-2090 [PMID:
16385177 DOI: 10.1097/01.alc.0000192039.21305.55]
Wahl EC, Aronson J, Liu L, Skinner RA, Ronis MJ, Lumpkin
CK. Distraction osteogenesis in TNF receptor 1 deficient mice
is protected from chronic ethanol exposure. Alcohol 2012; 46:
133-138 [PMID: 21908154 DOI: 10.1016/j.alcohol.2011.08.007]
Solomons NW. Update on zinc biology. Ann Nutr Metab 2013;
62 Suppl 1: 8-17 [PMID: 23689109 DOI: 10.1159/000348547]
Díez-Ruiz A, García-Saura PL, García-Ruiz P, GonzálezCalvin JL, Gallego-Rojo F, Fuchs D. Bone mineral density,
bone turnover markers and cytokines in alcohol-induced
cirrhosis. Alcohol Alcohol 2010; 45: 427-430 [PMID: 20807717
DOI: 10.1093/alcalc/agq037]
Mercer KE, Sims CR, Yang CS, Wynne RA, Moutos C, Hogue
WR, Lumpkin CK, Suva LJ, Chen JR, Badger TM, Ronis
MJ. Loss of functional NADPH oxidase 2 protects against
alcohol-induced bone resorption in female p47phox-/- mice.
Alcohol Clin Exp Res 2014; 38: 672-682 [PMID: 24256560 DOI:
10.1111/acer.12305]
Dai J, Lin D, Zhang J, Habib P, Smith P, Murtha J, Fu Z, Yao Z,
Qi Y, Keller ET. Chronic alcohol ingestion induces osteoclastogenesis and bone loss through IL-6 in mice. J Clin Invest
2000; 106: 887-895 [PMID: 11018077 DOI: 10.1172/JCI10483]
Vega D, Maalouf NM, Sakhaee K. CLINICAL Review #: the
role of receptor activator of nuclear factor-kappaB (RANK)/
RANK ligand/osteoprotegerin: clinical implications. J Clin
Endocrinol Metab 2007; 92: 4514-4521 [PMID: 17895323 DOI:
10.1210/jc.2007-0646]
Peris P, Parés A, Guañabens N, Del Río L, Pons F, Martínez
de Osaba MJ, Monegal A, Caballería J, Rodés J, Muñoz-Gómez J. Bone mass improves in alcoholics after 2 years of abstinence. J Bone Miner Res 1994; 9: 1607-1612 [PMID: 7817807
DOI: 10.1002/jbmr.5650091014]
Urbano-Marquez A, Estruch R, Navarro-Lopez F, Grau
JM, Mont L, Rubin E. The effects of alcoholism on skeletal
and cardiac muscle. N Engl J Med 1989; 320: 409-415 [PMID:
2913506 DOI: 10.1056/NEJM198902163200701]
Sidorenkov O, Nilssen O, Nieboer E, Kleshchinov N, Grjibovski AM. Premature cardiovascular mortality and alcohol consumption before death in Arkhangelsk, Russia: an
analysis of a consecutive series of forensic autopsies. Int J
Epidemiol 2011; 40: 1519-1529 [PMID: 22158662 DOI: 10.1093/
ije/dyr145]

October 28, 2014|Volume 20|Issue 40|

González-Reimers E et al . Inflammation and alcoholism
109 Klatsky AL, Friedman GD, Armstrong MA. The relationships between alcoholic beverage use and other traits to
blood pressure: a new Kaiser Permanente study. Circulation 1986; 73: 628-636 [PMID: 3948365 DOI: 10.1161/01.
CIR.73.4.628]
110 Gillman MW, Cook NR, Evans DA, Rosner B, Hennekens
CH. Relationship of alcohol intake with blood pressure
in young adults. Hypertension 1995; 25: 1106-1110 [PMID:
7737723 DOI: 10.1161/01.HYP.25.5.1106]
111 Tsiplenkova VG, Vikhert AM, Cherpachenko NM. Ultrastructural and histochemical observations in human
and experimental alcoholic cardiomyopathy. J Am Coll
Cardiol 1986; 8: 22A-32A [PMID: 3711540 DOI: 10.1016/
S0735-1097(86)80025-0]
112 Guo R, Hu N, Kandadi MR, Ren J. Facilitated ethanol metabolism promotes cardiomyocyte contractile dysfunction
through autophagy in murine hearts. Autophagy 2012; 8:
593-608 [PMID: 22441020 DOI: 10.4161/auto.18997]
113 Steinbigler P, Haberl R, König B, Steinbeck G. P-wave signal averaging identifies patients prone to alcohol-induced
paroxysmal atrial fibrillation. Am J Cardiol 2003; 91: 491-494
[PMID: 12586277 DOI: 10.1016/S0002-9149(02)03258-7]
114 Neuman RB, Bloom HL, Shukrullah I, Darrow LA, Kleinbaum D, Jones DP, Dudley SC. Oxidative stress markers are associated with persistent atrial fibrillation. Clin
Chem 2007; 53: 1652-1657 [PMID: 17599958 DOI: 10.1373/
clinchem.2006.083923]
115 Lin YK, Lin FZ, Chen YC, Cheng CC, Lin CI, Chen YJ, Chen
SA. Oxidative stress on pulmonary vein and left atrium arrhythmogenesis. Circ J 2010; 74: 1547-1556 [PMID: 20562495
DOI: 10.1253/circj.CJ-09-0999]
116 Gu WJ, Wu ZJ, Wang PF, Aung LH, Yin RX. N-Acetylcysteine
supplementation for the prevention of atrial fibrillation
after cardiac surgery: a meta-analysis of eight randomized
controlled trials. BMC Cardiovasc Disord 2012; 12: 10 [PMID:
22364379 DOI: 10.1186/1471-2261-12-10]
117 Mihm MJ, Yu F, Carnes CA, Reiser PJ, McCarthy PM, Van
Wagoner DR, Bauer JA. Impaired myofibrillar energetics
and oxidative injury during human atrial fibrillation. Circulation 2001; 104: 174-180 [PMID: 11447082 DOI: 10.1161/01.
CIR.104.2.174]
118 Klatsky AL, Friedman GD, Siegelaub AB, Gérard MJ.
Alcohol consumption and blood pressure Kaiser-Permanente Multiphasic Health Examination data. N Engl
J Med 1977; 296: 1194-1200 [PMID: 854058 DOI: 10.1056/
NEJM197705262962103]
119 Arkwright PD, Beilin LJ, Rouse I, Armstrong BK, Vandongen R. Effects of alcohol use and other aspects of lifestyle
on blood pressure levels and prevalence of hypertension
in a working population. Circulation 1982; 66: 60-66 [PMID:
7083522 DOI: 10.1161/01.CIR.66.1.60]
120 Da Silva AL, Ruginsk SG, Uchoa ET, Crestani CC, Scopinho
AA, Correa FM, De Martinis BS, Elias LL, Resstel LB, Antunes-Rodrigues J. Time-course of neuroendocrine changes
and its correlation with hypertension induced by ethanol
consumption. Alcohol Alcohol 2013; 48: 495-504 [PMID:
23733506 DOI: 10.1093/alcalc/agt040]
121 Hansson GK, Libby P, Schönbeck U, Yan ZQ. Innate and
adaptive immunity in the pathogenesis of atherosclerosis.
Circ Res 2002; 91: 281-291 [PMID: 12193460 DOI: 10.1161/01.
RES.0000029784.15893.10]
122 Boyle JJ. Macrophage activation in atherosclerosis: pathogenesis and pharmacology of plaque rupture. Curr Vasc

123

124
125

126

127

128

129

130

131

132

133

134

Pharmacol 2005; 3: 63-68 [PMID: 15638783 DOI: 10.2174/1570
161052773861]
Gu L, Okada Y, Clinton SK, Gerard C, Sukhova GK, Libby P,
Rollins BJ. Absence of monocyte chemoattractant protein-1
reduces atherosclerosis in low density lipoprotein receptordeficient mice. Mol Cell 1998; 2: 275-281 [PMID: 9734366 DOI:
10.1016/S1097-2765(00)80139-2]
Gordon S, Martinez FO. Alternative activation of macrophages: mechanism and functions. Immunity 2010; 32: 593-604
[PMID: 20510870 DOI: 10.1016/j.immuni.2010.05.007]
Gil-Bernabe P, Boveda-Ruiz D, D’Alessandro-Gabazza C,
Toda M, Miyake Y, Mifuji-Moroka R, Iwasa M, Morser J,
Gabazza EC, Takei Y. Atherosclerosis amelioration by moderate alcohol consumption is associated with increased circulating levels of stromal cell-derived factor-1. Circ J 2011; 75:
2269-2279 [PMID: 21757824 DOI: 10.1253/circj.CJ-11-0026]
Gazzieri D, Trevisani M, Tarantini F, Bechi P, Masotti G,
Gensini GF, Castellani S, Marchionni N, Geppetti P, Harrison S. Ethanol dilates coronary arteries and increases coronary flow via transient receptor potential vanilloid 1 and calcitonin gene-related peptide. Cardiovasc Res 2006; 70: 589-599
[PMID: 16579978 DOI: 10.1016/j.cardiores.2006.02.027]
Brien SE, Ronksley PE, Turner BJ, Mukamal KJ, Ghali WA.
Effect of alcohol consumption on biological markers associated with risk of coronary heart disease: systematic review
and meta-analysis of interventional studies. BMJ 2011; 342:
d636 [PMID: 21343206 DOI: 10.1136/bmj.d636]
Shirpoor A, Salami S, Khadem Ansari MH, Ilkhanizadeh
B, Abdollahzadeh N. Ethanol promotes rat aortic vascular
smooth muscle cell proliferation via increase of homocysteine and oxidized-low-density lipoprotein. J Cardiol 2013; 62:
374-378 [PMID: 23849887]
Chiva-Blanch G, Urpi-Sarda M, Ros E, Arranz S, ValderasMartínez P, Casas R, Sacanella E, Llorach R, LamuelaRaventos RM, Andres-Lacueva C, Estruch R. Dealcoholized
red wine decreases systolic and diastolic blood pressure and
increases plasma nitric oxide: short communication. Circ Res
2012; 111: 1065-1068 [PMID: 22955728 DOI: 10.1161/CIRCRESAHA.112.275636]
Krenz M, Korthuis RJ. Moderate ethanol ingestion and
cardiovascular protection: from epidemiologic associations
to cellular mechanisms. J Mol Cell Cardiol 2012; 52: 93-104
[PMID: 22041278 DOI: 10.1016/j.yjmcc.2011.10.011]
Berger K, Ajani UA, Kase CS, Gaziano JM, Buring JE, Glynn
RJ, Hennekens CH. Light-to-moderate alcohol consumption and risk of stroke among U.S. male physicians. N Engl
J Med 1999; 341: 1557-1564 [PMID: 10564684 DOI: 10.1056/
NEJM199911183412101]
Stampfer MJ, Colditz GA, Willett WC, Speizer FE, Hennekens CH. A prospective study of moderate alcohol consumption and the risk of coronary disease and stroke in women. N
Engl J Med 1988; 319: 267-273 [PMID: 3393181 DOI: 10.1056/
NEJM198808043190503]
Martin CG, Agapito VV, Obeso A, Prieto-Lloret J, Bustamante R, Castañeda J, Agapito T, Gonzalez C. Moderate
ethanol ingestion, redox status, and cardiovascular system
in the rat. Alcohol 2011; 45: 381-391 [PMID: 21130596 DOI:
10.1016/j.alcohol.2010.08.003]
Lassaletta AD, Elmadhun NY, Liu Y, Feng J, Burgess TA,
Karlson NW, Laham RJ, Sellke FW. Ethanol promotes
arteriogenesis and restores perfusion to chronically ischemic myocardium. Circulation 2013; 128: S136-S143 [PMID:
24030397 DOI: 10.1161/CIRCULATIONAHA.112.000207]

P- Reviewer: Boros M, Yamamoto H, Yao YM S- Editor: Ma YJ
L- Editor: Logan S E- Editor: Zhang DN

WJG|www.wjgnet.com

14671

October 28, 2014|Volume 20|Issue 40|

World J Gastroenterol 2014 October 28; 20(40): 14672-14685
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i40.14672

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (10): Alcoholic liver disease

Ethanol and liver: Recent insights into the mechanisms of
ethanol-induced fatty liver
Jinyao Liu
Jinyao Liu, Department of Legal Medicine, Yamaguchi University
Graduate School of Medicine, Ube, Yamaguchi 755-8505, Japan
Author contributions: Liu J was the sole contributor to this
manuscript.
Correspondence to: Jinyao Liu, MD, PhD, Department of Legal Medicine, Yamaguchi University Graduate School of Medicine, 1-1-1 Minami-Kogushi, Ube, Yamaguchi 755-8505,
Japan. czhliu@yamaguchi-u.ac.jp
Telephone: +81-836-222234 Fax: +81-836-222232
Received: October 25, 2013 Revised: March 18, 2014
Accepted: June 13, 2014
Published online: October 28, 2014

Abstract
Alcoholic fatty liver disease (AFLD), a potentially pathologic condition, can progress to steatohepatitis, fibrosis,
and cirrhosis, leading to an increased probability of
hepatic failure and death. Alcohol induces fatty liver by
increasing the ratio of reduced form of nicotinamide
adenine dinucleotide to oxidized form of nicotinamide
adenine dinucleotide in hepatocytes; increasing hepatic
sterol regulatory element-binding protein (SREBP)-1,
plasminogen activator inhibitor (PAI)-1, and early
growth response-1 activity; and decreasing hepatic peroxisome proliferator-activated receptor-α activity. Alcohol activates the innate immune system and induces an
imbalance of the immune response, which is followed
by activated Kupffer cell-derived tumor necrosis factor
(TNF)-α overproduction, which is in turn responsible for
the changes in the hepatic SREBP-1 and PAI-1 activity.
Alcohol abuse promotes the migration of bone marrowderived cells (BMDCs) to the liver and then reprograms
TNF-α expression from BMDCs. Chronic alcohol intake
triggers the sympathetic hyperactivity-activated hepatic
stellate cell (HSC) feedback loop that in turn activates
the HSCs, resulting in HSC-derived TNF-α overproduction. Carvedilol may block this feedback loop by suppressing sympathetic activity, which attenuates the
progression of AFLD. Clinical studies evaluating com-
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bination therapy of carvedilol with a TNF-α inhibitor to
treat patients with AFLD are warranted to prevent the
development of alcoholic liver disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcohol; Fatty liver; Tumor necrosis factor-α;
Hepatic stellate cell; Bone marrow-derived cell; Alcoholic liver disease
Core tip: Alcohol induces fatty liver by increasing the
nicotinamide adenine dinucleotide/nicotinamide adenine dinucleotide ratio; increasing the activity of sterol
regulatory element-binding protein (SREBP)-1, plasminogen activator inhibitor (PAI)-1, and early growth
response-1; and decreasing peroxisome proliferator-activated receptor-α activity in liver. Alcohol activates the
innate immune system and induces an imbalance in the
immune response followed by the activation of Kupffer
cell-derived tumor necrosis factor (TNF)-α overproduction, which is responsible for the dysregulated SREBP-1
and PAI-1 activity. Bone marrow-derived cells and sympathetic hyperactivity-activated hepatic stellate cells are
also responsible for TNF-α overproduction in ethanolinduced hepatosteatosis. Carvedilol may attenuate the
progression of ethanol-induced hepatosteatosis by suppressing sympathetic activity.
Liu J. Ethanol and liver: recent insights into the mechanisms
of ethanol-induced fatty liver. World J Gastroenterol 2014;
20(40): 14672-14685 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14672.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14672

INTRODUCTION
Alcohol consumption is a major risk factor for chronic
disease. Based on 58 studies from 17 Global Burden of
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Diseases (GBD) regions, alcohol use disorders accounted
for 9.6% (7.7%-11.18%) of age-standardized disabilityadjusted life years (DALYs) worldwide in 2010[1]. Alcohol-induced liver cirrhosis was responsible for 0.9% of
all global deaths and 47.9% of all liver cirrhosis deaths in
2010[2]. In addition, alcohol accelerates the progression of
other liver diseases, such as hepatitis C virus infection[3],
hepatocellular carcinoma[4], and graft dysfunction in patients with liver transplantation[5]. Alcoholic liver disease
(ALD) is a potentially avoidable disease because excess
alcohol consumption is required for its development.
However, alcohol consumption is not sufficient to elicit
ALD because only a minority of heavy drinkers progress
from alcoholic fatty liver disease (AFLD) to steatohepatitis, fibrosis, and cirrhosis[6-8].
Lieber et al[9] demonstrated that, as in humans, alcohol alone can induce hepatosteatosis in rats. Alcohol, as
a hepatotoxin, causes hepatocellular damage via ethanol
metabolism-induced oxidative stress and the inflammatory response in the liver[9,10]. Changes in the fibronectin
levels in both plasma and hepatic cells are an early response to liver damage in mice with carbon tetrachlorideinduced liver injury[11]. Our recent study also showed that
fatty liver is associated with zone 3 (perivenular) fibrinogenesis in AFLD rats that have mildly elevated serum
alanine aminotransferase levels, a marker of liver injury[12]
(Figure 1). Other studies have illustrated that fatty liver is
especially susceptible to endotoxins and that it progresses
to steatohepatitis, fibrosis, cirrhosis and even hepatocellular carcinoma, especially when accompanied with other
co-morbidity factors[13], such as hepatitis C virus infection[3,14], diabetes[15], and smoking[16]. This review first
summarizes the classical concepts on the pathogenesis of
AFLD and the role of tumor necrosis factor (TNF)-α,
the major pro-inflammatory cytokine in ALD, in the induction of fatty liver, and then focuses on the roles of
lipid metabolism-associated transcription factors [sterol
regulatory element-binding protein (SREBP)-1 and peroxisome proliferator-activated receptor (PPAR)-α], plasminogen activator inhibitor (PAI)-1, and early growth response (Egr)-1 in the pathogenesis of AFLD. This report
also describes the recent studies that have characterized
the alcohol-mediated changes in bone marrow-derived
cell (BMDC) mobilization and recruitment in the liver,
sympathetic nervous system (SNS) activity, and TNF-α
overproduction from BMDCs and SNS-activated hepatic
stellate cells (HSCs). In addition, our recent research suggests that carvedilol, which blocks the SNS via β1, β2,
and α1 adrenergic receptors, can block the sympathetic
hyperactivity-activated HSC feedback loop to down-regulate TNF-α overproduction and, thereby, attenuate the
progression of AFLD in rats. Further understanding of
these underlying mechanisms could generate therapeutic
interventions to reduce the progression of ALD from
the benign condition (fatty liver) to severe forms of liver
injury (steatohepatitis, fibrosis, and cirrhosis).
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Spectrum and risk factors
Chronic alcohol abuse leads to liver injury, which presents as a broad spectrum of disorders. Fatty liver, also
known as AFLD, is the earliest sign of alcohol-induced
liver injury. AFLD occurs in 80% of unselected heavy
drinkers who consume an excess of 80 g of alcohol a
day[17]. Approximately 20%-40% of alcohol abusers will
progress to the next stage, alcoholic steatohepatitis, which
is characterized by inflammation and hepatocyte death[17].
Thirty to 60% of alcoholic steatohepatitis results in severe complications (liver failure and portal hypertension)
with high short-term mortality[17,18]. Approximately 40%
of alcoholic steatohepatitis develops to necroinflammation and fibrosis[17]. Approximately 10% of heavy drinkers progress to cirrhosis[17,19,20]. Among alcoholic-related
cirrhosis cases, 1%-2% of cases per year develop to hepatocellular carcinoma[21].
The major ALD risk factors include sex, obesity,
drinking patterns, co-existing viral infection, and genetic factors[22,23]. Being female is a risk factor for ALD
due to lower first-pass metabolism and gastric alcohol
dehydrogenase (ADH) activity[24]. Obesity exacerbates
the abnormalities in hepatic lipid oxidation[25] and accelerates fibrosis and cirrhosis progression in ALD[26].
Experimental studies indicate that ethanol feeding augments the impairment of hepatic sirtuin1-adenosine
monophosphate-activated protein kinase signaling in
obese mice [25]. Certain patterns of drinking, such as
commencing drinking at an early age and frequent drinking, as well as dietary compositions, increase the risk
that severe forms of ALD will develop from fatty liver
disease[19,27]. However, cumulative alcohol consumption
is the most strongly correlated factor with the progression of AFLD[28]. Co-existing viral infection amplifies
alcohol-related hepatotoxicity and then enhances the
development of cirrhosis due to the correlation between
increased iron deposition in hepatocytes and Kupffer
cells, resulting in increased oxidative stress, cellular injury, and fibrogenesis in ALD[29,30].
Genetic factors are also responsible for the susceptibility to and death rate from ALD[31,32]. The gene for
patatin-like phospholipase domain-containing protein 3
(PNPLA3), a genetic risk factor for increased fat accumulation in patients with non-alcoholic fatty liver disease
(NAFLD)[33], has also been analyzed in patients with
AFLD[34,35]. The data for AFLD indicate that PNPLA3
carriers are at a high risk for developing alcoholic liver
injury[36].
Taken together, the previous studies support the possibility that AFLD is a complex disease where subtle interpatient genetic variations and the environment interact
to produce the disease phenotype and determine disease
progression[36]. This may partly explain why some heavy
drinkers do not progress to alcoholic steatohepatitis,
while some mild alcoholics develop steatohepatitis.
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Figure 1 Fatty liver is associated with perivenular fibrinogenesis in rats. Control: 7-wk control liquid diet-fed rat; Ethanol: 7-wk 5 g/dl ethanol liquid diet-fed rat. T:
terminal hepatic venule, scale bars = 50 μm.
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Figure 2 Alcohol-induced hepatosteatosis in rats. Oil red O staining of liver sections; Control: 7-wk control liquid diet-fed rat; Ethanol: 7-wk 5 g/dL ethanol liquid
diet-fed. T: Terminal hepatic venule. Scale bars = 50 μm.

Fatty liver and alcohol
metabolism
Fatty liver is characterized by the accumulation of fat
(mainly triglycerides, phospholipids, and cholesterol esters) in zone 3 (perivenular) hepatocytes; in steatosis, the
fat is diffused into zone 2 and zone 1 (periportal) hepatocytes during the development of AFLD (Figure 2).
Alcohol is absorbed from the jejunum (the major
site), and small amounts of fat are also absorbed from
the mouth, esophageal, gastric, and large intestine mucosal membranes. Approximately 2% (at low blood-alcohol
concentration) and 10% (at high blood-alcohol concentration) of alcohol is excreted directly through the lungs,
urine, or sweat. Approximately 90% of ingested alcohol
is metabolized in the liver[37]. Alcohol is primarily oxidized
to acetaldehyde by ADH in the cytosol of hepatocytes,
and it is partly metabolized by cytochrome P-450 and
catalase in the hepatocyte microsomes and hepatocyte
peroxisomes, respectively. Acetaldehyde dehydrogenase
converts acetaldehyde to acetate primarily in the hepatocyte mitochondria (Figure 3).
Acetaldehyde is the key toxin in alcohol-induced liver
injury, causing cellular damage, inflammation, extracellu-
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lar matrix remodeling, and fibrogenesis[38]. Acetaldehyde
increases the ratio of the reduced form of nicotinamide
adenine dinucleotide (NADH) to the oxidized form of
nicotinamide adenine dinucleotide (NAD+) in the hepatocytes to decrease the β-oxidation of fatty acids by the
mitochondria, resulting in fatty liver[39-41]. Acetaldehyde
also forms an adduct with tubulin that induces microtubule dysfunction, resulting in decreased lipoprotein transportation from the liver[39].
Acetate, which is largely present in other tissues,
can be incorporated into acetyl-CoA, a mitochondrial
fuel, for use in Krebs cycle oxidation and fatty acid synthesis[42]. This conversion is catalyzed by the acyl-CoA
synthetase short-chain family member and contributes
to lipid synthesis and energy generation[43,44]. Acetate can
affect histone modification to up-regulate acetyl-CoA and
enhance the inflammatory response in ethanol-exposed
macrophages by reducing histone deacetylase activity[45].
Moreover, a recent study demonstrated that the formation of acetate from alcohol is key to the process of alcohol-induced inflammatory gene expression by promoter
histone acetylation in acute alcoholic steatohepatitis[46].
However, the effect of acetate on the development of
fatty liver via histone modification is not well understood.
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Under chronic and heavy alcohol intake conditions, alcohol oxidation also occurs via cytochrome P450s, resulting in increased levels of cytochrome P450 2E1, which in
turn causes oxidative stress through the generation of reactive oxygen species (ROS)[47,48]. ROS are responsible for
lipid peroxidation and alcoholic liver injury[49]. The nonoxidative metabolism of alcohol, mediated by catalase,
is responsible for AFLD via the production of fatty acid
ethyl ester[50]. Increased blood alcohol concentrations increase the levels of fatty acid ethyl esterase, which can be
used as a marker for chronic alcohol consumption[51,52].
Changes in the degree of fatty liver do not parallel
the changes due to the chronic consumption of alcohol
in animal models[53], and antioxidant treatment was not
as successful as expected for treating ALD[54]. Other aspects of ethanol-induced liver injury besides the alcoholmetabolism-related mechanism underlying ALD should
be examined.

Fatty liver and TNF-a
overproduction
The production of TNF-α is one of the earliest liver responses to injury[55]. TNF-α, a mediator of the mammalian inflammatory response, transduces differential signals
to regulate cellular activation and proliferation, cytotoxicity, and apoptosis[56].
TNF-α overproduction due to the ethanol-induced
imbalance of immune responses
ALD is associated with the imbalanced immune responses
that result in the increased production of pro-inflammatory cytokines[57,58]. Cytokines, the low-molecularweight polypeptide mediators of cellular communication,
are produced and released by different cell types in the
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liver[58]. TNF-α, the major pro-inflammatory cytokine in
ALD, is involved in inflammatory responses, steatosis and
cell death[58,59]. Alcohol abuse increases gut permeability
and the translocation of bacteria-derived lipopolysaccharide (LPS) from the gut to the liver. In the liver, LPS
activates Kupffer cells through the LPS/Toll-like receptor-4 pathway, leading to TNF-α production after nuclear
factor-κB activation[59]. Normally, only an occasional particle of LPS, derived from Gram-negative bacteria in the
intestinal microflora, penetrates the mucosa and enters
the portal circulation, resulting in clearance of LPS without significant inflammatory cell activation in the liver.
However, alcoholics have increased circulating endotoxin
levels, and patients with ALD have a high frequency of
endotoxemia[60,61]. Studies using macromolecular markers have demonstrated a correlation between intestinal
permeability and alcoholic liver damage[61,62]. LPS-binding
protein and CD14[63,64] are LPS receptors that trigger different downstream signaling pathways and induce nuclear
factor-κB activation, resulting in TNF-α production and
liver injury. TNF-α has been shown to increase hepatic
fatty acid synthesis by increasing hepatic acetyl CoA carboxylase (ACC) and fatty acid synthase (FAS) activities[65],
decreasing lipoprotein lipase activity[66], and inhibiting
fatty acid oxidation in hepatocytes[67]. Studies of transgenic mice lacking the TNF receptor[57] and studies that
involve treating mice and rats with antibodies against
TNF-α during chronic ethanol exposure[55] have shown
that TNF-α overproduction plays an important role in
the progression of ALD.
TNF-α overproduction due to ethanol-induced
sympathetic hyperactivity
Our recent studies have indicated that alcohol-induced
lipogenesis triggers sympathetic hyperactivity, activating
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TNF-α

TNF-α/α-SMA

α-SMA

Figure 4 Ethanol-activated hepatic stellate cells, which can product tumor necrosis factor-α in rats fed with a 7-wk 5 g/dl ethanol liquid diet. The white
arrows indicate tumor necrosis factor (TNF)-α positive cells; yellow arrows indicate cells positive for α-smooth muscle actin (α-SMA), a marker of activated hepatic
stellate cells; white arrowheads indicate TNF-α positive cells that did not overlap with α-SMA positive cells; yellow arrowheads indicate cells that are both TNF-α- and
α-SMA-positive; scale bar = 10 μm.
Control

Ethanol

Ethanol + carvedilol

Figure 5 Carvedilol attenuates the development of ethanol-induced hepatosteatosis. Oil red O staining of liver sections; Control: 7-wk control liquid diet-fed
rat; Ethanol: 7-wk 5 g/dL ethanol liquid diet-fed rat; Ethanol + carvedilol: 7-wk 5 g/dL ethanol liquid diet-fed rat with one-week carvedilol pretreatment (10 mg/kg body
weight/d) before the end of the study. Scale bars = 200 μm.

HSCs in AFLD rats and leading to TNF-α overproduction[12] (Figure 4). Using the same rat model of AFLD,
carvedilol, which can block the SNS via β1, β2, and α1
adrenergic receptors, blocked the SNS-activated HSC
feedback loop and attenuated the development of fatty
liver in rats[12] (Figure 5). The high fatty acids levels in
the peripheral circulation enhance reflex vasoconstrictor responses[68] and activate the SNS indirectly through
pathways originating in the liver[69]. Chronic alcohol administration is associated with observable sympathetic
hyperactivity, as evidenced by a high level of 3-methoxy4-hydroxyphenylglycol (noradrenalin metabolite) in the
peripheral circulation [70] and a high level of tyrosine
hydroxylase (the rate-limiting enzyme in the synthesis of
catecholamine) in the liver[12]. Spontaneously hypertensive
rats, which possess high sympathetic tone[71], develop
severe liver injury when given hepatoxins[72]. Epinephrine
pre-exposure enhances LPS treatment-induced liver damage[73]. Chronic alcohol exposure up-regulates the Kupffer
cell α2A-adrenoreceptor to release TNF-α, resulting in
liver injury[74].
TNF-α overproduction from the BMDCs in the liver
BMDCs are known to play important roles in parenchy-
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mal regeneration and liver injury[75-78]. Our recent study
showed that BMDCs in the liver increase in a timedependent manner after ethanol treatment in a mouse
model of AFLD[79] (Figure 6). Furthermore, the BMDCs
produce TNF- α in the same AFLD mouse model [79]
(Figure 7), indicating that alcohol abuse may promote
the migration of BMDCs to the liver and then reprogram TNF-α expression from the BMDCs to promote
the development of AFLD in mice. Our results have
given new insight into the mechanism of ALD; however,
further in vitro studies with cultured cells are essential
to understanding the changes in bone marrow cells and
endogenous cells during ethanol exposure as well as to
understand the recruitment of BMDCs from the bone
marrow during the ALD progression.
TNF-α overproduction and lipid metabolism-associated
regulators
Administering TNF-α to mice increased the rates of fatty
acid synthesis and the activation of SREBP-1, resulting
in fatty liver development[80-82]. TNF-α up-regulates the
expression of SREBP-1 mRNA in the livers of rats[12]
and stimulates the maturation of the SREBP-1 protein
in human hepatocytes[80]. An endotoxin-induced systemic
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16 wk

Ethanol

Control

8 wk

Figure 6 Bone marrow-derived cells increase in a time-dependent manner in the alcoholic fatty liver disease mouse liver. Control: 4 wk after the bone marrow transplantation [from male transgenic mice expressing green fluorescence protein (GFP) to female wild-type mice]. The mice were fed water and standard mouse
pellet chow for 8 or 16 wk; Ethanol: 4 wk after the bone marrow transplantation (from male transgenic mice expressing GFP to female wild-type mice), the mice were
fed 10 g/dl ethanol and standard mouse pellet chow for 8 or 16 wk; scale bar = 20 μm.

inflammatory state can reduce PPAR-α expression[83].
The effects of ethanol on SREBP-1 and PPAR-α are mediated by increased portal endotoxin and hepatic TNF-α
overproduction. Moreover, recent studies suggest that
Egr-1[84,85] and PAI-1[86-88] are also responsible for AFLD
via TNF-α overproduction.
Collectively, the previous studies have shown that
TNF-α overproduction is closely coupled with alcoholic liver injury. However, the role of TNF-α in AFLD
induction remains uncertain. It seems more likely that
ethanol-induced TNF-α overproduction regulates lipid
metabolism-associated transcription factor gene expression (SREBP and PPAR-α) as well as induces PAI-1 and
Egr-1 gene expression, promoting the AFLD progression.

Fatty liver and lipid metabolismassociated transcription
factors
Fatty liver and SREBP
SREBP is a family of transcription factors that regulates
the enzymes responsible for the synthesis of cholesterol,
fatty acids, and triglycerides in the liver and other tissues. The following are 3 isoforms of SREBP: SREBP1a, SREBP-1c, and SREBP-2. SREBP-1a is the major
form in most cultured cell lines[89], while SREBP-1c is the
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predominant form in most animal tissues including the
liver[90]. SREBP-1 plays an important role in regulating
the transcription of genes involved in hepatic triglyceride synthesis (such as fatty acid synthase, stearoyl-CoA
desaturase, and ATP citrate lyase)[91]. However, SREBP-2
is responsible for regulating genes related to cholesterol
metabolism[92].
Alcohol consumption directly up-regulates SREBP-1c
gene expression via its metabolite acetaldehyde[91] and indirectly up-regulates SREBP-1c expression by activating
the endoplasmic reticulum response to cell stress[93,94], gutderived LPS[59], and SREBP downstream proteins, such
as Egr-1[84,85] and TNF-α[80]. Acetaldehyde treatment increases the levels of SREBP-1 in HepG2 cells in a dosedependent manner[94]. Elevation of the hepatic SREBP-1
level is associated with increased gene expression of fatty
acid synthase and the accumulation of triglycerides in
the mouse liver after liquid ethanol consumption[91]. The
connection between SREBP and fatty liver has also been
recognized in transgenic mice[95,96]. These results suggest
that alcohol and the acetaldehyde produced from alcohol
metabolism increase the synthesis of the SREBP-1 protein and enhance hepatic lipogenesis, resulting in ALD
progression.
Alcohol can also modify SREBP expression via downregulation of AMP-activated protein kinase (AMPK),
promoting the AFLD progression[97,98]. AMPK, a lipid
regulator, regulates the hepatic triglyceride and cholester-
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TNF-α

GFP

TNF-α/GFP

Figure 7 tumor necrosis factor-α is produced by the bone marrow derived-cells in the alcoholic fatty liver disease mice. The white arrows indicate tumor
necrosis factor (TNF)-α-positive cells; yellow arrows indicate cells positive for green fluorescence protein (GFP), a marker of bone marrow-derived cells; white arrowheads indicate TNF-α positive cells that did not overlap GFP positive cells; yellow arrowheads indicate cells that are both TNF-α- and GFP-positive cells; scale bar =
10 μm.

ol synthesis pathways by phosphorylating and inhibiting
enzymes related to lipid metabolism, such as 3-hydroxy3-methyl glutamate-CoA reductase and ACC[99]. ACC, a
rate-limiting enzyme in hepatic fatty acid biosynthesis,
catalyzes the conversion of acetyl-CoA to malonyl-CoA.
Malonyl-CoA is known as a precursor for the synthesis
of fatty acids and an inhibitor of carnitine palmitoyltransferase-1 (CPT-1). AMPK can also activate malonylCoA decarboxylase (MCD) to reduce the malonyl-CoA
levels, increasing fatty acid oxidation[99]. Fatty acids are
transported from the cytoplasm into the mitochondria via
CPT-1 and are metabolized through the mitochondrial
β-oxidation pathway. Thus, the AMPK-related inhibition
of ACC and activation of MCD can lead to decreased
synthesis and increased degradation of malonyl-CoA and
can then reduce the inhibition of mitochondrial CPT-1,
resulting in increased fatty acid transportation into the
mitochondria for oxidization.
Alcohol can reduce the blood level of adiponectin,
which is a hormone produced from the adipose tissue
that activates PPAR-α and AMPK as well as inhibits
SREBP-1[100]. AMPK activation can decrease the stability
of mature SREBP-1 protein in hepatocytes by accelerating its proteasomal degradation[101]. The alcohol-mediated
reduction in AMPK activity is responsible for the decreased activity of MCD and the increased ACC activity
by change the phosphorylation state of these enzymes,
and then reduces the fatty acid oxidation via the increased
malonyl-CoA levels and the decreased CPT-1 activity, all
of which contribute to the induction of AFLD[98,102,103].
These results suggest that AMPK may become a therapeutic target for AFLD.
Fatty liver and PPAR-α
PPAR-α, a member of the nuclear hormone receptor
superfamily, can be activated by binding free fatty acids
to regulate the transcription of the genes involved in the
oxidation, transport, and export of free fatty acids[104]. A
PPAR-α agonist can negatively regulate ACC[105]; how-
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ever, PPAR-α positively controls MCD[106]. PPAR-α-null
mice that chronically receive a high-fat diet have severe
fatty liver with elevated plasma free fatty acid levels even
after a 24-h fast[107].
Alcohol consumption can inhibit fatty acid oxidation
via suppression of PPAR-α in hepatocytes[108]. Acetaldehyde directly inhibits the gene transcription activity and
DNA-binding ability of PPAR-α in hepatocytes[109]. Ethanol can also indirectly inhibit PPAR-α via up-regulation
of cytochrome P450 2E1-mediated oxidative stress[110].
Wy14643 and clofibrate, the PPAR-α activator, reverse
the ethanol-induced PPAR-α dysfunction and abnormalities in hepatic lipid metabolism in mice[111]. PPAR-α
agonist treatment prevents alcohol-induced fatty liver, hepatic inflammation, and hepatic insulin resistance in mice
with AFLD[111,112]. These results confirm the critical role
of PPAR-α in lipid homeostasis and the progression of
AFLD.

Fatty liver and PAI-1
PAI-1 plays an important role in the development of
ALD[86,113]. Increased fibrinolysis is common in ALD,
and PAI-1 is the major factor influencing fibrinolysis via
inhibiting plasminogen activators[86]. PAI-1 is normally
expressed in adipocytes and endothelial cells. However,
PAI-1 can be induced to high levels in multiple cell types
under injury and/or inflammation conditions[113,114]. PAI-1
is a major inhibitor of both the tissue-type plasminogen
activator and urokinase-type plasminogen activator, regulating fibrinolysis by inhibiting plasminogen activation.
Alcohol up-regulates PAI-1[115,116], and its level can
be used as an index for the severity of the disease[116].
Recently, a human study showed that even patients with
simple NAFLD have increased PAI-1 levels, and the increase in hepatic PAI-1 mRNA expression is related to
the histological severity of the steatosis and the steatohepatitis[117]. Furthermore, the increased levels of PAI-1
are accompanied with increased grades of inflammation
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or severity of steatohepatitis, which is expressed by the
non-alcoholic steatohepatitis (NASH) activity score[117].
This effect is most likely not restricted to NAFLD and
NASH because PAI-1, as an acute-phase reactant, is
increased in different types of both acute and chronic
hepatic inflammation[118]. Acute ethanol treatment rapidly
induces hepatic PAI-1 expression, and the development
of a fatty liver was prevented under these conditions by
genetic (PAI-1-/- mice) or pharmacologic inhibition of
hepatic PAI-1 expression in mice[88]. Taken together, these
data indicate that PAI-1 plays an important role in AFLD,
which is similar to the previous findings in experimental
NAFLD[119].
Various mechanisms could be responsible for the
link between fatty liver and increased PAI-1 levels. One
mechanism by which TNF-α could cause fatty liver is
through the induction of PAI-1 expression. The ethanolinduced up-regulation of PAI-1 expression was blunted
in TNFR1-/- mice[88], suggesting that TNF-α is a potent
inducer of PAI-1 expression, most likely via the mitogenactivated protein kinases pathway[87]. Additionally, preventing the induction of PAI-1 expression blunts AFLD,
which is likely mediated by an increase in very low-density
lipoprotein synthesis in the genetic absence of this acutephase protein[86,88]. Another possible mechanism is that
increased liver fat could directly stimulate hepatocytes to
secrete PAI-1, as evidenced by the fact that higher circulating levels of PAI-1 are associated with higher hepatic
PAI-1 mRNA expression in patients with NAFLD[120].

Fatty liver and Egr-1
Egr-1, known as nerve growth factor, is a zinc-finger
transcription factor discovered to have a role in the regulation of cell growth and proliferation[121]. Egr-1 expression is rapidly and transiently induced in response to a
variety of stimuli, such as cytokines, growth factors, environmental stress, ischemic injury, and tissue damage[121,122].
Egr-1 is an important contributor to increased LPSstimulated TNF-α secretion from Kupffer cells after
chronic ethanol exposure[123]. Enhanced sensitivity to LPS
after chronic ethanol exposure is caused by enhanced expression and DNA-binding activity of the transcription
factor Egr-1 in Kupffer and RAW 264.7 cells (a macrophage-like cell line)[124]. Overexpression of a dominantnegative form of Egr-1 in RAW 264.7 macrophages prevents the LPS-induced up-regulation of hepatic TNF-α
mRNA expression after chronic ethanol treatment[124].
Collectively, these data suggest that Egr-1 may contribute
to the increased sensitivity of macrophages to LPS-stimulated TNF-α production after chronic ethanol exposure.

ROLE OF OTHER REGULATORY FACTORS
The present review has summarized a few key factors
responsible for the development of AFLD. However, the
following factors may also contribute to the progression
of AFLD. Adipocytes, which can secrete leptin and re-
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sistin, may be responsible for the development of AFLD
by modulating insulin sensitivity and insulin resistance[125].
Mitochondria are a primary source of ROS production,
and subsequently become a primary target of ethanolinduced oxidative stress. Mitochondrial functions are
suppressed after exposure to toxic compounds (including
ethanol)[126]. Alcohol abuse increases oxidative stress[10],
which then leads to the modification and degradation of
mitochondrial proteins, resulting in inhibition of their
functions and/or down-regulation of their protein expression[127]. Alcohol-induced oxidative stress may activate
the AMPK signaling system, which controls mitochondrial function[128]. Ethanol-induced ROS overproduction
results in the phosphorylation of stress-activated protein
kinases, including c-Jun N-terminal protein kinase, and
inhibits insulin receptor-1[129]. Activation of the insulin
signaling pathway by endogenous substances, such as the
fat-derived hormone adiponectin[103], may contribute to
decreased fat accumulation in AFLD livers. In addition
to activating pro-inflammatory cytokines, the activation
of the innate immune system also stimulates Kupffer
cells to produce the hepatoprotective cytokine interleukin
(IL)-6 and the anti-inflammatory cytokine IL-10 during the development of ALD[130,131]. IL-6-deficient mice
are more susceptible to AFLD and liver injury[132,133].
IL-6 treatment ameliorates AFLD and prevents mortality associated with fatty liver transplants in rats[134]. The
hepatoprotective function of IL-6 is mediated via signal
transducer and activator of transcription (STAT) 3 activation[130,133,135]. Studies on cell-type-specific STAT3knockout mice suggest that STAT3 in hepatocytes plays
an important role in inhibiting fatty acid synthesis while
promoting inflammation; on the other hand, STAT3 in
macrophages/neutrophils inhibits inflammation during
alcoholic liver injury[133,136]. In the liver, IL-10 inhibits the
release of pro-inflammatory cytokines, such as TNF-α
and IL-6, from macrophages/monocytes to attenuate the
progression of fatty liver disease and liver injury[137]; however, IL-10 also inhibits hepatoprotective cytokines, such
as IL-6, and promotes fatty liver disease[138]. The overall
effect of IL-10 on fatty liver and liver injury depends on
the balance of the pro- and anti-inflammatory factors in
the system[59,130].

CONCLUSION
AFLD, a frequently observed and potentially pathological condition, plays an important role in the development
of advanced liver disease. AFLD is induced through the
complex interactions between alcohol doses, alcoholic
metabolites, cytokines, transcriptional factors, SNS activity, BMDC mobilization, oxidative stress, and mitochondrial dysfunction. In addition to the major mechanism
indicated in this review, ethanol consumption can also
promote fat transport from peripheral adipose tissues
into the liver and inhibit fat export from the liver[139].
Most studies in this review were conducted in cultured
hepatocytes or animal models. The mechanisms sum-
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marized in this review could be used to understand the
etiologic mechanisms of AFLD in humans. However,
caution should always be taken in extrapolating data
obtained from in vitro and in vivo animal studies. The
mechanisms for AFLD and liver injury in humans are
more complicated due to differences in food intake,
genetic makeup, race, gender, age, and environmental
factors. Lipid metabolism-associated regulators, such as
SREBR-1, PPAR-α, PAI-1, and Egr-1, potentiate AFLD,
and TNF-α is responsible for the changes in these lipid
metabolism-associated regulators. Thus, inhibition of
TNF-α overproduction by Kupffer cells, HSCs, and BMDCs has therapeutic potential in the treatment of AFLD.
Furthermore, alcohol metabolism triggers the sympathetic hyperactivity-activated HSC feedback loop, leading
to TNF-α production. Carvedilol can block this feedback
loop and attenuate the development of fatty liver in rats.
Clinical studies evaluating combination therapy of carvedilol with a TNF-α inhibitor to treat AFLD patients are
warranted.
Other therapy targets, such as CXC chemokines[140];
pentoxifylline, a phosphodiesterase inhibitor[141]; oxidative stress[141]; and TNF-α[141], for alcoholic hepatitis were
reviewed by Orman et al[140] and Dhanda et al[141]. Pentoxifylline also reduces the complications in patients with
advanced cirrhosis[142]. There have been some advances
in our understanding of the pathogenesis and clinical
characteristics of alcoholic liver disease. However, standardized nomenclature and histologic classifications are
lacking; the animal models do not accurately mimic advanced alcoholic liver disease; and the pathophysiologic
significance of the serum levels of biomarkers is unclear
(due to impaired liver clearance and ongoing bacterial
infections). Additional detailed studies on these potential
targets in humans and animal models are urgently needed.
The pathophysiological significance of hepatic lipid
accumulation in the absence of significant alcohol consumption, defined as NAFLD, is also increasingly recognized and regarded as the hepatic manifestation of the
metabolic syndrome (substantially reviewed by Hellerbrand[143] and Miyake et al[144]). Both AFLD and NAFLD
encompass mild fatty liver to steatohepatitis with significant necroinflammation and progressive fibrosis.
However, the interaction between alcohol and obesity is
poorly understood, and it is unknown whether the combined effects of alcohol and obesity on the progression
of liver injury progression are additive or synergistic. It is
important to describe the single individual and combined
effects of alcohol and the metabolic syndrome on both
hepatic steatosis and other organs to understand the differences between AFLD and NAFLD.
TNF-α has also been found to have a crucial role in
alcoholic hepatitis, and small preliminary studies have
evaluated the effect of anti-TNF therapy in this condition[145]. However, the use of anti-TNF- α drugs in
alcoholic hepatitis is still controversial and needs to be
investigated further. TNF-α overproduction also occurs
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in juvenile idiopathic arthritis[146] and ulcerative colitis[147],
and a TNF-α inhibitor has been used to treat both conditions. However, neither prolonged nor tapering treatment
seems to influence the risk of relapse[146].
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Abstract
Patients with liver cirrhosis exhibit several features of
gut dysfunction which may contribute to the development of cirrhosis complications as well as have an impact on nutritional status and health-related quality of
life. Gastrointestinal symptoms are common in cirrhosis
and their pathophysiology probably involves factors
related to liver disease severity, psychological distress,
and gut dysfunction (e.g. , increased gastric sensitivity
to distension and delayed gut transit). They may lead
to reduced food intake and, thus, may contribute to
the nutritional status deterioration in cirrhotic patients.
Although tense ascites appears to have a negative impact on meal-induced accommodation of the stomach,
published data on gastric accommodation in cirrhotics
without significant ascites are not unanimous. Gastric
emptying and small bowel transit have generally been
shown to be prolonged. This may be related to disturbances in postprandial glucose, insulin, and ghrelin
levels, which, in turn, appear to be associated to insulin
resistance, a common finding in cirrhosis. Furthermore,
small bowel manometry disturbances and delayed gut
transit may be associated with the development of
small bowel bacterial overgrowth. Finally, several studies have reported intestinal barrier dysfunction in patients with cirrhosis (especially those with portal hypertension), which is related to bacterial translocation and
permeation of intestinal bacterial products, e.g. , endo-
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toxin and bacterial DNA, thus potentially being involved
in the pathogenesis of complications of liver cirrhosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver cirrhosis; Gut motility; Gastric accommodation; Malnutrition; Gastrointestinal symptoms;
Intestinal permeability
Core tip: Features of gut dysfunction are common in
patients with cirrhosis and may have an impact on
quality of life and nutritional status as well as contribute
to the development of cirrhosis complications. Cirrhotic
patients often report gastrointestinal symptoms. Their
pathophysiology is complex, probably involving factors
related to liver disease severity, psychological distress,
and increased gastric sensitivity to distension as well as
delayed gut transit. The latter is common in cirrhosis
and may be related to postprandial glucose and hormone disturbances due to insulin resistance. Intestinal
barrier dysfunction, potentially leading to bacterial
translocation and permeation of bacterial products, has
been frequently reported in cirrhotic patients, especially
those with portal hypertension.
Kalaitzakis E. Gastrointestinal dysfunction in liver cirrhosis. World
J Gastroenterol 2014; 20(40): 14686-14695 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i40/14686.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i40.14686

INTRODUCTION
In recent years it has become widely recognized that liver
cirrhosis may affect several organ systems such as the
cardiovascular system[1,2], the respiratory system[3], the
kidneys[4,5], and the skeletal system[6,7]. Cirrhosis has also
been associated with varying degrees of malnutrition[8]
and with alterations in the gastrointestinal (GI) tract[9].
Apart from the presence of structural changes in the GI
tract, such as esophageal varices and portal hypertensive
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gastropathy, that may be the cause of GI bleeding and
anemia, there have also been described abnormalities in
the sensorimotor and barrier function of the gut in liver
cirrhosis. These changes are of importance as they might
contribute to malnutrition and health-related quality of
life impairment in these patients, while impaired gut barrier function may also contribute to the development of
cirrhosis complications, in particular bacterial infections.

Malnutrition in liver cirrhosis
Malnutrition is common in cirrhosis with a reported
prevalence as high as 80%[8,10-13]. It is associated with increased morbidity and mortality[8] and it can compromise
liver transplantation results[11]. Recently, severe muscle
wasting (sarcopenia) has been shown to be present in
30%-41% of patients with cirrhosis and to be independently related to mortality in general[14] as well as in
patients with hepatocellular cancer[15] and those listed for
liver transplantation[16] in particular. Lean-mass depletion
is also related to hepatic encephalopathy in liver transplant candidates with cirrhosis[17].
The pathogenesis of malnutrition in liver cirrhosis is
not fully understood but poor dietary intake[8,18], increased
energy expenditure[11,19-21], malabsorption[8,22] and poor
synthetic capacity of the cirrhotic liver may be involved.
Potential reasons for low energy intake include reduced
appetite possibly associated with increased brain tryptophan availability[23], satiety due to ascites[24], poor palatability of low-sodium diets, and hepatic encephalopathy[8], GI
symptoms[25,26], and gut dysfunction[27]. Increased glucose
and lower ghrelin levels postprandially have also been
suggested to be related to poor food intake and weight
loss in cirrhosis[28]. Postprandial glucose and ghrelin alterations are probably associated with insulin resistance
which is common in these patients[28].
Increased energy expenditure, although not a constant
feature of cirrhosis, has also been reported to contribute
to a negative energy balance[8,11,19-21,29-31]. Last, fat malabsorption has been reported to be frequent (especially
in those with evidence of malnutrition)[22]. This may be
related to the cholestasis often present in cirrhosis, but a
reduction in the area of the intestinal absorptive surface
has also been proposed in cirrhotics[32]. However, not all
studies have found defective active absorption in these
patients[22,33].

GI symptoms in patients with liver
cirrhosis
GI symptoms are common in cirrhotics compared to
healthy controls (Figure 1)[25]. Overall, up to 80% of patients with cirrhosis have been reported to have one or
more relevant GI symptoms[34]. The most common GI
symptoms reported include abdominal bloating in 49.5%
of patients, abdominal pain in 24%, belching in 18.7%,
diarrhea in 13.3%, and constipation in 8%[34]. GI symp-

WJG|www.wjgnet.com

tom severity appears to be related to liver disease severity[25], lactulose use[25], the presence of ascites[25], and psychological distress[26,34] as well as low serum testosterone
levels[26]. The pathophysiology of GI symptoms, however,
appears to be complex, and to also involve abnormalities
in gut motility function as outlined later in this review. Although they improve following liver transplantation, GI
symptoms remain of concern post-transplant, mainly due
to diarrhea[26].
GI symptoms in cirrhosis are related to recent weight
loss[25,26]. In an experiment in which subjects underwent
a caloric satiation drinking test, patients with significant
symptoms reached satiation earlier compared to patients
without symptoms and healthy controls (Figure 2)[26].
Thus, GI symptoms appear to have an impact on meal
induced satiety which may limit food intake. Last but not
least, GI symptoms are associated with impaired physical
and mental health-related quality of life in cirrhosis[25].

Structural changes of the GI
tract in liver cirrhosis
The structural effects of liver cirrhosis on the GI tract
have been considered to be mainly associated with portal
hypertension. A major endoscopic finding is varices most
commonly located in the esophagus and/or the fundus
of the stomach. Occasionally varices may be found in
“ectopic” locations such as in the duodenum or in the
rectum[35]. Esophageal varices develop in the majority of
patients with cirrhosis, provided a long enough follow-up
period[36,37]. They can be the site of GI bleeding, a potentially lethal complication[36,37].
Mucosal changes are also frequently encountered
upon endoscopic examination of the GI tract in patients
with cirrhosis[9,38]. Portal hypertensive intestinal vasculopathy is a term used to describe changes in the intestinal
microcirculation secondary to longstanding portal hypertension[9]. Signs of portal hypertensive intestinal vasculopathy may be observed in all parts of the GI tract[9].
The prevalence of portal hypertensive gastropathy, with
its characteristic mosaic appearance, has been reported
in 20%-98% of cirrhotic patients[39], the wide variation
probably being due to varying study quality and the different characteristics of the studied cirrhotic cohorts.
Among 222 patients with cirrhosis without a history of
variceal bleeding, medium or large esophageal varices,
previous endoscopic therapy, or propranolol treatment,
the prevalence of portal hypertensive gastropathy was reported to be 21.6%[40]. Major predictors of portal hypertensive gastropathy are the presence of esophageal varices and increased severity of cirrhosis[40], and it has been
found to be associated to poor prognosis in cirrhotic
patients[41]. Acute bleeding from portal hypertensive gastropathy has been reported to occur infrequently but may
be severe[40,42], while chronic bleeding resulting in anemia
may be a concern[40,42].
Cirrhotics compared to healthy controls, have been
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Figure 1 Gastrointestinal symptom severity assessed as gastrointestinal symptom rating scale scores (means and 95%CI) in patients with liver cirrhosis
(continuous line, n = 128) and healthy controls (dashed line, n = 2162). The higher the score in gastrointestinal symptom rating scale (GSRS) the higher the severity of gastrointestinal symptoms. Adapted from the reference [25].
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Figure 2 Cumulative percentage of cirrhotics with significant symptoms (n
= 16, dotted line), cirrhotics without significant symptoms (n = 24, dashed
line) and healthy controls (n = 11, continuous line) reaching maximum
satiety during a caloric satiation drinking test. In a caloric satiation drinking
test, subjects are asked to consume a liquid caloric meal at a constant rate,
scoring their satiation level at 5-min intervals. The test is terminated when the
subject reaches maximal satiation. Adapted from the reference [26].

shown to have higher plasma gastrin[43] and higher prevalence of peptic ulcers[44,45]. In an endoscopic study, the
annual incidence rate of peptic ulcers observed in 140
patients undergoing endoscopic follow-up was 4.3%[46].
Ulcers are associated with decompensated cirrhosis[47]
but are asymptomatic in up to 2/3 of cases[46]. In a metaanalysis, the prevalence of helicobacter pylori infection
has been found to be higher in cirrhotics with compared
to those without peptic ulcer disease[48], but its role in
the pathogenesis of peptic ulcers in these patients has
been questioned[49] with alcohol consumtion and portal
hypertension being hypothsized as major contributing
factors[50]. Cirrhotic patients have a significantly increased
risk of peptic ulcer bleeding and re-bleeding compared
to the general population[51,52]. However, their prognosis
during an ulcer bleeding episode may not differ drastically
from that of non-cirrhotic patients[50].
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Gastric accommodation
In the fasting state, the proximal stomach smooth muscle
maintains a tonic contractile activity[53-55]. During and after food ingestion, a relaxation of the proximal stomach
occurs, providing the meal with a reservoir and enabling
a volume increase without a rise in pressure (gastric accommodation reflex)[53,54,56-59].
Impaired gastric accommodation has been associated
with upper GI symptoms, such as early satiety, bloating,
and epigastric pain, in patients with functional dyspepsia[60,61], diabetes[62], prior fundoplication surgery[63], vagotomy and partial gastrectomy[64].
Gastric barostat studies, using a polyethylene balloon placed in the fundus of the stomach, are generally
considered to be the gold standard for the evaluation of
gastric accommodation[59]. However, other types of tests
such as abdominal ultrasound, magnetic resonance imaging, and single-photon emission computed tomography
(SPECT) are also commonly used[59].
Thus far, three studies have assessed gastric accommodation in cirrhosis. In an ultrasonographic study,
performed in patients with alcoholic cirrhosis (n = 21),
meal-induced accommodation was found to be reduced
compared to controls[65]. Similarly, in a study employing
SPECT, cirrhotic patients with tense ascites (n = 15) were
found to have impaired accommodation compared to
healthy controls[66]. Not unexpectedly, accommodation
improved following large-volume paracentesis, resulting in an increase in caloric intake[66]. In a third study, in
which a gastric barostat was employed, meal-induced accommodation was found to be increased in patients with
cirrhosis (n = 16, none with tense ascites) compared to
healthy controls[27]. Although energy intake (assessed by
means of food diaries) was related to gastric accommodation in controls (r = 0.67, p < 0.05), this relationship
was found to be disrupted in cirrhotic patients (p > 0.1).
Thus, although it appears reasonable that meal-induced
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Figure 3 Frequency of transit abnormalities in patients with liver cirrhosis
(black bars, n = 42) and healthy controls (white bars, n = 83). Reference
values were based on percentiles 10 and 90 of the transit values of healthy
controls (n = 83) ap < 0.05, bp < 0.01 vs healthy controls. Adapted from the reference [76].

accommodation is impaired in the presence of tense
ascites[66], to date, it remains unclear how it is affected in
patients with cirrhosis of different etiologies without significant ascites.
Gastric sensitivity to distension
Gut stimuli, specifically gastric distension by food ingestion, may induce GI symptoms. It has been reported that
gastric tone is important in determining gastric sensitivity
to distension[55,67] and that in particular gastric wall tension determines perception of gastric distension, at least
below nociception levels[68].
Hypersensitivity to gastric distension, defined as enhanced sensitivity to balloon distension of the proximal
stomach, is present in a subset of functional dyspepsia
patients[69,70] and it is associated with weight loss[69]. In a
single study investigating sensory thresholds at gastric
distention, no significant difference was found between
patients with cirrhosis (n = 16) and healthy controls[27].
However, sensory thresholds were related to gastrointestinal symptom severity and liver disease severity, expressed
as the Child-Pugh and MELD scores (lower threshold
with increasing symptom and liver disease severity)[27].
Gastric emptying
Another way of assessing gastric motor function is measurement of gastric emptying. Delayed gastric emptying has traditionally been considered a mechanism that
contributes to symptom generation in patients with GI
motility disorders and systemic diseases affecting the GI
tract[71].
Most studies in cirrhosis have found gastric emptying
to be delayed[72-76], but some controversy exists with other
studies reporting normal[77-80], or accelerated[81] gastric
emptying. Several factors may account for the divergence
of results hitherto published, including selection of patient groups with different characteristics, selection of
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small patient groups or small control groups and use of
different measurement methods. In a recent study from
our group almost a quarter of stable patients with cirrhosis had delayed gastric emptying (Figure 3), which
was associated with postprandial fullness and bloating[76].
Delayed gastric emptying was also related to postprandial
hyperglycemia, hyperinsulinemia, and hypoghrelinemia[76].
The latter abnormalities appear to be associated to insulin resistance, which is frequent in cirrhosis. These
findings are in accordance with published data showing
that induced hyperglycemia is associated with reduced
gut motility[82], delayed gastric emptying, decreased hunger[83], and increased postprandial symptoms[84] in healthy
subjects. Physiological hyperglycemia has been shown to
slow gastric emptying in diabetes mellitus[85] and healthy
volunteers[86]. Experimental euglycemic hyperinsulinemia
also impairs stomach and duodenal motility[87] and prolongs gastric emptying[87,88]. Gastric emptying time in cirrhosis has not been found to be related to portal pressure
expressed as variceal pressure, as measured with a small
pressure-sensitive capsule attached to a gastroscope[72]
or as hepatic venous pressure gradient[80]. Finally, a role
for autonomic dysfunction in the pathophysiology of
delayed gastric emptying has also been proposed in these
patients[89].
Small bowel motility
Manometry studies have shown disturbed gut motility in
liver cirrhosis[90-93]. An abnormal propagation pattern of
pressure waves with a high number of long clusters and
frequent waves propagating in a retrograde fashion have
been reported in cirrhotics, in particular those with portal
hypertension[93]. Small bowel manometry disturbances
have, anecdotally, been reported to improve following
liver transplantation[94]. However, similar to investigations on gastric emptying, gut transit studies have shown
contradictory results[72,77,79,80,95-97] in these patients, with
most reporting prolonged small bowel transit times. In
a recent study on gut transit in cirrhosis, about 35% of
patients showed delayed small bowel residence times
(Figure 3), which was related to increased diarrhea and
abdominal pain[76]. These findings are in accordance with
data from non-cirrhotic patients with unexplained GI
symptoms whose small bowel transit was frequently slow
in unexplained diarrheal disease[98]. Small bowel bacterial
overgrowth is also common in cirrhosis[92,99] and appears
to be related to liver disease severity[100], although it was
only observed in patients with portal hypertension in one
study[93]. Interestingly, patients with small bowel bacterial
overgrowth have been also shown to have slower small
bowel transit[72]. Furthermore, it has been reported that
acceleration of orocecal transit using cisapride is associated with the abolishment of bacterial overgrowth in
80% of cirrhotic patients with bacterial overgrowth[101].
It is thus possible that delayed small bowel transit in cirrhosis may lead to the development of small bacterial
overgrowth, which could contribute to the symptoms of
abdominal pain and diarrhea. More importantly, small
bacterial overgrowth has been speculated to be related to
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bacterial translocation and infectious complications, such
as spontaneous bacterial peritonitis[92].
Intestinal permeability: The gut barrier includes immunogenic factors (such as mucosal lymphocytes and
immunoglobulins) and the epithelial barrier (i.e., epithelial
cells allowing selective intestinal permeability and their
mucus layer)[102-104]. Central to the role of barrier function
of the epithelial cells are the tight junctions and adherens
junctions regulating paracellular transport[104]. As a barrier, the gut prevents the permeation of microorganisms
or substances, such as luminal antigens and proinflammatory factors. At the same time it allows for selective
permeation of certain substances such as nutrients[102,103].
Non-invasive methods have been used to assess gut
barrier function by measuring the urinary excretion of
orally administered test substances such as monosaccharides, disaccharides, and 51Cr-EDTA[102,105]. To address the
complexity of factors affecting the results of gut permeability tests, the principle of differential urinary excretion
of several test substances administered at the same time
has been developed[105].
Bacterial infections are of concern in patients with
cirrhosis, with spontaneous bacterial peritonitis being the
most relevant[106,107]. They may occur as a consequence of
repeated access of bacteria from the lumen to the mesenteric lymph nodes (translocation), and thereby to the ascitic fluid[108]. Intestinal permeability in liver cirrhosis has
been variably reported as increased or normal[32,33,109-117].
Discrepancies among published studies may be partly
explained by patient selection and choice of different
measurement methods. Intestinal permeability assessed
in cirrhosis with and without ascites by means of a four
sugar permeability absorption test has been shown to be
increased in the former group only[114]. Recent evidence
suggests the presence of gut barrier dysfunction in patients with cirrhosis, especially those with severe liver
disease[118]. For example Campillo et al[32] have found increased intestinal permeability in cirrhotics, particularly in
those with bacterial infections. Intestinal hyperpermeability has also been shown to be more common in patients
with a history of spontaneous bacterial peritonitis[117].
Increased permeability upon hospital admission has also
been reported to be a predictor of bacterial infections in
cirrhosis[119] and to be related to cirrhosis complications
in general[118], although published studies are not unanimous[120].
Furthermore, permeation of intestinal bacterial products, e.g., endotoxin and bacterial DNA, may contribute
to the activation of the immune system, derangement of
the circulatory status, and induction of renal failure[108,121]
as well as the development of hepatic encephalopathy in
patients with cirrhosis[96,122,123]. This may occur through
reduced hepatic clearance of endotoxin (component of
the Gram negative bacterial wall) in cirrhotic patients
and/or by means of increased cytokine production
by the gut, for example by endotoxin-primed macrophages releasing nitric oxide and proinflammatory cyto-
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kines[124-127]. The proinflammatory status and nitric oxide
release in cirrhosis may, in turn, disrupt further the gut
barrier function[125], contribute to immune and hemodynamic derangement and cardiac dysfunction[124,126,128,129] as
well as predict progression of liver disease[127]. Bacterial
overgrowth, in particular overgrowth of pathogenic E.coli
and Staphylococcal species, has been reported to be more
frequent in cirrhotics with compared to those without
minimal hepatic encephalopathy[96,122]. In a recent metaanalysis, the use of probiotics, prebiotics, and symbiotics,
which have an effect on gut flora, was shown to be associated with significant improvement in hepatic encephalopathy[123]. Alcohol misuse in patients with liver disease is
associated with increased intestinal permeability[130-132] and
endotoxemia, which in turn may contribute to alcoholinduced liver damage by means of hepatic fibrosis stimulation[130]. Recent studies have shown that alcohol-induced
gut leakiness and endotoxemia precedes steatohepatitis in
patients with alcoholic liver disease and, thus, they are not
a consequence of the latter[133]. This further suggests that
a “leaky” gut may play an important role in the pathogenesis of chronic liver injury. Several mechanisms have
been proposed to explain bacterial translocation such as
intestinal bacterial overgrowth in conjunction with intestinal motility disturbances (outlined above), impairment
of the intestinal barrier function, and alterations in the
local immune defenses[121,134].
The pathophysiology of intestinal barrier dysfunction
in cirrhosis is complex. First, alcohol and its metabolites,
acetaldehyde and fatty acid ethyl esters, may contribute
to the disruption of tight junctions, mainly through nitric
oxide mediated oxidative stress and the generation of reactive oxygen species, and alterations in the cytoskeleton,
but also through direct cell damage[135,136]. Portal hypertension per se may affect the integrity of intestinal barrier by
causing edema in the gut wall with dilatation of the intercellular spaces[137]. Several studies have shown increased
intestinal permeability in patients with portal hypertension compared to those without[114-116]. A recent study has
shown that treatment with non-selective beta blockers reduces intestinal permeability as well as bacterial translocation in patients with cirrhosis[116]. Furthermore, microbial
changes in the intestine, and in particular small intestinal
bacterial overgrowth, may also affect the gut barrier[138],
thereby increasing permeability, while compromised Paneth cell antimicrobial host defense has been shown to
predispose to bacterial translocation in experimental cirrhosis[139]. Finally, altered expression of enterocyte tight
junction proteins has been reported in patients with liver
cirrhosis, in particular those with decompensated disease,
and is correlated with levels of endotoxemia in these patients[140]. In particular, although tight junctions have been
found to be normal ultrastructurally, claudin-2 a pore
forming protein of tight junctions, is increased in decompensated cirrhosis[125] whereas the expression of the
tight junction proteins occludin and claudin-1 have been
shown to be significantly decreased[140]. These changes
may, at least in part, explain the observed increased para-
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cellular permeability in cirrhosis[40,125].

CONCLUSION
GI symptoms are common in patients with liver cirrhosis. Their pathophysiology is complex and probably
involves factors related to liver disease severity, psychological distress, and gut dysfunction. GI symptoms are related to reduced energy intake and, thus, may contribute
to weight loss and malnutrition. Identification of patients
with GI symptoms could therefore help select candidates
for nutritional therapy. Gastric sensorimotor function
appears also to be altered. Although published data on
gastric accommodation are not unanimous, not unexpectedly, tense ascites appears to have a negative impact on
meal-induced accommodation of the stomach. Gastric
emptying and small bowel transit are delayed, which may
be related to disturbances in postprandial glucose, insulin,
and ghrelin levels. These alterations, in turn, appear to
be associated to insulin resistance, which is common in
patients with cirrhosis. Delayed gut transit as well as small
bowel manometry disturbances may be associated with
the development of small bowel bacterial overgrowth.
Future interventional studies should address potential
causes of delayed gut transit, such as diabetes and insulin resistance. This could, possibly, help develop specific
therapies improving energy intake but also reducing bacterial overgrowth. Finally, several studies have reported
intestinal barrier dysfunction in patients with liver cirrhosis (especially those with portal hypertension), which
is related to bacterial translocation and permeation of
intestinal bacterial products, e.g., endotoxin and bacterial
DNA, thus potentially being involved in the pathogenesis
of complications of liver cirrhosis.
This paper is based on the author’s PhD thesis published in 2006 (https://gupea.ub.gu.se/handle/2077/3161)
as well as on more recent research conducted in the field.

8

9

10

11

12

13

14

15

16

REFERENCES
1

2
3
4
5

6

7

Pozzi M, Carugo S, Boari G, Pecci V, de Ceglia S, Maggiolini S, Bolla GB, Roffi L, Failla M, Grassi G, Giannattasio
C, Mancia G. Evidence of functional and structural cardiac
abnormalities in cirrhotic patients with and without ascites.
Hepatology 1997; 26: 1131-1137 [PMID: 9362352]
Liu H, Song D, Lee SS. Cirrhotic cardiomyopathy. Gastroenterol Clin Biol 2002; 26: 842-847 [PMID: 12434095]
Hoeper MM, Krowka MJ, Strassburg CP. Portopulmonary hypertension and hepatopulmonary syndrome. Lancet 2004; 363:
1461-1468 [PMID: 15121411 DOI: 10.1016/S0140-6736(04)16107-2]
Cárdenas A. Hepatorenal syndrome: a dreaded complication
of end-stage liver disease. Am J Gastroenterol 2005; 100: 460-467
[PMID: 15667508 DOI: 10.1111/j.1572-0241.2005.40952.x]
Pham PT, Pham PC, Rastogi A, Wilkinson AH. Review article: current management of renal dysfunction in the cirrhotic
patient. Aliment Pharmacol Ther 2005; 21: 949-961 [PMID:
15813830 DOI: 10.1111/j.1365-2036.2005.02357.x]
Chen CC, Wang SS, Jeng FS, Lee SD. Metabolic bone disease of liver cirrhosis: is it parallel to the clinical severity of
cirrhosis? J Gastroenterol Hepatol 1996; 11: 417-421 [PMID:
8743912 DOI: 10.1111/j.1440-1746.1996.tb00284.x]
Monegal A, Navasa M, Guañabens N, Peris P, Pons F,

WJG|www.wjgnet.com

17

18

19

20

21

14691

Martinez de Osaba MJ, Rimola A, Rodés J, Muñoz-Gómez
J. Osteoporosis and bone mineral metabolism disorders in
cirrhotic patients referred for orthotopic liver transplantation. Calcif Tissue Int 1997; 60: 148-154 [PMID: 9056162 DOI:
10.1007/s002239900205]
Matos C, Porayko MK, Francisco-Ziller N, DiCecco S. Nutrition and chronic liver disease. J Clin Gastroenterol 2002; 35:
391-397 [PMID: 12394227 DOI: 10.1097/00004836-20021100000007]
Viggiano TR, Gostout CJ. Portal hypertensive intestinal
vasculopathy: a review of the clinical, endoscopic, and histopathologic features. Am J Gastroenterol 1992; 87: 944-954
[PMID: 1642217]
Campillo B, Bories PN, Pornin B, Devanlay M. Influence of liver failure, ascites, and energy expenditure on
the response to oral nutrition in alcoholic liver cirrhosis.
Nutrition 1997; 13: 613-621 [PMID: 9263252 DOI: 10.1016/
S0899-9007(97)83001-8]
Selberg O, Böttcher J, Tusch G, Pichlmayr R, Henkel E, Müller MJ. Identification of high- and low-risk patients before
liver transplantation: a prospective cohort study of nutritional and metabolic parameters in 150 patients. Hepatology 1997;
25: 652-657 [PMID: 9049214 DOI: 10.1002/hep.510250327]
Roongpisuthipong C, Sobhonslidsuk A, Nantiruj K,
Songchitsomboon S. Nutritional assessment in various stages
of liver cirrhosis. Nutrition 2001; 17: 761-765 [PMID: 11527674
DOI: 10.1016/S0899-9007(01)00626-8]
Campillo B, Richardet JP, Scherman E, Bories PN. Evaluation of nutritional practice in hospitalized cirrhotic patients:
results of a prospective study. Nutrition 2003; 19: 515-521
[PMID: 12781851 DOI: 10.1016/S0899-9007(02)01071-7]
Montano-Loza AJ, Meza-Junco J, Prado CM, Lieffers JR,
Baracos VE, Bain VG, Sawyer MB. Muscle wasting is associated with mortality in patients with cirrhosis. Clin Gastroenterol Hepatol 2012; 10: 166-73, 173.e1 [PMID: 21893129 DOI:
10.1016/j.cgh.2011.08.028]
Meza-Junco J, Montano-Loza AJ, Baracos VE, Prado CM,
Bain VG, Beaumont C, Esfandiari N, Lieffers JR, Sawyer MB.
Sarcopenia as a prognostic index of nutritional status in concurrent cirrhosis and hepatocellular carcinoma. J Clin Gastroenterol 2013; 47: 861-870 [PMID: 23751844 DOI: 10.1097/
MCG.0b013e318293a825]
Tandon P, Ney M, Irwin I, Ma MM, Gramlich L, Bain VG,
Esfandiari N, Baracos V, Montano-Loza AJ, Myers RP. Severe muscle depletion in patients on the liver transplant wait
list: its prevalence and independent prognostic value. Liver
Transpl 2012; 18: 1209-1216 [PMID: 22740290 DOI: 10.1002/
lt.23495]
Kalaitzakis E, Josefsson A, Castedal M, Henfridsson P,
Bengtsson M, Andersson B, Björnsson E. Hepatic encephalopathy is related to anemia and fat-free mass depletion in
liver transplant candidates with cirrhosis. Scand J Gastroenterol 2013; 48: 577-584 [PMID: 23452072 DOI: 10.3109/003655
21.2013.777468]
Davidson HI, Richardson R, Sutherland D, Garden OJ.
Macronutrient preference, dietary intake, and substrate oxidation among stable cirrhotic patients. Hepatology 1999; 29:
1380-1386 [PMID: 10216119 DOI: 10.1002/hep.510290531]
Müller MJ, Lautz HU, Plogmann B, Bürger M, Körber J,
Schmidt FW. Energy expenditure and substrate oxidation in
patients with cirrhosis: the impact of cause, clinical staging
and nutritional state. Hepatology 1992; 15: 782-794 [PMID:
1568718 DOI: 10.1002/hep.1840150507]
Müller MJ, Böttcher J, Selberg O, Weselmann S, Böker KH,
Schwarze M, von zur Mühlen A, Manns MP. Hypermetabolism in clinically stable patients with liver cirrhosis. Am J
Clin Nutr 1999; 69: 1194-1201 [PMID: 10357739]
Madden AM, Morgan MY. Resting energy expenditure
should be measured in patients with cirrhosis, not predicted.
Hepatology 1999; 30: 655-664 [PMID: 10462371 DOI: 10.1002/

October 28, 2014|Volume 20|Issue 40|

Kalaitzakis E. Gut dysfunction in liver cirrhosis

22

23

24

25

26

27

28

29

30

31

32

33

34

35
36
37

hep.510300326]
Romiti A, Merli M, Martorano M, Parrilli G, Martino F, Riggio O, Truscelli A, Capocaccia L, Budillon G. Malabsorption
and nutritional abnormalities in patients with liver cirrhosis.
Ital J Gastroenterol 1990; 22: 118-123 [PMID: 2131941]
Laviano A, Cangiano C, Preziosa I, Riggio O, Conversano
L, Cascino A, Ariemma S, Rossi Fanelli F. Plasma tryptophan levels and anorexia in liver cirrhosis. Int J Eat Disord
1997; 21: 181-186 [PMID: 9062842 DOI: 10.1002/(SICI)1098108X(199703)21]
Scolapio JS, Ukleja A, McGreevy K, Burnett OL, O’Brien PC.
Nutritional problems in end-stage liver disease: contribution
of impaired gastric emptying and ascites. J Clin Gastroenterol
2002; 34: 89-93 [PMID: 11743254 DOI: 10.1097/00004836-2002
01000-00018]
Kalaitzakis E, Simrén M, Olsson R, Henfridsson P, Hugosson I, Bengtsson M, Björnsson E. Gastrointestinal symptoms
in patients with liver cirrhosis: associations with nutritional
status and health-related quality of life. Scand J Gastroenterol
2006; 41: 1464-1472 [PMID: 17101578 DOI: 10.1080/00365520
600825117]
Kalaitzakis E, Josefsson A, Castedal M, Henfridsson P,
Bengtsson M, Andersson B, Björnsson E. Gastrointestinal
symptoms in patients with cirrhosis: a longitudinal study
before and after liver transplantation. Scand J Gastroenterol
2013; 48: 1308-1316 [PMID: 24063547 DOI: 10.3109/00365521.
2013.836755]
Kalaitzakis E, Simrén M, Abrahamsson H, Björnsson E.
Role of gastric sensorimotor dysfunction in gastrointestinal
symptoms and energy intake in liver cirrhosis. Scand J Gastroenterol 2007; 42: 237-246 [PMID: 17327944 DOI: 10.1080/00
365520600880898]
Kalaitzakis E, Bosaeus I, Ohman L, Björnsson E. Altered
postprandial glucose, insulin, leptin, and ghrelin in liver
cirrhosis: correlations with energy intake and resting energy expenditure. Am J Clin Nutr 2007; 85: 808-815 [PMID:
17344504]
Greco AV, Mingrone G, Benedetti G, Capristo E, Tataranni
PA, Gasbarrini G. Daily energy and substrate metabolism in
patients with cirrhosis. Hepatology 1998; 27: 346-350 [PMID:
9462629 DOI: 10.1002/hep.510270205]
Merli M, Riggio O, Romiti A, Ariosto F, Mango L, Pinto G,
Savioli M, Capocaccia L. Basal energy production rate and
substrate use in stable cirrhotic patients. Hepatology 1990; 12:
106-112 [PMID: 2373471 DOI: 10.1002/hep.1840120117]
Ockenga J, Bischoff SC, Tillmann HL, Rifai K, Widjaja A,
Böker KH, Manns MP, Brabant G. Elevated bound leptin
correlates with energy expenditure in cirrhotics. Gastroenterology 2000; 119: 1656-1662 [PMID: 11113087 DOI: 10.1053/
gast.2000.20256]
Campillo B, Pernet P, Bories PN, Richardet JP, Devanlay M,
Aussel C. Intestinal permeability in liver cirrhosis: relationship with severe septic complications. Eur J Gastroenterol
Hepatol 1999; 11: 755-759 [PMID: 10445796 DOI: 10.1097/000
42737-199907000-00013]
Budillon G, Parrilli G, Pacella M, Cuomo R, Menzies IS. Investigation of intestine and liver function in cirrhosis using
combined sugar oral loads. J Hepatol 1985; 1: 513-524 [PMID:
4056352 DOI: 10.1016/S0168-8278(85)80749-2]
Fritz E, Hammer J. Gastrointestinal symptoms in patients with liver cirrhosis are linked to impaired quality of life and psychological distress. Eur J Gastroenterol
Hepatol 2009; 21: 460-465 [PMID: 19382343 DOI: 10.1097/
MEG.0b013e328318ed19]
Kotfila R, Trudeau W. Extraesophageal varices. Dig Dis
1998; 16: 232-241 [PMID: 9732183 DOI: 10.1159/000016871]
Burroughs AK, McCormick PA. Natural history and prognosis of variceal bleeding. Baillieres Clin Gastroenterol 1992; 6:
437-450 [PMID: 1421594 DOI: 10.1016/0950-3528(92)90031-9]
Gunnarsdottir SA, Olsson R, Björnsson ES. Characteristics,

WJG|www.wjgnet.com

38
39
40

41

42

43

44

45

46

47

48

49

50

51

14692

prognosis and outcome of patients with oesophageal varices
in a university hospital in Sweden 1994-1999. Scand J Gastroenterol 2005; 40: 1462-1468 [PMID: 16293558 DOI: 10.1080/00
365520510023783]
Hosking SW. Congestive gastropathy in portal hypertension: variations in prevalence. Hepatology 1989; 10: 257-258
[PMID: 2663698]
Cubillas R, Rockey DC. Portal hypertensive gastropathy: a
review. Liver Int 2010; 30: 1094-1102 [PMID: 20536720 DOI:
10.1111/j.1478-3231.2010.02286.x]
Merli M, Nicolini G, Angeloni S, Gentili F, Attili AF, Riggio
O. The natural history of portal hypertensive gastropathy in
patients with liver cirrhosis and mild portal hypertension.
Am J Gastroenterol 2004; 99: 1959-1965 [PMID: 15447756 DOI:
10.1111/j.1572-0241.2004.40246.x]
Kim MY, Choi H, Baik SK, Yea CJ, Won CS, Byun JW, Park
SY, Kwon YH, Kim JW, Kim HS, Kwon SO, Kim YJ, Cha
SH, Chang SJ. Portal hypertensive gastropathy: correlation
with portal hypertension and prognosis in cirrhosis. Dig
Dis Sci 2010; 55: 3561-3567 [PMID: 20407828 DOI: 10.1007/
s10620-010-1221-6]
Primignani M, Carpinelli L, Preatoni P, Battaglia G, Carta
A, Prada A, Cestari R, Angeli P, Gatta A, Rossi A, Spinzi
G, De Franchis R. Natural history of portal hypertensive
gastropathy in patients with liver cirrhosis. The New Italian
Endoscopic Club for the study and treatment of esophageal
varices (NIEC). Gastroenterology 2000; 119: 181-187 [PMID:
10889167]
Konturek SJ, Gonciarz M, Gonciarz Z, Bielanski W, Mazur
W, Mularczyk A, Konturek PC, Goetze JP, Rehfeld JF. Progastrin and its products from patients with chronic viral
hepatitis and liver cirrhosis. Scand J Gastroenterol 2003; 38:
643-647 [PMID: 12825873]
Wu CS, Lin CY, Liaw YF. Helicobacter pylori in cirrhotic
patients with peptic ulcer disease: a prospective, case controlled study. Gastrointest Endosc 1995; 42: 424-427 [PMID:
8566632]
Chen LS, Lin HC, Hwang SJ, Lee FY, Hou MC, Lee SD.
Prevalence of gastric ulcer in cirrhotic patients and its relation to portal hypertension. J Gastroenterol Hepatol 1996; 11:
59-64 [PMID: 8672743]
Siringo S, Burroughs AK, Bolondi L, Muia A, Di Febo G,
Miglioli M, Cavalli G, Barbara L. Peptic ulcer and its course
in cirrhosis: an endoscopic and clinical prospective study. J
Hepatol 1995; 22: 633-641 [PMID: 7560857 DOI: 10.1016/01688278(95)80219-3]
Siringo S, Bolondi L, Piscaglia F, Gaetani M, Misitano B,
Carbone C, Corinaldesi R, Burroughs AK. Peptic ulcer in
patients with liver cirrhosis: a retrospective endoscopic
and clinical study. Ital J Gastroenterol Hepatol 1997; 29: 62-68
[PMID: 9265582]
Vergara M, Calvet X, Roqué M. Helicobacter pylori is a risk
factor for peptic ulcer disease in cirrhotic patients. A metaanalysis. Eur J Gastroenterol Hepatol 2002; 14: 717-722 [PMID:
12169979 DOI: 10.1097/00042737-200207000-00002]
Chang SS, Hu HY. Helicobacter pylori is not the predominant etiology for liver cirrhosis patients with peptic ulcer
disease. Eur J Gastroenterol Hepatol 2013; 25: 159-165 [PMID:
23044811 DOI: 10.1097/MEG.0b013e32835a1b26]
Rudler M, Rousseau G, Benosman H, Massard J, Deforges
L, Lebray P, Poynard T, Thabut D. Peptic ulcer bleeding in
patients with or without cirrhosis: different diseases but the
same prognosis? Aliment Pharmacol Ther 2012; 36: 166-172
[PMID: 22607536 DOI: 10.1111/j.1365-2036.2012.05140.x]
Luo JC, Leu HB, Hou MC, Huang CC, Lin HC, Lee FY,
Chang FY, Chan WL, Lin SJ, Chen JW. Cirrhotic patients at increased risk of peptic ulcer bleeding: a nationwide population-based cohort study. Aliment Pharmacol
Ther 2012; 36: 542-550 [PMID: 22817655 DOI: 10.1111/
j.1365-2036.2012.05225.x]

October 28, 2014|Volume 20|Issue 40|

Kalaitzakis E. Gut dysfunction in liver cirrhosis
52

53
54
55
56
57

58

59

60

61

62

63

64

65

66

67

68

69

Hsu YC, Lin JT, Chen TT, Wu MS, Wu CY. Long-term risk of
recurrent peptic ulcer bleeding in patients with liver cirrhosis: a 10-year nationwide cohort study. Hepatology 2012; 56:
698-705 [PMID: 22378148 DOI: 10.1002/hep.25684]
Azpiroz F, Malagelada JR. Physiological variations in canine
gastric tone measured by an electronic barostat. Am J Physiol
1985; 248: G229-G237 [PMID: 3970203]
Azpiroz F, Malagelada JR. Vagally mediated gastric relaxation induced by intestinal nutrients in the dog. Am J Physiol
1986; 251: G727-G735 [PMID: 3789139]
Azpiroz F, Malagelada JR. Gastric tone measured by an
electronic barostat in health and postsurgical gastroparesis.
Gastroenterology 1987; 92: 934-943 [PMID: 3556999]
Jahnberg T, Abrahamsson H, Jansson G, Martinson J. Gastric
relaxatory response to feeding before and after vagotomy.
Scand J Gastroenterol 1977; 12: 225-228 [PMID: 847390]
Tack J, Demedts I, Meulemans A, Schuurkes J, Janssens J.
Role of nitric oxide in the gastric accommodation reflex and
in meal induced satiety in humans. Gut 2002; 51: 219-224
[PMID: 12117883 DOI: 10.1136/gut.51.2.219]
Kuiken SD, Vergeer M, Heisterkamp SH, Tytgat GN, Boeckxstaens GE. Role of nitric oxide in gastric motor and sensory
functions in healthy subjects. Gut 2002; 51: 212-218 [PMID:
12117882 DOI: 10.1136/gut.51.2.212]
De Schepper HU, Cremonini F, Chitkara D, Camilleri M. Assessment of gastric accommodation: overview
and evaluation of current methods. Neurogastroenterol
Motil 2004; 16: 275-285 [PMID: 15198649 DOI: 10.1111/
j.1365-2982.2004.00497.x]
Gilja OH, Hausken T, Wilhelmsen I, Berstad A. Impaired
accommodation of proximal stomach to a meal in functional
dyspepsia. Dig Dis Sci 1996; 41: 689-696 [PMID: 8674389 DOI:
10.1007/BF02213124]
Tack J, Piessevaux H, Coulie B, Caenepeel P, Janssens J. Role
of impaired gastric accommodation to a meal in functional
dyspepsia. Gastroenterology 1998; 115: 1346-1352 [PMID:
9834261 DOI: 10.1016/S0016-5085(98)70012-5]
Undeland KA, Hausken T, Gilja OH, Aanderud S, Berstad A.
Gastric meal accommodation studied by ultrasound in diabetes. Relation to vagal tone. Scand J Gastroenterol 1998; 33:
236-241 [PMID: 9548614 DOI: 10.1080/00365529850170784]
Wijnhoven BP, Salet GA, Roelofs JM, Smout AJ, Akkermans
LM, Gooszen HG. Function of the proximal stomach after
Nissen fundoplication. Br J Surg 1998; 85: 267-271 [PMID:
9501833 DOI: 10.1046/j.1365-2168.1998.00505.x]
Le Blanc-Louvry I, Savoye G, Maillot C, Denis P, Ducrotté
P. An impaired accommodation of the proximal stomach to
a meal is associated with symptoms after distal gastrectomy.
Am J Gastroenterol 2003; 98: 2642-2647 [PMID: 14687810 DOI:
10.1016/j.amjgastroenterol.2003.08.026]
Izbéki F, Kiss I, Wittmann T, Várkonyi TT, Légrády P, Lonovics J. Impaired accommodation of proximal stomach in
patients with alcoholic liver cirrhosis. Scand J Gastroenterol
2002; 37: 1403-1410 [PMID: 12523589 DOI: 10.1080/00365520
2762671279]
Aqel BA, Scolapio JS, Dickson RC, Burton DD, Bouras EP.
Contribution of ascites to impaired gastric function and
nutritional intake in patients with cirrhosis and ascites. Clin
Gastroenterol Hepatol 2005; 3: 1095-1100 [PMID: 16271340
DOI: 10.1016/S1542-3565(05)00531-8]
Notivol R, Coffin B, Azpiroz F, Mearin F, Serra J, Malagelada JR. Gastric tone determines the sensitivity of the stomach to distention. Gastroenterology 1995; 108: 330-336 [PMID:
7835573 DOI: 10.1016/0016-5085(95)90057-8]
Distrutti E, Azpiroz F, Soldevilla A, Malagelada JR. Gastric
wall tension determines perception of gastric distention.
Gastroenterology 1999; 116: 1035-1042 [PMID: 10220495 DOI:
10.1016/S0016-5085(99)70006-5]
Tack J, Caenepeel P, Fischler B, Piessevaux H, Janssens J.
Symptoms associated with hypersensitivity to gastric dis-

WJG|www.wjgnet.com

70

71
72

73

74

75

76

77

78

79

80

81

82

83

84

85

14693

tention in functional dyspepsia. Gastroenterology 2001; 121:
526-535 [PMID: 11522735 DOI: 10.1053/gast.2001.27180]
Björnsson E, Sjöberg J, Ringström G, Norström M, Simrén
M, Abrahamsson H. Effects of duodenal lipids on gastric
sensitivity and relaxation in patients with ulcer-like and dysmotility-like dyspepsia. Digestion 2003; 67: 209-217 [PMID:
12966228 DOI: 10.1159/000072059]
Tack J. Gastric motor and sensory function. Curr Opin Gastroenterol 2005; 21: 665-672 [PMID: 16220042 DOI: 10.1097/01.
mog.0000182864.34540.a0]
Sadik R, Abrahamsson H, Björnsson E, Gunnarsdottir
A, Stotzer PO. Etiology of portal hypertension may influence gastrointestinal transit. Scand J Gastroenterol 2003; 38:
1039-1044 [PMID: 14621277 DOI: 10.1080/0036552031000493
9]
Acalovschi M, Dumitraşcu DL, Csakany I. Gastric and gall
bladder emptying of a mixed meal are not coordinated in
liver cirrhosis--a simultaneous sonographic study. Gut 1997;
40: 412-417 [PMID: 9135534]
Galati JS, Holdeman KP, Dalrymple GV, Harrison KA,
Quigley EM. Delayed gastric emptying of both the liquid
and solid components of a meal in chronic liver disease. Am
J Gastroenterol 1994; 89: 708-711 [PMID: 8172142]
Schoonjans R, Van Vlem B, Vandamme W, Van Vlierberghe
H, Van Heddeghem N, Van Biesen W, Mast A, Sas S, Vanholder R, Lameire N, De Vos M. Gastric emptying of solids
in cirrhotic and peritoneal dialysis patients: influence of
peritoneal volume load. Eur J Gastroenterol Hepatol 2002; 14:
395-398 [PMID: 11943952 DOI: 10.1097/00042737-20020400000010]
Kalaitzakis E, Sadik R, Holst JJ, Ohman L, Björnsson E. Gut
transit is associated with gastrointestinal symptoms and gut
hormone profile in patients with cirrhosis. Clin Gastroenterol
Hepatol 2009; 7: 346-352 [PMID: 19200458]
Galati JS, Holdeman KP, Bottjen PL, Quigley EM. Gastric
emptying and orocecal transit in portal hypertension and
end-stage chronic liver disease. Liver Transpl Surg 1997; 3:
34-38 [PMID: 9377756 DOI: 10.1002/lt.500030105]
Van Thiel DH, Fagiuoli S, Wright HI, Chien MC, Gavaler JS.
Gastrointestinal transit in cirrhotic patients: effect of hepatic
encephalopathy and its treatment. Hepatology 1994; 19: 67-71
[PMID: 8276369 DOI: 10.1002/hep.1840190112]
Madsen JL, Brinch K, Hansen EF, Fuglsang S. Gastrointestinal motor function in patients with portal hypertension.
Scand J Gastroenterol 2000; 35: 490-493 [PMID: 10868451 DOI:
10.1080/003655200750023741]
Karlsen S, Fynne L, Grønbæk H, Krogh K. Small intestinal
transit in patients with liver cirrhosis and portal hypertension: a descriptive study. BMC Gastroenterol 2012; 12: 176
[PMID: 23216853 DOI: 10.1186/1471-230X-12-176]
Dumitrascu DL, Barnert J, Wienbeck M. Gastric emptying
in liver cirrhosis. The effect of the type of meal. Eur J Gastroenterol Hepatol 1997; 9: 1073-1080 [PMID: 9431897 DOI:
10.1097/00042737-199711000-00009]
Björnsson ES, Urbanavicius V, Eliasson B, Attvall S, Smith
U, Abrahamsson H. Effects of hyperglycemia on interdigestive gastrointestinal motility in humans. Scand J Gastroenterol
1994; 29: 1096-1104 [PMID: 7886397 DOI: 10.3109/003655294
09094894]
Jones KL, Berry M, Kong MF, Kwiatek MA, Samsom M,
Horowitz M. Hyperglycemia attenuates the gastrokinetic
effect of erythromycin and affects the perception of postprandial hunger in normal subjects. Diabetes Care 1999; 22:
339-344 [PMID: 10333955 DOI: 10.2337/diacare.22.2.339]
Hebbard GS, Sun WM, Dent J, Horowitz M. Hyperglycaemia affects proximal gastric motor and sensory function in
normal subjects. Eur J Gastroenterol Hepatol 1996; 8: 211-217
[PMID: 8724019 DOI: 10.1097/00042737-199603000-00005]
Horowitz M, Harding PE, Maddox AF, Wishart JM, Akkermans LM, Chatterton BE, Shearman DJ. Gastric and

October 28, 2014|Volume 20|Issue 40|

Kalaitzakis E. Gut dysfunction in liver cirrhosis

86

87

88

89

90
91

92

93

94

95

96

97

98

99

oesophageal emptying in patients with type 2 (non-insulindependent) diabetes mellitus. Diabetologia 1989; 32: 151-159
[PMID: 2753246 DOI: 10.1007/BF00265086]
Horowitz M, Edelbroek MA, Wishart JM, Straathof JW. Relationship between oral glucose tolerance and gastric emptying in normal healthy subjects. Diabetologia 1993; 36: 857-862
[PMID: 8405758 DOI: 10.1007/BF00400362]
Eliasson B, Björnsson E, Urbanavicius V, Andersson H, Fowelin J, Attvall S, Abrahamsson H, Smith U. Hyperinsulinaemia impairs gastrointestinal motility and slows carbohydrate
absorption. Diabetologia 1995; 38: 79-85 [PMID: 7744232 DOI:
10.1007/BF02369356]
Kong MF, King P, Macdonald IA, Blackshaw PE, Perkins
AC, Armstrong E, Buchanan KD, Tattersall RB. Effect of
euglycaemic hyperinsulinaemia on gastric emptying and
gastrointestinal hormone responses in normal subjects.
Diabetologia 1998; 41: 474-481 [PMID: 9562353 DOI: 10.1007/
s001250050932]
Verne GN, Soldevia-Pico C, Robinson ME, Spicer KM, Reuben A. Autonomic dysfunction and gastroparesis in cirrhosis. J Clin Gastroenterol 2004; 38: 72-76 [PMID: 14679331 DOI:
10.1097/00004836-200401000-00015]
Chesta J, Defilippi C, Defilippi C. Abnormalities in proximal
small bowel motility in patients with cirrhosis. Hepatology
1993; 17: 828-832 [PMID: 8491451]
Madrid AM, Cumsille F, Defilippi C. Altered small bowel
motility in patients with liver cirrhosis depends on severity
of liver disease. Dig Dis Sci 1997; 42: 738-742 [PMID: 9125642
DOI: 10.1023/A:1018899611006]
Chang CS, Chen GH, Lien HC, Yeh HZ. Small intestine
dysmotility and bacterial overgrowth in cirrhotic patients
with spontaneous bacterial peritonitis. Hepatology 1998; 28:
1187-1190 [PMID: 9794900 DOI: 10.1002/hep.510280504]
Gunnarsdottir SA, Sadik R, Shev S, Simrén M, Sjövall H,
Stotzer PO, Abrahamsson H, Olsson R, Björnsson ES. Small
intestinal motility disturbances and bacterial overgrowth
in patients with liver cirrhosis and portal hypertension. Am
J Gastroenterol 2003; 98: 1362-1370 [PMID: 12818282 DOI:
10.1111/j.1572-0241.2003.07475.x]
Madrid AM, Brahm J, Buckel E, Silva G, Defilippi C. Orthotopic liver transplantation improves small bowel motility
disorders in cirrhotic patients. Am J Gastroenterol 1997; 92:
1044-1045 [PMID: 9177529]
Nagasako CK, de Oliveira Figueiredo MJ, de Souza Almeida
JR, Lorena SL, Akasaka HM, Pavan CR, Yamanaka A, Pereira TS, Soares EC, Mesquita MA. Investigation of autonomic
function and orocecal transit time in patients with nonalcoholic cirrhosis and the potential influence of these factors on
disease outcome. J Clin Gastroenterol 2009; 43: 884-889 [PMID:
19295446 DOI: 10.1097/MCG.0b013e31818de34c]
Gupta A, Dhiman RK, Kumari S, Rana S, Agarwal R, Duseja
A, Chawla Y. Role of small intestinal bacterial overgrowth
and delayed gastrointestinal transit time in cirrhotic patients
with minimal hepatic encephalopathy. J Hepatol 2010; 53:
849-855 [PMID: 20675008 DOI: 10.1016/j.jhep.2010.05.017]
Chander Roland B, Garcia-Tsao G, Ciarleglio MM, Deng Y,
Sheth A. Decompensated cirrhotics have slower intestinal
transit times as compared with compensated cirrhotics and
healthy controls. J Clin Gastroenterol 2013; 47: 888-893 [PMID:
23632359 DOI: 10.1097/MCG.0b013e31829006bb]
Sadik R, Stotzer PO, Simrén M, Abrahamsson H. Gastrointestinal transit abnormalities are frequently detected in
patients with unexplained GI symptoms at a tertiary centre.
Neurogastroenterol Motil 2008; 20: 197-205 [PMID: 17999649
DOI: 10.1111/j.1365-2982.2007.01025.x]
Casafont Morencos F, de las Heras Castaño G, Martín Ramos L, López Arias MJ, Ledesma F, Pons Romero F. Small
bowel bacterial overgrowth in patients with alcoholic cirrhosis. Dig Dis Sci 1996; 41: 552-556 [PMID: 8617135 DOI:
10.1007/BF02282340]

WJG|www.wjgnet.com

100 Pande C, Kumar A, Sarin SK. Small-intestinal bacterial overgrowth in cirrhosis is related to the severity of liver disease.
Aliment Pharmacol Ther 2009; 29: 1273-1281 [PMID: 19302262
DOI: 10.1111/j.1365-2036.2009.03994.x]
101 Pardo A, Bartolí R, Lorenzo-Zúñiga V, Planas R, Viñado B,
Riba J, Cabré E, Santos J, Luque T, Ausina V, Gassull MA. Effect of cisapride on intestinal bacterial overgrowth and bacterial translocation in cirrhosis. Hepatology 2000; 31: 858-863
[PMID: 10733540 DOI: 10.1053/he.2000.5746]
102 DeMeo MT, Mutlu EA, Keshavarzian A, Tobin MC. Intestinal permeation and gastrointestinal disease. J Clin Gastroenterol 2002; 34: 385-396 [PMID: 11907349 DOI: 10.1097/000048
36-200204000-00003]
103 Farhadi A, Banan A, Fields J, Keshavarzian A. Intestinal barrier: an interface between health and disease. J Gastroenterol
Hepatol 2003; 18: 479-497 [PMID: 12702039 DOI: 10.1046/
j.1440-1746.2003.03032.x]
104 Scaldaferri F, Pizzoferrato M, Gerardi V, Lopetuso L, Gasbarrini A. The gut barrier: new acquisitions and therapeutic
approaches. J Clin Gastroenterol 2012; 46 Suppl: S12-S17
[PMID: 22955350 DOI: 10.1097/MCG.0b013e31826ae849]
105 Bjarnason I, MacPherson A, Hollander D. Intestinal permeability: an overview. Gastroenterology 1995; 108: 1566-1581
[PMID: 7729650 DOI: 10.1016/0016-5085(95)90708-4]
106 Fernández J, Navasa M, Gómez J, Colmenero J, Vila J, Arroyo V, Rodés J. Bacterial infections in cirrhosis: epidemiological changes with invasive procedures and norfloxacin
prophylaxis. Hepatology 2002; 35: 140-148 [PMID: 11786970
DOI: 10.1053/jhep.2002.30082]
107 Arvaniti V, D’Amico G, Fede G, Manousou P, Tsochatzis
E, Pleguezuelo M, Burroughs AK. Infections in patients
with cirrhosis increase mortality four-fold and should
be used in determining prognosis. Gastroenterology 2010;
139: 1246-156, 1246-156, [PMID: 20558165 DOI: 10.1053/
j.gastro.2010.06.019]
108 Francés R, Muñoz C, Zapater P, Uceda F, Gascón I, Pascual
S, Pérez-Mateo M, Such J. Bacterial DNA activates cell mediated immune response and nitric oxide overproduction in
peritoneal macrophages from patients with cirrhosis and
ascites. Gut 2004; 53: 860-864 [PMID: 15138214 DOI: 10.1136/
gut.2003.027425]
109 Pascual S, Such J, Esteban A, Zapater P, Casellas JA, Aparicio JR, Girona E, Gutiérrez A, Carnices F, Palazón JM, SolaVera J, Pérez-Mateo M. Intestinal permeability is increased
in patients with advanced cirrhosis. Hepatogastroenterology
2003; 50: 1482-1486 [PMID: 14571769]
110 Ersöz G, Aydin A, Erdem S, Yüksel D, Akarca U, Kumanlioglu K. Intestinal permeability in liver cirrhosis. Eur J
Gastroenterol Hepatol 1999; 11: 409-412 [PMID: 10321758 DOI:
10.1097/00042737-199904000-00009]
111 Bac DJ, van der Berg JWO, Wilson JHP. Small bowel wall
function in patients with advanced liver cirrhosis and portal
hypertension: studies on permeability and luminal bacterial
overgrowth. Eur J Gastroenterol Hepatol 1993; 5: 383-387 [DOI:
10.1097/00042737-199305000-00014]
112 Fujii T, Seki T, Maruoka M, Tanaka J, Kawashima Y,
Watanabe T, Sawamura T, Inoue K. Lactulose-L-rhamnose
intestinal permeability test in patients with liver cirrhosis.
Hepatol Res 2001; 19: 158-169 [PMID: 11164740 DOI: 10.1016/
S1386-6346(00)00099-1]
113 Huglo D, De Botton S, Canva-Delcambre V, Colombel JF,
Wallaert B, Steinling M, Marchandise X. Simultaneous determination of pulmonary and intestinal permeability in patients with alcoholic liver cirrhosis. Eur J Nucl Med 2001; 28:
1505-1511 [PMID: 11685493 DOI: 10.1007/s002590100589]
114 Zuckerman MJ, Menzies IS, Ho H, Gregory GG, Casner NA,
Crane RS, Hernandez JA. Assessment of intestinal permeability and absorption in cirrhotic patients with ascites using
combined sugar probes. Dig Dis Sci 2004; 49: 621-626 [PMID:
15185867 DOI: 10.1023/B:DDAS.0000026307.56909.21]

14694

October 28, 2014|Volume 20|Issue 40|

Kalaitzakis E. Gut dysfunction in liver cirrhosis
115 Kalaitzakis E, Johansson JE, Bjarnason I, Björnsson E. Intestinal permeability in cirrhotic patients with and without ascites. Scand J Gastroenterol 2006; 41: 326-330 [PMID: 16497621]
116 Reiberger T, Ferlitsch A, Payer BA, Mandorfer M, Heinisch
BB, Hayden H, Lammert F, Trauner M, Peck-Radosavljevic
M, Vogelsang H. Non-selective betablocker therapy decreases intestinal permeability and serum levels of LBP and IL-6
in patients with cirrhosis. J Hepatol 2013; 58: 911-921 [PMID:
23262249 DOI: 10.1016/j.jhep.2012.12.011]
117 Scarpellini E, Valenza V, Gabrielli M, Lauritano EC, Perotti
G, Merra G, Dal Lago A, Ojetti V, Ainora ME, Santoro M,
Ghirlanda G, Gasbarrini A. Intestinal permeability in cirrhotic patients with and without spontaneous bacterial peritonitis: is the ring closed? Am J Gastroenterol 2010; 105: 323-327
[PMID: 19844200 DOI: 10.1038/ajg.2009.558]
118 Pijls KE, Jonkers DM, Elamin EE, Masclee AA, Koek GH.
Intestinal epithelial barrier function in liver cirrhosis: an extensive review of the literature. Liver Int 2013; 33: 1457-1469
[PMID: 23879434 DOI: 10.1111/liv.12271]
119 Kim BI, Kim HJ, Park JH, Park DI, Cho YK, Sohn CI, Jeon
WK, Kim HS, Kim DJ. Increased intestinal permeability as
a predictor of bacterial infections in patients with decompensated liver cirrhosis and hemorrhage. J Gastroenterol
Hepatol 2011; 26: 550-557 [PMID: 21332551 DOI: 10.1111/
j.1440-1746.2010.06490.x]
120 Benjamin J, Singla V, Arora I, Sood S, Joshi YK. Intestinal
permeability and complications in liver cirrhosis: A prospective cohort study. Hepatol Res 2013; 43: 200-207 [PMID:
22726344 DOI: 10.1111/j.1872-034X.2012.01054.x]
121 Guarner C, Soriano G. Bacterial translocation and its consequences in patients with cirrhosis. Eur J Gastroenterol Hepatol
2005; 17: 27-31 [PMID: 15647636]
122 Liu Q, Duan ZP, Ha DK, Bengmark S, Kurtovic J, Riordan
SM. Synbiotic modulation of gut flora: effect on minimal
hepatic encephalopathy in patients with cirrhosis. Hepatology 2004; 39: 1441-1449 [PMID: 15122774 DOI: 10.1002/
hep.20194]
123 Shukla S, Shukla A, Mehboob S, Guha S. Meta-analysis: the
effects of gut flora modulation using prebiotics, probiotics
and synbiotics on minimal hepatic encephalopathy. Aliment Pharmacol Ther 2011; 33: 662-671 [PMID: 21251030 DOI:
10.1111/j.1365-2036.2010.04574.x]
124 Albillos A, de la Hera A, González M, Moya JL, Calleja JL,
Monserrat J, Ruiz-del-Arbol L, Alvarez-Mon M. Increased
lipopolysaccharide binding protein in cirrhotic patients
with marked immune and hemodynamic derangement.
Hepatology 2003; 37: 208-217 [PMID: 12500206 DOI: 10.1053/
jhep.2003.50038]
125 Du Plessis J, Vanheel H, Janssen CE, Roos L, Slavik T, Stivaktas PI, Nieuwoudt M, van Wyk SG, Vieira W, Pretorius
E, Beukes M, Farré R, Tack J, Laleman W, Fevery J, Nevens
F, Roskams T, Van der Merwe SW. Activated intestinal macrophages in patients with cirrhosis release NO and IL-6 that
may disrupt intestinal barrier function. J Hepatol 2013; 58:
1125-1132 [PMID: 23402745 DOI: 10.1016/j.jhep.2013.01.038]
126 Montes-de-Oca M, Blanco MJ, Marquez M, Soto MJ,
Fernandez-Gutiérrez C, Rodriguez-Ramos C, GironGonzalez JA. Haemodynamic derangement in human immunodeficiency virus-infected patients with hepatitis C
virus-related cirrhosis: the role of bacterial translocation.
Liver Int 2011; 31: 850-858 [PMID: 21645216 DOI: 10.1111/
j.1478-3231.2011.02505.x]
127 Sandler NG, Koh C, Roque A, Eccleston JL, Siegel RB, Demino M, Kleiner DE, Deeks SG, Liang TJ, Heller T, Douek DC.
Host response to translocated microbial products predicts
outcomes of patients with HBV or HCV infection. Gastroen-

128

129

130

131
132

133

134

135

136

137

138

139

140

terology 2011; 141: 1220-130, 1220-130, [PMID: 21726511 DOI:
10.1053/j.gastro.2011.06.063]
Vlachogiannakos J, Saveriadis AS, Viazis N, Theodoropoulos I, Foudoulis K, Manolakopoulos S, Raptis S, Karamanolis
DG. Intestinal decontamination improves liver haemodynamics in patients with alcohol-related decompensated
cirrhosis. Aliment Pharmacol Ther 2009; 29: 992-999 [PMID:
19210289 DOI: 10.1111/j.1365-2036.2009.03958.x]
Karagiannakis DS, Vlachogiannakos J, Anastasiadis G,
Vafiadis-Zouboulis I, Ladas SD. Frequency and severity of
cirrhotic cardiomyopathy and its possible relationship with
bacterial endotoxemia. Dig Dis Sci 2013; 58: 3029-3036 [PMID:
23907333 DOI: 10.1007/s10620-013-2693-y]
Keshavarzian A, Holmes EW, Patel M, Iber F, Fields JZ,
Pethkar S. Leaky gut in alcoholic cirrhosis: a possible
mechanism for alcohol-induced liver damage. Am J Gastroenterol 1999; 94: 200-207 [PMID: 9934756 DOI: 10.1111/
j.1572-0241.1999.00797.x]
Bjarnason I, Peters TJ, Wise RJ. The leaky gut of alcoholism:
possible route of entry for toxic compounds. Lancet 1984; 1:
179-182 [PMID: 6141332]
Parlesak A, Schäfer C, Schütz T, Bode JC, Bode C. Increased
intestinal permeability to macromolecules and endotoxemia
in patients with chronic alcohol abuse in different stages
of alcohol-induced liver disease. J Hepatol 2000; 32: 742-747
[PMID: 10845660]
Keshavarzian A, Farhadi A, Forsyth CB, Rangan J, Jakate S,
Shaikh M, Banan A, Fields JZ. Evidence that chronic alcohol
exposure promotes intestinal oxidative stress, intestinal hyperpermeability and endotoxemia prior to development of
alcoholic steatohepatitis in rats. J Hepatol 2009; 50: 538-547
[PMID: 19155080 DOI: 10.1016/j.jhep.2008.10.028]
Ramachandran A, Balasubramanian KA. Intestinal dysfunction in liver cirrhosis: Its role in spontaneous bacterial
peritonitis. J Gastroenterol Hepatol 2001; 16: 607-612 [PMID:
11422611]
Elamin EE, Masclee AA, Dekker J, Jonkers DM. Ethanol
metabolism and its effects on the intestinal epithelial barrier.
Nutr Rev 2013; 71: 483-499 [PMID: 23815146 DOI: 10.1111/
nure.12027]
Tang Y, Forsyth CB, Farhadi A, Rangan J, Jakate S, Shaikh M,
Banan A, Fields JZ, Keshavarzian A. Nitric oxide-mediated
intestinal injury is required for alcohol-induced gut leakiness
and liver damage. Alcohol Clin Exp Res 2009; 33: 1220-1230
[PMID: 19389191 DOI: 10.1111/j.1530-0277.2009.00946.x]
Norman DA, Atkins JM, Seelig LL, Gomez-Sanchez C, Krejs
GJ. Water and electrolyte movement and mucosal morphology in the jejunum of patients with portal hypertension. Gastroenterology 1980; 79: 707-715 [PMID: 7409388]
Yu LC, Wang JT, Wei SC, Ni YH. Host-microbial interactions
and regulation of intestinal epithelial barrier function: From
physiology to pathology. World J Gastrointest Pathophysiol
2012; 3: 27-43 [PMID: 22368784 DOI: 10.4291/wjgp.v3.i1.27]
Teltschik Z, Wiest R, Beisner J, Nuding S, Hofmann C,
Schoelmerich J, Bevins CL, Stange EF, Wehkamp J. Intestinal bacterial translocation in rats with cirrhosis is related to
compromised Paneth cell antimicrobial host defense. Hepatology 2012; 55: 1154-1163 [PMID: 22095436 DOI: 10.1002/
hep.24789]
Assimakopoulos SF, Tsamandas AC, Tsiaoussis GI, Karatza
E, Triantos C, Vagianos CE, Spiliopoulou I, Kaltezioti V,
Charonis A, Nikolopoulou VN, Scopa CD, Thomopoulos
KC. Altered intestinal tight junctions’ expression in patients
with liver cirrhosis: a pathogenetic mechanism of intestinal
hyperpermeability. Eur J Clin Invest 2012; 42: 439-446 [PMID:
22023490 DOI: 10.1111/j.1365-2362.2011.02609.x]
P- Reviewer: Festi D, Li YH, Mach TH, Manesis EK, Yang YP
S- Editor: Ma YJ L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

14695

October 28, 2014|Volume 20|Issue 40|

World J Gastroenterol 2014 October 28; 20(40): 14696-14705
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i40.14696

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (11): Cirrhosis

Small RNA- and DNA-based gene therapy for the treatment
of liver cirrhosis, where we are?
Kyung-Hyun Kim, Kwan-Kyu Park
Kyung-Hyun Kim, Kwan-Kyu Park, Department of Pathology, College of Medicine, Catholic University of Daegu, Daegu
705-718, South Korea
Author contributions: All authors contributed equally to this
paper.
Supported by National Research Foundation of Korea Grant
funded by the Korean Government, No. 2012R1A1A401015639
Correspondence to: Kwan-Kyu Park, MD, PhD, Department
of Pathology, College of Medicine, Catholic University of Daegu,
3056-6 Daemyung 4-Dong, Nam-Gu, Daegu 705-718,
South Korea. kkpark@cu.ac.kr
Telephone: +82-53-6504149 Fax: +82-53-6504834
Received: October 23, 2013 Revised: April 3, 2014
Accepted: June 2, 2014
Published online: October 28, 2014

Abstract
Chronic liver diseases with different aetiologies rely on
the chronic activation of liver injuries which result in a
fibrogenesis progression to the end stage of cirrhosis
and liver failure. Based on the underlying cellular and
molecular mechanisms of a liver fibrosis, there has been
proposed several kinds of approaches for the treatment
of liver fibrosis. Recently, liver gene therapy has been
developed as an alternative way to liver transplantation, which is the only effective therapy for chronic
liver diseases. The activation of hepatic stellate cells, a
subsequent release of inflammatory cytokines and an
accumulation of extracellular matrix during the liver fibrogenesis are the major obstacles to the treatment of
liver fibrosis. Several targeted strategies have been developed, such as antisense oligodeoxynucleotides, RNA
interference and decoy oligodeoxynucleotides to overcome this barriers. With this report an overview will be
provided of targeted strategies for the treatment of liver
cirrhosis, and particularly, of the targeted gene therapy
using short RNA and DNA segments.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Recent advances in understanding the mechanisms underlying liver fibrogenesis, including regulation of inflammatory cytokine signaling, the dynamic
process of hepatic stellate cell activation and extracellular matrix degradation. The only option for patients
suffering from severe and late-stage cirrhosis is liver
transplantation; however, it is limited by the number of
available donor organs. Therefore, development of new
therapeutic strategies for liver fibrosis and cirrhosis are
needed. This review focuses on the recent advances relating to the therapeutic application of liver fibrogenesis
through the modulation of gene expression.
Kim KH, Park KK. Small RNA- and DNA-based gene therapy
for the treatment of liver cirrhosis, where we are? World J
Gastroenterol 2014; 20(40): 14696-14705 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14696.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14696

INTRODUCTION
Chronic liver diseases are characterized by reiteration of
liver injuries due to an infection by viral agents (mainly
hepatitis B and C viruses) or to metabolic toxin/druginduced (alcohol being predominant) and autoimmune
diseases[1]. In response to various insults, the hepatocyte
damage will cause the release of cytokines and other soluble factors by Kupffer cells, which lead to an activation
of hepatic stellate cells (HSCs). HSCs have been considered as the primary hepatic cell type which is responsible
for the excess deposition of extracellular matrix (ECM)
during the liver fibrosis [2-5]. Excessive production of
ECM results in an imbalance between fibrogenesis and
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fibrolysis, and leads subsequently to a scar formation. As
the scarring progresses from the bridging fibrosis to the
formation of complete nodules, it results in an architectural distortion and leads ultimately to liver cirrhosis[6]. In
many patients the cirrhosis can result in liver failure and
leads to a high morbidity and mortality worldwide[7].
The activation of HSCs is the key factor in liver fibrosis. It is responsible for the excess deposition of ECM
and the formation of scars[8,9]. Vitamin A storing quiescent HSCs, are located in the normal liver in the space of
Disse in close contact with hepatocyte and sinusoidal endothelial cells. Responding to hepatic injuries, HSCs migrate to the wound-healing area and secret large amounts
of ECM, which results in septa formation in the chronically damaged liver[10,11]. Activated HSCs become contractile and secrete a wide variety of ECM proteins and
bioactive mediators, including the transforming growth
factor-β1 (TGF-β1), the platelet-derived growth factor
(PDGF) and the connective tissue growth factor (CTGF).
In turn, the proliferation of HSCs and the synthesis of
collagen will be accelerated. The TGF-β1 is the most fibrogenic cytokine and increases after the HSC activation.
In activated HSCs, TGF-β1 induces a strong and consistent upregulation of the genes encoding for collagens
and other ECM components. It also regulates the matrix
metalloproteinases (MMPs) expression and their inhibitors (tissue inhibitor of metalloproteinase, TIMP), which
modulate the inflammatory reactions by influencing the
T cell functions[12-14].
Recent advances were done to understand the mechanisms of the underlying liver fibrogenesis, including the
regulation of inflammatory cytokine signaling, the dynamic process of HSC activation and the ECM degradation[8,9]. From a treatment viewpoint, several approaches
have successfully inhibited the liver fibrogenesis in animal
models. However, the possibility to reverse an established fibrosis is an essential issue, because a fibrotic liver
disease may not present clinically until an advanced or
cirrhotic stage. Although current treatments target the inflammatory responses, those treatments are still limited to
treat an advanced liver fibrosis. The only option for patients suffering from severe and late-stage cirrhosis is the
liver transplantation. However, transplantation are limited
by the number of available donor organs[15]. Therefore,
a development of new therapeutic strategies for liver
fibrosis and cirrhosis is needed. This review focuses on
the latest advances to modulate gene expressions for the
therapeutic application in the liver fibrosis.

Gene therapy for liver cirrhosis
New techniques to inhibit target gene expressions based
on a short RNA or DNA technology were provided due
to recent progresses in the cellular and molecular research. Antisense oligodeoxynucleotides (ODNs), small
interfering RNAs (siRNAs), microRNAs (miRNAs) and
decoy ODNs are oligonucleotides which are able to modulate gene expressions. Although all of these four strate-
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gies use a short sequence of nucleotides (approximately
20 base pairs), each strategy differs in the nucleotide type
(RNA or DNA) and in the number of strands (single or
double stranded)[16]. The main difference between those
four strategies is the way of their gene expression regulation. As shown in Figure 1, the decoy ODNs works at
the pre-transcription level while siRNAs, miRNAs and
antisense ODNs work at the post-translation level[17,18].
The development of antisense strategy started at
the late 1970s after the discovery of the inhibition of a
specific gene product expression due to short complementary DNA sequences[19-21]. Since then, the antisense
strategy has become one of the most successful approaches for target validation and therapeutic purposes.
Antisense ODNs are short chains of nucleic acids and
consist usually of 10 to 30 nucleotides, which are typical single-stranded DNA or chemically modified DNA
derivatives. Antisense ODNs specifically hybridize with
their complementary targeted RNAs by Watson-Crick
base-pairing[16]. RNA-antisense ODN heteroduplex activates ribonuclease H (RNase H)-cleavage of the target
mRNA[22]. RNase H is a ubiquitous enzyme that hydrolyzes the RNA strand of an RNA-DNA duplex. The use
in the gene therapy is the most widely discussed application of antisense strategy. The first antisense drug, VitraveneTM (Fomivirsen), was approved by the FDA for the
treatment of cytomegalovirus-induced retinitis in AIDS
patients[23]. Currently, there are about 30 clinical trials in
various phases ongoing. Moreover, newer oligonucleotide
chemistries are providing antisense molecules with higher
binding affinities, greater stability and lower toxicity as
clinical candidates[24-26].
RNA interference (RNAi) is the phenomenon in which
siRNAs (21-23 nucleotide in length) silence targets gene
by binding to its complimentary mRNA and triggers
their elimination initially. It was discovered by Fire et al[27]
in Caenorhabditis elegans. Like the antisense strategy, RNAi
relies on the complementarity between RNA and its target mRNA. However, the mechanism of RNAi is slightly
different to the antisense strategy. RNAi is a sequencespecific gene silencing mechanism which is evolutionarily
conserved and induced by the exposure of double-stranded RNA(dsRNA)[28]. Long stretches of dsRNA can interact with the RNase Ⅲ-like enzyme (DICER) to be cleaved
into short (21-23 nucleotide) ds RNA with 3’ overhangs
and produce what is known as siRNAs. Through the association with RNA-induced silencing complex (RISC)
these siRNAs are then unwound and associated with the
complementary RNA. Those enzymes lead to a specific
cleavage of complementary targets[29-32]. Inducers of the
RNAi mechanism include endogenous miRNA, synthetic
siRNA and the vector based short hairpin RNA (shRNA).
RNAi-based therapies are intensively focused on gene
therapies, and have potent knockdowns of targeted gene
with a high sequence specificity[33].
Other classes where the RNAi mechanism is used are
miRNAs. miRNAs control the translation of targeted
mRNAs and act essentially as naturally occurring anti-
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Figure 1 Overview of small RNA and DNA-based therapeutic strategies. Decoy ODNs block the binding of TF and inhibits specific gene expression at the transcriptional level. miRNAs are generated in the nucleus (pri-miRNA) and bind to the target 3’ untranslated region (UTR) through imperfect complementarity at multiple
sites, which act to its target by translational repression or mRNA cleavage. siRNAs form a perfect duplex with their target mRNA site, which leads to a specific cleavage of target mRNA. Antisense ODNs specifically hybridize with their target mRNA, which activates RNase H-cleavage of the target mRNA. ODNs: oligodeoxynucleotides; RISC: RNA-induced silencing complex; siRNA: small interfering RNA; miRNA: micro RNA; RNase H: ribonuclease H; dsRNA: double stranded RNA; TF:
transcription factor; 3’UTR: 3’-untranslated region.

sense ODN. miRNAs are endogenous, noncoding RNAi
molecules about 22 nt long and are capable to negative
modulate the post-transcriptional expression genes by
binding to their complementary 3’ untranslated region
(UTR) of mRNA targets[34]. miRNAs differ from siRNAs
in their molecular origins and in their mode of target recognition. Unlike siRNAs, miRNAs are generated in the
nucleus and transported to the cytoplasm as mature, hairpin structures[35]. In many cases, miRNAs bind to the target 3’ UTRs through imperfect complementarity at multiple sites, while siRNAs often form a perfect duplex with
their targets at only one site. Thus, miRNAs negatively
regulate target expression at the translational level[34]. Currently, researchers have documented an estimated number
of about 1000 miRNAs encoded in the human genome
and more than one-third of the expressed genes were
regulated by miRNAs[34,36,37].
The action mechanisms for the decoy ODN strategy
differs from the mechanisms antisense and RNAi, where
the target gene expression is modulated in a post-transcriptional manner. Decoy ODN strategy is based on the
competition for trans-acting factors between endogenous
cis-elements present within the regulatory regions of
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the target gene and exogenously added decoy molecules
(e.g., double-stranded DNA) mimicking the specific ciselements. When the decoy ODN are delivered into the
nucleus of target cell, the decoy ODN can bind to the
free transcription factors. This results in the prevention
of transcription factor interaction and the transactivation
of a transcription factor-promoting target gene expression[38-41]. Therefore, decoy ODN strategy may enable a
diseases treatment by modulation of endogenous transcriptional regulation. It has been used successfully in vitro
and in vivo to modulate gene expression, suggesting its
use in therapy also[40,42-46].

Antisense ODN based therapy
TGF-β1 is the most potent factor to accelerate liver fibrosis among a number of growth factors and cytokines for
the ECM accumulation. TGF-β1 not only enhances the
synthesis of ECM but also inhibits the ECM degradation
by down-regulating the expression of MMPs and TIMPs
induction[47-49]. Therefore, the blockage of TGF-β1 or the
signaling pathway is considered as a potent therapeutic
strategy for the liver fibrosis treatment. Arias et al[50] re-
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ported that adenoviral expression of TGF-β1 antisense
ODN resulted in an inhibition of HSC activation. Moreover, the delivery of TGF-β1 antisense ODN prevented
also the liver fibrogenesis in vivo due to obstructive bile
duct ligature in rats. TGF-β1 signaling occurs through
a transmembranes family and Ser/Thr kinase receptors,
which are known as receptor Ⅰ (TβRⅠ) and receptor
Ⅱ (TβRⅡ). An exogenous antisense TβRI and TβRⅡ
block in pig serum-induced liver fibrosis in rats[51]. Based
on the reports above, TGF-β1 and signaling pathway targeted antisense strategies lead to the deactivation of activated HSCs. Hence, the deposition of ECM will be halt.
The process of ECM accumulation/degradation is
also the major pathogenesis of liver fibrosis. It is important to modulate the ECM turnover, including not only
the synthesis but also the degradation. The resolution
of ECM accumulation is carried out by a fine balance
between activities of proteinases (MMPs) and their
inhibitors (TIMPs). MMPs are a family of proteolytic
enzymes which are capable to degrade the ECM. The
activity of MMPs is tightly regulated by its specific inhibitors TIMPs[52]. A degradation of abnormal ECM
after a prolonged liver injury is inhibited due to TIMP
expression by activated HSCs. During the spontaneous
recovery from liver fibrosis, the TIMP-1 level decreases
and the activity of collagenase and the apoptosis of
HSCs increase[53]. With the purpose to antagonize the
excess amounts of TIMP-1 in the liver fibrosis, it was
also proved in an immune induced liver fibrosis model
in rats, that TIMP-1 antisense ODN had a preventive effect on liver fibrosis progression[54]. Moreover, Nie et al[55]
designed two different antisense ODNs (seq1 and seq2)
targeting TIMP-2 and transfected into the rat livers by
hydrodynamic injection in immune induced liver fibrosis.
The TIMP-2 antisense ODN prevented the progression
of liver fibrosis. These results suggest that antisense
ODN is appropriate for the gene modulation in liver fibrogenesis.

siRNA based therapy
Gene silencing by siRNA has evolved as a novel posttranscriptional gene silencing strategy with therapeutic
potential. In the recent years there has been a considerable interest in siRNA-based gene therapy for a liver
fibrosis treatment[56,57]. Most of the targeted genes are
those which are critical for the HSC activation, proliferation and/or ECM synthesis and degradation which
are usually up-regulated during liver fibrogenesis. Those
genes include TGF-β1, PDGF and TIMPs[58-61]. Obstacles
of siRNA-based therapies may be systemic, local or cellular and result in rapid excretion, low serum stability, nonspecific tissue accumulation, poor uptake by the cells and
an endosomal release into cytoplasm. To overcome these
side-effects, a plasmid vector (pU6shX) was employed
with encoded siRNA (shRNA) against TGF-β1 in CCl4induced murine liver fibrosis. Following TGF-β1 shRNA
administration, TGF- β 1 shRNA effectively silenced
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TGF-β1 gene expression in murine liver fibrosis. TGF-β1
shRNA also significantly inhibited the expression of
[62]
α-smooth muscle actin (α-SMA) and type Ⅰ collagen .
Similar trials have been employed TGF-β1 siRNA in liver
fibrogenesis in vitro[63].
As discussed in the previous section, activated HSCs
play a pivotal role during liver fibrogenesis. In order to
effective transfer the site-specific inhibition of siRNA,
several attempts have been introduced to specific approaches for activated HSCs using HSC specific ligands
or promoters. Sato et al[64] employed siRNA using vitamin
A-coupled liposome. In dimethylnitrosamine-induced
liver fibrosis, collagen specific chaperone molecule (gp46)
siRNA/vitamin A-coupled liposome effectively resolved
the hepatic collagen deposition and prolonged the survival. Since this report, vitamin-A-coupled liposomal
delivery system has been applied in targeting siRNA
to HSCs. Chen et al[65] used glial fibrillary acidic protein
(GFAP) promoter. GFAP, an intermediate filament protein, was considered as a marker for activated and quiescent HSCs[66,67]. They applied PDGFR-β shRNA using
GFAP promoter in liver fibrosis to avoid the nonspecific
interference of PDGF-β gene expression in other tissues
or cells. Cell-specific PDGFR-β shRNA could attenuate
liver injury and liver fibrosis in rats.
Hepatocytes, which are the key parenchymal cells
in the liver, contribute to the accumulation of activated
myofibroblast via epithelial-mesenchymal transition
(EMT) during the liver fibrogenesis, to date[68-70]. EMT is
an emerging concept in the fibrosis of adult organs speculating that this process refers to epithelial cells which underwent a transitioning to resident tissue myofibroblasts
in response to persistent tissue injuries[71]. Recently, due
to an accumulation of evidences it was suggested that the
EMT contributes to the liver fibrosis. This may be similar
to processes which occur in other organs, such as in the
lung, kidney and intestine[72,73]. From this point of view,
hepatocytes will be a new target for the treatment of liver
fibrosis. Based on this concept, hepatocyte targeted therapies have been tried with the use of hepatocyte specific
promoters (albumin promoter)[74,75] or membrane receptor (galactosylated carriers)[76-78]. Sato et al[79] reported that
the galactosylated liposome/siRNA complex effectively
exhibited the hepatocyte-selective gene silencing. Taken
together, siRNA-mediated therapeutics could lead to
an effective inhibition of liver fibrogenesis. Moreover,
targeted delivery of the agents to the liver specific cells,
especially HSCs and hepatocytes, may provide a solution
to reduce the adverse reactions and optimize the efficacy
as well.

miRNA based therapy
miRNAs were recently discovered molecules which
regulated the entire intracellular pathways at a post-translational level through targeting 3’-UTR of target gene
mRNAs as discussed above. The number of miRNA
transcripts known to be encoded human genome exceeds
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1000 now. There has been an exponential growth for
the regulatory roles of miRNAs in the development of
diseases. Now, miRNAs are considered as another type
of transcription factors[80]. Most of recent studies have
focused on the roles of miRNAs in the initiation and
progression of liver cancer[81], although it is shown more
about the roles of miRNAs in liver fibrosis.
miRNAs can regulate the activation of HSCs and
thereby regulate liver fibrosis. In rat HSCs, the downregulation of miR-27a and 27b switch to quiescent HSC
phenotype with accumulated cytoplasmic lipid droplets
and a decreased HSCs proliferation[82]. A recent study
indicated that miR-29b is a negative regulator for the
type Ⅰ collagen and SP1 in HSCs[83]. Roderburg et al[84]
also demonstrated that miR-29 regulates human and
murine liver fibrosis through the modulation of TGF-β1
and NF-κB signaling pathway. According to these results, miR-29 families are emerging as a very important
and common regulator of liver fibrosis. Other studies[85] have analyzed the expression of miRNAs in CCl4induced liver fibrosis model and human clinical samples
by miRNA microarray analysis. They identified 4 highly
expressed miRNAs (miR-199a, miR-199a*, miR-200a and
miR-200b) which were significantly associated with the
progression of liver fibrosis both human and mice. MiR199a* and miR-200b directly regulates the TGFβ-induced
factor and SMAD specific E3 ubiquitin protein ligase 2,
which mediate the TGFβ signaling pathway. Especially,
the miR-200 family regulated EMT by targeting the EMT
accelerator zinc finger E-box-binding homeobox 1 and
survival of motor neuron protein-interacting protein 1.
In addition, the coordination of aberrant expression of
these miRNAs affects the liver fibrosis related genes.
From these findings, miRNAs expression profile has
the potential not only to therapeutically target but also to
be a novel biomarker of liver fibrosis. miRNAs are good
biomarkers because they are well defined, chemically
uniform, restricted to a manageable number of species
and stable in cells and in the circulation[86-88]. The manipulation of the specific miRNAs during the liver fibrosis
holds promises a new therapeutic approach. There are 2
different strategies to utilize the therapeutic approaches
of miRNA. One of them is a miRNA replacement which
utilizes short RNA duplexes to mimic miRNAs which are
underexpressed in the liver fibrosis. The other is a chemically modified miRNA inhibitor with single-stranded
ODNs which antagonize overexpressed miRNAs [81].
However, miRNA-based therapeutics are still on an early
its stages. More studies will be necessary to understand
the complex biological function and to develop effective
and safe delivery methods.

Decoy ODN based therapy
The regulation of gene expression is a complex biological process which involves the transcription factor-DNA
interaction for the gene transcription initiation. Thus,
modulation of transcription has been considered as an
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important target of drugs in the biomedicine[89,90]. The
transcription of a specific gene is regulated by several
transcription factors which can recognize their relatively
short binding sequences even in the absence of surrounding genomic DNA. By utilizing this property, decoy
ODNs mimic the binding sites for transcription factor
proteins and compete with promoter regions to absorb
this binding activity in the cell nucleus[38,39]. This decoy
ODN strategy provides a powerful tool to inhibit the expression of specific gene by modulation of endogenous
transcriptional regulation.
During iterative or chronic hepatic injuries in liver
fibrosis, the liver tissue is exposed, presenting repeated
and overlapping waves of inflammation associated with
persistently elevated expression of proinflammatory
cytokines, chemokines and MMPs. Following the inflammatory reactions in liver, the activation of hepatic NFκB is observed in nonparenchymal and parenchymal
liver cells[91-94]. Kupffer cells (resident macrophages of
liver) show powerful NF-κB activation in response to
liver injury, resulting in the production and secretion of
inflammatory cytokines[95]. Son et al[96] showed that selective transfer NF-κB decoy ODN to liver macrophages
in CCl4-induced liver fibrosis. Selective inhibition of NFκB in liver macrophages showed successful inhibition
of subsequent inflammation and ultimately liver fibrosis
during long-term treatment of CCl4.
Another transcription factor specificity protein 1 (Sp1)
also plays important roles in the regulation of matrix
gene transcription like TGF-β1 and type Ⅰ collagen in
the liver fibrosis[97]. Generally, Sp1 is the founder member
of the Sp1/KLF-like family of zinc-finger transcription
factors and specifically binds to the GC-rich promoter
region[98]. Chen et al[99] showed that Sp1 decoy ODN effectively inhibits proliferation and fibrotic gene synthesis
of activated HSCs in vitro. Additionally, Park et al[100] demonstrated that Sp1 decoy ODN effectively blocks Sp1
binding in CCl4-induced liver fibrosis. Transfection of
Sp1 decoy ODN markedly reduced TGF-β1 expression
as well as matrix gene expression in vivo.
More recently, alternative structures have been explored for the design of decoy ODNs, which combine in
the same molecules the binding sites for different transcription factors. To utilize this strategy, chimeric decoy
ODN, which contains two or more transcription factor binding sites, was designed to enhance the effective
use of decoy ODN strategy. Although chimeric decoy
ODN strategy has been employed against cardiovascular diseases[101,102] and kidney fibrosis[46,103], there is little
known about the effectiveness of chimeric decoy ODN
strategy in liver fibrosis. Our recent study provided the
first evidence of the feasibility of a chimeric decoy ODN
strategy against both NF-κB and Sp1 in liver fibrosis
simultaneously in vitro and in vivo. The transfection of chimeric decoy ODN significantly inhibited the activation
of Sp1 and NF-κB as compared with the independent
transfection of Sp1 and NF-κB in activated HSCs. In
addition, chimeric decoy ODN prevented the fibrogenic
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Table 1 Advantages and disadvantages of small RNA and DNA based gene therapy
Strategy

Mechanisms of action

Advantages

Antisense
ODN

RNA-antisense ODN heteroduplex activates
RNase H that can degrade the duplexes
Antisense ODN physically block the ribosome
translocation sterically by hybridization

Antisense ODN can be introduced directly
into cell
Availability of chemical modification of
antisense ODN

siRNA

siRNA incorporated into RISC, which leads
to the rapid degradation of the entire mRNA
molecule

miRNA

Small, non-protein coding RNAs that guide
the post-transcriptional repression of mRNA
binding at 3’ UTR region
Double stranded oligonucleotide containing
an enhancer cis-element
Target transcription factor binds to decoy
ODN and block the interaction of target gene
transcription

Decoy ODN

Disadvantages

Stability in cells (endonucleolytic and
exonucleolytic degradation)
Modified antisense ODN stimulates the
immune system
Design and synthesis is more complicated
compared with other strategies
Great specificity and efficacy:
Non-specific gene silencing
thermodynamic end stability, target mRNA Activation of immune response
RNA degradation by endonuclease
accessibility
Expensive for larger experiments
miRNA ability to regulate multiple genes Need for cloning and verification of insert
Activation of immune response
Cost effective for long-term experiments
RNA degradation by endonuclease
Specifically inhibits transcription factor
Transfection efficiency and delivery to cells
function
Allows for the regulation of endogenous
DNA degradation by endonuclease
and pathological gene expression

RISC: RNA-induced silencing complex; siRNA: small interfering RNA; miRNA: micro RNA; RNase H: ribonuclease H; 3’UTR: 3’-untranslated region;
ODN: Oligodeoxynucleotides.

Table 2 Summary of studies using small RNA and DNA based therapies in liver cirrhosis
Strategy
Antisense
ODN

siRNA

miRNA

Decoy
ODN

Target gene

Biological effects

Ref.

TGF-β1
TβRⅠ and TβRⅡ
TIMP-1
TIMP-2
(seq1 and seq2)
TGF-β1
TGF-β1
Collagen specific chaperon
(gp46)
PDGF receptor beta small
subunit (GFAP promoter)
Ubc 13
miR-27a and 27b
miR-29b
miR-29 family
miR-199a, miR-199a*,
miR200a and miR-200b
NF-κB
Sp1
Sp1
NF-κB and Sp1

Inhibition of liver fibrogenesis in vivo (bile duct ligation) and in vitro (activated HSCs)
Exogenous antisense TβRⅠ and TβRⅡ block in pig serum induced liver fibrosis
Preventive effect on immune induced liver fibrosis progression
Hydrodynamic injection of TIMP-2 antisense prevented the progression of liver fibrosis

[50]
[51]
[54]
[55]

TGF-β1 shRNA effectively inhibited CCl4-induced liver fibrosis
Inhibition of the expression of TGF-β1 and inflammatory cytokine in HSC-T6
Effectively resolved the hepatic collagen deposition and prolonged survival in DMN-induced liver
fibrosis
HSCs-specific PDGFR-beta shRNA attenuates CCl4-induced acute liver injury and bile duct ligationinduced chronic liver fibrosis
Galactosylated liposome/siRNA complex effectively exhibited the hepatocyte selective gene silencing
Down regulation of miR-27a and 27b changed from activated HSC to quiescent HSC
Negative regulator for the type Ⅰ collagen and Sp1 in HSC
Modulation of TGF-β1 and NF-κB signaling pathway in CCl4-induced liver fibrosis
Highly expressed miRNAs by miRNA microarray analysis in CCl4-induced liver fibrosis

[62]
[63]
[64]

Inhibition of inflammatory changes and fibrosis during CCl4-induced liver fibrosis
Inhibition of proliferation and fibrotic gene synthesis in activated HSCs
Inhibition of TGF-β1 and matrix gene expression in CCl4-induced liver fibrosis
Inhibition of fibrogenic and proinflammatory response in CCl4-induced liver fibrosis

[96]
[99]
[100]
[104]

[65]
[79]
[82]
[83]
[84]
[85]

ODN: Oligodeoxynucleotide; HSC: Hepatic stellate cell; TβR: TGF-β1 receptor; TIMP: Tissue inhibitor of metalloproteinase; DMN: dimethylnitrosamine;
GFAP: Glial fibrillary acidic protein; CCl4: Carbon tetrachloride.

and pro-inflammatory gene response in CCl4-induced
liver fibrosis[104]. Taken together, decoy ODN strategy is
considered one of the most useful strategies to prevent
the progression of liver fibrosis and to examine the molecular mechanism of specific gene expression.

CONCLUSION
The development of gene therapy technology has steadily progressed over the past 20 years. Among the several
strategies for gene therapy, small RNA- and DNA based
gene therapy, which includes antisense, RNAi (siRNA
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and miRNA) and decoy, has attracted a lot of interest in
terms of their efficacy and ease of handling. Although
these therapies are specific and effective in gene regulation, there are still many unsolved issues. Table 1 shows
the major advantages and disadvantages of these therapies. Small RNA and DNA are susceptible to degradation, such as nuclease, serum and cytoplasmic extracts.
Additional work is needed to evaluate the efficient transfer of small RNA and DNA. For example, ODN molecules based on peptide nucleic acids (PNAs) should be
taken into great consideration[105]. On the basis of PNA
strategy, PNA-DNA-PNA chimeras are of great inter-
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est from several viewpoints[106,107]. Unlike ODNs, PNADNA-PNA chimeras are resistant to nucleases as well as
to immunologic responses[108].
Only a few clinical studies about liver fibrosis with
less success but remarkable lessons were conducted yet.
Antifibrotic trials for the treatment of HCV cirrhosis
were conducted with drugs which were not successfully
indicated. The fibrosis continued in their progress even in
advanced diseases where the HCV was not cured, albeit
a nonlinear rates[109]. Recent findings from integrative and
mechanism-based profiling studies have provided important information about the roles of small RNA- and
DNA based therapeutic strategies in liver fibrosis. These
studies could improve the current understanding of the
molecular mechanisms of chronic liver diseases. Table
2 briefly summarizes that small RNA- and DNA-based
therapeutic approaches for liver fibrosis have been focused on the antifibrotic agents, which are able to reduce
hepatic inflammation, HSC activation, the accumulation
of ECM and the TGF-β1 expression. In addition, delivery of small RNA- and DNA with cell-specific ligands or
driven by cell-specific promoters or transcriptional regulatory units are promising strategies for a direct cell specific gene expression for the treatment of liver fibrosis.
However, the non-specific expression of target gene in all
of transduced cells remains concerning. A better understanding of limitations for small RNA- and DNA-based
gene therapy will greatly facilitate approaches to increase
the potency in the treatment of liver fibrosis. Even if not
discussed in this article, other delivery technologies such
as oral delivery, can enhance the performance and/or
the patient convenience of small RNA- and DNA-based
gene therapy[110]. Therefore, more clinical trials based on
small RNA- and DNA-based gene therapy, particularly in
liver fibrosis are expecting in the near future.
In conclusion, the application of small RNA- and
DNA-based gene therapy has opened a new door for
the treatment of liver fibrosis. Although many questions
remain unsolved, the results to date are very encouraging;
small RNA- and DNA-based gene therapy should join
small molecules and protein-based therapeutics as the
third discovery system in the treatment of liver fibrosis.
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Abstract
Obesity and liver steatosis are usually described as
related diseases. Obesity is regarded as exclusive consequence of an imbalance between food intake and
physical exercise, modulated by endocrine and genetic
factors. Non-alcoholic fatty liver disease (NAFLD), is a
condition whose natural history is related to, but not
completely explained by over-nutrition, obesity and insulin resistance. There is evidence that environmental
infections, and notably adipogenic adenoviruses (ADV)
infections in humans, are associated not only with obesity, which is sufficiently established, but also with allied conditions, such as fatty liver. In order to elucidate
the role, if any, of previous ADV36 infection in humans,
we investigated association of ADV36-ADV37 seropositivity with obesity and fatty liver in humans. Moreover,
the possibility that lifestyle-nutritional intervention in
patients with NAFLD and different ADV36 seropositive status, achieves different clinical outcomes on
ultrasound bright liver imaging, insulin resistance and
obesity was challenged. ADV36 seropositive patients
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have a more consistent decrease in insulin resistance,
fatty liver severity and body weight in comparison with
ADV36 seronegative patients, indicating a greater responsiveness to nutritional intervention. These effects
were not dependent on a greater pre-interventional
body weight and older age. These results imply that
no obvious disadvantage - and, seemingly, that some
benefit - is linked to ADV36 seropositivity, at least in
NAFLD. ADV36 previous infection can boost weight loss
and recovery of insulin sensitivity under interventional
treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-alcoholic fatty liver disease; Human
adenovirus 36; obesity; Insulin resistance; Mediterranean diet; Ultrasound
Core tip: There is evidence that environmental infections, and notably adipogenic adenoviruses ADV36
/ADV37 infections in humans, are associated with obesity, being causative contributing factors of obesity in
humans and animals. Lifestyle-nutritional intervention,
in patients with different ADV36 seropositive status,
achieves different clinical outcomes, i.e. , a greater effect, on bright liver, insulin resistance and obesity is
observed in comparison with ADV36 seronegative patients. These effects are not dependent on a greater
pre-interventional body weight and older age. Adipogenic adenovirus infections in humans are associated
with obesity, but also with allied conditions, such as
fatty liver, and can have different effects on the liver in
humans and animals.
Trovato FM, Catalano D, Garozzo A, Martines GF, Pirri C,
Trovato GM. adv36 adipogenic adenovirus in human liver disease. World J Gastroenterol 2014; 20(40): 14706-14716 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i40/14706.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i40.14706
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OVERVIEW
Obesity and liver steatosis are generally associated[1,2].
Nonetheless, some possible limitations of this so very
definite statement have recently been reported and, even
without clear-cut information, it is evident that lean individuals can actually have non-alcoholic fatty liver disease
(NAFLD) with a different clinical profile in comparison
with overweight-obese individuals with NAFLD[3]. The
basis and background of our approach to obesity and
obesity-related conditions, notably NAFLD, have been
developed over more than 25 years, taking into account
that fatty liver, even in absence of alcohol abuse, is probably a condition detrimental for the liver, or, at least, associated with some liver “injury”[4-6]. NAFLD is currently
recognized as subsequent to unhealthy lifestyle, moreover, adherence to Mediterranean Diet, which is a proxy
of healthy nutritional profiles, is significantly decreasing
even among healthy subjects[7] and a parallel increase of
NAFLD is conceivably ensuing. Adherence to Mediterranean Diet Score has decreased significantly over the
past 15 recent years, suggesting a rapid loss of adherence
to healthy nutritional habits even in the Mediterranean
area. Several intervention strategies, especially in childhood and adolescence, are currently being applied or are
envisaged[8], in an attempt to counteract more robust or
subtle marketing strategies that tend to induce unfavorable nutritional habits; these last are sometimes definitely
detrimental for the nutritional health of populations and
increase the risk of cancer and cardiovascular and liver
disease even in childhood. Nonetheless, national and international intervention planned and actuated were not
sufficiently effective for the promotion of healthier lifestyles and did not succeed against unhealthy habits and
foods. Genetic-hereditary factors are extensively studied
in obesity[9-11] but also epigenetic mechanisms could be
operating[12-16]. Environment can conceivably interfere
in the etiopathogenesis of obesity and related conditions[17,18]: the epidemiologic impact is not univocal, and,
among other factors including climate, food availability
and quality, pollution, urban mobility, physical exercise
facilities, the role of bacterial and viral infections, also as
individual microbiome must be considered. It can favor
or reduce by different, opposite or concurrent mechanisms, body fat content, adipogenesis and fatty storage in
several organs, notably the liver[19]. In summary, the target
of intervention in clinical research and practice is the
decrease of excessive and lasting over-nutrition and the
abandonment of sedentary life, both pursued facilitating
psychological dispositions and early life behaviors, along
with parental-social conditioning[17].
Behavioral counseling focused on physical exercise
and self-efficacy enhances dietary adherence and weight
loss in obesity[20,21]. Increased adherence to a healthier diet
profile and to greater physical exercise activity concurs
and improves liver appearance and function in NAFLD
patients[22,23] as in other conditions[24-30]. Also hepatitis C
virus (HCV) is associated with liver steatosis, but its persistence after virus eradication observed in several cases
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is considered, even conjecturally, the confirmation that
different mechanisms are operating. Fat increase in liver
by diets, sedentary life, genetics and environmental factors do not exclude that other viruses or the microbiome
do not have a priori effects[19].

OBESITY
The investigations on the relationship between obesity
and adenovirus are quite recent[31]. Adenoviruses are medium sized, non-enveloped, icosahedral shaped double
stranded linear DNA viruses. They are commonly used as
vectors in gene delivery systems. ADV36 is one of 56 serotypes in 7 subgroups of human adenoviruses[32]. It was
observed that after ADV36 inoculation in either chickens
or mice, body fat increased, visceral fat increased disproportionally to body fat, and serum lipids were paradoxically lower despite the obesity[31,33]. ADV36 infection
accelerates the differentiation of preadipocytes to adipocytes in 3T3-L1 cells and human preadipocytes[34]. Moreover, ADV36 DNA was isolated from human adipose
tissues of severe obese subjects[35]. We began investigating in 2002, through pioneering studies in animals and
humans[31-35], whether non-diabetic patients with previous
ADV36 infection showed greater degrees of overweightobesity, of insulin resistance, assessed by homeostasis
model assessment (HOMA), and/or of other related
factors[36]. We considered carefully the need for excluding diabetes from an observational study, since addressing possible associations more than histology and virus
identification in fat and liver cells, the need for excluding powerful confounding factors, as also B and C virus
hepatitis, was necessary. Despite this relevant shortage of
the population to be studied, we confirmed that a great
prevalence of ADV36 seropositivity, 43%, in adults[36] is
present also in our population, in Italy. There are some
gender-related differences: ADV36 seropositivity for neutralizing antibodies has a prevalence of 59% in women,
and of 33% in men. This prevalence is comparable to the
prevalence of seropositivity for ADV36 - around 50% in
adults - neutralizing antibodies reported in the extensive
international survey recently published[37]. The core of
our study showed that prevalence in obese subjects is significantly higher, 64.7%, in comparison with non-obese
subjects, in which prevalence was 32.6%[36]. The main
possible bias of our contribution is that the population
studied is not randomly chosen, but represents, within
the exclusion criteria (severe acute and chronic disease,
cancer, alcohol and diabetes), the current referrals to
our diagnostic and therapeutic unit, i.e., includes patients
seeking liver ultrasound (us) and nutritional assessment
and advice for actual or perceived overweight-obesity.
Fluctuation of body weight, from normal to overweight
level, is a distinctive feature of most normal subjects:
this could explain the relatively higher prevalence in our
population group of ADV36 neutralizing antibodies seropositivity in comparison with other studies in younger
population and even in children or adolescents, and to
the fact that we are actually studying most subjects with
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Prevalence of adenovirus 36-37 neutralizing serum antibodies
in 6 age group decades (1290 consecutive subjects)
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Figure 1 ADV36 seropositivity prevalence increases with ageing (20-29, 30-39, 40-49, 50-59, 60-69 and ≥ 70 years) considering consecutive adult age decades in our population.
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Figure 2 Odds ratios show an increased hazard of obesity associated
with ADV36 seropositivity (OR = 6.879; 95%CI: 3.316-14.274), essential
hypertension (OR = 2.977; 95%CI: 1.625-5.451) and insulin resistance (OR
= 3.792; 95%CI: 2.052-7.006).

an history of overweight-obesity. ADV36 seropositivity
prevalence increases with ageing (20-29, 30-39, 40-49,
50-59, 60-69 and ≥ 70 years) considering consecutive
adult age decades in our population (Figure 1).
ADV36 seropositive subjects also have an increased
prevalence of essential hypertension (i.e., slightly “highnormal” diastolic blood pressure) and of greater insulin resistance (IR), in comparison with the control
group of ADV seronegative subjects. In Figure 2 the
odds ratios show an increased hazard of obesity associated with ADV36 seropositivity (OR = 6.879; 95%CI:
3.316-14.274), essential hypertension (OR = 2.977;
95%CI: 1.625-5.451) and IR (OR = 3.792; 95%CI:
2.052-7.006).
We suggested that ADV36 seropositive status could
be also a hallmark of a clinical-metabolic profile possibly
preceding obesity and diabetes in non-obese patients[36].
By means of a multiple linear regression (MLR) model,
aimed at reaching a synthetic representation of our results, we challenged the predictability of body mass index
(BMI), used as a measurement of the grade of obesity,
and the predictability of HOMA, used as a measurement
of insulin resistance. HOMA variance, in our model, is
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explained significantly only by BMI and triglycerides, and
not by ADV36 seropositivity (Table 1).
As a consequence, previous infection with ADV36
does not plausibly account for IR and the degrees of
HOMA. Differently, ADV36 seropositivity is significantly
present in the model to BMI and accounts reasonably
and significantly for the BMI variance; in this model, a
significant concurrent contribution of HOMA is also
present in the mechanisms contributing to obesity.
The conclusion was that a direct pathophysiological
mechanism on establishment and/or maintaining obesity
could be operating, and could be related to an earlier
ADV36 infection; ADV36 seropositivity does not account for different degrees of HOMA, and thereafter,
any likely evidence of effects of ADV36 mediated by
insulin resistance is missing. All models are weighted by
age since ADV36 seropositivity prevalence increases with
ageing.

LIVER
Obesity and liver steatosis are frequently described as
related diseases, even with several exceptions, as indicated
above[3]. Non-alcoholic fatty liver disease, is a condition
whose natural history is related to, but is not completely
explained by, over-nutrition, obesity and insulin resistance. Aminotransferase levels may fluctuate and, among
subjects with fatty liver at US, those with normal and
abnormal alanine aminotransferase (ALT) levels show a
similar or identical pattern[38]. This finding provides indirect evidence that ALT does not differentiate various
conditions or stages of the disease in NAFLD, and, obviously, is not associated with the actual fat content of liver
cells. US bright liver pattern and its derived score (BLS) is
one of the most comprehensive non-invasive diagnostic
tools for bright/fatty liver assessment, with a satisfactory clinical consistency[38], confirmed also in our clinical
experience[22]. After on-site validation of the Mathiesen’s
score (Bright Liver Score, i.e., BLS)[22], we used and use in
our studies this non-invasive tool as a reliable substitute
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Table 1 Multiple linear regressions to body mass index and homeostasis model assessment

BMI
Waist/hip ratio
FM,%
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglycerides, mg/dL
HOMA
ADV36 seropositivity
HOMA
Waist/hip ratio
BMI, kg/m2
FM, %
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglycerides, mg/dL
ADV36 seropositivity

r

r2

r 2 change

F

Sig

0.667

0.445

0.445

17.842

< 0.0001

0.671

0.451

0.451

18.285

β

P -value

-0.013
0.105
0.148
-0.088
-0.103
0.564
0.182

0.841
0.084
0.039
0.259
0.184
< 0.0001
0.004

-0.055
0.558
-0.032
0.004
-0.102
0.213
0.005

0.389
< 0.0001
0.598
0.956
0.188
0.006
0.938

< 0.0001

Weighted least squares regression - weighted by age. Bold font indicates significant correlations. BMI: Body mass index; FM: Fat mass; HDL: High-density
lipoprotein; LDL: Low-density lipoprotein; ADV: Adenoviruses; HOMA: Homeostasis model assessment.

Figure 3 Convex ultrasound transducer with a central hole for allowing
co-axial biopsy and four different specimens of liver fine needle aspirate
biopsy in fatty liver performed with 20 G needle.

for the diagnosis and staging of fatty/bright liver: us
NAFLD diagnosis has also a good intra-observer reliability. This score provides comprehensive information, and
liver biopsy, by which sampling differences and/or errors
can result in substantial misdiagnosis and staging inaccuracies in liver diffuse abnormalities, such as steatosis[39],
is performed only for the definition of nodules or for investigating diffuse but scarcely defined lesions. Moreover,
non-invasive us imaging allows a more complete visualization of the liver which, by liver biopsy, is reached in
very limited and - hopefully - accurately chosen areas[39];
this method perhaps does not provide a sufficiently
comprehensive description of the liver as a whole. In
our experience, by US-guided fine needle aspirate biopsy
(FNAB, 20 Gauge), using echo-transducers with a central hole which allows the coaxial passage of the needle
and the concurrent vision of the needle and the area to
be reached, it is possible to get specimens of adequate
length (2.5-5.0 cm) with a number of portal spaces sufficient to allow a reliable assessment of steatosis and fibrosis[38]. The method is safer than other biopsy procedures,
is repeatable and is currently done when double specimens are to be taken (intranodular biopsy plus nearby
liver)[22,40] if needed for diagnostic purposes. This is the
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case when non-invasive imaging is doubtful and there
is the need of a differential diagnosis of hepatocellular
carcinoma, cholangiocarcinoma, metastasis, lymphoma,
or of other diffuse non-neoplastic disease. With this indication, the parallel biopsy of the seemingly non-tumoral
liver tissue is carried out to obtain information on the associated liver disease, if there is any. In Figure 3 a convex
US transducer with a central hole for allowing co-axial
biopsy is shown, along with four different specimens of
liver FNAB in fatty liver performed with 20 G needle.
The pathology of NAFLD, its impact on hepatic
fibrosis, animal models and biomarkers, molecular mechanisms of lipotoxicity, diagnostic strategies, and associated
conditions are among the most significant fields of clinical and translational research. Since healthier lifestyles, regarding correct hypercaloric-unbalanced diets, diminishing
sedentary lifestyle, and alcohol abuse withdrawal, are the
most effective therapeutic interventional strategies in liver
steatosis as they are in obesity management, and because
no special information can be obtained by liver biopsy
in subjects with the lone imaging evidence of fatty liver,
without any visible associated liver lesion, liver biopsy is
not only not recommended for the diagnosis, but could be
even misleading due to the limitations described above.

ADENOVIRUS ADV36
Obesity and fatty liver, notably NAFLD, can co-exist and
can undergo exacerbation or remission independent of
each other; concurrent straight, discrete and significant
mutual linear relationships between insulin resistance,
obesity and severity of fatty liver involvement are confirmed by previous studies[22]. Both obesity and NAFLD
are easily quantifiable and can be assessed non-invasively.
In fact, they could be considered two facets of an allied
condition. The acknowledgement that a third factor, beyond food intake and adiposity, could be contributing to
obesity and NAFLD prompted the investigation of the
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Obesity

NAFLD
High HDL

Insulin resistance

High CRP

Obesity

ADV37 seropositivity

Hypertension
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ADV36 seropositivity
0.1
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0.0625 0.125 0.25 0.5 1
2
Odds ratio

100

Odds ratio

Figure 4 Odds ratio: Higher hazard of non-alcoholic fatty liver disease is
associated with insulin resistance and obesity, and a lower non-alcoholic
fatty liver disease risk is associated with ADV36 seropositivity. NAFLD:
Nonalcoholic fatty liver disease.

4

8

16

NAFLD
High CRP
High HDL
Obesity

Table 2 Multiple Linear regression to non-alcoholic fatty
liver disease-ADV37 seropositivity

ADV37 seropositivity
Insulin resistance

NAFLD

r

r2

0.632 0.4

F

Sig

β

P -value

0.125 0.25 0.5 1

18.789 < 0.0001

ADV37 seropositivity
HDL cholesterol, mg/dL
Triglycerides, mg/dL
HOMA
BMI, kg/m2

0.222
0.001
0.097
0.190
0.133
0.073
-0.052
0.572
-0.557 < 0.0001

Bold font indicates significant correlations. BLS: Bright liver score; HDL:
High-density lipoprotein; BMI: Body mass index; NAFLD: Nonalcoholic
fatty liver disease; HOMA: Homeostasis model assessment.

adipogenic adenoviruses ADV36 seropositivity relationship with fatty liver. In these investigations, the number
of confounding variants was limited; i.e., subjects with
different dietary profiles, diabetes, cancer and hepatitis C
virus-related liver disease were excluded[41]. In this study
we investigated prevalence of ADV36 seropositivity in
NAFLD patients and observed a lower prevalence of
ADV36 seropositivity (32.3%) in NAFLD patients in
comparison with non-NAFLD subjects (46.5%), despite
no difference of BMI, as averages, being observed in the
two groups: 28.15 ± 5.97 vs 27.11 ± 5.36.
By odds ratio, Figure 4, a higher risk of non-alcoholic
fatty liver disease is associated with insulin resistance
and obesity, and a lower NAFLD risk is associated with
ADV36 seropositivity[41].
Considering all the NAFLD patients, the same grade
of BLS, age, insulin resistance, cholesterol and triglycerides was observed, but a significant difference of BMI,
greater in ADV36 positive subjects (30.58 ± 5.81 vs
26.99 ± 5.76) was present. This suggested the possibility of an anti-steatogenic effect of ADV36 implying a
better metabolic profile in ADV36 non-diabetic infected
subjects, compared to the uninfected subjects which
show the same degree of obesity. Whereas, recent crosssectional and longitudinal studies showed that ADV36
seropositivity is associated with better glycaemic control
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2 4 8 16 32 64 128
Odds ratio

Figure 5 Odds ratio. Increased risk of obesity (top) is associated with greater
insulin resistance, C-reactive protein, and ADV37 seropositivity (Ad37 +),
whereas higher high-density lipoprotein cholesterol is associated with lower
prevalence of obesity. A more consistent association of ADV37+, greater insulin
resistance, C-reactive protein (CRP), and obesity was observed with nonalcoholic fatty liver disease (NAFLD) (bottom), whereas higher high-density lipoprotein (HDL) cholesterol was associated with a lower prevalence of NAFLD.
No sex difference was found. This behavior is different, if not opposite, of that of
ADV36.

in humans[42-45].

ADENOVIRUS ADV37
Along the same line of research we investigated also
whether non-diabetic patients with previous ADV37
infection, under uniform, appropriate, and reasonably
healthy dietary proﬁle prescriptions, show different prevalence of overweight-obesity, insulin resistance, assessed
by HOMA, and/or fatty liver[46]. ADV37 seropositivity is
not associated with a significant increase of prevalence
and severity of obesity in comparison with ADV37 seronegative subjects but have a significantly greater prevalence of NAFLD, which is concurrently explained in a
MLR model by ADC37 seropositivity and greater body
weight (Table 2).
There is a greater relative hazard of fatty liver for
ADV37 seropositive patients, as expressed by the odds
ratio. In Figure 5 odds ratios show that an increased risk
of obesity (top) is associated with greater insulin resistance, C-reactive protein (CRP), and ADV37 seropositivity (ADV37+), whereas higher high-density lipoprotein
(HDL) cholesterol is associated with lower prevalence of
obesity. A more consistent association of ADV37+, greater insulin resistance, CRP, and obesity was observed with
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A

B

Differences of changes between
ADV36 seropositive vs ADV seronegative

2.0

P = 0.024

P = 0.016

NAFLD imaging persistence
ADV36 seropositivity
ADV seropositivity

No HOMA decrease

1.5

No BMI decrease

1.0

ADV36 seropositivity

0.5
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0.0

BMI decrease

HOMA decrease
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3
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Figure 6 After a comprehensive nutritional and lifestyle intervention, the improvement is more relevant in ADV36 seropositive than in ADV36 seronegative
non-alcoholic fatty liver disease patients: a greater decrease of insulin resistance (homeostasis model assessment) and of overweight (body mass index)
was achieved in ADV seropositive non-alcoholic fatty liver disease patients (A) and the odds of bright liver persistence is associated with lack of insulin
resistance (homeostasis model assessment) and body weight (body mass index) decrease, while a relevant association with improvement, i.e., bright liver
disappearance, is observed in ADV36 seropositive non-alcoholic fatty liver disease patients (B). BMI: Body mass index; HOMA: Homeostasis model assessment; NAFLD: Non-alcoholic fatty liver disease.

NAFLD (bottom), whereas higher HDL cholesterol was
associated with a lower prevalence of NAFLD. No sex
difference was found. CRP indicates C-reactive protein;
HDL, high-density lipoprotein; NAFLD, nonalcoholic
fatty liver disease. This behavior is different, if not the
opposite of, that of ADV36.

SOME REMARKS
These two adipogenetic adenoviruses, ADV36 and
ADV37, appear to be associated with different lipidogenic effects at least in two different organs, notably liver and
fat cells. The need for additional longitudinal/prospective
studies is obvious. Moreover, there are no data available
regardingearly infection and subsequent seroconversion
- no data are available for subjects shifting from a condition of seropositivity to seronegativity. Last but not least,
no clear-cut information is currently available on the
compound ADV36/ADV37 seropositivity. We observed
that ADV36+ and ADV37+ compound seropositivity,
independently by difference of nutritional profile, has no
additive effect on obesity and insulin resistance[47].

NEED FOR AN INTERVENTION STUDY
Since correlation does not imply causation (cum hoc
ergo propter hoc logical fallacy), and considering the
ethical barriers against the proof of NAFLD induced by
ADV36 inoculation in humans, we set out to discover,
within our current lifestyle- nutritional interventions program, to seek to determine whether participants, NAFLD
patients, achieve different clinical outcomes, and whether
changes are blunted or enhanced according to ADV36
seropositivity status[48]. This intervention study, within a
homogeneous and established lifestyle-nutritional intervention program was carried out limiting possible confounding factors. Previous HCV infection is a recognized
risk factor for development of liver steatosis and insulin
resistance, particularly in patients with visceral obesity;
also, in type-2 diabetic patients, NAFLD may develop and
WJG|www.wjgnet.com

progress independent of the diabetes progression itself;
both conditions were preliminarily excluded from the result of our study, in the attempt to minimize the number
of confounding factors. The program of interventional
health psychology is currently aimed, in our institution, at
life-style modifications: the goal is a gradual weight loss
of approximately 5% of the initial body weight within 6
mo in obese overweight subjects. However, the key goal
of the diet is to achieve an adequate nutritional status,
with close reference to daily physical activity and to the
degree of weight abnormality. Weight modifications
through the prescribed diets are foreseen, but without the
aim of reaching rapid effects both on weight and on liver
steatosis. Diet was provided with daily recommendations
derived also from the specific software used (DietosystemTM, Milan, Italy). ADV36 seropositive patients have
a more consistent decrease in insulin resistance, fatty liver
severity and body weight in comparison with ADV36 seronegative patients, indicating a greater responsiveness to
nutritional intervention. These effects were not associated
with a greater pre-interventional body weight and older
age, which could be explaining factors. ADV36 seropositive status is associated significantly and independently
with the reduction of bright liver and obesity. These
results imply no obvious disadvantage and, seemingly,
some benefit is linked to ADV36 seropositivity, at least in
NAFLD. All patients, in both groups, had a satisfactory
adherence to the prescription, including abstinence for
alcoholics. After our interventional approach, ADV36
seropositive patients have a more consistent decrease of
insulin resistance and body weight, indicating a greater
responsiveness to the nutritional intervention. Figure
6A shows how, after a comprehensive nutritional and
lifestyle intervention, the improvement is more relevant
in ADV36 seropositive than in ADV36 seronegative
NAFLD patients: a greater decrease of insulin resistance
(HOMA) and of overweight (BMI) was achieved in ADV
seropositive NAFLD patients.
This was not due to greater obesity of ADV36 seropositive NAFLD patients, since the subsequent multiple
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Table 3 Multiple linear regression, body mass index balanced,
to non-alcoholic fatty liver disease disappearance - effects of
changes
All patients (n = 62)

r

r2

F

Sig

β

P -value

0.408
0.018
0.413
0.433
0.189
0.279
-0.154

0.013
0.907
0.057
0.012
0.284
0.095
0.386

0.635 0.403 2.701 0.029
ADV36 seropositivity
Waist/hip ratio
ΔWeight, kg
ΔFM,%
ΔHOMA
ΔALT, U/L
ΔLongitudinal right
liver (mm)

Weighted least squares regression - weighted by BMI. Bold font indicates
significant correlations. BMI: Body mass index; FM: Fat mass; ALT:
Alanineaminotransferase; HOMA: Homeostasis model assessment.

liner regression model, BMI adjusted for eliminating the
difference of BMI as a potential confounding factor,
confirms the relevance of ADV36 seropositivity, not dependent on a greater pre-interventional body weight. The
model indicates that both fat mass decrease and ADV36
seropositive status account significantly and independently for the disappearance of bright liver (Table 3).
Figure 6B shows how, after a comprehensive nutritional and lifestyle intervention, the Odds of bright liver
persistence is associated with lack of insulin resistance
(HOMA) and body weight (BMI) decrease, while a relevant association with improvement, i.e., bright liver disappearance, is observed in ADV36 seropositive NAFLD
patients.
Differently from our original hypothesis, bright liver
disappearance seems to be not blunted by ADV36 positive serological status and is associated with a greater fat
mass loss.

CURRENT HYPOTHESIS AND ENVISAGED
MECHANISMS
ADV36 can modify the machinery of human cells by
several mechanisms, and particularly the most direct one,
i.e., the persistence of the virus in any tissue or organ,
including fat cells and/or hepatocytes. ADV36 induces
the synthesis of specific protein, E4orf1[43]; this can be
also a consequence of an epigenetic effect, i.e., the result
of functionally relevant changes to the genome that do
not involve a change in the nucleotide sequence nor any
integration[49]. Preadipocytes of the ADV36 DNA positive subjects showed about 8-fold greater ability to differentiate into fat cells, compared to that of the ADV36
DNA negative subjects. These findings are in agreement
with the ability of ADV36 to induce adipogenic differentiation and lipid accumulation in adipocyte progenitors. Can it suggest a persistent replication of ADV36 in
seropositive persons? In animal models, ADV36 appears
to alleviate hyperglycemia by increasing glucose uptake
by adipose tissue and skeletal muscle and by reducing he-
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patic glucose output, along with a robust upregulation of
adiponectin and an attenuation of hepatic steatosis[50-53].
A working model to explain the antidiabetic effect of
ADV36 was developed[54]. Overall in adipose tissue, skeletal muscle, and liver of mice, ADV36 downregulates
insulin signaling yet upregulates the Ras-PI3K pathway,
which upregulates Glut1 and Glut4 in skeletal muscle and
adipose tissue and downregulates Glut2 in liver. Furthermore, ADV36 increases adiponectin, which may activate
AMPK. Collectively, this leads to greater glucose uptake
by adipose tissue and skeletal muscle and reduces hepatic
glucose release, which may contribute to ADV36-induced
improvement in systemic glycemic control (Figure 7).
ADV36 infection stimulated an inflammatory state
by increasing the level of monocyte chemoattractant
protein-1 (MCP-1) through the activation of nuclear
factor κB, which in turn induces the infiltration of macrophages into adipocytes. Knockout [MCP-1(-/-)] mice
are protected from ADV36-induced inflammation and
obesity so that virus-induced inflammation could be the
cellular mechanism underlying ADV36-induced obesity
and MCP-1 may be a therapeutic target in preventing
virus-induced obesity[55]. Increase in glycemic control
and adipogenesis can be uncoupled. The E4orf1 gene
of ADV36 has been shown to be responsible for its adipogenic effect. E4orf1 protein of ADV36 was recently
identified as the protein likely to mediate ADV36 induced
improvements in glucose disposal[43]. ADV36 E4orf1
may reduce glucose output in basal and gluconeogenic
conditions, reduce de-novo lipogenesis, increase complete
fatty acid oxidation and promote lipid transport. These
mechanisms, collectively, may contribute to lower hepatic
lipid accumulation and to a better glycemic control. Several alterations in hepatic lipid metabolism can result in
insulin resistance and hepatic steatosis such as impaired
suppression of glucose output under gluconeogenic
conditions, impaired fatty acid oxidation, decreased lipid
export, and increased de-novo lipogenesis. In vitro studies
showed that E4orf1 protein is necessary and sufficient
for ADV36 to increase cellular glucose uptake from adipocytes and myoblasts and to reduce glucose output from
hepatocytes: E4orf1 also reduced DNL, and up-regulated
ApoB secretion, which is indicative of lipid export. This
action of E4orf1 may be sufficient to attenuate hepatic
triglyceride accumulation, as observed in ADV36 infected
C57BL/6J mice on high fat diet[43,56,57].

LIMITATIONS AND FUTURE
PERSPECTIVES
We are aware that present evidence in not supported
by evidence based on Koch’s postulates and/or by the
demonstration of the presence of ADV36 or of any of
its component in the liver. Our observational investigation was merged within the current chosen approach for
the management of fatty liver disease, in non-diabetics,
without alcohol abuse and without viral hepatitis disease.
In this subset the only clinical clue for fatty liver could
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Figure 7 Working model to explain the antidiabetic effect of ADV36. Overall, data from suggest that, in adipose tissue, skeletal muscle, and liver of mice, ADV36
downregulates insulin signaling yet upregulates the Ras-PI3K pathway, which upregulates Glut1 and Glut4 in skeletal muscle and adipose tissue and downregulates
Glut2 in liver. Furthermore, ADV36 increases adiponectin, which may activate AMPK. Collectively, this leads to greater glucose uptake by adipose tissue and skeletal
muscle and reduces hepatic glucose release, which may contribute to ADV36-induced improvement in systemic glycemic control[53]. Modified from Krishnapuram et al[54].
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Figure 8 Compound ADV36/ADV37 seropositivity is associated with a risk
profile more similar to ADV37 seropositivity, whose effect is not blunted
by ADV36 seropositivity. NAFLD: Non-alcoholic fatty liver disease.

be overweight-obesity. A bias was that patients were not
randomly selected from a definite population, but were
all subjects coming to our outpatient clinic for US assessment and nutritional evaluation and counseling, with or
without presenting currently overweight or obesity. Most
of the normal weight subjects, however, were overweight
or obese in the preceding years. According to our knowledge and practice, we rely on lifestyle assessment and
management of obesity and fatty liver, with a common
approach. Despite this, we challenged the possibility that
a factor, such as this infection with widespread human
viruses with obesogenic effects in animals is, could have
similar effect in humans. We tried to explain how these
effects, if any, could be inter-related with the obesityassociated liver disease which, in its more “pure” form, is
currently defined NAFLD.
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The envisaged molecular mechanisms are the results
of the studies of different investigators with different
methodological approaches. E4orf1 is not a secretory
protein, and therefore does not have a cell surface receptor for cell entry. Moreover, a long term delivery of
E4orf1 may be required to influence metabolism in vivo.
Therefore, a suitable delivery system such as a retrovirus or nano-particles that express E4orf1 is required to
test the effects of E4orf1 in vivo. Nonetheless, E4orf1
may provide novel signaling targets to prevent NAFLD
and insulin resistance even in the presence of a high fat
diet[43,57,58].
More information of the effects of ADV36/37 on
cultured human cells, i.e., adipocytes, hepatocytes and
others are still needed, as too are additional longitudinal
epidemiological studies. Prospective studies on seropositive subjects shifting from conditions of seropositivity
to seronegativity could provide useful information. Assessment of combined ADV36/ADV37 seropositivity
on liver and, notably, on liver fibrosis and steatosis, are
a field of current investigation; we preliminary reported
that compound ADV36/ADV37 seropositivity is associated with a risk profile more similar to ADV37 seropositivity (Figure 8), whose effect is not blunted by ADV36
seropositivity.
In this subset, a search for groups with early first
infections and subsequent modality of seroconversion
could provide useful information. The study of identical
twins and the assessment of different susceptibility, if
any, of patients with combined ADV36/ADV37 seropositivity would also be useful.
The availability of affordable predictive application
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tools will foster both epidemiological and preventive
strategies and prospective intervention actions[19]. The
possibility of using a ADV36 vaccine in humans and
the use of substances with inhibitory action on ADV36
replication and/or on its adipogenic effects are currently
being investigated, despite its questionable usefulness according to our current knowledge.
Nonetheless, despite overweight-obesity being considered invariably ominous for health, under several
conditions, also in this case of ADV36 associated obesity
being overweight appears “protective” (obesity paradox),
not only against renal and heart failure[59], but also against
NAFLD[41,48]. This issue is debated, but the core of the
problem is that we still lack a good definition of the
healthy overweight person, if any, and of his/her relationship with a healthy dietary profile and with appropriate physical exercise. Within this comprehensive frame,
obesity is regarded as exclusive consequence of an imbalance between food intake and physical exercise, modulated by endocrine and genetic causes, and influenced by behavioral mechanisms which are conditioned by economic,
societal and psychological factors. Economists and,
obviously, epidemiologists mention the environment: but
they skip the evidence that environmental infections, and
notably adipogenic adenoviruses infections in humans,
are associated with obesity, and allied conditions, such as
fatty liver, and that these can be the factors influencing
obesity and consequent disease in humans and animals[60],
since obesity itself is a factor influencing the outcome
in virus disease[61]. Our contribution is hopefully a step
towards enhancing a more comprehensive approach to
NAFLD knowledge, assessment and treatment.
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Abstract
With the incidence reports of pancreatic cancer increasing every year, research over the last several decades
has been focused on the means to achieve early diagnosis in patients that are at a high risk of developing
the malignancy. This review covers current strategies
for managing pancreatic cancer and further discusses
efforts in understanding the role of early onset symp-
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toms leading to tumor progression. Recent investigations in this discussion include type 3c diabetes, selected biomarkers and pathways related to pancreatic
intraepithelial neoplasia lesions, drug resistance, and
advances in nanomedicine which may provide significant solutions for improving early detection and treatments in future medicine.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Diagnosis; Treatment;
Signaling pathways; Nanomedicine; Biomarkers
Core tip: Pancreatic cancer is currently one of the most
aggressive cancers without standard treatment for improving chances of long-term survival. This paper highlights significant research in translational nanomedicine
and the challenges in treating pancreatic cancer.
Loc WS, Smith JP, Matters G, Kester M, Adair JH. Novel strategies for managing pancreatic cancer. World J Gastroenterol 2014;
20(40): 14717-14725 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14717.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14717

INTRODUCTION
Pancreatic cancer is responsible for over 40000 deaths
every year in the United States, representing about 3% of
the newly diagnosed cancer cases. However, pancreatic
cancer is the fourth most common cause of cancer related death in the United States, predominantly affecting
patients ages 60-80 years[1-4]. Pancreatic ductal adenocarcinoma (PDAC) constitutes up to 95% of pancreatic
malignancies[4]. Due to poor prognosis and delayed treatment, survival rate during the first year of diagnosis is
as low as 20% and decreases to 6% by the fifth year[2].
Reasons for this poor prognosis are related in part to the
chemoresistance of PDAC and inability of chemothera-
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peutic agents to penetrate the dense fibrotic microenvironment associated with this malignancy. Early detection
may improve the outcome and is occasionally possible
when small tumors in the head of the pancreas cause obstructive jaundice. However, only 10%-15% of patients
are diagnosed in the early stages when surgical resection
can be offered[5,6]. Over 90% of subjects are diagnosed
with PDAC in the advanced stages[4].
In the past decade, many efforts have been made in
translational cancer research, particularly nanomedical
avenues, to create novel approaches to drug delivery and
understand the early developmental stages of pancreatic
cancer. Such advances suggest that stem cell signaling
pathways can be used as targets for drug delivery. To date
methods of prevention, standard diagnosis, and treatment for pancreatic cancer remain ineffective in improving the survival rate of diagnosed patients. This review
covers recent investigations on type 3c diabetes, selected
genetic markers, and advances in nanomedicine for early
diagnosis of pancreatic cancer.

HISTOPATHOLOGY OF PANCREATIC
CANCER
Tumors are classified as invasive ductal carcinoma, intraductal papillary mucinous neoplasm, neuroendrocrine
tumors, or islet cell tumors[7]. Invasive ductal carcinoma is
referred to as PDAC. Pancreatic cells undergo (1) endoderm formation; (2) pancreatic morphogenesis; and (3)
beta cell differentiation to endocrine and exocrine cells[8].
Pancreatic intraepithelial neoplasia (PanIN) lesions are
believed to be one of the precursors of PDAC that coincides with multiple successions of genetic mutations[9].
These mutations are possibly provoked by inflammatory
stimulus from alcohol abuse or metabolic syndrome[10].
Based on the grade of dysplasia, PanIN lesions can be
categorized as type 1A, 1B, 2, or 3, from minimum to
severe expansion of immature cells at the ductal epithelium (Figure 1). Genetic defects that follow PanIN-2 and
PanIN-3, involve the dysfunction of one or more tumor
suppressor genes that result in aberrant signaling pathways driving pancreatic cancer[1,9,11,12].

SYMPTOMS ASSOCIATED WITH PDAC
PDAC can be asymptomatic in the early stages for
months or years. Unfortunately, symptoms of pancreatic
cancer typically do not manifest until the disease is in an
advanced stage[13]. Patients experience a range of symptoms that are not pathognomonic features to pancreatic
cancer. Traditional diagnoses highlight notable symptoms,
including obstructive jaundice, abdominal and back pain,
weight loss, anorexia, dyspepsia, gallbladder enlargement,
migratory thrombosis (Trousseaux syndrome), subcutaneous fat necrosis (panniculitis), and hyperglycemia[14,15].
Carcinoma of the head of the pancreas is often detected when small tumors compress the bile duct, resulting in obstructive jaundice in about 75% of subjects[14].
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Nausea, vomiting, lethargy and weight loss may also result from change of appetite, bowel habits, and cancer cachexia. While PDAC can cause abdominal and back pain,
it is not uncommon for pancreatic cancer patients to have
“painless” jaundice where symptoms are not immediately
intrusive[15]. On occasions, tumors of the pancreas invade
the superior mesenteric vessels or splenic vein resulting
in hemorrhage from varices.
Collective evidence supports the claim that type 3c
diabetes is pancreatogenic diabetes and can be caused
by chronic pancreatitis due to loss of functioning pancreatic islet cells or may occur as the result of a paraneoplastic phenomenon caused by pancreatic cancer.
While further studies are needed to distinguish cancerinduced diabetes from diabetes caused by other exocrine
pancreatic diseases, they are classified as two different
types of diabetes mellitus by the American Diabetes Association[16,17]. This paraneoplastic syndrome precedes
most cancer-specific symptoms by several months or
years before tumors become radiologically detectable[17].
New-onset diabetes may also increase the likelihood of
pancreatic cancer by 5 to 8 times, with approximately
1% of patients developing the cancer within three years.
Progressive and unintentional weight reduction is associated with type 3c diabetes[18]. Unlike type 2 diabetes that
is associated with weight gain and obesity, patients with
type 3c continue to lose weight as glycemic control worsens in parallel with cancer advancement (Figure 2A).
Weight loss is an early event of type 3c that is attributed
to either cachexia or loss of adipose tissue[17]. Cachexia
is a chronic physical wasting and malnutrition disease
that results in more than 10% body weight loss in late
cancer stages. When cachexia is absent or has yet to occur, patients rapidly lose weight by adipose tissue inflammation from interactions with pancreatic cancer (Figure
2B). Inflammation in adipose tissue can contribute to
peripheral insulin resistance by altering adipocyte secretion and propagate pathogenic processes similar to type
2 diabetes. About 90% of the hormonal secretion from
adipose tissue macrophages is comprised of inflammatory cytokines[17,19]. The accumulation of inflammatory
cytokines triggers abnormal adipocyte secretion and
reduced hepatic insulin sensitivity. This reaction leads to
an increase of leptin levels (related to the loss of appetite) and decrease in adiponectin. Leptin and adiponectin
are primary precursors to insulin resistance in type 2
diabetes[20-22], which can be regulated by limiting glucose
intake and weight gain. Diet changes, such as reduction
in carbohydrate intake, have minimal effect on pancreatic cancer-induced diabetes. Weight loss symptoms and
diabetes will persist until the tumors are resected. One
potential mediator of the cancer-associated diabetes is
the over-expression of a pluripotent hormone adrenomedullin that mediates insulin resistance through the interaction of adrenomedullin receptors on β-cells[17]. An
increase in endogenous expression of adrenomedullin
results in β-cell dysfunction which inhibits insulin secretion in the plasma and tumors.

14718

October 28, 2014|Volume 20|Issue 40|

Loc WS et al . Pancreatic cancer overview
Ductal
reprogramming

PanIN-1A and 1B

PanIN-2

PanIN-3

PDAC

Acinar
specification

Inflammatory
response

Monocyte

Activated PaSC

Neutrophil

Mast cell

T-cell

Macrophage

Figure 1 Example of pancreatic intraepithelial neoplasia lesion development to pancreatic ductal adenocarcinoma. Inflammatory stimuli trigger the activation
of pancreatic stellate cells (PaSC) surrounding acinus cells. Inflammatory cells (monocytes, T-cells, neutrophils, mast cells, and macrophages) gather in response
and release ligands (interleukin-6) that activate STAT3 gene to promote pancreatic intraepithelial neoplasia (PanIN) development in susceptible tissue with oncogenic
mutations such as the Kras. PDAC: Pancreatic ductal adenocarcinoma. Figure redrawn with permissions from Elsevier: [10] and Macmillan Publishers Ltd: [12].

The relationship between diabetes and pancreatic
cancer has been studied since the early 1830s, but the
biological significance of type 3c diabetes in relation to
pancreatic cancer had not been acknowledged until recently[23]. Early diagnosis of type 3c could potentially lead
to early diagnosis and treatment of patients with pancreatic cancer months to years before the tumor appears radiologically. Early distinction between type 2 and type 3c
diabetes requires a high level of awareness and expertise,
and may lead to the earlier diagnosis of pancreatic cancer. Severe weight loss is also intimately associated with a
variety of cancers and occasionally occurs several months
prior to death[24]. Thus, understanding the collective effects of type 3c is substantial in distinguishing pancreatic
cancer from the diverse array of malignancies.

DIAGNOSTIC TESTS AND BIOMARKERS
Currently there are no adequate diagnostic tests for early
detection of pancreatic cancer, and routine radiographic
tests or endoscopic ultrasound screening is only recommended for those individuals with a family history of
pancreatic cancer, chronic pancreatitis, precancerous lesions, or new-onset diabetes. Serological markers such
carbohydrate antigen (CA)19-9, MIC-1, carcinoembryonic antigen, human chorionic gonadotropin β, and CA72-4
have also been of interest but lack sufficient sensitivity
and specificity for effective early cancer detection[25-28].
However, research continues to make progress on
uncovering genetic markers that are responsible for notable pancreatic cancer cell phenotypes. Recently, the
role of mucin-1 (MUC-1) in malignant cells was first
reported to upregulate multi-drug resistance genes such
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as ABCC1, ABCC3, ABCC5 and ABCB1[29]. MUC-1 is a
transmembrane glycoprotein that lines the apical surface
of epithelial cells, normally present to protect the body
from infectious pathogens. Overexpression of MUC-1
is found in patients with common cancers that include
pancreatic[30], breast[31], ovarian[32] and thyroid[33] cancers.
MUC1 overexpression may be and enabled by the phosphatidylinositol 3’-kinase/Akt signaling pathway, a pathway associated with chemotherapeutic drug resistance in
other cancers[34].

GENETIC MUTATIONS ASSOCIATED
WITH PANCREATIC CANCER
While there are at least 25 altered genes related to cancer
pathways (i.e., cell adhesion, apoptosis, and replication),
only a handful have been identified in pancreatic cancer
studies[35,36]. BCRA2 mutations are found in up to 10%
of those with PDAC. A germline variant of the cholecystokinin-B gene has been identified in over 35% of patients with PDAC and predicts both risk and survival[28].
Activated Kirsten-Ras (Kras) oncogene is harbored in
> 95% of pancreatic cancer tumors and is critical in cell
proliferation and apoptotic resistance to hostile microenvironments (in the presence of anti-cancer agents)[1].
Activation of the Kras oncogene releases Ras proteins
that initiate mitogen-activated protein (MAPK) cascades[37-39]. MAPK participates in many critical cellular
events, including cell division, response to surroundings,
movement, and cell death. Mutated Kras is accepted as
a “Driver” gene for pancreatic cancer that propagates a
series of ongoing cellular signal transduction processes
that cause uncontrollable proliferation and architectural
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Schematic representation of the cause for progressive weight reduction and insulin resistance. Adipose tissue inflammation triggers an alteration of adipocyte secretion and propagates pathogenic processes similar to type 2 diabetes, eventually leading to cachexia. Figures redrawn with permission from Macmillan Publishers Ltd:
[17].

abnormalities where acinar tissue is replaced with ductal
lesions.
Kras mutations are also capable of reducing tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL)
sensitivity[40]. Abnormalities are likely to occur at codon
12 (G12D), involving a point mutation of one glycine
to aspartic acid (G12D), or glycine to valine (G12V).
TRAIL is a transmembrane protein that can be proteolytically cleaved from the cell surface to mediate apoptosis
and anti-tumor activities[40]. Inhibitors that directly target
oncogenic Kras have not yet been developed, but remain
an active area of investigation. However, Kras mutations can trigger an enrichment of a cytokine receptor,
osteoprotegerin (OPG), which directly inhibits TRAIL
solubility and potentially induces apoptosis[40,41]. Interestingly, increased OPG and TRAIL levels are also found in
subjects with type 2 diabetes mellitus[42], but connections
to type 3c diabetes have not been implicated.

SIGNALING PATHWAYS ACTIVATED IN
PANCREATIC CANCER
Oncogenes depend on various signaling pathways to
initiate tumor formation. Since most attempts to directly
inhibit oncogenes like Kras have failed, attention has
shifted to other critical signaling pathways for targeted
cancer therapy[43]. The Notch pathway, for instance, exerts its biological influence by maintaining homeostasis
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during embryonic development in multicellular organisms[44] and is important in development of the pancreas.
The loss of Notch signaling in the pancreas results in
premature differentiation of endocrine and exocrine cells.
Therefore, this pathway is essential for determining the
fate of functioning pancreatic cells in epithelial and nonepithelial tissues. However, controversy exists in literature
as to whether the Notch pathway serves as a promoter
for tumor progression or an inhibitor[45,46]. Lateral inhibition mechanisms of the Notch pathway involve a group
of receptors (Notch1, Notch2, Notch3, and Notch4), target, and ligand key components that contribute uniquely
to PanIN progression[46]. For example, deletion of the
Notch1 receptor generally accelerates PanIN lesion development and lowers median survival in Pdx1-CreERT2;
LSL-KrasG12D, Pdx1-Cre;KrasG12D, and Ptf1a-Cre; KrasG12D
mouse models[46-49]. The loss of the Notch2 receptor in
Ptf1a-mouse models, however, halts lesion progression
and increases chances of survival[49]. Tumor inhibition
was also reported in several studies where the up-regulation of Hes1 from activated Notch pathway suppresses
the expression of p57, which prevents progenitors from
undergoing premature differentiation and uncontrollable proliferation[50]. Without harming healthy adult cells,
tumor suppression was achieved in zebrafish by forcing
exocrine pancreatic precursors through Notch signaling
to inhibit acinar cell differentiation[45]. Ongoing investigations on type 2 diabetes also imply that the Notch pathway is responsible for insulin-resistance in pancreatic cells
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Table 1 Desired characteristics for a nanoparticle drug-delivery platform
Desired characteristic

Comments

Inherently non-toxic materials and
degradation products
Small size (10–200 nm)

The initial material selection should be based on non-toxic materials especially with an aim toward human
health care
There is not a particular size that seems most efficacious, particularly based on in vivo studies. This is the range
of particle diameters that have proven most effective for a wide variety of delivery systems. Also of note is the
debate around the influence of particle shape[83]
Encapsulation of active agent
To be effective, the active agent must be encapsulated within the nanoparticle vehicle. Surface decoration (i.e.,
adsorption) will often be effective in vitro but falls short for in vivo studies because of the reticulum endoplasmic
systems in vivo
Colloidally stable in physiological
The nanoparticle vehicle and surface functionalization must resist agglomeration for the solution pH values,
conditions
ionic strength, macromolecular interactions, and temperature encountered in the physiological environment
Clearance mechanism
The nanoparticle vehicle must have a ready clearance mechanism to avoid the cumulative and/or systemic
effects of the drug-laden particles
Long clearance times
Resistance to agglomeration and other effects that remove the nanoparticle-encapsulated drug from the patient
must be avoided to promote long circulation times in the circulatory system for as many of the nanoparticles to
find and sequester in the cancer cells as possible
Biologically or extrinsically controlled There should be a trigger mechanism such as the acidic pH within the tumor or during endosome maturation
release of therapeutic agents
designed into the nanoparticle platform to ensure the release of the encapsulated drug into the targeted tissue
Can be targeted to cell/tissue of
The nanoparticle platform should be capable of surface bioconjugation to target molecules for the specific cancer
choice
to provide the greatest uptake with the lesions and fewest least side effects with healthy tissue
Reprinted with permission from [71]. Copyright 2010 American Chemical Society.

(from the expression or inactivation of Hes1 gene, RbpJk protein ligand, and Ngn3 gene)[51]. The function of the
Notch pathway during PDAC development is dependent
on the targeted receptor and the genes expressed. Clearly,
Notch signaling pathway targeted therapy serves as a
potential target for treating pancreatic cancer. Such therapies must be exercised with caution since a wide variety
of cells rely on ligand-dependent pathways for growth
and survival.
Another important pathway activated by GTP-protein
coupled receptors (GPCRs) is the PI3 kinase signaling
pathway that phosphorylates Akt and activates downstream mTOR and subsequent proliferation. In a large
GWAS study, GPCRs were found to be the most frequent
signaling pathways involved in PDAC[52]. One GPCR, the
cholecystokinin (CCK) receptor is over-expressed and
ubiquitous in PDAC[53]. Stimulation of the CCK receptor
accelerates PanIN development in the Kras transgenic
mouse model[54]. Targeting the CCK receptor has become
important in new therapeutics for PDAC and indeed if
this receptor is down-regulated growth is inhibited and
downstream signaling through PI3 kinase is blocked[55].

TREATMENT
Treatment options for PDAC patients that present in
the late stages are limited to chemotherapy and radiation. Conventional chemotherapeutic agents are ineffective against PDAC for several reasons among which
include the microenvironment. PDAC tumors are highly
fibrous and poorly vascularized[13] prohibiting adequate
penetration of the tumor by chemotherapeutic agents.
The heterogeneous nature of cancer cells and tissue
hypoxia is associated with drug resistance, often requiring higher drug dosages during treatment and increased
toxicity such as peripheral neuropathy, bone marrow
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toxicity, and cardiotoxicity. Gemcitabine is the gold standard for advanced PDAC, but only affords survival up
to six months[56,57]. Survival with gemicitabine is, however, improved when administered with other agents[58].
Capecitabine and 5-fluorouracil[59,60] are also common
antimetabolites administered in clinical trials as a standard
single-drug treatment[61]. These agents have been used in
conjunction with platinum-based agents and other cancer
drugs such as leucovorin, exactecan, and irinotecan[5].
Radiation therapy is recommended in conjunction as an
adjuvant and a chemosensitizer[62,63]. Clinical trials that administer combined drug therapy such as FOLFIRINOX
(5-fluorouracil with leucovorin, irinotecan, and oxaliplatin) have shown greater efficacy for metastatic cancer, but
with profound limitations due to systemic toxicity and
neurotoxicity[64-67]. Recently, survival of PDAC patients
has been marginally improved by using a combination of
nab-Paclitaxel plus gemcitabine[58].
Patients may be offered surgery in absence of metastatic spread as determined by positron emission tomography, magnetic resonance imaging, and triphasic
computed tomography scans. The Whipple operation is
performed on pancreatic cancer involving the head of
the pancreas if the superior mesenteric vessels are not affected[6,68]. Pylorus preserving Whipple operation involves
removing the first section of the duodenum while others
may undergo the standard Whipple operations which
involve the removal of a part of the stomach. Adjuvant
chemotherapy and radiation therapy usually follow the resection in an attempt to decrease relapse rates. Preoperative chemotherapy and radiation therapy can sometimes
restage tumors and make them amenable to surgical resection, but patients with locally advanced pancreatic cancer from the body and tail of the pancreas are often not
qualified for surgery due to metastatic spread to the celiac
artery. Evidently, surgery assures the longest survival, but
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Table 2 The selection criteria for nanomaterial drug delivery systems
Nano particulate
material

Size
(nm)

Therapeutic agent(s)
carried

Advantages

Limitations

Biodegradable
polymers

10-100

Sustained localized drug delivery for weeks

Ceramic

< 100

Exocytosis of undissolved nanoparticles.
Fixed functionality after synthesis may require
new synthetic pathways for alternate surface
functionalities
Toxicity of materials, exocytosis of undissolved
nanoparticles, time consuming synthesis,
surface decoration instead of encapsulation

Metals

< 50

Plasmid DNA, proteins,
peptides, low molecularweight (MW) organic
compounds
Proteins, DNA,
chemotherapeutic
agents, high MW organic
compounds
Proteins, DNA,
chemotherapeutic agents

Polymeric
micelles
Dendrimers

< 100

Liposomes

50-100

3D printing

20-2000

Calcium
phosphosilicate

< 10

20-60

Proteins, DNA,
chemotherapeutic agents
Chemotherapeutic agents,
anti-bacterial, anti-viral
agents, DNA, high MW
organic compounds
Chemotherapeutic agents,
proteins, DNA
Chemotherapeutic agents,
proteins, DNA, imaging
agents

Chemotherapeutic agents,
RNA, high and low MW
organic compounds,
imaging agents

Easily prepared, water dispersible, stable in
biological environments

Small particles present a large surface area for Toxicity of materials, exocytosis of undissolved
surface decoration delivery
nanoparticles, time consuming synthesis,
surface decoration instead of encapsulation
Suitable for water-insoluble drugs due to
Toxicity of materials, fixed functionality after
hydrophobic core
synthesis
Suitable for hydrophobic or hydrophilic drugs
May use toxic materials, time consuming
synthesis, fixed functionality after synthesis
may require new synthetic pathways for
alternate surface functionalities
Reduced systemic toxicity, increased
Fixed functionality after synthesis, some leakage
circulation time
of encapsulated agent, lack of colloidal stability
Precise control over size, shape, and surface
Toxicity of materials depending on material
functionalization. 3D printing can be used with
an array of processing techniques to create
porous scaffolds[85] and lab-on-chip devices[86]
for personalized medicine[87]
Simple preparation, suitable for hydrophilic
Encapsulated materials limited to solubility in
or hydrophobic drugs, colloidal stability in
water or organic solvent
physiological environments, pH-dependent
dissolution results in intracellular delivery of
drugs, composed of bio-resorbable material

Reprinted and updated with permission from [71] which contains material adapted from [84]. Copyright 2010 American Chemical Society.

promise for full recovery from advanced PDAC is not yet
feasible[69,70].

FUTURE DIRECTIONS BASED ON
NANOMEDICINE
Novel approaches for pancreatic cancer therapy are desperately needed. The trinity offered by nanomedical approaches to simultaneously seek, treat, and track human
cancer is slowly emerging from the basic nanoscience toward clinical deployment to treat pancreatic cancer. Adair
et al[71] reviewed the selection criteria for drug delivery
strategies based on several nanomaterial platforms. The
selection criteria for nanomaterial drug delivery systems
are summarized in Tables 1 and 2. Novel strategies using
nanotechnology research may lead to advantages in early
detection via bioimaging, specific targeting of cancer
cell receptors and effective treatment with lower side effects and drug degradation. There is a great demand to
improve current drug delivery procedures to overcome
drug resistance without causing serious off target toxicity. Targeting proteins involved with signal transduction is
one strategy that is currently under investigation. Studies
in growth factor inhibitors (opioid growth factors)[72,73]
for biotherapy and biocompatible nanomaterials for drug
carrier systems, introduce promising directions towards
effective cancer management despite limitations. Novel
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biomarkers like Plectin-1 (Plec1)[74] have been found to be
useful in the early detection of small pre-invasive PanIN
Ⅲ lesions and metastases. Such biomarkers provide an
advantage in early detection when they are over-expressed
in specific organs. It was shown that Plec1 can also be
used to safely distinguish PDAC from benign conditions
and thus this method is more effective than cross-sectional abdominal and invasive endoscopic imaging techniques. Although a cure for PDAC is not feasible with
currently available treatment, research in the next decade
will develop better prevention and prognosis modalities
to diagnose PDAC and improve chances of survival.
One of the most promising nanomedical approaches
reported in recent years is based on a novel material
system, calcium phosphosilicate hydrate nanoparticles
(CPSNPs), in which encapsulated imaging agents and/or
drugs, can be delivered in a targeted manner to a variety
of cancers including pancreatic cancer[71,75-80]. For example, Barth et al[81] have demonstrated that a FDA-approved
near infra-red fluorophore, indocyanine green (ICG),
also known as Cardio-GreenTM, when encapsulated in the
CPSNPs, can be used as a theranostic (i.e., a combined
diagnostic and therapeutic) agent for a variety of cancers
based on a new cancer diagnosis and treatment strategy
designated as photo-immuno nanotherapy (PINT). PINT
results resurrection of the immune response of the host
animal, permitting the immune system to fight the cancer
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directly. In an earlier report, Barth et al[82] also demonstrated that gastrin-10 can be used for targeted delivery
of ICG-encapsulated CPSNPs in vivo based on an orthotopic graft of a human pancreatic cancer in the athymic
murine model. The trigger to release the chemotherapeutic agent is inherent dissolution of the CPSNPs in either
the acidic local pH in the fluid surrounding many solid
tumor types or, after endosomal uptake of the drugladen CPSNPs into cancer cells, the decreased pH associated with maturation of endosome to endo-lysosomes.
Targeting permits the PINT to be used for efficacious
uptake in solid tumors and, in an unprecedented fashion,
for non-solid tumor cells such as chronic myeloid leukemia[78,81,82]. Thus, the combination of early detection with
more efficacious delivery and more effective treatment
promised by nanomedical approaches is emerging as a viable alternative for pancreatic cancer diagnosis and treatment.

Special thanks goes to Austin J Ross for his additional
feedback during manuscript preparation.
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Abstract
Pancreatic surgery is one of the most challenging and
complex fields in general surgery. While minimally invasive surgery has become the standard of care for
many intra-abdominal pathologies the overwhelming
majority of pancreatic surgery is performed in an open
fashion. This is attributed to the retroperitoneal location of the pancreas, its intimate relationship to major
vasculature and the complexity of reconstruction in the
case of pancreatoduodenectomy. Herein, we describe
the application of robotic technology to minimally invasive pancreatic surgery. The unique capabilities of
the robotic platform have made the minimally invasive
approach feasible and safe with equivalent if not better
outcomes (e.g. , decreased length of stay, less surgical
site infections) to conventional open surgery. However,
it is unclear whether the robotic approach is truly superior to traditional laparoscopy; this is a key point given
the substantial costs associated with procuring and
maintaining robotic capabilities.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Robotic surgery; Pancreatoduodenectomy;
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Pancreatectomy; Minimally invasive surgery; Pancreatic
cancer
Core tip: This invited article reviews the latest developments in robotic surgery of the pancreas in a clear
and succinct manner. It highlights the merits of robotic
surgery while explaining the challenges that physicians
face when integrating new technology into clinical practice.
Joyce D, Morris-Stiff G, Falk GA, El-Hayek K, Chalikonda
S, Walsh RM. Robotic surgery of the pancreas. World J
Gastroenterol 2014; 20(40): 14726-14732 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14726.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14726

INTRODUCTION
Pancreatic surgery remains one of the most challenging
and complex fields in general surgery. Kausch[1] performed the first pancreatoduodenectomy (PD) in 1909,
with the operation later being popularized by Dr. Allen
Oldfather Whipple, though he only performed 37 such
operations in his career. Nevertheless, the operation did
not gain widespread acceptance until the 1980s having
gained notoriety as a dangerous and morbid operation,
which was associated with a 30% perioperative mortality rate[2]. The centralization of pancreatic surgery to
high volume referral centers has led to a reduction in the
perioperative mortality rate to less than 5% for PD[2-5].
Despite improvements in technique and perioperative
care, major pancreatic resections carry an appreciable rate
of major morbidity with high volume centers reporting a
30%-40% morbidity rate for PD[3-5]
Minimally invasive surgical approaches are becoming the standard of care for many abdominal operations
given their superiority over open procedures in terms of
surgical site infection, postoperative pain, and length of
stay while providing equivalent oncologic outcomes in
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cases of malignancy[6]. The laparoscopic approach is now
considered the standard of care for cholecystectomy, anti-reflux surgery, colon cancer, and bariatric surgery. It is
worthwhile considering the concept of surgical oncotaxis
in patients with pancreatic cancer, one of the most aggressive solid organ malignancies. This concept proposes
that surgical stress can depress the anti-tumor immune
response and foster tumor progression[7]. Kondo et al[8]
demonstrated a reduction in the incidence of systemic
inflammatory response in patients undergoing minimally
invasive PD. In addition, earlier and improved recover
may lead to more patients receiving adjuvant therapies or
being enrolled into clinical trials.
It is now almost twenty years since Gagner and Pomp[9]
described the first laparoscopic PD, however, it has not
gained widespread popularity. This has been attributed to
the retroperitoneal location of the pancreas, its close relationship with major vascular structures, and the tedious
nature of the dissection required to optimize oncological
margins in pancreatic cancer. Perhaps the largest barrier
of all to laparoscopic PD is the challenge of reconstruction since three separate anastomoses are required. This
is illustrated by the more widespread acceptance of distal
pancreatectomy (DP) in recent years since there is no
reconstruction required[10]. However, the laparoscopic
approach to DP may itself be under-utilized[11]. The slow
adoption of minimally invasive pancreatic surgery, particularly PD, mirrors that of prostatectomy. Laparoscopic
prostatectomy never gained popularity due to its technical
complexity and steep learning curve, reported to be in the
range of 150 cases, when assessed in terms of blood loss
and operating time. In fact, it may require a staggering
700 cases to reach expert proficiency in maximizing potency outcomes in patients undergoing prostatectomy[12].
In 2001, prostate surgery was revolutionized by the introduction of the robotic surgery. In less than eight years,
robotic assisted prostatectomy has become the most
common approach to prostatectomy in the United States
with over 60% of prostatectomies being performed with
robotic assistance[13].
The development of robotic surgery was spurred
by an interest in the military to perform operations
remotely such as near the battlefield, or in space[14].
While much of the early work was completed by the US
Department of Defense, the current and only robotic
surgery platform has been brought to the marketplace
by Intuitive Surgical®. The DaVinci® surgical system
consists of a three or four-armed robot which is operated by the surgeon who sits at a separate console. The
robotic platform overcomes many of the key shortcomings of traditional laparoscopy that include monocular
vision, limited degrees of freedom and the effects of
pivot and fulcrum, which make suturing in particular
difficult to master. In contrast, the robotic approach affords the surgeon a three-dimensional stereoscopic view
of the operating field and restores hand-eye coordination that is often lost in traditional laparoscopy when the
camera is offset to the plane of dissection. Endowrist®
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(Sunnyvale, CA) instrumentation not only replicates the
movements of the human hand with seven degrees of
freedom but also eliminates hand tremor (Figure 1A).
The key triumph of the robotic platform over traditional
laparoscopy is the ease with which one can suture and tie
intracorporeal knots independent of the operative setup.
The robotic approach is not without disadvantages.
The lack of haptic feedback has been cited as a possible
drawback since its absence may lead surgeons to place
excessive tension whilst tying sutures leading to tearing
of the tissues being sutured[15]. The robotic platform is
expensive with an initial capital cost of $1-2.5 million;
annual maintenance liabilities well over $100000, and
many of the instruments are single use only[16].
This review discusses the impact of robotic technology on pancreatic minimally invasive surgery.

ROBOTIC PANCREATODUODENECTOMY
Giulianotti et al[17] first performed robotic assisted PD in
2001, and the initial series of 8 patients demonstrated
that robotic PD was feasible and safe, reporting a 37.5%
morbidity rate and one perioperative death (due to Boerhaeve’s Syndrome). The mean operative time in this series
was 270 min. Surgeons have adopted robotic assistance
for minimally invasive PD with much more enthusiasm
than the traditional laparoscopic approach. Indeed the
authors of the first reported laparoscopic PD series
concluded at one point that there was no benefit to the
minimally invasive approach to PD[10,18]. In 2012 it was
reported that only 7 centers worldwide had an experience
of 30 or more patients who had undergone laparoscopic
PD[19], somewhat meager progress for an operation initially described eighteen years earlier.
On the contrary, robotic assisted PD while not widespread is being reported with increasing frequency. This
mirrors the development of minimally invasive prostatectomy; robotic assistance seems to act as an enabler to
surgeons who do not feel comfortable performing the
operation with conventional laparoscopic techniques. The
reported approaches for robot assisted PD vary, some
groups adopt a hybrid laparoscopic/robotic approach
while others perform the entirety of the operation robotically. Narula et al[20] report a hybrid laparoscopic and
robotic approach for PD, the authors complete the dissection laparoscopically and employ the robot to perform
the reconstruction taking advantage of the precision and
dexterity of the robot for placing sutures (Figure 1B).
Fernandes et al[21], the initial pioneers of the robotic PD
advocates a full robot-assisted approach believing that
“there is no role for a hybrid hand-assisted or laparoscopic/robotic approaches”.
It is reasonable to conclude that robot assisted PD
is a safe operation and can be performed with a rate of
morbidity and mortality equivalent to open PD. Several
series demonstrate a reduction in blood loss and a trend
towards reduced length of stay (LOS) vs the open operation, for example the most recent series published
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Figure 1 Robotic surgery of the pancreas. A: Completion of the second layer of the anterior duodenojejunal anastomosis following pancreatoduodenectomy. The
white arrow highlights the endowrist® capabilities of the robotic arms; B: Completion of the posterior row of the pancreaticojejunal anastomosis with intracorporeal knot
tying. The white arrow indicates the jejunal limb with the blue arrow pointing to a pediatric feeding tube entering the main pancreatic duct; C: Splenic hilum following
robotic spleen preserving distal pancreatectomy. The excellent visualization and advanced endowrist® technology allow for a precise dissection of the splenic artery
and vein (white arrow); D: Hepatic hilum (common hepatic duct indicated by blue arrow, portal vein indicated by white arrow) following resection of pancreatic head
and duodenum.

describes the operation in 132 patients with a mean EBL
of 527 mL and an average LOS of ten days. Comparative
studies detailing open PD vs the robotic approach report
reduced blood loss with the latter approach[22-24]. PD is an
operation associated with morbidity rates of 30%-50%;
robotic surgery appears at least equivalent to open surgery in terms of morbidity and mortality. A recent metaanalysis of robotic vs open pancreatectomy favored
the robotic approach with a risk difference of 12% for
morbidity between open and robotic approaches[25]. Of
course, one has to be mindful that many of the studies
involved may have a selection bias favoring the robotic
approach, with surgeons choosing small and more favorable periampullary tumors for cases early in their robotic
series. That said, these tumors are often found within the
setting of a soft pancreas and a small duct, and thus pancreatic fistulae may be expected more commonly in these
patients. Furthermore, the robotic approach may lead
to surgery being performed in patients with a high body
mass index that previously may have not been considered
for an open approach. The morbidity of PD is largely
driven by the incidence of pancreatic fistula. Once again
the robotic approach compares favorably with contemporary series of open PD, with rates varying from 6%-35%
(Table 1). However, the data must be interpreted with
caution since the definition of the presence and severity of pancreatic fistulae is not uniform across published
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reports, moreover some of the initial series did not perform a pancreaticojejunostomy and opted for pancreatic
duct closure.
PD is primarily performed for periampullary and
pancreatic carcinomas hence the oncologic outcome of
the resection is a key measure by which one should judge
the success of one approach over the other. All series
report acceptable rates of a microscopically negative “R0”
resection (80%-100%), and an adequate lymph node harvest. The systematic review by Cirocchi et al[26] included
thirteen case series with an average R1 resection rate of
9%. Another systematic review reported a greater lymph
node harvest with the minimally invasive approach to
PD[27]. These impressive results must be interpreted with
caution since many surgeons tend to opt for the open
approach in patients with larger more extensive tumors
while preferring the robotic approach in patients with
more oncologically favorable ampullary and duodenal
malignancies. It is also important to consider the new
staining techniques used to assess resection margins, in
particular the retroperitoneal margin, as these now show
that R0 rates are less than previously accepted, and hence
future series will need to use this methodology so that
accurate comparisons of oncological benefits of robotic
surgery may be assessed[28].
In summary robot assisted minimally invasive approach to PD appear to lead to a reduction in operative
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Table 1 Outcomes of robot assisted pancreatoduodenectomy
Ref.

n

Giullianotti et al[40]

60

421

Buchs et al[46]

41

Narula et al[20]
Zhou et al[24]
Zeh et al[47]

5
8
50

Chalikonda et al[22] 30
Lai et al[23]
20
Zureikat et al[36]
132

OR time
EBL
(mean) (mean)

LOS
(mean)

RO

LN harvest (mean) Conversion

Fistula

Morbidity

Mortality

394

22 (5-85)

431.5

389

12.7

Italy: 100%
United States: 89%
NR

Italy: 21
United States: 15
NR

18%

31.30%

NR

1.5%1

4.80%

19.50%
(4A/3B/1C)
0
25%
20%
(5A/2B/4C)
6.60%
35%
17%
(12A/5B/5C)

39%

2.40%

420
718
568

NR
153
350

9.6
16.4
10

NR
100%
89%

16
NR
18

37.50%
0%
16%

NR
NR
26% Ⅰ/Ⅱ
30% Ⅲ/Ⅳ
30%
50%
41% Ⅰ/Ⅱ
22% Ⅲ/Ⅳ

0%
0%
2%

476
491.5
527

485
247
NR

9.79
13.7
10

100%
73.30%
NR

13.2
10
NR

10%
5%
8%

3%
0%
30 d: 2%
90 d: 5%

1

Included other pancreatic cases. NR: Not recorded; LOS: Length of stay; EBL: Estimated blood loss; LN: Lymph node; OR: Operating.

blood loss and reduced length of hospital stay. In addition, the approach appears equivalent to open surgery in
terms of short-term oncologic outcome, and both morbidity as well as mortality. However, these outcomes must
be interpreted carefully given the retrospective nature of
the data and the real possibility of selection bias in favor
of those patients considered for the robotic approach to
PD.

ROBOTIC DISTAL PANCREATECTOMY
Laparoscopic distal pancreatectomy (DP) has been adopted with much more enthusiasm than PD; this is unsurprising since there is no reconstruction involved. It
can be performed safely and affords the patients several
advantages including less blood loss, fewer complications,
less pain and a reduced length of stay[22,29] (Table 2). A
multicenter comparative study evaluated 142 laparoscopic
and 200 open DPs, demonstrating less blood loss for the
laparoscopic technique (357 mL vs 588 mL), an overall
reduction in complications (40% vs 57%), and a reduced
LOS (5.9 d vs 9 d)[30]. Nonetheless the laparoscopic approach may be limited by a lower spleen preservation rate
and a higher rate of unplanned splenectomy[31]. Others
cite concern for the oncological adequacy of laparoscopic DP given the reduced dexterity associated with the
laparoscopic approach. Despite the acceptance of laparoscopic DP in the literature it has not been widely applied;
NSQIP data for 2005-2010 reports that 27% of DP cases
are performed laparoscopically[11].
The robotic approach to distal pancreatectomy is also
gaining popularity. Daouadi et al[32] reported on a retrospective series of robotic and laparoscopic DPs (30 vs 94
respectively), the results were significant for a reduced
conversion rate to open surgery (0% vs 16%), a trend
toward fewer incomplete resections (non R0 resections),
and a shorter operative time (293 min vs 371 min). This
is in contrast however to the majority of reports which
report a longer operative time for robotic DP[26]; this may
be explained by the groups extensive experience with the
robotic approach.

WJG|www.wjgnet.com

Splenic preservation is indicated for benign and lowgrade pancreatic tumors; the benefits of which are highly
significant with a reduction in infectious and overall complications[33] (Figure 1C). Two groups have demonstrated
high rates of splenic preservation with the robotic approach; Hwang et al[34] successfully preserved the spleen
in 21 of 22 cases (95.5%), and the Indiana University
group reported splenic preservation rates of 65%, 12%
and 29% for robotic DP, laparoscopic DP and open DP
respectively[35] in a retrospective series with unspecified
selection criteria. This paper also reported a reduced LOS
for the robotic group (3.8 d) as compared to 7.7 and 6.4
d for the open and laparoscopic groups respectively, the
savings associated with this leading to the robotic approach being comparable from a cost standpoint.
The morbidity of robotic DP is at least equivalent to
its open and laparoscopic counterparts. Zureikat et al[36]
reported a 43% (27A, 10B, 4C) pancreatic fistula rate
in a series of 83 patients undergoing robotic DP. Other
groups report lower fistula rates with the meta-analysis
performed by Cirrochi et al[37] reporting a 16.9% fistula
rate, however, not all groups reported pancreatic fistulae
according to the ISGPF definition. Minimally invasive
DP is also associated with a lower surgical site infection
rate in comparison to the open approach; this of course
is not exclusive to the robotic approach and applies
equally to the traditional laparoscopic approach[38].
In summary, robot assisted DP is indeed feasible and
safe with distinct advantages over open surgery including
a reduced length of stay and overall complication rate.
Additionally the rate of splenic preservation appears to
be far superior to the open and laparoscopic approach.
However, it is questionable if the robotic approach affords the patient additional advantages over traditional
laparoscopic DP particularly when splenic preservation is
not indicated.

OTHER PROCEDURES
While malignancy remains the most frequent reason for
pancreatic surgery, many patients undergo resection or
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Table 2 Outcomes of robot assisted distal pancreatectomy
Ref.

n

OR time (mean)

EBL

LOS
(mean)

Conversion

Fistula

Morbidity

Mortality

Waters et al[35]
Kang et al[48]
Daoudi et al[32]

17
20
30

298
298
293

279
372
212

4
7.18
6.1

12%
NR
0

0
NR
46% (6A/4B/4C)

0
0
0

Giulianotti et al[40]
Zureikat et al[36]

46
83

331
256

323
NR

9.3
6

6.5%
2%

20.9%
43% (22A/10B/4C)

18%
10%
46% Ⅰ/Ⅱ
20% Ⅲ/Ⅳ
NR
60%

NR
0

NR: Not recorded; LOS: Length of stay; EBL: Estimated blood loss; LN: Lymph node; OR: Operating.

drainage procedures for chronic pancreatitis. The benefits of a robotic approach may be even more applicable
to this cohort of patients who have a benign disease and
are primarily undergoing surgery to ameliorate pain and
improve their quality of life. The major resectional procedures have been discussed in detail above.
The versatility of the robotic platform is illustrated by
a series of case reports documenting less common procedures in patients with chronic pancreatitis. Peng et al[39]
reported four cases of robot-assisted duodenum preserving pancreatic resection while Zureikat et al[36] reported
three Frey procedures. There have also been reports of
successful robotic Puestow procedures with Fernandes et
al[21] reporting on eight patients who underwent the operation with resolution of pain in 80% of patients, and a 0%
anastomotic fistula rate. Giulianotti et al[40] have reported
a case of robotic assisted PD with preservation of the
vascular supply for autologous islet cell transplantation.
The authors reported dissection of the pancreas whilst
maintaining arterial supply and venous drainage via the
gastroduodenal artery and the superior pancreaticoduodenal vein[40]. Another group reported the first robotic
total pancreatectomy with auto islet transplantation, again
preserving blood supply until the final moments before
specimen removal[41]. While these reports describe uncommon procedures and do not carry statistical weight,
they do illustrate the versatility of the robotic platform in
particular its utility in performing intricate vascular dissections.

DISCUSSION
The pancreas, in particular the head of the gland continues to be a relatively unexplored territory in terms of
laparoscopic pancreatic resection. There are of course
a few pioneers who have conquered the learning curve,
but it is a challenge for the average surgeon to achieve.
Robotic technology assists the surgeon in overcoming
many of the obstacles that render the totally laparoscopic
approach unfeasible. The superior visualization (Figure
1D) and restoration of hand-eye coordination along with
the increased dexterity allowed by the robotic platform
seems to empower even a moderate volume surgeon to
complete complex pancreatic resection and reconstruction with at least equivalent results to the open approach
with an acceptable learning curve. The minimally invasive
approach as described above is associated with a reduc-
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tion in blood loss, a reduced length of stay and perhaps a
reduction in overall complications. There is however no
difference in the rate of post-operative pancreatic fistula
or mortality. Oncologic outcomes in selected patients
appear equivalent and perhaps better than open surgery
in terms of margin status and lymph node harvest but
long-term outcomes are as yet unknown. Future studies
should not only monitor long-term oncologic outcomes
but also the outcomes of surgery such as adhesive bowel
obstruction, incisional hernia formation and chronic pain.
Such data will inform the risk to benefit profile of each
individual operation, this is particularly important for patients undergoing pancreatic resection for pre-malignant
disease e.g., IPMN and indeed for those patients undergoing surgery for pancreatic cancer as improved systemic
therapies lead to long term survival.
One may argue that robotic assistance may not improve outcomes beyond the standard minimally invasive
approach, for example the use of the robot in laparoscopic colon and rectal surgery has not proven superior
to standard laparoscopy[42]. This may be indeed be the
case in DP, however, the use of the robot seems to make
minimally invasive PD a safe and realistic option whereas
many surgeons felt totally laparoscopic PD was not a feasible option with traditional laparoscopic instruments.
Robotic surgery is commonly criticized for the costs
involved. Robotic prostatectomy was the first robotic
operation to gain widespread acceptance across the surgical community, notwithstanding this several groups
have reported that it is not cost effective despite reduced
morbidity and length of stay[43,44]. There are sparse cost
data available for robotic pancreatic surgery, however,
two groups have reported that the higher costs associated
with the robotic approach were offset by a reduction in
the length of stay[34,45]. The cost of the robotic approach
may also be offset by a quicker return to economic productivity by the patient and reduction in the long-term effects associated with laparotomy. Intuitive Surgical® holds
a monopoly on robotic surgical technology but one can
anticipate future competition, which will lead to a reduction in cost.
In summary, it is rational to conclude that robotic
pancreatic surgery is feasible and safe in an environment where surgeons and support staff are appropriately
trained. One must bear in mind that the published results
originate from high volume specialist centers and may
not apply to lower volume practitioners, furthermore
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the possibilities of patient selection and publication bias
are real. It is not clear whether the robotic approach affords the patient and society a net benefit both in terms
of “cure” and overall cost. The natural solution to this
impasse would be to perform a randomized control trial
to define the clinical utility of the robotic approach vs traditional approaches. Like many technological innovations
it is likely that the surgical community will adopt the technology before such robust evidence is furnished. Given
the unlikelihood of a fully powered randomized controlled trial we must continue to scrutinize outcomes particularly long-term oncologic outcomes. In this changing
healthcare environment it is likely that both government
and third party payers will demand data that supports the
superiority of new technologies such as the robot given
the substantial equipment costs.
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Abstract
Pancreatic cancer remains one of the leading causes
of cancer related death worldwide with an overall fiveyear survival of less than 5%. Potentially curative surgery, which alone can improve 5-year survival to 10%,
is an option for only 10%-20% of patients at presentation owing to local invasion of the tumour or metastatic
disease. Adjuvant chemotherapy has been shown to
improve 5-year survival to 20%-25% but conflicting evidence remains with regards to chemoradiation. In this
article we review the current evidence available from
published randomised trials and discuss ongoing phase
Ⅲ trials in relation to adjuvant therapy in pancreatic
cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Adjuvant; Gemcitabine;
Chemotherapy; Chemoradiotherapy; Phase Ⅲ
Core tip: This paper discusses every major trial undertaken in the field of adjuvant therapy in pancreatic
cancer. The evolution of chemotherapeutic regimes
over the past 25 years and the controversy surrounding
chemoradiation are analysed, in addition to looking at
the phase Ⅲ trials currently in progress.
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INTRODUCTION
Despite accounting for only 2.2% of all cancers, pancreatic ductal adenocarcinoma is the fourth most common
cause of cancer related death in the world[1]. In 2008
there were 279000 new cases worldwide with 266000
deaths from the disease, reflecting its dismal prognosis.
Owing to the majority of patients presenting with locally advanced and metastatic disease, the overall survival
rates at one and five years after diagnosis are 19% and
0.4%-4%[2] respectively. Surgery is the single most important factor in improving outcome but only 10%-20%
of patients are candidates for such treatment which can
improve the five-year survival rate to 10%[3]. This modest
survival benefit is due to the high prevalence of both local recurrence and distant metastases due to residual microscopic disease. In recent years, interest has increased
exponentially in both neoadjuvant and adjuvant strategies
to improve these outcomes.

ADJUVANT CHEMOTHERAPY
A handful of chemotherapy regimens had been utilised
in locally advanced and metastatic pancreatic cancer in
the 1970s and 1980s with limited success. Response rates
of 30%-43%[4] were reported and though these patients
achieved some survival benefit, this evidence was not
strong enough to recommend its routine use in all patients. Mallinson et al[5] was amongst the first to publish
on the benefit of 5-flurouracil (5-FU) based chemotherapy in the palliative setting of pancreatic cancer, reporting
a median survival of 44 wk in those receiving treatment
against only 9 wk in controls. In 1993, a Norwegian
group[6] was first to publish a randomised study assessing
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the role of adjuvant chemotherapy in resected pancreatic
cancer (Table 1). Sixty-one patients (47 pancreatic and
14 ampullary cancers) were divided into two treatment
arms - one to undergo surgery alone and the second to
undergo adjuvant chemotherapy. This adjuvant therapy
consisted of 5-FU 500 mg/m², doxorubicin 40 mg/m²
and mitomycin C 6 mg/m² every 3 wk for six cycles. Median survival was improved to 23 mo with adjuvant chemotherapy in comparison to 11 mo in those undergoing
observation alone (P = 0.04). One-year survival improved
to 70% with chemotherapy as opposed to 45% in the observation group but unfortunately this did not translate
into a longer-term survival benefit. A potential explanation may be the high toxicity rate in the treatment group,
which resulted in only 56% completing the prescribed
chemotherapy course.
The landmark ESPAC-1[7] (European Study Group
for Pancreatic Cancer) study was designed to determine
whether adjuvant chemoradiotherapy or adjuvant chemotherapy alone had a role in improving survival following
pancreatic cancer resection. This was the first adequately
powered randomised trial to assess adjuvant therapy in
pancreatic cancer, recruiting 541 patients over a six year
period in 61 centres internationally. Inclusion criteria
consisted of patients having made a full recovery from
a macroscopically resected pancreatic ductal adenocarcinoma, with a life expectancy of over 3 mo. Two hundred
and eighty five patients were randomised in a two-by-two
factorial design to receive chemoradiotherapy alone, chemotherapy alone, both or observation. In addition to this
2 × 2 design, a further 256 patients were also randomised
to receive either chemoradiotherapy, chemotherapy, or
observation (Individual treatment groups). Chemotherapy consisted of a 20 mg/m² intravenous bolus of folinic
acid, followed by a further intravenous bolus of 5-FU (425
mg/m²) to be administered on days 1-5 of a 28 d cycle,
over 6 cycles.
With a median follow-up of 10 mo [range 0-62, interquartile range (IQR) 1-25] for surviving patients, initial
results were suggestive of a significant improvement in
outcome in those receiving chemotherapy when considering the entire study population. Median survival was 19.7
mo (95%CI: 16.4-22.4) in those receiving chemotherapy,
against 14 mo (95%CI: 11.9-16.5) in those not receiving
any [hazard ratio (HR) = 0.66, 95%CI: 0.52-0.83, P =
0.0005]. However, this significance was lost when analysing those patients in the 2 × 2 design alone (17.8 mo vs
15.8 mo, HR = 1.3, 95%CI: 0.96-1.77, P = 0.09).
The final analysis of the 2 × 2 ESPAC-1 data[8] was
based on 237 deaths in 289 patients with a median follow
up of 47 mo (IQR 33-62 mo). Median survival was 20.1
mo (95%CI: 16.5-22.7) amongst patients who had undergone chemotherapy vs 15.5 mo (95%CI: 13-17.7) in those
who had not (HR = 0.71, 95%CI: 0.55-0.92, P = 0.009).
The estimated two and five year survival was 40% vs 21%
and 21% vs 8% respectively in those who received chemotherapy against patients which had not.
Exclusive to the 2 × 2 study design, the cohort of 75
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patients that received chemotherapy alone fared significantly better than those who underwent observation (n
= 69). Median survival was 21.6 mo (95%CI: 13.5-27.3)
vs 16.9 mo (95%CI: 12.3-24.8) and estimated five-year
survival was 29% vs 11%. ESPAC-1 established 5-FU and
folinic acid as the drug of choice in the adjuvant treatment of pancreatic cancer.
Takada et al[9] recruited a total of 508 patients with various resected pancreaticobiliary cancers which included
173 pancreatic malignancies. Though this multicentre randomised controlled trial recruited patients between 1986
and 1992, it was published later than ESPAC-1, in 2002.
Patients were randomised in this study to receive either adjuvant mitomycin C (rapid intravenous infusion of 6 mg/m
² on the day of surgery) and 5-FU (310 mg/m² for days 1-5
of postoperative weeks 1 and 3, followed by a daily dose
of 100 mg/m² from week 5 until disease recurrence) or
surgery alone. In the pancreatic subset of patients, this
chemotherapy regime showed no significant improvement in 5-year survival or 5-year disease free survival.
Unusually, this study utilised oral 5-FU as opposed to the
usual intravenous form which may offer a reason for its
ineffectiveness.
Kosuge et al (JSAP)[10] published a randomised trial
evaluating adjuvant cisplatin (80 mg/m² on day 1) and 5-FU
(continuous infusion of 500 mg/m² on days 1-5) with a
second cycle of chemotherapy 4-8 wk after the first. As
only those having undergone a R0 resection for ductal
pancreatic cancer were included, only 89 patients were
recruited over 8 years, resulting in an underpowered
study. No significant difference was identified in median
survival, 5-year survival and 5-year disease-free survival
in comparison to patients undergoing surgery alone. It
must be mentioned that approximately two-thirds of
these patients also underwent 30 Gy of intraoperative
radiotherapy on a non-randomised basis, but this therapy
proved insignificant as a prognostic indicator in a multivariate analysis.
In 1997, Burris et al[11] published their randomised
control trial comparing the nucleoside analogue gemcitabine with 5-FU in advanced pancreatic cancer. In addition to demonstrating a clinical benefit with regards to
pain relief, weight and performance status, those receiving gemcitabine achieved a one-year survival rate of 18%
as opposed to 2% with 5-FU. These findings resulted in
the recruitment of patients for CONKO-001[12] between
1998 and 2004. This randomised study compared adjuvant gemcitabine (six cycles of a 30 min intravenous
infusion at 1000 mg/m² during weeks 1-3 followed by
a break at week 4) with observation alone in patients
undergoing a curative pancreatic cancer resection. In
addition to clinical follow up and serum biochemistry
checks, two-monthly ultrasound scans were performed
to assess any recurrence. A computed tomography (CT)
scan was also performed at the termination of chemotherapy (gemcitabine group) or at six months (observation group). Three hundred and sixty eight patients were
recruited with a median follow-up of 53 mo. The main
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2008

2007

No
chemotherapy
+/- CRT (142)

JSAP (Kosuge) Cisplatin/5FU (45)
Surgery alone
(44)
CONKO-001 Gemcitabine
(Oettle)
(179)
Surgery alone
(175)
CONKO-001 Gemcitabine
Final
(179)
(Neuhaus)

ESPAC-1
(2 × 2 final
analysis)

2004

5-FU/
mitomycin C
(89)
Surgery alone
(84)
5-FU/folinic
fcid (147)

ESPAC-1 (2 × 5-FU/folinic
2 design only) fcid +/- CRT
(146)
No
chemotherapy
+/- CRT (139)

Takada

2006

Treatment
arms (n )

5-FU/
doxorubicin/
mitomycinc
(30)
Surgery alone
(31)
ESPAC-1 (all 5-FU/folinic
patients)
fcid +/- CRT
(238)
No
chemotherapy
+/- CRT (235)

Bakkevold

Author/group

2002

2001

1993

Year
published

86

NA

NA

NA

NA

NA

NA

T3

72%

27%

54%

85%

NA

53%

NA

N+

R0

83%

100%

82%

58%

NA

82%

100%

Final analysis

-

15.9 (13.5-19.2)
(HR = 0.82,
0.6-1.11, P =
0.19)
NA

20.2 (17-23.4) (P
= 0.06)
22.8

22.1 (18.4-25.8)

15.8

15.5 (13-17.7)
(HR = 0.71,
0.55-0.92, P =
0.009)
12.5

-

72.5%

72.5%

-

-

-

14 (11.9-16.5)
(HR = 0.66,
0.52-0.83, P =
0.0005)
17.4 (13.5-21.8)

20.1 (16.5-22.7)

-

-

-

42%

47.5%

-

30%

40%

-

-

-

45%

70%

2-yr survival

Survival (95%CI)
1-yr survival

19.7 (16.4-22.4)

11 (P = 0.02)

23

Median survival
(mo)

Table 1 Major adjuvant chemotherapy trials in pancreatic cancer

36.5

20.5%

34%

-

-

-

-

-

30%

27%

3-yr survival

21

20.5%

22.5%

14.9% (P = 0.94)

26.4%

6.9 (6.1-7.8) (P
< 0.001)
13.4

13.4 (11.4-15.3)

-

-

18% (log rank
NS)
21%

8%

-

-

-

-

Median DFS
(mo)

11.5%

-

-

8% (P = 0.1)

4%

5-yr survival

-

31%

58%

-

-

-

-

-

-

-

14.5%

30.5%

-

-

-

-

-

-

2-yr DFS

23.5

7.5%

23.5%

-

-

-

-

-

-

3-yr DFS

Disease-free survival (DFS)(95%CI)
1-yr DFS

16.0

5.5%

16.5%

-

7.8% (log rank
P = 0.84)
-

8.6%

-

-

-

5-yr DFS

Jones OP et al . Adjuvant therapy in pancreatic cancer

October 28, 2014|Volume 20|Issue 40|

WJG|www.wjgnet.com

ESPAC-3(v2)

JASPAC-01

2010

2013
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87%

NA

NA

86%

63%

72%

55%

69%

87%

65%

75%

84%

23.6 (21.4-26.4)
(HR = 0.94,
0.81-1.08, P =
0.39)
46.3
25.5 (P < 0.0001)

16.8 (14.3-19.2)
(HR = 0.7,
0.55-0.88, P =
0.003)
23 (21.1-25)

75%

18.4 (15.1-25.3)
(HR = 0.77,
0.51-1.14, P =
0.19)
23.2 (20.1-26.5)

37%

49%

40%

48.3%

70%
53% (HR =
0.56, 0.42-0.74,
P < 0.0001)

-

-

-

-

19.5%

-

-

14%

24%

10.6%

23.9%

9%

-

26.7%

49%

-

16.7%

27.2%

23.2
11.2 (log rank
P < 0.0001)

-

49%
29% (HR =
0.56, 0.43-0.71,
log rank P <
0.0001)

56.1%
30.7%
(51.8%-60.3%) (26.7%-34.6%)
14.3 (13.5-15.6)
61.3%
29.6%
(57.1%-65.5%) (25.6%-33.5%)

14.1 (12.5-15.3)

-

5 (3.7-8.9) (HR
= 0.6, 0.4-0.89,
P = 0.01)

11.4 (8-14.5)

6.9 (P < 0.001)

-

-

-

-

8.5%

-

-

-

-

6.5%

outcome of this study was that gemcitabine significantly improved disease-free survival following pancreatic cancer resection. Median disease-free survival in the gemcitabine
group was 13.4 mo (95%CI: 11.4-15.3) as opposed to only 6.9 mo (95%CI: 6.1-7.8) in the observation group (P < 0.001). Importantly, this significant disease-free survival benefit was maintained whether patients had undergone an R0 or R1 resection. With regards median overall survival, the gemcitabine benefit was only marginal in comparison to
the observation group (22.8 mo vs 20.2 mo, P = 0.005)[13]. This minimal difference is potentially explained by the authors by the fact that almost all patients that relapsed in the
observation group received gemcitabine or a further line of chemotherapy. However, this study established gemcitabine as the favoured adjuvant chemotherapeutic agent particularly due to its excellent toxicity profile in comparison to 5-FU.
Coincidentally, at the same time as CONKO-001, a further study to compare adjuvant gemcitabine and observation was being undertaken. One hundred and nineteen
patients were recruited between 2002 and 2005 for JSAP-2[14], with a median follow up for surviving patients of over five years. Gemcitabine resulted in a median diseasefree survival of 11.4 mo (95%CI: 8-14.5) against 5 mo (95%CI: 3.7-8.9) in the observation group (HR = 0.60, 95%CI: 0.40-0.89, P = 0.01). This however did not convert to a
significant benefit in overall survival as the study was underpowered. Another factor may be that though this study utilised an identical gemcitabine dosage regimen as used in
CONKO-001, only three cycles were administered as opposed to the six used in the European study. It must also be noted that the median number of days between surgery
and randomisation was nearly double that of CONKO-001. Just over half of patients in this study (52%) also received intraoperative radiotherapy, though the authors argue
that this effect may have been negligible.
Following on from the ESPAC-1 study, the group undertook another randomised controlled trial, ESPAC-3 to compare 5-FU and folinic acid (as per the ESPAC-1 regime),

-

78.5%
48.1%
(75%-82%)
(43.8%-52.4%)
80.1%
49.1%
(76.7%-83.6%) (44.8-53.4%)

63%

77%

77.6%

22.3 (16.1-30.7)

20.2 (P = 0.005)

CRT: Chemoradiotherapy; NA: Not avialable; NS: Not significant; 5-FU: 5-flurouracil.

S-1 (187)
Gemcitabine
(191)

5-FU/folinic
fcid (551)
Gemcitabine
(537)

Collated data 5-FU/folinic
ESPAC-1,
fcid (233)
ESPAC-1 plus,
ESPAC-3(v1)
Surgery alone
(225)

2009

2009

Surgery alone
(175)
JSAP-2 (Ueno) Gemcitabine
+/- RT (58)
Surgery alone
+/- RT (60)
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Table 2 Meta-analyses of adjuvant chemotherapy in pancreatic cancer
Survival (95%CI)
Year published
2005

Author
[20]

Stocken et al

2007

Boeck et al[24]

2008

Butturini et al[25]

Arm (n )

Median survival (mo)

2-yr survival

5-yr survival

CT (348)
No CT (338)
CT (482)
No CT (469)

19 (16.4-21.1)
13.5 (12.2-15.8)
3 mo (0.3-5.7) survival benefit
with CT vs no CT (P = 0.03)
R0 resections
20.8 (17.7-23.2)
13.8 (12.2-16.4)
R1 resections
15 (11.7-18.1)
13.2 (10.5-17.6)
Hazard ratio for death (95%CI)
0.62 (0.42-0.88)

38%
28%
-

19%
12%
3.1% (-4.6%-10.8%) survival benefit
with CT vs no CT (P > 0.05)

42% (35%-48%)
27% (21%-33%)

22% (17%-28%)
10% (5%-14%)

29% (20%-38%)
31% (22%-40%)

14% (7%-21%)
17% (10%-24%)

CT (236)
No CT (222)

2013

Liao et al[26]

CT (109)
No CT (114)
Flurouracil (876)
Observation (670)
Gemcitabine (774)
Observation (670)
Gemcitabine (774)
Flurouracil (876)

0.68 (0.44-1.07)
1.1 (0.70-1.86)

CT: Chemotherapy.

gemcitabine (as per CONKO-001 regime) and surgery
alone in resected pancreatic cancer. During recruitment
however, the publication of ESPAC-1 proved the undoubted benefit of adjuvant chemotherapy. This resulted
in the observation arm being forfeited and the study was
renamed ESPAC-3(v2)[15].
ESPAC-3(v2) was the largest study of its kind, recruiting 1088 patients with pancreatic ductal adenocarcinoma in 159 centres worldwide over a seven year period.
With a median follow-up of 34.2 mo (range: 0.4-86.3
mo, IQR 27.1-43.4), no significant difference was shown
in overall survival or progression-free survival between
the two treatment groups. However, gemcitabine halved
the number of serious treatment-related adverse events
compared to its opposing arm (14% vs 7.5% of patients,
P < 0.001). It was also noted a more favourable outcome
was achieved in patients with node positive disease or an
R1 resection when administered gemcitabine. This firmly
established the drug as the current gold standard in the
adjuvant treatment of pancreatic cancer.
A meta-analysis in 2009[16] combined data from a
subgroup of ESPAC-3(v1) with ESPAC-1 2 × 2 and
ESPAC-1 Plus (a subgroup of 192 patients in a randomised comparison between 5-FU and observation
+/- chemoradiation). The purpose of this publication
was to ascertain the benefit of adjuvant 5-FU and folinic
acid (n = 233) as opposed to surgery alone (n = 225).
Median survival was 23.2 mo (95%CI: 20.1-26.5) in the
chemotherapy group, in comparison to 16.8 mo (95%CI:
14.3-19.2) in those patients in the observation arm (HR
= 0.7, 95%CI: 0.55-0.88, P = 0.003). Chemotherapy also
improved overall survival at one, two and five years, providing robust evidence for the continued use of 5-FU
and folinic acid in the adjuvant setting alongside gemcitabine.
The most recently published randomised controlled
trial, JASPAC-01[17] enrolled 385 patients between 2007
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and 2010 to compare adjuvant gemcitabine with fluorinated pyrimidine S-1 in resected pancreatic cancer. The
gemcitabine regime was identical to CONKO-001 with
an S-1 regime of four cycles of 80 mg/m² per day for
four weeks, followed by a fortnight rest. Promising interim results were presented in 2012[18] with an overall
2-year survival of 53% and 70% in the gemcitabine and
S-1 groups respectively (HR = 0.56, 95%CI: 0.42-0.74,
P < 0.0001). S-1 also proved superior with regards to
recurrence-free survival at 2-years with 49% of patients
remaining disease-free compared with 29% in the gemcitabine cohort (HR = 0.56, 95%CI: 0.43-0.71, log-rank
P < 0.0001). S-1’s comparatively low toxicity in addition
to the fact that S-1 is orally administered, would be partly
responsible for the superior quality of life scores in this
group (P < 0.0001). Though the authors concluded that
S-1 should be considered the new standard treatment for
resected pancreatic cancer, there is doubt whether this
agent will ever be of broad benefit in the West. It has
been stated that due to the metabolic differences between
Asian and Caucasian populations, gastrointestinal side effects are far greater in the latter leading to lower tolerated
doses of S-1[19].

META-ANALYSIS OF ADJUVANT
CHEMOTHERAPY IN PANCREATIC
CANCER
The first meta-analysis assessing adjuvant therapy in pancreatic cancer was published in 2005 (Table 2). Stocken
et al[20] included five randomised trials [Bakkevold et al[6],
ESPAC-1[7], Takada et al[9], EORTC[21] and Gastrointestinal Study Group (GITSG)[22,23] to evaluate the effects of
both chemotherapy and chemoradiotherapy in the adjuvant setting (n = 939). With the exception of GITSG,
the authors collected individual patient data from each
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of these studies (n = 875) to produce as accurate a results as possible. When collating results from the three
chemotherapy trials, heterogeneity was affected with the
addition of the Japanese results (χ ² = 11.7, P = 0.009
when included, χ ² = 2.5, P = 0.29 without). The authors
suggest that this was due to the large number of R1 resections included in that particular study. Nevertheless,
analysis of the dataset both including and excluding this
study resulted in reductions of 25% (HR = 0.75, 95%CI:
0.64-0.9, P = 0.001) and 35% (HR = 0.65, 95%CI:
0.54-0.8, P < 0.001) respectively in the risk of death with
adjuvant chemotherapy. Median survival was estimated
to be 19 mo (95%CI: 16.4-21.1) with chemotherapy and
13.5 mo (95%CI: 12.2-15.8) without.
A later meta-analysis[24] included the five randomised
trials comparing adjuvant chemotherapy to observation
(Bakkevold et al[6], ESPAC-1[7], Takada et al[9], JSAP[10]
and CONKO-001[12]). Median survival data was available
from all studies with the exception of Takada et al[9], with
no significant heterogeneity between the remaining four
conflicting studies (P = 0.07). Meta-analysis indicated a
significant survival benefit of 3 mo (95%CI: 0.3-5.7, P =
0.03) in patients receiving adjuvant chemotherapy as opposed to observation. However, adjuvant treatment translated into only a 3.1% benefit in 5-year survival which
proved insignificant.
A third meta-analysis looked specifically at adjuvant
therapy in relation to resection margins[25]. This metaanalysis was supportive of adjuvant chemotherapy, indicating a 25% reduction in the risk of death with treatment
as opposed to observation (HR = 0.75, 95%CI: 0.64-0.9,
P = 0.001). Patients undergoing a clear-margin resection
benefited from a 7-mo survival increase with chemotherapy (median survival of 20.8 mo vs 13.8 mo), but the effect
was less pronounced in R1 resections (median survival of
15 mo vs 13.2 mo). This finding was in agreement with
Stocken who noted that chemotherapy was less effective
in patients with a positive resection margin.
A recently published network meta-analysis[26] has
examined overall survival in patients receiving adjuvant
gemcitabine or 5-FU in comparison to observation.
Results suggested that adjuvant therapy with either gemcitabine (n = 774) or 5-FU (n = 876) showed a survival
benefit in comparison with observation alone (n = 670)
with hazard ratios of 0.68 (95%CI: 0.44-1.07) and 0.62
(95%CI: 0.42-0.88) respectively. No significant survival
difference was noted in comparing adjuvant gemcitabine
and 5-FU, though grades 3-4 non-haematological toxicity
was almost four-times as common in patients receiving
the latter drug.

ADJUVANT CHEMORADIOTHERAPY
GITSG[22] was the first randomised trial evaluating the
role of adjuvant therapy in pancreatic cancer (Table 3).
In non-resectable patients, previous studies had shown
the benefit of both radiotherapy[27] and 5-FU combined
with radiotherapy[28] and on this basis GITSG compared
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adjuvant 5-FU chemoradiation vs no adjuvant therapy.
Though the study population was small (n = 43), final
analysis of the data revealed a substantial median survival benefit with treatment (21 mo) in comparison to no
treatment (10.9 mo). Following this evidence, chemoradiotherapy became a standard adjuvant treatment option
for pancreatic cancer patients in the United States[29]. A
decade later, the findings from GITSG were supported
by a prospective, non-randomised study. Yeo et al[30] offered two different chemoradiotherapy regimes (standard
or intensive) or observation. Patients undergoing adjuvant treatment reported a median and one-year survival
of 19.5 mo and 80%, in comparison to 13.5 mo and 54%
in those undergoing observation (P = 0.003). Multivariate
analysis also supported a survival benefit to those receiving either standard (P < 0.001) or intensive therapy (P =
0.04).
The EORTC study[21] was undertaken across twenty
nine European centres and included 218 patients who had
undergone resection for pancreatic or ampullary lesions.
One hundred and fourteen of these were for pancreatic
head cancers and those tumours graded as T3 ≤ or N1b
nodal disease were excluded from the study. Patients
were assigned surgery alone or to additionally receive two
four-week cycles of adjuvant 5-FU and concurrent radiotherapy. Treatment was commenced within eight weeks of
surgery when patients received a daily radiotherapy dose
of 2 Gy, five times a week for two weeks followed by a
two week break. This cycle was then repeated to make a
total absorbed dose of 40 Gy. Alongside the first week of
radiotherapy, patients received 25 mg/kg of 5-FU per 24
h up to a maximum daily dose of 1500 mg. The dosage
of 5-FU during the second cycle was dependant on any
resulting toxicity from the first cycle.
Analysis of the entire study population revealed no
statistical difference in overall or disease-free survival.
When considering the pancreatic group alone, median
survival in the treatment group was 17.1 mo compared
to 12.6 mo in those undergoing observation (P = 0.099).
Two-year survival was 37% and 20%, with five-year survival being 23% and 10% in each group respectively. The
pattern of recurrent disease was similar in both treatment
groups with both locoregional and distant metastases
occurring concurrently in 19%-22% of patients experiencing disease recurrence. 15% of patients from each
group experienced local recurrence alone, suggesting that
adjuvant radiotherapy is ineffective against pancreatic and
ampullary cancer.
In the ESPAC-1 trial, chemoradiotherapy consisted
of 20 Gy in ten daily fractions over a fortnight with a
500 mg/m² intravenous bolus of 5-FU on days 1-3 to be
repeated two weeks later. For those patients assigned to
receive both chemoradiotherapy and chemotherapy, the
above regime was combined with the chemotherapy regime previously described. Initial results from ESPAC-1
showed no survival benefit in those receiving chemoradiotherapy. Chemoradiotherapy incurred a median
survival of 15.5 mo (95%CI: 13.5-17.4) compared to
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Treatment arms (n )

CRT (21)
Surgery alone (22)
EORTC
5-FU/RT (104)
Surgery alone (103)
5-FU/RT (60)
Surgery alone (54)
ESPAC-1 (all patients) CRT +/- 5-FU/folinic acid (175)
No CRT +/- 5-FU/folinic acid
(178)
ESPAC-1 (2 × 2 design CRT +/- 5-FU/folinic acid (142)
only)
No CRT +/- 5-FU/folinic acid
(143)
ESPAC-1 (2 × 2 final CRT +/- 5-FU/folinic acid (145)
analysis)
No CRT +/- 5-FU/folinic acid
(144)
ESPAC-1 (Individual
5-FU/folinic acid (75)
Treatment Groups)
CRT + 5-FU/folinic acid (72)
Observation (69)
CRT (73)
RTOG 97-04
CRT + 5-FU (230)
CRT + gemcitabine (221)
CRT + 5-FU (201)
CRT + gemcitabine (187)
RTOG 97-04 (5-yr
CRT + 5-FU (230)
analysis)
CRT + gemcitabine (221)
CRT + 5-FU (201)
CRT + gemcitabine (187)
CapRI (Schmidt)
5-FU/cisplatin/interferon α-2b
→ RT → 5-FU (53)
5-FU/folinic acid (57)

GITSG

Author/group

97

NA
79

NA

66

NA

NA
75

66

75

53

NA

NA

NA

56

51

0
NA

46

28

21

37

N

+

61

NA

66

NA

66

82

NA

82

NA

77

100

R0

Final analysis
T3

28.5 (19.5-38.6) (HR = 1.2, 0.49-2.95, P
= 0.49)

HR = 0.933, 0.76-1.145, P = 0.51
17.1
20.5
32.1 (22.8-42.2)

16.9
20.5 (HR = 0.82, 0.65-1.03, P = 0.09)
No significant difference

40%
34%
42%
-

35%

-

-

27%
21%
28%
-

22%
31%
23%

-

-

n/s

-

-

-

-

-

11.5 (9.8-17.6)
(P = 0.61)

19%
18% (13%-24%)
22%
15.2 (10.3-24.8)

19%

-

13%
11%
7%
-

-

20%

10%

-

19.9 (14.2-22.5)
16.9 (12.3-24.8)
13.9 (12.2-17.3)
No significant difference

-

-

-

2-yr DFS

Disease-free survival (DFS) (95%CI)
Median DFS
(mo)

-

-

-

-

-

-

-

-

28% (17%-39%)
17.4
38% (28%-48%)
22% (12%-32%) 16 (P = 0.643) 37% (27%-47%) (P = 0.643)
20% (5%-35%)
10% (0%-20%)
-

-

5-yr
survival

29%

41%

29%

17.8 (14-23.6) (HR = 1.3, 0.96-1.77, P =
0.09)
15.9 (13.7-19.9)

-

-

-

-

-

3-yr
survival

17.9 (14.8-23.6) (HR = 1.28, 0.99-1.66, P
= 0.05)
21.6 (13.5-27.3)

-

43% (0.25%-0.63%)
18% (0.08%-0.36%)
51% (41%-61%)
41% (31%-51%)
37% (24%-50%)
23% (11%-35%)
-

2-yr
survival

Survival (95%CI)

21
10.9
24.5
19 (log rank P = 0.208)
17.1
12.6 (log rank P = 0.099)
15.5 (13.5-17.4)
16.1 (13.1-20.1) (HR = 1.18, 0.9-1.55, P
= 0.24)
15.8 (13.5-19.4)

Median survival (mo)

16.1 mo (95%CI: 13.1-20.1) in patients which had not received any (HR = 1.18, 95%CI: 0.9-1.55, P = 0.235). These findings were echoed when evaluating patients in the 2 × 2
study design alone with those patients receiving chemoradiotherapy alone achieving a median survival of 15.8 mo (95%CI: 13.5-19.4) vs 17.8 mo (95%CI: 14-23.6) in those not.
Again, these findings did not reach statistical significance with P = 0.086.

CRT: Chemoradiotherapy; NA: Not avialable; 5-FU: 5-flurouracil.

2012

2011

2006

2004

2001

1999

1985

Year
published

Table 3 Major adjuvant chemoradiotherapy trials in pancreatic cancer
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Final analysis of the 2 × 2 data showed that chemoradiotherapy had a negative effect on patient survival.
Median survival was 15.9 mo (95%CI: 13.7-19.9) in
those that received chemotherapy whilst patients that
received none survived for a median of 17.9 mo (95%CI:
14.8-23.6), P = 0.05. Estimated 5-year survival was 10%
in the chemoradiotherapy cohort in comparison to 20%
in those patients who received none. In those patients
randomised outside the 2 × 2 study design, median
survival was only 13.9 mo (95%CI: 12.2-17.3) amongst
the 73 patients who had received chemoradiotherapy.
This was in comparison to a median survival of 16.9
mo (95%CI: 12.3-24.8) in those who underwent surgery
alone and 21.6 mo (95%CI: 13.5-27.3) in those who underwent adjuvant chemotherapy without any chemoradiation. Estimated 5-year survival in these individual treatment groups was 7%, 11% and 29% respectively. Though
this is strongly suggestive that adjuvant chemoradiation
has a negative impact on survival, ESPAC-1 was underpowered to directly assess these smaller cohorts outside
the 2 × 2 design. The authors suggest that the lack of
survival benefit with chemoradiation may be due to a
delay in administering the treatment to patients who were
also receiving chemotherapy. Some have argued that the
radiotherapy given during ESPAC-1 was substandard and
not subject to rigorous quality control, though the survival rates achieved in the individual groups were similar
to those achieved in other major studies[31].
Following the publication of their interim findings in
2008[32], the final 5-year analysis of the RTOG 97-04 study
was published in 2011[33]. Patients were stratified into two
arms - each to receive either gemcitabine or 5-FU both
prior to, and after 5-FU based chemoradiation. In the
gemcitabine group (n = 221), one cycle was administered
(1000 mg/m² for 3 wk followed by a 1 wk break) prior to
chemoradiotherapy, after which a further 3 cycles was undertaken. Patients in the 5-FU arm (n = 230) were administered a continuous infusion of 250 mg/m² per day for 3
wk prior to the commencement of chemoradiation. 5-FU
was then administered for two six-week cycles of 5-FU (4
wk on plus 2 wk off). Chemoradiation consisted of 50.4
Gy of radiation in divided fractions, in association with a
continuous infusion of 5-FU at the previously stated dose
over the duration of the radiation therapy. No significant
difference was identified in overall or disease-free survival
in the final analysis. Worth noting, is though completion
rates for designated treatments were equally high (87% in
the 5-FU group and 90% in the gemcitabine group) those
in the latter group experienced greater numbers of haematological (P < 0.001) and Grade 4 events (P < 0.001)
secondary to acute toxicity.
A subgroup analysis from RTOG was undertaken
observing those with pancreatic head tumours. The difference in median survival between both groups was not
statistically significant, being 17.1 mo in the 5-FU group
and 20.5 mo in the gemcitabine group (HR = 0.933,
95%CI: 0.76-1.15, log rank P = 0.51). However, following adjustment for stratification variables including nodal
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status, tumour size and surgical margins, multivariate
analysis suggests a benefit with gemcitabine over 5-FU
(HR = 0.80, 95%CI: 0.63-1.00, P = 0.05).
The most recently published phase Ⅲ randomised
trial compared adjuvant chemoradiation, including 5-FU,
cisplatin and interferon Alfa-2b (Group 1) with adjuvant
5-FU and folinic acid without chemoradiation (Group 2).
CapRI[34] followed a similar phase Ⅱ trial which reported
a promising 5-year survival rate of 55%[35]. Patients in
group 1 received a 200 mg/m² continuous infusion of
5-FU, 30 mg/m²/wk of cisplatin and 3 million units of
interferon α-2b three times a week. This treatment continued for 5.5 wk and was given alongside 50.4 Gy of radiation in 28 fractions. Following chemoradiotherapy, patients underwent a further two cycles of 5-FU. Those in
group 2 were treated for six cycles of chemotherapy with
20 mg/m² of folinic acid and 425 mg/m² of FU on days
1-5 of a 28-d cycle without any radiotherapy. Patients
underwent regular clinical follow-up in addition to receiving a CT at 6-monthly intervals, or whenever clinically
indicated. Though 132 patients were initially randomised,
only 110 of these received at least one dose of a study
treatment and were described as the per-protocol population.
Overall survival and disease free survival was not significantly different between the two groups. However, the
median survival data from the per-protocol population
are amongst the best published, being 32.1 mo (95%CI:
22.8-42.2) in group 1, and 28.5 mo (95%CI: 19.5-38.6) in
group 2 (HR = 1.2, 95%CI: 0.49-2.95, P = 0.49). Selection bias was unlikely, given that 97% of tumours were
T3 and above, 79% of patients had nodal disease and
only 61% of patients underwent a R0 resection. The authors concede that these impressive survival figures are
unlikely to be secondary to adjuvant therapy alone, and
acknowledge that the vast majority of patients underwent
an aggressive soft tissue clearance during their resection
in Heidelberg. Nevertheless, these results seem to have
been achieved at the expense of very high levels of toxicity, with 85% of patients receiving chemoradioimmunotherapy experiencing grades 3 or 4 toxicity which were
mainly haematological in origin. In a separate study[36] this
controversial chemoradioimmunotherapy regime led to
a 93% grade 3 and 4 gastrointestinal toxicity rate, leading
to its abandonment.
In addition to these randomised trials which have produced conflicting results, a handful of large retrospective
reviews have also been published[37]. A prospectively collected database from John Hopkins Hospital in Baltimore
compared those who received adjuvant chemoradiotherapy (n = 271) to those who did not (n = 345). Chemoradiotherapy consisted of a continuous infusion of 5-FU
with 50 Gy of radiation in divided fractions, followed by
maintenance 5-FU for a further 2-6 mo. Chemoradiation
improved survival compared to those who received no
adjuvant therapy, with a median survival of 21.2 mo as
opposed to 14.4 mo (HR = 0.72, 95%CI: 0.6-0.86, P <
0.001). Even after adjusting for confounding factors in-
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Table 4 Meta-analyses of adjuvant chemoradiotherapy in pancreatic cancer
Survival (95%CI)
Author

Arm (n )

Median survival (mo)

2-yr survival

5-year survival

2005

Stocken et al[20]

15.8 (13.9-18.1)
15.2 (13.1-18.2)
R0 Resections
15.9 (14-18.5)
15.8 (13.4-20.1)
R1 Resections
14.7 (11.5-20.5)
11.2 (9.4-16.7)
Hazard ratio for death (95%CI)
0.91 (0.55-1.46)

30%
34%

12%
17%

2008

Butturini et al[25]

CRT
No CRT

30% (23%-36%)
38% (31%-45%)

10% (5%-15%)
20% (13%-26%)

30% (17%-42%)
19% (8%-31%)

18% (7%-29%)
8% (0%-16%)

Year published

CRT (188)
No CRT (183)

2013

CRT (53)
No CRT (53)

Liao et al[26]

Chemoradiation (169)
Observation (670)
Chemoradiation + 5-FU (323)
5-FU (876)
Chemoradiation + 5-FU (323)
Chemoradiation (169)
Chemoradiation + gemcitabine (221)
Chemoradiation + 5-FU (323)

0.87 (0.27-2.69)
0.59 (0.19-1.74)
0.82 (0.4-1.71)

CRT: Chemoradiotherapy; 5-FU: 5-flurouracil.

cluding comorbid disease and surgical complication rate
amongst others, chemoradiation continued to show a survival benefit (relative risk = 0.74, P < 0.001). Multivariate
analysis revealed a significant survival benefit to chemoradiotherapy in those patients who had either positive (P
= 0.002) or negative (P = 0.035) resection margins.
The Mayo Clinic published their 1975-2005 experience[38], also supporting the use of adjuvant chemoradiotherapy. Their retrospective study (n = 454) included only
R0 resections. Ninety-eight percent of the 274 patients
that received radiotherapy (median dose 50 Gy in 28
fractions) also received concurrent 5-FU based chemotherapy, and only 10% of these received any additional
chemotherapy following chemoradiation. Median survival
was improved with adjuvant treatment as opposed to surgery alone, with rates of 25.2 and 19.2 mo respectively.
Chemoradiotherapy improved survival in various disease
subgroups including node positive disease (P < 0.001),
high-grade tumours (P < 0.001), or both together (P <
0.001).
Numerous publications have recently originated from
the US-based Surveillance, Epidemiology and End Results (SEER) database supporting the use of adjuvant
radiotherapy. Artinyan et al[39] analysed 1930 patients that
had undergone curative node-negative resections for
pancreatic cancer during 1988-2003. Multivariate analysis
revealed adjuvant radiotherapy to be a significant factor in improving overall survival (HR = 0.72, 95%CI:
0.63-0.82, P < 0.001). Greco et al [40] presented 2636
pancreatic resections, of which 1123 received adjuvant
radiotherapy with a median survival of 18 mo, vs 11 mo
in those who received no radiotherapy (P < 0.01). Moody
et al[41] further supported these claims with his series, also
concluding that adjuvant radiotherapy improved survival
compared to no radiotherapy (P = 0.004). However, on
subgroup analysis statistical significance was only maintained in patients with Stage 2B disease (P < 0.0001).
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Hazard et al[42] also supports the use of radiotherapy with
her publication, though specific conclusions in relation
to adjuvant therapy cannot be made as most patients received both neoadjuvant and adjuvant radiation. Though
the SEER database has the advantage of possessing the
details of an impressive volume of patients, concerns
have been raised. As the data collection is retrospective,
now-important prognostic information such as margin
status, lymphovascular and perineural invasion, patient
comorbid status and performance status details have not
been collected. This may have produced a treatment bias
in these patient cohorts which cannot be adjusted for
during statistical analysis.

META-ANALYSIS OF ADJUVANT
CHEMORADIOTHERAPY IN PANCREATIC
CANCER
In addition to the analysis of adjuvant chemotherapy
data, Stocken et al[20] also pooled individual patient data
from ESPAC-1 2 × 2[8], ESPAC-1 Plus[16] and EORTC[21]
to assess the benefit of adjuvant chemoradiotherapy
(Table 4). Despite borderline heterogeneity (χ ² = 6.1, P
= 0.05), no significant difference in the risk of death was
observed with chemoradiotherapy (HR = 1.09, 95%CI:
0.89-1.32, P = 0.43). The GITSG trial[22] was unfortunately unable to provide individual patient data and therefore summary data was utilised. Though heterogeneity
was increased (χ ² = 10, P = 0.02) by the addition of the
GITSG summary data to the individual data from other
studies, the pooled HR again showed no difference in the
risk of death between those receiving chemoradiotherapy
and those not (HR = 1.02, 95%CI: 0.85-1.24, P = 0.81).
Butturini’s meta-analysis[25] on adjuvant therapy and
resection margins noted no significant survival advantage
with chemoradiation in R0 resections (median survival
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Table 5 Current phase Ⅲ trials investigating adjuvant therapy in pancreatic cancer
Trial number

Co-ordinating
country

First
enrolment

Target sample
size (n )

Adjuvant treatment arms

Primary
outcome

Secondary outcomes
(clinical only)

ISRCTN96397434 United Kingdom
(ESPAC-4)

2008

1396

(Ⅰ) Gemcitabine
(Ⅱ) Gemcitabine plus capecitabine

OS

DRKS00000247
(CONKO-005)
NCT01013649
(RTOG 0848)

Germany

2008

436

United States

2009

950

Toxicity
Quality of life
OS at 2 and 5 yr
DFS at 5 yr
OS
Toxicity
DFS
Toxicity
Correlation between baseline
fatigue and survival

NCT01072981

United States

2010

722

NCT01526135

France/Canada

2012

490

NCT01077427

Germany

2012

336

NCT01964430

United States

Not yet active

-

(Ⅰ) Gemcitabine
DFS
(Ⅱ) Gemcitabine plus erlotinib
(Ⅰ) Gemcitabine
OS
(Ⅱ) Gemcitabine plus erlotinib
If DFS at end of treatment (Ⅰ) or (Ⅱ), further
randomisation to:
(Ⅲ) A further course of (Ⅰ) or (Ⅱ) as
previously received plus Capcitabine CRT
(Ⅳ) A further course of (Ⅰ) or (Ⅱ) as
previously received plus 5-FU CRT
Gemcitabine +/- 5-FU CRT +/OS
HyperAcute®-Pancreas (algenpantucel-L)
immunotherapy
(I) Gemcitabine
DFS at 3
yr
(Ⅱ) mFolfirinox (5-FU, folinic acid, irinotecan,
oxaliplatin)
(Ⅰ) Gemcitabine
DFS
(Ⅱ) Gemcitabine plus cisplatin plus regional
hyperthermia
(Ⅰ) Gemcitaine
DFS/OS
(Ⅱ) Gemcitabine plus nab-paclitaxel

OS at 3 yr

OS

OS: Overall survival; DFS: Disease-free survival; CRT: Chemoradiotherapy; 5-FU: 5-flurouracil.

15.8 and 15.9 mo). Though remaining statistically insignificant, there was evidence of a small survival benefit
with adjuvant chemoradiation in patients receiving a R1
resection (median survival 11.2 and 14.7 mo). Significant
heterogeneity was noted in the effect of chemoradiation
dependent on resection margin (χ ² = 4.2, P = 0.04). Adjuvant chemoradiotherapy was estimated to reduce the
risk of death by 28% (HR = 0.72, 95%CI: 0.47-1.10) in
patients with positive margins, but was estimated to increase the risk by 19% (HR = 1.19, 95%CI: 0.95-1.49) in
patients with clear margins.
Liao et al[26]’s recent meta-analysis has been the first to
directly compare chemoradiation combined with either
5-FU or gemcitabine with each treatment in isolation. No
survival advantage was demonstrated by adding chemoradiation to either adjuvant 5-FU or gemcitabine with all
hazard ratios approaching 1. However, the addition of
chemoradiation to 5-FU (HR = 2.85, 95%CI: 0.15-61.44)
or gemcitabine (HR = 36.49, 95%CI: 0.34-3235.7) dramatically increases toxic events in comparison to the use
of the chemotherapeutic agent alone. The authors conclude that on the basis of their results, future trials with
chemoradiation are not required citing toxicity, resistance
and early tumour dissemination as possible reasons why
chemoradiotherapy to the tumour bed may be ineffective
in pancreatic cancer.

CURRENT PHASE Ⅲ TRIALS
It is extremely encouraging to see several phase Ⅲ trials

WJG|www.wjgnet.com

currently recruiting for patients to further investigate the
role of adjuvant therapy in pancreatic cancer (Table 5).
Capecitabine is a fluoropyrimidine which has been shown
to exert synergistic antitumour activity when combined
with gemcitabine[43]. A meta-analysis of three randomised
controlled trials (n = 935)[44] compared gemcitabine with
gemcitabine plus capecitabine (Gemcap) in advanced
pancreatic cancer. This showed an overall survival benefit
with the latter treatment (HR = 0.86, 95%CI: 0.75-0.98,
P = 0.02) with no intertrial heterogeneity. The ESPAC
group is currently recruiting to trial this therapy in the
adjuvant setting with the aim of recruiting nearly 1400
patients by the end of 2014[45].
Folfirinox is another chemotherapeutic regimen that
has been subjected to a randomised controlled trial in
those with metastatic pancreatic cancer[46]. In comparison to gemcitabine (n = 171), Folfirinox (n = 171) improved both median overall survival from 6.8 to 11.1 mo
(HR = 0.57, 95%CI: 0.45-0.73, P < 0.001) and median
progression-free survival from 3.3 mo to 6.4 mo (HR =
0.47, 95%CI: 0.37-0.59, P < 0.001). However, Folfirinox
resulted in significantly more grades 3 and 4 adverse
events than gemcitabine including neutropenia, febrile
neutropenia, thrombocytopenia, diarrhoea, and sensory
neuropathy. To the contrary of these findings, further
data published from this study[47] disclosed that quality of
life impairment was significantly reduced in the Folfirinox
group compared to gemcitabine indicating its acceptability to patients. Folfirinox is currently subjected to a
two armed phase Ⅲ trial in opposition to gemcitabine in
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resected pancreatic cancer[48].
The tyrosine-kinase inhibitor Erlotinib, used in combination with gemcitabine has been shown to improve
overall survival and progression-free survival compared
to gemcitabine alone in advanced pancreatic cancer in a
large phase Ⅲ trial (n = 569)[49]. Bao et al[50] utilised these
two compounds in the adjuvant setting in a phase Ⅱ trial
achieving a respectable median disease-free survival of
14.0 mo (95%CI: 8.2-24.5). Furthermore, a single-institution phase Ⅱ trial (n = 48) has also shown that erlotinib
can be safely utilised alongside capecitabine and chemoradiotherapy[51]. Currently, erlotinib is being trialled both
in combination with gemcitabine vs gemcitabine alone[52]
and in a separate trial this will be followed by a course of
either capecitabine or 5-FU chemoradiotherapy[53].
Platinum compounds have been safely used in various
pancreatic cancer trials, though particularly encouraging
results have been achieved in the neoadjuvant setting.
Heinrich et al[54] prescribed 28 patients a two month neoadjuvant course of gemcitabine and cisplatin. In addition
to evidence of a histological response in over half of
patients, surgery following this neoadjuvant regimen was
safe, leading to a median survival of 26.5 mo. A separate
phase Ⅱ study[55] administered neoadjuvant gemcitabine
plus the platinum agent oxaliplatin to 33 patients - 18
with unresectable disease and 15 with borderline resectable disease. Following treatment 13/33 underwent resection with over two-thirds of these patients undergoing an
R0 resection. Resection improved median overall survival
to 22 mo (95%CI: 14-30) compared to 12 mo (95%CI:
9-15) in those treated non-surgically (P = 0.046).
On the basis of these encouraging results, phase Ⅲ
trials are now incorporating platinum agents into their
chemotherapy regimens. The Hyperthermia European
Adjuvant Trial (HEAT) study[56] will compare adjuvant
gemcitabine to adjuvant gemcitabine plus capecitabine
plus regional hyperthermia treatment - a regime that has
previously been utilised with low reported toxicity. It has
been shown that heat can increase the cytotoxicity of certain chemotherapeutic agents[57] including gemcitabine[58]
in in vitro experiment with pancreatic cancer cell lines.
One phase Ⅱ study[59] combined gemcitabine with regional heat treatment in the treatment of both metastatic
and locally advanced disease. Median survival was 8 mo
in the entire study population, but extended to 17.7 mo
in those with localised disease. More recently, a retrospective analysis of 23 patients with gemcitabine refractory
inoperable disease was published[60] whereby patients
received gemcitabine plus cisplatin alongside regional
hyperthermia biweekly for four months. Though 21/23
patients suffered from metastatic disease at recruitment, a
median overall survival of 12.9 mo was achieved (95%CI:
9.9-15.9).
One of the more recent phase Ⅲ studies to be approved is to trial adjuvant gemcitabine vs a combination
of gemcitabine and the taxane, nabpaclitaxel[61]. This
combination has already been shown to be superior to
gemcitabine alone in advanced pancreatic cancer in a
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large phase Ⅲ trial[62] (n = 861), where progression free
survival improved from 3.7 to 5.5 mo and overall survival
growing from 6.7 to 8.5 mo (HR for disease progression
or death 0.69, 95%CI: 0.58-0.82, P < 0.001). Though not
yet active, the results of this promising large international
multicentre trial are already much anticipated.

CONCLUSION
Pancreatic cancer remains a substantial challenge for surgeons and oncologists alike. Surgical resection remains
the foundation for any patient with resectable disease.
There is now irrefutable evidence that adjuvant chemotherapy improves both overall and disease-free survival
and several phase Ⅲ trials are currently in progress aiming to challenge gemcitabine as the gold standard adjuvant drug. The evidence for adjuvant chemoradiotherapy
in large phase Ⅲ trials is lacking and can therefore not be
recommended as standard therapy. Future adjuvant RCTs
will compare approaches using combination therapies to
attempt to improve the outlook.
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Abstract
Pancreatic cancer has a considerably poor prognosis
with a 5-year survival probability of less than 5% when
all stages are combined. Pancreatic cancer is characterized by its dense stroma, which is involved in the
critical interplay with the tumor cells throughout tumor
progression and furthermore, creates a barrier restricting efficient penetration of therapeutics. Alterations in a
large number of genes are reflected by a limited number of signaling pathways, which are potential targets.
Understanding more about the molecular basis of this
devastating cancer type regarding tumor microenvironment, distinct subpopulations of cells, epithelial-to-mesenchymal transition and inflammation will lead to the
development of various targeted therapies for controlling tumor growth and metastasis. In this complex scenario of pancreatic cancer, especially members of the
“small integrin binding ligand N-linked glycoproteins”
(SIBLINGs) and “secreted protein acidic and rich in
cysteine” (SPARC) families have emerged due to their
prominent roles in properties including proliferation, dif-
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ferentiation, apoptosis, adhesion, migration, angiogenesis, wound repair and regulation of extracellular matrix
remodeling. SIBLINGs consist of five members, which
include osteopontin (OPN), bone sialoprotein, dentin matrix protein 1, dentin sialophosphoprotein and
matrix extracellular phosphoglycoprotein. The SPARC
family of modular extracellular proteins is comprised
of SPARC/osteonectin (ON) and SPARC-like 1 (hevin);
secreted modular calcium binding proteins; testicans
and follistatin-like protein. In this review, we especially
focus on OPN and ON, elaborating on their special and
growing importance in pancreatic cancer diagnosis and
prognosis.

Core tip: In this article we review the evidence that the
protein families “small integrin binding ligand N-linked
glycoproteins” (SIBLINGs) and “secreted protein acidic
and rich in cysteine” (SPARC) modulate functions like
proliferation, differentiation, apoptosis, adhesion, migration, angiogenesis, wound repair, and regulation of
extracellular matrix remodeling. Moreover they play significant roles throughout each stage of pancreatic cancer formation and progression. We discuss, with special
reference to osteopontin and osteonectin, how SIBLING
and SPARC proteins have attracted growing importance
as diagnostic and prognostic tools and discuss their fascinating potential as therapeutic targets.
Kaleağasıoğlu F, Berger MR. SIBLINGs and SPARC families:
Their emerging roles in pancreatic cancer. World J Gastroenterol
2014; 20(40): 14747-14759 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i40/14747.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i40.14747
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INTRODUCTION
Pancreatic cancer, the fourth leading cause of cancerrelated mortality, has a considerably poor prognosis, as
reflected by a median survival of 5-8 mo and a 5-year
survival probability of less than 5% when all stages are
combined[1,2]. At the time of diagnosis, metastasis has
already occurred in most of the patients. Early diagnosis
may enable tumor resection; however relapse is still likely
due to recurrence at the primary tumor site and distant
metastasis. This is affirmed by the observation that the
average survival time after neoadjuvant therapy and surgery in patients whose tumor was resectable before neoadjuvant therapy was similar to that of patients treated
with chemotherapy and/or radiotherapy after surgery
(23.3 and 20.5 mo, respectively)[2].
Recent advances in understanding the molecular basis
of pancreatic cancer development and progression are
expected to provide novel therapeutic opportunities. In
this regard, the genomic diversity, tumor microenvironment, distinct populations of cancer stem cells (CSCs)
resistant to chemo- and radiotherapies, and adaptation
of cancer cells to the hypoxic conditions as well as to
nutritional deficiency represent potential therapeutic challenges[3].
Pancreatic cancer is characterized by its dense and
desmoplastic stroma which is critical for tumor progression and metastasis. Tumor stroma creates a barrier restricting efficient penetration of chemotherapeutics and
targeted therapies[4,5]. Furthermore, the stroma and the
tumor itself express various proteins, which have proven
to be prognostic biomarkers and potential therapeutic
targets, as well[6]. These cytokines secreted by pancreatic
cancer cells, especially members of the small integrin
binding ligand N-linked glycoprotein (SIBLING) and secreted protein acidic and rich in cysteine (SPARC) families are likely to draw a lot of interest for their prominent
roles in pancreatic cancer growth.
SIBLINGs are a family of non-collagenous proteins
consisting of five members, which include osteopontin
(OPN), bone sialoprotein (BSP), dentin matrix protein
(DMP1), dentin sialophosphoprotein (DSPP), and matrix
extracellular phosphoglycoprotein (MEPE) (Table 1).
The SIBLING family of proteins is principally located
in bone and dentin and its members take part in extracellular matrix (ECM) formation and mineralization[7]. OPN
is highly expressed in primary pancreatic cancer[8-10]. SIBLINGs are involved in tumor progression and metastasis
by interacting with several integrins and with CD44 to
mediate cellular signaling[11,12].
The SPARC family of modular extracellular proteins
can phylogenetically be classified into four groups (Table
1), all of which contain the extracellular calcium-binding
(EC) and follistatin-like (FS) domains (Table 1): (1) Osteonectin (ON) and SPARC-like 1 (hevin); (2) Secreted
modular calcium binding proteins (SMOC) 1 and 2; (3)
Testican 1, 2 and 3; and (4) Follistatin-like protein[13-15].
ON is overexpressed in pancreatic cancer stroma[10]. Low
or absent stromal expression of ON was correlated with
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longer survival rates[6]. ON is involved in remodeling of
ECM, morphogenesis, wound repair, and cell proliferation. The other SPARC family member hevin is downregulated in pancreatic cancer, especially in the late stages
and was suggested to function as a tumor suppressor and
angiogenesis regulator[10,16-19].
In this review, we elaborate on the role of SIBLING
and SPARC family members in pancreatic cancer progression and metastasis with specific emphasis on OPN
and ON. We start by describing their signaling pathways,
then elaborate on the critical interplay between tumor
cells and their microenvironment, and outline the currently available targeted therapies in pancreatic cancer. In
the following part, we discuss the impact of SIBLING
and SPARC family proteins in pancreatic cancer, including their distribution, interference with signaling pathways, pro- and anti-tumorigenic effects, biomarker roles,
and fascinating potential as therapeutic targets.

SIGNALING PATHWAYS IN PANCREATIC
CANCER
Pancreatic ductal adenocarcinoma (PDAC) is the most
common type of pancreatic cancer. The development
and progression of PDAC is mediated by the complex
crosstalk between the tumor cells and the stromal components, involving various alterations in signaling pathways[20]. The first comprehensive genetic analysis of 24
pancreatic tumors revealed alterations of a large number
of genes (63 per tumor). A more recent detailed analysis
of 99 tumors identified 26 mutations per patient (range
1-116) as well as substantial heterogeneity with 2016 nonsilent mutations and 1628 copy-number variations in 99
patients, affirming the previous findings and furthermore
pointing out the potential involvement of axon guidance genes in pancreatic cancer progression[21]. However,
dysregulation was limited to 12 core signaling pathways
which therefore seem to be more preferable targets as
compared to mutated genes[22]. These core pathways,
which were genetically altered in most pancreatic cancers,
include genes like KRAS and other monomeric GTPases,
genes for apoptosis, DNA damage control, regulation
of G1/S phase transition, Hedgehog, c-Jun N-terminal
kinase, TGF-β, Wnt/Notch, genes for invasion, homophilic cell adhesion and integrin signaling[22].

PANCREATIC CANCER
MICROENVIRONMENT
critical interplay between the tumor cells and the
microenvironment
The abundant stroma of pancreatic cancer, which has
been termed desmoplasia, is composed of acellular (ECM,
soluble proteins like cytokines and growth factors) and
cellular [fibroblasts, myofibroblasts, pancreatic stellate
cells (PSCs), vascular and immune cells] components[4].
The abundant infiltrating inflammatory cells are particu-
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Table 1 Small integrin binding ligand N-linked glycoproteins and secreted protein acidic and rich in cysteine gene families and their
[7,13-15]
members
Gene family

Member (Aliases)

Small integrin binding ligand N-linked glyco- Osteopontin (OPN)/secreted phosphoprotein 1 (SPP1)
Bone sialoprotein Ⅱ (BSP)
proteins (SIBLING)
Dentin matrix protein 1 (DMP1)
Dentin sialophosphoprotein (DSPP)
Matrix extracellular phosphoglycoprotein (MEPE)
Secreted protein acidic and rich in cysteine SPARC [osteonectin (ON)]/basement-membrane protein 40 (BM-40)
Hevin (SPARCL1; QR1)
(SPARC)
Secreted modular calcium binding proteins 1 and 2 (SMOC1 and SMOC2)
Testican 1, 2 and 3/sparc/osteonectin, cwcv and kazal-like domains proteoglycan 1, 2 and 3
(SPOCK1, 2 and 3)
Follistatin-like protein (FSTL-1)/TGF-beta-simulated clone-36/follistatin-like (TSC-36/Flik)/follistatin-related protein (FRP)/TGF-β inducible protein

larly polymorphonuclear neutrophils, macrophages, and
lymphocytes. These immune cells are rich sources of
various factors promoting tumor growth and EMT associated with enhanced migration capacity and metastasis[23,24].
The desmoplastic response is regulated throughout
cancer initiation and progression stages by dynamic paracrine and autocrine signaling interactions between tumor
and host stromal cells[25]. PSCs, the key players in desmoplastic reaction, are star shaped cells residing in periacinar,
periductal and perivascular regions of the pancreas[26].
During malignant transformation, PSCs are transformed
from a quiescent state into an activated (myofibroblastlike) phenotype which expresses α-smooth muscle actin
and ECM proteins and acquires the capacity to proliferate, migrate, contract, phagocytose, and promote tissue
repair[27]. Pancreatic cancer cells recruit PSCs to their immediate vicinity, while PSCs inhibit apoptosis and stimulate survival of cancer cells[26,28,29]. Human PSCs (hPSCs)
have the capability to intravasate/extravasate, thus accompany cancer cells to distant metastatic sites[30]. The
premalignant and malignant cells secrete many paracrine
factors like transforming growth factor-beta (TGF-β),
platelet derived growth factor (PDGF), vascular endothelial growth factor (VEGF), hepatocyte growth factor
(HGF), sonic hedgehog (SHH), epidermal growth factor
(EGF), fibroblast growth factors (FGFs) and insulinlike growth factors (IGFs), which activate PSCs, which in
turn secrete more ECM proteins, matrix metalloproteases
(MMPs), PDGF, FGF, TGF-β, IGF1, small leucine-rich
proteoglycans, periostin, collagen Ⅰ, EGF and heparin
sulfate proteoglycans (Figure 1)[25].
Targeted therapies in pancreatic cancer
Currently approved chemotherapeutic drugs for pancreatic cancer are pyrimidine analogs (fluorouracil, capecitabine, gemcitabine), platinum analogs (oxaliplatine), taxanes
(paclitaxel and docetaxel), campthotecin analog irinotecan
and mitomycine C[31]. The growing need for novel agents
was met by understanding the molecular basis of pancreatic cancer which paved the way to modulate aberrant signaling pathways. EMT, a process whereby epithelial cells
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acquire mesenchymal characteristics which are associated
with increased invasiveness, angiogenesis, resistance to
chemotherapy and formation of CSCs, has also emerged
as an immensely attractive target[32]. Suppression of tumor promoting inflammation presents another potential
target. Inflammation is observed at the early stages of
PDAC which progresses via an interplay between KRAS
mutations and chemokines/cytokines. Upregulated oncogenic and inflammatory pathways intersect in the transcription factors STAT3 and NF-κB, designating them
as excellent therapeutic targets[33]. In the light of these
findings, recent research has focused on molecular targets
like epidermal growth factor receptor (EGFR), VEGF,
IGF-1R, mammalian target of rapamycin (mTOR), mitogen activated protein kinase (MEK), cyclooxygenase 2
(COX-2) or proteasome[34,35]. In addition, targeting c-MET
or Alk-4/7 up-regulated in CSCs or pathways mediating
EMT (Notch, Wnt, Hedhehog, Src and TGF-β) or transcription factors (Zeb1) emerge as viable strategies[36].
The role of EGFR, which is an overexpressed oncogene in 43%-69% of PDAC, is well established in pancreatic cancer progression[37]. EGFR belongs to the receptor
tyrosine kinase (RTK) subfamily ErbB/EGFR and regulates downstream signaling pathways including the PI3K/
AKT, RAS/MAPK, PLCg/PKC and STATs pathways. A
nuclear EGFR complex has also been reported in pancreatic cancer cell lines, Panc-1 and Colo-357 cells, but it’
s not yet definitively identified as a true oncogene[38]. Several monoclonal antibodies (mAbs) namely cetuximab,
matuzumab, panitumumab, and nimotuzumab which can
bind to the extracellular domain of membrane-bound
EGFR are under investigation. Smaller molecules like erlotinib and gefitinib can inhibit EGFR tyrosine kinase by
competetive blockade of ATP binding. Today, erlotinib is
the only targeted therapy which is approved as first line
therapy in combination with gemcitabine for locally advanced or metastatic pancreatic cancer[35,39]. Human EGF
receptor-2 (HER-2) is a commonly expressed oncogene
in pancreatic cancer. Anti-HER-2 therapies include mAbs
like transtuzumab and pertuzumab, and tyrosine kinase
inhibitors (TKIs) like lapatinib[35].
VEGF is another overexpressed oncogene in 93% of
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PDGF, TGFb, VEGF, HGF,
SHH, EGF, FGF, IGF
Tumor
stroma

Tumor cells

PDGF, EGF, FGF, TGFβ, IGF1,
proteoglycans, periostin, collagen Ⅰ,
ECM proteins, MMPs

Figure 1 Critical interplay between the pancreatic cancer cells and the microenvironment. TGF-β: Transforming growth factor-beta; VEGF: Vascular endothelial
growth factor; HGF: Hepatocyte growth factor; SHH: Sonic hedgehog; EGF: Epidermal growth factor; FGF: Fibroblast growth factor; IGF: Insulin-like growth factor;
MMP: Matrix metalloprotease; PDGF: Platelet derived growth factor.

PDAC[37]. Since overexpression of VEGF and its receptors are involved in angiogenic and mitogenic promotion
of tumor growth, targeting this pathway with bevacizumab has been evaluated for the treatment of advanced
pancreatic cancer combined with other chemotherapeutic
regimens[39,40]. An alternative strategy for targeting the
VEGF pathway has also been tested using anti-VEGF
TKIs sorafenib, axitinib and vatalanib[35].
Other molecularly targeted therapies under investigation are farnesyltransferase inhibitors (tipifarnib), TGF-β
signaling inhibitors (TGF-β2 inhibitor AP 12009, dual
TGF-β type Ⅰ/Ⅱ receptor kinase selective inhibitor
LY210976, TβR-I inhibitor LY364947 and selective kinase inhibitor SD-093), IGF-1R kinase inhibitors (NVPAEW541 and BMS-754807), MMP inhibitors (marimastat
and tanomastat), hedgehog signaling inhibitors (cyclopamine, saridegib and vismodegib), mTOR inhibitors
(everolimus, temsirolimus, sirolimus), MEK1/2-ATPuncompetitive inhibitors (selumetinib), COX-2 inhibitors
(celecoxib), 26S proteasome inhibitors (bortezomib),
NF-κB inhibitors (curcumin), integrin α5β1 inhibitors
(volociximab), and a claudin-4 inhibitor (clostridium perfringens enterotoxin).
Pancreatic cancer development and progression is
regulated by the interaction between various aforementioned pathways; hence targeting multiple pathways seems
to be a novel therapeutic approach to interfere with this
cross talk[34,35,41-49].
However, two very recent reviews on targeted therapies indicate a poor outcome in phase Ⅲ trials in spite of
numerous promising results from preclinical studies and
phase Ⅰ/Ⅱ trials[34,35]. This insurmountable intrinsic and
acquired resistance to the investigated therapeutics delineates the critical interplay between tumor cells and tumor
microenvironment[5], anticipating the need to identify additional targets as well as novel agents and to specifically
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target the tumor stroma[34,50,51].

IMPACT OF SIBLING AND SPARC
FAMILIES
Expression of SIBLING and SPARC family members
has been associated with pancreatic cancer progression.
These cytokines, secreted by pancreatic tumor stromal
cells, interfere with various pathways and their expression
is associated with survival rates[52-55].
Distribution
SIBLING: OPN is strongly expressed in tumor-associated macrophages especially at the invasive edge of the
tumor[8,56,57], in the cytoplasm of tumor cells[53,57,58] and
ECM of pancreatic cancer cell lines[59]. BSP is weakly to
moderately detectable in islet and ductal cells of normal
pancreatic tissues, and in the tubular complexes of PDAC
and pancreatic cancer cell lines[60].
SPARC: ON is expressed at high levels by pancreatic
acinar and islet cells of normal human tissues[61,62]. In
chronic pancreatic inflammation, ON expression in acinar cells is transiently up-regulated but then lost at the final stages, which may favor acinar-to-ductal metaplasia[63].
The majority of pancreatic cancer cells and cell lines are
ON negative[54,55,62,64,65]. Lack of ON expression in these
cell lines was related to epigenetic silencing by aberrant
methylation[62]. The aberrant ON methylation status was
not different between sporadic and familial pancreatic
cancers[66]. Low-to-absent ON expression levels in some
pancreatic cancer cell lines was also associated with overexpression of runt-related transcription factor-2[67] and
fibroblast growth factor receptor1-Ⅲc (FGFR1-Ⅲc)[68].
ON was overexpressed in stromal fibrocytes and endo-
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thelial cells of benign and malignant tissues, especially
adjacent to the neoplastic epithelium but also in the distal
stroma[55,61,62,65,69]. Hevin mRNA was expressed specifically within angioendothelium but not in adjacent tumor
epithelium and stroma of invasive pancreatic cancer[70].
Interference with signaling pathways in cancer
progression
SIBLING and SPARC proteins modulate many functions
of healthy tissues, including cell proliferation, differentiation, apoptosis, adhesion, migration, angiogenesis, wound
repair, and regulation of ECM remodeling. Mounting
evidence suggested their significant functions in various
cell-matrix interactions throughout each stage of cancer
progression, which include, but are not limited to integrin linked kinase (ILK)/PI3K/Akt, Ras/Raf/MEK/
ERK1/2/AP-1 and NF-κ B as major signaling pathways[11,13,71].
OPN: OPN is a flexible protein in solution. This capability of OPN allows its binding, via Arg-Gly-Asp (RGD)
motif-dependent and independent interactions, to different proteins like cell surface receptors, matrix metalloproteinases and ECM proteins[11]. OPN was shown to
promote proliferation, invasion, angiogenesis, and metastasis in different types of malignant tumors[71-76]. OPN
interacts mainly with various αv (αvβ1, αvβ3, αvβ5 and
αvβ6) integrin receptors via the RGD sequence and with
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CD44v6 and v7-containing isoforms via the C-terminal
fragment with a calcium binding site (Figure 2). Binding
of OPN to integrin and CD44 initiates a downstream
signaling cascade through the PI3K/Akt signaling pathway leading to NF-κB mediated cell proliferation and
survival[71,73]. An OPN/integrin complex, through the
Ras/Raf/MEK/ERK pathway, activates AP-1 dependent
gene expression, hence plasmin and MMP-9 mediated
ECM degradation and tumor invasion[71]. VEGF-induced
OPN and integrin expression supports neovascularization processes by promoting endothelial cell migration
and vascular lumen formation, activating monocytes to
release pro-angiogenic cytokines and preventing endothelial cell apoptosis[73].
ON: ON has three structural domains (Figure 3), each of
which initiates differential processes in cancer progression. The N-terminal, highly acidic low affinity-calcium
binding domain inhibits cell migration and chemotaxis,
decreases fibronectin and thrombospondin-1 but increases plasminogen activator inhibitor-1 (PAI-1). The cysteine rich follistatin-like domain promotes de-adhesion,
angiogenesis and proliferation and the high affinity-ECbinding domain inhibits migration, proliferation and adhesion, induces MMPs and regulates cell-matrix interactions[77,78]. Tumors overexpressing the N-terminal domain
of ON were used as model to show that this domain
has chemosensitizing properties. In fact, the N-terminal
domain of ON caused a significantly greater reduction in
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Figure 4 Protumorigenic role of osteopontin in pancreatic cancer development and progression. osteopontin (OPN) expression in pancreatic cancer cell lines
is associated with increased in vitro proliferation and enhanced growth and metastasis in vivo, which are reversed by OPN knockdown, OPN RNAi and anti-OPN antibody. Exposure to cigarette smoke (including nicotine) and hepatocytes induce OPN expression.

cell viability than ON itself and this effect was related to
enhancing the apoptotic cascade via activation of caspase
8[79].
ON has a divergent effect in different cancer types.
ON may be linked with a highly aggressive phenotype
in some tumors, but it may function as a tumor suppressor in others[80]. This modulator effect, either positive or
negative, on cell growth and migration was suggested
to depend on the amount secreted by the tumor[81]. The
microenvironment also determines whether ON will act
as a de-adhesive or adhesive protein[82]. ON influences
integrin signaling by reducing surface localization of integrin subunits and by directly interacting with ILK and it
induces ILK/FAK/Akt activation to promote EMT, antiapoptosis and cell migration[71,77]. Macrophage-derived
ON is also involved in integrin-mediated metastasis[83].
ON can bind directly to collagens Ⅰ-Ⅷ and growth factors (VEGF-A, PDGF-AA and PDGF-BB) or modulate
cell surface receptors of basic fibroblast growth factor
and TGF-β[13,77,78,84,85]
Prominent roles in pancreatic cancer progression:
experimental evidence
OPN: OPN has a pro-tumorigenic role and favors the
metastatic growth of pancreatic cancer (Figure 4). OPN
mRNA expression in human PDAC cell lines was significantly related to their growth in the liver of nude rats.
Similarly, OPN knockdown was associated with reduced
proliferation in rat pancreatic adenocarcinoma (AsML)
cells[86]. OPN expression in AsML cells following explantation from the liver decreased gradually in time when
grown in vitro for up to five weeks. However, co-culture
of AsML cells and of human Suit2-007 PDAC cells with
hepatocytes stimulated OPN expression. This two compartmental metastasis model clearly demonstrated the
cross talk between PDAC cells and hepatocytes[86]. Comparison of OPN expression in two human pancreatic
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cell lines showed that OPN was eleven-fold up-regulated
in cells of the highly liver metastatic cell line HPC-3H4,
as compared to parental HPC-3 cells. In the same study,
OPN RNAi and anti-OPN antibody treatment inhibited
liver metastasis of pancreatic cancer cell line[87]. OPN was
likely to play a role in the initial growth of PDAC cells in
the liver while MMP-1 and EGF-1 were required for the
maintenance of growth[88].
OPN was demonstrated to be a downstream mediator of nicotine in pancreatic cancer. Smoking and experimental exposure to cigarette smoke or nicotine stimulated
OPN mRNA and protein expression in PDAC[89]. Nicotine exposure selectively induced splice variant OPNc
and alpha7-nicotine acetylcholine receptor (α7-nAChR)
expression[90]. Nicotine-induced OPN mRNA expression
in pancreatic cancer cell lines was inhibited by a nicotinic
acetylcholine receptor antagonist, a tyrosine kinase inhibitor or an ERK1/2 activation inhibitor, which implied that
OPN was expressed by a nAChR-ERK1/2-dependent
pathway[89]. OPN siRNA or antibody treatment inhibited
nicotine enhanced expression of MMP-9 and VEGF[91].
ON: ON is a multifaceted protein with controversial
functions of its structural domains. ON exhibited differential effects in pancreatic cancer models and displayed
antitumorigenic as well as tumorigenic potential (Figure
5). The experimental models used providing differential
environmental conditions as well as cancer cell line specific properties seem to contribute to its complex behavior.
The antitumorigenic potential of ON in pancreatic
cancer was demonstrated by in vivo and in vitro studies.
An inverse relation exists between ON expression and
growth of pancreatic cell lines in the liver of nude rats[86].
ON expressing human Suit2-007 and rat AsML cells
were investigated in vitro to elucidate the antiproliferative
role of ON. Knockdown of ON mRNA by an antisense
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controversial functions of its structural domains. ON is anti-tumorigenic and inhibits proliferation, migration, colony and xenograft formation as well as invasiveness.
Facilitation of pericyte migration by ON contributes to inhibition of tumor spread. However, ON is also pro-tumorigenic and induces invasiveness.

oligonucleotide (ASO) in Suit2-007 cells was associated
with increased proliferation as compared to a nonsense
control. Accordingly, human recombinant ON decreased
proliferation of AsML and Suit2-007 cells in a time and
concentration dependent manner[86]. In other studies,
exogenous ON also caused dose-dependent inhibition
of proliferation in PDAC cell lines[65,68] and this effect
was independent of endogenous ON expression[68]. ONinduced growth arrest was associated with increased
p21 expression, which induces a G1 cell cycle block[65].
Furthermore, inhibition of endogenous ON by small
hairpin RNA resulted in enhanced cell proliferation, migration, colony formation and xenograft formation[68].
The mechanism by which ON might promote apoptosis
was investigated in the chemotherapy resistant pancreatic cell line MiaPaca/CPT, which showed that caspase
8-Bcl2 interaction was abolished following ON exposure
and restored by treatment with ON antibodies[79]. The
anti-tumorigenic effect of ON was confirmed by in vivo
studies, e.g., ON expression reduced tumor invasiveness
as shown in an orthotopic murine model of pancreatic
adenocarcinoma. ON-null mice had larger and more invasive tumors with reduced MMP-9 expression, ECM deposition, and microvessel density as compared to the wild
type[92]. However, reduced vessel density in ON-null mice
was not accompanied with altered levels of VEGF and
TGF-β1. Tumor spread in ON-null mice was explained
by reduced ECM deposition (with less mature and/or
collagen fibrils), decreased pericyte recruitment, disrupted
vascular basement membrane and reduced apoptosis[93,94].
The interaction of ON with pericytes was investigated in
an in vitro model utilizing primary pericytes isolated from
ON positive or null mice pancreatic tissues or 10T1/2
cells which can differentiate into mesenchymal lineages. It
was proposed that ON could facilitate pericyte migration
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by preventing interaction of endoglin, a TGF-β1 accessory receptor with αV integrins[95]. Accordingly, aberrant
TGF-β1 activation in ON-null mice led to significant tumor progression[96].
However, ON also displayed tumorigenic potential.
For example, ON treatment increased the invasive capacity of pancreatic adenocarcinoma cell lines in vitro. Specifically, the invasive capacity of the ON expressing human metastatic cell line Colo-357 was increased 14 fold
in response to ON exposure. Down-regulation of ON
expression by ASO reduced the in vitro invasiveness of
Panc-1 cells[65]. Exogenous ON-induced invasiveness was
observed in monoculture of Panc-1 cells as well as their
co-culture with hPSCs[55]. Direct MMP-2 induction by exogenous ON was suggested to account for promotion of
tumor invasion in PDAC[65].
Biomarker role for pancreatic cancer
A compendium of potential biomarkers for pancreatic
cancer was developed, which includes 2516 genes. It was
reported that 441 genes were overexpressed (defined
as an at least two-fold increase or if shown by multiple
methods) both at mRNA and protein levels. OPN was
listed by more than four studies and therefore was among
the best potential biomarker candidates for pancreatic
cancer, deserving focused validation[10] in line with its
proven value as a clinical tumor progression marker for
several forms of cancer[97]. In the same compendium,
among 266 genes overexpressed in cancer cells as well as
in stroma, only 5 were expressed only in stroma. ON is
among the small number of molecules which are overexpressed only in stroma[10].
OPN: The diagnostic and prognostic impact of OPN
expression was highlighted by various studies. Using
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quantitative reverse transcription-polymerase chain reaction (qRT-PCR), OPN expression was shown to increase
by 13.1 fold in the parenchyma adjacent to infiltrating
cancer relative to normal pancreatic parenchyma, whereas
this increase remained at 5.3 fold in the parenchyma adjacent to chronic pancreatitis. Therefore OPN was identified as a helpful predictor of pancreatic cancer lesions[98].
A recent study on surgical specimens from patients with
PDAC demonstrated stronger immunostaining for OPN
expression with advanced grades[99].
Serum OPN levels were also significantly elevated in
pancreatic cancer patients as compared to healthy control
subjects[8,100-103]. A pilot study evaluated 12 blood biomarker candidates for detection of pancreatic cancer and
demonstrated that macrophage migration inhibition factor and OPN blood tests (with 100% and 95% sensitivity,
respectively) were almost perfect to distinguish pancreatic
cancer cases from healthy individuals[102]. Specifically, the
OPN splice variants OPNb and OPNc were increased
in pancreatic cancer when compared to non-cancer controls, as assessed by RT-PCR blood test[9]. OPNc, which
supported anchorage independence, was suggested to be
the most potent OPN isoform for the pro-metastatic behavior, hence a candidate marker for invasive PDAC[104].
Serum OPN levels in advanced stages Ⅲ and Ⅳ were
higher than in early stages Ⅰ and Ⅱ, indicating that OPN
may be a useful diagnostic marker to distinguish resectable cases and to predict survival rates[101]. Cytoplasmic
OPN expression was not correlated with average tumor
size, tumor stage, and nodal status[53,58]. The improved
survival when OPN was expressed in the cytoplasm (17.1
mo vs 11.6 mo) was linked to a relatively small size (< 2
cm) of OPN positive tumors. Therefore, it was suggested
that OPN expression might be lost as tumors grow and
turn into an aggressive phenotype[53].
ON: In experimental models based on pancreatic cell
lines, both, an antitumorigenic and tumorigenic potential
of ON was demonstrated, and studies in humans showed
that stromal expression of ON is particularly important
for the prognosis of these patients. The ON expression pattern was investigated by immunohistochemical
analysis in 299 primary PDAC resection specimens from
patients who underwent pancreatico-duodenectomy.
ON expression by stromal fibroblasts was found to be a
strong marker of poor prognosis. Median survival in ON
(+) patients was decreased by 50% (15 mo) as compared
to ON (-) patients (30 mo)[54]. Immunohistochemical
analysis in 58 biopsy specimens from patients with locally
advanced pancreatic cancer showed an inverse correlation between stromal ON expression and overall survival
(OS). Therefore ON expression in non-resectable tumor
stroma was strongly indicative of a poor prognosis[55]. In
another trial, stromal ON expression on 5-year survival
rate was evaluated. It was shown that the 5-year survival
rate in patients with a low ON mRNA level was better
(23%) as compared to those with high ON mRNA level.
However, no significant correlation was found between
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stromal ON mRNA overexpression and depth of tumor
invasion, lymph node metastasis, stage, histopathological
tumor grade, lymphatic invasion, vascular invasion or surgical margin, (0%)[105]. A recent prospective randomized
phase Ⅲ study including 160 patients treated with curatively intended resection and receiving adjuvant treatment
with gemcitabine, demonstrated that disease-free and
overall survival decreased with strong ON expression. In
contrast to previous reports, this finding was not only related to the peritumoral stroma (strong vs not strong DFS
9.0 mo vs 12.6 mo and OS 19.8 mo vs 26.6 mo) but also
to the cytoplasmic ON expression of adenocarcinoma
cells (positive vs negative DFS 7.4 mo vs 12.1 mo and OS
14.1 mo vs 25.6 mo)[106]. ON expression was shown to be
a predictive marker independent of CA19-9 levels[107].
Altered methylation patterns of ON gene transcriptional regulation region were suggested for use as a
tumorigenesis marker for early detection of pancreatic
cancer. In a small scale study comprising 40 cases of pancreatic cancer and the adjacent normal tissues, 6 chronic
pancreatitis tissues, and 6 acute pancreatic tissues, all were
analyzed by bisulfite-specific PCR based sequencing. As a
result, aberrant hyper-methylation of CpG region 1 and,
especially, CpG region 2 might be an early step in pancreatic cancer development and progression and differentiate malignant tissues from healthy and chronic pancreatitis tissues[108].
Hevin: Hevin mRNA and protein levels were found to
be high in bulk PDAC and pancreatic neoplasms[10,18,19].
However, its expression is related to the vascular content
of a given lesion. Higher percentages of Hevin positive vessels were detected in chronic pancreatitis (32%)
and benign and borderline pancreatic tumors (40%) as
compared to PDAC (15%). Down-regulation of Hevin is
observed in the late stages of pancreatic cancer progression[18].
Therapeutic targeting in pancreatic cancer
SIBLING and SPARC family members are matricellular
proteins, which modulate many critical cellular processes
like proliferation, migration, and angiogenesis. For this
reason, they represent potential therapeutic targets for either stromal depletion or blockade of signaling pathways
involved in pancreatic cancer progression.
Inhibition of metastasis: Since down-regulation of
OPN reduces pancreatic cancer cell invasion, OPN has
been suggested as a therapeutic target to inhibit metastasis[109].
Stromal depletion: ON and gp60 are functionally and
immunologically related albumin binding proteins, which
mediate trans-endothelial transportation of albumin via
activation of caveolin-1 and formation of caveoli[110-112].
This function renders ON a promising target for stromal
depletion of pancreatic tumors. Promising results were
obtained by a new nanoparticle albumin-bound formula-
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tion of paclitaxel, namely nab-paclitaxel. Nab-paclitaxel is
transported to malignant tissues by albumin, where it is
sequestered by ON. Approximately 10-fold endothelial
binding and 4-fold transport across the endothelial cell
monolayer was achieved by nab-paclitaxel as compared
to conventional paclitaxel[111]. The combination of gemcitabine plus nab-paclitaxel was evaluated in 36 patients
with previously untreated advanced pancreatic cancer.
Median OS increased significantly in the group with high
ON expression when compared to the low-ON group
(17.8 mo vs 8.1 mo). Improved survival was correlated
with ON overexpression in the stroma but not in the
tumor. In the same study, the intratumoral gemcitabine
concentration was increased nearly 3-fold in mice harboring PANC265 xenografts, derived from 11 chemotherapy-naive patients, when nab-paclitaxel was added to
gemcitabine treatment. Nab-paclitaxel alone and in combination with gemcitabine caused depletion of desmoplastic stroma with resultant vasodilation, which together
helped to achieve an increased gemcitabine penetration
into the tumor, hence a better response[107].
Improvement of oncolytic activity: Tumor-associated
ON positive stromal cells were proposed as potential
targets to improve the oncolytic efficacy of conditionally replicative adenoviruses (CRAd). ON positive
transformed human microendothelial (HMEC-1) cells
enhanced the oncolytic activity of CRAd, Ad(I)-F512TK, on the ON-negative pancreatic cancer cell line MIA
PaCa-2 in vivo. Similarly, the in vitro oncolytic activity of
CRAd increased when MIA PaCa-2 cells were incubated
in HMEC-1 and fibroblast (WI-38) conditioned media[113].

and tumor tissues and correlation of their serum or tumor expression levels with survival rates has shown that
they can be useful diagnostic and prognostic biomarkers.
ON seems to be a promising target for stromal depletion and anti-angiogenic therapy of pancreatic tumors.
Future studies and development of novel agents targeting SIBLING and SPARC family of proteins may help to
improve therapeutic response in pancreatic cancer.
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Abstract
Magnetic resonance (MR) imaging plays an important
role in the diagnosis and staging of acute and chronic
pancreatitis and may represent the best imaging te
chnique in the setting of pancreatitis due to its un
matched soft tissue contrast resolution as well as nonionizing nature and higher safety profile of intravascular
contrast media, making it particularly valuable in radio
sensitive populations such as pregnant patients, and
patients with recurrent pancreatitis requiring multiple
follow-up examinations. Additional advantages include
the ability to detect early forms of chronic pancreatitis
and to better differentiate adenocarcinoma from focal
chronic pancreatitis. This review addresses new trends
in clinical pancreatic MR imaging emphasizing its role
in imaging all types of acute and chronic pancreatitis,
pancreatitis complications and other important differen
tial diagnoses that mimic pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Magnetic resonance (MR) imaging is widely
used in the diagnosis and staging of pancreatitis, and
may represent the best imaging techniques due to its
unmatched soft tissue contrast resolution, non-ionizing
nature, higher safety profile of intravascular contrast
media. This review addresses new trends in clinical
pancreatic MR imaging emphasizing its role in imaging
all types of acute and chronic pancreatitis, autoimmune
pancreatitis, pancreatitis complications, and other im
portant differential diagnoses that mimic pancreatitis.
Manikkavasakar S, AlObaidy M, Busireddy KK, Ramalho M,
Nilmini V, Alagiyawanna M, Semelka RC. Magnetic resonance
imaging of pancreatitis: An update. World J Gastroenterol 2014;
20(40): 14760-14777 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14760.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14760

INTRODUCTION
Pancreatitis is a major cause for abdominal pain and hospitalization in the United States and worldwide. Incidence
of pancreatitis is increasing in the recent decades[1,2]. Imaging plays a central role in the management and complications of pancreatitis[3]. The recent development of new
respiratory gating techniques, motion resistant pulse sequences, and additive advantages of magnetic resonance
cholangiopancreatography (MRCP) imaging protocols
make magnetic resonance imaging (MRI) a very accurate
investigation modality for assessing patients with pancreatitis[4,5], particularly acutely ill patients unable to breath
hold[6]. This review addresses new trends in clinical pan-
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creatic MR imaging emphasizing its role in imaging all
types of acute and chronic pancreatitis, pancreatitis complications and other important differential diagnoses that
mimic pancreatitis.
MRI and MRCP are the most safe, effective, and
noninvasive imaging method for evaluation of the
pancreas and ductal system[7]. Technical innovations in
MRI such as the use of phased-array coils and parallel
imaging allow for improved spatial resolution and faster
acquisition times. The use of triggering techniques[8] or
motion resistant sequences such as free-breathing threedimensional gradient-echo with radial data sampling
(Radial 3D-GRE), make routine MRI of the pancreas
more feasible[6]. MRI has the unique capability of allowing noninvasive evaluation of the pancreatic parenchyma,
pancreatic ductal system, peripancreatic soft tissue, and
vascular network in a single examination. The concurrent
use of Secretin improved the diagnostic yield of MRCP
in the evaluation of the pancreatic duct integrity and pancreatic exocrine function in cases of early pancreatitis[9-11].
Normal pancreatic parenchyma has high aqueous
protein content that results in high signal intensity on
T1-weighted fat-suppressed breath-hold gradient-echo
sequences[12] and shows uniform enhancement on the
hepatic arterial-dominant phase, also known as late hepatic arterial phase (Figure 1). The standard MR protocol
includes a fat-suppressed 3D-GRE T1-weighted pre- and
post-gadolinium imaging in the capillary phase (hepatic
arterial-dominant phase), portal, and interstitial phase
(3-10 min post-Gadolinium)[13]. The main advantages of
these sequences are being able to acquire thinner sections
(3 mm) and acquire multiplanar imaging. On gadoliniumenhanced images, the pancreas demonstrates a uniform
capillary blush on immediate post-Gadolinium images,
which renders it markedly higher in signal intensity
than liver, neighboring bowel, and adjacent fat[14]. By
1-min post-Gadolinium, the pancreas shows approximately isointense signal to fat on non fat-suppressed T1weighted GRE, and moderately higher signal than background fat in fat-suppressed SGE or 3D-GE sequences.
Echo-train spin-echo sequences such as T2-weighted
half-Fourier acquisition snapshot turbo spin-echo
(HASTE) are motion robust sequences that provide a
sharp anatomic delineation of the common bile duct
(CBD) on coronal plane images and of the main pancreatic duct on transverse plane images. Also, T2-weighted
images provide information on the complexity of the
fluid within pancreatic pseudocysts, which may reflect
the presence of complications such as necrotic debris or
infection.
MRI combining T1, T2, early and late post-gadolinium images, MRCP, and MRA generate comprehensive
information on the pancreas[13,15].
Three-dimensional MRCP images are acquired in the
plane of the pancreatic duct in an oblique coronal projection with the additive advantage of yielding multiplanar
maximal projection (MIP) and volume rendering (VR)
imaging (Figure 2). It delineates longer segments of the
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pancreatic duct in continuity[13,16].

PANCREATITIS
Pancreatitis is defined as the inflammation of the pancreas and considered the most common pancreatic disease
in children and adults. It can be acute; representing an
acute inflammatory process of the pancreas, or chronic;
progressing slowly with continued, permanent inflammatory injury to the pancreas.
Acute pancreatitis
Acute pancreatitis is an acute inflammatory process of
the pancreas, which may spread to adjacent tissues and
organs[17,18]. It can be triggered by several factors, of
which alcoholism and choledocholithiasis are responsible
for 90% of cases in the United States[17]. The diagnosis
of non-complicated acute pancreatitis mainly depends
on elevated serum amylase or lipase level of more than
three time of its upper limit with characteristic clinical
findings[18,19]. In severe forms of the disease, imaging is
performed to assess pancreatic parenchyma perfusion,
the extent of necrosis as well as the presence and extent
of fluid collections and other complications.
The revised Atlanta classification for acute pancreatitis
in 2012[20] was aimed to establish international standards
of definitions of acute pancreatitis and its complications
and to ensure the proper communication between multidisciplinary team working in these patients[20]. According
to this classification early imaging will only be required
when patient is suspected to have pancreatitis without
elevated serum amylase or lipase.
Classification of acute pancreatitis
According to the revised Atlanta classification, acute
pancreatitis can be divided into interstitial edematous and
necrotizing pancreatitis[20].
Interstitial edematous pancreatitis
It is commonly present as a generalized enlargement
of pancreas, or in some cases, as focal swelling due to
inflammatory edema of the pancreas and surrounding
peripancreatic fat (Figure 3) and relatively homogenous
enhancement with contrast (Figure 4). Some peripancreatic fluid may also be present (Figure 5). The clinical
symptoms of interstitial edematous pancreatitis usually
resolve within first week of onset of disease[21].
Necrotizing pancreatitis
About 5%-10% of cases develop necrosis of pancreatic
tissue, peripancreatic fat, or both (Figure 6).
Development of pancreatic and peripancreatic necrosis due to the impaired perfusion in acute pancreatitis
takes several days[22,23]; explaining why initial imaging may
underestimate disease progression. Initial images may
show patchy non-enhancing areas that become more confluent or diffuse with time[22,23] (Figure 7). Non-enhancing
areas after 7 d of the disease are diagnosed as paren-
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Figure 1 Normal pancreatic appearance on magnetic resonance imaging. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image with fat-suppression;
B: Axial pre-contrast 3D-GRE T1-weighted image with fat-suppression. Axial post-Gadolinium 3D-GRE T1-weighted image with fat-suppression during the hepatic
arterial-dominant (C) and hepatic-venous phases (D). The pancreas demonstrates low T2 signal intensity (A) and high T1 signal intensity on pre-contrast images (B)
reflecting high protein content of the exocrine gland. The pancreas demonstrates maximal enhancement on hepatic arterial-dominant phase (C); which fades on subsequent phases; reﬂecting a normal capillary blush.

atitis, the following are the complications noted on imaging.
Acute peripancreatic fluid collections: They occur early
in the course of the disease[20,26]. They present between the
facial planes surrounding the pancreas and do not have
clear wall around them. They can be single or multiple,
but their contents are typically homogenous and sterile.
Patients with Acute peripancreatic fluid collection (APFC)
are asymptomatic and treatment is unnecessary. Most
of these collections resolve on their own[26,27]. If they do
not resolve within a month, they may become pancreatic
pseudocysts (Figure 8).
Figure 2 Normal magnetic resonance cholangiopancreatogram. Coronal
oblique thick-slab magnetic resonance cholangiopancreatogram (MRCP) image. There is normal course and normal uniform diameter of the pancreatic (arrow) and extra-hepatic biliary ducts (arrowhead). This sequence requires less
than 1 s to acquire and is very sensitive for detecting stones.

chymal necrosis[24]. Normal enhancement of pancreatic
parenchyma may be seen in peripancreatic necrosis, and
is associated with increased rate of morbidity than in
patients with interstitial edematous pancreatitis[21,22,25].
Pancreatic and peripancreatic necrosis can be infected,
liquefied, remain solid, sterile or in some cases persist or
disappear with time.
Complications of acute pancreatitis
According to the revised Atlanta classification[20] for pancreWJG|www.wjgnet.com

Pancreatic pseudocysts: Cystic lesions with homogenous internal fluid content, but without any solid
materials, demarcated by a clear wall and located in the
pancreatic or peripancreatic regions are called pseudocysts (Figures 9 and 10). High amylase levels are seen in
aspirated fluid from these cysts[20].
Pancreatic pseudocysts develop due to the leakage of
pancreatic juice from the ruptured main pancreatic duct
or its side branches of more than 4 wk, with no obvious
pancreatic necrosis. T2-weighted images confirm the absence of solid content in the collection. Pseudocysts may
also arise in the setting of acute necrotizing pancreatitis
as a result of a “disconnected duct syndrome” where
proximal pancreatic parenchymal necrosis isolates a still
viable distal pancreatic parenchymal remnant[28].
Pseudocysts may be evident many weeks following
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Figure 3 Mild acute interstitial edematous pancreatitis. A: Axial single-shot
turbo spin-echo T2-weighted (HASTE) image; B: Axial pre-contrast 3D-GRE
T1-weighted images with fat-suppression; C: Axial post-Gadolinium 3D-GRE
T1-weighted images with fat-suppression during the hepatic arterial-dominant
phases. There is mild lace-like increased T2 signal involving the pancreatic parenchyma, associated with effacement of the distal pancreatic duct (arrowhead), due
to surrounding edema, and minimal amount of peripancreatic fluid around (arrows)
the head and body (A). The pancreas demonstrates mildly enlarged distal body
and tail (A-C); with diffuse minimally decreased T1 signal intensity (B); and mild
heterogeneous enhancement of the distal body and tail on the hepatic arterialdominant phase (C) in keeping with diffuse edematous pancreatitis.

operative necrosectomy secondary to localized leakage of
the disconnected duct into the necrosectomy cavity.
Acute necrotic collections: Well-defined collections of
variable amount of necrotic materials and fluid within a
month of disease occurrence are referred to as acute necrotic collections (ANCs) (Figure 11). They can be single
or multiple, and are sometimes multi-loculated. The main
differences between ANCs and APFCs are that ANCs
contain necrotic materials, and also develop from necrotizing pancreatitis, sometimes associated with pancreatic
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Figure 4 Gallstone acute interstitial edematous pancreatitis. A: Axial singleshot turbo spin-echo T2-weighted (HASTE) image with fat-suppression; B: Axial
in-phase T1-weighted image; C: Axial post-Gadolinium 3D-GRE T1-weighted
image with fat-suppression during the hepatic arterial-dominant phase. There is
mild diffuse lace-like increased T2 signal involving the pancreatic parenchyma
(arrowheads), associated with a small amount of peripancreatic fluid (arrows)
(A). The pancreas demonstrates diffuse minimal decreased T1 signal intensity
with peripancreatic stranding (B); in addition to minimally reduced homogenous
enhancement (C) in keeping in with diffuse edematous pancreatitis. There are
also innumerable gallstones (asterisk) (A).

ducts disruption, and occasionally they can get infected[20].
Because of CT’s low contrast resolution, MRI may be
indicated in the early course of the disease to differentiate ANCs from APFCs. With time, parenchymal necrosis
becomes more obvious, which aids in the distinction of
ANCs from APFCs. MRI is more sensitive in depicting
solid tissue within ANCs.
Walled-off necrosis: Well-defined necrotic tissues surrounded by enhancing viable inflammatory walls are
referred to as walled-off necrosis (WONs). They can
be confined to the pancreatic parenchyma, involve the
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Figure 5 Acute interstitial edematous pancreatitis with acute peripancreatic fluid collection. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image
with fat-suppression; B: Axial 3D-GRE T1-weighted image with fat-suppression. The pancreas shows mild lace-like increased T2 signal involving the pancreatic parenchyma (A), with minimally decreased T1 signal intensity and mild peripancreatic stranding (B), associated with peripancreatic fluid collections (arrowheads, A) and
small proteinaceous fluid at the left anterior para- and peri-renal spaces (arrows); both associated with imperceptible wall in keeping with acute interstitial edematous
pancreatitis and acute peripancreatic fluid collection. Minimal ascites is also seen (A).
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Figure 6 Pancreatic and peripancreatic necrosis. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image with fat-suppression. Axial post-Gadolinium
3D-GRE T1-weighted image with fat-suppression during the B hepatic arterial-dominant and C hepatic-venous phases. The pancreas shows very heterogeneous
increased T2 signal (asterisk) (A) and no appreciable enhancement on the post-Gadolinium images (arrowheads) (B, C); associated with a large peripancreatic fluid
collection (arrow) (A-C) and a thick enhancing rim on delayed images (C) in keeping with pancreatic and peripancreatic necrosis.

A

B

Figure 7 Necrotizing pancreatitis. A: Axial T1-weighted fast low-angle shot (FLASH) image with fat-suppression; B: Axial post-Gadolinium 3D-GRE T1-weighted
image with fat-suppression during the hepatic arterial-dominant phase. The pancreas shows diffuse decreased T1 signal intensity (A) with patchy areas of minimal
enhancement (arrowheads) (B) in keeping with necrotizing pancreatitis.

peripancreatic tissue (Figure 12), or even at times be away
from the pancreas. The whole process may take about a
month after the onset of necrotizing pancreatitis. WONs
can be sterile or infected as well as solitary or multiple[20].
Contrast-enhanced CT may misdiagnose WONs as pseudocysts. MRI may be useful to differentiate solid from
liquid contents within the lesion. Identification of ductal
disruptions is necessary for further management.
Infected pancreatic necrosis: The diagnosis of infected
pancreatic necrosis is suspected in the presence of extra-
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luminal gas or gas-fluid level in the areas of pancreatic
or peripancreatic necrosis on imaging[20] (Figure 13). The
amount of gas-fluid level depends on the stage of the
disease. Confirmation of diagnosis is made by microscopy and culture of fine needle aspiration[29,30]. Infected
necrosis is associated with high morbidity and mortality
and requires drainage and antibiotic therapy.
Disconnected pancreatic duct syndrome: It is characterized by disruption of the main pancreatic duct with
loss of continuity between the pancreatic duct and the
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Figure 8 Gallstone acute edematous pancreatitis with acute peripancreatic fluid collection. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image
with fat-suppression; B: Axial post-Gadolinium 3D-GRE T1-weighted image with fat-suppression. There is diffuse lace-like increased T2 signal involving the pancreatic
parenchyma (A), minimally reduced enhancement post-Gadolinium, peripancreatic stranding, and thick rim of enhancement (arrowheads) surrounding the pancreas (B),
associated with peripancreatic fluid collection (arrows) in keeping with diffuse edematous pancreatitis and peripancreatic acute peripancreatic fluid collection. There
are also innumerable gallstones (asterisk) (A).
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Figure 9 Large pancreatic pseudocyst. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image with fat-suppression; B: Axial pre-contrast 3D-GRE T1weighted image with fat-suppression. Axial post-Gadolinium 3D-GRE T1-weighted image with fat-suppression during (C) the true late hepatic arterial and (D) hepaticvenous phases. There is a large oval shaped thin walled cyst (asterisks) with homogenously increased T2 (A) and decreased T1 signal intensities (B) at the left
subdiaphragmatic region, with dependent non-enhancing (C) layering material (arrows) (A, B). The cyst demonstrates mild wall enhancement (C, D) in keeping with a
large pancreatic pseudocyst. There is also diffuse pancreatic parenchyma thinning, irregular diffuse main pancreatic ducal dilatation (arrowhead), and pancreatic sidebranches ductal prominence in keeping with chronic pancreatitis (D).

gastrointestinal tract caused by ductal necrosis after severe acute necrotizing pancreatitis treated by percutaneous drainage or necrosectomy[20,28].
Diagnosis of disconnected pancreatic duct syndrome
is important in the determination of the optimal approach (surgical, endoscopic, and percutaneous) for
patients with organizing pancreatic necrosis or fluid collections[31]. The treatment of the disconnected pancreatic
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duct is surgical and requires either internal drainage or
distal pancreatic resection for complete resolution. The
exact incidence of this syndrome remains unknown;
however, pancreatic duct disruption has been observed
in as many as 50% of patients after an episode of severe
acute necrotizing pancreatitis[9,31].
The morbidity associated with ERCP in the setting
of recent acute pancreatitis is high, and the procedure is
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Figure 10 Multiple intrapancreatic pseudocysts. Coronal (A) and axial (B) single-shot turbo spin-echo T2-weighted (HASTE) image with fat-suppression; C: Axial
post-Gadolinium 3D-GRE T1-weighted image with fat-suppression during the hepatic arterial-dominant phase. There are multiple thin walled cysts, some of which
show multi-loculation (asterisks) (A) within the pancreatic parenchyma extending into the lesser sac and porta hepatis (A-C) and demonstrate mild uniform wall enhancement (arrowheads) (C) in keeping with multiple pseudocysts.
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Figure 11 Acute necrotic collection. A, B: Axial single-shot turbo spin-echo T2-weighted (HASTE) image; C: Axial fast low-angle shot (FLASH) in-phase T1weighted image; D: Axial FLASH in-phase T1-weighted image with fat-suppression; E: Axial post-Gadolinium 3D-GRE T1-weighted image with fat-suppression during
the hepatic arterial-dominant phase. There is a well-defined fluid collection (arrows) replacing a great portion of the pancreatic parenchyma and extending into the
peripancreatic tissue, associated with few internal areas of decreased T2 signal intensity (arrowheads) (A); which do not show any appreciable enhancement (B, C) in
keeping with acute necrotic collection.

often technically challenging because of ongoing edema
that involves the duodenum or complete disruption of
the main pancreatic duct. MRCP is a non-invasive way
of assessing the disconnected pancreatic duct syndrome
(DPDS), where discrete intra pancreatic fluid collection
along the expected course of the main pancreatic duct,
with viable upstream pancreatic parenchyma, is suggestive of the diagnosis of the disconnected pancreatic duct
syndrome[9].
ERCP findings of ductal obstruction at the level of
this fluid collection, with or without extravasation of contrast material, help in confirming this diagnosis. Although
ERCP is still considered the reference standard for the
evaluation of disconnected pancreatic duct syndrome,
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secretin-enhanced MRCP can be useful in determining
whether the main pancreatic duct is disrupted or disconnected in patients with necrotizing pancreatitis[9,11,32-34]
(Figure 13).
Other complication: Other local complications of acute
pancreatitis include gastric outlet dysfunction, splenic or
portal veins thrombosis, and large bowel necrosis. Clinical features of local complications includes recurrent
abdominal pain, secondary increase in serum amylase,
impaired renal and liver function, fever, and, leukocytosis.
MRI and MRCP in acute pancreatitis
A variety of pulse sequences are routinely used in pan-
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Figure 12 Necrotizing pancreatitis with peripancreatic walled-off necrosis. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image. Axial (B) pre- and
post-Gadolinium 3D-GRE T1-weighted images with fat-suppression during the hepatic arterial-dominant (C) and hepatic-venous phases (D). There is a well-defined
fluid collection (arrows) at the region of the pancreatic body/tail (A, B); which demonstrates a uniform mildly enhancing thickened rim (arrowheads) (C,D) and contains
a dependent non-enhancing debris (asterisk) (C, D) in keeping with necrotizing pancreatitis and walled-off necrosis.
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Figure 13 Infected peripancreatic fluid and interrupted duct syndrome in a patient with acute pancreatitis. A: Axial single-shot turbo spin-echo T2-weighted
(HASTE) image with fat-suppression. Axial pre- (B) and post- (C) Gadolinium 3D-GRE T1-weighted images with fat-suppression during the hepatic arterial-dominant
phase; D: Axial post-Gadolinium radial 3D-GRE T1-weighted images with fat-suppression during the interstitial phase. There is a large irregular multiloculated (partially
visualized) peripancreatic collection. It demonstrates decreased T2 (A) and T1 (B) signal with a thick rim of increased T2 signal (arrows) (A) that shows enhancement
on delayed images (arrows, C, D) in keeping with infected necrotic collection (proven by fine needle aspiration). There is also a well-defined fluid collection in the
lesser sac (asterisk) (A) with an enhancing thin wall (D) and minimal ascites (arrowheads, A). Of note is the motion robustness of the radial 3D-GRE (D) compared to
convention 3D-GRE (C) sequence, facilitating imaging of sick uncooperative patients.
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Figure 14 Mild pancreatitis complicated by pancreatic divisum and santorinicele. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image with fatsuppression. Axial pre- (B) and post- (C) Gadolinium radial 3D-GRE T1-weighted image with fat-suppression during the hepatic-venous phase; D: Coronal oblique
thick-slab magnetic resonance cholangiopancreatogram image. There is mild lace-like increased T2 signal involving the pancreatic parenchyma, associated with a
minimal amount of peripancreatic fluid (A) and pachy pancreatic enhancement on post-Gadolinium images (B, C) in keeping with mild acute pancreatitis. There is also
abnormal course and insertion of the main pancreatic duct into the minor papilla (D) terminating in a small cystic structure (arrow) in keeping with pancreatic divisum
and a small Santorinicele (D).

creatic imaging including T1- and T2-weighted sequences
with or without fat-suppression and 3D-GRE T1weighted pre- and post-gadolinium administration. MRCP
is routinely added to the standard imaging protocol to assess ductal obstruction, dilation, anatomical variation (Figure 14), or complication such as disconnected pancreatic
duct syndrome. In selected cases, secretin-enhanced MRCP
further increases the diagnostic value of MRCP[9,11,32-34].
T2-weighted fat-suppressed images are extremely sensitive
in detecting subtle, early pancreatitis in patients who have
negative CT scan findings[19]. It has been reported that MR
severity index (MRSI) assessed by using 0.5 Tesla (T) MR
systems without contrast significantly correlated with CT
severity index (CTSI), Ranson score, C-reactive protein
levels, appearance of systemic complications, duration of
hospitalization, and clinical outcome[35,36].

CHRONIC PANCREATITIS
Chronic pancreatitis is defined as continuing inflammatory destruction of pancreatic tissue that results in
irreversible structural changes of pancreas including
parenchymal tissue and ductal system. The incidence of
chronic pancreatitis is 5-12 per 100000 persons per year;
accounting for more than 120000 outpatient visits and
50000 hospitalizations annually[37]. Alcohol consumption
is a major cause in adults (80%) in developed countries,
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whereas malnutrition is the most common cause worldwide[38]. Other causes of chronic pancreatitis includes
genetic mutations, pancreatic ductal obstruction or anatomical variation, hypercalcemia, nutritional factors, hyperparathyroidism, and hyperlipidemia.
Diagnosis is made by clinical history, testing of pancreatic exocrine function, and imaging[39]. MRI is more
reliable in diagnosing chronic pancreatitis than CT or
ultrasonography[40]. MRI will identify parenchymal atrophy, duct dilation, and pancreatic ductal and parenchymal
changes after hormonal stimulation[40,41]. Chronic pancreatitis damages the acinar cells, main pancreatic duct, and
side branches. Microscopic finding includes sclerosis and
fibrosis of pancreatic duct and side branches, acinar cell
atrophy and ductal dilatation stricture or stenosis. Eosinophilic protein plugs or intraductal calcification may be
seen with the ducts. All these changes will lead to focal,
segmental or generalized atrophy or loss of pancreatic
tissue, main and/or side pancreatic ducts stenosis, stricture or dilatation[40-44].
Early chronic pancreatitis
Parenchymal changes might be preceded by ductal changes in chronic pancreatitis[45]; this makes MRCP alone
more advantageous in suspected early chronic pancreatitis. MRI detects not only morphological characteristics,
but also early fibrotic changes. Fibrosis is shown by di-
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A

B

Figure 15 Chronic pancreatitis. A: Axial post-Gadolinium 3D-GRE T1-weighted image with fat-suppression during the hepatic arterial-dominant phase; B: Axial
post-Gadolinium FLASH in-phase T1-weighted image with fat-suppression during the hepatic-venous phases. The pancreatic body and tail show poor early contrast
enhancement (A) and mild enhancement on the delayed images related to fibrosis (B) in keeping with chronic pancreatitis.

A

B

Figure 16 Mild chronic pancreatitis. A: Coronal oblique thick-slab magnetic cholangiopancreatogram image; B: Coronal single-shot turbo spin-echo T2-weighted
(HASTE) image with fat-suppression. There is uniform dilatation of the pancreatic duct (arrow) and prominence of the pancreatic duct side-branches (arrowheads),
without significant diffuse thinning of the pancreatic parenchyma (A, B) in keeping with mild chronic pancreatitis.

minished signal intensity on fat-suppressed T1-weighted
images and diminished parenchymal enhancement on
immediate post-Gadolinium images[46] (Figure 15). Low
signal intensity on fat-suppressed T1-weighted images
reflects loss of the aqueous protein within the pancreatic
acini. Diminished pancreatic parenchymal enhancement
on the capillary phase images reflects disruption of the
normal capillary bed and increased chronic inflammation
and fibrosis. MRCP findings in early chronic pancreatitis
often demonstrate normal main pancreatic duct with
dilated and irregular side duct branches (Figure 16). The
limiting factor is the underestimation of ductal size. Some
investigators reported that patients with abnormal MR
imaging findings but normal MRCP might benefit from
dynamic secretin-MRCP (S-MRCP), which may reveal
ductal abnormalities due to improved visualization otherwise not detected on MRCP alone[45]. Secretin-MRCP
has been reported to show ductal changes, like dilatations
and strictures in early chronic pancreatitis.
Late chronic pancreatitis
All patients with late or advanced chronic pancreatitis
show diminished signal intensity of the pancreas on T1weighted fat-suppressed images, an abnormally low per-
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centage of contrast enhancement on arterial phase images,
and progressive parenchymal enhancement on the 5-min
delayed post-Gadolinium images; reflecting the pattern of
enhancement of ﬁbrous tissue[47,48]. MRCP in advanced
phase demonstrates dilatation of the main pancreatic duct
with ectasia of the side branches; giving chain of lakes
appearance (Figure 17) manifested as pancreatic ductal
strictures, irregularities and intra ductal calculi, appearing
as hypointense filling defects. Other findings include intra
ductal calcifications, which are the most specific finding,
seen in nearly half of the patients with chronic pancreatitis and parenchymal atrophy (Figure 18), though it is
neither specific nor sensitive as it is seen normally with
aging. Intraductal or parenchymal calcifications are usually
seen with alcohol related chronic pancreatitis but not on
chronic pancreatitis resultant from other causes.
Pancreatic inflammatory mass vs pancreatic cancer
Chronic inflammatory process in chronic pancreatitis can
produce a focal mass lesion, especially in the head of the
pancreas that can mimic more sinister pathologies i.e.,
pancreatic adenocarcinoma[49] (Figure 19).
Both chronic pancreatitis and adenocarcinoma show
similar imaging characteristics on MRI due to abundant
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A

B

Figure 17 Chronic pancreatitis. Coronal oblique maximal intensity projection
image of a 3D magnetic cholangiopancreatogram image. There is mild pancreatic main ductal (arrow) and side branches (arrowheads) dilatation in keeping
with chronic pancreatitis.

fibrosis and ductal obstruction; therefore, making the differentiation between these two entities very difficult. Both
are generally seen as mildly hypointense on T1-weighted
images and heterogeneously mildly hyperintense signal
on T2-weighted images. Other possible similar findings in
both conditions include common bile duct and main pancreatic duct dilation (double duct sign), stricture of ducts,
peripancreatic fat stranding due to infiltration, vascular
encasement of superior mesenteric artery, and splenic
vein thrombosis[50,51]. T1- and T2-weighted images alone
cannot differentiate both conditions. The following supporting feature may favor inflammatory origin: part of
the duct seen through the mass is not dilated and shows
smooth tapering (duct penetrating sign)[52]. Features favoring carcinoma include abrupt cut off of pancreatic
duct just proximal to the ampulla, pancreatic atrophy
distal to the mass, and increased duct caliber-to-gland
ratio (ductal diameter is out of proportion to pancreatic
parenchymal thickness). Pancreatic adenocarcinoma can
develop in patients with chronic pancreatitis, which further limits the diagnostic capability of imaging necessitate
histological confirmation[51,53]. Excessive fibrosis seen
in both conditions explains the similarities on imaging.
Because of the similarities between these conditions on
clinical and imaging evaluations, histology is mandatory
for final diagnosis[50].
Complications of chronic pancreatitis
The most common non-neoplastic complications of
chronic pancreatitis include pseudocysts, pseudoaneurysms (due to erosion of the arterial wall), splenic vein
thrombosis with subsequent development of collaterals,
biliary obstruction (due to pseudocysts), and gastrointestinal complications; such as gastric outlet obstruction or
bowel ischemia[19,54]. These complications are well depicted with MRI. MRI with MRCP may be superior to CT in
detecting specific complications like pseudocysts, fistula
formation, and distal common biliary dilatation. Vascular
complications associated with higher morbidity and mortality.

WJG|www.wjgnet.com

C

*
*

*

Figure 18 Chronic pancreatitis. A: Axial single-shot turbo spin-echo T2weighted (HASTE) image. Axial pre- (B) and post- (C) Gadolinium 3D-GRE
T1-weighted image with fat-suppression during the hepatic arterial-dominant
phase. There is evidence of diffuse atrophy of the pancreatic parenchyma with
mild uniform pancreatic ductal dilatation (arrow) and pancreatic side-branches
prominence (A), associated with diminished T1 signal intensity (B) and minimal
arterial enhancement (C) in keeping with chronic pancreatitis. There are also
few prominent lymph nodes in the peripancreatic and porta hepatis lymph
nodes (asterisks) (A-C).

MRI and MRCP in chronic pancreatitis
MRI, combined with MRCP, is an excellent modality to
assess patients with clinically suspected chronic pancreatitis[40], MRI evaluates ductal alterations and obstructive
causes of chronic pancreatitis like ductal calculi. MRI
also assesses signal changes of gland, glandular volume depletion or atrophy, and pancreatic perfusion on
contrast-enhanced images. Volume depletion manifests
as reduction of anterior posterior diameter of pancreas
in the entire gland or in specific segments. Pancreatic fibrosis causes reduction of pancreatic signal intensity on
MRI. The normal pancreas is high in signal intensity on
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Table 1 Evaluation criteria for magnetic resonance imaging
and magnetic resonance cholangiopancreatography according
to Cambridge classification
Cambridge 0
Cambridge 1
Cambridge 2

Cambridge 3

B

Cambridge 4

None
Not identifiable MRCP abnormalities
Two or more of the following abnormalities:
Pancreatic duct 2 to 4 mm in the body of the pancreas
Mild pancreatic enlargement
Heterogeneous parenchymal structure
Small cysts (< 10 mm)
Duct irregularities
More than 3 abnormal side branches
All the abnormalities listed in 2, above, along with
abnormal main duct (> 4 mm)
One of the abnormalities listed in 2 or 3, above, and
one or more of the following:
Cystic structures > 10 mm
Parenchymal calcifications
Intraductal filling defects (calcium stones)
Duct obstruction (stricture)
Major irregularity of duct

MRCP: Magnetic resonance cholangiopancreatography.

C

Figure 19 Chronic inflammatory mass simulating pancreatic adenocarcinoma. A: Axial T2-weighted image with fat-suppression; B: Pre-contrast 3DGRE T1-weighted image with fat-suppression during the hepatic arterial dominant
phase; C: Post-contrast 3D-GRE T1-weighted image with fat-suppression during
the hepatic arterial dominant phase. There is a complex lobulated pancreatic
head mass (arrowheads) with multiple foci of increased T2 signal throughout
(arrows) (A), associated with decreased pancreatic parenchymal T1 signal (B),
proximal pancreatic ductal dilation (not shown), and diminished enhancement on
post-Gadolinium images (C) in keeping the diagnosis of focal chronic pancreatitis.

fat-suppressed T1-weighted images due to the presence
of aqueous protein in the acini. Normally, the pancreas
shows a uniform capillary blush on the late arterial phase
images and fades on the subsequent hepatic venous and
delayed images. In patients with chronic pancreatitis, loss
of aqueous protein in the acini causes reduction of signal on fat-suppressed T1-weighted images. The pancreas
shows progressive enhancement that peaks on the portal
venous or interstitial phase. This finding is the result of
pancreatic fibrosis that causes impairment of capillary
blood flow to the gland. A time-related perfusion model
can assess pattern of enhancement of the pancreas,
where normal pancreas shows high upslope in contrast.
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In cases of chronic pancreatitis, a plateau-like pattern
is observed. Periductal fibrosis causes dilated main and
side pancreatic ducts due to traction[40,41,43,55,56]. Several
classification systems are used to define and characterize
the severity of chronic pancreatitis. The Cambridge classification, which is the most commonly used grading system for chronic pancreatitis, was established in 1984 for
ERCP[57]. This system classifies pancreatograms into normal or equivocal, mild, moderate, and severe changes of
chronic pancreatitis on the basis of the main pancreatic
duct dilatation, side-branch dilatation, and additional features (Table 1). The new MR techniques with addition of
secretin make it possible to use Cambridge classification
for MRCP as well by increasing ductal filling to improve
the depiction of the pancreatic ductal system[9,11,56,58-60].
Secretin-enhanced MRCP
Secretin-enhanced MRCP is an imaging modality that
not only helps identify the characteristic ductal changes
of acute or chronic pancreatitis but also provides an
estimate of pancreatic excretory volume. It is important
to remember that the presence of normal duodenal filling does not exclude impairment of pancreatic exocrine
function, which is measured by determining the fluid
bicarbonate level[11,61]. Secretin is a polypeptide hormone
made by 27 amino acids, secreted by the duodenum. After meals, acid secretion increases in duodenum stimulating the secretion of secretin. Secretin stimulates the pancreas; which secretes bicarbonate rich fluid and increases
the tone of sphincter of Oddi. The main pancreatic duct
distends by the accumulation of the pancreatic juice due
to the effect of secretin. The distention will be maximal
in about four to ten minutes. Ductal anatomy can be
clearly studied after secretin stimulation. Other advantages of secretin are ease of administration and safety
of use with low incidence of major side effects[9,11,61-63].
Excretory function of the pancreas is graded in secretin-
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enhanced MRCP according to the duodenal anatomic imaging findings: grade 1, when pancreatic fluid is confined
to the duodenal bulb; grade 2, when fluid is seen as far
as the second part of the duodenum; and grade 3, when
duodenal filling reaches the third part of the duodenum.
Diminished estimated pancreatic exocrine function is suspected in the absence of duodenal fluid accumulation, or
with grade 1 duodenal filling[11,61]. This grading does not
differentiate between early and established pancreatitis.
To adequately assess the exocrine response to secretin,
patients should be fasting for at least 4 h before the MR
imaging examination. It is recommend that the administration of a negative oral contrast agent to remove high
signal intensity from the fluid within the stomach and
duodenum on MRCP images. Ferumoxsil suspension
(300 mL) can be used as an oral contrast agent. Other
oral contrast agent is diluted gadolinium-DTPA (5 mL
gadolinium DTPA diluted with 75 mL of distilled water).
Oral contrast agents shorten the T2 time and act like a
negative T2 agent[55,64-67]. If a commercial product is not
available, pineapple juice or blueberry juice can be used as
alternative negative MR contrast material. Oral contrast
agent should be given 30 min before the procedure to
counteract signals from preexisting duodenal secretions.
Secretin bolus injection can cause abdominal cramps;
to avoid this, slow intravenous infusion over a minute is
indicated. Following negative oral contrast administration
and intravenous infusion of 0.2 µg secretin, serial coronal
single-shot fast spin echo images are obtained every 30 s
for 15 min from the time of injection[44,45,67,68].
Diffusion weighted imaging and chronic pancreatitis
Diffusion weighted imaging (DWI) sequence may be used
to assess pancreatic parenchymal atrophy in patients with
chronic pancreatitis, where atrophy and ductal pathology
are subtle, and has shown results comparable to MRI and
MRCP[48,69]. DWI assesses the random microscopic motion of water protons to obtain the apparent diffusion
coefficient (ADC). This is reflected by reduction in ADC
values in case of chronic pancreatitis as loss of exocrine
functional tissue of pancreas increases the amount of
fibrosis, leading to reduction in water diffusibility[40,60].
Furthermore, when DWI is used in combination with
secretin stimulation, the diffusion coefficients have either
delayed or lower peak values in chronic pancreatitis, indicating reduced exocrine function[48,70,71].
Special types of chronic pancreatitis
Autoimmune pancreatitis: Continuous inflammatory
process of the pancreas due to an autoimmune pathogenesis leading to chronic pancreatitis called autoimmune
pancreatitis. Other autoimmune diseases associated with
autoimmune pancreatitis (AIP) include ulcerative colitis,
primary sclerosing cholangitis, primary biliary cirrhosis,
retroperitoneal fibrosis, Sjogren’s syndrome, and systemic
lupus erythematosus[72]. It is accounts for 2%-6% of
chronic pancreatitis[73,74]. It is characterized, clinically, by
obstructive jaundice (with or without pancreatic mass);
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histologically, by a lymphoplasmacytic inﬁltrate and
ﬁbrosis; and, therapeutically, by a dramatic response to
steroids[75]. Early diagnosis of AIP is critical as it often
responds well to steroid therapy; thus avoiding complications.
There are three types based on morphological patterns: diffuse, focal, and multifocal. Diffuse disease is the
most common type. MRI commonly shows a swollen,
sausage-like pancreas (Figure 20) with poorly demonstrated borders, moderately decreased T1 signal intensity,
mildly high T2 signal intensity, and delayed gadolinium
enhancement of the pancreatic parenchyma on post-gadolinium images. Additional ﬁndings that may be observed
in AIP include low signal capsule-like rim surrounding
the diseased parenchyma on T2-weighted images, delayed
post-gadolinium enhancement[76], absence of parenchymal atrophy, ductal dilatation proximal to the site of stenosis, absence of peripancreatic ﬂuid, and clear demarcation of the abnormality[77]. The diffuse form of AIP
may mimic diffuse disorders like lymphoma, metastases
or other diffuse infiltrative processes however, in most
of these disorders, the parenchyma is heterogeneous and
shows irregular contour.
Focal disease is less common and manifests as a welldefined T2 hyperintense mass with a T2 hypointense capsule-like rim surrounding the diseased parenchyma which
may show delayed post-gadolinium enhancement, often
involving the head and mimicking pancreatic adenocarcinoma but most often without associated pancreatic ductal cutoff. The characteristic imaging finding in MRCP
is focal, segmental or diffuse stenosis or irregularity of
main pancreatic duct.
The most commonly involved segment is the intra
pancreatic common bile duct, accompanied by a lesser
degree of upstream dilatation of the main pancreatic
duct. Less frequently, multifocal intrahepatic biliary strictures are also noted in AIP[78].
Groove/paraduodenal pancreatitis: Groove or para
duodenal pancreatitis is an uncommon type of focal
chronic pancreatitis; which may affect the groove between the head of the pancreas, the duodenum, and the
common bile duct. The rest of the pancreatic parenchyma is slightly compromised or spared[79,80]. Groove
pancreatitis is categorized into 2 forms: pure, involving
exclusively the groove; or segmental (Figure 21), involving the groove and extending in to the pancreatic
head [80]. Pathogenesis remains controversial but may
result from obstruction of the accessory pancreatic duct
as it drains into the second portion of the duodenum
through the minor papilla[81]. It may be due the previous
biliary diseases, gastric resections, peptic ulcer disease,
true duodenal wall or pancreatic head cysts, or pancreatic head heterotopias in the duodenum[80,82]. Both pure
and segmental form can cause progressive stenosis of
the pancreatic duct, leading subsequently to diffuse
chronic pancreatitis. The histopathologic hallmark of
groove pancreatitis is the presence of fibrosis and scar
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Figure 20 Autoimmune pancreatitis. A: Axial single-shot turbo spin-echo T2-weighted (HASTE) image with fat-suppression; B: Axial T1-weighted image. PostGadolinium 3D-GRE T1-weighted images with fat-suppression during the hepatic arterial-dominant (C) and hepatic-venous phases (D). There is evidence of diffuse
pancreatic swelling with patchy mildly increased T2 signal (arrowheads) (A), decreased T1 signal (B), loss of the normal pancreatic lobulations, and diffuse obliteration
of the pancreatic duct (arrow) (A); associated with patchy decreased early enhancement (C) and progression of enhancement on subsequent phases (D) in keeping
with autoimmune pancreatitis.

A

B

C

D

Figure 21 Segmental form groove pancreatitis. Coronal (A) and axial (B) single-shot turbo spin-echo T2-weighted (HASTE) images with fat-suppression. Axial
post-Gadolinium 3D-GRE T1-weighted images with fat-suppression during the hepatic arterial-dominant (C) and interstitial phases (D). There is mild duodenal thickening and edema (arrowheads) (A, B) associated with a sheet-like mass in the pancreaticoduodenal groove that extends to the pancreatic head and demonstrates decreased T1 signal pre-contrast (not shown), slightly decreased T2 signal with tiny cystic changes (white arrows) (A, B), early arterial hypo-enhancement (black arrow) (C)
and progressive enhancement on the subsequent delayed images (D) due to fibrosis, in keeping with segmental form groove pancreatitis.
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tissue within the pancreaticoduodenal groove, in the
pure form; or within the groove and superior portion of
the pancreatic head, in the pure form of the disease. The
most relevant differential diagnosis of groove pancreatitis, particularly in its segmental form, is pancreatic head
adenocarcinoma.
The most characteristic finding on MRI is a sheet like
mass between the head of pancreas and duodenal C-loop.
The mass demonstrates low signal on T1-weighted images compared to the rest of the pancreatic parenchymal
tissue, and variable signal on T2-weighted images. This
variation in the T2 signal can be attributed to the time
of onset of the disease; as subacute form of the disease
shows brighter signal on T2-weighted images due to
edema, while chronic form of the disease has a lower T2
signal due to fibrosis[82]. Gadolinium-enhanced dynamic
images show delayed and progressive heterogeneous
enhancement, reflecting the fibrous nature of the tissue.
Cystic lesions can also be well seen on T2-weighted images in the groove or duodenal wall[80].
It may be challenging to differentiate groove pancreatitis from pancreatic head duct adenocarcinoma. Recently, it was shown that by using three strict diagnostic
criteria for groove pancreatitis: (1) focal thickening of the
second part of the duodenum; (2) abnormal increased
enhancement of the second part of the duodenum; and
(3) cystic changes in the region of the pancreatic accessory duct, distinction from pancreatic duct adenocarcinoma
could be achieved with high diagnostic accuracy (87.2%
of patients), and a diagnosis of cancer could be excluded
with a negative predictive value of 92.9%[83].
Hereditary pancreatitis: Hereditary pancreatitis is an autosomal dominant disease presenting as multiple episodes
of pancreatitis in the absence of any predisposing factors and is consider as a premalignant disease[84]. Imaging
findings include parenchymal and intraductal calcifications and parenchymal atrophy. However, in hereditary
pancreatitis, imaging plays an important role to rule out
structural causes of pancreatitis and to closely monitor
the development of pancreatic cancer, the risk of which
is increased by many folds in these patients.

NEW TECHNIQUES
Continuous development in MRI technologies have resulted in new techniques with increased signal-to-noise
ratio, shorter breath-hold scan time and respiratory triggering techniques to produce improved image quality and
diagnostic performances. Edelman et al[85] reported that
there is a marked improvement in SNR at 3 T compared
with 1.5 T (by a factor of 2 in some cases) when using
identical imaging parameters to image the pancreas. A
recent study showed that respiratory-triggered 3D-MRCP
using a navigator technique was feasible in routine clinical practice. The navigator technique improved the image
quality and lesion visualization of free-breathing 3DMRCP compared with conventional respiratory triggering
techniques using bellows (bellows technique)[86].

WJG|www.wjgnet.com

Imaging patients unable to hold their breath is challenging. Elderly or very sick patients, who are often part
of the pancreatitis population, cannot adequately hold
their breath for the required time to acquire T1-weighted
images. Radial 3D-GRE delivers robust contrast-enhanced
imaging for these patients by being resistant to motion
artifacts. A previous study by Bamrungchart et al[6] has
shown that free-breathing radial 3D-GRE is of value for
pancreatic MR imaging in patients who are unable to suspend respiration.
MR spectroscopy with non-invasive in-vivo assessment of metabolite concentrations has been applied in
a variety of different tissues (brain, prostate, breast, and
liver). Hence, spectroscopy of the pancreas has the potential to offer a more accurate tissue characterization[48].
Despite this, Su et al[87] characterized the normal pancreas
at 3.0 T and identified metabolites such as lipid, choline
and cholesterol. Cho et al[88] used MR spectroscopy to
distinguish between patients with chronic focal pancreatitis and patients with pancreatic carcinoma and found
fewer lipids in pancreatitis than in pancreatic carcinoma.
Furthermore, other studies also detected differences
between normal pancreatic tissue and carcinoma tissue with alterations in lipid, choline and fatty acids[89,90].
However, to the best of our knowledge, this technique
has not yet been applied in the characterization of patients with pancreatitis.

CONCLUSION
In this review we emphasized the role of MRI in imaging
all types of acute and chronic pancreatitis, pancreatitis
complications, and other important differential diagnoses that mimic pancreatitis. MRI is a valuable alternative
modality, with at least equal diagnostic performance to
CT for the diagnosis and follow-up of acute and chronic
pancreatitis. The recent development of new respiratory
gating techniques, motion resistant pulse sequences, and
additive advantages of MRCP imaging protocols make
MRI a very accurate investigation modality for assessing
patients with pancreatitis; particularly acutely ill patients
unable to breath hold. MRI is a non-ionizing cross sectional imaging method with a safer intravenous contrast
profile. This is particularly important in patients with
acute pancreatitis, who often have a concomitant renal
impairment of some degree and often require repeated
follow-up imaging. Additionally, MRI offers higher sensitivity for the diagnosis of subtle early changes of acute
pancreatitis (i.e., interstitial pancreatitis and peripancreatic
edema) and early manifestations of chronic pancreatitis.
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Abstract
Organ fibrosis and architectural remodeling can severely disrupt tissue function, often with fatal consequences. Fibrosis is the end result of chronic inflammatory reactions induced by a variety of stimuli, and the
key cellular mediator of fibrosis comprises the myofibroblasts which, when activated, serve as the primary
collagen-producing cells. Complex links exist between
fibrosis, regeneration and carcinogenesis, and the
concept that all organs contain common tissue fibrosis
pathways that could be potential therapeutic targets
is an attractive one. Because of the major impact of
fibrosis on human health there is an unmet need for
safe and effective therapies that directly target fibrosis.
Halofuginone inhibits tissue fibrosis and regeneration,
and thereby affects the development of tumors in various tissues along the gastrointestinal tract. The high
efficacy of halofuginone in reducing the fibrosis that affects tumor growth and tissue regeneration is probably
due to its dual role in inhibiting the signaling pathway
of transforming growth factor β, on the one hand, and
inhibiting the development of Th17 cells, on the other
hand. At present halofuginone is being evaluated in a
clinical trial for other fibrotic indication, and any clinical
success in that trial would allow the use of halofuginone, also for all other fibrotic indications, including
those of the gastrointestinal tract.
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Core tip: Fibrosis is a pathological process associated
with excessive deposition of extracellular matrix that
leads to destruction of organ architecture and function.
Fibrosis contributes enormously to deaths worldwide,
thus therapies are of a great need. The concept of
common fibrosis pathways that could be therapeutic
targets in all organs is an attractive one. Halofuginone
is a novel anti-fibrotic therapy that inhibits tissue fibrosis, regeneration, and development of tumors in tissues
along the gastrointestinal tract. At present halofuginone
is being evaluated in a clinical trial for another fibrotic
indication, and any clinical success there would allow
its use for all other fibrotic indications.
Pines M. Halofuginone for fibrosis, regeneration and cancer in
the gastrointestinal tract. World J Gastroenterol 2014; 20(40):
14778-14786 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14778.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14778

INTRODUCTION
The synthesis and turnover of the extracellular matrix
(ECM) is essential for normal tissue organization and
function, both during development and adaptive homeostasis and also in the tissue remodeling that occurs after
injury. As a result of the dysregulation of ECM synthesis
caused by acute or chronic injury a pathological scarring
process-fibrosis-occurs; it leads to destruction of organ
architecture and impairment of organ function and, if
highly progressive, the process of fibrosis eventually
leads to organ malfunction and death. Fibrosis plays a
role in the progression of many chronic diseases, tissue
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regeneration and tumor growth and although it follows
similar pathways in divers organs and exhibits similar
histomorphology in all of them, each organ has unique
fibrotic features[1]. The myofibroblasts, which are responsible for the major increase in matrix synthesis in fibrosis,
are unique mesenchymal cells with properties inherent in
both muscle and non-muscle cells, and their cytoskeletal
protein expression and contractile properties distinguish
them from other cell types[2]. The myofibroblasts may
derive from resident fibroblasts, from the circulating fibroblast population, from a vascular bed, or from hemopoietic progenitor or stromal cells derived from the bone
marrow and from epithelial-mesenchymal transitions
(EMTs). It is important to note that the myofibroblasts
are heterogeneous populations of cells[3], probably having differing origins, expressing differing sets of genes,
and possibly having differing functions. Fibrosis, in most
cases, is associated with inflammation, and the inflammatory cells are the main source of the tumor growth factor
(TGF) β that is one of the leading candidates for eliciting
overproduction of ECM proteins in various fibrotic conditions and in the tumor stroma. TGFβ meets the criteria
for being a major participant in fibroblast activation: it is
present in the affected tissues, it induces profibrotic cellular and transcriptional responses, and it induces EMT
during cancer progression[4]. Following binding of TGFβ
to its receptor, signaling to the nucleus occurs predominantly by phosphorylation of cytoplasmatic mediators of
the Smad family.
A high proportion of all deaths in the developed
world are attributed to chronic fibroproliferative diseases,
therefore, the demand for safe and effective antifibrotic
drugs is on the rise. However, in spite of its vast impact
on human health, there are currently no approved treatments that directly target fibrosis.

HALOFUGINONE
For centuries in China the roots and leaves of Dichroa
febrifuga Lour. were used against malarial fever, and out of
600 plants tested for their antimalarial effects, D. febrifuga
was found to yield one of the most effective extracts.
An active alkaloid named febrifugine, with the molecular formula C16H21O3N3, was isolated, but its high antimalarial activity was accompanied by a gastrointestinal
toxicity, therefore it was used as a lead compound in the
synthesis of active molecules with lower toxicity. It has
been demonstrated that most febrifugine analogs bearing a modified or unmodified 4-quinazolinone moiety
are active, but analogs produced through modification
of the side chain attached to the N3 position of the
4-quinazolinone ring have proved to be ineffective. Furthermore, a synthetically prepared racemic febrifugine
was reported to be only about half as effective as natural
febrifugine. These results suggested that the 4-quinazolinone moiety, the nitrogen atom of the piperidine ring,
and the hydroxyl group are necessary for the antimalarial
activity, and that the absolute configuration of these
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functional groups plays an important role[5]. Halofuginone hydrobromide,7-bromo-6-chloro-3-[3-(3-hydroxy-2-piperidinyl)-2-oxopropyl]-4(3H)-quinazolinone,
one of the febrifugine analogs, is an FDA-approved feed
additive for prevention of coccidiosis in poultry (For
reviews see[6-8]). At first, halofuginone was identified as
an inhibitor of collagen synthesis, and the observation
that it inhibited collagen a1(I) gene expression paved the
way for the use of halofuginone as an anti-fibrotic drug.
At present, halofuginone is being evaluated in a Phase 1b
FDA-approved clinical trial for Duchenne muscular dystrophy, in which fibrosis is the main complication.

HALOFUGINONE MODE OF ACTION
The most studied mode of action, and probably the
canonical one, is inhibition of Smad3 phosphorylation
downstream of the TGFβ signaling pathway[9]. In most
animal models of fibrosis, regardless of tissue type,
halofuginone had a minimal effect on the ECM protein
contents in the non-fibrotic control animals, whereas
it exhibited a profound inhibitory effect in the fibrotic
organs. These results suggest that there was differing
regulation, on the one hand, of the housekeeping expression - usually low level - of ECM genes and, on the other
hand, of the TGFβ-driven over-expression induced by
the fibrogenic stimulus, which is usually an aggressive
and rapid process. Halofuginone was found to inhibit the
collagen synthesis that was activated by TGFβ in human
skin fibroblasts and by activated fibroblasts derived from
scleroderma and from cGvHD patients[10]. It also inhibited both Smad3 phosphorylation and collagen synthesis
in TGFβ-activated tight-skin (Tsk+)-mouse fibroblasts[11],
in the mdx mouse model of muscular dystrophy[12], but
not in control cells[10,13]. In various fibrotic models no effect of halofuginone was observed on the expression of
the TGFβ receptors gene or on TGFβ levels[12-14] -a finding that supports the hypothesis that the halofuginone
target is downstream in the TGFβ pathway. In chemically induced liver fibrosis halofuginone affected TGFβregulated genes through inhibition of Smad3 phosphorylation of activated hepatic stellate cells (HSCs)[15].
Halofuginone inhibited TGFβ-dependent Smad3 phosphorylation and elevated the expression of the inhibitory
Smad7 in a variety of cell types, such as fibroblasts, hepatic and pancreatic stellate cells (PSCs), tumor cells and
myoblasts[14-17]. The inhibition of Smad3 phosphorylation
was due, at least in part, to halofuginone-dependent activation of Akt MAPK/ERK and p38 MAPK phosphorylation[16] (Figure 1).
An additional mechanism suggested for the halofuginone-dependent inhibition of fibrosis involves selective prevention of the development of Th17 cells, by
activation of the amino acid starvation response[18,19].
Halofuginone treatment reduced the severity and incidence of autoimmune encephalomyelitis associated
with Th17 cells that are characterized by production of
interleukin-17 (IL-17), which promotes fibrosis by both
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Figure 1 Halofuginone mode of action. Two pathways have been suggested for the biological activity of halofuginone which may be connected. In fibrosis and in
cancer (left side) the tumor growth factor (TGF) b derived from the inflammatory cells binds to the constitutively active type Ⅱ TGFβ receptor kinase that trans-phosphorylates the type Ⅰ receptor. Activated type Ⅰ receptor kinase then phosphorylates Smads 2/3, which subsequently recruit Smad4. The activated Smads 2/3 Smad4
complex then translocates to the nucleus where it regulates specific gene expression. The TGFb -dependent gene expression causes quiescent fibroblasts differentiation to myofibroblasts, which are responsible for the major increase in matrix synthesis in fibrosis and in tumor stroma which impedes normal function. Halofuginone
inhibited TGFβ-dependent Smad3 phosphorylation, causes reduction in fibroblasts differentiation, reduction in the levels of extracellular matrix (ECM) proteins and inhibition of fibrosis and tumor growth. Recently, a second mechanism has been suggested for the halofuginone- dependent inhibition of autoimmune diseases which involves selective prevention of the development of Th17 cells by activating the amino acid starvation response (AAR) - the amino acid starvation response (right side).
Naïve CD4+ T cells differentiate into diverse effector and regulatory subsets to coordinate immunity to pathogens while establishing peripheral tolerance. Besides TH1
and TH2 effector subsets, naïve T cells can differentiate into proinflammatory T helper 17 (TH17) cells. These cells are key regulators of autoimmune inflammation. The
mechanism by which halofuginone inhibits the AAR is by binding to glutamyl-prolyl-tRNA synthetase (EPRS) and inhibiting prolyl-tRNA synthetase activity (ProRS)
causing intracellular accumulation of uncharged tRNA and mimicking reduced cellular proline availability. AAR activation selectively inhibits TH17 differentiation. Thus,
halofuginone could potentially be used to address any autoimmune or inflammatory disease associated with Th17 cells. It should be noted (middle) that TGFβ is required for facilitation of differentiation of the inflammatory Th17 cell subset which suggests the existence of a link between the TGFβ and AAR pathways.

Table 1 Summary of halofuginone's actions in the gastrointestinal
tract
Fibrosis Resolution Strictures Regeneration
Tumor
of fibrosis formation
development
Esophagus
Small intestine
Liver
Pancreas

↓
↓
↓
↓

↓
↓
↑

↑

↓
↓

exacerbating the upstream inflammatory response and
regulating the downstream activation of fibroblasts. The
mechanism by which halofuginone and other febrifugine
analogs inhibit the amino acid starvation response is by
binding to glutamyl-prolyl-tRNA synthetase and inhibiting prolyl-tRNA synthetase activity[20], by simultaneously occupying two different substrate binding sites
on prolyl-transfer RNA synthetase[21]. Only the 2R,3S
isomer of halofuginone, which matches the absolute
configuration of febrifugine, exhibits biological activity.
Thus, halofuginone could potentially be used to address
any autoimmune or inflammatory disease associated with
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Th17 cells. It should be noted that TGFβ is required for
facilitation of differentiation of the inflammatory Th17
cell subset[22,23], which suggests the existence of a link
between the TGFβ signaling pathway and the amino
acid starvation response. The interactions among fibroblasts, macrophages, and CD4 T cells likely play general
and critical roles in initiating, perpetuating, and resolving
fibrosis. Together, these findings identify the IL-1β-IL17A-TGF-β1 cytokine axis as an important pathway in
inflammation-driven fibrosis.
Various organs of the gastrointestinal tract are affected by fibrosis, in suffering many and varied insults,
and all of these organs could benefit immensely from an
antifibrotic therapy (Table 1).

ESOPHAGUS
Esophageal strictures are a major clinical problem, with
a high degree of morbidity[24]. They are caused by posttraumatic fibrosis after surgical interventions, ingestion
of corrosive materials, endoscopic mucosectomy (EEM),
and radiotherapy or combined chemo-radio-therapy
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for head and neck cancer[25,26]. Halofuginone treatment
caused an increase in esophageal patency, reduction in
esophageal wall thickness, and increased survival in rats
with caustic-dependent esophageal stricture[27,28], reduced
esophageal fibrosis and collagen synthesis after head
and neck radiation[29], and decreased stricture formation
in pigs after endoscopic mucosectomy[30]. Similar results
were observed in urethral[31], abdominal[32,33], uterine horn
stricture[34], and subglottic stenosis in a canine model[35].

LIVER AND PANCREAS FIBROSIS
Liver and pancreas fibrosis, triggered by chronic tissue
damage with a wide variety of etiologies, constitute a
major cause of morbidity and mortality worldwide. The
fibrosis is characterized by an accumulation of ECM
and it results in formation of a fibrotic scar that eventually alters the cellular and functional balance of the
liver[36]. Moreover, the excessive ECM provides a pivotal
microenvironment for tumor development, both in the
liver[37,38] and in the pancreas[39]. The interactions of various cell populations, some residing within the liver and
the pancreas and some recruited from the bone marrow,
are required for the tissue fibrinogenesis. A key role in
fibrogenesis is played by myofibroblasts, which produce
ECM proteins and coordinate the “wound healing” response[36,40,41]. HSC and pancreatic stellate cells (PSC) are
classically considered to be a major source of myofibroblasts[40,42,43], but other cell types have been hypothesized
to contribute to the expansion of the myofibroblast
population observed during injury; they include portal
myofibroblasts and cells recruited from the bone marrow[40]. It is believed that the involvement of various
populations of fibrogenic cells is dependent on the etiology of the damage and the resulting development of distinct spatial patterns of fibrosis[44]. The activation of the
HSC involves the initiatory or pre-inflammatory stage,
which results from early changes in gene expression that
are caused by paracrine stimuli from damaged resident
liver and pancreas cells, and the perpetuation stage, which
is caused by maintenance of these stimuli by autocrine
and paracrine stimuli. In both the liver and the pancreas
TGFβ and platelet-derived growth factor (PDGF) have
been considered to be the key fibrogenic and proliferative
stimuli to SC[45,46] - a hypothesis that raises the possibility
of a common mechanism and clear targets[47].
Three rat models, dimethylnitrosamine (DMN), thioacetamide (TAA), and concanavalin A (ConA)-induced
liver fibrosis/cirrhosis, and a mouse model of ceruleindependent pancreas fibrosis were used to evaluate the
efficacy of halofuginone in preventing hepatic and pancreaticfibrosis[14,48-51]. Halofuginone, independently of
the route of administration, prevented the increase in
collagen a1(Ⅰ) gene expression and collagen content
in all models, and prevented the decrease in liver weight,
reduced plasma alkaline phosphatase activity and reduced
the mortality rate, all of which are characteristic of tissue fibrosis/cirrhosis. Halofuginone inhibited Smad3
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phosphorylation downstream of the TGFβ signaling,
resulting in inhibition of an array of TGFβ-dependent
and SC-specific genes[15], and reduction of the number of
activated HSCs and PSCs[14,49]. Halofuginone also affected
the cross-talk between the hepatocytes and the SCs by
up-regulating the synthesis and secretion of insulin-like
growth factor binding protein-1 (IGFBP-1), which inhibits SC migration[50].
Moreover, halofuginone caused resolution of established liver fibrosis[49], similarly to its actions that were
observed in skin of Tsk mice[11], in muscles of mice with
muscular dystrophy[52], and in a chronic graft-versushost cGvHD patient[53,54]. This was probably due to upregulation of the collagen degradation pathway by inhibition of the tissue inhibitors of matrix metalloproteinase
2 (TIMP2), and activation of matrix metalloproteinases
activities[55].

LIVER REGENERATION
Hepatic regeneration leads to restoration of remnant
hepatic parenchyma after partial hepatectomy. Liver regeneration is an essential component of the reparative
process that follows liver injury and surgical resection,
and in its absence, morbidity and mortality rates are often increased[56,57]. Post-hepatectomy liver insufficiency is
one of the most serious problems associated with liver
surgery, especially in the cirrhotic liver, which has less
function reserve than the normal one[58]. In the cirrhotic
liver the rate and extent of regeneration are retarded and
diminished after partial hepatectomy, and the resulting
dysfunction and insufficient regeneration often make the
patients vulnerable to postoperative liver failure, which
frequently leads to multiple organ failure. As hepatocellular carcinoma (HCC) is often seen in cirrhotic livers,
the degree of liver cirrhosis limits the safe extent of
hepatic resection[59,60]. The extensive resection needed to
prevent recurrence of malignant tumors is questionable
in light of the resulting impaired regenerative capacity,
and morbidity and mortality rates after hepatectomy are
enhanced in these patients[61]. Moreover, liver transplantation in patients with cirrhosis results in a very low survival benefit, and may not represent the optimal use of
scarce, donated liver organs[62]. Thus, the need to improve
liver regeneration in HCC-associated liver fibrosis is of
great importance. Various attempts to improve regeneration in cirrhotic livers were made by using granulocytemacrophage colony-stimulating factor (GM-CSF)[63], hepatocyte growth factor[64], cardiotrophin-1 (CT-1)[65], and
human growth hormone[66]. Blockade of angiotensin-1
receptors by lostran increased hepatic blood flow and
reduced HSC activation and liver fibrosis, but interfered
with hepatocyte proliferation after partial hepatectomy
in cirrhotic livers [67]. On the other hand, addition of
low concentrations of halofuginone to the diet prior to
and following partial hepatectomy in rats did not inhibit
normal liver regeneration, as indicated by the number of
proliferating cells and restored liver mass. When given to
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rats with established fibrosis, halofuginone caused significant reductions in αSMA, TIMP-2, collagen type Ⅰ gene
expression and collagen deposition. Such animals exhibited improved capacity for regeneration, suggesting the
possible beneficial use of halofuginone before and during
fibrotic/cirrhotic liver regeneration[68]. Heparan sulfate
proteoglycans (HSPGs) are major components of the
ECM, and cleavage of HSPGs influenced normal and
pathological processes[69]. Heparanase, an endoglycosidase
capable of cleavage of heparan sulfate is not expressed
in the mature healthy liver, but is expressed following
partial hepatectomy during the early stages of fibrosis[70].
Heparanase enhanced liver regeneration, probably by
inducing proliferation of hepatocytes[71]. Elevated expression of heparanase mRNA in hepatic SCs, together with
improved capacity to regenerate following partial hepatectomy was observed after halofuginone treatment[72].
Regulation of the expression of the early genes of
regeneration, such as tyrosine phosphatase (PRL-1) and
IGFBP-1, is part of the mode of action of halofuginone
in improving cirrhotic liver regeneration[50,73]. PRL-1 gene
expression was rapidly induced in a liver remnant that
was undergoing regeneration after partial hepatectomy
and was mediated by zinc-finger transcription factor
early growth response-1 (Egr-1)[74,75]. The involvement of
PRL-1 in cell proliferation is due to stimulation of progression of hepatocytes from G1 into S phase in a cyclinkinase-dependent manner[76]. Furthermore, the cellular
localization of PRL-1 is also associated with its role in
cell-cycle regulation[77]. In culture, halofuginone increased
PRL-1 expression in primary rat hepatocytes and in hepatocellular carcinoma (HCC) cell lines[73]. The halofuginone-dependent increase in PRL-1 gene expression was
correlated with an increase in the Egr-1 expression and
inversely correlated with the inhibition of cell proliferation. Halofuginone also affected the PRL-1 sub-cellular
localization that was cell-cycle-dependent. In addition,
halofuginone augmented PRL-1 and IGFBP-1 expression
in the remnant liver after partial hepatectomy.

CANCER
In many types of tumor a clear association is observed
between tissue fibrosis and increased risk of tumor development. The fibrosis disrupts the normal cell-cell and
cell-ECM interactions and thus leads to further loss of
control over cell growth. Furthermore, there is increasing
awareness that signals provided by the stroma can induce
genetic alterations that trigger tumor formation and can
stimulate tumor growth. For example, the leading risk
factor for HCC is cirrhosis of the liver, and its associated
inflammation, regeneration and fibrosis[37,78,79]. Alcohol
and aflatoxins are well-recognized non-viral exogenous
agents, associated with the pathogenesis of HCC and
fibrosis. Accordingly, the risk of HCC increased in parallel with progression of hepatic fibrosis[80], and approximately 80% of HCCs were developed in macro-nodular
cirrhosis. Even after successful resection, the remnant
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cirrhotic liver frequently develops new HCC lesions, seriously impairing long-term survival[81]. Also, patients with
pancreatic fibrosis as a consequence of chronic pancreatitis have a substantially increased risk of developing
pancreatic cancer[82,83]. Such increased cancer risk was
observed in patients with pancreatitis that started early
in life, which suggests that the duration of exposure to
the fibrotic stimulus is a major factor[84]. Taken together,
these results suggest that stroma cells and the ECM components provide the pivotal microenvironment for tumor
development and, therefore, represent potential new
therapy targets.
Halofuginone reduced tumor growth and mortality in
xenograph mice implanted with human hepatoma cells[85].
In chemically induced liver-fibrotic rats that developed
HCC and spontaneously metastasized to the lungs,
halofuginone reduced the number of liver tumors and
the percentage of the lung surface infiltrated by metastasis[86]. More tumors developed in mouse fibrotic pancreas
than in normal pancreas, and prevention of tissue fibrosis
by halofuginone greatly reduced tumor development[87,88].
Halofuginone-dependent reduction in growth occurred
also in other tumors, such as prostate cancer, von HippelLindau pheochromocytoma, Wilm’s tumor and glioma, in
all cases in association with ECM reduction[89-92]. The important role of halofuginone in myofibroblast activation
and tumor formation was demonstrated by implanting
tumor cells together with myofibroblasts: tumor numbers
increased significantly when the myofibroblasts were
derived from fibrotic pancreas, but were almost nowhere
to be found if the donor mice had been treated with
halofuginone. Halofuginone, by inhibiting Smad3 phosphorylation, specifically affected stroma cells that expressed both contractile and collagen biosynthesis genes
- characteristics of activated myofibroblasts. As with
other tumors[93], in pancreatic xenografts, combination
of treatments with halofuginone, which inhibits stroma
cell infiltration, causes apoptosis of myofibroblasts and
inhibits Smad3 phosphorylation, together with chemotherapy, which increases tumor-cell apoptosis without
affecting Smad3 phosphorylation, was more efficacious
than either treatment alone[88]. Taken together these findings emphasize that ECM production by activated PSCs/
myofibroblasts is essential for tumor establishment and
growth. Thus, inhibition of activation of these cells is a
viable means of reducing pancreatic tumor development.

CONCLUSION
Thanks to the histomorphological similarities that are
common to fibrosis in all organs, the concept of common tissue fibrosis pathways that could be potential
therapeutic targets in all organs is an attractive one.
Therapeutics that simultaneously target important inflammatory mediators and profibrotic cytokines will probably
emerge as the most successful way to treat this highly
complex and difficult-to-manage pathology[94]. Thus, if
halofuginone were to be found successful in a clinical
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trial addressed to a specific fibrotic indication, it might be
considered as an antifibrotic therapy for all other indications as well. The therapeutic potential of halofuginone,
originally intended for use as an anti-malarial drug, but
which was eventually used as a veterinary drug against
coccidiosis, was revealed by serendipity. The high efficacy
of halofuginone in reducing fibrosis, which affects tumor
growth and tissue regeneration in various tissues, springs
from its dual role in inhibiting the TGFβ signaling, on
the one hand, and inhibiting the development of Th17
cells, on the other hand. Halofuginone did not result
from any drug discovery program, and its structure was
not designed specifically for inhibition of TGFβ signaling. Thus, a specifically designed combinatory chemistry
approach, using halofuginone structure in an oriented
drug discovery scheme, together with development of
biological assays, might lead to a much needed new arsenal of drugs that would be more specific with respect to
various steps in recruitment, activation and function of
myofibroblasts, that would be better tolerated by patients,
and that would exhibit enhanced efficacy.
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Abstract
The liver is one of the most important organs in the
body, performing a fundamental role in the regulation
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of diverse processes, among which the metabolism,
secretion, storage, and detoxification of endogenous
and exogenous substances are prominent. Due to
these functions, hepatic diseases continue to be among
the main threats to public health, and they remain
problems throughout the world. Despite enormous advances in modern medicine, there are no completely
effective drugs that stimulate hepatic function, that
offer complete protection of the organ, or that help to
regenerate hepatic cells. Thus, it is necessary to identify pharmaceutical alternatives for the treatment of
liver diseases, with the aim of these alternatives being
more effective and less toxic. The use of some plants
and the consumption of different fruits have played
basic roles in human health care, and diverse scientific
investigations have indicated that, in those plants and
fruits so identified, their beneficial effects can be attributed to the presence of chemical compounds that
are called phytochemicals. The present review had as
its objective the collecting of data based on research
conducted into some fruits (grapefruit, cranberries,
and grapes) and plants [cactus pear (nopal ) and cactus
pear fruit, chamomile, silymarin, and spirulina], which
are consumed frequently by humans and which have
demonstrated hepatoprotective capacity, as well as an
analysis of a resin (propolis) and some phytochemicals
extracted from fruits, plants, yeasts, and algae, which
have been evaluated in different models of hepatotoxicity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatoprotection; Grapefruit; Vaccinium
spp; Vitis vinifera L; Opuntia ficus-indica ; Spirulina;
Propolis; Glucans; Alcoholic liver disease
Core tip: Currently, diverse natural products have
been studied, in attempts to identify protective effects
against agents that cause disease. In this paper, we
conduct a review of diverse natural products which,
by means of their antioxidant activity, protect the liver
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from the damage caused by substances such as ethanol, acetaminophen, carbon tetrachloride, thioacetamide, etc .
Madrigal-Santillán E, Madrigal-Bujaidar E, Álvarez-González
I, Sumaya-Martínez MT, Gutiérrez-Salinas J, Bautista M, Morales-González Á, García-Luna y González-Rubio M, AguilarFaisal JL, Morales-González JA. Review of natural products
with hepatoprotective effects. World J Gastroenterol 2014;
20(40): 14787-14804 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14787.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14787

INTRODUCTION
The liver is one of the most important organs of the
body. It performs a fundamental role in the regulation of
diverse physiological processes, and its activity is related
to different vital functions, such as metabolism, secretion,
and storage. Its capacity to detoxify endogenous (waste
metabolites) and/or exogenous (toxic compounds) substances of organisms, as well as for synthesize useful
agents, has been analyzed since the 1970s by many researchers[1-4].
The liver is also involved in the biochemical processes
of growing, providing nutrients, supplying energy, and
reproducing. In addition, it aids in the metabolism of
carbohydrates and fats, in the secretion of bile, and in the
storage of vitamins[5].
Because of all of these functions, hepatic diseases
continue to among the principal threats to public health,
and they are a problem worldwide[4,6]. Hepatic disease is a
term that indicates damage to the cells, tissues, structure,
or liver function, and this damage can be induced by biological factors (bacteria, virus, and parasites) and autoimmune diseases (immune hepatitis, primary biliary cirrhosis), as well as by the action of different chemicals, such
as some drugs [high doses of paracetamol (PCM) and antitubercular drugs], toxic compounds [carbon tetrachloride (CCl4), thioacetamide, dimethylnitrosamine (DMN),
D-galactosamine/lipopolysaccharide (GalN/LPS)], and
unquestionably, excessive consumption of alcohol[7-9].
Despite enormous advances in modern medicine, there
are no completely effective drugs that stimulate hepatic
function, offer complete protection to the organ, or aid
in regenerating hepatic cells[10]. Additionally, some drugs
can induce adverse or side effects. Thus, it is necessary to
identify alternative pharmaceuticals for the treatment of
hepatic diseases, with the aim of these agents being more
effective and less toxic.
The use of some plants and the consumption of different fruits have played fundamental roles in human
health care. Approximately 80% of the world’s population has employed traditional medicine for health care,
which is based predominantly on plant materials [4,9].
Diverse scientific investigations of medicinal plants and
the ingestion of fruits have indicated that the properties
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that are responsible for their beneficial effects could be
attributed to the presence of chemical compounds or
substances that are biologically active and that are nonessential nutrients for life, called phytochemicals[11].
In the literature, studies can be found that have examined the impact that different phytochemicals exert
on health Among the most frequently cited examples,
we find the following: (1) the vinca alkaloids (vincristine,
vinblastine, and vindesine); (2) the betalain pigments (betanin and indicaxanthine); (3) the anthocyanins (cranberries); and (4) and resveratrol; all of these have generally
been analyzed based on their chemoprotective properties
against cancer[4,12-14]. All of the medicinal plants, as well as
the ingestion of certain fruits, have demonstrated different effects on living systems. Although there have been
diverse studies directed toward the evaluation of their
hepatoprotective potential, the majority of investigations
have been directed at analysis of their sedative, analgesic,
antipyretic, cardioprotective, antibacterial, antiviral, antiprotozoal, and anticarcinogenic capacities[15].
In addition to these studies, empirical evidence for
the use of natural remedies for the treatment of hepatic
diseases has a long history, and this field has become an
innovative field of study, with the principal aim of analyzing the consumption of traditional fruits and medicinal plants by a great number of people and the different
phytochemicals that are extracted from these foods. In
general, liver-protective fruits, as well as plants, contain
a variety of chemical compounds, such as phenols, coumarins, lignans, essential oils, monoterpenes, glycosides,
alkaloids, carotenoids, flavonoids, organic acids, and xanthines[16].
This present review had as its objective the gathering
of data based on works conducted in some fruits and
plants that are consumed frequently by humans and that
have demonstrated hepatoprotective capacity, as well as
analysis of a resin and some phytochemicals extracted
from fruits, plants, yeasts, and algae that have been evaluated in different models of hepatotoxicity. With these
goals in mind, the authors of this paper have attempted
to provide information and bibliographic support to researchers who are exploring compounds with this potential and to encourage the development of new investigations in this area of study.

HEPATOPROTECTIVE FRUITS
Grapefruit (Citrus paradisi)
Overview: The grapefruit is an important member of
the genus Citrus of the Rutaceae family, the scientific
name of which is Citrus paradisi. The grapefruit originated
on Barbados Island, but it is currently cultivated in Mexico, Spain, Morocco, Israel, Jordan, South Africa, Brazil,
and Jamaica and on the Asian continent[17]. In addition to
its being consumed as a seasonal fruit or in juice to accompany other foods, it has been used in many countries
in popular and traditional medicine as an antimicrobial,
antifungal, anti-inflammatory, antioxidant, and antiviral,
as an astringent solution, and as a preservative agent[18].
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Studies conducted over past decades have suggested that
the grapefruit might be active in cellular regeneration,
cholesterol reduction, the detoxifying process, and the
maintenance of heart health, in rheumatoid arthritis, for
the control of body weight, and in cancer prevention[17-19].
Grapefruit juice is an excellent source of many phytochemicals and nutrients that contribute to a healthy diet.
It contains significant levels of vitamin C, folic acid, phenolic acid, potassium, calcium, iron, limonoides, terpenes,
monoterpenes, and D-glucaric acid. The red and pink
varieties also contain beta-carotene and lycopene, antioxidants that the body can convert into vitamin A[17]. However, the flavonoid that has the greatest concentration is
naringin, which humans metabolize into naringenin[20,21].
Hepatoprotective evidence for naringin and naringe
nin: Despite the common consumption of the grapefruit
as a fresh fruit or in juice, there have been no studies that
have directly analyzed its protective effects against the damage produced by hepatotoxic substances. The main evidence that is able to suggest its hepatoprotective potential
has emerged from the study of naringenin and naringin.
One of the first studies was the investigation performed by Parmar[22], who evaluated in rats the antiulcer
activity of inhibiting histidine decarboxylase in retention
ulcers and in phenylbutazone- and aspirin-induced pyloric ligatures. Their results showed that naringenin significantly reduced mucosa damage in both models, with
a greater effect observed in ulcers with pyloric ligation,
suggesting that the protective mechanism of naringenin
involved inhibition of the formation and release of endogenous histamine in the gastric mucosa of rats.
These results motivated other investigations specifically into hepatoprotective effects; thus, the protective
capacity of naringenin on dimethylnitrosamine (DMN)induced hepatic damage in rats was investigated in 2004.
Oral administration of naringenin (20 and 50 mg/kg
daily over 4 wk) notably diminished DMN-induced damage when the weight of the liver was evaluated, as well
as alanine transaminase (ALAT), aspartate transaminase
(ASAT), alkaline phosphatase (ALP), and bilirubin levels.
Naringerin also restored natural protein levels in serum
and albumin and hepatic malondialdehyde (MDA) levels.
In conclusion, it was demonstrated that naringenin had
antifibrinogenic and hepatoprotective effects, suggesting
that it could be useful in the treatment of hepatic fibrosis[23].
Taken together, the results of the two most recent
studies indicated that this flavonoid is a biologically active
compound that is capable of significantly reducing levels
of serum ALAT and ASAT, gamma-glutamyl transpeptidase (GGT), thiobarbituric acid-reactive substances
(TBARS) tissue, conjugated dienes, lipid hydroperoxides, protein carbonyl content, bilirubin, ALP, lactate
dehydrogenase (LDH), and phase Ⅰ enzymes and of
increasing the activity of superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), glutathione
reductase (GRx), glutathione-S-transferase (GST), alco-
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hol dehydrogenase (ADH), and aldehyde dehydrogenase
(ALDH), as well as the levels of vitamins C and E in tissues and phase Ⅱ enzymes in rats with ethanol-treated
hepatic damage in comparison to animals not receiving
treatment[24,25].
With respect to naringin, the sole study that found
evidence of the hepatoprotective capacity of this flavonoid was the investigation of Seo et al[26], who analyzed
the role of a naringin supplement in the regulation of
lipid and ethanol metabolism in male Sprague-Dawley
rats. These animals were organized into six groups based
on the following six dietary categories: ethanol- and
naringin-free; ethanol (50 g/L) plus low-naringin (0.05
g/L); ethanol plus high-naringin (0.125 g/L); and three
corresponding pair-fed groups. The pair-fed control rats
received an isocaloric diet containing dextrin-maltose
instead of ethanol for 5 wk. Among the ethanol-treated
groups, naringin supplements significantly lowered the
plasma ethanol concentration, with simultaneous increases in ADH and/or ALDH activity. However, among the
ethanol-treated groups, naringin supplementation resulted in a significant decrease in hepatic triglycerides (TGs)
and plasma and hepatic total cholesterol (TC), compared
with the naringin-free group. Naringin supplementation
significantly increased high-density lipoprotein-c (HDLcholesterol) and HDL-c/TC ratio, while lowering the AI
value among the ethanol-treated groups. Hepatic lipid accumulation was also significantly reduced in the naringinsupplemented groups compared with the naringin-free
group among ethanol-treated groups, while no differences were found among the pair-fed groups. Among the
ethanol-treated groups, low-naringin supplementation resulted in a significant decrease in the levels of plasma and
hepatic TBARS, whereas it resulted in higher SOD and
GPx activities and higher glutathione (GSH) levels in the
liver. Accordingly, naringin would appear to contribute to
alleviating the adverse effects of ethanol ingestion by enhancing ethanol and lipid metabolism, as well as promoting the hepatic antioxidant defense system.
Blueberries/cranberries (Vaccinium spp)
Overview: Among the small, soft-fleshed, colorful fruits,
berries make up the largest proportion consumed in our
diets. These fruits are not only ingested in their fresh
and/or frozen forms, but they also appear in processed
products, such as canned fruits, yogurts, beverages, jams,
and jellies. Thus, in recent years, the consumption of
berry extracts has increased as an ingredient in functional
foods and dietary supplements, which might or might not
be combined with other colored fruits, plants, and herbal
extracts. The berry fruits that are habitually consumed in
North America include blackberries (Rubus spp.), black
raspberries (Rubus occidentalis), red raspberries (Rubus idaeus), strawberries (Fragaria X ananassa), blueberries (Vaccinium corymbosum), and cranberries (Vaccinium macrocarpon)[14].
At the 2007 International Berry Health Benefits
Symposium, diverse research from Asia, Europe, New
Zealand, Mexico, and North and South America were
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presented that demonstrated the potential benefits that
could be obtained by consuming these fruits. In general,
it was concluded that these benefits could be observed
in cardiovascular diseases, neurodegenerative diseases,
and other diseases associated with aging, in obesity, and
in some human cancers (mainly esophageal and gastrointestinal)[27]. It was determined that the agents responsible
for these biological properties were diverse phenolic-type
phytochemicals, among which the following were highlighted (1) flavonoids (anthocyanines, flavonols, and flavanols); (2) tannins [condensed tannins (proanthocyanidins)
and hydrolyzable tannins (ellagitannins and gallotannins)];
(3) stilbenoids; and (4) phenolic acids[14]. Of all of these
compounds, those that have been most studied are the
anthocyanins (pigments are responsible for the berries’
attractive colors), which have demonstrated antioxidant,
anticarcinogenic, and anti-inflammatory biological activity[14,28].
Hepatoprotective evidence for the berry fruits and pro
anthocyanidins: Oxidative stress (OS) and dysfunction of cellular immunity are important indicators in
the pathogenesis of hepatic diseases caused by diverse
xenobiotics[29]. Nuclear factor (erythroid-derived 2)-like 2
(Nrf2) is an important transcription factor that regulates
OS reactions and is in charge of controlling two antioxidant enzymes: HO-1 and Nqo1[30-32]. This antecedent
motivated Wang et al[32] to evaluate the effects of the blueberry on liver protection and cellular immune function.
The authors randomly submitted male Kunming mice 6-8
wk of age to two experiments: in the first, they extracted
samples of hepatic RNA with the Trizol reagent (Invitrogen, United States) and determined the expression of
Nrf2, HO-1, and Nqo1 by real-time reverse transcriptionpolymerase chain reaction, as well as the quantification of
SOD and MDA after administering blueberries orally (0.6
g/10 g) over 21 d; in the second experiment, the animals
received blueberries over 35 d with the aim of evaluating
cellular immune function and quantifying the percentage
of CD3+, CD4+, and CD8+ T lymphocyte subgroups in
peripheral blood by flow cytometry, as well as the thymus
index and lymphocyte proliferation in the spleen by MTT
tetrazolium-dye assay. The results indicated that treatment
with this fruit significantly increased the expression of
Nrf2, HO-1, and Nqo1, as well as the percentages of the
CD3+ and CD4+ T lymphocyte subsets. It also increased
the spleen index, improving the proliferation of lymphocytes deriving from this organ, increasing hepatic SOD,
and reducing MDA. In conclusion, the authors suggested
that consuming this berry type protected hepatocytes
from OS and could modulate the function of T cells.
As mentioned in the overview, different types of berries are consumed frequently, and among these, the cranberry was the topic of an experiment with the primary
objective of evaluating its antioxidant and hepatoprotective potential against liver mitochondrial damage induced
by acute [0.8 g/kg body weight (bw), single injection]
and chronic (1.6 g/kg bw, 30 d, biweekly injections) CCl4
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intoxication in rats. Both acute and chronic intoxication negatively affected the mitochondrial respiratory
parameters in the liver, and the enzymatic activities of
succinate dehydrogenase, GPx, and cytoplasmic catalase
were significantly inhibited. However, administration of
cranberries (7 mg/kg) was effective in diminishing the
toxic effects of CCl4, normalizing ALAT and ASAT activity and bilirubin concentrations. Similarly, it prevented
accumulation of membrane lipid peroxidation products
in the rat liver, resulting in apparent preservation of the
mitochondrial ultrastructure[33].
It is important to remember that the anthocyanins
and proanthocyanidins are widely available compounds in
fruits, vegetables, and seeds of natural origin. Specifically,
the proanthocyanidins are a class of phenolic compounds
that have demonstrated a broad range of biological effects; therefore, Shin et al[34] investigated the protective effects of these compounds against DMN-induced hepatic
lesions in rats. Treatment with DMN caused significant
increases in the levels of serum ALAT, ASAT, ALP, and
bilirubin, but on administering proanthocyanidins orally
(20 mg/kg daily over 4 wk), these authors observed a
significant reduction in these parameters, as well as the
normalization of serum albumin and total protein levels
and a reduction in the hepatic level of MDA. In contrast, accumulation of DMN-induced collagen, observed
in the histological analysis of Sirius red-stained tissue,
was reduced in rats treated with proanthocyanidins. In
conclusion, the authors’ results demonstrated that these
phenols showed hepatoprotective potential in vivo and antifibrogenic effects against DMN-induced hepatic lesions,
suggesting that the proanthocyanidins (derived from
cranberries, as well as from other fruits) could be useful
in the prevention of hepatic fibrosis.
Grape (Vitis vinifera L)
Overview: The grape (the scientific name of which is
Vitis vinifera) is a woody climbing plant that, when growing in its free state, can reach up to 30 m; however, due
to the human action of annual pruning, it often remains
reduced to a small, 1-m shrub. The grape is a fruit of the
vine, it is edible, and it is the raw material for the manufacture of wine and other alcoholic beverages. Viticulture
began in Asia and Southeastern Europe, and as a result
of this development, the grape is an indispensable element in the feeding of humans, and its cultivation has
extended to the American and African continents. There
are approximately 3000 varieties of grapes in the world,
although not all of these are equally appreciated. According to their final use, grapes are classified into two large
groups: (1) those designated for consumption with meals
(table grapes); and (2) wine grapes, which are employed
for the creation of wine[35,36]. The leaves, as well as the
fruit, are a stupendous source of vitamins and minerals
and other active ingredients (Table 1); medicinal properties have been attributed to these components, which
is why some authors have considered the grape to be a
drug-food[37,38]. From the different parts of this plant,
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Table 1 Main active ingredients of the grape
Active ingredient Compounds
Carbohydrates
Vitamins
Beta-carotene
Tannins
Minerals
Flavonoids

Glucose, fructose, sacarose,
dextrose, yeast, and levulose
Vitamin C and vitamin B6
Vitamin A
Resveratrol
Potassium, magnesium, calcium, sulfur, iron, and
manganese
Quercetin

particularly from the fruit, different preparations have
been obtained that have been used in popular and traditional medicine, highlighting laxative, astringent, diuretic,
cicatrisant, immunological stimulant, anti-inflammatory,
and hypocholesterolemic activities, as well as chemopreventive activity against cardiovascular disease and some
cancers (mainly prostate and colon)[39,40].
Hepatoprotective evidence for the grape and its phy
tochemicals: Diverse studies have shown that grape
juice and grape seeds (GS) are rich sources of flavonoids,
such as catechins, epicatechins, anthocyanidins, proanthocyanidins, and resveratrol[39,40], compounds, which, similar
to the fruit and juice, have aroused great interest due to
their biological effects. The first studies on hepatoprotection conducted on grapes were focused on the analysis
of the antioxidant capacity of the skin and seed using
TBARS testing in laboratory animals intoxicated with
alcohol. The experimental design, developed by Peruvian
scientists of the Universidad Nacional Mayor de San
Marcos, consisted of comparing a group of animals that
freely consumed a triturated and dry mixture of grape
skin-seeds, which they ingested from a drinking fountain
in a 5% alcohol solution, against two experimental lots of
animals treated only with 5% alcohol (positive control) or
with the dry mixture of grape seeds. The evaluation of
hepatic tissue to measure OS levels consisted of extracting the animals’ livers, weighing them, evaluating them
for hepatomegaly, and analyzing their lipoperoxidation
by means of TBARS at 24, 48, and 72 h, as well as later,
on days 5 and 7 of treatment. Their results showed that
hepatomegaly presented from 24 h (36.68% increase in
hepatic mass) in the alcohol group, which was less than in
the skin-seeds lot. A very similar phenomenon was seen
with the TBARS test, and additionally, the skin-seeds plus
alcohol group exhibited a reduction in this parameter as
the treatment time advanced, obtaining the best protection on days 5 and 7[39]. These results motivated further
exploration in this field of study; thus, in 2008, the antioxidant activity of two different types of grape was
investigated (the juice of the organic purple grape and
the juice of the conventional purple grape). The antioxidant activity of both juices was evaluated using an animal
model of three groups: control, organic, and conventional. After 30 d, the animals were sacrificed, and their blood
and livers were recovered to evaluate lipid peroxidation
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levels (TBARS assay), protein oxidative levels (carbonyl
assay), and CAT and superoxide dismutase (SOD) activities. The group treated with organic grape juice exhibited
the highest SOD and CAT activity in the plasma and liver, compared with the conventional and control groups.
Both types of juice were capable of reducing carbonyl
and lipid peroxidation levels in the plasma and liver.
However, in the plasma, the organic group showed lower
carbonyl and TBARS levels, compared to the conventional grape juice group. This finding demonstrated that
the ingestion of black grape juice, especially of organic
juice, induced better antioxidant effects compared with
conventional juice and that this difference could be an
important problem for future investigations in the area
of functional biochemical foods. Similarly, secondary data
from this same investigation showed that in plasma, there
was a positive correlation among SOD and CAT activities, resveratrol, and the content of anthocyanins; thus, it
was suggested that these polyphenols could be, at least in
part, responsible for this increase in antioxidant defense
and protection against alcohol[41].
In a study recently performed by Dogan and Celik[42], the authors evaluated the hepatoprotective effects
and antioxidant role of GS against ethanol-induced OS
by measuring the liver damage serum marker enzymes
ASAT, ALAT, GGT, and LDH and antioxidant defense
systems, such as GSH, GRx, SOD, GST, GPx, and MDA,
in rats. The results that the authors obtained from the
four experimental groups [Ⅰ (control), Ⅱ (20% ethanol),
Ⅲ (15% GS), and Ⅳ (20% ethanol + 15% GS)] indicated
that the levels of serum marker enzymes were significantly increased in the ethanol-treated group (Ⅱ) compared
with group Ⅰ and that this level notably decreased with
both compounds (group Ⅳ). Additionally, they observed
that administration of GS-supplemented food restored
ethanol-induced MDA, which was increased to near the
control level. These results newly confirmed that GS, as
well as grape juice, could be an important antioxidant
supplement in the diet for the prevention of oxidative
damage to tissues, by reducing lipoperoxidation or inhibiting the production of ethanol-induced free radicals.
With regard to the grape’s phytochemicals, resveratrol has been the most studied of these compounds as a
possible hepatoprotective agent. In this regard, there has
been evidence that resveratrol exerts a protective effect
by controlling chronic intoxication due to ethanol[43] and
by reducing the damage caused by hepatocarcinogens,
such as azoxymethane (AOM)[44]. In the first study, the
authors evaluated whether a dietary supplement of resveratrol could attenuate lipid peroxidation, the result of
oxidative damage induced by the chronic administration
of 35% ethanol. The results that the authors obtained
after daily intraperitoneal (ip) administration of ethanol
for 6 wk were that MDA levels increased in liver, heart,
brain, and testicles. However, when the animals were
treated with ethanol plus resveratrol (5 g/kg), the increase
in MDA levels was significantly reduced in all of the organs. Based on these results, the authors concluded that
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this tannin was capable of inhibiting ethanol-induced
lipoperoxidation, and it exerted a protective effect against
oxidative damage. Very likely with the aim of confirming
these results, Gürocak et al[44] conducted a new study, the
principal objective of which was to evaluate whether resveratrol could protect liver tissues against the effects of
AOM, a chemical carcinogen that causes de novo hepatic
damage. Their study was organized into four groups, each
of which consisted of seven rats; group 1 only received
AOM (twice weekly, 5 mg/kg); group 2 was treated with
AOM plus resveratrol (twice weekly, 20 mg/kg); group
3 was considered the control group; and the animals in
group 4 were administered resveratrol alone. At the end
of the seven week, the animals were sacrificed to perform
a biochemical analysis of MDA, nitric oxide (NO), and
GSH levels in the liver. In general, it was found that the
group concomitantly administered resveratrol had significantly reduced MDA and NO levels and that they had
increased GSH, resulting in the new conclusion that this
tannin most likely could exert protective effects against
the oxidative damage caused by chemical carcinogens,
including AOM.

HEPATOPROTECTIVE PLANTS
Nopal (Cactus pear) and tuna (Cactus pear fruit) “Opuntia
ficus-indica”
Overview: Plants of the genus Opuntia are the most
abundant of the Cactaceae family, which is cultivated
throughout the American continent, as well as in the
central zone of the Mediterranean, Europe, Asia, Africa,
and Australia. The majority of Opuntia spp. present flat
stems called pencas or cladodes (paddles), and the most
common variety is the cactus pear (nopal)[45]. The fruits of
this plant [called cactus pear fruits (tunas) or prickly pear
fruits] are oval berries with a large number of seeds and
a semihard bark containing thorns, and they are grouped
by their different colors (red, purple, orange/yellow, and
white). Generally, fruit with white pulp and green skin
is preferred for consumption as food, and its domestic
production corresponds to nearly 95% of the total production worldwide. Mexico is the primary producer of
cactus pear fruits, representing more than 45% of world
production; however, only 1.5% of this production is
exported[45]. Cactus pear fruit, as well as prickly pear fruit,
has been employed for a long time in traditional medicine
as a treatment for different pathologies, such as ulcers,
dyspnea, and glaucoma, as well as for liver diseases,
wounds, and fatigue[45,46].
Different studies performed in European and Asiatic
prickly pear varieties have demonstrated antioxidant activities, with significant reductions in OS in patients and
prevention of chronic pathologies[45]. Some preparations
of the fleshy stems (cladodes) have been tested for the
treatment of the symptomatology of diabetes in humans
and in animal models[47-49]. Some authors have also reported that the fresh stems and the prickly pear are good
sources of fiber and that these materials also reduce
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blood sugar and cholesterol levels in the plasma[50,51]. The
prickly pear fruit can be considered a functional food,
which is a property that has been attributed to its bioactive compounds, such as vitamin C and vitamin E, polyphenols, carotenoids, flavonoid compounds (for example,
kaempherol, quercetin, and isorhamnetin), taurine, and
pigments[45,52-54]. The betalains are water-soluble pigments.
Two betalainic derivatives are present in prickly pears:
betacyanin, responsible for its purplish-red color; and
betaxanthine, responsible for its yellowish-orange color.
These pigments have demonstrated beneficial effects
in the redox-regulated pathways implicated in cellular
growth and inflammation, and no toxic effects have been
observed in humans[45,55,56].
Hepatoprotective evidence for Opuntia ficus -indica:
Despite the diverse therapeutic uses that, for many years,
have been attributed to plants of the genus Opuntia,
prickly pear and cactus pear fruits (tunas) were ignored
by the scientific world until the beginning of the 1980s,
when they started to receive attention, and different
investigations and symposia were initiated, resulting in
publications, books, and book chapters. However, the
scientific research into the hepatoprotective capacity of
this food continues to be insufficient[57]. The first scientific evidence for the use of Opuntia ficus-indica against
hepatotoxic substances was described by Wiese et al[58],
who reported that this cactaceous species was useful for
reducing the symptoms of hangovers after consuming
alcohol in excess. Their data indicated that the severity of
the hangover produced by alcohol consumption might be
caused by inflammation induced by the impurities in beverages or by alcoholic metabolism subproducts and that
an extract of Opuntia ficus-indica could diminish nausea,
dry mouth, and anorexia, which are characteristic signs
of alcoholic hangovers in humans.
Years later, Ncibi et al[59] demonstrated that an extract
of Opuntia ficus-indica cladodes (CCE) could reduce the
hepatic toxicity of the organophosphorous insecticide
chlorpyrifos (CPF), which was a conclusion that these
authors obtained in observing whether combining CPF
plus CCE could significantly normalize biochemical parameters, such as ALAT, ASAT, ALP, LDH, cholesterol,
and albumin, in contrast with animals treated with the
pesticide alone, in which the biochemical parameters
were notably affected. In more recent years, investigations developed by the el Hassen Bacha scientific group
explored the hepatoprotective effects of a CCE against
two compounds with hepatocarcinogenic capacity in
Balb/C mice: benzo(a)pyrene [B(a)P][60] and aflatoxin B1
(AFB1)[61]. In both studies, it was observed that the two
carcinogens significantly altered markers of oxidative
stress, such as MDA level and CAT activity, and increased
of the expression of heat shock proteins (Hsp 70 and
Hsp 27). In addition, they induced fragmentation of
the DNA in the liver and chromosomal aberrations in
bone marrow cells, increased the expression of the bcl2
antiapoptotic proteins, and decreased the expression of
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Table 2 Main components of the essential oil of chamomile
Component

RT

(E)-β-farnecene
Germacrene-D
Unidentified sesquiterpene
Unidentified sesquiterpene
(Z,E)-α-farnecene
Unidentified sesquiterpene
α-bisabolol oxide A
α-bisabolol oxide B
α-bisabolol oxide
α-bisabolol
Chamazulene
1,6-dioxaspiro[4,4]non-3-ene,2-(2,4
hexadyn-1-ylidene)
Hexatriacontane

a

Area in the plant

38.46
39.23
40.07
41.17
41.35
48.52
54.46
49.28
50.65
51.18
52.80

28.17%
2.19%
1.40%
0.78%
1.59%
0.71%
41.77%
4.31%
5.30%
2.31%
2.39%

60.73

2.19%

67.49

0.50%

RTa: Retention time obtained with gas chromatography.

bax. Additionally, the authors proved that the treatment
with CCE prior to or after treatment with B(a)P or AFB1
resulted in a total reduction in oxidative damage induced
in all of the markers tested, and they demonstrated that
CCE had an antigenotoxic effect by reducing the damage to the genetic material of the liver and to the bone
marrow caused by both toxins. Similarly, it was observed
that CCE was capable of inhibiting the toxic effects
of B(a)P and/or AFB1 by differential modulation of
the expression of p53, which increased in its associated
genes, such as bax and bcl2. Based on these results, the
scientific group concluded that the cactus cladode extract
was effective in protecting against the dangers of both
carcinogens and suggested that Opuntia ficus-indica could
be considered a plant with hepatoprotective capacity.
Due to the majority of the studies available in the literature, including those previously mentioned, being centered on analysis of the extracts of the fruit, the nopal
or the cladodes and these generally being consumed as
fresh fruit or juice and, to a lesser degree, as dried fruits,
candies, jams, jellies, and/or wines, an experiment was
undertaken in 2012 with the aim of investigating the effects of Opuntia ficus-indica f. inermes prickly pear juice (PPJ)
against ethanol-induced liver injury in rats. Chronic ethanol administration (3 g/kg bw) over 90 d in Wistar rats
significantly increased liver lipid and protein oxidation,
reduced glutathione (GSH) content and the activities of
liver antioxidant enzymes, such as SOD, CAT, and GPx,
and conversely elevated liver injury biochemical markers,
such as ASAT, ALAT, ALP, GGT, LDH, cholesterol, and
TGs, thereby causing severe histopathologic injury. In
contrast, pre-treatment of ethanol-fed rats with PPJ (20
and 40 mL/kg bw, orally) interestingly reduced liver lipid
and protein oxidation, decreased histopathologic lesions,
and inhibited alterations in antioxidant enzymes and the
release of biochemical markers. The hepatoprotective effects of PPJ could be due to its capacity to end free radical chain reactions or to enhance endogenous antioxidant
activities[62].
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Chamomile (Matricaria chamomilla or Chamomilla
recutita)
Overview: While there is an extensive literature suggesting health benefits associated with drinking teas prepared with Camilla sinensis (i.e., black and green teas)[63],
evidence-based information regarding the effects of the
majority of herbal teas, or tisanes, has been quite limited.
One of the most commonly consumed single-ingredient
herbal teas is chamomile[64].
Chamomile (Matricaria chamomilla or Chamomilla recutita) is an Asteraceae plant native to Europe, and it is
distributed throughout the world, except in tropical and
polar regions. This plant has been used for its curative
properties since the ancient Egyptian and Greek civilizations, and it currently is frequently used as an antiseptic,
antiphlogistic, diuretic, expectorant, febrifuge, sedative,
anti-inflammatory, and anticarcinogenic[18]. The pharmacological activities of various components of the plant
have been reported, for example, the anti-inflammatory
capacity and the modulating effects of Hsp on apigenin
and quercetin flavonoids, as well as the anti-inflammatory, antioxidant, and antiseptic activities detected in
[18,65,66]
. The
α-bisabolol, guargazulene, and chamazulene
essential oil extracted from the chamomile flower ranges
from 0.42% to 2% and consists of compounds such as
bisabolol, chamazulene, cyclic sesquiterpenes, bisabolol
oxides, and other azulenes and terpenes[18,67].
Madrigal-Bujaidar et al[68] conducted an investigation
with the primary purpose of evaluating the chemoprotective capacity of chamomile. These authors determined
the inhibitory effect of three doses of chamomile essential oil (CEO) on the sister chromatid exchanges (SCE)
produced by daunorubicin and methyl methanesulfonate
in mouse bone marrow cells. Initially, the authors obtained the CEO from flowers of Chamomilla recutita by
steam distillation, and then they analyzed this oil by gas
chromatography to identify the chemical species. Thirteen compounds were determined with this assay, including bisabolol and its oxides, β-farnecene, chamazulene,
germacrene, and sesquiterpenes (Table 2). In general,
the results indicated dose-dependent inhibition of SCE
formed by both mutagens and that its antioxidant capacity could induce this effect. This study, in addition to
others that have provided evidence for its spectrum of
biological activities, as well as the more than 100 components identified to date, promote chamomile as an ideal
candidate for possessing hepatoprotective capacity.
Hepatoprotective evidence for chamomile and its
phytochemicals: As mentioned in the general comments, chamomile is one of the most popular teas in the
world, consumed as a sole herbal ingredient, or tisane,
and it has been utilized traditionally with medicinal aims.
It has been studied by a great number of investigators
with the purpose of fully demonstrating its therapeutic
potential. With regard to its gastroprotective potential,
this property began to be explored in the 1980s, when
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the antispasmodic effects were analyzed of different
preparations of chamomile in isolated guinea-pig ileum.
In agreement with Achterrath-Tuckermann et al[69], the
compounds contained in aqueous and oil extracts of the
plant were effective antispasmodics in this experimental
model. In comparison with papaverine, a smooth muscle
relaxant drug, α-bisabolol was 91% as effective in barium
chlorate-induced spasms, while bisabolol A and B oxides
were 46%-50% effective. Utilizing the same experimental
model, the effectiveness of an ethanolic extract of chamomile in histamine- and acetylcholine-induced spasms. At
2.5- and 10-mL/L doses (of a 31% w/w solution), the
chamomile extract shifted to the right the dose response
curves of both acetylcholine and histamine, reflecting an
increase in their median effective doses, compared with
an ethanol control solution. Atropine (7.0 μg/L) similarly
shifted the dose response curves, but unlike chamomile,
this antispasmodic drug was unable to decrease the maximal contraction in response to either acetylcholine or histamine. In rats, both apigenin and α-bisabolol inhibited
the development of gastric ulcers induced by indomethacin, stress, and alcohol[67].
Similar to black or green tea, chamomile tea demonstrated that it could modulate the activity of hepatic cytochrome P450. Maliakal et al[70] provided Wistar rats with
free access to a solution of 2% chamomile tea over 4 wk,
finding that CYP1A2 isoform activity was 39% lower in
the control group, which received only water. Based on
these data, Gupta et al[71] evaluated the hepatoprotective
activity of an aqueous ethanolic extract of Chamomile recutita capitula against PCM-induced damage in albino rats.
To determine this protection and to ascertain the possible
mechanism of action, the extract was evaluated via blood
and liver glutathione, Na+ K+-ATPase activity, serum
marker enzymes, bilirubin, glycogen, and TBARS assay.
Their results confirmed that the chamomile extract had
reversal effects on the levels of the above-mentioned parameters of paracetamol hepatotoxicity, and the authors
concluded that the extract served as a hepatoprotective
agent and that this hepatoprotective activity of chamomile might be due to the normalization of impaired
membrane function activity. Because paracetamol (PCM)
is not the only hepatotoxic compound to which humans
have free access, Al-Hashem (2010) investigated the gas
troprotective effects of an orally administered aqueous
extract of Chamomilla recutita (ACE) against ethanolinduced gastric ulcers in male Wistar rats, which were
organized into five experimental lots: one group was
treated with deionized water alone (control group), and
four groups received 0, 0.5, 1.0, and 2.0 g/kg ACE, respectively, for 27 d. Stomach ulcerations were induced by
orally administering a single dose of 70% ethanol on day
28. Lesions in the gastric mucosa were examined macroscopically to calculate the ulcer index (UI) and the estimated GSH for each animal. On comparing the control
group with the remainder of the experimental lots, it was
observed that the UI was significantly reduced in a dosedependent manner. In contrast, GSH levels decreased
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after treatment with ethanol, and this reduction was
impeded by treatment with ACE, principally at the highest dose (2.0 g/kg). Histological examination revealed
that ACE treatment alleviated, or completely resolved,
ethanol-induced degenerative alterations, including disorganization of cell nuclei and gland morphology with erosion in the gastric mucosa, and it interrupted muscularis
mucosa. In conclusion, this study provided evidence for
the regulation of ACE-mediated gastroprotection against
ethanol-induced ulceration by GSH[72]. Finally, a study
that evaluated another extract of Matricaria chamomilla L.
on lipid peroxidation and antioxidant enzyme systems
(ASAT, ALAT, MDA, SOD, GSH levels, GPx, and CAT)
in rats treated with CCl4 for 14 d, demonstrating that depending on the dose of the extract administered (50, 100,
and 200 mg/kg), the extract reduced the damage induced
by CCl4 and oxidative stress, thereby positively modifying
the antioxidant system[73].
Silymarin (Silybum marianum)
Overview: Silybum marianum is the scientific name for
milk thistle (Mt) or St. Mary’s thistle. It is a plant that
is native to the Mediterranean region and that belongs
to the Asteraceae family. It is characterized by thorny
branches, milky sap, and oval leaves that reach up to
30 cm; its flowers are bright pink and can measure up
to 8 cm in diameter[18,74]. Milk thistle (Mt) grows in its
wild form in southern Europe, North Africa, and in the
Middle East, but it is cultivated in Hungary, China, and in
South American countries, such as Argentina, Venezuela,
and Ecuador. In Mexico, it has been consumed as a food
supplement for many years[18,75].
In the 1960s, German scientists performed a chemical
investigation of the milk thistle fruit, isolating a crude extract formed by active compounds with hepatoprotective
capacity; this group of compounds was called silymarin.
In 1975, it was found that the main components of silymarin were silybin A, silybin B, isosilybin A, isosilybin B,
silychristine A, silychristine B, and silydianine[18,76]. Currently, it is known that the chemical constituents of silymarin are flavonolignans, i.e., a combination composed
of flavonoids and lignin structures[18,77].
Mt is one of the most investigated plant extracts,
with known mechanisms of action for oral treatment of
toxic liver damage. Silymarin has been used as a protective treatment in acute and chronic liver diseases[18,78]. Its
protective capacity is related to different mechanisms,
such as suppressing toxin penetration into hepatic cells,
increasing SOD activity, increasing the glutathione tissue
level, inhibiting lipid peroxidation, and enhancing hepatocyte protein synthesis. The hepatoprotective activity of
silymarin can be explained based on its antioxidant properties due to the phenolic nature of its flavonolignans.
It also acts by stimulating liver cell regeneration and cell
membrane stabilization to prevent hepatotoxic agents
from entering hepatocytes[18,79]. Silymarin has also been
beneficial for reducing the chances for developing certain cancers[18,80]. The molecular targets of silymarin for
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cancer prevention have been studied. Mt interferes with
the expression of cell cycle regulators and of proteins
involved in apoptosis to modulate the imbalance between
cell survival. These compounds and two other related
analogs present in extremely minute quantities were
evaluated for antiproliferative/cytotoxic activity against
human prostate cancer cell lines. Isosilybin B exhibited
the most potent activity[18,79]. The isolation of six isomers
afforded a preliminary analysis of the structure-activity
relationship in terms of prostate cancer prevention. The
results suggested that an ortho relationship for the hydroxyl and methoxy substituents in silybin A, silybin B,
isosilybin A, and isosilybin B was more favorable than a
meta relationship for the same substituents in the minor
flavonolignans. Silymarin suppressed ultraviolet A (UVA)induced oxidative stress, which can induce skin damage.
Therefore, topical application of silymarin could be a
useful strategy for protection against skin cancer[18,80,81].
Hepatoprotective evidence of silymarin: As previously noted, silymarin is one of the most investigated
plant extracts, with known mechanisms of action for oral
treatment of toxic liver damage[82]. Silymarin has been
employed as a protective treatment in acute and chronic
liver diseases[83]. In addition, it supports liver cells through
multifactorial action, including binding to cell membranes to suppress toxin penetration into hepatic cells,
increasing SOD activity[79], increasing glutathione tissue
levels[84], inhibiting lipid peroxidation[85,86], and enhancing
hepatocyte protein synthesis[87]. The hepatoprotective
activity of silymarin can be explained by its antioxidant
properties deriving from the phenolic nature of flavonolignans. It also acts by stimulating liver cell regeneration
and cell membrane stabilization to prevent hepatotoxic
agents from entering hepatocytes[88]. It has been shown
that flavonolignans inhibited leukotriene production; this
inhibition explains the anti-inflammatory and antifibrotic
activity of flavonolignans[89].
Due to the large number of studies that have demonstrated its hepatoprotective activity and the insufficient
space in this review to analyze all of them, we will focus
on those investigations in which the combination of silymarin with other compounds has been explored. One
of these studies had as its objective the investigation of
silymarin, and misoprostol or the co-administration of
both against CCl4-induced hepatic lesion in rats. Misoprostol (MSP) at 10, 100, and 1000 μg/kg, silymarin (25
mg/kg) and the combination of MSP (100 μg/kg) +
silymarin (25 mg/kg) were orally administered once daily
simultaneously with CCl4 over 15 d. The authors’ results
showed that MSP (at all of the doses) exhibited significant protection against the hepatotoxic activity of CCl4 in
the rats, observing reductions in serum ALAT levels of
24.7%, 42.6%, and 49.4%, in comparison to the control
group. MSP at doses of 100 and 1000 μg/kg diminished
ASAT in 28% and 43.6% and ALP in 19.3% and 53.4%,
respectively, while silymarin reduced ALAT, ASAT, and
ALP levels, in 62.7%, 66.1%, and 65.1%, respectively. In
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contrast, co-administration of both compounds resulted
in reductions of 61.4%, 66.1%, and 57.5% in ALAT,
ASAT, and ALP levels, respectively.
Histopathological alterations and depletion of hepatocyte glycogen and DNA content by CCl4 were markedly reduced after treatment with MSP, silymarin, or the
combination thereof. Image analysis of liver specimens
revealed a marked reduction in liver necrosis, with areas
of damage of 32.4%, 24%, and 10.2% after MSP (10,
100, or 1000 μg/kg), of 7.2% after silymarin, and of
10.9% after treatment with both compounds, compared
with the CCl4 control group (46.7%). These results indicate that treatment with MSP and silymarin protected
against CCl4-induced hepatocellular necrosis. In general,
this study suggests that the combination of both compounds demonstrated therapeutic potential for reducing
hepatic damage[90].
Another study that has also attracted attention was
performed by Kim et al[91], who evaluated the protective
effects of a mixture of Aloe vera and Silybum marianum
(the ACTIValoe N-931 complex) against CCl4-induced
acute hepatotoxicity and liver fibrosis. Acute hepatotoxicity was induced by an ip injection of CCl4 (50 μL/kg),
and ACTIValoe complex N-931 was administered orally,
at doses of 85, 170, and 340 mg/kg, at 48, 24, and 2 h
before and 6 h after the injection of CCl4. Hepatic fibrosis was induced by an ip injection of CCl4 over 8 wk (0.5
mL/kg, twice weekly), and the mice were treated with
the ACTIValoe N-931 complex at the same doses once
daily. In acute hepatotoxicity, as well as in hepatic fibrosis, serum aminotransferase and lipid peroxidation levels
increased, while the hepatic glutathione content was observed as diminished. These changes were impeded by
the ACTIValoe N-931 complex, because it attenuated the
tumor necrosis factor-α (TNF-alpha) levels in nitric oxide
synthase, in cyclooxygenase 2 and in the expression of
messenger RNA (mRNA) involved in acute hepatotoxicity. In antifibrotic experiments, tissue inhibitor of metalloprotease-1 mRNA expression was attenuated by treatment with the complex. Similarly, hepatic hydroxyproline
content and transforming growth factor-beta 1 levels
decreased. In summary, these results suggested that the
mixture of Aloe vera and Silybum marianum had hepatoprotective effects against chronic and acute lesions induced
by the organochlorine (OC) compound.
More recently, a study in which two plants extracts
were combined, namely Ginkgo biloba (employed for
centuries because of its therapeutic action, especially
by Chinese traditional medicine) and Silybum marianum,
demonstrated that this combination could increase chemoprevention against hepatocarcinogenesis induced by
N-nitrosodiethyl-amine (NDEA) through its antioxidant
properties and its antigenotoxic and antiangiogenic activity. El Mesallamy et al[92] evaluated these activates after
organizing male Wistar albino rats into six experimental
groups, which included: a control lot; a second group in
which NDEA was administered intragastrically (ig) at a
10-mg/kg dose five times weekly over 12 wk to induce
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hepatocellular carcinoma (HCC); two groups (3 and 4)
pre-treated with silymarin and Ginkgo biloba, respectively;
and finally, two lots (5 and 6) of animals post-treated
with each of the extracts. The parameters investigated in
the serum were ALAT, ASAT, GGT, and vascular endothelial growth factor (VEGF), while the parameters investigated in hepatic tissue were MDA, GSH, SOD, GPx,
GRx, and the Comet assay. On finalizing the experiment,
the authors determined that in the NDEA group, the
MDA level was elevated, with a subsequent decrease in
the GSH level and in the SOD, GPx, and GRx activities.
In addition, the NDEA group revealed a significant increase in serum ALAT, ASAT, and GGT levels and in the
VEGF level. Furthermore, NDEA-administered animals
showed a marked increase in Comet assay parameters.
These biochemical alterations induced by NDEA were
confirmed by histopathological examination of rat livers
intoxicated with NDEA, which disclosed obvious cellular damage and well-differentiated HCC. In contrast,
the silymarin + NDEA-treated groups (3 and 5) and the
Ginkgo biloba + NDEA-treated groups (4 and 6) exhibited
a significant decrease in MDA levels and a significant
increase in GSH content and in SOD, GPx, and GRx
activities, compared with the NDEA group. Silymarin
and/or Ginkgo biloba also beneficially downregulated the
increases in serum ALAT, ASAT, and GGT activities and
in the VEGF level induced by NDEA. In addition, both
extracts significantly decreased Comet assay parameters
and induced an improvement in liver architecture.
Blue green algae spirulina (Spirulina maxima, Spirulina
platensis, and Spirulina fusiformis)
Overview: Spirulina is a microscopic blue-green filamentous alga that floats freely; it grows in fresh water, as well
as in alkaline salt water. It is a cyanobacterium belonging
to the class Cyanophyceae and the order Oscillatoriales.
It is an organism with the capacity to store different
bioactive molecules, among which are the following: (1)
proteins (60%-65% dry weight) with essential amino acids; (2) polyunsaturated fatty acids, such as linoleic acid;
(3) vitamins (B12 and E); (4) polysaccharides; (5) minerals
(Na, K, Ca, Fe, Mn, and Se); and (6) pigments (chlorophyll,
c-phycocyanin, allophycocyanin, β-carotene, lutein, and
zeaxanthin). Generally, the content of the compounds
varies in species-to-species proportions, but the phytochemicals that are always present in their biomass are
c-phycocyanin (with a content of 12.6% in dry spirulina)
and high percentages of dietary zeaxanthin[93].
Spirulina is the sole blue-green alga that is cultivated
commercially for food use; there are various species, but
those of the greatest commercial importance are Spirulina
maxima, Spirulina platensis, and Spirulina fusiformis[93]. Spirulina has been consumed for centuries in many parts of the
world, ranking from the Aztec civilization in Latin America to the tribes that inhabit the Lake Chad region of
central Africa. In 1996, the United Nations World Health
Organization declared spirulina the best food for the future, and it has gained in popularity as a food supplement
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in recent years thanks to its high content of proteins
and natural vitamins[94]. Throughout its long history of
use as a food and as a result of contemporary scientific
discoveries, spirulina is considered safe for human consumption; thus, it has become an important ingredient in
many nutraceutical formulations[93-95]. Currently, there is
varying scientific evidence for its biological effects against
health problems. In summary, the results indicated that
it was antioxidant, anti-inflammatory, hypolipemic, antihypertensive, antidiabetic, antimicrobial, neuroprotective,
antianemic, immunostimulant, and anticarcinogenic and a
hepatoprotector.
Hepatoprotective evidence for spirulina: It is curious that, despite spirulina having been consumed for
centuries, studies that have demonstrated its hepatoprotective effects began only in this century, specifically in
2005, when carotenoids were extracted from a mixture
of hexane alcohol:isopropyl alcohol (1:1 vol/vol) in two
microalgae, among these S. platensis. These carotenoids
were mixed with olive oil and were administered orally
to Wistar rats at a dose of 100 µg/kg bw/d (in terms of
carotenoids). The degree of hepatoprotection was measured by means of estimating biochemical parameters,
such as serum transaminases [serum glutamate oxaloacetate transaminase (GOT) and serum glutamate pyruvate
transaminase (GPT)], serum ALP, total albumin, and total
protein. The results were compared with those of a control group, a CCl4-induced hepatic damage group, and a
group treated with synthetic β-carotene at the same dose.
The protein content of the CCl4-treated group, which
received a normal diet, showed a significant decrease (3.92
mg/mL), while the carotenoids from spirulina raised this
value to 6.32 mg/mL. The CCl4-treated group showed
higher transaminase activity (128.68 units/mL GPT and
171.52 units/mL GOT). However, the activity of GPT
was 76.83 units/mL with spirulina. For serum ALP, the
standard beta-carotene value was 81.52 units/mL, compared with 84.46 units/mL for the CCl4-treated group;
however, natural algal carotenoids yielded 44.73 units/
mL. Similarly, the authors observed this same decrease
in the parameter corresponding to total albumin. In
summary, their results indicated that the carotenoids derived from spirulina had greater antihepatotoxic effects,
compared to synthetic beta-carotene[96]. Later, Kuriakose
et al[97] evaluated the hepatoprotector effect of an ethanolic extract of Spirulina lonar (EESLO) on the damage
produced by paracetamol (PCM) in rats. These scientists
considered analyzing this extract due a in vitro prior study
having found better antioxidant activity compared to
methanolic and aqueous extracts. As in other studies, the
authors evaluated parameters such as the degree of lipid
peroxidation (TBARS), antioxidant enzymes (SOD, CAT,
GPx, and GST) and the activity of ASAT and ALAT,
which tends to be altered by high doses of PCM. In general, these indicators of hepatic damage recovered, and
consequently, the results suggested that EESLO could
act as a hepatoprotective agent and that its mechanism of
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action was related to antioxidant phenomena.
These findings motivated other investigators to
explore the spectrum of protection, evaluating this
property against other compounds, including mercuric
chloride (HgCl2), cisplatin, and CCl4. In the case of the
first compound, it was found that albino rats treated with
HgCl2 showed significant increases in the levels of blood
hydroperoxide, ASAT, ALAT, ALP, TC, TG, very-lowdensity lipoprotein-cholesterol (VLDL-c), and MDA.
In the same manner, intoxication with mercury induced
pathological alterations in the liver, such as necrosis and
cytoplasmic vacuolization. In contrast, treatment with
S. platensis confirmed that the increases in the previously
mentioned parameters diminished notably; this treatment
attenuated HgCl2-induced hepatotoxicity and modified
lipid profiles through its antioxidant properties[98].
In contrast, these same species of spirulina, combined
with vitamin C and/or administered independently, were
capable of reducing the same hepatic markers that were
altered after treatment with cisplatin. In the same manner, optic microscopy showed that the hepatic lesions
and histopathological abnormalities induced by treatment
with cisplatin were impeded by spirulina and by the combination of vitamin C with spirulina. These data newly
suggested that the protector effect was related to the
antioxidant capacities of the alga and the vitamin[99]. The
most recent study providing hepatoprotective evidence
for spirulina was performed by Kepekçi et al[100], who
believe that phenolic compounds constitute the main secondary metabolites, with high pharmaceutical potential,
and there have been reports that microalgae contain low
amounts of these compounds. These authors decided to
investigate the hepatoprotective potential of the biomass
of S. platensis enriched with phenolic compounds (SP1)
and with large amounts of phenolic compounds (SP2)
against acute CCl4-induced hepatotoxicity in rats. The
increases in ALAT, ASAT, and MDA levels, together
with the decreases in SOD and CAT activities, were significantly improved by SP2. The histopathological examinations revealed that SP2 was more potent than SP1 in
protecting the liver from the toxic lesions caused by CCl4,
although both compounds preserved the hepatocyte
ultrastructure. Lesions including necrosis, lymphocyte infiltration, ballooning degeneration, and hepatocyte injury,
as well as irregular lamellar organization, dilation of the
endoplasmic reticula, and the presence of great numbers
of cytoplasmic vacuolizations, were reversed by SP2.

NATURAL RESIN
Propolis (bee glue)
Overview: Propolis is a resinous substance of natural
origin, gathered by bees from different parts of plants,
shoots, and exudates[101]. Bees utilize it as a sealant for
their hives[102] and to avoid the decomposition of creatures that have been killed by the bees after hive invasions[103]. Chemically, propolis is a lipophilic material
that is hard and fragile when cold but soft, flexible, and
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very sticky when hot, hence the name bee glue. It has an
agreeable aromatic odor, and it varies in color depending
on its origin and maturation[104,105]. The compounds identified in propolis derive from three sources: plant exudate
collected by bees; substances secreted by the metabolism
of the bees; and materials that are introduced during the
creation of the resin[104]. The ethanolic extract of propolis (known as propolis balsam) is the most common, but
there are other solvents used to separate and identify
many of its components. Among the types of chemical
substances found in propolis are waxes, resins, balsams/
balms, aromatic oils, pollen, flavonoids, terpenoids, and
other organic materials (Table 3). The proportions of
these substance are variable and depend on the place and
time the propolis is obtained[104].
Propolis has a long history of being utilized in popular medicine, with its employment dating from at least
300 BC[104,105]; however, over the last decade, it has been
found to possess diverse biological activities, and among
the most prominent is its antioxidant, anti-inflammatory,
antibiotic, and antifungal potential[106]. Recently, propolis
has gained popularity as a health beverage; thus, it has
been widely utilized in foods and drinks, with the aim of
preventing alterations of the heart and chronic degenerative diseases, such as diabetes and cancer[107].
As a consequence of its more than 300 components
identified to date and its broad spectrum of biological
activities, it has been considered a promoter agent for human health and an ideal candidate for possessing hepatoprotector capacity.
Hepatoprotective evidence for propolis: The hepatoprotective effects of Cuban propolis were first examined
González et al[108] in a mouse model of acute hepatotoxicity induced by a high oral dose (600 mg/kg) of PCM;
95% ethanol extract of propolis at ip, at doses of 25, 50,
and 100 mg/kg bw, was found to decrease significantly
both the activity of serum ALAT and the concentration
of reduced GSH in the liver, which was raised by PCM
alone. Propolis extract also reduced liver damage induced
by PCM, as observed by optical, as well as electron microscopic, examination. The ALAT and GSH levels were
65.1 ± 5.36 and 538 ± 0.30, respectively, at a dose of
100 mg/kg bw in the propolis-treated group, compared
with ALAT (89.0 ± 3.77) and GSH levels (3.44 ± 0.47) in
the PCM-treated control group of mice. Later, Remirez
et al[109] further reported the hepatoprotective effects
of Cuban red propolis against acetaminophen (PCM)administered liver injury in mice. The ALAT level was
found to decrease significantly at ip doses of 25, 50, and
100 mg/kg of propolis. Similarly, Czarnecki et al[110] also
found protective effects of lipid flower pollen extract
against PCM-induced hepatotoxicity in mice.
González et al[111] further examined a 95% ethanol
extract of Cuban red propolis on CCl 4-induced liver
injury in rats. Propolis extract at doses of 5, 10, and 25
mg/kg administered ip decreased ALAT and MDA levels
in blood serum. The ALAT level decreased to 34.1 ± 4.2
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Table 3 Major compounds identified in propolis resin
Chemical groups

Compounds

Alcohols
Benzene methanol, cinnamyl alcohol, glycerol, α-glycerol phosphate, hydroquinone, isobutenol, phenethyl alcohol
Aldehydes
Benzaldehyde, caproic aldehyde, p-hydroxybenzaldehyde, isovanillin, vanillin
Aliphatic acids and Acetic acid, angelic acid, butyric acid, crotonic acid, fumaric acid, isobutyric acid, methylbutyric acid, isobutyl acetate, isopentyl
aliphatic esters
acetate
Amino acids
Alanine, β-alanine, α-aminobutyric acid, γ-aminobutyric acid, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, methionine, ornithine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine
Aromatic acids
Benzoic acid, caffeic acid, cinnamic, coumaric, acid, ferulic acid, gallic acid, gentisic acid, hydroxycinnamic acid, p-hydroxybenzoic
acid, isoferulic acid, 4-methoxy cinnamic acid, salicylic acid, vanillic acid
Aromatic esters
Benzyl acetate, benzyl benzoate, benzyl caffeate, benzyl coumarate, benzyl ferulate, benzyl isoferulate, benzyl salicylate, butenyl
caffeate, butyl caffeate, cinnamyl benzoate, cinnamyl caffeate, ethyl benzoate
Chalcones
Alpinetin chalcone, naringenin chalcone, pinobanksin chalcone, pinocembrin chalcone, sakuranetin chalcone
Flavanones
Naringenin, pinobanksin, pinobanksin-3-acetate, pinobanksin-3-butyrate, pinobanksin-3-hexanoate, pinobanksin-3-methyl ether,
pinobanksin-3-pentanoate
Flavones and
Acacetin, apigenin, apigenin-7-methyl ether, galagin, galagin-3-methyl ether, izalpinin, isorhamnetin, kaempferol, quercetin,
flavonols
ramnetin, ramnocitrin
Waxy acids
Arachid acid, behenic acid, cerotic acid, lauric acid, linoleic acid, lignoceric acid, montanic acid, myristic acid, oleic acid, palmitic
acid, stearic acid
Ketones
Acetophenone, dihydroxy-acetophenone, methylacetophenone
Terpenoids and
α-acetoxybetulenol, β-bisabolol, 1,8-cineole, α-copaene, cymene, limonene, styrene, xanthorreol, naphthalene, sesquiterpene
other compounds
alcohol, sesquiterpene diol
Steroids
Calinasterol acetate, b-dihydrofucosterol acetate, ucosterol acetate, stigmasterol acetate
Sugars
Fructofuranose, α-D-glucopyranose, β-D-glucopyranose

U/L in the 10-mg/kg propolis-treated group, compared
with the CCl4-treated control, which had an ALAT level
of 117.7 ± 3.6 U/L. The concentration of TG in the liver in the same experiment was also decreased by propolis
treatment. With regard to histopathological evaluation of
CCl4-induced liver injury in rats, González et al[111] found
a significant reduction in ballooned cells in the livers of
propolis-treated rats (25, 50, and 100 mg/kg bw), compared with the CCl4-treated group.
Similarly, Sharma et al[112] also found decreases in
ALAT and ASAT, which were raised by alcohol or CCl4
(68.39 ± 1.89 and 65.89 ± 0.75 IU/L) to physiological levels (39.33 ± 0.90 and 40.66 ± 0.51 IU/L) by coadministration of propolis. Moreover, Basnet et al[113]
examined the hepatoprotective activity of Brazilian
propolis against CCl4-induced toxicity in rats; water extract (PWE) showed a stronger protective effect than the
corresponding methanol and chloroform extracts when
200-mg/kg propolis extracts were administered orally.
The GOT, GPT, and LDH levels in the blood serum of
CCl4-treated control groups increased to 1132 ± 140,
395 ± 56, and 353 ± 51 U/L, respectively, 24 h after
CCl4 administration. In contrast, in the PWE pre-treated
group, GOT (481 ± 88 U/L), GPT (157 ± 19 U/L), and
LDH (247 ± 28 U/L) were significantly decreased. The
hepatoprotective effect of oral administration of PWE
was also evaluated in a D-GalN/LPS-induced liver injury
model in mice. In the control group, it was observed that
the GPT level rapidly increased to 6901 U/L 8 h after
administration of D-GalN/LPS, while the GPT levels
with 200- and 100-mg/kg doses administered po to PWEtreated groups were 355 and 1204 U/L, respectively.
PWE also showed significant hepatoprotective activity
against CCl4-induced liver cell injury in cultured rat hepatocytes. Fractionation and chemical analysis, guided by
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in vitro hepatoprotective activity (CCl4-induced liver cell
injury in cultured rat hepatocytes), led to the isolation of
four dicaffeoylquinic acid derivatives from PWE, i.e., (1)
methyl 3,4-di-O-affeoylquinate, (2) 3,4-di-O-caffeoylquinic
acid; (3) methyl 4,5-di-O-caffeoylquinate; and (4) 3,5-diO-caffeoylquinic acid. All of these dicaffeoylquinic acid
derivatives possessed significant hepatocyte protective
activity against CCl4-induced cell injury.
In 1999, Sugimoto et al[114] studied the hepatoprotective effect of Brazilian propolis on D-GalN-induced
hepatic injury in rats. When the 95% ethanol extract was
administered orally three times at a dose of 3 or 30 mg/
kg at 18 h and 1 h before and 8 h after DGalN injection,
the propolis extract caused increases in serum ASAT and
ALAT activities induced by D-GalN injection in a dosedependent manner. A significant effect was observed in
mice treated with a dose of 30 mg/kg propolis extract.
Lin et al[115] observed that an ethanol extract of propolis at an oral dose of 10 mg/kg significantly inhibited the
elevations of serum GOT, GPT, and TGs levels in an
alcohol-induced liver injury model in rats. In contrast, in
an in vivo model, Mahran et al[116] observed a dose-dependent hepatoprotective effect of aqueous propolis extract
on isolated rat hepatocytes against CCl4-inducted toxicity
in vitro. Later, Banskota et al[117] examined the hepatocyte
protective effects of nine different propolis samples collected from Brazil, Peru, the Netherlands, and China on
D-GalN/TNF-α-induced cell death in primary cultured
mouse hepatocytes at 200- and 100-μg/mL concentrations. It was observed that nearly all of the methanol
extracts possessed stronger hepatocyte protective effects
than the corresponding water extracts. Moreover, all of
the methanol extracts had significant hepatoprotective
activity both at 100- and 200-μg/mL concentrations,
with the cell survival rate ranging from 49.3% to 117.7%
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sion was that propolis exerted a beneficial influence via
reduction of the hepatotoxic effects of cypermethrin,
suggesting that its protective spectrum was quite broad.
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Figure 1 Structure of (1→-3) beta-glucans with ramifications for (1→-6).

compared with that the controls (35.0%). These finding suggest that the aqueous and alcoholic extracts of
propolis possessed hepatoprotective effects against toxic
compounds, such as CCl4, paracetamol, and D-GalN, as
well as immunologically, in D-GalN/LPS-induced liver
injury models. In the most recent study, this capacity was
explored against a more modern compound, cypermethrin. A pyrethroid pesticide was used preferably, instead
of OC and OP pesticides, due to its high effectiveness,
low toxicity to non-target organisms, and easy biodegradability.
Gomaa et al[118] evaluated the protective effect of
propolis against cypermethrin-provoked hepatic damage
utilizing 50 adult male albino rats that were classified into
four groups as follows: group Ⅰ (control), subdivided
into (1) a negative control, in which 2.0 mL of saline
solution was administered; and (2) a positive control,
which received the same amount but of corn oil; group
Ⅱ, which received cypermethrin (14.5 mg/kg); group Ⅲ,
which was administered propolis (200 mg/kg) dissolved
in saline solution; and finally, group Ⅳ, which received
the pyrethroid pesticide combined with propolis. All of
the compounds were orally administered daily and over 4
wk. At the end, blood samples were obtained to estimate
the hepatic enzyme levels (ALAT, ASAT, and ALP) and
to determine total proteins and levels of albumin, TC,
TGs, and VLDL-c. Later, the animals were sacrificed
to obtain their livers and to quantify the levels of MDA
and antioxidant enzymes (CAT, SOD, and GPx), as well
as for histopathological examination. Their results indicated that cypermethrin induced an increase in the levels
of the hepatic enzymes TC and MDA, while the total
proteins albumin, TGs, and VLDL-c and the antioxidant
enzymes were reduced in comparison with the controls.
Histopathological examination of the livers revealed
congestion of the central and portal veins with hydrotrophic degeneration of the hepatocytes. However, in
contrast, the combined administration of propolis with
cypermethrin induced a significant decrease in the levels
of hepatic enzymes, TC, and MDA, as well as an increase
in the levels of antioxidant enzymes, total proteins, TGs,
and VLDL-c. Moreover, histopathological examination
of the liver revealed apparent improvement in the lesions
induced by the pyrethroid pesticide. The authors’ conclu-
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β -glucans
Overview: Different foods and natural products have
traditionally been accepted as health remedies due to
the popular belief that they cause fewer adverse effects.
Therefore, it is indispensable to determine the beneficial
potentials of these foods and natural products, and well
as to understand the mechanism or mechanisms by which
they exercise this potential.
The β-glucans belong to a group of polysaccharides
that are localized in the intermediate layer of the cell wall
of yeasts, algae, fungi, and some bacteria and cereals (such
as barley and oatmeal)[119,120]. They mainly consist of a
linear central backbone of D-glucose linked in the β (1→
3) position with glucose side branches (linkage β 1→6)
of various sizes (Figure 1), which occur at different intervals along the central backbone. Beta glucans are derived
from cereals that present residues of glucose with β (1→
3) and β (1→4) linkages[120].
In recent years, these polysaccharides have begun to
acquire great economic importance due to their immunological activity; thus, they have been classified as biological response modifiers (BRS). However, this is not the
sole property that they possess because different studies
have shown their antiviral, antiparasitic, antifungal, antimicrobial, antioxidant, antigenotoxic, antitumor, antimutagenic, and anticlastogenic potential[120].
Hepatoprotective evidence for β-glucans: Despite β -
glucans having shown different therapeutic effects, investigations directed toward providing evidence of its hepatoprotective potential have been insufficient because it is
a field of recent study. The first studies were conducted
by Neyrinck et al[121], who evaluated a diet supplemented
with laminarin (LAM), a fermentable marine β (1→3)
glucan, to avoid lipopolysaccharides (LPS)-induced hepatotoxicity (Escherichia coli lipopolysaccharides) through the
modulation of the immune response in hepatic tissue.
Wistar rats were fed a standard diet (control) and/or a
diet supplemented with β (1→3) glucan, extracted from
brown algae over 25 d (5% for 4 d, followed by 10%
for 21 d). At the end of this period, the animals were
administered LPS (10 mg/kg) ip, and after 24 h, they
were sacrificed. The results of these studies showed that
hypothermia, hyperglycemia, and hypertriglyceridemia,
which occurred soon after the administration of LPS,
were less pronounced in rats treated with LAM, compared to the controls. The increases in ALAT, ASAT, and
LDH activity were diminished by the action of treatment
with LAM, and similarly, the latter reduced the number
of serum monocytes, nitrite (NO2), and TNF-alpha. β (1
→3) glucan also modulated intrahepatic immune cells: it
lowered the occurrence of peroxidase-positive cells (cor-
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responding to monocytes/neutrophils) and, in contrast,
increased the number of ED2-positive cells, corresponding to resident hepatic macrophages, i.e., Kupffer cells. In
conclusion, the hepatoprotective effect of marine β (1→
3) glucan during endotoxic shock could be linked to its
immunomodulatory properties, suggesting that lower recruitment of inflammatory cells inside the liver and lower
secretion of inflammatory mediators play important roles
in the hepatoprotective effects of LAM. Thus, these effects could be attributed to a direct effect of β-glucan on
the immune cells or an indirect effect through its dietary
fiber properties.
In contrast, paramylon [a β (1→3)-D-glucan isolated
from Euglena gracilis Z] administered orally in three doses
(500, 1000, and 2000 mg/kg) to rats with previous hepatic lesions induced by ip administration of CCl4 at 50% (2.0
mL/kg of bw) demonstrated that paramylon prevented a
rise in the serum levels of hepatic enzyme markers (GPT
and GOT) and inhibited fatty degeneration and hepatic
necrosis induced by CCl4. Pre-administration of paramylon also reduced the index of hepatic apoptosis and
the enzymatic activity of SOD, CAT, and GPT. These
results demonstrated that paramylon presented protective action through an antioxidant mechanism against the
acute hepatic lesions induced by the organochlorine compound[122].
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CONCLUSION
The present study synthesized the most accurate evidence for the hepatoprotective effects of some fruits and
plants, of a natural resin, and of one of the main polysaccharides present in the cellular wall of yeasts, algae,
and cereals against different toxic compounds that cause
hepatic damage. In the same fashion, the investigations
presented validated the use of fruits and plants in popular medicine to control hepatic damage, considered within the area of chronic degenerative diseases. The plants,
fruits, and compounds described could offer novel alternatives to the limited therapeutic options that exist for
the treatment of liver diseases: thus, these foods should
be considered in future studies. In general, this article
identified and provided evidence of some phytochemicals
with hepatoprotective activity, the principal mechanisms
of action of which were related to their antioxidant potential, a characteristic that should motivate and promote
the search for effective protective agents, which must be
evaluated later in pre-clinical and clinical assays to determine their safety and their chemopreventive capacity.
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Abstract
The intestinal microbiota plays an important role in
inflammatory bowel disease (IBD). The pathogenesis
of IBD involves inappropriate ongoing activation of the
mucosal immune system driven by abnormal intestinal
microbiota in genetically predisposed individuals. However, there are still no definitive microbial pathogens
linked to the onset of IBD. The composition and function of the intestinal microbiota and their metabolites
are indeed disturbed in IBD patients. The special alterations of gut microbiota associated with IBD remain
to be evaluated. The microbial interactions and hostmicrobe immune interactions are still not clarified. Limitations of present probiotic products in IBD are mainly
due to modest clinical efficacy, few available strains and
no standardized administration. Fecal microbiota transplantation (FMT) may restore intestinal microbial ho-
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meostasis, and preliminary data have shown the clinical
efficacy of FMT on refractory IBD or IBD combined with
Clostridium difficile infection. Additionally, synthetic
microbiota transplantation with the defined composition of fecal microbiota is also a promising therapeutic approach for IBD. However, FMT-related barriers,
including the mechanism of restoring gut microbiota,
standardized donor screening, fecal material preparation and administration, and long-term safety should
be resolved. The role of intestinal microbiota and FMT
in IBD should be further investigated by metagenomic
and metatranscriptomic analyses combined with germfree/human flora-associated animals and chemostat gut
models.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Intestinal microbiota; Probiotics; Fecal microbiota transplantation;
Synthetic microbiota transplantation
Core tip: Several lines of evidence strongly support
the link between intestinal microbiota and inflammatory bowel disease (IBD). This review discusses the
potential microbial pathogens, disturbance of intestinal
microbiota, and immune interactions between host and
microbes in IBD. Furthermore, alternative IBD treatment approaches aimed at restoring the disturbed
intestinal microbiota have become a major interest in
recent years. This article also reviews the present literature concerning the clinical use of probiotics, especially fecal microbiota transplantation and its barriers,
and future directions in the management of IBD.
Wang ZK, Yang YS, Chen Y, Yuan J, Sun G, Peng LH. Intestinal
microbiota pathogenesis and fecal microbiota transplantation
for inflammatory bowel disease. World J Gastroenterol 2014;
20(40): 14805-14820 Available from: URL: http://www.wjgnet.
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org/10.3748/wjg.v20.i40.14805
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INTRODUCTION
Inflammatory bowel disease (IBD), including ulcerative
colitis (UC) and Crohn’s disease (CD), is a chronic relapsing nonspecific inflammatory disorder of the gastrointestinal (GI) tract. The etiology of IBD is unknown.
Contributing factors to the pathogenesis of IBD include
disturbance of the intestinal microbiota and its metabolites, the host’s genetic susceptibility, and the host’s innate and acquired immunity[1,2]. Many studies based on
metagenomics have profiled the normal patterns of the
human intestinal commensal microbiota. For example,
3.3 million microbial genes, up to 10 bacterial phyla, and
> 1000 bacterial species (> 90% species belong to the
phyla Bacteroidetes and Firmicutes) have been identified in
the human intestine[2,3]. Commensal fungi and viruses
have also been detected in the human gut[2,4]. Several lines
of evidence strongly support the link between intestinal
microbiota and IBD such as: (1) animal studies confirm
that intestinal microbiota has an essential role in the
pathogenesis of IBD, because colitis cannot be induced
in germ-free animal models[5,6]; (2) fecal stream diversion
prevents recurrence of CD in the neoterminal ileum, but
reinfusion of luminal contents into bypassed colonic segments rapidly results in recurrent disease[7,8]; (3) fecal and
intestinal mucosa-associated microbiota of IBD patients
is characterized by decreased biodiversity and abnormal
compositions (e.g., an imbalance between protective and
harmful microbes)[2,9]; (4) the disturbed metabolites of
intestinal microbiota (e.g., abnormal butyrate metabolism)
are implicated in the pathogenesis of IBD[10,11]; (5) several
probiotic products may be effective in relieving intestinal
symptoms and preventing relapse in UC[12]; (6) some nonabsorbable antibiotics may induce and maintain remission
in IBD[12,13]; (7) many environmental factors such as the
westernized diet, modern lifestyle, or abuse of antibiotics,
have an important effect on the composition of intestinal
microbiota and contribute to the significant increased
incidence of IBD[9,14]; and (8) IBD-related genetic susceptibility loci are mainly associated with the host-microbe
immune interactions[15-17].
Previously, researchers have tried to determine the
specific microbial pathogens associated with the onset of
intestinal inflammation of IBD[18-22]. Recently, metagenomic studies have increased with the development of
high-throughput DNA sequencing and bioinformatics analysis technology[2,23,24]. Therefore, many studies
have focused on the composition and function of gut
microbiota in IBD patients, but the defined alteration
of intestinal microbiota, the microbial interactions and
host-microbe interactions are still not conclusive[2,9,25].
Furthermore, IBD-related conventional medical treatments use aminosalicylates, steroids, immunosuppressive
agents and biological therapies with many adverse effects, and no cure is available. Alternative IBD treatment
approaches aimed at restoring the disturbed intestinal
microbiota have become a major interest in recent years.
Many clinical trials have been performed to investigate
the efficacy of probiotics in IBD. The beneficial effect of
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Table 1 Possible microbial pathogens associated with
inflammatory bowel disease
Mycobacterium avium subspecies paratuberculosis[19,126,127]
Adherent-invasive Escherichia coli[18,44,45,128]
Clostridium difficile[107,129,130]
Candida albicans[21,49]
Helicobacter sp.[131-133]
Campylobacter sp., such as Campylobacter jejuni and Campylobacter
concisus[134-136]
Salmonella sp.[135]
Klebsiella sp.[137]
Yersinia sp.[138]
Listeria sp.[139]
Fusobacterium sp.[140]
Methanosphaera stadtmanae[141]
Bacteroides fragilis[142]
Norovirus[143]

probiotics is modest, although several probiotic products
can induce and maintain remission in UC[26,27]. Recently,
fecal microbiota transplantation (FMT) has re-emerged
as a hot research topic[28-30], largely due to its efficacy on
the management of recurrent Clostridium difficile infection
(CDI). FMT is now recommended as an alternative to
standard therapy with antibiotics for recurrent CDI[31,32].
Importantly, FMT may restore the balance of intestinal
microbiota, so it is also proposed as an alternative treatment for IBD[33]. Thus so far, several case series have
shown the efficacy of FMT in refractory IBD, and IBD
combined with CDI[34-37], but it is not clear whether FMT
has potential therapeutic value for IBD patients with mild
IBD. FMT clinical application in IBD still leaves many
unanswered questions. FMT-related screening of donor,
fecal material preparation and administration is not standardized, and the defined microbial restoration mechanisms and long-term safety of FMT are still not clarified[38,39]. Moreover, FMT researchers have to prepare and
submit the complex investigational new drug applications
in the future[40]. This study reviews the present literature
concerning the potential microbial pathogenesis in IBD,
particularly FMT and its role in the management of IBD.

POTENTIAL MICROBIAL PATHOGENS IN
IBD
Many studies have investigated the specific microbial
pathogens contributing to the onset of IBD; however,
no definitive pathogens have been confirmed[10]. The potential bacterial, fungal or viral pathogens related to IBD
are listed in Table 1. Mycobacterium avium subspecies paratuberculosis can colonize the ileal mucosa of CD patients[19],
which has been often linked to the etiology of CD, but
with no conclusive evidence to its involvement [41-43].
Moreover, Escherichia coli (E. coli) strain LF82 was isolated
from the ileum of CD patients[18]. Several studies have
shown that CD patients have a higher prevalence of
adherent-invasive E. coli (AIEC) in ileal lesions, which
indicates a specific association of AIEC with CD[20,44];
higher expression of the outer membrane porin C of
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AIEC can be observed in patients with CD[45]. AIEC
proliferation has also been found in the colonic mucosa
of UC patients[46]. Although the enhanced adherence and
invasion of AIEC is present among IBD patients, the
potential mechanisms between AIEC and IBD still need
to be clarified. Furthermore, CDI is common among
IBD patients, and similar symptoms between CDI and
IBD makes it difficult to distinguish between them[47].
CDI can activate the intestinal proinflammatory response
and is responsible for the development or exacerbation
of IBD. IBD itself may contribute to the increased risk
of CDI[47]. However, there is no clear evidence that CDI
precedes IBD. Much evidence has shown that fungal
pathogens may be involved in the pathogenesis of IBD,
especially CD[1]. Anti-Saccharomyces cerevisiae antibodies
(ASCAs) as one of the serological markers for CD can
also be induced by Candida albicans (C. albicans)[7,48]. C. albicans can be isolated from the intestine more frequently
in CD patients and their healthy relatives, but the positive
association between ASCAs level and the amount of C.
albicans in CD is still controversial[49,50]. Inhibition of interleukin (IL)-17A by secukinumab is ineffective in active
CD patients[51], which may be linked to C. albicans thriving
in the gut induced by loss of control by IL-17[52]. In addition, large amounts of Candida sp. can also be detected in
the feces or intestinal mucosa among UC patients[50], and
the clinical symptoms and intestinal inflammation may
be improved after antifungal treatment. Although many
studies have shown a higher prevalence of pathogenic
microbes in IBD, no specific pathogenic microbe has
been identified to date, and the cause and consequence
relationship of the single pathogenic microbe and IBD
development is still controversial. Increasing evidence has
confirmed that the disturbance of the intestinal microbial
community may be responsible for the pathogenesis of
IBD.

DISTURBANCE OF INTESTINAL
MICROBIOTA IN IBD
With the development of culture-independent techniques such as metagenomic analysis, the disturbance
of intestinal microbiota associated with IBD has been
better described. This includes the involvement of the
feces/colonic mucosa-associated microbiota, inflamed
lesions-/normal mucosa-related microbiota[53], and even
the intestinal microbiota in IBD remission and relapse[54].
Although the conclusions about the altered intestinal microbiota are still uncertain, more consistently observed
alterations of intestinal bacterial microbiota linked to
IBD have been reported. The decrease in biodiversity and
depletion of the phyla Bacteroidetes and Firmicutes can be
observed in feces/mucosa-associated microbiota among
IBD patients[2,55,56]. The bacterial communities in the intestine are significantly different between UC and CD
patients and healthy individuals[57,58]. Furthermore, at the
genus level, many potentially protective bacteria and normal anaerobic bacteria such as Bacteroides sp., Eubacterium
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sp. and Lactobacillus sp., are significantly decreased both
in active UC and CD patients, and even in patients with
inactive IBD[59-68]. In addition, the abnormal metabolites
of intestinal bacterial microbiota can also contribute to
the pathogenesis of IBD[69,70]. For example, butyric acid,
which is the main energy source of the intestinal epithelial
cells, can inhibit the signal pathway of proinflammatory
cytokines. Butyrate-producing bacteria and their culture
supernatants can improve the intestinal inflammation and
necrosis in the animal model of colitis[71]. In parallel, some
studies have confirmed that the levels of some butyrateproducing bacteria (e.g., Clostridium clusters Ⅳ and ⅩⅣa)
and the availability of butyrate reduced significantly in UC
patients[11,72]. Moreover, the metabolic activity of intestinal
microbiota in UC is disturbed, with increased levels of
taurine and cadaverine[73]. Until now, the highly reproducible profiles of intestinal microbiota established for IBD
patients have been limited. Recently, one study based on a
phylogenetic network analysis showed that the human intestinal mucosal bacterial community could be organized
into five preserved microbial modules and two IBDassociated microbial modules displayed enhancement of
the oxidative response and glycan metabolism pathways
relevant to host-pathogen interactions[25].
The fungal communities are also important components of microbiota in the human GI tract; most of
which have co-evolved with the host in a symbiotic relationship[21]. Early studies based on culture-dependent
methods reported that fungi were detected in the digestive tract of 70% of healthy adults[74], and the number
of fungi in the human colon is 102-106 cfu/mL; most
of which are aerobic or facultatively anaerobic. Recently,
metagenomic analysis of 124 individuals reported that
only 0.1% of microbial genes in feces were of eukaryotic or viral origin[2], which was consistent with previous
reports of intestinal microbiome accounting for 0.03%
of the fecal microbiota[75]. There is limited information
available about the prevalence and classification of the
intestinal fungal microbiota. The study of the fungal
microbiota is in its infancy, and much remains to be
determined[75]. There were significant differences in fungal communities related to IBD compared to non-IBD
controls. The fungal sequences could be detected in the
colonic mucosa of all IBD patients, and the diversity of
the intestinal microbiome increased clearly among IBD
patients, but the proportion of microbiome in the whole
intestinal microbiota was low[75]. Moreover, whether the
intestinal microbiome interacts with the mucosal immune
system or influences intestinal disorders is unknown.
Recently, a study connected intestinal fungal microbiota
with the host immune system through Dectin-1 in a mice
model of dextran-sulfate-sodium-induced colitis[1], which
confirmed the fungal etiology in IBD.
Overall, the diversity and abundance of intestinal
bacterial microbiota are reduced in IBD, and the bacterial microbiota metabolites are also disturbed. However,
a specific IBD microbiota has not yet been revealed,
which might in part be because of inter-individual vari-
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ability, different IBD characteristics or subtypes, and
different data analysis methods. In addition, whether the
microbiota pathogenesis is the initiating factor in IBD or
is secondary to IBD still cannot be answered. Moreover,
further studies based on fungal high-throughput DNA
sequencing should be conducted on whether the change
of the fungal community structure is secondary to the
imbalance of the intestinal bacterial community, or independent pathogenic factors of IBD.

HOST-MICROBE IMMUNE INTERACTIONS
IN IBD
The human immune system is usually tolerant of the
commensal microbiota colonized in the GI tract. Abnormal activation of the host immune response against the
imbalanced intestinal microbiota may be the potential
pathogenesis mechanism of IBD[76]. Additionally, an abnormal intestinal microbiota offers persistent stimulation
of the immune system in individuals who are genetically
susceptible to IBD, which results in dysfunction in immune tolerance and regulation. The resulting chronic intestinal inflammation in the GI tract can initiate intestinal
lesions and lead to IBD-associated symptoms. Intestinal
mucosal epithelial cells are continuously exposed to the
intestinal microbiota, and they can recognize various
cell wall components of pathogenic and commensal
microbes, which are the main sources of pathogen-associated molecular patterns. The pattern recognition receptors (PRRs) on intestinal cells include Toll-like receptors
(TLRs)[77], NOD-like receptors (NLRs) and C-type lectin
receptors (CLRs), which are essential for a human host
to recognize endogenous/exogenous microbes, and trigger and maintain intestinal mucosal innate and acquired
immunity. The immune responses mediated by PRRs on
intestinal cells include microbial binding and phagocytosis; induction of antimicrobial effect or mechanisms; and
the production of endogenous antimicrobial peptides,
cytokines and chemokines. Moreover, the majority of
IBD-related genetic susceptibility loci are associated with
PRRs. For example, the polymorphisms in NOD2 have
been identified to increase the risk of CD in western
populations, and the polymorphisms in TLRs are associated with UC and CD. In addition, CLRs such as Dectin-1 can contribute to the recognition of intestinal fungi
and influence the immune function of intestinal mucosa
in UC[1].

CLINICAL USE OF PROBIOTICS IN IBD
The intestinal dysbiosis in IBD has been confirmed by
molecular techniques, and there is a compelling rationale
for modulating the altered intestinal microbiota among
IBD patients. Animal studies have confirmed that probiotics enhance the intestinal mucosal barrier function,
regulate intestinal mucosal immunity, recover intestinal
microbial community structure, and improve chronic
intestinal inflammation. Clinical trials in humans have in-
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vestigated whether the present probiotic products could
be a treatment option in IBD. Some bacterial strains of
Lactobacillus sp.[78,79], Bifidobacterium sp.[80,81], Escherichia sp.
(e.g., E. coli Nissle 1917)[82,83], and the fungal strain Saccharomyces boulardii (S. boulardii)[84,85], are the most common
investigated probiotics in the treatment of IBD. In addition, except for the single probiotic strain, some probiotic combinations such as VSL#3, an eight probiotic
consisting of four strains of Lactobacillus, three strains of
Bifidobacterium, and one strain of Streptococcus, have shown
efficacy by maintenance of remission both in adults and
children with active IBD[86-88].
According to the efficacy of probiotics in UC, patients may experience fewer relapses when probiotics of
Lactobacillus sp. are added to their usual therapies or when
they cannot tolerate standard medications[89]. In addition,
E. coli Nissle is an effective alternative to aminosalicylates
for maintenance of UC remission[82,83]. Administration
of S. boulardii during maintenance treatment with mesalazine induced clinical remission in 71% of patients
with active mild to moderate UC[85]. Moreover, VSL#3
resulted in a combined induction of remission/response
rate of 77% among patients with active mild to moderate
UC and who did not respond to conventional therapy[87].
Furthermore, the effects of probiotics on pouchitis are
by far the most convincing data. VSL#3 is more effective
than placebo for prevention and treatment of pouchitis
for postoperative UC patients[90]. Overall, a Cochrane
review showed that conventional therapy combined with
probiotics has few beneficial effects on the induction of
remission in active mild to moderate UC, but probiotics
may be useful in the maintenance of remission in nonactive UC and in the prevention of postoperative recurrence; the outcomes from the present clinical trials on
probiotics in UC need to be confirmed. On the other
hand, current data show that S. boulardii has no beneficial effects on maintaining remission in CD patients[84],
but might lead to fewer relapses when combined with
mesalamine[91]. Moreover, probiotics of Lactobacillus sp.
cannot prevent postoperative relapse of CD[78,92]. There is
insufficient evidence to draw any conclusions about the
efficacy of probiotics for induction or maintenance of
CD remission[27]. Importantly, Faecalibacterium prausnitzii (F.
prausnitzii) identified as a butyrate-producing species, may
contribute to the gut homeostasis and play a protective
role in IBD, especially in CD[71]. The levels of F. prausnitzii in feces and intestinal mucosal biopsies decrease both
in CD and UC[93-96], and the lower level of F. prausnitzii
on the ileal mucosa of CD patients is associated with
recurrence. However, one study showed an increased
level of F. prausnitizii in mucosal biopsies associated with
reduced bacterial diversity in pediatric CD[97]. Generally, F.
prausnitzii is a potential and promising probiotic, and its
protective role in IBD is worthy of investigation.
In summary, the clinical efficacy of the present probiotic products in the treatment of IBD is modest; they
are currently used only as supplements in IBD treatment,
and not as alternatives or substitutes for conventional
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therapy. The application of probiotics should be based
on the principles of evidence-based medicine, but welldesigned randomized controlled trials (RCTs) are lacking.
Further appropriate study designs and larger numbers of
patients will be needed to determine the optimal probiotics for IBD.

INDICATIONS FOR FMT
FMT, also called stool/fecal transplantation or fecal
bacteriotherapy, refers to infusion or engraftment of a
homogenized fecal suspension from a healthy individual
into the GI tract to cure a specific disease[29,32,98]. Due to
the elucidation of the composition and function of intestinal microbiota by the development of metagenomics
studies, many researchers have begun to explore therapeutic interventions in human diseases associated with
intestinal dysbiosis from the viewpoint of microecology.
Although various probiotics, prebiotics and synbiotics
have been administrated in clinical practice, most are
recommended as supplementary treatments due to poor
therapeutic effects and the limited number of available
strains. So far, only the preliminary application of FMT
exhibits marked clinical effectiveness, especially in the
treatment of recurrent CDI and IBD[30,33,99,100]. Traditionally, CDI is mainly treated with antibiotics such as vancomycin and metronidazole. However, the therapeutic
effect is poor due to the drug resistance of C. difficile. The
recurrence rate of CDI is much higher, and can be up to
15%-26%[101]. FMT can be considered to replace antibiotics for recurrent and refractory CDI that has relapsed
more than three times [31]. A recent RCT about FMT
suggested that 81% of recurrent CDI patients achieved
remission of symptoms after FMT, while only 31% of
patients receiving only vancomycin treatment exhibited
symptom remission[102]. A multicenter long-term followup study on FMT treatment of recurrent CDI through
a colonoscopy route demonstrated a 91% primary cure
rate and 98% secondary cure rate[101]. A recent systematic
review showed that FMT could achieve clinical remission
in 63% of IBD patients, while 76% of the patients could
stop taking IBD-related drugs and their GI symptoms
were reduced[33]. Several preliminary studies using FMT
for GI disorders including irritable bowel syndrome, antibiotic-associated diarrhea and chronic constipation have
also met with some success. In addition, non-GI disorders such as diabetes mellitus and insulin resistance[103],
metabolic syndrome, childhood autism, chronic fatigue
syndrome, multiple sclerosis, fibromyalgia, myoclonus
dystonia and Parkinson’s disease are reported to be improved and cured with FMT[39,104].

FMT IN THE MANAGEMENT OF IBD
The treatment of IBD is rapidly evolving, and many
conventional and novel drug treatments have proven effective, including aminosalicylates, steroids, immunosuppressive agents and biological therapies. However, some
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patients become refractory to standard management, and
some have significant adverse effects, with many patients
requiring surgery. Despite medical treatment, a significant
number of patients live with mild active symptoms and
have a poor quality of life. Given the role of the intestinal microbiota in driving inflammation in IBD, treatments that manipulate the microbiota have been investigated including the use of probiotics and prebiotics, with
variable evidence for their efficacy. FMT is becoming an
alternative microbiota treatment for IBD with astounding
efficacy.
The main case series and case reports of FMT for
IBD treatment are shown in Table 2. The first case report
of FMT for IBD was published in 1989, in which the
author himself confirmed UC for 7 years that was refractory to sulfasalazine and steroids. Six months after transplantation of a healthy donor stool by retention enemas,
he remained symptom free[34]. Moreover, a case series
of six patients with refractory UC apparently achieved
complete, medication-free remission after FMT with no
disease recurrence after 1-13 years follow-up[35]. Recently,
a system evaluation reported that FMT could achieve
clinical remission in 63% of IBD patients, while 76% of
patients could stop taking IBD-related drugs and their GI
symptoms were reduced[33]. However, a study including
five patients with moderate to severe active UC showed
that none of them achieved remission after FMT by week
12, and a positive clinical response was observed only in
one patient[105]. The poor response in that study may have
been associated with the severity of UC itself, rather than
the optimal administration of FMT. FMT may be an optimal treatment for refractory IBD with no response to
current conventional therapy, such as anti-inflammatory
agents, steroids, immunosuppressive and biological drugs.
For refractory IBD, continuously repeated FMT is needed to cure or achieve effective remission[38]. However, no
unified standard exists in the procedures of FMT treatment in IBD. In addition, CDI is common among IBD
patients with an incidence of 3.7%[106]. Once combined
with CDI, the severity of IBD can be aggravated, while
the recurrence rate of CDI can be increased[107]. There
is no standard therapy for UC combined with CDI. For
example, vancomycin and metronidazole would be preferred but with poor efficacy, and it remains controversial
whether IBD-related therapeutics should be continuously
used. FMT may be a viable therapeutic approach for IBD
combined with CDI. Recently, one study evaluated the
feasibility and safety of FMT in 10 children with UC.
After FMT by retention enemas (freshly prepared fecal
enemas) daily for 5 d, 78% and 67% of patients achieved
a clinical response within 1 wk and 1 mo, respectively[108].
Overall, studies of FMT in IBD are rare and restricted to
case series or reports, so the available evidence is limited
and weak. However, FMT still has the potential to be an
effective and safe treatment when standard IBD management has failed. Compared with CD, the efficacy of FMT
in UC is more promising, but further investigation is
required[33,39,109]. Moreover, except for refractory IBD, it is
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Table 2 Main case series and reports of fecal microbiota transplantation in inflammatory bowel disease treatment
Ref.
Bennet et al[34],
1989
Borody et al[144],
1989
Borody et al[35],
2003
Hamilton et al[112],
2012
Zainah et al[145],
2012
Borody et al[146],
2012
Patel et al[147],
2013
Angelberger et al[105],
2013
Kump et al[148],
2013
De Leon et al[110],
2013
Kunde et al[108],
2013

IBD type (n )

Stool
material

Volume
infusion

Infusion
route

Frequency

Donor
relationship

Characteristics of outcomes

UC (1)

NR

NR

Enema

1

NR

UC (1)

NR

NR

Enema

NR

NR

UC (6)

Fresh

Enema

6

UC combined
with CDI (4)
UC combined
with CDI (1)
UC (3)

Fresh or
frozen
Fresh

200-300 g/
200-300 mL
220-240 mL

Colonoscopy

1

300 mL

Colonoscopy

1

Related or
unrelated
Related or
unrelated
Related

Documents remission for 6 mo and cease
medications
Documented remission for 3 mo and cease
medications.
Documented remission from 1 to 13 yr and
cease medications
Colitis activity was improved, and CDI was
cured
Documented symptom-free for 8 mo without
CDI recurrence
Documented improvement from 1 to 36 mo

UC combined
with CDI (3)
UC (5)

Fresh

UC (6)

Fresh

UC combined
with CDI (1)
UC (10)

Fresh

600 mL

Fresh

CD (1)

Fresh

NR

Repeated
Daily
rectal
infusion for
infusions
2 to 6.5 mo
Colonoscopy
1
3

Related or
unrelated
Unrelated

1

Unrelated

Colonoscopy

1

Related

165 ml

Enema

5

Related

NR

NR

Enema

NR

NR

Colonoscopy
+ enema
Colonoscopy

1+9

NR

1 or 2

Related or
unrelated

Fresh

18-397 g/
180-600 mL
17-25 g/250 Nasojejunal
mL +
tube + enema
6-12 g/100 mL
300-500 mL Colonoscopy

Related or
unrelated

Borody et al[144],
1989
Grehan et al[118],
2010
Hamilton et al[112],
2012

CD (1)

Fresh

200-400 mL

CD combined
with CDI (6)

Fresh or
frozen

220-240 mL

Patel et al[147],
2013

CD combined
with CDI (2)

Fresh

18-397 g/
180-600 mL

Colonoscopy
Upper
endoscopy

2

Related or
unrelated

CD (1)

Fresh

NR

NR

NR

Related

CD combined
with CDI (1)

NR

NR

Colonscopy

NR

NR

CD (1)

Fresh

150 mL

Gastroscope

1

Related

Gordon et al[109],
2013
Quera et al[149],
2013

Zhang et al[36],
2013

Symptoms such as diarrhea improved or
resolved 3 mo after FMT
None of cases achieved remission, but only
one case was response to FMT by week 12;
two cases deteriorated 4 wk after FMT
Documented improvement, but no remission
within 2 wk after FMT
UC relapse 9 d after FMT
78% and 67% subjects achieved clinical
response within 1 wk and 1 mo after FMT,
respectively
Symptoms-free and receiving no medications
4 mo after FMT
CD related improvement was not reported
Two cases accepted the second FMT due to
CDI recurrence, but the efficacy of FMT on
CD was not reported
CDI recurred in 1 case after the first FMT
by colonoscopy, and a second FMT was
performed by upper endoscopy; but the
efficacy of FMT on CD was not reported
Response to FMT for 6 mo and then relapsed
Transient bacteremia occurred 24 h after
FMT
Documented symptom-free 5 mo after FMT
and CDI disappeared
Documented clinical remission for more than
9 mo

FMT: Fecal microbiota transplantation; UC: Ulcerative colitis; CDI: Clostridium difficile infection; CD: Crohn’ disease; NR: Not reported.

not yet clear whether FMT has any potential therapeutic
value for IBD patients induced into remission via conventional medical therapy or those with mild IBD.
With regard to adverse events of FMT in IBD treatment, some patients may exhibit belching, abdominal distension, abdominal colic, diarrhea, constipation and other
short-term symptoms. Fever and a temporary increase of
C-reactive protein can develop transiently after FMT[105].
However, most of these discomforts and symptoms disappear within 2 d after transplantation[37]. Furthermore,
other rare complications such as GI bleeding and peritonitis are mainly related to the endoscopic procedures in
the process of FMT. Few serious adverse events occur
during treatment of IBD by FMT, but it is noteworthy
that IBD-related symptoms can be aggravated by FMT in
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some cases with moderate to severe UC[105]. Furthermore,
one case report showed that FMT caused UC-related
intestinal inflammation in one elderly male patient with
CDI, who had been in long-term remission of UC for >
20 years without any UC-related treatment[110]. Moreover,
the long-term follow-up data of FMT such as infection,
intestinal inflammation and tumors are still lacking, and
need to be further investigated. Nevertheless, there are
many impediments limiting the therapeutic potential of
FMT in IBD[111], such as rare FMT trials in IBD, ethical
and social issues, poor screening of donors, no standard
administration of FMT, no standardized preoperative
preparation and pretreatment, no standardized preparation of fecal samples, and a lack of FMT-related basic
investigations. All the above-mentioned limitations will
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Table 3 Donor selection for fecal microbiota transplantation

Table 4 Donor screening for fecal microbiota transplantation

Absolute exclusion criteria[32,104,124]
Failed to provide informed consent
Systematic and local microbial infections
(e.g., pathogenic bacteria, virus, ova and parasites)
Current communicable diseases
Malignancy and chemotherapeutics administration
Chronic gastrointestinal disorders
Peptic ulcer diseases
Gastroesophageal reflux disease
GI polyposis
Inflammatory bowel disease
Irritable bowel syndrome
Chronic constipation
Traveler’s diarrhea
Current GI symptoms
Antibiotics administration
Immunosuppressive agents and biological agents
Other medications impact on the gut microbiota (e.g., proton pump
inhibitor, prokinetic agents, steroids, aspirin, probiotics, etc.)
High-risk lifestyles (e.g., intravenous drug abuse, risk sexual
behaviors, etc.)
Relative exclusion criteria[32,104,124]
Age < 18 and > 70 yr
History of major GI surgery
Metabolic syndrome
Diabetes mellitus
Abnormal body mass index (< or > 18-25 kg/m2)
Systemic autoimmune disease
Atopic diseases(e.g., asthma and eczema)
Chronic pain syndromes
(e.g., chronic fatigue syndrome and fibromyalgia)
Neuropsychiatric diseases

Common and entail serologic screening items[32,124]
Blood routine
Blood biochemistry
Human immunodeficiency virus-1 and -2
Hepatitis A, B and C virus
Syphilis
Helicobacter pylori
Human T lymphotropic virus
Cytomegalovirus
Epstein-barr virus
Common and entail stool screening items[32,124]
Stool routine
Clostridium difficile toxin A/B
Salmonella sp.
Shigella sp.
Campylobacter sp.
Escherichia coli O157
Staphylococcus aureus
Yersinia
Helicobacter pylori
Vibrio parahaemolyticus and Vibrio cholerae
Candida albicans
Rotavirus
Cryptosporidium
Giardia
Cyclospora
Isospora
Ova and parasites

be discussed in the following sections.

BARRIERS AND FUTURE DIRECTIONS OF
FMT CLINICAL PRACTICE IN IBD
Screening and selecting criteria for donors
Microbiota donation has a higher requirement for the
screening of donors in the management of patients undergoing FMT, compared with blood donation. The donor must provide informed consent and detailed medical
certificates including medical history, relevant examinations, stool and serological testing. Currently, the donor’s
inclusion and exclusion criteria are mainly from the selfdetermined standards of different studies and are more
consistent overall, and are listed in Table 3. The feces and
serological screening for common and known microbial
pathogens are shown in Table 4. The donors are mainly
selected from individuals who are closely related to the
recipient including intimate partners, family members,
and friends, whose microecological environment may be
similar to that of the recipient; therefore, a more positive
outcome to FMT may be produced, at least theoretically.
Most opinions are that the stools from relatives or friends
of the recipients show better efficacy compared with
those from unrelated donors, and the difference in sex
between donor and recipient had little impact on disease
remission, but this conclusion is still lacking evidence[99].
Unrelated healthy individuals are also potential donors.
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Donor feces can be frozen and thawed without loss of
effectiveness, enabling FMT-related microbiota banking[112]. In addition, the human intestinal microbiota can
be divided into three types: Bacteroides, Prevotella and Ruminococcus by the high-throughput sequencing methods[24].
This means that matching enterotype between donor and
recipient based on metagenomic analysis may improve
the therapeutic efficacy of FMT. At present, FMT from a
healthy donor is mainly used to perform allogeneic FMT.
The fecal samples are mainly obtained from a related
or unrelated healthy donor, who must face the series of
ethical issues in receiving another person’s feces, and the
effects of the donor’s intestinal microbiota on the intestinal immune and pathophysiological functions are unclear
without effective theoretical supports. For those patients
with mild IBD, it may be good that the fecal samples can
be collected and stored in the remission stage and offered
to the same patients when they come into the active stage
of IBD. However, whether autologous or allogeneic
FMT can relieve IBD-related clinical symptoms and induce/maintain the remission of IBD effectively is worthy
of further investigation.
Preoperative preparation of donor and recipient
At present, a standardized method of IBD-related preoperative preparation for FMT has not been established[32].
The donor should be administered a gentle osmotic
laxative the night before FMT, and should avoid any
infections between screening and time of donation. For
the FMT recipient, large-volume bowel preparation (e.g.,
polyethylene glycol) is required regardless of the route of
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FMT. In addition, GI motility inhibitors such as loperamide may be optional for the retention of transplanted
microbiota, and proton pump inhibitors should be given
to recipients before FMT via upper GI routes. Importantly, current studies claim that IBD patients who intend to
receive FMT need to receive antibiotic pretreatment[35,105],
although it still needs to be verified whether antibiotic
pretreatment is necessary. In animal models, antibiotic
pretreatment before FMT can cause serious damage to
the intestinal microbiota structure and may affect the intestinal colonization of the donor’s microbiota[113].
Preparation of fecal samples
Generally, the preparation of fecal samples for IBD
treatment can refer to the FMT guidelines for treating CDI[32]. FMT practitioners face many challenges in
implementing protocols for donor fecal preparation in a
clinic setting. Donor fecal samples should be kept in an
airtight container and chilled. The samples should be delivered to the institution preferably within 6 h of passage
to undergo dilution with proper diluents such as normal
saline, homogenization with a blender to achieve a liquid
slurry, and filtration to remove particulate matter[39]. Several issues should be noted during the fecal preparation.
Initially, the majority of studies utilized fresh fecal material, which means that the fecal collection, preparation
and transplantation should be performed on the day of
planned FMT[102]. However, fresh fecal material for FMT
is not always practical due to issues including delay caused
by screening tests, sanitation and aesthetics. Several studies have confirmed that frozen donor fecal material has
equal efficacy in the treatment of recurrent CDI compared with fresh fecal material[112]. The frozen material
preparation should be processed within 2 h of collection;
the specific steps of which are in accord with those of
fresh fecal material; the finished fecal suspensions should
be stored at -80  ℃ after adding sterile glycerol. On the
day of FMT, the frozen material is thawed and diluted
with sterile normal saline[112]. Importantly, the frozen
preparation is beneficial to establish the FMT-related gut
microbiota banks.
In addition, the ideal volume of fecal material for instillation has not been standardized. A systematic review
showed that > 500 mL of fecal suspensions allowed 97%
of patients with recurrent CDI to achieve remission, while
only 80% of patients obtained remission with 200 mL of
fecal suspensions[99]. However, it is difficult to standardize the procedure due to the different diluted concentrations of fecal material. Use of < 50 g fecal material may
increase the relapse rate of CDI by four times compared
with > 50 g fecal material[99]. Overall, practitioners who
regularly perform FMT favor 50-60 g of 250-300 mL diluent, respectively[104]. Larger volumes (e.g., 250-500 mL)
should be used for delivery from the lower GI tract (e.g.,
via colonoscopy or enema), and smaller volumes (e.g.,
25-50 mL) should be used for delivery from the upper
GI tract (e.g., via a nasoenteric or nasogastric tube). FMT
practitioners prefer normal saline, sterile water or 4% milk
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to dilute the stool sample at present, but which is the optimal diluent still needs to be investigated[99].
Route of FMT administration
FMT is mainly performed via the lower GI route, including colonoscopy and retention enema, and/or via the upper GI route such as nasoenteric tube, nasogastric tube
and gastroduodenoscopy. To date, approximately 75%
of cases with recurrent CDI worldwide are administered
with FMT via the lower GI tract and 25% via the upper
GI route[104]. FMT via the lower GI tract may be more effective than via the upper GI tract, although this has yet
to be validated[99,100]. Until 1989, retention enema was the
most common technique for FMT; however, various alternative methods including nasoenteric tube, gastroscopy and colonoscopy have been used subsequently. A recent long-term follow-up study that involved 77 patients
with recurrent CDI showed that colonoscopic FMT was
well received by participants and was highly successful,
with an overall primary cure rate of 91% and a secondary cure rate of 98%[101]. Moreover, a systematic review
showed that colonoscopic FMT had a higher cure rate
(91%) for recurrent CDI, compared with the other upper
GI routes[99]. Colonoscopic FMT has even been proposed
as first-line therapy for the treatment of CDI[114]. For
example, the fecal suspensions are sprayed through the
biopsy channel of colonoscopy from the terminal ileum,
while the colonoscopy is slowly removed until approximately 500 mL of fecal suspensions thoroughly perfuse
the colon. Patients should avoid defecation within 1 h
after FMT. In patients with severe colitis and significant
colonic distention, colonoscopy may be technically challenging and potentially dangerous. Until now, few studies
have directly compared routes of FMT administration.
A recent RCT demonstrated that 81% of patients
had resolution of recurrent CDI after the first FMT by
duodenal infusion[102]; the remarkable cure rate by the nasoenteric tube matched that of colonoscopic FMT. FMT
through the upper digestive tract is easy to perform and
has a low risk, but it remains unclear whether donor fecal
material can be distributed throughout the full colon and
increase the risk of small intestinal bacterial overgrowth.
According to the optimal FMT route for IBD, a study
that involved IBD cases worldwide showed that up to
80% of IBD patients were administered FMT by colonoscopy and/or retention enema[33]. Overall, there are
many unanswered questions regarding the best route of
administering FMT; the standardized and optimal route
for FMT is determined by the needs and status of the
patients, and the intestinal microbiota characteristics[103].
Potential therapeutic mechanisms of FMT
Theoretically, the fecal suspension from a healthy donor can reconstruct the damaged intestinal microbiota,
restore the intestinal colonization resistance and defend
against colonization and infection with C. difficile and
other pathogenic microorganisms. Thus, the imbalanced
structure and function of the intestinal flora is restored
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to improve the relevant clinical symptoms. However,
the beneficial changes in the intestinal flora generated
by FMT and its potential mechanisms are still not clear.
Recently, high-throughput sequencing and bioinformatics
techniques have been widely applied to describe the intestinal microbial community structure and functions. So
far, only a few studies have been conducted that aim to
analyze the restoring mechanisms of FMT on the recipient’s damaged intestinal microbiota. Several studies based
on the bacterial 16S rDNA-based sequencing analysis
in recurrent CDI patients found that the diversity and
richness of fecal microbiota was clearly reduced[115-117].
The significant changes in Clostridiales and Lactobacillales
from the phylum Firmicutes, and Enterobacteriales from the
phylum Proteobacteria could be observed between recurrent CDI and post-FMT patients and healthy donors[116].
The fecal microbiota of recurrent CDI patients becomes
more similar to that of healthy donors after FMT, which
means that FMT has a permanent action in improving the damaged intestinal microbiota and the clinical
symptoms of the recipient[116,117]. Moreover, the reconstructive efficacy of FMT can be maintained for a long
time and last for 24 wk[118]. Recently, one study based on
the 16S rDNA pyrosequencing showed that abundant
donor-related bacterial microbiota could be established
in UC recipients, but the efficiency and stability of donor
microbiota colonization varied greatly[105]. Several antiinflammatory and/or short-chain-fatty-acid-producing
species such as F. prausnitzii, Rosebura faecis and Bacteroides
ovatus were only able could colonize successfully in one
UC patient with a positive clinical response after FMT
for up to 12 wk[105]. Overall, the influence of FMT on
the structure/stability of the intestinal microbiota in
IBD patients remains unclear. More longitudinal human
and animal studies are needed to verify the permanent
reshaping mechanism of FMT. At present, metagenomic
analysis combined with germ-free animals, human floraassociated animals, and the chemostat gut models in vitro
can be used to investigate the mechanism of FMT-related
restoring of intestinal microbiota.
An investigational new drug application for FMT
Recently, the US Food and Drug Administration (FDA)
has tightened the regulations of FMT, because the complex nature of the fecal microbiota products present
specific scientific and regulatory challenges. FDA has announced that fecal microbiota collected from healthy individuals is a biologic product, meaning physicians must
submit an investigational new drug (IND) application.
However, published data have confirmed the astounding
efficacy of FMT, which may be the best therapeutic modality for the treatment of recurrent CDI.
Physicians and scientists are concerned that it is no
easy task to file the IND application for FMT practitioners, which could make FMT unavailable and suggest an
alternative regulatory approach to ensure the widespread
availability of FMT for those patients with recurrent
CDI. FDA has acknowledged these concerns and has
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published the alternative enforcement discretion regarding the IND requirements for the use of FMT to treat
CDI not responding to standard therapies. FDA intends
to exercise this discretion provided that the FMT practitioners obtain adequate informed consent for the use
of FMT products, stating that FMT products to treat
CDI are investigational drugs, and explaining any potential risks for FMT treatment. Unfortunately, the use
and study of FMT for diseases or conditions other than
CDI is not included in this enforcement discretion policy.
Therefore, physicians wishing to ensure access to FMT
for IBD or other conditions need to file an IND application. Recently, several articles provided step-by-step
guidance to physicians on how to navigate the regulatory
requirements of FDA and prepare the IND application
for FMT[40,119]. The use of an IND will also allow collection of more data on the efficacy and safety of FMT and
likely further support its use. Except for the application
of IND, the clinical application of FMT in IBD still faces
many issues. Once these issues are addressed, standardized clinical trials can move forward with the hope of not
only increasing access to FMT but also developing a welltolerated and reliable drug that decreases any potential
long-term consequences from FMT.
Patients’ attitudes toward FMT
Patients are a powerful evolutionary force, whose perceptions and attitudes are important for the clinical application of FMT. A survey showed that up to 95% of adult
UC patients and parents of children with UC would consider FMT and are eager for it to become available[120,121].
Moreover, a long-term follow-up study among patients
who had FMT for recurrent CDI showed that 97% of
patients were willing to receive another FMT once CDI
occurred in the future, and 53% of patients claimed to
choose FMT as the first treatment option for substitution of antibiotics[101]. Another survey reported that when
aware of the fecal nature of FMT, 81% of patients still
consider it as an alternative treatment for recurrent CDI,
especially when recommended by physicians[122]. Patients
recognize the inherently unappealing nature of FMT, but
they are nonetheless open to considering it as an alternative treatment for recurrent CDI. Overall, the strong
willingness of patients has important implications for the
clinical application of FMT and the other microbiotabased treatments in the future.
Synthetic microbiota transplantation
Emerging data showed that two recurrent CDI patients
were cured by synthetic microbiota transplantation (SMT)
instead of FMT; the synthetic stool was composed of 33
bacterial strains isolated from the feces of an unrelated
donor, grown in culture and subsequently administered as
a suspension in sterile normal saline[123]. SMT composed
of large numbers of well-defined bacterial strains derived
from stools, combined with FMT, can be defined as microbial ecosystem therapeutics[124]. Recently, the concept
of “Robogut” has been proposed[28], which is actually
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a type of chemostat. The chemostat in vitro mimics the
human gut, even the whole GI tract, and is mainly composed of complex media, a pH and temperature monitor,
anaerobic gas, and a stirrer[28].
For several decades, microbial ecologists have been
trying to develop a chemostat resembling the human gut,
in which a probiotic gut microenvironment consisting
of beneficial anaerobic microbial species by the continuous culture can be manufactured[125]. SMT based on the
chemostat resembling the human gut can be viewed as
the next logical step in the development of microbiota
therapeutics. For example, if the beneficial bacterial species could be cultured artificially and combined into flora
with optimal proportion and magnitude to achieve standardized SMT, the safety and controllability of bacterial
origin can be ensured, thus enabling effective quality control and reducing the process of screening donor. Moreover, the synthetic bacteria can be made of freeze-dried
powder or capsules in the future to restore the disturbed
intestinal microbiota, thereby curing those conditions associated with gut dysbiosis.

and study of FMT to treat IBD other than CDI are still
limited. Compared with FMT in CDI treatment, FMT in
the management of IBD has to face more rigorous IND
application. In addition, SMT as a promising microbiota
therapeutic option should also be evaluated rigorously
by germ-free and human flora-associated animal models, and the chemostat gut model in vitro may also be an
excellent technique for the evaluation and production of
SMT. Microbiota pathogenesis and therapeutics in IBD is
a promising field, and identification and resolution of key
issues are imperative to move this field forward.
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content to promote fat redistribution, directly decreasing fatty degeneration of the liver, reducing the degree
of liver fibrosis and improving inflammation. This review shows the NAFLD-associated effects of GLP-1RAs
in animal models and in patients with T2DM or obesity
who are participants in clinical trials.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Glucagon-like peptide-1 receptor agonists;
Liver function; Fat content; Non-alcoholic fatty liver disease; Inflammation
Core tip: The findings showed that glucagon-like peptide-1 receptor agonists (GLP-1RAs) may improve liver
function, fat content and distribution, lipid metabolism
and reduce the activity of inflammatory cytokines and
their associated signal transduction pathways. Thus, we
review here that GLP-1RAs are a potential method for
pharmacologic treatment that can benefit patients with
non-alcoholic fatty liver disease and chronic inflammation.

Abstract
Glucagon-like peptide1 (GLP-1) is secreted from Langerhans cells in response to oral nutrient intake. Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are a
new class of incretin-based anti-diabetic drugs. They
function to stimulate insulin secretion while suppressing glucagon secretion. GLP-1-based therapies are now
well established in the management of type 2 diabetes
mellitus (T2DM), and recent literature has suggested
potential applications of these drugs in the treatment
of obesity and for protection against cardiovascular and
neurological diseases. As we know, along with change
in lifestyles, the prevalence of non-alcoholic fatty liver
disease (NAFLD) in China is rising more than that of viral hepatitis and alcoholic fatty liver disease, and NAFLD
has become the most common chronic liver disease in
recent years. Recent studies further suggest that GLP1RAs can reduce transaminase levels to improve NAFLD
by improving blood lipid levels, cutting down the fat
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INTRODUCTION
Glucagon-like peptide-1 (GLP-1) is a 30-amino acid
peptide secreted from Langerhans cells and is a naturally
existing hormone which reduces blood glucose during
hyperglycemia by stimulating insulin secretion and reducing glucose-dependent glucagon secretion[1,2]. GLP-1 is
rapidly degraded by the enzyme dipeptidy1 peptidase-4
(DPP-4)[1]. However, modified forms of GLP-1, also

14821

October 28, 2014|Volume 20|Issue 40|

Wang XC et al . Effects of GLP-1 receptor agonists

called glucagon-like peptide-1 receptor agonists (GLP1RAs), have a prolonged half-life and can be administered
once daily[3]. GLP-1RAs have the effects of decreasing glucose levels and stimulating weight loss and have
been used for the treatment of type 2 diabetes mellitus
(T2DM). Expression of the GLP-l receptor (GLP-1R)
has been found in islet cells, the lung, brain, kidney, liver,
and adipose tissues of animals[4]. The extensive distribution of GLP-1R suggests that GLP-1RAs may have a
variety of actions. In recent years, the prevalence of nonalcoholic fatty liver disease (NAFLD) has continued to
rise, and approximately 10%-25% of NAFLD cases will
progress to non-alcoholic steatohepatitis (NASH), while
10%-15% of NASH cases will develop into hepatocellular carcinoma[5]. There has been increasing interest in
the role of GLP-1RAs in NAFLD. In fact, recent studies
have found that GLP-1RAs can regulate lipid metabolism
in the liver under pro-inflammatory conditions. Therefore, we review the effects of GLP-1RAs on NAFLD
and inflammation with the aim of extending the use of
GLP-1RAs to the treatment of NAFLD.

IMPROVEMENT OF NAFLD WITH GLP-1RAs
Serum transaminases are mildly or moderately elevated
in patients with NAFLD, and GLP-1RA treatment can
reduce serum transaminase levels, thereby improving
liver function in patients with NAFLD. A meta-analysis
included 12 trials that studied changes in alanine aminotransferase (ALT) after at least 20 wk of treatment with
liraglutide in patients with T2DM, and the results showed
that ALT levels were decreased[6]. Exenatide treatment
for 52 wk contributed to significant reductions in ALT (P
< 0.0001) in patients with T2DM[7]. Ohki et al[8] studied
the effectiveness of liraglutide in patients with NAFLD
and T2DM, and the results showed that the levels of
ALT and AST (aspartate transaminase) were decreased
(P < 0.01). Treatment for 6 mo with GLP-1RAs in obese
patients with T2DM was also associated with significant
reductions in ALT and glutamyl transpeptidase (GGT)[9].
Patients with T2DM with elevated serum ALT who were
treated with exenatide for at least 3 years had reduced
ALT levels (P < 0.0001), and 41% achieved normalization
of ALT[10]. Buse et al[11] also demonstrated that exenatide
treatment for 2 years was associated with a significant
improvement in abnormal liver transaminases; ALT was
decreased in patients with elevated ALT at baseline (P
< 0.05), and 39% of patients achieved normal levels of
ALT[11]. Patients who had abnormal levels of ALT at
baseline and were treated with liraglutide showed reduced
levels of ALT compared to those treated with the placebo
(P = 0.003)[12]. The mechanisms are shown in Figure 1.

MECHANISM OF ACTION OF GLP-1RAs
ON NAFLD
GLP-1RAs and lipid metabolism
Obesity, T2DM and dyslipidemia are the most common
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predisposing factors for NAFLD. GLP-1RAs can reduce
fatty liver through an improvement in lipid metabolism.
Hepatic triglycerides were reduced in diet-induced model
of obesity (DIO) mice after exendin-4 treatment for 4
wk[13]. Kelly et al[14] compared the effects of exenatide
with metformin and found that triglycerides were reduced
more in the group that received exenatide treatment (P
= 0.032). Exenatide treatment for 3 or more years in
patients with T2DM resulted in improvements in the following components of the lipid profile: triglycerides decreased by 12% (P = 0.0003), total cholesterol decreased
by 5% (P = 0.0007), low density lipoprotein-cholesterol
decreased by 6% (P < 0.0001), and high density lipoprotein-cholesterol increased by 24% (P < 0.0001)[10]. The
possible mechanism by which GLP-1RAs improve lipid
metabolism may involve the activation of peroxisome
proliferator-activated receptor (PPAR-α) on the hepatic
cell surface, which reduces the synthesis of apolipoprotein C, degrades fat in plasma, and removes triglycerides;
it may also be associated with delayed gastric emptying[15].
In addition, GLP-1RAs can enhance insulin sensitivity,
promote insulin secretion, and reduce lipid metabolism
indirectly[16-18].
GLP-1RAs and adipose tissue
GLP-1RAs and waist circumference: Waist circumference (WC), a risk factor for metabolic syndrome (MS), is
associated with insulin resistance and NAFLD. Increased
WC can lead to insulin resistance and NAFLD, and thus,
may be an important risk factor for the development of
NAFLD[19,20]. WC is significantly higher in patients with
NAFLD[21]. However, WC was decreased significantly
in obese women after 35 wk of exenatide treatment[22].
There was a significant endpoint difference in WC between patients who were treated with exenatide and those
who were treated with insulin glargine, and the reduction
in WC after exenatide treatment was statistically significant[23]. WC was also significantly reduced with liraglutide
treatment[24-26].
GLP-1RAs and fat content: A significant positive correlation exists between visceral fat and transaminases in
patients with NALFD. Additionally, total fat and visceral
fat are independent predictors of NAFLD[27]. GLP-1RA
treatment changed body composition, as patients who
were treated with liraglutide showed a decrease in total
body mass, and the majority of the total body mass that
was lost was fat mass[28]. Weight loss in the patients treated with GLP-1RAs is associated with a reduction in adipose tissue[29]. The results of a randomized, double-blind,
placebo-controlled 20-wk study with 2-year extension
showed that body fat was decreased by 15.4% in patients
treated with liraglutide[30]. A month treatment with exenatide significantly decreased subcutaneous fat deposition
by 4.4%[31]. Additionally, abdominal fat is closely related
to the components of MS such as hyperinsulinemia,
T2DM, and NAFLD, as intra-abdominal fat accumulation will increase insulin resistance[32]. GLP-1RAs can de-
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Figure 1 Effects of glucagon-like peptide-1 receptor agonist on non-alcoholic fatty liver disease and inflammation. PPAR-α: Peroxisome proliferator-activated receptor; IHL: intrahepatic lipids; AMPK: AMP-activated protein kinase; CRP: C reactive protein; AGEs: Advanced glycation and end products; JNK: c-Jun NH2terminal kinase; GLP-1RA: Glucagon-like peptide-1 receptor agonist; NAFLD: Non-alcoholic fatty liver disease.

crease weight and reduce abdominal visceral fat content.
Liraglutide significantly reduced fat mass and fat percentage in patients with T2DM in the 26-wk LEAD-2 (Liraglutide Effect and Action in Diabetes-2) and in the 52-wk
LEAD-3 trials[29]. Visceral and subcutaneous adipose
tissues were significantly reduced after treatment with
liraglutide compared to treatment with glimepiride (P <
0.05) in the LEAD-2 trial. Inoue et al[33] found that treatment with liraglutide (dose range: 0.3-0.9 mg/d) for 20.0
± 6.4 d significantly reduced the estimated visceral fat
area (eVFA). GLP-1RA treatment in severely obese adolescents also led to a significant decrease in the eVFA[34].
GLP-1RAs and intrahepatic lipids: The reduction of
abdominal visceral adipose by GLP-1RAs results in a
reduction in liver fat content and can alleviate NAFLD.
Cuthbertson et al[9] determined the impact on intrahepatic
lipids (IHL) of a 6-month-long treatment with GLP1RAs in obese patients with T2DM and demonstrated
that this resulted in significant reductions in IHL; in addition, the median relative reduction in IHL was 42%.
Tushuizen et al[35] directly examined the effect of exenatide therapy on hepatic steatosis, and the results showed
that 44 wk of treatment led to a reduction in liver fat
from 16.0% to 5.4%. Samson et al[13] found that combined pioglitazone and exenatide therapy was associated
with a greater decrease in hepatic fat than that achieved
with pioglitazone therapy alone in patients with T2DM.
Sathyanarayana et al[36] also concluded that combined
pioglitazone and exenatide therapy was associated with a
greater reduction in hepatic fat content compared to the
addition of pioglitazone therapy (P < 0.05) in patients
with T2DM. Hopkins et al[37] treated patients with T2DM
with a GLP-1RA for 6 mo, and found that the liver fat
content was reduced from 21.3% ± 19.3% to 12.7% ±
10.6%. The ability of GLP-1 to reduce fat is due to binding with a specific GLP-1R in adipose tissue. Vendrell
et al[38] confirmed the expression of GLP-1R in mature

WJG|www.wjgnet.com

adipose cells by the detection of the mRNA and protein.
The GLP-1R also exists in T3-L1 adipocytes, and GLP1RAs can promote lipolysis in 3T3-L1 adipocytes[38]. A
possible mechanism of lipolysis by GLP-1RAs may involve the increase in the phosphorylation of perilipin and
hormone-sensitive lipase (HSL) with subsequent dissolution of fat molecules. When perilipin is phosphorylated,
HSL has access to fat droplets, which results in fat degradation[38]. Gupta et al[39] treated fat cells with a GLP-1RA
and detected phosphorylated perilipin (Ser 497) and HSL
(Ser 563) by confocal microscopy. The results illustrated
that the levels of phosphorylated perilipin were increased
in patients in the GLP-1RA treatment group compared
to patients in the control group. In addition, GLP-1RA
treatment resulted in HSL accumulation within fat droplets, which allows for the initiation of fat dissolution.
Direct effects of GLP-1RAs on hepatic cells
GLP-1RAs and liver steatosis: NAFLD is characterized by diffuse macrovesicular steatosis in hepatocytes
as the main clinical pathological syndrome caused by
factors other than alcohol and other types of liver damage. GLP-1RAs can reduce hepatic steatosis, and thus
relieve the symptoms of NAFLD. GLP-1R is present on
human hepatocytes and has a direct role in the decrease
of hepatic steatosis in vitro by modulating elements of
the insulin signaling pathway[40]. GLP-1RAs reduce hepatocyte steatosis and improve survival by enhancing the
unfolded protein response and by promoting macroautophagy. GLP-1RAs appear to protect hepatocytes from
fatty acid-related death by inhibition of a dysfunctional
endoplasmic reticulum (ER) stress response and by reduction of fatty acid accumulation by activation of both
macro-autophagy and chaperone-mediated autophagy.
GLP-1RAs have a role in halting the progression of underlying steatosis to more aggressive lesions in patients
with NAFLD[41]. In the LEAD-2 trial, the liver-to-spleen
attenuation ratio increased after treatment with 1.8 mg
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of liraglutide, which may indicate reduced hepatic steatosis[29]. Ding et al[42] showed that exendin-4 appears to
reverse hepatic steatosis in ob/ob mice by effectively improving insulin sensitivity. Their data also suggested that
GLP-1 proteins in the liver have a novel direct effect on
hepatocyte fat metabolism. Gupta et al[39] treated HuH7
cells that were exposed to an ischemic insult with a GLP1RA and also demonstrated that liver steatosis was significantly reduced (P < 0.006). The effect of GLP-1RAs
on fatty degeneration in the liver is directly mediated by
key signaling pathways, including the AMP-activated protein kinase (AMPK) and insulin signaling pathways[40,43].
GLP-1RAs can directly activate signal transduction
pathways within liver cells. For example, GLP-1RAs can
activate the phosphorylation of AMPK in cultured liver
cells in vitro[43]. Samson et al[13] found that exendin-4 treatment for 4 wk enhances hepatic AMPK phosphorylation
in DIO mice. Liraglutide also induced phosphorylation
of AMPK through a signaling pathway independent of
cyclic AMP[44]. In addition, the main pathophysiological
characteristic in patients with NAFLD is insulin resistance. Improvement in insulin resistance and sensitivity
will decrease hepatic steatosis and prevent liver cell injury.
GLP-1RAs can improve insulin resistance and insulin
sensitivity to prevent the progression of NAFLD. Another study[42] showed that exendin-4 treatment improves
insulin resistance in ob/ob mice, as measured by the glucose and HOMA fractions.
Effects of GLP-1RAs on fibrosis and cell death:
NAFLD can progress from simple fatty liver to hepatitis
and liver cirrhosis. Protein and RNA levels of fibroblast
growth factor 21 (FGF21) in the plasma and in the liver
are higher in patients who are obese and have NAFLD.
In one study, treatment with GLP-1 RAs reduced the level of FGF21[45]. Samson et al[13] examined the effects of
exenatide on FGF21 in patients with T2DM and in DIO
mice. Their results suggest that combined pioglitazone
and exenatide therapy is associated with a reduction in
plasma FGF21 levels than that achieved with pioglitazone
therapy alone. In addition, the AST-to-platelet count ratio
index (APRI) can reflect the degree of liver fibrosis, and
in this case, the APRI index was decreased (P < 0.01) in
the liraglutide treatment group[8]. NAFLD is associated
with cell death and fibrosis and ultimately progresses to
cirrhosis[46]. The receptors of GLP-1RAs exist in human
hepatocytes, and the administration of GLP-1RAs have
been reported to directly reduce fibrosis in vivo[13,40]. Out
of 8 patients with T2DM and biopsy-proven NAFLD
who underwent liver biopsies before and after 28 wk of
exenatide therapy, 3 patients demonstrated improvement,
as verified by the liver histology[47]. GLP-1RAs can also
reduce hepatocyte cell death, thereby preventing the progression of NAFLD. Liver cell death mainly includes two
forms: necrosis and apoptosis, and Gupta et al[39] showed
that a GLP-1RA significantly reduced cell necrosis. In
addition, histological evidence showed that a GLP-1RA
protected liver cells from cell death caused by fat depo-
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sition by the inhibition of cell apoptosis. The possible
mechanism of its effect may be due to its ability to reduce hepatic ER stress, because hepatocytes are known
to have a high content of ER and are particularly susceptible to ER stress[48]. The C/EBP homolog (CHOP) was
decreased, which leads to ER stress-related cell necrosis
after Ex-4 treatment; reduced CHOP protein expression
can significantly decrease the fatty degeneration of liver
cells[41].

GLP-1RAs AND INFLAMMATION
NAFLD includes a disease spectrum that ranges from
simple steatosis to NASH, with varying degrees of inflammation, and progresses to liver cirrhosis[49,50]. GLP1RAs have modest anti-inflammatory effects in addition
to hypoglycemic effects. Moreover, GLP-1RAs have
anti-inflammatory effects in different cell types including human umbilical vein endothelial cells, glomerular
endothelial cells, monocytes and macrophages [51,52].
Lipopolysaccharide-induced inflammation was reduced
by exendin-4 in 3T3-L1 adipocytes and ATM[53]. GLP1RAs improve the inflammatory response by reducing
the release of inflammatory cytokines and by improving
inflammatory pathways.
GLP-1RAs and C-reactive protein
C-reactive protein (CRP) is an acute phase protein that is
produced by the liver when body tissues are subjected to
various types of injuries or inflammation. Cytokines such
as interleukin-6 (IL-6) and tumor necrosis factor alpha
(TNF-α) secreted by fat cells are the major contributors to the hepatic synthesis of CRP. CRP is a sensitive
marker of inflammation and is often used to monitor
the degree of inflammation. GLP-1RAs can reduce CRP
levels as well as the inflammatory response in patients
with diabetes. Varanasi et al[54] performed a retrospective
analysis of 110 obese patients with T2DM who were
treated with liraglutide and found that the mean CRP levels decreased for a mean duration of 7.5 mo (P < 0.05).
High sensitivity C-reactive protein (hs-CRP) was reduced
with both the 2 mg once-weekly and 10 µg twice-daily
exenatide regimens (P < 0.05)[55]; exenatide decreased the
concentration of hs-CRP whereas insulin glargine did
not[56]. Exenatide plus metformin treatment also reduced
concentrations of hs-CRP[57].
GLP-1RAs and cytokines: Adipose tissue, especially
the excessive accumulation of fat tissue in the abdomen,
leads to the synthesis and release of large amounts of
inflammatory cytokines such as TNF-α and IL-6. GLP1RAs have anti-inflammatory effects and function to
down-regulate the levels of certain cytokines. The expression and production of IL-6, TNF-α and monocyte
chemotactic protein 1 (MCP-1) were significantly reduced
in adipose tissue of recombinant adenovirus (rAd)-producing GLP-1 (rAd-GLP-1)-treated ob/ob mice[53].
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GLP-1RAs and TNF-α
GLP-1RAs could exert beneficial effects through their
anti-inflammatory properties. Exendin-4 inhibited the
increase in expression of TNF-α in myocardial cells exposed to high glucose[58]. Chen et al[59] injected female SD
rats with exendin-4 for 9 wk and found that the level of
TNF-α mRNA was significantly reduced in the liver of
the mice. Exendin-4 also suppressed MPTP (1-Methyl4-phenyl-1, 2, 3, 6-tetrahydropyridine)-induced expression of pro-inflammatory molecules and TNF- α [60].
Real-time quantitative PCR analysis showed that the
expression of TNF-α mRNA was significantly reduced
in the exendin-4 treatment group[60]. Exendin-4 also inhibited TNF-α production by peritoneal macrophages in
response to inflammatory stimulation[61], and exendin-4
changed the expression of inflammatory cytokines via the
c-AMP signaling pathway in vitro[61].
GLP-1RAs and IL-6: IL-6 is a key inflammatory mediator that is strongly linked to the development of obesity
and T2DM-related insulin resistance. IL-6 levels are increased in obese and insulin-resistant subjects[62]. GLP-1
infusion in patients with T2DM was associated with a
significant reduction in circulating IL-6 at 120 min and at
180 min (P = 0.0001 and P = 0.001)[63]. Ex-4 decreased
the mRNA levels of inflammatory adipokines[64]. Chen[59]
treated female SD rats with exendin-4 for 9 wk, and the
results revealed that the expression level of IL-6 mRNA
was reduced in the liver of the mice. To explore the effect
of exendin-4 on inflammatory adipokines, the expression
of IL-6 in 3T3-L1 adipocytes was examined by quantitative real-time RT-PCR. The results illustrated that exendin-4 decreased the level of IL-6 mRNA in 3T3-L1 adipocytes[64]. The levels of the pro-inflammatory cytokines
IL-6 (P < 0.01), IL-12p70 (P < 0.01), and IL-1β (P <
0.05) were reduced in the brains of animals treated with
liraglutide for 30 d[65]. Exendin-4 also suppressed MPTPinduced expression of pro-inflammatory molecules and
IL-1β[60].
GLP-1RAs and chemokines
Chemokines are chemo-attractant proteins that attract
leukocytes to migrate to sites of infection and play an
important role in the inflammatory response. MCP-1
induces insulin resistance[66]. Ojima et al[67] perfused mice
with exendin-4 continuously for 2 wk and showed that
the expression of MCP-1 was decreased in the glomeruli.
This effect of GLP-1RAs is due to an increased level of
adiponectin mRNA through the GLP-1R. Exendin-4 decreased MCP-1 mRNA levels in 3T3-L1 adipocytes[60,64].
In vitro treatment of mouse macrophages with exendin-4
suppressed lipopolysaccharide-induced mRNA expression of MCP-1 [52]. Additionally, liraglutide reduced
TNFα-induced MCP-1 (also known as CCL2), VCAM1,
ICAM1 and E-selectin mRNA expression[44]. Exendin-4
also decreased IFN-γ-induced gene encoding chemokine
CXCL10 [(C-X-C motif) ligand (CXCL)10] expression in
human islets and in MIN6 cells (a mouse beta cell line)[68].
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GLP-1RAs and monocytes/macrophages
With the occurrence of obesity, monocytes in the blood
migrate into adipose tissue, where they differentiate into
resident macrophages. They reside in adipose tissue as
two phenotypes: M1 macrophages (classically activated,
pro-inflammatory) and M2 macrophages (alternatively
activated, anti-inflammatory). The expression of GLP1R in monocytes/macrophages is abundant. GLP-1 can
bind to GLP-1R and directly influence anti-inflammatory
activity. In vitro exendin-4 acts directly on the GLP-1R
and attenuates the release of pro-inflammatory cytokines
from macrophages in glomerular endothelial cells[51]. In
adipose tissue, cytokines and chemokines are secreted
either by adipocytes or by macrophages that have infiltrated the adipose tissue, which leads to a chronic subinflammatory state that could play a central role in the
development of insulin resistance and type 2 diabetes[69].
However, GLP-1 has anti-inflammatory effects on adipose tissue, including adipocytes and adipose tissue macrophages (ATM). Macrophage populations [F4/80(+)
and F4/80(+)CD11b(+)CD11c(+) cells] were significantly reduced in adipose tissue of rAd-GLP-1-treated ob/ob
mice[53]. The expression of M1-specific mRNAs was significantly reduced, but that of M2-specific mRNAs was
unchanged in rAd-GLP-1-treated ob/ob mice. GLP-1
reduces macrophage infiltration and directly inhibits inflammatory pathways in adipocytes and in ATM, which
may contribute to the improvement of insulin sensitivity.
GLP-1RAs and advanced glycation end products
Advanced glycation end products (AGEs) accumulate in
the circulation and in tissues gradually with aging, diabetes and renal failure. AGEs interact with their receptors
(RAGE) and induce vascular inflammation, and inhibition of the AGE-RAGE axis can reduce vascular inflammation. GLP-1 acts directly on HUVECs via GLP-1R,
and may function as an anti-inflammatory agent against
AGEs by reducing RAGE expression via the activation
of cyclic AMP pathways[70]. GLP-1RAs may inhibit AGERAGE-mediated asymmetric dimethylarginine generation
by suppressing protein arginine methyltransfetase-1 expression via the inhibition of ROS (reactive oxygen species) generation[67].
GLP-1RAs and inflammatory signal transduction
pathways
There is considerable evidence in support of the hypothesis that inflammation plays an important role in
metabolic dysregulation, as the inhibition of inflammatory signaling pathways is correlated with improved
insulin sensitivity. Chronic inflammation in adipose tissue
involves the IκB kinase beta (IKK β)/nuclear factor-κB
(NF-κB) pathway and the c-Jun NH2-terminal kinase
(JNK) pathway. Activation of these pathways leads to the
expression of pro-inflammatory cytokines, inflammatory
chemokines and cell adhesion factors and to the recruitment and infiltration of mononuclear macrophages[71].
The activation of the NF-κB and JNK pathways was
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significantly reduced in adipose tissue of rAd-GLP-1treated ob/ob mice[53]. Dose-dependent liraglutide treatment inhibited NF-κB activation and TNFα-induced
IκB degradation[44].
GLP-1RAs and IKKβ/NF-κB: IKKβ/NF-κB signaling
pathways are important regulators of chronic inflammation. Nuclear transcription factor NF-κB exists in various
cells and can regulate the expression of cytokines, chemokines and adhesion factors to effect an inflammatory
reaction in the body[72]. In one study, exendin-4 decreased
NF-κB activation in kidney tissue[51]. Mice were given 10
µg/kg exendin-4, and after 48 wk of treatment, results
showed that activation of NF-κB was reduced; exendin-4
also significantly inhibited the binding activity of NF[45]
κBp65 in patients with diabetes mellitus . Liraglutide
significantly inhibited NF-κB activation and up-regulated
the IκB family of proteins while phosphorylation of
IKK-α/β, which is upstream of NF-κB signaling, was
also down-regulated after 15 min of TNF-α treatment[73].
ERK 1/2 and PI3-K/AKT are involved in LPS-induced
NF-κB activation[74,75]. Lee et al[53] found that exendin-4
treatment could inhibit the phosphorylation of ERK1/2
and Akt in LPS-induced 3T3-L1 adipocytes. NF- κ B
binding activity was decreased after exendin-4 treatment
for 2 wk in LPS-induced 3T3-L1 adipocytes, and a Western blot assay showed that exendin-4 treatment inhibited
LPS-induced NF-κB nuclear translocation in 3T3-L1
adipocytes. Liraglutide also inhibited NF-κB phosphorylation and its translocation from the cytoplasm to the
nucleus[76]. A dose-dependent treatment with liraglutide
increased nitric oxide production in HUVECs. It also
caused eNOS phosphorylation, potentiated eNOS activity and restored the cytokine-induced down-regulation of
eNOS (also known as NOS3) mRNA levels, which are
dependent on NF-κB activation[44].
GLP-1RAs and JNK: JNK belongs to the mitogen-activated protein kinase family and mediates inflammatory
stress within cells and between different cells. The JNK
inflammatory pathway plays an important role in the occurrence and development of cell differentiation, apoptosis, stress response and a variety of human diseases.
GLP-1RAs have protective effects on cytokine-induced
apoptosis in beta cells by interfering with the JNK pathway. Exendin-4 also protects beta cells from interleukin-1
beta-induced apoptosis by interfering with the JNK pathway[77]. Zhang et al[78] treated mice on a high-fat diet with
1 mg/kg liraglutide twice a day, and after 8 wk, the results
showed that JNK phosphorylation was significantly reduced. Liraglutide modulated inflammation by mitogenactivated protein kinase 4/JNK signaling, which inhibited
the activation and relieved the effect of low-grade inflammatory stress.
GLP-1RAs and other aspects of inflammation
Wnt-4 modulates canonical Wnt signaling and acts as a
regulator of β-cell proliferation and the release of inflam-
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matory cytokines. Stimulation with exendin-4 increases
the expression of Wnt-4 in β-cells[79]. In addition, the
mechanism of the anti-inflammatory action of exendin-4
involved a decrease in signal transducer and activator of
transcription-1 levels[68].

CONCLUSION
The rising incidence of NAFLD brings with it a series
of health problems. There is a clear association between
NAFLD and MS which causes T2DM, obesity, hypertension, and dyslipidemia[80]. Overall, NAFLD has paralleled
the rise in obesity and MS[81]. The current treatment of
NAFLD is aimed at weight loss through lifestyle interventions that involve diet and exercise[82-85]. GLP-1RAs
are a new class of pharmacological agents that improve
glucose homeostasis in many ways. Their effects include
enhance of glucose-stimulated insulin secretion, glucosedependent inhibition of glucagon secretion, and a reduction in gastric emptying, appetite, food intake and body
weight[86]. The effects of GLP-1RAs on body weight
appear to be due to a reduction in food intake, mainly
determined by a direct central (hypothalamic) effect of
the hormone[87]. Additionally, it has been found to have
numerous anti-diabetic effects, and numerous studies
have shown that GLP-1RAs can improve lipid metabolism, promote fat redistribution, reduce insulin resistance,
and decrease intrahepatic fat deposition. While its mechanism of action is just beginning to become understood,
further studies are needed to fully elucidate its actions at
the cellular level. In summary, GLP-1RAs may be effective drugs for the treatment of NAFLD, and their clinical
applications and mechanisms of action remain to be explored in depth.
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Abstract
Abdominal tuberculosis is an increasingly common disease that poses diagnostic challenge, as the nonspecific
features of the disease which may lead to diagnostic
delays and development of complications. This condition is regarded as a great mimicker of other abdominal
pathology. A high index of suspicion is an important
factor in early diagnosis. Abdominal involvement may
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occur in the gastrointestinal tract, peritoneum, lymphnodes or solid viscera. Various investigative methods
have been used to aid in the diagnosis of abdominal
tuberculosis. Early diagnosis and initiation of antituberculous therapy and surgical treatment are essential to
prevent morbidity and mortality. Most of the patients
respond very well to standard antitubercular therapy
and surgery is required only in a minority of cases. Imaging plays an important role in diagnosis of abdominal
tuberculosis because early recognition of this condition
is important. We reviewed our experience with the findings on various imaging modalities for diagnosis of this
potentially treatable disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tuberculosis; Abdomen; Extrapulmonary;
Gastrointestinal tract
Core tip: Tuberculosis has become a resurgent global
problem with increasing numbers of immunocompromised patients, largely related to the global acquired
immunodeficiency syndrome pandemic. The spread of
the disease is further aided by poverty, overcrowding,
and drug resistance. Abdominal tuberculosis rates are
rising, consistent with the overall trend. Nonspecific
features of the abdominal tuberculosis result in difficulty
in establishing a diagnosis. After a diagnosis has been
established, prompt initiation of treatment helps prevent
morbidity and mortality as it is a treatable disease. This
article should alert the clinician to consider abdominal
tuberculosis in the correct clinical setting to ensure
timely diagnosis and enable appropriate treatment.
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INTRODUCTION

Table 1 Modes of involvement in abdominal tuberculosis

Tuberculosis (TB) is a life threatening disease which can
virtually affect any organ system[1]. Global burden of
tuberculosis is nearly 12 million. According to World
Health Organization report 2013, there were an estimated 8.6 million annual incidence of TB globally and 1.3
million people died from disease in 2012[2]. India has the
world’s largest tuberculosis cases which is around 26%
of the world TB cases, followed by China and South Africa. There were an estimated 0.45 million new cases of
multi-drug resistant TB worldwide in 2012. More than
half of these cases were in India, China and the Russian
Federation. In addition, there is increase in the incidence
of TB in developed countries due to increasing prevalence of immunocompromised individuals mainly due to
acquired immunodeficiency syndrome (AIDS) pandemic,
immigrant’s population, deteriorating social conditions
and cutbacks in public health services[3-5]. The prevalence
of TB has increased in both immunocompetent and immunocompromised and it can affect virtually any organ.
The primary site of TB is usually lung, from which it
can get disseminated into other parts of the body. The
other routes of spread can be contiguous involvement
from adjacent tuberculous lymphadenopathy or primary
involvement of extrapulmonary organ. The diagnosis of
extrapulmonary TB can be difficult as it presents with
nonspecific clinical and radiological features and requires
high degree of suspicion for diagnosis. The abdominal
TB, which is not so commonly seen as pulmonary TB,
can be a source of significant morbidity and mortality
and is usually diagnosed late due to its nonspecific clinical presentation[6]. Approximately 15%-25% of cases
with abdominal TB have concomitant pulmonary TB[7,8].
Hence, it is quite important in identifying these lesions
with high index of suspicion especially in endemic areas. The abdominal TB usually occurs in four forms:
tuberculous lymphadenopathy, peritoneal tuberculosis,
gastrointestinal (GI) tuberculosis and visceral tuberculosis involving the solid organs. Usually a combination of
these findings occurs in any individual patient. Generally,
computed tomography (CT) appears to be the imaging
modality of choice in the detection and assessment of
abdominal TB, other than gastrointestinal TB. Barium
studies remain superior for demonstrating intestinal mucosal lesions[9]. In this review we emphasize on the various radiological features of the gastrointestinal TB with a
mention on the other types of abdominal TB as well.

PATHOPHYSIOLOGY OF ABDOMINAL TB
There are several ways by which tuberculosis can involve
abdomen (Table 1)[10,11]. Firstly, the tubercle bacilli may
enter the intestinal tract through the ingestion of infected
milk or sputum. The mucosal layer of the GI tract can
be infected with the bacilli with formation of epithelioid
tubercles in the lymphoid tissue of the submucosa. After
2-4 wk, caseous necrosis of the tubercles leads to ulceration of the overlying mucosa which can later spread into
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By ingestion
Infected food or milk - Primary intestinal tuberculosis
Infected sputum - Secondary intestinal tuberculosis
Hematogenous spread from distant tubercular focus
Contagious spread from infected adjacent foci
Through lymphatic channel

Figure 1 Histopathologic image. Multiple mucosal and submucosal epithelioid cell granulomas with Langhan’s giant cells in a case of colonic tuberculosis.

the deeper layers and into the adjacent lymphnodes and
into peritoneum. Rarely, these bacilli can enter into the
portal circulation or into hepatic artery to involve solid
organs like liver, pancreas and spleen[8]. The second pathway is hematogenous spread from tubercular focus from
elsewhere in the body to abdominal solid organs, kidneys,
lymphnodes and peritoneum. The third pathway includes
direct spread to the peritoneum from infected adjacent
foci, including the fallopian tubes or adnexa, or psoas abscess, secondary to tuberculous spondylitis. Lastly it can
spread through lymphatic channels from infected nodes.

DIAGNOSIS OF ABDOMINAL TB
Although neither clinical signs, laboratory, endoscopic
findings and radiological signs nor the bacteriological and
histopathological findings are gold standard for the diagnosis of abdominal TB, the diagnosis of abdominal TB is
usually made by adequate radiological and histopathological studies. The methods of biopsy include endoscopic
GI mucosal biopsy, image-guided percutanous biopsy,
endoscopic ultrasound guided biopsy, and surgical (open
or laparoscopic) biopsy. The caseation necrosis in granulomas is the histologic hallmark of TB. In intestinal tuberculosis the granulomas are multiple, larger (more than
200 μm) and coalescent in mucosa and submucosa (Figure
1). Hematologic findings are nonspecific and include
raised erythrocyte sedimentation rate, anemia and hypoalbuminemia. The tubercular ascitic fluid has protein more
than 3 g/dL, with a total cell count of 150-4000/μL and
consists predominantly of lymphocytes[12]. The ascitic
fluid to blood glucose ratio is less than 0.96 and serum
ascitic albumin gradient is less than 1.1 g/dL[13]. The yield
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Table 2 Classification of abdominal tuberculosis
Tubercular lymphadenopathy
Peritoneal tuberculosis
Acute
Chronic
Wet ascitic type
Fixed fibrotic type
Dry plastic type
Encysted/loculated type
Visceral tuberculosis
Liver, pancreas, spleen etc.
Gastrointestinal tuberculosis
Esophageal tuberculosis
Gastric tuberculosis
Duodenal tuberculosis
Jejunal and ileocecal tuberculosis
Colorectal tuberculosis

Figure 2 Plain X ray images. Plain abdominal radiographs in supine (A) and
erect (B) position showing dilated small bowel loops with air fluid levels in a patient who presented with subacute intestinal obstruction secondary to tubercular
ileal stricture.

of organisms on smear and culture is low. Staining for
acid fast bacilli is positive in less than 3% of cases and a
positive culture is seen in only 20% of cases. Ascitic fluid
adenosine deaminase (ADA) levels are elevated in tubercular ascites. Serum ADA level above 54 U/L, ascitic fluid ADA level above 36 U/L and an ascitic fluid to serum
ADA ratio more than 0.98 are suggestive of tuberculosis[14]. However, in cases of co-infection with HIV, ascitic
ADA levels can be normal or low. Also, falsely high values can be seen in malignant ascites. Interferon-γ levels
are also elevated in tubercular ascites[15]. The sensitivity
and specificity increased by combining ascitic fluid ADA
and interferon-γ assay. The various radiological studies
are used for the diagnosis of abdominal TB include ultrasonography (USG), CT, barium studies and magnetic resonance imaging (MRI). Ultrasound is an initial modality
of choice which is useful in picking up lymphadenopathy,
tubercular ascites, peritoneal thickening, omental thickening and bowel wall thickening in some cases. Plain radiographs may show enteroliths, perforation and features of
intestinal obstruction (Figure 2A and B). Barium studies
are still gold standard in diagnosing strictures, fistulae,
erosions, etc. Contrast enhanced CT and CT enterography
provide adequate cross sectional imaging in depicting
various forms of abdominal TB.
In the recent years various molecular and immunological techniques are used as a new approach for the rapid
diagnosis of abdominal TB[16,17]. The clinical samples
can be ascitic fluid, lymphnode, thickened omentum or
mesentery. The insertion sequence IS6110 is used as a
target for polymerase chain reaction (PCR) amplification
in these samples[16]. Real time assay using fluorescence
resonance energy transfer hybridization probes show a
positivity index of 36% in those patients with clinical and
radiological suspicion of TB, but with negative acid fast
bacilli (AFB) and culture[17]. In addition, immune characterization show depleted CD4+ count and increased levels
of interferon-γ and tumor necrosis factor-α cytokines.
Multiplex PCR using MPB64 and IS6110 are useful in
rapid diagnosis of gastrointestinal TB[18]. Multiplex PCR
has sensitivity and specificity of 90% and 100%, respec-
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tively in confirmed (AFB/culture/histopathology) cases
of gastrointestinal TB and positive results in 72.41% of
the suspected gastrointestinal TB cases[18].

CLINICAL PRESENTATION OF
ABDOMINAL TB
The abdominal TB is of four types: tubercular lymphadenopathy, peritoneal TB, gastrointestinal TB and visceral
TB (Table 2).
Tubercular lymphadenopathy
Abdominal lymphadenopathy is the most common
manifestation of the abdominal TB. It usually follows
the drainage of the affected organs, though it can affect any lymphnode in abdomen. The most commonly
involved lymphnodes are the mesenteric nodes, omental
nodes, those at porta hepatis, along the celiac axis and in
peripancreatic location. The commonest route of transmission is usually secondary to ingestion of the infected
material along with associated intestinal TB. Hematogenous route of transmission and contiguous spread from
adjacent affected abdominal organ can also occur. On
imaging, the appearance of affected lymphnodes can vary
from increase in the number of the normal sized nodes
to increase in the size of the nodes to formation of large
conglomerate lymphnodal masses. However, the most
common presentation is presence of multiple mildly
enlarged nodes in clusters which are circular or ovoid.
They usually have central areas of caseous necrosis with
peripheral enhancement (Figure 3).
Peritoneal tuberculosis
Traditionally the peritoneal TB is divided into three
types: (1) The wet ascitic type is more common and is
associated with large amounts of free or loculated fluid
in abdomen; the ascites is usually of high density due to
increased protein content of the inflammatory exudate.
Associated peritoneal enhancement is usually present;
(2) The fixed fibrotic type is relatively less common and
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Figure 3 Ultrasound image. Multiple enlarged conglomerate lymphnodes in
retroperitoneum with hypoechoic centers due to caseation.

Figure 5 Computed tomography images. A: Axial images of the same patient
showing small bowel loops congregated in the centre of the abdomen encased
by a soft tissue density membrane. Enlarged discrete lymph nodes are also
seen in the mesentery (arrow head); B: Loculated ascites is seen just below the
level of conglomerate bowel loops.

Figure 4 Barium meal follow through image. An adolescent female patient
who was a case of tuberculosis with sclerosing encapsulating peritonitis (abdominal cocoon) showing clustering of small bowel loops in the centre of the
abdomen which are constant in location.

is characterized by involvement of omentum and mesentery and is characterized by presence of matted bowel
loops on imaging. Loculated ascites can be occasionally
present; and (3) The dry plastic type is characterized by
fibrous peritoneal reaction, peritoneal nodules and presence of adhesions. However, this classification is usually
not adequate and a combination of features are usually
noted (Figures 4 and 5).
Visceral tuberculosis
Isolated involvement of abdominal solid organs is relatively uncommon and occurs in 15%-20% of all patients
with abdominal TB[19]. The genitourinary system is the
most commonly involved followed by liver, spleen and
pancreas. The mode of spread is through hematogenous
route. Only 15% of patients have concomitant pulmonary TB[20]. Moreover, these patients present with nonspecific symptoms, all of which leads to difficulty in making prospective diagnosis. Cross sectional imaging with
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Figure 6 Computed tomography images. Axial image of a young female, a
case of tuberculosis showing few small ill-defined hypodense lesions in liver
and multiple small hypodense lesions studded in the parenchyma of the spleen.

USG, multidetector CT, and MRI plays an important role
in the diagnosis and post treatment follow up of tuberculosis (Figure 6)[19].
Gastrointestinal tuberculosis
The most common site of the gastrointestinal TB is ileocecal location (ileocecal TB), followed by jejunum and
colon. The esophagus, stomach and duodenum are rarely
involved.
Esophageal TB: The esophageal involvement is ex-
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Figure 7 Barium swallow image. An old treated case of pulmonary tuberculosis showing traction diverticulum in right lateral wall of upper thoracic esophagus (A). There is also a long segment smooth stricture in the distal thoracic
esophagus with pulsion diverticulum in the right lateral wall of distal thoracic
esophagus (A, B).

Figure 8 Computed tomography images. Contrast enhanced computed tomography with oral contrast of another case of esophageal tuberculosis showing circumferential mural thickening in the mid thoracic esophagus. Histopathological examination of biopsies from the involved segments showed epithelioid
granulomas.

tremely rare in immunocompetent patients and account for only 0.2%-1% of gastrointestinal TB [20,21],
but it is more commonly seen in AIDS patients [10,22].
The symptoms are usually retrosternal pain, dysphagia
and odynophagia. In esophagus, TB usually occurs in
the middle third and manifests as ulcerative lesion or a
tumor like lesion. The esophageal involvement is usually
secondary to a contiguous tubercular mediastinal nodal
involvement (extrinsic TB). Hematogenous spread from
a small endobronchial lesion can occur as well. Primary
involvement of esophagus (intrinsic TB) is extremely
rare and can be attributed to ingestion of the infected
sputum.
On barium studies, extrinsic TB is seen as narrowing or displacement of esophagus especially at the level
of carina[23]. In late stages, the patients may present with
formation of ulcers, strictures and fistulae. In fibrotic
mediastinal disease, traction diverticulae can occur in the
adjoining esophagus (Figure 7)[24]. The diagnosis of primary esophageal TB is usually made on histopathological
examination as the radiological features are nonspecific
(Figure 8) and are driven by high degree of suspicion.
Since the tuberculous granulomas are located deep in
the submucosal layer of esophagus, multiple and deep
esophageal endoscopic biopsies should be obtained for
optimum diagnosis[21].

pertrophic variety, presence of multiple miliary tubercles
and tubercular pyloric stenosis in late stages. Associated
tubercular lymphadenitis is usually present.
On imaging these lesions can appear as benign ulcers
or erosions. In late stages features of pyloric stenosis
with distorted antropyloric region can be present (Figure
9). The differential diagnosis of gastric TB can be carcinoma, lymphoma and other infections like syphilis.

Gastric TB: The gastric involvement is usually associated
with pulmonary tuberculosis or immunodeficient state[20].
Primary involvement of the stomach is rare (0.4%-2%)
because of the bactericidal property of the gastric acid,
scarcity of lymphoid tissue in gastric wall and thick intact
gastric mucosa. The other routes of spread can be either
hematogenous or from adjacent lymphnodes. The patients may present with nonspecific symptoms of vague
epigastric discomfort, weight loss and fever or may present with features of gastric outlet obstruction. Morphologically many types of gastric involvement can be seen.
The most common type is ulcerative lesion along the
lesser curvature and pylorus[25]. The other types are hy-
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Duodenal TB: Duodenal involvement is seen in
2%-2.5% of all gastrointestinal TB cases[26]. As in stomach, primary involvement is rare. The most common
site of primary involvement is the third part of duodenum[27]. It can be intrinsic, extrinsic or both[28]. Extrinsic
form, which is more common, is usually secondary to the
lymphadenopathy in the C-loop of the duodenum. The
intrinsic form can be ulcerative, hypertrophic or ulcerohypertrophic. It is usually complicated by formation of
strictures or fistulas. These patients usually present late
with features of obstruction where strictures are identified on imaging or an extrinsic impression by lymphadenopathy is noted. Barium studies demonstrate presence
of narrowing either extrinsic or intrinisic (Figure 10)[29].
Band like narrowing of third part of duodenum may
mimic superior mesenteric artery syndrome. A persistent
narrow stream of barium in the bowel suggestive of the
‘‘string sign’’ may be seen. Formation of fistulous communication is readily identified by real time barium studies. Cross sectional imaging like CT demonstrates luminal
narrowing, mural thickening of duodenum (Figure 11)
and also adjacent lymphnodal masses causing compression. The differential diagnosis of duodenal TB can be
lymphoma, malignancy, atypical peptic ulcer disease or
carcinoma of head of pancreas. Since the features of duodenal TB can be nonspecific, a high index of suspicion
is necessary for diagnosis.
Jejunal and ileocecal TB: The most common site of
GI involvement is the ileocecal region which is involved
in 64% of cases of gastrointestinal TB[30]. The terminal
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Figure 9 Endoscopic images. Gastric tuberculosis with gastric outlet obstruction - before (A) and after (B) balloon dilatation.

Figure 10 Barium meal follow through image. Long segment circumferential
narrowing in first and second part of duodenum.

ileum is more commonly involved because of the various contributing factors like stasis, presence of abundant
lymphoid tissue, increased rate of absorption at this site
and closer contact of the bacilli with the mucosa[7,31,32].
Concomitant jejunal involvement may be seen in the form
of single or multiple short or long segment strictures. Isolated jejunal involvement is rare, and if present, may mimic Crohn’s disease (CD)[33]. The clinical features of small
intestinal TB are protean, and the patients usually present
with colicky abdominal pain, borborygmi and vomiting[30].
The most common complication is bowel obstruction
secondary to hyperplastic mural thickening, stricture formation or due to adhesions[9]. Tuberculosis accounts for
5%-9% of all small intestinal perforations in India, and is
the second commonest cause after typhoid fever[30].
Morphologically, the lesions in intestinal tuberculosis
are classified into ulcerative and ulcero-hypertrophic varieties. The distinction between these two lesions is not
sharp and the two types may co-exist (Figure 12A and B).
The macroscopic features present a very wide range and
at times distinction from CD may be difficult. Confluent
granulomas, presence of caseation necrosis, presence of
granulomas in lymphnode in the absence of granulomatous lesions in the intestine, absence of transmural cracks
and fissures (present in CD) serve to distinguish intestinal
tuberculosis from CD[30]. Caseation necrosis remains a
very important criterion for the histological diagnosis of
intestinal TB. The terminal ileum, ileocecal (IC) junction
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Figure 11 Computed tomography images. Same patient showing smooth
circumferential mural thickening involving the duodenum (D1 and D2). Biopsy
showed granulomatous inflammation consistent with tuberculosis. Few enlarged
subcentimetric lymphnodes are also seen in the mesentery.

and the cecum are concomitantly involved in the majority
of cases (Figure 12C-F).
Plain X-ray abdomen may show enteroliths, features
of obstruction like dilated bowel loops with multiple air
fluid levels (Figure 2A and B), or presence of air under
diaphragm in case of perforation. In addition, there
may be calcified lymphnodes, calcified granulomas and
hepatosplenomegaly. The features which may be seen in
barium studies are accelerated intestinal transit; hypersegmentation of the barium column (“chicken intestine”),
precipitation, flocculation and dilution of the barium;
stiffened and thickened folds; luminal stenosis with
smooth but stiff contours (“hourglass stenosis”), multiple strictures with segmental dilatation of bowel loops;
and fixity and matting of bowel loops (Figure 13A). Various signs have been described in the ileocecal TB are the
“Fleischner” or “inverted umbrella” sign, in which there
is thickening of the lips of the ileocecal valve and/or
wide gaping of the valve with narrowing of the terminal ileum. The “Goose neck deformity” signifies loss
of normal ileocaecal angle and dilated terminal ileum,
appearing suspended from a retracted, fibrosed cecum.
The “Purse string stenosis” signifies localized stenosis
opposite the ileocecal valve with a rounded off smooth
cecum and a dilated terminal ileum. The two other signs
are “Stierlin sign” and “string sign.” The “Stierlin sign”
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Figure 12 Endoscopic images. A: Ulcerative form of ileocaecal (IC) tuberculosis - multiple ulceration on IC valve, caecum and ascending colon with nodularity in
intervening area and some mucosal bridges; B: Hypertrophic form of ileocaecal tuberculosis - mass like lesion on IC valve with ulceration on surface; C: Ileocaecal
tuberculosis - contracted caecum, narrowed and deformed IC valve and multiple ulceration on IC valve, caecum and ascending colon; D: Superficial ulcers in terminal
ileum; E: Gaping IC valve with multiple ulcers on IC valve, caecum and ascending colon; F: Terminal ileal stricture with multiple ulcers on ileocaecal valve and contracted caecum.

A

B

Figure 13 Barium meal follow through images. A: A young patient who was a known case of peritoneal tuberculosis (TB) showing matting of small bowel loops; B:
Luminal narrowing with ulcerations involving the terminal ileum and ileocaecal junction with contracted cecum- characteristic of ileocecal TB.

is a manifestation of acute inflammation superimposed
on a chronically involved segment and is characterized by
lack of barium retention in the inflamed segments of the
ileum, cecum and variable length of the ascending colon,
with a normal configured column of barium on either
side. It appears as a narrowing of the terminal ileum with
rapid emptying into a shortened, rigid or obliterated cecum. The “String sign” shows persistent narrow stream
of barium indicating stenosis (Figure 13B). Both Stierlin
and String signs can also be seen in CD and hence are
not specific for TB[34]. Computed tomography may show
circumferential wall thickening up to 3 cm in the cecum
and terminal ileum with associated mesenteric lymphadenopathy (Figure 14A and B)[22,35]. Typically, asymmetric
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thickening of the IC valve and medial wall of the cecum,
exophytic and engulfing the terminal ileum is seen. The
associated lymphadenopathy is usually massive and central areas of low attenuation are indicative of caseous
necrosis. Multiple small segment concentric strictures
involving the jejunum and ileum can also be seen (Figure
15). Enteroclysis followed by a barium enema may still be
the best protocol for evaluation of intestinal TB[23].
Colorectal TB: Isolated involvement of colon is 10.8%.
The incidence is increased in the immunocompromised
patients and patients with AIDS. The cecum is the most
common site of involvement of colon but it is usually involved in contiguous involvement with the terminal ileum
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Figure 16 Barium enema images. A: Tuberculous colitis presenting with
concentric stricture in the distal transverse colon and splenic flexure. A fistulous
tract is seen arising from hepatic flexure of colon with ulcerations in adjacent
colon; B: Another patient with tuberculous colitis presenting with mucosal irregularity, ulcers in the sigmoid colon complicated by fistula formation in the
distal sigmoid colon.

Figure 14 Computed tomography images. A: Multiple conglomerate necrotic
lymphnodes in the mesentery with contiguous involvement of the adjoining
small bowel. Also noted is omental thickening and stranding; B: Coronal reformatted images of another patient showing smooth mural thickening in the terminal ileum and ileocecal junction. Large necrotic lymphnodes in the right iliac
fossa are also seen.

Figure 15 Barium enteroclysis image. Multiple concentric short segment
strictures in the ileum in a case of gastrointestinal tuberculosis.

and IC junction. Apart from cecum, the most common
site of isolated or segmental colon involvement varies between different studies. In one study, the most common
site of involvement was transverse colon followed closely
by rectum and ascending colon[36]. In another study, the
most common site of colorectal TB was ascending colon
followed by transverse colon and descending colon[6].
Multifocal involvement is seen in 28%-44% of cases with
colorectal TB[30].
The most common clinical features are abdominal
pain followed by loss of weight and appetite and altered
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bowel habits. During colonoscopy, the most common
finding of colorectal TB is presence of ulcers, which
are linear/fissured, transverse or circumferential and
are covered with dull white or yellow exudates[6]. These
ulcers can be differentiated from those of CD by
presence of abnormal mucosa surrounding these ulcers
which show features like erythema, edema, mucosal
irregularity and nodularity. In contrast, the ulcers in the
CD are usually surrounded by normal appearing mucosa.
Moreover, aphthous ulcers are seen in CD, are not usually
seen in TB[31-36]. The parameters like anorectal lesions,
longitudinal ulcers, aphthous ulcers and cobblestone
appearance are significantly more common in patients
with CD than in those with TB[37].
The imaging in earlier stage can be nonspecific
and include spasm and hypermotility of the intestine.
Since the clinical features of the colorectal TB can be
nonspecific, the patients usually present in a later stage.
So the more common radiological features are presence
of strictures (Figure 16A), followed by features of
colitis and polypoidal lesions[35]. Complications in the
form of perforations and fistulae can be seen in upto
18.9% of cases (Figure 16). Various conditions like
CD, amebic colitis, pseudomembranous and ischemic
colitis, and malignancy form the differential diagnosis
of TB colitis. So a diagnosis of colorectal TB should be
based on high index of suspicion and should be proven
by colonoscopy guided biopsy and demonstration of
caseating granulomas in the tissue. Majority of the lesions
of colorectal TB show resolution following antitubercular
therapy and therefore a repeat colonoscopy may not be
required if the patient is asymptomatic after treatment[6].

MANAGEMENT OF ABDOMINAL TB
Abdominal TB is generally responsive to medical treatment alone, so early diagnosis can prevent unnecessary
surgical intervention[38]. In general, with advent of antituberculous therapy, surgery is usually reserved for those
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Endoscopic biopsy

Treat

Perform FNAC/biopsy

Figure 17 Management algorithm for abdominal tuberculosis. Reproduced from Sood et al[41]. USG: Ultrasonography; CECT: Contrast enhanced computed tomography.

cases where it is absolutely indicated as in cases of nonresolving intestinal obstruction, perforation and abscess
or fistula formation. Even in cases of tuberculous strictures medical management with antituberculous drugs
will result in significant resolution of symptoms in most
of patients[39]. Endoscopic balloon dilation offers an
alternative to the surgical management of GI strictures
(Figure 9)[40]. Management algorithm for the abdominal
TB is presented in (Figure 17)[41].
All the diagnosed cases of gastrointestinal TB should
receive at least 6 mo of antituberculous therapy which
includes initial two months of therapy with isoniazid,
rifampicin, pyrazinamide and ethambutol thrice weekly[12].
Although 6 mo treatment regimen is recommended as
per the revised national tuberculosis program guidelines,
many clinicians extend the treatment regimen to 9 or
12 mo. However, no difference seen in effectiveness
between the 6 mo short course therapy regimen with
rifampicin, isoniazid and pyrazinamide for 2 mo followed
by rifampicin with isoniazid for another 4 mo (6R series)
and 12 mo standard regimen of ethambutol and isoniazid
with streptomycin supplemented for 2 wk[33].
The surgeries performed in the gastrointestinal TB
are of three types[12]. The first type is the surgery which is
done to bypass the involved segments of bowel as in case
of an enteroenterostomy or an ileotransverse colostomy.
These surgeries are usually complicated by blind loop
syndrome, fistula formation and recurrent disease in the
remaining segments and hence usually not performed
routinely. The second type of surgeries are those involving the radical resection like a right hemicolectomy which
are feasible with the advent of effective antituberculous
drugs so as to eradicate the disease completely. However,
these surgeries are also hindered by malnourished status
of the most of the patients which make them poor surgical candidates. Also the lesions can be widely placed
and radical resection may not be possible in all the cases.
The third type of surgeries is usually conservative like a
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strictureplasty in those strictures which cause more than
50% luminal compromise[42]. These kinds of conservative
surgeries are usually preferred nowadays. The tuberculous
bowel perforations are usually treated with resection of
involved segments with primary anastomosis.

CONCLUSION
Abdominal TB can be of various forms like peritoneal
TB, tuberculous lymphadenopathy, gastrointestinal TB
and visceral TB. Though gastrointestinal TB usually involves the ileocecal region, it can virtually affect any part
of GI tract. The symptoms of abdominal TB can be
nonspecific. Various imaging features and radiological
signs are useful in making a diagnosis of abdominal TB.
A high degree of clinical suspicion is required to make
a diagnosis of TB in those areas which are not commonly involved. Various molecular and immunological
techniques are increasingly used for rapid diagnosis in
suspected cases of abdominal TB. Gastrointestinal TB is
generally managed with medical therapy with antituberculous drugs and surgeries are usually conservative and
are done only if absolutely indicated.
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Abstract
AIM: To investigate the effect of meloxicam on the
gut-liver axis after cirrhotic liver resection.
METHODS: Forty-four male Wistar rats were assigned
to three groups: (1) control group (CG); (2) bile duct
ligation with meloxicam treatment (BDL + M); and (3)
bile duct ligation without meloxicam treatment (BDL).
Secondary biliary liver cirrhosis was induced via ligature
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of the bile duct in the BDL + M and BDL groups. After 2
wk, the animals underwent a 50% hepatectomy. In the
BDL + M group 15 min prior to the hepatectomy, one
single dose of meloxicam was administered. Parameters
measured included: microcirculation of the liver and
small bowel; portal venous flow (PVF); gastrointestinal
(GI) transit; alanine aminotransferase (ALT); malondialdehyde; interleukin 6 (IL-6), transforming growth factor
beta 1 (TGF-β1) and hypoxia-inducible factor 1 alpha
(HIF-1α) levels; mRNA expression of cyclooxigenase-2
(COX-2), IL-6 and TGF-β1; liver and small bowel histology; immunohistochemical evaluation of hepatocyte
and enterocyte proliferation with Ki-67 and COX-2 liver
expression.
RESULTS: Proliferative activity of hepatocytes after
liver resection, liver flow and PVF were significantly
higher in CG vs BDL + M and CG vs BDL group (P <
0.05), whereas one single dose of meloxicam ameliorated liver flow and proliferative activity of hepatocytes
in BDL + M vs BDL group. COX-2 liver expression at 24
h observation time (OT), IL-6 concentration and mRNA
IL-6 expression in the liver especially at 3 h OT, were
significantly higher in BDL group when compared with
the BDL + M and CG groups (P < 0.01, P < 0.001, P <
0.01, respectively). Liver and small bowel histology, according to a semi quantitative scoring system, showed
better integrity in BDL + M and CG as compared to
BDL group. ALT release and HIF-1α levels at 1 h OT
were significantly higher in BDL + M compared to CG
and BDL group (P < 0.001 and P < 0.01, respectively).
Moreover, ALT release levels at 3 and 24 h OT were significantly higher in BDL group compared to CG, P < 0.01.
GI transit, enterocyte proliferative activity and number
of goblet cells were in favor of meloxicam treatment
vs BDL group (P < 0.05, P < 0.001, P < 0.01, respectively). Additionally, villus length were higher in BDL +
M as compared to BDL group.
CONCLUSION: One single dose of meloxicam admin-
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istered after cirrhotic liver resection was able to cause
better function and integrity of the remaining liver and
small bowel.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver cirrhosis; Liver resection; Gut-liver
axis; Meloxicam; Cyclooxigenase-2; Microcirculation
Core tip: Cyclooxygenase-2 (COX-2) inhibitors have
been used in liver cirrhosis (LC), suppressing inflammation and liver fibrosis. However, the effects of COX-2
inhibition on the gut-liver axis after cirrhotic liver resection was not investigated previously. For the first time
it can be concluded that one single dose of meloxicam
administered 15 min prior to a 50% hepatectomy in
LC, alleviates impairment of many functions of the gutliver axis such as microcirculation, hepatocyte and enterocyte regeneration rate, and gastrointestinal transit,
enabling better function and integrity of the remaining
liver and the small bowel.
Hamza AR, Krasniqi AS, Srinivasan PK, Afify M, Bleilevens C,
Klinge U, Tolba RH. Gut-liver axis improves with meloxicam
treatment after cirrhotic liver resection. World J Gastroenterol
2014; 20(40): 14841-14854 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i40/14841.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i40.14841

INTRODUCTION
Liver cirrhosis (LC) represents the final common pathophysiological end stage for a broad spectrum of chronic
liver diseases. It is characterized by the replacement of
normal tissue with fibrous tissue, caused by different
noxae (e.g., viruses, alcohol, metabolic disorders etc.), and
loss of normal liver function.
LC has become a considerable public health problem
with high morbidity and mortality. Previously published
data show that LC affects up to 4.5%-9.5% of the global
population in reference to autopsy studies[1,2]. Cirrhosis
per se, carries very high risk factor of altering into a hepatocellular carcinoma (HCC), because up to 85%-95%
of HCCs arise in cirrhotic livers[3-5]. Surgical resection
is the only potentially curative treatment for HCC in
noncirrhotic patients and in cirrhotics with preserved
liver function[4]. However, the recurrence rate after resection with up to 70% remains high, especially in patients
with cirrhosis[6]. The up-regulation of cyclooxygenase-2
(COX-2) has been shown in human LC as a result of active inflammation, even higher in comparison to patients
with HCC[7,8].
COX is the key enzyme in the synthesis of prostaglandins (PGs) from arachidonic acid; also COX
represents the main pharmacological target for nonsteroidal anti-inflammatory drugs (NSAIDs). There are
three COX isoforms which have been identified: First,
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COX-1 which is expressed constitutively in many tissues
and plays an important role for various physiological
functions [9]; Second, in contrast, COX-2 is dramatically up-regulated in response to cytokines, hormones,
and mitogenic or inflammatory stimuli[10]; Third, and
latest detected COX-3, which is especially sensitive to
acetaminophen and related compounds, as a variant of
COX-1, which is abundantly expressed in cerebral cortex and heart[11]. PGs produced by the action of COX
are important mediators of systemic vasodilatation and
inflammation in LC[9]. Furthermore, prostacyclin I2 has
been shown to play a role in hyperdynamic circulation in
portal hypertension (PHT)[12-14].
PHT, as a consequence of cirrhosis leads to hemodynamic disturbances throughout the gastrointestinal (GI)
tract causing venous and capillary ectasia in the mucosa
and submucosa with associated inflammatory activity[15].
Many clinical and experimental studies have reported that
LC causes impairment of the intestinal microcirculation
and mucosal barrier. This affects the motor activity of
the gut and contributes to an increased intestinal permeability and bacterial translocation[16-20]. It is well known that
patients with LC exhibit PHT which causes various pathological changes in the entire GI tract (from esophagus
to anus)[21,22]. Indeed, these changes are termed congestive
gastroenteropathy and they are attributed to alterations in
the GI microcirculation[23-27]. Due to the drastic reduction
within the microvascular bed after major hepatectomy,
the remaining liver is exposed to higher portal venous
pressure (PVP), known to induce irreversible sinusoidal
endothelium injury as described in small-for-size liver
grafts (SFSGs)[28-31]. On the other hand, many surgical
centers have reported that SFSGs were successfully treated with surgical manipulations, by reducing PVP and portal venous flow (PVF) with different portocaval shunts or
splenectomy[29,32-35]. Yagi et al[32] found that the intestinal
mucosa was severely damaged with PHT following SFSG
liver transplantation in a porcine model. Moreover, to our
knowledge there is still a lack of quantitative data that
describe the gut-liver axis within an experimental setting
after liver resection. Therefore, the aim of this study was
to elucidate the mechanisms involved in disturbed function of the gut-liver axis after cirrhotic liver resection and
possible pharmacological interventions with a preferential COX-2 inhibitor in a rat model.

MATERIALS AND METHODS
Experimental protocols and animals
All experiments were conducted in accordance with German Federal Law regarding the protection of animals and
the British Government’s proposals for the transposition
of European Directive 2010/63/EU on the protection of animals used for scientific purposes. The Guide
for the care and use of laboratory animals (8th edition,
National Institutes of Health Publication, 2011, United
States) were also followed. Forty-four male Wistar albino
rats with a mean body weight (BW) = 300 g were ob-
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tained from Charles River Laboratories GmbH (Sulzfeld,
Germany). The animals were housed in Type 2000 rat
filter top cages (Tecniplast, Hohenpreisenberg, Germany)
under specific pathogen free (SPF)-conditions according
to Federation of European Laboratory Animal Science
Associations (FELASA) guidelines (www.felasa.eu) in a
temperature and humidity controlled environment with a
12-h light/dark cycle and allowed food (standard rat diet,
Sniff-Spezial Diäten GmbH, Soest, Germany) and water
ad libitum.
Experimental groups and operative procedures
The animals were divided into three groups: (1) control
group (CG): no bile duct ligation (n = 15); (2) bile duct
ligation group with meloxicam treatment 10 mg/kg BW
(BDL + M) (n = 15); (3) bile duct ligation group without
meloxicam treatment (BDL) (n = 14). Each group was
divided into three subgroups according to the time points
of observation time (OT); 1, 3 and 24 h OT post liver
resection (n = 5 at each time point in each group, except
n = 4 at 3 h OT in the BDL group). After induction of
general anesthesia by inhalation of 5 vol% isoflurane and
5 L/min of oxygen (Abbott GmbH and Co. KG, Wiesbaden, Germany), for about 2 min, anesthesia was then
maintained by reducing the isoflurane to 2 vol%, 2 L/min
of oxygen. Preoperative prophylactic antibiotic treatment
and analgesia were achieved by subcutaneous injection
of cefuroxime sodium (16 mg/kg per 24 h) (Cefuroxim
Fresenius; Fresenius Kabi Deutschland GmbH, Bad
Hamburg, Germany), and of buprenorphine (0.1 mg/kg
per 24 h) (Temgesic; Essex Pharma, München, Germany)
for 24 h after surgery. The abdomen was opened by a
midline laparotomy. In the second and third groups (BDL
+ M and BDL), a secondary biliary LC was induced via
ligature of the bile duct. After laparotomy, the duodenum
was reached through the incision in order to place the
common bile duct under tension. The common bile duct
was isolated and ligated twice using PDS-6.0 (Ethicon,
Johnson and Johnson, Lenneke Marelaan, Belgium). The
abdomen wall was closed in two-layers, the first layer
with a continuous suture and the skin with interrupted
suture. The animals were allowed to recover in a special
intensive care unit (Vetario; Brinsea Products Ltd., North
Somerset, United Kingdom) with warmed air (30-35 ℃)
for at least 15 min. After 2 wk the animals underwent a
partial liver resection of a 50% of the liver mass [left liver
lobe (LLL), anterior caudate (AC) and posterior caudate
(PC), liver lobe]. In the BDL + M group, the animals
were treated with a single dose of the preferential COX-2
inhibitor meloxicam at a dose of 10 mg/kg body weight
iv via penile vein (Metacam® Boehringer Ingelheim Vetmedica GmbH Ingelheim/Rhein-Deutschland), 15 min
before resection. All surgical procedures were performed
under aseptic conditions. In the first group (CG) the
same surgical procedure was performed without prior
BDL and meloxicam administration. This group served
as the control group.
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Microcirculation of the liver, small bowel and portal
venous flow measurements
The microcirculation of the liver and small bowel was
assessed by a combined laser Doppler flowmetry and
near infrared spectrophotometry device (O2C: oxygen to
see; LEA Medizintechnik GmbH, Giessen, Germany).
The portal venous flow was evaluated with a transit-time
perivascular flowmeter (T403; Transonic Systems, Inc.,
Ithaca, NY).
Gastrointestinal transit evaluation
The GI was investigated 24 h after operation using oral
administration of indocyanine green (ICG) (Pulsion
Medical System, Munich, Germany). For this purpose,
the animals were briefly anaesthetized (isoflurane 2 vol%,
2 L/min of oxygen); thereafter, they received 0.2 mL of
ICG (5 mg/mL) via gastric tube 22 h post operatively.
Two hours after administration of the ICG, the GI transit in the small bowel was visualised ex vivo using the ICView System (Pulsion Medical System, Munich, Germany). The non-invasive IC-VIEW system contains of an
infrared source and a digital video camera with the special ability to detect near-infrared light in a special mode
with a filter. Excitation light is provided by an IC-VIEW
camera mounted near-infrared light source (NIR-light,
laser class 3B, energy 0.16 W, wave length 780 nm). ICGderived fluorescence is detected by the digital IC-VIEW
Video Camera and can be viewed in real-time. Results are
recorded on the camera tape and the digital data is then
transferred to a PC (Sony Vaio Laptop, PCG-3192; Sony
Corp., Tokyo, Japan), stored and analyzed. Details are described previously[36].
Hepatocellular damage
Hepatocellular damage was evaluated by the increase
of liver parenchymal enzyme, alanine aminotransferase
(ALT), in serum, after liver resection according to the different time points at 1, 3 and 24 h.
Histopathology and immunohistochemistry analysis
Tissue samples of the liver and intestine (jejunum) were
collected at the time when the rats were euthanized. The
samples were immediately fixed in 4% neutral buffered
formalin (Roti®-Histofix 4%, Roth, Karlsruhe-Germany),
then were shaken overnight on a vortex shaker (Lab net,
International Inc. United States). The specimens were
processed in grading series of alcohol and xylene, embedded in paraffin and sectioned at 4-6 µm thin slices
using a microtome and were stained with hematoxylin
and eosin (HE). Tissue sections of the liver and the small
bowel were all examined in a blinded fashion by two
independent investigators including a senior pathologist
(Afify M). A semiquantitative scoring system was used,
which was modified from the previous scoring system of
Neil and Hubscher[37], regarding the histological features
of hepatic parenchyma (neutrophil and macrophage infiltration, bile duct hyperplasia, regenerative activities of
hepatocytes, and necrosis). Examinations of the whole
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slides were performed using a Leica DM 2500 optic
microscope (Wetzlar, Germany) under × 400 magnification. Lesions were graded on a scale from 1 to 4 (1 = no
changes or negligible, lesions affecting 0%-10% of the
field; 2 = mild, lesions affecting 10%-40% of the field; 3
= moderate, lesions affecting 40%-70% of the field; 4 =
severe, lesions affecting > 70% of the field). Samples of
the small intestine were also examined using HE stained
sections. Ischemic mucosal lesions of the small bowel
was graded using a semiquantitative scoring system according to Chiu et al[38]. The villus length and the number
of goblet cells were measured in 10 villi of each sample.
Assessment of liver fibrosis
To quantify hepatic fibrosis histopathologically, liver
specimens were stained with picrosirius red (PSR) and
sectioned as previously prescribed[39]. The sections were
analyzed using amicroscope (Olympus BX51, Hamburg,
Germany), equipped with ﬁlters to provide circularly polarized illumination. Five photos at × 400 magnification
were taken for each specimen (n = 5). Image-Pro Plus 4.5
(Media Cybernetics, Silver Spring, United States) photo
analysis software was employed for quantification of
collagen Ⅰ (red) and Ⅲ (green) by calculating color area
(μm2). In addition, for each biopsy sample stained with
PSR, there was a histological evaluation of the BDLinduced liver damage. For this purpose, the Ishak scoring
system was adopted, which scores cirrhotic alterations
of the liver from (0 to 6 grade) according to the fibrous
expansion from portal to portal and portal to central area
of the liver[40].
Immunohistochemistry assessment of the liver and
small bowel regeneration with Ki-67 and COX-2 liver
expression
Tissue sections of the liver and small bowel were subjected to immunohistochemical testing using the avidinbiotin-complex method and diaminobenzidine. Antibodies used in this study were monoclonal mouse Ki-67
(MIB5, 1:10; DACO, Glostrup, Denmark) for assessing
cell proliferation rate. The Ki-67 labeling index (LI) represented the percentage of hepatocytes or enterocytes
with Ki-67-positive nuclei relative to the total number of
hepatocytes or enterocytes in randomly selected sections.
For liver, ten fields avoiding periportal area, while for the
gut, ten crypts (under × 400 magnification) were chosen
in each animal (n = 5), with a total of fifty fields for each
group. For the immunohistochemistry of the COX-2
expression, we used polyclonal rabbit antimurine COX-2
serum (Cayman Chemical, Ann Arbor, MI, United States)
diluted to 2.5 mg/mL. Immunoreactive complexes were
visualized with the peroxidase substrate 3-amino-9-ethylcarbazole. The same quantifying method was followed as
for Ki-67.
Malondialdehyde
In order to assess the impact of oxygen free radicals aftercirrhotic liver resection, we measured malondialdehyde
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(MDA) concentrations in the serum. One hundred microliters of plasma were mixed with 750 µL of 0.44 MH3PO4, 250 µL of 42 mmol/L aqueous solution of thiobarbituric acid (TBA), and 500 µL H2O. Samples were
incubated in boiling water for 60 min and then chilled on
ice. Fluorescent LPO-TBA adduct were measured using
a fluorescence spectrophotometer Tecan Infinite (Tecan
Deutschland GmbH, Crailsheim, Germany). Different
dilutions of tetraethoxypropane were used as the external
[41]
standard. Further details were described previously .
Enzyme-linked immunosorbent assay
Serum levels of pro-inflammatory cytokine, interleukin
6 (IL-6) (R&D Systems, Minneapolis, MN, # R6000B),
transforming growth factor beta 1 (TGF- β 1) (R&D
Systems, Minneapolis, MN, # MB100B) and hypoxiainducible factor 1 alpha (HIF-1α) (MyBioSource.com,
San Diego, California, United States, # MBS727993),
were measured byrat Enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer’s instructions.
Real-time reverse transcription polymerase chain
reaction
Liver samples and 5-cm portions of the jejunum (retrieved
mucosa from muscularis/serosa), were immediately snap
frozen in liquid nitrogen and kept at -80 ℃ until analysis.
Total RNA was extracted using a commercially available
RNA/protein extraction kit (NucleoSpin® RNA/Protein, Machery-Nagel, Düren/Germany). Using a high
capacity reverse transcription kit (Applied Biosystems
®
, Carlsbad, California, United States), 250 ng of total
RNA was reverse transcribed to cDNA. A polymerase
chain reaction (PCR) reaction was performed using 50
ng of cDNA, a Taqman® Gene Expression Master Mix
(Applied Biosystems®) and specific TaqMan® probes for
IL-6 (Rn01410330_m1), TGF- β1 (Rn00572010_m1),
COX-2 (Rn01483828_m1) and the house-keeping gene
glycerinaldehyde 3-phosphate dehydrogenase (GAPDH,
Rn01775763_g1) on a StepOne-Plus® Cycler (Applied
Biosystems®). The gene expression levels of the cytokines
were calculated as a relative quantity (RQ) value according to the ΔΔCt method, which reflects the differences in
threshold for each target gene relative to GAPDH and
the control group.
Statistical analysis
The results are expressed as the mean ± SE for each
group. Levels of ALT, MDA, IL-6, HIF-1α and TGF-β1
in the serum, microcirculation of the liver, small bowel
and portal venous flow measurements between groups at
each time point were tested using 2-way analysis of variance (ANOVA) and Bonferroni’s post-hoc test. Whereas,
quantifications of the goblet cells, villus length, Ki-67,
COX-2 liver expression between groups at 24 h OT
were tested using one-way ANOVA and Tukey’s Multiple
Comparison Test. A non-parametric method (the Dunn
procedure under the Kruskal-Wallis test) was used for
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assessed by an O2C-device after liver resection at three
different time points. Liver flow was significantly higher
in CG vs BDL (P < 0.05). Although meloxicam treatment
maintained liver flow in BDL + M compared to the BDL
group, this difference did not reach statistical significance
(Table 1). Regarding the microcirculation of the small
bowel no statistical difference were observed between the
three groups (Table 1). PVF was evaluated with a transittime perivascular flowmeter on the portal vein after liver
resection according to three different time points. In CG,
PVF was significantly higher compared to BDL + M and
BDL groups, P < 0.05 (Table 1).

CG
400

BDL + meloxicam
BDL
d

ALT (U/L)

300

d
b

200
b
a

100

0

1

3
24
Observation time after liver resection (h)

Figure 1 Release of alanine aminotransferase in the serum after liver resection at three different time points 1, 3 and 24 h for three groups: Control group; bile duct ligation + meloxicam; and bile duct ligation. Values
are given as mean ± SE. 2-way ANOVA. Bonferroni’s post-test: aP < 0.05, bP <
0.01 vs CG; dP < 0.01 vs CG and BDL (n = 15). CG: Control group; BDL: Bile
duct ligation; BDL + M: BDL + meloxicam; ALT: Alanine aminotransferase.

Table 1 The microcirculation of the liver, small bowel, and
portal venous flow measurements after liver resection for
three groups

Liver flow (AU)
Small bowel flow (AU)
PVF (mL/min)

CG

BDL + M

BDL

P value

232 ± 11
323 ± 10
27 ± 3

207 ± 10
280 ± 21
17 ± 2a

188 ± 11a
289 ± 21
17 ± 3a

< 0.05a
NS
< 0.05a

Values are given as mean ± SE; 2-way ANOVA. Bonferroni’s post-test: n
= 15, aP < 0.05 vs CG. CG: Control group; BDL: Bile duct ligation; BDL +
M: BDL + meloxicam; NS: Not significant; AU: Arbitrary unit; PVF: Portal
venous flow.

real-time reverse transcription PCR (RT-PCR) results in
liver and small bowel for multiple comparisons between
the groups. A P-value of < 0.05 was considered statistically significant. Calculations were made with the help of
Prism 5 Windows software (GraphPad Software Inc., San
Diego, CA).

RESULTS
Enzyme release
ALT release was measured as general parameter of hepatocellular damage. In our study, we observed significantly
higher levels of parenchymal enzyme release in BDL +
M at 1 h OT compared to CG and BDL, P < 0.01. At
two other time points 3 and 24 h, ALT release was high
in all three groups, however it was much higher in BDL
+ M and BDL compared to CG (P < 0.01, P < 0.05)
(Figure 1).
Microcirculation of the liver, small bowel and portal
venous flow measurements
The microcirculation of the liver and small bowel, as an
important factor in maintenance of their function, was
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GI transit evaluation
In order to evaluate GI transit after liver resection, ICG
was administered orally through a gastric tube 22 h postopertively in the 24 h group. After laparotomy, the entire
small bowel was resected and visualized with the ICVIEW System ex vivo. In the CG and BDL + M animals,
homogenous ICG signal could be detected in nearly the
entire small bowel up to the caecum (77 and 82 cm respectively); however in the BDL group the ICG signal
was observed in a much shorter length of the bowel
(52 cm) (Figure 2A). The histogram (Figure 2B) shows
ICG transit of small bowel in centimeter (cm). In BDL
vs BDL + M, the ICG signal was seen in a significantly
shorter length of bowel (52 cm vs 82 cm of the small
bowel length, P < 0.05).
Histopathological and immunohistochemical
assessment of the liver
Histopathological changes of the liver (HE staining),
at 24 h OT after liver resection were analyzed using a
semiquantitative scoring system[37]. The liver tissue in
CG showed negligible lesions (score 1) (Figure 3A).
There was mild periportal neutrophil and mononuclear
cell infiltration with expressed regenerative activities of
hepatocytes (megakaryocytes and megalocytosis). On
the other hand, liver tissue in the BDL group showed
moderate to severe lesions (mean; score 4) (Figure 3C).
The microscopy showed biliary proliferation in different
locations involving multiple lobules, spreading from portal to portal space, with a tendency to reach the central
vein. Moreover, Kupffer cell proliferation, some necrotic
areas, and inflammatory cell infiltration in periportal areas
were seen in this group. On the contrary, in the substrate
meloxicam treatment group (BDL + M) the lesions were
of moderate degree (mean; score 3) (Figure 3B). In this
group there was seen moderate proliferation of biliary
epithelium (reserve cells) in different locations extending
in moderate degree, not reaching another portal area.
Hepatocyte proliferation was assessed with immunohistochemistry Ki-67-positive nuclei. Note the higher
number of Ki-67-positive hepatocytes in CG (Figure
3D) and BDL + M (Figure 3E) compared to the BDL
group (Figure 3F). Whereas, COX-2 expression in the
liver assessed with immunohistochemistry was much
more expressed in the BDL group compared to CG and
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Figure 2 Indocyanine green transit evaluation into the gastrointestinal tract with IC-View System in a 24 h observation time of three groups: Control
group; bile duct ligation + meloxicam; and bile duct ligation. A: Images of ICG transit in small bowel viewed by IC-View System; B: Histogram of the quantified
gastrointestinal transit. Values are given as means ± SE. One-way ANOVA. Tukey's Multiple Comparison Test: aP < 0.05 vs BDL + M (n = 5). CG: Control group; BDL:
Bile duct ligation; BDL + M: BDL + meloxicam; ICG: Indocyanine green.

BDL + M groups (Figure 3G-I). Table 2 summarizes the
quantified immunohistochemical findings of hepatocyte
proliferation with Ki-67-positive nuclei and COX-2 expression after liver resection of three groups at 24 h OT.
Ki-67-positive hepatocytes was significantly higher in CG
vs BDL group, P < 0.05. Although the number of Ki67-positive hepatocytes was higher in BDL + M vs BDL,
the difference did not reach statistical significance (Table
2). Hepatic COX-2 positive cells were significantly attenuated with meloxicam treatment in BDL + M vs BDL
group, P < 0.01; also the BDL group showed higher expression of COX-2 vs CG, P < 0.01 (Table 2).
Histopathological and immunohistochemical
assessment of the small bowel
The semiquantitative scoring system according to Chiu et
al[38] for scoring mucosal lesions of the small bowel was
chosen because we thought that it is most appropriate for
these type of lesions. Although, in CG the ischemic lesions with development of Gruenhagen space at the apex
of the villus were seen (grade 1) (Figure 4A), and in the
BDL group with extension of sub-epithelial space with
moderate lifting of the epithelial layer from the lamina
propria (grade 2) (Figure 4C), these changes were not
significantly different in the BDL + M group (Figure 4B
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and C) (Table 3). In nearly all sections there was a variable degree of leukocyte infiltration, a sign of previous
ischemic and degenerative changes that indicates a degree
of proliferative activity of the epithelial lining and the duration, which allowed such regeneration. Moreover, proliferation of enterocytes was assessed with immunohistochemistry for Ki-67-positive enterocytes. Note the higher
number of Ki-67-positive enterocytes in CG (Figure 4D)
and BDL + M (Figure 4E) compared to the BDL group
(Figure 4F). Table 3 summarizes the quantified immunohistochemical findings of enterocyte proliferation with
Ki-67-positive nuclei in ten randomly selected crypts of
the gut (× 400). In addition, in this table are shown the
quantified number of goblet cells and the length of the
villus in ten randomly picked villi of the small intestine (×
400).
In the gut, the number of Ki-67-positive enterocytes
was significantly higher in CG compared to BDL + M
[91 ± 2 arbitrary unit (AU) vs 77 ± 1 AU, P < 0.001] and
CG compared to BDL group (91 ± 2 AU vs 50 ± 1 AU,
P < 0.001). Additionally, the number of Ki-67-positive
enterocytes was also significantly higher in BDL + M vs
BDL group (77 ± 1 AU vs 50 ± 1 AU, P < 0.001) (Table
3). The number of goblet cells was significantly higher in
the BDL group compared to BDL + M and CG, P < 0.01
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Figure 3 Histopathological findings. HE staining of liver tissue at 24 h after liver resection of three groups: CG (A), BDL + M (B) and BDL (C); Immunohistochemical analysis of hepatocyte proliferation with Ki-67-positive nuclei, CG (D), BDL + M (E) and BDL (F), and COX-2 expression after liver resection, CG (G), BDL + M (H)
and BDL (I) (× 400) (n = 5). CG: Control group; BDL: Bile duct ligation; BDL + M: BDL + meloxicam; HE: Hematoxylin and eosin; COX-2: Cyclooxigenase-2.

Table 2 Quantifying of Ki-67 positive cells, cyclooxigenase-2
expression, and fibrotic scoring system of the liver according
[40]
to Ishak et al

Ki-67 LI (AU)
COX-2 expression (AU)
Ishak score

CG

BDL + M

BDL

P value

88 ± 13
29 ± 4d
0 (0-1)

54 ± 11
23 ± 8d
5 (3-6)

38 ± 9a
57 ± 7
5 (4-6)

< 0.05
< 0.01
NS

Values are given as mean ± SE; 1-way ANOVA. Tukey’s Multiple
Comparison Test: n = 5; a P < 0.05 vs CG; d P < 0.01 vs BDL. CG:
Control group; BDL: Bile duct ligation; BDL + M: BDL + meloxicam;
NS: Not significant; AU: Arbitrary unit; LI: Labeling index; COX-2:
Cyclooxigenase-2.

(Table 3). Villus length was significantly longer in CG
compared to BDL group, P < 0.05. Although length of
the villus was longer in BDL + M compared to BDL, the
difference did not reach statistical significance (Table 3).
Assessment of liver fibrosis
Collagen Ⅰ and Ⅲ quantification with the help of Image-Pro Plus 4.5 software did not show any difference
between the BDL + M and BDL groups, while it was
significantly higher compared to CG (Figure 5). In order
WJG|www.wjgnet.com

to evaluate BDL-induced liver fibrosis, the Ishak scoring
system was adopted. We were able to see different grades
of fibrosis even within the same group of BDL and BDL
+ M. In the BDL group, according to fibrous expansion
portal-to-portal (P-P) and portal-to-central (P-C) linkage
with fibrotic bands, liver samples were scored from grade
4; fibrous expansion of portal areas with marked bridging P-P as well as P-C, up to grade 6; definite cirrhosis,
with the mean value grade 5; marked bridging P-P and P-C
with occasional nodules (incomplete cirrhosis) (Figure
5C). In BDL + M, even though some slides have shown
lower grade, the mean value was the same grade 5 (Figure
5B). In CG, there was no fibrosis grade 0 (Figure 5A).
ELISA
Proinflammatory cytokine IL-6, HIF-1α and TGF-β1
were evaluated with ELISA. The data showed that IL-6
concentration was significantly higher in BDL especially
at 3 h OT, compared to BDL + M (151 ± 101.7 pg/mL
vs 52.4 ± 23.6 pg/mL, P < 0.001) and BDL group vs CG
(151 ± 101.7 pg/mL vs 12.4 ± 6.2 pg/mL, P < 0.001)
(Figure 6A). HIF-1α level was found to be significantly
higher in BDL + M especially at 1 h OT, compared to
BDL group (3.1 ± 0.5 pg/mL vs 2.2 ± 0.4 ng/mL, P <
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Figure 4 Histopathological findings. HE staining of the small bowel at 24 h after liver resection of three groups: CG (A), BDL + M (B) and BDL (C) (× 200); Immunohistochemical analysis of enterocyte proliferation with Ki-67-positive nuclei, CG (D), BDL + M (E) and BDL (F), of three groups (× 400) (n = 5). CG: Control group;
BDL: Bile duct ligation; BDL + M: BDL + meloxicam; HE: Hematoxylin and eosin.

Table 3 Quantifyingof Ki-67, goblet cells, villus length and
[38]
ischemic lesions of the small bowel according to Chiu et al

Ki-67 LI (AU)
Goblet cells (AU)
Length of the villi (µm)
Chiu score

CG

BDL + M

BDL

P value

91 ± 2
31 ± 2d
617 ± 24
1 (0-2)

77 ± 1b
32 ± 3d
562 ± 30
0 (0-1)

50 ± 1b
55 ± 5
494 ± 22a
1 (0-2)

< 0.01
< 0.01
< 0.05
NS

Values are given as mean ± SE; 1-way ANOVA. Tukey’s Multiple
Comparison Test: n = 5; aP < 0.05, bP < 0.01 vs CG; dP < 0.01 vs BDL. CG:
Control group; BDL: Bile duct ligation; BDL + M: BDL + meloxicam; NS:
Not significant; AU: Arbitrary unit; LI: Labeling index.

0.01) and CG, BDL + M vs CG (3.1 ± 0.5 pg/mL vs 2.1
± 0.4 ng/mL, P < 0.01) (Figure 6B). Regarding TGF-β1
there was no statistical difference between BDL and BDL
+ M groups (192.6 ± 32.1 pg/mL vs 212.2 ± 46.04 pg/
mL), but was significantly higher in BDL + M compared
to CG (212.2 ± 46.04 pg/mL vs 136.9 ± 12.3 pg/mL, P
< 0.05), only at 24 h OT (Figure 6C).
Lipid peroxidation
The MDA levels in serum were assessed to measure the
impact of oxygen free radicals on lipid peroxidation (Figure 7). We could observe significantly higher levels of
MDA in the BDL and BDL + M groups compared to the
CG group: BDL vs CG (21.14 ± 3 nmol/mL vs 11.01 ± 0.6
nmol/mL, P < 0.001), and BDL + M vs CG (19.49 ± 2.77
nmol/mL vs 11.01 ± 0.6 nmol/mL, P < 0.01).
mRNA expression of IL-6, TGF-β 1, and COX-2 in the liver
and small bowel
The expression of messenger RNA (mRNA) for IL-6,
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TGF-β1, and COX-2 in the liver and mucosa/serosa of
the small bowel were analyzed by RT-PCR. Similar to
the ELISA results, IL-6 expression in the liver was upregulated significantly in the BDL group, especially at 3 h
OT compared to BDL + M and CG, P < 0.01. However,
it was significantly down-regulated at 24 h OT in both
groups compared to CG, P < 0.05 (Figure 8A).
In mucosa, IL-6 was undetectable; while in muscularis/serosa was down-regulated significantly in BDL + M
compared to BDL and CG especially at 3 h OT, P < 0.01
(Figure 8A). There was no statistical difference between
the BDL + M and BDL groups in TGF-β1 mRNA expression in liver and small bowel. Whereas, statistical difference was observed in comparison with CG: in the liver
at 24 h OT, BDL vs CG, P < 0.05; in mucosa at 3 h OT,
BDL + M and BDL vs CG, P < 0.001; and in muscularis/
serosa at 3 h OT, BDL vs CG, P < 0.01 (Figure 8B). In
the liver, meloxicam treatment, as we assessed with immunohistochemistry, down-regulated significantly COX-2
mRNA expression in BDL + M at 3 h OT vs BDL at 24
h OT, P < 0.05. In mucosa and muscularis/serosa of the
small bowel there was no statistical difference in COX-2
mRNA expression between the BDL + M and BDL
groups. While, statistical difference was observed in comparison with CG; BDL + M and BDL groups vs CG at 3
h OT, P < 0.01, and BDL + M vs CG at 24 h OT, P < 0.05
(Figure 8C).

DISCUSSION
LC as a final pathophysiological pathway of many
chronic liver diseases, has become a considerable public
health problem because its incidence in western countries
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Figure 5 Quantification of collagen Ⅰ (red) and collagen Ⅲ (green) at 24 h
after liver resection of three groups: Control group (A); bile duct ligation +
meloxicam (B); and bile duct ligation (C). Ishak scoring system was adopted
to score cirrhotic alterations in the liver of three groups (n = 5).

is rising[16]. Several noxae (e.g., viruses, alcohol, metabolic
disorders, etc.), trigger an inflammatory response within
the liver and, if the causes persist, the pathophysiological process leads to end-stage liver disease such as LC. In
this inflammatory milieu, many studies have confirmed
that COX-2 is up-regulated, regardless of the cause either
by cholestasis, viruses or toxins[7,9]. COX-2 is an inducible
enzyme originally found to be induced by various stimuli,
such as cytokines, mitogens and growth factors[8]. It has
been previously shown that the administration ofselective
COX-2 inhibitors from the beginning of acute inflammation in LC induced either by BDL or toxins could suppress inflammation and fibrogenesis[7,42]. Contrary to others, in the present study we administered a single dose of
meloxicam in a LC rat model, when fibrosis was already
established for 2 wk.
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Figure 6 Release of interleukin 6 (A), hypoxia-inducible factor 1 alpha (B)
and transforming growth factor beta 1 (C) in the serum after liver resection in three different groups at 1, 3 and 24 h. Values are given as mean ±
SE. 2-way ANOVA. Bonferroni’s post-test: aP < 0.05 vs CG; dP < 0.01 vs BDL + M;
f
P < 0.01 vs BDL (n = 15). CG: Control group; BDL: Bile duct ligation; BDL + M:
BDL + meloxicam; IL-6: Interleukin 6; HIF-1α: Hypoxia-inducible factor 1 alpha;
TGF-β1: Transforming growth factor beta 1.

Thereafter, about 50% of liver volume was resected.
Our aim was to investigate gut-liver axis disturbances
after liver resection and, possible pharmacological interventions with selective COX-2 inhibition in a rat model.
In this study, we administered meloxicam, an oxicam
derivative of NSAIDs, which preferentially inhibits
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COX-2 over COX-1. It is a preferred drug for rheumatoid arthritis and osteoarthritis due to lower cardiac and
gastrointestinal side effects compare to other selective
COX-2 inhibitors[43-46]. In the present study, one single
dose of meloxicam was able to ameliorate the ischemia/
reperfusion injury of the liver and small bowel after liver
resection in the BDL + M group in comparison to the
BDL group. Due to the inflammatory process in the liver
induced by bile duct ligation and surgical stress, many
functions of the liver were disturbed. However, suppression of inflammation with meloxicam preserved many
of them. Microcirculation of the liver, as an important
parameter in maintenance of liver function, was better
maintained with meloxicam treatment compared to the
BDL group. Although there was no difference in PVF
between the BDL + M and BDL groups, whereas in CG
was significantly higher, suppression of inflammation
with meloxicam was connected with better liver regeneration in comparison with the BDL group. This was in
line with down-regulation of COX-2 expression and upregulation of Ki-67 in the liver assessed by immunohistochemistry. Moreover, attenuation of IL-6 release into the
serum as a proinflammatory cytokine with meloxicam,
assessed by ELISA and RT-PCR, showed better regeneration and integrity of the liver in comparison with the
BDL group.
We were surprised that elevation of ALT in the serum
after liver resection was significantly higher in BDL + M
compared to CG and only after 1 h OT compared to the
BDL group. This rise of ALT in BDL + M group may
be attributed to meloxicam metabolism and elimination.
It was reported that cholestasis produced by BDL has
been associated with decreased concentrations of hepatic
microsomal cytochrome P450 and decreased hepatic microsomal oxidative drug metabolism[47,48]. Thus, the halflife of meloxicam may be extended. This could probably
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Figure 7 Release of malondialdehyde in the serum after liver resection at
three different time points 1, 3 and 24 h for three groups: Control group;
bile duct ligation + meloxicam; and bile duct ligation. Values are given as
mean ± SE. 2-way ANOVA. Bonferroni’s post-test: aP < 0.05, bP < 0.01 vs CG (n
= 15). CG: Control group; BDL: Bile duct ligation; BDL + M: BDL + meloxicam;
MDA: Malondialdehyde.

Mucosa

Control

0.1

a

d

a

d

d
a

0.01

Liver

Mucosa

Muscularis/serosa

Figure 8 Hepatic and the small bowel (mucosa and muscularis/serosa)
messenger RNA (mRNA) expression for interleukin 6 (A), transforming
growth factor beta 1 (B), and cyclooxigenase-2 (C), after liver resection
at two time points 3 and 24 h. Values are given as mean ± SE. Multiple
comparisons between groups under the Kruskal-Wallis test were performed.
a
P < 0.05, bP < 0.01 vs BDL + M and BDL; dP < 0.01 vs BDL + M and CG (n
= 15). CG: Control group; BDL: Bile duct ligation; BDL + M: BDL + meloxicam; IL-6: Interleukin 6; TGF-β1: Transforming growth factor beta 1; COX-2:
Cyclooxigenase-2.

lead to a concentration-dependent adverse effect. This
minorside effect of meloxicam was attenuated at 24 h
OT after liver resection. Indeed, liver histology of 24 h
OT in the BDL group also showed moderate to severe
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changes in liver tissue according to the semiquantitative
scoring system with biliary proliferation in different locations involving multiple lobules, inflammatory cells infiltration, and some areas of necrosis. Meloxicam treatment
attenuated these changes to a moderate degree. Interestingly, HIF-1α was significantly higher in BDL + M compared to BDL and CG, especially at 1 h OT. Its role in
liver regeneration and fibrosis is controversial. Tajima et
al[49] showed that HIF-1α found in hepatocytes after liver
resection was required for the maintenance of normal
blood glucose levels by regulating gluconeogenesis and
glycogen synthesis during liver regeneration. Research
with HIF-1α KO mice in hepatocytes corroborated these
results. On the other hand, Moon et al[50] reported that
liver fibrosis was reduced in HIF-1α-deficient mice after
3 wk of BDL compared to the wild mice type. The extent of LC determined by the Ishak scoring system and
collagen Ⅰ and Ⅲ quantification in the BDL + M group
was not different compare to the BDL only group. Since,
in our rat model, in the treatment group after liver resection HIF-1α was up-regulated, this may be very helpful
to overcome the stress after surgery by regulating glucose
utilization during liver regeneration. Yamamoto et al[51]
showed that HIF-1α was up-regulated in liver and intestine during liver regeneration after hepatectomy, which is
in line with our results.
Cholestasis induced by BDL may cause mitochondrial
dysfunction, biochemical, and molecular changes related
to oxidative stress in the liver. In order to evaluate the oxygen free radical activity we measured MDA levels in serum. This activity was higher in the BDL group; however
meloxicam could not suppress this activity significantly.
Huang et al[52] reported high levels of MDA in serum after two, even higher after 4 wk post-BDL, suggesting that
the extent of lipid peroxidation increased with progressive fibrosis. Nevertheless, previously it was documented
that COX-2 inhibitors administered from the beginning
of acute inflammation could suppress inflammation, fibrosis, and oxidative stress by lowering MDA levels and
profibrogenic factors in LC induced by CCl4 treatment[42].
In our study due to the severe oxidative stress, establishment of fibrosis, and adding surgical stress by the
hepatectomy, the single dose of meloxicam did not lower
MDA levels significantly.
Earlier it was reported that administration of COX-2
inhibitors from the beginning of the inflammation process is able to suppress fibrosis in LC caused by BDL and
toxins, through down-regulation of TGF-β1[7,42]. Similar
to liver fibrosis and collagen quantification, TGF-β1 as a
profibrinogenic factor assessed with ELISA, and TGF-β1
mRNA expression in liver and small bowel assessed with
RT-PCR, showed no significant difference between BDL
+ M and BDL group. Williams and Iredale[53] reported
that liver regeneration is characterized not only by hepatocyte proliferation but also by increased TGF-β1 expression. Thus, hepatocytes proliferate despite the presence
of a strong antiproliferative stimulus.
The small bowel, as an integral part of GI tract, plays
an important role in many functions of the body, while
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in LC many of these are compromised. It was shown
previously that the GI transit is altered in patients with
LC[20]. In the present study, meloxicam treatment showed
significant acceleration of GI transit compared to the
BDL group. This is in agreement with the other results
published previously. Josephs et al[54] reported that COX-2
inhibition improved early postoperative GI transit,
whereas Schwarz et al[55] have shown that PGs, produced
by the action of COX-2, are major participants in rodent
postoperative ileus induced by intestinal manipulation.
Moreover, they showed that due to the molecular upregulation of COX-2, jejunal circular muscle contractility
and GI transit was decreased. Experiments in COX-2
KO mice have confirmed these findings. Same results
were shown earlier by our group, that intestinal manipulation caused GI transit delay and an impairment in bowel
wall perfusion and microcirculation[36]. Similarly, in our
study, COX-2 mRNA expression in the gut was attenuated by meloxicam treatment. Thus, although PGs are both
inhibitory and excitatory on intestinal smooth muscle
cells, the data in this study showed predominantly inhibitory effects on small bowel circular smooth muscle cells.
However, a single iv administration of meloxicam caused
no difference on microcirculation of the small bowel
between groups; however, histological and immunohistochemical analysis showed that meloxicam treatment
attenuated ischemic lesions in comparison with the BDL
group. Proliferative activity, assessed by the number of
Ki-67-positive nuclei enterocytes, the number of goblet
cells quantified, and the length of the villi were in favor
of treatment with meloxicam. These results are in agreement with other results previously published. Gulo et al[56]
have shown that the number of goblet cells was increased
in mucosa of the small bowel under chronic ischemia.
Additionally, ischemic intestinal injury has been shown to
be reflected by a lowering of villus length of the gut [56,57].
In summary, it can be concluded that even one single
dose of meloxicam administered after cirrhotic liver
resection could improve the impairment of many functions of the gut-liver axis, enabling better function and
integrity of the remaining liver and small bowel. In future, further studies are warranted to have better insight
about the pharmacokinetics of meloxicam in established
cholestatic LC, in order to avoid some side effects in LC.
Perhaps, by reducing meloxicam dosage and using it in a
repetitive manner we would be able to gain better results
in gut-liver axis after cirrhotic liver resection.
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with a modified acyl-exchange assay. The findings from
min/+
the cell culture models were verified using an Apc
mouse model as well as normal and neoplastic diseased
human intestinal tissues.
RESULTS: In the presence of ACSL5, Wnt2B was unable to translocate into the nucleus and was enriched
in mitochondria, which was paralleled by a significant
decrease in Wnt activity. ACSL5-dependent S-palmitoylation of Wnt2B was identified as a molecular reason
for mitochondrial Wnt2B accumulation. In cell culture
systems, a strong relation of ACSL5 expression, Wnt2B
palmitoylation, and degree of malignancy were found.
Using normal mucosa, the association of ACSL5 and
Wnt2B was seen, but in intestinal neoplasias the mechanism was only rudimentarily observed.
CONCLUSION: ACSL5 mediates antiproliferative activities via Wnt2B palmitoylation with diminished Wnt
activity. The molecular pathway is probably relevant for
intestinal homeostasis, overwhelmed by other pathways
in carcinogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate the role of acyl-CoA synthetase 5
(ACSL5) activity in Wnt signaling in intestinal surface
epithelia.
METHODS: Several cell lines were used to investigate the ACSL5-dependent expression and synthesis
of Wnt2B, a mitochondrially expressed protein of the
Wnt signaling family. Wnt activity was functionally assessed with a luciferase reporter assay. ACSL5-related
biochemical Wnt2B modifications were investigated
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Core tip: Acyl-CoA synthetase 5 (ACSL5) plays a key
role in fatty acid metabolism. Besides its proapoptotic
effects along the crypt-villus-axis ACSL5 also functions
as an antiproliferative modifier of Wnt signaling activity.
In the presence of ACSL5, Wnt2B was S-palmitoylated
and thereby enriched in mitochondria, which was paralleled by a significant decrease in Wnt activity. The
molecular pathway is probably of relevance for the homeostasis of the intestinal barrier.

14855

October 28, 2014|Volume 20|Issue 40|

Klaus C et al . ACSL5 and Wnt2B
Klaus C, Schneider U, Hedberg C, Schütz AK, Bernhagen J,
Waldmann H, Gassler N, Kaemmerer E. Modulating effects of
acyl-CoA synthetase 5-derived mitochondrial Wnt2B palmitoylation on intestinal Wnt activity. World J Gastroenterol 2014;
20(40): 14855-14864 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14855.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14855

INTRODUCTION
The intestinal barrier consists of several highly specialized cellular types, which differentiate along the cryptvillus axis (CVA) or crypt-plateau axis (CPA) assisted by
lymphatic tissue[1]. One hallmark of the intestinal surface
epithelium is a continuous renewal within a few days
from transit-amplifying cells and 4-6 undifferentiated epithelial stem cells located at the crypt basis[2]. Cells migrate
from the crypt to the villus tip. At the transition between
crypt and villus, they differentiate into enterocytes, enteroendocrine cells and goblet cells[3,4]. At the villus tip
the cells undergo apoptosis and are scaled off in the
lumen. Within the united cell structure, various signaling cascades are responsible for the transfer of information[5]. Disruption of these signal transductions is associated with cell degeneration and is of relevance for tumor
formation. Because of this sensitive balance, proliferating
signaling cascades and destruction events are interacting
and regulate each other.
In the modifier concept of intestinal homeostasis,
long-chain fatty acid metabolism, mediated by mitochondrial acyl-CoA synthetase 5 (ACSL5) is suggested
to play an important role. ACSL5 belongs to the acylCoA synthetase family catalyzing activation of longchain fatty acids by thioester formation with coenzyme
A. ACSL5 is found in an ascending gradient along the
crypt-villus axis and modifies apoptosis susceptibility of
enterocytes towards TRAIL-derived apoptosis. ACSL5derived long chain acyl-CoAs are assumed to be responsible for proapoptotic activities in enterocytes at the villus
tip[6]. ACSL5 locates on chromosome 10q25.1-q25.2[7].
The functional protein is found in mitochondrial membranes[8,9].
Canonical Wnt signaling is of central relevance for
the physiology of crypt-villus axis (CVA) and 19 Wnt
molecules have been identified so far[10-12]. Wnt activation
starts with a ligand-receptor linking to the cysteine-rich
domain of transmembrane receptors from the Frizzled
(Fzd) family and co-receptors from the low-density lipoprotein receptor-related protein (LRP) family. Following
Wnt activation, b-catenin accumulates in the cytoplasm,
translocates into the nucleus, and then activates transcription factors of the T-cell factor/lymphoid enhancing
factor (Tcf/Lef) family by displacing Groucho proteins
and recruiting co-activating proteins like BCL9/PYG and
CBP[13,14]. As a result, gene expression of c-MYC, c-JUN,
Cyclin D1 and others, involved in growth, differentiation, cell cycle progression, migration, and cell survival
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is induced[15]. Aberrations in Wnt signaling are frequently
associated with colorectal carcinogenesis[16,17]. Various
factors are able to modify Wnt-activity, like the lipid metabolism[18].
Wnt2B (also: Wnt13) is a positive regulator of the
Wnt-b-catenin-Tcf-pathway[19-21]. The gene is located on
human chromosome 1p13 and homologous to the protooncogene Wnt2 on chromosome 7q31[22]. Varying mRNA
isoforms are generated by alternative splicing, differing
in N-terminus, protein processing and subcellular localization. Katoh et al[23] identified in 2001 two splice variants, differing N-terminally, Wnt2B1 and Wnt2B2. They
showed an increased level of Wnt2B2 in gastrointestinal
tumors and an activating role in b-catenin/Tcf signaling
cascade. Poulain et al[24] describe the interplay between
Wnt2 and its isoform Wnt2bb during liver development.
Struewing et al[25] identified three different isoforms,
Wnt13A, Wnt13B and Wnt13C. While Wnt13A is glycolyzed and secreted as a typical Wnt protein, Wnt13B and
Wnt13C are found intracellularly with a mitochondrial
and nuclear localization. Wnt13B exists in two forms,
L-Wnt13B with an N-terminal mitochondrial target sequence and mitochondrially localized, and S-Wnt13B
nuclear[25-27].
Palmitoylation increases protein hydrophobicity and
membrane associations as well as protein/protein and
protein/lipid interactions that are essential for efficient
signal transduction[28]. Even proteins involved in canonical Wnt signaling are described as fatty-acid-modified
which influences their secretion and activity[29,30].
The working hypothesis of the present study was that
modification of Wnt activity by a molecular interaction
between mitochondrial ACSL5 enzyme activity and mitochondrial localized Wnt2B could exist.

MATERIALS AND METHODS
ACSL5 cloning and establishment of CaCo2
transfectants
Cloning of full-length human ACSL5 cDNA (GeneBank
accession Nos. AB033899, AB033920) was performed as
described previously[6]. Briefly, RNA was isolated from
human intestinal mucosa, reverse transcribed, PCRbased amplified, and cloned into the pENTRY vector
of the GATEWAY system (Invitrogen, Darmstadt,
Germany). CMV-controlled expression constructs were
generated by recombination into the pcDNA_DEST40
vector. Full-length sequencing was performed to control cDNA correctness. The human intestinal epithelial cell line CaCo2 was stable transfected with either
ACSL5 expression constructs (clone 3/25) or the empty
vector pcDNA_DEST40 (clone P14; control) using
lipofectamine (Invitrogen) followed by subcloning.
Transfection was controlled by PCR, Western blot, and
immunostainings.
Cell lines and cell culture
For cell culture experiments, established cell lines were
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used. CaCo2 cells (CaCo2; ATCC: HTB-37), stable clone
P14 (CaCo2VEC+; transfection control), and stable clone
3/25 (CaCo2ACSL5+; ACSL5 transfectant) were cultured
as previously described[6]. HEK293 (ATCC: CRL-3022),
HT29 (ATCC: HTB-38), SW480 (ATCC: CCL-228), and
HCT116 (ATCC: CCL-247) were cultured as recommended.
Treatment of cells with palmostatin B or Wnt3A
Palmostatin B is a substance with a molecular weight of
376 kDa. Cells and tissue were incubated with 30 µmol/
L/50 µmol/L palmostatin B for 30 min. For the activation of Wnt signaling, cells were treated with 200 ng/mL
recombinant Wnt3A (R&D systems 5036-WN, Minneapolis, United States) and incubated for 1 h.
Isolation of mitochondria
Mitochondria were isolated and purified as described
previously[6,31]. Briefly, cells were removed by trypsination, tissue was cut into small pieces and homogenized,
washed with PBS at 4 ℃, and suspended in 250 mmol/L
sucrose, 10 mmol/L HEPES, 1 mmol/L EDTA pH =
7.4 followed by nitrogen cavitation (30 bar, 15 min). The
cell or tissue lysates were cleared by an initial centrifugation step followed by pellet subfractionation (31000 × g
for 5 min) in 30 mL of a self-generating gradient of 30%
percoll solution (250 mol/L sucrose, 5 mmol/L HEPES,
0.2 mmol/L EDTA). Fractions of 2 mL each were collected from the bottom of the gradient. Accumulation of
mitochondria was controlled with measurement of succinate dehydrogenase enzyme activity and immunolabeling
of cytochrome c oxidase Ⅳ subunit (CoxⅣ) in Western
blotting. Fractions enriched with mitochondria were
processed for protein preparation and analysis.
Immunoprecipitation
Protein G Sepharose beads (GE Healthcare 17-0618-01,
Buckinghamshire, England) were washed in lyse buffer
twice. The pellet from mitochondria isolation was resuspended with 500 µL lyses buffer and protease inhibitor,
incubated at room temperature for 5 min and centrifuged
20 min at 300 g. The supernatant was transferred to
sepharose beads, 1 µg anti-Wnt2B (Abcam 50575, Cambridge, England) was added. The samples were rotated
for 2 h at 4 ℃, then washed in lyse buffer 3 times and
centrifuged. The pellet was directly used for acyl-biotin
exchange.
Acyl-biotin exchange
For the acyl-biotin exchange, the pellet of isolated and
immunoprecipitated mitochondria was resolved in 250
µL 1 mol/L hydroxylamine(hydrochlorid) and incubated
for 1 h at 900 rpm. The resulting pellet after centrifugation for 3000 g for 2 min was treated with 10 mL 320
µmol/L Biotin-BMCC and rotated for 2 h at 4 ℃. After
washing with PBS the pellet was charged with sample
buffer for Western blot.
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RNA isolation, cDNA synthesis, and RT-PCR
Total RNA isolated with the Chomczynski procedure[32]
was used for cDNA synthesis with the Reverse Transcription System Kit according to manufacturer’s protocol
(Promega). The LightCycler (Roche) and the LightCycler
Faststart DNA Master Plus SYBR Green I kit (Roche)
were used to perform qRT-PCR measurements. Routine
PCR runs consisted of 40 cycles with [95 ℃/15 s; 63 ℃
/15 s; 72 ℃/20 s]. Primer sequences: ACSL5: 5-TTT
TTG TAC ACG GGG AGA GC-3; 5-ACA GGC TGT
CAA TTT GGG TC-3; Wnt2B: 5-GTG TCC TGG
CTG GTT CCT TA-3; 5-AGC TGG TGC AAA GGA
AAG AA-3; b-catenin: 5-GCC GGC TAT TGT AGA
AGC TG-3; 5-TGA TGT CTT CCC TGT CAC CA-3.
The comparative cycle threshold method with cyclophilin
or GAPDH as the house keeping gene was used to calculate relative mRNA levels.
Protein isolation and Western blot
Following the Chomczynski procedure [32], proteins
were extracted, separated with SDS-PAGE, and electro
transferred to a PVDF Immobilon-P membrane (Millipore, Bedford, MA). For immunodetection, the following primary antibodies were used as recommended by
the manufacturers: anti-ACSL5 (Abnova 51703, Taipei,
Taiwan, 1:500) anti-Wnt2B (Abcam 50575, Cambridge,
England, 1:500), anti-Cox Ⅳ (Cell Signalling Technology, 4850, Frankfurt, Germany, 1:500), and anti-b-actin
(Sigma, A5441, Taufkirchen, Germany, 1:1000). HRPconjugated secondary antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, Heidelberg,
Germany) (1:10000) and Pierce (High Sensitivity Streptavidin HRP Conjugate, Pierce, Rockford, United States)
and visualized with enhanced chemiluminescence (Pierce,
Rockford, IL). For molecular weight estimation, the peqGold prestained Protein Marker V (Peqlab, Erlangen,
Germany) was used.
Immunohistochemistry
For immunohistochemistry, sections of paraffin-embedded tissues were processed following routine procedures.
Briefly, tissue sections were dewaxed, incubated in blocking solution followed by the first antibody or isotypematched immunoglobulin. The primary antibodies included anti-ACSL5 (Abnova 51703; dilution 1:50), antiWnt2B (Abcam 50575; dilution 1:500), anti-Ki67 (Medac
RM-9106-R7; dilution 1:3), and anti- b -catenin (BD
Transduction 610153; dilution 1:25). The antigens were
uncovered by pre-treatment with Citrate buffer pH 6.0.
Slides were scanned with Nano Zoomer 2.0 HT (Hamamatsu, Japan) and analyzed with NDP.view (Hamamatsu,
Japan).
ACSL5 gene silencing
RNA interference on ACSL5 transcripts was performed
as described previously[33]. Briefly, 75 nmol/L doublestranded small interfering RNAs Hs_ACSL5_6 HP and
Hs_ACSL5_7 HP (Qiagen) were used for transfection
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experiments as described by the manufacturer. In control
experiments, non-silencing siRNAs were used. Knockdown efficiency was evaluated by fluorescence microscopy, qRT-PCR, and anti-ACSL5 immunoblotting.
Wnt-activity assay
Cells were transiently transfected with pGL4[luc2CP/
TCF-LEF RE/Hygro] (Firefly luciferase vector, Promega, Mannheim, Germany) and pGL4.70[hRluc] (Renilla
luciferase vector, Promega, Mannheim, Germany). Wnt
signaling was activated by the addition of 200 ng/mL
recombinant Wnt3A (R&D Systems, Wiesbaden, Germany) and incubated for 1 h at 37 ℃. The Dual luciferase
Assay (Promega, Mannheim, Germany) was performed
as recommended by manufacturer.
Apcmin/+ mice
Apcmin/+ mice, originating from the Jackson Laboratory[34],
were maintained in temperature-controlled rooms with a
12 h light/dark cycle in the animal facility of the University Hospital of Aachen. All studies were approved by the
authority for environment conservation and consumer
protection of the state North Rhine-Westphalia (Germany). Mice were sacrificed at the indicated time points,
tissues were sampled for histological and RNA analysis.
For each investigated time-point and condition at least 5
mice were investigated.
Patients
The use of human tissues was approved by the local ethics committee at the University Hospital RWTH Aachen
(EK 179/12). A total of 12 patients were included in this
study. Neither neo-adjuvant chemotherapy nor radiation
was applied prior to surgery for sporadic human colorectal adenocarcinomas (all graded G2 or G3). Tissue specimens were fixed in formalin and embedded in paraffin.
For immunostainings against ACSL5, Wnt2B, Ki67, or
b-catenin, tissues were sectioned and dewaxed. In each
slide, the staining intensity of normal mucosa and adenocarcinoma was evaluated. The staining intensity of a
staining control was used as standard.
Statistical analysis
Data demonstrate findings of experiments reproduced at
least three times. Excel-based algorithms and procedures
were used in data processing. Standard deviations from
the means are indicated by error bars. The t-test was applied to calculate differences between groups. P-values
of less than 0.05 were considered to be significant. Immunoblots were calculated with densitometry and data
processing with the ImageJ Quant 5.1 software (National
Institutes of Health, United States; http://rsb.info.nih.
gov/ij).

RESULTS
Mitochondrial co-localization of ACSL5 and Wnt2B
To prove the possibility of molecular interaction between
ACSL5 and Wnt signaling, CaCo2 cells were used. CaCo2
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is an established cell line derived from human colon
adenocarcinoma with mutated APC and disrupted Wnt
signaling[35]. Besides wild-type cells we used a stable transfected ACSL5 clone (clone 3/25) and a vector control
(clone P14).
To characterize the cellular compartment of ACSL5
and Wnt2B, CaCo2 cells were fractionated into mitochondria and cytoplasm, and protein expression was
measured by Western blotting. As reference proteins,
b-actin (cytoplasm) and CoxⅣ (mitochondria) were used.
An overexpression of ACSL5 caused significantly increased Wnt2B levels in the mitochondrial fraction, while
cytoplasmatic levels remained unchanged (Figure 1A).
To evaluate changes in Wnt2B mRNA levels in dependence on ACSL5, realtime PCR was performed. Samples
were CaCo2 cells in which ACSL5 was knocked down by
siRNA. In the absence of ACSL5, Wnt2B showed significantly increased mRNA expression (Figure 1B).
ACSL5 as a modifier of Wnt activity
In contrast to CaCo 2, where the functional analysis
of Wnt activity is hampered due to mutated APC[35],
HEK293 cells are preferentially used for studies on
Wnt, because the cascade activity is intact[36]. These cells
derived from a human embryonic kidney cell line were
transformed by DNA of human adenovirus 5[37]. ACSL5
is physiologically not detectable in these cells. Thus, conditions were ideal to characterize the putative influence
of ACSL5 on Wnt signal transduction in HEK293 cells
by on-/off system (with transient ACSL5 expression).
Both cell lines, CaCo2 and HEK293, were furthermore
transiently transfected with Wnt2B and/or luciferase Tcf
reporter pTOPflash and control construct pFOPflash.
Wnt signaling was induced by adding recombinant Wnt3A and detected luminometry.
Cells with intact Wnt signaling (HEK293) showed
distinct reporter gene expression after activation with
Wnt3A. CaCo2 control transfectants (clone P14) reproduced this observation in half the expression intensity
of HEK293. In the presence of increased ACSL5 expression, no statistically significant Wnt activation was
detectable; reporter gene expression was significantly
decreased (Figure 2A). To verify these results, ACSL5 was
knocked down by siRNA in HEK293 and CaCo2, then
pTOPflash and pFOPflash were transiently transfected
and cells activated with Wnt3A. The luminometric detection showed a re-activation of Wnt signaling in ACSL5
transfected CaCo2 cells (Figure 2B). To characterize the
role of Wnt2B in canonical Wnt signaling (wild type), the
experiment was modified by reducing Wnt2B expression.
A Wnt2B knockdown showed a decreased reporter gene
expression in HEK293 cells (Figure 2C). This observation indicates a decreased activation of the canonical Wnt
pathway in dependence on Wnt2B expression. In summarize, Wnt2B was identified as an activator of canonical
Wnt signaling regulated by mitochondrial ACSL5.
Wnt2B is modified by ACSL5 via S-palmitoylation
In order to prove palmitoylation as molecular mechanism
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Figure 1 Expression of acyl-coA synthetase 5 and Wnt2B in mitochondrion, cytoplasm, and nucleus. A: Western blot of mitochondrial and cytoplasmatic
CaCo2 cell fractions, fraction specific reference antibodies were b-actin (cytoplasm) and CoxⅣ (mitochondria); B: Wnt2B mRNA expression in the presence or absence of acyl-CoA synthetase 5 (ACSL5) was analyzed by realtime PCR and normalized for the reference gene cyclophilin. aP < 0.05 vs control.

of ACSL5-induced arrest of Wnt2B in mitochondria, an
acyl-biotin-exchange assay was used[38]. To conserve palmitoylation of Wnt2B for the subsequent measure, cells
were treated with palmostatin B. Afterwards mitochondria were isolated. Wnt2B was then immunoprecipitated
in the mitochondrial fraction by sepharose beads by specific antibodies. The resulting samples were treated by acyl-biotin exchange, SDS-PAGE and analyzed by Western
blotting. Figure 2D shows the established palmitoylation
assay, figure 2E palmitoylation in relation to Wnt2B
protein expression, depending on ACSL5. Increased
ACSL5 expression resulted in significantly increased
palmitoylation of Wnt2B in relation to Wnt2B protein
expression, knocking down ACSL5 resulted in decreased
palmitoylation of Wnt2B. The functional data are in line
with the descriptive findings in normal human intestinal
mucosa. Both ACSL5 and Wnt2B were expressed in an
increasing gradient along the CVA, whereas Wnt activity,
shown by nuclear b-catenin expression, was inverse (Figure 3).
In vitro Wnt2B palmitoylation status is inverse to grade
of malignity
The palmitoylation status of Wnt2B, the main criterion
of ACSL5-Wnt interaction, was tested in several human colon carcinoma cell lines of different malignancy
statuses including HT29, CaCo2, SW480, and HCT116.
Using the origin and power of cellular differentiation, the
cell lines were characterized as low (HT29, CaCo2), intermediate (SW480), or high (HCT116) grade malignity[39].
In the palmitoylation exchange assay, cells with increasing
malignity reveal significantly decreased palmitoylation
of Wnt2B in mitochondria (Figure 4A). According to
the in vivo situation, the analysis of ACSL5 showed that
decreased palmitoylation correlates not immediate with
a decreased ACSL5 expression. Expression studies in
total cell lysates showed increased mRNA expression of
ACSL5 with only marginally varying Wnt2B and b-catenin
expression (Figure 4B).
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Aberrant expression of Wnt2B and ACSL5 in adenomas
and adenocarcinomas
In a next step we aimed to characterize the molecular association of ACSL5 and Wnt2B in intestinal neoplasias,
i.e., adenomas and adenocarcinomas. In adenomas of the
Apcmin/+ mouse model at 21 wk of age, translocation of
b-catenin from cytoplasm into the nucleus was found
(Figure 5B). Adenomatous or rather tumorous areas with
decreased ACSL5 expression showed a tendency towards
decreased expression of Wnt2B compared to surrounding normal tissue. These results suggest decoupling of
ACSL5-Wnt interaction in adenomas.
In human sporadic adenocarcinoma of the colon, a
significant upregulation of ACSL5 and Wnt2B in carcinoma was shown (Figure 5C-F). Wnt2B was detectable
both nuclearly and cytoplasmatically. In parallel an activation of Wnt signaling was found, shown by the translocation of b-catenin into the nucleus (Figure 5E). In the
tumors, palmitoylation of Wnt2B was increased (Figure
5G and H) reflecting the in vitro findings.

DISCUSSION
Homeostasis of intestinal barrier is amongst other things
maintained by regulatory signaling pathways like Wnt,
which are essential for physiologic cell reagibility and
influence the throughput of epithelial cells. Thus these
signaling cascades are of central relevance for navigating
enterocytes towards proliferation, differentiation, and
apoptosis.
By its distinct and preferential mitochondrial localization on the inner and outer mitochondrial membrane,
ACSL5 has a special ranking among acyl-CoA synthetases. It is of important relevance in mitochondrial fattyacid metabolism and energy homeostasis of cells by the
channeling of acyl-coA and promotion of ß-oxidation[8,40].
In addition, ACSL5 was identified as a functional regulator in the cellular homeostasis of apoptosis, survival, and
differentiation. To analyze a putative link between ACSL5
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Figure 2 Wnt activation dependent on acyl-CoA synthetase 5 expression. A: Luciferase reporter assay in HEK293 and CaCo2 cells stably or transiently transfected with acyl-CoA synthetase 5 (ACSL5) and transiently transfected with pTOPflash or pFOPflash. After activation with Wnt3A, Tcf reporter-derived luciferase
activity was detected luminometric; B: Luciferase reporter assay after knockdown of ACSL5 by siRNA in HEK293 and CaCo2 cells; C: Luciferase reporter assay after
knockdown of Wnt2B by siRNA in HEK293 cells; D: Palmitoylation of Wnt2B dependent on ACSL5 expression. Isolated mitochondria from HEK293 cells, transiently
transfected and immunoprecipitated with Wnt2B, with or without treatment with palmostatin B, Hydroxylamine (hydrochloride), and BMCC. As a reference, Wnt2B
protein expression was determined; E: Isolated mitochondria from CaCo2 cells, transiently transfected with Wnt2B and ACSL5, immunoprecipitated with Wnt2B, after
treatment with palmostatin B, hydroxylamine (hydrochloride), and BMCC. aP < 0.05 vs control.

and Wnt signaling, a luciferase reporter assay to detect
Wnt activity by Tcf reporter[41] was established in two cell
culture models. In HEK293 cells with intact Wnt signaling, ACSL5 was not detectable. In CaCo2 cells, characterized by a mutation in the APC, ACSL5 was strongly
expressed. By means of both cell culture models it was
coherently shown that ACSL5 expression has an inhibitory effect on Wnt activation. The findings with CaCo2
indicate that the ACSL5-Wnt interaction could be downstream of APC.
Lipid modifications of proteins are of extreme physiological and pathophysiological relevance. A functionally important variance of lipid modification is protein
palmitoylation, biochemically an O- or S-derived binding
of palmitate. Palmitoylation of a protein alters its function and is an important regulator in various signaling
pathways[38]. Inaccurate palmitoylation is involved in the
pathogenesis of several diseases including cancer[42]. It is
WJG|www.wjgnet.com

known that various molecules of canonical Wnt signaling are modified by palmitoylation, possibly influencing
their activity and localization[29]. To date, ACSL5 as promoter of Wnt palmitoylation has not been not characterized. However it has been shown that ACSL5-derived
lipid modification of proteins regulating intestinal cell
properties functions by palmitate addition as well [43].
This characteristic is presumably important in different
signaling cascades and receptor structures[44]. Both in cell
culture models and in murine and human tissue it was
shown that overexpressed or downregulated ACSL5 alters expression and synthesis of Wnt2B in mitochondria
and cytoplasm. This observation argues for an ACSL5derived change in localization of Wnt2B. At high expression of mitochondrial ACSL5, Wnt2B is also increased
in the mitochondrion; after ACSL5 knockout, Wnt2B
expression is shifted into the cytoplasm. As an underlying
mechanism palmitoylation was identified here, because
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Figure 3 Expression of acyl-CoA synthetase 5, Wnt2B, and b-catenin in normal human intestinal mucosa. Immunohistological staining of acyl-CoA synthetase 5
(A), Wnt2B (B), and b-catenin (C) on paraffin sections of normal human intestinal mucosa. For general view staining with hematoxylin and eosin (D), staining control (E).
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the palmitoylation pattern of Wnt2B changed with varying ACSL5. This observation suggests an ACSL5-derived
localization change of Wnt2B by palmitoylation, indirectly influencing activation of Wnt signaling.
Regarding a potential uncoupling of ACSL5-Wnt interaction in intestinal carcinogenesis, the relevance of this
newly identified pathway was analyzed in different intestinal tumor cell lines dependent on their potential malignity. HT29 is the lowest-maligned cell line, increasing via
CaCo2 and SW480 to HCT116 with the highest malignity
grade[39]. With potentially increasing malignity, palmitoylation of Wnt2B in mitochondria was downregulated,
with increasing ACSL5 mRNA expression and constant
mRNA expression of Wnt2B and b-catenin as indicators
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for Wnt activation in whole lysates. Colon carcinoma cell
lines of different origin and malignity status showed a
broad range in Wnt2B palmitoylation. It is assumed from
these data that our observed mechanism differs in its expressivity, maybe caused by other Wnt-regulatory factors
or locoregional reasons. Maybe the localization of Wnt2B
shifts towards the cytoplasm with increasing malignity
and ACSL5 is no longer able to palmitoylate and arrest
Wnt2B to mitochondrion. Other studies also describe a
loss of palmitoylation in molecules with antineoplastic
properties[45].
Following the cell-culture-based experiments, murine
and human intestinal normal or diseased tissues were
investigated. Both molecules, ACSL5 and Wnt2B, were
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Figure 5 Proliferation and Wnt activation in adenoma of APCmin/+ mice and human familial adenomatous polyposis. A: b-catenin staining on adenoma of human familial adenomatous polyposis and in APCmin/+ mice; B: Expression of acyl-CoA synthetase 5 (ACSL5), Wnt2B and b-catenin and palmitoylation of Wnt2B in
human sporadic adenocarcinoma; C: General view staining with HE; D-F: Immunohistochemical staining with ACSL5, b-catenin, Wnt2B; G: Palmitoylation of Wnt2B
in isolated mitochondria of human tissue, immunoprecipitated with Wnt2B, after treatment with palmostatin B, hydroxylamine (hydrochloride), and BMCC. Wnt2B as
reference; H: Densitometry calculation of (G) with ImageJ. aP < 0.05 vs control.

downregulated in highly proliferating tissue and Wnt2B
palmitoylation was decreased. In a direct comparison
to tumor-surrounding normal tissues, the carcinoma
showed significantly increased expression of ACSL5 and
Wnt2B. Wnt2B was found cytoplasmatically and nuclearly. Mitochondria isolated from carcinoma showed significant increased palmitoylation of Wnt2B. Because of
the mitochondrial localization of both target molecules,
the observed expression changes, and in particular the
mitochondrial palmitoylation of Wnt2B, ACSL5 seems
to play a central role. Other ACSL isoforms, in particular
ACSL1b and -6, were described in correlation with palmitoylation[43]: palmitoylation of G-Alpha S is essential
for its function. It was inhibited by blocking of the ACSL
activity by Triacsin C. As a result, the G-Alpha S signaling
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pathway in oocytes was inhibited and resulted in a mismaturation in the human reproduction cycle.
Our data reveal that in addition to ACSL5 as a modifier of apoptosis, the enzyme is able to regulate Wnt
signaling/activity. Its functionality is mediated by palmitoylation and results in Wnt signaling inhibition, which
could antagonize early carcinogenesis. Based on the
manifold cross-linking of different pathways particularly
in intestinal epithelia, a key role of ACSL5 and other
ACSL isoforms in other proliferation- and differentiation-associated pathways or apoptosis could be possible.
The ACSL5 influence seems to be circumvented by other
mechanisms with increasing malignity and disproportionate Wnt activation. The palmitoylation pattern changes
independently and seems to underlie other regulatory
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mechanisms as only ACSL5-based expression. Electrostatic interactions could play an important role and lead
to an association of Wnt2B and b-catenin instead of mitochondria and ACSL5.
In conclusion, experimental evidence exists for an
inhibitory ACSL5 activity on Wnt signaling via palmitoylation of Wnt2B with mitochondrial Wnt2B arrest.
The molecular pathway could be of relevance in carcinogenesis.

COMMENTS
COMMENTS

5

6

7

Background

The intestinal surface epithelium is characterized by a continuous cellular renewal along the crypt-villus axis (CVA) or crypt-plateau axis. Cells migrate from
the crypt to the villus tip and differentiate by this time. At the villus tip the cells
undergo apoptosis and are scaled off in the lumen. Various signaling cascades
build a sensitive balance and regulate each other. Mitochondrial acyl-CoA synthetase 5 (ACSL5) is expressed in an ascending gradient along the CVA and
promotes enterocytic apoptosis at the villus tip. Canonical Wnt signaling is a
proliferating signaling pathway. An interaction of ACSL5 with members of Wnt
signaling pathway could be of central relevance for intestinal homeostasis.
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ACSL5 is involved in fatty acid metabolism, its main function is the activation of
long-chain fatty acids. In the area of prevention of intestinal diseases and tumor
formation, the research hotspot is how ACSL5 modulates canonical Wnt signaling and regulates proliferation along the CVA.
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interaction between mitochondrial ACSL5 enzyme activity and mitochondrial
localized Wnt2B.
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The study results suggest that in addition to ACSL5 as a modifier of apoptosis,
the enzyme is able to regulate Wnt signaling/activity. Its functionality is mediated by palmitoylation and results in Wnt signaling inhibition, which could antagonize early carcinogenesis.

Terminology

Palmitoylation: palmitoylation is a reversible posttranslational protein-modification, consisting of a covalent thioester-bond between palmitoyl-CoA and
cysteine. Cellular effects of palmitoylation are increased hydrophobicity, transformational change, interaction with membranes, or integration in membranes.
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Abstract
AIM: To investigate the feasibility and safety of pH capsule to monitor pH in patients with gastroesophageal
reflux disease (GERD).
METHODS: Ninety-one patients with symptoms suggestive of GERD were enrolled in this study, 46 of
whom were randomized to the pH capsule group; the
remaining 45 patients used the conventional catheter
and pH capsule simultaneously. The pH data and traces
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were recorded via automatic analysis, and capsule detachment was assessed using X-ray images. All of the
patients were required to complete a questionnaire regarding tolerance with the capsule.
RESULTS: The capsules were successfully attached
on the first attempt, and no early detachment of the
capsules was observed. Compared to the 24-h pH data
recorded with the conventional catheter, the data collected with the pH capsule showed no significant differences in 24-h esophageal acid exposure. The measurements of esophageal acid exposure over 24 h collected
with the two devices showed a significant correlation
2
(r = 0.996, P < 0.001). Capsule detachment occurred
spontaneously in 89 patients, and 2 capsules required
endoscopic removal due to chest pain. The capsule was
associated with less interference with daily activity.
CONCLUSION: The wireless pH capsule provides a
feasible and safe method for monitoring gastroesophageal reflux and therefore may serve as an important
tool for diagnosing GERD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: wireless pH capsule; feasibility; safety;
conventional catheter; gastroesophageal reflux disease
Core tip: The new pH capsule (JSPH-1, made by Jinshan Science and Technology Co. Ltd, Chongqing, China),
a wireless pH capsule developed in China, was introduced as an alternative method for pH monitoring.
Compared with the result recorded synchronously with
MMS catheter, that obtained with JSPH-1 pH capsule
was of uniformity. Our study suggested that JSPH-1 pH
capsule is feasible, safe, well tolerated for monitoring
reflux in patients with gastroesophageal reflux disease
(GERD), therefore it may serve as an important tool for
the diagnosis of GERD.
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Table 1 Inclusion and exclusion criteria
Inclusion criteria
Age ≥ 18 yr and ≤ 65 yr
Typical symptoms: regurgitation and heartburn
Atypical symptoms: belching, chest pain, pharyngeal burning, foreign
body sensations, chronic unexplained pharyngitis, hoarseness,
bronchitis, and asthma
Proton pump inhibitor therapy-positive
Written informed consent
Exclusion criteria
Nasopharynx or upper esophagus obstruction
Esophageal varices and severe esophageal mucosal erosion
Severe esophageal motility disorder (e.g., achalaisa, scleroderma,
diabetes mellitus, autonomic or peripheral neuropathy, and myopathy)
In vivo congenital gastrointestinal malformation, gastrointestinal
obstruction, perforation, stricture, or fistula
A recent history of stomach surgery or gastrointestinal bleeding
(within the past 6 mo)
A history of bleeding tendency and taking anticoagulant drugs in the
long term
Any implanted electrical device, such as cardiac pacemakers
Allergy to the polymer materials
Various acute enteritis, severe ischemic disease, or radioactive colitis
Pregnancy/lactation
Unstable cardiopathy, psychotic diseases arrhythmia cordis, or being
uncooperative

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a condition
which develops when the reflux of stomach contents
causes troublesome symptoms and/or adverse events[1].
This is a common condition with a prevalence rate of
8.1%-27.8% in North America, 8.8%-25.9% in Europe,
2.5%-7.8% in East Asia, 8.7%-33.1% in the Middle
East, 11.6% in Australia, and 23.0% in South America[2].
Moreover, GERD profoundly affects societies in terms
of economic cost[3], quality of life, and working ability[4].
According to previous investigations, the mean total cost
per patient over a 12-mo follow-up period was €5237, of
which €4674 (89%) was due to lost work productivity in
France[5]; GERD resulted in a 6% to 40% reduction in
workers’ efficiency[6]. Therefore, the burden of GERD
has promoted various efforts to identify appropriate diagnostic approaches and improve diagnostic modalities.
Recent studies also suggest that the prevalence of GERD
in Asia is increasing[7].
Esophageal pH monitoring is a valuable tool for the
diagnosis and management of GERD. Conventional ambulatory esophageal 24-h pH monitoring is considered
as the gold standard for diagnosing GERD and provides
an objective diagnosis[8]. However, this measuring device
is passed transnasally, can lead to discomfort and often
requires patients to modify their daily activities or diets.
Moreover, changing positions can lead to the migration
of the catheter electrode, and these changes may potentially result in false-negative results[9-11]. In addition,
esophageal acid exposure shows day-to-day variability
and fluctuation, contributing to the inadequacy of this
24-h monitoring catheter system to record the extent of
reflux events and related symptoms[12].
A new wireless technique, which was introduced by
Medtronic, represents a significant advancement in better tolerability and higher sensitivity in the diagnosis of
GERD[13-15]. Recently, with the improved understanding
of GERD among patients and an increased demand for
advanced diagnostic techniques in China, a new wireless
pH capsule device (JSPH-1), was developed (Jinshan Science and Technology Co. Ltd, Chongqing, China).
In an effort to promote the clinical application of the
JSPH-1 pH capsule, the present study was designed to
assess the clinical feasibility and safety of the JSPH-1 pH
capsule in patients with symptoms suggestive of GERD.

MATERIALS AND METHODS
Patients
Between December 2010 and June 2011, we enrolled

WJG|www.wjgnet.com

patients with symptoms suggestive of GERD from the
inpatient and outpatient departments of 4 university
hospitals in China. Before enrollment, each patient had
undergone routine hematology and coagulation tests,
and an electrocardiographic examination. Patients were
instructed to stop taking proton pump inhibitors for 7 d,
histamine 2 receptor antagonists for 5 d, and antacids for
at least 24 h prior to the start of the study procedures.
The inclusion and exclusion criteria are listed in Table
1. The enrollment and allocation flow of patients with
GERD is shown in Figure 1.
All patients provided written informed consent to
participate in the study. The protocol was approved by
the ethics committees at each participating center (approval number: 2010-013) and the respective national
authorities, as applicable. All authors had access to the
study data and approved the statement. The trial was also
registered in an independent clinical trial database (www.
chictr.org; ID: ChiCTR-DDT-12002374).
Study design
This was a prospective, randomized, self-controlled, parallel-group, multicenter trial. The randomization sequence
was generated by computer. The coded treatment assignments were kept at the coordinating center in sealed,
consecutively numbered, opaque envelopes. Randomized
assignments to the study groups were made by contacting
the coordinating center by telephone.
Monitoring system
Esophageal pH data and traces were simultaneously
monitored for 24 h using each system. The conventional
catheter pH measurement system (MMS-Medical Measurement Systems BV, The Netherlands) used a transna-
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Assessed for eligibility
(n = 115)
Excluded (n = 24)
Not meeting inclusion criteria (n = 24)
2 had achalasia
4 had erosive esophagitis in Los Angeles D grade
6 had gastrointestinal bleeding within past 6 mo
2 had stomach surgery within past 6 mo
5 had hiatus hernia
3 were uncooperative
2 had arrhythmia
Declined to participate (n = 0)
Other reasons (n = 0)
Randomized (n = 91)

Allocated to intervention (n = 45)
Received allocated intervention (n = 45)
Did not receive allocated intervention (n = 0 )

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Safety and feasibility analysis (n = 45)
Excluded from analysis (n = 0)

Allocated to intervention (n = 46)
Received allocated intervention (n = 46)
Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Safety Analysis (n = 46)
Excluded from analysis (n = 0)

Figure 1 Enrollment and allocation of patients with gastroesophageal reflux disease.

sal antimony catheter.
The JSPH-1 pH capsule (Jinshan Science and Technology Co. Ltd, Chongqing, China) consisted of a capsule attached to the end of a catheter delivery system, a portable
receiver, and a computer workstation (Figure 2A). The pH
capsule was attached to the esophageal mucosa through a
vacuum connection hole fixed to a suction pump, which
was released from the delivery system by triggering the
activation knobs in sequence (Figure 2B). The capsule was
rectangular in shape (26.5 mm × 5.5 mm × 6 mm) and
weighed 1.4 g. The pH sensors (dry antimony electrode
and reference electrode) were on the distal tip, and an
internal battery and transmitter were settled within the
capsule (Figure 2C). The life span of the battery exceeded
96 h, and the pH data were transmitted to a receiver via
radiofrequency telemetry every 15 s and were recorded at
3-s sampling intervals (frequency 0.33 Hz).
Esophageal pH monitoring
Prior to pH monitoring, the pH capsules were energized
by removing the magnetic switches and then calibrated
in buffer solutions (Sandhill Scientific, Inc., Highlands
Ranch, CO, United States) of pH 1.07, pH 4.00, and pH
7.01. Endoscopy was performed under topical sedation
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with lidocaine hydrochloride mucilage. During the procedure, the distance between the squamocolumnar junction
(SCJ) and the incisors was measured. The delivery system
was smeared with lubricant and then transorally delivered
to the calibrated location in the esophagus. To attach the
capsules to the mucosa, the vacuum gauge of the pump
was stabilized at 0.08 MPa for approximately 10 s. After
the activation knobs on the handle were triggered in sequence, the pH capsule was released from the delivery
system. Under vacuum pressure suction, the pH capsule
could attach to the esophageal mucosa with the help of
the clamping device.
The catheter pH electrode was calibrated in buffer
solutions of pH 1.07 and pH 7.01. After pH capsule
placement, the catheter electrode was passed transnasally
and placed at the same level as the pH capsule. As the
catheter pH electrode was fixed, an X-ray was obtained
to observe the location of the 2 electrodes in order to
confirm that they were at the same level. Simultaneous
pH recording was also initiated.
Recording protocol
During the first 24 h of recording, the patients were instructed to perform activities as normally as usual and to
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A

B

Activation knob

pH sensor

pH capsule

Duct

Handle

Vacuum connection

C

Transmitter

pH sensor

Printed circuit board

Battery

Figure 2 JSPH-1 pH capsule measurement system. A: The system includes a JSPH-1 delivery system, a receiver, a pH capsule, and a computer workstation; B:
Prepackaged pH capsule incorporating both a delivery system and a pH capsule. The handle of the delivery system is separated from the capsule by triggering the
activation knobs; C: The pH sensors (antimony pH electrode and reference electrode) are located on the distal tip of the capsule, and an internal battery, a transmitter,
and a printed circuit board are contained within the capsule.

keep a diary to document meal times, food intake, and
the time and type of any symptoms. At the end of the
first 24 h, the catheter electrode was removed, and the
capsule was retained for additional pH recording. The
patients returned to the monitoring centers, where X-rays
were collected to confirm capsule detachment.
At the end of the study, the pH data were downloaded from the receivers and analyzed using a standard
computer software program (pH Capsule Data Analysis
Workstation, Jinshan Science and Technology Co. Ltd,
Chongqing, China).
In addition, the patients were instructed to complete
questionnaires describing tolerability, related symptoms,
and modifications of daily activities during pH capsule
monitoring.
Study parameters
The summary data included a pH trace and statistics
on the total number of reflux episodes, the number of
episodes longer than 5 min, the longest reflux episode
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during which the pH was < 4.0, and the total time and
percentage of the total time when the pH was < 4.0.
Abnormal esophageal acid exposure was defined as the
percentage of the total time with a pH < 4.0[16], with a
diagnostic threshold of 4.2% for catheter-based studies
and 4.4% for wireless studies[17,18].
All adverse events were documented. Symptoms
related to capsule attachment were assessed by a diary,
including foreign body sensations, chest pain, nausea,
and vomiting. In addition, foreign body sensations, saliva
swallowing discomfort, chest discomfort, chest pain, dysphagia for solids or liquids, nausea, and vomiting were assessed throughout the pH monitoring period. Procedural
adverse events, such as mucosal trauma, severe bleeding,
and esophageal perforation, were also evaluated.
Tolerance evaluation was assessed by the patients,
who also recorded their level of satisfaction with the
procedure. The patients also rated the interference with
normal daily activities, diet, and sleeping as none, mild,
moderate, or severe.
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A

B

C

Figure 3 Attached pH capsule and the fixed location. A: Endoscopy showing the pH capsule attached 5 cm proximal to the squamocolumnar junction; B: X-ray
showing the pH capsule electrode and the catheter pH electrode at the same level; C: Esophageal mucosa showing procedural mild trauma after capsule detachment.

Estimation of sample size
In a previous study[19], esophageal pH monitoring with a
wireless system was associated with significantly greater
esophageal discomfort (43%) compared to traditional
catheter system. In another study[20], 48% of patients
using a wireless pH capsule complained of throat discomfort. Our unpublished pilot data showed that 2 of
22 patients (9%) complained of moderate chest pain or
esophageal discomfort when using the JSPH-1 device.
Our sample size calculations were based on an allowed
error of 0.06 measured with the JSPH-1 pH capsule.
Therefore, these data indicated that 88 patients would be
adequate for the safety study. According to our unpublished preliminary results, it was projected that the standard deviation of the difference between the 2 techniques
would be 0.77 and that the allowed error measured by the
2 techniques would be 0.39. Using a type I error of 5.0%
(2-sided) with a power of 90%, 43 patients were planned
for the feasibility study.
Statistical analysis
Statistical analyses were performed using SPSS software
(version 13.0). All data are expressed as mean ± SE,
percentages, medians, and ranges. Comparisons of the
esophageal acid exposure measured during the 24 h of
simultaneous recordings in the 45 patients with the 2
systems were analyzed using Wilcoxon signed rank tests.
Diagnostic concordance was calculated by dividing the
number of patients with the same diagnostic result from
both methods by the total number of patients and the
kappa value. The correlation of the pH data between the
2 devices was determined using simple regression analysis. In all analyses, P < 0.05 was considered statistically
significant.

RESULTS
Study population
We approached 115 patients with symptoms suggestive
of GERD for study eligibility. A total of 24 patients were
excluded (Figure 1), and 91 patients entered this study.
Forty-six of the 91 patients randomized to JSPH-1 group
did not receive the conventional catheter pH measure-
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ment system (MMS) monitoring, and the remaining 45
patients used the conventional catheter pH measurement
system (MMS) and the JSPH-1 simultaneously.
A total of 91 patients with a mean age of 45.2 ± 12.8
years (range: 21-65 years) were enrolled in the study. Of
these, 49 (53.8%) were female (mean age: 47.0 ± 11.8
years), and 42 (46.2%) were male (mean age: 43.1 ± 13.8
years). The patients presented with heartburn (n = 14),
regurgitation (n = 6), chest pain (n = 24), pharyngeal
burning or foreign body sensations (n = 10), hoarseness (n
= 1), heartburn and regurgitation (n = 23), and regurgitation and chest pain (n = 13).
Attachment
Placement of the pH capsule was successful in all the
patients at the first attempt. As shown in Figure 3A, endoscopy indicated that the pH capsule electrode was attached 6 cm proximally to the SCJ. According to the prior
study[21], recommended endoscopic pH capsule placement
was 6 cm proximal to the SCJ, approximate to the conventional pH catheter placement positioned 5 cm proximal to the upper margin of the low esophageal sphincter
(LES). Control X-rays revealed that the capsule and MMS
catheter electrode were located at the same level in the
esophagus (Figure 3B). After capsule detachment on day
1, endoscopy revealed only mild localized mucosal trauma
at the site of attachment in all patients (Figure 3C). All patients successfully completed at least 24 h of wireless pH
monitoring. The diagnostic efficacy was 100%.
Prolonged monitoring time: The 48-h recording rate
was 88% (80/91). Capsule detachment occurred between
25 and 27 h in 10 patients, and incomplete data capture
occurred in 1 patient. In addition, 38 of the 91 patients
underwent 96-h wireless pH monitoring during the study
period. Capsule detachment occurred between 48 and 72
h in 2 patients and between 72 and 96 h in 3 other patients. Thus, 96-h recordings were available in 33 (36%)
patients. The overall mean recording time was 72 ± 24 h.
Tolerability
The pH capsules were generally well tolerated, and only 1
patient experienced strong discomfort due to capsule at-
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Figure 4 Comparison of esophageal acid exposure measured during 24 h of simultaneous recordings in 45 patients with the conventional pH measurement system and the pH capsule (JSPH-1). A-D: There were no significant differences in pH parameters including the number of reflux episodes with a pH < 4 (P
= 0.305), the number of episodes longer than 5 min (P = 0.058), the longest reflux time (P = 0.125), or the percentage of total time with a pH < 4 (P = 0.171) between
the 2 systems; E: Overall median value of the total time with a pH < 4 was significantly shorter with the capsule system than with the catheter system (P = 0.014).

Table 2 Comparison of esophageal acid exposure measured
during 24 h of simultaneous recordings in 45 patients with
pH capsule (JSPH-1) and the conventional pH measurement
system
Parameter

JSPH-1

MMS

Reflux episodes (n)
17 (8-36.5)
16 (6-39.5)
Reflux episodes > 5 min (n)
0 (0-2)
1 (0-3.5)
Longest reflux time (min)
5.4 (2.1-14.2) 6.5 (1.8-15.4)
pH < 4, total time (min)
14.6 (4.0-53.8) 20 (5.6-54.1)
pH < 4, percentage of total time (%) 1.2 (0.3-4.1)2 1.5 (0.5-4.0)2

P -value1
0.305
0.058
0.125
0.014
0.171

1

Wilcoxon signed rank test; 2 Results are median (25 th -75 th ). MMS:
Measurement system.

tachment, as observed by endoscopy. Eight-five patients
(93.4%) stated that they would be willing to undergo the
procedure with capsule again. In addition, 34 (37.4%) patients reported mild or moderate interference with normal daily activities, diet, and sleeping during the capsule
monitoring period.
Safety
Forty-five (49.5%) patients experienced symptoms related
to capsule attachment, including nausea in 29 (31.9%),
foreign body sensations in 7 (7.7%), and chest pain in 11
(12.1%). Two (2.2%) patients experienced more than 1
symptom. Sixty patients (65.9%) experienced symptoms
during the pH monitoring period, including discomfort
when swallowing saliva in 13 (14.3%), dysphagia for solids
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in 21 (23.1%), foreign body sensations in 33 (36.3%), chest
discomfort in 6 (6.6%), and chest pain in 3 (3.3%). Sixteen
patients (17.6%) experienced more than 1 symptom.
No patients were lost to follow-up during the study
period. According to X-rays, capsule detachment occurred spontaneously in 89 patients. The other 2 patients
complained of intolerable chest pain during the pH
monitoring period on day 7, which required endoscopic
removal. No serious adverse events occurred. The capsule disappeared in all of the patients after capsule detachment on day 2.
Comparison of esophageal acid exposure monitored
with JSPH-1 pH capsule and MMS-catheter
During the first 24-h period, esophageal acid exposure
was monitored simultaneously with the JSPH-1 pH capsule and MMS catheter in 45 patients. Correct positioning
of both probes was confirmed according to X-ray images
in all patients.
The pH parameters of esophageal acid exposure recorded with both devices during the initial 24 h period
are shown in Table 2. There were no significant differences in the 24-h esophageal acid exposure recorded with
the 2 devices in terms of the total number of reflux episodes (P = 0.305), the number of episodes longer than 5
min (P = 0.058), the longest reflux time (P = 0.125), or
the percentage of total time with a pH < 4.0 (P = 0.171)
(Figure 4A-D). However, the median total duration with
a pH < 4.0 recorded by the 2 devices was significantly
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different (P = 0.014; Figure 4E).
The difference in the percentage of total time with
a pH < 4.0 between the devices was less than 0.5%, and
there was a strong significant correlation [r2 = 0.996, P
< 0.001)] between the 24-h esophageal acid exposure recorded with the pH capsule and the MMS catheter (Figure
5A-E).
Abnormal esophageal acid exposure was identified
in the same 11 patients by the two methods. Therefore,
11 patients were diagnosed with reflux disease with two
devices and the diagnostic concordance for GERD was
100% (κ = 1.000).
A comparison of the pH representative traces recorded with the 2 devices showed that the pattern and
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duration of acid reflux events were consistent (Figure 6).

DISCUSSION
Wireless esophageal pH monitoring is a new diagnostic
method for GERD and has shown some advantages over
traditional methods. The Bravo pH monitoring system
has proven to be a feasible, safe, and well-tolerated device for esophageal pH monitoring. Moreover, there is a
strong correlation between the esophageal acid exposure
recorded with the Bravo capsule and that with conventional catheter monitoring systems[22,23]. The JSPH-1 pH
capsule system is a new wireless diagnostic tool developed
by Jinshan Science and Technology Co. Ltd, Chongqing,
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Figure 6 Representative traces of simultaneous recordings of esophageal pH with the pH capsule (JSPH-1) (upper trace) and the conventional pH measurement system (lower trace). Arrows indicate pH episodes detected simultaneously by the 2 devices. Both the pattern of contrast pH traces and the acid reflux
period between the JSPH-1 and measurement system were consistent.

China, which is slightly smaller and lighter than the Bravo
capsule. The recording time of the JSPH-1 capsule is
over 96 h, compared to Bravo capsule (24-48 h). Importantly, the sampling frequency of JSPH-1 capsule (1/3 s)
was faster than that of Bravo capsule (1/6 s).
Simultaneous data recorded using the JSPH -1 pH
capsule and the MMS catheter showed no significant
differences in 24-h esophageal acid exposure, with a
minimal difference of 0.5%. The placement of the pH
capsule was successful, and evaluable 24-h recordings
were available for all patients. We observed a statistically
significant correlation between the acid exposure times
recorded by the 2 devices, and the pH traces showed high
levels of consistency. These findings support the feasibility of the JSPH-1 capsule for monitoring esophageal pH
in patients with GERD. Moreover, our results with this
device are similar to those reported with the Bravo wireless system[22,24].
It has previously been reported that wireless pH capsule monitoring improves tolerance and produces less
interference with daily activities and nasopharyngeal discomfort than conventional catheter techniques[25-27]. The
pH capsule is disposable and avoids the risk of crossinfection, which also increases its viability and popularity[28,29]. Our data further suggested that most patients
achieved overall satisfaction with the system and would
be willing to accept a pH capsule test again. The capsule
was also associated with less impairment in daily activities
and diet modifications. Importantly, no serious adverse
events and no signs of gastrointestinal bleeding in terms
of hematemesis or melena occurred during the capsule
detachment period. Therefore, our results indicate that
the JSPH-1 pH capsule was safe and well-tolerated.
As our study was conducted in 4 centers, it may
in part reflect the real-life conditions of using the pH
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capsule. However, the administration of an objective
questionnaire for monitoring adverse events during the
JSPH-1 pH capsule monitoring period may have provided more relevant information. The main adverse events
include throat discomfort, foreign body sensations, odynophagia, mucosal injury, chest pain, esophageal perforation, and aspiration[30-33]. In our study, the incidence of
throat discomfort (14.3%) and foreign body sensations
(36.3%) were similar to those in other reports[18,30], which
varied between 4% and 14% and between 33% and 34%,
respectively. In our study, 6 patients (6.6%) complained
of chest discomfort, possibly due to the capsule causing
mild injury at the site of suction. It has previously been
reported that chest pain due to endoscopic removal of
the capsule occurs in less than 4% of cases[34,35]. In our
study, 2 (2.2%) patients with intolerable chest pain required endoscopic removal of the capsule, and this pain
may have been caused by esophageal hypercontractility
triggered as a result of capsule placement[36].
Our study confirms the feasibility and safety of the
JSPH-1 pH capsule for esophageal pH monitoring, especially for patients with typical symptoms and negative
endoscopic findings. Our study also demonstrates that
the device is well tolerated for pH monitoring in patients
with GERD. However, further study is required to identify an effective means of controlling capsule detachment in a predicted time, and it would also be beneficial
to extend the battery life beyond 96 h, thereby enabling
the device to be used for monitoring the effectiveness of
treatment interventions for GERD.
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Esophageal pH monitoring is a valuable tool for the diagnosis of gastroesopha-
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geal reflux disease (GERD). As conventional catheter pH monitoring produces
discomfort and interferes with daily activities, a new wireless pH capsule was
recently introduced as an alternative method for pH monitoring. This study assessed the feasibility and safety of pH capsule to monitor pH in patients with
GERD.

Research frontiers

For its high prevalence and negative effect on quality of life, GERD is always
the focus of the research. Esophageal pH monitoring is valuable for the diagnosis and management of GERD. Conventional ambulatory esophageal 24-h pH
monitoring may lead to discomfort and often requires patients to modify their
daily activities or diets. Moreover, changing positions can lead to the migration
of the catheter electrode, and potentially results in false-negative results. In addition, the 24-h monitoring catheter system can not record day-to-day variability
and fluctuation of esophageal acid exposure. So, it is necessary to develop a
wireless esophageal pH capsule.

Innovations and breakthroughs

The pH capsules were successfully attached at the first attempt, and no early
detachment of the capsules was observed. Compared to the conventional
catheter, the data from pH capsule showed a significant correlation in 24-h
esophageal acid exposure. The capsule was associated with less interference
with daily activities.
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Applications

The JSPH-1 pH capsule can be used as an alternative method for pH monitoring. Their results suggested JSPH-1 pH capsule is feasible, safe and well tolerated for monitoring reflux in patients with GERD, therefore it may serve as an
important tool for the diagnosis of GERD.

Peer review

The authors assess the feasibility and safety of a new wireless pH capsule to
monitor esophageal pH in GERD patients through carrying out a nice direct
comparison between capsule and traditional pH studies. They concluded that
the wireless pH capsule is a safe, effective and well-tolerated method for monitoring esophageal pH in patients with GERD, and showed a marginal advantage of the new device over others. This is a very interesting paper.
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Abstract
AIM: To observe the effect of Danshao Huaxian capsule (DHC) on the expression of Gremlin and bone
morphogenetic protein-7 (BMP-7) in the liver of hepatic
fibrosis rats.
METHODS: A total of 75 male Wistar rats were randomly divided into a normal control group (A), a CCl4induced hepatic fibrosis model group (B), a natural
recovery group (C), a low-dose DHC-treated group (D),
and a high-dose DHC-treated group (E), with 15 rats in
each group. Liver fibrosis was induced by subcutaneous injections of carbon tetrachloride (CCl4) and a highlipid/low-protein diet for 8 wk, except for the rats in
group A. Then, the rats in the two DHC-treated groups
were administered 0.5 and 1.0 g/kg DHC by gastrogavage once per day for 8 successive weeks, respectively.
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By the end of the experiment, the level of transforming
growth factor β1 (TGF-β1) in the liver homogenate was
determined by an enzyme-linked immunosorbent assay. The mRNA and protein expression of Gremlin and
BMP-7 in the liver tissue was determined by reversetranscription polymerase chain reaction, an immunohistochemical assay, and Western blot analysis.
RESULTS: Compared with group A, the level of TGF-β1
and the mRNA and protein expression of Gremlin were
significantly higher in group B (TGF-β1: 736.30 ±
24.40 μg/g vs 284.20 ± 18.32 μg/g, P < 0.01; mRNA
of Gremlin: 80.40 ± 5.46 vs 49.83 ± 4.20, P < 0.01;
positive protein expression rate of Gremlin: 38.46% ±
1.70% vs 3.83% ± 0.88%, P < 0.01; relative protein
expression of Gremlin: 2.81 ± 0.24 vs 0.24 ± 0.06, P <
0.01), and the mRNA and protein expression of BMP-7
was significantly lower in group B (mRNA: 54.00 ± 4.34
vs 93.99 ± 7.03, P < 0.01; positive protein expression
rate: 28.97% ± 3.14% vs 58.29% ± 6.02, P < 0.01;
relative protein expression: 0.48 ± 0.31 vs 1.05 ± 0.12,
P < 0.01). Compared with groups B and C, the degree
of hepatic fibrosis was significantly improved, and the
level of TGF-β1 and the mRNA and protein expression
of Gremlin were significantly lowered in the two DHCtreated groups (TGF-β1: 523.14 ± 21.29 μg/g, 441.86
± 23.18 μg/g vs 736.30 ± 24.40 μg/g, 651.13 ± 15.75
μg/g, P < 0.01; mRNA of Gremlin: 64.86 ± 2.83, 55.82
± 5.39 vs 80.40 ± 5.46, 70.37 ± 4.01, P < 0.01; positive protein expression rate of Gremlin: 20.78% ±
1.60%, 17.43% ± 2.02% vs 38.46% ± 1.70%, 29.50%
± 2.64%, P < 0.01; relative protein expression of
Gremlin: 1.95 ± 0.26, 1.65 ± 0.20 vs 2.81 ± 0.24,
2.22 ± 0.63, P < 0.01), and the mRNA and protein expression of BMP-7 was higher in the two DHC-treated
groups (mRNA: 73.52 ± 4.56, 81.78 ± 5.38 vs 54.00
± 4.34, 62.28 ± 4.51, P < 0.01; positive protein expression rate: 41.44% ± 4.77%, 47.49% ± 4.59% vs
28.97% ± 3.14%, 35.85% ± 3.50%, P < 0.01; relative
protein expression: 0.71 ± 0.06, 0.81 ± 0.07 vs 0.48 ±
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0.31, 0.60 ± 0.37, P < 0.01).
CONCLUSION: The therapeutic mechanism of DHC for
hepatic fibrosis in rats may be associated with inhibition
of the expression of Gremlin and up-regulation of the
expression of BMP-7.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatic fibrosis; Bone morphogenetic protein; Gremlin; Transforming growth factor; Traditional
Chinese herbs
Core tip: Hepatic fibrosis, as a refractory disease, represents a current threat to global health. To date, no
ideal drug therapies have been identified, and drugs
for liver fibrosis remain in the exploratory stage of development. Previous experimental and clinical studies
showed that Danshao Huaxian capsule (DHC, originally
called Handan Ganle) demonstrated efficacy in treating liver fibrosis. In this study, the effect of DHC on the
expression of Gremlin and bone morphogenetic protein
7 (BMP-7) in a liver fibrosis rat model was observed to
explore its potential mechanism for treating liver fibrosis. We found that the therapeutic mechanism of DHC
for hepatic fibrosis in rats may be associated with inhibition of the expression of Gremlin and up-regulation of
the expression of BMP-7.
Zhao XK, Cheng ML, Wu RM, Yao YM, Mu M, Zhu JJ, Zhang
BF, Zhou MY. Effect of Danshao Huaxian capsule on Gremlin
and bone morphogenetic protein-7 expression in hepatic fibrosis
in rats. World J Gastroenterol 2014; 20(40): 14875-14883 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i40/14875.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i40.14875

INTRODUCTION
The pathogenesis of liver fibrosis is complex. A key step
in this process is the activation of hepatic stellate cells
(HSCs). Many cytokines participate in the development
and progression of liver fibrosis. Among them, transforming growth factor β1 (TGF-β1) is the strongest known
cytokine promoter of HSCs[1-6]. Gremlin is a downstream
factor of TGF-β that has been identified in recent years.
After being activated by TGF-β1, the gene and protein
expression of Gremlin increases and is closely associated
with fibrosis[7]. Bone morphogenetic protein-7 (BMP-7)
is a secreted multifunctional protein that belongs to the
superfamily of TGF and can reverse the induction of
fibrosis by TGF-β1[8-13]. Currently, drug therapies for liver
fibrosis remain in the exploratory stage of development.
Previous experimental and clinical studies showed that
Danshao Huaxian capsule (DHC, originally called Handan
Ganle) demonstrated efficacy in treating liver fibrosis[14-18].
In this study, the effect of DHC on the expression of
Gremlin and BMP-7 in a rat model of liver fibrosis was
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observed to identify its potential mechanism for treating
liver fibrosis.

MATERIALS AND METHODS
DHC
DHC, consisting of, for example, tetrandrine, Salvia
Miltiorrhiza, red peony root, Astragalus membranaceus, and
ginkgo leaf, was produced by the Guiyang Pharmaceutical Factory (Batch No. 20081011) as a brown-yellow
granular capsular preparation. The contents were ground
into a powder before use and diluted with distilled water
to the necessary concentrations.
Wistar rats
A total of 75 male Wistar rats of clean grade, weighing
180 ± 20 g, were purchased from Experimental Animal
Center, Third Military Medical University [Batch No.
SCXK (Yu) 2007-0003]. Institutional and national guidelines for the care and use of animals were followed, and
all experimental procedures involving animals were approved by the institutional animal ethical committee of
Guiyang Medical College (Permit Number: 2008-0101).
The rats were fed common forage and drank freely under
natural lighting at room temperatures of 15 ℃-25 ℃.
They were adapted to the environment 1 wk before the
experiment.
Main reagents
Hyaluronic acid (HA), hydroxyproline (Hyp), and
TGF-β1 detection kits (products of Nanjing Jiancheng
Co. Ltd., Batch No. 20110228, 20110215, and 20110218,
respectively); a reverse-transcription kit (product of Canada Fermentas MBI, Batch No. 00087036); an electrochemiluminescence kit (product of America Millipore Company, Batch No. 1219101); a whole protein extraction kit
(product of Nanjing Keygen Biotech Co., Ltd., Batch No.
KGP250); a BCA protein quantification kit (product of
America Thermo Scientific Company, Batch No. 23227);
and Gremlin and BMP-7 primary antibodies (product
of England Abcam Company, Batch No. ad90670 and
ab56023) were utilized in the study. The forward primer
sequence of Gremlin was 5’-CGC CAT CCC CTC GCC
TTA CAA-3’, and the reverse primer sequence of Gremlin was 5’-AAC CCT CCT CGC TCA CCG TCT-3’ (176
bp). The forward primer sequence of BMP-7 was 5’-GTA
GCG CGT AGA GCC G-3’, and the reverse primer sequence of BMP-7 was 5’-CGA GTC CGT GCA TGG-3’
(345 bp). The forward primer sequence of β-actin was
5’-TCC TCC TGA GCG CAA GTA CTC T-3’, and the
reverse primer sequence of β-actin was 5’-GCT CAG
TAA CAG TCC GCC TAG AA-3’ (1536 bp). These
primers were synthesized by Shanghai Shenggong Bioengineering Co. Ltd.
Main devices
A 752-nm ultraviolet spectrophotometer (Shanghai Jinghua Sci-Tech Co. Ltd., China), nucleic acid quantifica-
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tion apparatus (Amersham Biosciences, United States);
DA7600 nucleic acid amplification real-time fluorescence
detection system (Da An Gene Co. Ltd., Sun Yat-sen
University, China); Gel Doc EQ Imager (Bio-Rad, United
States); and micro-image collecting system (Olympus, Japan) were utilized.
Grouping and modeling
A total of 75 male Wistar rats were randomly divided
into a normal control group (A), a CCl4-induced hepatic
fibrosis model group (B), a natural recovery group (C),
a low-dose DHC-treated group (D), and a high-dose
DHC-treated group (E), with 15 rats in each group. Liver
fibrosis was induced by subcutaneous injections of carbon tetrachloride (CCl4) and a high-lipid, low-protein diet
for 8 wk[14], except for the rats in group A (fed a normal
diet). The rats in group B were sacrificed at the end of
the modeling, whereas the rats in groups A and C were
fed under normal conditions. Then, the rats in the two
DHC-treated groups were administered 0.5 and 1.0 g/kg
DHC (the dose equivalent to 8 or 16 times that of the
human adult dose used in clinical practice) by gastrogavage[14] once per day for 8 successive weeks, respectively.
At the end of week 16, the rest of the rats were sacrificed
after anesthesia.
Analytical procedures
Detection of alanine transaminase (ALT) and aspartate
transaminase (AST) in the serum was performed with
an automatic biochemical analyzer. The whole livers
were removed to obtain their wet weights, and the liver
index was calculated according to the liver weight (g)/
the body weight (g) × 100%. A homogenate of the liver
tissue was prepared. The HA, Hyp, and TGF-β1 in the
liver homogenate were assessed by an enzyme-linked
immunosorbent assay according to the manufacturer’s
instructions.
Histomorphological observation of the liver tissue
All liver tissue samples were embedded in paraffin after
being fixed in 10% formalin for 24-48 h, and 4-μm sections were then obtained. We next assessed the histological changes in the liver, such as hepatocyte lesions, fibrogenesis, and structural changes, using hematoxylin and
eosin (HE) and Masson fiber stains[19].
Detection of the transcription levels of Gremlin and
BMP-7 by RT-PCR
The total RNA was extracted and purified by the trizolphenol-chloroform one-step method. The RNA concentration was determined; cDNA was synthesized after reverse transcription; and RT-PCR was performed. During
the experiment, β-actin was used as an internal control
to perform standardized conversions of the copy number (Ct value) of each sample. The relative differences in
expression between the groups were calculated using the
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∆∆

Ct method.

Detection of the expression of Gremlin and BMP-7 by
immunohistochemistry
Immunohistochemistry studies were performed using
the EnVision System DAKO, according to the manufacturer’s protocol. Tissue sections were deparaffinized,
rehydrated, and processed for antigen retrieval using heat
treatment in the presence of Tris-EDTA solution. Histological sections were then placed in 3% H2O2 for 20 min
to eliminate endogenous peroxidase activity. The sections
were probed with primary antibodies overnight at 4 ℃,
and the signal was developed with the EnVision detection kit from Gene Tech Company Limited. Phosphatebuffered saline (PBS) was used as a negative control. Yellow material in the cytoplasm was considered to indicate
a positive cell. Five microscopic fields (× 400 magnification) were randomly chosen per slice, and the number
of cells per field was counted[20]. The primary antibodies
used in this study included anti-Gremlin (1:100) and antiBMP-7 (1:100).
Detection of the expression of Gremlin and BMP-7 by
Western blot analysis
The total proteins were extracted and quantified using
Bradford protein quantification kits. Protein samples
of 40 μg each were resolved by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). The
proteins were transferred onto polyvinylidene fluoride
(PVDF) membranes and incubated with primary antibodies overnight at 4 ℃. On the second day, the signal
was developed with an electrochemiluminescence detection kit after incubation with the appropriate secondary
antibodies. The primary antibodies used in this study
included Gremlin (1:1000) and BMP-7 (1:1000). β-actin
was used as the internal control.
Statistical analysis
SPSS l6.0 software was used for the statistical analyses.
mean ± SD was used for the measurement data. Onefactor analysis of variance (ANOVA) was used for multigroup comparisons. For inter-group comparisons, the
least significant difference (LSD) method was used to
assess the homogeneity of variance, whereas the Tamhane method was applied to assess the heterogeneity of
variance. The rank test was used for ranked data. P < 0.05
was considered to indicate significant differences.

RESULTS
General status
Two rats died in group B. In anatomical investigations,
a blood clot and scattered pus pods were found in one
of the rats, and a bilateral pleural effusion was seen in
the other rat. In group C, one rat died when the gavage
strayed into the trachea. No rats died in the other groups
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Table 3 Grading of hepatic fibrosis degree among groups

Table 1 Comparison of serum levels of alanine transaminase
and aspartate transaminase, as well as the liver index among
groups
Group

n

A
B
C
D
E

15
13
15
14
15

ALT (U/L)
37.22 ± 4.53
189.09 ± 19.85b
149.02 ± 25.15b,d
103.57 ± 7.4b,d,f
92.48 ± 13.27b,d,f

AST (U/L)
82.92 ± 2.91
192.40 ± 16.93b
166.05 ± 12.90b,d
125.80 ± 9.12b,d,f
101.35 ± 9.30b,d,f

Liver index (g/g)

A
B
C
D
E

2.65 ± 0.06
4.66 ± 0.20b
2.78 ± 0.09b,d
2.74 ± 0.09d
2.71 ± 0.10d

Data are expressed as mean ± SD. A: Normal group; B: Model group; C:
Natural recovery group; D: Low dose Danshao Huaxian capsule (DHC)
treated group; E: High dose DHC treated group. bP < 0.01 vs group A; dP
< 0.01 vs group B; fP < 0.01 vs group C. ALT: Alanine transaminase; AST:
Aspartate transaminase.

A
B
C
D
E

15
13
15
14
15

HA (ng/g)
1449.93 ± 121.89
8803.30 ± 200.57b
7558.40 ± 161.88b,d
5249.21 ± 111.92b,d,f
4050.73 ± 122.18b,d,f,h

Hyp (μg/g)

TGF-β1 (μg/g)

318.20 ± 9.71
617.77 ± 8.52b
530.27 ± 11.88b,d
490.00 ± 8.13b,d,f
464.07 ± 13.09b,d,f,h

284.20 ± 18.32
736.30 ± 24.40b
651.13 ± 15.75b,d
523.14 ± 21.29b,d,f
441.86 ± 23.18b,d,f,h

Data are expressed as mean ± SD. A: Normal group; B: Model group; C:
Natural recovery group; D: Low dose Danshao Huaxian capsule (DHC)
treated group; E: High dose DHC treated group. bP < 0.01 vs group A; dP <
0.01 vs group B; fP < 0.01 vs group C; hP < 0.01 vs group D.

Average rank

1

2

3

4

5

6

order

15
0
0
0
0

0
0
0
0
0

0
0
0
3
5

0
0
2
2
5

0
3
3
6
4

0
5
7
3
1

0
5
3
0
0

8.00
57.42a
51.90a,c
37.64a,c
30.40a,c

Table 4 Comparison of the mRNA and protein expression of
Gremlin among groups
Group n

Relative mRNA
expression

A
B
C
D
E

49.83 ± 4.20
80.40 ± 5.46b
70.37 ± 4.01b,d
64.86 ± 2.83b,d,f
55.82 ± 5.39b,d,f,h

15
13
15
14
15

Positive protein
expression rate
3.83% ± 0.88%
38.46% ± 1.70%b
29.50% ± 2.64%b,d
20.78% ± 1.60%b,d,f
17.43% ± 2.02%b,d,f,g

Relative protein
expression
0.24 ± 0.06
2.81 ± 0.24b
2.22 ± 0.63b,d
1.95 ± 0.26b,d,f
1.65 ± 0.20b,d,f,h

Data are expressed as mean ± SD. A: Normal group; B: Model group; C:
Natural recovery group; D: Low dose Danshao Huaxian capsule (DHC)
treated group; E: High dose DHC treated group. bP < 0.01 vs group A; dP <
0.01 vs group B; fP < 0.01 vs group C; gP < 0.05, hP < 0.01 vs group D.

group E than in group D (P < 0.01 for all, F = 5644.990,
1538.990, 1044.168; Table 2).

during the study period.
Comparison of serum levels of ALT and AST between
the groups
Serum levels of ALT and AST in groups B-E were greatly increased compared with those in group A but were
significantly lower in groups C-E than in group B. Compared with group C, serum levels of ALT and AST in
groups D and E were significantly reduced (F = 185.122,
161.858, P < 0.01 for all; Table 1).
Comparison of the liver index between the groups
The liver index was significantly higher in groups B and
C than in group A and significantly lower in groups C-E
than in group B (F = 724.560, P < 0.01 for all). There
was no significant difference in the liver index between
groups C, D, and E (P > 0.05 for all, Table 1).
Comparison of HA, Hyp, and TGF-β 1 levels in the liver
homogenates
The levels of HA, Hyp, and TGF-β1 in the liver homogenates were significantly higher in groups B-E than in
group A and were significantly lower in groups C-E than
in group B (P < 0.01 for all). The levels of HA, Hyp,
and TGF-β1 in the liver homogenates were significantly
lower in groups D and E compared with those in group
C (P < 0.01 for both) and were significantly lower in
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15
13
15
14
15

Hepatic fibrosis degree
0

A: Normal group; B: Model group; C: Natural recovery group; D: Low
dose Danshao Huaxian capsule (DHC) treated group; E: High dose DHC
treated group. aP < 0.05 vs group A; cP < 0.05 vs group B.

Table 2 Comparison of levels of hyaluronic acid, hydroxyproline
and transforming growth factor β1 in liver homogenates
Group n

n

Group

Comparison of the extent of hepatic fibrosis between
the groups
The degree of hepatic fibrosis was significantly milder in
groups C-E than in group B (P < 0.05 for all; Table 3).
Masson staining showed a small amount of blue collagen
fiber in the livers of the rats in group A. Obvious proliferation and widened collagen fibers were seen in the liver
tissues of group B rats and were distributed throughout
the hepatic lobules. The hepatic lobular structure was destroyed, with severe pseudolobule formation. Compared
with group B, the expression of collagen fibers was not
obviously changed in group C. Compared with group B,
the degree of collagen fiber proliferation was obviously
decreased in groups D and E, with some fibers extending
to the hepatic lobules (Figure 1).
Comparison of the mRNA and protein expression of
Gremlin between the groups
The mRNA and protein expression of Gremlin was
significantly higher in groups B-E than in group A and
was significantly lower in groups C-E than in group B.
The mRNA and protein expression of Gremlin was significantly lower in groups D and E than in group C and
was significantly lower in group E than in group D (F =
101.440, 689.269, 115.278, P < 0.01 or P < 0.05; Table 4,
Figures 2 and 3).
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A

B

D

E

C

Figure 1 Degree of hepatic fibrosis among groups (Masson staining, × 200). A: Normal group; B: Model group; C: Natural recovery group; D: Low dose Danshao
Huaxian capsule (DHC) treated group; E: High dose DHC treated group.

A

B

D

E

C

Figure 2 Immunohistochemical analysis of Gremlin expression in rats of each group (× 400). A: Normal group; B: Model group; C: Natural recovery group; D:
Low dose Danshao Huaxian capsule (DHC) treated group; E: High dose DHC treated group.
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Table 5 Comparison of mRNA and protein expression of
bone morphogenetic protein-7 among groups
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Group n

Figure 3 Western blot analysis of Gremlin expression in rats of each
group. A: Normal group; B: Model group; C: Natural recovery group; D: Low
dose Danshao Huaxian capsule (DHC) treated group; E: High dose DHC
treated group.

Comparison of mRNA and protein expression of BMP-7
between the groups
The mRNA and protein expression of BMP-7 was significantly lower in groups B-E than in group A and was
significantly higher in groups C-E than in group B. The
mRNA and protein expression of BMP-7 was significantly higher in groups D and E compared with those in
group C and were significantly higher in group E than in
group D (F = 126.182, 86.590, 122.907, P < 0.01 for all;
Table 5, Figures 4 and 5).

DISCUSSION
TGF-β1, an important cytokine in the promotion of liver
fibrosis, can stimulate the activation of HSCs and increase the synthesis and secretion of the extracellular matrix through the TGF-β-Smad signal transduction pathway[21-23]. BMP-7, a secreted multifunctional protein, has
extensive biological activities; participates in and regulates
the proliferation, differentiation, and apoptosis of various cells; and plays important roles in the formation of
tissues and organs, embryonic development, and the repair of injured tissues. Both BMP-7 and TGF-β1 belong
to the superfamily of TGF-β. Their signal transduction is
mutually antagonistic during the fibrotic process. BMP-7
can directly antagonize TGF-β1 signal transduction or
inhibit the TGF-β1-induced epithelial-mesenchymal transition (EMT)[24-30].
Researchers [31-33] in recent years have found that
Gremlin is a downstream mediator of TGF-β. Its gene
was the first gene cloned from the neural crest of Xenopus
laevis. The human Gremlin gene is located on chromosome 15 q13-q15, and its total mRNA length is 4175 bp.
This gene encodes a highly conservative secretory protein
containing 184 amino acid residues. As a natural antagonistic factor of BMP-7, Gremlin acts to promote fibrosis
in the lungs, kidneys, or liver. Normally, the expression
level of Gremlin is very low or virtually undetectable in
the liver. Pathologically, TGF-β1 could be advantageously
expressed in the microenvironment of the liver tissue,
further up-regulating the expression of Gremlin. Gremlin
hinders conjugation with BMP receptors by directly binding BMP-7, thereby antagonizing the biological activities
of BMP-7 and promoting the incidence and development
of fibrosis[7,34]. The critical potential for identifying a mutually regulating mechanism among the aforementioned
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A
B
C
D
E

E

15
13
15
14
15

Relative mRNA
expression
93.99 ± 7.03
54.00 ± 4.34b
62.28 ± 4.51b,d
73.52 ± 4.56b,d,f
81.78 ± 5.38b,d,f,h

Positive protein
expression rate
58.29% ± 6.02%
28.97% ± 3.14%b
35.85% ± 3.50%b,d
41.44% ± 4.77%b,d,f
47.49% ± 4.59%b,d,f,h

Relative protein
expression
1.05 ± 0.12
0.48 ± 0.31b
0.60 ± 0.37b,d
0.71 ± 0.06b,d,f
0.81 ± 0.07b,d,f,h

Data are expressed as mean ± SD. A: Normal group; B: Model group; C:
Natural recovery group; D: Low dose Danshao Huaxian capsule (DHC)
treated group; E: High dose DHC treated group. bP < 0.01 vs group A; dP <
0.01 vs group B; fP < 0.01 vs group C; hP < 0.01 vs group D.

three factors is obvious.
DHC, a Chinese herbal preparation, was developed
according to the Chinese medical theories of blood activation, stasis removal, collateral dredging, and mass softening, and its use is supported by years of basic research
and clinical studies. A previous animal study revealed that
DHC could be used to treat rat hepatic fibrosis due to its
up-regulation of the gene transcription and protein translation of Smad7, causing the transduction of a feedbackinhibiting fibrosis signal that promotes the activation of
TGF-β/Smad signaling[35]. Based on previous studies, the
observed expression of Gremlin and BMP-7 in hepatic
fibrosis rats was confirmed in the present study. The effect of DHC on the expression of these proteins in the
liver of rats with hepatic fibrosis was also explored.
The present results indicated that the mRNA and
protein expression of Gremlin in the liver tissue, as well
as the level of TGF-β1 in the liver homogenate of the
hepatic fibrosis rats in group B, was significantly higher
than that in group A, whereas the mRNA and protein
expression of BMP-7 in the liver tissue of group B rats
was significantly lower than that of group A rats. These
results are similar to the results found in the literature[36],
indicating that, during the progression of rat liver fibrosis, the up-regulation of TGF-β1 expression can further
activate the downstream signaling molecule Gremlin.
Then, the heightened TGF-β1 expression can inhibit the
expression of BMP-7 and antagonize BMP-7-mediated
signal transduction, potentially representing a pathogenic
mechanism for CCl4-induced hepatic fibrosis in rats.
After the 8-wk DHC treatment, serum levels of ALT
and AST, the liver indexes, and the HA and Hyp levels
in liver homogenates were significantly lower than those
in group B rats. Histopathological examination showed
a significantly attenuated level of liver fibrosis in groups
D and E, indicating that DHC improved liver function,
lessened the degree of liver fibrosis, and demonstrated
efficacy in treating CCl4-induced liver fibrosis. The detection of TGF-β1 in the rat liver homogenate showed that
the level of TGF-β1 was significantly lower in groups
D and E than in groups B and C. The assessment of
Gremlin and BMP-7 in the rat liver tissue showed that
the mRNA and protein expression of Gremlin was sig-
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Figure 4 Immunohistochemical analysis of bone morphogenetic protein-7 expression in rats of each group (× 400). A: Normal group; B: Model group; C:
Natural recovery group; D: Low dose Danshao Huaxian capsule (DHC) treated group; E: High dose DHC treated group.

A

B

C

D

E

Figure 5 Western blot analysis of bone morphogenetic protein-7 expression in rats of each group. A: Normal group; B: Model group; C: Natural
recovery group; D: Low dose Danshao Huaxian capsule (DHC) treated group; E:
High dose DHC treated group. BMP-7: Bone morphogenetic protein-7.

nificantly lower in groups D and E than in groups B and
C, whereas the mRNA and protein expression of BMP-7
was significantly higher in groups D and E than in groups
B and C. Meanwhile, there was a significant difference in
the aforementioned two indices between groups D and
E, indicating the existence of a dose-effect relationship.
We inferred that the therapeutic mechanism of DHC
for hepatic fibrosis in rats may be associated with inhibition of the expression of TGF-β1 and Gremlin and upregulation of the expression of BMP-7.

This study showed that DHC has a therapeutic effect on carbon tetrachloride
(CCl4)-induced hepatic fibrosis in rats. The effect of DHC is likely achieved
through inhibition of transforming growth factor β1 (TGF-β1) and Gremlin expression, as well as upregulation of BMP-7.

Applications

The results of this study indicate that DHC is a potential therapeutic drug that
could be used to treat hepatic fibrosis.

Terminology

Hepatic fibrosis is a progressive condition with serious clinical complications
arising from the abnormal proliferation and amassing of tough fibrous scar tissue. The participation of various cell types, interlinked cellular events, and large
number of mediator molecules make the fibrotic process very complex and dynamic. DHC is a traditional Chinese medicine consisting of tetrandrine, Salvia
Miltiorrhiza, red peony root, Astragalus membranaceus, and ginkgo leaf that
acts as a potential therapeutic drug to treat hepatic fibrosis.

Peer review

This is a good descriptive study in which the authors analyze the protective effect of DHC on liver fibrosis induced by CCl4 in rats. The results are interesting
and have possible significant clinical utility, indicating that DHC is a potential
therapeutic drug for hepatic fibrosis.

1

Background

Hepatic fibrosis, a refractory disease, represents a serious threat to human
health. Currently, all potential optimal drug therapies remain in the exploratory
stage of development. Current research suggests that traditional Chinese medicine could play a role in treating hepatic fibrosis, but further study is necessary
to support this possibility.
Previous experimental and clinical studies showed that Danshao Huaxian
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Abstract
AIM: To improve the colonization rate of transplanted
mesenchymal stem cells (MSCs) in the liver and effect
of MSC transplantation for acute liver failure (ALF).
METHODS: MSC was modified with the chemokine
CXC receptor 4 (CXCR4 ) gene (CXCR4-MSC) or not
(Null-MSC) through lentiviral transduction. The characteristics of CXCR4-MSCs and Null-MSCs were determined by real-time quantitative polymerase chain reaction, Western blotting and flow cytometry. CXCR4-MSCs
and Null-MSCs were infused intravenously 24 h after
administration of CCl4 in nude mice. The distribution
of the MSCs, survival rates, liver function, hepatocyte
regeneration and growth factors of the recipient mice
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were analyzed.
RESULTS: In vitro , CXCR4-MSCs showed better migration capability toward stromal cell-derived factor1α and a protective effect against thioacetamide in
hepatocytes. In vivo imaging showed that CXCR4-MSCs
migrated to the liver in larger numbers than Null-MSCs
1 and 5 d after ALF. Higher colonization led to a longer
lifetime and better liver function. Either CXCR4-MSCs or
Null-MSCs exhibited a paracrine effect through secreting hepatocyte growth factor and vascular endothelial
growth factor. Immunohistochemical analysis of Ki-67
showed increased cell proliferation in the damaged liver
of CXCR4-MSC-treated animals.
CONCLUSION: Genetically modified MSCs expressing
CXCR4 showed greater colonization and conferred better functional recovery in damaged liver.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute liver failure; Cell transplantation;
Chemokine CXC receptor 4; Mesenchymal stem cells;
Cell mobilization
Core tip: Mesenchymal stem cell (MSC) transplantation
is an effective therapy for acute liver failure (ALF), and
is expected to be an alternative to liver transplantation.
Many current studies have exhibited poor efficiency of
MSC transplantation due to low colonization in the failing liver. We modified MSCs with the chemokine CXC
receptor 4 (CXCR4 ) gene to promote the colonization
of MSCs in failing liver depending on the stromal cellderived factor-1α/CXCR4 axis. In vivo imaging showed
that CXCR4-MSCs migrated to the liver in higher numbers than Null-MSCs 1 and 5 d after ALF. Greater colonization led to a longer lifetime and better liver function.
Ma HC, Shi XL, Ren HZ, Yuan XW, Ding YT. Targeted migration of mesenchymal stem cells modified with CXCR4 to acute
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2014; 20(40): 14884-14894 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i40/14884.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i40.14884

INTRODUCTION
In recent years, mesenchymal stem cells (MSCs) have
shown paracrine and immunoregulatory effects to repair
damaged tissues[1,2]. A large number of studies based on
stem cell transplantation has achieved impressive results
and has provided new ideas for treatment of various diseases. MSC transplantation has also been used to treat a
variety of end-stage liver diseases, including acute liver
failure (ALF)[3-5]. However, many researchers have also
found the phenomenon of poor efficacy of cell transplantation. Retrospective studies have revealed that low colonization of transplanted MSCs in the liver was the main
reason restricting the efficacy of MSC transplantation[6].
A series of studies has confirmed the accelerative effect of stromal cell-derived factor (SDF)-1α in homing
and survival of stem cells[7-11]. SDF-1α is a chemoattractant protein of the CXC family produced by bone marrow stromal cells. SDF-1α and its receptor, chemokine
CXC receptor 4 (CXCR4), are widely expressed in a
variety of cells and tissues, including immune cells, brain,
heart, liver, kidney, lung and spleen[12]. A large number
of studies have shown that the SDF-1α/CXCR4 axis
plays an important role in stem cell homing, chemotaxis,
expression of adhesion molecules, engraftment, proliferation and survival[13,14]. SDF-1α can mobilize bone
marrow stem cells and promote their migration to damaged tissue by binding to CXCR4 distributed on stem cell
membranes[9-11]. Zhang et al[15] have shown that the SDF1α/CXCR4 axis can significantly improve the number of
transplanted stem cells in the infarcted myocardium and
cardiac function. Liu et al[16] have also found that hypoxic
stimulation can improve CXCR4 expression of MSCs,
which enhances functional recovery, accelerates the mitogenic response, and reduces apoptotic cell death in the
kidneys. Moreover, Du et al[17] have recently shown improved homing of CXCR4-transduced MSCs to the liver
post-transplantation, with improved liver function.
CXCR4 expression is endogenously regulated by tissue environmental factors such as cytokines, chemokines,
stromal cells, adhesion molecules, hypoxia, tissue damage
and proteolytic enzymes[18]. SDF-1α is secreted by cells
within the damaged liver, and is a potent chemoattractant
for cells expressing CXCR4. Overexpression of CXCR4
appears to be an effective strategy to accelerate mobilization of these cells toward the damaged area. Due to
low native levels of CXCR4 expression in MSCs, they
migrate sluggishly towards an SDF-1α gradient following
ALF. We hypothesized that overexpression of CXCR4 in
MSCs would enhance their engraftment in the damaged
liver and improve liver regeneration.
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MATERIALS AND METHODS
Ethics statement
This study was approved by the Institutional Animal Care
and Use Committee of Nanjing University, China under
the NIH Guide for the Care and Use of Laboratory Animals. All efforts were made to minimize suffering.
Animals
Male 7-wk-old nude mice (nu/nu) were purchased from
the Laboratory Animal Center of the Affiliated Drum
Tower Hospital of Nanjing University Medical School,
and housed individually, placed in a ventilated cabinet
under controlled air pressure and temperature conditions,
and under daily cycles of alternating 12 h light/dark. They
had sterile water and sterile standard pelleted rodent diet.
The mice were sacrificed by cervical spine dislocation.
Lentiviral vector design and virus production
The human CXCR4 gene sequence was synthesized by
Invitrogen (Shanghai, China) and digested by PacI/AscI.
The identity of the gene was confirmed by sequencing,
and was subsequently cloned into the same restriction
sites on the shuttle vector pLenti6.3-hCXCR4-IRES2EGFP, which contains enhanced green fluorescence
protein (EGFP). The resulting shuttle vector was mixed
with Packaging Mix (pLP1, pLP2 and pLP/VSVG; Invitrogen). The mixed vector was added into the Opti-MEM
(Invitrogen) culture medium and transfected into the
293T packaging cell line. Recombinant lentivirus expressing both EGFP and CXCR4 was harvested after 2 d and
viral titers were determined.
CXCR4 labeling of MSCs
The human bone marrow MSCs, UE7T-13 cells[19,20], were
used. These cells were immortalized by infection with a
retrovirus carrying human telomerase reverse transcriptase (hTERT) and one of the early genes of the human
papilloma virus, E7. Although hTERT has been introduced into UET7T-13 cells, it is reported that the differentiation potential of the cells is not affected[19]. MSCs
were cultured overnight in six-well plates (1.0 × 105 cells/
well). The lentivirus with CXCR4 gene (Lenti6.3-hCXCR4-IRES2-EGFP) or without CXCR4 gene (Lenti6.3eGFP) were diluted by culture medium consisting of
Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco,
Grand Island, NY, United States), 2% (v/v) fetal bovine
serum (Invitrogen) and 8 μg/mL polybrene (Invitrogen).
MSCs were transduced using dilutions of concentrated
virus equivalent to 5 × 106 infectious units (MOI = 50).
MSCs transduced with Lenti6.3-eGFP served as a control. Blasticidin (Invitrogen) was added to the culture
medium 48 h later. Culture medium with Blasticidin was
changed every 2-3 d.
Quantitative real-time reverse transcriptase polymerase
chain reaction
Total RNA was isolated from fresh cells using TRIzol
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reagent (Invitrogen). First-strand cDNA was synthesized
using the Superscript Ⅱ Reverse Transcriptase Kit (Invitrogen). Quantitative polymerase chain reaction (qPCR)
was performed using Power SYBR Green PCR Master
Mix (ABI, United States). The relative level of gene expression was normalized to an internal control (level of
GAPDH) and calculated using the 2-ΔΔCT method. The
sequences of primers was: human CXCR4 sense primer
sequence: 5’-CCACGCCACCAACAGTCAGA-3’ and
antisense primer sequence: 5’-AGGCAGGATAAGGCCAACCAT-3’; human GAPDH sense primer sequence:
5‘-GAAGGTCGGAGTCAACGGATT-3’ and antisense
primer sequence: 5’-CGCTCCTGGAAGATGGTGAT-3’. Biological repeats were performed using three
different samples for each genotype, and technical triplicates were carried out for each gene expression analysis.
The mean relative expression of each gene between
groups was used for statistical significant analysis.
Western blotting for membrane CXCR4 expression
Membrane proteins were obtained by membrane proteins
extraction kit according to the manufacturer’s instructions
(Beyotime, China). About 5 × 107 cells were centrifuged
at 600 g for 5 min at 4 ℃. The pellet was washed with 2
mL ice-cold PBS. The supernatant was removed without
disturbing the pellet and discarded. Phenylmethylsulfonyl fluoride (protease inhibitor) was added to membrane
proteins extraction reagent A 2 min before use. One
milliliter of membrane proteins extraction reagent A
was added to the wall of the tube and the cell pellet was
mixed, resuspended and incubated for 10 min at 4 ℃
under gentle agitation. Cell nuclei and undisrupted cells
were sedimented at 700 g and 4 ℃ for 10 min. The supernatant was collected without sedimentation. The cell
membrane fragments were sedimented at 14000 g for 30
min at 4 ℃. The supernatant was removed. Two hundred
microliters of membrane proteins extraction reagent B
was added to the tube and the sediment was resuspended
with 5 s vortex agitation. The tube was kept on ice for 10
min. Membrane protein was extracted by centrifugation
at 14000 g for 5 min at 4 ℃. The supernatant (membrane
fraction) was collected and stored at -20 ℃ until used
for western blotting analysis. Membrane protein extract
(20 μg) was separated by SDS-PAGE and transferred to
a polyvinylidene difluoride membrane. The membrane
was blocked with 5% milk in Tris-buffered saline solution (pH 7.6) containing 0.05% Tween-20, and incubated
with primary antibodies for CXCR4 (Abcam, Cambridge,
United Kingdom) overnight at 4 ℃. The membrane was
incubated for 1 h with horseradish-peroxidase-conjugated
secondary antibody at room temperature, washed and developed with the ECL plus kit (Millipore, Billerica, MA,
United States).
Flow cytometry
The rate of CXCR4 expression was determined by flow
cytometry. CXCR4-MSCs were labeled by APC Mouse
Anti-Human CD184 (BD Pharmingen, San Diego, CA,
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United States) according to manufacturer’s instructions.
About 1 × 106 cells were transferred into a flow cytometry tube and centrifuged at 453 g for 5 min at 4 ℃. The
cells were washed with 1 mL PBS and centrifuged at 453
g for 5 min at 4 ℃. The cells were resuspended in 1 mL
PBS and mixed with 20 μL APC Mouse Anti-Human
CD184. Incubation was carried out with the antibody at
room temperature in the dark. The tube was centrifuged
at 453 g for 5 min at 4 ℃. The supernatant was removed
and the cells were washed with 1 mL PBS and centrifuged
at 453 g for 5 min at 4 ℃ twice. The cells were resuspended in 500 μL PBS and measured by flow cytometry.
ELISA for SDF-1α
SDF-1α was measured in liver tissue collected after injecting CCl4. For detection of SDF-1α in liver tissue, frozen
tissue samples were weighed before homogenization. One
hundred milligrams of tissue was minced and homogenized in 1 mL PBS with a glass homogenizer on ice. The
homogenates were centrifuged at 13400 g for 5 min and
the supernatants were stored at -80 ℃ prior to analysis.
The concentration of SDF-1α was determined using
ELISA kits according to the manufacturer’s instructions
(R and D Systems, Minneapolis, MN, United States), and
the wells were read at 450 nm on an optical plate reader.
Standard curves were prepared using purified cytokine
standards. Each experimental sample was run in duplicate.
Transwell migration assay
Migration assays were carried out in a six-well Transwell
using polycarbonate membranes with 8-μm pores (Millipore, Germany). Null-MSCs or CXCR4-MSCs at a density of 2 × 105 cells/mL in 100 μL medium (α-minimal essential medium + 0.5% fetal bovine serum) were placed in
the upper chamber of the Transwell assembly. The lower
chamber contained 600 μL medium with 30 ng/mL SDF1α (Sigma, St Louis, MO, United States). After incubation
at 37 ℃ and 5% CO2 for 10 h, the upper surface of the
membrane was scraped gently to remove nonmigrating
cells and washed with PBS. The membrane was fixed in
4% paraformaldehyde for 15 min and stained with 0.5%
crystal violet for 10 min. The number of migrating cells
was determined by counting five random fields per well
under the microscope at 400 × magnification.
Hepatocyte injury by thioacetamide and recovery of cell
viability
Hepatocytes were isolated from nude mice by a two-step
collagenase perfusion procedure. The cells were seeded in
the lower level of Transwell chambers at a density of 1 ×
105 cells/cm2 in hepatocyte RPMI 1640 medium. On day
2, thioacetamide (TAA) (Sigma-Aldrich, Poole, Dorset,
United Kingdom), a liver toxin, was added to DMEM at
a final concentration of 0.2 μg/μL. At 6 h after addition
of TAA, 1 × 105 Null-MSCs or CXCR4-MSCs preseeded
in Transwell chambers were placed into the well containing TAA-treated hepatocytes for subsequent coculture.
An empty Transwell chamber served as the control. Cell
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viability was determined with the WST-1 kit (Roche,
Burgess Hill, West Sussex, United Kingdom) and the
caspase-3 activity was determined using a Caspase-3 kit
(Invitrogen, Paisley, United Kingdom).
Experimental groups and MSCs infusion
Seventy-five nude mice were randomly divided into three
groups. On day 1, 20% v/v CCl4 (8 μL/g, dissolved in
olive oil) was administered intraperitoneally to establish
an ALF model. On day 2, Group A (n = 25) was injected
with PBS via the tail vein. Group B (n = 25) received 1 ×
106 Null-MSCs and Group C (n = 25) was treated with
1 × 106 CXCR4-MSCs via the tail vein. In each group,
10 mice were picked randomly for survival analysis. The
remaining mice were sacrificed on days 1, 3, 5, 7 and 14.
Serum was used for biochemical analyses. The livers were
dissected out and frozen in liquid nitrogen.
Labeling MSCs with DiR
The MSCs were washed three times with PBS, trypsinized
with 0.05% trypsin-EDTA (Gibco, United States). The
MSCs were incubated with 50 μmol/L DiR buffer for
20 min at 37 ℃ according to the manufacturer’s protocol
(Fanbo Biochemicals, Beijing, China). The DiR-labeled
MSCs were centrifuged at 453 g for 5 min and the cells
were resuspended in PBS. This procedure was repeated
twice to ensure complete removal of any unbound dye.
Histological analysis and serum transaminase levels
Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels in mouse blood were measured with an automated biochemical analyzer. For histology, livers were fixed in 4% formaldehyde for 24 h and
embedded in paraffin. Five-micrometer-thick liver sections were deparaffinized and fixed. Sections were stained
with hematoxylin and eosin (Sigma-Aldrich).
Tracking of the transplanted MSCs
The nude mice were anesthetized with chloral hydrate
and placed in the In Vivo Imaging System (IVIS Spectrum, Caliper Life Sciences, Runcorn, Cheshire, United
Kingdom) and images were acquired using the CCD
camera at 1 and 5 d. Data analysis was performed using
Living Image version 4.3.1 (Caliper Life Sciences).
Cytokine levels
Serum samples were collected from nude mice at 14 d after administration of PBS, Null-MSCs, or CXCR4-MSCs.
Quantification of serum levels of hepatocyte growth factor (HGF) and vascular endothelial growth factor (VEGF)
was determined by ELISA as per the manufacturer’s instructions (R and D Systems).
Observation of hepatocyte proliferation
Liver tissues were harvested at 14 d and made into paraffin sections for Ki-67 immunohistochemical staining.
Anti-Ki67 antibody (Abcam) was used to detect Ki-67
protein expression in hepatocytes, and hematoxylin was
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used to indicate the nucleus of the hepatocytes.
Statistical analysis
All experiments were replicated a minimum of three
times. Statistical analysis was performed with SPSS version 19.0, and data were expressed as means ± SD. For
survival analyses, a Kaplan-Meier method was used. All
other data were analyzed by the independent-sample test.
P < 0.05 was considered statistically significant.

RESULTS
CXCR4 expression in genetically modified MSCs
Expression of the CXCR4-EGFP fusion protein was
driven by virus long terminal repeat (Figure 1A). MSCs
lentivirally transduced with the Null-eGFP gene (NullMSCs) and CXCR4-eGFP fusion gene (CXCR4-MSCs)
were analyzed for expression of CXCR4 by fluorescence
microscopy (Figure 1B). CXCR4 overexpression in MSCs
was verified by qRT-PCR (Figure 1C). qRT-PCR showed
that CXCR4 expression was > 10000-fold higher in
CXCR4-MSCs compared with Null-MSCs. Overexpression of CXCR4 was confirmed by Western blotting using membrane extraction (Figure 1D). Flow cytometry
showed the fraction of MSCs expressing CXCR4 and
it was > 200-fold greater (83.9%) in the CXCR4 group
than the Null group for CXCR4 (0.4%, Figure 1E).
CXCR4 gene enhances MSC migration depending on
SDF-1α
CCl4 (20% v/v, dissolved in olive oil) was administered
to nude mice at a concentration of 8 μL/g. SDF-1α concentration in liver tissue homogenate was detected at 3, 5
and 7 d, and 2 and 3 wk after administration of CCl4. The
results revealed that compared with the normal group,
during day 3 to week 3, SDF-1α concentration increased
significantly and was maintained at a relatively stable level
(Figure 2A) (P < 0.05 vs normal group).
We investigated whether exogenous overexpression
of CXCR4 enhanced chemotaxis of MSCs toward an
SDF-1α gradient in a Transwell migration assay. CXCR4
modification of MSCs significantly increased the number of cells migrating toward SDF-1 α. The number
of migrating CXCR4-MSCs was more than threefold
greater than the number of migrating Null-MSCs (P =
0.03) (Figure 2B and C), indicating that overexpression
of CXCR4 enhanced the ability of MSCs to respond to
SDF-1α-induced chemotaxis.
MSCs prevent cell death in liver cells
It has been reported that MSCs can secrete a broad variety of cytokines, chemokines and growth factors[21],
which may prevent the adjacent cells from death and promote regeneration of injured tissue. Therefore, we tested
the ability of CXCR4-MSCs and Null-MSCs to inhibit
indirectly TAA-induced death of hepatocytes. We found
that hepatocytes treated with TAA displayed low viability,
while those administered CXCR4-MSCs or Null-MSCs
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showed higher viability (Figure 3A). It is known that
TAA can activate the caspase-3 signaling pathway[22], and
we analyzed cells for caspase-3 activity. A reduced level
of caspase-3 activity in hepatocytes treated with either
CXCR4-MSCs or Null-MSCs was observed (Figure 3B).
These results suggested that MSCs can secrete factors
that prevent cell death.
MSCs improve survival rate and liver histopathology
and inhibit liver enzyme release
During the 4 wk after cell transplantation, most of the
mice (8/10) that received only PBS died within 4 d, and
5/10 mice that received Null-MSCs survived up to 4 wk.
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However, 8/10 mice infused with CXCR4-MSCs survived
up to 4 wk (Figure 4A). To investigate the liver histology
of the mice with ALF after transplantation of MSCs,
hematoxylin and eosin staining was performed. The liver
histology of the normal mice showed uniform cellular
morphology (Figure 4B). In contrast, failing liver showed
extensive hepatocyte necrosis with hemorrhaging involving entire lobules, and the hepatocytes present had a swollen cytoplasm (Figure 4B). In the images of mice transplanted with Null-MSCs, there were many light-staining
areas, indicating the presence of damaged hepatocytes
(Figure 4B). However, this tendency was improved in the
images of mice transplanted with CXCR4-MSCs (Figure
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4B). Serum ALT and AST were detected at 7 d after cell
infusion. When compared with the mice in the Null-MSCs
group, the mice receiving CXCR4-MSCs showed better
improvement of liver function, and liver function in both
the CXCR4-MSC and Null-MSC groups was significantly
better than in the PBS cohort (Figure 4C).
Homing and distribution of transplanted MSCs
We used IVIS to identify in vivo distribution of MSCs
labeled with DiR. At 1 d post-transplantation in the
CXCR4 group, a strong fluorescence signal was emitted
from the liver, while the fluorescence intensity was low in
the spleen. In the Null group, the liver and spleen both
exhibited a strong fluorescence signal and the intensity
was almost the same. At 5 d following transplantation, the
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fluorescence signal emitted from the spleen faded in the
CXCR4 group, and in the Null group, the signal intensity
of the liver and spleen was also nearly the same (Figure 5).
No signal could be detected in any other organs.
Growth factor levels and hepatocyte proliferation
Two weeks after cell transplantation, serum showed a
significant increase in HGF and VEGF in the cell transplantation group when compared with the PBS group.
The level of HGF and VEGF in the CXCR4 group was
approximately 1.5-fold higher than that in the Null group
(Figure 6A). To evaluate whether stem cell transplantation enhanced the proliferation of hepatocytes in failing
liver, the Ki67 expression level was assessed by immunohistochemistry. In the cell transplanted livers, the number
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of Ki67+ cells increased significantly when compared
with the PBS group. More Ki67+ cells were observed in
the CXCR4-MSC group than the Null-MSC group (Figure
6B and C).

DISCUSSION
Hepatocyte damage induced by liver failure stimulates the
secretion of various cytokines and chemokines that are
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involved in mediating the process of tissue repair. SDF1α plays an important role in the homing and recruitment of MSCs to the liver. Increased SDF-1 concentrations in the liver following induction of ALF have been
reported previously[23]. In our study, we detected that the
SDF-1α concentration in liver homogenate increased
after liver failure and was maintained at a high level for
3 wk (Figure 2). CXCR4 is the receptor for SDF-1α and
the SDF-1α/CXCR4 axis participates in the process of
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MSC recruitment. However, culture and proliferation of
MSCs gradually downregulate the expression of CXCR4
and the cells loose their ability to migrate toward a gradient of SDF-1α concentration[24]. Thus, we used gene
modification for CXCR4 overexpression to strengthen
the homing of systemically delivered MSCs toward the
injured liver. We used the membrane extraction kit and
flow cytometry to determine the localization of CXCR4
on the cell membrane. The results showed that CXCR4MSCs highly expressed CXCR4 compared to the unmodified MSCs (Figure 1). In vivo imaging dramatically demonstrated that ectopic distribution was negligible by use
of gene modification, as opposed to unmodified MSCs
(Figure 5). Therefore, it is anticipated that with genetic
engineering, CXCR4-MSCs can disperse to the damaged
liver and improve its function.
Stem cells have low immunogenicity, are readily cryo-
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preserved, and show multipotent differentiation, so large
numbers of trials of MSCs have been published worldwide. Many researchers have found poor efficacy of cell
transplantation. An ongoing clinical trial of stem cell
therapy has demonstrated that the engraftment efficiency
is < 5% when transplanted into the liver via the portal
vein[25]. Another study has shown that the efficiency can
be improved to 20%-30%, if the stem cells are transplanted into the hepatic artery as opposed to the portal
vein[26]. Even with this improvement, the majority of the
cells escape to ectopic sites. To overcome this limitation,
grafting strategies focus on gene modification or matrix
biomaterials. We chose lentivirus to make MSCs overexpress CXCR4. In vivo imaging yielded a macro-image and
showed that CXCR4-MSCs were nearly all distributed in
the liver at 5 d after transplantation, whereas Null-MSCs
migrated to the liver and spleen in equal proportions.
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This difference confirmed that our strategy enhanced the
localization of cells to the liver.
To date, the mechanism of MSC-based cell therapy in
liver regeneration remains controversial. Some researchers have reported that stem cells facilitate liver regeneration by transdifferentiation into primary hepatocytes[27,28].
However, this property has been challenged in subsequent reports. Some researchers have reported that only
limited donor-derived cells are detected in vivo[29]. Such
limited cells are not sufficient to replace the damaged
hepatocytes. Therefore, there must be other mechanisms
that are likely to mediate the effect of MSCs. Recently,
the concept of stem cell transplantation exerting a paracrine proliferative effect on endogenous hepatocytes
has gained support[21,30,31]. It has been demonstrated that
MSCs can secrete a broad variety of cytokines, chemokines and growth factors, including VEGF-1, insulinlike growth factor-1, epidermal growth factor, NO,
HGF, keratinocyte growth factor, angiopoietin-1, SDF-1,
macrophage inflammatory protein-1a and -1b, and erythropoietin[21]. The released factors are known to be important for cell survival, proliferation and neovascularization
during tissue repair. In this study, we demonstrated that
the level of HGF and VEGF in mouse serum increased
significantly 2 wk after cell transplantation compared with
that in the PBS group. We also discovered more hepatocyte proliferation in the MSC groups relative to the PBS
group. Therefore, the improvement of liver function via
MSC transplantation was partially due to enhanced hepatocyte proliferation.
In summary, we showed in this study that genetic
modification with CXCR4 markedly increased the homing of systemically delivered MSCs toward the failing
liver, leading to reduced mortality and improved liver regeneration. We further demonstrated that MSCs exerted
paracrine effects by secreting HGF and VEGF, which
may have stimulated endogenous liver regeneration. The
strategy of intravenous delivery of genetically modified
MSCs expressing CXCR4 may be a useful and noninvasive cell therapy for ALF.

target organs. SDF-1α and its receptor, CXCR4, are the most important chemokines required for homing of MSCs to injured tissues.

Innovations and breakthroughs

A large number of studies have shown that the SDF-1α/CXCR4 axis plays an
important role in stem cell homing, chemotaxis, expression of adhesion molecules, engraftment, proliferation and survival. The authors constructed CXCR4modified MSCs by lentivirus to improve the migration and homing capacity of
the cells. This is believed to be the first study in which CXCR4-MSCs were
used to treat acute liver failure (ALF). In order to track the distribution of MSCs
in vivo, the authors labeled them with DiR, a fluorochrome with a wavelength
of 700-800 nm. In vivo imaging showed that CXCR4-MSCs migrated to the
damaged liver in greater numbers than Null-MSCs. The results exhibited that
CXCR4-MSCs can migrate to acute failing liver and promote the recovery of
liver function.

Applications

This study suggested that intravenous delivery of genetically modified MSCs
expressing CXCR4 may be a useful and non-invasive cell therapy for ALF.

Terminology

SDF-1α/CXCR4 axis: this axis implicates multiple signaling pathways in activating a range of cell secretion and cell adhesion molecules that take part in the
homing of stem cells.

Peer review

The low number of MSCs colonizing a particular diseased organ upon intravenous infusion is a concern, and a stumbling block in moving MSCs forward for
clinical use. This study showed that CXCR4-modified MSCs homed better to
damaged liver and improved recovery. This was a good study and the results
are interesting. CXCR4-MSC transplantation could be a potential cell therapy
for ALF.
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Abstract
AIM: To investigate the effect of oridonin on nuclear
transcription factors and to study the relationship between biological behavior and inflammatory factors in
human pancreatic cancer (BxPC-3) cells.
METHODS: BxPC-3 cells were treated with various
concentrations of oridonin, and viability curves were
generated to test for inhibitory effects of the drug on
cells. The expression of cytokines such as interleukin1β (IL-1β), IL-6, or IL-33 was detected in BxPC-3 cell
supernatants using an enzyme-linked immunosorbent
assay (ELISA), and the protein expression of nuclear
transcription factors including nuclear factor κB, activating protein-1, signal transducer and activator of
transcription 3, bone morphogenetic protein 2, trans-
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forming growth factor β1 and sma and mad homologues in BxPC-3 cells was detected using Western blot.
Carcinoma hallmark-related proteins such as survivin,
vascular endothelial growth factor, and matrix metallopeptidase 2 were also detected using immunoblotting,
and intra-nuclear IL-33 expression was detected using
immunofluorescent staining.
RESULTS: Treatment with oridonin reduced the viability of BxPC-3 cells in a dose dependent manner.
The cells exhibited reduced growth following treatment with 8 μg/mL oridonin (13.05% ± 3.21%, P <
0.01), and the highest inhibitory ratio was 90.64% ±
0.70%, which was achieved with oridonin at a dose of
32 μg/mL. The IC50 value of oridonin in BxPC-3 cells
was 19.32 μg/mL. ELISA analysis revealed that oridonin
down-regulated the inflammatory factors IL-1β, IL-6,
and IL-33 in a dose-dependent manner. IL-1β expression was significantly reduced in the 16 and 32 μg/mL
treatment groups compared to the control group (12.97
± 0.45 pg/mL, 11.17 ± 0.63 pg/mL vs 14.40 ± 0.38
pg/mL, P < 0.01). Similar trends were observed for IL-6
expression, which was significantly reduced in the 16
and 32 μg/mL treatment groups compared to the control group (4.05 ± 0.14 pg/mL vs 4.45 ± 0.43 pg/mL, P
< 0.05; 3.95 ± 0.13 pg/mL vs 4.45 ± 0.43 pg/mL, P <
0.01). IL-33 expression was significantly reduced in the
8, 16, and 32 μg/mL treatment groups compared to
the control group (911.05 ± 14.18 pg/mL vs 945.25 ±
12.09 pg/mL, P < 0.05; 802.70 ± 11.88 pg/mL, 768.54
± 10.98 pg/mL vs 945.25 ± 12.09 pg/mL, P < 0.01).
Western blot and immunofluorescent staining analyses
suggested that oridonin changed the hallmarks and
regulated the expression of various nuclear transcription factors.
CONCLUSION: The results obtained suggest that oridonin alters the hallmarks of pancreatic cancer cells
through the regulation of nuclear transcription factors.
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Core tip: Pancreatic cancer is a common cancer of the
digestive system and is a leading cause of morbidity
and mortality worldwide. In this report, we demonstrate that oridonin is able to inhibit the growth of human pancreatic cancer (BxPC-3) cells and change the
expression of cancer hallmark-related proteins. Inflammatory factors were decreased in BxPC-3 cells treated
with oridonin, and oridonin also regulated nuclear transcription factor pathways. We propose that oridonin can
reduce growth, metastasis, and angiogenesis in BxPC-3
cells by regulating the nuclear transcription factormediated expression of related inflammatory factors.
Chen RY, Xu B, Chen SF, Chen SS, Zhang T, Ren J, Xu J. Effect of oridonin-mediated hallmark changes on inflammatory
pathways in human pancreatic cancer (BxPC-3) cells. World J
Gastroenterol 2014; 20(40): 14895-14903 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14895.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14895

INTRODUCTION
Pancreatic cancer is a common cancer of the digestive
system and is a leading cause of morbidity and mortality
in both developed and developing countries. Pancreatic
cancer is characterized by a covert anatomical structure,
aggressive biology, resistance to conventional therapeutic
agents, and no early detectable biomarkers[1], resulting in a
5-year survival rate of only 5% among patients[2]. Therefore, searching for new strategies for the prevention and
treatment of pancreatic cancer is essential.
The etiology of pancreatic cancer is not clearly understood. A prospective study showed that patients with
hereditary pancreatitis had a significantly higher standardized incidence rate of pancreatic cancer than the general
population[3]. Furthermore, primary pancreatic cancer
without pancreatitis is accompanied by a large number
of inflammatory cells and the expression of high levels
of inflammatory factors[4]. Therefore, evidence suggests
that a close relationship exists between inflammation and
pancreatic cancer.
Oridonin, which has been extracted from Rabdosia
rubescens, is a tetracyclic diterpenoid compound. Structural
and pharmacological studies indicate that oridonin is one
of the most important therapeutic compounds found
in Rabdosia rubescens, due to its heat-clearing, detoxifying,
anti-inflammatory, anti-nociceptive, and anti-tumorigenic
properties[5]. Hanahan and Weinberg[6] revisited the original hallmarks of cancer and considered tumor-promoted
inflammation to be included in this list. Few papers have
focused on the anti-tumor mechanism of oridonin and,
in particular, on its anti-inflammatory effect in pancreatic
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cancer. In a previous study, we found that oridonin inhibited the growth of human pancreatic cancer (BxPC-3)
cells and down-regulated the mRNA expression of
interleukin-1β (IL-1β), IL-6, IL-33, and bone morphogenetic protein-2 (BMP-2)[7]. Therefore, we proposed that
oridonin could regulate the association of inflammatory
factors with the tumor microenvironment (by altering related pathways) and modify nuclear transcription factors,
thereby modulating the expression of downstream target
genes and, in turn, changing cancer hallmarks.

MATERIALS AND METHODS
Cell line and culture conditions
The human pancreatic cancer cell line BxPC-3 was supplied by the Shanghai Institute of Biological Sciences of
the Chinese Academy of Sciences and was maintained as
a monolayer culture in RPMI1640 (GIBCO, NY, United
States) medium supplemented with 10% fetal bovine serum at 37 ℃ in a humidified atmosphere containing 5%
CO2.
Cell viability assay
Cell viability was quantified using a short-term microculture tetrazolium (MTT, Sigma, United States) assay. In a
96-well microplate (the outer wells were left empty for
the later addition of water), 5 × 103 cells per well were
treated with 2, 4, 8, 16, 32, 64, or 128 μg/mL of oridonin
(Xiya Chemtech Co., Chengdu) for 24 h. As a negative
control, cells were treated with 0.1% dimethyl sulfoxide
(DMSO), the same DMSO concentration used for drug
delivery. After treatment, the media was replaced with
180 μL of serum-free medium and 20 μL of MTT solution (5 mg/mL in sterile phosphate-buffered saline).
After a 4-h incubation at 37 ℃, the MTT solution in the
wells was replaced with 150 μL DMSO. The absorption
at 570 nm (A570) was measured using a microplate reader
(Bio-Rad, Model 680, United States), and the results are
expressed as the percentage of cell viability. The IC50
value was calculated as the concentration of oridonin
that inhibited cell growth by 50%. The percentage of cell
viability was calculated based on the following equation:
Viability ratio % = A570(oridonin) /A570(control) × 100%. Each
assay was performed at least three times.
Detection of IL-1β , IL-6, and IL-33 production
Secretion of IL-1β, IL-6, or IL-33 in response to treatment of cells with oridonin (0, 8, 16, or 32 μg/mL) was
determined using a bioassay. Briefly, culture supernatants
of BxPC-3 cells were collected at 24 h post-treatment and
cleared of cell debris by brief centrifugation. IL-1β, IL-6,
and IL-33 levels were measured using human enzymelinked immunosorbent assay (ELISA) kits (Human interleukin 1β ELISA Kit, Cusabio, CSB-E08053h; Human
interleukin 6 ELISA Kit, Cusabio, CSB-E04638h; Human interleukin 33 ELISA Kit, Cusabio, CSB-E13000h)
according to the manufacturer’s instructions. The absorbance was measured at 490 nm using a microplate reader.
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Immunofluorescence staining
For immunofluorescence experiments, cells were plated
onto glass coverslips one day before treatment with oridonin (0, 8, 16, or 32 μg/mL) for 24 h. Cells were fixed
in acetone for 30 min and incubated with an antibody
raised against IL-33 (Santa Cruz Biotechnology, sc98660,
United States) in PBS containing 2% FBS for 2 h. After
three washes with PBS, the samples were incubated with
the appropriate secondary antibody for 1 h in PBS containing 2% FBS and washed again as described above.
Finally, the coverslips containing the cells were incubated
with DAPI (0.5 μg/mL) for 1 min, and images were obtained using a fluorescence microscope.
Western blot analysis
To detect various proteins, BxPC-3 cells treated with
oridonin (0, 8, 16, or 32 μg/mL) were washed twice
with PBS and then lysed in RIPA lysis buffer (1% Triton
X-100, 0.1% SDS, and 1% sodium deoxycholate). The
lysates were then centrifuged, and the supernatants were
collected. Protein concentrations were quantitated using a bicinchoninic acid assay kit (MultiSciences Biotech,
PQ0011, China). Protein extracts (40 μg) were resolved
using 10%-15% sodium dodecylsulfate polyacrylamide
gel electrophoresis. After transferring the proteins to
membranes, the membranes were blocked using 5%
nonfat dry milk for 2 h at room temperature and incubated overnight with primary antibodies raised against
C-Jun (Bioworld, BS1737, United States), nuclear factor
κB (NF-κB)1 (Abcam, ab32360, United States), RelA
(Abcam, ab31481, United States), phosphorylated RelA
(P-RelA, Abcam, ab106129, United States), signal transducer and activator of transcription 3 (STAT3) (Abcam,
ab50761, United States), phosphorylated STAT3 (PSTAT3, Abcam, ab76315, United States), transforming
growth factor β1 (TGFβ1) (Abcam, ab64715, United
States), BMP-2 (Bioworld, BS3473, United States), Smad2
(Abcam, ab33875, United States), phosphorylated Smad2
(P-Smad2, Abcam, ab53100, United States), Smad3 (Abcam, ab40854, United States), phosphorylated Smad3 (PSmad3, Cell Signaling Technology, C25A9, United States),
Smad4 (Abcam, ab40759, United States), phosphorylated
Smad1/5/8 (P-Smad1/5/8, Cell Signaling Technology,
9511S, United States), Smad6 (Abcam, ab63713, United
States), Smad7 (Abcam, ab124890, United States), vascular endothelial growth factor (VEGF) (Abcam, ab46154,
United States), survivin (Abcam, ab76424, United States),
MMP-2 (Abcam, ab86607, United States), and β-actin
(MultiSciences, Mab1445, China) at 4 ℃ . The membranes were then incubated with secondary antibodies
conjugated with horseradish peroxidase (goat anti-mouse
IgG, MultiSciences Biotech, GAM0072, China or goat
anti-rabbit IgG, MultiSciences Biotech, GAR0072, China)
for 2 h at room temperature. The membranes were then
developed using an ECL substrate kit (MultiSciences Biotech, P1425, China) and visualized using an Omega Lum
G imaging system. The amount of protein present was
normalized against β-actin. Image J software was used to
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quantify the bands.
Statistical analysis
For comparisons between the treatment groups, one-way
analysis of variance was performed. The data are presented as mean ± SD in each figure. Statistical analyses
were performed using the SPSS (Statistical Package for
the Social Sciences) statistical package, version 17.0. The
Mann-Whitney rank test was used to compare different
groups. A P value less than 0.05 was considered statistically significant.

RESULTS
Oridonin-mediated hallmark changes in BxPC-3 cells
To investigate the possible effect of oridonin on changes
in hallmarks in BxPC-3 cells, cells were treated with various concentrations of oridonin for 24 h. As shown in
Figure 1A, oridonin induced BxPC-3 cell death in a dosedependent manner. At low doses, oridonin did not show
any inhibitory effect on BxPC-3 cells. No significant differences were observed between the negative control and
the low-dose treatment (2 and 4 μg/mL) groups. Growth
was inhibited in BxPC-3 cells following treatment with 8
μg/mL (13.05% ± 3.21%, P < 0.01) oridonin compared
to without treatment. When treated with 16 μg/mL oridonin, the cell death rate was nearly 50%, and the IC50
of oridonin was determined to be 19.32 μg/mL in the
BxPC-3 cell line. The highest inhibitory ratio was 90.64%
± 0.70% (obtained using 32 μg/mL oridonin). We next
examined the effect of oridonin on the expression of
hallmark-related proteins in BxPC-3 cells. BxPC-3 cells
were treated with oridonin at 0, 8, 16, or 32 μg/mL for
24 h, and we observed that 8, 16, and 32 μg/mL oridonin
caused obvious decreases in the expression of survivin,
VEGF, and MMP-2 (Figure 1B).
Oridonin down-regulates expression of proteins in the
NF-κ B/AP-1 pathway
We next investigated the effect of oridonin on NF-κB/
AP-1-dependent protein expression, including the expression of IL-1β, IL-33, NF-κB1, RelA, P-RelA, and AP-1.
BxPC-3 cells were treated with 0, 8, 16, or 32 μg/mL oridonin for 24 h. The ELISA results showed that treatment
of BxPC-3 cells with 8, 16, or 32 μg/mL oridonin altered
the expression of IL-1β and IL-33 in a dose-dependent
manner (Figure 2A and B). IL-1β expression was significantly reduced in the 16 and 32 μg/mL treatment groups
compared to the negative control group (12.97 ± 0.45
pg/mL, 11.17 ± 0.63 pg/mL vs 14.40 ± 0.38 pg/mL, P <
0.01). Similar trends were observed for IL-33 expression,
which was significantly reduced in the 8, 16, and 32 μg/
mL treatment groups compared to the negative control
group (911.05 ± 14.18 pg/mL vs 945.25 ± 12.09 pg/mL,
P < 0.05; 802.70 ± 11.88 pg/mL, 768.54 ± 10.98 pg/mL
vs 945.25 ± 12.09 pg/mL, P < 0.01). These trends were
also observed for NF-κB1, RelA, P-RelA, and AP-1 expression. Western blot analysis showed that the protein

14897

October 28, 2014|Volume 20|Issue 40|

Chen RY et al . Oridonin and pancreatic cancers

A

B

100

Ori (μg/mL)
Ctrl

b

Cell viability (%)

80

60

8

16

32

Survivin
VEGF

b

MMP2
40

b-actin

20
b

b

b

0
0

2

4
8
16
32
64
Concentration of oridomain (μg/mL)

128

Figure 1 Oridonin-mediated hallmark changes in BxPC-3 cells. A: BxPC-3 cells were treated with 0.1% dimethyl sulfoxide (DMSO) or with 0.1% DMSO containing various concentrations of oridonin. The percentage of inhibition in each sample was determined using an MTT assay. Cytotoxicity is expressed as the percentage
of cell inhibition compared with the control (DMSO only). Data are expressed as mean ± SD. bP < 0.01 vs the control treatment; B: Western blot analysis of the effect
of oridonin treatment on the target genes of survivin, vascular endothelial growth factor (VEGF), and matrix metallopeptidase 2 (MMP-2) in BxPC-3 cells. The BxPC-3
cells were treated with 0, 8, 16, or 32 μg/mL oridonin for 24 h. Three independent experiments were performed, and a representative result is shown.

expression levels of NF-κB1, RelA, P-RelA, and AP-1
decreased as the concentration of oridonin increased
(Figure 2C).
Oridonin reduces the nuclear expression of IL-33
To determine the effect of oridonin on nuclear IL-33
expression, BxPC-3 cells were treated with 0, 8, or 32
μg/mL of oridonin for 24 h. Immunofluorescence staining analysis (Figure 2D) showed that the control group
retained intact cell nuclei and exhibited obvious green
fluorescence, indicating a high level of IL-33 expression
in both the nucleus and the cytoplasm. Interestingly, the
green fluorescence was significantly and dose-dependently decreased in the nuclei of BxPC-3 cells following
treatment with 8 and 32 μg/mL oridonin. Additionally,
the nuclei of oridonin-treated BxPC-3 cells were broken
or disintegrated and exhibited only minor levels of fluorescence.
Oridonin exerts a negative effect on the STAT3 pathway
To investigate the effect of oridonin on STAT3-driven
protein expression, including that of IL-6, STAT3, and
P-STAT3, BxPC-3 cells were treated with 0, 8, 16, or 32
μg/mL oridonin for 24 h. The ELISA results showed
that treatment of BxPC-3 cells with 8, 16, or 32 μg/mL
oridonin significantly and dose-dependently altered the
expression of IL-6 (Figure 3A). IL-6 expression was
significantly reduced in the 16 and 32 μg/mL treatment
groups compared to the negative control group (4.05 ±
0.14 pg/mL vs 4.45 ± 0.43 pg/mL, P < 0.05; 3.95 ± 0.13
pg/mL vs 4.45 ± 0.43 pg/mL, P < 0.01). Similar trends
were observed for STAT3 and P-STAT3 (P-STAT3) expression. Western blot analysis showed that the protein
expression levels of STAT3 and P-STAT3 decreased
as the concentration of oridonin increased (Figure 3B).
These results indicate that oridonin-mediated reductions
in IL-6 levels might be regulated through the STAT3 sig-
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naling pathway.
The effect of oridonin on Smads is related to the TGFβ 1
and BMP2 pathways
To characterize whether the effect of oridonin on protein
expression is mediated by the TGFβ and Smad signaling
pathways, BxPC-3 cells were treated with 0, 8, 16, or 32
μg/mL oridonin for 24 h. Western blot results showed
that the protein expression levels of TGFβ1, BMP-2,
Smad2/3/6/7, and P-Smad1/2/3/5/8 decreased as the
concentration of oridonin increased. Oridonin down-regulated TGFβ1, BMP-2, Smad2/3/6/7, and P-Smad1/2/
3/5/8 but increased the expression of Smad4 (Figure 4).

DISCUSSION
Oridonin is one of the most effective antitumor agents
obtained from Rabdosia rubescens and exhibits antitumor
activity against a number of cancer cell types[8]. The results obtained in this study demonstrate that oridonin
inhibits the growth of human BxPC-3 pancreatic cancer
cells, consistent with previous data. It is known that survivin, VEGF, and MMP-2 play important biological roles
in pancreatic cancer growth, angiogenesis, and metastasis,
respectively. Our results also indicate that oridonin specifically inhibits the expression of survivin, VEGF, and
MMP-2.
In addition, tumor-promotion inflammation is also a
hallmark of cancer. Cytokines are important inflammatory mediators that regulate a wide range of processes
involved in cancer pathogenesis[9]. We could find that IL1β, IL-33, IL-6, TGF-β1 and BMP2 were decreased by
oridonin treatment. Pancreatic cancer can express receptors on the cell surface, such as IL1R[10], ST2[11], IL6R[12],
and TGFR[13], that are activated by specific cytokines.
These signaling pathways can regulate cellular growth,
differentiation, proliferation and apoptosis. Jones et al[14]
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Figure 2 Oridonin decreases both the expression of the nuclear factors nuclear factor κB/activating protein-1/interleukin-33 in BxPC-3 cells and the release of interleukin-1β and interleukin-33 into the supernatant. A and B: Enzyme-linked immunosorbent assay analysis of the effect of oridonin on interleukin (IL)1β and IL-33 in BxPC-3 cells. Data are expressed as mean ± SD. aP < 0.05, bP < 0.01 vs the control treatment; C: Western blot analysis of the effect of oridonin on
the levels of signal transducer and activator of transcription 3 (STAT3) and phospho-STAT3 in BxPC-3 cells treated with 0, 8, 16, or 32 μg/mL oridonin for 24 h. Three
independent experiments were performed, and a representative result is shown; D: Immunofluorescent staining analysis of the effect of oridonin on IL-33 in BxPC-3
cells (× 100). The BxPC-3 cells were treated with 0, 8, or 32 μg/mL oridonin for 24 h. NF-κB: Nuclear factor κB.
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Figure 4 Oridonin regulates the expression of proteins in the transforming growth factor β/Smad pathway. Western blot analysis of the effect of
oridonin on proteins in the Smad signaling pathway in BxPC-3 cells. The
BxPC-3 cells were treated with 0, 8, 16, or 32 μg/mL oridonin for 24 h. Three independent experiments were performed, and a representative result is shown.
TGFβ1: Transforming growth factor β1; BMP-2: Bone morphogenetic proteins 2;
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found that pancreatic cancer contains an average of 63
genetic alterations within a core set of 12 cellular signaling pathways, including the C-jun, invasion, and TGF-β
pathways. In the present study, we found that nuclear
transcription factor-related inflammatory cytokines were
indeed regulated by oridonin treatment in pancreatic cancer cells.
NF-κB and AP-1 are pleiotropic transcription factors
that are expressed in response to extracellular inflammation signals, such as IL-1β, and IL-33. NF-κB/Rel
binding activity involves both NF-κB1 (p50) and RelA
(p65). Previous studies support the idea that NF-κB plays

WJG|www.wjgnet.com

important roles in cellular resistance to apoptosis, the
promotion of tumor metastasis, and angiogenesis. The
transcription factor NF-κB/Rel has been found to be
constitutively activated in human pancreatic cancer and
potentially activates epidermal growth factor receptor. In
our previous study, inhibition of IKK activity induced
cell apoptosis[15]. Moreover, after L3.3 cells transfected
with mutated I kappa B alpha were implanted in the
pancreas of nude mice, they produced rapidly growing
tumors that metastasized to the liver[16]. C-Jun is a central
component of all AP-1 complexes and is a positive regulator of cell proliferation[17]. Hypoxic environments upregulate the IL-8 gene via cooperation between NF-κB
and AP-1, which can be induced and can accumulate in
the nucleus in hypoxic environments[18], thereby contributing to the progression and metastasis of human pancreatic cancer[19]. In this study, we found that NF-κB1,
RelA, phospho-RelA, and AP-1 were down-regulated,
suggesting that the NF- κ B/AP-1 signaling pathway
might be involved in the mechanism of oridonin-induced
hallmark changes in BxPC-3 cell.
IL-33, a recently described member of the IL-1 family, is a dual-function protein that acts as both a proinflammatory cytokine and as an intracellular nuclear factor with
transcriptional regulatory properties[20]. Higher serum
levels of IL-33 in patients with gastric cancer correlate
with depth of invasion, distant metastasis and advanced
stage (stage Ⅲ/Ⅳ)[21]. Moreover, in patients with head
and neck squamous cell carcinoma (HNSCC), most cases
with a low invasion pattern grading score (IPGS) exhibit
little to no IL-33 expression, whereas most HNSCC cases
with a high IPGS exhibit IL-33 over-expression in cancer
cells[22]. In addition, recent studies indicate that IL-33 is a
chromatin-associated nuclear factor with transcriptional
regulatory properties[20], such as binding to the p65 promoter region to participate in inflammatory reactions[23].
Moreover, IL-33 peptide can regulate chromatin compaction by promoting nucleosome-nucleosome interactions[24] and might regulate PDGF-induced proliferation
in pancreatic stellate cells[25]. However, the function of
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Figure 5 Proposed mechanism of oridonin-induced hallmark changes in BxPC-3 cells. Oridonin induces anticancer actions, which reflected by hallmarks
changes, through regulation of transcription factors.

IL-33 as a nuclear factor is poorly defined in pancreatic
cancer. In this study, we determined that the expression
of extracellular or nuclear IL-33 is decreased by treatment with oridonin, suggesting that this compound can
reduce IL-33-induced carcinogenesis in BxPC-3 cells. In
our further study, the role of IL-33 in the regulation of
BxPC-3 functions will be examined using recombinant
IL-33 and small interfering RNA.
STAT3, a member of the Janus kinase (JAK)/STAT
signaling pathway, is activated by the phosphorylation
of a conserved tyrosine residue Tyr705 (P-STAT3) in
response to extracellular signals, such as IL-6[12]. The
abnormal activation of STAT3 participates in pancreatic
cancer[26] and plays a critical role in oncogenesis, metastasis, and tumor growth. Inhibition of activated STAT3
decreases the level of cell cycle control factors such as
p21, cyclin A, cyclin B1[27], and cyclin D1[28]. Additionally,
this inhibition also decreases the expression of VEGF
and MMP-2, factors that are related to cell metastasis.
Also, STAT3 transcriptionally regulates the expression of
anti-apoptotic proteins, such as Bcl-xL and survivin[29]. In
this study, we found that the expression levels of IL-6,
STAT3, and phospho-STAT3 are decreased by treatment
with oridonin, suggesting that this compound can downregulate the STAT3 signaling pathway, which is responsible for the hallmarks of growth, invasion, and metastasis
of human pancreatic cancer. Type Ⅰ interferons (IFNs)
may have a possible role in the treatment of pancreatic
adenocarcinoma, but the limitation of their clinical use
is due to the activation of tumor resistance mechanisms,
including the JAK2/STAT3 pathway[30,31]. In this light,
oridonin provides a promising way of interfering with
STAT-3 signaling, therefore, we cannot exclude the possibility of future use of oridonin in combination with
some chemotherapeutic compounds in pancreatic cancer.
The TGFβ superfamily comprises TGFβs, BMPs, activins, and related proteins. TGFβs are pleiotropic factors
that regulate cell proliferation, angiogenesis, metastasis,
and immune suppression. Dysregulation of the TGFβ
pathway in pancreatic cancer cells often leads to tumor
invasiveness and growth. SD-208, a 2,4-disubstituted
pteridine and an ATP-competitive inhibitor of TGFβ re-
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ceptor I kinase (TGFβRI), has been used in PANC-1 cell
line. cDNA microarray analysis and functional gene clustering identified groups of TGFβ-regulated genes that
are involved in metastasis, angiogenesis, cell proliferation,
survival, and apoptosis. The expression of these genes
is inhibited by treatment with SD-208[32]. Additionally,
Smads have different functions in pancreatic cancer cells.
Smad1 induces and up-regulates MMP-2, stimulating
pancreatic cancer cell invasiveness[33]. siRNA-mediated
silencing of Smad3 in PANC-1 cells, a TGFβ-responsive
pancreatic ductal adenocarcinoma cell line, decreased
TGFβ1-induced growth inhibition but increased the
migratory response; in contrast, silencing of Smad2 enhanced growth inhibition but decreased chemokinesis[34].
The tumor suppressor gene, Smad4/deleted in pancreatic
carcinoma, locus 4, is lost at a high frequency in pancreatic cancer. Loss of Smad4, which leads to aberrant activation of STAT3, contributes to the switch of TGF-β from
a tumor-suppressive to a tumor-promoting pathway in
pancreatic cancer[35]. In one study, restoration of Smad4
expression in human pancreatic carcinoma cells suppressed tumor formation in vivo but was unable to restore
sensitivity to TGF-β. Instead, Smad4 restoration affected
angiogenesis by decreasing VEGF expression[36]. Smad7
is over-expressed in pancreatic cancer cell lines, enhancing tumorigenicity[37], promoting growth[38], and suppressing cisplatin-induced apoptosis[39]. Few reports are available regarding Smad6 expression in pancreatic cancer.
Smad6 and Smad7 expression is elevated in pancreatic
cancer and has been demonstrated to suppress TGF-βinduced growth inhibition in COLO-357 pancreatic cancer cells[40]. The present study also showed that oridonin
down-regulates TGFβ1, BMP-2, Smad1/2/3/5/6/7, and
phospho-Smad1/2/3/5/8 but increases Smad4 expression, suggesting that oridonin can beneficially revert the
abnormal expression of Smads.
A better understanding of the relationship between
neoplastic hallmarks and nuclear transcription factors will
help us to interpret the novel mechanisms of oridoninmediated decreases in cancer growth, angiogenesis, and
metastasis. In conclusion, we have demonstrated that oridonin reduces growth, angiogenesis, and metastasis per-
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haps through the regulation of inflammatory factors and
downstream transcription factors (Figure 5). Oridonin
therefore exhibits potential for use in the treatment of
pancreatic cancer. Afterwards, we will focus on exploring
its therapeutic effects, toxicity and the underlying mechanism in animal models of pancreatic cancer.
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Cytokines are important inflammatory mediators that regulate many processes
involved in cancer pathogenesis. Moreover, pancreatic cancer cells can express
cell-surface receptors that bind specific cytokines and induce downstream signaling pathways that can regulate cellular growth, differentiation, proliferation,
and apoptosis.

Research frontiers

Hanahan and Weinberg revisited the original hallmarks of cancer and considered tumor-promoted inflammation to be included in this list. Few papers have
studied the anti-tumor mechanism of oridonin by focusing on its anti-inflammatory effects in pancreatic cancer.

7

8

9
10

Innovations and breakthroughs

A better understanding of the relationships among inflammatory factors, nuclear
transcription factors and tumor behavior will help us to understand the novel
mechanisms of anti-inflammatory agent-induced alterations in cancer biology,
such as growth, angiogenesis, and metastasis. Analogous shifts caused by
treatment with other drugs may also improve the efficacy of similar inflammation-targeted therapies.

Applications

Oridonin is one of the most effective antitumor compounds extracted from Rabdosia rubescens and holds promise for the treatment of pancreatic cancer.
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The nuclear transcription factor, nuclear factor κB (NF-κB), which consists of
NF-κB1 (p50) and RelA (p65), regulates the expression of many genes that are
critical for the control of apoptosis, viral replication, tumorigenesis, inflammation, and various autoimmune diseases. The hallmarks of cancer include selfsufficiency in growth signals; insensitivity to antigrowth signals; resisting cell
death; limitless replicative potential; sustained angiogenesis; tissue invasion
and metastasis; avoiding immune destruction; tumor promotion inflammation;
deregulating cellular energetics; genome instability and mutation. The transforming growth factor β (TGFβ) superfamily comprises TGFβs, bone morphogenetic proteins, activins, and related proteins. Smads exhibit various functions
in cancer and are classified into three categories: (1) regulatory Smads (RSmads, which include Smads 1, 2, 3, 5 and 8); (2) common Smads (co-Smads,
i.e., Smad 4); and (3) inhibitory Smads (I-Smads, including Smad 6 and Smad 7).
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Abstract
AIM: To investigate expression of microRNA (miRNA)
and potential targets in chemotherapy resistant esoph-
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ageal cancer cell lines.
METHODS: An in-vitro model of acquired chemotherapy resistance in esophageal adeno- (EAC) and squamous cell carcinoma (ESCC) cells was used, and microRNA expression profiles for cisplatin or 5-fluorouracil
(5-FU) resistant variants vs chemotherapy sensitive
controls were compared using microarray and quantitative real-time polymerase chain reaction (PCR). The
expression of chemotherapy-relevant genes potentially
targeted by the dysregulated microRNAs in the chemotherapy resistant variants was also evaluated.
RESULTS: Chemotherapy resistant sublines were found
to have specific miRNA signatures, and these miRNA
signatures were different for the cisplatin vs 5-FU resistant cells from the same tumor cell line, and also for
EAC vs ESCC cells with resistance to the same specific
chemotherapy agent. Amongst others, miR-27b-3p,
miR-193b-3p, miR-192-5p, miR-378 a-3p, miR-125a5p and miR-18a-3p were dysregulated, consistent with
negative posttranscriptional control of KRAS, TYMS,
ABCC3, CBL-B and ERBB2 expression via these miRNAs.
CONCLUSION: The current study supports the hypothesis that microRNA expression has an impact on
chemotherapy resistance in esophageal cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal cancer; MicroRNA; Chemotherapy; Resistance; Target
Core tip: The current study demonstrates that chemotherapy resistant esophageal adeno- and squamous cell
carcinoma cells present distinct microRNA (miRNA) signatures, with a number of well known resistance relevant miRNAs differentially expressed in the derived cisplatin or 5-fluorouracil resistant cell lines. Furthermore,
a number of putative target genes that are known to
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have an impact on chemotherapy resistance are dysregulated in the chemotherapy resistant cell lines in a
direction consistent with negative posttranscriptional
control of target gene expression via the respective
miRNA, thereby implicating a potential mediatory effect
in terms of chemotherapy resistance development.
Hummel R, Sie C, Watson DI, Wang T, Ansar A, Michael MZ,
Van der Hoek M, Haier J, Hussey DJ. MicroRNA signatures in
chemotherapy resistant esophageal cancer cell lines. World J
Gastroenterol 2014; 20(40): 14904-14912 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14904.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14904

INTRODUCTION
Esophageal cancer is the eighth most common cancer
worldwide, and the sixth most common cause of cancer
related death [GLOBOCAN 2008 (IARC), Section of
Cancer Information (30/1/2012)]. Despite improvements in the management of esophageal cancer, however, the outcome for individuals developing this disease
remains poor. Chemotherapy and/or radiotherapy based
treatment approaches are used in many patients, and recently several meta-analyses have demonstrated a survival
advantage for patients undergoing either neoadjuvant
chemotherapy or combined chemo-radiotherapy treatment before surgery for esophageal cancer, compared to
surgery alone[1,2]. In addition, in patients not suitable for
surgical resection, combined chemo-radiotherapy is followed by complete macroscopic tumor regression, when
assessed by endoscopy, in up to 50% of patients, with a
partial response achieved in approximately half of the remaining patients[3]. However, individuals respond to these
treatments in a variable fashion, and those who respond
poorly to chemotherapy probably undergo futile treatment. Identification of individuals who are unlikely to
benefit before treatment starts is desirable as it would allow treatment to be tailored to the individuals most likely
to benefit. It is possible that novel molecular biomarkers,
which predict response to chemotherapy, might be identifiable and might be then used to tailor treatment. It is
also possible that molecular biomarkers of chemotherapy
response might provide novel therapeutic targets to overcome potential chemotherapy resistance.
In this context, microRNA (miRNA) biomarkers
are promising candidates. It has been demonstrated
that miRNA expression profiles differ between various
esophageal derived tissues, correlate with prognosis and
clinico-pathological features in esophageal cancer, and
impact directly on tumor growth, tumor cell proliferation, and tumor invasion[4,5]. In addition, for some other
cancer types there is evidence that miRNA expression
has an impact on the response to chemotherapy[6], but so
far there is very little data available from studies evaluating esophageal cancer in this context.
To investigate this further, we sought associations be-
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tween miRNA expression and response to chemotherapy
in esophageal cancer. Specifically, we assessed whether
chemotherapy resistant esophageal cancer cells exhibit
a specific miRNA expression pattern, and whether the
expression of potential chemotherapy resistance-relevant
targets of the dysregulated miRNAs is altered in chemotherapy resistant cancer cells.

MATERIALS AND METHODS
Cell lines and cell culture
The chemotherapy sensitive human adenocarcinoma
(EAC) cell line OE19 and the squamous cell carcinoma
(ESCC) cell line KYSE410, and cisplatin and 5-Fluorouracil (5-FU) resistant variants of both cell lines which
were developed in our laboratory, were used for the current study. Resistant sublines of both sensitive cell lines
were generated using a pulsatile treatment approach
which included repetitive treatment of cells with constant concentrations of cisplatin or 5-FU. Briefly, KYSE
410 cells were subjected to a 4-d exposure of 2 µmol/L
cisplatin or 5 µmol/L 5-FU, and OE 19 cells were exposed to 5 µmol/L cisplatin or 10 µmol/L 5-FU for
3 d. The medium was not changed during this period,
thereby providing a constant exposure to the chemotherapy agent. After removal of the chemotherapy agent,
cells were allowed to recover, split when approximately
70%-80% confluent, and then exposed to the next cycle
of chemotherapy. All derived cell lines were shown to
have significant resistance to the corresponding chemotherapy agent[7].
Cells were cultured in a humidified atmosphere containing 5% CO2 at 37 ℃, using DMEM high glucose/
phenol red free DMEM/F12 1:1 medium (OE-19) or
1 × RPMI 1640/phenol red free RPMI 1640 medium
(KYSE410) supplemented with 10% fetal bovine serum, 1% Penicillin-Streptomycin (GIBCO® Invitrogen,
Life Technologies Australia Pty Ltd., Victoria, Australia)
and 2‰ Normocin™ (InvivoGen, Life Research Pty
Ltd, Victoria, Australia). Resistant variants were further
repeatedly exposed to the respective chemotherapeutic
agent as outlined above in order to maintain the selection
pressure[7].
Cell harvest, RNA extraction and preparation
Cells from the chemotherapy resistant variants and their
original cell line were seeded into 6 replicate flasks each.
Prior to harvest, resistant cell lines were allowed to grow
for at least 24-48 h in chemotherapy-free medium in
order to avoid an acute toxicity response to the respective chemotherapeutic agent. Then, cells were harvested
at a confluency of about 80% in TRIzol® (Invitrogen)
and total RNA was extracted from the cells according
to the manufacturer’s protocol. RNA concentration was
measured using UV spectrophotometry (NanoDrop®
ND-8000 Spectrophotometer, Thermo Fisher Scientific),
and quality determined by visualization of distinct 28S
and 18S rRNA species via electrophoresis through a 1%
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agarose gel.
miRNA microarray
500 ng of total RNA was used for microarray studies.
Total RNA was labeled using the FlashTag HSR Biotin
RNA Labelling Kits (Genisphere LLC. Hatfield) and
hybridized to microRNA Arrays (Affymetrix GeneChip
miRNA Array which contained 848 miRNAs representing Sanger miRBase v11, Affymetrix Inc.) as per the
Genisphere manual. Briefly, RNA was poly-A tailed,
and then a proprietary biotin-labelled dendramer molecule was joined to the 3’ end using DNA ligase. Labeled
samples were hybridized to the arrays at 48 ℃ for 16 h
and then washed and stained with a Steptavidin-PE solution prior to imaging. The resultant CEL files containing
the raw intensity data were background corrected and
statistically analyzed using Partek Genomics Suite (Partek
Inc. St Louis, United States) using the subset of human
targeting probes on the array. Raw data was processed
using Robust Multichip Average (RMA) background
correction, quantile normalization and probe summarization. Differential miRNA expression was determined by
ANOVA (analysis of variance) with the p-value adjusted
using the step-up multiple test correction. The step-up
method used was the Benjamini_Hochberg method for
multiple test correction, which is widely used for microarray data analysis[8]. Adjusted P < 0.05 were considered
to be significant. Microarray data were deposited in the
Gene Expression Omnibus (www.ncbi.nlm.nih.gov/geo;
GEO accession number GSE50224). Subsequently, the
most significantly dysregulated miRNAs from the microarray experiments for each resistant cell line were selected
and expression of these candidates was assessed via quantitative real-time polymerase chain reaction (PCR).
DNase-pretreatment, reverse transcription and quantitative real-time PCR for miRNA validation
For quantitative real-time PCR validation, all samples
underwent DNase-pretreatment using Ambion® TURBO
DNA-free™ (Applied Biosystems) in order to remove
contaminating DNA. 500 ng of RNA dissolved in 8 µL
nuclease free water was incubated with 1 µL 10 × Turbo
DNase Buffer and 1 µL rDNase I for 30 min at 37 ℃ in
a thermocycler (Eppendorf Mastercycler). Samples were
then incubated with 1 µL DNase Inactivation Reagent
for 5 min at room temperature, and centrifuged at 10000
g for 5 min at 4 ℃. DNase treated RNA was finally incubated for 10 min at 75ºC, and stored on ice for further
processing.
The miScript Reverse Transcription Kit (Qiagen) was
used, as it allows quantification of mature miRNA and
mRNA from the same cDNA sample. 500 ng of DNase
treated RNA was combined with 4 µL miScript 5x RT
Buffer, 1 µL Reverse Transcriptase and 5 µL nuclease
free water before incubation (protocol: 60 min at 37 ℃,
5 min at 95 ℃, then hold at 4 ℃). For miRNA validation
via quantitative real-time PCR (PCR), the miScript PCR
system was used, and 5 µL of cDNA was mixed with 10
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µL 2 × QuantiTect SYBR, 2 µL 10 × miScript Universal
Primer, 2 µL gene specific 10 × miScript Primer Assay,
and 1 µL nuclease free water. Quantitative analysis was
performed using Q-Gene software. MiRNA expression
data was normalized to the expression levels of RNU44,
which displayed comparable expression across the different groups (data not shown).
Gene expression of potential targets on mRNA levels
To evaluate the functional relevance of the miRNAs that
were identified to be dysregulated in the development of
chemotherapy resistance, we next performed gene expression analyses of the mRNA levels for putative targets
of these miRNAs. In this context, potential gene targets
of the dysregulated miRNAs were identified from the
literature and bioinformatics tools (DIANA-mirPath[9]),
and we focused on genes that were known to be relevant
to cellular resistance to chemotherapy (cisplatin resistant
EAC: ZEB1/ZEB 2[10], Bcl-2[11], DUSP16[12], KRAS[13],
MAP4K4[14]; 5-FU resistant EAC: KRAS[13], CDKN1b[15],
TYMS[16], ABCC3[17], CBL-B[18]; 5-FU resistant ESCC:
ERBB2/ERBB3[19], MUC1[20], MAP4K4[14], KRAS[13]). To
determine the mRNA levels, the same cDNA that was
used for the determination of miRNA expression levels was used (see section “DNase-pretreatment, reverse
transcription and quantitative real-time PCR (qPCR) for
miRNA validation”). TaqMan® Assays (Applied Biosystems) were used as follows: 3 µL of cDNA was mixed
with 10 µL TaqMan® Gene Expression Master Mix (× 2),
1 µL of the respective TaqMan® Primer (× 20) and 6 µL
nuclease free water. All samples were assayed in triplicate
reactions using a Rotorgene 6000 thermocycler (Corbett
Life Science). Quantitative analysis was performed using
Q-Gene software. mRNA expression data was normalized to 18S rRNA, which displayed comparable expression across the different groups (data not shown).
Statistical analysis
Expression data for miRNAs/mRNAs were expressed
as means of normalized expression with standard deviation. These data were assessed for statistical significance
using Student’s t-test for equal and unequal variances,
as appropriate, based on Levene’s test for homogeneity
of variances. P ≤ 0.05 was considered to be statistically
significant. Analyses were performed using SPSS 17.0 for
Windows (SPSS, Chicago, IL).

RESULTS
miRNA signature of chemotherapy resistant esophageal
cancer: Microarray results
The results of the miRNA microarray experiments are
summarized in Figure 1 and Table 1. A large number of
miRNAs that were dysregulated in the different chemotherapy resistant cell lines were identified, compared to
the chemotherapy sensitive controls. In cisplatin resistant
EAC cells, 18 miRNAs were significantly dysregulated
compared to controls (13 downregulated, 5 upregulated).
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Figure 1 Microarray results. The figure summarises the miRNA microarray results in the different resistant cell lines, showing the comparison of miRNA expression
between 6 replicate experiments and controls for each resistant cell line. A: Cisplatin resistant esophageal adeno- (EAC) and squamous cell carcinoma (ESCC) cells
vs chemotherapy sensitive controls; B: 5-FU resistant ESCC cells vs chemotherapy sensitive controls; C: Cisplatin resistant EAC cells vs chemotherapy sensitive controls; D: 5-FU resistant EAC cells vs chemotherapy sensitive controls. Cis: Cisplatin resistant cells; FU: 5-FU resistant cells; Con: Sensitive control cells.

In cisplatin resistant ESCC cells, 8 miRNAs were significantly dysregulated (all 8 downregulated). In 5-FU resistant EAC cells, 18 miRNAs were significantly dysregulated (10 downregulated, 8 upregulated). In 5-FU resistant
ESCC cells, 5 miRNAs were significantly dysregulated (3
downregulated, 2 upregulated).
miRNA signature in chemotherapy resistant esophageal
cancer cells: Quantitative real-time PCR validation
Quantitative real-time PCR validation of the microarray
experiments validated significant up- and downregulation
for 11 miRNAs in cisplatin resistant EAC cells, 9 miRNAs in 5-FU resistant EAC cells, 1 miRNA in cisplatin
resistant ESCC cells and 6 miRNAs in 5-FU resistant
ESCC cells (Table 2). More miRNAs were downregulated
in resistant cells compared to sensitive controls (19 downregulated vs 8 upregulated miRNAs). Two miRNAs were
found to have altered expression in both cisplatin and
5-FU resistant cells: miR-31 and miR-125a-5p. Interestingly, miR-31-5p was downregulated in cisplatin resistant
EAC but upregulated in 5-FU resistant EAC, whereas
miR-125a-5p expression was suppressed in both, cisplatin
resistant EAC and 5-FU resistant ESCC variants.
mRNA expression levels of potential target genes
The expression of potential target genes for the dysregulated miRNAs was examined for 19 putative target can-
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didates. Significant up- or downregulation of 9 of these
19 targets were found in the respective cell lines (5-FU
resistant EAC: KRAS, TYMS, ABCC3 and CBL-B; cisplatin resistant EAC: BCL-2 and MAP4K4; 5-FU resistant
ESCC: ERBB2, MUC1 and KRAS). Comparison between target gene expression and miRNA expression revealed that 6 targets (KRAS, TYMS, ABCC3 and CBL-B
in 5-FU resistant EAC; ERBB2 and KRAS in 5-FU
resistant ESCC) were regulated in a direction consistent
with negative post-transcriptional control of target gene
expression via the respective miRNA (Table 3).

DISCUSSION
miRNAs represent a new class of epigenetic regulators
of global gene expression, and their expression appears
to influence chemotherapy sensitivity and resistance[6].
In the current study, miRNA microarrays were used to
evaluate global miRNA expression profiling within an
in-vitro model of acquired chemotherapy resistance in
esophageal EAC and ESCC cells, and then quantitative
real-time PCR was used to validate the findings. This
demonstrated specific miRNA signatures for each chemotherapy resistant subline, and that the miRNA signatures are different for cisplatin vs 5-FU resistant cells
from the same tumor cell line, and also for EAC vs ESCC
cells with resistance to the same specific chemotherapy
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Table 1 Dysregulated microRNAs in resistant cells: Microarray results
EAC

ESCC

miRNA

Stepup P -value

Fold-change

miRNA

Stepup P -value

Fold-change

Dysregulated microRNAs in
cisplatin-resistant variants

miR-181a-5p
miR-125a-5p
let-7e-5p
miR-181b-5p
miR-200b-3p
miR-31-5p
miR-200b-5p
miR-455-3p
miR-191-5p
miR-638
miR-92b-5p
miR-23a-3p
miR-200a-3p
miR-296-3p
let-7a-5p
miR-203a
miR-663a
miR-532-5p

0.00141
0.00169
0.00170
0.00170
0.00170
0.00188
0.00278
0.00510
0.00934
0.00934
0.01344
0.01799
0.03240
0.04236
0.04236
0.04236
0.04480
0.04913

-1.78
-2.23
-2.21
-1.68
-5.38
-1.57
-5.11
-2.78
1.30
1.74
1.79
-2.31
-5.05
1.66
-1.87
-2.84
2.40
-2.44

miR-320a
miR-320b
miR-320c
miR-744-5p
miR-99b-5p
miR-92a-3p
miR-25-5p
miR-339-5p
miR-18a-3p
miR-193b-3p
miR-130a-3p

0.002
0.002
0.002
0.023
0.023
0.030
0.041
0.047
0.056
0.062
0.077

-1.75
-1.76
-1.66
-1.90
-1.70
-1.53
-2.52
-1.60
-2.42
-1.73
2.28

Dysregulated microRNAs in 5-FUresistant variants

miR-31-5p
miR-192-5p
miR-194-5p
miR-378 a-3p
miR-222-3p
miR-210-3p
miR-18a-3p
miR-21-3p
miR-1268a
miR-25-5p
miR-27b-3p
miR-17-5p
miR-193b-3p
miR-17-3p
miR-455-5p
miR-1275
miR-203a
miR-663a

0.00031
0.00151
0.00151
0.00277
0.00277
0.00289
0.00456
0.00556
0.00880
0.01189
0.01797
0.01928
0.01961
0.03118
0.03143
0.03143
0.03456
0.04074

1.84
-2.57
-2.55
-3.17
2.06
-2.90
-1.84
2.53
2.95
2.21
-2.12
-1.35
3.78
-3.03
-1.40
3.29
-2.85
2.39

miR-550 a-5p
miR-935
miR-550 a-3p
miR-99b-5p
miR-18a-3p
miR-1226-3p
miR-1292-5p
miR-125a-5p
miR-410-3p
miR-331-3p
miR-663a
miR-196b-5p

0.001
0.008
0.037
0.045
0.047
0.072
0.072
0.127
0.233
0.240
0.240
0.251

3.23
-3.69
2.65
-1.70
-2.71
-2.45
1.77
-1.92
-1.46
-2.21
-2.61
-2.58

Summary of miRNA microarray results for the different chemotherapy resistant cell lines, including dysregulated miRNAs, stepup P-value and fold
changes in expression, compared to sensitive controls. FU: 5-FU resistant cells; EAC: Esophageal adenocarcinoma cells; ESCC: Esophageal squamous cell
carcinoma cells.

agent. The latter observation of differences in miRNA
expression between EAC vs ESCC cell lines is consistent
with the different tumor biology for EAC and ESCC.
Furthermore, our study also identified dysregulated expression of the miRNAs’ potential target genes [namely
KRAS, TYMS, ABCC3 and CBL-B (5-FU resistant EAC)
respectively ERBB2 and KRAS (5-FU resistant ESCC)]
in a direction consistent with negative posttranscriptional
control of target gene expression via miR-27b-3p, miR193b-3p, miR-192-5p, miR-378 a-3p, miR-125a-5p and
miR-18a-3p.
These findings are consistent with other studies that
suggest that these genes have an impact on chemotherapy resistance in cancer. For example, overexpression of
TYMS has been linked to resistance to TYMS-targeted
chemotherapy agents such as 5-FU and methotrexate [16], and ABCC3 is associated with chemotherapy
resistance[17]. In addition, overexpression of Cbl-b has
been shown to downregulate both p-Akt and P-gp, and
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partially reverse resistance to chemotherapeutic agents in
gastric cancer[18]. KRAS also has an impact on sensitivity
to chemotherapy in colorectal cancer[13], and ERBB2 affects chemotherapy resistance in breast cancer cells[19].
There is more than one possible explanation for
dysregulation of miRNA expression in (cisplatin and
5-FU) resistant cell lines, and we can only speculate on
this, based on currently known paradigms. For example,
epigenetic changes such as DNA methylation or histone
modification, that might occur during acquisition of
chemotherapy resistance could directly impact upon the
level of transcription of miRNA genes. The resulting
changes in miRNA expression might then be important
for further driving acquisition of a highly chemotherapy
resistant phenotype. However, recent reports also suggest that many of the identified miRNAs in our study
have been shown to have an impact on chemotherapy
resistance in other cancers. For example, members of the
miR-200 family, the miR-181 family, the let-7 family, or
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Table 2 Dysregulated microRNAs in resistant cells: quantitative real-time polymerase chain reaction validation

Significantly dysregulated
miRNAs in resistant
variants

Cisplatin resistant EAC

Cisplatin resistant ESCC

5-FU resistant EAC

5-FU resistant ESCC

miR-455-3p (-3.06)
miR-200b-3p (-2.46)
let-7e-5p (-2.44)
miR-181b-5p (-1.88)
miR-125a-5p (-1.79)
miR-181a-5p (-1.63)
miR-200b-5p (-1.63)
miR-31-5p (-1.58)
miR-200a-3p (-1.57)
miR-638 (1.55)
miR-191-5p (1.42)

miR-130a-3p (1.70)

miR-378a-3p (-3.58)
miR-192-5p (-2.32)
miR-210-3p (-2.19)
miR-194-5p (-2.01)
miR-222-3p (1.85)
miR-17-3p (-1.83)
miR-193b-3p (1.54)
miR-31-5p (1.40)
miR-27b-3p (1.36)

miR-935 (-2.29)
miR-550a-3p (2.21)
miR-125a-5p (-2.20)
miR-1226-3p (-2.12)
miR-99b-5p (-1.88)
miR-18a-3p (-1.75)

Final quantitative real-time polymerase chain reaction validation results for the different chemotherapy resistant cell lines, including dysregulated miRNAs
and fold changes in expression compared to chemotherapy sensitive controls. All listed miRNAs were significantly dysregulated compared to controls. FU:
5-FU resistant cells; EAC: Esophageal adenocarcinoma cells; ESCC: Esophageal squamous cell carcinoma cells.

single miRNAs such as miR-130a-3p, miR-221-3p/miR222-3p and miR-31-5p have been reported to be differentially expressed in various chemotherapy resistant cancer
cell lines, or to have an impact on sensitivity to anticancer
treatment including chemotherapy and radiation[6]. The
miRNA candidates in our study, for which we identified
potential target genes, revealed a similar pattern, with
miR-27b-3p, miR-193b-3p/miR-193b-5p, miR-192-5p,
miR-378 a-3p or miR-125a-5p associated with resistance
towards multiple chemotherapeutic agents in a number
of other tumor entities, including gastric[21] and colorectal
cancer[22].
Data on esophageal cancer are still very rare, but the
results from our study and other studies addressing this
issue suggest that chemotherapy or radiotherapy resistance in esophageal cancer is also modulated by miRNAs[23]. For example, Imanaka et al[24] found 10 miRNAs
to be significantly dysregulated between nine ESCC cell
lines with varying sensitivity towards cisplatin. However,
as the authors used a model that compares miRNA expression between several different cell lines, it remains
unclear whether the differences in miRNA expression
are caused by variations in chemotherapy resistance or
phenotypic differences between different cells originating
from different human individuals. Data from other studies suggest that modulation of the expression of single
miRNAs such as miR-27a-3p, miR-31-5p, miR-141-3p,
miR-148a-3p, miR-200c-3p and miR-296-5p affect sensitivity towards various chemotherapeutic agents or radiation in esophageal cancer[7,24-28].
There are some limitations to the current study.
Firstly, cell line experiments do not always yield results
that can be directly translated to the clinical setting, as
tumor tissues from patients often show considerable heterogeneity. Hence, the miRNAs identified in our study
may not be relevant to all esophageal EACs or ESCCs in
the clinical setting, and could be specific to the particular
cell lines tested. This highlights the need for further confirmation in experiments using human tumor samples.
However, most of the miRNAs identified in our study
have been reported in other tumor types, in both human
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tumor samples and cell culture settings, and this does
suggest that the data from the current study is relevant.
Secondly, the current study was limited to only two
esophageal cancer cell lines, and their resistant sublines,
and confirmation of our results in other (sensitive and
resistant) cell lines would provide further support to the
findings.
Finally, a thorough validation of potential gene targets has not been undertaken at this stage, and we have
not conducted functional analyses to confirm the role of
miRNA in chemoresistance.
However, the primary aims of the current study were
to investigate (1) if chemotherapy resistant esophageal
cancer cell lines exhibit specific miRNA expression patterns, and (2) if the expression of potential resistance-relevant target genes of the dysregulated miRNAs is altered
in the resistant cell lines. We were able to answer these
questions with the current study. However, future experiments exploring the downstream pathways in more detail
will be needed and should help to understand how miRNAs might have an impact on chemotherapy resistance.
In conclusion, the current study demonstrated that
chemotherapy resistant esophageal EAC and ESCC cells
present distinct miRNA signatures, with a number of
well known resistance relevant miRNAs differentially
expressed in the derived cisplatin or 5-FU resistant cell
lines. Furthermore, a number of putative target genes
that are known to have an impact on chemotherapy resistance were dysregulated in the chemotherapy resistant cell
lines in a direction consistent with negative posttranscriptional control of target gene expression via the respective
miRNA, thereby implicating a potential mediatory effect
in terms of chemotherapy resistance development. This
data presents initial basic research results pertinent to this
topic, although the data remains limited by its in-vitro
character. Nevertheless, the results from this study do
support undertaking further in vivo studies that address
whether miRNAs can be used as novel biomarkers for
chemotherapy response prediction, or perhaps even evaluate modulation of miRNAs as novel therapies for overcoming chemotherapy resistance in esophageal cancer.
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Table 3 Target gene expression of potential target genes
MicroRNA
5-FU resistant EAC

5-FU resistant ESCC

Target

Dysregulated miRNA

Up-/down regulation

mRNA target

Up-/down regulation

miR-192-5p
miR-378a-3p
miR-192-5p
miR-27b-3p
miR-193b-3p
miR-18a-3p
miR-125a-5p

↓
↓
↓
↑
↑
↓
↓

TYMS
CBL-B
ABCC3
KRAS
KRAS
KRAS
ERBB2

↑
↑
↑
↓
↓
↑
↑

X-fold (P -value)
+2.30 (< 0.001)
+1.93 (0.003)
+1.30 (0.008)
-1.24 (0.036)
-1.24 (0.036)
+1.60 (0.036)
+1.40 (0.026)

Summary of gene expression analysis for potential target genes, regulated in a direction consistent with negative posttranscriptional control of target gene
expression via the respective miRNA (presented in the first column). ↓: Downregulation of the miRNA or mRNA. ↑: Upregulation of the miRNA or mRNA.
Fold changes for target gene expression are provided with P-values in brackets. FU: 5-FU resistant cells; EAC: Esophageal adenocarcinoma cells; ESCC:
Esophageal squamous cell carcinoma cells.

sis for further experimental and clinical investigations which could better tailor
chemotherapy to individuals most likely to benefit, or identify and modulate
chemotherapy resistance to achieve a better clinical response.
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Abstract
AIM: To determine the expression of membrane-bound mucins and glycan side chain sialic acids in Helicobacter
pylori (H. pylori )-associated, non-steroidal inflammatory drug (NSAID)-associated and idiopathic-gastric
ulcers.
METHODS: We studied a cohort of randomly selected
patients with H. pylori (group 1, n = 30), NSAID (group 2,
n = 18), combined H. pylori and NSAID associated gastric
ulcers (group 3, n = 24), and patients with idiopathic
gastric ulcers (group 4, n = 20). Immunohistochemistry
for MUC1, MUC4, MUC17, and staining for Erythrina
cristagalli agglutinin and Sambucus nigra agglutinin
(SNA) lectins was performed on sections from the ulcer
margins.
RESULTS: Staining intensity of MUC17 was higher in H.
pylori ulcers (group 1) than in idiopathic ulcers (group
4), 11.05 ± 3.67 vs 6.93 ± 4.00 for foveola cells, and
10.29 ± 4.67 vs 8.00 ± 3.48 for gland cells, respectively
(P < 0.0001). In contrast, MUC1 expression was higher
in group 4 compared group 1, 9.89 ± 4.17 vs 2.93 ±
5.13 in foveola cells and 7.63 ± 4.60 vs 2.57± 4.50 for
glands, respectively (P < 0.0001). SNA lectin staining
was increased in group 4, in parallel to elevated MUC1
expression, indicating more abundant α2-6 sialylation in
that group.
CONCLUSION: Cytoplasmic MUC17 staining was sig
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nificantly decreased in the cases with idiopathic ulcer.
The opposite was observed for both MUC1 and SNA
lectin. This observation may reflect important pathogenic
mechanisms, since different mucins with altered
sialylation patterns may differ in their protection efficiency
against acid and pepsin.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Mucin; Idiopathic ulcer; Helicobacter pylori ;
Glycosylation; Peptic ulcer disease; Mucosal cytoprotection
Core tip: Peptic ulcers are diverse in origin, and the
proportion of idiopathic gastric ulcers not related to Helicobacter pylori infection or non-steroidal inflammatory
drug therapy is increasing. Membrane-bound mucin
proteins in peptic ulcer has not been described previously, and are important for understanding of ulcer
pathogenesis and subsequently treatment. Major findings of this paper include the observation that MUC17
staining was significantly decreased in idiopathic ulcer
cases, whereas MUC1 mucin expression was increased.
Idiopathic ulcers also demonstrated higher sialic acid
mucin residue staining. These alterations in mucin core
proteins and sialylation patterns may be associated
with differences in epithelial cytoprotection, and therefore may play a role in ulcer pathogenesis.
Niv Y, Boltin D, Halpern M, Cohen M, Levi Z, Vilkin A, Morgenstern S, Manugian V, St Lawrence E, Gagneux P, Kaur S,
Sharma P, Batra SK, Ho SB. Membrane-bound mucins and
mucin terminal glycans expression in idiopathic or Helicobacter
pylori, NSAID associated peptic ulcers. World J Gastroenterol
2014; 20(40): 14913-14920 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i40/14913.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i40.14913

INTRODUCTION
The pathogenesis of the majority of peptic ulcers is
related to infection with Helicobacter pylori (H. pylori) or
to the use of aspirin or non-steroidal inflammatory
drug (NSAID)-type medications. A growing number of
patients have ulcers not associated with these or other
causes, termed idiopathic ulcers. Idiopathic ulcers have
been shown to have unique clinical characteristics and are
associated with higher morbidity and mortality[1-7].
Mucins, heavily glycosylated high-molecular-weight
glycoproteins, are expressed at high levels in gastric epithelial cells and help form the gastric mucous unstirred
layer that protects the mucosa from acid and pepsin.
There are 2 groups of mucins encoded by 21 genes:
secreted and membrane-bound[8-10]. Alterations of gastric mucins may play a primary or secondary role in the
pathogenesis of peptic ulcer disease[2,11]. In a previous
study of patient cohort with gastric ulcer we did not observe any significant changes in secretory mucin expres-
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sion (MUC5AC and MUC6) between various pathogenic
types of ulcer (idiopathic, H. pylori-associated, or aspirin/
NSAID-associated ulcer)[1].
The pattern of membrane-bound mucins and sialic
acid expression in peptic ulcer disease has never been
examined. The membrane-bound mucins MUC1, MUC4
and MUC17 have been previously described as part of
the normal glycocalyx and forms the mucin barrier of the
stomach[12,13]. MUC1 is a ubiquitous epithelial cell surface
mucin that exhibits altered expression and glycosylation
during inflammation and neoplastic development. It has
been shown to be important for limiting the inflammation and attachment of H. pylori in gastric mucosa[14].
MUC4 is a trans-membrane mucin whose expression is
altered in gastrointestinal neoplasia[15]. MUC17 has been
shown to inhibit apoptosis, promote intestinal epithelial
migration, and to be cytoprotective in animal models
of colitis[16-18]. In addition, peripheral glycan residues on
mucin glycoproteins have been shown to play a role in
mucosal barrier function and bacterial populations[19].
Since membrane-bound mucins may be a significant
factor in gastric epithelial cytoprotection, we choose to
study the expression pattern of gastric membrane-bound
mucins in various types of peptic ulcer. Comparisons of
the relative expression of these cytoprotective proteins in
idiopathic vs other ulcer types may help elucidate pathogenic factors unique to this type of ulcer.

MATERIALS AND METHODS
Patients
The study cohort was described in details in our previous
paper examining secreted-mucins, MUC5AC and MUC6,
in the mucosa of gastric ulcer patients[1]. In the present
study we examined specimens from the same patients for
the expression of membrane-bound mucins and peripheral sialic acid side-chains. As described previously, after
approval of the protocol by the IRB of Rabin Medical Center, consecutive patients with gastric ulcers who
underwent endoscopy and gastric biopsy were included
and stratified according to etiology: H. pylori-associated
(group 1), NSAID-associated (group 2), both H. pyloriand NSAID-associated (group 3), or no etiologic factor
(idiopathic, group 4). Patients with aspirin exposure were
included in the NSAID groups. Cases where no biopsies could be found, with proven malignancy, or with
a specific gastrointestinal disease diagnoses other then
peptic ulcer, were excluded[1]. As described previously,
standard clinical practice was used for H. pylori diagnosis
for this study, which used standard clinical criteria based
on both histology using hematoxylin and eosin staining
and rapid urease testing. If available, breath tests for H.
pylori diagnosis were also used[1]. Special stains such as
Giemsa and toluidine blue could be used at the discretion
of the pathologist. One positive test was required for the
diagnosis of H. pylori infection, and two negative tests
(e.g., histology and rapid urease testing) was required for a
patient to be categorized as negative.
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Tissue samples and mucin immunohistochemistry
We used the same methods as described previously[1]. In
brief: paraffin embedded blocks was cut into 4 µm thick
sections, deparaffinized in xylene and rehydrated using
a graded ethanol series. Antigen was retrieved by boiling
the slides in a microwave oven for 15 min in 0.01 mol/L
citrate buffers (pH = 6.0). Endogenous peroxidase was
blocked with a 3% H2O2-methanol solution, and the
slides were incubated in 10% normal goat serum for 30
min to prevent nonspecific staining. The tissue sections
were incubated overnight at 4  ℃ with primary antibody.
The standard anti-mouse Ig HRP-DAB and biotin-streptavidin-peroxidase methods were then used, and the sections were lightly counterstained with hematoxylin. Histologically normal gastric biopsies were used as positive
controls for MUC1, MUC4 and MUC17. The sections
incubated with phosphate-buffered saline (0.01 mol/L,
pH = 7.4) instead of primary antibody were used as negative controls. Primary antibodies included anti-MUC1
used at 1:100 dilution, (Santa Cruz Biotechnology, Santa
Cruz, CA); monoclonal anti-MUC4 clone 8G7, used
as described previously[20]; and anti-MUC17 polyclonal
antibody against a synthetic peptide corresponding
to a portion of the MUC17 tandem repeat sequence
(PTTAEGTSMPTSTPSE) was used as described pre
viously[21].
Sambucus nigra agglutinin and Erythrina cristagalli
Agglutinin fluorescent and histochemical staining
The lectins studied included Sambucus nigra agglutinin
(SNA), to detect sialic acid in α2-6 glycosidic linkage
to underlying glycans, most commonly galactose [22];
and Erythrina cristagalli agglutinin, or Erythrina cristagalli
agglutinin (ECA), to detect N-acetyllactosamine (Galβ14GlcNAc)[23], the most common glycan structure un
derlying sialic acids in α2-6 linkage. N-acetyllactosamine is
exposed when the sialic acid is removed. For fluorescent
staining the tissues were blocked with 1% BSA/PBS
(bovine serum albumin, Sigma-Aldrich) for 10 min, and
incubated with fluorescein-conjugated Sambucus nigra
agglutinin (SNA-FITC, 1:1000 dilution, Vector Labs)
in HEPES/NaCl buffer (10 mmol/L HEPES, 150
mmol/L NaCl pH 7.5) for 1 h at room temperature. The
nuclei were counterstained with DAPI, and tissues were
mounted with aqueous mounting medium (Vector Labs).
For lectin histochemical staining, endogenous peroxidase was first blocked with H2O2, and endogenous
biotin was blocked with Avidin-Biotin blocking kit (Vector
labs) according to manufacturer’s instructions. Tissues
were further blocked with 1% BSA/TBST (0.05 mol/L
Tris HCl, 150 mmol/L NaCl pH = 8.0, 0.1% Tween 20)
for 10 min, and incubated for 30 min with biotinylatedSNA (1:1000 dilution, Vector Labs) or with biotinylatedECA (1:2500 dilution, Vector labs) in 1% BSA/TBST
supplemented with 10 mmol/L CaCl2 and 10 mmol/L
MnCl2 at room temperature. Tissues were washed and
incubated for 30 min with horseradish peroxidase conjugated streptavidin (Streptavidin-HRP, 1:500 dilution,
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Jackson Immunoresearch), followed by 5 min incubation
with Vector Blue substrate (Vector Labs) in 0.1 mol/L
Tris/levimasole. Nuclei were counterstained with nuclear
fast red for 30 min, and tissues were mounted with aqueous mounting medium (Vector Labs).
Staining Interpretation
All slides were scanned by the NanoZoomer and digitalized (NanoZoomer 2.0 series, Hamamatsu, Japan).
Whole slide scans allow complete review, examination
and analysis of all parts of the tissue, accurately assigned
identical low or high power microscopy fields. Cytoplasm
staining was assessed in at least 10 high-power fields
by two observers at 2 sites, the foveola and the glands.
Range of cytoplasmic staining included 0: 0%; 1: < 10%;
2: 11%-25%; 3: 26%-50%; 4: 51%-75%; 5: > 75%. Intensity of staining included 0: no staining; 1: weak staining; 2:
intermediate staining; 3: Strong staining. The averages of
the grades were calculated and the final staining score was
defined as the product of scores for the range and intensity of cytoplasmic staining, as described previously[1]. All
specimens were scored blinded to clinical data.
Statistical analysis
We performed statistical analysis using Statistical Package
for the Social Sciences software 19.0 (SPSS, Inc.). Patient
groups were compared using the Pearson χ 2 test, Fisher’
s exact test and Duncan test. P values were considered
significant when ≤ 0.05.

RESULTS
Patient characteristics
Patient characteristics and clinical data were detailed
previously[1]. In brief: the study group included a total of
92 patients; Group 1: H. pylori-associated gastric ulcer (n
= 30), Group 2: aspirin and/or NSAID-associated gastric
ulcer (n = 18), Group 3: combined H. pylori and NSAIDassociated gastric ulcer (n = 24), and Group 4: H. pylori/
NSAID negative or idiopathic gastric ulcer (n = 20). The
average age was 66.6 ± 15.5 years (range 18-95 years),
with 47.8% women. Group 4 patients (idiopathic ulcer)
were predominantly hospitalized inpatients compared
with the other groups (80% vs 45.8%, P = 0.007). In
addition, mortality was greater in idiopathic ulcer patients
compared with other groups (25% vs 9.7%, P = 0.04). No
significant differences between the groups were found in
origin, primary indication for endoscopy, haemoglobin
level, ulcer number, size or location within the stomach[1].
Mucin staining scores
MUC1 protein was strongly expressed on the apical
membrane of the glands and mucosal surface foveola
epithelial cells. The staining score for the surface epithelium was generally higher than gland cells but did not
reach significance (Table 1). MUC1 expression was significantly higher for both superficial foveola epithelium
and glands, in patients with H. pylori/NSAID negative
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Table 1 MUC1, MUC4 and MUC17 mucin and lectin expression scores
Patient group

MUC1

MUC4

MUC17

Surface
Gland cell
foveola cell

Surface
foveola cell

Gland cell

Surface
foveola cell

2.93 ± 5.13 2.57 ± 4.50
n = 28
n = 28
H. pylori-/NSAID+
0.00a ± 0
0.00 ± 0
n= 14
n = 14
H. pylori+/NSAID+ 11.00 ± 3.78 7.33 ± 4.13
n = 18
n = 18
H. pylori-/NSAID9.89 ± 4.17 7.63 ± 4.60
n = 19
n = 19

2.79 ± 4.22
n = 14
3.38 ± 3.07
n = 13
3.75 ± 2.93
n = 16
4.59 ± 3.77
n = 17

5.50 ± 3.14
n = 14
3.54 ± 3.82
n = 13
6.44 ± 5.17
n = 16
4.00 ± 4.12
n = 17

11.05 ± 3.65 10.29 ± 4.67
n = 21
n = 21
9.23 ± 3.64 9.57 ± 4.73
n = 20
n = 20
5.93 ± 2.99 8.80 ± 3.76
n =19
n = 19
6.93 ± 4.00 8.00 ± 3.48
n =22
n = 22

H. pylori+/NSAID-

Gland cell

SNA

ECA

Surface
Gland cell
Surface
Gland cell
foveola cell
foveola cell
2.00 ± 2.63 2.69 ± 4.01
n = 16
n = 16
5.06 ± 5.52 3.44 ± 4.70
n = 18
n = 18
4.18 ± 5.57 6.94 ± 5.30
n = 17
n = 17
6.17 ± 4.69 3.94 ± 5.45
n = 18
n = 18

13.27 ± 3.08
n = 26
14.07 ± 2.01
n = 15
13.78 ± 2.73
n = 18
13.06 ± 4.06
n = 18

5.62 ± 4.37
n = 26
4.47 ± 4.32
n = 15
4.61 ± 4.64
n = 18
8.00 ± 5.15
n = 18

a

P = 0.04, P < 0.0001, P < 0.0001 between Group 2 to Group 1, 3, and 4, respectively. ECA: Erythrina cristagalli agglutinin; H. pylori: Helicobacter pylori; NSAID:
Non-steroidal anti-inflammatory drug; SNA: Sambucus nigra agglutinin.

(idiopathic) ulcers (Group 4) than in H. pylori positive/
NSAID negative (Group 1, P < 0.0001) (Figure 1, Table
2). MUC1 was not expressed in ulcers with H. pylori
negative/NSAID positive status (Group 2), and this
finding was statistically significant when compared to the
other 3 groups. MUC4 expression was not significantly
different between the glands and surface epithelium, nor
between Group 1 (H. pylori positive/NSAID negative
ulcers) and patients with Group 4 (idiopathic ulcer) patients (Figure 1A, Tables 1 and 2). MUC17 protein was
strongly expressed on the apical membrane of the mucosal epithelial cells. MUC17 was also expressed in small
vacuoles within the foveola surface cells (Figure 1B).
The staining intensity was similar between the foveola
and glands (Figure 1, Table 1). Staining score was higher
in Group 1 (H. pylori positive/NSAID negative) than in
Group 4 (idiopathic ulcer) patients, with mean score of
11.05 ± 3.67 vs 6.93 ± 4.00 for foveola, and 10.29 ± 4.67
vs 8.00 ± 3.48 for gland cells, respectively (P < 0.0001).
In contrast, the opposite was observed with MUC1, with
higher MUC1 expression in idiopathic ulcers (Group 4)
compared with H. pylori positive/NSAID negative ulcers
(Group 1) (Figure 1, Table 2).
Sialic acid staining score
The expression of α2-6 linked sialic acid residues, as
stained by SNA lectin, was the same in the surface foveola or the glands (Table 1). Staining intensity was
lower in H. pylori positive/NSAID negative patients
(Group 1) than in patients with H. pylori/NSAID negative ulcers (Group 4) only in the surface epithelium (P =
0.004) (Figure 1A and C, Table 2). MUC1 and SNA have
similar staining behaviour when Group 1 (H. pylori positive/NSAID negative) and Group 4 (H. pylori/NSAID
negative ulcers) patients are compared. Both have higher
staining score in the foveola and glands of patients with
H. pylori/NSAID negative ulcers than patients with H. pylori positive/NSAID negative ulcers, reaching significance
for both MUC1 and SNA in the foveola (P < 0.0001, and
P = 0.004, respectively), but only for MUC1 in the glands
(P < 0.0001 and P = 0.457, respectively). In general ECA
staining intensity was significantly higher in the surface
foveola epithelium than in the glands in all groups (P <
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0.0001). No significant difference in ECA was found between ulcers from Groups 1 and 4 patients in the gland
or surface epithelium staining score (Figure 1A, Table 2).

DISCUSSION
Peptic ulcers arise from a variety of pathogenic pathways
and differ in their clinical characteristics[24]. We have observed that patients with H. pylori/NSAID-negative ulcers
had multiple co-morbidities, were more often inpatients
at the time of endoscopy, had fewer subacute presentations, and had poorer survival[1]. This concurs with Chan
et al[3], who noted that three quarters of patients with
acutely bleeding H. pylori/NSAID-negative ulcers have
significant co-morbidity including major organ failure
and malignancy.
Gastric membrane-bound mucin expression has not
been previously studied in the setting of peptic ulcer
disease. In the present study, the distribution of immunohistochemical staining for MUC1, MUC4 and MUC17,
and lectin binding to representative glycan residues in the
margins of gastric peptic ulcer was studied. We compared
the staining intensity between 4 patient groups: H. pylori
positive, NSAID positive, either positive or both negative. The MUC1 gene has 1201 nucleotides, is located on
chromosome 1q21, and has a short intracellular domain,
a transmembrane domain, and a large glycosylated extracellular domain[10,25]. The other membrane-bound mucins
such as MUC4 and MUC17 have general structural similarity, but with the addition of extracellular cysteine-rich
EGF-like domains[10]. The EGF-like domains of MUC17
have been shown to inhibit intestinal cell apoptosis and
stimulate cell migration, contributing to cell restitution[17].
The functions of MUC4 and MUC17 in normal gastric
mucosa are unknown.
In the present study, cytoplasmic MUC17 staining
associated with H. pylori infection was significantly
increased, and was higher at the surface (foveola) and
glands areas than in the cases with idiopathic ulcer. The
opposite was demonstrated for MUC1 that significantly
increased in the foveola and glands in the group of
idiopathic ulcer patients. This observation of MUC1
up regulation might be important, since the protection
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Figure 1 Membrane bound mucin and lectin expression in different gastric ulcer groups. A: Staining scores in the different gastric ulcer groups (mean ±
SD). Ⅰ = group 1 = H. pylori positive/NSAID negative; Ⅱ = group 2 = H. pylori negative/NSAID positive; Ⅲ = group 3 = H. pylori positive/NSAID positive; Ⅳ = group
4 = H. pylori positive/NSAID negative (f = foveola, g = gland). Statistical significance was determined by two-tail T test: SNA foveola group Ⅰ vs Ⅳ (P < 0.05), MUC1
foveola and gland group Ⅰ vs Ⅳ (P < 0.0001), MUC17 foveola and gland group Ⅰ vs Ⅳ (P < 0.0001); B: MUC1 stain is stronger in group 4 compared to group 1 in
both gland (thick arrows) and foveola cells (thin arrows), in contrast, MUC17 stain is stronger in group 1 compared to group 4 in foveola (thin arrows) and to a lesser
extent in gland cells (thick arrows). Scale bars = 1 mm; C: SNA-FITC lectin staining of sialic acid in α2-6 glycosidic linkage in four representative gastric ulcer samples
from Group 1 (top panels) and Group 4 (lower panels). SNA-FITC staining (green color) is stronger in group 4 compared to group 1 in foveola cells (thin arrows) and
in gland cells (thick arrows). No staining is observed in sialidase treated tissue, confirming SNA binding specificity. Scale bars = 250 mm. NSAID: Non-steroidal antiinflammatory drug; SNA: Sambucus nigra agglutinin; H. pylori: Helicobacter pylori.

efficiency against acid, pepsin and bacteria provided by
different mucins is probably not equal. The decrease of
MUC17 expression in the idiopathic ulcer group, even
though partially compensated by higher expression of
MUC1, may be insufficient for induction of effective
protection. We also found a significant decrease in
MUC1 expression in H. pylori negative/NSAID positive
ulcers. This finding was statistically significant when
compared to the other 3 groups, and cannot easily be
explained. We speculate that NSAID therapy decreased
MUC1 expression through decrease of prostaglandin
E synthesis. The presence of H. pylori infection may
mask this phenomenon through other causes of
mucin synthesis and secretion. Interestingly, foveolar
expression of sialic acids in α2-6 glycosidic linkage was
significantly higher in these cases, a finding that cannot be
attributed towards a specific mucin, but may be a global
phenomenon that particularly belongs to idiopathic ulcer
disease. The increase in sialic acid residues may affect
mucins' protection against aggressive luminal agents or
bacteria[26,27]. The distance between adjacent carbohydrates
side-chains may increase due to the negative charge of
sialic acid at the end of each chain, leading to increased
exposure of the mucin backbone to acid and pepsin.
The interactions of pathogenic factors such as aspirin,
NSAIDs and H. pylori with gastric mucins is complex.
Aspirin and NSAIDs inhibit mucosal cyclooxygenase,
which is responsible for homeostatic mechanisms
including gastric mucin secretion and accumulation[28].
H. pylori disrupts the assembly of the mucin molecule
via inhibition of galactosyltransferase responsible for
synthesis of mucin O-glycans[29,30]. Furthermore, H. pylori
reduces gastric mucous viscosity by elevating pH through
urease secretion, thereby enhancing its motility within
gastric mucous[31]. Kobayashi et al[32] demonstrated how
BabA and SabA adhesins on H. pylori bind to Lewis B and
sialyl Lewis X (a tetrasaccharide) blood group antigens on
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MUC5AC, facilitating colonization. On the other hand,
gastric mucins have antimicrobial properties which are
directed against H.pylori. Kawakubo et al[33] demonstrated
that unique O-glycans in MUC6 inhibit bacterial
biosynthesis of cholesteryl- α -D-glucopyranoside, a
major cell wall component. Linden et al[34] suggest that
mucins decorated with Lewis B (the binding site for the
H. pylori BabA adhesin) effectively bind H. pylori thereby
impairing its colonization of the mucosal surface. In
addition, mice deficient in Muc1 demonstrate increased
H. pylori attachment and gastric inflammation[14,35]. Muc1
has been shown to be shed from surface gastric cells and
may act as a decoy to limit bacterial attachment to the cell
surface[35]. It is conceivable that other membrane bound
mucins protect gastrointestinal cell surfaces by the same
mechanism.
A limitation of our study is the retrospective nature
of the data and sample collection, which precluded
further classification of the specimens. We used routine
histologic methods with special stains if needed for
diagnosis of H. pylori infection, which has been shown to
be highly accurate in clinical settings[36], along with rapid
urease testing and breath tests, however; we did not use
specific immunostaining methods for H. pylori diagnosis.
A prospective study is necessary for performing multiple
tests for H. pylori and assaying serum salicylate and plasma
thromboxane in order to eliminate false negative tests for
H. pylori (due to PPI, bismuth or antibiotics), and cases
of surreptitious or unreported NSAID use. In addition,
we only compared expression of mucins at ulcer margin
among the groups, and did not compare expression in
other areas of the stomach. Therefore we could not
determine if the mucin expression observed is localized
and related to secondary changes or is more widespread.
In conclusion, expression patterns of membranebound mucins in H. pylori/NSAID-negative or idiopathic
ulcers are unique, and need to be further examined in
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2

Table 2 Comparison of mucin and sugar residues staining
score between group 1 and group 4
Mucin/sugar

Group 1

MUC1 foveola
2.93 ± 5.13
MUC1 glands
2.57 ± 4.50
MUC4 foveola
2.79 ± 4.22
MUC4 glands
5.50 ± 3.14
MUC17 foveola 11.05 ± 3.65
MUC17 glands 10.29 ± 4.67
SNA foveola
2.00 ± 2.63
SNA glands
2.69 ± 4.01
ECA foveola
13.27 ± 3.08
ECA glands
5.62 ± 4.37

n

Group 4

n

P value

28
28
14
14
21
21
16
16
26
26

9.89 ± 4.17
7.63 ± 4.60
4.59 ± 3.77
4.00 ± 4.12
6.93 ± 4.00
8.00 ± 3.48
6.17 ± 4.69
3.94 ± 5.45
13.06 ± 4.06
8.00 ± 5.15

19
19
17
17
22
22
18
18
18
18

< 0.0001
< 0.0001
0.221
0.286
< 0.0001
< 0.0001
0.004
0.457
0.846
0.107

3

4

5
ECA: Erythrina cristagalli agglutinin; SNA: Sambucus nigra agglutinin.

prospective well controlled studies. Idiopathic peptic ulcers are an increasingly encountered entity, with unique
clinical and endoscopic features. Future efforts should
focus on identifying genetic and epigenetic factors which
regulate mucin secretion and mucin glycan modifications
in this setting, especially related to MUC1 and MUC17
membrane-bound mucins.
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Abstract
AIM: To discuss strategies and prognosis for the emergency treatment of ruptured bleeding in primary hepatocellular carcinoma.

influenced 30-d mortality. The multivariate analysis
showed that shock and massive blood transfusion were
independent risk factors that impacted the 30-d mortality of surgical resection. As for the TAE patients, larger
tumour volume was a risk factor towards prognosis.
CONCLUSION: Radical resection and TAE therapy
would achieve better results in carefully selected ruptured hepatocellular tumours.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Spontaneous rupture; Liver resection
Core tip: The univariate analysis of 60 cases of ruptured bleeding in primary hepatocellular carcinoma
revealed that Child-Pugh C level liver function, shock,
massive blood transfusion and large tumour volume
were risk factors that influenced 30-d mortality. Multivariate analysis showed that shock and massive blood
transfusion were independent risk factors that impacted
the 30-d mortality of surgical resection. As for the transcatheter arterial embolization (TAE) patients, larger
tumour volume was a risk factor towards prognosis.
Radical resection and TAE therapy would achieve better
results than non-surgical treatment in carefully selected
cases of ruptured hepatocellular tumour.

METHODS: The retrospective analysis was performed
by examining the emergency treatment experiences of
60 cases of ruptured bleeding in primary hepatocellular
carcinoma. The treatment methods included surgical tumour resection, transcatheter arterial embolization (TAE)
and non-surgical treatment. Univariate and multivariate
analyses were performed to identify the risk factors that
impacted 30-d mortality in the research groups.

Lin HM, Lei LM, Zhu J, Li GL, Min J. Risk factor analysis of
perioperative mortality after ruptured bleeding in hepatocellular
carcinoma. World J Gastroenterol 2014; 20(40): 14921-14926
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i40/14921.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i40.14921

RESULTS: The 30-d mortality of all patients was 28.3%
(n = 17). The univariate analysis showed that ChildPugh C level liver function, shock, massive blood transfusion and large tumour volume were risk factors that

INTRODUCTION
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Hepatocellular carcinoma (HCC) is a common malignan-

14921

October 28, 2014|Volume 20|Issue 40|

Lin HM et al . Ruptured bleeding in hepatocellular carcinoma

cy, with bleeding being one of the most serious complications, with an occurrence rate of about 10.2%-14.5%[1,2].
The disease is usually accompanied by severe cirrhosis
and liver function is poor; therefore, once hepatic cells
break, mortality can be up to 32%-100%[3-5]. The commonly used treatments for HCC rupture include emergency liver resection, hepatic artery ligation, transcatheter
arterial embolization (TAE) and non-surgical treatment.
Although the optimal standards and therapeutic values
of the treatments have not reached a unified consensus
yet, because the onset of spontaneous rupture in HCC
is sudden, the general condition of the patient is poor,
and their liver function status is unknown, in the past
physicians were more inclined to select a non-surgical
treatment. However, it is not only the spontaneous bleeding of HCC that can lead to death due to severe haemorrhagic shock. Even if the bleeding is stopped temporarily
via conservative haemostasis methods, hypotension and
hypoperfusion-induced secondary liver function failure
and re-ruptured bleeding are still important reasons for
patient deaths; therefore, the treatment of HCC rupture is still a problem for the surgical field[6,7]. Because
ruptured bleeding is common in nodular and massive
HCC, while rare in diffuse HCC, given the conditions
of modern technology and greatly improved perioperative management, the resection of tumour lesions could
be the best measure to restore haemostasis and improve
prognosis. As a result many scholars tend to choose
emergency liver resection[8,9]. Yeh et al[10] thought that
liver resection was the most effective method to control
bleeding and treat the primary disease, because it may effectively restore complete haemostasis and at the same
time resect the primary lesions; some patients could also
achieve a more radical goal and obtain better long-term
effects. This paper reviewed 60 ruptured HCC patients
enrolled into the Department of Hepatobiliary Surgery in
our hospital from 2005 to 2013, focusing on comparing
differences in outcomes and the factors influencing perioperative mortality after deploying different treatment
strategies.

MATERIALS AND METHODS
General information
The 60 patients included 51 males and 9 females, aged
44-67 years (the mean age was 54.3 years). All patients
had a history of hepatitis B or were hepatitis B virus carriers, and 1 patient had abdominal trauma before onset.
TAE had been performed previously in 3 cases because
of HCC prior to onset. The initial symptoms were as follows: 54 cases of acute abdominal pain, accounting for
90% of the total, 26 cases of abdominal distension and
discomfort, and 11 cases of shock. This study was conducted in accordance with the Declaration of Helsinki.
This study was conducted with approval from the Ethics
Committee of Sun Yat-Sen Memorial Hospital of Sun
Yat-Sen University. Written informed consent was obtained from all participants.
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Diagnosis
B ultrasound or computed tomography scan was performed on all patients, which suggested the situation of
hepatic occupying lesions and peritoneal effusions, and
blood did not coagulate after abdominal paracentesis.
The tumours were located on the liver surface; 32 cases
were on the right liver lobe, 21 cases were on the left liver
lobe, and 7 cases were on both liver lobes (11.7%). The
average tumour diameter was 11.8 cm (6-21 cm), and
21 patients had the complication of portal vein tumourthrombosis.
Liver function evaluation
Liver function evaluation was performed to determine
the Child-Pugh score, with 22 cases in grade A (36.7%),
19 cases in grade B (31.7%), and 19 cases in grade C
(31.7%).
Initial treatment
The initial treatment was rapid infusion to maintain circulation stability and correct the shock state promptly in
view of the ruptured bleeding. HCC patients normally
also suffered complications of liver cirrhosis and poor
coagulation function, so timely plasma transfusion and a
supply of fresh blood were necessary.
Statistical analysis
SPSS 15.0 software was used for the statistical analysis.
The measured data were expressed as mean ± SD, noncontinuous distribution variables were expressed as mean
± interquartile interval, and the counting data were expressed as ratios. The intergroup comparison used χ 2 test
or Fisher exact test. The Kaplan-Meier method was used
to calculate the survival rate. All variables were imported
into the logistic regression model for stepwise selection
and analysis of perioperative mortality-related factors,
with P < 0.05 considered as statistically significant.

RESULTS
Among the 60 patients, 34 cases received surgical treatment
and 16 cases received emergency TAE treatment, while 10
cases underwent non-surgical treatment because of their
late disease stage or extremely poor liver function. The 30-d
mortality of all patients was 28.3% (17/60, Table 1).
Among the group treated surgically, 11 cases received
only simple suture or tamponade haemostasis, 4 cases
underwent hepatic artery ligation, and the remaining 19
cases were treated with emergency liver resection.
Of the 16 patients who underwent TAE treatment,
active intraoperative bleeding was observed in 7 cases and
bleeding was successfully controlled in 12 cases, among
which 6 cases experienced postoperative recurrence of
bleeding, including 3 cases who died within 30 d after surgery.
Among the 10 cases in the non-surgical treatment
group, 7 cases died within 30 d of first bleeding, so the survival rate was only 30%. The 30-d survival rate in the TAE
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Table 2 Univariate analysis of the risk factors of mortality
after liver resection n (%)

Table 1 Comparison of different treatment options
Treatment option
Non-surgical treatment
TAE
Surgical treatment
Hepatic artery ligation
Suture hemostasis
Hepatic resection
Summary

Cases (n ) Death (n )

Perioperative death rate

10
16

7
3

70.00%
18.80%

4
11
19
60

1
4
2
17

25.00%
36.40%
10.50%
28.30%

Indexes
Gender
Male
Female
Age (yr)
Shock
Liver cirrhosis (n)
Tumour diameter (cm)
Child grade
A
B
C
Blood transfusion
Total bilirubin
Plasma-albumin
Portal vein tumor-thrombosis
Ascites
Yes
No
AFP
ALT
PT (INR)

TAE: Transcatheter arterial embolization.

treatment group was 81.3% (13/16) while, in the surgical
treatment group, 7 patients died within 30 d postoperatively
so the 30-d survival rate was 79.4% (27/34). Among the 7
cases who died, 4 cases had been treated with simple suture
haemostasis and 1 case had received hepatic artery ligation.
Among the 19 cases who received liver resection, only 2
patients died within 30 d, so the survival rate was 89.5%
(17/19), consistent with the TAE group and significantly
higher than the non-surgical treatment group, with a statistically significant difference (Table 2).
The most important reason for early death of the
HCC rupture patients after treatment was liver failure
(7/17, 41.2%) and re-bleeding (10/17, 58.8%). Among
the 7 cases in the non-surgical treatment group, 5 patients died postoperatively, mainly because of rebleeding
(71.4%), and the remaining 2 patients died of liver failure.
In the TAE group, 3 patients died of rebleeding. Among
the 7 fatalities in the surgical treatment group, 5 patients
died of liver failure and 2 patients died of rebleeding.
In the surgical treatment group, the univariate analysis showed that shock (P = 0.0205), Child-Pugh score
C grade (P = 0.005), jaundice (P = 0.024) and massive
blood transfusion (P = 0.037) were associated with perioperative mortality. However, the multivariate analysis
showed that only shock (P < 0.001) and Child-Pugh
score C grade were independent variables that impacted
the perioperative mortality.
Among the 16 cases in the TAE treatment group, the
logistic univariate analysis showed that shock (P = 0.044),
Child-Pugh score C grade (P = 0.007) and tumour diameter > 13.2 cm (P = 0.047) were associated with perioperative mortality, and were the important factors influencing
30-d mortality. Portal vein tumour thrombosis also had
an impact on the trend towards the survival of this group
(P = 0.055, Table 3). The multivariate analysis showed
that among the TAE patients, tumour diameter > 13.2
cm was the sole independent risk factor affecting survival.
The tumour diameters of the 3 patients who died within
30 d were all greater than 13.2 cm, and the postoperative
rebleeding rate of this group was also significantly higher
than in those with tumour diameters < 13.2 cm (100% vs
23.1%).

DISCUSSION
The ruptured bleeding of HCC is the most serious com-

WJG|www.wjgnet.com

P value

Mortality
Yes

No

6 (85.7)
1 (14.3)
56.2 ± 7.2
7 (100)
7 (100)
12.4 ± 3.6

24 (88.9)
3 (11.2)
52.8 ± 6.1
17 (62.3)
25 (92.3)
10.7 ± 4.4

NS
NS
NS
0.041
NS
NS

0
4 (57.1)
3 (42.3)
2100
61.1 ± 12.5
35.3 ± 4.4
2 (28.6)

13 (48.1)
12 (44.4)
2 (7.4)
1200
22.3 ± 8.9
36.3 ± 4.6
5 (18.5)

NS
NS
0.005
0.037
0.024
NS
NS

1 (14.3)
6 (85.6)
11750 ± 3460
143 ± 26
12.7 ± 1.3

2 (7.4)
25 (92.6)
6771 ± 2430
127 ± 36
11.8 ± 0.9

NS
NS
NS
NS
NS

AFP: Alpha fetal protein; ALT: Alanine aminotransferase; PT: Prothrombin
time; NS: Not significant.

plication of primary HCC, and is generally considered
a sign of end-stage HCC, with a mortality rate of up to
100%[11-13]. In recent years, with advances in liver surgery
technology and deepening understanding of HCC rupture, there has been a certain degree of improvement in
the therapeutic management of ruptured bleeding of
HCC. Similar to reports from other centres, the 60 patients enrolled in our hospital were predominantly males,
with a hepatitis B background, and the initial symptoms
were mainly abdominal pain, bloating and shock.
HCC rupture occurs suddenly, and the process is difficult, so no final consensus about its optimal treatment
has been reached yet, and it has always been a problem
in liver surgery[14-16]. In our 60 patients, the overall 30-d
mortality was 28.3%, among which the perioperative
mortality in the non-surgical group was up to 70%, much
higher than in the other 2 groups. This might, of course,
be because the patients’ conditions were worse in the
non-surgical group, while it might also indicate that the
effect of non-surgical treatment was very difficult to
evaluate. This was because, although non-surgical treatment could temporarily stop the bleeding, it could not
prevent the occurrence of hypotension-hypoperfusioninduced secondary liver failure and re-ruptured bleeding.
From our data, it could also be seen that in all the cases
of early postoperative death, the most important reasons
were still liver failure and re-bleeding.
The value of emergency liver resection for HCC
rupture has always generated controversy. In the past, it
was considered that once the HCC ruptured and bled,
the patient was in the advanced stage of HCC, surgical
mortality would be high and the long-term results would
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Table 3 Univariate analysis of the risk factors of mortality
after transcatheter arterial embolization n (%)
Indexes

P value

Mortality
Yes

Gender
Male
3
Female
0
Age (yr)
63.1 ± 4.3
Shock
3 (100)
Liver cirrhosis
3
Tumor diameter
13.2 ± 3.4
Child grade
A
B
1
C
2 (66.7)
Blood transfusion
1400
Total bilirubin
50.2 ± 7.5
Plasma-albumin
33.2.3 ± 3.7
Portal vein tumor-thrombosis
2 (66.7)
Ascites
Yes
1 (33.3)
No
2
AFP
12334 ± 2365
ALT
276 ± 55
PT (INR)
17.2 ± 3.1

No
9
4
60.4 ± 7.7
8 (61.5)
13
9.1 ± 4.4

NS
NS
0.044
NS
0.047

9
4 (30.8)
800
44.3 ± 10.1
35.4 ± 5.1
4 (30.8)

NS
0.007
0.036
NS
NS
NS

5 (38.5)
9
10776 ± 4472
187 ± 43
14.8 ± 4.2

NS
NS
NS
NS
NS

Data are expressed as mean ± SD or n (%). AFP: Alpha fetal protein; ALT:
Alanine aminotransferase; PT: Prothrombin time; NS: Not significant.

be poor, so the choice of this treatment would usually
be negative. In recent years, with advances in surgical
techniques and gradual improvement in perioperative
management, surgeons have come to realize that tumour
lesion resection could be the best measure toward restoring haemostasis and prognostic improvement. Liver
resection could not only resect the primary lesion, effectively restoring haemostasis, but some patients might
also achieve a more radical outcome at the same time,
resulting in better long-term results [9,17-19]. Regarding
emergency liver resection, the greatest obstacle lies in the
higher perioperative mortality. The analysis of our data
showed that perioperative mortality in the surgical group
was indeed higher than in the TAE group; however,
careful analysis of the data revealed that the majority of
deaths (6/7) were patients who received palliative surgery,
while the perioperative mortality among patients who
successfully received liver resection was lower than in the
non-surgical treatment group or those who received palliative surgery (10.5% vs 33.3%), and equal to that in the
TAE treatment group. This fact provided us with new
understanding, to some extent, about the value of liver
resection in the treatment of HCC ruptured bleeding.
Of course, despite the fact that emergency liver resection
could obtain satisfactory results, as our data showed, not
all patients with HCC ruptured bleeding were suitable for
liver surgery, and the perioperative mortality of patients
who received palliative surgery was much higher than in
the liver resection group or the TAE group (33.3% vs
10.5%, 33.3% vs 18.8%), so that a strict understanding of
the surgical indications in order to improve the resection
rate were key to reducing the mortality, which required

WJG|www.wjgnet.com

that we assess a patient’s preoperative condition as accurately as possible. Patients with smaller chances should
receive TAE treatment as far as possible, but for patients
who were well prepared and equipped for the resection,
the surgery should not increase the risk of perioperative
death significantly.
As an effective treatment for HCC rupture, the value
of TAE has been recognized more and more[20,21]. Its
advantages lie in its simplicity, minimal invasiveness, fast
haemostasis and rapid postoperative recovery. Patients
with Child-Pugh C grade liver function can also be treated. Meanwhile, TAE can clarify the tumour size, scope,
number and sites of bleeding, providing a basis for
HCC patients to choose phase Ⅱ surgical therapy. From
our data, it should be stated that as a palliative method,
the perioperative mortality rate of TAE was the lowest
among the 3 groups.
The univariate analysis showed that, no matter whether patients received surgery or TAE, the following factors
were associated with early postoperative death: shock, hepatic encephalopathy, Child-Pugh score C class, jaundice,
hypoalbuminaemia and massive blood transfusion. These
factors could be divided into 3 categories: (1) indicators
reflecting the severity of bleeding, such as shock and
blood transfusion; (2) indicators reflecting the degree of
deterioration of liver function, such as the C grade ChildPugh score and jaundice; and (3) indicators reflecting the
tumour burden, such as tumour diameter. The multifactorial analysis identified that shock and liver function ChildPugh C class had predictive value for patients receiving
surgical resection; as for the TAE patients, the tumour
diameter > 13.2 cm was an independent risk factor with
respect to prognosis. The identification of the above risk
factors has important significance for guiding treatment.
Careful evaluation of the above factors and choosing the
appropriate measures to improve the patient’s condition
(such as a greater emphasis on the importance of correcting shock), could likely play important roles in improving
the treatment of HCC rupture.
From the results of the multivariate analysis it can
be seen that, as for the treatment of HCC ruptured
bleeding, actively correcting shock while minimizing the
tumour burden should no doubt have great significance
for improving the prognosis. Therefore, we believe that
the treatment of such patients should be based on a full
awareness of the patient’s condition and the individual
scenarios: actively rescuing shock was undoubtedly the
most important; it not only could reduce perioperative
mortality, but also win some time for subsequent liver
function evaluation and resectability assessment. Based
on shock being corrected, liver resection should then be
adopted for patients who can meet the above conditions,
as it would not significantly increase the risk of postoperative death in the early stages. As for patients who have
poor liver function or no possibility of tumour resection,
the mortality rate of pure non-surgical treatment was
high, so the use of TAE to control the bleeding should
be considered. After the TAE treatment, some patients
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might be suitable for phase Ⅱ hepatectomy opportunities due to tumour shrinkage. As for those patients who
are ultimately unable to tolerate liver resection for various
reasons, they should be closely observed after TAE treatment, hopefully preventing and in any case timely treating
any occurrence of re-ruptured bleeding and liver failure.
In short, ruptured bleeding is a serious complication of
HCC, for the patients with resectable conditions, emergent
liver resection would be the appropriate treatment option;
for the patients who could not undergo phase Ⅰ resection,
TAE treatment had characteristics of low mortality and
high bleeding rate and might also provide the opportunity
for a second surgery in some patients.
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types of postoperative drainage in the two groups were
compared.
RESULTS: There was no significant difference between
the study group and the control group for preoperative
clinicopathological indicators. We found no significant
difference between the two groups for the overall incidence of complications, but a lower percentage of peritoneal effusion was observed in the treatment group
(1.6% vs 10.2%, P < 0.05). There were no significant
differences between the two groups in the incidence of
postoperative pancreatic dysfunction and chylous fistula. However, there were significant differences in the
amylase concentration in drainage fluid, volume and
duration of drainage, volume and duration of chylous
fistula and peritoneal drainage, and volume and duration of gastric tube drainage. The study group did not
show any increase in mean hospitalization cost and the
cost reduced when the postoperative complications occurred.
CONCLUSION: Postoperative somatostatin reduces
volume and duration of surgical drainage and related
complications. Somatostatin may improve safety of
gastric cancer surgery, reducing postoperative complications and promoting recovery.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To study the effect of somatostatin in patients
with advanced gastric cancer who received D2 lymphadenectomy and vagina vasorum dissection.

Key words: Advanced gastric cancer; Somatostatin;
Complications

METHODS: Using a prospective, single-blind, placebocontrolled design, patients with advanced gastric cancer were randomized into a study group (n = 61) and
a control group (n = 59). Patients in the study group
were given somatostatin for 5-7 d starting 6 h after the
operation, and patients in the control group were given
normal saline. Preoperative and nonoperative complications in the perioperative period, as well as different

Core tip: To enhance the degree of radical lymph nodes
dissection for advanced gastric cancer, vagina vasorum
dissection and the resection of extracapsular greater
omentum was applied to D2 lymph node dissection.
Vagina vasorum dissection was the complete removal of
vascular adventitia and fibrous connective tissue as well
as nerve tissue around the vascular sheath. But these
procedure usually followed by operation-related compli-
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cations. Hence It is interesting to found out the clinical
effect of postoperative somatostatin treatment in the
duration and amount of drain followed by gastrectomy
and D2 lymphadenectomy with extra capsular epiploon
resection.
Song W, Chen JH, Zhang XH, Xu JB, He YL, Cai SR, Han
FH, Chen CQ. Effect of somatostatin in advanced gastric cancer after D2 radical gastrectomy. World J Gastroenterol 2014;
20(40): 14927-14933 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14927.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14927

INTRODUCTION
Safety and efficacy of surgical treatment of gastric cancer are important factors to consider in selecting surgical
methods. Comparison of two clinical trials reported in
the literature reveals a significant difference in the safety
of the same operation in different locations and with different surgeons[1-4]. Standardized and extended (D2 and
even D2 plus) lymphadenectomy has been carried out extensively; extracapsular resection of the greater omentum
requires removal of the capsule of the pancreas[5], and resection of the capsule of pancreas or partial resection of
the pancreas is needed more for serosal infiltrative gastric
cancer[4], leaving only the vascular sheath for extravascular dissection, so metastatic cancer tissue remaining in the
vascular sheath cannot be thoroughly cleared to achieve
radical resection[6]. Vagina vasorum dissection is emphasized in lymph node excision, and it is the complete
removal of the vascular adventitia and fibrous connective
tissue, as well as nerve tissue surrounding the vascular
sheath. Thus, some surgeons express concern that vagina
vasorum dissection and resection of the extracapsular
greater omentum may increase the risk of postoperative
complications[7]. Surgeons still worry that postoperative pancreatic fistula or peritoneal effusion may occur
and erode vessels, and that secondary infections pose a
greater risk of vascular compromise and bleeding[8,9]. Somatostatin is routinely administered after gastric cancer
surgery in many clinical institutions in China and other
countries, although rigorous evidence to support this
practice is still lacking. This prospective, single-blind,
placebo-controlled study investigated the clinical value of
postoperative administration of somatostatin, with the
goal of exploring surgical safety and complications.

MATERIALS AND METHODS
Patients
This clinical study was initiated in January 2010, and was
reviewed and approved by the Ethics Committee of the
First Affiliated Hospital of Sun Yat-Sen University. Selection criteria were as follows: (1) age ≥ 18 and ≤ 70 years
(male or female); (2) pathologically established gastric
cancer: preoperative TNM stage T2, T3 or T4a, N0-2
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(by computed tomography or ultrasonic endoscopy);
preoperative operation endurance score by ASA criteria
meeting criteria for grades Ⅰ and Ⅱ; all recruited patients
were randomized preoperatively, and patients preoperatively unable to achieve R0 resection; (3) willingness to
sign informed consent; (4) absence of metabolic diseases
such as diabetes mellitus or hyperthyroidism; absence of
significant heart, lung, liver, or kidney failure, systemic infection or immunodeficiency disease; normal bone marrow function; and absence of history of other malignant
tumors; (5) absence of other malignant tumors, diabetes
mellitus, chronic liver/kidney/lung diseases, diseases of
the hematopoietic or cardiovascular system that might
affect treatment and observation; body mass index (BMI)
< 18 and > 28 kg/m2; and (6) no combined organ resection. Finally, 61 and 59 cases with advanced gastric cancer
were included in the study group and control group, respectively (Figure 1).
Randomization and implementation
All recruited patients were clearly informed about the
aims as well as the procedures of the study and gave
signed informed consent. The study adopted a prospective, randomized, single-center, single-blind and placebocontrolled design. Random numbers were generated by a
computer and were assigned to postoperative patients to
divide them into one of two parallel groups (study and
control groups) in a 1:1 ratio. The patients in the study
group received a 5-d course of continuous intravenous
250 μg/h somatostatin (Stilamin; Merck Serono, China)
using a micropump daily and the control group were given the equivalent amount of normal saline intravenously
as a placebo control. The patients were unaware of their
group assignment. The investigators were trained to allocate the patients and administering nurses and surgeons
gave the interventions according to the random number.
Participants were observed by two specially trained doctors who were blinded to the treatment procedure during
the hospital stay and follow-up period.
Primary and secondary endpoints
The primary outcome was the overall postoperative
complications in the treatment and control groups during hospitalization. Postoperative complications included
abdominal hemorrhage (recent and delayed) within 2 mo,
stoma fistula, chylous fistula, incision infection, dehiscence, postoperative early inflammatory bowel obstruction, pneumonia, and death. The secondary endpoint
was stress status, which included peritoneal effusion.
Pancreatitis and pancreatic fistula were also included as
secondary endpoints. Volume and quality of postoperative drainage were assessed as follows: (1) postoperative
serum amylase on days 1, 3 and 5; (2) postoperative daily
volume of drainage; chyle test, duration of indwelling
drainage tube; and (3) postoperative concentration of
amylase in drainage on days 1, 3, 5 and 7.
Postoperative pancreatitis: A serum amylase level > 3
times the upper limit of normal (ULN) established as the
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From January 2010 to December 2012
167 cases accorded with enter criterion

Study group
(63 cases)

Control group
(63 cases)

1 case detected distant metastasis
1 case underwent pancreatomy

Study group finally
included 61 cases

1 case detected distant metastasis
3 cases underwent pancreatomy

Control group finally
included 59 cases

Figure 1 Flow chart of included patients.

Figure 2 Overview of vagina vasorum dissection.

diagnostic criterion for postoperative pancreatitis.
Pancreatic fistula: The diagnostic criteria for postoperative pancreatic fistula proposed by Bassi et al[10] were used:
drainage volume > 50 ml/d for ≥ 3 d postoperatively;
amylase concentration in the peritoneal drainage > 3
times ULN measured values of serum amylase. Amylase
in the peritoneal drainage > 600 U/L (ULN of serum
amylase is 220 U/L in our hospital) was used as the diagnostic criterion for postoperative pancreatic fistula. Considering that the pancreas was not directly involved in the
operation, the above diagnostic criterion was modified,
and pancreatic dysfunction was diagnosed if the amylase
concentration in peritoneal drainage on the postoperative
day 3 was > 3 times ULN.
Chylous fistula: (1) volume of peritoneal drainage >
200 ml/d for three consecutive days after gastrectomy;
(2) absence of bleeding, and normal amylase concentration in drainage; and (3) detectable chyle in drainage.
Surgical procedure and perioperative treatment
All patients accepted standard D2 or D2+ surgical treatment conducted by physicians with a professional title
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of associate professor or above, with specific expertise
in gastric cancer. All the experts were in the division of
gastric cancer diagnosis and treatment and received standardized training for radical surgery for gastric cancer.
Depending on the stage established according to JGCA
classification (13th edition), D2 or D2+ surgical lymph
node dissection[11] plus extracapsular resection and vagina
vasorum dissection were performed.
While dissecting the arteries, the outer vascular sheath
was stripped from the hepatic artery, right gastric artery,
common hepatic artery, splenic artery, left gastric artery
to the origin of the celiac trunk, together with the splenic
artery. The vessels were ligated at their origins outside the
omentum, in order to excise all the related lymph nodes
(Figure 2). Total gastrectomy, esophagojejunostomy and
lymph node dissection with spleen preservation were
performed in a majority of patients with proximal gastric
cancer. Lymph node dissection with splenic resection
was performed in patients with direct spleen invasion or
splenic arteriovenous anastomosis. Billroth II anastomosis was performed in all patients with distal gastric cancer,
and the reconstruction methods of middle gastric cancer patients were according to the resection margin and
lymph node dissection.
Puncture of the subclavian vein with retention of a
central venous catheter was performed intraoperatively
in all patients. Doses of fluids and electrolytes were adjusted individually depending on the condition of the
patient. Patients in both groups were given standard total
parenteral nutrion (TPN) transfusion and unified antibiotics and proton pump inhibitors postoperatively. The
TPN formulation was as follows: non-protein energy:
25-30 kcal/kg·d; nitrogen: 0.25-0.3 g/kg·d; energy/nitrogen ratio: 100-120 kcal/kg·d; carbohydrate/lipid ratio:
2:1; carbohydrate/insulin: 4-6:1. Half of the dose was
given on the first day after the operation and the full dose
thereafter, typically for 4-7 d.
Early enteral nutritional support has been included as
an important consideration in the rehabilitation[12]; however, to reduce the confounding variable of differences in
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Table 1 Clinical pathological indicator of patients in the trial group and the control group

Age
Sex (male/female)
BMI
Tumor size
T stage (T1/T2/T3/T4a)
Borrmann type (Ⅰ/Ⅱ/Ⅲ/Ⅳ)
Histological type (differentiated/undifferentiated)
Operation time
Blood loss
Number of lymph nodes
Anastomotic method (billroth Ⅰ/Ⅱ Roux-en-Y)
Gastrectomy method (proximal/distal/total)
Lymph node dissection method (D2/D2PRO)
With organ resection (yes/no)
TNM stage (1/2/3/4)

Trial group

Control group

Statistic value

P value

56.3 ± 15.0
31:30
22.3 ± 5.0
4.7 ± 2.9
0/15/28/18
6/15/31/9
31/30
207.7 ± 39.8
211.3 ± 77.6
29.3 ± 10.5
0/35/26
0/35/26
31/20
11/50
0/18/33/10

55.7 ± 14.7
34:25
23.0±4.7
4.6 ± 3.1
0/13/29/19
7/16/29/7
32/29
218.0 ± 56.5
203.7 ± 54.6
28.5 ± 8.6
0/34/25
0/34/25
28/21
12/47
0/16/32/9

0.209
0.560
0.861
0.325
0.187
1.761
0.033
1.152
0.617
0.479
0.146
0.146
0.082
0.103
0.050

0.835
0.454
0.391
0.746
0.911
0.623
0.856
0.252
0.538
0.633
0.702
0.702
0.775
0.748
0.975

Table 2 Post-operative complications in the trial group and
the control group
Complication
Pancreatic fistula
Stoma fistula
Peritoneal effusion or abscess
Bowel obstruction
Pneumonia
Chylous fistula
Incision infection or dehiscence
Post-operative pancreatitis
Total

Trial group Control group P -value
2
1
1
0
2
3
2
1
14

3
0
6
1
0
3
1
2
17

0.484
0.508
0.046
0.492
0.256
0.644
0.513
0.487
0.463

postoperative food intake, we chose to provide parenteral
nutritional support. Gastric tubes were not routinely used
following total gastrectomy but were routinely used for
distal gastrectomy to observe postoperative drainage.
Peritoneal drainage tubes were routinely used after gastric cancer surgery. For easy comparison, the indication
for tube withdrawal was drainage ≤ 100 ml/d for > 3
d with normal color and quality or gastric fluid ≤ 100
ml/d for > 3 d postoperatively, irrespective of passage
of gas through the anus. Drainage tubes were used in
patients with pancreatic dysfunction or chylous fistula, as
appropriate.
Statistical analysis
Measurement data were expressed as mean ± sd, and
were analyzed using the t test; enumeration data were
analyzed using the χ 2 test. The accepted level of significance was P < 0.05. SPSS version 16.0 (SPSS, Chicago,
IL, United States) was used for all statistical analysis.

RESULTS
Starting in 2010, 120 patients were recruited into this
study from the single site of the First Affiliated Hospital
of Sun Yat-Sen University. They were randomized into a
study group (n = 61) and a control group (n = 59) after
the operation. Patients in the two groups presented with
stable vital signs and no significant abnormality in liver/
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kidney function, blood lipids, or electrolytes during the
period of drug administration. Intravenous infusion of
nutrient fluid was well tolerated in all patients. Detailed
information about patients in the two groups is given in
Table 1. The differences in clinicopathological indicators
were not statistically significant (P > 0.05). Moreover, the
mean hospitalization cost in the treatment and control
groups was similar (44584.51 ± 5922.57 RMB vs 42780.93
± 8826.45 RMB, t = 1.318, P = 0.190).
Postoperative complications occurred in 14 patients
(23%) in the study group (n = 61). Complications included pancreatic fistula in two (3.3%); stoma fistula,
peritoneal effusion or infection, pneumonia, hemorrhage,
incision complication, or post-operative pancreatitis in
one each (1.6%); and chylous fistula in three (4.9%). In
the control group (n = 59), 15 patients presented with
complications (29%). Peritoneal effusion or infection
occurred in six patients (10%), and the difference was
statistically significant (P < 0.05). Other complications
included pancreatic fistula in three (4.3%); pneumonia,
hemorrhage, or incision complication in one each (1.7%);
postoperative pancreatitis in two (3.4%); and chylous fistula in three (5%), but none of the differences was statistically significant (Table 2). We observed that when postoperative complications occurred, the treatment group
cost 6372.52 ± 3391.40 yuan and the control group spent
9884.20 ± 4218.90 yuan. The cost differences were statistically significant (t = 2.514, P=0.017).
Gastric tubes were just routinely used for distal gastrectomy to observe postoperative drainage. Gastric tubes
were routinely used in 35 patients undergoing distal gastrectomy in the study group and 34 in the control group.
The mean volume of gastric fluid within 3 d after the
operation was 136.1 ± 74.5 ml in the study group and
201.4 ± 81.0 ml in the control group, and the difference
was statistically significant. The duration of indwelling
gastric tube was 2.7 ± 1.0 d in the study group, and 3.3 ±
1.6 d in the control group. The difference was statistically
significant (P < 0.05) (Table 3).
Peritoneal drainage tubes were used in all 61 patients
in the study group and in all 59 patients in the control
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Table 3 Gastric and peritoneal drainage volumes and duration in the study group and the control group

Mean daily drainage volume of gastric fluid (ml)
mean ± SD
Range
Gastric tube indwelling duration (d)
mean ± SD
Mean peritoneal drainage volume (ml)
mean ± SD
Range
Drainage tube indwelling duration (d)
mean ± SD

Study group

Control group

Statistic value

P -value

n = 35
136.1 ± 74.5
20-400

n = 34
201.4 ± 81.0
50-800

4.595

< 0.001

2.7 ± 1.0
n = 61
165.9 ± 73.1
50-350

3.3 ± 1.6
n = 59
203.1 ± 99.2
80-550

2.390

0.018

2.395

0.018

4.1 ± 1.0

5.0 ± 1.8

3.365

0.001

Table 4 Drainage volume of chyle after the operation in the trial group and the control group

Peritoneal drainage volume (ml)
mean ± SD
Range
Drainage duration (d)
mean ± SD
Range

Trial group (n = 61)

Control group (n = 59)

Statistic value

P -value

258.3 ± 60.1
210.0-360.0

388.9 ± 63.7
330.0-510.0

2.745

0.041

7.7 ± 2.5
5.0-10.0

15.8 ± 4.4
11.0-20.0

2.800

0.038

group after the operation. Within 3 d postoperatively, the
mean peritoneal drainage volume was 165.9 ± 73.1 mL
in the study group and 203.1 ± 99.2 ml in the control
group. The duration of indwelling drainage tube was 4.1
± 1.0 d in the study group and 5.0 ± 1.8 d in the control
group. The differences were statistically significant (P <
0.05) (Table 3).
Three patients in the study group and three in the
control group developed chylous fistula. The difference
was not statistically significant (P > 0.05). In the three
patients with chylous fistula in the study group and the
three patients with chylous fistula in the control group,
the mean drainage volume was 258.3 ± 60.1 and 388.9 ±
63.7 ml, respectively (P < 0.05). The duration of drainage was 7.7 ± 2.5 and 15.8 ± 4.4 d (P < 0.05), respectively, within 7 d postoperatively. These differences were
statistically significant (P < 0.05) (Table 4).
Two patients in the study group and three in the
control group met the diagnostic criteria for pancreatic
fistula. Six patients in the study group and four in the
control group presented with postoperative pancreatic
dysfunction. No significant difference was found between the study group and the control group in terms of
serum amylase concentrations on days 1, 3 and 5 after
the operation (P > 0.05), whereas differences in drainage
volumes were statistically significant (P < 0.05) on day
1 (191.0 ± 61.2 vs 281.7 ± 106.4), day 3 (171.1 ± 44.0 vs
224.0 ± 54.6), and day 5 (120.0 ± 64.1 vs 178.9 ± 47.6)
postoperatively. Regarding amylase in drainage fluid, significant differences were found on day 1 (808.6 ± 133.5
vs 1108.6 ± 246.9) (P < 0.05) and day 3 (388.0 ± 154.5 vs
630.3 ± 215.0) (P < 0.05) postoperatively (P < 0.05), but
not on day 5 (108.4 ± 72.1 vs 134.6 ± 92.6) (P > 0.05)
(Table 5).
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DISCUSSION
Somatostatin is a cyclic peptide hormone consisting of
14 amino acids. It mainly acts on the pituitary gland to
inhibit release of growth hormone, and may also inhibit
secretion of various gastrointestinal and pancreatic hormones. It even has the effect of inhibiting tumor cell
growth[13]. Somatostatin also can reduce secretion of
digestive juices (pancreatic juice in particular), promote
absorption of water and electrolytes, maintain water-electrolyte and acid-base balances, improve blood circulation
of the intestinal wall, reduce absorption of bacteria and
toxins, decrease the level of toxins in plasma, accelerate
resolution of inflammation, stimulate T cell proliferation,
and enhance physical immunity[14]. Effects of somatostatin in treating alimentary tract hemorrhage, fistula, and
obstruction have been reported frequently[15].
Some researchers believe that resection of the capsule of the pancreas does not increase the incidence of
postoperative pancreatic fistula, which is associated with
perioperative injury of neighboring pancreatic tissue[7].
However, according to Japanese reports, pancreatic fistula following total gastrectomy is a complication with
the highest incidence (9%-19%)[16-18]. Acute pancreatitis
occurring after gastrectomy also has been reported[19,20],
but the incidence in this study was not high, possibly
because removal of the capsule of the pancreas has only
insignificant effects on the pancreas, and resultant leakage of pancreatic juice is limited and minimal. Japanese
researchers believe that pancreatic complications occur
rarely in patients whose amylase concentration in drainage fluid on day 1 after gastrectomy is < 1000 U[21].
In this study, postoperative pancreatic fistula occurred
in five patients, but 15 patients presented with concomi-
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Table 5 Post-operative amylase in blood and drainage fluid and peritoneal drainage volumes of patients with pancreatic fistula in the
study group and the control group
Day 1 post-operation

Day 3 post-operation

Day 5 post-operation

Study group (n = 8) Control group (n = 7) Study group (n = 8) Control group (n = 7) Study group (n = 8) Control group (n = 7)
Serum
amylase
Drainage
volume
Amylase in
drainage fluid

165.1 ± 40.2
t value = 0.577
191.0 ± 61.2
t value = 2.309
808.6 ± 133.5
t value = 2.521

179.1 ± 64.2
P = 0.572
281.7 ± 106.4
P = 0.034
1108.6 ± 246.9
P = 0.022

79.0 ± 33.4
t value = 1.590
171.1 ± 44.0
t value = 2.308
388.0 ± 154.5
t value = 2.532

tant pancreatic dysfunction, manifested mainly as postoperative increase of amylase in drainage fluid. Postoperative use of somatostatin could significantly decrease the
amylase concentration in drainage fluid, and the volume
and duration of drainage. Additionally, it was found that
somatostatin could decrease the volume and duration
of peritoneal drainage in patients with normal amylase
in drainage fluid in the study group. No explanation or
report on relevant mechanisms is available, although one
possibility is that somatostatin can reduce gastrointestinal
hemorrhage and edema and postoperative peritoneal effusion[14,15]. It can be inferred that somatostatin is useful
for preventing postoperative accumulation of pancreatic
fluid and peritoneal effusion and infection secondary to
fluid accumulation.
During this study, a similar incidence of lymphatic
fistula was found in the two groups. In total, six patients
(6/120, 5%) presented with lymphatic fistula. The incidence was higher than that previously reported[22]. Lymphatic fistula usually occurs 1-7 d postoperatively and
can heal spontaneously in most patients. The operation
itself and postoperative management are primary factors
responsible for lymphatic fistula[23]. Most of our patients
had advanced gastric cancer, therefore, the incidence of
lymphatic fistula after extended lymph node dissection
was greater than that after D1 operation[22]. Somatostatin
is ineffective in reducing the occurrence of lymphatic
fistula, but may significantly decrease the volume and duration of drainage of lymphatic fistula, and shorten the
duration of indwelling drainage tubes. The mechanism
of the earliest reported treatment of lymphorrhagia with
somatostatin[24] was possibly associated with reduction
of gastrointestinal absorption of fat. In addition, by reducing visceral blood flow, endocrine effects involving
specific gastrointestinal somatostatin receptors may also
reduce lymphorrhagia[25,26].
The incidence of primary operation-related complications such as stoma fistula, pancreatic fistula, and
hemorrhage was similar in the two groups. The above
complications correlated directly with the operation and
patient factors, and the total incidence of the above complications was 4%-6%, which is not high[27]. The total
number of patients in our study was not large; hence,
more patients are needed to verify the clinical effects of
somatostatin in reducing complications due to ascites and
infection. However, somatostatin has demonstrated out-
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107.8 ± 45.2
P = 0.130
224.0 ± 54.6
P = 0.034
630.3 ± 215.0
P = 0.025

49.0 ± 22
t value = 1.853
120.0 ± 64.1
t value = 2.251
108.4 ± 72.1
t value = 0.616

80.7 ± 48.8
P = 0.081
178.9 ± 47.6
P = 0.038
134.6 ± 92.6
P = 0.549

standing clinical performance in reducing peritoneal effusion, in reducing peritoneal drainage and effusion after
occurrence of complications, in shortening the duration
of drainage, and particularly in reducing progression and
duration of diseases secondary to complications and in
promoting postoperative rehabilitation of patients. It can
be anticipated that more clinical case studies will reveal
the important clinical benefits of somatostatin in the prevention of postoperative complications.
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Abstract
AIM: To compare the utility of the Chronic Liver FailureSequential Organ Failure Assessment (CLIF-SOFA) and
Asia-Pacific Association for the Study of Liver (APASL)
definitions of acute-on-chronic liver failure (ACLF) in
predicting short-term prognosis of patients with ACLF.
METHODS: Consecutive patients of cirrhosis with
acute decompensation were prospectively included.
They were grouped into ACLF and no ACLF groups as
per CLIF-SOFA and APASL criteria. Patients were followed up for 3 mo from inclusion or mortality whichever was earlier. Mortality at 28-d and 90-d was compared between no ACLF and ACLF groups as per both
criteria. Mortality was also compared between different
grades of ACLF as per CLIF-SOFA criteria. Prognostic
scores like CLIF-SOFA, Acute Physiology and Chronic
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Health Evaluation (APACHE)-Ⅱ, Child-Pugh and Model
for End-Stage Liver Disease (MELD) scores were evaluated for their ability to predict 28-d mortality using area
under receiver operating curves (AUROC).
RESULTS: Of 50 patients, 38 had ACLF as per CLIFSOFA and 19 as per APASL criteria. Males (86%) were
predominant, alcoholic liver disease (68%) was the
most common etiology of cirrhosis, sepsis (66%) was
the most common cause of acute decompensation
while infection (66%) was the most common precipitant of acute decompensation. The 28-d mortality in
no ACLF and ACLF groups was 8.3% and 47.4% (P
= 0.018) as per CLIF-SOFA and 39% and 37% (P =
0.895) as per APASL criteria. The 28-d mortality in patients with no ACLF (n = 12), ACLF grade 1 (n = 11),
ACLF grade 2 (n = 14) and ACLF grade 3 (n = 13) as
per CLIF-SOFA criteria was 8.3%, 18.2%, 42.9% and
2
76.9% (χ for trend, P = 0.002) and 90-d mortality
2
was 16.7%, 27.3%, 78.6% and 100% (χ for trend,
P < 0.0001) respectively. Patients with prior decompensation had similar 28-d and 90-d mortality (39.3%
and 53.6%) as patients without prior decompensation
(36.4% and 63.6%) (P = NS). AUROCs for 28-d mortality were 0.795, 0.787, 0.739 and 0.710 for CLIF-SOFA,
APACHE-Ⅱ, Child-Pugh and MELD scores respectively.
On multivariate analysis of these scores, CLIF-SOFA
was the only significant independent predictor of mortality with an odds ratio 1.538 (95%CI: 1.078-2.194).
CONCLUSION: CLIF-SOFA criteria is better than
APASL criteria to classify patients into ACLF based on
their prognosis. CLIF-SOFA score is the best predictor
of short-term mortality.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Prognosis; Acute on chronic liver failure
Core tip: The most common acute precipitant for acuteon-chronic liver failure (ACLF) is infection. The Chronic
Liver Failure-Sequential Organ Failure Assessment (CLIFSOFA) criteria is better than Asia-Pacific Association for
the Study of Liver criteria in defining ACLF as the CLIFSOFA criteria identifies patients with a high likelihood of
mortality who could benefit from liver transplantation
or inclusion into trials of newer therapeutic modalities.
Mortality increases with increasing grades of ACLF based
on number of organ failures in Asian-Indian patients
similar to the results seen in the European population.
Also, the multi-organ failure CLIF-SOFA score is better
than liver specific Model for End-Stage Liver Disease
and Child-Pugh scores, suggesting that ACLF leads to
multi-organ failure and is not limited to the liver.
Dhiman RK, Agrawal S, Gupta T, Duseja A, Chawla Y. Chronic
Liver Failure-Sequential Organ Failure Assessment is better
than the Asia-Pacific Association for the Study of Liver criteria for defining acute-on-chronic liver failure and predicting
outcome. World J Gastroenterol 2014; 20(40): 14934-14941
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i40/14934.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i40.14934

INTRODUCTION
The definition of acute-on-chronic liver failure (ACLF)
differs between the Asia-Pacific region and Europe and
United States. While the Asia-Pacific Association for the
Study of Liver (APASL) stresses on arbitrarily defined
values of degree of liver dysfunction within a 4 wk time
frame[1], the American Association for the Study of Liver
Disease and the European Association for the Study
of the Liver focus of organ dysfunction and increased
3-mo mortality[2]. Also, unlike the Western definitions, the
APASL criteria do not recognize non-hepatitic insults like
sepsis as acute precipitating events and excludes previously decompensated patients from the ambit of ACLF.
Recently the chronic liver failure (clif) acute-on-chronic
liver failure in cirrhosis (CANONIC) study proposed the
Chronic Liver Failure-Sequential Organ Failure Assessment (CLIF-SOFA) scoring system based on number and
type of organ failure to define ACLF and stratify patients
according to their 28-d mortality[3]. They demonstrated
increasing mortality with increasing number of organ
failures. Also, they found infections to be a major cause
of ACLF. However, in an accompanying editorial, Bajaj[4]
emphasized the need to validate this system in Asian patients as the etiology of acute and chronic components
of ACLF may be different in them. It is important to
have a universally applicable definition of ACLF that is
predictive of prognosis so as to identify patients most at
need of liver transplantation or newer treatment modalities, and also to have common inclusion criteria for fur-
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ther research into ACLF. Also, the utility of the APASL
and CLIF-SOFA definitions have never been directly
compared.
To address this issue, we for the first time compared
the CLIF-SOFA and APASL definitions in Asian-Indian
patients of acute decompensation of cirrhosis with regards to the short-term mortality and compared various
prognostic scores to predict 28-d mortality.

MATERIALS AND METHODS
Patients
The study was a prospective observational cohort study.
The patients of cirrhosis admitted under Department of
Hepatology, Postgraduate Institute of Medical Education
and Research, Chandigarh, India from July 2013 to December 2013 were screened for enrollment after ethical
approval from the institute ethics committee. Consecutive patients with cirrhosis with acute decompensation
were included. Both previously compensated and decompensated patients were enrolled in the study provided the
previous decompensation had improved after treatment.
All patients were followed up for 3 mo from inclusion
into the study or until mortality, whichever was earlier.
Definitions
The diagnosis of cirrhosis of liver was based on previous liver biopsy if available or based on clinical, imaging
(heterogenous echotexture of liver with irregular outline,
altered liver size, or portosystemic collaterals), laboratory
(low serum albumin, aspartate aminotransferase/alanine
aminotransferase ratio > 1) and endoscopic findings (≥
grade Ⅱ oesophageal varices).
Acute decompensation of cirrhosis was defined as per
the criteria of the CANONIC study[3]. Acute ascites was
defined as development of grade 2 to 3 ascites, according
to the International Ascites Club Classification[5] within a
period of 2 wk, either as the first episode or recurrence
in a previously controlled patient. Acute hepatic encephalopathy was defined as acute change in metal status in
the absence of other acute neurological disease, either as
first episode or recurrence in a previously treated patient.
Worsening of chronic hepatic encephalopathy or uncontrolled ascites were not considered as acute decompensation. Acute gastrointestinal bleed was defined by upper or
lower gastrointestinal hemorrhage of any etiology. Acute
bacterial infections included spontaneous bacterial peritonitis, urinary tract infection, respiratory tract infections,
cellulitis, bacteremia, or bacterial infections of any other
site. Infections were diagnosed either based on culture
positivity, or if procalcitonin was elevated in a patient
with systemic inflammatory response with evidence of
infection based on chest imaging for pneumonia, urine
microscopy showing pus cells for urinary tract infection,
ascitic fluid polymorphonuclear count more than 250
cells/mL for spontaneous bacterial peritonitis or clinical
examination compatible with cellulitis. Active alcoholism
was defined as alcohol consumption within the previous
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3 mo.
ACLF as per the APASL criteria was defined as “acute
hepatic insult manifesting as jaundice and coagulopathy,
complicated within 4 wk by ascites and/or encephalopathy in a patient with previously diagnosed or undiagnosed
chronic liver disease.” As per the APASL criteria patients
with prior decompensated cirrhosis were not considered
to be having ACLF, and infections were not included as
acute precipitating events[1].
Definition of ACLF as per CLIF-SOFA system and
grading of severity of ACLF was based on number and
type of organ failures as per the CANONIC study[3].
Organ failures were defined as per the CANONIC study
criteria[3]. Diagnosis of liver failure was by a serum bilirubin level of ≥ 12.0 mg/dL. Kidney failure was defined if
serum creatinine level was ≥ 2.0 mg/dL or the need for
renal replacement therapy. Cerebral failure was defined
by grade Ⅲ or Ⅳ hepatic encephalopathy as per the West
Haven classification[6]. Coagulation failure included an
international normalized ratio of ≥ 2.5 and/or platelet
count of ≤ 20000/cc. Circulatory failure was defined by
need for the use of vasopressors like dopamine, dobutamine, or terlipressin at any dose. Respiratory failure was
defined by a PaO2 to FiO2 ratio of ≤ 200 or a SpO2 to
FiO2 ratio of ≤ 214.
Prognostic scores including CLIF-SOFA [3], Acute
Physiology and Chronic Health Evaluation (APACHE)[7]
[8]
Ⅱ , Child-Pugh and UNOS modified Model for EndStage Liver Disease (MELD) (according to http://www.
mayoclinic.org/meld/mayomodel6.html) scores were
calculated as per previously published criteria. All scores
and definitions were applied at the time of admission to
this Institute.
Management of patients
All patients underwent detailed clinical evaluation including history and physical examination, and routine
biochemical and imaging evaluation. Investigations for
etiology of cirrhosis and cause of acute deterioration
were performed as required on a case by case basis. Acute
viral hepatitis was diagnosed based on compatible clinical
presentation, liver function tests and a positive serology
for hepatitis E virus (IgM anti-HEV) or hepatitis A virus
(IgM anti-HAV) by ELISA). The diagnosis of hepatitis
B virus (HBV) flare was based on the American Association for the Study of Liver Diseases (AASLD) practice
guidelines[9], and the diagnosis of autoimmune hepatitis
(AIH) was based on the simplified criteria for AIH[10].
Screening for infections including bacterial cultures
of blood, urine, and ascitic fluid, blood fungal culture,
galactomannan and procalcitonin assays was done at
admission and subsequently as required according to the
clinical suspicion of the treating physician. All patients
were given intravenous antibiotics for gram negative
cover empirically at admission and later modified according to culture and sensitivity patterns. Antibiotics were
escalated and gram positive coverage was added after 48
h of treatment if there was evidence of infection and
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no improvement with the initial antibiotics. Antifungal
therapy was added after 5 d of hospitalization if there
was evidence of infection but bacterial cultures were
sterile, procalcitonin was normal and patient had features
of ongoing sepsis. Acute kidney injury was managed with
intravenous 20% human albumin with vasoactive agents
if needed and dialysis when required indicated. Patients
with hepatic encephalopathy were treated with lactulose
and rifaximin. Diuretics were given for ascites if no contraindications like renal failure or hepatic encephalopathy
were present. Inotropes were given for hypotension and
endotracheal intubation with mechanical ventilation was
done for respiratory failure. Patients requiring inotropes,
mechanical ventilation or having evidence of multi-organ
failure were managed in the liver intensive care unit.
Specific therapy included pentoxifylline 400 mg three
times per day per orally for alcoholic hepatitis and tenofovir 300 mg once daily (modified according to renal
function) for hepatitis B infection. No patient underwent
liver transplantation or any experimental therapy during
the period of the study.
Statistical analysis
All data were presented as mean with SD and/or range
for quantitative variables and as proportions with percentages for qualitative variables. Comparison between
groups was done using χ 2 and Fischer exact tests for categorical variables and student’s t-test and Mann-Whitney
test for parametric and non-parametric variables respectively. The 28-d mortality was compared between various
grades of ACLF using analysis of variance. Prediction of
28-d mortality by CLIF-SOFA, Child-Pugh, MELD and
APACHE-Ⅱ scores was evaluated using area under receiver operating curves (AUROC). Backward conditional
logistic regression analysis was done to compare the utility of these scores. A P value of ≤ 0.05 was considered
statistically significant.
Statistical analysis was done using SPSS software version 17.0 (SPSS Inc., Chicago, IL).

RESULTS
Characteristics of patients with acute decompensation
Out of 50 patients recruited, ACLF was present in 38
(76%) as per CLIF-SOFA criteria and 19 (38%) as per
APASL criteria. Majority [43 (86%)] of the patients were
male and mean age was 46 ± 13 years (range 22-78 years)
(Table 1). Prior decompensation was present in 28 (56%)
patients. Alcoholic liver disease (58%) was the most common etiology of cirrhosis followed by cryptogenic (14%),
hepatitis C virus with alcohol (10%), autoimmune liver
disease (6%), hepatitis B virus (6%), and Wilson disease
(6%). Active alcoholism was present in 56% of the patients with alcohol related chronic liver disease. Precipitant for acute decompensation were bacterial infections
(66%), active alcoholism (40%), flare of autoimmune
hepatitis (4%), flare of hepatitis B virus (4%), acute
gastrointestinal bleed (4%), acute HEV infection (2%),
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bleeding (10%). More than one form of acute decompensation was seen in 30% of patients, most commonly
infection with hepatic encephalopathy (Table 1).

Table 1 Characteristics of study population
Characteristics

n = 50

Age (yr)
Male gender
Cause of cirrhosis
Alcohol
Hepatitis C virus + alcohol
Autoimmune
Hepatitis B virus
Wilson
Cryptogenic
Acute precipitating event
Sepsis
Active alcoholism
Autoimmune flare
Hepatitis B virus flare
Upper gastrointestinal bleed
Acute hepatitis E virus infection
Cytomegalovirus infection
Unknown
More than one cause
Type of acute decompensation
Sepsis
Ascites
Hepatic encephalopathy
Upper gastrointestinal bleed
More than one decompensation
Prior decompensation
Bilirubin (mg/dL)
Total leukocyte count (/mm3)
Platelet count (103/mm3)
International normalized ratio
Serum creatinine (mg/dL)
Jaundice
Ascites
Hepatic encephalopathy
Upper gastrointestinal bleed
Organ failures
Liver
Kidney
Cerebral
Coagulation
Respiratory
Circulation
≥ 2 organ failures
Prognostic scores
Child-Pugh score
MELD score
APACHE Ⅱ score
CLIF-SOFA score
Mortality
28-d mortality
90-d mortality

46 ± 131
43 (86)2

Comparison of patients with and without ACLF
Compared to no ACLF patients, ACLF patients as per
CLIF-SOFA criteria were younger and had significantly
higher international normalized ratio (INR), serum creatinine and Child-Pugh, MELD, CLIF SOFA and APACHE
Ⅱ scores (P < 0.05). The 28-d mortality (8.3% vs 47.4%
respectively, P = 0.018] and 90-d mortality (16.7% vs
71.1% respectively, P = 0.002) differed significantly between no ACLF and ACLF groups (Table 2). However,
when the groups were defined as per APASL criteria,
ACLF patients did not significantly differ from no ACLF
patients except for higher bilirubin, INR and proportion
of patients with ascites, younger age and higher ChildPugh score in ACLF group. The 28-d mortality (38.7% vs
36.8% respectively, P = 0.895) and 90-d mortality (51.6%
vs 68.4% respectively, P = 0.242) was not different between no ACLF and ACLF groups using the APASL
definition (Table 2).

29 (58)
5 (10)
3 (6)
3 (6)
3 (6)
7 (14)
33 (66)
20 (40)
2 (4)
2 (4)
2 (4)
1 (2)
1 (2)
4 (8)
15 (30)
33 (66)
8 (16)
17 (34)
5 (10)
13 (26)
28 (56)
13.2 (0.6-43.0)3
10100 (2700-39000)
90.0 (14.4-444.0)
2.5 ± 0.8
1.6 (0.5-7.9)
45 (90)
42 (84)
17 (34)
6 (12)

Mortality according to the grade of ACLF
The 28-d mortality in patients with no ACLF (n = 12),
grade 1 (n = 11), grade 2 (n = 14) and grade 3 ACLF (n =
13) as per CLIF-SOFA criteria was 8.3%, 18.2%, 42.9%
and 76.9% (χ 2 for trend, P = 0.002) respectively and
90-day mortality was 16.7%, 27.3%, 78.6% and 100% (χ2
for trend, P < 0.001) respectively (Figure 1).
Comparison of survivors and non-survivors at 28-d
Non-survivors irrespective of ACLF status had significantly higher incidence of hepatic encephalopathy (53%
vs 23%, P = 0.037), cerebral failure (26% vs 0%, P = 0.005)
and kidney failure (63% vs 32%, P = 0.033), and higher
mean Child-Pugh (12.3 vs 10.8, P = 0.002), MELD (32.8
vs 27.1, P = 0.010), CLIF SOFA (11.6 vs 8.8, P < 0.001)
and APACHE Ⅱ (15.0 vs 10.0, P = 0.001) scores as compared to survivors (Table 3). Patients with prior decompensation had similar 28-d and 90-d mortality (39.3% and
53.6%, respectively) as patients without prior decompensation (36.4% vs 63.6%, respectively) (P = 1.000 and 0.569
respectively).

29 (58)
22 (44)
5 (10)
23 (46)
2 (4)
2 (4)
14 (28)
11.4 ± 1.7
29.2 ± 7.8
13.0 (4.0-41.0)
9.9 ± 2.7
19 (38)
29 (58)

1

mean ± SD; 2Number (percentage); 3Median (range). APACHE: Acute
Physiology and Chronic Health Evaluation; CLIF-SOFA: Chronic Liver
Failure-Sequential Organ Failure Assessment; MELD: Model for End-Stage
Liver Disease.

cytomegalovirus infection (2%) and unknown cause (8%).
More than one acute precipitating cause was identified in
30% of patients, most commonly active alcoholism with
infection. Infection (66%) was the most common form
of acute decompensation followed by hepatic encephalopathy (34%), ascites (16%), and acute gastrointestinal
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Utility of prognostic scores
AUROC for 28-d mortality for CLIF-SOFA, APACHEⅡ , Child-Pugh and MELD scores was 0.795, 0.787,
0.739 and 0.710 respectively (Figure 2). A CLIF-SOFA
score cut-off of 8 had a high sensitivity of 97% and with
specificity of 38% while a cut-off of 12 had sensitivity
of 38% with a high specificity of 95%. The best single
value for prediction of 28-d mortality was 10 with a sensitivity and specificity of 72% and 71% respectively. On
multivariate analysis of these scores CLIF-SOFA score
was the only significant independent predictor of mortality with an odds ratio 1.538 (95%CI: 1.078-2.194).
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Table 2 Comparison of patients with and without acute-on-chronic liver failure as per Chronic Liver Failure-Sequential Organ
Failure Assessment and Asia-Pacific Association for the Study of Liver definitions
Characteristics

CLIF-SOFA criteria
No ACLF (n = 12)
53 ± 161
52 (26-78)3
11 (92)2
9.6 (2.1-30.6)
9450 (4500-21500)
85.5 (14.4-151.0)
1.8 ± 0.3
1.0 (0.6-1.9)
11 (92)
8 (67)
3 (25)
2 (17)

Age (yr)
Male gender
Bilirubin (mg/dL)
Total leukocyte count (/mm3)
Platelet count (103/mm3)
International normalized ratio
Serum creatinine (mg/dL)
Jaundice
Ascites
Hepatic encephalopathy
Acute gastrointestinal bleed
Organ failures
Liver
Kidney
Cerebral
Coagulation
Respiratory
Circulation
Prognostic scores
Child-Pugh score
MELD score
APACHE-II score
CLIF-SOFA score
Mortality
28-d mortality
90-d mortality

APASL criteria

ACLF (n = 38)
44 ± 12
44 (22-70)
32 (84)
15.5 (0.6-43.0)
10100 (2700-39000)
91.5 (14.8-444.0)
2.7 ± 0.8
2.1 (0.5-7.9)
34 (90)
34 (90)
14 (37)
4 (11)

P value

No ACLF (n = 31)

0.048

50 ± 12
48 (34-78)
29 (94)
10.7 (0.6-43.0)
9300 (3600-36400)
72.0 (14.4-444.0)
2.2 ± 0.6
2.1 (0.5-7.9)
26 (84)
23 (74)
13 (42)
5 (16)

1.000
0.195
1.000
0.525
< 0.001
0.002
1.000
0.082
0.510
0.621

ACLF (n = 19)
41 ± 14
37 (22-70)
14 (33)
18.0 (5.0-32.6)
11300 (2700-39000)
110.0 (14.8-382.0)
2.9 ± 0.9
1.5 (0.5-3.3)
19 (100)
19 (100)
4 (21)
1 (5)

P value
0.02
0.089
0.029
0.460
0.276
0.005
0.112
0.142
0.018
0.218
0.387

4 (33)
0 (0)
0 (0)
0 (0)
0 (0)
1 (8)

25 (66)
22 (58)
5 (13)
23 (61)
2 (5)
1 (3)

0.091
< 0.001
0.319
< 0.001
1.000
0.426

14 (45)
16 (52)
4 (13)
11 (36)
2 (7)
2 (7)

15 (79)
6 (32)
1 (5)
12 (63)
0 (0)
0 (0)

0.037
0.166
0.637
0.057
0.519
0.519

10.3 ± 1.6
21.8 ± 5.6
9.5 (4.0-21.0)
7.7 ± 2.3

11.7 ± 1.6
31.6 ± 6.9
14.0 (6.0-41.0)
10.6 ± 2.5

0.014
< 0.001
0.019
0.002

11.0 ± 1.9
28.5 ± 8.3
12.0 (4-41)
9.6 ± 2.7

12.0 ± 1.3
30.4 ± 6.9
14.0 (4-22)
10.3 ± 2.7

0.045
0.408
0.508
0.356

0.018
0.002

12 (38.7)
16 (51.6)

7 (36.8)
13 (68.4)

0.895
0.242

1 (8.3)
2 (16.7)

18 (47.4)
27 (71.1)

1

mean ± SD; 2Number (percentage); 3Median (range). ACLF: Acute-on-Chronic Liver Failure; APACHE: Acute Physiology and Chronic Health Evaluation;
APASL: Asia-Pacific Association for the Study of Liver; CLIF-SOFA: Chronic Liver Failure-Sequential Organ Failure Assessment; MELD: Model for Endstage Liver Disease.

100%

100

28-d mortality

90

90-d mortality
79%

Mortality rate (%)

80

77%

70
60
50

43%

40
27%

30
20
10
0

17%

18%

8%
No ACLF

ACLF Grade 1 ACLF Grade 2 ACLF Grade 3

Figure 1 28-d and 90-d mortality according to the grade of acute-onchronic liver failure. ACLF: Acute-on-chronic liver failure.

DISCUSSION
This study demonstrated that the common causes of
acute worsening in patients with ACLF were infections
and active alcoholism, whereas the most common causes
of chronic liver disease was alcohol. Infection was present in 66% of patients at admission while 56% of the
patients had prior history of decompensation. ACLF was
present in 76% by the CLIF-SOFA criteria and only 38%

WJG|www.wjgnet.com

by the APASL criteria. Mortality was significantly higher
in patients with ACLF as per CLIF-SOFA criteria but
not with APASL criteria compared to patients without
ACLF. Mortality significantly increased with increasing
grades of ACLF. Mortality depended upon organ failures
and higher values of various prognostic scores. Of all the
prognostic scores tested the CLIF-SOFA score had the
best accuracy for predicting 28-d mortality and was the
only independent predictor of mortality.
The common causes of acute deterioration (bacterial
infection and active alcoholism) and underlying chronic
liver disease (alcohol related) in Asian-Indian patients
was similar to that seen in the West[2,3,11]. This is similar to
our earlier observation in Indian patients[12,13]. However,
most studies from countries in eastern Asia like China
have reported mainly hepatitis B virus related ACLF[14,15].
Conversely, a retrospective study from Bangladesh found
hepatitis E infection and septicemia to be important
acute precipitants for ACLF and did not find any case of
hepatitis B related ACLF[16]. This reflects the heterogeneity of the ACLF population even within the same continent. This could be a function of the different endemicity of various hepatotropic viruses in different regions
along with differences in religious and social customs.
The predominance of active alcoholism could explain the high frequency of sepsis in our study as it has
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Table 3 Comparison of survivors and non-survivors at 28 d
Characteristics

28-d mortality
Yes (n = 19)

Age (yr)
Male gender
Prior decompensation
Bilirubin (mg/dL)
Total leukocyte count (/mm3)
Platelet count (103/mm3)
International normalized ratio
Serum creatinine (mg/dL)
Jaundice
Ascites
Hepatic encephalopathy
Upper gastrointestinal bleed
Organ failures
Liver
Kidney
Cerebral
Coagulation
Respiratory
Circulation
Prognostic scores
Child-Pugh score
MELD score
APACHE Ⅱ score
CLIF-SOFA score

No (n = 31)

P value

45 ± 12
16 (84)2
11 (57.9)
17.7 (1.2-37.6)3
11200 (2700-39000)
81.0 (14.8-382.0)
2.7 ± 0.7
2.2 (0.5-7.9)
18 (95)
17 (90)
10 (53)
1 (5)

47 ± 14
27 (87)
17 (54.8)
10.7 (0.6-43.0)
9300 (3600-36400)
90.0 (14.4-444.0)
2.3 ± 0.8
1.6 (0.6-6.3)
27 (87)
25 (81)
7 (23)
5 (16)

0.649
1.000
0.833
0.139
0.873
0.734
0.054
0.509
0.637
0.693
0.037
0.387

14 (74)
12 (63)
5 (26)
12 (63)
0 (0)
1 (5)

15 (48)
10 (32)
0 (0)
11 (36)
2 (11)
1 (5)

0.139
0.033
0.005
0.057
0.140
1.000

12.3 ± 1.3
32.8 ± 7.1
15.0 (8-41)
11.6 ± 2.5

10.8 ± 1.7
27.1 ± 7.5
10.0 (4.0-25.0)
8.8 ± 2.3

0.002
0.010
0.001
< 0.001

1

1

mean ± SD; 2Number (percentage); 3Median (range). ACLF: Acute-on-Chronic Liver Failure; APACHE:
Acute Physiology and Chronic Health Evaluation; APASL: Asia-Pacific Association for the Study of Liver;
CLIF-SOFA: Chronic Liver Failure-Sequential Organ Failure Assessment; MELD: Model for End-stage Liver
Disease.
1.0

Sensitivity

0.8

0.6

0.4

Child pugh
MELD
CLIF-SOFA
APACHE Ⅱ
Reference line

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 2 Receiver operating curves of child pugh, model for end-stage
liver disease, chronic liver failure-sequential organ failure assessment
and acute physiology and chronic health evaluation scores for prediction
of 28-d mortality. APACHE Ⅱ: Acute Physiology and Chronic Health Evaluation; CLIF-SOFA: Chronic Liver Failure-Sequential Organ Failure Assessment;
MELD: Model for End-stage Liver Disease.

been demonstrated previously that alcohol predisposes
to infections[17,18]. Infections were similarly common in
the original CANONIC study which had a high prevalence of patients alcohol related cirrhosis and alcoholic
hepatitis[3]. While it is possible that in some cases infections are a consequence of ACLF rather than a cause,
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the CANONIC study also demonstrated that non-ACLF
patients who had infections at admission were more likely
to develop ACLF in the same hospitalization. This suggests a role for infections in the development of ACLF.
Even in Asian-Indian patients with acute decompensation of cirrhosis, the CLIF-SOFA criteria better stratifies patients into ACLF according to short-term mortality as compared to the APASL criteria. This is the first
study from Asia to validate the CLIF-SOFA definition
of ACLF. Previous studies on prognosis of ACLF from
Asia have focused on prognostic scores such as MELD,
Child Pugh, APACHE Ⅱ and SOFA[12-14], or have looked
at individual parameters like presence of hepatic encephalopathy and renal dysfunction[15]. Along with no difference in mortality, there were also no significant clinical
or biochemical differences between patients with and
without ACLF on APASL criteria except for parameters
used to define ACLF (bilirubin, INR and ascites) and the
Child-Pugh score which is a composite of the previous
3 parameters. Hence, the APASL criteria were unable
to identify patients with poor prognosis among the cohort of patients presenting with acute decompensation
of cirrhosis. As the major need of accurately defining
ACLF is to identify patients with poor prognosis who
may benefit with newer treatment modalities such as artificial liver support systems[19], liver transplantation[20,21]
or granulocyte-colony stimulating factor therapy[22,23]. any
definition of ACLF should be able to predict mortality. The CLIF-SOFA definition seems to be more use-
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ful clinically for prognostication of these patients and
evaluation for urgent liver transplantation. Also, CLIFSOFA system seems to be better suited to be used as
inclusion criteria for recruiting patients into therapeutic
trials in ACLF. This may be because many patients who
met CLIF-SOFA criteria for ACLF did not meet APASL
criteria because APASL definition excludes patients with
prior decompensation and does not include sepsis as
cause of acute deterioration[1] both of which were seen
in a majority of the patients in this study. Our previous experience from India has also suggested that nonhepatitic insults like systemic infections are a common
cause of ACLF[12,13]. Similar to the European multicentre
study[3], grading of severity of ACLF as per CLIF-SOFA
criteria remains relevant for prognostication in AsianIndian patients. Many studies, including one by us previously has found multi-organ failure scores like APACHEⅡ and SOFA to be better than liver specific scores like
MELD and CTP for predicting mortality in patients with
ACLF[10,24-26]. Similarly, the CLIF-SOFA score was better than liver specific scores in this study. These results
suggest that ACLF is not a disease limited to the liver
but is part of a systemic derangement resulting in multiorgan failure. This is probably related to development of
systemic inflammatory response[27] and oxidative stress[28]
leading to hemodynamic derangements[29] resulting in
progressive tissue damage and organ failure. Systemic
hemodynamic disturbances leading to multi-organ failure
can theoretically result from non-hepatitic insults like
infections and gastrointestinal bleeding. Infections as discussed above and variceal bleeding[3,12,13] have previously
been demonstrated to be frequent precipitating events for
ACLF. The CANONIC study had also found that only
hepatic failure without any other organ failure was not
associated with increased mortality[3]. The APASL definition does not consider non-hepatic organ involvement or
non-hepatic insults in the definition of ACLF and hence
fails to identify many patients at high risk of mortality.
The sample size in this was relatively small and being
a single centre study the spectrum of ACLF reported by
us may not be representative of all of Asia, thus further
prospective multicenter and multinational studies are required.
In conclusion, the spectrum of ACLF seen in this
study was similar to that in the West. Infections are frequently present in these patients and multi-organ failure
is common and results in high mortality. Thus, we recommend the use of the CLIF-SOFA criteria which considers multiple organ failures rather than the liver-specific
APASL criteria for definition of ACLF and prognostication even in Asian patients with ACLF.

However, there are no universally accepted criteria to define ACLF and the definitions used in the Asia-Pacific region greatly differ from those used in Europe
and North America. It is necessary to compare these definitions to ascertain the
best criteria to identify patients with ACLF.
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Background

Acute-on-chronic liver failure (ACLF) compared to chronic liver failure due to
decompensation of cirrhosis is associated with high mortality. It is important
to identify this sub-group of patients who need specialized management in
intensive care units and may be candidates for newer therapeutic modalities.
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This is the first prospective study to directly compare the Asia-Pacific and Western criteria of defining ACLF and assessing their utility in identifying patients
with high mortality. It also compares various liver-specific and general prognostic scores to identify the best prognostic scoring system in patients with ACLF.

Innovations and breakthroughs

This study demonstrated that among patients with acute decompensation of cirrhosis using the chronic liver failure (CLIF) Acute-on-Chronic Liver Failure in Cirrhosis (CANONIC) criteria to define ACLF, which was derived from a European
study, was able to identifying patients with high mortality even in India patients.
Conversely patients with and without ACLF as per the Asia-Pacific criteria had
similar mortality, suggesting that the Asia-Pacific criteria were not useful in
categorizing patients as having ACLF. Also, mortality increased with increasing
number of organ failures as defined by the CANONIC criteria, suggesting that
ACLF results in death by multi-organ failure rather than liver failure alone.

Applications

Accurately identifying patients with ACLF at high risk of mortality with conventional management will allow better prognostication, selection of patients for
intensive care and early liver transplantation as well as for inclusion into trials
of newer therapeutic modalities like liver support devices and stem cell based
therapies.

Terminology

Acute-on-chronic liver failure is a condition in which a patient having underlying
chronic liver disease has a rapid worsening of liver functions leading to liver
failure, manifested by ascites, jaundice, altered sensorium or gastrointestinal
bleeding. This is usually due to a superimposed injury to the liver due to alcohol, drugs or other toxins; sepsis; infections by viruses affecting the liver; or a
rapid worsening of inflammation in the liver by the preexisting cause of liver
disease.
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article under Materials and Methods the Asia-Pacific Association for the Study of
Liver and Chronic Liver Failure-Sequential Organ Failure Assessment criteria for
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population (22.87% vs 11.64%, P < 0.05). Further
analysis of risk factors for gallstones based on the different ethnic areas revealed that age was a risk factor
for gallstones in both groups; triglycerides, body-mass
index (BMI) and high-density lipoprotein were risk factors for gallstones in the Han population, while total
cholesterol (TC), gender and fatty liver were risk factors in the Uighur population. The Uighur patients were
older than the Han patients, and had higher BMI, TC,
low-density lipoprotein, female rate and fatty liver rate,
while the incidence of hypertension was lower than that
in the Han patients.
CONCLUSION: The prevalence of and risk factors for
gallstones differ between the Uighur and Han populations.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To perform a single-centre survey of the prevalence of and possible risk factors for gallstones in Uighur and Han Chinese.
METHODS: Complete medical data for 9455 patients
were collected from the medical centre of our hospital,
and the overall prevalence of gallstones as well as the
prevalence in different ethnic groups was studied. The
risk factors for gallstones in different ethnic groups
were identified in a univariate analysis, and variables
with statistical significance were analysed by unconditional multiple logistic regression, to primarily explore
the similarities and differences in gallstone risk factors
between different ethnic groups.
RESULTS: The prevalence of gallstones was significantly higher in the Uighur population than in the Han
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Core tip: The prevalence of gallstones in the Uighur
population is higher than that in the Han population
in Xinjiang, but there are few relevant epidemiological
data or risk analysis reports. This single-centre casecontrol study enrolled healthy people to compare and
analyse the risk factors for gallstones in Uighur and
Han patients. The results suggest that age is a risk factor in both populations. Total cholesterol, gender and
fatty liver are risk factors in the Uighur population, but
in the Han population, those with elevated triglycerides,
reduced high-density lipoprotein and obesity are at
greater risk for gallstones.
Zhu L, Aili A, Zhang C, Saiding A, Abudureyimu K. Prevalence of
and risk factors for gallstones in Uighur and Han Chinese. World J
Gastroenterol 2014; 20(40): 14942-14949 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14942.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14942
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INTRODUCTION
Gallstones are the most common non-fatal disease of the
biliary system. Pain caused by gallstones in the right upper quadrant, along with the associated nausea, vomiting,
postprandial fullness, and discomfort in the right upper
quadrant and other symptoms, can seriously affect quality
of life. The prevalence of gallstones in adults in developed countries is 10%-15%[1]. In United States, there are
20-25 million newly diagnosed gallstone patients each
year, with medical costs for the prevention and treatment
of gallstone disease of almost $62 billion annually[2].
There is one relevant report about the nationwide prevalence of gallstones in China. In 1989, type-B ultrasonic
screening revealed that the prevalence of gallstones was
about 6.29% among 102.6 thousand people, and the
detection rate in different regions ranged from 3.0% to
11.0%[3]. With improvements in living conditions, changes in diet, the widespread use of type-B ultrasound, the
popularity of health care and other factors, the incidence
of gallstones is increasing, with an approximately twofold increase every 10 years[4].
Xinjiang is a region with a high incidence of gallstones. A previous epidemiological survey showed that the
incidence of gallstones in Xinjiang was 11.1%-15.5%[5,6],
exceeding the national level, which was considered to be
associated with ethnicity, region and dietary habits. Liu[6]
performed a survey towards the 1998-2001 examination
results of 14760 healthy people in the Urumqi municipal public institutions, and found that the prevalence of
gallstones in ethnic minorities (mainly Uighur, Kazak
and Russian) was 13.8%, while in the Han population it
was 10.4%. However, no further analysis of the risk factors for gallstones among ethnic groups was performed.
There is little information on the gallstone situation in
Xinjiang. For this reason, we selected 10130 subjects who
agreed to undergo physical examination in the medical
centre of the People’s Hospital of Xinjiang Uygur Autonomous Region from March to June 2013. Of these
subjects, 9455 had all the information required to perform the relative analysis. The objective of this study was
to investigate the prevalence of and risk factors for gallstone disease among adults of different ethnic groups,
thus providing a scientific basis for the prevention and
treatment of gallstones in this region.

MATERIALS AND METHODS
Subjects
A total of 9455 subjects who agreed to undergo physical
examination in the medical centre of the People’s Hospital of Xinjiang Uygur Autonomous Region from March
to June 2013 and had all the required information were
selected. Their mean age was 45.58 ± 13.11 years (range
20-80 years). There were 5962 males and 3493 females,
among whom 8213 were Han and 1242 were Uighur Chinese.
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Methods
Type-B ultrasonic examination: ALOKA SSD-5000
colour Doppler ultrasound scanner was used, and the
conventional abdominal B-ultrasonic method was performed, with a probe frequency of 3.5 MHz. All subjects
were required to fast before examination. Examination
was performed in the supine position, and the liver, gallbladder, pancreas and spleen were examined in turn. A
gallstone was diagnosed if the cholecystic cavity exhibited
a hyperechoic mass, with a stable shape; the rear of the
hyperechoic mass exhibited a clear acoustic shadow; after
changing position, the hyperechoic mass moved in the
direction of gravity. In patients undergoing cholecystectomy for cholelithiasis, B-mode ultrasound was used to
describe the circumstances of the common bile duct and
whether a gallstone existed inside the liver or not, and
“gallbladder removed for cholelithiasis” was recorded in
such circumstances. Fatty liver was diagnosed if patients
with the following item A and any of items B-E: A, the
echo in the near-field of the hepatic region exhibited
diffuse enhancement, while the echo in the far-field decayed; B, the intrahepatic duct structures were unclear; C,
the liver exhibited mild to moderate enlargement, with a
blunt edge angle; D, colour Doppler image suggested that
the intrahepatic colour blood flow signal was reduced
or difficult to visualise, while the strikes of intrahepatic
blood vessels were normal; and E, the echoes of the hepatic right lobe membrane and diaphragm were unclear
or incomplete.
Physical examination and diagnostic criteria: Basic
data on height, weight, systolic blood pressure, diastolic
blood pressure and other parameters were collected from
all patients. The diagnostic criteria for hypertension were:
systolic blood pressure ≥ 140 mmHg and/or diastolic
blood pressure ≥ 90 mmHg; previously diagnosed hypertension; had taken or was taking antihypertensive
drugs.
Laboratory examination parameters: Five millilitres
of venous blood were collected in the morning after an
overnight fast, and the fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), low-density lipoprotein (LDL) and high-density lipoprotein (HDL) were
tested using an automatic biochemical analyser (ARCHITECT c16000). The dyslipidaemia standard was taken
from the Prevention Guide Standard of Chinese Adult
Dyslipidemia in 2007: normal lipid ranges were: TC < 5.18
mmol/L, TG < 1.70 mmol/L, LDL < 3.37 mmol/L and
HDL ≥ 1.04 mmol/L. The diagnostic criteria for diabetes were: FPG ≥ 7.0 mmol/L; previously diagnosed diabetes; had undergone or was undergoing hypoglycaemic
therapy.
Statistical analysis
The collected data were input into EXCEL by two people independently, who also examined and corrected the
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Table 1 Variable assignments
Name

Negative assignment

Table 2 Gallstone prevalence rates in different ethnic groups
Prevalence rate

Positive assignment
Han

Male (≤ 50)
(> 50)
Female (≤ 50)
(> 50)
Total (≤ 50)
(> 50)
Total male
Total female
Uighur Male (≤ 50)
(> 50)
Female (≤ 50)
(> 50)
Sum (≤ 50)
(> 50)
Total male
Total female

Gender
Male = 0
Female = 1
≤ 50 = 0
Age
> 50 = 1
Ethnic group
Han = 0
Uighur = 1
Hypertension Normal or less than normal = 0
Hypertension = 1
Diabetes
Normal or less than normal = 0 FPG ≥ 7.0 mmol/L = 1
Fatty liver
(- ) = 0
(+ ) = 1
TG
TG ≤ 1.70 mmol/L = 0
TG > 1.70 mmol/L = 1
≤ 5.18 mmol/L = 0
TC
> 5.18 mmol/L = 1
≥ 1.04 mmol/L = 0
HDL-C
< 1.04 mmol/L = 1
TG: Triglycerides; TC: Total cholesterol; HDL-C: High density lipoprotein
cholesterol.

data to maintain accuracy. SPSS 16.0 statistical software
was used for the data analysis. Continuous variables are
expressed as mean ± SD, and intergroup comparisons
were performed using the t-test. Categorical variables
were analysed using the χ 2 test. The risk factors that
might affect gallstone formation were first identified in
a single-factor analysis of variance; significant variables
were assessed via multivariate logistic regression. The
independent variables were selected using the stepwise
Wald forward method (the probability of inclusion of
independent variables in the model was 0.05, and the
exclusion probability was 0.1). The significant level of α
was set at 0.05. The assignments of specific variables are
shown in Table 1.

RESULTS
Prevalence of gallstones
Among the 9455 cases, the prevalence of gallstones
was 13.11% (1240/9455) in the general population,
11.64% (956/8213) in the Han population, and 22.87%
(284/1242) in the Uighur population. The prevalence
of gallstones in the Uighur population was significantly
higher than that in the Han population (χ 2 = 119.32, P
= 0.00). A stratified comparative analysis of gender and
age between the two ethnic groups revealed that, when
stratified by age, the gallstone prevalence in the Uighur
population was higher than that in the Han population
(χ 2 = 33.95, P = 0.00; χ 2 = 74.68, P = 0.00); likewise,
when stratified by gender, the gallstone prevalence in the
Uighur population was higher than that in the Han population (χ 2 = 44.83, P = 0.00; χ 2 = 84.51, P = 0.00). The
detailed results are shown in Table 2.
Analysis of general characteristics of gallstones in the
two ethnic groups
The general information about the gallstone group (GST)
and the non-gallstone group (control) is shown in Table
3. Compared with the control group, patients in the GST
group: (1) were older, with a higher body-mass index
(BMI); (2) exhibited obvious lipid dysbolism: increased
TG, and lower HDL; and (3) were more likely to have
hypertension, diabetes and fatty liver. Further analysis
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8.24% (280/3396)
18.44% (328/1779)
5.45% (120/22320)
28.29% (228/806)
7.11% (400/5628)
21.51% (556/2585)
11.75% (608/5175)
11.45% (348/3038)
13.96% (68/487)
30.67% (92/300)
11.58% (36/311)
61.11% (88/144)
13.03% (104/798)
40.54% (180/444)
20.33% (160/787)
27.25% (124/455)

χ

2

P value

117.02

0.00

306.52

0.00

357.22

0.00

0.16

0.69

31.98

0.00

121.82

0.00

122.42

0.00

7.83

0.01

regarding ethnic stratification revealed that in the Uighur
group: (1) in addition to the dysbolism of TG and HDL,
TC was also increased; and (2) the rate of diabetes in the
GST group was similar to that in the control group. Further comparative analysis of intergroup characteristics
between the Uighur group and the Han group suggested
that, compared with the Han patients, the Uighur patients
were older, with a higher BMI, and a higher rate of fatty
liver association; the concentrations of TC and LDL in
the lipid metabolism were significantly higher than those
in Han patients. The rates of female patients and fatty
liver were also higher. The incidence of hypertension was
lower than that in Han patients. There was no difference
in TG or HDL between the Uighur group and the Han
group (Table 4).
Logistic regression analysis of risk factors for
gallstones in the Uighur and Han populations
The presence of gallstones or not was set as the dependent variable, age and BMI were set as the continuous
variables, while the other variables such as ethnic group,
gender, TG, TC, LDL, HDL, hypertension, diabetes and
fatty liver were set as the categorical variables. The significant variables obtained in Tables 1-3 were set as the
independent variables and put into the logistic regression
model. This revealed that, in the general population, nationality, TG, BMI and age were the risk factors for gallstones. The odds ratios (ORs) were 2.09, 1.36, 1.07 and
1.06, respectively. In other words, under the premise that
the other factors were constant, the gallstone prevalence
in the Uighur population was 2.09-fold higher than that
in the Han population. The prevalence of gallstones in
hypertriglyceridaemia patients was 1.36-fold higher than
that in the normal group. In terms of BMI, each additional 1 kg/m2 increased the risk of developing gallstones
by 1.07-fold. Each additional year of age increased the
risk of developing gallstones by 1.06-fold (Table 5).
The significant independent variables in the single
factor analysis in Tables 1-3 were also put into a logistic
regression model, and the results suggested that gender,
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Table 3 Analysis of general data in gallstone group and controls based on different ethnic groups

Sum
(9455)

Age

BMI

TG

TC

LDL

HDL

54.65 ± 12.98

26.41 ± 3.64

46.13%

7.74%

33.55%

2.02 ± 1.35

4.89 ± 0.90

2.79 ± 0.76

1.28 ± 0.31

Control group (8215) 44.21 ± 12.57
27.14
P
0.00
GST (956)
55.07 ± 13.65

24.77 ± 3.62
14.87
0.00
26.00 ± 3.53

34.16%
67.25
0.00
44.35%

3.70%
43.43
0.00
8.37%

24.25%
49.09
0.00
35.15%

1.79 ± 1.52
5.05
0.00
2.03 ± 1.21

4.84 ± 1.02
1.70
0.09
4.84 ± 0.86

2.81 ± 1.57
0.53
0.59
2.72 ± 0.75

1.34 ± 0.41
4.50
0.00
1.29 ± 0.33

Control group (7257) 44.21 ± 12.69
23.31
P
0.00
GST (284)
53.23 ± 10.29

24.60 ± 3.42
11.84
0.00
27.80 ± 3.68

33.82%
41.19
0.00
47.89%

3.47%
52.20
0.00
5.63%

24.75%
47.52
0.00
28.17%

1.80 ± 1.53
4.53
0.00
2.00 ± 1.76

4.84 ± 1.00
0.03
0.97
5.05 ± 1.00

2.80 ± 1.64
1.49
0.14
3.01 ± 0.77

1.34 ± 0.42
3.99
0.00
1.26 ± 0.24

Control group (958)

26.09 ± 4.62
6.49
0.00

36.74%
11.41
0.00

5.43%
0.02
0.89

20.46%
7.53
0.01

1.77 ± 1.42
2.29
0.02

4.86 ± 1.09
2.70
0.01

2.89 ± 0.88
1.30
0.20

1.29 ± 0.37
2.40
0.03

GST (1240)

2
χ or t

Han
(8213)

2
χ or t

Uighur
(1242)

2
χ or t

P

44.18 ± 11.67
12.60
0.00

Fatty liver Debates Hypertension

BMI: Body-mass index; TG: Triglycerides; TC: Total cholesterol; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; GST: Gallstone.

Table 4 Analysis of general data in Han and Uygur patients
with gallstones
2

Uighur (n = 284) Han (n = 956) χ or t

Item
Age
BMI
TG
TC
LDL
HDL
Fatty liver
Diabetes
Hypertension
Female/male

55.07 ± 13.65
27.80 ± 3.68
2.00 ± 1.76
5.05 ± 1.00
3.01 ± 0.77
1.26 ± 0.24
52.11%
5.63%
28.17%
43.66%

53.23 ± 10.29
26.00 ± 3.53
2.03 ± 1.21
4.84 ± 0.86
2.72 ± 0.75
1.29 ± 0.33
44.35%
8.37%
35.15%
36.40%

7.47
2.44
0.30
3.49
5.75
1.34
5.31
2.92
4.78
4.90

Table 5 Non-conditional logistic regression analysis for
gallstones

P value

Variable

b

SE

P value

OR

95%CI

0.00
0.02
0.76
0.00
0.00
0.18
0.02
0.13
0.03
0.03

Ethnicity
TG
BMI
Age

0.74
0.31
0.07
0.06

0.08
0.07
0.00
0.00

0.00
0.00
0.00
0.00

2.09
1.36
1.07
1.06

1.77-2.46
1.19-1.55
1.06-1.09
1.06-1.07

BMI: Body-mass index; TG: Triglycerides.

BMI: Body-mass index; TG: Triglycerides; TC: Total cholesterol; LDL:
Low-density lipoprotein; HDL: High-density lipoprotein.

fatty liver, TC and age were risk factors in the Uighur
group, while HDL, TG, BMI and age were risk factors in
the Han group (Table 6).

DISCUSSION
Seventy-five percent of gallstone cases are asymptomatic,
whereas in the other 25% the symptoms seriously affect
quality of life due to biliary pain, acute cholecystitis and
acute cholangitis caused by gallstones. The prevalence of
gallstones differs by region and ethnicity, at 5.9%-21.9%
in Western countries, 5.9%-21.9% in Asian countries[7],
about 70% in north American Indians[8], and less than
5% in Africans[7]. In China, the prevalence of gallstones
is out of date and inaccurate[3]. Epidemiological surveys
showed that the prevalence of gallstones varied from
4.2% to 12.1% in different regions of China[9-12]. The
differences in prevalence may be due to the inclusion of
different standards (including cholecystectomy for gallstones or not) and regional factors. Overall, the domestic
gallstone prevalence was reported to be close to that of
Japan and Taiwan[13,14]. Xinjiang is located in northwest
of China. The economy in Xinjiang is underdeveloped,
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but the prevalence of gallstone disease, which is believed
to be more common in middle-to-high income classes, is
higher (11.1%-15.5%) in Xinjiang than in other regions
of China. Meanwhile, the prevalence of gallstones is significantly higher in Uighur people than in the Han population[5,6,15], which are the main two ethnic groups living in
Xinjiang. Our results also revealed that the prevalence of
gallstones in the Uighur population is significantly higher
than that in the Han population, not only in different age
groups but also in different gender groups.
First, these differences may be attributed to the
different dietary habits and living habits of these two
groups. The food habits of the Uighur people are more
westernized: high fat, high sugar, high proteins such as
honey, cheese, raisins, dried apricots, milky tea, walnuts
and other products, and low consumption of vegetables,
fish and seafood. Second, the different gallstone types
contributed to the difference in prevalence. According to
the clinical data, cholesterol stones were the main type of
gallstones and most were found inside the gallbladder in
the Uighur group, while pigment stones were the most
common type in the Han group and were often found
inside the intrahepatic bile duct[16]. Third, different pathogenic conditions may be involved: metabolic factors are
the main cause of cholesterol stones, while bile pigment
stones are mainly associated with bacterial and parasitic
infections of the biliary tract, bile duct stricture, cholestasis and other factors[13,14,17,18]. Lastly, ethnicity itself could
be a contributing factor. This should be confirmed by genetic studies or epidemiological investigations of a larger
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Table 6 Non-conditional logistic regression analysis in
different ethnic groups

Uighur

Han

Variable

b

SE

P value

OR

95%CI

Gender
Fatty liver
TC
Age
HDL
TG
BMI
Age

0.80
0.48
0.31
0.07
0.29
0.28
0.08
0.06

0.15
0.15
0.15
0.01
0.09
0.08
0.01
0.00

0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.00

2.21
1.62
1.37
1.07
1.34
1.33
1.09
1.06

1.64-2.99
1.21-2.17
1.02-1.83
1.06-1.09
1.12-1.59
1.15-1.54
1.06-1.11
1.06-1.07

BMI: Body-mass index; TG: Triglycerides; TC: Total cholesterol; HDL:
High-density lipoprotein.

sample.
In addition to the ethnicity, the other risk factors are
not all the same between the Uighur and Han groups.
Age was a risk factor in both groups. The relationship between age and gallstones has been demonstrated among
different ethnic groups[14,19]. As age increased, the risk of
gallstones in the Uighur and Han groups increased, with
ORs of 1.07 and 1.06, respectively. Furthermore, when
using 50 years old as a cut-off, the risk of gallstones in
the over-50s was 3.02-3.11-fold higher than that in those
under 50 years old, which was consistent with studies by
Shaffer[20] and Liu et al[21]. Shaffer reported that the prevalence of gallstones in the over 40s was 4-10 times higher
than that in those under 40 years old. Liu et al’s findings confirmed that age was a risk factor for gallstones:
the older the age, the greater the risk of developing
gallstones. Possible reasons could be that: (1) as age increased, the incidence of metabolic syndrome increased,
and metabolic syndrome is closely related to the occurrence of gallstones[11]; (2) a long-term sedentary lifestyle,
as well as older people’s long-term exposure to risk factors, might lead to a higher prevalence of gallstones[22,23];
and (3) gallstones are a chronic disease, and thus their
prevalence would increase with increasing age[24].
The relationship between gender and gallstones remains controversial[8,14,25,26]. Gender was a risk factor in
the Uighur group but not the Han group. The difference in gallstone types between the two groups was one
possible cause of this phenomenon. Gender was more
closely associated with cholesterol stones. A number of
Western studies (in which cholesterol stones were the
main stone type) confirmed that women were more susceptible to gallstones due to oestrogen as an obvious risk
factor[27], with the ratio of male to female cases being 1:2
to 1:3[20,21,28,29]. Studies from Taiwan[26] and Sichuang[11]
also confirmed this conclusion. However, most studies
among Asian patients (bile stones as the main stone type)
have failed to identify a gender-related difference[9,24].
The effects of gender on the occurrence of gallstones
also interacted with age. Among those ≤ 50 years old,
the prevalence of gallstones in men was higher than that
in women, while in those > 50 years old, gallstones were
more common in women than in men[21]. Our findings in
the Uighur and Han population > 50 years old were more
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consistent with the findings of this study, but among the
population ≤ 50 years old, the prevalence in females was
equal to or a little less than that in males. Within any age
range, the prevalence of gallstones was higher in Uighur
women than in Han women. Some studies found that the
impact of gender on gallstones was limited by age[9,30],
while other studies demonstrated that postmenopausal
women exhibited a higher prevalence of gallstones.
Before the menopause, the prevalence of gallstones in
women was higher than that in men[18,21], suggesting that
the menopause is a risk factor for gallstones[18]. Our study
confirmed that the impact of gender on gallstones depends on ethnicity and age. Menopause might be a cause
of gallstones in women > 50 years old and oestrogen levels may influence the occurrence of gallstones in women
≤ 50 years old. Uighur women may suffer from a higher
gallstone prevalence than Han women due to multiple
pregnancies, their younger child-bearing age and earlier
age at menarche.
Obesity is closely associated with the incidence of
gallstones, which may occur in up to 25% of the severely
obese[31]. The relationship between obesity and gallstones
is not associated with age[32,33], but might be associated
with gender. Different levels of obesity exhibit different
degrees of risk for gallstones. The risks of gallstones in
overweight, moderate obesity and severe obesity were
1.46, 1.83 and 3.10 times higher than in normal weight or
underweight, respectively, and the risk in women was 2.73,
5.75 and 7.71 times higher, respectively[34]. The impact
of obesity is higher in women than in men, and the risk
in women with a BMI ≥ 32 kg/m2 was 6.0 times that in
normal/underweight women[25]. Our study also found
that obesity was a risk factor for gallstones and had the
most impact on female patients in both ethnic groups.
Setting BMI ≥ 25 kg/m2 as the cut-off to distinguish the
obese group and the normal group, the risk of gallstones
in the obese males and females was 1.43 and 4.07 times
higher, respectively, in the Uighur population and 1.63
and 2.56 times higher in the Han population (results not
shown). However, when BMI was set as a continuous
variable and put into the logistic regression, it was not an
independent risk factor in the Uighur group. Reasons for
this may be as follows: (1) the Uighur population had a
higher obesity rate. Liu et al[35] and Zhou et al[36] conducted
an epidemiological survey of overweight and obese adult
Han, Uighur and Kazak people in Xinjiang. The results
revealed that the prevalence of obesity was higher in men
than in women, and higher in the Uighur population than
in the Han population; and (2) the confounding effect
of obesity on different genders and the effect of gender
itself on gallstones precluded the inclusion of obesity in
the regression model. The possible mechanism of obesity
in the formation of gallstones might be associated with
the activities of the rate-limiting enzyme of cholesterol
synthesis (liver enzymes, HMG-CoA), which increase the
synthesis of hepatic cholesterol, and promote cholesterol
supersaturation and secretion into the bile duct, while
inhibiting peristalsis of the bile duct, thus contributing to
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gallstone formation[37].
Lipid dysbolism is the chemical basis of gallstone
occurrence. A number of clinical cases and comparative
control studies confirmed that gallstones are normally
accompanied by lipid dysbolism, and the prevalence of
gallstones in patients with hyperlipidemia increased. Our
study also confirmed that, compared with non-gallstone
patients, gallstone patients had higher levels of triglycerides (2.02 ± 1.35 vs 1.80 ± 1.53) and lower levels of HDL
(1.28 ± 0.31 vs 1.34 ± 0.41), which were consistent with
Shebl et al[38], Petitti et al[39], Ahlberg[40], Banim et al[41] and
other studies. The trend for gallstones due to dyslipidaemia might be due to the high level of triglycerides that
would lead to cholesterol supersaturation and reduced
biliary power, thus contributing to gallstone formation[42].
The high level of triglycerides could also reduce the activities of phospholipid transfer protein and haptoglobin,
thus affecting the lipoprotein reverse metabolic process
through which LDL could be transformed into HDL[42].
In addition, high triglycerides are often associated with
obesity and insulin resistance[43], which could also promote the formation of gallstones. HDL is mainly responsible for regulating the reverse transportation of cholesterol, and it could reduce the occurrence of gallstones
from the mechanism of action[10]. During circulation,
reduced HDL concentrations could inhibit the reverse
transportation of cholesterol, thus increasing the secretion of hepatic cholesterol, while reducing the secretion
of bile salts and phospholipids[23]. Our results confirmed
that a reduction in HDL might promote gallstone formation. This is consistent with a number of studies[1,28,38,42],
although other studies reported that there was no correlation between HDL and gallstones[44]. Besides the lipid
dysbolism mentioned above, hypercholesterolaemia is
also one of the main types in Uighur patients. Dietary
habits may be the key reason for this lipid dysbolism. The
serum cholesterol metabolism can be divided into the
exogenous metabolism and the endogenous metabolism.
The exogenous metabolism mainly involves food intake,
and animal experiments have confirmed this[45]. Indeed,
a high cholesterol diet is often used in animal models
to induce gallstones. Following a high-cholesterol diet,
the concentration of plasma cholecystokinin could be
significantly reduced, resulting in dysfunction of gallbladder motility and thus promoting gallstone formation.
The endogenous metabolism mainly involves the hepatic
metabolism. When cholesterol levels within the blood
increase, it can be transported and secreted into the bile
through the liver cell membrane, increasing the concentration of bile cholesterol and resulting in an imbalance
of bile cholesterol/bile acid. The cholesterol would thus
crystallize and form a gallstone.
Numerous studies have confirmed that fatty liver is
closely associated with gallstones. The incidence of gallstones was significantly higher in fatty liver patients than
in the normal population, especially in those with nonalcoholic steatohepatitis[46,47]. An epidemiological survey
of 14760 cases showed that in the Urumqi region of
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Xinjiang[48], 17.33% of fatty liver patients had gallstones,
compared with 9.21% of the non-fatty liver group. Our
results showed a similar pattern (16.93% vs 10.99%), and
the difference was much more obvious in the Uighur
population (14.73% vs 9.97% in the Han population,
29.65% vs 18.33% in the Uighur population, respectively)
and in women (26.52% vs 10.20% in women, 14.39% vs
11.66% in men, respectively). These data are not presented in the Results section. The detection rate of fatty liver
was higher in women[49,50]. The common risk factors for
fatty liver and gallstones are age, obesity, metabolic syndrome, insulin resistance and hyperlipidaemia[28,51]. The
main pathological process of fatty liver involves the infiltration and accumulation of a large number of fat cells
inside the liver cells, resulting in liver ischaemia, degeneration, necrosis and cirrhosis. Liver function is thus damaged, leading to a reduction in the synthesis of bile acids
and phospholipids in the liver, and in turn, a deficiency
of cholinergic and non-saturated fatty acids. At the same
time, the fatty liver combined with dyslipidaemia would
promote the supersaturation of cholesterol in the bile,
and these three factors would work together to accelerate
the formation of gallstones[47,52,53].
This single-centre study confirmed that, among the
overall population, the prevalence of gallstones was
13.11%, with the Uygur population having a higher
prevalence than the Han. The risk factors differed between the Uighur and Han populations. After eliminating
the only common factor (age), the risk factors in the Han
population included BMI, TG and HDL, while those
in the Uighur population included TC, gender and fatty
liver. A further comparative analysis of general characteristics of the Han and Uighur populations revealed that
the Uighur patients were older than the Han, with higher
levels of BMI, more women and fatty liver, a higher LDL
rate and a higher TC rate, while the incidence of hypertension was lower than in the Han population.
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RESULTS: Compared to the control group, the T2DM/
NAFLD group had increased levels of glucolipid and decreased levels of insulin. Plasma glucose and lipid levels
were decreased in the gAd-treated group, while serum
insulin levels increased. The expression of insulin receptor in the T2DM/NAFLD group increased compared
with the NC group, and gAd downregulated insulin
receptor expression in the livers of T2DM/NAFLD rats.
Steatosis of the liver was alleviated in the gAd-treated
group compared to the T2DM/NAFLD group (NAS 1.39
± 0.51 vs 1.92 ± 0.51, P < 0.05).
CONCLUSION: Globular adiponectin exerts beneficial
effects in T2DM rats with NAFLD by promoting insulin
secretion, mediating glucolipid metabolism, regulating
insulin receptor expression and alleviating hepatic steatosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To explore the therapeutic role of globular adiponectin (gAd) in high-fat diet/streptozotocin (STZ)induced type 2 diabetic rats with nonalcoholic fatty liver
disease (NAFLD).
METHODS: Seven rats were fed a basic diet (normal
control group; NC) during the experiment. Experimental
rats (14 rats) were given a high-fat diet for 4 wk and
were then injected with STZ to induce type 2 diabetes
mellitus (T2DM) and NAFLD. Half of the T2DM/NAFLD
rats were randomly injected intraperitoneally with gAd
for 7 d (gAd-treated group), while the other 7 rats
(T2DM/NAFLD group) received 0.9% saline. Plasma
biochemical parameters and insulin concentrations
were measured. Liver histopathology was examined

WJG|www.wjgnet.com

by hematoxylin-eosin staining. Insulin receptor expression in the liver was analyzed by immunohistochemical
staining, Western blot and quantitative real-time reverse transcription polymerase chain reaction analysis.

Key words: Adiponectin; Insulin secretion; Insulin receptor; Steatosis
Core tip: Nonalcoholic fatty liver disease (NAFLD) is
the most common cause of chronic liver disease and
is closely associated with obesity and type 2 diabetes
mellitus (T2DM). Adiponectin is a fat-derived hormone
with anti-diabetic properties, and evidence indicates
that adiponectin plays a protective role in NAFLD. Our
study focused on the beneficial roles of adiponectin in
T2DM rats with NAFLD as a potential therapeutic target. The findings demonstrated that adiponectin exerts
its beneficial effects in T2DM rats with NAFLD by promoting insulin secretion, mediating glucolipid metabolism, regulating insulin receptor expression and alleviat-
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ing hepatic steatosis.
Ma H, Cui F, Dong JJ, You GP, Yang XJ, Lu HD, Huang YL.
Therapeutic effects of globular adiponectin in diabetic rats with
nonalcoholic fatty liver disease. World J Gastroenterol 2014;
20(40): 14950-14957 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14950.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14950

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
cause of chronic liver disease and is strongly associated
with type 2 diabetes mellitus (T2DM)[1]. The prevalence
of NAFLD has been estimated at approximately 70%
in people with T2DM by ultrasound techniques, which
have a low sensitivity for detecting NAFLD at steatosis
levels below 33%[2,3]. NAFLD has been recognized as a
common complication in patients with T2DM[4]. Traditionally, patients with NAFLD were treated by hepatologists; however, NAFLD has become a medical concern
for endocrinologists because most T2DM patients have
NAFLD. Therefore, NAFLD may be a new target for
T2DM prevention and treatment[5].
Both T2DM and NAFLD are closely associated with
obesity[6,7]. Adiponectin secreted from adipose tissue acts
as an anti-diabetic adipocytokine[8], exerting its biological
effects by binding to its receptors. Additionally, a recent
study showed that plasma adiponectin was signiﬁcantly
lower in NAFLD patients than in controls, which demonstrated a role for low circulating adiponectin in the
pathogenesis of NAFLD[9]. Moreover, increased levels
of adiponectin are observed when patients are treated
for NAFLD through diet interventions and pharmacotherapy[10,11]. These data suggest that adiponectin may
contribute to the maintenance of liver integrity and may
be a potential therapeutic target in NAFLD.
To explore the therapeutic role of globular adiponectin (gAd) in HFD/STZ-induced type 2 diabetic rats with
NAFLD, we examined the biochemical parameters of
glucolipid metabolism in the plasma, plasma insulin levels
and the expression of insulin receptor in the liver, and we
further analyzed liver histopathology upon replenishment
of gAd.

MATERIALS AND METHODS
Animals
All the procedures involving animals were conducted
in accordance with the ethical principles adopted by the
Animal Experimental Center of Xiamen University and
were approved by the Ethics Committee on Animal Experiments at Xiamen University. Twenty-one adult male
Wistar rats (6-wk-old, body weight 160-210 g) (Shanghai
Slac Laboratory Animal Co. Ltd) were transferred to
the Animal Experimental Center of Xiamen University,
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where they were housed in individual cages maintained
under ambient temperature (25 ℃ ± 2 ℃) with a 12/12
h light/dark cycle and ad libitum access to water and
food. The rats were randomly assigned to three groups:
an NC group, comprising normal control rats (n = 7); a
T2DM/NAFLD group, comprising type 2 diabetic rats
with NAFLD (n = 7); and a gAd-treated group, comprising type 2 diabetic rats with NAFLD that were treated
with gAd (n = 7).
After a week of acclimation, the T2DM rats were administered a high-fat diet (containing 10% fat, 10% carbohydrate, 5% cholesterol and 75% basic diet) for 4 wk
combined with a single intraperitoneal injection of lowdose STZ (STZ 28 mg/kg; Sigma, St. Louis, MO, United
States) in 0.1 mol/L citrate buffer (pH 4.2), while the
normal control rats were fed the basic diet and received
citrate buffer alone. Seventy-two hours post-injection,
random non-fasting blood glucose was measured from
tail snips using a portable glucometer. Diabetes was
determined by the presence of hyperglycemia (random
non-fasting glucose level > 16.7 mmol/l). Low-dose
STZ has been known to induce mild impairment in insulin secretion, which is similar to what is observed in the
later stages of T2DM. Subsequent liver histological evaluation indicated that the T2DM rats also suffered from
NAFLD. Then, seven T2DM rats with NAFLD were
randomly selected for the gAd-treatment group, and each
rat was injected intraperitoneally with 3.5 μg gAd (BioVision, CA, United States) daily for 7 d, while the NC (n =
7) and T2DM/NAFLD (n = 7) groups received an equal
volume of 0.9% saline. During the experimental period,
the NC rats were fed the basic diet, while the T2DM/
NAFLD group and the gAd-treated group were fed the
high-fat diet.
At the end of the experiment, blood samples were
collected from the heart and were centrifuged at 3000 g
for 15 min to separate the plasma for use in assays. Some
liver tissues were harvested, frozen in liquid nitrogen and
subsequently stored at -80 ℃ until required. Other liver
tissues were fixed in 10% neutral formaldehyde for paraffin sectioning.
Detection of plasma biochemical parameters and insulin
levels
To confirm diabetes, random non-fasting blood glucose
levels were measured using a glucometer (Johnson, New
Jersey, United States) based on the glucose oxidase method. Fasting plasma glucose, total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) were
measured using commercial assay kits (Nanjing Jiancheng
Bioengineering Institute, Jiangsu, China) according to the
manufacturer’s instructions. Fasting plasma insulin levels
were measured by ELISA using commercial kits (EMD
Millipore Corporation, Billerica, MA, United States).
Histopathological and immunohistochemical analyses
Formalin-fixed paraffin-embedded sections (5 µm) were
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used for hematoxylin-eosin (HE) staining. Liver tissues
from all rats were subjected to routine histological examination. Histopathological grading and staging of the
NAFLD biopsies were performed by two liver pathologists using Brunt’s criteria. In this study, 14 rats fed a
high-fat diet were diagnosed with simple steatosis by histology.
Immunohistochemical staining for insulin receptor
was performed on additional histological sections of liver
tissues. Serial sections of 5-µm thickness were cut from
paraffin-embedded tissue blocks and floated onto glass
slides. After drying overnight at 65 ℃, the sections were
deparaffinized and hydrated, and endogenous peroxidase
activity was inactivated with 0.3% hydrogen peroxide.
For antigen retrieval, the slides were immersed in citrate
buffer (0.01 mol/L, pH 6.0) at 95 ℃ for 20 min, cooled
to room temperature and blocked with 10% goat serum
in PBS for 20 min. The specimens were incubated with
primary mouse anti-insulin receptor antibody (1:1000
dilution; Abcam, Cambridge, United States) overnight
at 4 ℃. On the second day, after washing in PBS (3 min
× 5 min), the tissues were incubated with HRP-polymer
secondary antibody (Max Vision™ HRP-polymer antimouse/rabbit IHC kit) for 20 min at room temperature
and were then visualized using diaminobenzidine substrate. A negative control was performed by omitting
the primary antibody. The immunostaining results were
evaluated and scored independently by two pathologists
under double blind conditions.
The intensity of staining was evaluated semi-quantitatively in 10 random microscopic fields with more than
200 cells per field. The scoring criteria were based on
the percentage of positive areas (no positive staining was
scored as 0 points, less than 25% as 1 point, 25%-50%
as 2 points, 51%-75% as 3 points and more than 75% as
4 points) multiplied by the staining intensity (1-4, representing weak, moderate, strong and very strong staining,
respectively).
Western blot analysis
Total protein was extracted from liver tissue using a protein extraction kit (Applygen Technologies Inc., Beijing,
China) according to the manufacturer’s protocol. Total
protein levels were determined by the bicinchoninic acid
(BCA) method (Applygen Technologies Inc., Beijing,
China). Equal amounts of the protein samples were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and electro-transferred
to PVDF membranes. The membranes were incubated
overnight with anti-GAPDH antibody (1:1000 dilution;
Good Here, Hangzhou, China) and mouse anti-insulin
receptor antibody (1:1000 dilution; Abcam, Cambridge,
MA, United States) followed by incubation with horseradish peroxidase HRP)-conjugated rabbit anti-mouse
IgG (1:5000 dilution; Multi Sciences Biotech Co., Hangzhou, China) for 1 h. Peroxidase activity was detected
with the Super ECL Plus Detection Reagent (Applygen
Technologies Inc., Beijing, China).
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Quantitative real-time reverse transcription polymerase
chain reaction analysis
Total RNA was extracted from liver tissue using TRIzol
Reagent (Invitrogen, San Diego, CA, United States). All
samples were dissolved in nuclease-free water, and the
concentrations of total RNA were measured by absorbance at 260/280 nm. The reverse transcription (RT)
reaction for first-strand cDNA synthesis was carried
out with reverse transcriptase (Bio-Rad, Hercules, CA,
United States) using 2 µg of total RNA. Real-time polymerase chain reaction (PCR) was performed on a 7500
Real-time PCR System (ABI Applied Biosystems) using
Power SYBR Green PCR Master Mix. The sequences of
the primers used are as follows: insulin receptor, forward
5’- TGAAAAGTCACCTCCGTTCTCT-3’ and reverse
5’-CTCTCGTCATTCCAAAGTCTCC-3’; β-actin, forward 5’-GTAGCCATCCAGGCTGTGTT-3’ and reverse
5’-AACACAGCCTGGATGGCTAC-3’. The cycling
conditions were as follows: 12 min at 95 ℃ followed by
40 cycles of 15 s at 95 ℃ and 1 min at 60 ℃. A melting
curve analysis was used to confirm the specificity of the
PCR product, which was demonstrated as a single peak
(data not shown). The expression of β-actin served as the
internal control. Every sample was analyzed in triplicate.
A comparative C (T) method reported previously [analyzing real-time PCR data by the comparative C (T) method]
was used for analyzing the real-time PCR data.
Statistical analysis
The results are expressed as mean ± SD. Significant differences were determined by one-way ANOVA. P < 0.05
was considered statistically significant. SPSS 13.0 for
Windows was used for statistical analyses.

RESULTS
Liver histological evaluation
HE staining of liver specimens from the rats fed a highfat diet revealed steatosis, which indicated that the T2DM
rats also suffered from NAFLD. The NAFLD activity
score (NAS) of the T2DM/NAFLD group was 1.92 ±
0.51, which was higher than that of the NC group (0.11
± 0.33) (P < 0.01). The steatosis in the T2DM/NAFLD
group was alleviated by gAd treatment (1.92 ± 0.51 vs 1.39
± 0.51, P < 0.05) (Figure 1).
Effects of gAd on biochemical parameters and insulin
levels of T2DM rats with NAFLD
The results of fasting plasma glucose, insulin, insulin
sensitivity index (ISI), TC, TG, HDL-C and LDL-C are
summarized in Table 1. The glucose level of the T2DM/
NAFLD group was markedly higher than that of the NC
group (P < 0.01). The glucose level of the gAd-treated
group was decreased compared with that of the T2DM/
NAFLD group (P < 0.01). Fasting insulin and the ISI
were significantly decreased in the T2DM/NAFLD
group compared with the NC group (P < 0.01). The
insulin level of the gAd-treated group was significantly
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A

B

C

Figure 1 Changes in hepatic histology. A: Normal control group; B: Type 2 diabetes mellitus/nonalcoholic fatty liver disease group; C: Globular adiponectin-treated
group (hematoxylin-eosin staining, × 200).

Table 1 Biochemical parameters and insulin levels of rats (mean ± SD)

Fasting glucose (mmol/L)
Fasting insulin (mIU/L)
ISI®
TC (mmol/L)
TG (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)

NC group

T2DM/NAFLD group

gAd-treated group

(n = 7)

(n = 7)

(n = 7)

7.1 ± 0.8
26.2 ± 9.5
-5.0 ± 0.2
2.6 ± 0.2
1.3 ± 0.1
1.0 ± 0.1
1.8 ± 0.4

b

20.9 ± 1.9d
18.0 ± 3.2c
-5.9 ± 0.2
6.0 ± 0.8c
1.4 ± 0.2c
1.6 ± 0.2c
0.9 ± 0.2

24.8 ± 1.3
12.8 ± 1.8b
-6.1 ± 0.3b
6.8 ± 0.8b
1.8 ± 0.2b
1.9 ± 0.3b
0.9 ± 0.2b

ISI: Insulin sensitivity index®, ®indicates the natural logarithm of the original data. bP < 0.01 vs the NC
group. cP < 0.05, dP < 0.01 vs the T2DM/NAFLD group. NC: Normal control; T2DM: Type 2 diabetes mellitus; NAFLD: Nonalcoholic fatty liver disease; TC: Total cholesterol; TG: Triglyceride; HDL-C: Highdensity lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

increased compared with that of the T2DM/NAFLD
group (P < 0.05). Meanwhile, the ISI of the gAd-treated
group showed a slight improvement over that of the
T2DM/NAFLD group, although this was not statistically
significant (P > 0.05). In addition, rats in the T2DM/
NAFLD group had increased levels of TC, TG and
LDL-C and decreased levels of HDL-C compared with
rats in the NC group (P < 0.01). The concentrations of
TC, TG and LDL-C in the gAd-treated group were lower
than those in the T2DM/NAFLD group (P < 0.05). In
particular, the concentration of TG decreased to nearly
normal levels. No change was found in the HDL-C levels
between the T2DM/NAFLD and gAd-treated groups (P
> 0.05).
Effects of gAd on insulin receptor protein expression in
liver tissue
Immunohistochemical staining revealed that insulin
receptor protein was expressed on the cell membrane
in liver tissues (Figure 2). The relative expression levels
of insulin receptor were evaluated by positive staining.
The expression of insulin receptor in the livers of the
T2DM/NAFLD group was increased compared to that
in the livers of the NC group (8.25 ± 1.5 vs 3.5 ± 1, P <
0.01). Conversely, insulin receptor expression was significantly decreased in the gAd-treated group compared to
that in the T2DM/NAFLD group (5.5 ± 1 vs 8.25 ± 1.5,
P < 0.05).
In each of the three groups, the results of insulin
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receptor protein expression obtained by immunohistochemical staining were identical to those obtained by
Western blot. The expression level of insulin receptor
was 1.5-fold higher in the T2DM/NAFLD group than
in the NC group based on Western blot (P < 0.01), and it
was reduced by 51% in the gAd-treated group compared
with the T2DM/NAFLD group (P < 0.01) (Figure 3).
Effects of gAd on mRNA expression of insulin receptor
in liver tissue
Based on RT-PCR analysis, the expression of insulin
receptor mRNA was 2.8-fold higher in the T2DM/
NAFLD group than in the NC group (P < 0.01), and it
was decreased by 24% in the gAd-treated group compared to the T2DM/NAFLD group (P < 0.01) (Table 2,
Figure 4).

DISCUSSION
The results of many epidemiological and clinical translational studies have led to an increased awareness of the
tight link between NAFLD and T2DM. Approximately
70% of patients with T2DM are estimated to have
NAFLD based on ultrasound examinations, which have
a low sensitivity for detecting NAFLD at steatosis levels
below 33%. However, the association of T2DM with
NAFLD is likely to be less well known to physicians, and
it is therefore important for endocrinologists to be aware
of the high likelihood that patients with T2DM will also
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Figure 2 Immunohistochemical staining for insulin receptor in liver tissues. A: Normal control (NC) group; B: Type 2 diabetes mellitus/nonalcoholic fatty liver
disease (T2DM/NAFLD) group; C: Globular adiponectin (gAd)-treated group (× 400); D: Bar graph represents the relative expression levels of insulin receptor (IR) in
the NC, T2DM/NAFLD and gAd-treated groups based on the intensity and extent of staining. The values are depicted as mean ± SD (n = 7). T2DM/NAFLD vs gAdtreated, aP < 0.05, bP < 0.01 vs T2DM/NAFLD.
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Figure 3 Insulin receptor protein expression in rat liver tissues of
each group. A: Insulin receptor (IR) expression was assessed by Western
blot analysis; B: The results are shown as the ratio of IR to glyceraldehyde3-phosphate dehydrogenase (GAPDH) based on densitometry analysis. The
values are expressed as mean ± SD (n = 7). bP < 0.01 vs T2DM/NAFLD. NC:
Normal control; T2DM: Type 2 diabetes mellitus; NAFLD: Nonalcoholic fatty
liver disease; gAd: Globular adiponectin.
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have NAFLD.
Although the exact mechanism of NAFLD in T2DM
remains unclear, evidence indicates that obesity is common in these two diseases. Obesity induces insulin resistance and insulin deficiency, which may be mediated by
adipose tissue inflammation and dysregulated adipokine
production[12]. Adiponectin, which is secreted from adipose tissue, is an anti-diabetic adipocytokine. Current
research shows that plasma adiponectin is decreased in
NAFLD patients[9]. Furthermore, increased serum adiponectin was observed in patients with NAFLD after pharmaceutical treatment, which indicated that adiponectin
may play a hepatoprotective role in NAFLD[13].
In the present study, a T2DM/NAFLD rat model was
developed by the administration of a high-fat diet following a low-dose injection of STZ, which closely mimics
the natural history and metabolic characteristics of late
stage T2DM with relative insulin deficiency in humans.
Subsequent liver histological evaluations revealed steatosis in the rat models, which demonstrated that T2DM
rats also had NAFLD.
Targher et al[14] reported that decreased adiponectin
levels were closely associated with the degree of hepatic
steatosis, necroinflammation and fibrosis in NAFLD
patients. Further, increased adiponectin levels following
pioglitazone treatment or diet interventions were related
to the alleviation of steatosis in NAFLD patients[10,11]. In
our study, gAd treatment directly alleviated steatosis in
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4

-2

Group

IR/b-actin (× 10 )

NC
T2DM/NAFLD
gAd-treated

9.9 ± 1.2
24.9 ± 6.7b
18.8 ± 4.2d

b

P < 0.01 vs the NC group; dP < 0.01 vs the T2DM/NAFLD group. NC:
Normal control; T2DM: Type 2 diabetes mellitus; NAFLD: Nonalcoholic
fatty liver disease; gAd: Globular adiponectin.

Relative IR gene expression
in the liver

Table 2 Insulin receptor mRNA expression in rat liver tissues
of each group (n = 7) (mean ± SD)

3
b
2

1

b

0

liver tissue.
Factors causing NAFLD in T2DM are still poorly
defined; however, they are likely to involve the interplay
of dysfunctional lipid metabolism and disordered glucose
regulation associated with insulin resistance and relative
insulin deficiency. In our study, the ISI in the gAd-treated
group showed a tendency toward improvement, although
this failed to reach statistical significance, possibly due
to the low dose and short course of the gAd treatment.
In addition, the levels of TC, TG and LDL-C were dramatically elevated, while HDL-C levels were decreased
in the T2DM/NAFLD group compared to the normal
control group. Low-dose gAd treatment for 7 d notably
decreased the levels of TC, TG and LDL-C. In particular,
the levels of TG were restored to nearly normal. Higher
fasting glucose concentrations and lower insulin levels
were found in the T2DM/NAFLD group compared with
the normal control group. gAd increased insulin secretion
and decreased glucose levels in the T2DM/NAFLD rats.
Lipotoxicity plays an important role in the development
of NAFLD. Additionally, hyperglycemia is likely to contribute to the development of NAFLD through the exacerbation of hepatic steatosis by increasing hepatic fat synthesis and reducing fat oxidation[15]. Studies have shown
that adiponectin enhances fatty acid oxidation both in
skeletal and cardiac muscle as well as in the liver, thus
reducing the triglyceride content in these tissues[16]. Yamauchi et al[17] found that both isoforms of the adiponectin
receptor could mediate increased AMP-activated protein
kinase (AMPK) phosphorylation and PPARa activity by
adiponectin binding in vitro, thus activating fatty acid oxidation and glucose uptake. Therefore, gAd may protect
the liver from lipid accumulation by increasing insulin secretion and mediating glucolipid metabolism. Rao et al[18]
suggested that adiponectin can increase insulin secretion,
which was in agreement with our findings. Additionally,
evidence has shown that gAd potentiates glucose-induced
insulin secretion in both human pancreatic islets and rat
beta cells via an AMPK-independent pathway[19]. A recent
experiment revealed that adiponectin inhibited apoptosis
and stimulated insulin gene expression and secretion in
pancreatic beta cells[20]. Furthermore, evidence indicates
that both adiponectin receptor 1 (AdipoR1) and adiponectin receptor 2 (AdipoR2) are expressed in human
pancreatic beta cells, potentially linking adiponectin to
pancreatic function[21].
The liver is one of the most important target organs
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NC

T2DM/NAFLD

gAd-treated

Figure 4 Insulin receptor mRNA expression in rat liver tissues of each
group. Insulin receptor (IR) mRNA expression was assessed by RT-PCR
analysis. The results are shown as a ratio of IR to b-actin based on densitometry analysis. The values are expressed as mean ± SD (n = 7). bP < 0.01 vs
T2DM/NAFLD. NC: Normal control; T2DM: Type 2 diabetes mellitus; NAFLD:
Nonalcoholic fatty liver disease; gAd: Globular adiponectin.

of insulin. Insulin acts by binding to insulin receptors
on the target cell surface. Then, many important cellular
signaling cascades are initiated, which finally result in
the regulation of blood glucose levels. Thus, defective
molecules in the insulin signaling pathway, especially abnormalities in the insulin receptor, may be closely related
to the impairment of insulin activity. Hence, the effects
of gAd on insulin receptor expression in liver tissue were
analyzed. The results showed that the expression of insulin receptor was increased in the T2DM/NAFLD group,
and this increase was accompanied by hypoinsulinemia.
It was reported that the combination of lipotoxicity and
glucotoxicity induced by a high-fat diet and streptozotocin injection led to islet beta-cell failure and apoptosis.
This subsequently led to hypoinsulinemia and hyperglycemia[22], which may be the underlying mechanism of
hypoinsulinemia in the T2DM/NAFLD group. Indeed,
hypoinsulinemia progression can be observed clinically
in severe T2DM patients at a late stage of the disease.
Thus, we developed T2DM/NAFLD rats with hypoinsulinemia and hyperglycemia, which closely mimics latestage T2DM. Elevated expression of insulin receptor in
the T2DM/NAFLD group may be due to the negative
feedback effect caused by decreased insulin levels. After
gAd treatment, insulin receptor expression decreased,
and this decrease was accompanied by increased insulin
levels. Marshall et al[23] showed that high insulin concentrations in the media decreased the number of insulin receptors on cultured human lymphocytes in vitro. Furthermore, exposure of isolated rat adipocytes to continuous
hyperinsulinemia led to a dose-dependent loss of insulin
receptors. These results suggested that the plasma insulin
concentration inversely regulated the number of cellular
insulin receptors; therefore, insulin can regulate its own
receptor[24]. However, much work remains to be done to
delineate the exact mechanisms of gAd in the regulation
of insulin function.
In conclusion, gAd augments insulin secretion, mediates the expression of insulin receptor, ameliorates
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glucolipid metabolism and alleviates hepatic steatosis in
HFD/STZ-induced T2DM rats with NAFLD.

2

COMMENTS
COMMENTS
Background

nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic
liver disease and is closely associated with type 2 diabetes mellitus (T2DM).
NAFLD is also associated with an increased risk of all-cause death, which is
likely connected to insulin resistance complications in NAFLD patients. Traditionally, NAFLD patients have been treated by hepatologists; however, NAFLD
has become a medical concern for endocrinologists because most T2DM patients also suffer from NAFLD. Ongoing research efforts toward understanding
the relationship between NAFLD and T2DM have revealed that both T2DM and
NAFLD are closely associated with obesity, and evidence indicates that adiponectin plays a crucial role in NAFLD and T2DM.

3

4
5

Research frontiers

Adiponectin is a hormone secreted by adipocytes that acts as an anti-diabetic
adipocytokine and exerts its biological effects via binding to its receptors. Additionally, a recent study showed that plasma adiponectin was signiﬁcantly
lower in NAFLD patients than in controls, demonstrating a role for low circulating adiponectin in the pathogenesis of NAFLD. Moreover, increased levels of
adiponectin are observed in patients who are treated for NAFLD through diet
interventions and pharmacotherapy. These data suggest possible roles for adiponectin in maintaining liver integrity and as a therapeutic target in NAFLD.

Innovations and breakthroughs

Previous studies have shown that the level of adiponectin increases indirectly
through diet interventions and pharmacotherapy, which are used in the treatment of NAFLD. In this study, rats were injected intraperitoneally with globular
adiponectin (gAd), and the results showed that adiponectin exerted beneficial
effects in T2DM rats with NAFLD by promoting insulin secretion, mediating
glucolipid metabolism, regulating insulin receptor expression and alleviating
hepatic steatosis. Thus, adiponectin may have a potential role in the treatment
of diabetes with NAFLD. Additionally, few studies have focused on the relationship between T2DM and NAFLD, and physicians are not likely to be fully aware
of the association between T2DM and NAFLD. Therefore, this study urges
physicians to be aware of the high likelihood that patients with T2DM also have
NAFLD.

Applications

6
7

8

9

10

The present study shows that adiponectin has anti-diabetic properties, and
evidence indicates that adiponectin plays a protective role in NAFLD. Upon
confirmation of these results, future applications of adiponectin as a treatment
for T2DM with NAFLD may be merited.

11

NAFLD is the most common hepatic dysregulation associated with the growing
epidemic of obesity and is characterized by fat accumulation in the liver. The
histologic spectrum of NAFLD ranges from simple fatty liver (i.e., steatosis) to
severe steatohepatitis (NASH), which can progress to cirrhosis and liver failure.
T2DM is a chronic metabolic disease that affects the ability to convert food into
energy. Adiponectin is a recently described adipokine that has been recognized
as a key regulator of insulin sensitivity, and evidence indicates that adiponectin
has anti-diabetic properties and plays a protective role in NAFLD.

12

Terminology

13

Peer review

In this paper, the authors studied the role of globular adiponectin in an animal
model of diabetes/NAFLD, and used a small number of rats to demonstrate that
globular adiponectin exerts beneficial effects in T2DM rats with NAFLD. In the
study, the authors evaluated the effects of globular adiponectin in diabetic rats
with NAFLD. The major result of this study is that gAd promotes insulin secretion, mediates glucolipid metabolism, regulates insulin receptor expression and
alleviates hepatic steatosis. The details regarding expression changes in insulin
receptor protein and mRNA are very interesting, and the effects of globular adiponectin on fatty acid oxidation should be further discussed.

Mavrogiannaki AN, Migdalis IN. Nonalcoholic Fatty liver
disease, diabetes mellitus and cardiovascular disease: newer
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and 0.382, respectively). Two patterns were generated.
Pattern 1 with four proteins theoretically had a specificity and sensitivity of 100% in distinguishing pancreatic
cancer from healthy individuals, while it was 86.7% and
86.4%, respectively, in the subsequent practical verification. The positive predictive value (PPV) of the model was
86.4%. One of the four proteins was expressed highly in
pancreatic cancer while the other three were expressed
weakly. Pattern 2 consisted of six proteins that showed a
specificity of 70.0% and sensitivity of 77.3% for differentiating malignancy from benign tumors. Its PPV reached
85.0%. Only one of these six proteins showed high expression in the malignant group.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To develop a method to differentiate pancreatic
cancer patients from healthy or benign individuals when
carbohydrate antigen (CA) 19-9 is normal.
METHODS: Forty-one serum samples from patients with
pancreatic lesions and blood samples from 20 healthy
individuals were collected at the first stage of the experiment according to the enrolment criteria. General characteristics and some clinical features were carefully compared to ensure that the results were reasonable. All the
blood samples were analyzed by surface-enhanced laser
desorption/ionization time-of-flight mass spectrometry
(SELDI-TOF-MS) combined with CM10 chips and a related
bioinformatics analysis program to generate diagnostic
models with different proteins. Forty-seven consecutive
samples were tested at the next stage to verify the veracity and efficiency of the models.
RESULTS: The sex, age, and serum CA19-9 levels
among the three groups (malignant, benign, and healthy)
were statistically matched (P values were 0.957, 0.145,
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CONCLUSION: SELDI-TOF-MS may facilitate diagnosis or
differential diagnosis of pancreatic cancer when CA19-9 is
normal. Pattern 1 may serve as a useful screening tool.

Key words: carbohydrate antigen 19-9; Diagnosis;
Pancreatic cancer; Screening; surface-enhanced laser
desorption/ionization time-of-flight mass spectrometry
Core tip: Our study focused on patients with malignant
disease and normal carbohydrate antigen 19-9 levels
who could be easily misdiagnosed clinically. With careful design, our results could provide early diagnostic
models to discriminate cancer patients from healthy
volunteers or people with benign disease, as well as
some potentially important proteins that could serve as
tumor/cancer-specific or -associated antigens in future
clinical studies.

Jin XL, Xu B, Wu YL. Detection of pancreatic cancer with normal
carbohydrate antigen 19-9 using protein chip technology. World J
Gastroenterol 2014; 20(40): 14958-14964 Available from: URL:
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INTRODUCTION
Pancreatic cancer is one of the most life-threatening
malignancies due to its difficulty in early detection[1]. As
a result, a substantial proportion of patients with pancreatic cancer lose their chance of radical cure for advanced
local disease at the time of diagnosis. Because it lacks
specific symptoms, clinical diagnosis usually relies on
biomarkers and techniques such as dynamic computed
tomography and endoscopic ultrasonography[1-5]. Compared with the latter, accurate serological tests are more
acceptable, noninvasive detection techniques for routine
screening and early diagnosis[1-3]. Nowadays, carbohydrate
antigen (CA)19-9 serves as the most widely used biomarker for pancreatic cancer[1,6,7]. However, it is not sufficiently reliable[2,6-8]; many patients with pancreatic cancer
are CA19-9 negative, which makes it more difficult to
distinguish them from healthy individuals or patients with
benign disease through routine serum testing.
In recent years, proteomics has become an efficient method for screening for early diagnostic markers
and potentially therapeutic molecular targets. Surfaceenhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF-MS) combined with
Protein Chip technology provides a fast, sensitive, and
high-throughput method to analyze a large number of
unknown complicated protein samples in a short period
of time[9,10]. SELDI-TOF-MS has been successfully used
in the diagnosis, discrimination, and surveillance of some
common malignant diseases[11-13].
In this study, we aim to provide a noninvasive and
efficient method for screening for pancreatic cancer in
a healthy population or in patients with benign diseases,
by analyzing serum samples with SELDI-TOF-MS combined with Protein Chip technology, when CA19-9 is not
applicable.

MATERIALS AND METHODS
Samples
We enrolled all patients with pancreatic lesions (except
pancreatitis) and normal levels of CA19-9 who were admitted to the Department of Surgery, Second Affiliated
Hospital, Zhejiang University School of Medicine from
January 2008 to December 2010. A serum CA19-9 level
< 37 U/mL was defined as normal, as recommended in
the literature[6,7,14]. With informed consent, we collected
41 serum samples from patients with pancreatic diseases
(23 with cancer and 18 with benign disease), as well as
blood samples from 20 healthy volunteers. Diagnosis was
based on operative biopsies, endoscopic biopsies, or surgical specimens, and was confirmed pathologically by two
pathologists. All serum samples were collected preoperatively in the morning before breakfast. The sera were
kept at room temperature for 1-2 h, centrifuged at 2800
rpm for 10 min, and stored at -80 ℃ for further study.
We then consecutively collected 32 serum samples
from patients who had suspicion of occupying pancreatic
lesions but with negative serum CA19-9, as well as from
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15 healthy volunteers. These specimens were tested with
diagnostic methods derived from the first stage on the
second day immediately after collection, usually before
any medical intervention. Data were collected and compared with those from later pathological diagnosis.
Reagents and instruments
Sinapinic acid (SPA) was purchased from Fluka (St Louis,
MO, United States). ProteinChip Biosystems (Ciphergen PBS Ⅱ plus SELDI-TOF-MS) and weak cationic
exchange (CM10) chips were purchased from Ciphergen
Biosystems (Fremont, CA, United States). All other reagents were acquired from Sigma (St Louis, MO, United
States).
ProteinChip array analysis
All serum samples were centrifuged at 10000 g for 4 min
on ice to obtain the supernatants. Five microliters of
each serum sample and 10 μL U9 buffer (9 mol/L urea,
2% CHAPS, 1% dithiothreitol) were intensively mixed
in a 96-well cell culture plate. The plate was agitated on a
platform shaker at 4 ℃ for 30 min before 185 μL sodium
acetate (100 mmol/L, pH 4) was added to the U9/serum
mixture, and agitation was performed as before. One
hundred microliters of each diluted sample was applied
to each spot of a bioprocessor containing the CM10 arrays, which were already activated according the instructions. The bioprocessor was sealed and agitated for 1 h at
4 ℃. Before the chips were removed from the bioprocessor, they were washed five times (three times with sodium
acetate and twice with deionized water) and air dried.
One microliter of a saturated solution (5 mL/L trifluoroacetic acid plus SPA in 0.5 L/L acetonitrile) was added to
each chip twice.
Air-dried chips were analyzed by the Protein Biological System Ⅱ plus mass spectrometry reader. Data were
collected by averaging 180 laser shots with intensity of
200, detector sensitivity of 8, highest mass of 100 kDa,
and optimized range of 2-20 kDa. Calibration of the
instrument was performed using the All-In-One Protein
Standard.
Bioinformatics and biostatistics
The protein peaks were detected with an automatic peak
detection pass using noise of spectra infiltration and signal-to-noise ratio. Peak clusters were completed to cluster
the peaks in different samples that had similar masses.
All these were performed using ProteinChip Software 3.1
(Ciphergen Biosystems). The peak intensities were preprocessed by scaling all the data to the range: -1-1.
Pattern recognition techniques were applied to diverse
areas including gene microarray and mass spectrometry.
We utilized a Multi-Layer Perception (MLP) artificial
neural network (ANN) with a scaled conjugate gradient
(SCG) optimized back propagation algorithm for discriminating pancreatic cancers.
We estimated the power of each peak in discriminating different group samples by an integrated approach
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Table 1 Clinical and biochemical characteristics of samples in the first part of the study n (%)
Training set
Sex
Male
Female
Age (yr, mean ± SD)
Pathology
Ductal adenocarcinoma
Mucinous cystadenoma
Solid pseudopapillary tumor
Insulinoma
Serous cystadenoma
Intraductal papillary
mucinous tumor
CA19-9 (U/mL, mean ± SD)

P -value1

Blind test set

Malignant

Benign

Healthy

P -value

Malignant

Benign

Healthy

P -value

13 (56.52)
10 (43.48)
62.61 ± 12.71

10 (55.56)
8 (44.44)
60.61 ± 8.51

12 (60.00)
8 (40.00)
55.50 ± 13.13

0.957

10 (45.45)
12 (54.55)
65.14 ± 13.02

5 (50.00)
5 (50.00)
59.10 ± 14.15

5 (33.33)
10 (66.67)
63.07 ± 12.60

0.662

0.665

0.402

0.18

10.00 ± 8.27

0.557

0.667

0.145

23 (100.00)

22 (100.00)
7 (38.89)
4 (22.22)
3 (16.67)
2 (11.11)
2 (11.11)

10.66 ± 8.92

11.94 ± 6.93

2 (20.00)
3 (30.00)
3 (30.00)
2 (20.00)
9.67 ± 6.94

0.382

12.45 ± 9.69

15.51 ± 11.60

1

P value between the two sets. CA: Carbohydrate antigen.

that included t test, receiver operating characteristic (ROC)
curves, and mean square error (MSE) of the ANN.
The ANN to calculate the MSE had four layers. In addition to the output layer and input layer, the ANN also
had two hidden layers each with 100 nodes. The ANN
was used on 1000 epochs and MSE was obtained. The
MSE was calculated as the difference between the target
output and the ANN prediction value. The lower MSE
value of the peak showed the higher relative importance
value for the ability to discriminate the different groups
accurately. Leave-one-out cross-validation (LOOCV) approach was applied to estimate the accuracy of the classification. The process continued until each sample was
reserved one time as a test sample.
The capability of each peak in distinguishing multiple
groups was estimated by the P value of the Wilcoxon
t test. The top 10 peaks with the lowest P values were
selected for further analysis. All the combinations of 10
peaks were estimated by the LOOCV ANN. The combination of peaks with the highest accuracy was selected
as the set of potential biomarkers. The ANN model
with the highest Youden’s index was selected as the final
model for detecting pancreatic cancer.

RESULTS
General data
In the cancer group during the first stage, pathological
diagnosis proved that all 23 patients had pancreatic ductal adenocarcinoma, with five stage Ⅰ, 14 stage Ⅱ, two
stage Ⅲ, and two stage Ⅳ, according to TNM staging;
while there were five different types of tumor among
the benign disease group (Table 1). In more detail, seven
had mucinous cystadenoma, four solid pseudopapillary
tumors, three insulinomas, two serous cystadenomas,
and two intraductal papillary mucinous tumors (Table 1).
The malignant group comprised 13 men and 10 women
with a median age of 66 years (range, 30-80 years), while
the benign group comprised 10 men and 8 women with
a median age of 60 years (range, 49-79 years) (Table 1).
Twelve healthy men and eight healthy women formed the
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third group with a median age of 53 years (range, 36-75
years) (Table 1). Although the serum levels of CA19-9
among the three groups seemed clearly different, the difference was not significant (P = 0.255) (Table 1).
Among the individuals enrolled in the next stage, 22
patients suspected of having pancreatic diseases were
proved to have malignant disease, and had a median age
of 68 years (range, 40-91 years). Ten men and twelve
women were included in this group (Table 1). The other
two groups had 10 and 15 samples, respectively, and were
sex- and age-matched on the basis of statistical analysis
(Table 1). The respective distribution of serum CA19-9
levels among these three independent populations was
nearly the same, as was sex and age (P = 0.557) (Table
1). Compared with the samples in the first stage, none of
these three characteristics showed a significant difference
(Table 1).
Pattern of screening pancreatic cancer from healthy
individuals (Pattern 1)
Among all the patients with malignancies and healthy
volunteers, the first 23 cancer carriers and 20 healthy individuals comprised the training set, while the remaining
22 and 15 individuals in the respective groups collected
at the second stage formed the blind test set (in statistical
design).
After filtrating noise and identifying peak clusters, we
selected qualified peaks generated from 43 training set
samples and ranked them in accordance with the P values
of the Wilcoxon rank sum test. The top 10 peaks with the
smallest P values were further gathered and imported to
the support vector machine (SVM) with a random combination. The accuracy of each model in discriminating
pancreatic cancer from healthy controls was calculated,
and the combination with the highest Youden’s index was
finally selected as the diagnostic model. A model consisting of four potential biomarkers with m/z of 5870.0549,
6468.2454, 7777.958, and 4291.7922 Da was generated.
Compared with healthy individuals, pancreatic cancer
patients presented with a higher level of the protein of
7777.958 Da; while the remaining three peaks were ex-
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Figure 1 Spectral expression of the four proteins in Pattern 1. The spectra of the selected biomarkers (A: 5870.0549 Da; B: 6468.2454 Da; C: 7777.958 Da; D:
4291.7922 Da) in the pattern distinguishing pancreatic cancer from healthy individuals. The healthy individuals are group 0 and the cancer patients are group 1.

Table 2 Statistics of four candidate biomarkers for screening
pancreatic cancer (C) from healthy individuals (H)

Table 3 Predicted results of patterns in the study
n

m/z
5870.055
6468.245
7777.958
4291.792

Intensity in malignant
disease (n = 23)

Intensity in healthy
individuals (n = 20)

(mean ± SD)

(mean ± SD)

P -value

357.47 ± 137.81
363.30 ± 265.95
2582.30 ± 1399.85
669.14 ± 497.32

688.97 ± 191.35
1107.33 ± 356.79
453.67 ± 726.81
1562.50 ± 413.97

2.61E-07
3.84E-07
5.62E-07
3.95E-06

Pattern 1
Pattern 2

100%
83.3%

100%
91.3%

86.7%
70.0%

86.4%
77.3%

PPV
86.4%
85.0%

PPV: Positive predictive value.

pressed weakly in pancreatic cancer but highly in healthy
individuals (Figure 1). The descriptive statistics of these
four peaks was shown in Table 2. Evaluated by leave-oneout cross-validation, Pattern 1 comprised four peaks and
had a specificity and sensitivity of 100%.
All 32 suspicious serum samples (22 of which exhibited cancer according to later pathological results) were
analyzed with Pattern 1. Compared with pathological
diagnosis, test results were correctly made in 13 of 15
healthy individuals and 19 of 22 pancreatic cancer patients. The specificity and sensitivity of the blind test was
86.7% and 86.4%, respectively. One false positive was
seen in the benign disease group, which slightly reduced
its PPV to 86.4% in practical application (Table 3).
WJG|www.wjgnet.com

4
6

Training set
Blind test set
Specificity Sensitivity Specificity Sensitivity

Pattern of comparing pancreatic cancer with benign
tumors (Pattern 2)
As in Pattern 1, 23 malignant serum samples and 18 benign ones were analyzed as the training set in Pattern 2,
while 22 and 10 samples collected in the next stage comprised the blind test set.
Pattern 2 was constructed on the basis of the analysis
of the spectra between pancreatic cancer and benign pancreatic tumors by the ANN. Six potential biomarkers with
m/z of 4122.6162, 3964.2531, 8920.0244, 6683.7967,
4163.9423, and 4144.4237 Da were finally selected. Coincidently, among the six proteins, only one protein was
highly expressed in the cancer group, while the remaining
five proteins were expressed weakly (Figure 2). The descriptive statistics of these six peaks are shown in Table
4. This six-peak model possessed a specificity of 83.33%
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Figure 2 Spectral expression of the six proteins in Pattern 2. The spectra of the selected biomarkers (A: 4122.6162 Da; B: 3964.2531 Da; C: 8920.0244 Da; D:
6683.7967 Da; E: 4163.9423 Da; F: 4144.4237 Da) in the pattern distinguishing pancreatic cancer from benign disease. Patients with benign disease are group 0 and the
cancer patients are group 1.

and a sensitivity of 91.30% by means of LOOCV.
Thirty-two samples in the blind test set were analyzed
on the second day after collection, as for Pattern 1. Compared with their pathological diagnosis, the model correctly diagnosed seven benign diseases and 17 pancreatic
cancers. The specificity and sensitivity in the blind test
dropped to 70.0% and 77.3%, respectively (Table 3).

DISCUSSION
Although the clinical utility of CA19-9 in the diagnosis of
WJG|www.wjgnet.com

pancreatic cancer is still unclear and controversial[1,8,15-17],
it is frequently used by clinicians as an indicator. Nevertheless, normal CA19-9 level is not uncommon among
pancreatic cancer patients, which may cause a diagnostic
dilemma and even result in neglecting the possibility of
malignancy, thus leading to delayed medical intervention. As far as we are aware, this situation has not been
researched previously. Therefore, we designed the present study to focus on those patients with normal serum
CA19-9 levels through SELDI-TOF-MS combined with
ANN analysis, which has already proved useful in the de14962
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Table 4 Statistics of six candidate biomarkers for screening
pancreatic cancer (C) from benign tumors (B)
Intensity in malignant
disease (n = 23)

m/z
4122.616
3964.253
8920.024
6683.797
4163.942
4144.424

Intensity in benign
disease (n = 18)

(mean ± SD)

(mean ± SD)

P -value

762.41 ± 314.68
211.84 ± 118.31
1574.91 ± 686.01
226.35 ± 94.75
272.72 ± 142.38
631.43 ± 392.13

1541.63 ± 453.43
875.93 ± 547.64
540.98 ± 635.90
1389.22 ± 1308.83
791.27 ± 509.13
2292.02 ± 1801.45

5.17E-06
3.51E-05
3.93E-05
1.32E-04
2.23E-04
3.71E-04

tection of other digestive solid tumors such as colorectal
cancer[18] and hepatocellular carcinoma[19].
In our study, Pattern 1 demonstrated four potential
biomarkers to distinguish pancreatic cancer patients
from healthy individuals when it was not possible to use
CA19-9. To avoid false detection of protein peaks and
make the results reasonable and repeatable were the main
challenges among mass-spectrometry-generated data
analysis. ANN analysis and leave-one-out cross-validation
were applied to filter the weak or fake peaks and generate
the most powerful pattern for discrimination. An adequate
number of samples were accumulated until the difference
among the distribution of sex, age and serum CA19-9
level became statistically insignificant (Table 1), to ensure the reasonability of the pattern. Ideal sensitivity and
specificity (both 100%) were obtained in the training set.
Sensitivity of 86.4%, specificity of 86.7%, and PPV of
86.4% were late observations in the following blind test.
Although they were not as good as the training test (theoretical values), the practical identification capability of
Pattern 1 was still acceptable. Hence, it could be helpful as
a fast and noninvasive diagnostic modality to discriminate
pancreatic cancer when serum CA19-9 level is normal.
CA19-9 was once the most widely-investigated screening biomarker for pancreatic cancer, but was unable to detect pancreatic cancer reliably. Poor results were observed
in a large study by Kim et al[8] with 70940 asymptomatic
individuals enrolled and followed. The PPV of pancreatic
cancer with CA19-9 was only 0.9%, and 98.5% of the
population were CA19-9 negative (< 37 U/mL). It has
been reported that serum CA19-9 level of pancreatic adenocarcinoma is associated with tumor size and stage: small
cancers or those in early stage were more likely to present
with normal CA19-9 level[2,8]. Therefore, the markers we
identified with SELDI-TOF-MS in Pattern 1 could probably serve as a potentially powerful screening tool. This
needs to be confirmed in a large prospective study.
Patients with benign pancreatic diseases are more likely to have a normal CA19-9 level[3,20], therefore we compared the proteomic spectra between pancreatic cancer
and benign tumors, which resulted in another diagnostic
pattern model. Six candidate biomarkers provided a
specificity of 70.0% and a sensitivity of 77.3% to differentiate pancreatic cancer from benign tumors. Some of
the proteins identified by SELDI-TOF-MS are associated
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with inflammation induced by tumor-induced nonspecific
tissue injury[21], and bioactive molecules from different
parts of the pancreas or different tumors differ in their
constitution and quantity[22], thus it is not surprising that
compared with different combinations (e.g., cancer and
healthy controls, or cancer and benign tumors), SELDITOF-MS profiling generated a different pattern. The
inclusion of benign tumors helped us to distinguish these
patients from cancer carriers, and to differentiate tumorinduced markers from cancer-specific molecules. Despite
the reduction in sensitivity and specificity that might have
been related to the different proportions of each benign
tumor, the model was still helpful for its acceptable PPV.
Although we could make an accurate diagnosis
without clarifying the identity of each protein peak by
SELDI-TOF-MS, it is practical to purify and identify
these proteins, which may promote the development of
antibody-based clinical tests[22] and target-molecule-based
clinical treatment. Subsequent research is needed to validate the findings with large samples, ideally in a multicenter setting.
In conclusion, our study probably provides clinicians
with a helpful alternative for differentiation of pancreatic
cancer patients from healthy controls or patients with benign disease. Pattern 1 may also serve as a useful screening tool for pancreatic cancer. SELDI-TOF-MS profiling
is effective for analysis of serum proteins due to its high
specificity and sensitivity. The proteins that we discovered may play an important role as tumor/cancer-specific
or -associated antigens in future clinical practice. A large
clinical trial is needed to confirm the diagnostic utility of
our models.
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Pancreatic cancer is one of the most lethal malignancies because of lack of efficient screening and diagnostic modalities. The most widely-used biomarker carbohydrate antigen (CA)19-9, is not reliable, especially at the beginning or early
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Research frontiers

Finding tumor-specific biomarkers which could facilitate the diagnosis or differential diagnosis of pancreatic cancer or to investigate those proteins that may
serve as potential screening tools remains a research hotspot.

Innovations and breakthroughs

This study focused on pancreatic cancer patients with normal CA19-9 levels
that would be easily misdiagnosed in clinical practice. The results may help
clinicians to establish the diagnosis for cancer patients when CA19-9 is not applicable, and to discover some potentially important proteins which may serve
as tumor/cancer-specific or tumor/cancer-associate antigen in clinical practice.

Applications

The two diagnostic models generated in this study provide clinicians with a
helpful alternative in differentiating pancreatic cancer patients from healthy
individuals or benign patients. Pattern 1 may also serves as a useful screening
tool for pancreatic cancer. The discovered proteins may play an important role
as tumor/cancer-specific or tumor/cancer-associate antigen in cancer diagnosis
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Terminology

CA19-9: A tumor/cancer-associate antigen which is mainly associated with
hepatopancreatobiliary diseases. Patients with pancreatic cancer often present
with extremely high levels of CA19-9.

Peer review

12

A study based on a reasonable hypothesis of finding a biomarker signature using gene chip technology to distinguish between benign pancreatic conditions
and malignant pancreatic carcinoma. The paper is interesting.
13

REFERENCES
1

2

3

4

5

6
7

8

9
10

Duffy MJ, Sturgeon C, Lamerz R, Haglund C, Holubec VL,
Klapdor R, Nicolini A, Topolcan O, Heinemann V. Tumor
markers in pancreatic cancer: a European Group on Tumor
Markers (EGTM) status report. Ann Oncol 2010; 21: 441-447
[PMID: 19690057 DOI: 10.1093/annonc/mdp332]
Ballehaninna UK, Chamberlain RS. The clinical utility of
serum CA 19-9 in the diagnosis, prognosis and management
of pancreatic adenocarcinoma: An evidence based appraisal.
J Gastrointest Oncol 2012; 3: 105-119 [PMID: 22811878 DOI:
10.3978/j.issn.2078-6891.2011.021]
Zubarik R, Gordon SR, Lidofsky SD, Anderson SR, Pipas
JM, Badger G, Ganguly E, Vecchio J. Screening for pancreatic
cancer in a high-risk population with serum CA 19-9 and
targeted EUS: a feasibility study. Gastrointest Endosc 2011; 74:
87-95 [PMID: 21704809 DOI: 10.1016/j.gie.2011.03.1235]
Joergensen MT, Brünner N, De Muckadell OB. Comparison
of circulating MMP-9, TIMP-1 and CA19-9 in the detection
of pancreatic cancer. Anticancer Res 2010; 30: 587-592 [PMID:
20332475]
Sandblom G, Granroth S, Rasmussen IC. TPS, CA 19-9,
VEGF-A, and CEA as diagnostic and prognostic factors in patients with mass lesions in the pancreatic head. Ups J Med Sci
2008; 113: 57-64 [PMID: 18521799 DOI: 10.3109/2000-1967-214]
Morris-Stiff G, Taylor MA. Ca19-9 and pancreatic cancer: Is
it really that good? J Gastrointest Oncol 2012; 3: 88-89 [PMID:
22811875 DOI: 10.3978/j.issn.2078-6891.2012.016]
Ballehaninna UK, Chamberlain RS. Serum CA 19-9 as a
Biomarker for Pancreatic Cancer-A Comprehensive Review.
Indian J Surg Oncol 2011; 2: 88-100 [PMID: 22693400 DOI:
10.1007/s13193-011-0042-1]
Kim JE, Lee KT, Lee JK, Paik SW, Rhee JC, Choi KW. Clinical usefulness of carbohydrate antigen 19-9 as a screening
test for pancreatic cancer in an asymptomatic population. J
Gastroenterol Hepatol 2004; 19: 182-186 [PMID: 14731128 DOI:
10.1111/j.1440-1746.2004.03219.x]
Wright GL. SELDI proteinchip MS: a platform for biomarker
discovery and cancer diagnosis. Expert Rev Mol Diagn 2002; 2:
549-563 [PMID: 12465452 DOI: 10.1586/14737159.2.6.549]
Weinberger SR, Boschetti E, Santambien P, Brenac V. Surface-enhanced laser desorption-ionization retentate chromatography mass spectrometry (SELDI-RC-MS): a new method
for rapid development of process chromatography conditions. J Chromatogr B Analyt Technol Biomed Life Sci 2002; 782:
307-316 [PMID: 12458014]

14

15

16

17

18

19

20

21

22

Yang S, Nan Y, Tian Y, Zhang W, Zhou B, Bu L, Huo S,
Chen G, Yu J, Zheng S. Study of distinct protein profiles for
early diagnosis of NSCLC using LCM and SELDI-TOF-MS.
Med Oncol 2008; 25: 380-386 [PMID: 18300004 DOI: 10.1007/
s12032-008-9050-6]
Xu WH, Chen YD, Hu Y, Yu JK, Wu XG, Jiang TJ, Zheng S,
Zhang SZ. Preoperatively molecular staging with CM10 ProteinChip and SELDI-TOF-MS for colorectal cancer patients.
J Zhejiang Univ Sci B 2006; 7: 235-240 [PMID: 16502512 DOI:
10.1631/jzus.2006.B0235]
Yu JK, Zheng S, Tang Y, Li L. An integrated approach utilizing proteomics and bioinformatics to detect ovarian cancer.
J Zhejiang Univ Sci B 2005; 6: 227-231 [PMID: 15754417 DOI:
10.1631/jzus.2005.B0227]
Kim HJ, Kim MH, Myung SJ, Lim BC, Park ET, Yoo KS, Seo
DW, Lee SK, Min YI. A new strategy for the application of
CA19-9 in the differentiation of pancreaticobiliary cancer:
analysis using a receiver operating characteristic curve. Am J
Gastroenterol 1999; 94: 1941-1946 [PMID: 10406263]
Singh S, Tang SJ, Sreenarasimhaiah J, Lara LF, Siddiqui A.
The clinical utility and limitations of serum carbohydrate antigen (CA19-9) as a diagnostic tool for pancreatic cancer and
cholangiocarcinoma. Dig Dis Sci 2011; 56: 2491-2496 [PMID:
21516323 DOI: 10.1007/s10620-011-1709-8]
Molina V, Visa L, Conill C, Navarro S, Escudero JM, Auge
JM, Filella X, Lopez-Boado MA, Ferrer J, Fernandez-Cruz L,
Molina R. CA 19-9 in pancreatic cancer: retrospective evaluation of patients with suspicion of pancreatic cancer. Tumour Biol 2012; 33: 799-807 [PMID: 22203495 DOI: 10.1007/
s13277-011-0297-8]
Liao Q, Zhao YP, Yang YC, Li LJ, Long X, Han SM. Combined detection of serum tumor markers for differential diagnosis of solid lesions located at the pancreatic head. Hepatobiliary Pancreat Dis Int 2007; 6: 641-645 [PMID: 18086633]
Chen YD, Zheng S, Yu JK, Hu X. Artificial neural networks
analysis of surface-enhanced laser desorption/ionization
mass spectra of serum protein pattern distinguishes colorectal cancer from healthy population. Clin Cancer Res 2004; 10:
8380-8385 [PMID: 15623616]
Wang JX, Zhang B, Yu JK, Liu J, Yang MQ, Zheng S. Application of serum protein fingerprinting coupled with artificial
neural network model in diagnosis of hepatocellular carcinoma. Chin Med J (Engl) 2005; 118: 1278-1284 [PMID: 16117882]
Duraker N, Hot S, Polat Y, Höbek A, Gençler N, Urhan N.
CEA, CA 19-9, and CA 125 in the differential diagnosis of
benign and malignant pancreatic diseases with or without
jaundice. J Surg Oncol 2007; 95: 142-147 [PMID: 17262731
DOI: 10.1002/jso.20604]
Rai AJ, Zhang Z, Rosenzweig J, Shih IeM, Pham T, Fung ET,
Sokoll LJ, Chan DW. Proteomic approaches to tumor marker
discovery. Arch Pathol Lab Med 2002; 126: 1518-1526 [PMID:
12456215]
Koopmann J, Zhang Z, White N, Rosenzweig J, Fedarko N,
Jagannath S, Canto MI, Yeo CJ, Chan DW, Goggins M. Serum diagnosis of pancreatic adenocarcinoma using surfaceenhanced laser desorption and ionization mass spectrometry. Clin Cancer Res 2004; 10: 860-868 [PMID: 14871961]
P- Reviewer: Dobrucali AM, Yip D S- Editor: Ma YJ
L- Editor: Rutherford A E- Editor: Wang CH

WJG|www.wjgnet.com

14964

October 28, 2014|Volume 20|Issue 40|

World J Gastroenterol 2014 October 28; 20(40): 14965-14972
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i40.14965

© 2014 Baishideng Publishing Group Inc. All rights reserved.

META-ANALYSIS

Association between Helicobacter pylori infection and
migraine: A meta-analysis
Jing Su, Xiao-Ying Zhou, Guo-Xin Zhang
Jing Su, Xiao-ying Zhou, Guo-xin Zhang, Department of Gastroenterology, The First Affiliated Hospital of Nanjing Medical
University, Nanjing 210029, Jiangsu Province, China
Jing Su, Xiao-ying Zhou, First Clinical Medical College of Nanjing Medical University, Nanjing 210029, Jiangsu Province, China
Author contributions: Su J and Zhou XY collected and analyzed the data, and wrote the first draft of the paper; These authors contribute equally to the paper; Zhang GX contributed to
the study design and proofread the manuscript.
Supported by National Natural Science Foundation of China,
No. 81270476; the Priority Academic Program Development of
Jiangsu Higher Education Institutions, JX10231801
Correspondence to: Guo-xin Zhang, Professor, Department
of Gastroenterology, The First Affiliated Hospital of Nanjing
Medical University, No. 300 of Guangzhou Road, Nanjing
210029, Jiangsu Province, China. guoxinz@njmu.edu.cn
Telephone: +86-25-83718836 Fax: +86-25-83674636
Received: November 7, 2013 Revised: March 11, 2014
Accepted: June 13, 2014
Published online: October 28, 2014

of 39.31%. The prevalence of H. pylori infection was
significantly greater in migraineurs than in controls
(44.97% vs 33.26%, OR = 1.92, 95%CI: 1.05-3.51,
P = 0.001). A sensitivity test indicated that no single
study dominated the combined results. Univariate
regression analysis found that publication year, geographical distribution and evidence grade were relevant to the results and were the main reason for the
heterogeneity. Subgroup analysis found a significantly
greater infection rate of H. pylori in Asian patients with
migraine, but no statistically significant infection rate
in European patients. The ORs were 3.48 (95%CI:
2.09-5.81, P = 0.000) and 1.19 (95%CI: 0.86-1.65, P
= 0.288), respectively.
CONCLUSION: The pooled data suggest a trend of
more frequent H. pylori infections in patients with migraine.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Migraine; Meta-analysis; Odds ratio; Subgroup analysis

Abstract
AIM: to quantify the association between Helicobacter

pylori (H. pylori ) infection and migraine.

METHODS: A systematic literature search of PubMed
and EMBASE was conducted from inception to December 2013. Studies that provided data dealing with
H. pylori infection in patients with migraine, as well
as healthy controls, were selected. Meta-analysis was
carried out using the odds ratio (OR) with a fixed or
random effects model, and a 95%CI for the OR was
calculated. An unconditional logistic regression model
was used to analyze potential parameters related to H.
pylori prevalence. Subgroup analyses were conducted
as methods of detection and evidence grade.

Core tip: Recently, researchers have focused on the relationship between migraine and Helicobacter pylori (H.
pylori ) infection. Some studies have reported a strong
positive correlation, and eradication of the bacterium
resulted in a decrease in migraine attacks. Meanwhile,
others have indicated totally negative results. In this
meta-analysis, we found a trend of more frequent H.
pylori infection in patients with migraine; thus, the
eradication of this bacterium may reduce the clinical
manifestations in migraineurs. Moreover, subgroup
analysis found a significantly greater infection rate of H.
pylori in patients with migraine in Asia compared with
other countries.

RESULTS: Five case-control studies published between 2000 and 2013 were finally identified, involving 903 patients, with a total H. pylori infection rate

Su J, Zhou XY, Zhang GX. Association between Helicobacter
pylori infection and migraine: A meta-analysis. World J Gas-
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INTRODUCTION
Migraine is one of the most common neurological disorders, and is characterized by attacks of severe headache,
and autonomic and neurological symptoms. The prevalence of migraine in the general population ranges from
6% to 13%, and is more common in women. The two
main types of migraine are migraine with aura, occurring in approximately 25% of patients with migraine, and
migraine without aura, occurring in the remaining 75%
of patients[1,2]. Migraine without aura seems to be caused
by a combination of genetic and environmental factors,
whereas migraine with aura is probably determined largely by genetic factors[3,4].
Helicobacter pylori (H. pylori) is a Gram-negative organism that causes chronic active gastric inflammation. Infection is strongly associated with duodenal ulceration,
gastric ulceration and gastric cancer[5]. The association
between H. pylori infection and various extraintestinal pathologies, such as coronary heart disease, primary Raynaud’s phenomenon, migraine, Alzheimer’s disease and
mild cognitive impairment, has recently been addressed.
However, the results remain controversial[6].
Recently, researchers have focused on the relationship
between migraine and H. pylori infection. Some studies
have reported a strong positive correlation, and eradication of the bacterium resulted in a decrease of migraine
attacks. Meanwhile, others have indicated totally negative
results. This meta-analysis was conducted to determine
the prevalence of H. pylori infection in patients with migraine and healthy controls, as well as to establish whether H. pylori infection is a risk factor for migraine.

MATERIALS AND METHODS
Literature search
The PRISMA guidelines[7] for conducting meta-analysis
were followed. Two investigators (Su J and Zhou XY) performed a systematic literature search of PubMed and Embase, from inception to December 2013, using the medical
subject heading terms “(Helicobacter pylori or H. pylori) AND
(migraine or headache)”. The two investigators worked
independently, at different times and at different medical
science information centers affiliated with Nanjing Medical
University. The search was repeated several times. The last
search was conducted on December 20, 2013. The relevant
articles, texts, and reference lists were manually searched to
broaden the scope of our findings. We evaluated the full
texts of papers published in English, as well as the English
abstracts of papers published in other languages.
Inclusion criteria
The inclusion criteria as follows: (1) study design: pub-
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lished case-control and cross-sectional studies; (2) studies that provided data dealing with H. pylori infection in
patients with migraine as well as healthy controls; and (3)
studies in which H. pylori infection was confirmed by the
13
C-urea breath test, mucosal biopsy, enzyme-linked immunoassay (ELISA), and/or polymerase chain reaction
(PCR). At least one positive test was regarded as confirmation of infection.
Exclusion criteria
The exclusion criteria as follows: (1) case reports and
observational studies without control groups; (2) studies
in which the H. pylori infection rate data were not available for either the study group or the control group; (3)
subset of a published article by the same authors; and (4)
studies in which research subjects had a history of drug
use, including antibiotics, H2 blockers, or proton pump
inhibitors, within 4 wk.
Data extraction and appraisal of study quality
The two investigators who performed the literature
search also performed the data extraction, working independently. The first authors, year and country of publication, study type, method of detection, and type of specimen identified were recorded for each included study.
The numbers of H. pylori-positive and -negative patients
in the groups with migraine were collected. When data
from one study was reported in more than one manuscript, only one was selected for the meta-analysis, according to the following criteria (applied consecutively):
(1) availability of adjusted odds ratio (OR) estimates for
patients and controls; (2) longer follow-up period (applicable to nested case-control and cross-sectional analyses);
and (3) larger sample size. When the relationship between
H. pylori infection and migraine was reported in different
articles referring to the same study, both were considered
eligible, but only one was included in the meta-analysis.
The Newcastle-Ottawa scale scoring system assessed the
quality of the studies, which is used to assess nonrandomized trials[8].
Statistical analysis
In this study, the random effects model or fixed effects
model was used for the meta-analysis, according to the
heterogeneity between studies. The Q-test (P < 0.10 was
considered indicative of statistically significant heterogeneity) and the I² statistic (values of 25%, 50%, and 75%
were considered to represent low, medium, and high heterogeneity, respectively) were used to test heterogeneity.
The fixed effects model was used when there was no significant heterogeneity (I² < 50%); otherwise, the random
effects model was used. I² tests were used to calculate
P-values. All the reported P-values were two-sided, and
P-values less than 0.05 were regarded as statistically significant for all included studies[9].
Calculation of dichotomous variables was carried out
using the OR with the 95%CI as the summary statistic.
The sensitivity test and meta-regression analysis (random
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One hundred and thirty
potentially relevant references
of original studies were
identified from all searches
using the Mesh term
“(Helicobacter pylori or H.
pylori ) and (migraine or
headache)”, from inception to
December, 2013

One hundred and five articles were excluded based on the title
and abstract because:
Forty-seven articles were not cohort, nested case control,
case -cohort or case-control studies on humans
Thirty-one did not convey information on the association
between H. pylori infection and migraine
Nineteen did not consider migraine as exposure variable or
H. pylori as the outcome
Two and six articles were published in Korean and Spanish
and the abstract did provide sufficient information

Twenty-five were retrieved for
more detailed assessment
Twenty articles were excluded based on full text because:
Seven articles did not present information regarding the
association between H. pylori and migraine
Eleven articles lacked the complete data of H. pylori infection
rate in either migraine group or control group
Two articles were duplicate report

Five studies were included in
the meta-analysis

Figure 1 Flow diagram of the study selection process. H. pylori: Helicobacter pylori.

Table 1 Characteristics of studies on Helicobacter pylori infection in the migraine and control groups
Ref.

Year

Country

Gasbarrini et al[1]
Pinessi et al[5]

2000
2000

Italy
Italy

Tunca et al[20]
Yiannopoulou et al[6]
Hosseinzadeh et al[29]

2004
2007
2011

Turkey
Greece
Iran

Method of
detection

Specimen

13

C-UBT
13
C-UBT,
ELISA
Biopsy
13
C-UBT
ELISA

Breath
Breath
Serum
Tissue
Breath
Serum

H. pylori (+) in

H. pylori (+) in

migraineurs

controls

High
High

70/175
31/103

59/152
32/103

High
Low
Low

40/70
30/49
39/70

20/60
19/51
15/70

Grade of reference

H. pylori: Helicobacter pylori; 13C-UBT: 13C urea breath test; ELISA: Enzyme-linked immunosorbent assay.

effects model) with the restricted maximum likelihood
method were used to examine the impact of variables
on heterogeneity between studies. Begg’s test was used
to evaluate the publication bias[10-11]. Analyses were performed using STATA statistical software, Version 12.0.

RESULTS
Description of studies
The two investigators agreed on the data extraction
results. The strategy used for the study selection is displayed in Figure 1. Five studies published between 2000
and 2011 were eligible for the meta-analysis (Table 1).
These studies involved 903 patients, with a total H. pylori
infection rate of 39.31% (355/903). The cumulative sample size of the study group was 469, of which 210 were
H. pylori-positive (44.97%). Of the total 436 controls, 145
(33.26%) were H. pylori-positive. Concerning the H. pylori
detection methods, one study used ELISA (serum), two
studies used the 13C urea breath test, one study used a
biopsy, and one study used both ELISA and the 13C urea
breath test.
All of the five included studies reported being approved by the Ethics Committees of their respective
institutes and stated that informed consent was obtained

WJG|www.wjgnet.com

from all study participants before enrollment.
Overall, the prevalence of H. pylori infection was
significantly greater in patients with migraine than in controls (44.97% vs 33.26%, OR = 1.92, 95%CI: 1.05-3.51, P
= 0.001, I2 = 77.4%) (Figure 2). A sensitivity test indicated that no single study dominated the combined results
(Figure 3). Univariate regression analysis and subgroup
analysis were performed to investigate the influencing
factors that may have impacted the overall results.
Subgroup analysis of H. pylori infection prevalence
The meta-analysis results showed that the prevalence of
H. pylori infection in patients with migraine was greater
than that in controls, and the heterogeneity was high (I² =
77.4%). Univariate regression analysis found that publication year, geographical distribution, and evidence grade
were relevant (P = 0.028, P = 0.041, and P = 0.047, respectively). Subgroup analysis was performed to further
investigate the above influencing factors, which may have
impacted the overall results.
Stratification analysis by geographical region indicated
that the levels of H. pylori infection among migraineurs
were greater in Asia, but not statistically significant in Europe. The ORs were 3.48 (95%CI: 2.03-5.95) for the two
studies conducted in Asia (P = 0.000), and 1.28 (95%CI:
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Study

%

ID

OR (95%CI)

Weight

Gasbarrini A (2000)

1.05 (0.67, 1.64)

23.05

Pinessi L (2000)

0.96 (0.53, 1.73)

21.00

Tunca A (2004)

2.67 (1.30, 5.45)

19.21

Yiannopoulou KG (2007)

2.66 (1.19, 5.96)

17.88

Hosseinzadeh M (2011)

4.61 (2.20, 9.67)

18.85

1.92 (1.05, 3.51)

100.00

2

Overall (I = 77.4%, P = 0.001)
0.103

1

9.67

Figure 2 Meta-analysis of the prevalence of Helicobacter pylori infection in the migraine group compared with the control group. Weights are from random
effects analysis.
Meta-analysis estimates, given named study is omitted
Lower CI limit

Estimate

DISCUSSION

Upper CI limit

Gasbarrini A
(2000)
Pinessi L
(2000)
Tunca A
(2004)
Yiannopoulou KG
(2007)
Hosseinzadeh M
(2011)
1.02 1.24

1.63

2.13

2.97

Figure 3 Sensitivity analysis of the five included studies.

0.76-2.17) for the three studies from Europe (P = 0.358)
(Figure 4A).
Subgroup analysis assessing the quality of evidence
for each included study was performed, and each study
was classified into low, moderate, or high quality. Two
studies were included in the low quality group, and the
pooled data indicated that the positive rate of H. pylori
infection was greater in the migraine group than in the
control group (OR = 3.60, 95%CI: 2.09-6.19, P = 0.000).
Three studies were included in the high quality group,
and the positive rate of infection was similar between
the migraine and control groups (OR = 1.23, 95%CI:
0.90-1.69, P = 0.190) (Figure 4B).
Three studies published between 2000 and 2005 were
included in our analysis. In these studies, the positive rate
of infection was similar between the migraine and control groups (OR = 1.23, 95%CI: 0.90-1.69, P = 0.190).
In studies published after 2005, the pooled data indicated
that the positive rate of H. pylori infection was greater in
the migraine group than in the control group (OR = 3.60,
95%CI: 2.09-6.19, P = 0.000) (Figure 4C).
Publication bias
Funnel plot analysis did not show any evidence of publication bias (Begg’s test; z = 1.47, P = 0.083, continuity
corrected) (Figure 5).
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Our meta-analysis, which evaluated a total of five casecontrol studies, showed that H. pylori infection is indeed
a risk factor for migraine. For articles published in recent
years, however, the relationship between H. pylori infection and migraine remains controversial. There were
probably three reasons why H. pylori infection was not
found to be a risk factor for migraine in some studies.
First, H. pylori infection can reduce food sensitivity. Food
sensitivity is a well-known, but still unexplained, phenomenon for those with migraine[12-14]. Second, migraine is
related with vasoactive substances (NO, serotonin, etc.)[15].
Researchers have found that there was no significant difference in plasma thiobarbituric acid-reactive substances
and NO metabolites between patients with migraine
infected with H. pylori and control subjects[16,17]. Third,
the migraineurs who are included in most studies do not
have a high incidence of H. pylori infection, since this bacterial infection appears to be age-related[18]. Therefore, the
prevalence of H. pylori infection in patients with migraine
may be less than or equal to that of healthy people.
However, many studies agree that H. pylori infection is
associated with migraine. In our meta-analysis, five studies recruited patients who mainly suffered from migraine
without aura because this subtype of migraine seems to
be caused by a combination of genetic and environmental factors, whereas migraine with aura is probably determined largely, or exclusively, by genetic factors[3-4].
The meta-analysis of five studies from across the
globe indicated that H. pylori infection was greater in
patients with migraine than in controls (P = 0.000). Recently, it has been suggested that the probable pathogenic
role of H. pylori chronic infection in migraine is based
on the relationship between the host immune response
against the bacterium and the chronic release of vasoactive substances[19]. The host inflammatory response to
H. pylori is characterized by infiltration of neutrophils,
monocytes and lymphocytes into the gastric mucosa.
Recruitment and activation of immune cells in the underlying mucosa involves bacterium chemotaxins, epithelial
derived chemotactic peptides (chemokines) such as IL-8
and GRO-α, and proinflammatory cytokines released
by mononuclear phagocytes (e.g., tumor necrosis factor-
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A

Study

%

ID

OR (95%CI)

Weight

Gasbarrini A (2000)

1.05 (0.67, 1.64)

23.05

Pinessi L (2000)

0.96 (0.53, 1.73)

21.00

Yiannopoulou KG (2007)

2.66 (1.19, 5.96)

17.88

1.28 (0.67, 2.17)

61.94

Tunca A (2004)

2.67 (1.30, 5.45)

19.21

Hosseinzadeh M (2011)

4.61 (2.20, 9.67)

18.85

3.48 (2.03, 5.95)

38.06

1.92 (1.05, 3.51)

100.00

Europe

2

Subtotal (I = 56.8%, P = 0.099)

Asia

2

Subtotal (I = 8.1%, P = 0.297)
2

Overall (I = 77.4%, P = 0.001)
0.103

B

1

9.67

Study

%

ID

OR (95%CI)

Weight

Gasbarrini A (2000)

1.05 (0.67, 1.64)

23.05

Pinessi L (2000)

0.96 (0.53, 1.73)

21.00

Tunca A (2004)

2.67 (1.30, 5.45)

19.21

1.32 (0.76, 2.32)

63.27

Yiannopoulou KG (2007)

2.66 (1.19, 5.96)

17.88

Hosseinzadeh M (2011)

4.61 (2.20, 9.67)

18.85

3.59 (2.08, 6.19)

36.73

1.92 (1.05, 3.51)

100.00

High

2

Subtotal (I = 64.7%, P = 0.059)

Low

2

Subtotal (I = 0.0%, P = 0.325)
2

Overall (I = 77.4%, P = 0.001)
0.103

C

1

9.67

Study

%

ID

OR (95%CI)

Weight

Gasbarrini A (2000)

1.05 (0.67, 1.64)

23.05

Pinessi L (2000)

0.96 (0.53, 1.73)

21.00

Tunca A (2004)

2.67 (1.30, 5.45)

19.21

1.32 (0.76, 2.32)

63.27

Yiannopoulou KG (2007)

2.66 (1.19, 5.96)

17.88

Hosseinzadeh M (2011)

4.61 (2.20, 9.67)

18.85

3.59 (2.08, 6.19)

36.73

1.92 (1.05, 3.51)

100.00

Before 2005

2

Subtotal (I = 64.7%, P = 0.059)

After 2005

2

Subtotal (I = 0.0%, P = 0.325)
2

Overall (I = 77.4%, P = 0.001)
0.103

1

9.67

Figure 4 Forest graph of Helicobacter pylori infection. Weights are from random effects analysis. A: Stratified by geographic distribution; B: Stratified by the quality of evidence for each included study; C: Stratified by the publication year.
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Begg's funnel plot with pseudo 95%CI limits
1.5

logOR

1.0
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Figure 5 Funnel plot to detect publication bias.

alpha, IL-1 and IL-8) as part of nonspecific immunity[20-22]. The multiplicity and large quantity of vasoactive
substances produced may induce a hyperreactivity of cerebral vessels to various well-known trigger factors, such
as psychological or physical stress, peculiar foods, female
hormones, and others, which are capable of determining
the clinical manifestation of the disease[23-26].
Other studies have provided evidence that migraine
has a gastrointestinal origin and is related to H. pylori
infection to a certain extent. Salmon found that children
with recurrent abdominal pain had a high risk of developing migraine and that recurrent abdominal pain was
an early expression of migraine in children[27]. Moreover,
Mavromichalis et al[28] conducted a study showing that
29 of the 31 patients with migraine had an associated
gastrointestinal disorder. H. pylori colonization was found
in seven of the children. These findings suggested that
upper gastrointestinal mucosal inflammation may play an
important role in the pathogenesis not only of recurrent
abdominal pain, but also of migraine. Other researchers
have found a correlation between migraine and digestive
disorders in adults. They found that approximately 75.7%
of patients who had migraines also suffered from digestive disorders [reflux (47.1%), gastric ulcers (17.1%), and
gastritis (4.3%)], and the prevalence of H. pylori infection
was 38.6%[29]. The explanation of this phenomenon is
that gastrointestinal neuroendocrine cells can synthesize
and secrete 5-hydroxytryptamine, substance P, and vasoactive intestinal polypeptides. When H. pylori infects
a cell, inflammation stimulates the cell to secrete these
substances and causes a central nervous system disorder
by the brain-gut axis, which indirectly proves why most
patients have migraine attacks that are associated with
gastrointestinal symptoms[30].
There are other reasons for why the prevalence of H.
pylori infection is greater in migraineurs than in controls.
H. pylori spreads through the fecal-oral route[31] and 60%
of patients with migraine have a family history[3]; therefore, bacterial transmission among relatives is an important factor. Except for the above reasons, some individual
factors, such as human leukocyte antigen type or other
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unknown factors, may make an individual more susceptible to the supposed vasospastic triggers induced by H.
pylori[32,33].
Recently, certain studies suggested that H. pylori eradication treatment may provide pain relief. Gasbarrini et al[1]
studied 225 patients and H. pylori was detected in 40%
of the patients by the 13C-urea breath test. With eradication of the bacterium, it was demonstrated that during
follow-up for 6 mo, the frequency, density and duration
of migraine attacks reduced significantly. Faraji et al[34]
conducted a similar randomized, double blind, controlled
trial of 64 migraineurs and suggested that H. pylori treatment was significant in the management of migraine
headaches among Iranian patients.
For results showing significant heterogeneity (I2 >
50%), we used the random effects model for the metaanalysis. Meanwhile, the influence analysis indicated
that no single study dominated the combined results.
The high heterogeneity may be derived from the differences of areas, detection methods and study quality.
Based on our subgroup results, the reported prevalence
of H. pylori infection ranges widely between nations. In
developing countries, such as Asia, the infection rate is
significantly greater than that in developed countries. The
lower prevalence of H. pylori infection in industrialized
nations is attributed to the higher standards of hygiene
and socioeconomics. Meanwhile, it has been suggested
that ethnicity and place of birth may also play a role in
susceptibility to H. pylori infection[35]. Furthermore, our
subgroup analysis found that the levels of H. pylori infection among patients with migraine were greater in Asia,
but not statistically different in Europe. This fact might
result from a significantly greater prevalence of H. pylori
cagA-positive strains in Asian countries[36]. It has been
shown that cagA-positive strains cause greater release of
cytokines by gastric epithelial cells[37]. The high persistent
inflammatory response to cagA-positive strains of the
bacterium induces a hyperreactivity of cerebral vessels to
various well-known trigger factors, such as psychological
or physical stress, peculiar foods, female hormones and
others that are related to migraine[1]. The H. pylori infection rate reported in cases was slightly greater in the years
after 2005 than in the 2000-2005 period. This difference
is mainly explained by the fact that the enrolled articles
from 2000-2005 are mostly from developed countries,
where the H. pylori infection rate is decreasing[38,39].
After the completion of our study, a recent review paper also indicated that the eradication of H. pylori seems
to be efficient in patients suffering from migraine[40]. In
conclusion, our updated and cumulative meta-analysis of
five studies suggests a trend of more frequent H. pylori
infection in patients with migraine. Patients with migraine
should have their H. pylori infection treated, since bacterial eradication has been shown to reduce the clinical
manifestations of migraine. Considering the obvious
heterogeneity, more studies including larger sample sizes
should be done in the future to further clarify the association between H. pylori infection and migraine.
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Study limitations
First, the selection of the controls varied between studies. Second, the H. pylori infection was diagnosed by different methods and strategies among the studies, with
some relying on a single detection method, while others
used more than one method. These variations may have
produced different positive rates of H. pylori infection because of advances in each of the technologies, thus influencing the cumulative positive rates. Third, the papers included in the present meta-analysis were limited to those
published and listed on PubMed up to December 2013;
therefore, it is possible that some relevant published
studies, which may have met the inclusion criteria, were
missed. These overlooked studies may have corrected
some inherent biases caused by the study design. Finally,
the fact that the data were derived from the abstracts of
papers not written in English might contribute to the selection bias.
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Abstract
AIM: To assess the efficacy and safety of standard triple therapy compared with other pre-existing and new
therapies in China.
METHODS: Literature searches were conducted in the
following databases: PubMed, EMBASE, the Cochrane
Central Register of Controlled Trials, the VIP database,
the China National Knowledge Infrastructure database,
and the Chinese Biomedical Database. A meta-analysis
of all randomized controlled trials (RCTs) comparing
standard triple therapy for the eradication of Helicobacter pylori with pre-existing and new therapies in
China was performed using Comprehensive Meta-Analysis 2.0. There were 49 studies that met our criteria and
the qualities of these studies were assessed using the
Jadad scale. The Mantel-Haenszel method was used for
pooling dichotomous data. We also conducted subgroup
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analyses according to age, duration of treatment and
drug type. Sensitivity analyses and a cumulative metaanalysis were also performed with CMA 2.0. Publication
bias was evaluated using Egger’s test, Begg’s test or a
funnel plot.
RESULTS: A total of 49 RCTs including 8332 patients
were assessed. This meta-analysis showed that standard triple therapy with proton pump inhibitors (PPIs),
amoxicillin (AMO) and clarithromycin (CLA) was inferior
to sequential therapy [relative risk (RR) = 0.863; 95%
confidence interval (CI): 0.824-0.904], but was not
superior to quadruple therapy (RR = 1.073; 95%CI:
0.849-1.357) or other triple therapies (RR = 1.01;
95%CI: 0.936-1.089). The meta-analysis also suggested that standard triple therapy is slightly more effective than dual therapy (RR = 1.14; 95%CI: 0.99-1.31).
However, the differences were not statistically significant. We removed the only trial with a regimen lasting
14 d by sensitivity analysis and found that 7-d standard
triple therapy was superior to 7-d dual therapy (RR =
1.222; 95%CI: 1.021-1.461). Moreover, a sub-analysis
based on the duration of quadruple therapy indicated
that the 7-d and 10-d standard triple therapies were
inferior to sequential therapy (RR = 0.790; 95%CI:
0.718-0.868; RR = 0.917; 95%CI: 0.839-1.002, respectively). Additionally, there were no significant differences in cure rate or adverse events among standard
triple therapy, quadruple therapy, and other triple therapies (RR = 0.940; 95%CI: 0.825-1.072; RR = 1.081;
95%CI: 0.848-1.378, respectively). Standard triple
therapy had a higher occurrence of side effects than
sequential therapy (RR = 1.283; 95%CI: 1.066-1.544).
CONCLUSION: The eradication rates with a standard
triple therapy consisting of PPI, AMO, and CLA are suboptimal in China, and new treatment agents need to be
developed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study compared the efficiency of standard triple therapy with other pre-existing and new
therapies on the Chinese mainland and examined the
eradication rates for Helicobacter pylori in China. The
results showed that the standard triple therapy including proton pump inhibitors, amoxicillin and clarithromycin might not be suitable for first-line therapy.
Wang B, Lv ZF, Wang YH, Wang H, Liu XQ, Xie Y, Zhou XJ.
Standard triple therapy for Helicobacter pylori infection in
China: A meta-analysis. World J Gastroenterol 2014; 20(40):
14973-14985 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i40/14973.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i40.14973

INTRODUCTION
Helicobacter pylori (H. pylori) infection is currently very
common[1], and infection plays an important role in some
gastrointestinal diseases, such as peptic ulcers, chronic
gastritis, gastric cancer, and gastric malignant disease[2].
Eliminating H. pylori can reduce the recurrence of peptic
ulcers and prevent gastric cancer[2]. Standard triple therapy with a proton pump inhibitor (PPI), amoxicillin (AMO)
and clarithromycin (CLA) has been extensively employed
around the world, and contributed to an eradication success rate of over 90% in the 1990s[3]. However, because
of the wide application in H. pylori infection, eradication
rates have declined to less than 60%[4,5]. The primary reason for this decline is the resistance of H. pylori to antibiotics, particularly CLA and metronidazole[5].
The standard triple therapy with PPI, AMO and CLA
is still recommended as one of the first line anti-H. pylori
treatments when the resistance rate of H. pylori to CLA
is less than 15%-20%[6-8]. This therapy has encountered
some challenges, and although the eradication rate is
decreasing[4], the resistance of H. pylori to CLA has increased[9]. One recent study suggested that the therapy
could not achieve an acceptable eradication rate[10].
The efficacy of triple therapy consisting of PPI,
AMO and CLA has been demonstrated by several studies
during the past decade in China. However, the use of antibiotics for other diseases without rigorous supervision
has caused a rapid increase in the prevalence of antibiotic-resistant H. pylori in China. A recent study showed that
the resistance of H. pylori to CLA is more than 80% and
another study suggested that the primary resistance of H.
pylori to CLA is 17.2%[11,12]. These data indicate that the
current effectiveness of standard triple therapy consisting of PPI, AMO and CLA may be diminished in some
areas[13-15]. Furthermore, one study indicated that standard
triple therapy was not superior to sequential therapy[16].
Despite the development of resistance, experts consider
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standard triple therapy effective in areas where H. pylori
resistance rates to CLA are less than 15%[7].
Whether the standard triple therapy is suitable as a
first-line therapy for H. pylori infection in China remains
controversial. The changes in eradication rates of standard triple therapy containing PPI, AMO and CLA with
time also remains uncertain in China. To further assess
the efficacy and safety of standard triple therapy compared with other eradication treatments (other triple therapies, quadruple treatments and sequential treatments),
we conducted this systemic review and meta-analysis.
Furthermore, we also performed a cumulative metaanalysis to investigate the changes in the eradication rate
of the standard triple regime over time in China.

MATERIALS AND METHODS
Data sources
We searched PubMed (to November 2013), EMBASE
(to November 2013), the Cochrane Central Register of
Controlled Trials (Issue 11, 2013), the VIP database,
the China National Knowledge Infrastructure database
(CNKI), and the Chinese Biomedical Database (CBM).
The specific search algorithm used for each database was
the following: PubMed - [(amoxicillin AND clarithromycin) AND triple] AND “Helicobacter pylori”[Mesh], Filters:
Randomized Controlled Trial); Embase - “Helicobacter
pylori”/expand “amoxicillin”/exp and “clarithromycin”
/exp and triple and “human”/de and “randomized controlled trial”/de; the Cochrane Central Register of Controlled Trials - amoxicillin AND clarithromycin AND
triple AND helicobacter pylori; the VIP database, CNKI
database and CBM database - were searched with the following keywords: “Helicobacter pylori”, “amoxicillin”, “clarithromycin” and “triple”.
Selection criteria
The articles eligible for inclusion in the meta-analysis met
the following inclusion criteria: (1) randomized controlled
trial; (2) inclusion of at least 2 branches of treatment,
including: (1) standard triple therapy (PPI, AMO, CLA),
(2) dual therapy (PPI, a type of antibiotic), quadruple
therapy, sequential therapy or other triple therapy; (3) an
H. pylori diagnosis by urea breath test (UBT), rapid urease
test, histology, and/or fecal antigen testing; (4) eradication testing with UBT and/or histology at least 4 wk after
completion of therapy; (5) an available eradication rate;
(6) no restrictions in age or sex; (7) a study population
composed of subjects who had never been treated for H.
pylori; (8) inclusion of mainland Chinese residents; and (9)
studies published in Chinese must have been published
in core journals (Peking University Library Chinese Core
Periodical Catalog, 2012).
Exclusion criteria
The following were exclusion criteria: (1) articles and/or
abstracts not reporting tests used to diagnose infection
and/or follow-up infection; (2) articles and/or abstracts
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not conducted on the Chinese mainland; and (3) articles
with inappropriate treatments in the control group or
standard triple group, including the use of traditional
Chinese medicine or probiotics.
Outcome assessment
The primary study outcomes for the meta-analysis included the following: (1) the efficacy of standard triple therapy
compared with established and new therapies in eradicating H. pylori infection; and (2) the incidence of adverse
events in standard triple therapy vs other therapies.
Data extraction and quality assessment
Two independent reviewers (Wang B and Lv ZF) extracted the data from the selected studies using standardized data extraction forms. Any disagreement was
resolved by consensus.
The following data were extracted: study design,
number of patients in each treatment arm, testing used
to confirm persistent infection prior to study enrollment
and eradication after the completion of treatment, drug
regimen, duration of treatment, eradication rates by
intention to treat (ITT) analysis, percentage of adverse
effects and severe adverse effects. The study quality was
assessed using the Jadad scale.
Statistical analysis
The data analysis was performed using the MantelHaenszel method by meta-analysis software Comprehensive Meta-Analysis 2.0 (Biostat, Englewood, NJ, United
States). For each trial, we calculated the relative risk (RR)
for the primary measure. The RRs were presented with
95% confidence intervals (CIs), with a P-value < 0.05
considered significant. The study endpoints were calculated by ITT. We estimated the degree of heterogeneity
among the trial results using the χ 2 statistic (with a P-value
< 0.10 considered significant) and the I2 test (25%, 50%,
and 75% represent low, moderate and high heterogeneity,
respectively). Whenever significant heterogeneity (P < 0.1
or I2 > 50%) was achieved, we used the random effect
model to combine the effect sizes of the included studies.
If no significant heterogeneity was found, we selected a
fixed effect to pool the data. The subgroup or sensitivity
analyses were performed where appropriate. We assessed
the presence of publication bias with Egger’s test and
Begg’s test or a funnel plot if necessary.

RESULTS
Description of the studies
The bibliographical search yielded a total of 1283 studies. Of these studies, 1069 studies were from PubMed,
Cochrane and EMBASE, while the other 214 studies
published in Chinese were from CBM, VIP and CNKI.
Among the studies that were found in PubMed, Cochrane and EMBASE, we excluded 553 duplicate studies
and an additional 484 studies that were not conducted
on the Chinese mainland. Therefore, we retrieved 32 po-
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tentially relevant articles for a more detailed assessment.
After examining the titles and abstracts, we excluded 3
unrelated articles. After reviewing the full-text articles we
excluded 13 articles with inappropriate treatments in the
control group or standard triple group, 4 non-randomized
controlled trials (RCTs) and 3 articles that were published
in non-core journals. Finally, 9 English language RCTs
met the inclusion criteria. For the Chinese articles, we excluded 57 duplicates and 1 study that was not conducted
on the Chinese mainland. We also excluded 7 unrelated
articles, 61 articles with inappropriate treatments in the
control group or standard triple group, 28 non-RCTs and
20 articles that were published in non-core journals after
examining all titles, abstracts and full texts. Finally, we
identified 40 Chinese RCTs that met the inclusion criteria. In conclusion, 49 RCTs[14-62] met the inclusion criteria.
The flowchart of reviews showed the detailed process of
selection (Figure 1). The characteristics and quality score
of the 49 trials included in the meta-analysis are summarized in Table 1.
Meta-analysis
Standard triple therapy vs dual therapy: Three studies[17-19] compared standard triple therapy with dual therapy. As shown in Figure 2, the pooled RR was 1.14 (95%CI:
0.99-1.31, P = 0.066). We found evidence of heterogeneity (I2 = 63%, P = 0.07) with funnel plot asymmetry (Egger’s test coefficient 2.75 to 10.28, P = 0.03) (Table 2).
The pooled eradication rate of dual therapy was 78.0%
based on this meta-analysis. Due to the heterogeneity,
we also performed sensitivity analyses and the difference
became significant when the study of Gao et al[19] was removed (RR = 1.222, 95%CI: 1.021-1.461).
Data on adverse events were available for 2 trials. The
pooled RR was 0.651 (0.276-1.539), which indicated no
significant difference and no evidence of heterogeneity (I2
= 0%, P = 0.699).
Standard triple therapy vs sequential therapy: We
identified 20 studies[15,16,22,41-56,61] comparing standard triple
therapy with sequential therapy. As shown in Figure 3, the
pooled RR was 0.863 (95%CI: 0.824-0.904, P < 0.001).
We found evidence of heterogeneity (I2 = 37.4%, P =
0.047) with funnel plot asymmetry (Egger’s test coefficient
-4.86 to -1.57, P < 0.001). The pooled eradication rate of
sequential therapy was 84.0% based on this meta-analysis.
In addition, we performed a cumulative meta-analysis
as shown in Figure 4. The pooled RRs for the years 2008,
2009, 2010, 2011, 2012, and 2013 were 0.779, 0.846, 0.852,
0.875, 0.876, and 0.870, respectively.
Due to the heterogeneity we also performed subgroup analyses according to age, duration of standard
triple therapy (7-d, 10-d and 14-d), different PPIs in the
standard triple therapy and for the different drugs used in
the control group (the sequential therapy group).
In the subgroup analysis by age, the summary RRs
in the adult and the child subgroups were 0.899 (95%CI:
0.861-0.939) and 0.779 (95%CI: 0.722-0.840), respective-
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EMBASE 347
PubMed 360
Cochrane 362

CNKI 128
VIP 64
CBM 22
553 Duplicates
were excluded

484 were excluded
for not conducting in
Chinese mainland
32 potentially
relevant articles
retrieved for
more detailed
evaluation

57 Duplicates
were excluded

1 were excluded for
not conducting in
Chinese mainland

23 articles were excluded:
3 unrelated articles
8 articles with inappropriate
regimen as control group
5 articles without standard
triple therapy
4 non-RCTs
3 articles coming from
non-core journals

156 potentially
relevant articles
retrieved for more
detailed evaluation

116 articles were excluded:
61 articles with inappropriate regimen as
control group or standard triple group
7 unrelated articles
28 non-RCTs
20 articles coming from non-core
journals were excluded

49 satisfied inclusion criteria

Figure 1 Flow diagram of studies identified and selected. RCT: Randomized controlled trials; CNKI: China National Knowledge Infrastructure database; CBM:
Chinese Biomedical Database.

ly. The pooled eradication rates of sequential treatments
in the adult and the child subgroups were 82.90% and
87.29%.
For the duration of the standard triple therapy subgroup analysis, the pooled RRs in the 7-d, 10-d, and
14-d subgroups were 0.800 (95%CI: 0.752-0.851), 0.849
(95%CI: 0.789-0.913) and 0.980 (95%CI: 0.916-1.048),
respectively. The pooled eradication rates of sequential
treatments in the 7-d, 10-d, and 14-d subgroups were
87.52%, 80.17%, and 89.72%, respectively.
In the PPIs subanalyses, the pooled RRs in the
omeprazole, esomeprazole, pantoprazole and rabeprazole subgroups were 0.832 (95%CI: 0.772-0.898), 0.932
(95%CI: 0.871-0.998), 0.846 (95%CI: 0.746-0.960), and
0.847 (95%CI: 0.766-0.936), respectively. The pooled
eradication rates of sequential treatments in the omeprazole, esomeprazole, pantoprazole and rabeprazole
subgroups were 87.37%, 77.01%, 87.13%, and 91.24%,
respectively.
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The examination of the different drugs used in the
control group subanalysis showed the pooled RRs in
the tinidazole and metronidazole subgroups were 0.889
(95%CI: 0.837-0.944) and 0.810 (95%CI: 0.745-0.882),
respectively. The pooled eradication rates of sequential
treatments in the tinidazole and metronidazole subgroups
were 81.43% and 83.20%, respectively.
We also performed sensitivity analyses and found the
pooled RRs were unchanged.
Data on adverse events were available for 16 trials.
The pooled RR was 1.176 (95%CI: 0.975-1.419), which
indicated no significant difference and no evidence of
heterogeneity (I2 = 0%, P = 0.827).
Standard triple therapy vs quadruple therapy: There
were 9 studies[13,37-40,42,56,60,62] comparing standard triple
therapy with quadruple therapy. As shown in Figure 5,
the pooled RR was 1.073 (95%CI: 0.849-1.357), P =
0.555. We found evidence of heterogeneity (I2 = 93%, P
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Table 1 Characteristics of studies included in systematic review and meta-analysis
Ref.

Age

Geng et al[17], 2003
Wu et al[18], 2004
Gao et al[19], 2006
Huang et al[15], 2013
Yan et al[16], 2011
Liu et al[22], 2011

Adult
Child
Adult
Child
Adult
Child

Jia et al[41], 2012
Zhang et al[42], 2012

Adult
Adult

Li et al[43], 2012
Zhou et al[44], 2011
Wu et al[45], 2011
Zhu et al[46], 2010
Zhang et al[47], 2010
Lu et al[48], 2010
Hu et al[49], 2009
Pang et al[50], 2009
Wang et al[51], 2009
Zhao et al[52], 2009
Huang et al[53], 2009
Ma et al[54], 2008
Huang et al[55], 2012
Gao et al[56], 2010

Child
Adult
Adult
Child
Adult
Child
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

Huang et al[61], 2012
Zheng et al[60], 2005
Dai et al[37], 2012
Xu et al[38], 2011
Liu et al[39], 2010
Hu et al[13], 2012
Jing et al[40], 2004
Zhang et al[62], 2006
Luo et al[20], 2012
Chen et al[21], 2011
Xu et al[23], 2010
Dai et al[24], 2010
Xu et al[25], 2009
Wang et al[26], 2008
Hu et al[27], 2008
Su et al[28], 2005
Mou et al[29], 2004
Chen et al[30], 2002
Chen et al[31], 1996
Cheng et al[32], 2010
Zeng et al[33], 2007
Gao et al[34], 2005
Chen et al[35], 2004
Chen et al[36], 2005
He et al[58], 2004
Guo et al[58], 2004
Sun et al[59], 2005

Child
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Child
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

Standard
triple
therapy

Control group
therapy

H. pylori infection initial
diagnosis ⁄ re-checking

PAC
OAC
RAC
OAC
EAC
OAC

OA
RUT/RUT
OC
H or C/UBT
RA
RUT UBT/RUT UBT
ST-10 (O A/O C M)
H, RUT ST/ H, RUT ST
ST-10 (E A/E C T)
H RUT/UBT H
ST-10 (O A/O C M)
UBT/UBT
OAM group: O A M
EAC
ST-10 (E A/E C L)
RUT UBT/RUT UBT
RAC
ST-9 (RA/RCOrn)
UBT RUT/UBT
RACB
OAC
ST-10 (O A/O C F)
UBT RUT/UBT
OAC
ST-10 (O A/O C L )
RUT H/RUT H
EAC
ST-10 (E A/E C T)
UBT H RUT/UBT H RUT
OAC
ST-10 (R A/R C T)
UBT S/UBT S
PAC
ST-10 (P A/P C T)
UBT/UBT
OAC
ST-10 (O A/O C T)
S UBT RUT/UBT
EAC
ST-10 (E A/E C T)
RUT H/UBT
OAC
ST-10 (O A/O C T)
RUT H UBT/RUT UBT
EAC
ST-10 (E A/E C T)
RUT H/UBT
PAC
ST-10 (P A/P C )
H/UBT
OAC
ST-10 (O A/O C T)
UBT/UBT
OAC
ST-10 (O A/O C T)
RUT UBT/RUT UBT
EAC
ST-10 (E A/E C M)
RUT H/RUT H
OAC
RAB L;
RUT H/UBT
ST-10 (O A/O C T)
OAC
ST-10 (O A/O C M)
B C/UBT
EAC
1d-E A M B
RUT H/UBT
EAC
EAFB
UBT/UBT
EAC
EACB
UBT/UBT
RAC
RACB
UBT/UBT
Lan A C
Lan A C B
RUT H UBT/UBT
O/R A C
O/R A C F
UBT/UBT
Lan A C
Lan A C M
UBT/UBT
EAC
EAL
UBT RUT/UBT
RAC
RAD
UBT/UBT
EAC
ELF
H UBT RUT/UBT RUT
EAC
EAL
UBT RUT/UBT
Lan A C
Lan C M
RUT UBT H/UBT
EAC
ACB
RUT H/UBT
OAC
OAL
RUT UBT/UBT
OAC
AMB
RUT H UBT/UBT
OAC
O C Gm
C H RUT/RUT H UBT
OAC
LBF
RUT H/RUT H
OAC
AMB
RUT H/RUT H
Lan A C
Lan A L
UBT RUT/UBT
OAC
OAL
UBT/UBT
OAC
ACB
H/H
OAC
O A Am
UBT/H
OAC
O A Am
UBT H/UBT H
RAC
RCM
C/UBT
OAC
O F C/O M C /O F A
RUT S H/UBT
OAC
OAM
B /RUT H

Eradication rate by ITT
(standard triple therapy/
control group therapy)

Side
effects

86.6% (71/82)/71.3% (57/80)
4 /7
93.3% (56/60)/76.0% (38/50)
93.8% (45/48)/91.5% (43/47)
4/5
64.87% (157/242)/81.4% (96/118)
61/32
75.10% (220/341)/75.20% (185/281)
60.61% (20/33)/91.18% (31/34)
69.70% (23/33)
76.0% (38/50)/94.0% (47/50)
3/4
80.2% (89/111)/90.2% (101/112)
10/6
91.1% (102/112)
7
69.7% (23/33)/91.2% (31/34)
5/4
79.60% (35/44)/88.9% (40/45)
90.20% (46/51)/90.40% (47/52)
18/12
70.73% (29/41)/92.68% (76/82)
7/5
73.0% (61/74)/92.3% (36/39)
12/6
82.43% (26/36)/90% (36/40)
6/7
77.50% (31/40)/94.87% (37/39)
8/7
89.60% (60/67)/91.90% (63/69)
19/10
76.92% (40/52)/92.00% (46/50)
12/10
67.24% (39/58)/83.87% (52/62)
6/5
69.2% (36/52)/92.5% (49/53)
65.1% (41/63)/83.6% (56/67)
12/11
78.4% (40/51)/80.0% (40/50)
9/10
80.56% (58/71)/83.33% (60/72)
11/6
88.89% (64/72)
14
78.8% (109/160)/85.2% (46/54)
26/6
80.50% (33/41)/38.50% (15/39)
2/1
78.12% (25/35)/88.57% (31/35)
4/8
73.02% (46/69)/88.71% (55/67)
7/8
62.90% (39/62)/88.70% (55/62)
4/5
70.00% (70/100)/88.10% (89/101)
1/2
85.83% (103/120)/86.7% (40/60)
4/5
69.59% (103/157)/26.78% (64/239) 148/229
75.8% (91/120)/80.0% (96/120)
21/19
61.25% (49/80)/88.75% (71/80)
75.51% (37/49)/93.87% (46/49)
6/5
82.10% (23/28)/88.90% (26/30)
2/2
83.87% (26/31)/60.00% (21/35)
4/5
80.0% (16/20)/85.00% (17/20)
10/10
85.70% (36/45)/90.20% (37/45)
2/2
92.5% (74/80)/74.19% (92/124)
16/24
84.20% (16/19)/80.00% (20/25)
9/12
88.20% (97/110)/86.70% (92/106)
4/0
89.6% (43/48)/83.87% (78/93)
50/59
74.50% (111/149)/82.99% (122/148)
5/9
68.30% (28/41)/86.50% (32/37)
6/5
83.33% (25/30)/86.67% (26/30)
0/2
93.33% (42/45)/92.72% (51/55)
8/3
88.50% (23/26)/86.70% (26/30)
2/2
85.90% (55/64)/54.70% (35/64)
84.90% (28/33)/73.74% (73/99)
9/19
86.20% (50/58)/82.20% (37/45)
6/5

Jadad
scores
1
1
1
2
2
3
1
2
2
2
2
1
3
2
2
2
1
2
1
3
3
2
2
2
2
3
1
3
2
2
2
1
1
2
1
2
2
2
1
1
2
3
1
2
2
1
2
2
2

O: Omeprazole, A: Amoxicillin; B: Bismuth; C: Clarithromycin; M: Metrodinazole, P: Pantoprazole; E: Esomeprazole; Lan: Lansoprazole; D: Doxycycline; F:
Furazolidone, L: Levofloxacin; R: Rabeprazole, T: Tinidazole; Orn: Ornidazole; Am: Azithromycin; Gm: Gentamycin; B: Biopsy based test; C: Culture; UBT:
Urea breath test; H: Histology, PCR: Polymerase chain reaction; RUT: Rapid urease test; S: Serology; ST: Stool test; ITT: Intention to treat; -: Not reported; H.
pylori: Helicobacter pylori. ST-10 (O A/O C T): Sequential therapy lasting 10 d (O A for the first 5 d, O C T for the remaining 5 d); ST-10 (P A/P C): Sequential
therapy lasting 10 d (P A for the first 5 d, P C for the remaining 5 d); ST-10 (E A/E C T): Sequential therapy lasting 10 d (E A for the first 5 d, E C T for
the remaining 5 d); ST-10 (P A/P C T): Sequential therapy lasting 10 d (P A for the first 5 d, P C T for the remaining 5 d); ST-10 (R A/R C T): Sequential
therapy lasting 10 d (R A for the first 5 d, R C T for the remaining 5 d); ST-10 (O A/O C L): Sequential therapy lasting 10 d (O A for the first 5 d, O C L for
the remaining 5 d); ST-10 (O A/O C M): Sequential therapy lasting 10 d (O A for the first 5 d, O C M for the remaining 5 d); ST-10 (E A/E C L): Sequential
therapy lasting 10 d (E A for the first 5 d, E C L for the remaining 5 d); ST-10 (E A/E C M): Sequential therapy lasting 10 d (E A for the first 5 d, E C M for
the remaining 5 d); ST-10 (O A/O C F): Sequential therapy lasting 10 d (O A for the first 5 d, O C F for the remaining 5 d); ST-9 (RA/RCOrn): Sequential
therapy lasting 9 d (R A for the first 4 d, R C Orn for the remaining 5 d).
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Standard triple therapy vs dual therapy
Study name

Statistics for each study

MH risk ratio and 95%CI

MH risk
ratio

Lower
limit

Upper
limit

Z -value

P -value

Relative
weight

Gao et al , 2006

1.025

0.915

1.148

0.421

0.674

39.39

Wu et al , 2004

1.228

1.036

1.455

2.371

0.018

29.78

Geng et al , 2003

1.215

1.032

1.431

2.341

0.019

30.83

1.140

0.992

1.310

1.841

0.066
0.01

0.1

1

10

100

2

Heterogeneity (I = 63%, P = 0.07)

Figure 2 Forest plot of standard triple therapy vs dual therapy by random effect model.

Table 2 Results of meta-analysis
Meta-analyses/subgroup analyses
Standard triple therapy vs dual therapy
7-d subgroup
Adverse events
Standard triple therapy vs sequential therapy
Adult subgroup
Child subgroup
7-d subgroup
10-d subgroup
14-d subgroup
Omeprazole subgroup
Esomeprazole subgroup
Pantoprazole subgroup
Rabeprazole subgroup
Tinidazole subgroup
Metronidazole subgroup
Adverse events
Standard triple therapy vs quadruple therapy
1-d subgroup
3-d subgroup
7-d subgroup
10-d subgroup
Omeprazole subgroup
Esomeprazole subgroup
Lansoprazole subgroup
Rabeprazole subgroup
Adverse events
Standard triple therapy with other triple therapies
Adult subgroup
Child subgroup
7-d subgroup
10-d subgroup
14-d subgroup
Omeprazole subgroup
Esomeprazole subgroup
Levofloxacin subgroup
Furazolidone subgroup
Metronidazole subgroup
Adverse events
Eradication rate with standard triple therapy

Eradication rate with
control group
78.00%
73.08%

1.140 (0.992–1.310)
1.221 (1.084 –1.374)
0.651 (0.276–1.539)
0.863 (0.824–0.904)
0.899 (0.861–0.939)
0.779 (0.722–0.840)
0.800 (0.752–0.851)
0.849 (0.789–0.913)
0.980 (0.916–1.048)
0.832 (0.772–0.898)
0.932 (0.871–0.998)
0.846 (0.746–0.960)
0.847 (0.766–0.936)
0.889 (0.837–0.944)
0.810 (0.745–0.882)
1.176 (0.975–1.419)
1.073 (0.849–1.357)
2.367 (1.923–2.914)
1.288 (1.061–1.562)
0.790 (0.718–0.868)
0.917 (0.839–1.002)
1.250 (1.012–1.545)
1.098 (0.699–1.725)
1.391 (0.404–4.790)
0.948 (0.771–1.166)
0.940 (0.825–1.072)
1.010 (0.936–1.089)
0.999 (0.925–1.078)
1.079 (0.748–1.557)
1.022 (0.949–1.100)
0.933 (0.821–1.060)
1.050 (0.712–1.549)
1.048 (0.976–1.125)
0.911 (0.831–0.999)
0.917 (0.852–0.987)
0.963 (0.762–1.216)
1.119 (0.882–1.420)
1.081 (0.848–1.378)

84.00%
82.90%
87.29%
87.52%
80.17%
89.72%
87.37%
77.01%
87.13%
91.24%
81.43%
83.20%
64.90%
28.42%
66.67%
86.79%
88.04%
66.67%
73.76%
45.00%
83.99%
79.90%
80.92%
73.25%
80.32%
77.78%
78.40%
80.30%
84.47%
82.37%
85.22%
68.84%

62.596%
0.000%
0.000%
37.400%
25.942%
0.000%
0.000%
42.355%
0.000%
47.049%
40.061%
0.000%
41.871%
38.688%
43.630%
0.000%
93.204%
0.000%
100.000%
0.000%
22.259%
100.000%
88.852%
98.719%
84.733%
0.000%
72.233%
69.085%
74.810%
60.674%
0.000%
93.921%
49.506%
0.000%
0.000%
73.898%
80.863%
0.000%
74.5%

< 0.00001) with funnel plot asymmetry (Egger’s test coefficient -2.58 to 13.51, P = 0.15). The pooled eradication
rate of quadruple therapy was 64.9% based on this metaanalysis.
We performed a cumulative meta-analysis and the
pooled RRs varied little with time. We also performed
sensitivity analyses and found the pooled RRs were un-
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I2

RR (95%CI)

changed.
Due to the heterogeneity, we performed subgroup
analyses according to the course of the quadruple therapy and different PPIs in the standard triple therapy.
The pooled RRs in the 1-d, 3-d, 7-d and 10-d duration of quadruple therapy subanalysis were 2.367 (95%CI:
1.923-2.914), 1.288 (95%CI: 1.061-1.562), 0.790 (95%CI:
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Standard triple therapy vs sequential therapy
Study name

Statistics for each study
MH risk
ratio

Lower
limit

Upper
limit

MH risk ratio and 95%CI

Z -value P -value

Relative
weight

Ma et al , 2008

0.779

0.631

0.960

-2.339

0.019

3.60

Zhao et al , 2009

0.802

0.650

0.989

-2.061

0.039

3.59

Pang et al , 2009

0.981

0.879

1.094

-0.347

0.729

7.86
4.40

Hu et al , 2009

0.817

0.681

0.980

-2.175

0.030

Wang et al , 2009

0.836

0.706

0.991

-2.066

0.039

4.84

Huang et al , 2009

0.749

0.615

0.912

-2.880

0.004

3.95

Lu et al , 2010

0.802

0.639

1.007

-1.897

0.058

3.18

Zhang et al , 2010

0.893

0.777

1.026

-1.597

0.110

6.19

Gao et al , 2010

0.919

0.801

1.054

-1.207

0.227

6.28

Zhu et al , 2010

0.763

0.621

0.938

-2.571

0.010

3.69

Wu et al , 2011

0.998

0.879

1.133

-0.032

0.974

6.84

Zhou et al , 2011

0.895

0.746

1.074

-1.196

0.232

4.41
2.09

Liu et al , 2011

0.665

0.495

0.892

-2.720

0.007

Yan et al , 2011

0.980

0.873

1.100

-0.344

0.731

7.50

Huang et al , 2012

0.800

0.686

0.933

-2.851

0.004

5.50

Huang et al , 2012

0.980

0.803

1.197

-0.194

0.846

3.87

Jia et al , 2012

0.809

0.682

0.959

-2.439

0.015

4.81

Li et al , 2012

0.764

0.596

0.980

-2.122

0.034

2.77

Zhang et al , 2012

0.889

0.796

0.993

-2.078

0.038

7.78

Huang et al , 2013

0.797

0.703

0.905

-3.501

0.000

6.84

0.863

0.824

0.904

-6.260

0.000
0.01

0.1

1

10

100

2

Heterogeneity (I = 37.4%, P = 0.047)

Figure 3 Forest plot of standard triple therapy vs sequential therapy by random effect model.

0.718-0.868), and 0.917 (95%CI: 0.839-1.002), respectively. The pooled eradication rates of quadruple treatments
in the 1-d, 3-d, 7-d and 10-d subgroups were 28.42%,
66.67%, 86.79%, and 88.04%, respectively.
For the subanalysis of PPIs, the pooled RRs in the
omeprazole, esomeprazole, lansoprazole and rabeprazole subgroups were 1.250 (95%CI: 1.012-1.545), 1.098
(95%CI: 0.699-1.725), 1.391 (95%CI: 0.404-4.790), and
0.948 (95%CI: 0.771-1.166), respectively. The pooled
eradication rates of quadruple treatments in the omeprazole, esomeprazole, lansoprazole and rabeprazole subgroups were 66.67%, 73.76%, 45.00%, and 83.99%, respectively.
Data on adverse events were available for 7 trials. The
RR was 0.940 (95%CI: 0.825-1.072), which indicated no
significant difference with no evidence of heterogeneity
(I2 = 0%, P = 0.56).
Standard triple therapy vs other triple therapies:
There were 20 studies[20-36,57-59] comparing standard triple
therapy with other triple therapies. As shown in Figure
6, the pooled RR was 1.01 (95%CI: 0.936-1.089, P =
0.807). We found evidence of heterogeneity (I2 = 72%,
P < 0.00001) but no funnel plot asymmetry (Egger’s test
coefficient -2.35 to 3.51, P = 0.68). The pooled eradication rate of other triple therapy was 79.9% based on this
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meta-analysis.
As shown in Figure 7, we performed a cumulative
meta-analyses and the pooled RRs varied little with time.
We also performed sensitivity analyses and found the
pooled RRs were unchanged.
Due to the heterogeneity, we performed subgroup
analyses according to age, duration of standard triple
therapy, different PPIs in standard triple therapy, and
different drugs used in the control group (other triple
therapy group).
The subanalysis by age showed that the summary RRs
in the adult and the child subgroups were 0.999 (95%CI:
0.925-1.078) and 1.079 (95%CI: 0.748-1.557), respectively. The pooled eradication rates of other triple therapies
in the adult and the child subgroups were 80.92% and
73.25%.
For the subanalysis of duration of standard triple
therapy, the pooled RRs in the 7-d, 10-d and 14-d subgroups were 1.022 (95%CI: 0.949-1.100), 0.933 (95%CI:
0.821-1.060) and 1.050 (95%CI: 0.712-1.549), respectively. The pooled eradication rates of other triple therapies in the 7-d, 10-d, and 14-d subgroups were 80.32%,
77.78%, and 78.40%, respectively.
The PPI subanalysis indicated the pooled RRs in the
omeprazole subgroup and the esomeprazole subgroup
were 1.048 (95%CI: 0.976-1.125) and 0.911 (95%CI:
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Cumulative meta-analysis
Study name

Cumulative statistics
Point

Lower
limit

Upper
limit

Cumulative risk ratio (95%CI)

Z -value P -value

Relative
weight

Ma et al , 2008

0.779

0.611

0.993

-2.019

0.043

Zhao et al , 2009

0.790

0.665

0.938

-2.687

0.007

7.19

Pang et al , 2009

0.885

0.786

0.996

-2.024

0.043

15.05
19.46

3.60

Hu et al , 2009

0.869

0.783

0.964

-2.639

0.008

Wang et al , 2009

0.862

0.785

0.947

-3.109

0.002

24.30

Huang et al , 2009

0.845

0.775

0.922

-3.798

0.000

28.25
31.43

Lu et al , 2010

0.841

0.775

0.913

-4.132

0.000

Zhang et al , 2010

0.849

0.788

0.916

-4.262

0.000

37.62

Gao et al , 2010

0.859

0.801

0.921

-4.286

0.000

43.91

Zhu et al , 2010

0.851

0.796

0.910

-4.732

0.000

47.60

Wu et al , 2011

0.868

0.816

0.924

-4.433

0.000

54.44

Zhou et al , 2011

0.870

0.819

0.924

-4.535

0.000

58.85
60.94

Liu et al , 2011

0.862

0.813

0.915

-4.922

0.000

Yan et al , 2011

0.874

0.827

0.924

-4.722

0.000

68.44

Huang et al , 2012

0.869

0.823

0.916

-5.151

0.000

73.94

Huang et al , 2012

0.874

0.829

1.921

-5.059

0.000

77.81

Jia et al , 2012

0.870

0.827

0.915

-5.387

0.000

82.61

Li et al , 2012

0.866

0.824

0.911

-5.642

0.000

85.39

Zhang et al , 2012

0.868

0.828

0.911

-5.804

0.000

93.16

Huang et al , 2013

0.863

0.824

0.904

-6.260

0.000

100.00

0.863

0.824

0.904

-6.260

0.000
0.01

0.1

1

10

100

2
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Figure 4 Cumulative meta-analysis of standard triple therapy vs sequential therapy by random effect model.
Standard triple therapy vs quadruple therapy
Study name

Statistics for each study

MH risk ratio and 95%CI

Z -value P -value

MH risk
ratio

Lower
limit

Upper
limit

Jing et al , 2004

1.288

1.061

1.562

2.565

Relative
weight

0.010

11.35

Zheng et al , 2005

2.093

1.369

3.200

3.408

0.001

8.76

Zhang et al , 2006

2.450

1.931

3.109

7.371

0.000

10.91

Gao et al , 2010

0.980

0.843

1.140

-0.259

0.796

11.70
11.18

Liu et al , 2010

0.709

0.574

0.875

-3.197

0.001

Xu et al , 2011

0.812

0.664

0.933

-2.031

0.042

11.28

Dai et al , 2012

0.882

0.709

1.098

-1.125

0.260

11.11

Zhang et al , 2012

0.880

0.789

0.982

-2.287

0.022

11.98

Hu et al , 2012

0.794

0.686

0.920

-3.070

0.002

11.73

1.073

0.849

1.357

0.591

0.555

2

Heterogeneity (I = 93%, P < 0.00001)
0.01

0.1

1

10

100

Figure 5 Forest plot of standard triple therapy vs quadruple therapy by random effect model.

0.831-0.999), respectively.
To examine the different drugs used in the control
group subanalysis, the pooled RRs for the levofloxacin,
furazolidone, and metronidazole subgroups were 0.917
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(95%CI: 0.852-0.987), 0.963 (95%CI: 0.762-1.216), and
1.119 (95%CI: 0.882-1.420), respectively. The pooled
eradication rates of other triple therapies in the levofloxacin, furazolidone, and metronidazole subgroups were
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Standard triple therapy vs other triple therapy
Study name

Statistics for each study
MH risk
ratio

Lower
limit

Upper
limit

MH risk ratio and 95%CI

Z -value P -value

Relative
weight

Chen et al , 1996

1.291

1.068

1.561

2.636

0.008

Chen et al , 2002

1.016

0.918

1.124

0.308

0.758

6.68

Guo et al , 2004

1.151

0.955

1.386

1.479

0.139

5.21

5.14

Mou et al , 2004

1.053

0.799

1.388

0.364

0.716

3.79

He et al , 2004

1.571

1.231

2.006

3.630

0.000

4.26

Chen et al , 2004

1.007

0.908

1.121

0.119

0.906

6.58

Sun et al , 2005

1.048

0.884

1.243

0.544

0.586

5.49

Su et al , 2005

1.247

1.105

1.407

3.569

0.000

6.35

Gao et al , 2005

0.962

0.777

1.190

-0.361

0.718

4.76
5.02

Chen et al , 2005

1.021

0.838

1.243

0.204

0.839

Zeng et al , 2007

0.790

0.618

1.008

-1.894

0.058

4.25

Wang et al , 2008

0.941

0.707

1.253

-0.415

0.678

3.66

Hu et al , 2008

0.973

0.797

1.188

-0.269

0.788

4.98

Xu et al , 2009

1.398

1.024

1.909

2.108

0.035

3.34

Xu et al , 2010

0.804

0.675

0.958

-2.442

0.015

5.41

Cheng et al , 2010

0.904

0.802

1.019

-1.656

0.098

6.37

Dai et al , 2010

0.948

0.759

1.184

-0.472

0.637

4.60

Liu et al , 2011

0.870

0.609

1.241

-0.771

0.441

2.86

Chen et al , 2011

0.690

0.570

0.835

-3.806

0.000

5.13

Luo et al , 2012

0.948

0.828

1.085

-0.777

0.437

6.12

1.010

0.936

1.089

0.244

0.807
0.01

0.1

1

10

100

2

Heterogeneity (I = 72%, P < 0.00001)

Figure 6 Forest plot of standard triple therapy vs other triple therapy by random effect model.

82.37%, 85.22%, and 68.84%, respectively.
Data on adverse events were available for 16 trials.
The pooled RR was 1.081 (95%CI: 0.848-1.378), indicating no significant difference and no evidence of heterogeneity (I2 = 0%, P = 0.79).

DISCUSSION
Graham et al[63] stratified the effectiveness of the treatment regimens for H. pylori infection into the following
grades based on PP analysis: excellent regimen, if the
eradication rate was more than 95%; good regimen, if a
91%-95% eradication rate was achieved; borderline, if
the eradication rate was 85%-89%; and unacceptable if
the eradication rate was less than 85%.
The standard triple treatment includes a PPI, CLA,
and AMO or metronidazole to treat H. pylori infection.
This treatment has become universal since all of the consensus conferences and guidelines worldwide recommend
this treatment.
The following are the primary mechanisms of standard triple therapy: (1) AMO can impede the synthesis of
the cell walls of H. pylori and can increase the concentration of CLA in H. pylori infection. Thus, the combination
of the two can exert synergism; and (2) PPIs that modify
the pH of gastric juice can inhibit the growth of H. pylori

WJG|www.wjgnet.com

and diminish the activity of urease. Furthermore, PPIs
can improve the concentration of CLA and AMO in the
stomach by raising the pH of the gastric juice.
However, this triple regimen was used worldwide
and the prevalence of H. pylori resistant to CLA has increased[7,8]. Drug resistance represents the major reason
for the low eradication rate of the standard triple regimen consisting of PPIs, AMO and CLA[5]. One study
conducted by the H. pylori Study Group of Digestive
Diseases Division of the Chinese Medical Association
demonstrated that the resistance rates of H. pylori to
metronidazole, CLA, and AMO were 75.6%, 27.6%, and
2.7%, respectively[64].
The Maastricht consensus report Ⅳ indicates that triple therapy with AMO and CLA is not suitable for firstline therapy when the resistance rate of H. pylori to CLA
is greater than 15%-20%. However, when the resistance
rate of H. pylori is lower than 15% the regimen is still
recommended as the preferred first-line regimen for H.
pylori infection. The standard triple therapy shows a better eradication rate in CLA-sensitive strains than in CLAresistant strains (88% vs 18%)[65].
Our meta-analysis and systematic review showed that
the standard triple therapy might not be suitable for firstline therapy in China because the pooled eradication rate
is 74.5%.
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Cumulative meta-analysis
Study name

Cumulative statistics
Point

Lower
limit

Upper
limit

Cumulative risk ratio (95%CI)

Z -value P -value

Relative
weight

Chen et al , 1996

1.291

0.923

1.806

1.492

0.136

5.14

Chen et al , 2002

1.128

0.904

1.407

1.063

0.288

11.82

Guo et al , 2004

1.135

0.943

1.365

1.342

0.180

17.04

Mou et al , 2004

1.119

0.947

1.323

1.324

0.186

20.83

He et al , 2004

1.186

1.018

1.380

2.195

0.028

25.09

Chen et al , 2004

1.146

1.001

1.312

1.973

0.048

31.66

Sun et al , 2005

1.131

0.998

1.282

1.931

0.053

37.15

Su et al , 2005

1.147

1.022

1.288

2.332

0.020

43.51

Gao et al , 2005

1.127

1.010

1.258

2.145

0.032

48.26
53.28

Chen et al , 2005

1.117

1.006

1.240

2.077

0.038

Zeng et al , 2007

1.089

0.985

1.204

1.658

0.097

57.53

Wang et al , 2008

1.079

0.979

1.190

1.535

0.125

61.19

Hu et al , 2008

1.071

0.975

1.176

1.433

0.152

66.17

Xu et al , 2009

1.085

0.990

1.188

1.743

0.081

69.51

Xu et al , 2010

1.061

0.972

1.159

1.329

0.184

74.93

Cheng et al , 2010

1.048

0.963

1.141

1.092

0.275

81.30

Dai et al , 2010

1.043

0.960

1.132

0.993

0.320

85.90

Liu et al , 2011

1.036

0.956

1.124

0.868

0.385

88.76

Chen et al , 2011

1.014

0.937

1.097

0.339

0.735

93.88

Luo et al , 2012

1.010

0.936

1.089

0.244

0.807

100.00

1.010

0.936

1.089

0.244

0.807
0.01

0.1

1

10

100

2
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Figure 7 Cumulative meta-analysis of standard triple therapy vs other triple therapy by random effect model.

According to our meta-analysis comparing the standard triple therapy with dual treatments, the eradication
rate of the standard triple therapy with PPIs, AMO, and
CLA was slightly higher than for dual treatments (RR =
1.14, 95%CI: 0.99-1.31). However, when the study of
Gao et al[19] was removed, the difference became significant. This result may be associated with the following
causes: (1) the number of studies included in this metaanalysis was insufficient. Only 3 RCTs compared the
standard triple therapy with dual treatment; and (2) the
quality of the studies was low. More high quality RCTs
are required to determine the actual difference between
the standard triple therapies and dual treatments.
In the meta-analysis comparing standard triple therapy
with sequential treatments, the outcomes demonstrated
that standard triple therapy was inferior to sequential treatments (RR = 0.863; 95%CI: 0.824-0.904). The subgroup
analyses showed no statistical significance among those
treatments. Additionally, a recent study showed sequential
treatment could achieve an 89.7% eradication rate by per
protocol analysis in China[15]. Thus, although the guidelines
of China do not recommended sequential treatment as
a first-line therapy, we suggest that it is worth further
study to identify the effectiveness of sequential therapy
in China. Our subgroup analyses also showed that 14-d
treatments were superior to 7-d treatment. These results
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indicate that a longer duration might be more effective
when used for H. pylori infection. The cumulative metaanalysis showed that the RRs were stable.
Our meta-analysis comparing the standard triple vs
quadruple treatments showed that the eradication rate
of the standard triple treatment was similar to quadruple
treatments. This finding conflicts with most of the preexisting consensus. The results of subgroup analyses
showed that the 7-d quadruple treatments were superior
to the standard triple treatment (RR = 0.790, 95%CI:
0.718-0.868) and that the 1-d and 3-d quadruple treatments were inferior to the standard triple treatment
(RR = 2.367, 95%CI: 1.923-2.914; RR = 1.288, 95%CI:
1.061-1.562, respectively). It was interesting that the effectiveness of the 10-d standard triple treatment was
equivalent to that of the 10-d quadruple treatments (RR
= 0.917, 95%CI: 0.839-1.002). Although we performed
subgroup analyses based on the duration, age, and PPI
used in the standard triple groups, the significant heterogeneity in this meta-analysis may also affect its reliability.
Based on our meta-analysis comparing standard triple
treatments with other triple treatments, the eradication
rate of the standard triple treatments was similar to that
of other triple treatments. This result suggested that the
standard triple treatment was not inferior to other triple
treatments. The eradication rates of both standard triple
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treatments and other triple treatments were less than
80%. We also performed subgroup analyses based on
different PPIs, durations, and treatments in the control
group. The results showed that the treatments containing
levofloxacin were able to provide higher eradication rates
than standard triple therapy and is consistent with other
studies[66,67]. Interestingly, the effectiveness of the esomeprazole subgroup was inferior to the control group. There
was no statistical significance in other subgroups. To determine the variations in the eradication rate of standard
triple treatments compared with other triple treatments
against time, we performed a cumulative meta-analysis of
the chronological order of the studies’ publication dates.
We found that the effectiveness of the standard triple
treatment with PPI, AMO and CLA gradually reduced
with time. This may be related to the increasing resistance
rate of H. pylori to CLA.
Strengths and limitations
To diminish bias there were 2 reviewers who performed
the study selection, data extraction and the evaluation
of study quality. We comprehensively analyzed the efficacy of the standard triple therapy with PPI, AMO and
CLA in anti-H. pylori treatment. The subgroup analyses
and sensitivity analyses made the outcomes of our metaanalyses reliable.
There were several limitations to our meta-analysis.
First, most of the studies included in our meta-analysis
had problems with concealing the allocation and blinding, which might have affected our results. However, we
performed sensitivity analyses to determine the reliability
of our results. Second, there was heterogeneity in the
meta-analysis and we conducted subgroup analyses and
sensitivity analyses to decrease these effects. Third, the
quality of the studies included in the meta-analysis might
also affect our result. Fourth, the available published
languages might have exerted a bias. Thus, it is likely that
our meta-analysis does not reflect all outcomes. Finally,
we asked authors for unpublished data, but their lack of
response may have introduced further bias.
In conclusion, the effectiveness of the standard triple
therapy with PPIs, AMO, and CLA is inferior to sequential treatments and is similar to other triple treatments,
but is not superior to quadruple therapy. The standard
triple treatment achieves a low eradication rate for H. pylori infection and is not suitable as a first-line therapy for
treatment of H. pylori infection in China.

rapidly. It is unclear if the standard triple therapy is suitable for treatment of H.
pylori infection in China.

Innovations and breakthroughs

This was the first meta-analysis comparing the efficiency of standard triple
therapy with other pre-existing and new therapies on the Chinese mainland.
Furthermore, this meta-analysis also examined the eradication rates for H.
pylori and the changes in the eradication rate of the standard triple therapy with
time on the Chinese mainland.

Applications

The results indicated that standard triple therapy of PPI, AMO, and CLA might
not be suitable for first-line therapy on the Chinese mainland and new agents
for treatment need to be developed.

Peer review

This meta-analysis study is well structured and has a great scientific merit. It
provides an important contribution to H. pylori therapeutics in China.
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Abstract
AIM: To evaluate the effect of bursectomy on overall
survival, recurrence-free survival and safety of patients
with gastric cancer by performing a meta-analysis.
METHODS: A literature search was performed in
PubMed, EMBASE, and the Cochrane Library databases for clinical research that compared bursectomy
with non-bursectomy published before October 2013.
Inclusion and exclusion criteria were established and
applied. Overall survival, recurrence-free survival, complications, hospital stay, operative time and blood loss
were compared using hazard ratios (HRs), relative risks
and weighted mean differences. Stata 12.0 software
was used for statistical analysis.
RESULTS: Four studies including 1130 patients were
available for the analysis (430 in the bursectomy group,
700 in the non-bursectomy group). No statistically
significant difference was observed in the rate of com-
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plications between the bursectomy group and the nonbursectomy group. Bursectomy did not have a significant effect (combined HR = 1.14, 95%CI: 0.88-1.47)
on overall survival, and it was not a significant factor
for recurrence-free survival (combined HR = 1.06,
95%CI: 0.82-1.37).
CONCLUSION: Gastrectomy with bursectomy is not
superior to non-bursectomy in terms of survival. Bursectomy is not recommended as a routine procedure
for the surgical treatment of gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Bursectomy; Prognosis;
Gastrectomy; Meta-analysis
Core tip: To our knowledge, no large-scale studies have
investigated the survival benefit of bursectomy. Several studies have described the relationship between
bursectomy and prognosis in gastric cancer. However,
the results were inconsistent. The purpose of this study
was to determine the survival benefit of bursectomy by
meta-analysis comparing the prognosis in patients undergoing gastrectomy with bursectomy for gastric cancer with that in patients undergoing gastrectomy alone.
Shen WS, Xi HQ, Wei B, Chen L. Effect of gastrectomy with bursectomy on prognosis of gastric cancer: A meta-analysis. World J
Gastroenterol 2014; 20(40): 14986-14991 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14986.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14986

INTRODUCTION
Gastric cancer is a common malignant tumor and a major
health problem worldwide[1,2]. Although the incidence of
gastric cancer has been declining in the West, it remains
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the second leading cause of cancer-related death in the
world, especially in some Eastern countries, such as Japan, South Korea and China[3-5]. For curative purposes,
surgery is considered the optimal treatment; however, the
clinical value of bursectomy in addition to gastrectomy in
curable gastric cancer is controversial. The Japanese Gastric Cancer Association’s gastric cancer treatment guidelines recommend bursectomy for tumors with invasion
of the serosa, and should be avoided in T1/T2 tumors to
prevent injury to the pancreas or adjacent blood vessels[6].
To the best of our knowledge, no large-scale studies have investigated the survival benefit of bursectomy.
Several studies have described the relationship between
bursectomy and prognosis in gastric cancer[7-11]. However,
the results were inconsistent. Meta-analysis is a popular
and powerful tool that overcomes the limitation of small
sample sizes by combining results from several individual
studies to generate a best assessment[12]. There is evidence
that pooling of high-quality non-randomized comparative trials (NRCTs) is as credible as pooling of randomized controlled trials (RCTs) when comparing surgical
outcomes[13]. In this study, we analyzed systematically
high-quality clinical trials, compared bursectomy with
non-bursectomy and performed a meta-analysis of combined RCTs and NRCTs.
The purpose of this meta-analysis was to determine
the survival benefit of bursectomy by comparing the
prognosis of patients undergoing gastrectomy with bursectomy for gastric cancer with that of patients undergoing gastrectomy alone.

MATERIALS AND METHODS
Search strategy and study selection
We searched the electronic databases of PubMed, EMBASE, and the Cochrane Library up to October 2013.
The language was restricted to English. We used the
following search terms: gastric cancer, bursectomy, prognosis or prognostic or survival. The references of all
relevant articles were evaluated to identify other related
studies.
Inclusion and exclusion criteria
Eligibility criteria for inclusion in this meta-analysis were
as follows: (1) studies that compared the outcomes of
gastrectomy with non-bursectomy; (2) evaluation of the
correlation between bursectomy and overall survival in
gastric cancer patients; and (3) publication as a full text
in the English language. Studies that included recurrent
gastric cancer, gastrointestinal stromal tumors or benign
gastric diseases were excluded unless the data were presented separately.
Quality assessment and data collection
Quality assessment was peer-reviewed by two reviewers
independently in each of the included studies. The Jadad
Scale[14] assessed the methodological quality of the eligible
RCTs, and the Methodological Index assessed that of the
NRCTs for Nonrandomized Studies (MINORS)[15].
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169 reports identified
through database searching
102 reports excluded by screening
of title and abstract
67 reports for abstract review
50 reports excluded: reviews,
editorials, case reports
17 reports for full-text review
12 reports excluded:
4 no control group
8 no giving the required outcomes
5 reports included in the
Meta-analysis

Figure 1 Identification of eligible studies.

Two investigators (Shen WS, Xi HQ) independently
extracted the data. The data extracted included the author’s name, year of publication, study location, number
of patients and tumor characteristics. Univariate hazard ratios (HRs) and 95%CI were used to calculate the
overall survival. Some of the studies provided HRs and
95%CI values. If HR and 95%CI values were not directly
reported in the included studies, we assessed the values
in the original studies using the methods illustrated by
Parmar et al[16]. In addition, if the original studies included
the median, range and the size of a sample, we estimated
the mean and variance using the methods illustrated by
Hozo et al[17].
Statistical analysis
Stata 12.0 software (StatCorp, College Station, TX, United
States) was used for statistical analysis. Weighted mean differences (WMDs) were used to compare operative time,
estimated blood loss and hospital stay. HRs were used
to compare overall survival and recurrence-free survival.
Relative risks (RRs) were used to compare complications.
The Cochran Q and I2 statistics were used to assess heterogeneity and were considered significant when P < 0.1.
If heterogeneity was found, the random effects model
was used. Begg’s funnel plot and Egger’s linear regression
test[18] were used to assess publication bias.

RESULTS
Study selection and characteristics
A total of 169 articles were retrieved from a search of
the above databases using the described search strategies. After screening the titles and abstracts, 102 reports
were excluded. After reading the abstracts, we excluded
50 reports as they were either a review, editorial, or case
report. On full-text review, four reports were excluded
that lacked a control group. Eight reports were excluded
as the required outcomes were not stated in the studies.
Fujita’s and Imamura’s reports, which were published by
the same institute, were included as one study, and shared
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Table 1 Major features of the included studies
Ref.

Year

Nation

Study type

Study year

TNM stage

Kochi et al[7]
Hasegawa et al[8]
Eom et al[9]
Fujita et al[10]
Imamura et al[11]

2014
2013
2013
2012
2011

Japan
Japan
South Korea
Japan
Japan

NRCT
NRCT
NRCT
RCT
RCT

2004-2009
2000-2009
2001-2006
2002-2007
2002-2007

pⅠA-ⅢC
pⅠ-Ⅲ
cⅠ-Ⅳ
cT2-T3
cT2-T3

Sample size
Bursectomy(+)

Bursectomy(-)

121
98
107
104
104

133
98
363
106
106

Outcomes

Quality score

OS, RFS
OS, RFS
OS, RFS
OS, RFS
-

15/24
17/24
13/24
3/5
3/5

1

1

Jadad score for RCTs, MINORS score for NRCTs. Fujita’s and Imamura’s reports were published by the same institute, were included as one study and
share the same study number (the separately published data was complementary). NRCT: Non-randomized comparative studies; OS: Overall survival;
RFS: Recurrence-free survival.

Study ID

HR (95%CI)

%weight

NRCT
Kochi (2012)
Hasegawa (2013)
Eom (2013)
2
Subtotal (I = 26.2%, P = 0.258)

0.82 (0.37, 1.74)
1.90 (0.99, 3.65)
1.24 (0.87, 1.76)
1.27 (0.95, 1.70)

11.25
15.83
54.30
81.39

RCT
Fujita (2012)
2
Subtotal (I = .%, P = . )

0.69 (0.38, 1.27)
0.69 (0.38, 1.27)

18.61
18.61

1.14 (0.88, 1.47)

100.00

2

Overall (I = 49.0%, P = 0.117)
.274

1

3.65

Figure 2 Meta-analysis of overall survival. NRCT: High-quality non-randomized comparative trial; RCT: Randomized controlled trial.
Study ID

HR (95%CI)

%weight

NRCT
Kochi (2012)
Eom (2013)
2
Subtotal (I = 62.0%, P = 0.105)

0.64 (0.24, 1.79)
1.93 (0.48, 2.77)
1.14 (0.39, 3.37)

31.20
34.54
65.74

RCT
Fujita (2012)
2
Subtotal (I = .%, P = .)

0.46 (0.19, 1.12)
0.46 (0.19, 1.12)

34.26
34.26

0.84 (0.35, 2.02)

100.00

2

Overall (I = 63.7%, P = 0.064)
.189

1

5.28

Figure 3 Meta-analysis of overall survival of serosa-positive patients. NRCT: High-quality non-randomized comparative trial; RCT: Randomized controlled trial.

the same study number, as the separately published data
was complementary[10,11]. Therefore, four studies were eligible for the meta-analysis (Figure 1). The characteristics
of the four eligible studies are summarized in Table 1.
Primary outcomes
There was no significant difference in overall survival
when a forest plot of the individual HRs was constructed
(combined HR = 1.14, 95%CI: 0.88-1.47) (Figure 2). In
the subgroup of serosa-positive patients, the difference
in overall survival between the bursectomy and non-bursectomy groups was not statistically significant (combined
HR = 0.84, 95%CI: 0.35-2.02) (Figure 3).
All studies reported recurrence-free survival of patients. Figure 4 shows a forest plot of recurrence-free
survival and the results of the meta-analysis. Bursectomy
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did not have a significant association with increased
recurrence-free survival of gastric cancer patients (combined HR = 1.06, 95%CI:0.82-1.37). In the subgroup
of serosa-positive patients, no significant difference in
recurrence-free survival was observed (combined HR =
0.81, 95%CI: 0.55-1.20) (Figure 5).
Secondary outcomes
As indicated in Table 2, we assessed the association between bursectomy and postoperative complications in
the patients. The difference in complications was not
statistically significant between the groups (combined RR
= 0.98, 95%CI: 0.80-1.21). Operative time was recorded
in the four studies. In a forest plot, operative time was
longer for the bursectomy group than for the non-bursectomy group (combined WMD = 105.61 min, 95%CI:
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Study ID

HR (95%CI)

%weight

NRCT
Kochi (2012)
Hasegawa (2013)
Eom (2013)
2
Subtotal (I = 0.0%, P = 0.630)

0.83 (0.38, 1.77)
1.08 (0.67, 1.76)
1.26 (0.84, 1.90)
1.12 (0.84, 1.50)

11.05
28.03
39.25
78.33

RCT
Fujita (2012)
2
Subtotal (I = .%, P = .)

0.85 (0.49, 1.47)
0.85 (0.49, 1.47)

21.67
21.67

1.06 (0.82, 1.37)

100.00

2

Overall (I = 0.0%, P = 0.632)
.38

1

2.63

Figure 4 Meta-analysis of recurrence-free survival. NRCT: High-quality non-randomized comparative trial; RCT: Randomized controlled trial.
Study ID

HR (95%CI)

%weight

NRCT
Kochi (2012)
Hasegawa (2013)
2
Subtotal (I = 0.0%, P = 0.366)

0.66 (0.24, 1.84)
1.13 (0.64, 1.99)
0.99 (0.61, 1.63)

14.81
47.74
62.55

RCT
Fujita (2012)
2
Subtotal (I = .%, P = .)

0.57 (0.30, 1.08)
0.57 (0.30, 1.08)

37.45
37.45

0.81 (0.55, 1.20)

100.00

2

Overall (I = 24.1%, P = 0.268)
.24

1

4.17

Figure 5 Meta-analysis of recurrence-free survival of serosa-positive patients. NRCT: High-quality non-randomized comparative trial; RCT: Randomized controlled trial.

Table 2 Results of meta-analysis of the other four secondary outcomes
Outcomes

Subgroup

Complications

Operative time (min)

Blood loss (mL)

Hospital day (d)

NRCT
RCT
Overall
NRCT
RCT
Overall
NRCT
RCT
Overall
NRCT
RCT
Overall

n
3
1
4
3
1
4
2
1
3
2
0
2

Heterogeneity

I2

P value

0.0%
0.0%
79.6%
99.4%
78.9%
68.2%
96.3%
96.3%

0.794
0.926
0.007
0.000
0.029
0.043
0.000
0.000

Effect size

95%CI of effect

P value

RR = 0.98
RR = 1.02
RR = 0.98
WMD = 57.18
WMD = 244.20
WMD = 105.61
WMD = 229.63
WMD = 338.00
WMD = 254.91
WMD = 4.83
WMD = -4.83

0.78-1.22
0.53-1.98
0.80-1.21
35.57-78.79
230.38-258.02
2.27-208.94
106.77-352.49
184.21-491.79
154.21-355.62
-12.96- 3.30
-12.96-3.30

0.838
0.955
0.866
0.000
0.000
0.045
0.000
0.000
0.000
0.244
0.244

NRCT: Non-randomized comparative study; RR: Relative risk; WMD: Weighted mean difference.

2.27-208.94). Data regarding blood loss was reported in
three studies. The bursectomy group had more blood
loss than the non-bursectomy group (combined WMD =
254.91 mL, 95%CI: 154.21-355.62). Two studies reported
data on the adequacy of hospital stay, and there was no
difference in hospital stay between the bursectomy group
and the non-bursectomy group (combined WMD =
-4.83, 95%CI:-12.96-3.30).
Publication bias
The assessment of publication bias showed that Egger’s
WJG|www.wjgnet.com

test (P = 0.729) and Begg’s test (P = 1.0) were not significant (P > 0.05) in the analysis of overall survival in the
included studies. A funnel plot analysis of the studies is
shown in Figure 6.

DISCUSSION
Gastric cancer can be divided into two levels of severity, early gastric cancer and advanced gastric cancer.
Advanced gastric cancer accounts for 92%-95% of
cases in China, 40%-60% in Japan, and 80%-90% in Eu-
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Begg's funnel plot with pseudo 95%CI limits
1.0

Log [HR]

0.5

0

-0.5

-1.0
0

0.2
SE of log [HR]

0.4

Figure 6 Funnel plot depicting the distribution of hazard ratios (HRs)
comparing overall survival. HR: Hazard ratio.

rope[19,20]. Radical gastrectomy is commonly accepted as
the preferred treatment for advanced gastric cancer. The
five-year survival rate in patients with advanced gastric
cancer is 45% in Japan, 40% in China, only about 20%
in Western countries and as low as 6% in sub-Saharan
Africa[21-24]. Bursectomy, a procedure that allows radical
gastrectomy and potentially decreases the incidence of
recurrence, has been described in the Japanese Gastric
Cancer Treatment Guidelines[25,26]. However, the effect of
complete bursectomy on overall survival in gastric cancer patients remains unclear. In this study, we compared
overall survival, recurrence-free survival, complications,
operative time, blood loss, and hospital stay between the
bursectomy and non-bursectomy groups.
Based on the present meta-analysis, overall survival
was not statistically different between the two groups,
and was slightly better in the non-bursectomy group.
Bursectomy is unlikely to improve overall survival in
gastric cancer patients at all T stages. In the subgroup
of serosa-positive patients, the analysis revealed that the
bursectomy group had better overall survival than the
non-bursectomy group, although this difference was not
statistically significant. Similarly, recurrence-free survival
benefits were not found in the bursectomy group, and no
difference was observed between the two groups (Figure
3). However, the bursectomy group had better recurrence-free survival than the non-bursectomy group in the
subgroup of serosa-positive patients. Therefore, bursectomy is not considered an effective treatment for gastric
cancer patients at all T stages, as it results in decreased
overall survival and recurrence-free survival. However, in
serosa-positive patients, bursectomy could improve overall survival and recurrence-free survival.
With regard to the safety of bursectomy, we found
that complications and hospital stay were equivalent
between the bursectomy and non-bursectomy groups.
However, bursectomy tended to increase operative time
and blood loss. Although surgical blood loss and operative time were significantly increased in the bursectomy
group, overall, we concluded that gastrectomy with bursectomy is safe and acceptable.

WJG|www.wjgnet.com

We attempted to identify all related studies by performing a literature search using PubMed, Embase, and
the Cochrane library databases. Our review only included
fully published studies. Unpublished studies and conference abstracts were not included in our meta-analysis,
as the required data were unavailable. In addition, our
search was conducted with language restrictions. This
analysis only included fully published studies in English.
For those reasons, only four studies were included in this
meta-analysis.
In conclusion, bursectomy did not show superiority
to non-bursectomy in terms of survival in gastric cancer
patients. Although the subgroup analyses suggested that
bursectomy may improve survival in serosa-positive patients, this was not statistically significant and a definitive
conclusion could not be made. Therefore, well-designed
large-scale studies are required to obtain definitive data.
Based on the current evidence, gastrectomy with bursectomy is not recommended as a routine procedure for the
surgical treatment of gastric cancer.
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Abstract
For patients with extensive bilobar colorectal liver metastases (CRLM), initial surgery may not be feasible and
a multimodal approach including microwave ablation
(MWA) provides the only chance for prolonged survival.
Intraoperative navigation systems may improve the accuracy of ablation and surgical resection of so-called
“vanishing lesions”, ultimately improving patient outcome. Clinical application of intraoperative navigated
liver surgery is illustrated in a patient undergoing combined resection/MWA for multiple, synchronous, bilobar
CRLM. Regular follow-up with computed tomography
(CT) allowed for temporal development of the ablation
zones. Of the ten lesions detected in a preoperative
CT scan, the largest lesion was resected and the others were ablated using an intraoperative navigation
system. Twelve months post-surgery a new lesion (Seg
Ⅳa) was detected and treated by trans-arterial embo-
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lization. Nineteen months post-surgery new liver and
lung metastases were detected and a palliative chemotherapy started. The patient passed away four years
after initial diagnosis. For patients with extensive CRLM
not treatable by standard surgery, navigated MWA/resection may provide excellent tumor control, improving
longer-term survival. Intraoperative navigation systems
provide precise, real-time information to the surgeon,
aiding the decision-making process and substantially
improving the accuracy of both ablation and resection.
Regular follow-ups including 3D modeling allow for early discrimination between ablation zones and recurrent
tumor lesions.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Computer navigation; Colorectal liver metastases; Image-guidance; Microwave ablation; Tumor
Core tip: For patients with extensive bilobar colorectal
liver metastases (CRLM), surgery may not be an option
and a multimodal approach including computer navigated intervention may be the only chance for prolonged
survival. Here we report on a 59-year-old patient undergoing combined resection/microwave ablation for
multiple, synchronous bilobar CRLM using an intraoperative navigation system. Of the ten lesions detected in
a preoperative computed tomography scan, the largest
was resected and the remaining nine ablated. Navigated interventions may provide excellent tumor control,
possibly improve longer-term survival, provide real-time
information to the surgeon, thus aiding the decisionmaking process and substantially improving ablation
and resection accuracy.
Banz VM, Baechtold M, Weber S, Peterhans M, Inderbitzin D,
Candinas D. Computer planned, image-guided combined resection and ablation for bilobar colorectal liver metastases. World J
Gastroenterol 2014; 20(40): 14992-14996 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14992.htm DOI:
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sion, segment Ⅶ) with intraoperative MWA to improve
local-tumor control and long-term outcome; especially as
chemotherapy was not supported well and partial metastatic progression was noted.

http://dx.doi.org/10.3748/wjg.v20.i40.14992

INTRODUCTION
Improved surgical and interventional techniques combined with increasingly efficient chemotherapy yield
5-year survival rates of up to 50% in patients with
colorectal cancer[1,2]. Unfortunately, only a minority of
patients qualify for surgery and local hepatic recurrence
affects up to three quarters of all radically operated patients[3,4]. Limitations of classical surgery include achieving complete (R0) tumor removal while leaving behind
sufficient liver volume post-resection, a problem often
encountered in patients with multiple, bilobar colorectal
cancer liver metastases (CRLM). Although such patients
(i.e., those deemed non-resectable) may profit from
ablation techniques, until now this has been associated
with worse long-term survival compared to resection[5].
Whether this difference is due to confounding factors,
with ablation generally offered to patients with an a priori
poorer prognosis[6], or results from a lack of ablative precision[7], is not yet fully understood.
A further problem concerns the so-called “vanishing
lesions”, where lack of an intraoperative-tumor-site identification renders adequate treatment difficult.

CASE REPORT
A 59-year old patient with multiple, synchronous, bilobar
CRLM deemed inoperable with regard to tumor extent
and location underwent computer-navigated, combined
resection and microwave ablation (MWA). This paper
focuses on the challenges faced in such complex clinical
settings and possible new technological advantages available with intraoperative navigation systems for soft tissue
surgery.
Preoperative 3D virtual surgical planning (MeVis)
Our patient underwent a preoperative abdominal tri-phasic MeVis computed tomography (CT) (MeVis Research,
Bremen, Germany) scan, depicting detailed liver anatomy
with identification of vascular territories (portal, arterial
and venous) as well as the exact location of the metastases.
Operative procedure
The patient received a low anterior rectum resection in
January 2008 for a T3 N2 (4/33) M1 G2 R0 rectal adenocarcinoma. Ten liver lesions were distributed in all lobes,
except segment Ⅴ. Neoadjuvant chemotherapy included
eight cycles of FOLFOX-Avastin. Eighteen months
post-surgery, follow-up MeVis CT and fludeoxyglucose
(FDG)-positron emission tomography (PET)/CT excluded extra-hepatic tumor deposits. While most liver
metastases remained stable, one (segment Ⅶ) showed
progression. Following interdisciplinary discussions, the
decision was taken to combine local resection (largest le-
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Image-guided intraoperative navigation system
(CAScination)
Preparation: The planning data (MeVis) were loaded directly into the navigation system as a 3D-surface model,
providing an optimal connection between preoperative
surgical planning and intraoperative task execution (Figure
1).
Set-up: The CAScination navigation system is placed at
the head end of the patient with sterile-covered touch
screens facing the surgical team (Figure 2).
Sterile markers are attached to the instruments of
choice (CUSA/ultrasound probe/MWA hand piece) and
patient registration carried out using a combination of
external (surface) landmarks on the liver as well as internal structures (e.g., bifurcation main portal veins/hepatic
veins, tumor sites). Details of instrument calibration/
guidance as well as patient-to-CT registration are provided in a previous study by Peterhans et al[8].
Instrument guidance: Upon completion of the registration process, the registered tools in use are displayed/
superimposed onto the patient’s 3D liver model on the
touch screen. This then allows, for example, the correct
placement of the MWA needle into the lesions-avoiding
injury to vessels or biliary structures.
Most of the smaller lesions could not be identified by
bimanual palpation and intraoperative ultrasound (IOUS).
Nine lesions were ablated using navigated MWA (Accu5i
applicator, Microsulis, United Kingdom), with an energy
of 100 W for 90-120 s, while the lesion in segment Ⅶ
was removed by an atypical resection. There were no
intra-/peri-operative complications. The patient was discharged after eight days.
Figure 3 shows MeVis CT data sets preoperatively
and at three, nine and twelve months postoperatively. A
tiny lesion of initially uncertain dignity was detected nine
months postoperatively. At one year post-intervention,
recurrent disease (Seg Ⅳa) was treated by trans-arterial
chemo-embolization. Nineteen months post liver-surgery,
new hepatic and pulmonary metastases were detected and
a palliative chemotherapy started. The patient succumbed
to the disease three years and ten months after initial diagnosis.

DISCUSSION
Low-risk loco-regional therapy options, such as radiofrequency ablation or MWA, may be a valid option for
patients with CRLM[9,10]. Owing to very low morbidity
and mortality rates, ablation techniques have gained wide
acceptance from patients and clinicians alike. However,
high local recurrence rates of up to 39%[11], particularly in

14993

October 28, 2014|Volume 20|Issue 40|

Banz VM et al . Computer navigated liver surgery

Figure 1 Planning data (as obtained from MeVis) depicting the 3D liver model as calculated from the preoperative triphasic computed tomography scan.
The image shows the hepatic veins (left hepatic vein in red, middle hepatic vein in orange-brown, right hepatic vein in green). The tumors are seen as yellow masses,
distributed in both liver lobes.

Figure 2 CAScination navigation system as it is placed at the head end of
the patient with the sterile-covered touch screen facing towards the surgical team. This allows for easy access and constant interaction with the 3D
planning model displayed on the screen.

WJG|www.wjgnet.com

lesions greater than 3 cm[12], remain problematic.
Additionally, when lesions are not radiologically visible (“vanishing lesions”) anymore, oncologists, interventional radiologists and surgeons are left with a difficult
task. It is often the case that extended hepatic resections,
aiming to remove all affected liver segments, are neither
feasible (insufficient liver mass/chemotherapy-associated
liver injury) nor desired.
As was the case in our patient with extensive, bilobar
CRLM, a multimodal approach was required to determine the best treatment strategy. The decision to use
intraoperative computer-navigated resection and MWA
arises mainly because of the following (three) issues: the
complexity of the tumor distribution, the need to preserve hepatic tissue (chemotherapy induced liver injury)
and tumor dynamics, which suggest an aggressive, disseminated disease.
Tools for the preoperative virtual planning of resections and intraoperative ablations have been developed
several years ago and are used in clinical routine[13-15]. The
difficulty remains in bringing this preoperative information back into the operating theater. Intraoperative navigation systems allow the surgeon to integrate the previously gained virtual environments into real time[16]. One
of the main challenges when applying navigated surgery
onto moving soft tissues, such as the liver, lies in the accurate, intraoperative patient registration[8]. As of today,
only very few studies are available in which the use of
navigation systems has reached clinical levels[8,17,18].
Here we present a 59-year old patient who, despite

14994

October 28, 2014|Volume 20|Issue 40|

Banz VM et al . Computer navigated liver surgery

Figure 3 MeVis computed tomography data. Four MeVis computed tomography data sets taken preoperatively (upper left panel) and at three further separate
postoperative time points (3 mo, upper right panel, 9 mo, lower left panel, and 12 mo, lower right panel). While the upper left panel shows the actual size of the ten
liver lesions prior to surgery/ablation, color-coded to facilitate individual tumor follow-up, subsequent panels show the evolution of the ablation volumes with time. The
magenta-colored new lesion, seen in the final two follow-up computed tomography scans, is depicted with arrowheads.

having an extensive tumor load and surgically un-resectable CRLM, was treated by combined, navigated local
resection and multiple MWA, which resulted in favorable
short-term disease control at minimal patient burden. Intraoperative navigation systems may not only provide local tumor control but also improve longer-term survival
in carefully selected patients, initially deemed inoperable
or not amenable for local ablative therapies.
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Multimodal, individualized therapies increasingly result in long-term tumor
control in patients with advanced colorectal liver metastases. While navigated ablation +/- resection is feasible and applicable in a clinical setting,
its role in future treatment strategies remains to be defined.

Other malignancies with multiple liver metastases such as neuroendocrine tumors.
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Core tip: Acute mediastinitis is a rare complication of
pancreatitis. This case presents acute mediastinitis arising from recurrent pancreatitis that improved after surgical mangement.
Choe IS, Kim YS, Lee TH, Kim SM, Song KH, Koo HS, Park
JH, Pyo JS, Kim JY, Choi IS. Acute mediastinitis arising from
pancreatic mediastinal fistula in recurrent pancreatitis. World J
Gastroenterol 2014; 20(40): 14997-15000 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i40/14997.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i40.14997

INTRODUCTION
Abstract
Acute mediastinitis is a fatal disease that usually originates from esophageal perforation and surgical infection. Rare cases of descending necrotizing mediastinitis
can occur following oral cavity and pharynx infection or
can be a complication of pancreatitis. The most common thoracic complications of pancreatic disease are
reactive pleural effusion and pneumonia, while rare
complications include thoracic conditions, such as pancreaticopleural fistula with massive pleural effusion or
hemothorax and extension of pseudocyst into the mediastinum. There have been no reports of acute mediastinitis originating from pancreatitis in South Korea. In
this report, we present the case of a 50-year-old female
suffering from acute mediastinitis with pleural effusion
arising from recurrent pancreatitis that improved after
surgical intervention.
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Acute mediastinitis is a fatal disease commonly caused
by esophageal perforation and surgical infection. In rare
cases, descending necrotizing pancreatitis can originate
from oral cavity and pharynx infection[1-3], while mediastinitis secondary to pancreatitis is very rare[4]. Common
thoracic complications of pancreatitis are pleural effusion and pneumonia[5,6]. Rare complications can include
pancreaticopleural fistula with massive pleural effusion or
hemothorax[7,8], mediastinal pseudocyst with pneumonia,
pleural effusion[9-11] and cardiac tamponade[12,13]. Acute
mediastinitis has not been reported as a thoracic complication of pancreatitis. Here, we report a rare case of
acute mediastinitis with long fistula from the pancreatic
tail to mediastinum that recovered after fistula resection.

CASE REPORT
A 50-year-old female visited a local medical center with
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Figure 1 Chest computed tomography of the patient. The black arrow
indicates mediastinitis with fat lysis due to pseudocyst rupture. The white arrow
indicates loculated effusion in the right anterior paramediastinal space. The
black arrowhead indicates pleural effusion and the white arrowhead indicates
pneumonic infiltration of the paracardiac area.

Figure 2 Magnetic resonance cholangiopancreatography revealed an
8-mm pseudocyst at the pancreatic tail connected with the distal pancreatic duct (arrow). This pseudocyst communicated with another 2.6-cm pseudocyst in the right paraesophageal area. This second pseudocyst ruptured at the
paraesophageal hiatus and extended to the right paracardiac area in the right
middle mediastinum (arrowhead).

hemoptysis, cough and chest pain that had lasted for 3 d.
Chest computed tomography (CT) was used to diagnose
a mediastinal mass with invasion of the right middle lung
and pleural thickening. She was transferred to our hospital and admitted to our emergency department. She had
a history of daily alcohol intake equivalent to 1-2 bottles
of hard liquor and she had suffered from recurrent acute
pancreatitis and pseudocysts since 2008.
On physical examination, the patient appeared acutely
ill with a clear mental status. She was not febrile and
had stable vital signs including blood pressure, 130/80
mmHg; pulse rate, 120 beats per minutes; respiratory rate,
25/min; and body temperature, 36.5 ℃. Breath sounds
on the right of the chest were decreased, and crackle
sounds were present. Laboratory tests showed leukocytosis with a left shift; white blood cell (WBC), 14400/mm3;
neutrophils, 78.0%; hemoglobin, 11.6 g/dL; platelet
count, 434000 mm3. Blood chemistry showed elevated
serum amylase (197.6 IU/L) and lipase (169.0 IU/L) with
a normal liver panel and normal electrolyte levels.
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Figure 3 Endoscopic retrograde cholangiopancreatography of the patient.
The white arrow indicates that the guide wire did not pass through the midpancreatic area.

A chest radiograph on admission showed right lung
field haziness subsequently eliminated as pneumonia.
Chest CT (Figure 1) revealed mediastinitis with fat lysis
due to pseudocyst rupture (black arrow), loculated effusion at the right anterior paramediastinal space (white arrow), pleural effusion (black arrowhead), and pneumonic
infiltration of the paracardiac area (white arrowhead). A
contrast study of the esophagus excluded the possibility of esophageal perforation. Biochemistry from a right
thoracentesis revealed a highly elevated amylase level at
83495 IU/mL. These results suggested mediastinitis and
loculated effusion of pancreatic etiology. To confirm the
relationship between the pancreas and mediastinum, we
performed magnetic resonance cholangiopancreatography (MRCP). MRCP showed an 8-mm pseudocyst at the
pancreatic tail connected with the distal pancreatic duct
(arrow). This pseudocyst communicated with another 2.6
cm pseudocyst in the right paraesophageal area. This second pseudocyst was connected with the mediastinum, as
indicated by the arrowhead (Figure 2).
An abdominal CT scan did not reveal severe inflammation around the pancreas. We attempted to insert a
pancreatic duct stent by endoscopic retrograde cholangiopancreatography (ERCP). However, due to severe stenosis in the middle pancreatic duct, we could not insert
the stent into the pancreatic duct (Figure 3). We located a
5-Fr pig-tail catheter at the proximal pancreatic duct and
tried conservative therapy with octreotide. However, the
laboratory findings and symptoms of the patient did not
improve. Ten days after ERCP, surgery was performed
and the operative findings included severe adhesion due
to chronic pancreatitis at the distal pancreas and stomach
with fistula formation caused by severe adhesion and
pseudocyst rupture. Adhesiolysis and fistula resection
were performed (Figure 4). A follow-up chest CT scan
after surgery showed complete recovery of the mediastinitis. The patient remained under observation in the outpatient department of our hospital.

DISCUSSION
The general etiology of acute mediastinitis includes
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Figure 4 Laparoscopic distal pancreatectomy revealed severe adhesion due to chronic pancreatitis at the distal pancreas and stomach. Fistula formation
and pseudocyst rupture were seen. Adhesiolysis and fistula resection were performed.

esophageal rupture and complications of thoracic operation, although bacterial infection of the oral and pharyngeal cavity may be rare causes that can lead to a fatal
clinical course due to conditions such as septic shock[1-3].
Other reports describing mediastinitis secondary to pancreatitis have determined that it was accompanied by bacterial infection and the primary treatment was antibiotics
with surgical drainage of the infected mediastinum[3,14].
In contrast, our patient had no abnormal findings on
the esophagogram and no retrograde bacterial infection
though the fistula tract. The patient suffered from chemical mediastinitis, rather than infectious mediastinitis, and
the primary treatment was fistula resection instead of
antibiotics.
The pathophysiology of this patient’s condition was
similar to internal fistula. The fistulous tract passes either
through the aortic or esophageal diaphragmatic orifices
or directly through the diaphragm. If pancreatic duct
disruption occurs anteriorly and is not walled off, a pancreatic-peritoneal fistula will develop, manifesting with
ascites. If the disruption develops posteriorly, the pancreatic juice will flow into the retroperitoneal space and
may dissect through the aortic or esophageal hiatus into
the mediastinum to form a pleural fistula or present as a
mediastinal pseudocyst, which ruptures into the pleural
cavity and forms a pleural fistula[15].
In this case, chronic recurrent pancreatitis produced
multiple pseudocysts that communicated with long fistula
in a manner similar to a tunnel. We postulated that acute
mediastinitis occurred because of continuous pancreatic
juice leakage through the fistula. Most of the pancreaticopleural fistula patients are admitted to the hospital with
respiratory symptoms since common complaints include
dyspnea, chest pain, cough, sputum and fever[7]. Analysis
of internal pancreatic fistula reports from 1990 to 2004
revealed that 84% of patients had a history of chronic
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alcoholic use, 74% had a past history of pancreatitis
and 81% were male. The most common symptom was
dyspnea, in 70% of patients. Other common complaints
were chest pain and cough in 30% and 22% of patients,
respectively[16]. Thus, before diagnosing a pancreatic form
of the disease, patients might undergo respiratory testing, which could delay the diagnosis and contribute to the
high mortality and morbidity.
Our case was a female who suffered from coughing with hemoptysis during the initial stage and she had
nearly stopped drinking due to chronic pancreatitis. A
chest imaging study showed a mass-like lesion at the
mediastinum with pneumonia. Thus, the patient was admitted to the respiratory division and later transferred to
the gastroenterology division. Thoracentesis and body
fluid analysis are important in evaluating the etiology of
this condition[3,5,7,8]. Pancreatic pleural effusion originating
from pancreatitis can usually be identified by high levels
of amylase, lipase, and albumin[15]. The patient in our
cases did not have sufficient pleural effusion to suggest
pancreatitis, although chest CT showed a specific loculated form of pleural effusion. Analysis of body fluids
showed a high level of amylase indicative of mediastinitis
with pleural effusion secondary to pancreatitis.
MRCP performed an important role in making a
treatment decision in this case[17] because we recognized
that the main pancreatic duct communicated with each
pseudocyst to the mediastinum, which allowed identification of mediastinitis origin. We postulated that the pathophysiology of this mediastinitis was similar to pleural and
peritoneal fistula.
The primary treatment for pancreaticopleural fistula is non-surgical drainage of pleural effusion, fasting,
medications such as octreotide, and pancreatic duct stent
insertion under ERCP. There are some reports that these
types of therapies can result in a complete cure, although
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recurrence can occur in the presence of distal pancreatic
duct stenosis or a failure of stent insertion. Two reports
have determined that 62% and 69% of pancreaticopleural fistula patients require surgical treatment[16], and two
cases of pancreaticopleural fistula in South Korea resulted in a full recovery after surgical intervention[7,8]. Surgical
treatment can differ depending on location and visualization of the fistula. Generally, a pancreatic tail resection
is performed when the fistula is located at the pancreatic
tail. Pancraticojejunostomy can be performed when the
fistula is at the pancreatic head or when there is proximal
duct stenosis at the pancreatic head. The success rate of
surgery was reported to be 80%-95%[16]. In this case, we
initially attempted medical intervention; however, due
to severe stenosis of the mid-portion of the pancreatic
duct, we did not insert a guiding wire. After inserting the
stent in the proximal pancreatic duct, we proceeded with
medical therapy. However, serum amylase levels remained
elevated and the patient’s symptoms did not improve,
which led to surgical treatment. Following pancreatic tail
and pancreatic-mediastinal fistula resection, follow-up
chest and abdominal CT showed near-total recovery.
In conclusion, acute mediastinitis is a rare complication of pancreatitis. The primary indicators are respiratory symptoms such as hemoptysis and cough, which
delay the diagnosis. In the absence of bacterial infection,
physicians should consider stent insertion and conservative therapy as the primary treatment, although rapid
progression of acute mediastinitis may require prompt
surgical intervention when the response to medical treatment is not sufficient.

can delay diagnosis. Acute mediastinitis may require prompt surgical intervention when the response to medical treatment is not sufficient.

Peer review

This paper presents a rare case of acute mediastinitis that is a complication
of pancreatitis with long pancreatic mediastinal fistula that needs surgical
intervention.
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Abstract
We describe the computed tomography (CT) imaging
findings in six cases (five males and one female; age
range 61-78 years; mean age 67.3 years) with histologically proven hepatoid adenocarcinoma of the stomach (HAS). Five of the six patients had elevated serum
alpha-fetoprotein levels. The most common type of
gross appearance HAS on CT is a polypoid mass (83%,
5/6). The most common contrast enhancement pattern was heterogeneous. All six patients had a regional
lymphadenopathy larger than 6 mm in its short axis.
Liver metastases (n = 3) were noted. Venous tumor
thrombosis was identified in the portal vein (n = 2) of
the regions near primary gastric tumors or metastatic
masses. Our findings suggest in an elderly, male patients with a large heterogeneous enhancement tumor,
the presence of distant metastases, regional lymphadenopathy and characteristically increased serum alphafetoprotein levels indicates a high likelihood of HAS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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mography, X-ray; Metastasis; Portal venous thrombosis
Core tip: Hepatoid adenocarcinoma of the stomach
(HAS) has different clinicopathological features and
prognosis compared with common stomach cancer
without the hepatoid differentiation areas (non-HAS).
This case report evaluated the computed tomography
(CT) findings of patients with pathologically proved
hepatoid adenocarcinoma of the stomach. The results
will aid the recognition of HAS and demonstrate that CT
is useful in the differentiation of HAS from non-HAS.
Ren A, Cai F, Shang YN, Ma ES, Huang ZG, Wang W, Luo J.
Gastric hepatoid adenocarcinoma: A computed tomography report
of six cases. World J Gastroenterol 2014; 20(40): 15001-15006
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i40/15001.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i40.15001

INTRODUCTION
Hepatoma is a rare variant of adenocarcinoma that can
occur in the stomach. Ishikura et al[1] proposed the term
hepatoid adenocarcinoma of the stomach (HAS) in 1985.
Since that report, there have been subsequent reports
of its clinical manifestation and pathological features[2-4];
however, few of them concerned computed tomography
(CT) findings of HAS[5,6]. This tumor type has poor prognosis; therefore, accurate diagnosis of hepatoid adenocarcinoma is very important. In this report, we present the
CT findings of patients with pathologically proved HAS.

CASE REPORT
A computer search of the pathology and medical records
of two institutions between January 2010 and December
2012 revealed six patients with pathologically proven
hepatoid adenocarcinoma of the stomach. Four patients
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Table 1 Clinical Features of hepatoid adenocarcinoma of the
Case/age/sex

Location

Tumor thickness (cm)

AFP staining

Serum AFP (ng/mL)

Follow-Status

1
2
3
4
5
6

body
body
antrum
antrum
body
diffuse

8
5
3.5
7
7
3.2

Positive
Positive
NA
Positive
Positive
Positive

1210
92.3
2.89
513
60500
281.7

Died of at 13 mo
Alive 35 mo
Alive 13 mo
NA
Alive 3 mo
Died of at 3 mo

66
63
61
78
61
75

F
M
M
M
M
M

AFP: Alpha-fetoprotein.

A

B

Figure 1 Histopathology of hepatoid carcinoma in gastric primary lesion. A: Case no 4. The tumor comprised a mixture of glandular and hepatoid components
(hematoxylin and eosin staining; original magnification, × 200); B: Hepatoid areas are outlined by immunopositivity for alpha-fetoprotein.

Table 2 Computed tomography feature of hepatoid adenocarcinoma of the stomach
Case Gross

Enhancement arterial portal

Delay

1 Polypoid
2 Polypoid
3 Polypoid
4 Polypoid
5 Polypoid
6 Diffuse

Heterogeneous
Heterogeneous
Heterogeneous
Heterogeneous
Heterogeneous
Layered

110 HU
72 HU
72 HU
81 HU
77 HU
56 HU

Lymphadenopathy metastases Pattern phase
appearance
112 HU
79 HU
80 HU
85 HU
76 HU
60 HU

had epigastric pain (cases 1-4), and two patients had fatigue and weight loss (cases 5-6).
All patients underwent endoscopy. For all six patients, histopathological examination of the surgical or
biopsy specimens revealed typical features of hepatoid
adenocarcinoma. Five patients had elevated serum alphafetoprotein (AFP) levels. Five tumors had available pathological specimens, all of which showed positive AFP
staining of tumor tissue. Four patients underwent surgery
(total gastrectomy, cases 2-4), except for case 5, who
underwent a palliative operation. The principal clinical
findings, histopathology and laboratory findings are summarized in Table 1. Tumor enhancement patterns were
predominantly heterogeneous (5/6). Mild enhancement
was observed in four cases; and moderate enhancement
was observed in two cases. All six patients had evidence
of lymph node metastasis on CT scans, involving perigastric, paraaortic and hepatoduodenal ligaments. For the
four surgical patients, surgery revealed lymphadenopathy.

WJG|www.wjgnet.com

82 HU
76 HU
73 HU
79 HU
70 HU
58 HU

Phase

Phase

+
+
+
+
+
+

Liver (thrombus)
Liver
Liver (thrombus)

All patients had multiple enlarged lymph nodes.
Liver metastases were observed in three cases. Venous
tumor thrombosis was identified in the left portal veins
around metastatic hepatic masses in two patients (Table 2).

DISCUSSION
Ishikura et al[1] proposed the term “hepatoid adenocarcinoma of the stomach” for primary gastric carcinomas
characterized histologically by hepatoid differentiation
and the production of large amounts of AFP. AFP producing gastric cancer has a higher incidence of liver metastases and poorer prognosis than non-AFP producing
gastric cancer. The incidence of HAS was reported to be
0.3%[7].
The pathological appearance of HAS is characterized by the presence of both adenocarcinomatous and
hepatoid components (Figure 1). Areas of necrosis and
hemorrhage are often found in the tumor[8]. Even at the
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A

B

C

Figure 2 Hepatoid adenocarcinoma of the stomach in a 66-year-old female (patient 1). A: Transverse computed tomography (CT) scan showing a large polypoid
tumor (arrow) and moderate heterogeneous enhancement; B: Coronal reformatted CT image demonstrating a large protruding mass with a central ulceration (arrow).
The multiplanar reformations (MPR) image seemed better than the transverse images for morphological features of the tumor. A metastatic hepatic mass was identified in the left lobe (arrowhead); C: An MPR image showing a slightly enhanced filling defect in the left lobar branch of the portal vein, suggestive of tumor thrombus
(arrow), and an adjacent metastatic lymph node (arrowhead).

A

B

C

Figure 3 Hepatoid adenocarcinoma of the stomach in a 61-year-old male (patient 3). Transverse dynamic contrast-enhanced computed tomography showing an
tumor that is enhanced from the arterial phase to the delayed phase. A: The arterial phase computed tomography scan reveals polypoid lesions at the posterior wall of
the gastric antrum (arrow). The heterogeneous mild enhancement pattern is shown; B and C: The tumor (arrows) is enhanced persistently in the portal phase (B) and
delayed phase (C).

early stage, hepatoid adenocarcinoma has an extremely
poor prognosis, because of the frequent occurrence of
liver and/or lymph node metastases. The survival rate for
HAS is extremely low. The 5-year survival rate in HAS is
11.9% compared with 38.2% in non-HAS[9].
The reasons for this poor prognosis are not clearly
understood. One possibility is that hepatoid adenocarcinoma produces AAT and/or ACT (alpha antitrypsin;/
alpha antichymotrypsin) as well as AFP. AAT and ACT
have immunosuppressive and protease-inhibitory properties that enhance invasiveness[10]. Also, AFP has a suppressive effect on lymphocyte transformation[1].
Most patient with HAS show an elevated serum AFP
level, and the serum AFP level decreases rapidly after gastrectomy. However, normal serum levels have also been
reported[11]. In our series, one of the six patients with
available serum AFP showed a normal range. Therefore,
definitive diagnosis is made on the basis of histopathological features of the tumor, including immunohistochemical analysis and is not dependent on whether AFP
is produced. HAS shows different clinicopathological
features and prognosis from non-HAS; there is an urgent
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necessity to distinguish them in clinical practice.
HAS usually presents in elderly patients. Although
there were no major symptoms sufficient to allow diagnosis of this type of cancer, epigastric pain, weight loss
and general fatigue were the most common symptoms.
A strong male predominance has been reported, with a
male-female ratio of 11:4[12]. In our series of HAS, the
mean age was 67 years and five of the six (83%) patients
were men. HAS tends to form a giant tumor. In our
series, tumors showed a large asymmetrical gastric wall
mass. None of the patients in the present series had a
tumor that was less than 3 cm in size. The result agreed
with that of a previous report, where the average maximal tumor diameter of HAS was 6.5 cm (range, 1.6-14.0
cm) in 85 HAS cases reported in the literature since 1985
to 1998[3]. The unenhanced CT images for all of our
patients showed that the tumor was isodense compared
with the surrounding gastric wall. The most common appearance at CT in our series was a polypoid type (5/6),
which manifested as an intraluminal growing mass. The
use of multiplanar reformations (MPRs) allowed us to
choose an optimal imaging plane to evaluate accurately

15003

October 28, 2014|Volume 20|Issue 40|

Ren A et al . Hepatoid adenocarcinoma of the stomach

A

B

C

Figure 4 A 75-year-old man with hepatoid adenocarcinoma of the stomach (patient 6). A: Contrast-enhanced computed tomography (CT) scan during the arterial phase shows diffuse bilayered appearance of gastric wall thickening with a mild hyperdense inner layer and a 20 mm hypodense outer layer (arrow); B: Tumor
thrombus is visualized as a mildly enhanced filling defect in the left portal vein (arrow). Lymph node enlargement is present close to left gastric artery trunk, necrotic
foci was identified as metastasis (arrowhead); C: Transverse CT scan showing a slightly peripherally enhanced low-attenuation bulky metastatic liver mass (arrow).
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Figure 5 Time-density curve of gastric lesion and venous tumor thrombus. A: The mean attenuation of the gastric lesion showed a peak in the arterial phase
and persistent enhancement without absolute loss of enhancement in the portal and delayed phases; B: The graph shows a slight enhancement of tumor thrombus
with a similar enhancement pattern to that of hepatoid adenocarcinoma of the stomach. CT: Computed tomography.

the morphological features (Figure 2B and C). The polypoid appearance is rare among the other histological types
of non-HAS advanced gastric carcinoma. Park et al[12] reported that in 62 patients with mucinous or nonmucinous
gastric carcinomas (Figure 3), the most common type of
gross appearance in both carcinomas was the fungating
type, which was confirmed by Lee et al[13].
In our series, tumor enhancement patterns were predominantly heterogeneous (5/6, 83%) vs adjacent nontumorous gastric walls.
The results of previous studies[12] suggest that the
most common constrast enhancement pattern was homogeneous in non-mucinous carcinomas and layered in
mucinous carcinomas.
Nevertheless, heterogeneous contrast enhancement
of the asymmetrical thickening was more commonly
seen in HAS than in non-HAS. This may be explained by
HAS having a larger tumor size with high likelihood of
coagulation necrosis and hemorrhage[3]. The area of low
attenuation on CT images was thought to represent ne-

WJG|www.wjgnet.com

crosis and internal hemorrhage.
Liver metastasis is the hallmark of both HAS and gastric cancer. In previous studies[2,14], the incidence of liver
metastasis in the HAS group was significantly higher than
that for non-HAS group (75.6% vs 8.9%). HAS with liver
metastasis may closely mimic, and be indistinguishable
from hepatocellular carcinoma (HCC), because HAS and
HCC share numerous clinicopathological features such
as the elevated AFP serum level and their morphological
changes.
The following contributed to excluding the type of
primary HCC on CT images: (1) the presence of a hepatic tumor in the absence of the risk factors of hepatocellular carcinoma, such as cirrhosis in the liver. There is
a close association between liver cirrhosis and HCC; and
(2) typical HCC usually demonstrates intense non-homogeneous enhancement seen in the hepatic arterial -dominant phase and contrast washout in the portal venous
phase. Liver metastasis usually showed slightly peripheral
enhancement of low attenuation masses with a bull’s eye-
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like appearance and there was washout of the contrast in
the delayed phase.
In our series, liver metastasis was noted in three patients; two of them were complicated by portal venous
tumor thrombosis (Figure 2C and Figure 4B). Tumor
thrombi were judged to be present if there were low-attenuation structures in the portal vein system around the
metastatic hepatic masses after administration of contrast
material. Contrast enhancement is necessary to differentiate between neoplastic and non-neoplastic thrombosis.
Tumor thrombosis has been reported to be associated
with primary HCC. Although rare, portal venous thrombosis may be the result of an invasive gastric carcinoma.
Aruga et al first reported in 1986 that they had found
three cases of portal venous tumor thrombosis caused by
gastric carcinoma. Lee et al[5] reported one case of HAS
complicated by portal venous tumor thrombosis without
hepatic metastasis. The tumor thrombosis was presumed
to have arisen from vascular primary gastric carcinoma,
followed by invasions of portal veins without liver parenchymal invasion. In our series, the enhancement of the
filling defect in the portal vein excluded the likelihood of
non-tumorous venous thrombosis (Figure 2C), and the
shapes of the time-density curves were similar for both
the tumor thrombosis and the gastric mass after constrast
enhancement, reflecting indirectly that the intraluminal tumor thrombus originated from hepatoid adenocarcinoma
of the stomach (Figure 5B).
Araki et al[15] concluded that gastric carcinoma should
be considered a possibility in the diagnosis of portal venous neoplastic thromboses, even if the serum AFP level
is elevated and a liver tumor is identified.
HAS presented a higher incidence of lymphadenopathy than non-NAS advanced gastric carcinoma. In our series, the incidence of regional lymphadenopathy (6/6) on
CT was 100%; four of six were confirmed by histological
examination. This result agrees with a previous CT report
on HAS[2], whereas in the literatures[16,17], the incidence
of non-HAS gastric cancer was 12.8%. In addition, CT
imaging showed that all patients had multiple enlarged
lymph nodes in our study.
In conclusion, the morphological appearance of the
enhancement pattern on CT imaging may assist in distinguishing HAS from other types of advanced gastric
carcinoma.
According to our results, HAS should be considered
in elderly, male patients with presence of CT findings
such as a large polypoid appearance, heterogeneous contrast enhancement of the asymmetrical gastric wall thickening, liver metastasis, regional lymphadenopathy and
characteristic increased serum AFP level. In this setting, a
gastric endoscopy should then be performed to rule out
HAS.

Six patients (five males and one female; age range 61-78 years; mean age 67.3
years) presented with epigastric pain and general fatigue.
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Suspected gastric cancer.

Laboratory diagnosis

The serum level of alpha-fetoprotein (AFP) was elevated in four of five patients
(92.3-60500 ng/mL). Five tumors for which pathological specimens were available showed positive AFP staining of the tumor tissue.

Imaging diagnosis

In the six cases of thickened gastric wall at computed tomography (CT), the
mean wall thickness was 5.6 cm (range, 3.2-8 cm). In their series, the most
common appearance of the tumor at CT was the polypoid type mass (5/6),
which manifested as an intraluminal growing mass. Heterogeneity was identified in all cases. Liver metastases were observed in three cases. Venous tumor
thrombosis was identified in the left portal veins around metastatic hepatic
masses in all six patients. All patients had evidence of lymph node metastasis
on CT scans, involving perigastric, paraaortic and hepatoduodenal ligaments.
For four of the six patients, surgery revealed lymphadenopathy. All liver patients
had multiple enlarged lymph nodes.

Pathological diagnosis

In all six patients, histopathological examination of the surgical or biopsy specimens revealed typical features of hepatoid adenocarcinoma. Five tumors for
which pathological specimens were available showed positive AFP staining of
the tumor tissue.

Treatment

Four patients underwent surgery (total gastrectomy, n = 3; subtotal gastrectomy,
n = 1). Their serum AFP levels decreased rapidly after gastrectomy.

Related reports

The CT findings were similar in both hepatoid adenocarcinoma of the stomach
(HAS) and no-HAS gastric cancer. However, HAS shows a preference for the
liver, a tendency toward lymph node metastasis and venous invasion around
primary gastric tumors or metastatic hepatic masses.

Term explanation

AFP is a fetal serum protein produced by fetal and yolk sac cells, and by some
fetal gastrointestinal cells. After birth, the level of the protein in serum rapidly
decreases. However, its level is elevated in patients with hepatocellular carcinoma. Recently, AFP-producing tumors have been reported in several different
organs, with gastric adenocarcinoma being one of the most common of these
tumors.

Experiences and lessons

HAS has poor prognosis; therefore, accurate diagnosis of HAS is important.
HAS displays some CT findings that are similar to non-HAS advanced gastric
cancer and HAS tends to invade veins and metastasize to the liver. In this it
resembles HCC, which often invades the portal and hepatic veins.

Peer review

This article describes the CT findings of these rare cases of hepatoid adenocarcinoma of the stomach, and reviews the literature concerning the clinicopathological aspects.
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